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PYRIDO[4,3-B]PYRAZINE-2-CARBOXAMIDES AS NEUROGENIC AGENTS FOR 

THE TREATMENT OF NEURODEGENERATIVE DISORDERS 

 

The present invention relates to compounds of general formula  

 

R1

R3

R3

N

O

N

N

N

I  5 

wherein 

R
1
 is hydrogen; 

R
2
 is hydrogen, lower alkyl, benzyl, lower alkyl substituted by hydroxy or is cycloalkyl 

optionally substituted by cyano; 

or R
1
 and R

2
 form together with the N-atom to which they are attached a heterocycloalkyl 10 

group, optionally containing an additional N, O or S ring atom, and which is optionally 

substituted by hydroxy; 

R
3
 is halogen, 

phenyl optionally substituted by one or more halogen, cyano, lower alkyl substituted by 

halogen, lower alkoxy substituted by halogen or by lower alkyl substituted by hydroxy, 15 

or is  

heteroaryl, optionally substituted by lower alkyl or halogen, or is 

3,6-dihydro-pyran-4-yl, or is 

piperidin-1-yl optionally substituted by one or more halogen; 

or to a pharmaceutically acceptable acid addition salt, to a racemic mixture or to its 20 

corresponding enantiomer and/or optical isomer thereof.  

Now it has been shown that the present compounds stimulate neurogenesis from neural 

stem cells (NSCs). Neurogenesis occurs in the developing and adult brain. Conceptually, this 

process of neurogenesis can be divided into four steps: (i) proliferation of NSCs; (ii) neuronal  

25 
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autism spectrum disorders, hearing loss (Neuroscience, 167 (2010) 1216-1226; Nature 

Medicine, Vol. 11, number 3, (2005), 271-276) tinnitus, spinocerebellar ataxia, amyotrophic 

lateral sclerosis, multiple sclerosis,  Huntington’s disease, stroke, and disturbances due to 

radiation therapy, chronic stress, or abuse of neuro-active drugs, such as alcohol, opiates, 

methamphetamine, phencyclidine and cocaine (US 2012/0022096). 5 

The stimulation of adult neurogenesis represents also a therapeutic target for optic neuropathy 

(S. Isenmann, A. Kretz, A. Cellerino, Progress in Retinal and Eye Research, 22, (2003) 483) 

and macular degeneration (G. Landa, O. Butovsky, J. Shoshani, M. Schwartz, A. Pollack, 

Current Eye Research 33, (2008) 1011). 

Hence, chemical stimulation of adult neurogenesis offers new regenerative avenues and 10 

opportunities to develop novel drugs for treating neurological diseases and neuropsychiatric 

disorders.  

Therefore, the object of the present invention was to identify compounds that modulate 

neurogenesis. It has been found that the compounds of formula I are active in this area and they 

may therefore be used for the treatment of schizophrenia, obsessive-compulsive personality 15 

disorder, depression, bipolar disorders, anxiety disorders,  normal aging, epilepsy, retinal 

degeneration, traumatic brain injury, spinal cord injury, post-traumatic stress disorder, panic 

disorder, Parkinson’s disease, dementia, Alzheimer’s disease, mild cognitive impairment, 

chemotherapy-induced cognitive dysfunction ("chemobrain"), Down syndrome, autism 

spectrum disorders, hearing loss, tinnitus, spinocerebellar ataxia, amyotrophic lateral sclerosis, 20 

multiple sclerosis, Huntington’s disease, stroke, and disturbances due to radiation therapy, 

chronic stress, optic neuropathy or macular degeneration, or abuse of neuro-active drugs, such 

as alcohol, opiates, methamphetamine, phencyclidine or cocaine.  

The most preferred indications for compounds of formula I are Alzheimer’s disease, 

depression, anxiety disorders and stroke.  25 

SUMMARY 

The present disclosure relates to compounds of formula I and to their pharmaceutically 

acceptable salts, in cases where this applies to mixtures of enantiomers or diastereomers or their 

enantiomerically or diastereomerically pure forms, to these compounds as pharmaceutically 

active substances, to the processes for  their production, as well as to the use in the treatment or 30 

prevention of disorders, relating to neurogenesis, schizophrenia, obsessive-compulsive 

personality disorder, depression, bipolar disorders, anxiety disorders,  normal
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aging, epilepsy, retinal degeneration, traumatic brain injury, spinal cord injury, post-traumatic 

stress disorder, panic disorder, Parkinson’s disease, dementia, Alzheimer’s disease, mild 

cognitive impairment, 
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chemotherapy-induced cognitive dysfunction ("chemobrain"), Down syndrome, autism 

spectrum disorders, hearing loss, tinnitus, spinocerebellar ataxia, amyotrophic lateral sclerosis, 

multiple sclerosis, Huntington’s disease, stroke, and disturbances due to radiation therapy, 

chronic stress, optic neuropathy or macular degeneration, or abuse of neuro-active drugs, such 

as alcohol, opiates, methamphetamine, phencyclidine or cocaine.  5 

In one aspect, there is provided a compound of formula I  

R1

R3

R3

N

O

N

N

N

I 

wherein 

R
1
 is hydrogen; 

R
2
 is hydrogen, lower alkyl, benzyl, lower alkyl substituted by hydroxy or cycloalkyl 10 

optionally substituted by cyano; 

or R
1
 and R

2
 form together with the N-atom to which they are attached a heterocycloalkyl 

group, optionally containing an additional N, O or S ring atom, and which is optionally 

substituted by hydroxy; 

R
3
 is halogen, 15 

phenyl optionally substituted by one or more halogen, cyano, lower alkyl substituted by 

halogen, lower alkoxy substituted by halogen, lower alkyl substituted by hydroxy, or is  

heteroaryl, optionally substituted by lower alkyl or halogen, or is 

3,6-dihydro-pyran-4-yl, or is 

piperidin-1-yl optionally substituted by one or more halogen; 20 

or to a pharmaceutically acceptable acid addition salt, to a racemic mixture or to it corresponding 

enantiomer and/or optical isomer thereof.  

One object of the disclosure are pharmaceutical compositions, containing a compound of 

formula I. In another aspect, there is provided a pharmaceutical composition comprising a 

compound of formula I as defined herein and pharmaceutically acceptable excipients.25 

R2 
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One further object of the present disclosure is the use of a compound of formula I for the 

preparation of medicaments for the therapeutic and/or prophylactic treatment of the above-

mentioned diseases.  In another aspect, there is provided the use of a compound of formula I as 

defined herein for the preparation of a medicament for the treatment of schizophrenia, 

obsessive-compulsive personality disorder, depression, bipolar disorders, anxiety disorders, 5 

normal aging, epilepsy, retinal degeneration, traumatic brain injury, spinal cord injury, post-

traumatic stress disorder, panic disorder, Parkinson’s disease, dementia, Alzheimer’s disease, 

cognitive impairment, chemotherapy-induced cognitive dysfunction, Down syndrome, autism 

spectrum disorders, hearing loss, tinnitus, spinocerebellar ataxia, amyotrophic lateral sclerosis, 

multiple sclerosis, Huntington’s disease, stroke, radiation therapy, chronic stress, abuse of 10 

neuro-active drugs, selected from alcohol, opiates, methamphetamine, phencyclidine and 

cocaine. 

In another aspect, there is provided a compound of formula I as defined herein for use as 

therapeutically active substances. In another aspect, there is provided a compound of formula I 

as defined herein for use in the treatment of schizophrenia, obsessive-compulsive personality 15 

disorder, depression, bipolar disorders, anxiety disorders, normal aging, epilepsy, retinal 

degeneration, traumatic brain injury, spinal cord injury, post-traumatic stress disorder, panic 

disorder, Parkinson’s disease, dementia, Alzheimer’s disease, cognitive impairment, 

chemotherapy-induced cognitive dysfunction, Down syndrome, autism spectrum disorders, 

hearing loss, tinnitus, spinocerebellar ataxia, amyotrophic lateral sclerosis, multiple sclerosis, 20 

Huntington’s disease, stroke, radiation therapy, chronic stress, abuse of neuro-active drugs, 

selected from alcohol, opiates, methamphetamine, phencyclidine and cocaine. 

           A further object of the disclosure is a method for the treatment of schizophrenia, 

obsessive-compulsive personality disorder, major depression, bipolar disorders, anxiety 

disorders, normal aging, epilepsy, retinal degeneration, traumatic brain injury, spinal cord 25 

injury, post-traumatic stress disorder, panic disorder, Parkinson’s disease, dementia, 

Alzheimer’s disease, cognitive impairment, chemotherapy-induced cognitive dysfunction, 

Down syndrome, autism spectrum disorders, hearing loss, tinnitus, spinocerebellar ataxia, 

amyotrophic lateral sclerosis, multiple sclerosis, Huntington’s disease, stroke, radiation 

therapy, chronic stress, abuse of neuro-active drugs, such as alcohol, opiates, 30 

methamphetamine, phencyclidine and cocaine, which method comprises administering an 

effective amount of a compound of formula I. 
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One embodiment of the disclosure are compounds of formula I, wherein R
1 

is hydrogen, R
2
 

is hydrogen, lower alkyl, benzyl, lower alkyl substituted by hydroxy or cycloalkyl optionally 

substituted by cyano, and R
3
 is as described above, for example the following compounds 

8-(4-Chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

8-(4-(Trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 5 

8-Bromo-N-(1-cyanocyclopropyl)pyrido[4,3-b]pyrazine-2-carboxamide 

8-(4-Chlorophenyl)-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-

carboxamide 

8-(4-Chlorophenyl)-N-(1-cyanocyclopropyl)pyrido[4,3-b]pyrazine-2-carboxamide 10 

N-(1-Cyanocyclopropyl)-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

N-Benzyl-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 
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N-(3-Hydroxy-3-methylbutan-2-yl)-8-(6-methylpyridin-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide. 

One further embodiment of the disclosure are compounds of formula I, wherein R
1
 and 

R
2
 form together with the N-atom to which they are attached a heterocycloalkyl group, 

optionally containing an additional N, O or S ring atom, and which is optionally substituted by 5 

hydroxy, for example the following compounds: 

(8-Bromopyrido[4,3-b]pyrazin-2-yl)(morpholino)methanone 

(8-(4-Chlorophenyl)pyrido[4,3-b]pyrazin-2-yl)(morpholino)methanone 

Morpholino(8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)methanone 

(3-Hydroxypyrrolidin-1-yl)(8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)methanone 10 

(8-(4-Chlorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

[8-(4-Chlorophenyl)pyrido[3,4-b]pyrazin-2-yl]-(1,1-dioxo-1,4-thiazinan-4-yl)methanone 

(1,1-Dioxo-1,4-thiazinan-4-yl)-[8-[4-(trifluoromethyl)phenyl]pyrido[3,4-b]pyrazin-2-

yl]methanone 

(8-(4-Chloro-2-fluorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 15 

8-(2,4-Dichlorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

(8-(2-Fluoro-5-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

(3-Hydroxypyrrolidin-1-yl)(8-(3-(trifluoromethoxy)phenyl)pyrido[4,3-b]pyrazin-2-yl)methanone 

(8-(6-Chloropyridin-3-yl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 20 

(8-(4-Chloro-3-fluorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

(8-(2-Fluoro-4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

(8-(4-(Hydroxymethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

or 25 

(8-(3-Fluoro-4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone. 

In another aspect there is provided a process for the manufacture of a compound of 

formula I as defined herein, which process comprises 

a) reacting a compound of formula 4 30 
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O H
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with a compound of formula 2 

 5 

NHR
1
R

2    
2 

to a compound of formula I 

 

 
 10 

N

R1

R2

R3

N
N

N

O
 I 

 
and, if desired, converting the compounds obtained into pharmaceutically acceptable acid 

addition salts, or 

b) reacting a compound of formula I-1  15 

 

Br

N

R1

R2

N
N

N

O
1-1 

 
with a compound of formula 3 

 20 

R3B

OH

OH
  3 

 
to a compound of formula I 

 

N

R1

R2

R3

N
N

N

O
I 25 

and, if desired, converting the compounds obtained into pharmaceutically acceptable acid 

addition salts. 
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The following definitions of the general terms used in the present description apply 

irrespective of whether the terms in question appear alone or in combination. 

As used herein, the term "lower alkyl" denotes a saturated, i.e. aliphatic hydrocarbon group 

including a straight or branched carbon chain with 1 – 7 carbon atoms. Examples for “alkyl” are 

methyl, ethyl, n-propyl, and isopropyl. 5 
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ATP producing oxyluciferin, AMP and light. The luminescence signal is proportional to the ATP 

content. 

The value of negative (neutral) control is determined for each assay plate by taking the average 

of 16 negative control wells. The neurogenic compound response is calculated for each 

compound as (compound/Negative Control)*100. 5 

The values of EC150 from the dose response curve are determined for each test compound. The 

EC150 is the compound concentration at which 150 % activity of control (100 %) is reached. 

The preferred compounds show a EC150 (µM) in the range of < 3.0 µM as shown in Table 1. 

Table 1 

List of examples and EC150 data  10 

Example Structure Name EC150 

(uM) 

1 

 

 

8-(4-Chlorophenyl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

0.21 

2 

 

8-(4-(Trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.30 

3 

 

8-Bromo-N-(1-

cyanocyclopropyl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

2.32 

4 

 

(8-Bromopyrido[4,3-b]pyrazin-2-

yl)(morpholino)methanone 

 

 

 

 

0.07 

H
2 

H
2 

H
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5 

 

8-(4-Chlorophenyl)-N-(3-hydroxy-3-

methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

0.89 

6 

 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.38 

7 

 

8-(4-Chlorophenyl)-N-(1-

cyanocyclopropyl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

0.39 

8 

 

 

N-(1-Cyanocyclopropyl)-8-(4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.39 

9 

Cl

N

O

O

N

N

N

 

(8-(4-Chlorophenyl)pyrido[4,3-b]pyrazin-

2-yl)(morpholino)methanone 

 

 

0.65 

10 

 

F

F F

N

O

O

N

N

N

 

Morpholino(8-(4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazin-2-yl)methanone 

 

 

 

 

 

 

 

2.96 

H
 

H
 

H
 

H
 

H
 

H
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11 

 

 

N-Benzyl-8-(4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.41 

12 

 

 

N-Benzyl-8-(4-chlorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.26 

13 

 

Cl

Cl

O

N

N

N

N

 

8-(2,4-Dichlorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.28 

14 

 

8-(4-Fluorophenyl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

0.10 

15 

 

8-(3,4,5-Trifluorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.55 

16 

 

 

8-(2-Fluorophenyl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

 

 

 

0.06 

H
2 

H
 

H
 

H
2 

H
2 

H
2 
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17 

 

 

8-(2-Fluoro-4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.08 

18 

Cl

N

O

N

N

N

N

 

8-(6-Chloropyridin-3-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.21 

19 

 

8-(4-

(Trifluoromethoxy)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.09 

20 

 

8-(2-Fluoro-5-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

 

0.22 

21 

 

8-(3-

(Trifluoromethoxy)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

 

0.21 

22 

F

Cl

O

N

N

N

N

 

8-(4-Chloro-2-fluorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

 

 

 

 

0.07 

H
2 

H
2 

H
2 

H
2 

H
2 

H
2 
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23 

F

Cl

O

N

N

N

N

 

8-(4-Chloro-3-fluorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.10 

24 

 

F

F

F F

O

N

N

N

N

 

8-(3-Fluoro-4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.18 

25 

 

O

O

N

N

N

N

 

8-(3,6-Dihydro-2H-pyran-4-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.66 

26 

F

F

F

O

N

N

N

N

 

8-(3-(Trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

 

0.43 

27 

F

F

O

N

N

N

N

 

8-(3,4-Difluorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

 

0.12 

28 

F

FF

O

N

O

N

N

N

 

(3-Hydroxypyrrolidin-1-yl)(8-(4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazin-2-yl)methanone 

 

 

 

 

 

 

 

0.29 

H
2 

H
2 

H
2 

H
2 

H
2 

H
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29 

 

8-(4-(Hydroxymethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.05 

30 

 

(8-(4-Chlorophenyl)pyrido[4,3-b]pyrazin-

2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

 

0.69 

31 

 

N-Benzyl-8-(pyridin-3-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.47 

32 

Cl

O

S

O

O

N

N

N

N

 

[8-(4-Chlorophenyl)pyrido[3,4-b]pyrazin-

2-yl]-(1,1-dioxo-1,4-thiazinan-4-

yl)methanone 

 

 

0.84 

33 

 

(1,1-Dioxo-1,4-thiazinan-4-yl)-[8-[4-

(trifluoromethyl)phenyl]pyrido[3,4-

b]pyrazin-2-yl]methanone 

 

1.65 

34 

N

O

N

N

N

N

 

8-(4-Cyanophenyl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

 

 

 

 

 

 

0.15 

H
2 

H
 

H
2 

H
 

H
 



- 19 -  

 

35 

 

N-tert-Butyl-8-(4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.32 

36 

Cl

Cl

O

O

N

N

N

N

 

8-(2,4-Dichlorophenyl)-N-(3-hydroxy-3-

methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

1.50 

37 

 

8-(2-Chlorophenyl)-N-(3-hydroxy-3-

methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

1.13 

38 

 

(8-(4-Chloro-2-fluorophenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

0.10 

39 

 

(8-(2,4-Dichlorophenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

 

0.11 

40 

 

(8-(2-Fluoro-5-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

0.93 

41 

 

(3-Hydroxypyrrolidin-1-yl)(8-(3-

(trifluoromethoxy)phenyl)pyrido[4,3-

b]pyrazin-2-yl)methanone 

 

 

0.60 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

H
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42 

 

8-(4,4-Difluoropiperidin-1-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.09 

43 

 

(8-(6-Chloropyridin-3-yl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

0.03 

44 

 

(8-(4-Chloro-3-fluorophenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

 

0.27 

45 

 

(8-(2-Fluoro-4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

1.48 

46 

 

8-(4-Chloro-3-fluorophenyl)-N-(3-

hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.29 

47 

 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-

(3,4,5-trifluorophenyl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.03 

H
2 

H
 

H
 

H
 

H
 

H
 

H
 

H
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48 

 

(8-(4-(Hydroxymethyl)phenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

0.67 

49 

 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(1-

methyl-1H-pyrazol-5-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

0.02 

50 

N

N

N

O

N

N

N

 

8-(1-Methyl-1H-pyrazol-5-yl)pyrido[4,3-

b]pyrazine-2-carboxamide 

 

 

0.02 

51 

 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(6-

methylpyridin-3-yl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

0.08 

52 

 

(8-(3-Fluoro-4-

(trifluoromethyl)phenyl)pyrido[4,3-

b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

0.07 

53 

 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(6-

methylpyridin-2-yl)pyrido[4,3-b]pyrazine-

2-carboxamide 

 

0.50 

 

The compounds of formula I and the pharmaceutically acceptable salts of the compounds 

of formula I can be used as medicaments, e.g. in the form of pharmaceutical preparations. The 

pharmaceutical preparations can be administered orally, e.g. in the form of tablets, coated tablets, 5 

dragées, hard and soft gelatine capsules, solutions, emulsions or suspensions. The administration  

H
 

H
 

H
 

H
 

H
2 

H
 

H
 

H
 

H
 

H
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Example 1 

8-(4-Chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

Cl

O

N

N

N

N

 

a) 8-Bromo-2-methylpyrido[4,3-b]pyrazine 

 5 

In a 50 ml round-bottomed flask, 5-bromopyridine-3,4-diamine (1.00 g, 5.32 mmol) and 2-

oxopropanal (0.96 g, 5.32 mmol) were combined with dioxane (30.0 ml) to give a light brown 

solution.. The reaction mixture was heated at 100 °C for 5 days. The crude reaction mixture was 

concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / heptane = 50:50 

to 100:0) to yield the title compound (1.00 g, 84 %) as light brown solid. MS: m/e = 224.3, 226.3 10 

[M+H]
+
. 

 

b) 8-(4-Chlorophenyl)-2-methylpyrido[4,3-b]pyrazine 

Cl

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromo-2-methylpyrido[4,3-b]pyrazine (500 mg, 2.23 mmol), 15 

4-chlorophenylboronic acid (349 mg, 2.23 mmol) and cesium carbonate (800 mg, 2.45 mmol) 

were combined with dioxane (10 ml) and water (1.0 ml) to give a light brown solution. 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (81.6 mg, 112 µmol) was added. The 

reaction mixture was heated at 80 °C for 2 hours. The crude reaction mixture was concentrated in 

vacuo and purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to 20 

yield the title compound (618 mg, 92 %) as light yellow solid. MS: m/e = 256.4 [M+H]
+
. 

 

c) 8-(4-Chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxylic acid 

H
2 
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In a 25 ml round-bottomed flask, 8-(4-chlorophenyl)-2-methylpyrido[4,3-b]pyrazine (610 mg, 

2.39 mmol) and selenium dioxide (1.48 g, 13.4 mmol) were combined with dioxane (13 ml) to 

give a light yellow mixture. The reaction mixture was heated at 100 °C for 3 hours. The mixture 

was filtered through sintered glass and was concentrated in vacuo. The crude material was 5 

purified by chromatography (silica gel, methanol / dichloromethane = 0:100 to 2:98). The pure 

fractions were concentrated in vacuo and were combined with t-butanol (13 ml) and 2-

methylbut-2-ene (4 ml) to give a light yellow solution. Sodium chlorite (1.6 g, 17.7 mmol) and 

sodium dihydrogen phosphate (1.6 g, 13.4 mmol) in water (13 ml) were added slowly and the 

mixture was stirred at room temperature overnight. The crude reaction mixture was concentrated 10 

in vacuo, triturated with water (13 ml) and stirred for 30 minutes at room temperature. The 

residue was filtered off and dried in vacuo to yield the title compound (295 mg, 43 %) as light 

light yellow solid. MS: m/e = 284.4 [M-H]
-
. 

 

d) 8-(4-Chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 15 

 

In a 25 ml round-bottomed flask, 8-(4-chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxylic acid 

(195 mg, 683 µmol) and 1,1’-carbonyldiimidazole (133 mg, 819 µmol) were combined with 

dichloromethane (10 ml) to give a light yellow suspension. After 1 hour ammonium chloride 

(183 mg, 3.41 mmol) and triethylamine (345 mg, 476 µl, 3.41 mmol) were added. The mixture 20 

was stirred at room temperature overnight. Then ammonium chloride (183 mg, 3.41 mmol) and 

triethylamine (345 mg, 476 µl, 3.41 mmol) were added again and the mixture was stirred at room 

temperature for 3 days. Chromatography (silica gel, ethyl acetate / heptane = 10:90 to 100:0) and  

H
 

H
2 



- 26 -  

 

trituration with diethyl ether/pentane (0.5 ml / 0.5 ml yielded the title compound (126 mg, 65 %) 

as light yellow solid. MS: m/e = 285.3 [M+H]
+
. 

 

Example 2 

8-(4-(Trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 5 

F

FF

O

N

N

N

N

 

a) 8-Bromopyrido[4,3-b]pyrazine-2-carboxylic acid 

Br

O

O

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromo-2-methylpyrido[4,3-b]pyrazine (500 mg, 2.23 mmol) 

and selenium dioxide (1.39 g, 12.5 mmol) were combined with dioxane (10 ml) to give a light 10 

yellow mixture. The reaction mixture was heated at 100 °C for 3 hours. The mixture was filtered 

and was concentrated in vacuo. The crude material was purified by chromatography (silica gel, 

methanol / dichloromethane = 0:100 to 2:98). The pure fractions were concentrated in vacuo and 

were combined with t-butanol (10 ml) and 2-methylbut-2-ene (3 ml) to give a light yellow 

solution. Sodium chlorite (1.5 g, 16.6 mmol) and sodium dihydrogen phosphate (1.5 g, 12.5 15 

mmol) in water (10 ml) were added slowly and the mixture was stirred at room temperature over 

weekend. The crude reaction mixture was concentrated in vacuo, triturated with water at room 

temperature for 15 minutes. The residue was filtered off and dried in vacuo to yield the title 

compound (329 mg, 58 %) as light brown solid. MS: m/e = 252.3, 254.3 [M-H]
-
. 

 20 

b) 8-Bromopyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (324 mg, 1.28 

mmol) and 1,1’-carbonyldiimidazole (227 mg, 1.4 mmol) were combined with dichloromethane  

25 

H
2 

H
 

H
2 



- 27 -  

 

(10 ml) to give a brown suspension. The mixture was stirred for 1 hour at room temperature. 

Then ammonium chloride (341 mg, 6.38 mmol) and triethylamine (645 mg, 889 µl, 6.38 mmol) 

were added and stirring was continued for 3 hours. The crude reaction mixture was concentrated 

in vacuo and purified by chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) to 

yield the title compound (65 mg, 20 %) as light brown solid. MS: m/e = 253.3, 255.3 [M+H]
+
. 5 

 

c) 8-(4-(Trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (60 mg, 237 

µmol), 4-(trifluoromethyl)phenylboronic acid (45.0 mg, 237 µmol) and cesium carbonate (77.3 10 

mg, 237 µmol) were combined with dioxane (10 ml) and water (1.0 ml) to give a light brown 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (173 mg, 237 µmol) was 

added. The reaction mixture was heated to 80 °C and stirred for 2 hours. The crude reaction 

mixture was concentrated in vacuo and purified by flash chromatography (silica gel, ethyl 

acetate / heptane = 50:50 to 100:0). Trituration with diethyl ether (1 ml) yielded the title 15 

compuound (33 mg, 44 %) as off-white solid. MS: m/e = 319.4 [M+H]
+
. 

 

Example 3 

8-Bromo-N-(1-cyanocyclopropyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 20 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (300 mg, 1.18 

mmol), 1-aminocyclopropanecarbonitrile (97.0 mg, 1.18 mmol) and triethylamine (179 mg, 247 

µl) were combined with dimethylformamide (10.0 ml) to give a light brown solution. O-(7-

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 494 mg, 

1.3 mmol) was added and stirring was continued at room temperature. The reaction was 25 

complete after 1 hour. The crude reaction mixture was concentrated in vacuo. Extraction and  

H
2 

H
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chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) yielded the title compound 

(220 mg, 59 %) as off-white solid. MS: m/e = 319.4 [M+H]
+
. 

 

Example 4 

(8-Bromopyrido[4,3-b]pyrazin-2-yl)(morpholino)methanone 5 

Br

N

O

O

N

N

N

 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (300 mg, 1.18 

mmol), morpholine (103 mg, 103 µl 1.18 mmol) and triethylamine (179 mg, 247 µl, 1.77 mmol) 

were combined with dimethylformamide (10 ml) to give a light brown suspension. O-(7-

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 494 mg, 10 

1.3 mmol) was added and stirring was continued at room temperature. The reaction was 

complete after 1 hour. Extraction with ethyl acetate and chromatography (silica gel, ethyl acetate 

/ heptane = 50:50 to 100:0) yielded the title compound (240 mg, 63 %) as off-white solid. MS: 

m/e = 323.4, 235.4 [M+H]
+
. 

Example 5 15 

8-(4-Chlorophenyl)-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

a) 8-Bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

Br

O

N

O

N

N

N

 20 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (300 mg, 1.18 

mmol), 3-amino-2-methylbutan-2-ol (122 mg, 1.18 mmol) and triethylamine (179 mg, 247 µl, 

1.77 mmol) were combined with dimethylformamide (10 ml) to give a light brown solution. 

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 494 mg, 

1.3 mmol) was added and stirring was continued at room temperature overnight. Extraction with  25 

H
 

H
 

H
 

H
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ethyl acetate and chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) yieldet the 

title compound (218 mg, 54 %) as light brown solid. MS: m/e = 339.0, 341.0 [M+H]
+
. 

 

b) 8-(4-Chlorophenyl)-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

 5 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 4-chlorophenylboronic acid (23.1 mg, 147 µmol) 

and cesium carbonate (96.1 mg, 295 µmol) were combined with dioxane (2.0 ml) and water (200 

µl) to give a light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride 

(10.8 mg, 14.7 µmol) was added. The reaction mixture was heated at 80 °C for 1 hour. The crude 10 

material was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to 

yield the title compound (52.3 mg, 96 %) as yellow solid. MS: m/e = 371.5 [M+H]
+
. 

 

Example 6 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-15 

carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 4-(trifluoromethyl)phenylboronic acid (28.0 mg, 

147 µmol) and cesium carbonate (96.1 mg, 295 µmol) were combined with dioxane (2.0 ml) and 20 

water (200 µl) to give a light brown solution. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (10.8 mg, 14.7 µmol) was added. The reaction mixture was heated at 80 

°C for 1 hour. The crude material was purified by chromatography (silica gel, ethyl acetate / 

heptane = 20:80 to 100:0) to yield the title compound (58.2 mg, 98 %) as yellow solid. MS: m/e 

= 405.6 [M+H]
+
. 25 

Example 7 

H
 

H
 

H
 

H
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8-(4-Chlorophenyl)-N-(1-cyanocyclopropyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(1-cyanocyclopropyl)pyrido[4,3-b]pyrazine-2-

carboxamide (50 mg, 157 µmol), 4-chlorophenylboronic acid (24.6 mg, 157 µmol) and cesium 

carbonate (102 mg, 314 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a 5 

colorless solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (11.5 mg, 15.7 

µmol) was added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material 

was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the 

title compound (48.5 mg, 88 %) as off-white solid. MS: m/e = 350.5 [M+H]
+
. 

 10 

Example 8 

N-(1-Cyanocyclopropyl)-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(1-cyanocyclopropyl)pyrido[4,3-b]pyrazine-2-15 

carboxamide (50 mg, 157 µmol), 4-(trifluoromethyl)phenylboronic acid (29.9 mg, 157 µmol) 

and cesium carbonate (102 mg, 314 µmol, Eq: 2.00) were combined with dioxane (2.0 ml) and 

water (200 µl) to give a colorless solution. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (11.5 mg, 15.7 µmol) was added. The reaction mixture was heated at 80 

°C for 30 minutes. The crude material was purified by chromatography (silica gel, ethyl acetate / 20 

heptane = 20:80 to 100:0) to yield the title compound (54.7 mg, 76 %) as off-white solid. MS: 

m/e = 384.5 [M+H]
+
. 

Example 9 

(8-(4-Chlorophenyl)pyrido[4,3-b]pyrazin-2-yl)(morpholino)methanone 

H
 

H
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a) N-Benzyl-8-bromopyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (170 mg, 669 

µmol) and 3 drops of dimethylformamide were combined with dichloromethane (10 ml) to give a 5 

light brown suspension. Oxalyl chloride (849 mg, 586 µl, 6.69 mmol) was added and stirring 

was continued for 1 hour. The crude reaction mixture was concentrated in vacuo, taken up in 

dichloromethane (10 ml) and was added to a mix of phenylmethanamine (71.7 mg, 669 µmol) 

and triethylamine (135 mg, 187 µl, 1.34 mmol) in dichloromethane (10 ml). The reaction 

mixture was then stirred at room temperature over night. Extraction with dichloromethane and 10 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) yielded the title compound 

(159 mg, 69 %) as light brown solid. MS: m/e = 343.5, 345.4 [M+H]
+
. 

 

b) N-Benzyl-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 15 

In a 25 ml round-bottomed flask, N-benzyl-8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 

mg, 146 µmol), 4-(trifluoromethyl)phenylboronic acid (27.7 mg, 146 µmol) and cesium 

carbonate (94.9 mg, 291 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give 

a light yellow solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (10.7 mg, 14.6 

µmol) was added. The reaction mixture was heated at 80 °C for 15 minutes. The crude material 20 

was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the 

title compound (56.3 mg, 95 %) as off-white solid. MS: m/e = 409.6 [M+H]
+
. 

 

 

25 

H
 

H
 

H
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Example 12 

N-Benzyl-8-(4-chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, N-benzyl-8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 

mg, 146 µmol), 4-chlorophenylboronic acid (22.8 mg, 146 µmol) and cesium carbonate (94.9 mg, 5 

291 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (10.7 mg, 14.6 µmol) was 

added. The reaction mixture was heated at 80°C for 30 minutes. The crude material was purified 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (37.8 mg, 69 %) as off-white solid. MS: m/e = 375.5 [M+H]
+
. 10 

 

Example 13 

8-(2,4-Dichlorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

Cl

Cl

O

N

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 15 

µmol), 2,4-dichlorophenylboronic acid (37.7 mg, 198 µmol) and cesium carbonate (129 mg, 395 

µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown solution. 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was added. The 

reaction mixture was heated at 80 °C and stirred for 30 minutes. The crude material was purified 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 20 

compound (51.2 mg, 81 %) as off-white solid. MS: m/e = 319.4, 321.4 [M+H]
+
. 

 

Example 14 

8-(4-Fluorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
 

H
2 
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F

O

N

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 4-fluorophenylboronic acid (27.6 mg, 198 µmol) and cesium carbonate (129 mg, 395 

µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown solution. 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was added. The 5 

reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(33.4 mg, 63 %) as yellow solid. MS: m/e = 269.1 [M+H]
+
. 

 

Example 15 10 

8-(3,4,5-Trifluorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

F

F

F

O

N

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 3,4,5-trifluorophenylboronic acid (34.8 mg, 198 µmol) and cesium carbonate (129 mg, 

395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 15 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (49.6 mg, 83 %) as light brown solid. MS: m/e = 305.1 [M+H]
+
. 

 20 

Example 16 

8-(2-Fluorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
2 

H
2 
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F

O

N

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 2-fluorophenylboronic acid (27.6 mg, 198 µmol) and cesium carbonate (129 mg, 395 

µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown solution. 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was added. The 5 

reaction mixture was heated at 80 °C for 1 hour. The crude material was purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(33 mg, 62 %) as off-white solid. MS: m/e = 269.1 [M+H]
+
. 

 

Example 17 10 

8-(2-Fluoro-4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 2-fluoro-4-(trifluoromethyl)phenylboronic acid (41.1 mg, 198 µmol) and cesium 

carbonate (129 mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a 15 

light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 

µmol) was added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material 

was purified by chromatography (2x, silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield 

the title compound (26 mg, 39 %) as off-white solid. MS: m/e = 337.1 [M+H]
+
. 

 20 

Example 18 

8-(6-Chloropyridin-3-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
2 

H
2 
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Cl

N

O

N

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 6-chloropyridin-3-ylboronic acid (31.1 mg, 198 µmol) and cesium carbonate (129 mg, 

395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 5 

added. The reaction mixture was heated at 80 °C for 1 hour. The crude material was purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(48 mg, 85 %) as light yellow solid. MS: m/e = 286.1 [M+H]
+
. 

 

Example 19 10 

8-(4-(Trifluoromethoxy)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 4-(trifluoromethoxy)phenylboronic acid (40.7 mg, 198 µmol) and cesium carbonate (129 

mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 15 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 

by chromatography (2x, silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (21 mg, 32 %) as off-white solid. MS: m/e = 286.1 [M+H]
+
. 

 20 

Example 20 

8-(2-Fluoro-5-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
2 

H
2 
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In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 2-fluoro-5-(trifluoromethyl)phenylboronic acid (41.1 mg, 198 µmol) and cesium 

carbonate (129 mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a 

light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 5 

µmol) was added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material 

was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the 

title compound (40 mg, 60 %) as off-white solid. MS: m/e = 337.1 [M+H]
+
. 

 

Example 21 10 

8-(3-(Trifluoromethoxy)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 3-(trifluoromethoxy)phenylboronic acid (40.7 mg, 198 µmol) and cesium carbonate (129 

mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 15 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (40 mg, 61 %) as off-white solid. MS: m/e = 335.1 [M+H]
+
. 

 20 

Example 22 

8-(4-Chloro-2-fluorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
2 

H
2 
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In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 4-chloro-2-fluorophenylboronic acid (34.5 mg, 198 µmol) and cesium carbonate (129 mg, 

395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 5 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 

by chromatography (2x, silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (33 mg, 55 %) as off-white solid. MS: m/e = 303.1 [M+H]
+
. 

 

Example 23 10 

8-(4-Chloro-3-fluorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 4-chloro-3-fluorophenylboronic acid (34.5 mg, 198 µmol) and cesium carbonate (129 mg, 

395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 15 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (43.1 mg, 72 %) as light brown solid. MS: m/e = 303.1 [M+H]
+
. 

 20 

Example 24 

8-(3-Fluoro-4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
2 

H
2 
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In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 3-fluoro-4-(trifluoromethyl)phenylboronic acid (41.1 mg, 198 µmol) and cesium 

carbonate (129 mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a 

light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 5 

µmol) was added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material 

was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the 

title compound (34.1 mg, 51 %) as off-white solid. MS: m/e = 337.1[M+H]
+
. 

 

Example 25 10 

8-(3,6-Dihydro-2H-pyran-4-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 3,6-dihydro-2H-pyran-4-ylboronic acid (25.3 mg, 198 µmol) and cesium carbonate (129 

mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 15 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (30 mg, 59 %) as light yellow oil. MS: m/e = 257.2[M+H]
+
. 

 20 

Example 26 

8-(3-(Trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

H
2 

H
2 
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In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 3-(trifluoromethyl)phenylboronic acid (37.5 mg, 198 µmol) and cesium carbonate (129 

mg, 395 µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 5 

added. The reaction mixture was heated at 80 °C for 30 min. The crude material was purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(25 mg, 40 %) as off-white solid. MS: m/e = 319.2[M+H]
+
. 

 

Example 27 10 

8-(3,4-Difluorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 3,4-difluorophenylboronic acid (31.2 mg, 198 µmol) and cesium carbonate (129 mg, 395 

µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown solution. 15 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was added. The 

reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(37.8 mg, 67 %) as light yellow solid. MS: m/e = 287.1 [M+H]
+
. 

 20 

Example 28 

(3-Hydroxypyrrolidin-1-yl)(8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-

yl)methanone 

H
2 

H
2 
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O

N

N

N

 

a) (8-Bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (800 mg, 3.15 

mmol), pyrrolidin-3-ol (274 mg, 3.15 mmol) and triethylamine (478 mg, 658 µl, 4.72 mmol) 5 

were combined with dimethylformamide (25.0 ml) to give a light brown solution. 

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 1.32 g, 

3.46 mmol) was added and stirring was continued at room temperature over night. The crude 

reaction mixture was concentrated in vacuo and purified by chromatography (silica gel, ethyl 

acetate / heptane = 50:50 to 100:0). Trituration with diethyl ether (2 ml) yielded the title 10 

compound (104 mg, 10 %) as off-white solid. MS: m/e = 323.0, 325.0 [M+H]
+
. 

 

b) (3-Hydroxypyrrolidin-1-yl)(8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-

yl)methanone 

F

FF

O

N

O

N

N

N

 15 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (50 mg, 155 µmol), 4-(trifluoromethyl)phenylboronic acid (29.4 mg, 155 µmol) 

and cesium carbonate (55.5 mg, 170 µmol) were combined with dioxane (5.0 ml) and water (0.5 

ml) to give a light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride 

(5.66 mg, 7.74 µmol) was added under Argon. The reaction mixture was heated at 90 °C for 1 20 

hour. The crude material was concentrated in vacuo and purified by chromatography (silica gel,  

H
 

H
 

H
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ethyl acetate / heptane = 50:50 to 100:0) to yield the title compound (44.3 mg, 74 %) as off-

white solid. MS: m/e = 389.2 [M+H]
+
. 

Example 29 

8-(4-(Hydroxymethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

O

O

N

N

N

N

 5 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 4-(hydroxymethyl)phenylboronic acid (30.0 mg, 198 µmol) and cesium carbonate (129 

mg, 395 µmol) were combined with dioxane (2.00 ml) and water (200 µl) to give a light brown 

solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was 

added. The reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified 10 

by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title 

compound (18 mg, 33 %) as light yellow solid. MS: m/e = 281.2 [M+H]
+
. 

 

Example 30 

(8-(4-Chlorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 15 

Cl

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (54 mg, 167 µmol), 4-chlorophenylboronic acid (26.1 mg, 167 µmol) and cesium 

carbonate (59.9 mg, 184 µmol) were combined with dioxane (5.0 ml) and water (0.5 ml) to give 

a light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (6.11 mg, 8.36 20 

µmol) was added under Argon. The reaction mixture was heated at 90 °C for 1 hour. The crude 

material was concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / 

heptane = 25:75 to 100:0) to yield the title compound (36.5 mg, 61 %) as off-white solid. MS: 

m/e = 355.2 [M+H]
+
. 

 25 
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Example 31 

N-Benzyl-8-(pyridin-3-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, N-benzyl-8-bromopyrido[4,3-b]pyrazine-2-carboxamide (45 

mg, 131 µmol), pyridin-3-ylboronic acid (16.1 mg, 131 µmol) and cesium carbonate (47.0 mg, 5 

144 µmol) were combined with dioxane (12.9 ml) and water (1.0 ml) to give a light brown 

suspension. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (4.8 mg, 6.56 µmol) was 

added. The reaction mixture was heated at 80 °C for 2 hours. The crude reaction mixture was 

concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 

to 100:0) to yield the title compound (35 mg, 78 %) as off-white solild. MS: m/e = 342.2 [M+H]
+
. 10 

 

Example 32 

[8-(4-Chlorophenyl)pyrido[3,4-b]pyrazin-2-yl]-(1,1-dioxo-1,4-thiazinan-4-yl)methanone 

 

a) (8-Bromopyrido[3,4-b]pyrazin-2-yl)-(1,1-dioxo-1,4-thiazinan-4-yl)methanone 15 

 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (300 mg, 1.18 

mmol), thiomorpholine-1,1-dioxide (160 mg, 1.18 mmol) and triethylamine (179 mg, 247 µl, 

1.77 mmol) were combined with dimethylformamide (10.0 ml) to give a light brown suspension. 

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 494 mg, 20 

1.3 mmol) was added and stirring was continued at room temperature for 4 hours. The crude 

reaction mixture was concentrated in vacuo and extracted with ethyl acetate / water. Purification 

by chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) yielded the title 

compound (213 mg, 49 %) as light brown solid. MS: m/e = 373.1 [M+H]
+
. 

 25 

H
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Example 34 

8-(4-Cyanophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (50 mg, 198 

µmol), 4-cyanophenylboronic acid (29.0 mg, 198 µmol) and cesium carbonate (129 mg, 395 5 

µmol) were combined with dioxane (2.0 ml) and water (200 µl) to give a light brown solution. 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (14.5 mg, 19.8 µmol) was added. The 

reaction mixture was heated at 80 °C for 30 minutes. The crude material was purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(19.4 mg, 36 %) as light brown solid. MS: m/e = 276.1 [M+H]
+
. 10 

 

Example 35 

N-tert-Butyl-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

a) 8-Bromo-N-tert-butylpyrido[4,3-b]pyrazine-2-carboxamide 15 

 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (200 mg, 787 

µmol), 2-methylpropan-2-amine (57.6 mg, 82.7 µl, 787 µmol) and triethylamine (119 mg, 165 µl, 

1.18 mmol) were combined with dimethylformamide (10 ml) to give a light brown suspension. 

Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU, 329 mg, 20 

866 µmol) was added and stirring was continued at room temperature. The crude reaction  

H
2 
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mixture was concentrated in vacuo and extracted with ethyl acetate / water. Chromatography 

(silica gel, ethyl acetate / heptane = 20:80 to 100:0) yielded the title compound (156 mg, 64 %) 

as white solid. MS: m/e = 309.1, 311.1 [M+H]
+
. 

 

b) N-tert-Butyl-8-(4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 5 

F

FF

N

O

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromo-N-tert-butylpyrido[4,3-b]pyrazine-2-carboxamide (50 

mg, 162 µmol), 4-(trifluoromethyl)phenylboronic acid (30.7 mg, 162 µmol) and cesium 

carbonate (52.7 mg, 162 µmol) were combined with dioxane (10 ml) and water (1.0 ml) to give a 

light yellow solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (118 mg, 162 10 

µmol) was added. The reaction mixture was heated at 80 °C for 2 hours. The crude reaction 

mixture was concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / 

heptane = 20:80 to 100:0) to yield the title compound (50 mg, 83 %) as off-white solid. MS: m/e 

= 375.2 [M+H]
+
. 

Example 36 15 

8-(2,4-Dichlorophenyl)-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 2,4-dichlorophenylboronic acid (28.1 mg, 147 20 

µmol) and cesium carbonate (52.8 mg, 162 µmol) were combined with dioxane (10.0 ml) and 

water (1.0 ml) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (5.39 mg, 7.37 µmol) was added. The reaction mixture was heated at 

80°C for 2 hours. The crude reaction mixture was concentrated in vacuo and purified by 

chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) to yield the title compound 25 

(41 mg, 69%) as light brown solid. MS: m/e = 405.6, 407.7 [M+H]
+
. 
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Example 37 

8-(2-Chlorophenyl)-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

Cl O

O

N

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-5 

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 2-chlorophenylboronic acid (23.1 mg, 147 µmol) 

and cesium carbonate (52.8 mg, 162 µmol) were combined with dioxane (10.0 ml) and water 

(1.0 ml) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (5.39 mg, 7.37 µmol) was added. The reaction mixture was heated at 

80°C for 2 hours. The crude reaction mixture was concentrated in vacuo and purified by 10 

chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) to yield the title compound 

(50 mg, 92 %) as off-white solid. MS: m/e = 371.7 [M+H]
+
. 

 

Example 38 

(8-(4-Chloro-2-fluorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-15 

yl)methanone 

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (35 mg, 108 µmol), 4-chloro-2-fluorophenylboronic acid (18.9 mg, 108 µmol) and 

cesium carbonate (38.8 mg, 119 µmol) were combined with dioxane (10 ml) and water (1.0 ml) 20 

to give a light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (3.96 

mg, 5.42 µmol) was added. The reaction mixture was heated at 90 °C for 4 hours. The crude 

material was concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / 

heptane = 25:75 to 100:0) to yield the title compound (9.2 mg, 23 %) as off-white solid. MS: m/e 

= 373.2 [M+H]
+
. 25 
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Example 39 

(8-(2,4-Dichlorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (35 mg, 108 µmol), 2,4-dichlorophenylboronic acid (20.7 mg, 108 µmol) and 5 

cesium carbonate (38.8 mg, 119 µmol) were combined with dioxane (10 ml) and water (1.0 ml) 

to give a light brown solution. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (3.96 

mg, 5.42 µmol) was added. The reaction mixture was heated at 90 °C for 4 hours. The crude 

material was concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / 

heptane = 20:80 to 100:0) to yield the title compound (29 mg, 69 %) as light brown solid. MS: 10 

m/e = 389.2, 391.2 [M+H]
+
. 

Example 40 

(8-(2-Fluoro-5-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 15 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (35 mg, 108 µmol), 2-fluoro-5-(trifluoromethyl)phenylboronic acid (22.5 mg, 108 

µmol) and cesium carbonate (70.6 mg, 217 µmol) were combined with dioxane (2.0 ml) and 

water (200 µl) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (7.93 mg, 10.8 µmol) was added. The reaction mixture was heated at  20 

80 °C for 1 hour. The crude material was purified by chromatography (silica gel, ethyl acetate / 

heptane = 20:80 to 100:0) to yield the title compound (20.1 mg, 46 %) as colorless oil. MS: m/e 

= 407.3 [M+H]
+
. 
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Example 41 

(3-Hydroxypyrrolidin-1-yl)(8-(3-(trifluoromethoxy)phenyl)pyrido[4,3-b]pyrazin-2-

yl)methanone 

F

F

FO

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-5 

yl)methanone (35 mg, 108 µmol), 3-(trifluoromethoxy)phenylboronic acid (22.3 mg, 108 µmol) 

and cesium carbonate (70.6 mg, 217 µmol) were combined with dioxane (2.0 ml) and water (200 

µl) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride 

(7.93 mg, 10.8 µmol) was added. The reaction mixture was heated at 80 °C for 1 hour. The crude 

material was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to 10 

yield the title compound (19.5 mg, 45 %) as colorless oil. MS: m/e = 405.3[M+H]
+
. 

 

Example 42 

8-(4,4-Difluoropiperidin-1-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

 15 

a) Methyl 8-bromopyrido[4,3-b]pyrazine-2-carboxylate 

 

In a 50 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxylic acid (300 mg, 1.18 

mmol) was combined with dichloromethane (10 ml) and 10 drops of dimethylformamide to give 

a light brown suspension. The mixture was cooled to 0 °C and oxalyl chloride (749 mg, 517 µl, 20 

5.9 mmol) was added. The reaction mixture was stirred at 0°C for 1 hour and then at room 

temperature for 1 hour. The mixture was concentrated in vacuo and dissolved in  

H
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dichloromethane (10 ml). It was then slowly added to excess methanol at 0 °C. After 1 hour of 

stirring the mixture was concentrated in vacuo to yield the title compound (148 mg, 47 %) as off-

white solid. MS: m/e = 268.0, 270.0 [M+H]
+
. 

 

b) Methyl 8-(4,4-difluoropiperidin-1-yl)pyrido[4,3-b]pyrazine-2-carboxylate 5 

 

In a 25 ml three-necked flask, methyl 8-bromopyrido[4,3-b]pyrazine-2-carboxylate (100 mg, 373 

µmol) and cesium carbonate (365 mg, 1.12 mmol) were combined with toluene (6.0 ml) to give a 

light brown suspension. Palladium(II)acetate (8.38 mg, 37.3 µmol) and 2,2'-

bis(diphenylphosphino)-1,1'-binaphthyl (BINAP, 46.5 mg, 74.6 µmol) and 4,4-10 

difluoropiperidine (45.2 mg, 373 µmol) were added. The reaction mixture was heated at 80 °C 

for 5 hours. The crude reaction mixture was concentrated in vacuo and purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(82 mg, 71 %) as light red solid. MS: m/e = 309.2 [M+H]
+
. 

 15 

c) 8-(4,4-Difluoropiperidin-1-yl)pyrido[4,3-b]pyrazine-2-carboxylic acid 

 

In a 25 ml round-bottomed flask, methyl 8-(4,4-difluoropiperidin-1-yl)pyrido[4,3-b]pyrazine-2-

carboxylate (80 mg, 260 µmol) was combined with dioxane (5.0 ml) to give a light red solution. 

Lithium hydroxide (7.46 mg, 311 µmol) in water (1.0 ml) was added and the mixture was stirred 20 

at room temperature overnight. The reaction mixture was poured into 5 ml water, acidified with 

aqueous hydrochloric acid (2N) and extracted with ethyl acetate (5 x 25 ml). The organic layers 

were dried over magnesium sulfate, concentrated and dried in vacuo to yield the title copound 

(79 mg, 93 %) as light red solid. MS: m/e = 293.3 [M-H]
-
. 
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d) 8-(4,4-Difluoropiperidin-1-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

 

In a 25 ml round-bottomed flask, 8-(4,4-difluoropiperidin-1-yl)pyrido[4,3-b]pyrazine-2-

carboxylic acid (70 mg, 238 µmol) was combined with dichloromethane (5.0 ml) and 3 drops of 

dimethylformamide to give a red suspension. The mixture was cooled to 0 °C and then oxalyl 5 

chloride (302 mg, 208 µl, 2.38 mmol) was added slowly. The reaction mixture was stirred at  

0 °C for 20 minutes and then for 30 minutes at room temperature. The mixture was concentrated 

in vacuo, taken up in dichloromethane (5.0 ml) and added to a mixture of triethylamine (72.2 mg, 

99.5 µl, 714 µmol) and ammonium hydroxide (25 % in water, 4.5 g, 5 ml, 128 mmol) at 0 °C. 

The mixture was stirred overnight at room temperature. Extraction with dichlormethane/water 10 

and chromatography (silica gel, ethyl acetate / heptane = 50:50 to 100:0) yielded the title 

compound (9 mg, 13 %) as orange solid. MS: m/e = 294.2 [M+H]
+
. 

 

Example 43 

(8-(6-Chloropyridin-3-yl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-yl)methanone 15 

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (35 mg, 108 µmol), 6-chloropyridin-3-ylboronic acid (17.0 mg, 108 µmol) and 

cesium carbonate (70.6 mg, 217 µmol) were combined with dioxane (2.0 ml) and water (200 µl) 

to give a light brown suspension. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (7.93 20 

mg, 10.8 µmol) was added. The reaction mixture was heated at 80 °C for 1 hour. The crude 

material was purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to 

yield the title compound (32 mg, 83 %) as off-white solid. MS: m/e = 356.2 [M+H]
+
. 
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Example 44 

(8-(4-Chloro-3-fluorophenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

F

Cl

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-5 

yl)methanone (35 mg, 108 µmol), 4-chloro-3-fluorophenylboronic acid (18.9 mg, 108 µmol) and 

cesium carbonate (38.8 mg, 119 µmol) were combined with dioxane (10.0 ml) and water (0.5 ml) 

to give a light brown suspension. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (3.96 

mg, 5.42 µmol) was added. The reaction mixture was heated at 90 °C for 1 hour. The crude 

material was concentrated in vacuo and purified by chromatography (silica gel, ethyl acetate / 10 

heptane = 25:75 to 100:0) to yield the title compound (6 mg, 15 %) as light brown solid. MS: 

m/e = 373.2 [M+H]
+
. 

Example 45 

(8-(2-Fluoro-4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 15 

F

F

F F

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone (35 mg, 108 µmol), 2-fluoro-4-(trifluoromethyl)phenylboronic acid (22.5 mg, 108 

µmol) and cesium carbonate (70.6 mg, 217 µmol) were combined with dioxane (2.0 ml) and 

water (200 µl) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-20 

palladium(II)dichloride (7.93 mg, 10.8 µmol) was added. The reaction mixture was heated at 

80°C for 1 hour. The crude material was purified by chromatography (silica gel, ethyl acetate / 

heptane = 20:80 to 100:0) to yield the title compound (11.2 mg, 25 %) as off-white solid. MS: 

m/e = 407.3 [M+H]
+
. 

25 

H
 

H
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Example 46 

8-(4-Chloro-3-fluorophenyl)-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-5 

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 4-chloro-3-fluorophenylboronic acid (25.7 mg, 

147 µmol) and cesium carbonate (96.1 mg, 295 µmol) were combined with dioxane (10 ml) and 

water (1.0 ml) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (10.8 mg, 14.7 µmol) was added. The reaction mixture was heated at  

80 °C for 1 hour. The crude reaction mixture was concentrated in vacuo and purified by 10 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(34 mg, 59 %) as off-white solid. MS: m/e = 389.3 [M+H]
+
. 

 

Example 47 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(3,4,5-trifluorophenyl)pyrido[4,3-b]pyrazine-2-15 

carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 3,4,5-trifluorophenylboronic acid (25.9 mg, 147 

µmol) and cesium carbonate (96.1 mg, 295 µmol) were combined with dioxane (10 ml) and 20 

water (1.0 ml) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (10.8 mg, 14.7 µmol) was added. The reaction mixture was heated at  

80 °C for 1 hour. The crude reaction mixture was concentrated in vacuo and purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(50 mg, 87 %) as off-white solid. MS: m/e = 391.2 [M+H]
+
. 25 
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Example 48 

(8-(4-(Hydroxymethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

O

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-5 

yl)methanone (40 mg, 124 µmol), 4-(hydroxymethyl)phenylboronic acid (18.8 mg, 124 µmol) 

and cesium carbonate (44.4 mg, 136 µmol) were combined with dioxane (10 ml) and water (1.0 

ml) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-palladium(II)dichloride 

(4.53 mg, 6.19 µmol) was added. The reaction mixture was heated at 90 °C for 1 hour. The crude 

reaction mixture was concentrated in vacuo and purified by chromatography (silica gel, methanol 10 

/ dichloromethane = 2:98 to 7:93) to yield the title compound (30.6 mg, 71 %) as brown solid. 

MS: m/e = 351.2 [M+H]
+
. 

Example 49 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(1-methyl-1H-pyrazol-5-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 15 

N

N

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (40 mg, 118 µmol), 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)-1H-pyrazole (24.5 mg, 118 µmol) and cesium carbonate (42.3 mg, 130 µmol) 

were combined with dioxane (10 ml) and water (1.0 ml) to give a light yellow suspension. 20 

Bis(diphenylphosphino)ferrocene-palladium(II)dichloride (4.31 mg, 5.9 µmol) was added. The 

reaction mixture was heated at 90 °C overnight. The crude material was concentrated in vacuo 

and purified by chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0; then silica 

gel, methanol / dichloromethane = 2:98 to 5:95) to yield the title compound (12.5 mg, 31 %) as 

light grey solid. MS: m/e = 341.2 [M+H]
+
. 25 
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Example 50 

8-(1-Methyl-1H-pyrazol-5-yl)pyrido[4,3-b]pyrazine-2-carboxamide 

N

N

N

O

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromopyrido[4,3-b]pyrazine-2-carboxamide (100 mg, 395 

µmol), 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (82.2 mg, 395 5 

µmol) and cesium carbonate (258 mg, 790 µmol) were combined with dioxane (10.0 ml) and 

water (1.0 ml) to give a light brown solution. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (28.9 mg, 39.5 µmol) was added. The reaction mixture was heated at  

80 °C for 1 hour. The crude reaction mixture was concentrated in vacuo and purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 10 

(41 mg, 41 %) as light grey solid. MS: m/e = 255.2 [M+H]
+
. 

 

Example 51 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(6-methylpyridin-3-yl)pyrido[4,3-b]pyrazine-2-

carboxamide 15 

N

O

N

O

N

N

N

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (50 mg, 147 µmol), 6-methylpyridin-3-ylboronic acid (20.2 mg, 147 

µmol) and cesium carbonate (96.1 mg, 295 µmol) were combined with dioxane (10.0 ml) and 

water (1.0 ml) to give a light brown solution. Bis(diphenylphosphino)ferrocene-20 

palladium(II)dichloride (10.8 mg, 14.7 µmol) was added. The reaction mixture was heated at 80 

°C for 1 hour. The crude reaction mixture was concentrated in vacuo and purified by 

chromatography (silica gel, ethyl acetate / heptane = 20:80 to 100:0) to yield the title compound 

(16 mg, 31 %) as light brown solid. MS: m/e = 352.3 [M+H]
+
. 
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Example 52 

(8-(3-Fluoro-4-(trifluoromethyl)phenyl)pyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-

yl)methanone 

 

In a 25 ml round-bottomed flask, (8-bromopyrido[4,3-b]pyrazin-2-yl)(3-hydroxypyrrolidin-1-5 

yl)methanone (40 mg, 124 µmol), 3-fluoro-4-(trifluoromethyl)phenylboronic acid (25.7 mg, 124 

µmol) and cesium carbonate (44.4 mg, 136 µmol) were combined with dioxane (10 ml) and 

water (1.0 ml) to give a light brown suspension. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (4.53 mg, 6.19 µmol) was added. The reaction mixture was heated at 90 

°C for 1 hour. The crude reaction mixture was concentrated in vacuo and purified by 10 

chromatography (silica gel, methanol / dichloromethane = 2:98 to 7:93) to yield the title 

compound (20.7 mg, 41 %) as off-white solid. MS: m/e = 407.3 [M+H]
+
. 

 

Example 53 

N-(3-Hydroxy-3-methylbutan-2-yl)-8-(6-methylpyridin-2-yl)pyrido[4,3-b]pyrazine-2-15 

carboxamide 

 

In a 25 ml round-bottomed flask, 8-bromo-N-(3-hydroxy-3-methylbutan-2-yl)pyrido[4,3-

b]pyrazine-2-carboxamide (70 mg, 206 µmol), 6-methylpyridin-2-ylboronic acid (28.3 mg, 206 

µmol) and cesium carbonate (74.0 mg, 227 µmol) were combined with dioxane (10 ml) and 20 

water (1.0 ml) to give a light yellow solution. Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride (7.55 mg, 10.3 µmol) was added. The reaction mixture was heated at  

90 °C for 3 hours. Again, 6-methylpyridin-2-ylboronic acid (28.3 mg, 206 µmol) and cesium 

carbonate (74.0 mg, 227 µmol,) and bis(diphenylphosphino)ferrocene-palladium(II)dichloride 

(7.55 mg, 10.3 µmol) were added. The reaction mixture stirred over night at 90 °C. A third time  25 
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Claims 

1. A compound of formula I  

R1

R3

R3

N

O

N

N

N

I 

wherein 

R
1
 is hydrogen; 5 

R
2
 is hydrogen, lower alkyl, benzyl, lower alkyl substituted by hydroxy or cycloalkyl 

optionally substituted by cyano; 

or R
1
 and R

2
 form together with the N-atom to which they are attached a heterocycloalkyl 

group, optionally containing an additional N, O or S ring atom, and which is optionally 

substituted by hydroxy; 10 

R
3
 is halogen, 

phenyl optionally substituted by one or more halogen, cyano, lower alkyl substituted by 

halogen, lower alkoxy substituted by halogen, lower alkyl substituted by hydroxy, or is  

heteroaryl, optionally substituted by lower alkyl or halogen, or is 

3,6-dihydro-pyran-4-yl, or is 15 

piperidin-1-yl optionally substituted by one or more halogen; 

or to a pharmaceutically acceptable acid addition salt, to a racemic mixture or to it corresponding 

enantiomer and/or optical isomer thereof.  

2. A compound of formula I according to claim 1, wherein R
1 

is hydrogen, R
2
 is hydrogen, 

lower alkyl, benzyl lower alkyl substituted by hydroxy or cycloalkyl optionally 20 

substituted by cyano, and R
3
 is as described in claim 1. 

3. A compound of formula I according to any one of claims 1 or 2, wherein the compounds 

are 

8-(4-Chlorophenyl)pyrido[4,3-b]pyrazine-2-carboxamide 

8-(4-(Trifluoromethyl)phenyl)pyrido[4,3-b]pyrazine-2-carboxamide 25 

 

  

R2 
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9. A pharmaceutical composition comprising a compound of formula I as claimed in any 

one of claim 1 – 5 and pharmaceutically acceptable excipients. 

 

10. The use of a compound of formula I according to any one of claims 1 - 5 for the 

preparation of a medicament for the treatment of schizophrenia, obsessive-compulsive 5 

personality disorder, depression, bipolar disorders, anxiety disorders, normal aging, 

epilepsy, retinal degeneration, traumatic brain injury, spinal cord injury, post-traumatic 

stress disorder, panic disorder, Parkinson’s disease, dementia, Alzheimer’s disease, 

cognitive impairment, chemotherapy-induced cognitive dysfunction, Down syndrome, 

autism spectrum disorders, hearing loss, tinnitus, spinocerebellar ataxia, amyotrophic 10 

lateral sclerosis, multiple sclerosis, Huntington’s disease, stroke, radiation therapy, 

chronic stress, abuse of neuro-active drugs, selected from alcohol, opiates, 

methamphetamine, phencyclidine and cocaine. 

 

 15 
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