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PREPARATION OF C-PYRAZINE-METHYLAMINES
BACKGROUND

This application claims priority of US Appl. No. 61/170911, filed 20 April 2009, which
1S incorporated herein by reference 1n 1ts entirety.

The present invention relates to a process for the preparation of C-pyrazine-
methylamine compounds, and their conversion to 1,3-substituted-imidazo[ 1,5-a]pyrazines.

US 2006/0235031 discloses the preparation of C-pyrazine-methylamine compounds,
which 1s different from the process of preparation according to the present invention. The
process described 1n the above-identified application while suitable for the synthesis of small
quantitics 1s not 1deal for large scale manufacture. Furthermore, the stability of the
intermediates from the process in the above-identified publication also needs to be improved.
See also US 7232911.

There 1s desire for alternative and improved processes for the preparation of C-
pyrazine-methylamine compounds, and their conversion to 1,3-substituted-imidazoll,5-
a]pyrazines with improved scalability, selectivity, efficiency, safety, reduced contamination,

and cost.

SUMMARY
The present 1nvention relates to a process for the preparation of C-pyrazine-
methylamine compounds. In some aspects, the invention relates to a process for preparing C-

pyrazin-2-ylmethylamine compounds of formula (I) or salts thereof:

N._ _Cl
| N
[ )i(
N
NH,,

I
wherein R1 18 H or a substituent such as CN, a carboxylate, or an optionally substituted
aryl or a heteroaryl group, by reaction of an appropriate arylimine with a dihalopyrazine,
followed by hydrolysis. Another aspect of the invention relates to a process for preparing 1,3-

substituted imidazo[1,5-a]pyrazine compounds from a compound of formula I.
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DETAILED DESCRIPTION

In some aspects of the invention, there 1s provided a process for preparing a compound

N Cl
I N
[ /ji(m
N
NH,

|

of formula (I) or a salt thereof:

wherein R1 1s H, CN, a carboxylate, or optionally substituted aryl or heteroaryl;
comprising reacting a 2,3-dihalopyrazine such as 2,3-dichloropyrazine with a suitable diaryl
imine¢ followed by hydrolysis.

In some aspects of the invention, R1 1s aryl or heteroaryl, either of which 1s optionally
substituted, such as by aryl, heteroaryl, C,-C,palkyl, Co-Cipalkoxy, halo, or cyano.

In some aspects, the process provides compounds of formula I wherein R1 1s aryl or

heteroaryl;
In some embodiments, 1 Step (a) the diaryl imine 1s prepared by Reaction A
R1
0 /
|
AN
| N
MeO = + OMe B ‘ s
MeO” N7 OMe
)R1
H,N
or by Reaction B:
R1

NH, N/)
.
/)R1

O

In some¢ embodiments, in Step (b) the diaryl imine product of (a) and the 2,3-

dichloropyrazine are reacted together in the presence of base; and in some embodiments in
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Step (¢) the product of (b) 1s hydrolyzed to obtain the compound of formula I. In some
embodiments, Reaction B 1s used to prepare the diaryl imine.

In some embodiments, R1 1s an aryl group selected from phenyl, 4-chlorophenyl, 4-
fluorophenyl, 4-bromophenyl, 3-nmitrophenyl, 2-methoxyphenyl, 2-methylphenyl, 3-
methyphenyl, 4-methylphenyl, 4-ethylphenyl, 2-methyl-3-methoxyphenyl, 2,4-dibromophenyl,
3,5-difluorophenyl, 3,5-dimethylphenyl, 2,4,6-trichlorophenyl, 4-methoxyphenyl, naphthyl, 2-
chloronaphthyl, 2,4-dimethoxyphenyl, 4-(trifluoromethyl)phenyl, or, 2-10do-4-methylphenyl;
and the aryl group 1s optionally substituted with one or more independent substituents selected
from C;-Cjpalkyl, halo, cyano, hydroxy, or phenyl.

In some embodiments, R1 1s a heteroaryl group selected from 2-, 3- or 4-pyridinyl,
pyrazinyl, 2-, 4-, or 5S-pyrimidinyl, pyridazinyl, triazolyl, tetrazolyl, imidazolyl, 2- or 3-thienyl,
2- or 3-furyl, pyrrolyl, oxazolyl, 1soxazolyl, thiazolyl, 1sothiazolyl, oxadiazolyl, thiadiazolyl,
quinolyl, 1soquinolyl, benzimidazolyl, benzotriazolyl, benzofuranyl, or benzothienyl; and the
heteroaryl group 1s optionally substituted with one or more independent substituents selected
from C;-Cjpalkyl, halo, cyano, hydroxy, or phenyl.

In some embodiments, R1 1s 2-phenylquinoline.

In some embodiments, at least about 0.5 mol of formula I 1s obtained 1 an overall yield
for the process of at least about 50%.

In some embodiments, the reaction solvent for (a) comprises THF or 1,4-dioxane.

In some embodiments according to Reaction B of Step (a), a diphenylmethylamine and
an aryl aldehyde can be treated 1n a suitable solvent at a suitable reaction temperature. Suitable
solvents include ethers such as THF, glyme, and the like, CH3;CN, chlorinated solvents such as
CH,C1, or CHCI;, and esters such as EtOAc and the like, and mixtures thercof. Preferred
solvents include THF and EtOAc. The reaction can be carried out at about 0 °C to about 120
°C, preferably, about 25 °C to about 80 °C. The reaction can be carried out at about
atmospheric pressure although higher or lower pressures can be used. In some embodiments,
approximately equimolar amounts of reactants can be used although higher or lower amounts
can be used.

In some embodiments, Reaction A 18 carried out 1n the presence of an organic base and
a Lewis acid. In some embodiments, the organic base i Reaction A comprises Et;N or NMM.
In some embodiments, the Lewis acid comprises Ti1Cly. Suitable solvents include ethers such
as THF, glyme, and the like, CH3CN; and chlorinated solvents such as CH,Cl, or CHCI; and

mixtures thercot. Preferred solvents include THF and 1,4-dioxane. The reaction can be
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carried out at about -78 ° C to about 120 °C, preferably, about -78 © C to about 20 °C. The
reaction can be carried out at about atmospheric pressure although higher or lower pressures
can be used. In some embodiments, approximately equimolar amounts of reactants can be
used although higher or lower amounts can be used.

In some embodiments, the reaction (b) of the diaryl imine with 2,3-dichloropyrazine 1s
carried out in the presence of a metal hexamethyl disilazide, a metal amide, a metal hydride, a
hindered alkoxide such as a fert-butoxide or rert-pentoxide, a metal carbonate or an organic
base such as DBU.

In some embodiments of reaction Step (b), 2,3-dichloropyrazine and a
(diphenylmethylidene)methanamine compound can be treated with a base 1n a suitable solvent
at a suitable reaction temperature. Suitable solvents for use 1n the reaction include ethers such
as THF, glyme, 1,4-dioxane and the like, and mixtures thercof. Preferred solvents include
THF. Suitable bases include HMDS sodium salt or potassium tert-butoxide. The reaction can
be carried out at about -78 °C to about 50 °C, preferably about -20 °C to about 25 °C. The
reaction can be carried out at about atmospheric pressure although higher or lower pressures
can be used. In some embodiments, approximately equimolar amounts of reactants can be
used although higher or lower amounts can be used.

In a typical preparation according to Step (c¢), a 1-(3-chloropyrazin-2-yl)-N-
(diphenylmethylidene)methanamine compound 1s treated with an acid, 1n a suitable solvent at a
suitable reaction temperature. Suitable acids include HCI, sulfuric acid, or TFA. Suitable
solvents for use 1n the reaction include ethers such as THF, glyme, and the like, esters such as
EtOAc and the like, CH3;CN, chlorinated solvents such as CH,C1, or CHCl;, toluene, or HCI in
MeOH. If desired, mixtures of these solvents can be used. Preferred solvents include CH,Cl,,
EtOAc, THF and toluene. The reaction can be carried out at about -40 °C to about 60 °C,
preferably, about 0 °C to about 40 °C. The reaction can be carried out at about atmospheric
pressure although higher or lower pressures can be used. In some embodiments,
approximately equimolar amounts of reactants can be used although higher or lower amounts
can be used.

In some embodiments, 1n Step (a) the diaryl imine 18 prepared by Reaction C:
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wherein R; 18 C;-Cypalkyl; (b) the diaryl imine product of (a) and the 2,3-
dichloropyrazine are reacted together 1n the presence of base; and (c¢) the product of (b) 1s
hydrolyzed to obtain the compound of formula I wherem R1 1s H.

In some embodiments, R, 1s selected from methyl, ethyl, n-propyl, 1sopropyl, n-butyl,
sec-butyl, 1sobutyl, fert-butyl, n-pentyl, 1sopentyl, n-hexyl, n-heptyl, 1sooctyl, nonyl, decyl, any
of which can be substituted by one or more independent substituents selected from C;-Cpalkyl,
halo, cyano, hydroxy, or phenyl. In some embodiments, R, 1s methyl.

In some embodiments, at least about 0.5 mol of formula I 1s obtained 1 an overall yield
for the process of at least about 50%.

In some embodiments, Reaction C 1s carried out 1n the presence of DIEA or Et3;N.

In some embodiments, the base for (b) comprises potassium carbonate or cesium
carbonate.

In some embodiments, (¢) 1s carried out 1n the presence of potassium hydroxide,
sodium hydroxide, or lithium hydroxide. In some embodiments, (c) 18 carried out 1n the
presence of HCI, TFA, acetic acid, or sulfuric acid.

In some¢ embodiments, an advantage of this process 1s that (3-chloropyrazin-2-
yl)methanamine can be made without resorting to the formation of halomethyl pyrazine which
1s lacrymatory and difficult to form seclectively.

In some embodiments of Reaction C, benzophenone can be reacted with a glycine alkyl
ester 1n a suitable solvent at a suitable reaction temperature 1n the presence of a base. Suitable
solvents for use 1n the reaction included THF, glyme, and the like, propionitrile, acetonitrile,
nonpolar solvents such as toluene, and chlorinated solvents such as CH,C1, or CHCI;, or
solvent mixtures. A preferred solvent 1s toluene. The reaction can be carried out at about -20
°C to about 120 °C, preferably about 20 °C to about 120 °C. Bases such as DIEA or E;N can
be used. The reaction can be carried out at about atmospheric pressure although higher or
lower pressures can be used. In some embodiments, approximately equimolar amounts of

reactants can be used although higher or lower amounts can be used.

d
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In some embodiments, the resulting glycine benzophenone imine compound can be
reacted with 2,3-dichloropyrazine in a suitable solvent at a suitable temperature. Suitable
solvents for use 1n the above process include THF, glyme, and the like, DMF, DMSO,
propionitrile, Et;N, nonpolar solvents such as toluene, and chlorinated solvents such as
CH,C1, or CHCls, or solvent mixtures. A preferred solvent 1s DMF. The reaction can be
carried out at about -20 °C to about 130 °C, preferably, about 20 °C to about 130 °C. Bases
such as potassium carbonate, cestum carbonate, DBU, or other bases can be used. The reaction
can be carried out at about atmospheric pressure although higher or lower pressures can be
used. In some embodiments, approximately equimolar amounts of reactants can be used
although higher or lower amounts can be used.

In some embodiments, the resulting alkyl 2-(3-chloropyrazin-2-yl)-2-
(diphenylmethylideneamino)acetate compound can be hydrolyzed in a suitable acid and/or a
suitable base at a suitable reaction temperature. Suitable acids for use 1n the above process
include HCI, TFA, acetic acid, and sulfuric acid. A preferred acid 1s HCL. Suitable bases
include potassium hydroxide, sodium hydroxide, and lithium hydroxide. A preferred base 1s
sodium hydroxide. Suitable solvents include water; nonpolar solvents such as toluene,
alcohols, ethers such as THF, and chlorinated solvents such as CH,C1, or CHCls, or solvent
mixtures. A preferred solvent 1s toluene. The reaction can be carried out at about -20 ° C to
about 80 °C, preferably, about 20 °C to about 50 °C. The reaction can be carried out at about
atmospheric pressure although higher or lower pressures can be used. In some embodiments,
approximately equimolar amounts of reactants can be used although higher or lower amounts
can be used.

In some embodiments, the process further comprises reacting the compound of formula

I according to the reactions:

/u\ Lo
e
NT X R
wr -
I (1V) Rz (V)
I
wherein R; 1s C;-Cypalkyl, Cs;-Cipcycloalkyl, aryl, or heteroaryl, any of which 1s

optionally substituted by one or more independent substituents selected from halo, oxo, cyano,

hydroxy, and C;-C,palkyl; and R4 1s hydroxy, alkoxy, chloro, or imidazole.
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In some embodiments, the process further comprises the reactions:

L > N'H2 J (L 2004
% 9

———————— -

In some embodiments of the preparation of a compound of Formula (IV), a compound
of formula (I) and a compound of Formula (III) are reacted under suitable amide coupling
conditions. Suitable conditions include treating compounds of Formula (I) and (I1I) (when R4
=0H) with coupling reagents such as DCC or EDC i1n conjunction with DMAP, HOBt, HOAt
and the like. Suitable solvents include ethers such as tetrahydrofuran THF, glyme, and the
like, DMF, DMSO, CH;CN, EtOAc, or halogenated solvents such as CHCI; or CH,Cl,, and
solvent mixtures. Preferred solvents include CH,Cl, and DMF. The process can be carried out
at about 0° C to about 80 °C, preferably about room temperature (rt). The reaction can be
carried out at about atmospheric pressure although higher or lower pressures can be used. In
some embodiments, approximately equimolar amounts of reactants can be used although
higher or lower amounts can be used.

In some embodiments, compounds of Formula (I) and (I1I) (where R4 = Cl, Br, 1) can
be reacted with bases such as Et;N or DIEA or the like optionally in conjunction with DMAP
or the like. Suitable solvents include ethers such as THF, glyme, and the like, DMF, CH;CN,
EtOAc, halogenated solvents such as CH,Cl, or CHCls;, or mixtures thercof. A preferred
solvent 1s CH,Cl,. The process can be carried out at about -20 °C to about 40 °C, preferably
about 0 °C to about 25 °C. The reaction can be carried out at about atmospheric pressure
although higher or lower pressures can be used. In some embodiments, approximately
cquimolar amounts of reactants can be used although higher or lower amounts can be used. In
some embodiments, substantially equimolar amounts of compounds of Formula (I) and (III)

(where R4 = Cl, Br, I) and base and substoichiometric amounts of DMAP can be used. Other

7
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suitable reaction conditions for the conversion of a compound of Formula (I) to a compound of
Formula (IV) can be found in Larock, R. C. Comprehensive Organic Transformations, 2" ed.;
Wiley and Sons: New York, 1999, pp 1941-1949.

In some embodiments of the preparation of a compound of formula (V), an
intermediate of Formula (IV) can be treated with POCls, with or without a suitable solvent at a
suitable reaction temperature. Suitable solvents include ethers such as THF, glyme, DMF,
EtOAc, and the like, CH3CN, and chlorinated solvents such as CH,C1, or CHCl;, or mixtures
of solvents. Preferred solvents include CH;CN, DMF, and CH,C1,. The above process can be
carried out at about 0 °C. to about 120 °C, preferably about 20 °C to about 95 °C. The reaction
can be carried out at about atmospheric pressure although higher or lower pressures can be
used. In some embodiments, approximately equimolar amounts of reactants can be used
although higher or lower amounts can be used.

All processes of preparation, as described above, are supplemented by synthetic
methods known 1n the art of organic chemistry, or modifications and derivatizations that are
familiar to those of ordinary skill in the art. The starting materials used herein are

commercially available or may be prepared by routine methods known 1n the art.

Examples
Example 1: N-[bis(4-methoxyphenyl)methylidene]-1-(2-phenylquinolin-7-yl)methanamine

C-(2-Phenylquinolin-7-yl)methylamine  (170mg,  0.73 mmol) and  4,4'-

dimethoxybenzophenone (176 mg, 0.73 mmol) were added to a flask under nitrogen. THF (4
mL) and triecthylamine (0.30 mL, 2.2 mmol) were then added. The mixture was cooled to —78
°C and titanium tetrachloride (0.080 mL, 0.73 mmol) was added. The reaction mixture was
allowed to warm to room temperature. After stirring for 30 minutes the mixture was cooled to
—78 °C and tricthylamine (2 mL) was added followed by water (3 mL). The mixture was
warmed to room temperature and DCM was added. The organic solution was washed with
water, dried over sodium sulfate, filtered, and concentrated to dryness in vacuo. The resultant
yellow o1l was purified by silica gel chromatography (cluted with DCM/ heptane 2:1). A light
yellow solid (0.247 g, yield 74%) was obtained.
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'"H NMR (400 MHz, CDCls) o ppm 3.83 (s, 3H), 3.87 (s, 3H), 4.83 (s, 2H), 6.83—6.91 (m, 2H),
6.94 - 7.03 (m, 2H), 7.14-7.22 (m, 2H), 7.40-7.58 (m, 4H), 7.65— 7.74 (m, 2H), 7.75— 7.87 (m,
2H), 8.07-8.23 (m, 4H). Reference: N. Sotomayor Tetrahedron, 1994 , 50, 2207

Example 2: C-(3-chloropyrazin-2-yl)-C-(2-phenylquinolin-7-yl)methylamine

MeQO
N C ‘ N
\ +
o
N7 ¢l ‘

OMe

N-[bis(4-methoxyphenyl)methylidene]-1-(2-phenylquinolin-7-yl)methanamine (100
mg, 0.22 mmol) was added to a flask and protected by nitrogen. THF (2 mL) was added and a
clear solution was obtained. The solution was cooled to -5 °C and then 1.0 M 1,1,1,3,3,3-
hexamethyldisilazane, sodium salt in THF (0.26 mL, 0.26 mol) was added. After 20 min, 2,3-
dichloropyrazine (36 mg, 0.24 mmol) in THF (1.0 mL) was added. After a further 20 min, 2M

HCI (2 mL) was added and the mixture was stirred at room temperature for 10 min. The
aqueous mixture was washed with DCM (3x) and then basified to pH 10 with solid potassium
carbonate. A white solid precipitated from the aqueous solution and the resulting suspension
was extracted with DCM. The organic solution was washed with water, dried over sodium
sulfate, filtered, and concentrated in vacuo to give a light yellow o1l (67 mg). The yellow oil
was further purified by silica gel chromatography (ecluted with ethyl acetate/ methanol/
tricthylamine, 10:0.5:1) to yield a colorless o1l (63 mg, 83% yield).

Example 3: 1,1-diphenyl-N-((2-phenylquinolin-7-yl)methylene)methanamine

_,.

7-Bromo-2-phenyl-quinoline (40.0 g, 0.141 mol) was added to a 1000 mL three-neck
round bottom flask (rbf). The flask was degassed and filled with N,. THF (400 mL) was
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added. The solid dissolved. The flask was kept mn a cooling bath (at -62 °C). The off-white
solid crashed out at low temperature. 1.4 M of sec-butyllithium 1n cyclohexane (125.7 mL,
0.176 mol) was added within 15 min, and the internal temperature was kept at around -50 °C.
After addition was complete, the reaction was stirred at -50 °C (internal temperature) for 5
min. DMF (13.6 mL, 0.176 mol) was added within 10 min and the internal temperature was
always kept at around -50 °C and the cooling bath was kept at around at -62 °C. After 35 min,
the reaction was quenched by NH4Cl/water (200 mL), and EtOAc (200 mL) was added. The
organic layer was washed with water (300 mL x 2) and brine (150 mL), dried over MgSQOy,
filtered and concentrated in vacuo. After evaporating to almost dryness, EtOAc¢ (200 mL) was
added and heated 1n a 70 °C o1l bath to dissolve the solid. Half of the aminodiphenylmethane
(26.2 mL, 0.148 mol) was added and the reaction was stirred at 58 °C (internal temperature)
for 5 min. The reaction was seeded and the solid came out of solution slowly. After 5 min, the
remaining aminodiphenylmethane was added within 3 min. The o1l bath temperature was kept
at 70 °C, the internal temperature increased to 67 °C. After 10 min, the reaction mixture was
cooled 1n an 1ce bath. The off-white solid was collected by vacuum filtration and dried in

vacuo at 40-60 °C for 2 hours. The title compound was 1solated as an off-white solid (37.42 g,
67% yield).

Example 4: synthesis of (E)-1,1-diphenyl-N-((2-phenylquinolin-7-yl)methylene)methanamine

via a different starting material from that of Example 3

+ _,.

2-Phenylquinoline-7-carbaldehyde (85.00 g, 0.364 mol) and EtOAc (255 mL) were
added to a rbf and heated in a 70 °C o1l bath. Half of aminodiphenylmethane (70.11 g, 0.38261

mol) was added quickly. After 2 min, a light brown solid precipitated. The reaction was
exothermic and the reaction temperature 1ncreased to 73 °C. The remaining
aminodiphenylmethane was then added within 3 min. The reaction temperature decreased to
67 °C slowly. After 30 min, heating was discontinued and the reaction was cooled 1n an ice
bath to about 15 °C. The yellow solid was collected by vacuum filtration and dried 1n vacuo at

45 °C overnight. The title compound was isolated as a yellow solid (115.77 g, 80% yield). 'H
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NMR (400 MHz, CDCls) & ppm 5.69 (s, 1 H), 7.21 - 7.28 (m, 2 H), 7.31 - 7.38 (m, 4 H), 7.43 -
7.50 (m, 5 H), 7.50 - 7.57 (m, 2 H), 7.84 (d, J=8.59 Hz, 1 H), 7.90 (d, /=8.59 Hz, 1 H), 8.13 -
8.19 (m, 2 H), 8.22 (d, J=8.08 Hz, 1 H), 8.26 (dd, /=8.46, 1.64 Hz, 1 H), 8.37 (s, 1 H), 8.65 (s,
1 H).

Example 5: synthesis of (3-chloropyrazin-2-yl)(2-phenylquinolin-7-yl)methanamine

Benzhydryl-[ 1-(2-phenyl-quinolin-7-yl)-meth-(E)-ylidene]-amine (12.50 g, 31.4 mmol)
was added to a 500 mL rbf fitted with a thermocouple. The flask was degassed and filled with
nitrogen. THF (150 mL) was added and the solid dissolved. The mixture was cooled to -5 °C
and 1.0 M of HMDS sodium salt in THF (39.2 mL) was added within 5 min. The temperature
increased slightly to -3 °C. The blue solution was stirred for 20 min at 0° C and then 2,3-
dichloropyrazine (5.61 g, 37.6 mmol) in THF (10 ml) was added within 3 min. The mixture
was stirred for 30 min and then quenched with saturated NH4Cl /water (200 mL). EtOAc (200
mL) was added and the aqueous phase was removed. Toluene can also be used. The organic
layer was washed with water (200mLx2) and brine (200 mL). Concentrated HCI (10 mL) and
water (200 mL) were added. The phases were separated and the organic layer was extracted
with 0.1 M HCI (30 mL). The aqueous was washed with EtOAc (2x) and then saturated
K,CO3; was used to adjust to pH 10. The aqueous solution was extracted with EtOAc (2x) and
the combined organics were dried over Na SOy, filtered, and concentrated in vacuo to a brown
o1l which solidified upon standing to yield the title compound as a brown solid (9.94 g, 81%
yield). 'H NMR (400 MHz, CDCls) & ppm 2.30 (br s, 2 H), 5.79 (s, 1 H), 7.43 - 7.56 (m, 3 H),
7.62 (dd, J=8.46, 1.89 Hz, 1 H), 7.81 (d, J=8.34 Hz, 1 H), 7.86 (d, J/=8.59 Hz, 1 H), 8.07 (d,
J=1.01 Hz, 1 H), 8.10 - 8.16 (m, 2 H), 8.19 (d, /=8.59 Hz, 1 H), 8.31 (d, J=2.27 Hz, 1 H), 8.60
(d, J/=2.53 Hz, 1 H). MS (ES+): m/z=347.01/349.03 (100/68) [MH 1.

Example 6: synthesis of HCI salt of (3-chloropyrazin-2-yl)-methylamine
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A 500 mL, 1-necked rbf equipped with a magnetic stirrer, and a Dean-Stark apparatus
with a nitrogen 1nlet was charged with benzophenone (58.0 g, 0.318 mol), glycine methyl ester
hydrochloride (20 g, 0.159 mol) and toluene (100 mL). The resulting white suspension was
heated to reflux and DIEA (56 mL, 0.318 mol) was added over three hours using a syringe
pump. The resulting pale yellow solution was stirred at reflux for an additional 1h. Upon
reaction completion, the reaction mixture was cooled to rt. The reaction mixture was then
washed with water (50 mL). The layers were separated and the organic solution was washed
with water (50 mL) and concentrated in vacuo at 35-40 °C to give (Benzhydrylidencamino)-
acetic acid methyl ester (82.59¢g). In a similar fashion, (benzhydrylidencamino)-acetic acid
cthyl ester was prepared.

A 100 mL rbf equipped with a magnetic stirrer, and a nitrogen inlet was charged with
benzhydrylidene-amino)-acetic acid ethyl ester (10 g, 36.6 mmol), Cs,CO;z (13.27 g, 40.3
mmol) and DMF (50 mL). To the suspension, 2,3-dichloropyrazine (6.13 g, 40.3 mmol) was
added. The resulting pale yellow mixture was stirred and heated to 120-125 °C. Alternatively,
the reaction can be carried out at about 40-60 °C or about 50 C. The resulting dark solution
was stirred for 3h. Upon reaction completion, the reaction mixture was cooled to rt, diluted
with toluene (50 mL), and washed with water (50 mL). The layers were separated and the

bottom aqueous layer was extracted with toluene (2 x 30 mL). The combined organic layers
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were washed with water (2 x 50 mL). The organic layer was concentrated in vacuo at 35-40 °C
to remove part of the toluene. This crude material was be hydrolyzed as follows.
Alternatively, the method of Example 7 below can be used.

The resultant crude intermediate in toluene was transferred mnto a 250 mL round
bottomed flask equipped with a magnetic stirrer and a nitrogen inlet. Concentrated HCI (37%,
4.0 g, 40.3 mmol) was added and the reaction was allowed to stir at rt for 3h. After the
completion of the imine hydrolysis, the reaction mixture was diluted with toluene and the
layers were separated. The bottom aqueous layer was washed with toluene (2 x 20 mL).

The resultant aqueous solution was then transferred mto a 250 mL round bottomed
flask equipped with a magnetic stirrer and a nitrogen inlet. The solution was cooled to 5-10 °C
using an ice/water bath and sodium hydroxide (10 N, 7.8 mL, 76.9 mmol) was added and
allowed to stir at rt for 1h. After the completion of the ester hydrolysis, the reaction mixture
was cooled to 5-10 °C.

Concentrated HCI (37%, 4.0 g, 40.3 mmol, 2.1 e¢q) was added and the reaction was
allowed to stir at rt for 12 h and then at 40-45 °C for 24 hours. After the completion of the
decarboxylation, the reaction mixture was assayed by HPLC. Based on the HPLC assay, the

yield was 58%. A sample was evaporated in vacuo to yield a brown solid. '"H NMR (400 MHz,
DMSO-d¢/D,0) & ppm 4.33 (s, 2 H), 8.52 (s, 1 H), 8.68 (s, 1 H). MS (ES+): m/z= 143.98/146.02
(100/80) [MH"].

Example 7

In an alternative approach for hydrolysis, a 72 L round bottom flask equipped with
mechanical stirrer, N, mlet/outlet and thermometer was charged with solution of crude
pyrazine 1imine compound such as produced in Example 6 above (~30 L, 29.9 mol) 1n toluene.
Water (12 L,) and concentrated HCI1 (3.2 L, 32.9 mol) was added and the reaction mixture was
stirred at ambient temperature for 3 h (monitored by TLC). The layers were separated and
aqueous layer was extracted with toluene (15 L).

The aqueous solution was charged to the same reactor and concentrated HCI (3.2 L,
32.9 mol) was added. The reaction was heated at 60 "C and monitored by TLC. After
completion of the reaction (24-30 h) the reaction mixture was cooled to 5 to 10 °C and the pH
was adjusted to 10 with 50% aqueous NaOH (7 L) while maintaining the temperature below 10
°C.

To the basic mixture (10 to 15 °C), Boc,O (7.2 Kg, 32.9 mol) was added and the

reaction mixture was warmed to ambient temperature and stirred for 4 h (monitored by TLC).
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To the batch MTBE (24 L) was added, stirred for 20 min and the organic layer was separated.
The aqueous layer was extracted with MTBE (2 x 12 L). The combined organic phases were
concentrated under reduced pressure to remove approximately halt of MTBE and the resulting
organic solution was transferred to a 50 L jacketed reactor equipped with mechanical stirrer,
N; inlet/outlet and thermometer. The mixture was cooled to between 5 and 10 °C and 20% HCI
in 1,4-dioxane (20 L, 109.6 mol) was added slowly while maintaining the internal temperature
below 10 °C. The reaction mixture was warmed to ambient temperature and stirred for 4 h.
The solids were filtered and washed with MTBE (10 L) and dried in vacuum oven at 40 °C for
6 h to afford the desired compound as a dark brown solid. 'H NMR (400 MHz, DMSO-ds): &
8.82 (brs, 3H), 8.72 (d,/J=2.5 Hz, 1H), 8.54 (d, /= 2.3 Hz, 1H), 4.22 (s, 2H).

'H NMR (400 MHz or 300 MHz) spectra were recorded on Bruker or Varian

instruments at ambient temperature with TMS or the residual solvent peak as the internal

standard. The line positions or multiples are given in ppm (0) and the coupling constants (J)
are given as absolute values in Hertz (Hz). The multiplicities in 'H NMR spectra are
abbreviated as follows: s (singlet), d (doublet), t (triplet), q (quartet), quint (quintet), m
(multiplet), m. (centered multiplet), br or broad (broadened), AA’BB’. Flash chromatography
was performed with silica gel (400-230 mesh). Mass-directed HPLC purification of

compounds was performed on a Waters system composed of the following: 2767 Sample

Manager, 2525 Binary Gradient Module, 600 Controller, 2487 Dual A Absorbance Detector,
Micromass ZQ2000 for ionization, Phenomenex Luna 5u C18(2) 100 A 150 x 21.2mm 5pu

column with mobile phases of 0.01% formic acid acetonitrile (A) and 0.01% formic acid 1n
HPLC water (B), a flow rate of 20 mL/min, and a run time of 13 min. LC-MS data was
collected on ZQ2, ZQ3, or UPLC-ACQUITY. ZQ2 1s an Agilent 1100 HPLC equipped with a
Gilson 215 Liquid Handler, Gilson 819 Injection Module, and Waters Micromass ZQ2000 for
ionization. ZQ3 1s an Agilent 1100 HPLC equipped with an HP Series 1100 auto injector and
Waters Micromass ZQ2000 for 1onization. Both systems use the Xterra MS C18, Su particle
size, 4.6 x 50 mm with a mobile phase of acetonitrile (A) and 0.01% formic acid in HPLC

water (B). All Waters Micromass ZQ2000 instruments utilized electrospray 1onization 1n

positive (ES+) or negative (ES—) mode. The Waters Micromass ZQ2000 1nstruments from
ZQ2 and ZQ3 can also utilize atmospheric pressure chemical 1onization 1n positive (AP+) or
negative (AP-) mode. The Waters UPLC-ACQUITY system consists of an ACQUITY sample
manager attached to ACQUITY SQ MS and ACQUITY PDA detectors. It uses an ACQUITY
UPLC BEH"” C18 2.1x50mm 1.7um column with a mobile phase of 0.1 % formic acid in
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water (A) and 0.1% formic acid in acetonitrile (B). UV detection 1s at 254 nm, and the MS
utilizes electrospray 1onization in positive mode (ES+). All melting points were determined

with a Mel-Temp II apparatus and are uncorrected. Elemental analyses were obtained by

Atlantic Microlab, Inc., Norcross, GA.

Detinitions and Abbreviations

As used herein, the term “‘aryl” refers to an all-carbon monocyclic, bicyclic, or
polycyclic groups of 6 to 12 carbon atoms having a completely conjugated pi-clectron system.
Examples of aryl include, but are not limited to, phenyl, 4-chlorophenyl, 4-fluorophenyl, 4-
bromophenyl, 3-nitrophenyl, 2-methoxyphenyl, 2-methylphenyl, 3-methyphenyl, 4-
methylphenyl,  4-cthylphenyl, 2-methyl-3-methoxyphenyl,  2,4-dibromophenyl,  3,5-
difluorophenyl, 3,5-dimethylphenyl, 2.4,6-trichlorophenyl, 4-methoxyphenyl, naphthyl, 2-
chloronaphthyl, 2,4-dimethoxyphenyl, 4-(trifluoromethyl)phenyl, and 2-10do-4-methylphenyl.

The terms "heteroaryl” refer to a monocyclic, bicyclic, or polycyclic group of 5 to 12
ring atoms containing on¢ or more ring heteroatoms selected from N, O, and S, the remaining
ring atoms being C, and, 1n addition, having a completely conjugated pi-clectron system.
Examples of such heteroaryl rings include, but are not limited to, furyl, thienyl, pyrrolyl,
pyrazolyl, imidazolyl, oxazolyl, 1soxazolyl, thiazolyl, 1sothiazolyl, triazolyl, oxadiazolyl,
thiadiazolyl, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, and triazinyl. The terms
"heteroaryl” also include heteroaryl rings with fused carbocyclic ring systems that are partially
or fully unsaturated, such as a benzene ring, to form a benzofused heteroaryl. For example,
benzimidazole, benzoxazole, benzothiazole, benzofuran, quinoline, 1soquinoline, quinoxaline,
and the like. Furthermore, the terms "heteroaryl” include fused 5-6, 5-5, 6-6 ring systems,
optionally possessing one nitrogen atom at a ring junction. Examples of such hetaryl rings
include, but are not limited to, pyrrolopyrimidinyl, imidazo[l,2-a]pyridinyl, 1midazo[2,1-
blthiazolyl, 1midazo[4,5-b]pyridine, pyrrolo[2,1-f][1,2,4]triazinyl, and the like. Heteroaryl
groups may be attached to other groups through their carbon atoms or the heteroatom(s), if
applicable. For example, pyrrole may be connected at the nitrogen atom or at any of the
carbon atoms.

The term "alkyl" means both branched and straight chain alkyl groups. Typical alkyl
ogroups arc methyl, ethyl, n-propyl, 1sopropyl, n-butyl, sec-butyl, 1sobutyl, zerz-butyl, n-pentyl,
1sopentyl, n-hexyl, n-heptyl, 1sooctyl, nonyl, decyl, and the like.
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The term "alkoxy" includes both branched and straight chain terminal alkyl groups
attached to a bridging oxygen atom. Typical alkoxy groups include methoxy, ethoxy, n-
pPropoxy, 1Sopropoxy, tert-butoxy and the like.

The term "halo" reters to tluoro, chloro, bromo, or 10do.

Unless otherwise specified, the term "cycloalkyl" refers to a carbon mono-cyclic,
bicyclic, or polycyclic aliphatic ring structure, optionally substituted with for example, alkyl,
hydroxy, oxo, and halo, such as cyclopropyl, methylcyclopropyl, cyclobutyl, cyclopentyl, 2-
hydroxycyclopentyl, cyclohexyl, 4-chlorocyclohexyl, cycloheptyl, cyclooctyl, and the like.

TABLE 1 - Abbreviations

Bn Benzyl grourp

Boc tert-butoxycarbonyl

BOP Bis(2-0x0-3-oxazolidinyl)phosphinic

Cbz Benzyloxycarbonyl

CD;OD Deuterated methanol

CDCl; Deuterated chloroform

CDI 1,1’-carbonyldiimidazole

CH,Cl, or Methylene chloride

DCM

CHCl; Chloroform

CH:;CN Acetonitrile

DBN 1,5-diazabicyclo[4.3.0|non-5-ene

DBU 1,8-d1azabicyclo[5.4.0lundec-7-ene

DCC 1.3-dicyclohexylcarbodiimide

DEA Diethylamine

DEPC Diethyl cyanophosphonate

DIEA Ditsopropylethylamine

DMAP Dimethylaminopyridine

DMC 2-chloro-1,3-dimethylimidazolinium chloride

DMF N,N-dimethyltormamide

DMSO Dimethyl sulfoxide

EDC 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride

EDTA Ethylenediaminetetraacetic acid

EGTA Ethyleneglycol-bis(P-aminoethyl)-N,N,N’ N'-tetraacetic Acid

ESI Electrospray lonization for mass spectromet

Etz:N Triethylamine

EtOAC Ethyl acetate

EtOH Ethanol

Fmoc Fluorene methyloxycarbonyl

HATU O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate

HBTU O-benzotriazol-1-yl-N,N,N’,N’-tetramethyluronium
hexafluorophosphate
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Hydrochloric acid
4-(2-hydroxyethyl)-1-Piperazinecthane sulfonic acid
1.1,1,3,3,3-hexamethyldisilazane
1-hydroxy-7-azabenzotriazole
1-hydroxybenzotriazole hydrate

High Resolution Mass Spectroscopy (electrospray 1onization
nOS1tIvVEe scan

Potassium phosphate

Liquid Chromatography — Mass Spectroscor
Low Resolution Mass Spectroscor
methanol

Sodium hydride
N-methylmorpholine

1 -methyl-2-pyrrolidinone

Nuclear Magnetic Resonance
Protecting grourp

Trifluoroacetic acid
Tetrahydrofuran

Titanium tetrachloride

Thin layer chromatograph
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CLAIMS

1. A process for preparing a compound of formula (I) or a salt thereof:

N Cl
| N
[ Lm
N
NH,,

I
wherein R1 18 H, CN, a carboxylate, or optionally substituted aryl or heteroaryl;
comprising reacting 2,3-dichloropyrazine with a suitable diaryl imine followed by

hydrolysis.

2. The process of Claim 1, wherein:

R1 1s aryl or heteroaryl, either of which 1s optionally substituted by aryl, heteroaryl, C;-
Cioalkyl, Cyp-Cipalkoxy, halo, or cyano;

(a) the diaryl imine 1s prepared by Reaction A

MeO OMe
T MeO Z OMe

or by Reaction B:

NH /)

2 N

+
R1

~
O) .

(b) the diaryl imine product of (a) and the 2,3-dichloropyrazine are reacted together 1n
the presence of base; and

(¢) the product of (b) 1s hydrolyzed to obtain the compound of formula I.
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3. The process of Claim 2, wherein Reaction B 1s used to prepare the diaryl imine.

4. The process of any one of Claims 1-3, wherein R1 1s an aryl group selected from
phenyl, 4-chlorophenyl, 4-fluorophenyl, 4-bromophenyl, 3-nitrophenyl, 2-methoxyphenyl, 2-
methylphenyl, 3-methyphenyl, 4-methylphenyl, 4-ethylphenyl, 2-methyl-3-methoxyphenyl, 2,4
-dibromophenyl, 3,5-difluorophenyl, 3,5-dimethylphenyl, 2,4,6-trichlorophenyl, 4-
methoxyphenyl, naphthyl, 2-chloronaphthyl, 2,4-dimethoxyphenyl, 4-(trifluoromethyl)phenyl,
or, 2-10do-4-methylphenyl; and the aryl group 1s optionally substituted with one or more

independent substituents selected from C;-Cypalkyl, halo, cyano, hydroxy, or phenyl.

5. The process of any one of Claims 1-3, wherein R1 1s a heteroaryl group selected
from 2-, 3- or 4-pyridinyl, pyrazinyl, 2-, 4-, or 5-pyrimidinyl, pyridazinyl, triazolyl, tetrazolyl,
imidazolyl, 2- or 3-thienyl, 2- or 3-furyl, pyrrolyl, oxazolyl, 1soxazolyl, thiazolyl, 1sothiazolyl,
oxadiazolyl, thiadiazolyl, quinolyl, 1soquinolyl, benzimidazolyl, benzotriazolyl, benzofuranyl,
or benzothienyl; and the heteroaryl group 1s optionally substituted with one or more

independent substituents selected from C;-Cypalkyl, halo, cyano, hydroxy, or phenyl.

6. The process of any one of Claims 1-3, wherein R1 1s 2-phenylquinoline.

7. The process of any one of Claims 1-6, 1n which at least about 0.5 mol of formula I 1s

obtained 1n an overall yield for the process of at least about 50%.

8. The process of any one of Claims 2-7, wherein the reaction solvent for (a) comprises

tetrahydrofuran or 1,4-dioxane.

9. The process of any one of claims Claim 2 or 4-8, wherein Reaction A 1s used to

prepare the diaryl imine and 1s carried out 1n the presence of an organic base and a Lewis acid.

10. The process of claim 9, wherein the organic base in Reaction A comprises

tricthylamine or N-methylmorpholine.
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11. The process of Claim 9 or 10, wherein the Lewis acid comprises titanium

tetrachloride.

12. The process of any one of Claims 1-11, wherei the reaction of the diaryl imine

with 2,3-dichloropyrazine 1s carried out 1n the presence of a tert-butoxide or a metal

hexamethyldisilazide.

13. The process of Claim 1 wherein:
(a) the diaryl imine 18 prepared by Reaction C:
CO,R

2 2
: P
|
T 10 NS
7 P > | |
)Cosz

H,N

2
wherein R, 1s C-Cypalkyl;
(b) the diaryl imine product of (a) and the 2,3-dichloropyrazine are reacted together in
the presence of base; and

(c¢) the product of (b) 1s hydrolyzed to obtain the compound of formula I wherein R1 1s
H.

14. The process of Claim 13 wherein R; 1s selected from methyl, ethyl, n-propyl,
1sopropyl, n-butyl, sec-butyl, 1sobutyl, tert-butyl, n-pentyl, 1sopentyl, n-hexyl, n-heptyl,
1sooctyl, nonyl, decyl, any of which can be substituted by one or more independent substituents

selected from C;-C,palkyl, halo, cyano, hydroxy, or phenyl.

15. The process of Claim 13 wherein R, 1s methyl.

16. The process of any one of Claims 13-15, wherein in which at least about 0.5 mol of

formula I 18 obtained 1n an overall yield for the process of at least about 50%.

17. The process of any one of Claims 13-16, wherein Reaction C 1s carried out in the

presence of tricthylamine or ethyldiisopropylamine.
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18. The process of any one of Claims 13-17, wherein the base for (b) comprises

potassium carbonate or cesium carbonate.

19. The process of any one of Claims 13-18, wherein step (b) 1s carried out at a

10  temperature of about 40-60 °C.

20. The process of any one of Claims 13-18, wherein (¢) 1s carried out 1n the presence

of potassium hydroxide, sodium hydroxide, or lithium hydroxide.

15 21. The process of any one of Claims 13-18, wherein (¢) 18 carried out 1n the presence

of hydrochloric acid, trifluoroacetic acid, acetic acid, or sulfuric acid.

22. The process of any one of Claims 1-21, further comprising reacting the compound

of formula I according to the reactions:

)l\ E N Cl
R4 POCI, =
[ Lr (HI) I( \ NS Ry R

-

| (IV) RS (V)
20
wherein R3 1s C-Cypalkyl, Cs-Ci,cycloalkyl, aryl, or heteroaryl, any of which 1s
optionally substituted by one or more independent substituents selected from halo, oxo, cyano,
hydroxy, and C;-Cypalkyl; and R4 1s hydroxy, alkoxy, chloro, or imidazole.
25 23. The process of any one of Claims 1-12 or 22, comprising the reactions:
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NH,
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