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Synthesis and Herbicidal Activity of New Pyrazine Derivative
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Abstract To find new pesticidal lead compounds with high bioactivity, 26 new pyrazines emicarbazide derivatives were
designed and synthesized by combining with the pyrazine ring and semicarbazide. Their structures were confirmed by 'H
NMR, FTIR and MS techniques. The herbicidal activities of these compounds were evaluated. The bioassay results showed
that the post-emergence inhibitory rate of 4m reached 80% on Amaranthus retroflexus and Eclipta prostrata at 150 gai/ha.
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Table 1 Products of 4a~4z

NH2NH2'H20
_

Compd. Ar Compd. Ar

4a 4-MeO,CC¢Hy 4n 2-FC¢H,y
4b 2-F-5-CF;C¢H; 40 4-CF;0CgH,
4c 2-Me-3-CF;C4H; 4p 3-CHF,0CgH,
4d 2,4,5-F;C¢H, 4q 2,5-Me,CsH;
4e 4-EtOC¢Hy 4r 2,4-C1,C¢Hs
4f 4-PhOC¢H, 4s 3,4-F,C¢Hs
4g 2,3-Me,CH; 4t 2,6-Me,CsH;
4h 2-CF5;0C¢H4 4u 3,5-Me,CeHj;
4i 2,4-F,C¢H; 4v 2,4-Me,CsH;
4j 4-(CF5),CFC4H, 4w 2,6-Et,CeH,
4k 4-Me;CCgHy 4x 2-CN-4-CIC¢H;
41 3-CF;CH, 4y 3,4-CLC4Hs;
4m 3-CF;0C¢H, 4z 3,4-Me,CcHj;

1 ZR5WE

1.1 ERRKIEETE

SR 6 R T I A 6 A (BTC) 5 BUAR 2K i g v 76
%, N R N RAERS, A RKEREI Y, Kk
FESCIG IR R, SR AR N BTC, fifese fq, THER

Ah, BT RERIREEA S AR, WA s H s~
) ) o 28 SR FH B .

TEA R A 3-Z SENEE -2- FH IR A e A0 s Y
MIRER IR N4 R, T TR 2 R R Y, R R
= I A

HAnb & W6 B, B m Rl & AR
FE WA BE IS, ROV S BT T %, IF H OV IR A5
FEK A 8 h LLE, BEAAEE f AR I, & Rt A
TR RE, AT SR IR _E I B N

76 b 59 da~dz P AEAE =S NH 211, tb&5Y)
iR a-H R b-H 23 5] 5 5 AN RSP il A
(I 2 FioR), 14145 a-H Al b-H £E R I LYRE b ik 2%
i F IR, v AL L o B 43 B E, 31X —
N—H 2= B 3 AR, K/NBF W 5(H,)
(10.10~10.41)>8(H,) (8.15~9.24)>4(H,) (8.00~9.20),
Horp H A0 H, A B RS, (H 2 Ha (R4 E AL RS AR AL
EMh%ﬁJﬁuE%E%%ﬁ@ﬁﬁﬁwL%%%m.
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Figure 2 Hydrogen bond structure of compounds
1.2 E¥E M

b AL G W) 29 [ 5K R 7 AR 24 61 o o0 Y
AL g T R (Echinochloa crusgalli)~ 412 ¥
I, M (Digitaria sanguinalis)~ T+ 2&/T5 bk
A
(Amaranthus retroflexus). &7 (Eclipta prostrata)(PJFakk
A, Mg TR 2.0 R 2 nIA, RN
150 gai/ha i, L4 4m XSO0 687 11 2F 5 46 2%

(Setaira viridis)

(Brassica junceal/Abutilon theophrasti)-

70 °C RN IXFEA R TR N AR E PER AL G
K2 AAWMBREEE50 gai/ha)
Table 2 Herbicidal activity of compounds (150 gai/ha)
oy ME SR HE O T3/ 1 JRR G i
FHI SR WA R AT 2R ZFED ¥ 2T AJa FH HE
4c 0 0 0 0 0 0 0 0 0 30 0 0
4e 0 0 0 0 0 0 30 0 0 0 30 0
4g 30 0 20 0 20 0 0 0 0 0 0 0
4k 0 0 0 0 0 0 0 0 50 0 20 0
4m 0 0 0 0 0 0 0 0 80 0 80
40 0 0 0 0 0 0 0 0 0 50 0 0
4q 20 0 20 0 20 0 0 0 0 0 0
4r 0 0 0 0 0 0 0 0 0 20 0 30
4s 0 0 0 0 0 0 0 0 50 0 0 0
4t 20 0 10 0 20 0 0 0 0 50 0 0
4u 40 0 50 0 0 0 0 0 0 0 0 0
4w 0 0 0 0 0 0 0 0 0 0 50 0
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77 80%. AW 4o, 463 SO UL ZF 5 A0 8 50%. 4u
okt JR8 B PR 2 BT ARl 50%, R R 2 R
40%.

2 #ig

AL LL -G HENE - 2- 2 8 O kUi JsURY, d e R
KRG W NARE T 3-SR E-2- FEL N, S0 5
A BBART) SRR N, 38T — &5 26 MR
HIE R SRR A, JEZ RS AP T
Y5, T8 "H NMR, MS Al IR 37T T 45K R 1E. #5501k
BT R 8 () 2F i A 2 R R BB ZE T
R . A AEIR N 150 gai/ha I, 1654 4m Xt
SRV B8 2F e 4 2 ah 2 80%. WL AR R A
Hr, PRI R CF50 MR 3 £ Ph-H B, BREEVER
I, {H CF50 HUf 2 A28k 4 £7 Ph-H G FrBRAGHE2
REREILE. ATAEE T CF,0 fEA3F 2 A1l 4 A7i
(147 FEL 7~ 50Nl 2 35 JOR 5 40 R 1 PR T 2 D B 1) ML P B
N5 BObR A A ) 5 T A AR UF S5 VE R AT 5 &
M PR B R 25 B B 1
3 XEIHN
3.1 UEHIKF

Varian-400 M @i 3L R (TMS 4 W #5); Bruker
Avance 111 S00MHZ 4> 07 A0 A5 37 HHE A% B AR 143
(TMS J A 45); Nicolet 6700 {37 IH-AF e 21 AR %A
LCQ-Advantage JFiii{%(ESI-MS); X-4 U7 oy i
ME AR BT ARRLIE), B LC-10ATVP w0 AH
WAL 7R R s IKA-RV10. B R k2 Hr 4.
3.2 LEYMHENK
321 3-RIEehTR-2-F BEBF A9 AR

500 mL — GEMfirh, A 300 mL FIJE, ¥Kis R
B 45 mL KRR, Noeia, WREERER, BN, A
30 g (0.2 mol) 3-ZHEMEIE-2- R R (1), THEZE R, [k
il RN 2~3 h 5, BEEHR N EA, KR INVIEEIA
300 mL VK/KH, F] NaHCOs(E# Z/K)if T pH=17, ¥
Hidhdh, 1UE, KVE, T, SAEREMN 2, RN 47%.
FERHE S R 2, AR BT O S B L A, TR
BEvhuk, M. ARG AK. mp. 185~187 C; 'H
NMR (500 MHz, CDCLy) 6: 8.22 (d, J=2.2 Hz, 1H), 8.01
(d, J=2.2 Hz, 1H), 4.00 (s, 3H, CH;); MS (ESI) m/z: 152
[M—H] .

W BB BN RSO, I K G R, =
B EOR N 5 45(20 9 hy, obuE, ARG, R
BRI E AR 3, BOE 73.3%. mp. 225~228 C; 'H
NMR (500 MHz, CDCly) &: 8.78 (s, 1H, NHNHS,), 8.16 (d,

Chin. J. Org. Chem. 2013, 33, 1749~1754

© 2013 Chinese Chemical Society & SIOC, CAS

J=2.3 Hz, 1H), 7.79 (d, J=2.4 Hz, 1H), 3.97 (s, 2H,
NHNH,); MS (ESI) m/z:152 [M—H] .
322 BRARZF AT FUBABE 496 A%

75 250 mL G I 150 mL 4 FF e 05 3R,
TEVKERI A RA R 5 CLUR, 40 = SR e i At 1) ] 4
DM EN G R. nyé s, Ml 1 h TFR R
s, ORFRRBEAE 70 CH 3N G A b b i
W28 i, NIRRT, RAUHIK P S A #E.
Jo7K Ny WK s BN ik 5 1) HCL RS, 759 210 57 3R
i SRR W SRR RS, P BIAE 50~70
‘C/200 kPa MYk AP, K5 o) H R S T A
TR, DRI A E A,

323 HAMLEMHE AR

PLEARME S 4a Rl 1.5 g (1 mmol) 3-ZFEntL
W2 FH I E )W R 2 20 mL AOGTEHR, A 1
mmol (1] 4- ZFR A PEH: S R INE, = WAFE Y 3 h, X
NHE, v ) A, H =SB QR LB A
VAR S5 SRS BN B R4, R RIRE IR 705 1k
THAY) 4b 2| 4z.

4-[2-(3- 54 He WL 162 -2- e ik ) I JHF Y MG 12 ) £ R K I
(4a): AMEE, 773 91.0%. m.p. 253~255 °C; '"H NMR
(DMSO0-dg, 400 MHz) ¢6: 10.29 (s, IH, CONHAr), 9.17 (s,
1H, PyrazineCONHNH), 8.30 (s, 1H, PyrazineCONHNH),
8.26 (d, J=2.0 Hz, 1H, Pyrazine-H), 7.86 (d, /=4.0 Hz,
1H, Pyrazine-H), 7.85 (d, J=8.8 Hz, 2H, Ph-H) 7.61 (d,
J=28.4 Hz, 2H, Ph-H), 7.44 (s, 2H, NH,), 3.81 (s, 3H,
COOCH,); IR (KBr) v: 1675,1598 cm™'; MS (ESI) m/z:
329.2 [M—H] . Anal. calcd for C;4H4N¢O,4: C 5091, H
4.27,N 25.44; found C 50.73, H 4.36, N 25.52.

2-(3-F FE MR- 2- R FE )-N-(2- - 5- — J FF L 23
FNR(4b): B A, P 56.0%. mp.>300 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.37 (s, 1H, CONHAr),
8.58 (s, 1H, PyrazineCONHNH), 8.44 (s, 1H, Pyrazine-
CONHNH), 8.26 (d, /=2.3 Hz, 1H, Pyrazine-H), 8.19 (d,
J=2.2 Hz, 1H, Pyrazine-H), 7.98~7.85 (m, 2H, Ph-H),
7.51~7.45 (m, 1H, Ph-H), 7.40 (s, 2H, NH,); IR (KBr) v:
1683, 1654 cm™'; MS (ESI) m/z: 357.2 [M—H]". Anal.
calcd for C3H oF4sNgO,: C 43.58, H 2.81, N 23.46; found
C43.62,H2.79, N 23.54.

2- (3-8 FL N R - 2-BR L )- N-(2- FFT L -3- = 4 F L )
MR (4e): AEELAE, FE 28.2%. m.p. 278~280 C;
'"H NMR (DMSO-d,, 400 MHz) J: 10.30 (s, 1H, CON-
HAr), 8.44 (s, 1H, PyrazinecCONHNH), 8.33 (s, 1H,
PyrazineCONHNH), 8.25 (d, /=2.2 Hz, 1H, Pyrazine-H),
7.86 (d, J/=2.3 Hz, 1H, Pyrazine-H), 7.80 (s, 2H, NH,),

http://sioc-journal.cn/ 1751
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7.48~7.31 (m, 3H, Ph-H), 2.30 (s, 3H, CH3); IR (KBr) v:
1692, 1653 cm™'; MS (ESI) m/z: 353.2 [M—H] . Anal.
calcd for C4H3F3NgO,: C 47.46, H 3.70, N 23.72; found
C47.29,H 4.00, N 23.57.

2-(3- A FE MR -2- 3 )-N-(2,4,5- = T A< I8 ) & FE MR
(4d): FEHOEAK, P2F 552%. mp.>300 C; 'H NMR
(DMSO-ds, 400 MHz) 0: 10.34 (s, 1H, CONHAr), 8.81 (s,
1H, PyrazineCONHNH), 8.51 (s, 1H, PyrazineCONHNH),
8.26 (d, J=2.3 Hz, 1H, Pyrazine-H), 8.19 (d, J=2.4 Hz,
1H, Pyrazine-H), 7.96 (s, 2H, NH,;), 7.86 (d, /J=2.3 Hz,
1H, Ph-H), 7.59 (dd, J=18.4, 10.8 Hz, 1H, Ph-H); IR
(KBr) v: 1702, 1665 cm™'; MS (ESI) m/z: 325.2 [M—H] .
Anal. caled for C,HoF3NgO,: C 44.18, H 2.78, N 25.76;
found C 44.23, H 2.53, N 25.92.

2-(3- B8 ML R -2- B i )-N-(4- £ 5 B 2R 0 ) 3 5 IR
(4e): FTOEA, 775 82.3%. m.p. 247~249 “C; '"H NMR
(DMSO-ds, 400 MHz) 0: 10.18 (s, 1H, CONHAr), 8.56 (s,
1H, PyrazineCONHNH), 8.25 (d, J = 4.0 Hz, 1H,
Pyrazine-H), 8.00 (s, 1H, PyrazineCONHNH), 7.86 (d, J=
4.0 Hz, 1H, Pyrazine-H), 7.44 (s, 2H, NH,), 7.33 (d, J=
8.8 Hz, 2H, Ph-2,6-H), 6.82 (d, /=8.9 Hz, 2H, Ph-3,5-H),
3.96 (d, J=8.0 Hz, 2H, CH,CH;), 1.29 (t, J/=7.0 Hz, 3H,
CH,CHs;); IR (KBr) v: 1669, 1646 cm'; MS (ESI) m/z:
315 [M—H] . Anal. caled for C;4H(NgOs: C 53.16, H
5.10, N 26.57; found C 53.43, H 5.22, N 26.08.

2-(3- 3 e Nk R -2- i ke )-IN-(4- 2R 4 i R ) 2 ik IR
(4f): AL EE, P75 82.4%. m.p. 207~210 ‘C; 'H NMR
(DMSO-d;s, 400 MHz) 6: 10.22 (s, 1H, CONHAr), 8.78 (s,
1H, PyrazineCONHNH), 8.25 (d, J= 1.9 Hz, I1H,
Pyrazine-H), 8.10 (s, 1H, PyrazineCONHNH), 7.86 (d, J=
1.9 Hz, 1H, Pyrazine-H), 7.47 (t, J/=8.5 Hz, 4H, CONH-
Ph-H), 7.35 (dd, J=11.6, 4.3 Hz, 2H, NH,), 7.08 (t, J=7.4
Hz, 1H, OPh-H), 6.95 (d, /J=8.8 Hz, 4H, OPh-H); IR
(KBr) v: 1705, 1635 cm™'; MS (ESI) m/z: 363 [M—H] .
Anal. calcd for CigHgN¢Os: C 59.34, H 4.43, N 23.07,
found C 59.16, H 4.26, N 22.92.

2-(3-ZAHEMEVE-2- 3 5k )-N-(2,3- — FRE IR L) B HE IR
(4g): AR, 773 83.3%. m.p. 248~252 “C; '"H NMR
(DMSO-ds, 400 MHz) ¢: 10.22 (s, 1H, CONHAr), 8.25 (d,
J=2.1 Hz, 2H, NH,), 8.04 (s, 1H PyrazineCONHNH),
7.86 (d, J=2.0 Hz, 1H, Pyrazine-H), 7.45 (s, 1H, Pyrazi-
neCONHNH), 7.35 (d, J=7.5 Hz, 1H, Pyrazine-H), 7.01
(t, J=7.8 Hz, 1H, Ph-H), 6.91 (d, J=7.5 Hz, 2H, Ph-H),
2.24 (s, 3H, Ph-3-CHs;), 2.10 (s, 3H, Ph-2-CH;); IR (KBr)
v: 1683, 1619 cm™'; MS (ESI) m/z: 299 [M—H] .
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Anal. calcd for Ci4HgNgO,: C 55.99, H 5.37, N 27.98;
found C 56.13, H 5.39, N 27.82.

2-(3- B HE MR -2- B )-N-(2- — 35 P AR DR O 3
ik (4h): A, P2 50.6%. mp. 208~211 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.35 (s, 1H, CONHAr),
8.82 (s, 1H, PyrazineCONHNH), 8.49 (s, 1H, Pyrazine-
CONHNH), 8.26 (d, J=2.2 Hz, 1H, Pyrazine-H), 8.21~
8.15 (m, 2H, NH,), 7.95 (d, /=2.3 Hz, 1H, Pyrazine-H),
7.90 (d, J=2.1 Hz, 1H, Ph-H), 7.33 (dd, /=17.5, 8.4 Hz,
2H, Ph-H), 7.08 (t, J=7.8 Hz, 1H, Ph-H); IR (KBr) v:
1696, 1625 cm™'; MS (ESI) m/z: 355 [M—H]". Anal.
calcd for C;3H 1 F3NgO;: C 43.83, H 3.11, N 23.59; found
C 43.68, H 3.09, N 23.63.

2-(3- B HEMEIR-2- Bk )-N-(2,4- — 5 A ) Z HL IR (4i):
WO AR, PP 84.4%. mp. 265~270 'C; 'H NMR
(DMSO0-dg, 400 MHz) ¢6: 10.36 (s, IH, CONHAr), 8.63 (s,
1H, PyrazineCONHNH), 8.43 (s, 1H, PyrazineCONHNH),
8.30 (d, J=2.5 Hz, 1H, Pyrazine-H), 7.94 (d, /=2.5 Hz,
1H, Pyrazine-H), 7.86 (s, 2H, NH,), 7.29 (t, J=10.1 Hz,
1H, Ph-H), 7.03 (t, J=8.4 Hz, 1H, Ph-H); IR (KBr) v:
1703, 1648 cm™'; MS (ESI) m/z: 307 [M—H] . Anal.
calcd for C,H,oF2NgO,: C 46.76, H 3.27, N 27.26; found
C 46.53,H3.22, N 27.41.

2-(3- B HE ML R -2- i Kk )-N-[4-( 4% G A Joc -2- 5k ) R ]
FHENR)): AT, % 61.4%. mp. 145~148 C,
'"H NMR (DMSO-d,, 400 MHz) J: 10.37 (s, 1H, CON-
HAr), 9.24 (s, 1H, PyrazinecCONHNH), 8.35 (s, 1H,
PyrazineCONHNH), 8.27 (d, /=2.2 Hz, 1H, Pyrazine-H),
7.88 (d, J=2.3 Hz, 1H, Pyrazine-H), 7.74 (d, J=7.7 Hz,
2H, NH,), 7.60~7.43 (m, 4H, Ph-H); IR (KBr) v: 1697,
1630 cm™'; MS (ESI) m/z: 439 [M—H]". Anal. calcd for
Cy5sH1F7NgO,: C 40.92, H 2.52, N 19.09; found C 41.07, H
2.50, N 19.13.

2-(3- 28, F N R -2 0 R )-N-(4- B T 3 2R 9 ) S FE IR
(4Kk): AWk, P& 82.3%. mp. 274~277 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.23 (s, 1H, CONHAr),
8.67 (s, 1H, PyrazineCONHNH), 8.22 (d, J/=2.5 Hz, 1H,
Pyrazine-H), 8.03 (s, 1H, PyrazineCONHNH), 7.83 (d, J=
2.3 Hz, 1H, Pyrazine-H), 7.46 (s, 2H, NH,), 7.33 (d, /=
7.9 Hz, 2H, Ph-H), 7.23 (d, J=8.0 Hz, 2H, Ph-H), 1.21 (s,
9H, (CH;);C); IR (KBr) v: 1687, 1624 cm™'; MS (ESI)
m/z: 327 [M—H] . Anal. calcd for C;sH,)N¢O,: C 58.52,
H 6.14, N 25.59; found C 58.70, H 6.07, N 25.49.

2-(3- B HE ML IR -2-Fh e )-N-(3- — 9o FH DR O 2 i
(4)): AR, 77 88.2%. m.p. 238~242 C; 'H NMR

Chin. J. Org. Chem. 2013, 33, 1749~1754
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(DMSO-ds, 400 MHz) 0: 10.36 (s, 1H, CONHAr), 9.17 (s,
1H, PyrazineCONHNH), 8.37 (s, 1H, PyrazineCONHNH),
8.27 (d, J=2.5 Hz, 1H, Pyrazine-H), 7.88 (s, 2H, NH,),
7.73 (d, J=2.3 Hz, 1H, Pyrazine-H), 7.49 (t, J/=7.5 Hz,
3H, Ph-H), 7.30 (d, J/=7.4 Hz, 1H, Ph-H); IR (KBr) v:
1675, 1615 cm '; MS (ESI) m/z: 339 [M—H] . Anal.
calcd for C3H 1F3NgO,: C 45.89, H 3.26, N 24.70; found
C46.03,H 3.41, N 24.77.

2-(3- ML R -2- B R )-N-(3- = 9o TP AU B R 0 s 0k
fR(4m): AOEEAA, P25 98.3%. m.p. 239~242 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.30 (s, 1H, CONHAr),
9.09 (s, 1H, PyrazineCONHNH), 8.28 (d, J=2.5 Hz, 1H,
Pyrazine-H), 8.23 (s, 1H, PyrazineCONHNH), 7.84 (d, J=
2.3 Hz, 1H, Pyrazine-H), 7.63 (s, 1H, Ph-H), 7.46 (s, 2H,
NH,), 7.34 (d, J/=8.0 Hz, 2H, Ph-H), 6.89 (d, /=6.6 Hz,
1H, Ph-H); IR (KBr) v: 1698, 1630 cm '; MS (ESI) m/z:
355 [M—H] . Anal. caled for C3H;F3N¢Os3: C 43.83, H
3.11, N 23.59; found C 43.68, H 3.04, N 23.64.

2-(3-Z HE MR -2-FR I )-N-(2- il I R I ) Z S IR (4):
WO E, PP 96.6%. mp. 304~306 C; 'H NMR
(DMSO-ds, 400 MHz) 0: 10.33 (s, 1H, CONHAr), 8.46 (s,
1H, PyrazineCONHNH), 8.30 (s, 1H, PyrazineCONHNH),
8.22 (d, J/=2.2 Hz, 1H), 8.16 (d, J/=2.3 Hz, 1H), 7.94~
7.79 (m, 3H, Ph-H), 7.08 (s, 2H, NH,), 6.98 (s, 1H, Ph-H);
IR (KBr) v: 1683, 1624 cm™'; MS (ESI) m/z: 289 [M—
H] . Anal. caled for Cj,H{;FNgO,: C 49.66, H 3.82, N
28.95; found C 49.61, H 3.91, N 29.22.

2-(3- 2 FE MR -2 FE ) - V-(4- — 3 F AR 2R 0 ) U O
fIif(40): FEOTAE, P7F 47.8%. mp. 319~322 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.28 (s, 1H, CONHAr),
9.12 (s, 1H, PyrazineCONHNH), 8.23 (d, /=2.2 Hz, 1H),
8.16 (d, J/=2.3 Hz, 1H), 8.16 (s, 1H, PyrazineCONHNH),
7.85~7.80 (m, 2H, NH,), 7.54 (d, J=7.6 Hz, 2H, Ph-H),
7.22 (d, J=8.7 Hz, 2H, Ph-H); IR (KBr) v: 1689, 1630
em'; MS (ESI) m/z: 355 [M—H] . Anal. caled for
Cy3H1F3NgO5: C 43.83, H 3.11, N 23.59; found C 43.76, H
3.13, N 23.64.

2-(3- 2 FE MR -2- i JE ) - V-(3- 3 P AR 3 2R O ) U 0
iR (4p): IO EAR, P25 88.7%. m.p. 223~225 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.25 (s, 1H, CONHAr),
8.96 (s, 1H, PyrazineCONHNH), 8.25 (d, /=2.0 Hz, 2H),
8.21 (s, 1H, PyrazineCONHNH), 7.87 (d, /=2.0 Hz, 1H),
7.43 (s, 2H, NH,), 7.40~7.22 (m, 3H, Ph-H)), 7.15 (s, 1H,
Ph-H), 6.76 (s, 1H, OCHF,); IR (KBr) v: 1684, 1647 cm ';
MS (ESI) m/z: 337 [M—H] . Anal. calcd for C;3H,F>-
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NgO5: C 46.16, H 3.58, N 24.84; found C 46.34, H 3.52, N
24.91.

2-(3-Z FE MR- 2- 3 FE)-N-(2,5- — F L 2R I ) S Sk g
(4q): IR, P7F 90.0%. mp. 242~247 C; 'H
NMR (DMSO-ds, 400 MHz) d: 10.23 (s, 1H, CONHATr),
8.33 (s, 1H, PyrazineCONHNH), 8.25 (d, J=2.1 Hz, 1H),
7.92 (s, 1H, PyrazineCONHNH), 7.86 (d, /=2.2 Hz, 1H),
7.46 (d, J=13.2 Hz, 3H, Ph-H), 7.03 (d, J=7.5 Hz, 1H),
6.78 (d, J=17.5 Hz, 1H), 2.23 (s, 3H, CH3), 2.16 (s, 3H,
CH;); IR (KBr) v: 1690, 1642 cm™'; MS (ESI) m/z: 299
[M—H] . Anal. calcd for C4H;¢N4O»: C 55.99, H 5.37, N
27.98; found C 55.73, H 5.44, N 28.05.

2-(3- 2, F ML R -2- F HE )-N-(2,4- — SR Fk ) &= R Ik
(4r): ALK, 775 88.2%. m.p. 272~275 “C; 'TH NMR
(DMSO-ds, 400 MHz) &: 10.37 (s, 1H, CONHAr), 8.86 (s,
1H, PyrazineCONHNH), 8.35 (s, 1H, PyrazineCONHNH),
8.26 (d, J=2.1 Hz, 1H), 8.09 (d, J=9.0 Hz, 1H), 7.87 (d,
J=2.2 Hz, 1H), 7.60 (d, J=2.2 Hz, 1H), 7.49~7.33 (m,
3H, Ph-H); IR (KBr) v: 1693, 1635 cm™'; MS (ESI) m/z:
339 [M—H] . Anal. calced for C;,H;(CLLNGO,: C 42.25, H
2.95,N 24.63; found C 42.41, H 3.02, N 24.54.

2-(3- %, M P -2- ik H )-N-(3,4- A O ) 2 A Mk
(4s): WEHE O GAK, P7E 71.4%. mp. 248~253 C; 'H
NMR (DMSO-ds, 400 MHz) d: 10.26 (s, 1H, CONHATr),
9.02 (s, 1H, PyrazineCONHNH), 8.27 (d, /=6.0 Hz, 2H),
7.87 (d, J=2.2 Hz, 1H), 7.64 (dd, J=13.5, 7.7 Hz, 1H),
7.45 (s, 1H, PyrazineCONHNH), 7.37~7.17 (m, 3H,
Ph-H); IR (KBr) v: 1696, 1627 cm '; MS (ESI) m/z: 307
[M—H] ™. Anal. calcd for C;,H,oF,NgO,: C 46.76, H 3.27,
N 27.26; found C 46.92, H 3.23, N 27.64.

2-(3- G IEME MR -2- 3k I )-N-(2,6- - H FE IR I ) 2 FE IR
(4t): AEA, 725 93.3%. m.p. 282~287 'C; 'H NMR
(DMSO-ds, 400 MHz) d: 10.19 (s, 1H, CONHAr), 8.23 (d,
J=2.0 Hz, 1H), 8.04 (s, 1H, PyrazineCONHNH), 7.93 (s,
1H, PyrazineCONHNH), 7.84 (d, /=2.1 Hz, 1H), 7.44 (s,
2H, NH,), 7.02 (s, 3H, Ph-H), 2.19 (s, 6H); IR (KBr) v:
1674, 1634 cm™'; MS (ESI) m/z: 299 [M—H]". Anal.
caled for C4sH4N¢O,: C 55.99, H 5.37, N 27.98; found C
55.42, H 5.29, N 28.03.

2-(3- 28 MR -2 ik )-N-(3,5- - F IR0 ) e 6 IR
(4u): AWK, P7% 83.3%. mp. 251~255 C; 'H
NMR (DMSO-ds, 400 MHz) d: 10.22 (s, 1H, CONHATr),
8.57 (s, 1H, PyrazineCONHNH), 8.21 (d, J=2.0 Hz, 1H),
8.03 (s, 1H, PyrazineCONHNH), 7.82 (d, /=2.1 Hz, 1H),
7.44 (s, 2H, NH,), 7.04 (s, 2H, Ph-H), 6.55 (s, 1H, Ph-H),
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2.16 (s, 6H); IR (KBr) v: 1682, 1628 cm™'; MS (ESI) m/z:
299 [M—H] . Anal. caled for Ci4H4NgO,: C 55.99, H
5.37,N 27.98; found C 56.20, H 5.32, N 27.79.

2-(3- A HE ML - 2- B ik )-N-(2,4- — TR ORI S R IR
(4v): WIEER, P5F 86.7%. m.p. 252~255 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.22 (s, 1H, CONHAr),
8.54 (s, 1H, PyrazineCONHNH), 8.22 (d, /=2.0 Hz, 1H),
8.03 (s, 1H, PyrazineCONHNH), 7.85 (d, /=2.1 Hz, 1H),
7.22 (s, 2H, NH,), 7.04 (s, 2H, Ph-H), 6.55 (s, 1H, Ph-H),
2.22 (s, 3H, CH;), 2.17 (s, 3H, CH;); IR (KBr) v: 1694,
1648 cm™'; MS (ESI) m/z: 299 [M—H] . Anal. calcd for
C4H¢NgO,: C 55.99, H 5.37, N 27.98; found C 56.08, H
5.40, N 27.85.

2-(3- B HEME -2 I )-N-(2,6- . L FEZR I I IR
(4w): EIfa ik, 77% 854%. mp. 271~274 C; 'H
NMR (DMSO-dg, 400 MHz) ¢: 10.21 (s, 1H, CONHAr),
8.19 (s, 1H, PyrazineCONHNH), 8.03 (d, /=2.0 Hz, 1H),
7.89 (s, 1H, PyrazineCONHNH), 7.81 (d, /=2.1 Hz, 1H),
7.45 (s, 2H, NH,), 7.05 (dd, J=14.5, 7.5 Hz, 3H, Ph-H),
2.53 (dd, J=14.5, 7.5 Hz, 4H, (CH,CH,),), 1.07 (t, J=7.0
Hz, 6H, (CH,CH3),); IR (KBr) v: 1687, 1635 cm™'; MS
(ESI) m/z: 327 [M—H] . Anal. caled for CigHyNgO,: C
58.52, H 6.14, N 25.59; found C 58.29, H 5.99, N 25.62.

2-(3-EHLNE R -2-FR I )-N-(2- i Fk -4- UK 3L ) HHE MR
(4x): AR, 775 84.6%. m.p. 244~247 “C; '"H NMR
(DMSO-ds, 400 MHz) 6: 10.91 (s, 1H, CONHAr), 8.33 (s,
1H, PyrazineCONHNH), 8.10 (d, /=8.7 Hz, 1H), 7.94 (s,
1H, PyrazineCONHNH), 7.84 (d, /=2.1 Hz, 1H), 7.44 (s,
2H, NH,), 7.33~7.16 (m, 2H, Ph-H), 7.12 (s, 1H, Ph-H);
IR (KBr) v: 1694, 1638 cm™'; MS (ESI) m/z: 330 [M—
H] . Anal. caled for C;3H;(CIN,O,: C 47.07, H 3.04, N
29.56; found C 47.13, H 3.09, N 29.98.

2-(3- 2 HE ML R -2- Bk ik )-N-(3,4- — SUR Ak ) ik IR
(4y): HIEERAK, 773 64.7%. m.p. 261~264 “C; '"H NMR
(DMSO-ds, 400 MHz) 0: 10.29 (s, 1H, CONHAr), 9.07 (s,
1H, PyrazineCONHNH), 8.35 (s, 1H, PyrazineCONHNH),
8.25 (d, J=2.1 Hz, 1H), 7.86 (d, /=2.3 Hz, 1H), 7.44 (s,
2H, NH,), 7.47 (t, J=8.7 Hz, 3H, Ph-H); IR (KBr) v:
1672, 1588 cm™'; MS (ESI) m/z: 339 [M—H] . Anal.
calcd for C;,H;(ClLNgO,: C 42.25, H 2.95, N 24.63; found
C42.37,H2.91, N 24.58.

1754 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

2-(3- B FE M R -2- B I )-N-(3,4- — FT L L) S L iR
(4z): RFIAK, 775 50.0%. m.p. 240~244 °C; 'TH NMR
(DMSO-d, 400 MHz) 6: 10.19 (s, 1H, CONHAT), 8.56 (s,
1H, PyrazineCONHNH), 8.25 (d, J=2.0 Hz, 1H), 8.02 (s,
1H, PyrazineCONHNH), 7.86 (d, /=2.2 Hz, 1H), 7.44 (s,
2H, NH,), 7.25~7.15 (m, 2H, Ph-H), 6.99 (d, J=7.9 Hz,
1H, Ph-H), 2.15 (d, J=9.4 Hz, 6H, (CHs),); IR (KBr) v:
1705, 1639 cm '; MS (ESI) m/z: 299 [M—H] . Anal.
caled for C4H4NgO,: C 55.99, H 5.37, N 27.98; found C
56.12, H5.31, N 27.73.
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