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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. 

Protein 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 alcohol moiety of tyrosine residues. The tyrosine kinase 

family includes members that control cell growth, migration, and differentiation. Abnormal 

kinase activity has been implicated in a variety of human diseases including cancers, 

autoimmune 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 JAKl, 

JAK2, JAK3 and TYK2. Each of the JAKs 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. This 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 STA Ts, 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/ST AT signaling has been implicated in the mediation of many abnormal immune responses 

such as allergies, asthma, autoimmune diseases such as transplant (allograft) rejection, 

rheumatoid arthritis, amyotrophic lateral sclerosis and multiple sclerosis, as well as in solid and 

hematologic malignancies such as leukemia and lymphomas. 

5 Thus, the JAKs and ST A Ts 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 leukemic cells from 

l 0 children with acute lymphoblastic leukemia, the most common fo1m of childhood cancer, and 

studies have correlated STAT activation in certain cells with signals regulating apoptosis 

(Demoulin et al., (1996), Mol. Cell. Biol. 16:4710-6; Jurlander et al., (1997), Blood. 89:4146-52; 

Kaneko et al., (1997), Clin. Exp. Irnmun. 109:185-193; andNakamura et al.,(1996), J. Biol. 

Chem. 271: 19483-8). They are also known to be important to lymphocyte differentiation, 

15 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). 

20 Conditions in which targeting of the JAK pathway or modulation of the JAK kinases, 

particularly JAK3, are contemplated to be therapeutically useful include, leukemia, lymphoma, 

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., 

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

25 greater detail below. 

However, in contrast to the relatively ubiquitous expression of JAKl, JAK2 and Tyk2, JAK3 has 

a more restricted and regulated expression. Whereas some JAKs (JAKl, JAK2, Tyk2) are used 

by a variety of cytokine receptors, JAK3 is used only by cytokines that contain a ye in their 

receptor. JAK3, therefore, plays a role in cytokine signaling for cytokines which receptor was 

30 shown to date to use the common gamma chain; IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21. JAKl 

interacts with, among others, the receptors for cytokines IL-2, IL-4, IL-7, IL-9 and IL-21, while 



WO 2009/106441 PCT/EP2009/051755 

-3-

JAK2 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, IL-4, IL-7, IL-9, IL-15 and IL-21), receptor 

oligomerization occurs, resulting in the cytoplasmic tails of associated JAK kinases being 

brought into proximity and facilitating the trans-phosphorylation of tyrosine residues on the JAK 

5 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 lymphocyte 

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. 

10 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 

15 JAK3 kinase has been shown to prevent type I hypersensitivity reactions, including anaphylaxis 

(Malaviya et al., (1999), J. Biol. Chem. 274:27028-27038). JAK3 inhibition has also been shown 

to result in immune suppression for allograft rejection (Kirken, (2001), Transpl. Proc. 33:3268-

3270). JAK3 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); 

20 familial amyotrophic lateral sclerosis (Trieu et al., (2000), Biochem Biophys. Res. Commun. 

267:22-25); leukemia (Sudbeck et al., (1999), Clin. Cancer Res. 5:1569-1582); mycosis 

fungoides, a form ofT-cell lymphoma (Nielsen et al., (1997), Prac. Natl. Acad. Sci. USA 

94:6764-6769); and abnonnal cell growth (Yu et al., (1997), J. Immunol. 159:5206-5210; 

Catlett-Falcone et al., (1999), Immunity 10:105-115). 

25 JAK3 inhibitors 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, 

ulcerative 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, although 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 

unlikely that JAK3 has essential non-redundant functions in other tissues or organs. Hence, in 

5 contrast with other targets of imrnunosuppressive drugs, the restricted distribution of J AK3 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 

10 immune responses have been described in various STAT_,_ strains(.!. lnvestig. 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. 

15 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, 1995; Turner et al. 

Nature 378:298, 1995). Therefore inhibition of SYK enzymatic activity in cells is proposed as a 

20 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 

FcsRI 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 FcsRI via its SH2 domains and is 

25 essential for downstream signaling (Taylor et al. Mo!. Cell. Biol. 15:4149, 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 Phannacol Exp Tuer 306:1174, 2003). 

Treatment with SYK antisense oligonucleotides inhibits antigen-induced infiltration of 

30 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 Fci:R 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 

modulation of the JAK and/or SYK pathways it is immediately apparent that new compounds 

5 that modulate J AK and/or SYK pathways and methods of using these compounds should provide 

substantial therapeutic benefits to a wide vaiiety of patients. Provided herein are novel 

pyrrolopyrazine de1ivatives 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 ai·e 

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 JAK2, wherein preferred 

compounds are selective for JAK3 of the JAK kinases, and are useful novel pynolopyrazine 

derivatives for the treatment of auto-immune and inflammatory diseases. Similarly, the 

20 compounds of the invention may inhibit JAK3 and JAKl, wherein prefened compounds are 

selective for JAK3 of the JAK kinases, and are useful novel pynolopyrazine derivatives for the 

treatment of auto-immune and inflammatory diseases. 

The application provides a compound of Formula I 

25 . Ri R1 R3 R4 Ris , , , or ; 

I wherein: 
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R 1 is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkyl alkylene, optionally substituted with one or more R 1'; 

R1'is R1borRlc; 

R2 is N(R2")2; 

each R1
b is independently halogen, oxo, hydroxy, or -CN; 

each R le is independently -C(=O)O(R lf), -C(=O)(R ie), -

C(=O)CH2(R10
), -S(R11

), -S(0)2 (R1\-N(R1r)S(0)2(R1\-S(=0)(R1
\ 

lower alley!, lower alkoxy, amino, amido, lower haloalkyl, phenyl, 

heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or 

heterocycloalkyloxy optionally substituted with one or more R ld; 

each R ld is independently halogen, hydroxy, lower alkyl, lower 

alkoxy, lower bydroxyalkyl, amino, amido, cyano, or lower 

haloalkyl; 

each R le is independently H, lower alkyl, lower alkoxy, -CN, 

lower haloallcyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

each Rlf is independently H, lower alkyl, lower haloalkyl, lower 

alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

each R 2' is independently H or R lb; 

each R2
b is independently lower alkyl, lower alkoxy, phenyl, heteroaryl, 

cyc!oalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally 

substituted with one or more R le; 

R2
c is R2

d or R2
'; 

each R2
d is independently halogen, oxo, or hydroxy; 

each R2e is independently-N(R2gh, -C(=O)( R2g), -

C(=O)O( R2g), -C(=0)N(R2g)2, -N(R2g)C(=0)( R2g), -

S(=O)z(R2g), -S(Oh N(R2gh, lower alkyl, lower alkoxy, 

lower haloalkyl, phenyl, heteroaryl, heteroaryloxy, 

cyc!oalkyl, or heterocycloalkyl, optionally substituted with 

one or more R21
; 

each R21 is independently H, halogen, lower alkyl, 

lower alkoxy, lower haloalkyl; 

each R2
g is independently H, lower alkyl, lower 

alkoxy, lower haloalkyl, or phenyl; 
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R3 is -C( =0)R3a; 

R3
' is lower alkyl, lower alkoxy, phenyl, or N(R3bh; 

each R3
b is independently Hor lower alkyl; 

R4 is -O(R4a); 

R4a is Hor R4b· , 

R4
b is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl, 

heterocycloalkyl, heteroaryl, optionally substituted with one or more 

R4c. , 

each R4
c is independently halogen, hydroxy, lower alkyl, 

lower haloalkyl, or lower alkoxy; 

Q1 is phenyl or indolyl, optionally substituted with one or more Q 1a; 

each Qi, is independently Q1
b or Q1c; 

each Q1
b is independently halogen, hydroxy, -CN, -S(Qk), -S(Oh(Q1e), or -

S( =O)(Q1e); 

each Q1
c is independently Q1

d or Q1e; 

each Q1
d is independently -O(Qk), -S(=Oh(Q1e), -C(=O)N(Q1e)z,­

S(=O)(Qie), -N(Qle)S(=O) 2(Qle), -C(=O)(Qle), -C(=O)O(Qle), -

N(Q1eh, -N(Q1e)C(=O)(Q1'), -N(Q1e)C(=O)O(Q1e), -Si(Q1e)J, or -

J\l(Qle)C(=O)N(Qle)2; 

each Q1e is independently Hor Q1''; 

each Q 1
e' is independently lower alkyl, amino, lower alkenyl, 

phenyl, benzyl, lower haloalkyl, lower thioalkyl, cycloallcyl, 

cycloalkenyl, heterocycloalkyl, heterocycloalkyl alkylene, or 

heteroaryl, optionally substituted with one or more Q1r; 

each Q1r is independently Q 1
g or Q1b; 

each Q 1
g is independently halogen, hydroxy, oxo, -

(C(Q1hhlmS(O)z(Q1h), -

(C(Q1hlzlmJ\ICQ1h)(C(Q1h)2)mS(Oh(Q1h), -

(C(Q1hlz)mJ\l(Q1")2, -(C(Q1h)2)mC(=O)(Q1h), or -

N(Q1h)C(=O)(Q1h); 

each mis independently 0, 1, or 2; 

each Q1h is independently Q 11 or Q1i; 

each Qli is independently Hor hydroxy; 
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Xis xi orX2
; 

xi is H, halogen, or hydroxy; 

each Qij is independently lower alkyl, lower 

haloalkyl, lower alkoxy, lower thioalkyl, 

cyano, amino, phenyl, benzyl, cycloalkyl, 

heterocycloalkyl, or heteroaryl, optionally 

substituted with one or rr{ore Qik; 

each Qik is independently halogen, 

hydroxy, lower alkyl, lower 

haloalkyl, lower hydroxyalkyl, 

amino, lower tbioalkyl, lower alkoxy, 

orcyano; 

X2 is lower alkyl, lower alkoxy, lower haloallcyl, phenyl, cycloallcyl, heterocycloallcyl, or 

heteroaryl, optionally substituted with one or more X2
'; 

each x2
' is independently hydroxy, halogen, lower alkyl, l?wer alkoxy, lower 

haloallcyl, cycloalkyl, heterocycloalkyl, or heteroaryl; 

or a pharmaceutically acceptable salt thereof, 
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In a first aspect, there is provided a compound of Formula I 

R . R1 R2 R3 R'· 1s , , , or , 

I 

R 

x 

wherein: 

R1 is C1-6 alkyl, C1-6 alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkyl alkylene, optionally substituted with one or more Ri.; 

R" is R10 or R"; 

each R1
b is independently halogen, oxo, hydroxy, or -CN; 

each R1o is independently-C(=O)O(R1r), -C(=O)(R1
'), -

C(=O)CH2(R1
'), -S(R1r), -S(O)z(Rir), -N(R1r)S(O)i(R1r), -S(=O)(R1r), C1-6 

alkyl, C1-6 alkoxy, amino, amido, C1-6haloalkyl, phenyl, heteroaryl, 

cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy 

optionally substituted with one or more R 1
d; 

R2 is N (R "'h; 

each R 1
d is independently halogen, hydroxy, C1-6 alkyl, Ci-6 

alkoxy, C1-6hydroxyalkyl, amino, amido, cyano, or C1-6haloalkyl; 

each R" is independently H, C1 -6 alkyl, C1 -6 alkoxy, -CN, 

C1-6 haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

each R 1r is independently H, C1-6 alkyl, C1-6 haloalkyl, C1-6 

alkenyl, phenyl, heteroaryl, cycloall.71, or heterocycloalkyl; 

each R2' is independently Hor J12b; 

each R2
b is independently C 1-6 alkyl, C1-6 alkoxy, phenyl, heteroaryl, 

cycloalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally 

substituted with one or more R2
'; 

R2
' is R2

d or R2
'; 

each R2
d is independently halogen, oxo, or hydroxy; 



Sb 

each R 2' is independently -N (R 2")2, -C( =O )( R2
'), -

C(=O)O( R2
'), -C(=O)N(R2

'),, -N(R2')C(=O)( R2
"), -

S(=O),(R2
"), -S(Oh N(R2

") 2, C1-6 alkyl, C1-6 alkoxy, C1-6 

haloalkyl, phenyl, heteroaryl, heteroary!oxy, cycloalkyl, or 

heterocycloalkyl, optionally substituted with one or more R2
'; 

each R2f is independently H, halogen, C1-6 

alkyl, C1-6 alkoxy, C1-6 haloalkyl; 

each R2
' is independently H, C 1-6 alkyl, C1-6 

alkoxy, C1-6 haloalkyl, or phenyl; 

R3 is -C( =O )R3
'; 

R3
' is C1-6alkyl, C1-6alkoxy, phenyl, orN(R3bh; 

each R3b is independently Hor C1-6 alkyl; 

R4 is -O(R4
'); 

R4
' is Hor R4b. 

' 

R4b is lower C1-6, phenyl, benzyl, C1-6 haloalkyl, cycloalkyl, 

heterocycloalkyl, heteroaryl, optionally substituted with one or more 
R4c. 

' 

each R4
' is independently halogen, hydroxy, C1-6 alkyl, 

C1-6 haloalkyl, or Cn alkoxy; 

Q 1 is phenyl or indoly1, optionally substituted with one or more Q"; 

each Q1
' is independently Q1b or Q"; 

each Qlb is independently halogen, hydroxy, -CN, -S(Q1
•), -S(Oh(Q1

'), or­

S(=O)(Q'•); 

each Q" is independently Q1
d or Q1

'; 

each Q" is independently-O(Q1
'), -S(=O),(Q1

'), -C(=O)N(Q1'h, -

S(=O)(Q1
'), -N(Q1')S(=O)z(Q1

'), -C(=O)(Q1
'), -C(=O)O(Q1

'), -N(Q"h, -

N(Q 1')C(=O)(Q1
'), -N(Q1')C(=O)O(Q1

'), -Si(Q1
'),, or-N(Q1')C(=O)N(Q1')2; 

each Q" is independently H or Q ,,. ; 

each Q''' is independently C1-6alkyl, amino, C 1-6alkenyl, 

phenyl, benzyl, C1-6 haloalkyl, C1-6 thioalkyl, cycloalkyl, 

cycloalkenyl, heterocycloalkyl, heterocycloalkyl alkylene, or 

heteroaryl, optionally substituted with one or more Q"; 

each Qlf is independently Q1
' or Qlh; 



XisH; 

Sc 

each Q1
' is independently halogen, hydroxy, 

oxo, -(C(Q1h)2)mS(Oh(Qlh), -

(C(Q1h)2)mN(Qlh)(C(Q 1hh)rnS(0)2(Q1h), -

(C(Q1h)2)mN(Q 1h)2,-(C(Q1h)2)mC(=O)(Q1h), or­

N(Qlh)C(=O)(Qlh); 

each mis independently 0, 1, or 2; 

each Q1
h is independently Qli or Q1i; 

each Q11 is independently Hor 

hydroxy; 

each Q1.i is independently C1-6 alkyl, 

C1-6 haloalkyl, C1-6 alkoxy, C1-6 thioalkyl, 

cyano, amino, phenyl, benzyl, cycloalkyl, 

heterocycloalkyl, or heteroaryl, optionally 

substituted with one or more Q1
k; 

each Q Ik is independently 

halogen, hydroxy, C1-6alkyl, C1-6 

haloalkyl, C1-6 hydroxyalkyl, amino, 

C1 -6 thioalkyl, C1 -6 alkoxy, or 

cyano; 

or a pharmaceutically acceptable salt thereof. 



Sd 

In one variation of the above embodiment, X is H. 

In one variation of the above embodiment, R is R 1 as defined herein. 

In one variation of the above embodiment, RI is lower alkyl. 

In one variation of the above embodiment, RI is lower alkyl optionally substituted with one or more 

R" as defined herein. 

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

In another variation of the above embodiment, RI is tert-butyl, Q1
a is Qlc, Qlc is Q1•, Qle is Q1e', 

and Q1
e' is pyrrolidine. 

In another variation of the above embodiment, RI is -CHC(CH3h. 

In another variation of the above embodiment, RI is iso-butyl. 
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In another variation of the above embodiment, R 1 is iso-propyl. 

In one embodiment of the compound of Formula I, R 1 is cycloalkyl. 

In one embodiment of the compound of Formula I, R 1 is heterocycloalkyl. 

In one embodiment of the compound of Fonnula I, R 1 is benzyl. 

5 In one embodiment of the compound of Formula I, R 1 is phenyl. 

In one embodiment of the compound of Formula I, R is R2 as defined herein. 

In one embodiment of the compound of Formula I, R is R2 and R 2 is NH(R 2a), wherein R2a is as 

defined herein. 

In one variation of the above embodiment, R2a is R2
b as defined herein. 

10 In one variation of the above embodiment, R 2b is lower alkyl. 

In one variation of the above embodiment, R 2
b is iso-propyl. 

In one embodiment of the compound of Formula I, R2
b is heterocycloalkyl. 

In one embodiment of the compound of Fo1mula I, R2
b is cycloalkyl. 

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

15 In one variation of the above embodiment, R2
b is pyrrolidine. 

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

In one variation of the above embodiment, Q 1
a is Qlc as defined herein. 

In another variation of the above embodiment, Q 1
a is Qlc, Q 1

' is Q 1
e, Q 1

e is Q 1
e', and Q 1

e· is 

heterocycloalkyl. 

20 In yet another variation of the above embodiment, Q is Q 1
, Q1

a is Qlc, Qlc is Q 1
e, Q 1

e is Q 1
e', Q 1

'' 

is pyrrolidine. 
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In yet another variation of the above embodiment, Q is Q1
, Q1a is Qlc, Q1

' is Q1
d, Q1

d is -O(Q1e), 

Q1
e is Q10

, and Q1
e' is lower alkyl. 

In yet another variation of the above embodiment, Q is Q1
, Q 1a is Qlc, Qlc is Q1

d, Q1
d is -O(Q1e), 

Q1
e is Q1'', Q1

'' is methyl. 

5 ln one embodiment of the compound of Formula I, Q1
a is Q1

b as defined herein, 

ln one variation of the above embodiment, Q1
b is halogen. 

In another variation of the above embodiment, Q1
b is hydroxy. 

In one embodiment of the compound of Formula I, Q1
a is Q1

' as defined herein. 

ln one variation of the above embodiment, Qic is Q1
d, Q1

d is -O(Q1e), Q1
' is Q1e', and Qle' is 

10 lower alkyl, optionally substituted with one or more Q11 as defined herein. 

ln one variation of the above embodiment, Q1
e' is methyl optionally substituted with one or more 

Q11 as defined herein. 

In another variation of the above embodiment, Qlf is Q 1
h and Q1

b is heterocycloalkyl. 

In one variation of the above embodiment, Q1
h is morpholine. 

15 ln one embodiment of the compound of Formula I, Q1
a is Q1

', Qlc is Q1
e, Q1

' is Q1
'', and Q1

', is 

heterocycloalkyl, optionally substituted with one or more Q11 as defined herein. 

In one variation of the above embodiment, Qk is pyrrolidine, optionally substituted with one or 

more Q 11 as defined herein. 

In another variation of the above embodiment, Q1
'' is piperazine, optionally substituted with one 

20 or more Q11 as defined herein. 

ln yet another variation of the above embodiment, Q 1
e' is piperidine, optionally substituted with 

one or more Q11 as defined herein. 
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In yet another variation of the above embodiment, Q1
e' is morpholine, optionally substituted with 

one or more Q1r as defined herein. 

In yet another variation of the above embodiment, Q10
, is pyrrolidinone, optionally substituted 

with one or more Q ir as defined herein, 

In one embodiment of the compound of Formula I, Q1
a is Qlc, Qlc is Q1

d, Q1
d is -C(=0)(Q1

'), 

Q1
' is Q1

'', and Q1
e' is heterocycloalkyl, optionally substituted with one or more Q1f as defined 

herein. 

In certain embodiments of formula I, the subject 'Compounds are more specifically of formula II: 

R 

n 

wherein: 

Rand Q1 are as defined herein; 

or a pharmaceutically acceptable salt thereof, 



Ila 

In a second aspect, there is provided a compound of formula II' as defined above: 

Il' 

wherein: 

R
1 

is C1-6 alkyl, C1-6 alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkyl alkylene, optionally substituted with one or more R1'; 

Ri. is R1b or R1'; 

Q 1 is as defined above; 

each R1
b is independently halogen, oxo, hydroxy, or -CN; 

each RJcis independently-C(=O)O(R1r), -C(=O)(R1
'), -

C(=O)CH2(R1
'), -S(R1\-S(0)2(R1r), -N(R1r)S(Oh(Rlf), -

S(=O)(R1r), C1-6 alkyl, C1-6 alkoxy, amino, amido, C1-6 haloalkyl, 

phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or 

heterocycloalkyloxyoptionally substituted with oue or more R ld; 

each R1
' is independently halogen, hydroxy, C1-6 alkyl, C1-6 

alkoxy, C1-6hydroxyalkyl, amino, amido, cyano, orC1-6 

halo alkyl; 

each RI< is independently H, C1-6alkyl, C1-6 alkoxy, -CN, 

C 1-6 haloalkyl, phenyl, heteroaryl, cycloalkyl, or 

heterocycloalkyl; 

each Rlf is independently H, C1-6 alkyl, C1-6haloalkyl, C1-6 

alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

and 

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

II' 

wherein: 

R 1 is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkyl alkylene, optionally substituted with one or more R10
; 

R1'is R1borR1c; 

each R1
b is independently halogen, oxo, hydroxy, or-CN; 
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each R1cis independently--C(=O)O(R1r), -C(=0)(R1e), -

C(=O)CH2(R 1e), -S(R lf), -S(O)z(R1r), -N(Rlf)S(O)z(Rlf), -S(=O)(R 1r), 

lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl, 

heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or 

heterocycloalkyloxy optionally substituted with one or more R1
d; 

each R1
d is independently halogen, hydroxy, lower alkyl, lower 

alkoxy, lower hydroxyalkyl, amino, amido, cyano, or lower 

haloalkyl; 

each R le is independently H, lower alkyl, lower alkoxy, -CN, 

lower haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

each R lf is independent! y H, lower alkyl, lower haloalkyl, lower 

alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; and 

Q1 is as defined herein; 

or a pharmaceutically acceptable salt thereof. 

In certain embodiments of formula II', R 1 is lower alkyl, preferably tert-butyl, optionally 

substituted with one or more R la as defined herein. 

In certain embodiments of formula II', R 1 is cycloallcyl, optionally substituted with one or more 

20 R la as defined herein. 

In certain embodiments of formula I, the subject compounds are more specifically of fo1mula III: 

Q' N 

I(: 
III 

H 
N 

' 2b R 

wherein R2
b is independently lower alkyl, lower alkoxy, phenyl, heteroaryl, cycloalkyl, 

25 heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or more R2c; 

R2c is R2d or R2e· , 

each R 2d is independently halogen, oxo, or hydroxy; 
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each Rieis independently-N(R2g)2, -C(=O)( R2g), -

C(=O)O( R 28
), -C(=O)N(R28h, -N(R2g)C(=0)( R28), -

S(=0)2(R2g), -S(Oh N(R28
) 2, lower alkyl, lower alkoxy, 

lower haloalkyl, phenyl, heteroaryl, heteroaryloxy, 

cycloalkyl, or heterocycloalkyl, optionally substituted with 

one or more R2r; 

each R2f is independently H, halogen, lower alkyl, 

lower alkoxy, lower haloalkyl; 

each R2
g is independently H, lower alkyl, lower 

alkoxy, lower haloa!kyl, or phenyl; and 

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

m 

wherein R2
b is independently C1-5 alkyl, C1-6 alkoxy, phenyl, heteroaryl, cycloalkyl, 

heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or more R2
'; 

R2c is R2
d or R''· 

' 

Q 1 is as defined above; 

each R2d is independently halogen, oxo, or hydroxy; 

each R''is independently-N(R2'h, -C(=O)( R2
'), -

C(=O)O( R2'), -C(=O)N(R2
'),, -N(R2')C(=O)( R2'), 

-S(=0)2(R2
'), -S(0)2 N(R2") ,, C1-6 alkyl, C1 -5 

alkoxy, Cn haloalkyl, phenyl, heteroaryl, 

heteroaryloxy, cycloalL')'l, or heterocycloalkyl, 

optionally substituted with one or more R2f; 

each R2
f is independently H, halogen, C1 -6 

alkyl, C1-6 alkoxy, C1-5 haloalkyl; 

each R2
• is independently H, C1-5 alkyl, Cn 

alkoxy, C1-6 haloalkyl, or phenyl; and 

or a pharmaceutically acceptable salt thereof. 
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In certain embodiments of formula III, R2
b is lower alkyl optionally substituted with one or more 

R2
' as defined herein. 

In certain embodiments of formula III, R2
b is lower alkyl optionally substituted with one or more 

R 2d as defined herein. Preferably R2
d is hydroxy. 

In certain embodiments of either formulae 1, Il , 11' or III, Q1 is phenyl optionally substituted with 

one or more Q1
' as defined herein. 

In certain embodiments of either formulae I, 11, 11' or III, Q1 is phenyl optionally substituted with 

one or more independtly lower all7l, amino, lower alkenyl, phenyl, benzyl, lower haloalkyl, 

lower thioalkyl, cycloalkyl, cycloalkenyl, heterotycloalkyl, heterocycloallcyl allcylene, or 

heteroaryl, optionally substituted with one or more Q1r as defined herein. 

In certain embodiments of either formulae 1, 11 , IT or III, Q1 is phenyl optionally substituted with 

one or more lower alkyl optionally substituted with one or more Q1r as defined herein. 

In certain embodiments of either formulae I, 11, 11' or III, Q1 is phenyl optionally substituted with 

one or more heterocycloalkyl optionally substituted with one or more Qlf as defined herein. 
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In certain embodiments of either formulae I, II , lT or ill, Q1 is phenyl optionally substituted with 

one or more pyrrolidine, piperazine, piperidille, morpholine or pyrrolidinone, which are 

optionally substituted with one or more Qlf as defined herein. 

In certain embodiments of either formulae I, II, II' or ill, Q1 is phenyl optionally substituted with 

one or more Q1e, -O(Q1e) or -C(=0)(Q1e), which are optionally substituted with one or more Qlf 

as defined herein. 

In certain embodiments of formula III, R2
b is lower alkyl optionally substituted with one or more 

Rlc as defined herein and Q1 is phenyl optionally substituted with one or more Q1
a as defined 

herein. 

In certain embodiments of formula II', R1 is lower alkyl, preferably tert-butyl, optionally 

substituted with one or more R 1
a as defined herein and Q1 is phenyl optionally substituted with 

one or more Q1
a as defined herein. 

In certain embodiments of formula III, R2
b is lower alkyl optionally substituted with one or more 

R2
' as defined herein and Q1 is phenyl optionally substituted with one or more Q1

a as defined 

herein. 

In certain embodiments of formula II', R 1 is lower all'yl, preferably tert-butyl, optionally 

substituted with one or more R Ia as defined herein and Q1 is phenyl optionally substituted with 

one or more lower alkyl optionally substituted with one or more Q11 as defined herein. 

In certain embodiments of formula II', R 1 is lower alley!, preferably tert-butyl, optionally 

substituted with one or more R1
a as defined herein and Q1 is phenyl optionally substituted with 

one or more heterocycloalkyl optionally substituted with one or more Qlf 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 one 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 R1
• 

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. 

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 R2
• 

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, tbe application provides a method for treating an immune disorder including 

lupus, multiple sclerosis, rheumatoid arthritis, psoriasis, Type I diabetes, complications from 

organ transplants, xeno transplantation, diabetes, cancer, asthma, atopic 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 Forµmla I. 

In one embodiment, the application provides a method for preventing or treating all fonns 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 
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rejection, ofvascularized or non-vascularized transplants, comprising administering to a patient 

in need thereof the compound of Formula I. 

In one embodiment, the application provides a method for inhibiting JAK3 activity comprising 

administering the compound of Formula I, wherein the compound exhibits an IC50 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 IC50 of I 00 nanomolar or less in 

an in vitro biochemical assay of JAK3 activity. 

In one variation of the above method, the compound exhibits an IC 50 of10 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 IC50 of 50 

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

In one variation of the above method, the compound exhibits an IC50 of I 00 nanomolar or less in 

an in vitro biochemical assay of SYK activity. 

In one variation of the above method, the compound exhibits an IC50 of I 0 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 I. 

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 ofFonnula 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 can'ier, 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 Ponnula I, II, II' or III 

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 I, II, II' or III, 

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 

medicament for the treatment of an autoimmune disorder. 

In one embodiment, the application provides a compound of Ponnula I, II, II' or III, 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 

IV wherein: 
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R . R1 R2 R3 R4
• 1s , , , or , 

R 1 is lower alkyl, lower alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkylalkyl, optionally substituted with one or more R la; 

R1
" is R1

b or Rlc· , 

R2 is N(R2ah; 

R1
b is halogen, oxo, hydroxy, or -CN; 

R1cis -C(=0)0(R1r), -C(=O)CH2(R1e), -S(R1
\ -S(Oh(Ru), or -S(=O) 

(R 1r), lower alkyl, lower alkoxy, amino, amido, lower haloalkyl, phenyl, 

heteroaryl, cycloalkyl, heterocycloallcyl, cycloalkyloxy, or 

heterocycloalkyloxy optionally substituted with one or more R ld; 

R1
d is H, halogen, hydroxy, lower alkyl, lower alkoxy, or lower 

haloalkyl; 

R1
e is H, lower alkyl, lower alkoxy, -CN, lowerhaloalkyl, phenyl, 

heteroaryl, cycloalkyl, or heterocycloalkyl; 

R lf is H, lower alkyl, lower haloalkyl, phenyl, heteroaryl, 

cycloalkyl, or heterocycloallcyl; 

each R2
" is independently Hor R 2b; 

each R Zb is independently lower alkyl, phenyl, heteroaryl, cycloalkyl, 

heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with 

one or more R2
'; 

R3 is -C(=O)R3
'; 

R2
c is R2

d or R2
'· , 

2d R is halogen, oxo, or hydroxy; 

R2'is -N(R2gh, -C(=O)( R2g), -C(=O)O( R2g), -

C(=O)N(R2gh, -N(R28)C(=0)( R2g), -S(=0)2(R2g), -S(0)2 

N(R2g) 2, lower alkyl, lower alkoxy, lower haloallcyl, phenyl, 

heteroaryl, heteroaryloxy, cycloalkyl, or heterocycloalkyl, 

optionally substituted with one or more R 2r; 

each R2
f is independently H, halogen, lower alkyl, 

lower alkoxy, lower haloalkyl; 

each R Zg is independent! y H, lower alkyl, lower 

alkoxy, lower haloalkyl, or phenyl; 

R3
a is lower alkyl, lower alkoxy, phenyl, or N(R3bh; 
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each R3
b is independently H or lower alkyl; 

R4 is -O(R4a); 

Q is Qi, Q1, Q3, or Q4; 

R4
a is Hor R4b; 

R4b is lower alkyl, phenyl, benzyl, lower haloalkyl, cycloalkyl, 

heterocycloalkyl, heteroaryl, optionally substituted with one or more 

R4c· , 

R4
' is halogen, hydroxy, lower alkyl, lower haloalkyl, or 

lower alkoxy; 

10 Q1 is phenyl, optionally substituted with one or more Qi,; 

15 

20 

25 

30 

Qla is Qlb or Qlc; 

Q1b is halogen, hydroxy, -CN, -S(Q1e), -S(Oh(Qk), or-S(=O)(Q1e); 

Qlc is Qld or Q1e; 

or two Q1
a come together to form a bicyclic ring system, optionally 

substituted with one or more Q1b or Qlc; 

Qict is -O(Q1e), -S(=0)2(Q1e), -C(=O)N(Q1e)z, -S(=O) z(Q1e), -

C(=O)(Qle). -C(=O)O(Qle), -N(Qleh; -N(Qle)C(=O)(Qle), -

N(Q1')C(=0)0(Q1e), or -N(Q1e)C(=O)N(Q1eh; 

each Q1' is independently Hor Q1e'; 

each Q1'' is independently lower alley!, phenyl, benzyl, 

lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl, 

optionally substituted with one or more Q1f; 

Q1r is Qlg or Qlb; 

Q1
g is halogen, hydroxy, oxo, or -

C(=O)(Q1h); 

Q1b is lower alkyl, lower haloalkyl, lower 

alkoxy, phenyl, benzyl, cycloalkyl, 

heterocycloalkyl, or heteroaryl, optionally 

substituted with one or more Q1i; 

Q1
i is halogen, hydroxy, lower alkyl, 

lower haloalkyl, or lower alkoxy; 

Q2 is cycloalkyl, cycloalkenyl, heterocycloalkyl, or heteroaryl, optionally substituted with 

one or more Q2a; 
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Q2a is Q2b or Q2c; 

Q2b is halogen, oxo, hydroxy, -CN, -SCH3, -S(0)2CH3, or -S( =0)CH3; 

Q2c is Q2d or Q2e; 

or two Q2
' come together to form a hicyclic ring system, optionally 

substituted with one or more Q2b or Q2c; 

Q2d is -O(Q2e), -S(=0)2(Q2e), -C(=O)N(Q2e)z, -S(O) 2(Q2e), -

C(=O)(Q2e), -C(=0)0(Q2e), -N(Q2e)z; -N(Q2e)C(=O)(Q2e), -

N(Q2e)C(=0)0(Q2e), or-N(Q2e)C(=0)N(Q2e)2; 

each Q2e is independently H or Q2e'; 

each Q2'' is independently lower alkyl, phenyl, henzyl, 

lower haloalkyl, cycloalkyl, heterocycloalkyl, or heteroaryl, 

optionally substituted with one or more Q2r; 

Q2f is Q2g or Q2h; 

Q2
g is halogen, hydroxy, oxo, or -

C(=O)(Q2h); 

Q2h is lower alkyl, lower haloalkyl, lower 

alkoxy, phenyl, benzyl, cycloalkyl, 

heterocycloalkyl, or heteroaryl, optionally 

substituted with one or more Q2i; 

Q2
i is halogen, hydroxy, lower alkyl, 

lower haloalkyl, or lower alkoxy; 

Q3 is -O-Q3
', -S-Q3",-C(=O)(Q3

'), -S(=O)(Q3
'), -S(=Oh(Q3

'), -N(Q3')z, -

NHC(=O)(Q3
'), -C(=O)N(Q3

')2, or -NHC(=O)N(Q3'h; 

each Q3
' is independently Q3b or Q3

'; 

Q3
b is H; 

Q3
' is lower alkyl, lower haloalkyl, phenyl, cycloalkyl, heterocycloalkyl, 

or heteroaryl, optionally substituted with one or more Q3d; 

Q3d is halogen, hydroxyl, lower alkyl, lower alkoxy, or lower 

haloalkyl; 

30 Q4 is Q4a or Q4b; 

Q4
' is H or halogen; and 

Q4
b is lower alkyl, lower alkenyl, lower alkynyl, or lower haloalkyl; 

with the proviso that when R is R4
, R4 is -O(R4

'), R4' is H, and Q4 is Q4
', then Q4

' is not H; 
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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 

5 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 

10 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 

15 process includes at least the recited steps, but may include additional steps. When used in the 

context of a compound or composition, the tenn "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" 

20 sense of "and/or" and not the "exclusive" sense of "either/or". 

The term "independently" is used herein to indicate that a variable is applied in any one 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" 

25 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 occmTence is independent of its definition at every other occun·ence. 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 chemical moiety to the rest of the molecule of which 

5 it is a part. Thus, for example: 

MeC(=O)OR4 wherein R4 = *-<] or +<J ==:;::>.. MeC(=O)O-<] . 

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

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

The term "optional" or "optionally" as used herein means that a subsequently described event or 

10 circumstance may, but need not, occur, and that the description includes instances where the 

event or circumstance occurs and instances in which it does not. For example, "optionally 

substituted" means that the optionally substituted moiety may incorporate a hydrogen or a 

substituent. 

The phrase "come together to form a bicyclic ring system" as used herein means join to form a 

15 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 foiih. In general, the term 

20 "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," "arylalky!heterocyclyl," "alkylcarbonyl," 

"alkoxyallcyl," "cycloalkylallcyl" and the like. When the term "alkyl" is used as a suffix 

25 following another term, as in "phenylalkyl," or "hydroxyalkyl," this is intended to refer to an 

alley] group, as defined above, being substituted with one to two substituents selected from the 

other specifically-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, l-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 

2,3-dihydroxybutyl, 2-(hydroxymethyl), 3-hydrnxypropyl, and so forth. Accordingly, as used 

herein, the term "hydroxyalkyl" is used to define a subset of heteroalkyl groups defined below. 

5 The term -(ar)alkyl refers to either an unsubstituted alkyl or an aralkyl group. The tenn 

(hetero )aryl or (het)aryl refers to either an aryl or a heteroaryl 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 

10 attempts to isolate an individual tautomers usually produce a mixture whose chemical and 

physical properties are consistent with a mixture of compounds. The position of the equilibrium 

is dependent on chemical features within the molecule. For example, in many aliphatic 

aldehydes and ketones, such as acetaldehyde, the keto form predominates while; in phenols, the 

enol form predominates. Common prototropic tautomers include keto/enol (-C(=O)-CH- !:; -C(-

15 OH)=CH-), arnide/imidic acid (-C(=O)-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 

20 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 

Oilman's The Pharmacological Basis of Therapeutics, 10th Ed., McGraw Hill Companies Inc., 

New York (2001). Any suitable materials and/or methods known to those of skill can be utilized 

in carrying out the present invention. However, preferred materials and methods are described. 

25 Materials, reagents and the like to which reference are made in the following description and 

examples are obtainable from commercial sources, unless otherwise noted. 

The term "acyl" as used herein denotes a group of formula -C(=O)R wherein R is hydrogen or 

lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a group of 

fo1mula C(=O)R wherein R is alkyl as defined herein. The term C1.6 acyl refers to a group -

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

group wherein R is phenyl. 

The term "alkyl" as used herein denotes an unbranched or branched chain, saturated, monovalent 

hydrocarbon residue containing 1 to l 0 carbon atoms. The term "lower alkyl" denotes a straight 

5 or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "Cno 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, t-butyl 

or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl. 

When the term "alkyl" is used as a suffix following another term, as in "phenylallcyl," or 

10 "hydroxyalkyl," this is intended to refer to an alkyl group, as defined above, being substituted 

with one to two substituents selected from the other specifically-named group. Thus, 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 arylalkyl radicals include, but 

15 are not limited to, benzyl, phenylethyl, 3-phenylpropyl. The tenns "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 alley! group as 

defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. The term 

20 "lower halo alkyl" 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-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl, 

trifluoromethyl, trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-

bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-

25 dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyl. 

The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon radical of 1 

to 10 carbon atoms (e.g., (CH2) 0 )or a branched saturated divalent hydrocarbon radical of 2 to 10 

carbon atoms (e.g., -CHMe- or -CH2CH(i-Pr)CHr), 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-

methyl-propylene, 1, I-dimethyl-ethylene, butylene, 2-ethylbutylene. 

The term "alkoxy" as used herein means an -0-alkyl group, wherein alkyl is as defined above 

such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, t-butyloxy, 

5 pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy 

group with a "lower alkyl" group as previously defined. "Cno alkoxy" as used herein refers to 

an -0-alkyl wherein alkyl is C1.10. 

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. 

1 O The term "cycloalkyl" as used herein refers to a saturated carbocyclic ring containing 3 to 8 

carbon atoms, i.e. cyclopropyl, cyc!obutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl. 

"C3. 7 cycloalkyl" as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the 

carbocyc!ic ring. 

The term "halogen" or "halo" as used herein means fluorine, chlorine, bromine, or iodine. 

15 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, inco1porating one or more N, 0, or S heteroatoms, the remaining ring atoms 

being carbon, with the understanding that the attachment point of the heteroaryl radical will be 

on an aromatic ring. As well known to those skilled in the art, heteroaryl rings have less 

20 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 limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, 

irnidazolyl, oxazol, isoxazole, thiazole, isothiazole, lliazoline, thiadiazole and oxadiaxoline 

25 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, 

alkylsulfinyl, alkylsulfonyl, halogen, amino, alkylamino,dialkylamino, aminoalkyl, 

alkylaminoalkyl, and dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl, allcylcarbamoyl, 

dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino and arylcarbonylamino. Examples of 



WO 2009/106441 PCT/EP2009/051755 

-26-

bicyclic moieties include, but are not limited to, quinolinyl, isoquinolinyl, benzofuryl, 

benzothiophenyl, benzoxazole, benzisoxazole, benzothiazole and benzisothiazole. 

The term "heterocycloalkyl", "heterocyclyl" or "heterocycle" as used herein denotes a 

monovalent saturated cyclic radical, consisting of one or more rings, preferably one to two rings 

5 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 S(=0)0.2), 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, 

10 hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl, 

alkylarninosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylarnino, 

alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless 

otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl, 

pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl, 

15 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 ancl!or non-vascularized (e.g. bone marrow, 

pancreatic islet cells) transplants. 

20 Commonly used abbreviations include: acetyl (Ac), azo-bis-isobutyrylnitrile (AIBN), 

atmospheres (Atm), 9-borabicyclo[3.3.1]nonane (9-BBN or BBN), tert-butoxycarbonyl (Boe), 

di-tert-butyl pyrocarbonate or boc anhydride (BOC20), benzyl (Bn), butyl (Bu), Chemical 

Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole 

(CDI), l,4-diazabicyclo[2.2.2]octane (DABCO), diethylaminosulfur trifluo1ide (DAST), 

25 dibenzylideneacetone (dba), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU), N,N'-dicyclohexylcarbodiimide (DCC), 1,2-

dichloroethane (DCE), dichloromethane (DCM), diethyl azodicarboxylate (DEAD), di-iso­

propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride (DIBAL or DIBAL-H), di-iso­

propylethylamine (DIPEA), N,N-dimethyl acetamide (OMA), 4-N,N-dimethylaminopyridine 

30 (DMAP), N,N-dimethylfonnamide (DMF), dimethyl sulfoxide (DMSO), 1,1'-bis-

( diphenylphosphino )ethane ( dppe), 1, l '-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-l-carboxylic acid ethyl ester (EEDQ), diethyl 

ether (Et20), 0-(7-azabenzotriazole-l-yl)-N, N,N'N' -tetramethyluronium hexafluorophosphate 

acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole (HOBt), high pressure 

5 liquid chromatography (HPLC), iso-propanol (IPA), lithium hexamethyl disilazane (LiHMDS), 

methanol (MeOH), melting point (mp), MeSOr (mesyl or Ms),, methyl (Me), acetonitrile 

(MeCN), m-chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl t-butyl ether 

(MTBE), N-bromosuccinimide (NBS), N-carboxyanhydride (NCA), N-chlorosuccinimide 

(NCS), N-methylmorpholine (NMM), N-methylpy11'olidone (NMP), pyridinium chlorochromate 

10 (PCC), pyridinium dichromate (PDC), phenyl (Ph), propyl (Pr), iso-propyl (i-Pr), pounds per 

square inch (psi), pyridine (pyr), room temperature (Ii or RT), tert-butyldimethylsilyl or t­

BuMe2Si (TBDMS), triethylamine (TEA or Et3N), 2,2,6,6-tetramethylpiperidine 1-oxyl 

(TEMPO), triflate or CF3S02- (Tf), trifluoroacetic acid (TFA), 1,1 '-bis-2,2,6,6-

tetramethylheptane-2,6-dione (TMHD), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium 

15 tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF), 

trimethylsilyl or Me3Si (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me­

C6H4S02- 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. Rigaudy and D. P. Klesney, 

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

COMPOUNDS AND PREPARATION 

Examples of representative compounds encompassed by the present iuvention 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 

25 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 

Beilstein Institute computerized system for the generation of IUP AC systematic nomenclature. 

lf there is a discrepancy between a depicted stmcture and a name given that stmcture, the 

30 depicted structure is to be accorded more weight. In addition, if the stereochemistry of a 

structure or a portion of a stmcture is not indicated with, for example, bold or dashed lines, the 

structure or portion of the stmcture is to be interpreted as encompassing all stereoisomers of it. 
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TABLE I depicts exemplified compounds according to Formula I. 

Phenyl-[2-(3,4.5-
trimethoxy-

~ phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N~J 1-1 methanone 

-o ,o 

3-Methyl-1-[2-

H~ (3 ,4, 5-trirne tho x y-
phenyl)-5H-
pyrrolo[2,3-

~j 
b ]pyrazm-7-yl]-

I-2 butan-1-one 

-o t° 

1-[2-(3.4,5-

Ho-Z Trimethoxy-
phenyl)-5!-l-
pyrrolo[1,3-
b ]pyrazin-7-yl]- N~ l-3 ethanone , l 

-o o-

l-[2-(3,4-

'™~ Dimethoxy-
phenyl)-5H-
pyn-olo[2.3-

~j 
b]pyrazin-7-yl]-3-

l-4 methyl-butan-1-
one 

t° 

1-[2-(5-Fluoro-2-
methoxy-phenyl)-

JIN~ 5H-pyrrolo[2,3-
b ]pyrazin-7-yl]-3-
methyl-butan-1-

N~ 1-5 one 

F 
I -

I-6 

1-7 

1-8 

1-9 

I-10 

3-Methyl-1-[2-
(3-pyrrolidin-l-yl­
phenyl)-5H­
pyrrolo[2,3-
b ]pyrazin-7-yl]­
butan-1-one 

4-[7-(3-Methyl-
butyryl)-5H-
pyrrolo[2.3-
b ]pyrnzin-2-yl]-
benzamide 

3-[7-(3-Methyl-
butyryl)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]-
benzamide 

N-Methyl-3-[7-
(3-methvl-
butyryl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]-
benza1nide 

2-(3,4,5-
Trimethoxy­
phenyl)-5H­
py1rolo[2J-
b ]pyrazme-7 -
carboxylic acid 
isopropylamide 

I 
I 

H~ 

~ 
Hi•; 

'™~ 
~:H, 

lli~ 

~ H 
N-

- 0 

H~~-( 
~o )=(, 
-o 0 

I 
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l-12 

i 

l-13 

l-14 

l-15 

l-16 
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l-[2-(3,4-
Dimethoxy-
phenyl)-5H-
pyrrolo[2,3-
b]pyTaZin-7-yl]-4-
methyl-pen tan- 1-
one 

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

N.N-Dimefuyl-3-
[7-(3-mefuyl-
butyryl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]-
benzamide 

3-Mefuyl-1-(2-
phenyl-SH­
pyrrolo[2,3-
b ]pyrazin-7-yl)­
butan-1-one 

2-(3.4,5-
Trimethoxy­
phenyl)-5H­
pyrrolo[2,3-
b)pyrazine-7-
carboxylic acid 
(2-methoxy-1-
methyl-efuyl)­
amide 

2-Mefuyl-1-[2-
(3 ,4.5-trimethoxy­
phenyl)-5H­
pyrrolo[2,3-
b ]pyrazin-7-yl]­
propan-1-one 

~ 
l 

HN~ 

~o, 
-o o-

0 H;:rv 
~-

H~ 
~o µ-, 
-o o-

-29-

1-17 

I-18 

l-19 

l-20 

! 1-21 

I-22 
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2-(3,4-
Dimethoxy- HN;ilN)_ phenyl)-5H-
pyrrolo[2,3-

fl 

b ]pyrazine-7-

~o carboxylic acid 
isopropylamide - \ 

t° 

2-(3,4,5-
Trimethoxy-

Ho-J~-0 phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7- N~ carboxylic acid 
(tetrahydro-pyran- () 

4-yl)-amide - \ 
-o o-

2-(3,4-
0 

Dimethoxy-

H~N-C'NH phenyl)-5H-
pyrrolo[2.3- - H 
b ]pyraz,ine-7 -

~ carboxylic acid 
pyrrolidin-3-

~ 

ylamide; 
-o o-

2-(3,4-

H~NJJ Dimethoxy-
phenyl)-5H- - H pyn·olo[2,3- NQO b]py:razh1e-7-
carboxylic acid 
cyclobutylamide - \ 

t° 

2-(3,4- I 
Dirnethoxy-

0 ;::_ 
phcnyl)-5H- H~N o pyrrolo[2,3- - I-I ' 
b}pyrazine-7-

~ 
carboxylic acid 
(2-methoxy-1-

' 0 methoxymethyl- - \ 
ethyl)-amide 

t° 

2-(3,4-
Dimethoxy- H~N-( phenyl)-5H-
pyrrolo[2,3- - I 
b )pyrazine-7 -

Q carboxylic acid 
isopropyl-methyl-
a1nide 

-o o-
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2-(3,4- ! 0 
Dimethoxy-

IH~~~ phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 -

~ I-23 carboxylic acid 
te1i-butylamide 

-o 0-

2-(3,4-
Dimethoxy- 0 

phenyl)-5H- !LQ-\r~NH, 
pyrrolo[2,3-
b]pyrazine-7-

Q I-29 carboxylic acid 
(2-amino-1,1-
dimethyl-ethyl)-
amide; -o o-

2-(3,4-
Dimethoxy-

H~N~o phenyl)-5H-
pyrrolo[2,3, - H ' 
b ]pyrazine-7-

~ I-24 carboxylic acid 
(2-methoxy-1-
methyl-ethyl)-

2-(3-Pyrrolidin-
1-yl-phenyl)-SH-

HN~~-1( pyrrolo[2,3-
b]pyrazine-7-
carboxylic acid '-b-{) I-30 tert-butylamide 

amide -o o-

1-[2-(3,4-
I)imethoxy-

·~ 
phenyl)-5H-
pyrrolo[2,3, 
b ]pyrazin-7-yl]-

I-25 3,3-dimethyl-
butan-1-one 9' ' () 

\ 

o-

2-(3,4-
J)imethoxy- OR H'O!'N phenyl)-5H-
pyrrolo[2,3- '~0 ~ b ]pyrazine-7 -

1-31 carboxylic acid 
((!S.2R)-2- o, 
carbamoyl-

'° cyclopentyl)-
amide 

2-(3,4-
Dimethoxy- H~c(_OH phenyl)-5H-
pyrrolo[2,3-

_ ii OH 

b]pyrazine-7- Q I-26 carboxylic acid 
(2,hydroxy-1-
hydroxy1nethyl-
ethyl)-amide -o o-

2-(3,4-
Dimethoxy- HN~,D phenyl)-5H-
pj'ITolof2,3- - H 

b Jpyrazine-7 - tro I-32 carboxy1ic acid 
(tetrahydro-pyran- - \ 
4-yl)-amide ? 

(2-{[2-(3,4-
Dimethoxy-

H~NJ<_n phenyl)-5H-
pyrrolo[2,3, ''b 'rr: b ]pyrazine-7 -

I-27 carbonyl]-
amino }-2-methyl-
propyl)-carbamic 
acid tert-butyl -o o-

2-(3,4- () J) Dimethoxy- H~N NH phenyl)-5H-
- H pyrrolo[23-

NQO 
b_Jpyrazine-7-

l-33 carboxylic acld 
piperidin-4- - \ 
ylarillde 

? 
ester 

2-(3,4-
Dimethoxy- 0 

phenyl)-5H- HN~N-(__OH 
pyrrolo[2,3- - H 

b]pyrazine-7- Q I-28 carboxylic acid 
(2-hydroxy-1-
methyl-ethyl)-
amide -o o-

6-Methyl-2-

HN~~J( (3 ,4,5-trimethoxy-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 -

N~O\ 1-34 carboxyhc acid 
tert-butylamide 

I -o o-

\ 
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H2-(3,4-

~ 
Dirnethoxy-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl)-

~o 1-35 2,2-dimethyl-
propan-1-one - \ 

o-

2.2-Dimethyl-l- H 

{ 2-[3-(2-

~ morpholin-4-yl-
ethoxy)-phenyl]-
5H-pyrrolo[2,3-

I-41 b]pyrazin-7-yl}- so propan-1-one 

fN oJ 
i 

I 
2-Cyclohexyl-1-

Hdl° [2-(3,4,5-
trirnethoxy-
phenyl)-5H-
pyrrolo[2,3- N1t I-36 b ]pyrazm-7-yl]-
ethanone o, 

-o ? 

4-{ 4-[7 -(2,2- H 

Dimethyl-

~ propionyl)-5!-l-
pyrrolo[2,3- 0 
b ]pyrazm-2-yl]-

l-42 phenyl}- (N 
piperazine- l - NJ 
carboxyhc acid ''""(' 
te1t-butyl ester -f 

2-(3- Pyrrolidm-3-yl-
Methanesulfonyl-

r~ 
phenyl)-5H-
pyrrolo[2,3-
b]pyrazine-7-

1-37 carboxylic acid 
""'1 isopropylamide 

,,s{ 
0 0 

[2-(3,4,5-
trimethoxy-
phenyl)-5H- ·:~)-
pyrrolo[2,3- N1r F OH I-43 b]pyrazin-7-yl]-

F F 
methanone; 
compound with 

\ 

trifluoro-acetic 
-o o-

acid 

2-(2-Methoxy-
phenyl)-5H- HN>iN,( pyrrolo[2,3-
b ]pyrazine-7 - II 
carboxylic acid 

N~ 1-38 isopropylamide 

0 -

4-{ 3-[7-(2,2- H w Dimethyl-

ciN O 
propionyl)-5H-
pyn-olo[2J-
b]pyrazin-2-yl]-

l-44 phenyl}-
piperazine-1- N) 
carboxylic acid 

(_N 
tert-butyl ester ;ro'}-

1-Phenyl-2-[2-

~ (3 ,4,5-trimethoxy-
phenyl)-5H-
pynolo[2,3-

N~ b ]pyrazin-7-yl]-
I-39 ethane-1.2-dione 

' 0 - ' 
-o ? 

2,2-J)imethyl-l- H 

[2-( 4-piperazin-1- 7w yl-phenyl)-5H-
pyrrolo[2.3- ¢' b ]pyrazm-7-yl]-

I-45 propan-J -one 

() 
H 

2,2-Dimethyl-1- H 

{ 2-[ 4-(2-

ff morpholin-4-yl-
ethoxy)-phenyl)-
5H-pyrrolo[2,3-

l-40 b ]pyrazin-7-yl }-
propan-1-one 

r,f
0 

o.._J 

2,2-Dimethyl-l- H 

[2-(3-piperazin-1- NW yl-phenyl)-511-
pyrrolo[2,3- dN O b ]pyrazin-7-yl]-

l-46 propan-1-one 

0 
H 
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2~(3-

Methylcarbamoyl-

N~O-< phenyl)-5H-
pyrrolo[2.3-

~rr b)pyTazine-7-
1-47 carboxylic acid 

isopropylamide ~ ...... 
0 

(4-Methyl-

~ 
tetrahydro-pyran-
4-yl)-[2-(3.4,5-
trimethoxy-
phenyl)-5H-

1-53 pyrrolo[2,3-
b ]pyrazln· 7 -yl]· 
methanone () 0 

I \ 

2-[3-(l-Hydroxy-
!-methyl-ethyl)· 

~o phenyl]-5H-
pyrrolo[2,3- ~~~ b ]pyrazine-7. 

l-48 carboxylic acid 
isopropylamide ..,.. I OH 

[2-(3.4,5-

HN~ Trimethoxy-
phenyl)-5H-
pyrrolo[2,3-

~-+ b ]pyrazrn-7-yl]· 
1-54 (2,2,5-trimethyl-

f o-[L3]dloxan-5-yl)· 
methanone 0 0 

I \ 

2-Phenyl- 1-[2· 
(3,4.5-trimethoxy- Im~ phenyl)-5H-
pyrrolo[2,3-
b]pyrazln· 7 -yl]· 

~o, l-49 ethanone 

-o ¥ 

3-Hydroxy-2- Ho!h hydroxymethyl-2-
methyl-1-['2-
(3 ,4,5-trimethoxy- p:OH phenyl)-5H-

I-55 pyrrolo[2.3- f o-
b ]pyrazln· 7 -yl]· 
propan-1 -one 

/' 0 
\ 

(!-Methyl-
cyclopropyl)-[2· HN~ (3 ,4.5-trimethoxy-
phenyl)-5H-

~ 
pyrrolof2.3-

I-50 b ]pyrazln· 7 ·Yll· 
methanone o-

t° o, 

2,2-Diethoxy-l -
[2-(3.4,5- Ho!Y.r trimethoxy-
phenyl)-5H- - 0, 
pyrro1or2,3-

~o\ 1-56 b ]pyrazln-7 -yl]-
propan-1-one 

-o o-

i 
2-(3,4,5-

Trimethoxy-

HNX{)\on phenyl)-5H-
pyrrolo[2,3-
b}pyrazine-7-

N~o, I-51 carboxylic acid 
(3-hydroxy-2,2-
dimethyl-propyl)· o-
amide -o 

2-(3-Methoxy-
phenyl)-5H-

r~ 
pynolo[2,3-
b ]pyrazine-7-
carboxylic acid 

1-57 isopropylamide 

o" 

(3-Methyl- ' 
oxetan-3-yl)-[2- I Her!D (3 ,4.5-trimethoxy-
phenyl)-5H- N?; pyrrolo[2,3-

1-52 b ]pyrazln· 7 -yl]· 
' o-methanone 

2-(5-Chloro-2-
methoxy-phenyl)-

t~ 
5H-pyrrolo[2.3· 
b ]pyrazine-7 -
carboxylic acid 

I-58 isopropylamide -o 
I 

Cl 
0 o, 

I 
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3,3-Dimethyl-1-
[2-(3-morpholin-

H~ 4-yl-phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]-

~ 
, 

1-59 butan-1-one 

N'\ 
\_/ 

3-Methyl-3-[2-
(3,4,5-trimethoxy-
phenyl)-5H- np;b 
pyrrolo[2,3- - 0 

N N N"f 
b )pyrazine-7- 1}0-0-f 1-65 carbonyl}-
piperidine-1-
carboxylic acid /' 0 

tert-butyl ester \ 

3,3-Dimethyl-l- 2-(2-
[2-(3-pyrrolidin-

l~ 1-yl-phenyl)-5H-
pyrrolo[2.3-
b]pyrazin-7-yl]-

N~ l-60 butan-1-one 

_{) 

Trifluoromethoxy 

!!Nx-~,( -phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7- N ON. ..-{.F 

1-66 carboxylic acid OF isopropylamide 

2-[3-(Pyrrolidine-
1-carbonyl)-

r~ 
phenyl]-5H-
pyrrolo[2,3-
b }pyrazine-7-

1-61 carboxylic acid 1() isopropylamide 

0 

(3-Methyl-
piperidin-3-yl)-[ 2- HRb (3 ,4,5-trimethoxy-
phenyl)-5H- N N J\TI 
pyrrolo[2,3-

~o-1-67 b ]pyrazm-7-yl]-
methanone 

p 0 
\ 

2-(2-Chloro-
phenyl)-5H-

H~fr,( pyrrolo[23-
b ]pyrazine-7 -
carboxyllc acld 

I-62 isopropylamide 'O 

2-(3,4,5-
Trimethoxy- 0-0 
phenyl)-5H- Ho-4'~ j 
pyrrolo[2,3-
b ]pyrazine-7 -

~o I-68 carboxylic acid 
phenylamide - \ 

-0 o-

l-[2-(3,45- 3-[7-(2,2-
Trimethoxy-

H~ phenyl)-5H-
pyrrolo[2,3-

~ 
b ]pyrazin-7-yl]-

, 
1-63 propane-1,2-dione 

o, 

-o o-

Dimethyl-

~ propionyl)-SH-
pyrrolo[2,3-

~ b ]pyrazin-2-yl]-
1-69 benzoic acid te1t-

butyl ester 

0 

2,2-Dimethyl-l-
H 

[2-(3-pyrrolidin- p: l-yl-phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]-

1-64 propan-1-one 

0 

3-(7-
Isopropylcarbamo 

~o yl-5H-
pyrrolo[2,3- ~·1 b ]pyrazin-2-yl)-

1-70 benzoic acid tert-

I I o butyl ester 

I " 'A 
I 
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3-( 3-Methyl-3-

~~ 
[2-(3,4,5-
trimethoxy-
phenyl)-5H-
pyrrolo[2,3-

1-71 b }pyrazine-7 -
' o-carbonyl]-

piperidiu-1-yl )-3-
t° o, 

oxo-propionitrile 

I 

2-(3-
Methylcarbamoyl-

r~ 
phenyl)-5!-l-
pyrrolo[2.3- N H 0 
b ]pyrazine-7- \ 

I 

I-77 carboxylic acid 
I ~ ((S)-2-methoxy-l- ,, 

methyl-ethyl)-
0 

amide 

I 
2-(3.4-

Dimethoxy- HNXNH, phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 - N~/ I-72 carboxylic acid 
amide 

1 0 

0 
I 

(4-Methyl-

~ 
tetrahydro-
thiopyran-4-yl)-
[2-(3,4,5-
trirnethoxy-

I-78 phenyl)-5H-
pyrrolo[2.3-
b ]pyrazin-7-yl]-

'° 
o, 

methanone 

2-(3,4,5-
Trimethoxy- HNxN~ phenyl)-5!-l-
pyrrolo[2,3- H on 

b Jpyrazine-7 - N~J l-73 carboxyllc acid 
(2-hydroxy-
propyl)-amide 

-o I 

2-(2.4-
f)imelboxy- H~~,l_ phenyl)-5!-l-
pyrrolo[2,3-
b }pyrazinc-7 - N~ I-79 carboxylic acid 
isopropylamide 

I' 0 
I 

2-(2,5-
Dimethoxy-

HNx~,( phenyl)-5H-
pyrrolo[2.3-
b )pyrazine-7-

N~o, I-74 carboxylic acid 
isopropylamide 

I 

(4-Methyl-1,1-

~ 
dioxo-hexahydro-
1/~6-thiopyran-4-
yl)-[2-(3.4,5-
tiimethoxy- ,•o 

I-80 phenyl)-5H- 0 

pyrrolo[2.3- o-
b ]pyrazin-7-yl]- 0 0 
methanone I \ 

3,3-Dlmethyl-l-

I 
[2-(3-morpholin-

H~ 4-ylmethyl-
phenyl)-5!-l-
pyrrolo[2.3- Nir') I-75 b ]pyrazin-7-yl]-
butan-1-one 

Co 

2-(3.4-
Dimethoxy- 0 

phenyl)-5H- H~w-() O 
pyrrolo[2,3-

~1 b ]pyrazinc-7 - . 

I-81 carboxylic acid 
(1-acetyl- ' pyrrolidin-3-yl)-
amide -o o-

2-(3- 2-(3,4,5-
Methylcarbamoyl-

Nio phenyl)-5H-
pyrrolo[2.3- ~'-{., b.Jpyrazine-7 -

I-76 carboxylic acid 
(2-methoxy-1-

n 

i 
s, 

methyl-ethyl)-
0 

amide 

Trimethoxy- 0 

phenyl)-5H- H~N)-
pyrrolo[2,3- - I-I 

b ]pyrazine-7 - ~o, I-82 carboxylic acid 
(2-methoxy-

' 
o, 

propyl)-amide 
-o o-
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2-( {[2-(3,4,5-

I :H!~-Joi-Trimethoxy-
phenyl)-SH-
pyrrolo[2,3-
b ]pyraziue-7 - 'Q-o, 1-83 carbonyl]-
amino} ~1nethyl)-
pyrrolidine-1- -o 0 
carboxylic acid I 

2-Methyl-2-[2-

"~-'( 
(3 ,4,5-trimethoxy-
phenyl)-5!-I-
pyrrolo[2,3- ~· .-(: b ]pyrazine-7 -

1-89 carbonyl}- f o-
pyrrolidinc-1-
carboxylic acid t° o, 
tert-butyl ester 

tert-butyl ester 

2-(3,4-
Dimethoxy- rm~~-0JZ phenyl)-5H-
pyrrolof2,3-
b ]pyrazine-7 - tro 1-84 carboxylic add 
(1-acetyl-
piperidin-4-yl)- \ 

amide o-

(2-Methyl-
pyrro!idin-2-yl)- HK& [2-(3,4,5-

'P-" trimethoxy-
phenyl)-5H-

1-90 py11'olo[2,3- ' o-b ]pyrazin-7-yl]-
methanone 0 0 

I \ 

2-(3,4-
Dimethoxy-

HN~~..cN-phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 - N'-b-0\ 1-85 carboxylic acid 

i (!-methyl-
pyrrolidin-3-yl)-

0-
amide 

2-Pheny!-l-[2-

* 
(3 ,4,5-trimethoxy-
pheny1)-5H-
pyrrolo[2,3-

HN 
b ]pyrazin-7-yl]-

~cf 1-91 propan-1-one 

-o 0-

2-[3-(3-Methoxy-

P9i" pyrrolidin-1-yl)-
phenyl]-5H- & ~-f pyrrolof2.3-
b ]pyrazine-7 -

1-86 carboxylic acid 
tert-butylamide q 

o, 

2-(3,4,5-
Trimethoxy- ct .O"OH phenyl)-SH- FL"'J' N 

pyrrolo[2,3- i-I 

b )pyrazine-7 -

~ I-92 carboxylic acid 
(4-hydroxy- cf 
cyclohexyl)-
amide -0 o-

2-[3-(3-Methoxy- Via pyrrolidin-1-yl)-
phenyl]-SH-

g~-:1 pyrrolo[2,3-
b ]pyrazine-7-

1-87 carboxylic acid 
((S)-2-methoxy-l-
metliyl-ethyl)-
amide 

o, 

2-(3,45-
Trimethoxy- H~N-O~o phenyl)-5H-
pyrrolo(2,3-

~" ~ b }pyrazine-7 -
1-93 carboxylic acid 

(1,1-dioxo-
tetrahydro-1/~6-
thiophen-3-yl)- -o o-
amide 

2-(3,4,5-
Trimethoxy-

IFL~ND phenyl)-5H-
pyrrolo[2,3- - H 
b ]pyrazine-7 -

~ 1-88 carboxylic acid 
(tetrahydro-pyran- cf 
3-yl)-amide 

-o 0-

2-(3,4,5-

H~ND Trimethoxy-
phenyl)-5H- H N 
pytTolo[2,3-

N~O b ]pyrazine-7-
1-94 carboxylic acid 

(pyrrolidin-2- - \ 
ylmethyl)-amide -o /' 
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2-(3,4,5-
Trimethoxy- 0 0 

phenyl)-5H- Hx~I:) pyrrolo[2,3-
b ]pyrazine-7 - Q-o, I-95 carboxylic acid 
(1-acetyl-
pyrrolidin-2- -o 

'° ! 
ylmethyl)-amide 

2-(3-
Dimethylamino- 0 
phenyl)-5H- H~t~ pyrrolo[2.3-

I b ]pyrazine-7 -
1-101 carboxylic acid No-/ isopropylamide N 

' 

I 
3-( { [2-(3,4,5-

"~'D-<~ 
Trimethoxy-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 -

I-96 carbonyl]-
amino }-metl1yl)- - \ 
pyrrolidine-1- -o 0 
carboxylic acid I 

2-Methyl-2-
(teLTahydro-pyran-

H~o-0 2-yloxy)-1-[2-
(3 ,4,5-trimethoxy-
phenyl)-5H-

~() I-102 pyn-olo[2.3-
b ]pyrazin-7-yl]-
propan-1-one - \ 

-o o-

tcrt-butyl ester 

2-(3,4.5-
Trirnethoxy-

~:-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 -

I-97 carboxylic acid 
(pyrrolidin-3- - \ 
yhnethyl)-amide -o t° 

3,3-D1methyl-l-

H~ 
[2-(3,4,5-
trimethoxy-
phenyl)-5H-
pyrrolo[2.3- NP-l-103 b]pyrazin-7-yl]- i 

butan-l-0nc r o - \ 
-o o-

2-(3,4,5- 2-[3-(2-0xo-
Trimethoxy-
phenyl)-5H- H~N"'c H 0 
pyrrolo[2,3- N N N~ 
b ]pyTazine-7 - Q-o, l-98 carboxylic acid 
(1-acetyl-
pyrrolldin-3- -o 0 
ylmethyl)-amide I 

pyrrolidin-1-yl)-

HN~NJ( phenyl]-5H-
pyrrolo[2.3- - H 
b ]pyrazine-7-

't>-N~ I-104 carboxylic acid 
tert-butylamide 

i 
! 
i 
i 

l-{2-[4-(4- H 

Acetyl-piperazin- J1} l-yl)-phenyl]-5H-
pyrrolo[2,3-
b ]pyrazm-7 -yl }-

I-99 2.2-dimethyl-
propan-1-one (N 

,,_) 
~ 

0 

2-(3.4,5-
Tlimethoxy-

H~~cN 0 phenyl)-5H-
pyrrolo[2.3-

N 1' --< 
b Jpyrazine-7- .'=Q- \NH 

1-105 carboxylic acid 
(1- '\ 
ethylcarbamoyl- -o t° pyrrolidin-3-
ylmethyl)-amide 

l-{2-[3-(4-
Acetyl-piperazin-

~ 
l-yl)-phenyl]-5H-
pyrrolo[2,3-
b ]pyrazin-7 -yl }-

1-100 2.2-dimethyl- \ N"'i propan-1-one 
l...,,.N-.r° 

2-(3.4.5· 
Trimethoxy- HN;t~D phenyl)-5H-
pyrrolo[2.3-
b ]pyrazine-7 - N~0\ NII I-106 carboxylic acid 
(piperidin-4-
ylmethyl)-amide -0 t° 

I 
! 

I 
! 
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2-(3,4,5-
Trimethoxy-

HN;Y~D phenyl)-5H-
pyrrolo[2,3- Q- N 
b ]pyrazine-7 - {° 

I-107 carboxylic acid 
(1-acetyl- 0 

\ 
piperidin-4- -o 0 
ylmethyl)-amide I 

l-{2-Methyl-2-

H:~-( [2-(3,4,5-
trimethoxy-
phenyl)-5H-
pyrrolo[2.3-

~0-I-113 b ]pyrazine-7 -
carbonyl]-
pyrrolidin-1-yl) -
ethanone t° o, 

2-(3,4,5-
Trimethoxy-

,:(~y phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 - 11-j I-108 carboxylic acid 
isobutyl-amide 

-o o-

2,2-Dimethyl-1-
0 [2-(3,45-

H~ trimethoxy-
phenyl)-5H-
pyrrolo[2,3-

l-114 b jpyrazin-7-yl]-
butan-1-one ~o \ 

-o o-

2-(3,4,5- 2,2-Dimethyl-1-
Trimethoxy- 0 

phenyl)-5H- H~N"'-'f' 
pyrrolo[2,3-

~ I' b ]pyrazine-7 -
I-109 carboxylic acid 

(2· 
methanesulfonyl- -o o-
ethyl)-amide 

[2-(3-pyrazol-1- 0 

yl-phenyl)-5H- El~ pyrrolo[2,3-
b ]pyrazin-7 -yl]-

~ I- 115 propan-1-one 

N:i 
""' 

2-(3,4,5- 2-(3-Chloro-5-
Trimethoxy- ~o phenyl)-5H- H N~" 
pyrrolo[2.3- H ~~NH 
b ]pyrazine-7 - ~o' I-l!O carboxylic acid 
(2-sulfamoyl· 
ethyl)-a1nide 

-o o-

fluoro-phenyl)- ! 
5H-pyrrolo[2,3- ~o 
b ]pyrazine-7 -

N -< 
carboxylic acid ~u l-116 isopropylamide 

Cl 

2-(3,4,5-
Trimethoxy-
phenyl)-5H- H~Nr 
pyrrolo[2.3- - H OH 

b ]pyrazine-7 -

~; I- 111 carboxylic acid 
(2,3-dihydroxy-
propyl)-amide 

-o o-

(!·Methyl· 

"~ 
cyclohexyl)-[2-
(3 ,4,5-trimethoxy-
phcnyl)-5H-
pyrrolo[2,3-

1-117 b ]p)7aZlll-7 -yl]-
mcthanone 

0 0 
I \ 

2-(3,4,5-
Trimethoxy- IL~N~ i 
phenyl)-5H-

i pyrrolo[2,3- - H 

b ]p)'Tazine-7-

~6 l-112 carboxylic acid 
(tetrahydro-furan-
3-yl)-amide 

-o 0-

3,3,3-Trifluoro-2-

H~; methyl-2-
trifluoromethyl-1-
[2-(3.4,5· 
trimethoxy-

~F l-118 phenyl)-5H-
pyrrolo[2,3- r ' o 
b]pyrazin-7 -yl]- - \ 
propan-1-one -o o-
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l-[2-(3-Fiuoro- l-[2-(3-
phenyl)-5H- 0 
pyrrolo[2,3-

H~ b ]pyrazin-7-yl]-
2,2-dimethyl-

1-119 propan-1-one N'-b-F 
Dimethylamino-

H~ phenyl)-5H-
pyrrolo[2.3-
b]pyrazin-7-yl]-

l-125 2,2-dimethyl- 'iJ1 propan-1-one N 

' 

2-(3,4,5- 2.2-Dirnethyl-1-
Trimethoxy-
phenyl)-5H- ,:tN-yo, 
pyrrolo[2,3- H 

b]pyrazine-7 -

~j I-120 carboxylic acid 
(2-methoxy-
ethyl)-amide -o 0-

{2-[3-(2H-

~ pyrazol-3-yl)-
phenyl]-5H-
pyrrolo[2,3-

~ l-126 b]pyrazin-7-yl}- II 
propan-1-one - N,~ 

2,2-Dimethyl-1-
{2-[3-(5-methyl- 0 
[1,3,4\oxadiawl- IL~ 2-yl)-phenyl]-5H-
pyrrolo[2.3-

~ l-121 b]pyrazin-7-yl}-
propan-1-one -' ;_r 

2-(3,4,5-
Trimethoxy- 0 

phenyl)-5H- Il~N~ 
pyrrolof2,3-

~~ b ]pyrazine-7-
l-127 carboxylic acid 

I (3-methoxv- 0 
propyl)-amide 

-o o-

2-(3,4,5-
Trimethoxy-

'"o!N~ phenyl)-5H-
pyn·olo[2,3- - H 
b]pyrazine-7 -

~j I-122 carboxylic acid 
(2,2-dimethyl-
propyl)-arnide 

-o o-

l-[2-(4-Methoxy-
phenyl)-5H- II>* pyrrolo[2,3-
b]pyrazin-7-yl]-
2,2-dimethyl- Q I-128 propan-1-one 

o-

2-(3,4,5- 3-[7-(2,2-
Trirnethoxy-

Il~N~o phenyl)-5H-
pyrrolo[2,3- - H ' 

b ]pyrazine-7-

~l l-123 carboxylic add 
(2-methoxy-2-
methyl-propyl)-
amide -o o-

Dimethyl-

n~ propmnyl)-5H-
pyrrolo[2,3-
b ]pyrazio-2-yl]-

~:-l-129 N-methyl-
benzamide 

H 

2,2-Dimethyl-l- 0 l-[2-(3-
[2-(4-pyrrolidin-

'~~ l-yl-phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N~ [-124 propan-1-one 

0 

Methoxyinethyl-

H~ phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- Nb-0-1-130 2.2-dimethyl-
propan-1-one 
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(!-Methyl- 2,2-Dirnethyl-l-
cyclohexyl)-[2-(3-

"80 pyrrolidin-1-yl-
phenyl)-SH-
pyrrolo[2,3-

N~{) 1-131 b ]pyrazin-7-yl]-
methanone 

[2-(3-piperidin-1-

HN~ yl-phenyl)-SH-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

~{) 1-137 propan-1-one 

l-[2-(4- 0 
Methoxymethyl- II~ phcnyl)-5H-
pyrrolo[2,3- Nq_ b]pyrazin-7-yl]-

1-132 2,2-dimethyl-
propan-1-one 

o, 

2,2-Dimethyl-1-
f2-(3-morpholin- 0 

4-yl-phenyl)-SH- H~ pyrrolo[2,3-
b]pyrazin-7-yl]-

~o 1-138 propan-1-one 

l-[2-(2-Methoxy- 3-[7-(2.2-
phenyl)-SH- aQ4-pyrrolo[2,3-
b ]pyrazin-7-yl]-
2.2-diinethy1-

~ 1-133 propan-1-one 

Dirnethyl-

II~ propionyl)-5J-I-
pyrrolo[2,3-
b]pyrazin-2-yl]-

I 
l-139 benzoic acid ~OH 

0 

l-[2-(3-Methoxy- l-[2-(3-
phenyl)-5H- 0 
pyrrolo[2,3- Il'04-b ]pyrazin-7-yl]-
2,2-diinethyl-

1-134 propan-1-one ~o \ 

Isopropenyl-

HN~ phenyl)-5H-
pyn·olo[2,3-
b ]pyrazin-7-yl]-

b-< 1-140 2,2-dimethyl-
propan-1-one 

2,2-Dimethyl- l - l-[2-(3-Hydroxy-
(2-phenyl-SH-
pyiTolo[2,3-
b]pyrazin-7-yl)-
propan-1-one 

I-135 

phenyl)-SH-

H~ pyrrolo[2,3-
b]pyrazin-7-yl]-
2.2-dimethyl-

~ l-141 propan-1-one 

OH 

N-Cyclopentyl-3- (!-Methyl-
[7-(2.2-dirnethyl-

H~ propionyl)-5H-
pyrrolo[2,3-
b ]pyrazm-2-yl]-

~-0 I-136 benzamide 

cyclopentyl)-[2- 0 
(3-py1rnlidin-l-yl-

~ 
phenyl)-5H-

I pyrrolo[2,3-
I-142 b ]p)Tazin-7-yl]-

methanone 
- N~ 
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4-Methoxy-l-[2-
(3 ,4,5-trimethoxy- H~o, phenyl)-5H-
pyrro!o[2,3-
b]pyrazin-7-yl]-

~o I-143 pentan-1-one 

\ 
-o o-

1-{2-[3- 0 

Methoxy-5-(1- H>V oxo-1/.,4-

tlriomorpholin-4-
yl)-phenyl]-5H- Nt>-N/\ 1-149 pyrrolo[2,3-
b]pyrazin-7-yl}-
2.2-diinethyl- 'c __ /"'o 
propan-1-one 0 

' 
I 

(!-Methyl-
cycloheptyl)-[2- 0 
(3-pyrrolidin-1-yl-

~ 
phenyl)-5H-
pyrrolo[2,3-

I-144 b]pyrazin-7-yl]-
methanone _() 

1-{2-[3-(l,l-

H~ Dioxo-1/...6-

thiomorpholin4-
yl)-5-methoxy-
phenyl]-5H-

1-150 pyrrolo[2,3-
b ]pyrazin-7-yl }- t>-/\,o 
2,2-dimethyl- \_,,sf,o 

propan-1.-one 0 

' 

l-[2-(3-
Ethylamino-

H~ phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]-

N~H I-145 2.2-dimethyl-
propan-1-one 

" - '-

l -[2-(3- H 
Methoxymethoxy- Nh 5-pyrrolidin-1-yl-
phenyl)-5H-

5-6 pyrro!o[2,3-
l-151 b ]pyrazin-7-yl]-

2,2-dimethyl-
propan-1-one 0 0\ 

l-[2-(3-
Diethylamino-

HK~ phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

I-146 2,2-dimethyl-
propan-1-one b-r '-

l-[2-(3- 0 

Isopropoxy-.S- H~ pyiTolidin-1-yl-
phenyl)-5H-
pynolo[2,3- 'b--o I-152 b]pyrazin-7-yl]-
2,2-dimethyl-
propan-1-one 

0 

_.(__ 
! 

l-[2-(3-Amino-
pbenyl)-5H- Hdrc pyrrolo[2,3-
b ]pyrazin-7-yl]-
2,2-dimethyl-

b-1-147 propan-1-one 

NH1 

l-[2-(3-Ethoxy-

H~ 5-pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[Z,3-

'-b-o b]pyrazin-7-yl]-
I-153 2,2-dimethyl-

propan-1-one 

I 
01 

l-[2-(3-Methoxy-

H~ 5-thiomorpholin-
4-yl-phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]- 1>-I-148 2,2-dimethyl-
propan-1-one () 

0 

' 

1-[2-(3-Hydroxy- H0 5-pyrrolidin-l-yl-
phenyl)-5H-
pyrrolo[Z,3-
b ]pyrazin-7-yl]-

~ 1-154 2,2-dimethyl-
propan-1-one HO 
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[2-(3-Methoxy-5- 0 1-{2-[3-(l,l- H 
HC(b n thiomorphobn-4- Dioxo-l.J..6-

yl-phenyl)-5H- thiomorpholin-4-

)' pyrrolo[2,3- yl)-5-(2-hydroxy-

h ]pyrazin-7-yl]- 1-methyl-ethoxy)-

l-155 (!-methyl- 1-161 phenyl]-5H-

cyclohexyl)- ~"" pyrrolo[2,3-

methanone us b]pyrazin-7-yl )- N) 
0 2,2-dimethyl-

HO (_S:::::o I propan-1-one II 
0 

{2-[3-(1,1-

H~ 
l-{2-[3-(2- H 

Dioxo-1/..6- Methanesulfonyl- Nn thiomorpholin-4- ethoxy)-5-
yl)-5-methoxy- pyrrolidin-1-yl- ,-6 phenyl]-5H- N~ /,N phenyl]-5!-l-

1-156 pyrrolo[Z,3- 1=>-ot0 

I-162 pyrrolo[2,3-
b]pyrazin-7-yl)- b ]pyrazin-7-yl )- ~ ~o (!-methyl- 2-2-dimethyl-
cyclohexyl)- propan-1-one O:::::s 

0 0 0' \. 
methanone \ 

{2-[3-Methoxy-

H~ 
1-{2-[3-(1.1- H 

~ 5-(1-oxo-11-4 - Dioxo-1/~6-

,J thiomorpholin-4- thiomorpholin-4-
yl)-phenyl[-5H- yl)-5-(1-methyl-
pyrrolo[2,3-

1J-<~)~o 
pyrrolidin-3-

1-157 b ]pyrazin-7-yl }- 1-163 yloxy)-phenyl]-
(!-methyl- 5f-I-pyTrolof2,3-
cyclohexyl)- b ]pyrazin-7-yl }- Q (> methanone 0 2,2-dimethyl-\ 

propan-1-one I 
I 1'f'::::-o 

0 

l-{2-[3-(2,3-

N~ 
l-{2-13-(l,l- H 

Dihydroxy- Dioxo-1/.6- N~ propoxy)-5-(J, 1- thiomorpholin-4-
dioxo-1/,6-

)51 
yl)-5-(1-methyl- ,Jsz thiomorpholin-4- piperidin-4-

l-158 yl)-phenyl]-5H- l-164 yloxy)-phenyl]-
pyrrolo[2,3- 5H-pyr:rolo[2,3-
b]pyrazin-7-yl}- HO~ Ls=o b]pyrazin-7-yl }- 0 N) 
2,2-dimethyl-

OH ~ 2.2-dimethyl- N (_5::=:.0 

propan-1-one p:ropan-1-one I n 
0 

l-{2-[3-(3- 1-{2-[3-(1,1- H 

.Methanesulfonyl-

H>Yt 
Dioxo-1/~6- N~ propoxy)-5- thiomorpholin-4-

pyrrolidin-1-yl- yl)-5-(2-hydroxy- OJ phenyl]-5H- 1-hydroxymethyl-

I 
l-159 pyrrolo[2,3- l-165 ethoxy)-phenyl]-

b ]pyrazin-7-yl }-
0 ~o 5H-pyrrolo[2,3- Ho') ~NJ 

I 
2,2-dimethyl- 11;,P b]pyrazin-7-yl }-

HO ~s=o 
propan-1-one ,,.,..s~o 2,2-dimethyl- II 

I propan-1-one 
0 

I 

l-{2-[3-(2- H l-{2-[3-(2-

~ 
H 

Dimethylamino-

;:S' 
I)irnethylamino-

N~ cthoxy)-5-(1,1- ethoxy)-5-(3,3-
dioxo-1/"6

- dimethyl-

-,~;s thiomo:rpholin-4- pyrrolidm-1-yl)-
l-160 yl)-phenyl]-5H- l-166 phenyl]-5H-

pyrroio[2,3- pyrrolo[2,3-
b]pyrazin-7-yl }-

N) 
b]pyrazin-7-yl }-

I Ck 2,2-dimethyl- r- \_r1==0 2.2-dimethyl-
propan-1-one 0 propan-l -one 
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1-{2-[3-(2,3- 0 

Dihydroxy~ HC(t 
propoxy)-5-(3,3-
dimethyl- Nb-Ncr pyrrolidin-1-yl)-

1-167 phenyl]-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl }-

HO~ 2,2-dimethyl-
propan-1-one OH 

2,2-Dimethyl-l-
{2-[4-(3- 0 

trifluoromethyl- HN~ J 5,6-dihydro-SH-
~ HO 

[ L2,4] triazolo[4,3 

N~ I-173 -a]pyrazin-7-

~ / ~ ~Jlx' ylmethyl)-
phenyl]-5H- N~ FF 
pyrrolo[2,3-
b]p)78Zin-7-yl}-
propan-1 -one 

2,2-Dimethyl-l- 0 

{ 2-[3-(2-thia-7- Ho:r aza-spiro [ 4.4 ]non-
7-yl)-phenyl]-5H-
pyrrolo[2,3-

t;_(p I-168 b]pyrazin-7-yl}-
propan-1-one 

4-{3-[7-(2,2-
Dimethyl-

H~ propionyl)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]- Nb-/--<:_ I-174 phenyl)-1,5-
dimethyl-
piperazin-2-one r 

l-{2-[3-(2-2-
0 

Dioxo-2/~6-thia-7- HQY aza-spiro[ 4.4 ]non-
7-yl)-phenyl!-5H-
pyrrolo[2,3- Nb- o I-169 b]pyrazin-7-yl}- M--o 
2,2-dimethyl-

~~& propan-1-one 

[2-(3- 0 

Cyclopentylarnino HP:o -phenyl)-SH-
pyrrolo[2,3-

~b 
b ]pyrazin-7-yl]-

I-175 (!-methyl-
cyclohexyl)-
methanone 

2,2-f)iinethyl-1-

Helt { 2-[3-(2-oxo-n4
-

thia-7-aza-
spiro[4.4]non-7-
yl)-phenyl]-5!-1- Nb- 0 I-170 pynolo[2,3- II 

s 
b]pyrazin-7-yl}-

~~ NcP propan-1-one 

{2-[3- 0 

(Cyclopen\yl- Ho::o methyl-amino)-
phenyl]-5H-
pyrrolo[2,3- Nb-/ I-176 b]pyrazin-7-yl }-
(!-methyl-
cyclohexyl)- b methanone 

2,2-Dimethyl-1-

HN* 
{2-[3-(3-
trifluoromethyl-
5,6-dihydro-SH-

N~ [ l ,2,4Jtnazolo[ 4,3 
I-171 -a ]pyrazin-7 -

I" ~'\ ylmethyl)-
phenyl]-5H-

~ N'iN 
pyrrolo[2,3- f;-7-F 

1-[2-(3- 0 

Cyclopentylamino Ho:r -phenyl)-SH-
pyrrolo[2,3-

"'b-b 
b ]pyrazin-7-yl]-

I-177 2,2-dimethyl-
propan-1-one 

b ]pyrazin-7-yl}-
propan-1-one 
1-{ 2-[3-(5,6-

H~ Dihydro-8H-
[ 1,2,4] triazolo[ 4,3 
-a }pyrazin-7 - N;._ /,N 

ylmethyl)-

~N I-172 phenyl]-SH-
pyrrolo[2,3-
b ]pyrazin-7-yl }- \_~N 
2,2-dimethyl- N \ '0'N 
propan-1-one 

1-{2-[3-(2-

Hcc1Y Hydroxy-
cyclopentylarnino 
)-phenyl]-5H- Nb-H pyrrolo[2,3-

I-178 b ]pyrazin-7-yl }-
2,2-dimethyl- Nt(H propan-1-one 
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3-Meiliyl4-{3-
[7-(1-meiliyl- 0 

cyclohexanecarbo HP:D nyl)-5H-
pyrrolo[2,3- NtrxH 1-179 b ]pyrazin-2-yl]-
phenyl}-
piperazin-2-one \_/ 

l-[2-(3-

H~ Isopropylamino-
phenyl)-5H-
pyrrolo[2.3-
b ]pyrazin-7-yl]-

N~M 1-185 2,2-dimethyl-
propan-1-one 

r-
1-(2-{3-[4-(2- Ho!r Hydroxy-acetyl)-

piperazin-1-yl]-
phenyl}-5H-

~ 
pyrrolo[2,3-

I-180 b ]pyrazm-7-yl)-
I\ 0 

2,2-dirnethyl- N\_/N) 
propan-1-one 

l-{2-[3-(4-
Methanesulfonyl-

H~ piperazin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- N~ /,N 

1-186 b]pyrazin-7-yl)-
2-2-dimeiliyl- ~/\ R,,,o propan-1-one N N-S 

\__/ \ 
HO 

2,2-Dimethyl-1- 0 

{2-[3-(1-meiliyl- H~ pyrrolidin-3-
ylammo)-phenyl]-

~ 
5H-pyrrolo[2,3-

1-181 b ]pyrazin-7-yl }-
propan-1-one - ~CN" 

l-{2-[4-(4-

HN~ Methanesulfonyl-
piperazin-1-yl)-
phenyl]-5H-

-~ pyrrolo(2,3-
1-187 b]pyrazin-7-yl)- N~ I: l 

2,2-dimeiliyl-

LN,£Eo propan-1-one 

I 

2.2-Dimethyl-l- 0 

{ 2-[3-(tetrahydro- H~ furan-3-ylamino )-
phenyl]-5H-

"trb 
pyrrolo[2,3-

!-] 82 b ]pyrazin-7-yl )-
propan-1-one 

1-(2-{3-[4-(2-
Hydroxy-eiliyl)- 0 

piperazin-1-yl]- H~ phenyl )-SH-
pyrrolo[2.3-

·~,f\H 1-188 b ]pyrazrn-7-yl)-
2,2-dimethyl-
propan-1-one \___/ "-oH 

l-(2-{4-[4-(2- HN?; Hydroxy-acetyl)-
piperazin-1-yl]-
phenyl}-5H-

N~ pyrrolo[2,3-
"' "" 1-183 b ]pyrazin-7-yl)- I 

2,2-dimethyl- h- Nl 
propan-1-one ~NY'OH 

0 

' 1-{ 2-[3-((lR-25)- Ho!r 2-Hydroxy- I 
cyclopentylamino 
)-phenyl]-5H- \_b-H pyn-olo[2,3-

1-189 b]pyrazin-7-yl}-
2,2-dimeiliyl- N

0
0H 

propan-1-one 

I 1-(2-{4-[4-(2-

HN~ 
Hydroxy-eiliyl)-
piperazin-1-yl]-
phenyl}-5H-

p N 
pyrrolo[2,3-

N~ l-184 b ]pyrazin-7-yl)-
2,2-dimethyl- I b ('I 
propan-1-one ~N~OH 

1-{2-[3-(l-
Methanesulfonyl-
piperidin-4- HN* ylamino)-phenyl]-

N~H 5H-pyrrolo[2,3-
1-190 b]pyrazin-7-yl }- ~ N 

2,2-dimethyl- ID ,,-; 0 
propan-1-one N, '1 

ro 
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3-(4-{3-[7-(2.2- l-{2-[3-(5,6-
Dimethyl- Ho!r propionyl)-5H-
pyrrolo[2.3-
b ]pyrazin-2-yl]- N(\ /,N 

1-191 phenyl}- b-(:)~N piperazin-l-yl)-3-
oxo-propionitrile 

Dihydro-81-I-

H~ [l ,2,4] triazolo[ 4,3 
-a]pyrazin-7-yl)-
phenyl]-5!-l- Nr ~N 

1-197 pyrrolo[2,3- b-nNJ b]pyrazin-7-yl }-
2,2-dimethyl- N N 

propan-1-one 
\_/ 

2,2-Dhnethyl-3- 0 »N 
oxo-3-[2-(3.4,5- HHY trimethoxy-
phenyl)-5!-l- Nr ~N 
pyrrolo[2,3-

1-192 b ]pyrazin-7-yl]-
propionitrile Qo \ 

-o o-

2,2-Dimethyl-1-

H~ { 2-[3-(3-
trifluoromethyl-
5,6-dihydro-8H-
[ 1,2.4] tiiazolo[ 4,3 

N'/ ~N 

I-198 -a]pyrazin-7-yl)- 1J_r-<N'N phenyl]-5H- " fl 
pyrrolo[2.3- N\__/NXF 

b ]pyrazin-7-yl }- F F 
i 

propan-1-one I 
i 2,2-Dimethyl-3- N-Allyl-N-{2,2-

oxo-3-[2-(3- H1xN pyrrolidin-1-yl- HN r' 

phenyl)-5H- Nr ~N pyrrolo[2.3-
1-193 b ]pyrazin-7-yl]-

b-N0 propionitrile 

dimethyl-3-oxo-3- 0 o,,~ [2-(3-pyrro lidm- H~N,s \-: l-yl-phenyl)-51-l-
pynolo[2.3- N 1_~N ~ 

1-199 b ]pyrazin-7-yl]- 1:ro propyl}-
benzenesulfonami 
de 

2.2-Dimethyl-3-
phenyl-1-[2-(3- 0 

pyrrolidin-1-yl- HH:YV phenyl)-5H-
pyrr0Ior2,3- bo l-l 94 b]pyrazm-7-yl]-
propan-1-one 

2.2-Dimethyl-3- 0 

phenyl-1-[2-
H}{Yto (3,4,5-trimethoxy-

phenyl)-5H- 1 ~ -"" N N 
pyrrolo[2.3- l=ro-l-200 b ]pyrnzin-7-yl]-
propan-1-one 

0 0 
I \ 

l-[2-(3- H<;ffi Pyrrolidin-1-yl-
phenyl)-51-l-
pyrrolo[2.3-

/ ~N b ]pyrazine-7 -
1-195 carbonyl]-

lJ=No cyclohexanecarbo 
nitrile 

l-[6-Bromo-2-(3-

H~ 
pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N"/ ~N 

1-201 2,2-dimethyl-

b-N0 propan-1-one 

2,2-Dimethyl-3-
oxo-3-[2-(3- <;II piperazin-1-yl- HN 
phenyl)-51-l- Nr \ pyrrolo[2,3-

l-196 b ]pyrazin-7-yl]-

b-NCJH propionitrile 

1-[2,6-Bis-(3-

~ 
pyrrohdin-1-yl-
phenyl)-51-l-
pyrrolo[2,3-
b]pyrazin-7-yl]- HN 

I-202 2,2-dimethyl-
N? '\N 

propan-1-one b-() 
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l-[6-Chloro-2-(3-
pyrrolidin-1-yl- Hl;{x phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N'.I' \:N 

l-203 2.2-dimethyl- Cr No propan-1-one 

2-(3,4,5- 0 

Trimethoxy- H~N~l phenyl)-5H-
pyrrolo[2,3-

- H //'.. 
0 

b ]pyrazine-7 - N" /,N 

I-209 carboxylic acid Q-1 (2-
rnethanesulfonyl-
ethyl)-amide -o o-

2,2-Dimethyl-l-

H~ [2-(3,45-
trimethoxy- - ~ 
phenyl)-5H- NI\ /,N 
pyrrolo[2,3- l=r1 I-204 b]pyrazin-7-yl]-
pent-4-yn-1-one 

-o ;° 

2-(3,4,5-
0 

Trimethoxy- H~ p phenyl)-5H- N~s1 

pyrrolo[2,3- - H //'NH 

b ]pyraz,ine-7 - "1:r " l-210 carboxylic acid 
(2-sulfamoyl- I 
ethyl)-a1nide 

-o o-

2,2-Dimethyl-1- H 
[2-(3-piperazin-1- N% yl-phenyl)-51-I-
pyrrolo[2,3- d" b ]pyrazin-7-yl]-

1-205 propan-1-one 

N) \__N 

2-(3,4,5-

Ho! Trimethoxy-
phenyl)-51-I- - ~roH py1rolof2,3-
b ]pyrazine-7 - N;., /,N HO 

I-211 carboxylic acid Q-1 (2,3-dihydroxy-
propyl)-amide 

-o o-H 
2,2-Dimethyl-1- H 
[2-(3-p}1TO!Jdin-

JYx l-yl-phenyl)-51-I-
pyrrolo[2,3-
b]pyrazin-7-yl]-

I-·206 propan-1-one 

0 

2-(3,4,5- Hc(u--0 Trimethoxy-
phenyl)-5H-
pyrrolo[2,3-

N" /,N b ]pyrazine-7-

1r I-212 carboxylic acid 
(tetrahydro-furan-
3-yl)-amide 

-o o-

2-{2-

H~ Benzenesulfonyla 
mino-4-[7-(2,2- I 
dimethyl-
propionyl)-51-I- ~Ho-0 I-207 pyrrolo[2,3- N,M ~ Ii 
b ]pyrazin-2-yl]-

0 // 
phenoxy}-2- /~o o methyl-propionic 
acid ethyl ester 

2-(3,4,5- 0 

Trimethoxy- H~w--'/o'--phenyl)-51-I-
pyffolo[2,3-

- H 
b ]pyrazine-7 -

1r I-213 carboxylic acid 
(2-methoxy-

0 
ethyl)-amide 

I 

-o o-

2-(3,4,5-

H~Nr Trimethoxy-
phenyl)-51-I-
pyrrolo[2,3-
b ]pyrazine-7 - NI\ /,N 

I-208 carboxylic acid l=r1 isobutyl-amide 

-o o-

2-(3,4,5- 0 

Tiimethoxy- HO--Zu~ phenyl)-5H-
pyrrolo[2,3-
b]pyrazine-7- N" /,N 

I-214 carboxylic acid 1r (2,2-dimethyl-
propyl)-amide 

-o o-
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2-(3,4.5-

H~N~o Trimethoxy-
phenyl)-5H-
pyrrolo[2.3- - H """-

N' /,N b ]pyrazine-7 - Qj 1-215 carboxylic acid 
(2-methoxy-2-
methyl-propyl)-
amide 

-0 o-

l-[2-(3-Methoxy- Hen--5-pyrrolidin-l-yl-
phenyl)-5H-

I pyrrolo[2.3-
b ]pyrazin-7-yl]-

~(J I-221 2.2-dimethyl-
propan-1-one 

-o 

2-(3,4.5- 0 
Trimethoxy- Hr::r~ phenyl)-5H-
pyn·olo[2,3- - ~ o-
b]pyrazine-7 - N' /,N 

I-216 carboxylic acid l=rj (3-methoxy-
propyl)-arrtide 

-0 o-

2,2-Dimethyl-1- HH1:r-[2-(4-
methylsulfanyl-3-
pyrrolidin-1-yl-

~ 
phenyl)-5H-

I-222 pyrroio[23-
b]pyrazm-7-yl]-

NCJ propan-1-one 

s 
I 

l-[2-(4-Methoxy-

Ho!t-' 
phenyl)-5H-I 

I 
pyrrolo[2,3-

' 
b ]p]TaZill-7-yl]-

Q 2,2-dimethyl-
1-217 propan-1-one 

~ 

o-

l-[2-(4- 0 

Methanesulfinyl- H~ 3-pyiTolidin-1-yl-
phenyl)-5H- N1' ~N 
pyn·olo[2.3-

Q-o I-223 b ]pyrazin-7-yl]-
2.2-dimethyl-
propan-1-one 

s=o 
I 

l-[2-(2-Methoxy-

HP!t-phenyl)-5H-
pyrrolo[2.3-
b ]pyrazin-7-yl]-
2,2-dimethyl- N' /,N 

I-218 propan-1-one 

~ 

l-{2-[3-(3-
Methanesulfonyl-

H~ pyrrolidin-1-yl)-
· phenyl]-5H-

pyn·olo[2,3- N/' \;N 

I-224 b ]pyrazin-7-yl }- 0- o,,/ 
2.2-dimethyl- N0s ...... o 
propan-1-one 

l-[2-(3-Methoxy-
phenyl)-5!-l- 0 

' pyrrolo[2.3- H~ i b]pyrazin-7-yl]-
2,2-dimethyl- Ntr I-219 propan-1-one 

,.. ~ 0 

- \ 

l-{2-[3-(3.3- 0 
Dimethyl-

H~ pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2.3-

l:t-ct-
1-225 b ]pyrazm-7 -yl )-

2.2-dimeth yl-
propan-1-one 

l-[2-(4-Methoxy- H* 3-pyrrolidin-l-yl-
phenyl)-5!-l-
pyrrolo[2.3-
b]pyrazin-7-yl]- 'iro I-220 2,2-dimethyl-
propan-1-one 

I 
o-

1-{2-[3-(3-
Methoxy-azeiidin-

H~ 1-yl)-phenyl]-5H-
pyrrolo[2.3-
b ]pyrazin-7 -yl }· N7 ~N 

l-226 2.2-dimethyl-

0-N~o\ propan-1-one 
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(4-Methyl- H;;(a piperidin-4-yl)-[2-
(3 ,4.5-trimethoxy-
phenyl)-SH- V ~N NH 
pyrrolo[2,3- Q-,, 1-227 b ]pyrazin-7-yl]-
methanone 

-o o-

l-[2-(3-Iodo-
0 

phenyl)-Sll- H0 pyrrolo[2,3-
b ]pyrazm-7-yl]-
2,2-dimethyl- N" /,N 

1-233 propan-1-one tr, 
! 

2-(3-Chloro-5-

Y-to fluoro-phenyl)-
5H-pyrrolo[2.3-
b )pyrazine-7- g ,-{ carboxylic acid 

1-228 isopropylamide 

I I 
F Cl 

l-{2-13-(3-

1;K-Ethyhnnino-
pyrrolidin-1-yl)-

& phenyl]-5H-
pyrrolo[2.3-

I-234 b ]pyrazin-7-yl }-
2,2-dimethyl- I 0--H propan-1-one N N'v" 

2-[3-(4-Methoxy-
benzyloxy)-

r~ phenyl]-51-I-
pyrrolo[2,3-
b ]pyrazine-7-

1-229 carboxylic acid 

i "" I isopropylamide o'U 
,? o-" 

((3aS,6aS)-l- HN 
~ 

0 

Methyl-
octahydro- N """ , 
pentalen-1-yl)-[2-

& H H 
(3-pyrrolidin-1-yl-

I-235 phenyl)-5H-
pyrrolo[2.3- I 
b ]pyrazin-7-yl]-

0 methanone 

2-[3-(2- t?--to Methoxymethyl-
pyrrolidm-1-yl)- & o-( phenyl]-SH-
pyrrolo[2,3-

l-230 b]pyrazine-7- "'1 
carboxylic acid ""p isopropylamide 

I ,,-o 

l-{3-[7-(2.2-

~ Dimethyl-
propionyl)-5H-

& pyrrolo[2,3-
b]pyrazm-2-yl]-

I-236 phenyl)-3-
methyl- 0 

pyrrolidine-3- N~O/ carboxylic acid 
methyl ester 

l-{2-[3-(3- y;: Methoxy-
pyrrolidin-1-yl)-

& 
phenyl]-SH-
pyrrolo[2,3-

1-231 b]pyrazin-7-yl}-
2,2-d1metl1yl- I 
propan-1-one 

Q-o\ 

(l-{3-[7-(2,2-
Dimethyl-

~ propionyl)-5H-

~ 
pyrrolo[2,3-
b ]pyrazin-2-yl]-

l-237 phenyl)-3- p 

rnethyl-pyrrolidin- ()<-~1(0__,,0 
3-yl)-carbamic 
acid benzyl ester 

0 

l-{2-[3-(4-

~ Methoxy-
benzyloxy)-

& phenyl]-SH-
pyrrolo[2,3-

I-232 b ]pyrazin-7-yl }-
2,2-dimethyl-

o~o/ propan-1-one 

l-{3-[7-(2.2-

~ 
Dimethyl-
proplonyl)-5H-

& pyrrolo[2,3-
b ]pyrazin-2-yl]-

I-238 phenyl}-3-
methyl-

NY~/ pyrrolidine-3-
carboxylic acid 
methylamide 
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[2-(3-Iodo-

~ 
phenyl)-5H-
pyrrolo[2,3-

& 
b ]pyrazin-7-yl]-
(!-methyl-

1-239 cyclohexyl)-
methanone 

I 
I 

1-{ 2-Methyl-2- 0 

[2-(3,4.5- Hp:jj_z trimethoxy-
phenyl)-5H- N" /,N pyrrolo[2,3- Qo-I-245 b ]pyrazine-7 -
carbonyl_!-
pyrrolidin-1-yl }-
ethanone 0 0 

I \ 

((l S,2S)-U- n Dirnethyl-
cyclopentyl)-[2- N 

(3,4,5-tnmethoxy- I 
phenyl)-SH-

1-240 pyrrolo[2,3- ~ 
b]p;wzin-7-yl]-

"" 
I 

methanone ~o o-

(!-Methyl- Hffis cyclohexyl)-[2-
(3,4.5-tnmethoxy-
phenyl)-5H-

"~-pyrrolo[2,3-
1-246 b ]pyrazm-7-yl]-

methanone 

0 0 
/0 I \ 

l-{2-[3-(3-

HH1:r Amino-3-methyl-
pyrrolidin-1-yl)-
phenyl]-SH-
pyrrolo[2.3- N1 ~N 

1-241 b]pyrazm-7-yl }-

t>-Ncr' 2,2-dimethyl-
propan-1-one 

(]-Methyl-
cyclohexyl)-[2-(3-

ag pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[2.3-

1-247 b]pyrazm-7-yl]-
n1ethanone 

I/_". <) 

(l-{3-[7-(2,2-

1Yi-Dimethyl-

& 
propionyl)-5!-I-
pyrrolo[2.3- N 
b ]pyrazin-2-yl]-

1-242 phenyl)-3-
I metbyl-pyrrolidin- 0H 3-yl)-carbamic Nl(O,,,__/ 

acid ethyl ester 
0 

3-[7-(2,2- 0 
Dimethyl- H~ propionyl)-5H-
pyn·olo[2,3-
b]pyrazin-2-yl]- N~ /,N 

1-248 benzoic acid 

~:H 
( 1-{ 3-[7-(2,2- Hc(l\ Dimethyl-

propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]-

~Cfc) 1-243 phenyl )-4,4-
dimethyl-
pyrrolidm-3-yl)-
carbamic acid w4o 
ethyl ester H 

(1-Methvl-

H~ 
cyclopentyl)-[2-
(3-pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[2.3- N' /,N 

l-249 b ]pyrazin-7-yl]-

0-No inethanone 

3-Methyl-3-[2-

~ 
(3 .4.5-trimethoxy-
phenyl)-SH-

*" 
pyrrolo[2,3- N 

i b ]pyrazine-7 -

I 
1-244 carbonyl}-

I cyclopentanone 
"o o-

4-Methoxy-1-[2- 0 

(3 ,4,5-trirnethoxy- Ho:ro~ phenyl)-5H-
pyrrolo[2,3-

~ 
b ]pyrazin-7-yl]-

I-250 pentan-1-one 
o-

,,o 0 0\ I 
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(!-Methyl- 0 
cycloheptyl)-[2- HN '<::, (3-pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[2,3- i 

I-251 b]pyrazin-7-yl]-
methanone 

f _ ":; NCJ 

1-[2-(3-
0 Isopropoxy- Ho:x phenyl)-5H-

pyrrolo[2,3-
b ]pyrazin-7-yl]- N' /,N 

I-257 2,2-dimethyl- 1:>-r propan-1-one 

2-Methoxy-2- 0 

methyl-1-12- H~O~ (3.4,5-trimethoxy-
phenyl)-5H-
pyrrolo[2,3-

~o-I-252 b]pyrazin-7-yl]-
propan-1-one 

2.2-Dimethyl- l. - 0 
[2-(3-propoxy-

H~ phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N' /,N 

l-258 propan-1-one b-r 
0 0 

I \ 

2-Methoxy-1-[2- 0 

(3 .4,5-trimethoxy- H~O~ phenyl)-5!-l-
pyrrolo[2-3-
b]pyrazin-7-yl]-

~o-I-253 ethanone 

0 0 
I \ 

Adamantan-1-yl-

H~ [2-(3.4,5-
trimethoxy-
phenyl)-5H- N' /,N pyirolof2,3-

Q~ I-259 b]pyrazm-7-yl]-
methanone 

;° 0 
\ 

1-12-(3-

H~ Benzyloxy-
phenyl)-5H-
pyrrolo[2,3-

~"b 
b ]p)Tazin-7-yl]-

I-254 2,2-dimethyl-
propan-1-one 

1 'l 

3-Methoxy-2,2- 0 

dimethyl-1-[2- "o:Yo/ (3 ,4,5-trimethoxy-
phenyl)-5!-l-
pyn·olo[2-3- N' /,N 

l-260 b ]pyrazin-7-yl]- Qo-propan-1-one 

0 0 
I \ 

1-[2-(3-Ethoxy-

HQ\ 
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-
2.2-dimethyl- N' /,N 

I-255 propan-1-one b-r 
' 

l-[2-(3-Ethyl-

HQ\ 
phenyl)-5!-l-
pyrrolo[2,3- I 
b ]pyrazin-7-yl]-
2.2-dimethyl-

NiY I-261 propan-1-one 

' 

1-[2-(3-

HQ\ 
Isobutoxy-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- ,, ;,' 

I-256 2,2-dimethyl- b-or-< propan-1-one 

1-[2-(3,5-

H~ Dimethoxy-
phenyl)-5!-l-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N' /,N 

1-262 2.2-dimethyl- l=rj propan-1-one 

-o 
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1-{2-[3-(3- T 
Hydroxy-propyl)- ~ 
phenyl]-5H- I HN """' 
pyrrolo[2,3- _ 

I-263 
b]pyrazin-7-yl}- N' /,N 
2,2-dimethyl- VOH 
propan-1-one I/ ~ 

(I-Methyl- 0 

cyclopentyl)-[2- "0:0 (3 ,4,5-trimethoxy-
phenyl)-5H-
pyrrolo[2,3- N' /,N 

l-269 b]pyrazin-7-yl]- Q-o-methanone 

0 0 
I \ 

1-[2-(3-

Ho!K Aininomethyl-
phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]- N' /,N I-264 2,2-dimethyl-

~NH, propan-1-one 

(I-Methyl-
0 

cyclobexyl )-[2-(3-
morpholin-4-yl- HM() phenyl)-5H-
pyrrolo[2,3-

Nii-Nr\O I-270 b ]pyrazin-7-yl]-
methanone 

\_/ 

!-{ 2-(3-(2-

Ho!K Hydroxy-ethyl)-
phenyl]-5H-
pyrrnlo[2,3-
b ]pyrazm-7-yl }- N' /, N I-265 2,2-dimethyl- (>_rOH propan-1-one 

4-{3-[7-(l-
Methyl- 0 

cyclohexanecarbo Kt nyl)-5H-
H 

pyrrolo[2,3- Nt;f\ 0 l-271 b ]pyrazin-2-yl]-
phenyl}- N N--{ + 
piperazine-1-

\_/ 0 

carboxylic acid 
tert-butyl ester 

3-l-Iydroxy-2,2- Ho!r dimethyl-1-[2-
(3 ,4.5-trimethoxy- _ OH 
phenyl)-5H-

"~o-
pyrrolo[2,3-

1-266 b]pyrazin-7-yl]-
propan-1-one 

(!-Methyl-
0 

cyclobexyl )-[2-(3-
piperazin-1-yl- HK(s phenyl)-5H-
py1Tolo[2,3-

Nii-Nr\NH I-272 b]pyrazin-7-yl]-
methanone 

\_/ 
0 0 

I \ 

I 2,2-Dimethyl-l- Ho!K [2-(3-piperidin-1-
ylmethyl-phenyl)-
5H-pyrrolo[2,3-
b]pyrazin-7-yl]- N~ /,N 0 

I-267 propan-1-one 

bJN 

(!-Methyl- 0 
cyclopentyl)-[2-

H~ (3-morpholin-4-
yl-phenyl)-5H-
pyrrolo[2,3-

Ni:rr\ l-273 b ]pyrazm-7-yl]-
methanone 

\_/ 

4-(7-(2,2-

H~ Dimethyl-
propionyl)-5H-
pyrrolo[2,3-

"~ b ]pyrazin-2-yl]-
I-268 benzoic acid 

HO 

1-[2-(2-Fluoro- 0 

pbenyl)-SH- H0 pyrrolo[2,3-
b ]pyrazin-7-yl]-
2,2-dimethyl- N~ /,N 

l-274 propan-1-one 

-0 
I 
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1-(4-{3-[7-(l-
Methyl- HR(s cyclohexanecarbo 
nyl)-5H-
pyrrolo[2,3-

l-275 b ]pyrazin-2-yl]-
phenyl)- t;r\ 0 
piperazin-1-yl)~ \ _ _/~ 
ethanone 

1-(4-{4-[7-(l- H 
Methyl- Jf} cyclohexanecarbo 
nyl)-5H-
pyrrolo{2,3-

1-281 b]pyrazin-2-yl]-
phenyl)- rN 
piperazin-1-yl)- N_) 
ethanone o""( 

(!-Methyl- I 0 
cyclohexyl)-{2- HKO [3-(5-methyl-
ll,3,4)oxadiazol-
2-yl)-phenyl]-5H- N" /,N 

1-276 pyrrolo[2,3-

~:~ b ]pyrazin-7-yl }-
methanone 

I 

l-[2-(2-Hydroxy-
0 

phenyl)-SH-

H~ pyrrolo[2,3-
b ]pyrazin-7-yl]-
2,2-dimethyl- NbH 1-282 propan-1-one 

~ 

{2-[3-(3-

"Kb 
Hydroxy-propyl)-
phenyl]-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl)-

N~OH 1-277 (!-methyl-
cyclohexyl)-
methanone 

(4-Hydroxy-1- 0 

methyl- HgQ cyclohexyl)-[2-
(3 .4,5-trimethoxy-

~"" 
phenyl)-51-l-

1-283 pyn-olo[2,3-
b ]pyrazin-7-yl]- o-
methanone 

0 0\ I 

4-{4-[7-(l-
H 

Methyl- dI}, cyclohexanecarbo 
nyl)-5H-
pyrrolo[2,3-

1-278 b]pyrazin-2-yl]- (N 
phenyl)- o\(N_J 
piperazine-1- Xo carboxylic acid 

[2-(4- 0 

Dimethylamino- H:P:b phcnyl)-5!!-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

Q 1-284 (!-methyl-
cyclohexyl)-
methanone 

N-
tert-but yl ester I 

[2-(3-Methoxy-

l"P1J phcnyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-
(!-methyl- N" /,N 

1-279 cyclohexyl)-

~0-methanone 

3-(4-{ 3-[7-(l-
Methyl- 0 

cyclohexanecarbo H?:b nyl)-5H-
pyirolo[2,3-

Nt;N(\N~N 1-285 b]pyrazin-2-yl]-
phenyl}-
piperdzin-J -yl)-3- \___/ 0 
oxo-propionitrile 

(!-Methyl- H 
cyclohexyl)-[2-( 4-

~FfJ' piperazin-1-yl-
phenyl)-5H-
pyrrolo[2,3-

1-280 b]pyrazin-7-yl]-

I 
methanone 

\) H 

4-(4-(3-[7-(l- y Methyl-
cyclohexanecarbo Oyo 
nyl)-5H-

·~~2 
pyrrolo[2,3-

I-286 b ]pyrazin-2-yl]-
phenyl)-
piperazine-1- N~ w.___) 
carbonyl)- I "' 
piperidine-1-

.-<' 

carboxylic acid 
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4-{3-[7-(J-
Methyl- o>-J-cyclohexanecarbo 

(J,3-Dimethyl- 0 

cyclohexyl)-[2-
(3,4,5-trimethoxy-

nyl)-5H- O NH 
~, 

pyrrolo[2,3- ~ ,s~0 
1-287 b ]pyrazin-2-yl]- r-N N_) 

phenyl}-

HN NJ-0 piperazine-1-
sulfonyl carbamic 
acid tert-butyl 

phenyl)-5I-I-
pyrrolo[2,3-

1-293 b]pyrazin-7-yl]-
mcthanone :; '\ o-

I 
0 0 

I \ 
ester 
{2-[3-(4-

H~ Methanesulfonyl-
piperazin-1-yl)-
phenyl]-5I-I-
py1rolo[2,3- N' /,N 

I-288 b]pyrazin-7-yl }-
(!-methyl- b=N/\N-M-cyclohexyl)-
methanone \_/ II 

0 

(I-Methyl- 0 

cyclohexyl)-[2-( 4-

~ 
morpholin-4-yl-
phenyl)-5H-
pyrrolo[2,3-

1-294 b ]pyrazin-7-yl]-

:; " methanone 

N> \_o 
4-{3-[7-(l-

H~ Methyl-
cyclohexanecarbo 
nyl)-5H-
pyrrolo[2,3- N' /, N 

1-289 b ]pyrazin-2-yl]-
phenyl}- b=N/\N-M-NH piperazine-1-
sulfonic acid \_/ II ' 

0 

a1nide 

(I-Methyl- H 

cyclohexyl)-{2-

J~ 
[4-(4-methyl-
piperazin-1-yl)- N O 

phenyl]-5H-
I-295 py1rolo(2.3- ;; 

b ]p)Tazin-7-yl }- \N methanone N_) 
I 

(]-Methyl-
cyclohexyl)-(2-

H~ { 3-[ 4-(piperidine-
4-carbonyl)-

N,-/,N __p piperazin-1-yl]-

I-290 phenyl)-5H-
pyrrolo[2.3- 1:>=Nf\N b ]pyrazin-7-yl)-

\__/ 0 
methanone 

[2-(4- 0 

Methylamino- :?(6 phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]-

1-296 (1-methy1- Q cyclohexyl)-
mcthanone 

N-
H 

(!-Methyl-
cyclohexyl)-[2-( 4- Hhb piperidin-1-yl-
phenyl)-5I-l-

'~ pyrrolo[2,3-

1-291 b ]pyrazin-7-yl]-
methanone 

0 

(4-Hydroxy-1-

~g0 melhyl-
cyclohexyl)-[2-
(3 ,4,5-trimethoxy-

~oe 
phenyl)-5H-

1-297 pyrrolo[2,3-
b ]pyrazin-7-yl]- o-
inethanone 

0 0 
I \ 

[2-(4-

·~ 
Diethylamino-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

I-292 (!-methyl-
r " cyclohexyl)- I methanone (" 

4-[7-(2,2- H0 Dimethyl-
propionyl)-5H-
pyrrolo[2,3-

Q b ]pyrazin-2-yl]-
I-298 N-methyl-

benzenesulfonami 
de 

,,_o 
~\ 

O NH 
I 
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4-[7-(2,2- Ho!K Dimethyl-
propionyl)-5H-
pyrrolo[2,3- N" /,N b]pyrazin-2-yl]-

Q'lo 1-299 benzenesulfonami 
de 

o~s\ 
NH2 

l-{2-[3-(3,3-
Dimethyl- Ho!K piperazin-1-yl)-
phenyl]-5H-
pyrrolo[2,3-

\_b-Nri: 1-305 b ]pyrazin-7-yl }-
2,2-dimethyl-
propan-1-one \______/ 

3-[7-(2,2- 0 

Dimethyl- H~ propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]- N~ /,N 

1-300 benzenesulfonaini 

b-~-NH, de 

0 

l-{2-[3-(2,7-
Diaza-

H~ sp1ro[4.5]dec-2-
yl)-phenyl]-SH-
pyrrolo[2,3-

N~<:PH 1-306 b]pyrazin-7-yl }-
I 2,2-dimethyl-

propan-1-one 

3-[7-(2,2-

H0 Dimethyl-
propionyl)-51-1-
pyrrolo[2,3-
b ]pyrazin-2-yl]- N~ /,N 

1-301 N-rnethyl-

b-M-~ benzenesulfonami 
de 

I 
- g \ 

l-{2-[3-(3-

Ho!K Dimethylamino-
pyrrolidin-1-yl)-
pheny]l-51-1-
pyno!o[2,3-

~ 
1-307 b }pyTaZin-7-yl }-

2.2-dimethyl-
propan-1.-one NCJ~'-

, , I : 
1-{ 2-[3-(2,8-

Ho!x Diaza-
spiro[4.5]dec-2-
yl)-phenyl]-51-1-
pyrrolo[2-3-

-~<f=r 1-302 b ]pyrazin-7-yl }-
2,2-dimethyl-
propan-1-one 

l-{2-[3-(2- Ho!K Hydroxy-2-
rnethyl-
propylamino )-
phenyl]-5H- N~ 1-308 pyrrolo[2,3-
b]pyrazin-7-yl}- 1_~ H~ 2,2-dimethyl-
propan-1-one OH 

l-{2-[3-(2,7- l-{2-[3-(4-

Diaza-

H~ spiro[4.4]non-2-
yl)-phenyl]-5H-
pyrrolo[2,3-

N~{jJNH l-303 b]pyrazin-7-yl}-
2,2-dimethyl-
propan-1-one 

A1nino-piperidin-

H~ 1-yl)-phenyl]-SH-
pyrrolo[2,3-
b]pyrazin-7-yl }-

~ 1-309 2,2-dimethyl-
propan-1-one 

I/_~ <=>-NH, 

l-{2-[3-(3-
Aminomethyl-

H~ pyrrolidin-l -yl)-

I 
phenyl]-5H-
pyrrolo[2,3- N N 

1-304 b]pyrazin-7-yl }- b-dH, 2,2-dimethyl-
propan-1-one 

2,2-Dimethyl-l-

Ho!x {2-[3-(3-methyl-
piperazin-1-yl)-
phenyl]-5H-
pyrrolo[2,3-

N~Nr-\H 1-310 b]pyrazm-7-yl }-
propan-1-one 

\_/ 
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H2-[3-(4- (!-Methyl- 0 

Acetyl-3,3-

H~ dimethyl-
piperazin-1-yl)-
phenyl]-5H- N~ /iN 

l-3!1 pyrrolo[2,3-

~<~)-{ b ]pyrazin-7-yl )-
2,2-dimethyl-
propan-1-one 

cyclohexyl)-[2-(3-
pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[2,3-

l-317 b]pyrazin-7-yl]-
! methanone 
I ( - ~ NCJ 

l-{2-[3-(3-
0 

Amino-azetidin-1- Hp:J: yl)-phenyl]-51-l-
pyrrolo[2,3-
b ]pyrazin-7-yl)- ' /,N 

I-312 2,2-dimethyl-

t>-N~NH, propan-1-one 

2,2-Dimethyl-1- ! 

J' 
(2-phenyl-5!-l-
pyrrolo[2,3-
b ]pyrazin-7-yl)-
propan-1-one 

I-318 

b 
l-{2-[3-(3- Ho!K Chloro-2-

hydroxy-
propylamino )-
phenyl]-5H- N' /, N 

l-313 pyrrolo[2,3-

~~~Cl b ]pyrazin-7-yl)-
2,2-dimethyl-
propan-1-one OH 

2,2-Dimethyl-l-

# [2-(3,4,5- HN 
trimethoxy-
phenyl)-5!-l-

~c 
pyrrolo[2.3-

l-319 b]pyrazm-7-yl]-

I 
pent-4-en-l -one 

\ 

' 
-0 0 

I 

l-{2-[3-(2,2- 0 
Dimethyl- HC(x propy la1nino )-
phenyl]-5H-
pyrrolo[2,3- N' /,N 

I-314 b]pyrazin-7-yl)-

t>-~~ 2.2-dimethyl-
propan-1-one 

2.2-Dimethyl-1- Ho!rf [2-(3.4,5-
trimethoxy-
phenyl)-5!-l-
pyrrolo[2,3- '1r I-320 b]pyrazin-7-yl]-
pentan-1-one 

\ 
-o ;° 

(!-Methyl- HR(s cyclohexyl)-[2-
(3 ,4,5-trimethoxy-
phenyl)-51-I- N~ /,N 
pynolo[2,3-

~o-l-315 b ]pyrazin-7-yl]-
methanone 

0 0 
I \ 

2.2-Dunethyl-4- /'o 
rnorpholin-4-yl-1- QVNJ [2-(3,4.5- I HN 
trimethoxy-
phenyl)-5H- N?:rO I-321 pyrrolo[2,3-
b ]pyrazm-7-yl]-
butan-1-one \ 

0 0 
\ \ 

1-[2-(3-Fluoro-

HN~ 
phenyl)-5!-J-
pyrrolo[2.3-
b]pyrazin-7-yl]-
2,2-dimethyl-

l-316 propan-1-onc N~ r ~ F 

~ 

4,4-Dimethyl-5- dN oxo-5-[2-(3,4-5- HN 
trimethoxy-
phenyl)-5H-

1r pyrrolo[2,3-
I-322 b ]pyrazm-7-yl]-

pentanenitrile '\ 
0\ 0\ 
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5,5-Dimethyl-6-

~/ oxo-6-[2-(3,4,5-
trimethoxy- H 
phenyl)-5H-
pyrrolo[2,3-

1r I-323 b ]pyrazin-7-yl]-
hexanenitrile 

\ 

°' 
0\ 

l-[2-(4-

H~ Methoxymethyl-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

~ 1-329 2,2-dimethyl-
propan-1-one 

\ 

2,2-Dimethyl-1- 0 
[2-(3-pyrazol-1-

I H~ yl-phenyl)-5H-
pynolo[2,3-
b ]pyrazin-7-yl]- N' /,N 

I-324 propan-1-one 

~o 

N-Cyclopentyl-3- 0 
[7-(2,2-dimethyl- H~ propionyl)-5H-
pyrrolo[2,3-
b ]pyrazm-2-yl]- N~ /,N 

1-330 benzamide 

~~-0 
2,2-Dimethyl-l- 0 

{2-[3-(5-methyl-

H~ [ l,3,4]oxadiazol-
2-yl)-phenyl]-5H-
pyrrolo[2,3- N' /,N 

1-325 b]pyrazin-7-yl)-

~{Y propan-1-one 

3-[7-(2,1- 0 

Dimethyl- H~ propionyl)-5H-
pyrrolo[2.3-
b]pyrazin-2-yl}- N~ /,N 

1-331 benzoic acid 'b-{ 
2.2-Dimethyl-l- 0 
{ 2-[3-(2H-

H~ pyrazol-3-yl)-
phenyl]-5H-
pyrrolo[2,3- N' /,N 

1-326 b]pyrazin-7-yl)- w propan-1-one 

1-[2-(3-
0 

Isopropenyl- H0 phenyl)-5H-
pynolo[2,3-
b ]pyrazin-7-yl]- 'tx 1-332 2,2-diinethyl-
propan-1-one 

3-[7-(2,2-

H0 Dimethyl-

' propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]- N~ /,N 

I-327 N-methyl-

~ON-benzarnide 

H 

1-[2-(3-Hydroxy- 0 
phenyl)-5H- I H~ pynolo[2,3-
b]p)TaZJD-7-yJJ-
2,2-dimethyl- N~ /,N 

1-333 propan-1-one bOH 
1-[2-(3-

0 
Methoxyrnethyl- H0 phenyl)-5H-
pyrrolo[2.3-
b]pyrazin-7-yl]- N' /,N 

I-328 2.2-dimethyl-

~o-propan-1-one 

l-[2-(3-tert- 0 

Butyl-5-methyl- H~ phenyl)-5H-
pyrrolo[2.3-
b Jpyrazin-7-yl]-

~ 
I-334 2,2-dimeth yl-

propan-1-one 
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1-(2-Biphenyl-3-

H~ yl-5H-
pyrrolo[2,3-
b]pyrazin-7-yl)-
2.2-dirnethyl- N" /,N 

l-335 propan-1-one tJ--0 

1-[2-(3-Chloro-4- 0 

fluoro-phenyl)- HM 5H-pyrrolo[2,3-
b]pyrazin-7-yl]-
2.2-dimethyl- N~ /,N 

I-341 propan-1-one QC 
F 

l-[2-(3-tert-

H~ Butoxymethyl-
phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]- Ni\ /,N 

I-336 2,2-dimethyl-

~~ propan-1-one 

2,2-Dimethyl-1-
0 

[2-(2'-methyl-

H~ biphenyl-3-yl)-
5H-pyrrolo[2,3-
b]pyrazin-7 -yl]- N~ /JN 

I-342 propan-1-one b-0 
1-[2-(3- 0 

lsopropyl- HC(i< phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

~ 
l-337 2,2-dimethyl-

propan-1-one 

1-[2-(3- 0 
Hydroxymethyl- HC(i< phenyl)-5H-
pynolo[2,3-
b ]pyrazin-7 -yl]-

N" /,N 
l-343 2,2-dimethyl-

~OH propan-1-one 

l-{2-[3-(3,5- 0 
Dimethyl- H~ isoxazol-4-yl)-
phenyl]-5H-
pyrrolo[2,3- tHrl ' 

I-338 b]pyrazin-7-yl }· 
2,2-dimethyl-
propan-1-one N 

1-(2-(3- 0 

' 
Cyclopent-1...enyl- HC(i< phenyl)-5!!-
pynolo[2,3-
b ]pyrazin-7 -yl]-

N" /,N 
I-344 2,2-dimethyl-

~ propan-1-one 

1-[2-(3-Bromo- 0 
phenyl)-5H- HM py1Tolo[2,3-
b ]pyrazin-7-yl]-
2,2-dirnethyl- N" /,N 

1-339 propan-1-one 
I b-Bc ! 

1-[2-(3-Acetyl-4- 0 

hydroxy-phenyl)- HM 5H-pyrrolo[2.3- I b ]pyrazin-7 -yl]-
2,2-dimethyl-

~ I-345 propan-1-one 

OH 

2,2-Dimethyl-1- 0 

{ 2-[3-(2-methyl- HM 2H-pyrazol-3-yl)-
phenyl]-5H-

I pyrrolo[2,3- N" /, N 

I-340 b ]pyrazin-7-yl }-

~N propan-1-one 

I 

1-{2-[3-(3H- 0 

Irnidazol-4-yl)- HC(i< phenyl]-5H-
pyrrolo[2.3-
b ]pyrazin-7 -yl}- N" /,N 

l-346 2,2-dimethyl-

~J propan-1-one 
! 

I 
H 
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I-348 

I-349 

I-350 

I-351 

l-352 

2,2-Dimethyl-l­
[2-(3-oxazol-5-yl­
phenyl)-5H­
pyrrolo[2,3-
b ]pyrazin-7-yl]­
propan-1-one 

2,2-Dimethyl-l­
[2-(3-
trimethylsilanyl­
phenyl )-5H­
pyrrolo[2,3-
b ]pyrazin-7-yl]­
propan-1-one 

3-{3-[7-(2,2-
Dimethyl­
propionyl)-5H­
pyrrolo[2.3-
b ]pyrazin-2-yl]­
phenyl )-3-oxo­
propionitrile 

l-[2-(3-Iodo­
phenyl)-5H­
pyrrolo[2.3-
b ]pyrazin-7-yl]-
2,2-diinethyl­
propan-1-one 

2,2-Dimethyl-1-
{2-[3-(5-
trifluoromethyl-
2H-pyrazol-3-yl)­
phenyl]-5H­
pynolo[2.3-
b]pyrazin-7-yl}­
propan-1-one 

1-[2-(3-
Cyclohex-1-enyl­
phenyl)-5H­
pyrrolo[2J-
b ]pyrazin-7-yl]-
2,2-dimethyl­
propan-1-one 

0 

F 

F F 

-57-

I 

I-353 

1-354 

I-355 

1-356 

I-357 

l-358 

PCT/EP2009/051755 

2,2-Dimethyl-1- 0 
[2-(3-thiophen-2-

H~ yl-phenyl)-5H-
pyrrolo[2,3-
b]pyrazin-7-yl]- N~ /,N 
propan-1-one 

~ 
1-[2-(3-

0 
Cyclopenty 1-

H~ phenyl)-5H-
pyrrolo[2.3-
b ]pyrazm-7-yl]-

N~ 2.2-dimethyl-
propan-1-one 

1-(2-Biphenyl-4- 0 

yl-5H- H~ pyrrolo[2.3-
b ]pyrazin-7-yl)- N~ /,N 
2,2-dimethyl-
propan-1-one r ~ 

-

r ~ 
-

1-[2-(3-lmidazol- 0 
1-yl-phenyl)-51-l-

H~ pyrrolo[2.3-
b]pyrazrn-7-yl}-
2.2-diinethyl-

trf"' propan-1-one 

N~ 

2,2-Dhnethyl-l- H 

{ 2-[4-(5-methyl-

~Y+ [l,3,4]oxadiazol-
2-yl)-phenyl]-51-l- -N 

pyrrolo[2,3-
b ]pyrazin-7-yl}- -
propan-1-one " 

/, 

): \ ::::,...,N,. 

2,2-T)imethyl-1- 0 

[2-(4- H~ trimethylsilanyl-
phenyl)-51-l-

Q pyrrolof2,3-
b ]pyrazin-7-yl]-
propan-1-one 

Si-
!\ 
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1-[2-(4-lodo- 0 

phenyl)-5H- H0 pyrrolo[2,3-
b ]pyrazin-7-yl]-
2,2-dimethyl-

Q 1-359 propan-1-one 

3-[7-(2,2- 0 

Dimethyl- H~ propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]- N~ /,N 

1-365 N-ethyl-

~: benzamide 

H\ 
I 

1-{2-[4-(3,5- 0 

Dimethyl- H~ isoxazol-4-yl)-
pheny!l-5H-

~ 
pyrrolo[2,3-

1-360 b ]pyrazin-7-yl}-
2.2-dimethyl-
propan-1-one 

N 
0 

1-{ 2-[3-((R)-3-
Hydroxymethyl- 0 

pyrrolidm-1-yl)- "0 phenyl]-5H-
pyrrolo[2,3- Ni\ /iN 

1-366 b]pyrazin-7-yl }-

t>-<J~OH 2.2-diinetbyl-
propan-1-one 

2.2-Dimethyl-l- H 

{ 2-[ 4-(2-methyl-
N 

<cP+ 2H-pyrazol-3-yl)-
phenyl]-5H-
pyrrolo[2,3-

1-361 b ]pyrazin-7-yl }- C'# 
propan-1-one 

' r ~ 
N~ 

l -{2-[3-((S)-3-
Hydroxymethyl-

H~ pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2.3- N' /,N 

1-367 b]pyTazrn-7-yl}-

t>-<J .. .,~OH 2,2-dimethyl-
propan-1-one 

I 

l-{2-[4-(3H-

HN~ lmidazol-4-yl)-
phenyl]-5!-1-
pyrrolof_2.3-

I 
b]pyrazin-7-yl }-

·~ 1-362 2,2-dimethyl-
propan-1-one I "" 

-" 

HN'1'N 

(!-Methyl- Hc?b cyclohexyl)-{2-
[4-(2-piperidin-1-
yl-ethoxy)- q phenyl]-5H-

1-368 pyrrolo[2.3-
b]pyrazrn-7-yl}- "' methanone 

o~{J 

2,2-Dimethyl-1- 0 

{2-[4-(2- H~ piperidin-1-yl-
ethoxy)-phenyl]-

N~ 5H-pyrrolo[2,3-
I-363 b ]pyrazin-7-yl }-

propan-1-one 

o\_{J 

2,2-Dimethyl-1- 0 
{2-[3-(!H-

H~ pyrazol-4-yl)-
phenyl]-5H-
pynolo[2.3-

N6-c~ 1-369 b ]pyrazin-7-yl }-
propan-1-one 

N 

1-{2-[3-(3.3-

H~ Dimethyl-
pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3-

b-0-i 1-364 b ]pyrazin-7-yl }-
2,2-dimethyl-
propan-1-one 

l-{2-[3-(3,3- 0 
Ditluoro-azetidin-

H~ 1-yl)-phenyl]-5H-
pyrrolo{2.3-
b]pyrazin-7-yl}- N1 ~N 

I-370 2,2-dirnethyl-

'=b--N::x: propan-1-one 
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2,2-Dirnethyl-1-

H0 {2-[3-(2-oxa-6-
aza-
spirof3.3]hepl-6-
yl)-phenyl]-5H- N7 '\N 

1-371 pyrrolo[2,3-

0-NxO b]pyrazin-7-yl)-
propan-1-one 

l-{2-[3-(3-

H~ Dimethylamino-
azetidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- Nr '\N 

1-377 b ]pyrazin-7-yl }-

b-N~N~ 2,2-dimethyl-
propan-1-one 

l-{3-[7-(2,2- H0 Dimethyl-
propionyl)-5!-l-
pyrro1o[2,3- N7 \N 
b ]pyrazin-2-yl]-

0-N? 
I-372 phenyl)-

pyrrolidin-2-one 

0 

2-[3-(3,3-
Dimethyl-

H~ pyrrolidin-1-yl)-
phenyl]-5!-l-

'/ ~ ~~OH 
pyrrolo[2,3- N N 

1-378 b ]pyrazine-7 -

l:t-Nef carboxylic acid 
(3-hydroxy-2,2-
dimethyl-propyl)-
amide 

1-{3-[7-(l-

H~ Methyl-
cyclohexanecarbo 
nyl)-5H-

bv pyrrolo[2.3-
I-373 b]pyrazin-2-yll-

phenyl}-
pyrrolidin-2-one 

l-{2-[3-(3,3- H0 Dimethyl-
azetidin-1-yl)-
phenyl]-5H-
pyrrolol 2.3- Nr \N 

l-379 b]pyrazin-7-yl}-

0-Nx 2,2-dimethyl-
propan-1-one 

0 

(l-Methvl-

~K!b 
cyclohexyl)-[2-(3-
pyrrol-1-yl-
phenyl)-5!-l- Nr '\N pyrrolo[2,3-

1-374 b]pyrazin-7-yl]-

b-N() methanone 

2-(3-(3,3-

H~u-* Dimethyl-
pyrrohdin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- Nr '\N 

1-380 b]pyrazine-7-

b-Ncf carboxylic acid 
tert-butylamide 

2-(3-(3,3-
0 

Dimethyl-

H~~-Z pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2.3- <t-,j-1-375 b ]pyrazine-7 -
carboxylic acid 
isopropylamide 

2-[3-(3,3-
0 

Dimethyl-

H~~ro pyrrolidin-1-yl)-
phenyl]-5H-

\ " ' 
pyrrolo[2.3- 'bnL 1-381 b ]pyrazine-7 -
carboxylic acid 
(2-methoxy- N~ 
propyl)-a1nide 

l-{3-[7-(2,2- HM-Dirnethyl-
propionyl)-51-1-
pyrrolo[2.3-
b ]pyrazin-2-yl]- N7 '\N 

I-376 phenyl}- b-NcrN pyrrolidine-3-
carbonitrile 

2-13-(3,3-
Dimethyl-

H~~-O pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- N7 ~N 

1-382 b_lpyrazine-7-

l:t-<f carboxylic acid 
( tetrahydro-pyTan-
3-yl)-amide 
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2-Methyl-2-

* 
phenyl-1-[2-
(3,4,5-trimethoxy-
phenyl)-5H-

HN 

pyrrolo[2,3- 1z-1 1-383 b]pyrazio-7-yl]-
propan-1 ~one 

0 o-

1-{2-[3-(4,5-
0 Dihydro-lH-

··v) imidazol-2-yl)-
phenyl]-5H-
pyrrolo[2,3-

1-389 b]pyrazin-7-yl)-
2.2-dimethyl- N 8 ~ N 

propan-1-one I H 
.& 

" 
l-[2-(3,5-Di-

HQY 
pyrrolidin-1-yl-
phenyl)-5H-
pyrrolo[2,3- N" N 
b ]p)Tazin-7-yl]- 0-No 1-384 2.2-dimethyl-
propan-1-one 

0 

2,2-Dimethyl-1-
0 

{2-[3-(l ,4,5,6-
tetrahydro-
pyrimidin-2-yl)-
phenyl]-5H-

1-390 pyrrolo[2,3-
b ]pyrazin-7-yl )- N h' "': 

propan-1-one I ~ 
.& 

3-[7-(2.2- 0 1-{ 2-[3-(5,5-
l)imethyl-
propionyl)-5H-
pyrrolo[2.3-
b ]pyrazin-2-yl]-

1-385 benzonitrile 
N ,.o::: ?' 

I ""' 
-""" 

Dimethyl-1,4,5,6-

~r:/: -~ tetrahydro-
pyrimidin-2-yl)-
phenyl]-5H-

I-391 pyrrolo[2.3-

J~ b ]pyrazin-7-yl)-
I "' W 2,2-dimethyl- .& 

propan-1-one 

3-[7-(l-Methyl-

"'~o 
cyclohexanecarbo 
nyl)-5H-
pyrrolo[2.3-
b ]pyrazin-2-yl]-

1-386 benzaldehyde 

J~ I ""' 
-""" 

l-{2-[3-(4,4-
Dimethyl-4,5-

.. r:;!: ~ dihydro-lH-
imidazol-2-yl)-
phenyl]-5H- '-' N N 

I-392 pyrrolo['2,3-

J~ b ]pyrnzin-7-yl }-
I "' W 2.2-dirnethyl- .& 

propan-1-one 

(!-Methyl-
cyclohexyl)-[2-(3-

··~ pyrrolidin-1-
ylmethyl-phenyl)-
5H-pyrrolo[2,3- '-' N 

!387 b ]pyrazin-7-yl]- I I 
methanone N~t) 

2,2-Dimethyl-l -
(2-[3-(1-methyl-

~~ 4,5-dihydro-lH-
im1dazo1-2-yl)-
phenyl]-5H-

I-393 pyrrolo[2,3- J~) 
I 

b ]pyrazin-7-yl }- I "' N 
propan-1-one .& I 

1-{2-[3-(4.5-
Dihydro-lH- 0 

imidazol-2-
ylamino )-phenyl]- HN~ 5H-p)rrolo[2,3-

l~H 1-388 b]p)Tazin-7-yl)-
2,2-dimethyl- N.,.-:::. ~NyN 

propan-1-one I.& NJ 
H 

Pyrrolidin-1-yl- H'O!o [2-(3.4.5-
trimethoxy-
phenyl)-5H-

NI- /,N pyrrolo[.2,3- Qj l-394 b ]pyrazin-7-yl]-
methanone 

-o o-
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(3,3-Dimethyl- 0 
pyrrolidin-1-yl)-

''}'f(f_ [2-(3,4,5-
trimethoxy-
phenyl)-5H-

~' 
I-395 pyrrolo[2,3-

b ]pyrazin-7-yl]-
methanone 

" 

N-{ 3-[7-(2,2- Ho!x Dimethyl-
propionyl)-5H-
pyrrolo[2,3-
b ]p)~azin-2-yl]- trt I-401 phenyl)-
acetarnide 

)=o 
-0 0-

2,2-Dimethyl-1- 0 
[2-(3,4,5- H~ trimethoxy-

' 
phenyl)-5H-

~' 
pyITolo[2,3-

1-396 b ]pyrazin-7-yl]-
butan-1-one 

\ 
-0 0-

l-{2-[3-(3- 0 
Hydroxy- H0 pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- N" /,N l-402 b]pyrazin-7-yl)-

1:t-NcrOH 2,2-dimethyl-
propan-1-one 

3J,3-Triiluoro-2-
I 

O F 

methyl-2- Hg)¢: trifluoromethyl-1-
[2-(3,4,5- - F 

tTimethoxy-

"~: I-397 phenyl)-5H-
pyrrolo[2.3-
b ]pyrazin-7-yl]- - \ 
propan-1-one 

-0 o-

1-{2-[3-(l,l- 0 
Dioxo-1A6- H)::(x thiomorpholin-4-
yl)-phenyl]-5H-
pyrrolo[2,3-

tr~,,o 
[-403 b ]pyrazin-7-yl }-

2.2-dimethyl-
propan-1-one 

N S~ \_/ ·c 

l-[2-(3-
Ethylamino- Hf::r!x phenyl)-5H-
pyrrolo[ 2,3-
b]pyrazin-7-yl]- Nb-N 1-398 2,2-<limethyl-
propan-1-one 

\__ 

1-[2-(3-Azetidin- 0 
l-yl-phenyl)-5H- H0 pyrrolo[2.3-
b ]pyrazin-7-yl]-
2.2-dlmethyl- N" /, N I-404 propan-1-one 

1:t-<> 
1-12-(3-

Ho!x Diethylamino-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

~J 
I-399 2,2-dimethyl-

propan-1-one 

\_ 

2.2-Diinethyl-1- Ho!x {2-[3-(1-oxo-!M-
thiomorpholin-4-
yl)-phenyl]-5H-
pyrrolo[2,3-

tr-~~ 
l-405 b]pyrazin-7-yl}-

propan-1-one 

\___/ 0 

1-[2-(3-Amino- H0 phenyl)-5H-
pyITolo[2,3-
b ]pyrazm-7 -yl]- ' 

2,2-dimethyl- N" /,N l-400 propan-1-one 

<=>-NH, 

2,2-Dimethyl-1- Her!x [2-(3-pyrrol-l-yl-
phenyl)-5H-
pyn·olo[2,3-
b ]pyrazin-7-yl]- N" /,N I-406 propan-1-one 

<=>-N~ 
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1-(2-[3-(2- 0 

Methanesulfonyl- Ho:x ethylamino )-
phenyl]-5H-

Ntr~ pyrrolo[2,3-
1-407 b ]pyrazin-7-yl }-

2,2-dimethyl-

"" propan-1-one o=s-
II 

4-Amino-N-(3-

H0 [7-(2,2-dimethyl-
propionyl)-51-l-
pyrrolo[2,3-
b]pyrazin-2-yl]-

I-413 phenyl}-
benzenesulfonami ~~ -
de O~ij--o-NH2 

0 
0 

1-{2-l (3aS,6aR)- 0 
3-(I-Iexahydro- Ho:x 0 pyrrolo[3,4-
c]pyrrol-2-yl)- - ~F 
phenyl]-5H- ~00 ,' l-408 pyrrolo[2.3-

<±NH b]pyrazin-7-yl}-
2.2-dimethyl-
propan-1-one H 

N-(3-[7-(2,2- Ho!K Dimethyl-
propionyl)-5H-
pyrrolo[2,3-

N~ /;N b ]pyrazin-2-yl]-

~H I-414 phenyl}-
benzenesulfonami 
de - o~n-0 

0 

1-( 2-[3-( (S)-2-

H~ Hydroxymethyl-
pyrrolidin-1-yl)-
phenyl]-5H-

't>-"? 
pyrrolo[2,3-

1-409 b ]pyrazin-7-yl }-
2,2-dimethyl-
propan-1-one OH 

N-( 4-{ 5-[7-(2,2-

Ho!x Dimethyl-
propionyl)-5H-
pyrrolo[2.3-
b]pyrazin-2--yl ]-2-

~ 1-415 methyl-
r ~ ~\ - a}-phenylsulfamoyl} 

-phenyl)- - o=rr--0-~ 
acetamide 0 

l-{2-[3-((R)-2- 0 

Hydroxymethyl- H0 pyrrolidin-1-yl)-
phenyl]-5H-

N' /,N pyrrolo[2,3-

t>-N~ I-410 b]pyrazin-7-yl}-
2,2-dimethyl-
propan-1-one 

\ 

4-Ainino-N-{5-

H~ [7-(2.2-dimethyl-
propionyl)-SH-
pyTiolo[2,3-
b ]pyrazin-2-yl]-2- N' /,N 

! 
1-416 methyl-phenyl)- ~~n-0-NH, benzenesulfonami 

de 

0 
OH 

N-(3-[7-(2,2- 0 
Dimethyl- H~ propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl}- N" /,N 

l-411 phenyl)-

~:\_ rnethanesulfonami 
de 

II 

1-(2-[3-(3- 0 

l-lydroxy-3- Ho:Y methyl-pyrrolidin-
1-yl)-phenyl]-SH-
pyrrolo[2,3-

"-b-{fm' 
l-417 b]pyrazin-7-yl)-

2,2-diinethyl-
propan-1 -one 

0 
N-( 4-{ 3-[7-(2.2- H0 Dimethyl-
propionyl)-51-l-
pyrrolo[2,3-

N~H b]pyrazin-2-yl}-
I-412 phenylsulfamoyl) 

-phenyl)- N\ - H 

acetamide o=s--0-N g j=o 

1-(2-[3-(3- 0 
Hydroxy-3-

H~ methyl-pyrrolidin-
1-yl)-phenyl]-5H-
pyrrolo[2.3-

~doo 
1-418 b]pyrazin-7-yl)-

2,2-dimethyl-
propan-1-one 

! 

I 
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3-[7-(2,2- 0 l-{2-[3-(3- Her!x Dimethyl- N~ Hydroxy-
propionyl)-5H- pyrrolidin-1-
pyrrolo[2,3- I hN ylmethyl)-

~ b]pyrazin-2-yl]- phenyl]-SH-
I-419 benzaldehyde I-425 pyrrolo[2,3-

p 
I b ]pyrazin-7-yl }-

~ 2.2-dimethyl-

QOH I propan-1-one 
0 

2_2-Dimethyl-1-

N~ 
i-{2-[3-((S)-2-

~?::-
[2-(3-pyrrolidin- Hydroxymethyl-
1-ylmethyl- pyrrolidin-1-
phenyl)-5H- 6, ylmethyl)-
pyrrolo{2,3- phenyl]-5H-

~rP I-420 b]pyrazin-7-yl]- l-426 pyrrolo[2,3-
propan-1-one b ]pyrazin-7-yl }-

2.2-dimethyl-

6 propan-1-one HO H 
l-{2-[3-(4-

N~ 
1-{ 2-[3-((RJ-2- 0 

Dimethylamino-

I 

Hydroxymethyl-

HN?! piperidin-1 - pyrrolidin-1-
ylmethyl)- ylmethyl)-
phenyl]-SH-

~(:;< 
phenyl]-5H-

l-421 py:tTolo[2,3- I-427 pyrrolo[2,3- N~ b ]pyrazin-7-yl }- b ]pyrazin-7-yl }-
1

: r·P 2,2-dilnethyl- 2,2-dimethyl-
propan-1-one propan-1-one HO H 
2.2-Dimethyl-l-

~3?i 
(l-{3-[7-(2,2-

{2-[3-(4-metbyl- Dimethyl-

HNd! o )< 
piperazin-1- propionyl)-5H-
ylmetbyl)- pyrrolo[2.3-
phenyl]-5H- b]pyrazin-2-yJI- r' N -y-o 

I-422 py:trolo[2,3- l-428 benzyl}- -~ b]pyrazin-7-yl}- ~ rN/ pyn·olidin-3-yl)- N:,.._ I: NJNH 

propan-l-0ne I carbamic acid 
::,.., N~ tert-buty1 ester 

l-[2-(4- ! 

NI~ 
1-12-(3-{[Bis-(2-

Arninomethyl- hydroxy-ethyl)-

HN?: phenyl)-5H- amino]-metbyl}-
pyrrolo[2.3- phenyl)-51l-
b]pyrazin-7-yl]- pyrrolo[2,3- ~ N OH 

1-423 2,2-dimethyl- I-429 b ]pyrazm-7-yl]- N~~ propan-1-one ~ 

I 
2,2-dimethyl- 1: ~ 

:::,... propan-1-one 
OH 

NH 
2,2-Dimethyl-l-

N~ 
l-[2-(3-{[Ethyl-

~ 
{2-[3-(4- (4-hydroxy-
tnethylsulfanyl- butyl)-amino]-
piperidin-1- methyl }-phenyl)-
ylmethyl)-

~()-y 
5H-pyrrolo[2.3-

I-424 phenyl]-5H- I-430 b ]pyrazin-7-yl]- 1: ~ pyrrolo[2,3- 2,2-ditnethyl-
b ]pyrazin-7-yl}- propan-1-one 
propan-1-one OH 
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(S)-1 -{ 3-[7-(2.2-

~?::-Dimethyl-
propionyl)-5H-
pyrrolo[2,3-

~ 
b ]pyrazin-2-yl]-

1-431 benzyl)-

1: <e pyrrolidine-2-
carboxylic acid 
amide H2N 

l-{2-[3-(Jl-1- 0 
Imidazol-2-yl)-
phenyl]-51-1-
pyrrolo[2,3-
b ]pyrazin-7-yl )-

1-437 2,2-dimethyl-
propan-1-one 

I "" N 
,// 

(R)-1-{ 3-[7-(2,2-

""?: 
Dimethyl-
propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]-

1-432 benzyl)- N~0 pyrrolidine-2- I,,,,, H; 
carboxylic acid Ao 
amide H2N 

1-{2-[3-(3-
Benzyl-

HNd:!-pyrrolidin-1-
ylmethyl)-
pheny1J-5H- ! ff 

1-438 pyrrolo[2,3- N~O/o b]pyrazin-7-yl)-
--" i " 2,2-dimethyl-

propan-1-one i 

l-{2-[3-(4-

""?:! 
Hydroxymethyl-
piperidin-1-
ylmethyl)-
phenyl]-5H-

~0-1-433 pyn·olo[2.3-
b ]pyrazin-7-yl)-
2,2-dimethyl-

N-(1-{ 3-[7-(2,2-
Dimethyl-

HNi! / propionyl)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]-

l-439 benzyl)- '~6;;:~0 pyrrolidin-3-yl)-
N-n1ethyl-

propan-1-one methanesulfonami 
de 

l-{2-[3-(3- N-( 1-{ 3-{7-(2,2-
Iiydroxymethyl-

HN?; pyrrolidin-1-
ylmethyl)-
phenyl]-5H- p N 

l-434 pyrrolo[2,3- N~o-_;°H b ]pyrazin-7-yl}-
2,2-dimethyl-

I 

Dimethyl- 0 

propionyl)-51-1- ct: pyrrolo[2,3-
b]pyrazin-2-yl]-

HN 

1-440 benzyl}- N~fr;;:~o pyirnlidin-3-yl)-
methanesulfonami 

propan-1-one de 

l-{2-[3-(3-
Amino-pyrrolidin-

?:!-l -ylmethyl)-
phenyl]-5H-
pyrrolo[2,3-

HN 
N~ 1-435 b]pyrazin-7-yl}-

2.2-dimethyl- j: o-NH 2 

propan-1-one 

4-[7-(2,2- 0 

Dimethyl- H~ propionyl)-5H-
pyrrolo[2,3- q b]pyrazin-2-yl]-2-

I-441 pynolidin-1-yl- N8 benzonitrile 

~ 
N 

2.2-Dimethyl-1-
{2-[3-(3-

HN?; methyl amino-
pyrrolidin-1-
ylmethyl)-

N~ l-436 phenyl]-51-1-
pyrrolo[2,3- 1: 0-i b]pyrazin-7-yl)-
propan-1-one 

! 2,2-Dimethyl-l-

H~ {2-[3-(3-methyl-
pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3-

N~N~ 1-442 b ]pyrazin-7-yl )-
propan-1-one 
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I-{ 2-[3-(3- Ho!x Methoxymethyl-
3-methyl-
pyrrolidm-1-yl)-
phenyl]-5H-

\t>-N~o, l-443 pyrrolo[2,3-
b]pyrazln-7-yl}-
2,2-dimethyl-
propan-1-one 

3-[7-(2.2- « Dime1hyl-
proplonyl)-5H-
pyrrolo[2,3-

'<N 0 b]pyrazm-2-yl]-

~' I-449 N-(2-
I ,.,:; methanesulfonyl-

ethyl)-5- 0,1? 
pyrrolidin-1-yl- 's 

/~N 0 

benzamide H 

1-{ 2-[(1S,5R)-3-

H~ (3-Aza-
blcyclo[3 .1.0]hex-
3-yl)-phenyl]-5H-
pyrrolo[2,3- N~ /,N 

I-444 b]pyrazln-7-yl )-

~No: 2,2-dimethyl-
propan-1 -one H 

3-[7-(2.2- ,,?:( Dimethyl-
proplonyl)-5H-
pyrrolo[2,3-
b ]pyrazln-2-yl]-5- I '<N 0 

1-450 pyrrolldin-1-yl- '~' benzamide lb 

H~N 0 

2,2-Dimethyl-I- 0 
[2-(3-plpeiidm-l- H0 yl-phenyl)-5!-I-
pyrrolo[2,3-
b ]pyrazin-7-yl]- N~ ~N 

l-445 propan-1-one 

'b-o 

3-[7-(2.2-

''* 
Dimethyl-
propionyl)-5H-
pyrrolo[2,3-

I '<N 0 b ]pyrazin-2-yl]-
I-451 N-(2-hydroxy- '~' ethyl)-5- I ,.,:; 

pyrrolidin-1-yl-
benzainide HO..._...........N 0 

H 

2.2-J)imethyl-l-

H~ [2-(3-tnorpholin-
4-yl-phenyl)-5H-
pyrrolo[2,3-
b ]pyrazln-7-yl]- N~ ~N 

I-446 propan-1-one 

(r,'\ 
\_/ 

2.2-Dimetbyl-1-

HN~ {2-[3-( 4-methyl-
piperazine-1-
carbonyl)-5-
py1To1idin-l-yl- ~o I-452 phenyl]-5H- I ,.,:; py:tTolo[2,3-
b ]pyrazln-7-yl }-

fN 0 propan-1-one 

,-N~ 

1-{2-[3- 0 
((1S,5R.6R)-6- HC()r-Methanesulfonyl 
methyl-3-aza-
bicyclo[3 .1.0]hex-

~ l-447 3-yl)-phenyl]-5H-
pyrrolo[2,3- Nchs-b]pyrazin-7-yl )-
2,2-dirnetl1yl- H "-'\\ 

0 0 

1-{ 2-[(3aS,6aR)- 0 

3-(Hexahydro- H~ cyclopenta[ c]py:tT 
ol-2-yl)-phenyl]-
5H-pynolo[2,3-

~'cP 
l-453 b ]pyrazin-7-yl }-

2,2-dimethyl-
propan-1-one 

propan-1-one H 

3-[7-(2,2-

HN~ Dimethyl-
propionyl)-51-I-
pyrrolo[2,3-
b ]pyrazm-2-yl]-5- cyo I-448 pyrrolidln-1-yl-

I ,.<' ' benzonitrile 

II 
N 

3-(7-(2,2-

HN* 
Dimethyl-
proplonyl)-5H-
pyrrolo[2,3-
b ]pyrazln-2-yl]-5- J~O I 

I-454 pyrrolidln-1-yl-

I 
benzoic acid I ,.,:; 

I 
I 

HO 0 
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3-[7-(2,2-

"~ c5 
Dimethyl-
propionyl)-5H-
pyrrolo[2,3-

J~, 
b ]pyrazin-2-yl]-5-

1-455 (3,3-dimethyl-
pyrrolidin-1-yl)-

I "' benzamide 

H2N 0 

1-{2-[3- 0 

((1R,5S,6R)-6- H~ Methoxymethyl-
3-aza-
bicyclo [3. l.O]hex- N' /,N 

I-461 3-yl)-phenyl]-5H-

~Nd>"'"'\ pyrrolo[2,3-
b]pyrazin-7-yl)-
2,2-dimethyl-

H 
propan-1-one 

2,2-Dimethyl-1-
{ 2-[3-((!S,5R)-l-

~?:!! ~ phenyl-3-aza-
bicyclo[3,LO]hex-
3-yl)-phenyl]-5H- '<N CY-l-456 pyrrolo[2,3- J~N '•,H b ]pyrazin-7-yl )-
propan-1-one I "' 

{2-[3- Ho!b ((1R,5S,6R)-6-
Hydroxymethyl-
3-aza-
bicyclo[3. l.O]hex- \_b- H I-462 3-yl)-phenyl]-5H-
pyn·olo[2,3- <J>·""\ b]pyrazin-7-yl}- :,. OH 
(1 -methyl- H 
cyclopentyl)-
methanone 

l-{2-[3-(3,3-
Diethyl-

~ cf 
pyrrolidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- I 

1-457 b]pyrazin-7-yl)- J~N 2,2-dimethyl-
propan-1-one I "' 

l-{2-[3-(4-

H~ 
Hydroxy-
piperidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3-

N~{~-OH l-463 b]pyrazin-7-yl )-
2,2-dimethyl-
propan-1--one 

I 
2,2-Dimethyl-1-

HN* 
{ 2-[3-(4-methyl-
piperazin-J -
ylmethyl)-5-
pyrrolidin-1-yl- ~o 1-458 phenyl]-5H- I ,,,,, 
pyrrolo[2,3-
b ]pyrazin-7-yl )- IN propan-1-one 

_,,,,N,,,_) 

l-{2-[3-(4-

H~ Hydroxy-4-
methyl-pipe1idin-
l-yl)-phenyl]-5H-
pyrrolo[2,3- N" /,N 

I-464 b ]pyrazin-7-yl ]-

~O\OH 2,2-ditnethyl-
propan-1-one 

1-{2-[3- l-{2-[3-(3-
((!S,5R,6R)-6-

HN;{f 
Hydroxymethyl-
3-aza-
bicyclo[3. 1.0]hex- '/ '\':N H 

l-459 3-yl)-phenyl]-5H- N~N~OH pyrrolo12,3-
b ]p)Tazin-7-yl )-
2,2-dimethyl-

llydroxymethyl-

""~&~ 
3-methyl-
pyrrolidin-1-yl)-
phenyl]-5H-

I-465 pyrro!o[2,3-
b ]pyrazin-7-yl}- N ,..-:::::: ~ N 

2,2-dimethyl- I "' 
propan-1-one 

propan-1-one 

{ 2-[3- N-(1-{ 3-[7-(2,2-
((!S,5R,6R)-6- 0 

Hydroxymethyl-

HN;(b 3-aza-
bicyclo[3 .1.0]hex-

1 ~N ~ J-460 3-yl)-phenyl]-SH- N~N H OH pyrrolo[2.3-
b ]pyrazm-7-yl )-

Dimethyl- 0 

propionyl)-SH- HN~ pyrrolo[2,3-
b ]pyrazin-2-yl]-

I-466 phenyl}-3- N~N~~-< methyl-pyrrolidin-
3-ylmethyl)-

(!-methyl- acetamide 
cyclohexyl)-
methanone I 
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N-(1-{ 3-[7-(2,2-
Dimethyl- 0 

propionyl)-5!-I- HN~ pyrrolo[2,3-
b]pyrazin-2-yl]-

N' IN ch l-467 phenyl}-3-
~ N / ~ ~-1'/"'o methyl-pyrrolidin-

3-ylmethyl)- 0 
methanesulfonmni 
de 

(1-{3-[7-(2,2-
Dimethyl-

H~ propionyl)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]-

1-468 phenyl}-3- N(J-en methyl-pyrrolidin- :: /, N ~-\0-
3-ylmethyl)-
carbamic acid 
rnethyl ester 

2,2-Dimethyl-1- 0 

[2-(4-pyrrolidin- HN~ l-yl-phenyl)-5H-
pyrrolo[2.3-
b ]p)Tazin-7-yl]- No 1-469 propan-1-one 

y "' 
~ 

0 
1-[2-(3- 0 
Dimethylamino-

HN~ phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]-

1-470 2,2-dimethyl- N~ propan-1-one I:: J" 

N-{ 3-[7-(2,2-

Ho!x Dimethyl-
propionyl)-SH-
pyrrolo[2,3-
b]pyrazin-2-yl]-

~c l-471 benzyl)-
methanesulfonami H II 
de N-g-

N-{3-[7-(2,2-
Dimethyl-
propionyl)-5H-

~~ 
pyrrolo[2,3-

0 H b ]pyrazin-2-yl]-

I 6:: : ~ 1-472 benzyl}-C-
phenyl- N H 

methanesulfonami I 
de 

1-473 

1-474 

l-475 

1-476 

l-477 

J-478 

PCT/EP2009/051755 

Cyclopropanesulf 
onic acid 3-[7-
(2,2-dimethyl-
propionyl)-5H-
pyrrolo[2,3-
b ]pyrazin-2-yl]-
benzylamide 

N-{3-[7-(2.2-
Dimethyl-
propionyl)-5H-
py1Tolo[2.3-
b ]pyrazin-2-yl]-
benzyl}-
benzenesulfonami 
de 

N-{ 4-[7-(2,2-
Dirnethyl-
propiony l)-5H-
pyrrolo[2,3-
b]pyrazin-2-yl]-
benzyl}-C-
phenyl-
methanesulfonami 
de 

Cyclopropanesulf 
onic acid 4-[7-
(2,2-dimethy1-
propionyl)-5H-
pyrrolo[2,3-
b ]pyrazm-2-yl]-
benzylamide 

Propane-1-
sulfonic acid 3-[7-
(2,2-dimethyl­
propionyl)-5H­
pyrrolo[2,3-
b ]pyrazin-2-yl]­
benzylamide 

I - { 2-[3-(2-tert­
Butyl-pyrrolldin­
l-ylmeihyl)­
phenyl]-5H­
pyrrolo[2,3-
b]pyrazin-7-yl}-
2,2-dimethyl­
propan-l-one 

At H 
0 ,N N H 

.:::::-$,.._ 
4~0 

0v~~N~ 
0 h o-·· N w 

I 

&~;r N H 

~'N~~ v"~H "" r r N: N 
N H 

I 
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1-(2-{3- 1-(2-(3-[(4,5-
[(Cyclohexyl- Dihydro-lH-
methyl-amino)-
methyl]-phenyl }-

A~ 5H-pyrrolo[2.3- N 

1-479 b )pyrazin-7-yl)- " " 2,2-dimethyl- UN' Nh ~ 
propan-1-one 

imidazol-2-
ylamino )-methyl)-

cY~~Nri1' phenyl}-5H-
l-485 pynolo[2.3-

NH ...-:: N 
b ]pyrazin-7-yl)- N H 

2.2-dimethyl-
propan-1-one 

1-{2-[3-(3- l -( 2-[3-(3,3-
Di1nethylamino- A;r pyrrolidin-1-
ylmethyl)- N 
phenyl]-5H- "' ~ 

l-480 pyrrolo[2,3- Q ~ N b jpyrazin-7-yl )-
2,2-dimethyl-
propan-1-one N-

I 

Dimethyl-

A;r pyrrolidin-1-
ylmethyl)- N 
phenyl]-51-I- )_ ~ 

I-486 pyrrolo[2-3- q__ /- N 
b ]pyrazm-7-yl)-

N H 

2,2-dimethyl-
propan-1-one 

2,2-Diinethyl-l-
{2-[3-((S)-2-
rnethyl-pyrrolidin-

Arr 1-ylmethyl)-
N phenyl]-5!-l- " ~ 

1-481 pyrrolo[2.3-
N '°' b ]pyrazin-7-yl)-

11'"0 N w 
propan-1-one 

3-(4-{3-[7-(2,2-

A~ Dimethyl-
propionyl)-51-l- N 

" "' pyrrolo[2.3- CN) Nh ~ b ]pyrazin-2-yl]-
1-487 benzyl)-

N 
piperazin-l-yl)-3-

o~I oxo-propionitrile 

N 

l-{2-[3-(3-
Methoxy-

Ari1 pyrrolidin-1-
ylmethyl}· N 

phenyl]-5H- " " 
1-482 py1Tolo[2.3- Q ~ ~ b]pyrazin-7-yl}-

2.2-dimethyl- o-
propan-1-one 

2-(3.4.5- 0 

Trimethoxy- H~~~O" phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 -

'~o I-488 carboxylic acid 
(2-1nethoxy-l -
methyl-ethyl)-
amide \ 

-o o-

1-(2-(3-
[(Cyclopropylmet 

Arr hyl-propyl-
amino)-methyl]- N 
phenyl}-5H- " " 1-483 pyrrolo[2,3- JNl ~ ~ b]pyrazin-7-yl)-
2,2-dimethyl-
propan-1-one 

2-Phenyl-1-[2-

~ 
(3 ,4,5-trimethoxy-
phenyl)-5H-
pyrrolo[2.3-

HN 
b]pyrazin-7-yl]-

N" /,N l-489 propan-1-one 1z1 
-o o-

1-{2-[3-((R)-2- ,,yJ: Methoxymethyl-
pyrrolidin-1-
ylmethyl)-
phenyl]-5H-

N~ !-484 pyrrolo[Z,3-
b]pyrazin-7-yl}- 1: , ... p 2.2-dimethyl-
propan-1-one I H 

-o 

2-(3,4.5- 0 

Trimethoxy- Her phenylJ-5H- OH 

pyrrolo[2-3-
N" /,N b Jpyrazine-7 -

Q" 
I-490 carboxylic acid 

-o o-
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2-(3,4,5- 0 

Trimethoxy- HNH:~cN-4(0 phenyl)-5H-
pyrrolo[2,3-
b ]pyrazine-7 -

l-491 carboxylic acid 
(1-acetyl- Q-0 
pyrrolidin-3-

\ 

ylmethyl)-amide -o 0 
I 

1-{ 2-[3-( (JS ,2S )-

Ho!r 2-Hydroxy-
cyclopentylamino 
)-phenyl]-5H-
pyrrolo[2,3-

N(\ /,N P,. I-497 b]pyrazm-7-yl }-
2,2-<limethyl- 0-~ 'oH propan-1-one 

2-(3,4,5- HH1' Trimethoxy-
phenyl)-5H-

Nr ~N ~CN-fo pyrrolo[2,3-
b]pyrazinc-7- l=ro (" l-492 carboxylic acid 
(1-
ethylcarbamoyl- \ 
pyrrolidin-3- -o 0 

ylmethyl)-amide I 

1-(2-{ 3-[ (2-

H~ Methanesulfonyl-
ethylamino )-
methyl]-5-

~ pyrrolidin-1-yl-

<) I-498 phenyl}-5!-l-
pyrrolo[23-
b]pyrazin-7-yl)- N 

~ 2,2-dimethyl-
l'f~o 

propan-1-one 0 

2-(3,4,5-
Trimethoxy- HH1'N phenyl)-5H- Hu pyrrolo[23- 1 ~ 
b ]pyrazine-7- Q, '" l-493 carboxylic acid 
(piperidin-4-
ylmethyl)-amide \ 

-o 0 

l-{2-[3-(3,3- 0 

Dimethyl- H0 azetidin-1-yl)-
phenyl]-5H-
pyrrolo[2,3- N?' ~N 

I-499 b]pyrazin-7-yl )-

b-Nx 2,2-dimethyl-
propan-1-one 

' 
I 

2-(3,4,5-

H~~a Trimethoxy-
phenyl)-5H-
pyrrolo[2,3-

~ 'r b ]pyrazine-7 -
I-494 carboxylic acid 

(1-acetyl- 0 

piperidin-4-
\ -o 0 ylmethyl)-amide I 

l-{2-[3-(3-

H~ Arninomethyl-3-
methyl-pyiTolidin-
l-yl)-phenyl]-5H-
pyrrolo[2,3- N~ /,N 

1-500 b ]pyrazin-7-yl)- 0-Nch 2,2-dimethyl-
propan-1-one 

- NH
2 

1-{2-[3-(3,3- H n Dimethyl-
pyrrohdin-l-yl)-5-

l: (!-methyl-
piperidin-4-

" l-495 yloxy)-phenyl]-
5H-p)TIOlo[2,3- d ex b ]pyrazin-7-yl}-
2,2-dimethyl-
propan-1-one I 

1-{2-[3- 0 

((3aR,6aS)-2,2- "0 Dioxo-hexahydro-
2/1-6-thieno[3,4-
c]pyrrol-5-yl)-

~ I-501 phenyl]-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl )- Nd:;'(;O 
2.2-dimethyl-
propan-1-one H o 

! 
2.2-Dimetbyl-l- Hdt { 2-[(3aR,6aS)-3-
(tetrahydro-
thieno[3,4-
c]pyrrol-5-yl)-

b-l-496 phenyl]-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl }- Net> propan-1-one 

2,2-Dimethyl-1- 0 

{2-[3-((3aR,6aS)- "0 2-oxo-hexahydro-
2/v4-thieno[3,4-
c]pyrrol-5-yl)- N" /,N 

I-502 phenyl]-5H- b-.ci:;~, pyrrolo(2.3-
b]pyrazm-7-yl }-
propan-1-one H H 
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2-0xo-2,3-

"Qi-
1-(2-(3-(2- 0 

dihydro- Methoxy-2-

H~ benzooxaz,ole-6- methyl-
sulfonic acid { 6- propylamino )-
[7-(2,2-dimethyl- phenyl]-5H- N' /,N 

l-503 propionyl)-5H- s- y' 
l-509 pyrrolo[2,3-

b-~~/ pyrrolo[2,3- ~,,? - b]pyrazin-7-yl}-
b]pyrazin-2-yl]-

1/-0-NH 2.2-dimethyl-
lH-indol-4-yl}- propan-1-one 
amide 

2-Methyl-2-

HN* 
2-(3-(3.3-

H~~~ phenyl-1-[2- Dimethyl-
(3 ,4,5-trimethoxy- pyrrolidin-1-yl)-
phenyl)-5H- phenyl]-5H-
pyrrolo[2,3-

"~" 
pyrrolo[2,3- Nr '\N 

l-504 b]pyrazin-7-yl]- 1-510 b ]pyrazine-7 -

b-Ncf propan-1 -one carboxylic acid 
tert-butylamide 

0 o-
' 

1-12-[3-(2- 0 3.3-Dimethyl-4-

H~ Amino-1,1-

H~ 
oxo-4-(2-(3.4,5-

dimethyl- tri1nethoxy- ~ 
- N 

ethylamino )- phenyl)-5H- 1f,, phenyl]-5H- N' /,N pyrrolo[2.3-
l-505 pyrrolo[2,3-

b-~)CNH, 
l-511 b]pyrazin-7-yl]-

b]pyrazin-7-yl}- butyronitrile 
2,2-dimethyl-
propan-1-one 0 0 

\ \ 

lH-lndazole-5- Hqi- 1-(2-[3-(3- 0 
sulfonic acid { 6- I-lydroxy-azetidin-

H~ [7-(2.2-dimethyl- l-yl)-phenyl]-5H-
propionyl)-SH-

s-"'fr' 
pyrrolo[2,3-

pyrrolof.2,3- b]pyrazin-7-yl)- N~ /,N 
l-506 b]pyrazin-2-yl]- l-512 2.2-dimethyl-

b-<)-oH lH-indol-4-yl }- N,1? - ! 
propan-1-one 

amide S /; NH ,, ~ 
0 

(4-{3-(7-(2,2- l-[2-(3- H 
Dimethyl- H~ Methanesulfonyl N~ prop1onyl)-5H- inethoxy-5-
pyrrolo[2,3- pyrrolidrn-1-yl-

' ,Js_ b ]pyrazin-2-yl]- \_b-Nf\N}- phcnyl)-5H-
l-507 phenyl}- l-513 pyrrolo[2,3-

piperazin-1-yl)- bjpyrazrn-7-yl]-
acetic acid \__/ OH 2,2-dimethyl- o;:;:;S_/ 0 

0 propan-1-one 
\\ 
0 

4-Arnino-3- HQ{- N-{ 6-[7-(2,2- HQ{-chloro-N-{ 6-[7- J)imethyl-
(2,2-dimethyl- propionyl)-5H-
propionyl)-5H-

" ,< N pyrrolo[2,3-

" h N 
pyrrolo[2,3- b]pyrazin-2-yl]-

l-508 b ]pyrazin-2-yl]-
(I ~ H~ 

! 1-514 lH-indol-4-yl}-3-
(I ~ 

o-
lH-mdol-4-yl}- N,1? - I 

methoxy- M,,l() 
benzenesulfonami -

1s ~ /; NH, benzenesulfonami - ,,s ~ /; I 
de HN 0 d de HN 0 0 
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1-515 

1-516 

1-517 

1-518 

1-519 

1-520 

2-[3-(3,3-
Dimethyl­
pyrrolidin-1-yl)­
phenyl]-5H­
pyrro!o[2,3-
b ]pyrazine-7 -
carboxyhc acid 
(2-1nethoxy­
propyl)-amide 

(!-{ 3-[7 -(2,2-
Dimethyl­
propionyl)-5H­
pyrrolo[2,3-
b ]pyrazin-2-yl]­
phenyl }-4,4-
dimethyl­
pyn·o!idin-3-yl)­
carbamic- acid 
ethyl ester 

3-Methyl-3-[2-
(3 ,4,5-trimethoxy­
phenyl)-5H­
pyrrolo[2,3-
bjpyrazine-7 -
carbonyl]­
cyclopentanone 

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

4-[(2-Hydrnxy­
ethyl)-methyl­
amino]-2,2-
dimethyl-1-[2-
(3,4,5-trimethoxy­
phenyl)-5H­
pyrrolo[2.3-
b]pyrazin-7-yl]­
butan-1-one 

-71-

I-521 

1-522 

N~N 
I o 

N 

1-523 

HN~O /\ 
N~6 
H 

1r-d- 1-524 

1-525 

1-526 

PCT/EP2009/051755 

2,2-Dimethyl-1-

Ho!Y { 2-[3-( tetrahydro-
pyran-4-ylarrtino)-
phenyl]-5H-

'--b-b 
pyrrnlo[2,3-
b]pyrazin-7-yl}-
propan-1-one 

0 

3-Amino-N-{ 6-

"Q{-[7-(2,2-dimethyl-
propionyl)-5H-
pyrrolo[2,3-

s--~-
b]pyrazin-2-yl]-
lH-indol-4-yl}-
benzenesulfonami 
de '\11 

,p ~ /; 
0 

2-(3-(3,3-

H~~ 
Dimethyl-
pyrrolidin-1-yl)-
phenyl]-5H- ~ OH 

pyrrolo[2,3- N1 ~N 
i 

CJ-Nd-
b ]pyrazine-7-

I carboxylic acid 
((S)-2-hydroxy- i 
1..2-dimethyl-
propyl)-amide 

l-[2-(3-Fluoro- 0 
phenyl)-51-1-

HN~ pyrrolo[2.3-
b ]pyrnzin-7-yl]-
2.2-dirnethyl-
propan-1-one N~ y ~ F -
(3-Hydroxy-1-

%-methyl-

* ~ 
cyclopentyl)-[2-
(3,4,5-tnmethoxy-
phenyl)-5H-
pyrrolo[2,3-
b ]pyrazin-7-yl]- I 
methanone 'o o/ 

o, 

4-Amino-N-{ 6-

H~ [7-(2,2-dimethyl-
propionyl)-5H-
pyrrolo[2,3- s- ' b]pyrazin-2-yl]-
lH-indol-4-yl )-3-
fluoro- H 0 

Nf/ -
benzenesulfonami ;s~NH, 
de 
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1-527 

1-528 

1-529 

1-530 

1-531 

l-532 

2-{4-Methyl-4-
[2-(3,4,5-
trimethoxy­
phenyl)-5H­
pyrrolo[2.3-
b 1pyrazine-7 -
carbonyl]­
piperidin-1-yl }­
acetamide 

l-{4-Methyl-4-
[2-(3,4,5-
1rimethoxy­
phenyl)-5H­
pyrrolo[2,3-
b ]pyrazine-7 -
carbonylJ­
p1peridin-l-yl }­
ethanone 

6-0xo-1,6-
dihydro-pyridine-
3-sulfonic acid 
{ 6-[7-(2,2-
dimethyl­
propionyl)-5H­
pyrrolo[2,3-
b ]pyrazin-2-yl]­
l H-indol-4-yl }­
amide 

4-Amino-N-{ 6-
[7-(2,2-dimethyl­
propionyl)-5H­
pyrrolo[2,3-
b]pyrazin-2-yl]­
lH-indol-4-yl }-3-
trifluoromethyl­
benzenesulfonami 
de 

l-{2-[3-(3,3-
Dimetbyl­
pyrrolidm-l-yl)-5-
(3-
methanesulfonyl­
propoxy)-phenyl]-
5H-pyrrolo[2,3-
b]pyrazin-7-yl }-
2,2-dimethyl­
propan-1-one 

N-(6-[7-(2,2-
Dimethyl­
propionyl)-5H­
pyrrolo[2,3-
b]pyrazin-2-yl]­
lH-indol-4-yl }-4-
hydroxy­
benzenesulfonami 
de 
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.......... 0 ~ 0/ 
b]pyrazin-7-yl]-
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l-{2-[3-(2-Aza- 0 

bicyclo[2.Ll]hex- HHY 2-yl)-phenyl]-51-l-
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b ]pyTazin-7-yl }-

I 
N/' \;N 

2,2-dimethyl-
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propan-1-one 
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phenyl)-SH-
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b]pyrazin-7-yl }- LYW 2.2-dimelhyl- N 
propan-1-one H 
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1>-(f 
carboxylic acid 
phenylamide 
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2-[3-(3.3-

H~z Dimethyl-
pyrrolidin-1-yl)- N OH 
phenyl]-5H- H 

pyrrolo[2.3- N1 '\N 

I 
I-539 b)pyrazine-7- l:t-Nd-carboxylic acid 

(2-hydroxy-1,1-
dimethyl-ethyl)-

l-{2-[3-(1,7-
Diaza-

H~ spiro[4.4]non-7-
yl)-phenyl]-5H-
pyrrolo[2,3-

N~NCP I-545 b ]pyrazin-7-yl }-
2,2-dimethyl-
propan-1-one 
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2,2-Dimethyl-1- 0 

[2-(3- HC(f methylsulfanyl-5-
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I-54D pyrrolo[2.3-

b ]pyrazin-7-yl]- NCJ propan-1-one 
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{ 2-[3-(3-pyridin-

H~ 3-yl-pyrrolidin-1-
yl)-phenyl]-5H-
pyrrolo[2,3-
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propan-1-one 1 ": '>-

N 

s 
I 

l-[2-(3-
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O=::::-s 
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b ]pyrazin-7-yl]-
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0 0 
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2-[3-(2-
0 XOH Dimethylamino-

ethoxy)-5-(3,3-

~ 0 dimethyl-pyrrolidin-
1-yl)-phenylJ-SH-

1-551 
pyrrolo[2,3-

HN J-Q 
b ]pyrazine-7- N- ~ # 
carboxylic acid (3-
hydroxy-2,2- o\_j 
dimetbyl-propyl)-
amide \ 

l-(2-{3-[3-(2,3-
Dihydroxy-

H~ propyl)-3-methyl-
pyrrolidin-1-yl]-
phenyl}-5H-

N~ OH 1-553 pyrrolo[23-
b ]pyrazin-7-yl)- rOH 
2,2-dimethyl- N 

propan-1-one 

l-[2-(3-tert- H0 Butylamino-
phenyl)-5H-
pyrrolo[2_3-
b]pyrazin-7-yl]-

~Y-
1-552 2,2-dimethyl-

propan-1-one 

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, dragees, hard and soft gelatine capsules, solutions, emulsions, syrups, or 

5 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 

10 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 phannaceutical compositions 

15 and unit dosage fonns may be comp1ised 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 

20 formulations, or liquids such as solutions, suspensions, emulsions, elixirs, or filled 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 

5 the target organ or tissue and on the desired dose and pharrnacokinetic parameters. 

The tenn "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 includes excipients that are acceptable for veterinary use as well as human 

pharmaceutical use. The compounds of this invention can be administered alone but will 

10 generally be administered in admixture with one or more suitable pharmaceutical excipients, 

diluents or caniers 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 undesirable 

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

A "pharmaceutically acceptable 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 phannacodynamics of the active ingredient with respect 

to its therapeutic activity in the body. The phrase "pharmaceutically acceptable salt" of a 

20 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 hydrochl01ic acid, hydrobromic acid, sulfmic 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 

25 acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 

3-(4-hydroxybenzoyl)benzoic 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[2.2.2]-oct-2-ene-l-carboxylic acid, glucoheptonic acid, 

30 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, 

gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, 
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and the like; or (2) salts formed when an acidic proton present in the parent compound either is 

replaced by a metal ion, e.g., an alkali metal ion, an alkaline emih ion, or an aluminum ion; or 

coordinates with an organic base such as ethanolamine, diethanolamine, triethanolarnine, 

tromethamine, N-methylglucamine, and the like. 

5 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 mateiial. In powders, the carrier generally is a 

finely divided solid which is a mixture with the finely divided active component. In tablets, the 

10 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 can·iers include but 

are not limited to magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, 

stm·ch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax, 

cocoa butter, and the like. Solid fonn preparations may contain, in addition to the active 

15 component, colorants, flavors, stabilizers, buffers, atiificial 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. 

20 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 

25 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 

30 with an added preservative. The compositions may take such forms as suspensions, solutions, or 

emulsions in oily or aqueous vehicles, for exmnple solutions in aqueous polyethylene glycol. 
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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 

5 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 transdennal patch. Ointments and creams 

may, for example, be formulated with an aqueous or oily base with the addition of suitable 

10 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 

15 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 

20 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 cairiers as are known in the art to be appropriate. 

25 The compounds of the present invention may be formulated for nasal administration. The 

solutions or suspensions ai·e 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 forrn. In the latter case of a dropper or pipette, this may be achieved by the patient 

administe1ing ai1 appropriate, predetermined volume of the solution or suspension. In the case of 

30 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. Such a 

particle size may be obtained by means known in the art, for example by micronization. The 

5 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 

10 example a powder mix of the compound in a suitable powder base such as lactose, starch, starch 

derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). The powder 

carrier will fonn 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. 

15 When desired, formulations can be prepared with enteric coatings adapted for sustained or 

controlled release administration of the active ingredient. For example, the compounds of the 

present invention can be formulated in transdennal or subcutaneous drng delivery devices. 

These delivery systems are advantageous when sustained release of the compound is necessary 

and when patient compliance with a treatment regimen is crncial. Compounds in transde1mal 

20 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 subde1mal implants encapsulate the compound in a 

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

25 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 

30 present invention unstable or compromising their therapeutic activity. 
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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 (salt formulation, 

esterification, etc.), which are well within the ordinmy skill in the mi. It is also well within the 

ordinary skill of the mi to modify the route of administration and dosage regimen of a particular 

5 compound in order to manage the phar:macokinetics 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 

10 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 

15 daily dosage is between about 0.1 and about 500 mg/kg 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 single dosage or in divided dosages, typically 

between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which 

20 are less than the optimum dose of the compound. Thereafter, the dosage is 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 expe1imentation and in reliance on 

personal knowledge, expe1ience and the disclosures of this application, to ascertain a 

therapeutically effective amount of the compounds of the present invention for a given disease 

25 and patient. 

The pharmaceutical preparations are preferably 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 

30 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 

5 illustrative and representative thereof. 

EXAMPLES 

Example l. 

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

10 To a flask charged with 20 mL of anhydrous N-meythlpyITolidine 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 stiffing 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 

15 and then partitioned. The organic layer was washed with water and then brine, dried over 

Na2S04 , 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-

b ]pyrazine-7-carboxylic acid ethyl ester. 

Example 2. 

20 
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6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid ethyl ester 

To a flask charged with 2-Bromo-6-methyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid ethyl 

ester (360 mg, 1.26 mmol), 3,4,5-trimethoxyphenylboronic acid (320 mg, 1.51 mMol), 

Pd(dppf)Ch (31 mg, 0.038 mmol) was added K2C03 (520 mg, 3.75 mmol). The mixture was 

5 heated to 100 °C overnight. The reaction mixture was cooled, diluted with EtOAc and filted over 

celite. The solution was washed with water and brine, dried over Na2S04, filtered, and 

concentrated. Flash chromatography afforded 105 mg of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-

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

10 

Example 3. 

H~O~ , \ ,,..,_ ,,,_,V ~ /j-' 0 )=:<_ "0 

N'Q~ ;/' 

0 

\ 

- '~ 
-o o- -o o-

6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazine-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 stin"ing 15 minutes, (2-

15 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)-5H-pyrrolo[2,3-

b ]pyrazine-7-carboxylic acid ethyl ester. 

20 Example 4. 
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6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazine-7-carboxylic acid 

To a solution of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b]pyrazine-7-carboxylic acid ethyl ester (110 mg, 0.22 mmol) in 1.0 mL ofTHF was 

5 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 HCl and partitioned into methylene chloride. Dried the organic phase over 

Na2S04, 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. 

10 Example 5. 

6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-t1imethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazine-7-carboxylic acid tert-butylamide 

15 To a solution of 6-Methyl-2-(3,4,5-t1imethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (95 mg) in 1.5 mL of DMF was added PyBOP (128 

mg) followed by tert-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 N a2S04, 

filtered, and concentrated. Flash chromatography ( 4: 1 Hexanes:ethylacetate) afforded 70 mg of 

20 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazine-7-carboxylic acid tert-butylamide. 

Example 6. 
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6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5H-py1Tolo[2,3-b ]pyrazine-7-carboxylic acid tert­

butylamide 

To a solution of 6-Methyl-2-(3 ,4,5-trimethoxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

5 py1Tolo[2,3-b ]pyrazine-7-carboxylic acid tert-butylamide ( 64 mg) in 0.5 rnL of THF was added 

400uL of 1.0 M TBAF in THF. Heated the mixture to 60 °C for 14 h. Diluted with diethyl ether 

and water and partitioned. The organic phase was washed with brine, dried over Na2S04 , 

filtered, and concentrated. Flash purification (95:5 methylene chloride: Methanol) afforded 12 

mg of 6-Methyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid tert-

10 utylamide as a yellow solid. 

Example 7. 

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

To a flask charged with Cs2C03 (4.74 g), Copper(I)bromide (99 mg), and ethyl-2-

15 cyclohexanone-carboxylate (248 mg) was added 3 mL of DMSO under an argon atmosphere. l­

bromo-3-iodobenzen (2.0 g) was added followed by a solution of 2-pylTolidinone (715 mg) in 3 

mL of DMSO. The reaction mixture was stiffed at rt for 16 hand 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)-pylTolidin-2-one as a brown 

20 solid. 

Example 8. 
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1-[3-( 4,4,5 ,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidin-2-one 

To a flask charged with 1-(3-Bromo-phenyl)-pyrrolidin-2-one (713 mg), bis(pinacolato )diboron 

(1.51 g), [l,1 '-bis(diphenylphosphino)ferrocene]dichloropalladium(II) complex (121 mg) and 

5 potassium acetate (87 4 mg) was added 10 mL of DMSO 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 N a2S04 , 

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]-

10 pyrrolidin-2-one. Subsequent steps involved the standard Suzuki coupling, iodination, and 

aminocarbonylation. 

15 

3,3-Dimethyl-1-[3-( 4,4,5,5-tetrarnethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine was 

prepared following general procedures described in these Examples. 

Example 9. 

H1NR -
A flask was charged with aryliodide (1.0 equiv), palladium acetate 0.1 equiv, potassium 

carbonate (2.0 equiv) and 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (0.1 equiv) and 

toluene added (concentration= 0.2 M). The mixture was heated to 70 °C and then carbon 

20 monoxide was bubbled slowly through the mixture for 2-3 minutes. Then the amine (4.0 equiv) 

was added slowly in 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: MeOH) affords the desired amides. 
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2-(3-Chloro-5-fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide was 

prepared according to the by replacing aryl iodide with 2-(3-chloro-5-fluoro-phenyl)-7-iodo-5H­

pyrrolo[2,3-b ]pyrazine and amine with isopropyl amine: foam; MS m/z 333 (M+n). 

Example JO 

A solution of 2-Chloro-5H-pyrrolo[2,3-b]pyrazine (0.62 g, 4 mmol) in 20 mL 

dimethylformamide at 0 °C under argon atmosphere was treated with potassium hydroxide (0.47 

g, 8.4 mmol, crushed) and iodine 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 

l 0 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 d1ied 

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

Example 11. 

15 2-Chloro-7-iodo-5-tliisopropylsilanyl-5H-pyrrolo[2,3-b ]pyrazine 

A solution of the 2-Chloro-7-iodo-5H-pyrrolo[2,3-b]pyrazine from the previous step in 30 mL of 

tetrahydrofuran stirring at 0 °C under argon atmosphere was treated with lithium 

hexamethyldisilylazide (6 mL, 1 Min hexanes, 6 mmol), followed by ttiisopropylsilyl chlolide 

(1.1 mL, 5.2 mmol). After 30 mat 0 °C, the solution was wanned to ambient temperature and 

20 diluted with 20% ethyl acetate in hexanes, then washed twice with water and once with bline. 

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-tliisopropylsilanyl-5H-pyrrolo[2,3-b]pyrazine (1.68 g, 95% over 

two steps). 

25 Example 12. 
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l-(2-Chloro-5-triisopropylsilanyl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l -ol 

2-Chloro-7-iodo-5-tiiisopropylsilanyl-5H-pyrrolo[2,3-b]pyrazine (0.56 g, 1.28 mrnol) was 

5 dissolved in 10 mL of dry tetrahydrofuran and stirred under argon with cooling to -78 °C. A 

solution of isopropylmagnesium chl01ide with lithium chloride (3 mL, lM, 3 mmol) was added 

via syiinge. After 10 m, neat pivaldehyde (0.325 mL, 3 mmol, distilled) was added all at once. 

After 1 h at -78 °C, the reaction was quenched by the addition of saturated aqueous ammonium 

chloride, then diluted with ethyl acetate and allowed to wann to ambient temperature, The 

10 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. 

15 l-(2-Chloro-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l-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 magnesium sulfate, filtration, and solvent 

20 removal, the residue was taken up in 30 mL of tetrahydrofuran and treated with 10 drops each of 

1 M sodium 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 
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hexanes then furnished 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. 

-
5 l-[2-(3-Dimethylamino-phenyl)-5H-pyn-olo[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-chloropyn-olopyrazine (69 

mg), 3-dimethylaminophenylboronic acid (73 mg), potassium carbonate (164 mg) and 1,1'­

Bis(diphenylphosphino)ferrocene]palladium(Il) dichloride dichloromethane complex (1:1) (20 

mg). To the solids were then added dioxane (4 mL) and water (1 mL). Argon was briefly 

10 bubbled through the stirred solution 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 

15 containing fractions using hot dichloromethane and hexanes 36 mg of the product was obtained 

(m.p. 223.2-228.4 °C). 

Example 15. 

l ·~O N~OH 
~ D H /\ -
N~/,N - N9:/, 

v ~ o, r ~ o, -- --o - o-
..-o ...-o 

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

20 dimethyl-propyl)-amide 

A mixture of 7-iodo-2-(3,4,5-trimethoxy-phenyl)-5H-pyn-olo[2,3-b]pyrazine (100 mg, 0.24 

mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (Xantphos) (14 mg, 0.02 mmol), 
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Pd(OAch (5.5 mg, 0.02 mmol), and K2C03 (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-b]pyrazine (100 mg, 0.24 mmol) and 

Pd(OAc)2 (5.5 mg, 0.02 mmol) in DMF (1 mL) was heated to 60 °C as CO was bubbled through 

5 the reaction mixture. For each reaction flask, a solution of 3-amino-2,2-dimethyl-propan-l-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 solution of 

3-amino-2,2-dimethyl-propan-l-ol (75 mg, 0.74 mmol) in DMF (0.5 mL) was added to the 

reaction mixture which was then stiffed under a CO atmosphere at 60 °C for 1.5 h, 75 °C for 3 h, 

10 and room temperature for 3 d. Both reaction mixtures were combined and partitioned between 

saturated N~Cl and CH2Ch. The aqueous layer was extracted with CH2Ch and the combined 

organic phases were washed with water, dried (N a2S04) 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 5% of concentrated aqueous NH40H, in CH2Ch as eluant to afford 160 mg of 

15 crude product which was further purified by preparative thin layer chromatography using 

85:14.25:0.75 CH2Ch:MeOH:concentrated aqueous NH40H as eluant to provide 30 mg of an 

oily solid. Treatment of this residue with MeOH and CH2Ch and collection of the resultant 

solids which were then washed with Et20 gave 26 mg (13%) of 2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b]pyrazine-7-carboxylic acid (3-hydroxy-2,2-dimethyl-propyl)-amide as a pale 

20 yellow solid. MP 224-225 °C, M+H 415. 

Example 16. 

2 steps -

2-(3,4-Dimethoxy-phenyl)-7-iodo-5H-pyffolo[2,3-b]pyrazine was prepared starting from 2-

25 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-5H-pyffolo[2,3-b]pyrazine (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 stiffed for 15 min, treated with TsCl (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 mixture 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. 

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

5 A mixture of 2-(3,4-dimethoxy-phenyl)-7-iodo-5-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-

b]pyrazine (380 mg, 0.71 mmol), CuCN (256, 2.8 mmol), 

bis(dibenzylideneacetone)palladium(O) [Pd2(dba)3] (26 mg, 0.03 mmol), and 1,1 '­

bis(diphenylphosphino)feJTocene (63 mg, 0.11 mmol) in dioxane (7 mL) was stilled at 90 °C 

overnight. Additional CuCN (50, 0.56 mmol), Pd2(dba)3 (6 mg, 0.01 mmol), and 1,1 '-

10 bis(diphenylphosphino)feJTocene (15 mg, 0.03 mmol) was added to the reaction mixture which 

was then stiITed at 90 °C for 4 hand 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 0-70% EtOAc in hexanes as eluant 

to afford 60 mg (20%) of 2-(3,4-dimethoxy-phenyl)-5-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-

15 b]pyrazine-7-carbonitrile as a white solid and 50 mg (16%) as a yellow solid. MP 233-234 °C, 

M+H435. 

Example 17. 

-

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-cai·bonitrile 

20 A solution of 2-(3,4-dimethoxy-phenyl)-5-(toluene-4-sulfonyl)-5H-pyrrolo[2,3-b ]pyrazine-7-

carbonitrile (90 mg, 0.2 mmol) and 3M NaOH (0.2 mL, 0.6 mmol) in MeOH (2 mL) was stirred 

at 50 °C for 30 min, allowed to cool to room temperature, and partitioned between 1 N HCl and 

EtOAc. The aqueous layer was extracted with EtOAc and the combined organic phases were 

diied (Na2S04) 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 NILiOH, in CH2Ch as eluant to afford 40 mg of a tan solid which 

was washed with MeOH followed by a mixture of CH2Ch and Et20 to provide 2-(3,4-

dimethoxy-phenyl)-5H-pyrrolo(2,3-b ]pyrazine-7-carbonitrile as a light tan solid. MP 284-285 

5 °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-

10 (3,4-dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonitrile ( 40 mg, 0.14 mrnol), NaOMe 

(0.2 Min MeOH, 0.5 mL, 0.1 mmol), and 3M NaOH (0.3 mL, 1 mmol) 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 NH4Cl and EtOAc. The aqueous layer was extracted 

with EtOAc and the combined organic phases were dried (N a2S04) and concentrated to give 36 

15 mg of a pale yellow solid. The crude product was washed with CH2Ch and Et20 to afford 25 mg 

(60%) 2-(3,4-dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid amide as a pale 

yellow solid. MP 290-292.4 °C, M+H 299. 

Example 19. 

20 2-(3,4,5-Trimethoxy-phenyl)-SH-pyrrolo(2,3-b ]pyrazine-7-carboxylic acid 

To a -78 °C solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b]pyrazine (1.28 g, 2.25 mmol) in THF (5.6 mL) was dropwise added iPrMgCl-LiCl (1 Min 

THF, 5.6 mL, 5.6 mmol). The solution was stirred for 10 min and C02 was bubbled into the 
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solution for 5 min. The solution was allowed to slowly warm to -10 °C over 4 hand 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 

5 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)-5H-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- l-yl)-phenyl)-5-H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid was 

10 prepared following general procedures described in these Examples. 

Example 20. 

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

A mixture of 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b )py:razine-7-carboxylic acid (70 mg, 

15 0.2 mmol), isobutylamine (44 µL, 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 CH2Ch was stirred at 70 °C overnight and partitioned between saturated 

NH4Cl and CH2Ch. The aqueous layer was extracted with CH2Ch and the combined organic 

phases were washed with water, d1ied (Na2S04), and concentrated. The residue was pmified by 

20 preparative thin layer chromatography using 90:9.5:0.5 CH2Ch:MeOH:concentrated aqueous 

NH40H as eluant to afford 42 mg (50%) of 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b]pyrazine-7-carboxylic acid isobutyl-amide as a pale yellow powder. M+H 403. 

2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-phenyl]-5-H-pyrrolo[2,3-b )pyrazine-7-carboxylic acid (3-

hydroxy-2,2-dimethyl-propyl)-amide, (M+Hi+ = 422, was prepared following general procedures 

25 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-

ttimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid and the appropriate amine): 
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2-(3,4,5-Trimethoxy-phenyl)-5H-pyn-olo[2,3-b ]pyrazine-7-carboxylic acid (2,3-dihydroxy­

propyl)-amide; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazine-7-carboxylic acid ( tetrahydro-furan-3-

yl)-amide; 

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

amide; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-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)-

10 amide 

Example 21. 

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

trimethoxy-phenyl)-5H-pyn-olo[2,3-b ]pyrazine-7-carboxylic acid and the appropriate amine 

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

15 2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (1, 1-dioxo­

tetrahydro- lA.6-thiophen-3-yl)-amide; 

2-(3,4,5-Trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazine-7-carbox ylic acid (2-methanesulfonyl­

ethyl)-amide; 

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

20 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-pyn-olo[2,3-b ]pyrazine-7-carboxylic acid (2-hydroxy-propyl)-

25 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 desc1ibed in these 

Examples but with DMF as solvent. MP 201.9-202.6 °C, M+H 387. 

Example 23. 

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

5 yl)-amide was prepared starting from 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-

carboxylic acid and tetrahydro-pyran-3-ylamine hydrochloride following the general procedures 

described in these Examples but with triethylamine and DMAP added. MP 191-192 °C, M+H 

413. 

Example 24. 

10 2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-methoxy-propyl)­

amide was prepared starting from 2-(3,4,5-trimethoxy-phenyl)-5H-pyn-olo[2,3-b]pyrazine-7-

carboxylic acid and 2-methoxy-propylamine hydrochloride following the general procedures 

described in these Examples but with l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide 

methiodide instead of N-(3-dimethylaminopropyl)-N' -ethylcarbodiimide hydrochloride and with 

15 triethylamine. MP 199-200 °C, M+H 401. 

Example 25. 

H,,rJ~-GNH '>=< •H 

'Q·~ /,N HCI 

f ~ 0 

- \ 
o-

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid ( 1-methyl-pyn·olidin-3-

yl)-amide 

20 To a mixture of 2-(3,4-dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-carboxylic acid 

pyrrolidin-3-ylamide hydrochloride (12 mg, 0.03mmol) in MeOH (0.5 mL) was added 

NaBH3CN (15 mg, 0.23 mmol). A solution ofHOAc (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 CH20 

(37%, 25 µL, 0.34 rnmol) was added to the reaction mixture which was then stirred at room 

25 temperature for 2 h, partitioned between saturated Na2C03 and CH2Ch. The aqueous layer was 

extracted with CH2Cl2 and the combined organic phases were dried (Na2S04) and concentrated 

to give a pale yellow solid. The crude product was washed with Et20 to afford 11 mg (100%) of 
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2-(3,4-dimethoxy-phenyl)-5H-pynolo[2,3-b]pyrazine-7-carboxylic acid (1-methyl-pynolidin-3-

yl)-amide as a yellow powder. MP 193-194 °C, M+H 382. 

Example 26. 

FL~~~-GN.iH )=\ n 

~ O HCI 

q-, 
0-

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

yl)-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 CH2Cl2 (0.1 mL) 

was sequentially added triethylamine (3.2 µL, 0.02 mmol) and acetic anhydride (1.5 µL, 0.02 

10 mmol). The reaction mixture was stined, treated with additional triethylamine (10 µL, 0.07 

mmol) and acetic anhydride (1.5 µL, 0.02 mmol), and partitioned between saturated NH4Cl and 

CH2Ch. The aqueous layer was extracted with CH2Clz and the combined organic phases were 

washed with saturated NaHC03, d1ied (Na2S04), and concentrated. The residue was treated with 

a 1:1 solution of MeOH: saturated Na2C03 overnight. The reaction was partitioned between 

15 saturated NH4Cl and CH2Ch. The aqueous layer was extracted with CH2Ch and the combined 

organic phases were washed with saturated NaHC03, dried (Na2S04), and concentrated to give 8 

mg of an oil which precipitates upon treatment with MeOH. The solids were collected and 

washed with CH2Cli and Et20 to afford 6 mg (75%) of 2-(3,4-dimethoxy-phenyl)-5H­

pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (l-acetyl-pynolidin-3-yl)-arnide as a cream colored 

20 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 stmting from 2-(3,4-dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine-7-

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

25 Example 28. 
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Scheme la.~ HNC(/ 
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2-[3-(3-Methoxy-pyrrolidin- l-yl)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid tert­

butylarnide and 2-[3-(3-Methoxy-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-

carboxylic acid ((S)-2-methoxy-l-methyl-ethyl)-amide 

5 Step 1. Potassium fluoride on Alumina (40%, 25.5 g, Sigma-Aldrich Co.), Pd2(dba)3 (297 mg, 

0.3 mmol), and rac-BINAP (405 mg, 0.65 mmol) were combined and treated according to 

SynLett 2005, 1275-1278. While the mixture was still warm, it was treated with rac-2-

methyloxymethylpyrrolidine (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 

10 silica gel chromatography (SOC) 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), K2C03 (1.26 g, 9.1 mmol), 1,3-dibromobenzene (1.1 mL, 9.1 mmol) and Cu(I)Br 

15 dimethyl sulfide (148 mg, 0.72 mmol) were combined and treated according to Bioorg. 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: Et20. Upon storage over anhydrous 

sodium sulfate, it was subjected to silica gel chromatography (SOC) with the desired material 

eluted with 10 to 20% ethyl acetate in hexanes. The oily material (B, 340 mg) displayed 

20 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 5-

5 bromopyrrolopyrazine (C, 360 mg, 1.8 mmol), cesium carbonate (880 mg, 2.7 mmol), water (1 

mL), and [Ph3P]4Pd(O) (105 mg, 0.09 1mnol) and returned to reflux. After 44 hours, the mixture 

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 displayed spectroscopic properties consistent with the proposed structure. 

10 

Scheme lb. 

Step 3. D -

--Step 4. E 

Step 3. Pyrrolopyrazine D (350 mg, 1.2 mmol) was dissolved in N,N-dimethylforniamide (5 mL) 

and cooled to 0 Celsius. Powdered potassium hydroxide (170 mg, 3 mmol) and iodine (320 mg, 

1.25 nnnol) 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(aql and the resulting 

15 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-Iodo substrate (E, 95 mg, 0.23 nnnol) was treated with XantPhos (13 mg, 0.023 mmol, 

Strem Co.) and tert-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+1
) for MW of 393. 

5 The desired amide II was prepared according to step 4 with E (130 mg, 0.31 mmol) by replacing 

the amine with S-1-methoxy-2-propylamine (0.05 mL, 0.54 mrnol). It was obtained as a foam 

(55 mg): ESMS m/z 410 (M+1
) for MW of 409. 

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

isopropylamide was prepared following general procedures described in these Examples and was 

10 obtained by providing 2-[3-(4-methoxy-benzyloxy)-phenyl]-4,4,5,5-tetramethyl­

[l,3,2]dioxaborolane in step 2 and replacing tert-butylamine with 2-propylamine in step 4: m.p. 

215-216 °C; MS m/z 417 (M+1
). 

2-[3-(2-Methoxymethyl-pyn-olidin-l-yl )-phenyl]-5H-pyn-olo[2,3-b )pyrazine-7-carboxylic acid 

isopropylamide was prepared following general procedures described in these Examples and was 

15 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 tert-butylamine with 2-propylamine in step 

4: m.p. 187-190 °C; MS m/z 394 (M+1
). 

Example 29. 

-
20 2-bromo-7-iodo-5H-pyn-olo[2,3-b )pyrazine. 1.5 g of 2-bromo-5H-pyn-olo[2,3-b )pyrazine 

(7.57mmol, leq) was dissolved in 20ml of N,N-dimethylformamide. l.27g of crushed potassium 

hydroxide pellets (22.7mmol, 3eq) were then added and the mixture was stiffed for lOmin. The 

reaction flask was cooled in an ice bath and l.92g of iodine (7.57mmol, leq) was added in 

several portions over lhr. After 30min. more the reaction was complete and about 1 Om! lM 

25 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 chlo1ide 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. 

-
5 2-bromo-7-iodo-5-triisopropylsilanyl-5H-pyrrolo[2,3-b]pyrazine. 2.4g of 2-bromo-7-iodo-5H­

pyrrolo[2,3-b]pyrazine (7.4mmol, leq) was dissolved in 74ml oftetrahydrofuran. The reaction 

flask was cooled in an ice bath and 8m1 lithium bis(trimethylsilyl)amide (lM hexanes solution, 

Smmol, l .08eq) was added dropwise. The reaction solution was stirred at room temperature for 

20min. The reaction was cooled in an ice bath and l .7ml triisopropylsilyl chloride (7 .94mmol, 

10 1.07eq) was then added slowly. After !hr. at room temperature, more lithium 

bis(trimethylsilyl)amide (0.4ml, 0.4mmol, 0.05eq) and triisopropylsilyl chl01ide (0.2ml, 

0.9mmol, 0.12eq) were added. After lhr. 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 saturated sodium chloride 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 0.84g of starting material (35% ). 

Example 31. 

20 1-(2-bromo-5-triisopropylsilanyl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-ol. 

2.05g of 2-bromo-7-iodo-5-t1iisopropylsilanyl-5H-pyrrolo[2,3-b]pyrazine (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. l.91rnl of butyl lithium (2.13M hexanes solution, 4.07mmol, 0.95eq) was added. 

After 30 sec., l.16rnl oftrimethylacetaldehyde (distilled, 10.71mmol, 2.5eq) was quickly added. 

The mixture was stirred for 30 min. at -78C, then quenched by addition of anunonium chloride 

solution, and then stin-ed to room temperature. Ethyl acetate and water were added to the 

5 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, citied 

over sodium sulfate, filtered and evaporated. The crnde residue was purified by silica gel 

chromatography (ethyl acetate/hexanes) to give 0.39g (20%) of product and 0.64g of the product 

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

10 Example 32. 

----

l-(2-bromo-5H-pyn-olo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l-one. 0.4g of 1-(2-bromo-5-

triisopropylsilanyl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-ol (0.9mmol, leq) was 

dissolved in 9rnl of tetrahydrofuran. l.Sml of tetrabutylammonium fluoride (lM THF solution, 

15 l.Smmol, 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. 

20 The residue from the deprotection of 2.2mmol of starting compound was dissolved in 22ml of 

dichloromethane. 1.02g Dess-Martin periodinane (2.4mmol, l. leq) was added and the mixture 

stined at room temperature. After one hour the reaction was worked up by addition of water, 

sodium 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 

25 sodium chloride solution, dried over sodium sulfate, filtered and evaporated. The crude residue 

was pmified by silica gel chromatography (ethyl acetate/hexanes) to give 0.53g (85%) of 

product. 
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Example 33. 

-

2,2-dimethyl- l-[2-(3-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-l -one. 

90mg of l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l-one (0.32mmol, 

5 leq) was dissolved in 3.2ml of 4:11,4-dioxane: water in a microwave reaction vial. The solution 

was purged with a stream of argon gas. 84mg of 3-(l-pyrrolidino)phenyl boronic acid 

(0.335mmol, l.05eq), 21mg of 1,1 '-bis(diphenylphosphino)-ferrocene) palladium dichloride (1:1 

dichloromethane complex, 0.025mmol, 0.08eq) and then 1 lOmg of potassium carbonate 

(0.78mmol, 2.5eq) were added. The vial was sealed, placed in a microwave reactor and rnn at 

10 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 

15 dichloromethane/methanol/hexanes. 46mg (55%) of product was obtained. (mp 262-264.2C; 

MS: (M+Ht=349. 

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

4-Amino-N-{ 6-[7-(2,2-dimethyl-propion yl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]- l -methyl- lH-indol-

4-yl }-N-methyl-benzenesulfonamide: (M+Ht = 517; MP= 281-282 °C; 

20 4-Amino-N- { 6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]- lH-indol-4-yl }-N­

methyl-benzenesulfonamide: (M+Ht = 503; MP= 272-274 °C; 

2,2-Dimethyl-1-[2-(3-methyl-1H-indazol-5-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; : 

(M+Ht = 334; 1H NMR (DMSO): o 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-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)-rnethanone; (M+H) + = 

359; 1H NMR (DMSO): 6 8.95(s), 8.47 (s), 1.62 (s) ppm; only using the Sern-protected starting 

material as prepared following the general procedures described in these Examples and followed 

by deprotection as desc1ibed below. 

5 l-(2-Furan-3-yl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-one was prepared 

according to the above general procedure and was obtained by replacing 3-(l-pyrrolidino )phenyl 

boronic acid with 3-furan boronic acid: rn.p. 256-258 °C; MS mlz 270 (M+11). 

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

1-[2-( 3-tert -Butyl-5-m ethyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7 -yl]-2, 2-dim ethyl-propan-1-one 

10 (M+Ht = 350; MP= 234.9-236. l °C 

1-(2-Biphenyl-3-yl-5H-pyrrolo[2,3-b]pyrazin-7 -yl)-2,2-dimethyl-propan-1-one 

(M+H)+ = 356; MP= 219.9-221.1 °C 

1-[2-(3-tert-Butoxymethyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7 -yl]-2,2-dimethyl-propan-1-one 

(M+Ht = 366; MP= 202.0-203.0 °C 

15 1-[2-(3-lsopropyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

(M+Ht = 322; MP= 197.0-198.0 °C 

1-{2-[3-(3 ,5-Dimethyl-isoxazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7 -yl}-2,2-dimethyl-propan-1-one 

(M+Ht =375; 

2,2-Dimethyl-1-(2-quinolin-5-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-1-one 

20 (M+Ht = 331; MP= 251.0-252.0 °C 

25 

1 -[2-(3-B rom o-phenyl)-5 H-pyrrolo[2,3-b ]pyrazin-7 -yl)-2,2-d im ethyl-propan-1 -one 

(M+Ht=358; 

1-(2-Cyclopent-1-enyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one 

(M+Ht = 270; MP= 252.0-253.0 °C 

2,2-Dimethyl-1-{2-[3-(2-methyl-2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one (M + 

Ht= 360; 

1-[2-( 3-Ch loro-4-f luoro-phenyl)-5H-pyrrolo[2 ,3-b ]pyrazin-7 -yl]-2 ,2-dim ethyl-propan-1-one 

(M+Ht = 332; MP= 233.0-234.0 °C 

30 1-[2-( 1 H-1ndazol-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

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

(M+Ht =370 

1-[2-(3-Hydroxym ethyl-phenyl)-5H-pyrrolo[2 ,3-b]pyrazin-7 -yl]-2 ,2-dim ethyl-propan-1-one 

(M+Ht = 310; MP= 208.0-210.0 °C 

5 1-[2-(1H-lndazol-5-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

(M+H)' = 320; MP= 286.0-287.0 °C 

1-[2-(3-Acetyl-4-hydroxy-phenyl)-5H-pyrrolo[2 ,3-b]pyrazin-7 -yl]-2 ,2-di methyl-propan-1 -one 

(In this case the product was fonned by removal of a carbon from the chromen-4-one boronate 

by water during the course of the Suzuki reaction.) 

10 (M+H)+ = 338; MP= 237.9-242.l °C 

2,2-Dimethyl-1-(2-quinolin-6-yl-5H-pyrrolo[2,3-b]pyrazin-7 -yl)-propan-1-one 

(M+Ht = 331 

2,2-Dimethyl-1-[2-(3-trimethylsilanyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 

(M+Ht=352 

15 1-(2-Biphenyl-4-yl-5H-pyrrolo[2,3-b]pyrazin-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 ,3,4)oxadiazol-2-yl)-phenyl)-5H-pyrrolo[2,3-b)pyrazin-7-yl)-propan-1-one 

(M+Ht = 362; MP >300 °C 

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

20 (M+Ht = 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+Ht = 407; MP= 207.0-208.0 °C 

3-[7 -(2, 2-Dim ethyl-propionyl)-5 H-pyrro lo[ 2,3-b]pyrazin-2-yl]-N-ethyl-benzamide 

(M+Ht = 351; MP= 232.0-233.0 °C 

25 2,2-Dimethyl-1-[2-( 1-methyl-1 H-indazol-4-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 

(M+Ht = 334; MP= 255.0-256.0 °C 

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

procedure desc1ibed in these Examples, the following compounds were prepared: 

1-{2-[3-(3H-lmidazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one 

30 (M+Ht = 346; MP= 287.0-288.0 °C 

2,2-Dimethyl-1-[2-(3-oxazol-5-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 

(M+Ht = 347; MP= 259.0-260.0 °C 
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3-{ 3-[7 -(2 ,2-Dimethyl-propionyl)-5H-pyrrolo[2, 3-b]pyrazin-2-yl]-phenyl}-3-oxo-propionitrile 

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

boronate. (M+I--It = 347. 

1-{2-[4-(1H-lmidazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7 -yl}-2,2-dimethyl-propan-1-one 

5 (M+I--It = 346; MP> 300 °C 

1-{ 3-[7-( 2, 2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl}-pyrrolidin-2-one 

(M+Ht = 363; MP= 260.0-262.0 °C 

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

l 0 A solution of l-[2-cyclopentyloxy-5-(2-trimethylsilanyl-ethoxyrnethy1)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.017 g, 0.041 mmol) in 1 mL of dichloromethane 

and 1 mL of trifluoroacetic acid was stirred for 5 h then concentrated to a yellow oil. Silica gel 

chromatography (0->40% EtOAc/hexanes) afforded 0.012 g of a white solid. 1H NMR 

spectroscopy indicated that this intermediate was the fo1maldehyde adduct of the desired product. 

15 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 residue 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. aq. NaCl solution, dried over 

MgS04 , filtered and concentrated to 0.007 g (57%) of 1-(2-cyclopentyloxy-5I--I-pyrrolo[2,3-

20 b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one as a slightly impure white solid. 

Example 34. 

-



WO 2009/106441 PCT/EP2009/051755 

-104-

2-(3,4,5-tlimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine. 1.5 g of 2-bromo-5H-pyrrolo[2,3-

b ]pyrazine (7.57mmol, leg) and 1.76g of 3,4,5-trimethoxyphenyl boronic acid (8.32mmol, 

l.leq) were partly dissolved in 47ml of 4:1 1,4-dioxane: water. The mixture was purged with 

argon gas. 0.49g of 1,1 '-bis(diphenylphosphino)-ferrocene) palladium dichlolide (l:l 

5 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 

10 solution and saturated sodium chlolide 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. l.75g (81 %) of product 

was obtained. 

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

15 compounds: 

1-[2-( l-Benzenesulfonyl-1 H-indol-3-yl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l­

one, MP= 267 .0-268.0, (M+H)+=459; 

2,2-Dimethyl- l-{ 2-[ 4-(2-moipholin-4-yl-ethoxy )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one, MP= 198.4-202.7, (M+H)+=409; 

20 2,2-Dimeth yl-1-{ 2-[3-( 2-moiph olin-4-y 1-ethoxy)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

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; 

25 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-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-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, (M+H)+=3 l 9, 

(prepared from 1-[2-(1-benzenesulfonyl-1H-indol-3-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

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

2,2-Dimethyl-1-(2-( 4-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one, MP 

5 = 234-246, (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-

Dimethy 1-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-l-[2-(3-piperazin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan- l-one, MP 

10 = 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 te1t-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- l -[2-( 4-methyl-3,4-dihydro-2H-benzo[ 1,4]oxazin-7-yl)-5H-pyrrolo[2,3-b ]pyrazin-

15 7-yl]-propan-1-one, MP= 233.0-234.0, (M+H)+=351, 

1-( 2-[2-( 4-Acetyl-piperazin-1-yl)-pyridin-4-yl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan-1-one, MP= 257.0-260.0, (M+H)+=407; 

1-{ 2-[ 4-( 4-Acetyl-piperazin-l -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-

1-one, MP= 266.0-267.0, (M+H)+=406, (prepared, respectively, from 4-{ 4-(7-(2,2-Dimethyl-

20 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-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazine-1-

carboxylic acid tert-butyl ester by reaction with acetic anhydride/DMF at OC); 

1-( 2-[3-( 4-Acetyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-

1-one, MP = 238.0-239 .0, (M+H)+=406, (prepared, respectively, from 4-{ 4-[7-(2,2-Dimethyl-

25 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-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazine-1-

carboxylic acid te1t-butyl ester by reaction with acetic anhydride/DMF at OC); and 
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l-[7-(2,2-Dimethyl-propionyl)-5H-py1Tolo[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-pynolo[2,3-

b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-ol. 

Example 35. 

-
(2-Bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l -methyl-cyclohexyl)-methanone 

A suspension of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (104 mg, 0.53 mmol) in anhydrous 

dichloromethane (3 ml) was cooled to 0 °C under N2• Diethyl aluminum chloride (lM in 

hexanes, 1.57 ml, 1.57 mmol) was added quickly, and the reaction mixture was stirred for 30 

10 minutes. 1-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 NaHC03 • The biphasic solution was concentrated, and the 

remaining aqueous solution was extracted with ethyl acetate (3x). The organic layers were 

collected, dried over MgS04, filtered, and concentrated giving a greenish oil. The residue was 

15 purified by silica gel chromatography using 20-50% EtOAc in hexanes as eluant to provide 144 

mg (85%) of (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl-cyclohexyl)-methanone as a 

light yellow solid. MP 198-199 °C, M+H = 322. 

Example 36. 

-

20 (1-Methyl-cyclohexyl)-[2-(3-pyrrolidin- l -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-yl)-(l-methyl­

cyclohexyl)-methanone (95 mg, 0.29 rnmol), 3-pyrrolidino phenylboronic acid (62 mg, 0.32 
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mmol), [1,1 '-bis(diphenylphosphino)felTocene]dichloro-palladium(ll) (19 mg, 0.02 mmol), and 

freshly grounded K2C03 ( 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 collected, dried over MgS04, 

5 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 (l­

methyl-cyclohexyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-py1Tolo[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: 

10 (1-Methyl-cyclohexyl)-{2-[4-(2-piperidin-1-yl-ethoxy)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-methanone 

(M+Ht = 447; MP= 180.0-182.0 °C 

The following compounds were prepared analogously: 

1-[2-(3-Amino-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan- I-one M+ 1 425 (Prepared using 1-[2-Bromo-5-(2-trimethylsilanyl-

15 ethoxymethyl)-5H-pyITolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one in place of 1-(2-

Bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one and heating for 10 minutes at 

110°C) 

2,2-Dimethyl-1-(2-thiophen-2-y1-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-propan-1-one M+ I 286, M.P. 

282-283°C (Heated for 10 minutes at 110°C) 

20 2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-pyrrole-1-carboxylic acid tert­

butyl ester M+ 1 369, M.P. 198-199°C (Heated for 10 minutes at 1!0°C) Using the procedures 

described herein this compound was converted into 2,2-Dimethyl-l-[2-(lH-pyrrol-2-yl)-5H­

pyITolo[2,3-b]pyrazin-7-yl]-propan-1-one M+l 269, M.P. 269-271 °C 

2,2-Dimethyl-l-(2-thiophen-3-yl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-propan-1-one M+ 1 286, M.P. 

25 268.8-272.9°C (Heated for 10 minutes at 110°C) 

2,2-Dimethyl-1-(2-oxazol-5-yl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-propan-l-one M+ 1 271, (used 4 

equivalences of 5-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-oxazole and heated 30 minutes 

at 130°C) 
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2-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-pyn-ole- l-carboxylic acid tert­

butyl ester M+ 1 370 and 2,2-Dimethyl-l-[2-(1H-pyn-ol-2-yl)-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-

5 [1,3,2]dioxaborolan-2-yl)-pyrazole-1-carboxylic acid tert-butyl ester and heating for 10 minutes 

at 110°C 

1-[2-(3-H ydroxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

2,2-dimethyl-propan-1-one M+l 426 (Heated for 10 minutes at 110°C) 

2,2-Dimethyl-1-[2-(2H-pyrazol-3-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one M+ 1 270, 

10 M.P. 290-291°C 

[1-[2-(3-Amino-4-methyl-phenyl)-5H-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)-5H-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 

15 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. 

20 2-(3,4,5-Trimethoxy-pheny1)-5H-pyrrolo[2,3-b]pyrazine. A flask was charged with 2-bromo-

5H-pyn-olo[2,3-b]pyrazine (9.5 g, 48 mmol), 3,4,5-trimethoxyphenylboronic acid (13.22, 62 

mmol), and K2C03 (19.9, 144 mmol). Dioxane (213 ml) and water (71 ml) were added, and the 

solution was vacuum degassed under argon. [1,1 '-bis(Diphenylphosphino)fen-ocene]dichloro­

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%-60% EtOAc in hexanes as eluant to provide 12.12 g (89%) of 2-

( 3 ,4,5-trimethoxy-phen yl )-5H-pyrrolo [2,3-b] pyrazine. 

5 Example 38. 

7-Iodo-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine 

To a 0 °C mixture of 2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine (2.4 g, 8.4 mmol) 

in dimethylfonnamide (30 ml) was added KOH (2 g, 36 mmol). After 20 min, iodine (3.2 g, 13 

mmol) was added po1tionwise over 10 min and the reaction mixture was stirred for 4 h and 

10 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 c!J:ied in vacuo at 

60 °C to afford 3.1 g (89%) of 7-iodo-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine as 

a brown solid. MP 230-232 °C, M+H = 412. 

Example 39. 

15 7-Iodo-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)-5H-pyrrolo[2,3-b]pyrazine (6.7 g, 16.29 

mmol) in anhydrous tetrahydrofuran (150 ml) was cooled to 0 °C and treated with potassium 

bis(trimethylsilyl)amide (0.SM in 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 

20 chloro-triisopropyl-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 EtOAc/ saturated aqueous NH4Cl. The organic layers were collected, 

dried over MgS04, filtered, and concentrated giving a dark solid. The residue was purified by 

25 silica gel chromatography using 3-100% EtOAc in hexanes as eluant to provide 7.4 g (80%) of 

7-iodo-5-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. 

(l -Methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-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)-5H-pyrrolo[2,3-

b ]pyrazine (247 mg, 0.435 mmol) in anhydrous tetrahydrofuran (5 ml) was cooled to -78 °C and 

treated with iPrMgCl-LiCl (lM in tetrahydrofuran, 0.87 ml, 0.87 mmol) dropwise. The reaction 

mixture was allowed to stir for 20 minutes, and then 1-methyl-cyclohexanecarbaldehyde (219 

5 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. NH4Cl. The organic layers were collected, dried over MgS04, filtered, and 

concentrated. The residue was purified by silica gel chromatography using 15-100% EtOAc in 

hexanes as eluant to provide 81 mg (45%) of (l-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-

10 phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-methanol as a pale yellow solid. M+H = 412. 

Example 41. 

(l -methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

( 1-Methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]-methanone. 

To a solution of (l-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-

15 7-yl]-methanol (81 mg, 0.196 mmol) in dichloromethane (6 ml) was added Dess-Mai1in 

periodinane (125 mg, 0.295 mmol). The reaction mixture was allowed to stir at room 

temperature for 2 hours. The reaction mixture was pai1itioned between dichloromethane and 2: 1 

saturated aqueous NaHC03:10% aqueous Na2S20 3. The organic layers were collected, dried 

over Na2S04, filtered, and concentrated. The residue was purified by silica gel chromatography 

20 using 20-50% EtOAc in hexanes as eluant to provide 18 mg (22%) of (l-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: 

25 2-Methyl-2-phenyl- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-

one: (M+Ht = 5432; MP= 252-254 °C; 

Exainple 42. 

4-Meth yl-tetrah ydro-thi opyran-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 

lithium bis(trimethylsilyl)amide (IM in tetrahydrofuran, 26.4 ml, 26.4 mmol) dropwise. After 

30 minutes of stirring, iodomethane (1.8 ml, 29 mmol) was added dropwise. The cooling bath 

5 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 NH4Cl 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 

10 oil. 

Example 43. 

4-Methyl-tetrahydro-thiopyran-4-carbaldehyde 

A solution of 4-methyl-tetrahydro-thiopyran-4-carbonitiile (893 mg, 6.3 mmol) in anhydrous 

dichloromethane ( 44 ml) was cooled to -40 °C and treated with diisobutylaluminum hyd1ide 

15 (2.25 ml, 12.6 mmol) dropwise. The reaction mixture was allowed to stir at -40 °C for 2 hours 

and then placed in the freezer overnight. The reaction mixture was partitioned between 

dichloromethane/ IN HCl. The organic layers were collected, dried over N a2S04, filtered, and 

concentrated giving a colorless oil. The oil was pmified by silica gel chromatography using l 0-

50% EtOAc in hexanes as elnant to provide 610 mg (67%) of 4-methyl-tetrahydro-thiopyran-4-

20 carbaldehyde as a colorless oil. 

Example 44. 

( 4-Methyl-tetrahydro-thiopyran-4-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanol 

A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

25 b]pyrazine (400 mg, 0.7 mmol) in anhydrous tetrahydrofuran (5 ml) was cooled to -78 °C and 

treated with nBuLi (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 

30 between EtOAc/ saturated aqueous NH4Cl. The organic layers were collected, dried over 
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MgS04 , 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-

methyl-tetrahydro-thiopyran-4-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanol as a pale yellow solid. M+H = 430. 

5 Example 45. 

( 4-Methyl-tetrahydro-thiopyran-4-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone 

( 4-methyl-tetrahydro-thiopyran-4-yl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl ]-methanone was prepared starting from (4-methyl-tetrahydro-thiopyran-4-yl)-[2-(3,4,5-

10 trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-methanol, following the same general 

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

Example 46. 

( 4-Methyl-1, 1-dioxo-hexahydro- llambda *6*-thiopyran-4-yl)-(2-(3,4,5-trimethoxy-phen yl)-5H-

15 pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

A suspension of ( 4-methyl-tetrahydro-thiopyran-4-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-methanone (9 mg, 0.02 mmol) in acetonitrile (0.4 ml), MeOH (0.4 

ml), 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 

20 layers were collected, dried over N a2S04, 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, l-dioxo-hexahydro-llambda*6*-thiopyran-4-yl)-[2-(3,4,5-t1imethoxy­

phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone as an off white solid. M+H = 460. 

Example 47. 
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2-{ Hydroxy-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methyl )-2-methyl­

pyrrolidine- l-carboxylic acid tert-butyl ester 

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

5 pyrrolidine-1-carboxylic acid tert-butyl ester was prepared starting from 7-iodo-5-

triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine and 2-form yl-2-

meth yl-pyrrolidine- l-carboxylic acid tert-butyl ester (J. Org. Chem. 72 (15), 5608-5617, 2007) 

following the general procedures described in these Examples. 

Example 48. 

1 O 2-Methyl-2-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-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- l­

carboxylic acid tert-butyl ester was prepared starting from 2-{hydroxy-[2-(3,4,5-trimethoxy­

phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methyl )-2-methyl-pyrrolidine- l-carboxylic acid tert-

15 butyl ester following the same general procedures from Examples 37-41. M+H = 497. 

Example 49. 

(2-Methyl-pyrrolidin-2-yl)-[2-(3,4,5-trimethoxy-phenyl )-5H-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-pyiTolo[2,3-b ]pyrazine-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/ 

5 saturated aqueous Na2C03. The organic layers were collected, dried over MgS04, filtered, and 

concentrated. The residue was purified by preparative thin layer chromatography using 

0.5:9.5:90 concentrated aqueous NH40H: MeOH: dichloromethane as eluant to provide 10 mg 

(70%) of (2-methyl-pyrrolidin-2-yl )-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone as a light yellow solid. M+H = 397. 

10 Example 50. 

1-{ 2-Methyl-2-[2-(3 ,4,5-trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]-pyrrolidin-

1-yl }-ethanone 

A solution of (2-methyl-pyrrolidin-2-yl)-[2-(3 ,4,5-tiimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-

15 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 stiITed for 1 

hour and then allowed to waim to room temperature and stir for 3 hours. The reaction mixture 

was partitioned between EtOAc/ saturated aqueous NaHC03• The organic layers were collected, 

dried over MgS04, filtered, and concentrated giving a brownish oil. The residue was purified by 

20 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)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

pyrrolidin-1-yl }-ethanone as a light yellow solid. M+H = 439. 

Example 51. 
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( 1-Meth yl-cyclopropy 1)-[5-triisopropy lsilan yl-2-(3, 4,5-tJimethoxy-phen yl )-5H-p yrro Io [2,3-

b ]pyrazin-7-yl]-methanone 

A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

5 b]pyrazine (116 mg, 0.2 mmol) in anhydrous teti·ahydrofuran (3 ml) was cooled to -78 °C and 

treated with nBuLi (2.13M in hexanes, 0.13 ml, 0.27 mmol) dropwise. The solution was stined 

for 30 seconds and 1-methyl-cyclopropanecarboxylic acid methoxy-methyl-amide (88 mg, 0.61 

mmol) was added in one portion. The reaction mixture was stined at -78 °C for 30 minutes. The 

reaction mixture was quenched with saturated aqueous NaHS04 and then partitioned between 

10 EtOAc/ brine. The organic layers were collected, dried over MgS04 , 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)-[5-triisopropylsilanyl-2-

(3,4,5-trimethoxy-phen yl )-5H-pynolo[2,3-b ]pyrazin-7-yl]-methanone. 

Example 52. 

15 ( 1-Methyl-cyclopropyl)-[2-(3 ,4,5-tiimethoxy-phenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]-

methanone 

A solution of (1-methyl-cyclopropyl)-[5-triisopropylsilanyl-2-(3,4,5-tJimethoxy-phenyl)-5H­

pynolo[2,3-b]pyrazin-7-yl]-methanone (20 mg, 0.4 mmol) in anhydrous tetrahydrofuran (2 ml) 

was treated with tetrabutyl ammonium fluoride (lM in tetrahydrofuran, 0.1 ml, 0.1 mmol) 

20 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 MgS04, 

filtered, and concentrated giving a yellow solid. The residue was pmified by preparative thin 

layer chromatography using 70% EtOAc in hexanes as eluant to provide 10 mg (71 %) of (1-

meth yl-cyclopropyl)-[2-(3 ,4,5-tJ·imethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone as 

25 a white solid. M+H = 368. 

Example 53. 
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0 Tlf''-H' HNH!o 
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(3-Methyl-oxetan-3-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-methanone 

A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]py:razine (200 mg, 0.35 mmol) in anhydrous tetrahydrofuran (3 ml) was cooled to -78 °C and 

5 treated with nBuLi (2.13M in hexanes, 0.19 ml, 0.39 mmol) dropwise. The solution was stirred 

for 30 seconds and 3-methyl-oxetane-3-carbaldehyde (106 mg, 1.1 mmol) was added in one 

p01tion. After stirring at -78 °C for 30 minutes, the reaction mixture was quenched with 

saturated aqueous NH4Cl and partitioned between EtOAc/ water. The organic layers were 

collected, dried over MgS04 , filtered, and concentrated giving a yellow oil. 

10 A solution of the crude oil in anhydrous tetrahydrofuran (5 ml), was treated with tetrabutyl 

ammonium fluoride (lM in tetrahydrofuran, 0.7 ml, 0.7 mmol) and allowed to stir at room 

temperature for 15 minutes. The reaction mixture was partitioned between EtOAc/ water and the 

organic layers were collected, dried over MgS04 , filtered, and concentrated. 

The crude product was dissolved in dichloromethane (10 ml), treated with Dess-Martin 

15 periodinane (300 mg, 0.7 mmol), and stined 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-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-methanone as an off white solid. M+H = 384. 

20 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 mrnol) 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 

5 partitioned between EtOAc/ water. The aqueous phase was collected and then partitioned 

between EtOAc/ ice cold IN HCl. The organic layers were dried over MgS04, 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 

10 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 

15 with 0,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 MgS04, 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 

20 mg (65%) of 4-methyl-tetrahydro-pyran-4-carboxylic acid methoxy-methyl-amide. 

Example 56. 

( 4-Methyl-tetrahydro-pyran-4-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone 

( 4-Methyl-tetrahydro-pyran-4-yl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

25 methanone was prepared starting from 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-

5H-pyffolo[2,3-b]pyrazine and 4-methyl-tetrahydro-pyran-4-carboxylic acid methoxy-methyl­

amide following general procedures as described in these Examples.66, to afford a pale yellow 

solid. M+H = 412. 

The following compound was prepared analogously: 



5 
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2,2-Dimethyl-1-[2-(1H-pyITol-2-yl)-5H-py:rrolo[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. 

[2-(3,4,5-T1imethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(2,2,5-trimethyl-[ l ,3 ]dioxan-5-

yl)-methanone 

[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(2,2,5-trimethyl-[ 1,3 ]dioxan-5-

yl)-methanone was prepared starting from 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trirnethoxy-

10 phenyl)-5H-pyrrolo[2,3-b]pyrazine following general procedures as described in these 

Examples, but the Dess-Mmtin oxidation was done before the tetrabutyl ammonium fluoride 

deprotection. M+H = 442. 

Exmnple 58. 

15 3-Hydroxy-2-hydroxymethyl-2-methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-propan-1-one 

A suspension of [2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(2,2,5-tiimethyl­

[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 

20 lM HCl (1.0 ml, 1.0 mmol) and stirred for 1 hour. The reaction mixture was concentrated to 3 

ml of solvent and then partitioned between EtOAc/ saturated aqueous NaHC03• The organic 



5 
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layers were collected, dried over MgS04 , filtered, and concentrated affording 20 mg (73%) of 3-

hydroxy-2-hydroxymethyl-2-methyl-1-[2-(3,4,5-trimethoxy-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. 

N..._ -- boc 

~ ~ OM< 

Meo OMe Meo OMe 

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

piperidine-1-carboxylic acid tert-butyl ester 

3-{ H ydroxy-[2-( 3,4,5-trimethoxy-phenyl )-5H-pyrrol o[2,3-b ]pyrazin-7-yl]-methyl )-3-methyl­

piperidine- l-carboxylic acid tert-butyl ester was prepared starting from 7-iodo-5-

10 triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine and 3-formyl-3-

methyl-piperidine- l -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-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]-piperidine-1-

15 carboxylic acid tert-butyl ester 

3-methyl-3-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]-piperidine-1-

carboxylic acid te1i-butyl ester was prepared starting from 3-{hydroxy-[2-(3,4,5-trimethoxy­

phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methyl )-3-methyl-piperidine- l-carboxylic acid terl­

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

20 Example 61. 
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(3-Methyl-piperidin-3-yl)-[2-(3 ,4,5-trimethoxy-pheny l)-5H-py1Tolo[2,3-b ]pyrazin-7-yl ]-

methanone 

(3-Methyl-piperidin-3-yl)-[2-(3,4,5-trimethoxy-phen yl)-5H-py1Tolo[2,3-b ]pyrazin-7-yl]-

5 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 tert-butyl ester following general 

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

Example 62. 

H-,K(s~ 0 
{~~"-"''H 

>=<OM< 
:rvreo OMe 

"->t~ 
- CLC1llCN 

>=<OMe 
MeO 01\ie 

10 3-{ 3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]-piperidin-1-

yl }-3-oxo-propionitrile 

A solution of (3-methyl-piperidin-3-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-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 

15 mg, 0.03 mmol) in anhydrous dichloromethane was treated with triethylamine (0.01 ml, 0.08 

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 MgS04 , 

filtered, and concentrated. The residue was purified by preparative thin layer chromatography 

using 0.25:4.75:95 concentrated aqueous NH40H: MeOH: dichloromethane as eluant to provide 

20 5 mg (42%) of 3-{ 3-methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5H-py1Tolo[2,3-b]pyrazine-7-

carbonyl]-piperidin-1-yl}-3-oxo-propionitrile as a light yellow solid. M+H 578. 
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3-methyl- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan- l-one 

Step 1 

5 Aluminum chloride (333 mg, 2.5 mmol) was suspended in 7.5 ml of dichloroethane in a 20 ml 

microwave vial. 2-Bromo-5H-pyn-olo[2,3-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 aluminum chloride 

suspension. The vial was capped and placed under nitrogen and the mixture was stirred at room 

temperature for one hour. 3-Methyl-butyryl chloride (302 mg, 2.5 mmol) was added dropwise. 

10 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 yield 57 mg of a mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-3-

methyl-butan-l-one and l-(2-chloro-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-3-methyl-butan- l-one. MS: 

15 (M-Hr = 280 and (M-Hr = 236. 

Step 2 

A mixture of l-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-3-methyl-butan-1-one and 1-(2-chloro-

5H-pyn-olo[2,3-b]pyrazin-7-yl)-3-methyl-butan-l-one (55 mg), potassium carbonate (95 mg, 

0.69 mmol), 3,4,5-trimethoxyphenylboronic acid (47 mg, 0.22 mmol) and Pd(dppf)C]z-DCM(l6 

20 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-l-[2-(3,4,5-

25 trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-butan-l-one. MS: (M+Hi+ = 370, MP= 

210.0-21 l.4 °C. 
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Other Compounds Prepared Using This General Procedure: 

Phenyl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone, (M+H) + = 

390; 

l-[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-ethanone, (M+Ht = 328; 

5 1-[2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-3-methyl-butan-l-one (M+Ht = 

340, MP= 212.0-213.0; 

1-(5-Benzo[b ]thiophen-2-yl-1H-pyrrolo[2,3-b ]pyridin-3-yl)-3-rnethyl-bntan-1-one, (M+H)+ = 

335; 

1-[2-(5-Fluoro-2-rnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-3-methyl-butan-1-one, 

10 (M+Ht = 328 MP= 186.0-187.0; 

3-Methyl- l-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-1-one, (M+Ht 

= 349 MP= 260.0-261.0; 

4-[7-(3-Methyl-butyryl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzarnide, (M+Ht = 323; 3-[7-(3-

Methyl-butyryl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzamide, (M+Ht = 323; 

15 N-Methyl-3-[7-(3-methyl-butyryl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzamide, (M+Ht = 337 

MP= 243.0-244.0; 

l-[2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-4-methyl-pentan- l-one, (M+Ht = 

354; N,N-Dimethyl-3-[7-(3-methyl-butyryl )-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzamide, 

(M+Ht = 351; 

20 3-Methyl-l-(2-phenyl-5H-pyrrolo[2,3-b]pyrazin-7-yl)-butan-1-one, (M+Ht = 280; l-[2-(2,3-

Dihydro-benzo[l,4]dioxin-6-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-3-methyl-butan- l-one, (M+H) + 

= 338; 

l-(2-Benzo[1,3]dioxol-5-yl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-3-methyl-butan- l-one, (M+Ht = 

324. 

25 Example 64. 
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2-phenyl-1-[2-(3,4,5-trimethoxy-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-7-yl]-ethanone 

Step 1 

7-Iodo-2-(3,4,5-!limethoxy-phenyl)-5H-py1Tolo[2,3-b]pyrazine (500 mg, 1.22 mmol), 

5 PdCh(PPh3h (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. Ethynyl benzene (0.4 ml, 

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 

10 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-pyn-olo[2,3-b]pyrazine. MS: (M+Ht = 386. 

Step 2 

15 7-Phenylethynyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine (405 mg, 1.05 mmol) 

and p-toluenesulfonic acid monohyclrate (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 concentrated. The residue was 

20 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-b ]pyrazin-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- l-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-1-one, 

(M+Ht=379; 

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

(M+Ht=363; 

5 3,3-Dimethyl-l-[2-(3-morpholin-4-ylmethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-1-

one, (M+Ht = 393; 

10 

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

(M+Ht=384 

Example 65. 

('y--1 H>=z ~ 
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l -phenyl-2-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethane-1,2-dione 

Step 1 

7-Iodo-2-(3,4,5-trimethoxy-phenyl)-5H-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 

15 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 JM potassium hydroxide. The solid was 
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filtered, washed with water, and dried to yield 480 mg of 7-iodo-5-(toluene-4-sulfonyl)-2-(3,4,5-

trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine which was used without further purification. 

Step 2 

7-Iodo-5-( toluene-4-sulfonyl)-2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine (27 5 mg, 

5 0.49 mmol), PdCh(PPh3h (17 mg, 0.02 mmol), and cuprous iodide (5 mg, 0.02 mmol) were 

placed in a 5 ml microwave vial. The vial was capped and purged with nitrogen. Tliethylamine 

(0.35 ml, 2.45 mmol) and 2.5 ml of DMF were added through the septum and the flask was 

purged again with nitrogen three times. Ethynyl-benzene (0.19 ml, 1.75 mmol) was added and 

the reaction was heated in a microwave reactor at 100 °C for 30 minutes. The crude reaction 

10 mixture was diluted with ethyl acetate, washed with water two times, dried and concentrated. 

The mixture was puiified 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-b]pyrazine. MS: (M+Ht = 540. 

Step 3 

15 7-Phenylethynyl-5-( toluene-4-sulfonyl)-2-(3 ,4,5-trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazine 

(154 mg, 0.29 mmol), mercury(Il) sulfate (127 mg, 0.43 mmol), concentrated sulfuric acid 

(0.031ml,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 

20 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 0% ethyl acetate in hexanes up to 30% to give 100 mg of 1-

phenyl-2-[5-( toluene-4-sulfonyl)-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

ethanone as the major product. MS: (M+Ht = 558. 

25 Step 4 

1-Phenyl-2-[5-( toluene-4-sulfonyl)-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

ethanone (100 mg, 0.18 mmol) was suspended in 4 ml of a 1:1 mixture ofTHF and methanol and 

SN potassium hydroxide (0.180 ml, 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 



WO 20091106441 PCTIEP2009/051755 

-126-

lM hydrochl01ic 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 l-phenyl-2-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

5 ethane-1,2-dione. MS: (M+Ht = 418. 

Another Compound Prepared Using This General Procedure: 

2-cyclohexyl- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethanone 

Example 66. 

Step 3 -

10 2-cyclohexyl- l -[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethanone 

Step 1 

7 -Cyclohexy le th yn y 1-5-( to luene-4-sulfonyl )-2-( 3 ,4 ,5-tiimethox y-phen yl )-5H-p yrrolo [2,3-

b ]pyrazine was prepared as in Example 65, Step 2, using ethynyl-cyclohexane in place of 

ethyn yl-benzene. 

15 Step 2 

2-Cyclohexyl-1-[ 5-( toluene-4-sulfonyl)-2-(3 ,4,5-trimethoxy-phenyl)-5H-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-pyITolo[2,3-b ]pyrazin-7-yl]-ethanone was 

prepared as in Example 65, Step 4. MS: (M+Ht = 410. 

Compounds prepared using the iPr-MgCVLiCl Grignard route described herein, followed by the 

standard Suzuki coupling approach: 

5 2,2-Dimethyl-1-[2-(3-pyrazol-1-yl-phenyl)-5H-pyn·olo[2,3-b]pyrazin-7-yl]-propan-1-one, 

(M+Ht = 346 MP= 219.3-221.1 °C; 

2,2-Dimethyl- l-{ 2-[3-( 5-methyl-[ 1,3,4 ]oxadiazol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one, (M+Ht = 362 MP= 260.9-264.4 °C; 

2,2-Dimethyl-l-{ 2-[3-(2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-propan-1-one, 

10 (M+Ht = 346 MP= 277.0-278.0 °C; 

l-[2-(3-Isopropenyl-phenyl)-5H-pyITolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l -one, 

(M+Ht=320. 

Compounds prepared using the diethylaluminum chloride Friedel Crafts route described herein, 

using the l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one intennediate, 

15 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; 

l -[2-(3-Methoxymethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one, 

(M+Ht = 324 MP= 143.0-144.0 °C; 

20 1-[2-( 4-Methoxymethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one, 

(M+Ht = 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+Ht=391 MP=227.0-228.5 °C; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzoic acid, (M+Ht = 324; 1-

25 [2-(3-Hydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one, (M+Ht = 

296 MP= 267.0-268.0 °C. 
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Example 67. 

2,2-Dimethyl- l -[2-(3 ,4,5-trimethoxy-phenyl)-5H-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+l, M.P. 

240-241° c. 

Example 68. 

)-~Ayr --z )=\ 

'Q-'i\ 1/ -
f ~ 0 

- \ 
-o o-

10 2-Methyl- l-[2-(3,4,5-t1imethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan- l-one 

15 

The general procedures from Examples 40 and 41 were used, wherein 2-Methyl­

propionaldehyde instead of 1-Methyl-cyclohexanecarhaldehyde was used. (M+H)+ = 356, M.P. 

189-190° c. 

Example 69. 

H~ 

~ o-

l-[2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-3,3-dimethyl-butan- l-one 



5 
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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-Dimethyl-butyraldehyde 

instead of 1-Methyl-cyclohexanecarbaldehyde was used. (M+H)+ = 354. 

Example 70. 

H~ 
~o 
~- \ 

o-

l-[2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dirnethyl-propan- l -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. 

11'0:C· ~ 
- NH 

N N 
~ /, ~',,__j/o 

"/\ 
f ~ F Oil 

o-
o-

Pyrrolidin-3-yl-[2-(3,4,5-trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-methanone 

trifluoroacetate salt 

7-Iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazine 0 .057 gm, 

15 O. lmM was placed in an oven dried flask and 1 ml anhydrous THF was added. The flask was 

chilled in an Acetone-dry ice slurry and evacuated and refilled 3 times with nitrogen. Via 

syringe 0.061 ml of 2.13M Buli in hexane solution (0.13mM, 1.3 eg) was added and the now 

yellow mixture was stirred for 30 seconds then 3-(Methoxy-methyl-carbamoyl)-pyrrolidine- l­

carboxylic acid te11-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 ammonium chloride 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 0.2 ml of lM 

Tetrabutylammonium Fluoride in THF added. After 5 minutes the mixture was concentrated 

5 and purified on a preparative thin-layer chromatography plate (Ethylacetate/hexane) to give 3-[2-

(3 ,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-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 

10 solid dried overnight at 2 torr in a 60°C vacuum oven to give 0.012gm of Pyrrolidin-3-yl-[2-

(3 ,4,5-trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone trifluoroacetate salt. 

(M+H)+ = 383. 

Example 72. 

~' 
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15 2,2-Diethoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 

20 

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. 

Ho!u 
"~;, r ~ o 

- \ 
-o o-

1-[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propane-1,2-dione 
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2,2-Diethoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5H-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)-5H-pyrrolo[2,3-

10 b]pyrazin-7-yl]-propane-1,2-dione. (M+H)+ = 356. 

Example 74. 

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

The general procedures from Examples 37-41 were used, wherein N,N-Dirnethyl-2-oxo-

15 acetamide (WO 9005721) instead of 1-Methyl-cyclohexanecarbaldehyde was used. (M+H)+ = 
385, M.P. 227-228° C 

Example 75. 

mo!~JJ 
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2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]py:razine-7-carboxylic acid phenylamide 

20 7-Iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine 0. 057 gm, 

O.lmM 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 of2.13M 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 

5 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 O.lM HCl and dried over magnesium sulfate. The solution was concentrated and 

purified on a silica gel column (ethyl acetate/hexane gradient). The product was recrystallized 

10 from acetonitrile and dried at 2 torr in a 60° C vacuum oven overnight to give 2-(3,4,5-

Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid phenylamide. (M+H)+ = 

405. 

Example 76. 

~~' 
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0 

\ 
-o o-

15 2-Methyl-2-( tetrahydro-pyran-2-yloxy)-1-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-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

cyclohexanecarbaldehyde was used. (M+H)+ = 456. 

20 Example 77. 
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2-Hydroxy-2-methyl-1-(2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-

one 

2-Methyl-2-(tetrah ydro-pyran-2-yl ox y )-1-[2-(3 ,4 ,5-trimethox y-phen yl )-5H-pyrro lo[2,3-

b ]pyrazin-7 -y I ]-propan- l -one, 0.012 gm, was mixed with 0.8 ml acetic acid, 0.4 ml THF and 0.2 

5 ml water and heated for 90 minutes in a 50° C oil 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-l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-propan-l-one. (M+H)+ = 372. 

10 Example 78. 

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

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

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

15 Example 79. 

3,3,3-Trifluoro-2-methyl-2-trifluoromethyl- l-[2-(3,4,5-t1imethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-propan-1-one 

7-Iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine 0 .057 gm, 

20 O.lmM 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. 

Isopropylmagnesium Chl01ide 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-Tiifluoro-2-methyl-2-trifluoromethyl­

propionaldehyde, 0.1 gm, 0.52 ml, 5.2eq, added and the mixture stirred for another 30 minutes 

5 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 ml dichloromethane along with Dess-Martin Periodinane, 0.085gm, 

0.2mM and stin-ed overnight at room temperature. The mixture was concentrated, 2 ml 

10 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-trimethoxy-phenyl)-5H-pyn-olo[2,3-b )pyrazin-7-yl]-propan-1-one. 

(M+H)+ = 478. 

15 Example 80. 

C*: /\KF 
F F 

3,3,3-Trifluoro-2-methyl-2-trifluoromethyl-propionaldehyde: 

3,3,3-Trifluoro-2-methyl-2-trifluoromethyl-propan-1-ol, 1gm,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 

20 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-methyl-2-trifluoromethyl­

propionaldehyde condensed in the receiver flask and was used without further purification in the 

above reaction. 

25 Scheme A 
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D 

Reaction mixture containing 0.563g ( 2 mM) ofbromopyrazine A, 0.45g( 3 mM) ofboronic 

5 acid B, 3 ml ( 6 mM) of 2 M sodium carbonate aq. Solution, and 0.14lg ( 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 

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

General procedure for the of Preparation of D: 

(Example using 3-Amino-boc-pyrolidine) 

To a reaction mixture containing 0.461g ( 1.5 mM) of aldehyde C, 0.419g ( 2.25 mM) ofN­

Methylpiperazine, approximately 300 mg of freshly activated 4 A molecular sieves, one drop of 

15 Acetic acid in 6 ml of chloroform, 0.508 mg ( l.8 mM) of 

tetrabutylammoniumcyanoborohydride was added and the resulting mixture stirred at room 

temperature for ca 12 hr. The reaction mixture diluted with chlorofonn 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 

20 chromatographed on silica gel (10-50% 60:10:1 CH2Ch:MeOH:NH40H -CH2Cl2) 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) 

A solution of 0.293 g ( 0.613 mM ) in 10 ml of hexafluoroisopropanol 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 

5 CH2Clz:MeOH:NH40H -CH2Clz). Crystallization from EtOAc-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. 

General Preparation of F: 
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(example using 3-methylamino-benzeneboronic acid ) 
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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 K2C03, and 0.163g ( 0.2 

mM) of Pd(dppf)2Ch.CH2Ch 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- CH2Ch). The product on ttituration 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 0.17ml (l.2mM) triethylamine 

in 5 ml dichloromethane was stirred in an ice bath. To this was added 0.025ml (0.32mM) 

methanesulfonyl chlo1ide drop wise and stirred cold for three hours followed by the addition of 

20 water. The reaction mixture was diluted with water and extt·acted 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 CH2Ch:Me0H:NH40H-CH2Ch) to yield Has a white solid (71mg, 57%). 
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Following compounds were prepared using the above procedures: 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ H 0 I o 
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Example 83. 

Preparation of I: 

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

, 0.145 g ( I mM ) of 40% aqueous gl yoxal solution in 4 ml of THF and 1 ml of MeOH was 

stin-ed 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 

CH2Ch:Me0H:NH40H -CH2Clz) to yield 53 mg of I as a light yellow solid. Mp 287-290 °C, 

15 346(M+l). 

Scheme D 
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Preparation of J: 
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G 

Reaction mixture containing lOOmg (0.32mM) of aminopyrazine G and 40mg (0.38mM) of 2-

5 chloro-2-imidazoline in 2 ml 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 OC 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 (10-50% 60:10:1 

10 CH2Ch:MeOH:NH40H -CH2Ch) to give 55mg ( 46% ) of desired amine J as a light brown 

solid. 

15 

The following compound was synthesized using the above procedure: 

MS: 377(M+1) 

Scheme E 
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Example 85. 

A reaction mixture of 335mg (0.89mM) piperazine K, (prepared as in Scheme I), 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. lmM) of a 0.24M solution of Lin 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 CH2Ch:Me0H:NH40H -CH2Ch ). Gave Mas a white solid ( 210mg, 53% ). 

The following compound was synthesized using the above procedure: 

MS:445(M+1) 

Example 86. TBAF deprotection 

10 

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

To a solution of l-[2-(l,3-Dihydro-isoindol-2-yl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (270 mg, 0.599mmol) in 7 mL ofTHF 

was added 5.99mL (5.99mmol) of l.O M TBAF in THF. Heated the mjxture to 85 °C for 2 h. The 

reaction was quenched with 5mL acetone and 15mL of saturated aqueous NaHC03 then diluted 

20 with ethyl acetate and water and partitioned. The organic phase was washed with brine, dried 

over MgS04, filtered, and concentrated. Recrystalization from dichloromethane afforded 153 .3 

mg (80% yield) of l-[2-(l,3-Dihydro-isoindol-2-yl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-

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

Example 87. TFN NaOAc deprotection 
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l -[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-3,4-dihydro- lH-quinolin-2-one: 

A solution of l-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b]pyrazin-2-yl]-3,4-dihydro-1H-quinolin-2-one (0.2562 g, 0.535 mmol) in 2 mL of 

10 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 

CH2Cb:Me0H:NH40H /dichloromethane) afforded 0.1626g (87% yield) of l-[7-(2,2-Dimethyl­

propionyl)-5H-pynolo[2,3-b]pyrazin-2-yl]-3,4-dihydro-1H-quinolin-2-one as a yellow solid. 

15 

20 

Example 88. TFA/ KOH deprotection 
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l-[2-(3-Cyclopentylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-l -one: 

25 A solution of 1-[2-(3-Cyc!opentylamino-phenyl)-5-(2-trimethylsilanyl-ethoxyrnethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.178 lg, 0.36 lmmol) in lmL of 

dichloromethane and lmL of trifluoroacetic acid was stirred for 3 h then concentrated to a 

yellow oil. The oil was dissolved in lmL of methanol and the solution was treated with 

potassium hydroxide (0.24g, 4.34mmol). Preparative thin layer chromatography (50% 60:10:1 

30 CH2Cb:Me0H:NH40H I dichloromethane) afforded 0.070g (53% yield) of l-[2-(3-

Cyclopentylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a 

yellow solid. 
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Example 89. Cul/proline coupling 

IL'~ HN~· "':o Rl Cul, proline, Rl 
- K2C03, DMSO -

5 N~~l-~~~ 
0- 0-r-

l-[2-(3-Isopropylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-1-one 

10 DMSO (1.5 mL) was added to a mixture of copper iodide (10.6 mg; 0.056 rnmol), d,1-proline 

(12.8 mg; 0.11 mrnol), potassium carbonate (113 mg; 0.81 mmol), and l-[2-(3-Iodo-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (150 mg; 0.37 mmol). Isopropyl amine 

(0.315 rnL; 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 

15 EtOAc. The organic layers were combined, washed with brine, dried over MgS04, and 

concentrated to give a yellow oil. Preparative HPLC afforded 6. lmg (5% yield) of 1-[2-(3-

Isopropylanuno-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a yellow 

solid 

20 

25 

Example 90. EDCI/ HOBT coupling 

3-( 4- { 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperaziu-l-yl)-3-

oxo-propionitrile 

Dichloromethane (lmL) was added to a mixture of EDCI (0.l 8lg, 0.945mmol), HOBT 

30 monohydrate (0.128g, 0.945mmol), cyanoacetic acid (0.060g, 0.71mmol), and 2,2-Dirnethyl-1-

[2-(3-piperazin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan- l-one (0.171 Sg, 

0.473mmol) under argon. Diisopropylethylamine (DIPEA, 0.4lmL; 0.304g, 2.36mmol) was 

subsequently added and the reaction was stin-ed overnight at ambient temperature. The reaction 
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was quenched with saturated aqueous NaHC03 and extracted 3 times with dichloromethane. The 

combined organic layers were dried over MgS04, filtered and concentrated in vacuo. Preparative 

thin layer chromatography afforded 0.0402g (20% yield) of 3-(4-{3-[7-(2,2-Dimethyl­

propionyl)-5H-pytrolo[2,3-b ]pyrazin-2-yl]-phenyl )-piperazin-l-yl)-3-oxo-propionitrile as an off-

5 white solid. 

Characterization data for final compounds 

1-[2-( 1,3-Dihydro-isoindol-2-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-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 ]pytazin-7-

ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-propan-1-one 

10 Product isolated as a white solid, 0.0204g, 57% yield. 1H-NMR (CDC13, 400MHz): 10.95 (s, 

lH), 8.67 (s, lH), 8.39 (d, lH, J=3.1Hz), 8.06 (s, lH), 7.98 (d, lH, J=7.8Hz), 7.45 (t, lH, 

J=7.6Hz), 7.36 (d, lH, 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),l.46ppm (s, 9H). MS (E/I): 484 (M+H) 

1-{ 2-[3-(5,6-Dihyd.ro-8H-[1,2,4 ]triazolo[ 4,3-a ]pytazin-7-ylmethyl)-phenyl]-5H-pyrrolo[2,3-

15 b]pyrazin-7-yl )-2,2-dimethyl-propan-1-one 

Product isolated as a white solid, 0.0245g, 43% yield. lH-NMR (CDCl3, 400MHz): 8.69 (s, lH), 

8.45 (s, lH), 8.06 (s, lH), 8.16 (s, lH), 8.11 (s, lH), 8.04 (d, lH, J=7.7Hz), 7.50 (t, lH, 

J=7.6Hz), 7.43 (d, lH, J=7.5Hz), 4.12 (t, 2H, J=5.5Hz), 3.96 (s, 2H), 3.88 (s, 2H), 2.99 (t, 2H, 

J=5.4Hz),l.56 ppm (s, 9H). MS (E/I): 416 (M+H) 

20 2,2-Dimethyl- l-{ 2-[ 4-(3-trifluoromethyl-5 ,6-dihydro-8H-[l ,2,4]triazolo[ 4,3-a ]pyrazin-7-

ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one 

Product isolated as an off-white solid, 0.0141g, 31 % yield. lH-NMR (CDC13, 400MHz): 9.86 (s, 

lH), 8.77 (s, lH), 8.43 (d, lH, J=3.2Hz), 8.13 (d, lH, J=8.3Hz), 4.18 (t, 2H, .T=5.5Hz), 3.98 (s, 

2H), 3.87 (s, 2H), 3.02 (t, 2H, J=5.3Hz),l.57 ppm (s, 9H). MS (E/I): 484 (M+H) 

25 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-1,5-dimethyl­

piperazin-2-one 

Product isolated as a White solid, 0.0096g, 33% yield. lH-NMR (CDC13, 400MHz): 8.77 (s, 

lH), 8.46 (s, lH), 7.73 (d, lH, J=8.7Hz), 7.56 (t, lH, J=8.0Hz), 7.42 (t, lH, J=8.0Hz), 6.92 (t, 
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lH, J=8.8Hz), 4.15 (m, lH), 3.87 (m, 2H), 3.06 (s, 2H), 1.57 (s, 9H), 1.43 (d, 2H, 6.3Hz), 1.26 

ppm (d, 3H, 6.2Hz). MS (E/I): 406 (M+H) 

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

methanone 

5 Product isolated as a yellow solid, 0.0275g, 80% yield. lH-NMR (CDC13, 400MHz): 10.2l(s, 

lH), 8.77 (s, lH), 8.41 (s, lH), 7.47 (m, lH), 7.30 (t, lH, J=7.9Hz), 6.69 (m, lH), 3.92 (quintet, 

lH, J=6.3Hz), 2.56 (m, 2H), 2.10 (m, 2H), 1.8-1.2 (m, 14H), 1.57 (s, 3H). 13C-NMR (CDC13, 

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-

10 192°C. 

{ 2-[3-(Cyclopentyl-methyl-amino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-( 1-methyl­

cyclohexyl)-methanone 

Product isolated as a yellow solid, 0.0097g, 84% yield. lH-NMR (CDC13, 400MHz): 9.74 (s, 

lH), 8.80 (s, lH), 8.41 (s, lH), 7.77 (s, lH), 7.38 (m, 2H), 6.93 (m, lH), 4.34 (quintet, lH, 

15 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 (Ell): 417 

(M+H). 

l-[2-(3-Cyclopentylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7 -yl ]-2,2-dimethyl-propan- l-one 

Product isolated as a yellow solid, 0.070g, 53% yield. lH-NMR (CDC13, 400MHz): 8.79 (s, lH), 

8.47 (s, lH), 7.50 (m, lH), 7.38 (m, lH), 7.27 (t, lH, J=7.7Hz), 6.69 (m, lH), 3.88 (m, lH), 2.11 

20 (m, 2H), 1.9-1.4 (m, 6H), 1.59 (s, 9H). MS (E/I): 363 (M+H). MP= 207-209°C 

1-{ 2-[3-(2-Hydroxy-cyclopentylamino )-phenyl]-5H-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. lH-NMR 

(CDC13, 400MHz): 8.70 (s, lH), 8.40 (s, lH), 7.45 (s, lH), 7.37 (m, lH), 7.26 (m, lH), 6.71 (m, 

25 lH), 4.17 (m, lI-I), 3.75 (m, lH), 2.34 (m, lH), 2.06 (m, lH), 1.95-1.4 (m, 6H), 1.54 ppm (s, 

9H). IR (KBr): 3412, 2961, 2871, 1636, 1606, 1384, 1089 cm-1. MS (E/I): 379 (M+H). MP= 

178-180°C 
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3-Methyl-4-{ 3-[7-( 1-methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }­

piperazin-2-one 

Product isolated as a light yellow solid, 0.018g, 85% yield. lH-NMR (MeOD, 400MHz): 8.62 (s, 

2H), 7.86 (s, lH), 7.55 (d, lH, J=7.9Hz), 7.37 (t, lH, J=7.89Hz), 6.99 (dd, lH, J=8.13, 2.46Hz), 

5 4.45 (q, lH, J=6.9Hz), 3.8-3.35 (m, 4H), 2.61(m,2H), 1.8-1.2 (m, SH), 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% yield. lH-NMR (CD30D, 400MHz): 8.82 (s, 

10 lH), 8.47 (d, lH, J=4.5Hz), 7.89 (s, lH), 7.63 (m, lH), 7.40 (m, lH), 7.10 (m, lH), 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-pyrrolidin-3-ylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one 

Product isolated as a white solid, 0.0562g, 61 % yield. lH-NMR (CDCl3, 400MHz): 8.85 (s, lH), 

15 8.37 (s, lH), 7.49 (d, lH, J=7.7Hz), 7.40 (s, lH), 7.32 (t, lH, J=7.9Hz), 6.62 (d, lH, J=7.4Hz), 

4.33 (s, lH), 3.34 (m, 2H), 2.77(m, lH), 2.63 (m, 3H), 2.6-2.5 (m, 2H), 2.02 (m, lH), 1.55 ppm 

(s, 9H). MS (E/I): 378 (M+H). MP= 223-225°C. 

2,2-Dirnethyl- l -{ 2-[3-( tetrahydro-furan-3-ylamino )-phenyl ]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one 

20 Product isolated as a yellow solid, 0.054g, 83% yield. lH-NMR (CDC13, 400MHz): 8.84 (s, lH), 

8.50 (s, lH), 7.49 (m, lH), 7.36 (m, lH), 6.73 (m, lH), 4.50 (m, lH), 4.29 (m, lH), 4.12 (m, 

lH), 3.98 (m, lH), 2.41 (m, lH), 2.07 (m, lH), 1.62 ppm (s, lH). MS (E/I): 365 (M+H). MP= 

212-214 oC 

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

25 dimethyl-propan-1-one 

Product isolated as a yellow solid, 0.017g, 20% yield. lH-NMR (CDC13, 400MHz): 9.72 (br s, 

lH), 8.74 (s, lH), 8.40 (s, lH), 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, lH), 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- l-yl]-phenyl }-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-

5 dimethyl-propan-1-one 

Product isolated as a yellow solid, 0.0137g, 30% yield. lH-NMR (CDC13, 400MHz): 8.73 (s, 

lH), 8.39 (s, lH), 8.06 (d, 2H, J=8.9Hz), 7.05 (d, 2H, 1=9.0Hz), 3.70 (t, 2H, J=5.4Hz), 3.34 (t, 

2H, J=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/I): 408 

10 (M+H). MP= 211-213 °C. 

l -[2-(3-Isopropylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

Product isolated as a yellow solid, 0.0061g, 5% yield. lH-NMR (CDC13, 400MHz): 8.79 (s, 

lH), 8.42 (s, lH), 7.49 (m, lH), 7.38 (m, lH), 7.30 (m, lH), 6.69 (m, lH), 3.76 (m, lH), 1.59 (s, 

9H), 1.29 ppm (d, 6H, J=6.1Hz). MS (E/I): 337 (M+H). 

15 1-{ 2-[3-( 4-Methanesulfonyl-piperazin-1-yl)-phen yl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l-one 

Product isolated as a yellow solid, 0.0186g, 26% yield. lH-NMR (CDC13, 400MHz): 8.80 (s, 

lH), 8.42 (s, lH), 7.86 (m, lH), 7.64 (d, lH, J=7.8Hz), 7.45 (t, lH, J=8.0Hz), 7.04 (m, lH), 3.44 

20 (m, SH), 2.86 (s, 3H), 1.58 ppm (s, 9H). MS (E/I): 442 (M+H). MP= 243-245 °C. 

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

dimethyl-propan- l-one 

Product isolated as a yellow solid, 0.0186g, 24% yield. lH-NMR (CDC13, 400MHz): 8.73 (s, 

lH), 8.36 (s, lH), 8.08 (d, 2H, J=8.6Hz), 7 .07 (d, 2H, J=8.7Hz), 3.49 (m, SH), 2.85 (s, 3H), 1.56 

25 ppm (s, 9H). IR (KBr): 3427, 2868, 1644, 1609, 1521, 1455, 1417, 1397, 1385, 1324, 1233, 

1159, 1120, 957, 779, 517 cm-I. 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-yl)-2,2-

dimethyl-propan- l-one 
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Product isolated as a yellow solid, 0.0234g, 48% yield. lH-NMR (CDC13, 400MHz): 8.78 (s, 

lH), 8.46 (s, lH), 7.82 (m, lH), 7.54 (m, lH), 7.39 (m, lH), 7.02 (m, lH), 3.73 (t, 2H, J=5.3Hz), 

3.34 (m, 4H), 2.75 (m, 4H), 2.66 (t, 2H, J=4.6Hz), 1.58 ppm (s, 9H). MS (E/I): 408 (M+H). MP 

= 103-105 °C. 

5 1-{ 2-[3-( ( cis )-2-Hydroxy-cyclopentylamino )-phenyl]-5H-pynolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l -one 

Product isolated as a yellow solid, 0.0158g, 32% yield. lH-NMR (CDC13, 400MHz): 8.76 (s, 

lH), 8.42 (s, lH), 7.55 (s, lH), 7.43 (d, lH, J=7.3Hz), 7.31 (t, lH, J=7.8Hz), 6.77 (m, lH), 4.41 

(m, lH), 4.27 (m, lH), 3.74 (br s, lH), 2.2-1.6 (m, 6H), 1.57 ppm (s, 9H). MS (EID: 379 (M+H). 

10 MP=ll5-117oC. 

1-{ 2-[3-(l-Methanesulfonyl-piperidin-4-ylamino)-phenyl]-5H-pynolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one 

Product isolated as a yellow solid, 0.0087g, 26% yield. lH-NMR (CDC13, 400MHz): 8.77 (s, 

lH), 8.39 (s, lH), 7.5-7.4 (m, 2H), 7.33 (t, lH, J=7.7Hz), 6.70 (d, lH, J=8.0Hz), 3.81 (m, 2H), 

15 3.73 (m, lH), 3.43 (s, lH), 2.97 (m, 2H), 2.84 (s, 3H), 2.26 (m, 2H), 1.66 (m, 2H), 1.57 ppm (s, 

9H). MS (E/I): 456 (M+H). MP= 264-266°C. 

3-( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazin-l -yl)-3-

oxo-propionitiile 

Product isolated as an off-white solid, 0.0402g, 20% yield. lH-NMR (d-DMSO, 300MHz): 8.99 

20 (s, lH), 8.52 (s, lH), 7.82 (m, lH), 7.66 (d, lH, J=8.0Hz), 7.41 (t, lH, J=8.0Hz), 7.08 (m, lH), 

4.12 (s, 2H), 3.7-3.2 (m, 8H), 1.50 ppm (s, 9H). MS (E/I): 431 (M+H). MP= 240-242oC. 

1-{ 2-[3-( (trans )-2-Hydroxy-cyclopentylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l-one 

Product isolated as a yellow solid, 0.0236g, 47% yield. lH-NMR (CDC13, 400MHz): 8.70 (s, 

25 lH), 8.40 (s, lH), 7.44 (m, lH), 7.37 (m, lH), 7.25 (m, lH), 6.70 (m, lH), 4.19 (m, lH), 3.88 (br 

s, lH), 3.75 (s, lH), 2.37 (m, lH), 2.07 (m, lH), 1.95-1.65 (m, 4H), 1.54 ppm (s, 9H). MS (E/I): 

379 (M+H). MP= 103-105oC. 
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( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-py!Tolo[2,3-b ]pyrazin-2-yl]-phenyl )-piperazin-1-yl)-

acetic acid 

Product isolated as an off-white solid, 0.082g, 75% yield. lH-NMR (CD30D, 400MHz): 8.83 (s, 

lH), 8.35 (s, lH), 7.71 (s, lH), 7.51 (m, lH), 7.27 (m, lH), 6.99 (m, lH), 3.65 (s, 2H), 3.55-3.4 

5 (m, 8H), 1.43 ppm (s, 9H). MS (E/I): 422 (M+H). MP= 188-190oC. 

10 

Example 91. Preparation ofbenzyl triazolopyrazines 

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-yl]-2,2-dimethyl-propan-1-one 

15 To a solution of 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b]pyrazin-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 l.2mL of dichloroethane was added 

1.2mL acetic acid and 0.109g of sodium triacetoxyborohydride (0.514mmol). The reaction was 

stiffed overnight at room temperature before quenching with saturated aqueous Na2C03. The 

20 reaction mixture was extracted 3 times with ethyl acetate, combined organics dried over MgS04, 

filtered and concentrated in vacuo. Silica gel chromatography (0-> 100% EtOAc/ hexanes over 

30 minutes, followed by a flush with 100% methanol) afforded 0.0744g ( 40% yield) of 1-[2-[3-

( 5,6-Dihydro-8H-[1,2,4 ]triazolo[ 4,3-a ]pyrazin-7-ylmethyl)-phenyl]-5-(2-t1imethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a white solid. MS 

25 (E/I): 546 (M+H) 

2,2-Dimethyl-1-[2-[3-(3-trifluoromethyl-5 ,6-dihydro-8H-[ l ,2,4 ]triazolo[ 4,3-a ]pyrazin-7-

ylmethyl)-phenyl]-5-(2-t1imethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-propan-

1-one. MS (E/I): 614 (M+H) 



5 

10 
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2,2-Dimethyl-1-[2-[ 4-(3-trifluoromethyl-5,6-dihydro-8H-[1,2,4 ]triazolo[ 4,3-a ]pyrazin-7-

y lmeth y 1 )-phenyl ]-5-( 2-trimeth ylsilan yl-eth ox ymeth y 1 )-5H-pyrrolo [2,3-b] pyrazin-7 -yl]-propan-

1-one. MS (E/I): 614 (M+H) 

Example 92. 

SEM-N ~ 

f ~ ~ - b 

Preparation of [2-[3-(Cyclopentyl-methyl-amino )-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-

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

To a solution of [2-(3-Cyclopentylamino-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-(l-methyl-cyclohexyl)-methanone in dimethyl formamide was added 

15 sodium hydride (60% dispersion in mineral oil, 9mg, 0.218mmol) under argon. The reaction 

mixture was stirred at room temperature for 15 minutes before the addition of methyl iodide via 

syringe. The reaction was stirred for 14 h before quenching with water and extracting 3 times 

with dichloromethane. The combined organics were washed with water, dried over MgS04, 

filtered and concentrated in vacuo. Preparative thin layer chromatography (25% EtOAc/ 

20 hexanes) afforded 0.0152g (15% yield) of [2-[3-(Cyclopentyl-methyl-amino)-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-( 1-methyl-cyclohexyl)­

methanone as a yellow oil. MS (E/I): 547 (M+H) 

Example 93 

25 

30 
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2,2-Dimethyl-1-[2-(3-piperazin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one. Procedure for selective BOC deprotection 

A solution of 4-( 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazine-1-carboxylic acid tert-butyl ester (0.1226g, 

5 0.206mmol) in 4mL of hexafluoroisopropanol was stirred at 150oC for 1 h under microwave 

irradiation. The reaction mixture was concentrated in vacuo. Silica gel chromatography (0->40% 

60:10:1 CH2Ch:Me0H:NH40H /dichloromethane over 20 minutes) afforded 0.0704g (69% 

yield) of 2,2-Dimethyl- l-[2-(3-piperazin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-propan- l -one as an off-white solid. MS (E/I): 494 (M+H) 

10 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. MS (E/I): 494 (M+H) 

15 

20 

Example 94. 

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]-2,2-dimethyl­

propan-1-one. 

To a solution of 2,2-Dimethyl-1-[2-(3-piperazin-1-yl-phenyl)-5-(2-trimethylsilanyl-

25 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (0.1 Og, 0.203mmol) in 2mL 

dimethyl fonnamide under argon was added 0.088mL of diisopropylethylamine (0.066g, 

0.508mmol) and 0.036mL of 2-bromoethanol (0.0635g, 0.508mmol). 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 MgS04, filtered 

30 and concentrated in vacuo. Silica gel chromatography (0->40% 60:10:1 CH2C\i:MeOH:NH40H I 
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dichloromethane over 30 minutes) afforded 0.0648g (59% yield) of 1-[2-{3-[4-(2-Hydroxy­

ethyl)-piperazin-1-yl]-phenyl }-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-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- l -yl]-phen yl }-5-(2-trimeth ylsilan yl-ethoxymethyl)-5H-

5 pyITolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-l-one. MS (E/I): 538 (M+H) 

Example 95. 

10 

( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilany1-ethoxymethyl)-5H-pyrrolo[2,3-

15 b]pyrazin-2-yl]-phenyl}-piperazin-l-yl)-acetic acid tert-butyl ester. 

To a solution of 2,2-Dimethyl-1-[2-(3-piperazin- l-yl-pheny1)-5-(2-trimethylsilany1-

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-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, 0.425mmol). The reaction was stirred at room 

20 temperature overnight before quenching with water and extracting with dichloromethane. The 

combined organics were washed with water, dried over MgS04, filtered and concentrated in 

vacuo. Silica gel chromatography (10->60% EtOAc/ hexanes over 30 minutes) afforded 0.1582g 

(61 % yield) of (4-{ 3-[7-(2,2-Dimethyl-propionyl)-5-(2-tlimethylsilany1-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazin-1-yl)-acetic acid tert-butyl ester as a yellow oil. 

25 MS (E/I): 608 (M+H). 

Preparation of 1-[2-{ 3-[ 4-(2-Hydroxy-acetyl)-piperazin-1-yl]-phenyl }-5-(2-trimethylsilany1-

ethoxymethyl)-SH-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one and 1-[2-{ 4-[ 4-(2-

H ydroxy-acetyl)-piperazin-1-yl]-phenyl }-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one. See Procedure E (EDCVHOBT Coupling) 
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1-[2-{ 3-[ 4-(2-Hydroxy-acetyl)-piperazin-l-yl]-phenyl }-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one. MS (E/I): 552 (M+H). 

1-[2-{ 4-[ 4-(2-Hydroxy-acetyl)-piperazin- l-yl ]-phenyl }-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one. MS (E/I): 552 (M+H). 

5 Example 96. 

1-[2-[ 4-( 4-Methanesulfonyl-piperazin- l-yl)-phenyl ]-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-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 (O. l Og, 0.2031mnol) in 

10 dichloromethane was added 0.042mL of diisopropylethylamine (0.031g, 0.244mmol) and the 

reaction mixture was subsequently cooled to OoC. Methane sulfonyl chloride (0.019mL; 0.028g, 

0.244mmol) was added via syringe and the reaction was slowly warmed to room temperature and 

stin-ed overnight. The reaction was quenched with water and extracted 3 times with 

dichloromethane. Combined organics were dried over MgS04, filtered and cone in vacuo. Silica 

15 gel chromatography (15->65% EtOAc/ hexanes over 30 minutes) afforded 0.1014g (87% yield) 

of 1-[2-[ 4-( 4-Methanesulfonyl-piperazin- l-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethy l)-5H­

pyn-olo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one as a yellow oil. MS (E/I): 572 (M+H). 

1-[2-[3-( 4-Methanesulfonyl-piperazin- l -yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyn-olo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one MS (E/I): 572 (M+H). 

20 Prepared according to general procedures desc1ibed in these Examples: 

1-[2-( 1H-Indol-4-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one. Substituting 

indole 4-boronic acid for 3-( 1-pyrrolidino )phenyl boronic acid. MP= 257-258C, (M+Ht = 319. 

1-[2-( 1H-Indol-6-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one.Substituting 

indole 6-boronic acid for 3-(1-pyrrolidino)phenyl boronic acid. MP= >300C, (M+Hi+ = 319. 1-

25 [2-(1H-Indol-5-yl)-5H-pyrrolo[2,3-b ]pyrazin-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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1-[2-(3 ,5-Di-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

1-(3-chloro-5-pyrrolidinophenyl)-pyrrolidine (0.15g, 0.6mmol, prepared from 5-chloro-m­

phenylenediamine by the method found in Synthesis, 1999(1), 74) was dissolved in 2.Sml 1,4-

5 dioxane. The solution was purged with argon and bis(pinacolato)diboron (0.17g, 0.66mmol) was 

added, followed by tris(benzylidenediacetone) dipalladium (l lmg, 0.012mmol), dicyclohexyl­

(2',6'-dimethoxy-biphenyl-2-yl)-phosphane (25mg, 0.06mmol) and potassium acetate (118mg, 

l.2mmol). The reaction was sealed and run on a microwave reactor at 150C for 2hr. The reaction 

mixture was then poured into ethyl acetate and water and the layers were separated. The aqueous 

10 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% 

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

15 Example 98. 

-

1-[2-( 4-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one 

A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one (60 mg, 

0.21 1mnol), 4-methoxyphenyl boronic acid (33 mg, 0.22 mmol), potassium carbonate (69 mg, 

20 0.5 1mnol), Pd(dppf)C]zCH2Ch (13 mg, 0.016 mrnol), 1.7 rnL 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 N a2S04 and concentrated 

to give a dark brown solid. The crude product was purified by preparative thin layer 

chromatography using 90:9.5:0.5 CH2C]z:Me0H:conc NKiOH 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-l-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-

5 5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one and the appropriate boronic acid, but 

washing the final product with a combination of CH2C]z, Et20, and hexanes): 

1-[2-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, MP 

199.5-200.7°C, M+H 310; 

1-[2-(3-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, MP 

10 197.4-198.8 °C, M+H 310. 

Example 99. 

1-(5-Bromo-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) 

15 and MeOH (20 mL) was slowly added a solution of 2,5-dimethoxy-tetrahydro-furan (3 mL, 23 

mmol) and 2.5 M H2S04 (17 .8 mL, 44.5 mmol) in THF (25 mL)via addition funnel over 15 min. 

The reaction was cooled to 0 °C and NaBH4 (2. 7 g, 71 mmol) was added portion wise 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 

20 while cooling with an ice bath, and extracted with Et20. The combined organic extracts were 

extracted with 6 N HCl (40 mL). The aqueous phase was washed with Et20, basified with 

NaOH (-10 g) until pH-10, and extracted with Et20. The organic extract was washed with 

b1ine, dried with Na2S04 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 

25 to afford 2gof1-(5-bromo-2-methoxy-phenyl)-pyrrolidine. MP 47-48 °C, M+H 256/258. 
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Example 100. 

l-[2-Methoxy-5-(4,4,5,5-tetramethyl-[l,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 

(l 7 mL) was added dropwise a solution of t-BuLi (1.3 mL, 1.7 M solution in pentane, 2.2 mmol). 

5 The resultant yellow solution was stirred for 30 min, treated with additional t-BuLi (1.3 mL, 1.7 

M solution in pentane, 2.2 mmol), stilTed for 45 min, and treated dropwise with 2-isopropoxy-

4,4,5,5-tetramethy1-[l,3,2]dioxaborolane (0.8 mL, 4.4 1mnol). The reaction was allowed to 

slowly warm to room temperature, stirred at room temperature overnight, and partitioned 

between saturated NH.Cl and EtOAc. The combined organic phases were dried with Na2S04 

10 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 l-[2-

methoxy-5-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine as a white solid. 

M+H 304. 

Example 101. 

15 1-[2-( 4-Methoxy-3-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan- l-one 

A mixture of l-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one (50 mg, 

0 .18 mmol), l-[2-methoxy-5-( 4,4,5 ,5-tetramethyl-[l ,3 ,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine 

(60 mg, 0.2 mmol), potassium carbonate (63 mg, 0.46 mmol), Pd(dppf)ChCH2Ch (11 mg, 0.013 

20 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)Ch'CH2Ch (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 Na2S04 and concentrated to give a dark brown residue. 

The crude product was pUiified by preparative thin layer chromatography using 140:9.5:0.5 

25 CH2Ch:Me0H:conc NH40H as eluant. The resultant brown solid was washed with CH2Ch and 

ethyl ether to provide 20 mg (29%) of l-[2-(4-methoxy-3-pyrrolidin-J-yl-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-l-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-tetramethyl-[1,3 ,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine 

To a-78 °C solution of py:rrolidine (4 mL, 48 mmol) in THF (15 mL) was slowly added a 

solution of n-BuLi (21 mL, 2.3 M solution in hexane, 48 mmol). The reaction was stirred at -78 

5 °C for 15 min and allowed to slowly wann to 0 °C. To a -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 

NFL,Cl. The aqueous layer was acidified with 1 N HCl until pH -5 and extracted with EtOAc. 

10 The combined organic phases were dried with Na2S04 and concentrated to give a brown oil. The 

oil was treated with hexanes and Et20 to precipitate an impurity. After decanting the solvent, the 

brown solid was washed with Et20 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 cmde product was purified by flash 

15 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 t-BuLi (3.5 mL, 1.7 M solution in 

20 pentane, 6 mmol). The resultant yellow solution was stirred for 30 min and treated dropwise 

with 2-isopropoxy-4,4,5,5-tetramethyl-[l,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 NFL,Cl 

and EtOAc. The combined organic phases were dried with Na2S04 and concentrated to give 1.5 

25 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 l-[3-methoxy-5-(4,4,5,5-

tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine as an oil which became a white solid. 

M+H304. 
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Example 103. 

1-[2-(3-Methoxy-3-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan- l-one 

A mixture of 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one (55 mg, 0.2 

5 mmol), 1-[3-methoxy-5-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine (67 

mg, 0.22 mmol), potassium carbonate (70 mg, 0.51 mmol), Pd(dppf)Ch"CH2Cli (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 layers 

were dried over Na2S04 and concentrated to give a dark brown residue. The crude product was 

10 purified by preparative thin layer chromatography using 140:9.5:0.5 CH2Clz:Me0H:conc 

Nl-l.OH as eluant. The resultant brown solid was washed with ethyl ether to provide 18 mg 

(24%) of l-[2-(3-methoxy-3-pyrrolidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan- l-one as a yellow solid. MP 245-256 °C, M+H 379. 

15 

Example 104. 

I 

"<:: o, 
I """ 

b-NH2-1,0 -
0 s 

/ /s 

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

To a tan solution of 5-chloro-2-methylsulfanyl-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 H2S04 (31 mL, 78 mmol) in THF (45 mL)via addition funnel over 1 h. The 

20 reaction was cooled to 0 °C and NaBH4 (4.7 g, 124 mmol) was added p01tionwise over 1 h with 

vigorous stirring. The reaction mixture was allowed to slowly wann 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 Et20. The combined organic extracts were extracted with 6 N HCl (100 mL). 

25 The aqueous phase was basified with NaOH (-30 g, 0.75 mmol) until pH-10, and extracted with 

Et20. The organic extract was dried with Na2S04 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-methylsulfanyl-phenyl)­

pyrrolidine. M+H 228. 

Example 105. 

l-[2-Methylsulfanyl-5-( 4,4,5 ,5-tetrameth yl-[ 1,3,2]dioxaborolan-2-yl)-phenyl]-pyn·olidine 

5 A mixture of 1-(5-chloro-2-methylsulfanyl-phenyl)-pyrrolidine (192 mg, 0.84 mrnol), Pd2(dbah 

(17 mg, 0.02 mrnol), bis(pinacolato)diboron (208 mg, 0.82 mmol), KOAc (166 mg, 1.7 mrnol), 

and dicyclohexyl-(2',6'-dimethoxy-biphenyl-2-yl)-phosphane (33 mg, 0.08 mrnol) 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 dri.ed over Na2S04 and 

10 concentrated to give a brown oil. The crude product was pmified by flash chromatography using 

12 g of silica gel and 0-40% EtOAc in hexanes as eluant to afford 0.14 g (50%) of l-[2-

methylsulfanyl-5-( 4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrrolidine as a tan oil. 

M+H320. 

Example 106. 

15 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-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (125 mg, 

0.44 mmol), 1-[2-methylsulfanyl-5-( 4,4,5 ,5-tetramethyl-[ l ,3,2]dioxaborolan-2-yl)-phenyl]­

pyrrolidine (140 mg, 0.4 mmol), potassium carbonate (138 mg, 1 mmol), and Pd(dppf)Cl-

20 2 CH2Ch (28 mg, 0.03 mmol) in dioxane (3.4 mL) and water (0.8 mL) was stiITed at 160 °C in a 

microwave for 30 min. The resulting mixture was paititioned between ethyl acetate and water. 

The combined organic layers were dri.ed over N a2S04 ai1d 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 NH40H in CH2Clz as e]uant to afford 0.22 g of impure product. 

25 Purification by preparative thin layer chromatography using 95:4.75:0.25 CH2C)z:Me0H:conc 

NH40H as eluant provided 60 mg (30%) of 2,2-dimethyl-1-[2-( 4-methylsulfanyl-3-pyrrolidin-l­

yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one as a brown oil. M+H 395. 

Example 107. 
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1-[2-( 4-Methanesulfinyl-3-pyrrolidin- l -yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan-1-one 

To a brown solution of 2,2-dimethyl-1-[2-(4-methylsulfanyl-3-pyrrolidin-l-yl-phenyl)-5H-

5 pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one (54 mg, 0.14 mmol) in CH2Cl2 (l mL) was added 

mCPBA (30 mg, 0.13 mmol). After the reaction was complete as determined by TLC using 

95:4.75:0.25 CH2Clz:MeOH:conc NH40H as eluant, it was partitioned between saturated 

NaHC03 and CH2Ch The combined organic layers were dried over Na2S04 and concentrated to 

give 80 mg of a brown oil. The crude product was purified by preparative thin layer 

10 chromatography using 93:6.65:0.35 CH2Ch:MeOH:conc NH40H as eluant to afford 31 mg 

(60%) of 1-[2-(4-methanesulfinyl-3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one as a yellow glass. MP 150-152 °C, M+H 411. 

Example 108. ,, 
I\._ 

W­
~o 

0~~~
0

: 
, F 

F F 

F F 

15 l -[2-[3-(3-Methanesulfonyl-pyrrolidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

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-tiimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl ester (120 mg, 0.17 

mmol), 3-methanesulfonyl-pyrrolidine (-40 mg, 0.26 mmol), Pd2(dbah (8 mg, 0.009 mmol), 

20 Xantphos (11 mg, 0.02 mmol), and K3P04 (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 diied over Na2S04 and concentrated. 
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The crude product was pmified 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]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl­

propan-1-one. M+Na 579. 

5 Example 109. 

1-{ 2-[3-(3-Methanesulfonyl-pyrrolidin-1-yl)-phenyl]-5H-pyITolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one 

Following the general procedures described in these Examples, 1-[2-[3-(3-methanesulfonyl­

pyITolidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

10 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 CH2Ch:MeOH:conc NH40H as eluant 

to provide a pale yellow solid. The yellow solid was washed with Et20 to afford 9 mg (12% 

over 2 steps) of 1-{ 2-[3-(3-methanesulfonyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

7-yl )-2,2-dimethyl-propan-1-one as a cream-colored solid. MP 223-225 °C, M+H 427. 

15 Example 110 . 

...... ; 
1'1__ 

t,~ 
/ 'lN 

~I 
-

1-[2-[3-(3-Methoxy-azetidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

A mixture of 1-[2-(3-iodo-phenyl)-5-(2-ttimethyl silanyl-ethoxymethyl)-5H-pyrrolo[2,3-

20 b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (107 mg, 0.2 mmol), 3-methoxy-azetidine (175 mg, 2 

mmol), potassium carbonate (61 mg, 0.44 mmol), CuI (6 mg, 0.03 mmol), and racemic praline (7 

mg, 0.06 mrnol) 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, 0.02 mmol), and racemic 

25 praline (5 mg, 0.04 mmol) and stiITed 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 Na2S04, 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% of9.5:0.5 MeOH:conc NILiOH in CH2Ch as 

eluant to afford 0.08 g (80%) of 1-[2-[3-(3-methoxy-azetidin-l-yl)-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one as a 

5 yellow oil that solidifies. M+H 495. 

Example 111. 

1-{ 2-[3-(3-Methoxy-azetidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-

propan-1-one 

Following the general procedures described in these Examples, 1-[2-[3-( 3-methoxy-azetidin-1-

10 yl)-phenyl ]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan- l -one from above was deprotected. The crude product was purified by preparative thin 

layer chromatography using 95:4.75:0.25 CH2Cb:MeOH:conc NH40H as eluant to provide 42 

mg of a pale yellow solid. The yellow solid was washed with CH2Ch and Et20 to afford 18 mg 

(25% over 2 steps) of 1-{ 2-[3-(3-methoxy-azetidin-l-yl)-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

15 yl)-2,2-dimethyl-propan-1-one as a solid. MP 196-198°C, M+H 365. 

Example 112. 

4-Foimyl-4-methyl-piperidine-1-carboxylic acid tert-butyl ester 

20 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 BH3THF (31mL,1 M solution in 

THF, 31 mmol). The resultant reaction was allowed 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 BH3THF (30 mL, 1 M solution in THF, 30 rnmol), and stirred at room 

temperature overnight. The reaction was divided into two batches and each was quenched with 

saturated NaHC03 and extracted with EtOAc and the organic phase was dried over Na2S04 and 

5 concentrated. The crude product from one batch was purified by flash chromatography using 

110 g of silica gel and 0-50% of 9.5:0.5 MeOH:conc NH40H in CH2Cl 2 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 (COClh (1mL,11.5 mmol) in CH2Ch (36 mL) was added dropwise over 

20 min DMSO (1.4 mL, 19.7 rnmol). The reaction was stirred for 20 min at-78 °C and 4-

10 hydroxymethyl-4-methyl-piperidine-l-carboxylic acid tert-butyl ester from above (2.4 g, 10 

mmol) in CH2Ch (22 mL) was added slowly. The reaction was stirred for 30 min at -78 °C, 

treated with triethylamine ( 4.2 mL, 30 rnmol), 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 NaHC03 and CH2Ch and the aqueous phase was extracted with CH2C\z. The 

15 combined organic phases were dried over Na2S04 and concentrated to give 2.44 g of a yellow 

oil. The crude product was pmified by flash chromatography using 80 g of silica gel and 0-30% 

of 9.5:0.5 MeOH:conc N~OH in CH2Ch as eluant to afford 0.83 g (36%) of desired 4-formyl-

4-methyl-piperidine-l-carboxylic acid tert-butyl ester as a colorless oil and 1.5 g (68%) of a 2:1 

mixture of desired 4-formyl-4-methyl-pipe1idine-l-carboxylic acid tert-butyl ester:starting 4-

20 hydroxymethyl-4-methyl-piperidine-1-carboxylic acid tert-butyl ester as a viscous oil. 

Example 113. 

4-{ H ydroxy-[5-triisopropylsilanyl-2-(3,4,5-tiimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methyl )-4-methyl-piperidine-l-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-

25 b]pyrazine (680 mg, 1.2 mmol) in THF (4 mL) was added iPrMgCl'LiCl (2.7 mL, 1.3 Min THF, 

3.5 rnmol) dropwise along the side of the flask. The reaction was stirred for 10 min at -78 °C 

and a solution of 4-foimyl-4-methyl-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 NH4Cl 

30 and EtOAc. The aqueous phase was extracted with EtOAc and the combined organic phases 

were dried over Na2S04 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 N~OH in 
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CH2Ch as eluant to afford 950 mg of impure 4-{hydroxy-[5-triisopropylsilanyl-2-(3,4,5-

trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methyl }-4-methyl-piperidine-1-carboxylic 

acid tert-butyl ester. M+Na 691. 

Example 114. 

5 4-Meth yl-4-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-

carbonyl]-piperidine-1-carboxylic acid tert-butyl ester and 4-Methyl-4-[2-(3,4,5-trimethoxy­

phenyl)-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)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-methyl}-4-methyl-piperidine-1-carboxylic acid tert-butyl ester from above (950 

10 mg, -1.4 mmol) in CH2Ch (5 mL) was added Dess-Martin periodinane (900 mg, 2.1 mmol) 

portionwise. The resultant orange suspension was allowed to stir for 1 h and partitioned between 

1:1 saturated Na2S20 3:saturated NaHC03 and CH2Ch. The aqueous phase was extracted with 

CH2Ch and the combined organic phases were dried over Na2S04 and concentrated to give a tan 

solid. The crude product was purified by flash chromatography using 25 g of silica gel and 0-

15 30% of 9.5:0.5 MeOH:conc NH40H in CH2Ch as eluant to afford 150 mg of impure 4-methyl-4-

[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbon yl]-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. 

20 Example 115. 

( 4-Meth yl-pi peridin-4-yl )-[2-(3, 4 ,5-trimethoxy-phenyl)-5H-p yrrolo[2 ,3-b] pyrazin-7-yl ]­

methan one 

To a solution of impure 4-methyl-4-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-

carbonyl]-piperidine-1-carboxylic acid tert-butyl ester from above (150 mg) in MeOH (1 mL) 

25 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 NaHC03 and CH2Ch. 

The aqueous phase was extracted with CH2Ch and the combined organic phases were dried over 

Na2S04 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-

30 pyrrolo[2,3-b]pyrazine-7-carbonyl]-piperidine-l-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 Na2C03 and CH2Ch. The aqueous phase 

was extracted with CH2Ch and the combined organic phases were dried over Na2S04 and 

concentrated to give l 00 mg of crude product. 

5 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 using a 14 g Thomson Instrument Amine Column and 0-50% of 9.5:0.5 

MeOH:conc NH40H in CH2Ch as eluant to afford 60 mg of (4-methyl-piperidin-4-yl)-[2-(3,4,5-

trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone. M+H 411. 

10 Example 116. 

-
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Cis- and trans-( 4-Hydroxy- l -methyl-cyclohexyl )-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl ]-methanone 

15 A solution of 4-(tert-butyl-dimethyl-silanyloxy)-cyclohexanecarboxylic acid ethyl ester (14.7 g, 

51.3 imnol) (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) clropwise. The reaction mixture was stin-ed for 1.5 hours at which time MeI 

(6.42 ml, 102.6 mmol) was added dropwise. After stirring at room temperature for 

20 approximately 2 hours, the reaction mixture was partitioned between EtOAc/ sat. NfL,Cl. The 

organic layers were collected, dried over MgS04, 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-dimethyl­

silanyloxy)-1-methyl-cyclohexanecarboxylic acid ethyl ester as a colorless oil and 3.0 g (19%) of 

the major diastereomer as a colorless oil. 

5 To a 0 °C solution of a 2: 1 mixture of major: minor diastereomers of 4-(tert-butyl-dimethyl­

silanyloxy)-1-methyl-cyclohexanecarboxylic acid ethyl ester from above (2.9 g, 10 mmol) in 

Et20 (100 mL) was added LiAlH4 (380 mg, 10 mmol) portionwise over 5 min. The resultant 

mixture was stirred at 0 °C for 1 h, 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 

10 stiffed 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 

15 [4-(tert-butyl-dimethyl-silanyloxy)-1-methyl-cyclohexyl]-methanol, and 600 mg of an impure 

1 :2 mixture of major:minor diastereomers of [ 4-(tert-butyl-dimethyl-silanyloxy)-1-methyl­

cyclohexyl]-methanol (94% total yield). 

To a -78 °C solution of (COClh (0.9 mL, 10.4 mmol) in CH2Ch (30 mL) was added slowly 

DMSO (1.5 mL, 21 mmol). The reaction was stiffed for 15 min at -78 °C and an impure 3:1 

20 mixture of major:minor diastereomers of [ 4-(teit-butyl-dimethyl-silanyloxy)-1-methyl­

cyclohexyl]-methanol from above (1.43 g, 5.54 mmol) in CH2Ch (24 mL) was added slowly 

over 15 min. The reaction was stirred for 1 hat -78 °C, treated with triethylamine (5.8 mL, 41 

mmol), and allowed to slowly warm to room temperature. The reaction was pa1titioned between 

saturated NaHC03 and CH2Ch and the aqueous phase was extracted with CH2Ch. The 

25 combined organic phases were dried over Na2S04 and 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-niisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyffolo[2,3-

30 b]pyrazine (640 mg, 1.1 mmol) in THF (3.2 mL) was added iPrMgCl'LiCl (2.4 mL, 1.3 Min 

THF, 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

silanyloxy)-l-methyl-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 

temperature, stirred overnight, and pa1titioned between saturated NH4CI and EtOAc. The 

5 aqueous phase was extracted with EtOAc and the combined organic phases were dried over 

Na2S04 and concentrated to give 1.4 g of a ciude mixture of diastereomers of [4-(tert-butyl­

dimethyl-silanyloxy)-l-methyl-cyclohexyl]-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-

5H-pyrrolo[2,3-b]pyrazin-7-yl]-methanol as a yellow oil which was taken onto the next step. 

M+H 698. 

10 To a solution of a crude mixture of diastereomers of [4-(tert-butyl-dimethyl-silanyloxy)-l­

methyl-cyclohexyl]-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b]pyrazin-7-yl)-methanol from above (1.4 g) in CH2Ch (3 mL) was added Dess-Martin 

periodinane (300 mg, 0.7 mmol) po1tionwise. The resultant suspension was allowed to stir for 3 

d and partitioned between 1:1 saturated Na2S20 3:saturated NaHC03 and CH2Ch. The aqueous 

15 phase was extracted with CH2Ch and the combined organic phases were dried over N a2S04 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 NH40H in CH2Cl2 as eluant to afford 600 mg of an impure 

mixture of diastereomers of [ 4-(tert-butyl-dimethyl-silanyloxy)-l-methyl-cyclohexyl]-[5-

triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl )-methanone, 

20 M+H 696, and [ 4-(tert-butyl-dimethyl-silanyloxy)-l-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy­

phenyl)-5H-pyrrolo[2,3-b ]pyrazin-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-

meth yl-cyclohexyl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone as 

a tan glassy foam, M+H 540. 

25 To a suspension of an impure 5:2 mixture of diastereomers of [ 4-(tert-butyl-dimethyl­

silanyloxy)-l-methyl-cyclohexyl]-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo [2,3-b )pyrazin-7-yl]­

methanone from above (320 mg) in MeOH (2 mL) was added AcCl (7.5 uL). The suspension 

was stirred for 2d, concentrated and partitioned between saturated N aHC03 and CH2Ch. The 

aqueous phase was extracted with CH2Ch and the combined organic phases were dried over 

30 Na2S04 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 CH2Ch:Me0H:conc 

N~OH as eluant to afford 52 mg of 1 diastereomer of (4-hydroxy-1-methyl-cyclohexyl)-[2-
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(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-methanone, M+H 426, and 70 mg of 

the other diastereomer of (4-hydroxy-l-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-methanone, M+H 426. 

Example 117. 

x '''Pl x 
NC COOR _____..,NC COCl 

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

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 

10 bath for cooloing was removed. The reaction mixture 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 

15 chromatography was cmried out. The crude product was used in the next step without further 

purification. MS [M+Ht: 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 

20 ammonium hydroxide:methanol:DCM (1:10:60) in DCM (20% to 50% gradient over 30 min) 

followed by HPLC purification to give 2,2-Dimethyl-3-oxo-3-[2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-propionitrile as a off-white powder. 1H NMR (DMSO-d6): o 9.09 (s, 

lH), 8.88 (s, lH), 7.64 (s, 2H), 3.92 (s, 6H), 3.74 (s, 3H), 1.86 (s, 6H); MS [M+Ht: 381. 

Example 118. 
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2,2-Dimethyl-3-oxo-3-[2-(3-pyrrolidin-l-yl-pheny l)-5H-py1Tolo[2,3-b ]pyrazin-7-yl]-

propionitrile 

5 General procedures described in these Examples were followed. 1H NMR (DMSO-d6): o 9.0 (s, 

lH), 8.7 (s, lH), 7.5 (s, lH), 7.4 (d, J = 8 Hz, lH), 7.3 (t, J = 8.0 Hz, lH), 6.65 (dd, J = 2.3, 8.1 

Hz, lH), 3.35 (m, 4H), 2.02-1.98 (m, 4H), 1.88 (s, 6H); MS [M+Hr: 360. 

Example 119. 

10 l-(2-Bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-3-phenyl-propan- l-one. 

2,2-Dimethyl-3-phenyl-1-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan­

l-one 

General procedures described in these Examples were followed except replacing 1-methyl­

cyclohexanecarbonyl chloride with 2,2-Dimethyl-3-phenyl-propionyl chloride in step 1. 

15 Characterization for intermediate: 1H NMR (CDCh, 400 MHz): o 9.63 (s, lH), 8.42 (s, lH), 8.40 

(d, J = 3.3 Hz, lH), 7.63-7.18 (m, SH), 3.39 (s, 2H), 1.38 (s, 6H); MS [M+Ht: 358. 

Characterization for product: 1H NMR (CDC13): 8 8.84 (s, lH), 8.49 (d, J = 3.2 Hz, lH), 7.42 (s, 

lH), 7.38-7.35 (m, 2H), 7.15-7.10 (m, 5H), 6.71-6.66 (m, lH), 3.64 (s, 2H), 3.38-3.34 (m, 4H), 

2.04-2.01 (m, 4H), 1.52 (s, 6H); MS [M+Ht: 425. 

20 Example 120. 
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l-[2-(3-Pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]-cyclohexanecarbonitrile. 

General procedures described in these Examples were followed except replacing cyano­

dimethyl-acetic acid with 1-cyano-cyclohexanecarboxylic acid in step 1 and 3,4,5-

trimethoxyphenylboronic acid with 3-pyrrolidino phenylboronic acid in step 3 .. 1H NMR 

5 (CDCh): o 9.32 (m, lH), 8.81 (s, lH), 8.45 (s, lH), 7.49 (s, lH), 7.42-7.32 (m, 2H), 6.70-6.64 

(m, lH), 3.48-3.37 (m, 4H), 2.68 (br s, 2H), 2.08-1.76 (m, 12H); MS [M+Hr: 400. 

Example 121. 

2,2-Dimethyl-3-oxo-3-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-propionitrile 

10 Step 1: General procedures desc1ibed 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+Ht: 475. 

Step 2: A solution of 4-{3-[7-(2-Cyano-2,2-dimethyl-acetyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]­

phenyl }-piperazine-1-carboxylic acid tert-butyl ester from step 1 in hexafluoroisopropanol was 

15 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 yellow powder. 1H NMR (CDCb, 400 MHz): o 8.81 (s, IH), 8.50 (s, 

20 lH), 7.91 (s, lH), 7.60-7.54 (m, lH), 7.42 (t, J = 7.9 Hz, lH), 7.08-7.04 (m, lH), 3.35 (t, J = 

4Hz, 2H), 3.14 (t, J = 4 Hz, 2H), 1.92 (s, 6H); MS [M+Ht: 375. 
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1-{ 2-[3-(5,6-Dihydro-8H-[1,2,4 ]triazolo[ 4,3-a ]pyrazin-7-yl)-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-

7-yl )-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

propi onyl )-5-(2-trimeth y lsilanyl-ethoxymeth y 1 )-5H-p yn-ol o [2,3-b ]p yrazin-2-y 1 ]-phenyl ester 

5 (0.175 g, 0.25 mmol, see the experimental below preparation of this compound), 5,6,7,8-

Tetrahyclro-[1,2,4]triazolo[4,3-a]pyrazine (0.061 g, 0.5 mmol), Pd2(dba)3 (0.041 g, 0.41 mmol), 

XANPHOS (0.046 g, 0.08 mmol) and K3P04 in toluene (2 mL) were heated in a microwave 

oven under an argon atmosphere at 115 °C for 1 h. After cooling to room temperature, the 

reaction mixture was directly pmified by flash column chromatography on silica gel with a 

10 mixture 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. 1H NMR (CDCb, 

400 MHz): o 8.84 (s, lH), 8.47 (s, lH), 8.23 (s, lH), 7 .95 (s, lH), 7 .71 (d, J = 7 .7 Hz, lH), 7 .52 

(t, J = 8.0 Hz, lH), 7.13 (d, J = 8.2 Hz, lH), 5.74 (s, 2H), 4.77 (s, 2H), 4.30 (t, J = 5.3 Hz, 2H), 

3.88 (t, J = 5.4 Hz, 2H), 3.65 (t, J = 8.2 Hz, 2H), 1.62 (s, 9H), 0 (s, 9H); MS [M+Ht: 532. 

15 Step2: Following the general procedures described in these Examples. 1H NMR (CDCh, 400 

MHz): o 9.71 (s, lH), 8.80 (s, lH), 8.43 (d, J = 3.3 Hz, lH), 8.21 (s, lH), 7.91 (br s, lH), 7,67 (d, 

J = 8.0 Hz, 1H)7.50 (t, J = 7.6 Hz, lH), 7.10 (dd, J = 2.5, 8.1 Hz, lH), 4.75 (s, 2H), 4.28 (t, J = 

5.3 Hz, 2H), 3.85 (t, J = 5.5 Hz, 2H), 1.59 (s, 9H); MS [M+Ht: 402. 

20 

Example 123. 

2,2-Dimethyl-1-{ 2-[3-(3-trifluoromethyl-5 ,6-dihydro-8H-[1,2,4 ]triazolo[ 4,3-a ]pyrazin-7-yl)­

phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-propan-1-one 

Step 1: A mixture of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsi1anyl-ethoxymethyl)-5H-pyn-olo[2,3-

b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.083 g, 0.16 mmol), 3-trifluoromethyl-5,6, 7 ,8-

25 tetrahydro-[1,2,4]triazolo[4,3-a]pyrazine hydrochloride (0.05 g, 0.24 mmol), Pd(PPh3)4 (0.023 g, 

0.02 mmol) and sodium t-butoxide (0.046 g, 0.48 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:DCM ( 1: 10:60) in DCM (20% to 80% 

gradient over 30 min) to give 25 mg of the desired product as a yellow oil. 1H NMR (CDCh, 400 

MHz): o 8.84 (s, lH), 8.48 (s, lH), 8.23 (s, lH), 7.95 (br s, lH), 7.74 (d, J = 7.7 Hz, lH), 7.54 (t, 

J = 8.0 Hz, HI), 7.14 (d, J = 8.2 Hz, lH), 5.74 (s, 2H), 4.80 (s, 2H), 4.37 (t, J = 5.3 Hz, 2H), 3.91 

5 (t, J = 5.4 Hz, 2H), 3.66 (dd, J = 8.2 Hz, 2H), 1.62 (s, 9H), 0 (s, 9H); MS [M+Ht: 600. 

Step2: Following the general procedures described in these Examples. 1H NMR (CDCh, 400 

MHz): 8 9.46 (s, lH), 8.80 (s, lH), 8.43 (d, J = 3.3 Hz, lH), 8.21 (s, lH), 7.91(t,J=2.2 Hz, 

lH), 7.71 (d, .T = 8.0 Hz, lH), 7.50 (t, J = 8.0 Hz, 1H), 7.09 (dd, J = 2.6, 8.2 Hz, lH), 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+Ht: 455. 

10 Example 124. 

step 1 -
R=MeandEl 

Q-sop 
step 2 -

R""MeandEt 

N-Allyl-N-{ 2,2-dimethyl-3-oxo-3-[2-(3-pyrrolidin- l -yl-phenyl)-5H-pyrrolo[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 ethyl 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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NaHC03 and extracted with DCM (3x). The combined DCM extracts were dried (MgS04), 

filtered and concentrated to afford 2 (10. 9 g) as an oil. 

Step 2: To a solution of2 (10.9 g) in DMF (30 mL) at 0 °C was added NaH (1.84 g, 60% in 

mineral oil, 46 1mnol). The reaction was stiffed at 0 °C for 1 h before ally! iodide (3.8 mL, 42 

5 mmol) was added. The ice bath was removed. The reaction mixtnre was stirred at room 

temperatnre for 2 h, poured into 1: 1 brine:H20 and extracted with DCM (3x). The combined 

DCM layer was dried (MgS04), 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 stin-ed at room 

10 temperature overnight and then concentrated under reduced pressure. The residue was diluted 

with H20. After extracting with Et20 (2x), the aqueous layer was acidified with 6M HC! to PH 2 

and extracted (4x) with Et20. The combined Et20 layer was dried (MgS04), filtered 

concentrated to give acid 4 (7.7 g) as a clear oil.. 1H NMR (CDCb, 400 MHz): Ii 7.82-7.80 (m, 

2H), 7.60-7.56 (m, lH), 7.52-7.49 (m, 2H), 5.46-5.30 (m, lH), 5.08-5.04 (m, 2H), 3.79 (d, J = 

15 6.5 Hz, 2H), 3.80 (s, 2H), 1.29 (s, 6H). 

Step 4: General procedures desc1ibed in these Examples were followed. The crude acid chloiide 

was used in the next step without further pmification. 

Step 5: General procedures described in these Examples were followed except replacing 1-

Methyl-cyclohexanecarbonyl chl01ide with 3-( allyl-benzenesulfonyl-amino )-2,2-dimeth yl-

20 propionyl chl01ide. 0.2 g product was obtained. MS [M+Ht: 477. 

Step 6: General procedures described in these Examples were followed. 1H NMR (CDCb, 400 

MHz): Ii 10.0 (s, lH), 8.80 (s, lH), 8.44 (d, J = 12.1 Hz, lH), 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, lH), 4.80-4.74 (m, 2H), 4.25 (s, 2H), 3.78 

(d, J = 6.3 Hz, 2H), 3.39-3.36 (m, 4H), 2.09-2.05 (m, 4H), 1.61 (s, 6H); MS [M+Ht: 544. 

25 Example 125. 
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N-Allyl-N- { 2,2-dimethyl-3-oxo-3-[2-(3,4,5-trimethox y-phenyl)-5H-pyrrolo [2,3-b ]pyrazin-7-yl]­

propyl }-benzenesulfonamide. 

General procedures described in these Examples were followed except replacing 3-pyrrolidino 

5 phenylboronic acid with 3,4,5-trimethoxyphenylboronic acid. 1H NMR (CDCh, 300 MHz): 6 

9.39 (s, lH), 8.79 (s, lH), 8.41(d,J=3.2 Hz, lH), 7.48-7.43 (m, lH), 7.31-7.26 (m, 2H), 5.38-

5.27 (m, lH), 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+Ht: 565. 

10 

Example 126. 

&tep l -
Be O 

HN;tx ~ 
// ~, 

'=< 
5 

Br 

1-[ 6-Bromo-2-(3-pyrrolidin- l -yl-phenyl )-5H-pynolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan­

l -one 

l-[2,6-Bis-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

Step 1: A mixture of l-(2-bromo-5H-pynolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one (1 

15 g, 3.55 mmol) and N-bromosuccinimide (0.82 g, 4.6 mmol) in CC14 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) to give the desired 

product 5 and starting material as an inseperable mixture (0.36 g). [M+Ht: 358, 360, 362. 

Step 2: General procedures described in these Examples were followed. Characterization 

20 forintermediate: 1H NMR (CDCh, 400 MHz): 8 10.2 (br s, lH), 8.78 (s, IH), 7.43 (s, lH), 7.39-

7.26 (m, 2H), 6.68 (d, J = 5.7 Hz, lH), 3.41-3.37 (m, 4H), 2.08-2.05 (m, 4H), 1.54 (s, 9H); 

[M+Hi+: 427, 429. Characterization for product: 1H NMR (CDCb, 400 MHz): 6 10.95 (s, lH), 
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8.66 (s, lH), 7.43 (s, lH), 7.38-7.28 (m, 3H), 6.93 (d, J = 7.6 Hz, lH), 6.81 (s, lH), 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, 9H); 

[M+Ht: 494. 

Example 127. 

H~ 
/I ~N 

'==< Be 

slep 1 --
Cl O 

HN HN~ / <tep2 

H l\ - 'b-v ~-N N -

'==< 
Be I/ - ~ <) 

1-[ 6-Chloro-2-(3-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan­

l-one 

General procedures described in these Examples were followed except replacing N­

bromosuccinimide with N-chlorosuccinimide in step 1. Characterization forproduct: 1H NMR 

10 (CDCIJ, 400 MHz): 8 9.73 (s, lH), 8.95 (s, lH), 7.39-7.26 (m, 3H), 6.68 (d, J = 8.0 Hz, lH), 

3.43-3.39 (m 4H), 2.07-2.04 (m, 4H), l.56 (s, 9H); [M+Ht: 383, 385. 

Example 128. 

HO~Th!S 
0 

step 1 -

II~ 
~ µ-OCH, 

n,co ocn, 

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-5-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 (50 mL) at -78 °C was added DIBAL-H (1 Min 

toluene, cooled to -78 °C, 30 mL, 30 mmol) via a cannula. The reaction was stirred at -78 °C for 

5 1 hand quenched with cold (-78 °C) MeOH via a cannula. After stiiTing for an additional 5 min 

at -78 °C, saturated aqueous Rochelle 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 (MgS04), filtered, and concentrated. The residue was 

purified by flash column chromatography on silica gel with EtOAc in hexane (1 % to 10% 

10 gradient over 25 min) to afford aldehyde 6 (2.4 g) as a clear oil. 1H NMR (CDCh, 400 MHz): o 
9.40 (s, lH), 2.22 (s, 2H), 1.01 (s, 6H), 0 (s, 9H). 

Step 2: General procedures described in these Examples were followed except rep lacing 1-

methyl-cyclohexanecarbaldehyde with 2,2-Dimethyl-5-trimethylsilanyl-pent-4-ynal 6. 1H NMR 

(CDCb, 400 MHz): o 8.64 (s, lH), 7.54 (s, lH), 7.25 (s, 2H), 4.98 (d, J = 8.7 Hz, lH), 4.51 (d, J 

15 = 8.7 Hz, lH), 3.97 (s, 6H), 3.92 (s, 3H), 2.37 (d, J = 16.8 Hz, lH), 2.23 (d, J = 16.8 Hz, lH), 

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, 1 mmol) and NaHC03 (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 

20 partitioned between dichloromethane and 2:1 saturated aqueous NaHC01:l0% aqueous Na2S203. 

The organic layers were collected, dried over Na2S04 , 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, 0.35 mmol) and K2C03 (0.29 g, 2.1 mmol) in MeOH 

25 (10 mL) was stirred at room temperature overnight. MeOH was removed under reduced pressure. 

The residue was diluted with H20 and extracted with EtOAc (3x). The combined organic layer 

was dried (MgS04), filtered and concentrated to give R05426752 (50 mg, 36% yield) as an off­

white solid. 1H NMR (DMSO-d,;, 400 MHz): o 13.02 (s, lH), 9.07 (s, lH), 8.54 (s, lH), 7 .54 (s, 

2H), 3.91 (s, 6H), 3.73 (s, 3H), 3.09 (d, J = 2.7 Hz, 2H), 2.73 (t, J = 2.5 Hz, lH), 1.52 (s, 6H); 

30 [M+Ht: 394. 
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Examlple 129. 

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

4-Methoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-pentan- l-one was 

5 prepared starting from 7-iodo-5-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. 

10 

Example 130. 

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 slowly treated with DCC (lM in DCM, 10.16 ml, 10.16 mmol), 

O,N-Dimethyl-hydroxylamine (991 mg, 10.16 mmol), DMAP (103 mg, 0.843 mmol), and TEA 

15 (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 HCL The organic layers were 

collected, d1ied over MgS04 , 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 oil. 
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Example 131. 

2-Methoxy-2-methyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyn-olo[2,3-b ]pyrazin-7-yl]-propan-1-

one 

A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

5 b]pyrazine (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 ml, 0.57 mmol) dropwise. The solution was stirred 

for 30 seconds and then 2,N-dimethoxy-2,N-dimethyl-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 aqueous NaHS04 and then partitioned between EtOAc/ water. The organic layers were 

collected, dried over MgS04 , 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- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-

1-one as a yellow solid. MP 237.8-239.1 °C, M+H = 386. 

15 Example 132. 

2-Methoxy-1-[2-( 3,4,5-trimethoxy-phenyl)-SH-pyrrolo [2,3-b ]pyrazin-7-yl ]-ethanone 

2-Methoxy- l -[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethanone was 

prepared starting from 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

20 b]pyrazine and 2,N-dimethoxy-N-methyl-acetamide (Journal of Medicinal Chemistry, 47(10), 

2405-2408; 2004) following general procedures as described in these Examples, to afford a pale 

yellow 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-dimethyl-propionic acid (1.0 g, 7 .6 mmol) in thionyl chloride (5 

ml) was heated to 50 °C for 16 hours. The reaction mixture was concentrated to a yellow residue 

5 and then dissolved in DCM (15 ml). O,N-Dimethyl-hydroxylamine-hyc!rogen chloride (886 mg, 

9.1 mmol) and powdered K2C03 (2.2 g, 16 mmol) were added, and the reaction mixture was 

stirred at room temperature for 16 hours. The reaction mixture was filtered through a filter 

funnel, 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 

10 providing 260 mg (20%) of 3,N-dimethoxy-2,2,N-trimethyl-propionamide as a colorless oil. 

Example 134. 

3-Methoxy-2,2-dimethyl- l -[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

propan-1-one 

3-Methoxy-2,2-dimethyl- l -[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

15 propan-1-one was prepared starting from 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-

phen yl)-5H-pyrrolo[2,3-b ]pyrazine and 3,N-dimethoxy-2,2,N-trimethyl-propionamide following 

general procedures as described in these Examples, to afford a pale yellow solid. M+H = 400. 

Example 135. 

0 9 
H ,,,_I ]'; 

I "' ~ 
& N 

N H 
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1-[2-(3-Benzyloxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethy! propan- ]-one 

A microwave tube was charged with 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl­

propan-1-one (157 mg, 0.56 mmol), 3-[(phenylmethyl)oxy]phenyl]boronic acid (140 mg, 0.61 

mmol), [1,1 '-bis(diphenylphosphino)feITocene]dichloro-palladium(Il) (36 mg, 0.040 mmol), and 

5 K2C03 (192 mg, 1.39 mmol). Dioxane (4 ml) and water (1 ml) were added, and the tube was 

microwaved at 130 °C and 150 °C each for 30 min. The reaction mixture was partitioned 

between EtOAc/ water. The organic layers were collected, dried over MgS04 , filtered, and 

concentrated giving a dark brown solid. The crude product was purified by silica gel 

chromatography using 20-100% EtOAc in hexanes as eluant to provide 50 mg (23%) of l-[2-(3-

10 benzyloxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl propan-1-one as a yellow solid. 

MP 184-185 °C, M+H = 385. 

Example 136. 

1-[2-(3-Ethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan- l-one 

15 A microwave tube was charged with l-(2-bromo-5H-pyn-olo[2,3-b]pyrazin-7-yl)-2,2-dimethyl­

propan-1-one (146 mg, 0.52 mmol), 3-ethoxybenzeneboronic acid (94 mg, 0.57 mmol), [l,l'­

bis(diphenylphosphino)feITocene]dichloro-palladium(II) (34 mg, 0.041 mmol), and K2C03 (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 

20 layers were collected, dried over MgS04 , 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-pyITolo[2,3-b]pyrazin-7-yl]-

2,2-dimethyl-propan-l-one as a yellow solid. MP 195-196 °C, M+H = 324. 

Example 137. 

25 l-[2-(3-Isobutoxy-phenyl)-5H-pyITolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 
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l-[2-(3-Isobutoxy-phenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one was 

prepared starting from l-(2-bromo-5H-py1Tolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-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 

5 mg (94%) of a pale yellow solid. MP 177-178 °C, M+H = 351. 

Example 138. 

l-[2-(3-Isopropoxy-phenyl)-5H-pYffolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one. 

l-[2-(3-Isopropoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was 

prepared starting from l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-one 

10 and 3-Isopropoxybenzeneboronic acid following general procedures as described in these 

Examples. Silica gel chromatography using 30-70% EtOAc in hexanes as eluant provided 140 

mg (82%) of a yellow solid. MP 149-150 °C, M+H = 338 

Example 139. 

2,2-Dimethyl- l-[2-(3-propoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one. 

15 2,2-Dimethyl- l-[2-(3-propoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one was 

prepared starting from l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-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. 

20 Example 140. 

4-[7-(2,2-Dimethyl-propion yl)-5H-py1Tolo[2,3-b ]pyrazin-2-yl]-benzenesulfonamide. 

4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzenesulfonamide was 

prepared starting from l-(2-bromo-5H-py1Tolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one 

and 4-(aminosulphonyl)benzeneboronic acid following general procedures as described in these 

25 Examples. MP 277-278 °C, M+H = 359. 

Example 141. 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-N-methyl-benzenesulfonamide 

3-[7-(2,2-Dimeth yl-propi on yl )-5H-pyrro lo[2,3-b ]pyrazin-2-yl ]-N-meth yl-benzenesulfonamide 

was prepared starting from 1-(2-bromo-5H-py1Tolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-
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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-Dime th yl-propion y 1 )-SH-p yrro lo[2,3-b ]pyrazin-2-yl ]-N-m ethyl-benzenesulfonamide. 

5 4-[7-(2,2-Dimethyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-N-methyl-benzenesulfonamide 

was prepared starting from 1-(2-bromo-5H-pynolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l­

one and 4-methylsulfamoylphenylboronic acid following general procedures as described in 

these Examples. MP 278-280 °C, M+H = 373. 

Example 143. 

10 1-{ 2-[3-(3-Hydroxy-propyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan- l-one 

1-{ 2-[3-(3-H ydroxy-propyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one 

was prepared starting from l-(2-hromo-5H-pynolo[2,3-b ]pyrazin-7-yl)-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 

15 provided 80 mg (48%) of a yellow solid. MP 170-171 °C, M+H = 338. 

Example 144. 

3-[7 -(2,2-Dimeth y!-propion yl )-5H-pyrrolo [2,3-b ]pyrazin-2-y l ]-benzenesulfonamide 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzenesulfonamide was 

prepared starting from 1-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-one 

20 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. 

25 1-[2-(3-Ethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

A microwave tube was charged with 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl­

propan-l-one (152 mg, 0.54 mmol), 3-ethylphenylboronic acid (89 mg, 0.59 mmol), [1,1 ' -
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bis(diphenylphosphino)ferrocene]dichloro-palladium(Il) (35 mg, 0.042 mmol), and K2C03 (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 mixtme was filtered through a plug of celite. The filtrate was 

collected and partitioned between EtOAc/ water. The organic layers were collected, dried over 

5 MgS04, 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 (50%) of 

1-[2-(3-ethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a yellow 

solid. MP 199-200.1 °C, M+H = 308. 

Example 146. 

10 1-(2-(3 ,5-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan- l-one 

1-[2-(3,5-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-1-one was 

prepared starting from l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l-one 

and (3,5-dimethoxyphenyl)boronic acid following general procedures as described in these 

Examples. Silica gel chromatography using 10-50% EtOAc in hexanes as eluant provided 90 mg 

15 (52%) of a yellow solid. MP 206.9-207.7 °C, M+H = 340. 

Example 147. 

(1-Methyl-cyclopentyl)-[2-(3 ,4,5-trimethoxy-pheny1)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone 

(l-Methyl-cyclopentyl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

20 was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(1-methyl-cyclopentyl)­

methanone and 3,4,5-trimethoxyphenylboronic 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 Et20/ Hexanes provided 10 mg (7.7%) of an off white 

solid. MP 244-246 °C, M+H =396. 

25 Example 148. 

1-{ 2-[3-(2-H ydroxy-ethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one. 

1-{ 2-[3-(2-Hydroxy-ethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dirnethyl-propan- l -one 

was prepared starting from l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l­

one and 3-(2-hydroxyethyl)benzeneboronic acid following general procedures as described in 



WO 2009/106441 PCT/EP2009/051755 

-183-

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-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

5 l-[2-(3-Aminomethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was 

prepared starting from l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-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%NRiOH:MeOH]/ 

DCM as eluant gave a brown solid which was washed with 1:2 Et20/ Hexanes to provide 75 mg 

10 ( 48 % ) of a pale brown solid. MP 17 6-178 °C, M+H = 309. 

Example 150. 

2,2-Dimethyl- l-[2-(3-piperidin-1-ylmethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-l-

one. 

2,2-Dimethyl-1-[2-(3-piperidin-1-ylmethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-

15 one was prepared starting from 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl­

propan-1-one and 3-(piperidin-1-ylmethyl)phenylboronic acid hydrochloride following general 

procedures as described in these Examples. Silica gel chromatography using 0-20% 

[5%NRiOH:MeOH]/DCM as eluant gave a brown solid which was washed with 1 :2 Et20/ 

Hexanes to provide 70 mg (36%) of a pale brown solid. MP 176-177 °C, M+H = 377. 

20 Example 151. 

l-[2-(2-Fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

l-[2-(2-Fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one was prepared 

starting from l-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-1-one and 3-

fluorobenzeneboronic acid following general procedures as described in these Examples. Silica 

25 gel chromatography using 20-100% EtOAc in hexanes as eluant gave a brown solid which was 

washed with 1:1 Et20/ Hexanes to provide 10 mg (12%) of a pale yellow solid. M+H = 298. 

Example 152. 

l-[2-(2-Hydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 
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l-[2-(2-Hydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one was 

prepared starting from l-(2-bromo-5H-pynolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-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 

5 (28%) of a yellow solid. MP 282-283 °C, M+H = 296. 

Example 153. 

(l-Methyl-cyclohexyl)-[2-(3-mo1pholin-4-yl-phenyl)-5H-py!Tolo[2,3-b ]pyrazin-7-yl]­

methanone. 

(1-Methyl-cyclohexyl)-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

10 methanone was prepared starting from (2-bromo-5H-pynolo[2,3-b]pyrazin-7-yl)-(1-methyl­

cyclohexyl)-methanone and 4-[3-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)phenyl]morpholine following general procedures as described in these Examples. MP 208-

209 °C, M+H = 405. 

Example 154. 

15 ( 1-Methyl-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 ]pyrazin-7-yl ]­

methanone was prepared starting from (2-bromo-5H-pyJTolo[2,3-b]pyrazin-7-yl)-(l-methyl­

cyclopentyl)-methanone and 4-[3-( 4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

20 yl)phenyl]morpholine 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)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl )-methanone. 

25 ( 1-Methyl-cyclohexyl)-{ 2-[3-( 5-methyl-[1,3 ,4 ]oxadiazol-2-yl)-phenyl]-5H-pyJTolo[2,3-

b ]pyrazin-7-yl }-methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-

yl)-(l-methyl-cyclohexyl)-methanone and 3-(5-Methyl-l ,3,4-oxadiazol-2-yl)phenylboronic 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-H ydroxy-propyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-( 1-methyl-cyclohex yl)­

methanone 

{ 2-[3-(3-H ydroxy-propyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-( l-methyl-cyclohexyl)-

5 methanone was prepared struting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-(1-methyl­

cyclohexyl)-methru10ne and 3-(3-hydroxypropyl)phenylboronic acid following general 

procedures as described in these Examples. MP 80-83 °C, M+H = 378. 

Example 157. 

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

10 [2-(3-Methoxy-phenyl)-5H-pyffolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)-methanone was 

prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-( 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. 

15 [2-( 4-Dimethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-( 1-methyl-cyclohexyl)­

methanone 

[2-( 4-Dimethy lamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)-methanone 

was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-methyl-cyclohexyl)­

methanone and 4-(dimethylamino)phenylboronic acid following general procedures as described 

20 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 acid 

4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzoic acid was prepru·ed 

starting from 1-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one and 4-

25 carboxyphenylboronic acid following general procedures as described in these Examples. Silica 

gel chromatography using 50-100% [5%Ac0H:Et0Ac]/ Hexanes as eluant gave 10 mg (6%) of a 

pale brown solid. M+H = 324. 
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-

1-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 

5 for 2 days and then concentrated on high vacuum giving 174 mg (99%) of 1-methyl­

cycloheptanecarbonyl chloride as a yellow oil. 

Example 160. 

(1-Methyl-cycloheptyl)-[2-(3-py1Tolidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

methanone. 

10 (1-Methyl-cycloheptyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-( 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. 

15 Example 161. 

Adamantan- l-yl-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-methanone 

Adamantan-1-yl-(2-bromo-5H-pyn-olo[2,3-b ]pyrazin-7-yl)-methanone was prepared starting 

from 2-bromo-5H-pyn-olo[2,3-b]pyrazine and adamantane-1-carbonyl chloride following general 

procedures as described in these Examples. MP 279-280 °C, M+H = 360. 

20 Example 162. 

Adamantan- l-yl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 
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Adamantan-1-yl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyn-olo[2,3-b ]pyrazin-7-yl]-methanone was 

prepared starting from adamantan-1-yl-(2-bromo-5H-py1mlo[2,3-b]pyrazin-7-yl)-methanone and 

3,4,5-trimethoxyphenylboronic acid following general procedures as described in these 

Examples. MP 267-268 °C, M+H = 448. 

5 Example 163. 

2,2-Dimethyl-3-triisopropylsilanyloxy-propionic acid 

A solution of 2,2-Dimethyl-3-triisopropylsilanyloxy-propan-1-ol (1.39 g, 5.34 mmol) (Journal of 

10 the American Chemical Society, 123(39), 9687-9688; 2001) dissolved in ACN (14 ml), CC14 (14 

ml), and water (22 ml) was treated with sodium periodate (4.57 g, 21.4 mmol) and then RuCb­

H20 (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 collected, dried 

over MgS04 , filtered, and concentrated giving a black oil. Silica gel chromatography using 0-

15 30% EtOAc in hexanes as eluant provided 1.23 mg (84%) of 2,2-dimethyl-3-

triisopropylsilanyloxy-propionic acid. M-H = 569. 

Example 164. 

N-Methoxy-2,2,N-trimethyl-3-triisopropylsilanyloxy-propionan1ide 

A solution of 2,2-dimethyl-3-triisopropylsilanyloxy-propionic acid in anhydrous 

20 dichloromethane (13 ml) was slowly treated with EDCI (1.03 g, 5.38 mmol) followed by N,0-

dimethylhydroxylamine hydrochloride (525 mg, 5.4 mmol), DMAP (55 mg, 0.045 mmol), and 

TEA (0.75 ml, 5.38 mmol). After stining overnight at room temperature the reaction mixture 

was partitioned between DCM/ water. The organic layers were collected, dried over MgS04, 

filtered, and concentrated giving a greenish oil. Silica gel chromatography using 10-60% EtOAc 

25 in hexanes as eluant provided 1.13 mg (79%) of N-methoxy-2,2,N-trimethyl-3-

triisopropylsilanyloxy-propionamide as a colorless oil. M+H = 318. 
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Example 165. 

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

one 

A solution of 7-iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

5 b]pyrazine (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 ml, 0.57 mmol) dropwise. The solution was stirred 

for 30 seconds and then 2,N-dimethoxy-2,N-dimethyl-propionamide (198 mg, 1.23 mmol), 

dissolved in THF (5 ml), was added d:ropwise. 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 aqueous NaHS04 and then partitioned between EtOAc/ water. The organic layers were 

collected, dried over MgS04, filtered, and concentrated giving a brown oil. The oil was pmified 

by silica gel chromatography using 10-50% EtOAc in hexanes as eluant providing a yellow 

solid. The yellow solid was dissolved in THF (5 ml) and treated with TBAF (lM in THF, 5.3 

ml, 5.3 mmol) and refluxed for 6 hours. The reaction mixture was partitioned between EtOAc/ 

15 lN HCI. The organic layers were collected, dJied over MgS04 , filtered, and concentrated giving 

a yellow solid. The crude product was purified by preparative thin layer chromatography using 

l 0% [5%N~OH:Me0H]/DCM as eluant providing 30 mg (11 % ) of 3-hydroxy-2,2-dimethyl-1-

[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-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-b ]pyrazin-7-yl)-( 1-methyl-cyclopentyl)-meth an one 

(2-Bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-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)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone. 

(1-Methyl-cyclopentyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-py:rrolo[2,3-b ]pyrazin-7-yl]-methanone 

was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-methyl-cyclopentyl)-

5 methanone and 3-(1-pyrrolidinyl)phenylboronic acid following general procedures as described 

in these Examples. MP 242-243 °C, M+H = 375. 

Example 168. 

(2-Bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(1,3-dimethyl-cyclohexyl)-methanone 

l O (2-Bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(1,3-dimethyl-cyclohexyl)-methanone was prepared 

starting from 2-bromo-5H-pyITolo[2,3-b]pyrazine and 1,3-dimethyl cyclohexanecarbonyl 

chloride (Journal of Organic Chemistry (1951), 16 920-9) following general procedures as 

described in these Examples. M+H = 336. 

Example 169. 

15 ( 1,3-Dimethyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone 

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

methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-( 1,3-dimethyl­

cyclohexyl)-methanone and 3,4,5-trimethoxybenzeneboronic acid following general procedures 

20 as desc1ibed in these Examples. MP 229-231 °C, M+H = 424. 

Example 170. 

(1-Methyl-cyclohexyl)-{ 2-[ 4-( 4-methyl-piperazin- l-yl)-phenyl]-5H-pyITolo[2,3-b ]pyrazin-7-

yl }-methanone. 
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( 1-Methyl-cyclohexyl)-{ 2-[ 4-( 4-methyl-piperazin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

methanone was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-methyl­

cyclohexyl)-methanone and 1-methyl-4-[ 4-( 4,4,5 ,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)­

phenyl]-piperazine following general procedures as described in these Examples. MP 225-226 

5 °C, M+H=418. 

Example 171. 

[2-( 4-Methylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cycl ohexyl)-methanone 

[2-( 4-Methylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl )-methanone 

was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-methyl-cyclohexyl)-

10 methanone and methyl-[ 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-b ]pyrazin-7-yl]-methanone 

(1-Methyl-cyclohex yl)-[2-( 4-rnorpholin-4-yl-phenyl )-5 H-py1Tolo[2,3-b ]pyrazin-7-yl]-rnethanone 

15 was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-( 1-methyl-cyclohexyl)­

rnethanone 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-b ]pyrazin-7-yl]-(l-methyl-cyclohexyl)-methanone 

20 [2-( 4-Diethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(l-meth yl-cyclohexyl)-methanone 

was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-methyl-cyclohexyl)­

methanone and 4-( diethylamino )phenylboronic acid following general procedures as described in 

these Examples. MP 211-213 °C, M+H = 391. 

Example 174. 

25 (1-Methyl-cyclohexyl)-[2-( 4-piperidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

(1-Methyl-cyclohexyl)-[2-( 4-piperidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

was prepared starting from (2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-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. 

~ 
o.,.,.,.o 

I H 

~ N ~ N 

1""~ 1""~ 
~ 6 N 

N N N H 

5 4-( 3-[7-(l-Methy1-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazine-1-

carboxylic acid tert-butyl ester 

4-( 3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-phenyl }-piperazine-1-

carboxylic acid tert-butyl ester was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-

7-yl)-(l-methyl-cyclohexyl)-methanone and 4-[3-( 4,4,5 ,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-

l O 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-cyclohexy l)-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone 

A solution of 4-( 3-[7-(1-methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl )-

15 piperazine-1-carboxylic acid tert-butyl ester (134 mg, 0.266 mmol) in DCM (10 ml) was treated 

with TFA (LO 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. NaHC03 and 

EtOAc. The organic layers were collected, dried over MgS04, filtered, and concentrated giving 

a yellow solid. The yellow solid was filtered through a Buchner funnel and washed with 1 :2 

20 Et20/ Hex to provide 66 mg (61 % ) of (1-methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-methanone as a pale yellow solid. M+H = 404. 
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Example 177. 

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

1-yl)-ethanone 

5 A 0 °C solution of (l-methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-methanone (24 mg, 0.06 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. NaHC03. The organic layers were collected, dried over MgS04, filtered, and 

10 concentrated giving a white solid which was filtered through a Buchner funnel and washed with 

Et20 and Hexanes to afford a yellow solid. The yellow solid was dissolved in THF(2 ml) and 

treated with lN NaOH (0.05 ml, 0.05 mmol). After stirring at room temperature for 16 hours, 

the reaction mixture was partitioned between lN HCl and EtOAc. The organic layers were 

collected, dried over MgS04, filtered, and concentrated giving a light brown oil. The oil was 

15 triturated with Et20 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-(l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2, 3-b ]pyrazin-2-y !]-phenyl )-piperazin­

l -yl)-3-oxo-propionitrile 
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A solution of (1-methyl-cyclohexyl)-[2-(3-piperazin-1-yl-phenyl)-5H-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, 0.39 mmol), and 3-(3-dimethylaminopropyl)-1-ethylcarbodiimide hydrochloride (74 mg, 

0.39 mmol), in DCM (35 ml), was treated with TEA (0.13 ml, 0.97 mmol). After stirring at 

5 room temperature for 16 hours, the reaction mixture was partitioned between DCM and water. 

The organic layers were collected, dried over MgS04, filtered, and concentrated. Trituration of 

the resulting solid with 1:1 Et20/ Hex provided 85 mg (56%) of 3-(4-{ 3-[7-(l-methyl­

cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazin- l -yl)-3-oxo­

propionitrile as an off white solid. MP 214-216 °C, M+H = 471. 

10 Example 179. 

4-( 4-{ 3-[7-(l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-phenyl )-piperazine­

l-carbonyl)-piperidine-1-carboxylic acid tert-butyl ester 

4-( 4-{ 3-[7-(l -Methyl-cyclohexanecarbon yl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl )-piperazine­

l-carbonyl)-piperidine-1-carboxylic acid tert-butyl ester was prepared starting from (1-methyl-

15 cyclohexyl)-[2-(3-piperazin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone and 

piperidine-1,4-dicarboxylic acid mono-tert-butyl ester following general procedures as described 

in these Examples. M+H = 615. 

Example 180. 

( 1-Methyl-cyclohexyl)-(2- { 3-[ 4-(piperidine-4-carbonyl)-piperazin- l-yl ]-phenyl }-5H-

20 pynolo[2,3-b ]pyrazin-7-yl)-methanone 

25 

Methyl-cyclohexyl)-(2- { 3-[ 4-(piperidine-4-carbonyl)-piperazin- l-yl]-phenyl }-5H-pyrrolo[2,3-

b ]pyrazin-7-yl)-methanone was prepared following general procedures as described in these 

Examples. MP>300 °C, M+H = 515. 

Example 181. 
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{ 2-[3-( 4-Methanesulfonyl-piperazin-1-yl)-phen yl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-(1-methyl­

cyclohexyl)-methanone 

A solution of (l-methyl-cyclohexyl)-[2-(3-piperazin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone (135 mg, 0.33 imnol) in py1idine (3 ml), at 0 °C, was treated with methane 

5 sulfonyl chloride (0.03 ml, 0.367 mmol). The reaction mixture was allowed to stir at 0 °C for 1.5 

hours, and then room temperature for 16 hours. The reaction mixture was poured onto ice cold 

IN HCl and extracted with DCM. The organic layers were collected, dried over MgS04, filtered 

and concentrated giving a yellow film. The crude product was purified by preparative thin layer 

chromatography using 3% [5%NR;OH:MeOH]/ DCM as eluant providing 36 mg (22%) of { 2-

10 [3-( 4-methanesulfonyl-piperazin-l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-(1-methyl­

cyclohexyl)-methanone as an off white solid. MP 230-231 °C, M+H = 482. 

Example 182. 

Carbamic acid, N-[ 4-{ 3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b] pyrazin-2-yl]-

15 phenyl}-piperazine-1-sulfonyl]-, 1, 1-dimethylethyl ester 

A solution of chlorosulfonyl isocyanate (0.07 ml, 0.77 imnol) in DCM (5 ml), at 0 °C, was 

treated dropwise with 2-methyl-propan-2-ol (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 (l-methyl-cyclohexyl)-[2-(3-

piperazin-l-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-methanone (260 mg, 0.644 mmol) in 1: 1 

20 DCM/ DMF (5 ml). The reaction mixture was stirred for 16 hours and then paititioned between 

EtOAc/ water. The organic layers were collected, dried over MgS04, filtered, and 

concentrated. . The crude product was purified by silica gel chromatography using 20-100% 

EtOAc in hexanes as eluant providing 193 mg (51 %) of carbamic acid, N-[4-{3-[7-(l-methyl­

cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-y !]-phenyl }-piperazine-1-sulfonyl]-, 1, 1-

25 dimethylethyl ester as a pale yellow solid. M+H = 583. 
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Example 183. 

4-{ 3-[7-( 1-Methyl-cyclohexanecarbonyl)-5H-pyn-olo[2,3-b ]pyrazin-2-yl)-phenyl }-piperazine-1-

sulfonic acid amide 

A solution of carbamic acid, N-[ 4-( 3-[7-(1-methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-

5 b]pyrazin-2-yl]-phenyl}-piperazine-l-sulfonyl]-, 1,1-dimethylethyl ester (180 mg, 0.309 mmol) 

in DCM (5 ml), 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. Na2C03 and DCM. The organic layers were collected, dried over MgS04, filtered, 

and concentrated giving a yellow solid. The yellow solid was filtered through a Buchner funnel 

10 and washed with 1:1 Et20/ Hex providing 98 mg (66%) of 4-{3-[7-(l-methyl­

cyclohexanecarbonyl)-5H-pyrrolo[2,3-b )pyrazin-2-yl)-phenyl }-piperazine-1-sulfonic acid amide 

as an off white solid. MP 233-235 °C, M+H = 483. 

Example 184. 

15 4-{ 4-[7-(l-Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b )pyrazin-2-yl]-phenyl )-piperazine-1-

carboxylic acid tert-butyl ester 

4- { 4-[7-(l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b )pyrazin-2-yl]-phenyl )-piperazine-1-

carboxylic acid tert-butyl ester was prepared starting from (2-bromo-5H-pyrrolo[2,3-b]pyrazin-

7-yl)-(l-methyl-cyclohexyl)-methanone and 4-[ 4-( 4,4,5,5-tetramethyl-[1,3 ,2]dioxaborolan-2-yl)-

20 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- l-yl-phenyl)-5H-pyn-olo[2,3-b )pyrazin-7-yl]-methanone 

A solution of 4-{ 4-[7-(l-methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b )pyrazin-2-yl]-phenyl )-

25 piperazine-1-carboxylic acid te11-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. NaHC03 and EtOAc. The organic layers 

were collected, dried over MgS04, filtered, and concentrated providing 25 mg (89%) of (1-

methyl-cyclohexyl)-[2-( 4-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone as a 

yellow solid. MP 214-216 °C, M+H = 404. 

5 Example 186. 

1-( 4- { 4-[7-( l-Methyl-cyclohexanecarbonyl)-5H-pyrrol o[2,3-b ]pyrazin-2-yl]-phenyl }-piperazin-

1-yl)-ethanone 

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

10 1-yl)-ethanone was prepared following general procedures as described in these Examples. MP 

278-284.9 °C, M+H = 446. 

Example 187. 

4-Benzyloxy-1-methyl-cyclohexanecarboxylic acid 

15 To a solution of LDA (made by dropwise addition of nBuLi (2.38M, 13.45 ml, 32.01 mmol) to a 

-78 °C solution of diisopropyl amine (4.5 ml, 32.0 mmol), in THF (160 ml), in THF, at -78 °C), 

was added 4-benzyloxy-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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tempertwe 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 

5 combined aqueous layers were acidified with 2N HCl (pH= 1), and extracted four times with 

ether. The ether extracts were brined, dried over MgS04 , 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 chloride 

10 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 chlo1ide as a yellow 

oil. 

Example 189. 

15 ( 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-cyclohexanecarbonyl chloride (2.15 g, 8.05 1mnol) in anhydrous Toluene (16 ml) was 

treated with Et2AlCl (l Min Hexanes, 5.36 ml, 5.36 mmol), dropwise. The reaction mixture was 

stin-ed at 90 °C for 16 hours. The reaction mixture was cooled to room temperature, quenched 

20 with sat. NaHC03, and extracted with ethyl acetate (3x). The organic layers were collected, 

dried over MgS04, filtered, and concentrated giving a dark brown oil. Silica gel chromatography 

using 0-50% Et20 in DCM as eluant provided 205 mg (18%) of (4-benzyloxy-J-methyl­

cyclohexyl)-(2-bromo-5H-pyn-olo[2,3-b]pyrazin-7-yl)-methanone as a pale yellow solid. M-H = 

426. 

25 Example 190. 

( 4-Benzyloxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone 

( 4-Benzyloxy-1-methyl-cyclohexyl)-[2-(3,4,5-tJimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone was prepared starting from (4-benzyloxy-1-methyl-cyclohexyl)-(2-bromo-5H-
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pyrrolo[2,3-b )pyrazin-7-yl)-methanone and 3,4,5-trimethoxybenzeneboronic acid following 

general procedures as described in these Examples. M+H= 516. 

Example 191. 

( 4-H ydroxy- l -methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

5 yl]-methanone 

A solution of ( 4-benzyloxy- l-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-methanone (36 mg, 0.070 mmol) and 10% Pd/C (10 mg), in THF (10 ml) and 

EtOH ( 8 ml), was hydrogenated for 5 days under a 60 psi H2 atmosphere. The reaction mixture 

was vacuum purged with argon (3x), and filtered through a plug of celite using THF and DCM. 

10 The filtrate was concentrated giving an opaque oil which was purified by silica gel 

chromatography using 0-10% MeOH in EtOAc as e!uant provided 39 mg (36%) of (4-hydroxy-

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

as a pale yellow solid. MP 242-244 °C M+H = 426. 

15 

Example 192. 

Formic acid 4-methyl-4-[2-(3,4,5-trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

cyclohexy lester 

A solution of ( 4-hydroxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-methanone (19 mg, 0.045 mmol), triphenylphosphine (23 mg, 0.088 mmol), and 

20 formic acid (0.003 ml, 0.087 mmol), in THF (0.4 ml), was treated with diethyl azodicarboxylate 

(0.01 ml, 0.092 mmol). After stirring at room temperature for 2 days, the reaction mixture was 

pmified 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)-5H-pyrrolo[2,3-

b]pyrazine-7-carbonyl]-cyclohexyl ester as a white solid. M+H = 454. 

25 Example 193. 
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( 4-Hydroxy-J -methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone 

A solution of formic acid 4-methyl-4-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-

carbonyl]-cyclohexyl ester (12 mg, 0.026 mmol) in MeOH (1 ml) was treated with 2N NaOH aq. 

5 (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%NH40H:MeOH} in DCM as eluant 

gave 10 mg (89%) of (4-hydroxy-l-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-methanone as a white solid. M+H = 426. 

10 Example 194. 

N...,~ c9 
<') -C\N 0 

:,... I N vJ 1;;-+ 
/ N H 

1-{ 2-[3-(2,8-Diaza-spiro[ 4.5]dec-2-yl)-phenyl]-5H-pyrrol o[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-

propan-1-one 

A solution of 1-[2-(3-iodo-phenyl)-5-(2-tdmethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

15 b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (321 mg, 0.59 mmol), Cul (17 mg, 0.089 mmol), 

proline (21mg,0.18 mmol), K2C03 (182 mg, l.3 mmol), and 2,8-diaza-spiro[4.5]decane-8-

carboxylic acid tert-butyl ester (500 mg, 2.1 mmol), 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, dded over MgS04, filtered, and concentrated. Silica gel 

20 chromatography using 10-70% EtOAc 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. Na2C03. The organic 

layers were collected, dded over MgS04 , filtered, and concentrated. The residue was dissolved 

in THF (10 ml) and treated with lN NaOH aq. (until pH= 12). After stining overnight at room 

25 temperature, the reaction mixture was made acidic by addition of lN HCl, and then partitioned 

between EtOAc/ sat. NaHC03 (3x). The organic layers were collected, dded over MgS04, 



WO 2009/106441 PCT/EP2009/051755 

-200-

filtered, and concentrated. Silica gel chromatography using 0-10% {5%NH40H:MeOH) in 

DCM as eluant gave 62 mg (26%) of l-{2-[3-(2,8-diaza-spiro[4.5]dec-2-yl)-phenyl]-5H­

pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one as a brown solid. M+H = 418. 

Example 195. 

5 1-{ 2-[3-(2, 7-Diaza-spiro[ 4.5]dec-2-yl)-phenyl]-5H-pyrrolo[2,3-b )pyrazin-7-yl )-2,2-dimethyl­

propan- l-one 

1-{ 2-[3-(2, 7-Diaza-spiro[ 4.5]dec-2-yl)-phen yl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl­

propan- l -one was prepared starting from l-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- I-one and 2, 7-diaza-

10 spiro[ 4.S]decane-7-carboxylic acid tert-butyl ester following general procedures as desc1ibed in 

these Examples. M+H = 418. 

Example 196. 

1-{ 2-[3-(2,7-Diaza-spiro[ 4.4 ]non-2-yl)-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl )-2,2-dimethyl­

propan-l-one 

15 1-{ 2-[3-(2, 7-Diaza-spiro[ 4.4]non-2-yl)-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan- l-one was prepared starting from l-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one and 2, 7-diaza­

spiro[ 4.4 ]nonane-2-carboxylic acid tert-butyl ester following general procedures as described in 

these Examples. M+H = 404. 

20 Example 197. 

I -[2-[3-(2,2-Dimeth y 1-propylamino )-phenyl)-5-(2-trimeth y lsil an yl-ethoxymethyl )-5 H­

pyrro lo[2 ,3-b )pyrazin-7-yl)-2,2-dimethyl-propan- l-one 

I -[2-[3-(2,2-Dime th yl-propylamino )-phenyl)-5-(2-trimethy ls ii an yl-ethoxymethyl )-SH-

pyrrolo [2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-l-one was prepared starting from l-[2-(3-iodo-

25 phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-2,2-dimethyl­

propan- l -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-pipeiidin-1 -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-

1-one 

5 A solution of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b]pyrazin-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), K2C03 (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 

10 collected, dried over MgS04, 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 ml, 66 mmol) for 16 hours. The reaction mixture was 

stripped down and partitioned between EtOAc/ sat. Na2C03. The organic layers were collected, 

dried over MgS04, filtered, and concentrated. Silica gel chromatography using 3-20% 

15 { 5%NI-LiOH:MeOH} in DCM as eluant gave a solid which was triturated with 1: 1 Et20/ Hex 

affording 85 mg (27%) of 1-{ 2-[3-(4-amino-piperidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl)-2,2-dimethyl-propan-1-one as a pale yellow solid. M+H = 378. 

Example 199. 

1-{ 2-[3-(3-Aminomethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]py:razin-7-y:l }-2,2-dimethyl-

20 propan-1-one 

1-{ 2-[3-(3-Aminomethyl-pyrrolidin-1-yl)-pheny:l]-5H-pyrrolo[2,3-b ]py:razin-7-y:l )-2,2-dimethy:l­

propan-1-one was prepared starting from 1-[2-(3-iodo-pheny:l)-5-(2-trimethy:lsilanyl­

ethoxy:methyl)-5H-pyrrolo[2,3-b ]pyrazin-7-y:l]-2,2-dimethy:l-propan- l-one and pyrrolidin-3-

y:lmethyl-carbamic acid tert-buty:l ester following general procedures as described in these 

25 Examples. M+H = 378. 
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Example 200. 

1-( 2-[3-(3,3-Dimethyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan- l -one 

1-( 2-[3-(3 ,3-Dimethyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-

5 propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one and 2,2-Dirnethyl­

piperazine-1-carboxylic acid tert-butyl ester following general procedures as described in these 

Examples. M+H = 392. 

10 

Example 211. 

1-{ 2-[3-(3-Amino-azetidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]py:razin-7-yl )-2,2-dimethyl-propan-

1-one 

A solution of l-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (500 mg, 0.93 mmol), CuI (35 mg, 0.18 1mnol), 

15 praline (43 mg, 0.37 1mnol), K2C03 (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 MgS04, filtered, and concentrated. Silica gel 

chromatography using 10-100% EtOAc in hexane as eluant gave 283 mg (52%) of a yellow solid 

20 which was dissolved in DCM (4 ml) and treated with TFA (4 ml, 53 mmol) for 16 hours. The 

reaction mixture was stripped down and partitioned between EtOAc/ sat. Na2C03. The organic 

layers were collected, dried over MgS04, filtered, and concentrated. The crude material was 

dissolved in EtOH (9 ml) and treated with NaOAc (l.271 g, 9.3 mmol) for overnight. The 

reaction mixture was partitioned between EtOAc/ water and the organic layers were collected, 

25 dried over MgS04 , filtered, and concentrated. Silica gel chromatography using 0-20% 

(5%N&OH:MeOH} in DCM as eluant gave a solid which was triturated with 1:1 Et20/ Hex 
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affording 8 mg (2.4%) of 1-{ 2-[3-(3-Arnino-azetidin-1-yl)-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-7-

yl }-2,2-dimethyl-propan-1-one as a pale yellow solid. M+H = 350. 

Example 202. 

1-{ 2-[3-(3-Dimethylamino-pyn-olidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one 

A solution of l-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyn-olo[2,3-

b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (285 mg, 0.53 mmol), Cul (40 mg, 0.21 mmol), 

10 praline (49 mg, 0.43 mmol), K2C03 (367 mg, 2.7 mmol), and dimethyl-pyrrolidin-3-yl-arnine 

(608 mg, 5.3 mmol), in DMSO (l.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 MgS04, 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 

15 treated with TFA (4 ml, 53 mmol) for 16 hours. The reaction mixture was stripped down and 

partitioned between EtOAc/ sat. Na2C03. The organic layers were collected, dried over MgS04 , 

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 

EtOAc/ water and the organic layers were collected, dried over MgS04, filtered, and 

20 concentrated. Silica gel chromatography using 0-20% { 5%NH40H:Me0H} in DCM as eluant 

provided 97 mg (47%) of l-{2-[3-(3-dimethylarnino-pyrrolidin-l-yl)-phenyl]-5H-py1Tolo[2,3-

b]pyrazin-7-yl}-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- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

25 propan-1-one 
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2,2-Dimethyl-1-{ 2-[3-(3-methyl-piperazin-1-yl)-phenyl]-5H-pyiTolo[2,3-b ]pyrazin-7-yl }­

propan-1-one was prepared starting from l-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one and 2-methyl­

piperazine-1-carboxylic acid tert-butyl ester following general procedures as described in these 

5 Examples. M+H = 378. 

Example 204. 

~~ ~ l:: ; 
N ) -

0 

VJ 
/ 

1-{ 2-[3-(2-Hydroxy-2-methyl-propylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l -one 

10 A solution of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-py11'olo[2,3-

b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (294 mg, 0.55 mmol), Cul (42 mg, 0.22 mmol), 

proline (51mg,0.44 mmol), K2C03 (379 mg, 2.7 mmol), and 1-amino-2-methyl-propan-2-ol 

(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 pmtitioned between EtOAc/ water. The organic layer were collected, dried 

15 over MgS04 , 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 (lM in THF, 3 ml, 3 mmol) for 16 hours. The reaction mixture was stripped 

down and partitioned between EtOAc/ sat. NH4Cl. The organic layers were collected, dried over 

MgS04, filtered, and concentrated. The resulting oil was dissolved in EtOH (5 ml) and treated 

20 with sodium acetate (724 mg, 8.8 mmol) and allowed to stir overnight. The reaction mixture was 

pa1titioned between EtOAc/ Water, and the organic layers were collected, dried over MgS04, 

filtered, and concentrated. Silica gel chromatography using 0-10% { 5%NHiOH:MeOH} in 

DCM as eluant gave 107 mg (53%) of l-{2-[3-(2-hydroxy-2-methyl-propylamino)-phenyl]-5H­

pyn-olo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one as a yellow solid. M+H = 367. 

25 Example 205. 
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1-[2-[3-(3-Hydroxy-azeticlin-1-yl)-phenyl]-5-(2-trimethyl silanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

l-[2-[3-(3-Hydroxy-azetidin- l -yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

5 b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared starting from 1-[2-(3-iodo-phenyl)-5-

(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrol o[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan- l-one 

and azetidin-3-ol hydrogen chloride following the same procedure of R05364753. M+H = 

481. 

Example 206. 

10 1-{ 2-[3-(3-Chloro-2-hydroxy-propylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-y l )-2,2-

dimethyl-propan- l -one 

A solution of l-[2-[3-(3-hydroxy-azetidin-l-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-

5H-pyn-olo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (36 mg, 0.075 mmol), in MeOH (1 

ml), was treated with 18.5% HCJ aq (1.75 ml). The reaction mixture was capped and heated to 

15 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 ml of sat. NaHC03 aq. The reaction mixture was allowed 

to stir for 15 minutes and then extracted into EtOAc. The organic layers were collected, dried 

over MgS04, 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]-5H-pyrrolo[2,3-

20 b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one as a yellow solid. M+H = 387. 

Example 207. 
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1-{ 2-[3-( 4-Acetyl-3,3-climethyl-piperazin-1-yl)-phenyl]-5H-pyn-ol o[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan- l -one 

A solution of 1-( 2-[3-(3,3-dimethyl-piperazin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

5 dimethyl-propan-1-one (28 mg, 0.07 mmol), in DCM (5 ml), was treated with pyridine (5 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 MgS04, 

filtered, and concentrated. The residue was dissolved in THF (5 ml) and treated with lN N aOH 

10 (0.3 ml, 0.3 mmol). After stin-ing for approximately 3 hours, the reaction mixture was partitioned 

between EtOAc/ lN HCl, and the organic layer were collected, washed with sat. N aHC03, dried 

over MgS04 , filtered, and concentrated. Silica gel chromatography using 0-10% 

{5%NHiOH:MeOH} in DCM as eluant gave 22 mg (72%) of 1-{2-[3-(4-acetyl-3,3-dimethyl­

piperazin-1-yl)-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-l-one as yellow 

15 solid. M+H = 434. 

Example 208. 

1-{ 2-[3-(3-Ethylamino-pyrrolidin-1-yl)-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-7-yl )-2,2-climethyl­

propan-1-one was obtained by heating 1-[2-(3-iodo-phenyl)-5H-pyn-olo[2,3-b]pyrazin-7-yl]-2,2-

20 dimethyl-propan-1-one and 3-ethylaminopyn-olidine (TCI-US) with 15 mo!% copper (I) iodide, 

30 mo!% 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 mlz 

392 (M+H). 

Example 209. 

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

10 

pyrrolidine-3-carboxylic acid methyl ester was obtained according to the copper catalyzed 

process desc1ibed immediately above by replacing 3-ethylaminopyrrolidine with methyl 3-

methylpyrrolidine 3-carboxylate: m.p. 198-200 °C; MS mlz 421 (M+H). 

Example 210. 

1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl )-3-methyl­

pyrrolidine-3-carboxylic acid methylamide was prepared by treating l-{3-[7-(2,2-dimethyl­

propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-phenyl }-3-methyl-pyrrolidine-3-carboxylic acid 

methyl ester (190 mg, 0.3 mmol) with methanol (3 mL) and potassium hydroxide (2 mL, 0.5 M 

15 aqueous). Upon partitioning the mixture between 10% aqueous acetic acid and ethyl acetate, the 

desired acid (110 mg, 0.27 mmol) 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 

20 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 mlz 419 (M+H). 
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Example 211. 

Step 1:(1-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-phenyl )-3-methyl­

pyrrolidin-3-yl)-carbamic acid benzyl ester was obtained by treating l-{3-[7-(2,2-dimethyl-

5 propionyl)-5H-pyrrolo[2,3-b ]pyrazin-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 (0.07 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 

10 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 (M+11
). 

Example 212. 

1-{ 2-[3-(3-Amino-3-methyl-pyrrolidin-1-yl)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

15 dimethyl-propan-1-one was obtained by removing the volatiles from step l with a rotary 

evaporator and conducting step 2 in the following manner: Dissolve the residue (approx. 0.4 

mmol) from step I 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 
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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, 0 to 5% ethanol gradient): m.p. 216-218 °C; MS mlz 378 (M+n). 

( 1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-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+H). 

10 (1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-4,4-dimethyl­

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 

15 acetate-hexanes). The resulting acid replaced l-{3-[7-(2,2-dimethyl-propionyl)-5H­

pyrrolo[2,3-b]pyrazin-2-yl]-phenyl}-3-methyl-pyrrolidine-3-carboxylic acid in step 1 above and 

ethanol replaced benzyl alcohol in step 2 above. The title compound (11 mg) was obtained as a 

foam: m.p. 118-120 °C; MS m/z 464 (M+1
\ 

Example 213. 
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2,8,8-Trimethyl-6, l 0-dioxa-spiro[ 4.5]decane-2-carbaldehyde. 

Step 1: 8,8-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 

5 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 chloride (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 

10 sodium sulfate. The crnde 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 aluminumhyd:ride (11 mL, 44 mmol, 4 M in ether) was 

added dropwise and the mixture was heated to reflux for 20 hours. Upon cooling to 0 oC, the 

15 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 

20 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 

25 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 

5 properties were consistent with the desired aldehyde. 

HO~ 

(3aS,6aS)-1-Methyl-octahydro-pentalene-l-carboxylic acid was obtained according to this 

example by replacing 8,8-dimethyl-6, 10-dioxa-spiro[ 4.5]decane-2-carboxylic acid with 

(3aS,6aS)-octahydro-pentalene-1-carboxylic acid (Tetrahedron 1964, 20, 1843) in step 1 and not 

10 conducting steps 2 and 3. 

Example 214. 
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3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

cyclopentanone was prepared by the following steps: 

Step 1: 7-Iodo-5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazine (830 

5 mg, 1.47 mmol) was dissolved in anhydrous tetrahydrofuran (15 mL) and cooled to -70 °C. Iso­

propylmagnesium chloride - lithium 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 wanned to 0 °C after 1 hour and held at 0 °C for another 

10 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 anhydrous sodium sulfate. The 

volatiles were removed resulting in an oil and LCMS suggests the major products are the desired 

MW (alcohols) 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 stiffing, Dess-Martin 

periodinane (685 mg, 1.6 mmol, Aldtich) was added in one portion and stirring continued for 40 

minutes. The mixture was poured into water (10 mL) and 5% aqueous sodium thiosulfate (10 

5 rnL). The mixture was extracted with dichloromethane (3 X 25 rnL) 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 yellow solution gave a 

precipitate after 5 minutes and stiffing was continued for 16 hours. The mixture was quenched 

10 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+H). 

15 

Example 215. 

HiY. "-:OH Stepl -
H 

Step2 R ~' -
B• 

~ ~ -StepJ . 
H I 

0 

((3aS,6aS)- l-Methyl-octahydro-pentalen-1-yl)-[2-(3-pyrrolidin- l-yl-phenyl)-5H-pyITolo[2,3-

b ]pyrazin-7-yl]-methanone was prepared by: 
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Step 1: (3aS,6aS)-l-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 Min 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 

5 vacuum. The crude acid chloride was used without delay. 

Step 2: The acid chlo1ide was used directly by dissolving in 1,2-dichloroethane (3 mL) under 

Argon. The solution was treated with 2-bromo-5H-pyrrolo[2,3-b]pyrazine (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. lt was cooled after 24 hours and partitioned between 2 M dipotassium 

10 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, 0.10 mmol) was dissolved in 1,4-dioxane (2 mL) and potassium 

15 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) palladium dichloride (1: 1 

dichloromethane complex, 85 mg, 0.10 mmol) were added. The vial was sealed, placed in a 

microwave reactor and run at 150 °C for 30 min. The reaction mixture was cooled and directly 

20 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 (M+H). 

H 

(2-Bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-((3aS,6aS)- l-methyl-octahydro-pentalen-1-yl)­

methanone was obtained following step 2 and not conducting step 3 of the example above: m.p. 

25 foam; MS m/z 348 (M+H) and 350 (M+H). 
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(2-Bromo-5H-pynolo[2,3-b ]pyrazin-7-yl)-( cis-1,2-dimethyl-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 

5 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 mlz 322 (M+H) and 324 (M+11). 

(cis-1,2-Dimethyl-cyclopentyl)-[2-(3-pynolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone according to the example above by replacing (3aS,6aS)-1-methyl-octahyd:ro-

10 pentalene-1-carboxylic acid with racemic cis-1,2-dimethyl-cyclopentanecarboxylic acid ( 

J.Org.Chem. 1969, 34, 1103) in step 1: m.p. foam; MS m/z 389 (M+H). 

( cis-1,2-Dimethyl-cyclopentyl )-[2-(3,4,5-trimethoxyphenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]­

methanone according to the example above by replacing (3aS,6aS)-1-methyl-octahydro-

15 pentalene-1-carboxylic acid with racemic cis-1,2-dimethyl-cyclopentanecarboxylic acid ( 

J.Org.Cliem. 1969, 34, 1103) in step 1 and replacing 3-(1-pyrrolidino)phenyl boronic acid with 

3,4,5-trimethoxyphenyl boronic acid in step 3: m.p. 234-236 °C; MS m/z 450 (M+H). 

Example 216. 
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Step 1 - 4.4 mL of degassed 2M aqueous K2C03 (8.8 mmol) were added under argon to a 

mixture of l -[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-

dimethyl-propan-1-one (1.2 g, 2.91mmol),3-trimethylsilylphenylboronic acid (0.85 g, 4.379 

5 mmol) and tetrakis(triphenylphosphine)palladium (0.5 g, 0.433 mmol) in 25 mL of degassed 1,4-

dioxane. The resulting yellow 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 Si02 chromatography 

(hexanes/[hexanes/toluene/EtOAc 6/3.8/0.2] 100-0% hexanes) to give 1.15 g of 1 (82% yield) 

10 Meth yl-cyclopentyl )-[ 5-( 2-trimeth ylsilan y 1-eth ox ymethyl )-2-( 3-trimeth y lsil any 1-phen yl )-5H-

p yrro lo [2,3-b ]pyrazin-7-yl]-methanone was prepared following the same procedure but using (2-

bromo-5H-pyrrol o[2,3-b ]pyrazin-7-yl)-(l -methyl-cyclopentyl)-methanone as starting material. 

The product was isolated in 93% yield after purification by Si02 chromatography 

(hexanes/EtOAc 0-5% EtOAc). 

15 Methyl-cyclohexyl)-[5-(2-trimethylsilanyl-ethoxymethyl)-2-(3-trimethylsilanyl-phenyl)-5H-

pyrrolo[2,3-b]pyrazin-7-yl]-methanone was prepared following the same procedure but using (2-

bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-(l-methyl-cyclohexyl)-methanone as starting material. 

The product was isolated in 52% yield after pmification by Si02 chromatography 

(hexanes/EtOAc 0-5% EtOAc). 

20 Step 2 - Iodine monochloride lM in DCM (9 mL, 9 mmol) was added dropwise at 0°C and under 

argon to a mixture of 1 (1.1g,2.283 mmol) and K2C03 (1.26 g, 9.116 mmol) in 50 mL of 

degassed DCM. The resulting mixture was stiffed 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 Na2S04, filtered and 

evaporated. The residue was purified by Si02 chromatography (hexanes/[hexanes/toluene/EtOAc 

6/3.8/0.2) 10/0 to 0110) to give 1.2 g of 2 (> 95% yield). 

[2-(3-Iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyn-olo[2,3-b )pyrazin-7-yl]-( 1-

5 methyl-cyclopentyl)-methanone was prepared following the same procedure but using (1-

methyl-cyclopentyl)-[5-(2-trimethylsilanyl-ethoxymethyl)-2-(3-trimethylsilanyl-phenyl)-5H­

pyn-olo[2,3-b]pyrazin-7-yl]-methanone as starting material. The product was isolated in 11 % 

yield along with 50% of [2-(3-iodo-phenyl)-5H-pyrrolo[2,3-b)pyrazin-7-yl]-(l-methyl­

cyclopentyl)-methanone by Si02 chromatography (hexanes/EtOAc 0-10% EtOAc). 

1 O [2-(3-Iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyn-olo[2,3-b ]pyrazin-7-yl )-( 1-

meth yl-cyclohexyl)-methanone was prepared following the same procedure but using (1-methyl­

cyclohexyl )-[ 5-(2-trimethylsilan yl-ethoxymeth yl)-2-(3-trimeth ylsilan yl-p hen yl )-SH-p yn-ol o[2,3-

b ]p yrazin-7 -y l ]-methano ne as starting material. The product was isolated in 70% yield by Si02 

chromatography (hexanes/EtOAc 0-7% EtOAc). 

15 Step 3 - Method a: A mixture of 2 (0.1 g, 0.187 mmol), 3 (0.032 g, 0.374 mol), copper iodide 

(0.004 g, 18.67 µmol), DL-proline (0.004 g, 37.35 µmol), and K2C03 (0.052 g, 0.374 mmol) in 

0.5 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 H20 

and Et20. The aqueous layer was back extracted twice with Et20. Combined organic layers were 

20 dried over magnesium sulfate, filtered and evaporated. The residue was pmified by Si02 

chromatography (hexanes/EtOAc 0-15% EtOAc) to give 0.075 g of 4 (61% yield) 

1-[2-[3-( ( 1 S,5R,6R)-6-methanesulfonylmethyl-3-aza-bicyclo[3 .1. O]hex-3-yl)-phenyl)-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was 

prepared following the same procedure using (1S,5R,6R)-6-methanesulfonylmethyl-3-aza-

25 bicyclo[3.1.0]hexane (26% yield). 

1-[2-[ ( 3aR, 6aS )-3-(Hexahydro-cycl open ta[ c ]pyrro 1-2-yl)-phen y l ]-5-( 2-trimeth y l silan y l­

eth ox ymeth yl )-SH-pyrrolo [2,3-b )pyrazin-7-yl)-2,2-dimethyl-propan- l-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-( ( 1 S,5R,6R)-6-Methoxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l -one was 

prepared following the same procedure using 2 and (1S,5R,6R)-6-methoxymethyl-3-aza­

bicyclo[3. l.O]hexane (28% yield). 

5 1-[2-[3-( 4-Hydroxy-piperidin- l-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one was prepared following the same 

procedure using 2 and the commercially available piperidin-4-ol. 

1-[2-[3-( 4-hydroxy-4-methyl-pipelidin- l-yl)-phenyl ]-5-(2-tlimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimeth yl-propan-1-one was prepared following the same 

10 procedure using 2 and the commercially available 4-methyl-piperidin-4-ol hydrochlolide (69% 

yield). In this reaction, six equivalents of K2C03 were used instead of two. 

N-(1- { 3-[7-(2,2-Dimethy l-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-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 

15 equivalents of amine, 0.2 equivalents of copper iodide and 0.4 equivalents of DL-proline were 

used. 

N-( 1-{ 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-2-yl]-phenyl }-3-methyl-pyrrolidin-3-ylmethyl)-methanesulfonamide was prepared 

following the same procedure using 2 and N-(3-methyl-pyrrolidin-3-ylmethyl)-

20 methanesulfonamide (40% yield). In this reaction 3 equivalents of amine, 0.2 equivalents of 

copper iodide and 0.4 equivalents of DL-proline were used. 

( 1-{ 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-2-yl]-phen yl }-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid methyl ester was 

prepared following the same procedure using 2 and (3-methyl-pyrrolidin-3-ylmethyl)-carbarnic 

25 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-( ( 1 S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl ]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one was 

5 prepared using a similar procedure using 2 and (1S,5R,6R)-l-(3-aza-bicyclo[3.l.O]hex-6-yl)­

methanol (47% yield). In this reaction, no ligand was used and cesium acetate (2.25 equivalent) 

was used instead of K2C03 

(lS,5R,6R)-l-(3-Aza-bicyclo[3. l.O]hex-6-yl)-MeOH was prepared according to the synthesis 

described in European Patent 04l3455B1. 

10 [2-[3-((1 S ,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)-5-(2-

t1irnethylsilanyl-ethoxyrnethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(l -rnethyl-cyclopentyl)­

methanone and (1S,5R,6R)-1-(3-aza-bicyclo[3.l.O]hex-6-yl)-Me0H as stmting materials. In this 

15 reaction, the reaction mixture was stirred at 90°C for 72 hours. The product was obtained in 43% 

yield by Si02 chromatography (hexanes/EtOAc 0-30% EtOAc). 

[2-[3-( ( 1 S,5R,6R)-6-H ydroxymethyl-3-aza-bicyclo[3. l .O]hex -3-yl)-phenyl ]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-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-

20 trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)­

methanone and (1S,5R,6R)-l-(3-aza-bicyclo[3.l.O]hex-6-yl)-Me0H 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 K2C03, 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 

25 obtained in 15% yield by Si02 chromatography (hexanes/EtOAc 0-30% EtOAc). 

Step 3 - Method b: A mixture of 1-[2-(3-iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one (0.13 g, 0.243 mmol), co1mnercially 

available (±)-1-phenylazabicyclo[3.l.O]hexane hydr°Chloride, xantphos (0.028 g, 49 µmo!), and 

tris(dibenzylideneacetone)dipalladium(O) (0.022 g, 2.4 µmo!) in 1.3 mL of toluene was stirred at 

30 80°C for 3 hours before being cooled to RT, filtered through ce!ite. The filtrate was evaporated 
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and the residue was purified by Si02 chromatography (hexanes/EtOAc 0-10% EtOAc) to give 

0.065 g of 5 (47% yield). 

1-[2-[3-(3,3-Diethyl-pynolidin-1-yl)-phenyl]-5-(2-1:Jimethylsilanyl-ethoxymethyl)-5H­

pynolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared following the same 

5 procedure but using commercially available 3,3-diethyl-pynolidine as starting material. The 

product was obtained in 69% yield after purification by Si02 chromatography (hexanes/EtOAc 

0-10% EtOAc). 

1-[2-[3-(3-Methoxymethyl-3-methyl-pyrrolidin-l-yl)-phenyl]-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared 

10 following a similar procedure but starting from 3-methoxymethyl-3-methyl-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 Si02 chromatography 

(hexanes/EtOAc 15% EtOAc). 

1-[2-[ ( 1 S,5R)-3-(3-Aza-bicyclo[3. l .O]hex -3-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-

15 5H-pynolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared following the same 

procedure using (1S,5R)-3-aza-bicyclo[3.l.O]hexane monohydrochloride as starting material. 

( 1-( 3-[7-(2,2-Dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pynol o[2,3-

b ]pyrazin-2-yl]-phenyl }-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid tert-butyl ester was 

prepared following the same procedure but using (3-methyl-pyrrolidin-3-ylmethyl)-carbamic 

20 acid tert-butyl ester as starting material. The product was obtained in 62% yield after Si02 

chromatography (hexanes/EtOAc 20% EtOAc). 

Step 4 - A solution of 4 (0.075 g, 0.152 mmol) in 3 mL of a 211 mixture of DCM and 

trifluoroacetic 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 

25 the resulting mixture was stirred at RT for 24 hours before being evaporated. The residue was 

taken into H20 and the insoluble yellow material was filtered and thoroughly rinsed with H20. 

The residue (adsorbed onto silica) was purified twice by Si02 chromatography (hexanes/EtOAc 

6/4) to give 0.02 g of 5: 2,2-Dimethyl-l-{2-[3-(3-methyl-pyrrolidin-1-yl)-phenyl]-5H­

pynolo[2,3-b ]pyrazin-7-yl }-propan-1-one (36% yield) 
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1-{ 2-[3-( ( l S,5R,6R)-6-Methanesu!fonylmethyl-3-aza-bicyclo[3 .1. O]hex-3-yl)-phenyl]-5H­

pynolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one was prepared following the same 

procedure using 1-[2-[3-( ( 1 S,5R,6R)-6-methanesulfonylmethyl-3-aza-bicyclo[3. l .O]hex-3-yl)­

phenyl ]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-

5 propan-1-one as starting material (39% yield). 

1-{ 2-[ (3aR,6aS)-3-(Hexahydro-cyclopenta[ c ]pyrrol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl )-2,2-dimethyl-propan-1-one was prepared following the same procedure using l-[2-

[(3aR,6aS)-3-(hexahydro-cyclopenta[c]pyrrol-2-yl)-phenyl]-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one as starting material 

10 (31 % yield). 

1-{ 2-(3-( ( 1 S,5R,6R)-6-Methoxymethyl-3-aza-bicyclo[3 .1.0]hex-3-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one was prepared following the same procedure using 1-

(2-(3-( ( 1 S,5R,6R)-6-methoxymethyl-3-aza-bicyclo[3 .1. O]hex-3-yl )-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-1-one as 

15 starting material (73% yield). 

1-{ 2-[3-(3-Methoxymethyl-3-methyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

2,2-dimethyl-propan-1-one was prepared following the same procedure using l-[2-[3-(3-

Methoxymethyl-3-methyl-pyrrolidin-l-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-l-one as starting material. The product was 

20 obtained in 50% yield by Si02 chromatography (DCM/MeOH 0-5% MeOH). 

1-{ 2-( ( 1 S,5R)-3-(3-Aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l-one was prepared following the same procedure using 1-[2-[(1S,5R)-3-(3-

Aza-bicyclo[3 .1. 0 ]hex -3-y 1 )-phenyl]-5-(2-t!imeth ylsilanyl-ethox ymeth yl )-5H-pyrrolo [2 ,3-

b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as starting material. 

25 1-{ 2-[3-( 4-Hydroxy-piperidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan- l-one was prepared following the same procedure using 1-(2-[3-( 4-hydroxy-piperidin-1-

yl)-phenyl]-5-(2-tJ·imethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-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- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-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)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-2,2-dimethyl-propan-1-one as starting material (54% yield). 

5 N-(1- { 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl )-3-methyl­

pyrrolidin-3-ylmethyl)-acetamide was prepared following the same procedure using N-(1-{3-[7-

(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]­

phenyl)-3-methyl-pyITolidin-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-

10 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[2,3-

b ]pyrazin-2-yl]-phenyl }-3-methyl-pyrrolidin-3-ylmethyl)-methanesulfonamide as starting 

material (59% yield). 

( 1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl )-3-methyl-

15 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-

b ]pyrazin-2-yl]-pheny! }-3-methyl-pyrrolidin-3-y!rnethyl)-carbamic acid methyl ester as starting 

material (75% yield). 

1-{ 2-[3-(3-Hydroxymethyl-3-methyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

20 2,2-dimethyl-propan-1-one was prepared following a similar procedure but using acetic acid 1-

{ 3-[7-(2,2-dimethyl-propionyl)-5-(2-trimeth ylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-

2-yl]-phenyl }-3-methyl-py1Tolidin-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 inte1mediate in a 8/111 mixture of MeOH, H20, and Et3N over the 

25 weekend. The product was obtained in 15% yield after Si02 chromatography (hexanes/EtOAc 0-

30% EtOAc). 

1-{ 2-[3-( ( 1 S,5R,6R)-6-H ydroxymethyl-3-aza-bicyclo[3. l .O]hex -3-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one was prepared following the same procedure using 1-

[2-[3-( (1 S,5R,6R)-6-hydroxymethyl-3-aza-bicyclo[3. l .O]hex -3-yl)-phenyl]-5-(2-
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trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-1-one as 

starting material (38% yield). 

{ 2-[3-( ( 1 S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl ]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-( l-methyl-cyclopentyl)-methanone was prepared following the same procedure 

5 but using [2-[3-( (1 S,5R,6R)-6-hydroxymethyl-3-aza-bicyclo[3 .1. O]hex-3-yl)-phenyl ]-5-(2-

tiimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-( 1-methyl-cyclopentyl )­

methanone as starting mate1ial. The product was obtained in 69% yield after purification by Si02 

preparative TLC (DCM/MeOH 7% MeOH). 

{ 2-[3-( (1 S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phen yl ]-5H-pyrrolo[2,3-

10 b]pyrazin-7-yl}-(1-methyl-cyclohexyI)-methanone was prepared following the same procedure 

but using [2-[3-( ( 1 S ,5R,6R)-6-hydroxymethyl-3-aza-bicyclo[3 .1. O]hex-3-yl)-phenyl]-5-(2-

trimethylsilanyl-ethoxymethy l)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)­

methanone as starting material. The product was obtained in 35% yield after pmification by Si02 

preparative TLC (DCM/[DCM/Me0H/NH40H 60/10/1] 50% DCM). 

15 Racemic 2,2-dimethyl-1-{ 2-[3-((1S,5R)-l-phenyl-3-aza-bicyclo[3.1.0]hex-3-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one was prepared following the same procedure but using 

racemic 2,2-dimethyl- l-[2-[3-((1S,5R)-1-phenyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one as starting 

material. The product was obtained in 32% yield after purification by Si02 chromatography 

20 (DCM/MeOH 0-4% MeOH), followed by a Si02 preparntive TLC (DCM/MeOH 5% MeOH). 

1-{ 2-[3-(3,3-Diethyl-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan- l-one was prepared following the same procedure but using l-[2-[3-(3,3-diethyl­

pyrrolidin-1-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxyrnethyl)-5H-py1Tolo[2,3-b ]pyrazin-7-yl]-

2,2-dimethyl-propan- l-one as starting material. The product was obtained in 69% yield after two 

25 purification by Si02 chromatography (DCM/MeOH 0-4% MeOH). 

1-{ 2-[3-(3-Aminomethyl-3-methyl-pyrrolidin- l-yl)-phenyl]-5H-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-

dimeth y l-propion yl )-5-(2-trimethy !silan yl-ethox ymeth yl )-5 H-pyrrolo [2,3-b ]pyrazin-2-y I]-

phen yl }-3-meth yl-p yn-olidin-3-ylmeth y l )-carbamic acid tert-butyl ester as starting material. In 

30 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 stin-ed 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 H20 

and neutralized by addition of solid NaOH. The product was obtained in 44% yield after Si02 

chromatography (DCM/[DCM/MeOH/NH40H 60/10/1] 100-60% DCM). 

5 Example 217. 

?
Bt 

F 

I 
N 

Step 1 1~ I "' 
;.< 0 
II 
N 

-++-
2 o~, ,o Step 3 

"' -I 00 
lj 

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 K2C03 (0.76 g, 5.5 mmol) in 3 mL of DMSO. The 

resulting mixture was stiITed at 100°C for four hours before being cooled to RT. 10 mL of H20 

10 were added and the white precipitate that formed was filtered and thoroughly rinsed with H20 

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), 

KOAc (0.29 g, 2.955 mmol) and [1,1'-bis(diphenylphosphino)-ferrocene]dichloride palladium(II) 

DCM complex (0.081 g, 95.55 µmol) in 4 mL of DMSO was degassed for 15 minutes by 

15 bubbling argon through the mixture, before being stirred at 80°C for an hour before being cooled 

to RT, diluted with H20 and back extracted three times with Et20. 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 l-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-2,2-dimethyl-propan-l-one 

20 (0.1 g, 0.354 mmol), 2 (theoretically 0.996 mmol), K2C03 (0.150 g, 1.085 mmol), and [1,1'­

bis(diphenylphosphine)ferrocene]dichloridepalladium(II) DCM complex (0.030 g, 36.74 µmol) 

in 3 mL of a 4/1 mixture of 1,4-dioxane and H20 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 

25 was back extracted twice with EtOAc. combined organic layers were dried over Na2S04, filtered 

and evaporated. The residue was pmified by Si02 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-yl-benzonitrile (23% 

yield). 

Example 218. 

Cp-1 Step t Cp-1 f ~ '.) 
NH2 - N 

-
It; It; 

N N 

Step 1 - A mixture of commercially available 3-amino-5-chlorobenzonitrile (0.7 g, 4.588 mmol), 

1,4-dibromobutane (0.57 mL, 4.817 mmol) and K2C03 (0.697 g, 5.046 mmol) in 20 mL ofH20 

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 (Na2S04), filtered, and 

10 evaporated. The residue was purified by Si02 chromatography (hexanes/EtOAc 0-8% EtOAc) to 

give 0.295gof1 (31 % yield). 

Step 2- A mixture of 1 (0.43 g, 2.081 mmol), bis(pinacolato)diboron (l.057 g, 4.161 mmol), 

KOAc (0.613 g, 6.242 mmol), XPhos (0.099 g, 0.208 mmol) and 

tris(dibenzylideneacetone)dipalladium(O) (0.095 g, 0.104 mmol) in 5 mL of 1,4-dioxane was 

15 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 

H20 and EtOAc. The aqueous layer was back extracted with EtOAc. The combined organic 

layers were dried (Na2S04), filtered, and evaporated. 2 was used in the next reaction without 

purification. 

20 3-(3,3-Dimethyl-pyrrolidin-1-yl)-5-( 4,4,5 ,5-tetrameth yl-[l ,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 

pmification. 

25 Step 3 - A mixture of l-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one 

(0.3 g, 1.063 mmol), 2 (theoretically 2.081 mmol), K1C03 (0.441 g, 3.19 mmol) and 
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tetrakis(triphenylphosphine)palladium(O) (0.123 g, 0.10611111101) in 8rnLof1,4-dioxane and 2 

rnL of H20 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 H20 

and EtOAc. The aqueous layer was extracted with EtOAc. He combined organic layers were 

5 dried (Na2S04), filtered, and evaporated. The residue was adsorbed onto Si02 and pmified three 

times by Si02 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

pyrrolo[2,3-b ]pyrazin-2-yl]-5-pyrrolidin-1-yl-benzonitriie (9% yield) 

3-[3-(2,2-Dimethyl-propionyl)- lH-indol-5-yl]-5-(3,3-dimethyl-pyrrolidin-1-yl)-benzonitrile was 

10 prepared following the same procedure but using 3-(3,3-dimethyl-pyrrolidin-1-yl)-5-(4,4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzonitrile as starting material. In this reaction a 311 

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 Si02 clu·omatography (hexanes/EtOAc 0-40%, followed 

15 by DCM/MeOH 0-3% MeOH). 

Step 4 - A solution of Li0H.H20 (0.007 g, 0.161 mmol) in 0.3 mL of H20 and 0.02 mL of H20 2 

30wt% in H20 was added to a suspension of 3 (0.02 g, 54 µmol) in 0.8 mL of THF. The 

resulting clear solution was stirred at RT overnight before being evaporated. The residue was 

taken into H20. After sonication, the insoluble was filtered, rinsed with H20, and dried under 

20 vacuum to give 0.01 g of 4: 3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-5-

pyrrolidin-1-yl-benzamide (47% yield). 

3-[3-(2,2-Dimethyl-propionyl)-lH-indol-5-yl]-5-(3,3-dimethyl-pyrrolidin-1-yl)-benzamide was 

prepared following the same procedure but using 3-[3-(2,2-dimethyl-propionyl)-lH-indol-5-yl]-

5-(3,3-dimethyl-pyrrolidin-1-yl)-benzonit1ile as starting material. The product was obtained in 

25 11 % yield after pmification by Si02 chromatography (DCM/MeOH 0-5% MeOH). 

Example 219. 
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Step 1 - (Trimethylsilyl)diazomethane 2M in Et20 (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 

5 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 mL of MeOH and 40 mL of H20. The 

resulting mixture was stirred at reflux overnight before being cooled to RT, filtered through 

celite. The filtrate was evaporated and the residue was partitioned between H20 and DCM. The 

10 aqueous layer was back extracted with DCM. The combined organic layers were washed twice 

with IM HC!. The combined acidic aqueous layers were basified to pHIO by addition of solid 

NaOH. The precipitate was filtered, washed with H20 and dried under vacuum to give 1. 02 g of 

2: 3-mino-5-bromo-benzoic acid methyl ester (55% yield). 

Step 3-A mixture of2 (0.9 g, 3.912 mmol), K2C03 (0.595 g, 4.303 mrnol) and 1,4-

15 dibromobutane (0.49 rnL, 4.108 mrnol) in 14 rnL of CH3CN and 1 mL of H20 was stirred at 

110°C for 30 minutes under microwave iffadiation before being cooled to RT. 0.5 more 

equivalents of 1,4-dibromobutane were added and the resulting mixture was stiITed 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 (Na2S04), 

20 filtered, and evaporated. The residue was purified by Si02 chromatography (hexanes/EtOAc 0-

8% EtOAc) to give 0.25 g of3: 3-bromo-5-pyITolidin-1-yl-benzoic acid methyl ester (22% 

yield). 
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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 µmol) in 5 mL of DMSO was degassed by bubbling argon through 

the mixture before being stirred at 90°C for 4 hours before being cooled to RT. The reaction 

5 mixture was filtered though celite and the filtrate was partitioned between H20 and EtOAc. The 

aqueous layer was back extracted with EtOAc. The combined organic layers were dried 

(Na2S04), filtered, and evaporated. The boronic ester 4: 3-pyrrolidin-1-yl-5-(4,4,5,5-tetramethyl­

[1,3,2]dioxaborolan-2-yl)-benzoic acid methyl ester was used crude in the next reaction. 

Step 5 - A mixture of (1-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

10 b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (0.15 g, 0.364 rnmol), 4 (theoretically 0.88 rrunol), 

K2C03 (0.151 g, 1.091 mmol), and tetrakis(triphenylphosphine)palladium(O) (0.042 g, 36 µmol) 

in 2.8 mL of 1,4-dioxane and 0.7 mL of H20 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 H20 and EtOAc. The aqueous layer was back 

15 extracted with EtOAc. The combined organic layers were dried (Na2S04), filtered, and 

evaporated. The residue was pmified by Si02 chromatography (hexanes/EtOAc 0-15% EtOAc) 

to give 0.205 g of 5: 3-[7-(2,2-dimethyl-propionyl)-5-methyl-5H-pyrrolo[2,3-b]pyrazin-2-yl]-5-

pyrrolidin-1-yl-benzoic acid methyl ester (84% yield). 

Step 6 - 0.6 mL of lM LiOH.H20 (0.6 rnmol) were added at RT to a solution of 5 (0.2 g, 0.298 

20 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 (Na2S04), filtered, and evaporated to give 6: 3-

[7-(2,2-dimethyl-propionyl)-5-methyl-5H-pyrrolo[2,3-b ]pyrazin-2-yl)-5-pyrrolidin-1-yl-benzoic 

acid quantitatively. The product was used in the next reaction without purification. 

25 Step 7 - Commercially available 2-aminoethylmethylsulfone hydrochloride (0.039 g, 0.244 

mmol), EDCI (0.041 g, 0.215 mmol), and HOBt.H20 (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 stirred at 45°C overnight before being cooled to RT and partitioned H20 and DCM. 

The organic layer was washed with saturated NH4Cl. The aqueous layers were extracted with 

30 DCM. The combined organic layers were dried (Na2S04), filtered, and evaporated. The residue 

was purified by Si02 chromatography (DCM/MeOH 0-2% MeOH) to give 0.057 g of 7: 3-[7-
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(2,2-dimethyl-propionyl)-5-methyl-5H-pyrrolo[2,3-b]pyrazin-2-yl]-N-(2-methanesulfonyl­

ethyl)-5-pyITolidin-l-yl-benzamide (63% yield). 

3-[7 -(2,2-Dime th yl-propion yl )-5-(2-trimeth y lsilanyl-eth oxymeth yl)-5H-pyrrolo [2,3-b ]pyrazin-2-

yl]-N-(2-h ydrox y-eth yl )-5-pyn·o Iidin-1-yl-benzamide was prepared following the same 

5 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% yield by Si02 chromatography (DCM/MeOH 0-2% MeOH). 

2,2-Dimethyl- l -[2-[3-( 4-methyl-piperazine-1-carbonyl)-5-pyrrolidin-l-yl-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one was prepared 

10 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 Si02 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 µmo!) in 0.6 mL of 

DCM. The resulting mixture was stiITed at RT for 2 hours before being evaporated and 

15 coevaporated twice with toluene. The residue was taken into l mL of EtOH and NaOAc (0.072 

g, 0.876 mmol) was added. The resulting mixture was stirred at RT overnight before being 

evaporated. The residue was taken into H20. After sonication, the insoluble was filtered, rinse 

with H20, and dried under vacuum. The residue was adsorbed onto Si02 and purifed by Si02 

chromatography (DCM/MeOH 0-3% MeOH) to give 0.037 g of 8: 3-[7-(2,2-dimethyl-

20 propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-N-(2-methanesulfonyl-ethyl)-5-pyrrolidin- l -yl­

benzamide (85% yield). 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-N-(2-hydroxy-ethyl)-5-

pyrrolidin- l -yl-benzamide was prepared following the same procedure but using 3-[7-(2,2-

dimeth yl-propi on yl )-5-( 2-trimethylsilan yl-eth ox ymethy l )-5H-p yITo lo[2,3-b ]pyrazin-2-yl ]-N-(2-

25 hydroxy-ethyl)-5-pyrrolidin-1-yl-benzamide as starting material. The product was obtained in 

83% yield after Si02 chromatography (DCM/MeOH 0-5% MeOH). 

2,2-Dimethyl- l-{ 2-[3-( 4-methyl-piperazine-1-carbonyl)-5-pyITolidin-1-yl-phenyl]-5H­

py1Tolo[2,3-b ]pyrazin-7-yl }-propan- l-one was prepared following the same procedure but using 

2,2-dimethyl-1-[2-[3-( 4-methyl-piperazine- l-carbonyl)-5-pyITolidin-1-yl-phenyl ]-5-(2-

30 trimethylsilanyl-ethoxymethyl)-5H-pynolo[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 Si02 chromatography 

(DCM/MeOH 0-4% MeOH). 

3-[7-(2,2-Dimetbyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-5-pynolidin-l -yl-benzoic acid 

was prepared following the same procedure but using 6: 3-[7-(2,2-dimethyl-propionyl)-5-(2-

5 trimetbylsilanyl-ethoxymethyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-5-pyrrolidin- l-yl-benzoic acid as 

starting material. The product was obtained in 12% yield after pmification by Si02 

chromatography (DCM/MeOH 0-4% MeOH). 

Example 220. 

10 Step 1 - A mixture of commercially available 3,5-dibromobenzonitrile (l.3 g, 4.982 mmol), 

pyrrolidine (0.42 mL, 4.982 mmol), NaOtBu (0.575 g, 5.979 mmol), racemic BINAP (0.621 g, 

0.966 mmol) and tris(dibenzylideneacetone)dipalladium(O) (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 Si02 chromatography (hexanes/EtOAc 0-8% EtOAc) to give 0.689 g of 1 (55% 

15 yield). 

Step 2 - A mixture of 1 (0.685 g, 2. 728 mmol), bis(pinacolato )di boron (1.039 g, 4.092 mmol), 

KOAc (0.803 g, 8.183 mmol), and [1,1'-is(diphenylphosphine)ferrocene]dichloridepalladium(II) 

DCM complex (0.223 g, 0.273 mmol) in 25 mL of degassed DMSO was stined at 90°C for 2 

hours before being cooled to RT. H20 was added and the insoluble material was filtered. The 

20 remaining solid was washed off the filter with EtOAc. The filtrated was dried (Na2S04), 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-[l,3]dioxolan-2-yl)-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazine (0.8 g, 1.753 mmol), 2 (theoretically 2.728 mmol), 

K2C03 (0.727 g, 5.258 mmol) and tetrakis(triphenylphosphine)palladium(O) (0.203 g, 0.175 

mmol) in 15 mL of MeOH and 5 mL of DCM was degassed by bubbling argon through the 

5 mixture. The reaction mixture was then stiffed at 110°C for 25 minutes before being cooled to 

RT and filtered through celite. The filtrate was evaporated, the residue was partitioned between 

I'hO and DCM. The aqueous layer was back extracted with DCM. The combined organic layers 

were dried (Na2S04), filtered, and evaporated. The residue was purifed by Si02 chromatography 

(hexanes/EtOAc 0-25% EtOAc) to give 0.64 g of 3 (67% yield). 

10 Step 4 - DIBAL-H lM in DCM (1.17 mL, 1.17 mmol) was added dropwise at -78°C to a 

solution of 3 (0.32 g, 0.584 mmol) in 5 mL of DCM. The resulting mixture was stirred at -78°C 

for 2 hours before being quenched by adding saturated R °Chelle salt. The aqueous layer was 

back extracted twice with DCM. The combined organic layers were dried (Na2S04), filtered, and 

evaporated to give 4 quantitatively. 

15 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 NaHC03 . The aqueous layer was back extracted with DCM. The combined 

organic layers were dried (Na2S04), filtered, and evaporated. The residue was pmifed by Si02 

20 chromatography (DCM/MeOH 0-6% MeOH) to give 0.069 g of 5 (57% yield). 

{ 3-[7-(2-tert-Butyl-[ 1,3 ]dioxolan-2-yl)-5-(2-trimethylsilanyl-ethoxymethyl )-5H-pyrrolo[2,3-

b ]pyrazin-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 

25 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/MeOH/N~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, H20, and Et3N and the resulting mixture was stirred 

30 at RT for 1 hour before being evaporated. The residue was pmified by Si02 chromatography 
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(DCM/MeOH 0-4% MeOH) and then by Si02 preparative TLC (DCM/[DCM/MeOH/NH40H 

60/10/1] 80% DCM) to give 0.025 g of 6: 2,2-dimethyl-l-{2-[3-(4-methyl-piperazin-l­

ylmethyl)-5-pyrrolidin-l-yl-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one (53% yield). 

1-(2-{ 3-[ (2-Methanesulfonyl-ethylamino )-meth yl]-5-pyrrolidin- l -yl-phenyl }-5H-pyrrolo[2,3-

5 b ]pyrazin-7-yl)-2,2-dimethyl-propan-l-one was prepared following the same procedure but using 

{ 3- [7-(2-tert-butyl-[1,3 ]diox o l an-2-y I )-5-(2-trimethylsilan y 1-ethox ymeth yl )-5H-p yrrolo [2 ,3-

b ]pyrazin-2-yl]-5-pyrrolidin- l-yl-benzyl }-(2-methanesulfonyl-ethyl)-amine as starting mate1ial. 

Example 221. 

/ 
5 0 

""~ 

>---6 

~6 
' Boe 

>--- I 

3~ 
N 

HCI. H 

10 Step 1 - T1ifluoroacetic acid (0.08 mL, l.035 mmol) in 5 mL of DCM was added dropwise at 

0°C to a solution of methyl methacrylate (8.8 g, 82.27 mmol) and benzyl-methoxymethyl­

trimethylsilanylmethyl-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 NaHC03• The 

aqueous layer was back extracted once with DCM. Combined organic layers were dried over 

15 Na2S04 , filtered and evaporated. The residue was purified by Si02 chromatography 

(hexanes/EtOAc 0-30% EtOAc) to give 15.72gof1 (82% yield) 

Benzyl-3-methyl-pyrrolidine-3-carbonitrile was prepared using the same procedure but using 

methacrylonitrile as dipolarophile (82% yield). 

Step 2 - A mixture of 1 (5 g, 21.43 mmol), BOC20 (5.6 g, 25.66 mmol) and 2.5 g of Pd(OH)2 

20 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 Si02 chromatography (hexaues/EtOAc 0-15% EtOAc) to give 4.66 g of 2 (89% 

yield) 

Step 3 - Diisobutylalumiuium hydride IM iu DCM (17 mL, 17 mmol) was added dropwise at -

78°C to a solution of 2 (2 g, 8.22 mmol) iu 50 mL of DCM. The resultiug mixture was stin-ed at -

5 78°C to 0°C over 6 hours before beiug queuched at 0°C by additiou of 15% aqueous NaOH. The 

reactiou mixture was extracted twice with EtOAc. Combiued organic layers were dried over 

Na2S04 , filtered aud evaporated. The residue was purified by Si02 chromatography 

(hexaues/EtOAc 50% EtOAc) to give 1.4 g of 3 (79% yield) 

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 

10 g, 2.322 mmol) and iodomethane (0.36 mL, 5.784 mmol) in 10 mL ofDMF. The resultiug 

mixture was stiffed at 0°C to RT overnight before beiug queuched by addition of H20, aud 

extracted three times with EtOAc. Combined orgauic layers were dried over Na2S04, filtered aud 

evaporated. The residue was purified by Si02 chromatography (hexaues/EtOAc 20% EtOAc) to 

give 0.38 g of 4 (71 % yield) 

15 Step 5 - 2 mL of HCI 4M in 1,4-dioxane were added at RT to a solutiou of 4 (0.4 g, 1.858 mmol) 

in 2 mL of Et20. The resulting mixture was sti1Ted at RT overnight before being evaporated. The 

residue was taken iuto Et20 a couple of times and evaporated to give 0.274 g of 5 as a 

monohydrochloride salt. 

Step 6-Acetic auhydride (0.21 mL, 2.224 mmol) was added at RT to a mixture of 3 (0.31 g, 

20 1.44 mmol) and pyridine (0.23 mL, 2.844 mmol) in 5 mL of DCM. The resulting mixture was 

stiffed at RT for 24 hours before beiug queuched eith MeOH. The reaction mixture was stiITed at 

RT for 1 hour before being evaporated aud coevaporated with toluene. The residue was purified 

by Si02 chromatography (hexanes/EtOAc 20% EtOAc) to give 0.3 g of 8 (81 % yield). 

Step 7 - 2 mL of of HCl 4M in 1,4-dioxane were added at RT to a solution of 8 (0.3 g, 1.166 

25 mmol) in 2 mL of DCM. The resulting mixture was stiffed at RT overnight before being 

evaporated and coevaporated with toluene to give 9: 3-methoxymethyl-3-methyl-pyrrolidine 

quantitatively as a monohydrochloride salt. 
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Acetic acid 3-methyl-pyrrolidin-3-ylmethyl ester monohydrochloride was prepared following the 

same procedure but using 3-acetoxyruethyl-3-methyl-pyrrolidine-1-carboxylic acid tert-butyl 

ester as starting material. 

Example 222. 

'>---
'>---N 

3' 3, 6 Step 1 Step 2 Step 3 6' b b b H 

step 4 >-7-
6' 
b 

Step 1 - LAH lM in THF (10 mL, 10 mmol) was added at RT to a solution of l-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 

H20, 0.38 mL of 15% NaOH and finally by 1.14 mL ofH20. Two scoops of celite were added 

10 and the slurry 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 mmo!) was added at RT to a solution of 1 (1g,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 

15 was stirred at RT for 1 hour before being evaporated and coevaporated with toluene. The residue 

was partitioned between H20 and EtOAc. The aqueous layer was back extracted with EtOAc. 

The combined organic layers were dried (Na2S04), filtered, and evaporated to give 2 

quantitatively. 

N-(l-Benzyl-3-methyl-pyrrolidin-3-ylmethyl)-methanesulfonamide was prepared following the 

20 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 methylchlorofonnate as electrophile. 

Step 3 - A mixture of 2 (0.260 g, 1.059 mmol) and Pd(OHh 20% on carbon (0.125 g) in 50 mL 

of EtOH was stirred under an atmosphere of hydrogen (1 atm) overnight before being filtered. 

5 The filtrate was evaporated to give 3: N-(3-methyl-pyrrolidin-3-ylmethyl)-acetamide 

quantitatively. 

N-(3-Methyl-pyrrolidin-3-y!methyl)-methanesulfonamide was prepared following the same 

procedure but using N-(l-benzyl-3-methyl-pyrrolidin-3-ylmethyl)-methanesulfonamide as 

starting material. 

10 Methyl-pyrrolidin-3-ylmethyl)-carbamic acid methyl ester was prepared following the same 

procedure but using (l-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 (l-benzyl-3-methyl-pyrrolidin-3-ylmethyl)-carbamic acid tert-butyl ester as 

15 starting material. The product was obtained in 82% yield after Si02 chromatography 

(DCM/MeOH 50% MeOH). 

Step 4- BOC20 (1.18 g, 5.407 1mnol) was added at RT to a mixture of 1 (1 g, 4.894 mmol) and 

K2C03 (0.8 g, 5. 788 mmol) in 25 mL of THF. The resulting mixture was stirred at RT over the 

weekend before being filtered. The filtrate was evaporated and the residue was purified 

20 (hexanes/EtOAc 0-30% EtOAc) to give 1 g of 4: (l-benzyl-3-methyl-pyrrolidin-3-ylmethyl)­

carbamic acid tert-butyl ester (67% yield). 

Example 223. 
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Step 1 - Pyridine (0.5 mL, 6.167 mmol) followed by MsCl (0.24 mL, 3.033 mmol) were added 

at 0°C to a solution of (1S,5R,6R)-6-hydroxymethyl-3-aza-bicyclo[3. l.O]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 NH,Cl and 

5 EtOAc. The aqueous layer was back extracted with EtOAc. The combined organic layers were 

dried (Na2S04), filtered, and evaporated. The residue was purified by Si02 chromatography 

(hexanes/EtOAc 0 to 60% EtOAc) to give 0.345gof1 (52% yield). 

(1S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3. l.O]hexane-3-carboxylic acid benzyl ester was 

prepared according to the procedure in Synlett 1996, 11, 1097-1099. 

10 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 stiffed at 50°C overnight before 

being cooled to RT and partitioned between H20 and Et20. The aqueous layer was back 

extracted twice with Et20. The organic layers were dried (Na2S04), filtered, and evaporated to 

give 0.283 g of 2 (89% yield) that was used in the next step without purification. 

15 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 H20. The resulting mixture was stirred at RT for three hours 

before being evaporated. The residue was partitioned between aqueous NaOH and EtOAc. The 

aqueous layer was extracted with EtOAc. The combined organic layers were dried (Na2S04), 

filtered, and evaporated to give 3 quantitatively. 

20 Step 4-A suspension of 3 (0.155 g, 0.501 mmol) and Pd 10wt% on carbon (0.02 g) in 5 mL of 

EtOH was stiffed under an hydrogen atmosphere ( 1 atm) for 1 hour before being filtered. The 

filtrate was evaporated to give 4: (1S,5R,6R)-6-methanesulfonylmethyl-3-aza­

bicyclo[3.l.O]hexane quantitatively. 

25 

Example 224. 

Slep 1 Step 2 - -

Step 1 - A solution of (1S,5R,6R)-6-hydroxymethyl-3-aza-bicyclo[3.1.0]hexane-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 stined 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 

H20 and EtOAc. The aqueous layer was back extracted twice with EtOAc. The combined 

5 organic layer were dried (MgS04), filtered, and evaporated. The residue was purified by Si02 

chromatography (hexanes/EtOAc 30% EtOAc) to give 0.3gof1 (71 % yield). 

Step 2 - A suspension of 1 (0.3 g, 1.148 mmol), ammonium formate (0.289 g, 4.592 rnmol) and 

Pd 10wt% on carbon (0.07 g) was stined at 65°C for two hours before being cooled to RT and 

filtered. The filtrate was evaporated to give 0.11 g of 2: (1S,5R,6R)-6-methoxymethyl-3-aza-

10 bicyclo[3.l.O]hexane (75% yield). 

Example 225. 

q_~ 
0 H 

Step2 

2 
H 

HCLHN:::/> 

H 

Step 1 - LAH IM in THF was added at RT to a solution of commercially available 3-benzyl-3-

aza-bicyclo[3. l.O]hexane-2,4-dione (5 g, 24.85 mmol) in 100 mL ofTHF. The resulting mixture 

15 was stined at reflux overnight before being cooled to 0°C, and quenched by successive addition 

of 1.5 mL of H20, 1.5 mL of 15% NaOH and finally 4.5 mL of H20. 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)i 20wt% on carbon (1 g) in 50 mL of 

EtOH was stined under hydrogen (1 atm) for 24 hours before being filtered. The cake was rinsed 

20 with MeOH. 10 mL of concentrated HCl were added to the filtrate and the filtrate was 

evaporated and coevaporated with toluene. The crystalline pink residue was triturated with cold 

iPrOH, 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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0 

l-[2-(3-Amino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one 

To a microwave vial was added 0.032 gm (0.075 mM) l-[2-(3-Amino-phenyl)-5-(2-

trimethylsilanyl-ethoxymethyl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

5 followed by 0.75 ml of lM tetrabutylammonium fluoride in THF. 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 

layer chromatography plate (5/95 MeOH/CH2Cl2) gave 0.014 gm (64% yield) of 1-[2-(3-

10 Amino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, M+ 1 295, M.P. 239-

241°C. 

Example 227. 

0 0 

H~ 
- N 

H~ 
- N -

~ 
+ 

~ ~ .,..--
\_ \_ 

l -[2-(3-Ethylamino-phen yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

15 To a microwave vial was added 0.050 gm (0.118mM) 1-[2-(3-Amino-phenyl)-5-(2-

trimethylsil anyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethy l-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 

20 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-pyITolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one M+ 1 323, M.P. 

189-191 °C and l-[2-(3-Diethylamino-phenyl)-5H-pyITolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan-1-one, M+1 351, M.P. 216-217°C. 

5 Example 228. 

0 

H~~ 
MN l\ 

b-~ 
N-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyITolo[2,3-b ]pyrazin-2-yl]-phenyl }-acetamide 

In a vial was added 0.030 gm (0.071mM) 1-[2-(3-Amino-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-

yl]-2,2-dimethyl-propan-1-one, 0.2 ml THF, 0.008 ml (0.1 mM) pyridine and 0.008 ml 

10 (0.085mM) acetic anhydride. After stiffing 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. 

_/3i -- /,i 

1\__a o 1\__a o 

"--~ "--~ 

b-OH ~ 0 FF 

o-~~FF 
IP F 

F F 
F 

1, 1,2,2,3 ,3,4,4,4-N onafluoro-butane-1-sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5-(2-

tiimeth y lsilanyl-ethox ymethy I)-5H-pyrrol o [2,3-b ]pyrazin-2-yl ]-phenyl ester 
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In a flask 0.11 gm (0.259 mM) 1-[2-(3-Hydroxy-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-

5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, 5 ml dichloromethane, 0.055 ml 

(0.316 mM) diisopropylethylamine 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) 

5 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 

clu·omatography (ethyl acetate I hexane) to give 0.15 gm (0.21 mM, 82% yield) 1,1,2,2,3,3,4,4,4-

Nonafluoro-butane-1-sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-

10 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl ester M+ 1 708. 

Example 230. 

_hi 

f\__o o 

l_~ 

t>-~~F F -:-:. 
IP F -

F -
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0 

H~­
~N f-. 

1-( 2-[3-(1, 1-Dioxo- llambda*6*-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-

2,2-dimethyl-propan-l-one 

15 In a microwave vial was added 0.12 gm (0.17 mM) 1,1,2,2,3,3,4,4,4-Nonafluoro-butane-l­

sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b]pyrazin-2-yl]-phenyl ester, l.5 ml toluene, 0.035 gm ( 0.26 mM) Thiomorpholine 

1,1-dioxide, 0.0039 gm (0.0085 mM) tris(dibenzylideneacetone)dipalladium(O), 0.0108 gm 

(0.019 mM) 9,9-dimethyl-4,5-bis(diphenylphosphino)xanthene, and 0.072 gm (0.34 mM) 

20 potassium phosphate. The vial is sealed, evacuated and refilled three times with argon then 

heated in a l 15°C oil bath for 43 hours. The mixture was cooled to room temperature, filtered, 

solids rinsed with ethyl acetate and the filtrate and rinse concentratred and purified by column 

chromatography (ethyl acetate I hexane to give 0.062 gm (0.114 mM, 67% yield) of the adduct. 

The SEM protecting group was removed using the general procedures described in these 

25 Examples to give 0.033 gm (0.080 m.M) of 1-{2-[3-(1,1-Dioxo-llambda*6*-thiomorpholin-4-
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yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one M+ l 413, M.P. 279-

2800C. 

Using this procedure the following compounds were prepared: 

1-{ 2-[3-(3-H ydroxy-pynolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-

5 propan-1-one, M+l 365, M.P. 245-248°C 

l-[2-(3-Azetidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one M+ 1 

413, M.P. 279-280°C 

1-{ 2-[3-(2-Methanesulfonyl-ethylamino )-phenyl]-SH-py1Tol o[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan-1-one M+l 401, m.p. 205-206°C 

10 5-{ 3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-octahydro­

pyrrolo[3,4-c ]pynol-2-ium trifluoro-acetate (Boe protecting group removed using procedure in 

example 49) M+ 1 390 

Example 231. 

0 

15 2,2-Dimethyl-1-{ 2-[3-( l-oxo-1 lambda *4*-thiomorpholin-4-yi)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-propan-1-one 

To a flask was added 2,2-Dimethyl-l-[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-chloroperbenzoic acid (77%) 0.015 gm 

20 (0.067 mM), dichloromethane, stirred over night, rinsed with saturated aqueous sodium 

bicarbonate and purified on preparative TLC plate (3:1 ethyl acetate I 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-l-{2-[3-(l-oxo-
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llambda*4*-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-b )pyrazin-7-yl )-propan-1-one, 0.0025 

gm, (0.006 mM) M+l 397. 

Example 232. 

0 

H~~ 
MN 0-

5 2,2-Dimethyl- l-[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-l-sulfonic acid 3-[7-(2,2-

dimeth yl-propionyl )-5-(2-trimethylsilan y 1-ethoxymeth yl )-5 H-p y:rro lo[2,3-b) pyrazin-2-yl)-phen yl 

ester 0.20 gm (0.28 mM), pyrrole 0.048 ml (0.69 mM), 2-(dicyclohexylphosphino)-2'-(N,N­

dimethyamino)biphenyl 0.01 l gm (0.028 mM), t1is(dibenzylideneacetone)dipalladium(O) 0.010 

JO 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 to give the coupled 

product 0.034 gm (0.072 mM, 26% yield). The SEM protecting group was removed using 

15 general procedures described in these Examples to give 2,2-Dimethyl-1-[2-(3-pyrrol-1-yl­

phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 0.012 gm (0.035 mM, 12% yield over 

both steps) M+l 345, m.p. 220-222°C. 

Example 233. 
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0 

-

1-{ 2-[3-((R)-2-Hyclroxymethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one 

To a microwave vial was added 1-[2-(3-Iodo-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-

5 pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-l-one 0.060 gm (0.112 mM), (R)-1-Pyrrolidin-

2-yl-methanol 0.034 gm (0.336 mM), copper(]) iodide 0.0021 gm (0.011 mM), potassium 

phosphate 0.0476 gm (o.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 ml water was added and the mixture extracted with three 10 

10 ml 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 removed using general procedures described in these 

Examples to give 1-{ 2-[3-( (R)-2-Hydroxymethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one M+l 379. 

15 With this procedure was also prepared: 

1-{ 2-[3-( (S)-2-H ydroxymethyl-pyrrolidin-1-yl)-pheny l]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l-one, M+l 379. 

1-{ 2-[3-(3-Hydroxy-3-methyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l-one M+l 379 m.p. 237-239. 

20 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-b]pyrazin-7-yl]-2,2-dimethyl­

propan-1-one 0.027 gm (0.092 mM), 1 ml dichloromethane, diisopropylethylamine 0.040 ml 

5 (0.23 mM) and benzenesulfonyl chloride 0.026 ml (0.204 mM). The mixture was stirred over 

night. Additional benzenesulfonyl chloride 0.0095 ml (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 d1ied over magnesium suflate, 

l 0 stripped and purified on a preparative TLC plate (35:65 ethyl acetate I hexane) to give the 

diadduct 0.035 gm (0.061 mM, 66% yield). The diadduct was dissolved in a mixture of 3 ml 

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 ml water and concentrated on a rotary 

evaporator to remove the THF and MeCN. To the mixture was added lM hydrochloric acid till 

15 neutral (solid fonns) and extracted with ethyl acetate (3 x 50 ml). The solution was dried over 

magnesium sulfate and purified by preparative TLC (50:50 ethyl acetate I hexane) to give N-{ 3-

[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-phenyl }-benzenesulfonamide 0.015 

gm (0.035 mM, 38% overall yield) M+ 1 435, m.p. 217-219 °C. 

Using this procedure the following compounds were made: 

20 N-{ 3-[7-(2,2-Dimethyl-propionyl)-51-I-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-methanesulfonamide 

M+l 373 m.p. 216-218 °C 

N-( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenylsulfamoy 1 }­

phenyl)-acetamide M+ 1 492 m.p. 226-228 °C. 

N-( 4-{ 5-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-2-methyl-

25 phenylsulfamoyl}-phenyl)-acetamide M+l 506 m.p. 274-276 °C. 
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Example 235. 

4-Amino-N-{ 3-[7-(2,2-dimethyl-propionyl)-5H-pyn-olo[2,3-b ]pyrazin-2-yl]-phenyl }­

benzenesulfonamide 

5 Ina flask N-( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]­

phenylsulfamoyl }-phenyl)-acetamide 0.034 gm (0.069 mM), 1 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 

10 sulfate to give 4-Amino-N-{ 3-[7-(2,2-dimethyl-propionyl)-SH-pyn-olo[2,3-b )pyrazin-2-yl]­

phenyl}-benzenesulfonamide 0.023 gm ( 0.051 mM, 74% yield) M+I 450 m.p. 285-286°C 

Using this procedure the following compounds were made: 

4-Amino-N-{ 5-[7-(2,2-dimethyl-propion yl)-5H-pyn-olo[2,3-b ]pyrazin-2-yl]-2-methyl-phenyl ]­

benzenesulfonamide M+l 464, m.p. 264-266 °C. 

15 Example 236. 

OH 0 

cc-{] 
0 

H~ 
' Ho--Y HC(Y HO,...BUNH< 

I ,_, H 
N~ /,N 

\_b-H NL( PdCl 2(PPh:~) 2 0-NH, lsopropanol 

Be 
Na2CO~/ Dioxane ' N'FN 

microwave/150° C/1 hr 
100 c 

HN:J 
D E 

Preparation of E: 

A stirred solution ofD (1.41g, 5 mmol) and 3-aminobenzeneboronic acid hydrate (1.03g, 7.5 

mmol) in dry 1,4-dioxane (10 ml) and 2 Molal' sodium carbonate aqueous solution (7.5 ml) in a 
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seal tube was purged with Argon for 2 min., then dichloro bis (triphenylphosphine) 

palladium(II) (0.35g, 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 

5 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 (l.45g, 98% yield) mp 

215-218 °C 

Preparation of 1-{ 2-[3-( 4,5-Dihydro- lH-imidazol-2-ylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

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

10 Chloroamidine sulfate (0.62g, 3.1 mmol) was dissolved in cold water (10 ml), while at zero 

degree Celsius, basified with 10% NaOH aqueous 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 in 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, 

15 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-lH-imidazol-2-

ylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan- l-one as light yellow 

powder (0.088g, 24% yield) mp 228-230 °C. 

20 

Example 237. 

H~ 
~N 

g, 

D 

Preparation of 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-benzonitrile: 

A stirTed solution of D (0.28g, 1 mmol) and 3-cyanophenylboronic acid (0.22g, 1.5 mmol) in dry 

1,4-dioxane (4 ml) and 2 Molar sodium carbonate aqueous solution (1.5 ml) in a seal tube was 

purged with Argon for 2 min., then dichloro bis (triphenylphosphine) palladium(II) (0.07g, 0.1 
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mmol) 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 : 

5 1 % NH.,OH-MeOH (10: 0.25) to afford the desired product 3-[7-(2,2-Dimethy1-propionyl)-5H­

pyrrolo[2,3-b]pyrazin-2-y1]-benzonitrile as a light yellow powder (0.228g, 75%) mp 248-249 °C. 

Example 238. 

F 

Preparation of G: 

0 

HClg°' HM~ - i07 , NH.HCi 

BOH/Etp N~ 
"' 0 

o'c I -" I 
71% 

G 

10 To a cooled suspension ofF (0.27g, 0.89 1mnol) at zero degree Celsius in Et20 (10 ml) and abs. 

EtOH (5 ml) under dry condition, bubble HCl 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: 

15 To a suspension of G ( 0.08g, o.21 mmol) in EtOH (5 ml) stirring at room temp. was added 

ethylenediamine (0.2g, 0.31 mmol). After 30 min. of stining reaction mixture becomes clear. 

Solvent removed in vacuo, the residual light yellow solid was loaded on silica gel column and 

eluted with DCM:l % NH40H-Me0H (4:1) to afford RO 5322319 as a white powder (0.065g, 

89%) mp 240- 242 °c. 

20 Following compounds were synthesized using above procedure. 
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mp> 300 

(M+H) 376 

Example 240. 

HQ KOH/I, 

N'/ 'iN 

Q-o/ DMF 

oc 
1 hr 

I p 
H 

Preparation of I: 

HQ-I 
N'I '\N 

P-0/ 
0 0 
I I 

mp 291-293 

(M+H) 362 

LiHMDS 

TIPSCI 

THF 

oc 

-248-

J 

mp> 300 

(M+H) 362 

K 

PCT/EP2009/051755 

mp 272-274 

(M+H) 390 

H 

6 
BOP I DIEA 

THF 

5 To a cooled 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. Na2S20 3 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 I (0.3g, 0.73 mmol) in dry THF (10 ml) at zero degree Celsius, add I Molar 

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, filter 

and washed with hexane, dried to yieldJ, as a light brown powder (0.38g, 92%) mp 154-156 °C 

Preparation of K: 

To a solution of J (l.12g, 1.97 mmol) in dry THF (10 ml) at -78 OC under Argon, add 1.3 

5 Molar solution of i-PrMgCl-LiCl complex in THF (4.55 ml, 5.92 mmol) drop-wise, stir for 10 

min., then bubble C02 gas at -78 OC, allow to warm at room temp. while under C02 atmosphere. 

Reaction mixture was quenched with !Molar 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. 

l 0 Preparation of Pyrrolidin-1-yl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone: 

To a suspension ofD (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 (0.049g, 0.68 mmol). Reaction mixture stirred at 

room temp. for 16 hrs. Solvent removed in vacuo, the residue pmtitioned between water and 

15 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:l % NH40H­

Me0H (10:0.25) to afford Pyrrolidin- l-yl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-methanone as a light yellow powder (0.079g, 36%) mp 210- 212 °C. 

Prepm·ation of (3,3-Dimethyl-pyrrolidin-1-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

20 b]pyrazin-7-yl]-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 3,3-dimethylpyrrolidine (0.067g, 0.68 mmol). Reaction rnixture 

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 

25 concentrated in vacuo. The residual oil was loaded on silicagel column and eluted with DCM: 1 % 

NH40H-Me0H (10:0.25) to afford (3,3-Dimethyl-pyrrolidin-1-yl)-[2-(3,4,5-trimethoxy-phenyl)-

5H-py1rnlo[2,3-b]pyrazin-7-yl]-methanone as a off-white powder (0.144g, 78%%) mp 228- 230 

oc. 
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Example 241. 

N H 

jX} 
Br N 

2,2-dimethyl-1-[2-(3,4,5-trimethox y-phenyl)-5H-py:rrolo[2,3-b ]pyrazin-7-yl]-pent-4-en-1-one; 

2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-pentan-1-one; 2.2-

5 dimethyl-4-morpholin-4-yl-1-[2-(3,4,5-trimethoxy-phen yl)-5H-pyrrolo[2,3-b ]pyrazin-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 mmol) in 25 mL of dichloromethane. The mixture was stirred for 3 h, then 

concentrated to afford crude 2,2-dimethyl-4-pentenoyl chloride, which was dissolved in 10 mL 

10 of dichloromethane for use in the next step. 

Diethylaluminum chloride (1.0 Min CH2Ch, 23.4 mL, 23.4 mmol) was added to a 0-5 °C 

mixture of 2-bromo-5H-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. 

15 The resulting mixture was stirred at 60 °C for 64 h, then cooled to 0-5 °C. A sat. aq. NaHC03 

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 MgS04, 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-b ]pyrazin-7-yl)-2.2-dimethyl-pent-4-en-1-one as a brown 

20 solid, which was used without further purification. The major impurity is s.m. (typically 15-30% 

of the mixture). 

Example 242. 
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Sodium hydride (60% in mineral oil, 0.161 g, 4.02 mmol) was added to a 0-5 °C solution of 

impure l-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-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 SEMCl 

(0.71 mL, 4.02 mmol) was added. The mixture was allowed to warm to RT and stirred for 19 h, 

5 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 MgS04, filtered and concentrated 

to a residue. Column chromatography (0->20% EtOAc/hexanes) afforded 1.38 g (69%) of 

impure l-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-pent-4-en- l -one, which was used without further purification. The major impurity is 

10 the 3-H compound, from SEM protection of the impurity cruTied through from the previous 

reaction. 

Example 243. 

SEM 

;:;~' Br N 
0 

"" 

pEM 

Meo~~~ MeoY 0 

OMe "" 

A mixture of impure l-[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-

15 7-yl]-2,2-dimethyl-pent-4-en-1-one (0.900 g, "2.05 mmol), 3,4,5-tiimethoxyphenyl boronic acid 

(0.479 g, 2.26 mmol), potassium carbonate (0.850 g, 6.15 mmol) and Pd(dppf)C]iCH2Ch (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 MgS04 , filtered and concentrated to a residue. Column 

20 chromatography (0->35% EtOAc/hexanes) afforded 0.777 g (29% for three steps from 2-bromo-

5H-pyrrolo[2,3-b ]pyrazine) 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- l-one. 

Example 244. 

M•Oy51 ~};EM __ 
I "" 0 Meo 

OMe "" 
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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 (0.127 g, 0.242 mmol) in 4 mL of 

dichloromethane and 1 mL of trifluoroacetic acid was stined for 3 h, then concenu·ated. The 

residue was taken up in 2 mL of ethanol (not all dissolves) and treated with sodium acetate 

5 trihyclrate (0.329 g, 2.42 mmol). The rnixture was stirred for 4 d, then concentrated to a residue. 

Column chromatography (0->5% MeOH/CH2Clz) afforded 0.048 g (50%) of 2,2-dimethyl-1-[2-

(3,4,5-Uimethoxy-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-pent-4-en-l-one as a white solid. 

Example 245. 

MeoyvCi: _ Meo4" 1

~- 0 OMe ~ 

MeO~~i: Meoy 0 OMe 
10 A mixture of 2,2-dimethyl- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-pent-

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. 

15 Example 246. 

SEM 

MeO~~i' MeoY 0 

OMe ~ 0 

Osmium tetroxide (2.5% solution in water, 0.18 mL, 0.017 mmol) then sodium periodate (0.932 

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-pyITolo[2,3-b ]pyrazin-7-yl]-pent-4-en-1-one (0.458 g, 0.871 

20 mmol) in 18 mL of t-butanol and 9 mL of water. The mixture was stirred for 18 h, then 

partitioned between 100 ml of water and 100 mL of ethyl acetate. The organic layer was 

sequentially washed with a sat. aq. NaHC03 solution, water and a sat. aq. NaCl solution, dried 

over MgS04, filtered and concentrated to 0.444 g (99%) of crude 3,3-dimethyl-4-oxo-4-[2-
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(3,4,5-trimethoxy-phenyl )-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

butyraldehyde as a brown oil, which was used without further purification. 

Example 247. 

SEM 

MeO~~~-
MeO,Y ~ 

OMe "O 

pEM 

Meo~M 
Meo,Y ~ 

OMe 

0 
5 A mixture of crude 3,3-dimethyl-4-oxo-4-[2-(3,4,5-tiimethoxy-phenyl)-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-butyraldehyde (0.161 g, 0.305 mmol), 

morpholine (0.029 mL, 0.34 mmol), and sodium tiiacetoxyborohydiide (0.129 g, 0.610 mmol) in 

3 mL of 1,2-dichloroethane was stirred for 15 h. A sat. aq. NaHC03 solution (10 mL) was 

added, and the mixture stirred for 10 min. The layers were separated, and the aqueous layer was 

10 extracted with two 20 mL portions of ethyl acetate. The three combined organic layers were 

d1ied over MgS04 , filtered, and concentrated to a residue. Column chromatography (0-> 10% 

Me0H/CH2C]z) afforded 0.024 g (13%) of 2,2-dimethyl-4-morpholin-4-yl-l-[2-(3,4,5-

mmethoxy-phenyl)-5-(2-tiimethylsilanyl-ethoxymeth yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-

1-one as a brown oil. 

15 Example 248 

SEM 

MeayJ)~_ 
Meay ~ 

OMe 

0 

MeO~::Q 
MeoY ~ 

OMe N~ 

\,_a 

A solution of 2,2-dimethyl-4-morpholin-4-yl-1-[2-(3,4,5-tiirnethoxy-phenyl)-5-(2-

tiimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-1-one (0.024 g, 0.040 

mmol) in 1 mL of dichloromethane and 0.5 mL of mfluoroacetic acid was stirred for 3 h, then 

20 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% Me0H/CH2Ch) afforded 0.014 g (75%) of2,2-
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dimethyl-4-morpholin-4-yl- l-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pynolo[2,3-b )pyrazin-7-yl)­

butan-1-one as a brown solid. 

Example 249. 

5 5 ,5-dimethyl-6-oxo-6-[2-( 3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]­

hexanenitrile 

MeO~N 
0 

HO~N 

A mixture of 5-cyano-2,2-dimethyl-pentanoic acid methyl 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 

10 was rapidly stined overnight, then concentrated to approximately half volume. The mixture was 

extracted with ethyl acetate, then acidified with cone. HCl solution and extracted three times 

with ethyl acetate. The final three organic layers were combined and sequentially washed with 

sat. aq. NaHC03 solution and sat. aq. NaCl solution, dried over MgS04, filtered and 

concentrated to afford 2.77 g (67%) of 5-cyano-2,2-dimethyl-pentanoic acid as a brown oil, 

15 which was used without further purification. 

Example 250. 

MeO~N 

Oxalyl chloride (0.39 mL, 4.5 mmol) was added to a 0-5 °C solution of 5-cyano-2,2-dimethyl­

pentanoic acid (0.462 g, 2.98 mmol) in 3 mL of dichloromethane, and the mixture was stirred for 

20 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 H 

jX) 
Br N 

Diethylaluminum chloride (1.0 Min CH2Ch, 3.6 mL, 3.6 mmol) was added to a 0-5 °C mixture 

of 2-bromo-5H-pyrrolo[2,3-b]pyrazine (0.237 g, 1.20 mmol) and 5 mL of dichloromethane in a 

sealed tube, and the mixture was stirred at 0-5 °C for 30 min. Crude 5-cyano-2,2-dimethyl-

5 pentanoyl chloride from the previous step ("2.98 mmol") dissolved in 3 rnL of dichloromethane 

was added, and the mixture was stined at 60 °C for 16 h. A sat. aq. NaHC03 solution (50 mL) 

was carefully added, followed 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 MgS04, filtered and concentrated to a residue. 

10 Column chromatography (0->80% EtOAc/hexanes) afforded 0.079 g (20%) of 6-(2-bromo-5H­

pyrrolo[2,3-b ]pyrazin-7-yl)-5,5-dimethyl-6-oxo-hexanenit1ile as a yellow liquid. 

Example 252. 

~ H 
j)j 

Br N 

Meo~~~: MeOY 0 

OMe =N 

A mixture of 6-(2-bromo-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-5 ,5-dimethyl-6-oxo-hexanenitrile 

15 (0.079 g, 0.236 mmol), 3,4,5-trimethoxyphenylboronic acid (0.055 g, 0.26 mmol), potassium 

carbonate (0.098 g, 0.71 mmol) and Pd(dppf)C!z·CH2Clz (0.019 g, 0.024 mmol) in 2.4 mL of 1,4-

dioxane and 0.4 mL of water was stirred at 120 °C in a microwave for 1 h, then at 130 °C in a 

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 MgS04 , filtered, and concentrated to a residue. 

20 Column chromatography (0-> 100% EtOAc/hexanes) afforded 0.004 g (4%) of 5,5-dimethyl-6-

oxo-6-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-hexanenitrile as a white 

solid. 

Example 253. 
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Me0¢\~~: 
I "" o MeO 

OMe =N 

3,3-dimethyl-4-oxo-4-[2-(3,4,5-trimethoxy-phenyl )-5H-pyn-olo[2,3-b ]pyrazin-7-yl]-butyronitrile 

A mixture of 3-chloro-2,2-dimethyl-1-propanol (1.23 g, 10 mmol) and sodium cyanide (0.980 g, 

5 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 cone. HCl solution. The mixture was extracted with 

two 100 mL portions of ethyl acetate. The combined organic layers were dried over MgS04, 

filtered and concentrated to afford 0.670 g (59%) of crude 4-hydroxy-3,3-dimethyl-butyronitrile 

as a brown oil, which was used without further purification. 

10 Example 254. 

A mixture of crude 4-hydroxy-3,3-dimethyl-buty:ronitrile (0.444 g, 3.92 mmol) and Dess-Martin 

periodinane (2.16 g, 5 .1 mmol) in 39 mL of dichlo:romethane was stirred for 4 h, then quenched 

with a sat. aq. NaHC03 solution and extracted with 50 mL of dichlo:romethane. The organic 

15 layer was dried over MgS04, filtered and concentrated to a yellow solid. The solid was taken up 

in 20 mL of dichlo:romethane, and insoluble impurities removed by filtration. The filtrate was 

concentrated to a residue. Column chromatography (0->60% EtOAc/hexanes) afforded 0.241 g 

(55%) of 3,3-dimethyl-4-oxo-buty:ronitrile as a colorless oil. 

Example 255. 

20 

TIPS 
N., ' Me0¢\;X{ 

I "" I MeO OMe 

TIPS 

Meo~~~' 
Meoy OH 

OMe =N 
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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-triisopropylsilanyl-2-

(3,4,5-trimethoxy-phenyl)-5H-pyn·olo[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 2 h. A solution of 

5 3,3-dimethyl-4-oxo-butyronitrile (0.241 g, 2.17 mmol) in 2 mL of tetrahydrofuran was added 

dropwise, and the mixture was stirred, allowing to slowly warm to RT, for 19 h, then quenched 

with 100 mL of a sat. aq. NaHC03 solution. The resulting mixture was extracted with 100 mL of 

ethyl acetate, and the organic layer was dried over MgS04 , filtered and concentrated to a residue. 

Column chromatography (0->50% EtOAc/hexanes) afforded 0.152 g (62%) of 4-hydroxy-3,3-

10 dimethyl-4-[5-triisopropylsilanyl-2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

butyronitrile as a yellow oil. 

Example 256. 

TIPS 

Meo~~~~ Meoy OH 
OMe =N 

TIPS 

MeO~~:;h' Meoy 0 OMe =N 
Dess-Martin periodinane (0.122 g, 0.289 mmol) was added to a 0-5 °C solution of 4-hydroxy-

15 3,3-dimethyl-4-[5-triisopropylsilanyl-2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-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. aq. NaHC03 solution and extracted with 30 

mL of dichloromethane. The organic layer was diied over MgS04, filtered and concentrated to a 

residue. Column chromatography (0->50% EtOAc/hexanes) afforded 0.093 g (61%)of3,3-

20 dime th yl-4-oxo-4-[ 5-triisoprop y lsilan yl-2-(3 ,4 ,5-trimethox y-phen y 1)-5H-p yrro lo [2,3-b ]p yrazin-

7 -y l ]-butyronitrile as a white solid. 

Example 257. 

TIPS 

MeO~~:;h' M•OY 0 
OMe =N 

MeO~~:;h: Meoy 0 

OMe =N 
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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-b ]pyrazin-7-yl]-butyronitriie (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. NaHC03 solution, dried over MgS04 , 

5 filtered and concentrated to a residue. Column chromatography (0->100% EtOAc/hexanes) 

afforded 0.006 g (9%) of 3,3-dimethyl-4-oxo-4-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-butyronitrile as a white solid. 

Compound prepared in similar fashion as 3,3-dimethyl-4-oxo-4-[2-(3,4,5-trimethoxy-phenyl)-

5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-butyronitrile: 

10 4,4-Dimethyl-5-oxo-5-[2-(3 ,4,5-trirnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

pentanenit:J.ile 

Example 258. 

1,3-Dibromo-5-methoxymethoxy-benzene. A flask was charged with sodium hydride (953 mg, 

15 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. Tbe mixture was stirred over night. The material 

20 was quenched via the addition of saturated aqueous NH4Cl (20 ml) and all volatiles were 
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stripped (rotovap I 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 (MgS04), filtered and 

5 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 g of 1,3-dibromo-5-methoxymethoxy-benzene as a 

light yellow oil. 

Example 259. 

1-(3-Bromo-5-methoxymethoxy-phenyl)-pyn-olidine. A solution of pyrrolidine (1.66 g, 23.27 

10 mmol), in dry tetrahydrofuran (20 ml) was cooled to - 78 °C under argon atmosphere. A solution 

ofn-BuLi (15.5 ml, 1.5 Min 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 

15 taken up in dry tetrahydrofuran (10 ml). This flask was then cooled to - 78 °C under argon. The 

contents of the first flask (slmTy 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 NH4Cl (34 ml) 

20 and water (40 ml). Ethyl 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 aqueous phases were back extracted with ethyl acetate (2 X 50 ml), the 

organics combined, dried (MgS04), filtered and stripped to provide a yellow remainder. The oil 

was purified by silica gel chromatography using 4%-8% EtOAc in hexanes as eluant to provide 

25 930 mg of 1-(3-Bromo-5-methoxymethoxy-phenyl)-pyrrolidine as a light yellow mobile oil. 

Example 260. 

1-(3-Bromo-5-ethoxy-phenyl)-pyn-olidine. A flask was charged with 1-(3-bromo-5-

methox:y1nethoxy-phenyl)-pyn-olidine (206 mg, 0.72 mmol) and a solution of 10% ethanolic 

hydrogen chloride (5 ml, dry) was added. The flask was capped and stirred for 45 minutes. The 

30 volatile material was st1ipped (rotovap) and methylene chl01ide (10 ml) was added. This was 
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again stripped. The remainder was taken up in methylene chloride (10 ml). 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 K2C03 (348 mg, 2.52 mmol) was added. Ethyl iodide (0.07 ml, 0.9 mmol) was 

5 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 I 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 

10 collected and the aqueous 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. 

15 1-[3-Ethoxy-5-( 4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-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 

20 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 (MgS04), filtered and stripped to provide a crude oil. This material 

25 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-tetramethyl-[1,3 ,2]di oxaborolan-2-yl)-phenyl]-pyrrolidine as a light 

purple viscous oil. 

Example 262. 

1-[2-(3-Ethoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-

30 I-one. A microwave flask was charged with l-(2-bromo-5H-pyrrolo[2,3-b]pyrazin-7-yl)-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-yl)-phenyl]-pyrrolidine (54 mg, 0.17 mmol), and K2C03 (59 mg, 0.43 

mmol). Dioxane (2.1 ml) and water (0.5 ml) were added, and the solution was vacuum degassed 

under argon. [1, 1 '-Bis( diphenylphosphino )ferrocene ]palladium(ll) dichloride dichloromethane 

5 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 (MgS04), filtered and stripped to provide a 

10 viscous semi-solid. This matelial was pulified 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-l-one as a yellow powder. MP 236-237 °C, 

M+H=393. 

15 

Other Compounds Prepared Using This General Procedure: 

1-[2-(3-Methoxymethoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one, MP= 229-230, (M+Ht = 409. 

1-[2-(3-Hydroxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl­

propan-1-one. (Prepared via standard MOM deprotection in final step), MP> 300, (M+Ht = 

20 365. 

1-[2-(3-Isopropoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-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-5-hydroxy-phenyl)­

pyrrolidine, following the general procedures described in these Examples, MP= 233-235, 

(M+Ht =407. 
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1-[3-Methoxymethoxv-5-( 4,4,5 ,5-tetramethyl-[l ,3 ,2Jdi oxaborolan-2-yll-phenylJ-pyn-olidine was 

prepared from 1-(3-Bromo-5-methoxymethoxy-phenyl)-pyn-olidine. General procedures 

described in these Examples were followed. 

5 l-[2-(3-Methoxymethoxy-5-pyrrolidin- l -yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyn-olo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one. A microwave flask was charged with l­

[2-bromo-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl­

propan- l-one (705 mg, 1.71 mmol, following the general procedures described in these 

Examples), 1-[3-methoxymethoxy-5-( 4,4,5,5-tetramethyl-[1,3 ,2]dioxaborolan-2-yl)-phenyl]-

10 pyrrolidine (570 mg, 1.71 mmol), and K2C03 (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]palladium(ll) dichloride dichloromethane complex (140 mg, 

0.17 nnnol) 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 

15 filtrate was transferred to a separat01y funnel and shaken with water (60 ml). The organic phase 

was collected and the aqueous phase back extracted with ethyl acetate (2 X 50 ml). The organic 

phases were combined, dried (MgS04), filtered and stripped to provide a viscous semi-solid. 

This material was purified by preparative TLC, eluting with 24 % ethyl acetate in hexanes to 

afford 492 mg of 1-[2-(3-Methoxymethoxy-5-pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-

20 ethoxymethyl)-5H-pyn-olo[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-H ydroxy-5-pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one. To a solution of l-[2-(3-methoxymethoxy-5-

pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-

dimethyl-propan- l-one (492 mg, 0.91 mmol) in CH2Ch (1.5 ml) was added a solution of 10% 

5 ethanolic hydrogen chloride (4 ml, dry). The flask was capped and stirred for 2.5 hours. The 

volatile mate1ial was stripped (rotovap). Ethyl acetate (25 ml) and aqueous 5 % Na2C03 (25 ml) 

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 (MgS04), filtered and 

10 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 l-[2-(3-hydroxy-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 yellow-brown solid. 

Example 265. 

15 2,2-Dimethyl-1-[2-[3-(2-methylsulfanyl-ethoxy)-5-pyrrolidin-1-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- l-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one (140 mg, 0.28 mmol), 2-methylsulfanyl-ethanol 

(reagent A, 0.03 ml, 0.34 mmol), t1iphenylphosphine (reagent B, 89 mg, 0.34 mmol). THF (1.5 

20 ml) was added and the mixture cooled (ice bath) under nitrogen atmosphere. Diisopropyl 

azodicarboxylate (reagent C, 0.07 ml, 0.34 mmol) was added via syringe and the material was 

wanned to ambient. After 1 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 product band was collected 

25 providing 2,2-dimethyl- l-[2-[3-(2-methylsulfanyl-ethoxy)-5-pyrrolidin-1-yl-phenyl]-5-(2-

t1imethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one, 82 mg as a yellow 

viscous oil. 

Example 266. 

1-[2-[3-(2-Methanesulfonyl-ethoxy )-5-pyrrolidin- l -yl-phenyl]-5-(2-trimethylsilanyl-

30 ethoxymethyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-l-one. To a solution of 2,2-

dimethyl-1-[2-[3-(2-methylsulfanyl-ethoxy)-5-pyrrolidin-l-yl-phenyl]-5-(2-trimethylsilanyl-
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ethoxymethyl)-5H-pyn-olo[2,3-b]pyrazin-7-yl]-propan-1-one (82 mg, 0.14 mmol) in 20% water I 

acetone (3 ml) was added 4-methylmorpholine n-oxide (50 mg, 0.43 mmol) followed by addition 

of aqueous Os04 solution (0.01 ml, catalytic). After 8 hours stin-ing a solution of 5% aqueous 

sodium bisulfite (25 ml) was added followed by CH2Ch (25 ml). The material was partitioned 

5 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 

(MgS04), 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-pyn-olidin-1-yl-phenyl]-5-(2-

10 tiimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one as a 

yellow viscous oil. 

Example 267. 

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. To a flask containing 1-[2-[3-(2-methanesu!fonyl-ethoxy)-5-

15 pyrrolidin- l-yl-phenyl]-5-(2-tiimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-

dimeth yl-propan-1-one (75 mg, 0.13 mmol) was added methanol (1 ml) and aqueous 6N HCl 

(1.5 ml). The flask was capped and placed in a heated oil bath (90 °C). After stining for 50 

minutes the mixture was cooled to ambient and the volatiles were stripped (rotovap I pump). The 

remainder was taken up in EtOAc (15 ml) and 5% aqueous NaHC03 (15 ml) and stirred for 5 

20 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 (MgS04), filtered and stripped to provide a crude semi-solid. The mate1ial was 

purified by crystallization from hot CI-hCh I hexanes (containing 4 drops of methanol) to afford 

38 mg of 1-{ 2-[3-(2-methanesulfonyl-ethoxy)-5-pyrrolidin-1-yl-phenyl]-5H-pyITolo[2,3-

25 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 followed for synthesis of the 

following compound: 
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1-( 2-[3-(3-Methanesulfonyl-propoxy)-5-pyrrolidin-1-yl-phenyl]-SH-pyrrolo[2,3-b ]pyrazin-7-

yl )-2,2-dimethyl-propan-1-one, (prepared via alkylation of "sodium phenoxide" derivative of "l­

[2-(3-hydroxy-5-pyrrolidin-1-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

5 b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one" with "l-chloro-3-methanesulfonyl-propane" 

[instead ofMitsunobu alkylation- as key step] MP= 232 - 233, (M+H)+=485. 

1-[2-(3-Methanesulfonylmethoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one, (prepared via alkylation of "sodium phenoxide" derivative of "1-[2-(3-

hydroxy-5-pyrrolidin- l-yl-phenyl)-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-

10 b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one" with "chlorornethylrnethylsulfide" [instead of 

Mitsunobu alkylation - as key step], and subsequent oxidation to sulfone via procedure similar 

as described above (M+H)+ = 587. 

-\\ 
Br o-s 

P-cs- P-cs-
MeO MeO 

4-(3-Brorno-5-rnethoxy-phenyl)-thiornorpholine. This material was prepared starting from 1,3-

15 dibrorno-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 oft-BuLi (4 ml, 1.5 Min 

pentane) was added via slow drop-wise addition. After 15 minutes stin:ing 2-isopropoxy-4,4,5,5-

5 tetramethyl-1,2-dioxaborolane (1.1ml,5.44 mmol) was added via sylinge. The matelial was 

allowed to slowly warm to ambient over 3 hours. The mixture was quenched via the addition of a 

saturated solution of aqueous ammonium chlolide (20 ml) followed by water (60 ml). Ethyl 

acetate (75 ml) was added and the matelial was shaken in a separatory funnel. The organic phase 

was collected and washed with an equal volume of brine. The aqueous phases were back 

10 extracted with ethyl acetate (2 X 50 ml) and the organics combined, dried (MgS04), filtered and 

stlipped to provide a crude remainder. This material was pmified by preparative TLC, eluting 

with 18% ethyl acetate in hexanes to afford 456 mg of 4-[3-methoxy-5-(4,4,5,5-tetramethyl­

[l,3,2]dioxaborolan-2-yl)-phenyl]- thiomorpholine as a light pink viscous oil. 

1-[2-(3-methoxy-5-thiomorpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-2,2-dimethyl-

15 propan-1-one; this matelial was prepared starting from 4-[3-methoxy-5-(4,4,5,5-tetramethyl­

[1,3,2]dioxaborolan-2-yl)-phenyl]-thiomorpholine following the general procedures described in 

these Examples. 

Example 269. 

1-{ 2-[3-Methoxy-5-( 1-oxo-llambda *4*-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

20 7-yl}-2,2-dimethyl-propan-1-one. 

To a solution of 1-[2-(3-methoxy-5-thiomorpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b)pyrazin-7-yl]-

2,2-dimethyl-propan- l-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 mateiial was loaded 

onto 2 preparative TLC plates, eluting with 10% methanol in methylene chlolide. The product 

25 band was collected to afford 61 mg of l-{2-[3-methoxy-5-(l-oxo-llambda*4*-thiomorpholin-4-

yl)-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-l-one as a light yellow-brown 

solid. MP 259-260 °C, M+H = 427. 
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-

Example 270. 

4-(3-Bromo-5-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 

5 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 stiired another 3 hours. Methylene chloride 

(25 ml) and a 10% solution of aqueous sodium metabisulfite (35 ml) 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 

10 phases were back-extracted with methylene chloride (2 X 25 ml), the organic phases combined, 

dried (MgS04), 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. 

15 4-[3-Methoxy-5-( 4,4,5 ,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-thiomorpholine 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-(l, 1-Dioxo-llambda *6*-thiomorpholin-4-yl)-5-methoxy-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one; This material was prepared sta1ting from 4-[3-

20 methoxy-5-( 4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phen yl ]-thiomorpholine 1, I -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: 

n-,~~ 

:~K~ U/\90 
-o 

1'l 1$~ 
'\.__/ 0 

[2-(3-Methoxy-5-thiomorpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(l -methyl-

5 cyclohexyl)-methanone. MP= 212- 214, (M+H)+=451; {2-[3-Methoxy-5-(l-oxo-llambda*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,l-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. 

10 

l -[2-[3-(1, 1-Dioxo-llambda *6*-thiomorpholin-4-yl)-5-methoxymethoxy-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one, This 

material was prepared via Suzuki coupling protocol similar to that which was described as 

above, but using "5-thiomorpholine-dioxide" in place of "5-pyrrolidine". 

15 1-[2-[3-(l, 1-Dioxo- llambda *6*-thiomorpholin-4-yl)-5-hydroxy-phenyl]-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one. This material was 
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prepared from 1-[2-[3-( 1, 1-dioxo- llambda *6*-thiomorpholin-4-yl)-5-methoxymethoxy-phenyl]-

5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

via "MOM" protecting group cleavage according to general procedures described in these 

Examples. 

5 l -[2-[3-(2,2-Dimethyl-[ 1,3]dioxolan-4-ylmethoxy )-5-(1, 1-dioxo- llambda *6*-thiomorpholin-4-

yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl­

propan- l-one. This material was prepared from l-[2-[3-(1,1-dioxo-llambda*6*-thiomorpholin-

4-yl)-5-hydroxy-phenyl]-5-(2-trimethylsilanyl-eth.oxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

2,2-dimethyl-propan-1-one via Mitsunobu type alkylation similar to that which was described as 

10 above, but using "(2,2-Dimethyl-[1,3]dioxolan-4-yl)-methanol" in place of "2-methylsulfanyl-

ethanol". 

1-{ 2-[3-(2,3-Dih ydroxy-propoxy)-5-( 1, 1-dioxo- llambda*6*-thiomorpholin-4-yl )-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-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- llambda *6*-thiomorpholin-4-yl)-

15 phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimeth yl­

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-ethoxy)-3-(1, 1-dioxo-llambda *6*-thiomorpholin-4-yl)­

hepta-2,4,6-trienyl]-5H-pyrrolo[2,3-b )pyrazin-7-yl )-2,2-dimethyl-propan-1-one, MP= 225 -

227, (M+Ht = 500; 1-{2-[(2E,4E)-3-(1,1-Dioxo-llambda*6*-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-

5 propan-1-one. (Racemic), MP= 137 - 139, (M+Ht = 487; l-{2-[(2E,4E)-3-(1,l-Dioxo­

llambda*6*-thiomorpholin-4-yl)-5-(l-methyl-pyrrolidin-3-yloxy)-hepta-2,4,6-trienyl]-5H­

pyrrolo[2,3-b]pyrazin-7-yl }-2,2-dimethyl-propan-1-one. (Racemic). MP= 260-262, (M+Ht = 

512; 1-{ 2-[(2E,4E)-3-(1, 1-Dioxo-llambda*6*-thiomorpholin-4-yl)-5-(l -methyl-piperidin-4-

yloxy)-hepta-2,4,6-trienyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-one. MP = 

10 250 - 252, (M+Hi+ = 526; 1-{2-[(2E,4E)-3-(1,l-Dioxo-llambda*6*-thiomorpholin-4-yl)-5-(2-

hydroxy-1-hydroxymethyl-ethoxy)-hepta-2,4,6-trienyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl}-2,2-

dimethyl-propan-1-one. (M+Ht = 503. 

BP-; NH - .BP-'~ ' NH - BP-; ' - B;P- O~ 
" , NH,_ 'Ii N 

- -o - 0 -

HO commerciaUy no '--o - \__0 0 

Example 271. 

available ·out 
I made it via 
patent procedure(s) 
[CAS 116632·23-6] 

15 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 ml) and water (100 ml) 

was added solid ammonium chloride (16.59 g, 310 mmol) and then powdered electrolytic iron 

(34.4 g, 698 mmol). The material was heated from ambient to reflux temperature (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 aqueous phases were back extracted with EtOAc (2 X JOO 

5 ml). The organics were combined, dried (MgS04), 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 

10 3-Bromo-5-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 hydtide (732 g, 18.36 

mmol, 60% in oil) was added in 2 equal portions over 5 minutes. After 10 minutes stiITing the 

material was wanned 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 

15 /pump) providing a crude remainder which was treated with a solution of saturated aqueous 

NH4Cl (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 (MgS04), filtered and stripped to provide a viscous oil. The crude was purified by silica 

20 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. 

l-(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 

25 added 2,2-dimethylsuccinic anhydride (580 mg, 0.195 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 fonned. 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 l-(3-bromo-5-methoxymethoxy-phenyl)-3,3-

dimethyl-pyrrolidine-2,5-dione as a viscous yellow-white oil. 

Example 274. 

l-(3-Bromo-5-methoxymethoxy-phenyl)-3,3-dimethyl-pyrrolidine. To a solution of 1-(3-bromo-

5 5-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 ofborane-dimethylsulfide complex (1.7 ml, 

16.9 mmol,10.lM) 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 

l 0 organic phase was collected and washed with brine ( 60 ml). The aqueous phases were back 

extracted with methylene chloride (2 X 50 ml). The organics were combined, dried (MgS04), 

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 l-(3-bromo-5-methoxymethoxy-phenyl)-3,3-dimethyl-pyrrolidine as a clear oil. 

15 l-[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 l-(3-bromo-5-methoxymethoxy-phenyl)-

3,3-dimethyl-pyrrolidine following the general procedures described in these Examples. 

l -[2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-5-methoxymethoxy-phenyl]-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one. This material was 

20 prepared starting from 1-[3-methoxymethoxy-5-( 4,4,5 ,5-tetramethyl-[l ,3,2]dioxaborolan-2-yl)­

phenyl]-3,3-dimethyl-pyrrolidine following the general procedures described in these Examples. 

l-[2-[3-(3 ,3-Dimethyl-pyn·olidin-1-yl)-5-hydroxy-phenyl]-5-(2-trimethylsilanyl­

ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one. This matelial was 

prepared starting from l-[2-[3-(3,3-dimethyl-pyrrolidin-1-yl)-5-methoxymethoxy-phenyl]-5-(2-

25 tlimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one 

following the general procedures desclibed in these Examples. 

Example 275 
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1-[2-[3-(2-Dimethylamino-ethoxy )-5-(3,3-dimethyl-pyrrolidin- l-yl)-phenyl]-5-(2-

trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one. A 

flask was charged with 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 (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-l-yl)-phenyl]-

5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one, 

56 mg, as a golden yellow viscous oil. 

15 1-{ 2-[3-(2-Dimethylamino-ethoxy)-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan- l-one. This mate1ial was prepared starting from l-[2-[3-(2-

dimeth ylamino-ethoxy )-5-(3, 3-dimeth y 1-p yrro lidin-1-y I )-phenyl]-5-( 2-trimeth ylsilan yl­

ethoxymeth y l )-5H-pyrro lo [2, 3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one following the general 

procedures desclibed in these Examples. MP= 240- 242 

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

following compound: 

1-[2-[3-(2,2-Dimethyl-[ 1,3 ]dioxolan-4-ylmethoxy )-5-(3 ,3-dimethyl-pyrrolidin-1-yl)-phenyl]-

5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one. 

25 This material was prepared staiting from l-[2-[3-(3,3-dimethyl-pyrrolidin-l-yl)-5-hydroxy-
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phenyl]-5-(2-trimethylsilanyl-ethoxymethyl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan- l -one via Mitsunobu type alkylation similar to that which was described above, but using 

"(2,2-dimethyl-[l,3]dioxolan-4-yl)-methanol" in place of "2-methylsulfanyl-ethanol". 

1-( 2-[3-(2,3-Dihydroxy-propoxy )-5-(3 ,3-dimethyl-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-

5 b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one. This material was prepared from 1-[2-[3-(2,2-

dimethyl-[ 1,3 ]dioxolan-4-ylmethoxy )-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-5-(2-

tJ.imethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l-one via a 

similar procedure to that which was described above. M+H = 466. 

The general procedures desc1ibed in these Examples were followed for synthesis of the 

10 following compound: 

1-{ 2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-5-(1-methyl-piperidin-4-yloxy )-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan- l-one. 

Be "~ / 

s b-NH, "b-' {P As above b-H I' HO ~ --cPS 
0 - -- ~ 
~ 0 -

R!ce, L.M, et al: 
J, Med Chem 
6;1963;388-402 

15 Example 276. 

As above -
0 0 

'~/ As above ~. 

l;&~ ~J> 
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7-(3-Bromo-phenyl)-2-thia-7-aza-spiro[ 4.4]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 xylene (10 ml) was 

heated for 2 hours (oil bath, 180 °C) with fitted Dean-Stark trap to remove water. The material 

5 was cooled to ambient and the xylene stripped (rotovap I pump). The material was covered with 

dry CH2Ch (10 ml). Carbonyldiimidazole (1.18 g, 7.26 mmol) was added with vigorous stirring 

and a homogeneous solution was rapidly obtained. After over night stining the material was 

adsorbed onto silica (12 g). The crude was purified by chromatography on silica gel, eluting with 

a gradient of 100% CH2Clz to 0.12% MeOH I CH2Ch to afford 1.76 g of 7-(3-bromo-phenyl)-2-

10 thia-7-aza-spiro[4.4]nonane-6,8-dione as a light yellow solid. 

2,2-Dimethyl- l-{ 2-[3-(2-thia-7-aza-spiro[ 4.4]non-7-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one. This material was prepared starting from 7-(3-bromo-phenyl)-2-thia-7-aza-

spiro[ 4.4]nonane-6,8-dione, using the general procedures described in these Examples. MP= 

239 - 241, (M+Ht = 421. 

15 2,2-Dimethyl- l -{ 2-[3-(2-oxo-21ambda*4 *-thia-7-aza-spiro[ 4.4]non-7-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-propan- l-one. This material was prepared starting from 2,2-

dimethyl-l-{ 2-[3-(2-thia-7-aza-spiro[ 4.4 ]non-7-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one, using the general procedures described in these Examples. MP= 148 - 150, 

(M+Ht =437. 

20 1-{ 2-[3-(2,2-Dioxo-21ambda*6*-thia-7-aza-spiro[ 4.4 ]non-7-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl )-2,2-dimethyl-propan-l-one,_ This material was prepared starting from 2,2-

dimethyl-1-{ 2-[3-(2-oxo-2lambda*4*-thia-7-aza-spiro[ 4.4]non-7-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-propan-l-one, using the general procedures as described above. MP= 237 - 239, 

(M+Ht = 453. 

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

following compounds: 
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Example 277. 

1-(3-Bromo-phenyl)-pyrrole-2,5-dione. To a solution of maleic anhydride (1.71g,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. 

(3S ,3aS, 6aR )-5-( 3-Bromo-phen yl )-3-trimethy lsilanyl-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-trimethylsilanylmethylsulfanyl-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 I pump) and 

the remainder taken up in benzene (30 ml) and bline (30 ml). The matelial 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, dlied (MgS04), 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 

(3 S ,3aS, 6aR )-5-(3-bromo-phen yl )-3-trimeth ylsilan yl-tetrah ydro-thieno[3 ,4-c ]pynole-4, 6-di one 

as a light white-yellow solid. 

Eample 279. 

5 (3aR,6aS)-5-(3-Bromo-phenyl)-tetrahydro-thieno[3,4-c]pyrrole-4,6-dione. To a solution of 

(3S,3aS,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 cesium 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. 

10 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 pUiified by silica gel 

chromatography eluting with 4% to 45% ethyl acetate in hexanes to afford 290 mg of (3aR,6aS)-

5-(3-bromo-phenyl)-tetrahydro-thieno[3,4-c ]pyrrole-4,6-dione. as a brown-yellow solid. 

15 2,2-Dimethyl-1-{ 2-[3-( tetrahydro-thieno[3 ,4-c ]pyrrol-5-yl)-phenyl]-5H-pynolo[2,3-b ]pyrazin-7-

yl }-propan-1-one. This matelial was prepared starting from (3aR,6aS)-5-(3-bromo-phenyl)­

tetrahydro-thieno[3,4-c ]pyrrole-4,6-dione, following the general procedures as desclibed in these 

Examples. 

2,2-Dimethyl- l -{ 2-[3-(2-oxo-hexahydro-2lambda *4 *-thieno[3,4-c ]pyrrol-5-yl)-phenyl]-5H-

20 pynolo[2,3-b]pyrazin-7-yl}-propan-l-one. This material was prepared starting from 2,2-

Dimethyl-1- { 2-[3-( tetrahydro-thieno[3,4-c ]pyrrol-5-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one, following the general procedures as described in these Examples. 

l-{2-[3-(2,2-Dioxo-hexahydro-2lambda*6*-thieno[3,4-c]pyrrol-5-yl)-phenyl]-5H-pyrrolo[2,3-

b]pyrazin-7-yl}-2,2-dimethyl-propan-l-one. This matelial was prepared starting from 2,2-

25 Dimethyl-I-{ 2-[3-( tetrahydro-thieno[3 ,4-c ]pynol-5-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one using the general procedures as described above. 

Example 280. 



WO 2009/106441 PCT/EP2009/051755 

-278-

0 

- H~ 
N~ t.N 

b-0 
2,2-Dimethyl-1-[2-(3-trimethylsilanyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 

(250 mg, 0.71 mmol) was suspended in 7 ml of methylene chlori.de and potassium carbonate 

(393 mg, 2.8 mmol) was added. The flask was wrapped in aluminum foil and iodine 

5 monochloride (2.5 ml of a IM solution in methylene chloride) was added dropwise. The mixture 

was stiffed 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, triturated with ethyl ether, 

filtered and dried in a vacuum oven to give 232 mg (81 %) of 1-[2-(3-iodo-phenyl)-5H-

10 pyrrolo[2,3-b]pyrazin-7-yl]-2,2,-dimethyl-propan-1-one as a yellow solid. (M+Ht = 406. 

The iodo intermediate (150 mg, 0.37 mmol) was combined with potassium carbonate (179 mg, 

l.3 mmol), cyclopenten-1-ylboronic acid (50 mg, 0.44 rnrnol) and Pd(dppf)Ch-DCM (30 mg, 

0.037 mmol) in a microwave vial which was capped and purged with nitrogen. Solvent was 

added ( 3.7 ml of 20% aqueous dioxane) and the flask was purged with nitrogen again two times. 

15 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 cmde product was purified by flash 

chromatography using a gradient of 0% to 30% ethyl acetate in hexanes to give l-[2-(3-

cyclopent-l-enyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2,-dimethyl-propan-1-one (58 mg, 

20 45%) as a white solid. (M+Ht = 346. 

Other compounds prepared using this route: 

2,2-Dimethyl-1-{ 2-[3-( 5-trifluoromethyl-2H-pyrazo 1-3-yl)-phenyl]-5 H-pyrrolo[2,3-b]pyrazin-7 -yl)-propan-1-o ne 

(M+H)'"=414; 

1-[2-(3-Cyclohex-1-enyl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

25 (M+Ht = 360; MP= 188.0-190.0 °C; 

2,2-Dimethyl-1-[2-(3-thiophen-2-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7-yl]-propan-1-one 

(M+Ht=362; 

1-[2-(3-Cyclopentyl-phenyl)-5H-pyrrolo[2 ,3-b]pyrazin-7 -yl]-2, 2-dimethyl-propan-1-one 

(M+Ht=348; 

30 2,2-Dimethyl-1-{2-[3-(1 H-pyrazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one 
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(M+Ht = 346; MP> 300 °C; except the starting material was SEM-protected, and the SEM 

protecting gronp was removed by treating the Suzuki product with a lM solution of 

tetrabutylammonium fluo1ide 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: 

5 2,2-Dimethyl-1 -{2-[4-(4-methyl-piperazin-1-yl)-phenylamino ]-5H-pyrrolo[2,3-b]pyrazin-7 -yl}-propan-1-one 

(M+H)' = 393; MP> 300 °C 

10 

2,2-Dimethyl-1-{2-[3-(4-methyl-piperazin-1 -yl)-phenylamino ]-5H-pyrrolo[2,3-b ]pyrazin-7-yl}-propan-1-one 

(M-H)" = 391 

Example 281. 

H~ 
N\;,N 

7 " 
~ 

-N, ...-::: N 
1-[2-( 4-Iodo-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-2,2,-dimethyl-propan-1-one was 

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 desc1ibed in these Examples. (M+Ht = 406; MP 

= 262.0-263.0 °C 

15 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: 

20 1-{2-[4-(3,5-Dimethyl-isoxazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dim ethyl-propan-1-one 

(M+Ht = 375; MP= 254.0-255.0 °C 

Example 282. 

l-[2-(3-Iodo-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2,-dimethyl-propan- l-one (150 mg, 0.37 

25 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 

5 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-oxa-6-aza-spiro[3.3]hept-6-

yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-propan-1-one as a yellow solid. (M+Ht = 377; MP 

= 260.0-262.0 °C. 

10 Other compounds prepared using this route: 

1-{3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-phenyl)-pyrrolidine-3-carbonitrile 

(M+Ht=374 

1 -{2-[3-(3-D i methyl am i no-azetidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one 

(M+Ht=378 

15 Except that the starting material was SEM-protected, and the SEM protecting group was 

removed with TFA in DCM: 

1-[2-(3-lmidazol-1-yl-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7 -yl]-2,2-dimethyl-propan-1-one 

(M+Ht=346. 

1 -{2-[3-( (R )-3-Hydroxymethyl-pyrrolidin-1-yl )-phenyl]-5H-pyrrolo[2.3-b ]pyrazi n-7 -yl)-2,2-d imethyl-propan-1-one 

20 (M+Ht = 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-( (S )-3-Hyd roxymethyl-pyrrolidin-1 -yl)-phe nyl]-5H-pyrrolo[2,3-b]pyrazi n-7-yl}-2,2-dimethyl-propan-1-one 

(M+Ht = 379. Tetrabutylammonium fluoride (80° C for 1 hour) was used to remove the SEM 

25 group. 

1-{2-[3-(3 ,3-D i rn ethyl-pyrrol idi n-1 -yl)-phe nyl]-5H-pyrrolo[2,3-b ]pyraz in-7 -yl)-2,2-d irnethyl-propan-1 -one 

(M+Ht = 377; MP= 233.0-235.0 °C. lM NaOH in THF was used instead of sodium acetate to 

complete the deprotection. 

1-{2-[3-(3,3-Difluoro-azetidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b]pyrazin-7-yl}-2,2-dimethyl-propan-1-one 

30 (M+Ht = 371. lM NaOH in THF was used instead of sodium acetate to complete the 

deprotection. 

1-{ 2-[3-(3 ,3-Dirnethyl-azetidi n-1-yl)-phe nyl]-5H-pyrrolo [2,3-b ]pyrazi n-7 -yl)-2 ,2-di methyl-propan-1 -one 
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(M+Ht = 363; MP= 227.0-229.0 °C. lM NaOH in THF was used instead of sodium acetate to 

complete the deprotection. 

Example 283. 

H~~ 
-N~~~ 

:" ~ Si-
- I 

H~~ 
N~u_ 

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

was prepared, following the general procedures as described in these Examples .. 

This compound was conve1ted to [2-(3-iodo-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7- yl]-(1-methyl­

cyclohexyl)-methanone, following the general procedures as described in these Examples. 

10 General procedures as described in these Examples were used to prepare 1-{3-[7- (1-methyl­

cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-pyrrolidin-2-one. (M+Ht = 

403; MP= 215.0-217.0 °C. 

Other compounds prepared using pait of this route: 

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

15 (M+H)' = 385, was prepai·ed from [2-(3-iodo-phenyl)-5H-pyrrolo[2,3-b]pyrazin-7- yl]-(1-

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 lM NaOH 

in THF was used instead of sodium acetate to complete the deprotection. 

Example 284. 

SEM-0--1 

- 'y' 
Cl 

20 

-
0 

Her~--< 
'y' 

Cl 
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2-Chloro-7-iodo-5H-pyrrolo[2,3-b ]pyrazine was SEM protected following general procedures as 

described in these Examples. 

2-Chloro-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide was prepared following 

5 general procedures as described in these Examples followed by SEM removal using TFA as 

above except that lM NaOH in THF was used instead of sodium acetate to complete the 

deprotection. 

2-(3-Trimethylsilanyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide was 

10 prepared using general procedures described in these Examples. 

2-(3-Iodo-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide was prepared 

using general procedures described in these Examples. 

15 2-[3-(3,3-Dimethyl-pyrrolidin-l-yl)-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

isopropylamide, (M+Ht = 378, was prepared using general procedures described in these 

Examples. 

Example 285. 

~ 
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0-NY-
20 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 

hiturated with 20% ethyl acetate in hexanes, filtered and dri.ed to give 15 g (92%) of somewhat 
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impure l-(3-bromo-phenyl)-3,3-dimethyl-pyITolidine-2,5-dione which was used without further 

purification. 

l-(3-Bromo-phenyl)-3,3-dimethyl-pyrrolidine-2,5-dione (2.5 g, 8.9 mmol) was suspended in 45 

ml ofTHF. Borane (7.9 ml of a 10.lM solution in methyl sulfide) was added and the reaction 

5 was stiITed 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 transfeJTed 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-

10 (3-bromo-phenyl)-3,3-dimethyl-pyrrolidine. 

Other compounds prepared using this route: 

2-[3-(3,3-Dimethyl-pyITo!idin-1-yl)-phenyl]-5-H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid te1i­

butylamide (M+Ht = 392; MP= 205.0-207.0 °C; 

15 2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl]-5-H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-

methoxy-propyl)-amide (M+Ht = 408; 

20 

2-[3-(3,3-Dimethyl-pyrrolidin- l -yl)-phenyl]-5-H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

(tetrahydro-pyran-3-yl)-amide (M+Ht = 420; MP= 145.0-147.0 °C. 

Example 286. 

--

1-{ 2-[3-(2-Aza-bicyclo[2. l .1 ]hex -2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan-1-one 

2-Aza-bicyclo[2.1.l]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, 

25 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, 8558), dissolved in 2 mL of MeOH, was added to 12 rnL 

of cone. HCl and heated at reflux for 1.5 h. TLC analysis (KMn04 ) showed no remaining sm. 
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The reaction mixture was concentrated in vacno and then concentrated twice from 15 mL of 

tolnene to give 2-azabicyclo[2.1.l]hexane hydrochloride as a dark solid (0.53 g, 79%; 1HNMR 

(DMSO): i5 4.11 (d, lH, J=6.15 hz), 3.15 (m, 2H), 2.84 (quintet, lH, 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. 

5 1-[2-[3-(2-Azabicyclo[2.1.1 ]hex -2-yl)-phenyl]-5-(2-trimethylsilanyl-ethoxymethyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one was prepared from 1-[2-(3-Iodo-phenyl)-

5-(2-trimethylsilanyl-ethoxymethyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one 

and 2-azabicyclo[2.1.l]hexane hydrochloride as described above (34%; MS= 361 M+H). 

10 

15 

20 

25 

30 

JAK Assay Information 

Determination of ICso of Janus Kinase (JAK) inhibition: 

Enzymes and peptide substrate used are described below: 

JAKl: 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-tenninally biotinylated 14-mer peptide derived from activation loop of 

JAKl with sequence of the peptide substrate: Biotin-KAIETDKEYYTVKD 

Assay conditions_ used are described below: 

Assay Buffer: JAK Kinase Buffer: 50mM Hepes [pH 7.2], lOmM MgCh, lmM DTT, 

lmg/ml BSA. The assay is canied 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 of33P-ATP. The assays are 

carried out in 96-well polypropylene plates. 

Experimental Method: 

All 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 1 Ox starting 

concentration of lmM. 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), lnM JAK2, 5nM JAKl) 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). ln the JAK2/JAK3 assays, ATP and the 

peptide are used at concentrations of l.5uM and SOuM, respectively. JAKl assay is 

carried out at an ATP concentration of 1 OuM and a peptide concentration of 50uM. 

The duration of the assay for JAK2 and JAK3 is 20 minutes. JAKl assay is carried 

out for 40 minutes. With all three enzymes, reactions are terminated by the addition 

of O.SM EDTA to a final concentration of lOOmM. 

25 ul of terminated reactions are transferred to 150 ul of a 7.5% (v/v) slurry of 

streptavidin-coated sepharose beads in MgClr and CaCh-free lx Phosphate Buffered 

Saline containing 50mM of EDTA in 96-well, l.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 1to2 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 IC50 results are in Table II below: 

TABLE II. 

ICso h-jak2- ICso h-jak3- ICso h-jakl-
ICso h-syk(360-

Compound 635)-
sf21-c sf21-c sf21-c 

baculovirus-c 

I-12 0.4548 0.0561 0.317 

I-64 3.4396 0.0241 2.1 1.314 

I-82 0.0108 
I 

0.0046 0.09 0.036 
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I-117 0.107 0.0068 0.162 

SYK Assay Information 

Determination of ICso of Spleen Tyrosine Kinase (SYK) inhibition: 

SYK kinase assay is a standard kinase assay adapted to a 96 well plate format. This assay is 

5 performed in 96-well format for IC50 determination with 8 samples which represented 10 half log 

dilutions and a 40 µL reaction volume. The assay measures the incorporation of radiolabeled 33P 

yATP into an N-terrninally biotinylated peptide substrate, derived from naturally occurring 

phosphoacceptor consensus sequence (Biotin-llaa DY*E). Phosphorylated products were 

detected upon tennination of reactions with EDTA and the addition of Streptavidin coated beads. 

10 Representative results are in Table II above. 

15 

20 

25 

Assay plates: 96-well MultiScreen 0.65um filter plates (Millipore Cat. No.: 

MADVNOBlO) 

Streptavidin coated beads: Streptavidin Sepharose TM, suspension 5.0mL, in 50mM 

EDTA/PBS diluted (1:100), (Amersham, Cat. No.: 17-5113-01) 

Compounds: 10 mM in 100% dimethylsulfoxide (DMSO), final cone.: compound 

0.003-lOOuM in 10% DMSO 

Enzyme: SYK RP A pmified, trnncated construct of Spleen Tyrosine Kinase aa 360-

635, stock solution 1 mg/mL, MW: 31.2 KDa, final conc.:0.0005 µM. 

Peptide 1: biotinylated peptide is derived from a naturally occurring phosphor­

acceptor consensus sequence (Biotin-EPEGDYEEVLE), special order from QCB, 

stock solution 20mM, final cone.: 5.0 µM. 

ATP: Adenosine-5' -triphosphate 20 mM, (ROCHE Cat. No.: 93202720), final 

concentration: 20µM 

Buffer: HEPES: 2-Hydroxyethyl piperazine-2-ethanesulfonic acid (Sigma, Cat. No.: 

H-3375) final concentration: 50mM HEPES pH7.5 

BSA: Bovine Sernm 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, (GIBCO, Cat. No.: 15575-038) final 

concentration: 0.lmM 
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DTT: 1,4-Dithiothreitol (Roche Diagnostics GmbH, Cat. No.: 197777), final cone.: 

lmM 

MgCh x 6H20: MERCK, Cat. No.: 105833.1000, final concentration: lOmM 

Assay Dilution Buffer (ADB): 50 mM HEPES, O.lmM EGTA, O.lmM Na Vanadate, 

O.lmM ~-glycerophosphate, 10 mM MgC12 , 1 mM DTT, 0,1 % BSA, pH 7.5 

Bead wash buffer: 10 g/L PBS (Phosphate buffered saline) with 2M NaCl+ 1 % 

phosphoric acid. 

Experimental Method: 

10 In 40µL volume, 26µL of ADB diluted, purified recombinant human SYK360-635 [0.5 nM] was 

mixed with 4 µL of lOX concentrations of the test compounds, [usually lOOµM- 0.003µM] in 

[10%] DMSO and the mixture was incubated for 10 min at RT. 

The kinase reaction was initiated by the addition of lOµL 4x substrate cocktail containing the 

DYE peptide substrate [O or 5 µM], ATP [20 µM] and 33 Py ATP [2µCi/rxn]. After incubation at 

15 30° C for 15 min, the reaction was terminated by the transfer of 25µL pf the reaction sample to a 

96 well 0.65µm Millipore MADVNOB membrane/plate containing 200µL 5mM EDTA and 

20% Streptavidine coated beads in PBS. 

The unbound radionucleotides were washed under vacuum with 3 x 250µL 2M NaCl; 2 x 250 µL 

2M NaCl+ 1 % phosphoric acid; 1 x 250µL H20. After the last wash membrane/ plates were 

20 transferred to an adaptor plate, heat dried for 15 min at 60° C, and 50 µL scintillation cocktail 

was added to each well and 4 h later the amount of radioactivity was counted in a top counter. 

25 

The percent inhibition was calculated based on the uninhibited enzyme rate: 

% Inhibition= 100 I (1 + (IC50/Inhibitor cone)") 

The IC50 was calculated using a non-linear curve fit with XLfit software (ID Business 

Solution Ltd., Guilford, Surrey, UK). 

The foregoing invention has been described in some detail by way of illustration 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. 

30 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 

I. A compound of Formula I 

I wherein: 

R is R1 R2 R3 or R4
· ' ' ' ' 

R1 is Cr-6 alkyl, Cr-6 alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkyl alkylene, optionally substituted with one or more R'"; 

R1a is R1b or R1c; 

each R1
b is independently halogen, oxo, hydroxy, or -CN; 

each R" is independently-C(=O)O(R1
'), -C(=O)(R"), -

C(=O)CH2(R"), -S(R ir), -S(O)z(R1
\ -N(R1~S(Oh(R1 r), -S(=O)(R1~, Cr-6 

alkyl, Cr-6 alkoxy, amino, amide, Cr-6 haloalkyl, phenyl, heteroaryl, 

cycloalkyl, heterocycloalkyl, cycloalkyloxy, or heterocycloalkyloxy 

optionally substituted with one or more R1
d; 

R2 is N(R2
')2; 

each R1
d is independently halogen, hydroxy, C1-6 alkyl, Cr-6 

alkoxy, C1-6 hydroxyalkyl, amino, amide, cyano, or C1-6 haloalkyl; 

each R1o is independently H, Cr-6 alkyl, C1-6 alkoxy, -CN, 

C1-6haloalkyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

each R1
' is independently H, C1-6alkyl, C 1- 6 haloalkyl, C1-6 

alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

each R2' is independently H or R2b; 

each R2
b is independently C 1- 6 alkyl, Cr-6 alkoxy, phenyl, heteroaryl, 

cycloalkyl, heterocycloalkyl, or heterocycloalkyl alkylene, optionally 

substituted with one or more R2
'; 

R2c is R2d or R2e; 

each R2
d is independently halogen, oxo, or hydroxy; 
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each R2
e is independently-N(R2g)z, -C(=O)( R2

'), -

C(=O)O( R2
'), -C(=O)N(R2g),, -N(R2g)C(=O)( R2g), -

S(=O),(R2
'), -S(0)2 N(R2

') 2, C1-6 alkyl, C1-6 alkoxy, C1-6 

haloalkyl, phenyl, heteroaryl, heteroaryloxy, cycloalkyl, or 

heterocycloalkyl, optionally substituted with one or more R2
'; 

each R2r is independently H, halogen, C1-6 

alkyl, C1-6alkoxy, C1-6haloalkyl; 

each R2
' is independentlyH, C1-6alkyl, C1-6 

alkoxy, C1-6 haloalkyl, or phenyl; 

R3 is -C(=O)R3
'; 

R3
' is C1-6 alkyl, C1-6 alkoxy, phenyl, or N(R3b)2; 

each R3b is independently Hor Cn alkyl; 

R4 is -O(R4
'); 

R4
' is Hor R'b. , 

R4b is lower C1-6, phenyl, benzyl, C1-6 haloalkyl, cycloalkyl, 

heterocycloalkyl, heteroaryl, optionally substituted with one or more 
R4c. , 

each R4
' is independently halogen, hydroxy, C1-6 alkyl, 

C1-6 haloalkyl, or C1-6 alkoxy; 

20 Q 1 is phenyl or indolyl, optionally substituted with one or more Q1
'; 

each Q1
' is independently Q1b or Q1'; 

each Q1
b is independently halogen, hydroxy, -CN, -S(Q 1e), -S(Oh(Q 1e), or­

S(=O)(Q1'); 

each Q1'is independently Q1
d or Q1

'; 

25 each Qld is independently-O(Q1
'), -S(=Oh(Q1

'), -C(=O)N(Q1eh, -

30 

S(=O)(Q 1
'), -N(Q 1')S(=O) 2(Q

1
'), -C(=O)(Q 1

'), -C(=O)O(Q 1
'), -N(Q 1

'),, -

N(Q1')C(=O)(Q 1
'), -N(Q 1')C(=O)O(Q 1

'), -Si(Q1'h, or-N(Q 1')C(=O)N(Q")2; 

each Q1
e is independently Hor Q''"; 

each Q''" is independently C1-6alkyl, amino, C1-6alkenyl, 

phenyl, benzyl, C1-6haloalkyl, C1-6thioalkyl, cycloalkyl, 

cycloalkenyl, heterocycloalkyl, heterocycloalkyl alkylene, or 

heteroaryl, optionally substituted with one or more Q''; 

each Q" is independently Q1
' or Qlh; 
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each Q'• is independently halogen, hydroxy, 

oxo, -(C(Q"')2)mS(0)2(Qlh), -

(C(Q1hh)mN(Q 1h)(C(Q'hh)rnS(Oh(Q11
'), -

(C(Q1")2)mN(Q lhh, -(C(Q1h)2),,,C(=O)(Q1
"), or­

N(Qlh)C(=O)(Qlh); 

each mis independently 0, 1, or 2; 

each Q 1
h is independently Q1

' or Q1.i; 

each Q1
' is independently Hor 

hydroxy; 

each Q1i is independently C1-6 alkyl, 

C1-6 haloalkyl, C1-6 alkoxy, C1-6 thioalkyl, 

cyano, amino, phenyl, benzyl, cycloalkyl, 

heterocycloalkyl, or heteroaryl, optionally 

substitnted with one or more Q1
k; 

each Q1
k is independently 

halogen, hydroxy, C1-6 alkyl, C1-6 

haloalkyl, C1-6 hydroxyalkyl, amino, 

C1-6thioalkyl, C1-6alkoxy, or 

cyano; 

20 Xis H; 

25 

or a pharmaceutically acceptable salt thereof. 

2. The compound ofclaim 1, wherein R is R1
, preferably R1 is C1-6 alkyl. 

3. The compound of claim 2, wherein R is R2 and R2 is NH(R2
') and R2

' is R2
b, 

preferably R2
b is C1-6 alkyl.. 
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4. The compound of claim 1, wherein Q1' is Q'b. 

5. The compound of claim 1, wherein Q1
' is Q". 

6. A compound of Formula I according to claim 1 selected from the group consisting of: 

Phenyl-[2-(3, 4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7 -yl]-methanone; 

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

l -[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethanone; 

1-[2-(3, 4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-3-methyl-butan-l -one; 

1-[2-( 5-Fluoro-2-methoxy-phenyl)-5H-pyrrolo [2,3-b ]pyrazin-7-yl]-3-methyl-butan-l -one; 

3-Methyl-l -[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-l-one; 

4-[7-(3-Methyl-butyryl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzamide; 

3-[7-(3-Methyl-butyryl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzamide; 

N-Methyl-3-[7-(3-methyl-bntyryl)-5H-pyrrolo [2,3-b ]pyrazin-2-yl]-benzamide; 

2-(3, 4 ,5-T rimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

1-[2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-4-methyl-pentan-l -one; 

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

N ,N-Dimethyl-3-[7 -(3-methyl-butyryl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzamide; 

3-Methyl-l -(2-phenyl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-butan-l-on;e 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-methoxy-1-methyl­

ethyl)-amide; 

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

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

2-(3 ,4,5-Trimethoxy-phenyl)-5H-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 pyrrolidin-3-ylamide; 

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

2-(3 ,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-methoxy-1-

methoxymethyl-ethyl)-amide; 

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



- 293 -

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid tert-butylamide; . 

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-methoxy-1-methyl-ethyl)-

amide; 

l-[2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7 -yl]-3,3-dimethyl-butan-l -one; 

2-(3,4-Dirnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-hydroxy-1-

hydroxyrnethyl-ethyl)-amide; 

(2-{ [2-(3, 4-Dirnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7 -carbonyl]-amino} -2-rnethy 1-propy I)­

carbamic acid tert-butyl ester; 

2-(3,4-Dirnetboxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-hydroxy-1-rnethyl-ethyl)-

amide; 

2-(3,4-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-amino-l, 1-dirnethyl­

ethyl)-arnide; 

2-(3-Pyrrolidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7 -carboxylic acid tert-butylamide; 

2-(3,4-Dirnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid ((I S,2R)-2-carbamoyl­

cyclopentyl)-arnide; 

2-(3, 4-Dirnethoxy-phenyl )-5H -pyrrolo[2,3-b ]pyrazine-7 -carboxylic acid ( tetrahydro-pyran-4-yl)-

amide; 

2-(3, 4-Dirnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7 -carboxylic acid piperidin-4-ylarnide; 

1-[2-(3,4-Dirnethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dirnethyl-propan-l -one; 

2-Cyclohexyl-1-[2-(3, 4,5-trirnethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7 -yl ]-ethanone; 

2-(3-Methanesnlfonyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7 -carboxylic acid isopropylamide; 

2-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

l -Phenyl-2-[2-(3, 4,5-trimethoxy-phenyl)-5H -pyrrolo[2,3-b ]pyrazin-7 -yl]-ethane-1,2-dione; 

2,2-Dirnethyl-1-{2-[ 4-(2-morpholin-4-yl-ethoxy)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-

one; 

2,2-Dirnethyl-1-{ 2-(3-(2-rnorpholin-4-yl-ethoxy )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-

one; 

4-{ 4-[7 -(2,2-Dimethyl-propionyl)-SH -pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl} -piperazine-1-carboxylic 

acid tert-butyl ester; 

Pyrrolidin-3-yl-[2-(3, 4 ,5-trirnethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7 -yl]-rnethanone; compound 

with trifluoro-acetic acid; 
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4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-piperazine-1-

carboxylic acid tert-butyl ester; 

2,2-Dimethyl- l-[2-( 4-piperazin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

2,2-Dimethyl- l-[2-(3-piperazin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

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

isopropylamide; 

2-[3-(l-H ydroxy- l-methyl-ethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

isopropylamide; 

2-Phenyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethanone; 

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

methanone; 

2-(3,4,5-Trimethoxy-phenyl)-5H-py1Tolo[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)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone; 

( 4-Methyl-tetrahydro-pyran-4-yl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo [2,3-b ]pyrazin-7-

yl]-methanone; 

[2-(3 ,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(2,2,5-tlimethyl-[ 1,3 ]dioxan-

5-yl)-methanone; 

3-Hydroxy-2-bydroxymethyl-2-methyl-1-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-propan- l-one; 

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

2-(3-Methoxy-phenyl)-5H-pyITolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

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

isopropylamide; 

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

3,3-Dimethyl- l-[2-(3-pyrrolidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-butan-1-one; 

2-[3-(Pyrrolidine-1-carbonyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

isopropylamide; 

2-(2-Chloro-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

1-[2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propane-1,2-dione; 

2,2-Dimethyl-1-[2-(3-pyrrolidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

3-Methyl-3-[2-(3,4,5-tlimethoxy-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-pyITolo[2,3-b ]pyrazine-7-carboxylic acid 

isopropylamide; 

(3-Meth yl-piperidin-3-yl )-[2-(3 ,4,5-trimethoxy-phen yl)-5H-pyITolo [2,3-b ]pyrazin-7-y l]-

methanone; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pYffolo[2,3-b ]pyrazine-7-carboxylic acid phenylamide; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyITo!o[2,3-b ]pyrazin-2-yl]-benzoic acid tert-butyl ester; 

3-(7-Isopropylcarbamoyl-5H-pYffolo[2,3-b ]pyrazin-2-yl)-benzoic acid tert-butyl ester; 

3-{ 3-Methyl-3-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

piperidin-1-yl )-3-oxo-propionitrile; 

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

2-(3 ,4,5-Trimethoxy-phenyl)-5H-pyITolo[2,3-b )pyrazine-7-carboxylic acid (2-hydroxy­

propyl)-amide; 

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

3,3-Dimethyl- l-[2-(3-morpholin-4-ylmethyl-phenyl)-5H-pyITolo[2,3-b ]pyrazin-7-yl]-butan-

1-one; 

2-(3-Methylcarbamoyl-phenyl)-5H-pyn·olo[2,3-b ]pyrazine-7-carboxylic acid (2-methoxy-1-

methyl-ethyl)-amide; 

2-(3-Methylcarbamoyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid ( (S)-2-

methoxy- l-methyl-ethyl)-amide; 

( 4-Meth yl-tetrah ydro-thiopyran-4-yl )-[2-(3 ,4,5-trimethox y-phen y I)-5H-pYffolo[2,3-

b ]pyrazin-7-yl]-methanone; 

2-(2,4-Dimethoxy-phenyl)-5H-pyITolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

( 4-Meth yl-1, l -dioxo-hexahydro-1 A.6 -thiopyran-4-yl)-[2-(3,4,5-tlirnethoxy-phenyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-methanone; 

2-(3,4-Dimethoxy-phenyl)-5H-pyITolo[2,3-b ]pyrazine-7-carboxylic acid ( l-acetyl-pYffolidin-

3-yl)-amide; 

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

propyl)-amide; 

2-( { [2-(3,4,5-Trimethoxy-phenyl)-5H-pyITolo[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 (l -acetyl-piperidin-

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

pyrrolidin-3-yl)-amide; 

2-[3-(3-Methoxy-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid tert­

butylamide; 

2-[3-(3-Methoxy-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo[2,3-b ]pyrazine-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-yl)-amide; 

2-Methyl-2-[2-(3,4,5-trimethoxy-phenyl )-5H-pyrrolo [2,3-b ]pyrazine-7-carbonyl]­

pyrrolidine-1-carboxylic acid tert-butyl ester; 

(2-Methyl-pyrroliclin-2-yl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-

methanone; 

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

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

cyclohexyl)-amide; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (1, 1-dioxo­

tetrahydro- !A. 6 -thiophen-3-yl)-amide; 

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

ylmethyl)-amide; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (1-acetyl­

pyrrolidin-2-ylmethyl)-amide; 

3-( { [2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b] pyrazine-7-carbonyl]-amino }-methyl)­

pyrrolidine-1-carboxylic acid tert-butyl ester; 

2-(3 ,4,5-Trimethoxy-phenyl)-5H-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]-5H-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-b ]pyrazin-7-yl )-2,2-dimethyl­

propan-1-one; 

2-(3-Dimethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

2-Methyl-2-( tetrahydro-pyran-2-yloxy )-1-[2-(3, 4 ,5-trimethoxy-phen y 1)-5H-pyrrolo [ 2, 3-
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b ]pyrazin-7-yl]-propan-1-one; 

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

2-[3-(2-0xo-pyrrolidin-1-yl)-phenyl]-SH-pyrrolo [2,3-b ]pyrazine-7-carboxylic acid tert­

butylamide; 

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

ethylcarbamoyl-pyrrolidin-3-ylmethyl)-amide; 

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

ylmethyl)-amide; 

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

piperidin-4-ylmethyl)-amide; 

2-(3 ,4,5-Trimethoxy-phenyl)-5H-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-

methanesulfonyl-ethyl)-amide; 

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

ethyl)-amide 

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

propyl)-amide 

2-(3 ,4,5-T1imethoxy-phenyl)-SH-py1Tolo[2,3-b ]pyrazine-7-carboxylic acid ( tetrahydro-furan-

3-yl)-arnide; 

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

pyrrolidin-1-yl }-ethanone; 

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

2,2-Dimethyl-1-[2-(3-pyrazol-1-yl-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-propan-1-one; 

2-(3-Chloro-5-fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

(I -Meth yl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

methanone; 

3,3,3-Trifluoro-2-methyl-2-trifluoromethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-propan-1-one; 

l-[2-(3-Fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

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

ethyl)-amide; 

2,2-Dimethyl- l -{ 2-[3-(5-methyl-[ 1,3 ,4 ]oxadiazol-2-yl)-phenyl]-SH-pyrrol o[2,3-b )pyrazin-7-

yl )-propan-1-one; 
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2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-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-b ]pyrazin-7-yl]-propan-1-one; 

1-[2-(3-Dimethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl- l -{ 2-[3-(2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-

one; 

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

propyl)-amide; 

1-[2-( 4-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-N-methyl-benzamide; 

l -[2-(3-Methoxymethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

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

methanone; 

1-[2-( 4-Methoxymethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-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; 

l-[2-(3-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethy l-propan-1-one; 

2,2-Dimethyl-1-(2-phenyl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-propan-1-one; 

N-Cyclopentyl-3-[7 -( 2,2-dimeth y 1-propion yl )-SH-p yrrolo [2,3-b] pyrazin-2-yl ]-benzamide; 

2,2-Dimethyl-1-[2-(3-piperidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

2,2-Dimethyl-1-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzoic acid; 

1-[2-(3-Isopropenyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dirnethyl-propan-1-one; 

1-[2-(3-Hydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

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

methanone; 

4-Methoxy-1-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-pentan-1-one; 

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

methanone; 

1-[2-(3-Ethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

l-[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-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-1-one; 
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1-[2-(3-Methoxy-5-thiomorpholin-4-yl-phenyl)-5H-pyiTolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-Methoxy-5-(1-oxo- lf~4-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

2,2-dimethyl-propan-1-one; 

1-{ 2-[3-( 1, 1-Dioxo-1/,6 -thiomorpholin-4-yl)-5-methoxy-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl )-2,2-dimethyl-propan-1-one; 

1-[2-(3-Methoxymethoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one; 

1-[2-(3-lsopropoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan-1-one; 

l-[2-(3-Ethoxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-

propan-1-one; 

1-[2-(3-Hydroxy-5-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl­

propan- l-one; 

[2-(3-Methoxy-5-thiomorpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl­

cyclohexyl)-methanone; 

( 2-[3-(l, 1-Dioxo- lA. 6 -thiomorpholin-4-yl)-5-methoxy-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl )-(1-methyl-cyclohexyl)-methanone; 

{ 2-[3-Methoxy-5-( 1-oxo-l ),4-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )­

(1-meth yl-cyclohexyl)-methanone; 

1-{ 2-[3-(2,3-Dihydroxy-propoxy)-5-(1, 1-dioxo-1A.6-thiomorpholin-4-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan- l-one; 

1-{ 2-[3-(3-Methanesulfonyl-propoxy)-5-pyrroliclin-l -yl-phenyl]-5H-pynolo[2,3-b ]pyrazin-7-

yl )-2,2-dimethyl-propan- l-one; 

1-{ 2-[3-(2-Dimethylamino-ethoxy )-5-( 1, 1-dioxo- l'A.6 -thiomorpholin-4-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-one; 

1-{ 2-[3-(l, 1-Dioxo- l'A.6 -thiomorpholin-4-yl)-5-(2-hydroxy-1-methyl-ethoxy)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-one; 

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; 

1-{ 2-[3-( 1, 1-Dioxo- l'A. 6-thiomorpholin-4-yl)-5-( 1-methyl-pynolidin-3-yloxy)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-one; 

1-{ 2-[3-( 1, 1-Dioxo- l'A. 6 -thiomorpholin-4-yl)-5-( l-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-(l, 1-Dioxo-!A.6-thiomorpholin-4-yl)-5-(2-hydroxy-1-hydroxymethyl-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-

b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-one; 

1-{ 2-[3-(2,3-Dihydroxy-propoxy )-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl-l-{ 2-[3-(2-thia-7-aza-spiro[ 4.4]non-7-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

1-{ 2-[3-(2,2-Dioxo-2A.6 -thia-7-aza-spiro[ 4.4 ]non-7-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl )-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-(2-oxo-2A. 4-thia-7-aza-spiro[ 4.4]non-7-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-propan-1-one; 

2,2-Dimethyl- l-{ 2-[3-(3-trifluoromethyl-5,6-dihydro-8H-[ 1,2,4 ]triazolo[ 4,3-a]pyrazin-7-

ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-propan-1-one; 

1-{ 2-[3-(5,6-Dihydro-8H-[ l ,2,4]triazolo[ 4,3-a]pyrazin-7-ylmethyl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl- l-{ 2-[ 4-(3-trifluoromethyl-5,6-dihydro-8H-[1,2,4]triazolo[ 4,3-a]pyrazin-7-

ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one; 

4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-1,5-dimethyl-

piperazin-2-one; 

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

methanone; 

{ 2-[3-(Cyclopentyl-methyl-amino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-( 1-methyl­

cyclohexyl)-methanone; 

1-[2-(3-Cyclopentylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-

one; 

1-{ 2-[3-(2-Hydroxy-cyclopentylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

3-Methyl-4-{ 3-[7-(l-methyl-cyclohexanecarbon yl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-

piperazin-2-one; 

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

dimethyl-propan-1-one; 
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2,2-Dimethyl- l-{ 2-[3-(l -methyl-pyrrolidin-3-ylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

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

propan-1-one; 

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

dimethyl-propan- l-one; 

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

dimethyl-propan-1-one; 

1-[2-(3-Isopropylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

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

dimethyl-propan-1-one; 

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

dimethyl-propan-1-one; 

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

dimethyl-propan-1-one; 

1-{ 2-[3-( ( 1R,2S )-2-Hydroxy-cyclopentylamino )-phen yl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

2,2-dimethyl-propan-1-one; 

1-{ 2-[3-(l-Methanesulfonyl-piperidin-4-ylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

2,2-dimethyl-propan- l-one; 

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

yl )-3-oxo-propionitrile; 

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

propionitrile; 

2,2-Dimethyl-3-oxo-3-[2-(3-pyrrolidin-1-yl-pheny 1 )-5H-pyn·olo[2,3-b ]pyrazin-7-yl]­

propionitrile; 

2,2-Dimethyl-3-phenyl- l-[2-(3-pyn·olidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

propan-1-one; 

1-[2-(3-Pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

cyclohexanecarbonitrile; 

2,2-Dimethyl-3-oxo-3-[2-(3-piperazin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

propionitrile; 

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-yl}-2,2-dimethyl-propan-1-one; 
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2,2-Dimethyl-l-{2-[3-(3-trifluoromethyl-5,6-dihydro-8H-[1,2,4]triazolo[ 4,3-a ]pyrazin-7 -yl)-phenyl]-

5H-pyrrolo[2,3-b ]pyrazin-7 -yl }-propan-1-one; 

N-Allyl-N-{ 2,2-dimethyl-3-oxo-3-(2-(3-pyrrolidin- l -yl-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7 -yl]­

propyl }-benzenesulfonamide; 

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

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

2,2-Dimethyl-1-[2-(3-piperazin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

2-{ 2-Benzenesulfonylamino-4-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-

phenoxy )-2-methyl-propionic acid ethyl ester; 

2-(3,4,5-Trimethoxy-phenyl)-5H-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-methanesulfonyl­

ethyl)-amide; 

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

amide; 

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

an1ide; 

2-(3 ,4,5-Trimethoxy-phenyl)-5H-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 -carboxyli c acid (2-methoxy-ethyl)-amide; 

2-(3, 4 ,5-Trimethoxy-phenyl )-5H-pyrrolo[2,3-b ]pyrazine-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-(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-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

l -[2-(2-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one; 

l-[2-(3-Methoxy-phen yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimeth yl-propan-1-one; 

1-[2-( 4-Methoxy-3-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl­

propan- l-one; 

l-[2-(3-Methoxy-5-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-

propan-1-one; 

2,2-Dimethyl- l-[2-( 4-methylsulfanyl-3-pyrrolidin- l-yl-phen yl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-propan-1-one; 

1-[2-( 4-Methanesulfinyl-3-pyrrolidin-l -yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan- l -one; 

1-{ 2-[3-(3-Methanesulfonyl-pyrrolidin- l -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan- l-one; 

1-{ 2-[3-(3,3-Dimethyl-pyrrolidin-l -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-(3-Methoxy-azetidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan- l-one; 

( 4-Methyl-piperidin-4-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

methanone; 

2-( 3-Chloro-5-fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid isopropylamide; 

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

isopropylamide; 

2-[3-(2-Methoxymethyl-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic 

acid isopropylamide; 

1-{ 2-[3-(3-Methoxy-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan-1-one; 

1-{ 2-[3-( 4-Methoxy-benzyloxy )-phenyl]-5H-pyn·o] o[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan- l-one; 

l-[2-(3-Iodo-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

1-{ 2-[3-(3-Ethylamino-pyrrolidin-l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimeth yl-propan-1-one; 

((3aS,6aS)- l-Methyl-octahydro-pentalen- l-yl)-[2-(3-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-
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b ]pyrazin-7-yl]-methanone; 

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

pyrrolidine-3-carboxylic acid methyl ester; 

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

pyrrolidin-3-yl)-carbamic acid benzyl ester; 

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

pyrrolidine-3-carboxylic acid methylamide; 

[2-(3-Iodo-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)-methanone; 

( ( 1 S ,2S)- l ,2-Dimethyl-cyclopentyl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-

7-yl]-methanone; 

1-{ 2-[3-(3-Amino-3-methyl-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dirnethyl-propan-1-one; 

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

pyrrolidin-3-yl)-carbamic acid ethyl ester; 

(1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-4,4-dimethyl­

pyrrolidin-3-yl)-carbamic acid ethyl ester; 

3-Methyl-3-[2-(3 ,4,5-trimethoxy-phenyl)-SH-pyrrolo [2,3-b ]pyrazine-7-carbonyl]­

cyclopentanone; 

1-{ 2-Meth yl-2-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

pyrrolidin-1-yl }-ethanone; 

(l-Methyl-cyclohexyl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone; 

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

methanone; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzoic acid; 

( l-Methyl-cyclopentyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone; 

4-Methoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-pentan-1-one; 

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

methanone; 

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

1-one; 

2-Methoxy-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-ethanone; 



WO 2009/106441 PCT/EP2009/051755 

-305-

l-[2-(3-Benzyloxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one; 

1-[2-(3-Ethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

1-[2-(3-Isobutoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-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- l -one; 

2,2-Dimethyl-1-[2-(3-propoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

Adamantan-1-yl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-methanone; 

3-Methoxy-2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl)­

propan-1-one; 

l-[2-(3-Ethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan-1-one; 

l -[2-(3,5-Dimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazin-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; 

1-[2-(3-Aminomethyl-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-2,2-dirnethyl-propan-l-one; 

1-{ 2-[3-(2-Hydroxy-ethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-l-

011e; 

3-Hydroxy-2,2-dimethyl- l -[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]­

propan-1-one; 

2,2-Dimethyl-1-[2-(3-piperidin-1-ylmethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-

1-one; 

4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzoic acid; 

(1-Methyl-cyclopentyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-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; 

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

piperazine-1-carboxylic acid tert-bntyl ester; 

(1-Methyl-cyclohexyl)-[2-(3-piperazin-1-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 )pyrazin-7-yl)­

methanone; 

l-[2-(2-Fluoro-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

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

piperazin-1-yl)-ethanone; 
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(1-Methyl-cyclohexyl)-{ 2-[3-(5-methyl-[ l ,3,4]oxadiazol-2-yl)-phenyl ]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-methanone; 

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

methanone; 

4-{ 4-[7-(l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl ]-phenyl}­

piperazine-1-carboxylic acid tert-butyl ester; 

[2-(3-Methoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-( 1-methyl-cyclohexyl)-methanone; 

(l-Methyl-cyclohexyl)-[2-( 4-piperazin- l-yl-phenyl)-5H-pyn-olo[2,3-b ]pyrazin-7-yl]­

methanone; 

1-( 4-{ 4-[7-( l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }­

piperazin-1-yl)-ethanone; 

l-[2-(2-H ydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

( 4-Hydroxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone; 

[2-( 4-Dimethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(l-methyl-cyclohexyl)­

methanone; 

3-( 4-{ 3-[7-(l-Meth yl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }­

piperazin- l -yl)-3-oxo-propionitrile; 

4-( 4-( 3-[7-( l -Methyl-cyclohexanecarbonyl)-SH-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }­

piperazine-1-carbonyl)-piperidine-1-carboxylic acid tert-butyl ester; 

4-( 3-[7-(1-Methyl-cyclohexanecarbonyl)-5H-pyrrolo [2,3-b ]pyrazin-2-yl]-phenyl }­

piperazine-1-sulfonyl carbamic acid tert-butyl ester 

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

methyl-cyclohexyl)-methanone; 

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

piperazine-1-sulfonic acid amide; 

(l-Methyl-cyclohexyl)-(2- { 3-[ 4-(piperidine-4-carbonyl)-piperazin- l -yl]-phenyl }-5H­

pyrrolo[2,3-b ]pyrazin-7-yl)-methanone; 

(1-Methyl-cyclohexyl)-[2-( 4-piperidin- l-yl-phenyl)-5H-pyn-olo[2,3-b ]pyrazin-7-yl]­

methanone; 

[2-( 4-Diethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-(l-methyl-cyclohexyl)­

methanone; 

(1,3-Dimethyl-cyclohexyl)-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-
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methanone; 

( 1-Methyl-cyclohexyl)-[2-( 4-morpholia-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-

methanone; 

(1-Methyl-cyclohexyl)-{ 2-( 4-( 4-methyl-piperazin-1-yl)-phenyl]-5H-pyrrol o[2,3-b ]pyrazin-7-

yl }-methanone; 

[2-( 4-Methylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-( 1-methyl-cyclohexyl)-

methanone; 

( 4-H ydroxy-1-methyl-cyclohexyl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-methanone; 

4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b )pyrazin-2-yl]-N-meth yl­

benzenesulfonamide; 

4-(7 -(2,2-Dimeth yl-propionyl )-5H-p yrrolo[2,3-b ]pyrazin-2-yl ]-benzenesulfonamide; 

3-(7 -(2,2-Dimeth yl-propi onyl )-SH-pyrrolo [2,3-b ]pyrazin-2-yl ]-benzenesulfonamide; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-N-methyl­

benzenesulfonamide; 

I-{ 2-[3-(2,8-Diaza-spiro[ 4.5]dec-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-(2, 7-Diaza-spiro[ 4.4 ]non-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-(3-Aminomethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl}-2,2-

dimethyl-propan- l-bne; 

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

propan-1-one; 

1-{ 2-[3-(2, 7-Diaza-spiro[ 4.5]dec-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

1-( 2-[3-(3-Dimeth ylamino-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan- l -one; 

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

dimethyl-propan- l-one; 

1-{ 2-[3-( 4-Amino-piperidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan- l-one; 

2,2-Dimethyl-1-( 2-[3-(3-methy l-piperazin-1-yl)-phenyl]-SH-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-yl }-2,2-

dirnethyl-propan-1-one; 

1-{ 2-[3-(3-Arnino-azetidin- l-yl)-phenyl]-SH-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan-1-one; 

1-{ 2-[3-(3-Chloro-2-hydroxy-propylarnino)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-(2,2-Dimethyl-propylarnino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan-1-one; 

2,2-Dimethyl-1-[2-(3-pyrrolidin-l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

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

methanone; 

1-[2-(3-Fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-dimethyl-propan-1-one; 

(1-Methyl-cyclohexyl)-[2-(3-pyrrolidin-1-yl-phenyl)-SH-pyrrolo[2,3-b ]pyrazin-7-yl]-

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-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-pent-4-en- l-

one; 

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

2,2-Dimethyl-4-morpholin-4-yl- l-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-butan- l-one; 

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

pentanenitiile; 

5 ,5-Dirnethyl-6-oxo-6-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

hexanenitrile; 

2,2-Dimethyl-1-[2-(3-pyrazol-1-yl-phenyl)-SH-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

2,2-Dimethyl- l-{ 2-[3-(5-methyl-[1,3,4] oxadiazol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

2,2-Dimethyl- l-{ 2-[3-(2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-

one; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-N-methyl-benzarnide; 

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-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

N-Cyclopentyl-3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzarnide; 
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3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzoic acid; 

1-[2-(3-Isopropenyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

l-[2-(3-Hydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one; 

l-[2-(3-tert-Butyl-5-methyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-

one; 

l-(2-Biphenyl-3-yl-5H-pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l -one; 

l-[2-(3-tert-Butoxymethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-2,2-climethyl-propan- l -

one; 

l-[2-(3-Isopropyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-climethyl-propan-1-one; 

1-{ 2-[3-(3 ,5-Dimethyl-isoxazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan-1-one; 

1-[2-(3-Bromo-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-(2-methyl-2H-pyrazol-3-yl)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazin-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-yl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

1-[2-(3-Hydroxymethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

1-[2-(3-Cyclopent- l-enyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-

one; 

1-[2-(3-Acetyl-4-hydroxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-

one; 

1-{ 2-[3-(3H-Imidazol-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan- l-

one; 

2,2-Dimethyl- l-[2-(3-oxazol-5-yl-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

2,2-Dimethyl- l-[2-(3-trimethylsilanyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

3-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl )-3-oxo­

propionitrile; 

1-[2-(3-Iodo-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

2,2-Dimethyl-1-{ 2-[3-(5-trifluoromethyl-2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-propan-1-one; 

l-[2-(3-Cyclohex- l-enyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimeth yl-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-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l -one; 

1-(2-Biphenyl-4-yl-5H-pynolo[2,3-b ]pyrazin-7-yl)-2,2-dimethyl-propan- l-one; 

1-[2-(3-Imidazol-l-yl-phenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

2,2-Dimethyl- l -{ 2-[ 4-(5-methyl-[1,3,4 ]oxadiazol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

2,2-Dimethyl-1-[2-( 4-trimethylsilanyl-phenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

1-[2-( 4-Iodo-phenyl)-5H-pynolo[2,3-b ]pyrazin-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-yl }-2,2-dimethyl­

propan-1-one; 

2,2-Dimethyl-1-{ 2-[ 4-(2-methyl-2H-pyrazol-3-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }­

propan-1-one; 

1-{ 2-[ 4-(3H-Imidazol-4-yl)-phenyl)-5H-pynolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-

one; 

2,2-Dimethyl-1-{ 2-[ 4-(2-piperidin-l-yl-ethoxy)-phenyl]-5H-pynolo[2,3-b]pyrazin-7-yl }­

propan-1-one; 

1-{ 2-[3-(3,3-Dimethyl-pynolidin-1-yl)-phenyl]-5H-pynolo[2,3-b )pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

3-[7 -(2,2-Dimeth yl-propion yl )-5H-pyrrolo [2,3-b )p yrazin-2-yl ]-N-eth yl-benzarnide; 

1-{ 2-[3-( (R)-3-H yc!roxyrnethyl-pyrrolidin- l-yl)-phenyl]-5H-pynolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-( (S)-3-Hydroxyrnethyl-pynolidin- l-yl)-phenyl]-5H-pynolo[2,3-b )pyrazin-7-yl }-2,2-

dimethyl-propan- l-one; 

(1-Methyl-cyclohexyl)-{ 2-[ 4-(2-piperidin- l-yl-ethoxy)-phenyl]-5H-pyrrolo[2,3-b )pyrazin-7-

yl }-methanone; 

2,2-Dimethyl-1-{ 2-[3-(1H-pyrazol-4-yl)-phenyl]-5H-pyn-olo[2,3-b ]pyrazin-7-yl }-propan-1-

one; 

1-{ 2-[3-(3,3-Difluoro-azetidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan- l-one; 

2,2-Dimethyl-1- { 2-[3-(2-oxa-6-aza-spiro[3 J]hept-6-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

1-{ 3-[7-(2,2-Dirnethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-pyrrolidin-2-one; 

1-{ 3-[7-( l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl)-phenyl }­

pyrrolidin-2-one; 
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(1-Methyl-cyclohexyl)-[2-(3-pyrrol- l-yl-phenyl)-SH-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone; 

2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-phenyl]-SH-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

isopropylamide; 

1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-pyrrolidine-3-

carbonitrile; 

1-{ 2-[3-(3-Dimethylamino-azetidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-phenyl]-SH-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (3-

hydroxy-2,2-dimethyl-propyl)-amide; 

1-( 2-[3-(3,3-Dimethyl-azetidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan- l -one; 

2-[3-(3 ,3-Dimethyl-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

te1t-butylamide; 

2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-

methoxy-propyl)-amide; 

2-[3-(3,3-Dimethyl-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-yl]-propan-1-

one; 

1-[2-(3,5-Di-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-

one; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-benzonitlile; 

3-[7-( l -Methyl-cyclohexanecarbonyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzaldehyde; 

(l-Methyl-cyclohexyl)-[2-(3-pyrrolidin- l-ylmethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone; 

1-{ 2-[3-( 4,5-Dihydro- l H-imidazol-2-ylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

1-( 2-[3-( 4,5-Dihydro-1H-imidazol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l-one; 

2,2-Dimethyl- l-{ 2-[3-(1,4,5 ,6-tetrahydro-pyrimidin-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

7-yl }-propan-l-one; 

1-{ 2-[3-(5 ,5-Dimethyl-1,4,5 ,6-tetrahydro-pyrimidin-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

7-yl )-2,2-dimethyl-propan- l-one; 



WO 20091106441 PCT/EP2009/051755 

-312-

1-{ 2-[3-( 4,4-Dimethyl-4,5-dihydro-1H-imidazol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-2,2-dimethyl-propan- l-one; 

2,2-Dimethyl- l -{ 2-[3-(l -methyl-4,5-dihydro- l H-imidazol-2-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-propan-1-one; 

Pyrrolidin- l-yl-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-methanone; 

(3,3-Dimethyl-pyrrolidin- l-yl)-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]­

methanone; 

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

3,3,3-Trif1uoro-2-methyl-2-trif1uoromethyl- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b ]pyrazin-7-yl]-propan-1-one; 

1-[2-(3-Ethylamino-phenyl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

l -[2-(3-Diethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l -one; 

l-[2-(3-Amino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyJcpropan- l -one; 

N-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenyl }-acetamide; 

1-{ 2-[3-(3-Hydroxy-pyrrolidin- l -yl)-phenyl]-5H-pyn·olo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl­

propan- l-one; 

1-{ 2-[3-(l, 1-Dioxo-1 A.6-thiomorpholin-4-yl)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

l-[2-(3-Azetidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

2,2-Dimeth yl-1-{ 2-[3-( 1-oxo-1A4-thiomorpholin-4-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

2,2-Dimethyl-1-[2-(3-pynol-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

1-{ 2-[3-(2-Methanesulfonyl-ethylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl} -2,2-

dimethyl-propan-1-one; 

1-{ 2-[ (3aS,6aR)-3-(Hexahydro-pyrrolo[3 ,4-c ]pyrrol-2-y1)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

7-yl }-2,2-dimethyl-propan-l-one; 

1-{ 2-[3-( (S)-2-Hydroxymethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propru1- l -one; 

1-{ 2-[3-( (R)-2-Hydroxymethyl-pyrrolidin- l -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

N-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-phenyl }­

methanesulfonamide; 

N-( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-phenylsulfamoyl }-
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phenyl)-acetamide; 

4-Amino-N-{ 3-[7-(2,2-dimethyl-propionyl)-5H-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-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-2-methyl­

phenylsulfamoyl }-phenyl)-acetamide; 

4-Amino-N- { 5-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-2-methyl­

phenyl }-benzenesulfonamide; 

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

dimethyl-propan-1-one; 

1-( 2-[3-(3-Hydroxy-3-methyl-pyrrolidin-1-yl)-phenyl]-5H-py1TO!o[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

3-[7 -(2,2-Dime th yl-propionyl )-5H-pyrro 1 o [2,3-h ]pyrazin-2-y l ]-benzaldeh yde; 

2,2-Dimethyl-1-[2-(3-pyrrolidin-1-ylmethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-

1-one; 

1-{ 2-[3-( 4-Dimethylamino-piperidin-1-ylmethyl)-phenyl]-5H-pyiTolo[2,3-b ]pyrazin-7-yl )-

2,2-dimethyl-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-( 4-methyl-piperazin-1-ylmethyl)-phenyl]-5H-pyn·olo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

1-[2-( 4-Aminomethyl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-( 4-methylsulfanyl-piperidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-propan-1-one; 

1-( 2-[3-(3-Hydroxy-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

1-{ 2-[3-( (S)-2-Hydroxymethyl-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-2,2-dimethyl-propan- l-one; 

1-{ 2-[3-( (R)-2-H ydroxymethyl-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-2,2-dimethyl-propan-1-one; 

( 1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl )-pyrrolidin-3-yl)­

carbamic acid tert-butyl ester; 

1-[2-(3-{ [Bis-(2-hydroxy-ethyl)-amino ]-methyl }-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one; 
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1-[2-(3-{ [Ethyl-( 4-hydroxy-butyl)-arnino ]-methyl }-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl ]-

2,2-dimethyl-propan-1-one; 

(S )-1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl }-pyrrolidine-2-

carboxylic acid amide; 

(R)-1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl }-pyrrolidine-2-

carboxylic acid amide; 

1-{ 2-[3-( 4-Hydroxymethyl-piperidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-

2,2-dimethyl-propan- l-one; 

1-{ 2-[3-(3-Hydroxymethyl-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-

2,2-dimethyl-propan-1-one; 

1-{ 2-[3-(3-Amino-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-(3-methylamino-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl}-propan-1-one; 

1-{ 2-[3-(1H-lrnidazol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-

one; 

1-{ 2-[3-(3-Benzyl-pyrrolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

N-( 1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl )-pyrrolidin-3-

yl)-N-methyl-methanesulfonamide; 

N-(1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl }-pyrrolidin-3-

yl)-methanesulfonamide; 

4-[7-(2,2-Dimethyl-propi onyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-2-pyrrolidin-1-yl-benzonitrile; 

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

propan-1-one; 

1-{ 2-[3-(3-Methoxymethyl-3-methyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl )-2,2-dimethyl-propan-1-one; 

1-{ 2-[ (1 S,5R)-3-(3-Aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 

2,2-Dimethyl- l-[2-(3-piperidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

2,2-Dimethyl-1-[2-(3-morpholin-4-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

1-{ 2-[3-( ( 1 S,5R,6R)-6-Methanesulfonylmethyl-3-aza-bicyclo[3 .1. O]hex-3-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-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-pyrroliclin- l-yl­

benzonitrile; 

3-[7 -(2,2-Dimethyl-propion yl )-5H-pyrrol o [2,3-b ]pyrazin-2-yl ]-N-(2-methanesulfon yl-eth yl )-

5-pyrrolidin- l -yl-benzamide; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-5-pyrrolidin-l -yl-benzamide; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-N-(2-hydroxy-ethyl)-5-

pyrrolidin-l-yl-benzamide; 

2,2-Dimethyl- l-{ 2-[3-( 4-methyl-piperazine-1-carbonyl)-5-pyrrolidin-1-yl-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one; 

1-{ 2-[ (3aS,6aR)-3-(Hexahydro-cyclopenta[ c ]pyrrol-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-

7-yl }-2,2-climethyl-propan- l-one; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-5-pyrrolidin- l-yl-benzoic 

acid; 

3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-5-(3,3-dimethyl-pyrrolidin- l­

yl)-benzamide; 

2,2-Dimethyl-l-{ 2-[3-( (1S,5R)-1-phenyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one; 

1-{ 2-[3-(3,3-Diethyl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan-1-one; 

2,2-Dimethyl-l-{ 2-[3-( 4-methyl-piperazin- l-ylmethyl)-5-pyrroliclin- l-yl-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one; 

1- ( 2-[3-( (1 S,5R,6R)-6-H ydroxymethyl-3-aza-bicyclo[3. l .O]hex -3-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-dimethyl-propan-1-one; 

{ 2-[3-( (1 S,5R,6R)-6-Hydroxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl ]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-( 1-methyl-cyclohexyl)-methanone; 

1-{ 2-[3-( ( 1R,5S,6R)-6-Methoxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-climethyl-propan-1-one; 

{ 2-[3-( (1R,5S,6R)-6-Hydroxymethyl-3-aza-bicyclo[3. l .O]hex-3-yl)-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-( 1-methyl-cyclopentyl)-methanone; 

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

propan-1-one; 

1-{ 2-[3-( 4-Hydroxy-4-methyl-piperidin-l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-1-one; 
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1-{ 2-[3-(3-Hydroxymethyl-3-methyl-pyrrolidin- l -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-2,2-dimethyl-propan- l-one; 

N-(1- { 3-[7-(2,2-Dimethyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-phenyl }-3-methyl­

pyrTOlidin-3-ylmethyl)-acetamide; 

N-(1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-phenyl }-3-methyl­

pynolidin-3-ylmethyl)-methanesulfonamide; 

(1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]-phenyl }-3-methyl­

pyrrolidin-3-ylmethyl)-carbamic acid methyl ester; 

2,2-Dimethyl-1-[2-( 4-pynolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-propan-1-one; 

1-[2-(3-Dimethylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan- l-one; 

N-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl }­

methanesulfonamide; 

N-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl }-C-phenyl­

methanesulfonamide; 

Cyclopropanesulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]­

benzylamide; 

N-{ 3-[7-(2,2-Dimeth yl-propionyl)-5H-pyirolo[2,3-b ]pyrazin-2-yl]-benzyl }­

benzenesulfonamide; 

N-{ 4-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyi-azin-2-yl]-benzyl }-C-phenyl­

methanesulfonamide; 

Cyclopropanesulfonic acid 4-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]­

benzylamide; 

Propane-1-sulfonic acid 3-[7-(2,2-dimethyl-propionyl)-5H-pynolo[2,3-b ]pyrazin-2-yl]­

benzylamide; 

1-{ 2-[3-(2-tert-Butyl-pynolidin-1-ylmethyl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan- l-one; 

1-(2-{ 3-[ (Cyclohexyl-methyl-amino )-methyl ]-phenyl )-5H-pynolo[2,3-b ]pyrazin-7-yl)-2,2-

dimethyl-propan- l-one; 

1-{ 2-[3-(3-Dirnethylamino-pynolidin- l -ylmethyl)-phenyl]-5H-pynolo[2,3-b ]pyrazin-7-yl )-

2,2-dimethyl-propan-l -one; 

2,2-Dimethyl-1-{ 2-[3-( (S )-2-methyl-pyrrolidin- l -ylmethyl)-phenyl]-5H-pynolo[2,3-

b ]pyrazin-7-yl }-propan-1-one; 

1-{ 2-[3-(3-Methoxy-pyrrolidin- l-ylmethyl)-phenyl]-5H-pynolo[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)-phen yl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-2,2-dimethyl-propan-1-one; 

1-(2-{ 3-[ ( 4,5-Dihydro- l H-imidazol-2-ylamino )-methyl]-phenyl }-5H-pyrrolo[2,3-b ]pyrazin-7-

yl)-2,2-dimethyl-propan- l -one; 

1-{ 2-[3-(3 ,3-Dimethyl-pyrrolidin-1-ylmethyl)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan- l -one; 

3-( 4-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-benzyl }-piperazin-1-

yl )-3-oxo-propionitrile; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-methoxy-1-

methyl-ethyl)-am.ide; 

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

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

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

pyrrolidin-3-ylmethyl)-amide; 

2-(3,4,5-Trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (1-

ethylcarbamoyl-pyrrolidin-3-ylmethyl)-amide; 

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

ylmethyl)-arn.ide; 

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

piperid.in-4-ylmethyl)-arn.ide; 

1-{ 2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-5-( l-methyl-piperidin-4-yloxy )-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl- l-{ 2-[ (3aR,6aS )-3-( tetrahydro-thieno[3,4-c ]pyrrol-5-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one; 

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

dimethyl-propan-1-one; 

1-(2-{ 3-[ (2-Methanesulfonyl-ethylamino)-methyl ]-5-pyrrolidin-1-yl-phenyl }-5H­

pyrrolo[2,3-b ]pyrazin-7-yl)-2,2-dimeth yl-propan-1-one; 

1-{ 2-[3-(3,3-Dimethyl-azetidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-d.imethyl­

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-2A.6-thieno[3 ,4-c ]pyiTol-5-yl)-phenyl]-5H­

pyrrolo[2,3-b )pyrazin-7-yl )-2,2-dimethyl-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-( (3aR,6aS )-2-oxo-hexahydro-2A.4-thieno[3,4-c )ppol-5-yl)-phenyl]-

5H-pyrrolo[2,3-b ]pyrazin-7-yl }-propan-1-one; 

2-0xo-2,3-dihydro-benzooxazole-6-sulfonic acid { 6-[7-(2,2-dimethyl-propionyl)-5H­

pyrrolo[2,3-b ]pyrazin-2-yl]- lH-indol-4-yl }-amide; 

2-Methyl-2-phenyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-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-

dimethyl-propan-1-one; 

lH-Indazole-5-sulfonic acid { 6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]­

lH-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)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]- lH­

indol-4-yl}-benzenesulfonamide; 

1-{ 2-[3-(2-Methoxy-2-methyl-propylamino )-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

2-[3-(3,3-Dimethyl-ppolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

tert-butylamide; 

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

butyronitrile; 

1-{ 2-[3-(3-H ydroxy-azetidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl­

propan-1-one; 

l-[2-(3-Methanesulfonylmethoxy-5-pyrrolidin- l -yl-phenyl)-5H-pyrrolo[2,3-b )pyrazin-7-yl}-

2,2-dimethyl-propan-1-one; 

N- { 6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-lH-indol-4-yl }-3-

methoxy-benzenesulfonamide; 

2-[3-(3,3-Dimethyl-pyrrolidin-1-yl)-phenyl}-5H-ppolo[2,3-b }pyrazine-7-carboxylic acid (2-

methoxy-propyl)-amide; 

(1-{ 3-[7-(2,2-Dimethyl-propionyl)-5H-pyiTolo[2,3-b )pyrazin-2-yl}-phenyl }-4,4-dimethyl-
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pyrrolidin-3-yl)-carbamic acid ethyl ester; 

3-Methyl-3-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl)­

cyclopentanone; 

2-[3-(3,3-Dimethyl-pyrrnlidin- l -yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

(tetrahydro-pyran-3-yl)-amide; 

4-( 4-Hydroxy-piperidin- l-yl)-2,2-dimethyl- l-[2-(3,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-

b )pyrazin-7-yl]-butan-1-one; 

4-[ (2-H ydroxy-ethyl)-methyl-amino ]-2,2-dimethyl-1-[2-(3,4,5-trimethoxy-phenyl)-5H­

pyrrolo[2,3-b ]pyrazin-7-yl]-butan-1-one; 

2,2-Dimethyl-1-{ 2-[3-(tetrahydro-pyran-4-ylarnino )-phenyl]-5H-pyITolo[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]- lH-indol-4-yl }­

benzenesulfonarnide; 

2-[3-(3,3-Dimethyl-pyr-rolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

( (S)-2-hydroxy-1,2-dimethyl-propyl)-amide; 

1-[2-(3-Fluoro-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-1-one; 

(3-Hydroxy-1-meth y 1-cyclopentyl )-[2-(3, 4,5-trimeth oxy-phen y 1 )-5 H-p yrro 1 o [2,3-b )pyrazin-

7 -yl ]-methanone; 

4-Amino-N-{ 6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]-lH-indol-4-yl )-

3-fluoro-benzenesulfonamide; 

2-{ 4-Methyl-4-[2-(3 ,4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazine-7-carbonyl]­

piperidin-1-yl }-acetamide; 

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

piperidin-1-yl }-ethanone; 

6-0xo-1,6-dihydro-pyridine-3-sulfonic acid { 6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-

b )pyrazin-2-yl]-1 H-indol-4-yl }-amide; 

4-Amino-N-{ 6-[7-(2,2-dimethyl-propionyl)-5H-pyrrolo[2,3-b]pyrazin-2-yl]-1H-indol-4-yl}-

3-trifluoromethyl-benzenesulfonamide; 

1-{ 2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-5-(3-methanesulfonyl-propoxy)-phenyl]-5H­

pyrrolo[2,3-b )pyrazin-7-yl }-2,2-dimethyl-propan-1-one; 

N-{ 6-[7-(2,2-Dimethyl-propionyl)-5H-pyrrolo[2,3-b ]pyrazin-2-yl]- lH-indol-4-yl }-4-

hydroxy-benzenesulf onamide; 

( ( 1S,3 S )-3-H ydroxy-1-meth yl-cyclopen tyl)-[2-(3 ,4 ,5-trimethoxy-ph en yl )-5 H-pyrro lo [2,3-
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b ]pyrazin-7-yl]-methanone; 

1-{ 2-[3-(2-Aza-bicyclo[2. l. l ]hex-2-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl }-2,2-

dimethyl-propan-1-one; 

(( l S,2R)- l ,2-Dimethyl-cyclopentyl)-[2-(3-pyrrolidin-1-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-

7-yl]-methanone; 

1-{ 2-[3-(3,3-Dimethyl-pyrrolidin-l-yl)-5-(2-hydroxy-propoxy )-phenyl]-5H-pyrrolo[2,3-

b ]pyrazin-7-yl }-2,2-dimethyl-propan-l -one; 

1-{ 2-[3-( 4,5-Dihydro- JH-irnidazol-2-ylamino )-5-(3,3-dimethyl-pyrrolidin-1-yl)-phenyl]-5H­

pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-dimethyl-propan- l-one; 

2-[3-(3 ,3-Dimethyl-pyrrolidin-1-yl)-phenyl ]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid 

phenylarnide; 

2-[3-(3,3-Dimethyl-pyrrolidin- l-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazine-7-carboxylic acid (2-

hydroxy-1, 1-dimethyl-ethyl)-arnide; 

2,2-Dimethyl-1-[2-(3-methylsulfanyl-5-pyrrolidin- l -yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-

yl]-propan-1-one; 

1-[2-(3-Methanesulfinyl-5-pyrrolidin-1-yl-phen yl )-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one; 

1-[2-(3-Methanesulfonyl-5-pyrrolidin- l-yl-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-

dimethyl-propan-1-one; 

2,2-Dimethyl-1- { 2-[3-(3-pyridin-4-yl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

2,2-Dimethyl-1-{ 2-[3-(3-pyridin-2-yl-pyrrolidin-1-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

1-{ 2-[3-(l, 7-Diaza-spiro[ 4.4]non-7-yl)-phenyl]-5H-pyrrolo[2,3-b ]pyrazin-7-yl )-2,2-

dimethyl-propan-l-one; 

2,2-Dimethyl-1- { 2-[3-(3-pyiidin-3-yl-pyrrolidin-1-yl)-phen yl]-5H-pyrrolo[2,3-b ]pyrazin-7-

yl }-propan-1-one; 

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

propan-1-one; 

3-M ethanesulfonyl-2,2-dimethyl-1-[2-(3, 4,5-trimethoxy-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7 -yl]­

propan-1-one; 

2-[3-(2-Dimethylamino-ethoxy )-5-(3 ,3-dimethyl-pyrrolidin-1-yl )-phenyl ]-5H-pyrrolo [2,3-b ]pyrazine-

7 -carboxylic acid (3-hydroxy-2,2-dimethyl-propyl)-amide; 

I -[2-(3-tert-Butylamino-phenyl)-5H-pyrrolo[2,3-b ]pyrazin-7-yl]-2,2-dimethyl-propan-l -one; and 

1-(2-(3-[3-(2,3-Dihydroxy-propyl)-3-methyl-pyrrolidin-l -yl]-phenyl }-5H-pyrrolo[2,3-b ]pyrazin-7-

yl)-2,2-dimethyl-propan-l-one. 

7. A compound of formula II' according to claim 1: 

0 

Q'(N~R' 
N N 

H 

Il' 

5 wherein: 

R1 is C1-6 alkyl, C 1-6 alkoxy, phenyl, benzyl, heteroaryl, cycloalkyl, heterocycloalkyl, 

or cycloalkyl alkylene, optionally substituted with one or more R1
'; 

Rla is Rlb orRic. , 
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each R 1
b is independently halogen, oxo, hydroxy, or -CN; 

each R1c is independently-C(=O)O(R1
'), -C(=O)(R1o), -

C(=O)CH2(R1o), -S(R1
'), -S(Oh(R1

'), -N(R1')S(Oh(R1
'), -

S(=O)(R1
'), C1-6 alkyl, C 1-6 alkoxy, amino, amido, C 1- 6 haloalkyl, 

phenyl, heteroaryl, cycloalkyl, heterocycloalkyl, cycloalkyloxy, or 

heterocycloalkyloxy optionally substituted with one or more R1
d; 

each R1
d is independently halogen, hydroxy, C1-6 alkyl, C1-6 

alkoxy, C1-6 hydroxyalkyl, amino, amido, cyano, or C 1-6 

haloalkyl; 

each R1
' is independently H, C1-6 alkyl, C1-6 alkoxy, -CN, 

C 1-6 haloalkyl, phenyl, heteroaryl, cycloalkyl, or 

heterocycloalkyl; 

each R1
' is independently H, C 1-6 alkyl, C1-6 haloalkyl, C1-6 

alkenyl, phenyl, heteroaryl, cycloalkyl, or heterocycloalkyl; 

and 

Q1 is as defined according to any one of the claims 1 to 6; 

or a pharmaceutically acceptable salt thereof. 

8. A compound of formula III according to claim 1: 

Ill 

wherein R2
b is independently C1-6 alkyl, C1-6 alkoxy, phenyl, heteroaryl, cycloalkyl, 

heterocycloalkyl, or heterocycloalkyl alkylene, optionally substituted with one or more R2
'; 

R2
' is R2

' or R2
'· , 

each R2d is independently halogen, oxo, or hydroxy; 

each R2
' is independently-N(R2g)2, -C(=O)( R2g), -

C(=O)O( R2g), -C(=O)N(R'g),, -N(R2g)C(=O)( R2g), 

-S(=Oh(R2g), -S(0)2 N(R2g) ,, C1-6 alkyl, C1-6 

alkoxy, C1-6 haloalkyl, phenyl, heteroaryl, 

heteroaryloxy, cycloalkyl, or heterocycloalkyl, 

optionally substituted with one or more R"; 
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each R" is independently H, halogen, C1-6 

alkyl, C1-6 alkoxy, C1-6haloalkyl; 

each R2
g is independently H, C 1-6 alkyl, C1-6 

alkoxy, C1-6 haloalkyl, or phenyl; and 

5 Q1 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 l in the manufacture of a medicament for the treatment 

10 of an inflammatory disorder. 

15 

10. Use of the compound according to any one of the claims 1 to 8 in the manufacture of 

a medicament for the treatment of an autoimmune disorder. 

11. Compound according to any one of the claims l to 8 for use in the treatment of an 

inflammatory disorder or of an autoinunune disorder. 


