okEtE x] A 46 A A 5% 301~306 (2002)
Yakhak Hoesi Vol. 46, No. 5

s

FIA

-3

FAo] & H MEFY -II: olO|:OMMIE F=A|

& - AW Gsto] - A E*

Fdv)ata oot
(Received July 28, 2002; Revised October 7, 2002)

Synthesis and Cytotoxic Activity-II, Aminoacetyl Derivatives

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

Abstract — To increase the water solubility, sixteen lupane derivatives bearing aminoacetyl moiety at C3 were syn-
thesized. Their cytotoxic activities against three cancer cell lines, SK-MEL-2, A549, and B16, were tested. Among them,

six derivatives showed significant cytotoxic activity.
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4 <201 3R] betulinic acid= anti-HIV"® anti-inflammatory”
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YeR L, FEEDeA 73 FUEdE Ve B
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55 T da u} FAsle] ARt A% A8E SK-
MEL-2thuman melanoma), Ab549Chuman lung carcinoma),
B16-F10(murine melanoma) M g 38t glolA] &
oF viglom] A Eufokr] AR RPMI1640, fetal bovine serum
2 & A2+ GibcoAtZHE FEtch IR A ERS
Perkin-Elmer 780 £33TAZ 37831907 cm-1Z2 BEAIBIN
o}, Az71EY A EeR= JEOL(90 MHz) ¥33TAIE o4
319 tetramethylsilane(TMS)S WWREFEA R 3t S35
o 3184 o]F (chemical shift}® 62 coupling constant
HzZ Jellile}. TLCAME silica gel plateMerk, 60F,s,)
AF8-38+%1 31, column chromatography+= silica gel(Merk,
70~230 mesh)E AR&-33ict.

o rlf

Aminoacetyl 7|7} Z&HE lupeol ¥ betulinic aicd FEA{C]
£

Chloroacetic acid$} 1,3-dicyclohexylcarbodiimide, 4-dime-
thylaminopyridineg ©]-83}o] ester 35}, Hoizl AIAHE
FE~10 FHe) oflsh whgAlA BAlsh= Bty 40] BAE
A

3B-(Chloroacetyloxy)-lup-20(29)-ene(3)2| &M — F<= dichlo-
romethane 10 mLoll o} )&= 3B-hydroxy-lup-20(29)-ene(1)
85 mg(0.2 mmol)*l| chloroacetic acid 22.56 mg(0.24 mmol),
4-dimethylaminopyridine 5 mg(0.04 mmol)$} 1,3-dicyclohexy-
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R, = methyl, carboxylic acid

DCC: dicyclohecylcarbodiimide
DMAP: 4-dimethylaminopyridine

chloroacetic acid
DCC, DMAP

R' = dimethylamino
piperidinyl
pyrrolidinyl
morpholinyl

5~8,9~12

Scheme 1 — Synthetic pathway of aminoacetyl derivatives of lupeol and betulinic acid.

lcarbodiimide 45 mg(0.24 mmohE 0°CollA] 713t & 5 AJ7k &
ot wyEET} hexane 10 mLE 713 & o 3trh. o Hoj
dichloromethane 30 mLZ 713 & EF 33 Ao
dichloromethane3-& FTH2E 25 & ¥, AAFFH3slo A
AEli= ZWAES silica gel columnellM hexane : ethyl acetate
(6:19] EFHEuiE Fsle] WA 1A 72 mg(85%)s VT
: '"H-NMR(90 MHz, CDCLy): & 4.70, 4.58(2H, 2xbr s; Hy-
29), 4.30~4.70(1H, m; H-3), 4.04(2H, s; OCOCH,).

3B-(Chloroacetyloxy)-lup-20(29)-en-28-oic acid(4)2| &t
A - 3B-hydroxy-lup-20(29)-en-28-oic acid(2) 137 mg(0.3 mmol)
< ARESHo] 37-(chloroacetyloxy)-lup-20(29)-ene(3)2] 3w+
o FUg oz Wil A 138 mg(87%)S ¥k 'H-
NMR(©O0 MHz, CDClLy): & 4.71, 460@2H, 2Xbr s; H,-29),
4.40~4.60(1H, m; H-3), 4.04(2H, s; OCOCH,).

3B-(Dimethylaminoacetyloxy)-lup-20(29)-ene(5)2| &4 —
3B-(chloroacetylxoy)-lup-20(29)-ene(3) 100 mg(0.20 mmol)<
4= tetrahydrofuran 5 mLe] <% ¥ dimethylamine 45
mg(1.0 mmol}S 7}t & 1 A7t Bt EFA17t) vk 288
ol ethyl acetate 20 mLE 73] 3)2%k F & 20 mLs} 23}
AAE7 ARG F, PR AR U sl o
o} ZALE column chromatography©l] hexane : ethyl acetate
GDE FAste] W] 1A 87 mgB5%)S LUth H-
NMR(90 MHz, CDCly): & 4.67, 4.57(2H, 2Xbr s; H,-29),
4.50~4.80(1H, m; H-3), 3.16(2H, s; OCOCH,), 2.36(6H, s;
N(CH,),).

3B-(Pyrrolidinylacetyloxy)-lup-20(29)-ene(6)2] &4 - 3p-
(chloroacetylxoy)-lup-20(29)-ene  (3) 100 mg(0.20 mmol) =}
pyrrolidine 71 mg(1.0 mmol}& ARg-sled 52 e F
oz widlo) 114 98 mg(90%)S Uitk H-NMR(90

MHz, CDCL): & 4.66, 457(2H, 2Xbr s; Hy-29), 4.50~4.80
(1H, m; H-3), 3.38(2H, s; OCOCH,), 2.65(4H, t, ] = 5.4 Hz;
N(CH,C)s).

3B-(Piperidinylacetyloxy)-lup-20(29)-ene(7)2] &AM - 38-
(chloroacetylxoy)-lup-20(29)-ene(3) 100 mg(0.20 mmol)¥}
piperidine 85 mg(1.0 mmoly& AFE-3le] 52] ¥4 WA= 5
3o g WAl 1A 88 mg(80%)S ¥tk 'H-NMR(90
MHz, CDCLy): & 4.63, 4.52(2H, 2 Xbr s; Hy-29), 4.50~4.80
(1H, m; H-3), 3.22(2H, s; OCOCH,), 2.50(4H, t, /=54 Hz;
N(CH,C),).

3p-(Morpholinylacetyloxy)-lup-20(29)-ene(8)2] &4 — 3p-
(chloroacetylxoy)-lup-20(29)-ene (3) 100 mg(0.20 mmol)¥}
morpholine 87 mg(1.0 mmol)S AMESt 59 34 W= &
Azt yPHo R WA 31| 83 mg(75%)S AUct: 'H-NMR(90
MHz, CDCly): 6 4.68, 4.57Q2H, 2xbr s; Hy-29), 4.50~4.80
(1H, m; H-3), 3.21(2H, s; OCOCH,), 2.604H, t, / = 5.4 Hz;
N(CH,C),), 3.76(4H, t, ] = 5.4 Hz; (OCH,C),).

3p-(Dimethylaminoacetyloxy)-lup-20(29)-en-28-oic
acid(9)2] # — 3B-(chloroacetyloxy)-lup-20(29)-en-28-cic acid(4)
106 mg(0.20 mmol)¥} demethylamine 29 mg(1.0 mmol)& A}
g3te] LN19 A% Tdd wioz #ae 14 103
mg(95%)S Atk 'H-NMR(90 MHz, CDCl,): § 4.66, 4.53
(2H, 2Xbr s; H2-29), 4.50~4.80(1H, m; H-3), 3.26(2H, s;
OCOCH,), 2.33(6H, s; N(CHy),).

3B-(Pyrrolidinylacetyloxy)-lup-20(29)-en-28-0ic acid(10)
o| #44 — 3B-(chloroacetyloxy)-lup-20(29)-en-28-oic acid(4) 106
mg(0.20 mmol)¥} pyrrolidine 71 mg(1.0 mmol)& AFE-3}od
LN18] s} Td3 o Mae] 74 102 mg(90%)
& 9%t} 'H-NMR(90 MHz, CDCL,): & 4.66, 4.52(2H, 2Xbr

J. Pharm. Soc. Korea
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s; Hy-29), 4.50~4.80(0H, m; H-3), 3.172H, s; OCOCH,),
2.55(4H, t, ] = 5.4 Hz; N(CH,C),).
3B-(Piperidinylacetyloxy)-lup-20(29)-en-28-oic acid(11)]
44 -~ 3B-(chloroacetyloxy)-lup-20(29)-en-28-oic acid(4) 106
mg 0.20 mmol)¥} piperidine 85 mg(1.0 mmoly& A5}
LN1& s} shsh Rlow WAl 1A 99 mg(85%)e
¢ <jr-: 'H-NMR(90 MHz, CDCly): & 4.68, 4.54(2H, 2 Xbr s;
H -29), 4.50~4.80(1H, m; H-3), 3.36(2H, s; OCOCH,), 2.71
45, t, ] = 4.9 Hz; N(CH,0),).
3B-(Morpholinylacetyloxy)-lup-20(29)-en-28-oic acid(12)
o| 84 — 3B-(chloroacetyloxy)-lup-20(29)-en-28-oic acid(4) 106
mg 0.20 mmol)¥} morpholine 87 mg(1.0 mmol)& Al-&38te
LN19] st s o g Aol 114 93 mg(80%)s
<3tk 'HNMR(90 MHz, CDCL): & 4.67, 4.53(2H, 2Xbr s;
H -29), 450~4.80(1H, m; H-3), 3.16(2H, s; OCOCH,), 2.59
(4H. t, J=44 Hz; N(CH,C),), 3.714H, t, J=45 Hz; (OCH,C),).

4 minoacetyl 717} E&E betulin T
3b-Hydroxy-lup-20(29)-en-28-0yl tetrahydropyranyl ether
(112 &4 - 3p-hydroxy-lup-20(29)-en-28-0l (13) 450 mg(1.0

mmol)2] dichloromethane 15 mL-& %l 3,4-dihydro-2H-pyran
95 mg(1.12 mmol)3} pyridinium p-toluenesulfonate 30 mg
0.12 mmol)S YW1 AA7tA ShollA] A2 72417 Bt 1
gheteict. TLCE ®Wh&5 &2 ¥ 5 mLe *3} sodium
bicarbonateE A14}3] 7}t § dichloromethane 40 mLE © 7}
k. & 50 mLE 33 MY F, FEREg 9, AUEE]o]
ZAEL ALt o] AL silica gel columneid hexane : ethyl
acetate(4:1)%] E3-gu]2 F#|5}lo] diastereomeric mixtureZA]
WAo) TA| 489 mg(93%)S UL o|F o o] FE| A
o] vk th vkgol| o]-833itt.

3B-(Chloroacetyloxy)-lup-20(29)-en-28-0yl  tetrahy-
dropyranyl ether(15)2} &4 - diastereomeric mixture’J€j 2]
3B-hydroxy-lup-20(29)-en-28-oyl tetrahydropyranyl ether(14)
526 mg(1.0 mmolyg ]3] 39 AW U WHo
Z diastereomeric mixtureZ A4 21 1] 536 mg(89%)S
At

3B-(Chloroacetyloxy)-lup-20(29)-en-28-01(16)2] g4 -
Diastereomeric mixture?] 3B-(chloroacetyloxy)-lup-20(29)-en-
28-oyl tetrahydropyranyl ether(15) 602 mg(1.0 mmol)<
methanol 10 mLe] &

o], o]

pyridinium  p-

DHP, PPTS
chloroactic acid
R, = methyl, carboxylic acid pec
2 Y yiie aet DMAP
PPTS

17-20

DHP: 3,4-dihydro-2H-pyran
PPTS: pyridinium p-toluencsulfonate

Scheme 2 — Synthetic pathway of aminoacetyl derivatvies of betulin.
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chloroacetic acid

———
DCC, DMAP
R, = methyl, carboxylic acid
DCC: dicyclohexylcarbodiimide R’ = dimethyl
DMAP: 4-dimethylaminopyridine piperidinyl
pyrrolidinyl
morpholinyl

Scheme 3 - Synthetic pathway of diaminoacetyl derivatvies of betulin.

toluenesulfonate 23 mg(0.09 mmoly 713 & ARLojA] 364]
7F <t mutElth veEFE % 5 mLe X3} sodium
bicarbonateZ AA413) 718t & 50 mL9] ethyl acetate® FZ3
%, & 50 mLE 33 M|, iRz g5, s Esle] 24
AES At o]A-& column chromatography©l hexane :
ethyl acetate(4:1)Z FA|slo] W] 14| 482 mg93%)= &
2tk 'H-NMR(@©0 MHz, CDCly): § 4.71, 4.60(2H, 2Xbr s;
H,-29), 4.40~4.60(1H, m; H-3), 4.04(2H, s; OCOCH,), 3.79,
3.30(2H, 2Xxd, J=10.7 Hz; H,-28).

3p-(Dimethylaminoacetyloxy)-lup-20(29)-en-28-01(17) 2
Bt - 3B-(chloroacetyloxy)-lup-20(29)-en-28-0l(16) 104 mg
(0.20 mmol)?} demethylamine 29 mg(1.0 mmolyS AME31 5
o Aua TSt upH o2 walol 114 95 mg(90%)S A
Atk 'H-NMR(0 MHz, CDCl,): § 4.66, 4.57(2H, 2Xbr s;
H2-29), 450~4.80(1H, m), 3.16(2H, s; OCOCH,), 2.35(6H,
s; N(CH3),), 3.79, 3.30(2H, 2xd, J=10.7 Hz; H,-28).

3B-(Pyrrolidinylacetyloxy)-lup-20(29)-en-28-0l(18)2] &
4 - 3B-(chloroacetyloxy)-lup-20(29)-en-28-0l(16) 104 mg(0.20
mmol)¥} pyrrolodine 71 mg(1.0 mmoly& ARE3le] 52 AT
3 598 g oz WAl TH) 100 mg(90%)S Itk H-
NMR@©@0 MHz, CDCL): & 4.66, 4.57(2H, 2Xbr s; H,-29),
4.50~4.80(1H, m; H-3), 3.33(2H, s; OCOCH,), 2.65(4H, t, J
=5.4 Hz; N(CH,C),), 3.79, 3.302H, 2Xd, J = 10.7 Hz; Hy
28).

3p-(Piperidinylacetyloxy)-lup-20(29)-en-28-01(19)2| &4
— 3B-(chlorvacetyloxy)-lup-20(29)-en-28-0l(16) 104 mg(0.20 mmol)
7} piperidine 85 mg(1.0 mmoly& AME-3le] 59] AduPi 5
A wpioz WAl 114 85 mg(75%)S VATh: 'H-NMR(90
MHz, CDCly): & 4.65, 4.56(2H, 2xbr s; Hy-29), 4.50~4.80
(1H, m; H-3), 3.162H, s; OCOCH,), 2.50(4H, t, J=4.8 Hz;

N(CH,(),), 3.78, 3.32(2H, 2Xd, J=10.7 Hz; H2-28).

3p-(Morpholinylacetyloxy)-lup-20(29)-en-28-01(20)2] £}
— 3B-(chloroacetyloxy)-lup-20(29)-en-28-0l(16) 104 mg(0.20
mmol)@} morpholine 87 mg(1.0 mmol)& A3l 59 Adut
A3 sge o s 749 A4 24 102 mg(90%)yS A
t}: 'H-NMR(90 MHz, CDCLy): & 4.67, 458(2H, 2Xbr s; H,-
29), 4.50~4.80(1H, m; H-3), 3.20(2H, s; OCOCH,), 2.58(4H,
t, J=4.4 Hz; N(CH,C),), 3.75(4H, t, /=44 Hz; (OCH,C),),
3.62, 3.302H, 2Xd, J=10.7 Hz; H,-28).

£ 7He| aminoacetyl 7|7} ZEHE betulin FTA|

Chloroacetic acid 3b-(chloroacetyloxy)-lup-20(29)-en-28-
yl ester(21)2| &4 — Betulin 442 mg(l mmol)¥ 2 FHF2]
chloroacetic acide AME31] 39} BY wBHo® w9l 313 522
mg(88%)ys Lt}

Dimethylaminoacetic acid 3p-(dimethylaminoacetyloxy)-
lup-20(29)-en-28-y1 ester(22)e] &4 - chloroacetic acid 3B-
(chloroacetyloxy)-lup-20(29)-en-28-yl ester(21) 119 mg(0.20
mmol)¥} demethylamine 29 mg(2.0 mmoly2 AFE3le] 59 3
A} FUs o R AR {4 3 110 mg(90%)=
A3tk 'H-NMR©0 MHz, CDCly): & 4.67, 4.58(2H, 2 Xbr s;
H,-29), 4.50~4.80(1H, m; H-3), 3.18, 3.15(4H, 2Xs; 2X
OCOCH,), 2.35(12H, s; 2XN(CHy),), 4.45, 3.88(2H, 2Xd, J
= 9.2 Hz; H,-28).

Pyrrolidinylacetic acid 3p-(pyrrolidinylacetyloxy)-lup-
20(29)-en-28-yl ester(23)2] B — chloroacetic acid 3B-
(chloroacetyloxy)-lup-20(29)-en-28-yl ester(21) 119 mg(0.20
mmol)¥} pyrrolidine 71 mg(2.0 mmoly& AE-3l0] 59 At
W 5Ug o W] 314 200 mg(90%)S YUt 'H-
NMR@©0 MHz, CDCL): & 4.66, 4.57(2H, 2Xbr s; H,-29),

J. Pharm. Soc. Korea
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4.50--4.80(1H, m; H-3), 3.37, 3.36(4H, ZXs; 2X0COCH,),
2.56--2.81(8H, m; 2xXN(CH,C),), 4.34, 3.88(2H, 2Xd, J=
10.7 Hz; H2-28).

Piperidinylacetic acid 3B-(piperidinylacetyloxy)-tup-
20(29)-en-28-yl ester(24)2] §4 - chloroacetic acid 3p-
(chicroacetyloxy)-lup-20(29)-en-28-yl ester(21) 119 mg(0.20
mm¢ )5+ piperidine 85 mg(1.0 mmol)}s- ARE3le] 52 FHIHPH
B Fed or A9 #4111 mgB0%ye EUTh:
'H-AMR(90 MHz, CDCly): & 4.66, 4.57(2H, 2Xbr s; H,-29),
4.50~4.80(1H, m; H-3), 3.19, 3.16(4H, 2Xs; 2xX0OCOCH),),
25.18H, t, J=5.6 Hz; 2XN(CH,(),), 4.34, 3.14(2H, 2Xd, J
=113 Hz; H,-28).

Morpholinylacetic acid 3B-(morpholinylacetyloxy)-lup-
20(29)-en-28-yl ester(25)2] #4 —chloroacetic acid 3p-
(chlc roacetyloxy)-lup-20(29)-en-28-yl ester(21) 119 mg(0.20
mmc )3 morpholine 87 mg(1.0 mmol)& ARE3lo] 59 IRt
Wil T P ez T {4 £ 104 mg(75%)y= VAR
t}: - H-NMR(90 MHz, CDCl,): & 4.66, 4.58(2H, 2 Xbr s; H,-
29). 4.50~4.80(1H, m; H-3), 322, 3.18(4H, 2Xs; 2X
OCCCH,), 2.57(8H, t, J=4.4 Hz; 2XN(CH,C)y), 3.74(8H, t, J

Table 1 - Cytotoxic activities of lupane derivatives (5~25).

=44 Hz; 2X0(CH,C),), 4.36, 4.86(2H, 2xd, /=129 Hz
H2-28). '

MZ=A A - J8d) A% SK-MEL-2, A549 2 B16-F10
M|X= 10% fetal bovine serume] 4% RPMI BjR| S AE-3}
o 37°C, 5% CO, Z71|A wljdste] AFel AHg-3ict. A3
WS Skehan 5119 s wWstod, ED,, ¢ S/3ulxT
of digt 4% Aol 50%5 1 FE FEZ st

dEET ¥ O .

)

Lupeol (1)¥} betulinic acid (2)= ¥}lZ 3% 9] hydroxy”] &
1,3-dicyclohexylcarbodiimide(DCC), 4-dimethylaminopyridine
(DMAP)Z ~Hg310] 44| 39 45 242} 85%, 87%9] &% &
Astder 2 & =8F2] amine (5~10 )T WHSAIA
aminoacetyl 7|7} ¥3+# lupeol @ betulinic acid =4 (5~8,
9~12)5 & 82 L & AU (>75%). ¥4, betulin
(13)2] 331 X]37199t aminoacetyl 717t 949 £3 (17~20)
£ s43317) 948 289 9 hydroxyZ1 S HA 3,4-dihydro-2H-
pyran(DHP)Z protectiondt $ 3% 2] hydroxy 71& ester 3},

R,

(Compds. R, Ry SK-MEL-2 A-549 B16
5 dimethylaminoacety! methyl >30* >30% > 30*
5 pyrrolidinylacetyl methyl >30 >30 > 30
7 piperidinylacetyl methyl >30 >30 > 30
3 morpholinylacetyl methyl >30 >30 > 30
17 dimethylaminoacetyl hydroxymethyl > 30 >30 > 30
18 pyrrolidinylacetyl hydroxymethyl > 30 >30 > 30
19 piperidinylacetyl hydroxymethyl > 30 >30 > 30
20 morpholinylacetyl hydroxymethyl 22.2 5.92 > 30
) dimethylaminoacetyl carboxyl >30 >30 > 30
10 pyrrolidinylacetyl carboxyl >30 >30 > 30
11 piperidinylacetyl carboxyl >30 7.58 >30
12 morpholinylacetyl carboxyl 13.99 1.96 20.85
22 dimethylaminoacetyl dimethylaminoacetyloxymethyl 2513 857 10.16
23 pyrrolidinylacetyl pyrrolidinylacetyloxymethyl 11.40 4.36 11.40
24 piperidinylacetyl piperidinylacetyloxymethyl >30 >30 > 30
25 morpholinylacetyl morpholinylacetyloxymethyl 10.00 5.86 4.15
BA 762 7.70 4.98

*ED¢g (ug/ml)

"Vol. 46, No. 5, 2002
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deprotection3t 3 X|$EA1H 3o aminoacetyl 717} £
= E2S FAsIoT. 3, betulind 2%4%4°) chioroacetic acid
9} WES-AlA 3T} 283H9] hydroxy 715 E5F ester 33t 215
AT, olF Al HFY ol BEZAA F 9]

aminoacetyl 71§ Z E3 (22~25y% 3%

HEZ=EY

Table [of] AIZ=4 A3 Jehy3lc}. Lupeol®] aminoacetyl
FEA 5~8)c E9E oftle FRell BARle] E4do] veht
= okgktl. Betulin®] 3¥ )| aminoacetyl 717} =94 &3
(17~20)% morpholine®] E41¥ 20& AlgJsli= 27 S4E
VERA] okskth. 129 Heoll 350 SAIE F A549 Ao
A AE=S4 (EDs), 592 pg/ml)e HEHTh Betulinic
acid®] aminoacetyl F=A4] (9~12)¢] 7% 11 2 122] A5494)
ol ozt AIEEAS AYsPd 25 252 betulinic acid
o B3] AlESgo] R3] At e E ¢ it ol 3de
S4% aminoacetyl 717} F7HEQ) Aol @Rl g 2-gslo] &
A3} 2§ FA7ke] S Walsh] WEY Aoz Agzbdct
KA, betulin®] 3H3} 2839 5 719) aminoacetyl 715 EUA|
7§54 (22~25) F piperidinyl 77} £UE 245 #9133
© B A549 Ao M &4 (EDy), 4.4~8.6 pgmLyS
HeERT) olF F 84 AL FE HYME] As4900 3t
HEEALS VeI o] E217 2] 309t aminoacetyl 7|
7} = EAE) ]3] 28H $JX]of] aminoacetyl 717} 3R}
U= ot wEbA gke] F7HAQl EAThe vHs] B o]
FATE AESA0] B gk Ao AGEglo A3
Aolla] BFo] MESAE vERTh ol A 3A A
g%t aminoacetyl 7]ol| gt F7HAQ1 &7 2lol 7 aminoacetyl

Pellolet 5849 37} 5 e 29le] Wl R AzkEick,

ZtAtel B
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