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Abstract: A novel series of 17-carboxylic acid modified amiderivatives of 23-hydroxy betulinic acid)
were prepared and tested in vitro against five leds: A549 (human lung carcinoma), BEL-7402 (hama
hepatoma), SF-763 (human cerebroma), B16 (micemoaia) and HL-60 (human leukaemia). Within thiseri
of compounds,4a (IC5,=21.08 uM in SF-763, 1G=21.63 uM in HL-60), 4b (IC5~=28.45 uM in HL-
60,1G5=29.32uM in BEL-7402 ) andég (IC5=26.09uM in BEL-7402, 1G=22.65uM in HL-60) have the
more potent cytotoxic activity than lead compoundhe preliminary structure-activity relationshipadysis of
the C-28 amidelerivatives is also discussed.

Keywords: 23-hydroxy betulinic acid; amide derivatives; sture modification; antitumor activity; structure-
activity relationship.

1. Introduction

23-Hydroxy betulinic acidl) and betulinic acidq) have recently attracted much attention due to
their antitumor activity in different cell lines pentacyclic triterpenes kingdom [1-2]. Althoughmga
other biological activities have been reported saglantitumor, antiviral, antioxidant and so onsmo
research focus on their antitumor activity and hayathesized plenty of derivatives especially
betulinic acid. As a good lead compound, betuladirl showed potent antitumor activity in a series o
cell lines and the mechanism of which might betegldo the proliferation, migration, cell cycle and
apoptosis of tumor cells [3-10]. 23-Hydroxy betidiracid has the similar chemical structure to
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betulinic acid, so we can use the experience ofification of betulinic acid to design and synthesiz
new 23-hydroxy betulinic acid derivatives.

In our previous study, several 23-hydroxy betaliacid derivatives have showed more potent anti-
tumor activity than betulinic acid and 23-hydroxetliinic acid in different cell lines in vitro,
especially compound3 has the most potent cytotoxic activityereliminary structure-activity
relationship displayed that the polarity and lengftthe chain on C-28 had an important impact @n th
antitumor activity [11,12]. These results motivated to design and synthesis novel derivatives
modified on 17-carboxylic acid moiety of 23-hydrasgtulinic acid.

Figure 1. Structure of 23-hydroxy betulinic acid (1), batid acid (2) and the derivative of betulinic a¢8)

In this paper, we report a series of new 17-carioxgcid modified amide derivatives of 23-
hydroxy betulinic acid and their antitumor activifjhe preliminary structure-activity relationshg i
also discussed.

2. Materialsand Methods

2.1. General

Melting points were obtained on a MEL-TEMP |l megtpoint apparatus and are uncorrected.
IR were determined on the Nicolet Impact 410 orKBruFT-IR TENSOR27 instrument.1H-NMR
spectra were recorded on a BRUKER-ACF-300 or BRUKEIE-500 instrument (chemical shifts
are expressed as d values relative to TMS as adtstandard). ESI were recorded on an HP 1100
LC/MSD spectrometer. HR-MS were obtained using defg QTOF 6520 instrument.

2.2. Synthesis

2.2.1 General procedure for synthesiglaif

Ac,O (0.75mL, 7.5mmol) was added to a solution of 28rbxy betulinic acid (600.0mg,
1.25mmol) in dry pyridine(25mL). The mixture wadrrstd for a night at room temperature. After
adding EtOAc (20mL), the mixture was washed with B%| (30mLx3) and brine (30mLx3), dried
over anhydrous N&O, filtered, and evaporated to dryness. The resioas purified by
crystallization in EtOAc to afford the desired estempound as yellow powder (680.0mg, 98%).
(COCl), (0.1mL) was added to a solution of ester compo@®.0mg 0.90mmol) in dry CHCI,
(10mL). The mixture was stirred for 4h at room temgture, evaporated to dryness and soluted in
CH.Cl, (10mL). The solution was added dropwise to the wixt of corresponding
H,NCHR'COOCH.HCI (2 equiv) and DMAP (85.0mg, 0.696mmol) in &, (20mL) and stirred for
8h at the room temperature and concentrated taedsyThe mixture was diluted with EtOAc (30mL)
and filtered. The filtrate was washed with 9% HOKR.x2), HO(20mLx2), brine(20mLx2), dried
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over anhydrous N&Q, filtered, and concentrated to dryness. The residas purified by column
chromatography on silica gel to afford compodasf.

4a5a R=H

4b5b R=CH,

4c5c R=CH,CH(CH)CH;
4d,5d R=CH,CgHs

4e5e R=CH(CH)CH;

4f R=CH,CH,COOCH,
5 R=CH,CH,COOH

6a7a R=H g=7

6b,7b R=H R=CH,C4Hs

6c,7c R=H RP=CH,CH(CHy)CH;
6d,7d R=CH,CgHs RP=CH,CH(CH)CH;
6e7e R=CH,CgHs R=H

6,7 R=CHCH(CH)CH; R=H

69 R'=CH.CdHs RP=CH,CH,COOCH,
79 R=CH,CgHs R=CH,CH,COOH

Figure 2. Synthesis of 23-hydroxy betulinic acid amide datives

Reagents and condition@) Ac,O, pyridine/rt/12h, then (COGI)CH,Cl,/rt/4h, then HNCHR'*COOCH;: HCl,
DMAP/rt/8h; (i) 4N NaOH, CHOH, THF/reflux/4h; (i) HFNCHRECOOCH;- HCI, EDC, HOBT/rt/8h; (iv) 4N
NaOH, CHOH, THF/reflex/4h.

Methyl N-[33,23-diacetoxylup-20(29)-en-28-oyl]-glycinatéa): H,NCH,COOCH:;.HCI (217.0mg,
1.740mmol), column chromatography with petroleurheefacetone = 5:Xv:v). Yield: 338.0mg
(62%) as a white solid, mp 109-FTL IR (KBr, cmi') v 3431, 2938, 2868, 1740, 1636, 1445, 1374,
1245, 1202, 1037, 427H-NMR (CDCl;, 500MHz)$ 0.80, 0.86, 0.93, 0.96, 1.69 (s, 3H each, 24, 25,
26, 27and 30-Ckj, 2.01, 2.06 (s, 3H each, 3 and 23-OCQ);H.09 (m, 1H, 19-CH), 3.68, 3.84 (2H,
dd, J,=Jg=11.6 Hz,Jag=78.1 Hz, 23-CH), 3.76 (s, 3H, 17- CONHC}€OOCH;), 4.00 (t, 2H, 17-
CONHCH.COOCH,), 4.59, 4.73 (d, 2HJ)=68.3 Hz, 29=CH), 4.75 (m, 1H, 3-CH), 6.05 (t, 1H, 28-
CONH). MS (El):m/z[M+H]" 628.3 [M+Na]® 650.4 [M+K]" 666.3. HR-MS (ESI, M+H)n/z
calcd for G;Hs/NO; 628.4213, found 628.4217.

Methyl N-[33,23-diacetoxylup-20(29)-en-28-oyl]-L-alaninatedb): L-H,NCH(CH;)COOCH.HCI
(233.0mg, 1.740mmol), column chromatography witlrgleum ether/acetone = 5:v:v). Yield:
302.0mg (55%) as a white solid, mp 180-482IR (KBr, cni') v 3454, 3413, 2946, 2872, 2359,
1744, 1666, 1495, 1371, 1240, 1038, 88ZNMR (CDCl;, 300MHz)$ 0.80, 0.87, 0.91, 0.96, 1.69 (s,
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3H each, 24, 25, 26, 27and 30-g}2.01, 2.06 (s, 3H each, 3 and 23-OCQ);H.10 (m, 1H, 19-CH),
3.68, 3.84 (2H, dd, J\=Jg=11.6 Hz, J\p=48.6 Hz, 23-CH), 3.75 (s, 3H, 28-
CONHCH(CH)COOCH;), 4.56 (m, 1H, 28- CONHCH(CHCOOCH,), 4.59, 4.72 (d, 2H}=38.8 Hz,
29=CH,), 4.74 (m, 1H, 3-CH), 6.10 (d, 1B57.06, 28-CONH). MS (El)m/z[M+H]" 642.3, [M+Na]
664.3, [M+K] 680.3. HR-MS (ESI, M+Hin/z calcd for GgHsgNO; 642.4370, found 642.4374.

Methyl N-[33,23-diacetoxylup-20(29)-en-28-oyl]-L-leucinate);
L-H,NCH(CH,CHCH;CH3)COOCH;.HCI (315.0mg, 1.740mmol), column chromatographythwi
petroleum ether/acetone = 5:1(v:v). Yield: 315.0¢68%) as a white solid, mp 108-TT1IR (KBr,
cm®) v 3417, 2953, 2870, 1743, 1664, 1510, 1469, 13746,12163, 1037, 882H-NMR (CDCl,,
300MHz)& 0.80, 0.88, 0.91, 0.97, 1.67 (s, 3H each, 2428527and 30-Ck), 2.01, 2.06 (s, 3H each,
3 and 23-OCOCH), 3.10 (m, 1H, 19-CH), 3.68, 3.84 (2H, dd7Js=11.7 Hz,Jpg=47.0 Hz, 23-CH),
3.72 (s, 3H, 28-CONHCH(C}HCH;CH;)COOCH;), 4.61 (m, 1H, 28-CONH CH(CI€HCH;CH,)
COOCH), 4.59, 4.72 (d, 2H)=38.6 Hz, 29=CH), 4.76 (m, 1H, 3-CH), 5.86 (d, 1KH=8.3 Hz, 28-
CONH). MS (El):m/z[M+H]" 684.5, [M+Na] 706.5, [M+K] 722.4. HR-MS (ESI, M+Hn/z calcd
for C41H65NO7 684.4839, found 684.4835.

Methyl N-[35,23-diacetoxylup-20(29)-en-28-oyl]-L-phenylalaniagtd):

L-H,NCH(CH,C¢Hs) COOCH;,.HCI (374.0mg, 1.740mmol), column chromatographyhwietroleum
ether/acetone = 5:1v:v). Yield: 408.0mg (67%) as a white solid, mp B8¥C. IR (KBr, cni') v
3446, 3066, 2948, 2869, 1740, 1663, 1503, 14490,13246, 1037, 882, 706H-NMR (CDCl,
300MHz) & 0.80, 0.86, 0.89, 0.93, 1.69 (s, 3H each, 2428527and 30-C}j, 2.01, 2.05 (s, 3H each,
3 and 23-OCOC}), 3.03 (m, 2H, 28-CONHCH(C}€sHs) COOCH), 3.14 (m, 1H, 19-CH), 3.67,
3.86 (2H, ddJa=Js=11.6 Hz,Jxg=56.8 Hz, 23-CH), 3.72 (s, 3H, 28-CONHCH(Ci&sHs) COOCH,),
4.57, 4.69 (d, 2HJ=36.8 Hz, 29=Ch), 4.75 (m, 2H, 3-CH and 28-CONHCH(@EtHs)COOCH,),
5.86 (d, 1H,J=7.7 Hz, 28-CONH), 7.21 (m, 5H, 28- CONHCH(&I4Hs)COOCH,). MS (El): m/z
[M+H]" 718.4. HR-MS (ESI, M+Hjn/z calcd for G4HeNO; 718.4683, found 718.4679.

Methyl N-[33,23-diacetoxylup-20(29)-en-28-oyl]-L-valinatée]

L-H,NCH(CHCHCH;)COOCH.HCI (291.0mg, 1.740mmol), column chromatography thwi
petroleum ether/acetone = 5:1(v:v). Yield: 297.0i58%) as a white solid, mp 108-10 IR (KBr,
cm’) v 3447, 2954, 2870, 1741, 1667, 1501, 1468, 1374512151, 1038, 882H-NMR (CDC,
300MHz) & 0.80, 0.87, 0.92, 0.97, 1.67 (s, 3H each, 2428527and 30-Ckj, 2.01, 2.06 (s, 3H each,
3 and 23-OCOCE}, 3.10 (m, 1H, 19-CH), 3.68, 3.83 (2H, dd7Js=11.3 Hz,Jxs=45.8 Hz, 23-CH),
3.72 (s, 3H, 28-CONHCH(CHCJEH3)COOCH)), 4.57 (m, 1H, 28-CONH
CH(CHCH,CH3)COOCH,), 4.59, 4.72 (d, 2HJ=38.00 Hz, 29=CHh), 4.76 (m, 1H, 3-CH), 6.04 (d,
1H, J=8.3 Hz, 28-CONH). MS (El)m/z[M+H]" 670.4, [M+Na] 692.4. HR-MS (ESI, M+H)n/z
calcd for GoHesNO; 670.4683, found 670.4685.

Dimethyl N-[3,23-diacetoxylup-20(29)-en-28-oyl]-L-glutamat Y
L-H,NCH(CH,CH,COOCH;)COOCH;.HCI (367.0mg, 1.740mmol), column chromatographythwi
petroleum ether/acetone = 3:1(v:v). Yield: 335.034f6) as a white solid, mp 82-84. IR (KBr, cm

) v 3410, 2949, 2870, 1741, 1666, 1509, 1444, 13726,12037, 883.H-NMR (CDCl, 300MHz)3
0.81, 0.88, 0.92, 0.97, 1.68 (s, 3H each, 24, 8522and 30-CkJ, 2.01, 2.06 (s, 3H each, 3 and 23-
OCOCH), 3.07 (m, 1H, 19-CH), 372 (m, 7H, one of 23L£Hand 28-
CONHCH(CHCH,COOCH,)COOCH,), 3.85 (1H, d J=11.7 Hz, 23-CH), 3.72 (s, 3H, 28-
CONHCH(CHCH,COOCH,)COOCH,)), 4.56 (m, 1H, 28-CONHCH(C}¥H,COOCH)COOCH),
4.59, 4,72 (d, 2HJ=39.6 Hz, 29=CH), 4.74 (m, 1H, 3-CH), 6.28 (d, 1HJ=7.6 Hz, 28-CONH). MS
(EN): m/z [M+H]" 714.6, [M+Na] 736.6, [M+K] 752.6. HR-MS (ESI, M+H)m/z calcd for
C41HesNOg 714.4581, found 714.4586.
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2.2.2. General procedure for synthesidaff

Compound4 (0.30mmol) was dissolved in GBH (4mL) and THF (10mL). 4N NaOH (4mL)
was added to the solution and refluxed for 4h. 9@ Was added to the mixture until the white solid
appear, filtered and the insoluble substance wat&hwith HO. The residue was dried to obtain the
correspondingpa-f.

N-[38,23-dihydroxylup-20(29)-en-28-oyl]-glycine 5&): 4a (188.0mg, 0.30mmol). Yield:
133.0mg (84%) as a white solid, mp 213-225IR (KBr, cm’) v 3426, 3070, 2941, 2868, 1737,
1640, 1450, 1384, 1243, 1195, 1044, 888-NMR (DMSO, 300MHz)3 0.52, 0.77, 0.83, 0.91, 1.62
(s, 3H each, 24, 25, 26, 27and 304F2.97 (m, 1H, 19-CH), 3.06, 3.31 (2H, dil=J;=10.6 Hz,
Jas=75.9 Hz, 23-CH), 3.55 (m, 5H, 3-CH, 3-OH, 23-OH, 28-CONHGEDOH), 4.53, 4.64 (d, 2H,
J=30.9 Hz, 29=CH), 7.68 (t, 1H, 28-CONHCKCOOH). MS (El):m/z[M-H]  528.3. HR-MS (ESI,
M+H) m/z calcd for G,Hs;NOs 530.3845, found 530.3840.

N-[38,23-dihydroxylup-20(29)-en-28-oyl]-L-alaninedk): 4b (192.0mg, 0.30mmol). Yield:
132.0mg (81%) as a white solid, mp 179-4B1IR (KBr, cm’) v 3424, 2942, 2869, 1722, 1636,
1513, 1451, 1384, 1298, 1196, 1043, 884-NMR (DMSO, 300MHz)3 0.51, 0.77, 0.83, 0.91, 1.62
(s, 3H each, 24, 25, 26, 27and 30£K.10 (m, 2H, 19-CH and one of 23-gH3.39 (m, 2H, 3-CH
and one of 23-C}), 4.13 (m, 2H, 3-OH, 28-CONHCH(GMHCOOH), 4.32 (t, 1H, 23-OH), 4.52, 4.63
(d, 2H, J=33.9 Hz, 29=CH), 7.68 (d, 1HJ=7.2 Hz, 28-CONHCH(CECOOH), 12.26 (s, 1H, 28-
CONHCH(CH)COOH). MS (El):m/z[M-H] 542.3. HR-MS (ESI, M+H)n/z calcd for G3Hs3NOs
544.4002, found 544.4006.

N-[34,23-dihydroxylup-20(29)-en-28-oyl]-L-leucine5c]: 4c (205.0mg, 0.30mmol). Yield:
132.0mg (75%) as a white solid, mp 198-200IR (KBr, cm) v 3447, 2949, 2872, 1720, 1638,
1524, 1446, 1383, 1196, 1045, 88H-NMR (DMSO, 300MHz)$ 0.50, 0.77, 0.82, 0.90, 1.62 (s, 3H
each, 24, 25, 26, 27and 30-gH3.00 (m, 2H, 19-CH and one of 23-gH3.39 (m, 2H, 3-CH and one
of 23-CH,), 4.10 (d, 1HJ=4.9 Hz, 3-OH), 4.24 (m, 1H, 28-CONHCH(GEHCH;CH3)COOH), 4.34
(t, 1H, 23-OH), 4.52, 4.63 (d, 2HJ=33.4 Hz, 29=ChH), 7.66 (d, 1H, J=8.2 Hz, 28-
CONHCH(CHCHCH,CH3)COOH), 12.25 (s, 1H, 28-CONHCH(GEHCH;CH3)COOH). MS (EI):
m/z[M+H]" 586.4, [M+Na] 608.4. HR-MS (ESI, M+H)n/z calcd for GgHsgNOs 586.4471, found
586.4468.

N-[38,23-dihydroxylup-20(29)-en-28-oyl]-L-phenylalaniftl): 4d (215.0mg, 0.30mmol). Yield:
152.0mg (82%) as a white solid, mp 180-182IR (KBr, cm') v 3425, 2942, 2869, 1718, 1639,
1522, 1451, 1386, 1199, 1044, 880, 698NMR (DMSO, 300MHz)5 0.47, 0.52, 0.72, 0.81, 1.59 (s,
3H each, 24, 25, 26, 27and 30-H?2.98 (m, 4H, 19-CH and one of 23-CHand 28-
CONHCH(CHC¢Hs5)COOH), 3.36 (m, 2H, 3-CH and one of 23-gH1.08 (d, 1HJ=4.8 Hz, 3-OH),
4.31 (t, 1H, 23-OH), 4.41 (m, 1H, 28-CONHCH(&I4Hs)COOH), 4.49, 4.60 (d, 2H]=30.8 Hz,
29=CH,), 7.19 (m, 5H, 28-CONHCH(C}€¢Hs)COOH), 7.69 (d, 1H,J=8.8 Hz, 28-
CONHCH(CHCgHs)COOH), 12.48(s, 1H, 28-CONHCH(GBsHs)COOH). MS (El): m/z [M+H]"
620.4, [M+Na] 642.4. HR-MS (ESI, M+Hn/z calcd for GgHs,NOs 620.4315, found 620.4319.

N-[3f,23-dihydroxylup-20(29)-en-28-oyl]-L-valine 5¢): 4e (201.0mg, 0.30mmol). Yield:
140.0mg (82%) as a white solid, mp 175-927IR (KBr, cm®) v 3429, 3177, 2943, 2870, 1727,
1640, 1500, 1460, 1384, 1196, 1043, 888-NMR (DMSO, 300MHz)30.50, 0.77, 0.82, 0.90, 1.62
(s, 3H each, 24, 25, 26, 27 and 3052.98 (m, 2H, 19-CH and one of 23-gH3.41 (m, 2H, 3-CH
and one of 23-C}), 4.06 (m, 2H, 3-OH and 28-CONHCH(CHgGEH3)COOH), 4.35 (t, 1H, 23-OH),
4.52, 4.63 (d, 2HJ=32.9 Hz, 29=Ch), 7.40 (d, 1HJ=8.4 Hz, 28-CONHCH(CHCKCH3)COOH),
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12.35 (s, 1H, 28-CONHCH(CHGBH:;)COOH). MS (El):m/z[M+H]* 572.3, [M+Na] 594.3. HR-
MS (ESI, M+H)m/z calcd for GsHs;NOs 572.4315, found 572.4313.

N-[34,23-dihydroxylup-20(29)-en-28-oyl]-L-glutamic acigbf): 4f (214.0mg, 0.30mmol). Yield:
128.0mg (71%) as a white solid, mp 188-100IR (KBr, cm') v 3447, 2944, 2870, 1717, 1640,
1512, 1450, 1386, 1198, 1041, 884-NMR (DMSO, 300MHz)30.51, 0.77, 0.83, 0.91, 1.62 (s, 3H
each, 24, 25, 26, 27 and 30-§H2.98 (m, 2H, 19-CH and one of 23-¢H3.40 (m, 2H, 3-CH and
one of 23-CH), 4.14 (m, 2H, 3-OH and 28-CONHCH(QEH,COOH)

COOH), 4.33 (t, 1H, 23-OH), 4.52, 4.63 (d, 28%33.4 Hz, 29=Ch), 7.66 (d, 1HJ=7.7 Hz, 28-
CONHCH(CHCH,COOH)COOH), 12.19 (s, 2H, 28-CONHCH(gEH,COOH)COOH). MS (EI):
m/z [M+H]" 602.4, [M+Na] 624.4, [M+K] 640.3. HR-MS (ESI, M+H)m/z calcd for GegHs/NO;,
616.4213, found 616.4211.

2.2.3. General procedure for synthesiaig

Corresponding compound5 (0.20mmol) in CHCl, (10mL) was added to
H,NCHRP*COOCH,.HCI (1.2equiv) in CHCI, (10mL) in the absence of EDC (0.40mmol) and HOBT
(0.50mmol). The mixture was stirred for 8h at tbem temperature and washed witfOH20mLx2),
brine (20mLx2), dried over anhydrous JS&; filtered, and concentrated to dryness. The reswiae
purified by column chromatography on silica geattord compounda-g.

Methyl N'-[N-[33, 23-dihydroxylup-20(29)-en -28-oyl]-2-aminoethalj@fucinate (6a): 5a
(106.0mg, 0.20mmol), MCH,COOCH:;.HCI (30.0mg, 0.24mmol). column chromatography with
CH.Cl,/acetone = 2:1(v:v). Yield: 96.0mg (80%) as a white solid, mp21B2C. IR (KBr, cm') v
3417, 3072, 2943, 2868, 1749, 1642, 1526, 14446,13211, 1043, 883, 567H-NMR (CDC,
300MHz) & 0.69, 0.85, 0.88, 0.96, 1.68 (s, 3H each, 2428527 and 30-C§j, 3.08 (m, 1H, 19-CH),
3.40, 3.70 (2H, ddJx=Js=10.3 Hz,Jas=89.0 Hz, 23-CH), 3.61 (m, 1H, 3-CH), 3.75 (s, 3H, 28-
CONHCHCONHCH,COOCH)), 4.00 (m, 4H, 28-CONHCHMONHCHCOOCH and 28-
CONHCHCONHCH,COOCH;)), 4.59, 4.73 (d, 2H,J=40.9 Hz, 29=ChH, 6.33 (t, 1H, 28-
CONHCH,CONHCH,COOCH)), 6.66 (t, 1H, 28-CONHCKCONHCH,COOCH;). MS (El): m/z
[M+H]" 601.3, [M+Na] 623.4. HR-MS (ESI, M+H)m/z calcd for GsHs¢N,Og 601.4217, found
601.4214.

Methyl N'-[N-[35,23-dihydroxylup-20(29)-en-28-oyl]-2-aminoethanelphenylalaninate @b): 5a
(106.0mg, 0.20mmol), MCH(CH,CsHs)COOCH.HCI  (52.0mg, 0.24mmol). column
chromatography with petroleum ether /acetone =ivi(Wield: 105.0mg (76%) as a white solid,
mp182-184C. IR (KBr, cm') v 3474, 3419, 2953, 2866, 1747, 1638, 1502, 14583,18045, 882,
699, 616.H-NMR (CDCL, 300MHz)$ 0.68, 0.85, 0.88, 0.95, 1.67 (s, 3H each, 2428527and 30-
CHy), 3.12 (m, 3H, 19-CH and 28-CONH@EONHCH(CHCsHs)COOCH;), 3.40 (1H, dJ=10.33,
one of 23-CH), 3.65 (m, 2H, 3-CH and one of 23-@H3.72 (s, 3H, 28-CONHC}ONHCH(CH
CsHs)COOCH), 3.89 (m, 2H, 28- CONHC¥ONHCH(CHCsHs)COOCH;), 4.59, 4.72 (d, 2H,
J=41.1 Hz, 29=CH), 4.85 (m, 1H, 28-CONHC}ONHCH(CHCsHs)COOCH,), 6.17 (t, 1H, 28-
CONHCH,CONHCH(CHCsHs)COOCH), 6.27 (d, 1HJ=7.5 Hz, 28-CONHCHCONHCH(CH;
CeHs)COOCH), 7.19 (m, 5H, 28-CONHC}ONHCH(CHCgHs)COOCH;). MS (El): m/z [M+H]*
691.3, [M+Na] 713.3, [M+K] 729.3. HR-MS (ESI, M+H)m/z calcd for G,HgN,Os 691.4686,
found 691.4683.

Methyl  N'-[N-[33,23-dihydroxylup-20(29)-en-28-oyl]-2-aminoethanep]eucinate  6c): 5a
(106.0mg, 0.20mmol), MCH(CH,CHCH;CH3)CsHsCOOCH:. HCI (40.0mg, 0.24mmol). column
chromatography with petroleum ether /acetone =id). Yield: 96.0mg (73%) as a white solid,
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mp144-148C. IR (KBr, cm?) v 3416, 3075, 2951, 2869, 1746, 1638, 1517, 14685,18204, 1153,
1046, 882'H-NMR (DMSO, 300MHz)& 0.50, 0.60, 0.77, 0.88, 1.62 (s, 3H each, 2428527and
30-CH), 3.07 (m, 2H, 19-CH and one of 23-gH3.42 ( 2H, m, 3-CH and one of 23-gJH3.61 (s,
3H, 28-CONHCHCONHCH(CHCHCH;CH3)COOCH;), 3.69 (m, 2H, 28-CONHCH ONH
CH(CH,CHCH,CH3)COOCH), 4.13 (t, 1H, 23-OH), 4.30 (m, 2H, 3-OH and 28XHCH,CONH
CH(CH,CHCH;CH3)COOCH;), 4.52, 4.64 (d, 2H]=34.3 Hz, 29=CH), 7.75 (t, 1H, 28-CONHCH
CONHCH(CHCHCH;CH3)COOCH;), 7.98 (d, 1HJ=7.6 Hz, 28-ONHCHCONHCH(CHCHCH;
CH3)COOCH,). MS (El): m/z [M+Na]" 679.3, [M+K] 695.3. HR-MS (ESI, M+Hm/z calcd for
CsoHesN20s 657.4843, found 657.4847.

Methyl N'-[N-[35,23-dihydroxylup-20(29)-en-28-oyl]-2-amino-2-benetthanoyl]-L-leucinate &d):
5d (124.0mg, 0.20mmol), MCH(CH,CHCH;CH3)CsHsCOOCH;.HCI (40.0mg, 0.24mmol). column
chromatography with petroleum ether /EtOAc =1:2/)\vYield: 103.0mg (69%) as a white solid,
mp146-148C. IR (KBr, cm') v 3411, 3068, 2950, 2869, 1745, 1665, 1497, 14689,18202, 1149,
1046, 879, 695'H-NMR (DMSO, 300MHz)5 0.44, 0.51, 0.72, 0.79, 1.58 (s, 3H each, 24,285,
27and 30-CH), 2.95 (m, 4H, 19-CH and one of 23-£&hd 28-CONHCH(CKCsHs) CONHCH
(CH,CHCH;CH;)COOCH,), 3.37 (2H, m, 3-CH and one of 23-gH 3.62 (s, 3H, 28-
CONHCH(CHC¢H5) CONHCH(CHCHCH;CH;)COOCH;), 4.04 (br, 1H, 3-OH), 4.33 (m, 2H, 23-
OH and 28-CONHCH(CKCeHs)CONHCH(CHCHCH;CH;)COOCH;), 4.49 (m, 1H, 28-
CONHCH(CHCHs) CONHCH(CHCHCH;CH3)COOCH;), 4.49, 4.58 (d, 2H)=27.7 Hz, 29=CH),
7.22 (m, 5H, 28-CONHCH(C}€¢Hs) CONHCH(CHCHCH;CH;)COOCH;), 7.63 (d, 1HJ=8.5 Hz,
28-CONHCH(CHCH5) CONHCH(CHCHCH;CH;)COOCH;), 7.98 (d, 1H,)=7.9 Hz, 28-CONHCH
(CH,CgHs) CONHCH(CHCHCH;CH3)COOCH;). MS (El): m/z[M+Na]* 769.5. HR-MS (ESI, M+H)
m/z calcd for GgH-oN.Og 747.5312, found 747.5314.

Methyl N'-[N-[38,23-dihydroxylup-20(29)-en-28-oyl]-2-amino-2-benretthanoyl]-glucinate &e): 5d
(124.0mg, 0.20mmol), MCH,COOCH:;.HCI (30.0mg, 0.24mmol). column chromatography with
petroleum ether / acetone =1({:v). Yield: 106.0mg (77%) as a white solid, mp1B%~C. IR (KBr,
cmt) v 3424, 2943, 2867, 1751, 1664, 1512, 1497, 1452413206, 1046, 882, 702H-NMR
(DMSO, 300MHz)5 0.42, 0.51, 0.72, 0.78, 1.58 (s, 3H each, 2428527and 30-Ck}, 2.86 (m, 2H,
28-CONHCH(CHCHs) CONHCH,COOCH), 3.03 (m, 2H, 19-H and one of 23- gH3.36 (m, 2H,
3-CH and one of 23-Chi 3.63 (s, 3H, 28-CONHCH(C}EsHs) CONHCH,COOCH;), 3.87 (m, 2H,
28-CONHCH(CHCHs) CONHCH,COOCH), 4.08 (d, 1H,J=4.8 Hz, 3-OH), 4.31 (t, 1H, 23-OH),
4.52 (m, 1H, 28-CONHCH(C}:Hs) CONHCH,COOCH), 4.49, 4.60 (d, 2HJ=32.8 Hz, 29=CH),
7.20 (m,, 5H, 28-CONHCH(Cj€cHs;)CONHCHCOOCH,), 7.65 (d, 1H,J=8.3 Hz, 28-
CONHCH(CHCHs) CONHCH,.COOCH), 8.11 (t, 1H, 28-CONHCH(C}sHs) CONHCH,COO

CHs). MS (EI):m/z[M+H]* 691.3, [M+Na] 713.4, [M+K] 729.4. HR-MS (ESI, M+Hn/z calcd for
C42H62N206 691.4686, found 691.4683.

Methyl N'-[ N-[ 33, 23 -dihydroxylup- 20(29)- en- 28 -oyl]- 2- amin®-(2' -isobutyl)- ethanoyl]-
glucinate 6f): 5¢ (117.0mg, 0.20mmol), MCH,COOCH:.HCI (30.0mg, 0.24mmol). column
chromatography with petroleum ether / acetone £8:92). Yield: 93.0mg (71%) as a white solid,
mp160-162C. IR (KBr, cm®) v 3415, 2950, 2873, 1756, 1636, 1520, 1466, 13837,1P045, 886H-
NMR (DMSO, 300MHz)5 0.50, 0.77, 0.82, 0.85, 1.62 (s, 3H each, 24,&%2Zand 30-Ck), 3.02
(m, 2H, 19-CH and one of 23-GKl 3.40 (2H, m, 3-CH and one of 23-¢g3.60 (s, 3H, 28-
CONHCH(CHCHCH,CH3)CONHCH,COOCH;), 3.83 (m, 2H, 28-CONHCH (Ci€H CH;
CH;)CONHCHCOOCH), 4.10 (d, 1H,J=4.8 Hz, 3-OH), 4.34 (m, 2H, 23-OH and 28-
CONHCH(CHCHCH;,CH3)CONHCH,COOCH;), 4.52, 4.64 (d, 2HJ=34.9 Hz, 29=CH), 7.54 (d,
1H, J=8.5 Hz, 28- CONHCH(CKCHCH;CH3)CONHCHCOOCH;), 8.00 (t, 1H, 28- CONHCH
(CH,CHCH;CH3)CONHCHCOOCH,). MS (El): m/z[M+H] " 657.5, [M+Na] 679.5, [M+K] 695.5.
HR-MS (ESI, M+H)m/z calcd for GeHesN2Os 657.4843, found 657.4848.



261 Bi et.al, Rec. Nat. Prod(2013) 7:4 254-265

Dimethyl N'-[ N-[ 3, 23- dihydroxylup- 20(29) -en- 28 -oyl]- 2- amin2- benzyl-ethanoyl]-L-
glutamate 6g): 5d (124.0mg, 0.20mmol), MCH(CH,CH,COOCH)COOCH.HCI (51.0mg,
0.24mmol). column chromatography with petroleurreethacetone =2:1(v:v). Yield: 104.0mg (63%)
as a white solid, mp138-120. IR (KBr, cm') v 3424, 2923, 2852, 1741, 1632, 1554, 1447, 1376,
1217, 1168, 1048, 737H-NMR (DMSO, 300MHz)5 0.52, 0.78, 0.81, 0.84, 0.98 (s, 3H each, 24, 25,
26, 27and 30-Ckj, 2.96 (m, 4H, 28-CONHCH(C#€sHs) CONHCH(CHCH,COOCH;) COOCH; and
19-H and one of 23-Chl 3.37 (m, 2H, 3-CH and one of 23-¢H3.58, 3.64 (s, 3H each, 28-
CONHCH(CHCsHs) CONHCH(CHCH,COOCH,)COOCH), 4.12 (d, 1H,J=4.6 Hz, 3-OH), 4.36 (m,
4H, 28-CONHCH(CHCzHs) CONHCH(CHCH,COOCH;)COOCH; and 29=CH), 7.19 (m, 6H, 28-
CONHCH(CHCsHs) CONHCH(CHCH,COOCH,)COOCH;), 8.28 (d, 1H, J=7.3 Hz, 28-
CONHCH(CHCgHs) CONHCH(CHCH,COOCH;)COOCH;). MS (El): m/z[M+H]" 777.6, [M+Na]
799.6, [M+K] 815.6. HR-MS (ESI, M+Hin/z calcd for GeHggN,Og 777.5054, found 777.5051.

2.2.4. General procedure for synthesigaig

Compoundbs (0.10mmol) was disolved in GBH (4mL) and THF (4mL). 4N NaOH (2mL) was
added to the solution and refluxed for 4h. 9% H@kvadded to the mixture until the white solid
appear, filtered and the insoluble substance wat&hwith HO. The residue was dried to obtain the
correspondinga-f.

N'-[N-[3p, 23-dihydroxylup-20(29)-en -28-oyl]-2-aminoethaih@tucine (7a): 6a (60.0mg,
0.10mmol). Yield: 50.0mg (85%) as a white solid, BF5C (dec). IR (KBr, crit) v 3416, 2929,
2867, 1730, 1640, 1530, 1450, 1383, 1197, 1044, &&2 'H-NMR (DMSO, 500MHz)s 0.51, 0.77,
0.82, 0.87, 1.62 (s, 3H each, 24, 25, 26, 27 an€@R¥), 2.97 (m, 1H, 19-CH), 3.05, 3.70 (d, 1H,
J=8.9 Hz, one of 23-CHl, 3.40 (m, 2H, 3-CH and one of 23-gH 3.67 (m, 4H, 28-
CONHCH,CONHCH,COOH), 4.10 (d, 1HJ=89.0 Hz, 3-OH), 4.33 (t, 1H, 23-OH), 4.52, 4.64 ZH,
J=58.8 Hz, 29=CH), 6.77 (t, 2H, 28- CONHCKCONHCH,COOH).MS (EIl): m/z [M+H]" 587.4,
[M+Na]* 609.5. HR-MS (ESI, M+Hin/z calcd for G4Hs:N,Os 587.4060, found 587.4065.

N'-[N-[3/,23-dihydroxylup-20(29)-en-28-oyl]-2-aminoethanelphenylalanine Tb): 6b (69.0mg,
0.10mmol). Yield: 55.0mg (82%) as a white solid, if8-160C. IR (KBr, cni') v 3401, 2924, 2854,
1731, 1644, 1585, 1447, 1334, 1125, 1048, 879, B1-NMR (DMSO, 300MHz)5 0.51, 0.76, 0.81,
0.86, 1.62 (s, 3H each, 24, 25, 26, 27and 3@CH.95 (m, 4H, 19-CH and 28-
CONHCH,CONHCH(CHC¢Hs)COOCH; and one of 23-C}), 3.36 (m, 2H, 3-CH and one of 23-
CH,), 3.63 (d, 2HJ=5.7 Hz, 28-CONHCKHCONHCH(CHC¢Hs)COOH), 4.09 (d, 1HJ=5.2 Hz, 3-
OH), 4.32 (t, 1H, 23-OH), 4.43 (m, 1H, 28-CONHEZHONHCH(CHC:Hs)COOH), 4.52, 4.64 (d,
2H, J=34.9 Hz, 29=CH), 7.24 (m, 5H, 28-CONHC}€ONHCH(CHC¢Hs)COOH), 7.69 (t, 1H, 28-
CONHCH,CONHCH(CHCgsHs)COOH), 7.89 (d, 1HJ)=7.8 Hz, 28-CONHCKCONHCH(CHC¢Hs)
COOH). MS (El):m/z[M+H]" 677.4, [M+Na] 699.5. HR-MS (ESI, M+H/z calcd for GiHgoN,Os
677.4530, found 677.4533.

N'-[N-[3/,23-dihydroxylup-20(29)-en-28-oyl]-2-aminoethanel]leucine  {c): 6¢c  (66.0mg,
0.10mmol). Yield: 54.0mg (84%) as a white solid, 2#2-244C. IR (KBr, cni') v 3415, 2923, 2869,
1724, 1638, 1519, 1467, 1385, 1271, 1156, 1045, ®B2'H-NMR (DMSO, 300MHz)5 0.51, 0.77,
0.82, 0.88, 1.62 (s, 3H each, 24, 25, 26, 27an@13§); 2.95 (m, 1H, 19-CH), 3.06 (d, 1859.2 Hz,
one of 23-CH), 341 (m 2H, 3-CH and one of 23-¢gH 3.65 (m, 2H, 28-
CONHCH,CONHCH(CHCHCH,CH3)COOH), 4.12 (m, 2H, 23-OH and 28-CONHE&IONHCH
(CH,CHCH;CH3)COOH), 4.32 (t, 1H, 3-OH), 4.53, 4.64 (d, 2832.7 Hz, 29=CH), 7.72 (m, 2H,
28-CONHCHCONHCH(CHCHCH;CH;)COOH and 28- CONHCHONHCH(CHCHCH:;CHjy)
COOH). MS (El)::m/z[M-H] 641.5. HR-MS (ESI, M+H)n/z calcd for GgHg,N,Os 643.4686, found
643.4681.
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N'-[N-[3/,23-dihydroxylup-20(29)-en-28-oyl]-2-amino-2-benetthanoyl]-L-leucine {d):6d (75.0mg,
0.10mmol). Yield: 58.0mg (79%) as a white solid, 2i8-215C. IR (KBr, cm®) v 3417, 2951, 2868,
1715, 1639, 1519, 1467, 1383, 1200, 1153, 1045, 32 'H-NMR (DMSO, 300MHz)5 0.42, 0.52,
0.72, 0.78, 1.58 (s, 3H each, 24, 25, 26, 27an@R%); 2.88 (m, 4H, 19-CH and one of 23-Cé&hd
28-CONHCH(CHCH5) CONHCH(CHCHCH;CH;)COOH), 3.40 (2H, m, 3-CH and one of 23-gH
4.09 (d, 1H, 3-OH), 4.28 (m, 2H, 23-OH and 28-CON#{CH,C¢Hs)CONH
CH(CH,CHCH;,CH3)COOH), 4.49 (m, 1H, 28-CONHCH(GBsHs) CONHCH(CHCHCH;CHy)
COOH), 4.49, 458 (d, 2H, J=29.1 Hz, 29=CH, 7.20 (m, 5H, 28-
CONHCH(CHC¢H5) CONHCH(CHCHCH;CH;)COOH), 7.67 (d, 1HJ)=8.6 Hz, 28-CONHCH(CH
CsHs) CONHCH(CHCHCH;,CH3)COOH), 7.76 (d, 1H)=7.8 Hz, 28-CONHCH(CKC¢Hs) CONHCH
(CH,CHCH;CH3)COOH). MS (El):m/z[M-H] 731.5. HR-MS (ESI, M+Hjn/z calcd for GsHegN2Os
733.5156, found 733.5159.

N'-[N-[3,23-dihydroxylup-20(29)-en-28-oyl]-2-amino-2-benretthanoyl]-Glucine Te): 6e (69.0mg,
0.10mmol). Yield: 41.0mg (61%) as a white solid, 288-225C. IR (KBr, cm®) v 3415, 2940, 2867,
1714, 1638, 1521, 1448, 1384, 1204, 1042, 886, $16IMR (DMSO, 300MHz)5 0.41, 0.51, 0.75,
0.86, 158 (s, 3H each, 24, 25, 26, 27and 3@QCH283 (m, 2H, 28-
CONHCH(CHCsHs) CONHCH,COOH), 3.03 (m, 2H, 19-H and one of 23-gH3.36 (m, 2H, 3-CH
and one of 23-C}), 3.79 (m, 2H, 28-CONHCH(C}&¢Hs;) CONHCH,COOH), 4.09 (d, 1HJ=4.9 Hz,
3-0OH), 4.32 (t, 1H, 23-OH), 4.48 (m, 1H, 28-CONH@HH,CsHs) CONHCH,COOH), 4.48, 4.59 (d,
2H, J=32.4 Hz, 29=CH), 7.20 (m, 5H, 28-CONHCH(C}€sHs)CONHCHCOOH), 7.67 (d, 1H,
J=8.6 Hz, 28-CONHCH(CKCsHs) CONHCH,COOH), 7.92 (t, 1H, 28-CONHCH(GE¢Hs) CONH
CH,COOH). MS (El):m/z[M-H]" 675.5.HR-MS (ESI, M+H)m/z calcd for GiHeoN,Os 677.4530,
found 677.4535.

N'-[N-[33,23-dihydroxylup-20(29)-en-28-oyl]-2-amino-2-(26imityl)-ethanoyl]-glucine  f):  6f
(66.0mg, 0.10mmol). Yield: 46.0mg (72%) as a wisitdid, mp 188-19%C. IR (KBr, cni') v 3429,
2949, 2866, 1708, 1636, 1530, 1447, 1384, 12262,1886, 620'H-NMR (DMSO, 500MHz)5 0.50,
0.77, 0.83, 0.87, 1.62 (s, 3H each, 24, 25, 26n@7B0H-CH), 3.02 (m, 2H, 19-CH and one of 23-
CH,), 3.40 (2H, m, 3-CH and one of 23-gH3.73 (m, 2H, 28-CONHCH(C}&HCH;CH3)CONH
CH,COOH), 4.09 (d, 1HJ=4.8 Hz, 3-OH), 4.34 (m, 2H, 23-OH and 28-CONHCH{CHCH;CH)
CONHCH,COOH), 4.52, 4.64 (d, 2HJ=58.8 Hz, 29=CH), 7.54 (d, 1HJ=8.5 Hz, 28-CONHCH
(CH,CHCH;CH3)CONHCH,COOH), 7.80 (t, 1H, 28-CONHCH(GEBHCH;CH3;) CONHCHCOOH).
MS (El): m/z [M+H]" 643.5, [M+Na] 665.4, [M-H] 641.4. HR-MS (ESI, M+H)m/z calcd for
CsgHe2N,05 643.4686, found 643.4684.

N'-[N-[3,23-dihydroxylup-20(29)-en-28-oyl]-2-amino-2-benretthanoyl]-L-glutamic acid 1g): 69
(78.0mg, 0.10mmol). Yield: 50.0mg (67%) as a wisidid, mp 218-228C. IR (KBr, cni') v 3415,
2927, 2859, 1721, 1636, 1514, 1454, 1384, 12661,11840, 613'H-NMR (DMSO, 300MHz)3
0.52, 0.78, 0.80, 0.84, 0.97 (s, 3H each, 24, 26, 27and 30-Ck}, 2.96 (m, 4H, 28-
CONHCH(CHCsHs) CONHCH(CH.CH,COOH)COOH and 19-H and one of 23- gH3.32 (m, 2H,
3-CH and one of 23-CHi 4.22 (m, 5H, 23-OH and 28-CONHCH(gEHs) CONHCH(CHCH,CO
OH)COOH and 3-OH and 23-OH and one of 293)CH.04 (s, 1H, one of 29=GH 7.20 (m, 5H, 28-
CONHCH(CHCsHs) CONHCH(CHCH,COOH)COOH), 7.70 (d, 1H=4.3 Hz, 28-CONHCH(CH
CsHs) CONHCH(CH.CH,COOH)COOH), 8.06 (d, 1H=7.9 Hz, 28-CONHCH(CKCsHs) CONHCH
(CH,CH,COOH)COOH). MS (El)m/z[M+H]" 749.5, [M-H] 747.5. HR-MS (ESI, M+H)n/z calcd
for C44H64N208 749.4741, found 749.4745.
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2.3 Cytotoxic activity in vitro[11]

The cytotoxic activity in vitro was measuredngsthe MTT assay. The tumor cell line panel
consisted of A549, BEL-7402, SF763, B16 and HL+&@a{ concentration in the growth medium was
2~4x10YmL). MTT solution (2QiL/well) was added after cells were treated withgdfor 48 h, and
cells were incubated for a further 4 h at(37 The purple formazan crystals were dissolvedagul
DMSO. After 5 min, the plates were read on an aatech microplate spectrophotometer at 570 nm.
Assays were performed in triplicate in three indejent experiments. The concentration required for
50% inhibition of cell viability (IGg) was calculated. In all of these experiments,eheplicate wells
were used to determine each point.

3. Results and Discussion

As shown in Figure2, treatment ofl with Ac,O and then (COC))in CH,Cl, and then
H,NCHR'COOCH:HClI in the presence of DMAP produced compouddd in 51-67% yields.
Hydrolysis of4a-f with 4N NaOH in THF and C¥OH furnished derivativeSa-f (71-84%) among
which, 5a, 5¢c and5d were then treated with ,NCHR,COOCH;:-HCI in the presence of EDC and
HOBT to give corresponding amideésa-g in the yields of 63-80%. Finally, alkaline catadgz
hydrolysis of the resulted amides gave C-17 amatevdtives7a-g in the yields of 61-85%.[13-14]

The cytotoxic activity of 23-hydroxy betulinic agidetulinic acid and all derivatives in vitro was
determined by the MTT cytotoxicity assay, and tesuft is summarized in Table 1. Many different
cell lines were used: A549 (human lung carcinorg&)l--7402 (human hepatoma), SF-763 (human
cerebroma), B16 (mice melanoma), HL-60 (human leaka). The MTT assay results showed that
most of the 23-hydroxy betulinic acid derivativeslibetter cytotoxic activities against the testeltbc
than betulinic acid and 23-hydroxy betulinic acid.

Compoundda-f displayed moderate cytotoxic activities againstall lines especta and4b.

Compound®a-f showed no cytotoxicity, despite the carboxylicdasuibstitution at the end of
C-28 side chain. The reason maybe that the polafithe compounds is too strong and affect the
penetration of them into cells.

In the series ofa-g, only 6g revealed potent cytotoxicity against all cell neith IC50 values
ranging from 22.65 to 31.9M. In A549 and HL-60 cell linesa-f had better activity than betulinic
acid and 23-hydroxy betulinic acid. In SF-763, coupds6b, 6e, 6f exhibited better activity than
betulinic acid and 23-hydroxy betulinic acid. Corapds6a, 6¢, 6d showed better activity than 23-
hydroxy betulinic acid but less potent than betaliacid. In BEL-7402 and B-1&a-f had better
activity than 23-hydroxy betulinic acid but wealtlean betulinic acid.

Compoundga-g showed almost the same cytotoxic activity as 23dwylbetulinic acid. The end
of the C-28 side chain ifa-g was carboxylic acid, which maybe affect the atfiaf derivatives due
to the large polarity.

4. Conclusions

In summary, a series of novel C-28 amukrivatives modified on 17-carboxylic acid of 23-
hydroxy betulinic acid were obtained and testedfeir cytotoxic activities against five human tumo
cell lines in vitro. Most of the amid#erivatives showed moderate potent cytotoxic a@ivion all the
tested cells except for compourisisf. The compoundda, 4b and6g havethe most potent cytotoxic
activity. The terminal group and branched chains on the 6k&8 chain maybe have a major impact
on their antitumor activity.

The further structure modification and SAR stud23-hydroxy betulinic acid derivatives are
in progress in our laboratory and the results bellreported in due course[15].
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Tablel. The cytotoxicity data of 23-hydroxy betulinic a@dd its derivatives [IC5Qunol/L) £SD]

Compound Cell line
A549 BEL-7402 SF-763 B16 HL-60

HBA 81.36+3.54 89.81+7.32 90.0948.31 75.64+8.55 80.543-9
BA 89.62+11.23 52.51+2.55 78.89+9.24 50.09+7.32 7610758
4a 39.02+10.71 28.46+5.78 21.08+7.56 45.13+7.07 21665
4b 41.64+9.68 29.32+4.51 33.5549.10 59.80+14.45 2048
4c 70.09+9.16 35.0848.22 59.98+5.44 71.1749.35 59.0531
4d 80.50+14.02 54.61+6.74 80.82+6.03 69.06+5.87 878723
4e 68.56+4.25 43.80+3.51 79.89+9.24 71.54+8.32 56.Q531
Af 57.90+12.45 40.61+2.22 54.35+8.41 70.09+6.67 3910932
5a >100 >100 >100 >100 >100
5b >100 >100 >100 >100 >100
5c >100 >100 >100 >100 >100
5d >100 >100 >100 >100 >100
5e >100 >100 >100 >100 >100
5f >100 >100 >100 >100 >100
6a 72.89+10.83 56.90+4.67 85.14+16.42 74.43+9.46 2m7
6b 56.63+2.79 68.81+10.07 59.88+9.67 67.48+13.06 a8 106
6c 69.50+6.78 55.79+9.34 82.54+11.75 71.58+9.06 768588
6d 73.03+16.35 58.53+8.40 81.94+10.51 77.32+10.24 14513.23
6e 53.80+8.45 60.32+7.87 56.43+6.30 60.08+14.51 533583
of 45.41+10.91 51.74+8.32 40.52+7.88 56.86+13.02 447 BB
69 28.75+12.53 26.09+4.40 28.43+8.19 31.97+10.32 228680
7a 83.12+6.24 79.91+15.05 78.11+15.06 89.53+9.39 SN0 4
7b 88.68+17.87 80.57+10.32 84.71+9.80 91.26+9.02 7.86L0
7c 81.92+1.24 87.85+24.05 92.14+15.04 90.03+11.02 BB72
7d 84.15+16.57 94.37+8.29 82.69+6.54 86.63+13.76 2201
7e 78.66+11.30 100.15+9.46 90.56+13.04 95.53+14.12 0&610.70
7f 86.31+10.16 103.17+7.52 95.08+14.09 98.08+16.32 0Bh.74
79 71.01+18.57 89.08+7.34 93.60+12.18 91.35+12.07 B6L3.02

BA: betulinic acid, HBA: 23-hydroxy betulic acid

Data is mean of three experiments.
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