[EA A5 A 4]

7'<| =

THE M

e
i

Z2lEf ALLRO|AM HE2IMD O REXS

HL7| =

Mass Production Technique of Betulinic acid and
its derivatives from Platunus orientalis L.

H
re
e
1%
=

off
)
i



_—

<

&l

)

—_—

T
o
XO
-
ol
Ho

30

74

2002

FEL 2o A W E e

o HERAZ AZFUT

=2 3T
=

HiuAME

=

g

ol

Tl

-
)

3

7
N

b2

No

rl

—

<
To

—

N

g

~n

MW.O

=

g4 71

)

N

9

3]

job



I.A

Fetetd vl A el 2 AL AT E

O. A7he] 52 9 Fdae A

S 2T SEvgelA A=A o R tRsR TP wol 2olal 9l
& Toll shtolrt & A7 I etk FHEY AU FEAR g ATE
Fate] B F£Fo MeOH FEE°] ddarE YelYS syt of7]d A o]
o] dEAo the fFadE oz WEHA (betulinic acid)S E2]3FH o, o] A 9]
FAELS At wehbA betulinic acide] F8A4S My Hste] 2 AFE
Ty sk k.

A o2 WEFHUS Lo Bl A de EXta e ARLeE o &4
AAE o8 AEEH 8- a Aok 2y 90dd FHE S0l oY A A &
Aol st A&y A7 AAHezR JPHHA 1 g7 AAHeR JAgH 1
AE EHolt}

Hzl wEdAe] A dades gxAor Fodado|n. wWEHLLY
3l Z87]4d (mechanism)< apoptosis (programmed cell death)o]™, ¥]
ol Az thste HAS YeElli= taxolR U A Eo] Holx oz %t
&oto] FAARZA By ¢ §Fein AdA o wEdLS hA s tigh shsta
WAl camptothecin, ellipticine, methramycin A, etoposide, vinblastine, ZL%] il
vincristines ¥ B 3fA Wt} EolH oz oA x| g3 EHo|th

& HARS T3 syneytia (cellular aggregates)d] BA S WX &A oz A,
AIDSS #¥A7l= HIV-1 utolgl=ztd o] APgAAHS AAste upoly 2R
7HA A 9l

W&o 9jepzro 3kol Fhutolel A~ &y Mol el Staphylococcus aureus
o} Escherichia coli. ¢ A& A= g gol a9 % A2 & EZo|t
wekA A7) BA, B, wde, 28al 9A A93 AEAY9e e auy TR



Fo 7R o] &85 o] 9= betulinic acid®)

]_:_
15

o= A

==
T =

oj

)

—_—
1o

ted Al

A5

g

A&

o

]

=

]
=

oF
!

7K

e 2ol A F

3T
=

|

Fbel

S

Hzsgel

¥H ¢

B ATE 92 dere o

—
1o

i

vy
o

TR

o
_&.E
_ZT

il

—_—

o
wjr

|

o

v

X

ol
°

)

B

ToR

—_
1o

<

o el

=
=

F A

HEdt o5

I betulinic acid

3|
L

g S

B

FEe] A7k ol Aol X1

o
2

Fut

3|

Hzdgel

)

%

|

oy

el
iz

el

X

&

o
T
iz
o

loR

o] 9l betulinic acid®]

i

—_

0

SIUREREPRT RS S

o] A% &

to] betulinic acid

S

ATt

5|

SHA =g Al

=

=
=

=

=95
==

N+

2} b

3T
=

EEEE R

el

)l

e s Aol

=
=

0] =
AN -

fog feluete s

o] &
- =

]

Ag 3
Aarglol A

S|

Qo] (1}

shel Fereh]

s

B

F

betulinic acid& A%
7ol A betulinic acid

BR
fi%e)

el
S
Ho

)

o

=

Ea



o] &

=
=

F ok B3 betulinic acid

5|

7S wh

3k
=

IR

3|

AR ol
fel 179l olel 744

3
=

3|

}‘\_]:

fol m=koll A Aleko el )

S

FEAS A

=
T

S S

=

BN

r
)
of
N

1o

dlo

%
i
o

—

XY
oy

A

]
=

Ao}, betulinic acid®]

o]J

sutol ]

1
.

Aol

2h-g-3} ol

&t

MEZ active
HE 7] wfio

AL

T
=l

ol o

g
A

_—

gvto]

W
B

s

)l

)l

il
B!

0

ol

=
Hel

el

<R
e

oA a7kel ejepEelss AT,

A

el

ol

%

¢

;OE

o))

o

!

;OU
B

o

+

ajl]

ol

vy
o

b
Ho
o
il
o

g gy o

=
=

o] T+ E9slol

wriw

ol

A

z og 7%

B

ol
£

o



SUMMARY

I. Tilte

Mass Production Technique of Betulinic acid and its derivatives from Platunus

orientalis L.
II. The Purpose of the Research and its Importance

Platanus species is one of the most wide spread shade tree by the road
side in our country. It has been evaluated by our research group that the MeOH
extract of the Platanus species showed cytotoxic acitivities on various tumor cell
lines. As an active ingredient in the species for the cytotoxic event, we isolated a
triterpenoid, betulinic acid (BA) which is also a main constituent of the extract.
Therefore, in order to further develop the utility of BA this research was
conducted.

In general, BA itself is well known for a long time and exists in various
woody species. BA has been gained its acknowledgement from the early 90's
while systematically biological activities has been conducted for the various natural
products.

Sofar the best well-known biological activity for BA is of anti-tumor.
The mode of the action of BA for the tumor cell is apoptosis and is more
specifically act on tumor cells than taxol which has strong toxic effect on normal
cells. Substantially, it is known that BA acts more specifically on the tumor cells
than already known chemotherapeutic agents such as camptothecin, ellipticine,
methramycin A, etoposide, vinblastine and vincristine. BA also has anti-viral effect
by interfering the development of HIV-1 viral infection that causes AIDS.

BA has effectiveness not only for tumor and virus but also has
anti-bacterial effect by showing inhibition for the growth of Staphylococcus aureus

and FEscherichia coli.



Therefore, this research had been conducted to find species that contain
most abundant BA content by quantitative examination collected from
northwestern, southwestern, northeastern, and southeastern parts of Gyunggi
province and from the inside of Seoul area. And another purpose of this research
is to develop a mass production technique of BA by finding best extracting
condition and seperation and purification method. Also in this research we
synthesized BA's derivatives and examined their cytotoxicities to evaluate their

usefulness.

III. The Scope and the Contents of Research

Through this research we analysed the content of BA quantitatively that contained
in the Platanus species and established a mass production process. In order for
this task, the tree branches of the Platanus species were collected from various
area such as northwestern, southwestern, northeastern, and southeastern parts of
Gyunggi province and from the inside of Seoul. Especially the seasonal content of
BA which contained in the extract was evaluated quantitatively. Synthesis of its
derivatives were carried out by using BA and their biological activities were
evaluated. Finally, mass production process was established in order for industrial

manufacturing.

IV. Results and Comments

BA which has attains our primary concern to conduct research has very
prominent anti-tumor and anti-viral activities and various researchs in the
worldwide have been carried out to develop a new drug by using it. Therefore,
for 2 years, this research was carried out to analyse the content of BA in which
contained platanus species and to develop a best yielding technique.

As the result, through the series of process like collect the branches in
winter and drying them followed by extract, mass purification method of betulinic

acid was formulated as described in the content.



We confirmed that the branches collected from various location contain
relatively even amount of BA. This result suggest that seasonal variation is not
directly related to the BA content in the tree. So we can conclude that, if it is
allowed, anyone can obtain BA from Platanus tree in any season from any where
in our country (In fact, collection of branches in winter is more effective than in
any other seasons). Also through a series of crystalizations we developed mass
manufacturing process to produce BA effectively. For whom wants develop a
commercial product that contains BA, we established the basis of manufacture
with relatively simple process and low cost.

We can synthesize various derivatives from BA and these derivatives are
especially so effective to HIV-1 virus that are in the state of develop as a new
drug in the United States. So anyone who is groping for commercialization most
preferentially can develop BA as a raw material for functional cosmetics. Although
researchs about betulinic acid derivatives are at present focused at the anti—viral
and anti-tumoral aspects, special attention is necessary to apply for the product
development in anti—-bacterial area since they have positive activity for various
cells.

If we can produce valuable raw materials for medicines from trees which
we can see in every daily life, we can foster trees to the public and we can
recommend to bring up forest resources as economically high income capital.

Finally, various natural resources including woody plants are sources for
the most of our daily products and are the utmost natural reservoir for the future.
If we continuously and systematically investigate, we will find trees that make
more valuable compounds than Platanus produces and we can utilize forest

resources better in the future.
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Betulinic acid #38& 22g 43t

- Betulinic acid® ZAA3}IA1717] 9814 MeOH/CHCl; =1:1 (v/WH] &2 &3] =<2l
T Jr=AE FHFF(solvents FEHHHUSF) FFstel A water bath &%= 55-60
= AR A solvente] +=E=E Z#H vl A2olA over night 3% WZHAzl
MeOH ¢ CHCl; & #E& washing @ttt A4S Hof o] #u= FholA
AZA17 Betulinic acidE 9=t}

olo} o WS Alg Ho g wHE3te Betulinic acidE 944 4 Uth
<Y 3>

<HR2> A crudes = WS 59 stk

CHCl; &85 <Iw2>dA &miidgds sh# @i VCCE &3 ¢xd3s] Eeste
Wo]l Stk o] WS AASIE A7IA @il ARAEIYIE o8&t &5

il
ne
s

=
g
o
v

Betulinic acid

34 AAE, A9d ZHEPyF 9] betulinic acid $H]

o), FE (FHAY), FAGEEASR), 28 ASAFA@BET) 7tzeE dd
pan

(3

W x99 Betulinic acid & 3lE #A#st7] A 737]%/\107}—%*]01), 55
Z] FE (
o= 717 )

2042), 5(3), 8(1%F), 1140k Aol APstAtt. 247 3em 013}94
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THAE AR, A2oA iz & A3 dujE AAG S nE5REHE o] 85}
20~40 mesh =2 F&8 A 73} 39T

A Ax4AA=207) A BE AEE 7]Fo we, 57 AEH 2A Az FFE
2] (Mechanical stirrere]-8)& o83l FE3GHE, A5, 7S, AL)
- ZF A& 20g & 90% MeOH 500mL= 50ColA 3A7+2 3H

= = [e} =, =] = = O
FEAE F55t] 2FEFES A

e
_O|L
2
=
£
B
ol

3. % 3
- ¥Z2® 2ZZE5S CHCL @ HO = 150ml x3 : 50ml = 53840] z}zte)
CHCl3 Layers 9=t}

- water fr.e H 33 & CHCl; fr.o] weightE =433}

4. VCC (vacuum column chromatography)

- Target compound®! Betulinic acid A% #4& 93814 Vacuum Column
Chromatography 2 4 A] 8} %3t}

- Betulinic acid 2.t} nonpolar compound® VCCE #& o] A AsATH(RL A
2E34)

- Betulinic acid E.t} polardt compound® VCCE broad 3tA £8 3t}

(¢t BA compound 7} EA3FA] Zolofk )
- solvent system CHCI3, 17G4 filtering funnel, silica gel 400mesh ©]%

5. Fresh Column Chromatography
- CHCI; fr.o] %fo] WS4 = polar, nonpolar &2 2] 2|7} AA oYt}
(overlape] = oJAl ZF9] &7} o] FojA]7] Aol EZdEC] EF 4ou)
- VCC *] BA compound 7} polar, nonpolar E&ol| Hog}g A 4HsA
Betulinic acids #&|st7] 913 FCCE hxtell o A A3
- solvent system CHCIls, silica gel 60(230-400mesh) . Column height 12cm, 4.0
OD.

6. BA 4 &4
- 20719 BA Fr.oll 3ol 0= Betulinic acids B34 3t7] flsiA HPLC
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system< ©] &3}
- HPLC* Waters 501 pump system ¥ Waters R401(RI) detectorZ AF-&3}$1th.
Column-& Prep Nova-Pak HR silicaZ Al-&3ith.
- 81 CHCl; ©: MeOH = 40 : 18 AF&3t9 oM, &1 545 %% 03ml/mine =

shaie.
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MeOH F&E 42 3% 3-29 Aol #FAGlel AMAE F 11L (7
Sl A 7 Eo] Ao 2o z= AAEo %1%101 EAAAN A HE FS A
2Tt MeOH F&%& CHClyYH.O 2 #33to] & CHCly fraction?] %<& % 3-39
el vkel o] MeOHFEE Y vld A2l A= Holx &y X xgdz
= Aldel #BAGle] xHAG] I o] AR wokow A-dEZE 54 A-dA
2o S dAduty A" wrEe] R 3 aFe ko] yelYRA 2ttt 59 A Y
o] 2 1 20g Tro® FE3Y the CHCl; & AFEste] &8 <ol
w] o vl A ctEe] CHCl; fractiong 4 9)th.
E 3-2. A9 A-dH ZEl 2 MeOH FEE9] Y(g)
A2 ZH ok 314 BT
24 1.375 1.972 0.916 1.055 0.969
54 1.249 1.777 1.039 3.080 1.664
8 ¥ 1.157 1.394 1.090 0.811 0.828
11 €2 2.214 2.228 1.127 2.057 1.495
% 3-3. A9, A4 Fgkeb 2 CHCls fraction®] ¥ (g)
o= A & 314 A5
24 0.333 0.606 0.364 0.356 0.348
4 0.456 0.508 0.387 0.849 0.548
4 0.487 0.536 0.488 0.278 0.364
11 ¢ 0.467 0.459 0.333 0.395 0.387

ofef o 3F 340 HERH AL 7oA 4

Heol] 93te] dojA ebtulinic acidE t}Ed3F= fractiond %2 ‘/]'E}‘{H A
¥ 3-5% betulinic acide HPLCfhf AHFEA g A5 YeRd Aot o]& 3ol
Bl who} o] 7+ X3 AWt wE betulinic acide] = Solgh W=

2 CHCl; fractiong 533 639 #
]

o
L 32 >



|

Holx ¢kokt} = betulinic acid?] AA-e Al X o gdaglo] Zetel Ao
£ o]&3le] A 4 gtk RS wIL T AR 7hx o] ZlE
Uaure] 255 ME &S % 3-5-1914 3-5-4¢] HElTh o5 xEolA e
o] JuA A% betulinic acide st AS AlQstis 7| EHA

1

2N R
e AAl A - A#glo]l vl A F L9 betulinic aacidE 3L Y-S H
_7_04

A 2 zH R 3473 A
24 0.135 0.072 0.063 0.131 0.067
54 0.088 0.2 0.051 0.245 0.133
8 4 0.173 0.216 0.024 0.141 0.066
11 4 0.123 0.115 0.092 0.322 0.384

¥ 3-5. A9, AdH Z2+El 2 Betulinic acid?] ¥ (g)

A zH & s} e
24 0.09 0.05 0.04 0.08 0.05
54 0.05 0.13 0.04 0.17 0.1
8 4 0.12 0.17 0.02 0.1 0.05
1 € 0.1 0.1 0.07 0.19 0.23
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i 351 29 F&(%)

A= B 4 5173 AR
< Crude(g) 1.375 1.972 0.916 1.055 0.969
BA fr.(g) 0.135 0.072 0.063 0.131 0.067
BA (%) 65 67 70 61 72
BA(g) 0.09 0.05 0.04 0.08 0.05
T&(%) 0.45 0.25 0.2 0.4 0.25
E 3-5-2. 59 F&(%)
ARE B 3 573 AR
% Crude(g) 1.249 1.777 1.039 3.080 1.664
BA fr.(g) 0.088 0.2 0.051 0.245 0.133
BA (%) 60 65 80 70 75
BA(g) 0.05 0.13 0.04 0.17 0.1
T&(%) 0.25 0.65 0.2 0.85 0.5
3# 3-5-3. 8¢ F&(%)
A B 3 ER A ET
Z Crude(g) 1.157 1.394 1.090 0.811 0.828
BA fr.(g) 0.173 0.216 0.024 0.141 0.066
BA(%) 60 70 68 69 80
BA(g) 0.12 0.17 0.02 0.1 0.05
T&(%) 0.6 0.85 0.1 0.5 0.25
% 3-5-4. 11¥ +&(%)
Az 24 3 ER 4 ET
Z Crude(g) 2.214 2.228 1.127 2.057 1.495
BA fr.(g) 0.123 0.115 0.092 0.322 0.384
BA(%) 81 85 73 60 60
BA (g) 0.10 0.10 0.07 0.19 0.23
T&(%) 0.5 0.5 0.35 0.95 1.15
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474 Betulinic Acid o A AFEA

AN
N

f

-

ne
2 Rood
N

& ¥ solvent?t 7HF g AAE SIA ASF A= BAY HAAAE
P

AAe AR AP AoEe 23402 & A WA AY

ui

o
o
2

2 AR 48 FEE 5 s AYFOR TEE oF dkgol A Skgd AT

3. F =
A8 E FE7]d ¥ MeOH 12LX4X3 times F=3F31th o] W recycle MeOHE= <F
9-10LA =7} 3|4H A, FE5=5 filter paper filtering % &5, A5 4kgA] 270g

9] crude’} Lo A

4. & ¥
- CHCl3 : water = 3 : 1
- 1} : 2400 : 800ml, 2-4%F CHCI3 2000ml
- CHCIs fr. 215g €13

% AL ARl BATH A FEH0 Jor gt

M
il

- 1:12 8%
. 2 2a £EE
3:34 £8E
442k E8 &

‘ ‘" »

a9 3-5. MeOHF% %9 CHCl; &8¢l thd TLC ¥ H.
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5. A A

CHCIl; fr. 215¢S 73 AASE A=A T 21508 2+H 3] soluble 3+ AEIZ 3}
710l FAZE glon I YR e solvent’t ZLE FUh U BE Z2HE0] A
UAX AA ST} o] Fol x| A okt
CHCl; fr. 215g2 40-50g &2 4-5%3to]A ol &
stE Al=svh. 2% 7w A A<l
7k AEAA 1

1) re-partition®l 2|3+ spot A A"

CHClz fr. 49¢g< CHClz & =%th 26G3, 400mesholA(F7 5em, ¢F 100g) o &
filtering st 3 &, filter7} =& A E27F HA &gk, T84 MeOHZ 3] =9l
oS WHF silica 919 584 FNEAS AA T A filteringS ’\]‘:5‘}9}9—‘/}
37 &2 partitionell ol g 2| 7F o] Fo) A A &Skt spot O AL AAsE
7] 9 dl A Hexan/HeOH <} EA/water & partitionS 125 A|=3FH 21 7+ fraction
of iy E Zdo] &l vlszgk Wy o® EA/water 21(500300ml)oi 23514
< o, °1L ALk spot T =Ho] #7F WA AT betulinic acidv "8 =g

2) VCC
- CHCI; fraction 49g< EA/water #3835l 92 EA fr.& 5539 CHCl; =& &
Z

3] Atk vacuums A AISHA T

3) Crude Crystalization

BA fr.(22.73g)S ZAA3} A =34t} Solvent £33 & (MeOH/CHCl; =1:1) Vacuum
%lo] water bath® &% 50-55C% 14 & rotary Al7|AA =)

J S o] o Aol WAsta, o] Ao A AHES VML 2BIE F=
ddom o uw AL AL crystal 1 o]t Fa BE?IS} 2 (Mother liquor 1)3}
MeOH soluble fractions AAth.  EHol] FHF¥ o] 9= betulinic acidg 47| 3%
dde] AA3 AAS v Zo] = 3}eto ‘/‘rE]rlHMIjr.
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Crude 40g

1
A E
on
MeOH Fr Crystal 1
£ 31 2FEFES o &3 A 14

Mother Liquor 1

Mother Liquor 1

1”
AHE Mother Liquor 2
2"
MeOHD CHCl3 Crystal 2
3”
| |
H/EA Fr. Crystal 4
4/’
Washing
solvent 1. Crystal 5

17 A4 3} solvent system = MeOH ¥} A#<] CHCI3

2¢ = MeOH ¥} Z3<°] CHCI3
3" AA 3} solvent system = H/EA 3:1 (100ml) ,
4" = H/EA 31 (25ml)
=2 3-2. 29 (mother liquor 1)& o] &3k

washing solvent, He/EA system

, washing solvent, MeOH

243 74



Mother liquor 1914 1=} 22 AA43tE E3) 4 BAS ofg] 1AW AXA 942 B
Zholl = oFzte] Aol7t EA At Mother liquer 1014 121 W& &9 9] crystalS
AR FIA 225 FElA A2 WA ol =A% B 28 o] &3 A

e 14 Wl 4S9 solvent washing W 2% A9 <=3 BA

>

Mother Liquor 2

1[/
MeOH
CHCIl3 Crystal 3 (Mother Liquor 3)
2“
@ %j % 3"
AAE
flask washing
MeOH CHCI13 -
residue
2 3 MeOH CHCI3
@
Mother
Liquor 4

ki
1>
<
w
td
i)
\]
Ll

o]& AAst HeHA
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3 W7z MeOH= washing 3% CHCI3® ©A| washing 3t ZAo] U
g 7] wtol AASIE AL wEsh webA 27 37, 47 VCC #73
Frs. 55 A4 a3tk MeOH ¢ 4% CHCl3 &2 %9l § oFt9
= A7} over night A7 & %
} funnel®l filter paper(90mm) ©]-&3sto] 7F<t3dte] filtering 3le] Crystals 9 3lom
ol Az AA MR crystals AT (=2 3-4). 919 14 Crystalization
2] Mother liquordll A 22} AA3E FEste] ¢ W L3 W2 oz Crystals

d #ud 5 A9

Me oo
> ¥ tlo
9

oy 1o oo
zd o
ox
fuj
N
o
=2
o
o
<
Q
o,
ol
=
QO
=
S}
5
_>4
oY
o
i
O
T
a

N

2+@+@
1"

flask

@ MeOH residue

Crystal

2" solution

washing "
solvent 2 Crystal 5 3
washing
solvent 3 Crystal 5

H
>

2l 3-4. ZFF 54 (mother liquor 2,3,4) 0. 258 Z A 3}3A
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7. AL =

o] 7kA z2heA A A A} betulinic acidE thFAYAE7 3 HH AL ¢
Ko ) o

= Qs

=3
7} E2ENE JSANEI ol FEI WERUL. FEL 3

Z,
w
>
e
_O|L
e
S

. %34 filter paper vacuum filtering 3} 52 A3t} (recycles & Fth)
t}. PartitionS CHCly/water 3:1 F == 3xd] AAgt} & fr.o] spot EZo] g5
v 2 7}g4 water fr.g ¢4A3] AAS}ESE 3o}
gt. CHCl; fr.& &=3ko] EA/water £ 85 A% (401 &=n&) C/M, 50 : 1
or 45 : 1 & VCCE AA5te] spot HES AANE HAT AZFY solvent”} U
29t EA/water 2382 1xd 7t A AI8le] water 52| polar E4S A A% W
% 2% BAYAl EAZol EASHAINE Ak Ao] ofd tigFgteletd yFo] thA
water =< recycle & 4 9th VCC AlolX BAE polar ¢ nonpolar fr. &0 4

o L2t}

oMOj

mh EA fr.& s5stel AAst 2] 8t A solvents d“’—‘.*ﬁ}l(MeOH) 4 Ho
oF sht}, (A% solventZ crudeE €733 =ofof gir}) =k AAA F5otd
JolglFel 2 EAGT} olE A FHol= Ho %4‘16}5} —4 CHClz& %o
Al 3] FoleE drh s =% AARstxds Al ¢h¥ Y filtering sHA

N

&
5
T (MASH 2 B A, 24 skl wald)

% AA3 3w CHClZF A3 nonpolar(MA22)% A A3t 4]e]A

Hh b3 Q15 Aol CHCle 25 AAR vhs ddFez 503t MeOHE &
= & %

k(A% 34) oW solventoll 278 =4 (-

A He) 2AS $HE] FHoluE gk
o}. Hoodoll A &Z73} Crystalizations A A gl A 647kl A 39712 A A 3}
£ AlZth

2}, zAF funnel(filter paper A x])oll AAH ZAAE filtering s+t olu] washing
solvent®+= Wz MeOH(Deep Freezer)S ©o]|&3tt}. 7134 AHFS o] &3ty AS u
= A9 pipeteZ "ol A washing k. A& A A7 $8l CHClsS
AREAl A E AAE T FolBE TR A ARRS sHA @FeTh

=
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2p, oA ZAF funnelel filterdt AH S AXIFH(AZ7] AT A])  vial H A
filter paper’} A< @il 9lomZ o]E ThA] Hoja] EFZdlo] FHolRol 7 H A}
A gx=E g} old 1¥3-6 AA 3= H A9 betulinic acidelth 7 AAWE H
Vet g

E}l. Betulinic acid 7} # i solventt= C/M &3 solventZA 40:1& 7|+l =
CHClzo] o] S5 & Sevh & 3714 solventZ+ Hd 3] 2] gk=th

a9 3-6. AAFEN9] betulinic acid

54 WlEdi FEAY A

A anti-HIV  SFEZ A Qow wEdiEy ayir 53
3-0-(3’,3' -dimethylsuccinyl)-betulinic acid & 3¥ hydroxyl group®| dimethyl

succinic acid & esterification A7 A3, 71EF ¢ 2 FE=A 0 thslol = A

A A O dEd FAxAS S-S okl Uehgleon §4E FuAel gAs @
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JA ol AQ7b-up FAES AF E column chromatographyE %E3fe] &

1. Betulinic acid benzyl ester 43
@ 50mg BAS 0.1ml9 benzyl bromide, 20mg2] Cs2CO03, 30mge] K2CO3E 4|3k
@ Dol A #=n3 AE3 F59] acetone 10mlE Zeb2=o] Fal reflux WA 10

29 5 gerstel gl deludn,
S B85 olge] ARuEIYY AR Faldrl),
Stationary Phase : Silica gel
Mobile Phase : Pet. ether/ EtOAc, 99:1
® 98% F&9 Benzyl esterg =t}

Cs,C05 KoCO3
+ B ————

acetone, reflux 10h

2. Neo—-18a-Olean-3(5)-en—-28—19p-olide(28-oxyallobetulin), neo-lup-3 (5)-en-28—
19B-olide®} neo-18a-taraxast—3(5)—-en—-28—19B-olide ] A

@ BA 536mg¥ K10 40mg¥} CHCl; 5em*S Zetxzd] £33t
@ €& 718ty 3417 B9 Ao, refluxing 3Fc}.
©) F FujE o st A AT
evaporate $+c}.
£ 10% AgNOs7} 714 silica gel column chromatography 3+th.
12 Pet. ether/ DM, 30:1
FAEZD S 77 30%, 25%, 28%4 Leth.

o

o, m-ttir
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3. Glycine methyl ester betulinic acid®] 4]

@O Zgt23°] 10ml methylenechlorideE %3, BA 100mgs Y&

@ T3 Zztx=o| glycine methly ester 50mg I DCC, DMAP Z}7} 54mg
15mgS #7}3ko}.

@ A2 Aol A AojFm RESAIZIT AT Aol A 2441 3F RES A ZITH

@ Wkg-o] Eu 50mle] EtOACS 53¢ H20E H7beid.

® fF718vl & EtOAcES gt}

® MgSO4z AxA7]aL, o3star, fuf= 7SHdel A defmdin

@ RkeE& Silica gel ﬂiUPE:LﬂM it} o] 54k Pet. ether/ EtOAc, 2:1

A

® glycine methyl ester & BAE &&=
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OH HN 7)‘\ 0]
o OMe
2 %om
—_— /I//
DCC, DMAP
4. Dihydrobetulinic acid®] A
Betulinic acid 10% PdC yield (%)
60mg 20mg AcOEt 10ml, Hy 97
overnight

+ 10% Pdc ——

HO o
ly
HO

"o, ,///

5. Betulinic acid 28-O-carboxymethylmethylate®] %Al

Betulinic acid NaH rcrllﬁg;g;cetate yield (%)

DMF 10ml,
60mg 20mg 85
overnight
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+  methyl chloroacetate ————————

HO

HO

..,'I///

6. Betulinic acid 3-O-acetate®] A

Betulinic acid pyridine yield (%)

Ac20 10ml,
overnight 9

60mg 2ml

pyridine

Acetic anhydride

7. Betulinic acid 3-O-benzoate®] &4

Betulinic acid pyridine  bezoyl chloride yield (%)

60mg 5ml 0.5ml overnight 90
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pyridine
benzoate

HO

"o, ,///

8. Betulinic acid 3-O-crotonate®] %43

.. . .5 crotonic :
Betulinic acid pyridine ~anhydride vield (%)
60mg 5ml 2.5ml overnight 80

pyridine

—_—_—
crotonic anhydride

HO

"y, HaCHC=HCOC
74 3!
~y

9. Betulinic acid 3-O-sulfonate potassium salt®] ¥4

Betulinic acid pyridine  CISOsH yield (%)

90mg 5ml 0.5ml overnight 55
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pyridine
CISOsH

o
KOs

10. Betulinic acid 3-O-succinate® %43

Betulinic acid pyridine xggjgifdsdd yield (%)
overnight

100mg 2ml 200mg 65
80-90C

pyridine
succinic acid anhydride

o
HOOCH,CH,COC™

64 betulinic acid®} 7 F=A9 A AA

9 AolAsh g ol olstel Rl gA el FHY F8EA thate] ofEo
449U BEAE W] Aol G2 we GARYIAT & 2 A
thedt ge Yo 434S S4sgh

_39_



1. SRB methodol] ¢]3F aot&A=A]
2 Aol A g8 A ddSAY

S AFAF WolA g HsA 73
st 4 9l& SRB (sulfrhodamine B) W o2 w3 NCI 2 4

& G AFEskeE W elm zkAl gk A ¥ prototolS TR 2o

b ANFe GHEES typsin-CDTA §doz AHgsle] &7 FRHozRy 2
2] A]17]3L, 96-well flat bottom microplate (Falcon)oll 2t well B AX47F 2442 5 x
103 (A549, HCTI15), 1 x 104 (SK-MEL-2, XF498), 2 x 104 (SK—OV—B)O] HEE
3 A3fo] B3tk o] 54 CO. incubatorZsoll Al 2441 7F v ek&lo] cello] welle] vl<:
ol ¥ Z(anchor) ¥ =% 3 % aspirator® mediaZ A 7133l media®l HolE HA=

u

TEER Z47He] well ol Yol FaL 48A17FEF AL wf g

AAg&AE ZAT W= HAS mediattS AFE3dIe] o= (dissolve) AE ¥ 3
o=z AT Aol mEtAE 53 HAV &Y %‘Qroﬂb &% EtOH %2
DMSO (dimethylsulfoxide)E 7}3le] 4% 1o EtOH &8 DMS09 FHEF=7}

5 Z%ekA Zotop vk = HA LA S Ao FFEu= v filter® o] s}
011 FHAHE FAAAETH
) 48417 E et widS v 7 well$2] mediaZS aspiration® ® A AL 10%
trichloroacetic acid (TCA)E£ %S Z} welld 10ul & 78k 1 AJ3H

SO 2o W
Aol MEES TAAZ Ty B2 563 AFHste] B#Ye] TCAENS b3 A
Asta AZxAZIT}
o) Z+ welld 100ul 2] SRB A48 (0.4% sulforhodamine in 1% acetic acid)<
7hste] 307 AMEt Yol AAMML 1% acetic acidZ 5-63] WHE Al F 3o A

ks —?‘ FZoll Al A=A

2} ZF welld 100pl 29 10mM Trisma base (unbuffered) &S 7}3+3 titer plate

shakerz 10&7+ 3 5*3}05! cello] AMg AMMolLE & =1)7) 31 microplate readerZ ©]

€3Fo] 520nme] &3 %A (absorbance)& &% g},

) AA LN HolFE HATY SAEFTAE (% cell growth, L&A 9)= o
= 0o _/,:

T
& 40 meh AEAT. = AAS

o Al T medias Hold T AHXE
(C)} zero timed] MEF(Tz) ¥ AATFY AEXF(DE 242z 9 THE=XZHE

>

A
ghaksie}, AATe] GAE =28(% cell growth) = Tz>TQl HASol=
[(T-T2)/(C-Tz)] x 100 &2, Tz<TSl A= [(T-Tz)/Tz] x 100 ¢ F24 2
k=

v Z4zke] FEAA SAT AATe] JHMEFAES wEOoREste] LOTUS
program®] data regressions AR&3te] HAZE G UAES] TS 50% A st

HU
R
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&% (EDso)& 7Atstar o] EDsy A& 7l o= sho] 2p A &ekaae] potency
& 4E dashe AR Ak

il
=]

Yol 7]&3 Wi 93 betulinic acide} o8] FEAES ®3 IFIdEAEH
=t

¥ 3-6. Betulinic acid®} 7 F=AE59 IAE A&

EDso(ug / mé)?
A549 SK-OV-3 SK-MEL-2 XF498 HCTI15

CHoCl; Fr. 95+0.3" 15403  20.4+0.3 20.5+0.4 8.2+0.3
betulinic acid ~ 2.0%0.1 3.840.2 2.5+0.2 3.4+0.3 3.740.2
Betulinic acid 5 ;)7 9.6+0.5 12.5+0.4 185+0.6  16.6+0.3

3-O-succinate

Betulinic acid  105:03 153403  20.2+0.6 134:02 25607

petulinic acid 87104 6.4+0.1 2.5+0.2 34403 37402
Betulinic  acid 4 913 3603 4602  45t03  44+03
cisplatin  1.4%0.1 0.9+0.3 0.8+0.2 09+03  2.2+04

a. EDsy value of compound against each cancer cell line, which was defined as a concentration that caused 50 %
inhibition of cell proliferation in vitro.

b. Data are mean+S.E.M. of three distinct experiments.

¥olA Hi= nvle} Zo] betulinic acide AFEE o8] AlXo|A Awbdg oz 73k AHE
=4 vEd 2o 2y F4E FEAES 238]8 betulinic acid®.th ETW}
oFgk 1o ® ety ol2ld A= ol FEAVE o9A AYEES e 9l
=X g3 dgS Frlole B2EWe deeltt. auy o= JE thE 0131 7}
A frEAS FAAY 259 AYBAHAA SR Fago] A By} Az HAg Ao
2 EAo] A3 BEAS e £ JS Hdew gudyg

2. Futol 2~ (HIV) &4 AA
3HerpesHlo| 8] ~ k& # tol A2}F= VeroM EAAlA HSV-13 HSV-29
gk in vitro ¥upolE =E ot A B AFA Y] A XL i3k 5A4S CPEASIHE o &3t
of &7 zASIAY. AIDSARA M 7hede AeH7] ffste]l MT-4 Al ZAAE

1%
fllo
o
ol

_41_



o] g3l HIVel t3gt in vitro
CPEA &z St/ ZASA T
virus®! PV, CoxB%} VSVl oj st

Gulol e 2 gy el AlmAA Q] AlEo] I SAS
we AR A B tdte] HelLa AEZAA A RNA
Fg AT CPEAFHE o] &3t P33T}

71 AlE

M*EE  American Type Culture Collection (ATCC)C. ZHE] T3+ VeroA X
(African green monkey kidney cell) (ATCC CCL 81)9} HeLaAl ¥ (human cervix
epitheloid carcinoma cell) & A}&38th MT-4 (human T-cell transformed by
co-cultivating with leukemia lymphocytes harbouring HTLV-1) 67 i =79
- 2 Bewe] N, Yamamoton 5 Z%5E, H9 (human cutaneous T-cell)2®
'MRC AIDS Reagent Project’e] 2]3}e] <= National Institute for Biological
Standards and Control (NIBSC)Z - 7]S2de=d 9 A3 A= R, Gallowl 24
‘the NIH NIAID AIDS Research and Reference Reagent Program’el 2]3s}o] A3 &
Atk

L) nvpole] =
A &o] AF8¥E human herpesvirus 5& t&3 72t}
Herpes simplex virus type 1 (HSV-1) strain F (ATCC VR-733)
Herpes simplex virus type 2 (HSV-2) strain MS (ATCC VR-734)
A do] Ag9d HIVE &3 z2on 'MRC AIDS Reagent Project’e] 2¢]&to]
9] NIBSCZHH &grEgkeh
HIV-1 strain IIB [HIV-1 (IB)] : 1983\ m|=kell A #2g®
HIV-2 strain CBL-20 [HIV-2 (CBL20)]: 1988'd Gambial A %29
YA FAF Dr. R. Weiss

Ao AFE-¥ RNA virus % enterovirusE< thg3 #t}
Poliovirus type 1 (PV-1) strain Brunhilde
Coxsackie B virus type 3 (CoxB-3) strain Nancy

Rhabdovirusell £3}+ vesicular stomatitis virus (VSV) strain Indiana® 2] &l

o]-& = At

h Ad=d 32 ZE%E
AdeEdes 92 et 18091F 559 MeOH FE= &0t EEE2A



o] o]F¥ kA A Z3|AF F tdntol e 25 Table 4-1¢] E A

. oF AZT+ AHdEAcker FE 7S on ymA= Fujetsitt

Nz} F5dE T‘%% 100% dlmethyl sulfoxide (DMSO)°l| 20 mg/mt= 5 & Qg
O

2
=
AC
=
o2
_|='
[o
fru
lo
1
_°|_‘
s
>
oo
_OH

7h) Al <
VeroAl ¥9 HelLard¥E A& 10 cm petri dishol 4 pug/ml gentamycin
(Gm)(Sigma)¥®} 5%<2] A& ® fetal bovine serum (FBS) (Gibco)e] ZH71&
Dulbecco’s modified Eagle (DME) (Gibco) I X (DME/5% FBS)o| Al A EttZo] &4
2 wj7=x] 37 T, 5% CO; ®jgF7IolA] FA AT Vero$} HeLarl 2= 3 -4 4,
HEL 29942+ A9 71402 trypsinA & & sto] Adstd . MT-4A4 29 HIV
of ZFd¥E HIMES A5 wldw o] 25 cm2 (T25-flask)o] At 75 cm2 (T75-flask)
FehaAe  10%° dAEE FBSS 4 pg/ml Gme] #H7be RPMI 1640 HiA]
(RPMI/10% FBS)E o]&3tlom, 37 C, 5% CO: w&7IoA F2 A AT Al HH %
T3 -4 3Aer AXE AR A a5, AES7E 3 x 105 JH/mle] H =
3| Al sto] Aoyl et ATt

L) wpolej o] F4

HSV-13% HSV-2% VeroAl ¥l A, RNA virusE-& HeLaAl ZolA F4 ¥t} =
T75-flaskel SFAEGZTo] FAHH wjdds AA AT viele~E DME/2%
FBS ©l g2ste] 1.5 ml vloleis g Ado] A ghzimitt 0.1 M.O.I (multiplicity
of infection)o] H =2 HZE&AUvk 37 T,CO. HIE7olA 1 A1ZF E<F (RNA HlO]
21229 A9 30%) FAAN F S A S AAToRA HEol FHHA K nuio]y
255 AASIY. DME2% FBS £ 6 ml  #H7F8 ¥ 70%< A*E7F CPE
(cytopathic effect)E YEFE w71x] Al sttt AxEel mgd s 3|45t AlY

o] @tk -70Col A dela 37CAA Solx AYS AW Adgs 5 4 T, 5000
rpmo &2 2087 LA R AT A5 dS A A 9~7l°ﬂ F3 & 70T npo]
2 FaAogA HAEPa, A Ao wmpo|HAE FTTCANA 2143 Ho] ALE3)

%t
HIVE  wholelzo] g3elsl HO AZE T75 flaskel w%ste] 3)5aksich. Al
£E HAREAA FEAL AAD F held At A UENL F AL 3 x
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105 71/ml°] %= RPMI/10% FBSE #7138 oS "Aeo wel A% Avsa

Hholg] 2 85 Aﬂ—lﬂH"Jﬁ‘ﬂié 4 C, 2000 rppmO. & 1023 AR A7 he A
Sole 1 m el 5@ F AAAe e - 70 Col woles Firelo A
BHegla, AFAAo] umlolg A 37 TollA A&3] o] ALR3E1S)

th) violegl = H7HE5A

HlolH aF A 9rtE <] fete 1H10e®E A 83 & 96-well platedl
confluentd} Al Wl ¥E A X = welld 100 ul¥ 7(4%‘0]' 3tk HSV-13 HSV-2+ 1
AlZE, RNA il =59 A9+ 30 & &< 524121 $ 100 ule] wigds H7tst
Stk HSV-13 HSV-29] 7% 3¥3F RNA viruse A% 29 7+ CO; vl 7]l A
Hjoksk & MTT (3-(4,5-dimethylthiazol-2-y1) -2,5-diphenyltetrazolium bromide )
W (AR AP Fx)s ol&ste]l ArtE ST HIV S04 drts &
71 918ke] RPMI/10% FBSZ F ¢S 111022 A% 848 ths, 96-well plateol
welld 100 ul ¥ol a1, 1 x 105 cells/mlZ 34 ¥ MT-44% 100 ulE A 713t

5 A7k 37 C, 5% COx Wi%7lol A st the v 4 a2 MTTA RS 33y
3to] CCIDsy (50% cell culture inhibitory dose)dt= T3}

2}) Slherpes simplex virus 2F& 7 A
kg A AL virus-induced cytopathic effect (CPE) A3l S o]&3t9t+ (Table
4-2 %), =, 96-well plated] Veror|ELE F2A171 vt DME/2% FBS ujfaio
2 A5 vlolH2E ZF welldl HEZo] 100 CCIDs (50% cell culture inhibitory
dose)7t H &% 100 ul® FHEstar 1AIZHEQE 37 TollAl F2AZ 5 v s AA
Atk 7t FEZ 84 H oFE S duplicate® 7+ wellell 100 ul®d H7Fsta 37C CO.
HiE7lol A 39 widE v MTTHAMH (A3WH, H3d Fx)o =2 50%° AE

FTEE  ECs (50% effective concentration)Z 273}

& IS & F UARE vlol s HEFA H}Olﬂi
o] Halz S (mock-infected) HlolH A2 HF
o S, FHAIZE wg F A7 AAE AL v kel
HA7bE ek 39 Wi & MTTHAH R ofEo] A
oF
&

r o A¥E control welld} H] L

>
£
o
fl
L
rﬂ
12 o
? o
lo

ol
o
N
~
i
%
2
—|—l
_1
O
I o
o
2
Lo

N2 [ Lo



"}) Shuman immunodeficiency virus (anti-HIV) <F& 7 24

e M 96-well plateE o] &3 CPEAFHE o|&35th A|EE RPMI/10%
FBSel A@dFmel 202 8 A17]a, plate®] 7 welld 100 ul % AZ=Z 6 719
wellell AT [2 well& FHIV-1IIB)H A&, 2 well> FHIV-2(CBL20), 2 wellZ
mock-infected-&]. HIF8 wellE5& blank=A ©] €39 th. Cell control, virus control
I} blankE 3 welld= BlFATS LAt MT4 AXE AT 9L
mock-infected= ZHE, FHIVAM &= 100 CCIDs9 Hlolgls FEHAS Yols
o WS gatel AZ47 ml 2 1.0 X 105707 H2E 8489 BlankEs A
ﬂﬂﬂﬁéwdﬂﬂiiIF”MWﬂ@%%H&%al%uﬂﬂ%ﬂ%Q%37D
5% CO. vl ¥7]elA 5 A7t wlatdrt. MTTHMH S o] &3l Alge] Fufolefx
Foll ofste] FHSVeFEH A o] st ECxét CCsos AAR3taL, Almel SIE A
2kttt

v}) &poliovirus k& 73 A

AFFel 100 CCIDx= 314 ¢ Hhol 2 28 96-well Dlate94 HeLadlsol ool 7]%
SHHSV-13} HSV-2¢F& A AWt o] Algslgli=t), 2 ozF wjoksl e g

gkt

e

i‘ ”

A} @coxsackie B virus oF& 7 A
¥

ol 7l=% Fpoliovirus F& AL H I o] Al T

o}) dlvesicular stomatitis virus k&7 M
Stol] 71 Epoliovirus FE AN HIG Lol AlgstAt)

2h) A Z=5A4 1A

ko] A¥d 7= S AEAF F+= JFEAF (cell growth test)o} A
Fol HE AEE Folx= B XA (cell viability test)e] F7FA] WA FAS 4
Aotk FHIVeFE A Mo A2 mock-infected A& Aol tfste], Y x| vlo]g2~E
o] th3t k& MA mock-infectedi= F#}oll thdk FAFA T
) MTTH A

o] AMRLE AopFe A X mitochondrial dehydrogense’} =&41S& @ MTT
& RS A formazano. 2 FYUA| 7131, o] AAES F7&uE Ho] FAEE
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ZAsto] olgles AE F& AX] £2 AHow wusts AolhY ujokel
B¢ Veroxe wldds AAs DMEZ% FBSel 3 mg/ml2 4% MTT
(Sigma) & 96-well plate?] welld 50 ul® Yol & 37 C CO, wiE7]oA FA]
7F sk wjokEtd ol AHA 3 E isopropanol/6% triton X-10099S 100 ul & ZF wellol
Hol® § wWt7|E o] &3t A formazand 5ol ¢dd] %% stlth Microplate
reader (Vmax, Molecular Devices)E ©]&3}4] 540 nm$} 690 nmol A9 SHF=E ¢
At AS407 A690°] FdH Aol A blank#ks Wl Th5 cell control?} virus control ¥}
Hl sttt &, AlEsA

o
cell control E¥ %= - A &% H7lE

ko

o

x 100(%) = A1,
cell control &3 =-blank &3%
Futole 27 v=
AlF e} vpoly 27t H7be §¥ % - virus control &3 %

X 100 (%) 2 A

cell control &3#% - virus control &%=

AR dutele 2gko 2 HBEH O ECo¢ MESRA o2 HFH CChE
selectivity index (SI) (CCso/ECs) & F3FSiTh.

Aol dAE oJe] 7FA] W o) 218k betulinic acid®t 1 FEA S| hek Fulolel A
7= betulinic acid®] MESFEAZE Qlete] Fntol g7t YA WERA] &
otth. 18y Fujioka W9} Kashiwarda "?Sel 9|89 betulinic acid®} 1 =491
3-0-(3’,3'-Dimethylsuccinyl)-betulinic acidi= H9 cellol A 9] &njolg]~&a 3} 7} 738}
A debdnar Bastdar (E 3-7), olgd A oy THAE SR o EdE
gk Fnfoly ~Al 2o A5 kil At

r%
o{l

O

¥ 3-7. Betulinic acid®} dimethylsuccinyl)-betulinic aciddml & ®}o]2]~& 3}

Compounds Cell Strain ECso 1Cxo Units Tl
HIV-1

betulinic acid | H9 14 13 oM 9.3
(IIB)

3-0-(3',3'-Di

: HIV-1

methylsuceiny| o <0.00035 7 M [>20000
1)-betulinic (I1IB)

acid
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betulinic acid9]

chromatography &

17]

betulinic

AL petulinic acid EEre

A

]

i3

3o

wr

KeN
=

o moluti: AAF scale

gk

o] ¥

22|

)
A
0
R
)
5

¢

o
K

—_—

1o

oo

el

el

B

I

3
B

31

A7k oS ke

2.8

g WEste] 1

of

i

o
Ho

SR IS R e
SAZE AR

oj
.50
e)

o

o9 A%t

3L
™

T I

3L
h=)

o~
T

feiz
=

ofy et A3

HH
R

ol
=

_48_



7FA 31 AFE 3 betulinic acid= IS E Y 2 FwnfolHaF
¥ B3k Aopke] ATt o] ZolA WP Q)

T2 kA 2dEt o] tiEAd TtESFY syl &
i betulinic acid®] S w+A5taL o] A&
Mkataal AAednh o] A3 Feebd v
%S E3}9 betulinic acidE &o]atA o %

2 Aol A SEtEb auol = Ao BAlgle] 1
1 o=k 3 5101 Ae As FRlgrozegviete 7t
E}Lﬂ/\‘/]r | el dakglo] AF st (AHE dAA
leo]‘j)r-l_’— dtg) betulinic acidE A4 = 9l
—I—E}E}Lﬂ 2uFo| A betulinic acidE
ettt wepA 2 4S5 o] &8 AF
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F

Ol

H 6 & AF/MLdnt™olM =8

rol

2| 2t

I

Jl=dE

A dEA o oy I g8 BaiMe HE
o - 23] AG7E Ha e AAolth dAZEA 1975 =FE betulinic acidell ¥
g A e A Eeta vk £ AFZ2 ol Fujel] betulinic acide] A4
3| E 98 T2 Astoltt. 5 X 1990 FHke] betuline
acid®] Aitel #3 53 E UM HS3 =& Aot ot AR= 1996 H-H
o] 9+ betulinic acidel #3 53 =5HS e

Welth  ofef AzolA B ¢ Qe wpel o] mmolAE HE adzk vid 10784
9] betulinic acid #¥ 53]& FH3sta vk ot Ao H|FolE: W %
S yetel A a&d oz ggaste] 7hed AEdh Al sl ®Bo A=y o
Gl A5 R ASto] betulinic acidell #3F 5315 FuFomA FF oS o&
g A FANLEA Aol FS F e AUHEAES M AEF S Zo] vt

g Awd.

USpatent database
Results of Search in 1996-2002 db for:

"betulinic acid”: 52 patents.

PAT. NO. Title

1 6,407,270 Methods for manufacturing betulinic acid

2 6,403,816 Betulinic acid derivatives having antiangiogenic activity, processes for
producing such derivatives and their use for treating tumor associated
angiogenesis

3 6,392,070 Birch bark processing and the isolation of natural products from birch
bark

4 6,369,109 Betulinic acid and derivatives thereof useful for the treatment of
neuroectodermal tumor

5 6,369,101 Therapeutic method to treat herpes virus infection

6 6,342,611 Fluorogenic or fluorescent reporter molecules and their applications for
whole—cell fluorescence screening assays for capsases and other enzymes and the

use thereof
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7 6,338,855 Cleansing articles for skin and/or hair which also deposit skin care
actives
8 6,335,429 Fluorogenic or fluorescent reporter molecules and their applications for

whole—cell fluorescence screening assays for caspases and other enzymes and the

use thereof

9 6,303,589 Pentacyclic triterpenes

10 6,280,778 Process for preparing natural product derivatives from plants in a
single step
11 6,271,405 Method for manufacturing betulinic acid

12 6,267,957

Attaching agents to tissue with transglutaminase and a

transglutaminase substrate

13 6,264,998 Extracting betulinic acid from Ziziphus jujuba

14 6,232,481 Method for manufacturing betulinic acid

15 6,228,850 Antiangiogenic activity of betulinic acid and its derivatives

16 6,225,353 Method and composition for selectively inhibiting melanoma

17 6,217,886 Materials and methods for making improved micelle compositions

18 6,214,814 Use of betulinic acid derivatives for inhibiting cancer growth

19 6,214,350 Process for preparing an anti-viral medicinal product from plant
extracts

20 6,207,711 Photoaging inhibitor and skin—care preparation

21 6,190,678 Cleansing and conditioning products for skin or hair with improved
deposition of conditioning ingredients

22 6,183,761 Compositions for regulating skin appearance

23 6,175,035 Method of producing betulinic acid

24 6,172,110 Acylated betulin and dihydrobetulin derivatives, preparation thereof

and use thereof

25 6,153,208
26 6,124,362
27 6,080,877
28 6,071,898
29 6,048,847

Cleansing and conditioning article for skin or hair
Method for regulating hair growth

Taxanes

Asiatic acid derivatives having modified A-ring

Use of betulinic acid and its derivatives for inhibiting cancer growth

and a method of monitoring this

30 6,013,646

Indolocarbazole derivatives useful for the treatment of
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neurodegenerative diseases and cancer

31 5,989,556
derived from
32 5,985,300
33 5,977,395
34 5,962,527
35 5,935,596
36 5,919,815
37 5,916,919
38 5,906,825

Compositions of matter useful in the treatment of viral infections
plant extracts

Delivery of skin benefit agents via adhesive strips

Ester syntheses and transesterifiable xanthate reactants therefor
Method and composition for treating cancers

Delivery of skin benefit agents via adhesive strips

Taxane compounds and compositions

Retrovirus protease inhibitors

Polymers containing antimicrobial agents and methods for making

and using same

39 5,869,535
40 5,837,257
41 5,804,575
42 5,795,909
43 5,750,578
44 5,679,828
45 5,667,793
46 5,658,947

betalinic acid

47 5,643,834
48 5,637,722
49 5,589,182

Method and composition for selectively inhibiting melanoma

Use of plant extracts for treatment of HIV, HCV and HBV infections
Methods of manufacturing betulinic acid

DHA -pharmaceutical agent conjugates of taxanes

Use of betulin and analogs thereof to treat herpesvirus infection
Betulinic acid and dihydrobetulinic acid derivatives and uses therefor
Skin care compositions for treating cellulite

Method and composition for selectively inhibiting melanoma using

Lupane triterpenoid derivatives
Ester syntheses and transesterifiable xanthate reactants therefor

Compositions and method of treating cardio—, cerebro-vascular and

alzheimer’s diseases and depression

90 5,536,499
o1 5,529,769
52 5,523,090

Cosmetic compositions for reducing or preventing signs of cellulite
Cosmetic compositions containing betulinic acid

Skin treatment composition
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2. Jeong HJ; Chai HB; Park SY,; Kim DS, Preparation of amino acid conjugates of
betulinic acid with activity against human melanoma. Bioorg Med Chem Lett 1999
Apr 19;9(8):1201-4

3. Soler F, Poujade C, Evers M, Carry JC, Henin Y, Bousseau A, Huet T,
Pauwels R, De Clercq E, Mayaux JF, Le Pecq JB, Dereu N ]J. Med. Chem. 39
(5):1069-83, 1996, Betulinic acid derivatives: a mew class of specific inhibitors of

human immunodeficiency virus type 1 entry.

4. Fulda S; Jeremias I, Steiner HH; Pietsch T; Debatin KM , Betulinic acid: a new
cytotoxic agent against malignant brain—tumor cells. Int J Cancer 1999 Jul
30,82(3):435-41

5. Hashimoto, F., Kashiwada, Y., Cosentino, L.M., Chen, C.H., Garrentt, P.E., Lee,
K.H., Anti-AIDS agents-XXVII. Synthesis and anti-HIV activity of betulinic acid
and dihydrobetulinic acid derivatives. Bioorg Med. Chem. 5(12):2133-2143 (1997)

6. Diana GD, Pevear DC: Antipicornavirus drugs: current status. Antiviral Chemist
Chemotherapy 8: 401-408, 1997

7. Miyoshi I, Kubonishi I, Yoshimoto S, Akagi T, Ohtsuki Y, shiraishi Y, Nagata
K, Hinuma Y: type C virus particles in a cord T-cell line derived by co-cultivating
normal human cord leukocytes and human leukemic T cells. Nature 294: 770-771,
1981

8. Popovic M, Sarngadharan MG, Read E, Gallo RC: Detection, isolation, and
continuous production of cytopathic retroviruses from patients with AIDS and
pre-AIDS. Science 224: 497-500, 1984
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9. Schultz TF, Whitby D, Hoad JG, Corrah T, Whittle H, Weiss RA: Biological and
molecular variability of human immunodeficiency virus type 1 isolates from the
Gambia. J Virol 64: 5177-5182, 1990

10. 13. Pauwels R, Balzarini J, Baba M, Snoeck R, Schols D, Herdewijn P,Desmyter
J, De Clercq E: Rapid and automated tetrazolium- based colorimetric assay for the
detection of anti HIV compounds. J Virol Methods 20:309-321, 1988.

11. Fujioka, T, Kashiwada, Y., Kilkuskie, R.E., Cosentino, L.M., Ballas, L.M., Jiang,
J.B., Janzen, W.P., Chen, 1.S., Lee, KH., Anti-AIDS agents II, Betulinic acid and
platanic acid as anti-HIV principles from Syzigium claviflorum and the anti-HIV
activity of structurally related triterpenoids, J. Nat. Prod. 57(2):243-247 (1994.

12. Kashiwada, Y., Hashimoto, F., Cosentino, L.M., Chen, C.H., Garrett, P.E., K.H.,

Betulinic acid and dihydrobetulinic acid derivatives as potent anti-HIV agents. ].
Med. Chem 39(5):1016-1017 (1996).
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