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PYRROLOPYRAZINE KINASE INHIBITORS

The present invention relates to the use of novel pyrrolopyrazine derivatives which are JAK and
SYK inhibitors and selectively inhibit JAK3 and are useful for the treatment of auto-immune and

inflammatory diseases,

Protemn kinases constitute one of the largest families of human enzymes and regulate many
different signaling processes by adding phosphate groups to proteins; particularly tyrosine
kinases phosphorylate proteins on the aicohol moiety of tyrosine residues. The tyrosine kinase
farnily includes members that control cell growth, migration, and differentiation. Abnormal
kinase activity has been implicated in a variety of human diseases including cancers,
autcimmune and inflammatory diseases. Since protein kinases are among the key regulators of
cell signaling they provide a means to modulate cellular function with small molecule inhibitors
of kinase activity and thus make good drug design targets. In addition to treatment of kinase-
mediated disease processes, selective and efficacious inhibitors of kinase activity are also useful
for investigation of cell signaling processes and identification of other cellular targets of

therapeutic interest.

The JAKs (JAnus Kinases) are a family of cytoplasmic protein tyrosine kinases including JAK1,
JAKZ, JAK3 and TYK2. Each of the JAKSs is preferentially associated with the intracytoplasmic
portion of discrete cytokine receptors (Annu. Rev. Immunol. 16 (1998), pp. 293-322). The JAKs
are activated following ligand binding and initiate signaling by phosphorylating cytokine
receptors that, per se, are devoid of intrinsic kinase activity, r;his phosphorylation creates
docking sites on the receptors for other molecules known as STAT proteins (signal transducers
and activators of transcription) and the phosphorylated JAKs bind various STAT proteins.
STAT proteins, or STATs, are DNA binding proteins activated by phosphorylation of tyrosine
residues, and function both as signaling molecules and transcription factors and ultimately bind
to specific DNA sequences present in the promoters of cytokine-responsive genes (Leonard et

al., (2000), J. Allergy Clin. Immunol. 105:877-888).
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JAK/STAT signaling has been implicated in the mediation of many abnormal immune responses
such as allergies, asthma, autoimmune diseases such as fransplant {(allograft) rejection,
rheumatoid arthritis, amyotrophic lateral sclerosis and multiple sclerosis, as well as in solid and

hematologic malignancies such as leukemia and lymphomas.

Thus, the JAKs and STATs are components of multiple potentially intertwined signal-
transduction pathways (Oncogene 19 (2000), pp. 5662--5679), which indicates the difficulty of
specifically targeting one element of the JAK-STAT pathway without interfering with other

signal transduction pathways.

The JAK kinases, including JAK3, are abundantly expressed in primary leukernic cells from
children with acute lymphoblastic leukemia, the most common form of childhood cancer, and
studies have correlated STAT activation in certain cells with signals regulating apoptosis
(Demouiin et al., (1996), Mol. Cell. Biol. 16:4710-6; Jurlander et al., {1997}, Blood. 89:4146-52;
Kaneko et al., (1997), Clin. Exp. Immun, 109:183-193; andNakamura et al.,(1996), J. Biol.
Chem, 271: 19483-8). They are also known to be important to lymphocyte differentiation,
function and survival, JAK3 in particular plays an essential role in the function of lymphocytes,
macrophages, and mast cells. Given the importance of this JAK kinase, compounds which
modulate the JAK pathway, including those selective for JAK3, can be useful for treating
diseases or conditions where the function of lymphocytes, macrophages, or mast cells is involved
(Kudlacz et al., (2004) Am. J. Transplant 4:51-57; Changelian (2003} Science 302:875-878).
Conditions in which targeting of the JAK pathway or modulation of the JAK kinases,
particularly JAK3, are contemplated to be therapeutically useful include, leukemia, ] ymphoma;
transplant rejection (e.g., pancreas islet transplant rejection, bone marrow transplant applications

(e.g., graft-versus-host disease}, autoimmune diseases (e.g., diabetes), and inflammation (e.g

ot

- asthma, allergic reactions). Conditions which can benefit for inhibition of JAK3 are discussed in

greater detail below.,

However, in contrast to the relatively ubiquitous expression of JAK1, JAK2 and Tyk2, JAK3 has
a more restricted and regulated expression. Whereas some JAKs (JAK1, JAK2, Tyk2) are used
by a variety of cytokine receptors, JAK3 is used only by cytokines that contain 2 yc in their
receptor. JAKS3, therefore, plays a role in cytokine signaling for cytokines which receptor was
shown to date to use the comunon gamma chain; 1L-2, IL-4, IL-7, IL-9, I1-15 and IL-21. JAK 1
interacts with, among others, the receptors for cytokines IL-2, IL-4, IL-7, IL-9 and TL-21, while
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JAKZ interacts with, among others, the receptors for IL-9 and TNF-alpha, Upon the binding of
certain cytokines to their receptors (e.g., IL-2, TL-4, IL-7, [L-9, IL-13 and IL-21), receptor
oligomerization occurs, resulting in the cytoplasmic tails of associated JAK kinases being
brought into proximity and facilitating the trans-phosphorviation of tyrosine residues on the JAK

kinase. This trans-phosphorylation results in the activation of the JAK kinase.

Animal studies have suggested that JAK3 not only plays a critical role in B and T Iymphocyte
maturation, but that JAK3 is constitutively required to maintain T cell function. Modulation of
immune activity through this novel mechanism can prove useful in the treatment of T cell

proliferative disorders such as transplant rejection and autoimmune diseases.

In particular, JAK3 has been implicated in a variety of biological processes, For example, the
proliferation and survival of murine mast cells induced by IL-4 and IL-9 have been shown to be
dependent on JAK3- and gamma chain-signaling (Suzuki et al., (2000), Blood 96:2172-2180).
JAK3 also plays a crucial role in igE receptor-mediated mast cell degranulation responses
(Malaviya et al., (1999), Biochem. Biophys. Res. Commun. 257:807-813), and inhibition of
JAK3 kinase has been shown to prevent type I hypersensitivity reactions, including anaphylaxis
{Malaviya et ai,, (1999), J. Biol. Chem. 274:27028-27038). JAKS inhibition has also been shown
to result in immune suppression for allograft rejection (Kirken, (2001), Transpl. Proc. 33:3268-
3270). JAKS kinases have also been implicated in the mechanism involved in early and late
stages of rheumatoid arthritis (Muller-Ladner et al., (2000), J. Immunal, 164:3894-3901);
familial amyotrophic lateral sclerosis (Trieu et al., (2000), Biochem Biophys. Res. Commun,
267.22-23); leukemia (Sudbeck et al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis
fungoides, a form of T-cell lymphoma (Nielsen et al., (1997), Prac, Natl. Acad. Sci. USA
94:6764-6769); and abnormal cell growth (Yu et al., (1997), I. Immunol. 159:3206-5210;
Catlett-Falcone et al., (1999), Immunity 10:105-115).

JAK3 mhibitors are useful therapy as immunosuppressive agents for organ transplants, xeno
transplantation, lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes and
complications from diabetes, cancer, asthma, atopic dermatitis, autoimmune thyroid disorders,

uleerative colitis, Crohn's disease, Alzheimer's disease, Leukemia and other indications where

immunosuppression would be desirable.
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Non-hematopoietic expression of JAK3 has also been reported, aithough the functional
significance of this has yet to be clarified (J. Immunol. 168 (2002}, pp. 2475-2482). Because
bone marrow transplants for SCID are curative (Blood 103 (2004), pp. 2009-2018), it seems
uniikely that JAK3 has essential non-redundant functions in other tissues or organs. Hence, in
contrast with other targets of immunosuppressive drugs, the resiricted distribution of JAK3 is
appealing. Agents that act on molecular targets with expression limited to the immune system
might lead to an optimal efficacy:toxicity ratio. Targeting JAK3 would, therefore, theoretically
offer immune suppression where it is needed (i.e. on cells actively participating in immune
responses) without resulting in any effects outside of these cell populations. Although defective
immune responses have been deseribed in various STAT™ strains (/. Investig. Med. 44 (1996),
pp. 304-311; Curr. Opin. Cell Biol. 9 (1997}, pp. 233-239), the ubiquitous distribution of
STATs and the fact that those molecules lack enzymatic activity that could be targeted with
small-molecule inhibitors has contributed to their non-selection as key targets for

immunosuppression.

SYK (Spleen Tyrosine Kinase) is a non-receptor tyrosine kinase that is essential for B-cell
activation through BCR signaling. SYK become activated upon binding to phosphoryated BCR
and thus initiates the early signling events following BCR activation. Mice deficient in SYK
exhibit an early block in B-cell development (Cheng et al. Nature 378:303, 1993; Turner et al.
Nature 378:298, 1995). Therefore inhibition of SYK enzymatic activity in cells is proposed as a

treatment for autoimmune disease through its effects on autoantibody production.

In addition to the role of SYK in BCR signaling and B-cell activation, it also plays a key role in
FceRI mediated mast cell degranulation and eosinophil activation, Thus, SYK is implicated in
allergic disorders including asthma (reviewed in Wong et al. Expert Opin Investig Drugs 13:743,
2004). SYK binds to the phosphorylated gamma chain of FceRI via its SH2 domains and is
essential for downstream signaling (Taylor et al, Mol, Cell. Biol. 153:4149, 1995}, SYK deficient
mast cells demonstrate defective degranulation, arachidonic acid and cytokine secretion
(Costello et al. Oncogene 13:2595, 1996). This also has been shown for pharmacologic agents
that inhibit SYK activity in mast cells (Yamamoto et al, J Pharmacol Exp Ther 306:1174, 2003).
Treatment with SYK antisense oligonucleotides inhibits antigen-induced infiltration of
eosinophils and neutrophils in an animal model of asthma (Stenton et al. J Immunol 169:1028,

2002). SYK deficient eosinophils also show impaired activation in response to FceR stimulation
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(Lach-Trifilieffe et al. Blood 96:2506, 2000). Therefore, small molecule inhibitors of SYK will

be useful for treatment of allergy-induced inflammatory diseases including asthma,

In view of the numerous conditions that are contemplated to benefit by treatment involving
modutation of the JAK and/or SYK pathways it is immediately apparent that new compounds

5 that modulate JAK and/or SYK pathways and methods of using these compounds should provide
substantial therapeutic benefits to a wide variety of patients. Provided herein are novel
pyrrolopyrazine derivatives for use in the treatment of conditions in which targeting of the JAK
and/or SYK pathways or inhibition of JAK or SYK kinases, particularly JAK3, and are

therapeutically useful for the treatment of auto-immune and inflammatory diseases.

10 The novel pyrrolopyrazine derivatives provided herein selectively inhibit JAK3 and are useful
for the treatment of auto-immune and inflammatory diseases. The compounds of the invention
modulate the JAK and/or SYK pathways and are useful novel pyrrolopyrazine derivatives for the
treatment of auto-immune and inflammatory diseases, wherein preferred compounds selectively
inhibit JAK3. For example, the compounds of the invention may inhibit JAK3 and SYK,

15 wherein preferred compounds are selective for JAK3 of the JAK kinases and are useful novel
pyrrolopyrazine derivatives for the treatment of auto-immune and inflammatory diseases,
Furthermore, the compounds of the invention may inhibit JAK3 and JAK?2, wherein preferred
compounds are selective for JAK3 of the JAK kinases, and are useful novel pyrrolopyrazine
derivatives for the treatment of auto-immune and inflammatory diseases. Similarly, the

20 compounds of the invention may inhibit JAK3 and JAK1, wherein preferred compounds are
selective for JAKS3 of the JAK kinases, and are useful novel pyrrolopyrazine derivatives for the

treatment of auto-immune and inflammatory diseases,

The application provides a compound of Formula I

O
R
i

O~ N
~
\[/\X

i wherein:
25 RisRYLRE R or RY
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R'is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,

or cycloalkyl alkyiene, optionally substituted with one or more R'%;
R*is R orR'S

R is N(R*™)y;

each R*?is independently halogen, oxo, hydroxy, or -CN;
each R*“is independently ~C(=0)O(RY), -C(=O}R), -
C=O)CHR™), -8R, ~8(0)2R "), -NRIS(0)R"), ~S(=0)RY),
lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R™;
each R" is independently halogen, hydroxy, lower alkyl, lower
alkoxy, lower hydroxyalkyl, amino, amide, cyano, or lower
haloalkyl;
each R*is independently H, lower alkyl, lower alkoxy, —-CN,
lower haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocvcloalkyl;
each R is independently H, fower alkyl, lower haloalkyl. lower

alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl;

each R* is independently H or R*";

each R™ is independently lower alkyl, lower alkoxy, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally
substituted with one or more R*;
R* is R*or R™:
each R™is independentiy halogen, oxo, or hydroxy;
each R is independently ~N{R*),, -C(=0)( R*), -
C(=0)O(R*), ~C(=0)N(R*), -NR*)C(=0)( R*), -
S(=01,(R*), =S(O), N(R?),, lower alkyl, lower alkoxy,
lower haloalkyl, phenyl, heteroaryl, heteroaryloxy,
cycloalkyl, or heterocycloalkyl, optionally substituted with
one or more RZf;
each R* is independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkvl;
each R* is independently H, lower alkyl, lower

alkoxy. lower haloalkyl, or phenyl;
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R is -C(=0)R™;
R* is lower alkyl, lower alkoxy, phenyvl, or N(R3b)g;
each R™ is Independently H or lower alkyl;
R*is ~O(R™);
R*is H or R™:
R* is Jower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R
each R™ is independently halogen, hydroxy. lower alkyl,
lower haloalkyl, or lower alkoxy;
Q' is phenyl or indolyl, optionally substituted with one or more Q*:
each Q" is independently Q' or Q'
each Q'° is independently halogen, hydroxy, —CN, ~S(Q"%), -S(0)2(Q'®), or —
- SEONQ™;
each Q" is independently Q' or Q'
each Q' is independently ~0(Q"*), ~S(=0)2(Q"), ~C(=0)N(Q™*)z, -
S(=0)(Q"), -N(Q™)S(=0)2(Q"), -C(=0)Q"), -C(=0)0(Q"), -
N(Q "), -N(QICE=0)Q"), -N(Q)C(=0)0(Q™), ~8i(Q")s, or -
NQ')IC(=0INQ")z; |
each Q'° is independently H or Q*¢;
each Q' is independently lower alkyl, amino, lower alkenyl,
phenyl, benzyl, Jower haloalkyl, lower thicalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkyl alkylene, or
heteroaryl, optionally substituted with one or more Q'%;
each Q' is independently Q' or Q'
each Q]g 1s independently halogen, hydroxy, oxo, —
(CQMmS0%(Q™), -
(CQ™)2)mNQ™HCQ™))aS(0}(Q™), -
(CQ™aNQ ™)z, ACQ™))uCE=ONQ™), or -
N@Q™MCEOQ™;
each m is independently 0, 1, or 2;
each Q' is independently Q" or Q¥
each Q' is independently H or hydroxy;



each Q¥ is independently lower alkyl, lower
haloalkyl, lower alkoxy, lower thicalkyl,
Cyano, amino, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more sz ;
each Q™ is independently halogen, -
hydrdxy, lower alkyl, lower
haloalkyl, lower bydroxyalkyl,
amino, lowér thicalkyl, lower alkoxy,
| Or Cvano;
XisX'or X% _
X' is H, halogen, or hydroxy;
X is jower alkyl, lower alkoxy, Jower haloalkyl, phenyl, bycloa]kyl, heterocycloalkyl, or
heteroaryl, optionally substituted with one or more X°;
each X° is independently hydroxy, halogen, lower alkyl, lpwer alkoxy, lower
_ haloalkyl, cycloalicyl, beterocycloalkyl, or heteroaryi;
or a pharmaceutically acceptable salt thereof,
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In a first aspect, there is provided a compound of Formula I

I wherein:
RisR), R% R, orRY
R’ is Cy-g alkyl, C;-¢ alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cyc]dalkyi alicylene, optionally substituted witk one or more R*;
R*¥isR™®orR';
each R is independently halogen, oxo, kydroxy, or -CN;
each R’ is independently —C(=0)OR'), ~C(=0)R’®), —
C=OICH (R), ~SR™), ~8(0)R Y, -NRIS(0)®R ', -SE=0)R™), Cr-s
alkyl, C;-¢ alkoxy, amino, amido, C,-¢ haloalkyl, pﬁenyl, hetercaryl,
cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy
* optionally substifuted with one or more R'%;
each R* is independently halogen, hydroxy, Cy-¢ alkyl, Cig
alkoxy, Ci-¢ hydroxyalkyl, amino, amido, cyano, or Cy-¢ haloalkyl;
each R'is independently H, C,-¢ alkyl, C;~¢ alkoxy, -CN,
Ci-g haloalkyl, phenyl, heteroaryi, cycloalkyl, or heterocycloalkyl:
eack R" is independently H, C;¢ alkyl, Ci-¢baloalkyl, Ci-¢ |
alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl;
R? is N(R®)y: ‘
each R* is independently H or R*®; _
each R™ is independently C;-galkyl, C;-¢ alkoxy, phenyl, heteroaryl,
cycloalkyl, heterocycioalkyl, or heterocycloalkyl alkylene, optionally
substituted with one or more R%;
R* is R* or R%;

each R¥is independently halogen, oxe, or hydroxy;
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each R* is independently -N(R*),, ~C(=0)( R*), -
C(=0)O(R™), —C(=O)N(R™),, -N(R™)C(=0)( R*®), -
S(=0),(R™), —S(0); N(R*) ,, Ci-s alkyl, C~¢ alkoxy, C;-5
haloalkyl, phenyl, heteroaryl, hetercaryloxy, cycloalkyl, or
heterocycloalkyl, optionally substituted Wiﬁz one or more R,
each R¥ is independently H, halogen, Ci-¢
alkyl, Ci-¢ alkoxy, C;-¢ haloalkyl;
each R is independently H, C;- alkyl, Ci-¢
_ alkoxy,‘ C~¢ haloalkyl, or phenyl;
R* is —C(=0)R™;
R* is Ci=¢ aucyi, Ci-g alkoxy, phenyl, or N(R*)s;
cach R™ is independently H or C,-¢ alkyl;
R® is —~OR™);
R*is H or R®;
R* is lower Ci-g, phenyl, benzyl, C;-¢ haloalkyl, cycloalkyl,
heterocycloallyl, heteroaryl, optionally substituted with one or more
R*;
each R* is independently halogen, ‘hydroxy, Cl-g atkyl,
Ci-¢ haloalkyl, or C;-4 alkoxy;
Q' is phenyl or indolyl, optionally substituted with one or more Q%
each Q™ is independently Q' or Q'
cach Q™ is independently halogen, hydroxy, ~CN, ~S8(Q'%), =S(0)(Q™), or -
S(=0)Q"); |
each Q' is independently Q™ or Q'*: -
each Q' is independently ~0(Q'), ~S(=0)x(Q"%), ~C(=0)N(Q'®),, -
S(=0)Q™), -N(Q™)S(=0)5(Q"), ~C(=0)(Q"), ~C(=0)O(Q™®), -N(Q**),, ~
N(QICEONQ™), -N(Q™)C(=0)0(Q™), —SI(Q“’ 3, OF — N(Q“)C(—O)N(Qh)z, _
each Q' is independently H or Q'¢
each Q' is independently Cl-(, allyl, amino, C;-g alkenyl,
phenyl, benzyl, Ci-¢haloalkyl, C;-¢ thioalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalky! alkylene, or
heteroaryl, optionally substituted with one or more Qlf;
each Q" is independently Q' or Q™
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each Q™ is independently halogen, hydroxy,
0x0, ~(C(Q™)2)nS(0R(Q™), - N
(CQ™)NQNCQM)nS0)(Q™), -
(CQ™DWNQ")z, HCQM)mCEONQ™), or -
N@Q™CE0XQ™;
each m is independently 0, 1, or 2;
each Q" is independently Q' or QY
each Q" is independently H or
‘hydroxy;
each QY is independently C;-¢ alkyl,
C1-¢ haloalkyl, C;-g alkoxy, Cy-g thicalkyl,
~cyano, amino, phenyl, benzyl, cycloalkyl,
he‘éerocycloallqri, or heteroaryl, optionally
substituted with one or more Q'%;
each Q™" is independently
halogen, hydroxy, C;-g alkyl, C;-¢
haioalkyl, C;~¢ hydroxyalkyl, amino,
C1-¢ thioalkyl, Cy-¢ alkoxy, or
cyano;
XisH;

or a pharmaceutically acceptable salt thereof,
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in one variation of the above embodiment, X is H.
In one variation of the above embodiment, R is R' as defined herein.
In one variation of the above embodiment, R’ is lower alkyl.

In one variation of the above embodiment, R’ is lower alkyl optionaliy substituted with ope or more
R** as defined herein. -

In one variation of the above embodiment, R’ is tert-butyl.

In another variation of the above embodiment, R' is ierz-butyl, Q™ 18 Q', Q¥ is Q¢, Q' is Q'
and Q"¢ is pyrrolidine,

In another variation of the above embodiment, R is ~CHC(CH)s.

In another variation of the above embodiment, R’ is iso-butyl,
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In another variation of the above embodiment, R is iso-propyl.

In one embodiment of the compound of Formula I, R' is cycloalkyl.

In one embodiment of the compound of Formula I, R’ is heterocycloalkyl.

In one embodiment of the compound of Formula I, R' is benzyl.

In one embodiment of the compound of Formula I, R!is phenyl.

In one embodiment of the compound of Formula I, R is R* as defined herein.

In one embodiment of the compound of Formula I, R is R? and R? is NH(R®), wherein R% is as

defined herein.

In one variation of the above embodiment, R* is R™ as defined herein.

In one variation of the above embodiment, R% is lower alkyl,

In one variation of the above embodiment, R® is iso-propyl.

In one embodiment of the compound of Formula I, R™ is heterocycloalkyl.

In one embodiment of the compound of Formula I, R” is cycloalkyl.

In one embodiment of the compound of Formula I, R? is heterocycloalkyl alkylene.
In one variation of the above embodiment, R* is pyrrolidine.

In one variation of the above embodiment, R™ is pyrrolidinyl methylene.

In one variation of the above embodiment, Q1a is QIC as defined herein,

In another variation of the above embodiment, Q™ is Q'¢, Q™15 @', Q"¢ 1s Q' and Q'* is

heterocycloalkyl.

In yet another variation of the above embodiment, Q is Q', Q™ is Q'%, Q' is Q'°, Q™ is Q**, Q™

is pyrrolidine,
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In yet another variation of the above embodiment, Q is Q', Q™ is Q'¢, Q™15 Q™, Q' is ~O(Q"),
Q' 1s Q, and Q™ is lower alkyl.

In yet another variation of the above embodiment, Q is Q', Q'*is Q', Q%15 Q*, Q" is —O(Q'®)
Q'€ is Q", Q' is methyl.

¥

In one embodimgnt of the compound of Formula I, Q' is Q'® as defined herein,
In one variation of the above embodiment, Q' is halogen.

In another Vériation of the abové embodiment, Q'° is hydroxy.

In one embodiment of the compound of Formula I, Q' is Q'° as defined herein.

In one variation of the above embodiment, Q™ is Q', Q' is ~O(Q'), Q™ is Q' and Q' is

lower alkyl, optionally substituted with one or more Q' as defined herein.

In one variation of the above embodiment, Q' is methyl optionally substituted with one or more

Q” as defined herein,

In another variation of the above embodiment, Q' is Q' and Q™ is heterocycloalkyl.
In one variation of the above embodiment, Q*" is morpholine,

In one embodiment of the compound of Formula I, Q"% is Q*, Q™15 Q'°, Q™ is Q' and Q' is

heterocycloalkyl, optionally substituted with one or more Q' as defined herein,

In one variation of the above embodiment, Q'* is pyrrolidine, optionally substituted with one or

more QY as defined herein.

In apother variation of the above embodiment, Q'° is piperazine, optionally substituted with one

or more Q" as defined herein,

In yet another variation of the above embodiment, Q' is piperidine, optionally substituted with

one or more Q' as defined herein,
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In yet another variation of the above embodiment, Q'* is morpholine, optionally substituted with

One Or more Q1f as defined herein.

In yet another variation of the above embodiment, Q¢ is pyrrolidinone, optionally substituted

with one or more Qlf as defined herein.

In one embodiment of the compound of Formula £, Q™ is Q'°, Q™ is Q", Q™%1s -C(=0)(Q"),
Q!¢ 15 Q™ and Q™ is heterocycloalkyl, optionally substituted with one or more QY as defined

herein.

In certain embodiments of formula I, the subject compounds are more specifically of formula IL:

wherein: _
Rand Q' are as defined herein;

or a pharmaceutically acceptable salt thereof.
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In a second aspect, there is provided a compound of formula I’ aé defined above:

1L
thrcir_g: _
R'is Cp-g alkyl, C; alkoxy,-pheﬁyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkyl alkylene, optionally substituted with one or more R™™;
- R®iERorR' |
each R' is independently halogeh, oxo., hydroxy, or —CN;
zach R'*is independently ~C(=0)OR™), ~C(=0)R™), -
C(=0)CHz(R"), ~8(R™), =S(0)R"), -NR HS(O)®R"), ~
S(=0)R™), C1-¢ alkyl, C;~¢ alkoxy, amino, amido, C;- haloalkyl,
phenyl, keteroaryl, cycloalkyl, heterocyeloalkyl, cy&:loalkyloxy, or
heterocycloalkyloxy-optionally substituted with one or more R
each R'® is independently halogen, hydroxy, Ci-g alkyl, Ci-¢
alkoxy, C;~¢ hydroxyalkyl, amino, amido, cyano, or Ci-g
haloalkyl;
each R'®is independently H, C;-galkyl, Ci~ alkoxy, —CN,
C1~¢ haloalkyl, phenyl, heteroaryl, eycloalkyl, or |
heterocycloalkyl; _ ,

. each R" is independently H, Cy-s alkyl, Cy~¢ haloalkyl, Cj~s -
alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloatkyl;
and

Q' is as defined above;

or 2 pharmaceutically acceptable salt thereof.
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In certain embodiments of formula I, the subject compounds are more specifically of formula IT':

wherein. _
R! is lower alkyl, lower alkoxy, phenyl, benzyl, hetercaryl, cycloalkyl, heterocycloalkyl,
or cycloalkyl alkcylene, optionally substituted with one or more R
Ri*is R or R’
each R' is independently halogen, oxo, hydroxy, or —-CN;
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each R is independently ~C(=0)O(RY), -C(=0)R '), —
CEOICH,R ), -SRY), ~S(0):R"), ~-NRIS(0)R"), ~SE=0)R),
lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl, '
heteroaryl, cycloalkyl, beterocycloalkyl, cycloalkyloxy, or
5 heterocycloalkyloxy optionally substituted with one or more R'?;
each R" is independently halogen, hydroxy, lower alkyl, lower
alkoxy, lower hydroxyalky!, amino, amido, cyano, or lower
haloalkyl;
each R' is independently H, lower alkyl, lower alkoxy, —CN,

10 lower haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl;
each RY is independently H, lower alkyl, lower haloalkyl, lower
alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; and

Q1 is as defined herein;
or a pharmaceutically acceptabie salt thereof.
i5
In certain embodiments of formula II’, R* is lower alkyl, preferably tert-butyl, optionally

substituted with one or more R' as defined herein.

In certain embodiments of formula I", R! is cycloalkvi, optionally substituted with one or more

20 R as defined herein.

In certain embodiments of formula I, the subject compounds are more specifically of formula 0T

wherein R* is independently lower alkyl, lower alkoxy, phenyl, heteroaryl, cycloalkyl,
25 heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or more R*;
R*is R¥ or R*;

each R¥is independently halogen, oxo, or hydroxy;
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each R¥ is independently ~N(R’®)5, ~C(=0)( R), -
C(=0)0( R*), —C(=0IN(R*),, -N(R*)C(=0)( R™), -
S(=0),(RE), -S(O), N(R*),, lower aIkyi, lower alkoxy,
lower haloalkyl, phenyl, hetercaryl, heteroaryloxy,
cycloalkyl, or beterocycloalkyl, optionally substitnted with
one or more R*;
eacﬁ R?f 1s independently H, halogen, lower alkyl,
lower alkoxy, lower haloalkyl; . :
each R* is independently H, lower alkyl, lower
o ‘alkox'y, lower haloalkyl, or phenyl; and
Q' is as defined herein; o

or a pharmaceutically acceptable salt thereof.
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In a third aspect, there is provided a compound of formula HI as defined above:

N
Ql Ng \RZh
= o
TR

m

wherein R? is iﬁdependenﬂy Cy-¢ alkyl, Cy-g alkoxy, phenyl, heteroaryl, cycloaliyl,
heterocycioalkyl, or heterocycloalky! alkylene, optionally substifuted with one or more R*;

| | R* is R* or R¥;

each R™ is independently halogen, oxo, or hydroxy;

each R* is independently -N(R*®),, ~C(=O)( R*), —

C(=0)0( R?*), ~C(=OINR®), -NR*)C(=0)( R™),

~8(=0R(R), -8(O), NR™),, Ci-galkyl, Ci-6

alkoxy, Ci-¢ haloalkyl, phenyl, heteroaryl,

heteroaryloxy, cycloalkyl, or heterocycioalkyl,

optionally substituted with one or more R*;

each R* is independently H, halogen, C)-¢
alkyl, C;-¢ alkoxy, Ci~¢ haloalkyl;
each R’ is independently H, Ci-¢ alkyl, Cy-

alkoxy, Cy-g hal_oalkyl, or phenyl; and
Q' is as defined above; ‘

or a pharmaceutically acceptable salt thereof.
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In certain embodiments of formula I, R*® is lower alkyl optionally substituted with one or more
- R* as defined herein.

In certain embodiments of formula I, R*” is Jower alkyl optionaliy subst{tutf:d with one or more
R* as defined herem Preferably R*is hydroxy

In certain embodiments of either formulae L IT, T or I1I, Q'is phenyl optionally substituted w1th

one or more Q'* as defined herein.

In certain embodiments of either formulae I, I , IT'or TII, Qs phenyl optionalty substituted with
one or more independtly iower alkyl, amino, lower alkenyl, phenyl, benzyl, lower halcalkyl,
lower thioalkyl, cycloalkyl, cycloalkenyl, he eterocycloalkyl, heterocycloalkyl alkylene, or

heteroaryl, optionally substituted with one or more Qlf as defined herein.

In certain embodiments of either formulae LO, Tor I Q' is phenyl optionally substituted with

one or more lower alkyl optionaily substituted with one or more QY as defined hereir.

In certain gmbodiﬂlents of either formulae [, I, ITor ITL, Q' is phenyl optionally substituted with

one or more heterocycloalkyl optionally substituted with one or more Q¥ as defined herein.
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In certain embodiments of either formulae L IT, T or I, Q' is phenyl optionally substituted with
one or more pyrrolidine, piperazine, piperidine, morpholine or pyrrolidinone, which are

optionally substituted with one or more Q™ as defined herein.

Tn certain embodiments of either formulae I, T, I or TH, Q' is phenyl optionaily substituted with
one or more Q', —O(Q") or ~C(=0)(Q'), which are optionally substituted with one or more Q*f

as defined herein,

In certain embodiments of formula ITT, R* is lower alkyl optionally substituted with one or more
R* as defined herein and Q' is phenyl optionally substituted with one or more Q" as defined

herein.

In certain embodiments of formula II*, R’ is lower alkyl, preferably tert-butyl, optionally
substituted with one or more R'* 25 defined herein and Q' is pheny) optionally substituted with

one or more Q** as defined herein.

In certain embodiments of formula I, R* is lower alkyl optionally substituted with one or more
R* as defined herein and Q' is phenyl optionally substituted with One or more Q™ as defined

herein,

In certain embodiments of formula 1", R’ is lower allcyl, preferably tert-butyl, optionally
substituted with one or more R™ as defined herein and Q' is phenyl optionally substituted with

one or more lower alky! optionally substituted with one or more Q* as defined herein.

In certain embodiments of formula 17, R! is lower allkeyl, preferably tert-butyl, optionally
substituted with one or more R™ as defined herein and Q' is pheny! optionally substituted with

one or more heterocycloalkyl optionally substituted with one or more Q' as defined herein,

In one embodiment, the application provides a method for treating an inflammatory and/or

autoimmune condition comprising administering to a patient in need thereof a therapeutically

effective amount of the compound of Formula I.

In one variation of the above method, the above method further comprises administering an

additional therapeutic agent selected from a chemotherapeutic or anti-proliferative agent, an anti-
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inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic factor,
an agent for treating cardiovascular disease, an agent for treating diabetes, or an agent for

treating immunodeficiency disorders.

In on¢ embodiment, the application provides a method for treating an inflammatory condition
comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula I, wherein R is R’

In one embodiment, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula L.

In one embodiment, the application provides a method for inhibiting T-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula I, wherein R is R%.
In one variation of the above method, the proliferative disorder is cancer.

" In one embodiment, the application provides a method for treating a B-cell proliferative disorder
comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula I.

In one embodiment, the application provides a method for treating an imnmune disorder including

lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes, complications from
organ transplants, xeno transplantation, diabetes, cancer, asthma, atbpic dermatitis, autoimmune
thyroid disorders, ulcerative colitis, Crohn's disease, Alzheimer's disease, and Leukemia,
comprising administering to a patient in need thereof a therapeutically effective amount of the

compound of Formula L.

In one embodiment, the application provides a method for preventing or treating all forms of organ
rejection, including acute allograft or xenograft rejection and chronic allograft or xenograft
rejection, of vascularized or non-vascularized transplants, comprising administering to a patient

in need thereof a therapeutically effective amount of the compound of Formula I

In one embodiment, the application provides a method for preventing or treating all forms of organ

rejection, including acute allograft or xenograft rejection and chronic allograft or xenograft



16

rejection, of vascularized or non-vascularized transplants, comprising administering to a patient

in need thereof the compound of Formula L.

In one embodiment, the application provides a method for inhibiting JAK3 activity comprising
administering the compound of Formula I, wherein the compound exhibits an ICsy of 50

micromolar or less in an in vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an ICsy of 100 nanomolar or less in

an in vitro biochemical assay of JAK3 activity.

In one variation of the above method, the compound exhibits an ICsq of 10 nanomolar or less in

an in vitro biochemical assay of JAK3 activity.

In one embodiment, the application provides a method for inhibiting SYK activity comprising
administering the compound of Formula I, wherein the compound exhibits an ICs; of 50

micromolar or less in an in vifro biochemical assay of SYK activity.

In one variation of the above method, the compound exhibits an ICsy of 100 nanomolar or less in

an in vitro biochemical assay of SYK activity.

In one variation of the above method, the compound exhibits an ICsg of 10 nanomolar or less in

an in vitro biochemical assay of SYK activity.

In one embodiment, the application provides a method for treating an inflammatory condition
comprising co-administering to a patient in need thereof an anti-inflammatory compound in

combination with a therapeutically effective amount of the compound of Formula I.

In one embodiment, the application provides a method for treating an inflammatory condition
comprising co-administering to a patient in need thereof a therapeutically effective amount of an

anti-inflammatory compound in combination with the compound of Formula L.

In one embodiment, the application provides a method for treating an immune disorder comprising co-
administering to a patient in need thereof an immunosuppressant compound in combination with

a therapeutically effective amount of the compound of Formula I.
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In one embodiment, the application provides a method for treating an immune disorder comprising co-
administering to a patient in need thereof a therapeutically effective amount of an

immunosuppressant compound in combination with the compound of Formula I.

The application provides a pharmaceutical composition comprising the compound of Formula I,

admixed with at least one pharmaceutically acceptable carrier, excipient or diluent.

. In one variation, the above pharmaceutical composition further comprises an additional
therapeutic agent selected from a chemotherapeutic or anti-proliferative agent, an anti-
inflammatory agent, an immunomodulatory or immunosuppressive agent, a neurotrophic factor,
an agent for treating cardiovascular disease, an agent for treating diabetes, and an agent for

treating immunodeficiency disorders,

In one embodiment, the application provides a use of the compound of Formula I, I, IT’ or ITT

in the manufacture of a medicament for the treatment of an inflammatory disorder.

In a fourth aspect, the application provides a use of the compound of Formula I as defined above

in the manufacture of a medicament for the treatment of an inflammatory disorder.

In one embodiment, the application provides a use of the compound of Formula L, I1, II” or IIL,

in the manufacture of a medicament for the treatment of an autoimmune disorder.

In one embodiment, the application provides a use of the compound of Formula I in the

manufacture of a medicament for the treatment of an autoimmune disorder.

In a fifth aspect, there is provided the use of the compound as defined above in the manufacture of a

medicameni for the treatment of an autoimmune disorder.

In one embodiment, the application provides a compound of Formula I, II, II” or I, for use in

the treatment of an inflammatory disorder or of an autoimmune disorder.

In a sixth aspect, there is provided a compound as defined above for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.
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The application provides a compound of Formula IV

OR
Q. N
o

v wherein:
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RisR', R% R, or RY;
R' is lower alkyl, lower alkoxy, phenyl, benzyl, hetercaryl, cycloalkyl, heterocycloalkyl,
or cycloalkylalkyl, optionally substituted with one or more R™;
R'is R orR'c:
R'Pis halogen, oxo, hydroxy, or —-CN;
R is ~C(=0)0(R "}, -C(=0)CH,(R'*), ~S(R"), ~S(0)(R""), or ~S(=0)
(le), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyi,
heteroaryl, cvcloalkyl, heterocycloalkyl, cycloalkyloxy, or
heterocycloalkyloxy optionally substituted with one or more R
RYis H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower
haloalkyl;
R s H, lower alkvl, lower alkoxy, -CN, lower haloalkyl, phenyl,
heteroaryl, cycloalkyl, or heterocycloalkyl;
R is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl,
cycloalkyl, or heterocycloalkyl;
R%is N(R®)y;
each R™ is independently H or R*";
each R™ is independently lower alkyl, phenyl, heteroaryl, cycloalkyl,
heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with
one or more R™;
R*is R*or R%;
R*is halogen, oxo, or hydroxy;
R* is -N(R),, ~C(=0)( R®), -C(=0)O( R*®), —
CEOINR ™), -NR™¥)C=0)( R™), ~S(=0)2(R*), ~8(0):
N(Rzg) 2, lower alkyl, lower alkoxy, lower haloalkyl, phenyl,
heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl,
optionally substituted with one or more R*;
each R* is independently H, halogen, lower alkyl,
jower alkoxy, lower haloalkyl;
each R* is independently H, lower alkyl, lower
alkoxy, lower haloalkyl, or phenyl;
R’ is -C(=O0)R™;
R* is lower alkyl, lower alkoxy, phenyl, or NR™);
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each R™ is independently H or lower atkyl;
R* is ~O(R™);
R*is H or R®;
R™ is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R,
R™ is halogen, hydroxy, lower alkyl, lower haloalkyl, or
lower alkoxy;
Qis Q' Q% Q" or Q%
Q' is phenyl, optionally substituted with one or more Q'
Q' is Q™ or QI
Q" is halogen, hydroxy, —CN, —S(Q"), =S(0),(Q"), or —S(=0)(Q");
Qs Q¥ or Q'
or two Q** come together to form a bicyclic ring sysiem, optionally
substituted with one or more Q]‘b or Q'
Q" is ~0(Q"), -8(=0)2(Q""), -C=0IN(Q )2, ~S(=0) 2(Q"), -
CE=0)Q™), -CE=O)0Q'), -N(Q™ ) -NQ')C(=0)Q"), -
N(Q")CE=OOQ™), or -N(Q")C(=0)N(Q"*)z;
each Q' is independently H or Q'¢’;
each Q™ is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or hetercaryl,
opticnally substituted with one or more QH;
Q]fis ng or th; )
Q¢ ig halogen, hydroxy, oxo, or —
CE=OQ™);
th is lower alkyl, lower haloalkyl, lower
alkoxy, phenvl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q“;
Q" is halogen, hydroxy, lower alkyl,
lower haloalkyl, or lower alkoxy;
Q° is cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with

one or more Q™
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Qla iS QZb OI‘ ch;
sz is halogen, oxo, hydroxy, ~CN, -~-SCHs;, -S(0)2CH,, or -S(=0)CH3;

or two Q* come together to form a bicyclic ring system, optionally
substituted with one or more Q*° or Q%;
Q* 15 -O(Q™), ~S(=0)2(Q™), ~C(=0IN(Q™)2, -8(0) 2(Q™), -
CE0)Q™), ~C=OOQ™), NQ¥)z; -NQ*)C(=0)(Q™), -
N(Q™)C(=0)0(Q™), or -N(Q*)C(=OIN(Q™);
each Q™ is independently H or Q¥
each Q™ is independently lower alkyl, phenyl, benzyl,
lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl,
optionally substituted with one or more Q™
Q¥ is Q% or Q%
ng is halogen, hydroxy, oxo, or -
CE=0)Q™):
Q™ is Jower alkyl, lower haloalkyl, lower
alkoxy, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q*;
Q¥ is halogen, hydroxy, lower alkyl,
lower haioalkyl, or lower alkoxy;
Q’is -0-Q*, ~8-Q™, ~C(=0)(Q™), ~S(=0)Q™), ~S(=0)2(Q*), -N(Q*)z, -
NHC(=0)(Q™), ~C(=0)N(Q™), or ~NHC(=OIN(Q™)y;
each Q™ is independently Q™ or Q™
Q" is H;
Q™ is lower alkyl, lower haloalkyl, phenyi, cycloalkyl, heterocycloalkyl,
or heteroaryl, optionally substituted with one or more Q%
QBd 1s halogen, hydroxyl, lower alkyl, lower alkoxy, or lower
haioaliyl;
Q' is Q™ or Q*;
Q*isHor halogen; and
Q™ is lower alkyl, lower alkenyl, lower alkynyl, or lower haloalkyl:

with the proviso that when R is R*, R* is —O(R*), R* is H, and Q" is Q*, then Q™ is not H;
p
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or a pharmaceutically acceptable salt thereof.

DETAILED DESCRIPTION OF THE INVENTION

The phrase “a” or “an” entity as used herein refers to one or more of that entity; for example, a
compound refers to one or more compounds or at least one compound. As such, the terms “a”

(or “an’"}, “one or more”, and “at least one” can be used interchangeably herein.

The phrase "as defined herein above" refers to the broadest definition for each group as provided
in the Summary of the Invention or the broadest claim. In all other embodiments provided

below, substituents which can be present in each embodiment and which are not explicitly

defined retain the broadest definition provided in the Summary of the Invention.

As used in this specification, whether in a transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning,
That is, the terms are to be interpreted synonymously with the phrases "having at least” or
"including at least". When used in the context of a process, the term "comprising” means that the
process includes at least the recited steps, but may inchude additional steps. When used in the
context of a compound or composition, the term "comprising” means that the compound or
composition includes at least the recited features or components, but may also include additional

features or components,

As used herein, unless specifically indicated otherwise, the word "or" is used in the "inclusive”

sense of "and/or” and not the "exciusive" sense of "either/or”.

The term "independently” is used herein to indicate that a variable is applied in any one instance
without regard to the presence or absence of a variable having that same or a different definition
within the same compound. Thus, in a compound in which R" appears twice and is defined as

"independently carbon or nitrogen”, both R"s can be carbon, both R"s can be nitrogen, or one R"

can be carbon and the other nitrogen.

When any variable {e.g., R, R’, or Q) occurs more than one time in any moiety or formula
depicting and describing compounds employed or claimed in the present invention, its definition

on each occurrence is independent of its definition at every other occurrence. Also,
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combinations of substituents and/or variables are permissible only if such compounds result in

stable compounds,

The symbols "*" at the end of a bond or " ====== " drawn through a bond each refer to the point
of attachment of a functional group or other chernical moiety to the rest of the molecule of which

it 1s a part. Thus, for example:

MeC(=0)OR* wherein RY = »—<] or <] ==2> MeC(=0)0—<

A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that the

bond may be attached to any of the suitable ring atoms,

The term “optional” or “optionally” as used herein means that a subsequently described event or
circumstance may, but need not, occur, and that the description includes instances where the
event or circamstance occurs and instances in which it does not. For example, “optionally
substituted” means that the optionally substituted moiety may incorporate a hydrogen or a

substituent.

The phrase “come together to form a bicyclic ring system™ as used herein means join to form a
bicyclic ring system, wherein each ring may be made up of either 4-7 carbon atoms or 4-7

carbon and heteroatoms, and may be saturated or unsaturated.

The term "about" is used herein to mean approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a numerical range, it modifies that range by
extending the boundaries above and below the numerical values set forth. In general, the term
"about” is used herein to modify a numerical value above and below the stated value by a

variance of 20%.

The definitions described herein may be appended to form chemically-relevant combinations,
such as “heteroalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”
“alkoxyalkyl,” “cycloalkyialkyl” and the like. When the term “alkyl” is used as a suffix
foliowing another term, as in “phenylalkyl,” or “hydroxyalkyl,” this 1s intended to refer to an
alkyl group, as defined above, being substituted with one to two substituents selected from the
other specificaliy-named group. Thus, for example, “phenylalkyl” refers to an alkyl group

having one to two phenyl substituents, and thus includes benzyl, phenylethyl, and biphenyl. An
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“alkylaminoalkyl” is an alkyl group having one to two alkylamino substituents. “Hydroxyalkyl"
includes 2-hydroxyethyl, 2-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, Z-hydroxybutyl,
2.3-dihydroxybutyl, 2-Chydroxymethyl), 3-hydroxypropyl, and so forth. Accordin gly, as used
herein, the term “hydroxyalkyl” is used to define a subset of heteroalkyl groups defined below,
The term -(ar)alkyl refers to either an unsubstituted alkyl or an aralkyl group. The term

(hetero)aryl or (het)aryl refers to either an aryl or a heteroaryi group.

Compounds of formula I may exhibit tautomerism. Tautomeric compounds can exist as two or
more interconvertable species. Prototropic tautomers result from the migration of a covalently
bonded hydrogen atom between two atoms. Tautomers generally exist in equilibrium and
attempts to isolate an individual tautomers usually produce a mixture whose chemical and
physical properties are consistent with a mixture of compounds. The position of the equilibrium
is dependent on chemical features within the molecule. For example, in many aliphatic
aldehvdes and ketones, such as acetaldehyde, the keto form predominates while; in phenols, the
enol form predominates. Common prototropic tautomers include keto/enol (-C(=0)-CH- = -C(-
OH)=CH-), amide/imidic acid {~C{=0)-NH- & -C{-OH)=N-} and amidine (-C{(=NR)-NH- = -
C(-NHR)=N-) tautomers. The latter two are particularly common in heteroaryl and heterocyclic

rings and the present invention encompasses all tautomeric forms of the compounds.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
made herein to various methodologies and materials known to those of skill in the art. Standard
reference works setting forth the general principles of pharmacology include Goodman and
Gilman's The Pharmacological Basis of Therapeutics, 10" Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods known to those of skili can be utilized
in carrying out the present invention. However, preferred materials and methods are described.
Materials, reagents and the like to which reference are made in the following description and

exarnples are obtainable from commercial sources, unless otherwise noted.

The term “acyl” as used herein denotes a group of formula -C(=0)R wherein R is hydrogen or
lower alkyl as defined herein. The term or "alkylcarbonyl™ as used herein denotes a group of
formula C(=0)R wherein R is alkyl as defined herein. The term C,.¢ acyl refers to a group -

C(=0O)R contain 6 carbon atoms. The term "arylcarbonyl" as used herein means a group of
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formula C(=0)R wherein R is an aryl group; the term "benzoyl" as used herein an "arylcarbonyl”

group wherein R is phenyl.

The term “alkyl” as used herein denotes an unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl” denotes a straight
or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "C;-1p alkyl"” as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are
not limited to, lower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, ~butyl
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

When the term “allcyl” is used as a suffix following another term, as in “phenyialkyl,” or
“hydroxyalkyl,” this is intended to refer to an alicyl group, as defined above, being substituted
with one to two substituents selected from the other specificaliy-named group. Thus, for
example, “phenylalkyl” denotes the radical R'R"-, wherein R'is a phenyl radical, and R" is an
alkylene radical as defined herein with the understanding that the attachment point of the
phenylalkyl moiety will be on the alkylene radical. Examples of arvlalkyl radicals include, but
are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The terms “arylalkyl”, “aryl alkyl”, or
"aralkyl" are interpreted similarly except R'is an aryl radical. The terms "heteroaryl alkyl” or

"heteroarylalkyl” are interpreted similarly except R’ is optionally an aryl or a heteroaryl radical,

The term “haloalkyl™ as used herein denotes a unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substifuted by a halogen. The term
“lower haloalkyl” denotes a straight or branched chain hydrocarbon residue containing 1 to 6
carbon atoms, wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
are 1-fluoromethyl, 1~ch10romethyi, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
triflooromethyi, trichloromethyl, tribromomethyl, triitodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-
bromoethyl, 1-iocdoethyl, 2-fluoroethyi, 2-chloroethyl, 2-bromoethyi, 2-iodoethyl, 2,2-
dichloroethyl, 3-bromopropyi or 2,2,2-triflucroethyl.

The term "alkylene"” as used herein denotes a divalent saturated linear hydrocarbon radical of 1
to 10 carbon atoms (e.g., (CHz)p)or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atoms (e.g., -CHMe- or -CH,CH(-Pr)CH;-), unless otherwise indicated. Except in the

case of methylene, the open valences of an alkylene group are not attached to the same atom.
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Examples of alkylene radicals include, but are not limited to, methylene, ethylene, propylene, 2-

methvl-propylene, 1,1-dimethyl-ethylene, butylene, 2-ethylbutylene.

The term "alkoxy" as used herein means an —O—alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyioxy, i-propyloxy, n-butyloxy, i-butyloxy, -butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "C;-1p alkoxy” as used herein refers to

an -O-alkyl wherein alkyl is Ci.10.

The term "hydroxyalkyl” as used herein denotes an alkyl radical as herein defined wherein one to

three hydrogen atoms on different carbon atoms is/are replaced by hydroxyl groups.

The term “cycloalkyl™ as used herein refers to a saturated carbocyclic ring containing 3 to §
carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl,
"Cs.y cycloalkyl” as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.
The term "halogen” or "halo" as used herein means fluorine, chiorine, bromine, or iodine.

The term "heteroaryl” or "heteroaromatic” as used herein means a monocyclic, bicyclic, or
tricyclic radical of 5 to 18 ring atoms having at least one aromatic ring containing four to eight
atoms per ring, incorporating one or more N, O, or S heteroatoms, the remaining ring atoms
being carbon, with the understanding that the attachment point of the hetercaryl radical will be
on an aromatic ring. As well known to those skilled in the art, heteroaryl rings have Jess
aromatic character than their all-carbon counter parts, Thus, for the purposes of the invention, a
heteroaryl group need only have some degree of aromatic character. Examples of heteroaryl
moieties include monocyclic aromatic heterocycles having 5 to 6 ring atoms and 1 to 3
heteroatoms include, but is not Iimited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl,
imidazolyl, oxazol, isoxazole, thiazole, isothiazole, triazoline, thiadiazole and oxadiaxoline
which can optionally be substituted with one or more, preferably one or two substituents selected
from hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy, alkylthio, halo, haloalkyl,
alkyisulfinyl, alkylsulfonyl, halogen, amino, alkylamino,dialkylamino, aminoalkyl,
alkylaminoalkyl, and dialkylaminoalikyl, nitro, alkoxycarbony! and carbamoyl, alkylcarbamoyl,

dialkyicarbamoyl, arylcarbamoyl, alkylcarbonylamino and aryicarbonylamino. Examples of
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bicyclic moieties include, but are not limited to, quinolinyl, isoquinolinyl, benzofuryl,

benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and benzisothiazole.

The term “heterocycloalkyl”, "heterocyelyl” or "heterocycle” as used herein denotes a
monovalent saturated cyclic radical, consisting of one or more rings, preferably one to two rings
or three rings, of three to eight atoms per ring, incorporating one or more ring carbon atoms and
one or more ring heteroatoms (chosen from N,O or $(=0)p.2), wherein the point of attachment
can be through either a carbon atom or a heteroatom, and which can optionally be independently
substituted with one or more, preferably one or two or three substituents selected from hydroxy,
oxo, cyano, lower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkyisulfonyiamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, uniess
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,
thiomorpholinyl, quinuclidinyl and imidazolinyl.

The phrase “organ rejection” includes acute allograft or xenograft rejection and chronic allograft
or xenograft rejection in the setting of vascularized and/or non-vascularized (e.g. bone marrow,

pancreatic islet celis) transplants.

Commonly used abbreviations include: acetyl {Ac), azo-bis-1sobutyrylnitrile (AIBN),
atmospheres (Atm), 9-borabicyclo[3.3.1}nonane (9-BBN or BBN}, tert-butoxycarbonyl {Boc),
di-tert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn}, butyl (Bu), Chemical
Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole
(CDI, 1.4-diazabicyclo{2.2.2]octane (DABCQO), diethylaminosulfur triflucride (DAST),
dibenzylideneacetone (dba), 1,5-diazabicyclof4.3.0]non-5-ene (DBN), 1,8-
diazabicyclof5.4.0]undec-7-ene (DBU}, N N'-dicyclohexylcarbodiimide (DCC)H, 1,2-
dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate {DEAD), di-iso-
propylazedicarboxylate {DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso-
propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA}, 4-N N-dimethylaminopyridine
(DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide (DMSQ), 1,1"-bis-
(diphenylphosphino)ethane (dppe), 1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-
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dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et), ethyl acetate
(EtOAc), ethanol (EtOH)}, 2-ethoxy-2H-quinoline-1-carboxylic acid ethyl ester (EEDQ), diethyl
ether (Et,0O}, O-(7-azabenzotriazole-1-y1)-N, N.N"N’ -tetramethyiuronium hexafiuorophosphate
acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure
liquid chromatography (HPLC}, iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS),
methanol (MeOH), melting point (mp), MeSO,- (mesyl or Ms), , methyl (Me), acetonitrile
(MeCN), m-chloroperbenzoic acid. (MCPBA), mass spectrum (ms), methyl -butyl ether
(MTBE)}, N-bromosuccinimide (NBS}, N-carboxyanhvdride (NCA), N-chlorosuccinimide
(NCS), N-methylmorpholine (NMM), N-methylpvrrolidone (NMP}, pyridinium chlorochromate
(PCC), pyridinium dichromate (PDC), phenyl (Ph), propy! (Pr), iso-propyl (i-Pr), pounds per
square inch (psi}, pyridine (pyr}, room temperature (1t or RT), teri-butyldimethylsilyl or -
BuMe,Si (TBDMS), triethylamine (TEA or Et;N), 2,2.6,6-tetramethylpiperidine 1-oxyl
(TEMPQ), triflate or CF350,- (T1), trifiuoroacetic acid (TFA}, 1,1'-bis-2,2,6,6-
tetramethylheptane-2,6-dione {TMHD), O-benzotriazol-1-y1-N,N.N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-
CsHsS0:- or tosyl (Ts}, N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature
including the prefixes normal (n), iso (i-), secondary (sec-), tertiary (tert-) and neo have their
customary meaning when used with an alkyl moiety. (J. Rigandy and D. P. Klesney,

Nomenclature in Organic Chemistry, IUPAC 1979 Pergamon Press, Oxford.).

COMPOUNDS AND PREPARATION

Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereof,

In general, the nomenclature used in this Application is based on AUTONOMTM v.4.0, a
Beiistein Institute computerized system for the generation of TUPAC systematic nomenclature.
If there is a discrepancy between a depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addition, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

structure or portion of the structure is to be interpreted as encompassing all stereoisomers of it,
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TABLE [ depicts exemplified compounds according to Formula L

Phenyl-{2-(3,4.5-

3 Methyl-112-

trimethoxy- (3~pynolidin~] ¥~ o
s 1 ") R & el
olof2,3- pyrrolof2,3- -
blpyrazin-7-v1]- N bipyrazin-7-vl}- N, N
1 methanone d 1-6 hutap-1-one
B o O
3-Methyl-1-{2- o 4{7-(3-Methyl-
(3.4,5-trimethoxy- - butyryl)-5H- HN
phenyi}-5H- pymoio[2.3-
pyrrolo{2,3- N bipyrazin-2-yi}- N
blpyrazin-7-yI}- s benzamide L4
-2 butan-1-cne / -7
O
=0 9
1-12-(3.4,5- 3-{7-(3-Methyl-
Trimethoxy- butyryl-5H- o
phenyl)-5H- pyvirolo{2,3- HN
pyrrelof2.3- blpyrazin-2-vi}- -
bipyrazin-7-yl}- benzamide A
1-3 ethanone 1.8 '
1[2-(3 4~ o N-Methyl-3-[7-
Dimethoxy- HN {3-methyl-
phen){l)[vfii— . butyrirl%;b'gl- ﬂﬁ&
pyrrolo[2.3- NN pyrrolof2,3- e
blpyrazin-7-y1}-3- \ blpyrazin-2-yl}- Ny
14 methyl-butan-i- 0/ 1.5 henzamide H
one N
s ¢
1-[2-(5-Fluore-2- 2-(34.5-
methoxy-phenyl)- o Trimethoxy-
SH-pyrmroief2,3- . phenyl)-5H- H I‘}T’l\
blpyrazin-7-y1j-3- m'_ pyiroiof2.3- Y
methyl-butan-1- ¢ ¢ blpyrazine-7-
-5 one 1-10 carboxylic acid
isopropylamide 0\
-0 0
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1-{2-(3 4~
Dimethoxy-
phenvl)-5H-
pyrroio{2.3-
blpyrazin-7-y1}-4-

2-(3.4-
Dimethoxy-
phenyl)-5H-
pyrroto[2,3-
b]pyrazine-7-

-1l methyl-pentan-1- 1-17 carboxylic acid
one isopropylamide
P
2,2-Dimethy!-1- 2-(3,4,5-
[2-(3,4,5- Trimethoxy- O
trimethoxy- phenyl}-5H- HWN“ACP
phenyl}-5E- pyrrolof2,3- /=~ H
pymralo[2,3- bipyrazine-7- N
12 bipyrazin-7-yi}- I-18 carboxylic acid
propan-1-one (tetrahydro-pyran- Q
4-yl)y-amide A
N.N-Dimethyl-3- 2434
{7-(3-methyl- Dimethoxy-
butyryh)-5H- phenyl}-5H-
pyrrolo[2,3- pyrrolo[2,3-
blpyrazin-2-yl}- bipyrazine-7-
1-13 benzamide 1-19 carboxylic acid
pyrrolidin-3-
viamide;
3-Methyl-1-(2- 2-{3.4- 3
pheny}-SHﬂ— D]methoxy~ HN ‘/B
pyrrolo]2,3- m}:u phenyl)-5H- ! 3
bipyrazin-7-yl)- pyrrolof2,3- / -
butan-1-one N blpyrazine-7-
I-14 I-20 carboxylic acid
cyclobutylamide
2-(3.4,5- 2-(3.4-
Trimethoxy- Dimethoxy-
phenyl)-3H- phenyl)-5H-
pyrrolof2,3- pyrrole[2,3-
blipyrazine-7- bipyrazine-7-
I-15 carboxylic acid 121 carboxylic acid
(2-methoxy-1- (2-methoxy-1-
methyi-ethyl)- methozymethyl-
amide ethyl)-amide
2-Methyl-1-{2- 23,4~
(3.4,5-rimethoxy- Dimethoxy-
phenyl}-SH- HN phenyl)-5H-
pymreiof2,3- U pyrrolof2,3-
blpyrazin-7-yl}- & blpyrazine-7-
I-16 propan-i-one 122 carboxylic acid

isopropyl-methyl-
amide
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2-{3.4-
Dimethoxy-
phenyl)-5H-
pyrrolof2,3-
blpyrazine-7-

53 4-

Dimethoxy-
phenyl)-5H-
pyrrolef2,3-
blpyrazine-7-

1-23 carboxylic acid 1-29 carboxylic acid
tert-butylamide (2-amine-1,1-
dimethyl-ethyl}-
armide;
2-(3,4- 2-(3-Pyrrolidin-
Dimetboxy- ) l-yl—phe_:nyl)-SH— o
phenyl}-5H- Hi\'w ?i»(’ o pyrrolof2,3- -~ . _‘k
iyirrroio[.lf%% ] A b]pgrramincm"?v H
pyrazing-/- ) carboxylic acid i W
1-24 carboxylic acid 1-30 fert-butylamide
{2-methoxy-1- :j
methyl-ethyl}- N
amide —0 O
1-§2-(34- 2-(3,4-
Dimethoxy- Dimethoxy-
phen}{l)~513~ HN phenyi-3H-
pyrrolo{2.3- pymrolefZ,3-
blpyrazin-7-vi]- bipyrazine-7-
1.25 3.3-dimethyl- 131 carboxylic acid
butan-1-one (£15.2R)y-2-
carbamoyl-
cyclopentyl)-
amide
2-(34- 2-(3 .4
Dimethoxy- 2 OH Dimethoxzy- ) O
phenyl)-SH- HN ge( on phenyl)-f B- BN D
gifrrole[Z,S— N pyrroiof2,3- %
pyrazine-7- N ¥ blpyrazine-7-
[-26 carboxylic acid 1-32 carboxylic acid
;Zézydroxyé— (tetrahydro-pyran- o
ydroxymethyl- 4-yly-amide
ethyl)-amide -6 o= i
(2-{[2-(34- 203 4-
Dimethoxy- 2 Dimethoxy-
phen}il}{—glj— H {\;Mug . phen)il}—SH—
pyirolo{2,3- /== - pyrrolo[2.3-
bipyrazine-7- A (Zr N blpyrazine-7-
1-27 carbonyl]- 1-33 carboxylic acid
amino }-2-methyl- piperidin-4-
propyl)-carbamic ylamide
acid tert-butyl -0 o=
ester
2-{3.4- 6-Methyl-2-
Dimethoxy- 2 {3.4.5-trimethoxy-
phﬁ‘lel]}i—f i} - HN E{‘OH phen){]){.’?g{-
PYITOI0} 2,3~ — PYITOIO 2,5~
blpyrazine-7- blpyrazine-7-
i-28 carboxyhic acid 1-34 carboxylic acid

(2-hydroxy-1-
methyi-ethyl)-
amide

tert-butylamide
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1-{2-(34- 2,2-Dimethyl-1- 19
Dimethoxy- 12-03-(2- N
phenyl)-5H- morpholin-4-yi- N
pyrrolof2,3- ethoxy)-phenyl}- &
blpyrazin-7-yl}- SH-pyrrolof2,3-
1-35 2,2-dimethyl- 41 blpyrazin-7-yi}- o
propan-1-one propan-1-one j
"
(J
2-Cyclohexyl-1- 4-{4-[7(2,2~ B
[2-(3,4,5- Dimethy!- N X
tritnethoxy- 2} propionyl)-5H- sy
phenyl}-5SH- s pyiroiof2.3- &
pyroio]2.3- AN bipyrazin-2-yl}-
136 | bipyrazin-7-yl}- I-42 | phenyl}- N
ethanone o, piperazine-1- Q
carboxylic acid O’
-0 ? fert-butyl ester fO
2-(3- Pyrrolidin-3-y1-
Methanesulfonyl- HN ) [2-(3,4.5-
phenyl}-5H- V’Q—f trimethoxy- ‘
pyrrolof2,3- b B phenyl)-5H- =\ NR
bipyrazine-7- T pymrole{2.3- N " on
1-37 carboxylic acid 43 blpyrazin-7-yi}- .
isopropylamide e methanone; \ F
O"S“O compound with —d o=
trifluore-acetic
acid
2-(2-Methoxy- 4-f3-[7-2,2- i
phenyl}-5H- Dimethyl- N,%]\"/]\\
pyrrolof2.3- propionyl)-5H- ¢
bipyrazine-7- pymoelof2,3- oo
carboxylic acid bipyrazin-2-yl]-
1-38 isopropylamide 144 phenyl}-
piperazine-1- N
carboxylic acid Q
tert-butyl ester b’()?!,
o
1-Phenyl-2-{2- o 2,2-Dimethyl-1- 1]
(3.4, 5-trimethoxy- [2-(4-piperazin-1- N
phenyi)-SH- vi-phenyhy-5H- i
pyrroiof2,3- W pyrrolo[2.3- N0
blpyrazin-7-yl}- 4 blpyrazin-7-y1}-
-39 ethane-1,2-dione 1-45 propan-1-one
0
\
N
{3 (I) {;j
H
2,2-Dimethyl-1- 3 2,2-Dimethyl-1- i
{2-[4-¢2- N [2-(3-piperazin-1- ] N i
morpholin-4-yl- ¢ yi-phenyly-SH- ?
ethoxy)-phenyl]- N0 pysraio[2,3- N 0
5H-pyrrolof{2,3- bipyrazin-7-y1j-
1-40 blpyrazin-7-yl}- I-46 propan-1l-one
propan-1-one 4 ~
' VI Q
O\J H




WO 2009/106441

PCT/EP2609/051755

-32-
2-(3- (4-Methyl- o
Methylcarbamoyl- y o tetrahydro-pyran- .
phenyl)-5H- ND\( 4oyl)-12-(3.4.5- Hf%
pyrrolof2.3- i E;"< rimethoxy- A d
bipvrazine-7- phenyl}-5H-
147 carboxylic acid arﬂ 1-53 pyrrolo{2,3-
isopropylamide Nao blpyrazin-7-yl}- o
o methanone d %
/ N
2-[3-(1-Hydroxy- [2-(3.4.5- o
1-methyl-ethyi)- HN o Trimethoxy- }
phenyl]-5H- N;Q*(’ phenyl)-5H- m}w—\
pysrolo[2,3- L N ;"( pyrrole[2,3- y%N , £
bipyrazine-7- bipyrazin-7-ylj- t “‘L
1-48 carboxylic acid 1-54 (2,2, 5-trimethyl-
isopropylamide OH {1.3]dioxan-5-y1)- o=
methanone d %
/ \
2-Phenyl-1-{2- 3-Bydroxy-2- o
(3,4.5-trimethoxy- 2 hydroxymethyl-2- )
phenyl)-5H- HNQJ(*’O methyl-1-{2- HML—\
pyrroloe[2,3- 7=, (3,4, 5-mimethoxy- | - o
blpyrazin-7-yi}- phenyl)-5H- '
[-4% ethanone 155 pymrolo]2.3-
bipyrazin-7-vi}- ‘ib'ou
propan-1-one d o
/ AY
{1-Methyl- 2,2-Diethoxy-1-
eyclopropyl-[2- }EJ% 12-(3.4,5- Q%( r
(3,4,5-inmethoxy- | trimefthoxy- BN 0
phenyl)-5H- e phenyl)-5H- /= Lo
pyrrolof2.3- pymrolof2,3- N
1-50 blpyrazin-7-yl}- .56 bipyrazin-7T-v1]-
methanone o propan-1-one \bo\
LA -3 o—
2-(3,4,5- 2-(3-Methoxy-
Trimethoxy- phenyi}-SH- )
phenyl)-5H- pyrrolof2,3- Hy o
pyrroiof2,3- . blpyrazine-7- b 1\-,<
blpyrazine-7- ; carboxylic acid N H
i-51 carboxylic acid "b{o -57 isopropylamide E
(3-hydroxy-2,2- ~
dimethyl-propyl)- o= 0~
amide -0
(3-Methyi- 2-{5-Chloro-2-
oxetan-3-yh-[2- - \):%’ methoxy-phenyl)- -
(3,4.5-trimethoxy- : 5H-pyrrolof2,3- o
phenyl)-5H- N ; 4] bipyrazine-7- J}'Q_‘i{
pymroto[2,3- carboxylic acid 2N H
1-52 bipyrazin-7-yl]- 158 isopropylamide 0
methanone o=
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3,3-Dimethyl-1-
[2-(3-merpholin-

3-Methyl-3-[2-
(3.4,5-trimethoxy-

4-yl-pheny)-5H- | phenyl)-5H- By
pyrrolo]2,3- - pyrrolof2,3- N N‘fo
blpyrazin-7-yi}- ; ; bipyrazine-7- o
1-59 butan-1-one 1-65 carbonyli- \é
piperidine-1- o=
carboxylic acid 6 0o
tert-butyl ester / \
3,3-Dimethyl-1- 2-(2-
{2-(3-pyrrelidin- Tﬂﬂuororﬂethaxy
1-yl-phenyl)-5H- AN -phenyl}-5T-
pyrrolo]2.3- — pyirolo[2,3-
bipyrazm-7-ylj- N, N blpyrazine-7-
I-60 butan-1-one 1-66 carboxylic acid
Na isopropylamide
2-[3-(Pyrrolidipe- {3-Methyl-
1-carbonyl)- HN 0 piperidin-3-yD)-{2-
phenyl}-5H- ay (3.4,5-trimethoxy-
pyrrolef2,3- ,\f PR ﬁ‘( phenyh)-5H-
blpyrezine-7- pyrrolol2,3-
1-61 carboxylic acid 1-67 bipyrazin-7-yi}-
isopropylamide Q methanone
0
2-02-Chloro- 2-(3.4,5-
phenyl)-5H- Trimethoxy- £
pyrrolof2.3- phenyl)-SH- HJQ‘LN’@
blpyrazine-7- pyrreto]2,3- /~ H
carboxylic acid blpyrazine-7- A
1-62 isopropylamide N -68 carboxylic acid
phenylamide 0\
et o—
1-{2-{34.5- 3-[7-2,2-
Trimethoxy- Dimethyl- HN o
phenyl)-5H- propionyl}-5H-
pyrrolo{2,3- pymroio[2,3- 1\% N
blpyrazin-7-yl}- bipyrazin-2-yl}-
1-63 propane-1,2-dione 1-69 benzoic acid tert-
butyl ester o
X
2.2-Dimethy!-1- u 3-(7-
[2-(3-pyrrotidin- N Isopropyicarbamo HN o
1-yi-phenyl)-3H- P o y1-5H- /Q“(
pyrrolof2,3- N pyrrolo{2,3- i i
bipyrazin-7-yl]- bipyrazin-2-y1)-
1-64 propan-1i-one 70 benzoic acid tert-

butyl ester
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(2-methoxy-1-

(2-methoxy-

-34-
3-{3-Methyl-3- 2-(3-
{2-(3.4,5- Methyicarbamoyl- N 0
trimethoxy- phenyl)-5H- N ]
phenyl)-5H- pyrrolof2.3- L ﬁ{o
pymrolof2,3- bipyrazine-7- A}
1-71 bipyrazine-7- 1.77 carboxylic acid
carbonylj- ({S)-2-methoxy-1- f\%\
piperidin-1-y1}-3- methyl-ethyl)- 2
oxe-propionitrile amide
2-(3.4- {(4-Methyl-
Dimethoxy- tetrahydro-
phenyl}-5H- -~ NE, thiopyran-4-y1}-
pyrrole{2,3- [2-(3,4,5-
blpyrazine-7- rimethoxy-
172 carboxylic acid 1-78 phenyl)-5H-
amide pyrrolof2,3-
blpyrazin-7-ylj-
methanone
2-(3,4,3- 2-2.4-
Trimethoxy- Dimethoxy-
phenyl}-5H- BN Y phenyl)-SH-
pyrrolof2.3- . ot pyrrelo[2,3- )
bipyrazine-7- N ' blpyrazine-7- Ne
173 carboxylic acid ({ 1-7% carboxylic acid h
(2-hydroxy- isopropylamide ;)
-amide
propy:)-am 4 ‘p };)
2-(2,5- (4-Methyl-1,1- o
Dimethoxy- dioxo-hexahydro- )
phenyl)-5HE- 15-thiopyran-4- | ™
pyrrolo[2,3- vD-[2-(3.4.5-
blpyrazine-7- M trimethoxy-
174 carboxylic acid 1-80G phenyl}-SH-
isopropylamide Qb—o\ pyrrolof2.3-
,0 blpyrazin-7-yi]-
methanone
3.3-Dimethyl-1- 2-(3 .4-
[2-(3-morpholin- Y Dimethoxy-
4-ylmethyl- HW phenyl)-5H-
phenyl)-5H- K pyirolof2,3-
pymrolof2,3- bipyrazine-7-
I-75 bipyrazin-7-yl}- Lb_\ [-81 carboxylic acid
butan-1-ope . (1-acetyl-
O pyrrolidin-3-y1)-
0 .
amide
23 2-(34.5-
Methylcarbamoyl- HN o Trimethoxy-
phenyl}-SH- ,Q—f phenyl)-5H-
pyrralof2.3- ! %;‘CO pyrrolof2,3-
blpyrazine-7- \ bipyrazine-7-
76 carboxylic acid . i-82 carboxylic acid
N

methyi-ethyi}-
amide

propyly-amide




WO 2009/106441 PCT/EP2069/051755
-35-
2-({[2-{3.4,5- O o 2-Methyl-2-[2-
Trimethoxy- - -0 (3,4,5-irimethoxy- ) i
phenyl)-5H- N N phenyl}-SH- i j
pyrrolo[lﬁ- NN pyrrolo{2.3- e ;N O‘Q‘
b]pgraziﬂe—'?— sy blpyrazine-7- !
I-R3 carbonyi]- 1.89 carbonyli-
arnino }-methyl)- 0\ pyrrolidine-1- o=
pyrrolidine- 1 - — % carboxylic acid 6 O
carbexylic acid / tert-butyl ester / A
tert-buty} ester
2-{3.4- (2-Methyl-
Dimetim;:lyzn pyrrofidin-2-yh)-
pheayl}-3H- [2-3.4.5-
pymreiof2,3- trimethoxy-
blpyrazine-7- phenyl)-5H-
i-84 carboxylic acid 190 pyrrolo[2.3-
(1-acetyl- blpyrazin-7-yl}-
piperidin-4-y1)- methanone
arnide
2-(3 4~ Z-Phenyl-1-12-
Dimethoxy- _ (3.4.5-trimethoxy- o
phen}{l)—ﬁl;]- HYN ;\,ON phenyty-5H- BN
2.3 == H [o{2.3-
Il;]y;ry(;a(;gneﬁw N g?:y?*aziin—’/-yi]- N\— N
1-85 carboxylic acid I-61 propan-1-one
(lAmthyL 7 0\ 0/
pyrrotidin-3-yi- o
amide —0 Qe
2-[3-(3-Methoxy- HN o 2-(3,4,5-
pyrrelidin-1-yl)- N Q—f Trimethoxy- 4 WO
phenyl]-5H- T 13 ?I% phenyl)-5H- HY N
pyrelo{2,3- ¢ pymolo{2,3- =N H
b]pyrazine-7- bipyrazine-7- b
1-86 carvoxylic acid 192 carboxylic acid ;
tert-butylamide N {4-hydroxy- ]
cyciohexyl}-
o, amide —¢ o
2-[3-(3-Methoxy- HN o 2-(3,4.5-
pyrrolidin-1-y1)- N ] Tn‘me%hoxy
phenyl]-5H- N N phenyl)-SH-
pyrrolo{2.3- eN  H Q‘ pyﬁ&i&[Zﬁ—
bpyrazine-7- bipyrazine-7-
1-87 carboxylic acid 193 carboxylic acid
((8)-2-methoxy-1- N (1,1-dioxo-
methyl-ethyl)- Q tetrahydro-14°-
amide . .
O, thiophen-3-yi)-
amide
2-(34,5- 2-(3.4.5-
Trimethoxy- ) Trimethoxy-
= RS
giglyrazin;aw:h N g%;;?’a(;{lge;v
1-88 carboxylic acid / 1-94 carboxylic acid
(tetrahydro-pyran- o] {pyrrolidin-2- 0\
3-yl}y-amide yvimethyl}-amide —d o
—d o /
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36-
2-(3.4,5- -
Trimethoxy- -*-‘-(3-
phenyl)-5H- Dimethylamino- o
pyrrole[2,3- phenyl}-5H- _(\
blpyrazine-7- pyrrolol2.3- HN;(I}I
195 carboxylic acid bipyrazine-7- N
{1-acetyl- 1-141 f:arboxyiic acid Ny 4
pyrrolidin-2- \ isopropylamide 1{{
ylmethyi}-amide / h
3-0{{2-(3.4,5-
Trimethoxy- 2-Methyl-2-
phenyl)-5H- HY N {tetrahydro-pyran-
pyrroio[2,3- AN H’\CN..{ 2-yloxy)-1-i2-
blpyrazine-7- N=f (3.4.5-trimethoxy-
196 | carbonyl]- N phenyl)-5H-
amino }-methyl)- &Y r102 pyn'olo{2,3~
pyrrotidine-1- blpyrazin-7-yl}-
carboxylic acid P propan-i-ore
tert-butyl esier
2.(3.4.5-
Trimethoxy- .3,3vDimethyi~1~
phenyl)-51- H}}?XN [2-(3,4,5-
pyirolo[2.3- ), H‘\CNH lnmeth‘oxy“
blpyrazine-7- K phenyl)-5H-
1-97 | carboxylic acid pyrrolef2,3-
(pyrrolidin-3- % 1-103 | bipyrazin-7-y1}-
ylmethyi-amide - » butan-1-one
2-34.5- :
Trimethoxy- 2-[3-(2-Oxo-
phenyl-5H- Hr«gfﬁh_ pyrrolidin-1-yl)- o
pymrolof2,3- . H’\CN phenyl}-SH-
hlpyrazine-7- Nt .‘{ pyrrole{2,3-
108 | carboxylic acid blpyrazine-7-
(1-acetyl- o 1104 | carboxylic acid
pyrrolidin-3- - o tert-butylamide
vimethyl)-amide /
-2 a4 - ,
Acetyl-piperazin- ~ N r‘z“_(j-“"j‘
1-y1)-phenyl]-SH- AR I'rimethoxy-
pyrrolof2,3- = phenyl}-5H- HY N o
blpyrazin-7-vl}- PYH'010E2.3~ AN H’\C\_e
199 | 2.2-dimethyl- bjpyrazine-7- - NE
propan-1-one . 1-105 ;:ffboxyhc acid }Q . (
N ethyicarbamovl- AN A
pyrrolidin-3- /
o yimethyl-amide
1-{2]3-(4-
Acetyl-piperazin- ¥ O 2‘_(3'4‘!5“‘
1-yE-phenyl]-5H- Trimethoxy- o
pyrroiof2,3- phenyl}-3H- HI}?"LN
blpyrazin-7-yl}- pyrrolo[E.S— NN H’b
1-100 2,2-dimethyl- 4 blpyrazine-7- — NE
propan-1-one 1-106 carboxylic acid
{piperidin-4- é; :>—o\
ylmethyl)-amide -3
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2-(34,5- 1-{2-Methyl-2-
Trimethoxy- [2-(3,4.,5-
phenyl)-5H- trimethoxy-
pvirolo[2.3- phenyl}-5H-
blpyrazine-7- pymrole[2.3-

107 carboxylic acid I-113 bipyrazine-7-

(1-acetyi- carbonyl]-
piperidin-4- pyrrolidin-1-yi}-
yimethyl)-amide ethanone

2-(3.4.5- 2.2-Dimethyi-1-

Trimethoxy- 2-(34,5-
phenyl}-5H- trimethoxy-
pyrrolof2,3- phenyl)-5H-
blpyrazine-7- pyrrolef2,3-

1-108 carboxylic acid 114 bipyrazm-T-yi]-
isobutyl-amide butan-1-one
2-{3.4,5- 2,2-Dimethyl-1-

Trimethoxy- [2-(3-pyrazol-1-
phenyly-SH- yl-phenyl)-5H-
pymrelof2.3- pyrrolof2.3-
bipyrazine-7- blpyrazin-7-yl}-

1-109 carboxylic acid 115 propan-1-one

2-
methanesulfonyl-
ethyh-amide

2-(3,4,5- 2-(3-Chloro-5-
Trimethoxy- o {luore-phenyl)-
phenyl)-5H- NN 5SH-pyrrolo[2.3-
pyrrolof2.3- ¢ . o bipyrazine-7-
bipyrazine-7- & carboxylic acid

1-110 carboxylic acid / 116 isopropylamide

(2-sulfamoyi-
ethyi)-amide

2-(34,5- {1-Methyl-
Trmethoxy- Q’E cyclohexyl)-{2-
phenyl)-SH- HN : {3.4,5-trimethoxy-
pyrroio[2,3- Vi ?I‘\)',\OH phenyl)-5H-
blpyrazine-7- ) pyrrolo[2.3-

111 carboxylic acid 1-117 blpyrazin-7-yl]-

(2,3-dihydroxy- methanone
propyl)-amide

2-(3,4.5- 3,3.3-Tnfluoro-2-
Trimethoxy- methvl-2-
phenyi-5SH- trifluoromethyl-1-
pymrolof2,3- [2-(3.4,5-
bipyrazine-7- trimethoxy-

I-112 carboxylic acid I-118 phenyl)-5H-

(tetrahydro-furan- pyrrolof2,3-

3-yh-amide

bipyrazin-7-yl}-
propan-1-one
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1-[2~(3-Fiuoro- 1-2-(3-
phenyi)-5H- o Dimethylamino-
pyrrolo[2.3- phenyl)-5H-
bipyrazin-7-yll- Hﬁg)\ﬁ pyrrolol2.3- mgiﬂ
2,2-dimethyl- / ; bipyrazin-7-y1}- N
1119 | propan-l-one : 1-125 | 2.2-dimethyl- Nt /
propan-1-one Mo
2-(3.4,5- 2.2-Dimethyl-1-
Trimethoxy- {2-[3-(28-
phenyl}-5H- "’Q’EN’\IU\ pyrazol-3-yl)- Kﬁj\K
pymrolo[2,3- /~ B phenyl]-5H- e
vipyrazine-7- pyrrolof2,3- N
1120 carboxylic acid p i-126 bipyrazin-7-yl}-
(2-methoxy- o propan-1-one
ethyl)-amide - o
2,2-Dimethyl-1- 2-(3.4.5-
[2-[3~(5-methyl- o Trimethoxy- 7
[1,3,4]oxadiazol- mﬁ phenyl)-5H- BN .
2-yi)-phenyl]-5H- pymolof2,3- == H o
pyrrolof2.3- K, blpyrazine-7- Pa
121 bipyrazin-7-yi}- 1-127 carboxylic acid /
propan-1-one (3-methoxy- ')
propyli-amide
2-(3.4.,5- 1-[2-(4-Methoxy-
Trimethoxy- 2 phenyl)-SH- }
phenyl)-58- IHQJ{N pyrrolof2.3- YT
pymrole[2,3- oy H’#’ blpyrazin-7-yi}- i \
bipyrazine-7- N 2 2-dimethyl- J
122 carboxylic acid ’ 1-128 propan-1-one N_b
(2.2-dimethyl- {¢]
propylr-amide —d Yo- -
2-(3.4.5- 3-[7-2.2-
Trimethoxy- Dimethyl- ¢
phenyl}-5H- propionyl-5H- N
pyrrolof2,3- pyrrolof 2,3- S
blpyrazine-7- blpyrazin-2-yl]- Pl
1123 carboxylic acid 1-12¢ | N-methyl- ér o
(Z-methoxy-2- benzamide
methyl-propyl)- i
amide
2.2-Dimethyl-1- o 123
[2-(4-pyrrolidin- gﬂx Methoxymethyl-
1-yl-phenyl)-5H- HN phenyl)-5H- QJ\K
‘ H
pymole]2,3- N pyrrolo[2,3-
bipyrazin-7-yl}- R blpyrazin-7-yl}- N, N
f-124 propan-i-one 1-130 2,2-dimethyl-
propan-1-one
O .
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-39
{1-Methyl- 2,2-Dimethyl-1-
eyclohexyl)-[2-(3- [2-(3-piperidin-1-
pyrrolidin-1-yl- yl-phenyl)-5H- HP’Q’(K
phenyl}-5H- pyrrolof2,3- -
pyrrolol2,3- bipyrazin-7-y13- $ ;
I-131 bipyrazie-7-yl}- 3137 | propan-1-one
methanone
1-{2-(4- O 2,2-Dimethyl-1-
Methoxymethyl- ﬁ\:}y,\'( [2-(3-morpholin- O
phenyl)-5H- N 4-yl-phenyl}-SH- Hm
pyiroio]2.3- NN pyrroio[2.3- —
bipyrazin-7-yi}- ! blpyrazin-7-y1}- N, ,N
1132 2.2-dimethyl- 1-138 propan-1-one
propan-1-one VY
‘ o
A
1-[2-(2-Methoxy- 30722~
phenyl}-5H- 0 Drirnethyl-
oyrrolof2,3- HIM’ propionyl}-5H-
blpyrazin-7-vl]- pyrrolo{2.3-
2,2-dimethyl- Ny N blpyrazin-2-yij-
1-133 propan-1-ore I-139 benzoic acid
o2
[-[2-(3-Methoxy- 1-{2-{3-
phenyl}-5H- o} Isopropenyi-
pyrrolo]2,3- HM phenyl)-SH-
blpyrazin-7-y13}- - pymrolof2.3-
2,2-dimethyl- N blpyrazin-7-yl]-
1134 propan-1-one 1-140 2,2-dimethvl-
propan- l-one
2,2-Dimethyl-1- 1-[2-(3-Hydroxy-
{2-phenyl-5H- phenyl)-5H-
pyizeio]2,3- o pyrrolof2.3- HJXQA(LK
bipyrazin-7-yi- BN blpyrazin-7-vl}-
propan--one 2.2-dimethyl- N, N
I-135 \ I-141 propan-1-one
OH
N-Cyciopentyl-3- {1-Methy!-
[7-(2.2~dimethyl- cyclopentyl)-[2- o
propionyly-5H- H?Q’K‘K {3-pyrrolidin-1-yl- m%
pyrrole}2,3- phenyt)-5H-
blpyrazin-2-yl}- N pyrrolo{2.3- i N
1136 bepzamide LE 3] _O 142 blpyrazin-7-yl}-
methanone NC]
o
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-40-
4-Methoxy-1[2- 15{2-03- o
;1:1;1‘)“;1;;&1 o H;\Q*j\/\ro\ xizt?;?‘}_}“&(l“ HNTS
pyrrolof2,3- - thiomorpholin-4- N\_ \y

bipyrazin-7-yl}-

vl)-phenyl]-5H-

#
143 pentan-1-one 1-149 pyrroiof2,3-
blpyrazin-7-yl}- Nf‘\
2.2-dimethyl- =0
propan-1-one N
{I-Methyl- 1-(2703(1.1-
cycloheptyly-{2- Dicxo-1A%
(3-pyrrolidin-1-yl- thicmorpholin-4- Hﬁjf
phenyl}-5H- yD-5-methoxy- - .
pymolol2,3- phenyi}-SH- Y4
I-144 | bipyrazin-7-yl]- 1150 | pyrroio[2.3- —
methanone blpyrazin-7-yi}- he
2.2-dimethyl- NS0
propan-1-one “N
1-[2-(3- 1-{2-(3- H
Ethylamino- Methoxymethoxy- P
phenyD)-5E- H‘)jiK S-pyrrolidin-1-yl- MR
pyrrole[2.3- - phenyl)-5H- =N
blpyrazin-7-yl}- N, N pyrrolof2,3-
1-145 2.2-dimethyl- I-151 blpvrazin-7-yl]-
propat-1-one H 2. 2-dimethyl-
N propan-1-one oj :D
\
1-{2-(3- 1-{2-(3- o
Diethylamino- Isopropoxy-5- " Q)\{
phenyl)-5H- N pyrrolidin-1-yl-
pyirolo[2,3- - phenyl}-5H- e
bipyrazin-7-v1i- N pymroie[2,3- W
i-146 2,2-dimethyl- 152 bipyrazin-7-yil-
propan-1-one \_./"“ 2.2-dimethyl- \_b
N propan-1-one NQ
B
1-[2-(3-Amino- 1-[2-(3-Ethoxy- a
phenyl)-5E- S-pyrrolidin-1-yl- | g™y
pyrrolo[2,3- _~ phenyl}-5H- -
blpvrazin-7-yi]- el pyrolo{2,3- 8 N
2,2-dimethyl- N, N bipyrazin-7-yl]-
1-147 propan-1-one 1-153 2,2-dimethyl-
propan--one NO
7
1-[2-(3-Methoxy- o 1-[2-(3-Hydroxy- a
5-thiomorpholin- 5-pyrrolidin-1-yi-
4-yl—phcn)li)1)-5H- “")j“\% phii]yn-sﬂ- ’ HW
pymrelof2,3- - N pyrolo[2,3- —
bipyrazin-7-y1l- \ ¢ bipyrazin-7-y1j- "\ N
[-148 2,2-dimethyl- 1-154 2.2-dimethyl-
propan-1-one Nﬁ propan-l-one
(N N\/:]
o
“

ju g
O
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A1
[2-(3-Methoxy-5- 2 1231, H
thiomorpholin-4- | =Xy Dioxo-135- N NP
yl-phenyly-5H- thiomorpholin-4- ] X
pyrrolo{2,3- - \ y§)~5~(2vhy¢oxyv =N
bipyrazin-7-yl}- N 1-methyl-ethoxy)-

1155 | (i-methyl- I-16] | Phenyll-St-

O b | A
methanone . \_/ 2.2 dimethyL- J O

i propan- }-one féa“"o
{2-[3-(1,1- Q 1-{2-F3-(2- i
Diozo-105 BPEN Methanesulfonyl- N %
thiomorpholin-4- ethoxy)-5- ;N
y1)-5-methoxy- N - . pyrrolidin-1-yl- =N
phenyl}-5H- S phenylj-SH-

I-15¢ | pyrroio[2.3- 162 pyrrolof2,3- o
blpyrazin-7-yl}- blpyrazin-7-yi}- )
(1-methyl- Csf/o 2.2-dimethyl- D
cyclohexyly o o propan-1-one O"_f,s\
methanone \ ©
{2-[3-Methoxy- 1-{2-[3-(2,1- o
5-(1-0x0-12% Hbgjjb Dioxo-125 N b
thiomorpholin-4- thiomorpholin-4- i b
yi)-phenyl|-5H- Y ¥-5-(1 -methyl- =N
pyrrole{2,3- N4 pyrrolidin-3-

1-157 blpyrazin-7-y1}- 1-163 yloxy-phenyl]-

{1-methyl- N SH-pyrrolo{2,3- v
cyciohexyl)- S0 bipyrazin-7-yl3- U C_t}
methanone G\ 2,2-dimethiyl- j,\' e
propan-1-one Lo
1-{2-[3-(2,3- Hi=) ) 1-{2-f3-(1.1- e o
Dibydroxy- N Pioxo-14"- ! \
propoxy)-5-(1,1- N1 i thiomorpholin-4- r}. =
dioxo-12.5- =N yI)-5-(1-methyl- =N
thiomorpholin-4- piperidin-4-

1-158 yh-phenyli-SH- I-164 vioxy}-phenyl]- o
pyrrolo2,3- Q N SH-pyrrolof2.3-
bipyrazin-7-yl}- ﬁ) @:o bipyrazin-7-yl}- O N/»
2.2-dimethyl- He Su ¥ 2.2-dimethyl- N K,s“:-
propan-1-one propan-1-one / %
1-{2-{3-(3- 1-§2-13-(1,1- iy
Methanesulfonyl- Dioxo-125 = § 7
PrOpURY)-5- TS thiomorpholin-4- /
pyrrolidin-1-yl- = y13-5-(2-hydroxy- a
phenyl}-5H- W 1-hydroxymethyl-

1-159 pyvrolo]2,3- I-165 ethoxy}-phenyl}-
blpyrazin-7-yl}- \ Q 3H-pyrroiof2,3- /\S N
2,2-dimethyl- §.° i bjpyrazin-7-ylj- e o O
propan-1-one IO 2,2-dimethyl- i

propan- 1-one °
1-{2-03-(2- € o 1-{2-[5-2- "
Dimethylamino- . ) Dimethylamino- M \
ethoxy}-5-(1,1- i A ethoxy)-5-(3,3- A =
dioxo-135- = dimethyl- =N
thiomorpholi_n—4—- pyrrelidin-1-yl-

160 | yh-phenyl]-5H- o 1166 | phenyl]-SH-

PyHOlD[Z’"' . pyrroio]2.3- N and

?]iy;zzn-? - O blpyrazin-7-yl}- N\ NO<
2.2-dimethy!- i~ fo 2, 2-dimethyl-

propan-1-one o

propan-1-one
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1-§2-[3-(2.3- 2 2,2-Dimethyl-i-
Dihydroxy- HQ)L(/ [2-[4-(3-
propoxy)-5-(3,3- = ' irifiuoromethyl-
dimethyl- NN 5,6-dihydro-8H-
pyrrolidin-1-yl)- [1.2,4]triazolof4,3
I-167 phenyl}-5H- 1-173 -alpyrazin-7-
pyrralof2.3- NQL vimethyi)-
bipyrazin-7-yi}- phenyl]-5H-
2,2-dimethyl- /\; pyrrolo[2,3-
propan-1-one HO L bipyrazin-7-y1}-
propan-1-one
2,2-Dimethyl-1- O 4-{3-[7-(2,2-
{2]3-(2-thia-7- Dimethyi- 7
aza-spiof4 4Jnon- | N = propionyl)-5H- HTS
7-y1)-phenyli-5H- — pyrroloi2.3- —
pyrrolo[2.3- Ny P blpyrazin-2-yi}- A o
1168 blpyrazin-7-yl}- s 174 phenyl}-1,5- é /_4
propan-1-one dimethyl- N N
NQD piperazin-2-one >_/
1-{2-3-(2.2- o [2-(3- ol
Dioxo-225 thia-7- Cyclopentylamine | qy™x
aza-spirof4.4jnon- | HNTR -phenyly-SH- __
7-yi-phenyi}-5H- == pyrrolof2,3- N "
pyrrolo{2,3- N\ N o blpyrazin-7-yl}- \__4
1-16% | blpyrazin-7-y1}- l=o I-175 | (I-methyl-
2,2-dimethyl- eyclohexyi- N
propan-1-one NOL) methanone b
2.2-Dimethy}-1- o {213 o
{2-[3-(2-0%0-20%- (Cyclopentyl- PN
thia-7-aza- HNT methyl-amine)- _
spiro[4.4]non-7- == phenyl}-5H- N W
vi)-phenyl]-5H- Ny P o pymolo[2.3- N
170 | pyrrolo{2.3- ‘-—2 i 1176 | bipyrazin-7-yl}- /
bjpyrazin-T-yi}- (1-methyl- N
propan-1-one N®E> cyclohexyl)-
methanone
2,2-Dimethyl-1- o 1-[2-(3- &
{2-[3-(3- Cyclopentylamine | ™
triflvoromethyl- w -phenyh)-5H- -
3.6-dihydro-8H- . pyrrole[2,3- N W
{1.2,4]triazolo[4,3 N\JK@/\ blpyrazin-7-ylj- N
1171 -a]pyrazin-7- N = 177 2.2-dimethyl- ‘
yimethyl)- (/\N” }N propan-1-one K
phenyl}-5H- \/
pyirolo{2,3- FF‘7L“~F
bipyrazin-7-y1}-
propan-1-one
1-{2-]3-(5.,6- 7 1-{2-{3-(2- o
Dihydro-8H- BN R Hydroxy- A
[1.2,4)triazolo[4,3 — cyclopentylamino
-ajpyrazin-7- N j-phenyl]-SH- N
vimethyl)- pyrrolof2.3- N4
1172 phenyl]-5H- 1-178 bipyrazin-7-yi}- "
pyrrolo[2.3- N 2,2-dimethyl- N oM
bipyrazin-7-yi}- Q__>‘\‘N proparn-1-one U
2,2-dimethyl- N L

propan-1-one
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43-
3-Methyl-4-{3- 1-2-(3-
[7-(1-methyl- Isopropylamino- 7
cyclohexanecarbo phenyl)-5H- HW
ayl}-5H- pyrrolol2.3- =
pyrrolo{2,3- N Bjpyrazin-7-yl]- N A
1-179 blpyrazin-2-yl]- o) I-185 2,2-dimethyl-
phenyl}- \b >—/< propan-1-one Lb,ﬁ
i in-2- N
piperazin-2-one \”_/NH >—
1-(2-134-(2- o 1-{2-3-(4-
Hydroxy-acetyl}- FE Methanesuifonyi- 7
piperazin-1-y1}- piperazin-1-yi) TR
phenyl}-3H- - " phenyl}-5H- o
pyrrolof2,3- N pyrrolof2,3- N\ /N
1-180 blpyrazin-7-yi)- o 1186 blpyrazin-7-yl}-
2,2-dimethyl- <\ 2,2-dimethyl- C Lo
propan-1-one "y propan-1-one N\_/N S\
HO
2,2-Dimethyl-1- o 1-{2-[4-(4- Q
{2-[3~1 -methyl- HN R Methanesulfonyl-
pymrolidin-3- - piperazin-1-yl)- o
ylamino)-phenyl}- v phenyl}-SH- NG
SH-pyrrole]{2,3- N7 pyrrolof2,3- &§}\©
1-181 bipyrazin-7-yii- 1-187 bipyvrazin-7-vl}-
propan-1-one y 2.2-dimethyl- N/\‘ o
b propan-1-cne \\/N\ i
N !
2,2-Dimethyl-1- & 1-2-{3-14-(2-
{2-[3-(tetrahydro- | py Hydroxy-ethyl)- o
furan-3-ylamino- - piperazin-1-y1]- | FQ/U}/
phenyi}-5H- N N phenyl}-5H- -
pyrrolo]2,3- N4 pyrrolof2,3- o
I-182 blpyrazin-7-yl}- " I-188 bjpyrazin-7-y1)-
propan-1-one N 2.2-dimethyi- O N
propan-1-one N Neow
! .
1-(2-{4-f4-(2- Q 1-{2-[3-{{1R.25)- o
Hydroxy-acetyl}- 2-Hydroxy- o
piperazin-1-ylj- N - cyclopentylamino .
phenyl}-SH- =~ §N J-phenyl]-5H- P W
pymrolo[2,3- Ny pymrelof2.3- N
1-183 blpyrazin-7-yl)- I-189 bipvrazin-7-y1}- "
2.2-direthyl- N/\ 2.2-dimethyl- N o
propan-1-cne K/NY\OH propan-1-one U
]
1-(2-[4-[4-(2- . 1-{2-03-(1- o
Hydroxy-ethyl)- Methanesulfonyl-
piperazin-1-yi}- = piperidin-4- w
phenyi}_—SH— AN N ylamino}-phenyl}- =N
pyrrolof2,3- NJ\@\ SH-pyrrolo[2.3- Ny, .
1-184 bipyrazin-7-yl)- 190 blpyrazin-7-yi}- N
2,2-dimethyl- ™ 2,2 dimethyl- @
propan-1-one l\/N\/\O;-} propan-1-one N \?,,;30
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344 {317-(2.2- 1-{2-13-(5.6-
Dimethyi- Dihydro-8H- 7
propionyl}-5H- fl24]tdazolo[43 | a7
pymrolo[2.3- -alpyrazin-7-yl}-
bipyrazin-2-yl}- phenyl}-5H- W A N
1-191 phenyl}- 1197 pyrrolo{2.3- = New
piperazin-1-y1)-3- N <o blpyrazin-7-yl}- o J;N
oxo-prepionitrile At = 2.2-dimethyl- N
propan-1-one
2,2-Dimethyl-3- 2.2-Dimethyl-1-
0%0-3-[2-(3,4.5- 74 {2-[3-(3- 7
trimethoxy- trifluoromethyl- HML
phenyl}-5H- 3,6-dihydro-85- P
pyrrola[2,3- [1.2.4)miazolol4,3 | N_ N
1192 | blpyrazin-7-yl]- 1-198 | -alpyrazin-7-yb)- —¢ ~y
propionitrile phenyl]-5H- N N f
pyrrolof2,3- p—
bpyrazin-7-yi}- F
propan-1-one
2,2-Dimethyl-3- N-Alyl-N-{2,2-
0%0-3-{2-(3- N dimethyl-3-ox0-3- o B0
pyrrolidin-1-yi- = [2-(3-pymrolidin- e ,5©
pheny)-5H- 1-yl-phenyl)-5H- AN ¥
pyrrolo]2.3- pyrrolel2,3- W N H
1-193 blpyrazin-7-yl}- 1-199 blpyrazin-7-yl]- e l
propionitriie propyl}-
benzenesulfonami O
de
2,2-Dimethyl-3- 2.2-Dimethyi-3- ol
phenyi-1-[2-(3- phenyl-1-{2- Hm
pyrrolidin-1-yi- My (3.4,5-trimethoxy-
phenyb-SH- m phenyl-5H- N \N
pyrrolo]2,3- 7N pyrrolof2.3- S
1-194 | bipyrazmn-7-yii- 1.200 | blpyrazin-7-yl]-
propan-1-one propan-1-one o—
o0
/ N
1-12-(3- 1-[6-Bromo-2-(3-
Pyrrolidin-1-yi- pyrrolidin-I-yl- oo
phenyl)-5H- phenyl)-5H- N
pyrrolo{2.3- pyrroloi2,3-
blpyrazine-7- blpyrazin-7-yl]- R
I-195 carbonylj- 1201 2,2-dimethyl- =
cyclchexanecarbo propan-1-one
nitriie NO
2,2-Dimethyi-3- 1-{2,6-Bis-(3- O
o0x0-3-[2-(3- //!,\ pyrrohidin-1-yi- H
piperazin-1-yl- pheny!-5SH-
phenyl}-5H- W pyrrelo{2,3- o
pyroio[2.3- bipyrazin-7-yl]- HNOR
1-196 blpyrazin-7-yl]- 1202 2,2-dimethyl- 7
propionitrile propac-1-one N
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1+[6-Chioro-2-(3- 2-(3.4,5- ol
pyrrolidin-1-yl- Trimethoxy- X Py
phenyl)-5H- phenyl)-5H- g’\/f?\
pyrrolof2.3- pyrrolof2,3- N - N o
bipyrazin-7-y1]- bipyrazine-7- \_4
1203 2,2-dimethyl- — 1-209 carboxylic acid
propan-1-one (2- O/
N\/-j methanesulfonyl-
ethyl}-amide —d e
2.2-Dimethyl-1- Q 2-(3.4,5- o
[2-(3,4.5- Trimethoxy- N o
trimethoxy- m phenyl)-5H- ku"\/sﬁ
phenyi}-5H- pyrrolo[2,3- LN, &N,
pyrroiof2,3- blpyrazine-7- N,
1204 blpyrazin-7-yl}- 1216 carboxylic acid
pent-4-yn-1-one (2-suifamovl- o/
ethyl}-amide
2,2-Dimethyl-1- N 2-(3.4.5- o
[2-(3-piperazin-1- N i Trimethoxy-
l-phenyi)-5E- N phenyl)-5H- HWN
pyrroiof2,3- o pyirolol2,3- NamY H/’B/\OH
bipyrazin-7-yl}- blpyrazine-7- \ 4
1-205 propan- 1-one 211 carboxylic acid
{2,3-dihydrogy- o/
propyl}-amide
—d e
2,2-Bimethyi-1i- 2-(3.4,5- o o
{2-(3-pyrrolidin- Trimethoxy- HN /Q
1-yl-phenyi)-3H- phenyl}-5H- Q/kﬁ
pvirolof2,3- pymrolo[2,3- N '\
bipyrazin-7-yl}- bipyrazine-7- N/
[-206 propan-1-one 1-212 carboxylic acid
{tetrahydro-furan- O/
3-yl-amide
2-42- 2-(34,5- ol
Benzenesulfonyia Trimethoxy- PRy
mino-4-[7-(2.2- pheny)-5H- NN
dimethyl- pyrrolo]2,3- - .
propionyl)-5H- bjpyrazine-7- S,
1-207 pymolof2,3- [-213 carboxylic acid
blpyrazin-2-ylj- {2-methoxy- o/
phenoxy}-2- ethyl)-amide
methyl-propionic — —
acid ethyl ester
2-(3,4.,5- 2-(34,5- o
Trimethoxy- Trimethoxy- N
phenyi)-5H- ﬁ/Y phenyl)-5H- _ u’*
pyrreiof2,3- N - \ pyrrolof2,.3- N \
blpyrazine-7- blpyrazine-7- N,
1208 carboxylic acid 1214 carboxylic acid
jsobutyl-amide (2,2-dimethyl- J

propyl-amide
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2-(3.4.5- & 1-12-(3-Methoxy- o
Trimethoxy- N Ry y 5 -;)yrr(fiiéin— Tyl ™y
pheﬂ)il)-g I’;I— - H/ﬁ/(}\ phen;{i )51;1" -
pmole23 () prolei23- |
blpyrazine-7- N, bipyrazin-7-yl]- N,
1-215 carboxylic acid [.221 2,2-dimethyl-
(2-methoxy-2- / propan--one NO
methyl-propyl)- ©
amide —d e —i
2-(3,4.5- O 2.2-Dimethyl-1- o
Trimethoxy- HA [2-{4- MNT
phenyl}-5H- N/\/\ methylsulfanyl-3-
pyrrolof2,3- — H o pyrrolidin-1-yk- 7N
bjpyrazine7 Ny N henyl)-SH N
Ipyrazine-7- \_ 4 phenyl)-5H- =
216 carboxylic acid 1222 pyrrole[?.ﬁ- .
(3-methoxy- / bipyrazin-7-v1]- N(j
propyly-amide o] propan-1-one
&
—0 o— /
1-{2-(4-Methoxy- o 1-[2-(4- o
phenyl)-5H- HN X Methanesuifinyl- AN
pyirolof2,3- 3-pyrrolidin-1-yi-
blpyrazin-7-yi}- N — . phen};l}{wflr—%lh N/ \N
2.2-dimethyi- N pyrolof2,3- —
[-217 | propan-1-cne 1223 bipyrazin-7-vl]-
2.2-dimethyl- NO
propan-1-one
o /s:o
1-[2-(2-Methoxy- 1-{2-[3-(3-
phenyl)-5H- 7 Methanesulfonyi- 5
pyrroiof2,3- HYT R pyrrehidin-1-vi)- HNT R
bipyrazin-7-yl}- = phen}gl][—fﬁm 4
2,2-dimethyl- N 5 pyrroio[2,3- N N
1-218 propan-1-one v ¢ 1-224 bipyrazin-7-yl}- = O, -
2.2-dimethyl- S
\O propan-1-one NG/ ©
1-]2-{3-Methoxy- . 1-{2-{3-(3,3- o
phenyl)-5H- Dimethyl-
pyrrolo[2,3- YT pyrrolidin-1-yi)- TR
blpyrazin-7-yl}- — pheﬂ)il}[—zﬁ;l- "
2,2-dimethyl- N ¥ pyrrele{2.3- N N
1219 propan-i-one L4 1225 blpyrazin-7-yii- A
2.2-dimethyl-
:g :}—o anel- \
\ propan-1-one N
1-[2-(4-Methoxy- o 1-12-{3-(3-
3~pyrr9hdin—1 V| oy Meﬁwxy ~az¢i‘1din~ 7
phenyl)-5H- __ 1 -yl)—phinylj SSH- | TR
2 13-
pyrrclo[2.3- N pymrolol2.3 Y
bipyrazin-7-vl]- N/ bipyrarin-7-yi}- NN
1.220 2,2-dimethyl- 1-226 2,2-dimethyl-
propan-1-one N/\-j propan-1-one
N<>—o\
O-—
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{4-Methyl- . : 1-[2-{3-Iodo- -
piperidin-4-yD-[2- | 1y phenyl)-5H-
(3,4.5-trimethoxy- pyrrelof2,3- HNT S
phenyl-5H- N4 \N S b]pyrazin-7-yl]- —
pyroloj2,3- o 2.2-dimethyl-

1-227 | bipyrazin-7-yl]- 1-233 | propan-i-one

methanone
Q
;_>j\< \
— —

2-(3-Chloro-5- 1T-{2-[3-(3-
fluorc-phenyl)- H A\ O Ethylamino-
SH-pyrrelo[2.3- N pyrrolidin-1-v1}-
blpyrazine-7- I f\g-< phenyli-SH-
carboxylic acid =N }"‘ pyrrolo[2.3-

1-228 isopropylamide L.234 blpyrazin-7-yl}-

2.2-dimethyl-
propan-i-one
F Cl
2-[3-(4-Methoxy- {(3a5,085)-1-
benzyloxy)- RSP Methyl-
phenyl]-5H- N Y octahydro-
pyrrolof2,3- l N \( pentalen-1-y1)-[2-
blpyrazine-7- (3-pyrrelidin-1-yl-

1-220 carboxylic acid 1-235 | phbenvl)-5H-

isopropylamide o pyrrolof2,3-
/\©\ P bipyrazin-7-yl]-
O methanone
2-[3-2- BT o -{3[7-(2.2- N0
Methoxymethyl- R Dimethyl-
pyrrolidin-1-y1)- ! ) N—( propionyl}-5H- N \3
phenyl}-3H- N H pyrrolof2,3- ' P
pyirolof2.3- blpyrazin-2-y1}-

1-230 bipyrazine-7- [-236 phenyl}-3-
carboxylic acid methyl- o
. . N .
isopropylamide pysrolidine-3- N -

(/L:> carboxylic acid Q<U\O
P methyi ester
1-{2-]3-(3- HN— o (1-{3-7-(2.2-
Methoxy- Dimethyl- MR L0
pyrrolidin-1-yl)- N7 propionyl)-5H- W
phenyl}-5H- ‘ N pymrolof2,3- N
pyrrolef2,3- blpyrazin-2-yl}-

[-231 blpyrazin-7-yl}- [-237 phenyl}-3- Q
2. 2-dimethyl- methyl-pyrrolidin- . o
propan-1-one 3-yiy-carbamic NQ< b

D—o acid benzyl ester ©
\
1-{2-[3-(4- N o 1-{3-[7-(2.2~ HN o
Methoxy- 3 Dimethyi- \
benzyloxy)- N7 propionyl}-5H- N7
phenyl]-5H- LA pyrrolof2.3- L
pyrrolef2,3- hpyrazin-2-yl}-

1-232 | bipyrazin-7-yi}- 1-238 phenyl}-3-
2,2-dimethyl- methyl- &
propan-1-one Of\@\ P pyrrolidine-3- NQ%\ -

0 carboxyiic acid b
methylamide
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[2-{3-Iodo- HN o 1-{2-Methyl-2-
phenyl}-5H- \ [2-(3.4,5-
pyrrolol2,3- N trimethoxy-
blpyrazin-7-yil- | phenyl)-5H-
(1-methyi- 2 pyrrolo[2.3-
1-239 cyclohexyl)- 1-245 blpyrazine-7-
methanone carbonyl]-
pyrrolidin-1-y1}-
I ethanone
((18.28)-1.2- HN A o] (1-Methyl-
Dimethyl- cyciohexyl}-[2-
cyclopentyl}-[2- ’\% = (3.4.5-trimethoxy-
(3,4, 5-trimethoxy- =N phenyi)-5H-
phenyl)-5SH- pyirolof2.3-
1240 pyrrolo[2,3- 1246 bpyrazin-7-yl]-
bjpyrazin-7-yl}- methanone
methanone 0 o
/O
1-{2-13-(3- o {-Methyl-
Amino-3-methyl- cyclohexyD-[2-(3- 7
pymolidin-1-yly | AN N pyrrolidin-l-yk- | a'™
phenyl}-SH- VAR phenyl)-5H- o
pymrolof2.3- N N pyrrole[2.3- W N
1241 bipyrazin-7-yi}- — 1-247 blpyrazin-7-yl}-
2,2-dimethyl- NH, methanone
propan-1-one 0 NG
(1-{3]7-(2.2- 0 37-(2.2- 0
Dimethyl- Dimethyl-
propionyli-5H- Ni \l propionyl}-SH- HNTS
pyrrolo{2,3- N pymrolo]2,3- e
blpyrazin-2-ylj- bipyrazin-2-yi]- N\ /N
[-242 phenyl}-3- 1-248 benzoic acid
methyl-pyrrolidin- \ " OH
3-yl)-carbamic T\E><N O’
acid ethyi ester \ﬂ/ 5
O
(1130722 3 (1-Methyl- .
Dimethyl- HW cyclopentyl)-[2-
propionyl-3H- (3-pyrrolidin- -yl | HNT N
pyrrolof2,3- _ phenyl)-5H- —
blpyrazin-2-yi]- N /N pyrrolo{2,3- Ny N
1-243 phenyl}-4.4- 1-24% blpyrazin-7-vli-
dimethyl- J methanone
pyrrolidin-3-yl}- \/—‘f o NQ
carhamic acid N 5
ethyl ester H
3-Methyl-3-[2- i 5 4-Methoxy-1-{2- &
(3.4.5-trimethoxy- 3 (3.4.5-trimethoxy- | X .
phenyl)-SH- NI = o phenyl}-5H- _ o
pyrroloi2,3- =N pyrrolof2,3-
bipyrazine-7- bipyrazin-7-yl]- N/
1-244 carbonyl]- [-250 | pentan-l-one
cyclopentanone ~ o o—
s /O o\
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A0
{1-Methyl- o 1-]2-(3- o
cycloheptyl)-[2- Isopropoxy-
(3.pymwolidin-1-yi- | HN X phenyl)-SH- AN
phenyl)-5H- o pymrolof2,3- —
pymrolio{2,3- N\ /N bipyrazin-7-yl]- N\ /N
I-251 bipyrazin-7-yl}- 1-257 2,2-dimethyl-
methanone propan-1l-one >—-
O |
2-Methoxy-2- o 2.2-Dimethyl-1- o
methyl-1-[2- R o {2-(3-propoxy-
(3.4,5-trimethoxy- phenyl}-5H- HNT
phenyl}-5H- N - \ pyrrolof2,3- —
pyrrolo[2.3- S/ bipyrazin-7-yil- N\ /N
1-252 bipyrazin-7-yl]- 1-258 propan-1-one
propan-1-one /_/
O_
o]
O Q
/ N\
2-Methoxy-1-{2- & Adamantan-1-yl- o
(3.4,5-trimethoxy- | oy ™ o [2-(3.4,5- g Ry
phenyl}-5H- __ trimethoxy-
pyrroio[2.3- N N phenyl)-5H- N - \
blpyrazin-7-y1}- NI, pyrrole[2,3- .,
[-253 ethanone 1259 bipyrazin-7-yl}-
oo methanone o—
o 0 o e
/ \ / 5\
1123~ 2 3-Methoxy-2,2- o
Benzyloxy- TV dimethyi-1-{2- My -
phenyl)-5H- — {3.4,5-trimethoxy- o
pyrole[2,3- N N phenyl)-5H- N T\
bipyrazin-7-y1]- - pyrrole[2.3- N/
1-234 2,2-dimethyl- 3-260 blpyrazin-7-yli-
propan-1-one 0—; propan-1-one -
O o
/ \
1-[2-{3-Ethoxy- o 1-f2-(3-Ethyl- -
phenyl)-5k- phenyl)-5H-
pwirolof2,3- RN pyrrolofZ,3- HRYT R
bipyrazin-7-yl]- — blpyrazin-7-yl}- —
2.2-dimethyl- N\ /N 2.2-dimethyl- N\ /N
1.255 propan-l-one I-261 propan-l-one
—
G
1-[2-(3- o 1-{2-(3.5- 2
Isobutoxy- Dimethoxy- AN Ry
phenyl)-5H- RN phenyl)-5H-
pyrralof2,3- — pyrrolof2,3- N - N
bipvrazin-7-yi]- N\ /N bjipyrazin-7-yl}- N/
1256 2.2-dimethyl- [-262 2.2-dimethyl-
propan-1-one /—< propan-1-one O/
O
—0
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{233 (1-Methy}- [
Hydroxy-propyl)- cyclopentyl)-{2- N R
phenyl}-5H- HNT R (3.4,5-irimethoxy- __
pyrroiof2,3- — phenyl)-5E- N N
blpyrazin-7-yi}- Ny pvirelo[2,3- N
1263 2,2-dimethyl- OH 1-269 bipyrazin-7-yl}-
propan-1-one methanone o—
< =}
/ 5\
1-[2-(3- o (1-Methyi-
Aininomethyl- N cyclohexyl)-[2-(3- i
phenyl)-SH- HN morpholin-4-yl- BN
pymolof2,3- — phenyi}-5H- —
bipyrazin-7-vl}- N\ /N pyrrolof2.3- N\ /N
1264 2.2-dimethyl- L.270 bipyrazin-7-vij-
propan-1-one NH, methanone I\
N o}
NS
1-{2-3-(2- o 4-{3-{7-(1-
Hydroxy-ethyl)- Methyl- o
=y
phenyl]-SH- HY cyclohexanecarbo | wy™Sy
pyrreiof2.3- — nyl}-5H- =
blpyrazin-7-y1}- N\ /N pyirolof2.3- S
1265 2,2-dimethyl- 1271 blpyrazin-2-yl]- — 0
propan-1-one OH phenyl}- N\_/N‘—<
; ; o
piperazine-1- <
carboxylic acid
tert-butyl ester
3-Hydroxy-2,2- & {1-Methyl- o
dimethyl-1-[2~ HNeT Ry cyciohexyD-[2-(3-
(3.4,5-trimethoxy- OH piperazin-1-yl- RNy
phenyl)-5H- N - \ phenyl)-5H- .
pyrolo[2,3- N, pyrroicf[2,3- N\ /N
1-266 bipyrazin-7-yl}- 1272 bipyrazin-7-yii-
propan-1-one o— methanone N\
N NH
h—
O C
/ \
2.2-Dimethyl-1- 0 (1-Methyl- o
[2-(3-piperidin-1- cyclopentyl)-[2-
ylmethyl-phenyl)- HNT S (3-morpholin-4- AN
5H-pyrrolof2,3- — vi-phenyl}-5H- —
bipyrazin-7-yl}- N\ /N pyrrolof2,3- N\ /N
1-267 propan-1-one { ) 1273 blpyrazin-7-yl]-
M methanone —
N O
N/
4{7-(2.2- & 1-[2-2-Fluoro- 0
Dimethyl- HN R phenyl}-5H-
propionyl}-5H- . pvirolo[2.3- HNT S
pymolof2,3- Ny N blpyrazin-7-yl}- =
bipyrazin-2-yi}- 2,2-dimethyl- I\E\ /N
1-268 benzoic acid 1-274 propan-1-one
o F
HO
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14 {3{7-(1- 1-(4-{4-[7-(1- q
Methyl- R Methyl- N )
cyclohexanecarbo | Hy” R cyclohexanecarbo -
nyl)-SH- % nyl)-SH- N ©
pyrrolo[2,3- N/ pyrrolof2,3-
1-275 blpyrazin-2-yl]- 1-281 blpyrazin-2-y13- N
phenyi}- %ﬁ N o phenyl}- Q
piperazin-1-yi)- N, }\‘_< piperazin-1-yl)- O
ethanone ethanone Q(
(1-Methyl- o 1-[2-(2-Hydroxy-
cyclehexyh)-{2- phenyl)-SH-
[3-(5-methyl- NS pyrrole[2.3-
i1,3,4loxadiazol- = blpyrazin-7-yl]-
2-y1)-phenyl]-5H- N\ /N 2,2-dimethyl-
1-276 pyrrolof2,3- 1-282 propan-1-one
bipyrazin-7-yl}- Nopy
methanone jg :>--~</ |
o)\
{2-[3-(3- o (4-Hydroxy-1-
Hydroxy-propyl)- methyl-
phenyl]-SH- HNT R cyclohexyl)-[2-
pyrrolo{2,3- — (3.4,5-trimethoxy-
blpyrazin-7-yl}- N N phenyl}-5H-
1-277 (1-methyl- N7 Ok 1-283 pyrrolof2,3-
cyclohexyl)- bipyrazin-7-y1j-
methanone methanone
4-44-7-(1- [2-(4-
Methyl- M Dimethylamino-
cyclchexanecarbo 7 phenyl)-5H-
nyl}-3H- =N o pyrrojo[2,3-
pymroio{2,3- bipyrazin-7-y1]-
1278 blpyrazin-2-yij- N 1284 (1-methyi-
phenyl}- N Q cyclohexyl)-
piperazine-]- >( \\( methanone
carboxylic acid ¢
tert-butyl ester
[2-(3-Methoxy- O 3-{4-{3-[7-(1-
phenyl)-5E- N Methyl- o
pyrrelo2.3- HN cyclohexanecarbo VAR
blpyrazin-7-vl}- p— ayl)-5H- >/—4:, E >
(1-methyl- N\ /N pyrrolof2.3- N N
1-279 cyclohexyl)- 1-285 blpyrazin-2-yl]-
methanone phenyl}- \_b‘ TN _<—:N
. . N N
o— piperazin-1-yl)-3- NVAE
0X0-propionitrile
{1-Methyl- i 4-(4-{3-17-(3~ \}/
cyclohexyl)-{2-{4- M i Methyl- o
piperazin-1-yl- & o cyclohexanecarbo YO
phenyh-5H- =N nyl}-5H- o N
pymreiof2,.3- pyrrolof2.3- —
1-280 bijpyrazin-7-yi}- i-286 bipyrazin-2-yi]- X P
methanone phenyl}- N
(j} piperazine-1- NQK@,O ’
N carbonyl)-
H piperidine-1-
carboxylic acid
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4-1307-(2- (1.3-Dimethyi- 9
Methyl- 0 >L cyclohexyl)-{2- O
cyclohexanecarbo ¢ (3.4.5-trimethoxy- -
nyl)-5H- oy M phenyl}-5H- N
pyrrolo{2,3- o W o pyriolof2.3- N4
1-287 bipyrazin-2-yi]- ( _) i-293 bipyrazin-7-yli-
phenyi}- = N methanone O
piperazine-1- iy
sultfonyl carbamic N a o)
acid tert-butyl / \
ester
(2-{3-(4- (1-Methyl- o
Methanesulfonyl- cyclohexyD)-[2-(4- | 1™ ™
piperazin-i-yi- HNT S morpholin-4-yl- —
phenvl}-SH- — phenyi)-5H- NN
pyrrolo[2,3- NN pyrrolof2,3-
1-288 blpyrazin-7-y1}- 1-294 blpyrazin-7-yi]-
(1~r1ne;hylwl) \_b‘s\ﬁ Y E methanone
cyclohexyl}- ¥ e e
methanons pu— g C—’B
o
4 f3[7-(1~ (1-Methyl- i
Methyl- cyclohexyl)-{2- /N )
cyclohexanecarbe {4-(4-methvl- \
nyly-5H- piperazin-1-yl}- =N o
pyirelof2,3- phenyl]-5H-
I-28G bipyrazin-2-yi]- [-295 pyirelo{2.3-
phenyl}- blpyrazin-7-yl}- N
piperazine-1- methanone Q
sulfonic acid N
amide /
({1-Methyl- [2-(4- o
cyclobexyD-(2- Methylamine- N
{3-{4-(piperidine- | Wy phenyl}-5H-
4-carbonyl)- — . pyrrolo{2.3- N - \
piperazin-1-yl}- Ny N N blpyrazin-7-yi]- .
1-290 phenyl}-5H- 1-296 {1-methyi-
pyrrolof2.3- e cyclahexyi)-
bipyrazin-7-yl)- \_/N methanone
methanone ©
N_
H
(1-Methyl- {(4-Hydrogy-1- o
cyclohexyl)-{2-(4- methyi- Vg
piperidin-1-yi- cyciohexyiy-{2-
phenv-5H- (3.4.5-wimethoxy- | D N
pyrolo]2,3- phenyl)-5E- .
1-201 | blpyrazin-7-yl]- 1297 | pyrrelof2.3- OH
methanone blpyrazin-7-yl}- \_b7 o—
methanone
o] G
/ N
[2-€4- A-[7(2,2~ 7
Diethylamino- Hy R Dimethyl- TR
phenyl)-5H- e propionyl)-Ski- e
pyrrolo(2,3- Ny N pyirole{2,3- W 2
blpyrazin-7-yll- blpyrazin-2-y1}-
1202 (L-methyi- [-298 N-methyl-
cyclohexyl}- \_b benzenesulfonami o
methanone de g
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4-[7-(2.2- % 1-{2-[3-(3,3-
Dimethyl- N X Dimethyl- £
propionyl}-5H- _ piperazin-1-y1)- HNT
pyrrolof{Z2,3- N N phenyi]-SH- —
blpyrazin-2-y1]- N4 pyrrolo{2,3- Ny AN
1-299 benzenesuifonami I-305 bipyrazin-7-yi}-
de 2,2-dimethyl- /'-%
< 20 propan-l-one N N
=
© \NHQ
3-[7-2.2- 0 1-{2-[3-2.7-
Dimethyl- o Diaza- g
propionyh-5H- RN spirof4.5]dec-2- AN R
pyroloel2.3- — yl-phenyl]-58- -
blpyrazin-2-yil- N\ /N pyrrolo{2,3- NN
1-300 benzenesulfonami 1-306 bipyrazin-7-y1}-
de ?T‘ 2,2-dimethyl- i
ﬁ_—NHQ propan-1-one
o
31742.2- O 1-{2[3-(3- R
Dimethyl- PV Dimethylamino-
propionyl-SH- N pyrrolidin-1-y1)- HN X
pyrrelof2.3- — phenyl}-SH- —
bipyrazin-2-yl}- N\ /N pyrrolof2,3- .
1301 N-methyl- 1-307 | blpyrazin-7-yl}- |
benzenesulfonami (i? 2.2-dimethyl- N
de ﬁ_ﬂ propan-1-one N/\:r
JLENAN
1-{2-{3-(Z.8- a I~{2-13-02- o
Diaza- Hydroxy-2- HNY
spiro[4.5]dec-2- AN methyl-
yi)-phenyi]-5H- — propylamino)- N -
pyrrolof2.3- N\ /N phenyl]-5H- N,
[-302 bipyrazin-7-yl}- 1-308% pymrolef2.3-
2,2-dimethyl- bipyrazin-7-yl}- H
propan-1-one N 2.2-dimethyl- N
-1- L
propan-1-one o
1-{2-[3-(2,7- 3-{2-[3-{4-
Dhaza- 7 Amino-piperidin- g
spiro[4.4]non-2- HNT I-yl}-phenyl]-58- | my™
vi-phenyl}-58- — pyrrolof2,3- —
pyrrolof2,3- Ny M bipyrazin-7-yl}- N
1303 bipyrazin-7-yl}- 1-309 2.2-dimethyl-
2.2-dimethyi- propan-1-one
propan-1-one N N
1-{2-[3-(3- 2,2-Dimethyl-1- o
Aminomethyl- P {2-[3-(3-methyl-
pymrolidin-1-yi»- HY piperazin-1-yl)- AN
phenyl]-5H- - phenyi]-5H- —
pyrrolo[2.3- Ny M pyrrolof2.3- N\ ,,N
304 blpyrazin-7-yl}- NH, 1-310 blpyrazin-7-yl}-
22-dimethyl- O) propan-1-one
propan-1-one N NH
N/
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1-{2-[3-(4- {1-Methyl- §)
Acetyl-3,3- cyclohexyl)-{2-(3-
dimethyl- T pyrrolidin-1-yl- HY S
piperazin-1-yl)- — ' phenyl}-5H- —
phenyl}-5H- N pymolof2,3- N
-311 | pyrrolo[2.3- 1-317 | bipyrazin-7-yl]- N/
blpyrazin-7-yl}- /A( ' methanone
2,2-dimethyl- M ,N'\<O N@
propan-1-one
1-12-[3-(3- o 2.2-Dimethyl-1-
Amino-azetidin-1- {2-phenyl-SH-
yl)-phenyli-5H- HNTR pyrralol2,3- 5
pyrrolof2,3- = bipyravin-7-yi- ey
bipyrazin-7-vi}- N\ y N propan--one
1312 | 2,2-dimethyl- 1318 NN,
propan-1-one ==
N<>—-NH2
1-{2-{3-(3- O 2.2-Dimethyl-1- 2 o
Chiloro-2- Ry {2-(3.4,5- o R
hydroxy- HN trimethoxy-
propylamino)- — phenyl)-5H- N - N
phenyl]-5H- N\ A pyrrolo[2.3- N/
1-313 pyrrolof2.3- 1-31% blpyrazin-7-y1]-
bipyrazin-7-yl}- pent-4-en-1-one o
2.2 -dimethyl- N/Y\C, \
_1-one H
propan-1-one OH —d 5
/
1-{2-[3-(2.2- o 2.2-Dimethyl-1- 3
Dimethyi- [2-3.4,5- P
propylaming)- TS trimethoxy-
phenyl}-SH- — phenyl)-3H- N - N
pyrrole[2,3- N\ AN pyirelo]2,3- N,
1314 blpyrazin-7-vl}- 1-320 bipyrazin-7-yll-
2.2-dimethyl- pentan-1-one o
propan-1-one H/\!< \
—Q O
/
{1-Methyl- O 2,2-Dimethyl-4- J
cyclohexyl)-{2- Ry morpholin-4-yl-1- o NS
{3.4.5-trimethoxy- _ [2-(3.4,5- Ry
phenyl)-5H- % W rimethoxy- e
pyiroio[2,3- N phenyl}-5H- N M
1-315 | blpyrazin-7-yil- 1321 | pyrrolof2.,3-
methanone o bipyrazin-7-yl}- "
VAR butan-1-one A
/ \ ENEN
1-{2-(3-Fluoro- o 4,4-Dimethyl-5- o =Z=N
phenyl)-5SH- ox0-5-{2-(3,4,5- REN
pyrrolo{2,3- s trimethoxy-
blpyrazin-7-vi}- phenyl)-5H- N
2,2-dimethyl- N pyrrolo]2,3- N
1316 propan-1-one N 1-322 | blpyrazin-7-y1i-
- pentanenitrile o\
a @
NN
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5,5-Dimethyl-6- /’I? 1-[2-{4- &
0)_{0~6-[2-(3,4,5— 7 Methoxymethyi- HN Ry
trimethoxy- My R phenyl)-5H- .
phenyl-5H- = pyrolo[2,3- N N
pyrrolof2,3- NN blpyrazin-7-vi}- N
[-323 bipyrazin-7-yil- 1-329 2,2-dimethyl-
hexanenitrile o propan-1-one
\
o] Q O
\ A\ \
2.2-Dimethyl-1- ) N-Cyclopentyl-3- o)
[2-(3-pyrazol-1- [7-(2,2-dimethyi-
yl-phenyl)-5H- HNT propionyl)-3H- YOS
pyrrolo{2,3- — pyrrolo[2,3- =
blpyrazin-7-y1}- N\ /N bipyrazin-2-yl]- N\ /N
1-324 | propan-i-one 1-330 | benzamide "
- )
J
\
N G
Z.2-Dimethyl-1- o 37-(2.2- o
{2-[3-(5-methyl- Dimethyl-
[ 1.3 4}oxadiazol- BN propionyl}-5H- HNT S
2-yly-phenyl}-SH- == pyrrolo[2.3- s
2.3- azin-2-yil-
pynole[_,, N\ /N X b]pyra.ar'a : yii N\ /N
1-325 bipyrazin-7-yi}- 1-331 benzoic acid
propan-1-one o OH
v
i
G
2.2-Dimethyl-1- o 1-[2-(3- o
{2-[3-(2H- Isopropenyl-
pyrazol-3-yl)- HN phenyl}-5H- HN
phenyl}-SH- — pymrelo[2,3- —
pyrrolol2,3- N N bipyrazin-7-yil- N N
1.326 | blpyrazin-7-yl}- N 1-332 | 2.2-dimethyl- N7
propan-1-one H\ propan-1-one
A\
3-[7-(2.2- o 1-f2-(3-Iiydroxy- e}
Dimethyl- phenyly-3H-
propionyl)-SH- HN pyirolof2,3- HN
pyrrolof2,3- — bipyrazin-7-y{}- s
blpyrazin-2-yil- NN 2.2-dimethyl- N\ /N
1327 N-methyl- 1-333 propan-1-one
benzamide o
N— OH
12-(3- 5 1-[2-(3-tert- o
Methoxymethyl- N Butyl-5-methyl- N
phenyD-5H- HN phenyl)-5H-
2.3 2.3- s
pyrrolog_.B = pyr;’olo[...:?7 ‘ N .
blpyrazin-7-yl]- N\ /N blpyrazin-7-vl}- N/
1-328 2.2-dimethyl- 1-334 2,2-dimethyl-
propan-1-one propan-1-one
O_
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56
|-(2-Biphenyl-3- a 1-[2-(3-Chloro-4- &
yi-5H- fuoro-phenyl)- X
pyroloi2,3- SV SH-pyrrolo{2,3-
bipyrazin-7-yi)- s blpyrazin-7-yl}- N — \
2.2-dimethyl- N w N 2.2-dimethyl- N
1-335 propan-1-one 1-343 propan-1-one
O~ ’
F
1-12-(3-tert- Q 2,2-Dimethyl-1- 5
Butoxymethyl- X [2-(2"-methyl-
phenyl)-SH- biphenyl-3-yl}- Ry
pyrrolof2.3- — SH-pyrrolol2,3- —
bipyrazin-7-yl]- N N/ N bjpyrazin-7-yl]- N N/ N
I-336 2.2-dimethyl- 1-342 propan-1-ons
propan-1-one
i a%e
112-(3- e 1-[2-(3- 0
Isopropyl- Hydroxymethyl-
phenyl)-5H- HY™ phenyl)-5H- RS
pyrrolof2,3- — pyrrolef2,3- —
blpyrazin-7-yi]- N N bjpyrazin-7-yl}- N / N
1337 | 2.2 dimethyl- \__4 1-343 | 2.2-dimethyl- \
propan-1-one propan-1-one on
1-{2-03-03,5- c!) [-{2-(3- o
Dimethyl- e Cyclopeni-1-enyl-
isoxazol-4-yl)- Hm phenyl)-5- HYT
phenyl}-5H- - pymolef2,3- =
pyrrolof2,3- N W A N bipyrazin-7-yl}- N N
1-338 blpyrazin-7-yi}- 1-344 2.2-dimethyl- N
2,2-dimethyi- 7S propan-1-one
propan-1-one =N O 0
1-[2+(3-Bromo- o 1-{2-(3-Acetyl-4- Q
phenyi)-5H- hvdroxy-phenyi)} PR
pyrralo[2,3- HNT R 5H-pyrrolof2.3-
bipyrazin-7-y1j- = blpyrazin-7-y1j- N - "
2,2-dimethyl- N N/ N 2,2-dimethyl- N
1-339 propan-1-one [-345 propan-1-cne
Br 5
OH
2,2-Dimethyl-1- G 1-{2-[3-(3H- &
{2-[3-(2-methyl- N X Imidazol-4-yh)- SN
2H-pyrazol-3-yl)- phenyl]-5H- HN
phenyl]-5H- - pyrroiof2.3- —
pwroiof2,3- N\ / N blpyrazin-7-v1}- N\ / N
1340 | blpyrazin-7-yl}- 1-346 2,2-dimethyl-
propan-1-one propan-]-one N
( /\N /A
; N
/ y
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2,2-Dimethyl-1- o 2,2-Dimethyl-1- o)
[2-(3-oxazol-5-yi- [2~(3-thiophen-2- SN
phenyl}-5H- HNT S yl-phenyl}-5H- HN
pyrrelo)2,3- — pyrolo]2,3- gl
blpyrazin-7-vi}- N\ /N bipyrazin-7-y1}- N 5
1-347 propan-1-one 1-353 propan-1-one \_%
é > & s
o) \\ /
2,2-Dimethyl-1- G 1-2-(3- 5
{2-(3- N Cyclopentyl-
trimethylsilanyi- HN phenyl)-3H- N
phenyl}-3H- = pyrrolof2.3- —
pyrroiof2,3- N N blpyrazin-7-ylj- N\ y N
1348 | bipyrazin-7-y1}- \_7 1354 | 2.2-dimethyl-
propan-1-one / propan-1-one
Si—
\
3{3-47-(2,2- o} 1-2-Biphenyl-4- 8
Dimethyl- y1-58- HN
propiony!)-SH- NS pyrrolof2,3- -
pyrroio]2,3- — blpyrazin-7-y1)- Ny o N
blpyrazin-2-yll- N\ N 2. 2-dimethyl-
1-349 phenyl}-3-oxo- % 1-355 propan-1-cne
propionitrile —=N Q
: O
1-12-(3-lodo- o) 1-{2-(3-Imidazoi- 0
phenyD)-5H- 1-yl-phenyl)-5TH-
pyrrolof2,3- HNT S pymolof[2.3- HYT N
blpyrazin-7-yl}- — bipyrazin-7-yij- o
2,2-dimethyl- N N 2.2-dimethyl- N N
1-330 propan-1-one N 1-356 propan-1-one \_4
/=N
N \)
2,2-Dvimethyl-1- Q 2.2-Dimethyl-1- N
{235 IV {2-[4-(5-methy}- , i
trifluoremethyl- [1,3.4loxadiazol- ? R “
2H-pyrazol-3-y1)- a 2-yly-phenyl]-SH- —N
phenyi]-5H- r\'\ / N pyrrolof2,3-
1-351 pyvirelof2,3- H 1357 blpyrazin-7-yl}-
blpyrazin-7-y1}- N“{" propan-1-one
propan-1-one Y F
]
FF N
/R\N/
1.12-(3- o 2.2 Dimethyl-1- o
Cyclohex-1-enyi- N [2-(4- NG
phenyl}-5H- HN frimethylsilanyl- -
pyrrolof2.3- — phenyD-5H- H W
bipyrazin-7-yi]- N\ N pyrrolof2,3- v_¢
1-352 2.2-dimethyl- 7 1-35% blpyrazin-7-yii-
propan-1-cne propan--one
OO s;—
VAN
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-58.
1-J2-(4-Iodo- Q 3-[7-(2,2- o
phenyl)-5H- VN Dimethyl- N R
pymrolof2,3- propionyly-5H-
blpyrazin-7-yli- — pyrrolof2,3- N - N
2,2-¢imethyl- N bipyrazin-2-yl]- N/
1359 propan-1-one 1-365 N-ethyl-
benzamide >
FN
I
1-12-44-(3,5- & 1-{23-((R)-3-
Dimethyl- R Hydroxymethyi- a
isoxazol-4-yl}- — pymrolidin-1-yl)- Y
phenyi}-5H- NN phenyl}-5H- _—
pyrrolof2,3- pyrrolo[2,3- N
[-360 | blpyrazin-7-yl}- 1-366 | bipyrazin-7-y1}-
2.2-dimethyl- 2,2-dimethyl-
propan-i-one propan-1-one NO\/OH
1N
OI
2.2-Dimethyi-1- 1-{2-[3-4{8)-3-
(2-4-(2-methyl- Hydroxymethyl- i
2H-pyrazoi-3-yI)- pyrrolidin-i-yl}- HNT R
phenyl]-5H- phenyl}-5H- —
pysrolof2,3- pyrrolof2.3- Ny M
1-361 ¢ b]pyrazin-7-yi}- 1-367 | bipyrazin-7-y1}-
propan-1-one N 2.2-dimethyi-
ropan-1-one NO., CH
{0 prop >
1-{2-[4-3H- Q {1-Methyl- o
Tmidarol -4-yi)- - cyclohexyl)-{2- HNT O
phenyll-SH- HN [4-(2-piperidin-1- —
pyrrolof2.3- =N yl-ethoxy)- & AN
blpyrazin-7-yl}- Ng / phenyl]-SH-
1-362 2.2-dimethyl- 1-368 pyrrolo[2.3-
propan--one blpyrazin-7-vl}-
methanone :
HN M
2,2-Dimethyi-1- o 2.2-Dimethyl-1- o)
[2-[4-(2- i {2-[31H-
piperidin-1-yl- — pyrazol-4-yl)- HNTOR
ethoxyy-phenyl]- Ny N phenyl}-5H- —
SH-pymrolo{2,3- pyrrolof2.3- N N
[-363 blpyrazin-7-yl}- 1-360 blpyrazin-7-yl}- N4
propan-1-one propan-1-cne v H
i
o : N
__\_—N
1-12-[3-(3,3- 8] 1-{2-[3-(3,3- o
Dimethyl- Difluoro-azetidin-
pyrrolidin-1-y1)- HNTS 1-yly-phenyi]-5H- | HN =
phenyli-5H- 7N pyrrolof2.3- VAR
pyrrole[2,3- N N blpyrazin-7-yl}- N N
I-364 bipyrazin-7-yl}- = i-370 2,2-dimethyl- —=
2.2-dimethyl- propan-1-one
propan-1-one N N<><F
F
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2,2-Dimethyl-1-
{2-[3-(2-oxa-6-
aza-
spirof3.3]hept-6-
vl)-phenyl]-5H-

1-{2-[3-(3~
Dimethylamino-
azetidin-1-y1)-
phenylj-5H-
pyrrelo[2,3-

HN SR

N/ \N
1-371 pyzrolo[2,3- 1-377 bipyrazin-7-yl}- —
bipyrazin-7-yl}- 2.2-dimethyl-
propan-1-one propan-1-one N<>—-N<
1-{3-[7-(2,2- 2-{3-(3.3-
Dimethyi- HM Dimethyl-
propionyl}-3H- pyrrolidin-T-yl}- HYT R
pyrrolo[2,3- N phenyi]-5H- }Q\/( ’>(\
bipyrazin-2-yli- — pyirolof2.3-
1-372 phenyl}- 1-378 blpyrazine-7-
pyrrolidin-2-one E : ng carboxylic acid 'S 04
(3-hydroxy-2,2-
dimethyl-propyl}-
amide
1-13[7-(1- 112333 o
Methyl- Dimethyl-
eyclohexanecarbo azetidin-1-y1}- HN \
nyD-5H- phenyi]-5H-
pyrroloi2.3- — pyrrolof2.3-
1.373 blpyrazin-2-yi}- 1-379 bipyrazin-7-yl}-
phenyl}- 2.2-dimethyl-
pyrrolidin-2-one N propan-1-one <><
(1-Methyl- 2-13-(3,3- o]
cyclohexyl)-[2-(3- Dimethyl- o
pyrol-1-vl- pyrrehdin--vi)- HN N /é‘
phenyl)-5H- phenyl]-SH- AR K
pyrrolof2.3- pyrroiof2,3- N N
1-374 blpyrazin-7-yi]- 1-380 bipyrazine-7- —
methanone carboxylic acid
tert-butylamide N
2-[3-(3,3- 2-3-(3.3- o
Dimethyl- Dimethyl-
pyrrolidin-1-yl)- YR /4 pymolidin-1-y)- HyTR N
phenyl]-3H- / \ phenyl]-3H- VR H/YO\
pyrolof2.3- pymelof2.3- N N
1-375 blpyrazine-7- 1-381 bipyrazine-7- —
carboxylic acid carboxylic acid /\L
isopropylamide N (2-methoxy- N\)
propyl)-amide
1-{3-17-(2.2- 23-(3.3-
Dimethyl- Dimethyi- 9
propionyl}-SH- pyrrolidin-1-yi)- HN \ N
pyrrolof2,3- phenyl]-5H-
blpvrazin-2-yi]- pymrolof2,3- N4 \
1376 phenyl}- 1382 bipyrazine-7-

pyrrolidine-3-
carbonitrile

carboxylic acid
(tetrahydro-pyran-
3-yD-amide

Lécw
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-6()-
2-Methyl-2- o 1-12-[3-(4.5-
phenyl-1-[2- Dihydro-1H- §
(3.4,5-trimethoxy- | AN imidazol-2-yl)-
pheayl)-5H- — phenyl}-SH- i
py‘rmlo{z,fi- N\ /N pYITC!lG["’_.ﬁm HN N N
1-383 | blpyrazin-7-yl]- 1389 | bipyrazin-7-y1}- ] B
propar-1-one G/ 2,2-dimethyl- = ﬁ
propan-1-one )
o, o
Y
12-(3,500- o 2.2-Dimethyl-1- o
pyrrotidin-1-yi- HN™ Ry {2-13-(1,4,5,6-
phenyl)-5Li- == tetrahydro-
pyrrolo[2,3- NN pyrimidin.2-yl)- N —
bipyrazin-7-yi}- phenyl]-SH- SN N/j
1-384 | 2.2-dimethyl- -390 | pyrrolo[2,3- | i
propan-1-one NQ blpyrazin-7-yi}- N\/H@/LN
prapan-1-one H
O
3-47-2.2- o] 1-{2-[3-(5,5-
Dimethyl- Dimethyl-},4,5,6- "
propionyl}-SH- tetraliydro-
pyrrolo[2.3- o - pyfimidin-2-yD- | /T
blpyrazin-2-yi}- N phenyl}-5H- ey N
1-385 | benzoniirile E 2N [-391 | pyrolo[2,3- NI E/f
N =& = bipyrazin-7-v1}- & N
2,2-Gimethyl- H
propan-1-one
3-{7-(1-Methyl- Q 1-{2-[3-{44-
cyclohexanecarbo Dimethyl-4,5- Q
nyl}-5H- — dihydro-1H-
pyrrole[2,3- HN imidazol-2-y1)- o —
bipyrazin-2-yi]- ey a phenyl}-SH- Sy N
I-386 benzaldehyde [ | 1-362 pyrrolo]2,3- N] {
Nez blpyrazin-7-yl}- = N
2.2-dimethyl-
propan-1-one
(1-Methyi- 2,2-Dimethyl-1-
cyclohexyl)-[2-(3- ] {2-03-(1-methvl- Q
pyrrolidin-1- 4,5-dthydro-1H-
yllmethyﬁphenyl)u o - imidazpi~2~yl)~ o =
SH-pyrrelef2.3- =y phenyl}-SH- ' £ N
1387 | bipyrazin-7-yij- Nl P 1393 | pymolo[2.3- | P r/>
methanone N blpyrazin-7-yl}- N
\/\©/\ Q propan-i-one \
1-{2-[3-¢4.5- Pyrrolidin-1-yl- o
Dihydro-1H- o [2-(3.4.5- HQJLN
imidazol-2- trimethoxy- Q
ylamino)-phenyl}- == phenyl)-5H- N
SH-pyrrolof2,3- AN Ry pyrrole[2,3- N,
1-388 | blpyrazin-7-yi}- I P K n 1-354 | blpyrazin-7-yl}-
2.2-dimethyl- \(’J methancne O/
propan-1-one N
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(3,3-Dimethyl- ol N-{3-[7-(2.2- 0
pyrrolidin-1-yi)- Dimethyl- PN
2-(3.4,5- HNT TN propionyl)-5H-
trimethoxy- pyrrolo|2,3- -
phenyl}-3H- N/ \ N blpyrazin-2-yl}- N ./ N
1-395 pyrrolo| 2,3- — 1401 phenyi}-
blpyrazin-7-yl]- acetamide "
methanone N
o ):o
~
2.2-Dimetnyl-1- O 1-{213-(3- 5]
[2-(3.4,5- NI Hydroxy-
trimethoxy- pyrrelidin-1-y1)- HY™ S
phenyl)-5H- N - \ phenyl}-5H- —
pyrrolof2,3- N/ pyrrole[2,3- N N
1-306 | blpyrazin-7-yl]- 1-402 | bipyrazin-T-yl}- \_7
butan-1-one 2.2-dimethyl- OH
O\ propai-1-one NO/
3.3,3-Triftuoro-2- 1-{2-[3(1,1- O
methyl-2- Dioxa-136- SN
trifluoromethyi-i- thiomorphoiin-4. | HN
[2-(3.4.5- yly-phenyl}-SH- —
trimethoxy- pyrroiof2,3- N X
1397 phenyly-SH- [-403 bipyrazin-7-y1}- N/
pyrrolof2.3- 2. 2-dimethyl-
blpyrazin-7-yij- propan-1-one /.0
propan-1-one N 5
—C G \__/' ~d
1-[2-(3- 1[2-(3-Azetidin- 3]
Ethylamino- 7 1-yl-phenyl}-5H- N
phenyl}-5H- HNTR pymrolof2.3- AN
pymrolof 2,3- — blpyrazin-7-yl]- —
bipyrazin-7-yi]- Ny N 2.2-dimethyl- N N
1-398 2,2dimethyl- T-404 propan-1-one N/
propan-1-cne M
N
- N<>
{263 o 2.2-Dimethyl-1- o
iethylaminoe- {2-[3-(1-0%0-134-
phenyl)-5H- S thiomorpholin-4- HYT
pyrrolo{2,3- — yvh-phenyi]-5H- —
bipyrazin-7-y1]- N N pyirolo[2.3- N N/ N
1-399 | 2.2-dimethyl- . 1-405 | blpyrazin-7-yl}-
propan-1-one propan-1-one I\
/ N Sa
N N_/ "o
N
1-[2-(3-Aminc- 0 2.2-Dimethyi-1- O
phenyl}-SH- [2-(3-pyrrol-1-yi-
pyrrolo[2,3- HN S phenyl)-5H- HYTS
blpyrazin-7-y1]- = pymrolof2,3- —
2,2-dimethyl- N N blpyrazin-7-vl]- N N/ N
1400 propan-1-one \_7 1-406 propan-1-one
R
NH, N
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1-{2-[3-(2- fo) 4-Amino-N-{3- o
Methanesulfonyl- | 4~ {7-(2,2-dimethyl-
ethylamina)- . propionyl)-5H- TS
phenyl]-5H- Ny N pyrroloi2,3- 7N
pyrrolo]2,3- bipyrazin-2-yl}- N 4

1-407 blpyrazin-7-vl}- H 1-413 phenyl}-
2.2-dimethyl- \_b’N\_\ benzenesuifonami Q\
propan-1-cne o de O=§—©—NH2

i G
1-{2-[(3a8 6aR)- o N-{3-[7-(2,2- o
3-(Hexahydro- N R o Dimethyl- HN
pyrrolo{3,4- propionyl}-31-
clpyrrol-2-yly- == F nyrrolo[2,3- -
phenyl}-5H- N HO&F blpyrazin-2-ylj- "\

1-408 | pyrrolo[2.3- HoF 1-414 | phenyl}-
blpyrazin-7-yl}- \_b; : benzenesulfonami @ﬁ
2.2-dimethyl- NO’:\/NH de O:\S_Q
propat-1-one : il

H Q
1-{2-[3-((S3-2- o N-{4-{5-[7(2,2- 5
Hydroxymethyi- N S Dimethyl-
pyrrofidin-1-yl}- _ propionyl)-5H- AN
phenyt]-5H- N pyrrolo{2.3- Y
pyroio[2,3- N blpyrazin-2-y}j-2- N\

1-409 bipyrazin-7-vl}- 1-415 methyl- o
2.2-dimethyl- N phenylsulfamoyl} ﬂ\ >—
propan-1-one -phenyl}- O=ﬁ‘_®_ﬁ

o acetamide o
1-{2-[3-((R}-2- 5 4-Amino-N-{5- o
Hydroxymethyl- HW {7-(2.2-dimethyl- HM(
pyrrolidin-1-y1)- . propionyh-St-
phenyl}-5H- o N pyrrolo[2,3- N - "
pyrrolo[2,3- \_4 blpyrazin-2-yl]-2- N

1-410 blpyrazin-7-yl}- 1-416 methyvl-phenyi}-
2,2-dimethyl- é >_‘N<j benzenesulfonami i
propan-1-one ) de Q:\ﬁ——@NHQ

o
\OH
N-T3-[7-(2,2- O 12133 o
Dimethyl- Hydroxy-3-
propionyl)-5- | AN methyl-pyrrolidin- HM
pyrrolof{2.3- — 1-yI}-phenyl]-5H- s
bipyrazin-2-yl}- N\ /N pyrralof2,3- N\ /N

I-411 phenyl}- 1-417 bipyrazin-7-yl}-
methanesulfonami H 2.2-dimethyl-
de N\ propan-1l-one N Ok

Q=8—

Il

O
N-(4-{3-[7T-(2,2- o 1-{2-[3-(3- o
Dimethyl- Hydroxy-3-
propionyl)-5H- S methyl-pyrrolidin- | HN =
pyrrolof2,3- NN 1-y13-phenyl}-5H- —
blpyrazin-2-vi]- \_¢ pyrrolo]2,3- N N

1412 phenylsulfamoyl} " 1-418 blpyrazin-7-yl}- N
—phenyl)- N H 2,2-dimethyl-
acetamide O=§_©_N% o propan-i-one NGLOH
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3-[7-(2,2- LN £ 1-{2-[3-(3- %
Dimethyl- A\ Hydroxy- HNT
propionyij-SH- N7 pyirolidin-1 - o
pyrroio]2,3- N ylmethyl)- & N
blpyrazin-2-vi}- phenyl}-5H-
1-419 benzaldehyde 1-425 pyrroief2,3-
bipyrazin-7-yl}-
2,2-dimethyl- Cj\
%o propan-1-one o
2.2-Dimethyl-1- HN D\ o 1-{2-{3-({8)-2-
[2-(3-pyrrolidin- e Hydroxymethyl-
1-vimethyl- pyrrolidm-1-
phenyl)-5H- i N y;met}; jv;g%{
pyrrolo 2,3~ phenylj-3kt-

1-420 | blpvrazie-7-yl]- 1-426 | pymelo[2,3-

propan-1-one bipyrazin-7-yl}-
2, 2-dimethyl-

N propan-1-one
1-{2-3-(4- Hi o 1-{2-03-((R)-2- *]
Dimethylamino- \ Hydroxymethyl-
piperidin-1- N7 pyrrolidin-1- ==
y;m.etl'gls)h | N ylhrneﬂ;}yi;_I HN Ay
PRSnyl-ao- poenylj-ah-

1-421 | pymrolo[2,3- 1.427 | pymolo[23- g
bipyrazin-7-yl}- N/ blpyrazin-7-yl}- N
2,2-dimethyl- NO/ N 2,2 dimethyl- .
propan-1-one propan-1-one L
2.2-Dimethyl-1- HIN (1-{3{7-(2.2-

[2-[3-(4-methyl- N Dimethyi- .

piperazin-1- N; ~ propionyl)-5H-

yimethyl)- pymolof2.3- e

phenyl}-SH- 2 blpyrazin-2-yl}- | "N\ © o><

1422 | pyrrolo]2.3- 1428 | benzyl}- fis . L
bipyrazin-7-yl}- N pyrrolidin-3-yi)- Q’
propan-1-cne carbamic acid

N \) tert-buty! ester
1-[2-(4- HN 3 o 1-2-(3-{iBis-(2-
Aminomethyi- hydroxy-ethyl)- §
phenyl)-5H- N[ = amino)-methyl}- —
pyrrole[2.3- phenyl}-5H- ™
bipyrazin-7-yl}- 2 pyrralof2.3- = N ou
1-423 | 2.2-dimethyl- 1429 | bipyrazin-7-yl]- N ) N and
propan-1-one 2,2-dimethyl- \\\
propan-1-one
OH
NH,
2,2-Dimethyl-1- HIN \ o 1-[2-(3-{[Ethyi- a
{2-[3-(4- (4-hydroxy-
methylsulfanyl- N7 R butyl)-aminoi- =
piperidin-1- | _N methyl}-phenyl}- | HN, 2 N
yimethyl)- SH-pyrrelo[2,3- | —

424 phenylj-5H- 1-430 blpvrazin-7-yi]- = N
pyrrolo[2,3- g 2,2—dim§:thyl-
blpyrazin-7-yi}- N propan-i-one
propan-1-one b
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(8)-1-153-{7-(2.2- o] I-£2-13-(1H- o
Dimethyl- Imidazol-2-¥1)-
propionyh)-5H- == phenyl]-5H- _—
pyrrolo[2,3- HN = pyrrotof2,3- ™
blpyrazin-2-yl}- i} o bipyrazin-7-yl}- NN N

1431 | beazyl)- N " 1437 | 2.2 dimethyl- | "\>
pyrrolidine-2- propan-1-one N Xy
carboxylic acid R
amide N 0
(R)-1-{317-(2.2- o {21303
Dimethyl- Benzyl- o
propionyl)-5H- pymrolidin-1-
pyrrolof2.3- i ylmethyl)- o
bipyrazin-2-vi]- {“ phenyl]-5H- = {3

1-432 | benzyl}- NVKCK\Q 1-438 | pymolo{23- N\V\Q/\N
pyrrolidine-2- Y blpyrazin-7-yi}- Q/\O
carboxylic acid /;_\___ 2.2-dimethyl-
amide N O propan-1-one
1-[2-[3-(4- A N-(1-{37-(2.2-

Hydroxymethy]- Dimethyl-

piperidin-1- — propionyl)-SH-

vimethyl}- HIN pyrreiof2,3- W

phenyl}-5H- = ;\? bipyrazin-2-yl}- AN o /

1-433 | pymrolo[2.3- N\\)\Q/\O_ 1439 | benzyl}- N\/EKQA o=dss
blpyrazin-7-yl}- pyrrolidin-3-yD)- ‘D/N\
2,2-dimethyl- N-methyl-
propan-1-one methanesulfonami

de
1-{2-3:3 N-(1-{3-]7-(2,2-
Hydroxymethyl- Q Dimethyi-
pyrrolidin-1- propionyl}-5SH-
yimethyl)- " = pyrrolo{2.3-
phenyl]-5H- 2N blpyrazin-2-yil- \

1.434 | pyrrolo[2,3- N oul | 1440 | benzyl)- N\\)\g =g
blpyrazin-7-yl}- D_/ pyrrolidin-3-yi)- !D,MH
2,2-dimethyl- methanesulfonami
propan-1-one de
1-{2-[3-(3- 47422 7
Amino-pyrrolidin- Dimethyl- N R
1-yimethyl)- propionyl}-SH- __
phenyi}-5H- HN" pyrrolo[2 3- \ /N
pyrrole{2,3- N blpyrazin-2-yij-2-

1-435 | bipyrazin-7-yl}- N%J\©/\ I-44: | pymolidin-1-yl-
2.2-dimethyl- D"NHE benzonitrile NG
propan-1-one

N
2-Dimethyl-1- 2,2-Dimethyi-1- o
{2-[3-(3- {2-[3-(3-methyl-
methylamine- pymroiidin-1-yI}- RN
pyrrelidin-1- phenyl}-5H- —
vimethyl)- pyrrolo|2,3- N N

1436 | phenyl]-5H- 1.442 | blpyrazin-7-yi}- \_ 4
pymolof2.3- I\D_N/ propan-1-one
bipyrazin-7-yl}- " NC(
propan-1-one
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1-{213(3- o 3.[742.2- e
Methoxymethyl- Dimethyi-
3-methyl- HQJS( prozionyl)-55- o
pyrrolidin-1-yD- — pyrrolof2.3- e
phenyl}-5H- N\ /N bipyrazin-2-yl]- r\i P D
1-443 | pymolo[2,3- 1449 | N-(2-
bipyrazin-7-yi}- a methanesulfonyi-
2.2-dimethyl- b“j/ ~ ethyl)-5- 0.
propan-1-one pyrrelidin-1-yl- /S\/’\N o
benzamide H
1-12-[(18 5R)-3- ) 3722~
(SIAAza-' v X Dimz_athy% _
bicyclof3.1.0lhex- propionyl)-5H-
3-yl)-phenyl}-5H- - pyrrolof2,3-
pyrrolof2,3- N N/ N blpyrazin-2-yl}-5-
1-444 blpyrazin-7-yl}- H 1450 pyrrolidin-1-yi-
2.2-dimethvl- = henzamide
propan-1-one \_b—NCD
H
2,2-Dimethyl-1- 0] 3-[7-(2,2- 3
[2-(3-pipenidin-i- X Dimethyl-
yl-phenyl)-5H- HN propionyl)-5E- =
pyrrolo[2,3- pyirolof2,3- HN Ry
blpyrazin-7-yli- 8 7N N bipyrazin-2-yl}- | O
I-445 propan-1-one — [-451 N-(2-hydroxy- AN N
ethyl)-5-
D pyrrolidin-1-yl-
N benzamide Ho\/\H o
2.2-Dimethyi-1- o 2.2-Dimethyl-1- 2
{2-(3-morpholin- X {2-[3-(4-methyl-
4-yl-phenyl}-SH- HN piperazine-1- wl
pyrroeio[2,3- carbonyl)-5- ey
blpyrazin-7-y1]- ;\g/ \N pyrrolidin-1-yi- N% / D
1-446 propan-1-one — 1452 phenyl}-5H-
pyrolof2.3-
/N bipyrazin-7-yl}-
N & propan-1-one (\ N0
/N\)
1-{2-{3- o 1-{2-[(3a8,6aR - O
{{18.5R.6R)-6- W 3-(Hexahydro- H!\Q/S/
Methanesulfonyl H cyclopentalclpyir
methyl-3-aza- - ob-2-y1)-phenyl}- —
bicyelo[3.1.00hex- | "y /N SH-pyrrolo(2.3- Ny N
1-447 3-yl)-phenylt]-SH- i 1-453 bipyrazin-7-yl}- H
pymrolof2,3- N/\:F._\ 2.2-dimethyl- $
blpyrazin-7-vl}- LS propan-1-one N
2,2-dimethyi- HooT%
propan-1-one H
317-(2.2- 3-(7-(2,2- Q
Dimethyl- Dimethyl-
propionyl)-SH- N - propionyl}-SH- =
pyrrole[2,3- Ry pyrrolo{2,3- HN A N
blpyrazin-2-yl]-5- M D blpvrazin-2-vl}-5- Nl D
1-448 | pymolidin-1-yl- 1454 | pyseolidin-1-yi- F
benzonitrile ‘ benzoic acié \/k@
!
N
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3-{7+2.2- Q 1-{2-[3- o
Dimethyl- ((1R,55.6R)-6- H[\Q/%
propiony!-5H- = Methoxymethyl-
pyrrolo{2,3- HN N & 3-aza- NN
bipyrazin-2-y1]-5- | bicyclof3.1.0thex- S
1-455 | (3,3-dimethyl- N N 1.461 | 3-y!)-pheny}-SH- H
pyrrolidin-1-y1)- pyrrolof2.3- 3 ;
benzamide blpyrazin-7-yi}- N(:_D"m AN
2,2-dimethyl- : ©
HNT 70 propan-1-one
2.2-Dimethyl-1- {2-13. o
{2-[3-{(18,5R}-1- S ((1R,558,6R)-6- XN
phenyl-3-aza- @ Hydroxymethyl- M
bicyclo]3.1.0)hex- - 7 3-zza- —
3-y])-phenyl]-5H- N ey H bicyelo[3.1.Glhex- A N
1456 | pymolof2,3- ! P Nf 9 1462 | 3-yl)-phenyl]-SH- #
blpyrazin-7-yl}- H pyrroio]2,3- <j>mm
propan-1-one \/L(j blpyrazin-7-yl}- N . \OH
(1-methyl- H
cyclopentyl)-
methanone
1-12-[3(3.3- 1-1213-(4-
Diethyl- Q Hydroxy- 7
pyrrolidin-1-y1)- piperidin-1-y1)- HNT TR
phenyl]-5H- = phenyi}-3H- e
pyrrolo[2,3- BN N pyrrolof2,3- Ny N
[-457 bipyrazin-7-yi}- l\% . i 1-463 bipyrazin-7-yi}-
2,2-dimethyl- 2,2-dimethyl-
propan-1-cne \/Hcr propai-1-one NC>—OH
2.2-Dimethyl-1- 3 1-{23-14- R
{2-{3-(4-methyl- Hydroxy-4-
piperazin-1 - wl methyl-piperidin- H%
yimethyl»-5- | =y 1-yl)-phenyl]-5H- =
pyrrofidin-1-yi- Nz D pyrrolof2,3- Ny N
1-458 phenyl]-5H- 1-464 bipyrazin-7-yii-
pyrralo]2,3- 2,2-dimethyl- oH
bipyrazin-7-yl}- propan-1-one r\<:><
propan-1-one !/\N
/N\)
1-{2-]3- 1-{2-[3-43-
((18,5R.0R}-6- 2 Hydroxymethyl- G
Hydroxymethyl- 3-methyl-
3-aza- pyrrolidin-1-y1)- I
bicyelo[3.1.0Jhex- Ny H phenyli-5H- RN ey
1-459 | 3-yD)-phenyl}-5H- AN 1465 | pyrrolo{2.3- | i o
pyrrolo|2.3- N GH blpyrazin-7-yl}- Z
blpyrazin-7-y1}- H 2,2-dimethyl-
2. 2-dimethyl- propan-1-one
propan-1-one
{213 N-(1-{3-17-(2.2-
({15,5R,6R)-6- a Dimethyl- o
Hydroxymethyl- = propionyl)-5H- jl\K
3-aza- BN pyrrolof2,3- RN
bicyelo[3.1.0%hex- Y blpyrazin-2-yi}- o N
1460 | 3-vD)-phenyl]-SH- | M= [-466 | phenyl}-3- v
pyrrole{2.3- N CH methyl-pyrrolidin- N N_<
blpyrazin-7-y1j- H 3-ylmethyls- LS
{1-methyl- acetamide
cyclohexyl)-
methanone




WO 2009/106441

PCT/EP2009/051755

N-(1-1317-(2.2-

Cyclepropanesulf

Dimethyl- o) onic acid 3-[7-
propionyl)-5H- e {2,2-dimethyl-
pyrrolof2,3- HA, propionyl)-5H-
blpyrazin-2-yl]- o ! pyrrolof2,3-
1-467 | phenyl}-3- X y 1-473 | blpyrazin-2-yl}-
methyl-pyrrolidin- N N—gn benzylamide
3-yimethyl)- B
methanesulfonami
de
{1-§3-{7-(2,2- N-§3-[7-(2.2-
Dimethyl- Dimethyl-
propionyl)-5H- propionyl)-5H-
pyrrolo{2,3- A pyrrelo]2.3- a
blpyrazin-2-yl}- T bipyrazin-2-yij- o
1468 | phenyl}-3- A dﬁ o 1474 | benzyi}- g s
methyl-pyrrolidin- N E-« benzenesulfonami ! e o
3-yimethyl}- °© de & i
carbamic acid
methyl ester
2,2-Dimethyl-1- 0 N-{4-[7-(2.2-
[2-{4-pyrrolidin- o [Yimethyl-
1-ylphenyl-5H- | propionyl)-5H-
pyrrolo{2.3- N pyrrolo{2,3- o o
in-7-vl]- No ‘ in-2-y}- Se
bipyrazin-7-yl] N blpyrazin-2-vl] < N
1-469 | propan-l-cne 1-475 | benzyl}-C- © T
phenyi- N
methanesulfonamsi "
1-{2-(3- o Cyclopropanesulf
Dimethvlamino- ’ onic acid 4-[7-
phenyl}-5H- o (2,2-dimethy!-
pyrroiof2,3- - propionyi)-SH- o
blpyrazin-7-yij- N pyrralof2,3- O\\S\/g
1-470 | 2,2-dimethyl- Nat 1476 | bipyrazin-2-yl}- % s
propan-1-one / benzylamide E o
N Mook
N-{3-[7-(2.2- @ Propane-1-
Dimethyi- N sulfonic acid 3-[7-
propionyh)-SH- HN (2,2-dimetnyl-
pyrrolof2,3- — propionyl)-SH- a
blpyrazin-2-yi]- N\ /N pyireio{2.3- N
7471 benzyi}- G 1-477 blpyrazin-2-ylj- l =Yy
methanesulfonami ﬁ__g_ benzylamide W oNH W
de I % )
O
Ne{3-[7-(2,2- 1-{2-{3-(2-tert-
Dimethyl- Butyl-pyrrolidin-
propionyl)-5H- o 1-yimethyl)-
pyrroio{2,3- " phenyl]-SH- o
blpyrazin-2-yl]- O\»S:N My { pynolﬂ{?,,f%n N
1472 benzyl}-C- o i A 1-478 b]pyrgzmﬁ 13- ; A
phenyl- NOH 2,2-dimethyl- N P
methanesulfonami propan-1-one "

de
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3-(2-{3- 12-{3-[(4.,5-
[(Cyclohexyl- Dihydro-1H-
methyl-amino}- imidazrol-2-
methyl}-phenyl}- ° vlamino)-methyl]- . K
S5H-pyrrolof2.3- N phenyl }-5H- N N
1.479 | blpyrazin-7-yl)- (QW TR 1485 | pymolo[2.3- C‘I V©\[: 3
2,2-dimethyl- N N A bipyrazin-7-yl)- WO
propan-1-one O/ 2.2-dimethyl-
propan-i-one
1-[2]3-(3- 112343 3-
Dimethylamino- o Dimethyl- o
pyrrolidin-1- pyrrolidin-1-
yimethyl)- N vimethyl}- Neg
phenyt]-5H- | RSN phenyl]-5H- } /L\
1-480 | pyrrolof2,3- N = 3486 pyvrrolof2,3- N N
blpyrazin-7-yi}- N H bipyrazin-7-yl}- R
2,2-dimethyi- 2.2-dimethyl-
propan-1-one /N - propan-1-one
2.2-Dimethy!-1- 3-(4-{3-{7-(2,2-
[2-3-((8)-2- Dimethyi-
methyl-pyrrolidin- o propionyl}-5H-
1-yimethyl}» pymolo[2.3- 4 |
phenyl]-5H- AN A bipyrazin-2-yl]- E j
1-481 pyrolef2,3- N i o 1-487 benzyl}- N
blpyrazin-7-yl}- '“"Q NN piperazin-1-yl3-3-
propan-1-one oXo-propionitrile Oﬁ
i
N
1-{23-(3- 2-(34.5- £
Methoxy- o Trimethoxy- HQK ’4/
pyrrolidin-1- phenyl)-5H- H e}
yvimethyl)- N pyrrole]2,3- - N
phenyl]-5H- ] TN blpyrazine-7- Ny AN
1482 | pyrroiof2,3- N NN I-48% | carboxylic acid
blpyrazin-7-yl}- (_Z : (2-methoxy-1-
2,2-dimethyl- — methyl-ethyl)- \_%/;}70\
propan-1-one amide
1-(2-{3- 2-Phenyl-1-[2- o
[{(Cyclopropylmet (3.4,5-tnmethoxy-
hyl-propyl- phenyl)-5H- HNT R
amino)-methyl]- pyrrelo[2.3- )Q/\H'/Q
phenyl}-5H- blpyrazin-7-vi}- N N
1-483 pyrrolof2,3- 1-489 propan-1-one N/
bipyrazin-T-yI)- /
2,2-dimethyl- o
propan-]-one
—0 o—
T-{2-[3-((R)-2- o 2-(3.4.5- o
Methoxymethyl- Trimethoxy- N X
pyrrolidin-1- = phenyl)-5H- or
yimethyl}- Hi pyrrole[2.3- TN,
phenyl]-SH- “N blpyrazine-7- N
1-484 pyrrolof2,3- Nay 1-490 | carboxylic acid
blpyrazin-7-vi}- p bo/
2. 2-dimethyl- /n-"
propan-1-one o f — e




WO 2009/106441 PCT/EP2009/051755
-69-
2-(3,4.5- o 1-§2{3-((18.28)- o
Trimethoxy- X , 2-Hydroxy-
phenyi)-5H- ﬁ/\E/\N o | cyclopeatylamino MR
pymrolo[2,3- RAEANY "( y-phenyl]-5H- S
b)pyrazine-7- — pyrrolof2,3- N\ /N

1491 carboxylic acid 1-497 bipyrazin-7-yl}-

(1-acetyl- < 2,2-dimethyl- .,
pyrrolidin-3- . \ propan-1-one § OH
vlmethyl)-amide © /O '
2-(3,4.5- o 1-2-13(2- 2
Trimethoxy- N N Methanesulfonyl- HW
phenyl)-5H- H © ethylamino)- =

pyrrolof2,3- N/ \r\s N‘{ methyl]-5- W
bipyrazine-7- £ N pyrrolidin-1-yl-

1-492 carboxylic acid 1498 phenyl}-5H- N(j
(1- o\ pyrrolof2,3- H
ethylcarbamoyi- blpyrazin-7-yl)- /
pyrrolidin-3- 0 /O 2.2-dimethyl- —dg
yvlmethyl)-amide propan-1-one 4
2-(3.4.5- {2 [3-(3.3- 0
Trimethoxy- TR N Dimeﬂ}yi- UNT X
Phenﬁl){’fg" — Hb azet;dllgl—;ﬁ}’l}-

PYITOIO} 4.5~ paenylj->H-
blpyrazine-7- N — N NH p_yrrolo@ﬁ- N/ \I\!

1-493 carboxylic acid 1-409 bipyrazin-7-y1}- —_—
{piperidin-4- o 2,2-dimethyl-
yimethyl)-amide \ propan-1-one N<><

—0 o}
/
2-(3.4,5- 0 1-{2-13-(3- o
Trimethoxy- N Aminomethyl-3-
N - HN v BRI i N
phenyl)-5H- M methyl-pyrrolidin-
pyrroic|2,3- N /| 1-y1)-phenyli-SH- —
bipyrazine-7- = \fo pyrrolo2.3- NN

1-494 carboxylic acid 1-500 bipyrazin-7-yl}- i
(1-acetyl- < 2,2-dimethyl-
piperidin-4- \ propan-1-one N

—d D
vimethyl-amide / NH,
[EERENCER i {2 ¢
Dimethyl- ) \\ (GoR 68)-22- | | A
pyrrolidin-1-y1)-5- i P ’)D}n?x;;hexa{z;))&dro»
{1-methyl- 2a6-thieno{3,4- -
piperidin-4- clpyrrol-5-yl)- S\

[-495 vioxy)-phenyl]- 1501 phenyl]-SH- ’
5H-pyrrolo{2,3- P N pyrroiof2,3- z
blpyrazin-7-y1}- < S Q< bipyrazin-7-yii- Nmsg,o
2,2-dimethyl- o 2.2-dimethyl- 7 \\O
propan-1-ong / propan-1-one H
2.2-Dimethyl-1- Q 2,2-Dimethyl-1- &
{2-[(3aR,6a8)-3- {2-13((3aR,0a8)-

{tetrahydro- TS 2-oxo-hexahydro- NS
thieno[3.4- — 23d-thienof3,4- N -
clpyrrol-5-yl)- wh clpyrrol-5-y1)- W

1-496 phenyl]-5H- H I-502 phenyl]-5H- "
pyrrolo[2.3- z pyrreiof2.3- g
blpyrazin-7-yl}- N\/:CS bipyrazin-7-yi}- N@Si_o
propan-1-one H propan-i-one H
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2-Oxa-2.3- 1-{2-03-(2- o
dihydro- Methoxy-2-
benzooxazole-6- meihyl- HM
sulfonic acid {6- propylamine)- ==
[7-(2.2-dimethyl- phenyl]-5H- N N/ N

1-503 propionyl)-5H- 1-509 pyrrolof2,3-
pymolo[2,3- blpyrazin-7-vi}- o
bipyrazin-2-yl}j- 2.2-dimethyl- :g }Mﬁ/\ﬁ
1H-indol-4-y1}- propan-l1-one
amide
2-Methyi-2- 2{3-(3.3- o
phenyl-1-[2- Dimethyl-

{3,4,5-trimethoxy- pyrrolidin-1 -y HNT N/é
pheayi)-5H- phenyli-5H- ’ R H
pymroio{2.3- N/ pyrralof2,3- N N
1-504 bpyrazin-7-y1}- 510 blpyrazine-7- —
propan-1-one / carboxylic acid
© fert-butylamide N
o, ©—
~
1-12-13-02- 3,3-Dimethyl-4- 2
Amine-1,1- oxo-4-{2-(3.4,5- N R
dimethyl- HNT TR trimethoxy- MN
ethylamino)- — phenyi}-5H- N N
phenyl]-3H- N w N pyrrolof2.3- N4

I-505 pymolof2,3- 1-511 bipyrazin-7-yi}-
blpyrazin-7-vl}- ></ ) butyronitrile Q
2.2-dimethyl- N NH, A

et H
propan-1-one 0\ O\
1H-Indazole-5- 1-{2-[3-(3- 0
sulfonic acid {6- TN Hydroxy-azetidin-
[7-(2.2-dimelhyl- = 1yl)-phenyl]-SE- | N7 X
propionyl-3H- N N pyrrolo[2,3- o
pyrrolo|2,3- blpyrazin-7-vl}- N N

1506 | bipyrazin-2-y1l- 1512 | 2.2-dimethyl- N4
1H-indol-4-yl}- 1o N propan-1-one
amide ;é" NH N<>—OH

AN = 6]
(4-[3-[7-(2.2- 5 1-{2-(3- Iy
Dimethyl- Methanesuifonyl R 7
propionyl}-SH- H%’ methoxy-5- ’\!‘ A
pyrrolof2,3- NGy pyrrolidin-1-yl- =N
blpyrazin-2-ylj- \_7 phenyl)-3H-

1-507 phenyl}- 1-513 pymrolef2,3-
piperazin-1-yl}- bNﬂN blpyrazin-7-yl}- N o
acetic acid p— _>~OH 2,2-dimethyl- o—_.:%—w—/ N

s propan-1-one o] O
4-Amino-3- N-A{6-[742.2- o)
chioro-N-{6-[7- AT Dimethyl- Ny
(2,2-dimethyl- B propienyl}-5H- e
propionyl)-5H- v N pyrrolol2,3- N
pyrole2,3- blpyrazin-2-yl]-

i-508 | blpyrazin-2-yij- ; cl 1-514 | 1H-indoi-4-y1}-3- o—
1 H-indol-4-y1}- E ;O methoxy- }Q\ .,?
benzenesulfonami :sj NH,, benzenesulfonami P
de w3 & de AN _Z 6
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2;[3-(3,3- 2,2-Dimethyl-1- o
D1methy1~ N {2-[3-(tetrahydro- | g™
pyrrohdm-;-yl}- pyranwflny}amino)w -
L U g
02,3 pyrrole][2,3-
1-515 b]pyrazn}e—'/-l I-521 blpyrazin-7-v1}-
grb())gl}c acid propan-1-one y
-methoxy- N ; f
propyl)-amide
o}
{(1-{3-72.2- PR 0 3-Amino-N-{6- O
Dlmgthyi- N [7-(2,2-dimethy}- HNT R
gr;f;?;;’f)l}’;’i}f- i N propionyl)-5H- o
yrrolo{2.3- pyrrolof2,3- N
blpyrazin-2-yl}- blpyrazin-2-yl]- \_y
1-516 pbenyl}—ﬂt,ﬁl— L.522 1H-indol-4-yl}- NH
dimethyl- N benzenesulfonami Ho i
pyrrolidin-3-yl}- % de F\é"
carbamic acid W o &
ethyl ester H 7
3-Methyl-3-[2- M } e} 2-f3-(3,3-
(3,4,5-trimethoxy- Dimethyl-
phenyl}-5H- Ni = o pyrrofidin-1-y1)- HNT
gf}mlo{;zﬂ—j =N phenyl]-5H- I,
pyrazine-7- pyrrole[2.3-
1-517 carbonyl]- 1-523 blpyrazine-7-
cyclopentanone carboxylic acid
~c o= {(S32-hydroxy- N
o 1,2-dimethyl-
-~ propylj-amide
S;Bﬁ;;— 1-{2-(3-Fluore- o
imethyl- henyl)-5H-
pyirolidin-1-yl)- HNT R /O gyf;:)}g[E,B - =
E};;Igg[‘fif- / \ blpyrazin-7-yi}- HN _
rolof 2.3 2.2-dimethyl- N
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The compounds of the present invention may be formulated in a wide variety of oral

administration dosage forms and carriers. Oral administration can be in the form of tablets,

coated tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or

suspensions, Compounds of the present invention are efficacious when administered by other

routes of administration including continuous (intravenous drip) topical parenteral,

intramuscular, intravenous, subcutaneous, transdermal (which may include a penetration

enhancement agent), buccal, nasal, inhalation and suppository administration, among other

routes of administration, The preferred manner of administration is generally oral using a

convenient daily dosing regimen which can be adjusted according to the degree of affliction and

the patient’s response to the active ingredient.

A compound or compounds of the present invention, as well as their pharmaceutically useable

salts, together with one or more conventional excipients, carriers, or diluents, may be placed into

the form of pharmaceutical compositions and unit dosages. The pharmaceutical compositions

and unit dosage forms may be comprised of conventional ingredients in conventional

proportions, with or without additional active compounds or principles, and the unit dosage

forms may contain any suitable effective amount of the active ingredient commensurate with the

intended daily dosage range to be employed. The pharmaceutical compositions may be

employed as solids, such as tablets or filled capsules, semisolids, powders, sustained release

formulations, or liquids such as solutions, suspensions, emulsions, elixirs, or filied capsules for

oral use; or in the form of suppositories for rectal or vaginal administration; or in the form of
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sterile injectable solutions for parenteral use. A typical preparation will contain from about 5%
to about 95% active compound or compounds {(w/w). The term "preparation” or "dosage form”
is intended to include both solid and liquid formulations of the active compound and one skilled
in the art will appreciate that an active ingredient can exist in different preparations depending on

the target organ or tissue and on the desired dose and pharmacokinetic parameters,

The term “excipient” as used herein refers to a compound that is useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and inchudes excipients that are acceptable for veterinary use as well as human
pharmaceutical use. The compounds of this invention can be administered alone but will
generally be administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

“Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic, and neither biologically nor otherwise undesirabie

and includes that which is acceptable for veterinary as well as human pharmaceutical use.

A "pharmaceutically acceptabie salt” form of an active ingredient may also initially confer a
desirable pharmacokinetic property on the active ingredient which were absent in the non-salt
form, and may even positively affect the pharmacoedynamics of the active ingredient with respect
to its therapeutic activity in the body. The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoylbenzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.21-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl suifuric acid,

gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,



10

15

20

25

30

WO 2009/106441 PCT/EP2009/051755
76-

and the like; or (2) salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkalt metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,

tromethamine, N-methylgiucamine, and the like.

Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as
diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is a
finely divided solid which 1s a mixture with the finely divided active component. In tablets, the
active component generally is mixed with the carrier having the necessary binding capacity in
suitable proportions and compacted in the shape and size desired. Suitable carriers include but
are not limited to magnesium carbonate, magnesium stearate, talc, sugar, Jactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethyiceliulose, a low melting wax,
cocoa butter, and the like. Solid form preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, for example, in aqueous propylene glycol solutions or
may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
solutions can be prepared by dissolving the active component in water and adding suitable
colorants, flavors, stabilizing, and thickening agents. Aqueous suspensions can be prepared by
dispersing the finely divided active component in water with viscous material, such as natural or
Synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and other well known

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e.g.,
by injection, for example bolus injection or continuous infusion) and may be presented in unit
dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers
with an added preservative. The composttions may take sach forms as suspensions, solutions, or

emulsions in oily or aqueous vehicles, for example solutions in aqueous polvethylene glycol.



10

i5

20

25

30

WO 2009/106441 PCT/EP2009/051755

77

Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive oil}, and injectable organic esters (e.g., ethyl
oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or
suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in
powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution for

constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free water.

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams
may, for example, be formulated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an aqueous or oily base and
will in general also containing one or more emulsifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

The compounds of the present invention may be formulated for administration as suppositories,
A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and
the active component is dispersed homogeneously, for example, by stirring. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool, and to

solidify,

The compounds of the present invention may be formulated for vaginal administration,
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

The compounds of the present invention may be formulated for nasal administration. The
solutions or suspensions are applied directly to the nasal cavity by conventional means, for
example, with a dropper, pipette or spray. The formulations may be provided in a single or
multidose form. In the latter case of a dropper or pipette, this may be achieved by the patient
administering an appropriate, predetermined volume of the solution or suspension. In the case of

a spray, this may be achieved for example by means of a metering atomizing spray pump.
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The compounds of the present invention may be formulated for aerosol administration,
particularly to the respiratory tract and including intranasal administration. The compound will
generally have a small particle size for example of the order of five (5) microns or less. Sucha
particle size may be obtained by means known in the art, for example by micronization. The
active ingredient is provided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may conveniently
also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered
valve. Alternatively the active ingredients may be provided in a form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose, starch, starch
derivatives such as hydroxypropylmethyl celiulose and polyvinylpyrrolidine (PVP). The powder
carrier will form a gel in the nasal cavity. The powder composition may be presented in unit
dose form for example in capsules or cartridges of e.g., gelatin or blister packs from which the

powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controlied release admintstration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutaneous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen is crucial. Compounds in transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of
interest can also be combined with a penetration enhancer, e.g., Azone (1-dodecylaza-
cycloheptan-2-one). Sustained release delivery systems are inserted subcutaneously into to the
subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

lipid soluble membrane, e.g., silicone rubber, or a biodegradable polymer, e.g., polyactic acid.

Suitable formulations along with pharmaceutical carriers, diluents and expcipients are described
in Remington: The Science and Practice of Pharmacy 1995, edited by E. W, Martin, Mack
Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may
modify the formulations within the teachings of the specification to provide numerous
formulations for a particular route of administration without rendering the compositions of the

present invention unstable or compromising their therapeutic activity.



10

15

20

25

30

WG 2009/106441 PCT/EP2009/051735

-79-

The modification of the present compounds to render them more soluble in water or other
vehicle, for example, may be easily accomplished by minor modifications (sait formulation,
esterification, etc.), which are well within the ordinary skill in the art. It is also well within the
ordinary skill of the art to modify the route of administration and dosage regimen of a particular
compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical practitioner involved.
For oral administration, a daily dosage of between about 0.01 and about 1000 mg/kg body
weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred
daily dosage is between about (.1 and about 500 mg/ke body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
day. The daily dosage can be administered as a singie dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage s increased by small
increments until the optimum effect for the individual patient is reached. One of ordinary skill in
treating diseases described herein will be able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures of this application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given disease

and patient.

The pharmaceutical preparations are preferabiy in unit dosage forms. In such form, the
preparation is subdivided into unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged preparation, the package containing
discrete quantities of preparation, such as packeted tablets, capsules, and powders in vials or
ampoules, Also, the unit dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can

be the appropriate number of any of these in packaged form.
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The following examples illustrate the preparation and biological evaluation of compounds within
the scope of the invention. These examples and preparations which follow are provided to
enable those skilled in the art to more clearly understand and to practice the present invention.
They should not be considered as limiting the scope of the invention, but merely as being

iflustrative and representative thereof.

EXAMPLES
Example 1.
HN Br
N::/ \;-N —_—

2-Bromo-6-methyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid ethyl ester

To a flask charged with 20 mL. of anhydrous N-meythlpyrrolidine at 0 °C was added 60 % NaH
(840 mg, 21 mmol). After stirring 15 min, ethyl acetoacetate (2.73 g, 10.8 mmol) was added
slowly. After stirring an additional 20 min 3,5-Dibromo-pyrazin-2-ylamine (5.04 g, 20 mmol).
The reaction vessel was then removed from the ice bath and heated to 140 °C for 3 days. The
dark mixture was cooled to rt and diluted with diethyl ether and water, The mixture was filtered
and then partitioned. The organic layer was washed with water and then brine, dried over
Na,SQ,, filtered, and concentrated to afford a dark red oil. This was purified by silica gel
chromatography (4:1 Hexanes: EtOAc) to afford 290 mg of 2-Bromo-6-methyl-5H-pyrrolo{2,3-

blpyrazine-7-carboxylic acid ethyl ester.

Example 2.
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6-Methyl-2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-bjpyrazine-7-carboxylic acid ethyl ester
To a flask charged with 2-Bromo-6-methyl-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid ethyl
ester (360 mg, 1.26 mmol), 3,4,5-trimethoxyphenylboronic acid (320 mg, 1.51 mMol),
Pd(dppf)Cla (31 mg, 0.038 mmol) was added K2COj3 (520 mg, 3.75 mmol). The mixture was
heated to 100 °C overnight. The reaction mixture was cooled, diluted with EtGAc and filted over
celite, The solution was washed with water and brine, dried over Na,SQO;, filtered, and
concentrated. Flash chromatography afforded 103 mg of 6-Methyl-2-(3.4,5-trimethoxy-phenyl)-
SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid ethyl ester.

Example 3.

6-Methyl-2-(3.,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-

bjpyrazine-7-carboxylic acid ethyl ester

To a solution of 6-Methyl-2-(3.4.5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic
acid ethyl ester (108 mg) in 3 ml of DMF was added 60% NaH. After stirring 15 minutes, (2-
Chloromethoxy-ethyl)-trimethyl-silane (108 mg) was added and the mixture stirred at rt for 14 h.
The mixture was partitioned between water and diethylether. The organic phase was
concentrated and purified by flash chromatography (9:1 Hexanes: Ethyl acetate). Obtain 110 mg
of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-{2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-

b]pyrazine-7-carboxylic acid ethyl ester.

Example 4.

S Qpmen —0 o—
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6-Methyl-2-(3.4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl }-5H-pyrrolo[2,3-

blpyrazine-7-carboxylic acid

To a solution of 6-Methyl-2-(3,4,5-tiimethoxy-phenyl)-3-(2-trimethylsilanyl-ethoxymethyl}-SH-
pyrrolo[2,3-b]pyrazine-7-carboxylic acid ethyl ester (110 mg, 0.22 mmol) in 1.0 mL of THF was
added a 500 uL of 5.0 M aqueous NaOH. Heated to 60 °C for 3 days. Dilutied with THF, made
acidic with 1.0 M HCI and partitioned into methylene chloride. Dried the organic phase over
Na,SOy, filtered, and concentrated. Collect 107 mg of 6-Methyl-2-(3.4.5-trimethoxy-phenyl)-5-
(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid sufficiently pure

for the next step.

Example 5.

6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethox ymethyl}- SH-pyrrolo[2,3-

blpyrazine-7-carboxylic acid tert-butylamide

To a solution of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-3-(2-trimethylsilanvl-ethox ymethyl)-5H-
pyrrolo[2,3-bipyrazine-7-carboxylic acid (95 mg) in 1.5 mL of DMF was added PyBOP (12§
mg) followed by fers-Butyl amine {70 mg). After stirring for 2 h, the mixture was partitioned
between water and diethylether. The organic phase was washed with brine, dried over Na,SO.,
filtered, and concentrated. Flash chromatography ( 4:1 Hexanes:ethylacetate) afforded 70 mg of
6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsiianyl-ethox ymethyl)-5SH-pyrroio[2,3-

blpyrazine-7-carboxylic acid tert-butylamide.

Example 6.
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6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-bipyrazine-7-carboxylic acid tert-
butylamide

To a solution of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyi-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazine-7-carboxylic acid tert-butylamide (64 mg) in 0.5 mL of THF was added
400uL of 1.0 M TBAF in THF. Heated the mixture to 60 °C for 14 h. Diluted with diethy! ether
and water and partitioned. The organic phase was washed with brine, dried over Na;SO,,
filtered, and concentrated. Flash purification {(95:5 methylene chloride: Methanol) afforded 12
mg of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-bjpyrazine-7-carboxylic acid tert-

utylamide as a yellow solid.

Example 7.

€

Br
Cl

&

1-(3-Bromo-phenyl)-pyrrolidin-2-one

To a flask charged with Cs,CO; (4.74 g), Copper(I)bromide (99 mg}, and ethyl-2-
cyciohexanone-carboxylate {248 mg) was added 3 mL of DMSO under an argon atmosphere. 1-
bromo-3-iodobenzen (2.0 g) was added followed by a solution of 2-pyrrolidinone (715 mg) in 3
mL of DMSOQ. The reaction mixture was stirred at rt for 16 h and then heated to 90 °C for 24h.
The mixture was filtered over celite, concentrated and purified by flash chromatography (65:35
hexanes: ethyl acetate) to afford 983 mg of 1-(3-Bromo-phenyl)-pyrrolidin-2-one as a brown
solid,

Example 8.
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Br o\,.o
0

— [

N _

1-[3-(4,4.5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl}-phenyll-pyrrolidin-2-one

O

To a flask charged with 1-(3-Bromo-phenyl}-pyrrolidin-2-one (713 mg}, bis(pinacolato)diboron
(1.51 ¢), [1,1"-bis(diphenylphosphino)ferrocene]dichloropalladiam(ll) compiex (121 mg) and
potassium acetate (874 mg) was added 10 mL of DMSQ and the resulting mixture stirred at 90
°C for 16 h. The reaction mixture was cooled and filtered over celite. The mixture was then
partitioned between water and dichloromethane and the organic phase was dried over Na;SOs,
filtered and concentrated. Purification by silica gel chromatography (0-100% ethyl acetate in
hexanes) afforded a 286 mg of 1-[3-(4.4,5,5-Tetramethyl-[1,3,2]}dioxaborolan-2-yl)-phenyl]-
pyrrolidin-2-one. Subsequent steps involved the standard Suzuki coupling, iodination, and

aminocarbonylation.

3,3-Dimethyl-1-[3-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine was
prepared following general procedures described in these Examples.

Example 9.

A flask was charged with aryliodide (1.0 equiv), paliadium acetate 0.1 equiv, potassium
carbonate (2.0 equiv) and 4,5-bis(diphenylphosphine)-9,9-dimethyixanthene (0.1 equiv) and
toluene added (concentration = 0.2 M). The mixture was heated to 70 °C and then carbon
monoxide was bubbled slowly through the mixture for 2-3 minutes. Then the amine (4.0 equiv)
was added slowly iﬁ a dropwise manner, maintaining an atmosphere of carbon monoxide. After
2 h at 70 °C, the mixture was filtered over celite, and concentrated. Chromatography {methylene

chloride: MeQH) affords the desired amides.
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2-(3-Chloro-5-fluoro-phenyl)-SH-pyrrolo[2,3-blpyrazine-7-carbox ylic acid isopropylamide was
prepared according to the by replacing aryl iodide with 2-(3-chloro-5-fluoro-phenyl)-7-iode-5H-
pyrrolo{2.3-blpyrazine and amine with isopropyl amine: foam; MS m/z 333 M,

Example 10

A solution of 2-Chloro-5H-pyrrolo[2,3-blpyrazine (0.62 g, 4 mmol) in 20 mL
dimethylformamide at O °C under argon atmosphere was treated with potassium hydroxide (0.47
g, 8.4 mmol, crushed} and icdine was added in portions (1.03 g, 4 mmol). The mixture was
warmed to ambient temperature and stirred at that temperature for 10 m. The mixture was then
diluted with ethyl acetate and washed with saturated aqueous sodium bisulfite. The aqueous
layer was washed with ethyl acetate four times, then the combined organic layers were dried

over magnesium sulfate, filtered, and concentrated to carry on to the next example.

Example 11,

H

ot

HN < N
i Sy e \7/& ! [y
N\)\ /l\ N\\/L
# & 7 Cl

2-Chloro-7-iodo-5-triisopropylsilanyl-SH-pyrrolo[2,3-b]pyrazine

A solution of the 2-Chloro-7-iodo-5H-pyrrolo{2,3-bjpyrazine from the previous step in 30 ml of
tetrahydrofuran stirring at O °C under argon atmosphere was treated with lithium
hexamethyldisilylazide (6 mL, 1 M in hexanes, 6 mmol), followed by triisopropyisilyl chloride
(1.1 mL., 5.2 mmol)., After 30 m at 0 °C, the solution was warmed to ambient femperature and
diluted with 20% ethyl acetate in hexanes, then washed twice with water and once with brine.
After drying the organic layer over magnesium sulfate, filtration was followed by solvent
removal and flash chromatography of the resultant residue using 2.5% ethyl acetate in hexanes,
to furnish 2-Chloro-7-iodo-5-triisopropylsilanyl-5H-pyrrolo{2.3-blpyrazine (1.68 g, 95% over

two steps).

Example 12.
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1-(2-Chloro-5-triisopropylsilanyl-SH-pyrroio[2,3-b]lpyrazin-7-y1)-2,2-dimethyl-propan- 1 -0l
2-Chloro-7-iodo-3-triisopropylsilanyl-SH-pyrrolof2,3-b]pyrazine (0.56 g, 1.28 mmol) was
dissolved in 10 mL of dry tetrahydrofuran and stirred under argon with cooling to -78 °C. A
solution of isopropylmagnesium chloride with lithiom chioride (3 ml., 1M, 3 mmol) was added
via syringe. After 10 m, neat pivaldehyde (0.325 mL, 3 mmol, distilled) was added all at once.
After T h at -78 °C, the reaction was quenched by the addition of saturated aqueous ammonium
chloride, then diluted with ethyl acetate and allowed to warm to ambient temperature. The
organic layer was then washed successively with saturated aqueous sodium bicarbonate and
brine. After drying over magnesium sulfate, the solution was filtered and solvent removed, and

carried directly into the next step.

Example 13.

1-(2-Chloro-3H-pyrrolof2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one

The residue from the previous example was dissolved in 30 ml. methylene chloride and treated
with the Dess-Martin periodinane (0.76 g). After 10 m, the reaction was diluted with ethyl
acetate and washed successively with saturated aqueous sodium bisulfite, saturated aqueous
sodium bicarbonate and brine. After drying over magnestum sulfate, filtration, and solvent
removal, the residue was taken up in 30 mL of tetrahydrofuran and treated with 10 drops each of
1 M sodtum hydroxide and saturated aqueous sodium bicarbonate. The mixture was stirred for 2
h, then diluted with ethyl acetate and washed two times with saturated aqueous sodium
bicarbonate and once with brine. The organic layer was dried over magnesium sulfate, filtered,

and concentrated under reduced pressure. Flash chromatography using 20% ethyl acetate in



10

15

20

WO 2009/106441 PCT/EP2009/051755

87-

hexanes then fumished the desired 1-(2-Chloro-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-
propan-1-one (0.18 g, 59% for the sequence). The material was a solid, m.p. 209-210 °C.

Example 14.

Ch

1-[2-(3-Dimethylamino-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

Into a microwave vial containing a stir bar was placed 3-pivaloyl-5-chloropyrrolopyrazine (69
mg), 3-dimethylaminophenylboronic acid (73 mg), potassium carbonate (164 mg) and 1,1'-
Bis(diphenyiphosphino)ferrocene]paliadium(ll} dichlorde dichloromethane complex (1:1) (20
mg}). To the solids were then added dioxane (4 mL) and water (I mlL.). Argon was briefly
bubbled through the stirred sclution and the microwave vial was securely capped. The entire
contents were then heated in the microwave at 150 °C for 40 m. Upon completion, the reaction
was diluted with ethyl acetate and washed with saturated sodium bicarbonate and brine. After
drying and solvent removal, the residue was chromatographed using a gradient from 10% ethyl
acetate in hexanes to 30% ethyl acetate in hexanes. After recrystallization of the product
containing fractions using hot dichloromethane and hexanes 36 mg of the product was obtained

(m.p. 223.2-228.4 °C).

Example 15.

g
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo{2,3-b}pyrazine-7-carboxylic acid (3-hydroxy-2,2-
dimethyl-propyl}-amide

A mixture of 7-iodo-2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazine (100 mg, (.24
mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (Xantphos) (14 mg, 0.02 mmol),
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Pd(OAc), (5.5 mg, 0.02 mmol), and K,COj3 (88 mg, 0.64 mmol) in DMF (1 mL;} was heated to
60 °C as CO was bubbled through the reaction mixture. In a separate reaction flask, a mixture of
7-iodo-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine (100 mg, (.24 mmol) and
Pd(OQAc), (5.5 mg, 0.02 mmol) in DMF (1 mL) was heated to 60 °C as CO was bubbled through
the reaction mixture. For each reaction flask, a solution of 3-amine-2,2-dimethyl-propan-1-ol
{50 mg, 0.49 mmol) in DMF (1 mL) was added slowly to the resultant solution which was then
stirred under a CO atmosphere at 60 °C for 2 h. For each reaction flask, an additional sohtion of
3-amino-2,2-dimethyl-propan-1-ol (75 mg, 0.74 mmol} in DMF (0.5 mL) was added to the
reaction mixture which was then stirred under a CQO atmosphere at 60 °C for 1.5 h, 75 °C for 3 h,
and room temperature for 3 d. Both reaction mixtures were combined and partitioned between
saturated NH4Cl1 and CH,Cl,. The aqueous layer was extracted with CH»Cl» and the combined
organic phases were washed with water, dried (Na;SO4) and concentrated to give 400 mg of a
brown oil. The crude product was purified by flash chromatography using a 0-10% of MeOH,
basified with 3% of concentrated agueous NH4OH, in CH,Cl, as eluant to afford 160 mg of
crude product which was further purified by preparative thin layer chromatography using
85:14.25:0.75 CH,Cl::MeOH:concentrated aqueous NH4OH as eluant to provide 30 mg of an
oily solid. Treatment of this residue with MeOH and CH,Cl» and coliection of the resultant
solids which were then washed with Et;O gave 26 mg {13%) of 2-(3,4,5-trimethoxy-phenyl)-5H-
pyrrolof2,3-bipyrazine-7-carboxylic acid (3-hydroxy-2,2-dimethyl-propyl}-amide as a pale
yellow solid, MP 224-225 °C, M+H 415.

Example 16,

Henny

=
oy ==
2 steps / J
o a /
s msns .

2-(3,4-Dimethoxy-phenyl)-7-todo-5H-pyrrolo[2,3-bipyrazine was prepared starting from 2-
bromo-5H-pyrrolo[2,3-b]pyrazine and 3,4-dimethoxyphenylboronic acid. To a 0 °C solution of
2-(3,4-dimethoxy-phenyl}-7-iodo-5SH-pyrrolof2,3-blpyrazine (821 mg, 2.1 mmol} in THF (20
mL.) was added NaH (55% dispersion in mineral oil, 168 mg, 3.85 mmol} portionwise and the
resultant mixture was stirred for 15 min, treated with TsCI (736 mg, 3.85 mmol), stirred

overnight at room temperature, and poured into water and EtOAc. A yellow solid precipitated
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and the heterogeneous biphasic mixfure was filtered to afford 680 mg (39%) of 2-(3,4-

dimethoxy-phenyl)-7-iodo-5-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-b]pyrazine as a yellow solid.

o o=

2-(3,4-Dimethoxy-phenyl)-5-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonitrile

A mixture of 2-(3,4-dimethoxy-phenyl)-7-iodo-5-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-
blpyrazine (380 mg, 0.71 mmol), CuCN (256, 2.8 mmol),
bis{dibenzylideneacetone)paltadium(() [Pd,(dba)s] (26 mg, (.03 mmol), and 1.1"-
bis(diphenylphosphino)ferrocene (63 mg, 0.11 mmol) in dioxane (7 mL) was stirred at 90 °C
overnight. Additional CuCN (50, 0.56 mmol}, Pdx{dba}; (6 mg, 0.01 mmol), and 1,1"-
bis{diphenylphosphino)ferrocene (15 mg, 0.03 mmol} was added to the reaction mixture which
was then stirred at 90 °C for 4 h and partitioned between water and EtOAc. The aqueous layer
was extracted with EtOAc and the combined organic phases were concentrated. The residue was
purified by flash chromatography using 40 g of silica gel and G-70% EtOAc in hexanes as eluant
to afford 60 mg (20%) of 2-(3,4-dimethoxy-phenyl)-5-(toluene-4-sulfonyl}-SH-pyrrolo[2,3-
blpyrazine-7-carbonitrile as a white solid and 50 mg (16%) as a yellow solid. MP 233-234 °C,
M-+H 435.

Example 17.

2-(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b}pyrazine-7-carbonitrile

A solution of 2-(3,4-dimethoxy-phenyl}-3-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-b]pyrazine-7-
carbonitrile (90 mg, 0.2 mmol) and 3 M NaOH (0.2 mL, 0.6 mmol) in MeOH (2 ml.) was stirred
at 50 °C for 30 min, allowed to cool to room temperatare, and partitioned between 1 N HCl and
EtOAc. The aqueous layer was extracted with EtOAc and the combined organic phases were

dried (Na,SO,) and concentrated to give 90 mg of a pale yellow solid. The crude product was
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purified by flash chromatography using 4 g of silica gel and a gradient of MeOH, basified with
5% of concentrated aqueous NH4OH, in CH,Cl,; as eluant to afford 40 mg of a tan solid which
was washed with MeOH followed by a mixture of CH>Cl, and Et,0 to provide 2-(3.4-
dimethoxy-phenvl)-SH-pyrrolo{2.3-blpyrazine-7-carbonitrile as a light tan solid. MP 284-285
°C, M+H 281.

Example 18.

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid amide

A 0.2 M solution of NaOMe was prepared from Na (80 mg) in MeOH (18 ml.). A mixture of 2-
(3,4-dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonitrile (40 mg, 0.14 mmol), NaOMe
(0.2 M in MeOH, 0.5 mL, 0.1 mmol), and 3 M NaOH (0.3 mL, 1 mmoeol} was microwaved at 150
°C for 30 min, treated with NaOH (90 mg, 2.3 mmol, microwaved at 150 °C for an additional 45
min, and partitioned between saturated NH,Cl and EtOAc. The aqueous fayer was extracted
with EtOAc and the combined organic phases were dried (Na>SO,) and concentrated to give 36
mg of a pale vellow soiid. The crude product was washed with CH2Cl; and Et>0O to afford 25 mg
(60%) 2-(3,4-dimethoxy-phenyl}-SH-pyrrolof{2,3-blpyrazine-7-carboxylic acid amide as a pale
yellow solid. MP 290-292.4 °C, M+H 299.

Example 19.

2-(3,4,5-Trimethoxy-phenyl}-SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid

To a -78 °C solution of 7-iodo-3-tritsopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
blpyrazine (1.28 g, 2.25 mmol) in THF (5.6 mL) was dropwise added iPrvigCI-LiCl (1 M in
THF, 5.6 mL, 5.6 mmol). The solution was stirred for 10 min and CO- was bubbled into the
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solution for 3 min. The solution was allowed to slowly warm to ~10 °C over 4 h and treated with
10% aqueous citric acid, resulting in the precipitation of solids and gelatinous material. The
heterogeneous mixture was partitioned between saturated 10% aqueous citric acid and EtOAc.
The aqueous layer was extracted with EtOAc. Most of the gelatinous material dissipated during
the extractions but much of the solids were still present in the combined organic phases.
Filtration of the combined organic phases provided 750 mg (105%) of 2-(3.,4,5-trimethoxy-
phenyl)-SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid as a yellow powder. MP 237.8-238.4 °C,
M+H 330.

2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl]-5-H-pyrrolo[2,3-blpyrazine-7-carboxylic acid was
prepared following general procedures described in these Examples,

Example 20.

2-(3.4,5-Trimethox y-phenyl)-SH-pyrrolo[ 2,3-blpyrazine-7-carboxylic acid 1sobutyl-amide

A mixture of 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (70 mg,
0.2 mmol), isobutylamine (44 pL, 0.42 mmol), 1-hydroxybenzotriazole hydrate (56 mg, 0.41
mmol), and N-{3-dimethylaminopropyl}-N'-ethylcarbodiimide hydrochloride (84 mg, 0.44
mmol) in DMF and CH,Cl; was stirred at 70 °C overnight and partitioned between saturated
NH4Ci and CH,Cl;. The aqueous layer was extracted with CH,Cl, and the combined organic
phases were washed with water, dried (Na,SQOy), and concentrated. The residue was purified by
preparative thin layer chromatography using 90:9.5:0.5 CHzCl:MeOH:concentrated aqueous
NH4OH as eluant to afford 42 mg (50%) of 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
blpyrazine-7-carboxylic acid isobutyl-amide as a pale yellow powder, M+H 403.

2-{3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl]-5-H-pyrroio[2,3-b]pyrazine-7-carboxylic acid (3-
hydroxy-2,2-dimethyl-propyl}-amide, (M+H)" = 422, was prepared following general procedures
described in these Examples, with the addition of 2 equivalents of triethyl amine.

Other Compounds Prepared Using this General Procedure (prepared starting from 2-(3,4,5-

trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid and the appropriate amine}:
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2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo]2,3-blpyrazine-7-carboxylic acid (2,3-dihydroxy-
propyl}-amide;

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b}pyrazine-7-carboxylic acid {tetrahydro-furan-3-
yl}-amide;

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methoxy-ethyi}-

arnide;

2-(3,4,5-Trimethoxy-phenvl)-5H-pyrrolo[2,3-bjpyrazine-7-carboxylic acid (2,2-dimethyl-
propyl)-amide;

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-methoxy-propyl)-

amide
Example 21.

Other Compounds Prepared Using this General Procedure (prepared starting from 2-(3,4,5-
trimethox y-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid and the appropriate amine

following general procedures as described in these Examples, but with triethylamine added):

2-(3.4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1,1-dioxo-
tetrahydro- 1A6-thiophen-3-yl}-amide;

2-(3,4,5-Trimethoxy-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methanesulfonyl-
ethyl)-amide;

2-(3,4,5-Trimethoxy-phenyl}-5H-pyrrolo[2,3-blpyrazine-7-carbox ylic acid (2-sulfamoyl-ethyl)-

amide;

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methoxy-2-
methyl-propyl-amide.

Example 22.

2-(3.4,5-Trimethoxy-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-hydroxy-propyl)-
amide was prepared starting from 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-
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carboxylic acid and 1-amino-propan-2-ol following the general procedures described in these

Examples but with DMF as solvent. MP 201.9-202.6 °C, M+H 3§87.

Example 23.

2-(3,4,5-Trimethoxy-phenyl)-3H-pyrrolo[ 2,3-blpyrazine-7-carboxylic acid (tetrahydro-pyran-3-
vl)-amide was prepared starting from 2-(3,4.5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-
carboxylic acid and tetrahydro-pyran-3-ylamine hydrochlonide following the general procedures
described in these Examples but with triethylamine and DMAP added. MP 191-192 °C, M+H
413.

Example 24.

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methoxy-propyl}-
amide was prepared starting from 2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo{2,3-blpyrazine-7-
carboxylic acid and 2-methoxy-propylamine hydrochloride following the general procedures
described in these Examples but with 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
methiodide instead of N-(3-dimethylaminopropyl}-N’-ethylcarbodiimide hydrochloride and with
triethylamine. MP 199-200 °C, M+H 401.

Example 23,

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-methyl-pyrrolidin-3-
yl}-amide

To a mixture of 2-(3,4-dimethoxv-phenyl)-SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid
pyrrolidin-3-ylamide hydrochloride (12 mg, 0.03mmol) in MeOH (0.5 mL) was added
NaBH;CN (15 mg, 0.23 mmol). A solution of HOAc (1 drop) in MeOH (1 mL) was prepared
and 2 drops of this solution was added to the reaction mixture so that the pH ~4. Aqueous CH,O
(37%, 25 uL, 0.34 mmol) was added to the reaction mixture which was then stirred at room
temperature for 2 h, partitioned between saturated Na,CO3 and CHCla. The aqueous layer was
extracted with CH>Cl, and the combined organic phases were dried (Nap;SO4) and concentrated

to give a pale yellow solid. The crude product was washed with Et,O to afford 11 mg (100%) of
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2-(3,4-dimethoxy-phenyl)-5H-pyiroio[ 2,3-b]pyrazine-7-carboxylic acid (1-methyl-pyrrolidin-3-
yh-amide as a yellow powder. MP 193-194 °C, M+H 382,

Example 26.

2-(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-acetyl-pyrrolidin-3-
yhl-amide

To a mixture of 2-(3.4-dimethoxy-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid
pyrrolidin-3-ylamide hydrochloride (8 mg, 0.02mmol) in DMF (0.1 mL) and CH>Cl; (0.1 mL)
was sequentially added triethylamine (3.2 pi., 0.02 mmol} and acetic anhydride (1.5 ul., 0.02
mmol), The reaction mixture was stirred, treated with additional triethylamine (10 pL, 0.07
mmol) and acetic anhydride (1.5 ul., 0.02 mmol), and partitioned between saturated NH4Cl and
CH,Cl,. The aqueous layer was extracted with CH,Cl; and the combined organic phases were
washed with saturated NaHCOs, dried (Na»SQOy), and concentrated. The residue was treated with
a 1:1 solution of MeOH: saturated Na,CO; overnight. The reaction was partitioned between
saturated NH4Cl and CH>Cl:. The aqueous layer was extracted with CHCl, and the combined
organic phases were washed with saturated NaHCO;, dried (Na;SG4), and concentrated to give 8
mg of an oil which precipitates upon treatment with MeOH. The solids were collected and
washed with CH,Cl, and Et,O to afford 6 mg (75%) of 2-(3,4-dimethoxy-phenyl)-5H-
pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-acetyl-pyrrolidin-3-yl)-amide as a cream colored

solid. MP 211-212 °C, M+H 410,

Example 27.
(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-acetyl-piperidin-4-yl)-
amide was prepared starting from 2-(3,4-dimethoxy-phenyl)-5H-pyrrolo{2,3-b]pyrazine-7-

carboxylic acid piperidin-4-ylamide using a procedure similar to previous Example. M+H 424,

Example 28.
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Scheme 1a.

Step 1.

Step 2.

lﬁfc |
g

D Oy

2-[3-(3-Methoxy-pyrrolidin-1-y1)-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid tert-
butylamide and 2-[3-(3-Methoxy-pyrrolidin-1-yl)-phenyl}-5SH-pyrrolo[2,3-blpyrazine-7-
carboxvlic acid ((S)-2-methoxy-1-methyl-ethyl)-amide

Step 1. Potassium fluoride on Alumina (40%, 25.5 g, Sigma-Aldrich Co.), Pda{dba); (297 mg,
(.3 mmot), and rac-BINAP (405 mg, 0.65 mmol) were combined and treated according to
SynLert 2005, 1275-1278. While the mixture was still warm, it was treated with rac-2-
methyloxymethyipyrrolidine (1.86 g, 16.2 mmol) and 1,3-dibromobenzene (4.0 mL, 32.2 mmol)
and the resulted mixture was heated to 85 Celsius for 3 hours. Upon cooling, it was subjected to
silica gel chromatography (SGC) with the desired material eluted with 5 to 20% ethyl acetate in
hexanes. The desired material (A, 2.93 g) displayed spectroscopic properties consistent with the

proposed structure.

3-Methoxypyrrolidine hydrochloride (500 mg, 3.6 mmol, Matrix Co.), N, N-dimethylacetamide
{4 mL), K;CQO5 (1.26 g, 9.1 mumol), 1,3-dibromobenzene (1.1 mL, 9.1 mmol) and Cu(I)Br
dimethyl sulfide (148 mg, 0.72 mmol) were combined and treated according to Bivorg. Med.
Chem. 2006, 14, 6807. The mixture was heated to 120 Celsius for 5 hours. Upon cooling, it was
poured into water and extracted with 1:1 mixture of hexane: Et,O. Upon storage over anhydrous
sodium sulfate, it was subjected to silica gel chromatography (5GC) with the desired material
eluted with 10 to 20% ethy! acetate in hexanes. The oily material (B, 340 mg) displayed

spectroscopic properties consistent with the proposed structure.
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Step 2. Bromide (B, 450 mg, 1.8 mmol}, KOAc (620 mg, 6.3 mmol), and
bis(neopentylglycolato)diboron (425 mg, 1.9 mmol) were combined in 1,4-dioxane (10 mL)
under Argon. The mixture was immediately treated with palladium(dppf)chloride (74 mg, 0.09
mmol) and heated to reflux. The dark solution was cooled after 3 hours and treated with 3-
bromopyrrolopyrazine (C, 360 mg, 1.8 mmol), cesium carbonate (880G mg, 2.7 mmol), water (1
mL.}, and [PhsP],Pd(0) (105 mg, 0.09 mmol) and returned to reflux. After 44 hours, the mixtare
was partitioned between water and ethyl acetate. The volatiles were removed and the residue
subjected to SGC. The desired material (D, 350 mg) eluted with 40 to 90% ethyl acetate in

hexanes and displaved spectroscopic properties consistent with the proposed structure.

Scheme 1b.

Step 3. D

Step 4. E

Step 3. Pyrrolopyrazine D (350 mg, 1.2 mmol) was dissolved in N,N-dimethylformamide (5 mL)
and cooled to 0 Celsius, Powdered potassium hydroxide (170 mg, 3 mmol) and iodine (320 mg,
1.25 mmo!) were added in sequence which gave a tan solution after 30 minutes at 0 Celsius. The
solution was treated with water, decolorized with 10% sodium thiosulfate .y, and the resulting
precipitate was filtered. The filter cake was washed with fresh water and stored in vacuo at 50
Celsius overnight. The tan powder (E, 240 mg) displayed spectroscopic properties consistent

with the proposed structure.

Step 4. 3-lodo substrate (E, 95 mg, .23 mmol) was treated with XantPhos (13 mg, 0.023 mmol,

Strem Co.) and terr-butylamine (0.04 ml., 0.4 mmol) in toluene (5 ml.) and carbon monoxide
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was bubbled through the suspension for 60 to 90 seconds. Palladium acetate (5.1 mg, 0.023
mmol) was added and the mixture was heated to 65 Celsius under 1 atm of CO. After 21 hours,
the mixture was cooled and subjected to SGC. The desired amide I (11 mg) was eluted with 0 to

5% ethanol in ethyl acetate and obtained as a foam: ESMS m/z 394 (M) for MW of 393,

The desired amide Il was prepared according to step 4 with E (130 mg, 0.31 mmol) by replacing
the amine with S-1-methoxy-2-propylamine (.05 mL, 0.54 mmol). It was obtained as a foam

(55 mg): ESMS m/z 410 (M™) for MW of 409,

2-[3-(4-Methoxy-benzyloxy)-phenyl]-5H-pyrroio[2,3-bjpyrazine-7-carboxylic acid
isopropylamide was prepared following general procedures described in these Examples and was
obtained by providing 2-[3-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-tetramethyl-
{1,3,2]dioxaborolane in step 2 and replacing fert-butylamine with 2-propylamine in step 4: m.p.

215-216 °C; MS m/z 417 (M™H).

2-[3-(2-Methoxymethyl-pyrrolidin-1-yl)-phenyl}-SH-pymrolo[2,3-b]pyrazine-7-carboxylic acid
1sopropylamide was prepared following general procedures described in these Examples and was
obtained by providing 2-methoxymethyl-1-[3-(4.4,5,5-tetramethyl-[1,3.2]dioxaborolan-2-yl)-
phenyl]-pyrrolidine in step 2 and replacing replacing ferf-butylamine with 2-propylamine in step

4: m.p. 187-190 °C; MS m/z 394 (M™),

Example 29,
N 3 e 3 I
! = — N
%&N "Y/\
Br Br

2-bromo-7-iodo-5H-pyrrolo[2,3-bipyrazine. 1.5g of 2-bromo-5H-pyrroio[2,3-b]pyrazine
(7.57mmol, leq) was dissolved in 20mi of N,N-dimethylformamide. 1.27g of crushed potassium
hydroxide pellets (22.7mmol, 3eq) were then added and the mixture was stirred for 10min. The
reaction flask was cooled in an ice bath and 1.92g of iodine (7.57mmol, leq) was added in
several portions over thr. After 30min, more the reaction was complete and about 10ml 1M
sodium thiosulfate solution, water and ethyl acetate were added. The layers were separated and
the aqueous layer was extracted with ethyl acetate two times more. The combined ethyl acetate

layers were washed with water and saturated sodium chloride solution, and then dried over
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sodium sulfate. After filtration and evaporation of solvent 2.4g of solid (97%) was obtained and

used directly in the next reaction.

Example 30.

N \kbl)/
bo SN -
N N R
H\fN “\//'N

Br
5 2-bromo-7-iodo-5-triisopropyisilanyl-5H-pyrrolof2,3-b]pyrazine. 2.4g of 2-bromo-7-iodo-5H-

pyrrolo[2,3-b]pyrazine {7.4mmol, leq) was dissolved in 74ml of tetrahydrofuran. The reaction
flask was cooled in an ice bath and 8ml lithium bis(trimethylsilyl)amide (1M hexanes solution,
8mmol, 1.08eq) was added dropwise. The reaction solution was stirred at room temperature for
20min. The reaction was cooled in an ice bath and 1.7ml triisopropylsilyl chloride (7.94mmol,

10 1.07eq) was then added slowly. After 1hr. at room temperature, more lithtum
bis(trimethylsilyl)amide (0.4ml, 0.4mmol, 0.05eq) and tritsopropylsiiyl chloride (0.2ml,
0.9mmol, 0.12eq) were added. After Thr. more the reaction was complete. The reaction flask
was cooled in an ice bath and ethyl acetate, water and sodium bicarbonate solution were added.
The layers were separated and the aqueous layer was extracted once more with ethyl acetate. The

15 ethyl acetate layers were washed with satarated sodium chioride solution, dried over sodium
sulfate, filtered and evaporated. The crude residue was purified by silica gel chromatography

(ethyl acetate/hexanes) to give 2.3g (64%) of product and 0.84¢ of starting matertal (35%).

Example 31.

&R

1
N/Q‘ i N .
kr Kr o
N N
Br Br

20 1-(2-bromo-5-triisopropylsilanyl-3H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-ol.
2.05g of 2-bromo-7-iodo-5-triisopropylsilanyl-SH-pyrrolo[2,3-bipyrazine (4.28mmol, leq) was

dissolved in 60ml of dry tetrahydrofuran. The solution was cooled in a dry ice/acetone bath
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under argon. 1.91ml of butyl lithtum (2.13M hexanes soluation, 4.07mmol, 0.95eq) was added.
After 30 sec., 1.16ml of trimethylacetaldehyde (distilled, 10.71mmol, 2.5eq) was quickly added.
The mixture was stirred for 30 min. at -78C, then quenched by addition of ammonium chloride
solution, and then stirred to room temperature. Ethyl acetate and water were added to the
reaction mixture and the layers separated. The aqueous layer was extracted once more with ethyl
acetate, and the ethyl acetate layers were washed with saturated sodium chloride solution, dried
over sodium sulfate, filtered and evaporated. The crude residue was purified by silica gel
chromatography (ethy! acetate/hexanes) to give 0.39g (20%) of product and 0.64g of the product

acetal (27%). Both compounds are carried into the next reaction.

Example 32,

1~(2-bromo-SH-pymrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one. 0.4g of 1-(2-bromo-5-
triisopropylsilanyl-3H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-ol (0.9mmol, leq) was
dissolved in 9ml of tetrahydrofuran. 1.8ml of tetrabutylammonium fluoride (1M THF solution,
1.8mmol, 2eq) was added and the reaction was stirred at room temperature. After two hours, the
reaction was complete and water, sodium bicarbonate solution and ethyl acetate were added. The
layers were separated and the aqueous layer was extracted twice more with ethyl acetate. The
ethyl acetate layers were washed with saturated sodium chloride solution, dried over sodium

sulfate and evaporated to a residue.

The residue from the deprotection of 2.2mmol of starting compound was dissolved in 22ml of
dichloromethane. 1.02¢g Dess-Martin periodinane (2.4mmol, 1.1leq) was added and the mixture
stirred at room temperature. After one hour the reaction was worked up by addition of water,
sodinm bicarbonate solution and ethyl acetate. The layers were separated and the aqueous layer
was extracted with ethyl acetate once more. The ethyl acetate layers were washed with saturated
sodium chloride solution, dried over sodium sulfate, filtered and evaporated. The crude residue
was purified by silica gel chromatography (ethyi acetate/hexanes) to give 0.53g (85%) of

product.
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Example 33.

2. 2-dimethyl-1-[2-(3-pyrrolidin- 1 -yl-phenyh)-5SH-pyrrolof2,3-blpyrazin-7-yl]-propan-1-one.
90mg of 1-(2-bromo-5H-pyrroiof2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one (0.32mmol,
leq) was dissolved in 3.2ml of 4:1 1,4-dioxane : water in a microwave reaction vial. The solution
was purged with a stream of argon gas. 84mg of 3-(1-pyrrolidino)phenyl boronic acid
(0.335mmol, 1.03eq), 21mg of 1,1"-bis(diphenylphosphino)-ferrocene) palladium dichloride (1:1
dichloromethane complex, 0.025mmol, 0.08eq) and then 110mg of potassium carbonate
(0.78mmol, 2.5eq) were added. The vial was sealed, placed in a microwave reactor and run at
150C for 30 min. The reaction was worked up by addition of water, ethyl acetate and sodium
bicarbonate solution. The layers were separated and the aqueous layer was extracted once more
with ethyl acetate. The ethyl acetate layers were washed with sodium bicarbonate solution and
then dried over sodium sulfate, After filtration and evaporation, the crude residue was purified
by silica gel chromatography (methanol/dichloromethane) and then recrystallized from
dichloromethane/methanol/hexanes. 46mg (55%) of product was obtained. (mp 262-264.2C;
MS: (M+H) =349,

The above general procedure was followed for synthesis the following compounds:

4-Amino-N-{6-[7-(2,2-dimethyl-propionvl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-1-methyl- 1 H-indol-
4-y1}-N-methyl-benzenesulfonamide: (M+H)" = 517; MP = 281-282 °C;

4-Amino-N-{6-{7-(2,2-dimethyl-propionyl}-SH-pyrolo{2,3-bipyrazin-2-yl}-1H-indol-4-yl }-N-
methyl-benzenesulfonamide: (M+H)" = 503; MP = 272-274 °C;

2,2-Dimethyl-1-[2-(3-methyl-1H-indazol-5-yl}-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one; :
(M+H)" = 334; 'H NMR (DMSO): § 9.07 (s), 8.51 (s), 2.58 (s) ppm; only using the Sem-

protected starting material as prepared in Ex 35, followed by deprotection as described below.
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[2-(1H-Indol-5-y1}-5H-pyrrolo{2,3-blpyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone; (M+H)" =
359; 'H NMR (DMSO): & 8.95(s), 8.47 (s), 1.62 (s) ppm; only using the Sem-protected starting
material as prepared following the general procedures described in these Examples and followed

by deprotection as described below.

1-(2-Furan-3-yl-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one was prepared
according to the above general procedure and was obtained by replacing 3-(1-pyrrolidino)phenyl

boronic acid with 3-furan boronic acid: m.p. 256-258 °C; MS m/z 270 M),
The above general procedure was followed for the synthesis of the following compounds:

1-[2-(3-tert-Butyl-5-methyl-phenyl}-5H-pyrrolo[ 2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one
(M+H)" = 350; MP = 234.9-236.1 °C
1-{2-Biphenyl-3-yl-5H-pyrrolo[2,3-blpyrazin-7-yh)-2,2-dimethyl-propan-1-ong

(M+H)* = 356; MP = 219.9-221.1 °C
1-{2-(3-tert-Butoxymethyl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2, 2-dimethyl-propan-1-one
(M+H)"™ = 366; MP = 202.0-203.0 °C
1-[2-(3-Isopropyl-phenyl}-5H-pyrrolo[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one

(M+H)" = 322; MP = 197.0-198.0 °C
1-{2-[3-(3,5-Dimethyi-isoxazol-4-yl)-phenyll-5H-pyrrolof2,3-blpyrazin-7-yl}-2 2-dimethyl-propan-1-one
(M-+H)™ =375;
2,2-Dimethyl-1-(2-quinolin-5-yi-5H-pyrrolof2,3-b]pyrazin-7-yij-propan-1-one

(M+H)" = 331; MP = 251.6-252.0 °C
1-]2-(3-Bromo-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one

(M+H)" = 358;
1-(2-Cyclopent-1-enyl-5H-pyrrolo[2,3-bipyrazin-7-yl)-2,2-dimethyl-propan-1-ong

(M+H)" =270; MP = 252.0-253.0 °C

2,2-Dimethyl-1-{2-[3-(2-methyl-2H-pyrazol-3-yl)-phenyl}-5H-pyrrolo{2,3-blpyrazin-7-yl}-propan-1-one (M+
H) =360,

1-[2-(3-Chloro-4-fluora-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yi]-2 2-dimethyl-propan-1-one

(M+H)" = 332; MP = 233.0-234.0 °C
1-[2-(1H-Indazol-4-yi)-5H-pyrrolo[ 2, 3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one

(M+H)" = 320; MP > 300 °C
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2,2-Dimethyl-1-{2-(2'-methyl-biphenyl-3-yl)-5H-pyrrolof2, 3-b]pyrazin-7-yl}-propan-1-one

(M+H)" =370
1-[2-(3-Hydroxymethyl-phenyl)-5H-pyrrolof2,3-blpyrazin-7-yij-2,2-dimethyi-propan-1-one

(M+H)" = 310; MP = 208.0-210.0 °C
1-[2-{1H-indazol-5-yI}-5H-pyrrolo[2,3-blpyrazin-7-vi}-2,2-dimethyl-propan-1-one

(M~+H)" = 320; MP = 286.0-287.0 °C
1-[2-(3-Acetyl-4-hydroxy-phenyh)-5H-pyrrolo]2,3-blpyrazin-7-yi]-2,2-dimethyl-propan-1-one

(In this case the product was formed by removal of a carbon from the chromen-4-one boronate
by water during the course of the Suzuki reaction.}

(M+H)" = 338; MP = 237.9-242,1 °C

2 2-Dimethyl-1-{2-quinoiin-6-yl-5H-pyrrolo]2, 3-blpyrazin-7-yl)-propan-1-one

(M+H)" = 331
2,2-Dimethyi-1-[2-(3-trimethylsilanyl-phenyl)-5H-pyrrolo[2.3-bipyrazin-7-yil-propan-1-one

(M+H)" =352

1-(2-Biphenyl-4-yl-5H-pyrrolo[2,3-bipyrazin-7-yl)-2,2-dimethyl-propan-1-one

(M+H)" = 356; MP = 275.0-277.0 °C
2,2-Dimethyl-1-{2-[4-(5-methyl-{1,3,4loxadiazol-2-y})-phenyll-5H-pyrrolo[2,3-blpyrazin-7-yl}-propan-1-one
(M-+H)" = 362; MP >300 °C

2.2-Dimethyl-1-12-(4-trimethylsilanyl-phenyl)-5H-pyrrolo[2, 3-bipyrazin-7-yi}-propan-1-one

(M+H)" = 352; MP = 233.0-235.0 °C

2 2-Dimethyl-1-{2-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one
(M+H)" = 407; MP = 207.0-208.0 °C
3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolof2,3-b]pyrazin-2-yl]-N-ethyl-benzamide

(M+H)" = 351; MP = 232.0-233.0 °C
2,2-Dimethyt-1-{2-(1-methyl-1H-indazol-4-yl}-5H-pyrrolof2, 3-blpyrazin-7-yi]-propan-1-one
(M+H)" = 334; MP = 255.0-256.0 °C

After synthesis of boronates from the corresponding brome compounds following the general

procedure described in these Examples, the following compounds were prepared:

1-{2-|3-(3H-imidazol-4-yl)-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one
(M+H)" = 346; MP = 287.0-288.0 °C
2,2-Dimethyl-1-[2-(3-oxazol-5-yl-phenyl}-5H-pyrrolof2,3-bipyrazin-7-yl}-propan-1-one
(M+H)" = 347; MP = 259.0-260.0 °C
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3-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2, 3-blpyrazin-2-yi}-phenyl}-3-oxo-propionitrile

In this case the isoxazole ring of 5-(3-bromo-phenyl)-isoxazole opened during formation of the

boronate. (M+H)" =347,

1-{2-[4-{1H-Imidazol-4-yl)-phenyl]-5H-pyrrole] 2, 3-blpyrazin-7-yl}-2,2-dimsthyl-propan-1-one

(M+H)" = 346; MP > 300 °C _

1-{3-[7-{2,2-Dimethyi-propionyl}-5H-pyrrolo[2, 3-blpyrazin-2-ylj-phenyl}-pyrrolidin-2-one

-

1-(2-cyclopentyloxy-SH-pyrrolo{2,3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one

(M-+H)" = 363; MP = 260.0-262.0 °C
SEM

A solution of 1-[2-cyclopentyloxy-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
blpyrazin-7-y1]-2,2-dimethyi-propan-i-one (0.017 g, 0.041 mmol) in 1 mi of dichloromethane
and 1 ml of trifluoroacetic acid was stirred for 5 h then concentrated to a yellow oil. Silica gel
chromatography (0->40% FtOAc/hexanes) afforded 0.012 g of a white solid. 'H NMR
spectroscopy indicated that this intermediate was the formaldehyde adduct of the desired product.
The solid was dissolved in 1 mL of ethanol and the solution was treated with sodium acetate
trihydrate (0.064 g, 0.47 mmol). The colorless mixture was stirred for 5 h then concentrated.
The residué was partitioned between 5 mL of ethyl acetate and 5 mL of water. The organic layer
was sequentially washed with 5 mL of water and 5 mL of a sat. ag. NaCl solution, dried over
MgSQ,, filtered and concentrated to 0.007 g (57%}) of 1-(2-cyclopentyloxy-5H-pyrrolo[2,3-
bipyrazin-7-y1)-2,2-dimethyl-propan-1-one as a slightly impure white solid.

Example 34.

HN
iy [ )
\ NG
iy —
N
Br
~
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2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-blpyrazine, 1.5g of 2-bromo-5H-pyrrolo[2,3-
blpyrazine (7.57mmol, Ieq) and 1.76¢g of 3,4,5-trimethoxyphenyl boronic actd (8.32mmol,
1.1eq) were partly dissolved in 47mi of 4:1 1,4-dioxane : water. The mixture was purged with
argon gas. 0.49g of 1,1°-bis(diphenylphosphino)-ferrocene) palladium dichloride (1:1
dichloromethane complex, 0.6mmol, 0.08eq) and then 2.6g of potassium carbonate (18.9mmol,
2.5eq) were added. The reaction mixture was stirred at 80C for 18 hr. The reaction was worked
up by addition of ethyl acetate, filtration through Celite and then addition to the filtrate of water
and sodium bicarbonate solution. The layers were separated and the aqueous layer was extracted
twice more with ethyl acetate, The ethyl acetate layers were washed with sodium bicarbonate
solution and saturated sodium chloride solution and dried over sodium sulfate, After filtration
and evaporation the crude residue was purified by silica gel chromatography (ethyl
acetate/hexanes) and then recrystallized from hot ethyl acetate/hexanes. 1.75g (81%) of product

was obtained.

The general procedures described in these Examples were followed for synthesis the following

compounds:

1-[2-(1-Benzenesulfonyl-1H-indol-3-y1)-5H-pyrrolo{2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-
one, MP = 267.0-268.0, (M+H}H=459;

2,2-Dimethyl-1-{2-[4-(2-morpholin-4-yl-ethoxy)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl1}-
propan-1-one, MP = 198.4-202.7, (M+H)+=409;

2,2-Dimethyl-1-{2-[3~(2-morpholin-4-yl-ethoxy)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-y1}-
propan-1-one, MP = 152.9-154.7, (M+H)+=409, (the boronic ester was prepared by Mitsunobu
reaction of 3-hydroxyphenyl boronic acid, pinacol ester, and N-(2-hydroxyethyl)-morpholine );

4-{4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2.3-b]pyrazin-2-yl]-phenyl } -piperazine-1-
carboxylic acid tert-butyl ester, MP = 241-247, (M+H )+=464;

4-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo{2,3-blpyrazin-2-yl]-phenyl } -piperazine-1-
carboxylic acid tert-butyl ester, MP = 215.2-215.8, (M+H)+=464;
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1-{2-(1H-Indol-3-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2.2-dimethyl-propan-1-one, (M+H)+=319,
(prepared from 1-[2-(1-benzenesuifonyl-1H-indol-3-yI}-5H-pyrrolo[2,3-b]pyrazin-7-yl1}-2,2-

dimethyl-propan-1-one by treatment with aqueous sodium hydroxide);

2.2-Dimethyl-1-{2-(4-piperazin- 1-vi-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan- 1 -one, MP
= 234-246, (M+H)+=3064, (prepared, respectively, from 4-{4-{7-(2,2-Dimethyi-propionyl)-3H-
pyrrolof2,3-blpyrazin-2-yl}-phenyl } -piperazine-1-carboxylic acid tert-butyl ester or 4-{3-[7-(2,2-
Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl }-piperazine-1-carboxylic acid tert-
butyl ester by treatment with HCl/dioxane);

2,2-Dimethyl-1-[2-(3-piperazin-1-yl-phenyl)-5H-pyrroloi2,3-b]pyrazin-7-yi}-propan-1-one, MP
=216-222, M+H)+=364, (prepared, respectively, from 4-{4-[7-(2,2-Dimethyl-propionyl)-5H-
pyrrolo{2,3-b]pyrazin-2-yl]-phenyl }-piperazine-1-carboxylic acid tert-butyl ester or 4-{3-{7-(2,2-
Dimethyl-propionyl)-5H-pyrrolo2,3-b]pyrazin-2-yl}-phenyl }-piperazine-1-carboxylic acid tert-
buty!l ester by treatment with HCl/dioxane);

2,2-Dimethyl-1-[2-(4-methyl-3,4-dihydro-2H-benzo[ 1 ,4]Joxazin-7-yl)-5SH-pyrrolo[2,3-b]pyrazin-
7-yl-propan-1-one, MP = 233.0-234.0, (M+H)+=351,

1-{2-[2-(4-Acetyi-piperazin-1-yi)-pyridin-4-yl}-5SH-pyirolo{2,3-blpyrazin-7-yl }-2,2-dimethyl-
propan-1-one, MP = 257.0-260.0, (M+H)+=407;

1-{2-[4-(4-Acetyl-piperazin-1-yb)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyl-propan-
I-one, MP = 266.0-267.0, (M+H)+=406, (prepared, respectively, from 4-{4-[7-(2,2-Dimethyi-
propionyl)-5H-pyrrolo{2,3-blpyrazin-2-yl}-phenyl |- piperazine-1-carboxylic acid tert-buty! ester
or 4-{3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -piperazine-1-
carboxylic acid tert-butyl ester by reaction with acetic anhydride/DMF at 0C);

1-{2-[3-(4- Acetyl-piperazin-I-yl)-phenyl]-5H-pyrrolo{2,3-blpyrazin-7-yl} -2,2-dimethyl-propan-
1-one, MP = 238.0-239.0, (M+H)+=400, (prepared, respectively, from 4-{4-[7-(2,2-Dimethyl-
propionyh)-5H-pyrrolo[2,3-bjpyrazin-2-yl]-phenyl }-piperazine-1-carboxylic acid tert-butyl ester
or 4-{3-{7-(2,2-Dimethyi-propionyl}-SH-pyrrolo[2,3-b]pyrazin-2-y1]-phenyl } -piperazine-1 -
carboxylic acid tert-butyl ester by reaction with acetic anhydride/DMF at 0C); and
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1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-2,2-dimethyl-propan-1-one, MP
= 188-198, (M+H)+=288, (isolated from 1-(2-bromo-5-triisopropylsilanyl-5H-pyrrolof2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-ol.

Exampie 35.

Br

(2-Bromo-5SH-pyrrolo{2,3-blpyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone

A suspension of 2-bromo-5H-pyrrolo[2,3-bjpyrazine (104 mg, (.53 mmol) in anhydrous
dichloromethane (3 ml) was cooled to 0 °C under N». Diethyl aluminum chioride (IM in
hexanes, 1.57 ml, 1.57 mmol) was added quickly, and the reaction mixture was stirred for 30

10 minutes. i-Methyl-cyclohexanecarbonyl chloride (844 mg, 5.3 mmol) was added dropwise, and
the reaction mixture was refluxed overnight. The reaction mixture was cooled to 0 °C and
quenched with saturated aqueous NaHCO;. The biphasic solution was concentrated, and the
remaining aqueous solution was extracted with ethyl acetate (3x). The organic layers were
collected, dried over MgSQy, filtered, and concentrated giving a greenish oil. The residue was

15  purified by silica gel chromatography vsing 20-50% EtOAc in hexanes as eluant to provide 144
mg (85%) of (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)-methanone as a
light yellow solid. MP 198-199 °C, M+H = 322,

Example 36.

Y\

20 (1-Methyl-cyclohexyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-methanone

A microwave tube was charged with (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1-(1-methyl-
cyclohexyl)-methanone (95 mg, 0.29 mmol), 3-pyrrolidino phenylboronic acid (62 mg, 0.32
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mmol), [1,1’-bis(diphenylphosphino)ferrocene]dichloro-palladium(il) (19 mg, 0.02 mmol), and
freshly grounded K,COs ( 102 mg, 0.74 mmol). Dioxane (3 ml) and water (0.7 ml) were added,
and the reaction mixture was microwaved at 150 °C for 30 minutes. The reaction mixture was
partitioned between EtOAc/water. The organic layers were coliected, dried over MgSQOy,
filtered, and concentrated giving a dark brown solid. The residue was purified by silica gel
chromatography using 10-50% EtOAc in hexanes as eluant to provide 70 mg (61%) of (1-
methyl-cyclohexyl)-[2-(3-pyrrolidin-1-yi-phenyl)-SH-pyrroio[2,3-b]pyrazin-7-yl]-methanone as
a yellow solid. MP 243-245.4 °C, M+H = 389.

The above general procedure was followed for the synthesis of the following compound:

(1-Methyl-cyclohexyl)-{2-[4-(2-piperidin- 1-yl-ethoxy)-phenyl}-BH-pyrrolo[2,3-bjpyrazin-7-yl}-methanane
(M+H)" = 447, MP = 180.0-182.0 °C

The following compounds were prepared analogously:

1-[2-(3-Amino-phenyl)-5-{2-trimethylsilanyi-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-
dimethyl-propan-1-one M+1 425 (Prepared using 1-[2-Bromo-5-(2-trimethylsilanyl-
ethoxymethyl}-3H-pyrrolo[2,3-bipyrazin-7-yl1]-2,2-dimethyl-propan-1-one in place of 1-(2-
Bromo-5H-pyrrolo{2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one and heating for 10 minutes at
110°C)

2,2-Dimethyl-1-(2-thiophen-2-yl-SH-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one M+1 286, M.P.
282-283°C (Heated for 10 minutes at 110°C)

2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-pyrrole-1-carboxylic acid tert-
butyl ester M+1 369, M.P. 198-199°C (Heated for 10 minutes at 110°C) Using the procedures
deseribed herein this compound was converted into 2,2-Dimethyl-1-[2-(1H-pyrrol-2-yl)-5H-
pyrrolo[2,3-blpyrazin-7-ylj-propan-1-one M+1 269, M.P. 269-271 °C

2,2-Dimethyl-1-(2-thiophen-3-yl-5H-pyrrolo[2,3-blpyrazin-7-yI)-propan-1-one M+1 286, M.P.
268.8-272,.9°C {Heated for 10 minutes at 110°C)

2,2-Dimethyl-1-(2-oxazol-5-y1-SH-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one M+1 271, (used 4
equivalences of 5-(4,4,5,5-Tetramethyi-[1,3,2]dioxaborolan-2-yl)-oxazole and heated 30 minutes
at 130°C)
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2-[7-(2,2-Dimethyi-propionyl)-SH-pyrrolo[ 2,3-b]pyrazin-2-yl}-pyrrole- 1-carboxylic acid tert-
butyl ester M+1 370 and 2,2-Dimethyl-1-{2-(1H-pyrrol-2-yD)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-

propan-1-one

M+1 270, M.P. >300°C were both isolated from the reaction with 4-(4,4,5,5-Tetramethyl-
[1,3,21dioxaborolan-2-yl)-pyrazole-i-carboxylic acid tert-butyl ester and heating for 10 minutes
at 110°C

1-[2-{3-Hydroxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl}-SH-pyrrolo] 2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-1-one M+1 426 (Heated for 10 minutes at 110°C}

2,2-Dimethyl-1-{2-(2H-pyrazol-3-yh)-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one M+1 270,
M.P. 290-291°C

[1-[2-(3-Amino-4-methyl-phenyl)-SH-pyrrolo[2.3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one
M+1 309 (Heated for 40 minutes at 120°C)

[ 2,2-Dimethyl-1-{2-(1H-pyrrol-3-yl}-3SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (Heated for
10 minutes at 110°C, additional 3 equivalences tips protected boronic acid and 3.5 equivalences
potassium carbonate added and heated 120°C for 20 minutes, TIPS protecting group removed at

room temperature using general procedures as described in these Examples) M+1 269, m.p. 286-
287°C

Example 37.

IS
H-.). -
5 Z ,5/ \zN
&N =

N
\.........< ——t m——t

Br

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine. A flask was charged with 2-bromo-
SH-pyrrolo[2,3-b]pyrazine (9.5 g, 48 mmol), 3,4.5-trimethoxyphenylboronic acid {13.22, 62
mmol), and K,COs (19.9, 144 mmol). Dioxane {213 ml) and water (71 ml) were added, and the
solution was vacuum degassed under argon. [1,1'-bis(Diphenylphosphinojferrocenejdichloro-

palladium(ll} (3.92 g, 4.8 mmol) was added, and the reaction mixture was refluxed (110 °C)
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overnight. The reaction mixture was filtered through a plug of celite using dichloromethane, and
the filtrate was concentrated giving a black oil. The oil was purified by silica gel
chromatography using 5%-00% EtOAc in hexanes as eluant to provide 12,12 g (89%) of 2-
(3,4,5-trimethoxy-phenyl}-5SH-pyrrolo[2,3-b]pyrazine.

Example 38.
7-lodo-2-(3.4.5-trimethoxy-phenyl)-SH-pyrrolo[2,3-blpyrazine

To a 0 °C mixture of 2-(3.4,5-trimethoxy-phenyl}-5H-pyrrolol2,3-blpyrazine (2.4 g, 8.4 mmol)
in dimethylformamide (30 ml) was added KOH (2 g, 36 mmol). After 20 min, iodine (3.2 g, 13
mmol} was added portionwise over 10 min and the reaction mixture was stirred for 4 h and
poured into 0 °C saturated aqueous sodium thiosulfate (~300 mL). Ice cold water (~100 mL)
was added and the resultant precipitate was collected, washed with water and dried in vacuo at
60 °C to afford 3.1 g (89%) of 7-iodo-2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine as
a brown solid. MP 230-232 °C, M+H = 412.

Example 39.
7-lodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo{2,3-b]pyrazine

A solution of 7-iodo-2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-blpyrazine (6.7 g, 16.29
mmol) in anhydrous tetrahydrofuran (150 mi) was cooled to 0 °C and treated with potassium
bis{trimethyisityljamide (0.5M 1 toluene, 35.85 ml, 17.9 mmol} dropwise. After complete
addition, the reaction mixture was stirred at room temperature for 1 hour, treated dropwise with
chloro-tritsopropyl-silane (3.9 ml, 18.4 mmol)}, and allowed to stir at room temperature for 16
hours. Chloro-triisopropyl-silane (1.0 ml, 4.7 mmol) was added, and the reaction mixture was
stirred at room temperature for 16 hours, and then at 60 °C for 16 hours. The reaction mixture
was partitioned between EtOQAc/ saturated aqueous NH4Cl. The organic layers were collected,
dried over MgSQ,, filtered, and concentrated giving a dark solid. The residue was purified by
silica gel chromatography using 3-100% EtOAc in hexanes as eluant to provide 7.4 g (80%) of
7-iodo-3-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine as a white
soild. MP 156.5-157.2, M+H = 568.

Example 40.

(1-Methyl-cyclohexyl}-[2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl}-methanol
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A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-
blpyrazine {247 mg, 0.435 mmol) in anhydrous tetrahydrofuran (5 mi) was cooled to -78 °C and
treated with iPrMeCl-LiCl (1M in tetrahydrofuran, 0.87 ml, G.87 mmol} dropwise. The reaction
mixture was allowed to stir for 20 minutes, and then 1-methyl-cyclohexanecarbaldehyde (219
mg, 1.74 mmol) was added rapidly. The reaction mixture was allowed to stir at -78 °C for 1 hour -
and then room temperature for 1 hour. The reaction mixture was partitioned between EtOAc/
saturated aqueous. NH,4Cl. The organic layers were collected, dried over MgSQ,, fiitered, and
concentrated. The residue was purified by silica gel chromatography using 15-100% EtOAc in
hexanes as eluant to provide 81 mg (45%) of (1-methyl-cyclohexyl)-[2-(3.4,5-trimethoxy-
phenyl)}-5SH-pyrrolo[2,3-blpyrazin-7-ylj-methanol as a pale yellow solid. M+H =412,

Example 41.
(1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-methanone

(1-Methyl-cyclohexyl}-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolof2,3-bipyrazin-7-yi]-methanone.
To a solution of {1-methyl-cyclohexyl)-[2-(3.4,5-trimethoxy-phenyl)-3H-pyrrolo[2,3-b]pyrazin-
7-yl]-methanol (81 mg, 0.196 mmol} in dichloromethane (6 ml) was added Dess-Martin
periodinane (125 mg, 0.295 mmol). The reaction mixture was allowed to stir at room
temperature for 2 hours, The reaction mixture was partitioned between dichloromethane and 2:1
saturated aqueous NaHCO;:10% agueous Na,S5,0s. The organic layers were collected, dried
over Na,SQy, filtered, and concentrated, The residue was purified by silica gel chromatography
using 20-50% EtOAc in hexanes as eluant to provide 18 mg (22%) of (1-methyl-cyclohexyl)-[2-
(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[ 2,3-b]pyrazin-7-yl]-methanone as an off white solid. MP
246-247 °C, M+H = 439,

The general procedures described in these Examples were followed for synthesis the following

compounds:

2-Methvl-2-phenyl-1-{2-(3.4,5-trimethoxy-phenyl}- SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-
one: (M«+H)" =5432; MP = 252-254 °C;

Example 42.
4-Methvl-tetrahydro-thiopyran-4-carbonitrile
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4-Methyl-tetrahydro-thiopyran-4-carbonitrile. A solution of tetrahydro-thiopyran-4-carbonitrile
(3.05 g, 24 mmol} in anhydrous tetrahydrofuran (60 ml) was cooled to -78 °C and treated with
lithinm bis(trimethylsilyl)amide (1M in tetrahydrofuran, 26.4 mi, 26.4 mmol) dropwise. After
30 minutes of stirring, iodomethane (1.8 ml, 29 mmel) was added dropwise. The cooling bath
was removed, and the reaction mixture was allowed to slowly rise to room temperature and stir
overnight. The reaction mixture was quenched with saturated aqueous NH,Cl and extracted with
EtOAc. The organic layers were collected, dried over MgSO,, filtered, and concentrated giving
an orange oil. The oil was purified by silica gel chromatography using 5-50% EtOAc in hexanes
as eluant to provide 1.81 g (53%) of 4-methyl-tetrahydro-thiopyran-4-carbonitrile as a colorless

oil.

Example 43.
4-Methyl-tetrahydro-thiopyran-4-carbaldehyde

A solution of 4-methyl-tetrahydro-thiopyran-4-carbonitrile (§93 mg, 6.3 mmol) in anhydrous
dichloromethane (44 ml) was cooled to -40 °C and treated with diisobutylaluminum hydride
(2.25 ml, 12.6 mmol) dropwise. The reaction mixture was aliowed to stir at -40 °C for 2 hours
and then placed in the freezer overnight. The reaction mixture was partitioned between
dichioromethane/ IN HCI. The organic layers were collected, dried over Na,SQOy, filtered, and
concentrated giving a colorless oil. The oil was purified by silica gel chromatography using 10-
50% EtOAc in hexanes as eluant to provide 610 mg (67%) of 4-methyl-tetrahydro-thiopyran-4-

carbaldehyde as a colorless o1l

Example 44,
(4-Methyl-tetrahydro-thiopyran-4-y1)-[2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-
yll-methanol

A solution of 7-iodo-5-triisopropylsilanyl-2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
blpyrazine (400 mg, 0.7 mmol) in anhydrous tetrahydrofuran (5 ml) was cooled to -78 °C and
treated with nBubLi (2.23M in hexanes, 0.42 ml, 0.94 mmol) dropwise. The reaction mixture
was stirred for 30 seconds and then treated with a solution of 4-methyl-tetrahydro-thiopyran-4-
carbaldehyde (0.305 mg, 2.1 mmol) in anhydrous tetrahydrofuran (2 ml), dropwise. The reaction
mixture was allowed to stir at -78 °C for 30 minutes. The reaction mixture was partitioned

between EtOAc/ saturated agueous NH4Cl. The organic layers were collected, dried over
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MgSO,, filtered, and concentrated giving a yellowish oil. The oil was purified by silica gel
chromatography using 3-100% EtOAc in hexanes as eluant to provide 97 mg (32%) of (4-
methyvi-tetrahydro-thiopyran-4-y1)-[2-(3.4,5-trimethox y-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-
methanol as a pale yellow solid. M+H =430.

Example 45.
(4-Methyl-tetrahydro-thiopyran-4-y1)-[ 2-(3,4,5-trimethoxy-pheny!)-5H-pyrrolo[2,3-b]pyrazin-7-

yl]-methanone

(4-methyl-tetrahydro-thiopyran-4-y1)-[2-(3.4,5-trimethox y-phenyl)-SH-pyrrolo{ 2,3-blpyrazin-7-
yl]-methanone was prepared starting from (4-methyl-tetrahydro-thiopyran-4-y1)-[2-(3,4,5-
trimethoxy-phenyi)-SH-pyrroio[2,3-bipyrazin-7-yl}-methanol, following the same general

procedures from Examples 37-41. M+H = 428,

Example 46.

Melr OMe MeO OMe

(4-Methyi-1,1-dioxo-hexahydro-1lambda*6*-thiopyran-4-yl)-[2-(3,4.5-trimethoxy-phenyl)-5H-

pyrrolo[2,3-blpyrazin-7-yl]-methanone

A suspension of (4-methyl-tetrahydro-thiopyran-4-y1)-[2-(3.4,5-trimethoxy-phenyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl]-methanone (9 mg, 0.02 mmol) in acetonitrile (0.4 mi), MeOH (0.4
mi}, and water (0.2 ml) was treated with Oxone (26 mg, 0.04 mmol) and stirred overnight at
room temperature. The reaction mixture was partitioned between EtOAc/ water. The organic
layers were collected, dried over Na,SQ, filtered, and concentrated. The residue was purified
by preparative thin layer chromatography using 30% EtOAc in hexanes as eluant to provide 6
mg (62%) of (4-methyl-1,1-dioxo-hexahydro-1lambda*6*-thiopyran-4-yh-[2-(3,4.5-trimethoxy-
phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-methanone as an off white solid. M+H = 460.

Example 47.
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Ti ipsa—y Y

N4

7,}

2-{Hydroxy-[2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo{ 2,3-b]pyrazin-7-yl]-methyl }-2-methyl-

pyrrolidine-1-carboxylic acid tert-butyl ester

2-{Hydroxy-[2-(3,4.5-trimethoxy-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl]-methyl } -2-methyl-
pyrrolidine-1-carboxvlic acid tert-butyi ester was prepared starting from 7-iodo-5-
triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-blpyrazine and 2-formyl-2-
methyi-pyrrolidine-1-carboxylic acid tert-butyl ester (/. Org. Chem. 72 (15}, 5608-5617, 2007)

following the general procedures described in these Examples.

Example 48.
2-Methyi-2-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolof2,3-blpyrazine-7-carbonyl]-pyrrolidine-1-

carboxylic acid tert-butyl ester

2-Methyl-2-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonyl}-pyrrolidine-1-
carboxylic acid tert-butyl ester was prepared starting from 2-{ hydroxy-{2-(3,4,5-trimethoxy-
phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yli-methyl }-2-methyl-pyrrolidine-1-carboxylic acid tert-
butyl ester following the same general procedures from Examples 37-41. M+H = 497,

Example 49.
O
e
worBoc
VAR
OMe
MeO OMe

Me> OMe

{(2-Methyl-pyrrolidin-2-y1)-[2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl]-

methanone
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To a solution of 2-methyl-2-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine-7-
carbonyl]-pyrrolidine-1-carboxylic acid tert-butyl ester (18 mg, 0.04 mmol) in anhydrous
dichloromethane (3.0 ml) was added trifluoroacetic acid (1.0 ml, 13.5 mmol) dropwise. The
reaction mixture was stirred for two days. The reaction mixture was partitioned between EtOAc/
saturated aqueous Na,CQOs. The organic layers were collected, dried over MgSOs, filtered, and
concentrated. The residue was purified by preparative thin layer chromatography using
0.5:9.5:90 concentrated aqueous NHA4OH: MeOH: dichloromethane as eluant to provide 10 mg
(70%) of (Z—methyi-pyrrohdin—Z-y})~[2»~(3,4,5mtrimethoxy—phenyl)~5H-pyrroloizﬁ—b}pyrazin—?—
yl]-methanone as a light yvellow solid. M+H = 397,

Example 50.

MeO OMe

MeO OMe
1-{2-Methyi-2-[2-(3.4,5-trimethoxy-phenyl)-3SH-pyrrolo[2,3-b]pyrazine-7-carbonyl}-pyrrolidin-
i-yl}-ethanone

A solution of (2-methyl-pyrrolidin-2-y1)-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-methanone (8 mg, 0.02 mmol) in anhydrous dichloromethane (0.3 ml} was cooled to 0 °C
and treated with acetic anhydride (2 mg, 0.02 mmol). The reaction mixture was stirred for 1
hour and then allowed to warm to room temperature and stir for 3 hours. The reaction mixture
was partitioned between EtQAc/ saturated aqueous NaHCOs. The organic layers were coliected,
dried over MgSQ., filtered, and concentrated giving a brownish oil. The residue was purified by
preparative thin layer chromatography using 50% EtOAc in hexanes as eluant to provide 2 mg
(17%) of 1-{2-methyl-2-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carbonylj-
pyrrolidin-1-yl}-ethanone as a light yellow solid. M+H = 439,

Example 51.
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MeO OMe MeQ OMe
(1-Methyl-cyclopropyl)-[5-triisopropylsitanyl-2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-

blpyrazin-7-yi]-methanone

A solution of 7-iodo-5-tritsopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-SH-pyrroio[2,3-
blpyrazine (116 mg, 0.2 mmol) in anhydrous tetrahydrofuran (3 mi) was cooled to -78 °C and
treated with nBuLi (2.13M in hexanes, 0.13 ml, 0.27 mmol) dropwise. The solution was stirred
for 30 seconds and i-methyl-cyclopropanecarboxylic acid methoxy-methyl-amide (88 mg, 0.61
mmol) was added in one portion. The reaction mixture was stirred at -78 °C for 30 minutes. The
reaction mixture was quenched with safurated aqueous NaHSOy and then partitioned between
EtOAc/ brine, The organic layers were collected, dried over MgSQO,, filtered, and concentrated
giving a yellow oil. The oil was purified by silica gel chromatography using 2-30% EtOAc in
hexanes as eluant to provide 20 mg (19%) of {1-methyl-cyclopropyl}-[S-triisopropylsilanyl-2-
(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-ylj-methanone.

Example 52.
(1-Methyl-cyclopropyl)-[2-(3,4.5-trimethox y-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl]-

methanone

A solution of (1-methyl-cyclopropyl)-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-
pyrrolo{2,3-bipyrazin-7-yi]-methanone (20 mg, 0.4 mmol) in anhydrous tetrahydrofuran (2 ml)
was treated with tetrabuty! ammonium fluoride (1M in tetrahydrofuran, 0.1 ml, ¢.1 mmol}
dropwise. The reaction mixture was allowed to stir at room temperature for 10 minutes, and then
partitioned between EtOAc/ water. The organic layers were collected, dried over MgSQ,,
filtered, and concentrated giving a vellow solid. The residue was purified by preparative thin
layer chromatography using 70% EtOAc in hexanes as eluant to provide 10 mg (71%) of (1-
methyl-cyclopropyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-methanone as
a white solid. M--H = 366.

Example 53.
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MeO OMe

(3-Methyl-oxetan-3-y1)-[2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl]-methanone

A solution of 7-iodo-5-triisopropylisilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
b]pyrazine (200 mg, 0.35 mmol) in anhydrous tetrahydrofuran (3 ml) was cooled to -78 °C and
treated with nBuli (2.13M in hexanes, 0.19 ml, 0.39 mmo}) dropwise. The solution was stirred
for 30 seconds and 3-methyl-oxetane-3-carbaldehyde (106 mg, 1.1 mmol) was added in one
portion. After stirring at -78 °C for 30 minutes, the reaction mixture was quenched with
saturated aqueous NH,4CI and partitioned between EtOAc/ water. The organic layers were

collected, dried over MgSQy, filtered, and concentrated giving a yellow oil.

A solution of the crude oil in anhydrous tetrahydrofuran (5 ml), was treated with tetrabutyl
ammonium fluoride (1M in tetrahydrofuran, 0.7 mi, 0.7 mmol) and allowed te stir at room
temperature for 15 minutes. The reaction mixture was partitioned between EtOAc/ water and the

organic layers were collected, dried over MgSQ,, filtered, and concentrated.

The crude product was dissolved in dichloromethane (1G ml), treated with Dess-Martin
periodinane (300 mg, 0.7 mmol), and stirred for 2 hours. The reaction mixture was filtered
through a filter funnel, and the filtrate was collected and concentrated giving a solid. The
residue was purified by preparative thin layer chromatography using 70% EtOAc in hexanes as
eluant to provide 7 mg (5%) of (3-methyl-oxetan-3-y1)-[2-(3,4,5-trimethoxy-phenyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-methanone as an off white solid. M+H = 384.

Example 54.
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4-Methyl-tetrahydro-pyran-4-carboxylic acid

A solution of 4-methyl-tetrahydro-pyran-4-carboxylic acid methyl ester (3.64 g, 23 mmol) in
tetrahydrofuran (136 ml) was treated with a solution of lithium hydroxide (4.83 g, 115 mmol) in
deionized water (27 ml). The reaction mixture was heated to 50 °C for overnight and then
partitioned between EtOAc/ water. The agueous phase was collected and then partitioned
between EtOAc/ ice cold IN HCl. The organic layers were dried over MgSO4, filtered, and
concentrated providing 3 grams (90%) of 4-methyl-tetrahydro-pyran-4-carboxylic acid.

Example 55.
4-Methyl-tetrahydro-pyran-4-carboxylic acid methoxy-methyl-amide

A solution of 4-methyl-tetrahydro-pyran-4-carboxylic acid in dichloromethane (30 ml) and
dimethylformamide (0.5ml) was cooled to 0 °C and treated with oxalyl chloride (0.97 ml, 11
mmol) dropwise. After stirring for 2 hours, the reaction mixture was concentrated in vaccuo

giving a yellow semisolid.

The yellow semisolid was suspended in anhydrous tetrahydrofuran, cooled to 0 °C, and treated
with O, N-dimethyl-hydroxylamine hydrogen chloride (1.45 g, 15 mmol) in one portion followed
by dropwise addition of triethylamine (3.1 ml, 22 mmol). The reaction mixture was stirred at
room temperature overnight and then partitioned between EtOAc/ water. The organic layers were
collected, brined, dried over MgSO4, filtered, and concentrated giving an oil. The oil was
purified by silica gel chromatography using 40-100% EtOAc in hexanes as eluant to provide 900
mg (653%) of 4-methyl-tetrahydro-pyran-4-carboxylic acid methoxy-methyl-amide.

Example 56,
(4-Methyl-tetrahvdro-pyran-4-y1)-[2-(3,4,5-trimethox y-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-T-yl}-

methanone

(4-Methyl-tetrahydro-pyran-4-y1)-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolo[ 2,3-blpyrazin-7-yi}-
methanone was prepared starting from 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-
5H-pyrroio[2,3-blpyrazine and 4-methyl-tetrahydro-pyran-4-carboxylic acid methoxy-methyl-
amide following general procedures as described in these Examples.60, to afford a pale yellow

solid. M+H = 412.

The following compound was prepared analogously:
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2,2-Dimethyl-1-{2-(1H-pyrrol-2-y1)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one {purified by
simple recrystallization from acetonitrile instead of the partioning and chromatography) M+1

269 m.p.269-271°C.

Example 57.

’hpﬁ"-.lﬁ/ H-._N N
VAN VY

. S h07<)

[2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-bipyrazin-7-yl]-(2,2,5-trimethyl-[ 1,3]dioxan-5-

yl}-methanone

[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-(2,2,5-trimethyl-[ 1,3}dioxan-5-
yl)-methanone was prepared starting from 7-iodo-3-triisopropylsilanyl-2-(3,4,5-trimethoxy-
phenyl)}-5H-pyrroio[2,3-blpyrazine following general procedures as described in these
Examples, but the Dess-Martin oxidation was done before the tetrabutyl ammontum fluoride

deprotection. M+H = 442,

Example 58.

3-Hydroxy-2-hydroxymethyl-2-methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
blpvrazin-7-yi]-propan-1-one

A suspension of [2-(3.4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-y1]-(2,2,5-trimethyl-
[1,3]dioxan-5-yl)-methanone (30 mg, 0.7 mmol) in tetrahydrofuran (5§ ml) and MeOH (4 ml) was
heated using a heat gun until homogeniety was achieved. The reaction mixture was treated with
1M HCI1 (1.0 mi, 1.0 munol) and stirred for 1 hour. The reaction mixture was concentrated to 3

ml of solvent and then partitioned between EtOAc/ saturated aqueous NaHCO;. The organic
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layers were collected, dried over MgSQ, filtered, and concentrated affording 20 mg (73%) of 3-
hydroxy-2-hydroxymethyl-2-methyl-1-[2-(3.4,5-trimethox y-phenyl)-5H-pyrrolo[2,3-b]pyrazin-
7-yl]-propan-1-one as a pale yellow solid. MP 222.223 °C, M+H = 402,

Example 59.

'I‘ips-.,IQ,rl
7\

N N

3-{Hydroxy-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolof2,3-blpyrazin-7-yl}-methyl } -3-methyl-

piperidine-1-carboxylic acid tert-butyl ester

3-{Hydroxy-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo{ 2,3-blpyrazin-7-yl}-methyl }-3-methyl-
piperidine-1-carboxylic acid tert-butyl ester was prepared starting from 7-iodo-5-

10 triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-b]pyrazine and 3-formyl-3-
methyl-piperidine-1-carboxylic acid tert-butyl ester (WO 2002024679) following general

procedures as described in these Examples.

Example 60.
3-Methyl-3-[2-(3.4,5-trimethoxy-pheny!)-5H-pyrrolo{2,3-blpyrazine-7-carbonyl]-piperidine-1-

15 carboxylic acid tert-butyl ester

3-methyi-3-[2-(3,4,5-trimethoxy-pheny!)- SH-pyrrolo[2,3-bipyrazine-7-carbonyl]-piperidine-1-
carboxylic acid tert-butyl ester was prepared starting from 3-{hydroxy-[2-(3,4,5-trimethoxy-
phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-methyl }-3-methyl-piperidine-1-carboxylic acid tert-

butyl ester following the same general procedures from Examples 37-41. M+H 511,

20 Example 61.
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OMe

Mer OMe

(3-Methyl-piperidin-3-yI)-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-

methanone

(3-Methyl-piperidin-3-vi}-{2-(3.4,5-trimethoxy-phenyl}- SH-pyrrolo[2,3-b]pyrazin-7-yl1]-
methanone was prepared starting from 3-methyl-3-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
b]pyrazine-7-carbonyl]-piperidine-1-carboxylic acid fert-butyl ester following general

procedures as described in these Examples. M+H =411,

Example 62.

OMe OMe

MeO OMe MeO OMe
3-{3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carbonyl]-piperidin-1-

yI}-3-oxo-propionitrile

A solution of (3-methyl-piperidin-3-yl}-{2-(3.4,5-trimethoxy-phenyl)}-5SH-pyrrolo[2,3-b]pyrazin-
7-yl]-methanone (11 mg, 0.27 mmol), benzotriazol-1-ol (4.0 mg, 0.03 mmol), 2-cyanoacetic acid
{3 mg, 0.04 mmol), and (3-dimethylamino-propyl)-ethyl-carbodiimide hydrogen chloride (6.0
mg, 0.03 mmol) in anhydrous dichloromethane was treated with triethylamine (0.01 ml, .08
mmol) and allowed to stir at room temperature overnight. The reaction mixture was partitioned
between dichloromethane/ water and the organic layers were collected, dried over MgSQy,
filtered, and concentrated. The residue was purified by preparative thin layer chromatography
using 0.25:4,75:95 concentrated aqueous NH4OH: MeOH: dichloromethane as eluant to provide
5 mg (42%) of 3-{3-methyl-3-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-
carbonyl]-piperidin-1-yl}-3-oxo-propionitrile as a light yellow solid. M+H 578.
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Example 63.

HN
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3-methyl-1-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[ 2,3-b]pyrazin-7-ylj-butan-1-one

Step 1

Aluminum chloride (333 mg, 2.5 mmol} was suspended in 7.5 ml of dichloroethane in a 20 ml
microwave vial. 2-Bromo-5H-pyrrolof2,3-b]pyrazine (100 mg, 0.5 mmol) was dissolved in 12,5
ml of dichloroethane with the aid of heat and sonication and added to the alominum chloride
suspension. The vial was capped and placed under nitrogen and the mixture was stirred at room
temperature for one hour. 3-Methyl-butyryl chioride (302 mg, 2.5 mmol) was added dropwise.
The vial was heated in a microwave reactor at 120 °C for 1.5 hours, and then at 150 °C for an
additional 1.5 hours. Methanol (2.5 ml) was added dropwise and the solvents were evaporated
using a rotary evaporator. The crude residue was purified by preparative thin layer
chromatography to vield 57 mg of a mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl}-3-
methyl-butan-1-one and 1~(2-chloro-5H-pyrrolo{2,3-b]pyrazin-7-yl)-3-methyl-butan-1-one. MS:
(M-H} = 280 and (M-H) = 236.

Step 2

A mixture of 1-{2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-vl)-3-methyl-butan-1-one and 1-(2-chloro-
SH-pyrrolo[2,3-bjpyrazin-7-yl)-3-methyl-butan-1-one (55 mg), potassium carbonate (95 mg,
0.69 mmol), 3.4,5-trimethoxyphenylboronic acid (47 mg, 0.22 mmol) and Pd(dppf)Cl,-DCM(16
mg, 0.02 mmol) was placed in a 5 ml microwave vial. The vial was capped and purged with
nitrogen. Solvent was added (2 ml of 20% aqueous dioxane} and the vial was purged again with
nitrogen. The reaction mixture was heated in a microwave reactor at 150 °C for 30 min. The
solvents were evaporated and the crude product was purified by flash chromatography using a
gradient of 20% ethyl acetate in hexanes up to 50% to yield 30 mg of 3-methyl-1-[2-(3.4,5-
trimethoxy-phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-butan-1-one, MS: (M+H)" =370, MP =
210.0-211.4 °C.
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Other Compounds Prepared Using This General Procedure:

Phenyl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-bpyrazin-7-yl]-methanone, (M+H)" =
390;

1-[2-(3.4,5-Trimethoxy-phenyl)-53H-pyrrolo[2,3-b]pyrazin-7-yl}-ethanone, (M+H)" = 328;

1-[2~(3,4-Dimethoxy-phenyl)-5 H-pyrrolo[ 2,3-b]pyrazin-7-yi]-3-methyi-butan-1-one (M+H)" =
340, MP=212.0-213.0;

1-(5-Benzo[b]thiophen-2-yi-1H-pyrrolo[2,3-b]pyridin-3-yl)-3-methyl-butan-1-one, (M+H)" =
335;

1-[2-(5-Fluoro-2-methoxy-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl]-3-methyl-butan- 1 -one,
(M-+H)" =328 MP = 186.0-187.0;

3-Methyl-1-[2-(3-pyrrolidin- 1-yl-phenyl)-3H-pyrrolo[2,3-b]pyrazin-7-yl]-butan-1-one, (M+H)"
=349 MP =260.0-261.0;

4-[7-(3-Methyl-butyryl}-SH-pyrrolof2,3-b]pyrazin-2-yl}-benzamide, (M+H)"=323; 3-[7-(3-
Methyl-butyryl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-benzamide, (M+H)" =323;

N-Methyl-3-[7-(3-methyl-butyrvl)-5H-pyrrolo{2,3-b]pyrazin-2-yl]-benzamide, (M+H)" = 337
MP = 243.0-244.0;

1-{2-(3,4-Dimethoxy-phenyl)-5 H-pyrrolo[2,3-b]pyrazin-7-yl]-4-methvi-pentan-1-one, (M+H)" =
354; N.N-Dimethyl-3-[7-(3-methyl-butyryl}-SH-pyrrolo[2,3-b]pyrazin-2-yl}-benzamide,
(M+H)" = 351;

3-Methyi-1-(2-phenyl-3H-pyrrolo[2,3-blpyrazin-7-yl}-butan-1-one, (M+H}" = 280; 1-[2-(2,3-
Dihydro-benzo[1,4]dioxin-6-y1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-3-methyl-butan-1-one, (M+H)"
= 338;

1-(2-Benzo[1,3]dioxol-5-yl-3H-pyrrolo[2,3-b}pyrazin-T7-yl)-3-methyl-butan-1-one, (M+H)" =
324,

Example 64.
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2-phenyi-1-[2-(3.4,5-trimethoxy-phenyl}-5H-pyrrolof 2,3-blpyrazin-7-yl]-ethanone

Step 1

7-lodo-2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-blpyrazine (500 mg, 1.22 mmol},
PdCl,(PPhs), (43 mg, 0.061 mmol), and cuprous iodide (6 mg, 0.031 mmol) were added to a 20
ml microwave vial. The vial was capped and purged with nitrogen. Ethyny! benzene (.4 mi,
3.6 mmol), triethylamine (5 ml) and N,N-dimethylformamide (5 ml) were added through the
septum and the vial was purged again with nitrogen. The mixture was heated in a microwave
reactor at 70 °C for 30 minutes. The crude mixture was diluted with ethyl acetate and washed
with dilute hydrochloric acid and water/brine. The organic layer was filtered through celite and
concentrated. The residue was triturated with a mixture of ethyl acetate and hexanes and filtered,
washed with hexanes, and dried to give 427 mg of 7-phenylethynyl-2-(3,4,5-trimethoxy-phenyl})-
5H-pyrrolo[2,3-b]pyrazine. MS: (M+H)" = 386.

Step 2

7-Phenylethynyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-bjpyrazine (405 mg, 1.05 mmol)
and p-toluenesulfonic acid monohydrate (40 mg, 0.21 mmol) were placed in a 20 ml microwave
vial with 14 ml of a 2:1 mixture of methanol and acetone. The reaction was heated in a
microwave reactor at 100 °C for 1.5 hours. The reaction was diluted with ethyl acetate, washed
two times with saturated sodium bicarbonate and water, dried and concenirated. The residue was
triturated with ethyl acetate and hexanes, filtered, and dried to yield 175 mg of 2-phenyl-1-[2-
(3.4,5-trimethoxy-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl]-ethanone, MS: (M+H)" =404, MP
=226.0-227.0 °C.

Other Compounds Prepared Using This General Procedure:
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3.3-Dimethyl-1-[2-(3~-morpholin-4-yl-phenyl)-5 H-pyrrolo[2,3-b}pyrazin-7-yl}-butan-1-one,
(M+H)" = 379;

3,3-Dimethyl-1-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-butan-1-one,
(M+H)" = 363;

]
—
t

3.3-Dimethyl-1-[2-(3~-morpholin-4-ylmethyi-phenyl)-5 H-pyrrolo{2,3-bipyrazin-7-yl}-butan
one, (M+H)" =393;

3,3-Dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5 H-pyrrolo[2,3-b]pyrazin-7-yi]-butan-1-one,
(M+H)" =384

Example 05.
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1-phenyl-2-{2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl]-ethane-1,2-dione

Step 1

7-lodo-2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine (371 mg, 0.9 mmol) was
suspended in 5 ml of THF and cooled to 0 °C in an ice bath. Sodium hydride, 60% dispersion in
mineral oil (43 mg, 1.08 mmol) was added and the suspension was stirred for 20 minutes. 4-
Methyl-benzenesulfonyl chloride (189 mg, 0.99 mmol} was added, the ice bath was removed,
and the reaction was stirred at room temperature for 3 hours. The solvent was evaporated on a

rotary evaporator. The residue was triturated with 1M potassinm hydroxide. The solid was
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filtered, washed with water, and dried to yield 480 mg of 7-10do-5-(toluene-4-sulfonyl)-2-(3,4,5-
trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine which was used without further purification.

Step 2

7-lodo-5-{toluene-4-sulfonyl)-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine (275 mg,
0.49 mmol), PdCL(PPha), (17 mg, (.02 mmeol), and cuprous iodide (5 mg, 0.02 mmol) were
placed in a 5 ml microwave vial. The vial was capped and purged with nitrogen. Triethylamine
(0.35 ml, 2.45 mmol) and 2.5 m! of DMF were added through the septum and the flask was
purged again with nitrogen three times. Ethynyl-benzene (0.19 mi, 1.75 mmol) was added and
the reaction was heated in a microwave reactor at 100 °C for 30 minutes, The crude reaction
mixture was diluted with ethyl acetate, washed with water two times, dried and concentrated.
The mixtore was purified by flash chromatography using a gradient of 0% ethyl acetate in
hexanes up to 30% to yield 195 mg of 7-phenylethynyl-5-(toluene-4-sulfonyl)-2-(3,4,5-
trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine. MS: (M+H)" = 540,

Step 3

7-Phenylethynyl-5-(toluene-4-sulfonyl)-2-(3,4,5-trimethox y-phenyl)-5SH-pyrrolof2,3-b]pyrazine
(154 mg, 0.29 mmol), mercury{ll) sulfate (127 mg, 0.43 mmel), concentrated sulfuric acid
(0.031 ml, 0.58 mmol) and 3 ml of a 3:1 mixture of acetone and water were added to a 5 ml
microwave vial. The reaction was heated in a microwave reactor at 110 °C for one hour. The
solvent was evaporated and ethyl acetate and aqueous sodium carbonate were added to the
residue. The aqueous layer was removed using a separatory funnel, the organic layer was
washed with water twice, then dried and concentrated. The residue was purified by flash
chromatography using a gradient of (% ethyl acetate in hexanes up to 30% to give 1060 mg of 1-
phenyl-2-[5-(toluene-4-sulfonyl)-2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-b] pyrazin-7-yl1]-
ethanone as the major product. MS: (M+H)" = 558,

Step 4

1-Phenyl-2-[5-(toluene-4-sulfonyl)-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1}-
ethanone (100 mg, 0.18 mmol) was suspended in 4 ml of a 1:1 mixture of THI and methanol and
5N potassium hydroxide (0.180 mi, 0.9 mmol) was added dropwise. The reaction was heated at

40 °C for 2 hours. The solvents were evaporated using a rotary evaporator. Ethyl acetate and
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1M hydrochioric acid were added to the residue and the layers were separated. The organic layer
was washed with water, dried and concentrated. The crude reaction mixture was purified by
preparative thin layer chromatography (50% ethyl acetate in hexanes) and flash chromatography
to yield 4 mg of 1-phenyl-2-[2-(3,4,5-trimethoxy-pheny!)-5H-pyrrolo[2,3-b]pyrazin-7-yi}-
ethane-1,2-dione. MS: (M+H)" = 418.

Another Compound Prepared Using This General Procedure:

2-cyclohexyl-1-[2-(3,4,5-trimethoxy-phenyh-5H-pyrrolo[2,3-blpyrazin-7-yl]-ethanone

Example 606.
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2-cyclohexyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolof2,3-blpyrazin-7-yl}-ethanone

Step 1

7-Cyclohexylethynyl-5-(toluene-4-sulfonyl}-2-(3.4.5-trimethox y-phenyl)-5H-pyrrolo[2,3-
blpyrazine was prepared as in Example 65, Step 2, using ethynyl-cyclohexane in place of

ethynyl-benzene.

Step 2

2-Cyclohexyl-1-{5-(toluene-4-sulfonyl)-2-(3,4,5-trimethox y-phenyl)-SH-pyrrolo[2,3-b] pyrazin-
7-yl]-ethanone was prepared as in Example 65, Step 3.

Step 3
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2-Cyclohexyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-ethanone was
prepared as in Example 65, Step 4. MS: (M+H)" =410,

Compounds prepared using the iPr-MgCV/LiCl Grignard route described herein, followed by the
standard Suzuki coupling approach:
2,2-Dimethyl-1-[2-(3-pyrazol-1-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one,
(M+H)" = 346 MP =219.3-221.1 °C;

2,2-Dimethyl-1-{2-[3-(5-methyl-[1,3,4}oxadiazol-2-yl)-phenyll-5H-pyrrolo{2,3-bipyrazin-7-yl }-
propan-1-one, (M+H)" = 362 MP =260.9-264.4 °C,

2.2-Dimethyl-1-{2-[3-(2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-propan-1-one,
(M+H)" = 346 MP =277.0-278.0 °C;

1-[2-(3-Isopropenyl-pheny!)-SH-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-one,
(M+H)" = 320,

Compounds prepared using the diethylaluminum chioride Friedel Crafts route described herein,
using the 1-(2-bromo-5H-pyrrolo[2,3-bipyrazin-7-yl)-2,2-dimethyi-propan-1-one intermediate,
followed by the standard Suzuki coupling approach):
3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-N-methyl-benzamide, (M+H)" =
336 MP =257.0-258.0 °C;

1-[2-(3-Methoxymethyl-phenyl)}-5 H-pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one,
(M+H)" =324 MP = 143.0-144.0 °C;

1-[2-(4-Methoxymethyl-phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one,
(M+H)" = 324 MP =191.0-192.0 °C;

N-Cyclopentyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo{2,3-b]pyrazin-2-yl}-benzamide,
(M+H)Y" =391 MP =227,0-228.5 °C;

3-[7-(2,2-Dimethyl-propionyl)-3H-pyrrolo[2,3-b]pyrazin-2-yl}-benzoic acid, (M+H)" = 324; 1-
[2-(3-Hydroxy-phenyl)-5 H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one, (M+H)" =
296 MP = 267.0-268.0 °C.
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Example 67.

Q’_%

X Qx
e

o

2,2-Dimethyl-1-{2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one

5  The general procedures from Examples 40 and 41 were used, wherein 2,2-Dimethyl-
propionaldehyde instead of 1-Methyl-cyclohexanecarbaldehyde was used. MS: 370 M+1, M.P.
240-241° C.

Example 68.

10 2-Methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one

The general procedures from Examples 40 and 41 were used, wherein 2-Methyl-
propionaldehyde instead of 1-Methyl-cyclohexanecarbaldehyde was used. (M+H)+ = 356, M.P,
189-190° C,

Example 69.

15
1-[2-(3,4-Dimethoxy-phenyl}-5H-pyrrolof2,3-blpyrazin-7-yl]-3,3-dimethyl-butan-1-one
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The general procedures from Examples 37-41 were used, wherein 3,4-Dimethoxyphenylboronic
acid instead of 3.4,5-Trimethoxyphenylboronic acid and with 3,3-Dimethyi-butyraldehyde
instead of 1-Methyl-cyclohexanecarbaldehyde was used. (M+H)+= 354,

Example 70.

g

e
N/ N/
Br
{}
N\
Om

1-[2-(3.4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

The general procedures from Examples 37-41 were used, wherein 3,4-Dimethoxyphenylboronic
acid instead of 3,4,5-Trimethoxyphenylboronic acid and 2,2-Dimethyl-propionaldehyde instead
of 1-Methyl-cyclohexanecarbaldehyde was used. (M+H)+= 340,

10 Example 71.

Pyrrolidin-3-vi-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-methanone

trifluoroacetate salt

7-lodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine 0.057 gm,
15 0.1mM was placed in an oven dried flask and 1 ml anhydrous THF was added. The flask was
chilled in an Acetone-dry ice shurry and evacuated and refilled 3 times with nitrogen. Via
syringe 0.061 ml of 2.13M Buli in hexane solution (0.13mM, 1.3 eq} was added and the now
yellow mixture was stirred for 30 seconds then 3-(Methoxy-methyl-carbamoyl)-pyrrolidine-1-
carboxylic acid tert-butyl ester, 0.052gm, 0.2 mM, 2eq.) in a minimal amount of THF was added

20 by syringe. The mixture was stirred for 30 minutes, removed from the dry ice-acetone bath and
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immediately quenched with a saturated aqueous ammoniom chioride solution. The mixture was
extracted two times with ethyl acetate and the organic extracts dried over magnesium sulfate.
After filtering and concentrating, the oil was redissolved in THF and (.2 ml of 1M
Tetrabutylammonium Fluoride in THF added. After 5 minutes the mixture was concentrated
and purified on a preparative thin-layer chromatography plate (Ethylacetate/hexane) to give 3-[2-
(3,4,5-Trimethoxy-phenyl}-5H-pyrrolo{2,3-blpyrazine-7-carbonyl}-pyrrolidine-1-carboxylic acid
tert-butyl ester. The 3-[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonyl]-
pyrrolidine-1-carboxylic acid tert-butyl ester was dissolved in 3 ml of dichloromethane and 0.4
ml trifluoroacetic acid was added and stirred overnight. The solution was concentrated and the
solid dried overnight at 2 torr in a 60°C vacuum oven to give .012gm of Pyrrolidin-3-yl-[2-
(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-bjpyrazin-7-yl]-methanone trifluorcacetate salt.
(M+H)+ = 383.

Exampie 72.

2,2-Diethoxy-1-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one

The general procedures from Examples 40 and 41 were used, wherein 2,2-Diethoxy-
propionaldehyde (JACS 126(9) 2660 (2004)) instead of 1-Methyl-cyclohexanecarbaldehyde was
used. (M+H)+ = 430, M.P. 198.2-201° C.

Example 73.

1-[2-(3,4,5-Trimethoxy-phenyl}-5H-pyrrolo{2,3-blpyrazin-7-yli-propane-1,2-dione
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2,2-Diethoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo{2.3-b]pyrazin-7-yl}-propan-1-one
{0.027mg, 0.06mM) was dissolved in 3 ml dichloromethane and 0.3 gm silica gel was added
followed by 0.03ml 10% aqueous citric acid solution. After stirring overnight 0.03ml
trifluoroacetic acid was added and stirred again overnight. To the orange mixture was added
5 aqueous sodium bicarbonate, the mixture filtered and the silica gel rinsed with a

methanol/dichoromethane mixture (20/80). The rinses were concentrate and the oil purified on
a preparative thin layer chromatography plate eluting with methanol/dichloromethane (4/96).
The product was dissolved in acetonitrile to induce crystallization, stripped and dried overnight
at 2 torr in a vacuum oven at 60° C to give 1-[2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-

10 blpyrazin-7-ylj-propane-1,2-dione. (M+H)+= 356.

Hxample 74.

'\
g

—-—gy G b ¥ e

N,N-Dimethyl-2-ox0-2-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-acetamide

The general procedures from Examples 37-41 were vsed, wherein N,N-Dimethyl-2-oxo-
15 acetamide (WO 9005721) instead of 1-Methyl-cyclohexanecarbaldehyde was used. (M-+H)+ =
385, M.P.227-228° C

Example 75.

N
& Lb

2-(3,4,5-Trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid phenylamide

20 7-lodo-3-triisopropyisilanyl-2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine 0.057 gm,
0.1mM was placed in an oven dried flask and 1 ml anhydrous THF was added. The flask was
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chilled in an Acetone-dry ice slurry and evacuated and refilled 3 times with nitrogen. Via
syringe 0.065 ml of 2,13M Buli in hexane solution (0.14mM, 1.4 eq) was added and the now
yellow mixture was stirred for 30 seconds then phenylisocyanate, 0,027 ml, 0.25 mM, 2.5 eq.)
was added. The mixture was stirred for 30 minutes, removed from the dry ice-acetone bath and
immediately quenched with saturated aqueous ammonium chloride. Ethyl acetate was added and
insoluble material removed by filtration and discarded. The mixture was separated and the
aqueous layer was extracted two times with ethyl acetate. The organic layers were rinsed three
times with 0.1M HCI and dried over magnesium sulfate. The solution was concentrated and
purified on a silica gel column (ethyl acetate/hexane gradient). The product was recrystallized
from acetonitrile and dried at 2 torr in a 60° C vacuum oven overnight to give 2-(3,4,5-
Trimethoxy-phenyl)-5SH-pyrrolo[2,3-bipyrazine-7-carboxylic acid phenylamide. (M+H)+ =
405.

Example 76.

2-Methyl-2-(tetrahydro-pyran-2-yloxy)-1-[2-(3.,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-
bjpyrazin-7-yl]-propan-1-one

The general procedures from Examples 37-41 were used, wherein 2-Methyl-2-(tetrahydro-pyran-
2-yloxy)-propionaldehyde (JOC 42(24) 3846 (1977)) instead of 1-Methyl-
cvclohexanecarbaldehyde was used. (M+H)+ = 456.

Example 77.

o
AN R I R on
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2-Hydroxy-2-methyl-1-[2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolof2,3-blpyrazin-7-yl}-propan-1-

one

2-Methyl-2-(tetrahydro-pyran-2-yloxy)-1-[2-( 3,4,5—trimethoxy—phenyi)—5H—pyfroio[2,3—
blpyrazin-7-yl]-propan-1-one, 0,012 gm, was mixed with 0.8 ml acetic acid, 0.4 ml THF and 0.2
mi water and heated for 90 minutes in a 50° C otl bath. The mixture was concentrated, saturated
aqueous sodium bicarbonate was added and the mixture extracted twice with ethyl acetate, dried
over magnesium sulfate, filtered and stripped and the solid dried overnight at 2 torr in an 80° C
vacuum oven to give 2-Hydroxy-2-methyl-1-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2.3-
blpyrazin-7-yl]-propan-1-one. (M+H)+ = 372.

Example 78.

)

gty
"'\\—/g T
(\
w—C) =

2,2-Dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)j-5H-pyrrolo[2,3-b]pyrazin-7-yl]-butan-1-one

G

\

O—

N 7
-0

The general procedures from Examples 37-41 were used, wherein 2,2-Dimethyl-butyraldehyde

instead of 1-Methyl-cyclohexanecarbaldehyde was used. (M+H)+ = 384,

Example 79.

3,3.3-Trifluoro-2-methyl-2-triflnoromethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
blpyrazin-7-yl}-propan-1-one

7-lodo-5-triisopropylsilanyl-2-(3,4,5-trimethox y-pheny)-5H-pyrrolo[2,3-blpyrazine 0.057 gm,
0.1mM was placed in an oven dried flask and 1 ml anhydrous THF was added. The flask was
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chilled in an Acetone-dry ice shury and evacuated and refilled 3 times with nitrogen.
Isopropylmagnesium Chloride lithium chloride complex, 1.3M, 0.23 ml, 0.3mM, 3eq, was added
via syringe and the mixture stirred for 30 minutes. 3,3,3-Trifluoro-2-methyl-2-trifluoromethyl-
propionaldehyde, 0.1 gm, 0.52 ml, 5.2eq, added and the mixture stirred for another 30 minutes
in the dry ice-acetone bath then 30 minutes in an ice bath. Saturated aqueous ammonium
chloride was added and the mixture extracted three times with ethyl acetate which was dried over

magnesium sulfate and stripped to an oil, 0.077 gm.

The oil was added to 2 mi dichloromethane along with Dess-Martin Periodinane, 0.085gm,
0.2mM and stirred overnight at room temperature, The mixture was concentrated, 2 ml
methanol, 2 ml THF and 1 ml water was added and heated to 60°C for twenty minutes. The
solution was concentrated and the residue purified by chromatography (ethyl acetate/hexane) and
the product dried overnight at 2 torr in a 75° C vacuum oven to give 3,3.3-Trifluoro-2-methyl-2-
trifluoromethyl-1-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolof2,3-blpyrazin-7-yl]-propan-1-one.
M~+H)+ = 478.

Example 80,

H 4] F

"y

3,3.,3-Trifluoro-2-methyl-2-trifluoromethyl-propionaldehyde:
3,3,3-Trifluoro-2-methyl-2-trifluoromethyl-propan-1-ol, 1 gm, 5.1 mM, and Dess-Martin
Periodinane, 4.3 gm, 10.2 mM, 2 eq. was added to ten ml of 1,1,1,3 tetrachloroethane and the
mixture stirred for several hours. A short path distillation head was added and the receiver
flask was cooled in dry ice-acetone bath. The mixture was heated to 100° C and the pressure
lowered to 180 Torr, The desired product 3,3,3-Trifluoro-2-methyi-2-trifluoromethyl-
propionaldehyde condensed in the receiver flask and was used without further purification in the

above reaction.

Scheme A
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Example 81.

Preparation of C:

Reaction mixture containing 0.563¢g ( 2 mM ) of bromopyrazine A, 0.45g( 3 mM ) of boronic
acid B, 3ml ( 6 mM ) of 2 M sodium carbonate aq. Solution, and 0.141g ( 0.2 mM ) of bis
triphenylphosphine palladium dichloride in 10 ml of degassed THF was heated at 150 oCin a
microwave reactor for 30 min. The reaction mixture was cooled and diluted with EtOAc and
washed with water and brine. The EtOAc extract dried over sodium sulfate and solvent removed
under reduced pressure, Trituration of the with EtOAc-Hexanes ( 1:3) gave desired product C as

a light orange color solid ( 0.429g , 70% ) mp 219-220 0C.

General procedure for the of Preparation of D:

( Example using 3-Amino-boc-pyrolidine )

To a reaction mixture containing 0.461g ( 1.3 mM ) of aldehyde C, 0.419g ( 2.25 mM) of N-
Methylpiperazine, approximately 300 mg of freshly activated 4 A molecular sieves, one drop of
Acetic acid in 6 ml of chloroform, 0.508 mg ( 1.8 mM ) of
tetrabutylammoniumcyanoborohydride was added and the resulting mixture stirred at room
temperature for ca 12 hr. The reaction mixture diluted with chloroform and washed sequentially
with 5% sodium carbonate solution, water and brine. The organic layer separated, dried over
sodium sulfate and the solvent removed under reduced pressure. The residue was
chromatographed on silica get (10-50% 60:10:1 CHQCIQ:MCOH:NH.ﬁLOH -CH,Cl; ) to give 0.357
g ( 50% ) of desired amine D, mp 179-180 °C.

General procedure for the of Preparation of E:
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{ Example using 3-Amino-boc-pyrolidine product D )

PCT/EP2009/051755

A solution of 0.293 g ( 0.613 mM ) in 10 ml of hexafluoroisopropanocl was heated in a

microwave reactor at 150 oC for 2 hr. The reaction mixture was concentrated under reduced

pressure and the residue was chromatographed on silica gel column (20-60% 60:10:1

CH:Cl::MeOH:NH4OH -CHoCly). Crystallization from EtOQAc-Hexanes gave E as a white solid (
0.129 g, 56% ), mp 135-138 °C.

Following compounds were synthesized using above procedure.
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Example 82.

Lh

General Preparation of F:

( example using 3-methylamino-benzeneboronic acid )

Reaction mixture containing 0.563g( 2 mM ) of bromopyrazine A, 0.45g ( 2.4mM ) of 3-
methylaminon-benzeneboronic acid HCl salt F, 0.697g ( 6 mM ) of K;COs, and 0.163g (0.2
mM ) of Pd(dppf),Cl;.CH,Cl, in 15 ml of degassed dioxane and 3 ml of water, was heated at

10 150 °C in a microwave reactor for 30 min. The reaction mixture was cooled and diluted with
EtOAc and washed with water and brine. The EtOAc extract dried over sodium sulfate and
solvent removed under reduced pressure and the dark brown residue was chromatographed on
silica gel column ( 2-10 % MeOH- CHCl,). The product on trituration with toluene gave brown

powder ( 0.310g , 50% ). This compound used in the next step.

15  General Preparation of H:
( example using methanesulfonyl chloride
A mixture containing 100mg (0.32mM) of aminopyrazine G and 0.17m! (1.2mM) triethylamine
in 5 ml dichloromethane was stirred in an ice bath. To this was added 0.025ml (0.32mM)
methanesulfonyl chloride drop wise and stirred cold for three hours followed by the addition of
20  water. The reaction mixture was diluted with water and extracted into dichloromethane, then the
organics were washed with brine. The organic layer dried and the solvent removed under
reduced pressure and the crude product was purified by silica gel chromatography ( 0-50%

60:10:1 CH,Cl;:MeOH:NH,OH -CH)Cl, ) to vield H as a white solid (71mg, 57%).
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Following compounds were prepared using the above procedures:
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5 Example 83.

Preparation of It
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A mixture containing 0.307g( 1 mM ) of aldehyde C, 0.158g (2 mM ) of ammonium bicarbonate

, 0.145¢ ( 1 mM ) of 40% aqueous glyoxal solution in 4 ml of THF and 1 mi of MeOH was

stirred at room temperature over night. LCMS indicated only 12% conversion to the desired

10 product. Additional 0.158g of ammonium bicarbonate and 0.145g of glyoxal solution added and

stirring continued for an additional 24 hrs. The reaction mixture was diluted with EtOAc and

washed with water and brine. The organic layer dried and the solvent removed under reduced

pressure and the crude product was purified by silica gel chromatography ( 0-50% 60:10:1
CH,.Cl:MeOH:NH,OH -CH,Cl, ) to vield 53 mg of I as a light vellow solid. Mp 287-290 °C,

15 346(M+1).

Scheme D
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Example 84.
Preparation of J:
Reaction mixture containing 100mg (0.32mM) of aminopyrazine G and 40mg (0.38mM) of 2-
5 chloro-2-imidazoline in 2 mtl isopropanol was stirred at room temperature under argon for 24

hours. An additional 40mg (0.38mM) of 2-chloro-2-imidazoline in 1 ml isopropanol added and
the reaction mixture was stirred for additional three days, then temperature raised to 80 0C and
continued stirring for 24 hours. The reaction was allowed to cool, and solvent removed under
reduced pressure, The residue was chromatographed on silica gel (10-30% 60:10:1

10 CH;Cly:MeOH:NH,OH -CH,Cly ) to give 55mg ( 46% ) of desired amine ] as a light brown
solid,

The following compound was synthesized using the above procedure:
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Scheme B
HMN o
N\ o o N
. N N
[ M r
N c
- @
N N
K
15 M
Example 85,

A reaction mixture of 335mg (0.89mM) piperazine K, (prepared as in Scheme 1), and 0.37ml

(2.7mM) triethylamine in 10 ml dichloromethane was stirred in an ice bath and then treated with
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4.6ml (1.1mMj) of a 0.24M solution of L in dichloromethane, (prepared by treating cyano acetic
acid with oxalyl chloride. The above reaction mixture was stirred in an ice bath for three hours,
then diluted with water. . The reaction mixture was extracted with dichloromethane and the
organic extract washed with brine. The dichloromethane extract dried over sodium sulfate and

5 solvent removed under reduced pressure then chromatographed on silica gel column (0-50%

60:10:1 CH,Cl;:MeOH:NH,OH -CH,Cl, ). Gave M as a white solid ( 210mg, 53% ).

The following compound was synthesized using the above procedure:

NN
K/Nm
B N
MS: 445(M+1)
Example 86. TBAF deprotection
10 \S /
~ 1
\Lo O 0
L“Q/U\m TBAF, THF HQ/LLM
NN NN
N4 \\_/<
\“{Rz R2

15 1-[2-(1,3-Dihydro-isoindol-2-yl1)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethy]-propan-1-one:

To a solution of 1-[2-(1,3-Dihydro-isoindol-2-yl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolof2,3-blpyrazin-7-ylI]-2,2-dimethyl-propan-1-one (270 mg, 6.599mmol) in 7 mL of THF
was added 5.99mL (5.99mmol) of 1.0 M TBAF in THF, Heated the mixture to 85 °C for 2 h. The
reaction was quenched with SmL acetone and 15mL of saturated aqueous NaHCO; then diloted

20  with ethyl acetate and water and partitioned. The organic phase was washed with brine, dried
over MgSQq, filtered, and concentrated. Recrystalization from dichioromethane afforded 153.3
mg (80% yield) of 1-{2-(1,3-Dihydro-isoindol-2-yl)-5H-pyrrolo[2,3-blpyrazin-7-yI]-2,2-

dimethyl-propan-1-one as a white solid.

Example 87. TFA/ NaOAc deprotection
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1-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{ 2,3-b]pyrazin-2-vlj-3,4-dihydro- 1 H-quinolin-2-one:
A solution of 1-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxvmethyl}-SH-
pyrrolo[2,3-blpyrazin-2-y1]-3,4-dihydro-1H-quinolin-2-one (0.2562 g, 0.535 mmol) in 2 mL. of
dichloromethane and 2 mL of trifluoroacetic acid was stirred for 5 h then concentrated to a
yellow oil. The oil was dissolved in 2 mL of ethanol and the solution was treated with sodium
acetate trihydrate (01.3g, 9.55mmol). Silica gel chromatography {0->50% 60:10:1
CH.Cl::MeOH:NH;OH /dichloromethane) afforded 0.1626g (87% vield) of 1-[7-(2,2-Dimethvi-
propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-3,4-dihydro-1H-quinolin-2-one as a yellow solid.

Example 88. TFA/ KOH deprotection

\/
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1-[2-(3-Cyclopentylamino-phenyl)-SH-pyrrolof2,3-blpyrazin-7-y1]-2,2-dimethyi-propan-1-one:
A solution of 1-[2-(3-Cyclopentylamino-phenyl)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-
pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one (0.1781g, 0.361mmol) in ImL of
dichloromethane and ImL of trifluoroacetic acid was stirred for 3 h then concentrated to a
yellow oil. The oil was dissolved in ImL of methanol and the solution was treated with
potassium hydroxide (0.24g, 4.34mmol). Preparative thin layer chromatography (50% 60:10:1
CH,Cl;:MeOH:NHOH / dichloromethane) afforded 0.070g (53% vield) of 1-{2-(3-
Cyclopentylamino-phenvl}-5SH-pyrrolo{2,3-blpyrazin-7-vl]-2,2-dimethyl-propan-1-one as a

vellow solid.
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Example 89. Cul/proline coupling

mooR - HN
Cal, profine,
- K2C03, DMSO /=

1-[2-(3-Isopropylamino-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one
DMSO (1.5 mlL.) was added to a mixture of copper iodide (10.6 mg; 0.056 mmol), d,I-proline
(12.8 mg; 0.11 mmol), potassium carbonate (113 mg; (.81 mmol), and 1-[2-(3-Iodo-phenyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl1}-2,2-dimethyl-propan-1-one {150 mg; 0.37 mmol). Isopropyl amine
(0.315 mL; 0.219g, 3.7 mmol) was added and the resulting mixture was stirred at 110 °C (oil
bath} for 24 hrs. The reaction mixture was quenched with water and extracted 3 times with
EtOAc. The organic layers were combined, washed with brine, dried over MgSO4, and
concentrated to give a vellow oil. Preparative HPLC afforded 6.1mg (5% yield) of 1-[2-(3-
Isopropylamino-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one as a yellow
solid

Example 90. EDCY HOBT coupling

m\

EDCL, HOBT,
DE’EA CH2CE2 C

\
{/

N;‘ o HO

3-(4-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-yl}-phenyl } -piperazin-1-yi)-3-
oXo-propionitrile

Dichloromethane (1ml) was added to a mixture of EDCI (0.181g, 0.945mmol), HOBT
monohydrate (0.128g, 0.945mmol), cyanoacetic acid (0.060g, 0.71mmol), and 2,2-Dimethyl-1-
[2-(3-piperazin-1-yl-phenyl}-5SH-pyrrolo[2,3-blpyrazin-7-vi]-propan-1-one (0.1718g,
0.473mmol) under argon. Diisopropylethylamine (DIPEA, 0.41ml.; 0.304¢, 2.36mmo!) was

subsequently added and the reaction was stirred overnight at ambient temperature. The reaction
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was quenched with saturated aqueous NaHCO3 and extracted 3 times with dichloromethane. The
combined organic layers were dried over MgSO4, filtered and concentrated in vacuo. Preparative
thin layer chromatography afforded 0.0402¢g (20% yield) of 3-(4-{3-[7-(2,2-Dimethyl-

propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl}-piperazin-1-yl)-3-oxo-propionitrile as an off-

white solid.

Characterization data for final compounds
1-[2-(1,3-Dihydro-isoindol-2-yl)-5H-pyrrolo{2,3-b]pyrazin-7-yli-2,2-dimethyl-propan-1-one
2,2-Dimethyl-1-{2-[3-(3-trifluoromethyl-5,6-dihydro-8H-[ 1,2 4}triazolo[4,3-a]pyrazin-7-
yimethyl)-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl }-propan-1-one

Product isolated as a white solid, 0.0204g, 57% yield. 1H-NMR (CDC13, 400MHz): 10.95 (s,
1H), 8.67 (s, 1H), 8.39 (d, 1H, J=3.1Hz), 8.06 (s, 1H), 7.98 (d, 1H, J=7.8Hz), 7.45 (1, 1H,
J=7.6Hz), 7.36 (d, 1H, J=7.6Hz), 4.11 (t, 2H, J=5.4Hz), 3.93 (s, 2H), 3.83 (s, 2H), 2.97 (t, 2H,
J=5.6Hz),1.46ppm (s, 9H). MS (E/I): 484 (M+H)

1-{2-[3-(5,6-Dihydro-8H-[1,2 4]triazolo{4,3-a]pyrazin-7-ylmethyl)-phenyl]-5H-pyrrolo2,3-
blpyrazin-7-y1}-2,2-dimethyl-propan-1-one

Product isolated as a white solid, 0.0245g, 43% yield. 1TH-NMR (CDCI13, 400MHz): 8.69 (s, 1H),
8.45 (s, 1H), 8.06 (s, 1H), 8.16 (s, 1H), 8.11 (s, 1H), 8.04 (d, 1H, J=7.7Hz), 7.50 (t, 1H,
J1=7.6Hz), 7.43 (d, 1H, J=7.5Hz), 4.12 (1, 2H, J=5.5Hz), 3.96 (s, 2H), 3.88 (s, 2H), 2.99 (t, 2H,
J=5.4Hz),1.56 ppm (s, 9H). MS (E/1): 416 (M+H) |

2,2-Dimethyl-1-{2-{4-(3-trifluoromethyl-5,6-dihydro-8H-{ 1,2 4]trtazolo[4,3-a]pyrazin-7-
yimethyl)-phenylj-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one

Product isolated as an off-white solid, 0.0141g, 31% yield. 1H-NMR (CDCI3, 400MHz): 9.86 (s,
1H), 8.77 (s, 1H), 8.43 (&, 1H, J=3.2Hz), 8.13 (d, 1H, J=8.3Hz), 4.18 (t, 2H, J=5.5Hz), 3.98 (s,
2H), 3.87 (s, 2H), 3.02 (t, 2H, J=5.3Hz),1.57 ppm {s, OH). MS (E/I): 484 (M+H)

4-13-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yi]-phenyl } - 1.5-dimethyl-

piperazin-2-one

Product tsolated as a White solid, 0.0096g, 33% vield. 1H-NMR (CDCI3, 400MHz): 8.77 (s,
1H), 8.46 (s, 1H), 7.73 (d, 1H, }=8.7Hz), 7.56 (t, 1H, J=8.0Hz), 7.42 (t, 1H, J=8.0Hz), 6.92 (1,
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1H, J=8.8Hz), 4.15 (m, 1H), 3.87 (m, 28), 3.06 (s, 2H), 1.57 (s, 9H), 1.43 (d, 2H, 6.3Hz), 1.26
ppm (d, 3H, 6.2Hz). MS (E/1): 406 (M-+H)

[2-(3-Cyclopentylamino-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(1-methyl-cyclohexyl)-

methanone

Product isolated as a yellow solid, 0.0275g, 80% yield. 1H-NMR (CDCI3, 400MHz): 10.21(s,
1H), 8.77 (s, 1H), 8.41 (s, 1H), 7.47 (m, 1H), 7.30 {t, 1H, J=7.9Hz), 6.69 (m, 1H), 3.92 (quintet,
1H, J=6.3Hz), 2.56 (m, 2H), 2.10 (m, 2H), 1.8-1.2 (m, 14H), 1.57 (s, 3H). 13C-NMR (CDCI3,
76MHz): 203.3, 149.7, 149.4, 141.7, 139.5, 138.0, 136.3, 135.7, 130.8, 118.4, 116.5, 115.6,
112.1,55.9, 48.8, 35.9,34.7,27.3, 25.1, 24 .4, 24.3 ppm. MS (E/I): 403 (M+H). MP = 190-
192°C.

{2-[3-(Cyclopentyl-methyl-amino)-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl }-(1-methyl-

cyclohexyl)-methanone

Product isolated as a yellow solid, 0.0097¢, §4% yield. TH-NMR (CDCI3, 400MHz): 9.74 (s,
1H), 8.80 (s, 1H), 8.41 (s, 1H}, 7.77 (s, 1H), 7.38 (m, 2H), 6.93 (m, 1H), 4.34 (quintet, 1H,
J=8Hz), 2.91 (s, 3H}, 2.56 (m, 2H), 1.96 (m, 2H), 1.8-1.2 (m, 13H), 1.57 (s, 3H). MS (E/T): 417
(M~+H).

1-{2-(3-Cyclopentylamino-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one

Product isolated as a yellow solid, 0.070g, 33% yield. 1H-NMR (CDCI13, 400MHz): 8.79 (s, 1H),
8.47 (s, 1H), 7.50 (m, 1H), 7.38 (m, 1H), 7.27 (t, 1H, J=7.7Hz), 6.69 (m, 1H), 3.88 (m, 1H), 2.11
(m, 2H), 1.9-1.4 (m, 6H), 1.59 (s, 9H). MS (E/1): 363 (M~+H). MP = 207-209°C

1-{2-[3-(2-Hydroxy-cyclopentylamino)-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-

propan-1-one

Product isolated as a yellow solid and mixture of diastereomers, 0.0232g, 37% yield. 1H-NMR
(CDCI3, 400MHz): 8.70 (s, 1H), 8.40 (s, 1H}, 7.45 (s, 1H), 7.37 (m, 1H}), 7.26 {m, 1H}, 6.71 (m,
1HY, 4.17 (m, 1H), 3.75 (m, 1), 2.34 (m, 1H), 2.06 {m, 1H), 1.95-1.4 (m, 6H), 1.54 ppm (s,
OH). IR {KBr): 3412, 2961, 2871, 1636, 1606, 1384, 1089 cm-1. MS (E/D): 379 (M+H). MP =
178-180°C
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3-Methyl-4-{ 3-[7-(1-methyl-cyclohexanecarbonyl)-5SH-pyrrolo{2,3-b]pyrazin-2-yl]-phenyl } -

piperazin-2-one

Product isolated as a light vellow solid, 0.018g, 85% yield. IH-NMR (MeOD, 400MHz): 8.62 (s.
2H), 7.86 (s, 1H), 7.55 (d, 1H, J=7.9Hz), 7.37 (t, 1H, J=7.89Hz), 6.99 (dd, 1H, J=8.13, 2.46Hz),
4.45 (g, 1H, J=6.9Hz), 3.8-3.35 (m, 4H), 2.61 (m, 2H), 1.8-1.2 (m, §H), 1.57 (s, 3H), 1.43 ppm
(d, 3H, J=7.0Hz). MS (E/I): 432 (M+H).

1-(2-{3-[4-(2-Hydroxy-acetyl)-piperazin-1-yl}-phenyl } -5H-pyrrolo[ 2,3-b]pyrazin-7-yl}-2,2-

dimethyl-propan-1-one

Product isolated as a White solid, 0.0056g, 20% yvield. 1H-NMR (CD30D, 400MHz): 8.82 (s,
1H), 8.47 (d, 1H, J=4.5Hz), 7.89 (s, 1H}, 7.63 (m, 1H), 7.40 (m, 1H), 7.10 (m, 1H), 4,30 (s, 2H),
3.81 (m, 2H), 3.65 {(m, 2H), 3.26 {m, 2H), 3.02 (m, 2H), 1.56 (s, 9H}. MS (E/I): 422 (M+H)

2,2-Dimethyl-1-{2-[3-(1-methyl-pyrroiidin-3-ylamino)-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-7-yl } -

propan-1-one

Product isolated as a white solid, 0.0562g, 61% yield. 1H-NMR (CDCI3, 400MHz): 8.85 (s, 1H),
8.37 (s, 1H), 7.49 (d, 1H, J=7.7Hz), 7.40 (s, 1H), 7.32 (t, 1H, }=7.9Hz), 6.62 (¢, 1H, J=7.4Hz),
4.33 (s, 1H}, 3.34 (m, 2H), 2.77(m, 1H), 2.63 (m, 3H), 2.6-2.5 (m, 2H), 2.02 (m, 1H), 1.55 ppm
(s, OH). MS (E/T): 378 (M+H), MP =223-225°C.

2,2-Dimethyl-1-{2-[3-(tetrahydro-furan-3-ylamino)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl }-

propan-l-one

Product isolated as a yellow solid, 0.054g, 83% yield. 1H-NMR (CDCI3, 400MHz): 8.84 (s, 1H),
8.50 (s, 1H), 7.49 (m, 1H), 7.36 (m, 1H), 6.73 (m, 1H), 4.50 (m, 1H), 4.29 (m, 1H), 4.12 (m,
1H), 3.98 (m, 1H), 2.41 {(m, 1H), 2.07 (m, 1H), 1.62 ppm (s, 1H). M5 (E/T): 365 (M+H), MP =
212-214 oC |

1-(2-{4-[4-(2-Hydroxy-acetyl)-piperazin-1-vi]-phenyl } -SH-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-

dimethyl-propan-1-one

Product isolated as a yellow solid, 0.017g, 20% yield. 1H-NMR (CDCI3, 400MHz): 9.72 (br s,
1H), 8.74 (s, 1H), 8.40 (s, 1H), 8.09 (d, 2H, J=8.8Hz}), 7.05 (d, 2H, J=8.9Hz}, 4.25 (d, 2H,
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J=4.4Hz), 3.89 (t, 2H, J=4.9Hz}, 3.49 (t, 2H, J=4.6Hz}, 3.32 (m, 4H), 2.82 (br s, 1H), 1.57 ppm
(s, 9H). IR (KBr): 3432, 1653, 1559, 1521, 1457, 1385, 1229, 1086, 528, 518, 507, 495, 485,
474,462, 409 cm-1. MS (E/I): 422 (M+H).

1-(2-{4-[4-(2-Hydroxy-ethyl)-piperazin-1-yl]-phenyl }-SH-pyrrolo[2,3-blpyrazin-7-yI}-2,2-
dimethyl-propan-1-one

Product isolated as a yellow solid, 0.0137g, 30% yield. 1H-NMR (CDC13, 400MHz): 8.73 (s,
1H), 8.39 (s, 1H), 8.06 (d, 2H, }=8.9Hz}, 7.05 {(d, 2H, J=9.0Hz), 3.70 (1, 2H, J=5.4Hz), 3.34 {x,
2H, }=5.1Hz), 2.72 (t, 2H, J=4 9Hz), 2.65 (t, 2H, J=5.2Hz), 1.58 ppm (s, 9H). IR (KBr); 3431,
2926, 1653, 1636, 1540, 1521, 1457, 1385, 1228, 1087, 467, 426, 415 cm-1. MS (E/D): 408
(M+H). MP =211-213 °C.

1-12-(3-Isopropylamino-phenyl)-SH-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one

Product isolated as a yellow solid, 0.0061g, 5% yield. 1H-NMR (CDCI13, 400MHz): 8.79 (s,
1H), 8.42 (s, TH), 7.49 (m, 1H), 7.38 (m, 1H), 7.30 (m, 1H), 6.69 (m, 1H), 3.76 (m, 1H), 1.59 (s,
9H), 1.29 ppm (d, 6H, J=6.1Hz). MS (E/T): 337 (M+H).

1-{2-[3-(4-Methanesulfonyl-piperazin-1-yl}-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl }-2.2-

dimethyl-propan-1-one

Product isolated as a vellow solid, 0.0186g, 26% yield. 1TH-NMR (CDCI3, 400MHBz}: 8.80 (s,
1H), 8.42 (s, 1H), 7.86 (m, 1H), 7.64 (d, 1H, }=7.8Hz), 7.45 (t, 1H, J=8.0Hz), 7.04 (m, 1H), 3.44
{m, 8E), 2.86 (s, 3H), 1.58 ppm (s, OH). MS (E/D): 442 (M+H). MP = 243-245 °C.,

1-{2-[4-(4-Methanesulfonyl-piperazin-1-yl)-phenyl]-5SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
dimethyi-propan-1-one

Product isolated as a yellow solid, 0.0186g, 24% vield. 1H-NMR (CDC13, 400MHz): 8.73 (s,
1H), 8.36 (s, 1H), 8.08 (d, 2H, J=8.6Hz), 7.07 (d, 2H, J=8.7Hz), 3.49 (m, 8H), 2.85 (s, 3H), 1.56
ppm (s, 9H). IR (KBr): 3427, 2868, 1644, 1609, 1521, 1455, 1417, 1397, 1385, 1324, 1233,
1159, 1120, 957,779, 517 cm-1. MS (E/I): 442 (M+H), MP = 288-290 °C.

1-(2-{3-{4-(2-Hydroxy-ethyl)-piperazin-1-yl}-phenyl }-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-
dimethyl-propan-1-one
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Product isolated as a yellow solid, 0.0234¢g, 48% vield. TH-NMR (CDCI3, 400MHz): 8.78 (s,
1H), 8.46 (s, 1H}, 7.82 (m, 1H), 7.54 (m, 1H), 7.39 (m, 1H), 7.02 (m, 1H), 3.73 (t, 2H, ]=5.3Hz),
3.34 (m, 4H), 2.75 (im, 4H), 2.66 (t, 2H, J=4.6Hz), 1.58 ppm (s, 9H). MS (E/D): 408 (M~+H). MP
= 103-105 °C.

1-{2-[3-((cis)-2-Hydroxy-cyclopentylamino)-phenyl}-5H-pyrrolo{2,3-bipyrazin-7-yl}-2,2-

dimethyl-propan-1-one

Product isolated as a yellow solid, 0.0158g, 32% yield. IH-NMR (CDCI3, 400MHz}: §.76 (s,
1H), 8.42 (s, 1H), 7.55 (s, TH), 7.43 (d, 1H, J=7.3Hz), 7.31 (t, 1H, I=7.8Hz), 6.77 (m, 1H), 4.41
(m, 1H), 4.27 {m, 1H), 3.74 (br s, 1H), 2.2-1.6 (m, 6H), 1.57 ppm (s, 9H). MS (E/T): 379 (M+H).
MP = 115-117 oC.

1-{2-[3-(i-Methanesulfonyl-piperidin-4-ylamino)-phenyl}-5SH-pyrrolo{2,3-blpyrazin-7-y1}-2,2-

dimethyl-propan-1-one

Product isolated as a yellow solid, 0.0087g, 26% yield. 1H-NMR (CDCI3, 400MHz): 8.77 (s,
1H), 8.39 (s, 1H), 7.5-7.4 (m, 2H), 7.33 (t, 1H, J=7.7Hz), 6.70 (d, 1H, J=8.0Hz), 3.81 (m, 2H),
3.73 (m, 1H), 3.43 (s, 1H), 2.97 (m, 2H), 2.84 (s, 3H), 2.26 (m, 2H), 1.66 (m, 2ZH), 1.57 ppm (s,
9H). MS (E/T): 456 (M+H). MP = 264-266°C.

3-(4-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-bjpyrazin-2-yi}-phenyl } -piperazin-1-yl)-3-

oxo-propionitrile

Product isolated as an off-white solid, 0.0402g, 20% vyield. 1H-NMR (d-DMSQ, 300MHz): 8.99
(s, 1H}, 8.52 (s, 1H), 7.82 {m, 1H), 7.66 (d, 1H, }=8.0Hz), 7.41 (t, 1H, J=8.0Hz), 7.08 (m, 1H),
412 (s, 2H), 3.7-3.2 (m, 8H), 1.50 ppm (s, 9H). MS (E/D): 431 (M+H). MP = 240-2420C.

1-{2-[3-({trans)-2-Hydroxy-cyclopentylamino)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl1 }-2,2-
dimethyl-propan-1-one

Product isolated as a yellow solid, 0.0236g, 47% yield. 1H-NMR (CDCl3, 400MHz): 8.70 (s,
1H}, 8.40 (s, 1H), 7.44 (m, 1H), 7.37 (m, 1H), 7.25 (m, 1H}, 6.70 (m, 1H), 4.19 (m, 1H), 3.88 (br
s, 1H), 3.75 (s, 1H), 2.37 (m, 1H), 2.07 (m, 1H), 1.95-1.65 (m, 4H), 1.54 ppm (s, OH). MS (E/T}:
379 (M+H). MP = 103-1050C.
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(4-{3-[7-(2,2-Dimethyl-propionyl)-3H-pyrrolo[2,3-b]pyrazin-2-yi}-phenyl } -piperazin-1-yl)-

acetic acid

Product isolated as an off-white solid, 0.082g, 75% yield. 1H-NMR (CD30D, 400MHz): 8.83 (s,
1H), 8.35 (s, 1H), 7.71 (s, 1H), 7.51 (m, 1H), 7.27 (m, 1H), 6.99 (m, 1H}, 3.65 (s, 2H), 3.55-3.4
(m, 8H), 1.43 ppm (s, 9H). MS (E/D): 422 (M+H). MP = 188-1900C.

Example 91. Preparation of benzyl friazolopyrazines

(]

0
SEMw Sy, SEMes, Ry
/N'-.N Na{OAc)3BH, DCE, )
— /-'< | AcOH —
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O -
CHO .

1-[2-[3-(5,6-Dihydro-8H-[1,2 4]triazolof4,3-a}pyrazin-7-ylmethyl)-phenyi]-5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

To a solution of 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-2-yl}-benzaldehyde (0.150g, 0.3428mmol} and 5.6,7,8-Tetrahydro-
[1,2.4}triazolo[4,3-a]pyrazine (0.064g, 0.514mmol} in 1.21ﬁL of dichloroethane was added
1.2mL acetic acid and 0.109¢ of sodium triacetoxyborohydride (0.514mmol). The reaction was
stirred overnight at room temperature before quenching with saturated aqueous Na2CQO3, The
reaction mixture was extracted 3 times with ethyl acetate, combined organics dried over MgSO4,
filtered and concentrated in vacuo. Silica gel chromatography (0->100% EtOAc/ hexanes over
30 minutes, foliowed by a flush with 100% methanol) afforded 0.0744¢ (40% yield) of 1-[2-{3-
(5,6-Dihydro-8H-[1.2,4}triazolo[4,3-a]pyrazin-7-ylmethyl}-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one as a white solid, MS
(E/I): 546 (M+H)

2.2-Dimethyl-1-[2-[3-(3-trifluoromethyl-5,6-dihydro-8H-[1,2.4]triazolo[4,3-a]pyrazin-7-
yimethyD-phenyl]-5-(2-trimethyisilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-
i-one. MS (E/I): 614 (M+H)
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2,2-Dimethyl-1-[2- [4—(3—triﬂu0romethyl—5 ,0-dihydro-8H-[1,2,4]triazolof[4,3-a]pyrazin-7-
yimethyl)-phenyl}-5-(2-trimethylisilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl-propan-
T-one. MS (E/D): 614 (M~+H)

—— NaH, Mel, DMF
: N N .

\_# ¥
B /

e e

Preparation of [2-[3-(Cyclopentyl-methyl-amino)-phenyll-5-(2-trimethylsilanyl-ethoxymethvt)-

Example 92.

SH-pyrrolo[2,3-b]pyrazin-7-y1]-(1-methyl-cyclohexyl)-methanone

To a solution of [2-(3-Cyclopentylamino-phenyl)-5-(2-trimethylsilanyl-ethoxymethvl)-5H-
pyrrolo[2,3-b]pyrazin-7-vi]-(1-methyl-cyclohexyl}-methanone 1n dimethyl formamide was added
sodium hydride (60% dispersion in mineral oil, 9mg, 0.218mmol} under argon. The reaction
mixtare was stirred at room temperature for 15 minutes before the addition of methyl iodide via
syringe. The reaction was sturred for 14 h before quenching with water and extracting 3 times
with dichloromethane. The combined organics were washed with water, dried over MgSO4,
filtered and concentrated in vacuo. Preparative thin Iayér chromatography {25% EtOAc/
hexanes) afforded 0.0152¢g (15% yield) of [2-[3-(Cyclopentyl-methyl-amino)-phenyi]-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-vi]-(1-methyi-cyclohexyl}-
methanone as a yellow oil, MS (E/T): 547 (M+H)

Example 93
4

< \\\ /\s{\\\
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2,2-Dimethyl-1 -[2-¢ 3—pipefazin- 1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo{2,3-blpyrazin-7-yl}-propan-1-one. Procedure for selective BOC deprotection

A solution of 4—{3—[7—(2,2—Dimethyi—propionyl)—S-(2-trimethyisiIanyi—ethoxymethyi)—SH-
pyrrolo[2,3-bjpyrazin-2-yl}-phenyl }-piperazine-1-carboxylic acid tert-butyl ester (0.1226g,
0.206mmol) in 4mL of hexafluoroisopropanol was stirred at 1500C for 1 h under microwave
irradiation, The reaction mixture was concentrated irn vacuo. Silica gel chromatography (0->40%
60:10:1 CH»2Cly:MeOH:NH4OH /dichloromethane over 20 minutes) afforded 0.0704g (69%
yield) of 2,2-Dimethyl-1-{2-(3-piperazin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrroio[2,3-blpyrazin-7-yl]-propan-1-one as an off-white solid. MS (E/]): 494 (M+H)

2,2-Dimethyl-1-[2-(4-piperazin-1-yi-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl}-5H-
pyrrolo[2,3-bipyrazin-7-ylJ-propan-1-cne. MS (E/I): 454 (M+H)

Example 94.

\/ \/
/511 /511

0
(LN\O ({\N\

DIPEA, DMF
AW g AW
o OO0
e =/ /' N\

Preparation of (2-hydroxyethyl)-piperazines. 1-[2-{3-[4-(2-Hydroxy-ethyl)-piperazin-1-yl}-
phenyl}-5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2Z,2-dimethyl-
propan-1-one.

To a solution of 2,2-Dimethyi-1-[2-(3-piperazin-1-yl-phenyl}-5-(2-trimethylstlanyi-
ethoxvmethvl)-SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one (0.10g, 0.203mmol) in 2mL
dimethyl formamide under argon was added 0.088mL of diisopropylethylamine (0.066g,
0.508mmol) and 0.036mL of 2-bromoethanol (0.0635g, 0.508mmaol). The reaction was stirred
overnight at room temperature before quenching with water and extracting with
dichloromethane, The combined organics were washed with water, dried over MgSO4, filtered

and concentrated in vacuo. Silica gel chromatography (G->40% 60:10:1 CH,Clo:MeOH:NH,OH /
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dichloromethane over 30 minutes) afforded 0.0648¢ (59% yield) of 1-[2-{3-[4-(2-Hydroxy-
ethyl}-piperazin-[-yl]-phenyl }-5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolof2,3-blpyrazin-7-
yl]-2,2-dimethyl-propan-1-one as a yellow oil. MS (E/I): 538 (M+H)

1-[2-{4-[4-(2-Hydroxy-ethyl}-piperazin-1-yl]-phenyl }-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-bjpyrazin-7-y1}-2,2-dimethyl-propan- I -one. MS (E/I): 538 (M+H)

Example 95.

1/ \/

Si
rd Vd
‘\‘o 0 \Lo <{3
LN = DIPEA, DMF \‘-r\s =

By B —
NN N, N
" N
E*/YO% Y

Fd N o / \

NN NN

s ./ Sep

o %.‘

(4-{3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrrolo[ 2, 3-
blpyrazin-2-yl]-phenyl}-piperazin-1-yl)-acetic acid tert-butyl ester.

To a solution of 2,2-Dimethyl-1-[2-(3-piperazin-1-yl-phenyl)-5-(2-trimethylsilanyl-
ethoxymethyl}-5H-pyrrolo{2,3-blpyrazin-7-yl]-propan-1-one (0.233g, 0.473mmol} in 2mL of
dimethyl formamide was added 0.074mL of diisopropylethylamine (0.055g, 0.425mmol) and
0.629mL of tert-butyl bromoacetate (0.083g, 0.425mmuol). The reaction was stizred at room
temperature overnight before quenching with water and extracting with dichloromethane. The
combined organics were washed with water, dried over MgSO4, filtered and concentrated in
vacuo. Silica gel chromatography (10->60% EtOAc/ hexanes over 30 minutes) afforded 0.1582¢
(61% yield) of (4-{3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-
pyrrolo[2,3-blpyrazin-2-yl}-phenyl}-piperazin-1-yl)-acetic acid tert-butyl ester as a yellow oil.
MS (E/I): 608 (M+H).

Preparation of 1-[2-{3-[4-(2-Hydroxy-acetyl)-piperazin-1-vyl]-phenyl}-5-(Z-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo]2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one and 1-[2-{4-[4-(2-
Hydroxy-acetyl)-piperazin-1-yl]-phenyl }-5-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrrolo[2,3-
blpyrazin-7-yi]-2,2-dimethyl-propan-1-one. See Procedure E (EDCI/HOBT Coupling)
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1-[2-{3-[4-(2-Hydroxy-acetyl)-piperazin-1-yl]-phenyl }-5-(2-trimethylsilanyl-ethox ymethyl)-5H-
pyrrolo[2,3-bjpyrazin-7-yl}-2,2-dimethyl-propan-1-one, MS (E/T}: 552 (M~+H).

1-[2-{4-[4-(2-Hydroxy-acetyl)-piperazin-1-yl]-phenyl } -5-(2-trimethylsilanyl-ethox ymethyl}-5H-
pyrroto[2,3-bipyrazin-7-ylj-2,2-dimethyl-propan-1-one. MS (E/T): 552 (M+H).

Example 96.

1-[2-[4-(4-Methanesulfonyl-piperazin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyi-propan-1-one:

To a solution of 2,2-Dimethyl-1-[2-(4-piperazin-1-yl-phenyl)-5-(2-trimethylsilanyl-

-ethoxymethyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (0.10g, 0.203mmol) in

dichioromethane was added 0.042mL of ditsopropylethyiamine (0.031g, 0.244mmol) and the
reaction mixture was subsequently cooled to 0oC. Methane sulfonyl chloride (0.019mL; 0.028g,
{.244mmol) was added via syringe and the reaction was slowly warmed to room temperature and
stirred overnight. The reaction was quenched with water and extracted 3 fimes with
dichloromethane, Combined organics were dried over MgSO4, filtered and conc in vacuo. Silica
gel chromatography (15->65% EtOQAc/ hexanes over 30 minutes) afforded 0.1014g (87% yield)
of 1-[2-[4-(4-Methanesulfonyl-piperazin-1-yl)-phenyl}-5-(2-trimethylsilanyl-ethox ymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-yi}-2,2-dimethvl-propan-1-one as a yellow oil. MS (E/T): 372 (M+H).

1-[2-[3-{4-Methanesulfony!-piperazin-1-yl}-phenyl]-5-(2-trimethylsilanyl-ethox ymethyl)-SH-
pyrrolof2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one MS (E/I): 572 (M+H).

Prepared according to general procedures described in these Examples:
1-[2-(1H-Indol-4-y1)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan- 1-one. Substituting
indole 4-boronic acid for 3-(1-pyrrolidino)phenyl boronic acid. MP = 257-258C, (M+H)" = 319.
1-[2-(1H-Indol-6-y1)-5H-pyrrolo[2,3-blpyrazin-7-vi}-2,2-dimethyi-propan-1-one.Substituting
indole 6-boronic acid for 3-(1-pyrrolidino)phenyl boronic acid. MP = >300C, (M+H)" = 319. 1-
[2-(1H-Indol-5-y1)-SH-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one. Substituting 5-
indoleboronic acid for 3-(1-pyrrolidino)phenyl boronic acid. MP = 296-297C, (M+H) = 319,

Example 97.
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a

O
1-{2-(3,5-Di-pyrrolidin-1-yl-phenyl)-SH-pyrrolof2,3-bipyrazin-7-yl}-2,2-dimethyi-propan-1-one
1-(3-chloro-5-pyrrolidinophenyl)-pyrrolidine (0.15¢g, 0.6mmol, prepared from 5-chloro-m-
phenylenediamine by the method found in Synthesis, 1999(1}, 74) was dissolved in 2.5ml 1,4-
dioxane, The solution was pursed with argon and bis(pinacoiato)diboron (0.17¢g, 0.66mmol) was
added, foliowed by tris(benzylidenediacetone) dipalladium (11mg, 0.012mmol), dicyclohexyl-
(2',6'-dimethoxy-biphenyl-2-yh-phosphane (25mg, 0.06mmol) and potassium acetate {118mg,
1.2mmol). The reaction was sealed and run on a microwave reactor at 150C for Zhr. The reaction
mixture was then poured into ethyl acetate and water and the layers were separated. The aqueous
layer was extracted once more with ethyl acetate, and the combined ethyl acetate layers were
washed with saturated sodium chloride solution and dried over sodium sulfate. After filtration
and evaporation, 290mg of solid product was obtained and used in place of 3-(1-
pyrrolidino)phenyl boronic acid using general procedures described in these Examples, a 39%

vield of product was obtained. MP = 291-303C, (M+H)" = 418.

Example 98,

1-[2-(4-Methoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

A mixture of 1-(2-bromo-5H-pyrrolo[2,3-bipyrazin-7-yi)-2,2-dimethyl-propan-1-one (60 mg,
(.21 mmol), 4-methoxyphenyl boronic acid (33 mg, 0.22 mmol}, potassium carbonate (69 mg,
0.5 mmol), Pd(dppf)Cl; CH2Cl; (13 mg, 0.016 mmol), 1.7 ml. dioxane and 0.4 mL. water was
stirred at 150 °C in a microwave for 30 min, The resulting mixture was partitioned between
ethyl acetate and water. The combined organic layers were dried over Na,SO, and concentrated
to give a dark brown solid. The crude product was purified by preparative thin layer

chromatography using 90:9.5:0.5 CH2Cly:MeOH:cone NH4OH as eluant. The resultant brown
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solid was washed ‘with ethyl ether to provide 31 mg (50%) of 1-[2-(4-methoxy-phenyl)-5H-

pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one as a brown solid. MP 207-208 °C, M+H
310.

Other Compounds Prepared Using this General Procedure (prepared starting from 1-{(2-bromo-
5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyi-propan-1-one and the appropriate boronic acid, but

washing the final product with a combination of CH,Cl,, Et;O, and hexanes):

1-[2-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one, MP
199.5-200.7 °C, M+H 310;

1-[2-(3-Methoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one, MP
197.4-198.8 °C, M+H 310.

Exampie 99.

1-(5-Brome-2-methoxy-phenyl)-pyrrolidine

To a 10 °C solution of 5-bromo-2-methoxy-phenylamine (3.6 g, 17.8 mmoL) in THF (20 mL}
and MeOH (20 mL) was slowly added a solution of 2,5-dimethoxy-tetrahydro-furan (3 mL, 23
mmol) and 2.5 M H,SO, (17.8 mL, 44.5 mmol) in THF (25 mL)via addition funnel over 15 min.
The reaction was cooled to 0 °C and NaBH, (2.7 g, 71 mmol) was added portionwise over 30
min. The reaction mixture was allowed to slowly warm to room temperature, stirred at room
temperature overnight, diluted with water (30 mL), basified with NaOH (~5 g) until pH~10
while cooling with an ice bath, and extracted with Et;0. The combined organic extracts were
extracted with 6 N HCI (40 mL.). The aqueous phase was washed with Et;O, basified with
NaOH (~10 g) until pH~10, and extracted with Et;O. The organic extract was washed with
brine, dried with Na,SO, and concentrated to give 2.8 g of a brown oil. The crude product was
purified by flash chromatography using 40 g of silica gel and 0-80% EtOAc in hexanes as eluant
to afford 2 g of 1-(5-bromo-2-methoxy-phenyl)-pyrrolidine. MP 47-48 °C, M+H 256/258.
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Example 100. :
1—[2-Methoxy~5.-(4,4,5 ,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine

To a -78 °C solution of 1-(5-bromo-2-methoxy-phenyl)-pyrrolidine (270 mg, 1.1 mmol) in THF
(17 mL) was added dropwise a solution of #-Buli (1.3 mL, 1.7 M solution in pentane, 2.2 mmol).
The resuitant yellow solution was stirred for 30 min, treated with additional -Buli (1.3 mL, 1.7
M solution in pentane, 2.2 mmol), stirred for 45 min, and treated dropwise with 2-isopropoxy-
4.4,5,5-tetramethyl-[1,3,2]dioxaborolane (0.8 mL, 4.4 mmol). The reaction was allowed to
slowly warm to room temperature, stirred at room temperature overnight, and partitioned
between saturated NH4C! and EtOAc. The combined organic phases were dried with Na;SOy
and concentrated to give a tan oil. The crude product was purified by flash chromatography
using 25 g of silica gel and 0-50% EtOAc in hexanes as eluant to afford 120 mg (35%) of 1-[2-
methoxy-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine as a white solid.
M+H 304.

Example 101,
1-{2-(4-Methoxy-3-pyrrolidin-1-yi-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-yi]-2,2-dimethyl-
propan-1-one

A mixture of 1-(2-bromo-5H-pyrrolo{2,3-bjpyrazin-7-yl}-2,2-dimethyl-propan-1-one (30 mg,
0.18 mmol), I-[2-methoxy-5-{4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yi)-phenyli-pyrrolidine
(60 mg, 0.2 mmol), potassium carbonate (63 mg, 0.46 mmol}, Pd(dppf)Cly CH,Cl; (11 mg, 0.013
mmol), 1.4 mL dioxane and 0.3 mL water was stirred at 150 °C in a microwave for 30 min, The
resulting mixture was treated with additional Pd{dppf)Cl, CH,Cl, (2 mg, 0.002 mmol), stirred at
160 °C in a microwave for 10 min, and partitioned between ethyl acetate and water. The
combined organic layers were dried over Na;SO4 and concentrated to give a dark brown residue.
The crude product was purified by preparative thin iayer chromatography using 140:9.5:0.5
CHL,Cly: MeOH:conc NH4OH as eluant, The resultant brown solid was washed with CH,Cl; and
ethyl ether to provide 20 mg (29%) of 1-[2-{4-methoxy-3-pyrrolidin-1-yl-phenyl)-5SH-
pyrroio[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one as a yellow solid. MP 211-213 °C, M+H
379.

Example 102.
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1-[3-Methoxy-5-(4,4,5,5-tetramethyi-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine

To a -78 °C solution of pyrrolidine (4 mL, 48 mmol) in THF (15 mL) was slowly added a
solution of n-Bulli (21 mL, 2,3 M solution in hexane, 48 mmol). The reaction was stirred at -78
°C for 15 min and allowed to slowly warm to 0 °C. To 2 -78 °C solution of 1,3-dibromo-5-
methoxy-benzene (6.5 g, 24 mmoL) and LiBr (1.74 g, 20 mmol) in THF (30 mL)was slowly
added via syringe the solution of lithium pyrrolidinylamide. The reaction was allowed to slowly
warm to room temperature, stirred at room temperature overnight, and quenched with saturated
NH4CL The aqueous layer was acidified with I N HC] until pH ~5 and extracted with EtOAc,
The combined organic phases were dried with Na;SO4 and concentrated to give a brown oil. The
oil was treated with hexanes and Et,O to precipitate an impurity. After decanting the solvent, the
brown solid was washed with Et;O and the solvent decanted. The organic washes were
combined and more resultant precipitate was separated by filtration, The mother liquor was
concentrated to provide 4.5 g of a medium brown oil. The crude product was purified by flash
chromatography using 90 g of silica gel and 0-80% EtOAc in hexanes as eluant to afford 3.25 g
{53%) of a 3:1 mixture of 1-{3-bromo-5-methoxy-phenyl)-pyrrolidine: 1-(3-methoxy-phenyl)-
pyrrolidine as a colorless oil. M+H 256/258, 178.

To a -10 °C solution of the impure 1-(3-bromo-5-methoxy-phenyl)-pyrrolidine (0.5 g) from
above in THF (30 ml.) was added dropwise a solution of r-Buli (3.5 mL, 1.7 M solution in
pentane, 6 mmoi). The resultant yellow solution was stirred for 30 min and treated dropwise
with 2-isopropoxy-4.,4.5,5-tetramethyl-[1,3,2]dioxaborolane (1.2 mL, 6.6 mmol}., The reaction
was allowed to slowly warm to room temperature, stirred at room temperature overnight, heated
to reflux for 6 h, allowed to cool to room temperature, and partitioned between saturated NH,Cl
and EtOAc. The combined organic phases were dried with Na;SO, and concentrated to give 1.5
g of a brown oil. The crude product was purified by flash chromatography using 40 g of silica
gel and 0-50% EtOAc in hexanes as eluant to afford 135 mg of 1-[3-methoxy-5-(4,4,5,5-
tetramethyl-[1,3.2}dioxaborolan-2-yl)-phenyl}-pyrrolidine as an o1l which became a white solid,

M+H 304.
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Exampie 103,
1-[2-(3-Methoxy-3-pyrrolidin-1-yl-phenyl}-5SH-pyrrolol2,3-b]pyrazin-7-yl]-2,2-dimethyl-
propan-1-one

A mixtare of 1-(2-bromo-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one (55 mg, 0.2
mmol), 1-[3-methoxy-5-(4,4,5,5-tetramethyl-{ 1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine (67
me, 0.22 mmol), potassium carbonate (70 mg, 0.51 mmol), Pd(dppf)Clo CH.Cl: (12 mg, 0.015
mmol), 1.5 mL dioxane and 0.3 mL water was stirred at 160 °C in a microwave for 30 min. The
resulting mixture was partitioned between ethyl acetate and water. The combined organic lavers
were dried over Na;SO, and concentrated to give a dark brown residue. The crude product was
purified by preparative thin layer chromatography using 140:9.5:0.5 CH,Cl;:MeOH:conc
NH,OH as eluant. The resultant brown solid was washed with ethyl ether to provide 18 mg
(24%) of 1-[2-(3-methoxy-3-pyrrolidin-1-yi-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-
dimethyl-propan-1-one as a yellow solid. MP 245-236 °C, M+H 379.

/
\Hf g’*

Example 104.

1-(5-Chloro-2-methylsulfanyl-phenyl)-pyrrolidine

To a tan solution of 5-chioro-2-methylsulfanyi-phenylamine (5.4 g, 31 mmoL) in THF (35 mL)
and MeOH (35 ml.) was added dropwise a solution of 2,5-dimethoxy-tetrahydro-furan (5.3 mL.,
40 mmol) and 2.5 M H3S0; (31 mL., 78 mmol) in THF (45 mi.)via addition funnel over 1 h. The
reaction was cooled to 0 °C and NaBH, (4.7 g, 124 mmotl) was added portionwise over 1 h with
vigorous stirring. The reaction mixture was allowed to slowly warm to room temperature, stirred
at room temperature overnight, diluted with water‘(60 mL), stirred at room temperature
overnight, slowly basified with NaOH (~7 g) until pH~10 while cooling with an ice bath, and
extracted with Et;O. The combined organic extracts were extracted with 6 N HCI1 (100 mL),

The aqueous phase was basified with NaOH (~30 g, 0.75 mmol} until pH~10, and extracted with
Et;O. The organic extract was dried with Na,SO4 and concentrated to give 2 g of the crude

product. The crude product was purified by flash chromatography using 40 g of silica gel and 5-
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50% EtOAc in hexanes as eluant to afford 0.55 g of 1-(5-chloro-2-methylsulfanyi-phenyl)-
pvrrolidine, M+H 228,

Example 105.

1-[2-Methylsulfanyl-5-(4,4.5,5-tetramethyl-{ 1,3,2}dioxaborolan-2-yl)-phenyli-pyrrolidine

A mixture of 1—(5—chloro—2—methylsulfanyl—phenylj—pyrrolidine (192 mg, 0.84 mmol), Pd,(dba),
(17 mg, 0.02 mmol), bis(pinacolato)diboron (208 mg, (.82 mmol)}, KOAc (166 mg, 1.7 mmol),
and dicyclohexyl-(2',6"-dimethoxy-biphenyl-2-yl)-phosphane (33 mg, 0.08 mmol) in dioxane
(3.3 mL) was stirred at 150 °C in a microwave for 2 h. The resulting mixture was partitioned
between ethyl acetate and water. The combined organic layers were dried over Na;SO4and
concentrated to give a brown oil. The crude product was purified by flash chromatography using
12 g of silica gel and 0-40% EtOAc in hexanes as eluant to afford 0.14 g (50%) of 1-{2-
methyisulfanyl-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine as a tan oil,
M+H 320,

Example 106.
2,2-Dimethyl-1-{2-(4-methylsulfanyl-3-pyrrolidin-1-yl-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl] -
propan-1-one

A mixture of 1-(2-bromo-5H-pyrrolo[2,3-bipyrazin-7-yi)-2,2-dimethyl-propan-1-one (125 mg,
0.44 mmol), 1-[2-methylsuifanyl-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl}-
pyrrolidine (140 mg, 0.4 mmol), potassium carbonate (138 mg, I mmol), and Pd(dppf)Ci-
yCH,Cly (28 meg, 0.03 mmol) in dioxane (3.4 mL) and water (0.8 mL) was stirred at 160 °C in a
microwave for 30 min, The resulting mixture was partitioned between ethyl acetate and water.
The combined organic layers were dried over Na,SO, and concentrated to give 280 mg of a dark
brown oily solid. The crude product was purified by flash chromatography using 12 g of silica
gel and 9.5:0.5 MeOH:conc NH.OH in CH;Cl; as eluant to afford 0.22 g of impure product.
Purification by preparative thin layer chromatography using 95:4.75:0.25 CH.Cl::MeOH:conc
NH4OH as eluant provided 60 mg (30%) of 2,2-dimethyl-1-[2-(4-methylsulfanyl-3-pyrrolidin-1-
yl-phenyl)-5H-pyrrolo{2,3-b}pyrazin-7-yl]-propan-1-one as a brown oil. M+H 3935,

Example 107.
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1-[2-(4-Methanesulfinyl-3-pyrrolidin-1-yi-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-v1}-2,2-dimethyl-
propan-1-one

To a brown solution of 2,2-dimethyl-1-[2-(4-methylsulfanyl-3-pyrrolidin-1-yl-phenyl)-5H-
pysrolo{2,3-b]pyrazin-7-yl]-propan-1-one (54 mg, 0.14 mmol) in CH>Cl; (1 mL) was added
mCPBA (30 mg, 0.13 mmol). After the reaction was complete as determined by TLC using
05:4.75:0.25 CH-Cly:MeOH:conc NH4OH as eluant, it was partitioned between saturated
NaHCO; and CH,Cl, The combined organic layers were dried over Na; SO, and concentrated to
give 80 mg of a brown oil. The crude product was purified by preparative thin layer
chromatography using 93:6.65:0.35 CH»Cly:MeOH:conc NHOH as eluant to afford 31 mg
(609%) of 1-[2-(4-methanesulfinyl-3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo{2,3-bjpyrazin-7-y1]-2,2-
dimethyl-propan-1-one as a yellow glass, MP 150-152 °C, M+H 411,

Example 108.

Y,
s

1-[2-[3~(3-Methanesulfonyl-pyrrolidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one

A mixture of 1,1,2,2.3,3.4,4 4-nonafluoro-butane-1-sulfonic acid 3-[7-(2,2-dimethyi-propionyl)-
5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl ester (120 mg, 0.17
mmol}, 3-methanesuifonyl-pyrrolidine (~40 mg, 0.26 mumol), Pd,(dba}s (8 mg, 0.009 mmol),
Xantphos (11 mg, .02 mmotl), and KsPO4 (72 mg, 0.34 mmol) in toluene (1.5 mL) was stirred in
a sealed tube under argon at 115 °C overnight. The resulting mixture was partitioned between

ethyl acetate and water. The combined organic layers were dried over Na,SO, and concentrated.
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The crude product was purified by flash chromatography using 4 g of silica gel and 20-100%
EtOAc in hexanes as eluant to afford 0.08 g of impure 1-[2-[3-(3-methanesulfonyl-pyrrolidin-1-
yl)—phenyl}~5f(thi‘imethyisilanyl—e_:thoxymethyi}—SH—pyrrolo[2,3—b]pyrazin-7~y1]~2,2~»dimethyi—
propan-1-one. M+Na 579. o |

Example 109,
1-{2-{3-{3-Methanesulfonyl-pyrrolidin-1-yl)-phenyi}-5H-pyrrolo{2,3-bjpyrazin-7-yi}-2,2-
dimethyl-propan-1-one

Following the general procedures described in these Examples, 1-[2-[3-(3-methanesulfonyl-
pyrrolidin-1-yl)-phenyl]-3-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-bipyrazin-7-yl]-
2,2-dimethyl-propan- 1-one from above was deprotected. The crude product was purified by
preparative thin layer chromatography using 150:9.5:0.5 CH;Cl;:MeOH:conc NH4OH as eluant
to provide a pale yellow solid. The yellow solid was washed with Et;O to afford 9 mg (12%
over 2 steps) of 1-{2-[3-(3-methanesulfonyl-pyrrolidin-1-yl)-phenyi]-5H-pyrrolo[2,3-bjpyrazin-
7-y1}-2,2-dimethyl-propan-1-one as a cream-colored solid. MP 223-225 °C, M+H 427.

Example 110,

N

/ ‘\\
N/ \N
L@‘

1-[2-[3-(3-Methoxy-azetidin-1-yl)-phenyl]- 5-(2-trimethylsilanyl-ethoxymethyl}-SH-pyrrolo{Z,3-

N

blpyrazin-7-yl}-2,2-dimethyl-propan-1-one

A mixture of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
blpyrazin-7-y1]-2,2-dimethyl-propan-1-one (107 mg, (.2 mmol), 3-methoxy-azetidine (175 mg, 2
mmol), potassium carbonate (61 mg, 0.44 mmol}, Cul (6 mg, 0.03 mmol), and racemic proline (7
mg, (.06 mmol) in DMSO (1.5 mL) was stirred under argon at 95 °C in a sealed tube overnight.
The resulting mixture was treated with additional 3-methoxy-azetidine (130 mg, 1.5 mmol) in
DMSO (0.5 mL), potassium carbonate (60 mg, 0.44 mmol), Cul (4 mg, (.02 mmol), and racemic
proline (5 mg, 0.04 mmol) and stirred at 100 °C in a sealed tube overnight. The resulting
mixture was allowed to cool to room temperature and partitioned between ethyl acetate and

water. The combined organic layers were washed with water, dried over Na,S504 and
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concentrated to give 100 mg of a brown oil. The crude product was purified by flash
chromatography using 4 g of silica gel and 0-50% of 9.5:0.5 MeOH:conc NH4OH in CH,Cl; as
eluant to afford 0.08 g (80%) of 1-[2-[3-(3-methoxy-azetidin-1-yI)-phenyl]-5-(2-
trimethyiéilanyI-ethoxlymetth)SH-—pyrroio[2,3—b}p-yraz,in—'7—y1}—2,2-dimethyl—pr0pan—1-—0ne as a
yellow oil that solidifies. M+H 495,

Example 111.
1-{2-[3-(3-Methoxy-azetidin-1-yl}-phenyl]-3H-pyrrolo{2,3-b]pyrazin-7-vy1}-2,2-dimethyl-
propan-1-one

Following the general procedures described in these Examples, 1-[2-[3-(3-methoxy-azetidin-1-
y)}-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2.3-blpyrazin-7-yl}-2,2-dimethyl-
propan-1-one from above was deprotected. The crude product was purified by preparative thin
layer chromatography using 95:4.75:0.25 CH:Cly:MeOH:conc NH4OH as eluant to provide 42
mg of a pale yellow solid, The vellow solid was washed with CH,Cl; and Et;O to afford 18 mg
(25% over 2 steps) of 1-{2-[3-(3-methoxy-azetidin-1-yl)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-
y1}-2,2-dimethyl-propan-1-one as a solid. MP 196-198 °C, M+H 365.

Example 112.

NIE

4-Formyl-4-methyl-piperidine-1-carboxylic acid tert-buty] ester
To a 0 °C solution of 4-methyl-piperidine-1,4-dicarboxylic acid mono-tert-butyl ester (5 g, 20.6
mmol) in THF (70 mL) was added dropwise over 20 min BHyTHF (31 mL. 1 M solution in

THF, 31 mmol). The resultant reaction was aliowed to warm slowly to room temperature, stirred
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at room temperature overnight, stirred at reflux for 4.5 h, allowed to cool to room temperature,
treated with additional BH:THF (30 mL., 1 M solution in THF, 30 mmol}, and stirred at room
temperatare overnight. The reaction was divided into two batches and each was quenched with
saturated NaHC O, and extracted with EtOAc and the_organic phase was dried over Na;SO;and
concentrated. The crude prodﬁct from one batch was purified by flash chromatography using
110 g of silica gel and 0-50% of 9.5:0.5 MeOH:conc NH:OH in CH,Cl; as eluant to afford 2.4 g
of 4-hydroxymethyl-4-methyl-piperidine-1-carboxylic acid tert-butyl ester as a colorless oil.

To a -78 °C solution of (COC), (1 mL, 11.5 mmol) in CH,Cl; (36 mL) was added dropwise over
20 min DMSO (1.4 mL, 19.7 mmol). The reaction was stirred for 20 min at -78 °C and 4-
hydroxymethyl-4-methyl-piperidine-1-carboxylic acid tert-butyl ester from above (2.4 g, 10
mmol) in CH,Cl, (22 mL) was added slowly. The reaction was stirred for 30 min at -78 °C,
treated with triethylamine (4.2 mL, 30 mmol), stirred for an additional 20 min at -78 °C, and
allowed to slowly warm to room temperature. The resultant cloudy mixture was partitioned
between saturated NabHCG, and CH;Cl, and the agueous phase was extracted with CH.Cl.., The
combined organic phases were dried over Na;SO4 and concentrated to give 2.44 g of a yellow
oil. The crude product was purified by flash chromatography using 80 g of stlica gel and 0-30%
of 9.5:0.5 MeOH:conc NHsOH in CH,CL, as eluant to afford 6.83 g (36%) of desired 4-formyl-
4-methyl-piperidine-1-carboxylic acid tert-butyl ester as a colorless oil and 1.5 g (68%) of a2 2:1
mixture of desired 4-formyl-4-methyl-piperidine-1-carboxylic acid tert-butyl ester:starting 4-

hydrox ymethyl-4-methyl-piperidine-1-carboxylic acid tert-butyi ester as a viscous oil.

Example 113.

4-{Hydroxy-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{ 2,3-b]pyrazin-7-yl -
methy! }-4-methyl-piperidine-1-carboxylic acid tert-butyl ester

To a -78 °C solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-
blpyrazine (680 mg, 1.2 mmol) in THF (4 mL) was added iPrMgCI'LiCl (2.7 mL, 1.3 M in THF,
3.5 mmol) dropwise along the side of the flask. The reaction was stirred for 10 min at -78 °C
and a solution of 4-formyl-4-methyi-piperidine-1-carboxylic acid tert-butyl ester (700 mg, 3.1
mmol} in THF (4 mL} was added slowly along the side of the flask. The reaction was allowed to
slowly warm to room temperature, stirred overnight, and partitioned between saturated NH.Cl
and EtOAc. The aqueous phase was extracted with EtOAc and the combined organic phases
were dried over Nag_SO4 and concentrated to give a yellow oil. The crude product was purified

by flash chromatography using 40 g of silica gel and 0-50% of 9.5:0.5 MeOH:conc NH,OH in
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- CHClp as eluant to afford 950 mg of impure 4-{hydroxy-[5-triisopropylsilany!-2-(3,4,5-

trimethoxy—phenyl)SH—pyrrolo [2,3-b]pyrazin-7-yl}-methyl }-4-methyl-piperidine-1-carboxylic
acid tert-butyl ester, M+Na 691.

Example 114,

4-Methyl-4-[5 ~friisopfopy15ilanyl—2-( 3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-bjpyrazine-7-
carbonyl]-piperidine-1-carboxylic acid tert-butyl ester and 4-Methyl-4-{2-(3,4,5-trimethoxy-
phenyh)-5H-pyrrolo{2,3-b]pyrazine-7-carbonyl]-piperidine- 1 -carboxylic acid tert-butyl ester

To a solution of 4-{hydroxy-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5SH-pyrroio[2,3-
blpyrazin-7-yl]-methyl }-4-methyl-piperidine-1-carboxylic acid tert-butyl ester from above (950
mg, ~1.4 mmol) in CH,Cly (5 mL) was added Dess-Martin periodinane (300 mg, 2.1 mmol)
portionwise. The resultant orange suspension was allowed to stir for 1 h and partitioned between
1:1 saturated Na;S;05:saturated NaHCO; and CH;Cl,. The aqueous phase was extracted with
CH,Cl, and the combined organic phases were dried over Na,SO. and concentrated to give a tan
solid. The crude product was purified by fiash chromatography using 25 g of silica gel and (-
30% of 9.5:0.5 MeOH:conc NH4OH in CH,Cl, as eluant to afford 150 mg of impure 4-methyl-4-
[2-(3,4,5-trimethoxy-phenyl)-3H-pyrrolo[2,3-b]pyrazine-7-carbonyl}-piperidine- 1-carboxylic
acid tert-butyl ester, M+Na 533, and 0.24 g of impure 4-methyl-4-[5-triisopropylsilanyl-2-(3,4,5-
trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonyl]-piperidine-1-carboxylic acid tert-
butyl ester, M+Na 689.

Example 115.
(4-Methyl-piperidin-4-y1)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-
methanone

To a solution of impure 4-methyl-4-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-
carbonyl]-piperidine-1-carboxylic acid tert-butyl ester from above (150 mg} in MeOH (1 mL)
was added AcCl (42 uL) portionwise and MeOH (3 mL) over 5 d, with heating at 40 °C on days
2 and 3. The reaction was concentrated and partitioned between saturated NaHCO; and CH;Cl,.
The agueous phase was extracted with CH,Cl; and the combined organic phases were dried over

Na,SQ4 and concentrated to give 70 mg of crude product as a yellow oil.

To a solution of impure 4-methyl-4-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-5H-
pyrrolo[2,3-b]pyrazine-7-carbonyl]-piperidine- 1-carboxylic acid tert-butyl ester from above (240
mg) in MeOH (3 mL) was added AcCl (30 uM). The resultant yellow suspension was stirred at
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40 °C for 1 h, treated with additional AcCl (30 uL) and stirred at 40 °C overnight. The reaction

was concentrated and partitioned between saturated Na,CO4 and CH.Cl. The agueous phase

~ was extracted with CH,Cl, and the combined organic phases were dried over Na,SO, and

concentrated to give 100 mg of ¢rude product.

The combined batches of crude product were purified by reverse phase chromatography using 10
g of C-18 and 10-90% of MeOH with 0.1% TFA in water with 0.1% TFA as eluant followed by
flash chromatography wsing a 14 g Thomson Instrument Amine Column and 0-30% of 9.5:0.5
MeQOH:conc NH4OH in CH,Cl, as eluant to afford 60 mg of {(4-methyl-piperidin-4-y1)-[2-(3.4,5-
trimethoxy-phenyl)-5SH-pyrroio[2,3-bpyrazin-7-yl]-methanone. M+H 411,

Example 116.

Cis- and trans-(4-Hydroxy-1 -methyi—cyclohexyl)— [2-(3,4,5-trimethoxy-phenyl)-3H-pyrrolo{2,3-
blpyrazin-7-yl]-methanone

A solution of 4-(tert-butyl-dimethyl-silanyloxy)-cyclohexanecarboxylic acid ethyl ester (14.7 g,
51.3 mmol) (Breitenbucher, J. Guy; Lee-Dutra, Alice; Neff, Danielle K., US 2006004039) in
anhydrous THF (155 ml), at -78 °C, was treated with LDA (2M in hexane/ THF/ ethylbenzene,
38.5 ml, 77 mmol) dropwise. The reaction mixture was stirred for 1.5 hours at which time Mel
(6.42 ml, 102.6 mmol) was added dropwise. After stirring at room temperature for
approximately 2 hours, the reaction mixture was partitioned between EtOAc/ sat. NH4Cl, The

organic layers were collected, dried over MgSQy, filtered, and concentrated. The crude product
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was purified by silica gel chromatography using 10-60% DCM in hexanes as eluant providing
5.71 g (37%) of a 2:1 mixture of major:minor diastereomers of 4-(tert-butyl-dimethyi-
Silanyloxy)—1—methyl—eyclohexanecarboxﬂic acid ethyl ester as a colorless oil and 3.0 g (19%) of

the major diastereomer as a colorless oil.

To a 0 °C solution of a 2:1 mixture of major:minor diastereomers of 4-(tert-butyi-dimethyl-
silanyloxy)-1-methyl-cyclohexanecarboxylic acid ethyl ester from above (2.9 g, 10 mmol) in
Et,O (100 mL) was added LiAlH, (380 mg, 10 mmol) portionwise over 5 min. The resultant
mixtare was stirred at 0 °C for 1 bk, treated slowly with water (0.38 mL), 15% NaOH (1.14 ml.),
and then water (0.38 mL) while stirring vigorously, allowed to warm to room temperature, and
stirred vigorously for 40 min. The resultant white granular solids were filtered away and the
mother liquor concentrated to afford 2.7 g of a colorless oil. The crude product was purified by
flash chromatography using 80 g of silica gel and 0-50% of EtOAc in hexanes as eluant to afford
700 mg of a 9:1 mixture of major:minor diastereomers of [4-(tert-butyl-dimethyl-silanyloxy)-1-
methyl-cyclohexyl]-methanol, 1.43 g of an impure 3:1 mixture of major:minor diastereomers of
[4-(tert-butyl-dimethyl-silanyloxy)- I-methyl-cyclohex yl}-methanol, and 600 mg of an impure
1:2 mixture of major:minor diastereomers of [4-(tert-butyl-dimethyl-silanyloxy)-1-methyi-

cyclohexyll-methanol (94% total yield).

To a -78 °C solution of (COC1), (0.9 mlL., 10.4 mmol) in CH,Cl; (30 mL) was added slowly
DMSO (1.5 mL, 21 mmol). The reaction was stirred for 15 min at -78 °C and an impure 3:1
mixture of major:minor diastereomers of [4-(tert-butyl-dimethyl-silanyloxy)-i-methyl-
cyclohexylj-methanol from above (1.43 g, 5.54 mmol) in CHCl, (24 mL) was added slowly
over 15 min. The reaction was stirred for 1 h at -78 °C, treated with triethylamine (5.8 mL, 41
mmol), and allowed to slowly warm to room temperature. The reaction was partitioned between
saturated NaHCQO; and CH,Cl, and the aqueous phase was extracted with CHyCl,. The
combined organic phases were dried over Na;SO4and concentrated. The crude product was
purified by flash chromatography using 40 g of silica gel and 0-20% of EtOAc in hexanes as
eluant to afford 0.8 g (56%) of an impure 4:1 mixture of diastereomers of 4-(tert-butyl-dimethyl-

silanyloxy)-1-methyl-cyclohexanecarbaldehyde.

To a -78 °C solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-
blpyrazine (640 mg, 1.1 mmol) in THF (3.2 mL) was added iPrtMgCI'LiCl (2.4 mL, 1.3 M in

THEF, 3.1 mmol) dropwise along the side of the flask. The reaction was stirred for 10 min at -78
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°C and a solution of an impure 4:1 mixture of diastereomers of 4-(tert-butyl-dimethyl-
sijanyloxy)-1-methyi-cyclohexanecarbaldehyde (800 mg, 3.1 mmol) in THF (3 mL) was added
slowly along the side of the flask. The reaction was allowed to slowly warm to room
tefnperaturé, stirred overnight, and partitioned between saturated NH4Cl and EtOAc. The
aqueous phase was extracted with EtOAc and the combined organic phases were dried over
Na,SO4 and concentrated to give 1.4 ¢ of a crude mixture of diastereomers of [4-(tert~«buty1;
dimethyl-silanyloxy)- 1-methyl-cyclohexyl]-[5-tritsopropylsilanyl-2-(3,4.5-trimethoxy-phenyl)-
SH-pyrrolo{2,3-bipyrazin-7-yl]-methanol as a yellow oil which was taken onto the next step.
M+H 698.

To a solution of a crude mixture of diastereomers of [4-(tert-butyl-dimethyl-silanyloxy)-1-
methyl-cyclohexyl]-[5-triisopropylsitanyl-2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[ 2,3~
blpyrazin-7-yi}-methanol from above (1.4 g) in CH2Cls (3 mL) was added Dess-Martin
periodinane (300 mg, 0.7 mmol)} portionwise. The resultant suspension was allowed to stir for 3
d and partitioned between 1.1 saturated Na;S,Os:saturated NaHCOs and CH>Cl,. The agueous
phase was extracted with CH,Cl; and the combined organic phases were dried over Na,SO4 and
concentrated. The crude product was purified by flash chromatography using 40 g of silica gel
and 0-50% of 9.5:0.5 MeOH:conc NH4OH in CH2Cl, as eluant to afford 600 mg of an impure
mixture of diastereomers of {4-(tert-butyl-dimethyl-silanyloxy)-1-methyl-cyclohexyl]-[5-
triisopropylsitanyl-2-(3,4.5-trimethoxy-phenyl)-5H-pyrrolo{ 2,3-blpyrazin-7-yl]-methanone,
M-+H 696, and [4-(tert-butyl-dimethyl-silanyloxy)-1-methyl-cyclohexyl]-[2-(3,4,5-trimethoxy-
phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-methanone, M-H 538, as a yellow oil with solids and
324 mg of an impure 5:2 mixture of diastereomers of [4-{tert-butyl-dimethyl-silanyloxy)-1-
methyi-cyclohexyl]-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-bjpyrazin-7-yl]-methanone as
a tan glassy foam, M+H 540.

To a suspension of an impure 5:2 mixture of diastereomers of [4-(tert-butyl-dimethyl-

silanyloxy)-1-methyl-cyclohexyl]-[2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]
methanone from above (320 mg) in MeOH (2 mL) was added AcCI (7.5 uL}. The suspension
was stirred for 2d, concentrated and partitioned between saturated NaHCOj3 and CH,Cly. The
aqueous phase was extracted with CH,Cl, and the combined organic phases were dried over
Na,SO4 and concentrated to give 200 mg of crude product as a yellow solid. The crude product
was purified by preparative thin layer chromatography using 90:9.5:0.5 CH,Cl;:MeOH:conc
NH,OH as eluant to afford 52 mg of 1 diastereomer of (4-hydroxy-1-methyl-cyciohexyl)-[2-
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(3,4,5-trimethoxy-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yl]-methanone, M+H 426, and 70 mg of
the other diastereomer of (4-hydroxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-
pyrrolo[2.3-blpyrazin-7-ylj-methanone, M+H 426,

Example 117.

. 5
N O CN NS CN
>< step 1 step 2 step 3
—p B — e -
Ne NC 7 N N/ \N

COOH cocCl
BN B N

_}/ \ Br

H,CO OCH,

2,2-Dimethyl-3-0x0-3-[2-(3,4,5-trimethoxy-pheny!}-5SH-pyrrolof2,3-b]pyrazin-7-y1]-

propionitrile

Step 1: To a solution of cyano-dimethyl-acetic acid (3.89 g, 34.4 mmol) and two small drops of
DMF in anhydrous DCM (20 mL) at 0 °C was added oxalyl chloride (3.62 mL, 41.3 mmol). Ice
bath for cooloing was removed. The reaction mixtare was stirred at room temperature forl.5 h
and concentrated under reduced pressure. The residue was diluted with anhydrous DCM and
reconcentrated. This procedure was repeated one more time to give an oil which was used in the

next step without further purification.

Step 2: General procedures described in these Examples were followed except no silica gel

chromatography was carried out. The crude product was used in the next step without further

purification. MS [M+H]": 293,

Step 3: General procedures described in these Examples were followed except replacing 3-
pyrrolidino phenylboronic acid with 3,4,5-trimethoxyphenylboronic acid. The product was first
purified by flash column chromatography on silica gel with a mixture of 28% aqueous
ammonium hydroxide:methanol:DCM (1:10:60) in DCM (20% to 50% gradient over 30 min)
followed by HPLC purification to give 2,2-Dimethyi-3-oxo-3-[2-(3.,4,5-trimethoxy-phenyl)-5H-
pyrrolo]2,3-b]pyrazin-7-yl}-propionitrile as a off-white powder. 'H NMR (DMSO-dg): 6 9.09 (s,
1H), 8.88 (s, 1H), 7.64 (s, 2H), 3.92 (s, 6H), 3.74 (s, 3H), 1.86 (s, 6H); MS [M+H]": 381.

Example 118.
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2,2-Dimethyl-3-0x0-3-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
propionitrile

5 General procedures described in these Examples were followed. 'H NMR (DMSO-de): § 9.0 (s,
1H), 87 (s, 1H), 7.5 (s, 1H), 74 (d, T =8 Hz, 1H), 7.3 (t, ] = 8.0 Hz, 1H), 6.65 {dd, J = 2.3, §.1
Hz, 1H), 3.35 (m, 4H), 2.02-1.98 (m, 4H), 1.88 (s, 6H); MS [M+H]": 360.

Example 119.

o i
/ N
= O

10 1-{2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yi)-2,2-dimethyl-3-phenyl-propan-1-one.
2.2-Dimethyl-3-phenyi-1-[2-(3-pyrrolidin-1-yi-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one
General procedures described in these Examples were followed except replacing 1-methyl-
cyclohexanecarbonyl chloride with 2,2-Dimethyl-3-phenyl-propionyl chioride in step 1.

15  Characterization for intermediate: 'H NMR (CDCl;, 400 MHz): 8 9.63 (s, 1H), 8.42 (s, 1H), 8.40
(d,J = 3.3 Hz, 1H), 7.63-7.18 (m, 5H), 3.39 (s, 2H), 1.38 (s, 6H); MS [M+H]": 358.
Characterization for product: "H NMR (CDCly): 6 8.84 (s, 1H), 8.49 (d, J = 3.2 Hz, 1H), 7.42 (s,
1H), 7.38-7.35 (m, 2H), 7.15-7.10 (m, 5H), 6.71-6.66 (m, 1H), 3.64 (s, 2H), 3.38-3.34 (m, 4H},
2.04-2.01 (m, 4H), 1.52 (s, 6H); MS [M+H]": 425.

20 Example 120.
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1-[2-(3-Pyrrolidin-1-yi-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carbonyli-cyclohexanecarbonitrile.

General procedures described in these Examples were followed except replacing cyano-
dimethyl-acetic acid with 1-cyano-cyciohexanecarboxylic acid in step 1 and 3,4,5-
trimethoxyphenylboronic acid with 3-pyrrolidine phenylboronic acid in step 3.. 'H NMR
(CDCI_g): 6 9.32 (m, 1H), 8.81 (s, 1H), 8.45 (s, I1H), 7.49 (s, 1H), 7.42-7.32 (m, 2H), 6.70-6.64
(m, TH), 3.48-3.37 (m, 4H), 2.68 (br s, 2H), 2.08-1.76 (m, 12H); MS [M-+H]*: 400.

Example 121.

. N BN SR
N X N en1 QJS( -

JR———
N N

N N —
Br \Boc

2,2-Dimethyl-3-0x0-3-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-propionitrile

s
P

A

Step 1: General procedures described in these Examples were followed except replacing 3-
pyrrolidino phenylboronic acid with 4-[3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-
phenyl]-piperazine-1-carboxylic acid tert-butyl ester. MS [M+H]™: 475,

Step 2: A solution of 4-{3-{7-(2-Cyano-2,2-dimethyl-acetyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-
phenvl}-piperazine-1-carboxylic acid tert-butyl ester from step 1 in hexafluoroisopropanol was
heated at 150 °C in a microwave oven for 45 min. The reaction mixture was cooled to room
temperature and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel with a mixture of 28% aqueous ammonium
hydroxide:methanol:DCM (1:10:60) in DCM (20% to 80% gradient over 30 min)to give 39 mg
of the desired product as a yeliow powder. '"H NMR (CDCls, 400 MHz): 8 8.81 (s, 1H), 8.50 (s,
1H), 7.91 (s, 1H), 7.60-7.54 (m, 1H), 7.42 (t, ] = 7.9 Hz, 1H), 7.08-7.04 (m, 1H), 3.35 (¢, ] =
4Hz, 2H), 3.14 (t, J = 4 Hz, 2H), 1.92 (s, 6H); MS [M+H]": 375.

Example 122

¢

N \ H.N \
step 1 shM step 2

Ny 1\
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1-{2-[3-(5,6-Dihydro-8H-[1,2,4]triazolo[4,3-a]pyrazin-7-yl)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-
7-y1}-2,2-dimethyl-propan-1-one

Step 1: A mixture of 1,1,2,2,3.3,4,4,4-nonafluoro-butane-1-sulfonic acid 3-[7-(2,2-dimethyl-
propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolof2,3-b]pyrazin-2-yl]-phenvl ester
(0.175 g, 3.25 mmol, see the experimental below preparation of this compound), 3,6,7,8-
Tetrahydro-[1,2,4]triazolof4,3-alpyrazine {0.061 g, 0.5 mmol), Pd;(dba); (0.041 g, 0.41 mmol),
XANPHOS (0.046 ¢, 0.08 mmol) and K;PO, in toluene (2 mL.) were heated in a microwave
oven under an argon atmosphere at 1135 °C for 1 h. After cooling to room temperature, the
reaction mixture was directly purified by fiash column chromatography on silica gel with a
mixfure of 28% aqueous ammonium hydroxide:methanol:DCM (1:10:60} in DCM (20% to 80%
gradient over 30 min) to give 20 mg of the desired product as a yellow foam. "H NMR (CDCls,
400 MHz): 6 8.84 (s, 1H), 847 (s, 1H), 8.23 (s, 1H), 7.95 (s, 1H), 7.71 (d, I = 7.7 Hz, 1H), 7.52
{t, J=8.0 Hz, 1H), 7.13 (d, } = 8.2 Hz, 1H), 5.74 (5, 2H), 4.77 (s, 2H}, 4.30 (t, J = 5.3 Hz, 2H),
3.88 (t,J =354 Hz, 2H), 3.65 (t, ] = 8.2 Hz, 2H), 1.62 (s, 9H), 0 (s, 9H); MS [M+H]™: 532.

Step2: Following the general procedures described in these Examples. 'H NMR (CDCls, 400
MHz): 6 9.71 (s, 1H), 8.80 (s, 1H), 8.43 (d, J = 3.3 Hz, 1H), 8.21 (s, 1H), 7.91 (br s, 1H), 7,67 (d,
J=8.0Hz, 1:1)7.50 (t, ] =7.6 Hz, 1H), 7.10(dd, ] = 2.5, 8.1 Hz, 1H),4.75 (s, 2H), 4.28 (t , I =
5.3 Hz, 2H), 3.85 (t, J = 5.5 Hz, 2H), 1.59 (s, 9H); MS [M-+H]": 402,

Exampie 123.
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2,2-Dimethyl-1-{2-[3-(3-trifluoromethyl-5,6-dthydro-8H-[1,2,4]triazolo[4,3-a]pyrazin-7-yI}-
phenyl]-5H-pyrrolo{2,3-b]pyrazin-7-yl}-propan-1-one

Step 1: A mixture of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
bipyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.083 g, 0.16 mmol), 3-trifluoromethyl-5,6,7.8-
tetrahydro-[1,2,4]triazolo[4,3-a]lpyrazine hydrochloride (0.05 g, 0.24 mmol), Pd(PPh;). (0.023 g,
0.02 mmol) and sodium r-butoxide (0.046 g, .48 mmol) in toluene (2 mL) were heated under an
argon atmosphere in a microwave oven at 90 °C for 1 h. After cooling to room temperature, the

reaction mixture was directly purified by flash column chromatography on silica gel with a
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mixture of 28% aqueous ammonium hydroxide:methanol:BCM (1:10:60) in DCM (20% to 80%

gradient over 30 min) to give 25 mg of the desired product as a yellow oil. 'H NMR (CDCls, 400

MHz): & £.84 (s, 1H), 8.48 (s, 1H), 8.23 (s, 1H), 7.95 (brs, IH), 7.74 (d, J = 7.7 Hz, 1H), 7.54 (t,

J=8.0Hz, 1H), 7.14 (d, ] = 8.2 Hz, 1H), 5.74 (s, 2H), 4.80 (s, 2H), 4.37 (t, ] = 5.3 Hz, 2H), 3.91
5 (t,]=35.4Hz 2H), 3.66 (dd, ] = 8.2 Hz, 2H), 1.62 (s, 9H), 0 (s, 9H); MS [M+H]": 600.

Step2: Following the general procedures described in these Examples. 'H NMR (CDCls, 400
MHz): 6 9.46 (s, 1H), 8.80 (s, 1H), 8.43 (d, ] =3.3 Hz, 1H), 8§.21 (s, 1H), 7.91 (t, ] = 2.2 Hz,
1H), 7.71 (d, } = 8.0 Hz, 1H}, 7.50 (t, J = 8.0 Hz, 1H), 7.09 (dd, J = 2.6, 8.2 Hz, 1H), 4.77 (s,
2H), 4.33 (t,J = 5.3 Hz, 2H), 3.87 (t, J = 5.6 Hz, 2H), 1.59 (s, 9H); MS [M+H]": 455,

8K ‘%\\'\X
X %
o=s" coR co:R
H,N step b sep 2
COR — it e
1
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N-Allyl-N-{2,2-dimethyl-3-ox0-3-[2-(3-pyrrolidin-1-yl-phenyl)- 5SH-pyrroio[2,3-b]pyrazin-7-yl]-

propyl}-benzenesulfonamide

Step 1: To a solution of 1 (5.4 g, prepared according to reference Maibaum, J. et al. Journal of
15 Medicinal Chemistry (2007), 50(20), 4832-4844 as a 1:1 mixture of methyl and ethy] esters) in

DCM (40 mL) at 0 °C was added triethylamine (10.4 mL, 75 mmol) followed by

benzenesulfonyl chloride (4.77 ml., 37.2 mmol). The ice bath was removed and the reaction was

stirred at room temperature for 2 h. The reaction mixture was poured into saturated aqueous
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NaHCOs and extracted with DCM {3x). The combined DCM extracts were dried (MgSO.4),

filtered and concentrated to afford 2 (10.9 g) as an oil.

Step 2: To a solution of 2 (10.9 g) in DMF (30 mL} at 0 °C was added NaH (1.84 g, 60% in
mineral oil, 46 mmol), The reaction was stirred at 0 °C for 1 h before allyl iodide (3.8 mL, 42
mmol) was added. The ice bath was removed. The reaction mixture.was stirred at room
temperature for 2 h, poured into 1:1 brine:H,O and extracted with DCM (3x). The combined
DCM layer was dried (MgSQy), filtered and concentrated to give 3 (8.75 g) as an oil.

Step3: To a solution of KOH (6 g, 108 mmol) in methanol (60 mL) was added a solution of 3
(8.75 g) in methanol (20 mL) at room temperature. The reaction mixture was stirred at room

temperature overnight and then concentrated under reduced pressure. The residue was diluted

with H,O. After extracting with Et20 (2x), the aqueous layer was acidified with 6M HCl to PH 2

and extracted (4x) with Et20. The combined Et20 layer was dried (MgSO4), filtered
concentrated to give acid 4 (7.7 ) as a clear oil. . "H NMR (CDCls, 400 MHz): & 7.82-7.80 (m,
2H), 7.60-7.56 (m, 1H), 7.52-7.49 (m, 2H), 5.46-5.30 (m, 1H), 5.08-5.04 (m, 2H), 3.79 (d, ] =
6.5 Hz, 2H), 3.80 (s, 2H), 1.29 (s, 6H).

Step 4: General procedures described in these Examples were followed. The crude acid chloride

was used in the next step without further purification.

Step 5: General procedures described in these Examples were followed except replacing 1-
Methyl-cyclohexanecarbony! chloride with 3-(allyl-benzenesulfonyi-amino)-2,2-dimethyi-

propionyl chloride. 0.2 g product was obtained. MS [M+H]™: 477.

Step 6: General procedures described in these Examples were followed. '"H NMR (CDCl3, 400
MHz): & 10.0 (s, 1H), 8.80 (s, 1H), 8.44 (d, J =12.1 Hz, 1H), 7.69 (dd, J = 0.8 12.0 Hz, 2H),
7.44-7.23 (m, 6H), 6.72-6.69 (m, 2H), 5.35-5.25 (m, 1H), 4.80-4.74 (m, 2H), 4.25 (s, 2H), 3.78
(d, ] = 6.3 Hz, 2H), 3.39-3.36 (m, 4H), 2.09-2.05 (m, 4H), 1.61 (s, 6H); MS [M+H]": 544.

Example 125.
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N-Allyl-N-{2,2-dimethyl-3-0x0-3-[2-(3,4,5-trimethox y-phenyl)-SH-pyrrolo[2,3-bipyrazin-7-yl]-
propyl}-benzenesulfonamide.

General procedures described in these Examples were followed except replacing 3-pyrrolidino
phenylboronic acid with 3.4,5-trimethoxyphenylboronic acid. 'H NMR (CDCls, 300 MHz): 8
9.39 (s, 1H), 8.79 (s, 1H), 8.41 (¢, J =3.2 Hz, 1H), 7.48-7.43 (m, 1H), 7.31-7.26 (m, 2H), 5.38-
5.27 (m, 1H), 4.87-4.80 (m, 2H), 4.18 (s, 2H), 3.97 (s, 6H), 3.96 (s, 3H), 3.80 (d, J = 6.4 Hz,
2H), 1.58 (s, 6H); MS [M+H]™: 565.

Example 126,

1-[6-Bromo-2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yi]-2,2-dimethyl-propan-
1-one

1-[2,6-Bis-(3-pyrrolidin- I-yl-phenyl)-5H-pyrrolof2,3-bjpyrazin-7-yl1-2,2-dimethyl-propan-1-one
Step 1: A mixture of 1-(2-bromo-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one (1
g, 3.55 mmol) and N-bromosuccinimide (0.82 g, 4.6 mmol) in CCl, was heated at 140 °C for 14
h. After cooling to room temperature, the reaction mixture was purified by flash column
chromatography with EtOAc in hexane (20% to 80% gradient over 30 min) o give the desired

product 5 and starting material as an inseperable mixture (0.36 g). [M+H]": 358, 360, 362.

Step 2: General procedures described in these Examples were followed. Characterization
forintermediate: 'H NMR (CDCls, 400 MHz): 8 10.2 (br s, 1H), 8.78 (s, 1H), 7.43 (s, 1H), 7.39-
7.26 (m, 2H), 6.68 (d, I = 5.7 Hz, 1H), 3.41-3.37 (m, 4H), 2.08-2.05 (m, 4H), 1.54 (s, 9H);
[M+H]": 427, 429. Characterization for product: 'H NMR (CDCls, 400 MHz): § 10.95 (s, 1H),
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8.66 (s, 1H), 7.43 (s, 1H), 7.38-7.28 (m, 3H), 6,93 (d, ] = 7.6 Hz, 1H)}, 6.81 (s, 1H), 6.68-6.64 (m
2H), 3.41-3.37 (m, 4H), 3.34-3.31 (m, 4H), 2.07-2.03 (m, 4H), 2.01-1.98 {(m, 4H), 1.45 (s, SH);
[M+HT": 494, '

Example 127.

w
L} :N N N
Br :Br G

1-[6-Chloro-2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-vi]-2,2-dimethyi-propan-
1-one

General procedures described in these Examples were followed except replacing N-
bromosuccinimide with N-chiorosuccinimide in step 1. Characterization forproduct: ‘H NMR
(CDCl5, 400 MHz): 6 9.73 (s, 1H), 8.95 (s, 1H), 7.39-7.26 (m, 3H), 6.68 (d, J = §.0 Hz, 1H),
3.43-3.39 (m 4H), 2.07-2.04 (m, 4H), 1.56 (s, 9H); [M+H]": 383, 385.

Example 128.
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2.2-Dimethyl-1-[2-(3 4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b}pyrazin-7-yl]-pent-4-yn-1-one
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Step 1: To a solution of 2,2-Dimethyl-S-trimethylsilanyl-pent-4-ynoic acid ethyl ester (5.6 g,
24.8 mmol, prepared according to reference Trost, B. M. et al. Journal of the American Chemical
Society (2006), 128(20), 6745-6754) in DCM (30 mL) at -78 °C was added DIBAL-H (1 M in
toluene, cooled to -78 °C, 30 mL, 30 mmeol) via a cannula. The reaction was stirred at -78 °C for
1h and gquenched with cbld (-78 °C) MeOH via a cannula. After stirring for an additional 5 min
at -78 °C, saturated aqueous Rochelie salt (60 mL) was added. Dry ice-acetone bath was
removed. The mxiture was stirred for 3 h at room temperature and extracted with EtOAc (3x).
the combined organic layer was dried (MgSQy), filtered, and concentrated. The residue was
purified by flash column chromatography on silica gel with EtOAc in hexane (1% to 10%
gradient over 25 min) to afford aldehyde 6 (2.4 g} as a clear oil. '"H NMR (CDCls, 400 MHz): &
9.40 (s, 1H), 2.22 (s, 2H), 1.01 (s, 6H), O (s, OH).

Step 2: General procedures described in these Examples were followed except replacing 1-
methyi-cyclohexanecarbaldehvde with 2,2-Dimethyl-5-trimethylsilanyl-pent-4-ynal 6, 'H NMR
(CDCls, 400 MHz): & 8.64 (s, 1H), 7.54 (s, 1H), 7.25 (s, 2H), 4.98 (d, J = 8.7 Hz, 1H), 4.51 (d,J
=8.7 Hz, 1H), 3.97 (s, 6H), 3.92 (s, 3H},2.37 (d, I = 16.8 Hz, 1H), 2.23 (d. ] = 16.8 Hz, 1H),
1.94-1,78 (m, 3H), 1.16 (s, 18H), 1.13 (s, 6H), 0.18 (s, 9H).

Step 3: To a suspension of compound 7 (0.63 g, | mmol) and NaHCO: (0.2 g, 2.4 mmol) in
dichloromethane (20 ml) at 0 °C was added Dess-Martin periodinane {0.51 g, 1.2 mmol). The
reaction mixture was allowed to stir at room temperature for 2 hours. The reaction mixture was
partitioned between dichloromethane and 2:1 saturated aqueous NaHCOx:10% aqueouns Na»S,0s.
The organic layers were collected, dried over Na;SO,, filtered, and concentrated. The residue
was purified by silica gel chromatography using 5%-10% EtOAc in hexanes as eluant to provide

of ketone 8 (0.6 g, 95% yield) as a white foam.

Step 4: A suspension of ketone 8 (0.22 g, .35 mmol) and K,CO5 (0.29 g, 2.1 mmol} in MeOH
(10 mL) was stirred at room temperature overnight. MeOH was removed under reduced pressure.
The residue was diluted with H,O and extracted with EtOAc (3x). The combined organic layer
was dried (MgSQy), filtered and concentrated to give RO5426752 (50 mg, 36% vield) as an off-
white solid. "H NMR (DMSO-ds, 400 MHz): & 13.02 (s, 1H), 9.07 (s, 1H), 8.54 (s, 1H), 7.54 (s,
2H), 3.91 (s, 6H), 3.73 (s, 3H), 3.09 (d, ) = 2.7 Hz, 2H), 2.73 (t, } = 2.5 Hz, 1H}, 1.52 (s, 6H);
[M+H]™: 394.
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Examlple 129.

4-Methoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrole[2,3-b]pyrazin-7-yl}-pentan-1-one

4-Methoxy-1-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolof2,3-bipyrazin-7-yli-pentan-1-one was
prepared starting from 7-iodo-3-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-
b]pyrazine. and 4-methoxy-pentanal (Berichte der Deutschen Chemischen Gesellschaft
[Abteilung] B: Abhandlungen (1919}, 52B 1800-12) following general procedures as described
in these Examples.66, to afford a brown solid. MP 150-151 °C, M+H = 400.

Example 130.
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2 ,N-Dimethoxy-2,N-dimethyl-propionamide

A solution of 2-methoxy-2-methyl-propionic acid (1.0 g, 8.46 mmol) in anhydrous
dichloromethane (10 ml) was stowly treated with DCC (IM in DCM, 10.16 ml, 10.16 mmol),
O,N-Dimethyi-hydroxylamine (991 mg, 10.16 mmol), DMAP (103 mg, 0.843 mmol), and TEA
(1.42 ml, 10.16 mmol). The reaction mixture was allowed to stir at room temperature for 16
hours, The reaction mixture was partitioned between DCM/ IN HCIL. The organic layers were
collected, dried over MgSQy, filtered, and concentrated. The crude product was purified by
silica gel chromatography using 5-60% EtOAc in hexanes as eluant providing 200 mg (14.66%)

of 2,N-dimethoxy-2,N-dimethyl-propionamide as a colorless o1l.
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Example 131,

2-Methoxy-2-methyl-1-[2-(3.4,5-trimethoxy-phenyl}-5SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-

one

A solution of 7-iodo-5-tritsopropylsilanyl-2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-
blpyrazine (233 mg, 0.410 mmol) in anhydrous tetrahydrofuran (3 ml) was cooled to -78 °C and
treated with nBulLi (2.29M in hexanes, 0.25 mi, (.57 mmol) dropwise. The solution was stirred
for 30 seconds and then 2,N-dimethoxy-2 ,N-dimethyl-proptonamide (198 mg, 1.23 mmol)},
dissolved in THF (5 ml), was added dropwise. The reaction mixture was stirred at -78 °C for 30
minutes and then at room temperature 30 minutes. The reaction mixture was quenched with
saturated aqueous NaHSO, and then partitioned between EtOAc/ water. The organic layers were
collected, dried over MgSO., filtered, and concentrated giving a brown oil. The oil was purified
by silica gel chromatography using 10-100% EtOAc in hexanes as eluant providing 14 mg (9%)
of 2-methoxy-2-methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-bjpyrazin-7-yl]-propan-
1-one as a vellow solid, MP 237.8-239.1 °C, M+H = 386.

Example 132.

2-Methoxy-1-{2-(3.,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-ethanone

2-Methoxy-1-[2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl]-ethanone was
prepared starting from 7-todo-5-tritsopropylsilanyl-2-(3.4,5-trimethoxy-phenyl}-5H-pyrroio[2,3-
blpyrazine and 2,N-dimethoxy-N-methyl-acetamide (Journal of Medicinal Chemistry, 47(103,
2405-2408; 2004) following general procedures as described in these Examples, to afford a pale
vellow solid. MP 229-230 °C, M+H = 358,

Example 133.
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3,N-Dimethoxy-2,2, N-trimethyl-propionamide

A solution of 3-methoxy-2,2-dimethyi-propionic acid (1.0 g, 7.6 mmol) in thionyl chioride (5
ml} was heated to 50 °C for 16 hours. The reaction mixture was concentrated to a yellow residue
and then dissolved in DCM (15 ml). O,N-Dimethyl-hyvdroxylamine-hydrogen chloride (886 mg,
9.1 mmol) and powdered K,COsz (2.2 g, 16 mmol) were added, and the reaction mixture was
stirred at room temperatare for 16 hours. The reaction mixture was filtered through a filter
fonnel, and the filtrate was collected and concentrated giving a white semisolid. The crude
product was purified by silica gel chromatography using 20-50% EtOAc in hexanes as eluant

providing 260 mg (20%) of 3,N-dimethoxy-2,2,N-trimethyl-propionamide as a colorless oil.

Example 134,

3-Methoxy-2,2-dimethvl-1-[2-(3,4,5-trimethoxy-phenyl)-3H-pyrrolo[2,3-b]pyrazin-7-yl}-

propan-1-one

3-Methoxy-2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-blpyrazin-7-yi]-
propan-1-one was prepared starting from 7-iodo-5-triisopropylsilanyl-2-(3.4,5-trimethoxy-
phenyl)}-SH-pyrrolo[2,3-b]pyrazine and 3, N-dimethoxy-2,2 N-trimethyi-propionamide following

general procedures as described in these Examples, to afford a pale yellow solid. M+H =400,

Example 135.
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1-[2-(3-Benzyloxy-phenyl)-5H-pyirolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl propan-1-one

A microwave tube was charged with 1-(2-bromo-5H-pyrrolo{2,3-b]pyrazin-7-y1)-2,2~dimethyi~
propan-1-one (157 mg, 0.56 mmol), 3-[(phenyimethyl)oxy]phenyljboronic acid (140 mg, 0.61
mmol}, {1,1°-bis(diphenylphosphinoerrocene}dichloro-palladium(l) (36 mg, 0.04G mmol), and
K:CO5 (192 mg, 1.39 mmol). Dioxane (4 mi) and water (1 ml) were added, and the tube was
microwaved at 130 °C and 150 °C each for 36 min. The reaction mixture was partitioned
between EtOAc/ water. The organic layers were collected, dried over MgSQOy, filtered, and
concentrated giving a dark brown solid. The crude product was purified by silica gel
chromatography using 206-100% EtOAc in hexanes as eluant to provide 50 mg (23%) of 1-{2-(3-
benzyloxy-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl propan-1-one as a yeliow solid.
MP 184-185 °C, M+H = 385.

Example 136.
. J
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1-[2-(3-Ethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2.2-dimethyl-propan- 1 -one

A microwave tube was charged with 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-
propan-1-one (146 mg, 0.52 mmo}), 3-ethoxybenzeneboronic acid (94 mg, (.57 mmol), [1,1’-
bis(diphenylphosphino)ferroceneldichloro-palladium(I} (34 mg, 0.041 mmol), and K;CO5 (179
mg, 1.30 mmol). Dioxane (4 ml) and water (1 ml) were added, and the tube was microwaved at
150 °C for 30 min. The reaction mixture was partitioned between EtOAc/ water. The organic
layers were collected, dried over MgSQy, filtered, and concentrated giving a dark brown solid.
The crude product was purified by preparative thin layer chromatography (70% EtOAc/Hexane)
as eluant to provide 120 mg (72%) of 1-[2-(3-ethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
2,2-dimethyl-propan-1-one as a yellow solid. MP 195-196 °C, M+H = 324,

Example 137.
1-[2-(3-Isobutoxy-phenyl)-5H-pyrrolol2,3-blpyrazin-7-y1]-2.2-dimethyl-propan-1-one
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1-[2-(3-Isobutoxy-phenyl}-SH-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one was
prepared starting from [-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one
and 3-Isobutoxyphenylboronic acid following general procedures as described in these
Examples. Silica gel chromatography using 30-100% EtOAc in hexanes as eluant provided 170
mg (94%) of a pale vellow solid. MP 177-178 °C, M+H = 351.

Example 138,
1-[2-(3-Isopropoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one.
1-[2-(3-Isopropoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was
prepared starting from 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one
and 3-Isopropoxybenzeneboronic acid following general procedures as described in these
Examples. Silica gel chromatography using 30-70% EtQOAc in hexanes as eluant provided 140

mg (82%) of a yellow solid. MP 149-150 °C, M+H = 338

Example 139.
2,2-Dimethyl-1-[2-(3-propoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one.
2,2-Dimethyl-1-[2-(3-propoxy-phenyl)-5SH-pyrrolo{2,3-b]pyrazin-7-vyl]-propan-1-one was
prepared starting from 1-(2-bromo-5H-pyrrolo{2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one

and 3-propyloxybenzene boronic acid following general procedures as described in these

Examples. Silica gel chromatography using 30-70% EtOAc in hexanes as eluant provided 56 mg

(38%) of a yellow solid. MP 179-180 °C, M+H = 338.

Example 140,
4-[7-(2,2-Dimethyi-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi]-benzenesulfonamide,
4-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo{ 2,3-blpyrazin-2-yi]-benzenesulfonamide was
prepared starting from 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-one
and 4-(aminosulphonyl)benzeneboronic acid following general procedures as described in these

Examples. MP 277-278 °C, M+H = 359.

Example 141.
3-[7-(2,2-Dimethyl-propionyl}-5SH-pyrrolo[2,3-blpyrazin-2-yl]-N-methyl-benzenesulfonamide
3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[ 2,3-b]pyrazin-2-yl}-N-methyl-benzenesulfonamide
was prepared starting from 1-(2-bromo-5H-pyrrolof2,3-bjpyrazin-7-yl)-2,2-dimethyl-propan-1-
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one and 3-methylsulfamoylphenylboronic acid following general procedures as described in

these Examples. MP 245-247 °C, M+H = 373.

Example 142.
4-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl}-N-methyl-benzenesulfonamide.
4-[7-(2,2-Dimethyl-propionyl)-3H-pyrrolo[2,3-b]pyrazin-2-yl]-N-methyl-benzenesulfonamide
was prepared starting from 1-(2-bromo-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-dimethyl-propan-1-
one and 4-methylsulfamoylphenylboronic acid following general procedures as described in

these Examples. MP 278-280 °C, M+H = 373.

Example 143.
1-{2-[3-(3-Hydroxy-propyl)-phenyl}-5H-pyrrolof2,3-blpyrazin-7-yl }-2,2-dimethyl-propan-1-one
1-{2-[3~(3-Hydroxy-propyl)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one
was prepared starting from 1-(2-bromo-3H-pyrrolo{2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-
one and 3-(3-hydroxypropyl)benzeneboronic acid following general procedures as described in
these Examples. Silica gel chromatography using 20-100% EtOAc in hexanes as eluant

provided 80 mg (48%) of a yellow solid. MP 170-171 °C, M+H = 338.

Example 144,
3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-vyl]-benzenesulfonamide
3-[7-{2,2-Dimethyl-propionyl)-5H-pvirolo[2,3-blpyrazin-2-yi]-benzenesulfonamide was
prepared starting from 1-(2-bromo-3H-pyrrolo[2,3-b]pyrazin-7-ylI)-2,2-dimethyl-propan-1-one
and (3-aminosulfonylphenyl)Boronic Acid following general procedures as described in these
Examples. Silica gel chromatography using 20-100% EtOAc in hexanes as eluant provided 60
mg (37%) of a pale yellow solid. MP 275-277 °C, M+H = 359.

Example 145.

1-[2-(3-Ethyl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

A microwave tube was charged with 1-(2-bromo-5H-pyrroloi2.3-bjpyrazin-7-y1)-2,2-dimethyl-
propan-i-one (152 mg, 0.54 mmol), 3-ethylphenylboronic acid (89 mg, (.59 mmol), [1,1°-
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bis(diphenylphosphino)ferrocene]dichioro-palladium(II) (35 mg, 0.042 mmol), and K>CO3 (186
mg, 1.34 mmol). Dioxane (4 ml) and water (1 ml) were added, and the tube was microwaved at
150 °C for 45 min. The reaction mixture was filtered through a plug of celite. The filtrate was
collected and partitioned between EtQAc/ water. The organic layers were collected, dried over
MgS0,, filtered, and concentrated giving a dark brown solid. The crude product was purified by
silica gel chromatography using 20-50% EtOAc in hexanes as eluant provided 82 mg (30%) of
1-[2-(3-ethyl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2.2-dimethyl-propan-1-one as a yellow
solid, MP 199-200.1 °C, M+H =308.

Exampie 146.
1-[2-(3,5-Dimethoxy-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one

1-[2-(3,5-Dimethoxy-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yl}-2,2-dimethyl-propan-1-one was
prepared starting from 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one
and (3,5-dimethoxyphenyl)boronic acid following general procedures as described in these
Examples. Silica gel chromatography using 106-50% EtOAc in hexanes as eluant provided 90 mg

(52%) of a vellow solid. MP 206.9-207.7 °C, M~+H = 340.

Example 147.
(1-Methyl-cyclopentyl)-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-

methanone

(1-Methyl-cyclopentyl)-[2-(3.4.5-trimethoxy-phenyl)-5SH-pyrrolo{2,3-b]pyrazin-7-yli-methanone
was prepared starting from (2-bromo-5H-pyrrolo[2,3-b}pyrazin-7-yl)-(1-methyl-cyclopentyl}-
methanone and 3,4,5-trimethoxyphenyiboronic acid following general procedures as described in
these Examples. Silica gel chromatography using 2-50% EtOAc in hexanes as eluant gave a pale
brown solid which was washed with 1:1 Et;O/ Hexanes provided 10 mg (7.7%) of an off white
solid. MP 244-246 °C, M+H =396.

Example 148.
1-{2-[3-(2-Hydroxy-ethyl)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyl-propan-1-one.

1-12-{3-(2-Hydroxy-ethyl)-phenyl]-5H-pyrrolof2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one
was prepared starting from 1-(2-bromo-5H-pyrrolo{2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-

one and 3-(2-hydroxyethyl)benzeneboronic acid foliowing general procedures as described
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these Examples. Silica gel chromatography using 20-100% EtOAc in hexanes as eluant provided

69 mg (41%) of a yellow solid. MP 202-203 °C, M+H =324,

Example 149,
1-[2-(3-Aminomethyl-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one

1-{2-(3-Aminomethyl-phenyl)-5H-pvrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one was
prepared starting from 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2.2-dimethyl-propan-1-one
and (3-aminomethylphenyl)boronic acid hydrochloride following general procedures as
described in these Examples. Silica gel chromatography using 0-20% [5%NH4OH:MeOH]/
DCM as eluant gave a brown solid which was washed with 1:2 Et;0O/ Hexanes to provide 75 mg

(48%) of a pale brown solid. MP 176-178 °C, M+H = 309.

Example 130,
2.2-Dimethyl-1-{2-(3-piperidin-1-ylmethyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-

one.

2,2-Dimethyl-1-[2-(3-piperidin-1-ylmethyl-phenyl)-SH-pyrrolo{2,3-blpyrazin-7-yl}-propan-1-
one was prepared starting from 1-(2-bromo-5SH-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-
propan-1-one and 3-(piperidin-1-ylmethyl)phenylboronic acid hydrochloride foliowing general
procedures as described in these Examples, Silica gel chromatography using 0-20%
[59%NH,OH:MeOH)/DCM as eluant gave a brown solid which was washed with 1:2 Et,0/
Hexanes to provide 70 mg {36%) of a pale brown solid. MP 176-177 °C, M+H = 377.

Example 151.
1-[2-(2-Fluoro-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one

1-{2-(2-Fluoro-phenvyl-5H-pyrroio[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared
starting from 1-(2-bromo-5SH-pyrrolo[2,3-b]pyrazin-7-yl1)-2,2-dimethyl-propan-1-one and 3-
fluorobenzeneboronic acid following general procedures as described in these Examples. Silica
gel chromatography using 20-100% EtOAc in hexanes as eluant gave a brown solid which was

washed with 1.1 Et,O/ Hexanes to provide 10 mg (12%) of a pale yellow solid. M+H = 298,

Example 152.
1-[2-(2-Hydroxy-phenylD)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one
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1-[2-(2-Hydroxy-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one was
prepared starting from 1-(2-bromo-5H-pyrrolo{2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one
and 2-hydroxybenzeneboronic acid following general procedures as described in these
Examples. Silica gel chromatography using 5-70% EtOAc in hexanes as eluant gave 53 mg
{(28%) of a yellow solid, MP 282-283 °C, M+H =296,

Example 153,
(1-Methyl-cyclohexyl)-[2-(3-morpholin-4-yl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-

methanone.

{1-Methyl-cyclohexyl)-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-
methanone was prepared starting from (2-bromoe-5H-pyrrolo[2.3-b]pyrazin-7-yl)-(1-methyl-
cyclohexyl)-methanone and 4-[3-(4,4.,5,5-tetramethyi-1,3,2-dioxaboroian-2-
yl)phenyl]morpholine following general procedures as described in these Examples. MP 208-

209 °C, M+H =40s.

Example 154,
(1-Methyi-cyclopentyl)-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-

methanone

(1-Methyl-cyclopentyl)-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b]lpyrazin-7-yl]-
methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-
cyclopentyl}-methanone and 4-[3-{4.4.5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyljmorpholine following general procedures as described in these Examples. M+H =

391

Example 155.
(1-Methyl-cyclohexyl)-{2-[3-(5-methyl-[1,3,4]oxadiazol-2-yl)-phenyli-SH-pyrrolo[2,3-

b]pyrazin-7-yl}-methanone,

(1-Methyl-cyciohexyl)-{2-[3-(5-methyl-{1,3,4}oxadiazol-2-yl)-phenyl]-5H-pyrrolo[2,3-

blpyrazin-7-yl}-methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-bipyrazin-7-
yi)-(1-methyi-cyclohexyl)-methanone and 3-(5-Methyl-1,3,4-oxadiazol-2-yl)phenytboronic acid
following general procedures as described in these Examples, MP 234-236 °C, M+H = 402.
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Example 156.
{2-[3-(3-Hydroxy-propyl)-phenyl]-3H-pyrrolo[2.3-b]pyrazin-7-y1}-(1-methyl-cyclohex yl}-

methanone

{ 2-[3-(3-Hydroxy-propyl)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl }-(I-methyl-cyclohexyl)-
methanone was prepared starting from (2-bromo-5H-pyrrolof2,3-blpyrazin-7-yl)-(1-methyl-
cyclohexyl)-methanone and 3-(3-hydroxypropyljphenylboronic acid following generai
procedures as described in these Examples, MP 80-83 °C, M+H = 378,

Example 1587,
[2-{3-Methoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(1-methyl-cyclohexyl)-methanone

[2-(3-Methoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone was
prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)-
methanone and 3-methoxyphenyl boronic acid following general procedures as described in

these Examples. MP 173-175 °C, M+H = 350.

Example 158.
[2-(4-Dimethylamino-phenyl)-SH-pyrrolo{2,3-blpyrazin-7-y1]-(1-methyl-cyclohexyl)-

methanone

[2-(4-Dimethylamino-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone
was prepared starting from (2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-(1-methyl-cyclohexyl)-
methanone and 4-(dimethylamino)phenylboronic acid following general procedures as described

in these Examples, MP 272-274 °C, M+H = 363.

Example 159,
4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-benzoic actd

4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzoic acid was prepared
starting from 1-{2-bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-2,2-dimethyl-propan-1-one and 4-
carboxyphenylboronic acid following general procedures as described in these Examples. Silica
gel chromatography using 50-100% [5%AcOH:EtOAc]/ Hexanes as eluant gave 10 mg (6%} of a
pale brown solid. M+H = 324.
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i-Methyl-cycloheptanecarbonyl chloride

- A solution of 1-methyl-cycloheptanecarboxylic acid (156 mg, 0.998 mmol) (Journal of Organic

Chemistry (1982}, 47(17), 3242-7) in thionyl chloride (5 ml) was stirred at room temperature
for 2 days and then concentrated on high vacuum giving 174 mg (99%) of 1-methyl-

cycloheptanecarbonyl chloride as a vellow oil.

Example 160.
(1-Methyl-cycloheptyl)-{2-(3-pyrrolidin-1-yl-phenyl}-5H-pyrrolo{2,3-b]pyrazin-7-y1}-

methanone,

(1-Methyl-cycloheptyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolof2.3-bpyrazin-7-yl}-methanone
was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-vl)-(1-methyl-cycloheptyl)-
methanone and 3-(1-pyrrolidinyl)phenylboronic acid following general procedures as described

in these Examples. MP 192-193 °C, M+H = 403,

Example 161.
Adamantan-1-yl-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-methanone

Adamantan-1-yl-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-methanone was prepared starting
from 2-bromo-5H-pyrrolo[2,3-blpyrazine and adamantane-1-carbony! chloride following general

procedures as described in these Examples. MP 279-280 °C, M+H = 360.

Example 162.
Adamantan-1-vyl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-vi}-methanone
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Adamantan-T1-yl-[2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-b]lpyrazin-7-yl}-methanone was
prepared starting from adamantan-1-yi-(2-bromo-5H-pyrrolo{2,3-b]pyrazin-7-yl)-methanone and
3,4,5-rimethoxyphenylboronic acid following general procedures as described in these

Examples. MP 267-268 °C, M+H = 448,

Exampie 163.

|

A

2,2-Dimethyl-3-tritsopropylsilanyloxy-propionic acid

A solution of 2,2-Dimethyl-3-triisopropylsilanyioxy-propan-1-ol {1.39 g, 5.34 mmol) {(Journal of
the American Chemical Society, 123(39), 9687-9688; 2001) dissolved in ACN (14 ml), CCl4 (14
mi), and water (22 mi) was treated with sodium periodate (4.57 g, 21.4 mmol) and then RuCls-
H>0 (33 mg, 0.16 mmol). After stirring at room temperature for approximately 2 hours, the
reaction mixture was partitioned between DCM/ water. The organic layers were coliected, dried
over MgSQy, filtered, and concentrated giving a black oil. Silica gel chromatography using O-
30% EtOAc in hexanes as eiuant provided 1.23 mg (84 %) of 2,2-dimethyl-3-
triisopropylsitanyloxy-propionic acid. M-H = 569,

Example 164,
N-Methoxy-2,2,N-trimethyl-3-triisopropyisilanyloxy-propionamide

A solution of 2,2-dimethyl-3-triisopropylsilanyloxy-propionic acid in anhydi;ous
dichloromethane (13 ml) was slowly treated with EDCI (1.03 g, 5.38 mmol) followed by N,O-
dimethylhydroxylamine hydrochloride (525 mg, 5.4 mmol), DMAP (55 mg, 0.045 mmol), and
TEA (0.75 ml, 5.38 mmol). After stirring overnight at room temperature the reaction mixture
was partitioned between DCM/ water. The organic layers were collected, dried over MgSO.,
filtered, and concentrated giving a greenish oil. Silica gel chromatography using 10-60% EtOAc
in hexanes as eluant provided 1.13 mg (79%) of N-methoxy-2,2,N-trimethyl-3-

triisopropyisilanyloxy-propionamide as a coloriess oil. M+H = 318,
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Example 165.

2-Methoxy-2-methyi-1-[2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-blpyrazin-7-yl]-propan-1-

one

A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4.5-trimethoxy-phenyl)-5H-pyrrolo{2,3-

5 Dbipyrazine (233 mg, 0.410 mmol) in anhydrous tetrahydrofuran (3 ml) was cooled to -78 °C and
treated with nBuLi (2.29M in hexanes, 0.25 mi, 0.57 mmol) dropwise. The solution was stirred
for 30 seconds and then 2,N-dimethoxy-2,N-dimethyi-propionamide (198 mg, 1.23 mmol},
dissolved in THF (5 ml), was added dropwise. The reaction mixture was stirred at -78 °C for 30
minutes and then at room temperature 30 minutes. The reaction mixture was quenched with

10 saturated agueous NaHSO, and then partitioned between EtOQAc/ water, The organic layers were
collected, dried over MgSQ,, filtered, and concentrated giving a brown oil. The oil was purified
by silica gel chromatography using 10-50% EtOAc in hexanes as eluant providing a yellow
solid. The yellow solid was dissolved in THE (5 ml) and treated with TBAF (1M in THF, 3.3
ml, 5.3 mmol) and refluxed for 6 hours. The reaction mixture was partitioned between EtOAc/

15 IN HCL The organic layers were collected, dried over MgSQy, filtered, and concentrated giving
a yellow solid. The crude product was purified by preparative thin layer chromatography using
10% [5%NH,OH:MeOH)/DCM as eluant providing 30 mg (11%) of 3-hydroxy-2,2-dimethyl-1-
{2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-bjpyrazin-7-yl]-propan-1-one as a pale yellow
solid. MP 227-229 °C, M+H = 386,

20 Example 166.

(2-Bromo-5H-pyrrolo[2,3-blpyrazin-7-yl)-(1-methyl-cyclopentyl)-methanone

(2-Bromo-5H-pyrrolo{2,3-blpyrazin-7-yl)-(1-methyl-cyclopentyl)-methanone was prepared
starting from 2-bromo-5H-pyrrolo[2,3-b]pyrazine and 1-methyl-cyclopentanecarbonyl chloride
25 following general procedures as described in these Examples. MP 206.9-207.9 °C, M+H = 308.
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Example 167.
Methyl-cyclopentyl)-{2-(3-pyrrolidin-1-yl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-methanone.

(1-Methyl-cyclopentyl }-{2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolof2.3-blpyrazin-7-yl}-methanone
was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyi-cyclopentyl)-
methanone and 3-(1-pyrrolidinyljphenylboronic acid following general procedures as described

in these Examples. MP 242-243 °C, M+H = 375.

Example 168.

l
Bra N © ™o | 9
T s 5O X0
H u/ N ~ I ey
; a Moow

{2-Bromo-5H-pyrrolo[2.3-b]pyrazin-7-yl)-(1,3-dimethyl-cyciohex yl)-methanone

(2-Bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1,3-dimethyl-cyclohexyl)-methanone was prepared
starting from 2-bromo-5H-pyrrolo[2,3-bjpyrazine and 1,3-dimethyl cvclohexanecarbonyl
chloride (Journal of Organic Chemistry (1951), 16 920-9) following general procedures as

described in these Examples, M+H = 336,
Example 169,

{1,3-Dimethyl-cyciohexyl)-[2-(3,4,5-trimethoxy-phenyl)- 5H-pyrrolo[2,3-blpyrazin-7-yl}-

methanone

(1,3-Dimethyl-cyclohexyl)-[2-(3,4.5-trimethox y-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-
methanone was prepared starting from {2-bromo-5H-pyrrolo[2,3-blpyrazin-7-y1)-(1,3-dimethyl-
cyclohexyl)-methanone and 3,4,5-trimethoxybenzeneboronic acid following general procedures

as described in these Examples. MP 229-231 °C, M+H = 424,

Example 170.
(1-Methyl-cyclohexyl)-{ 2-[4-(4-methyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-

yl}-methanone,



10

20

25

WO 2009/106441 PCT/EP2409/G51755

-190-

(1-Methyl-cyclohexyl)-{2-[4-(4-methyl-piperazin-1-yl)-phenyl]-5SH-pyrrolo[2,3-b]pyrazin-7-yl } -
methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-
cyclohexyl)-methanone and 1-methyl-4-[4-(4,4,5,5-tetramethyi-{1,3,2]dioxaborolan-2-yl}-
phenyl]-piperazine following general procedures as described in these Examples. MP 225-226
°C, M+H =418.

Example 171.
[2-(4-Methylamino-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yl]-(1-methyl-cyclohexyl)-methanone

[2-(4-Methylamino-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yl}-(1-methyl-cyclohexyl)-methanone
was prepared starting from (2-bromo-5SH-pyrrolo[2,3-b]pyrazin-7-yl}-(1-methyl-cyclohexyl)-
methanone and methvl-[4-(4,4.5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-amine
following general procedures as described in these Examples. MP 273-275 °C, M+H = 349,

Example 172.
(1-Methyl-cyclohexyl)-[2-(4-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yl}-methanone

(1-Methyl-cyclohexyl)-[2-(4-morpholin-4-yl-phenyl)-5H-pyirolo[2,3-blpyrazin-7-ylj-methanone
was prepared starting from (2-bromo-5H-pyrroio{2,3-blpyrazin-7-yl)-(1-methyi-cyclohexyl)-
methanone and 4-morpholin-4-yl-phenylboronic acid following general procedures as described

in these Examples. MP 233-235 °C, M+H =405,

Example 173,
[2-(4-Diethylamino-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl}-(1-methyl-cyclohexyl)-methanone

[2-(4-Diethylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1i-(1-methyl-cyclohexyl)-methanone
was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-(1-methyl-cyclohexyl)-
methanone and 4-(diethylamino)phenylboronic acid following general procedures as described in

these Examples, MP 211-213 °C, M+H =391,

Exampie 174.
(1-Methyl-cyclohexyl)-[2-(4-piperidin-1-yi-phenyl)-SH-pyirolo[2,3-bipyrazin-7-yl]-methanone

(1-Methyl-cyclohexyl)-[2-(4-piperidin-1-yi-phenyl)-3H-pyrrolo[2,3-b]pyrazin-7-yl]-methanone
was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-
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methanone and 1-[4-(4,4.5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl}-piperidine following
general procedures as described in these Examples. MP 234-236 °C, M+H =403,

Example 175.
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4-{3-[7-(1-Methyl-cyclohexanecarbonyl}-5H-pysrolo[ 2,3-bjpyrazin-2-yl]-phenyl } -piperazine- 1~

carboxylic acid tert-butyl ester

4-{3-[7-(1-Methyl-cyclohexanecarbonyl}-SH-pyrrolo{2,3-blpyrazin-2-yl]-phenyl } -piperazine-1-
carboxylic acid tert-butyl ester was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-
7-y1)-(1-methyl-cyclohexyl }-methanone and 4-{3-(4.4,5 5-tetramethyi-{1,3,2]dioxaborolan-2-yi)-
phenyl]-piperazine-1-carboxylic acid tert-butyl ester following general procedures as described

in these Examples. MP 212-213 °C, M+H = 504.

Example 176,
(1-Methyl-cyciohexyl)-{2-(3-piperazin-1-yl-phenyl}-5H-pyrrolo[2,3-b}pyrazin-7-yl]-methanone

A solution of 4-{3-[7-(1-methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yi]-phenyl } -
piperazine-1-carboxylic acid tert-butyl ester {134 mg, 0.266 mmol} in DCM (10 ml) was treated
with TFA (1.0 ml, 13.4 mmol) and allowed to stir for 16 hours. The reaction mixture was
concentrated to dryness, and the resulting residue was partitioned between sat. NaHCO; and
EtOAc. The organic layers were collected, dried over MgSQy, filtered, and concentrated giving
a yellow solid, The yellow solid was filtered through a Buchner funnel and washed with 1:2
Et,O/ Hex to provide 66 mg (61%) of (1-methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-methanone as a pale yellow solid. M+H = 404,
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Example 177.
1-(4-{3-[7-(1-Methyl-cyclohexanecarbonyl}-SH-pyrrolo[2,3-bipyrazin-2-yl]-phenyl }-piperazin-

1-yl)-ethanone

A 0 °C solution of (1-methyl-cyclohexyl}-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolof2.3-
b]pyrazin-7-yl}-methanone (24 mg, (.06 mmol) in DMF (1 ml) was treated with Acetic
anhydride (0.01 ml, 0.06 mmol). The reaction mixture was removed from the ice bath and
allowed to stir at room temperature for 16 hours. The reaction mixture was partitioned between
EtOAc/sat. NaHCO;. The organic layers were coliected, dried over MgSQOy, filtered, and
concentrated giving a white solid which was filtered through a Buchner funnel and washed with
Et,O and Hexanes to afford a yellow solid. The yellow solid was dissolved in THEF(2 ml) and
treated with 1IN NaOH (0.05 ml, 0,05 mmol}. After stirring at room temperature for 16 hours,
the reaction mixture was partitioned between 1N HCl and EtOAc. The organic layers were
collected, dried over MgSQy, filtered, and concentrated giving a light brown oil. The oil was
triturated with E6O providing 4 mg (15%) of 1-(4-{3-[7-(1-methyl-cyclohexanecarbonyl)-5H-
pyrrolo[2.3-b}pyrazin-2-yl]-phenyl}-piperazin-1-yl)-ethanone as a pale brown solid. M+H =
446.

Example 178.

20 3-(4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -piperazin-

1-y1)-3-ox0-propionitrile
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A solution of (1-methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5SH-pyrrolo{2,3-b]pyrazin-7-
yl]-methanone (130 mg, 0.32 mmol), benzotriazol-1-ol (52 mg, 0.38 mmol), cyano-acetic acid
{74 mg, (.39 mmol), and 3-(3-dimethylaminopropyl}-1-ethylcarbodiimide hydrochloride (74 mg,
0.39 mmol), in DCM (35 ml), was treated with TEA (0.13 mi, 0.97 mmol). After stirring at
room temperature for 16 hours, the reaction mixture was partitioned between DCM and water.,
The organic layers were collected, dried over MgSQ,, filtered, and concentrated. Trituration of
the resulting solid with 1:1 Et,O/ Hex provided 85 mg (56%) of 3-(4-{3-[7-(1-methyl-
cyclohexanecarbonyl}-SH-pyrrolo[2,3-bpyrazin-2-vl]-phenyl }-piperazin-1-y1)-3-0x0-
propionitrile as an off white solid. MP 214-216 °C, M+H =471,

Example 179.
4-(4-{3-[7-(1-Methyl-cyclohexanecarbonyl -5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -piperazine-

1-carbonyl}-piperidine-1-carboxylic acid tert-butyl ester

4-(4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolof2,3-b]pyrazin-2-yl]-phenyl } -piperazine-
1-carbonyl)-piperidine-1-carboxylic acid tert-butyl ester was prepared starting from (I1-methyl-
cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-methanone and
piperidine-1,4-dicarboxylic acid mono-tert-butyl ester following general procedures as described

in these Exampies. M+H = 615,

Example 180.
(1-Methyl-cyclohexyl)-(2- { 3-[4-(piperidine-4-carbonyl}-piperazin-1-yl]-phenyl }-5H-
pyrrolof2,3-b]pyrazin-7-yl)-methanone

Methvl-cyciohexyl-(2-{3-[4-(piperidine-4-carbonyl)-piperazin-1-ylj-phenyl }-SH-pyrrolo[2,3-
blpyrazin-7-yl)-methanone was prepared following general procedures as described in these

Examples. MP>300 °C, M+H = 513,

Example 181.
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{2-[3-(4-Methanesulfonyl-piperazin-1-vi)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-y1}-(1-methyl-

cyclohexyl)-methanone

A solution of (1-methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-
yll-methanone (135 mg, 0.33 mmol) in pyridine (3 ml), at 0 °C, was treated with methane
sulfonyl chloride (0.03 ml, 0.367 mmol). The reaction mixture was allowed to stir at ¢ °C for 1.5
hours, and then room temperature for 16 hours. The reaction mixture was poured onto ice cold
IN HC and extracted with DCM. The organic layers were collected, dried over MgSO,, filtered
and concentrated giving a yellow film. The crude product was purified by preparative thin layer
chromatography using 3% [5%NH,OH:MeOH)/ DCM as eluant providing 36 mg (22%) of {2-
[3-(4-methanesulfonyl-piperazin-1-yl)-phenyl}-SH-pyrroloi2,3-b]pyrazin-7-yl }-(1-methyl-
cyclohexyl)-methanone as an off white solid. MP 230-231 °C, M+H = 482,

Example 182.
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Carbamic acid, N-[4-{3-{7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b]pyrazin-2-yi}-

phenyl}-piperazine-1-sulfonyl]-, 1,1-dimethylethyl ester

A solution of chlorosulfonyl isocyanate (0.07 ml, 0.77 mmol) in DCM (5 ml), at 0 °C, was
treated dropwise with 2-methyl-propan-2-oi (0.07 ml, 0.77 mmol). After stirring for 30 minutes,
TEA (0.36 ml, 2.58 mmol) was added, followed by a solution of (1-methyl-cyclohexyl)-[2-(3-
piperazin—1—yi—phenyl)—SH—pyrroio[2,3—b}pyrazinw7»yl}»»rnethanone {260 mg, 0.644 mmol) in 1:1
DCM/ DMF (5 ml). The reaction mixture was stirred for 16 hours and then partitioned between
EtOAc/ water. The organic layers were collected, dried over MgSQy, filtered, and
concentrated. . The crude product was purified by silica gel chromatography using 20-100%
EtQAc in hexanes as eluant providing 193 mg (51%) of carbamic acid, N-{4-{3-[7-(1-methyl-
cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yl}-phenyl | -piperazine-1-sulfonyl]-, 1,1-
dimethylethyl ester as a pale yellow solid. M+H = 583.
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Example 183.
4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolof2,3-blpyrazin-2-yl}-phenyl | -piperazine-1-

sulfonic acid amide

A solution of carbamic acid, N-[4-{3-[7-(1-methyl-cyciohexanecarbonyl}-5H-pyrrolo[2,3-
blpyrazin-2-ylj-phenyl}-piperazine-1-sulfonyl}-, 1,1-dimethylethyl ester (180 mg, 0.309 mmol}
in DCM (5 mb), at 0 °C, was treated with TFA (1.0 ml, 13.4 mmol). The reaction mixture was
then allowed to stir at room temperature for 16 hours. The reaction mixture was partitioned
between sat, Na,COs and DCM, The organic layers were collected, dried over MgSOQy, filtered,
and concentrated giving a yellow solid. The yellow solid was filtered through a Buchner funnel
and washed with 1:1 Et;(/ Hex providing 98 mg (66%;) of 4-{3-{7-(]1-methyl-
cyclohexanecarbonyl}-SH-pyrrolof2,3-blpyrazin-2-yl}-phenyl } -piperazine-1-sulfonic acid amide
as an off white solid. MP 233-235 °C, M+H = 483,

Example 184,

Q
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4-14.[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl }-piperazine-1-

carboxylic acid tert-butyl ester

4-£4-[7-(1-Methyi-cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yl}-phenyl } -piperazine-1-
carboxylic acid tert-butyl ester was prepared starting from (2-bromo-5H-pyrrolof2,3-b]pyrazin-
7-y1)-(1-methyl-cyclohexyl)-methanone and 4-[4-(4,4,5,5-tetramethy!-[1,3,2]dioxaborolan-2-yl1)-
phenyl]-piperazine-1-carboxylic acid tert-butyl ester following general procedures as described

in these Examples, M+H =504.

Example 185.
(1-Methyl-cyclohexyl)-[2-(4-piperazin-1-yl-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-methanone

A solution of 4-{4-[7-(1-methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-phenyl } -
piperazine-1-carboxylic acid tert-butyl ester (35 mg, 0.069 mmol) in DCM (5 ml), at 0 °C, was
treated with TFA (0.15 ml, 2.01 mmol}. The reaction mixture was stirred at room temperature

for 16 hours, and then refluxed for 1.5 hours. The reaction mixture was concentrated to dryness,
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and the resulting residue was partitioned between sat. NaHCOs and EtOAc. The organic layers
were collected, dried over MgSQ,, filtered, and concentrated providing 25 mg (89%) of (1-
methyl-cyclohexyl)-[2-(4-piperazin-1-yl-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-methanone as a
yellow solid. MP 214-216 °C, M+H =404,

Example 186.

1-{4-{4-[7-(1-Methyl-cyclohexanecarbonyl}-5H-pyrrolo[2,3-blpyrazin-2-yi}-phenyl } -piperazin-
1-yl)-ethanone

1-(4-14-[7-(1-Methyl-cyclohexanecarbonyh)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -piperazin-
1-yl}-ethanone was prepared following general procedures as described in these Examples. MP

278-284.9 °C, M+H = 446.

Example 187,
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4-Benzyioxy-1-methyl-cyclohexanecarboxylic acid

To a solution of LDA (made by dropwise addition of nBuL.i (2.38M, 13.45 ml, 32.01 mmol) to a
-78 °C solution of diisopropyl amine (4.5 mi, 32.0 mmol), in THF (160 ml), in THF, at -78 °Cj},
was added 4-benzyloxv-cyclohexanecarboxylic acid (3.75 g, 16.0 mmol) (Eur, Pat. Appl. (1984),
33 pp. EP 123238A2) dissolved in THF {24 ml). After complete addition, the reaction mixture

was stirred at 50 °C for approximately 2 hours, The reaction mixture was cooled to room
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temperture and Mel (filtered through basic alumina) was added to the reaction mixture,
dropwise. After stirring at room temperature for overnight, the reaction mixture was quenched
with ice water containing ether, and the aqueous layers were collected. The organic layer was
washed one time with water, and the aqueous layer was combined with previous aq. layers. The
combined aqueous layers were acidified with 2N HCI (pH= 1}, and extracted four times with
ether. The ether extracts were brined, dried over MgSQy, filtered, and concentrated giving 3.3 g

(83%) of 4-benzyloxy-1-methyl-cyclohexanecarboxylic acid as an off white solid. M-H = 247,

Example 188.

4-Benzyloxy-1-methyl-cyclohexanecarbonyl chlonide

A solution of 4-benzyloxy-1-methyl-cyclohexanecarboxylic acid (1.71 g, 6.89 mmol) in thionyl
chloride (10 ml) was refluxed for 2 hours. The reaction mixture was concentrated on high
vacuum giving 1.84 g (99%) of 4-benzyloxy-1-methyl-cyclohexanecarbonyl chloride as a yellow

oil.

Example 189.
(4-Benzyloxy-1-methyl-cyclohexyl}-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-methanone

A solution of 2-bromo-5H-pyrrolo[2,3-b]pyrazine ( 531 mg, 2.68 mmol) and 4-benzyloxy-1-
methyl-cyclohexanecarbony! chloride (2.15 g, 8.05 mmol) in anhydrous Toluene (16 ml) was
treated with Et AIC] (IM in Hexanes, 5.36 ml, 5.36 mmol), dropwise. The reaction mixture was
stirred at 90 °C for 16 hours. The reaction mixture was cooled to room temperature, quenched
with sat. NaHCOs, and extracted with ethyl acetate (3x}. The organic Jayers were collected,
dried over MgSQ;, filtered, and concentrated giving a dark brown oil. Silica gel chromatography
using 0-50% Et,O in DCM as eluant provided 205 mg (18%) of (4-benzyloxy-1-methyl-
cyclohexyl)-(2-bromo-SH-pyrrolo{2,3-b]pyrazin-7-yl)-methanone as a pale yellow solid. M-H =
426.

Example 190.
{4-Benzyloxy-1-methyl-cyclohexy!)-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-

yl]-methanone

(4-Benzyloxy-1-methyl-cyclohexyl}-{2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-

yl]-methanone was prepared starting from (4-benzyloxy-1-methyl-cyciohexyl)-(2-bromo-5H-
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pyrroio[2,3-blpyrazin-7-yl)-methanone and 3.4,5-trimethoxybenzeneboronic acid following

general procedures as described in these Examples. M+H= 516.

Example 191.
(4-Hydroxy-1-methyl-cyclohexyl}-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolof2.3-bjpyrazin-7-

yl}-methanone

A solution of (4-benzyloxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-
blpyrazin-7-yl]-methanone (36 mg, 0.070 mmo!) and 10% Pd/C (10 mg), in THF (10 ml) and
EtOH ( 8 ml), was hydrogenated for 5 days under a 60 psi H; atmosphere. The reaction mixtore
was vacuum purged with argon (3x), and filtered through a plug of celite using THF and DCM.
The filtrate was concentrated giving an opague oil which was purified by silica gel
chromatography using 0-109% MeOH in EtOAc as eluant provided 39 mg (36%) of (4-hydroxy-
1-methyl-cyclohexyl)-[2-(3.4,5-trimethoxy-phenyl}-SH-pyrrolo{2,3-b]pyrazin-7-ylJ-methanone
as a pale yellow solid. MP 242-244 °C M+H = 426,

Example 192.

)

OFf.

Formic acid 4-methyl-4-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolo{2,3-blpyrazine-7-carbonyl]-

cyclohexyl ester

A solution of (4-hydroxy-1-methyl-cyclohexyl}-[2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-
blpyrazin-7-yi}-methanone {19 mg, 0.045 mmol}, triphenyl phosphine (23 mg, 0.088 mmol), and
formic acid (0.003 ml, 0.087 mmol), in THF (0.4 ml), was treated with diethy] azodicarboxylate
(0.01 ml, 0.092 mmotl). After stirring at room temperature for 2 days, the reaction mixture was
purified by preparative thin layer chromatography using 70% EtOAc in Hexanes as eluant
providing 12 mg (59% of formic acid 4-methyl-4-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-
blpyrazine-7-carbonyl]-cyclohexyl ester as a white solid. M+H = 454.

Example 193.
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(4-Hydroxy-1-methyl-cyclohexyl}-[2-(3.4,5-trimethoxy-phenyl)-5SH-pyrrolof2,3-b]pyrazin-7-yll-

methanone

A solution of formic acid 4-methyl-4-[2-(3.4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-blpyrazine-7-
carbonvlj-cyclohexvi ester (12 mg, 0.026 mmol) in MeOH (1 ml) was treated with ZN NaOH aq.
(0.2 ml, 0.4 mmol) and allowed to stir at 50 °C for overnight. The reaction mixture was
partitioned between EtOAc/ sat. NH4Cl aq., and the organic layers were collected and
concentrated. Silica gel chromatography using 0-10% {5%NH4,OH:MeOH} in DCM as eluant
gave 10 mg (89%) of (4-hydroxy-1-methyl-cyclohexyl)-{2-(3.4,5-trimethoxy-phenyi)-5H-
pyrrolof2,3-blpyrazin-7-yl}-methanone as a white solid. M+H = 426.

Example 194,

1-{2-[3-(2,8-Diaza-spirof4.5]dec-2-y1)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyl-

propan-1-one

A solution of 1-[2-{3-iodo-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
bipyrazin-7-yl}-2,2-dimethyl-propan-1-one (321 mg, 0.59 mmol), Cul (17 mg, 0.089 mmol),
proline (21 mg, 0.18 mmol}, K;CO5 (182 mg, 1.3 mmol), and 2,8-diaza-spiro[4.5}decane-8-
carboxylic acid tert-butyl ester (500 mg, 2.1 mmoel}, in DMSO (3 ml), was stirred in a sealed tube
at 100 °C for 16 hours. The reaction mixture was partitioned between EtOAc/ Water. The
organic layer were collected, dried over MgSQy, filtered, and concentrated. Silica gel
chromatography using 10-70% FtOAc in hexane as eluant gave 406 mg (100%) of an orange oil
which was dissolved in DCM {5 ml) and treated with TFA (1.2 ml, 16 mmol) for 3 hours. The
reaction mixture was stripped down and partitioned between EtOAc/ sat. NayCOs. The organic
layers were collected, dried over MgSO,, filtered, and concentrated. The residue was dissolved
in THF (10 ml) and treated with 1N NaOH aq. (until pH=12). After stirring overnight at room
temperature, the reaction mixtare was made acidic by addition of 1N HCI, and then partitioned

between EtOQAc/ sat, NaHCQ; (3x). The organic layers were collected, dried over MgSQy,
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filtered, and concentrated. Silica gel chromatography using 0-10% {5%NH4,OH:MeOH} in
DCM as eluant gave 62 mg (26%) of 1-{2-[3-(2,8-diaza-spiro[4.5]}dec-2-yl)-phenyl]-5H-
pyrrolo[2,3-bipyrazin-7-yl}-2,2-dimethyi-propan-1-one as a brown solid. M+H = 418,

Example 195.
1-{2-[3-(2,7-Diaza-spirof4.5}dec-2-y1)-phenyl}-SH-pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyl-

propan-1-one

1-{2-{3-(2,7-Diaza-spiro[4.5]dec-2-yl}-phenyl]-3H-pyrrolo[2,3-bipyrazin-7-yl }-2,2-dimethyl-
propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrroio[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one and 2,7-diaza-
spiro[4.5]decane-7-carboxylic acid tert-butyl ester following general procedures as described in

these Examples. M+H =418.

Example 196.
1-{2-[3-(2,7-Diaza-spirof4.4lnon-2-yl)-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-yi}-2,2-dimethyl-

propan-1-one

1-{2-[3-(2,7-Diaza-spiro[4.4]non-2-yl)-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-dimethyl-
propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl}-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-yl1]-2,2-dimethyl-propan-1-one and 2,7-diaza-
spirof4.4]nonane-2-carboxylic acid tert-butyl ester following general procedures as described in

these Examples. M+H = 404.

Example 197.
1-f2-[3-(2,2-Dimethyl-propylamino)-phenyl]-5-(2-trimethylsilanyt-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one

1-[2-[3-(2,2-Dimethyl-propylamino)-phenyl-5-(2-trimethylsilanyl-ethox ymethyl)-5H-
pyrrolo{2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared starting from 1-[2-(3-10do-
phenvl)-5-(2-trimethylsilanyi-ethoxymethyl)-SH-pyrrolo{2,3-b]pyrazin-7-y1]-2,2-dimethyl- -
propan-1-one and 2,2-dimethyl-propylamine following general procedures as described in these

Examples. M+H = 387.

Example 198.
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1-{2-[3-(4- Amino-piperidin-1-y1)-phenvi]-5H-pyrrolo[2,3-blpyrazin-7-y1 }-2,2-dimethyi-propan-

T-one

A solution of 1-[2-(3-iodo-phenyl)-5-(2-trimethylstlanyl-ethoxymethyl)-5H-pyrrolof2,.3-
blpyrazin-7-yl]-2,2-dimethyl-propan-1-one (447 mg, 0.83 mmol), Cul (43 mg, 0.23 mmol),
proline (52 mg, 0.45 mmol), K»COs (340 mg, 2.5 mmol), and piperidin-4-yl-carbamic acid tert-
butyl ester (500 mg, 2.1 mmol), in DMSO (3.8 ml), was stirred in a sealed tube at 100 °C for 16
hours. The reaction mixture was partitioned between EtOAc/ Water. The organic layer were
collected, dried over MgSQq, filtered, and concentrated. Silica gel chromatography using 10-
70% EtOAc in hexane as eluant gave 295 mg (58%) of an orange oil which was dissolved in
DCM (5 ml) and treated with TFA (5 mi, 66 mmol} for 16 hours. The reaction mixture was
stripped down and partitioned between EtOAc/ sat. NayCOs, The organic layers were collected,
dried over MgSQ,, filtered, and concentrated. Silica gel chromatography using 3-20%
{5%NH,OH:MeOH ] in DCM as eluant gave a solid which was triturated with 1:1 Et,O/ Hex
affording 85 mg (27%) of 1-{2-[3-(4-amino-piperidin-1-yl)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-
yl}-2,2-dimethyl-propan-1-one as a pale yeliow solid. M+H = 378§,

Example 199,
1-{2-I3-(3-Aminomethyl-pyrrolidin-1-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-

propan-1-one

1-{2-[3-(3- Aminomethyl-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-yl } -2,2-dimethyl-
propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl}-5-(2-trimethylsilanyl-
ethoxymethyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one and pyrrolidin-3-
vimethyl-carbamic acid tert-butyl ester following general procedures as described in these

Examples. M+H = 378.
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Example 200.
1-{2-[3-(3,3-Dimethyl-piperazin- 1-y1)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl1}-2,2-dimethyl-

propan-1-one

1-{2-[3-(3,3-Dimethyi-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-
propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-
ethoxymethvl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one and 2,2-Dimethyl-
piperazine- I -carboxylic acid tert-butyl ester following general procedures as described in these

Examples. M+H = 392,

Example 211.

1-{2-[3-(3-Amino-azetidin- 1 -yl}-phenyl]-5SH-pyrrolo{ 2,3-blpyrazin-7-yl }-2,2-dimethyl-propan-

1-one

A solution of 1-{2-(3-iodo-phenyl)-3-(2-trimethylsilanyi-ethoxymethyl)-5H-pyrrolo[2,3-
bipyrazin-7-y1]-2,2-dimethyl-propan-1-one (500 mg, (.93 mmol), Cul (35 mg, 0.18 mmol),
proline (43 mg, 0.37 mmol), K,CO3 (515 mg, 3.7 mmol), and azetidin-3-yl-carbamic acid tert-
butyl ester hydrogen chloride (1.364 g, 7.9 mmol}, in DMSO (8.5 ml), was stirred in a sealed
tube at 100 °C for 2 days. The reaction mixture was partitioned between EtOAc/ Water. The
organic layer were collected, dried over MgSQy, filtered, and concentrated. Silica gel
chromatography using 10-100% EtOAc in hexane as eluant gave 283 mg (52%) of a yellow solid
which was dissolved in DCM (4 ml) and treated with TFA (4 ml, 53 mmol) for 16 hours, The
reaction mixfure was stripped down and partitioned between EtOAc/ sat. Na;CO;. The organic
layers were collected, dried over MgSQy, filtered, and concentrated. The crude material was
dissolved in EtOH (9 mi) and treated with NaOAc (1.271 g, 9.3 mmol) for overnight. The
reaction mixture was partitioned between EtOAc/ water and the organic layers were collected,
dried over MgSQ,, filtered, and concentrated. Silica gel chromatography using 0-20%

(5% NH,OH:MeOH} in DCM as eluant gave a solid which was triturated with 1:1 Et,O/ Hex
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affording 8 mg (2.4%) of 1-{2-[3-(3-Amino-azetidin-1-yl)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-
yl1}-2,2-dimethyl-propan-1-one as a pale yellow solid. M+H = 350.

Example 202.
o Y.
|N;Izi%___ Q
N B G
o f”\r&
\/ NI
&

1-{2-[3-(3-Dimethylamino-pyrrolidin-1-y1)-phenyl}-SH-pyrrolo{2,3-blpyrazin-7-y1}-2,2-

dimethyl-propan-1-one

A solution of 1-[2-{3-iodo-phenyl}-5-(2-trimethylsilanyl-ethoxymethyD)-5H-pyrrolo{2.3-
blpyrazin-7-yl]-2,2-dimethyl-propan-1-one (285 mg, 0.53 mmol), Cul (40 mg, 0.21 mmol),
proline (49 mg, 0.43 mmol), KoCOs (367 mg, 2.7 mmol), and dimethyl-pyrrolidin-3-yl-amine
(608 mg, 5.3 mmol), in DMSO (1.0 ml), was stirred in a sealed tube at 100 °C for 2 days. The
reaction mixture was partitioned between EtOAc/ Water, The organic layer were collected, dried
over MgSQy, filtered, and concentrated. Silica gel chromatography using 6-100% EtOAc in
hexane as eluant gave 221 mg (79%) of a yellow solid which was dissolved in DCM (4 ml) and
treated with TFA (4 mi, 53 mmol) for 16 hours. The reaction mixture was stripped down and
partitioned between EtOAc/ sat. Nap,CO;. The organic layers were collected, dried over MgSO,,
filtered, and concentrated. The crude material was dissolved in EtOH (5 ml) and treated with
NaOAc (724 mg, 5.3 mmol) for overnight. The reaction mixture was partitioned between
EtOQAc/ water and the organic layers were collected, dried over MgSOy, filtered, and
concentrated. Silica gel chromatography using 0-20% {5%NH,OH:MeQOH} in DCM as eluant
provided 97 mg (47%) of 1-{2-[3-(3-dimethylamino-pyrrolidin-1-yl)-phenyl}-5H-pyrrolo[2,3-
blpyrazin-7-y1}-2,2-dimethyl-propan-1-one a yellow solid. MP 204-206 °C, M+H = 392,

Example 203.
2,2-Dimethyl-1-{2-[3-(3-methyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl } -

propan-1-one
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2,2-Dimethyl-1-{2-[3-(3-methyl-piperazin-1-yl}-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-y1 } -
propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyi-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yli-2,2-dimethyl-propan-1-one and 2-methyl-
piperazine-1-carboxylic acid tert-butyl ester following general procedures as described in these

Examples. M+H = 378.

Example 204.
S
SUET I
N, N
l
L . °
S
7N

\/ g
Si

O\/%

1-{2-[3-(2-Hydroxy-2-methyl-propylaminoc)-phenyl}-5H-pyrrolo{2.3-blpyrazin-7-y1}-2,2-

dimethyl-propan-1-one

A sohution of 1-[2-{3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyly-5H-pyrrolo[ 2,3-
bipyrazin-7-yl}-2,2-dimethyl-propan-1-one (294 mg, 0.55 mmol}, Cul (42 mg, 0.22 mmol},
proline (31 mg, 0.44 mmol), K,;CO; (379 mg, 2.7 mmol), and 1-amino-2-methyi-propan-2-0]
(489 mg, 5.5 mmol), in DMSO (1 ml), was stirred in a sealed tube at 100 “C for 16 hours. The
reaction mixture was partitioned between EtOAc/ water. The organic layver were collected, dried
over MgSQy, filtered, and concentrated. Silica gel chromatography using 6-50% EtOAc in
hexane as eluant gave 265 mg (97%) of an orange oil which was dissolved in THF (10 ml) and
treated with TBAF (1M in THF, 3 ml, 3 mmol) for 16 hours. The reaction mixture was stripped
down and partitioned between EtOAc/ sat. NH4CIl. The organic layers were collected, dried over
MgSOQq, filtered, and concentrated. The resulting oil was dissoived in EtOH (5 ml) and treated
with sodium acetate (724 mg, 8.8 mmol) and aliowed to stir overnight. The reaction mixture was
partitioned between EtOAc/ Water, and the organic layers were collected, dried over MgSQOy,
filtered, and concentrated. Silica gel chromatography using 0-10% {5%NH.OH:MeOH} in
DCM as eluant gave 107 mg (53%) of 1-{2-[3-(2-hydroxy-2-methyl-propyvlamino}-phenyl]-5H-
pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-1-one as a yellow solid. M+H = 367.

Example 205.
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1-[2-[3-(3-Hydroxy-azetidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethox ymethyl)-5SH-pyrrolo[2,3-
bipyrazin-7-yli-2,2-dimethyl-propan-1-one

1-[2-[3-(3-Hydroxy-azetidin-1-yl}-phenyl]-5-(2-trimethylsilanyl-ethox ymethyl)-SH-pyrrolof2.3-
b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared starting from 1-{2-(3-iodo-phenyl}-5-
(2-trimethylsitanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyi-propan-1-one
and azetidin-3-ol hydrogen chloride following the same procedure of RO5364753. M+H =
481,

Example 206.
1-{2-{3-(3-Chloro-2-hydroxy-propylamino)-phenyl]-SH-pyrrolo[ 2,3-blpyrazin-7-yl }-2,2-

dimethy!-propan-1-one

A solution of 1-{2-[3-(3-hydroxy-azetidin-1-vl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one (36 mg, 0.075 mmol), in MeOH (1
ml), was treated with 18.5% HCl aq (1.75 ml). The reaction mixture was capped and heated to
90 °C for 1.5 hours. The reaction mixture was concentrated to dryness, and the resulting residue
was taken up in 10 ml of EtOAc and 5§ mi of sat. NaHCOj3 aq. The reaction mixture was allowed
to stir for 15 minutes and then extracted into EtOAc. The organic layers were collected, dried
over MgSQ,, filtered, concentrated, Silica gel chromatography using 0-10% MeOH in EtOAc as
eluant gave 10 mg (35%) of 1-{2-[3-(3-chloro-2-hydroxy-propylamino)-phenyl]-SH-pyrrolo[2,3-
blpyrazin-7-yi}-2,2-dimethyl-propan-1-one as a yellow solid. M+H = 387.

Example 207,
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1-{2-[3-(4-Acetyl-3,3-dimethyl-piperazin-1-yl)-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one

A solution of 1-{2-[3-(3,3-dimethyl-piperazin-1-yl)-phenyl]-5SH-pyrrolo[2,3-blpyrazin-7-y1}-2,2-
dimethyl-propan-1-one {28 mg, 0.07 mmol), in DCM {5 ml), was treated with pyridine (3 drops
from Pasteur pipet}, followed by acetic anhydride (4 drops from Pasteur pipet). The reaction
mixture was allowed to stir at room temperature for overnight. The reaction mixture was
partitioned between EtOAc/ Water, and the organic layers were collected, dried over MgSQy,
filtered, and concentrated. The residue was dissolved in THF (5 ml} and treated with 1IN NaOH
(0.3 ml, 0.3 mmol). After stirring for approximately 3 hours, the reaction mixture was partitioned
between EtQOAc/ 1IN HCI, and the organic layer were collected, washed with sat. NaHCQOs, dried
over MgSQ,, filtered, and concentrated. Silica gel chromatography using 0-10%
{5%NH4,0H:MeOH)} in DCM as eluant gave 22 mg (72%) of 1-{2-[3-(4-acetyl-3,3-dimethyl-
piperazin-1-yl)-phenyl]-3H-pyrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyi-propan-1-one as yellow
solid, M+H = 434,

Example 208.

1-12-[3-(3-Ethylamino-pyrrolidin-1-yl)-phenyl]-5H-pyirolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one was obtained by heating 1-{2-(3-iodo-phenyl)}-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-
dimethyl-propan-1-one and 3-ethylaminopyrrolidine (TCI-US) with 15 mol% copper (1) iodide,

30 mol% proline, and excess potassium carbonate in dimethylsulfoxide with purification by
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silica gel chromatography (eluant: 0 to 10% ethanol in ethyl acetate): m.p. 200-202 °C; MS m/z

392 (M™h.

Example 209.

1-{3-[7-(2,2-Dimethyl-propionyl)-3H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -3-methyl-
pyrrolidine-3-carboxylic acid methyl ester was obtained according to the copper catalyzed
process described immediately above by replacing 3-ethylaminopyrrolidine with methyl 3-

methylpyrrolidine 3-carboxylate: m.p. 198-200 °C; MS m/z 421 (M™),

Example 210.

1-{3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } - 3-methyl-
pyrrolidine-3-carboxylic acid methylamide was prepared by treating 1-{3-{7-(2,2-dimethyl-
propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyi }-3-methyl-pyrrolidine-3-carboxylic acid
methyl ester (190 mg, 0.3 mmol) with methanol (3 mi.) and potassium hydroxide (2 mL, 0.5 M
aqueous). Upon partitioning the mixture between 10% aqueous acetic acid and ethyl acetate, the
desired acid (110 mg, 0.27 mmeol) was dissolved in N, N-dimethylformamide (3 mL) and treated
with carbonyl diimidazole (46 mg, 0.28 mmol) and heated to 65 °C for 2 hours. Methylamine (2
mL) was condensed at -20 °C in heavy-walled vessel. The mixture above was added and the
vessel was immediately sealed and heated to 50 °C for 5 days. Upon cooling, the volatiles were
removed in vacuo and the residue partitioned between 2% aqueous acetic acid and ethyl acetate,
The combined organic layers were aged over anhydrous sodium sulfate. The title compound was
obtained as a powder (26 mg) following silica gel chromatography (eluant: 40 to 100% ethyl
acetate — hexanes): m.p. 252-254 °C; MS m/z 419 (M*H).



10

15

WO 2009/106441 PCT/EP2069/51758

-208-

Example 211.

Step 1:(1-{3-[7-(2,2-Dimethyl-propionyl}-5SH-pyrrolo[2,3-blpyrazin-2-yl]-phenyl } -3-methyl-
pyrrolidin-3-yl)-carbamic acid benzyl ester was obtained by treating 1-{3-[7-(2,2~dimethyl-
propiony!)-5H-pyrrolo[2,3-blpyrazin-2-yl]-phenyl}-3-methyl-pyrrolidine-3-carboxylic acid
(following the general procedures described in these Examples, 105 mg, 0.26 mmol) with
diphenylphosphoryl azide {0.06 mL, 0.27 mmol) in toluene (5 mL.) and triethylamine (3.07 mL,

0.52 mmol}. The resulting solution was heated to 70 °C for 18 hours,

Step 2: The solution was then treated with benzyl alcohol (0.5 mL) and heated to reflux for 20
hours. The mixture was directly loaded onto silica gel. The title compound was eluted with 50

to 80% ethyl acetate — hexanes (20 mg as a foam): MS m/z 512 oM™,

Example 212.

'D<N}Iz

1-{2-[3-(3-Amino-3-methyl-pyrrolidin-1-y1)-phenyl}-5H-pyrrolo{2,3-bipyrazin-7-yl}-2,2-
dimethyl-propan-1-one was obtained by removing the volatiles from step 1 with a rotary
evaporator and conducting step 2 in the following manner: Dissolve the residue (approx. 0.4
mmol) from step 1 in 1, 4-dioxane (7 ml.} and add to a refluxing solution of 35% aqueous

hydrochloric acid (7 mL). Cool after 40 minutes and remove the volatiles. Partition the residue



10

15

WO 2009/166441 PCT/EP2O05/651755

-209-

between pH 9 buffer and ethyl acetate {5 X 25 mL). The combined organic extracts were stored
over anhydrous sodium sulfate and then the volatiles were removed. The title compound was
isolated (36 mg, powder) by silica gel chromatography (eluant: 0.1% iso-propylamine in ethyl

acetate, () to 5% ethanol gradient): m.p. 216-218 °C; MS m/z 378 (M*H).

<Yy

{(1-13-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-ylj-phenyl}-3-methyl-pyrrolidin-
3-yl)-carbamic acid ethyl ester was obtained (21 mg, foam) by replacing benzyl alcohol with

ethanol in step 2: MS m/z 450 (M*1),

N O
\\
N =
i P
g e
Q

(1-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]lpyrazin-2-yl}-phenyl } -4.4-dimethyi-
pyrrolidin-3-yl)-carbamic acid ethyl ester was prepared by the general amination procedure used
to prepare 1-{2-[3-(3-ethylamino-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2.3-b]pyrazin-7-yl}-2,2-
dimethyl-propan-1-one by replacing 3-ethylaminopyrrolidine with 4,4-dimethylpyrrolidine 3-
carboxylic acid (Tyger) and purified by silica gel chromatography (eluant: 25 to 100% ethyl
acetate — hexanes). The resulting acid replaced 1-{3-[7-(2.2-dimethyl-propionyl)-5H-
pyrrolo[2,3-blpyrazin-2-yi}-phenyl }-3-methyl-pyrrolidine-3-carboxylic acid in step 1 above and
ethanol replaced benzyl alcohol in step Z above. The title compound (11 mg) was obtained as a

foam: m.p. 118-120 °C; MS mv/z 464 (M*),

Example 213.
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2,8,8-Trimethyl-6,10-dioxa-spiro[4.5]decane-2-carbaldehyde.

Step 1: §,8-Dimethyl-6,10-dioxa-spiro[4.5]decane-2-carboxylic acid (3.5 g, 16.4 mmol, German
application DE 4312832) was dissolved in tetrahydrofuran (20 ml.) and added to a 0 °C solution
of lithium diethylamide (36 mmol in 100 mL of tetrahydrofuran) and then warmed to 50 °C for 2
hours. The resulting solution was allowed to cool to ambient temperature and treated with
iodomethane (1.1 mL, 18.2 mmol}. After stirring for 4 hours, the mixture was poured into
ammonium chlonde (2.2 g dissolved in 50 mL of water) and toluene. The mixture was extracted
with ethyl acetate (2 X 100 mL) and the combined organic layers were stored over anhydrous
sodium sulfate. The crude acid was obtained upon filtration and removal of volatiles and used

directly in the next step.

Step 2: The acid (approx.15 mmol) was dissolved in tetrahydrofuran {60 mL.) and cooled to 0 °C
under a nitrogen atmosphere. Lithium aluminumhydride (11 mL, 44 mmeol, 4 M in ether) was
added dropwise and the mixture was heated to reflux for 20 hours. Upon cocling to (0 oC, the
mixture was treated with Glouber’s salt (approx. 10 g), then water (30 mL), and aqueous sodium
hydroxide (30 mL, 30 mmol, 1 M) were added. The mixture was allowed to warm to rt and
filtered through Celite. The filter cake was washed with THF-toluene and combined with the
filtrate, That mixture was extracted with ethyl acetate (3 X 50 mL.) and the combined organic
extracts were stored over anhydrous sodium sulfate. An oil (480 mg) was purified by silica gel
chromatography (eluant: 25 to 75% ethyl acetate in hexanes) and the spectroscopic properties are

consistent with the desired alcohol (480 mg).

Step 3: Dimethyl sulfoxide (anhydrous, 0.34 ml, 4.4 mmol) was dissolved in dichloromethane
(20 mL) and cooled to -70 °C. Oxalyl chloride (1.44 mL, 2.9 mmol, 2 M dichloromethane) was
added dropwise and the bubbling solution was stirred for 10 minutes. A dichloromethane (10
mL.)} solution of the alcohol above (475 mg. 2.2 mmol) was then added to the -70 °C reagent.

After 20 minutes, triethylamine (0.76 ml., 5.5 mmol) was added rapidly and the cooling bath
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removed. The mixture was quenched after 45 minutes total with aqueous potassium bicarbonate
and stirred vigorously for 10 minutes. The mixture was extracted with dichloromethane (3 X 30
mL) and the combined organic layers were stored over anhydrous sodium sulfate. An oil (550
mg, 2.2 mmol, impure with DMSO) resulted upon removal of the volatiles and spectroscopic

properties were consistent with the desired aldehyde.

HO

(3a8S,6aS)-1-Methyl-octahydro-pentalene- 1 -carboxylic acid was obtained according to this
example by replacing 8,8-dimethyl-6,10-dioxa-spirof{4.5]decane-2-carboxylic acid with
(3aS,6aS)-octahydro-pentalene-1-carboxylic acid (Tetrahedron 1964, 20, 1843) in step 1 and not

conducting steps 2 and 3.

Example 214.
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3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolof 2,3-b]pyrazine-7-carbonyl}-

cyclopentanone was prepared by the following steps:

Step 1: 7-lodo-5-triisopropylsilanyi-2-(3.4,5-trimethox y-phenyl)- SH-pyrrolo[2,3-blpyrazine (830
mg, 1.47 mmol) was dissolved in anhydrous tetrahydrofuran {15 mL) and cooled to -70 °C. Iso-
propyimagnesium chloride — lithinm chloride complex (3.5 mL, 4.5 mmol, 1.3 M
tetrahydrofuran) solution was added dropwise and after 10 minutes from the start of the addition,
a tetrahydrofuran {3 mL) solution of the aldehyde produced above {550 mg, 2.2 mmol) was then
added rapidly. The golden solution was warmed to 0 °C after 1 hour and held at 0 °C for another
hour. It was then quenched with aqueous potassium bicarbonate and toluene. The mixture was
extracted with ethyl acetate (3 X 50 ml.) and stored over anhvdrous sodium sulfate. The
volatiles were removed resulting in an oil and LCMS suggests the major products are the desired

MW (aicohols) and the loss of TIPS {alcohol),
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Step 2: The mixture of alcohols (approx. 1.47 mmol) was dissolved in dichloromethane (12 mL)
and treated with sodium bicarbonate (380 mg, 4.5 mmol), With vigorous stirring, Dess-Martin
periodinane (685 mg, 1.6 mmol, Aldrich) was added in one portion and stirring continued for 40
minutes. The mixtare was poured into water (10 mL) and 5% aqueous sodium thiosulfate (10
mL). The mixture was extracted with dichloromethane (3 X 25 mb.) and stored over anhydrous

sodium sulfate.

Step 3: The oxidized mixture was dissolved in acetone (3 ml.) at ambient temperature and
treated with aqueous hydrochloric acid (1.5 mL, 1.5 mmol, 1 M). The yeliow solution gave a
precipitate after 5 minutes and stirring was continued for 16 hours. The mixture was quenched
with aqueous potassium bicarbonate and extracted with ethyl acetate (3 X 30 ml.}. The
combined organic extracts were stored over anhydrous sodium sulfate, The title compound (153
mg) was isolated by silica gel chromatography (eluant: 10 to 90% ethyl acetate in hexanes) as a

white powder: m.p. 238-240 °C; MS m/z 410 (M*™),

Example 215.

{(3aS,6a8)-1-Methyl-octahydro-pentalen-1-yl}-[2-(3-pyrrolidin-1-yl-phenyl)-3H-pyrrolof 2,3-

blpyrazin-7-yl]-methanone was prepared by:
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Step 1: (328,6a8)-1-Methyl-octahydro-pentalene-1-carboxylic acid (315 mg, 1.9 mmol} was
dissolved in 1,2-dichloroethane (3 mL) at ambient temperature and treated with oxalyl chloride
(1.9 mL, 2 M in dichloromethane) followed by one drop of N,N-dimethylformamide. The
bubbling solution was heated to 50 °C for 2 hours and then the volatiles were removed under

vacuum. The crude acid chloride was used without delay.

Step 2: The acid chloride was used directly by dissolving in 1,2-dichloroethane (3 mL) under
Argon. The solution was treated with 2-bromo-5H-pyrrole[2,3-blpyrazine (45 mg, 0.23 mmol}
and diethylaluminum chloride (0.7 ml., 0.7 mmol, 1 M hexane), The mixture gave a solution
upon heating to 85 °C. It was cooled after 24 hours and partitioned between 2 M dipotassium
hydrogen phosphate and dichloromethane (4 X 20 mL.), The combined organic extracts were
stored over anhydrous sodium sulfate. The desired ketone was purified by silica gel
chromatography (eluant: 10 to 40% ethyl acetate in hexanes) and obtained as a powder (55 mg).

The tan powder has spectroscopic properties consistent with the desired ketone.

Step 3: The ketone {45 mg, (.10 mmol) was dissolved in 1,4-dioxane {2 mL) and potassium
carbonate (38 mg, 0.3 mmol, dissolved in 0.2 mL of water) in a microwave reaction vial. The
solution was purged with a stream of argon gas. 3-(1-Pyrrolidino)phenyl boronic acid (30 mg,
0.15mmol} and 1,1 -bis(diphenylphosphino)-ferrocene) paliadium dichloride (1:1
dichloromethane complex, 85 mg, 0,10 mmol) were added. The vial was scaled, placed ina
microwave reactor and run at 150 °C for 30 min. The reaction mixture was cooled and directly
loaded onto a column of silica gel. The desired biphenyl (27 mg, eluant: 40 to 80% ethyl acetate
in hexane) was obtained as a yellow solid: m.p. 200-202 °C; MS m/z 415 (MJ’H).

(2-Bromo-5SH-pyrrolo[2,3-blpyrazin-7-y1)-((3aS,6aS)- I -methyl-octahydro-pentalen-1-yl)-
methanone was obtained following step 2 and not conducting step 3 of the example above: m.p.

foam; MS m/z 348 (M) and 350 (M™™),
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{2-Bromo-5H-pyrroio[2,3-blpyrazin-7-yl)-(cis-1,2-dimethyi-cyclopentyl)-methanone was
prepared as the racemate according to the example above by replacing (3aS,6aS)-1-methyl-
octahydro-pentalene-1-carboxylic acid with racemic cis-1,2-dimethyl-cyclopentanecarboxylic
acid (520 mg, 3.7 mmol, J.Org.Chem. 1969, 34, 1103) in step 1 and not conducting step 3: m.p.
178-180 °C; MS m/z 322 (M™) and 324 (M*™).

{cis-1,2-Dimethyl-cyclopentyD-{2-(3-pyrrolidin-1-yl-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yI]-
methanone according 1o the example above by replacing (3aS,6a5)-1-methyl-octahydro-
pentalene-1-carboxylic acid with racemic cis-1,2-dimethyl-cyclopentanecarbexylic acid (

L.Org.Chem. 1969, 34, 1103) in step 1: m.p. foam; MS m/z 389 (M*H).

:\ O
T

(cis-1,2-Dimethyi-cyclopentyl)-[2-(3.4,5-trimethoxyphenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-
methanone according to the example above by replacing (3aS$,6aS)-1-methyl-octahydro-
pentalene-1-carboxylic acid with racemic cis-1,2-dimethyi-cyclopentanecarboxylic acid (
J.Org.Chem. 1969, 34, 1103} in step 1 and replacing 3-(1-pyrrolidino)pheny! boronic acid with
3.4,5-trimethoxyphenyl boronic acid in step 3: m.p. 234-236 °C; MS m/z 450 (M™),

Example 216,
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SEM ~N SEMS SEMwy SEM -~y
Step 3
== Tep 1 Siep 2 method B)
\ /

Step 3

4
HM srﬁmm X (methoda) | A
Step 4

Step 1 - 4.4 mL of degassed 2M aqueous K,CO; (8.8 mmol} were added under argon to a

mixture of 1-[2-bromo-3-(2-trimethylsilanyi-ethoxymethy!)-5H-pyrrolof2,3-bipyrazin-7-yl]-2,2-
dimethyl-propan-1-one (1.2 g, 2.91 mmol), 3-trimethylsilylphenyiboronic acid (0.85 g, 4.379
mmol) and tetrakis(triphenylphosphine)palladium (0.5 g, 0.433 mmol) in 25 ml of degassed 1,4-
dioxane. The resulting vellow solution was stirred at 80°C overnight before being cooled to RT
and filtered through a Varian Chem Elut cartridge. The cartridge was eluted twice with 1,4-
dioxane and the filtrate was evaporated. The residue was purified by 5102 chromatography

(hexanes/Thexanes/toluene/EtOAc 6/3.8/0.21 100-0% hexanes) to give 1.15 g of 1 (82% yield)

Methyl-cyclopentyl)-[5-(2-trimethylsitanyl-ethoxymethyl}-2-(3-trimethylsilanyl-phenyl)-5H-
pyrrolo[2,3-bipyrazin-7-yl]-methanone was prepared following the same procedure but using (2-
bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyi-cyclopentyl)-methanone as starting material.
The product was isolated in 93% yield after purification by SiO, chromatography
(hexanes/EtQAc 0-5% EtOAc).

Methyl-cyclohexyl)-[5-(2-trimethylsilanyi-ethoxymethyl)-2-(3-trimethylsilanyl-phenyl)-5H-
pyrrolo[2,3-b]pyrazin-7-yl}-methanone was prepared following the same procedure but using (2-
bromo-3H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone as starting material.
The product was isolated in 52% yield after purification by Si0, chromatography
(hexanes/EtOAc 0-5% EtOAc).

Step 2 - Todine monochloride 1M in DCM (9 ml., 9 mmol) was added dropwise at 0°C and under
argon to a mixture of 1 (1.1 g, 2.283 mmol) and K,CO5 (1.26 g, 9.116 mmol) in 50 mL of
degassed DCM. The resulting mixture was stirred at 0°C to RT for two hours before being

quenched by addition of 10% aqueous sodium thiosulfate. The aqueous phase was back extracted
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three times with DCM, Combined organic layers were dried over NapSQ., filtered and
evaporated. The residue was purified by SiO, chromatography (hexanes/[hexanes/toluene/EtOAc
6/3.8/0.2] 10/0 to 0/10) to give 1.2 g of 2 (> 95% vyield).

[2-(3-Iodo-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-(1-
methyl-cyclopentyl)-methanone was prepared following the same procedure but using (1-
methyl-cyclopentyl)-[5-(2-trimethylsilanyl-ethoxymethyl}-2-{3-trimethylsilanyl-phenyl)-5H-
pyrrolo[2,3-blpyrazin-7-yl]-methanone as starting material. The product was isolated in 11%
yield along with 50% of [2-(3-iodo-phenyl)-5H-pyrrolof2,3-bipyrazin-7-yi}-(1-methyl-
cyclopentyl)-methanone by Si0, chromatography (hexanes/EtOAc 0-10% EtOAc).

[2-{3-Todo-phenyl)-S-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]~(1-
methyl-cyclohexyl)-methanone was prepared following the same procedure but using (1-methyl-
cyclohexyl)-[5-(2-trimethylsilanyl-ethoxymethyl)-2-(3-trimethylsilanyl-phenyl)-5SH-pyrrolof2,3-
blpyrazin-7-yl]-methanone as starting material. The product was isolated in 70% yield by S10;
chromatography (hexanes/EtOAc 0-7% EtOAc).

Step 3 — Method a: A mixture of 2 (0.1 g, 0.187 mmol), 3 (0.032 g, 0.374 mol), copper 1odide
(0.004 ¢, 18.67 umol), DL-proline (6.004 g, 37.35 pmol), and KCO; (0.052 g, 0.374 mmol) in
(.5 mL of DMSO was degassed for five minutes by bubbling argon through the mixture. The
resulting was stirred at 90°C overnight before being cooled to RT and partitioned between H,O
and Et;O. The aqueous layer was back extracted twice with Et,O. Combined organic layers were
dried over magnesium sulfate, filtered and evaporated. The residue was purified by SiO,

chromatography (hexanes/EtOAc 0-15% EtOAc) to give 0.075 g of 4 (61% yield)

1-[2-{3-((18,5R,,6R }-6-methanesulfonylmethyl-3-aza-bicyclo[3.1.0Thex-3-yl)-phenyl}-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yI]-2,2-dimethy!l-propan-1-one was
prepared following the same procedure using (15,5R,6R)-6-methanesulfonylmethyl-3-aza-

bicyclo[3.1.0thexane (26% vield).

1-[2-[(3aR,6aS)-3-(Hexahydro-cyclopentaic]pyrrol-2-yl)-phenyl}-5-(2-trimethylsilanyl-
ethoxymethyl)-5SH-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one was prepared
following the same procedure using the commercially available 3-azabiclyclo[3,3,0]octane

hydrochloride (44% yield).
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1-[2-[3-((18,5R,6R)-6-Methoxymethyl-3-aza-bicyclo[3.1.0Thex-3-y1)-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl}-5H-pyrroio[ 2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one was
prepared foliowing the same procedure using 2 and (1S,5R,6R)-6-methoxymethyl-3-aza-
bicyclo[3.1.0]hexane (28% yield).

1-[2-[3-(4-Hydroxy-piperidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one was prepared following the same

procedure using 2 and the commercially available piperidin-4-ol.

1-[2-[3-(4-hydroxy-4-methyl-piperidin- 1 -yl }-phenyl]-5-(2-trimethylsilanyl-ethox ymethyl)-5H-
pyrrolof2,3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one was prepared foliowing the same
procedure using 2 and the commercially available 4-methyl-piperidin-4-ol hydrochloride (69%

vield). In this reaction, six equivalents of K,CO; were used instead of two.

N-(1-{3-[7-(2,2-Dimethyl-propionyl}-5-(2-trimethylsilanyl-ethox ymethyl}- SH-pyrrolo[2,3-
blpyrazin-2-yl]-phenyl}-3-methyl-pyrrolidin-3-ylmethyl)-acetamide was prepared the same way
using 2 and N-{3-methyl-pyrrolidin-3-ylmethyl)-acetamide (57% yield). In this reaction 3
equivalents of amine, (.2 equivalents of copper iodide and 0.4 equivalents of DL-proline were

used,

N-(1-{3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrrolo[ 2,3-
blpyrazin-2-yl]-phenyl}-3-methyl-pyrrolidin-3-ylmethyl)-methanesulfonamide was prepared
following the same procedure using 2 and N-(3-methyl-pyrrolidin-3-ylmethyl)-
methanesulfonamide (40% vyield). In this reaction 3 equivalents of amine, 0.2 equivalents of

copper iodide and 0.4 equivalents of DL.-proline were used.

(1-13-[7-(2,2-Dimethyl-propionyl)-3-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrroio[2,3-
b]pyrazin-2-ylj-phenyl }-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid methy! ester was
prepared following the same procedure using 2 and (3-methyl-pyrrolidin-3-ylmethyl)-carbamic
acid methyl ester (42% yield). In this reaction 3 equivalents of amine, 0.2 equivalents of copper

iodide and 0.4 equivalents of DL-proline were used.

Acetic acid 1-{3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-yl]-phenyl }-3-methyl-pyrrolidin-3-ylmethyl ester was prepared
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following the same procedure but using acetic acid 3-methyl-pyrrolidin-3-ylmethyl ester as

amine (40% yield).

1-[2-[3-((1S,53R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0Thex-3-y1)-phenyl]-5-(2-
trimethylsilanyl-ethox ymethyl}-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one was
prepared using a simnilar procedure using 2 and (1S,5R,6R)-1-(3-aza-bicycio[3.1.0]hex-6-y1)-
methanol (47% yield). In this reaction, no ligand was used and cesium acetate (2.25 equivalent)

was used instead of KoCOs

(1S,3R,6R)-1-(3-Aza-bicyclo[3.1.0 hex-6-y1)-MeOH was prepared according to the synthesis
described in European Patent 041345581,

[2-[3-{(1S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo{3.1.0}hex-3-yl)-phenyl}-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(1-methyl-cyclopentyl)-
methanone was prepared following the same procedure but using {2-(3-iodo-phenyl)-3-(2-
trimethy}.silanyl—ethoxymethy])—5H~py1rolof2,3—b]pyrazin—7—y1}—(].—methyl-cyclopentyl}—
methanone and (18,5R,6R)-1-(3-aza-bicyclo[3.1.0]hex-6-y1)-MeOH as starting materials. In this
reaction, the reaction mixture was stirred at 90°C for 72 hours, The product was obtained in 43%

yield by Si0, chromatography (hexanes/EtOAc 0-30% EtOAc).

[2-[3-({18,5R,6R )-6-Hydroxymethyl-3-aza-bicyelof3.1.0Thex-3-yl;-phenyl]-5-(2-
trimethylsilanyl-ethox ymethyl)-3H-pyrrolo{2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-
methanone was prepared following the same procedure but using [2-(3-iodo-phenyl}-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-y1]-(1-methyl-cyclohexyl}-
methanone and (18,5R,6R)-1-(3-aza-bicyclo[3.1.0lhex-6-y1)-MeOH as starting materials. In this
reaction, the reaction mixture was stirred at 90°C for 24 hours before being cooled to RT. 2.2
equivalents of K,COs, 3 equivalents of amine, 0.15 equivalents of Cul and 0.3 equivalents of
DL-proline were added and the resuling mixture was stirred at 120°C overnight. The product was

obtained in 15% yield by SiO; chromatography (hexanes/EtOAc 0-30% EtOAc).

Step 3 ~ Method b: A mixture of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-3H-
pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one {0.13 g, 0.243 mmol), commercially

available (£)-1-phenylazabicyclo{3.1.0Thexane hydr°Chloride, xantphos (0.028 g, 49 nmol}, and
tris(dibenzylideneacetone)dipaltadium(0) (0.022 g, 2.4 umol) in 1.3 mL of toluene was stirred at

80°C for 3 hours before being cooled to RT, filtered through celite. The filtrate was evaporated
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and the residue was purified by $i0; chromatography (hexanes/EtOAc 0-10% EtOAc) to give
0.065 g of 5 {(47% yield).

1-[2-[3-(3,3-Diethyl-pyrrolidin-1-yl}-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolof2,3-b]pyrazin-7-yI]-2,2-dimethyl-propan-1-one was prepared following the same
procedure but using commercially available 3,3-diethyl-pyrrolidine as starting material. The
product was obtained in 69% yield after purification by Si0O, chromatography (hexanes/EtOAc
0-10% EtOAc).

1-[2-[3-(3-Methoxymethyl-3-methyl-pyrrolidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl)-SH-pyrrolof2,3-b)pyrazin-7-y1]-2,2-dimethyi-propan-1-one was prepared
following a similar procedure but starting from 3-methoxymethyl-3-methyi-pyrrolidine
monohydrochloride. In this instance, the reaction mixture was stirred at 70°C for 2 hours before
being worked up. The product was obtained in 70% yield after Si0, chromatography
(hexanes/EtOAc 15% EtOAc).

1-[2-[{18,5R}-3-(3-Aza-bicycio[3.1.0}hex-3-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo{2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-one was prepared following the same

procedure using (18,5R)-3-aza-bicyclo[3.1.0]hexane monohydrochloride as starting material.

(1-{3-[7-(2.2-Dimethyl-propionyl}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
blpyrazin-2-yl}-phenyl }-3-methyl-pyrrolidin-3-ylmethyl}-carbamic acid tert-butyl ester was
prepared foliowing the same procedure but using (3-methyl-pyrrolidin-3-yimethyl)-carbamic
acid tert-butyl ester as starting material. The product was obtained in 62% vyield after Si0O»

chromatography (hexanes/EtOAc 20% EtOAc).

Step 4 - A solution of 4 (0.075 g, 0.152 mmol) in 3 mL of a 2/1 mixture of DCM and
rifluoroacetic acid was stirred at RT overnight before being evaporated and coevaporated with
toluene. The residue was taken into 1.5 mL of EtOH, KOAc (0.12 g, 1.218 mmol) was added and
the resulting mixture was stirred at RT for 24 hours before being evaporated. The residue was
taken into H,O and the insoluble yellow material was filtered and thoroughly rinsed with H-O,
The residue {adsorbed onto silica) was purified twice by SiO, chromatography (hexanes/EtOAc
6/4) to give 0.02 g of 5: 2,2-Dimethyl-1-{2-[3-(3-methyl-pyrrolidin-1-y1}-phenyl]-5H-
pyrrolof2,3-b]pyrazin-7-yl }-propan-1-one {36% yield}
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1-12-[3-((18,5R,6R)-6-Methanesulfonylmethyi-3-aza-bicyclo[3.1.0]hex-3-yl)-phenyl]-5H-
pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-dimethyl-propan-1-one was prepared following the same
procedure using 1-{2-[3-((1S8,5R,6R)-6-methanesulfonylmethyi-3-aza-bicyclo[3.1.0Thex-3-y1)-
phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-bpyrazin-7-yl]-2,2-dimethyl-

propan-1-one as starting material {39% yield).

1-{2-[(3aR,6aS)-3-(Hexahydro-cyclopenta[cipyrrol-2- yi)-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-7-
yl}-2,2-dimethyl-propan-1-one was prepared following the same procedure using 1-[2-
[(3aR,6aS)-3-(hexahydro-cyclopenta[cipyrrol-2-ylj-phenyl]- 5-(2-trimethylsilanyl-
ethoxymethyh)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as starting material
(31% yield).

1-12-[3-((15,5R ,6R)-6-Methoxymethyl-3-aza-bicyclo[3.1.0]hex-3-yl}-phenyl]-5SH-pyrrolo[2,3-
bipyrazin-7-yl1}-2,2-dimethyl-propan-1-one was prepared following the same procedure using 1-
[2-[3-((18,5R,6R)-6-methoxymethyl-3-aza-bicyelo[3.1.0]hex-3-yl)-phenyli-5-(2-
trimethylsilanyl-ethoxymethyl)-3H-pyrrolo[2,3-bipyrazin-7-yl]-2,2-dimethyl-propan-1-one as
starting material (73% yield).

1-{2-[3-(3-Methoxymethyl-3-methyl-pyrrolidin- 1-y1)-phenyl]-5H-pyrrolo[2,3-bipyrazin-7-yl } -
2,2-dimethyl-propan-1-one was prepared following the same procedure using 1-[2-[3-(3-
Methoxymethyl-3-methyl-pyrrolidin-1-yl)-phenyi]-5-(2-trimethylsilanyl-ethox ymethyl)-SH-
pyrrolo[2,3-blpyrazin-7-yl1-2,2-dimethyl-propan-1-one as starting material. The product was
obtained in 50% yield by SiO» chromatography (DCM/MeOH 0-5% MeOH).

1-12-[{18,5R)-3-(3-Aza-bicycio[3.1.0]hex-3-yl)-phenyl}-5H-pyrrolo[ 2,3-blpyrazin-7-yl } 2,2~
dimethyl-propan-1-one was prepared following the same procedure using 1-[2-[(18,5R)-3-(3-
Aza-bicyclo[3.1.0]hex-3-y1)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)- SH-pyrrolo[2,3-

bipyrazin-7-y1]-2,2-dimethyl-propan-1-one as starting material.

1-{2-[3-(4-Hydroxy-piperidin-1-yl)-phenyl}-5H-pyrrolo[2,3-bipyrazin-7-yl } -2,2-dimethyl-
propan-1-one was prepared following the same procedure using 1-[2-[3-(4-hydroxy-piperidin-1-
yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-

propan-1-one as starting material (54% yield),
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1-{2-[3-(4-Hydroxy-4-methyl-piperidin- 1-yl)-phenyl]-5H-pyrrolof2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one was prepared following the same procedure using 1-[2-[3-(4-hydroxy-4-
methyl-piperidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl}-5SH-pyrrolo[2,3-bpyrazin-7-
yl]-2,2-dimethyl-propan-1-one as starting material (54% yield).

N-(1-{3-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{2,3-blpyrazin-2-yi]-phenyl }-3-methyl-
pyrrolidin-3-ylmethyl)-acetamide was prepared following the same procedure using N-(1-{3-[7-
(2,2-dimethyl-propionyl)-3-(2-trimethylsilanyl-ethox ymethyl)-SH-pyrrolo[2,3-blpyrazin-2-vi]-
phenyl}-3-methyl-pyrrolidin-3-ylmethyl)-acetamide as starting material (63% yield).

N-(1-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } - 3-methyl-
pyrrolidin-3-ylmethyl)-methanesulfonamide was prepared following the same procedure using
N-(1-{3-[7-(2.2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[Z,3-
blpyrazin-2-yl]-phenyl }-3-methyi-pyrrolidin-3-yimethyl)-methanesulfonamide as starting
matertal (59% yield).

(1-{3-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{2,3-b}pyrazin-2-yl]-phenyl } - 3-methyl-
pyrrolidin-3-ylmethyl}-carbamic acid methyl ester was prepared following the same procedure
using (1-{3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
bipyrazin-2-yli-phenyl }-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid methyl ester as starting
material (75% vield).

1-12-[3-(3-Hydroxymethyl-3-methyl-pyrrolidin- 1-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-1-one was prepared following a similar procedure but using acetic acid 1-
{3-17-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-
2-yl]-phenyi}-3-methyl-pyrrolidin-3-ylmethyl ester as starting material. In this reaction, the
acetate was hydrolysed at the same time of the second step of the SEM hydrolysis by heated at
reflux the hydrolysis intermediate in a 8/1/1 mixture of MeOH, H-0, and Et;N over the
weekend. The product was obtained in 15% yield after Si0; chromatography (hexanes/EtOAc -
30% EtOAc).

1-{2-[3-((1S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0lhex-3-yl)-phenyl]-5H-pyrrolo[ 2,3-
blpyrazin-7-y1}-2,2-dimethyl-propan-1-one was prepared following the same procedure using I-

[2-[3-((1S,5R,6R)-6-hydroxymethyl-3-aza-bicyclo{3.1.0thex-3-yl)-phenyl]-5-(2-
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trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one as

starting material {38% vyield).

{2-[3-((1S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0]hex-3-y1)-phenyl]}-5H-pyrrolo[2,3-
blpyrazin-7-y1}-(1-methyi-cyclopentyl)-methanone was prepared following the same procedure
but using [2-{3-((18,5R,6R}-6-hydroxymethyl-3-aza-bicyclo[3.1.0Thex-3-yl)-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-yi]-(1-methyl-cyclopentyl)-
methanone as starting material, The product was obtained in 69% yield after purification by S10;

preparative TLC (DCM/MeOH 7% MeOH).

{2-[3-((1S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0Thex-3-yl)-phenyl]-SH-pyrrolo[2,3-
bipyrazin-7-yl}-(1-methyl-cyclohexyl}-methanone was prepared following the same procedure
but using [2-{3-((1S,5R,6R)-6-hydroxymethyl-3-aza-bicyclo[3.1.0Jhex-3-yl})-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2,3-blpyrazin-7-yl]-( i -methyl-cyclohexyl)-
methanone as starting material. The product was obtained in 35% yield after purification by Si0»

preparative TLC (DCM/[DCM/MeOH/NH,OH 60/10/1] 50% DCM),

Racemic 2,2-dimethyl-1-{2-[3-((1S,5R }-1-phenyl-3-aza-bicyclo[3.1.0]hex-3-y1)-phenyl]-5H-
pyrrolo[2,3-blpyrazin-7-yl }-propan-1-one was prepared following the same procedure but using
racemic 2,2-dimethyl-1-[2-[3-({1S,5R)- 1-phenyl-3-aza-bicyclo{3.1.0]hex-3-yl)-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-propan-1-one as starting
material. The product was obtained in 32% vield after purification by Si0, chromatography

(DCM/MeOH (-4% MeOH), followed by a Si0, preparative TLC (DCM/MeOH 5% MeOH).

1-{2-[3-(3,3-Diethyl-pyrrolidin-1-yl)-phenyl]-3H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-dimethyi-

propan-1-one was prepared following the same procedure but using 1-[2-[3-(3,3-diethyl-

| pyrrolidin-1-y1)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl}-

2,2-dimethyl-propan-1-one as starting material. The product was obtained in 69% yield after two
purification by SiO, chromatography (DCM/MeOH 0-4% MeOH),

1-{2-{3-(3-Aminomethyl-3-methyl-pyrrolidin-1-y!)-phenyl]-5SH-pyrrolo[ 2,3-b]pyrazin-7-yl }-2,2-
dimethyl-propan-1-one was prepared following a similar procedure but using (1-{3-[7-(2,2-
dimethyl-propionyl)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-
phenyl }-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid tert-butyl ester as starting material. In

this instance the starting material was taken into a 4/1 mixture of MeOH and acetyl chloride and
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the reaction mixture was stirred at RT for 2 hours before being evaporated. The residue was
taken into 2 mL of concentrated HCl and stirred at RT for 1 hour before being diluted with H,G
and neutralized by addition of solid NaOH. The product was obtained in 44% yield after S0,
chromatography (DCM/[DCM/MeOH/NH4OH 60/10/1] 100-60% DCM).

Example 217.
3
““Q/Z%

Br 1 r
o, 0
Step 1 Stepr 2 Step 2 Ny
F i@
, N

| ! O .
il
N \\N

Step 1 - Pyrrolidine (0.62 mL, 7.424 mmol) was added to a mixture of commercially available 4-

bromo-2-fluorobenzonitrile (1 g, 5 mmol) and K»2CO5 (0.76 g, 5.5 mmol) in 3 mL of DMSO. The

o
N

resulting mixture was stirred at 100°C for four hours before being cooled to RT. 10 mL of H,O
were added and the white precipitate that formed was filtered and thoroughly rinsed with H.O

before being dried to give 1.2 g of 1 (> 95% yield)

Step 2 - A mixture of 1 (0.25 g, 0.996 mmol}, bis(pinacolato)diboron (0.28 g, 1.103 mmol),
KQOAc (0.29 g, 2.955 mmol) and [1,1'-bis(diphenylphosphino)-ferrocene]dichloride palladiom(Il)
DCM complex (0.081 g, 95.55 umol) in 4 mL of DMSO was degassed for 15 minutes by
bubbling argon through the mixture, before being stirred at 8G°C for an hour before being cooled
to RT, diluted with H,O and back extracted three times with Et;O. Combined organic layers
were dried over magnesium sulfate, filtered and evaporated to give crude 2 which was used in

step 3 without purification,

Step 3 - A mixture of 1-(2-bromo-5H-pyrrolof2,3-blpyrazin-7-yl)-2,2-dimethyi-propan-1-one
(0.1 g, 0.354 mmol}, 2 (theoretically 0.996 mmol), K,CO; (0.150 g, 1.085 mmol}, and [1,1"-
bis(diphenylphosphine)ferrocene]dichioridepalladium(Il) DCM complex (0.030 g, 36.74 pmol)
in 3 mL of a 4/1 mixture of 1,4-dioxane and H,O was degassed for 20 minutes by bubbling argon
though the mixture. The resulting mixture was stirred under microwave irradiation at 120°C for
50 minutes before being cooled to RT. The organic layer was separated and the aqueous layer
was back extracted twice with EtOAc. combined organic layers were dried over Na;SOy, filtered

and evaporated. The residue was purified by Si0, chromatography (hexanes/EtOAc 30%
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EtOAc), followed by a second Chromatography (DCM/acetone 9/1) to give 0,03 g of 3: 4-[7-
(2,2-dimethyl-propionyl)-5H-pyrrolo]{2,3-b]pyrazin-2-yl]-2-pyrrolidin-1-yi-benzonitrile (23%
yield).

Example 218.
al 2
5/3\ Stepﬁ QO StepQ : O Steps A Step4 N\ S

Step 1 — A mixture of commercially available 3-amino-3-chlorobenzonitrile (0.7 g, 4.588 mmol),
1,4-dibromobutane (0.57 ml., 4.817 mmol) and K;CO5 (0.697 g, 5.046 mmol) in 20 mL of HO
was stirred for 40 minutes at 120°C under microwave irradiation before being cooled to RT and
extracted twice with DCM. The combined organic layers were dried (Na,SOy), filtered, and
evaporated. The residue was purified by SiO; chromatography (hexanes/EtOAc 0-8% EtOAc) to
give 0.295 g of 1 (31% yield).

Step 2 — A mixture of 1 (0.43 g, 2.081 mmol), bis(pinacoiato)diboron (1.057 g, 4.161 mmol),
KOAc (0.613 g, 6.242 mmol), XPhos (0.099 g, 0.208 mmol) and
tris(dibenzylideneacetone)dipalladium(0) (0.095 g, 0.104 mmol) in 5 mL of 1,4-dioxane was
digassed by bubbling argon through the mixture. It was then stirred 2 hours at 120°C under
microwave irradiation befoe being cooled to RT, filtered through celite, and partitioned between
H,O and EtOAc. The aqueous layer was back extracted with EtOAc. The combined organic
layers were dried (Na;SOy), filtered, and evaporated. 2 was used in the next reaction without

purification.

3-(3,3-Dimethyl-pyrrolidin-1-y1)-3-(4,4,5,5-tetramethy!-[ 1,3.2]dioxaborolan-2-yl}-benzonitrile
was prepared following the same procedure but using commercially available 3,3-dimethyl-
pyrrolidine as starting material, In this reaction, the reaction mixture was stirred at 120°C
without microwave irradiation for 2 hours. The product was used in the next reaction without

purification.

Step 3 — A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one
(0.3 g, 1.063 mmotl), 2 (theoretically 2.081 mmol), K2COz (0,441 g, 3,19 mmol) and
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tetrakis(triphenylphosphine)palladium(0) (0.123 g, 0.106 mmol) in 8§ mL of 1,4-dioxane and 2
mL of H,0O was degassed by bubbling argon through the mixture. It was then stirred 40 minutes
at 120°C under microwave irradiation before being cooled to RT and partitioned between H,O
and EtOAc. The aqueous layer was extracted with EtOAc. He combined organic layers were
dried (Na,SQy), filtered, and evaporated. The residue was adsorbed onto Si0; and purified three
times by Si0, chromatography (hexanes/EtOAc 0-40% EtOAc, toluene/EtOAc 0-50% EtOAc,
and finally DCM/MeOH 0-2% MeOH) to give 0.035 g of 3: 3-[7-(2,2-Dimethyl-propionyl}-5H-
pyrroio[2,3-blpyrazin-2-y1]-5-pyrrolidin-1-yl-benzonitrile (9% yield)

3-[3-(2,2-Dimethyl-propionyl}- 1H-indoi-5-yI]-5-(3,3-dimethyl-pyrrolidin- 1- yl)-benzonitrile was
prepared following the same procedure but using 3-(3,3-dimethyl-pyrrolidin-1-y1)-5-(4.4.5,5-
tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzonitrile as starting material. In this reaction a 3/1
mixture of DCM and MeOH was used as solvent and the reaction mixture was stirred at 110°C
under microwave irradiation for 25 minutes before being worked up. The product was obtained
in 14% yield after two purification by SiO, chromatography (hexanes/EtOAc (-40%, foliowed
by DCM/MeOH 0-3% MeOH).

Step 4 — A solution of LiOH.H,0 (0.007 g, 0.161 mmol} in 0.3 mL of H,O and 0.02 mL of H;O2
30wt% in HoO was added to a suspension of 3 (0.02 g, 54 pmol) in 0.8 mL of THF. The
resulting clear solution was stirred at RT overnight before being evaporated. The residue was
taken into H,O. After sonication, the insoluble was filtered, rinsed with H,O, and dried under
vacuum to give 0.01 g of 4: 3-[7-(2,2-dimethyi-propionyl}-5SH-pyrrolo{2,3-b]pyrazin-2-yl]-5-
pyrrolidin-1-yi-benzamide (47% yield).

3-[3-(2,2-Dimethyi-propionyl)- 1H-indol-5-y1}-5-(3,3-dimethyl-pyrrolidin-1-y1)-benzamide was
prepared following the same procedure but using 3-[3-(2,2-dimethyl-propionyl}-1H-indol-3-y1]-
5-(3,3-dimethyl-pyrrolidin-1-yl)-benzonitrile as starting material. The product was obtained in

11% yield after purification by 5i0, chromatography (DCM/MeOH 0-5% MeOH).

Example 219.
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Step 1 — (Trimethylsilyl)diazomethane 2M in Et,O (8.13 ml., 16.259 mmol) was added dropwise
to a solution of commercially available 3-bromo-5-nitrobenzoic acid (2 g, 8.129 mmol) in 40 mL
of DCM and 40 mL of MeOH. The resulting mixture was stirred at RT for 1 hour before being

evaporated to give 1: 3-bromo-5-nitro-benzoic acid methylester quantitatively.

Step 2 — NH4Cl {4.348 g, 81.29 mmol), followed by iron powder (2.179 g, 39.019 mmol) were
added to a solution of 1 (2.11 g, 8.129 mmol) in 40 mIL. of MeOH and 40 mL of H,O. The
resulting mixture was stirred at reflux ovemnight before being cooled to RT, filtered through
celite, The filtrate was evaporated and the residue was partitioned between H,O and DCM. The
aqueous layer was back extracted with DCM. The combined organic layers were washed twice
with 1M HCI. The combined acidic aqueous layers were basified to pH10 by addition of solid
NaOH. The precipitate was filtered, washed with H>O and dried under vacuum to give 1.02 g of

2: 3-mino-5-bromo-benzoic acid methy! ester (55% yield).

Step 3 — A mixture of 2 (0.9 g, 3.912 mmol), KoCQ3 (0.595 g, 4.303 mmol) and 1,4-
dibromobutane (0.49 mL., 4,108 mmol) in 14 mL of CHsCN and 1 mL of H;O was stirred at
110°C for 30 minutes under microwave irradiation before being cooled to RT. 0.5 more
equivalents of 1,4-dibromobutane were added and the resulting mixture was stirred at 110°C for
30 minutes under microwave irradiation a second time before being cooled to RT. The reaction
mixture was extracted twice with DCM, The combined organic layers were dried (Na;SO4),
filtered, and evaporated. The residue was purified by SiO, chromatography (hexanes/EtOAc 0-
8% EtOAc) to give 0.25 g of 3: 3-bromo-5-pyrrolidin-1-yl-benzoic acid methyl ester (22%
vield).
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Step 4 — A mixture of 3 (0.25 g, 0.88 mmol), bis(pinacolato)diboron (0.268 g, 1.056 mmol),
KOAc (0.259 g, 2.639 mmol), and [1,1-is(diphenylphosphine)ferrocene}dichloridepalladium(il)
DCM complex (0.072 g, 88 pmol) in 5 mL of DMSO was degassed by bubbling argon through
the mixtare before being stirred at 90°C for 4 hours before being cooled to RT. The reaction
mixture was filtered though celite and the filtrate was partitioned between H,O and EtOAc. The
aqueous layer was back extracted with EtOAc. The combined organic layers were dried
(Na,SOy), filtered, and evaporated. The boronic ester 4: 3-pyrrolidin-1-y1-5-(4,4,5,5-tetramethyl-

[1,3,2]dioxaborolan-2-y1)-benzoic acid methyl ester was used crude in the next reaction.

Step 5~ A mixture of (1-[2-bromo-5-(2-trimethyisilanyl-ethoxymethyl)-SH-pysrrolo[2,3-
blpyrazin-7-y1]-2,2-dimethyl-propan-1-one (0.15 g, 0.364 mmol), 4 (theoretically 0.88 mmol),
K»COs (0.151 g, 1.091 mmol), and tetrakis(triphenylphosphine)palladium(0) (0.042 g, 36 pmol)
in 2.8 mL of 1,4-dioxane and 0.7 mL of H,0 was degassed by bubbling argon through the
mixture before being stirred at 120°C for 40 minutes under microwave irradiation. The reaction
mixture was cooled to RT and partitioned between H,O and EtOAc. The aqueous layer was back
extracted with EtOAc. The combined organic layers were dried (Na,SOy), filtered, and
evaporated. The residue was purified by Si0, chromatography (hexanes/EtOAc 0-15% EtOAc)
to give 0.205 g of 3: 3-[7-(2,2-dimethyl-propionyl}-5-methyl-5H-pyrrolo{2,3-b]pyrazin-2-yl]-3-
pyrrolidin-1-yi-benzoic acid methyl ester (§4% yield).

Step 6 — (1.6 mL of 1M LiOH.H,O (0.6 mmol) were added at RT to a solution of 5 (0.2 g, 0.298
mmol) in 3 mL of THF. The resulting mixture was stirred at RT for 4 days before being
partitioned between saturated NH4Cl and EtOAc. The aqueous layer was back extracted with
EtOAc. The combined organic layers were dried (Na,SOy), filtered, and evaporated to give 6: 3-
[7-(2,2-dimethyl-propionyl)-5-methyl-SH-pyrrolo[2,3-bipyrazin-2-yl]-5-pyrrolidin-1-yl-benzoic

acid quantitatively. The product was used in the next reaction without purification.

Step 7 — Commercially available 2-aminoethylmethylsulfone hydrochloride (0.039 g, 0.244
mmol), EDCI (0.041 g, 0.215 mmol), and HOBt.H0 (0.029 g, 0.215 mmol) were added to a
solution of 6 (0.075 g, 0.143 mmol) in 1.5 mL of DCM and 0.09 mL of DIPEA. The resulting
mixture was éthred at 45°C overnight before being cooled to RT and partitioned H;O and DCM.,
The organic layer was washed with saturated NH4Cl. The aqueous layers were extracted with
DCM. The combined organic layers were dried (Na>SQOy), filtered, and evaporated. The residue
was purified by $i0, chromatography (DCM/MeOH 0-2% MeOH) to give 0.057 g of 7: 3-[7-
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(2,2-dimethyi-propionyl}-5-methyl-5H-pyrrolo[2,3-b]pyrazin-2-yI}-N-(2-methanesulfonyl-
ethyl)-5-pyrrolidin-1-yl-benzamide (63% yield).

3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-
yi]-N-{2-hydroxy-ethyl)-5-pyrrolidin-1-yl-benzamide was prepared following the same
procedure but using ethanolamine as amine. In this reaction, 1 more equivalent of each reagent
and 3 equivalents of amine were added again after 2 days at 45°C. The product was obtained in

30% vyield by SiO; chromatography (DCM/MeOH 0-2% MeOH).

2,2-Dimethyi-1-[2-[3-(4-methyl-piperazine-1-carbonyl)-5-pyrrolidin-1-yl-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one was prepared
following the same procedure but using 1-methylpiperazine as amine. In this reaction, 1 more
equivalent of each reagent and 3 equivalents of amine were added again after 2 days at 45°C.

The product was obtained in 18% yield by SiO» chromatography (DCM/MeOH 0-2% MeOH).

Step 8 — 0.4 mL of TFA were added at RT to a solution of 7 (0.055 g, 88 umol) in 0.6 mL of
DCM. The resulting mixture was stirred at RT for 2 hours before being evaporated and
coevaporated twice with toluene, The residue was taken into 1 mL of EtOH and NaOAc (0.072
g, 0.876 mmotl) was added. The resulting mixture was stirred at RT overnight before being
evaporated. The residue was taken into H,O. After sonication, the insoluble was filtered, rinse
with H,O, and dried under vacuum. The residue was adsorbed onto SiO; and purifed by 510,
chromatography (DCM/MeQOH 0-3% MeOH) to give 0.037 g of §: 3-[7-(2,2-dimethyl-
propionyl)-5H-pyrrolof2,3-blpyrazin-2-y1]-N-(2-methanesulfonyl-ethyl)-5-pyrrolidin-1-yl-
benzamide (85% yield).

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolof2,3-b]pyrazin-2-yl]-N-(2-hydroxy-ethyl)-5-
pyrrolidin-1-yl-benzamide was prepared following the same procedure but using 3-[7-(2,2-
dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo{2,3-blpyrazin-2-y1}-N-{2-
hydroxy-ethyl)-5-pyrrolidin-1-yl-benzamide as starting material. The product was obtained in

83% vyield after Si0, chromatography (DCM/MeOH 0-5% MeOH).

2,2-Dimethyl-1-{2-[3-(4-methyl-piperazine-1-carbonyl)-3-pyrrolidin- 1-yl-phenyl]-5H-
pyrrolof2,3-blpyrazin-7-yl }-propan- 1-one was prepared following the same procedure but using
2.2-dimethyl-1-[2-[3-(4-methyi-piperazine-1-carbonyl)-5-pyrrolidin-1-yl-phenyl}-5-(2-
trimethylsilanyi-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one as starting
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material. The produc was obtained in 71% yield after purification by SiG; chromatography
(DCM/MeOH 0-4% MeOH).

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-5-pyrrolidin-1-yl-benzoic acid
was prepared following the same procedure but using 6: 3-{7-(2,2-dimethyl-propionyl)-5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-5-pyrrolidin-1-yl-benzoic acid as
starting material. The product was obtained in 12% yield after purification by S10;
chromatography (DCM/MeQOH 0-4% MeOH).

Example 220.

E>>?i S0 ;f%
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Step 1 — A mixture of commercially available 3,5-dibromobenzonitrile (1.3 g, 4.982 mmol),
pyrrolidine (0.42 mL., 4.982 mmol), NaOtBu (0.575 g, 5.97% mmol), racemic BINAP (0.621 g,
0.966 mmol) and tris(dibenzylideneacetone)dipalladinm(0) (0.456 g, 0.498 mmol) in 25 mL of
toluene was stirred at 89°C for 1 hour before being cooled to RT. The reaction mixture was
purified as is by S10, chromatography (hexanes/EtOAc 0-8% EtOAc) to give 0.689 g of 1 (55%
yield),

Step 2 — A mixture of 1 (0.685 g, 2.728 mmol), bis(pinacolato)diboron (1.039 g, 4.092 mmol),
KOAc (0.803 g, 8.183 mmol), and [1,1'-is{diphenylphosphine)ferrocene]dichloridepalladium(Il}
DCM compiex (0.223 g, 0.273 mmotl) in 25 mL of degassed DMSQO was stirred at 90°C for 2
hours before being cooled to RT. Ha( was added and the insoluble material was filtered. The
remaining solid was washed off the filter with EtOAc, The filtrated was dried (Na,SQOy), filtered,

and evaporated to give 2. The residue was used in the next reaction without purification.
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Step 3 — A mixture of 2-bromo-7-(2-tert-butyl-[1,3]dioxolan-2-y1)-5-{2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-blpyrazine (0.8 g, 1.753 mmol), 2 {theoretically 2.728 mmol)},
K2CO5 (0,727 g, 5.258 mmol) and tetrakis(triphenylphosphine)palladium(0) (0.203 g, 0.175
mmol) in 15 mL of MeOH and 5 mL of DCM was degassed by bubbling argon through the
mixture. The reaction mixture was then stirred at 110°C for 25 minutes before being cooled to
RT and filtered through celite. The filtrate was evaporated, the residue was partitioned between
H,0 and DCM. The aqueous layer was back extracted with DCM. The combined organic layers
were dried (Na,SOy), filtered, and evaporated. The residue was purifed by SiO; chromatography
(hexanes/EtOAc 0-25% EtQAc) to give 0.64 g of 3 (67% yield).

Step 4 - DIBAL-H 1M in DCM (1.17 mL, 1.17 mmol) was added dropwise at -78°C to a
solution of 3 (0.32 g, 0.584 mmotl) in 5 mb of DCM. The resulting mixture was stirred at -78°C
for 2 hours before being quenched by adding saturated R°Chelie salt. The aqueous layer was
back extracted twice with DCM. The combined organic layers were dried (Na,;50y), filtered, and

evaporated to give 4 quantitatively.

Step 5 -~ NaBH(OAc)3 (0.055 g, 0.248 mmol) was added at RT to a mixture of 4 (0.105 g, 0.191
mmol}, N-methylpiperazine {0.02 mL, 0.229 mmol) and 3A molecular sieves in 2 mL of DCM.
The resulting mixture was stirred at RT for 3 hours before being diluted with DCM and washed
with saturated NaHCOs;. The agqueous layer was back extracted with DCM. The combined
organic layers were dried (Na;S0Oy), filtered, and evaporated. The residue was purifed by SiG,

chromatography (DCM/MeOH 0-6% MeOH) to give 0.069 ¢ of 5 (57% yield).

{3-[7-(2-tert-Butyl-[1,3]dioxolan-2-y1}-5-(2-trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2,3-
blpyrazin-2-yl}-5-pyrrolidin-1-yl-benzyl } -(2-methanesulfonyl-ethyl)-amine was prepared

following the same procedure but using 2-methanesulfonyl-ethylamine as amine.

Step 6 - 0.2 mL of acetyl chloride were added dropwise at 0°C to a solution of 5 (0.065 g, 0.102
mmol) in 0.8 mL of MeOH. The resulting mixture was allowed to reach RT before being stirred
at 40°C for 2 hours, cooled to RT, and evaporated. The procedure was repeated 3 times before
TLC (DCM/ [DCM/ME:OH/NIL;OH 60/10/1] 80% DCM) showed complete consumption of the
starting material. The final reaction mixture was cooled to RT and evaporated. The residue was
taken in 1 mL of a 8/1/1 mixture of MeOH, H,0, and EtzN and the resulting mixture was stirred

at RT for 1 hour before being evaporated, The residue was purified by SiO, chromatography
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(DCM/MeOH 0-4% MeOH) and then by Si0Os preparative TLC (DCM/[DCM/MeOH/NH40OH
60/10/1] 80% DCM) to give 0.025 g of 6: 2,2-dimethyl-1-{2-{3-(4-methyl-piperazin-1-
ylmethy!}-5-pyrrolidin-1-yl-phenyl]-5H-pyrrolo[2,3-bipyrazin-7-yl }-propan-1-one {53% yield).

1-(2-{3-[(2-Methanesulfonyl-ethylamino)-methyl}-5-pyrrolidin-1-vl-phenyl } - SH-pyrrolof2,3-
blpyrazin-7-y1)-2,2-dimethyl-propan-1-one was prepared following the same procedure but using
[3-[7-(2-tert-butyl-[1,3]dioxolan-2-y1)-5-(2-trimethylsilanyl-ethox ymethyl)-5H-pyrrolo[2,3-
blpyrazin-2-vl]-5-pyrrolidin-1-yi-benzyi}-(2-methanesulfonyl-ethyl)-amine as starting material.

Example 221.
o
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Step 1 - Trifluoroacetic acid (0.08 mi, 1.035 mmel) in 5 mI. of DCM was added dropwise at
0°C to a solution of methyl methacrylate (8.8 g, 82.27 mmol) and benzyl-methoxymethyl-
trimethylsilanyimethyi-amine {21 mL, 82.26 mmol) in 100 mL of DCM. The resulting mixture
was stirred at 0°C to RT overnight before being washed with saturated aqueous NaHCOs. The
aqueous layer was back extracted once with DCM. Combined organic layers were dried over
Na,SQy, filtered and evaporaied. The residue was purified by SiO; chromatography
(hexanes/EtOAc 0-30% EtOAc) to give 15.72 g of 1 (82% yield)

Benzyl-3-methyl-pyrrolidine-3-carbonitrile was prepared using the same procedure but using

methacrylonitrile as dipolarophile (82% vield).

Step 2 - A mixture of 1 (5 g, 21.43 mmol) , BOC,0 (5.6 g, 25.66 mmol) and 2.5 g of Pd(OH),
20wt% on carbon in 50 mL of EtOH was stirred under hydrogen (1 atm) for 24 hours before

being filtered. The cake was rinsed with MeOH and the filtrate was evaporated. The residue was
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purified by $i0, chromatography (hexanes/EtOAc 0-15% EtOAc) to give 4.66 g of 2 (89%
yield)

Step 3 - Diisobutylaluminium hydride 1M in DCM (17 mL., 17 mmol) was added dropwise at -
78°C to a solution of 2 (2 g, 8.22 mmol} in 50 mL of DCM. The resulting mixture was stirred at -
78°C to 0°C over 6 hours before being quenched at 0°C by addition of 15% aqueous NaOH. The
reaction mixture was extracted twice with EtOAc, Combined organic layers were dried over

Na, SO, filtered and evaporated, The residue was purified by S10; chromatography
(hexanes/EtOAc 50% EtOAc) to give 1.4 g of 3 (79% yieid)

Step 4 - NaH 60% dispersion in oil (0.19 g, 2.322 mmol) was added at 0°C to a solution of 3 {0.5
g, 2.322 mmol) and iodomethane (0.36 mL., 5.784 mmol) in 10 mL of DMF. The resulting
mixture was stirred at 0°C to RT overnight before being quenched by addition of H,0, and
extracted three times with EtOAc, Combined organic layers were dried over Na;SOy, filtered and
evaporated. The residue was purified by SiO; chromatography (hexanes/EtOAc 20% EtOAc) to
give (.38 g of 4 (71% vield)

Step 5 - 2 mL of HCI 4M in 1.4-dioxane were added at RT to a solution of 4 (0.4 g, 1.858 mmol)
in 2 mlL of Et,O. The resulting mixture was stirred at RT overnight before being evaporated. The
residue was taken into Et,O a couple of times and evaporated to give 0.274 gof 5asa

monohydrochloride salt,

Step 6 — Acetic anhydride (0.21 mL, 2.224 mmol) was added at RT to a mixture of 3 (0.31 g,
1.44 mmol} and pyridine (0.23 mL., 2.844 mmol) in 5 mL of DCM. The resulting mixture was
stirred at RT for 24 hours before being quenched eith MeOH. The reaction mixture was stirred at

RT for 1 hour before being evaporated and coevaporated with toluene, The residue was purified

by Si0, chromatography (hexanes/EtOAc 20% EtOAc) to give 0.3 g of & (81% yield).

Step 7 — 2 mL of of HCl 4M in 1.4-dioxane were added at RT to a solution of § (0.3 g, 1.166
mmol) in 2 mL of DCM. The resulting mixture was stirred at RT overnight before being
evaporated and coevaporated with toluene to give 9: 3-methoxymethyl-3-methyl-pyrrolidine

quantitatively as a monohydrochlonde salt.
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Acetic acid 3-methyl-pyrrolidin-3-ylmethyl ester monohydrochloride was prepared following the
same procedure but using 3-acetoxymethyl-3-methyl-pyrrolidine-1-carboxylic acid tert-butyl

ester as starting material.

Example 222.

3
AR . O
1 Fi a
Step 2 A Step 5 %
H
Q

Step 1~ LLAH 1M in THF (16 mL, 10 mmol) was added at RT to a solution of 1-benzyl-3-
methyl-pyrrolidine-3-carbonitrile (2 g, 9.99 mmol) in 50 mL of THF. The resulting mixture was
stirred at RT for 6 hours before being quenched at 0°C by successive addition of 0.38 mL of
H,0, 0.38 mL of 15% NaOH and finally by 1.14 ml. of H,O. Two scoops of celite were added
and the sturry was filtered. After rinsing the insoluble material with THF, the filtrate was

evaporated to give 1 quantitatively.

Step 2 — Acetic anhydride (0.7 mL, 7.405 mmol) was added at RT to a solution of 1 (1 g, 4.894
mmol) and pyridine (0.8 mL, 9.886 mmol} in 25 ml. of DCM. The resulting mixture was stirred
at RT for 4 hours before being quenched by addition of 10 mL of MeOH. The reaction mixture
was stirred at RT for 1 hour before being evaporated and coevaporated with toluene. The residue
was partitioned between H,O and EtOAc. The aqueous layer was back extracted with EtOAc.
The combined organic layers were dried (NapSQOy), filtered, and evaporated to give 2

guantitatively.

N-(1-Benzyl-3-methyl-pyrrolidin-3-ylmethyl}-methanesulfonamide was prepared following the

same procedure but using MsCl as electrophile.
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Benzyl-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid methyl ester was prepared following the

same procedure but using methylchloroformate as electrophile.

Step 3 — A mixture of 2 (0.260 g, 1.059 mmol) and Pd{OH), 20% on carbon (0.125 g} in 50 mL
of EtOH was stirred under an atmosphere of hydrogen (1 atm) overnight before being filtered.
The filtrate was evaporated to give 3: N-(3-methyl-pyrrolidin-3-yimethyl)-acetamide

quantitatively.

N-(3-Methyl-pyrrolidin-3-ylmethyl)-methanesuifonamide was prepared following the same
procedure but using N-{1-benzyl-3-methyl-pyrrolidin-3-ylmethyl)-methanesulfonamide as

starting material.

Methyl-pyrrolidin-3-ylmethyl)-carbamic acid methyl ester was prepared following the same
procedure but using (1-benzyl-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid methyl ester as

starting material.

Methyl-pyrrolidin-3-ylmethyl)-carbamic acid tert-butyl ester prepared following the same
procedure but using {1-benzyl-3-methyi-pyrrolidin-3-ylmethyl)-carbamic acid tert-butyl ester as
starting material. The product was obtained in 82% yield after 510, chromatography

{DCM/MeOH 50% MeOH).

Step 4 — BOC,0 (1.18 g, 5.407 mmol) was added at RT to a mixture of 1 (1 g, 4.894 mmol) and
K2C05 (0.8 g, 5.788 mmol) in 25 mL of THE. The resulting mixture was stirred at RT over the
weekend before being filtered. The filtrate was evaporated and the residue was purified
(hexanes/EtOAc 0-30% EtOAc) to give 1 g of 4: {1-benzyl-3-methyl-pyrrolidin-3-ylmethyl}-
carbamic acid tert-butyl ester (67% yield).

Example 223,

H H H
CBz N Step 1 Gz ~N Step 2 CBz ~5
1

2
H OH H OMs H

Siie
H
Step 3
O
a
4 3

50, Me H SO,Me
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Step 1 — Pyridine (0.5 mL, 6.167 mmol) foHowed by MsCl (0.24 mL, 3.033 mmol) were added
at 0°C to a solution of (18,5R,6R)-6-hydroxymethy!-3-aza-bicyclo[3.1.0]hexane-3-carboxylic
acid benzyl ester (0.5 g, 2.022 mmol) in 15 mL of DCM. The resulting mixture was allowed to
reach RT overnight before being partitioned between a saturated aqueous solution of NH4Cl and
EtOAc. The aqueous layer was back extracted with EtOAc. The combined organic layers were
dried (Na;SQOy), filtered, and evaporated. The residue was purified by Si0O, chromatography
(hexanes/EtOAc 0 to 60% EtOAc) to give 0.345 g of 1 (52% yield).

(18,5R,6R}-6-Hydroxymethyl-3-aza-bicyclo[3.1.0Thexane-3-carboxylic acid benzyl ester was
prepared according to the procedure in Synlett 1996, 11, 1097-1099.

Step 2 — Sodium thiomethoxide (0.111 g, 1.498 mmol) was added at RT to a solution of 1 {0.375
g, 1.152 mmol) in 10 mL of DMF. The resulting mixture was stirred at 50°C overnight before
being cooled to RT and partitioned between H-O and Et;0. The aqueous layer was back
extracted twice with Et,O. The organic layers were dried (Na,SOy), filtered, and evaporated to

give (0.283 g of 2 (89% vield) that was used in the next step without purification.

Step 3 — Oxone (0.465 g, 0.757 mmol) was added at RT to a solution of 2 (0.14 g, 0.505 mmol)
in 5 mL of MeOH and 0.5 mL of H;O. The resulting mixture was stirred at RT for three hours
before being evaporated. The residue was partitioned between aqueous NaOH and FEtOAc. The
aqueous layer was extracted with EtOAc. The combined organic layers were dried (Na,S0O4),

filtered, and evaporated to give 3 guantitatively.

Step 4 — A suspension of 3 (0.155 g, 0.501 mumol) and Pd 10wt% on carbon {0.02 g) in 5 mL of
EtOH was stirred under an hydrogen atmosphere (1 atm) for 1 hour before being filtered. The
filtrate was evaporated to give 4: {15,5R,6R)-6-methanesulfonylmethyl-3-aza-

bicyclo[3.1.0fhexane quantitatively.
Example 224.

H H
1 -
CBz.. Step SRz~ Step 2 N
1 2

H OH H O H O

Step 1 — A solution of {15,5R.6R)-6-hydroxymethyl-3-aza-bicyclo[3.1.0Thexane-3-carboxylic
acid benzyl ester (0.4 g, 1.617 mmol) in 2.5 mL of DMF was added at 0°C to a suspension of
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NaH 60% dispersion in oil (0.078 g, 1.941 mmol). The resulting mixture was stirred at 0°C for
40 minutes before adding iodomethane (0.11 mL, 1.779 mmol}. The reaction mixture was
allowed to reach RT overnight before being evaporated. The residue was partitioned between
H,;O and EtOAc. The aqueous layer was back extracted twice with EtOAc. The combined
organic layer were dried (MgSQy), filtered, and evaporated. The residue was purified by SiO,
chromatography (hexanes/EtOAc 30% EtOAc) to give 0.3 g of 1 {71% yield).

Step 2 - A suspension of 1 (0.3 g, 1.148 mmol), ammonium formate {0.289 g, 4.592 mmol) and
Pd 10wt% on carbon (0.07 g) was stirred at 65°C for two hours before being cooled to RT and
filtered. The filtrate was evaporated to give 0.11 g of 2: (15,5R,6R}-6-methoxymethyl-3-aza-
bicyclo[3.1.0Fhexane {73% yield).

=
o) | P 1 2
H H H
Step 1 Step 2
N; z . @ e HCi.HE\I: z
C 4 at H

Step 1 - LAH 1M in THF was added at RT to a solution of commercially available 3-benzyl-3-

Example 225,

aza-bicycio[3.1.0}hexane-2,4-dione (5 g, 24.85 mmol) in 100 mL of THF. The resulting mixture
was stirred at reflux overnight before being cooled to 0°C, and quenched by successive addition
of 1.5 mL of H,O, 1.5 mL of 15% NaOH and finally 4.5 mL of H,0. 5 g of celite were added,

the reaction mixture was filtered, and the filtrate was evaporated to give 1 quantitatively.

Step 2 - A mixture of 1 (1.35 g, 4.434 mmol) and Pd(OH), 20wt% on carbon (1 g} in 50 mL of
EtOH was stirred under hydrogen (1 atm) for 24 hours before being filtered. The cake was rinsed
with MeOH. 10 mL of concentrated HC] were added to the filtrate and the filtrate was
evaporated and coevaporated with toluene. The crystalline pink residue was triturated with cold
1PrOH, and the insoluble residue was filtered, rinsed with acetone, and dried under vacuum to

give 1.35 g of 2 (45% yield as the monohydrochloride salt.

Example 226.
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1-[2-(3-Amino-phenyl}-5SH-pyrrolo[2,3-bpyrazin-7-yl]-2.2-dimethyl-propan-1-one
To a microwave vial was added 0.032 gm (0.075 mM) 1-]2-(3-Amino-phenyl)-5-(2-
trimethylsilanyl-ethoxymethyl}-SH-pyrrolo[2,3-blpyrazin-7-vl]-2,2-dimethyl-propan-1-one
followed by 0.75 ml of 1M tetrabutylammonium fluoride in THE. The vial was sealed and
placed in a 80°C oil bath for two hours then stirred at room temperature overnight. The mixture
was diluted with 10 ml ethyl acetate, rinsed (3 x 50ml) water, dried over magnesium sulfate,
filtered and concentrated on a rotary evaporator. Purification on a preparative silica gel thin
laver chromatography plate (5/95 MeOH/CH2CI12) gave 0.014 gm (64% yield) of 1-[2-(3-
Amino-phenyh)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one, M+1 295, M.P. 239-
241°C.

Example 227,
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1-[2-(3-Ethylamino-phenyD)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one

To a microwave vial was added 0.050 gm (0.118mM) 1-[2-(3-Amino-phenyl)-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one
along with 2.0 ml water, 0.2 ml (1.88mM) ethyl mesylate and 0.138 gm (1.0 mM) potassium
carbonate and the mixture sealed and heated to 100°C for 10 minutes. For five additional times
ethyl mesylate and potassium carbonate was added followed by heating for a total of 1.8 ml (17
mM) ethyl mesylate and 1.38 gm (10.0 mM) potassium carbonate. The mixture was diluted with
water, extracted three times with ethyl acetate, dried over magnesium sulfate and purified by

column chromatography to give the mono and diethyl compounds. The SEM protecting group
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was removed using the general procedures described in these Examples to give 1-[2-(3-
Ethylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one M+1 323, M.P.
189-191°C and 1-[2-(3-Diethylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyi-
propan-1-one, M+1 351, M.P. 216-217°C.

5 Example 228.

——

N-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-phenyl } -acetamide

In a vial was added 0.030 gm (0.071mM) 1-[2-(3-Amino-phenyl)-5SH-pyrrolo[2,3-b]lpyrazin-7-
yli-2,2-dimethyl-propan-1-one, 0.2 m! THF, 0.008 ml (0.1 mM) pyridine and 0.008 m!

10 (0.085mM) acetic anhydride. After stirring overnight at room temperature the mixture was
concentrated and purified on a preparative TLC plate to give 0.028 gm (0.060 mM) of the acetyl
derivative, The SEM protecting group was removed as described previously to give N-{3-[7-
(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-phenyl }-acetamide, M+1 337, M.P.
249-250 °C

15 Example 229,

b
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1,1,2,2,3,3 4. 4,4-Nonafluoro-butane-1-sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5-(2-

o]

trimethylsilanyl-ethoxymethyl)-5SH-pyrrolof2,3-blpyrazin-2-yl]-phenyi ester
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Inaflask 0.11 gm (0.259 mM) 1-[2-(3-Hydroxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-
SH-pyrrolo[2.3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, 5 ml dichloromethane, 0.055 mi
(0.316 mM) diisopropyiethylamine and 0.0015 gm {0.012 mM) 4-dimethylaminopyridine were
added. The mixture was chilled in an ice bath and 0.087 ml (0.285 mM)
nonafluorobutanesulfonic anhydride was added. The mixture was allowed to warm to room
temperature and stir over night. The mixture was diluted with additional dichloromethane,
rinsed two times with water, dried over magniesium sulfate and purified by column
chromatography (ethyl acetate / hexane) to give G.15 gm (0.21 mM, 82% vield) 1.1,2.2,3,3,4,4.4-
Nonafluoro-butane- 1-sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-phenyl ester M+1 708.

Example 230.
b
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1-{2-{3-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl}-phenyl}-3H-pyrrolo[2,3-b]pyrazin-7-yl } -
2,2-dimethyl-propan-1-one

In a microwave vial was added (.12 gm (0.17 mM) 1,1,2,2,3,3.4,4,4-Nonafluoro-butane-1-
sulfonic acid 3-[7-(2,2-dimethyl-propionyl}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2,3-b]pyrazin-2-vi]-phenyl ester, 1.5 ml toluene, .035 gm ( 0.26 mM) Thiomorpholine
1,1-dioxide, (,0039 gm (0.0085 mM) wris{dibenzylideneacetone)dipalladium(0), 0.0108 gm
(0.019 mM) 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene, and 0.072 gm (0.34 mM)
potassium phosphate. The vial is sealed, evacuated and refilled three times with argon then
heated in a 115°C oil bath for 43 hours. The mixture was cooled to room temperature, filiered,
solids rinsed with ethyl acetate and the filtrate and rinse concentratred and purified by column
chromatography (ethyl acetate / hexane to give 0.062 gm (0.114 mM, 67% vield) of the adduct.
The SEM protecting group was removed using the general procedures described in these

Examples to give 0.033 gm (0.080 mM) of 1-{2-[3-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-
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vl)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyi-propan-1-one M+1 413, M.P. 279-
280°C.

Using this procedure the following compounds were prepared:

1-{2-[3-(3-Hydroxy-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-dimeth yl-
propan-1-one, M+1 365, M.P. 245-248°C

1-[2-(3~Azetidin-1-yl-phenyl)}-SH-pyrrolo]2,3-b]pyrazin-7-vl]-2,2-dimethyl-propan-1-one M+1
413, ML.P. 279-280°C

1-{2-{3-(2-Methanesulfonyi-ethylamino)-phenyl}-5H-pyirolo[2,3-b]pyrazin-7-yl }-2,2-dimethyi-
propan-1-one M+1 401, m.p. 205-206°C |

5-{3-[7-(2,2-dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl }-octahydro-
pyrrolo[3,4-cipyirol-2-ium trifluoro-acetate (Boc protecting group removed using procedure in

example 49) M+1 390
Example 231.
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2,2-Dimethyl-1-{2-[3-(1-ox0-1lambda*4*-thiomorpholin-4-vyl)-phenyl]-5H-pyrrolo[2,3-
bjpyrazin-7-yl}-propan-1-one

To a flask was added 2,2-Dimethyi-1-[2-(3-thiomorpholin-4-yl-phenyl)-5-(2-trimethylsilanyl-
ethoxymethyl)5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (prepared using general procedures
described in these Examples) 0.030 gm (0.059 mM), 3-chioroperbenzoic acid (77%) 0.015 gm
(0.067 mM), dichloromethane, stirred over night, rinsed with saturated agueous sodium
bicarbonate and purified on preparative TLC plate (3:1 ethyl acetate / hexane) tog give 0.019 gm
(0.036 mM, 61% yield) of the sulfoxide. The SEM protecting group was removed following

general procedures as described in these Examples to give 2,2-Dimethyl-1-{2-[3-(1-oxo-



10

15

WO 2009/106441 BPCT/EP2699/051785

-242-

Hlambda*4*-thiomorpholin-4-yl)-phenyl}-5H-pyrrolo{2 3-blpyrazin-7-yl}-propan-1-one, 0.0025
gm, (0.006 mM) M+1 397.

Example 232.
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2,2-Dimethyl-1-[2-(3-pyrrol-1-yl-phenyl)-5H-pyrrolo{2.3-b]pyrazin-7-yl]-propan- 1-one

To a microwave vial was added 1,1,2,2.3.3,4,4,4-Nonafluoro-butane-1-sulfonic écid 3-[7-(2,2-
dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bjpyrazin-2-vi]-phenyl
ester 0.20 gm (0.28 mM), pyrrole 0.048 ml (0.69 mM), 2-(dicyclohexylphosphino)-2"-(N,N-
dimethyamino)biphenyl 0.011 gm (0.028 mM), tris(dibenzylideneacetone)dipalladium(0) 0.010
gm (0.022 mM), potassium phosphate 0.120 gm (0.565 mM) and 0.8 ml toluene. The vial was
sealed, evacuated and refilled three times with argon and placed in a 90 °C oil bath for 16 hours.
The vial was cooled to room temperature, filtered, the solids rinsed with ethyl acetate. The
filtrate and rinse was concentrated and purified by column chromatography te give the coupled
product 0.034 gm (0.072 mM, 26% yield). The SEM protecting group was removed using
general procedures described in these Examples to give 2,2-Dimethyl-1-[2-(3-pyrrol-1-yl-
phenyl)-5H-pyrrolo[2.3-blpyrazin-7-yl]-propan-1-one 0.012 gm (0.035 mM, 12% vield over
both steps) M+1 345, m.p. 220-222°C.

Exampie 233.
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1-{2-[3-((R)-2-Hydroxymethyl-pyrrolidin-1-yl}-phenyl]-SH-pyrrolof2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one

To a microwave vial was added 1-{2-(3-Iodo-phenyl)-5-(2-trimethvisilanyl-ethoxymethyl)-3H-
pyrrolo[2,3—b]pyrazin—7—yl]—2,2-diméthyl-pmpan-1-one 0.060 gm (0.112 mM), (R)-1-Pyrrolidin-
2-yl-methanol 0.034 gm (0.336 mM), copper(1) iodide 0.0021 gm (0.011 mM), potassium
phosphate 0.0476 gm (0.224 mM} and 0.3 ml 2-dimethylaminoethanol. The vial was sealed,
evaculated and refilled three times with argon and place in a 80°C oil bath for 35 hours. The vial
was cooled to room temperature, 10 mi water was added and the mixfure extracted with three 10
mi portions of ethyl acetate. The ethyl acetate was dried over magnesium sulfate, filtered,
stripped and purified by column chromatography to give the adduct 0.030 gm (0.059 mM, 53%
yield. The SEM protecting group was rernoved using general procedures described in these
Examples to give 1-{2-[3-((R)-2-Hydroxymethyl-pyrrolidin-1-yl)-phenyl}-SH-pyirolo[2,3-
bipyrazin-7-yl}-2,2-dimethyl-propan-1-one M+1 379.

With this procedure was also prepared:

1-{2-[3-((S)-2-Hydroxymethyl-pyrrolidin- 1-yl)-phenyl]-5H-pyrrolof2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1i-one, M+1 379.

1-{2-[3-(3-Hydroxy-3-methyl-pyrrolidin-1-yD)-phenyl]-5H-pyrrolo[ 2,3-blpyrazin-7-yl}-2,2-
dimethyl-propan-1-one M+1 379 m.p. 237-239.

Example 234,
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N-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo(2,3-b]pyrazin-2-yl]-phenyl } -benzenesulfonamide

To a flask was added 1-[2-(3- Amino-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-
propan-1-one 0.027 gm (0.092 mM), 1 ml dichloromethane, diisopropylethyiamine 0.040 ml
(0.23 mM) and benzenesulfonyl chloride 0.026 mi (0.204 mM). The mixture was stirred over
night. Additional benzenesulfonyl chloride 0.0095 mi (0.074 mM) and diisopropylethylamine
0.015 ml {0.086 mM) was added and the mixture stirred overnight. The mixture was
concentrated, 10 ml water and a few drops 1 M hydrochloric acid were added and it was
extracted with ethyl acetate (3 x 30 ml). The ethyl acetate was dried over magnesium sufiate,
stripped and purified on a preparative TLC plate (35:65 ethyl acetate / hexane) to give the
diadduct 0.035 gm (0.061 mM, 66% vyield). The diadduct was dissolved in a mixture of 3 m!
THF and 6 ml MeCN. To this was added 0.4 ml 3M aqueous sodium hydroxide and the mixture
heated to 55 °C for 4 hours. To this was added 50 m! water and concentrated on a rotary
evaporator to remove the THF and MeCN. To the mixture was added 1M hydrochloric acid till
neutral (solid forms) and extracted with ethy! acetate (3 x 50 ml). The solution was dried over
magnesium sulfate and purified by preparative TLC (50:50 ethyl acetate / hexane) to give N-{3-
[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo{2,3-b]pyrazin-2-yl]-phenyl } -benzenesulfonamide 0.015
agm (0.035 mM, 38% overall yield) M+1 435, m.p. 217-219 °C.

Using this procedure the following compounds were made:

N-{3-[7-(2,2-Dimethyl-propionyl }-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -methanesulfonamide
M-+1373 m.p. 216-218 °C

N-(4-{3-[7-(2,2-Dimethyl-propionyl})-5SH-pyrrolo[2,3-b]pyrazin-2-yi]-phenylsulfamoyl }~
phenyl)-acetamide M+1 492 m.p. 226-228 °C.

N-(4-{5-[7-(2,2-Dimethyl-propionyl}-3H-pyrrolo[2,3-blpyrazin-2-vlj-2-methyl-
phenylsulfamoyl }-phenyl)-acetamide M+1 506 m.p. 274-276 °C.
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Example 235.

4-Amino-N-{3-[7-(2,2-dimethyl-propionyl}-SH-pyrrolo[2,3-b]pyrazin-2-yl}-phenyl } -

benzenesulfonamide

Ina flask N-(4-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo{2,3-b]pyrazin-2-vyl]-
phenylsulfamoyl }-phenylj-acetamide 0.034 em (0.069 mM), ! ml water and 10 drops 3M
aqueous sodium hydroxide was added and the mixture heated to 100 °C for two hours. Water
{20 ml) was added and the pH adjusted to 8 with hydrochloric acid and much solid formed. The
mixture was extracted three times with ethyl acetate, the ethyl acetate dried over magnesium
sulfate to give 4-Amino-N-{3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl}-
phenyl}-benzenesulfonamide 0.023 gm ( 0.051 mM, 74% vield) M+1 450 m.p. 285-286°C

Using this procedure the following compounds were made:

4-Amino-N-{5-[7-(2,2-dimethyl-propiony})-SH-pyrrolo[2,3-blpyrazin-2-y1]-2-methyl-phenyl } -
benzenesulfonamide M+1 464, m.p. 264-266 °C.

Example 236,

,E C%—(f \
N @l _
. N N
NN PdCI {PPh,) lsopropanc
o Na,CQ, / Dtoxane
! 100 C

microwave/1 50 ‘Cithr

D E

Preparation of E;

A stirred solution of D (1.41g, 5 mmol) and 3-aminobenzeneboronic acid hydrate (1.G3g, 7.5

mmol) in dry 1,4-dioxane (10 ml) and 2 Molar sodium carbonate aqueous solution (7.5 ml) in a
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seal tube was purged with Argon for 2 min., then dichioro bis {triphenyl phosphine)
paliadium(ID) (0.35¢, 0.5 mmol) was added and reaction mixture was again deoxygenated and
subjected to microwave irradiation at 150 degree Celsius for 1 hr. The cooled mixture was
partitioned between water and ethyl acetate , the organic layer was washed with brine, dried over
sodium sulphate, and concentrated in vacuo. The residual oil was heated with ether, solid formed
was filtered, washed with ether, dried to obtain E as light brown powder (1.45g, 98% vyield) mp
215-218 °C

Preparation of 1-{2-[3-(4,5-Dihydro- 1 H-imidazol-2-ylamino}-phenyl]-5H-pyrrolo{2,3-b]pyrazin-
7-yi}-2,2-dimethyl-propan-1-one:

Chloroamidine sulfate (0.62¢, 3.1 mmol) was dissolved in cold water {10 ml), while at zero
degree Celsius, basified with 10% NaOH agueous solution, extracted quickly with DCM, dried
over potassium carbonate and filtered into a solution of 4 (0.3g, 1.02 mmol) in isopropanol (15
ml). More than half of the solvent was removed ir vacuo and additional 5 ml of isopropanol was
added and reaction mixture was heated at 100 degree Celsius under reflux for 1 hr. After cooling,
the solvent removed in vacuo. The residue was loaded on silicagel column and eluted with 2.5%
methanol-dichloromethane to afford the desired product 1-{2-{3-(4,5-Dihydro-1H-imidazol-2-
ylamino}-phenyi}-3H-pyrrolof2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one as light yellow
powder (0.088g, 24% yield) mp 228-230 °C.

Example 237.

ol
HO
A /N PdCEQ(PPh
— o
- Na,CQ, / Dioxane
mlcrowaveMSO CHhr

Preparation of 3-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{2.3-blpyrazin-2-yl]-benzonitrile:

A stirred solution of P (0.28¢, 1 mmol) and 3-cyanophenylboronic acid (0.22g, 1.5 mmol) in dry
1,4-dioxane (4 ml) and 2 Molar sodium carbonate agueous solution (1.5 ml) in a seal tube was

purged with Argon for 2 min., then dichloro bis (triphenyl phosphine) palladium(II) (0.07g, 0.1
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munol) was added and reaction mixture was again deoxygenated and subjected to microwave
irradiation at 150 degree Celsius for 45 min. The cooled mixture was partitioned between water
and ethyl acetate , the organic layer was washed with brine, dried over sodium sulphate, and
concentrated in vacuo, The residual oil was loaded on silicagel column and eluted with DCM :
1% NH,OH-MeOH (10: 0.25) to afford the desired product 3-[7-(2,2-Dimethyl-propionyl)-SH-
pyrrolo[2,3-blpyrazin-2-yl]-benzonitrile as a light yellow powder (0.228g, 75%) mp 248-249 °C.

Example 238.
Q
g
¢
= HOlgas  HN e i
HN HN
N —_— 1 =N NH.HCH L PN
N BOHELD > N N
Nz % ? N o EIGH N[ P l’>
00 \I Rt ﬁ
1% —_—
- G

Preparation of G

To a cooled suspension of F (0.27g, 0.89 mmol) at zero degree Celsius in Et;O (10 ml) and abs.
EtOH (5 ml) under dry condition, bubble HC! gas gently for 1 hr. Solvent removed in vacuo to
obtain light yellow powder G (0.24g, 71%) mp 173-175 °C

Example 239.

General procedure for the preparation of cyclic amidine:

To a suspension of G { 0.08g, 0.21 mmol) in EtOH (5 ml) stirring at room temp. was added
ethvlenediamine (0.2g, 0.31 mmol). After 30 min. of stirring reaction mixture becomes clear.
Solvent removed in vacuo, the residual light yellow solid was loaded on silica gel column and
eluted with DCM:1% NH,OH-MeOH (4:1) to afford RO 5322319 as a white powder (0.065g,
89%) mp 240- 242 °C,

Following compounds were synthesized using above procedure.
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Example 240.

H
r 5 ¥
My N | )\Si- | N e Q
iPrgCl-Licl [a5]
KOH /1, P LiHRDS e —_— R D —
7N N N

N N —- N —_— N VN GO, ! THF N
— DMF = e — o — BOP ! BIEA
Y s THE . 4 b
O/ oC o : o o {6 hrs, 1.
1hr oC
o o}
o] < o]
? J | 7 ? ] ? i
H { 4 K
BOF / DIEA i

THF
20 hrs, AL

Preparation of I

5 To acooled solution of H (2.0g, 7 mmol} in DMF(25 ml), add KOH pellets and stirred for 30
min, at zero degree Celsius, then a solution of iodine (2.66g, 10.5 mmol) in DMF was added
dropwise over 20 min. The resulting reaction mixture was allowed to stir at zero degree Celsius
for 1 hr. The reaction mixture was poured into ice-cold satd. Na»S.05 aqueous solution.
Additional ice-cold water was added to crash out the product, light brown solid formed was

10 filtered, dried to obtain I (2.51g, 87%) mp 244-246 °C,

Preparation of J:

To a suspension of 1 (0.3g, 0.73 mmol) in dry THF (10 ml) at zero degree Celsius, add 1Molar
solution of LiHMDS in THF (0.8 ml) under Argon and let it stir at room temp. for 30 min.
Replace ice-bath and then add TIPSCI (0.15g, 0.8 mmol) at zero degree Celsius, following

15  addition, ice-bath removed and reaction mixture was stirred at room temp. for 30 min. Solvent
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removed in vacuo at room temp. to obtain light brown solid, it was triturated with hexane, fiiter

and washed with hexane, dried to yield J, as a light brown powder (0.38g, 92%) mp 154-156 °C
Preparation of K

To a solution of J (1.12g, 1.97 mmol) in dry THF (10 ml) at -78 OC under Argon, add 1.3
Molar solution of i-PrMgCl-LiCl complex in THF (4.55 ml, 5.92 mmol) drop-wise, stir for 10
min., then bubble CO; gas at -78 0C, allow to warm at room temp. while under CO; atmosphere.
Reaction mixture was quenched with 1Molar Citric acid aqueous solution while stirring, light
yellow solid formed was filtered, washed with with water, dried to obtain K (0.51g, 79%) mp
236-237 °C.

Preparation of Pyrrolidin-1-yl-[2-(3.4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yi]-

methanone:

To a suspension of D (0.15g, 0.45 mmol) in THF 910 ml) add BOP (0.3g, 0.68 mmol) and DIEA
(0.09g, 0.68 mmol), followed by pyrrolidine (0.049¢, 0.68 mmol). Reaction mixture stirred at
room temp. for 16 hrs. Solvent removed in vacuo, the residue partitioned between water and
DCM , the organic layer was washed with brine, dried over sodium sulphate, and concentrated in
vacuo. The residual oil was loaded on silicagel column and eluted with DCM:1% NH4OH-
MeQOH (10:0.25) to afford Pyrrolidin-1-yl-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrroio[2,3-
blpyrazin-7-yl]-methanone as a light yellow powder (0.079¢g, 36%) mp 210- 212 °C.

Preparation of (3,3-Dimethyl-pyrrolidin-1-yI)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo]2,3-
blpyrazin-7-yl]-methanone:

To a suspension of D (0.15g, 0.45 mmol) in THF 910 ml) add BOP (6.3g, 0.68 mmol) and DIEA
(0.09¢, 0.68 mmol), followed by 3,3-dimethylpyrrolidine (0.067g, 0.68 mmol). Reaction mixture
stirred at room temp. for 16 hrs. Solvent removed in vacuo, the residue partitioned between
water and DCM | the organic layer was washed with brine, dried over sodium sulphate, and
concentrated in vacuo. The residual oil was loaded on silicagel column and eluted with DCM:1%
NH,OH-MeOH (10:0.25) to afford (3,3-Dimethyl-pyrrolidin-1-yD-[2-(3.4.5-trimethoxy-phenyl)-
5H-pyrrolo{2,3-blpyrazin-7-yl]-methanone as a off-white powder (0.144¢, 78% %) mp 228- 230
°C.
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Example 241.

H N
L — AKX

2.2-dimethyi-1-[2-(3,4,5-trimethoxy-phenyl}-SH-pyirolo[2,3-b]pyrazin-7-yl]-pent-4-en-1-one;
2,2-dimethyl-1-[2-(3.4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-pentan-1-one; 2.2-
dimethyi-4-morpholin-4-vi-1-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl}-

butan-1-one

Oxalyl chloride (5.1 mL, 58 mmol) was added to a 0-5 °C solution of 2,2-dimethyl-4-pentenoic
acid (5.00 g, 39.0 minol) in 25 ml of dichloromethane. The mixture was stirred for 3 h, then
concentrated to afford crude 2,2-dimethyl-4-pentenoy! chloride, which was dissolved in 10 mL

of dichloromethane for use in the next step.

Diethylaluminum chloride (1.0 M in CH,Cly, 23.4 mL, 23.4 mmol) was added to a 0-5 °C
mixture of 2-bromo-3H-pyrrolo[2,3-b]pyrazine (1.55 g, 7.80 mmol) and 30 mL of
dichloromethane in a sealed tube, and the mixture was stirred at 0-5 °C for 20 min. The solution
of crude 2,2-dimethyl-4-pentenoyl chloride prepared in the previous step was added dropwise.
The resulting mixture was stirred at 60 °C for 64 h, then cooled to 0-3 °C. A sat, ag. NaHCO;3
solution (50 mL} was carefully added, and the mixture was extracted with three 100 mL portions
of ethyl acetate. The combined organic layers were dried over MgSO,, filtered and concentrated
to a residue. Column chromatography (0->50% EtOAc/hexanes) afforded 1.033 g (43%) of
impure 1-(2-bromo-5H-pyrrolo[2,3-bipyrazin-7-v})-2,2-dimethyl-pent-4-en-1-one as a brown
solid, which was used without further purification. The major impurity is s.m. (typically 15-30%

of the mixture).

Example 242.

PEM

NN NS
| |
4 —_— /EN’ ¢

X A
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Sodium hydride (60% in mineral oil, 0,161 g, 4.02 mmol) was added to a 0-3 °C solution of
impure 1-(2-bromo-5H-pyrrolo[2,3-blpyrazin-7-vy1)-2,2-dimethyl-pent-4-en-1-one (1.03 g, “3.35
mmol™) in 10 mL of N,N-dimethylformamide. The mixture was stirred for 30 min., then SEMC1
(0.71 mL, 4.02 mmol) was added. The mixture was allowed to warm to RT and stirred for 19 h,
then quenched with 100 mL of water. The mixture was extracted with three 100 mL portions of
ethyl acetate, and the combined organic layers were dried over MgSOQs, filtered and concentrated
to a residue, Column chromatography (0->20% EtOAc/hexanes) afforded 1.38 g (69%) of
impure 1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-bjpyrazin-7-yl]-2,2-
dimethyl-pent-4-en-1-one, which was used without further purification. The major impurity is

the 3-H compound, from SEM protection of the impurity carried through from the previous

reaction.
Exampie 243.
SEM SEM
Nay M
/[ o Vs MeQ l P Vs
Br N ————— N
© MeO ©
AN OMe N

A mixture of impure 1-[2-bromo-5-(2-trimethylsilanyi-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-
7-y11-2,2-dimethyl-pent-4-en-1-one (0.900 g, 2.05 mmol), 3.4,5-trimethoxyphenyl boronic acid
(0.479 g, 2.26 mmol), potassium carbenate (0.850 g, 6.15 mmol) and Pd{dppf)Cl; CH,Cl; (0.171
g, 0.21 mmol) in 15 mL of 1,4-dioxane and 4 mL of water was stirred at 120 °C in a microwave
for 1 h. The resulting mixture was partitioned between 300 mL of ethyl acetate and 200 mL. of
water. The organic layer was dried over MgSQs,, filtered and concentrated to a residue. Column
chromatography (0->35% EtOAc/hexanes) afforded 0.777 g (29% for three steps from 2-bromo-
5H-pyrrolo[2,3-blpyrazine) of 2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolof2,3-b]pyrazin-7-yl]-pent-4-en-1-one.

SEM
N N
MeQ P, MeO P,
N S N
MeO o Med ©
Obfe RN Olle Y

Example 244,
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A solution of 2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl}-
SH-pyrrolo{2,3-blpyrazin-7-yl]-pent-4-en-1-one (0.127 g, 0.242 mmol) in 4 mL of
dichloromethane and 1 mL of trifluorcacetic acid was stirred for 3 h, then concentrated. The
residue was taken up in 2 mL of ethanol (not all dissolves) and treated with sodium acetate
trihydrate (0.329 g, 2.42 mmol). The mixture was stirred for 4 d, then concentrated to a residue.
Column chromatography (0->5% MeOH/CH,Cl,) afforded 0.048 g (50%) of 2,2-dimethyl-1-[2-
(3.4,5-trimethoxy-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yl]-pent-4-en-1-one as a white solid.

H H
; N
KeO o 7 MeO t N/ 7
Me( o MeD ©
Ohie Y Olle

A mixture of 2,2-dimethyl-1-{2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl}-pent-

Example 2435,

4-en-1-one (0.036 g, 0.091 mmol}, 3 mL of ethanol (a small amount of methanol was also added
to help solubility) and 10% Pd/C (10 mg) was stirred under a hydrogen atmosphere (balloon) for
3 d, then filtered through Celite and concentrated to afford 0.019 g (53%) of 2,2-dimethyl-1-{2-
(3.4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl}-pentan-1-one as a yellow solid.

tSEM iSEM
s ®
MeO N/ 4 MeO N/ 4
OMe y OMe *0

Osmium tetroxide (2.5% solution in water, 0.18 ml., 0.017 mmol) then sodium periodate (0.932

Example 246.

g, 4.36 mmol) were added to a solution of 2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-pent-4-en-1-one (0.458 g, 0.871
mmol) in 18 mL of r-butanol and 9 mL of water. The mixture was stirred for 18 h, then
partitioned between 100 ml of water and 100 mL of ethy] acetate. The organic layer was
sequentially washed with a sat. aq. NaHCOs solution, water and a sat. aq. NaCl solution, dried

over MgSQy, filtered and concentrated to 0.444 ¢ (99%) of crude 3,3-dimethyl-4-ox0-4-[2-
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(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)- SH-pyrrolo[2,3-b]lpyrazin-7-yl]-

butyraldehyde as a brown oil, which was used without further purification.

SEM BEM
| AN Ny
MeOC. N/ 4 NieO l P
. N
WeO MeO ©
OMe Yo Chlle ,ﬁ
{2

A mixture of crude 3,3-dimethyi-4-0x0-4-[2-(3,4,5-trimethoxy-phenyD)-5-(2-trimethyisilanyl-
ethoxvmethyl)-5H-pyrroio[2,3-b]pyrazin-7-yl]-butyraldehyde (0.161 g, 0.305 mmol),

Example 247.

morpholine {0,029 mL, (.34 mmol), and sodium triacetoxyborohydride (0.129 g, 0.610 mmol) in
3mL of 1,2-dichloroethane was stirred for 15 h. A sat., ag. NaHCO; solution (10 ml.) was
added, and the mixture stirred for 10 min. The layers were separated, and the aqueous layer was
extracted with two 20 mL portions of ethyl acetate, The three combined organic layers were
dried over MgSOy, filtered, and concentrated to a residue. Column chromatography (0->10%
MeQOH/CH,Cl,) afforded 0.024 g (13%) of 2,2-dimethyl-4-morpholin-4-y1-1-[2-(3,4.5-
trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-butan-

1-one as a brown oil.

e "
AN Ny
MeO 5 W Vs Mied i N Y
Red °© MeD ©
Obfie Ofie N
2 P

A solution of 2,2-dimethyl-4-morpholin-4-yi-1-[2-(3,4,5-trimethoxy-phenyl)-5-(2-

Example 248

frimethylsilanyl-ethox ymethyl)-SH-pyrrolof2,3-b]pyrazin-7-yl]-butan-1-one (0.024 g, 0.040
mmol) in 1 mL of dichloromethane and 0.5 mL of trifluoroacetic acid was stirred for 3 h, then
concentrated. The resulting residue was dissolved in 1 mL of ethanol and treated with sodium
acetate trihydrate (0.054 g, 0.40 mmol). The mixture was stirred for 16 h, then concentrated to a

residue. Column chromatography (0->10% MeOH/CH,Cl,) afforded 0.014 g (75%) of 2,2-
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dimethyl-4-morpholin-4-yl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-

butan-1-one as a brown solid.

Example 249.

5.5-dimethyl-6-0x0-6-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl}-

hexanenitrile

o
MeO {\N e u 0J1><\/\Q:N

A mixture of 5-cyano-2,2-dimethyl-pentanoic acid methyi ester (4.50 g, 27 mmol} and 2 M aq.
LiOH solution (40 mL, 80 mmol) in 30 mL of a 3:2:1 tetrahydrofuran/methanol/water solution
was rapidly stirred overnight, then concentrated to approximately half volume. The mixture was
extracted with ethyl acetate, then acidified with conc. HCI solution and extracted three times
with ethyl acetate. The final three organic layers were combined and sequentially washed with
sat. ag. NaHCOj solution and sat. aq. NaCl solution, dried over MgS8Qy, filtered and
concentrated to afford 2.77 g (67%) of 5-cyano-2,2-dimethyl-pentanoic acid as a brown oil,

which was used without further purification.

Exampie 250.

Ne oj><\/\QN [, c f&\/\:\\m

Oxalyl chloride (0.39 mL, 4.5 mmol) was added to a 0-5 °C solution of 5-cvano-2,2-dimethyl-
pentanoic acid (0,462 g, 2.98 mmol) in 3 mL of dichloromethane, and the mixture was stirred for
3 h then concentrated to afford crude 5-cyano-2,2-dimethyl-pentanoyl chloride as a yellow oil,

which was immediately used in the next step.

Example 251,
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N

Diethylaluminum chloride (1.0 M in CH,Cl,, 3.6 mL, 3.6 mmol) was added to a 0-5 °C mixture
of 2-bromo-5H-pyrrolo]2,3-blpyrazine (0.237 g, 1.20 mmo!) and 5 mL of dichloromethane in a
sealed tube, and the mixture was stirred at -5 °C for 30 min. Crude 5-cyano-2,2-dimethyl-
pentanoyl chloride from the previous step (“2.98 mmol”) dissolved in 3 mL of dichloromethane
was added, and the mixture was stirred at 60 °C for 16 h. A sat. ag. NaHCOj; solution (50 mL)
was carefully added, foliowed by 50 ml. of ethyl acetate. The mixture was filtered through
Celite, and the layers separate. The aqueous layer was extracted with 50 mL of ethyl acetate.
The combined organic layers were dried over MgSQ., filtered and concentrated to a residue,
Column chromatography (0->80% EtOAc/hexanes) afforded 0.079 g (20%) of 6-(2-bromo-5H-
pyrrolo[2,3-b]pyrazin-7-y1}-5,5-dimethyl-6-oxo-hexanenitrile as a yellow liquid.

W H
/EN\ N MeO [N/ /
(1) —
Br N / MeO ©
Oie =N

A mixture of 6-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-y1)-5,5-dimethyl-6-oxo-hexanenitrile

Example 252.

(0.079 g, 0.236 mmol), 3,4,5-trimethoxyphenylboronic acid (0.035 g, 0.26 mmol), potassium
carbonate (6.098 g, 0.71 mmol) and Pd{dppfH)Cl, CH,Cl; (0.019 g, 0.024 mmol) in 2.4 mbL of 1,4~
dioxane and 0.4 mL of water was stirred at 120 °C in a microwave for 1 h, then at 130 °Cina
microwave for 1 h. The resulting mixture was partitioned between 50 mL of ethyl acetate and 25
mL of water. The organic layer was dried over MgSOy, filtered, and concentrated to a residue.
Column chromatography (0->100% EtOAc/hexanes) afforded 0.004 g (4%) of 5,5-dimethyl-6-
0x0-6-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-b]pyrazin-7-yl}-hexanenitrile as a white
solid.

Example 253.
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3,3-dimethyl-4-ox0-4-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl]-butyronitrile

5 — g

A mixture of 3-chloro-2,2-dimethvl-1-propanol (1.23 g, 10 mmol) and sodium cyanide (0.980 g,
20 mmol) in 4 mL of dimethylsulfoxide was stirred at 140 °C for 63 h, allowed to cool, diluted
with 100 mL and acidified to pH 3 with a conc, HCI solution. The mixture was extracted with
two 100 mL portions of ethyl acetate, The combined organic layers were dried over MgSOy,
filtered and concentrated to afford (.670 g (59%) of crude 4-hydroxy-3,3-dimethyl-butyronitrile

as a brown oil, which was used without further purification.

Example 254.

A mixture of crude 4-hydroxy-3,3-dimethyl-butyronitrile (0.444 g, 3.92 mmol) and Dess-Martin
periodinane (2.16 g, 5.1 mmol) in 39 mL of dichloromethane was stirred for 4 h, then quenched
with a sat. ag. NaHCOs solution and extracted with 50 mL of dichloromethane. The organic
layer was dried over MgSQy, filtered and concentrated to a yellow solid. The solid was taken up
in 20 mL of dichloromethane, and insoluble impurities removed by filtration. The filtrate was
concentrated to a residue. Column chromatography (0->60% EtOAc/hexanes) afforded 0.241 g

{35%) of 3,3-dimethyl-4-oxo-butyronitrile as a colorless oil.

Example 255.
TIPS TIPS
® »
#
MeO N/ ¥ fieQ 0 N/
Meo ' MeO o
OMe Ofte =N



10

15

20

WO 2009/106441 PCT/EP2009/0517558

257-

Propyl magnesium chloride lithium chloride (1.3 M solution in THF, 1.7 mL, 2.2 mmol) was
added to 3 mL of tetrahydrofuran cooled to -78 °C. A solution of 7-iodo-5-trilsopropylsilanyl-2-
(3,4,5—tri,methoxy—phenyl)~5H»pyrrolo[2,3-b}pyrazine (0.250 g, 0.440 mmol) in 2 mL of -
tetrahydrofuran was slowly added, and the mixture was stirred at -78 °C for 2h. A solution of
3,3-dimethyl-4-oxo-butyronitrile (0.241 g, 2.17 mmol} in 2 mL of tetrahydrofuran was added
dropwise, and the mixtare was stirred, aliowing to slowly warm to RT, for 19 h, then quenched
with 100 mL of a sat, ag. NaHCO; solution. The resulting mixture was extracted with 100 mL of
ethyl acetate, and the organic layer was dried over MgSQOy, filtered and concentrated to a residue.
Column chromatography (0->50% EtOAc/hexanes) afforded 0.132 g (62%) of 4-hydroxy-3,3-
dimethyl-4-{5-triisopropylsilanyl-2-(3,4,5-trimethox y-phenyl}-5SH-pyrrolol2,3-b] pyrazin-7-vl]-

butyronitrile as a yellow oil.

Example 256.

Dess-Martin periodinane (0.122 g, 0.289 mmol) was added to a 0-5 °C solution of 4-hydroxy-
3,3-dimethyl-4-{5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-
yll-butyronitrile (0.152 g, 0.275 mmol) in 2 mL of dichloromethane, The mixture was stirred at
0-5 °C for 3 h, then quenched with water and a sat. ag. NaHCO; solution and extracted with 30
mL. of dichioromethane. The organic layer was dried over MgSQ;, filtered and concentrated to a
residue. Column chromatography (0->50% EtOAc/hexanes) afforded 0.093 g (61%) of 3,3-
dimethyl-4-oxo-4-[5-tritsopropylsilanyl-2-(3,4 5-trimethox y-phenyl)-SH-pyrrolof 2,3-blpyrazin-

7-yl]-butyronitrile as a white solid.

Example 257.
TIPS .
® A
WieO 7 & MeO [ 7 Y
MeO © MeO o
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A solution of 3,3-dimethyl-4-oxo-4-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-
pyrrolo[2,3-blpyrazin-7-ylj-butyronitrile (0.093 g, 0.17 mmol) and 0.3 mL of trifluoroacetic acid
in 2 mL of dichloromethane was stirred for 15 h, then concentrated. The resulting residue was
redissolved in dichloromethane and washed with a sat. aq. NaHCO: solution, dried over MgSQy,
filtered and concentrated to a residue. Column chromatography (0->100% EtOAc/hexanes)
afforded 0.006 g (9%) of 3,3-dimethyi-4-oxo-4-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-
blpyrazin-7-yll-butyronitrile as a white solid.

Compound prepared in similar fashion as 3,3-dimethyl-4-oxo0-4-[2-(3,4,5-trimethoxy-phenyl)-
SH-pyrrolo[2,3-b]pyrazin-7-yl]-butyronitrile:

4 4-Dimethyl-5-0x0-3-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2.3-b]pyrazin-7-yl]-

D P QOM
-0 — QO—* }@—*

pentanenitriie

N
Example 258.

1.3-Dibromo-5-methoxymethoxy-benzene. A flask was charged with sodium hydride (953 mg,
23.8 mmol, 60% in oil), in dry DMF (30 ml) and cooled to 0 °C (ice bath) under nitrogen
atmosphere, 3,5-Dibromophenol {5 g, 19.9 mmol) was added in 4 equal portions over 10
minutes. After complete addition the cooling bath was removed and the mixture allowed to warm
to ambient temperature over 20 minutes, Chloromethyl methyl ether (1.8 ml, 21.8 mmol) was
added slowly, via syringe over about 5 minutes. The mixture was stirred over night. The material

was quenched via the addition of saturated agueous NH4CI (20 ml) and all volatiles were
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stripped (rotovap / mechanical pump). The remainder was taken up in water (80 ml) and ethyl
acetate (80 ml) and the material shaken in a separtatory funnel. The ethyl acetate phase was
collected and washed with an equal volume of brine solution. The aqueous phases were back
extracted with ethyl acetate (2 X 50 ml}), the organics combined, dried (MgSO4), filtered and
stripped to provide a crude oil. The oil was purified by silica gel chromatography using 4%-6%
EtOAc in hexanes as eluant to provide 5.74 ¢ of 1,3-dibromo-3-methoxymethoxy-benzene as a

light yellow oil.
Example 259.

1-{3-Bromo-5-methoxymethoxy-phenyl)-pyrrolidine. A solution of pyrrolidine (1.66 g, 23.27
mmol)}, in dry tetrahydrofuran (20 ml) was cooled to — 78 °C under argon atmosphere. A solution
of n-BuLi (15.5 ml, 1.5 M in hexanes) was added via slow drop-wise addition over 5 minutes.
After complete addition the cooling bath was removed and the mixture allowed to warm to ice
bath temperature over 30 minutes. A second oven dried flask was charged with 1,3-dibromo-5-
methoxymethoxy-benzene (5.74 g, 19.4 mmol) and lithium bromide (1.68 g, 19.4 mmol) and
taken up in dry tetrahydrofuran (10 ml). This flask was then cooled to — 78 °C under argon. The
contents of the first flask (slurry containing the lithio salt of pyrrolidine) was taken up in a
syringe with wide bore needle and added via drop-wise addition to the second flask (over 10
minutes). The mixture was allowed to slowly warm to ambient temperature over night. The
mixture was quenched via the addition of 1 N HCI (23 ml), saturated aqueous NH4C1 (34 ml)
and water (40 ml}. Ethyi acetate (80 ml) was added and the material shaken in a separtatory
funnel. The ethyl acetate phase was collected and washed with an equal volume of 50% diluted
brine solution, The agueous phases were back extracted with ethyl acetate {2 X 50 mi), the
organics combined, dried (MgSO4), filtered and stripped to provide a yellow remainder. The o1l
was purified by silica gel chromatography using 4%-8% EtOAc in hexanes as eluant to provide

930 mg of 1-{3-Bromo-5-methoxymethoxy-phenyl)-pyrrolidine as a light yellow mobile oil,
Example 260.

1-(3-Bromo-3-ethoxy-phenyl)-pyrrolidine. A flask was charged with 1-(3-bromo-3-
methoxymethoxy-phenyl)-pyrrolidine (206 mg, .72 mmol) and a solution of 10% ethanolic
hydrogen chioride (5 ml, dry) was added. The flask was capped and stirred for 45 minutes. The

volatile material was stripped (rotovap} and methylene chioride (10 ml) was added. This was
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again stripped. The remainder was taken up in methylene chloride {10 mi). To this stirred
material was added a 5% solution of ammonium hydroxide in methanol (20 drops). This material
was stripped and the procedure repeated once more. The stripped remainder was taken up in dry
DMF (3 ml) and K2COs; (348 mg, 2.52 mmol) was added. Ethyl iodide (0.07 ml, 0.9 mmol) was
added and the mixture was capped and stirred for 2.5 hours. Additional ethyl iodide (0.15 ml, 1.9
mmol) was added and the material was capped and heated (60 °C) over night, Ethyl iodide (0.15
ml, 1.9 mmol)} was again added and the mixture capped and heated (100 °C) for 12 hours. The
volatiles were removed (rotovap / pump) and the remainder was taken up in water (25 ml) and
ethyl acetate (25 ml) and the material shaken in a separtatory funnel. The organic phase was
collected and the agueous phase was back extracted with ethyl acetate (2 X 20 ml}, the organics
combined, dried (MgS04), filtered and stripped to provide a crude oil. The oil was purified by
preparative TLC using 7% EtOAc in hexanes as eluant to provide 86 mg of 1-(3-bromo-5-

ethoxy-phenyl)-pyrrolidine as a golden brown semi-viscous oil.
Example 261.

1-[3-Ethoxy-5-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-vl)-phenyli-pyrrolidine. A flask was
charged with 1-(3-bromo-5-ethoxy-phenyl)-pyrrolidine (86 mg, 0.32 mmol),
bis(pinacolato}diboron (97 mg, 0.38 mmol), and KOAc (94 mg, 0.96 mmol). DMSO (2 ml) was
added, and the solution was vacuum degassed under argon.
Bis(diphenylphosphino)ferrocene]palladium{ll) dichloride dichloromethane complex (8 mg, 0.01
mmol) was added, and the reaction mixture was heated (80 °C) in a oil bath for 4 hours. The
reaction mixture was filtered through a plug of celite using ethyl acetate. The filtrate was
transferred to a separatory funnel and shaken with water (25 ml). The organic phase was
collected and the aqueous phase back extracted with ethyl acetate (2 X 20 ml). The organic
phases were combined, dried (MgSO4), filtered and stripped to provide a crude oil. This material
was purified by preparative TLC, eluting with 17 % ethyl acetate in hexanes to afford 54 mg of
1-{3-ethoxy-5-(4,4,5,5-tetramethyi-[ 1,3,2]dioxaborolan-2-vl}-phenyi]-pyrrolidine as a light

purple viscous oil.
Example 262.

1-[2-(3-Ethoxy-3-pyrrolidin-1-yi-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-
1-one. A microwave flask was charged with 1-(2-bromo-3H-pyrrolo[2,3-blpyrazin-7-yl1)-2,2-
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dimethyl-propan-1-one (48 mg, 0.17 mmol), 1-[3-ethoxy-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-vl}-phenyl]-pyrrolidine (54 mg, 0.17 mmol), and KoCO5 (59 mg, 0.43
mmol). Dioxane (2.1 mi) and water (0.5 ml) were added, and the solution was vacuum degassed
under argon, [1,1’-Bis(diphenylphosphino)ferrocene}palladium(ll) dichloride dichloromethane
complex (14 mg, 0.02 mmol) was added, and the reaction mixture was heated (150 °C) in a
microwave reactor for 45 minutes. The reaction mixture was filtered through a plug of celite
using ethyl acetate. The filtrate was transferred to a separatory funnel and shaken with water (20
ml). The organic phase was collected and the aqueous phase back extracted with ethyl acetate (2
X 15 ml). The organic phases were combined, dried (MgSO4), filtered and stripped to provide a
viscous semi-solid. This material was purified by preparative TLC, eluting with 4.8 % methanol
in methylene chloride to afford 31 mg of 1-{2-(3-ethoxy-5-pyrrolidin-1-yl-phenyl)-5H-
pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a yellow powder. MP 236-237 °C,
M+H = 393,

Other Compounds Prepared Using This General Procedure:
£
H\Q/('( H\M B\M
N VRN 7N
% >_o§

¢ B0

m—

1-[2-(3-Methoxymethoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl}-2,2-
dimethyi-propan-1-one, MP =229 - 230, (M+H)" = 409.

1-[2-{3-Hydroxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-
propan-1-one. (Prepared via standard MOM deprotection in final step), MP > 300, (M+H)" =
365.

1-[2-(3-Isopropoxy-5-pyrrolidin- 1-yl-phenyD)-5H-pyrrolof2,3-b]pyrazin-7-y1]-2,2-dimethyl-
propan-1-one. (Prepared, respectively, from 1-(3-bromo-5-isopropyloxy-phenyl)-pyrrolidine,
which was synthesized via Mitsunobu chemistry from 1-{3-bromo-3-hydroxy-phenyl)-
pyrrolidine, following the general procedures described in these Examples, MP = 233-2335,
(M+H)* =407 |
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1-[3-Methoxvmethox v-5-(4.4.5 5-tetramethvl-[1.3.2 ]dioxaborolan-2-vI)-phenyl]-pyrrolidine was

prepared from 1-(3-Bromo-5-methoxymethoxy-phenyl)-pyrrolidine. General procedures

described in these Exampies were followed.

1-[2-{3-Methoxymethoxy-5-pyrrolidin- 1-yl-phenyl}-5-{ 2-trimethylsilanyl-ethoxymethyl)-5H-
pyrrolo[2.3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one. A microwave flask was charged with 1-
[2-bromo-3-(2-trimethyvlsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-
propan-i-one (705 mg, 1.71 mmol, following the general procedures described in these
Examples}, I-[3-methoxymethoxy-5-(4,4,5,5-tetramethyl-[1,3,2|dioxaborolan-2-yl}-phenyl]-
pyrrolidine (570 mg, 1.71 mmol), and KyCO5 (591 mg, 4.28 mmol}. Dioxane (13 ml) and water
(3.2 ml) were added, and the solution was vacuum degassed under argon. [1,1°-
Bis(diphenylphosphino)ferrocene]paliadium(ll) dichloride dichloromethane complex (140 mg,
0.17 mmol) was added, and the reaction mixture was heated {150 °C) in a microwave reactor for
45 minutes. The reaction mixture was filtered through a plug of celite using ethyl acetate. The
filtrate was transferred to a separatory funnel and shaken with water (60 ml). The organic phase
was collected and the aqueous phase back exiracted with ethyl acetate (2 X 50 mi). The organic
phases were combined, dried (MgSO4)}, filtered and stripped to provide a viscous semi-solid.
This material was purified by preparative TLC, eluting with 24 % ethyl acetate in hexanes fo
afford 492 mg of 1-[2-(3-Methoxymethoxy-5-pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a red-brown

viscous oil.

Example 264.
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1-[2-(3-Hydroxy-5-pyrrolidin-1-yl-phenyD)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-
bipyrazin-7-yl]-2,2-dimethyl-propan-1-one. To a solution of 1-[2-(3-methoxymethoxy-5-
pyrrolidin-1-yl-phenyl)-5-(2-trimethylsifanyl-ethoxymethyl)-SH-pyrrolo{2,3-b}pyrazin-7-yl]-2,2-
dimethyl-propan-1-one (492 mg, 0.91 mmol) in CH,Cl; (1.5 m!) was added a solution of 10%
ethanolic hydrogen chloride (4 ml, dry). The flask was capped and stirred for 2.5 hours. The
volatile material was stripped (rotovap). Ethyl acetate (25 ml) and aquebus 5 % NapCOs (25 mb)
was added and the 2 phase system vigorously stirred for 3 minutes. The material was partitioned
and the organic phase collected and washed with brine (25 ml). The aqueous phases were back
extracted with EtOAc (2 X 20 ml). The organics were combined, dried (MgSO4), filtered and
stripped to provide a crude semi-solid. The material was purified by preparative TLC, eluting
with 38% ethyl acetate in hexanes to afford 326 mg of 1-[2-(3-hydroxy-5-pyrrolidin-1-yi-
phenyl}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-

propan-1-one as a vellow-brown solid.
Example 265,

2,2-Dimethyl-1-[2-[3-(2-methylsulfanyl-ethoxy)-5-pyrrolidin- I-yl-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one. A flask was charged with 1-[2-(3-
hydroxy-5-pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one {140 mg, 0.28 mmol), Z-methylsulfanyl-ethanol
(reagent A, 0.03 ml, 0.34 mmol), triphenylphosphine (reagent B, 89 mg, 0.34 mmol). THF (1.5
ml) was added and the mixture cooled {ice bath) under nitrogen atmosphere. Diisopropyl
azodicarboxylate (reagent C, 0.07 m!, 0.34 mmol) was added via syringe and the material was
warmed to ambient. After T hour a further 1.2 equivalents each of reagents A, B and C were
added. After 2 hours repeat. The mixture was stirred overnight. The crude was loaded onto 2
preparative TLC plates eluting with 20% EtOAc in hexanes. The produoct band was collected
providing 2,2-dimethyl-1-[2-[3-(2-methylsulfanyl-ethoxy)-5-pyrrolidin-1-yl-phenyl]-3-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo{2,3-bjpyrazin-7-yl]-propan-1-one, 82 mg as a yellow

viscous oil,

Example 266.

1-[2-[3-(2-Methanesulfonyl-ethoxy}-5-pyrrolidin- 1-yl-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one. To a solution of 2,2-
dimethyl-1-[2-[3-(2-methylsulfanyl-ethoxy}-5-pyrrolidin-1-yi-phenyl]-5-(2-trimethylsilanyl-



10

15

20

25

WO 2609/106441 PCT/EPZ009/651755

-264-

ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one (82 mg, 0.14 mmol) in 20% water /
acetone (3 ml) was added 4-methylmorpholine n-oxide (50 mg, 0.43 mmol) followed by addition
of agueous Os04 solution (0.01 ml, catalytic). After 8 hours stirring a solution of 5% aqueous
sodium bisulfite (25 ml) was added followed by CH»Cl» (25 ml). The material was partitioned
and the organic phase collected and then washed with brine (25 ml). The aqueous phases were
back-extracted with methylene chloride (2 X 25 ml), the organic phases combined, dried
(MgSO4), filtered and stripped to provide a crude remainder. The material was loaded onto 1
preparative TLC plate, eluting with 40% ethyl acetate in hexanes. The product band was
collected to afford 75 mg of 1-[2-[3-(2-methanesulfonyl-ethoxy)-5-pyrrolidin-1-yl-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one as a

yeliow viscous oil.
Example 267.

1-{2-[3-(2-Methanesulfonyl-ethoxy)-3-pyrrolidin-1-yl-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-
2,2-dimethyl-propan-1-one. To a flask containing 1-{2-[3-(2-methanesulfonyl-ethoxy)-3-
pyrrolidin-1-yI-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2.2-
dimethyl-propan-1-one (75 mg, 0.13 mmol) was added methanol (1 ml} and aqueous 6N HC1
(1.5 ml). The flask was capped and placed in a heated oil bath (90 °C). After stirring for 50
minutes the mixture was cooled to ambient and the volatiles were stripped (rotovap / pump}. The
remainder was taken up in EtOAc (15 ml) and 5% aqueous NaHCO; (15 ml) and stirred for 5
minutes. The material was partitioned and the organic phase collected and washed with brine (15
ml). The aqueous phases were back extracted with EtOAc (2 X 15 ml). The organics were
combined, dried (MgSO4), filtered and stripped to provide a crude semi-solid. The material was
purified by crystallization from hot CH>Cl, / hexanes (containing 4 drops of methanol) to afford
38 mg of 1-{2-[3-(2-methanesulfonyl-ethoxy)-5-pyrrolidin-1-yl-phenyl]-5H-pyrrolo[2,3-
b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one as a yellow solid. MP 230-232 °C, M+H = 471.

The general procedures described in these Examples were foliowed for synthesis of the

following compound:
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1-{2-[3-{3-Methanesulfonyl-propoxy)-3-pyrrolidin-1-yl-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-
yi}-2,2-dimethyl-propan-1-one, (prepared via alkylation of “sodium phenoxide” derivative of “1-
[2-(3-hydroxy-5-pyrrolidin-1-yl-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl)}-SH-pyrroio[2,3-
blpyrazin-7-yl]-2,2-dimethyl-propan-1-one” with *“1-chloro-3-methanesulfonyl-propane”
[instead of Mitsunobu alkylation — as key step] MP =232 - 233, (M+H)+=485.

1-f2-(3-Methanesulfonylmethoxy-3-pyrrolidin- 1-yl-phenyh-5H-pyrrolo{2,3-blpyrazin-7-yl1}-2,2-
dimethyl-propan-1-one, (prepared via alkyiation of “sodium phenoxide” derivative of “1-[2-(3-
hydroxy-5-pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo{2.3-
blpyrazin-7-y11-2.2-dimethyl-propan-1-one” with “chloromethylmethylsulfide” [instead of
Mitsunobu alkylation — as key step], and subsequent oxidation to sulfone via procedure similar

as described above (M+H)+ = 587,

NS
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4-(3-Bromo-5-methoxy-phenyl)-thiomorpholine. This material was prepared starting from 1,3-

dibromo-5-methoxy-benzene following general procedures described in these Examples, but

using thiomorpholine instead of pyrrolidine.

Example 268.
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4-[3-Methoxy-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]- thiomorpholine. A
solution of 4-(3-bromo-5-methoxy-phenyl)-thiomorpholine (785 mg, 2.72 mmol) in dry
tetrahydrofuran (15 ml) was cooled to — 78 °C under argon. A solution of t-BuLi (4 ml, 1.5 M in
pentane) was added via slow drop-wise addition. After 15 minutes stirring 2-isopropoxy-4,4,5,5-
tetramethyl-1,2-dioxaborolane (1.1 ml, 5.44 mmol} was added via syringe. The material was
allowed to slowly warm to ambient over 3 hours. The mixture was quenched via the addition of a
saturated solution of aqueous ammonium chloride (20 ml) followed by water (60 ml}. Ethyl
acetate {75 ml) was added and the material was shaken in a separatory funnel. The organic phase
was collected and washed with an equal volume of brine. The aqueous phases were back
extracted with ethyl acetate (2 X 50 ml) and the organics combined, dried (MgSO4), filtered and
stripped to provide a crude remainder. This material was purified by preparative TLC, eluting
with 18% ethyl acetate in hexanes to afford 456 mg of 4-[3-methoxy-5-(4,4,5,5-tetramethyl-

[1,3.2]dioxaborolan-2-yl})-phenyl}- thiomorpholine as a light pink viscous oil,

1-[2-(3-methoxy-3-thiomorpholin-4-yl-phenyl}-5H-pyrrolof2.3-b]pyrazin-7-y1]-2,2-dimethyl-
propan-1-one; this material was prepared starting from 4-[3-methoxy-5-(4.,4.5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl}-phenyli-thiomorpholine following the general procedures described in

these Examples.
Example 269,

1-{2-[3-Methoxy-5-(1-oxo-1lambda*4*-thiomorpholin-4-yl}-phenyl]- SH-pyrrolo[2,3-bipyrazin-
7-yi}-2,2-dimethyl-propan-1-one.

To a solution of 1-[2-(3-methoxy-5-thiomorpholin-4-yi-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-1-one (80 mg, 0.195 mmol} in methylene chloride (5 ml) and methanol (5
drops) was added m-CPBA (44 mg, 0.195 mmol). After 1 hour the crude material was loaded
onto 2 preparative TLC plates, elating with 10% methanol in methylene chioride, The product
band was collected to afford 61 mg of 1-{2-[3-methoxy-5-(1-oxo-1lambda*4*-thiomorpholin-4-
yl1)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one as a light yellow-brown
solid. MP 259-260 °C, M+H = 427.
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Example 270.

4-(3-Bromo-3-methoxy-phenyl)-thiomorpholine 1,1-dioxide. To a mixture of 4-(3-bromo-5-
methoxy-phenyl)-thiomorpholine (239 mg, 0.83 mmol) in methylene chloride (10 ml) and
methanol (5 drops) was added m-CPBA (409 mg, 1.83 mmol). After 1 hour methanol (10 drops)
was added to enhance solubility. The mixture was stirred another 3 hours. Methylene chloride
(25 ml) and a 10% solution of agueous sodium metabisulfite (35 m!) were added and the material
was shaken in a separatory funnel. The organic phase was collected and washed consecutively
with equal volumes of 5% aqueous sodium bicarbonate and then brine solution. The aqueous
phases were back-extracted with methylene chioride (2 X 25 ml), the organic phases combined,
dried (MgSO4), filtered and stripped to a crude residue. The material was loaded onto 2
preparative TLC plates, eluting with 40% ethyl acetate in hexanes. The product band was
collected to afford 76 mg of 4-(3-bromo-5-methoxy-phenyl}-thiomorpholine 1,1-dioxide as a

off-white solid,

4-[3-Methoxy-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-thiomorpholine 1,1-
dioxide. This material was prepared starting from 4-(3-bromo-5-methoxy-phenyl)-

thiomorpholine 1,1-dioxide following the general procedures described in these Examples.

1-{2-{3-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl)-5-methoxy-phenyl]-SH-pyrrolo{2,3-
blpyrazin-7-yi}-2,2-dimethyl-propan-1-one; This material was prepared starting from 4-[3-
methoxy-5-(4,4,5,5-tetramethyl-[1,3,2}dioxaborolan-2-yl}-phenyl}-thiomorpholine 1,1-dioxide
following the general procedures described in these Examples, MP 275-277 °C, M+H = 443,
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The general procedures described in these Examples were followed for synthesis of the

following compounds:

[2-(3-Methoxy-3-thiomorpholin-4-yl-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yi]-(1-methyl-
cyclohexyl}-methanone, MP = 212 - 214, (M+H)4=451; {2-[3-Methoxy-3-(1-0xo-1lambda*4*-
thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2.3-b]pyrazin-7-yl}-(1-methyl-cyclohexyl)-methanone.
MP = 270-271, (M+H)+=467; { 2-{3-(1,1-Dioxo-llambda*6*-thiomorpholin-4-yl)-5-methoxy-
phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-(1-methyl-cyclohexyl}-methanone. MP = 245-247,
(M+H)+=483.

1-[2-[3-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl)- 5-methox ymethoxy-phenyl}-5-(2-
trimethylsilanyi-ethoxymethvl)-3H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one. This
material was prepared via Suzuki coupling protocol similar to that which was described as

above, but vsing “5-thiomorpholine-dioxide” in place of “5-pyrrolidine”.

1-[2-[3-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-y1)-5-hydroxy-phenyl]-5-(2-trimethylsilanyi-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one. This material was
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prepared from 1-[2-[3-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl)-5-methoxymethoxy-phenyl}-
5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2.3-blpyrazin-7-ylj-2,2-dimethyl-propan-1-one
via “MOM” protecting group cleavage according to general procedures described in these

Examples.

1-[2-[3-(2,2-Dimethyl-[1,3]dioxolan-4-yimethoxy)-5-(1,1-dioxo- 1lambda*6*-thiomorpholin-4-
yl)-phenyl}-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolof2,3-b]pyrazin-7-yl}-2,2-dimethyl-
propan-1-one. This material was prepared from 1-[2-[3-(1,1-dioxo-1lambda*6*-thiomorpholin-
4-yl}-5-hydroxy-phenyl]-5-(2-trimethyisilanyl-ethoxymethyl)-SH-pyrrolo[ 2,3-b]pyrazin-7-yl}-
2,2-dimethyi-propan-1-one via Mitsunobu type alkylation similar to that which was described as
above, but using “(2,2-Dimethyl-[1,3]dioxolan-4-yl}-methanol” in place of “2-methyisulfanyl-

ethanol”.

1-{2-[3-(2,3-Dihydroxy-propoxy)-5-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl}-phenyl]-5H-
pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan- 1-one. This material was prepared from 1-{2-
[3-(2,2-dimethyl-[1,3]dioxolan-4-ylmethoxy}-5-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl)-
phenyl]-5-{2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-

propan-1-one following general procedures described in these Examples. M+H = 503.

Other Compounds Prepared Using This General Procedure:
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1-{2-[(2E,4E)-5-(2-Dimethylamino-ethoxv}-3-(1,1-dioxo-1lambda*6*-thiomorpholin-4-yl}-
hepta-2,4.,6-trienyl]-SH-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-dimethyl-propan-1-one, MP =225 -
227, (M+H)* = 500; 1-{2-{(2E 4E)-3-(1,1-Dioxo-1lambda*0*-thiomorpholin-4-yl)-5-(2-
hydroxy-1-methyl-ethoxy)-hepta-2.4,6-trienyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one. (Racemic), MP = 137 - 139, (M+H)" = 487; 1-{2-[(2E 4E)-3-(1,1-Dioxo-
1lambda*6*-thiomorpholin-4-yl}-5-(1-methyl-pyirolidin-3-yloxy)-hepta-2,4,6-trienyl}-5H-
pyrrolo[2,3-b]pyrazin-7-yl1}-2,2-dimethyl-propan-1-one. (Racemic). MP = 260-262, (M~+H)" =
512; 1-{2-[(2E.4E)-3-(1,1-Dioxo-1lambda*6*-thiomorpholin-4-yl)-5-(1-methyi-piperidin-4-
yloxy)-hepta-2,4,6-trieny!]-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-dimethyl-propan-1-one. MP =
250 - 252, (M+H)" = 5263 1-{2-[(2E,4E)-3-(1,1-Dioxo- llambda*6*-thiomorpholin-4-yl)-5-(2-
hydroxy-1-hydroxymethyl-ethoxy)-hepta-2,4,6-trienyl}-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one. (M+H)" = 503.

sommarcially
avaitable - but
image itvia

patent procedure(s)
[CAS 116632-23-6]

> ./\\/(L\ S 7y

Br ,/ \7\r
N I <E >""N
N

Example 271,

3-Amino-5-bromo-phenol. To a solution of 3-bromo-5-nitro-phenol (16.9 g, 77.52 mmol,
commercially available [CAS 116632-23-6 {Specs}]) in ethanol (300 mi) and water {100 mi)
was added solid ammonium chioride (16.59 g, 310 mmol} and then powdered electrolytic iron

(34.4 g, 698 mmol). The material was heated from ambient to reflux temperatuare (oil bath). The
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material was refluxed for 3 hours and then filtered, hot, through a plug of celite, washing well
with several volumes of hot EtOAc. The solvent was stripped and the remainder was taken up in
EtOAc (150 ml) and water (150 ml} and the material shaken. The organic phase was collected
and washed with brine (150 ml). The agueous phases were back extracted with EtOAc (2 X 100
ml). The organics were combined, dried (MgSO4), filtered and stripped to provide a crude oil.
The material was adsorbed onto silica (50 g) and purified by silica gel chromatography, eluting
with 15% to 50 % ethyl acetate in hexanes to afford 10.35 g of 3-amino-5-bromo-phenol as a

dark golden-brown viscous oil.

Example 272

3-Bromo-3-methoxymethoxy-phenylamine. A solution of 3-amino-5-bromo-phenol (3.0 g, 15.96
mmol) in dry DMF (35 ml) was cooled (ice bath) under nitrogen. Sodium hydride (732 g, 18.36
mmol, 60% in oil) was added in 2 equal portions over 5 minutes. After 10 minutes stirring the
material was warmed to ambient. Chloromethylmethyl ether (1.38 ml, 18.4 mmol) was added
slowly, via syringe. The material was stirred for 2 hours. The solvent was stripped (rotovap
/pump) providing a crude remainder which was treated with a solution of saturated aqueous
NH4CI (25 ml), water (35 ml) and ethyl acetate (60 ml). The material was shaken in a separatory
funnel and the organic phase was collected and washed with an equal volume of brine. The
aqueous phases were back extracted with ethyl acetate (2 X 50 ml) and the organics combined,
dried (MgSO4), filtered and stripped to provide a viscous oil. The crude was purified by silica
gel chromatography using 4%-30% EtOAc in hexanes as eluant to provide 3.50 g of 3-bromo-5-

methoxymethoxy-phenylamine as a light yellow mobile oil.

Example 273.

1-(3-Bromo-5-methoxymethoxy-phenyl)-3,3-dimethyl-pyrrolidine-2,5-dione. To a solution of 3-
bromo-5-methoxymethoxy-phenylamine (1.0 g, 4.31 mmol} in methylene chloride (25 ml) was
added 2,2-dimethylsuccinic anhydride (580 mg, 0.193 mmol). The mixture was heated to 50 °C
(oil bath) for 1 hour and then stirred over night at ambient at which point a large amount of
precipitate had formed. Carbonyldiimidazole (839 mg, 5.17 mmol) was added and within 2
minutes a homogeneous solution was obtained. The material was stirred over night and then the

crude was adsorbed onto silica gel (12 g). Purification by silica gel chromatography eluting with
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6% - 45% EtOAc in hexanes afforded 1.57 g of 1-(3-bromo-5-methoxymethoxy-phenyl)-3,3-

dimethyl-pyrrolidine-2,5-dione as a viscous yellow-white oil.
Example 274,

1-(3-Bromo-3-methoxymethoxy-phenyl)-3,3-dimethyl-pyrrolidine. To a solution of 1-(3-bromo-
S-methoxymethoxy-phenyl)-3,3-dimethyl-pyrrolidine-2,5-dione (643 mg, 1.88 mmol} in dry
THF (8 ml) (under nitrogen) was added a solution of borane-dimethylsulfide complex (1.7 ml,
16.9 mmol,10.1M) via slow drop-wise addition. The material was stirred for 12 hours. The
mixture was cooled (ice bath) and carefully quenched via the slow drop-wise addition of water
(10 ml). Methylene chloride (60 ml), and water (50 ml) were added and the material shaken. The
organic phase was collected and washed with brine (60 ml), The aqueous phases were back
extracted with methylene chioride (2 X 50 ml). The organics were combined, dried (MgS0O4),
filtered and stripped to provide a crude oil. The material was adsorbed onto silica (12 g) and
purified by silica gel chromatography, eluting with 5% to 9 % ethyl acetate in hexanes to afford

517 mg of 1-(3-bromo-5-methoxymethoxy-phenyl)-3.3-dimethyl-pyrrolidine as a clear oil.

1-[3-Methoxymethoxy-5-(4,4.5,5-tetramethyl-[1,3.2]dioxaborolan-2-yl)-phenyl}-3,3-dimethyl-
pyrrolidine. This material was prepared starting from 1-(3-bromo-5-methoxymethoxy-phenyl)-

3,3-dimethyl-pyrrolidine following the general procedures described in these Examples.

1-[2-[3-(3,3-Dimethyl-pyrrolidin- 1-yl)-5-methoxymethoxy-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl)-SH-pyrrolo{2,3-bipyrazin-7-yi]-2,2-dimethyl-propan-1-one. This material was
prepared starting from 1-[3-methoxymethoxy-5-(4,4.5.5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-
phenyl}-3,3-dimethyl-pyrrolidine following the general procedures described in these Examples.

1-[2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-5-hydroxy-phenyl]-5-(2-trimethylsilanyl-
ethoxymethyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan- 1-one. This material was
prepared starting from 1-[2-[3-(3,3-dimethyl-pyrrolidin-1-yl)-5-methoxymethoxy-phenyl}-5-(2-
trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one

following the general procedures described in these Examples.

Example 275
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1-[2-[3-(2-Dimethylamino-ethoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl}-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one. A
flask was charged with 1-[2-[3-(3.3-dimethyl-pyrrolidin-1-yl)-5-methoxymethoxy-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl)-5SH-pyrrolo[2.3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one (90
5  mg, 0.17 mmol), 2-dimethylamino-ethanol (reagent A, 0.04 ml, 0.34 mmol) and
triphenylphosphine (reagent B, 90 mg, 0.34 mmol). THF (2 ml) was added under nitrogen
atmosphere. Diisopropyl azodicarboxylate (reagent C, 0.07 ml, 0.34 mmol) was added via
syringe and the material was stirred. After 1 hour a further 2 equivalents each of reagents A, B
and C were added. The mixture was stirred overnight. The crude was loaded onto 2 preparative
10 TLC plates eluting with 3 % MeOH in dichloromethane. The plates were dried and re-developed
with the solvent system. This process was repeated once more and then product band was
collected providing 1-{2-[3-(2-dimethylamino-ethoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-
5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one,

56 mg, as a golden yellow viscous oil.

15 1-{2-[3-(2-Dimethylamino-ethoxy)-5-(3,3-dimethy!-pyrrolidin-1-y1)-phenyl]-SH-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one. This material was prepared starting from 1-[2-[3-(2-
dimethylamino-ethoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-5-(2-trimethyisilanyl-
ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi}-2,2-dimethyl-propan-1-one following the general
procedures described in these Examples. MP = 240 - 242

20 The general procedures described in these Examples were followed for synthesis of the

following compound:

N
= ,’\/“\ N ,s{’\/“\v N

/

< b & @&

1-[2-[3-(2,2-Dimethy}-[ 1,3]dioxolan-4-ylmethoxy)-5-(3,3-dimethyi-pyrrolidin-1-y1)-phenyl]-

At Abave A o

5-(2-trimethylsilanyi-ethoxymethyl)-5H-pyrrolo[2,3-blpyrazin-7-yi]-2,2-dimethyl-propan-1-one.
25  This material was prepared starting from 1-[2-[3-(3,3-dimethyl-pyrrolidin-1-y1}-3-hydroxy-
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phenyl]-5-(2-trimethylsilanyl-ethoxymethyl}-SH-pyrrolo[2,3-blpyrazin-7-yl]-2.2-dimethyl-
propan-1-one via Mitsunobu type alkylation similar to that which was described above, but using

“(2,2-dimethyl-[1,3]dioxolan-4-yl}-methanol” in place of *“2-methylsulfanyl-ethanol”.

1-{2-[3-(2,3-Dihydroxy-propoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl}-SH-pyrrolo[2,3-

5  blpyrazin-7-yl}-2,2-dimethyl-propan-1-one. This material was prepared from 1-[2-[3-(2,2-
dimethyl-{1,3]dioxolan-4-ylmethoxy)-5-(3,3-dimethyl-pyrrolidin-1-y1)-phenyl]-5-(2-
trimethylsilanyl-ethoxymethyl}-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one via a

similar procedure to that which was described above. M+H = 466,

The general procedures described in these Examples were followed for synthesis of the

10 foliowing compound:

HN\
/\

‘é__}oL

1-12-[3-(3,3-Dimethyl-pyrrolidin-1-y1)-5-(1-methyl-piperidin-4-ylox y)-phenyl}-5H-
pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one.

Hice, L.M. et a};
4. Wed Chem
6; 1963;388-402

SRS

As above

v—

15 Example 276.
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7-(3-Bromo-pheny})-2-thia-7-aza-spirol4.4]nonane-6,8-dione. A solution of 3-bromo-
phenylamine (1.0 g, 5.81 mmol) and 3-carboxymethyl-tetrahydro-thiophene-3-carboxylic acid
(1.15 g, 6.05 mmol, [Rice, L.M. et al; J. Med Chem; 6; 1963; 388-402]) in xvlene (10 ml) was
heated for 2 hours (oil bath, 180 °C) with fitted Dean-Stark trap to remove water. The material
was cooled to ambient and the xylene stripped (rotovap / pump). The material was covered with
dry CH,Cl, (10 ml). Carbonyldiimidazole (1.18 g, 7.26 mmel} was added with vigorous stirring
and a homogeneous solution was rapidly obtained. After over night stirring the material was
adsorbed onto silica (12 g). The crude was purified by chromatography on silica gel, eluting with
a gradient of 100% CH,;Cl; to 0.12% MeOH / CH,Cl,. to afford 1.76 g of 7-(3-bromo-phenyl)-2-

thia-7-aza-spiro[4.4]nonane-6,8-dione as a light yellow solid.

2.2-Dimethyl-1-{2-[3-(2-thia-7-aza-spiro[4.4]non-7-yl)-phenyl]-5SH-pyrroio[2,3-blpyrazin-7-yi }-
propan-1-one. This material was prepared starting from 7-(3-bromo-phenyl)-2-thia-7-aza-
spirof4.4]nonane-6,8-dione, using the general procedures described in these Examples. MP =

239 - 241, (M+H)" =421.

2,2-Dimethyl-1-{2-{3-(2-oxo-2lambda*4*.thia-7-aza-spiro[4.4}non-7-yl}-phenyl}-SH-
pyrrolo[2,3-b]pyrazin-7-yl }-propan-1-one. This material was prepared starting from 2,2-
dimethyl-1-{2-[3-(2-thia-7-aza-spiro{4.4]Jnon-7-yl)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-yl }-
propan-1-one, using the general procedures described in these Examples. MP = 148 - 150,

(M+H)" = 437,

1-{2-[3-(2,2-Dioxo-2lambda*6*-thia-7-aza-spiro[4.4 Jnon-7-yl)-phenyl}-5H-pyrrolo{2,3-
blpyrazin-7-vl}-2,2-dimethyl-propan-1-one, This material was prepared starting from 2,2-
dimethyl-1-{2-[3-(2-ox0-2lambda*4*-thia-7-aza-spiro{4.4]non-7-yl)-phenyl]-5H-pyrroio{2,3-
bipyrazin-7-yl}-propan-1-one, using the general procedures as described above, MP = 237 - 239,
(M+H)" =453,

The general procedures described in these Examples were followed for synthesis of the

following compounds:
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Example 277,

7

¥/

1-(3-Bromo-phenyl)-pyrrole-2,5-dione. To a solution of maleic anhydride (1.71 g, 17.4 mmol) in
dry ether (25 ml) was added a solution of 3-bromo-phenylamine (3.0 g, 17.4 mmol) in ether (5
5 ml), via slow drop-wise addition. The material was stirred for 1 hour at ambient Sodium acetate

(721 mg, 8.8 mmol) and then acetic anhydride {6 ml, 63 mmol} were added and the mixture was
heated for 2 hours (oil bath, 100 °C). The material was cooled to ambient and then in an ice bath,
Water (50 ml) was added with vigorous stirring and the resultant precipitate was collected by
filtration. The precipitate was washed with several volumes of water and finally with hexane (30

10 ml). The material was dried over night in the vacuum oven to afford 2.84 g of 1-(3-bromo-

phenyl)-pyrrole-2,5-dione as a light yellow-white powder.
Example 278.

(35,3a8,6aR)-5-(3-Bromo-phenyl)-3-trimethylsilanyl-tetrah ydro-thieno[ 3 ,4-c}pyrrole-4,6-dione.
A flask was charged with 1-(3-bromo-phenyl}-pyrrole-2,5-dione (800 mg, 3.17 mmol) and

15 bromo-trimethylsilanyl-trimethyisilanylmethylsuifanyl-methane (1.36 g, 4.76 mmol, [literature
compound)) in dry DMF (3 ml) under nitrogen atmosphere. The material was heated at 110 °C
(oil bath) for 2 hours and then cooled to ambient. The solvent was stripped (rotovap / pump) and
the remainder taken up in benzene (30 ml) and brine (30 ml). The material was shaken and the
organic phase collected. The aqueous phase was back-extracted with benzene (2 X 20 ml) and

20 the organic phases combined, dried (MgSO4), filtered and stripped. The crude was purified by
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chromatography on silica gel eluting with 5% to 40% EtOAc in hexanes, providing 1.04 g of
(38,3a8,6aR)-5-(3-bromo-phenyl)-3-trimethylsilanyl-tetrahydro-thienol3.4-c}pyrrole-4,6-dione
as a light white-yellow solid.

Eample 279,

{3aR.6aS)-53-(3-Bromo-phenyl-tetrahydro-thieno[ 3 4-cjpyrrole-4,6-dione. To a solution of
(35,3a8,6aR)-5-(3-bromo-phenyl)- 3-trimethylsilanyl-tetrahydro-thieno[3,4-c]pyrrole-4,6-dione
(637 mg, 1.66 mmol) in HMPA (5 ml) and water (2 drops) was added powdered cestum fluoride
(254 mg, 1.66 mmol). The mixture was heated (80 °C, oil bath) for 8 hours and then stirred over
night at ambient. Water (50 ml) and benzene (60 ml) were added and the material was shaken.,
The organic phase was collected and washed with brine (50 ml). The benzene phase was
collected and the aqueous phase was back-extracted (2 X 40 ml) with benzene. The organics
were combined, dried (MgS04), filtered and stripped. The remainder was purified by silica gel
chromatography eluting with 4% to 45% ethy! acetate in hexanes to afford 290 mg of (3aR,6aS)-
5-(3-bromo-phenyl)-tetrahydro-thieno[3,4-clpyrrole-4,6-dione. as a brown-yellow solid.

2,2-Dimethyl-1-{2-[3-(tetrahydro-thieno{3,4-c]pyrrol-5-yl)-phenyl]-SH-pyrrolo{2,3-b]pyrazin-7-
yl}-propan-1-one. This material was prepared starting from (3aR,6aS}-5-(3-bromo-phenyl}-
tetrahydro-thieno[3,4-c]pyrrole-4,6-dione, following the general procedures as described in these

Examples.

2,2-Dimethyl-1-{2-[3-(2-oxo-hexahydro-2lambda*4*-thieno[3,4-c]pyrroi-5-yl)-phenyl}-5kH-
pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one. This material was prepared starting from 2,2-
Dimethyl-1-{2-{3-(tetrahydro-thieno[3,4-c]pyrroi-5-yl}-phenyli-5SH-pyrrolo[2,3-blpyrazin-7-vyi } -

propan-1-one, following the general procedures as described in these Examples.

1-{2-[3-(2,2-Dioxo-hexahydro-2lambda*6*-thieno[ 3,4-c]pyrrol-5-yh)-phenyl]-5H-pyrrolo[ 2,3~
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one. This material was prepared starting from 2,2-
Dimethyl-1-{2-[3-(tetrahydro-thieno[3,4-c]pyrrol-5-yl)-phenyl]-SH-pyrrolo[2,3-b}pyrazin-7-y1 } -

propan-1-one using the general procedures as described above,

Example 280.
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2,2-Dimethyl-1-[2-(3-trimethylsilanyl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one
(250 mg, 0.71 mmol) was suspended in 7 ml of methylene chloride and potassium carbonate
(393 mg, 2.8 mmol) was added. The flask was wrapped in aluminum foil and iodine
monochloride (2.5 ml of a 1M solution in methylene chloride) was added dropwise. The mixture
was stirred in the dark at room temperature for one hour. The reaction was quenched with 10%
aqueous sodium thiosulfate, extracted into methylene chloride, and washed with water two times.
The organic layer was dried with sodium sulfate, concentrated, tritorated with ethyl ether,
filtered and dried in a vacuum oven to give 232 mg (81%) of 1-[2-(3-iodo-phenyl)-5H-
pyrrolo[2,3-b]pyrazin-7-y1]-2,2,-dimethyl-propan-1-one as 2 yellow solid. (M+H)" = 406.
The todo intermediate (150 mg, 0.37 mmol) was combined with potassium carbonate (179 mg,
1.3 mmol), cyclopenten-I-ylboronic acid (50 mg, 0.44 mmol) and Pd(dppfH)Cl:-DCM (30 mg,
0.037 mmol) in a2 microwave vial which was capped and purged with nitrogen. Solvent was
added ( 3.7 mi of 20% aqueous dioxane) and the flask was purged with nitrogen again two times.
The reaction was heated in a microwave reactor at 125 °C for 30 minutes. Ethyl acetate and
water were added to the reaction mixture and the layers were separated. The organic layer was
washed with water and brine and concentrated. The crude product was purified by flash
chromatography using a gradient of 0% to 30% ethyl acetate in hexanes to give 1-[2-(3-
cyclopent-1-enyl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-ylj-2,2,-dimethyl-propan-1-one (58 mg,
45%) as a white solid. (M+H)" = 346.
Other compounds prepared using this route:
2,2-Dimethyl-1-{2-[3-{5-triflucromethyl-2H-pyrazol-3-yl)-phenyll-5H-pyrroio[2, 3-blpyrazin-7-yl}-propan-1-one
(M+H)" =414,
1-[2-(3-Cyclohex-1-enyl-phenyl)-5H-pyrrolof2, 3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one
(M+H)" = 360; MP = 188.0-190.0 °C;
2,2-Dimethyl-1-[2-(3-thiophen-2-yl-phenyl-bH-pyrrolo[2, 3-b]pyrazin-7-yl]-propan-1-ong
(M+H)" = 362;
i-[2-{3-Cyclopentyl-phenyl}-5H-pyrrolo{ 2 3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one
(M+H)" = 348;
2,2-Dimethyl-1-{2-[3-{ 1H-pyrazol-4-yl)-phenyl]-5H-pyrrolo]2, 3-bipyrazin-7-yl}-propan-1-one
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(M+H)" = 346; MP > 300 °C; except the starting material was SEM-protected, and the SEM
protecting group was removed by treating the Suzuki product with a 1M solution of
tetrabutylammonium fluoride in THF and heating the solution at 75 °C for one hour.

The above general procedure was followed for the synthesis of the following compounds:
2.2-Dimethy!-1-{2-[4-(4-methyl-piperazin-1 -yi)-phenylamino]-5H~pyrrc§o[2,3»b]pyrazin-7-yl}-propan-1 -one
(M+H)" = 393; MP > 300 °C

2 2-Dimethyi-1+{2-[3-(4-methyi-piperazin-1-yl}-phenylamino}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one
(M-H)y =391

Example 281,

O

N

\,v'N
e
N
N

1-[2-(4-Todo-phenyl)-SH-pyrroto[2,3-blpyrazin-7-yl]-2,2,-dimethyl-propan-1-one was

@]
0
HNT X
— M
Ny N N
E JRE— N\ N
Si-. 2
A ;

synthesized from 2,2-Dimethyl-1-[2-(4-trimethylsilanyl-phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-yl}-
propan-1-one following general procedures as described in these Examples. (M+H)" = 406; MP
=262.0-263.0 °C

2.2-Dimethyl-1-{2-[4-(2~methyl-2H-pyrazol-3-yl)-phenyl}-5H-pyrrolo{2,3- b]pyrazin-7-yl}-
propan-1-one was synthesized from the iodo intermediate, following the general procedures as

described in these Examples.

. (M+H)" =360; MP = 257.0-258.0 °C

Other compounds prepared using this route:
1-[2-[4-(3,5-Dimathyl-isoxazol-4-y)-phenyl]-5H-pyrretof2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one
(M+H)" = 373; MP = 254.0-255.0 °C

Example 282,
0 O

N N

N N
v 4 — w/
l N o

1-[2-(3-Iodo-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2,-dimethyl-propan-1-one (150 mg, 0.37

mmol), the oxalate salt of 2-oxa-6-aza-spiro[3.3}heptane (267 mg, 0.93 mmol), potassium
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carbonate (255 mg, 1.85 mmol), copper iodide (14 mg, 0.074 mmol}, and d,1-proline (17 mg,
0.148 mmol) were added to a microwave vial. The vial was capped and purged with nitrogen.
DMSO (3.7 ml) was added and the vial was purged with nitrogen again. The reaction was
heated in a sand bath at 100 °C for 72 hours. The reaction was poured into ice water, extracted
into ethyl acetate, washed with water and brine, dried with sodium sulfate and concentrated. The
crude product was purified by flash chromatography using a gradient of 30% to 50% ethyl
acetate in hexanes to yield 35 mg (25%) of 2,2-dimethyl-1-{2-[3-(2-0xa-6-aza-spirof3.3Jhept-6-
yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1}-propan-1-one as a vellow solid. (M+H)™ =377, MP
=260.0-262.0 °C.

Other compounds prepared using this route:
1-13-17-(2,2-Dimethyi-propionyl)-5H-pyrrolo[ 2, 3-D]pyrazin-2-yl}-phenyl}-pyrrolidine-3-carbonitrite

(M+H)" =374

1-{2-[3-(3-Dimethyiamino-azetidin-1-yl)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-y} -2, 2-dimethyl-propan-1-one
(M-+H)" =378

Except that the starting matertal was SEM-protected, and the SEM protecting group was
removed with TFA in DCM:

1-{2-{3-Imidazol-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yi]-2, 2-dimethyl-propan-1-one

(M+H)" = 346.

1-{2-13-((R}-3-Hydroxymethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrroio[2,3-b]pyrazin-7-yi} -2,2-dimetayl-propan-1-one
(M+H)" = 379, After the TFA step, NMR analysis showed that part of the SEM protecting group
had been transferred to the alcohol. Tetrabutylammonium fluoride (room temperature for 1.5
hours) was used to complete the deprotection.
1-{2-[3-{(8}-3-Mydroxymethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrole[2,3-blpyrazin-7-yi}-2,2-dimethyl-propan-t-one
(M+H)" = 379. Tetrabutylammonium fluoride (80° C for 1 hour) was used to remove the SEM
group,

1-{2-[3-(3,3-Dimethyl-pyrrolidin-1 -yl)-phenyl]-SH-pyrroio{2,3~b]pyraz‘:nu7~yl}~2,2~diknethyl-propan-i -one
(M+H)" = 377; MP = 233.0-235.0 °C. 1M NaOH in THF was used instead of sodium acetate to
complete the deprotection.
1-{2-[3-(3,3-Difluoro-azetidin-1-yi)-phenyl}-5H-pyrrolof2,3-blpyrazin-7-yi}-2,2-dimethyi-propan-1-one
(M+H)" = 371. 1M NaOH in THF was used instead of sodium acetate to complete the
deprotection.

1-{2-[3-(3,3-Dimethyl-azetidin-1-yi)-phenyl}-5H-pyrroio[2,3-b]pyrazin-7-yli-2,2-dimethyl-propan-1-one
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(M+H)" = 363; MP = 227.0-229.0 °C. 1M NaOH in THF was used instead of sodium acetate to
complete the deprotection.

Example 283.

Methyli-cyclohexyl)-[2-(3-trimethylsilanyl-pheny!)-SH-pyrrolof{2,3-bjpyrazin-7-vl|methanone

was prepared, following the genera! procedures as described in these Examples. .

This compound was converted to [2-(3-iodo-phenyl)-5H-pyrrolo[2,3-bpyrazin-7- yli-(1-methyl-

cyclohexyl)-methanone, following the general procedures as described in these Examples.

General procedures as described in these Examples were used to prepare 1-{3-{7- (1-methyi-
cyclohexanecarbonyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]l-phenyl }-pyrrolidin-2-one. (M+H)" =
403; MP =215.0-217.0 °C.

Other compounds prepared using part of this route:
Methyl-cyciohexyl)-[2-(3-pyrrol-1-yl-phenyh)-5H-pyrroio[2,3-blpyrazin-7-yllmethanone,
(M+H)" = 383, was prepared from [2-(3-iodo-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7- yi]-(i-
methyl-cyclohexyl)-methanone, protected with a SEM group added as above, using the general
procedure described above. Deprotection was carried using TFA as above except that 1M NaOH
in THF was used instead of sodium acetate to complete the deprotection.

Example 284.

N

(W

N | SEMp~ Ry | 7
HNT R
— — N
N\ /N - A
\_< e N\ /N
Cl Ci
[ef
o o)
HN N,< HN N,< o 7
— H — H Hwﬁ{
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2-Chloro-7-iodo-5H-pyrrolof2,3-b]pyrazine was SEM protected following general procedures as

described in these Examples.

2-Chiloro-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide was prepared following
general procedures as described in these Examples followed by SEM removal using TFA as
above except that 1M NaOH in THF was used instead of sodinm acetate to complete the

deprotection.

2-(3-Trimethylsilanyl-phenyl)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide was

prepared using general procedures described in these Examples.

2-(3-1odo-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide was prepared

using general procedures described in these Examples.

2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl}-5SH-pyrrolo{2,3-blpyrazine-7-carboxylic acid
isopropylamide, (M+H)" = 378, was prepared using general procedures described in these
Examples.

Example 285.

Br & o \}’g
N Q)& Q&w é@(

HNT =
HNT ) i HN I T&PS-N

—_—

R TR M?'}:f
__H?A ”QA%
RV 0

3-Bromo-phenylamine (10.0 g, 58.1 mmol) and 3,3-dimethyl-dihydro-furan-2,5-dione (8.2 g,
63.9 mmol) were suspended in 387 ml of methylene chloride and heated at 50°C for 3 hours.
Carbonyldiimidazole (11.3 g, 69.7 mmol) was added in portions and the reaction was heated at
50°C overnight. Most of the solvent was removed on a rotary evaporator. The solid residue was

triturated with 20% ethyl acetate in hexanes, filtered and dried to give 15 g (92%) of somewhat
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impure 1-(3-bromo-phenyl}-3,3-dimethyl-pyrrolidine-2,5-dione which was used without further
purification.

1-(3-Bromo-phenyl)-3,3-dimethyl-pyrrolidine-2,5-dione (2.5 g, 8.9 mmol) was suspended in 45
ml of THF. Borane (7.9 ml of a 10.1M solution in methyl sulfide) was added and the reaction
was stirred at room temperature for 3 hours. The reaction was cooled to 0°C in an ice bath and
20 ml of methanol was added dropwise, then 60 ml of water. The mixture was transferred to a
separatory funnel and methylene chloride was added. The organic phase was washed with water
and brine, filtered through celite and concentrated. The crude product was purified by flash
chromatography using a gradient of 0% to 5% ethyl acetate in hexanes to give 1.7 g (75%) of 1-
(3-bromo-phenyl)-3,3-dimethyl-pyrrolidine.

Other compounds prepared using this route:
2-[3-(3,3-Dimethyl-pyrrolidin-1-yi)-phenyl}-5-H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid tert-
butylamide (M+H)" = 392; MP = 2035.0-207.0 °C;

2-{3-(3,3-Dimethyl-pyrrolidin-1-y1)-phenyl]-5-H-pyrrolo{2,3-b] pyrazine-7-carboxylic acid (2-
methoxy-propyl)-amide (M+H)" = 408;
2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl]-5-H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid
(tetrahydro-pyran-3-yl-amide (M+H)" = 420; MP = 145.0-147.0 °C.,

Example 286.

1-{2-[3-(2-Aza-bicyclo[2.1.1Thex-2-y1)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-

propan-1-one

2-Aza-bicyclo[2.1.1]hexane-2-carboxylic acid benzyl ester (1.2 g, 5.57 mmol, prepared as
described in: Krow, G.R.; Lin, G.; Rapolu, D.; Fang, Y.; Lester, W.S.; Herzon, S.B.; Sonnet,
P.E. J. Org. Chem, 2003, 68, 5292; Krow, G.R.; Lee, Y.B.; Lester; W.S.; Christian, H.; Shaw,
D.A.; Yuan, J. J. Org. Chem, 1998, 63, 8358), dissolved in 2 mL of MeOH, was added to 12 mL

of conc, HCI and heated at refiux for 1.5 h. TLC analysis (KMnQ,) showed no remaining sm.
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The reaction mixture was concentrated in vacuo and then concentrated twice from 15 mLE of
toluene to give 2-azabicyclof{2.1.1]hexane hydrochloride as a dark solid (0.53 g, 79%; 'HNMR
(DMSO): 86 4.11 (d, 1H, J=6.15 hz), 3.15 (m, 2H), 2.84 (quintet, 1H, J = 3.12 hz), 1.98 (s br,
2H), 1.39 (dd, 2H, J=2.16, 5.50 hz) that was used in the next step without further purification.

1-[2-[3-(2-Azabicyclo{2.1.1]hex-2-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl}-5H-
pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-one was prepared from 1-[2-(3-lodo-phenyl)-
53-(2-trimethylsilanyl-ethoxymethyl)-SH-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one
and 2-azabicyclo[2.1.1]hexane hydrochloride as described above (34%; MS = 361 M+H).

JAK Assay Information

Determination of ICs, of Janus Kinase (JAK) inhibition:

Enzyvmes and peptide substrate used are described below:

JAK1: Recombinant human kinase domain from Invitrogen (Cat # PV4774)

JAK3: Recombinant human kinase domain from Millipore (Cat # 14-629) or prepared.
JAK2: Recombinant human kinase domain from Millipore (Cat # 14-640)

Substrate: N-terminally biotinyiated 14-mer peptide derived from activation loop of

JAK1 with sequence of the peptide substrate: Biotin-KAIETDKEYYTVKD

Assay conditions_used are described below:

Assay Buffer; JAK Kinase Buffer: 50mM Hepes [pH 7.2], 10mM MgCl,, 1mM DTT,
Img/ml BSA. The assay is carried out in this buffer.

Assay Format: The kinase activity of all three JAK kinases is measured using a
radioactive, end-point assay and with trace amounts of *P-ATP. The assays are

carried out in 96-well polypropylene plates.

Experimental Method:
AH concentrations are final in the reaction mixture and all incubations are carried at room

temperature, Assay steps are described below:

Compounds are serially diluted in 100% DMSO typically at a 10x starting

concentration of ImM. Final concentration of DMSO in the reaction is 10%.
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Compounds are preincubated with enzyme (0.5nM JAK3 (commercially available),
0.2nM JAK3 (prepared), 1nM JAK2, SnM JAKT) for 10 minutes,
Reactions are initiated by the addition of a cocktail of the two substrates (ATP and
peptide premixed in the JAK Kinase Buffer). In the JAK2/JAK3 assays, ATP and the
peptide are used at concentrations of 1.5uM and 50uM, respectively. JAK1 assay is
carried out at an ATP concentration of 10uM and a peptide concentration of 50uM.
The duration of the assay for JAK2 and JAK3 1s 20 minutes. JAK] assay 1s carried
out for 40 minutes. With all three enzymes, reactions are terminated by the addition
of 0.5M EDTA to a final concentration of 100mM.
25 ul of terminated reactions are transferred to 150 ul of a 7.5% {(v/v} shurry of
streptavidin-coated sepharose beads in MgCls- and CaCl,-free 1x Phosphate Buffered
Saline containing 50mM of EDTA in 96-well, 1.2um MultiScreen-BV filter plates.
After a 30-minute incubation, the beads are washed under vacuum with the following
buffers:

3 to 4 washes with 200 ul of 2M NaCl.

3 to 4 washes with 200 ul of 2M NaCl plus 1% (v/v) phosphoric acid.

1 wash with water,
Washed plates are dried in a 60°C oven for between 1 to 2 hours.
70 ul of Microscint 20 scintillation fluid is added to each well of filter plates and after
at least 30 minutes of incubation, radioactive counts are measured in a Perkinelmer

microplate scintillation counter.

Representative 1Csq results are in Table 11 below:

TARLE I,
ICs0 h-syk(360-
ICsp h-jak?2- ICsp h-jak3- 1Csp h-jak1-
Compound 635)-
sf21-¢ sf21-¢ sf21-¢
baculovirus-c
i-12 0.4548 0.0561 0.317
1-64 3.4396 0.0241 21 1.314
1-82 0.0108 0.0046 0.09 0.036
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I-117 0.107 0.0068 0.162

SYK Assav Information

Determination of ICsq¢ of Spleen Tyrosine Kinase (SYK) inhibition:

SYK kinase assay is a standard kinase assay adapted to a 96 well plate format. This assay is
performed in 96-well format for ICso determination with 8 samples which represented 10 half log
dilutions and a 40 pL reaction volume. The assay measures the incorporation of radiolabeled *p
YATP into an N-terminally biotinylated peptide substrate, derived from naturally occurring
phosphoacceptor consensus sequence {Biotin-11aa DY*E). Phosphorylated products were
detected upon termination of reactions with EDTA and the addition of Streptavidin coated beads.

Representative results are in Table I above.

.Assay plates: 96-well MultiScreen 0.65um filter plates (Millipore Cat. No.:
MADVNOBI10;

Streptavidin coated beads: Streptavidin Sepharose TM, suspension 5.0mL, in 50mM
EDTA/MPBS diluted (1:100), (Amersham, Cat. No.; 17-5113-01)

Compounds: 10 mM in 100% dimethylsulfoxide (DMSO), final conc.: compound
0.003-100uM in 10% DMSO

Enzyme: SYK RPA purified, truncated construct of Spleen Tyrosine Kinase aa 360-
635, stock solution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 pM.

Peptide 1: biotinylated peptide is derived from a naturally occuring phosphor-
acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB,
stock solution 20mM, final conc.: 5.0 uM.

ATP: Adenosine-5’-triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final
concentration: 20uM

Buffer: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma , Cat. No.:
H-3375) final concentration: 50mM HEPES pH7.5

BSA: Bovine Serum Albumin Fraction V, fatty acid free (Roche Diagnostics GmbH,
Cat. No. 9100221) diluted to a final concentration of 0.1%

EDTA: EDTA stock solution 500 mM, (GIBCQO, Cat, No.: 15575-038) final

conceniration: 0.1mM
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DTT: 1,4-Dithiothreito! (Roche Diagnostics GmbH, Cat. No.: 197777), final conc.:
ImM

MgCl; x 6H,O: MERCK, Cat. No.: 105833.1000, final concentration: 10mM

Assay Dilution Buffer (ADB): 50 mM HEPES, 0.1mM EGTA, 0.1mM Na Vanadate,
0.1mM B-glycerophosphate, 10 mM MgCl,, 1 mM DTT, G,1% BSA, pH 7.5

Bead wash buffer; 10 g/L. PBS (Phosphate buffered saline) with 2M NaCl+ 1%
phosphoric acid.

Experimental Method:

In 40uL volume, 26ul. of ADB diluted, purified recombinant human SYK360-635 [0.5 nM] was
mixed with 4 pL of 10X concentrations of the test compounds, [usually 100pM- 0.003uM] in
[10%] DMSO and the mixture was incubated for 10 min at RT.

The kinase reaction was initiated by the addition of 10pL 4x substrate coclctail containing the
DYE peptide substrate [0 or 5 uM], ATP [20 uM] and ** PYATP [2uCifrxn]. After incubation at
30° C for 15 min, the reaction was terminated by the transfer of 25ul. pf the reaction sample to a
96 well §.65um Millipore MADVNOB membrane/plate containing 200pL. SmM EDTA and
20% Streptavidine coated beads in PBS.

The unbound radionucleotides were washed under vacuum with 3 x 250pl. 2M NaCl; 2 x 250 pLL
2M NaCl+1% phosphoric acid; 1 x 250uL H>O. After the last wash membrane/ plates were
transferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 uL scintillabion cocktail

was added to each well and 4 h later the amount of radioactivity was counted in a top counter.
The percent inhibition was calculated based on the uninhibited enzyme rate:

% Inhibition= 100 / (1 + (ICsp/Inhibitor cone}™)

The ICs was calculated using a non-linear carve fit with XLfit software (ID Business

Solution Ltd., Guilford, Surrey, UK).
The foregoing invention has been described in some detail by way of iliustration and example,
for purposes of clarity and understanding. It will be obvious to one of skill in the art that
changes and modifications may be practiced within the scope of the appended claims. Therefore,
it is to be understood that the above description is intended to be illustrative and not restrictive.

The scope of the invention should, therefore, be determined not with reference to the above
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description, but should instead be determined with reference to the following appended claims,

along with the full scope of equivalents to which such claims are entitled.

All patents, patent applications and publications cited in this application are hereby incorporated
by reference in their entirety for all purposes to the same extent as if each individual patent,

5 patent application or publication were so individually denoted.
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Claims

1. A compound of Formula I

1 wherein:
RisR', R R, or R
R’ is C)-g alkyl, C}-¢ alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalkyl alkylene, optionally substituted with one or more RY;
R*™is R™orR's;
each R'"is independently halogen, oxo, hydroxy, or —CN;
each R'* is independently ~C(=0)O(R '), -C(=O)}R"®), —
C(=0)CH(R"), ~S(R"), =S(0)2(R"), -NRIS(0):(R ", —S(=O}R', C1-s
alkyl, Cy-g alkoxy, amino, amido, C;-¢ haloalkyl, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy
optionally substituted with one or more R';
each R* is independently halogen, hydroxy, Cy=¢ alkyl, Cy-g
alkoxy, C;-¢ hydroxyaikyl, amino, amido, cyano, or C;-¢ haloalkyl;
each R is independently H, Cy~¢ alkyl, C;-¢ alkoxy, —CN,
C1-¢ haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl;
each R is independently H, C ;- alkyl, C;-¢ haloalkyl, Ci-g
alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl:
R is N(R™),; |
each R* is independently H or R*;
cach R™ is independently C;-galkyl, C-¢ alkoxy, phenyl, heteroaryl,
cycloalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally
substituted with one or more R*;
R* is R or R™;

each R*is independently halogen, oxo, or hydroxy;
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each R* is independently —-N(R*®),, —C(=0)( R*), -
C(=0)O( R™), —C(=0)N(R*),, -NR™)C(=0)( R*®), -
S(=0):(R™), -8(0); N(R™) 5, Cy-¢ alkyl, C;-¢ alkoxy, Ci-¢
haloalkyl, phenyl, heteroaryl, heteroarvioxy, cycloalkyl, or
heterocycloalkyl, optionally substituted with one or more R
each R” is independently H, halogen, C;-s
alkyl, Cy-¢ alkoxy, C;-¢ haloalkyl;
each R* is independently H, Cj- alkyl, Cj=¢
alkoxy, C1-¢ haloalkyl, or phenyl;
R’ is ~-C(=0)R™;
R* is Cy~galkyl, C)~¢ alkoxy, phenyl, or N(R™),;
each R™ is independently H or Ci-¢ aikyl;
R*is —O(R™);
R* is H or R™;
| R* is lower Cy-g, phenyl, benzyl, C;-g haloalkyl, cycloalkyl,
heterocycloalkyl, heteroaryl, optionally substituted with one or more
R
each R* is independently halogen, hydroxy, C;-¢ alkyl,
C;-¢ haloalkyl, or C;-¢ alkoxy;
Q' is phenyl or indoly}, optionally substituted with one or more Q7
cach Q" is independently Q' or Q'%;
cach Q" is independently halogen, hydroxy, -CN, —S(Q®), ~S(0)(Q™), or —
SE=0XQ™);
each Q' is independently Q' or Q'%;
cach Q™ is independently ~0(Q'®), ~S(=0)(Q*%), ~C(=0)N(Q™*), -
S(=0XQ™), -N(Q™)3(=0) Q™). ~C(=0)(Q"*), ~C(=0)O(Q"), -N(Q™ )z, -
N(Q™)C(=0)Q™), -N(Q"YC(=0)O(Q"), ~Si(Q™)s, or -N(Q™)C(=0IN(Q")z;
each Q' is independentiy H or Q'
each Q¢ is independently C;-5 alkyl, amino, Ci-¢ alkenyl,
phenyl, benzyl, C;-¢ haloalkyl, Ci-4 thioalkyl, cycloalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkyl alkyiene, or
heteroaryl, optionally substituted with one or more Q'

each Q' is independently Q' or Q'™
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each Q'® is independently halogen, hydroxy,
ox0, «C(Q™) IS (01(Q™), - |
(CQMaNQ™MCQM)aSO01AQ™), -
(CQ™M2)aNQ ™, HCQ™M)CE=0NQ™), or -
N(QM)CE=0XQ™);
each m is independently 0, 1, or 2;
each Q' is independently Q" or QY
each Q''is independently H or -
hydroxy;
each QY is independently C;-4 alkyl,
Ci-g haloalkyl, C;-¢ alkoxy, C;-4 thioalkyl,
cyano, amino, phenyl, benzyl, cycloalkyl,
heterocycloalkyl, or heteroaryl, optionally
substituted with one or more Q'%;
each Q'™ is independently
halogen, hydroxy, C;-g alkyl, Ci~¢
haloalkyl, C;-¢ hydroxyalkyl, amino,
C-sthioalkyl, C;-g alkoxy, or
cyano;
X isH;

or a pharmaceutically acceptable salt thereof.

2. The compound of claim 1, wherein R is R’ preferably R’ is C}~5 alkyl.

3, The compound of claim 2, wherein R is R* and R? is NH(R*) and R* is R™
preferably R*® is C -5 alkyl..

>
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4, The compound of claim 1, wherein Q™ is Q™.
-5 The compound of claim 1, wherein Q' is Q™.
6. A compound of Formula I according to claim 1 selected from the group consisting of:

Phenyi»[2~(3,4,5-trimethoxy—phenyi)—SH-py:rolo{Z,B-b]pyrazin—?-yl} -methanone;
3-Methyl-1-{2-(3,4,5-trimethoxy-pheny!}-SH-pyrrolo[2,3-b]pyrazin-7-yl}-butan-1-one;
1-{2+3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yi]-ethanone;
1-[2-(3 ,4~Dimcthbi'(§f-pheny1)-SH—pyrrolo[2,3-b]pyrazin—7-y1]-3 -methyl-butan-1-one;
1-[2-(5-Fiuoro-2-methoxy-phenyl - 5SH-pyrrolo[2,3-b]pyrazin-7-y1}-3-methyl-butan-1-one;
3-Methyl-1-[2-(3-pyrrolidin-1-yi-phenyl}-5H-pyrrolo[2,3-bipyrazin-7-yl]-butan-1 -one;
4-77-(3-Methyl-butyryl)-5SH-pyrrolo[2,3-b]pyrazin-2-yl}-benzamide;
3-[7—(B-Méthyl-butyryl)—SH—pyrrolo[2,3—b]pyrazin-z-yl]ubenzamide;
N-Methyl-3-[7-(3-methyi-butyryl}-5H-pyrrolo[2,3-b]pyrazin-2-yi] -bénzamide;
2-(3,4,5-Trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
I-[Z-(3,4-ethoxy-phenyi)-SH—pyrmio{Z,B-b]pyrazin-’?-yl]—4—methy1—penta§1~l ~ORE;
2,2-Dimethyl-1-[2-(3,4,5-trimethoxy-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-7-vl]-propan-1 -one;
N,N-Dimethyl-3-[7-(3-methyl-butyryl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-benzamide;
- 3-Methyl-1-(2-phenyl-5H-pyrrolo[2,3-bipyrazin-7-y!}-butan-1-on;e _
2-(3,4,5-Trimethoxy-phenyl)-5SH-pyrrolo[2,3-blpyrazine-7-carboxylic acid (2-methoxy-1-methyl-
ethyl)-arnide; .
2-Methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3 -b]pyfazm-'?-yl} -propan-1-one;
2-(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-bipyrazine-7-carboxylic acid (tetrahydro—?yran~4~yl)—
amide;
2-(3,4-Dimethoxy-phenyi)-SH-pyrrolof{2,3-blpyrazine-7-carboxylic acid pyrrolidin-3-ylamide;
2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid cyclobutylamide;
2~(3,4-Dimethoxy-phenyl)-SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (2-methoxy-1-
methoxymethyl-ethyl}-amide; -
2-(3,4-Dimethoxy-phenyl}-5SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid isopropyl-methyl-amide;
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2~(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid tert-butylamide; ‘
2-(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2—methoxy-l'~méthyl-ethyl)-
amide; |

1 -t2-(3 4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-3,3~-dimethyl-butan-1-one;
2-(3,4-Dimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-hydroxy-1-
hydroxymethyi-ethyl)-amide;
(2-{[2-(3.4-Dimethoxy-phenyl}-SH-pyrrolo[2,3-bipyrazine-7-carbonyl]-amino} -2 -methyl-propyl)-
carbamic acid tert-butyl ester;

2-(3,4-Dimethoxy-phenyD)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-hydroxy-1-methyl-ethyl)-
amide;

2-(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-amino-1,1-dimethyi-
ethyl)-amide;

2-(3-Pyrrolidin-1-yl-phenyl)-5SH-pyrrolof2,3-b]pyrazine-7-carboxylic acid tert-butylamide;
2-(3,4-Dimethoxy-phenyl}-SH-pyrrolo[2,3-blpyrazine-T-carboxylic acid ((1S,2R)-2-carbamoyl-
cyclopentyl)-amide;

2-(3,4-Dimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (tetrahydro-pyran-4-yl)-
amide;

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid piperidin-4-ylamide;

1-[2~(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2-Cyclohexyl-1-[2-(3.4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-vl]-ethanone;
2-(3-Methanesulfonyl-phenyl}-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
2-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropylamide;
1-Phenyl-2-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-b]pyrazin-7-yl}-ethane-1,2-dione;
2,2-Dimethyl-1-{2-[4-(2-morpholin-4-yl-ethoxy)-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-y1} -propan-1 -
one;

2,2-Dimethyl-1-{23-(2-morpholin-4-yl-ethoxy)-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl } -propan-1 -
one;

4-{4-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b}pyrazin-2-yl]-phenyl} -piperazine-1 -carboxylic
aciud tert-butyl ester;

Pyrrolidin-3-yi-{2-(3.4,5 trimethoxy-phenyl}-SH-pyrrolo{2,3-b]pyrazin-7-yl}-methanone; compound

with trifluoro-acetic acid;
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4-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{2,3-blpyrazin-2-yli-phenyl } -piperazine-1-
carboxylic acid tert-butyl ester;
2,2-Dimethyi-1-[2-(4-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yl]-propan- 1 -one;
2,2~'Dimethy§.- i1-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo({2,3-b]pyrazin-7-yi]-propan-1-one;
2-(3-Methylcarbamoyl-phenyl)-5SH-pyrrolol2,3-b]pyrazine-7-carboxylic acid
1sopropylamide;
2-[3-(1-Hydroxy-1-methyl-ethyl)-phenyl]-SH-pyrrolo[2,3-b]pyrazine-7-carbox ylic acid
isopropylamide;
2-Phenyl-1-12-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo{2,3-bjpyrazin-7-yl]-ethanone;
{1-Methyl-cyclopropyl}-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-yl}-
methanone:

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-hydroxy-2,2-
dimethyl-propyl)-amide;
(3-Methyl-oxetan-3-yl)-[2-(3.4,5-trimethoxy-phenyl}-SH-pyrrolo{2,3-blpyrazin-7-y1]-
methanone;

(4-Methyl-tetrahydro-pyran-4-v1)-[2-(3.4,5-trimethox y-phenyl)-5H-pyrrolo[2,3-bipyrazin-7-
ylj-methanone;
[2-(3.4,5-Trimethoxy-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yi]-(2,2,5-trimethyi-[ 1,3]dioxan-~
5-yl}-methanone;
3-Hydroxy-2-hydroxymethyl-2-methyl-1-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[2.3-
blpyrazin-7-yl]-propan-1-one; '
2,2-Diethoxy-1-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
2-(3-Methoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isopropyiamide;
2-(5-Chloro-2-methoxy-phenyl)-5SH-pyrrolof2,3-b]pyrazine-7-carboxylic acid
isopropylamide;

3,3-Dimethyl-1-{2-(3-morpholin-4-yl-phenyl)- SH-pyrrolo[2,3-b]pyrazin-7-yl}-butan-1-one;
3,3-Dimethyi-1-[2-(3-pyrrolidin-1-yl-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yi]-butan-1-one;
2-[3-(Pyrrolidine-1-carbonyl)-phenyl]-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid
1sopropylamide;

2-(2-Chloro-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxvlic acid isopropylamide;
1-[2-(3,4,5-Trimethoxy-phenyl}-5SH-pyrrolo[2,3-bipyrazin-7-yl}-propane-1.2-dione;
2,2-Dimethyl-1-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonyl]-piperidine-
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1-carboxylic acid tert-butyl ester;
2-{2-Trifluoromethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid
isopropylamide;
(3-Methyl-piperidin-3-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-
methanone; '
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid phenylamide;
3-(7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-benzoic acid tert-butyl ester;
3-(7-Isopropylcarbamoyl-5H-pyrrolo[2,3-blpyrazin-2-yl)-benzoic acid tert-butyl ester;
3-13-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo]2,3-b]lpyrazine-7-carbonyl]-
piperidin-1-yl}-3-oxo-propionitrile;
2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-bjpyrazine-7-carboxyiic acid amide:
2—(3,4,5-Trimethdxy~pheny1}-5H-pyrro]0[2,3—b]pyrazine—7~carboxylic acid (2-hydroxy-
propyl)-amide;

2-(2,5-Dimethoxy-phenyl}-5SH-pyrrolof2,3-blpyrazine-7-carboxylic acid isopropylamide;
3,3-Dimethyl-1-[2-(3-morpholin-4-ylmethyl-phenyl)- SH-pyrrolo[2,3-b]pyrazin-7-yi]-butan-
1-one;

2-(3-Methylcarbamoyl-phenyl)-SH-pyrrolo[2,3-blpyrazine-7-carboxylic acid (2-methoxy-1-
methyl-ethylj-amide;
2—(3—Methylcarbamoyl—phenyl)-SH—pyrroio[2,3;b]pyrazine-7—carboxylic acid ((S)-2-
methoxy-1-methyl-ethyl)-amide;

(4-Methyl-tetrahydro-thiopyran-4-y1)-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolo{ 2,3-
bipyrazin-7-yl}-methanone;
2-(2,4-Dimethoxy-phenyl)-5H-pyrrolo{2,3-blpyrazine-7-carboxylic acid isopropylamide;
(4-Methyl-1,1-dioxo-hexahydro-1A°-thiopyran-4-y})-[2-(3 4. 5-trimethoxy-phenyl}-5H-
pyrrolo[2,3-blpyrazin-7-yli-methanone;
2-(3,4-Dimethoxy-phenyl)-5SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid {1-acetyl-pyrrolidin-
3-yl)-amide;

2-(3,4,53-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methoxy-
propyl)-amide;

2-({12-(3.4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b] pyrazine-7-carbonyl]-amino } -methyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester;
2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (I-acetyl-piperidiﬂ-
4-yhy-amide;
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2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-methyl-
pyrrolidin-3-yl)-amide;
2-[3-(3-Methoxy-pyrrolidin-1-yl}-phenyl}-SH-pyrrolol2 3-blpyrazine-7-carboxyvlic acid tert-
butylamide;
2-[3-(3-Methoxy-pyrrolidin-1-yl}-phenyl}-SH-pyrrolof2,3-blpyrazine-7-carboxylic acid ((S)-
2-methoxy-1-methyl-ethyl)-amide;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (tetrahydro-
pyran-3-ylj-amide;

2-Methyl-2-[2-(3.4,5-trimethoxy-phenyl }-5H-pyrrolof2,3-b]pyrazine-7-carbonyl]-
pyrrolidine-1-carboxylic acid tert-butyl ester;
(2-Methyi-pyrrolidin-2-yi)-[2-(3,4,5-trimethoxy-phenyl)-3H-pyrrolo[2,3-b]pyrazin-7-y1]-
methanone;
2-Phenyl-1-[2-(3,4,5-trimethoxy-phenyi)-5H-pyrrolo{2,3-blpyrazin-7-yl]-propan-1-one;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid (4-hvdroxy-
cyclohexyl)-amide;

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1,1-dioxo-
tetrahydro-1A%-thiophen-3-yl)-amide;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (pyrrolidin-2-
vlmethyl}-amide;

2-(3,4,5-Trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-acety!-
pyrrolidin-2-ylmethyl}-amide;
3-({[2-(3,4,5-Trimethoxy-phenyl)-SH-pyirolo[2,3-b]pyrazine-7-carbonyl}-amino }-methyl)-
pyrrolidine-1-carboxylic acid tert-butyl ester;
2-(3,4.5-Tnimethoxy-phenyl}-SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (pyrrolidin-3-
ylmethyl}-amide;

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-acetyl-
pyrrolidin-3-ylmethyl)-amide;
1-{2-{4-(4-Acetyl-piperazin-1-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one;

1-{2-[3-(4-Acetyl-piperazin-1-yl}-phenyl]-5H-pyrrolo{2,3-blpyrazin-7-yl }-2,2-dimethyl-
propan-1-one;

2-(3-Dimethylamino-phenyl)-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid isopropylamide:
2-Methyl-2-(tetrahydro-pyran-2-yloxy)-1-{2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[ 2,3-
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bipyrazin-7-yl}-propan-1-one;
3,3-Dimethyl-1-[2-(3.4,5-trimethoxy-phenyl)-5H-pyrrolo]2,3-b]pyrazin-7-yi]-butan-1-one;
2-[3-(2-Oxo-pyrrolidin-1-yl)-phenyl]-SH-pyrroio[2,3-b]pyrazine-7-carboxylic acid tert-
butylamide;

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolof2,3-b]pyrazine-7-carboxylic acid (1-
ethylcarbamoyl-pyrrolidin-3-ylmethyl)-amide;
2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (piperidin-4-
yimethyl)-amide;

2-(3.,4,5-Trimethoxy-phenyl)-5SH-pyrrolo[2,3-blpyrazine-7-carboxylic acid (1-acetyl-
piperidin-4-ylmethyl)-amide;
2-(3.4,5-Trimethoxy-phenyl)-SH-pyrrolof2,3-b]pyrazine-7-carboxylic acid isobutyl-amide;
2-(3.4,5-Trimethoxy-phenvl}-3H-pyrrolo[2,3-b]pyrazine-7-carbox viic acid (2-
methanesulfonyl-ethyl}-amide;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid (2-sulfamoyl-
ethyl)-amide

2-(3,4,5-Trimethoxy-phenyl }-5SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2,3-dihydroxy-
propyl}-amide

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b] pyrazine-7-carboxylic acid (tetrahydro-furan-
3-yl)-amide;
1-£{2-Methyl-2-[2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo[2,3-b]pyrazine-7-carbonyl]-
pyrroiidin-1-yl }-ethanone;

2,2-Dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[ 2,3-blpyrazin-7-yl]-butan-1-one;
2,2-Dimethyl-1-{2-(3-pyrazol-1-yl-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
2-(3-Chicro-3-fluoro-phenyl)-5H-pyrrolo{2,3-b]pyrazine-7-carboxylic acid isopropylamide;
(1-Methyl-cyclohexyl)-{2-(3,4,5-trimethoxy-phenyl )-SH-pyrrolo{ 2,3-bjpyrazin-7-yl]-
methanone;

3.3,3-Trifluoro-2-methyl-2-trifluoromethyl- 1-{2-(3,4,5-trimethoxy-phenyl}- 5SH-pyrrolo[ 2,3-
blpyrazin-7-ylj-propan-1i-one;
1-[2-(3-Fhuoro-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
2-(3.4,5-Trimethoxy-phenyl}-5SH-pyrrolo[2,3-blpyrazine-7-carboxylic acid (2-methoxy-
ethyl}-amide;
2,2-Dimethyl-1-{2-[3-(5-methvi-[1,3,4]oxadiazol-2-yl)-phenyl]-SH-pyrrolo{2,3-b]lpyrazin-7-
yl}-propan-1-one;
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2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazine-7-carboxylic acid (2,2-dimethyl-
propyl}— amide;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methoxy-2-
methyl-propyl)-amide;
2,2-Dimethyl-1-[2-(4-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[ 2,3-bipyrazin-7-yl]-propan-1-one;.
1-[2-(3-Dimethylamino-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-(2H-pyrazol-3~y1)-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl } -propan- -
one; _
2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-methoxy-
propyl)-amide; ‘
1-{2-(4-Methoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi}-N-methyl-benzamide;
1-[2-(3-Methoxymethyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi}-2,2-dimethyl-propan-1-one;
(1-Methyi-cyciohexyl)-[2-(3-pyrrolidin- 1 -yl-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yi]-
methanone;
1-[2-(4-Methoxymethyl-phenyl}-5H-pyrrolo{2,3-blpyrazin-7-yl]-2.2-dimethyl-propan-1-one;
1-[2-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-[2-(3-Methoxy-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-yl]-2.2-dimethyl-propan-1-one;
2,2-Dimethyl-1-(2-phenyl-5H-pyrrolo[2,3-blpyrazin-7-yl)-propan-1-one;
N-Cyclopentyl-3-[7-(2,2-dimethyl-propionyl)-SH-pyrrolof2,3-blpyrazin-2-yl]-benzamide;
2,2-Dimethyl-1-[2-(3-piperidin-1-yl-phenyl)-5H-pyrrolof2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-[2-(3~morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi}-propan-1-one;
3-[7-(2,2-Dimethyl-propionyl)-5SH-pyrroio[2,3-b]lpyrazin-2-yli}-benzoic acid;
1-[2-(3-Isopropenyl-phenyl)-5H-pyrroio{2,3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one;
1-{2-(3-Hydroxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan- 1-one;
(1-Methyl-cyclopentyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-yI]-
methanone; '
4-Methoxy-1-{2-(3,4,5-trimethox y-phenyl)- SH-pyrrolo[2,3-b]pyrazin-7-yl]-pentan-1-one;
(1-Methyl-cycloheptyl)-[2-(3-pyrrolidin-1 -yl-phenyl)-3H-pyrrolo[2,3-blpyrazin-7-yl]-
methanone;
1-[2-(3-Ethylamino-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-cne;
1-[2-(3-Diethylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one;
1-f2-(3- Amino-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one;
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1-[2-{3-Methox y-5-thiomorpholin-4-yl-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-y1}-2.2-
dimethyi-propan-1-one;

1-{2-[3-Methoxy-3-(1-oxo-1%"-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yi}-
2,2-dimethyl-propan-1-one;

1-{2-[3-(1,1-Dioxo- 12 -thiomorpholin-4-y1)-3-methox y-phenyl}-5H-pyrrolo{2,3-b]pyrazin-7-
yi}-2,2-dimethyl-propan-1-one;

1-[2-(3-Methoxymethoxy-5-pyrrolidin-1-yi-phenyl)-5H-pyrrolo[ 2,3-b]pyrazin-7-yl}-2,2-
dimethyl-propan-1-one;

1-[2-(3-Isopropoxy-S-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[ 2,3-b]pyrazin-7-yl]-2,2-dimethyl-
propan-1-one;

1-{2-(3-Ethoxy-5-pyrrolidin-1-yl-phenyl)-5SH-pyrrolo[2.3-blpyrazin-7-yl]-2,2-dimethvl-
propan-1-one;

1-{2-(3-Hydroxy-5-pyrrolidin- 1-yl-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-
propan-1-one;

[2-(3-Methoxy-5-thiomorpholin-4-yl-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-ylj-(1-methyi-
cyclohexyl)-methanone;

{2-[3-(1,1-Dioxo-12°-thiomorpholin-4-y1)-5-methoxy-phenyl]-3 H—pynolo[2,3—b] pyrazin-7-
vl}-(1-methyvi-cycloh exﬁ‘)—methanone;

[2-[3-Methoxy-5-(1-0x0-1A"-thiomorpholin-4-yl}-phenyl] —SH—pyrrolo[2,3—b]pyrazin—7—y1} -
{(1-methyl-cyclohexyl)-methanone;
' 1-{2-[3-(2.,3-Dihydroxy-propoxy)-3-(1,1-dioxo-12’-thiomorpholin-4-yl)-phenyl]-5H-
pyrrolo[2,3-bipyrazin-7-yl }-2,2-dimethyl-propan-1-one;

i-{ 2—{3—(3—Meth.anesu1fonyl-propoxy)—ﬁ—pym'olid;in—2 -yl-phenyl]-5H-pyrrolo[2,3-b}pyrazin-7-
vl}-2,2-dimethyl-propan-1-one;

1-{2-3-(2-Dimethylamino-ethoxy)-5-(1,1-dioxo- 1k6~thiom0rphoiin«4—yl)~pheny1}—5H~
pyrrolo{2,3-b]pyrazin-7-y1}-2,2-dimethyl-propan-1-one;

1-{2-[3-(1,1-Dioxo- 135-thiomorpholin-4-y1)-5-(2-hydroxy- 1 -methyl-ethoxy}-phenyl]-5H-
pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;

1-{2-[3-(2-Methanesulfonyl-ethoxy)-5-pyrrolidin- 1-yl-phenvl]-SH-pyrrolo[2,3-b]pyrazin-7-
y1}-2.2-dimethyl-propan-1-one;

1-{2-[3-(1,1-Dioxo- 1A*-thiomorpholin-4-y1)-3-( 1-methyl-pyrrolidin-3-yloxy)-phenyl]-5H-
pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;

1-{2-[3-(1,1-Dioxo-125-thiomorpholin-4-y1)-5-( 1-methyl-piperidin-4-yloxy)-phenyl}- SH-
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pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-1-one;

1-{2-[3-(1,1-Dioxo- 17&6~thiomorphoiin~4~y1)~5w(2-hydroxy- 1-hydroxymethyi-ethoxy)-
phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-{2-[3-(2-Dimethylamino-ethoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl}-phenyl]-5H-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-{2-[3-(2,3-Dihydroxy-propoxy)-3-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyi-propan-1-one;
2,2-Dimethyi-1-{2-[3-(2-thia-7-aza-spiro[4.4Jnon-7-y1)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one;
1-{2-[3-(2,2-Dioxo-2A"-thia-7-aza-spiro[4.4]non-7-y1)-phenyl}-SH-pyrroio[ 2,3-blpyrazin-7-
y1}-2,2-dimethyl-propan-1-one;

2,2-Dimethy1— 1-4 2—[3—(2-oxo~27€4—thia—7—aza—spiro[4.4]n0n—7-y1)—pheny1]—SH-pyrrolo[2,3—
blpyrazin-7-yl}-propan-1-one;

2,2-Dimethyl-1-{2-[3-(3-triflucromethyl-5,6-dithvdro-8H-[ 1,2 4]triazolo[4,3-a] pyrazin-7-
ylmethyl)-phenyl]-5H-pyrrolof2,3-blpyrazin-7-yl}-propan-1-one;
1-{2-[3-(5,6-Dihydro-8H-[1,2,4]triazolof4,3-a]lpyrazin-7-ylmethyl)-phenyl]-SH-pyrrolo[2,3-
blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[4-(3-trifluoromethyl-5,6-dihydro-8H-[1,2 4]triazolof4,3-a]pyrazin-7-
ylmethyl)-phenyt}-SH-pyrrolo[ 2,3-blpyrazin-7-yl}-propan-1-one;
4-13.[7-(2,2-Dimethyl-propionyh)-SH-pyrrolo[2.3-blpyrazin-2-yil-phenvl }-1,5-dimethyl-
piperazin-2-one;
[2-(3-Cyclopentylamino-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-{I-methyl-cyciohexyl)-
methanone;

{2-[3-(Cyclopentyl-methyl-amino}-phenyl]-SH-pyrrolo[2,3-b]pyrazin-7-yl } -(1-methyi-
cyclohexyl)-methanone;
1-[2-(3-Cyclopentylamino-phenyl)-SH-pyiroio[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-
one;

1-{2-[3-(2-Hydroxy-cyclopentylamino}-phenyl]-3H-pyrrolo[2,3-blpyrazin-7-vy1 }-2,2-
dimethyl-propan-1-one;
3-Methyl-4-{3-[7-(1-methyl-cyclohexanecarbonyl}-5H-pyrrolo[2,3-b]pyrazin-2-yI]-phenyl } -
piperazin-2-one;

1-(2-{3-[4-(2-Hydroxy-acetyl }-piperazin-1-yl]-phenyl }-5H-pyrrolo[2,3-bipyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
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2,2-Dimethyl-1-{2-[3-(I-methyl-pyrrolidin-3-ylamino)-phenyl]-3H-pvrrolo[2,3-bjpyrazin-7-
yl}-propan-1-one;
2,2-Dimethyl-1-{2-[3-(tetrahydro-furan-3-ylamino)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-yl }-
propan-1-one;

1-(2-{4-[4-(2-Hydroxy-acetyl)-piperazin- 1-yl}-phenyl }-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-
dimethyl-propan-1-one;
1-(2-{4-{4-(2-Hydroxy-ethyl)-piperazin-1-yi]-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-[2-(3-Isopropylamino-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
1-{2-[3-(4-Methanesulfonyl-piperazin-1-yl}-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-{2-[4-{4-Methanesulfonyl-piperazin-1-yi)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-
dimethyl-propan-1-one;
1-(2-{3-[4-(2-Hydroxy-ethyl}-piperazin-1-yl}-phenyl}-5H-pyrrolo{2,3-blpyrazin-7-y1)-2,2-
dimethyl-propan-i-one;
1-{2-[3-((1R,28)-2-Hydroxy-cyclopentylamino)-phenyl]-5H-pyrrolol2,3-b]pyrazin-7-yl }-
2.2-dimethyl-propan-1-one;

1-{2-[3-(1-Methanesulfonyl-piperidin-4- ylamino}-phenyl}-5SH-pyrrolo{2,3-blpyrazin-7-yl }-
2,2-dimethyl-propan-1-one;
3-(4-{3-[7-(2.2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-phenyl }-piperazin-1 -
y1)-3-oxo-propionitrile;
2,2-Dimethyl-3-oxo0-3-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-
propionitrile;

2,2-Dimethyl-3-ox0-3-[2-(3-pyrrolidin- 1-yi-phenyl }-5H-pyrrolo[ 2,3-blpyrazin-7-yi]-
propionitrile;

2,2-Dimethyl-3-phenyl-1 -[2—(3-pyn‘01idin—1—yI—phenyl)-.SH-pyrrolo{Z,B-b]pyrazin—?’—yl} -
propan-1-one;

1-[2-(3-Pyrrolidin-1-yl-phenyl)-5H-pyrrolo[ 2,3-blpyrazine-7-carbonyl]-
cyclohexanecarbonitrile;
2,2-Dimethyl-3-ox0-3-[2-(3-piperazin-1-yi-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-vi]-
propionitrile;
1-{2-[3-(5.6-Dihydro-8H-[1.2,4]triazolo[4.3-a]pyrazin-7-yl)-phenyll-5SH-pyrrolo[2,3-
blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;



2,2-Dimethyl-1-{2-[3-(3-triflecoromethyl-5,6-dihydro-8H-[1,2,4Jiriazolo{4,3-a]pyrazin-7-yl}-phenyi]-
SH-pyrrolo[2,3-b]pyrazin-7-y1}-propan-1-one;
N-Allyl-N-{2,2-dimethy!-3-0x0-3-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo{2,3-bpyrazin-7-yl}-
propyi}-benzenesulfonamide;
2,2-Dimethyl-3-phenyi-1-{2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-pent-4-yn-1 -one;
2,2-Dimethyl-1-[2-(3-piperazin-1 -yl-pheny!}-SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
2-{2-Benzenesulfonylamino-4-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-bJpyrazin-2-yl]-
phenoxy}-2-methyl-propionic acid ethyl ester;
2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid isobutyl-amide;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methanesutfonyl-
ethyl)-amide;

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-sulfamoyl-ethyl)-
amide; '
2-(3,4,5-Trimethoxy-pheny!)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2,3-dihydroxy-propyl)- '
amide;

2-(3,4,5-Trimethoxy-pheny!)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (tetrahydro-firran-3-y1)-
amide;

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2-methoxy-ethyl}-amide;
2-(3,4,5-Trimethoxy-pheny!)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2,2-dimethyl-propyl)~
amide;

2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (2-methoxy-2-methyi-
propyl}-amide;

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-methoxy-
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propyl)-amide;
1-[2-{4-Methoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan- i -one;
I-[2-(2-Methoxy-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-[2-(3-Methoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yi]-2,2-dimethyl-propan- 1 -one;
1-[2-(4-Methoxy-3-pyrroiidin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-
propan-i-one;
1-{2-(3-Methoxy-5-pyrrolidin-1-yi-phenyl}-5H-pyrrolo{2,3-blpyrazin-7-y1]-2,2-dimethyl-
propan-1-one;
2,2-Dimethyl-1-[2-(4-methylsulfan yl—3—pyrr01idin~ 1-yl-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-
vl]-propan-1-one;
1-[2-(4-Methanesulfinyl-3-pyrrolidin-1-yl-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one; _
1-{2-[3-(3-Methanesulfonyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2~
dimethyl-propan-1-one;
1-{2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyi]-5SH-pyrrolo[2,3-blpyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;
1-{2-[3-(3-Methoxy-azetidin-1-yI}-phenyll-SH-pyrrolo[2,3-b] pyrazin—?—yl}—2,2—dimethy1-
propan-1-one;
(4~Methy1~pipérldin-4~y1)m [2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
methanone; _
2-(3-Chloro-3-flucro-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbox ylic acid isopropylamide;
2-[3-(4-Methoxy-benzyloxy)-phenyl]-5SH-pyrrolo[2.3-blpyrazine-7-carboxylic acid
isopropylamide; ‘
2-[3-(2-Methoxymethyl-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic
acid 1sopropylamide;
1-{2-[3-(3-Methoxy-pyrrolidin-1-yl)-phenyl]-5SH-pyrrolo{2.3-blpyrazin-7-vi }-2,2-dimethyi-
propan-1-one;
1-{2-[3-(4-Methoxy-benzyloxy)-phenyl]-5H-pyrrolo[ 2,3-blpyrazin-7-yl}-2,2-dimeth vi-
propan-1-one;
1-[2-(3-Jodo-phenyl)-5H-pyrrolo[2,3-b}pyrazin-7-y1]-2,2-dimethyl-propan-1-one;
1-{2-[3-(3-Ethylamino-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-vi}-2,2-
dimethyl-propan-1-one;
((3aS,6aS)-1-Methyl-octahydro-pentalen-1-yl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolof2,3-
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bipyrazin-7-yl}-methanone;
1-{3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-yl]-phenyl } -3-methyl-
pyrrolidine-3-carboxylic acid methyl ester;
{(1-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[ 2,3-blpyrazin-2-yi]-phenyi}-3-methyl-
pyrrolidin-3-yl)-carbamic acid benzyl ester;
1-{3-[7-(2,2-Dimethyl-propionyl}-3H-pyrrolo[2,3-b] pyrazin-2-yl}-phenyl } -3-methyl-
pyrrolidine-3-carboxylic acid methylamide;
[2-(3-Iodo-phenyl)-SH-pyrrolo2,3-blpyrazin-7-yi]-(1-methyl-cyclohexyl)-methanone;
((15,25)-1,2-Dimethyl-cyclopentyl)-{2-(3.4,5-trimethoxy-phenyl}-5H-pyrrolo[2,3-blpyrazin-
7-yl]-methanone;
1-{2-[3-(3-Amino-3-methyl-pyrroiidin-1-yh)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yi}-2,2-
dimethyl-propan-1-one;
(1-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl }-3-methyl-
pyrrolidin-3-ylj~carbamic acid ethyl ester; | _
(1-{3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[ 2,3-b]pyrazin-2-yl]-pheny! } -4 4-dimethyl-
pyrrolidin-3-yl)-carbamic acid ethyl ester;
3-Methyl-3-[2-(3 4,5-trimethoxy-phenyl }-SH-pyrrolo{2,3-blpyrazine-7-carbonyl]-
cyclopentanone;
1-{2-Methyl-2-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carbonyl]-
pyrrolidin-1-vi}-ethanone;
(1-Methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-
methanone;
(1-Methyl-cyclohexyl)-[2-(3-pyrrolidin-1-yl-phenyl}-SH-pyrroio[2,3-b]pyrazin-7-yl}-
methanone;
3-{7-(2,2-Dimethyl-propionyl}-5H-pyrroto[2.3-b]pyrazin-2-yl}-benzoic acid;
(1-Methyl-cyciopentyl)-[2-(3-pyrrolidin-1-yl-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yi}-
methanone;
4-Methoxy-1-[2-(3.4,5-trimethoxy-phenyi)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-pentan-1-one;
(1-Methyl-cycloheptyD)-{2-(3-pyrrolidin-1-yi-phenyl}-5SH-pyrrolof2,3-b]pyrazin-7-yi]-
methanone;
2-Methoxy-2-methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-
1-one;

2-Methoxy-1-[2-(3,4.5-trimethoxy-phenyl}-5H-pyrrolol2.3-b]pyrazin-7-yl]-ethanone;
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1-[2-(3-Benzyloxy-phenyh)-5H-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
1-{2-(3-Ethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-one;
1-[2-(3-Isobutoxy-phenyl)-SH-pyrrolo[2,3 —b]?yraz'm»’?»yl} -2,2-dimethyl-propan-1-one;
1-[2-(3-Isopropoxy-phenyh)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-(3-propoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
Adamantan-1-yl-[2-(3,4,5-trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-methanone;
3-Methoxy-2,2-dimethyi-1-{2-(3,4,5-trimethoxy-phenyl)-SH-pyrroio[2,3-blpyrazin-7-vi]-
propan-l-one;
1-[2-(3-Ethvl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-[2-(3,5-Dimethoxy-pheny!)-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-{2-[3-(3-Hydroxy-propyl)-phenyi]-5H-pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-
one;
1-[2-(3-Aminomethyl-pheny})-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2~dimethyl-propan-1-one;
1-{2-[3-(2-Hydroxy-ethyl}-phenvl]-5H-pyrrolo[ 2,3-bjpyrazin-7-yl}-2,2-dimethy!-propan-1-
one;
3-Hvdroxy-2,2-dimethyl-1-{2-(3.4,5-trimethox y-phenyl)-5H-pymrolo{ 2,3-bjpyrazin-7-yl}-
propan-1-one;
2.2-Dimethyl-1-[2-(3-piperidin-1-ylmethyl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yi]-propan-
1-one;
4-17-(2,2-Dimethyl-propionyi}-SH-pyrrolof2,3-b]pyrazin-2-yl]-benzoic acid;
{(1-Methyl-cyclopentyl)-[2-(3.4,5-trimethox y-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-
methanone;
(1-Methyl-cyclohexyl)-[2-(3-morpholin-4-yl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-
methanone; |
4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5SH-pyrrolo[2,3-blpyrazin-2-yl]-phenyl }-
piperazine-1-carboxylic acid tert-butyl ester;
(1-Methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-yi]-
methanone;
(1-Methyl-cyclopentyl}-[2-(3-morpholin-4-vl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-vl]-
methanone;
1-[2-(2-Fluoro-phenyl)-5H-pyrrolol2,3-blpyrazin-7-yli-2,2-dimethyl-propan-1-one;
1-(4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolof2,3-blpyrazin-2-yi]l-phenyl } -

piperazin-1-ylj-ethanone;
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(1-Methyl-cyclohexyl)-{ 2-[3-(5-methyl-[1,3,4Joxadiazol-2-yl)-phenyl]-5H-pyrrolo[2,3-
blpyrazin-7-yl}-methanone;
{2-[3-(3-Hydroxy-propyl}-phenyl]-SH-pyrrolo[ 2,3-b]pyrazin-7-yl}-(1-methyi-cyclohexyl)-
methanone:
4-{4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b]pyrazin-2-vl}-phenyl }-
piperazine-1-carboxylic acid tert-butyl ester;
[2-(3-Methoxy-phenyl)-SH-pyrrolo[2,3-bipyrazin-7-y1}-(1-methyl-cyclohexyl)-methanone;
(1-Methyl-cyclohexyl)-[2-(4-piperazin-1-yl-phenyl)-5H-pyrrolof2,3-bipyrazin-7-yl]-
methanone;
1-(4-{4-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo{2,3-b]pyrazin-2-yl}-phenyl }-
piperazin-1-yl)-ethanone;
1-[2-(2-Hydroxy-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1 -one;
(4-Hvdroxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl}-SH-pyrroio[2,3-b]pyrazin-7-
yi}-methanone;
{2-(4-Dimethylamino-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-(1-methyl-cyciohexyl)-
methanone;
3-(4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5SH-pyrrolof2,3-blpyrazin-2-yl}-phenyl } -
piperazin-1-yl1)-3-oxo-propionitrile;
4.(4-{3-[7-(1-Methyl-cyclohexanecarbonyl )-5H-pyrrolo{2,3-blpyrazin-2-yl}-phenyl }-
piperazine-1-carbonyl)-piperidine-1-carboxviic acid tert-butyl ester;
4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl}-phenyl } -
piperazine- 1-sulfonyl carbamic acid tert-butyl ester
{2-[3-(4-Methanesulfonyl-piperazin-1-yl)-phenyl}-SH-pyrrolo[2,3-bipyrazin-7-yl}-(1-
methyl-cyclohexyl}-methanone;
4-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo] 2,3-bjpyrazin-2-yl]-phenyl }-
piperazine-1-sulfonic acid amide;
(1-Methyl-cyclohexyl)-(2-{ 3-[4-(piperidine-4-carbonyl)-piperazin-1-yl}-phenyl }-5SH-
pyrrolof2,3-b]pyrazin-7-yl)-methanone;
(1-Methyl-cyciohexyl)-[2-(4-piperidin-1 ~y1~pheny1)-5 H-pyrrolo[2,3-b]pyrazin-7-yl]-
methanone;
[2-(4-Diethylamino-phenyl)-5SH-pyrrolo{2,3-blpyrazin-7-yl]-(1-methyl-cyclohexyl)-
methanone;

(1,3-Dimethyl-cyclohexyi)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo]2,3-blpyrazin-7-yl]-
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methanone;
(1-Methyl-cyciohexyl)-[2-(4-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
methanone;
(1-Methyl-cyclohexyl)-{ 2-[4-(4-methyl-piperazin-1-yl)-phenyl]-5H-pyrrolof2,3-b]pyrazin-7-
yl}-methanone;
[2-(4-Methylamino-pheny!)-5H-pyrrolo{2,3-b]pyrazin-7-yl]-(1-methyl-cyclohexyl)-
methanone;
(4-Hydroxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl}-SH-pyrrolo{2,3-blpyrazin-7-
yl]-methanone;
4-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl}-N-methyl-
benzenesulfonamide; _
4-{7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo{2,3-b]pyrazin-2-yl]-benzenesulfonamide;
3—[7—(2,2—Dim.ethy1—.p_rop'ionyl)-SH-pyrrolo[2,3-b]pyrazin~2~y1]~benzenesu1fonamide;
3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl}-N-methyi-
benzenesulfonamide;
1-{2-[3-(2,8-Diaza-spiro[4.5]dec-2-y1)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-y1}-2,2-
dimethyl-propan-1-one; |
1-{2-[3-(2,7-Diaza-spiro[4.4]non-2-y1)-phenyl]-5SH-pyrrolo{2.3-bpyrazin-7-yl }-2,2-
dimethyl-propan-1-one;
1-{2-[3-(3-Aminomethyi-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo{2,3-bipyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-{2-[3-(3,3-Dimethyl-piperazin-1-yl)-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl } —Z,Z—dimethjflw
propan-1-one;
1-{2-[3-(2,7-Diaza-spiro[4.5]dec-2-v])-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl }-2,2~
dimethyl-propan-1-one; '
1-{2-[3-(3-Dimethylamino-pyrrolidin-1-yl}-phenyl]- 5H-pyrrolo[2,3-b}pyrazin-7-yl }-2,2-
dimethyl-propan-1-one; |
1-{2-[3-(2-Hydroxy-2-methyl-propylamino)-phenyl]-5H-pyrrolo{2,3-b]pyrazin-7-yl }-2,2-
dimethyi—propan&monef
1-{2-[3-(4-Amino-piperidin-1-yl}-phenyl]-5SH-pyrrolo[2,3-blpyrazin-7-yl}-2.2-dimethyl-
propan-1-one;
2,2-Dimethyl-1-{2-[3-(3-methyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2.3-b]pyrazin-7-yl }-

propan-1-one;
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1-{2-[3-(4-Acetyl-3,3-dimethyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-{2-[3-(3-Aminoc-azetidin-1-yl)-phenyi}-5SH-pyrrolo[2,3-bjpyrazin-7-yi}-2,2-dimethyl-
propan-1-one;
1-{2-[3-(3-Chloro-2-hydroxy-propylamino)-phenyl}-5H-pyrrolo[2,3-bipyrazin-7-yi}-2,2-
dimethyl-propan-1-one:
1-{2—{3~{2,2~Dimethylnpi'opyla%rﬁno)-phenyl}~5H~pyrrolo[2,3-b]pyrazin—7—yl }-2,2-dimethyl-
propan-i-one;
2,2-Dimethyl-1-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-propan-1-one;
(1-Methyl-cyclohexyi)-[2-(3,4,5-trimethoxy-phenyl)-5!-pyrrolo[2,3-b]pyrazin-7-yl}-
methanone;

1-[2-(3-Fluoro-phenyl)-5H-pyrrolof 2,3-blpyrazin-7-yl}-2.2~dimethyl-propan-1-one;
(I-Methyl-cyclohexyl)-{2-(3-pyrrolidin-1-yl-phenyl}- SH-pyrrolo[2,3-blpyrazin-7-v1]-
methanone;

2,2-Dimethyl-1-(2-phenyl-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
2,2-Dimethyl-1-[2-(3.4,5-trimethox y-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-pent-4-en-1-
one; -
2,2-Dimethyl-1-[2-(3,4,5-trimethox y-phenyl)-SH-pyrrolo[2,3-b] pyrazin-7-yl}-pentan-1-one;
2,2-Dimethyl-4-morpholin-4-yl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-
yl]-butan-1-one;

4 4-Dimethyl-5-0x0-5-[2-(3,4,5-trimethoxy-phenyl }-5H-pyrrolo[ 2,3-b]pyrazin-7-yl}-
pentanenitrile;
5,5-Dimethyl-6-ox0-6-{2-(3,4,5-trimethoxy-phenyl)- 5SH-pyrrolo[ 2,3-bipyrazin-7-yi]-
hexanenitrile;
2.2-Dimethyl-1-[2-(3-pyrazol-1-yi-phenyl}-5SH-pyrrolo{2,3-bipyrazin-7-yl}-propan- 1 -one;
2.2-Dimethyl-1-{2-[3-(5-methyl-[1.3,4]oxadiazol-2-yl)-phenyl]-5H-pyrrolo[2,3-bjpyrazin-7-
yl}-propan-1-one;
2,2-Dimethyl-1-{2-[3-(2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo{2.3-b]pyrazin-7-yl } -propan-1-
one;

3-[7-(2.2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-bipyrazin-2-yl}-N-methyl-benzamide;
1-[2-(3-Methoxymethyl-phenyl)-5H-pyrrolo[2,3-b}pyrazin-7-yl]-2,2-dimethyl-propan- 1-one;
1-[2-(4-Methoxymethyl-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyi-propan-1-one;
N-Cyclopentyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b}pyrazin-2-yl}-benzamide;
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3-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolof 2,3-b]pyrazin-2-yli-benzoic acid;
i-[2-(3-Isopropenyl-phenyl)-SH-pyrrolo[ 2,3-bipyrazin-7-yl]-2,2-dimeth yi-propan-1-one;
1-[2-(3-Hydroxy-phenyl}-SH-pyrrolo{2,3-bipyrazin-7-yli-2,2-dimethvl-propan-1-one;
1-{2-(3—tert-Buty1-5 -methyl-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-
one;
1-(2-Biphenyl-3-yI-5H-pyrrolo[2,3-b]pyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1- [2~(3—tcn-Butoxyrmethyl-phcnyi)—5H—pyrroio[2,3~b]pyrazin»7 -y1}-2,2-dimethyl-propan-1-
one;
1-[2-(3-Isopropyl-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl1]-2,2-dimethyl-propan-1-one;
1-{2-[3-(3,5-Dimethyl-isoxazol-4-yl)-phenyl]-5SH-pvrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyl-
propan-1-one;
1-[2-(3-Bromo-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1i-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-(2-methyl-2H-pyrazol-3-yl)-phenyl]-SH-pyrrolo[2,3-blpyrazin-7-yl }-
propan-1-one;
1-{2-(3-Chloro-4-fluoro-phenyl}-5H-pyrrolo{2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-[2-(2"-methyl-biphenyl-3-y1}-5H-pyrrelo[2,3-blpyrazin-7-yli-propan-1-one;
1-[2-(3-Hydroxymethyl-phenyl)-5H-pyrrolo{2,3-blpyrazin-7-yl}-2,2-dimethyl-propan- 1-one;
1-[2-(3-Cyclopent-1-enyl-phenyl}-5H-pyrrolo{2,3-blpyrazin-7-y1}-2,2-dimethyi-propan-1-
one;
1-[2-(3-Acetyl-4-hydroxy-phenyl}-5SH-pyrrolo{2,3-blpyrazin-7-y11-2,2-dimethyl-propan-1-
one;
1-{2-[3-(3H-Imidazol-4-yl)-phenyl]-5H-pyrrolo]2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1 -
one;
2,2-Dimethyi-1-[2-(3-oxazol-5-yl-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-yl]-propan-1-one;
2,2-Dimethyl-1-[2-(3-trimethylsilanyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one;
3-{3-[7-(2,2-Dimethvl-propionyl}-SH-pyrrolo[2,3-b]pyrazin-2-y1])-phenyl } -3-0x0-
propionitrile;
1-[2-(3-Todo-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan- 1-one;
2,2-Dimethyi-1-{2-[3-(5-trifluoromethyl-2H-pyrazol-3-yl)-phenyl}-SH-pyrrolof 2, 3-
b]pyrazin-7-yl}-propan-1-one;
1-[2-(3-Cyclohex-1-enyl-phenyl)-5SH-pyrrolof2,3-blpyrazin-7-yi]-2,2-dimethyl-propan-1-
one;

2,2-Dimethyl-1-[2-(3-thiophen-2-yl-phenyl)-5H-pyrrolo[2.3-b]pyrazin-7-yl]-propan-1-one;
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1-[2-(3-Cyclopentyl-phenyl}-5H-pyrrolo[2.3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-(2-Biphenyi-4-yl-5H-pyrrolo[2.3-b]pyrazin-7-yI}-2,2-dimethy]-propan-1-one;
1-[2-(3-Imidazol-1-yi-phenyl)-5H-pyrrolo[2.3-blpyrazin-7-yi]-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[4-(5-methyl-[1,3,4}oxadiazol-2-y1)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-
yi}-propan-1-one;
2,2-Dimethyl-1-[2-(4-trimethylsilanyi-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one;
1-[2-(4-Iodo-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
1-{2-[4-(3,5-Dimethyl-isoxazol-4-yl)-phenyl]-5H-pyrrolo[ 2,3-b]pyrazin-7-y1 }-2,2-dimethy!-
propan-1-one;
2,2-Dimethyl-1-{2-[4-(2-methyl-2H-pyrazol-3-yI}-phenyl]-5H-pvrrolo{2,3-blpyrazin-7-vl }-
propan-i-one;
1-{2-[4-(3H-Imidazol-4-yl)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-
one;
2,2-Dimethyl-1-{2-{4-(2-piperidin-1-yl-ethoxy)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
propan-1-one;
1-{2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-cne; |
3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-blpyrazin-2-yl}-N-ethyl-benzamide;
1-{2-[3-({R)-3-Hydroxymethyl-pyrrolidin-1-yl}-phenyl]-5H-pyrrolo[2,3-bipyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-{2-[3-((S)-3-Hydroxymethyl-pyrrolidin-1-yl}-phenyi]-5SH-pyrrolo{2,3-bipyrazin-7-yl}-2,2-
dimethyl-propan-1-one;
(1-Methyl-cyclohexyl)-{ 2-[4-(2-piperidin-1-yl-ethox y)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-
yl}-methanone;
2,2-Dimethyl-1-{2-[3-(1H-pyrazol-4-yi)-phenyll-SH-pyrrolo[2,3-blpyrazin-7-vyl } -propan- 1-
one;
1-{2-[3~(3,3-Difluoro-azetidin-1-vi)-phenyl]-5H-pyrroio[2,3-b]pyrazin-7-yl}-2,2-dimethyl-
propan-l-one;
2,2-Dimethyl-1-{2-[3-(2-oxa-6-aza-spiro[3.3Thept-6-yl)-phenyl}-5SH-pyrrolo[2,3-blpyrazin-7-
vl}-propan-1-one;
1-{3~[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo{2,3-b]lpyrazin-2-ylj-phenyl } -pyrrolidin-2-one;
1-{3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo{2,3-b]pyrazin-2-yl]-phenyl }-
pyrrolidin-2-one;
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(1-Methyl-cyclohexyl)-[2-(3-pyrroi-1-yl-phenyl)- SH-pyrrolo[ 2,3-blpyrazin-7-yl]-methanone;
2-[3-(3,3-Dimethyl-pyirolidin-1-yl)-phenyl]-5H-pyrrolo[ 2,3-b]pyrazine-7-carbox ylic acid
isopropylamide;

1-{3-[7-(2,2-Dimethyl-propionyl)-3H-pyrrolo[2,3-b]pyrazin-2-vl]-phenyl } -pyrrolidine-3-
carbonitrile;

1-{2-[3-(3-Dimethylaminoc-azetidin-1~yl}-phenyl]-SH-pyrrolof2,3-blpyrazin-7-y1 }-2,2-
dirnethyl-propan-1-one;

2-[3-(3,3-Dimethyl-pyrrolidin- 1-yl)-phenyl]-5H-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (3-
hydroxy-2,2-dimethyl-propyl)-amide;
1-{2-[3-(3,3-Dimethyl-azetidin-1-yl)-phenyl]-SH-pyrrolo]2,3-b]pyrazin-7-yl }-2,2-dimethyl-
propan-1-one;

2-[3-(3,3-Dimethyl-pyrrolidin- 1-y1)-phenyl}-5H-pyrrolo[ 2,3-blpyrazine-7-carboxylic acid
tert-butylamide;

2-[3-(3,3-Dimethyl-pyrrolidin- 1-y1)-phenyl}-5SH-pyrrolo[2.3-b]pyrazine-7-carboxylic acid (2-
methoxy-propyl)-amide;
2-[3-(3,3-Dimethyi-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo{2,3-b]pyrazine-7-carboxylic acid
(tetrahydro-pyran-3-yl)-amide;
2-Methyl-2-phenyl-1-[2-(3,4,5-trimethoxy-phenyl}-5H-pyrrolo[ 2,3-b]pyrazin-7-y1]-propan- 1 -
one; |

1-[2-(3,5-Di-pyrrolidin- 1-yl-phenyl)-SH-pyrrolo[2,3-blpyrazin-7-yl]-2.2-dimethyl-propan-1-
one;

3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo{2,3-bjpyrazin-2-yi}-benzonitrile;
3-[7-{1-Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-blpyrazin-2-yl] —benialdehyde;
{1-Methyl-cyclohexyl}-{2-(3-pyrrolidin-1-ylmethyl-phenyl}-5H-pysrolo[2,3-b]pyrazin-7-yi}-
methanone;
1-{2-[3-(4,5-Dihydro-1H-imidazol-2-ylamino)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2.2~
dimethyl-propan-1-one;

1-{2-[3-(4,5-Dihydro-1H-tmidazol-2-yi)-phenyl]-5H-pyrrolof 2,3-bipyrazin-7-yi}-2,2-
dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-(1,4,5,6-tetrahydro-pyrimidin-2-y1)-phenyi]-5H-pyrrolo[2,3-b]lpyrazin-
7-yl}-propan-1-one;
1-{2-[3-(5,5-Dimethvl-1,4,5,6-tetrahydro-pyrimidin-2-yl)-phenyi]-SH-pyrrolo[2,3-b]pyrazin-
7-y1}-2,2-dimethyl-propan-1-one;
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1-{2-[3-(4,4-Dimethyl-4,5-dithydro-1H-imidazol-2-yl)-phenyl]-5H-pyrrolo[2.3-b]pyrazin-7-
vi}-2,2-dimethyi-propan-1-one;
2,2-Dimethyl-1-{2-[3-(1-methyi-4,5-dihydro-1H-imidazol-2-yl)-phenyl}-SH-pyrrolo[ 2,3~
blpyrazin-7-yl}-propan-1-one:
Pyrrolidin-1-yl-{2-(3,4,5-trimethoxy-phenyl)-3H-pyrrolo{2,3-blpyrazin-7-yl]-methanone;
(3,3-Dimethyl-pyrrolidin-1-y1)-{2-(3.4.5-trimethoxy-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-yl}-
methanone; '
2,2-Dimethyl-1-{2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl}-butan-1-one;
3,3,3-Triﬂuoro-,?,—methyl—Z—triﬂuoi‘omethyi— 1 —[2—(3,é,S—tximethoxy-pheﬁyl)—SH-pyITolo[2,3-
blpyrazin-7-yl}-propan-1-one;
1-[2-(3-Ethylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan-1-one;
1-[2-(3-Diethylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
1-[2-(3-Amino-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-y1]-2,2-dimethyl-propan-1-one;
N-{3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2.3-b]pyrazin-2-yl]-phenyl } -acetamide;
1-{2-[3-(3-Hydroxy-py:rolidin-1-yl)-phenyl}-SH-pyrrolo[ 2,3-blpyrazin-7-yl }-2,2-dimethyl-
propan-1-one;
1-{2-[3-(1,1-Dioxo-116-thiomorpholin-4-yl}-phenyt]- SH-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-
dimethyl-propan-1-one;
1-[2-(3-Azetidin~1-yl-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{ 2-[3-(1-ox0-1A4-thiomorphoiin-4-yi)-phenyl]-5H-pyrrolo[2,3-blpyrazin-7-
yl}-propan-1-one;
2,2-Dimethyl-1-{2-(3-pyrrol-1-yl-phenyl}-5H-pyrrolo[2,3-blpyrazin-7-yl}-propan-1-one;
1-£2-[3-(2-Methanesulfonyl-ethylamino)-phenyl}-SH-pyrroio[2,3-blpyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-{2-[(3aS,6aR)-3-(Hexahvydro-pyrrolof3,4-clpyrrol-2-yI)-phenyl]-SH-pyrrolo{2,3-bjpyrazin-
7-y1}-2,2-dimethyl-propan-1-one;
1-{2-[3-((S)-2-Hydroxymethyl-pyirolidin-1-yl)-phenyl}-5H-pyiroio[2,3-b]lpyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;
1-{2-[3-((R)-2-Hydroxymethyl-pyrrolidin-1-yl}-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-y} }-2,2-
dimethyl-propan-1-one;
N-{3-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-blpyrazin-2-y1]-phenyl } -
methanesulfonamide;

N-(4-{3-[7-(2,2-Dimethyl-propionyl)-3H-pyrrolo[2,3-blpyrazin-2-vI]-phenylsulfamoyl } -
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phenyl)-acetamide;
4-Amino-N-{3-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -
benzenesulfonamide;
N-{3-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -
benzenesulfonamide:
N-(4-{5-17-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-blpyrazin-2-yl]-2-methyl-
phenylsulfamoyl}-phenyl)-acetamide;
4-Amino-N-{5-[7-(2,2-dimethyl-propionyl}-SH-pyirolo[2,3-blpyrazin-2-vyl]-2-methyl-
phenyl }-benzenesulfonamide;
1-{2-[3-(3-Hydroxy-3-methyl-pyrrolidin-1-vl}-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;
1-{2-[3-(3-Hydroxy-3-methyl-pyrrolidin-1-yl)-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;

3-{7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-blpyrazin- 2-yl]-benzaldehvde;
2,2-Dimethyl-1-[2-(3-pyrrolidin- 1 -ylmethyi-phenyl}-5SH-pyrrolo[2.3-b}pyrazin-7-yl]-propan-
1-one;

1-{2-[3-(4-Dimethylaminoc-piperidin-1-ylmethyl)-phenyl}-SH-pyrrolof2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-(4-methyl-piperazin-1-ylmethyl)-phenyl]-5H-pyrrolof 2,3-b]pyrazin-7-
yl}-propan-1-one;
1-[2-(4-Aminomethyl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-ylI-2,2-dimethyl-propan- 1-one;
2,2-Dimethyl-1-{2-{3-{4-methylsulfanyl-piperidin-i-ylmethyl)-phenyl]-5H-pyrrolo[2,3-
bipyrazin-7-yl} ;propan-i -one;

1-{2-[3-(3-Hydroxy-pyrrolidin- 1 -ylmethyl)-phenyl]-5SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one; | '
1-{2-[3-((S)-2-Hydroxymethyl-pyrrolidin-1-ylmethyl)-phenyl}- SH-pyrrolo{2,3-b|pyrazin-7-
y1}-2,2-dimethyl-propan-1-one;
1-{2-[3-((R)-2-Hydroxymethyl-pyrrolidin-1-ylmethyl)-phenyl}-5H-pyrrolo{2,3-b]pyrazin-7-
y1}-2,2-dimethyl-propan-1-one; '
(1-{3-[7-{2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-bipyrazin-2-yl]-benzyl } -pyrrolidin-3-v1)-
carbamic acid tert-butyl ester;

1-[2-(3-{[Bis-(2-hydroxy-ethyl }-amino}-methyl }-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yil-2,2-

dimethyl-propan-1-one;
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1-[2-(3-{[Ethyl-{4-hydroxy-butyl)-amino}-methyl }-phenyl)- SH-pyrrolo{2.3-b]pyrazin-7-vyl}-
2,2-dimethyl-propan-1-one; |
(S)-1-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolof2,3-blpyrazin-2-vl]-benzyl } -pyrrolidine-2-
carboxylic acid amide;
(R)-1-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi]-benzyl }-pyrrolidine-2-
carboxylic acid amide; |
1-{2-[3-(4-Hydroxymethy!-piperidin-1-yimethyl)-phenyi]-5H-pyrrolo[2.3-blpyrazin-7-vl}-
2,2-dimethyl-propan-1-one; |
1-{2-[3-(3-Hydroxymethyl-pyrrolidin-1-yimethyl}-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yi }-
2,2-dimethyl-propan-1-one;
1-{2-[3-(3-Aminc-pyrrolidin-1-yimethyi)-phenyil-SH-pyrrolo[2,3-blpyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
2.2-Dimethyl-1-{ 2-{3-(3-methylamino-pyrrolidin-1-ylmethyl-phenyll-5H-pyrrolo[2,3-
blpyrazin-7-yl}-propan-1-one;
1-{2-{3-(1H-Imidazol-2-yl)-phenyl]-5H-pyrrolo{2,3-blpyrazin-7-y1}-2,2-dimethyi-propan-1-
one;
1-{2-[3-(3-Benzyl-pyrrolidin-1-yimethyl}-phenyl}-5SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
N-(1-{3-{7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-yl]-benzyi } -pyrrolidin-3-
yD)-N-methyl-methanesulfonamide;
N-(1-{3-17-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzyl } -pyrrolidin-3-
yl)-methanesulfonamide;
4-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-y1}-2-pyrrolidin-1-yl-benzonitrile;
2.2-Dimethyl-1-{2-[3-(3-methyl-pyrrolidin-1-yl)-phenyl]-5H-pyrroio[2,3-bipyrazin-7-y1}-
propan-1-one;
1-{2-[3-(3-Methoxymethyl-3-methyl-pyrrolidin-1-yl)-phenyi}-SH-pyrrolo[2,3-b]pyrazin-7-
vl}-2,2-dimethyl-propan-1-one;
1-{2-[(1S,5R)}-3-(3-Aza-bicyclo[3.1.0Thex-3-yl)-phenyi]-5H-pyrrolo{2,3-b]pyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-(3-piperidin-1-yl-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yi}-propan-1-one;
2,2-Dimethyl-1-[2-(3-morpholin-4-yl-phenyl}-5H-pyrrolo{2,3-bipyrazin-7-yl}-propan-1-one;
1-{2-[3-{(1§8,5R,6R )-6-Methanesulfonylmethyl-3-aza-bicyclo[3.1.0Thex-3-yl)-phenyl]-5H-
pyitolo{2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
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3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-5-pyrrolidin- 1-vi-
benzonitrile; _
3-{7-(2,2-Dimethyl-propionyl}-SH-pyrrolo{2,3-bipyrazin-2-y1}-N-(2-methanesulfonyl-ethyl )-
S-pyrrolidin-1-yI-benzamide;
3-{7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-bipyrazin-2-y1]-53-pyrrolidin-1-yl-benzamide;
3-[7-(2,2-Dimethyl-propionyl)-5SH-pyrrolo[2,3-b]pyrazin-2-yI]-N-(2-hydrox y-ethyl)-5-
pyrrolidin-1-yl-benzamide;
2,2-Dimethyl-1-{2-[3-(4-methyl-piperazine- 1-carbonyl)-5-pyrrolidin-1-yl-phenyl]-5H-
pyrrolof{2,3-b]pyrazin-7-yl }-propan-1-one;
1-{2-[(3a8,6aR)-3-(Hexahydro-cyclopenta{c]pyrrol-2-yl)-phenyl}-SH-pyrrolo{2,3-bipyrazin-
7-y11-2.2-dimethyl-propan-1-one;

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi}-5-pyrrolidin- 1-yl-benzoic
acid;
3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2,3-blpyrazin-2-y1]-5-(3,3-dimethyl-pyrrolidin-1-
yl)-benzamide;
2,2-Dimethyl-1-{2-[3-((1S,5R)-1-phenyl-3-aza-bicycio[3.1.0]hex-3-y1)-phenyl]-5H-
pyrroloi2,3-blpyrazin-7-yl}-propan-1-one;
1-{2-[3-(3,3-Diethyl-pyrrolidin-1-yl}-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yi }-2,2-dimethyl-
propan-1-one;

2,2-Dimethyl-1-{2-[3-(4-methyl-piperazin- 1-yimethyl}-5-pyrrolidin-1-yi-phenyl]-5H-
pyrrolo[2,3-bipyrazin-7-yl }-propan-1-one;

1-{2-[3-((18,5R ,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0]hex-3-yl)-phenyl}-5H-
pyrrolo[2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
{2-[3-((15,5R,0R}-6-Hydroxymethyl-3-aza-bicyclo[3.1.0Thex-3-yl)-phenyi}-SH-pyrrolo[2,3-
blpyrazin-7-y1}-(1-methyl-cvclohexyl}-methanone;
1-{2-[3-((1R.535,6R }-6-Methoxymethyl-3-aza-bicyclo[3.1.0]hex-3-yl)-phenyl]-5H-
pyrrolo[2,3-bipyrazin-7-yl }-2,2-dimethyl-propan-1-one;
{2-[3-((1R,5S,6R)-6-Hydroxymethyl-3-aza-bicyclo[3.1.0Thex-3-y1)-phenyl]-5H-pyrrolo[ 2,3-
blpyrazin-7-yl}-(1-methyl-cyclopentyl)-methanone;

1-{2-[3-(4-Hydroxy-piperidin-1-yl)-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-y1}-2,2-dimethyl-
propan-1-one;

[-{2-[3-(4-Hydroxy-4-methyl-piperidin-1-yl)-phenyl ]- 5H-pyrrolo{2.3-b]pyrazin-7-y1 }-2,2-

dimethyl-propan-1-one;
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1-{2-[3-(3-Hydroxymethyl-3-methyl-pyrrolidin-1-yl}-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-
vl}-2,2-dimethyl-propan-1-one;
N-(1-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo{2,3-blpyrazin-2-yl]-phenyl } - 3-methyl-
pyrrolidin-3-ylmethyl)-acetamide;
N-(1-{3-{7-(2,2-Dimethyl-propionyl)-5H-pymrolo[2,3-blpyrazin-2-yl}-phenyl }-3-methyl-
pyrrolidin-3-ylmethyl)-methanesulfonamide;
(1-13-[7-(2,2-Dimethyl-propionyl}-5H-pyrrolo[2,3-b]pyrazin-2-ylj-phenyl} -3-methyl-
pyrrolidin-3-ylmethyl)-carbamic acid methyl ester;
2,2-Dimethyl-1 -{2-(4—py1’rolidin~1~yI~pheny1}—5H~pyrroio[2,3—b] pyrazin-7-yl] -propém-l -one;
1-[2-(3-Dimethylamino-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-yl]-2,2-dimethyl-propan-1-one;
N-{3-[7-(2.2-Dimethyl-propionyl)-5H-pyrrolo{2,3-blpyrazin-2-yl]-benzyl } -
methanesulfonamide;
N-{3-[7-(2.2-Dimethyl-propiony})-5H-pyrrolo[2,3-b]pyrazin-2-yl}-benzyl } -C-phenyl-
methanesulfonamide;
Cyclopropanesulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-bjpyrazin-2-yli-
benzylamide;
N-{3-{7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b}pyrazin-2-yl]-benzyl } -
benzenesulfonamide;
N-{4-[7-(2,2-Dimethvl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-benzyl } -C-phenyl-
methanesulfonamide; _
Cyclopropanesulfonic acid 4-[7-(2,2-dimethyl-propionyl}-5H-pysroio[2,3-b]pyrazin-2-ylj-
benzylamide;
Propane-1-sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi]-
benzylamide;
1-{2-[3-(2-tert-Butyl-pyrrolidin-1-yimethyl)-phenyl]-5H-pyrrolo[2,3-bipyrazin-7-yl }-2,2-
difnethyl—propan—l-one;
1-(2-{3-[(Cyclohexyl-methyl-amino)-methyl]-phenyl } -5H-pyrrolo[2,3-bipyrazin-7-y1)-2,2-
dimethyl-propan-1-one;
1-{2-[3-(3-Dimethylamino-pyrrolidin-1-ylmethyl)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-yl}-
2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-((S )—Z—methybpyrrolidinw 1-ylmethyl)-phenyl]-5SH-pyrrolo[2,3-
blpyrazin-7-yl}-propan-1-one;
1-{2-[3-(3-Methoxy-pyrrolidin-1-vimethyl}-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl }-2,2-
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dimethyl-propan-1-one;
1-(2-{3-[(Cyclopropylmethyl-propyl-amino)-methyl]-phenyl }-5H-pyrrolo[2,3-b]pyrazin-7-
yl)-2,2-dimethyl-propan-1-one;
1-{2-[3-({R)-2-Methoxymethyl-pyrrolidin-1-ylmethyl)-phenyl]- SH-pyrrolo[2,3-b]pyrazin-7-
yl1}-2,2-dimethyl-propan-1-one;
1-(2-{3-[(4,5-Dihydro-1H-imidazoil-2-ylamino)-methyl]-phenyl } -5H-pyrrolo]{2.3-bipyrazin-7-
y)-2.2-dimethyl-propan-1-one;
1-12-{3-(3,3-Dimethyl-pyrrolidin-1-yimethyl}-phenyl]-3H-pyrrolo[2,3-bipyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
3-(4-{3-[7-(2,2-Dimethyl-propionyl)-SH-pyrrolo[2.3-b]pyrazin-2-yl}-benzyl } -piperazin-1-
yl1}-3-oxo-propionitrile; _
2-(3.4,5-Trimethoxy-phenyl)-5 H-pyrrolo{2,3-b]pyrazine-7-carboxylic acid (2-methoxy-1-
methyl-ethyl}-amide;
2-Phenyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[ 2,3-blpyrazin-7-yl]-propan-1-one;
2-(3.4,5-Trimethoxy-phenyl)-5 H-pyrrolo[2,3-b]pyrazine-7-carbox ylic acid;
2-(3,4,5-Trimethoxy-phenyl}-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (1-acetyi-
pyrrolidin-3-yimethyl)-amide;
2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (I-
ethylcarbamoyl-pyrrolidin-3-ylmethyl)-amide;
2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (piperidin-4-
ylmethyl)-amide;
2-(3,4,5-Trimethoxy-phenyl)-5 H-pyrrolo{2,3-b]pyrazine-7-carbox ylic acid (1-acetyl-
piperidin-4-ylmethyl)-amide;
1-{2-[3-(3,3-Dimethyl-pyrrolidin-1-y1)-5-(1-methyl-piperidin-4-yloxy)-phenyl]-5H-
pyrroio[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[(3aR,6aS)-3-(tetrahydro-thieno[3,4-c]pyirol-5-y1)-phenyl]-5H-
pyrrolo[2,3-blpyrazin-7-yl }-propan-1-one;
1-{2-[3-((18,28)-2-Hydroxy-cyclopentylamino)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one ;
1-(2-{3-[(2-Methanesulfonyl-ethylamino)-methyl]-5-pyrrolidin-1-yl-phenyl }-5H-
pyrrolo[2,3-bipyrazin-7-y1)-2,2-dimethyl-propan-1-one;
1-{2-[3-(3,3-Dimethyl-azetidin-1-yl)-phenyl}-SH-pyrrolo[2,3-blpyrazin-7-yl }-2,2-dimethyl-

propan-1-one;
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1-{2-[3-(3-Aminomethyl-3-methyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo{2,3-b]pyrazin-7-yl}-
2.2-dimethyl-propan-1-one;

1-{2-[3-({3aR,6aS}-2,2-Dioxo-hexahydro-2A6-thieno[ 3,4-c}pyrrol-5-y1)-phenyl]-SH-
pyrrolof{2,3-blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-((3aR,6aS)-2-ox0-hexahydro-2A4-thieno[ 3,4-c]pyrrol-5-y1)-phenyl]-
SH-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one; |
2-Oxo0-2,3-dihydro-benzooxazole-6-sulfonic acid {6-[7-(2,2-dimethyl-propionyl}-5H-
pyrrolo[2,3-bipyrazin-2-yl]-1H-indol-4-yl }-amide; |
2-Methyl-2-phenyl-1-{2-(3.4,5-trimethoxy-phenyl}-5SH-pyrrolo{2,3-bipyrazin-7-yl]-propan-1-
one; ' '
1-{2-[3-(2-Amino-1,1-dimethyl-ethylamino)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-
dimethyvi-propan-1-one;

1H-Indazole-5-sulfonic acid {6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yi]-
1 H-indol-4-yl}-amide;
(4-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl } -piperazin-1-yl)-
acetic acid;

4- Amino-3-chloro-N-{6-[7-(2,2-dimethyl-propionyl)-SH-pyrrolo[2,3-b]pyrazin-2-y1]-1H-
indol-4-yl}-benzenesulfonamide;
1-{2-[3-(2-Methoxy-2-methyl-propylamino)-phenyl]-SH-pyrrolof2,3-blpyrazin-7-yl}-2,2-
dimethyl-propan-1-one; "
2-[3-(3,3-Dimethyl-pyrrolidin-1-y1)-phenyi}-SH-pyrrolo[2,3-b] pyraziﬁe-%carboxyiic acid
tert-butylamide;
3.3-Dimethyl-4-oxo0-4-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-blpyrazin-7-vl}-
butyronitrile;
1-{2-[3-(3-Hydroxy-azetidin-1-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1}-2,2-dimethyl-
propan-1-one;
1-[2-(3-Methanesulfonylmethoxy-5-pyrrolidin-1-yl-phenyl)-5SH-pyrrolo[2,3-b]pyrazin-7-y1}-
2,2-dimethyi-propan-1-one; _
N-{6-[7-(2,2-Dimethyl-propionyl}-SH-pyrrolo[2,3-blpyrazin-2-yi]- 1 H-indol-4-y1}-3-
methoxy-benzenesulfonamide;
2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazine-7-carbox vlic acid (2-
methoxy-propyl}-amide;
(1-{3-[7-(2,2-Dimethyl-propiony})-5SH-pyrrolo[2,3-bipyrazin-2-v1]-phenyl } -4 ,4-dimethyi-
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pyrrolidin-3-yl)-carbamic acid ethyl ester;
3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)- S H-pyrrolo[ 2,3-b]pyrazine-7-carbonyl]-
cyclopentanone;
2-[3-(3,3-Dimethyl-pyrrolidin-1-yI}-phenyl]-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid
(tetrahydro-pyran-3-yl}-amide;
4-(4-Hydroxy-piperidin-1-yl)-2,2-dimethyl-1-[2-(3.4,5-trimethox y-phenyl)-5SH-pyrrolo[2,3-
blpyrazin-7-yl}-butan-1-one;
4-[(2-Hydroxy-ethyl}-methyl-amino]-2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5 H-
pyrroloi2,3-b]pyrazin-7-yl]-butan-1-one;
2,2-Dimethyl-1-{2-[3-(tetrahydro-pyran-4-ylamino)-phenyl}-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one; |
3-Amino-N-{6-{7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-1 H-indol-4-yl} -
benzenesulfonamide;

2-[3-(3,3-Dimethyl-pyrrolidin-1-yl}-phenyl}-5H-pyrrolo[ 2,3-b]pyrazine-7-carboxylic acid
((S)-2-hydroxy-1,2-dimethyl-propyli-amide;
1-[2-(3-Fluoro-phenyl)-SH-pyrrolo[2,3-b]pyrazin-7-y1]-2,2-dimethyl-propan- 1-one;
(3-Hydroxy-1-methyl-cyclopentyl)-[2-(3,4,5-trimethoxy-phenyl)-5 H-pyrrolo{2,3-b]pyrazin-
7-yl}-methanone;

4-Amino-N-{ 6-[7-(2,2-dimethyl-propionyl)-5H ~pyrrolo[2,3-blpyrazin-2-yl}-1H-indol-4-y1}-
3-fluoro-benzenesulfonamide; _
2-{4-Methyl-4-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo]2,3-blpyrazine-7-carbonyl] -
pipendin-1-yl}-acetamide;

1-{4-Methyl-4-[2-(3,4,5-trimethoxy-phenyl)-5 H-pyrrolo[2,3-b]pyrazine-7-carbonyl]-
piperidin-1-yl}-ethanone;

6-Oxo-1,6-dihydro-pyridine-3-sulfonic acid {6-[7-(2,2-dimethyl-propionyl}-SH-pyrrolo[2,3-
blpyrazin-2-yl]-1 H-indol-4-yl}-amide;
4-Amino-N-{6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo{2,3-blpyrazin-2-yl}-1 H-indol-4-yl}-
3-trifiuoromethyl-benzenesulfonamide;

1-{2-[3-(3,3-Dimethyl-pyrrolidin-1-yl}- 5-(3-methanesulfonyl-propoxy)-phenyl]-5H-
pyrrolof2,3-blpyrazin-7-yl}-2,2-dimethyl-propan-1-one;
N-{6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-blpyrazin-2-yl]-1H-indol-4-y1}-4-
hydroxy-benzenesulfonamide;

((18,38)-3-Hydroxy-1-methyl-cyciopentyl)-[2-(3,4.5-trimethox y-phenyl)-5 H-pyrrolo[ 2,3~
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blpyrazin-7-yl]-methanone;
1-{2-[3-(2-Aza-bicyclo[2.1.1Thex-2-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;

((15,2R}-1,2-Dimethyl-cyclopentyl)-{ 2-(3-pyrrolidin-1-yl-phenyl}-5 H-pyrroio[ 2,3-b]pyrazin-
7-yI}-methanone;

1-{2-[3-(3,3-Dimethyl-pyrrolidin-i-yl)-5-(2-hydrox y-propoxy)-phenyl]-5SH-pyrrolo[ 2,3~
blpyrazin-7-y1}-2,2-dimethyl-propan-1-one;
1-{2-[3-{4,5-Dihydro-1H-imidazol-2-ylamino)-5-(3,3-dimethyl-pyrrolidin- 1-yi}-phenyl]-5H-
pyrrolo{2,3-blpyrazin-7-yi}-2,2-dimethyl-propan-1-one;
2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl}-5H-pyrrolo[2,3-b]pyrazine-7-carbox ylic acid
phenylamide;

2-[3-(3,3-Dimethyl-pyrrolidin-1-yl}-phenyl]-SH-pyrrolo[2,3-b]pyrazine-7-carboxylic acid (2
hydroxy-1,1-dimethyl-ethyl)-amide;
2,2-Dimethyl-1-[2-{3-methyisulfanyl-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo{2,3-b]pyrazin-7-
yl}-propan-1-ohe;
1-[2-(3-Methanesulfinyl-5-pyrrolidin-1-yi-phenyl}-5H-pyrroio[2,3-blpyrazin-7-y1}-2,2-
dimethyl-propan-1-one;
1-[2-(3-Methanesulfonyl-5-pyrrolidin-1-vi-phenyl)-5SH-pyrrolo[2,3-blpyrazin-7-y1]-2,2-
dirnethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-(3-pyridin-4-yi-pyrrolidin-1-yt}-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-
yi}-propan-1-one;
2,2-Dimethyl-1-{2-[3~(3-pynidin-2-yl-pyrrolidin-1-yl}-phenyi}]-SH-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one;
1-{2-[3-(1,7-Diaza-spiroi4.4]non-7-yl)-phenyl}-SH-pyrrolo[2,3-b]pyrazin-7-y1 }-2,2-
dimethyl-propan-1-one;
2,2-Dimethyl-1-{2-[3-(3-pyridin-3-yl-pyrrolidin-1-y1)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-
yl}-propan-1-one; .

{4-Methyl-4-[2-(3.4,5-trimethoxy-phenyl)- SH-pymrolo[2,3-b]pyrazine-7-carbonyl]-piperidin-
1-yl}-acetonitrile;

2,2-Dimethyl-3-methylsulfanyl-1-[2+(3.4,5-trimethoxy-phenyl)-5H-pyrrolo[ 2,3-blpyrazin-7-
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yl}-propan-1-ong; ,
3-Methanesulfinyl-2,2-dimethyl-1-{2-(3,4,5-trimethoxy-phenyl)-5 H-pyrrolo[2,3-b]pyrazin-7-yl]-

propan-1-one;

3-Methanesulfonyl-2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5 H-pyrrolo[ 2,3-B]pyrazin-7-yl]-
propan-1-one;

2-[3-(2-Dimethylamino-ethoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl}-5 H-pyrrolo[ 2,3-b]pyrazine-
7-carboxylic acid (3-hydroxy-2,2-dimethyl-propyl}-amide;
1-[2-(3-tert-Butylamino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yi]-2,2-dimethyl-propan-1-one; and
1-(2-{3-[342,3-Dihydroxy-propyl)-3-methyl-pyrrofidin-1 -yl]-phenyl} -5H-pyrrolo[ 2,3-b]pyrazin-7-
yh-2.2-dimethyl-propan-1-one.

7. A compound of formula II’ according to claim 1:

0 I
R
Qt N
\[ X \
v
N
N H
Hl
wherein:

R'is Ci=¢ alkyl, C;~s alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl,
or cycloalky! alkylene, optionally substituted with one or more R'?;
R'*is R orR';
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each R™ is independently halogen, oxo, hydroxy, or —-CN;

each R'is indépendenﬂy ~C(=0)OR™), ~C(=O)R'™), -

O=0)CHHR'), SR, ~S(O)(R"), -NR'HSORR™), -

S(=0)R', C1-¢ alkyl, C)-¢ alkoxy, amino, amido, C;-¢ haloalkyl,

5 phenyl, heteroaryl, cycloalkyl, heterocycloalkyi, cycloalkyioxy, or

heterocycloalkyloxy optionally substituted with one or more R'®;
each R is independently halogen, hydroxy, C;-4 alkyl, Ci-¢
alkoxy, C|~¢ hydroxyalkyl, amino, amido, cyano,' or Ci-g
haloalkyt;

10 ‘ each R'®is independently H, C;-4 alkyl, C;~¢ alkoxy, -CN,
C,-g haloalkyl, phenyl, heteroaryl, cycloalkyl, or
heterocycloalkyl; _
each R" is independently H, Cy-¢ alkyl, Cy-¢ haloalkyl, C1-¢
alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; -

15 and

Q' is as defined according to any one of the claims 1 to 6;

or a pharmaceutically acceptable salt thereof.

8. A compound of formula II according to claim 1:

O H
N
Ql Ng \sz
P
| N R

20 111

wherein R™ is independently Ci-¢ alkyl, C;-¢ alkoxy, phenyl, heteroaryl, cycloalkyl,

heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or more R*;
R* is R*or R*;
each R*is independently halogen, oxo, or hydroxy;

25 each R* is independently —N(R*),, —C(=O)( R®), -

C(=O)O(R®), ~C(=OINR™),;, -NR™IC(=0)( R*),
~S(=0)(R™), ~S(0) N(R*) s, Ci-salkyl, Ci-
alkoxy, Cy-g haloalkyl, phenyl, heteroaryl,
heteroaryloxy, cycloalkyl, or heterceycloalkyl,

30 optionally substituted with one or more R”;
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each R* is independently H, halogen, Ci~¢

alkyl, Ci-galkoxy, C;-¢ haloalkyl;

each R* is iadepehdenti-y H, C;-galkyl, Ci-¢ |

alkoxy, Ci-¢ haloalkyl, or phenyl; and
Q' is as defined according to any one of the claims 1 to-6;

or a pharmaceutically acceptable salt thereof.
9. Use of the compound of claim 1 in the manufacture of a medicament for the treatment
of an inflammatory disorder.

10. Use of the compound according to any one of the claims 1 to § in the manufacture of

a medicament for the treatment of an autoimmune disorder.

I1. Compound according to any one of the claims 1 to 8 for use in the treatment of an

inflammatory disorder or of an autoimmune disorder.



