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Synthesis of melphalan-glycyrrhetinic acid complexes and their antitumor activity
in vitro

ZHANG Na, ZHAO Xiu-mei, LI Dong-dong, TAO Zun-wei

Tianjin Institute of Medical and Pharmaceutical Sciences, Tianjin 300020, China

Abstract: Objective To design and synthesize melphalan-glycyrrhetinic acid complexes, and evaluate its antitumor activity in vitro.
Methods Melphalan and 18a-glycyrrhetinic acid were used as starting materials to synthesize the target compounds 3a and 3b by
esterification, oxidation, acylation, and condensation reaction. The target compounds were characterized by elemental analyses, MS,
and '"H-NMR. The antitumor activities in vitro were evaluated by MTT method. The cytotoxicity of target compounds against normal
BRL and L1929 cells were also evaluated. Results The in vitro antitumor activity experiments showed that the antitumor activities of
target compounds 3a and 3b were higher than those of parent drugs, 18a-glycyrrhetinic acid, and melphalan, and less toxicity than
melphalan. Conclusion Melphalan-glycyrrhetinic acid complexes 3a and 3b exhibit high antitumor activity, which have the prospect
for development into anticancer drugs.
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Fig. 1 Synthetic routes of target compounds

1 EB5RY
1.1 48§

VGZAB-HS BUFiAL; AC-P400 BUZREIARIX
(Fii1: Bruker A ]); Vanio-EL BYTC R (FE[EH
WA T]D: BB16/BB5060 X 3% CO, 157544 (g
TR E PR AT Infinite M200 BFEE IR
A (Tecan 247] ).

1.2 iK%

18a-H H R (/T H=98%, KNiEFCE
WEARGR AT FES URESE=95%, 75
WAL HRAFD; PR EMEEAMEE (MTT,
Sigma 47 ); MTT (Scientific Research Spescial 24
7]); RPMI-1640 ¥577%E (Hyclone A +H]); #HiE4:
I3 (BUMPUZEE B TREMEHE R A F]D .

N TR MCF-7 48 Jfabk NJH SMMC-7721
K BRIE 5 JH4H M BRL R/ BUSGEF4E 40 i £929 R
B ARFE TR AE, AR A B = A4t
2 HESHR
2.1 BRERS
211 2-53E-3-[4-(W 2-5 L) SE- RS- TN g
i (1a) Bl HEEVES (461 g, 15 mmol) T
250 mL = [, 0N 150 mL Jo/K S, K4
PERWI 9 mL —&EIH, JF&RM 1 h, RJ555C
TR 5 h, SRS E A 30 mL /K, I pH
%] 8, AAZEEL, Jo/K NaSO, T4, g, W4b

R BEOE R A - BERAEE (1D BAEHR
HATVEN, FEEIE S HAr &) 1a (3.56 ),
WK 70.0%. 73 T8 C1aHy0CN2O2, TTER ST
(%): C (52.60), H (6.35), O (10.05), N (8.84);
ESI-MS m/z: 318.5[M+H]". 'H-NMR (400 MHz,
CDCly) 8: 7.08 (d, J=8.1Hz, 2H, Ar-H), 6.62
(d, J=8.1 Hz, 2H, Ar-H), 4.09 (s, 3H, OCH3),
3.70~3.62 (m, 9H, CH,CIX2, NCH,X2, H-2),

3.02 (dd, J=13.7. 72 Hz, 1H, H-1), 2.73 (dd,
J=13.7. 5.7Hz, 1H, H-1), 1.64 (s, 2H, NH,).
2,12 2-FHE-3-[4-OW 2- LA R - ]-IN IR &
s (1b) Kl WSEEE (4.61 g, 15 mmol) T
250 mL — i, I 150 mL oK 2.8, HiAhx
PNOCER b, 8 HAREEY b (295 2), RN
62.0%. 7> 72 CisHpCpN,O, JTCEMHT (%):
C (54.03), H (6.66), O (9.62), N (8.41); ESI-MS
m/z: 333.1 [M+H]". '"H-NMR (400 MHz, CDCl;)
5: 7.08 (d, J=8.4Hz, 2H, Ar-H), 6.63 (d, J=8.5
Hz, 2H, Ar-H), 4.18 (q, J=7.1Hz, 2H, H-3),
3.73~3.60 (m, 9H, CH,ClIX2, NCH,X2, H-2),

3.00 (dd, J=13.7. 5.1Hz, 1H, H-1), 2.78 (dd,
J=13.7. 7.8 Hz, 1H, H-1), 1.66 (s, 1H, NH,),
127 (t, J=7.1Hz, 3H, CHs3).

2.1.3  3-BikJE-180- H KR (2) Hles R4S
BRARIE™, B 18a-HH KR (2.4 g, 5.08 mmol) T
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250 mL = U, AN 100 mL PUSRRIR, K& T
M2 0 20 mL Jones 171, W5, 4RSI 3 ho

BN 200 mL 7K, A A Es, fhuk, JEUKuE
2 pHH 6~7, W41 EMLED 2 (224 @), W
H96.0%. mp 293~295 C. 73T Hh C30HasOs»

TR (%): C (76.76), H (9.64), O (13.61);
ESI-MS m/z: 467.5[M—H] . 'H-NMR (400 MHz,
CDCly) 6: 5.74 (s, 1H, H-12), 3.00~2.93 (m,
1H, H-9), 2.69~2.59 (m, 2H, H-18, He-2), 2.40~
2.33 (m, 2H, Ha-2. He-21), 2.23~2.19 (m, 2H,
Ha-21, He-1), 2.05~1.81 (m, 5H, He-6. 7. 19,
Ha-1, H-5), 1.69~1.52 (m, 4H, Ha-19, He-15.
16, 22), 1.49~1.41 (m, 4H, Ha-6. 7. 15. 22),
1.38 (s, 3H, H-29), 132 (d, 1H, J=6.3 Hz,

Ha-16), 1.28 (s, 3H, H-25), 1.23 (s, 3H, H-27),
1.18 (s, 3H, H-23), 1.11 (s, 3H, H-26), 1.07
(s, 3H, H-24), 0.85 (s, 3H, H-28).

214 (2-(3- ¥k i -18a- H K B -30- HT Bk %
HE)-3-[4-(W 2- LHE) S HE-RIE-IN IR 1 IR) (3a)

4 BUkEY 2 (2.34 g, 5.0 mmol) T 250 mL
IR, N 100 mL &R, UK SRR
T4 mL SEES, =E&Y 0.5 h SRR 2 h, K46
BEOMIRY, N 30 mL & PR, S
&% 1a (1.90 g, 6.0 mmol). FERFRH (0.69 g,

5.0 mmol) F 250 mL — FfiiH, JNA 80 mL 4K
He, UKy A2 n 20 & e Bt A, =
WY 24 he Sy, JKPE, JE/K NaSO, T8

PERT R ZE ST R P AT I - BERR 2R (4
D IRAWBIEAT YN, #2602 2543 A AU 4 1.66 g,
WE A 43.8%. 43 F N CasHerCLN,Os, JCE T
(%): C (68.62), H (8.14), O (10.40), N (3.63);
ESI-MS m/z: 769.4 [M+H]". 'H-NMR (400 MHz,
CDCly) 8: 7.00 (d, J=8.5Hz, 2H, Ar-H), 6.68
(d, J=8.5Hz, 2H, Ar-H), 6.01 (d, J=7.9Hz,

1H, NH), 5.66 (s, 1H, H-12), 4.88 (dd, J=13.4.
59Hz, 1H, H-31), 3.79 (s, 3H, OCH;-31), 3.70
(m, 4H, CH,CIX2), 3.62 (t, J=6.5 Hz, 4H,

NCH, X2), 3.11 (dd, J=14.3. 5.4 Hz, 1H, H-32),
3.02 (dd, J=14.2. 6.4Hz, 1H, H-32), 241 (s,
1H, H-9), 1.94~1.82 (m, 3H, 18, H-21), 1.78~
1.52 (m, 13H, He-6. 7. 22, CH,, CH), 1.36 (s,
3H, H-29), 1.31~128 (m, 4H, H-6. 7, CH,,

CH), 1.26 (s, 3H, H-27), 1.15 (s, 3H, H-25),

1.10 (d, J=4.3 Hz, 6H, H-23. 26), 1.07 (s, 3H,
H-24), 0.78 (s, 3H, H-28).
2.1.5  (2-(3- #% 3k -18a- H B UK 2 -30- Y IE ik
FE)-3-[4-(CW 2-50 LHE) & - 2R -V FE) (3b)
145 BULE9 1b (2.00 g, 6.0 mmol) 18 2.1.4
TN ALAY 12, HR RN EBE L, 52814644 3b
(1.40 @), WCEN 36.2%. 73+ A CysHesCLN,Os,
JEEIHT (%): C (68.91), H (8.15), O (10.22),
N (3.56); ESI-MS m/z: 783.3 [M+H] . 'H-NMR
(400 MHz, CDCly) d: 7.01 (d, J=7.9Hz, 2H,
Ar-H), 6.66 (d, J=7.8 Hz, 2H, Ar-H), 5.67 (s,
1H, H-12), 4.85 (dd, J=12.9. 6.3 Hz, 1H, H-31),
423 (q, J=7.1Hz, 2H, OCH,-31), 3.69 (t, J=5.7
Hz, 4H, CH,CIX2), 3.62 (t, J=53 Hz, 4H,
NCH,X2), 3.11 (dd, J=14.2. 53 Hz, 1H, H-32),
3.01 (dd, J=14.0. 6.3 Hz, 1H, H-32), 2.68~2.59
(m, 1H, He-2), 241 (s, 1H, H-9), 2.39~2.33
(m, 1H, Ha-2), 2.19~2.13 (m, 1H, He-21), 2.05
(s, 1H, H-18), 2.03~1.98 (m, 1H, Ha-21), 1.93~
1.64 (m, 10H, He-6. 7. 22, CH,, CH), 1.36 (s,
3H, H-29), 1.32~1.28 (m, 8H, Ha-6. 7, CH,,
CH), 1.26 (s, 3H, H-27), 1.15 (s, 3H, H-25),
1.09 (d, J=4.3 Hz, 6H, H-23. 24), 1.07 (s, 3H,
H-26), 0.78 (s, 3H, H-28).
2.2 RIMEMERE

KA MTT VR 2 A H A& e AR
SMMC-7721 FI AN FLAESE MCF-7 41 B it R4 bt e
YERL, L 18o-H By AN S0 g B I, Bk
BE R ANFESI . SMMC-7721 FLAFL IR
MCF-7 41501 96 FLEFFEAR, %54l 100 pL. KF
FE24h Jo, BN 8.0 16.04 31.0. 63.0. 125.0.
250.0. 500.0~ 1000.0. 2 000 pmol/L ) H k5= Fi
FHPEXS IR . 2575 48 h J=, BEALIIN 10 pL MTT
TR, AREERT TR 4 h G325 L, RELFFIN 150 ul
DMSO, #&$% 5 min, HBEARAESE A 570 nm 4bll
SEWOCRE (4D {H, THEAMEIZR, & 750 2o,
KRR (ICse) fH. WK 1. KR
MTT VLR H brr= 20t 15 K U4 BRL R/
UBCET R0 i L929 (A KAMHIMER, a2 A 18,
I EEIR, WK 2.

WHIZE= (4 au—A wr) 14 am

1 AT4n, tb&%9 3a F1 3b X} SMMC-7721
1 MCF-7 Je8 40 Ml — e R FE A SIvE L, ¥



<932 . PN T Y3

Drugs & Clinic

E3H HTH  2016FE7A

Fz1

Bir L &3 SMMC-7721. MCF-7 HiZRAE & 1%

Fig. 1 Cytotoxic effect of target compounds against SMMC-7721 and MCF-7 cells

IR/ %

il &) - = - - = = — ICsy/(umo'L™)
16 pmo-L " 31 pmo-L ™ 63 ymo'L 125 ymo-L * 250 pmo-L ™ 500 pmo-L " 1 000 pmo-L
SMMC-7721 3a 23.04 48.44 55.82 57.80 73.29 72.77 88.81 54.8
3b 17.66 21.49 31.23 72.09 78.71 81.31 86.62 86.7
180-HH XK  17.16 15.23 24.77 32.01 45.18 77.88 82.73 211.2
Tk 0.19 2.10 6.00 20.86 44.40 46.02 56.30 657.0
MCF-7 3a 20.16 24.99 30.84 51.64 67.42 68.47 88.26 119.0
3b 3.45 2.28 21.97 61.29 71.03 83.40 86.26 133.0
18a-HEIRER  12.96 16.37 34.66 31.73 49.81 66.84 72.07 235.1
Tk 1.49 1.28 3.13 11.03 24.80 35.79 54.97 743.2
x2 BHRUEY BRL #1 L929 EEMAEEME
Fig. 2 Cytotoxicity of target compounds against normal BRL and 1929 cells
ailfy et _ _ A _ _
31 pmo-L 63 umo-L 125 umo-L 250 pmo-L 500 umo-L
BRL 3a 17.75 34.93 45.76 80.56 86.53
3b 24.76 35.83 54.99 82.20 84.29
Fkt 74.37 85.97 85.88 85.03 84.28
1929 3a 15.18 30.00 55.68 67.96 84.37
3b 10.41 35.12 63.60 78.83 86.68
Fkt 67.99 87.52 89.59 89.12 88.04
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PEPE, RO HL A 0 2 3 I EIE . R E
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