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Synthesis of melphalan derivatives and their antitumor activities
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Abstract: Objective To design and synthesize melphalan derivatives by combining the matrine and 18a-Glycyrrhetinic acid to
melphalan, and to evaluate their antitumor activities in vitro and in vivo. Methods Sophocarpine and melphalan were used as
starting materials to synthesize the melphalan derivative 2 by addition and acylation reaction; 18a-Glycyrrhetinic acid and melphalan
were used as starting materials to synthesize the melphalan derivative 5 by esterification and acylation reaction. The target
compounds were characterized by elemental analyses, MS and "H-NMR. The antitumor activities in vitro were evaluated by MTT
method. Anti-tumor experiments in vivo were also done for the compound 2 displaying high activities in vitro. Results The total
yield of target compound 2 and 5 were 21.3% and 18.1%. The in vitro antitumor activity experiments showed that the antitumor
activity of target compound 2 was higher than those of compound 5, 18a-glycyrrhetinic acid, matrine and melphalan. The inhibition
rates of tumor growth of compound 2 with 6 and 9 pmol/kg were 52.00% and 62.12%, while the inhibition rate of tumor growth of
melphalan with 6 pmol/kg was 39.93%. The inhibition effect of tumor growth of compound 2 is better than that of melphalan,
especially in high dose. Conclusion The compound 2 exhibits high antitumor activity in vitro and in vivo, which could be valuable
for further development.
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EBACARD;: M TS At R s —
] 7); BB16/BB5060 1% %% CO, 157546 (_LifE Sy Gkl #
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(Tecan A ) ); CK40 U5 & T 55 (BRI A ] ).
12 X%

FEL (TR E=95%, ML fsii 2
BT PR RS E=95%) 50 s
I3 80=98%) 40 [ Fhit ELES AL Ak A FRA 75
18a-H HKIR (JIE /T =98%, KiEXCEYE
REWRATD; B2 W 400 (PEG400, Ty it EU/K
WTAHRARD; VY EEMEEMEE (MTT, Sigma
AF]D); RPMI-1640 #5775 (Hyclone AF]D; Hik
A3 UM VY275 A2 TR R IR A DD
KW (DMSO) FE 41138 4 [ = 43 #r 4l

NI SMMC-7721 4k, /N EUE HepA
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2 FEEHR
2.1 ERKRERS
211 13-Q-]E)CEEESHEH (1) WEK

i) 100 mL T4 1) = ORI T8 L BER
60 mL, 7E Ny -4 FINA#NZ 0.20 g, n#kd] 50 C
N o 22 [ N e A J B AR i o PR R (4.92 g,
0.02 mol) ¥ T 10 mL 4WEEfE, 22123 n3 Fik
R, FHEE 60 C, Y 23 he VA 20
mL K& BN, HSEAER (25 mLX3), &H#
R, /K NapySO TR, kv 4645 ot ith
RV . FEEIES S, BRONE - 8F (70 1 D
VEIAR et [ 4k 3.44 g, KN 68.8%. 43 TN
C17HxN30,, JEEDHT (%): C (66.40), H (9.52),
O (10.43), N (13.67); ESI-MS m/z: 308.2 [M+
H]". 'H-NMR (400 MHz, CDCly) §: 3.57~3.48
(2H, m, CH,-18), 3.35~3.30 (3H, m, CH,-19,
He-17), 3.13~3.02 (2H, m, H-11, Ha-17), 2.89~
2.77 (3H, m, H-6. 13, He-14), 2.68 (2H, dd,
J=10.6. 5.2 Hz, He-2. 10), 2.39 (2H, dd, J=
14.0 Hz, Ha-2. 10), 2.26~2.25 (1H, m, Ha-14),
1.70~1.41 (12H, m, H-5. 7, CH,X5),
2.1.2 13-2-Q-8E-3-4-N -8 28 &-FH)-
AR E)-CEE)ESH (2) MEK

7t 250 mL — R AR OISR (3.07 g,
0.01 mol) A1 100 mL 5 M, VK44 T 4
mL FEG IR IR AHE 0.5 h, gkalindk
F50 C, [FIFERN 2h, PR PR E AR
(RS, RS 30 mL =5 Fheh 4 .

7t 250 mL = FE PRI A ) 1 (3.05
g, 0.01 moD). 1.38 g fikMFAI 100 mL =5 F %%,
VKB AAT PN E— P B, e e e =
HLBEFE 16 ho X S N8 f5 , T 28T /K Bk 3 1K,
HIFFVTEM, ToK NapSOs TR, I e
OGRS . RO R, A - BER O
Be (1 :5) PEfR s il ik 1.84 g, N 31%.
531 30R C30HasCLNsOs, JTCFE 73T (%): C(60.58),
H (7.64), O (8.08), N (11.77); ESI-MS m/z: 594.3
[M+H]". "H-NMR (400 MHz, CDCl;) &: 7.14 (2H,
d, J=8.6 Hz, ArH), 6.64 (2H, d, J=8.7 Hz,
ArH), 4.31~4.24 (1H, m, H-21), 3.76~3.61 (10H,
m, CH,C1X2, NCH, X2, CH,-18), 3.59~3.49 (4H,
m, He-17, CH,-22, H-19), 3.14~3.03 (3H, m,
H-11. 22, Ha-17), 2.88~2.78 (3H, m, H-6. 13,
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He-14), 2.68 (2H, dd, J=10.6. 5.2 Hz, He-2.
100, 2.40 (2H, dd, J=14.0 Hz, Ha-2. 10), 2.27~
2.25 (1H, m, Ha-14), 1.71~1.42 (12H, m, H-5.
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Fig. 1 Synthetic route of target compound 2

213 2-]E-3-@-N 2-2 2H)[E-FEH)-REKR T
e (3) BIEH

7 250 mL = TR IIAL LA (3.07 g,
0.01 mol) A1 150 mL Jo/K L, UK 42E Rk 6 mL
TR, WS UKE R AE 1 h, FHES 55°C
RIS 4 h, Pl s 28 H R M 22 4 &0, )
RPN 20 mL 7K, AR SN pH {H
4 8.0, FHEMAE (60 mLX3), &IFFBUKR, L
7K Nay SO, T A, Yok e 4 A% o (] 1 2.40 g,
WKy 72.0%. 731 A CisHpCLNyOys TG EE ST
(%): C (54.06), H (6.65), o (9.60), N (8.41);
ESI-MS m/z: 3332 [M-+H]". '"H-.NMR (400 MHz,
CDCly) d: 7.08 (2H, d, J=8.4Hz, Ar-H), 6.63
(2H, d, J=8.5Hz, Ar-H), 4.18 (2H, q, J=7.1 Hz,
CH»-3), 3.73~3.60 (9H, m, CH,CIX2, NCH,X2,
H-2), 3.00 (1H, dd, J=13.7. 5.1 Hz, He-1), 2.78
(1H, dd, J=13.7. 7.8 Hz, Ha-1), 1.66 (2H, s,
NH,), 127 (3H, t, J=7.1 Hz, CH3).
2.1.4 3-ZEREEE-18a-HEIRER (4) BIEM

7 250 mL = FBE AR 18a-H H IR
(4.70 g, 0.01 moD)+ 150 mL PUS{FRIR. 10 mL — 2,
fie. /b DMAP Il 5 mL ZRHF, =M 16 h,
PR R A0 7 3% 2 (0 B ALt o AT S — R 2 T
(7 01 IREWIATVEN, A 2543 1t [l 44
351 g, WEN 69.2 %. 7> TN C3HugOs, TCHE
M1 (%): C(74.96), H(9.45), O (15.61); ESI-MS
m/z: 511.4[M—H] . 'H-NMR (400 MHz, CDCl;)
5: 5.65 (1H, s, H-12), 4.52 (1H, dd, J=11.6.
48 Hz, H-3), 236 (1H, s, H-9), 2.24 (3H, s,
COCH3), 2.18 (1H, t, J=10.4 Hz, H-18), 2.03~
1.97 (2H, m, CH,-21), 1.70~1.57 (8H, m, He-1.

6. 7. 22, CH,X2), 147~139 (7H, m, H-5,
Ha-1. 6. 7. 22, He-15. 16), 1.36 (3H, s, CH;-29),
1.24 (3H, s, CHs-27), 1.16 (3H, s, CH;3-25),
1.13 (3H, s, CHs-26), 1.07~1.01 (2H, m, Ha-15.
16), 0.88 (6H, s, CH3-23. 24), 0.84 (3H, s, CH3-28).
2.1.5 2-(3-Z B4 g 2 -18a- H B X 5 -30- FF B B
£)3-@-M 2-[ 2E)VFE-FE)-RRCHE (5) B
B

7 250 mL — HFH KAt G4 4(2.06 g,
0.005 mol) A1 100 mL 5 4, vKir4&1E Fihn 4
mL FEES, Wnoe R E =WEBEE 0.5 h, 4kEndk
F]50 C, [MAKRM 2h, WEZAH ZHFREAEZR
(RS, WS 30 mL =5 FFerh 4 1

71 250 mL = BRI G4 3 (1.66
g, 0.005 mol). 0.69 g TR AT 80 mL — 5L 4,
VKB AAT N E— D B, Wnse e =
WAL 24 ho ¥ OV mﬁwﬁiﬁ, FHZE /K DB 0K,
HIATER, TK NapSO, T, aazmw
FRB PR R o A g - SR 20 (4
TRAWBOIATIEM, kAT 5 %ﬁéél%lmg,
W N 26.1%. 531 AN CysHggCLNOg, TLE ST
(%): C (68.18), H (8.28), O (11.59), N (3.38);
ESI-MS m/z: 827.5 [M+H]". '"H-NMR (400 MHz,
CDCly) 8: 7.01 (2H, d, J=84Hz, Ar-H), 6.67
(2H, d, J=83 Hz, Ar-H), 5.63 (1H, s, H-12),
4.87~4.83 (1H, m, H-31), 4.51 (1H, dd, J=11.3,
4.6 Hz, H-3), 423 (2H, q, J=7.2Hz, OCH,),
3.69 (4H, t, J=6.5Hz, CH,CIX2), 3.61 (4H, t,
J=6.7 Hz, NCH,X2), 3.11 (1H, dd, J=14.2,
5.1 Hz, Ha-32), 3.01 (1H, dd, J=14.1. 6.5 Hz,
He-32), 2.33 (1H, s, H-9), 2.05 (3H, s, OCH3),
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2.02~1.90 (3H, m, H-18, CH,-21), 1.70~1.59
(14H, m, He-6. 15, 16, H-5, CH,X5), 1.34 (3H,
s, CH;-29), 1.26 (3H, s, CH3), 1.15 (3H, s,
CH;-27), 1.11 (3H, s, CH;-25), 1.08 (3H, s,

o]

OH CH;CH,OH

NH
2 NZON-Cl SOCl,

Cl

Rkt

Et3N, ACzO

THF

H;CH,C007

(1) (cocCly,
() &3

CH;-26), 1.05~1.00 (2H, m, Ha-6. 15), 0.88~0.87
(7H, m, Ha-16, CH;-23. 24), 0.76 (3H, s, CH3-28).

Hirb G 5 B NIE R 18.1%, HA K
PR WL 2.

0

0

NH,

K>COs

H;CH,C007 |

El2 BiRLa" s mamiEk
Fig. 2 Synthetic route of target compound 5

22 {RIMEMTE

KA MTT V50K 2 A H AR A Y0 AR
SMMC-7721 4 farfifRsb MR ER, BLSREA.
18a-H B IR R FN T S AT 0 o EUAL T U2k K
W) SMMC-7721 4t T 96 fLAk, EHk
CO, B 7RI AR 24 h, 3, REALINA 8.0, 16.05
31.0. 63.0. 125.0. 250.0. 500.0. 1000.0. 2 000.0
umol/L HAR4). 44l 100 uL, }%7% 48 h 5NN
MTT %3 10 pL, [N 4 h 5352 Bisw, AL
A DMSO 150 uL, ¥&#E 5 min, JHEGIBE AR AL
7 570 nm A AN FEALBROCE () fH, THE
A 55 T 8 40 2 K 110 00 51 25 R 2 50 o1 9 B2
(ICsp). WA 1.

HE= (4 gn—A wr) /4 um

£1 BirLEYx SMMC-7721 BB E
Fig.1 Cytotoxic effect of target compounds on SMMC-7721

&) I1C5/(umol-L™")
EY) 2 54.7
tE s 311.2
180~ H B IK IR 211.2
R 1270.0
KL 199.0

MTT 253 8o HAsAY) 2 X6 N SMMC-7721
A0 MO BR A AP RE PEW] W s TS 5. 18a-
HHRR. 5 SWMASERe, Rkt ay 2 t—
A BEAT /N A P R e R i T A T
23 ARAFEMERE

H Bzl I 87 40 B 6~8 d 1) HepA fapffi /ML, TG
WAIE FRIEUIE K, 3 BB SR KRR, Tl
Je A0 IR, SRS R LM TN BB S KT
0.2 mL/H . #FXH, ¥R A S A, 4
10~14 H, MEMESE, BRIl kel mibs
Y2 A%, B mFIEY (3. 6. 9 pmolkg), 4
IR H] 20% PEG400 R /K IEC . X A1 45 T
AHIEIE ) 20% PEG400 /KR, Hodth &% 2045
THINIREE 298, 259 #4017 0.2 mL/20 g
ip 4525, $h257 dJa, SMERLFIARSE, F2R 1k,
FREE, TS MRmmR, 2 2,

RTATRE 2 = 1 — TR L P90 T /o AL SPA09R0 T

H# 2 n 5, a2 fErbiflE (6 pmol/kg)
AR (9 umol/kg) X /IN i, HepA (KM R 4331l
H 52.00%. 61.12%, 6 pmol/kg FEi:A [KIHIHIE
39.93%, AW 2 PR AR T26156, JUlLm
FIER R AW, X T HepA 301983 24 3 R L
FVEAIT 20% (P<<0.05).
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Fig. 2 Antitumor activity of compound 2 against HepA
; shE R L UNTTSTE
415 M/ (pmol-kg ) - . o i /g V8T /%
it g gk B 8

pogi — 12 12 213+14 30.6+1.7 3.87340.507 —
Kkt 6 10 10 21.2+1.6 29.5+3.4 2.32740.654" 39.93
th&w 2 3 12 12 21.4+13 30.7+2.6 2.85140.634" 26.38

6 12 12 21.0+1.1 28.6+2.8 1.85940.836™ 52.00

9 12 12 21.1+13 28.0+1.9 1.506+0.901"" 61.12

AL TP<0.01; HRECUAHE: P<0.05

P <0.01 vs control group; “P < 0.05 vs melphalan group
3 e
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Yy 2 A ER /N B HepA ibeg i A=A il /R F AR
B3, MEIEN R AEM S SA G R
&Y 2 X/ HepA B RCRIL T 36156,
Fh AR AL AR RBOR SN

I SO0 S5 AT AT AR A B0 T AAE —
SE RS LB 0 R O URE I, AT RE S T
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PSRRI R PR AT Ry — e i 5 B B o 2500
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JHFRE AR, A AL 1) 37 245 A I A £ (1L e
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