5539 B4 12 M ¥ @ 4t T Vol.39, No.12
2022 4E 12 A FINE CHEMICALS Dec. 2022

E#5HUER
HE E[2,3-o| B 2 T A M B B B 1

kM, H OB REFEAY B R, g
(1 WdE R R2 AR SR B dLE B SEE, #idt B 445000; 2. WL R K2 (k2
S5 TR, B4t Bl 445000 )

. DL 2- TR . N SRR 0 RORE, 8  0 BL ) Gewald SR 45 T 2- -3 0E-4,5- — HIBLmEmy ( 1),
Iﬁ% AR =R, “—HIE" AT 5,6- —H -2 =50 H-4- G IR [2,3-d)ne (1), ik
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Synthesis and antitumor activity of thieno[2,3-d]pyrimidine derivatives
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Abstract: 2-Amino-3-carbonitrile-4,5-dimethylthiophene( I ) was firstly prepared from modified Gewald
reaction of butan-2-one, malononitrile and elemental sulfur. Sixteen fluorinated thieno[2,3-d[pyrimidine
derivatives (Illa~Illp) were then synthesized via substitution reaction of substituted benzylamines with key
intermediate 4-chloro-5,6-dimethyl-2-(trifluoromethyl)thieno[2,3-d]pyrimidine (II), which was obtained
directly from one-pot reaction of compound I and trifluoroacetic acid in presence of phosphorous oxychloride.
These sixteen derivatives obtained were characterized by '"HNMR, *CNMR, FTIR, MS and elemental
analysis with the crystal structure of compound 5,6-dimethyl-2-trifluoromethyl-4-benzylaminothieno[2,3-d]
pyrimidine (Illa) determined by X-ray single-crystal diffraction, and further evaluated for their in vitro
antitumor performance. The results indicated that compounds Ila, 5,6-dimethyl-2-trifluoromethyl-4-
(3-fluorobenzyl)aminothieno[2,3-d]pyrimidine ( Il ¢) and 5,6-dimethyl-2-trifluoromethyl-4-(3-chloro-
benzyl)aminothieno[2,3-d] pyrimidine (1[f) exhibited good in vitro antitumor activity. The half inhibitory
concentration (ICsp) of compound Ila against MCF-7 and HepG2 cells were 2.01 and 2.44 pmol/L,
respectively, while those of Il ¢ against MCF-7 and HepG?2 cells were 1.44 and 1.47 pmol/L, respectively.
Both of MMaand IM¢ displayed much better antitumor activity than the control group Gefitinib.
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i vy 2450 (0 AU AR E M AN ) B R, DRI AL
EYE BT IZ R T B 2 R 25 A AR AR
7, 5 AT (ol =g ) 51 AFIBEm If:
[2.3-d)BEFR b S A R IES . S T MBE} I [2,3-d]
MENERAL S P SR R PR PR R e RS Y,
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IMa: R =H; Mb: R =4-F; Mc: R=3-F; Md: R =2-F; Me: R=4-Cl; T f: R =3-Cl; Mg: R =2-Cl;
ITh: R =4-Br; Ili: R =3-Br; IIj: R =2-Br; lk: R =4-CH;; I[1: R = 3-CH,; llm: R =2-CH;;

IMn: R = 4-OCH;; Mo: R = 3-OCH;; M p: R = 2-OCH,
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BRI T B A ali, (i FRTEVEJCK AL B

Nicolet Avatar 370 #Y{d B A5 4 21 Sp S 15 AL
(KBr JEH ), £ Nicolet 24 H); Thermo DSQ 1
JRTEAY (EL &5 ), £ E Thermo /A #] ; Avance-400
MHz #Z R IHE %4, 12 E Bruker 2y ) ; Vario EL
Il CHNSO FICZE ML, 1%F Elementar 23] ; X-4
Y5 U S A, A8 R e A A A FRZA F 5 Bruker
APEX- 11 # CCD Hi#ATHHX, 7% Bruker A,
12 LEYHMHE
121 2-BHA3-FHA-45-=F ek (1) 944

1] 100 mL BB MA 25 mL Jo/K OB, $i
FEFIRYOMA 0.72 g (10.00 mmol ) 2-THi. 0.66 g
(10.00 mmol ) N /i . 0.38 g ( 12.00 mmol ) FAJFiHT .
2.76 g (20.00 mmol ) fRERHN, I 3 ho JOW%s
W, RHEZRE, BRAEEIA 100 mL 7oKH,
R A, HhIEIEYE, ZT0K CEEESSR . 60 °C
FWETHE 2 h, 5128 g EWEEAEAR T, 773K 84%,
'HNMR (400 MHz, DMSO-dy), 6: 6.88 (s, 2H, NH,),
2.06 (s, 3H, 5-CH3), 1.93 (s, 3H, 4-CH;).
122 5,6-=FK-2-= 5 F A -4-F%E»5[2,3-d]%

ve (1) a94) &
VKA T, 18 50 mL [BEHSH A 15 mL R,

/)

PEFE A 1.52 g (10.00 mmol ) 2-2F-3-F %
-4,5- ey (1), 1.5mL (20.20 mmol ) =% 4
2 (TFA) F13.0 mL (32.78 mmol ) Hi7&H) POCl;,
SRIGTHIERZE 80 °CINE 4 ho JUNZEH, R MR Z% 2=
Vs 00 R A WA SO . BT AR TR AR SR 4 T
(10 mLx3 K ) Wfiffaatig, WERsRk4E 5 FHiEC
PEEE g, FE 35 CTRWUE T 3 h, 15 1.79 g iR
R ARAIREAT, % 67%, 'HNMR (400 MHz,
(CD;),CO J , 8: 2.66 (s, 3H, 6-CHs), 2.62 (s, 3H, 5-CHs);
BCNMR [ 100 MHz, (CD5),CO J, : 173.1, 158.9, 153.9,
145.9,135.5, 130.8, 126.1, 18.6, 18.4,,
123 BAREH (a~lp) 894 &

] 50 mL [ AR KON A 2.67 g 10.00 mmol )
5,6- . H 562 = U HH -4 G E W I [2,3-d]mEmE (1T ),
10.00 mmol U EME . 1.38 g ( 10.00 mmol ) BRFRER I
25 mL Jo/K NG, FHEZE 80 °CIlii, TLC Wil %%
REEEH (R . M(ZBRATER) = V(AhEE) =13 ),
TRV AR J5 AT 20T (R BRERI . iR, I
WCTRETR) « Ve = 1:2) B a A
Ma~Mp, YCE 79%~89%,

5,6~ F 32 = U Ik -4- R A L e WY I 2,3-d) s
BE (MMa): HEREK, PR 86%, mp. 107~108 °C;
'"HNMR [ 400 MHz, (CD5),CO J , J: 7.48 (s, 1H, NH),
7.38~7.22 (m, 5H, Ar—H), 4.87 (s, 2H, Ar—CH,), 2.59
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(s, 3H, 6-CH3), 2.48 (s, 3H, 5-CH;); "CNMR [ 100
MHz, (CD5),CO ] , d: 163.9, 157.8, 150.3, 139.3, 132.4,
128.3,127.9, 126.9, 124.6, 121.7, 116.2, 44.3, 13.3, 12.5;
IR (KBr), viem™': 3438 (N—H), 1579 (C=N), 1334,
1193 (CFs); EI-MS (M"), m/Z, SEME (715548 ): 337.26
(337.09); JCEIHT, CiHF3NsS, SZIGHE (HEE ):
w(C) = 57.14% (56.96%), w(H) = 4.12% (4.18%), w(N) =
12.36% (12.46%).

5,6- 362 = G Y 3Rk -4-(4- R0 &0 3 ) HE Wy 5T
[2,3-d]%0E (Mb): FEREA, 1 83%, mp. 131~
132 °C; 'THNMR [ 400 MHz, (CD;),CO J, d: 7.55 (s, 1H,
NH), 7.51~7.05 (m, 4H, Ar—H), 4.85 (s, 2H, Ar—CH,),
2.58 (s, 3H, 6-CH3), 2.49 (s, 3H, 5-CH;); *CNMR [ 100
MHz, (CD;),CO J, d: 163.9, 163.1, 160.7, 157.50, 149.9,
135.4, 132.4, 130.0, 121.6, 117.8, 114.9, 114.7, 43.7,
13.3, 12.52; IR (KBr), vem™: 3514 (N—H), 1579
(C==N), 1334, 1166 (CFs); EI-MS (M"), m/Z, SZI{E( it
BAH ): 355.25 (355.08); JGEMT, C16H3F4N5S, 52
IE (A ): w(C) = 53.80% (54.08%), w(H) = 3.54%
(3.69%), w(N) = 11.75% (11.83%).

5,6- 1 32 = G 3 4-(3- U AR E Wy T
[2,3-d]WsBE (Mle): FEER, B 79%, mp. 111~
112 °C; 'THNMR (400 MHz, (CD;),CO J, 6: 7.45 (s, 1H,
NH), 7.34~6.98 (m, 4H, Ar—H), 4.89 (s, 2H, Ar—CH,),
2.60 (s, 3H, 6-CH3), 2.49(s, 3H, 5-CHs); *CNMR [ 100
MHz, (CD5),CO ] , d: 164.7, 162.3, 158.2, 150.6, 143.0,

133.2, 130.7, 125.3, 124.4, 1223, 118.5, 115.4, 1143,
44.6, 14.0, 13.2; IR (KBr), viem™': 3493 (N—H), 1589
(C=N), 1330, 1200 (CFs); EI-MS (M "), m/Z,, Szi{g( it
A ): 355.15 (355.08); JLEMT, CieHisFuN;S, 3K
K (HEAE ): w(C) = 53.84% (54.08%), w(H) = 3.58%
(3.69%), w(N) = 11.79% (11.83%).

5,6- - F L2 — G FH Rk -4-(2- 380 &3 HE Wy T
[2,3-d]mhE (TMd): FfAEE, BR 81%, mp. 148~
149 °C; '"HNMR (400 MHz, (CD;),CO J, 8: 7.56 (s, 1H,
NH), 7.31~7.09 (m, 4H, Ar—H), 4.93 (s, 2H, Ar—CH,),
2.61 (s, 3H, 6-CH3), 2.49 (s, 3H, 5-CHs); "CNMR [ 100
MHz, (CD5),CO ] , d: 164.0, 162.2, 159.8, 157.6, 149.9,
132.6, 130.1, 128.9, 126.0, 124.5, 124.1, 121.6, 117.9,
115.1, 33.3, 13.2, 12.5; IR (KBr), vem™': 3457 (N—H),
1583 (C==N), 1334, 1164 (CF;); EI-MS (M"), m/Z, =il
{8 (FH3EAE ): 355.21 (355.08); TCE 4T, CiHisFuN;S,
S (H5E ): w(C) = 53.78% (54.08%), w(H) =
3.75% (3.69%), w(N) = 11.87% (11.83%).

5,6- — H BE-2- = G B -4-(4- SR A 3 ) ey I
[2,3-d1W0E (e ): FIEEAR, 13 84%, mp. 166~
168 °C; 'THNMR [ 400 MHz, (CD;),CO J, d: 7.51 (s, 1H,
NH), 7.49~7.33 (m, 4H, Ar—H), 4.86 (s, 2H, Ar—CH,),

2.59 (s, 3H, 6-CH3), 2.49 (s, 3H, 5-CH3); "CNMR [ 100
MHz, (CD;),CO ] , &: 164.0, 157.5, 149.9, 138.3, 132.5,
132.2,129.7, 128.2, 124.6, 121.6, 117.8, 43.7, 13.3, 12.6;
IR (KBr), vem™: 3470 (N—H), 1591 (C=N), 1332,
1185 (CF3); EI-MS (M), m/Z, SZiE (314448 ): 371.18
(371.05); JLEMHT, CieHisCIFNSS, LI {E (&
fE): w(C) = 51.56% (51.69%), w(H) = 3.47% (3.52%),
w(N) = 11.09% (11.30%).

5,6- B B2 = U HE-4-(3- AR A L) E W T
[2,3-dmnE (Mf): FaEE, 1R 79%, mp. 116~
117 °C; "THNMR [ 400 MHz, (CD;),CO J, 8: 7.54 (s, 1H,
NH), 7.45~7.25 (m, 4H, Ar—H), 4.87 (s, 2H, Ar—CH,),
2.59 (s, 3H, 6-CH3), 2.49(s, 3H, 5-CH3); *CNMR (100
MHz, (CD;),CO J,d:164.0,157.5,149.9, 141.8, 133.6,
132.5, 129.9, 128.1, 126.9, 126.5, 124.6, 121.6, 117.8,
43.9, 13.3, 12.5; IR (KBr), viem': 3455 (N—H), 1586
(C=N), 1332, 1187 (CF3); EI-MS (M"), m/Z, JZM{E( T
BAH ). 371.19 (371.05); JLE 4T CigH 5CIF;N;S, 52
EAE (A ): w(C) = 51.51% (51.69%), w(H) = 3.48%
(3.52%), w(N) = 11.41% (11.30%).

5,6- — H B2 = U B -4-(2- R A 3 ) HE 0y I
[2,3-d0E (Mg): A, 1 89%, mp. 154~
156 °C; 'THNMR (400 MHz, (CD;),CO J, d: 7.57 (s, 1H,
NH), 7.44~7.27 (m, 4H, Ar—H), 4.96 (s, 2H, Ar—CH,),
2.64 (s, 3H, 6-CH3), 2.59 (s, 3H, 5-CH3); *CNMR [ 100
MHz, (CD;),CO ] , d: 164.0, 157.5, 150.3, 136.1, 132.9,
132.7, 129.9, 129.2, 128.8, 126.9, 124.5, 121.7, 117.9,
422, 13.3, 12.6; IR (KBr), viem™': 3526 (N—H), 1579
(C=N), 1330, 1136 (CF5); EI-MS (M"), m/Z, SZIl{&( i1
BE ): 371.24 (371.05); JTE /T, Ci6HisCIF3N;S,
SEEE (HEAE ): w(C) = 51.58% (51.69%), w(H) =
3.46% (3.52%), w(N) = 11.28% (11.30%).

5,6~ F 3 0 = G R 4o (4- RS SR E Wy T
[2,3-d10E (MTh): FEREIER, IR 81%, mp. 163~
164 °C; 'THNMR [ 400 MHz, (CD;),CO J, 8: 7.50 (s, 1H,
NH), 7.48~7.43 (m, 4H, Ar—H), 4.84 (s, 2H, Ar—CH,),
2.59 (s, 3H, 6-CH3), 2.49 (s, 3H, 5-CHs); *CNMR [ 100
MHz, (CD;),CO ] , : 164.0, 157.4, 149.9, 138.8, 132.5,
131.2, 130.1, 124.6, 121.6, 120.3, 117.8, 43.7, 13.3, 12.5;
IR (KBr), vem™": 3481 (N—H), 1583 (C=N), 1334,
1168 (CF5); EI-MS (MY, m/Z, 525 (312484 ): 415.19
(415.00); LR T, Ci6H 3BrF;N;S, S (T
18 ): w(C) = 46.29% (46.17%), w(H) = 3.25% (3.15%),
w(N) = 10.24% (10.09%).

5,6- -2 = U R -4-(3-TR N A 3 ) ME Y I
[2,3-d1mEREC T ): FIEER, R 79%, mp. 95~96 °C;
'HNMR (400 MHz, (CD;),CO ] , : 7.69 (s, 1H, NH),
7.50~7.28 (m, 4H, Ar—H), 4.87 (s, 2H, Ar—CH,), 2.60



512 X

W, 50 WEWRIF[2,3-d)WEWESATT A W BB AT IR i

* 2537 ¢

(s, 3H, 6-CH3), 2.49(s, 3H, 5-CH;); "CNMR [ 100 MHz,
(CD;),CO J , 6: 164.0, 157.4, 149.9, 142.1, 132.5, 131.0,
130.2, 129.9, 127.0, 124.6, 121.8, 121.6, 117.8, 43.8,
13.3, 12.6; IR (KBr), v/em™": 3451 (N—H), 1589 (C=N),
1336, 1197 (CF;); EI-MS (M), m/Z, SZIE (31340 ):
415.19 (415.00); JLEHT, CiHisBrFsNsS, SLEG{H
(T3 ): wC) = 46.22% (46.17%), w(H) = 3.31%
(3.15%), w(N) = 10.04% (10.09%).,

5,6- — 5L -2- = G L -4-(2- YR R A 3 ) E Wy I
[2,3-d]EnE (). AEEAR, R 84%, mp. 127~
128 °C; 'THNMR [ 400 MHz, (CD;),CO J, d: 7.63 (s, 1H,
NH), 7.56~7.21 (m, 4H, Ar—H), 4.93 (s, 2H, Ar—CH,),
2.65 (s, 3H, 6-CH3), 2.51 (s, 3H, 5-CH;); *CNMR [ 100
MHz, (CD5),CO ] , d: 164.0, 157.5, 150.3, 137.7, 132.8,
132.6 130.9, 128.9, 127.5, 124.5, 122.9, 121.6, 117.9,
449, 13.3, 12.6; IR (KBr), viem™': 3479 (N—H), 1587

(C==N), 1330, 1197 (CF5); EI-MS (M"), m/Z , SZI{E( it
BAH ). 415.19 (415.00); JCESMT, C¢H3sBrFsNsS,
THfE (FHFE): w(C) = 46.43% (46.17%), w(H) =
3.26% (3.15%), w(N) = 10.22% (10.09%).,

5,6- 1 32 = 550 Y 34— (4- F 3L (3 ME W)y O
[2,3-d1msmE (Mk): FHEREIA, IR 79%, mp. 132~
133 °C; 'HNMR [ 400 MHz, (CD3),CO J, 6: 7.37 (s, 1H,
NH), 7.28~7.12 (m, 4H, Ar—H), 4.82 (s, 2H, Ar—CH,),
2.57 (3H, 6-CH3), 2.48 (s, 3H, 5-CH3), 2.28 (s, 3H, Ar—
CH;); "CNMR [ 100 MHz, (CD;),CO J, 6: 163.9, 157.6,

150.4, 150.0, 136.4, 136.2, 132.3, 128.9, 127.9, 124.6,
121.7, 118.9, 117.7, 44.1, 20.2, 13.3, 12.5; IR (KBr),

v/em™: 3473 (N—H), 1589 (C==N), 1334, 1180 (CF;);
EI-MS (M), m/Z, SEME (F1H1E ): 351.28 (351.10);
JCRHr, CiiHgFsNsS, LI (IH8EME ): w(C) =
57.97% (58.11%), w(H) = 4.53% (4.59%), w(N) =
12.06% (11.96%).

5,6- " H 32 = 55 B J-4-(3- F L (30 E WY O
[2,3-d1msmE (MM1): FafER, 1% 82%, mp. 101~
102 °C; '"HNMR (400 MHz, (CD;),CO J, §: 7.31 (s, 1H,
NH), 7.28~7.05 (m, 4H, Ar—H), 4.83 (s, 2H, Ar—CH,),
2.58 (3H, 6-CHj), 2.48(s, 3H, 5-CH3), 2.29 (s, 3H, Ar—
CH;); IR (KBr), vem™: 3471 (N—H), 1583 (C=N),
1332, 1183 (CF;); "CNMR [ 100 MHz, (CD5),CO ] , 6:

163.9, 157.6, 150.0, 139.1, 137.7, 132.3, 128.7, 128.2,
127.7, 125.0, 124.6, 121.7, 117.7, 144.3, 20.5,13.3, 12.5;

EI-MS (M), m/Z, SZfE (448 ): 351.28 (351.10);
JCERIMT, CisHiFsNsS, SLHE (HH5E ): w(C) =
57.89% (58.11%), w(H) = 4.43% (4.59%), w(N) =
12.12% (11.96%).

5,6- " H 32 = G B J-4-(2- F L (L) HE WY O
[2,3-d]EhE (Mm): FERFEA, 135 86%, mp. 151~

152 °C; "HNMR [ 400 MHz, (CD5),CO ), d: 7.42 (s, 1H,
NH), 7.39~7.13 (m, 4H, Ar—H), 4.86 (s, 2H, Ar—CH,),
2.60 (3H, 6-CHj), 2.49 (s, 3H, 5-CH;),2.43 (s, H, Ar—
CH;); "CNMR [ 100 MHz, (CD;),CO J, 9: 163.9, 157.6,
150.4, 150.0, 136.7, 135.9, 132.4, 128.0, 127.0, 124.6,
121.6, 118.9, 117.8, 42.2, 18.3, 13.3, 12.5; IR (KBr),
viem™: 3500 (N—H), 1587 (C=N), 1334, 1180 (CF5);
EI-MS (M), m/Z, SEIME (1H554H ): 351.27 (351.10);
TR, CiiHeF3NsS, SLIRME (THEH ): w(C) =
58.25% (58.11%), w(H) = 4.84% (4.59%), w(N) =
12.20% (11.96%).

5,6- " F B2 = G T Jk-4-(4- AR L G 0k ) e )
JF2,3-d]mEnE ( Mn): HEAREA, BER 79%, mp. 133~
134 °C; '"HNMR [ 400 MHz, (CD5),CO ), d: 7.42 (s, 1H,
NH), 7.40~6.86 (m, 4H, Ar—H), 4.79 (s, 2H, Ar—CH,),
3.76 (3H, OCH3), 2.56 (s, 3H, 6-CHj), 2.47 (s, 3H,
5-CHs); "CNMR [ 100 MHz, (CD5),CO ), d: 163.9, 159.0,

157.5, 150.0, 132.3, 131.1, 129.3, 124.5, 121.7, 119.0,
117.7, 116.2, 113.7, 54.6, 44.0, 13.3, 12.5; IR (KBr),

viem™: 3506 (N—H), 1587 (C=N), 1332, 1185 (CF;);
EI-MS (M), m/Z, Si{E (534 ): 367.28 (367.10);
TR, C7H6F3N;08, SLH{E (HH8BAE ): w(C) =
55.41% (55.58%), w(H) = 4.44% (4.39%), w(N) =
11.51% (11.44%).,

5,6- " FH 3E-2- = G 3k-4-(3- FH A LT A 3k E Wy
IF[2,3-d1mEBE (Mo ): HEAREIAR, B 81%, m.p. 116~
117 °C; '"HNMR (400 MHz, (CD;),CO ), d: 7.26 (s, 1H,
NH), 7.24~7.04 (m, 4H, Ar—H), 4.86 (s, 2H, Ar—CH,),
3.78 (s, 3H, OCH;), 2.60 (s, 3H, 6-CH;), 2.50 (s, 3H,
5-CHs); "CNMR [ 100 MHz, (CD;),CO J, 5: 163.9, 159.9,

157.6, 150.0, 140.8, 132.4, 129.3, 124.6, 121.7, 120.05,
117.8, 113.5, 112.5, 54.5, 443, 13.3, 12.5; IR (KBr),

viem™': 3495 (N—H), 1577 (C=N), 1342, 1185 (CF;);
EI-MS (M), m/Z, Sii{E (54 ): 367.28 (367.10);
JCERIT, C7H 6F3N;0S, SE8fE (H5E ): w(C) =
55.71% (55.58%), w(H) = 4.48% (4.39%), w(N) =
11.42% (11.44%),

5,6- I FE-2- = G50 H 3 -4-(2- FH AU B A O W oy
JE2,3-d1mEnE (Mp): FEREA, IR 88%, m.p. 158~
159 °C; 'HNMR [ 400 MHz, (CD;),CO J, 8: 7.38 (s, 1H,
NH), 7.29~6.88 (m, 4H, Ar—H), 4.85 (s, 2H, Ar—CH,),
3.94 (s, 3H, OCH3), 2.59 (s, 3H, 6-CHs), 2.48 (s, 3H,
5-CH;); "CNMR [ 100 MHz, (CD;),COJ, §: 163.7,
157.7, 150.4, 132.4, 129.2, 128.6, 126.3, 124.4, 121.6,
120.3, 117.8 , 116.2, 110.5, 54.9, 40.4, 13.1, 12.5; IR
(KBr), vem™: 3530 (N—H), 1577 (C=N), 1330, 1187
(CF3); EI-MS (M), m/Z, SZfE (315544 ): 367.28
(367.10); JLEHT, Ci7H,6F3N;0S, SLRHE (FHEAE ):
w(C) = 55.61% (55.58%), w(H) = 4.12% (4.39%), w(N) =
11. 24% (11.44%).
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1.3 BREEHNE

¥ BEEEY 5,6- —H HE-2- = U I -4- R a5k
WEWYIF[2,3-dE0E (Ma) WY ZNERIRAE =R N8
&5 d, BT R A4 fF Bruker APEX-1I CCD
TRATIHMUAE 2.06° < 0 < 25.40°H03EEN, L g-0
Hitir X, Mo K, 5} (1 = 0.071073 nm) 1K
0.30 mm x 0.20 mm x 0.20 mm HJ5L5h, 7F 23 °ClafE
TR 2930 AN TR A, Hd 1877 AT
1> 20(1) ), SRS BIAR IR ZE Rin = 0.0308,
SR L SHELXT-20 14 R 1 B4 o, 4303k
AR T ZEE Fourier AKX ZE A T2 B IE
33, AR IR A SHELXL-20142F2 5, 4%
B SR T AL bR S 45 1] S PR IS B2 A 0 I e /N 3
BUATIRJEIEIE, A &R T RS NG, &
BB F: R =0.0624, wR = 0.1628, & 2={HH
THREREIEN 631x10* e/nm®, HALIE Jy—3.64x
10° emm’, FeJa— A8 B KR AL (A/6)mn=0.010,
GOOF i §=0.817,

2 ZHREE

21 BAE

ASCUA 2- TR T RS AN A Ok, i B
FHEARF, FETCK ZEEH T e R Y Gewald S
5 2-B -3 -4,5- —HIEmEMy (1), 530U
18 B HA A BT M LG, AR SCUABRBRER Ak 574,
PLTC/K SRR, TR 3 h SERUs, s 5
AR BT R, ST0KCREEL MR T, PR
ik 84%. LA KL,COsAEMEALT, Ref. 46, RERETE
Rt ST ) oA T 5 pe R A5 B R R T A, OB 2
- ICHiR[23,25].

Ko a] A 5,6~ F 3E-2- = G5 Jk-4- G E Y O
[2,3-d]mghE (1) 38 2 DL 2-20 k-3 AL mEw; oy i
B Z RPN BRE WY I [2,3-d) W WE -4- T, P22
AR . AL UG 1. SRR
A = U AU O B JEOBHE TR R 5R v, T 80 °Cll
i C—ERT RV 4h, —HARHEEY T, 2R
ik 67%. SEGEMGMITEML, AUERVERE |
A N1 F I i B o 26 1 DN o B == i
2.2 ZEWMRAE

£ '"HNMR &, %2807 i b2 R 243
BT EH . RIS A E A HELAE 6 7.89~6.86 L[l
W, WZEWE; 5FEEAMEN NH ETFReE 05
HIAE 6 7.50 247, RICAYSIMONE ; RS
5FiT (ArCH, ) WML A i f8 N IAE 6 4.85 iy,
NEAIE BEWYIF[2,3-d|MERERS I 5-CH; A1 6-CH;5 -
T AL A E R L IRAE 6 2.65~2.48 ZiAq 14y B

IR 35, RO E B8 A s i 24 AT I . 3490 cm ™!
BT B8 H AR A &4 h N—H B 45 45 s i
1577 cm ' BHE S C=N SUEE A% 1o 445 4 5 W i i
1334 cm' & 1180 cm ' FfF L4351 R CF5 55 Bk Al
PRI R sl . 78 MS 5% o, 240 B B0
BT IE,

23 BEEH

Hirfb e Ma B4 FL5MEME 1 iR, &
RES T R, AR E RN R, P2y/c AR,
S EON 1 a=0.73551 (18) nm b = 1.1667 (3) nm ,
c=1.8641 (5)nm. a=90°, f=90.605 (3)°. y=90°,
V=15995 (7)nm*, Z=4. D, = 1401 glem®, u =
0.235mm ', F(000) = 696.0,

MRS AT AT R, e Ma (9531 25 44 sy
FE[2,3-d s e R A R 3k, S5F—aFF
FIZERIE R T 75.5(3)° 8 T £ . 43 T C(6)—N(3)
MEER (0.1344 nm ) $EL M HE A C—N AYEEH
HARAEIEH () C=N X4 (0.127 nm ) il C—N Hfgk
B (0.147 nm) ZJE], KU NGO HL 55 1%
WEFRTE AL T 3L, N(3) S mEEER 19 N JRF#0 )2 sp’
ks C(6)—NQ3)iE ELA H A BUEYE T, JRAEZS M
X R AL C10)—NG) 4K
0.1454 nm, JEIEH 1Y C—N HH,

K1 Hisbadlla 1951454

Fig. 1 Molecular structure of compound Mla

2.4 {KSMBhETE M

J T T E bR A W RS o s, R
MTT 3PS T HxF LR 40 ( MCE-7) Al
-9 20 e ( HepG2 ) BYMHITE P, JF A& IR
( Gefitinib ) 2 BHPEXT BE o AR SMT IR 1 P SE 560 45
W 1,

M 1 AT, BHPEXT R4 AE R e X MCF-7 5
HepG2 4 ICso 43514 14.68 F1 24.94 pmol/L, HFx



512 X

W, S WEWRIF(2,3-d]W%

Yia, Mc., MfXF MCF-7 f4 1Cso 5050 2.01, 1.44
F123.30 umol/L, Ma, Mc, Mf, MiX HepG2 i
ICso 77 51H 2.44 . 1.47, 8.71 F110.91 pmol/L, HA
BarmyiiiE e, aTLUEW, Hislla flle XF
MCF-7 F1 HepG2 i il 2 4 i iy 40 i v v 32000 T
BEPE X BB 2H 5 AR e, HMMa, Mc Xf MCF-7 5
HepG2 1Y ICso #H L AR JE AR T — 1 8im g, B
HIRAWTE I ME

1 LAY Ma~p X MCF-7 F1 HepG2 HIPRSM R
T
In vitro antitumor activity of compounds Ma~1lp
against MCF-7 and HepG2

Table 1

Fr oy ICso/(umol/L)
MCF-7 HepG2

1 Ma H 2.01 2.44

2 b 4-F 52.36 > 100

3 Mc 3-F 1.44 1.47
4 Md 2-F > 100 > 100
5 ITle 4-Cl > 100 > 100

6 ms 3-Cl 23.30 8.71
7 Mg 2-Cl > 100 > 100
8 Mh 4-Br > 100 > 100
9 mi 3-Br 53.51 10.91
10 I 2-Br > 100 88.22
11 Mk 4-CH; > 100 > 100
12 mi 3-CH; 91.51 > 100
13 Mm 2-CH; > 100 > 100
14 Mn 4-OCH; > 100 > 100
15 Mo 3-OCH; > 100 > 100
16 Mp 2-OCH; > 100 > 100
Xf IR Gefitinib — 14.68 24.94

PR R M R B, 78 B AR F NS 32K
g AW FHRUCEE (g &, Eb ~105) %t A
T Ak A W I 1 1 A S e R T e O (A
Ok, RS, BNTk~TTp ). HAMEA P N A
FE R FA A I (G AL ) BURAT
P Mebsga 3 M Bl i 55 OO0, H e T RE )
s AL S W TG PR 22, . Mk~TTp %} MCF-7 1
HepG2 K ICs5o #JKF 90 umol/L; HrlifgiiG o <
M. Bt a Y N0 3 B A B a7 g % /1
3 (40 F. Cl. Br) BURH GRS S, H
1 i ) W L i T i DU Ak & W G TR R (i
Me>ME>Mi), JEHIERIRARNHE F I B
( BPTIT ¢ )% MCF-7 F1 HepG2 1 ICso 43 BIFEA% 2 1.44
F11.47 pmol/L, XF B Mo ih M3 = o i 2 . T L,
ZWEWY IF[2,3-d]MERE AT AP N AL AR
AR 5 1) ol SR A7 5 359 %o A B 0 A A P 30 e 7 A
WEZW, "CHZRAE YRR ST A
BOC R E R SIS %,

WA 0T P 0 5 LRI 0 £ 2539 -
3 #it

PL2-THR . N G R TR A A 4R SRk, 28—
RN AR 16 FhEW I [2,3-d] M8 BE 2 5 AT AR
Vi, RN 79%~89%, JfiEit 'HNMR. “CNMR.
IR, EI-MS. JCE/MTAT X G280 A7 5 7 e ifiiE
T BB WIS o RSN IS M S R B,
o Hbrfb &% (lla, Mc ATIf) XF MCF-7 1
HepG2 #AE R BLH K 4F g m bl i v, Hdr e *F
MCF-7 1 HepG2 1 ICso 437114 1.44 11 1.47 pmol/L,
e 1Cso AH B FH X BEZH 35 AR B e R IG T — Bt
%, KAzZLEWTENPUE RS EY, B
R A THE— A5 A S e LIS
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