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Design, synthesis and antiplatelet activity evaluation of novel
quinoxaline antagonists of protease activated receptor 4 (PAR4)
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Abstract: Twenty-five compounds of novel quinoxaline-based scaffold with antiplatelet activity were designed
and synthesized on the basis of previous quinoxaline analogues, and the structures were confirmed by 'H NMR,
"C NMR, and MS. The antiplatelet activity was evaluated, structure-activity relationship (SAR) study was
summarized and the selectivity of PAR4 was confirmed by calcium mobilization assays. It was indicated that
compound 14a, 14g, 13i, 13p showed moderate activity against PAR4, especially, the activity of compound 14g
(IC,, = 0.26 pmol-L") was 6.7 times than the lead compound A (IC,, = 1.73 umol-L™"). Therefore, 2,3-dihydro-[1,4]
dioxino[2, 3-g]quinoxaline and [1,3]dioxolo[4, 5-g]quinoxaline derivatives are promising compounds for the
discovery of novel antiplatelet agents. It is worthy of further research to develop highly effective and selective
PAR4 antagonists.
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Figure 1  Structures of compounds BMS-986120, BMS-986141,
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Figure 2 Design of target compounds
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Scheme 1  Synthetic route of compounds. Reagents and conditions: (a) 1) c.HNO,, AcOH, rt, 0.5 h; 2) Fuming HNO,, AcOH, 80 °C, 0.5 h;
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Table 1 Spectral data of compounds

Compd

Chemical formula

'H NMR, “C NMR, MS

13a

13b

13c¢

13d

13e

13f

13g

13h

13i

13j

13k

131

13m

13n

130

13p

C,H,F,N.O

1777127 277273

C,H, F.N,O

167711727 373

C,H,FN,0,

177711

C,H, CIF,N,0,

17771

C,H,F,N,0,

187714

C,H, CIF,N,0,

17771

C,H,F,N,0,

187714

C,H,,CIF,N,0,

187713

C.H, CLF.N,O

177710727 27 72773

C.H, CLFE.N,O

177710727 27 273

c,H,FNO

1677107 27273

C, H,JF,N,O

157797277373

C,H,F;N,0,

167797 3

C,H,,F,N,0,

1777127 2

C,H,CIF,N,0,

16779

C,H,CLFN,O,

'"H NMR (300 MHz, DMSO-d,) § 8.52 (s, 1H), 7.82 (t, J,, = 72.0 Hz, 1H), 7.51-7.27 (m, 6H), 4.43 (s, 2H),
4.36 (s, 2H). "C NMR (500 MHz, DMSO-d,) 5 151.89, 148.34, 143.09, 135.31, 135.09, 134.99, 133.69, 131.80,
127.94, 127.70, 126.38, 115.09, 111.07, 64.61, 64.51. MS (ESI): m/z 331.0 [M+H]".

'"H NMR (300 MHz, DMSO-d,) § 8.60 (s, 1H), 8.12-7.57 (m, 2H), 7.57-7.47 (m, 3H), 7.40 (s, 1H), 4.46 (s, 2H),
4.40 (s, 2H). "C NMR (500 MHz, DMSO-d,) 6 152.07, 151.92, 148.63, 148.37, 143.47, 139.31, 135.65, 135.19,
134.80, 129.58, 123.28, 122.71, 115.09, 111.72, 64.71, 64.64. MS (ESI): m/z 332.1 [M+H]".

'"H NMR (300 MHz, chloroform-d) 6 8.41 (d, J= 4.9 Hz, 1H), 7.75 (d, J,,= 72.2 Hz, 1H), 7.43 (dd, J= 15.5,
7.0 Hz, 3H), 7.27 (dq, J = 22.1, 8.6, 7.6 Hz, 2H), 4.43 (s, 2H), 4.38 (s, 2H). °C NMR (500 MHz, DMSO-d,)
0135.66, 135.02, 134.99, 133.74, 133.71, 130.43, 130.36, 124.25, 124.23, 121.56, 120.33, 115.79, 115.62,
115.13, 111.77, 64.68. MS (ESI): m/z 349.1 [M+H]".

'"H NMR (300 MHz, DMSO-d,) § 8.53 (s, 1H), 7.94 (d, J,,, = 72.1 Hz, 1H), 7.58 (s, 1H), 7.43 (s, 4H), 4.41 (d,
J=16.4 Hz, 4H). "C NMR (500 MHz, DMSO-d,) § 148.26, 143.53, 135.60, 134.99, 134.15, 133.39, 133.34,
129.91, 129.42, 127.11, 123.78, 115.13, 111.69, 64.73, 64.63. MS (ESI): m/z 365.0 [M+H]".

'H NMR (300 MHz, DMSO-d,) § 8.52 (s, 1H), 7.93 (d, J,,= 72.0 Hz, 1H), 7.75-7.50 (m, 3H), 7.48-7.29 (m,
2H), 4.41 (s, 2H), 4.38 (s, 2H), 3.84 (s, 3H). °C NMR (500 MHz, DMSO-d,) § 157.12, 155.91, 150.85, 145.14,
139.85, 133.03, 131.28, 130.55, 129.95, 125.50, 123.57, 122.08, 116.06, 111.69, 105.53, 63.56, 63.47, 55.80.
MS (ESI): m/z 325.1 [M+H]".

'"H NMR (300 MHz, Chloroform-d) 6 8.41 (s, 1H), 7.74 (d, J,, = 72.1 Hz, 1H), 7.49 (d, J = 6.8 Hz, 2H),
7.45-7.23 (m, 3H), 4.42 (s, 2H), 4.38 (s, 2H). "C NMR (500 MHz, DMSO-d,) § 151.97, 148.35, 143.15,
135.44, 135.13, 134.79, 133.69, 132.67, 132.48, 128.02, 124.92, 115.09, 111.37, 64.62.

'"H NMR (300 MHz, DMSO-d,) § 8.53 (s, 1H), 7.83 (t, J,,, = 71.9 Hz, 1H), 7.40-7.28 (m, 3H), 7.03 (d, J =

8.7 Hz, 2H), 4.44 (s, 2H), 4.36 (s, 2H), 3.84 (s, 3H). °C NMR (500 MHz, DMSO-d,) 6 159.07, 151.87, 151.85,
151.82, 148.37, 143.07, 135.15, 135.11, 133.04, 126.19, 125.56, 115.10, 113.49, 110.74, 64.61, 64.48, 55.58.
MS (ESI): m/z 361.1 [M+H]", 383.0 [M+Na]’, 399.0 [M+K]".

'H NMR (300 MHz, DMSO-d,) & 8.49 (s, 1H), 7.81 (t, J,;, = 71.9 Hz, 1H), 7.34 (s, 1H), 7.21 (s, 2H), 7.10 (s,
1H), 4.42 (s, 2H), 4.32 (s, 2H), 3.66 (s, 3H). °C NMR (500 MHz, DMSO-d,) 6 159.07, 148.37, 143.07, 135.15,
135.11, 133.04, 126.19, 125.56, 115.10, 113.49, 110.74, 64.61, 64.48, 55.58. MS (ESI): m/z 395.0 [M+H]",
417.0 [M+Na]’, 433.0 [M+K]".

'"H NMR (300 MHz, DMSO-d,) § 8.54 (d, J,,= 5.6 Hz, 1H), 7.93 (dd, J,. = 72.0, 5.5 Hz, 1H), 7.78-7.68 (m,
1H), 7.63-7.48 (m, 1H), 7.47-7.35 (m, 2H), 4.41 (d, J = 18.3 Hz, 4H). °C NMR (500 MHz, DMSO-d,) §
155.91, 150.67, 143.05, 139.85, 136.76, 133.56, 133.03, 131.89, 131.66, 131.28, 130.85, 127.64, 121.48,
116.06, 108.40, 63.56, 63.47. MS (ESI): m/z 400.0 [M+H]".

'"H NMR (300 MHz, DMSO-d,) § 8.53 (s, 1H), 8.13-7.54 (m, 2H), 7.45 (s, 2H), 7.36 (s, 1H), 4.44 (s, 2H), 4.38
(s, 2H). "C NMR (500 MHz, DMSO-d,) 5 152.13, 148.27, 143.48, 135.92, 135.81, 135.01, 134.74, 13231,
132.14, 131.96, 130.42, 128.25, 123.29, 115.12, 111.98, 64.74. MS (ESI): m/z 400.0 [M+H]".

'"H NMR (300 MHz, DMSO-d,) § 8.57 (s, 1H), 7.93 (d, J,,, = 72.0 Hz, 1H), 7.61 (d, J = 6.9 Hz, 2H), 7.48 (dd,
J=14.4,6.8 Hz, 3H), 7.33 (s, 1H), 6.30 (s, 2H). °C NMR (500 MHz, DMSO-d,) § 151.92, 151.80, 147.53,
137.84,136.31, 133.81, 132.25, 131.42, 128.29, 128.27, 117.79, 115.18, 103.35, 103.02. MS (ESI): m/z 317.0
[M+HT".

'"H NMR (300 MHz, DMSO-d,) J 8.83 (s, 1H), 8.68-8.58 (m, 2H), 8.06 (d, /= 9.5 Hz, 1H), 7.82 (s, 1H),
7.63-7.51 (m, 1H), 7.39 (s, 1H), 6.34 (s, 2H). "C NMR (500 MHz, DMSO-d,) 6 152.09, 151.87, 151.52,
149.12, 148.01, 138.73, 137.88, 136.04, 134.09, 128.35, 123.55, 115.17, 114.25, 103.67, 103.60MS (ESI):

m/z 318.1 [M+H]".

'"H NMR (300 MHz, DMSO-d,) § 8.56 (s, 1H), 7.92 (d, J,,; = 72.0 Hz, 1H), 7.75-7.49 (m, 3H), 7.48-7.29 (m,
2H), 6.32 (s, 2H). "C NMR (500 MHz, DMSO-d,) 6 158.89, 156.87, 155.91, 150.10, 147.08, 139.85, 133.03,
131.28, 130.73, 129.53, 124.43, 121.24, 118.21, 116.97, 116.17, 113.92, 104.90, 101.74. MS (ESI): m/z 335.1
[M+H]".

'H NMR (300 MHz, DMSO-d,) 6 8.52 (s, 1H), 7.93 (d, J,;, = 72.0 Hz, 1H), 7.75-7.50 (m, 3H), 7.48-7.29 (m,
2H), 6.32 (s, 2H), 3.84 (s, 3H). °C NMR (500 MHz, DMSO-d,) 5 157.12, 155.91, 149.95, 148.33, 139.85,
133.03, 131.28, 130.55, 129.95, 125.50, 122.08, 119.84, 116.06, 111.69, 102.66, 101.74, 55.80. MS (ESI): m/z
311.1 [M+H]".

'H NMR (300 MHz, DMSO-d,) § 8.58 (s, 1H), 7.93 (d, J,,, = 72.0 Hz, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.57 (d,
J=18.3Hz, 2H), 7.35 (s, 1H), 6.31 (s, 2H). "C NMR (500 MHz, DMSO-d,) 6 151.99,151.84, 147.64, 137.86,
136.06, 133.90, 133.21, 133.14, 131.07, 128.38, 116.33,113.13, 103.51, 103.30. MS (ESI): m/z 352.0 [M+H]".
'H NMR (300 MHz, chloroform-d) ¢ 8.40 (s, 1H), 7.72 (d, J,; = 72.2 Hz, 2H), 7.50-7.32 (m, 2H), 7.28 (d,
J=5.4Hz, 1H), 6.21 (s, 2H). "C NMR (500 MHz, chloroform-d) ¢ 151.14, 147.46, 137.76, 135.37, 135.24,
133.80, 133.26, 129.90, 129.70, 127.02, 113.79, 104.04, 102.73. MS (ESI): m/z 385.9 [M+H]".
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Compd Chemical formula

'H NMR, “C NMR, MS

13q C,H,CLF.N,0,

16778

"H NMR (300 MHz, DMSO-d,) 6 8.54 (s, 1H), 8.12-7.66 (m, 2H), 7.62-7.30 (m, 3H), 6.31 (d, /= 7.7 Hz, 2H).

C NMR (500 MHz, DMSO-d,) 6 151.77, 147.85, 137.49, 136.42, 134.25, 132.42, 132.28, 131.88, 130.97,
128.45, 115.18, 115.02, 103.88. MS (ESI): m/z 385.9 [M+H]".

14a C,,H,CLN,0,

177712

"H NMR (300 MHz, DMSO-d,) 6 8.31 (s, 1H), 7.72 (s, 1H), 7.50 (d, J = 8.2 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H),

7.33 (s, 1H), 4.39 (s, 2H), 4.34 (s, 2H), 3.99 (s, 3H). °C NMR (500 MHz, DMSO-d,) § 157.20, 147.31, 141 81,
137.27, 136.00, 135.29, 134.65, 133.55, 132.98, 128.93, 127.28, 111.77, 64.69, 64.60, 53.93. MS (ESI): m/z

364.0 [M+H]".
14b C,H,,CLN,0,

187714

"H NMR (300 MHz, DMSO-d,) 6 8.28 (s, 1H), 7.72 (s, 1H), 7.52 (s, 1H), 7.38 (d, J = 8.2 Hz, 1H), 7.30 (s, 1H),

4.56-4.38 (m, 4H), 4.38-4.24 (m, 2H), 1.39 (t, ./ = 6.9 Hz, 3H). °C NMR (500 MHz, DMSO-d,) 6 156.82,
147.26, 141.74, 137.36, 136.03, 135.30, 134.65, 133.54, 133.00, 132.90, 128.92, 127.27, 122.54, 111.75, 64.68,
64.60, 62.34, 14.69. MS (ESI): m/z 378.0[M+H]".

14c C,H,CLN,0,

197716

'H NMR (300 MHz, DMSO-d,) 6 8.27 (s, 1H), 7.42 (m, 4H), 5.34 (s, 1H), 431 (m, 4H), 1.37 (m, 6H).

C NMR (500 MHz, DMSO-d,) 6 156.34, 147.21, 141.62, 137.66, 136.01, 135.21, 134.58, 133.59, 132.86,
132.66, 128.89, 127.31, 122.50, 111.67, 69.26, 64.66, 64.58, 22.00. MS (ESI): m/z 392.0 [M+H]".

14d C,,H(CLN,O,

'H NMR (300 MHz, DMSO-d,)  8.29 (s, 1H), 7.72 (s, 1H), 7.58-7.10 (m, 3H), 4.39 (d, 6H), 1.76 (s, 2H),

1.47 (g, 2H), 0.95 (t, 3H). *C NMR (500 MHz, DMSO-d,) 6 155.72, 150.67, 143.05, 141.35, 136.76, 133.56,
133.06, 132.27, 131.89, 131.66, 130.85, 127.64, 121.48, 108.40, 66.69, 63.56, 63.47, 31.49, 19.50, 13.78. MS

(ESI): m/z 406.1 [M+H]'".
14e C,,H,,CLN,0,

197714

'H NMR (300 MHz, DMSO-d,) 6 8.43 (s, 1H), 7.73 (s, 1H), 7.52 (d, J = 8.2 Hz, 1H), 7.40 (d, J = 8.2 Hz, 1H),

7.26 (s, 1H), 5.08 (s, 2H), 4.38 (d, J = 16.2 Hz, 4H), 3.71 (s, 3H). “C NMR (500 MHz, DMSO-d,) 5 169.52,
155.95, 150.67, 143.05, 141.12, 136.76, 133.87, 133.56, 131.89, 131.86, 131.66, 130.85, 127.64, 121.48,
108.40, 65.79, 63.56, 63.47, 52.24. MS (ESI): m/z 422.0 [M+H]".

14f C,H, CIN,0,

167711

'H NMR (300 MHz, DMSO-d,) 6 8.36 (s, 1H), 7.66 (s, 2H), 7.54 (s, 2H), 7.28 (s, 1H), 6.25 (s, 2H), 4.01 (s,

3H). "C NMR (500 MHz, DMSO-d)) 6 157.10, 150.85, 145.91, 138.60, 135.33, 133.68, 133.24, 132.91,
131.55, 128.27, 116.56, 103.37, 102.95, 53.85. MS (ESI): m/z 316.0 [M+H]".

14g C,H,CLN,0,

167710

'H NMR (300 MHz, DMSO-d,) 6 8.32 (s, 1H), 7.77 (s, 1H), 7.52 (q, J = 8.3 Hz, 2H), 7.34 (s, 1H), 6.25 (d, J =

6.5 Hz, 2H), 3.99 (s, 3H). °C NMR (500 MHz, DMSO-d,) 6 157.23, 150.76, 146.20, 138.22, 135.59, 135.22,
134.57, 134.19, 134.17, 131.38, 129.22, 127.52, 114.50, 103.90, 103.28, 53.92. MS (ESI): m/z 350.0 [M+H]".

14h C,H,,CL,N,0,

187712

'H NMR (300 MHz, DMSO-d,) 6 8.45 (s, 1H), 7.53 (t, J,;, = 77.6 Hz, 4H), 6.26 (s, 2H), 5.09 (s, 2H), 3.72

(s, 3H). C NMR (500 MHz, DMSO-d,) § 169.19, 155.69, 151.02, 146.64, 137.75, 135.20, 135.09, 134.76,
134.57,134.25, 131.25, 123.24, 127.57, 114.45, 103.81, 103.42, 62.74, 52.39. MS (ESI): m/z 408.0 [M+H] .

A C,.H,,CLF,N,0

167710

"H NMR (300 MHz, chloroform-d) J 8.47 (s, 1H), 7.86 (s, 1H), 7.64 (s, 1H), 7.42 (d, J = 25.0 Hz, 3H), 7.23

(d, J=57.3 Hz, 1H), 2.43 (s, 3H). "C NMR (500 MHz, DMSO-d,) § 156.79, 140.92, 140.00, 137.84, 134.85,
134.61, 134.14, 133.41, 133.02, 131.50, 130.21, 128.00, 127.43, 127.12, 116.06, 21.59. MS (ESI): m/z 399.1

[M+H]".
BMS-986120 C,,H,,N,0,S,

237723

"H NMR (300 MHz, chloroform-d) § 7.85 (s, 1H), 7.06 (s, 1H), 6.71 (s, 1H), 6.54 (s, 1H), 5.13 (s, 2H), 4.22

(s, 1H), 3.86 (s, 1H), 3.83 (t, /= 4.7 Hz, 4H), 3.61-3.43 (m, 4H), 2.38 (s, 3H). °C NMR (500 MHz, DMSO-d,)
§169.92, 168.17, 159.13, 155.97, 152.45, 149.59, 143.21, 141.92, 134.94, 121.24, 112.76, 111.68, 98.46, 96.40,
89.50, 65.87, 64.69, 60.89, 56.21, 48.61, 11.11. MS (ESI): m/z 514.2 [M+H]".

Al 13e (IC,, = 0.88 pmol-L™"), i ML &6 &1 A 43 5l 32
1 2.3 A5 A0 2.0 £, BEEH ZRER 1 2 AL 5] N SR TR
AEEF TR EETE . AP 13E (IC,, = 1.58 pmol- L),
13g (IC,, = 1.36 umol-L™") MIiE 5 L&) A #H 4, 1K
T AL AW 13d 71 13e, Ui B 2830 S HUAR I 2 A7 AR AL 4
AR T4 Eis . K30 Bk A7 SRR &4
13h~13j, 45 B2 W 2K IR 2.4 A7 — GUHUAR AT 3% v i
FHIRE, LAY 13i (IC,, = 0.30 umol L") L& A
Pem 7 5.8 1%

[ 58 Ar oA 2,4- SR, PR IT R 0 IE MR B RZ
AT LAY 14a~14e. R, 45 H R Ak & 035 1 0L
#2. HALAE13i.14a~14e (35 VEAT 45, R,ONED
(R de e I B R AR dvE . B OR BRSNS A

FHURAL AW 14 T BURAL & 4 14d, 1C, #5 K T
2 pmol-L7, i&VE R E BEAK . 59 4, b A8 Dy T 4
& W 14e, 1C, th KT 2 pmol- L BtJ&, 5 BHZ AN
TCEARIN R N HICEE RIS, AT A 13k~ 13q A
14f~14h, S5 FE 1 W% 2. HAL G 13a~13c¢ Al
13k~ 13m TG PE AT 13, FLOCE AR BiE M 7S Jo A A
AH Yo IE VR A AP0 131 (IC,, = 0.30 pmol ' L),
13p (IC,, = 0.28 umol-L™). 14a (IC,, = 0.29 umol-L™").
14g (IC,, = 0.26 pmol-L™") fI1C,, LK 3.

2.2 FLIPR$ERHM  F)H FLIPR £5 & ¥ 4 it S5 56
KA 22 PR AL & 70 131 13p . 14a F1 14g %F A J5 PAR
PAR4 [1) #00 #l) 75 M, PSS UIF 4R 3 M 4k & 9 %+ PAR1/
PARA [P £ 1 . SEIGEIR UK 4 . FHIEZ) BMS-
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Table 2 SAR of 8-(difluoromethoxy)-5-aryl-2,3-dihydronaphtho[2,3- b][l 4]dioxine analogues

GO

m. PAR4 AP PRP

m. PAR4 AP PRP

Compd. Ar C,,/umol-L"! Compd. Ar IC,,/umol-L"
13a Phenyl 1.89 13f 4-Chlorophenyl 1.58
13b 3-Pyridyl >2 13g 4-Methoxyphenyl 1.36
13¢ 2-Fluorophenyl 1.76 13h 4-Chloro-2-methoxyphenyl >2
13d 2-Chlorophenyl 0.75 13i 2,4-Dichlorophenyl 0.30
13e 2-Methoxyphenyl 0.88 13j 2,3-Dichlorophenyl 1.64
BMS-986120 0.088 A 1.73

Table 3  Structures and activities of 13i, 13k-13p, 14a—14h

[Ollo\
(¢)

Cl ]

Cl

200N
o 7 N/
Ar

13i, 14a-14e 13k-13p, 14f-14h
m. PAR4 AP PRP m. PAR4 AP PRP
Compd R, Ar R Compd. R, Ar R
IC, /umol-L IC, /umol-L
13i CHF,  2.4-Dichlorophenyl 0.30 14a CH, 2,4-Dichlorophenyl 0.29
13k CHF,  Phenyl 1.80 14b CH,CH, 2,4-Dichlorophenyl 0.44
131 CHF,  3-Pyridyl 1.97 14¢ CH(CH,), 2,4-Dichlorophenyl 2.13
13m CHF,  2-Fluorophenyl 1.65 14d CH,CH,CH,CH, 2,4-Dichlorophenyl 2.95
13n CHF,  2-Methoxyphenyl 1.86 14e CH,COOCH, 2,4-Dichlorophenyl 2.46
130 CHF,  4-Chlorophenyl 1.43 14f CH, 4-Chlorophenyl 1.20
13p CHF,  2.4-Dichlorophenyl 0.28 l4g CH, 2,4-Dichlorophenyl 0.26
13q CHF,  2,3-Dichlorophenyl 1.35 14h CH,COOCH 2,3-Dichlorophenyl 2.42
165 1Csp = 87.6 + 0.3 nmol-L*! o5 IC5=303.7 + 1.6 nmol-L*!
-e- No.l a -o- No.1

§ = No.2 o\\° = No.2

2 -+ No.3 2 -+ No.3

< <

= 504 = 50

2 2

= =

5 i 5

0 T T T 0 T T T
15 1.8 2:1: 24 2i1 24 DT
Log BMS-986120 / nmol-L! Log 13i / nmol-L™!
160 ICs=278.8 + 1.5 nmol-L"! 766 ICso =255.6 + 2.4 nmol-L*! 1Cso=295.4 + 0.9 nmol-L"!

-e- No.1 -e- No.1 -o- No.1
c\\° = No2 & = No2 e\\° = No.2
2 -+ No3 @ -+ No.3 i -+ No.3
< < <
g 50 2 50 S 50
1= - =
E c E

0+—= i T T 0
2.1 24 2.7 2.1 24 2.7
Log 13p / nmol-L! Log 14g / nmol-L*! Log 14a / nmol- L 1

Figure 3  The IC,; of positive control compound BMS-986120 and several optimized compounds. Data are presented as the mean + SD

(n=3)

986120 1 % 1k & ¥ 13i. 13p. 14a K 14g [{] PAR4
FLIPR IC,, {f ¥ 7E 2~7 nmol-L", i PAR1 FLIPR IC,,
B KT 3 000 nmol-L", & WA K ¥4k & ¥ % N UE
PAR4 A A 1) 35 1%, B % AU PART TG 4 i) 3 1%, 3 )
B G YN PARS F 114

3 NG

PAR4 175 5077 W] A R4 ) M A RO TR B, [ AS 5
SIS H M I ACE, A LT RE BN — M A R AL
IR AT T B PN P T
VR EEAZ, ISR T 25 Atk &, LUk Tl IKT
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Table 4 In vitro selectivity of BMS-986120 and 13i, 13p, 14a,

14g in the calcium mobilization assays

PARs FLIPR IC,, values/nmol'L"  m. PAR4 AP PRP

Compd.

PAR4 PARI IC, /amol-L!

BMS-986120 0.70 £ 0.05 > 3000 87.6:£0.3
13i 6.32£0.08 > 3000 303.7= 1.6

13p 224£0.14 > 3000 2788+ 1.5
14a 5.91£0.23 > 3000 295.4+0.9

14g 2.04=0.11 > 3000 255.6 2.4

11 BMS-986120 9 BV 24, % ¥ i & B4k & 9 itk
AT HUML /NS PE VAN 4 ROC & B 98 A PAR1/PAR4 ik
PEPEIOAE . &5 TR W, 5 07 5L LRI 2 47 iR HUAR AR
T AR EUAR, 24 EUAR 3 Ay 2- AR 3 2% 3 R 2- G A FE
TR T 2.3 F12.0 1% WHURE DL 2,4- — A AN
B, VRS T 5.8 18 . RONBUN I BRI I X i AT
Hlo 7-BEEHE-4 75 B H-[1,3]) M [4,5-g ] NE IR K AT
AR 8-t AR e -5- 75 A HE-2,3- A 2E[2,3-b][1,4] E
FERATAEDEEM Y, RABEERITFNAEY
14a.14g.13i.13p. FFal2 b5 14g, iG V2 % T 1k
G AT 6.7 1%, (HILTE M H & BMS-986120 1) 140 2
=. WJFWIE T AREMENEY) 142,142 131 13p (1
PAR4EFENE . ASCRILIILL 2,3- 5 25 [2,3-g] — &M
[1,4]W W2 IR [1,3] MR Ik (4, 5-g ] W W Wbk oAy B AZ 1) T A=
YMEARHE— BT T, DUIT R s 20 37 B PARS 3 %
PERE B

SCIGER S

S 58 o BT PR AR B AR A o T Ay A Al TH
H1PC NMR #% B H 4% LL DMSO-d, 8 CDCI, A% 71, VU
FH B TE B2 (TMSS) 9 A%, 43 7l 2K H Bruker AV-300 Al
Bruker AV-500 % % 4 L 4R AW 7€ - MS K H Agilent
1260-6230 TOF LC-MS & Jig 16 FH Al 7 o 3 )2 €8 3%
(TLC) K FHMH 5 4 FH 3T #1RLRH AT PR A 7] ) HSGF254
TEEJREBR o I/ AR R B DN A FH G S 2R R R A5 7 B4
A R 2\ AG400 242 5 3 /MR S ICR 7 B
FH B 50T e L Zh W B 7 B M K 3 SR Be B ) Atk
OFRAE, B S 20 3 v [E 24 BL K 2 SIS B A0 B 2
B4tk ; AYPGKF-NH, . SFFLRR-NH, % 14 - fik 4 4=
IR B ERAF . Tyrode &R T HMRAED . B
AR B AL, BT R R TR 38 B
1 Bt EaUnNEaR

6,7-—FHE-2,3-Z SR FH[][1,4| ZIEZXK (2S) 60%
AN L (90 mL) MIVKIES R (45 mL) 78 0 Fi # IR & 5 0K
W2 0 °C, S8 It &9 2,3- ~ AR IE[p][1,4]—
EEYE (18) (20 g, 146.90 mmol), I 578 B J5 T+ 28 % iR
N30 min. TLC WM S B o JERE S 825 i, s 82T

AN VKK H, 454 30 min 5 98, SEDFUKK B, HET.
HEFJ5 1 A ARV T UK EEBR (100 mL), 2212 /N O i i
VKIS H G I R AR (30 mL) FIVRER R (4 mL) FIVE
BV WNsEE G, T2 =R RN 30 min, J5 22180
A 80 °C, FIZUFE N 2 hoe TLC YA Mo H JE] 44
SN 5E J& ORI R A E I, N VKK R, 3 30 min
Ja e, PEDF VKK BEG, BT TR R BE PR
DCM/ Z, T (/) V8 A ¥ W0 A0 EE 485 i, ¥4 00T ot ) i 98
BAE 6,7- R HE-2,3- A K IE[b][1,4] B (2S)
33 g, AR E O E A, 773 99.3%. A (AR
¥): 'TH NMR (300 MHz, CDCl,) 6 7.84~7.76 (m, 2H),
6.95 (d, J=9.6 Hz, 1H), 4.35 (d, J= 6.0 Hz, 4H). ¥
(2S): '"H NMR (300 MHz, CDCL,) d 7.46 (s, 2H), 4.43 (s,
4H). FUTT 4G itk &% 2F. "H NMR (300 MHz,
CDCl,) § 7.31 (d, J = 13.8 Hz, 2H), 6.29 (s, 2H)-

T-REE-2,3-“ 8 R FH[b][1,4] ZIEFE-6-% (3S) Al
AR, EWe,7- —iH3E-2,3- AR IR [b][1,4] =&
B£ (2S) (33 g, 145.93 mmol) ¥ T VK& (200 mL), [21i7
30 min, & BRHTE, 2 HEINIE R K (24.5 g, 3.0 eq)-
TLC MM B o JERER B 5E J5, [ B4 E 2 = 55
N VK K, B8k 30 min J5 i 58724, JEUHK K PR .
Ve 5 I UE DR A T UKES R (200 mL), [A1 94 10 min, #
o 8, SEMAR VKK, iR 30 min J5 I BEFEA, 8
PR, T4, 24 & W 7-18 2 -2,3- A K IR [b][1,4]
ZHEH-6- 1% (3S) 15.5 g, N B [EHAK, 77 54.1%.
'H NMR (300 MHz, CDCl,) § 7.70 (s, 1H), 6.25 (s, 1H),
4.33 (d, J=3.8 Hz, 2H), 4.27~4.20 (m, 2H). ZKLJ5i%
A A4 3F. "H NMR (300 MHz, CDCl,) 6 7.55 (d,
J = 5.6 Hz, 1H), 6.33 (s, 2H), 6.24 (s, 1H), 6.00 (d, J =
5.7 Hz, 2H).

5-R7-THE-2,3-ZEFKFH(b][1,4] Z 8 XK -6-5
4S) VKESEZ (50 mL)H A (13.9 g, 1.1 eq), =ik
I 10 mine AW 7-fi%E-2,3- AR I [][1,4] 0E
HE-6-% (3S) (15.5 g, 79.0 mmol) ¥ T VKEEER (100 mL)
W B R T INRIR P VKBS RIS . RN e B = iR
TR 30 mine TLC MW N o Rk N 5 J5, [
MR VKK T, FEEE 30 min. HHIE, JEGEKEE, KT, b
RN, B G 5-1R 7-53E-2,3- A 2K I b]
[1,4] — 9% -6- i (4S) 18.6 g, ¥ B {0 [l 4k, 7= %
77.2%. 'HNMR (300 MHz, CDCI,) § 7.80 (s, 1H), 6.54
(s, 2H), 4.49 (m, 2H), 4.25 (m, 2H). ML) %4 Btk
4 %) 4F. 'H NMR (300 MHz, CDCl,) 6 7.62 (s 1H),
6.85 (s, 2H), 6.10 (d, J = 3.6 Hz, 2H).

2,2'-((5-iR 7-fE £-2,3- — S & F [b][1,4] —IE 3£-6)
RETE) BERTES 5S) =T, (b &9 5-1% 74
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e 2,3- A A I [b][1,4] —E K -6- i (4S) (18.6 g,
62.76 mmol) A1 4- — H & FE ML NE (1.6 g, 0.2 eq) & T
THF, i\ 8B — BT Bg (36.9 g, 145 mmol), = i 1
#£2.5he TLC MM P . IBE5E RS, RN R 4,
PE:EA =314, 51L& 2,2-((5-1R 7-fif %:-2,3-
AR IE[P][1,4] ~HETE-6) F Ak 5L HERAUT IR (5S)
279 g. 'H NMR (300 MHz, CDCL,) § 7.73 (s, 1H),
4.50 (dd, J = 5.3, 2.5 Hz, 2H), 4.38 (dd, J = 5.0, 2.7 Hz,
2H), 1.43 (s, 18H). KULTEE AL EY)SF. "H NMR
(300 MHz, CDCL,) 6 7.54 (s, 1H), 6.25 (s, 2H), 1.4 (s,
18H).

(5-1R-7-fHE-2,3- Z /K FH[b][1,4] Z1E H-6-£)
[ERENT B 6S) =ik T, A 2,2-((5-1R 7-H5
H-2.3- AR IE[P][1,4] —RETL-6) F Ak L) HERAUT
fig (58) 27.9 g% T & H %5t (DCM, 50 mL), 2% 1% i i
=W L (9 mL), 0058 Ak S = IR N B HE 10 min.
TLC WM S8 e BT8R, BN H 248 N LR ik
1% SN K PV T AT, DCM (100 mLx3) 28, A HLAH &
IF, VRN ERoK BV, T KB BRAN T, W4, 5L &1
(5-TR-7-FH 5=-2,3- Z A R IF[b][1,4] —HE T -6-Jk) 2 ik
FERBLUT e (6S) 31.4 g, NER AR, TLFHAM EET
— 5 '"H NMR (300 MHz, CDCL,) 6 7.62 (s, 1H), 4.50~
4.44 (m, 2H), 4.36~4.30 (m, 2H), 1.50 (s, 9H). 5Ll )y
A AL &Y 6F. 'H NMR (300 MHz, CDCL,) § 7.47
(s, 1H), 6.20 (s, 2H), 1.50 (s, 9H).

N-((5-R-7-TH & -2,3- = S 7K 3 [b][1,4] =1 3% -6-
£)-N-GRUT S £5E) HREERS (7S) HEW (5-3-
7-THE-2,3- A K IE[b][1,4] —E YL -6-FE) B I F R AL
TH& (6S) (27.9 g, 74.36 mmol) ¥ T DMF (150 mL), Jil
NBRER 4 (72.7 g, 3.0 eq), &% 0 °C, i+ 10 min, 2218
T NIR . R FE (22.8 g, 2.0 eq), /AR . RN
BB he TLC MM N o JFURER M. 58 5, I
7K, EA (100 mLx3) 1L, G LA & I, VKK PeE 3 X,
TN R KGR, ToKBR B BN T, VR4, N EET 2K
B4 A W) N-((5-1R-7-TH 3 -2,3- A K IF[b][1,4] —1E
YE-6-F8)-N-(BUT AR B IE) HZ IR H B (7S) KR € ] 4
22.3 g. 'H NMR (300 MHz, CDCL,) 6 7.60 (s, 1H),
4.48 (dd, J = 7.6, 3.2 Hz, 2H), 4.42~4.31 (m, 2H), 3.73
(s, 2H), 3.69 (s, 3H), 1.38 (s, 9H). L5 ik& Hitb &
¥ 7F. "H NMR (300 MHz, CDCL,) § 7.36 (s, 1H), 6.24
(d, J = 14.8 Hz, 2H), 4.32 (s, 2H), 3.72 (s, 3H), 1.47 (d,
J=41.3 Hz, 9H).

(5-IR-7T-FHE-2,3-ZE K FH[b][1,4] =B Z-6-5) H
KBRS (8S) LAY N-((5-R-7-TEHE-2,3- A FIF
[b][1,4] — B8 5L -6-5)-N-(FU T 48 3 Fe 2k ) H 208 g

(7S) (21.7 g) TN 4 mol- L' &AL A I EA (50 mL), &
WPEFE 1 he TLC MW o N 5E B, N VR
45, MANEA S RA 2T, R NBT R, BULEY
(5-1R-7-HH %:-2,3- “E R IF[b][1,4] ~WEJE-6-5) H &=
% H B (8S) % o [ & 18.6 g 'H NMR (300 MHz,
DMSO-d,) § 7.67 (s, 1H), 4.53~4.46 (m, 2H), 4.39 (s,
2H), 3.58 (d, J= 2.8 Hz, 3H), 3.33 (s, 2H). KLU HEE
B Ak % ¥ 8F. 'H NMR (300 MHz, DMSO-d,) § 7.58
(s, 1H), 6.23 (s, 2H), 4.27 (s, 2H), 3.62 (s, 3H).

10-8-2,3,8,9-P05-[1,4| Z B[ 2,3-g|ENZME-7(6 H)-
iR (9S) &M (5-1R-7-HHHE-2,3- A FKH[b][1,4]
E e -6-5L) H & R H g (8S) (18.6 g, 53.58 mmol) & T
FHEE (150 mL), i MK 282 (6 mL), F 45 f i A\ 7K
H R (40.7 g, 4.0 eq), E IR FHFE 10 min, T+
Z 70 °CHiFE2.5 he SRR M58 JE, OB FE 2 %0, 8
W E N MR AR+, I DCMERA —
F[AMNGEITH, T8, ZEEL A HLHEKEE. SihE
M) 10-12-2,3,8,9-VUA-[1,4] WEHE[2,3-g] MENRIHK-7(6H)-
fiil (9S), £ 0 [E44 10.0 g 'H NMR (300 MHz, DMSO-
d) 6 10.18 (s, 1H), 6.37 (s, 1H), 5.31 (s, 1H), 4.19 (d,
J =292 Hz, 4H), 3.69 (s, 2H). R EERILEY
9F. 'H NMR (300 MHz, DMSO-d,) § 10.19 (s, 1H),
6.44 (s, 1H), 5.95 (s, 2H), 5.38 (s, 1H), 3.67 (s, 2H).

10-58-2,3- — &-[1,4] = IE 3 [2,3-g] B 1B W -7- B2
(10S) =R T, tb B 10-351-2,3,8,9- V0 & -[1,4] g HE
[2,3-g M W2 Ik-7(6 - (9S) 10 g i FEE (50 mL), il
A 4.0 mol- L™ A AN /K (30 mL), ZZ123 N 30%
()t S AL S K T T (80 mL), = iR K HE 10 min, J5
Tt % 60 °CHEFE S B 20 min. JH 2 85 °CHEFE S W 1 h,
B 2 =R, R BLVROAR 4 2 /MR, UK (20 mL), 3 0
1 mol-L™" £5 B2 %% pH = 2~3, VKIBF B& IR & 0 °C it ¥
20 min, fHJE, JEDFAKVE, DRI L8 =111 IR E
TR, T, 151 &9 10-78-2,3- & -[1,4] - HEL
[2,3-g] ¥ W& Ik -7- % (10S) A & & /& 10 g 'H NMR
(300 MHz, DMSO-d,) § 12.31 (s, 1H), 8.07 (s, 1H), 6.77
(s, 1H), 4.39 (d, 4H). KAl J7 % & stk & ¥ 10F.
'H NMR (300 MHz, DMSO-d,) ¢ 8.07 (s, 1H), 6.79 (s,
1H), 6.26 (s, 2H).

5 R-8-(ZEHEH)-2,3-Z5-[1,4 ZF Z+[2,3-g
EENEME (11S) A& 10-1R-2,3-—4-[1,4] 8 3[2,3-¢]
W TZ B -7-18% (10S) (10.0 g, 35.33 mmol) F1 75 7K Bk ik 4
(29.3 g) ¥ T DMF (100 mL), 100 °C | #t#£ 52 5 5 min,
SN A LB AN (26.9 g), 100 °C T it ¥ & B
20 min. TLC WIS N o JFURF R N 58 5, SO 4 2
R, MK R, EA (20 mLx3) A HL, A HLAHH & 3F, 9K



R A TR W IR IS B 1 MBS SZ 1 4 (PARDFEHURI A B T A 1 S Bt ML /NS 1 47F 7 © 739 -

IKBE 3 IR, MR $hoK B, JOKBR RN T8, WR4h,
Ak €3 (PE:DCM = 10:1-2:1), A BKT R, B4k &
W) 5-PR-8-( A AR E)-2,3- [ 1,4] A A[2,3-g]
WE Ik (11S) 600 mg, 1€ [E 4, 77 % 51.2%. 'H NMR
(300 MHz, DMSO-d,) 6 8.70 (s, 1H), 7.81 (t, J,, =
71.7 Hz, 1H), 7.36 (s, 1H), 4.54 (dd, J = 5.2, 2.2 Hz,
2H), 4.50~4.44 (m, 2H). KL 77 %A LG9 11F.
'H NMR (300 MHz, DMSO-d,) d 8.68 (s, 1H), 7.80 (t,
Jy. =71.7 Hz, 1H), 7.35 (s, 1H), 6.42 (s, 2H).

5-1R-8-kr | £-2,3- " 8 -[1,4]| Z & Z[2,3-g| EE
Wk (128) ERRIESE  UKIBII 60% S A0 B FIFH R (1) i
(2 mL) ¥ T DMF, =i F i+ 30 min, F A 5-7R-8-
(TR AR -2,3- A [1,4] ~H44[2,3-g] BRI (11S)
0.5 g, Fim M, TLC Wi d5 [ B o JE RS B 58 &, sk
HiBE, EA (20 mLx3) 5L, HHUAHG I, VKoK BEE 3 1K,
POLRN B R KV, ToK R R AN 1, RERE AR (it Jp . 7~
K 70%~80%, BN A ELlE k.

Birt &MEREE L5 12Sa~12Sf.12Fa.
12Ff (0.5 g, 1.0 eq) FAS[A] (B EE (4.0 eq) ¥ T H K
(3 mL) FI ZBE (1 mL), P Hs PR, TN 1,173 (=
RHEBERL) B &4 (0.02 eq) AT2 mol L B
FREAZK I (3.0 eq), FHili [F19 ) B 30 min~12 h, TLC
W R . R RL5E G, RO R 2 = R, I EA/HLO 4
T, A UM TG K B BB 1 8, VR 48, RE R AE (o 1% 15 H A5
), b a RN R T R G R R A . 77 40%~70%,
B A L A
2 AEYEMENR
2.1 /NEPRPHIZ {8 ICR/NRIEEES 5% K&
S, UL 6 mL-kg' 1 7 & BRI K 29 5~10 min. LR
/N BRI AR 2%, WP 7 3 AR SRR R 3=, LA PR
201 FLRRL IS S S 2%, o 7 SRR AN PR AR R, R
TN/ B LR BRI o e SRR I 1D /0N B E ARAR b, U
MG BT R bk S R, IR R . A TR
RS /IS BR P AT 30 A, B B IR R k. A TR
A 0.1 mL HLEEFI 0 2.5 mL 7 5 88, &F L3R 300 )
NGB, S8 5 K B Sk 0, A T [ e A8 R SN
Bl), 72 F- RBP4 15 2, (19 MR SR8 3k N VRS 38
o HBEE AT . RS, B L RES
TS R R VBRI o K 4 it IS T B E e
15 mLEEREAGE R, B T 37 °CoK i B R AR,
HEMFPERETEE . /N A i A A 2 3 KR B (/4
FEE/K =3:1) J5, 1 080 r-min” &0 10 min, B _E 2 1f1
J% R PRP (platelet-rich plasma) =45 ¥ &5 7K i e ik i fek
FEALE, 37 CCKG B % H . WL PRP J5 % 42 36 4
3 000 r-min” & 0 5 min, I JZ B 24 PPP (platelet-poor

plasma), " i PPP A= # 35 /K JE ¥ J5 19 15 mL EE e AL
B, 37 CAKIFRE A .
2.2 M/MHREBESLIE WH300 uL Tyrode's buffer T
T4 IR AR R, BT N B R AR X (A
BT PN A 37 °C). P AEREWLHL 270 uL PRP (2
FH PPP i % il /N B B 9 22 T 3% 10° ) BT T
PAE 3 BN 20 pl AR B £k K B AN [F 9K 1) £
DFE R, 37 °CHFE 5 min J& B TR, 0l A ik
UM BEER AT 10 uL AYPGKF-NH, i%5 5 71 5 57 B FF 4R
DAL SR AR ) B 2 TR A 7R 5 min N I /DN R)
REBER . HIHIER (%) = (TR MM KRR -
B W 40t /N B s K SRR /BRI 4 It B B oK TR 4R
F 1. f# Fl % F Graphpad Prism 7.0, PAAS A9 FE R A
A AR 2T IC .
2.3 HEK293 40 ff1 19 % ¢ A 15 T 4R () 1L 2% (FLIPR)
$ESR MM SE 38 HEK293/gal5/PARI Al a PARI AP
(SFFLRR-NH,) H Tl PAR1 40 )75 . HEK293/
gal5/PAR4 1 a PAR4 AP (AYPGKF-NH,) ffi - #& Il
PAR4 [ # I 35 PE o F 35 8 L 16 40 i ik o VK 4 5 AL
30 mL I %2 384 LI W AR, 30 min Ji5 &0 1 min.
FH 41 B 7 B9 801 1L HEK293/Gal 5/PARs 4Hlfitd . 4R )5 4
FL45 000 AR, 37 °C.5% CO, M H 24 ho W H
TERLT, 25 BB 7R R T B AT (0 2% v LA FL 100 pL
) & IR GE NN, 37 °C 5% CO, i 6 4k 2L % & 60 min.
HBE S AL A T £ DMSO H, i HBSS 22 MUK ik
FE Fi B B 4%, AL N 25 uL MR, =S A4l
25 uL [ HBSS, =i F#EHFE 15 min. % & 7685,
# 384 FLHR B T FlexStation 241X (Molecular Devices
Co., USA) _E, 5L 25 pL ) PAR AP V&, I 52 %
FLAAE XS 56 3, TR AR LAY B . Ed
W58 AN [E) R B R i i %€, AT 38 3T GraphPad Prism 7.0
BEATBOUE AL HE, L IC,, .

YEZ TRk: T A EE M S0 i il 1 oTik; &
Tf 7 AR ST I AR 5 U SRR R AR SCI B — AR R, BT S
ST R HLHOHE S RS e A S0 v 2 A B AR H A A L s
S8 7 EAEARIE G B SRR AR REM B A TR 2R
PR E FME .

FI RS ARSI T N B TCAT AT R 2 i %
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