BUEERYER 20104FE 8 AE 31 HBHE W hup://www. ajsmmu. cn
Academic Journal of Second Military Medical University, Aug. 2010, Vol. 31,No. 8

+ 864 -

DOI:10. 3724/SP. J. 1008. 2010. 00864 - % °
HESEMELSYWHNEZ T &R K g &

FHRL, RAA, MNEET L, FEEL,F A L ABED
1. B FEREHERANAFEBVIE, L 200433

2. HERFKERARERNE, L 200040

3. BB TR KA R MR O E L B 200433

1. B TREERFAFEBE AW FEI R, [ 200433

(HE] 8@ EARFFMmER A 3 A BUCHR I 83 M P 362 o) 5 A DUl = 345 1, ot S SR 28tk S 1 37-
o 4R S LW BRI U S L DR PR R R R A, Tk SR BT R LR R R, &
2245 Oy A B b e] fR 3-ft-7- B 3R PR IR L R R (5) , 548 Heck coupling W Al Sonogashira coupling J i 43 51 il 7% 3 43
A RN = SR IE Y B AR LB & Suzuki coupling KNI F 37-8 4”& S AL & Y, IR 5 2 W BEE 2R A5 B T B A A
G4 HNMR O MS IR J7 #6652 B ARG & WIS i . e 8 NS5 20 itk HCT116 AT 40 i #k SMMC 7721 2 52
PR Bk L A28 8 3 ROK S 5 I O B e X RO RSN PR R, SR B S R 17 A HARIL S WA —E B R S BT
T E RS 7o F Te BUTE R, SRR £ B E A IC MY, WRAT MBS KRG REMA ICH, &#& X
I bt vl D DG 3 A7 BB R | T R R 9 T R 2 4 A U B = B AN S R AR B AR AL G W R e i R 3 P L AT e £ 4 v U I e T
PE AR R IR AL G WY 37-8 47-F k5 25 H BE T 28 R e 00T 4 32 5 HE BT g S R 2 KRB,

[X@im] ZFIFMRE]; Heck coupling JZ I ; Sonogashira coupling JZ I ; Suzuki Coupling JZ I ; 470} J& 24

[FESES] RI79.1 [X#EiRER"] A [XEHE] 0258-879X(2010)08-0864-06

Synthesis of novel 3-(substituted phenyl) chromone derivatives and their anti-tumor activities
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[Abstract] Objective To search for new isoflavones with more potent antitumor activities from the target compounds
synthesized by inserting a double bond or an acetylene bond between chromone and its 3-substituted phenyl, ester and
hydroxymethyl groups, or by formation of an amide of 3’ or 4”-amino group of isoflavones with norcantharidin. Methods The
key intermediate 3-iodo-7-methoxyl-4 H-chromen-4-one (5) was prepared with 2-hydroxyl-4-methoxyl-acetophenone and ethyl
formate. The target compounds with 3-substituted double bond or acetylene groups were synthesized by Heck coupling and
Sonogashira coupling reaction; the amide compounds were synthesized by Suzuki coupling reaction and amide formation of 3’ or
4’-amino group of isoflavones with norcantharidin. All of the target compounds were confirmed by 'HNMR, MS and IR
spectra. The IC;, values of target compounds were determined by the standard method using two kinds of human tumor cell
lines, colon cancer cell line HCT116 and liver cancer cell line SMMC 7721 to study their anti-tumor activities. Results All the
17 target compounds obtained had certain anti-tumor effect in vitro, with compounds 7b and 7e showing better anti-tumor
effects, which were similar to that of control curcumin and more potent than that of genistein in vitro. Conclusion The
insertion of a double bond or an acetylene bond between chromone and its 3-substituted phenyl, ester and hydroxymethyl groups
may promote the anti-tumor activities of isoflavone analogues. It seems that the formation of an amide of 3’- or 4’-amino group
of isoflavones with norcantharidin has no noticeable promotion effect on the anti-tumor activities.
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Fig 1 Synthetic route of target compounds

2.2 3(2-FARARATFEERL-TARAEQ) B L
A KA BN (12,7 g, 552. 2 mmol) BT A Tt i —
FI 2K (100 mD) H, 72 ZU3E PS54 AR 22 B il B
R LB AR, FHJCK ZBEE % (50 mlX 2) 6
B A B T JC K Z % (100 mb) L TR ZUBE L B
2 0C, AR, mIZIRA W 82 I R 5 (D
(30.7 g, 184. 9 mmol) Al H 2 £, I (40. 9 g, 552. 2
mmol) B JC/K £ Bt V% W (100 ml) . 1 N 5E B8, 4k 22 7E
O°CHEHE 1 ho R E A BB . FF LA
12, 5 % BEER B KK (400 mD H . Z PR ZT8E (200 ml X
EEH, A IA HLA, 1 NaCl 3% Wk %, TC /K B 1R
BT B R IS D TR U U 4 A UR B [ A
32.9 g F 92.2% ,m. p. 121~122°C ,'HNMR (300
MHz, CDCl): 7.85 (d. J=09.0 Hz., 1H, ArH).,
6.60 (dd, J=9.0 Hz, 1.8 Hz, 1H, ArH), 6.43 (d,
J=1.8 Hz, 1H, ArH), 5.84 (s, 1H, OH), 3.84
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(s. 3H, OCH;), 3.50 (s, 1H, OH), 2. 93~2. 98
(m, 2H, CH.,); "CNMR (300 MHz, CDCl;):
196.5, 192.3 (C=0), 163.2, 160.8, 130.7, 112. 5,
106.8, 101.6 (Ar), 55.6 (CH;), 52.5 (CH:); ESI
MS m/z: 194 [M+H]" .

2.3 T-FRAEFabvh-4-BA(3) 89 A B 3-(2-
2 B4 - VAR R -3- A (2) (33.0 g, 170.9
mmol) 5EE 2 (150 mD) A1k L (10 mDIE &, 7
100°C 25144 F i # 30 min, ¥8 K 2% BRI B2, i A K
(300 mD) , BRER S AN AT pH 8 8, & H & (200
ml X 3) ZEHL, & A PLAH A AT NaCl % W BE % . Tk
o P2 0 A 0 o T R S R 4 VR R 4 A B R
44, B A TGk 2Bk (100 mD) B, i 4E 10 min, 3 8
13 ENR B 28.0 g, W% 93.1% .m. p. 105~
106°C, "HNMR (300 MHz, CDCl;): 8.12 (d, J=
9.0 Hz, 1H, ArH).7.78 (d, J=6.3 Hz. 1H,
C=CH-0), 6.98 (dd, J=9.0 Hz, 2.4 Hz, 1H,
ArH), 6.84 (d, J=2.4 Hz, 1H, ArH), 6. 28 (d,
J=6.3 Hz, 1H, O=C-CH=C), 3.90 (s, 3H,
CH;); "CNMR (300 MHz, CDCl;): 179.6 (C=
0), 163. 2, 157. 6 (Ar), 142. 1 (CH = CH),
128.7, 116. 2, 110. 6 (CH=CH), 107. 5, 102. 6
(Ar), 55.2 (CH3); ESI-MS m/z. 177 [M+H]",
2.4 (E)-N-[3-(2-##-4-9F 8 A X H)-3-A K-1-
A T okovE (4) 89 AR 7-F AR L OE ik -4 R
(3) (4.3 g, 24. 4 mmol) FIUEBE (6. 2 ml, 62.5
mmol) % fi# 2 B2 (50 mD H, [ 3 h, Jd 728 T
FIAG AR B ATCIK 28 (20 mD 3583 10 min, 139§
RENR B AR 6.3 g 0% 98. 9% .mp 102~103°C,
"HNMR (300 MHz, CDCly) §: 14.5 (s, 1H, OH),
7.81 (d, J=12.3 Hz, 1H, C=CH-N), 7.58 (d, J=
9.0 Hz, 1H, ArH), 6. 41 (d, J=2.4 Hz, 1H,
ArH), 6.37 (dd, J=9.0 Hz, 2.4 Hz, 1H, ArH),
5.78 (d, J=12.3 Hz, 1H, O=C-CH=0), 3.81 (s,
3H, CH,), 3.38~3.40 (m, 4H, 2CH,), 1. 66~
1.69 (m, 6H, 3CH,); “CNMR (300 MHz, CDCl;)
5: 182.7 (C=0), 166.8, 160.2 (Ar), 151.7 (CH=
CH), 130. 2, 114. 7, 102. 8, 100. 4 (Ar), 91. 7
(CH=CH), 54.9 (CH;), 48.7, 25.6 (CH,); ESI-
MS m/z: 262 [M+H]".
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N-[3-(2-%8 F-4-H 40 38 R 56 -3- S AR-1-79 I 2% ] IR
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TR =5: 1], 1R B A f K 6. 8 g. /™% 92. 3%,
m. p. 158~159°C.,' HNMR (300 MHz, CDCl;) .
8.23 (s, 1H, O-CH=0(),8.15 (d, J=9.0 Hz,
1H, ArH), 7.01 (dd, J=9.0 Hz, 2.4 Hz, 1H,
ArH), 6.84 (d, J=2.4 Hz, 1H, ArH)., 3.91 (s,
3H, CH;); “CNMR (300 MHz, CDCl;); 186.5
(C=0), 163.2 (Ar), 158.7 (CH=CH), 153. 4,
130.7, 113. 2, 106.5, 101. 3 (Ar), 67.8 (CH=
CH), 55.3 (CH3); ESI-MS m/z: 303 [M+H]",
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mmol), TN i B8 H B (103 mg, 1.
Pd(OAc), (20 mg) Fl Cu (OAc), (900 mg, 1. 5
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A TR = 2 (10 mb) . InsE s a6 R
IOV 18 T B R L AR SRR FE 3 h, TLC BRER N .
OB 58 I o K R K (20 mD) 4 P
10 min, & 38 2% Bk R UEDEFH 4R 16 (320 mD)
Ve B 2R 25 (3 X 20 mD) ZEBL, & IFA ML
A AT NaCl iUk, TC /K B R 40 T 1, ok e vk 45 75
FM =Y., SRERTDEIVCROER) -
VCAIMEED =1 : 28327 166 mg. 0% 73.9%.

HARIE &8 To~7¢ B4,
2.8 BARKASY 8athb R HEAAMYP T KK
lia) LA [ 97 ¥4 255 B A0 50 ml T4 BRSO P A 3-
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mmol) . X & % K )l }R (163 mg., 1. 2 mmol).
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Pd(PPh;), (catalystical amount, 20 mg) . Cs; CO;
(972 mg, 3.0 mmol) I THEM 1,4-Z5F N (20
mD), SR TR IS R IR A AR 90°C A R B
TR, RN RV A B R 1) R N R A K
(10 mD #5410 min, R CBEFEHL(20 mlX 3)
ZIRE W . A IFA VLA, B K BE (10 ml X 2) . 5 H
AT NaClIEHBE (10 ml X 2) , Jo /KBBR8 14, i
B SR A el R e A B A B A RE I ZE
MrHEd B VCRRLHR) « VA = 1 : 20145 5]
4 IR E A E AR 159 me, E 59.5% ., Binfka

(200 mg, 0.75 mmol) #Ff#F| Jo/K DMF(2 mD H ¥
ZIEWEHE 0°C, RIFKME(60%, 60 mg, 1.5
mmol) 73 I A S BT, AR 22 304 30 min, FFEH
BEZE 2 (188 mg. 1. 12 mmol) i DMF (2 mD) i&F #1818
HE IS VA AT S ) | Bt S B F B AR B =l N e 2
20 h, TLC #5256 56, ¥ 52 0 W3] A 7K (10 mD)
L LR CTEAIL(10 ml X 3) . & FFA HLA L 48 A1 NaCl
FEWE (10 ml X 4) , JC/K B R 40 T 44 L 1o 8 2 Bk T gk
F e dg FERAS EVRL™ &, KR EN BV
FRZME) : VCAMBE =1 : 1] 27 & 198 mg. K

Y 8b~8d FHE ML A K, 61.7% ., HAREAY 9b~9d B4z kA%, 4 Hix
2.9 BAREH 9awgb o ERASHEY T 8a A WYIEHE FOGIE A W3R 1.
# 1 BWRLEYHYIEBENIEHE
Tab 1 Physical and spectral data of target compounds
Comnd. M- P Yield IHNMR ESI-MS IR(KBr)
P p/C (%) (300 MHz, CDCl;, or DMSO-dg) m/z o/cm™!
6a 176-179  70.6  8.19 (d.1H.J =9. 0 Hz, ArH),8. 04 (s, 1H. ArH).7. 31-7. 38 (m,2H, 261 3109,1 751,
ArlD,7.03 (dd,1H,J=9.0 Hz,J=2.1 Hz,=CH),6.85 (d,1H.,J=2.1 [M+H]* 1648.1616,
Hz,=CH),3. 90 (s,3H,-OCH;),3.79 (s,3H,-OCH3) 1403,1 159
6b 182-184  85.2  8.21 (d,1H.J=6.9 Hz.ArH),8.04 (s,1H,J=6.9 Hz.ArH),7.63 (d,1H, 279 3098,1 653,
J=7.6 Hz.ArH).7.50-7. 53 (m,2H,ArH),7. 26-7. 37 (m.3H.ArH).6.94- [M-+H]* 1623.1 421,
7.01 (m,2H,ArH).6.84 (d,1H,J=7.6 Hz,ArH).3.91 (s.3H.-OCH3) 1305,1 157
6c 192-193  78.3  8.21 (d,1H,J=9.3 Hz,ArH),8.04 (s,1H,ArH),7.67 (d,1H,J=9. 3 Hz, 297 3090,1 678,
ArH),7.25-7. 27 (m,1H, ArH), 6. 85-7. 02 (m,4H, ArH), 3. 91 (s,3H, [M+H]* 1623,1 415,
-OCH3) 1.325,1 260
7a 208-210  73.9  8.16 (d.1H,J=9.3 Hz,ArH).8.08 (s,1H,ArH),7.01 (dd.1H,J=9.3 231 3647,3 071,
Hz,J=2.1 Hz.ArH).6.84 (d.1H.J=2.1 Hz,ArH).,4.51 (s.2H.-CH,-).  [M+H]* 2 113.1 615,
3.90 (s,3H,-OCH3) 1321.1 213
7b 192-195  80.1  8.16-8.19 (m,2H, ArH).7. 54-7. 58 (m,2H, ArH),7. 32-7. 35 (m. 3H, 277 3071,2 204,
ArH).7.01 (dd,1H,J=9.3 Hz,J=2.1 Hz,ArH).6.85 (d,1H,J=2.1 Hz, [M-+H]* 1610,1 582,
ArH) 3. 90 (s.3H,-OCHj) 1317.1 227
7e 186-188  82.3  8.15-8.20 (m,2H, ArH),7. 35-7. 40 (m,2H, ArH),7. 16-7. 22 (m. 2H, 291 3067,2 115,
ArH),7.01 (dd,1H,J=9.3 Hz,J=2.1 Hz,ArID,6.85 (d,1H,J=2.1 Hz, [M+H]* 1616.1 586,
ArHD,3.91 (s,3H.-OCH;) ,2. 34 (s,3H,-CH3) 1311.1 103
7d 179-181  78.5  8.19 (d,1H,J=9.3 Hz, ArH),8. 15 (s,1H,ArH),7. 46 (d,1H,J=7.5 Hz, 291 3087,2 167,
ArH).7.16 (d.1H.J=7.5 Hz. ArH),7. 01 (dd,1H.J=9.3 Hz,J=2.4 Hz, [M+H]* 1616.1 580,
ArH) .6.85 (d.1H.J=2. 4 Hz,ArH),3.91 (s.3H.-OCH;).2. 36 (s,3H,-CH3) 1312,1 219
7e 212-215  85.4  8.19 (d,1H,J=09.3 Hz,ArH),8.15 (s,1H,ArH).7.46 (d,1H,J=7.5 Hz, 305 3101,2 132,
ArH).7.16 (d,1H,J=7.5 Hz, ArH),7.01 (dd,1H.J=9.3 Hz,J=2.4 Hz, [M-+H]* 1621.1 586,
ArH),6.85 (d,1H,J=2.4 Hz, ArH),3. 91 (s,3H,-OCH;),4. 02 (q,2H, 1201.1 103
-CH,-),1.32 (1,3H,-CHs)
7t 216-218  83.1  8.16-8.20 (m,2H, ArH),7. 64-7. 66 (m,1H, ArH),7. 46-7. 53 (m, 2H, 333 3091,2 154,
ArH),7.27-7.38 (m,1H,ArH),7. 02 (s,1H,ArH).6.86 (s,1H,ArH), [M-+H]* 1620.1583,
3.92 (s,3H,-OCH3),1.33 (s,9H,3X-CHj) 1301,1 203
8a 201-202  59.5  8.16-8.21 (m.2H.ArH),7. 20-7. 27 (m.4H, ArH). 6. 99-7. 04 (m.2H, 268 3560.,3 250,
ArH).4.01 (s.2H.-NH,).3.91 (s,3H,-OCH3) [M+H]* 1673,1635,

1581,1 436
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8bh 198-199 71.2 8.19-8.25 (m,2H,ArH),7. 21-7. 29 (m.,4H, ArH),6. 91-7. 02 (m,2H, 268 3 535.3 210,
ArH).4.12 (s,2H,-NH3),3.93 (s,3H,-OCHj) [M+H]" 1668,1579,

1309.1 132

8¢ 205-206 61.9 8.16 (d,1H,J =9. 3 Hz, ArH),7. 82 (s.1H, ArH),7. 50-7. 53 (m, 1H, 237 3 560,3 265,
ArH),7.48-7.51 (m,1H,ArH),6.90 (d,1H.J=9.3 Hz.ArH),6. 73-6. 77 [M+H]" 1652,1 610,

(m,1H,ArH),6.50-6.55 (m,2H,ArH) ,4.03 (s,2H,-NH>) 1581,1 210

8d 213-215 76.4 8.13 (d,1H,J=19.0 Hz, ArH),7. 85 (s, 1H, ArH), 7. 55-7. 57 (m, 1H, 237 3480,3 168,
ArH),7.37-7.41 (m,1H,ArH),6.89 (d,1H,J=9.0 Hz, ArH),6. 71-6. 73 [M+H]" 1648.1 620,

(m,1H,ArH),6.51-6.53 (m,2H,ArH),4. 11 (s,2H,-NH>) 1587,1193

9a 211-213 61.7 11.8 (m,1H,-NH-,8. 12 (d,1H,J=8.4 Hz,ArH),7.83 (s,1H, ArH), 436 3382,3 298,
7.57-7.61 (m,1H,ArH),7. 41-7. 46 (m,1H, ArH),6. 92 (d,1H,J=38. 4 [M+H]" 3042,1 720,

Hz.,ArH),6.77-6.89 (m,1H,ArH),6.66-6.68 (m,2H,ArH),3. 84 (s,3H, 1657,1 603,

-OCH3), 3.02-3.06 (m,4H,4X-CH-),1.45-1.70 (m,4H,2X-CH2-) 1593,1 133

9b 201-202 73.5 11.6 (m,1H,-NH-),8. 14 (d,1H,J=8.7 Hz, ArH),7. 81 (s,1H,ArH), 436 3390,3 276,
7.57-7.59 (m,1H,ArH),7. 43-7. 46 (m,1H, ArH),6. 91 (d,1H,J=8.7 [M+H]" 3051,1 713,

Hz,ArH) ,6.83-6.86 (m,1H,ArH),6.61-6.63 (m,2H,ArH),3. 87 (s,3H, 1684,1610,

-OCHj3), 3.03-3.06 (m,4H,4X-CH-),1.47-1.71 (m,4H,2X-CH3-) 1576,1 119

9c 213-214 68.5 12.0 (m,1H,-NH-),8. 14 (d,1H,J=8.4 Hz,ArH).7. 80 (s,1H,ArH), 406 3391,3 272,
7.51-7.53 (m,1H,ArH), 7. 47-7. 49 (m,1H,ArH).6. 89 (d,1H.J=8.4 [M+H]" 3112,1 714,

Hz.ArH).6.73-6. 76 (m,1H, ArH),6. 51-6. 53 (m,2H, ArH), 3. 03-3. 05 1639,1 601,

(m,4H,4X-CH-),1.48-1. 69 (m,4H,2X-CH;-) 1587,1 121

9d 198-200 70.8 11.2 (m,1H,-NH-.8. 13 (d,1H.J=8.7 Hz,ArH).7. 83 (s,1H,ArH)., 406 3 381,3 248,
7.55-7.57 (m,1H,ArH), 7. 37-7. 41 (m,1H,ArH).6. 91 (d,1H.J=8.7 [M+H]* 3012,1 731,

Hz.ArH).6.71-6. 73 (m,1H,ArH).6. 51-6. 53 (m,2H, ArH), 3. 03-3. 05 1667,1 616,

(m,4H,4X-CH-),1.48-1. 69 (m,4H,2X-CHz-) 1572,1 123

*: From the last step

2.10 AP EEM K A RICESTBER I AHEUE 40, B & DMEM £ 32 . D-Hank” s
S50 A0 M AR HCT116, AN & 40 M #F SMMC ¥k 2 W, & fLm A 100 1 DMEM X5 32 Al 10 pl
7721 80 96 FLKEFRMR L BEFL 100 pl K5 SR 24 h 40 MTT (5 mg/mD . 37°CHEE 4 h, KWk, AEFLn
FRLONGBE L 53 B AE BT A2, IR XS B AR BE 3% A 100l DMSO, J3CE 8053 B, i MITT 45 & %5 il
WARZ B 5%CO, 37T CHSEFRM kg i 5% 24 h,  HEEFRLIN 540 nm Kb JE%EBEMH (€ 2)

x 2 BIRLESWE &SN EE S
Tab 2 In vitro anti-tumor activities of target compounds
(clg/[mol o L] :l)

Compd. 1 Compd. 1

HCT116 SMMC 7721 HCT116 SMMC 7721
6a 2.4110°° 2.72X107°° 8b 3.26X107° 3.49X10°°
6b - - 8¢ 3.58X10°° 4.02X10°°
6¢ 2.55X10°° 3.05X10°° 8d 3.51X10°° 3.22X10°°
7a 4,02X107° 3.53X10°9° 9a 1.87X107° 1.97X107°
7b 9.46X1076 7.39X1076 9b 1.94X107° 2.20X10°°
7c 2.54X10°° 2.94X10°° 9¢ 2.59X10°° 2.47X10°°
7d 3.17X107° 2.49X1079 9d 2.78X107° 2.96X1079°
7e 8.16X10°6 1.08X107° Genistein 3.15X10°° 3.57X107°
7f 2.49X107° 1.30X107° Curcumin 7.23X10°6 8.30X10°6
8a 2.83X10°° 3.16X10 9

HCT116: Human colon cancer cell; SMMC 7721: Human liver cancer cell
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