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bevirimat X ¥ JRUVHL HIV IEMENZED Sz,
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Based on our finding of a first—in—class drug candidate as a viral maturation inhibitor,
bevirimat [3-0-(3",3 —dimethylsuccinyl)-betulinic acid], and potent anti-HIV active
3-0-acyl-(dihidro)betulin derivatives (e. g. 3-0-glutarydihydrobetulin and
3, 28-di—0-dimethylsuccinylbetulin), a series of conjugates of 3,28-di—C-acylbetulin
derivatives and HIV-reverse transcriptase inhibitor, AZT, as well as conjugates of
28—leucinyl-bevirimat and acyl-betulin derivatives were prepared and evaluated their
anti-HIV activity. Several derivatives showed more potent anti-HIV activity than
bevirimat.
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F7-, Bevirimat OREETEMEMEINISEE L
T betulinic acid ER—FKEHTHT
T 3B RS D betulin 2 Y — K& L72HL
HIV 3AISIAFIE 2 BBA L, in vitro DFRERIC
BT Bevirimat & U &587) 72251 HIV &M%
9 3-0-glutaryldihydrobetulin & e
il betulin FFEAZFER L T\ 5, (Fig. 1)

Bevirimat
ECs) <3.5x 10 uM: TI >20.000

J Maturation inhibitor J
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3.28-di-O-dimethylsuccinylbetulin
ECs <8.7x 104 uM; T1 42,400

o
Hooc\/\)LO ;
A

3-0-glutaryldihydrobetulin
ECs <2.0x 105 uM; TI 1.12x106

Fig.1. Bevirimat and its target on HIV life
cycle, and potent anti—-HIV betulin derivatives
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(1)  ZHFETOWZEIC K- THI) 7B HIV
TEMEDSIRD LI T=ff % D 3-0-acyl-betulin
KOV dihydrobetulin @ acyl ¥4y D B ILAR
W% diphenylmethyl ester T{%# L, 28 fif
\ZFE & @ dicarboxylic acid ZE A L7=, &
HIZ 28 LD acyl B & AT Z = AT LFER T
#5174, diphenylmethyl ester ZBifaz#E L T
—#ED B A % 57z, (Scheme 1)
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Scheme 1. Preparation of diacyl-(dihydro)-—
betulin and AZT conjugates

(2) XYY RO 28 ALIZT X RREGEITL
T L-leucine ZHE& L7LEWIT 1-allyl-
2, 2-dimethylsuccinate Z8 A L7-, BIZE
Tl VAR e oy % i LTz acyl Jh% 3 4L
|23 A L7z 3-0-acyl-betulin KO
dihydrobetulin A2 FH% L7, WH 2 H
B, BREEZITY, —HOLEWMEHT,
(Scheme 2)

Scheme 2. Preparation of bevirimat and
acylbetulin conjugates

SE 0D NN R SUES 5% (it (e v 1)



WCHIZE 1B CTH D, /J—AIuaTA4FK
2K H Lee HIF KT = — 27 K% C. H. Chen
HFz A~ HIV {EVEFHL 2 (K85 5,

4. WFFERCER
(1) 3,28-di—0-acylbetulin FHEMA & AZT &
et SE-FER 14 BaAmk L (Fig 2),
PLHIV {EVEFHE 21T > 72 (Table 1),
BL-AZT-1~T7 {Z5R Wt HIV {& M (EC;, 0. 040
~0.098 uM; TI 71~158) MNEH BN, Zh
X bevirimat OTEME (ECy 0. 096 pM; >52)
F0 RN UIFREEFEETH -T2, Zih
DOAIEWIE 3 f1IZ 3, 3-dimethylsuccinyl &
ZHLTWE, —F, 28 fLIZEALT: 4
acyl (2 L B PLHIVIEPEISEWTRES H 7
Mmoo,

Fig. 2. Structures of betulin—-AZT conjugates

Table 1. Anti-HIV activity of betulin—AZT conjugates
against HIV-1y,, infected MT-4 Cells
Compound ICs ECs Tl
A® 70  0.098 71

BL-AZT-1 A a
BL-AZT-2 A b A® 54 0040 135
BL-AZT-3 A ¢ A® 81 0063 129
BL-AZT-4 A d A® 87 0060 145
BL-AZT-5 A e A® 71 0045 158
BL-AZT-6 A a 9.0 0.087 103
BL-AZT-7 A b 77 0056 138
BL-AZT-8 A ¢ 90 0.29 31
BL-AZT9 B ¢ A® 77 018 43
BL-AZT-10 B ¢ 98 036 27
BL-AZT-11 C a 72 026 28
BL-AZT-12 C b 80 0073 110
BL-AZT-13 C ¢ 9.0  0.093 97
BL-AZT-14 C d 85 121 7
Bevirimat >5 0.096 >52
AZT >374 0.027 >1,358

EC; and ICg are concentration (uM) that inhibit
HIV-1NL4-3 replication and mock-infected MT—-4 cell
growth by 50%, respectively; TI=IC5,/ECs;

LorL, 20 OFFEROH HIV IEMIT AZT
DZFH (ECy 0.027 pM; TI >1,358) X0 %
5757 AZT 1Z ribose 5D U U ER{bIz &
D WHRERERAELY T Z LD, FHMIETT

STWVDHRITBWT AZT NFEES S, 4%
TAHEERELILTWRWNWI ERHEE S
7o

ZOFERICHESE, AZT AL RS e
WEBER L LT, betulin @ 28 fLIZE A LT~
acyl LI X BT 1—alanine % amido fifH S
oK L AT ZHE G ST E T A
YL, ENHDOEMKEIT> TS,
3-0-dimethylsuccinyl FHE(RZ AR E &
T 5D B G OARITER L TEH
D, ZOMOBEGFEARDO S EIT>TND
LIATHD, SBRMEEOTHFEMREREZITV,
PLHIV IEMEFHL 24T 9 TECTh 5,

o‘A(:yl -glycine — AZT

Fig. 3 General structure of another series of
betulin—-AZT conjugates

(2) Bevirimat 28-L-leucine amide & £%Fi
3-0-acyl-belutin M (8-dihydrobelutin %
EDC DIE(E N CHEG AT O &, 2 FED MK
WA LTz, ZhiX, L-leucine ¥ d 7+
BN Z o722 DICER LI b 0 & HEE
Ihic, BMEROREEITY Y UEED 28 fif
IZ L-leucine & O'D-leucine ZfiH L7=iHE
REARR LT BMRD CD AT ML % il
L7l Zh, RWRNIGZRLIZZ &b, £
NENDBRMARD N AKZ TR LT,

“ 8a/(L-leucine)
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Fig. 3 CD spectra of reference compounds
(8a, 8b) and conjugated isomers (18a, 18b, 23a,
23b)
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F7=, GRFHEAED 3-0-dimethylsuccinyl-
28-leucinyl-betulinic acid ®J5 231 HIV i
ME R L2 80D, leucine DB ILIR PR
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23a: L-leucine; R=H
23b: p-leucine; R = H

18a: L-leucine; R = allyl
15b: p-leucine; R = allyl

24a: L-leucine; 1 °29; R = H
24b: p-leucine; | 20¢%; R =H
25a: L-leucine; R =H
25b: D-leucine; R = H

19a: L-leucine; ! 2029; R = allyl
19b: p-leucine; ! 20?9); R = allyl
20a: L-leucine; R = allyl
20b: D-leucine; R = allyl

26a: L-leucine; ! @9 R = H
26b: D-leucine; ! 20@9; R =H
27a: L-leucine; R=H
27b: p-leucine; R =H

21a: L-leucine; ! 22C9; R = allyl
21b: p-leucine; 1 29?9); R = allyl
22a: L-leucine; R = allyl
22b: p-leucine; R = allyl

Fig. 4. Structures of 28-leucinyl-bevirimat
and 3—-0-acyl-(dihydro)betulin conjugate

5. ERFRERCE
(BFgEfFE . WFFE o3 K ONEEEAF TR 1
=)

desEamsC) (B 1)
Juan Xiong, Yoshiki Kashiwada, Chin-Ho
Chen, Keduo Qian, Susan L. Morris-Natschke,
Kuo-Hsiung Lee, and Yoshihisa Takaishi.
Conjugates of Betulin Derivatives with AZT as
Potent Anti-HIV Agents. Bioorg. Med. Chem.
HiA, 18(17), 2010, 6451-6469.

(Fa%R) Gt 1)

i B &, CONJUGATES OF BEVIRIMAT WITH
BETURIN DERIVATIVES AS ANTI-HIV AGENTS.
2011.8.1, 2011 AMERICAN SOCIETY OF
PHARMACOGNOSY ANNUAL MEETING, Paradise
Point (F AU B HF =),

6. WFIEHER
(D) BFFe RS

FimE Bt (KASHIWADA YOSHIKI)

B KR« REERZANAN ALY ARF 28 - U
Hifz

s 30169429

(2) WFge iz

B =/ (TAKATSHI YOSHIHISA)
BRI « REFFEANAN AT AR T2 - 2
s

WF7eE 25 : 60035558

(3) HEEHF TR
« )

WHIEHE R

(4) bR gethh 1)
LEE KUO-HSIUNG

) —=AIuTAFTREF YLK - =
DEVIR QS = 2= I e

Qian Keduo
) —=AHaTAFTRFEF v LB R - =
v v R - B

CHEN CHIN-HO
T a— 7 R - RS - Bk



