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Synthesis and antitumor activities of NO-donating rhein derivatives
BAI Zhiwei*, SHANG Feiyang*, DAI Weiguo, HE Liqin”
College of Pharmacy, Anhui University of Chinese Medicine, Hefei 230031, China

Abstract Seven target compounds coupled by rhein and furoxan were synthesized and their chemical structures
were confirmed by 'H NMR, IR, and MS. All target compounds were evaluated for anti-proliferative activity
against human hepatoma cells HepG2 and Bel-7402, human colon cancer cells HCT116, human osteosarcoma
cells U20S, drug-resistant cells Bel-7402/5-FU and normal hepatocytes cells LLO2 in vitro by thiazolyl blue(MTT)
colorimetry. The results indicated that all target compounds had more potent anti-proliferative activity than their
parent compound thein. Additionally, compound 4g had stronger proliferation inhibitory activity on HepG2, Bel-
7402, U20S and Bel-7402/5-FU, with little effect on the proliferation of normal cells, exhibiting selective
inhibitory activity. Griess assay was used to measure the release of nitric oxide in vitro. Results showed that
compound 4g could increase the releases NO in HepG2 cells, which may be associated with its antitumor effects.
Furthermore, the antitumor activity of compound 4g was attenuated by NO scavenger (hemoglobin), which
indicates that the antitumor activity of compound 4g may be partly related to the release of NO.
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Scheme 1 Synthetic routes of compounds 4a-4g
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2.1 BLE5EA

LCQ ADVANTAGE MAX ¥ 5t Bk F IR 14X (&
Finnigan A 7] ) ; Nicolet Acatar 370 DTGS i 21 4p
F1E AL (55 [E Thermo Electron 22 H] ) ; AV 400 A 4%
AR AN (B Bruker 23 /], 3 518 A% — FH L0
B s 12 HEE G (100 mm x 100 mm , 45 HE Bk Fi A7
BT s KEIR (5 5 KT 98%, Vo % /NG A B}
HARTAEA A — A AR & (B =
KEDHARARA) ; MLLE A (iR s KAE
WIHARAG RAFD) o HAiF3 A 8 4 Hrad
2.2 ALFLR
2.2.1 PR (2) 694 FETIEA 100 mL [RJE
B, A KRB R (1 g, 3.5 mmol) Al — G .1
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FEALWARN  AS G L i A 1. 1 g OR G 4lifh, B2
HT RN
2.2.2 Ptk 3a~3g e ek SROCHK 21 DB
Bl (12. 1 g, 0. 11 mol) , Z %A fL#I(4. 4 ¢, 0. 11 mol)
BT 95% LFE50 mLH I A& LR (11,4 ¢,
0. 12 mol ) FIER RN (6. 35 g, 0. 06 mol ) Bt A F1I 7K 14
100 mL, IR HE3 h, M 1 he BHEZE G
JIMA 6 mol/L £L R /1 22 pH 2, W R 28 L O BE, A H
ITTEAE N, 2L U8, 15 ORI AR 2R
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P 2- KA 22 (16.0 g, 0. 1 mol) I T UK it
1% 65 mL 1, A 30% i 4 A6 &0 (20 mL, 0.2 mol),
FURPEFE 2.5 h, A5 TC ORI 0 95% KR
fiF§fi2 (40 mL, 0.9 mol) FHiik % 90 CJZ )i 30 min, %
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Table 2 IR, 'H NMR and MS datas of compounds 4a-4g

5-TE 2 S AL AT L A UE TR 14 ¢, PP
F76% ,mp:154.2 ~ 156.0 C,

A B % (10 mmol ) A1 3, 4- 4 fiff o Ak -

1,2,5- B Zme2- 5 L9 (1 g, 2.7 mmol) i T
THF 10 mL 1, 7% A 25% S A AL B % (0. 5 mL,
3mmol),2 hJ&, W AIR ¥ (048 R (0, 8
PR K 20 mL 1, 28 1R (20 mL x 3) %
B, A LR A it Ak sl ok vk —
TCKBRFREA T o 1 U5 R IRk 4, A i [ &
PR £ TR -1 i ik (60~90 °C) , 1:4 ], 5 11 (a4 AR &
1k 3a~3g.
2.2.3 B ARILE 4 da~dg B9 o B EIK 3
(1.0 mmol) . M BE (0. 24 mL, 3.0 mmol) ¥ T — 44
H e (DCM ) 20 mL H, 7E 7K ER 1 H 22 18 1 I K 1R
P52 (453 mg, 1.5 mmol) (1) 58 FH BEIR W, i Jin 5
Be T = WRBERE TLC RN s R . e I 52 5
Jn7K 100 mL, DCM #£ 0 (20 mL x 3) , £7 HLAH & IF
Jei PR R AL B R % 1 UK, TE /K B R 4 .
I U DR M AR , R A% (R S A S DCM )75 3 €6, &
ik G 1) da~dg.

B 74 B ARG P AL BRI 15 2L
Pl W LR 2,

Table 1 Yield and physical properties of compounds 4a—4g

Compd. Character Yield/% mp/°C
4a Yellow powder 68.2 192.4-193.7
4b Yellow powder 72.1 189.4-191.1
4c Yellow powder 74.0 184.4-184.9
4d Yellow powder 78.1 171.2-172.5
4e Yellow powder 76.5 163.4-165.3
4f Yellow powder 70.9 173.3-174.8
4g Yellow powder 75.2 183.5-184.2

Compd. ESIHRMS IR(KBr) v/em '"H NMR(600 MHz, DMSO-d) §
m/z[M+H]*

4a 553.4 3421,3085,2925,1720, 11.92(s, 1H), 11.89(s, 1H), 7.99(d, J = 7.2 Hz, 4H), 7.86(t, J = 7.7 Hz, 2H), 7.71(t, / = 7.6
1630, 1551, 1267,1 160 Hz, 4H), 4.63(t, ] = 7.4 Hz, 2H), 4.45(1, ] = 7.3 Hz, 2H)

4b 567.1 3436,3082,2919,1718, 11.91(s, 1H), 11.88(s, 1H), 8.01(s, 1H), 7.97(d, J = 7.7 Hz, 2H), 7.84-7.80(m, 3H), 7.70(t,
1632,1552,1265,1 161 J =7.6 Hz, 3H), 7.41(d, J = 8.0 Hz, 1H), 4.57(t, ] = 7.2 Hz, 2H), 4.45(t, J = 7.1 Hz, 2H),

2.75(t, J = 6.7, 2H)
4c 581.2 3432,3078,2923,1716; 11.91(s, 1H), 11.89(s, 1H), 8.11(s, 1H), 7.97(d, J = 8.2 Hz, 2H), 7.84(d, J = 8.1 Hz, 2H),

1 620,1 542; 1 252,1 168
4H)

7.78(s, 1H), 7.75-7.67(m, 3H), 7.41(d, J = 8.5 Hz, 1H), 4.37(d, J = 19.7 Hz, 4H), 1.77(s,
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( Continued )

Compd. ESIHRMS IR(KBr) v/em '"H NMR(600 MHz, DMSO-d) §
m/z[M+H][*
4d 595.0 3346,2974,2835,1716, 11.91(s, 1H), 11.89(s, 1H), 8.09(s, 1H), 7.95(d, J = 8.0 Hz, 2H), 7.84~7.79(m, 2H), 7.77(s,
1629, 1505, 1255,1 167 1H), 7.71-7.65(m, 3H), 7.40(d, J = 7.8 Hz, 1H), 4.41(t, J = 6.2 Hz, 2H), 4.36(t, J = 6.8Hz,
2H), 1.92(t, J = 6.7 Hz, 2H), 1.86(t, J = 6.8Hz, 2H), 1.32 - 1.26(m, 2H)
4e 609.2 3346,2914,1714; 1614, 11.90(s, 1H), 11.89(s, 1H), 8.11(s, 1H), 7.96(d, J = 7.6 Hz, 2H), 7.86-7.80(m, 2H), 7.78(s,
1552,1252,1 168 1H), 7.74-7.67(m, 2H), 7.41(d, J = 7.6 Hz, 1H), 4.38(t, J = 6.8Hz, 2H), 4.35(t, J = 6.8Hz,
2H), 1.80-1.73(m, 4H), 1.48 - 1.40(m, 4H)
4f 597.1 3428,3103,2958,2842, 11.85(d, J = 8.6 Hz, 2H), 8.03(s, 1H), 7.96(d, J = 7.5 Hz, 2H), 7.82-7.75(m, 3H), 7.68(t,
1718,1621,1269,1158 ] =7.0 Hz, 1H), 7.62(t, J = 7.2 He, 2H), 7.39(d, J = 8.4 Hz, 1H), 4.57(s, 2H), 4.47(s, 2H),
3.88(s, 4H)
4g 577.3 3432,2928,2260,1719, 12.05(s, 1H), 11.97(s, 1H), 8.08(s, 1H), 8.00(d, J = 7.2 Hz, 2H), 7.87(t, / = 7.1 Hz, 1H),

1631, 1520, 1264,1163

7.81(t, J = 7.1 Hz, 1H), 7.76=7.70(m, 4H), 7.38(d, J = 7.2 Hz, 1H), 5.29(s, 2H), 5.16(s, 2H)

2.3 fmia A& iE MR

DA Ak B ) R B IR NI PR AL I Jge 245 4
SRR MEE (5-FU) Sk FHAE XS IR SR F MTT ki
PR AL A P xE BT 40 i HepG2 | Bel-7402, A 45
P 20 MU HCT116, A8 A6 40 i U208, i 24 41 Jifd
Bel-7402/5-FU J 1E 5 JIF 41 LO2 (4 7R &M 4n fifg 3%
BEIETE . AHMITE 37 °C 5% CO, I HIE B /Y 1% 340
W LR R o IO TR AR K RS R 4
L, I AT AL (0. 125% R I +0. 01% EDTA)
THAL 1l BB 22 T 2x10°~4x 10* /1> 4 1 114 241 B A2
AT 96 LMk I, B FLN 180 pL, B AH IR CO, 5557
M S 24 he WHIBEFW, MAZIXAY
(0.16~25 wmol/L, 5 ¥k i ) , & L 20 pL, 5 5%
48 ho H4 MTT LA 96 LA, BN L 20 pl, KEFR4H
HEE 4 he Wk BIEW, I DMSO, &4l 150 pL,
M P2 R L RFE 10 min, FH I S 20 A5 IS0 o2 B FL
TEPE A 570 nm AR W, 115 1C 0
2.4 NOBHZME

4 1x10°> HepG2 40 e ¥ T 6 fL AR ¥ & &
o 1AL FIIMA 100 wmol/L AL &) 4g M &
150 min. WA 20 M4 L 244 , 78 96 FLAR Hhom A
SIS0 WL, B4 A — S AL R I 7
Griess I T F1 1l 50 L, F 37 CH¥E 10 min, I
FETE 540 nm AP ISEE . HH DMSO 45 25 4b 33 i
Y0 AR Sk S0 TR R 7 0 0 T S 1 B R DU
[vi] e 5 110 U R 0 A A o Wi 26, AR I A o il 2R3 1
BANO R .
2.5 NO F kA A4 4g &P 6 %ok

JHNO ¥ B 550 i 2125 A 35 NO BRSO b & 4

Ag IEVERIFEI . kS B2, 370, BN - 40 it
HepG2 41 il , K i 21 85 11 (2R 10 wmol/L, K I
W E WA EENE) e T2 K25 1 h ARG FR 2,
PR AZ 125 ) dg (MR 12. 5 wmol/L) A B 72 h,
SR MITT 32 G000 440 1 o 2%

3 RSt

3.1 AR

EA R HR LS P R ARG =%
HA I G W 0 & 07 5, B DL K R A g
S S B G kA A B K ) EDCI/DMAP /E H R —
A R TR S g A B R, HL S AL PR AR
Bio Wb, eoR mE SRR 1Y O vk B R 22 — 5
AR AR B R B RS (2) , B 5N R Ay P2 ) S 2
B R iE S 75 3 HbRfb &9 (4a ~ 4g) . % &
1) JT ] B 04) R H Tk SR A e kG A B 7R
i Py e B, IR T RS . 2R SR
R, R E 5 R A Ay iRt bk 1. 501
S fe At RO IR R Se vk ER T TR ISR, )5 = TR
TR . SEEEh R, Lkl s Bk &9,
N REAE U M E AT, ELJG AL BRSSO SR
A3k 68% LA |
3.2 tmindiEn

R T WESE HARME A s &, LS A
B W) K E TR AP IR 254 5-FU Ky BHPE X AR R
MTT 3£ T H AR A5 0 x5 A 28 L HepG2,
Bel-7402, A 45 g J6 40 I8 HCT116, A1 1A 8 41 Jif
U208, Tit 25 40 }d Bel-7402/5-FU I 1F % AT 40 g L.O2
ARSI AN B IG S TG M . SR EE AR LR 3,
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Table 3  Effects of target compounds against six human cancer cell lines
In vitro cytotoxicity(ICs,, pmol/L)

Compd.

Bel-7402 HepG2 HCTI116 U208 Bel-7402/5-FU HGC27
4a 1.731 2.436 3.904 2.333 2.404 3.126
4b 3.188 3.896 4.657 4.983 5.723 4.802
4c 1.980 2.431 4.293 2.323 4.652 5.078
4d 1.887 1.805 2.712 2.381 4.538 3.397
4e 1.697 3.619 5.831 4.776 3.525 6.538
4f 3.355 3.103 >12.5 3.027 4.334 >12.5
4g 1.331 2.324 >12.5 2.128 3.474 >12.5
5-FU 7.829 5.782 4.780 NT 212.1 12.28
Rhein >100 >100 >100 >100 >100 >100

FH 2 3 AJ T, K R K M A K 4 %o i 5 Y
6 Folt NI oy 200 it 1) ¢ PR HE — 5 1100 B84 B 0 2 36 42k
430 H AR Ak A X P 200 i 1 00 o 0 4 s T
e FA YK ETR , 4 K85 B As b &9 0 bt i
S I P BEE X BE 28 5-FU MY s 5 . AN [E A1k
B WX AN [) i 240 6 ) 4 sV R A T AS TR, B
BT 47 52 384k & W X Bel-7402, HepG2, U208, Bel-
7402/5-FU %5 21 Ji Bk 1 335 5 400 a4 B BRI, L 1C,
I3 SRy B AR AR A ASE RS 7R VR BEE e A4 34 2 A5 2R 3
B A BH X IR 5-FU, Horp, fb & W) 4g %) Bel-
7402 ZH i A 100 11 355 1 i, P A T SR 5-FU Y
6 155 5 X A 45 g 98 40 0 HCT116 A1 A 1 9 40 i
HGC27, AN [a] i £k & 4 Jr 52 B A 00 ) 4 FH 25 5 5%
K, AL AW af T ag 5 R 55, Ho1c, KF 12.5
pwmol/L, T 1k & 11 da~de | 32 30 11 5 [ 14 X B 24
5-FU AH 24 515 50 A0 3001 3 1, 00 BH 2 7 B o i
FELBEBEIR T | B R S HLTE MRS 55/ 5 24 3%
R AR AR (i &) 4g) 5l B2 vh & 2
JEF (A9 4F) I, 5t HCT116 FTHGC27 (3% 1
% HAFE RN, Ir G s B s G P xt i
245 A1 AR Bel-7402/5-FU & 3R H 456 (4 40 1 15 1
AR MR 5-FU 19 37~88 4% , S /R B 4T By B it
2R, T IR BAR &P & B R
g A A5 — 2 48 T HARMLG PRt A
IEH P LO2 52 . AFFE & B, 1 wmol/L 41k
G da ~ 4g X LO2 1) 18 5 100 i 3 Pk 25 S 0K -4k
4 Ag Fn 45 LO2 JLF- 3 A R, ] 25555 0
3. 80% 11 3. 44%; 1L &) 4a Fll de X LO2 1Y 52 i
RN 52N T 10%, 535 7 7. 48% F 7. 12%;

MALA 4 4b, 4d 1 de X LO2 452 0 55K, 41 il 5%
SR 14, 36%,27. 619% F122. 09%., &% L frid 4k
G0 ag AU AN 40 i HepG2 , Bel-7402, A B
TR I8 4t L U208 STt 24 2 Jfd Bel-7402/5-FU 30
SO PO 18 AT AR 3 o EL X IE AR MR AR N
B B e R L (AR — T

3.3 ALA-dh dg H VA RRPE BT BE G fm i P NO Bk
O]

TR E R IEK TR, 75 LB R L TR
ST e S A ML R P AR S R (< 0. 5 m/
mL) , fE—E B L gma 2GR0 R HE . ARS8
T K R (A, D ek s v e . 4
SE AT IR T S 4 1) B AR AL N dg FE K R
(R i BE 5 KRB R AL (< 0. 5 mg/mL) , {BAE 2
VIR TR T 58 B ot 55 AT ALV 70 v s ik B A
KRERA T —ERE N UEE : ZFE(> 0.1 mg/mL) |
PR (> 1 mg/mL) . L2 R (> 0. 33 mg/ml) \ 54
FHE(> 2 mg/mL) .

ARSI H bR G W2 NO itk 5K
BT 3 3 R AR I T A, 3 EE AR B 11k A P e
% 7 A R 3 PO R RSO 1 i FLh g e . S T
HESE HAREA e 76 F 2 A 5 NO B G
AR5 35 AR ST I8 16 PR Fee i B AL A ) 4g HEA T
PRAN NO BRI, I F NO ¥ BR A AT 300 . 5
HESCHIR , R FH Griess 352 52 T 36 M H b4 4g XF
JH-965 40 ML HepG2 Hh NO BRI (540 . 4852 3K 24
#) 4g (100 pmol/L) 4b R 5 , HepG2 4i g H1 NO B jik
3K 20. 1 pmol/L. AIER] NO 5 4 i e 7 4 2 [i]
(2 A 9T 6 T NO T BR 37 (2T 28 1) 251756
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