% 4’1} {t % DOI: 10.6023/cjoc201304011 ARIEX

Chinese Journal of Organic Chemistry ARTICLE

3,6-—HUX-1,2 4- = I GTE M I RUR BN & B B E 4 TE T

ZEFARH OB Y HAE” & KT OB W
% E )l ¢ T o3 £ g
(I TITE R A 2R KIE 116029)
CrhERRER BT ESORAIEE L AT E R EASRE B 201203)
R TR TEKELALEE KiE 116012)

WE Emdm s, A 2-05 U BRI IE IR - 1- 2T H3) 5 SR CR) R FIRAZR Z AT 4 &, A e T 20 4S80
(I R IR e BT ) 3,6- HUAR-1,2,4- =R 4, FFFIF "TH NMR, IR F1IGE M BTGl B bs b & 9ilkar 1 45
FIRAE. TR T B G c . SENINEF LR, %6 BIERA RV A, BAERME, JRDTEET . Sk,
PRI RN AL 6T BRI H AR S AT T Cde25B A PTPIB HIHITHTE (MI7iE. Scub o MR m], HARk S 4g 1
4j %t Cdc25B LI B IF R3S TE, HErE &Y 4a, 4h, 4j, 4r A1 4s 57 PTP1B 2RI B AFH30HNEE. EET BN,
HFRMLAD) 4 w459 F T 9097 B REATBE FRIG IRI¥B 72 1) Cde25B 1 PTP1B il 7).

KRB TR 1,2,4- =W, RIFIKME; 45 A Cde25B A PTP1B 1151

Microwave-Assisted Synthesis and Biological Activities of
3,6-Disubstituted-1,2,4-triazine Derivatives

Li, Yingjun®* Shao, Xin“ Gao, Lixin” Jin, Kun® Sheng, Li®
Luo, Tongchuan’ Yu, Yang* Li, Jia*?
(“ College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian 116029)
(® National Center for Drug Screening, State Key Laboratory of Drug Research, Shanghai Institute of Materia Medica,
Chinese Academy of Sciences, Shanghai 201203)
(¢ State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116012)

Abstract Twenty new 3,6-disubstituted-1,2,4-triazine derivatives containing benzimidazole moiety (4) were synthesized via
microwave-assisted condensation reactions of 2-aryloxymethylbenzimidazole-1-acetylhydrazines (3) with various
(un)substituted phenacyl bromides in DMF. The structures were characterized by IR, '"H NMR spectra and elemental analysis.
The optimum experimental conditions were found. Compared with traditional methods, this synthetic method has such advan-
tages as short reaction time, simple operation, broad substrate scope, easy purification and high yields. The synthesized target
compounds were screened for Cdc25B and PTP1B inhibitory activities. The experimental results indicate that compounds 4g
and 4j showed good inhibitory activities against Cdc25B, and 4a, 4h, 4j, 4r and 4s exhibited potent inhibitory activities
against PTP1B. It is noteworthy that compound 4j can be used as potential Cdc25B and PTP1B inhibitors in the treatment of
cancer and diabetes.

Keywords microwave irradiation; 1,2,4-triazines; benzimidazole; synthesis; Cdc25B and PTP1B inhibitors

124- =Rt — DN EEMEN, FETHFZRA AN, IbAh, 1,2,4- =002 2 D6 & %
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Mz e, SCRRE R, 3-ZR3REURIT 1,2,4- =2k
WA HAT BE A, R kM e — R B2y
B, TEVEZ KRR B B HAT A s e &4
HR AT IR IR M R U0 PRk, R 1,2,4- =R 3-
RF E 5 INTR IR v L 2 AR A R .

KT 1,2,4- =R AR, SCHRIRE 32 2 — P
7 (D) CABEERT o- )i AK 44 J50EE, HOAC A
A, EBRSIRIAFAE T, IRl s IS 3,6- IR
1,2,4-= W7 B n K] EtOH-DMF ¥ I T46 &
BRI (2) 1,2- I S Y S B NH,OAC/
HOAc ikl &, #1158 3,5,6- WAL 1,2,4-—
BEOL (3) 1,2- FRIEAL AW 5 BRI K & I E R (0 174
UL G IO BT O SR, XS VAR
SRR, AR N A PEERGE T TR IS R
R RO . BRER AR TR, IXLeLE Ly
RO R, A0 I I S s SN R b AE E T 1
4 A P S R IE R AE HyO/ S AP g &, LA
T A S g o224,

45> 24 W] 25 (cell division cycle 25, 4i'5
Cdc25) fiff 19 i I 76 2% 200 it 336 B 1F) 18 4 v ke o 2 LA
M. NG, S TH=MWA, B Cde-
25A, Cdc25B Hl Cde25C. Cde25A Hl Cde25B & i 75 (19
BN, KEMAEMREGURE. . K. 5.
BB . OF S L VbR PR R B 25 4 i & o
AEAE Cde25A F/8E Cde25B i i 3k, 7 fedlr JLAE
AR RBEREEEE 1B (protein tyrosine phos-
phatase 1B, 455 PTP1B)/E NS (AnkE b~ AERERN
JphiE ) LA SCHEE AT E L. PTPIB & — St AR i1y g
5 B 1 I R o R TR, A Pk A OB (M
X 2 OB PRIE R A — P AR A i 1) 25 b R2),

h T A4S BT SO RHURE FR v 7 T E A A N A
I PR SiETER . BrEYH Cde25B F1 PTPIB
FIF, DA R GRS T 22 b S ) A R ORI AR s
PEWFIE I AR5 AR UZH SR Bl i Bhvs 45 %
— RIVH A AT RG) 3,6- —HUAR-1,2,4- = HEAT
W) RRBAEG A Y HERL &% Cde25B
FTPTPIB HMEIENE. HARMb &6 itk 2k . Scheme
1.

1 &R5HE

RS 1~3 ARG R I 77 204
J. Herh, AR S 2b A1 3b S B ).

HI SCHR T 40, DAEIEA o= s AR S 0 JsURk, SR
TR SR i 26 3,6- —HUA-1,2,4 RN, 75 24E KOAc
f£76 F, Jil EtOH il HOAc A IREAT [ W), s H]
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] 4 JC AL S 43 0 (e G 5 ) 2 I ¥ 5110 2% A1 5 I il
304 ASCRHA] DMF WA, 7 JCREIR Hh s e S 4%
YIRS, KBRS A i 7 H AR &4

N CICH,CO,Et
@[ H—CH,0-Ar —————
N NEts, DMF

1a~1b
N NoH, - Hy0O
@[ S—CH,0-Ar =2,
N EtOH
|
CH,CO,Et
2a~2b
0 N
N -)K/Br \>*CH20*AF
S—CH0-Ar A N
N DMF, MW N
‘ .
CH,CONHNH, CHZ%NJN
3a~3b 4a~ 4t

Ar = 2-C|C6H4, 3-C|CGH4

Ar' = CgHj5 (4a, 4k), 4-CH30CgH, (4b, 4l), 4-BrCgH, (4c, 4m),
4-CICgH,4 (4d, 4n), 4-FCgH, (4e, 40), 3-O,NCgH, (4f, 4p),
4-O,NCgH, (49, 4q), 4-PhCgHy (4h, 4r), 2-C4oH7 (4i, 4s),
3-coumarinyl (4j, 4t)

Scheme 1

N TR BB A A A, ATLL 2-G-F R E S
- 1 H-2R IR - 1- Z W E(3b) (1 mmol) 5 iR 2
fi1(0.5 mmol)7t: DMF H ()45 46 ik H A5 &4 4k Rl
F ST BRI IA] L R A ROV L R
X BRI R, S0 25 R LR 1.

RS 4k RN R

Table 1 The effects of some factors on the yields of compound
4k

Entry Time/  Temperature/  Power/  Sovent/ Yield/
min © W mL %

1 40 90 700 1.0 40.7
2 40 90 800 1.0 43.9
3 40 90 850 1.0 44.0
4 30 80 800 1.0 35.0
5 30 90 800 1.0 35.2
6 30 100 800 1.0 44.4
7 30 110 800 1.0 51.4
8 20 110 800 1.0 44.9
9 40 110 800 1.0 43.9
10 30 110 800 1.5 56.5
11 30 110 800 2.0 32.7

© 2013 Chinese Chemical Society & SIOC, CAS

e 1 A0l T, U m S I TR S N R s
N5 (DMF) [P 56 2 1 (3% 1, Entries 1~3), Hisfb &
W) Ak (17 2 B TR G DR R N 3E n, JfAE 850 W
15 B 5 KA (44.0%), 115 800 W IS (1777 %(43.9%) 51
OIS N T | S Ty 23 N R ) T I (R 1,
Entries 4~7), 4552, 4k 177 2 BHE ORI T
N, RNVIRE A 110 CH PR A5 (51.4%).
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AR T RN R AR A (R 1, Entries
7~9), HfERVINE Y 30 min, 4k 7750k ) i KAl
(51.4%). H2Y NSRS 30 min Jo, PEREGAH R
e Sz b, FRAT B NN- 3 F R 2 (DMF) 0 1%
T, o PR IR AU i (R R N R O 110 °C),
A LA SO KU R . TR R R N A
—Em, PrLAEFE R T I H (3K 1, Entries 7,
10~11), 259K, M¥EFIEN 1.5 mL i, 72304 5k
H, (HA A, PR BAK, XS TR T W
Yoy 1 2 [ A ol Ak, fERAL4AE R, ATiE
52T W S R i AR B K AR R ) R A
(DMSO)X =47 2 [ 5, 45 R KIN, fF DMSO 7=
PIIBCRIBAR(15.4%). IXBEHH, 3500 i AR M ik K AR
TUCRMN. R 1 EEE T LU 1, 5IE RN,
IO 5 S D) 2 X PR I s AN KGR 1, Entries 1~
3), IXSEDRh, DRI R SR Ak B 5 Wil FEE TR I T 4
B, M2 E, ONIEBE(EK 1, Entries 4~7)F1 R NI
FE(ER 1, Entries 7, 10~ 110X P=#RCR B, 5
Ah, BATEA R L £45(1.5 mL DMF, 110 C, 30
min). MG SAER T, AT T RN, 45K %f
133 1,2,4- =W =W, XU H T BB A& A 0T I 5 B g a0
P

FE AR AR 1 S B 46 41:(1.5 mL DME, 110 °C, 800 W,
30 min) I, FIHGPAHBI G BT — R 5 S A7 AR 0K e
BT 3,6- IUAR-1,2,4-=WRATAEY, B 3-[(2-75 &
FE) 2K T K -1 F L -6- 5 JE-1,2,4- — 1R (da~4t), 4
RO 2. BAR, KB IEAE ] TIRAR S 2R
W BT E R I, RS 5 PR BB AR ER 1)
PRAR L RG], i L 20 i vEUSUR B A e R B
(2 TLEY) 4m, 4n, 4q). I, %070 RS
VI CE AT )2 R .

SHT AWM H Hsb & 4a~4at AT T

Cdc25B/PTPIB [AFIINEPEGRIE, *F 25407373 J 1E 4L
BRI IR IR, WITRIERERIRE(S ng/mL)SAE T, X)
FE i BEPEREAT DR, 6 T8 — 8 410 SR I 4 i)
B >50% IR dh, PRI PR EAOBUOC R, B 1Cs, 1H,
FLMRAS B 3. R R A, Bt a9)
4g 1 4j %} Cde25B FHLH R UF NG . HAsb &4
4a, 4h, 4j, 4r F1 4s %} PTP1B R L R4 4man o,
W, LS 4 X PTPIB o H g i M S 1 [1Cs0 =
(0.5940.04) pg/L], I T FH 1 0 I 25 1) 5% B0 1R
[IC5o=(0.95%0.07) ug/L], A 4h [F4H1EPE[ICso=
(1.09£0.25) pg/L15FEURMBAHLT. (H3ERERE, K
AW 4j Xt Cdc25B I PTP1B ¥ AT G .

2 i

K A0 e S 4t B, CATSE RN SRAR R A D skl
F T 20 ASE S ARG R M R T 3,6- —HNAR-1,2,4-
SHERTA 4. R T ROV TE]L R SRR %
FUFH I =R 5 m, 1928 T st a sk tr. 58807
AU, %A T B A N TR AR iR

B WHEAT T Cde25B H1 PTP1B NG VE (I 1k. St
SERERW], HAsbEY) 4g F1 4j X Cde25B R R4
FIFmENEEE, HArib5% 4a, 4n, 4j, 4r F1 4s % PTP1B
R RAFmdmdiEte. Bistb &9 45 vIE A TR
I JiE E RUHE JR 93 AP AE ) Cde25B A1 PTPIB 41k 5]
[1Cso=(2.160.27)F1(0.59 £0.04) pg/mL].

3 LIERS
3.1 MESHH
s X-5 AR sl BE R TR ARZIE); T

F2 RS T O AR IEIRME L TTY 3,6- —HUAR-1,2,4- =T AR A ¢
Table 2 Synthesis of 3,6-disubstituted-1,2,4-triazines containing benzimidazole moiety under MW

Compd. Ar Ar' Yield”/% Compd. Ar Ar' Yield”/%
4a 2-CIC¢H,4 C¢Hs 55.1 4k 3-CIC¢H,4 CeHs 56.5
4b 2-CIC¢H,4 4-CH;0C¢H, 46.3 41 3-CIC¢H,4 4-CH;0C¢H, 424
4c 2-CIC¢H,4 4-BrCgH,4 46.2 4m 3-CIC¢H,4 4-BrCgH,4 49.8 (40.7)°
4d 2-CIC¢H,4 4-CIC¢H, 433 4n 3-CIC¢H,4 4-CIC4H, 48.9 (36.9)°
4e 2-CIC¢H,4 4-FC¢H, 56.5 40 3-CIC¢H,4 4-FC4H, 54.7
4f 2-CIC¢H,4 3-O,NC¢Hy 52.1 4p 3-CIC¢H,4 3-O,NC¢Hy 424
4g 2-CIC¢H,4 4-O,NCgH,4 49.4 4q 3-CIC¢H,4 4-O,NC¢H,4 48.3 (21.3)°
4h 2-CIC¢H,4 4-PhC¢Hy 433 4r 3-CIC¢H,4 4-PhC¢Hy 44.4
4i 2-CIC¢H,4 2-CyoH; 47.7 4s 3-CIC¢H,4 2-CyoH; 523

4 2-CICgH,

A
332
0" 0

X
4t 3-CIC¢H,4 32.6
o~ "0

CRFEAAE: Bk 3b S5RGBT Z B4 &, 75 EtOH-DMF HH[EI3 20 by * 53 B4l 5 1472 58 © F5-5 19 (K 500 R 4 0054 i 431,
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£33 ALAY) 44 Cde25B il PTPIB (A I35 P
Table 3 Inhibitory activity of compounds 4 against Cdc25B and PTP1B

Compd. Ar Ar' ICso/(ug/L)’

Cdc25B PTPIB
4a 2-CIC¢H,4 C¢Hs NA® 1.64+0.46
4b 2-CIC¢H,4 4-CH;0C4H, NA NA
4c 2-CIC¢H,4 4-BrCg¢H, NA NA
4d 2-CIC¢H,4 4-CICgH,4 NA NA
4e 2-CIC¢H,4 4-FC4H, NA NA
af 2-CIC¢H,4 3-0,NCgH, NA NA
4g 2-CIC¢H,4 4-O,NC¢H, 8.8640.52 NA
4h 2-CIC¢H,4 4-PhCgH, NA 1.0940.25
4 2-CIC¢H,4 2-CyoH; NA NA

X
4j 2-CIC¢H,4 ©f\j: 2.16+0.27 0.5940.04
O (6]
4k 3-CIC¢H,4 CHs NA NA
41 3-CIC¢H,4 4-CH;0C¢H, NA NA
4m 3-CIC¢H,4 4-BrC¢H, NA NA
4n 3-CIC¢H,4 4-CICgH,4 NA NA
40 3-CIC¢H,4 4-FC¢H, NA NA
4p 3-CIC¢H,4 3-0,NCgH, NA NA
4q 3-CIC¢H,4 4-O,NC¢H, NA NA
4r 3-CIC¢H,4 4-PhCgH, NA 43540.18
4s 3-CIC¢H,4 2-CyoH; NA 1.83+0.23
CCC
4t 3-CIC¢H,4 NA NA
o o
Na;VO, — — 1.4240.08 —
Oleanolic acid — — — 0.95+0.07

“HARE AP IR E Jy 5 pg/mL, #9951 DMSO Hh. " NA FoR BTG M0 HI2 < 50%).

TENSOR 27 %Y FT-IR 2L4M61% 4%, WGH-30 ZU X6 R AL
AN YEHEETE, KBr H f; 52 [E Varian INOVA 400 MHz
Rl L3R4, DMSO-dy/CDCl; J¥5, TMS b Akx; &
Elementar 23 ) Vario EL BUJGE T, dbITHEES R
Fe R AT B 23 ) XH-100B 784 i i e i1k & e/ X B
BT AR R 4 v i,
32 A
32.1 PR EGE R

275 48 R L 2R T R IR (1) 2- 5 4 P R 5 i a1 -
LR CBEYFT 2-05 48 R R TR IR - 1- L BEIF(3) i I 2
ZSCER[10) 5 B LA 2b F1 3b R 4.

& 2b: 15 2.77 g, ABERREE, 775 68.0%.
m.p. 133.3~134.2 °C; 'H NMR (500 MHz, DMSO-d;)
7.68 (d, J=7.7 Hz, 1H, BZM-H,), 7.58 (d, J=7.9 Hz, 1H,
BZM-H-7), 7.33 (t, J=8.2 Hz, 1H, ArH), 7.29 (td, J=7.6,
1.1 Hz, 1H, BZM-H-6), 7.24 (td, J=7.5, 1.0 Hz, 1H,
BZM-H-5), 7.14 (dd, J=2.2, 2.1 Hz, 1H, ArH), 7.04 (dd,
J=8.0, 1.4 Hz, 1H, ArH), 7.01 (dd, J=8.4, 2.3 Hz, 1H,
ArH), 5.44 (s, 2H, CH,0), 5.28 (s, 2H, NCH,), 4.11 (q,
J=7.1 Hz, 2H, CO,CH,), 1.15 (t, J=7.1 Hz, 3H, CH,); IR

Chin. J. Org. Chem. 2013, 33, 2178~2185
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(KBr) v: 3059, 2987, 2868, 2860, 1743, 1625, 1595, 1475,
1434, 1380, 1291, 1231, 1023 cm” . Anal. caled for
CigH17;CIN,O5: C 62.70, H 4.97, N 8.12; found C 62.51, H
5.11,N 8.01.

tE&Y3b: £43.4 ¢, AEERRGEAK3D, 772 88.6%.
m.p. 230.3~231.3 “C;'H NMR (500 MHz, DMSO-d;) §:
9.48 (s, 1H, CONH), 7.65 (d, /=7.9 Hz, 1H, BZM-H-4),
7.52 (d, J/=8.0 Hz, 1H, BZM-H-7), 7.32 (t, J=8.2 Hz, 1H,
ArH), 7.28 (td, J/=7.6, 1.0 Hz, 1H, BZM-H-6), 7.18~7.25
(m, 2H, BZM-Hs, ArH), 7.07 (ddd, /J=8.4, 2.3, 0.6 Hz,
1H, ArH), 7.03 (ddd, /=7.9, 1.9, 0.6 Hz, 1H, ArH), 5.43
(s, 2H, CH,0), 4.94 (s, 2H, NCH,), 4.31 (s, 2H, NH,); IR
(KBr) v: 3296, 3052, 2946, 2862, 1660, 1595, 1535, 1475,
1434, 1375, 1284, 1238, 1029 cm™'. Anal. caled for
Ci¢H15CIN4O,: C 58.10, H 4.57, N 16.94; found C 58.33,
H4.78, N 16.77.
322 HAMLEY da~4at t9b Rl ik

FETHR) 50 mL =S I 1 mmol 2-77 4 &
RIEKME-1- Z Bk HE3) 0.5 mmol IRACIK Z /AN 1.5 mL
DMF, Ti4m s 30 min, SNVEEHE, # OV RA A4

2181
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SR, N> BV K, FH VR ik R A T T
pH=7, 3E. JI/KZEGIEDE, [ 4L i i DMF/
DMF-H,0 455, BIF3 3] H b G W4t

3-[2-(2- G AR AR ) 2R I IR k- 1- P P ]-6- 2 -
1,2,4- =W (4a): RO MR, I 55.1%. mp. 202.4~
203.2 °C; '"H NMR (400 MHz, DMSO-d;) d: 5.51 (s, 2H,
CH,0), 6.09 (s, 2H, NCH,), 6.78 (d, J/=8.4 Hz, 1H, ArH),
6.85 (brs, 1H, ArH), 6.94 (d, /=38.0 Hz, 1H, ArH), 7.18 (t,
J=8.0 Hz, 1H, ArH), 7.23~7.33 (m, 2H, BZM-H-5, H-6),
7.55~7.63 (m, 3H, Ar'H), 7.66 (d, J=7.2 Hz, 1H, BZM-
H-7), 7.72 (d, J=17.2 Hz, 1H, BZM-H-4), 8.13 (brs, 2H,
Ar'H), 9.27 (s, 1H, triazine-H); IR (KBr) v: 3060, 3036,
2928, 2860, 1624, 1596, 1582, 1480, 1462, 1284, 1232,
1030 cm™'. Anal. caled for Co,H 5CINsO: C 67.37, H 4.24,
N 16.37; found C 67.16, H 4.42, N 16.48.

3-[2-(2- S AR A T L) A8 K M4 -1- 11 P 1-6-(4- T 40
FERH)-1,2,4-=F(4b): IR A[EE, E 46.3%. m.p.
182.3~183.1 ‘C; '"H NMR (400 MHz, DMSO-dj) J: 3.84
(s, 3H, CH;30), 5.58 (s, 2H, CH,0), 6.10 (s, 2H, NCH,),
6.92 (t, J=7.4 Hz, 1H, ArH), 7.13 (d, J=8.8 Hz, 2H,
Ar'H), 7.20~7.35 (m, 4H, BZM-H-5, H-6, ArH X 2), 7.40
(d, J=7.6 Hz, 1H, ArH), 7.63 (d, /=8.8 Hz, 1H, BZM-
H-7), 7.73 (d, J=7.2 Hz, 1H, BZM-H-4), 8.08 (d, /=8.8
Hz, 2H, Ar'H), 9.19 (s, 1H, triazine-H); IR (KBr) v: 3058,
3046, 2937, 2839, 1607, 1471, 1244, 1022 cm™'. Anal.
calcd for C,5sH,0CINsO,: C 65.57, H 4.40, N 15.29; found
C 65.69,H 4.29, N 15.45.

3-[2-(2- SR AR ) 2R I K k- 1 - P R R ]-6-(4- TR
HE)-1,2,4- =W (de): R O R, I 46.2%. m.p.
210.2~211.1 °C; "H NMR (400 MHz, DMSO-d,) 6: 5.58
(s, 2H, CH,0), 6.14 (s, 2H, NCH,), 6.91(t, J=8.4 Hz, 1H,
ArH), 7.20~7.35 (m, 4H, BZM-H-5, H-6, ArH X2), 7.39
(d, J=8.4 Hz, 1H, ArH), 7.64 (d, J=7.2 Hz, 1H, BZM-
H-7), 7.73 (d, J=17.2 Hz, 1H, BZM-H-4), 7.80 (d, J=8.4
Hz, 2H, Ar'H), 8.05 (d, /=8.4 Hz, 2H, Ar'H), 9.25 (s, 1H,
triazine-H); IR (KBr) v: 3064, 2932, 2860, 1620, 1592,
1488, 1464, 1238, 1058 cm . Anal. calced for CyH;Br-
CIN;sO: C 56.88, H 3.38, N 13.82; found C 56.95, H 3.50,
N 13.68.

3-[2-(2- SR AR R ) 2R K k- 1 - P PR R ]-6-(4- 0K
Ho)-1,2,4- =Wz (4d): B A [ AR, fFE 43.3%. mp.
199.2~199.7 °C; '"H NMR (400 MHz, DMSO-d;) 6: 5.58
(s, 2H, CH,0), 6.15 (s, 2H, NCH,), 6.92 (t, J/=7.4 Hz, 1H,
ArH), 7.20~7.35 (m, 4H, BZM-H-5, H-6, ArH X2), 7.39
(d, J=17.6 Hz, 1H, ArH), 7.60~7.70 (m, 3H, BZM-H-7,

2182 http://sioc-journal.cn/
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ArHX2),7.73 (d, J=8.8 Hz, 1H, BZM-H-4), 8.13 (d, J=
8.8 Hz, 2H, Ar'H), 9.25 (s, 1H, triazine-H); IR (KBr) v:
3059, 2961, 2853, 1618, 1591, 1488, 1461, 1238, 1060
cm . Anal. caled for CoH7CLNsO: C 62.35, H 3.71, N
15.15; found C 62.17, H 3.63, N 15.35.

3-[2-(2- SUARAA P L) 2R I K - 1 -1 P R ]-6-(4- R
HE)-1,2,4- =W (de): ¥ (0 dh A, I 56.5%. mup.
167.9~168.8 ‘C; '"H NMR (400 MHz, DMSO-d;) o: 5.58
(s, 2H, CH,0), 6.14 (s, 2H, NCH,), 6.92 (t, J=7.6 Hz, 1H,
ArH), 7.20~7.33 (m, 4H, BZM-H-5, H-6, ArH X 2),
7.37~7.47 (m, 3H, ArH, ArHX?2), 7.64 (d, J=8.4 Hz,
1H, BZM-H-7), 7.73 (d, J=7.2 Hz, 1H, BZM-H-4), 8.17
(dd, J=38.6 Hz, 5.8 Hz, 2H, Ar'H), 9.24 (s, 1H, triazine-H);
IR (KBr) v: 3064, 2939, 2853, 1629, 1602, 1488, 1466,
1238, 1060 cm ™. Anal. caled for CosH,7CIFN;sO: C 64.65,
H 3.84, N 15.71; found C 64.50, H 3.68, N 15.61.

3-[2-(2- G A AR T L) R I K M- 1- 317 P - 6-(3- il ik
SRHE)-1,2,4- ZWE(4D): KT E R, BR 52.1%. mup.
188.6~189.5 ‘C; 'H NMR (400 MHz, DMSO-d;) J: 5.59
(s, 2H, CH,0), 6.19 (s, 2H, NCH,), 6.92 (t, J=7.8 Hz, 1H,
ArH), 7.23 (d, J=8.0 Hz, 1H, ArH), 7.25~7.33 (m, 3H,
BZM-H-5, H-6, ArH), 7.40 (d, J=8.4 Hz, 1H, ArH), 7.65
(d, J=6.8 Hz, 1H, BZM-H-7), 7.74 (d, J=8.8 Hz, 1H,
BZM-H-4), 7.90 (t, J=8.0 Hz, 1H, Ar'H), 8.43 (d, J=7.2
Hz, 1H, Ar'H), 8.54 (d, J=7.6 Hz, 1H, Ar'H), 8.89 (s, 1H,
Ar'H), 9.40 (s, 1H, triazine-H); IR (KBr) v: 3076, 2936,
2866, 1620, 1590, 1530, 1484, 1466, 1352, 1278, 1244,
1058 cm™!. Anal. caled for C,,H;,CIN;O;: C 60.96, H
3.62, N 17.77; found C 60.71, H 3.79, N 17.82.

3-[2-(2- SR AR FF L) 2R I K - 1 -7 PR R ]-6-(4- i 2k
ARIHE)-1,2,4- =W (4g): wmax (o[l 4A, A 49.4%. m.p.
225.7~226.8 ‘C; '"H NMR (400 MHz, DMSO-dg) : 5.59
(s, 2H, CH,0), 6.20 (s, 2H, NCH,), 6.91 (t, J=7.2 Hz, 1H,
ArH), 7.23 (d, J=8.4 Hz, 1H, ArH), 7.25~7.35 (m, 3H,
BZM-H-5, H-6, ArH), 7.40 (d, J=8.4 Hz, 1H, ArH), 7.65
(d, J=6.8 Hz, 1H, BZM-H-7), 7.74 (d, J=8.8 Hz, 1H,
BZM-H-4), 8.37 (d, J=9.2 Hz, 2H, Ar'H), 8.40 (d, J=8.8
Hz, 2H, Ar'H), 9.36 (s, 1H, triazine-H); IR (KBr) v: 3076,
2932, 2860, 1606, 1592, 1524, 1486, 1464, 1352, 1242,
1054 cm™!. Anal. caled for C,,H;,CIN;O;: C 60.96, H
3.62,N 17.77; found C 61.19, H 3.71, N 17.62.

3-[2-(2- SR A AR ) R K - 1- IV FF S )-6- R AR -
1,2,4-=W&(4h): FLHEHAR, B 43.3%. mp. 2033~
204.4 °C; '"H NMR (400 MHz, DMSO-d;) d: 5.60 (s, 2H,
CH,0), 6.15 (s, 2H, NCH.,), 6.92 (t, J=7.6 Hz, 1H, ArH),
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7.20~7.35 (m, 4H, BZM-H-5, H-6, ArH X2), 7.37~7.47
(m, 2H, ArH, Ar'H), 7.51 (t, J=7.6 Hz, 2H, Ar'H), 7.66 (d,
J=8.0 Hz, 1H, BZM-H-7), 7.74 (d, J=6.8 Hz, 1H,
BZM-H-4), 7.78 (d, J=17.6 Hz, 2H, ArH), 7.90 (d, J=8.4
Hz, 2H, ArH), 8.21 (d, J=8.4 Hz, 2H, Ar'H), 9.30 (s, 1H,
triazine-H); IR (KBr) v: 3060, 2928, 2857, 1610, 1592,
1486, 1466, 1242, 1060 cm . Anal. caled for C;oH,,ClI-
NsO: C 71.49, H 4.40, N 13.90; found C 71.62, H 4.26, N
13.72.

3-[2-(2- S AR A ) 2R I K -1 PR R ]-6-(2- 2%
HE)-1,2,4- =W (4i): %m0 A, W 47.7%. mop.
192.5~193.4 °C; '"H NMR (400 MHz, DMSO-ds) J: 5.60
(s, 2H, CH,0), 6.17 (s, 2H, NCH,), 6.92 (t, J=7.4 Hz, 1H,
ArH), 7.24 (d, J=8.0 Hz, 1H, ArH), 7.25~7.35 (m, 3H,
BZM-H-5, H-6, ArH), 7.41 (d, J=8.0 Hz, 1H, ArH),
7.55~7.65 (m, 2H, ArH), 7.66 (d, J=6.8 Hz, 1H,
BZM-H-7), 7.74 (d, J=8.4 Hz, 1H, BZM-H-4), 8.01 (d,
J=6.8 Hz, 1H, Ar'H), 8.07 (d, J=6.8 Hz, 1H, Ar'H), 8.12
(d, J=8.4 Hz, 1H, Ar'H), 8.23 (d, J=8.8 Hz, 1H, Ar'H),
8.73 (s, 1H, Ar'H), 9.40 (s, 1H, triazine-H); IR (KBr) v:
3058, 2939, 2858, 1618, 1585, 1477, 1244, 1027 cm .
Anal. caled for CysH,(CINsO: C 70.36, H 4.22, N 14.65;
found C 70.26, H 4.37, N 14.88.

3-[2-(2- SR AL R IF K - 1- W1 R R ]-6-7F 5%
$E-1,2,4- =W (4j): HtalilfAk, e 33.2%. mp. 178.6~
179.5 ‘C; '"H NMR (400 MHz, DMSO-dg) J: 5.59 (s, 2H,
CH,0), 6.19 (s, 2H, NCH,), 6.92 (t, J=7.6 Hz, 1H, ArH),
723 (d, J=8.0 Hz, 1H, ArH), 7.25~7.35 (m, 4H,
BZM-H-5, H-6, ArH, Ar'H), 7.40 (d, J=8.0 Hz, 1H, ArH),
7.65 (d, J=6.8 Hz, 1H, BZM-H-7), 7.74 (d, J=6.8 Hz,
1H, BZM-H-4), 7.90 (t, J=7.8 Hz, 1H, Ar'H), 8.43 (d, J=
6.8 Hz, 1H, Ar'H), 8.54 (d, J=7.6 Hz, 1H, Ar'H), 8.89 (s,
1H, Ar'H), 9.40 (s, 1H, triazine-H); IR (KBr) v: 3068,
2948, 2862, 1718, 1610, 1590, 1486, 1464, 1278, 1248,
1060 cm'. Anal. caled for CoH;sCINsO5: C 65.39, H
3.66, N 14.12; found C 65.28, H 3.84, N 14.25.

3-[2-(3- S AR A HH 2 ) 2R 1 K k-1 - W1 F R ]-6- K 3 -
1,2,4- =W (4K): RO AR, BR 56.5%. mp. 196.6~
197.5 ‘C; '"H NMR (400 MHz, CDCl;) 6: 5.67 (s, 2H,
CH,0), 5.99 (s, 2H, NCH,), 6.90~7.05 (m, 3H, ArH),
717 (t, J=8.0 Hz, 1H, ArH), 7.30 ~7.43 (m, 2H,
BZM-H-5, H-6), 7.47~7.65 (m, 4H, BZM-H-7, ArH X 3),
7.80~7.90 (m, 1H, BZM-H-4), 7.95~8.10 (m, 2H, Ar'H),
8.84 (s, 1H, triazine-H); IR (KBr) v: 3060, 2932, 2868,
1618, 1596, 1588, 1464, 1230, 1030 cm ™ '. Anal. calcd for
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CyHsCINsO: C 67.37, H 4.24, N 16.37; found C 67.15, H
4.36, N 16.22.

3-[2-(3- SRR L) 2 K - 13 Y 2 )-6-(4- FY A
FERIE)-1,2,4- =R (4): RBTAEAR, IFE 42.4%. m.p.
185.6~186.2 C; '"H NMR (400 MHz, DMSO-d;) ¢: 3.84
(s, 3H, CH30), 5.50 (s, 2H, CH,0), 6.04 (s, 2H, NCH,),
6.78 (d, J/=10.0 Hz, 1H, ArH), 6.86 (s, 1H, ArH), 6.94 (d,
J=28.4 Hz, 1H, ArH), 7.13 (d, J=8.4 Hz, 2H, Ar'H), 7.18
(t, J=8.0 Hz, 1H, ArH), 7.20~7.33 (m, 2H, BZM-H-5,
H-6), 7.64 (d, J=7.6 Hz, 1H, BZM-H-7), 7.71 (d, J=7.2
Hz, 1H, BZM-H-4), 8.10 (d, /=8.4 Hz, 2H, Ar'H), 9.21 (s,
1H, triazine-H); IR (KBr) v: 3053, 3031, 2934, 2836, 1607,
1591, 1477, 1461, 1260, 1033 cm~'. Anal. caled for
CysHCINsO,: C 65.57, H 4.40, N 15.29; found C 65.62,
H4.30,N 15.17.

3-[2-(3- SR AR FH L) 2R I K - 1 -1 P R ]-6-(4- YRR
H5)-1,2,4- =W (4m): KA EEPR A, 1CE 49.8%. mup.
231.2~232.8 C; '"H NMR (400 MHz, DMSO-dj) J: 5.51
(s, 2H, CH,0), 6.09 (s, 2H, NCH,), 6.77 (d, J=8.4 Hz,
1H, ArH), 6.83 (s, 1H, ArH), 6.93 (d, J=8.0 Hz, 1H,
ArH), 7.18 (t, J=8.2 Hz, 1H, ArH), 7.23~7.35 (m, 2H,
BZM-H-5, H-6), 7.65 (d, J/=6.8 Hz, 1H, BZM-H-7), 7.72
(d, /=6.8 Hz, 1H, BZM-H-4), 7.81 (d, J=8.8 Hz, 2H,
Ar'H), 8.08 (d, J=28.4 Hz, 2H, Ar'H), 9.28 (s, 1H,
triazine-H); IR (KBr) v: 3064, 2928, 2864, 1626, 1596,
1480, 1462, 1234, 1040 cm™!. Anal. caled for Cy,H;,Br-
CIN;O: C 56.88, H 3.38, N 13.82; found C 57.05, H 3.58,
N 13.96.

3-[2-(3- SRR FH L) 2 I K - 13 Y 2 )-6-(4- UK
H)-1,2,4- =W (4m): RO K, fE 48.9%. mup.
219.0~220.1 °C; '"H NMR (400 MHz, DMSO-d;) J: 5.51
(s, 2H, CH,0), 6.10 (s, 2H, NCH,), 6.77 (d, J=8.8 Hz,
1H, ArH), 6.83 (s, 1H, ArH), 6.93 (d, J/=7.6 Hz, 1H,
ArH), 7.18 (t, J=8.0 Hz, 1H, ArH), 7.23~7.35 (m, 2H,
BZM-H-5, H-6), 7.60~7.70 (m, 3H, BZM-H-7, Ar'H X 2),
7.72 (d, J=8.0 Hz, 1H, BZM-H-4), 8.16 (d, J=8.4 Hz,
2H, Ar'H), 9.29 (s, 1H, triazine-H); IR (KBr) v: 3040,
2928, 2860, 1618, 1596, 1482, 1462, 1242, 1040 cm .
Anal. calced for C,4H;CILN5O: C 62.35, H 3.71, N 15.15;
found C 62.14, H 3.88, N 14.93.

3-[2- (3~ S AR 4L T4 2 JEIK - 115 -6 (4- K
H)-1,2,4- =W (do): RO A, E 54.7%. mp.
166.5~167.4 °C; '"H NMR (400 MHz, CDCl;) 6: 5.66 (s,
2H, CH,0), 5.99 (s, 2H, NCH,), 6.90~7.00 (m, 3H, ArH),
7.17 (t, J=17.6 Hz, 1H, ArH), 7.20 ~7.30 (m, 2H,
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BZM-H-5, H-6), 7.30~7.37 (m, 2H, Ar'H), 7.45~7.55
(m, 1H, BZM-H7), 7.80~7.87 (m, 1H, BZM-H-4), 8.05
(dd, J=9.2 Hz, 5.4 Hz, 2H, Ar'H), 8.80 (s, 1H, triazine-H);
IR (KBr) v: 3064, 3037, 2929, 2858, 1596, 1482, 1461,
1233, 1038 cm . Anal. caled for CoyH;7CIFNO: C 64.65,
H 3.84, N 15.71; found C 64.52, H 3.73, N 15.62.

3-[2-(3- UK A ) K K - 1- T R 1-6-(3- i
ARHE)-1,2,4- = WEdp): KiE Ak, I 42.4%. mop.
156.2~157.2 °C; '"H NMR (400 MHz, DMSO-d;) : 5.52
(s, 2H, CH,0), 6.14 (s, 2H, NCH,), 6.79 (d, J=8.4 Hz,
1H, ArH), 6.81 (s, 1H, ArH), 6.92 (d, J/=7.6 Hz, 1H,
ArH), 7.18 (t, J/=8.2 Hz, 1H, ArH), 7.23~7.35 (m, 2H,
BZM-H-5, H-6), 7.68 (d, /=7.2 Hz, 1H, BZM-H-7), 7.73
(d, J=8.0 Hz, 1H, BZM-H-4), 7.90 (t, J=8.2 Hz, 1H,
Ar'H), 8.43 (d, J/=8.0 Hz, 1H, Ar'H), 8.56 (d, J/=7.6 Hz,
1H, Ar'H), 8.93 (s, 1H, Ar'H), 9.43 (s, 1H, triazine-H); IR
(KBr) v: 3086, 2945, 2869, 1618, 1596, 1531, 1477, 1461,
1352, 1233, 1033 cm '. Anal. caled for C,4H,7CINGO5: C
60.96, H 3.62, N 17.77; found C 61.14, H 3.85, N 17.66.

3-[2-(3-SUA AR ) A O K - 1 -0 P -6-(4- i ik
RHE)-1,2,4- =0 (4q): B0 44, % 48.3%. m.p.
204.5~205.4 ‘C; "H NMR (400 MHz, DMSO-dj) J: 5.52
(s, 2H, CH,0), 6.15 (s, 2H, NCH,), 6.76 (d, J=8.4 Hz,
1H, ArH), 6.83 (s, 1H, ArH), 6.93 (d, J=6.8 Hz, 1H,
ArH), 7.18 (t, J=8.0 Hz, 1H, ArH), 7.22~7.35 (m, 2H,
BZM-H-5, H-6), 7.67 (d, J=6.8 Hz, 1H, BZM-H-7), 7.73
(d, /=6.4 Hz, 1H, BZM-H-4), 8.40 (d, J/=9.2 Hz, 2H,
Ar'H), 843 (d, J=9.6 Hz, 2H, Ar'H), 9.39 (s, 1H,
triazine-H); IR (KBr) v: 3072, 2940, 2868, 1596, 1522,
1482, 1462, 1350, 1230, 1034 cm '. Anal. caled for
CyH7CINgO3: C 60.96, H 3.62, N 17.77; found C 60.71,
H 3.81, N 18.01.

3-[2-(3- U AR ) R I K k- 1 - 311 F E 1-6- T IR -
1,2,4- =W (dr): IRBEMR, IE 44.4%. mp. 2212~
222.1 ‘C; '"H NMR (400 MHz, DMSO-d;) J: 5.52 (s, 2H,
CH,0), 6.10 (s, 2H, NCH,), 6.78 (d, /=8.4 Hz, 1H, ArH),
6.87 (s, 1H, ArH), 6.95 (d, /=7.6 Hz, 1H, ArH), 7.20 (t,
J=8.4 Hz, 1H, ArH), 7.23~7.35 (m, 2H, BZM-H-5, H-6),
742 (t, J=7.6 Hz, 1H, Ar'H), 7.51 (t, J=7.4 Hz, 2H,
Ar'H), 7.67 (d, J/=17.6 Hz, 1H, BZM-H-7), 7.72 (d, J=7.2
Hz, 1H, BZM-H-4), 7.78 (d, J=7.6 Hz, 2H, Ar'H), 7.91
(d, J=8.4 Hz, 2H, Ar'H), 8.24 (d, J=8.0 Hz, 2H, Ar'H),
9.33 (s, 1H, triazine-H); IR (KBr) v: 3059, 3031, 2934,
2869, 1596, 1585, 1466, 1228, 1033 cm . Anal. calcd for
C30H,,CINsO: C 71.49, H 4.40, N 13.90; found C 71.29, H
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4.25,N 14.06.

3-[2-(3- S A AL ) 2 I ok k- 1- 7 R ]-6-(2- 2%
HE)-1,2,4- =W (4s): % 3 (0 d A, I 52.3%. mup.
210.1~211.0 °C; '"H NMR (400 MHz, DMSO-dj) 6: 5.53
(s, 2H, CH,0), 6.12 (s, 2H, NCH,), 6.80 (d, J=7.9 Hz,
1H, ArH), 6.87 (s, 1H, ArH), 6.94 (d, J=8.0 Hz, 1H,
ArH), 7.18 (t, J=8.2 Hz, 1H, ArH), 7.23~7.35 (m, 2H,
BZM-H-5, H-6), 7.57~7.65 (m, 2H, Ar'H), 7.68 (d, J=
8.0 Hz, 1H, BZM-H-7), 7.73 (d, J=8.0 Hz, 1H, BZM-
H-4), 8.02 (d, J=7.6 Hz, 1H, Ar'H), 8.07 (d, J=9.2 Hz,
1H, Ar'H), 8.12 (d, J=8.0 Hz, 1H, Ar'H), 8.26 (d, J=38.8
Hz, 1H, Ar'H), 8.76 (s, 1H, Ar'H), 9.43 (s, 1H, triazine-H);
IR (KBr) v: 3053, 2939, 2858, 1629, 1591, 1471, 1233,
1022 cm™ !, Anal. caled for CogH,oCINsO: C 70.36, H 4.22,
N 14.65; found C 70.13, H 4.14, N 14.58.

3-[2-(3- U A T ) 2R K - 1- 0 PR R ]-6- 7 2 R
H5-1,2,4- =W (4t): A, We# 32.6%. mp. 190.5~
191.9 °C; 'H NMR (400 MHz, DMSO-dy) &: 5.51 (s, 2H,
CH,0), 6.13 (s, 2H, NCH,), 6.77 (d, J=9.2 Hz, 1H, ArH),
6.86 (s, 1H, ArH), 6.95 (d, J=8.0 Hz, 1H, ArH), 7.21 (t,
J=28.0 Hz, 1H, ArH), 7.33~7.45 (m, 2H, BZM-H-5, H-6),
7.47 (t, J=8.0 Hz, 1H, ArH), 7.50~7.57 (m, 2H, BZM-
H-7, Ar'H), 7.66 (d, /=8.0 Hz, 1H, BZM-H-4), 7.74 (t,
J=8.8 Hz, 1H, Ar'H), 7.97 (d, J=8.0 Hz, 1H, Ar'H), 8.92
(s, 1H, Ar'H), 9.26 (s, 1H, triazine-H); IR (KBr) v: 3064,
2924, 2856, 1732, 1614, 1596, 1572, 1462, 1240, 1028
cm ', Anal. caled for CoH,sCINsO5: C 65.39, H 3.66, N
14.12; found C 65.55, H 3.79, N 14.02.

3.2.3 B A4S A M E K

Cdc25B J& Cdc25 WML IR S5 — b1, SCHRRIE
WoR, FENRVF e e BERIA N, BAR LA AE
RAETP AR AR A, R R ERE s A 4 7
X FERERFIE AT A8 1) TR AT PTPIB 25— /Ml
WO IR S 2 R W R IR, ol o ) Bk I 3 2 AR TR
TR IEAL, 0t 17 0 O 3 MR A 2 RO AR i i A e
HAHE EEAEM. I, &R, miEPEr) PTPIB
F I FRULE R R AT BRE ¥ v 7 A SR (.

HARE A% Cde25B F1 PTP 1B [RIFI3% :  %E 552
BTk RIS CER[29, 301 T VEREAT.
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