2 & A a% =
ﬂqjﬂﬂ'ﬂqaﬂﬂﬂizﬂ BUNNLANLLRSTINDTNINDINTN

= v >
ANNLUFINABNZAIG

Chemical constituents and biological activities from the stem

bark of Ziziphus rugosa.
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Abstract

Air-dried and powdered stem bark of Ziziphus rugosa was extracted with
methanol (MeOH). The MeOH crude extract was chromatographed on silica gel open
column and monitored with TLC and further purified with chromatotron which led to the
isolation of two maijor triterpenoids, lupeol (1) and betulinic acid (2). These triterpenoids
(1 and 2) were derivatized to be seven new analogues (1d and 2g-2l) and eleven
known compounds (1a-1c, 1e-1f, and 2a-2f). Their structures were determined by
spectroscopic methods as well as comparison with previous reports in the literature.
Moreover, all compounds were evaluated for their Ql-glucosidase activity. Compound 2
and 2a showed potent inhibitory activity towards O-glucosidase with an 1Cs, value of
16.26 and 28.07 uM, respectively when compared to the standard acarbose (ICsq =
526.64 pM), other compounds were regarded as moderate to no activities (IC50 > 600
puM). Lineweaver-Burk plot indicated that 2 was a mixed mode inhibitor of (X-glucosidase

enzyme.

Keywords: Ziziphus rugosa, Rhamnaceae, triterpenoids, lupeol, betulinic acid, N,N'-

dicyclohexylcarbodiimide, Ot-glucosidase inhibitory activity
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ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-acetyl lupeol (1a)
ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-propanoyl lupeol (1b)
ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-butanoyl lupeol (1¢)
ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-pentanol lupeol (1d)
ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-hexanoyl lupeol (1e)
ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-benzoyl lupeol (1f)
ﬂ’lﬁmﬂ:ﬁg@lﬂﬂ‘ida‘%’wmad 3-O-acetyl betulinic acid (2a)
ﬂ’lﬁmiﬁ:ﬁg@lﬂﬂ‘ida‘%”w’nad 3-O-propanoyl betulinic acid (2b)

ﬂﬂﬁ?Lﬂiﬁ:ﬁg@iIﬂsaai”wamaa 3-O-butanoyl! betulinic acid (2c)
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3.10 ﬂ’]i’il,m’lwgmﬂﬂida%’mmad 3-O-pentanoyl betulinic acid (2d)

3.11 ms’il,mw:ﬁg@ﬂmaa%’wwaa 3-O-hexanoyl betulinic acid (2e)

3.12 ﬂ’]i’imi’]:ﬁg@ﬂﬂida%wad 3-0O-benzoyl betulinic acid (2f)

3.13 mﬁmmzﬁgm‘[maa{ﬁwaa 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl] betulinic acid (2g)

3.14 mﬁmmzﬁgm‘[maa{ﬁwaa 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h)

315  mMILATERgaslasiainves 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i)

3.16  MINATEREAIlATIRT1928d 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2j)

3.17 ﬂ’]ﬁmi’]:ﬁéﬁ@]ﬂﬂﬁ&%’m%ad 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k)

3.18 ﬂ’]ﬁmi’]:ﬁéﬁ@]ﬂﬂﬁ&%’m%ad 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-hexanoyl betulinic acid (21)
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a’l‘ﬂuﬂéj;u cyclopeptide alkaloid LL8¥ isoquinoline alkaloid ndfen
LRZENAWNZAIA

mﬂumjﬁu cyclopeptide alkaloid 3NLUFBNLAZENGUUZAIA
mﬂumjﬁu cyclopeptide alkaloid Nndfanuzaia

sslunga flavonoid anifanazaia

mﬂumjﬁu triterpenoid ANIINNZAIG

1a39a319284 lupeol (1) WAz betulinic acid (2)
ATNNUFAIANNTNNUTIZAT Vo U Sp NNEUMT MILARR-LUKING
ANNUFAIANVFNANUTIZAIE 1V AL 1/[S] NFNNT batiaes-105n
ATWURAIANMUFNNUTIZHING 1/V, N 1/[S],
naumMIlaiinesiiin 2asmsusIuLLLTITY
ANWURAIANVFNNUTIZHAING 1/V, NU 1/[S],
naumslaiine i vasdsugouuyliugete @nd)
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31 gaslawainevad 3-O-acetyl lupeol (1a) 27
32  ga3lawainsvas 3-O-propanoy! lupeol (1b) 28
33  gaslawainevas 3-O-butanoyl lupeol (1c) 29
34  gailawainavas 3-O-pentanol lupeol (1d) 30
35  gailassaingvad 3-O-hexanoyl lupeol (1e) 31
3.6 g@lﬂﬂidﬁ%’lwaﬂ 3-O-benzoyl lupeol (1f) 32
37  gailassaingvad 3-O-acetyl betulinic acid (2a) 33
3.8 gm‘[maa%“’mmaa 3-O-propanoyl betulinic acid (2b) 34
3.9 gm‘[maa%“’mmaa 3-O-butanoyl betulinic acid (2c) 35
3.10 gm‘[maa%“’mmaa 3-O-pentanoyl betulinic acid (2d) 36
3.1 gm‘[maa%“’mmaa 3-O-hexanoyl betulinic acid (2e) 37
312 gailassaingad 3-O-benzoyl betulinic acid (2f) 38

3.13  ga3lasainsvas 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl] betulinic acid (29g) 39
3.14  ga3laseainevad 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h) 41
3.15  gA3lATsaiIad 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i) 42
3.16  gA3lATIaIIVaY 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2j) 44
317  ga3lAsIaiIas 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k) 45
3.18  gA3lATIaiIvad 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-hexanoyl betulinic acid (21) 47
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321  Secondary plot 7899AAUNY y ABANNLTNTUIBIAIEUES

LA K 289813 2 datawloianisd 51



AVTUYUHBNIN
A [
BLRWNIND A
2.1 AUAAUNIRNALURANVDIAUNZAT 13
Qq: v Q U a A€
2.2 °IJ‘H>(§]?Juﬂ’ISLLﬂﬂa’]iﬂizﬂEJ‘]J“IJ?J\‘JLﬂﬁé‘lﬂ@]%ﬂl@dﬂ:ﬂ’)@l?ﬂ@ﬁ’]iﬂiqﬂﬁ 14
2.3 m”u@auﬂ’mm%'smag,w”uﬁ‘mﬂaﬁ1 15

2.4 m”u@aumim?wagﬁuﬁ‘mﬂmi 2 16



NMARNWIN

AMARWIN N

s1n
u

© o0 N o o M~ W N =

N N N NN A ama mm  m  m m  m
A WO N =~ O ©W 0 N O o0 WO N -~ O

"H NMR spectrum 284 3-O-acetyl lupeol (1a) 11 CDCl,

3C NMR spectrum 284 3-O-acetyl lupeol (1a) Tu CDCl,

'H NMR spectrum U8y 3-O-propanoy! lupeol (1b) Tu CDCl,

3C NMR spectrum 284 3-O-propanoyl lupeol (1b) Tu CDCl,4

'H NMR spectrum 284 3-O-butanoy! lupeol (1c) Tu CDCl,

*C NMR spectrum 284 3-O-butanoyl lupeol (1¢) Tu CDCl,4

'H NMR spectrum 283 3-O-pentanoy! lupeol (1d) Tu CDCl,

3C NMR spectrum 284 3-O-pentanoyl lupeol (1d) Tu CDCl,4

'H NMR spectrum 284 3-O-hexanoy! lupeol (1e) Tu CDCl,4

3C NMR spectrum 284 3-O-hexanoyl lupeol (1e) Tu CDCl,4

'H NMR spectrum 284 3-O-benzoyl lupeol (1f) Tu CDCl,4

*C NMR spectrum 284 3-O-benzoyl lupeol (1f) Tu CDCl,4

'H NMR spectrum w84 3-O-acetyl betulinic acid (2a) Tu CDCl,4

*C NMR spectrum a4 3-O-acetyl betulinic acid (2a) Tu CDCl,4

"H NMR spectrum 284 3-O-propanoyl betulinic acid (2b) Tu CDCl,
13C NMR spectrum 284 3-O-propanoyl betulinic acid (2b) 1% CDCl,
'H NMR spectrum 284 3-O-butanoyl betulinic acid (2c) Tu CDCl;
3C NMR spectrum U84 3-O-butanoy! betulinic acid (2¢) 14 CDCl,
'H NMR spectrum 284 3-O-pentanoy! betulinic acid (2d) Tu CDCl,4
3C NMR spectrum 084 3-O-pentanoyl betulinic acid (2d) 1 CDCI,
'H NMR spectrum 284 3-O-hexanoyl betulinic acid (2e) Tu CDCl,
3C NMR spectrum 184 3-O-hexanoy! betulinic acid (2e) 1 CDCl,
'H NMR spectrum 284 3-O-benzoyl betulinic acid (2f) Tu CDCl,
*C NMR spectrum 284 3-O-benzoy! betulinic acid (2f) Tu CDCl3

57

58
58
59
59
60
60
61
61
62
62
63
63
64
64
65
65
66
66
67
67
68
68
69
69



26

27

28

29

30

31

32

33

34

35

36

'H NMR spectrum 284 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl] betulinic acid (2g) Tu CDCl,4

3C NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl] betulinic acid (2g) Tu CDCl,

'H NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h) Tu CDCl,
*C NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h) Tu CDCl,

'H NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i) Tu CDCl,
3C NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i) Tu CDCl,
'H NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2j) Tu CDCl,
*C NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2j) Tu CDCl,
"H NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k) Tu CDCl,4
®C NMR spectrum 284 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k) Tu CDCl,4
'H NMR spectrum U3 28-N-cyclohexyl-N-
[(cyclohexylamino)carbonyl]-3-O-hexanoyl betulinic acid (2I) Tu CDCl,
*C NMR spectrum VW83 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-hexanoyl betulinic acid (2I) Tu CDCl,4
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NMR

AasunadanuainazAte
chemical shift (ppm)
coupling constant (Hz)
doublet (NMR)
Michaelis-Menten constant
multiplet (NMR)
nuclear magnetic resonance
singlet (NMR)
triplet (NMR)
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(ﬁlmz http://indiabiodiversity.org/observation/show/268679)

VA0 (Ziziphus rugosa Lam.) Lﬁuﬁ“ﬁﬁa%ﬂu’mﬁ Rhamnaceae &na Ziziphus Y
TalnoSund1anm 1% ¥2ATa (NMANANY NNALKATR), BUBAIY (NTTRTLY wiidadram),

wiNean (1987 widadaawn), 888919 (MYIKLT) WATRIINNNY (MABEY)
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= =} v g’

silaanaw  dieaduin

ANB L TuiduludsznauiSsssaudanumewnanduwanna 1

\ AA A
DTaadN ARLARDN

a a ' \
NaULRE 5 NaU @8 1 vaqan

a a : \
nayaan 5 NaU §a 1 vaqan

' 2| a a & A A a

NN Eﬂi']\‘iﬂﬂlll:ll@a(ﬂﬁlﬂ]ﬂ? LUBLNRLANDY HIRNRITW
A A ' H [ 1 a o A X & A& =]
mmag l]']NaﬁJNa@IlU STRLGFIITE) LLazﬂq@]U"U%WUVL@ﬂ%%ﬂ']UW%VW]GI%J’]'T@L%%@

NN/ LLGZﬂ’]ﬂ@lz’S’%aaﬂLaﬂdL%ﬁaﬂlﬂGﬂSZLﬂﬂvLﬂEl



dl g v o
z'll"(l 1.2 ﬂﬂHm:‘IJE]GIU MY LRSNAVBINZAIN

(ﬁ d1: https://www.inaturalist.org/observations/22191)

dl Q Qo
E‘]JYI 1.3 aNBUSVDINDNVDINEAIN

(‘ﬁ' 41: https://www.flickr.com/photos/wwwssncomphotos/5618010751)



Ao A A v
JIWIENINEIVBDY

1 o o w o (% o o
Pandey Lacatbe aﬂ@miﬁnﬂLﬂﬁammzm@ummmmm AIUAININSRNUNRNVBDN
= = s 1 dl a Y v
LU, LANTUDR LLE‘]ZLLQ&JINL%U 1%8@]?’]@’3% 100:1:1 wqm%gu%ao ﬁ’]%J’]iﬂLLEJﬂ&’ﬁVL@
IRNA 6 TUa loun rugosanine-A, sativanine-F, sativanine-C, nummularine-P LLag
. . ‘é ! . . 1 . 1
sativanine-K sml,ﬂumﬂuﬂqu cyclopeptide alkaloids &7 norcorypalline Lﬁumﬂuﬂqu
. . . . g 2 o ! . . .
isoquinoline alkaloid wanant Pandey Lazathe mwumﬂuﬂqw triterpenoid saponin

Tugrnvadifanuazfa1auaaInzaie

R, R, Rs R,
o)
N rugosanine-A CH,CH(CH3), CH, CHO CH,
O Oy NH
N Nj sativanine-F CH,Ph CH(CHs), CHO  H
o)
>_8: Y sativanine-C CH(CH3)CH,CH; CHs H CH,
o NH nummularine-P  CH,CH(CHs), CH; H CH;
XRZ sativanine-K CHch(CH3)2 CH3 CH3 CH3
R4—N\
Rs3

NH
HO

norcorypalline

Eﬂ‘ﬁ 1.4 mﬂuﬂ@:u cyclopeptide alkaloid W& isoquinoline alkaloid a1niUaan

LRZRIAWNZAIA



. . 3 Qs o v [ [% o o

Tripathi LLRZATLE aﬂ@mi’a}’mLﬂﬁamm:m@mmaw:m@ QAILUAINNSANUNTN VYD

A ~ o ' A A v (2

LUWDW, LUNTUDR LL@zLLﬂNINLuU 1%@@]3’]@3% 100:1:1 ﬂqmﬁguﬁaa a’]ﬂJ’liﬂLLUﬂa’]i‘l@
& A & A A . AaA v a

NNRNUA 3 TUA I@ULﬁ%ﬁ’]{L‘V\N“uGT%@ f8 rugosanine-B  LRIRIINUIIYINULAIDNTD

=) U 1 . . . A 1 . .
79ia lawn nummularine-R waz sativanine-H SﬁdLﬂumﬂuﬂQN cyclopeptide alkaloids

OCHj,4 OCHj,
o \ o \
E_g\z(O Oy—NH E&\(o Oy—NH
N N
ol oN
H H
N— N—
]/ |
N N
H H
rugosanine-B nummularine-R
OCHjy
© A\
Eg\(O Oy _NH
N
H HN
sativanine-H

311 1.5 73lungu cyclopeptide alkaloid annLUanuazdrduuzaia



. 4 o A o v & a ¥
Singh Lasa e FNas1INNWADNNLAIA FINNTOUENENTIANIRAA 4 Tha Laun

sativanine-C,  mauritine-A, amphibine-B

cyclopeptide alkaloids

0 \

L
It
'

—NH

NH

sativanine-C

amphibine-B

. ! ,
LAY nummularine-K mLﬂumi’LuﬂQu

0o \
N
2
NH
o=§_

—N

\
mauritine-A
o \
O Oy _NH
HN
d—|N
N/
I
A\
N
H

nummularine-K

311 1.6 a3lundw cyclopeptide alkaloid 3nLUanuzaia



. 5 [ A [ o & A [ 7]
Singh LLazAT FNARITNLURDNNZAIA a’lll"liﬂl,l,f;lﬂﬁ’ﬁvl,@]ﬂ\‘l‘ﬂ&l@ 3 TU vl@]LLﬂ

4 .
kaempferol-4'-methylether, luteolin L& luteolin-7-O-glucoside mtﬂumﬂuﬂau

flavonoids

luteolin-7-O-glucoside

3N 1.7 mﬂunq’w flavonoid 3nnLlaanuzala

Kaennakam azAmis’ &nasnsannsnuzaia moairazanslansslsdinuiazia
o8 FWNTRENINTIANInua 13 Biia leun lupeol, betulin, betulinic  anhydride,
betulinic acid, alphitolic acid, euscaphic acid, zizyberenalic acid W8z f-sitosterol %\‘]Lﬂu
mﬂuﬂﬁéw triterpenoids mﬂumyju coumarin 'lelLA scopoletin LLazmﬂuﬂﬁju flavonoids

@A kaempferol, afzelin, quercitrin W& (+)-catechin



betulin

betulinic acid alphitolic acid

euscaphic acid

[-sitosterol

:a:'i.l"?l 1.8 mﬂuﬂéj&l triterpenoid AMNINVLAIA



IMNINWITUNANBIBIAUTLNBUNIILATINNNEAIA WURIINY ARAIRANAAIN
A o v & & o w & A =
Waanuwazd1an lasinasNnas@daInIINLazaan wazwallanagaainilfan G910
om’ia”ﬂﬁshummﬁhimﬂﬁi’]mmmsﬁﬂmqwﬁiumiiuﬂ'amuﬂmﬁuaaﬂmgiﬂsﬁmmm
fnURanduuzaIaNINan @”@ﬁfu@?ﬁﬁdﬁLLmﬁ@‘tumiﬁuﬂ%LLazﬁﬂmaaﬁﬂsznauma
Qr > 1 v > 4 o a Agl v
WA ALALYNINNTIAINAINENNINNIURENG UNZAIG L‘ﬁammimqmﬁl,wﬂv[@mmaau
Qf vAa o Qs 1 o { ng U o a o 1
QNINIININW I@mma;d'mm’jmwum@ma’nazmmsﬁﬁqmmﬂmfavl,ﬂmmswal @

Haq LLaz‘fnleJ%jﬂﬂiﬂixgﬂ@ﬂfﬂiﬂﬂ‘ﬁﬂuﬂ’mLﬂi;;ﬁli’am HLASNIINITWANE

Qs 6 I‘
Innilszaavailasinig

1. LUNEINNFIFNALNUBANNILRONAUNZAIA

a 12 a N [ 2

2. Againnulanaivvesssvigninuenldlasendudayaniinianinuag

wallanssininsalnd
a [ o & a a0 v
3. fuaneeunusasmnIgninuenld

4. namaugnisuduenloduaannglediasvasasuigninuenld



N 2

A5 NIINAADIUAZHANIINAADY

2.1 NoA2a81

\wWienduuzaia (Ziziphus rugosa Lam.) iAUANINTINIAMWERT LaauunAN

W.¢1.2557

4 a4
2.2 1389 1E lnn1snaaas
Kgl/ A o A v a wva [ vAa o % %
wananauniaiiugiuuaziaiasuiiilsluiasd judnisuda d33pdeldls
A A A A a od
LAIDINDDULNNLANAI
1. Lﬂ%ﬁ]\‘]i:mﬂquwu’m’lmmum\qlu (rotary vacuum evaporation)
2. 1A3849 nuclear magnetic resonance (NMR) Spectrometer
3. UV lamp 1°ﬁﬁﬂ%§'umnaaumsﬁg@ﬂﬁmmﬂwﬁw UV UBLHK TLC 290713
BNARUN T Aa short wavelength 254 nm LRz long wavelength 365 nm
4. \A7DIQAFYAYINA (suction pump)
5. L3899 b

6. LA384lATNNINNIBU (chromatotron)

2.3 813108

1. gavinazany bawd hexane, dichloromethane, ethyl acetate (L8 methanol

2. SL9LAUA LaunA acetic anhydride, propionic anhydride, butanoic anhydride,
valeric anhydride, hexanoic anhydride, benzoic anhydride, triethylamine (TEA), N,N*-
dicyclohexylcarbodiimide (DCC) & sodium bicarbonate (NaHCO,)

3. 8an1aa Lwas 7734 éwsultlunisvinaaauilasunlnni (open  column
chromatography) wazdannaaiuas 7749 dwsulslulasunlnnsan

4. U Thin-Layer Chromatography (TLC)

5. Sephadex LH-20
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2.4 ARADWNIINARDY

1. @Tuﬂ'j”'lLaﬂmma:*‘ﬂagaﬁﬁmﬁaq
2. Lﬁ'uLﬂﬁaﬂmaaﬁuu:ﬂf@mmﬁ%f@mwﬁuf IMNBURNALIUINFITAANLT W
#Iu9 deavinazas laaaalsiing Laziunuaa mﬂﬁfuﬁ’m’]smaaquﬁiumiiuﬂ'a
6 a djl’ U
Lauvlﬁﬁml,aamﬂgiﬂsﬁmawaa@m
a AFQJ a P oy
3. LLﬂﬂa’lﬁTUSquﬁ@nmﬁﬂ’lﬂﬂimiwﬂi’]ﬂ Lo silica gel, sephadex LH-20
column chromatography L8z chromatotron W uaw
a 6 [ a A(dl [ > U
4. wgwmmimaaﬂwaamimqm‘nLwﬂvl,@ I@]ﬂmﬂwagamamﬂﬂimﬂﬂﬂ
173% 1D NMR, 2D NMR .82 mass spectrometry Lludn
a5 a o o & & A 7
5. nagaunninainw leun nsdudsenlaiuaanngladias

6. ’ims']:ﬁiaga ﬁ?ﬂﬁm LRI U B9

2.5 1NAAATN 9 115 1wN1INARDY

2.5.1 N1SNak

o Aad A o v o Aa af o @
minamﬂmﬁmwml'ﬂmmazmuusq‘nﬁ Tagauarsazaralwnaraidule

o '

& o { ' Y @ o { a af &
ﬁ]’]ﬂuuvl,amad(ﬂ’]‘ﬂ’mzaﬁﬂﬁ]xN’]uLﬂ%ﬂdﬂ’]‘ULL‘LL‘LL vL(ﬂﬂﬂﬂ&l’]Lﬂu@l’)‘ﬂ’laza’]Elﬁfl_lir’,\q’(‘{lﬁ&l’m“ﬂu

A o \

ﬂ’]iﬂﬁﬁﬁ%ﬂﬁﬂ’?% A8 N1INAUBLNIINE (simple Distillation) miﬂﬁlua"’mwumu (fractional
distillation) n13NawANElTANNRIEN (vacuum distillation) niInaneaelatia (steam
distillation) luunifaznanifsiamznsnanilelunsmanssinis aa

n. mInanadnsing lEnsusrssansrfiensuwaiifoainianewihunldlunmimasss
2. msnawmeldnnuauin 1ludunaawmisrasvinasaigoanandana nsnawis
f:ﬁ]zﬁ'flﬁm”aﬁﬂa:a'mnmzu,ﬂu"l,ariauﬁa:ﬁaﬁg‘mﬁaﬂ D992 81 09T WNIFALAIVDIF
sialaglfin3osiionisunin m'%iaaszmmqnujtywmmuwgu (rotary vacuum evaporation)

2.5.2 aaadlasunlnns (Column Chromatography)
A A

THWaa9n (stationary phase) Aa TANLIA BHha 60G Art.7734 lasltaaauiiuiin

a a [T a v dyw o ' a A
Nﬂuﬁ@ﬂL%ﬂJ’]zﬁ&lﬂUﬂi&nmadﬁﬂ@‘ﬂ(ﬂa\‘]ﬂ’]ﬂwﬂ I@Ua@]‘i’]a’auma\‘]LWaﬂ\‘]ﬂ@laﬁ’ﬁ‘ﬂﬁ]:LLE}ﬂ

1
a

U3zanmh 20 6o 1 lasiinn msq@aé’uﬂ@a?'ﬁ'uumﬁﬂﬂﬁamuLLsﬂﬁaawaw%mLﬁmﬂ”u

@ o v ¥ o va o v fdd, A A Ao o
@]’J‘Ynaza']ﬂl%L"ll']ﬂui‘ﬂ@LLa'ﬁﬂaEl6] Lﬂmaﬂwauaﬂluﬂﬂauuﬂuﬁqaq@ﬂﬂﬂqﬂl.ﬂ(ﬂLLQE:N@'J'V]']

¢ P

' A A a aa o & 6 [ v
azﬂ’]UE]%?J?ZZJ’]RWTN%%GTQG@QQ&I% mm:wmsﬁamwaaolmaauu Lflmwa’maauﬂmm

vyaa [ %

inazanelnasanad1etng tNalhdan1aasnaluaaauiadrigaiiiana vigwh
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wm:ﬁdmiﬁ;%ﬁmLﬁ]ﬂ"L@Tix@”ﬁJﬁ@Taaﬂ’li NIWAIYINAZA88N 2-3 AILa239Ta2187
ﬁ]’mﬁuﬁamiﬁgﬁaaﬁ@ﬁﬁaamﬂwﬂaﬂﬂ lausinganiaaluas 7734 1uﬂ§mmﬁﬁaﬂﬁq@
W lduauazsankdIuazin I Il T wNINAL A HALYINAY INNURIINTINLIAN LA N FUNURS

™ ‘dl (% o dy s ) v v 1 s €d' = 2
ANANADINITULN B1VDINFUB LTI reavinazansaan iy taadlunasuiniasauls
lFavinazaushaauinuwlSuiasiantasa1sfiaiuwingluaaadih NS

A A - - A a @ v A b1 ) A PN @
TUHALALINUBNLANUDEY Lwaﬂ@]ﬂﬁﬁuqlﬁ LSHULeZYaINUNITNITNUNTLLN O WRIRUIVD

A = a

YAINRNYHSLANAIINAZA1Y INBIULT AR UNLALRIIN LGINNITUEN LU RuTHhe

' o o
Ada v o £

pasdrvhazanellizes g lasisuanavhazarsnivives ldsaaviazaandaaannuas
ARAANIINARDIADITEN AT L larinaranuurIandIRInINGa N1
2.5.3 nw-tatgaslasuilnnii (thin-layer chromatography: TLC)
a ' ' 9 o a a 2 .
Lﬂumﬂuﬂ8m\‘l\‘i’]Uﬁl“ﬁ@]iﬁ’ﬂﬁﬂﬂﬂ?’]ﬂﬂiqﬂ‘ﬁ"l}80&’]31@]Ell‘ﬁ TLC aluminum sheets
. o va v o a v o A a
silica gel 60 F,s, A0 ARVUIANBLANNE Lmemiixqizmm\amﬂ%mmazmmﬂaau‘n
LL@Tumsa:mwaomiﬁﬁaomim’maauuuﬁ;mL%uﬁud"xmaa@ﬂ:ﬁam%mmmﬁﬂlﬁﬁ
i:ﬂzﬁwizmwfﬂq@ﬂszmm 0.5 LTUALNAT WILHY TLC vlﬂag:wslum"nu:ﬂ@ﬁqﬁa ANIZAN
Ao o A ' ) v o o A A '
niasuazdiaazasinansauysIaeg Ugaslwarvinazaume a1 TR a8 awi b LTI
TLC 19908984 (solvent front) idald Aslwuru TLC uksudrshluasrameduniia
289817 lagdaddis UV lamp Nfiau1adu 254 wilwaes wiad lddulussazans
anisaldehyde/H,SO, ui1aufigaanniidszanm 80 asenaaiBod wiu 1-2 Wil udrudin
@‘hmeLwadﬁ;@@”dmm
2.5.4 \5t@aalasuilnnsi (radial chromatography)
P o A . £ P
Wumefianlslunmsuanaslasanduusinies (centrifugal force) T3azinanniy
191%Aa TIRIIATAILVAIRIINADINITLENREARI LU UWARSUHBWLAINTINANALAR Y
AIYTANLARAUIYIZND 1.0 TRFLNAT VLwTaﬁﬂazmﬂﬁmiQagluﬂmmwn wa9da
4 [ U a 4 { d 1 v Qs a
LA3D I@mmuummaﬂam:mcﬂmimgu 8139LLAROWNIINNINANILHUNTANAULAANNT
& A = ° ' ' @ v o
WML UEN TIUGIE NI AU A LA UV Lamp 3NE0IUULERLAINTINGN La¥inns
= o A v o & o Ao ) A & A o
AU INTWOINLDLRIINLEN LA AIbutafdmIuInaiiah s aaszaziiatlunisvinlas
I InnA nandaltinadszanm 20-30 wn Lﬁaammlﬁdﬁnﬂmmqum"’im%zﬁ’;ﬂ*ﬁﬂﬁ
a v = £ A ~ o A o g o
Aansuenlaauazisrdwlatnuunuinaiaaaanitlasuilnni i wazwanainies

INTATIIALRYaIaTAKen e lasls UV lamp ¥inldedansiiuunsnois
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2.6 msm%au%’mqammzmsaﬁ'm

2.6.1 ﬂﬂiﬁﬁﬂﬁ?ﬂtﬂﬂﬂ%ﬂa

=)

RNV UL AT ANUAIUARZ LD UALAZANLAILAIVINL TN 1.7 AlanIw
maﬁ'@ﬁ’mmmuaaﬁqmﬁgﬁﬁaa 2 a3 lasudazataltiign 7 7w a2 lafIznaanLaNI

88 (methanol crude extract)

WaanvaIdwNzAIa 1.7 Alansu

FIFNALNNIWOR 178.0 NTY nn

MeOH

BRWAINNT 2.1 AUAWMIRNALUFaNVDIAUNZAIA

o ~a é
2.7 Mugnuazn i"{']i‘lﬁ‘ﬂi'd‘ﬂﬁ

L]

2.7.1 NMSHYUNFITINFIFNALNNINDA
o a' o ai s v Rt o a o 6 vaa 6
1. FIRNALNNIBAANENA LG 178.0 NN I viaInaaaut laglddaniaaiuas
7730 Lﬂu@‘f’a@@sﬁ'u LAITEARNNAI8AYINazaNe laglSuddnauanudaranitayllnd
17N Llagi3uan 100% Lanios waadas 9 luaNuitvasvinazaads laaas lsiing
82 20% Awhd 100% laaaalsdini LLa:ﬂjzﬂaé’uﬁa%’oq@ﬁwaaﬂﬁw 100% LUNHDA
TaglAuaIIazaNLNAaaNIEAIIaT 500 JRAAAT
2. AN IUARZEIUNNITADAITNALANH0ANIUIATI TR FIY YIMALLLRY Y
3. WENIFNALARZEIUNIATIARAUME TLC lagldszuuavinazaunguuad 30%
a a & ni o v a v dl a dll ai
LONROLTLAN-LTNLTY emLﬂmzuuwml'ﬂmim@mmmﬂ"l,@@mﬂwqulmgmﬂmaawn

ia o

PMMNIUTINFITIBUARZUNTATUN AN B ISUUUEY TLC  talaundndrsny wuin'le
& % ' <& ° ' % 5o <&
nInue 7 uwWsnsulng (A-G) amnuwihudazunsntilunaseugnisussawlsduaann

& !

a & @ ! @ ~ e A A P
ﬂQIﬂTL@ﬁ LA WNUINUNINTY D Nﬂﬂﬁﬂ@]ﬂq@] (9197190 3.1)
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4. FRIIUWINTH D WIVMSHENABA8AaaNElATININATIR T2a2y 30% UAs
100% laaaalsdinudatanian, 30%, 50% Waz 100% Laniauadiaadalantas LW
TutaaNInua 6 WNINTHeas (D1-D6)

ﬂf o L 1 o v a Qsl g v =3
5. amnmInagaunniisiunIntutes D4 anvhlduIgniundudisinaiia
centrifugal Tzt 100% laaaalsfitnu ldasuigns 1 uaz 2 sanan
o A @ Y a a a a %
6. fnmitiudugarlasasiivasmanigns 1 uas 2 lasSoufisuandoyans
3 = 1 a Qf . . . {
dudnarsanlnsalnd wudansuians 1 @e lupeol UazENT 2 fia betulinic acid (37

2.1)

FIFNALNNIWOR 178.0 NTY

Fanaanaautlainlnni

A B C D E F G
aaanitlasuInna i
| | | | | |
D1 D2 D3 D4 D5 D6
palasun N wW
| | |
D2.1 D2.2 D2.3

I— lupeol I— betulinic acid

A

P & A v o Y a s
LAWBATINN 2.2 VUG a%ﬂ’]iLLUﬂa’]iﬂi:ﬁﬂaU"ﬂ QGL']J@aﬂ@%maﬂu:ﬂ'ﬁ@lﬁ%@ﬁ’]iﬂiqwﬁ
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lupeol betulinic acid

311 2.1 la398379089 lupeol (1) waz betulinic acid (2)

2.8 MILATVNDUNWSVI lupeol (1) Wae betulinic acid (2)

1 12 R=Me 1d R=Bu
1b R=Et 1e R =Pent
1c R=Pr 1f R=Ph

LHBAIND 2.3 m”umaumim‘%‘wakl,w”ufmﬂms 1
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o O

PPN

R O R

DMAP, TEA

2a R=Me 2d R=Bu
2b R=Et 2e R=Pent
2c R=Pr 2f R=Ph

e

Ox,NH

e

2h R=Me 2k R=Bu
2i R=Et 2 R=Pent
2j R=Pr

a-'-; 094’ A o ¢
LAWAINN 2.4 Tu@]auﬂﬁﬂ@]iﬂuﬂl‘#w%ﬁﬂﬁﬂﬁﬁi 2

£ A
2.9 mInadaugnsamwianlzivaadinglagiagaindad

1. LATUNFITRZAE o-glucosidase (0.1 U/mL) U8z substrate (1 mM p-
nitrophenyl-(a-D-glucopyranoside) 1% 0.1 M phosphate buffer, pH 6.9

2. NTwduEsINIeI8EIRINaFoL (1 mg/mL 1l DMSO) U3anas 10 pL 1u
96 well plate LaLAUAITAZANY O-glucosidase UTuNa3 40 pL mnifuﬁﬂﬂﬁuﬁaqmﬁn“ﬁ
37 °C wian 10 w1

3. LANENIRZANY substrate (PNPG) 3163 50 pL LLé’aﬁﬁvlﬂi_isJﬁqm%Qﬁ 37 °C
w20 Wil udmgelaTendrs 1 M Na,CO; 1301y 100 pL

4.9 96 well plate luUimdnisgandunduuasii 405 nm (Bio-Rad 3550

microplate reader)
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5. WINAN Lo LU E It % mi{fusTaLau"LmﬁLLaawﬁﬂgiﬂs?jma

A
sample
108 %inhibiton= [1— (——"2Y1% 100

Ac:ontrol

e Asmpe = 1 absorbance fiinldlanfiasazanodatinafiaz
NAROUNEN
Ao = 67 absorbance 7ialalaglifsnsazanuaradgnoiiay
NARDLNEN
lun135189ua1azI 189 ua 1l ICs, (The half maximal inhibitory
concentration) 9916a1NNIET19ININNUEAIANUFUWUEIZHINI % inhibition 111

% % .& v v { . L ngr !
AMULTUTY TIANTNTUN 50% inhibition Azde LT ICs,

2.10 saunadansvaslfnIaawlasl

ANNTT LULARF-LNILNI (Michaelis-Menten equation)
ANEND98NEINATIANUTNTUVIRLALATAREEATLTUINGY (1Bl t = 0)

LUUFRAINA NI U a9La 1 sl

Ky ks
E+S <= ES —>E+P
K1

(\la E Ao taulwsl, S Ao sUALATA, P Aa WAAAM)

TAUEUNT LA RF-LUWLNG RINITDUFAI LAAITh

_ Vmax[SO]

Km + [SO]
A A o & a o aaa
L8 VO fa amiﬁLiiLiN@umadﬂgﬂiﬂﬂ

>

Viax A8 80759802090 J1581
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K, fafmainvadluada Jaunny (kq + ky) / k
So Ao ANMAULTUTHIINAUVDIFURLATR

Wathwdsunuwszwing Vo iu s, azldnamzdlawaluan dagun 2.2

V F---mmmmmmmm e oo -
v I
Ve Vmax
V__/2
I
I
[ ! V olS]
4 V ~ max
. K
I
K [S]

UM 2.2 NNAUEAIANUFNRUTIERTN Vo MU Sy naam s uiaRa-luuini
A3N131a1i91205-105n (Lineweaver-Burk equation)

HuaumMINAaUUaINNNEUNT ILARR-LUKNG [NBIBAaNIIRIANG19 9 Laad

U s

NI LA A%

Lz Km . 1 4 1
VO Vmax [S]O Vmax

4 o 1 Qs & § U e v > {
Wathadsunwszwing 1V, 1 1/[So] Binnufldasddnwusdwduassaigln 2.3
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317 2.3 NINUFAIANNFNWUEITLWIN 1V U 1/[S] amnauns larias-idsn

A28UHINTITYINNVBILaW LBl (enzyme inhibitor)
wrrnndasnulildsumasadnldaunuoSinasseaentodle laogulng

v v
o o o £

LRIA2 8V N AT ATIFT AT UNURUALATS L1aUA8 LI TN IAUBINITL LI

%

. X
619 9 addh
1. NMYHULILLLUDITH (competitive inhibition)

1) MIBUHILVUUUITUADILIO8LS

Il
=3 o o

aaa Rt € Y oa o 6 A & v a v o &
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3.1 MIIAIAFAILAIIAI19289 3-O-acetyl lupeol (1a)

3171 3.1 lassas19we9 3-O-acetyl lupeol (1a)

3-O-acetyl lupeol (1a)8: White Solid; mp. 191-193 °C; 'H NMR (CDCl,, 400 MHz) 8H
4.68 (1H, s, H-29a), 4.57 (1H, s, H-29b), 4.47 (1H, q, J = 8.2 Hz, H-3), 2.37 (1H, m, H-
19), 2.04 (3H, s, H-2"), 1.68 (3H, s, H-30), 1.64 (1H, m, H-21a), 1.62 (1H, m, H-7a), 1.61
(1H, m, H-16a), 1.56 (1H, m, H-22a), 1.50 (1H, m, H-12a), 1.49 (1H, m, H-11a), 1.45 (1H,
m, H-16b), 1.44 (1H, m, H-15a), 1.42 (1H, m, H-6a), 1.40 (1H, m, H-1a), 1.37 (1H, m, H-
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13), 1.35 (2H, m, H-2), 1.35 (1H, m, H-15b), 1.34 (1H, m, H-9), 1.26 (1H, m, H-22b), 1.24
(1H, m, H-21b), 1.24 (1H, m, H-12b), 1.21 (1H, m, H-5), 1.20 (1H, m, H-7b), 1.20 (1H, m,
H-11b), 1.18 (1H, m, H-18), 1.16 (1H, m, H-6b), 1.04 (3H, s, H-25), 0.98 (1H, m, H-1b),
0.94 (3H, s, H-23), 0.93 (3H, s, H-24), 0.86 (3H, s, H-26), 0.84 (3H, s, H-28), 0.79 (3H, s,
H-27).

C NMR (CDCl,, 100 MHz) O, 171.1 (C-1'), 151.2 (C-20), 109.5 (C-29), 81.2 (C-3), 55.6
(C-5), 50.6 (C-9), 48.5 (C-18), 48.2 (C-19), 43.2 (C-17), 43.0 (C-14), 41.1 (C-8), 40.2 (C-
22), 38.5 (C-4), 38.2 (C-13), 38.0 (C-1), 37.3 (C-10), 35.7 (C-16), 34.4 (C-7), 30.1 (C-21),
29.9 (C-23), 28.1 (C-2), 27.6 (C-15), 25.3 (C-12), 21.1 (C-2'), 21.1 (C-11), 19.5 (C-30),
18.4 (C-6), 18.2 (C-28), 16.7 (C-25), 16.4 (C-26), 16.2 (C-24), 14.7 (C-27).

3.2 MNAIAFAILAIIEI19289 3-O-propanoyl lupeol (1b)

3171 3.2 1338379289 3-O-propanoy! lupeol (1b)

3-0O-propanoyl lupeol (1b)9: White Gum; 'H NMR (CDCl,, 400 MHz) 6H 4.68 (1H, s, H-
29a), 4.56 (1H, s, H-29b), 4.48 (1H, g, J = 6.8 Hz, H-3), 2.38 (1H, m, H-2a"), 2.33 (1H,
m, H-19), 2.31 (1H, m, H-2b"), 1.68 (3H, s, H-30), 1.65 (1H, m, H-12a), 1.64 (1H, m, H-
21a), 1.63 (1H, m, H-2a), 1.63 (1H, m, H-15a), 1.62 (1H, m, H-7a), 1.60 (1H, m, H-2b),
1.58 (1H, m, H-13), 1.56 (1H, m, H-22a), 1.50 (1H, m, H-11a), 1.49 (1H, m, H-6a), 1.47
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(2H, m, H-16), 1.42 (1H, m, H-1a), 1.39 (1H, m, H-11b), 1.37 (1H, m, H-6b), 1.33 (1H, m,
H-9), 1.28 (1H, m, H-12b), 1.26 (1H, m, H-22b), 1.24 (1H, m, H-21b), 1.21 (1H, m, H-5),
1.20 (1H, m, H-7b), 1.18 (1H, m, H-18), 1.14 (3H, t, J = 7.6 Hz, H-3"), 1.03 (3H, s, H-25),
1.00 (1H, m, H-1b), 0.99 (1H, m, H-15b), 0.94 (3H, s, H-24), 0.94 (3H, s, H-23), 0.86 (3H,
s, H-26), 0.84 (3H, s, H-28), 0.78 (3H, s, H-27).

"C NMR (CDCl,, 100 MHz) O, 174.4 (C-1'), 151.1 (C-20), 109.5 (C-29), 80.8 (C-3), 55.6
(C-5), 50.5 (C-9), 48.5 (C-18), 48.2 (C-19), 43.2 (C-17), 43.0 (C-14), 41.0 (C-8), 40.2 (C-
22), 38.6 (C-4), 38.2 (C-13), 38.0 (C-1), 37.3 (C-10), 35.8 (C-16), 34.4 (C-7), 29.8 (C-21),
28.2 (C-23), 28.1 (C-2), 28.0 (C-2"), 27.6 (C-15), 25.3 (C-12), 21.1 (C-11), 19.4 (C-30),
18.4 (C-6), 18.2 (C-28), 16.7 (C-25), 16.3 (C-26), 16.1 (C-24), 14.7 (C-27), 9.1 (C-3").

3.3 MYIANHFAILAIIFI19289 3-O-butanoyl lupeol (1c)

311 3.3 1A3983719289 3-O-butanoyl lupeol (1c)

3-O-butanoyl lupeol (1c)": White Gum; 'H NMR (CDCI,, 400 MHz) 8, 4.68 (1H, s, H-
29a), 4.56 (1H, s, H-29b), 4.48 (1H, q, J = 7.8 Hz, H-3), 2.37 (1H, m, H-19), 2.27 (1H, t,
J =7.2Hz, H2'), 1.68 (1H, s, H-30), 1.64 (1H, m, H-21a), 1.63 (2H, m, H-3"), 1.62 (1H,
m, H-7a), 1.61 (1H, m, H-16a), 1.56 (1H, m, H-22a), 1.49 (1H, m, H-11a), 1.49 (1H, m, H-
11a), 1.46 (1H, m, H-16b), 1.42 (1H, m, H-6a), 1.42 (1H, m, H-15a), 1.41 (1H, m, H-1a),
1.36 (1H, m, H-13), 1.35 (1H, m, H-15b), 1.34 (1H, m, H-9), 1.26 (1H, m, H-22b), 1.26
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(2H, m, H-2), 1.24 (1H, m, H-21b), 1.20 (1H, m, H-7b), 1.20 (1H, m, H-5), 1.20 (1H, m, H-
11b), 1.18 (1H, m, H-18), 1.17 (1H, m, H-6b), 1.09 (1H, m, H-12b), 0.97 (1H, m, H-1b),
0.95 (3H, t, J = 7.4 Hz, H-4"), 0.95 (3H, s, H-25), 0.94 (3H, s, H-24), 0.94 (3H, s, H-23),
0.85 (3H, s, H-26), 0.84 (3H, s, H-28), 0.79 (3H, s, H-27).

"C NMR (CDCl,, 100 MHz) 0, 173.6 (C-1"), 151.1 (C-20), 109.5 (C-29), 80.8 (C-3), 55.6
(C-5), 50.5 (C-9), 48.5 (C-18), 48.2 (C-19), 43.2 (C-17), 43.0 (C-14), 41.0 (C-8), 40.2 (C-
22), 38.6 (C-4), 38.3 (C-13), 38.0 (C-1), 37.3 (C-10), 36.9 (C-2"), 35.8 (C-16), 34.4 (C-7),
29.8 (C-21), 28.1 (C-23), 28.1 (C-2), 27.6 (C-15), 25.3 (C-12), 21.1 (C-11), 19.5 (C-30),
18.8 (C-3'), 18.4 (C-6), 18.4 (C-28), 16.7 (C-25), 16.3 (C-26), 16.2 (C-24), 14.7 (C-27),
14.0 (C-4").

3.4 MINANHFALAIIFI192 84 3-O-pentanoyl lupeol (1d)

3111 3.4 1A398319284 3-O-pentanoy! lupeol (1d)

3-0-pentanoyl lupeol (1d): White Gum; 'H NMR (CDCI,, 400 MHz) O,, 4.68 (1H, s, H-
29a), 4.57 (1H, s, H-29b), 4.47 (1H, q, J = 8.2 Hz, H-3), 2.37 (1H, m, H-19), 2.29 (2H, 1,
J = 7.4 Hz, H-2'), 1.68 (1H, s, H-30), 1.64 (1H, m, H-21a), 1.64 (1H, m, H-12a), 1.62
(1H, m, H-7a), 1.62 (2H, m, H-4"), 1.62 (1H, m, H-2a), 1.61 (1H, m, H-2b), 1.61 (1H, m,
H-16a), 1.58 (1H, m, H-13), 1.56 (1H, m, H-22a), 1.52 (2H, m, H-3'), 1.49 (1H, m, H-11a),
1.45 (1H, m, H-16b), 1.44 (1H, m, H-15a), 1.42 (1H, m, H-6a), 1.41 (1H, m, H-1a), 1.35
(1H, m, H-15b), 1.34 (1H, m, H-9), 1.26 (1H, m, H-22b), 1.24 (1H, m, H-21b), 1.21 (1H,
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m, H-5), 1.20 (1H, m, H-7b), 1.20 (1H, m, H-12b), 1.20 (1H, m, H-11b), 1.17 (1H, m, H-
6b), 1.17 (1H, m, H-18), 1.03 (3H, s, H-25), 0.98 (1H, m, H-1b), 0.94 (3H, s, H-23), 0.93
(3H, s, H-24), 0.91 (3H, t, J = 7.2 Hz, H-5), 0.85 (3H, s, H-26), 0.84 (3H, s, H-28), 0.78
(3H, s, H-27).

"C NMR (CDCl,, 100 MHz) O, 173.8 (C-1'), 151.0 (C-20), 109.5 (C-29), 80.8 (C-3), 55.6
(C-5), 50.5 (C-9), 48.5 (C-18), 48.2 (C-19), 43.2 (C-17), 43.0 (C-14), 41.1 (C-8), 40.2 (C-
22), 38.6 (C-1), 38.2 (C-13), 38.0 (C-4), 37.3 (C-10), 35.8 (C-16), 34.4 (C-7), 34.0 (C-2'),
29.8 (C-21), 28.1 (C-23), 27.6 (C-2), 27.4 (C-15), 25.5 (C-3'), 25.3 (C-12), 22.4 (C-4"),
21.1 (C-11), 19.4 (C-30), 19.3 (C-5"), 18.4 (C-6), 18.2 (C-28), 16.7 (C-25), 16.3 (C-26),
16.2 (C-24), 14.7 (C-27).

HRMS-ESI m/z [M+Na] calcd for C,,H,,0,Na: 533.4335; found 533.4356.

3.5 NM139LAINAFAILAIIEI19289 3-0-hexanoyl lupeol (1e)

3171 3.5 lasaas19w09 3-O-hexanoy! lupeol (1e)

3-0O-hexanoyl lupeol (1e)11: White Solid; mp. 130-131 °C; 'H NMR (CDCl,, 400 MHz)
5H 4.68 (1H, s, H-29a), 4.56 (1H, s, H-29b), 4.48 (1H, g, J = 7.8 Hz, H-3), 2.38 (1H, m,
H-19), 2.28 (2H, t, J = 7.6 Hz, H-2), 1.91 (2H, m, H-3'), 1.68 (1H, s, H-30), 1.64 (1H, m,
H-21a), 1.62 (1H, m, H-7a), 1.61 (1H, m, H-16a), 1.56 (1H, m, H-22a), 1.49 (1H, m, H-
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12a), 1.49 (1H, m, H-11a), 1.45 (1H, m, H-16b), 1.44 (1H, m, H-15a), 1.42 (1H, m, H-6a),
1.39 (1H, m, H-1a), 1.36 (1H, m, H-9), 1.36 (1H, m, H-13), 1.35 (1H, m, H-15b), 1.30 (2H,
m, H-2), 1.26 (1H, m, H-22b), 1.24 (2H, m, H-5), 1.24 (2H, m, H-4"), 1.24 (1H, m, H-
21b), 1.20 (1H, m, H-7b), 1.20 (1H, m, H-5), 1.20 (1H, m, H-11b), 1.17 (1H, m, H-6b),
1.17 (1H, m, H-18), 1.09 (1H, m, H-12b), 1.03 (3H, s, H-24), 0.98 (1H, m, H-1b), 0.94
(3H, s, H-25), 0.94 (3H, s, H-23), 0.89 (3H, t, J = 6.4 Hz, H-6"), 0.84 (3H, s, H-26), 0.79
(3H, s, H-28), 0.78 (3H, s, H-27).

"C NMR (CDCI,, 100 MHz) O, 173.8 (C-1'), 151.1(C-20), 109.5 (C-29), 80.8 (C-3), 55.6
(C-5), 50.5 (C-9), 48.5 (C-18), 48.2 (C-19), 43.2 (C-17), 43.0 (C-14), 41.0 (C-8), 40.2 (C-
22), 38.6 (C-1), 38.2 (C-13), 38.0 (C-4), 37.3 (C-10), 35.8 (C-16), 34.8 (C-2), 34.4 (C-7),
29.8 (C-21), 28.1 (C-23), 27.9 (C-4'), 27.6 (C-2), 25.3 (C-15), 25.0 (C-12), 24.8 (C-3"),
22.6 (C-5), 21.1 (C-11), 19.4 (C-30), 18.3 (C-6), 18.2 (C-28), 16.7 (C-25), 16.3 (C-26),
16.2 (C-24), 14.7 (C-27), 14.0 (C-6").

3.6 NM13ILAINHFAILAIIAI19289 3-O-benzoyl lupeol (1f)

gﬂ‘*?i 3.6 1A398319U849 3-O-benzoyl lupeol (1f)

3-0O-benozyl lupeol (1f)12: White Solid; mp. 190-193 °C; 'H NMR (CDCl,, 400 MHz) 8H
8.02 (1H,d, J =7.6 Hz, H-3',7"), 7.55 (1H, t, J = 7.1 Hz, H-5"), 7.43 (1H, t, J = 7.6 Hz,
H-4', 6"), 4.69 (1H, s, H-29a), 4.57 (1H, s, H-29b), 4.47 (1H, q, J = 4.8 Hz, H-3), 2.37
(1H, m, H-19), 1.68 (3H, s, H-30), 1.66 (1H, m, H-12a), 1.64 (1H, m, H-2a), 1.64 (1H, m,
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H-21a), 1.64 (1H, m, H-15a), 1.63 (1H, m, H-7a), 1.63 (1H, m, H-2b), 1.61 (1H, m, H-
16a), 1.58 (1H, m, H-13), 1.57 (1H, m, H-22a), 1.55 (1H, m, H-11a), 1.50 (1H, m, H-6a),
1.44 (1H, m, H-1a), 1.40 (1H, m, H-16b), 1.39 (1H, m, H-6b), 1.39 (1H, m, H-11b), 1.28
(1H, m, H-12b), 1.27 (1H, m, H-5), 1.26 (1H, m, H-22b), 1.25 (1H, m, H-9), 1.24 (1H, m,
H-21b), 1.21 (1H, m, H-7b), 1.18 (1H, m, H-18) , 1.06 (1H, m, H-1b), 1.03 (3H, s, H-23),
1.03 (1H, m, H-15b), 0.94 (1H, m, H-25), 0.88 (3H, s, H-24), 0.85 (1H, m, H-26), 0.78
(3H, s, H-27), 0.77 (3H, s, H-28).

“C NMR (CDCl,, 100 MHz) O, 166.2 (C-1'), 151.1 (C-20), 133.3 (C-5'), 129.7 (C-7"),
129.7 (C-3"), 129.3 (C-2"), 128.7 (C-6'), 128.7 (C-4), 109.5 (C-29), 80.8 (C-3), 55.6 (C-
5), 50.5 (C-9), 48.4 (C-18), 48.1 (C-19), 43.2 (C-17), 43.0 (C-14), 41.0 (C-8), 40.1 (C-22),
38.5 (C-4), 38.2 (C-13), 38.0 (C-1), 37.0 (C-10), 35.7 (C-16), 34.4 (C-7), 30.0 (C-21), 28.2
(C-23), 28.2 (C-2), 27.6 (C-15), 25.3 (C-12), 21.1 (C-11), 19.4 (C-30), 18.3 (C-6), 18.2 (C-
28), 16.7 (C-25), 16.3 (C-26), 16.1 (C-24), 14.7 (C-27).

3.7 MINAINAFAILAIIEI192BY 3-O-acetyl betulinic acid (2a)

31N 3.7 1a398319284 3-O-acetyl betulinic acid (2a)

3-O-acetyl betulinic acid (2a) : White Solid; mp. 288-290 °C; 'H NMR (CDCI,, 400
MHz) 8, 4.74 (1H, s, H-29a), 4.61 (1H, s, H-29b), 3.00 (1H, m, H-19), 2.17 (1H, m, H-
16a), 2.03 (3H, s, H-2'), 1.97 (1H, m, H-18), 1.96 (1H, m, H-22a), 1.69 (3H, s, H-30), 1.67
(1H, m, H-12a), 1.66 (1H, m, H-21a), 1.61 (1H, m, H-11a), 1.57 (1H, m, H-13), 1.51 (1H,
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m, H-22b), 1.46 (1H, m, H-16b), 1.40 (1H, m, H-15a), 1.36 (1H, m, H-21b), 1.23 (1H, m,
H-12b), 1.20 (1H, m, H-11b), 1.03 (1H, m, H-9), 1.01 (1H, m, H-15b), 0.97 (3H, s, H-25),
0.93 (3H, s, H-23), 0.84 (3H, s, H-26), 0.84 (3H, s, H-24), 0.82 (3H, s, H-27).

"C NMR (CDCI,, 100 MHz) O, 181.8 (C-28), 170.8 (C-1'), 150.5 (C-20), 109.9 (C-29),
81.2 (C-3), 56.5 (C-17), 55.6 (C-5), 50.6 (C-9), 49.3 (C-18), 47.2 (C-19), 42.4 (C-14), 40.6
(C-8), 38.5 (C-13), 38.1 (C-1), 37.5 (C-4), 37.4 (C-22), 37.1 (C-10), 34.3 (C-7), 32.3 (C-
16), 30.7 (C-21), 29.7 (C-15), 28.2 (C-23), 25.6 (C-12), 24.0 (C-2), 21.4 (C-2"), 21.1 (C-
11), 18.3 (C-24), 18.2 (C-6), 16.3 (C-25), 16.2 (C-26), 14.8 (C-27), 1.69 (C-30).

3.8 M3YANHFAILAIIFI19289 3-O-propanoyl betulinic acid (2b)

311 3.8 la398379089 3-O-propanoy! betulinic acid (2b)

3-O-propanoyl betulinic acid (2b): White Gum; 'H NMR (CDCI,, 400 MHz) ,, 5.30
(1H, s, H-29a), 4.74 (1H, s, H-29b), 4.11 (1H, t, J = 8.0 Hz, H-3), 3.02 (1H, m, H-19),
2.28 (1H, m, H-22a), 2.28 (2H, m, H-2"), 2.21 (1H, m, H-16a), 1.75 (1H, m, H-18), 1.74
(1H, m, H-2a), 1.74 (1H, m, H-12a), 1.69 (3H, s, H-30), 1.64 (1H, m, H-21a), 1.62 (1H, m,
H-11a), 1.56 (1H, m, H-6a), 1.56 (1H, m, H-13), 1.48 (1H, m, H-22b), 1.46 (1H, m, H-
160), 1.43 (1H, m, H-1a), 1.40 (1H, m, H-15a), 1.39 (1H, m, H-2b), 1.38 (1H, m, H-21b),
1.32 (1H, m, H-7a), 1.25 (1H, m, H-6b), 1.25 (1H, m, H-12b), 1.25 (1H, m, H-11b), 1.09
(1H, m, H-7b), 1.08 (3H, m, H-3"), 1.07 (1H, m, H-9), 1.07 (1H, m, H-1b), 1.01 (1H, m, H-
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15b), 1.00 (3H, s, H-25), 1.00 (3H, s, H-23), 0.97 (3H, s, H-24), 0.97 (1H, m, H-5), 0.93
(3H, s, H-26), 0.90 (3H, s, H-27).

"“C NMR (CDCI,, 100 MHz) O, 181.5 (C-28), 174.5 (C-1"), 150.5 (C-20), 109.9 (C-29),
80.8 (C-3), 56.5 (C-17), 55.6 (C-5), 50.6 (C-9), 49.5 (C-18), 47.1 (C-19), 42.6 (C-14), 40.9
(C-8), 38.6 (C-1), 38.6 (C-4), 38.1 (C-13), 37.3 (C-22), 37.2 (C-10), 34.4 (C-7), 32.3 (C-
16), 29.9 (C-15), 29.8 (C-21), 28.2 (C-23), 28.1 (C-2), 25.6 (C-12), 23.9 (C-2'), 21.0 (C-
11), 19.5 (C-30), 18.3 (C-6), 16.7 (C-25), 16.3 (C-24), 16.2 (C-26), 14.8 (C-27), 9.5 (C-
3").

3.9 M3ANHFALAIIFI19284 3-O-butanoyl betulinic acid (2c)

311 3.9 1A398319284 3-O-butanoy! betulinic acid (2¢)

3-0-butanoyl betulinic acid (2c) : White Solid; mp. 265-269 °C; 'H NMR (CDCI,, 400
MHz) 0,,4.74 (1H, s, H-29a), 4.61 (1H, s, H-29b), 4.47 (1H, 1, J = 4.0 Hz, H-3), 2.27 (2H,
t J = 4.0 Hz, H-2"), 1.99 (1H, m, H-19), 1.98 (1H, m, H-18), 1.98 (1H, m, H-16a), 1.96
(1H, m, H-2a), 1.69 (3H, s, H-30), 1.64 (2H, m, H-3"), 1.64 (1H, m, H-6a), 1.64 (1H, m, H-
12a), 1.64 (1H, m, H-11a), 1.61 (1H, m, H-7a), 1.61 (1H, m, H-1a), 1.61 (1H, m, H-15a),
1.59 (1H, m, H-2b), 1.59 (1H, m, H-22a), 1.59 (1H, m, H-16b), 1.49 (1H, m, H-21a), 1.38
(1H, m, H-12b), 1.38 (1H, m, H-11b), 1.32 (1H, m, H-22b), 1.29 (1H, m, H-7b), 1.29 (1H,
m, H-6b), 1.29 (1H, m, H-21b), 1.29 (1H, m, H-1b), 1.29 (1H, m, H-15b), 1.06 (1H, m, H-
13), 1.00 (3H, s, H-24), 0.96 (3H, s, H-25), 0.95 (3H, t, J = 4.0 Hz, H-4"), 0.95 (1H, t, J =
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8.0 Hz, H-9), 0.95 (1H, t, J = 8.0 Hz, H-5), 0.88 (3H, s, H-23), 0.86 (3H, s, H-27), 0.86
(3H, s, H-26).

"C NMR (CDCl,, 100 MHz) 0, 173.7 (C-1"), 150.5 (C-20), 109.9 (C-29), 80.8 (C-3), 56.5
(C-17), 55.6 (C-5), 50.6 (C-9), 49.5 (C-18), 47.1 (C-19), 42.6 (C-14), 40.9 (C-8), 38.6 (C-
1), 38.0 (C-4), 37.3 (C-13), 37.2 (C-22), 36.9 (C-10), 35.4 (C-2'), 34.4 (C-7), 32.3 (C-16),
30.7 (C-15), 29.9 (C-21), 28.1 (C-23), 25.6 (C-12), 23.9 (C-11), 21.1 (C-6), 19.5 (C-30),
18.8 (C-3'), 18.3 (C-2), 16.7 (C-25), 16.3 (C-26), 16.2 (C-24), 14.8 (C-27), 13.9 (C-4").

3.10 N152LA

ee

ﬁgm‘[ﬂsaagﬁwaa 3-0-pentanoyl betulinic acid (2d)

3111 3.10 1a3953719189 3-O-pentanoy! betulinic acid (2d)

3-0O-pentanoyl betulinic acid (2d)14: White Solid; mp. 259-261 °C; "H NMR (CDCl,, 400
MHZz) 8H4.74 (1H, s, H-29a), 4.61 (1H, s, H-29b), 4.47 (1H, m, H-3), 3.00 (1H, m, H-19),
2.55 (1H, m, H-2a"), 2.20 (1H, m, H-2b'), 2.18 (1H, m, H-16a), 2.15 (1H, m, H-2a), 1.96
(1H, m, H-22a), 1.89 (1H, m, H-12b), 1.76 (1H, m, H-12a), 1.68 (3H, s, H-30), 1.61 (1H,
m, H-21a), 1.61 (1H, m, H-13), 1.60 (1H, m, H-11a), 1.58 (1H, m, H-6a), 1.56 (1H, m, H-
18), 1.53 (1H, m, H-22b), 1.51 (1H, m, H-1a), 1.49 (2H, m, H-3'), 1.49 (1H, m, H-16b),
1.41 (1H, m, H-2b), 1.41 (1H, m, H-15a), 1.36 (1H, m, H-21b), 1.32 (1H, m, H-7a), 1.29
(1H, m, H-4a"), 1.23 (1H, m, H-6b), 1.20 (1H, m, H-11b), 1.18 (1H, m, H-4b"), 1.06 (1H,
m, H-9), 1.06 (1H, m, H-7b), 1.06 (1H, m, H-1b), 1.00 (1H, m, H-15b), 0.97 (3H, s, H-25),
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0.91 (3H, t, J = 8.0 Hz, H-5"), 0.91 (1H, m, H-5), 0.89 (3H, s, H-23), 0.85 (3H, s, H-24),
0.83 (3H, s, H-27), 0.83 (3H, s, H-26).

C NMR (CDCI,, 100 MHz) O 182.0 (C-28), 173.9 (C-1'), 150.5 (C-20), 109.9 (C-29),
80.8 (C-3), 56.6 (C-17), 55.6 (C-5), 50.6 (C-9), 49.5 (C-18), 47.1 (C-19), 42.6 (C-14), 40.9
(C-8), 38.6 (C-4), 38.6 (C-1), 38.0 (C-13), 37.3 (C-22), 37.2 (C-10), 34.7 (C-7), 34.4 (C-
2'), 32.3 (C-16), 30.8 (C-15), 29.9 (C-21), 28.1 (C-23), 27.4 (C-2), 25.6 (C-3), 23.9 (C-
12), 22.4 (C-11), 21.0 (C-4"), 19.5 (C-30), 18.3 (C-6), 16.7 (C-25), 16.3 (C-24), 16.2 (C-
26), 14.8 (C-27), 13.8 (C-5").

3.11 M3AHFAslAIIN3192 839 3-O-hexanoyl betulinic acid (2e)

;J‘lJ"?l 3.11 1A3983719289 3-0-hexanoyl betulinic acid (2e)

3-O-hexanoyl betulinic acid (2e)15: White Gum; 'H NMR (CDCl,, 400 MHz) SH 4.74
(1H, s, H-29a), 4.61 (1H, s, H-29b), 4.47 (1H, m, H-3), 2.98 (1H, m, H-19), 2.23 (2H, m,
H-2), 2.19 (1H, m, H-16a), 1.97 (1H, m, H-22a), 1.97 (1H, m, H-18), 1.92 (1H, m, H-3a’),
1.84 (1H, m, H-2a), 1.76 (1H, m, H-12a), 1.69 (3H, s, H-30), 1.66 (1H, m, H-21a), 1.62
(1H, m, H-11a), 1.60 (1H, m, H-6a), 1.58 (1H, m, H-13), 1.53 (1H, m, H-3b'), 1.49 (1H, m,
H-22b), 1.49 (1H, m, H-1a), 1.47 (1H, m, H-16b), 1.41 (1H, m, H-2b), 1.41 (1H, m, H-
15a), 1.33 (1H, m, H-21b), 1.31 (1H, m, H-7a), 1.29 (1H, m, H-12b), 1.25 (1H, m, H-5a"),
1.23 (1H, m, H-5b"), 1.22 (1H, m, H-4a’), 1.20 (1H, m, H-6b), 1.20 (1H, m, H-11b), 1.12
(1H, m, H-4b"), 1.12 (1H, m, H-1b), 1.08 (1H, m, H-7b), 1.06 (1H, m, H-9), 1.02 (1H, m,
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H-15b), 0.97 (3H, s, H-24), 0.97 (1H, m, H-5), 0.93 (3H, s, H-25), 0.91 (3H, m, H-6"), 0.89
(3H, s, H-23), 0.83 (3H, s, H-26), 0.75 (3H, s, H-27).

"C NMR (CDCI,, 100 MHz) O 182.0 (C-28), 173.9 (C-1'), 150.5 (C-20), 109.9 (C-29),
80.8 (C-3), 56.6 (C-17), 55.6 (C-5), 50.6 (C-9), 49.5 (C-18), 47.1 (C-19), 42.6 (C-14), 40.9
(C-8), 38.6 (C-4), 38.6 (C-1), 38.0 (C-13), 37.3 (C-22), 37.2 (C-10), 34.7 (C-7), 34.4 (C-
2'), 32.3 (C-16), 30.8 (C-15), 29.9 (C-21), 28.1 (C-23), 27.4 (C-2), 25.6 (C-3"), 23.9 (C-
12), 22.4 (C-11), 21.0 (C-4"), 19.5 (C-30), 18.3 (C-6), 16.7 (C-25), 16.3 (C-24), 16.2 (C-
26), 14.8 (C-27), 14.0 (C-6" ), 13.8 (C-5').

3.12 M3AHFAlAIIa3192 89 3-O-benzoyl betulinic acid (2f)

;J‘lJ"?l 3.12 1A398319289 3-0-benzoyl betulinic acid (2f)

3-0-benzoyl betulinic acid (2f)'": White Gum; 'H NMR (CDCI,, 400 MHz) O, 8.04 (2H,
d,J =8.0Hz H-3', 7,754 (1H,t, J =8.0Hz, H-5), 7.45 (2H, t, J = 8.0 Hz, H-4', 6"),
4.75 (1H, s, H-29a), 4.62 (1H, s, H-29b), 4.12 (1H, m, H-3), 2.25 (1H, m, H-19), 2.21 (1H,
m, H-22a), 2.21 (1H, m, H-16a), 2.00 (1H, m, H-2a), 1.74 (1H, m, H-12a), 1.71 (1H, m, H-
18), 1.70 (3H, s, H-30), 1.69 (1H, m, H-13), 1.64 (1H, m, H-6a), 1.64 (1H, m, H-11a), 1.56
(1H, m, H-2b), 1.55 (1H, m, H-22b), 1.54 (1H, m, H-16b), 1.51 (1H, m, H-21a), 1.51 (1H,
m, H-1a), 1.42 (1H, m, H-15a), 1.34 (1H, m, H-7a), 1.29 (1H, m, H-21b), 1.22 (1H, m, H-
6b), 1.22 (1H, m, H-12b), 1.22 (1H, m, H-11b), 1.09 (1H, m, H-7b), 1.07 (1H, m, H-1b),
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1.06 (1H, m, H-9), 1.02 (1H, m, H-15b), 1.00 (3H, s, H-24), 1.00 (1H, m, H-5), 0.98 (3H,
s, H-25), 0.93 (3H, s, H-26), 0.93 (3H, s, H-23), 0.90 (3H, s, H-27).

“C NMR (CDCl,, 100 MHz) O, 182.4 (C-28), 166.4 (C-1"), 150.5 (C-20), 132.8 (C-5"),
129.7 (C-7"), 129.7 (C-3'), 128.6 (C-6"), 128.6 (C-2'), 128.4 (C-4"), 109.8 (C-29), 84.8 (C-
3), 56.6 (C-17), 50.6 (C-9), 49.4 (C-18), 47.1 (C-19), 42.6 (C-14), 40.9 (C-8), 38.8 (C-5),
38.6 (C-13), 38.6 (C-1), 38.4 (C-4), 37.4 (C-22), 37.2 (C-10), 34.4 (C-7), 32.3 (C-16), 30.7
(C-21), 29.7 (C-15), 28.3 (C-23), 25.6 (C-12), 23.9 (C-2), 21.1 (C-11), 19.5 (C-30), 18.3
(C-6), 16.9 (C-24), 16.3 (C-25), 16.2 (C-26), 14.8 (C-27).

3.13 M3AHFAlAIIFI192 89 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl] betulinic acid (2g)

Eﬂ‘ﬁ 3.13 lassaevas 28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]

betulinic acid (29g)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl] betulinic acid (2g): White Solid; mp.
193-194 °C; 'H NMR (CDCl,, 400 MHz) 8H 6.34 (1H, br, NH), 4.71 (1H, s, H-29a), 4.57
(1H, s, H-29b), 4.06 (1H, m, H-3), 4.04 (1H, br, H-8"), 3.66 (1H, br, H-2"), 3.11 (1H, m,
H-19), 2.41 (1H, m, H-16a), 2.20 (1H, m, H-2a), 2.01 (1H, m, H-18), 1.90 (1H, m, H-13),
1.82 (1H, m, H-22a), 1.77 (2H, m, H-3"), 1.69 (1H, m, H-21a), 1.68 (3H, s, H-30), 1.67
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(2H, m, H-9"), 1.65 (2H, m, H-4"), 1.65 (2H, m, H-10"), 1.63 (2H, m, H-7"), 1.63 (1H, m,
H-15a), 1.61 (2H, m, H-5"), 1.60 (2H, m, H-11"), 1.60 (1H, m, H-7a), 1.60 (2H, m, H-12"),
1.56 (1H, m, H-12a), 1.55 (2H, m, H-6"), 1.50 (1H, m, H-11a), 1.48 (1H, m, H-2b), 1.45
(1H, m, H-1a), 1.44 (1H, m, H-22b), 1.40 (1H, m, H-6a), 1.38 (2H, m, H-13"), 1.37 (1H,
m, H-16b), 1.36 (2H, m, H-3"), 1.34 (1H, m, H-9), 1.27 (1H, m, H-21b), 1.26 (1H, m, H-
11b), 1.25 (1H, m, H-5), 1.19 (1H, m, H-7b), 1.19 (2H, m, H-10"), 1.18 (2H, m, H-7"),
1.17 (2H, m, H-4"), 1.16 (2H, m, H-12"), 1.15 (1H, m, H-6b), 1.14 (1H, m, H-12b), 1.09
(2H, m, H-9"), 1.08 (1H, m, H-15b), 1.02 (2H, m, H-6"), 1.01 (1H, m, H-1b), 0.97 (3H, s,
H-24), 0.95 (3H, s, H-25), 0.91 (3H, s, H-23), 0.82 (3H, s, H-26), 0.81 (2H, m, H-13"),
0.74 (3H, s, H-27).

"C NMR (CDCl,, 100 MHz) O, 176.6 (C-28), 155.1 (C-1"), 151.5 (C-20), 109.2 (C-29),
79.2 (C-3), 58.4 (C-8"), 56.6 (C-17), 55.6 (C-5), 54.0 (C-2"), 50.9 (C-9), 49.9 (C-18), 49.3
(C-19), 42.3 (C-14), 40.9 (C-8), 38.9 (C-4), 38.9 (C-1), 37.9 (C-13), 36.9 (C-22), 36.9 (C-
10), 34.3 (C-7), 33.0 (C-9"), 33.0 (C-13"), 32.2 (C-7"), 32.2 (C-3"), 31.7 (C-16), 30.6 (C-
21), 30.5 (C-15), 28.1 (C-23), 27.6 (C-2), 26.6 (C-12), 25.9 (C-5"), 25.8 (C-11"), 25.7 (C-
12"), 25.7 (C-10"), 24.9 (C-6"), 24.9 (C-4"), 21.2 (C-30), 21.2 (C-11), 18.4 (C-6), 16.4 (C-
24), 16.3 (C-25), 15.5 (C-26), 15.2 (C-27).

HRMS-ESI m/z [M+Na'] calcd for C,,H,,N,O,Na: 685.5284; found 685.5288.
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3.14 MYIAIHFAILAIIAI19289 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h)

Eﬂ‘ﬁ 3.14 1A98319289 28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]

-3-O-acetyl betulinic acid (2h)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h):
White Gum; 'H NMR (CDCI,, 400 MHz) O, 5.42 (1H, d, J = 8.4 Hz, NH), 4.72 (1H, s, H-
29a), 4.57 (1H, s, H-29b), 4.46 (1H, m, H-3), 4.04 (1H, br, H-8"), 3.70 (1H, br, H-2"),
3.09 (1H, m, H-19), 2.33 (1H, m, H-16a), 2.11 (1H, m, H-2a), 2.03 (3H, s, H-2'), 1.96 (1H,
m, H-22a), 1.96 (1H, m, H-18), 1.87 (1H, m, H-13), 1.86 (2H, m, H-7"), 1.77 (1H, m, H-
3a"), 1.68 (1H, m, H-6a"), 1.67 (3H, s, H-30), 1.66 (1H, m, H-15a), 1.65 (1H, m, H-4a"),
1.62 (1H, m, H-9a"), 1.62 (1H, m, H-12a"), 1.62 (1H, m, H-10a"), 1.61 (2H, m, H-5"),
1.60 (2H, m, H-11"), 1.58 (1H, m, H-7a), 1.53 (1H, m, H-12a), 1.51 (1H, m, H-21a), 1.50
(1H, m, H-22b), 1.49 (1H, m, H-11a), 1.48 (1H, m, H-16b), 1.44 (1H, m, H-13a"), 1.41
(1H, m, H-6a), 1.41 (1H, m, H-1a), 1.34 (1H, m, H-3b"), 1.31 (1H, m, H-9), 1.30 (2H, m,
H-7"), 1.27 (1H, m, H-21b), 1.26 (1H, m, H-2b), 1.25 (1H, m, H-10b"), 1.22 (1H, m, H-
6b"), 1.21 (1H, m, H-15b), 1.21 (1H, m, H-11b), 1.20 (1H, m, H-5), 1.18 (1H, m, H-7b),
1.18 (1H, m, H-4b"), 1.18 (1H, m, H-12b"), 1.14 (1H, m, H-6b), 1.12 (1H, m, H-12b), 0.96
(1H, m, H-1b), 0.95 (3H, s, H-24), 0.93 (3H, s, H-25), 0.91 (1H, m, H-13b"), 0.86 (1H, m,
H-9b"), 0.83 (3H, s, H-27), 0.83 (3H, s, H-23), 0.82 (3H, s, H-26).
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“C NMR (CDCl,, 100 MHz) &, 175.5 (C-28), 171.2 (C-1"), 155.3 (C-1"), 151.1 (C-20),
109.5 (C-29), 81.1 (C-3), 58.4 (C-17), 55.6 (C-5), 53.9 (C-8"), 50.7 (C-9), 49.9 (C-18),
47.9 (C-2"), 47.8 (C-19), 42.6 (C-14), 41.1 (C-8), 38.6 (C-13), 37.9 (C-4), 37.8 (C-1), 37.2
(C-22), 37.1 (C-10), 34.3 (C-7), 32.9 (C-9"), 32.9 (C-13"), 32.2 (C-7"), 32.2 (C-3"), 31.1
(C-16), 30.6 (C-21), 29.6 (C-15), 28.2 (C-23), 26.6 (C-12), 25.9 (C-5"), 25.6 (C-11"), 25.0
(C-12"), 25.0 (C-10"), 23.9 (C-6"), 23.9 (C-4"), 23.9 (C-2), 21.5 (C-2"), 21.3 (C-11), 19.6
(C-30), 18.3 (C-24), 18.2 (C-6), 16.3 (C-25), 16.2 (C-26), 5.2 (C-27).

HRMS-ESI m/z [M+Na'] calcd for C,sH,,N,O,Na: 727.5390; found 727.5399.

3.15 M331A31:%gA3lATIN3192 839 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i)

;51]171 3.15 1A398319289 28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]

-3-O-propanoyl betulinic acid (2i)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i):
White Gum; 'H NMR (CDCI,, 400 MHz) O,, 4.72 (1H, s, H-29a), 4.58 (1H, s, H-29b), 4.46
(1H, m, H-3), 3.42 (1H, m, H-2"), 3.10 (1H, m, H-8"), 2.31 (2H, m, H-2'), 2.31 (1H, m, H-
19), 2.16 (1H, m, H-2a), 2.00 (1H, m, H-16a), 1.89 (1H, m, H-18), 1.88 (1H, m, H-22a),
1.87 (1H, m, H-7a"), 1.77 (1H, m, H-3a"), 1.67 (3H, s, H-30), 1.67 (1H, m, H-6a"), 1.65
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(1H, m, H-4a"), 1.63 (1H, m, H-12a"), 1.62 (1H, m, H-10a"), 1.61 (2H, m, H-5"), 1.61
(1H, m, H-21a), 1.60 (1H, m, H-16b), 1.58 (2H, m, H-11"), 1.58 (1H, m, H-9a"), 1.57 (1H,
m, H-7a), 1.54 (1H, m, H-12a), 1.50 (1H, m, H-13), 1.49 (1H, m, H-13a"), 1.49 (1H, m, H-
11a), 1.47 (1H, m, H-22b), 1.44 (1H, m, H-15a), 1.42 (1H, m, H-1a), 1.41 (1H, m, H-6a),
1.36 (1H, m, H-9), 1.35 (1H, m, H-3b"), 1.31 (1H, m, H-7b"), 1.29 (1H, m, H-15b), 1.26
(1H, m, H-2b), 1.25 (1H, m, H-5), 1.22 (1H, m, H-6b"), 1.20 (1H, m, H-10b"), 1.18 (1H,
m, H-4b"), 1.18 (1H, m, H-12b"), 1.17 (1H, m, H-7b), 1.14 (1H, m, H-6b), 1.14 (1H, m, H-
11b), 1.13 (3H, t, J = 8.0 Hz, H-3"), 1.12 (1H, m, H-21b), 1.10 (1H, m, H-12b), 1.00 (1H,
m, H-1b), 0.96 (3H, s, H-24), 0.95 (3H, s, H-25), 0.93 (3H, s, H-23), 0.90 (3H, s, H-26),
0.89 (1H, m, H-9b"), 0.89 (1H, m, H-13b"), 0.82 (3H, s, H-27).

“C NMR (CDCI,, 100 MHz) O, 175.3 (C-28), 174.4 (C-1"), 155.2 (C-1"), 151.1 (C-20),
109.7 (C-29), 9.4 (C-3'), 80.8 (C-3), 56.6 (C-17), 55.7 (C-5), 54.0 (C-8"), 50.6 (C-9), 49.9
(C-18), 47.8 (C-2"), 47.1 (C-19), 42.6 (C-14), 41.0 (C-8), 38.6 (C-1), 38.0 (C-13), 37.8 (C-
4), 37.3 (C-22), 37.3 (C-10), 34.3 (C-7), 33.0 (C-9"), 33.0 (C-13"), 32.2 (C-7"), 32.2 (C-
3"), 31.1 (C-16), 30.6 (C-21), 28.2 (C-2"), 28.1 (C-23), 26.6 (C-12), 25.9 (C-15), 25.8 (C-
5"), 25.8 (C-11"), 25.1 (C-12"), 25.1 (C-10"), 24.9 (C-2), 23.9 (C-6"), 23.9 (C-4"), 21.1
(C-11), 19.6 (C-30), 18.3 (C-6), 16.7 (C-24), 16.3 (C-25), 16.2 (C-26), 14.8 (C-27).

HRMS-ESI m/z [M+Na ] calcd for C, H,,N,O,Na: 741.5546; found 741.5540.
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3.16 N139LAI1HFAILAIIAI19289 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2j)

Eﬂ‘ﬁ 3.16 lassa9v84 28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]

-3-O-butanoyl betulinic acid (2j)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2)):
White Gum; 'H NMR (CDCl,, 400 MHz) O,, 4.72 (1H, s, H-29a), 4.59 (1H, s, H-29b), 4.47
(1H, m, H-3), 3.38 (1H, m, H-2"), 3.07 (1H, m, H-8"), 2.28 (2H, t, J = 8.0 Hz, H-2"), 2.17
(1H, m, H-2a), 2.02 (1H, m, H-16a), 1.98 (1H, m, H-3a"), 1.98 (1H, m, H-19), 1.93 (1H, m,
H-22a), 1.92 (1H, m, H-18), 1.78 (1H, m, H-7a"), 1.78 (1H, m, H-3a"), 1.69 (3H, s, H-30),
1.64 (1H, m, H-6a"), 1.64 (1H, m, H-4a"), 1.63 (1H, m, H-12a"), 1.62 (1H, m, H-21a),
1.62 (1H, m, H-16b), 1.62 (1H, m, H-10a"), 1.60 (1H, m, H-3b"), 1.59 (2H, m, H-5"), 1.59
(2H, m, H-11"), 1.59 (1H, m, H-9a"), 1.56 (1H, m, H-7a), 1.53 (1H, m, H-12a), 1.49 (1H,
m, H-13a"), 1.48 (1H, m, H-13), 1.48 (1H, m, H-11a), 1.47 (1H, m, H-22b), 1.46 (1H, m,
H-1a), 1.42 (1H, m, H-6a), 1.42 (1H, m, H-15a), 1.35 (1H, m, H-9), 1.35 (1H, m, H-7b"),
1.35 (1H, m, H-3b"), 1.26 (1H, m, H-2b), 1.25 (1H, m, H-5), 1.21 (1H, m, H-15b), 1.19
(1H, m, H-10b"), 1.18 (1H, m, H-7b), 1.18 (1H, m, H-6b"), 1.18 (1H, m, H-4b"), 1.18 (1H,
m, H-12b"), 1.15 (1H, m, H-11b), 1.12 (1H, m, H-6b), 1.12 (1H, m, H-12b), 1.10 (1H, m,
H-21b), 1.00 (1H, m, H-1b), 0.97 (3H, s, H-24), 0.94 (3H, m, H-4"), 0.94 (1H, m, H-13b"),
0.93 (1H, m, H-9b"), 0.91 (3H, s, H-25), 0.85 (3H, s, H-23), 0.84 (3H, s, H-26), 0.83 (3H,
s, H-27).
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"“C NMR (CDCl,, 100 MHz) O, 176.4 (C-28), 173.8 (C-1"), 155.4 (C-1"), 151.4 (C-20),
109.3 (C-29), 80.8 (C-3), 56.7 (C-17), 55.7 (C-5), 54.1 (C-8"), 50.8 (C-9), 50.0 (C-18),
49.9 (C-2"), 46.6 (C-19), 42.3 (C-14), 40.9 (C-8), 38.6 (C-1), 38.0 (C-13), 37.8 (C-4), 37.3
(C-22), 36.9 (C-10), 35.4 (C-2"), 34.4 (C-7), 33.4 (C-7"), 32.4 (C-3"), 32.3 (C-9"), 32.3
(C-13"), 31.5 (C-16), 30.6 (C-21), 29.7 (C-15), 28.1 (C-23), 26.6 (C-5"), 26.6 (C-12), 25.9
(C-6"), 25.9 (C-4"), 25.7 (C-11"), 25.0 (C-12"), 25.0 (C-10"), 22.4 (C-2), 21.2 (C-11),
19.6 (C-30), 18.4 (C-3'), 18.3 (C-6), 18.3 (C-24), 16.4 (C-25), 16.2 (C-26), 15.2 (C-27),
14.1 (C-4").

HRMS-ESI m/z [M+Na'] calcd for C,,H,,N,0,Na: 755.5703; found 755.5710.

3.17 M3AIHFAILATIN3192 09 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k)

;51]171 3.17 1A3983719289 28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]

-3-O-pentanoyl betulinic acid (2k)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k):
White Gum; 'H NMR (CDCl,, 400 MHz) 5H 4.72 (1H, s, H-29a), 4.58 (1H, s, H-29b), 4.46
(1H, m, H-3), 3.08 (1H, m, H-8"), 3.05 (1H, m, H-2"), 2.47 (2H, m, H-2'), 2.29 (1H, m, K-
19), 2.19 (1H, m, H-3a"), 2.19 (1H, m, H-16a), 1.93 (1H, m, H-5), 1.90 (1H, m, H-18), 1.82
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(1H, m, H-22a), 1.75 (1H, m, H-2a), 1.74 (1H, m, H-12a), 1.69 (3H, s, H-30), 1.68 (1H, m,
H-21a), 1.64 (1H, m, H-6a"), 1.64 (1H, m, H-4a"), 1.62 (2H, m, H-10a"), 1.62 (1H, m, H-
12a"), 1.62 (1H, m, H-11a), 1.60 (1H, m, H-7a"), 1.60 (1H, m, H-6a), 1.60 (1H, m, H-3b"),
1.60 (1H, m, H-3a"), 1.58 (1H, m, H-9a"), 1.56 (2H, m, H-5a"), 1.55 (1H, m, H-11a"),
1.48 (1H, m, H-22b), 1.48 (1H, m, H-1a), 1.48 (1H, m, H-13), 1.45 (1H, m, H-16b), 1.40
(1H, m, H-2b), 1.40 (1H, m, H-15a), 1.35 (1H, m, H-7b"), 1.35 (1H, m, H-3b"), 1.35 (1H,
m, H-13a"), 1.34 (1H, m, H-11b"), 1.33 (1H, m, H-9b"), 1.33 (1H, m, H-7a), 1.32 (1H, m,
H-5b"), 1.30 (1H, m, H-12b"), 1.30 (1H, m, H-10b"), 1.28 (1H, m, H-21b), 1.25 (1H, m,
H-6b"), 1.25 (1H, m, H-4b"), 1.25 (1H, m, H-12b), 1.21 (1H, m, H-6b), 1.18 (1H, m, H-9),
1.18 (1H, m, H-13b"), 1.18 (1H, m, H-11b), 1.15 (2H, m, H-4"), 1.12 (1H, m, H-1b), 1.09
(1H, m, H-7b), 0.97 (3H, s, H-24), 0.96 (3H, s, H-25), 0.96 (1H, m, H-15b), 0.91 (3H, t, J
= 8.0 Hz, H-5'), 0.89 (3H, s, H-23), 0.84 (3H, s, H-26), 0.83 (3H, s, H-27).

"C NMR (CDCl,, 100 MHz) O, 155.4 (C-1"), 151.4 (C-20), 176.8 (C-28), 173.8 (C-1"),
109.3 (C-29), 80.7 (C-3), 58.3 (C-17), 55.6 (C-5), 53.9 (C-8"), 50.8 (C-9), 50.0 (C-2"),
49.8 (C-18), 46.6 (C-19), 42.3 (C-14), 41.0 (C-8), 38.5 (C-1), 38.0 (C-13), 37.8 (C-4), 37.3
(C-22), 36.9 (C-10), 34.7 (C-7), 34.4 (C-2"), 33.0 (C-9"), 33.0 (C-13"), 32.2 (C-7"), 32.2
(C-3"), 31.7 (C-16), 30.5 (C-21), 30.5 (C-15), 28.1 (C-23), 26.7 (C-12), 26.6 (C-3"), 25.9
(C-5"), 25.7 (C-11"), 24.9 (C-12"), 24.9 (C-10"), 23.9 (C-6"), 23.9 (C-4"), 23.9 (C-2),
22.4 (C-4"), 21.8 (C-11), 19.7 (C-30), 18.3 (C-6), 16.7 (C-24), 16.3 (C-25), 16.2 (C-26),
14.8 (C-27), 13.8 (C-5).

HRMS-ESI m/z [M+H]" calcd for C, H N,O,: 747.6040; found 747.6026.

48" 79
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3.18 M3AINAFAIAIIFI19289 28-N-cyclohexyl-N-

[(cyclohexylamino)carbonyl]-3-O-hexanoyl betulinic acid (2I)

Eﬂ‘ﬁ 3.18 1A98319289 28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]

-3-O-hexanoyl betulinic acid (2I)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-hexanoy! betulinic acid (2I):
White Gum; 'H NMR (CDC,, 400 MHz) 8,,5.40 (1H, d, J = 6.0 Hz, NH), 4.73 (1H, s, H-
29a), 4.60 (1H, s, H-29b), 4.47 (1H, m, H-3), 4.04 (1H, br, H-8"), 3.70 (1H, br, H-2"),
3.10 (1H, m, H-19), 2.42 (1H, m, H-16a), 2.30 (2H, t, J = 7.4 Hz, H-2'), 2.04 (1H, m, H-
2a), 1.97 (1H, m, H-22a), 1.91 (1H, m, H-13), 1.90 (1H, m, H-18), 1.85 (2H, m, H-7"),
1.77 (2H, m, H-3"), 1.69 (3H, s, H-30), 1.69 (2H, m, H-6"), 1.66 (1H, m, H-15a), 1.65 (2H,
m, H-4"), 1.62 (2H, m, H-12"), 1.62 (2H, m, H-10"), 1.59 (1H, m, H-7a), 1.58 (2H, m, H-
11"), 1.58 (2H, m, H-3'), 1.57 (2H, m, H-5"), 1.57 (2H, m, H-9"), 1.57 (1H, m, H-21a),
1.54 (1H, m, H-12a), 1.49 (1H, m, H-22b), 1.49 (1H, m, H-16b), 1.49 (1H, m, H-11a),
1.44 (2H, m, H-13"), 1.41 (1H, m, H-1a), 1.37 (1H, m, H-6a), 1.36 (2H, m, H-5'), 1.34
(1H, m, H-9), 1.34 (2H, m, H-7"), 1.34 (2H, m, H-3"), 1.27 (1H, m, H-2b), 1.26 (1H, m, H-
21b), 1.22 (2H, m, H-6"), 1.22 (1H, m, H-5), 1.22 (1H, m, H-15b), 1.21 (1H, m, H-11b),
1.20 (2H, m, H-10"), 1.19 (1H, m, H-7b), 1.18 (2H, m, H-4"), 1.18 (2H, m, H-4'), 1.18
(2H, m, H-12"), 1.14 (1H, m, H-6b), 1.12 (1H, m, H-12b), 0.97 (3H, s, H-24), 0.97 (1H, m,
H-1b), 0.95 (3H, s, H-25), 0.91 (2H, m, H-13"), 0.90 (3H, m, H-6"), 0.86 (2H, m, H-9"),
0.85 (3H, s, H-23), 0.83 (3H, s, H-27), 0.83 (3H, s, H-26).
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"C NMR (CDCl,, 100 MHz) 9. 182.6 (C-28), 173.7 (C-1"), 153.2 (C-1"), 151.0 (C-20),
110.0 (C-29), 80.6 (C-3), 58.3 (C-17), 55.3 (C-5), 53.4 (C-8"), 50.6 (C-9), 49.0 (C-18),
48.8 (C-2"), 47.8 (C-19), 42.7 (C-14), 41.1 (C-8), 38.6 (C-1), 38.0 (C-13), 37.8 (C-4), 37.3
(C-22), 37.3 (C-10), 34.8 (C-2"), 34.4 (C-7), 33.0 (C-9"), 33.0 (C-13"), 32.2 (C-7"), 32.0
(C-3"), 31.2 (C-16), 30.6 (C-21), 30.0 (C-15), 28.1 (C-4"), 27.8 (C-23), 26.7 (C-5"), 26.7
(C-12), 25.7 (C-11"), 25.0 (C-10"), 24.9 (C-3"), 24.9 (C-12"), 24.0 (C-6"), 24.0 (C-4"),
23.9 (C-2), 22.6 (C-5"), 21.3 (C-11), 19.9 (C-30), 18.4 (C-6), 17.1 (C-24), 16.3 (C-25),
16.2 (C-26), 14.8 (C-27), 14.0 (C-6").

HRMS-ESI m/z [M+H]" calcd for C,,H,,N,O,: 761.6196; found 761.6150.
:E o & 6 a ag’ U a [
3.19 wamswmaanqwsmumLauvlﬁm\luaa%hngfﬂmﬂamaam%waaaaanﬂ
tNNnaa

A13191 3.1 qw%‘lumsﬂ'u{TaLauvlﬁﬁﬁuaamﬂgiﬂ%mmaaf?maﬁ'@mmuaa WRZEIT

4193371% acarbose

ICso (mg/mL)
Barker’s yeast
Crude

MeOH 0.065

Fraction
A 0.27
B 0.19
C 0.081
D 0.052
E 0.094
F 0.43
G 0.14
Acarbose 0.34
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mﬂwamsmaaquﬁiumiﬂ'ﬂﬂ”\‘]Lauvlsﬁ:ﬁuaangIﬂs’fjmaLﬁaoﬁmaaﬁoaﬂ”@m
nues WUt D Sanslun1ssugs 0.052 mg/mL (Gniunsatudu 9) Tandans

¥19331% acarbose (0.34 mg/mL) T3tunIATU D "l,ﬂﬁ'm'm,l,ﬂﬂmiu%qwﬁda"l,ﬂ
£ o & 4 a P
3.20 Naﬂ’liﬂﬂﬁaﬂfmﬁ‘l%ﬂ’liﬂﬂEldLEl%l“Ii&lLlaaﬂ’m@ltﬂ%mawada’ﬁﬂ
¥ Y ¢
LLEIﬂV[,ﬂLLaﬁJH:W%ﬁ

M13191 3.2 qw%iuma*s]”usTaLauvl,eﬁﬁuaamﬂgiﬂe’ﬁmmad 1, 2, 1a-1g, 2a-2f Laz83

V1933714 acarbose

ICsp (UM) ICsp (UM)
Compounds Compounds
Barker’s yeast Barker’s yeast

1 37.23 2d 269.59
2 16.26 2e 72.09
1a 490.66 2f 73.11
1b 441.19 2g 230.756
1c > 600 2h 281.60
1d > 600 2i 368.52
1e > 600 2j > 600
1f > 600 2k > 600
2a 28.07 2i > 600
2b 43.29 Acarbose 526.64
2c 158.70

s o a Q€ 1 v
PNMIUNIATY D NWYI’]ﬂ"IiLLEIﬂ&"I‘JU‘JEIVIﬁ W‘.IJ’J’]VLQE("I‘S lupeol (1) LRz
- . K o & a o o . e & “‘L
betulinic acid (2) ﬁmmmimaawu@iﬂmmimme:%a‘p‘mumwu LREVIARDULND L
o

o & & A ' o & o & ~ %A A
ﬂ']iﬂ‘].lﬂﬂLauvLéﬁNLLaawqﬂQIﬂsﬁL@a WU ﬁ']jﬁ\‘]Lﬂi']z'ﬁaH)W%ﬁ (23) YNNG (|C50 =

28.07 pM) L8 AiBUALA1INATIIN acarbose (ICs, = 526.64 M) §Iuaunus 17 1ia 0



50

A = ni o & =< A a5 A ' A v @
wide Janslunsgugstunaredslifignd (J 1C, ¥1nn71 600 uM NANNLTNTH 5.0
dl 1 a A 1 a 1 6 a =
mg/mL) maammn%gvlamaﬂmaslumi 1 maw"l,amaﬂsmLLa:%Hmiuanmlums 24
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gﬂﬁ 19 1H NMR spectrum 2a4J 3-O-pentanoyl betulinic acid (2d) Tu CDCl,4
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3-0O-acetyl lupeol (1a): Following the general procedure, reaction of 1 (50.0 mg, 0.12
mmol), acetic anhydride (33 pL, 0.35 mmol), triethylamine (TEA, 49 pL, 0.35 mmol), 4-
(dimethylamino)pyridine (DMAP, trace amount) in CH,CIl, (1.17 mL) after 1 h yielded
compound 1a (20.9 mg, 38.1%)

3-O-propanoyl lupeol (1b). Following the general procedure, reaction of 1 (50.0 mg,
0.12 mmol), propionic anhydride (45 pL, 0.35 mmol), triethylamine (TEA, 49 pyL, 0.35
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.17 mL) after 1 h
yielded compound 1b (23.4 mg, 41.4%)

3-0O-butanoyl lupeol (1c) : Following the general procedure, reaction of 1 (50.0 mg,
0.12 mmol), butanoic anhydride (58 uL, 0.35 mmol), triethylamine (TEA, 49 puL, 0.35
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.17 mL) after 1 h
yielded compound 1¢ (25.3 mg, 43.5%)

3-O-pentanoyl lupeol (1d): Following the general procedure, reaction of 1 (50.0 mg,
0.12 mmol), valeric anhydride (71 uL, 0.35 mmol), triethylamine (TEA, 49 uL, 0.35
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.17 mL) after 1 h
yielded compound 1d (27.3 mg, 45.6%)

3-0O-hexanoyl lupeol (1e): Following the general procedure, reaction of 1 (50.0 mg,
0.12 mmol), hexanoic anhydride (81 pL, 0.35 mmol), triethylamine (TEA, 49 pL, 0.35
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.17 mL) after 1 h
yielded compound 1e (28.6 mg, 46.5%)

3-0-benzyl lupeol (1f) : Following the general procedure, reaction of 1 (50.0 mg, 0.12
mmol), benzoic anhydride anhydride (79.5 mg, 0.35 mmol), triethylamine (TEA, 49 pL,
0.35 mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.17 mL) after
1 h yielded compound 1f (10.5 mg, 16.9%)
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3-0O-acetyl betulinic acid (2a): Following the general procedure, reaction of 2 (50.0 mg,
0.11 mmol), acetic anhydride (31 pL, 0.35 mmol), triethylamine (TEA, 46 pL, 0.33
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.09 mL) after 1 h
yielded compound 2a (24.1 mg, 44.1%)

3-O-propanoybetulinic acid (2b): Following the general procedure, reaction of 2 (50.0
mg, 0.11 mmol), propionic anhydride (42 pL, 0.35 mmol), triethylamine (TEA, 46 pL,
0.33 mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.09 mL) after
1 h yielded compound 2b (29.7 mg, 52.9%)

3-O-butanoyl betulinic (2c): Following the general procedure, reaction of 2 (50.0 mg,
0.11 mmol), butanoic anhydride (54 pL, 0.35 mmol), triethylamine (TEA, 46 pL, 0.33
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.09 mL) after 1 h
yielded compound 2c¢ (24.8 mg, 43.0%)

3-0O-pentanoyl betulinic acid (2d): Following the general procedure, reaction of 2 (50.0
mg, 0.11 mmol), valeric anhydride (66 pL, 0.35 mmol), triethylamine (TEA, 46 pL, 0.33
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.09 mL) after 1 h
yielded compound 2d (30.1 mg, 50.8%)

3-0O-hexanoyl betulinic acid (2e): Following the general procedure, reaction of 2 (50.0
mg, 0.11 mmol), hexanoic anhydride (76 pL, 0.35 mmol), triethylamine (TEA, 46 pL,
0.33 mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.09 mL) after
1 h yielded compound 2e (27.3 mg, 44.9%)

3-0O-benzoyl betulinic acid (2f): Following the general procedure, reaction of 2 (50.0
mg, 0.11 mmol), benzoic anhydride (66 mg, 0.35 mmol), triethylamine (TEA, 46 pL, 0.33
mmol), 4-(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (1.09 mL) after 1 h
yielded compound 2f (26.4 mg, 43.0%)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl] betulinic acid (2g): Following the

general procedure, reaction of 2 (10.0 mg, 0.02 mmol), N,N*-
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dicyclohexylcarbodiimide (DCC, 6 uL, 0.05 mmol), 4-(dimethylamino)pyridine (DMAP,
trace amount) in CH,ClI, (0.15 mL) after 1 h yielded compound 2g (4.24 mg, 42.4%)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-acetyl betulinic acid (2h):
Following the general procedure, reaction of 2g (10.0 mg, 0.02 mmol), acetic anhydride
(4 pL, 0.05 mmol), triethylamine (TEA, 6 pL, 0.05 mmol), 4-(dimethylamino)pyridine
(DMAP, trace amount) in CH,CI, (0.15 mL) after 1 h yielded compound 2h (5.08 mg,

47.8%)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-propanoyl betulinic acid (2i):
Following the general procedure, reaction of 2g (10.0 mg, 0.02 mmol), propionic
anhydride (6 pL, 0.05 mmol), triethylamine (TEA, 6 uL, 0.05 mmol), 4-
(dimethylamino)pyridine (DMAP, trace amount) in CH,CIl, (0.15 mL) after 1 h yielded
compound 2i (5.32 mg, 49.1%)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-butanoyl betulinic acid (2j):
Following the general procedure, reaction of 2g (10.0 mg, 0.02 mmol), butanoic
anhydride (7 pL, 0.05 mmol), triethylamine (TEA, 6 uL, 0.05 mmol), 4-
(dimethylamino)pyridine (DMAP, trace amount) in CH,Cl, (0.15 mL) after 1 h yielded
compound 2j (4.14 mg, 37.4%)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-pentanoyl betulinic acid (2k):
Following the general procedure, reaction of 2g (10.0 mg, 0.02 mmol), valeric anhydride
(9 pL, 0.05 mmol), triethylamine (TEA, 6 pL, 0.05 mmol), 4-(dimethylamino)pyridine
(DMAP, trace amount) in CH,CI, (0.15 mL) after 1 h yielded compound 2k (4.36 mg,
38.7%)

28-N-cyclohexyl-N-[(cyclohexylamino)carbonyl]-3-O-hexanoyl betulinic acid (2l):
Following the general procedure, reaction of 2g (10.0 mg, 0.02 mmol), hexanoic

anhydride (10 pL, 0.05 mmol), triethylamine (TEA, 6 puL, 0.05 mmol), 4-
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(dimethylamino)pyridine (DMAP, trace amount) in CH,CI, (0.15 mL) after 1 h yielded
compound 2 (2.06 mg, 17.9%)
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