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4-— AR EFIITEY RIS B R EHE T

AITW B R

F &

R AN

(IR RARAYE G TR RS JTE 475004)

WE WA T 104 4 PREIEHEATEY, WK% 'TH NMR, ESI-MS RUCZE TGN, KA BEME (MTT)
IR T A A P%t HepG2(N A1 M) A0 HIVE T, 45 R0 HAr L& 210 30 pmol/L ¥ % HepG2 41 it
SEMIEIVER, KA 2t &, a9 Se, Se, Sf 1 55 i vEEE, GRS HHR 91.0%,
90.1%, 95.7%F1 92.1%, 1 HALG4) 5 75 10 pmol/L ¥ FE T X HepG2 MIFNHIZ A 93.1%, HARANHILIINE.

SRR O TR G U

Synthesis and Biological Evaluation of 4-Dimethylamino
Flavonoid Derivatives

Su, Yabin Hong, Chen

Li, Qian

Luo, Wen*  Wang, Chaojie*

(Key Laboratory of Natural Medicine and Immuno-Engineering of Henan Province, Henan University, Kaifeng 475004)

Abstract Ten novel 4-dimethylamino flavonoid derivatives were designed and synthesized. The structures of these com-
pounds were confirmed by '"H NMR, ESI-MS and elemental analysis. Their preliminary antitumor activity was evaluated by
measuring their cytotoxic activity against the HepG2 cell line using thiazolyl blue tetrazolium bromide (MTT) assay. All ten
compounds exhibited potent antitumor activity at 30 pumol/L. Some of the compounds displayed higher activity than the refer-
ence compound, quercetin. Compounds Sc, 5e, 5f and 5j were the most potent with inhibition rates of 91.0%, 90.1%, 95.7%
and 92.1%, respectively. Moreover, compound 5f at 10 umol/L showed an inhibition rate of 93.1%. Further investigation is

needed.
Keywords flavonoid; derivative; synthesis; antitumor

H{ i (Flavonoids) # — 28 1 3 7 £ 1 H AR F 1R AR
P, RPN, P, o, et
LR BRETE, LS SO A L SR RS, 1
B 20U R AT T B N TS ST AR S A I
A DT T TS BT R, R AR TR R
PRIFGANA IR BRI 2R 0, W B R SR BRRE 55
JTHI G T A2 SO BRI R AR B 5 A AR T
PEAG R AKVETEANGE . AR ] 22 55 B i, BRI X

FATT 5 56 %KY LUKk — A TR 25 1)
GO, i HL R T — S B R B R 1 1 B
W AT A JER, AT AT FR M0 IRg i e
B, AL 4- R ST AR R A R (3
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I f BTG Pk, i FLG SRS W AT A B B R K
P A SCIRIE T 10 AN 4- - L ST AT A
A B S HL 120 B PUI IR PE VPN, A5 SN A o T i
PO IR 29 e SR, LA i e WA 1.
1 &R5it1iE
1.1 ER5%W

PAT o 2R A R W G 2 A O W BEAZ 3, DL 2,4-
FRILIR LW AR IR R, EBLTE SR S 0T A
AU R TR I AEAE, BCRIBAE, N T 10%.
BTG S SCER[1210732:, DABITES A 1 Ak 79 45 Bl A 2R
i, PG Fem, A 41%, HEZETHRHE ok
PR AR, BN FAL ™, 1 B SRR . i
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HO OH HO OH
\©/ CICH,CN, HCI (g)
ZnCly, 87% cl
1 o}
2

N
e
HNR'R?
o)

O~ Br—
\ O n-2 KyCOg, 46 ~ 88%

O
4a~4d

=

R2

aldehyde
NaOH, 92%

AL 00D A

OH dibromoalkane
K2CO3, 45%) ~ 65%

B ST R A s £k

Figure 1 Synthesis of flavonoid derivatives

BT A5 2R P E ORI R IR Ak DGR, A3 45 21 T3
P 30 D IRATTAE A SR A, AR SR T I
LRUAT I BIAZ 3 A R, PR, ARERTT T

1 LR 2 DU TR 2R ) 1 it df ekl 765
e, SRRAMAVER F SR OGN, Tk b &
Y2, PR 87%, SUFERE, AKESE G T
— RN, LB 2 LT, MEASMAAAET, 5
4- TSR R O, LA I B 3, RN
92%, LWFELG, HEMNT F 2N, W 3
E I . TCK R BR BRIV T 5 3 2 1 IR bR AE
H, AERCPIEA da~4d, HEZHTPERBEZ, IR
M g o ikiesl. Bibstb &4 Sa~5) & o2
BHlEAR da~d4d AR LIS, 28 TCKBEBRETAIAS [H]
(PR S N2 1, T3 46%~88%, T &)/ T B/ /K
FEENT TR RS0 5, AT CREE S .

i "H NMR i1 PC NMR ¥ o] LU e AL & it 45
Ry, JTCESMER YR C, H, N GRS B 2=V [
WL JTORE oy B U 5 O 5 TROYA A 1 45
1.2 HEIEFEMENR

K BEME R MTT)IE IR T &4 5a~5j SFA
I 40 HepG2 IRASMIHIZE, WA 10 A1 30
pumol/L, Mt i ZFAE XY, 45k 1 P, ik
WLLEH, aY 5a~5j FIHH R & A Rk R )
HepG2 41 H 345 AN [ R B 4l VB F,  HL 52 R B AR i
P ORI B W T P TR R 2 2R, Sk
“W) Se, Se, 5Sf A 5j G B UF, 30 umol/L ¥ #4541
ISy 514 91.0%, 90.1%, 95.7%H1 92.1%, 1b&4) 5145
10 pumol/L WFE NIHIZA A 93.1%, BARAWITIH
.
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£ 1 AEW) Sa~5j 4 HepG2 44 il
Table 1 The inhibition activity of compounds 5a~5j for

HepG2 cell lines in vitro

th| 2 @
Compd. n NR'R? H
10 umol/L 30 umol/L
5 4 *N/i 19.9+4.1 77.3+3.8
a - 9+4. 343,
5b 4 -N 15.6X+6.2 76.5+9.4
5 6 *N/i 412483 91.0%£3.8
c - 2+38. .0+3.
5d 6 -N 0.6X£0.5 35.0%£3.8
5 8 *N/i 51.7%£9.7 90.1£2.7
e - 719. 142,
5f 8 -N 93.1%£1.3 95.7%£0.5
5¢g 8 -N ) 149%1.2 262%1.0
5h 8 ,Mﬁ4<:> 2.840.4 7.8+ 1.1
\
5i 10 *N/i 7.0£0.8 18.5+49
i - .0%0. S+4.
5j 10 -N 173%£29 92.1£1.6
Quercetin — — 16.5£1.2 332428

© 2014 Chinese Chemical Society & SIOC, CAS

CHIHIZE = (A e — A )/ (A — A 20) X 100%, BEANSEISPATIN 3 %, BCF
Bfh.

HE A S dik s v, RO, BREE I
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XA DS AT S, B R AN 8 TR A S
e, Wb &) Se FilSf, KK BTG R, K
AR I IR MR AT S, BRBEAR R, — L%
FILE s e AR (1) A6 B s A T DR IE R V- FR R B
R ED.

2 I

21 B 5IRT

Bruker AV-400 Y #% i 24 (35 [E]); Esquire3000 !
LC-MS JFi X (5 [H); X-6 B B A (P, I
AHEIE); VarioEL T AL 6 2 43 BT (5 ); WFH-204B 74
F #0417, BIO-TEKELX-800 7Y il b5 A% (35 [H);
XD-101 35 A9 WA Bih [E); H-B11600 2! HFAE
BT FRAE (T ).

2R Wy SO 4- g SE K iR 4 ]
WA R R, MR 28 (B 25 8 Al s 2 B, i
T (& B HEIRAE R, 200~300 H , HepG2 4i i+ = Rl
Bt b VRE 40 M R ), JCA RT3 Ny T B o A e, AR i —
PR GEL
22 EHES
221 2-R-1-(24-=F K F ) THI()49 4 %,

FBIAIZE y(11.3 g, 0.1 mol). S ZJE(15.1 g, 0.2 mol)
HIKAEAEE(5.4 g 04 mol)lE, IMATKZEE 50
mL, JUKEREA ], BN TSR, 2 h 5 R
T OKFE U 1 d, FREEAE 2 h, UKFTHRCE 3 d,
0 Hh Z Tk, FHHOKAR S 20 BB, IR 1 h,
FrEN R, U, JEPFHKELE S, S EY 3 (16.2,
87%).

222 4-=F HILFE(3)89E MR

B & 2 (1.9 g, 10.0 mmol) Ly 4- — FI G FL2K
(1.5 g, 20.0 mmol)¥i &, MIA 95%Z M 40 mL, #it+: N
T 10% NaOH (15 mL), E3 FRMN 2 d, RN5ERE, H
10% R pH="7, P T =il FHiF: 6 h, HhdE, JEUHH]
95% LR 45, 19 UREZ 3 (2.5 g, 92%). 'H NMR
(400 MHz, DMSO-dj) d: 7.80 (d, J=9.0 Hz, 2H), 7.58 (d,
J=8.4 Hz, 1H), 6.80 (d, J=9.0 Hz, 2H), 6.78 (d, J=1.9
Hz, 1H), 6.73 (s, 1H), 6.70 (dd, J=8.4, 1.9 Hz, 1H), 3.02
(s, 6H); MS (ESI) m/z: 282.1 (M+H)".

223 PIa4K 4a—~4e 495 RAB R

K& 3 (0.56 g, 2.0 mmol), J5/K K,CO5 (1.38 g,
10.0 mmol), —¥R%E1(6.0 mmol)MIAF] 10 mL P,
JNFAMEIA 10 h, TLC Kl B B 32 J5URN 2. s 25 B
7, A 30 mL /K, £ LEERI 3 X, To7K NaySO4 T
WJE, TR, CREEL RS RE da~de, A
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AEEH TN RN
224 B AFMLA Y Sa~5j 694 RAB R

¥ 4a~4e (1.0 mmol)# T 10 mL ZJiFH, IIATLIK
K>,CO; (0.69 g, 5.0 mmol) A4 (2.0 mmol), 60
CTHEFES h, IV IEHE, YR ZEBRAE A, A 30 mL &1,
WU K FI AN £ £h /K R, ﬁm}—:‘ﬂ%%m Na,SO, 1+
B, ZZTEA, AP/ KGO 1 0.5%) FEET,
G CRE S ST H AR &) 5a~51.

T-[4-( = L HE G ) T A 1-2-[4-( = P s AR ) oK
e -4H-ZEIEIL I -4-T (5a): P73 61%. B O, m.p.
114~116 °C; 'H NMR (400 MHz, CDCl;) &: 7.83 (d, J=
8.8 Hz, 2H), 7.70 (d, J=8.4 Hz, 1H), 6.84 (s, 1H), 6.79~
6.71 (m, 4H), 4.10 (t, J=6.4 Hz, 2H), 3.07 (s, 6H), 2.60~
2.48 (m, 6H), 1.86 (dd, J=14.5, 6.9 Hz, 2H), 1.83~1.64
(m, 2H), 1.05 (t, J=7.1 Hz, 6H); *C NMR (100 MHz,
CDCLy) 6: 182.60, 167.69, 166.24, 151.09, 145.90, 133.28,
125.39, 120.11, 115.42, 113.87, 112.13, 111.90, 96.85,
68.64, 58.33, 52.46, 46.81, 40.11, 27.08, 23.53, 18.48,
11.67; MS (ESI") m/z: 409.1 [M+H]". Anal. calcd for
C,sH3N,05: C 73.50, H 7.90, N 6.86; found C 73.54, H
7.90, N 6.76.

7-[4-(HE & e -1-55) T AR 3L -2-[4-( — F R E ) IK
FE-4H-ZE I -4-F (5b): 7% 56%. FEAE A, mop.
124~126 °C; '"H NMR (400 MHz, CDCLy) &: 7.82 (d, J=
8.8 Hz, 2H), 7.70 (d, J=8.5 Hz, 1H), 6.84 (s, 1H), 6.79~
6.69 (m, 4H), 4.10 (t, J=6.4 Hz, 2H), 3.07 (s, 6H), 2.53 (t,
J=17.1 Hz, 6H), 1.91~1.70 (m, 8H); *C NMR (100 MHz,
CDCLy) : 182.56, 167.66, 166.21, 151.07, 145.88, 133.27,
125.34, 120.08, 115.41, 113.84, 112.13, 111.88, 96.84,
68.55, 56.02, 54.23, 40.09, 27.09, 25.47, 23.42; MS (ESI")
m/z: 407.1 M+ H]". Anal. caled for C,sH3N,O5e
0.4C,HsOH+0.1CHCl;: C 71.20, H 7.50, N 6.41; found C
71.46, H7.23, N 6.44.

T-[6-( = & HE A ) OV -2 [4-( A L) R
FE)-4H-ZE I -4-F (S¢): 77 60%. T [E 44, m.p.
109~112 °C; '"H NMR (400 MHz, CDCL) &: 7.82 (d, J=
9.0 Hz, 2H), 7.70 (d, J=8.4 Hz, 1H), 6.84 (s, 1H), 6.78~
6.69 (m, 4H), 4.07 (t, J=6.5 Hz, 2H), 3.07 (s, 6H), 2.54 (q,
J=17.2 Hz, 4H), 2.48~2.40 (m, 2H), 1.87~1.82 (m, 2H),
1.56~1.47 (m, 4H), 1.42~1.36 (m, 2H), 1.04 (t, J=7.2
Hz, 6H); °C NMR (100 MHz, CDCl5) §: 182.56, 167.68,
166.28, 151.07, 145.90, 133.26, 125.35, 120.12, 115.40,
113.80, 112.13, 111.89, 96.83, 68.74, 52.85, 46.90, 40.10,
28.98, 27.43, 26.99, 26.00, 11.69; MS (ESI") m/z: 437.3
[M+H]". Anal. calcd for C»;H3N,O5: C 74.28, H 8.31, N
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6.42; found C 74.53, H 8.33, N 6.41.
7-[6-( Nk s e -1- ) O AU -2-[4-( - T R U 0k ) oK
FE-AH-ZE IR -4-lid(5d): 7= 88%. T A [E{&, m.p.
139~141 °C; '"H NMR (400 MHz, CDCLl3) 6: 7.75 (d, J=
8.9 Hz, 2H), 7.64 (d, J=9.0 Hz, 1H), 6.77 (s, 1H), 6.67 (d,
J=9.3 Hz, 4H), 3.99 (t, J=6.5 Hz, 2H), 2.99 (s, 6H), 2.48
(d, J=6.4 Hz, 4H), 2.46~2.39 (m, 2H), 1.86~1.67 (m,
6H), 1.56~1.50 (m, 2H), 1.48~1.42 (m, 2H), 1.41~1.31
(m, 2H); *C NMR (100 MHz, CDCl;) J: 182.47, 167.62,
166.24, 151.03, 145.83, 133.24, 125.26, 120.02, 115.34,
113.82, 112.12, 111.84, 96.78, 68.70, 56.51, 54.23, 40.04,
28.91, 27.40, 25.94, 23.37; MS (ESI") m/z: 4352 [M+
H]". Anal. calced for Cp7H34N,03¢0.4C,HsOH<0.1CHCl;: C
72.07, H7.91, N 6.03; found C 72.55, H 7.70, N 6.25.

2-[4-(  F R ) IR I -7-[8-( - LA L) A
FE)-4H-ZE I -4- T (Se): 7% 65%. T [E 44, m.p.
100~102 °C; 'H NMR (400 MHz, CDCl3) 6: 7.83 (d, J=
8.9 Hz, 2H), 7.70 (d, J=8.4 Hz, 1H), 6.84 (s, 1H), 6.77~
6.70 (m, 4H), 4.07 (t, J=6.5 Hz, 2H), 3.07 (s, 6H), 2.57 (q,
J=7.1 Hz, 4H), 2.49~2.42 (m, 2H), 1.89~1.80 (m, 2H),
1.48 (d, J=7.1 Hz, 4H), 1.37~1.31 (m, 8H), 1.05 (t, J=
7.2 Hz, 6H); “C NMR (100 MHz, CDCl;) 6: 182.58,
167.71, 166.32, 151.09, 145.92, 133.26, 125.37, 120.16,
115.40, 113.79, 112.13, 111.91, 96.84, 68.81, 52.94, 46.86,
40.10, 29.52, 29.30, 28.97, 27.63, 26.89, 25.93, 11.57; MS
(ESI") m/z: 465.3 [M+H]". Anal. calcd for C,0H4N,O5¢
0.4C,H;OH: C 74.09, H 8.85, N 5.80; found C 74.02, H
8.68, N 5.81.

2-[4-( = F IR IR ) R FE 1-7-[8-( Mk 1 ot - 1- 3 ) = 4
FE-4H-ZE T -4-JF (56): 7% 61%. (0 4K, m.p.
89~91 C; '"H NMR (400 MHz, CDCl;) 6: 7.80 (d, J=8.9
Hz, 2H), 7.67 (d, J=8.5 Hz, 1H), 6.81 (s, 1H), 6.76~6.65
(m, 4H), 4.04 (t, J=6.5 Hz, 2H), 3.04 (s, 6H), 2.51 (s, 4H),
2.46~2.37 (m, 2H), 1.87~1.74 (m, 6H), 1.57~1.43 (m,
4H), 1.35 (s, 6H); °C NMR (100 MHz, CDCl;) J: 182.53,
167.68, 166.31, 151.08, 145.90, 133.25, 125.33, 120.14,
115.39, 113.77, 112.12, 111.90, 96.84, 68.80, 56.67, 54.24,
40.07, 29.48, 29.24, 29.01, 28.96, 27.64, 25.91, 23.40; MS
(ESI") m/z: 463.3 [M-+H]". Anal. calcd for C,0H3gN,05: C
75.29, H 8.28, N 6.06; found C 74.98, H 8.28, N 5.93.

2-[4-( = F IR A3 ) 2R S )-7-[8-(WR M -1- 5 ) o 4
FE-4H-FIF LR -4- i (5g): 7% 63%. A E K, mp.
130~132 °C; '"H NMR (400 MHz, CDCl3) 6: 7.83 (d, J=
8.9 Hz, 2H), 7.70 (d, J=8.3 Hz, 1H), 6.84 (s, 1H), 6.79~
6.68 (m, 4H), 4.07 (t, J=6.5 Hz, 2H), 3.07 (s, 6H), 2.36 (d,
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J=28.0 Hz, 4H), 2.29 (d, J=17.9 Hz, 2H), 1.88~1.79 (m,
2H), 1.65~1.58 (m, 4H), 1.56~1.43 (m, 6H), 1.40~1.29
(m, 6H); *C NMR (100 MHz, CDCl;) o: 182.55, 167.69,
166.31, 151.08, 145.91, 133.25, 125.34, 120.15, 115.39,
113.77, 112.12, 111.90, 96.84, 68.80, 59.66, 54.68, 40.09,
29.50, 29.25, 28.97, 27.68, 26.94, 26.00, 25.91, 24.51; MS
(ESI") m/z: 477.3 [M+H]". Anal. calcd for C3yH4N,O;: C
75.59, H 8.46, N 5.88; found C 74.97, H 8.47, N 5.76.

T-[8-(CRHE (1 2 ) 2 58 ) = S AR - 2-[4-( = 2 ) K
FE1-4H-R I -4-F (Sh): P23 46%. B E 1A, mop.
80~82 °C;'H NMR (400 MHz, CDCly) §: 7.81 (d, J=8.8
Hz, 2H), 7.68 (d, J=8.4 Hz, 1H), 7.31 (d, J=4.4 Hz, 4H),
7.24 (d, J=4.3 Hz, 1H), 6.83 (s, 1H), 6.76~6.71 (m, 4H),
4.05 (t, J=6.5 Hz, 2H), 3.48 (s, 2H), 3.05 (s, 6H), 2.45~
2.29 (m, 2H), 2.18 (s, 3H), 1.87~1.78 (m, 2H), 1.51~
1.47 (m, 4H), 1.34 (s, 6H); *C NMR (100 MHz, CDCl5) §:
182.57, 167.71, 166.33, 151.10, 145.93, 133.27, 129.11,
128.21, 126.93, 125.37, 120.16, 115.41, 113.79, 112.14,
111.92, 96.86, 68.82, 62.31, 57.50, 42.26, 40.10, 29.47,
29.31, 28.98, 27.35, 25.93; MS (ESI") m/z: 513.4 [M+
H]". Anal. calcd for C33H4N,0500.4C,HsOH: C 76.44, H
8.05, N 5.27; found C 76.46, H 7.95, N 5.27.

T-[10-( = & AR 2 AR ) 28 Sk 1-2-[4-( = W Bk ) &
HE]-4H- 075 -4-1(5i): 772 58%. B{EAEK, mp. 101~
102 C; '"H NMR (400 MHz, CDCl;) 6: 7.91~7.76 (m,
2H), 7.76~7.62 (m, 1H), 6.83 (s, 1H), 6.81~6.68 (m,
4H), 4.06 (t, J=6.6 Hz, 2H), 3.06 (s, 6H), 2.53 (q, J=7.2
Hz, 4H), 2.43~2.39 (m, 2H), 1.92~1.75 (m, 2H), 1.46~
1.42 (m, 4H), 1.40~1.26 (m, 10H), 1.03 (t, J=7.2 Hz,
6H); “C NMR (100 MHz, CDCl;) J: 182.56, 167.71,
166.33, 151.09, 145.93, 133.25, 125.36, 120.18, 115.41,
113.74, 112.12, 111.91, 96.85, 68.83, 53.03, 46.90, 40.09,
29.63, 29.55, 29.51, 29.33, 28.99, 27.73, 27.03, 25.96,
11.68; MS (ESI") m/z: 493.4 [M+H]". Anal. calcd for
C3;HuN,05: C 75.57, H 9.00, N 5.69; found C 75.25, H
9.03, N 5.54.

7-[10-( Nk 1% 6 - 1- F ) 58 S 12-[4-( — P AR 2 0k ) O
FE]-4H-O)5-4-TR(5)): T7F 47%. A, mp. 98~
100 ‘C; 'H NMR (400 MHz, CDCl3) d: 7.81 (d, J=8.9
Hz, 2H), 7.68 (d, J=8.3 Hz, 1H), 6.82 (s, 1H), 6.76~6.69
(m, 4H), 4.05 (t, J=6.5 Hz, 2H), 3.05 (s, 6H), 2.54 (s, 4H),
2.48~2.42 (m, 2H), 1.87~1.75 (m, 6H), 1.58~1.43 (m,
4H), 1.35~1.31 (m, 10H); *C NMR (100 MHz, CDCl;) ¢:
182.58, 167.70, 166.32, 151.07, 145.90, 133.26, 125.35,
120.12, 115.37, 113.81, 112.15, 111.89, 96.82, 68.82,
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56.70, 54.24, 40.10, 29.57, 29.50, 29.32, 28.97, 28.93,
27.69, 25.95, 23.38; MS (ESI") m/z: 491.3 [M+H]". Anal.
caled for CyHs;N,05300.5C,HsOH: C 74.82, H 8.83, N
5.45; found C 74.88, H 8.57, N 5.71.
2.2.4 ARSNIUATIG E MK,

5§ FH MTT B ay26) & i s AT A 00 HepG2( A
JFF e 40 B HEAT T AR AN PUIR I PR ) D Tk, DA
R BT R 2. O B KR I 0 R A i, 1
MAEH 5X10° AS/mL T 96 FLEFFREH, HE4L 100
uL, FESA. XA A, 4 4 MR Tl
FRSE, 5% CO,, 37 CHAFFREFE 48 h, BALIMA S
mg/mL MTT % 10 uL, k8055597 4 h i, 775 L,
/N PBS 1t 3 3k, AR5 BESLAINA DMSO 100 pL, &
PEIR AR RS 10 min, {45578 0008, TRk
R T 570 nm P S AL EME. A kR =
(A s — A sa)/(A e — A 200) X 100% K VAN [R]9 BE FF00
IR, SEU A 3 R, BOFAME.
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