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Lupane Derivatives-I: Synthesis and Cytotoxic Activity

Young-Jae You, Yong Kim and Byung-Zun Ahn*
College of Pharmacy, Chungnam National University, Daejeon 305-764, Korea

Abstract — To observe the structure-activity relationship of lupane derivatives both on cytotoxic and antiangiogenic activ-
ity, twelve lupane derivatives were prepared; their antiangiogenic and cytotoxic activities were evaluated. Among them, four
compounds were more cytotoxic than betulinic acid. Carboxylic acid at C28 seemed to be essential for cytotoxic activity. But,
a selective cytotoxicity toward SK-MEL-2 was not observed. As for antiangiogenic activity, none of the compounds except

lupeol showed antiangiogenic activity at 30 pg/mL.

Keywords [] Lupane, lupeol, betulin, betulinic acid, cytotoxicity, antiangiogenesis

Lasane 954 A& 2ol wo] &k clokst 2] 34
5 BT} Lupane S 12419 Sl betulinic acid= anti-
HIV! 2y Za2h8-& vebick® 4 5 9 Pisha 5+ betulinic
acid” - <1412 FHIAIEQ] SK-MEL-201| thal] 41Ei%)Ql gebet
Ae vhdckn Bk up QIuhY o] BAo] MERAL: Al
9] 9l 2E7Q apoptosisE Bl Uouli Aoz A

o
[C N

QT F ol 2 AFRAE-S Jupane FEAQ hEA BAE
9] 5142 lupeol®] ABEAHA 2 in vitro EE 2] A

HUV3i(human umbilical vein endothelial)A|3£2] H-H & Aol of

Lupeol: Ry = CH,
Betulin: R, = CH,OH
Betulinic acid: R, = COOH
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3 oA 282 vjepd S 7 vl glek? oledl A3 ANz
HE] lupane FEAES apoptosis fdell &3t bS] st
AEZGolu AFEAFYE Ak 2gel &) didE
uebd Ao 7ItEigint. weba] 2 Afeas FabtzelA
TERFe| 7Psst 39, 2013 28312) V15718 FRRE e}
AE5AG 2 A dA 2o BAIE Bkt sl

Al

al
=

e 3 WY

Aot & 7(7|

Lupeol W EW oA W23t Bombax ceiba] T3 25E]|
gJoto] ARSI i EA R ARG betulin B 25 Al
Sigma-AldrichA 2 FE] F-9l8le] A8l a, Solli= S5 Ea=
dao] wet FAlste] ARESFSith. HUVEAIZ:: ATCC
(American Type Culture Collection, USAPIA #i3}0] Alga}
9131, SK-MEL-2, B16F10 ¥ A-549 Al ¥ A Fatad
(KRIBB) S 2%E] % o} ARgsiint. dzp7j g AsE}
+ JEOL(90 MHz) 3335 A5 ©] &35t tetramethylsilane
(TMS)& Ui 2FEAZ 3t A3 oH, get4 ol %
(chemical shift}> 8+ coupling constanty= Hz= WERAS]
o} vtE 3 2olE 32 (TLC)E silica gel(Kieselgel 60F254,
Merck)S AFE-3F3 11, ZHd A 2 vkE 733 ofl 3= Kieselgel 60
(70~230 mesh, Merck)Z AM&-8}3i}.
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Scheme 1 - Synthetic pathway of lupeol derivatives.

Lupeol X2 &Y (1~3)

3-Oxo-lup-20(29)-ene (2)2] B - 3B-Hydroxy-lup-20(29)-
ene (1) 170 mg (0.4 mmol)& acetone 18 mLell F°]1 Jones'
reagent 0.28 mLZ 0°Colld Z7}slar 208 FoF wyrsigct.

SHoll <] methanolE 7t 3 acetoned ZHetaellA #A
i3t @& gollof] 2 715k ethyl acetate® 33 FE3H3
t}. FE% ethyl acetate T2 22 33| AlAstn Frdxs &
3 5, IRFsES] A= ZAAMES silica gel columne]
4] hexane : ethyl acetate(2:1)S] EFE|E Fe|dte] #HA2
24 115 mg (0.27 mmol)}S &3tk +& 68%, 'H-NMR
(90 MHz, CDCly): & 4.73, 4.62 (2H, 2 Xbr s; H,-29), 2.25-2.55
(2H, m; H,2); ®C-NMR (90 MHz, CDCl): § 2181 (C-3),
150.8 (C-20), 109.4 (C-29), 60.4, 54.9, 49.8, 48.2, 479, 47.3,
42.8, 40.8, 40.0, 39.6, 38.2, 36.9, 35.5, 34.1, 33.6, 29.7, 274,
26.6, 25.1, 21.5, 21.0, 19.7, 19.3, 18.0, 15.8, 14.5, 14.2.
3-Hydroxyimino-lup-20(29)-ene (3)9] &4 — 3-Oxo-lup-
20(29)-ene (2) 212 mg (0.5 mmol)¥} hydroxylamine hydro-
chlodride 208 mg (3.0 mmol)& ethanol¥} pyridine®] E3-&u
(5:1) 20 mLell 3591 & 2A17F Bt SF3E. ¥hg-<dell 50 mL
9] ethyl acetateZ 715t 10% HCl 89802 33], brine® & 33]
AY F Bx2 g9, IRFEE3l] 2YNES Aot o] =4
AJE-E silica gel colummeld hexane : ethyl acetate (4:1)2] &
ez Eelate] WA 1A 180 mg (0.41 mmol)S #&3t
Aok & 82%, 'H-NMR (90 MHz, CDCLy): § 4.72, 4.60

J,

DHP, PPTS O\EOJ
HO
5
PCC l
/L.,. ) "),
oH EtOH, PPTS
- —————

-

;
i NH,OH#HCI

2.

HON

Scheme 2 — Synthetic pathway of betulin derivatives.

DHP: 3,4-dihydro-2H-pyran
PPTS: pyridinium p-toluenesulfonate
PCC: pyridinium chlorochromate
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@H, 2xbr s; H,-29), 2.25-250 (2H, m; H,-2); *C-NMR (90
MHz, CDCly): 8 167.3 (C-3), 150.9 (C-20), 109.4 (C-29), 55.5,
50.0. 48.3, 48.0, 43.0, 42.9, 40.3, 40.0, 38.8, 38.1, 37.2, 35.5,
33.5. 29.8, 29.7, 274, 27.3, 25.2, 22.9, 21.2, 19.3, 19.1, 18.1,
17.2. 15.9, 15.8, 14.5.

Bewlin REH 2| 84 (4, 7-8) - Betulin =42 $4&
Kim 399 #hge ugi.

3B-Hydroxy-lup-20(29)-en-28-0oyl tetrahydropyranyl ether
(5)2] &4 - 3B-Hydroxy-lup-20(29)-en-28-0l (4) 450 mg (1.0
mmo; ) dichloromethane 15 mL2 o] 3 4-dihydro-2H-pyran
(DHF) 95 mg(1.12 mmol)¥ pyridinium p-toluenesulfonate 30
mg().12 mmol}& ¥l AL7FA dlellA AF2olA 72A17F EQF
@Rk Th TLCRE §H5-& &l ¥ 5 mLe X3} sodium
bicart-onateZ A]A13] 7}3t 3 dichloromethane 40 mLE ¢ 7}
P}, & 50 mLE 38 AlY &, a9, AsEse
FARES A3} 017 silica gel colummeid] hexane : ethyl
acetate(4:1)9] E3-gu|2 A#)3l0] diastereomeric mixture2A]
Fabe] f74=7 489 mg(0.93 mmolyE AL ©IE T ol
T2l5hg glo] viE g ¥kge] o] 83sith: & 93%.

3-Oxo-lup-20(29)-en-28-0yl tetrahydropyranyl ether (6)
o| &M - 3B-Hydroxy-lup-20(29)-en-28-oyl tetrahydropyranyl
ether (5) 310 mg(0.59 mmol)S dichloromethane 30 mLel] =
Ql 5 pyndinium chlorochromate 465 mg(2.2 mmol)S 7}t
3 2F 2olA] 2417 FF wakstelth. RES- A4S florisits §-o}et
o 41} F F58 ZBAES QU oI R & silica gel
colurr nofi4] hexane : ethyl acetate (10:1)¢] E3-gull2 A5t
of el §AE24 190 mg(0.36 mmolyE YULH & 61%.

3-0Oxo-lup-20(29)-en-28-0l (7)2] E4A - 3-Oxo-lup-20(29)-
en-23-oyl tetrahydropyranyl ether (6) 235 mg(0.59 mmol)¥}
pyridinium p-toluenesulfonate 80 mg(0.32 mmol)& ethanol
10 m ol =1 F 224 36 AlZF Bt WRESIGITE HES-Hof]
X3} sodium bicarbonate 5§ 3 mLE 7}3}il ethyl acetate
30 m_E FE35tt. ethyl acetate3-5 €F 38 A4, T
22 Ax, of ¥ ks Eee] 2ANES It o] =AY
E& iilica gel columniM hexane : ethyl acetate (5:1)9) £%t
grliz AAste] M) 1A 190 mg (043 mmolE AT
& 95%, "H-NMR (90 MHz, CDCLy): 3 4.68, 4.60 (2H, 2X
br s: H;-29), 3.81, 3.33 (2H, 2Xd, /=14.0 Hz, H-28), 2.30-
250 2H, m; H2-2); BC-NMR (90 MHz, CDCly): & 212.7
(C-3, 144.9 (C-20), 104.3 (C-29), 62.5, 55.0, 49.4, 44.3, 43.2,
42.3. 119, 37.3, 35.4, 34.1, 32.0, 31.4, 28.7, 28.5, 28.0, 24.8,
24.3. 23.7, 21.6, 21.2, 20.1, 19.7, 15.9, 15.6, 14.2.

3-Hydroxyimino-lup-20(29)-en-28-0l (8)2| &4 - 3-Oxo-
lup-2({29)-en-28-0l (7) 150 mg (0.34 mmol)S AF-&3lo] 3-
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OH Pd/C, H,, AcOH
EtOH, THF

THEF: tetrahydrofuran

Scheme 3 - Reduction of betulin.

hydroxyimino-lup-20(29)-ene®] /g s} TUst Wyo=
Aol 714 123 mg (0.27 mmol)& AUk & 78%, 'H-NMR
(90 MHz, CDCLy): & 4.69, 460 (2H, 2xbr s; H,-29), 3.81,
333 (2H, 2Xd, J = 14.0 Hz, H-28), 2.20-245 (2H, m; H,-
2); BC-NMR (90 MHz, CDCL): § 161.8 (C-3), 145.0 (C-20),
104.3 (C-29), 57.3, 55.0, 50.0, 44.5, 43.3, 42.3, 37.3, 35.5,
34.8, 333, 31.9, 317, 29.4, 285, 28.3, 24.9, 24.2, 23.7, 219,
216, 19.8, 174, 15.7, 13.6, 134.

Betulinic acid <2 #4 (10~15)

Evers 579 whio] wghov} o2 methanol tha 4
ethanol : acetic acid : tetrahydrofuran (1:1:1)8] £3h8-mjE A}
Sl

3b-Hydroxy-lupan-28-ol (9)2] £ — 3B-Hydroxy-lup-20(29)-
en-28-ol (4) 1000 mg (2.3 mmol)S ethanol, acetic acid$}
tetrahydrofuran®) £330 (1:1:1) 200 mLe] =1 & 1 g9
10% Pd/CE 71383 1 719+2] hydrogen gas 3tollA 2 Azt 5
Qt 2o HFEUTE WS- AE o7 F A Stel
tetrahydrofuran® & XUl ethyl acetate 200 mL2 FE3}
it} Ethyl acetate 29S EZ 33 AF, ez AX,
553)0] WA} 314 970 mg (2.2 mmolyS AUtk F& 95%,
'H.NMR (90 MHz, CDCL): & 3.81, 3.33 (2H, 2xd, J=14.0
Hz; H2-28), 3.10-3.20 (1H, m, H-3).

3-Oxo-lup-20(29)-en-28-0ic acid (12)2] #M - Betulin
(3B-hydroxy-lup-20(29)-en-28-0l, 4) 442 mg (1 mmol)& 25
mL¢] acetoneol] Ho]1 0°CollA) wHFe}AA Jones reagentS
30 ¥ B A7 F 1 A 30 B F mRsi), Rhg-g-io)|
10 mLe] methanote: 7I3lo] ¥hg-& FAA|71L 5 £7F wRIsh
¥ 15 mLo] B2 71tk -89S A EFEle A7180E
AAE F 30 mLe ethyl acetate® 3 & 3311 B2 3 3
AH F FFEEE 2, AAFFIUT A8 2AEES
silica gel column® Z hexane : ethyl acetate (5:1)¢] E3H-&-i
Z FEste] W] 1A 309 mg (0.68 mmoly& E&3k3ch:
F& 68%, 'H-NMR (90 MHz, CDCly): 8 4.72, 4.60 (2H, 2X
br s; H2-29), 2.25-2.55 (2H, m; H,-2); *C-NMR (90 MHz,
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Scheme 4 - Synthetic pathway of betulinic acid derivatives.

CDCly): & 1814 (C-28), 167.6 (C-3), 150.5 (C-20), 109.7 (C-
29), 56.4, 54.9, 49.8, 49.2, 47.3, 46.8, 42.5, 40.6, 39.6, 38.5,
37.0, 36.9, 34.1, 33.6, 32.1, 30.5, 29.7, 26.6, 25.5, 21.3, 21.0,
19.6, 19.3, 15.9, 15.8, 14.6, 14.5.

3-0xo-lupan-28-oic acid (13)2| £ - Dihydrobetulin (3p-
hydroxy-lupan-28-ol, 9) 440 mg (1 mmol)= ©]-&3} 3-oxo-
lup-20(29)-en-28-oic acid (12)2] Iz}t FUsH wpo=z A
Ao} 14| 308 mg (0.70 mmolyS FE|3Ath: +& 70%, 'H-
NMR (90 MHz, CDCl): § 2.25-255 (2H, m; H,-2); “C-
NMR (90 MHz, CDCly): 8 218.2 (C-3), 181.3 (C-28), 56.8,
54.9, 49.6, 48.7, 47.3, 44.1, 42,6, 40.6, 39.5, 38.3, 374, 36.9,
34.1, 33.7, 32.0, 29.7, 26.9, 26.6, 23.0, 22.7, 214, 21.0, 19.6,
15.9, 14.6, 14.5.

3-Hydroxyimino-lup-20(29)-en-28-oic acid (14)2] Bt -
3-0x0-lup-20(29)-en-28-cic acid (10) 200 mg (0.44 mmol)S
AF851] 3-hydroxyimino-lup-20(29)-ene (3)2} T 5L
Sty oz wlale] 73] 159 mg (0.34 mmoly& AU &
78%, 'H-NMR (90 MHz, CDCLy): & 4.72, 4.60 (2H, 2 Xbrs;
H,-29), 2.20-2.50 (2H, m; H,2); “*C-NMR (90 MHz, CDCl,):
6 181.3 (C-28), 167.6 (C-3), 150.5 (C-20), 109.7 (C-29), 56.2,
55.5, 50.1, 49.2, 46.9, 42.5, 41.7, 40.7, 40.3, 38.7, 38.3, 37.1,
32.2, 31.8, 30.6, 29.7, 29.2, 27.3, 25.5, 229, 19.3, 174, 16.2,
16.0, 15.8, 14.6.

3-Hydroxyimino-lupan-28-oic acid (15)2] &4 —3-Oxo-
lupan-28-oic acid (11) 160 mg (0.35 mmol)= A}&3}o] 3-
hydroxyimino-lup-20(29)-ene (3)¢] #4H= s oz
Wao) 74 121 mg (0.26 mmol)S Btk F=& 75%, H-
NMR (90 MHz, CDClL): § 2.10-2.30 (2H, m; H,-2); *C-

Jones reagent
——

NaBH,
2NHCI

NH,OH oHCl

HON

NMR (90 MHz, CDCL,): & 181.3 (C-28), 167.6 (C-3), 56.2,
55.5, 50.1, 49.2, 46.9, 42.5, 41.7, 40.7, 40.3, 38.7, 383, 37.1,
322, 31.8, 30.6, 29.7, 29.6, 29.2, 27.3, 25,5, 22.9, 20.6, 19.3,
17.4, 162, 16.0, 15.8, 14.6.

3B-Hydroxy-lup-20(29)-en-28-oic acid (10)2] &4 -3-
Oxo0-lup-20(29)-en-28-oic acid (12) 227 mg (0.5 mmol)S
tetrahydrofuran 10 mLel] =<1 3 0°Celld sodium borohydride
200 mg (5 mmol)ye 7Heh - AdZellA] 10 A3t F<F wRESH
ok 2 N HCl 3 mLE 718 9h8&& $2A17 & ubg &8 o
5 Eato] ok 50%9] tetrahydrofurans #7138 ¥ 50 mL2)
ethyl acetate? 3]4 ¢ & & 40 mLE 33] M3 ¥ F5Yx
2 B3, AEEsl) 28988 933 ©1F methanols ©]
ato] Ad7stod WA 1A 169 mg (0.37 mmol)& E3UTH
: & 73%, '"H-NMR (90 MHz, CDCl,): § 4.65, 4.53 (2H, 2
Xbr s; Hy-29), 3.20-3.40 (1H, m; H-3); *C-NMR (90 MHz,
CDCly): & 181.4 (C-28), 150.8 (C-20), 107.8 (C-29), 79.7 (C-
3), 56.8, 55.8, 51.0, 49.7, 47.3, 42.9, 41.2, 39.3, 39.2, 389,
37.7, 37.5, 34.8, 32.6, 31.0, 30.2, 28.4, 27.9, 26.0, 21.3, 19.9,
18.8, 16.6, 16,5, 15.8, 15.2.

3p-Hydroxy-lupan-28-oic acid (11)2} &4 — 3-Oxo-lupan-
28-oic acid (13) 200 mg (0.54 mmol)E AME31e] 3B-hydroxy-
lup-20(29)-en-28-oic acid (12)2] P} FYst wo=s W
A9l 314 187 mg (0.41 mmol}S ¥tk 'H-NMR (90 MHz,
CDCly): & 3.10-3.30 (1H, m; H-3); ®C-NMR (90 MHz, CDCLy):
8 181.3 (C-28), 79.8 (C-3), 56.6, 55.2, 50.2, 49.8, 48.8, 48.6,
479, 46.9, 44.0, 42.4, 405, 38.6, 38.0, 37.3, 37.0, 34.3, 32.0,
30.1, 295, 27.7, 26.8, 22.6, 20.8, 18.2, 15.7, 15.2, 14.4; +&
76%.

J. Pharm. Soc. Korea
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Table I - Cytotoxic activities of lupane derivatives (1~15)

Compds. R, R, R; M2* A-549 B16-F10 IR*#*
z » OH CH,4 >30%* >30%* >30%* +++
2 = =0 CH, >30 >30 >30 +
3 = =NOH CH; >30 >30 >30 -

4 » OH CH,0H >30 >30 >30 -
7 = =0 CH,0H 22.9 7.22 5.55 -
8 = =NOH CH,0OH 12.7 4.66 2.83 -
10 = » OH COCH 7.62 7.70 4.98 -
12 = =0 COOH 1.89 6.18 2.01 -
14 = =NOH COOH 4.59 1.17 6.43 -
11 - » OH COOH 3.93 3.38 1.48 -
13 - =0 COOH 105 >30 >30 -
15 - =NOH COOH 335 4.40 9.4 -

*MZ: SK-MEL-2
**ED ) (g/mL); ***IR:

- =<20%
M=ZEM % HUVECMZE 0|28 RESMAK AE

A EE23E SRBTEE olgatel Ak thzzel of
& AX2) A& 50% AAAT FEL EDyy w2 AW
2y AdoznE HixSHe o|gel] ke Takih

HUVEHIEZE o] &3 HFB Rk JAA3L Schnapers'Ve]

M 71x oORbS wRslel Astgon, AHE PP ol
e dhitriel 7]&Fe] Aok FRIYAAE (R, %r= o
o Aol s Aok

LC-LS
Ic x100(%)

A& (R) =
o}71/q, LCE ti2atel H-REA dojold, LSi= Alm A2ize]
FEa Zojo|t,

dEEnt ¥ nFE

&4

530189 FEAY A (C28, methyl), 3H 2] hydroxyl”|i=
Jones Aol SJal] A AbslE]o] oxo HENS] EAE A, o]
E724% hydroxylamine®} RHg-AlA 3ol hydroxyimino’]7} =
¥ HdE X8I} Betulinic acidE betulin® Jones' AJ2k
o2 slsle] 8L oxo FEAE NaBHE o]43l0] il
gHgeldch 38 betulin FEA2] 739, 3H} 28| F712

Vol. 46, No. 5, 2002

Inhibition ratio of the tube formation of HUVE cells: ++++ = >80%, +++ = 8~60%, ++ = 60~40%, +=40~20%,

hydroxy7|& 7117 Qo g WA 2888 DHPE protectiondt
% AA| Jones' A|2kC 2 3H-S AHSISEE 2831 9] hydroxy 71E
deprotectiond}l 12 lupeol E betulinic acid®} #F2 #HH o R

hydroxyimino 5412 gAslsich.

Aa|gy

Z} IFEE AESAS AP71E vl H‘i"‘;,‘betulinic acid &
=4 (10, 12, 14)>dihydrobetulinic acid -+ =4 (11, 13, 15)
> betulin F-54] (4, 7, 8)>lupeol F+5XA| (1, 2, 3)] £&X4Z2
yepdth. Lupeol #5414, 2, 3)9] A% Al 24 25 AT
Al 7 LAIE (SK-MEL-2, A-549, B16-F10)0ll thsl AlES4
S VehA 9otth Betulin 23 4, 7, 8)9) S 3p-
hydroxy”]E 7F9 betulin A= Al 7F<] aaze]] Z5of tis]
MFEANE Ho|A] 9= W oxo® hydroxyimino” & 712 £
SAE-S A-5498} B16-F10M320] thsfl vlm 2 & AE5A
(EDgg, 2.8~7.2 pg/mLys WFERRITh $H8, betulinic acid A1
(10, 12, 14)= 3B-hydroxy, 3-oxo, 3-hydroxyimino 7] 7}zl
BE E4o| Al 7H] ATl s vimE B3 AE54
(EDjp, 1.2~7.8 pg/mL)& Yepilict. 3+ R19] 0|52 g% &
YAIZ] dihydrobetulinic acid 54 (11, 13, 15)%= 3-oxo 71&
7F 132 SK-MEL-2°)| thato] ot A|E5448 B # o
AFEe]] thalodi= Zgo] Qi i, 11 2 153 Bwd 7hst A
549 (EDg,, 1.5~94 pg/mLyg vepdlch, -39} AlZ5Ad 7}
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o] #AE B9, lupane®) 28 §iol OH, COOHF 715717}
Agse] e Aol AESH S Yelle dloll 288 4
Utk F 71871 FAME 717 42 E&r18g o fEd
2 B = 9t} &% betulinic acid (BA)%} dihydrobetulinic acid
A7} AZ5/49) 215 ajo|7t Bolr] ke Aoz Hol 20
H g4 o] AT EA7E MEEA ] B5ARA Ao) opde
o 4= 9t} o]2§ Aol Kim 52 @ Pisha 559 432
¢l th2A] o] EAES SK-MEL-24 ¥ th3t Aeixe a3t
& 4= ISith. 3, lupeotd A 93 BZE A E°] HUVECH
X9 Fuyg Asfavhs JertR] st

ZAte gres

B d3s ke d e |7 Adog F3Eglon
ole] ZA=HYT
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