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Abstract

Project Code : PDF/62/2543

Project Title : Chemical constituents with antiherpetic activity from the pericarp of
Glyptopetalum sclerocarpum Laws.
Investigators :
Uthai Sotanaphun - Faculty of Pharmacy, Silpakorn University
Vimolmas Lipipun - Faculty of Pharmaceutical Sciences, Chulalongkorn University
Rapepol Bavovada - Faculty of Pharmaceutical Sciences, Chulalongkorn University
E-matl Adress : uthai@su.ac.th
Project Period : 2 years

Herpes is a disease caused by the infection of Herpes simplex virus. Searching for the
antiherpetic constituents from the pericarp of Glyptopetalum sclerocarpum Laws. was the
objective of this study.

Based on chromatographic techniques, twelve compounds were purified from n-hexane
and chloroform extracts. These compound were glyptopetolide (4), isoarborinol (5), B-sitosterol
(6), B-silostenone (7), paimitic acid (8), 22B-hydroxy-tingenone (9), 22f3-hydroxy-isotingenone |l
(10), salaspermic acid (11), 6-oxo-20-hydroxy-20-epi-tingenol (12), B-sitosterol-3p-D-
glucopyranoside (13), 5o, 6a-epoxystigmastan-3f3-ol (14), and 2R*,3R*,5S*-trihydroxy-6R"-
nonadecyl-tetrahydro-pyran-4-one (15). Compound (10) and the other eight derivatives :
isotingenone 1li (18), 20-hydroxy-20-epiisotingenone il (19), 6B-(2'-oxo-propyt)-tingenol (20),
6p-(2"-oxo-propy!)}-22p-hydroxy-tingenol (21), 6-(E -2'-oxo-propylidene)-223-hydroxy-tingenol
(22). 20-hydroxy-20-epi-isotingenone IV (23), 19,20-didehydro-isotingenone Il (24) and 6B-(2'-
oxo-propyl}-20-hydroxy-20-epi-tingenol (25), were also semi-synthesized. Chemical structure of
all compounds were determined by spectroscopic evidence.

A plaque reduction was used for antiviral assay. Compounds 10, 18 and 19 displayed
interesting activity against HSV-1 and HSV-2 with ECg 2-6 pg/ml and selectivity index 7.8-17.5.
These three compounds possessed the same phenolic-(9—8)-D:A-friedo-24-noroleanane

skeleton. The divinyl-phenolic system at ring A/B/C of their structures was important for
antiherpetic action.

Keywords : Glyptopetalum sclerocarpum, antiherpetic, isotingenone llI,
phenolic-(9-—8)-D:A-friedo-24-noroleanane
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funtinsvasuanismdon uazuuni

Cooii
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3. asamliTaiinoInAin9d Celastraceas

a & el . '3 d = TP af - F -
nunuaidunsiinogluied Celastracese SuilluunasindguasmInionimiiinw mvan
T e - - ' o o 'y - “ y ' . -
wialfnunwgannlasunisfinsimaniiin njumtindginuldonfsedisldun mingu maytansinoids i

oa F 2 . ; . N ol o . & - 1515 o - .
awBsiiuiikedan” mITNEN quinone-methide triterpenes AuARINNERLEET wwuaRiTe’ - urnilufinsiowad

s "I "5:3
AUSLTY

. - oA .
WRIMTNAN sesquitaerpene-pyridine alkaloid NONTRILLRKY

=33

- gL = . ol - of o & - ol - N
wesdidalivundsresmnlignirwdelfa faamlumsen 1 ;swsilinnuunnnauas
-« - - - ot ad - o a [ =y [
sarInunl uansfnNunainuaiptsdasdustnoumannwuluieediit MbiTlenailultidann
o - & - . - d - - ca
nuzwumIn ol imTusindug anvinNTasi

-l -l o w £ -
mTaf 1 MTRNOnERuBe L2 TRenNY 29K Celastraceae

PROCQ  OQA:
PHOCO, . A

-

human cytomegalovirus 1w HEl
cell (EC.- 8.1 ug/mi, St 8.1)

i Somy WWRIAWY ol iafiiug’ Loney
' [t
. 1.Sesquiterpenes
Sclerocarpic acid Glyptopetalum HSV-1 1% vero cell 10
sclerocarpum (EC.: 5 pg/ml, Sl >10)
(URonsiw) HSV-2 1u Vero cell
{EC.: 12.5 ug/mi, Sl >4 )
!
|
.
I Triptofordin C-2 Tyipterygium wilfordii var. | HSV-1 1% HeLa cell 24-25
; regeii (1u) (EC.: 3.7 ug/ml, SI 24),




MTeA 1 (vie)

foms UMY AR e \BnmT
faiia
2. Diterpenes
Tripterifordin Tyipterygium wilfordii (T1n) | HIV-1 {4 H9 lymphocytes 26
(ECy 1 pg/mi, Sl >2.5 )
Neotripterifordin Tyiptarygium wilfordii (T'n) | HIV-1 Tu H9 lymphocytes 27-28
(ECx; 25 nM, SI 125)
3. Triterpenes
Salaspermic acid Tyipterygium wilfordii (T7n) | HIV-1 11 HO lymphocytes 2
(EC, 53 MM, S1 5.3)
Celastrus hindsi HIV lu H9 lymphocytes 2
(i) (EC.. 1.8 pg/mi, SI &)
Celastrus hindsi HIV Tu H9 lymphocytes 30
[ alit™! (EC:. 0.8 pgymi, S13)




mTifl 1 (vie)

iy
Somy unsafiny T f e F ENITS
~9B4
4. Seaquiterpene alkaloids
Triptonine A
Tripterygium hypoglaucurn | Hiv 1w HE lymphocytes 31-32
(wWaenTin) (ECso 2.54 pg/mi, S| 39.4)
Tripterygium hypogiaucum | HIV 1w H9 lymphocytes 2
fenmn) (ECso <0.10 pg/mi, S1 >1000)
Tripterygium hypogiaucumn | HIV 1w H9 lymphocytes 31-32
(Wienmn) (ECq 0.131 pg/mi, SI >760)
(R, = Furanoyl, R; = Ac)
Hypoglaunine B Tripterygium hypoglaucum | HIV 14 HB lymphocytss 3132
(R, = Ac . R. = Furanoyl) (Wfenmn) (EC. 0.10 pug/mi, SI >1000)




el 1 (viv)

unsafiny AT LNy
R
Tripterygium hypogiaucum | HIV 14 HO lymphocytes 2
(uReanTn) (ECL 1.00 pg/mi, S1 27.7)
(R; = R; = Ry = Ac, R; = Furanoyl)
Hyponine B Tripterygium hypogiaucum | HIV 14 H9 lymphocytes 32
(R, = Ry = R, = Ac, R, = Furanoyl) | (1W&en7in) (ECso 0.10 pg/mi, Si >1000)
Hyponine E Tripterygium hypogiaucum | HIV 1% HO lymphocytes 31.32
(R, = NicoSinyl, R, = R, = Ac, (\wWRennn) (ECso 0.172 pg/mi, Sl 11.3)
R, = Furanoyl)
Hyponine F Tripterygium hypogiaucum | HIV 14 H9 lymphocytes 22
(R, = Ry = R, = Ac, R, = Furanoyl) | (tifenmn) (ECxo 352 ug/mi, Si >2.84)
ForresSine Tripterygium hypoglaucum | HIV 1u H9 lymphocytes 3132
(R, = R; = R, = Ac, Ry = Benzoyl) | (1ifianmin) (ECyo 0.480 ug/mi, 81 >208)
Cangonine E-1 Tripterygium hypoglaucum | HIV 1u H9 lymphocytes 3132
(R, = R; = Ry = Ac, R, = Bezoyl) (Waenmn) (ECy, 0.9 pg/mi, S1 63.4)
Euonymine Tripterygium hypoglaucum | HIV n HS lymphocytes 32
(R, =R, = Ry = R, = Ac) (wWaenTin) (ECsp 0.203 pg/mi, SI 113
Neoceuonymine Tripterygium hypogiaucum | HIV % HS lymphocytes 2
(R, = Ry = Ry = Ac, R, = H) (w&enmn) (ECx, 0.884 ug/mi, SI >113)
Evonine Tripterygium hypogleucum | HIV 1w HE lymphocytes )
(WRenmn) (ECyo 0.503 ug/mi, SI 42.1)




J L}
myn 1 (va)

hY

Joms UMRINIWL ¥ AT N3
fraie
Wilfordine Tripterygium hypoglaucurn | HIV 1 H8 lymphocytes a2
(\W&eanTn) (ECyp <0.10 pg/mi, SI >220)
(R = Benzoyl)
Wilfortrine Tripterygium hypoglaucum | HIV 1% H9 lymphocytes 32
(R = Furanoyl) (Ufenan) (ECso <0.10 pg/mi, S1 >1000)

* anuuisysamatutinwigueadelaimmmsluzaiy
EC4, (Effective Concentration at 50%) fenrantusuitutnmunsiguaadel-Falé 50%
81 (Selectivity Index) ApSnsurninenutiuvesmtliuRudawad 50% sionanduufifudims

wigueslinld 50%

HSV fa Herpes simplex virus

HIV fio Human Immuno-Deficiency virus




o
uni 2
AtnrIMasey

1. RNy

-~ o - & e - ™ [
Lﬁuulﬁanugumum mnuwmmmugmmnf swietund 'I.mﬁnuqumwuf WM. 2540 S
Voucher specimen iullumedhaluntinrareudeinimant uanifiuipiresheds vy a meden
- ™ - - i -
wnEman aocunareend uninasfading smnufonuslurslunsy wazueliidunsszidan

2. matanIng nwial

Thin-ayer chromatography (TLC) v=17 silica gel 60GF s, (No. 7739, Merck) inRavunusiunszeniii
ATEMUY 0.25 URRAT  ATISRBLNAInoNIRIINafmiditmolaumyn® uazury uttraviolet (254 uaz
366 nm) uazFanamomuandelinnuion 110°C win 15 wafl wRIInEaNudIt 5% vanilin tu 1%
H,S0, lu ethanol

Preparative TLC wiuuwiien TLC smsmeunalaomIdainasomulinmoliussing uasums
ultraviolet (264 WAz 366 nm) 1 siica gel uwkafilaifidesnteeneinusiumzan famzeanuin siica
gel 2t acetone : methanol (1:1) Win methanol n703 URzITMEMIAzA LWLV WAIINIY AzRILENIRAL
chioroform W3 chioroform : methanol (1:1) N389 uasIEMEmIRsAEliURIBAnT

Column chromatography TilSlwns3iudl 3 wfiede

- Conventional column chromatography (cc) WU silica gel 60 ﬁﬁ‘umn‘nmnqn‘m 0.040-0.083
finfiuns (No. 9385, Merck) asluveanuia vwiinuny siica gel unnmml‘l'uﬁ'w‘mﬁnmmnnuﬁw‘ﬂi'
fungfﬁmﬁmm:amsﬁt:ﬁ'\mﬂm

- Flash chromatography (fc) wneiiavialumfiau cc  uely eltica gel 60 ﬂﬁ-nmnmuqmn 0.015-
0.040 Siafituny (No. 16111, Merck) uRzHNuRIYNAzRLGIDMIlYATuAR

- Gel filtration chromatography inafianaluliniiow oo usly Sephadex® LH20 (Pharmacia Biotech)

3. mateanmninsaledl

Infrared (IR) spectra 18inafla thin film ﬁuﬁnmm:qd‘muaumohumfm Nicolet Magna-IR
Spectrometer 750

Mass spectra (MS) 18innafin electron Impact TauifinRsnuunsdiaansoufilsivintu 70 ev Tufimin

m‘s'n-nafuhu'[umqnntﬁuﬂnﬁamnmt_\nﬂmzﬁ'auhummu Tnul¥irdes Hewiett Packard 59898
Mass Spectrometer

Proton WR: carbon nuclear magnetic resonance ('H NMR and “c NMR) spectra ﬁ'uﬁm'hum%a
JEOL JNM-A500 (Alpha series) 500 MHz NMR Spectrometer

4. prsmemeuidnwRand

- - ol
YAVRONINART AATIZRNIULATEY Electrothermal digital melting point apparatus

oA - - - X
NMTLULLURUSY polarized 1l.nﬂm"n1um'1'm Perkin Eimer 341 Polarimeter TauiUusin specific
rotations

syflsznevvasme nTzvidauiedeg Perkin Eimer PE2400 series Il CHNS/O Analyser



5. MAIATENAITANAVETY

wtumsainnnufaneaguniuasdruiu 500 nfu lnuinafia Soxhiet's extraction ldminiia
WLIUTINAIYNRTAIL n-hexane chioroform WA methano! §1%3% 15.20, 11.3 uaz 98.8 nfumudisy ey
\DuDH 50 pg/mi eIRAMMLILANILNTINAYNRZAY n-hexane LR: chioroform urMIgMBMwlar3n 50%

ol - -l - ' <& ol -~ ol .
lwrnsimsafianowfinIsneindadazmy methenol Lifign® (mmeh 2) mwidsifadsfinsnawzms
RNAWLTL n-hexane WRE chioroform

o o o - - - L]
TN 2 qnsmu'hwuwmnmnnv\mumnu.lannao_mmu.m

MIANanLY WeoTidudmstudanaifia piaque Li‘ltﬁuuﬁummnnquu
(50 pg/mi) HSV-1 HSV-2
n-Hexane 50 50
Chioroform 50 76
Methanol 0 0

® Anantiudu 50 pg/mi et lifienudiufusioivad

6. mslﬁ'ﬂuunm1u?ﬂfmnmﬂlﬁaﬂmu n-hexane

RAZAUMIANTANENU n-hexane (15.20 n3u) #It chioroform 1inKBy wneazneuRL acetone lRnznaw
i 400 Hindndy SelifanEiwlaiety uacldmanean 14.80 n¥u (uuupdifl 1) TEmomYRzRLLW
uka luénw gel chromatography %s#at chioroform : methanol (2:1) wunmsena lfiiln 3 s fie HA
(1.50 n¥N) H-B (2.56 N3) URs H-C (2.26 n3u) shwafin H-A Yrzneudumisntsn  (fenessugnihu
LimTvvossunions 3 sw wuhfiaruduiu 50 pg/mi Siawziuain H-C WAt shwria

- o - [V ") ol
H-B wuiigniliel¥aandudu 100 pg/mi (n139h 3)

MIRNANENY n-hexane (15.20 niu)
AZAURIU CHCly
1fiy acetone Iinnznouiua

I ' —1
fznanI (400 lafindu) MIRSRY (14.80 nTN)
Sephadex LH20,
£t CHCly : MeOH (2:1)
H-A (1.5 nTu) H-B (2.55 niu) H-C (2.25 niu)

- al [} L o a L 8
UHUNUN 1 NMSULNANURNNBLITHATII 9 VBIMIANANLTUTW n-hexane



-l o - - ' - I -, ol - -~ a
17N 3 q"m“111.“'w0\1n“.nﬂ“ﬁ:““lnﬂﬂﬂ NNTLHASINTITRNNNENLU n-hexane

IuAne wlefiSudmstiudanniie plaque sﬂmﬁnuﬁ‘ummaammuqu
(50 pg/mi) HSV-1 HSV-2
H-A 0 o
H-B 5 0
H8"’ 45 40
H-C 50 50
HC-1 0 0
HC-2 43 26

Hc-3 ¢
HC-4 ° 52 24
HC-5 82 67

J o L o [] [ - ]

" Aruiuiu 50 pg/mi nniatiwliinnuiuRusiowsad

b -l w e
avRoUNNNUTITW 100 pg/mi

e - P . of & - o
fnadwisiowadgeun Liminyaeressugnsswliimy

? aruroufinTantaiu 20 pg/ml uresaanilufsviewwad 100% Ananudaniu 60 pg/mi

6.1) mIafmunnmyuSanfeinsunia H-8

frsunie H-B inuomiilusutan Tausiw cc ¥2#u n-hexane : acetone (20:1) dmusiinton 5
fufo HB-1 (950 JaAndu) HB-2 (94 iiedniu) HB-3 (120 fiRAniu) HB-4 (116 UaRniu) ums HB-5 (260
finfindu) (uanniifl 2)

sfuania HB-5 mansnansfinns S-sitosterol (6) (200 findnTu)

dsunna HB-3 1Nt fc T:RIE n-hexane : CHCly: acetone (20:10:1) 'lWsmanateon 4 fw
nmmnnnﬁnn:uiqnf glyptopetolide (4) (10 Safinfu) sansunfndeud 1 ua:'lv‘n’m-lmwil"nf
isoarborinol (8) (7 finfinTu) vinsutoud 4

suannboufl 2 (40 JRANTY) YDIkUNAR HB-3 1hmﬁ1'lﬁ'u‘iqnﬂnumtﬁm fc ¥z CHCly
EtOAc (99:1) 1dm3uianT Raitostenone (7) 11 Dndindy
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H-B (2.55 nu)

n-hexane : acetone (20:1)

I l I I

HB-1 HB-2 HB-3 HB-4 HB-5
(850 finfinfu) (04 fiafinTu) (120 Hn@EnTw) (116 fiadnfu) (260 HnfinTy)

l BE'tosterDl I

(200 Hafnin)

fc silica gel

n-hexane : CHCL, : acetone (20:10:1)

HB-3/1 HB-3/2 HB-3/3 HB-3/4
(25 finfinfu) (40 dadnTu) (44 DnéinTn)

fc silica gel
CHCl, : EtOAc (99:1)

v v v
| glvptopetolide | | B-sitostencne | | isoarborinol |
(10 fin@iniu) (11 finfiniu) 7 dainTu)

-A b o ‘ (] b g
usunan 2 mwnnuunnm‘iqnnmnumn H-B

6.2) masdausnmTuSamBsniunie H-C
uunmwane H-C (2.25 n3u) Lﬂaii‘mdumuuuuqﬁﬁ' 3 fewhantiau gel chromatography ¥zt
n-hexane : chioroform (3:1) diuanatan 6 saufie HC-1 (1.09 niu) HC-2 (178 HRANTY) HC-3 (110

fiafin¥u) HC-4 (156 inAniu) waz HC-5 (678 HaAniu) mIvmlrinGiusssunindouns 5 Fauurmlu
ol
mIun 2

INIwANatan HC-1 MINTOUUNMY paimitic acid (8) 1124 0.9 NTu  uRZFIwANAtion HC-3
lnmmnnnﬁmnw?qnf 22f3-hydroxytingenone (9) $1%% 90 {iainTy

vsuanatios HC-2 AW cc ¥2HIU chioroform  WAZHW fc Y=L n-hexane : chioroform (1:3)
lnmmuunnm?qnf 223-hydroxy-isotingenone ili (10) 5§ infn3y
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drduAfintion HC-4 anwu gel chromatography ¥zRab n-hexane : acetone (4:1) M TnANKAN
m'nﬁa"nﬁ salaspermic acid (11) 2 fis@nTy

H-C (2.25 n¥)
Sephadex LH20
%=ft n-hexane:CHCly (3:1)

HC-1 HC-2 HC-3 HC-4 HC-5
(1.09 n¥n) (178 finfinin) (110 fnfinfu) (156 IafinTn) (678 HRANTN)
[ paimitic acid | [ 22B-hydroxytingenone |
(0.9 nu) (80 finRin¥u)
cc silica gel
¢ s=®L CHCh
fc silica gel
=%t n-hexane:CHCl, (1:3)
v
[ 22Bnhydroxy-isotingenone 1! |
(5 liaRinTu)
Sephadex LH20
%=931 n-hexane:acetone (4:1)

) 4
|  salaspermic acid | (2 infinTa)

Py, | - - & . [
“Hw‘l"“ 3 m,.NQ“unmu‘l‘“mnnﬂl‘nﬂ H-C

dsuAfa HC-5 KU cc TriuMvnasmumuauii (Juen ethyl acetate, ethyl acetate :
acetone (1:1), acetone, acetone : methanol (1:1) WAz methanol 1AmIATN 5 fautou (UHWNTIN 4) n

. ol P . - e -
tiouf 4 (89 NARNTN) URE 5 (80 daRnTy) Hlanouiou uaziinadisznaumaniiinninuwanosia Sl
fAnsna

dhnsafnduteoi 1 183 HC-5 (128 fiadniu) ivnlwuTamS lewld gel chrematography wzdan
Yirzaumueuiita (Fue1N n-hexane : ethyl acetate (2:1) uas athyl acetate 1."I'r\'m'il_n§ salaspermic
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acid (1) 7 Siafiniu shaiwseaniuwilen@in (80 fafindn) aHw gel chromatography Bnn$s w=da
chioroform : acetone {4:1) maufapmIvh preparative TLC 19 mobile phase e n-hexane : acetone (2:1) il
glacial acetic acid 0.5% develop a1 6 n¥s H’nnﬁqnf 6-0x0-20-hydroxy-20-epi--tingenc! (12) 4 JafnTy

fudoud 3 (50 Hadiniv) Lﬁﬂ‘lmﬁﬂﬁu‘iqn'{i‘w cc ¥=#I ethyl acetate il glacial acetic acid
0.5% 'li'mw‘iqnf1 wlin fomy B-sitosterol-38-0-D-glucopyranoside (13) 10 fiRRnTy

dmsaiadutondl 2 189 HC-6 (60 finAn3v) mﬁ‘n'lﬁu’iqwfn"'m fc W=AaE n-hexane : acetone 91N
Wi 4:1 wuha 21 14mTSmT Sa,6a-epoxystigmastan-35-ol (14) 8 Dadindy

HC-5 (678 finfiniu)

cc silica gel
%:e7) EtOAc — acetone —» MeOH

HC-5/1 HC-5/2 HC-5/3 HC-5/4 HC-5/5
(128 isanin) (60 Uafiniu) (50 Hin@iniu) (89 finfinn) (90 SaRniw)
fc silica gel cc sliica gel
n-hexane:acetones EtOAc + GAA 0.5%
(4:1) = (2:1)

v v
[ 5a6a-epoxystigmastan-3f-dl] [ B-sttasterol-34-0-D-giucopyranaside |
(8 iafinTu) (10 Rafnin)

Sephadex LH20
¥=#3U n-hexane:EtOAC (2:1) —> EtOAc

| 1
anuAn dunitau@n (80 daRnTu)
Sephadex LH20 ss#tl CHCI3:acetone (4:1)

Preparative TLC, sllica gel
[n-hexane:acetone (2:1) + GAA 0.5%] x 6

v v
| salaspermic acid | | 6-oxo-20-hydroxy-20-epi-tingenol |
(7 iinfinTu) (4 fiafinTu)

-l - - ol . -
“H“quﬂ 4 m‘.nﬂuﬂnm‘u’qﬂ“'\nn“.ﬁﬂ H-C (nn)
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7. misfsuanaTulsmBvinssaiianenu chioroform

TALMINNRNLEY chioroform (11.3 niN) #au methanol ldiufiazaulmillumsazanln 8.5 nin
URTNZNOUTEILNFET 2.5 nTy WmnveImIazmulilinw gel chromatography w=®an chioroform :
methanol (1:1) msmiewuugnuuniily 3 fufie C-A (1.1 nu) C-B (3.2 niu) uAz C-C (4.1 niu) Muahn
& & o - oa e ™ . ' . [ - el =
i 3 urmannivnulfedudauanslunted 4 duadin c-a LifignT shuinuain c-C Smnaiinduod

- L - " [ & [ 3 » [
Usznouvanusiiainn ian“mw:nmuunnuun'lu'i".mnnmqnﬁmnﬂu oninwmliinGuiiasnsetirann S0
- - Hda "y me a4 - \ a
RNTNATaUUNMILVTIMTNRIQNT wIteiteRnvinsuann C-B

ol A - . . . | ™
mTan 4 gritsulhinTuuesiuriefiwIuusnmsrianeiy chioroform

fuane Wefidwimstudammniin plaque Li‘lnﬁuuﬁummnaquu
(50 ug/mil) HSV-1 HSV-2
C-A (1} 0
c-B 25 76
CB-1 20 25
CcB-2 50 10
c-C 60 20

* ity 50 pg/ml yndaatvliianuiliuivdoind

7.1) masdeusninsdanfuinsunio ¢-B
snsuania C-B (3.2 n3u) asiw gel chromatography 4=fau chioroform : methanol (2:1) uwtnY

afioiilu 2 5w fe CB-1 (980 finfiniu) uAz CB-2 (2.2 nfu) shusiintanys 2 usmagnamulimGudaunns
Tummnai 4

furfintisy CB-1 et gel chromatography W=#atl chioroform : acetone (3:1) uanmiiu 4
fuboy ndand 2 (40 Hadnin) wimurusznitems fsoerborinol (5) uUAzINT glyptopetolide 4)
sution? 3 ﬁalnmiu;nﬁ P-sitosterol (6) 200 Hisfiniu sutoufl 4 ¥rarrm co TzRuRhazaumu
suilih fia chioroform uR: acetone 'l"u'msu?qnf paimitic acid (8) 200 firAnTw

imanatoy CB-2 ¥u%% gel chromatography %2#2t chioroform : acetone (2:1) utnmuu 2
sutian swmdeuft 1 dasinu gel chromatography %21 n-hexane : chioroform (1:1) 'li'mm?qnf
2R* 3R*,5R*-trihydroxy-6R*-nonadecyl-tetrahydro-pyran-4-one (15) 50 fiafin¥n Frmiviutouf 2 fin:
wniiifluesdusznouninany  livszaunadiielunsiinen



MIRAMMLNY CHCl, (11.3 nTN)

SR1URKIU MeOH

fzNBUTN (2.5 niN) mIRz (8.5 NT)
saphadex LH20
wzf30 CHCIy : MeOH (1:1)

C-A (1.1 n3u) C-8 (3.2 nin)

Saephadex LH20
%A CHClL:MeOH (2:1)

CB-1 (980 RaANTY)

Sephadex LH20
%s#7t CHClyacetone (3:1)

CcB-111 CB-1/2 CB-1R3 cB-1/4
(220 fiaRn3u) (40 finfinTu) (438 finAiniy)
v
[“Isoarborinol+glyptopetaiide |
cc silica gel
[ Fsitosterol | =%t CHCly—acetone
(200 liaRnIu) v

[ paimitic acid j
(200 fiadnTu)

14

C-C (4.1 niw)

CB-2 (2.20 n¥u)

sephadex LH20
%zH0 CHCly:
acetone (2:1)

'
cB-211

(458 liafiniu)

1
CB-2/2

(1.1 n3n)

sephadex LH20

%247t n-hexane:CHCl (1:1)

| 2R‘.3R'.5R‘Wydmxy—8R‘-nonadecyMetrahydm—pyran-4—onﬂ (50 fiadniu)

] [ e o ¥ [ &
uﬂ“f‘lllﬁ 5 MITULUNMURNNLINIATIA Y VBIKTTANANLTUBY chloroform
[ - o . -
“:n"‘mﬂ“ﬂnn’u‘q’l“’\nn“ﬂnﬂ C-B
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8. MTeTuNNI3 isotingenone 1 uazowwwg

I59snefiinunuluenmsdwbmanuey 14 /ol 1mInaiude tingenone (16), 22f-
hydroxytingenone (8) ua: 20-hydroxy-20-epi-tingenone (17) ﬁaﬁa‘lﬁmnhmﬂam'i'wna«‘mn'mm" winy
Whilueyhusmeldnnaniiunin Tauazaumsnaiu 500 fiafniulu methanol sy« 1fin hydrochloric acid
viudu awldnmaudiniuanisvitiu 1% 289 hydrochloric acid iariulu methanol (pH Utz 2) fialw
Lﬁnﬂﬁﬁ?mﬁqmnqﬁ 5°C w1 #2101 unsaiinifay ethyl acetate FramImii ethyl acetate fauiiy
wwnunarsnilunin mdmirAuulumasmiadao sodium sulfate anhydrous szmomsaialwuy ozldms
FAMMLULE] isotingenone lil, 22B-hydroxy-isotingenone (Il WAt 20-hydroxy-20-epi-isotingenone IIl M3
3% tingenone, 22B-hydroxytingenone Was 20-hydroxy-20-spi-tingenone MANERL

RTRILMINNANINL isotingenone HI 3 ethyl acetate MMININANKANIT Isot/ngenone /il (18) 161
fiadindu snvonihunileniin (338 HaRindu) thurthu fo fAwskan n-hexane : acetone s nFnIK (3:1) oudls
(1:1) sanfrsoanauioudioms isotingenone il (18) 46 finAiniu uazléms 64 (2'-oxo-propyl)-tingenol
(20) 14 findinTu TndwArzeonu s nin (uuuqﬁ'ﬁ 6)

AzAUITANANENY 22B-hydroxy-isotingenone Il #u ethyl acetate WANSOMNKANK 225
hydroxy-isotingenone il (10) 387 {iafn3y snveniuniion@in (100 fiadndu) anshw fc ¥2@ n-hexane :
acetone (3:1) utnmmilu 2 Mufa F1 urs F2 lamns 228-hydroxy-isotingenone il (10) 33 iia@inu 9n
F1 & F2 (20 fia@n3u) ot 1unu fc ¥=¥7n n-hexane : diethyl ether (1:1) uunmysisidu 2 su ldns
6/3-(2"-axo-propyl)-225-hydroxy-tingenol (21) 11 fiaRnTu s F2/1 TwvnusHisan F2/2 (20 Sadndu) Wan
¥nl¥u3imTdau gel chromatography wz#u ethy! acetate : methanol (4:1) A3 6-(E-2"-axo-propyiidens)-
22-hydroxy-tingenol (22) 2.5 fisfiniu (Illlﬂl_'lﬁﬁl 7)

RERUMIANONINY 20-hydroxy-20-spi-isotingenone Ili #7D ethyl acetate MISOANKNANMT 20-
hydroxy-20-epi-isotingenone Hil (19) 148 finfindu shwveniunilondn (333 fiadndu) s o vedae
n-hexane : acetone (3:1) uunm3siilu 4 sufio F1-F4 % F3 ﬁnln'nﬁlpnf 20-hydroxy-20-epi-
isotingenone Hi (19) 166 ia&inu i1 F1 (38 fiafiniu) mﬁ’n'lﬁu?qnﬁnuﬁu fc W=A1 n-hexane : acetone
InFnfn (99:1) wuila (4:1) 18T 20-hydroxy-20-epiisotingenone IV (23) 15 finRniu sw F2 (55
HadnFu) Werktaneiu gel chromatography waz fc 71982 ethyl acetate : methanol (4:1) R n-hexane :
diethyl ether (1:1) mudndu léms3 19,20-didehydro-Isotingenane il (24) 16 finfin¥y unziw F4 (lorhu
gel chromatography iuz#iau ethyl acetate : methanol (4:1) dm1suTam$ 6/-(2"-oxo-propyi)-20-hydroxy-20-
epi-tingenol (25) 25 SiaRniu (wwwpiifl 8)



1€

tingenone (500 finAinTu)

+ 1% conc.HCI 1u methanol 500 fiaRAnT
5°Cc win 1 #2lua
Wevndaih miindu Etoac

v
crude isctingenone Il

anufndau EtOAC

v

[ isotingenone 11 | unftend@in (338 Hadniu)
(161 fis@iniu)

fc sliica gel
¥=H2t n-hexane:acetone (3:1)—>(1:1)

¢ 4

| isotingenone i | | 68-(2"-oxo-propyl)-tingenol |
(45 DafinTu) (14 fiafin¥u)

l.mw_ll‘.lﬁ 8 mTN3uumnT isotingenone Il (18) URSMSHANANOUYINMNT tingenone (16)
nuﬁammﬁauunlﬁu?qnf
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22P-hydroxytingenone (500 iaRnTu)

+ 1% conc.HCI 1u methanci 500 Ladans
5°C wn 1 99109 1Sov ey anedau EtOAC

crude 22-hydroxy-isotingenone Nl

NNLANAIL EtOAC

v

| 22-nydroxy-isotingenone it
(387 findniu)

ANROHAN (100 TafnTu)

-

fc silica gel
T:670 n-hexane:acetone (3:1)

F1 F2 (20 LiRAntu)
| 22B-hydroxy-isotingenone tii | fc silica gel
(33 LaRNIN) W:=#IU n-hexane:diethyl ether (1:1)
I v
Izn F2/2 (4.5 lisRnTu)
|_6(2"-oxo-propyi)-22 -hydroxy-tingenol | Sephadex LH20
(11 fia@nTu) ¥zh3u EtOAC:MeOH (4:1)

rs-{E-Z'-om-pmpyﬁdene)-ZZﬁhydmxy-onnol ]
(2.5 LRAnTu)

uu\u.!ﬁv"'l 7 maniunms 22B-hydroxy-isotingenone Ifl (10) LRTMINANATUYOUSIN
m3 22P-hydroxytingenone (8) 11uﬁam1lﬁ'nuun1ﬁu?l_m§
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20-hydroxy-20-epi-tingenone (500 fiRANTx)

+ 1% conc.HC! 1w methanol 500 SaRfnT
5°c w1 2l
Wovndamin afted EtOAC

v
crude 20-hydroxy-20-epi-tingenone

nNHANA2Y EtOAC

v

20-hydroxy-20-epi-isotingenone 1l | dunitendin (333 Sindni)

(148 TiRANIN)
fc silica gel
%:%0 n-hexane:acetone (3:1)

F1 (36 fiaAnTa) F2 (55 TirRnu) F3 F4 (43 fiafinTu)
fc silica gel
wz#2t n-hexane:acetone | 20-hydroxy-20-epi-isotingencne it |
(99:1—>(4:1) (166 NaRniu) Sephadex LH20
v Wzi1t EtOAC:MeOH
| 20-Hydroxy-20-epi-isotingenone IV | (4:1)
(15 finfinTn) Sephadex LH20
%=h1 EtOAc:MeOH (4:1)
fc silica gel
¢ %z621) n-hexane:diethyl ether (1:1) ¢

| 19.20-Didehydro-isotingenone ili | | 68-(2"axo-propyi)-20-hydroxy-20-epi-tingenal |
(16 §RANTN) (25 diafin3u)

- al - .n - e ok
Ilﬂw'lﬂﬂ 8 MIATUNMT 20-hydmy-20-epu-|aotingenone il {(19) URSINTHANNTUMNOUTIN
13 20-hydroxy-20-epk-tingencne (17) Tantlmsminuunliyimd
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9. mIaTwuougnisml fnluysssmeatauacaisulans
e

mnTuasugnInwbiaiu slimaitnnoawluenansdrsdavanury 33 #adl

9.1) mansnpumiamlaimdn
manrerounniniulFaGuleul$3F plaque reduction assay (Inactivation assay) 1Helaiafiline

HSV-1 (KOS) Uua: HSV-2 (Baylor 186) IW3HuUMIAzMULBIMTARBINTINTIemBuEMERuTaniudina g #an
100% DMSO urzifemasamemnipadie (complete medium) anuuinaniizues OMSO Wiy 10%
nrumaRzanuiudelafu 30 PFU/RS p) adiaes 26 i duflgninaiikes (25-30°C) wiw 1 Falan wésen
W4 1#3 Vero cell suspension (6 x 10° celis/mi) $1%3% 50 il WAzvusweRa? 37°C nwle 6% CO,
humidified Incubator ¥1w 3 Halua 1hu overiay medium (1% tragacanth in complete medium) 75 yl URZANT

sAtesmsfifoImInTIoNey 26 ul usatiusienn 2-3 34 Wusuan plaque fifini Woudummenss
munuithildifumsidosminsiwmeugnd  dnoawierusuvssmsimantadudininfia plague ldnds
il (ECq) Tnulusunsunsuiainef sPSS version 9.0 14 acyclovir ifiwansanasgmitlinauan

9.2) miaTRouaMNitinRusoITad

ansesunnuilluiuriniradlnunarouiu Vero cell RumsRzauvssnTitasntInresouly
anaudutiueine g 25 i 1w Vero ceil suspension (6 x 10° cells/ml) $1uam 75 i us=zviudl 37°C mold 6%
CO, humidified incubator wu 2-3 1 guanuilufwresmviersadinuldndesgarin] WinuAnuiy
wadUn@nlifinmeasy wenurtwyssntiiinaivfinrowadeimits (1) Taolusunty
nouRnef SPSS version 0.0

&mnuunamuauuemunn o (a1

Hu 4 01013 g SR I I ﬂ'
1A 97971 7-21 UUTIHA TN nv238 g ly B3

g ngenma [doo ’-—/
LNT.29R-1455 TRIM13 208-0476

Home page : hitp:t/www irfor.ah ‘@'
E-mail ; triinfiote it or.th
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1. n'wllﬁ'nuunm'm%gnﬁ uasmMuaisumsladdfedoiared

myisuil mmmlﬁnuunmﬁqﬂﬁaﬁu 11 sRaeInmIatanUTL n-hexane YaLRBNKRTDY
uMues fla glyptopetolide (4), iscarborinol (5), B-sitostero! (6), B-sitostenone (7), paimitic acid (8), 22p-
hydroxytingenone (8), 223-hydroxy-isotingenone Il (10), salaspermic acid (11), 8-0x0-20-hydroxy-20-epi-
tingenol (12), B-sitosterol-3B-O-D-glucopyranoside (13) UR: 5a,6a-epoxystigmastan-33-o! (14) WRSAUTO
uunm-m-‘lqﬂi'f 5 ARnoINMIKAANLLTU chioroform fio glyptopetolide (4), Isoarborinol (5), B-sitosterol (6),
paimitic acid (8) uas 2R*,3R*,5R*-trihydroxy-6R*-nonadecyl-tetrahydro-pyran-4-cne (15)

nenndt swdtuittsldinToumilaniftefaensy 1dms 2 sfinernmafnieu tingenone (16) A
isotingenone Il (18) uaz BB-(2'-oxo-propyi)tingenal (20) 1#m1 3 wlimenmseasiu 22B-hydroxy-tingenone
(9) s 22B-hydroxy-lsctingenone IlI (10), 6B-(2-oxo-propyl)-22P-hydroxy-tingenol (21) ua: 6-(£-2'-oxo-
propylidene)-22B-hydroxy-tingenol (22) uazldms 4 wflNINMININL 20-hydroxy-20-epi-tingenone (18) A
20-hydroxy-20-epi-isctingenone |l (19), 20-hydroxy-20-spi-isotingenone IV (23), 19,20-didehydro-lsotingencne
Il (24) urs 6B-(2'-oxo-propyl)-20-hydroxy-20-spi-tingenci (25)

2. mafigerlase aFuomaisilyasmsuims

2.1) Gl lide (4), Isoarborinol (§ Sitosterol Palmitic acid (8), 22[3-Hydroxytingenone

lsotin il {18), 22B-Hydroxy-isotingenone 11l {(10) uks 20-Hydroxy-20-epi-iaotingenona lil (19

, & - ) [ o o 11,12 14,20 - 9 -~ o
n'“ﬂa"“lﬂu.ﬁﬁuﬂn‘ﬂ“ﬂn“ﬂ]inﬂ“ﬂmﬁm“ 214 m!“rln.nsﬁﬂmn’u".ﬂf

szefumufouifivuteys Thin-layer chromatography uaswia infrared apectroscopy \ibunumMIINNIg™
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10 R,=H, R, = CH,, R, = OH
18 R1=R3=H. R2=CH3
19 R|=CH3. R2=OH.R3=H

2.2) B-Sitostenone (7)

B-Sitostenone (7) fiinumsiliunsing (CHCL) IMMRBUINRT 75°C  #1 [a)p +68.5° (0 1.00, CHCL)
fifayaa spectroscopy wadl

UV A, (MeOH), nm (log €) : 241 (4.47)
IR Ve (thin film) cm™' : 2958, 2885, 1734, 1685, 1613, 1471, 1377, 1269, 1226, 1187, 750

EIMS 70 eV, mvz (rel. Int.) : 412 [M]" (87), 410 (14), 397 (15), 370 (23). 365 (8). 349 (1), 327 (11), 314 (7).
208 (0). 289 (44), 288 (38), 271 (28), 220 (60), 147 (51). 124 (100)

ol
NMR TN 5
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mnfl 5 'H uns “C NMR assignments 371513 HMBC uRz NOE correlations 283m? {B-sitostenone (7)
(Chemical shifts Tissnuiludin ppm 1w cDCl)

Munds c H HMBC (°C) NOESY
1 387 a 1.67 (. J = 138, 4.3 H2) 2,3.9,10,19 20 9
P 1.99 (ddd, J = 13.9, 5.0, 3.5 Hz) 2,35, 10,19 2, 19
2 34.0 a 2.31 (ddd, 16.9, 4.3, 3.5 Hz) 1.3, 4,10 o, 1P
P 2.39 (ddd, 16.9, 13.9, 5.0 Hz) 1,3, 10 19
3 199.7 -
4 123.7 5.70 (s) 2,6, 10
5 171.8 -
8 329 a 2.24 (ddd. J = 14.6, 4.2, 2.4 Hz) 4,58 7o
B 2.36 (m) 4,57 19
7 320 a 1.01 (m) 6
B 1.82 (ddd. 12.7. 5.8, 3.1 Hz) 5 15x
8 35.6 1.52 (dq. J = 10.9, 3.1 Hz) 18, 19
9 538 0.90 (m) 1o, 12
10 38.6 .
11 21.0 a 1.49 (gd. J = 12.9, 3.5 Hz) 9, 12, 13
B 1.40 (dg. J = 12.9, 3.5 Hz) 9, 12 128, 19
12 36 o 1.14 (m) 9
B 2.01 (td, J = 12.9, 35 Hz) 9, 11,13, 14, 17 | 11P, 18. 21
13 42.3 -
14 55.8 0.96 (m)
15 24.2 @ 1.59 (dt, J = 9.8, 2.2 Hz) 13, 14, 17 7B. 17
$ 1.12 (m)
18 28.2 @ 1.84 (m) 13, 14, 17
B 1.27 (m)
17 58.0 1.07 (m) 15
18 12.0° 0.68 (s) 12, 13, 14, 17 8. 12.19, 20, 21
10 17.4 1.16 (s) 1.5,9, 10 1B, 2p. 6p. 8,
20 36.1 1.34 (m) 18, 21
21 18.7 0.89 (d, J = 8.7 Hz) 17, 20, 22 12B, 18, 20
2 33.8 a 1.30 (m)
b 1.00 (m)
23 268.0 a 1.14 (m) 24,25
b 1.11 (m)
24 458 0.91 (m) 230
25 29.1 1.64 (m) 23, 24, 26, 28 23a, 26, 27
26 19.8° 0.81(d, J=6.7 Hz)" 24, 25, 27 25
27 19.0° 0.79(d. J=8.7 Hz)® 24, 25, 26 25
28 23.0 a 1.25 (m) 23, 24, 25, 29
b 1.19 (m) 23, 24, 25, 29
20 119" 0.82 (t, J = 7.3 Hz) 28

a. b. ¢ = BIVRRUNK
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Tm'nlgll MS 46“"0 molecular ion YN 412 a.m.u. u.ll"'niuil ®c NMR ua: DEPT spectra u.lllo
'nlnmmmﬂmannm CxHuO odieTsdninaiin DEPT WU methyl Viamw 6 ny %y methy! wdal
unamwmua.anunmmmummh H NMR finfrun@enudgnnmies B-sitosterol (6) fawinilu singlet
2 vy (8 0.68 uaz 1.16 ppm) doublet 3 waj (5 0.79, 0.81 uRz 0.89 ppm) WAS triplet 1 Wl (5 0.82 ppm) M
ﬁtf‘mi'n'[mnqav'hn'h P-sitosterol (8) 2 Wit wewindl olefinic iwdn 1 wijsnlnzanirsuns P-sitosterol
(6) Taanfluvisin 2 Y uRtA7TBLLlUANYME conjugate fiu Lﬂﬂ:ﬂﬂ‘fnmmgnnﬁuuua'lmi'umwm-m‘a‘u
103 ultraviclet l# Tauuama A, f 241 nm Double bond 1 dnumisuzagflunmwanmny ketone 1iisasn
unnaliuFqgnnves carbonyl carbon # & 199.7 ppm WASHIRINTONTIONURGYYIUBBINY carbonyl u IR
spectrum lusiuniia wave number fisnninund@iuintan (v 1685 em™) diwmstiuduwima carbonyl aglu
fnwnisfl conjugate i double bond TnuE@umsAnENdatIneiia HMBC Wy ketone dpniualvi
#umis 3 1ileavnil long-range correlation 3113 carbonyl carbon il methyiene protons Adhuwsis 1
#n% double bond gnﬁ‘munlﬁ':_iﬁﬁmnﬁa 4-5 1w carbon Auwya 5 (5 171.8 ppm) Faiilu quatemary
carbon §i three-bond correlation 11/i¥a methyl proton fumsia 18 methylene proton fisunya 1 uaz 7 1w

wni=fl C-4 (5 123.7 ppm) #aiflu methine carbon i long-range correlation i methylene proton Aisnuwnis 2
unz 6

mn-i'agavfmun iaqﬂhmﬁ'ﬁn B-sttostenone (7) ilumfinulufmwmoniia 19w Maytenus
guianensis >, Austroplenciia popuinea *, Croton lechleri ™, Harrisonia abyssinica > \ilusdu

2.3) Salaspermic acid (11)

Salaspermic ackd (11) Sanwaiziflusniiina (CHCL) luganfnumlniae UV # [a), +1.2° (¢ 0.08,
MeOH) finmmuiifina spectroscopy aoit

EIMS 70 eV, m/z (rel. Int.) : 472 [M]’ (30), 454 (5), 442 (5), 428 (4), 396 (8), 368 (6), 358 (7), 288 (6), 256
(24). 235 (14), 180 (14), 125 (100), 109 (38)

"H-NMR (CDCL#+CD,0D 1:1) 5 : 4.00 (1H, d. J = 8.4 Hz, H-24a), 3.53 (1H, d, J = 8.4 Hz, H-24b), 2.27 (1H,
br.d, J = 13.4 Hz, H-19x). 2.08 (1H, br.d, J = 13.8 Hz, H-21a)), 1.83 (1R, d,
J = 13.8, 3.7 Hz, H-22a), 1.82 (1H, dd, J = 10.5, 4.1 Hz, H-2P), 1.15 (3H, s.
CHy-30). 1.03 (3H, 8, CHy-26). 0.92 (3H, 8, CHy-25). 0.92 (3H, 5. CHy-28),
0.91 (3H, d. J = 7.9 Hz, CH,-23), 0.80 (3H, s, CHy-27)

C-NMR (CDCl+CDOD 1:1) § : 182.3 (s, C-28), 109.1 (s, C-3), 73.9 (t, C-24), 57.4 (d, C-10), 53.8 (d, C-4),
50.3 (d. C-8), 47.3 (s, C-5), 44.8 (d, C-18) , 40.5 (s, C-20), 39.4 (s, C-13),
39.3 (s, C-14), 37.7 (s, C-9), 37.0 (¢, C-22), 38.4 {f. C-16), 34.7 (f. C-11),
33.8 (1. C-8), 32.5 (t, C-2). 32.0 (g, C-30), 31.9 (q. C-28), 30.6 (¢, C-19),
30.4 (s, C-17), 30.0 (t. C-21), 29.8 {t, C-12), 29.4 (¢, C-15), 20.1 (¢, C-1),
19.6 (1. C-7), 17.8 (g, C-28), 16.9 (g, C-25), 18.7 (q, C-27). 7.7 (g, C-23)

!‘lmTagn MS ﬂ\l“.ﬂ\llmm‘lm melecular ion l'mm.l 472 a.m.u. Ilﬂ"ﬂ.ll. c NMR Ilﬁ"' DEPT
spacim uma‘i’:muumﬂmanann CaoHa:O, iilanI20moudILINAILR DEPT WL methyi YiaRu 8 v
*In 'H NMR spectrum methyi 5 wai (3 1.15, 1.03, 0.92, 0,92 uss 0.80 ppm) ifnumuilu singlet éwnem
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\flung methyl fifnuu quaternary carbon unziing methyl 1 waillanwmuziiiu doublet (5 0.91 ppm) Huraa
Intluny methyl fifinun methine carbon a'\n':'l'ngamsi'n‘f ﬁamn‘hmufti’]umsnﬁu triterpenes Al ln3aaig
wu friedelane Sauflulnrawirafiinwuluiiaasd Celastraceae Tnuma) methyl Afldgygm 'H NMR 1Tu
doublet Aany methyl ifunka CHy-23 etinalsfimu Tarsarowdn friedelans A23iina methyl Moo 8 Ny
Wy methyl fuemanTal 1 ngﬂnanﬂ‘fgnunuﬂi'wng carboxyl ifiosvInnTNLAYYIn C NMR 109
carbonyl carbon 7 & 182.3 ppm Wi carboxyl dv:agiﬁc‘h unid 28 issrnidaaialaseaiussmsuuy 3
16 (31]#1 1) Wy carboxyl dﬂ:‘nav'f‘:'lni'm‘i methyl fifnuniia 27 fin shielding effect deualWiggn 'H
NMR 1184 Hy-27 ringluditumiait upfield nduind (5 0.80 ppm)

»_ .COOH
<o

wij methyl frnewnluldn 4 mjvzmnwuunuﬁmnq methylene ﬂaunai’mmm NMR lugaafl
downfield ('H NMR & 4.09 uas 3.53 ppm, 'C NMR § 72.9 ppm) usaainifluny methylene Aifiafiu oxygen
SahnennTil ether bridge 1 #0119 carbon Aifnumiia 3 uas 24 wonenit ﬁ'eﬁng hydroxyl finfi carbon
funks 3 iimulnana hemiacetal #aneldendgygna °c NMR 84 C-3 eziilw quaternary carbon
ﬂﬂng'l.mhaﬁ downfield nivUnd (5 109.1 ppm)

[ - o ol . - ol
Li‘mmwawngﬂmamwan‘runummmuﬁﬂunu wuiriiiaya NMR uss MS fimoanfoariy
] o - - .
a3 salaspermic acid (11) Bailumsnnoilinwawwuluiead Celastraceae waturiin 15w Tripterygium
. 7
wilfordii = usz Kokoona ochreacea ' \flusiu

31]11 1 MWUaAI conformation VBAMNT salaspermic acid (11)
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2.4) 6-Ox0-20-hydroxy-20-epi-tingenol (12]

-

ol

6-Ox0-20-hydroxy-20-epi-tingenol (12) {fnwuziiiu lacquer nApIdou (CHCL) 6 [a)g +7.5° (¢
0.09. CHCI;) iniayav3 spectroscopy faik

UV A, (MeOH), nm {iog €) : 206 (3.51), 251 (3.25), 303 (3.03)
IR V... (thin film) cm™ : 3000-3600, 2628, 1712, 1638, 1582, 1460, 1315, 755

EIMS 70 eV. mvz (rel. int.) : 452 [M]" (100), 437 (40), 409 (20), 257 (18), 218 (30), 149 (42)

NMR gm-mﬁ 6

InYayn MS nsﬂﬁf:'mﬁ'n'[mqa 452 a.m.u. WRTYIN 'C NMR usz DEPT spectra ﬁ'\'l\i'qﬂl‘ms
Tuxaqwmmsﬁt‘m CasHieO: ANmMUSAYYIL 'H uns "C NMR Iuduuiiam upfield ue4 spectra finwlnd
WLINNNLUY89MNT 20-hydroxy-20-epi-tingenone (17) Liuwui'tutu'lmmmg mathyl ViIWW 6 wi q‘minm_iﬁu
quaternary carbon wuft'ly!u'lm'nm methylene carbon (C-22) ﬁ 650.2 ppm WAt methylene protons (H-22) 'F'l
1.93 URE 2.99 ppm UENTINI gl Fyyyrunay carbonyl carbon (C-21) # 215.0 ppm iagma"\\{uam'h
3t lasaaonAniiin triterpene lunsarues tingenone -fnmmmuﬁ'ungu'lﬂnumsﬁnmc’humnﬁﬂ
HMBC sarquunluguil 2 uazny methyl fumiia 20 exrwlufiams o ilssnndinnuFuWug NOE fumy

- » : k) L - [
methyl ivnunss 27 mrksailuanWniuos 20-hydroxy-20-epitingenone (17) Tnufinuunnsnsiaws
. .« . &
#% ring A uat B paalaTaaaviniu

-l H 1% R oy =
3UN 2 'H- 'C HMBC long-range correlations NIMAIBAIRTT 6-0x0-20-hydroxy-20-epi-tingeno! (12)



ol
MTNN 6 'H ure

epi-tingenol (12) (Chemical shifts T wiiludn ppm 1w coc)

28

13 &
C NMR assignments 72uv3 HMBC uas NOE correlations 103m3 6-0x0-20-hydroxy-20-

i G H HMBC ( "C) NOESY
1 1086 | 6.89 (s) 2,359 11B, 25
2 1480 -

3 1406 -
4 125 4 -
5 1225 -
6 187.6 -
7 126.1 6.26 (s) 5.9 14 158
8 171.2 .
9 40.1 -
10 151.2 -
" 338 o 201 (d J=138, 6.1 Hz) 9, 25
B 2.22 (brd. J = 13.6 Hz) 1,25
12 0.0 a 1.70 (br.d, J = 13.6 Hz) 9, 13,14
B 1.79 (dt, J = 136, 4.3 Hz) 13 25
13 366 -
14 43.8 -
15 29.0 o 1.84 (m) 13, 14 7
B 1.70 (brd, J = 13.1 Hz)
16 355 a 1.63 (id, J = 14.3, 3.3 Hz) 22, 28
p 1.87 (m)
17 36.2 -
18 433 1.91 {m) 13,17, 20, 22,28 | 26, 28
19 368 a 2.25 (dd, J = 159, 8.7 Hz) 13. 17, 18, 20, 289
B 2.20 (dd, J = 15.9, 11.8 Hz) 13, 17. 18. 20. 28
20 738 =
21 215.0 E
2 50.2 0. 2.99 (d, J = 14.2 Hz) 17,21, 28 27,29
p 1.93 (d. J = 142 Hz2) 17, 18, 20, 21, 28
23 136 2.65 (s) 3. 4,5
25 3re 1.52 (s) 8 98 10, 11 1. 11B, 12B, 26
268 22.1 1.36 (s) 8, 13, 14, 15 18, 25, 28
27 19.4 0.89(s) 12, 13, 14, 18 22a, 29
28 331 1.00 (8) 16, 18, 22 18, 26
29 289 1.34 (s) 18, 20, 21 22a, 27
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Youa 'H NMR WANINTY YD prolons luytians downfieid (s 2 Foyqnm fofl 6.26 uns 6.89
ppm w3 2 Fygudanwmuziiiu singlet iu ¢ NMR wm'luuuututmmue C-21 = iRy upa aromatic
carbons, olefinic carbons URA: carbonyl carbon TR 8 rygn efinwfuinadin HMBG LTt
04 protons WRE carbons I long-range correiation !laﬂl.ﬂuuln 2 u.a"rln UV spectrum WRNIRNNME
VLITzUL aromatic ring Taud A, nmanuln':'lunnu 6-oxo-phenolic trrterpenes IWEINU IR spectrum
AliFQYQIUBINY hydroxyl (3000-3600 cm') uas conjugated ketone (1638 cm’ ") mrisaiiszuunng 6-oxo-
phynolic #l ring A uaz B unzasUlnssmiafie 6-0x0-20-hydroxy-20-epi-tingenol (12) Ballnlnrerfrefisinam
mawuiiunTautn

2.5) B-Sitosterol-3[3-O-D-glucopyranoside {13

B-Sitosterot-3B-O-D-giucopyranoside (13) fifnwnziflunai (CHCL) luganfuumiludza uv gn
- w o
WRADUNRD 278-282°C 61 (o] ~31.7° (c 0.06, CHCly*MeOH (1:1)) fiauAn i spectroscopy it

IR Vg, (thin film) cm’' : 3100-3700, 2936, 1716, 1460, 1381, 1082, 1029
EIMS 70 eV. mvz (rel. int.) : 414 (53), 396 (100), 368 (28), 284 (16), 256 (47), 213 (27), 129 (25)

NMR goTwfi 7

11'“". 3C NMR un: DEPT spectra zoamTi uraIR Y INYBINA methyl Madin 6 i Voyn MS
H!Jllum'\m'lﬂwlm miz 414 am.u. wRsihefiinnnmahu ATy vanillmlsulphunc acid spray mgant
SameinmnTislasemananilu steroids RAZYINFUNUILACANEIETBIRT RN 'H NMR 189wy methyl s
wuiflu singlet 2 wyj (5 0.99 uaz 0.67 ppm) doublet 3 Wy (5090 0.81 M'g:m ppr.n) URS h'i;let 1 :n;,a.(s )
0.82 ppm) un'nulnnnanenmnunnmt [B-sitosterol (6) * Double bond A uNa 5-611:»\1 azIrTIAgel
"I¥9niyg e methine proton fAviowiha downfieid (5 5.33 ppm) il long-range correlation 1153 carbon #
#1umiia 4, 8 uAz 10 URS quaternary carbon Adumiia 5 (5 141. 1 ppm) #i long-range correlation fiu methyl
proton fumia 19 (5 0.99 ppm) uRsHINLATY I NMR 'nmmma pyranosa Inuullutrlm'llla anomeric
carbon (C-1') A & 101.9 ppm Az anomeric proton (H-1°) # 8 4.37 ppm wndeyn NOESY ureiuiluien



- -l ] ] : ] B
¥lia B-D-glucose LiaININWU NOE 3=Wi13 proton fidumla 1", 3' uas ' qﬂﬂ 3) uasvimasiofouny
Tnzamdrasu sterol Aifumiia 3 1ilnsenwy long-range correlation 1:Wi14 anomeric proton i carbon 1

fuwila 3 uenvnil NOE Awuszwing anomeric proton fiu methyl proton fdunis 19 ﬁﬂﬂﬁ'mm—h“q
hydroxyl fidumia 3 agflufiemna B

nml'agavfmm iaqﬂ"nmsdﬁn B-sitosterol-3B-0-D-glucopyranoside (13) Bailumsfinuntzeny
Wl lueansnsfiy

plﬁ 3 MMURNY conformation 183mMY B-sitosterol-33-0-D-glucopyrancside (13)
Was NOEs Mndgyuaiumsis (uamalaugnes)

m3RfA 7 'H uaz °C NMR assignments 37793 HMBC Uz NOE comelationa 1p3m3 P-sitosterok3p-0-D-
glucopyranoside (13) (Chemical shifts Tiuamiiludn ppm 1w CDCL+CD,0D (1:1))

dhuwly Be 'H HMBC (°c) NOESY
1 38.0 a 1.05 (m)
B 1.84 (dt, J = 13.0, 3.2 Hz)
2 30.2 a 1.89 (m)
B 1.60 (m) 19
79.8 3.57 (¢, J = 11.3, 4.8 Hz) 1
4 9.3 o 2.38 (ddd, J = 13.1, 4.6, 2.1 Hz) 2, 3,5,6,10 8
B 2.24 (t, J = 121 Hz) 19
5 141.2 -
8 1226 5.33 (br.s) 4,8, 10 4o
7 3286 a 1.95 (m)
B 1.49 (m)
8 26 1.44 (m) 7.9 18, 19




el 7 (o) .

29

Fumiis c H HMBC (°C) NOESY
9 51.0 0.91 (m) 14
10 37.4 -
11 21.7 a 1.51 {m)
B 1.51 (m)
12 405 o 1.15 (m) 21
B 1.99 (dt, J = 12.8, 3.4 Hz) 18
13 43.0 -
14 57.5 1.12 (m) 18 9
15 24.9 o 1.56 (m)
B 1.10 (m)
16 289 a 1.22 (m)
B 1.22 (m)
17 56.8 1.06 (m) 14
18 12.2 0.67 (s) 12, 13, 14, 17 8. 123, 20, 21
19 19.7 0.99 (s) 1.5, 9, 10 2p. 4p. 8. 1’
20 36.8 1.32 (m) 18
21 19.2 0.90 (d, J = 6.7 Hz) 17, 20, 22 12a, 18
22 34.6 a 1.03 (m)
b 1.32 (m) 21
23 26.7 a1.15(m)
b 1.15 {m)
24 46.6 0.90 (m)
25 208 1.83 (m) 23,24, 28, 27, 28
28 20.1 0.81 {d, J = 6.7 Hz) 24, 25, 27
27 19.3 0.79 (d, J=T7.0 Hz) 24, 25,26
28 237 a 1.20 (m) 23,24,25, 29
b 1.27 (m) 23, 24, 25,29
20 122 0.82 {t. J=7.5Hz) 28
1 101.8 4.37 (d. J = 7.8 H2) 3 19,3 5
2 74.4 3.17 (1, J= 8.2 Hz) 13
3 77.4 3.36 (t, J = 8.7 Hz) P T
4 71.0 3.32 (1. J=95.16 Hz) 5,6
5 77.0 3.25 (ddd, J = 9.0, 5.4, 2.9 Hz) 'L
@ 62.4 a 383 (dd J=119 24 H2) 5'

b 3.68 (dd. J= 119, 5.3 Hz)
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2.6) 5a.6a-E tigmastan-3[3-o (14

HO

4 é'l.. 6

5c.8c-Epoxystigmastan-3-of (14) fiinsusillusiina (CHCl*MeOH) liganfivurslutas uv
TANABUINAY §INTT 300°C (decompose) #1 [alp —1.3° (c 0.24, MeOH) {fayaNT3 spectroscopy wad

IR vy, (thin film) cm’ : 3000-3600, 2931, 2862, 1709, 1656, 1452, 1375, 1254, 1037, 568

EIMS 70 eV, nvz (rel. int.) : 430 [M]" (73), 412 (100), 378 (16), 367 (10), 359 (16), 316 (9), 305 (8), 290 (17),
271 (14), 247 (20), 229 (16), 187 (12), 159 (12)

-
NMR a7l 8

nimisya MS Saumnaigyyuoa moleculsr ion Wil 430 a.m.u. uastayn C NMR unz DEPT
spectra unrhnﬂ'fﬁgnﬂmnqaﬁ CagHgoO7 1EWIALATUMS B-sitostenone (7) MTHLARIMIUNKILAS
Rt NMR 309 INRY steroids Aflasamironanuuy B-sitosterol (6) nsafin dny methyl 6 nyj Alumee
anwocigynnln 'H NMR Ailu singlet 2 wai (5 0.61 s 1. 07 ppm) doublet 3 Wy (5 0.73, 0.78 uaz 0.83
PPmM) UR: triplet 1 wy (5 0.76 ppm) WoyA NMR unammnnnaaanwnuwu B-sitostero! (8) uniiulAe
ﬂngnmhunw 5 ums 6 109lnTINF AYQYILUBINY olefinic nnunumhumymmn upfield N1 (8¢ 476.4
pPM, S 76.0 PPM UAZ §1.q 3.38 ppm) FTMANHUCUBIRTYYIWUBA carbon m-munnnu atom 1184 oxygen
unmnamnnwuﬁ-mun'[mnnaannn'n B—smostenol 16 a.m.u. Aowinuil oxygen Wiarduifgs 1 atom wy
function Adumiia 5-6 Sanasesidln epoxide ring M3 dudulkeInFyg A v 1254 om™ I IR spectrum

m3finsn sterscchemistry 183 apoxkie ring fuinafin NOESY wirih H-6 & NOE fia proton 7
dumia 4B, 7B, 8 uRz 19 umwaimy epoxy TeaglufinmMa a KA H-6 Yy dihedral iy H-7a
thzum 90° H-8 83 coupling Aulaws H-7P uasuresAnmcFyn Ity 'H NMR iflu doublet fifin
coupling constant (J) L¥nfiu 3.1 Hz

rlmlngamnm wlﬂ.l'nmma 5a,6a-epoxystigmastan-3[3-o! (14) frpnwinumsitluuio-

Fauihduenfefnunidaneiou wiadfuliuiug iumififesnd §iTu oxidation ¥oa P-sitosterol
41-83

(6)



3

#1efl 8 'H unz "°C NMR assignments T9u¥is HMBC Wt NOE correlations 789817 50,80

epoxystigmastan-33-ol (14) (Chemical shifts Tigwiludn ppm u CDCly+CD,0D (1:1))

13

dunls c 'H HMBC (°C) NOESY
1 329 o 1.24 (m)
B 1.52 (m) 3,5 19
2 31,0 « 1.73 (m)
B 1.45 (m) 10 19
3 67.8 3.93 (it, J = 11.0, 5.4 H2)
4 40.8° a 1.91 (br.d, J = 12.2 Hz) 3,5
B 1.05(m) 6
5 76.4 .
) 76.0 3.38(d, J = 3.1 Hz) 5 4P, 7c, 7B. 8, 19
7 34.7 a 1.81 (m) 6
B 1.50 (m) 8 6
8 31.0 1.61 (m) 6, 18, 19
9 46.0 1.24 (m)
10 38.8 -
11 21.8 o 1.27 (m) 18
B 1.27 (m) 18
12 40.7" o 1.85 (dd, J = 13.0, 11.4 Hz) 17
B 1.48 (m) 26, 27
13 43.4 -
14 56.7 1.01 {m) 15a
15 24.7 o 1.53 (m) 14
B 1.03 (m) 18
16 27.8 o 1.15 (m) 18
B 1.15 (m) 18
17 56.9 1.08 (m) 120
18 12.5 0.61 (s) 12, 13, 14, 17 8, 11, 15B, 16, 21
19 17.0 1.07 (s) 1, 5,8, 10 1, 2P, 6,8
20 36.8 1.23 (m) 18
21 19.1 0.83 (d, J = 6.4 Hz) 17, 20, 22 18
22 34.8° a 1.21 (m)
b 0.83 (m)
23 28.7 a 1.20 (m)
b 1.10 {m)
24 46.6 0.84 (m) 22,25
25 20.8 1.58 (m) 26, 27 26, 27
26 20.1' 0.78(d, J = 6.9 Hz)" 24, 25, 27 12B, 25
27 19.3° 0.73 (d, J =69 Hz)® 24, 25, 27 12B, 25
28 23.6 a1.17 (m) 24, 25
b 1.14 (m) 24,25
20 12.2 0.78 (1. J = 7.5 Hz) 28

a, b, c, d = DWARLNW




2.7 2R',aR',SS'-TﬁhﬂroxtBR'-nonadac!I-tetmhﬂro-uran—#one (15)

2R*,3R",58"-Trihydroxy-6R*-nonadecyl-tetrahydro-pyran-4-one (15) Sianumsiduesdana
(CHCl;+MeCH) LiigmnRuunslusag uv YMRBUART 118-120°C #1 [at)g +15° (¢ 0.04, CHCIy+MeOH
(1:1)) Sidioyama spectroscopy fiail

Anai. Calcd for Cp,HeOg : C, 69.51; H, 11.19. Found : C, 69.01; H, 11.92
IR Vg (thin film) em' : 3200-3400, 2016, 2851, 1765, 1723, 1472, 1364, 1186, 1001

EIMS 70 eV, vz (rel. int.) : 414 [M]" (8), 385 (4), 368 (10), 284 (23), 256 (100)

NMR gmTafl 9

HO 0 1 k) 5 T L d 11’ 13 13 17 19
W, !

3
4

HO""
o

muRnR YRS molecualr ion i 414 a.m.u. VINMIIATIER CHN analysis qﬂhntﬂﬁpt
Tuannfio C,HW0s Fygnilu 'H uaz °c NMR 14279 upfleld uRRIRNEMZTB3 long chain aliphatic alkane
WA QMY downfield 4 Rgyyos DA AinfpnRaiuFyRIMYes moncsaccharide wone Nt s
FQyqnnues ketone carbon 7 178.1 ppm Samiumulnuigygnufl 1765 om” 1u IR spectrum

iefinundauinafia HMBC wuauRuWRTTzW13 protons uaz carbons Tuda9 downfleld #aumnslu
- 3

Ul 4 dsuraofisTaranFrsndnuuy pyran-g-one smMnAdgygIN 'H:unz C uparhumyls 2, 3 unz 5
dringlusefilndifiperirues monosaccharide umehﬁd'mmhmﬁw:mﬂng hydroxyl finey Tovawizfi
fMumis 2 xfisnwnsflndifvaiy anomeric proton (8 5.44 ppm) #MuNAIUNU 6 Bzil long-chain aliphatic
side-chain finay] MiWigymaues 'H uaz °c NMR tnngsisuihe upfield 191 (5s 4.17 ppm, S, 70.7
ppm) Long-range correlation v1n H-6 113 C-1' uRz C-2' uazen H-1' 1l C-5 unz C-6 Buduii side-

-y, . ol g [ o . . N 1 & R
chain fAaNMmIUnUI 6 mmmmt'munfmnqammn RAA1 Integratlc:n w'H N:AR s:.ld‘e-chaln wuizne
#30 CigHy uRzATHANNOzInMENTS 1il0sInnTIewLMY methyl Mmogaioamyiden (e 14.3 ppm

uaz §,.,y 0.85 ppm)

- 4 'H-"C HMBC long-range correlations ﬁhﬁmmnt 2R*,3R*,68"-trihydroxy-8R"-nonadecyi-
L]
tetrahydro-pyran-4-one (16)



33

. r . -

Stereochemistry yasmsiignnwnduimafia NOESY & protons 1N atoms UM pyran-4-one ring Bz
eglufismaficnin 1flesendl NOE Ssnunun mni’ngavfmun Semlnsemirunamsilfe 2R 3R 55 -
trihydroxy-8R*-nonadecyt-tetrahydro-pyran-4-one (15) Sullulasemirafidshitnudnormmmusinios

T @ 'H uRz °C NMR essignments 3u3 HMBC uaz NOE correlations ¥833 2R".3R" 55°
trihydroxy-8R*-nonadecyi-tetrahydro-pyran-4-one (15) (Chemical shifts Tinawiiiuet ppm 1u

CeDgN)
funls “c 'H HMBC (C) NOESY
2 70.8 5.44 (d, J = 5.5 Hz) 4 3.6
3 69.3 5.11 (d, J = 5.5 Hz) 4,5 2,5
4 178.1
5 89.6 4.84 (d, J = 3.4 Hz) 3,4,6,1 3,6
) 707 4.17 (td. J = 8.8, 3.4 Hz) 3,5 1.2 2,5
T 34.0 1.75 (m) 5623
2 26.4 a 1.47 (m)
3 206 1
p —
5
)
>
g 29.5300 | 1.20-1.35 (m)
@
10
11"
12
13
14°
15’
16 —L
17 a2.1
18 229 —
19’ 143 0.85 (1. J = 7 Hz) 17", 18’




2.8) 8P-{2'-Oxo- 1)-tingenol (20), 6B-(2’-Oxo-pro 22[3-hydroxy-tin 21} un: 6B-(2-Oxo-
hydroxy-20-epi-tingenol (25)

6[-(2-Oxo-propyl)-tingenol (20) anwmeiilu lacquer MniAasdew (EtOAc) i1 [a, -102° (c 0.15,
MeOH) ilayams spectroscopy aak

UV A (MeOH), nm (log €) : 218 (4.07), 260 (3.71), 280 (3.58)
IR Ve (thin film) cm’™' : 3700-3100, 2055, 1702, 1453, 1384, 1292, 754

EIMS 70 oV, nvz (rel. Int.) : 478 [M] (23), 419 (2), 241 (100), 215 (18), 202 (17), 201 (75)

NMR ge1713fi 10

6-(2"-Oxo-propyl)-22-hydroxy-tingenol (21) diansusiilu lacquer MinRedsan (EtOAC)
# [a]o -107° (c 0.15, MeOH) oM spectroscopy #ail

UV A e (MeOH), nm (log €) : 218 (4.04), 284 (3.47)
IR Vpu, (thin film) cm’ : 3600-31 00, 2931, 1704, 1458, 1379, 1292, 755
EIMS 70 oV, m/z (rel. Int.) : 494 [I\l]+ (5), 437 (B). 436 (8), 243 (16), 241 (16), 215 (13), 202 (24), 201 (100)

NMR gm3nfl 11

63-(2"-Oxo-propyl)-20-hydroxy-20-epi-tingenol (25) fiinwuziiiu lacquer MwRBIsEN (EtOAC) N
[o)p -8° (c 0.15, MeOH) fiiiayama spectroscopy waft

UV A, (MeOH), nm (log €) : 218 (4.21), 286 (3.73)
IR v, (thin film) cm' : 3600-3200, 2055, 1709, 14568, 1378, 1364, 1291, 754
EIMS 70 eV, nvz (rel. Int.) : 484 [M]" (4), 437 (4), 436 (4), 243 (19), 241 (14), 215 (19), 202 (22), 201 (100)

NMR geTsfl 12

20 R,= R, = H, R; = CH,

21 R|= H. Rz = CH;. R3= OH
H;
25 R|=CH3. Rz'_‘OH. R3=H
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1 13
!n‘naﬁ 10 'H uAz "C NMR assignments 184m7 6[3-(2'-oxo-propyl)-tingenol (20) (Chemical shifts 309
Wusin ppm u CDCL)

Aunus “e N
1 100.2 6.79 (s)
2 1422
3 140.4
4 119.8
S 128.0
8 328 4.00 (dad, J = 10.7, 6.3, 2.8 Hz)
7 122.0 590 (d, J =6.3 Hz)
8 1493
9 38.4
10 1419
1" 358 o 2.01 (id, J = 13.2, 6.5 Hz)
B 215 (dt, J = 13.2, 3.4 H2)
12 30.7 a 1.73 (m)
B 1.73(m)
13 388
14 43.4
15 288 o 1.74 (m)
B 1.52 (m)
16 35.8 o 1.37 (br.d, J = 14.0 Hz)
B 1.83 (td. J = 14.0, 5.0 Hz)
17 37.1
18 435 1.80 (d, J = 6.7 Hz)
19 32.0 a 2.18 (m)
B 1.70 (m)
20 419 2.50 (ddq, J = 12.7, 6.2, 6.2 Hz)
21 2149
2 518 o282 (d J=14.5 Hz)
B 1.82 (d. J = 14.5 H2)
23 11.2 2.10 (8)
25 37.5 1.52 (s)
26 222 1.27 {s)
27 19.6 0.98 (s)
28 32.5 0.98 (s)
0 151 098 (d. J=62 Hz)
2-0OH 561 (br.s)
3-0H 5.32 (br.s)
22-OH
1 528 a272(dd J=16.8 2.8 Hz)
b 2.48 (dd, J = 16.8, 10.7 Hz)
2 207.9
3 30.8 2.16 (s)

* promRUNW
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m1afl 11 'H uaz °C NMR assignments vaams 8B-(2"-oxo-propyi)-22B-hydroxy-tingenol (21) (Chemical
shifts Tisawiilusia ppm 1u cbcly)

fumvil s v
1 100.3 8.77 (s)
2 142.2
3 140.6
4 120.0
5 128.0
8 2.9 4.02 (ddd, J = 10.9, 8.1, 2.9 Hz)
7 1220 5.88 (d, J = 6.1 Hz)
8 149.1
9 37.0
10 142.2
11 36.0 a 1.97 (td, J = 11.9, 8.6 Hz)
B 213 (br.d, J = 11.9 Hz)
12 308 o 1.72 (m)
B 1.72 (m)
13 38.9
14 43.1
15 28.5 o 1.74 (m)
B 1.49 (ddd, J = 15.0, 4.7, 2.1 Hz)
16 20.8 a 2.20 (m)
B 1.53 (id. J = 15.0, 4.7 Hz)
17 45.0
18 45.1 1.72 (d. J = 13.1 Hz)
19 31.9 a 2.18 {m)
B 1.87 {m)
20 40.8 2.61 (ddg, J = 12.3, 6.3, 6.3 Hz)
21 214.1
2 76.7 4.51 (d, J = 3.4 Hz)
23 11.3 2.18 (a)
25 ar.6 1.51 (s)
26 22.3 1.27 (s)
27 20.5 0.2 (s)
28 24.9 0.83 (s)
30 14.7 1.03 (d, J = 6.3 Hz)
2-OH 5.91 (br.s)
3-OH 5.49 (br.s)’
22-0H 3.76 (d. J = 3.4 Hz)
1 51.8 a273(dd, J = 16.5, 2.9 Hz)
b 2.48 (dd, J = 16.5, 10.9 Hz)
2 208.0
3 30.7 2.17 (s)

|} [
aNRRAUNK



o 1 13 . &
TN 12 H uRs "C NMR assignments 33uv3 HMBC uaz NOE correlations Y03m3 6B-(2"-oxo-propyl)-

20-hydroxy-20-spi-tingenol (25) (Chemical shifts T3 uilusin ppm 1w cDCL)

fumis "c 'H HMEC (C) NOESY
1 109.0 8.77 (s) 2,3.5.9 11B, 25 !
2 142.1 . i
3 140.5 - ;
4 1199 -
5 127.9 - !
) 32.8 4.00 (ddd, J = 109, 8.3, 2.8 Hz) 457810, % |7 23 1a 10
7 122.2 5.91 (d, J=6.3 Hz) 5,8, 9 14 6. 15
8 149.6 -
9 3r.2 -
10 141.8 .
1 35.5 o 1.95 (1, J = 13.7. 5.8 Hz) 10 11, 27
B 2.1 (brd, J = 13.7 Hz) 1, 1o, 25
12 30.8 o 1.65 (m)
B 1.73 (m) 14, 26
13 38.5 -
14 43.1 -
15 26.3 @ 1.50 (m) 27 7. 28, 27
B 1.50 (m) 27 7, 28, 27
18 38.0 o 1.55 (ddd, J = 14.8, 5.5, 23 Hz) )
B 1.84 (m) 14 16x
17 36.8 -
18 438 1.87 (m) 12, 13, 19, 21, 19, 26, 28
22, 27
19 37.0 o 2.25 (d. J = 6.4 Hz) 13, 17, 18,20, 29 | 18,27, 28, 20
B 2.25 (d, J = 6.4 H2) 13, 17, 18, 20,29 | 18.27. 28,20
20 74.2 -
21 215.8 -
2 489 o 3.08 (d, J = 14.0 Hz) 17, 21, 28 22B, 27
B 1.81 (d, J = 140 Hz) 18, 20, 21
23 1.2 2.18 (s) 3,45 6, 1'a, 1'b
25 37.0 1.50 (s) 8.8, 10, 11 1, 11, 286, 1's.
1, 3
26 23.2 1.27 (s) 8. 13, 14, 15 15, 18. 25. 3
27 19.5 0.90 () 11, 12, 13, 14, 18 | 11, 15, 19, 29
28 32.9 1.08 (s) 16, 18, 22 18, 19
20 20.1 1.34 (8) 18, 20, 21 19, 27
2-OH 5.88 (br.s)
3-OH 5.39 (br.s)’




mfl 12 (via)

frumis “c H HMEBC (“C) NOESY
20-OH 3.59 (br.s)
T 51.7 @2.73 (dd, J = 16.8, 2.8 Hz) 587 2 8. 23, 25, 1b
b 2.48 (dd, J = 16.8, 10.9 Hz) 6.7.2 6. 23, 25, 1'a
2 207.8
¥ 30.8 2.16 (s) 2 25, 26

* emdunu

M7 6B-(2'-oxo-propyl)-tingenol (20), 6B-(2"-oxo-propyl}-22B-hydroxy-tingenol (21) uss 6p-(2"-oxo-
propyl)-20-hydroxy-20-epi-tingenol (25) (iluwninsimfrinnniieujftyrussms tingenone (16), 22B-hydroxy-
tingenone (9) Az 20-hydroxy-20-ep-tingenone (17) muifu nlaya MS nuiesvia 3 ih‘:-mi'n'[umqn
478, 494 un: 494 UAZYIN °C NMR uR: DEPT spectra Saaganiluanafin C3HoO4 CyyHeoOg whe
Ca1H20s MuRINY nimih\{a‘.iig UV uaz IR milounu tfwin'[umqmﬁ‘umnmﬂfaﬁu 68 units wilow
i swinAiRuiuiliu methyl, methylene uRs carbonyl 8tienz 1 wal n 'H uaz °C NMR spectra uanalw
Wwinsuiszsiailasaaitamu ring C/D/E miaufumadanu uazvnmaiilnsaniresin ring A8 Aimfiow
i Tnuigganues H-1, H-6 uaz H-7 Umngfl 8 6.8, 4.0 uAz 5.9 ppm muddy wazwinlaitau C-21 a3
3 fidqy ey carbonyl Rz aromatic carbons 8 KGN TauFYY VLS protons URE carbons Inenik
urInRUNUFULY long range duanalugy 5 Semavaaguinsexiiaim ring A8 1ihildnwoisuuy
allyl-phenolic wonvINil AYQYDS proton fidhuwis 6 danwausiilu doublet of doublet of doublet  WAMI
uanen H-7 uf? feil protons &n 2 atoms ﬁrii-:‘l"mﬁm Tnu H-8 v coupling UYL methylene protons
(Hz1) i 5 2.7 unz 2.5 ppm Saumms long-range correlation vie'l1lifs carbonyl carbon (C-2') i 6 208 ppm (@
# 5) unswuidl long-range correlation 3214 carbonyl carbon i methyl proton (Hy-3') 1 5 1.6 ppm
usnsifiduntia 6 Snmndeudianumy ecetonyl uasfinyevamy function fenfiuuuy B iwrzillofinen
funafie NOESY wuin CHy-25 finwiuwufuuu NOE iU H-1° uas Hy3'

nimioynmsnil Sorqumnns 3 dlaserhadlunTaiinlng uazlWSein 6p-(2-oxo-propyl)
tingenol (20), 6P-(2'-oxo-propyl)-22B-hydroxy-tingenol (21) uR= 6p-(2'-oxo-propyl)-20-hydraxy-20-epi-tingsnol
(25)

71l 6 "H-""C HMBC long-range correlation idnAiyf
ring A uaz B 183m7 6B-(2-oxo-propyl)-tingenol
(20), 6p-(2'-oxo-propyl)-22-hydroxy-tingencl (21)
uns 6P-(2'-oxo-propyl)-20-hydroxy-20-epi-tingenol
(25)
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2.9) 6—(E-2'-Oxo-erogylldene):22E—hﬂmxttlngenol (22)

6-(E-2"-Oxo-propylidene)-223-hydroxy-tingenol (22) fiansnuzdln lacquer fnRaasaw (EtOAC) #in
a)o -131° (c 0.08, MeOH) u'naunn'w spectroscopy nau

UV Aex (MOH), nm (log €) : 216 (3.96), 268 (3.44), 322 (3.75), 366 (3.65)
IR Vpogy (thin flim) cm’™' : 36003100, 2960, 2630, 1705, 1652, 1620, 1543, 1458, 1378, 1206, 755

EIMS 70 oV, nvz (rel. Int.) : 482 [M]' (4), 477 (M-CH,]' (18), 436 (8), 241 (87), 215 (21), 202 (31), 201 (100)

NMR gensail 13

vnioue MS mmuﬂ‘mun‘[mana 492 a.m.u. un-tnn "C NMR uA: DEPT spectra munzoay
gnﬂumnnnenmn Ca1H400s mmuanw-ga "H usz °c NMR Alndifinatums 6-(2 "-oxo-propyl)-22[-
hydroxy-tingenol (21) ﬂnl_lnnunnmanwnnwu'lnun atutu"lm'une H-1a URS H-1'b Faiauwufi 2.5-2.7 ppm
veamy 21 hiysinglumsit #gynimsas downfield 283 'H NMR waRu 3 Fyqne Sdnwusidiu singlet v
vun leuiggnues H-1 s:Unng 6.85 ppm sudn 2 Fygyiudaiiu methine protons inilowiy vxaly-
ngi 7.75 uas 6.07 ppm Inufidgygm °c # 122.3 uaz 120.2 ppm mudidy INnIANENdIINNia
HMBC #gymme 'H uaz °C anilil long-range correlation #auanaluzuil 6 Methine proton fi 5 7.75 ppm il
long-range correlation 11JGa C-5, C-8, C-8 uAz C-14 s methine proton 7 5 6.07 ppm 3 long-range
correlation 153 C-5 Az C-7 Fawyun methine protons Viamaaillu protons ARIUWKS 7 WAE 1° mudRy
uonwInil SawuRfT YB3 quaterary carbon # 5 145.5 ppm @il long-range correlation ffu H-7 Savinz
vllu carbon Aidumis 6 Tnseatruoamiitaunneeoinins 21 fe 3 double bond LRIAUAMIUNKA 6-1'
imi’nTumqnia\fnun'h 2 units UASIANANTIZTBY conjugated ketone Sululnsamin demurtnfaneld
wInFygouift 1543 om 1w IR spectrum 1w Stereochemistry 1184 double bond Aidnunks 6-1" Aigevllay
inniln NOESY wu NOE correlation 91N Hy-23 Talfis H-1' Sawyu4n configuration Adnumiaiitwuuy
entegegen (E) wenwnii Gawui Hy3' §§ NOE fiu H-1' aNnniafiu H-7 Conformation 189 CHy-3' $auz
WOLUWUDANNIN ring B N INNTIRNITN

71l 6 "H-"'C HMBC long-range correlation AN ring A uaz B vaINT
6-( E-2'-oxo-propylidene)-22f3-hydroxy-tingenol (22)
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mnﬂ‘gnﬁmm mteeilaserhadumeriinlui Wiei 6-(E -2-Oxo-propylidene)-22B-hydroxy-

tingenol (22)

mdﬁ 13 'H uaz "c NMR assignments ﬂu'r‘li'l HMBC ua:z NOE correlations Y8397 6-(E-2"-oxo0-
propylidene)-223-hydroxy-tingenol (22) (Chemical shifts Tiaidusn ppm 1w cDCL)

fuvla Sc 'H HMBC (°C) NOESY
1 108.9 6.85 (s) 2,359 11B. 25
2 144.0 -
3 141.0 -
4 120.3 -
5 126.3 -
6 145.5 -
7 122.3 7.75 (s) 56,9, 14,1 3, 15p
8 159.5 -
o 39.0 -
10 145.6 -
1 34.6 o 2.14 (m) 13,25 27
B 2.14 (m) 13,25 1,25
12 30.2 o 1.76 {m) 1,13 27
B 1.76 (m) 11, 13
13 39.4 -
14 44.0 -
15 28.1 o 1.74 (m) 26
B 1.89 (ddd, J = 137, 4.8, 2.6 Hz) 13 7,268
16 29.7 a 2.21 (m) 17, 18 28, 16
P 1.58 (dd, J = 14.8, 4.9 Hz) 17. 18, 22, 28 16a, 26, 28
17 45.1 -
18 45.0 1.77 (d. J = 7.3 Hz) 17,19, 20, 22, 19, 198, 26, 28
27.28
19 32.1 a 2.18 (dd, J = 14.5, 7.2 H2) 13.17.18,20,21 | 18,20
B 1.73 (ddd. J = 14.5, 14.0, 7.3 Hz) 13,17, 18,20, 30 | 18




mefl 13 (vin
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fuwile "c "H HMBC (°C) NOESY
20 40.9 2.61 (ddg, J = 14.0, 7.2, 7.2 Hz) 19, 31, 30 19, 27, 30
21 214.0 -
22 76.6 4.51 (d, J = 0.61 Hz) 17, 18, 21, 28 27
23 15.3 2.48 (s) 34,5 1
25 35.8 1.39 (s) 8,9, 10, 11 1, 11B. 26
26 22.4 1.34 (s) 8 13,14, 15 15p, 16B, 18, 25,
28
27 21.0 0.91(8) 12,13 t1a, 12a, 20, 22
28 25.0 0.84 (s) 18, 17, 18, 22 16, 18P, 18, 26
30 148 1.02 (d, J=7.2 Hz) 19, 20, 21 20
2-OH 5.56 (br.s)
3-OH 5.17 (br.s)
22-OH 3.61 (br.s)
T 120.2 6.07 (s) 572 3, 23
2 198.7
3 326 2.27 (s) 2 1.7

a [V )
oINARLNW

2.10) 20-Hydroxy-20-epkisotingenone IV (23)
20-Hydraxy-20-epi-isotingenone IV (23) fianwmziilu lacquer inAlasden (EtOAc) ¥ falp -176° (¢
0.15, MeOH) ifayanN spectroscopy wait

UV A (MeOH). nm (log €) : 235 (4.28), 260 (3.92), 333 (3.55)
IR v, (thin fim) cm' : 3600-3100, 2030, 1715, 1652, 1631, 1456, 1304, 1270, 756

EIMS 70 eV, m/z (rel. int.) : 436 [M]’ (197), 418 [M-H;O]  (3). 256 (3), 241 (10), 215 (19), 202 (16), 201
(100), 200 (6)

NMR g7l 14
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vindoya MS nn‘fﬁﬁ‘mﬁ'ﬂumqn 436 a.m.u. "IN "°C NMR uAz DEPT spectra Sarplamluiana
@B CosHyO, '°C NMR spectrum uamaieyq1nuuas carbonyl carbon 2 dgygyim #afl 215.2 urs 167.1 ppm
Hamonnkaanil carbonyl carbons Avumila 20 uas 2 vosayWuff tingenone musndu Yewaun IR spectrum
fimiusmyumaiing carbonyl 2 ny (1715 uaz 1631 cm™') Jouawin 'H NMR wudygnmilusag downfield 1 L
#% ortho coupling SafuuAzin (J = 8.0 Hz) Fudludnwnizun protons AiFuNKs 6 uas 7 WuSYGI™
hydroxyl proton 8 6.31 ppm WRSRATYY 104 singlet fimeiuiuues H-1 7 5 4.25 ppm SIURTYQYITUVB methyl
protons WLITHENINFYYILUBI CH4-23 (5 2.24 ppm) SINLATYYINLVEI methyl protons firautha
downfield 8n 1 Keygyou (5 2.34 ppm) ua:az‘lﬁ upfield 11N (5 0.54 ppm) Y 1 AYY ™ lofinmndumnaiin
HMBC Wui1 ring A, B uAz C vasmriilianwcialnzaaing 23 CH, -25 dhudunssainfinun C-8
miumyulévn long-range correlation wIn Hy-26 i3 C-7 uAz C-0 uazwan H-7 luii C-26 (7 6) Ring B
fdnwniziiln aromatic ring Hy-25 Ssurnadtyginifiieuti downfield niundi dniumuueslnssadiefhia
sulufigndio ring C ¥ unnaonfidunis 8-14 uaziinmiausielnaizswinafumis 1-14 ningwfiuans
fuigg It NMR o laiwu long-range correlation 33119 H-7 i C-14 uWNAUWLTEVIN H-1 AU C-13 uae
c-14 suduveslnsarhafi ring D uaz E vzumnetoyn NMR fimeandoaiumy 20-hydroxy-20-epi-tinganone
(17)

qUf 6 'H-""C HMBC long-range correlations fidnfigyfl ring A, B unz C ¥83
) a7 20-hydroxy-20-epHisotingenone IV (23)
dunalnmidiviauulessriein 20-hydroxy-20-epitingenone (17) mauflezlensadeltlvum
Sv9nl H1 aardlufiemna B Asluinwoisiduil vhik ring C. D uaz E 1eviaeg#rumdound Ang A uaz B
qﬂ'ﬁ 7) RINALR CHy-26 WAz H-15a g"lud‘mnief'u_m shield #2832 conjugated 1B ring A/B Wedl ¥3
ummoityqoili 'H NMR # upfield ni7UNR (B 25 0.54 PPM, Biu1sa 0.65 pPm) UsiWIN H-1 Telufionn a

shiunnganunsisud

. J‘ ol L ol - ol - IJ [ 7] -
winlayarineg sidsiilnranfanmugiunes ua.mnarlmilum::m:'l:wnnuﬂunnmsﬂw .
wasulnsesdrsnolden1iznia veamIngy quione-methide triterpenes SufuiAps isomer I, 11 uss i
- a P g
$armunielimslnseriainiliin isomer IV unziiadnTumsfiiin 20-Hydroxy-20-epi-isotingencne IV

(23)
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zﬂ'if"l 7 MWuNNs conformation TBIMS 20-hydroxy-20-spi-isotingsnone IV (23)

mTeft 14 'H unz °C NMR assignments T3uma HMBC 184817 20-hydroxy-20-epi-isctingenone IV (23)
(Chemical shifts Tinustius ppm 1w CDCl)

dhuva “c "H HMBC (°C)
1 53.4 425 (s) 2,3, 5,9, 10, 13, 14
2 197.1 ;
3 144.5 )
4 126.3 .
5 130.8 -
6 1220 | 7.18(d. J =79 Hz) 4.8, 10
7 1200 | 7.10(d. J = 7.9 Hz) 5.9,25
8 134.1 )
9 138.9 -
10 137.1 -
11 238 * 2.81 (brd. J = 14.8 Hz) 8.9, 12
B 2.91 (ddd, J = 14.6, 7., 1.8 Hz) 8. 9, 10, 12, 13
12 337 x 1.86 (dd, J = 14.6, 7.1 Hz) 9. 11, 14
B 1.22 (brd. J = 14.6 Hz) 9, 14. 18, 27
13 443 .
14 44.8 -
15 312 o 0.65 (ddd. J = 14.3, 6.0, 3.8 Hz) 14,18
B 2.20 (m) 26
16 38.8 o 1.66 (ddd, J = 15.0, 12.0, 6.0 Hz) 15, 17. 22, 28
B 1.47 (ddd, J = 15.0. 6.0, 3.8 Hz) 18
17 265 -
18 48.3 1.80 (dd. J = 8.4, 3.8 Hz) 13, 16, 20, 22, 27, 28




mTaft 14 (vie)

fMuniie e H HMBC?C)
19 38.9 a 2.23 (m) 20
p223(m) 20
20 73.5 -
21 215.2 -
22 492 o 1.89 {dd, J = 14.5, 0.9 H2) 16, 17, 18, 21, 28
P 3.06 (d, J = 14.5 Hz) 16, 17, 18, 21, 28
23 118 2.24 (s) 3,45
25 20.6 2.34 {s) 7.8896
17.8 0.54 (3) 1, 13, 14, 15
27 185 1.54 (s) 12, 13, 14, 18
28 22 0.97 (s) 16, 18, 22
29 20.6 1.46 (8) 19, 21
3-OH 6.31 (s) 2,3, 4
20-OH 3.21 (br.s) 19

2.11) 19,20-Didehydro-isotingenone [il (24)
19,20-Didehydro-isotingenone i (24) lianwmuiciiiu lacquer Mwiinsdeu (EtOAC) #1 [alo -87° (c 0.1,
MeOH) iniayava spectroscopy Fait
UV A, (MeOH), nm (log €) : 260 (4.50), 305 (3.55)
IR V. (thin film) cm’' : 3600-3100, 2930, 1718, 1658, 1621, 1454, 1379, 1268, 763
EIMS 70 oV, nvz (rel. int.) : 418 [M]" (2). 403 [M-CHy]’ (2), 263 (2), 241 (8), 214 (4). 201 (6)
NMR gerifl 16

nmieya MS msﬂﬁﬁ'-mi'nhmqn 418 a.m.u. 1N ' 'C NMR uaz DEPT spectra ﬁaq:]gm‘[umqn
BDIMTRAABCgH.05 nifa‘n‘l'ga 'H NMR Tndifinanuens 20-Hydroxy-20:apl-isotlngeno:e hi (19) an ueidl
‘n'?'mnmi'umhei'amu 2 tszmsfin WURYQIMYDI H-10 IRLIRQQIMIALL Sarlsingidunsia downfield
ann (5 6.70 ppm) uasEGYEYIMVDI CHy-29 @iy downfield annining (5 1.83 ppm) iudnemsvamy




45

methyl Aifimus double bond 131l SamatmsilifiueyRutues 20-Hydroxy-20-epi-isotingenone 11l (19) it
msgmti'tm':‘l 1 Tuiananenfidumis 16-20 tmiu double bond sdwinluianaSetonns 18 units manan
ﬁumuuuuﬁpuﬂmnmtﬁnmi"mmnﬁn HMBC Qﬂ'ﬁ 8) WY long-range correlation T INAYYIMVDS
methine proton 7 5 6.70 ppm 1153 C-17, C-21 uRz CHy-20 Safuduliiftyg e’ proton wuiiluees H-
19 WASWU long-range correlation 31N methyl protons i 5 1.83 ppm 1Ude C-18 uss C-21 Sadwdulih
methy! protons %wiiln Hy-29 wana1nii ileifin double bond Adumsie 19-20 Sa5AnNmIzYes conjugated
ketone I RYQNMUY H-19 SatlIngTidumis downfield N1 methine proton tinfivialll ussifladaine IR
spectrum finuFgynuil 1658 cm™” fimiumun1afima conjugated carbony! iulaserirclusuiu szumng
Yoya NMR Ameandnafirynams 20-Hydroxy-20-ep-isotingenone Iil (19) Salilasariufindoudu Tav
chromophore 1 ring A/B/C #iilw diviny! phenolic fiuwma UV spectrum Amiliauiu

Tnuqtl‘ianmmﬁlpﬁ!nﬂmaﬁuwanﬂ‘ho‘l' Wuamsnilnsorinlng uaziFundod 19.20-
didehydro-isctingenone 1l (24)

51f 8 'H-'"C HMBC Iong-range correlations fiinfgyf ring E 09
-
m3 19,20-didehydro-isotingenone IlI (24)

o1Taf 15 "H unz '°C NMR assignments Tauvi3 HMBC 7183my 19,20-didehydro-isotinganane il (24)
(Chemical shifts T1uiiudia ppm 1n CDCly+CDL0D (1:1))

Fumis Sc 'H HMBC ("C)

3 1089 | 6.69(s) 3,5,0

2 144.3 -

3 142.3 -
4 120.6 -

5 121.8 -

8 120.7 6.39 (d. J = 8.9 Hz) 4, 5, 8, 10

7 1374 | 830 (d. J=9.9 H2) 5 8 90

8 44.2 -

9 144.3 -

10 1302 -

11 1206 | 5.52 (¢d.J = 65. 20 Hz) 8. 10, 12, 13

12 37.4 o 2.10 (dd. J = 9.5, 6.5 Hz) 9. 11, 13, 14, 27

B 217 (brd. J = 9.5 Hz)
13 41.5 -
14 40.2 -




mTf 15 (vin)

416

fumis “c H HMBC ( °C)
15 24.5 o 2.08 {m) 13, 14
B 1.43 (m)
16 34.9 o 1.43 (m)
B 1.80 (td, J = 14,0, 3.8 Hz)
17 35.0 -
18 51.2 249 (d, J =5.8 Hz) 13, 18, 17, 19, 20, 22, 27. 28
19 148.4 6.70 (dd. J =58, 12 Hz) 17, 21, 29
20 138.2 -
21 2028 -
2 478 o 2.89 (d, J = 17.7 Hz) 16, 17, 21, 28
B 1.90 (d. J = 17.7 Hz) 16, 17, 18, 21, 28
23 11.2 2.19 (s) 3,4,5
25 27 1.07 (s) 7,8,9 14
28 19.3 1.10 (s} 8. 14, 15
27 19.9 1.03 (s) 12, 13, 14, 18
28 31.9 1.06 (s) 16, 17, 18, 22
29 15.9 1.83 (s) 19, 20, 21

3. MminTssugnddmiol fmlu

- , & y - om o
MURNANLILNM n11.ﬁﬂ1ﬂu’lﬂﬂ“ 1) 1 ‘:Elﬂﬂ'lmm‘ quﬂlﬁ‘mhiltﬂl 11, lﬂ“l“l'lmrs‘l m3

- y [ [ . - . - £ &I
nqni'r'nzﬂug"luhuwﬁ'n'lﬁ m‘ﬁnnummfummauunnw'li'nsmqnfﬁmnmzunns nak 1wl
MAMANYB bioassay-directed fractionation

nm?gnﬁﬁwmnwnuqniﬂi’uﬁ ntﬁ'm‘fauunv‘mﬁn (m17 4-8, 7, 9-15) uniiw paimitic acid (8)

unz P-sttosterol (8) MR INNTIfEIATIEA (N7 10, 18-25) wasmanasulfluntstedaamsd (mr 9,

16-17) HAMINTIRELOVBUARIRIMI WA 16 WirevIndu steroids (113 7. 13 uAz 14) triterpenes (M3 4,

8 unz 11) unz 15 Lifignd  Invniefins 9, 16 unz 17 fanuiivfindontrons uszamfiidonnmia

#awmTzW lawzms isotingenone Il (18) 22B-hydroxy-isotingenone Il (10) UR: 20-hydroxy-20-epi-
Isotingenone [l (19) imis Aumnagmifitamle uasiisn selectivity index 3 nnd1 5 faumy 12, 20-26 §i

selactivity index fhan
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unil 4

unianin uazaql

1. NIANAU umrm.ﬁgwi.r
&

a‘m’ai’ui{nmmnﬁauunmtu-':qn'{mmuﬁannagumummiu 12 yiin huunmtmd‘nftﬂunaju

mulasaniramanil dail

1. Sterods lAuray B-sitosterol (6), B-sitostenone (7), B-sitosterol-3B-D-glucopyranoside (13) uks
5a..6a-eporystigmastan-3[3-ol (14)

2. Triterpenes 1Rurias glyptopetolide (4), isoarborinol (5) WRs salaspermic acid (11)
Quinone-methide tnterpenes uazpuWud IWurias 22B-hydroxy-tingenone (9) uRz 22B-hydroxy-
isotingenone |l (10) uUR: B8-oxo-20-hydroxy-20-epi-tingenol (12)

4. mulntaaadug 18uriaT paimitic acid (8) uRs 2R*.3R*,55™trihydroxy-6R"-nonadecyl-
tetrahydro-pyran-4-one (15)

- - .odw . - «
m3 12 uaz 15 iflumslnseadalnintampiinoawuinew

2. midudwgmiddiisinmey

m7 12 filesami9InAn 6-oxo-phenolic-D:A-friedo-24-noroleananes ALl intermediate YDIMT
FrdanTsviuosmslassrfavan quinone-methide triterpenes © wisansiiFrfanmsinnnmslnsands
WRN quinone-methide triterpenes ' i’auualuuuuqﬁﬁ 9 MumT 15 At TRan TV acetate
pathway i’auua'luunuqﬁﬂ 10

qunonc-methade trilerpencs

wHWNiN 9 MUAREIWIGEI RNATIDR V03NS 6-0x0-20-hydroxy-20-epi-tingenol (12)



(311 1l

IlOWCnH_\;) 11} Cirtlss)
0 0 o

HO.,,

O _...-'\/lcl'-'"JS) HO /() ()] CrzHas)
= . -
Ho" "OH Ho OH

unnniifl 10 muyRgMIATIRINTIZWYBIMY 2R*, 3R*,55*trihydroxy-8R*-nonadecyHtetrahydro-
pyran-4-one (15)

3. n1sfeiaiaTeiounudups isotingenone Il

n1738L#wLIIMS 22B-hydroxy-isotingenone il (10) uansgmBmwlaim3u uazilét selectivity index
Fhiewle ‘ie'li’m'iuunqﬁ'uhmmsﬁ‘én 2 viin Taamanivumsivin  TaalS38ReRsnmsismminadud
afnuonldeinmmifenduuasiisit ' duries tingenone (16), 22f-hydroxy-tingencne (9) Az 20-hydroxy-
20-epi-tingenone (17) wnTuafiuans isotingenone Il (18), 22B-hydroxy-isotingenone 11l (10) WAE 20-hydroxy-
20-epi-isotingenone 1l (19) mud ey UjATurmAniiu acid rearrangement ﬁnn'lni'aume'luuuuqﬁﬂ 1n**

RI"I.. R:

Ry R: Ry
16 H Ciiy H
v H CH; ON
17 CH; OH H

Ri Rx R:
18 H CHy 1
10 H Cil; OH
19 Cij; o1 I

uunBf 11 nalnlfAsuantifafainsizvims isotingenone I1i (18), 22B-hydroxy-Isotingenone 1ll (10) uaz
[ ]
20-hydroxy-20-epi-isotingenone |il (19) 9INM7 tingenone (18), 22B-hydroxy-tingenone (9) uas
20-hydroxy-20-epi-tingenone 11l (17) MufaY
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InmIfsRaaTzd munIorieuunms byproducts & ¥&n 1durms 6B-(2"-oxo-propyi)-tingeno (20).
63-(2'-oxo-pm|:;yl)-22[5-hydroxy-tlngenol (21), 8-(E-2'-oxo-propylidene)-22-hydroxy-tingenol (22). 20-hydroxy-
20-epi-isotingenone IV (23), 19,20-didehydro-isotingenona Il (24) usz 6[3-(2"-oxo-propyl)-20-hydroxy-20-epi-
tingenol (25) mm 6 Wimilanaaslmiflimeinoemwannes

nelnnsiadanTeiusams 20, 21 uaz 25 medufineinmavuiiowves acetone Tu methanol Al
umrrzay ﬂeﬁpﬂﬁmnmﬂﬂﬁuuﬁﬁ‘mzﬂ‘m Tnuilole acetone unu methanol szwumIWELTN
ufinsuatman 1ile acetone ¥nlfjAtuiunsn exifinUfATun enolization aglugy enol Safinoumuiiin
nucleophile NRITINIW w1t §jiSen Michael addition fdunis 6 YsIMININL (u.uuqﬁﬁ 12) iAmiln
wy acetonyl Walluan usseein mT 21 tfinu AT dehydrogenation Adumia 6,1' vieldiTiums 22

Hsc\g/cu,
I
H—ngf‘ CH,
ck
!

HC/ CH,
&

uﬂuqii'\ 12 muﬁpana‘lnﬂﬁﬁ?mm:ﬁaﬁmﬂzﬁm: 6B-(2"-oxo-propyl)-tingenol (20), 6B-(2-oxo-propyi)-
22B-hydroxy-tingenol (21) WAz 63-(2"-oxo-propyl)-20-hydroxy-20-epi-tingenol (25) 4Inaz
tingenone (16), 22B-hydroxy-tingencne (9) WA 20-hydroxy-20-epi-tingencne (17) muday
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nalnnsfladains1sfueasns 20-hydroxy-20-epi-isotingenone IV (23) munTanalinuunugiif 13
Tovludsuinueanalnmafedjidurecaonadesiuntsifin isomer | © Saiumsuinsudsionilafifin

Inm Il §fisuresmsnsgu quinone-methide triterpenes mlian1znIa usilumaifin isomer 1 il ring
c unneen whifinsiia ring Imaimflaums 23

#IUMT 19,20-didehydro-isotingenone Il (24) ifine1nl{ATun dehydration muldanazniei
fnunis 19,20 ¥aamMT 20-hydroxy-20-epi-isotingenone i (19)
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PHENOLIC-(9-58)-D:A-FRIEDO-24-NOROLEANANES:
A NEW CLASS OF ANTIVIRAL AGENTS.
Uthai Sotanophun *, Vimolmus Lipipun ° and Rapepol Bavovada ©

b Facully of Pharmacy . Silpakorn L miversits, Nahorn-Pa:hom. Thaila:d
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ABSTRACT
Antveral acnvit: of chemcal constities s fron G- popetaliuom scicrog orpum Laws 1Celastraceaed wore evaluated
v a plagire reducnon assay Thiree cong omds with g phenolie-00° —=81-D A-fricdo-24-rosatoanane sheleton

notngenone 1 la, 22 hvdrosyv-nsonngenone 11 2a and 20-Indrozy Q0-epr-sonngenone e 3a. displa: od actnvines
aga:nxt herpes sumplex tvpe 1 (EDw 3.5 cnd 2 ug ol respecavelv) amd herpes simples npe 2 (EDg, 4. 6 and 2 g,
rospectively)  These compounds were sem-sonhesized from nngenone Ih, 22 B-hvdrosy-tngenone 2b and 20-indroxy-
20)-cpr-timgenone b, respectively.
KEYWORDS: phenolic-(9 —»8)-D: A- friedo-2d-norolcanane, untiviral activity, Glyptopetalum
sclerocarpum

INTRODUCTION

Anuviral actuivity is one of several interesting biological activities attributed to chemical constituents
from plants belonging 1o the family Celastraccae. Some of them were salaspermuc acid [ 1), tmptenfordin [2],
neolnpiertordin {3) and triptotordin C-2 [4]. for example. We ever reported an anti-HSV compound,
sclerocarpic acid, isolated from Glvpropetalum sclerocarpum Laws. [5]. In this conunuing investigation,
three phunoilc-(9—8)-D: A-friedo-24-norolcananes : 1sotingenone 11 1a, 22B-hydroxy-1sotingenone 11 2a
and 20-hvdroxy-20-epi-isotingenone [1I 3a. were prepared from tingenone derivauive (1b-3b) [6]). Their anti-
HSV activitics were preliminarily evaluated.

MATERIALS \AND METHODS
Scmisynthesis of isotingenone I Ta, 22[-hydroxy-isotingenone Il 2q and 20-hydroxy-20-epi-
isotingenone [l 3a
Isotingenone 11 1a. 22B-hydrosy-isoting.-nonc 11l 2a and 20-hydroxy-20-¢pi-1sudngenone 1 3a were
prepared as praviously described [6]. 13rieily, Lingenone 1b, 22]3-hydroxy-tingenone 2b and 20- hydroxy-20-
epi-lingenone 3b v.ere obtained from the siem bark of Glyvpropetalum sclerocarpum [7). Dissolved each of
them in 1*4 hydiochlornic acid in methariul and left at 28-30°C lor | hour. Then the solution was diluted with
waler and extravted with ethyl acetate. Ethyl acetate extracl was subjected to a silica gel columa
chromatvgraphy cluted with #n-hexase:dicthyl ether (I:1) to obtain compound la-3a from 1b-3b
respectively.
Physical :ind spectroscopic data of 1a-3a were consistent with :hose reported [6-8).

Auntiviral assay

IMlaque reduction assay [5] was used for testing antiviral activities against herpes sunplex type |
(KOS) and herpes simplex type 2 (Baylor 186). Dilution in 10% dimethyl sulfoxide in completc medium of
st subsiance was muxed with an equal volume (25 ul) of viral solution (30 PFU/25 ul). The mixture was
incubated at 28-30 "C for | hour belore 50 ul of Vera cells suspension (6x10° cells/ml) were added and
furdher incubated at 37°C in 5% CO- humidilicd incubator for another 3 hours. Then, 75 pl of 1% tragacanth
in complete medium was overlaid and incubated for 2-3 days. The concentration that produccd 50%
inhibition of plague formation was determuned. Acyclovir was uscd as pos:itive control.

Cytolonicity was evaluated by mixing 25 ul of dilution of test compound with 75 ul of Vero cels
suspension. The mixture was incubaied at 37°C in 5% CO, hunndilicd incubator for 2-3 days.

RESULTS AND DISCUSSION

Based on :nechanmism peoposed in literature [9-10]. compounds 1a-3a werc prepare from compound
1b-3b under acndic conditton (Figure 1), 3y companing their physical and spectroscopi: properties wilh
those reported [7-8]. 1a-3a were identified as 1sotingenone 1 ta. 22f3-hydroxy-isotingenone 111 2a and 26
hydroxy-10-¢pr-1sotingenonc 111 3a. respestively.
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Figure I - Scmisynthetic mechanism of la-3a from 16-2b bused on literature [9-10).

Compounds 1a-3a displaycd antiviral activities against 1ISV-1 and 1ISV-2 (Table 1). At 20 pgfmi,
nearly all viral werc inhibited. whereas they did not cause toxic activity to Vero cells. But when
concentration was increase 10 50 pg/ml, 100% of cylotoxicity was detected (FFigure 2). The divinyl-phenolic
moiety of the structurcs, especially the phenolic groups hke that found in some antiviral tflavonoids and
hydrolysable tannins [11]. may be importance for the acuvity. However, more study on structure-activity
relationship of this compound group should be continued, at least, to improve their selectivity.

Table I- Antiviral activities and cvioroxicin of la-3a.

- T Antiviral activity (EDx,, pg/ml) Cytotoxicity
HSV-1 HSV-2 (Cs0. pg/mi)
Isotingenone 111 1a 3 4 35
223-Hydroxy-isotingecnone [11 2a 5 6 15
20-Hydroxy-20-¢pi-isotingenone Il 3a 2 2 35
Acyclovir 0.06 0.5 >50

In previous report [6]. we found that compounds 1a-3a were non-active against bacteria and fungi,
while their parents [b-3b displayed potent activities. Anuviral test of’ 1b-3b was impossible owing 1o their
drong cytotoxicity. It was interesting that after structure of quinone-methide triterpencs (1b-3b) were
rearranged 10 phenolic-(9—8)-D:A-friedo-24-norolcananes (1a-3a), the anubacterial and antifungal activities

were substituted with the anuviral activity.
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