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R 5 R B LB, AR TR = O HAE R AR AT 5 a- R IE R BRI AT RN, —J A T 9 A F R MR -a-F 3
ke A 1 7 2 0, I BB R AT AR o SR B R AN R I TG MTT o R A% 35 46 1 2 ~ 3 x 10* A~/mL, 25 4y I i e 1
h 50 pmol-L™" fEHIMFA] A 48 h £544 R M52 A Bl A9 5 0 SR 12 - 2, 356 A TR 6 97 24 0 o A 38 400 L AS49 T 40 i HepG-2
N B S0 2 i Hela RN ZUAR 8 40 i MDA-MB-231 (34 58 0 15 Pk o 85 3R - X 28 4k 45 W X A2 3 I 98 At B ok 2 300 o O ) 722 32 1)
M. Hoh b A 2,4,7,10 X A AN AS49 RN B0 40K Hela ELAT S 2 A 38 G 400 1 06 M (X AS49 B4 1 5 43 5]
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Synthesis and Anti-tumor Activity Evaluation of Oleanolic
Acid-a-aminophosphonate Derivatives
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( State Key Laboratory Cultivation Base for the Chemistry and Molecular Engineering of Medicinal Resources ,
Ministry of Science and Technology of China, School of Chemistry and Pharmaceutical
Sciences, Guangxi Normal University, Guilin 541004 , China)

[ Abstract ] Objective; To synthesize and evaluate anti-tumor activity of oleanolic acid-a-
aminophosphonate derivatives. Method: Oleanolic acid-a-aminophosphonate derivatives were synthesized from
oleanolic acid, which was treated by acetylation, then the acetylated product was reacted with oxalyl chloride,
followed by esterification with a-aminophosphonate under triethylamine to obtain nine target compounds. The
structures of these compounds were identified. MTT method was used to assay the anti-tumor activity of synthesized

compounds against human lung cancer cell lines A549, human hepatic cell lines HepG-2, human cervical
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carcinoma cell lines Hela and human breast cancer cell lines MDA-MB-231. The density of cell culture was 2-3 x
10*/mlL, the concentration of drug was 50 pmol - L' for 48 hours. Result: These target compounds showed
varying degrees of inhibitory activity against tumor cell lines. Compounds 2, 4, 7 and 10 exhibited significant
inhibitory activity against human lung tumor cell A549 and human cervical carcinoma Hela (the inhibition rate
against A549 was respectively 87.5% , 85.3% , 87.1% and 87.8% ; the inhibition rate against Hela was
respectively 85.7% , 78.7% , 83.6% and 87.9% ).
human breast tumor cell MDA-MB-231 (the inhibition rate was respectively 82.0% and 88.1% ).

Compounds 2 and 10 showed high inhibitory activity against
Conclusion .

These oleanolic acid-a-aminophosphonate derivatives exhibited varying degrees of inhibitory activity against tumor

cell lines. The compounds with ortho-substituted by halogen in phenyl ring showed better inhibitory activity.

[ Key words ]

JBAE T i A S — b AR W R N SRR I S, T
Z WS 5B A A AR 3 i & A A A B b, DE R E
FENLPA LT 40 M i 55 A A 2L 8 R 0T I TR T A
b, 2 5 R 2K A AR R T AR R AT R K
A T 2 A OC A A Y B R T 1 ST Tz T R, — R S
B T A A BB ok, IR R T R F )
TR, Qb 2 BT HIV . PR A5, i Ae 1
(tenofovir disoproxil, TDF) fHL HIV G EEA & H
JBE T2 g 45 A4 110 B 1R JC R 1 IR S U 1Y 100 £
fi5 o BIRE4E T3 (adefovir dipivoxil, ADV) fff i 7]
INEEAWBNERERT . 79256 (cidofovir)
VB —Fh it B 4 jf 8 (CMV) 259, XF CMV A 1R
=GR R GO E NI G & S/ A TN 3 7
(cyclophosphamide , CP) F1 53 ¥ 4 Bk % ( ifosfamide )
HR [ A H AT IR T R i — R i

OH i) HEHE4 / CH.Clp
i) a- ZEEBRE, =28

oleanolic acid; a-aminophosphonate; synthesis; anti-tumor

- 28 HE IR R TR A DAy i TR 15 b A9 — ol R 20 U 4
Je IR e Ak 2 Bk 1R 1 25 (L, B AT B I L B W
T 0 O 2 e R A

FFELR R (oleanolic acid, OA) ,—Fh L 3F =%
G, ) 2T T B B2 R AR ) A AR AR )
HL B AT B L R m o
gL B HIVEY 45 L Ak 0 R — Rl LA T
R RS

T B SRR R U AR B s AR A
i, SR 2O AR B BT R 25, A SO L SE
IR TR A o-520 ik i 1 Wi O IR, R T Ak B
W o BB R T AR SFHUR R, Bl T — 3K
BT L 1) 5 R R -~ R R TR R AT A W, BAR S R
FELEULIEL 1, JE X e AT B b R s R ST T R AP
W5

NH._pOF!
2\
T %
Ar
AcO

2 Ar=Ph; 7 Ar=0-Br-Ph;
3 Ar=1-NA; 8 Ar = m-Br-Ph;
4 Ar=o0-Cl-Ph; 9 Ar=p-Br-Ph;
5 Ar=m-CI-Ph; 10 Ar = o-F-Ph;
6 Ar = p-Cl-Ph;

1 FHRBR-o-SEBBREMTENNEN

1 SKIERSY

1.1 X% i3 AVANCE/AV500 MHz i85 4% #
EPRAL (Hi 1 Bruker 23 5)) s RY -1 4 i I A3 (R
FAFSFHHAL R T ) s DLSB-5/20 HUK IR ¥4 20 W16 31 3
ORI TR A BRA ) o AIRTECH it 5 5
Eppendorf AG 22331 Hamburg B > #l; Thermo
Scientfic 35 & 46 ; Olympus i f# 5% ; TECAN infinite
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1.2.1 (k&1 FECE® (5000 g, 10.95
mmol) ¥ fi# T I K ik W : CH,ClL, (8 mL, 7:1) Hr, i
A DMAP(0.134 ¢, 1.1 mmol) F1ZFREF (1. 56 mL,
16. 5 mmol) , R HEFE 12 b, WUEZEFRE N, 5k R
AFBUAE 2 mol-L ™" HCI(50 mL) 1, Z, R Z,Tig (3 x 30
mL) ZEHL, G IFAHLZE R K A& 5K s %,
TOKBRBREE T . L uE IR ZE bR A S A=,
FH 2B -7k (24 mL, 5:3) IR &S AR T 80 °C H4h
fAR AL A 17 (4.900 g, 89.3% )., 118 A 14,
R, =0.216 (Petroleum ether: EtOAc 6:1), mp 269 ~
271 °C,'"H-NMR (500 MHz, CDCl,) & 0.76, 0.85,
0.87, 0.91, 0.93, 0.94, 1.13 (7s, each 3H, 7 x
CH,), 2.04 (s, 3H, CH,C00), 0.632.10 (m,
22H), 2.82 (d, 1H, J =4.0, 13.8 Hz, H-18),
4.50 (t, 1H, J=8.3 Hz, H-3), 5.28 (s, 1H, H-
12)

1.2.2 &2 ~10 mEamE Kikawil
(0.20 mmol) ¥ T J/K CH,CL (3 mL) H,0 °C Fi§
P 54 (0. 32 mL, 3.40 mmol) , 2% i 4 $ 3 1% .
Ul 2 I TG G, % AR W) FR T C K THEF (3 mL)
L A S B R T (0. 20 mmol) M= Z % (1 mL) ,
ERBFE 4 ho WU BEBR BRI, A 28 £ T (30
mL) AR K R Eh K PR U, TR B R B T4 .
SR DR 4 , T 15 % B W 28 rE AT 2 B 43 Al Ak
(G 7/

1.2.3 k5w 2 KiE54 10009 ¢,0.20
mmol) | EL B4 (0.34 mL, 3.40 mmol) 1 — Z, %t-
[ G (R EL) W2 ] -JRE AR 1 (0. 048 ¢,0.20 mmol) ,
Fie 5 BGE VL ) 5 ERAE R M iR Al b A 2
(0.040 g, 27.8% )., 9 & [& &, Rf = 0.189
( Petroleum ether: EtOAc 4:1) ,mp 122.1 ~123.5 C,
'"H-NMR (500 MHz, CDCl,) 6 0.60 (2 s, 3H,
CH,), 0.74 ~2.20 (m, 46H, include 8 x CH, ),
2.04 (2s, 3H, CH,C00), 2.59 ~2.87 (m, 1H, H-
18), 3.51 ~4.53 (m, 5H, H-3, 2 x OCH,),
5.33 ~5.55 (m, 2H, N-CH-P, H-12), 6. 68 (2dd,
1H, J=4.5, 8.7 Hz, NH),7.25 ~7.35 (m, 3H,
ArH), 7.36 ~7.44 (m, 2H, ArH),” P-NMR (202
MHz, CDCl;) §22.11, 22.62,

1.2.4 k&3 ¥ik&M 1(0.997 g, 2.00
mmol) | %t 44 (3.23 mL, 34.00 mmol) il — Z, K-
(3 B (%% Jk-1) WKL gk MR Mg (0.586 g, 2.00

mmol) , $& & B 5 ] & R AR 2 AT 40 B B Al 15
44 3(0.701 g, 45.3% ), K, Rf=0.209
(Petroleum ether: EtOAc 4: 1), mp 124.5 ~ 126.3
°C ,"H-NMR (500 MHz, CDCl,) 6 0.32 (2s, 3H,
CH,), 0.76 ~2.26 (m, 46H, include 8 x CH, ),
2.18 (2s, 3H, CH,C00), 2.90 (2d, 1H, J=9.7
Hz, H-18), 3.63 ~4.64 (m, SH, H-3, 2 xOCH,) ,
5.55 (2s, 1H, H-12), 5.75 (2dd, 1H, J =8.9,
20.0 Hz, N-CH-P), 6.92 (2d, 1H, J = 8.6 Hz,
NH), 7.70 ~7.58 (m, 3H, ArH), 8.06 ~ 7.91
(m, 4H, ArH),” P-NMR (202 MHz, CDCl,) &
21.97, 22.51,

1.2.5 k&4 # 3 A-52 50RO R 1k
A% 1(0.997 g, 2.00 mmol) , 7 Bk & (3.23 mL,
34.00 mmol ) Al — & JE-[ 2 3 (2-50- R 3% ) W 5L ] -Jjk
M2 Mg (0. 554 g, 2.00 mmol) , #% & Jilt i 2 il £ , ik i
FEZAT oy e e o, 15k 59 4(1.154 ¢, 76.1% ) .
P [E &, Rf =0.243 (Petroleum ether: EtOAc 4:1)
mp 135.6 ~137.2 °C ,"H-NMR (500 MHz, CDCl,) &
0.64 (2s, 3H, CH,), 2.02 ~0.75 (m, 46H,
include 8 x CH, ), 2.04 (2s, 3H, CH,C00), 2.71
(2d, 1H, J=9.4 Hz, H-18), 3.45 ~4.54 (m, 5H,
H-3, 2 x OCH,), 5.29 ~5.46 (m, 1H, H-12),
6.02 (2dd, 1H, J =8.3, 20.6 Hz, N-CH-P),
6.97 ~6.61 (m, 1H, NH), 7.18 ~7.25 (m, 2H,
ArH), 7.36 (d, 1H, J=7.8 Hz, ArH), 7.39 ~
7.56 (m, 1H, ArH). P-NMR (202 MHz, CDCl,) &
21.46, 21.97,

1.2.6 L&YW S # 3 Ai-F2 35 0R 9 1 ST EUR R 1k
A% 1(0.997 g, 2.00 mmol) , ¥ Bk & (3.23 mL,
34.00 mmol ) Al — & HE-[ 2 (3-50- R 3% ) W 5L ] -Jjk
R Mg (0. 554 g, 2.00 mmol) , 4% & Bl 5 i 45 , 1k K
FEZ AT oy e ali, 15k 54 5(0.884 ¢, 58.3% ),
4 [# {4, Rf = 0.225 ( Petroleum ether : EtOAc
4:1),mp 115.7 ~ 117.2 °C,'H-NMR (500 MHz,
DMSO) 8 0.31 (2s, 3H, CH,), 0.72 ~2.00 (m,
46H, include 8 x CH,), 2.04 (2s, 3H, J=1.3 Hz,
CH,C00), 2.72 (2d, 1H, J =9.3 Hz, H-18),
3.59 ~4.57 (m, 5H, H-3,2 x OCH, ), 5.23 ~5.55
(m, 2H, N-CH-P, H-12), 6.55 ~6.81 (m, 1H,
NH), 7.14 ~7.52 (m, 4H, ArH),” P-NMR (202
MHz, CDCl,) §21.43, 21.89,

1.2.7 k&6 3 -2 3 084 1Y ST U IR 1k
A% 1(0.997 g, 2.00 mmol) , ¥ Bk & (3.23 mL,
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34.00 mmol ) Al = &, FE-[ 2 (4-50-R 3% ) H5E ] -Jjk
M2 Mg (0. 554 g, 2.00 mmol) , #% & Jilt i 2 il & , ik
2T 4r g $e o, 15k 59 6 (0.869 ¢, 57.3% ),
£ [# {4, Rf = 0.257 ( Petroleum ether : EtOAc
4:1),mp 129.5 ~ 132.3 °C,' H-NMR (500 MHz,
CDCl,) 8 0.28 (2s, 3H, CH,), 2.00 ~0.68 (m,
46H, include 8 x CH,), 2.03 (2s, 3H, J=1.3 Hz,
CH,C00), 2.70 (2d, 1H, J =9.8 Hz, H-18),
3.59 ~4.56 (m, 5H, H-3, 2 xOCH,), 5.26 ~5.52
(m, 2H, N-CH-P, H-12), 6.51 ~6.72 (m, 1H,
NH), 7.27 ~7.37 (m, 4H, ArH),” P-NMR (202
MHz, CDCl,) §21.59, 22.07,

1.2.8 (&M T # 3 Ai-F2 50RO R 1k
A% 1(0.997 g, 2.00 mmol) , ¥ Bk & (3.23 mL,
34.00 mmol ) Al — £ K- [ Z B (2-VR -85 ) HY 3 ] -Jk
M2 Mg (0. 644 g, 2.00 mmol) , #% & Jill i 2 il &5 , ik
2T oy g e o, 15k 59 7(0.926 ¢, 57.7% ),
4 [# {4, Rf = 0.187 ( Petroleum ether : EtOAc
4:1), mp 172.2 ~173.5 °C,' H-NMR (500 MHz,
CDCl,) 8 0.63 (2s, 3H, CH,), 0.74 ~2.01 (m,
46H, include 8 x CH,), 2.03 (2s, 3H, CH,C00),
2.70 (2d, 1H, J =10.0 Hz, H-18), 3.35 ~ 4.54
(m, 5H, H-3 and 2 x OCH, ), 5.38 (2s, 1H, H-
12), 6.01 (2dd, J=8.1, 20.5 Hz, 1H, N-CH-P) ,
6.58 ~6.98 (m, 1H, NH), 7.17 ~7.28 (m, 2H,
ArH), 7.36 (d, 1H, J=7.6 Hz, ArH), 7.46 (2d,
1H, J= 7.5 Hz, ArH), "C-NMR (125 MHz,

DMSO ) & 177.16, 176.66, 171.15, 144.12,
143.54, 134.43, 134.23, 133.37, 129.92,
129.33, 129.10, 128.62, 127.02, 123.12,

122.94, 81.00, 80.95, 77.41, 77.16, 76.91,
63.86, 63.80, 63.54, 63.49, 63.16, 63.10,
62.96, 62.91, 55.33, 55.30, 48.10, 47.65,
47.51, 46.86, 46.68, 46.45, 46.29, 42.64,
42.04, 41.91, 39.34, 39.29, 38.26, 38.21,
37.79, 37.75, 36.98, 36.88, 34.16, 33.12,
33.04, 32.91, 32.75, 32.62, 30.86, 30.30,
28.16, 28.11, 27.44, 25.73, 23.84, 23.74,
23.64, 23.42, 21.44, 18.30, 18.16, 17.03,
16.82, 16.78, 16.57, 16.52, 16.47, 16.36,
16.20, 16.15, 15.54, 15.39,”'P-NMR (202 MHz,
CDCl;) 621.43, 21.97,

1.2.9 ka8 ¥ 3 fi-FAEAT R L
A% 1(0.997 g, 2.00 mmol) , ¥ Bk & (3.23 mL,
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34.00 mmol ) Fl — £ K- [ Z B (3-JR -85 ) HY 3L ] -Jk
B2 (0. 644 g, 2.00 mmol) , #% & Jili 18 32 ) 4% , ik 2
FEEAT o B4 4, 1554 8(0.820 g, 51.1% ), M
o [# {&, Rf =0.194 ( Petroleum ether: EtOAc 4:1)
mp 122.3 ~124.5 C ,"H-NMR (500 MHz, CDCL,) &
0.30 (2s, 3H, CH,), 0.70 ~ 1.95 (m, 46H,
include 8 x CH,), 2.03 (s, 3H, CH,C00), 2.71
(2d, 1H, J =12.9 Hz, H-18), 3.60 ~4.58 (m,
5H, H-3,2xO0OCH,), 5.24 ~5.57 (m, 2H, H-12,
N-CH-P), 6.55 ~6.75 (m, 1H, NH), 7.18 (dd,
1H, J=7.7,13.8 Hz, ArtH), 7.33 (s, 1H, ArH) ,
7.41 (d, 1H, J=7.1Hz, ArH), 7.52 (d, 1H, J =
12.1 Hz, ArH),"P-NMR (202 MHz, CDCl,) &
21.41, 21.88,

1.2.10 fk&5%9 B 3 (- 0y ORIk
A% 1(0.997 g, 2.00 mmol) , ¥ Bk & (3.23 mL,
34.00 mmol ) Al = & JE-[ 2 (4-1R -8 3% ) 5L | -Jjk
R MG (0. 644 g, 2.00 mmol) , 4% & Bl 5 il 45 , 1k K
FEZ AT or e o, 15k &4 9(0.855 ¢, 53.3% ),
4 [E A&, Rf =0.206 (Petroleum ether: EtOAc 4:
1), mp 134.5 ~ 136.2 °C.'H-NMR (500 MHz,
CDCl,) 8 0.27 (2s, 3H, CH,), 0.77 ~2.00 (m,
46H, include 8 x CH,), 2.04 (s, 3H, CH,C00),
2.56~2.88 (m, 1H, H-18), 3.63 ~4.54 (m, 5H,
H-3, 2 x OCH,), 5.26 ~5.50 (m, 2H, H-12, N-
CH-P), 6.63 ~6.91 (m, 1H, NH), 7.24 ~7.36
(m, 2H, ArtH), 7.53 ~7.42 (m, 2H, ArH),* P-
NMR (202 MHz, CDCL,) & 21.49, 21.94,

1L.2.11 &5 10 ¥ 3 f-32 5L 0R P 10 ST O 1R
AW 1(0.997 g, 2.00 mmol) | FLEES( (3. 23 mL,
34.00 mmol ) F1 — & Jk-[ 22 B (290 -4 0k ) BB ] -Jj
M2 M (0. 522 g, 2.00 mmol) , ¥ FCiH 15 il 45, fif 2
FEZ Mo By f 4l , 154165 %) 10 (0. 868 g, 58.5% )
o [E A&, Rf =0.177 ( Petroleum ether: EtOAc 4:
1), mp 124.5 ~ 126.1 °C, 'H-NMR (500 MHz,
CDCl;) 6 0.30 (2s, 3H, CH,;), 0.72 ~1.75 (m,
46H, include 8 x CH,), 2.03 (s, 3H, CH,C00),
2.70 (2d, 1H, J =9.9 Hz, H-18), 3.59 ~4.55
(m, 5H, H-3, 2 x0CH,), 5.37 (dd, 1H, J=3.5,
7.2 Hz, H-12), 5.77 (2dd, 1H, J =8.7, 20.7,
84.0 Hz, N-CH-P), 6.63 ~6.82 (m, 1H, NH),
6.98 ~7.16 (m, 2H, ArH), 7.23 ~7.30 (m, 1H,
ArH), 7.39 (2t, 1H, J=7.6 Hz, ArH) " P-NMR
(202 MHz, CDCl,) 21.02 (d, J=4.8 Hz), 21.60
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(d, J=4.4 Hz),
L3 AL AW 0 kg O v Ik AR L 7R B
PEXT IR 3 8 N il 96 40 i AS549 | A BT 48 Bl HepG-
2 N E S A0 M Hela AT AL R 985 40 g MDA-MB-
231 g 40 M bR, I MTT 35 % H ARG A 4 2R 47
T RSN R B I AR SR R IR U K
Xof K00 A 98 40 M A 0. 25% JE B 1 B T AL W, TH Ak
A U0k B 40 6L 9%, LA 2 10% & 2 I35 (9 RPMI 1640
NS REN 2 x 10° ~ 3 x 10" 4~/mL 40 it &
JE R F 96 LEE SR M T, &L 180 uL; F 37 C,
5% CO, M REFRm T IEE Z 4R (296 h) ,Jn
AHEHE Sy 50 pwmol - L™ iy Wi 1k 75 47 , 45 4L 20 pL
(% PBS 2B vl 7 B ffi DMSO S &K T 1% ) ;15 3%
48 h 5% 10 pL/fL MTT ) PBS ¥ Wi ( 57 & vk i Ky
0.05 g-L=") JiA 96 FL4R 1,37 °C 5% CO, 41 g %
FEA L 4 b, WK BV, iMA DMSO 100 wL/fL,
AR IR LAREE 5 ming K A 08 G IS0 D K
29 570 nm F1Z % P 630 nm L BEAL 1O
JIE(A) RRE BT A5 10 A ST S 3. 20 M 4 i 2% Y

AN
S LA A = (B X AL A — R P 2L A) /B % B
21 A x100%
2 H#R

F 1 IRAL AWy B A SN 3 A SR A
Frp ol LU BT a0 A A 9 ) I i T A R
200 10 P 2 L A [ R R AU A 3 4

F1 M AEDNTEARBGEHOEMIBE (v 25,0=3) %

L&Y A549 HepG-2 Hela MDA-MB-231
2 87.5 20.7 85.7 82.0
3 40.3 30.7 59.0 60.9
4 85.3 30.9 78.7 54.1
5 26.3 44.0 39.4 71.7
6 24.3 38.3 34.8 77.4
7 87.1 46.2 83.6 87.0
8 19.6 40.7 32.4 69. 8
9 28.6 13.1 41.0 70.6
10 87.8 48.2 87.9 88. 1

WA A 0 T 2 50 pumol - 1™ 5 95 BOHE O 3
SR (.

Fa T 3% DA TR L R o T R T 25 4
ER IR EV A AR T BT LUA s R
IR 7 5 PR A 1) 3 b 400 ) R ST I 88 4 i 48 5
TR A —RE WS . R B AR S 2
FIAR A7 B A AL A4 4,710 Xk A 20 i A549 il

N B B0 20 M Hela BA I 35 1 39 4 30 0 305 M (T

A549 I % > 85% , %t Hela 1] % > 78% ) , B i

A F ) A7 Fxt A BOAR o Ak & W Xk N i 20

HepG-2 1 15 58 1 i 5% P AR R A 55, H: rp A8 47 BUAC Y

EE 1 10 X HepG-2 30 il 16 M e i o WAL &9

XTNFL IR 6 40 i MDA-MB-231 3% 3Lt R 47 (1) 3% 7

I 355 M (R a2 > 50% ), Ta] o A% A B 1) 4 i

TG Y S F1 6 X MDA-MB-231 41 i 1% M 0L T4

P AR L& 4, 0 SRR BRIk & 90 7 XF

MDA-MB-231 {9 41 i 335 P O T 112 A0 57 AR Y TR

JE LG 8 9, RI EITCHUR I G W 2 FI 4l

AR L & 9 10 %F MDA-MB-231 (1 417 1 #& 48

REF( >80% ) o ZEEEWARAALE D) 3 X% I3k 240 i

R P AR AR E R B4R A K

F U A6 B %o 000 3K 4 A %) B 2 0 o) 3 R AT

3 &g

A SC LA SRR Ry JORY , 28 R A R N ),
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