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Analvytical data for compounds 2-20

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-(4-((methylamino)methyl)phenyl)isoxazol-5-

yDpyrazin-2-amine (2).

NH, O-N
NS
NW\
I HN—

N

0=8=0

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-dg) & 8.92 (s, 1 H), 8.85 (br s, 2H),
8.43 (m, 2H), 8.12 (m, 2H), 7.85 (m, 2H), 7.82 (s, 1H), 7.65 (m, 2H), 7.26 (br s, 2H), 4.21-4.25
(m, 2H), 3.55 (m, | 7.5 Hz, 1H), 2.61-2.65 (m, 3H), 1.22 (d, | 7.5 Hz, 6H); 3C NMR (125
MHz, DMSO-dg) & 168.35, 162.38, 152.08, 143.00, 141.66, 138.04, 136.14, 134.81, 131.27,
129.64, 129.10, 127.43, 126.17, 124.86, 102.76, 54.68, 51.10, 32.25, 15.56; MS (ES+) 464.4;
HRMS (ES+) caled for Cp4H,sN503S (M + H)" 464.1751; found: 464.1754.

3-Amino-6-(4-(isopropylsulfonyl)phenyl)-N-phenylpyrazine-2-carboxamide (3).

NH, O @
NMN
H

|
N

0=S8=0

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-d¢) 6 10.47 (s, 1H), 9.05 (s, 1H), 8.53
(d, ] 8.5 Hz, 2H), 7.93 (d, ] 8.5 Hz, 2H), 7.82 (d, | 7.8 Hz, 2H), 7.41 (t, ] 7.8 Hz, 2H), 7.18 (m,
1H), 3.48 (m, ] 6.8 Hz, 1H), 1.19 (d, ] 6.8 Hz, 6H); 1*C NMR (100 MHz, DMSO-d;) 5 164.72,
155.14, 145.80, 141.17, 138.20, 136.74, 136.16, 129.36, 128.99, 126.56, 124.87, 124.68, 121.62,
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54.56, 15.59; MS (ES+) m/z 397.3 (M + H)*; HRMS (ES+) calcd for CaoHaoN4O5S (M + H)*
397.1334; found: 397.1343.

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-phenylisoxazol-5-yl)pyrazin-2-amine (4).

NH, O-N
NW
|

N

0=8=0

Isolated as a yellow solid; "H NMR (400 MHz, DMSO-de) & 8.95 (s, 1H), 8.44 (m, 2H), 8.01
- 8.06 (m, 2H), 7.95 (m, 2H), 7.67 (s, 1H), 7.55 - 7.63 (m, 2H), 7.22 - 7.35 (m, 2H), 3.47 (m, |
6.9 Hz, 1H), 1.14 (d, ] 6.9 Hz, 6H); 13C NMR (100 MHz, DMSO-d,) 6 168.93, 163.52, 153.04,
143.78, 142.32, 138.82, 137.00, 131.76, 131.74, 130.44, 129.54, 128.08, 126.96, 125.72, 103.46,
55.46, 16.47;, MS (ES+) m/z 421.3 (M + H)*; HRMS (ES+) caled for CyHpN4O3S (M + H)*
421.1334; found: 421.1339.

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-phenyl-4,5-dihydroisoxazol-5-yl)pyrazin-2-amine
(5).

NH, O-N
NW@

N

0=S8=0
A
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Isolated as a white solid; "H NMR (400 MHz, DMSO-dq) § 8.75 (s, 1H), 8.22 (m, 2H), 7.78 -
7.85 (m, 4H), 7.48-7.53 (m, 3H), 6.95 (br s, 2H), 6.02 (m, 1H), 4.28 (m, 1H), 3.75 (m, 1H),
3.44 (m, | 6.8 Hz, 1H), 1.15 (d, ] 6.8 Hz, 6H); 3C NMR (125 MHz, DMSO-dg) § 157.78,
154.40, 142.19, 141.24, 136.48, 136.02, 135.65, 130.70, 129.67, 129.56, 129.37, 127.26, 125.53,
78.88, 54.65, 37.03, 15.66; MS (ES+) m/z 423.4 (M + H)"; HRMS (ES+) calcd for CoHN,O5S
(M + H)* 423.1491; found: 423.1487.

5-(4-(Isopropylsulfonyl)phenyl)-3-(1-phenyl-1H-1,2,3-triazol-4-yl) pyrazin-2-amine (6).

NH, N=N

<N

N™ 3
N

0=S=0

Isolated as a pale yellow solid; 'H NMR (400 MHz, DMSO-d;) 8 9.66 (s, 1H), 8.85 (s, 1H),
8.46 (m, 2H), 8.12 (m, 2H), 7.91 (m, 2H), 7.74 (br s, 2H), 7.67 (m, 2H), 7.58 (m, 1H), 3.47 (m,
] 6.8 Hz, 1H), 1.19 (d, ] 6.8 Hz, 6H); 13C NMR (125 MHz, DMSO-d;) & 152.28, 148.04,
142.08, 140.53, 137.22, 136.85, 135.86, 130.40, 129.74, 129.48, 128.22, 125.99, 123.44, 121.08,
54.72, 15.71; MS (ES+) m/z 421.1 (M + H)*; HRMS (ES+) calcd for Cy;Hy0N¢O,S (M + H)*
421.1447; found: 421.1445.

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenylisoxazol-3-yl)pyrazin-2-amine (7).
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NH, N'O
N W
|

_N

0=S=0

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-de) 6 8.95 (s, 1H), 8.42 (m, 2H), 8.02
- 8.05 (m, 2H), 7.93 (m, 2H), 7.78 (s, 1H), 7.55 - 7.61 (m, 3H), 7.27 (br s, 2H), 3.55 (m, | 6.9
Hz, 1H), 1.22 (d, ] 6.9 Hz, 6H); 13C NMR (100 MHz, DMSO-d¢) 3 166.65, 161.23, 150.76,
141.50, 140.03, 136.52, 134.71, 129.45, 128.17, 128.15, 127.25, 125.79, 124.67, 123.43, 101.18,
53.18, 14.18; MS (ES+) m/z 421.1 (M + H)*; HRMS (ES+) calcd for Cp,Hy)N4O3S (M + H)*
421.1334; found: 421.1354.

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyl-1,3,4-oxadiazol-2-yl)pyrazin-2-amine (8).

N
SNy
NA\T)\O

| _N
0=S=0

Isolated as an orange solid; 'H NMR (400 MHz, DMSO-d,) & 9.06 (s, 1H), 8.40 (m, 2H),
8.19 - 8.17 (m, 2H), 7.98 (m, 4H), 7.72 - 7.66 (m, 3H), 3.47 (m, | 6.8 Hz, 1H), 1.20 (d, ] 6.8
Hz, 6H); MS (ES+) m/z 422.0 M + H)*; HRMS (ES+) caled for C;;H19N5O3S (M + H)*
422.1287; found: 422.1283.

-S6 -



5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyl-1,2,4-oxadiazol-3-yl)pyrazin-2-amine (9).

NH, N-Q
I
N N

| _N
0=S=0

Isolated as a pale orange solid; "H NMR (400 MHz, DMSO-d;) & 8.86 (s, 1H), 8.18 (m, 2H),
8.12 (m, 2H), 7.79 (m, 2H), 7.61 (m, 1H), 7.53 (m, 2H), 7.42 (br s, 2H), 3.29 (m, | 6.8 Hz,
1H), 1.02 (d, ] 6.8 Hz, 6H); 3C NMR (100 MHz, DMSO-d¢) & 175.45, 167.51, 153.68, 144.06,
141.50, 138.15, 136.14, 134.00, 129.99, 129.64, 128.60, 126.09, 123.50, 123.21, 54.60, 15.59; MS
(ES+) m/z 422.2 (M + H)*; HRMS (ES+) calcd for Cy1H19NsO3S (M + H)* 422.1287; found:
422.1298.

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-phenyl-1,2,4-oxadiazol-5-yl)pyrazin-2-amine (10).

-N
N&(LN

| _N
0=S=0
N
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Isolated as a yellow solid; "H NMR (400 MHz, DMSO-de) 8 9.16 (s, 1H), 8.37 (m, 2H), 8.26
(m, 2H), 8.07 (br s, 2H), 7.98 (m, 2H), 7.68 - 7.61 (m, 3H), 3.48 (m, | 6.8 Hz, 1H), 1.20 (d, |
6.8 Hz, 6H); 13C NMR (100 MHz, DMSO-d) 6 172.90, 168.02, 153.71, 146.42, 141.05, 138.42,
136.46, 132.25, 129.70, 129.65, 127.82, 126.22, 126.13, 119.48, 54.58, 15.58;, MS (ES+) m/z
422.2 (M + H)*; HRMS (ES+) calcd for CoHisN505S (M + H)* 422.1287; found: 422.1283.

5-(4-(Isopropylsulfonyl)phenyl)-3-(2-phenyloxazol-5-yl)pyrazin-2-amine (11).

0=S=0

Isolated as an off-white solid; "H NMR (500 MHz, DMSO-dy) 6 8.45 (s, 1H), 8.12 - 8.07 (m,
2H), 8.06 - 8.01 (m, 2H), 7.97 - 7.87 (m, 3H), 7.56 - 7.25 (m, 3H), 3.17 (m, ] 6.9 Hz, 1H), 1.27
(d, ] 6.9 Hz, 6H); 3C NMR (125 MHz, DMSO-d) & 158.88, 153.04, 151.78, 143.07, 141.75,
137.82, 136.18, 129.76, 129.73, 129.67, 127.47, 126.16, 124.93, 124.16, 122.96, 54.75, 15.74; MS
(ES+) m/z 421.0 (M + H)*; HRMS (ES+) calcd for CyHpoN4O35S (M + H)* 421.1334; found:
421.1335.

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyloxazol-2-yl)pyrazin-2-amine (12).
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0=S8=0

Isolated as an off-white solid; "TH NMR (500 MHz, DMSO-dy) & 8.96 (s, 1H), 8.40 (d, ] 8.5
Hz, 2H), 8.07 (s, 1H), 7.97 (d, ] 8.5 Hz, 2H), 7.94 - 7.88 (m, 2H), 7.56 (m, 2H), 7.47 (m, 1H),
3.47 (m, ] 6.8 Hz, 1H), 1.21 (d, ] 6.8 Hz, 6H); 3C NMR (125 MHz, DMSO-d;) & 161.47,
151.60, 148.70, 141.84, 140.80, 137.91, 136.08, 131.46, 129.66, 129.16, 129.07, 127.02, 126.87,
126.66, 126.07, 54.72, 15.72; MS (ES+) m/z 421.0 (M + H)*, HRMS (ES+) caled for
CoHoN4O5S (M + H)* 421.1334; found: 421.1347.

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyl-1,3,4-thiadiazol-2-yl)pyrazin-2-amine (13).

-N
Sy
N)\/LS

| _N
0=8=0

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-de) 8 9.03 (s, 1H), 8.32 (m, 2H), 8.12
- 8.18 (m, 3H), 7.98 (m, 2H), 7.61 - 7.65 (m, 3H), 2.72 (m, | 6.8 Hz, 1H), 1.75 (d, ] 6.8 Hz,
6H); 13C NMR (100 MHz, DMSO-dy) 6 171.60, 169.50, 152.86, 144.74, 141.73, 138.76, 137.06,
132.88, 130.68, 130.43, 130.37, 128.95, 126.74, 126.2, 54.62, 15.63; MS (ES+) m/z 438.0 (M +
H)*;, HRMS (ES+) calcd for C;1H19N50,S, (M + H)* 438.1058; found: 438.1056.
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3-(3-(4-(Aminomethyl)phenyl)isoxazol-5-yl)-5-(4-(isopropylsulfonyl) phenyl)pyrazin-2-

amine (14).

=
'’
N™ NH

~ N 2

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-d¢) 6 8.97 (s, 1H), 8.21 (br s, 2H),
8.43 (m, 2H), 8.14 (m, 2H), 7.95 (m, 2H), 7.82 (s, 1H), 7.65 (m, 2H), 7.25 (br s, 2H), 4.21-4.25
(m, 2H), 3.55 (m, | 6.8 Hz, 1H), 1.22 (d, ] 6.8 Hz, 6H); 13C NMR (125 MHz, DMSO-d;) 5
168.42, 162.25, 152.27, 143.09, 141.52, 138.12, 136.71, 136.31, 130.06, 129.63, 128.86, 127.49,
126.17, 124.85, 102.70, 54.71, 42.51, 15.70; MS (ES+) m/z 450.4 (M + H)*; HRMS (ES+) calcd
for Cp3H23N505S (M + H)* 450.1600; found: 450.1603.

3-(3-(4-((Ethylamino)methyl)phenyl)isoxazol-5-yl)-5-(4-

(isopropylsulfonyl)phenyl)pyrazin-2-amine (15).

NH, O-N
NS
NW@\\
| HN

N N\

0=S=0

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-de) 6 8.97 (s, 1H), 8.82 (br m, 1H),
8.41 (m, 2H), 8.10 (m, 2H), 7.95 (m, 2H), 7.82 (s, 1H), 7.65 (m, 2H), 7.25 (br s, 2H), 4.23 (m,
2H), 3.55 (m, | 6.9 Hz, 1H), 3.05 (m, 2H), 1.25 (t, ] 7.5 Hz, 3H), 1.22 (d, ] 6.9 Hz, 6H); 13C
NMR (125 MHz, DMSO-dg) 6 168.44, 162.21, 152.27, 143.10, 141.52, 138.14, 136.32, 134.81,
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131.04, 129.63, 129.29, 127.58, 126.18, 124.83, 102.71, 54.71, 49.74, 42.50, 15.70, 11.45; MS
(ES+) m/z 478.4 (M + H)*; HRMS (ES+) caled for Cy5HyyNsO3S (M + H)* 478.1913; found:
478.1915.

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-(4-(((tetrahydro-2H-pyran-4-
yl)amino)methyl)phenyl)isoxazol-5-yl)pyrazin-2-amine (16).

NH, 0-N
NéLj/l§v>‘ﬁ<::>‘\
|
HN\CO

N
0=S=0

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-de) 6 8.93 (s, 1H), 8.37 (m, 2H), 7.93
- 7.98 (m, 4H), 7.74 (s, 1H), 7.52 (m, 2H), 7.18 (br s, 2H), 3.79-3.82 (m, 4H), 3.44 (m, ] 6.8
Hz, 1H), 3.25 (m, 2H), 2.59 (m, 1H), 2.12 (br s, 1H), 1.78 (m, 2H), 1.29 (m, 2H), 1.19 (d, ] 6.8
Hz, 6H); 3C NMR (125 MHz, DMSO-d) 6 167.56, 162.13, 151.71, 144.04, 142.38, 141.04,
137.57, 135.74, 129.10, 128.45, 126.52, 126.37, 125.65, 124.50, 102.06, 65.79, 54.22, 52.58,
49.18, 33.16, 15.17; MS (ES+) m/z 534.2 (M + H)*; HRMS (ES+) calcd for CysH31N50,S (M +
H)* 534.2175; found: 534.2173.

3-[3-[4-[(1S)-1-Aminoethyl]phenyllisoxazol-5-yl]-5-(4-

isopropylsulfonylphenyl)pyrazin-2-amine (17).

~ .
s
N NH,

N

0=8=0
A
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Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-ds) & 8.95 (s, 1H), 8.39 (d, J 8.5 Hz,
2H), 7.96 - 7.93 (m, 4H), 7.77 (s, 1H), 7.56 (d, J 8.3 Hz, 2H), 7.20 (s, 2H), 4.07 (q, J 6.6 Hz, 1H),
3.47 (m, J 6.8 Hz, 1H), 1.95 (br s, 2H), 1.29 (d, J 6.6 Hz, 3H), 1.20 (d, J 6.8 Hz, 6H); 13C NMR
(125 MHz, DMSO-d;) 6 168.02, 162.66, 152.23, 151.87, 142.91, 141.55, 138.08, 136.25, 129.63,
127.08, 127.05, 126.68, 126.18, 125.01, 102.60, 54.72, 50.97, 26.55, 15.70; MS (ES+) 464.3;
HRMS (ES+) caled for Cp4H3N40;3S (M —NH2 )* 447.1485; found: 447.1491.

3-[3-[4-[(1R)-1-Aminoethyl]phenyl]isoxazol-5-yl]-5-(4-
isopropylsulfonylphenyl)pyrazin-2-amine (18).

NH, O-N
A )
I NH

N 2
0=S=0

Isolated as a yellow solid (TFA salt); 'H NMR (400 MHz, DMSO-ds) & 8.96 (s, 1H), 8.39 (m,
3H), 8.38 (d, J 8.5 Hz, 2H), 8.11 (d, J 8.2 Hz, 2H), 7.94 (d, J 8.5 Hz, 2H), 7.83 (s, 1H), 7.69 (d, J
8.3 Hz, 2H), 7.22 (br s, 2H), 4.54 (m, 1H), 3.47 (q, J 6.8 Hz, 1H), 1.56 (d, J 6.8 Hz, 3H) and 1.20
(d, J 6.8 Hz, 6H); 3C NMR (125 MHz, DMSO-d;s) 6 168.38, 162.22, 152.26, 143.07, 141.83,
141.52, 138.12, 136.30, 129.63, 128.86, 128.03, 127.64, 126.18, 124.85, 102.71, 54.71, 50.18,
21.02, 15.70; MS (ES+) 464.1; HRMS (ES+) calcd for C,4H»3N4O3S (M —NH2 )* 447.1485;
found: 447.1497.

3-(3-(3-Chloro-4-((methylamino)methyl)phenyl)isoxazol-5-yl)-5-(4-

(isopropylsulfonyl)phenyl)pyrazin-2-amine (19).
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NH, O-N
NS
N/
/W\Q\H\N\

N Cl

Isolated as a yellow solid; 'H NMR (400 MHz, DMSO-d;) & 8.98 (br s, 2H), 8.38 (m, 2H), 8.25
(m, 1H), 8.12 (m, 1H), 7.94-7.96 (m, 3H), 7.79 (m, 1H), 7.24 (br s, 2H), 4.37 (s, 2H), 3.48 (m,
1H), 2.71 (s, 3H), 1.19 (d, 6H); 3C NMR (125 MHz, DMSO-ds) 6 168.64, 161.19, 158.24,
152.27, 143.20, 141.49, 138.14, 136.32, 134.83, 132.67, 132.47, 131.18, 129.64, 128.16, 126.17,
124.66, 102.86, 54.71, 48.85, 33.30, 15.69; MS (ES+) 498.2; HRMS (ES+) calcd for
Cy4H,4CINsO;3S (M + H)* 498.1361; found: 498.1360.

3-(3-(2-Chloro-4-((methylamino)methyl)phenyl)isoxazol-5-yl)-5-(4-
(isopropylsulfonyl)phenyl)pyrazin-2-amine (20).

NH, O-N
=
N/
WQ\H\N\

N Cl

0=S8=0

N

Isolated as a yellow solid (TFA salt); 'H NMR (400 MHz, DMSO-dj) 6 8.98 (s, 1H), 8.87 (br
s, 2H), 8.36 (m, 2H), 7.90-7.96 (m, 3H), 7.85 (m, 1H), 7.63-7.65 (m, 2H), 7.25 (br s, 2H), 4.26 (m,
2H), 3.49 (m, 1H), 2.63 (t, 3H), 1.18 (d, 6H); 3C NMR (125 MHz, DMSO-dj) & 167.99, 160.97,
158.32, 152.30, 143.24, 141.44, 138.19, 136.32, 132.46, 132.18, 132.06, 129.66, 129.56, 128.46,
126.19, 124.62, 105.16, 54.70, 50.71, 32.81, 15.69; MS (ES+) 498.2; HRMS (ES+) calcd for
C,4H,4CINsO3S (M + H)* 498.1361; found: 498.1379.
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HPLC Characterization of purity for compounds 2-20

Purity of compounds 2-20 was measured by HPLC. Several methods have been used and are
reported below. Retention times and purity of compounds 2-20 are summarized in Table 3.
Method 1: analytical reverse phase HPLC-MS was carried out on an agilent 100 HPLC with a
waters Quattro MS system equipped with an ACE Smm C-18 reverse phase column (4.6 mm x
150 mm, 5 pum). The mobile phases were acetonitrile/methanol (1:1) and water (10 mM
ammonium acetate), 5 or 12 min run.

Method 2: analytical reverse phase UPLC-MS was carried out on a waters Acquity UPLC-MS
system equipped with a waters BEH 1.7mm C-18 reverse phase column (2.1 mm x 50 mm, 1.7
pm). The mobile phases were acetonitrile and water/acetonitrile (95:5 with 10 mM ammonium
formate, pH9).

Method 3: analytical reverse phase UPLC-MS was carried out on a waters Acquity UPLC-MS
system equipped with a waters BEH 1.7mm C-18 reverse phase column (2.1 mm x 50 mm, 1.7
um). The mobile phases were acetonitrile and water/acetonitrile (95:5 with 10 mM ammonium

acetate, pH7).

Table 3: Retention times and purity of compounds 2-20

Compound Retention time (min) % Purity Method
2 2.13 100 3
3 2.97 100 3
4 3.00 100 3
5 3.10 100 3
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3.07 91

2.77 99

6
7
8 9.44 98
9 2.96 95

10 3.16 100
11 2.88 100
12 3.17 100

13 3.11 99

14 3.09 100

15 2.97 100

16 2.31 98

17 2.15 100
18 2.13 100
19 9.15 100

WIRWWWwRr|(RLRIWININWW[R|ND|W

20 2.26 100

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-(4-((methylamino)methyl)phenyl)isoxazol-5-
yl)pyrazin-2-amine (2)

3: UV Detector: 224.4_225.% {1} 3.007

100% Range: 3.007
. 2.13
2.5
i
2 1.5:
o]
!-.DI-J.:
D.C- lL Time

"o.s0  1.00  1.56  2.00  2.%0  3.00 3.5  4.00  4.50 = 5.00
Peak Numbar Time Amealbs Area %aTatal Masgs Found

1 213 128834 100.00
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
1 213 ;| 213
1:MS5 E5+ 21M5 EE=
5. ho+007 3. les008
G641 a62.1
mn:l L S mo:l l’ 4
- A66.2507.1 - L i 508.1 520.0
o T T T T T T mx ity T T T T T m
500.0 600.0 TO0.0 460.0 4B0.a 500.0 520.0

3-Amino-6-(4-(isopropylsulfonyl)phenyl)-N-phenylpyrazine-2-carboxamide (3)
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(1) 2.Bm+006
5%
2.97

ELE
L1y
705

L1

40
El
204
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Peak NI.ImEIeI’ Time  Areafbs Area %Totm Mass Found

537 50285
: 23 3l 2753 306,13, 388.2

PeakiD Compound Time  Msss Found PeakID Compound Time Mass Found
Found 298 397.13 2 Found 238 395.13
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5-(4-(Isopropylsulfonyl)phenyl)-3-(3-phenylisoxazol-5S-yl)pyrazin-2-amine (4)

3: UV Detector: 224.4_225.6 3.263

) Range: 3.31%5
3.07

e e i TS TSy e e iy e e - - Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4,00 4.50 5.00
P«kNumher Tlmn AreaAbs  Area %Tolal Mass Found
1.28 2851 2.70

z 1.33 1805 1.94
3 244 3881 395
4 307 898 91.42
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
4 3.07 4 3.07
1:MS ES+ 2:M8 ES-
4.5e=+007 1.5a+006
421.1 419.1
ma:l 4221 841.2 | a18.3 420.1
[} - e L 1 e myz ol r — . el T ]
250.0 500.0 750.0 250.0 500.0 750.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-phenyl-4,5-dihydroisoxazol-5-yl)pyrazin-2-amine (5)
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3: UV Detector: TIC (2) 2.26e+l
99% Range: 2.63e+l

2.25e+1 RWTT

2.0e+l |
1.75e+l
1.5e+1
1.25e+1

B 1.0e+1 ‘

o 0 L |

mw
-2.5 L(A\“K*———ﬁ

e e e s r Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs Area %Total Mass Found
1 226 6143 1.05
2 277 581565 98.95
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
2 277 2 27
1:M3 ES+ 2:M8 ES-
1.Be+007 2.3e+005
423.3 421.3
100 100
405.3 | 424.3 w® £113.1 420.6 422.3
ﬁ 306.2 ‘ L : . : L 032 . ; fla : _73.9_ 819.8
250.0 500.0 750.0 250.0 500.0 750.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(1-phenyl-1H-1,2,3-triazol-4-yl)pyrazin-2-amine (6)

3: UV Detector: TIC (1) 1,89e+2
100% Range! 1.94le+2

3.00
1.8e+2

i

«Bm+d

-

«le+2

-

«2e+d

s

«Om+2

Al
]

« O+l

« O+l

« O+l

B

<O+l

T T T T T T T T T T T T T T T T T T Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

Peak Number Time Areafbs #Area %Tolal Mass Found

1 300 4124778 100.00
PeakID Compound Time Mass Found Peak ID Compound Time Mass Found
1 3.00 1
1:M58 E5+ 2:M5 EB-
4. 204007 7. S5e+005%
101 421.1 10 191.0
- D-i 3821 Lazza 841.2 - e 319
03y T T T T T iz Lan T T T T rm'z
280.0 500.0 T50.0 230.0 500.0 750.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenylisoxazol-3-yl)pyrazin-2-amine (7)
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3: UV Detector: 224.4_225.6 (1) 4.815e-1

100% Range: 4.815e-1
3.10

1, o-l:
3. h-l:
3. c--|:
i 2,5a~1-
2, 0.-1:

1,5e-1-

1.0a-1-

i |
5.00-3 Vv——————_ — ! i
i

0.04 T 3 ———— Time
0.50 1,00 1,5 = 2.00 = 2.50  3.00 = 3.50 @ 4.00  4.50 @ 5.00

Peak Number Time AreaAbs  Area%Total Mass Found
1 310 8357 100.00
Pnl:ll:'i Compound T;r;ng Mass Found Pﬂtll'.;' Compound Time Mass Found
\ 3.10
1:M8 ES+ 2:M8 ES-
— 1.7e+007 “: o Sa+005
10 1 .
- :].—E‘“J. : . ‘“}-inh - D:] _2_19.1‘ 298.6328.8 366.0 nla.ﬁ,az:}:
400.0 600.0 800.0 300.0 400.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyl-1,3,4-oxadiazol-2-yl)pyrazin-2-amine (8)

2: UV Detector: TIC (2) 1.933
421.12 Range: 1.933
9.44
1. ‘
E 1. ‘
5.0e-1 ||
_ /1
o‘ T T T T T T T T T T T T T T"m
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Peak Number Time AreaAbs Area %Total
1 879 1e+003 0.75
2 944 2e+005 97.65
3 1150 3e+003 1.60
Peak ID Compound Time Mass Found
2 Found 9.44 421.12
Combine (799:805-(777:780+837:841)) 1:MS ES+
1.2e+007
i 422.13
” Dé | _423.12 iei.i4
05— Bl T T T T T T T T m/z
420.00 430.00 440.00 450.00 460.00

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyl-1,2,4-oxadiazol-3-yl)pyrazin-2-amine (9)
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3: UV Detector: 224.4_225.6 B8.458e-1
(2) Range: 9.032e-1

2.96

7.0e-1

6.0e-

[

(r]
o
[ ]
h

4.0e-1

AU

3.0e-1

[~
=]
[
™
1

i o

1.0e-13

|
'\
T T T T T T T T T T T T L) T
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs Area %Total Mass Found
1 1.38

o
ol A

2.61 369
2 296 25401 94.97
3 an 558 2.09
4 387 417 1.56
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
2 2.96 2 2.96
1:MS ES+ 2:MS ES-
3.0e+007 2.4e+005
422.2 420.1
= 1003 423.2 wasis a 1°°§zss.u 415.4.421.1 569.2 1 oo,
o T T T T T b m/ z o T | T T T m 2
250.0 500.0 750.0 250.0 500.0 750.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-phenyl-1,2,4-oxadiazol-5-yl)pyrazin-2-amine (10)

3: UV Detector: 224.4_225.6 1.863
(1) Range: 1.913
3.16
1.64
1.43
1.2
1.0
2 3
8.0e=17
6.0e=17 l
4.0e-13
2.0e-13 L
E 1
0.03—— L
L] T L} T 1 L] 1 T L} T L T 1 L] 1 T T T 1 ij.
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs Area %Total Mass Found
1 316 57131 100.00
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
1 3.16 1 3.16
1:M5 ES+ 2:M5 ES-
2.9e+007 1.2e+006
422.1 420.1
10 10
o ZE L423.1 3*?-2 ” :3 419-§L421.2 —
T T T T T —m/z L T T T T —m/z
250.0 500.0 750.0 250.0 500.0 750.0
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5-(4-(Isopropylsulfonyl)phenyl)-3-(2-phenyloxazol-5-yl)pyrazin-2-amine (11)

3: UV Detector: TIC {1y 1.071e+2
100% Range: 1.11le+2
2.88
1 .Ds+2‘
9 .De+.'l-
B .ﬂe+.'l:
7 .ﬂs+.'l.:
6 .De+1:
a 5 .De+1:
4 .Ds+1-
3 .Ds+.'l- |

2.0e+1;

1.0e+l; | |

0.0 |1\_
T T T e T e e o T O e e e e Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs Area %Total Mass Found

1 288 4158310 100.00
Peak |ID Compound Time Mass Found Peak ID Compound Time Mass Found
1 1
1:MS ES+ 2:M5 ES-
3.3e+007 2.1e+006
421.1 418.9
10 10
- oi L.uz_]_ B41.2 - oi 418.2 419.9
0y T T T T T T mfz 0 T T T T T iz
250.0 500.0 750.0 250.0 500.0 750.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyloxazol-2-yl)pyrazin-2-amine (12)

3: UV Detector: TIC (1) 3.293e+2
100% Range: 3.362e+l
3.17

2.5e+2

AU

1.5e+2

0.0 A8
T T T T T L2 | T T LI T T T L T LIt | T T LI I"IIi\i'm
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs Area %Total Mass Found
1 347  TiB2BES 100.00

PeakID Compound Time Mass Found Peak ID Compound Time Mass Found

1 1 347
1:M5 ES+ 2:M5 ES-
2.5e+007 1.3e+005

421.2 419.0

lOD:; 10
422.2 841.4 - 255.1 420.1 570.0
s 289.1 L Oé 826.7 B79.4
03 T T T T T b m/z 04y |J A=l T T T T m’gx
250.0 500.0 750.0 250.0 500.0 750.0

5-(4-(Isopropylsulfonyl)phenyl)-3-(5-phenyl-1,3,4-thiadiazol-2-yl)pyrazin-2-amine (13)
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3: UV Detector: TIC 2) 4.35a+1
99% Ranga: 4.819%a+l

4001 ]
3, s.+1: |‘
3.0041
- |
g 2 -y |l
f
1. 5-41_ |“
1.0e+1 |l
5.0 |

e p—— I

S B —— )
5.00

TTels0 100 1.80
Peak Number Timo AreaAbs  Area%Total Mass Found
1 238 1.40

21141
2 311 1493435 98.60
Peak ID Compound Time Mass Found PeakID Compound Time MWass Found

2 311 2 3141
1:M8 ES+ 2:M8 B8~
3.0e+007 3.0e+005

438.0 435.9
1004 | 1004 i
- 439.1 875.1 2113.0 435 3 436.9
Cainiel i T —— T 04 e 556.0 i

o e B T T r
250.0 500.0 750.0 250.0 500.0 750.0

3-(3-(4-(Aminomethyl)phenyl)isoxazol-5-yl)-5-(4-(isopropylsulfonyl)phenyl)pyrazin-2-amine
(14)

3: OV Detector: TIC

@ 5.337e-1
Range: 5.336a-1
p 3.09
4.0e-1
5 ]
2.0e-1]
0 frr L
0.00  0.50 1.00 1.50 2.00 2.50 @ 3.00 ' 380 & aa oo T Tima
i L .50 3.00 3.50 4.00  4.50
1 3.08 4e+004 100.00
Mﬂ.‘il Compound 1;:3; Mass Found
Combine (129:133-(120:122+148:150)) 1:M3 ES+
103 0.5 5, 4y 2.0e+006
- 433.25 ¥
o1189.18 ; A ) . | _so08.24 675.12
200.00 300.00 400.00 500.00 600.00 ' 700 ::;'

3-(3-(4-((Ethylamino)methyl)phenyl)isoxazol-5-yl)-5-(4-(isopropylsulfonyl)phenyl)pyrazin-2-

amine (15)
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3: OV Detector: TIC 3.045e~1

(1) Range: 3.044e-1
3.0e-1+ 2.97
2,0a-1
] 3
1.0e~14
°|c T bl ) T T T

0.00  0.50 ' 1.00 ' 1.50 @ 2.00 & 2.0 @ 3.00 | 3.50 @ 4.00 ' 450
Peak Number Time AremAbs  Area %Total
1 297 3e+004 100.00

P!Ikl? Compound 122; Mass Found

Combine (124:128-(116:118+143:146)) 1:M5 ES+
6.3e+006
100, 478.38
E 479.34
» o |r' o — . . —— . ; 5_19.32 536.33 i
480.00 490.00 500.00 510.00 520.00 = 530.00 ' 540.00

5-(4-(Isopropylsulfonyl)phenyl)-3-(3-(4-(((tetrahydro-2 H-pyran-4-
yl)amino)methyl)phenyl)isoxazol-5-yl)pyrazin-2-amine (16)

31 UV Detector: TIC (3) 4.281e42
T4y Racge: 4.33e+2
2.1

3.0e+2 ‘l

« Bkl

AU
"

JOat2 ‘
|

[

St

-

Ot

5.00+1 ‘

|
0.0 T T T T T T T e T T T T T T T T T T Tima
0.50 1.00 1.50 2.00 2.5%0 i.o00 3.50 d4.00 4.50 5.00
Peak Number Time Areadbs Aron ".’ITUIOOE] Mnss Found
1 1

1.63 200764
2 22 225N 1.21
3 2M ATeE3418 B7.70
Peak ID Compound Time Masa Found Peak ID Compound Time Mass Found
3 an 3 2n
1:M8 ES+ 2:M5 ES-
§.0e+007 4. 4e+006
534.0 §32.1
1003 mn:!
536.2  801.1 - 531.4.533.2
Lan T |‘Js.1= T T el 05y T T |£|’ T T rafe
250.0 500.0 750.0 250.0 500.0 750.0

3-[3-[4-[(15S)-1-Aminoethyl]phenyllisoxazol-5-yl]-5-(4-

isopropylsulfonylphenyl)pyrazin-2-amine (17)
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3: UV Detector: 224.4_225.6 1.218

(1) Range: 1.276
2.15

1.2

1.0+
8.0e-1]

a 6.0e-17

4.0e-1 ‘
2.0e-1] |

0.0 —A———

T T T T T T T T T f T T T T T T T rim
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs Area %Total Mass Found
215 47810 100.00
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
1 1
1:MS ES+ 2:MS ES-
3.1e+007 1.4e+006
10 447.1 10 462.1
- D% 448.1  gog.1 - O% 461.5 463.1
o T T . m/z o T T T T m/z
250.0 500.0 750.0 250.0 500.0 750.0

3-[3-[4-[(1R)-1-Aminoethyl]phenyl]isoxazol-5-yl]-5-(4-
isopropylsulfonylphenyl)pyrazin-2-amine (18)

3: UV Detector: TIC (1) 4.345e+2
100% Range: 4.416e+2
2.13

I
\

3.5e+2

3.0e+2

2.0e+2
1.5e+2
1.0e+2

|
2.5e+2 ‘
|
|
l

5.0e+1 |

S | ——

T T T T T T T T
1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

0.0 h——

Peak Number Time AreaAbs  Area%Total Mass Found
1 213 26253006 100.00
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
1 213 1
1:M5 ES+ 2:M5 ES-
8.2e+007 6.5e+006
447.1 462.0
10 10
B D% “_.465.1 £95.9 - 03 461.4) 463.2
04+ T T —— rm/z o T : \ - m/z
250.0 500.0 750.0 250.0 500.0 750.0
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3-(3-(3-Chloro-4-((methylamino)methyl)phenyl)isoxazol-5-yl)-5-(4-
(isopropylsulfonyl)phenyl)pyrazin-2-amine (19)

UV 225nm 3.1le+005

i 9.15
E ||
5 |
E |

o0 1 ‘

60 [

i |

40 | |

5..H“Hw,...‘-...‘H‘.“H-“‘..|.‘H|..H‘..M....“‘..“T.i.me
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Peak Number Time AreaAbs Area %Total Mass Found
1 915 18700 100.00

Peak ID Compound Time Mass Found
1

Combine (904:911-(882:885+039:943)) 1:MS ES+
2.1e+007
I 498.17
= % P ,-501.22 539.20
[y - e i R B m/z

T T
480.00 500.00 520.00 540.00

3-(3-(2-Chloro-4-((methylamino)methyl)phenyl)isoxazol-5-y1)-5-(4-
(isopropylsulfonyl)phenyl)pyrazin-2-amine (20)

3: UV Detector: 224.4_225.6 (1) 1.885
100% Range: 1.885
2.26
1.6
1.43
2 1.0
8.0e-12 ‘
6.0e-12
4.0e-1- !
2.0e-13
0.0 T T T T T T T T T T T - Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
Peak Number Time AreaAbs  Area %Total Mass Found
1 2.26 57978 100.00
Peak ID Compound Time Mass Found Peak ID Compound Time Mass Found
1 2.26 1
1:MS ES+ 2:MS ES-
.Oe+ .BeH
A 5.0e+007 0962 5.B8e+005
1003 l 100
o 539.2 747.9 o = 499.1 542.2
05—t T T T A— m/z 0% ! T T T T m/z
500.0 600.0 700.0 500.0 520.0 540.0
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Preparation of key intermediates

3-Amino-6-(4-(isopropylsulfonyl)phenyl)pyrazine-2-carboxylic acid (22).

NH,

N)\(COOH

N
0=S=0

To a suspension of methyl 3-amino-6-bromo-pyrazine-2-carboxylate 21 (18.8 g, 81 mmol)
in acetonitrile/water (4/1, 220 mL) at room temperature was added (4-
isopropylsulfonylphenyl)boronic acid (20 g, 85 mmol), followed by K;PO, (34.4 g, 162
mmol) and Pd[P(tBu);], (414 mg, 0.81 mmol). The reaction mixture was heated at 60 °C
for 2 h. The reaction mixture was left to cool by standing and then diluted with EtOAc
(500 mL) and water (500 ml). The aqueous layer was separated and further extracted
with EtOAc (2 x 200 mL). The organic extracts were combined and washed with brine (2
x 200 mL), dried over MgSQ,, filtered, and solvents removed in vacuo to leave a crude
product as yellow solid, which was then triturated with ether and isolated by filtration to
give methyl 3-amino-6-(4-(isopropylsulfonyl)phenyl)pyrazine-2-carboxylate as a white
solid (26.5 g, 97% Yield). 'H NMR (400 MHz, DMSO-d¢) & 9.04 (s, 1H), 8.26 (d, ] 8.4 Hz,
2H), 7.95 (d, ] 8.4 Hz, 2H), 7.67 (br s, 2H), 3.45 (m, ] 6.8 Hz, 1H), 3.34 (s, 3H), 1.18 (d, ] 6.8
Hz, 6H); MS (ES+) m/z 336.2 (M + H)*.

To a suspension of methyl 3-amino-6-(4-isopropylsulfonylphenyl)pyrazine-2-carboxylate
(1.5 g, 4.47 mmol) in THF (6 mL) was added LiOH (3 mL of 3 M, 9.0 mmol). The mixture
was stirred for 2 h at rt,, and then concentrated in vacuo. The resulting oil was diluted

with water (100 mL) and acidified to pH3 with 1M HCI. The aqueous layer was extracted
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with CH,Cl, (2 x 50 mL) and the combined organic extracts were dried over MgSO, and
concentrated in vacuo, affording compound 18 as a yellow solid (1.44 g, 96% Yield). 'H
NMR (400 MHz, DMSO-dg) & 13.25 (br s, 1H), 9.01 (s, 1H), 8.35 (d, ] 8.5 Hz, 2H), 7.92 (d, |
8.5 Hz, 2H), 7.72 (s, 2H), 3.45 (m, ] 6.8 Hz, 1H), 1.18 (d, ] 6.8 Hz, 6H); MS (ES+) m/z 322.1
(M +H)*.

3-Bromo-5-(4-(isopropylsulfonyl)phenyl)pyrazin-2-amine (24).

NH,

Br
'’
N)\(

N

5-Bromopyrazin-2-amine 23 (5 g, 28.74 mmol), (4-isopropylsulfonylphenyl)boronic acid
(7.87 g, 34.49 mmol) and K5PO4 (12.2 g, 57.48 mmol) were combined in acetonitrile (100
mL)/water (25 mL) and Pd[P(tBu);]. (734 mg, 1.44 mmol) was added. The reaction
mixture was heated at 60 °C for 1 hour, then cooled to ambient temperature and diluted
with EtOAc (200 mL) and water (200 mL). The aqueous layer was further extracted with
EtOAc (200 mL x 3 ). The combined organic extracts were dried over MgSQ,, filtered and
concentrated in vacuo. The residue was triturated with CH,Cl, and isolated by filtration
to give 5-(4-(isopropylsulfonyl) phenyl)pyrazin-2-amine as an orange solid (7.36 g, 87%
Yield). 'TH NMR (400 MHz, DMSO-dy) 8 8.67 (s, 1H), 8.20 (d, ] 8.5 Hz, 2H), 8.00 (s, 1H),
7.87 (d, ] 8.5 Hz, 2H), 6.86 (s, 2H), 3.43 (m, | 6.8 Hz, 1H), 1.17 (d, ] 6.8 Hz, 6H); MS (ES+)
m/z 278.2 (M + H)*.

N-Bromosuccinimide (3.88 g, 21.79 mmol) was added to a stirred solution of 5-(4-

(isopropylsulfonyl)phenyl)pyrazin-2-amine (6.43 g, 21.79 mmol) in N,N-dimethyl
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formamide (40 mL) at ambient temperature under nitrogen. The reaction was stirred at
this temperature for 3 hours then slowly added to water (200 mL). The resultant
precipitate was isolated by filtration and dried under vacuum to give 3-bromo-5-(4-
(isopropylsulfonyl)phenyl)pyrazin-2-amine 20 as a brown solid (6.88 g, 84% yield). 'H
NMR (400 MHz, DMSO-ds) 6 8.76 (s, 1H), 8.17 (dd, ] 7.0 and 1.6 Hz, 2H), 7.89 (dd, ] 7.0
and 1.6 Hz, 2H), 7.17 (s, 2H), 3.44 (m, ] 6.8 Hz, 1H), 1.17 (d, ] 6.8 Hz, 6H); MS (ES+) m/z
358.1 (M + H)".

N,N-Bis-tert-butoxycarbonyl-3-ethynyl-5-(4-(isopropylsulfonyl)phenyl)pyrazin-2-

amine (25).

Boc,oN

=
N)\W///

N
0=5=0

(Trimethylsilyl)acetylene (113 mg, 163 uL, 1.15 mmol) was added at 0 °C, dropwise, to a
solution of 3-bromo-5-(4-isopropylsulfonylphenyl)pyrazin-2-amine 24 (316 mg, 0.89
mmol), triethylamine (449 mg, 618 pL, 4.43 mmol), copper(I)iodide (20.3 mg, 0.11 mmol)
and Pd(PPhs); (51.3 mg, 0.04 mmol) in N,N-dimethyl formamide (1.5 mL). The
temperature was allowed to warm to rt and stirred for 1 hour. The solution was added
dropwise to a mixture of EtOAc (20 mL)/water (20mL), and the organic layer was
separated and washed with brine (20 mL x 3), dried over MgSQ,, filtered and then
concentrated in vacuo. The residue was purified by chromatography on silica, using a
EtOAc/CH,Cl, gradient as eluent, to provide 5-(4-isopropylsulfonylphenyl)-3-(2-
trimethylsilylethynyl) pyrazin-2-amine (268 mg, 81% Yield) as an off-white solid. 'H
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NMR (400 MHz, DMSO-d,) & 8.60 (s, 1H), 8.05 (d, ] 8.5 Hz, 2H), 7.74 (d, ] 8.5 Hz, 2H), 6.81
(s, 2H), 3.29 (m, ] 6.8 Hz, 1H), 1.03 (d, ] 6.8 Hz, 6H), 0.15 (s, 9H); MS (ES+) m/z 374.2 (M +
H)".

To a solution of 5-(4-isopropylsulfonylphenyl)-3-(2-trimethylsilylethynyl)pyrazin-2-
amine (260 mg, 0.70 mmol) in dichloromethane (8 mL) was added tert-butoxycarbonyl
tert-butyl carbonate (456 mg, 480 pL, 2.09 mmol) at ambient temperature, followed by
triethylamine (141 mg, 194 pL, 1.39 mmol) and N,N-dimethylaminopyridine (8.5 mg, 0.07
mmol). The brown solution was stirred at ambient temperature over 18 hours, then
washed with brine (30 mL x3), dried over MgSQO,, filtered and concentrated in vacuo. The
residue was purified by chromatography on silica, using a EtOAc/CH,Cl, gradient as
eluent, to give tert-butyl N-tert-butoxycarbonyl-N-[5-(4-isopropylsulfonylphenyl)-3-(2-
trimethylsilylethynyl)pyrazin-2-yl]carbamate as a colourless oil (400mg, 100% Yield). 'H
NMR (400 MHz, DMSO-de) 8 9.33 (s, 1H), 8.45 (d, ] 8.7 Hz, 2H), 8.04 (d, ] 8.7 Hz, 2H), 4.03
(m, ] 6.8 Hz, 1H), 1.36 (2s, 18H), 1.20 (d, ] 6.8 Hz, 6H), 0.26 (s, 9H); MS (ES+) m/z 574.3 (M
+ H)*.

tert-Butyl N-tert-butoxycarbonyl-N-[5-(4-isopropylsulfonylphenyl)-3-(2-
trimethylsilylethy nyl)pyrazin-2-yl]carbamate (345 mg, 0.60 mmol) in methanol (7 mL)
was stirred at ambient temperature and treated with sodium carbonate (3.45 mL of 2 M,
6.90 mmol) . The suspension was stirred at ambient temperature for 1 hour, then diluted
with EtOAc (30 mL)/water (30 mL). The phases were separated and the organic layer was
washed with brine (30 mL x3), dried over MgSQO,, filtered and concentrated in vacuo. The
residue was triturated with petroleum ether to give tert-butyl N-tert-butoxycarbonyl-N-
[3-ethynyl-5-(4-isopropylsulfonylphenyl)pyrazin-2-ylJcarbamate 21 as a colourless solid
(293 mg, 97% Yield). 'H NMR (400 MHz, DMSO-de) 6 9.35 (s, 1H), 8.43 (d, ] 8.2 Hz, 2H),
8.03 (d, ] 8.2 Hz, 2H), 5.00 (s, 1H), 3.50 (m, ] 6.7 Hz, 1H), 1.37 (s, 18H), 1.18 (d, ] 6.7 Hz,
6H); MS (ES+) m/z 502.2 (M + H)".

5-(4-(Isopropylsulfonyl)phenyl)-3-vinylpyrazin-2-amine (26).
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NH,

N

0=S=0
A

To a solution of 3-bromo-5-(4-isopropylsulfonylphenyl)pyrazin-2-amine 24 (456 mg, 1.28
mmol), triethylamine (324 mg, 446 uL, 320 mmol) and potassium
trifluoro(vinyl)boranuide (171 mg, 1.28 mmol) in propanol (2 mL) was added
Pd(dppf)Cl, (156 mg, 0.21 mmol). The mixture was heated in a microwave for 40 minutes
at 100 °C. The reaction mixture was concentrated in vacuo and the residue was
partitioned between CH,Cl, (10 mL) and water (10 mL). The aqueous layer was further
extracted with CH,Cl, (10 mL) and the combined organic extracts was dried over MgSO,
and concentrated in vacuo. The residue was purified by chromatography on silica, using a
CH,Cl,/MeOH gradient as eluent, yielding 5-(4-(isopropylsulfonyl)phenyl)-3-
vinylpyrazin-2-amine 22 as an orange solid (220 mg, 57% Yield). MS (ES+) m/z 304.3 (M +
H)".

5-Bromo-3-(5-phenyl-1,3,4-oxadiazol-2-yl)pyrazin-2-amine (28).

To a suspension of 3-amino-6-bromo-pyrazine-2-carboxylic acid 27 (1.07 g, 4.57 mmol)
and benzohydrazide (621 mg, 4.57 mmol) in acetonitrile (15 mL) was added PPh;Br; (9.25

g, 21.91 mmol) at room temperature. The reaction mixture was stirred at rt for an hour
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before being cooled in an ice bath. DIPEA (2.95 g, 3.97 mL, 22.83 mmol) was added
slowly and the mixture was stirred for an hour at 0 °C. The resulting precipitate was
tiltered, washed with MeCN (10 mL) and dried to give 5-bromo-3-(5-phenyl-1,3,4-
oxadiazol-2-yl)pyrazin-2-amine 28 as a yellow solid (1.22 g, 80% Yield). 'H NMR (400
MHz, DMSO-de) 6 8.50 (s, 1H), 8.16-8.18 (m, 2H), 7.86 (br s, 2H), 7.76-7.69 (m, 3H); MS
(ES+) m/z 319.9 (M + H)".

5-Bromo-3-(5-phenyl-1,3,4-thiadiazol-2-yl)pyrazin-2-amine (29).

A mixture of 3-amino-6-bromo-pyrazine-2-carboxylic acid 27 (1.07 g, 4.56 mmol) and
benzothiohydrazide (755 mg, 4.56 mmol) were suspended in acetonitrile (25 mL) and
cooled in an ice bath. Dibromo(triphenyl)phosphorane (4.82 g, 11.41 mmol) was added
and the reaction mixture was stirred for 3 hours at room temperature. The resulting
precipitate was isolated by filtration, washed with acetonitrile/diethyl ether (1/1, 10 mL),
then water/acetonitrile (1/1, 10 mL), and dried to afford 5-bromo-3-(5-phenyl-1,3,4-
thiadiazol-2-yl)pyrazin-2-amine 29 as a brown solid. (1.67 g, 39% Yield). 'H NMR (400
MHz, DMSO-dg) 6 8.37 (s, 1H), 8.03-8.11 (m, 2H), 7.95 (br s, 2H), 7.56-7.62 (m, 3H) MS
(ES+) m/z 335.9 (M + H)".

5-Bromo-3-(5-phenyl-1,2,4-oxadiazol-3-yl)pyrazin-2-amine (31).
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3-Amino-6-bromo-pyrazine-2-carbonitrile 30 (1.5 g, 7.54 mmol) was dissolved in
methanol (50 mL) and cooled to 0 °C. Hydroxylamine hydrochloride (524 mg, 7.5a mmol)
and triethylamine (763 mg, 1 mL, 7.54 mmol) were added and the reaction allowed to
warm to ambient temperature. After stirring for 3 hours, the resulting precipitate was
isolated by filtration and washed with methanol (5 mL) to give 3-amino-6-bromo-N'-
hydroxy-pyrazine-2-carboxamidine as a beige solid (1.33 g, 76% Yield). 'H NMR (400
MHz, DMSO-d) 6 10.38 (s, 1H), 8.15 (s, 1H), 7.64 (br s, 2H), 5.89 (s, 2H); MS (ES+) m/z
234.0 M + H)".

3-Amino-6-bromo-N'-hydroxy-pyrazine-2-carboxamidine (1.33 g, 573 mmol) was
suspended in CH,Cl, (20 mL) and triethylamine (638 mg, 879 uL, 6.31 mmol) was added
followed by benzoyl chloride (886 mg, 732 uL, 6.31 mmol). The reaction was stirred at
ambient temperature for 16 hours then concentrated in vacuo. The residue was triturated
from methanol and the precipitate isolated by filtration to give 3-amino-N'-(benzoyloxy)-
6-bromopyrazine-2-carboximidamide as an off-white solid (1.79 g, 93% Yield). 'H NMR
(400 MHz, DMSO-dg) 6 8.33 (s, 1H), 8.29 (m, 2H), 7.90 (br s, 2H), 7.71 (m, 1H), 7.57 (t, ] 7.8
Hz, 2H), 7.15 (br s, 2H); MS (ES+) m/z 338.0 (M + H)".
3-Amino-N'-(benzoyloxy)-6-bromopyrazine-2-carboximidamide (1.66 g, 4.94 mmol) was
added to stirred polyphosphonic acid (20 mL) at 70 °C and the reaction mixture was
stirred for 7 hours, then cooled to ambient temperature and diluted with water (50 mL).
The mixture was neutralized by the portionwise addition of solid sodium bicarbonate.
The resultant precipitate was isolated by filtration and dried under vacuum at 40 °C to
give 5-bromo-3-(5-phenyl-1,2,4-oxadiazol-3-yl)pyrazin-2-amine 31 as a fawn solid (1.38 g,
88% Yield). 'H NMR (400 MHz, DMSO-d;) & 8.43 (s, 1H), 8.28 - 8.26 (m, 2H), 7.80 - 7.75
(m, 1H), 7.71 - 7.67 (m, 2H), 7.49 (s, 2H); MS (ES+) m/z 320.0 (M + H)".
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Enzyme assavs

Ability of compounds to inhibit ATR, ATM or DNA-PK kinase activity was tested using
a radiometric-phosphate incorporation assay, as described in Table 4 and below.

A stock solution was prepared consisting of the appropriate buffer, kinase and target
peptide. To this was added the compound of interest, at varying concentrations in DMSO
to a final DMSO concentration of 7 %. Assays were initiated by addition of an
appropriate [y-3P] ATP solution and incubated at 25 “C. Assays were stopped, after the
desired time-course, by addition of phosphoric acid and ATP to a final concentration of
100 mM and 0.66 uM, respectively. Peptides were captured on a phosphocellulose
membrane, prepared as per manufacturer’s instructions, and washed six times with 200
uL 100 mM phosphoric acid, prior to addition of 100 pL scintillation cocktail and
scintillation counting on a 1450 Microbeta Liquid Scintillation Counter (Perkin Elmer).
Dose-response data was analyzed using GraphPad Prism software (Version 3.0cx for

Macintosh, GraphPad Software).

Table 4: Parameters for kinase activity assays

uCi [y-"P]  time-

assay [lglrll\j[s)f] target peptide® [Izzﬁi/i{()lf] ([3151}))3 ATP per course
nmol ATP (hours)
ATR 5 ASELPASQPQPFSAKKK 0.8 0.01 0.8 24
ATM 50 DPSVEPPLSQETFSDKKK  0.02 0.015 2.1 24
DNAPK® 4 EPPLSQEAFADLWKKK 0.8 0.11 0.3 2

Assay bulffers: 2 50 mM Tris-HCl (pH 7.5), 10 mM MgCl,, 1 mM DTT; b 10
mM HEPES (pH 7.5), 5 mM MgCl,, 5 mM MnCl,, 100 mM NaCl, 0.1 % BSA, 1
mM DTT; ¢ 50 mM HEPES (pH 7.5), 10 mM MgCl,, 100 mM KCl, 0.2 mM
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EGTA, 0.1 mM EDTA, 0.01 % BSA, 5 ug/mL calf thymus DNA, 1 mM DTT. ¢
Final assay concentration. ¢ Primary amino acid sequence. f The duration of
the enzyme assay was guided by the activity of the enzyme; for both ATR and
ATM low enzyme activity necessitated an extended assay to ensure sufficient
activity for detection. In all cases (data not reported) previous studies had
been run to ensure linearity of the reaction progress curves throughout the
duration of the enzyme assay.

Cellular assays

Cell lines were purchased from ATCC and maintained according to the distributor’s instructions.
Cell assays were performed using exponentially growing cultures. For H2AX phosphorylation
analysis using immunofluorescence (IF) microscopy, cells were fixed in 4% formaldehyde,
permeabilized with 0.5% Triton X-100 and stained with mouse H2AX pS139 antibody (Upstate),

AlexaFluor 488 goat anti-mouse antibody (Invitrogen) and Hoechst (Invitrogen). The cells were

then analyzed using the BD Pathway 855 bioimager and BD Attovision software. Cell density
was analyzed using the CellTiter 96 AQueous Cell Proliferation (MTS) assay (Promega).
Cells were plated in 96 well plates and allowed to adhere overnight. The following day,
compounds were added at the indicated concentrations in a final volume of 200 ul and
the cells were then incubated for 96 h. MTS reagent (40 pl) was then added and 1 h later
absorbance at 490 nm was measured using a SpectraMax Plus 384 plate reader

(Molecular Devices). Synergy and antagonism were assessed using Macsynergy software.
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