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Carbon-carbon bond formations based on the reactions of dianions are of interest, because high
regio~ and stereoselectivities towards electrophiles have been achieved. Among these dianions, the vicinal
dianions of succinic acid derivatives have been extensively demonstrated to be useful reagents for the
preparation of various classes of compounds. In the course of our study on using succinic acid derivatives
as versatile 4-carbon building blocks for synthesis of some natural products containing the Y-butyrolactone
nucleus, including lignans; we investigated the reactions of the vicinal dianions 1, 2 and 3, which could
be obtained by treatment of triethyl ethanetricarboxylate, diethyl @-aroylsuccinates and (48,5R)-3,4-
(dimethyl- 2 -oxo-5-phenyl-imidazolidin- 1 -yl)butane- 1,4 -dione with 2 eguivalents of lithium diiso-
propylamide in tetrahy-drofuran at —78 °C for 1h. The vicinal dianions 1 and 2 reacted with carbonyl
compounds regioselectively at [3-carbon to furnish the corresponding [3-hydroxy adducts which underwent
lactonisation to provide y-butyrolactones 4 and 5, respectively, wpon acidic work-up. These Y-
butyrolactones were found to be versatile inter-mediates for preparation of various types of compounds.
Thus, y-butyrolactones of type 4 were converted into (+)-lichesterinic acid, (+)-phaseolinic acid, (£)-
nephromopsinic acid and {t)-dihydroprotolichesterinic acid. Furthermore, (-aroyl-Y-butyrolactones 5
were used as starting materials for syntheses of t-arylidene-y-butyrolactones 6, 2,6-diaryl-3,7-
dioxabicyclo| 3.3.0]octane -4,8-diones 7, thuriferic acid ethyl ester and analogues 8, and picrodophyllone
(9). The bis-lactone of type 7 was used as an important precuser for the preparation of gmelinol (10),
which exhibited anti-malarial activity. Highly diastereoselective alkylation of chiral vicinal dianion 3 was
also investigated. The method provided a new general strategy to (R)-[-arylmethyl~Y-butyrolactones 11,

which are important precusors for syntheses of some lignan natural products.
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QOur research group has also searched for cytotoxic lignans or other types from piants with the aim
of obtaining lead compounds for the development to anti-cancer drugs. Eighteen species of Phyllanthus
were collected from all parts of Thailand. Only two species, Phyllanthus taxodiifolius and Phyllanthus
acutissima were chosen for detailed investigation as the potent cytotoxic activities were found in their crude
MeOH extracts and the fractions from the partitions.

Ten componds have been so far isolated from Phyllanthus taxodiifolivs. The structures of
triterpenes 1 and 2, lignans glycosides 3-5 and 9, and amides 7 and 8 have been characterized.
Compound 9 is a new lignan glycoside. Cytotoxic activity evaluation of compound 1-6 have been carried
out, but the evaluation of compounds 7-9 is in progress. Compounds 3 and 4 showed potent cytotoxic

activity in several human and mammalian cancer cell lines.
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The investigation of Phyllanthus acutissima has resulted in the isolation of seven compounds. The
structures of four known canthin-6 one alkaloids 11-14 and known coumarin 15 have been identified.
The structure elucidation of two isolated new triterpenes 16 and 17 have not been fully characterized.

Cytotoxicity evaluation of all isolated compounds against a panel of human and mammalian cancer cell
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@1 182 coumarin 8n 1 @1  alkaloids 151:\1 4 o nuniia canthin-6-one alkaloid l@WUA canthin-6-one
(11), 9-methoxycanthin-6-one (12), 1-hydroxycanthin-6-one (13), 9,10-dimethoxycanthin-6-one

(14) &4 coumarin fugnlada scopoletin (15)
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Tenmsuanasein Phyllanthus acutissima @eend 2 BedivSinauannnd Usngihuenas
Yo al g 1 =1 ld o ] -l
triterpenes L@AN 2 67 Aas 16 uar 17 S1IMaaENd cyclopropane ring BENEILAUI 13, 14 U
. . v oW ' & a '
olefinic protons 2 protons L@% aromatic protons Bf‘_ﬂﬂﬂﬂﬂ‘i‘h‘iﬂ?ﬂ meaniluaslming 2 d udiilasan
. wr o & ' + = o ¥
WBnES 2 il le LLa::m‘smamLfJumiﬁ'[maqa'lﬂmmn (M = 614 uaz = 658) FEIMEIANT
v = T Sy = , ., - v o
lanaumomaiiannaalainsalallifududaludn s cytotoxic activity vatssiuenlavudisans

2y



HanINININE



12

INAEMEMTAIATIZH

Tuszgzusnesnidde lawenmasjsnilufimawtonns 5 waz 6 dwslfiludinadlums
iSpuasusznau O -methylene-y-lactones 7 s (t)~methy1e:nolacmcin1 ilae (t)-protolichesterinic
acid” [pamIBLATEN vicinal dianions 3 Uz 4 9INITUSENAU succinic esters 1 waz 2 TagTvnu{Asen
fiu base Pmazaa uazAnwUfi3enua43iuny carbonyl compounds Teewiaezlamsusznau 5 uas 6

ar J
INABIMS (LHUAT 1)

oo
LLEHENN 1

PhMeSin_-COMe Ph;MeSi. @ COch RCHO MeG,C SiMePh;,
- [ 1 2Ly ..o--C @ CHzofbasee
then H 0 then H;0
COMe COMe R™ ™0 ea HOLC
0 o x4 R Q o
il -
i
(MeO); P __CO,E ® CH;O/base
\I: z ase (MeO), \|:C02E RCHO E@zcﬁ: (OMe); then Hg(@
CO,EL CO,E! then Hg R o O
2 4 6
HO,C HO,C :
CsH ™ 0 0 Cist™ Y07 ©
{(#)-Methylenolactocin (£)-Protolichesterinic acid

1. MAATINFITINAY  dimethyl o~(methyldiphenylsilyl)succinate (1) Wwag diethyl o-(di-
methoxyphosphono )succinate (2)
asoa3eNas 1 e 88% yield laavinlffi3en conjugate addition 5swIN (Ph,MeSi),CuLi
o 3 4 .
(1 equiv) AU dimethyl fumarate (1 equiv) Y tetrahydrofuran (THF) # —78 °C ifluia) 2 #u. ms

iy (Ph,MeSD,CuLi  smnsowmdeuldleshenndiifenssuing  lithum AU Ph,MeSiCl
o ar & . = v
(methyldiphenylchlorosilane ) Tu THF # 0 °C Uszaned 3 #n. wasntuAaeLdnas iU copper{l)
- ° » s . . -
cyanide (0.5 equiv) 1 suspend 14 THF fl 0 °c azldmsazanaddua (Ph,MeSi),CuLi/LiCN

COzME thMeS! COzMC

/“/ (PhyMeSi),Cul.i \':
CO,Me

MeOLC THF/-78°C (38%)

duans 2 Dlawnainjidenszwig wimethyl phosphite fiu dimethyl fumarate 1oaidi phenol Y14

- | - a 4 W o o .
atigenanmgl 150-160 °C tszanm 5 ¥u.” wasnInnaumalaanudy sldas 2 66% yield



13

COzE[ {MCO)

/“/ (MeO)P
Et0,C @,0}{

2. M3AnIBMTeIeN uss Uji3euas vicinal dianion 3

CO,Et

CO,Et

7
=0

Tumsinndudu Idneanuaiey vicinal dianion 3 Taelwislsenay 1 (1 equiv) HUAA%eN
U lithium diisopropylamide (LDA, 2.2 equiv) Tu THF i -78 °C 1 . WEWAN acetone (1.2 equiv) a9
T reaction mixture Uaaal$dl -78 °C 2 mw. w@Sud? workup da# dil. HCl Wy @15048nans 8a
168 57% yield laiwuinfimansiidesms 5a (R, = R, = Me) (e Tuinuaudenfudlaly dianion 3
UfA%e1iy carbonyl compounds GI8W (é'mi‘ﬂﬂum'mﬁ' 1) Alamsusznau 8b-8e 1wl oy
TiwuTniemstsznaulssam 5 Agaems

aunseadinonmsiinasUsznautsziom 8 lade UN3en regioselective addition #4 dianion 3
nu carbonyl compounds Lﬁﬂﬁuﬁ p-carbon Y24 dianion 3 a:l@ alkoxide intermediate 9 "Ef‘ﬂ:gn acidified
e dil. HC 2zld®s 10 @15 10 1ie acid-catalyzed 1,4-silyl group migration 970 carbon lUEA
oxygen atom Femaifinlglind lactonisation sauaaaliluumudad 2

|
LLAUEIT 2

thMeSt COQME 22 LDA/ THF thMCSl @ COzMC @
« g Li
B CO,Me  -78°C, 1h CO,Me
| l
0,M Ph,MeSi~_&_-CO,M )O'\ Me0,C Serh
Ph 51 £51 C
LMeSi @ .-COMe @ 2 2 , ® R R, R,
2L -— L 0
S0 o R3 0
CO,Me COsMe 7800
R; R;
9 3 5
X
0,
lH@) lR’ R, 78°C
|
Ph,MeSi CO;Me H@ 2_.CO,Me
HO ——  Ph,McSi0._, >
CO,Me CO,Me
R) R, R R;

10 8
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4 o
ATTMN 1 MSIeIBNETY5EnaY Ba-e

@78 RS r" 9% Yield" Syn : Amti®
8a CH, CH, 57 -
8b ~(CH,),- 42 -

o]

8¢ H ¢ ﬁ 61 24 :76
0]

8d H MeOQ/ 45 17 : 83

OMe

8e H J@L/ 55 30: 70
MeQ OMe

: bu
" Isolated yield; J@lAt H-NMR 989 H- 4

#515znay 8a-e ﬁtﬂ%ﬂu1ﬁ'ﬁ 16 characterized ToerTlef spectroscopic methods ‘S‘Juﬁ‘i? elemental
analysis 978 IR spectra YBNE1T 8 LA carbonyl absorption peak %84 carbomethoxy group ?Jl 1739-
1740 cm”” MImanaiuyes syn- L@z anti-diastereomers wilplasin coupling constant 984 proton ¥4
OCHAr ¢iidia

syn-isomer & 5.06-5.52 ppm (d, J = 3.3-4.7 Hz)

anti-isomer & 4.75-5.17 ppm (d, J = 8.0-8.5 Hz)

msflansaduaszims 8 18 lddulale dianion 3 dheauase 9 daliansdudu 1
YIGA3ENAU LDA (2 equiv) Tu THE # -78 °C lenenenuigaimsiiia dianion 3 laams tap e
D,0 #ia CH,CO,D a8 quench &159zae THF #8¢ “dianion” wuh lifl “deuterium incorporation” 147
1 - uas B-carbon 2aadsBueu 1 9ldifissans 1 nduduan (iaese wap @28 acetic acid filoas
1 nAUAMLUAY waaeh “dianion 3" Hamaaes usilalWasazas “dianion 3” WUAATEIRL methy]
jodide (3-4 equiv) T@B#l hexamethylphosphoramide (HMPA) agey ﬁqnﬁ‘lgﬁ -78 °C ﬁqqmwgﬁﬁm
ldanansousna1s B-methylated product 11 16 17% yield wazans o, B-dimethylated product 12 lat
16% yield MawanIsmaaasi v lwiBaldinie dianion 3 93 1 FUGAZNAY methy! iodide wUY
regioselective # B-carbon a:l@as 11 uaz enolae 13 'éﬂ:ﬁ’]ﬂﬁﬁ?ﬂﬂﬂﬁuyitﬁwﬁ'ﬂmrl workup 16
s 11

1faa3ld electrophile dae@figeRurUFASNAU dianion 3 @d acetone ({udsn uaz methyl
iodide 1T electrophile $afidee (Ravsuaasliiiu regioselectivity 289 dianion 3 LaWMUGAZAY
electrophile gahuilely dianion 3 MUHASENAY acetone (1 equiv) § -78 °C 2 wu. w@hwd 1@u
methyl fodide (1.6 equiv) waz HMPA asly uasialy Toaeae o Udeel¥deammpivasdady vl
§NIOUANENS Ba I8 33% yield Uz 14 21 % yield (Quanksfl 3) maifiams 14 adingldmu
WA 4



Ph,MeSi

Ph,MeSi
AcOH

———

thMeSi\ECOzMe

COzMC

CO;Me

Ph,MeSi0
CO,Me

Me Me

8a (33%)

M
® M}=0

thMBSl &) COzMﬁ
RS
S

COEMC
3

—_—

15

HAHASH 3

oM 1. | eq. LDA/THF .
2vie -78°C, Ih Ph,MeSi CO,Me
—_—
O CHO
COMe 2. ¢ ]@’ CO,Me
(&)
1 1
-78 °C
22 eq. LDA/THF
-78°C, th PhoMeSi CO,Me
y Me COMe
11 (17%)
@ _.CO,Me Ph,MeSi co
: @ CHyl Hpa, | T2ESING-COMe|
2L Li
© CO;Me -78°C 1o RT Me CO,Me
3 overnight 3
\I\ie]
Me
Me . PhMeSi~_| - CO,Me
L >=0 , -78°C
Me
2. CHyl/ HMPA Me~ TCOMe
-78°CtoRT
. 12 (16%)
overnight
Me CO,Me
+  PhyMeSiO
COEMC
Me Me
14 (21%)
o q‘
HWHHHIT 4
Me( MeO,
COzMﬂ ® Mel COZME @
(S 2L ——— Me Li
HMPA
SiMePh, SiMePh,
lH+
MeO MeO
2 CO,Me 2 COMe
Me 1.4~ Silyl Me
H
migration SiMeP
OSiMePh, e hy

14
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v a__yoao v oS w . . jmma P o
IsmaaaariufidenlesIWasdusu 1 (1 equiv) Yuji3enifu LDA (1 equiv)/THF #i -78 °C
Voo . . = P v ' Vo aaa ar v
W@ piperonal (1 equiv) 8lUR 78 °C udwdasldhufAten 2 v, 89N workup Mg dil. HCI
' [ E » v v a2 w W oA &
wuhazligansousnansusznavdszian 8 wia 9 laias uassldmaSueu 1 nsvdwdaunivue 30
T J’ B [ '3 * b= J r b -3 Sy @
pamsnaaanna i 19 @eT dianion 3 Heduwduaunnmslims 1 WMU{AZefY LDA (2 equiv) Tu
o o
THF #1 =78 °C 1 oM.
iﬂﬂmiﬁﬂ‘nﬂi‘l"]\'lﬁ’uﬁ\ulﬁ‘i"lﬂﬁﬁ%ﬂ’mﬂﬂ dianion 3 iy carbonyl compounds ‘leljﬁﬂﬂijﬂ'l‘i
- > ' o (oan W o
Uszian 5 Hidaamsle ua regioselectivity 789 dianion 3 VMUY electrophite aztifulymud
*lv -~ "l]. w . ) N o ae ar . I3 P o . . 6 el
PG APl anion 91 B-carbon WMUHRILINU electrophile Aau HBINNIEVUIAN reactive ninh a-
& . i L o d e g . o o
carbon WaNANY acid-catalyzed 1,4-carbon to oxygen silyl migration MAAYUALTIY reaction iauls &
o = as o w
armhlidszandlums@nsifienfumsdszonau « e
M = 4 . ) ™
manldgansaedouamslienn 5 Fnduas key intermediate STuSumMsasanaTlsnay o-
methylenc-y-lactone Ussinn 7 16 Jawenenudnw/§ji3enaad dianion 4 wnu svlnngsessiioalui

dof 3
3. msAawU{N3e1984 vicinal dianion 4

dlolwas 2 Ynu§isentu LDA (2 equiv) Tu THF # -78 °C Wil 1 74, MATUAA dianion 4
Toeduusnavia anion 15 fau F19:/hUFASnRy equivalent fidadas LDA 11lUg dianion 4 ialivh
Uiji3eniy acetone (1 equiv) 1 ~78 °C w 2 7. ud workup Taendia dil. HCI aalU @nsousnas
Usznay 16 198e 379 yield loefbisnnsawenaitsznaudsznn 6 fAgsamsle lanufiseuden

fuiiudsl HMPA atjdheflduauiudniy usnas 16 16 31% yield naaasfi%eniu cyclohexanone
Awuiiesle complex mixture 784 products HauanaanniueInng

duminnlanlennfia msfiasnsauenas 16 16 Jaimsihems 16 fedwsldedn 1 fu
nsiraaUjiisenzas dianion 3 U carbonyl compound (mnillgnsnuliudiluiaded 2) Aaufisen
189 dianion 4 AU acetone WA acidify #r dil. HCI ud19eldas 17 Bafia 1,4-carbon to oxygen
phosphonyl migration ﬁ‘ﬂﬂﬁﬁ‘%ﬂ"luuuﬁazwuﬁ'aﬂmﬁlu Literature” Lfiaqmnﬂﬁﬁ%ﬂwm dianion 4 iy

carbonyl compound Aaudn complex NAaTREszsam TN EdIvi nau
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il I}
(MeQ) , P CO,Et 7 LDA/S THE MeQ) ; P~ ©..CQ,E ®
\E \[ L
CO,Ft -78°C, 1h CO,Et
2 15
7
[]]
EtO2C P{OMe) , (MeO) 5 P-_©. CO,Et ®
Me o - o 2Lk
Me 0 COzE[
4
6
I /
(MEO} 2}) (<) CO 2Et
@
2Li @
©o M
CO,Et Me” T Me
Me Me
-78 °C, 2h
l H'/H,0
R0
(Me©) 5P C—OEl . CO,Et
H'/ H,0 2
HO — i (MeQ) ,P~0
CO,El CO,E
Me” Me Me Me
17 16

4. MIANINITLATUHN vicinal dianion 18 30 triethyl ethanetricarboxylate WATNITANE

ﬂf]ﬂ“‘iﬁﬂﬁ’ll carbonyl compounds

NoMIANUARTEReY dianions 3 uar 4 MESENININ@SENGY dimethyl o -(methyldi-
phenylsilyl)succinate (1) Uz diethyl «-(dimethoxyphosphono)succinate (2) lagl¥hufisendu
lithium diisopropylamide (LDA, 2 equiv) Tu THF ﬁqquﬁ ~78 °C WU regioselectivity 984 dianion 3
(i1aYU 3Ny carbonyl compound g9 Apve¥inlfA3enii B-carbon Aau vxldms 8 waY work-up 1ilu
finBamed wlilel expected product 5 Famerhasldasiiiudafigdnlumsindes o-methylene-y-
lactone Usztan 7 maiitiilasnnifin 1,4-silyl migration Tewin workup sadlenailiudy darudale
AnwUAA3enYa9 dianion 18 fiu carbonyl compound 6N 9 GHBMSNARBIRII

4.1 Ujjienuads dianion 18 HU aldehydes

Vicinal dianion 18 ﬁ’lN'\‘iﬂLG}%ﬂN%ﬂN'ﬂﬂ’Tﬂﬁi\hﬂ Taaly triethyl ethanetricarboxylate ﬁmmmﬁa
e ml§isennu LDA (2 equiv) Tu THE A 78° 1 o1, Lilaiduans piperonal (1.2 equiv) uanlaagly
Ylfisemnu 2 ou. v quenched ¢aw 1.5 N HCI udadas 7 UdaslWaamgfinesfiseds
amiiviae w@iwwd? work-up wudh alamnisznay 20 Wudnenn azlios Y-lacone 21a S
ApEwii madldiwneian "H-NMR 2849 crude product  witiisesnamdsevausdaimslle

o «2

L

aal aan P o i
a5 3enaY Y -lactone Uszian 21a TolaweneawiiBms quench URH3ensatiimesdu uaslewuiiiie
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quench Ufjfi3enan glacial acetic acid # -78°C U1 warm mﬁqmwgﬁ‘ﬁaq WaLén p-toluenesulfonic
acid (p-TsOH) Swnudniagasl w1 stir MANGY ndwni work-up andnilasdiiase ethyl
acetate WUIRZIBENS Y-lactone 21a D9 78% yield WA chromatography 1iudunanzas
diastereomer 4 03 (Hudadiu 71:11:16:2 1ilath erude product 20 M¥MUjjiisenfiu p-TsoH Tu CH,Q),

4 " - L a w o d
fgaum)iiinafefu fazldms Y-lactone 21a whudiendu (Uuuksh 5)
=) - ) .. ° aa ar .
MIINENIIALEBNENT Y-lactone 21a 1auaasiy dianion 18 T§A3enny piperonal duuuy
= a ) v ar v
regioselective # [3-carbon 489 dianion 18 u‘fll!ij intermediate 19 fiauNazle 21a %&99I0 quench €7

AcOH/p-TsOH

o =
LEHENT 5

EtO,C.__-CO,Et 2 LDA/ THF EI10,C.0. CO,E
—_— ®
-78°C/ ih 2Li
CO,EL G COo.Et
18
0 CHO
l( /-78°C/2h
0
[Et0,C.__COsEL|
)]
EtO,C CO.Et 0
C0,Et
1. AcOH/-78°C =
<O ol 0 g
2. p-TsOH, 0
78 °Ctot o~/ J
21a (78 %) -
19
1.5N HC!
-78%0rt
Et0,C. - CO;Et
HO.
CO,Et
0
o~
20

winfilawuanudndslumaeionms Y-lactone 21a udd (NlednunIfTeruas dianion
a or 1 A L}
18 fu aldehyde srBu WU9ElA Y-lactones 21b-21c wamsnaaadlgsiunulilumeed 2 asiuh
. PR v e v o . W . di a'vl vy
% yield fladouted uarletiluaiunauras diastereomers (UBUENY 6) major diastereomer Ylana

o
TC-isomer (A19199N 2)
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weueiaT 6

10,C. @ _-CO,Et

e
@
2Li

° CO,EL

2
L R
2. AcOH

3. cat. p-TsOH

EI0,C,  CO.Et EO,C CO.Et  EtO,C COEt  E0,C — LOEt

o 0 0 o ©
Compound 21 A B C D
(70) (€O (rn wn
(ﬂ'ﬁ'N‘ﬁl 2 MEENETS ¥-tactones 21a-1
. TC/CCrTT/CT
Entry 'Y-Lactone R % Yield

(or A/B/C/D)

o]

1 21a (:@/ 78 71:11:16:2"
O

2 21p ,©/ 81 70:4:14:3°
Me(>

3 21c Ph~ 78 71:6:19:4°
4 21d t-Bu 53 (80:20)"
5 21e n-CH, - 55 79:6:15:trace’
6 21F n-CH,,- 62 86:3:11:trace’

“Isolated yield.

*Determined by 'H-NMR at H-5 of the isolated product.

° Determined by 'H-NMR at H-5 of the crude product.

“The relative stereochemistry could not be assigned and the ratio was determined by "H-NMR at H-3 of
the crude product.

“Determined by 'H-NMR at H-3 and H-5 of the crude product.
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pr]
#5197l 3 'H-NMR data 284 lactones 21a-c, e, .

EtO,C, LOEt BtO,C COEt  EIOG COEt  E0,C,  LOxE

AN, LN LN L.

0 o 0 o O
A B C D
{r0) (co (rn (€n
H-3 {(d) H-4 (dd) H-5 (d)
21 Assignment & (ppm) I, , (Hz) S (ppm) JypandJ, o & (ppm) 1,5 (H2)
(Hz)
21a A=TC 4.11 1.3 4.07 7.5 (app.t) 5.73 7.5
B =CC - - - - 5.47 5.7
C= 3.98 10.7 3.76 10.7, 8.9 5.37 8.9
D=cCT 3.92 9.4 3.45 9.4 (app.t)  5.79 9.3
21b A =TC 4.20 7.6 4.15 7.7 (app.t) 5.84 8.0
B=CC - - - - 5.58 5.7
C=Tr 4.08 10.8 - - 5.47 9.1
D=cCT 3.99 9.3 3.53 9.3 (app.t) 5.90 9.3
21c¢ A=TC - - - - 5.91 7.0
B=CC 3.95 7.2 - - 5.65 5.7
Cc=TT 4.09 10.6 - - 5.56 8.9
D=CT 4.02 9.3 3.57 9.1 (app.t)  5.97 8.9
21e A =TC 3.88 8.0 3.81 8.0 (appt) - -
B=CC 3.67 7.3 - - - -
C=TT 3.89 10.3 - 10.2, 8.6 - -
D=CT - 9.4 - 9.2 (app.t) - -
21f A=TC 3.99 8.0 3.92 7.9 (app.) - -
B = CC 3.76 7.3 - - 4.46 5.2
C=TT 3.98 10.2 3.54 10.2, 8.7 - -
D =CT 3.84 9.5 3.22 9.4 (app.t) - -

cis Wa trans-stercochemistry AAMFUAUMIUNINT 4 uas 5 wBe Y-lactone 21 ausawldlas
01 coupling constant ("H-NMR) 284 proton V;m‘fuau 5 %qﬂ'smgﬁ 0 5.37-5.97 ppm 11U doublet
e J anlszane 5.7-8.0 Hz dauA J_ 9Usuani 8.9-9.3 Hz dau stereochemistry Ansusu 3
waz m3uau 4 widlaae coupling constant ¥83 proton AAIFUBY 3 Femingfl § 3.67 §4 4.11 ppm
11w doublet (Qmﬂqﬁ' 3)

4.2 M3AAYINT isomerization Y8 Y-lactone 21

4w & . = . & - : &
NPMIALE Y-lactone 21 (Hudrunsnua diastereomer 0ol TC-isomer (U major isomer WY

o 3 =] . . ' i R R
NAATUTIAIILAINITONIE isomerise FIUNTNYDY ¥-lactone Lﬁaelﬁ"lﬁ‘ TT-isomer 11U major diastereo-
v oo ’ ] - w & oo ; . . 3
mer 16 1#aanndnly isomer MAITAE stable aNnfige  daludalddnwins isomerization Tagld DBU
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(diazabicycloundecane) 11U catalyst wazvnufisenniale conditions a9 fu (muildugaslilumsn
fl 4)

Nnwamsnaansswu liBudiuain y-tactone 21 fifiuduausas isomers (entry 1 M7
# 4) WiBS N pure isomer TC-21b (m‘:m‘?i 4, entries 2-5) 2eld TT-isomer 1l major isomer LB
CC-isomer ({1 minor isomer 184N stable Wanfign conditions MminzaNHaRdMIU isomerise
Y-lactone 21b A159z1{luns1d DBU (0.25 equiv)/THE/aamgiiviea 2%y #eld product ASUAWIN
919% yield wasiigndiuwas TT-21b &1 79 d (MaNA 4, ey 4) Juihduneilivihms
isomerisation ‘ﬁﬂ.ﬂmgﬁ 40 °C H%aﬁ?ﬁﬂﬁﬁ%m‘li’mu 7 Tu Mg o, B-unsaturated ester 22 Usz
12-22% yield m3tiags 22 aswnelalat mechanism ﬁuam'li‘luaumi &7U paraconic ester 23 219
EAANIAN DBU catalyzed deethoxycarboxylation 284815 21b ﬁgﬂ isomerized 4 equilibrium WA 04
udmeaziiiud @5 23 iy pure trans-isomer

EO,CH  coEt Ei0 COLEL
: 2 = : H COLFL
5 DBU S===
o ” T W [T ot
E10,C

#1599 4 Isomerisation YANFS 21b

Results;
Starting lactene .
Entry Conditions Lactone 21 {9 yield’, TC/CC/TT/CT”)
(TC/CCrTT/CT)
and other products
1 21b DBU (1 equiv) in CH,Cl, 21b (589, 12:0:76:12) and 22 (22%,
(B6:trace:14:trace) at 40 °C for 4.5 h E/Z = 36:64)
2 TC-21b DBU (0.5 equiv) in THF 21b (72%, 12:0:78:10) and 22 (15%)"
at 40 'C for 6 h
3 TC-21b DBU (0.5 equiv) in THF 21b (77%, 10:0:80:10) and 22 (3%)"
at RT, overnight
4 TC-21b DBU (0.25 equiv) in THF 21b (919, 8:0:78:14) and 22 (351;\{1)'j
at RT, 2 days
5 TC-21b DBU (0.25 equiv) in THF 21b (32%, 9:0:79:12) and 22 (12%)"
at RT, 7 days and 23 (359%)

“Isolated yield.
*Determined by 'H-NMR at H-5.
°Not isolated.

“Ratio of E/Z isomer was not determined.
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4.3 1§j13e1Ya4 dianion 18 AU Ketones
WANIAWYTY dianion 18 YUHH3eNY aldehyde 16 Y-lactone ua? lad@nwuffsenues

.. ar 3 L3 . ot o v v . ®
dianion 18 iy ketone eld Y-lactone 24 lu % yield Riw3alal wudh dianion 18 MUfHsmdu

.. o [ ° - ar
ketones 16§ mtle standard conditions 1N aldehydes miilaans ¥-lactone 24 ARBINT HITIUTIN
P2 I3 . i W o
Tlumsndi 5 wuidh rans-isomers ¥p98S 24a, 24b uaz 24c (U major isomers (WauEa# 7)

WRIENT 7

o)
: t
BOCQCO| o ’H\RL

21! EtQ,C.2.COLEL
1 e @
S COEt TR ol 21
18 CO,Et
RS gL

l 1. AcOH, -78 oC

2. cat. p-TsOH
rt, avernight
EtO,C, COEt  EOC, CO,E
5
RL o O rL G O
(3,4-trans)-24 (3,4-is)-24
ATHA 5 MARTENDS 24a-e
ChE R® R" % Yield" 3,4 - position
. b
cIs/trans

24a CH, CH, 45 0:100
24b -(CH,),- 58 0:100
24¢ Ph Ph 41 14:886
24d CH, Ph 39 -
24e CH, Et 37 -

" Isolated yield.
® Determined by "H-NMR at H-3.

° Not determined.

1 o L3 J J
TA59a$ 1998993 y-lactone 24 Wgnilalosly IR, NMR uaz MS IR spectra 2@9d1sinanilaz
ol - - ,
W& carbony! absorption i 1737-1747 cm™' U8 1784-1800 cm™' & cis- WAz trans-
w1 ' < =
stereochemistry ﬁ carbon-3 war carbon—4 WlAleeiaa coupling constant JEWIN protons NN

carbon-3 Wa¥ carbon—4 #d J, ~66HzuaxJ = 9-11 Hz
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5. MIANMISNISIASUM (£)~Methylenolactocin (25) tas (+)-Protolichesterinic acid (26)
w = -t < ¥ o < W
nasnndszavanudiGalumaedsnms Y-lactone Yszan 21 Jemsssldidumasdudulaly

™ o w a 1 e
MASHNESHARAMHIIINDR U @5 25-31 mufauallludaaualasens

HOLC, HO,C

CsH ™ N7 0 CiHo™ g7 0

25 26

Methylenolactogin' Protolichesterinic actd?

HO,C, Me Hoicz_)ie
G 3“27/2_;10 CsHy, 0 0
27 28

Lichestetinic acid® Phaseolinic acid’

HOC \Me HO,C \Me
C 3”27’2010 (o 3H27“‘"-Zoj§0
29 30

Nephromopsinic acid® Roceetlaric acid®

HO,C Me

CisHy™ Ng” N0

31

Dihydroprotolichesterinic acid 0

TuuiiandlumsdnnwSieden (+)-methylenolactocin (25) wag (+)-protolichesterinic acid

(26) TanENEUINGTS Y-lactones 21e uaz 21f
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o of
WHUKNN 8

EtO,C.  CO.El c,_ ¢OH
2 m | NaHTHFAC ETQK\SN&
—_—
R NS0 2PRSCHCINaL g N Ao
s

2le, R = CsH, 0°C t.oﬂ 32a, R=CsH,,

21f, R=C,H,;, overnight 32b, R =C3Hy
HaOp/AcOH
0 °C to i, overnight

Et0,C, SOuPh E0,C. OBt . EtO,C
I—L\ 2 48% HBr /Z_X\SOZ% M X IZ—i
- ——
R 0 R o R o

o 0 o
34a, R =CsH,, 33a, R=C,H,, 35
3db, R=C 3ty 33b, R =C)3Hy

J Base
Eroicz_i EOLC,  Me
R ) n

O CiHyr 0 0

25 (Methylenolactocin; 27 (Lichesterinic acid}
R= C5Hl |)
or
26 (Protolichesterinic acid;
R=CpHap

Ifi@3eaas 33a, 33b, 34a Uaz 34b 2w ssmnasmariiaseeldiidiy intermediate Tums
938 methylenolactocin (25) W@z protolichesterinic acid (26) ﬁqﬁ‘mf}aﬁ 21e ﬁﬁ]udauwamaq
diastereomer (QG&’I‘S”N‘?; 6) MMUfATeNAY chloromethyl phenyl sulfide (PhSCH,CI wisuldlaaly
thicanisole YNURA3LNAU sulfuryl chloride 1 dichloromethane) Toe/ly NaH (Hwua #i0°C ﬁ\‘lqmﬂ{]ﬁ
Woe Aty wuies il product 32a anaidaams aslet@s 21 ndudwntonue fafudels Nal das
Wl gendn sxildldms 32a fineinsie 96% yield watld CC-isomer 8 9296 (gena1dl 6)
MTATIMaNNS CC-isomer 989813 32a tJu major isomer (HswniunGuan @3 21e Wil TC-
isomer (Wudunamanniign seiuidafathi enolate anion 36 wd1 PRSCH,CI msezdwhufAdenlufia
aseiutuiy -CO,Et group 'fr‘um:agjﬁ carbon-4 FIMN LA CC-32a 11U major isomer uaadNlsAam

- - . . & v o -
NYIWEYU relative stereochemistry vz s ldnailams X -ray crystallography

CO,Et

Ei0,C, O,k E10,C, C/OZB\ B0, I-Ngpp
NaH \ Hoi
M ® PhSCHyi
iy 0 oot 0" O N C.H, O ©
TC-2le 36 CC-32a

o = = . = «  paan - a
saudaslum T 6 §15 32b fensawdeslaly % yield fige InayhuFAenuvuideiu
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P> -
MMM 6 MSIeIENET 32

B0, COsF EtO,C, COzEt

Ao

1. NaH/T HF/0°C

C(O,EL

e~

o 7 PRSCHLCI PhSCH,CI/THF/ o 0
Nal, 0°Ctort
21 overnight 32 (COTO 2(CHTH
21 Product % Yield®

Entry R - S

(TC/CC/TT/CT) 32 (CC/TC) (CT/TT)
1 21e CH, - 32a 92% (CC only) 49 (70:30)

(85:10:5:trace)

2 21f C, H,.- 32b 8% (CC only) 849% (74:26)

(trace:0:68:31)

“Isolated yield.
*Determined by 'H-NMR at H-5.

o = < PR o
UaNTINAETHTDLATENET 32 1ﬂulu % yIEId ﬂEj\'}%‘lﬂﬂ’]‘)‘ 21 ‘NT.G]LGI‘JEI:JH’W 33 T.GlEImi'm

= aa . . ] 1w o . ar = -
U{T3eN oxidation &15 32 éawa legludaamnis purify dwasluamsnn 7 imdaansoeianas

o
sulfone 33 1Ay % yield Higa
TN 7 MAAIONES 33a Uar 33b

EtO,C CO,Et 1. NaH/THF

. E0,C_~ §OEt B0, COEt
2 0% cOH ?
m o /Z—f\sph : DH202”A' /ZX{SOZPh
O 2. PhSCH,CU/THF/Nal R 0 R (o}

R "o _ 0 0°C tort, 0
0°C to 1t, overnight iaht
21 12 overnig 33
21 Product % Yield®
Entry R .
(TC/CC/TT/CT) 33 (diastereomers)
1 21e n-C.H, - 33a 929 (TC and small amount
(82:6:11:trace) of the other isomers)
2 21f (TC and small amount of n-C,Hy,~ 33b 88% (CC) and 5% (CT:TT =

the other isomers)

73:27)°

“Isolated yield based on compound 21.
"Determined by 'H-NMR from ArH of the isolated product.

6. MIleTaN paraconic acid 34a

w3snlalu o yield Yunane TpgymI§isen hydrolysis 289ans 33a laai¥nsmnu 484

=l o ]
HBr 11 120-130 °C (3 #u.) waminaasagullumsan 8
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M519H 8 MS@TENES 34a

E0.C, §OH EtO,C,
SOPh 4% HBr S0,Ph
&) - " O
CsHyy O reflux, 3h CsHi o
33a 34a
33a
Entry R Results
(CC:CTTT)
1 33a (CC and a small amount of the n-CH, - 34a (48%, TC:CC:TT - 32:64:4)

other diastereomers)
2 33a (0:59:41) n-C.H, -~ 34a (169%, TT isomer) and
34a (65%, CT:TT = 85:15)

7. MSANMISNISIHTEY Methylenolactocin (25)

IewenenuinfjA3en elimination waamy PhsO,- lowld base tdu LDA w3a DBU mwld
conditions 61 9 U wu*i”tﬂﬁﬁ‘%mviauﬁw complex fawafn 'H-NMR spectrum U8 crude product 'ﬁ‘lﬁ'
waanliifivinfaujiten elimination ldms 25 Messmseiwdienty (5 5.96 uas 6.38 ppm, each
doublet due to methylene protons) ueu9auldLtinms double bond isomerise 1Wlaans 27 'de\‘ll.ﬂaﬂiﬂ’h
aalnnglu "H-NMR spectrum (8 2.17 ppm, J = 1.9 Hz, d, CH,C=C uaz 8 2.15 ppm, d, 7 = 1.8 Hz)
wasuanniisivi  signal 1e9ETauBndouanilanInaIGudy 34a lewenmuuenlilams 25

J = ‘g ¥ r
uaz 37 puiand ualaidnda

137190 9 MIANWIMSLASENET Methylenolactocin 25

E10,C. SO | e Et0:C E0,C, _ Me
— +
CsHiro” 0 2.Acid Gsliyo” © CsHNo” O
3a 25 37
Entry 34a Conditions Results’
1 34a LDA (2 equiv) in THF at -78 °C 34a and 25 containing a small
for 30 min and -20 °C for 3h amount of 37
2 34a LDA (2 equiv) in THF at -78 °C 34 as the major product containing
for 30 min and 0 °C for 3h a small amount of 25
3 34a DBU (1.6 equiv) in THF at 0 °C 34 as the major product containing
for 3h a small amount of 37
4 34a DBU (2 equiv) in THF at rt, 37 as the major product containing
overnight a small amount of 34a
5 34a DBU (2 equiv) in CH,CL, a1 0 °C 34a, 25 and 37
for 3h

“When using DBU, the reaction mixture was quenched with 0.5N HCl, whereas using LDA, it was
guenched with glacial acetic acid and acidified with 1N HCl.

"Observed by the 'H-NMR spectra of the crude product.

A 32:64:4 mixture of TC:CC:TT isomers was used.
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8. MILATANFIS ()-Lichesterinic acid (27), (+)-Phaseolinic acid (28), (1)-Nephromop-
sinic acid (29), (£)-Rocellaric acid (30), waz (1)-Dihydroprotolichesterinic acid (31).

aIuAaduHsTINNE 27-31 §i basic skeleton tnilouiu Ao 1HuayAusyad paraconic acid uN
éi'wzﬁqw'ﬁ‘mqﬁ?mw L2 lichesterinic acid (27) uaz dihydroprotolichesterinic acid (31) ﬁf]mﬁnﬁ'ﬁtﬁu
antibacteria  faUiTINISTlaF AT 9 wehillaeiBee g fuadifien ngaidezasniauls
fanwdenas 27 8 31 IdlaelszgnedldUiA3moas vicinal dianion 18 Tngrld v-lactone Uszion 21

a v ™ » . .. e @ ¥
L'ﬂuﬂ’]‘iﬁuﬂu "SliLﬂ‘iEIulﬁmﬂ vicinal dianion 18 ﬂ?uﬂlﬂna'lju-luaj

CsHyy 0 CisHy™ ™7 0

CisHyy™ S 50 0
27 28 29
Lichesterinic acid Phaseolinic acid Nephromopsinic acid
HOzc \MC HOzc Me
I§e L
Cist™ o7 0 Ciabp™ g7 0
30 31
Roceellaric acid Dihydroprotolichesterinic acid

8.1 pIsteaN (£)-Lichesterinic acid (27)
[ as ) o & v
Tednusmsundsn a-phenylsulfonylmethylated Y-tactone 33 tRandinanitlaneaulilune

¥ ad v o a = -
UATNULRD ﬂ\‘iLLﬂﬂilﬂNLLNHN\‘M 9 waze TN 10
o o "
WHUEIN 9 NMFLOSaH ¢-Phenylsulfonylmethylated y-Lactone 33
Et0,G, CO,Et

E@ﬁozm 1. NaH/THF, 0° L h ’Zi/sph
R o~ 0

R” N0” "0 5 phSCH,CUTHE/NaL,

o .
21 0% tor.t., overnight 3

TC + other diastereomers 30% Hy0y/ACOH
0° to r.t., overnight

E10,C, CO,Et
Do S
R o) 0
33

CC-isomer and a mixture of C7-
and 77-isomers
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= =
B1THN 10 MURNFIT 33

Entry 21 R Product 33 % Yield'
(TC/CC/TT/CT) (diastercomers)
1 TC-21b p-MeOC,H, - 33a 95%
(CC:TC = 85:15)°
2 21¢ (TC as the Ph- 33b 92%
major isomer) (CC:.CT:TT = 76:14:10)
3 21e (82:6:11 trace) n-H, C,- 33c 979 (CC and small amount
of the others)
4 21f n-H,,C - 33d 88% (CC) and

{TC and small amount

of the others)

5% (CT:TT = 73:27)"

* Isolated yield based on compound 21.

* Determined by "H NMR from ArH of the crude product,

° Determined by 'H NMR at H-5 of the isolated product,

* Determined by "H NMR from ArH of the isolated product,

mmmﬁqaﬁ relative configuration 984 major diastereomer (CC-isomer) 4839875 32b lalaenh

hd A
single crystal X-ray diffraction Gauasluyui 1

Py Py 3
mnminlﬂﬁnmﬂgnﬁm ester hydrolysis 284985 33¢ (mixture of diastercomer) loald LiOH

v ) ) 4
{4 equiv) Tu tetrahydrofuran/H,0  (reflux, 3 #3.) 2e1@815 butenolide 37 69% yield MIAFINNTO
o r isee . & i faas .
wonE@s 37 leuuudaen YRS ester hydrolysis #89813 33c (Aeshudfisen decarboxylative
i . ” L d o laes . o
desulfonylation 'u'ﬂ.‘ll’sj methylenolactocin (25) WaY2A acidic work-up HANAULATEN isomerization i

MIALS butenolide 37 31AMSTNIGHZEN hydrotysis wuudenfuilildmansosday (£)-lichesterinic

[ ar ar o
acid (27) 19 269% yield 99na"5 33d GaUFALULAUAIT 10
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o J =l
WHUESH 10 MILATEN (I)-Lichesterinic acid (27)

®e e @ ® ©
EtO,C CO,Et Li 0,C CO; L Li 05C
R™ N0 ™ R NgTTO R™ ™o 0
- PhS0,®
33c (R=C5H”) "
33d (R = Cj3ty9) J, H

25 (R = C5Hy, Methylenolactocin)
26 ( R = C3Hy7, Protolichesterinic acid)

1somerisation

HO.C, Me
RN 0
37 (R =CsH;))

27 {R = Cy3H;7, Lichesterinic acid)

8.2 MITENFISURANMW BIINTIH 28, 29, 30 waz 31

Tuduusnld@neufASen base-catalyzed methylation 28983 Y-lactone 21 Tazwudiilaldas
y-lactone 21 ‘V‘:r;\'!ﬁl.'f]u pure diastereomer wiailumananyee diastereomer YNUE5e1 methylation Tanld
NaH/Mel/THF 116 CC-isomer #2913 38 1ilu major diastereomer ﬁqmm-ﬁmmnaaﬂmn diastercomer
@ (unuded 11) Fousasnammesadliluensiil 11 swnseRgad relative stereochemistry 289

CC-isomer 224 38a lalay single crystal X -ray diffraction ﬁ'ﬁuam'lujﬂﬁ 2

ar ﬂl
WHUENT 11 Base-catalyzed Methylation of yY-Lactone 21

EtO; CO,E E1O4 CO,ft
Nal/THF {
RN .
o ®
& 0°1h a O Na

R O R
. 2 ) CH;l
(Pure 7C-isomer or a mixture of diastereomers 0° fo r.1., overnight

containing TC-isomer as the major isomer)

Et0, CO,Et EtD, CO,Et
"' Me + Me
0 4]

R" “g
(more polar) (less polar)
38(CC) 38 (CTITDH
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#1511 11 Methylation 289815 21b, e, f

Entry 21 R Product %Yield"
TC:{TT+CC):CT CC-isomer CT/TT isomers’
1 TC-21b p-MeOC,H, - 38a 94% -
2 21e (70:27:3) H,,C,- 38b 67% 23% (63:37)
3 21f (66:34:trace) H,.C, .- 38¢ 679% 28% (51:49)

: Isolated yield.
Determined by '"H NMR at H-5.

gﬂﬁl 2
: cxfm' : Sm‘; S i@
q, e \
- QL) - cc‘:::\?m% : 38a OCH
[ R’
o CORroug

>

florh CC-38b 3 ester hydrolysis Tag reflux fu 489 HBr W 5 #al. axldwanansenin
@15 38 udr (+)-phaseolinic acid (28) Judadu 62:38 uarld 89% yield lurhusudeiuils
CC-38¢ ¥MUH5eN hydrolysis laelld 489 HBr (reflux, 5 wi.) Hezl@dunaneasns 40 was (1)~
nephromopsinic acid (29) (62:38, 87% yield) Lﬂuﬁﬁ’lﬁ'\nﬂﬂ'j‘llﬁlﬁﬂmi isomerization ﬁﬁhu‘wﬁqﬁ' 4
uar 5 sEwINiEATeN hydrolysis (Quwuﬁ\:ﬁ 11 udr 12) lewenenauendis 28 uazans 29 aanain
d15 39 Wiams 40 10p38 chromatography wuhlizhids udianseusnaaniniuldleswFeulidy
methyl esters TaelWinlA%eniilu dicyclohexylcarbodiimide (DCC) uaz methanol wdwenlee chroma-

tography
o e . .. .
WHYEHIN 12 Preparation of (+£)-Phaseolinic Acid (28)
EtO,C, CO,Et : HO.C.  Me
/&Mc = Hoj_ﬁc Z/Zi
_— T
+
CsHy O 0] reflux, 5 h CsHy; O 8] CsH Yo O
{89%)

CC-38b 39:28 =62:38 32 28

(+)-Phaseolinic acid
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ladnujien hydrolysis wavans CC-38c Tavld LiOH/THF/H,0 flanmaiivas Unngh
UfjA%en hydrolysis (Aalai complete 'H NMR 984 crude product Hlauaaslitfiuindai signals W8N ester
group Buniaag FaufSadanh crude product ﬁlﬁ’u‘lﬁ']ﬂﬁﬁ%ﬂ’l hydrolysis loe/l% 489 HBr/reflux &n
ﬂi{i%’l(ﬁ 809% yield YaydUNEN 64:36 vas (£)-roccellaric acid (30) uWaz (+)-dihydroproto-
lichesterinic acid (31) Fusnaanvinfulalosyibu esters 1agld DCC/MOH (thuﬁqﬁ 13)

w o
UWEUENN 13 Preparation of 29, 30 and 31

1. LIOH/THF-H,O
r.t., overnight HOLC, Me HOLKC, Me
- O L
2. 46-48% HBr
' C 3oy 0 Cy3H7 0
reflux, Sh Bt 0 1327 0
E10,C CO,Et {80%)
oy 30:31 = 64:36 30 3
e __ (#)-Rocellaric {+)-Dihydroprotolichesterinic
CiHy™ “o7 0 acid acid
CC-38c
46-48% HBr HOLC Me HO,C ~\M e
flux, 5 i /2_1 * /Z—k
reflux
’ CiH O C,3H (@) O
(87%) XL 2R ¢ 13y
40129 =62:38 40 29

{£)-Nephromopsinic acid

v . a ° ¥ o . L. P
INHANITNAFBNLGWUD ester hydrolysis 989 CC-38¢ Tnwld LiOH ¥hlifie epimerisation 7
= [ i E 1 2 Lo |
carbon i 4 WMIW1A trans-(4,5)-isomer T4 stable N Fauaa luLsuRaR 14

o ot
LHUAIN 14

EtO, CO,Et _ HO.,G,  ,COsEt
MMC L LIOH/ THF-H,0 et
Ci3Hy7 o o}

o 2. 6N HCl C)3H;7

CC-38¢ l
CC,H

HO; Me 48% HBr HOG,
- " Me
C3H*" 0 Ci3Hy7 0

30 and 31
(64:36)

TaAnUAR3EN ester hydrolysis ¥B9@1SHANTDY isomers CT-38c uaz TT-38c lonly 48%

HBr (reflux, 3 #w.) laasuanuny (+)-roccellaric acid (30) waz (+)-dihydroprotolichesterinic acid
o P v 9w & o o W

(31) tfludadiu 76:24 (e 29% yield wudile % yield georuiia 729 isliesuauues CT-38¢

2 . ' v o = e E Y
uaz  TT-38c MUHidenn LiOH/THF/H,O nau 4aInins hydrolyze crude product filaanasinie
o o o3
48% HBr auaa luunuEan 15
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o’ ﬂl
WEHUKIN 15

Et0,C, COsEL 46-48% HBr -HO,C, ‘\Me HO,C, Me
§=? g S 8¢
C3Hy™" 0 reflux, 3 h

9] Cistp?™ o7 0 Ci3H™ Ng 0
(29%, 30:31=76:24)
C7-38¢ and 77-38¢ 30 K] |
{£)-Rocellaric acid {£)-Dihydropratolichesterinic acid

LiOH / THF-H,0
RT, overnight

HO,C 0,Et
Me
CyaHp™” O

O

46-48% HBr
reflux, 5 h

(72%, 30:31 = 66:34)

9. A ABmsedsanazioruas vicinal dianion 42

W = aa - . . o P . . . =] i g
lﬁﬁnmdgnsmﬂaq vicinal dianion 42 111 carbonyl compounds 949 vicinal dianion 42 wn3eala
ToelWas a-aroylsuccinic ester 41 YUfi3eniu lithium diisopropylamide (LDA, 2 equiv) lu THF #
-78 °C lvanansoa3tnasUsenay a-aroyl-y-butyrolactone 43 16\ uananit g liselemivnges
w & w o . ar v
43 dwiulumsawnilumsialonansusznay o-arylidene—y-butyrolactones 45 eeaqUl 3w
o
16

o o
LEWENT 16

t
O 0 0O 0 R):o fs) ]
Ar' OBt _2LDA_ A S TOE 2 Lj@ L.._ EIO)J\ Ar'
Opt  THF/J8°C a8__oEt ZnCly . %
718°Cwnt R2" O 8]
0 2. 2M HCl
41a Ar'=Ph 42a-c 43

41b  Ar'= 3,4-Methylenedioxyphenyl
4lc Ar'=4-Methoxyphcny[

MeSO.CL/ py
60°C/ Lh

45 44

=3 =l s ] = = - A o [l
w1sUsuan 45 dlamnudany ({faannil basic skeleton nilaussniiuasadaimissanme iy

o e 2 v
phellinsin A (46) %‘«ﬁumimqmauumﬂu antifungal agent ’&‘quan’[mm Phellinus sp. PL3."

Phellinsin A (46)
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9.1 MSLATON Ot~-aroylsuccinic ester 41

dunsamIBNaSRITY 41 laloaymifjiden conjugate addition ¥848191/52naY aminonitrile"?

U diethy] fumarate W&t adduct A&l nydrolysis Tneld CusO,.5H,0/E0H/H,0 dansastiluasy

fafl 17 wuhannsawmdenans 41a, 41b Uaz 41c lo} 74, 68 Uar 70% yields MNGU % yield 89

mshuaas 3 ldmnamnas3udy aromatic aldehydes 3aMTuTVABRN WALz iilasnnUizen

(3ueuRIn aromatic aldehyde fidnsnmdald sziiuldhemnsainzntfouny Ar' 1asins 41 Sy
glanle

ar o
WHUHENY 17

MeNHHC N oMe 1. NaOE Me-.  -Me
At NaCN EiCH

H Ar'”” CN 5 COE Ar! COaEt

| CN
B10,C CO,Et
l CuS0,.5H,0
41a Ar' =Ph (74%) Ar COzE

41b Ar' = 3 4-Methylenedioxyphenyl (68%)

41e Ar' = 4-Methoxyphenyl (70%) CO4Et

41

10. AIMILN vicinal dianions 42a-c Uz msﬁnmﬂﬁﬁ‘%mﬁu carbonyl compounds

Tuthuusn 8@ nMmMaa3ea vicinal dianion 42a 9N o-benzoylsuccinic ester 41a Tagl¥ivh
U3 LDA (2 equiv) Tu THE  —78 °C (1 zu.) szldmsavareddama vicinal dianion 42a el
MUGA3eNAU benzaldehyde (1 equiv) lagil ZnCi, (1 equiv) aﬁ:ﬁhﬂﬁ -78 °C u@IAng " warm-up N
aomgivas (~12-16 7.) WY work-up 198 hydrolyze @8 2M HCI 9£ldans y-lactone 43a f
AT T4% yield Wudumanuay diastereomers WUNEHNTORAN 3,4-trans-4,5-cis-43a (TC-
isomer) ﬁu’i‘]u major isomer YB4E15 Y -lactone 43a 1ot 619 yield dmsU relative stereochemistry Y84

TC-43a 15085116910 NOE experiments sauandluzl TC-43a4

TC43aA  (J;,=55HzJ, =83 Hz)

wisnnUssrvanudiSsilduaamifiuiunainsowden  vicinal dianion 42a leilaoyh
double lithiation 289a15(308U 41a lagld LDA (2 equiv) T4 THF A1 —78 °C uas vicinal dianion ¥
Ufi3enfiu benzaldehyde lowdl B-regioselectivity g9nn MladAnwUfAH3enwes vicinal dianion fiv
piperonal wa¥ 4-methoxybenzaldehyde Awun 1 Y-lactones 43b Udr 43c TudSum 71 waz 65%
yields MuEIAy ‘uanmﬂif vicinal dianion 42 ﬁqﬁwﬂﬁﬁ‘%ﬂﬂﬁﬁﬁu acetone cyclohexanone isobutyralde-
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ar J o Qs G: 1 k4
hyde W&z benzophenone SuamINaMIMaselilumsnn 12 (Eweuh 1-7) wuhesld TC-43b uaz

TC-43c isomers lu major isomers 43d, 43e WAL 43g le 3,4-trans isomers ( J = 10.0-10.5 Hz)

) . .
11U major isomers

o o

Tuhusaudeiu ladnsugnienuas vi

cinal dianions 42b W8 42¢ NU carbony! compounds

' d g M ow o L = v . e
120N | FRwuMlanaudmy fasunsamieus ¥-lactones 43h-43¢ uazaeld TC-isomers 1ilu

. : e N ' iasn
major isomers S SOUEN TC-isomer 4849 Y-lactones NIAIINAIILA vicinal dianions 42a-c ¥UfHien

fiu aromatic aldehydes 6lng3s chromatography

#1517 12 UjfiSenuen vicinal dianions 42a-¢ AV carbonyl compounds

P

L @ R
A By OBt 5, @ 1 .
OFEt 2
© 2. 2M HCI
O
42a-c
42a Ar' = Ph

42b Ar' = Piperonyl
42¢ Ar' = 4-MeOCH,

§1@Ufl Dianion 42 RCHO or (R),CO  Y-Lactone 43 % yield™
1 42a PhCHO 43a, Ar' =Py R' =Py R =H Td%
2 42a Piperonal 43b, Ar' = Ph; R' = Piperonyl; R = H T1%
3 42a 4-MeOC,H,CHO 43c, Ar' = Phj R' = 4-MeOC,H,; R’ = H B65%
4 42a Acefone 43d, Ar' =Ph; R' = R® = Me 50%
5 422 Cyclohexanone 43e, Ar = Ph; R'-R” = -(CH,),- 709%
6 42a Isobutyraldehyde 43f, Ar' =Ph;R' =Pr; R* =H 63%
7 42a Benzophenone 43g, Ar' =Ph;R' =R’ = Ph 28%
8 42h PhCHO 43h, Ar' = Piperonyl; R' = Py R* = H 519
] 42b Piperonal 43i, Ar' = Piperonyl; R = Piperonyl; R =H 47%
10 42b 4-MeOC, H,CHO 43j, Ar’ = Piperonyl; R' = 4-MeOC,H; R* = H 51%
11 42h Isobutyraidehyde 43k, Ar' = Piperonyl; R' =P} R° = H 609
12 42b Acetone 431, Ar’ = Piperonyl; R' = R* = Me 40%
13 42c PhCHO 43m, Ar' = 4-MeOC,H,; R' = Ph; R’ = H 64%
14 42¢ Piperonal 43n, Ar' = 4-MeOC,H,; R' = Piperonyl; R = H 65%
15 42¢ 4-MeOC,H,CHO 430, Ar' = 4-MeOC,H,; R' = 4-MeOCH; R* =H  57%

* 9% Yields #33nving purify Tas preparative thin-layer chromatography

* Talugrunanyae diastereomers

M w ' L o of é = v
mMsAle TC-isomers UBN y-lactones 43 dmnsnasnelavuaaslilunnudsh 18 Fwzmulad

ol et R . ' o w )
transition state 46A 9u11ly transition state 13 steric interaction "atnin 46B ¥ 1W1e anti-adduct 47

4 g . o . g _
uaz'l.u"nqm Wad protonation W&E lactonisation Tnansa atle TC-isomers 1ilu major isomer
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o o
WWHHHIN 18

LM,
o0
R= v
EtQ ¥ Arl
La"avar)
H H

" J= 0 M=LiorZn

A /

H~ A

11. MISAIHN Ol-arylidene~-y-butyrolactones 45 3710 C-aroyl-y-butyrolactone 43

wr < - v w »

WANTINTENASAIENEITUSENDU OL-aroyl-Y-butyrolactones 43 1o lawenenuudaslwiity
o o T [ O < .
falszlomfpoans 43 1 anselfiliuarsasdulumsiadouaalsznay a-arylidene-y- butyrolactones

o w - w P . v a & -

45 16 Towazld TC-isomers wavans 43 dumsiGudu insnnhaansousnasninlauigniauing
J’ » > ar =l 3 a ai

Tludiasdund wuuiamsiwedonas 45 lauaadliluwnudsh 19

ar A
HHUENT 19

ﬁ OH

B
EtO) }m AT MeSO,CU py
2
Ar -

o T/3h, 60 °C/ Ih
H O

44
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Tutuusn I@@neUGA3 reduction vaems 43i Toeldaasld reducing agent whe  mald
conditions #1719 7 M LU NaBH,/MeOH or EtOH, NaBH,/CeCl,.7H,0/EtOH, Zn(BH,),/THF il
aamgll waznmena AU wunezldmsEndy 43i nduAuaniinue Fudu@asiuulanlafiufasen
reduction liifinias Feamaniululdihastsian 43 @a enolisation Wid) iasnndl a-acidic
proton udpenelsfiony wimhens 431 wwhijisen catalytic hydrogenation lewld 104 Pd/C
Wlu catalyst uasld THF w32 Et0Ac ludviazans azloms 44i 82-83% yield Wudiunduuad
2 diastercomers (Hudndnszanni 65:35 (Warh alcohol 44i ¥1IFASNAU methanesulfonyl chloride
(~2-3 equiv) laald pyridine 1y solvent ﬁ’qmwgﬁﬁm (3 B3.) 2l@ (E)-0-benzylidene-y-butyro-
lactone 45i 839 yield W849 chromatography (UWHUEAT 20)

WEIUETA 20

0 OH ﬁ Ph
‘(ﬂ\ Eto’ﬁ 5\ o "

E Ph H,/Pd-C “ “Ph MeCV py H
. —_— e
g (83%) - {83%) =
& om0 & o7 0 & o7 o
43i 44i 45i

a & ¥ o . by
wi iy ldieTen o -arylidene—y-butyrolactones 45a-h 31 TC-isomers #89@13 43a-h lagly
ca & o - » o =
conditions L@enNuRUMSIEIENEIS (B)-451 Ine1s 43i wamsnaasdlanusulitumam 13 #as

L) b= . o
wiulahansewadanasUsenay (B)-c-arylidene-y-butyrolactones 45a-h 161y 9 yield @i

= =
ATIIN 13 MELATEN O-arylidene-Y-butyrolactone 45

0 ﬁ\ ﬁ OH
C,
A E1G S Ar MsCl/ py
——— e i

Et Hy Bd-C HI—
AP “Foas A#n
o oo 0 NgT0
TC-43 44 45
TC-43 Ar' Ar 44 (%)™ (E)-45 (%)
TC-43a Ph Ph 44a, quant.’ 45a, 60
TC-43b Ph Piperony! 44b, 61 45b, 92
TC-43¢c Ph 4-MeOPh 44¢, 65 45¢, 91
TC-43d Piperonyl Ph 444, quant.” 45d, 75
TC-43e Piperony! Piperonyl 44e, 93 45e, 90
TC-43f Pipecronyl 4 -McOPh 4 4f, quant.C 45f, 75
TC-43g 4-MeOPh Ph 44g, 80 45g, 95
TC-43h 4-MeOPh Piperonyl 44h, 87 45h, 91

* Yield Wa9an chromatography
" Obtained as mixtures of diastercomers.
¢ Yields of the crude products.
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aan , , , & s
m‘mﬂgnimuﬂﬂd E-isomer 984 G -arylidene-y-butyrolactones 45a-i \Muu a@w1snasing

[
'lwu < <Y =,

amlag 'I.uuw.ﬁnﬂmﬂgnima.,mﬂ 13 mesylate %89 alcohol 44 Hufludiunasys diastercomers 12
(ig E,-elimination MmN conjugate addition-elimination 284 pyridine ¢t -arylidene-7y-butyrolactone '?N
. . . 4 N
Qzuﬂﬂij (E)-isomer ¥84@13 ot-arylidene-Y-butyrolactone 45 Builu isomer # stable LG fauaalilu
w
LLWUEIN 21
T

OH
RS
’C L Ar'
o
Exy”
H
Ar 0]
0 MsCl Et0
+ —_—
0 Ho, g [ A
i} ¥ 1 N
B~ & %Ar
H
Ar? o O

Ei

12. Maeada5Usendu dihydrofuran 49

muiiesmenusnlidef 10 wuh vicinal dianion 42 ¥UFATNAY aromatic aldehydes Tag
i ZnCl, El%iﬁ",ltl szlgtn ¥-butyrolactone 43 i} product SEWTNMIANYINT conditions fimsnzan 1o
Wy W vicinal dianion 42a YUHA3NAY  aromatic aldehyde Tawlaifl ZaCl, agehy szl product
(Wludumanwas y-butyrolactone 43a (37%) fu dihydrofuran 49a (16%) MaamMs work-up @78
IN HCI U3mnmwey dihydrofuran 49a azﬁuag:ﬁ'um's work-up Fa9zinli syield 489 49a zAaUT
Wazuudes  uswundlaly vicinal dianion 42a YURTSENFY benzaldehyde (1 equiv) # —78 °C (2
wu.) w1 quench UAHSeNeg glacial acetic acid # —78 °C 914 adduct 51a FmnmInsnaaules 'H
NMR Wuiasdl y-butyrolactone 43a tingwfisadnfanwhiiy e crude adduct 51a avhfA3en
fiu p-toluenesulfonic acid 1 toluene uaz reflux 2 wu. wuiasle dihydrofuran 49a (cis- USEY trans-
isomers) 71% yield uazlel y-butyrolactone 43a 13% yield uanniiwudh cis-dihydrofuran 49a 1y
major isomer (@unuﬁqﬁ 22) W3NG conditions ﬁﬁﬁqmaqnmm"%ﬂumi dihydrofurans 49a U 1§
AnunifA3enyes vicinal dianions 42a, 42b wdx 42¢ AU aldehydes §IAYU 1 MuAldNIUTINFTUHNTS
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|
(WHUHHIY 22

8] O Q O QO
: I. AFCHO
Ar OFt 2 LDA A 3ra’ TOEt 51 -78°C, 2 h Arl 4 TOFt
OFt THE/-78 °C @b OFEt 2. AcOH/-78°C  HO b ont
0 0] A O
41a Ar' =Ph 42a-c S5la-¢
41b Ar'= 3,4-Methylenedioxyphenyl
dle Ar'= 4-Methoxyphenyl p-TsOH
toluene/ reflux, 2 h

0 0] (0] O
2
APTTNG AL APTTNG a P Y
trans-49a-¢ cis-49a-¢ 43a-c

P P ' = . od 1
noaaeliluensedl 14 Fwuhesansowniauas dihydrofurans 49a-49k laoaud 37-71% yields uas
w & K F . ] v = e oy &
167 y-butyrolactones 43 fudosnnauia 15% yield Zewuhuamsnaaasildiiuiivimels waneini
fasansousn cis-dihydrofurans 49a-c, 49e-g uar 49i-k laudand Feezldifumsdududmivms

WS tetrasubstituted furans 50 @l

< o
AN 14 mamsey 2,3~dihydrofurans 49

% Yietds'
Entry 41  Electrophile Ar' Ar’ 49  cis-49 trans-49 cis~49 + trans- 43"
49 (cis ; frans)
1 41a Benzaldehyde Ph Ph 49a 59 12 - 13
2 41a Piperonal Ph Piperonyl 48b 41 10 - 5
3 4la 4-Methoxybenzaldehyde FPh 4-MeOPh 49c 50 13 - 11
4  41a Isobutyraldehyde Ph i-Pr 49d - - 63 (66 :34) -
5 41b Benzaldehyde Piperonyl Ph 49 41 7 - 7
6  41b Piperonat Piperonyl Piperonyl 49f 26 - 13 (80:20) 8
7 41b 4-Methoxybenzaldehyde Piperonyl 4-MeOPh 49g 30 - 11 (74 :26) 10
8  41b Isobutyraldehyde Piperonyl  i-Pr 49h - - 55 (67:33) -
9 41¢ Benzaldehyde 4-MeOPh Ph 49i 53 = - 15
10 41¢ Piperonal 4-MeOFPh Piperonyl 42j 39 11 - 11
11 41c 4-Methoxyhenzaldehyde 4-MeOPh 4-MeOPh 49k 37 - - 13

"[solated yields. All compounds were fully characterized by IR, MS, 300 MHz 'H and 75 MHz ' 'C NMR spectra as well
as elemental analyses or HRMS.

*Contained mainly the 3,4 -trans-4,5-cis—isomer.

‘Could not be isolated.
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dM3U relative stereochemistry %894 cis-49 UBE trans-49 Qlﬁ%m 'H NMR coupling constant
¥WIN H-2 wax H-3 1o J_ = 10.9-11.0 Hz uax J__ = 6,.8-7.1 Hz uannnitdald contirm Tagyh
NOE experiment iUaT cis-49b Aauaa lugude

13. MSLO38N tetrasubstituted furan 50

FANSMESHY furan 50 N cis-49 Tmﬂﬁwﬂﬁﬁ%m dehydrogenation (oxidation) Taald
dichlorodicyanoquinone (DDQ) T4 benzene was reflux \Hua 5 %u. SWNTOWGIBNEIS 50a-f loamud

Taswsnliluamsnd 15

0 O )O O
Eto)i—\ﬂ\ OEt  ppoy benzene EtO KOE
———

Ar? o A reflux, 5 h Ar O -Ar!
cis-49 50

= = .
AT 15 MILaTad tetrasubstituted furans 50

u

cis-49 Ar' Ar’ % Yields
50
cis-49a Ph Ph 50a, 85
cis-49b Ph Piperonyl 50b, 95
cis-49c¢ Ph 4-MeOQPh 50c¢, 90
cis-49e Piperonyl Ph 50b, 93
cis—49f Piperonyl Piperonyl 50d, 94
cis-49i 4-MeOPh Ph 50¢, 96
cis-48j 4-MeOPh Piperonyl 50e, 95
cis-49k 4-MeOPh 4-MeOPh 50f, 93

“Isolated yields, Al compounds were fully characterized by IR, MS, 300 MHz "H and 75 MHz |'C NMR spectra as well
as elemental analyses or HRMS. .
“The reactions were not performed.

-:rw L] = . . 4 =
uanniigawuin UHATen oxidation weN trans- 49 lagld DDQ/benzene/reflux (5 #u.) azifiin
5 ' ar a w N P [
1 cis-49 nn fudu Weld mixture 989 cis-49b Uay trans-49b MUZAZNMYLS standard

conditions cis-49b 92N oxidized FNysaflWle 50b usl rans-49b davhffsenlinun wdathalsfion

o [moa & =
@ovnugisennudiudiv 12 wu. wwldmns s0b fa 929

14. maeseugrvdsznau 2,9 ~diaryl-3, 7-dioxabicycle[3.3.0]octanes 54

Lﬁlmmﬂ tetrahydrofurotetrahydrofuran (4 nucleus ﬁﬁ?ﬁ’mﬂﬂﬂ furofuran natural products ¥ane
Frtadammniimeimwinhauly dafissuaaslfifiufelsslemiues dihydrofurans cis-49 Mamnsn
Islas intermediate SMIUNMAATEN temahydrofurotetrahydrofuran Ussinn 54 16 sauaaluunudad 23
lavisen catalytic hydrogenation 28415 49 Tagld Pd-C (10 molo) lu EtOAc aampiivisuily
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w , P d . . 2 (man ar
O 6 1. 3ld all-cis-52 Tu % Pdann Wawhans all-cis-52 awnlfiden reduction Taald LialH,
. . = . o va s ar
Ty THF 2216 cis-diol 53 ﬁqmm cyclodehydration ma‘lmmﬂ{]ﬂ'sﬂ'mu p-toluenesulfonyl chloride Tu
Y o Py Y ww ¥
pyridine fgamafivaq 2:1e terahydrofurotetrahydrofurans 54 faldsuriukansnaasllumsed 16

WeIWEladn 23

O O
Hl Pd-C
Et { OBt 1 _(9moiy_ EtO OEt LA THF - H}—CuH - TsCl pyridine  Hiv) '"H
Ar Arl “ECAT ET Al M, overmight overnight™ 4 2 2

t,8h
cis-49 all-cis-52 53 54

= <
@A19714N 16 M8 tetrahydrofurotetrahydrofurans 54

cis-49  Ar' Ar® % Yields

52 53 54
cis-49a Ph Ph 52a, 85 53a, 83 54a, 70
cis~-49b Ph Piperonyl 52b, 86 53b, 89 54b, 82
cis-49¢ Ph 4-MeOPh 52c, 88 53¢, 82 54¢, 75
cis-49e Piperonyl Ph - . -
cis-49f Piperonyl Piperonyl 52d, 86 53d, 80 544, 74
cis-49i 4-MeOPh Ph -* - b
cis-49j 4-MeOPh Piperony] 52e, 89 53e, 84 54e, 75
cis-49k 4-MeOPh 4-MeOPh 52f, 83 D3f, 82 54f, 76

“Isolated yields. All compounds were fully characterized by IR, MS, 300 MHz 'H and 75 MHz '°C NMR
spectra as well as elemental analyses or HRMS,

b, .
The reactions were not performed.

15. N1LA3Y thuriferic acid ethyl ester and analogues (56) uaz TRETLRLEY picropodophyllone

(57)

&19 thuriferic acid (55)13 Wumsusznavlsann cyclolignan uﬂnmsﬁ“lﬁ'mn‘lmlm Juniperus
thurifera # cytotoxic activity 6@ cancer cell lines waeyila @y picropodophyllone (56)" T Fuaasy
v o B ar =t . . | [

FundAdniunan3en pedophylotoxin FiU anti-tumor agent Aidrdgy

O 0
0 = O = O

¢ ¢ < p
" “CO,H o " NCO4Et O Y
H A]_ H

MeQ” ; “OMe MeQ) MeO OMe
OMe S6a, Ar = Meo@* OMe
MeQ
Thuriferic acid (55} Thuriferic acid ethyl ester picropodophyllone {57)

0
séb, Ar= < D/
O
S6¢, Ar = MBO‘@“‘
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Wasnnduamsiiienugdy Sohbimwmmuaetenansmailasldmsssnavtsaam a-
aroyl-Y-lactone 43 Tn3enlaannsli vicinal dianion 42 YUAASENAY aromatic aldehyde g
wudntussaudy unufamsiaien turiferic acid ethyl ester 56a (Tulmuiuansliluwsudd 24
Tﬂﬂléu@‘l'umﬂ 43p (Lm%ﬂﬂlﬁﬂ’m vicinal dianion 42b ﬁ'lﬂ.ﬁﬁ%ﬂ’iﬁ'u 3,4,5 -trimethoxybenzaldehyde,
56% yield; 11y 63:3:25:5 mixture 989 TC:CC:TT:CT isomers; TC-isomer uanlaloansm crystalli-

sation}

w o
WEUENT 24

D~

-Cr°
Etoi_i 1. Nal/ THE/ 0°C
ar” g 0 "

2. PhSCH,Cl Nal / THF

M 0°Crort M
43p Ar= mb— 580 Ar= Meo%?— (60%)

MO Mel
B _ _ 0]
430 Ar- (Zﬁ’ 58 Ar = (D]z]’ (69%)
43j Ar= m-@— 58¢ Ar= Mco—@— (76%)
leol.fAcOH
O
1 EtO,C 4 ©
O SO,Ph SnCl, 0z
{ 5 -— “1CH,80,Ph
- CHCH
z COEL rl, overnight Ar o 0
Ar
50 M)
$9a. Ar= M‘@‘ (65%)
MO
59h, Ar= ("]@’ (78%)
DBU/THF ¢
i, Lk 59, Ar= Mo p— (83%)
(8] OH
2004 &0
o 7 TCO,E O CO,Et
ir Ar
MeQ) N
S6a, Ar= Q (39%, Thuriferic acid ethyl ester) 61 (1-6%)
MeQ

0
5 = 49%
6b, Ar <0©/ (49%)
56, Ar= MCDO (53%)

Tutupauusnldnasaaedonasusznay thuriferic acid ethyl ester 56a lagi3ushumnnms o-
aroyl Y-lactone 43p wuinilalens 43p ufiseniu PhSCH,Cl/Nal/Natl T THF #1 0 °C Fagampdi
Was (dndu) szldas 58a (60% yield) tilnly 58a UHATEN oxidation Tasld H,0,/AcOH ﬁqnmgﬂ
was 9xlamTdsznau sulfone 59a (65% yield) W relative stereochemistry 989 592 lag 'H NMR
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aaa 2

War X-ray crystallography (ieansusznay 59a anvhuUdseniu snCl, (anh.) Tu CHCY, (dry) 4
pamgivas (dnAu) alddunauasms 60 Yufu 56a Flildvhmsuen udhufizen elimi-
nation 'a'.l’r]\m;j phenylsulfonyl Tasl? DBU Tu THF 'ﬁqmw{]ﬁﬁaq 2:1@®3 thuriferic acid ethyl ester 56a
(399 yield) warasUsznaulscinn 61a (6% yield) sanioadupmsfiessusznay 56a 1IN 59a
16 #aujiseuiieuvy intramolecular Friedel-Crafts alkylation U3 6l1a Li@a1n base-catalysed
isomerization #94877 56a

NAIINGSEN thuriferic acid ethyl ester 56a 1153 A IFIaMaAeIRWAIBNE@S 56b wax 56¢ NN
@19 43i uar 015 43j mudevsslduananamsnassldluunurd 24

winnEansaeienas 56a laudr Iowemmuiaeynufisen hydrolysis 289 ester group U8
03 56a (HalWldms thuriferic acid (55) Tasld conditions 6ha 9 AU 1@y LIOH/THE/H,0 (anmgi
ﬁ'f]\'l), 489 HBr/reflux, 6M HCl/reflux ‘ﬁqd?umnuﬁ')wuiww‘lﬁ complex mixture Y89 unidentified
products ugwuinilald 6M HCl/dioxane/reflux, 15h @13N504AETT picropodophylione (57) leis
439 yield s 57 Humsfiddgann Lﬂmmﬂﬁ@'lﬁ'l,f}uam‘%'m‘fuﬁﬁwﬁ'm'lunﬁLm“’sau padophyllotoxin'®
(URURYT 25)

o ot
WHUEIT 25

- -
<0 = <o &=
OH
0  COE &M HCI o ;
2 dioxane 2 0
reflux, t5h
Me(O OMe Me(y OMe
OMe - OMe -
562 l
0
O
{ 0
O -
= O
Me OMe
OMe

picropodophyllone (57)

16. pamIsnarsdsznau furofurans 68 3N TUIznay TC-A-aroyl-Y-lactones 43

[ oo - P . o s
1@dnudEmsiaIanasUssnay furofuran Useinn 62 Faiiu basic skeleton Ad1Anyly furofuran
a - W = = [ . o |maa
natural products wanaen TaaEuauan TC-43 Fansandoulalesly vicinal dianion 42 UJA5eN
W oyt v oo o ot
114 aromatic aldehydes madlana e aauanaliluuauian 26
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WEUE9T 26

I j o
EtO,C, 3 EtO,C E 1
2 At NaH/ CH,l 2 / Art NaBH, EtO,C ‘ Ar
R ————— R —_—r 'R
O or O4/i-PrOH 0 CeCly.7 Hy0 A2 0

2 2z
Art 0 CeCl, TH,O A O MeOH/CH,Cl, 0
43 62 (R = CHy) 64 (R < CH;)
63 (R = OH) 65 (R = OH)

O war! MsCl/ CH,Cly
- LAH/ THF
i "OH pyridine -—
reflux
At O
68 67 66

'luifuLLinlﬁﬁﬂBTﬂf]ﬁ%ﬂ'l base-catalysed methylation 984 pure diastercomers TC-43a-d LD
138y CC-62a-d Taalians TC-43a-d MuUFA3entu Nat (1.2 equiv) 1u THF A 0 °C ugandia Mel
(2 equiv) aalU#l 0 "C udhdsialidsiulagligamgfinanjismaan 9 e o °C Bvgamginias
Tossununamanaaaslilumsiil 17

M1 17 MSLeIEN CC-62a-d

2
% Na

Etoz .-“ AI'] NaH/ THF Et02C / Al’l CH]I EIOZC . A]-l

—_— _ CH;

AP 070 0°C, Ih AT O 0°Ctort AR g O
overnight
3 CC-62a-d
Entry Products Ar' Ar % yield of CC-62

1 cc-om o1 Cr o5
Me g Me .

2 CC-62b ;@ 77
Me Me
Me 3

3 CC-62c 90

"isolated yield.

WS IGANYIUGAIEN  hydroxylaion  wewis TC-43a-d  lesbihufndedy o,/
< o a > =4
CeCl,.7H,0 i i-PrOH/DMF (1:3) #1 60 °C llum 16 mu. ldaansewnion CC-63a-d loilu %
ra - - L4 ‘J A 9 " II
yield #Hligazdauiied saldsunalilumeeil 18 msilld cc-63¢ uar cC-63d Aautreonasziiy

’ Ny ' = o o L. .. !
wnshasSuduazaalidas@ly solvent 7l Fedifulunts optimized conditions datil
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m‘i’N‘ﬁ 18 Hydroxylation of TC-43a-d

0
AR . 0; EIO,C Ar!
n CeCly. 7 Ha0 fong:
T Hy
O +-PrOH, DMF 2 O
Art Y 60°C, 16h Ar o
7C- 43a-d CC-63a-d
Entry Products Ar' Ar % yield" of CC-63

! cc-63a oL Ot s
Mcig,g Me?;@,%.

p) CC-63b 71
Me Me
ot ey

3 CC-63c 33
Me

4 CC-63d (i:@/{ m/‘ 16

*isolated yield.

ilaeTeums CC-62a-d kox CC-63a-d ldudinldthassasiinanmuinse reduction
Towld NaBH,/CeCl,.7 H,0 lu MeOH/CH,CL, 7 0 °C (3 #1.) 2:l@@s 64 uaz 65 Flildvhmsuan
asdanaieanin udldthlinu§iien lactonisation woian Tawld p-TsOH/CH,CI, innmgiivas (16
#a.) atldens 66a-g dalduanswamanaasslilusmsaii 19

o - .
MITNN 18 NSL@IENETT bislactones 66a-g

EtO,C Ar! NaBH, EtO;C, —Ar
VIR — V'R
CeCl;.7 H,O
a0 A N0
((-62a-d (R = CHy} 64 (R = CHy) 66
(-63a-d (R = OH) 65 (R = OH}
Entry Products R Ar' Ar® % yield" of 66

1 66a ~CH, @’% @ 70
M ! Me :

) 66b ~CH, m 66
Me Me
Me % Me -

3 66¢ ~CH, ZD/ 28
Me Me g

4 66d ~CH, QD/g @@’ 21

5 66¢ -OH oyt O" 66
Me § Me i

6 66f ~OH ;O 51
Me g Me
Me :

7 66g _OH ZD @Q/g 43
Me

“isolated yield.
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4, , . esa v
(1211aN5 bislactone 66a-b udz 66e-f sN¥M{ATEN reduction TauTd LiAlH, (10 equiv) Tu

= a v M oW P
THE 9 60 °C 1flunian 5 vy, 3el@das 67a-b Uaza1s 67e-f falasIU5INNUMSNaaDa L luaswd 20

o e t
&7 bislactone Nia3eNlaazily single diastereomer MUWNA

] a
AN 20 MAUNIYY tetraols 67a-b UG pentaols 67e-T

Entry Products R Ar Ar % yield" of 67

1 67a ~CH, ©/§ @i 55
Me § Me %

2 67b -CH, Mﬂm Me:@ 66

) N N 50
Mcig,g Mw

4 67f -0OH 60
Mg M

“isolated yield.

& o5 > = 2
Tutugaheie3sussussnay furofurans 68a-b sz 68e-f latlWans 67a-b wWia 67e-1
Aca as . L P 0. %= P
Uf15eniy methanesulfonyl chloride Tu pyridine/CH,CL, » 0°C 6 #iN. Udz 0°C 04 aeunnivad 10 wu.
v o
uamanaasd lesuTnlilumand 21

= o
173791 21 MIOF8ANFS furofurans 68a-b Liay 68e-f

HO I Q. WAL
VAT O, pyridine, CH,Cly e
1 an —_— ]

HY R 0°C, 6h R
Ar? Ol OH 0 °C te 1t avernight AR O

67a-b; R =CH; 68a-b; R = CH;

67-f R = OH 68e-f; R = OH

2 .
Entry Products R Ar' Ar % yield' of 68

1 68a -CH, ©/§ ©/]
Mc g Me g
2 68b -CH, ;{j Mc;.:©/ 47
3 68e -OH Oz @ 62
oL
4 68f -OH 63
) M Me

“isolated yield.

48
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cid o ' . = | o
@13 68f {Hm38n7y Gmelinol Fnilu natural product Huenl@ann heartwood 1899UW Gmelina

2 o . N .
arborea’® il anti-malarial activity

17. ﬂ’lﬁﬁ’ﬂu’lﬂﬁﬁ%m‘ﬂm vicinal dianions U@\ chiral succinic acid derivatives

ainmnldnsaulugiusninnaansofierls vicinal dianions 289 succinic acid derivatives
o 9 1l reagents AchdydmIuMaeIENEIUTAN Y-butyrolactones wHASY 7 16 3
dihydrofurans, tetrasubstituted furans Wa2 furofurans (iusu ﬁqﬁﬂﬁmﬁuhﬁazﬁnmﬂﬁﬁ%mﬂaq chiral
vicinal dianion HUATENIIN chiral succinic acid derivatives tRBITWIBNNASEN  chiral B-
arylmethylated ¥-butyrolactones 'ﬁu’ﬂ‘u intermediate ﬁﬂwﬁmmn’l.uﬂﬁﬁ'l asymmetric synthesis 2898713
U5sLnY lignan natural products

muilauan b luwsmdiedl 27 lawionmscGusu 69a uaz 69b Tnald (45,5R)-(+)-1,5-
dimethy!l-4 -phenyl -2 -imidazolidinone 38 (4R,5S)-(-)-1,5-dimethyl-4 -phenyl-2-imidazolidinone
vUAA3ENAY n-BuLi/THE/0 °C/30 17 udatiin succinyl chloride aalUfl 0 °C uda stir sia 193, 2w¥h
Tiansouen®Isiueu 69a uaz 69b 16 65% wax 57% muaicy

o d
WEHEAN 27

o @
Q O7Li
X
X)J\/\n/ ¢ LDA (2eq) xCMXB
) ’ oLi®
0 THF, -78°C ®
69a.69b 708,70b
lkx, -78°C,5h
0]
51 Xc (R) Xc
Xc £ Xc
R O R O
71 72
(o]
Me-. N)L N/
692, 70a and Tt: X, = RS
Me)_KPh
bt
Me- -
69b, 70band 72: X, = NON
& v
Me Ph

Chiral vicinal dianion 70a ww3anlalaslW 69a ¥nuUfAseniu LDA (2 equiv)/THF A -78 °C
thuna 1o, lﬁﬂ'lﬁﬁ‘}ﬂ.ﬁﬁ%mﬁu benzyl bromide 1 equiv # 78 °C 5 wu. avld monobenzylated
product 71a 50% yicld u.ﬁ'ﬂﬁ'msl.%'uﬁ'u 69a AU 419 yield Ll.ﬂ'l.ﬁi]‘['g benzyl bremide 2.2 equiv WU
2l@as 71a i 75% yield wazwuihlanasld 1 wia 2.2 equiv 989 benzyl bromide mals conditions
Fangazldiiigy monobenzylated product 71a whiy wuamily single diastercomer L@wIARgRY
absolute configuration Y89 stereocenter Fiaduiuiy (8)-configuration Iatvinlfjfi3en hydrolysis @78
LiOH/THF/H,O/reflux ala (8)-0-benzylsuccinic acid %«ﬂumsﬁ known legiuSeufieusn optical
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rotation FRenlndtAeeTy waziledasanediy (-) wwdeIny vicinal dianion 70a ¥ufidendu
methy] iodide W8 allyl bromide 21Ad1S 71b (48%) Uat 7Tlc (49%) MUy

Twhuaadeaiu vicinal dianion 70b Tedpuldlasling 69p WUfRSiu LDA (2
equiv)/THF/-78 °C/1 %u. fisnunsavUFA3eniu arylmethyl bromides 619 7 16 product Aigaamsly %
yield firauthed uasnnd@aiiy single diastereomer faldmuTImammanssilumead 22

<
B39 22 Alkylation of vicinal dianions 70a and 70b

b b Yield

Entry 70 RX 71 or 72 ,R = .
)

1 70a PhCH,Br 71a, PhCH, 75

2 70a Mel T1b, Me 48
3 70a CH,=CHCH,Br 71¢, CH,=CHCH, 49
4 70b 3,4-MeOPhCH,Br 72a, 3,4-MeOPhCH, 53
5 70b 3-MeOPhCH, Br 72b, 3-MeOPhCH, 67
6 70b 3,4-~CH,(0),PhCH,Br 72¢, 3,4-CH,(0),PhCH, 67

“Isolated yields. All compounds were fully characterized by 'H NMR, Yc NMR, MS and CHN analyses
or HRMS.

* The specific rotation values, [¢t]*of 71a-c and 72a-c are as follows: 71a; +127.84" (¢ 0.51,

MeOH); 71b, +117.45" (¢ 0.55, CHCL); 71c, +107.50° (¢ 0.64, CHCL); 72a, ~45.02" (c 0.31,

CHCL,); 72b, ~64.57° (c 0.70, CHCL,); 72¢, +46.85 (¢ 0.29, CHCL).

9uiuléd vicinal dianions 70a war 70b WA alkylating agent \Huuuy high
diastereoselectiviy WA high regioselectivity miﬁtfjmmuﬁmmma‘ﬁma‘[mﬂ transition state 70b-A,
700-B sz 70a-A saudaluunudedl 28 19 @e N vicinal dianions 70a uar 70b aragluzluas
(Z,Z)~configuration & M3 vicinal dianion 70a alkylating agent AT NN Si-face (@ 70a-A)
#2U vicinal dianion 70b alkylating agent NI Re-face (g 70b-A) ‘Irlﬁ%]'lﬂﬁLﬁﬂ atkylation ﬂ%ﬂ
# 1 udh wligansodia alkylaton a3af 2 16 (lasnnasil steric interaction U phenyl Wiz methyl

group ¥ad chiral auxiliary uazny O.-aryimethyl] group



48

w oo
LBIHEAN 27

Proposed models for the stereochemical course of the alkylation of the vicinal dianions 70a and 70b

DRetacs oo, LB

70b-A NSl 2 2P
\‘/_.._/ z ook Me
Me pj -0
Me. ,40 0 .

Mé pi H L0 Me

LI
Me. _/(0 o 5 Pn

70a-A NN L M o L g
/47 Z, O 2N
Me™ PH ( L0 Tme

—cH.L
O‘Si‘face Ar CH2 Br

Ei’lu"liﬂﬁg‘i'ﬁ (R)-configuration 484 stereocenter Twanasas 72b 18lasd single crystal X-ray
. . s =
diffraction GHUAAT UGN 3

17.1 maedunarsusznay (+)-B-arylmethyl-y-butyrolactones 75

o = o ¥ oW oo - i
wasnnhdnsmelauaslsznay (R)-72 laudr Sal@dumsSuduluntiedenas (+)-B-
arylmethyl-y-butyrolatones 75 Iamhds 72a-c 3y hydrolysis leald LiOH/THEF/H,0,
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reflux, 42 #4. 9216 succinic acid derivatives 73a-c Tu % yield fidnn wdmniulins 73 Wugisen
fiu acetic anhydride # 0 °C 919 succinic anhydride 74 Felaisniludas purify el I{A3en reduction
dawaelanly NaBH, waz work-up é38 1M HCI asladiumanuaans (+)-B-arylmethyl-y-butyro-
lactones 75a-c¢ ﬁ'ﬁmmi iy (~}-0-arylmethyl-y-butyrolactones 76a-c %ﬁﬂ‘lmiﬂ wanaangInnuly
u3milaTaede samsnasasldagyliluusuded 29

|
LWEWEHIN 29

1. LiOH (5eq) 0
THF / H,0 OH A
7 reflux, 42h  HO Ac,0
a-c = 0 - o 0
2 2 M HC Ar 0°C, 10 min o
73a (89%) 74
73b (90%)
73¢ (87%) I. NaBH, / THF
0-5°C, 1 h
2.1 M, Hcl
A A
:0: O 0 O
758 (43%) T6a (26%)
75b (44%) 76b (25%)

75¢ (44%) 76¢ (27%)
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IMAFIAUHRRIT A STINE

1. msdmauaziiufivena Phylianthas

laswdanuiinwgnemansnnvanssnlsl nshld asznsinvesineasuazavnsal Juldiem
' - = [ o o v
wnasAgluans Phyllanthes ndayafldnngudeyaivawssald nsuthli swnvdayaiduldnngnda
: T o w 4
49 NAPRALERT Hldmnmmsiivizluanatiinlavianue 18 allFd (37 dasdn) dalnngluaned 1

d T : . " o
@19 1 hmingasdiusne q wazunaaiveaeiivluana Phyilanthus Mty

$hatna #ln genus Uaz species gy vwiin (kg) uwsaLfu
1 P. columnaris LF+TW 1.3 Fenlna
ST 1.0 el
BK 1.3 e lnad
2 P. milabile LF+TW 1.3 Ve luai
ST 1.1 eraluad
BK 0.6 Bea v
3 P. sootepensis PX 1.2 Fealwai
4 P. roseus LF+TW 0.6 Beralvad
ST 0.7 GHRIY
5 P. collinsae LF+TW 0.8 quasnfmﬁ
ST 0.65 guUaTIEs
6 P. taxodiifolius PX (ﬂ%ﬂﬁ 1) 1.7 sy
PX (ﬂ%"'qﬁ 2) 14.3 #1103
RT (ﬂ‘?ﬂﬁ 3) 1.7 Az
RT (ﬁ%v'qﬁ" 4) 4.0 S1URTY
P. winittii PX 0.4 (FHea i
8 P. hullettii PX (PGB 1) 0.5 1y
PX (ﬂ%f‘l 2) 2.3 Lae
PX (n‘?«‘f} 3 18.3 8y
9 P. pulcher LF+TW 1.1 anauns
ST 0.3 dnaunAs
10 P. sikkimensis PX (pf 1) 0.5 gmgod
PX (A%afl 2) 10.2 gl
11 P. albidiscus LF+TW (ﬂ%ﬂﬁ 1) 1.1 UASATEISNIY
LF+TW (@%a# 2) 3.7 UATATEITUTIY
ST (P%adl 1) 0.7 UATAIHITNTY

z c: =J
ST {(n3in 2) 3.35 UATHAIDITINTIY
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< 3
MM 1 (aa)

Faothed 0 genus WaE species diliiu vwitn (kg)  wnauhu

12 P. pachyphylius LF+TW 1.5 FEUDN
5T 1.0 FEUDY

13 P. oxyphyllus PX 1.1 A

14 P. geoffrayi LF+TW 1.2 #naung
ST 1.0 anauag

15 P. exyphyllus PX 1.1 uaTNAEN

16 P. acutissima PX 1.2 VOUUAY

P. acutissfina PX 8.6 2DUUAY
17 P. chamaepeuce PX 2.4 ﬁﬂﬂuﬁ
18 P. gracilipes PX 1.4 Hei

LF+TW = leavesttwigs; ST = stems; BK = bark; PX = whole plant

& W P ¥ w
2. MSANHMUNTUT MM Iuaatia screen ¥ cytotoxic activity Twdusiu

Tutuduldyhmsaiafvsachamemaudluamusamstunoudeil

1. uathataisudazdatnlianson lunsdfiiiu stems waz rooss saeulmilududn o fau
ua

2. ussymatefiriuaudadlugeh uhinldlufimeueanifandmiulvesn udiduumuss

3. lamsazarwaannn 7 5-8 Tu hiuilsunssiidaasmsarmeaanniigeddnudaia Taswmds
wudsigmomuaa 5-6 a5 Miludushusssedesldmseannnnwiotes dldiasfmgamsud

4. ssazneiilzeanyn 9 5-8 Ju BhAusufududuaiaamuss nimiudanlyssmouisds
\A384 rotary evaporator Lﬂ%ﬂttﬁﬂﬁﬂﬂﬂﬁﬁmﬁaﬁm:maﬂ"’ue}mﬁwﬁw liophilizer An¥iniia

5. #nhwiinduasaflénnfrdoieia 1 Ienansstaduanluased 2
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4 L or I} ~y 1 L
AN 2 USanauaduanannaIat NG wazanlslunsana

o genus LT species duzasiy nafudane bntiniaiiue thntinfanald
wan(at x ) azdoe (kg) 210 MeOH (g)
1. P. columnaris LF+TW 5x5 1.3 192.8
ST 5x5 1.0 55.8
BK 5x5 1.3 107.9
2. P. milabile LF+TW 6 x5 1.3 84.7
ST 5xb 1.1 47.7
BK 6x8 0.6 111.4
3. P. sootepense PX 5x86 1.2 86.3
4. P. roseus LF+TW 5x 7 0.6 73.4
ST 5x7 0.7 39.0
5. P. collinsae LF+TW 5x8 0.8 117.3
ST 5x 8 0.65 25.4
R
6. P. taxodiifolius PX (ﬂ‘;\‘m 1) 6x5 1.7 83.4
-
PX (ﬂ?‘w 2) 6x6 14.3 834.9
o
RT (A9 3) 5x6 1.7 104.53
7. P. winittii PX 6x5 0.4 58.8
8. P. hullettii PX 6x7 0.5 37.3
9. P. pulcher LF+TW 6x7 1.1 100.9
ST 6x7 0.8 43.7
10. P. sikkimensis PX 5x7 0.5 36.4
11. P. albidiscus LE+TW S5x6 1.1 181.7
ST 4x86 0.7 34.9
12. P. pachyphylius LF+TW 5x6 1.5 238.8
ST 5x8 1.0 21.8
13. P. oxyphyllus PX 5x6 1.1 54.9
14. P. geoffrayi LF+TW 5x6 1.2 204.7
ST 5x7 1.0 110.0
15. P. exyphyllus PX 5x6 1.1 106.30
& d
16. P. acutissima PX (#5991 1) 5x6 1.2 63.73
17, P. chamaepeuce PX 5x6 2.4 2986.97
18. P. gracilipes PX 5x6 1.4 102.99

3. MINAABY cytotoxic activity rasdmadasma q Aldvnmsudluamuasadiads

ladaluiimanadau cytotoxic acitivity Iasladilimenguuss sa.as.adedn lamdassd  maim
a P - o o | a =
#35Inmn auinmeaad ainendouiios dufimdalanulihmswanmaeiussAguilasads wams

=5 o
NAFAU cytotoxic activity tuldaunuansluaiyei 3
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ﬁi or ] B ] 1
#IFIN 3 WD cytotoxic activity MNFIUATANYIUDAYEY Phyllanthus dU3d61

EC,, (pg/mL)

) ~
Ha genus LAY species RV LA Cell Line

P-388 KB Col-2 BCA-1 Lu-1 ASK

1. P. columnaris LF+TW <4 >20 >20 >20 >20 -
ST >20 >20 >20 >20 >20 -
BK >20 >20 >20 >20 >20 -
2. P. milabiie LF+TW >20 >20 >20 >20 »20 -
ST >20 >20 >20 >20 >20 -
BK >20 >20 >20 >20 >20 -
3. P. sootepense PX >20 >20 15.27 »20 »20 -
4. P. roseus LF+TW >20 >20 >20 >20 >20 -
ST >20 >20 >20 >20 >20 -
5. P. collinsac LF+TW >20 >20 >20 >20 >20 >20
ST >20 >20 >20 >20 14.57 >20
6. P. taxodiifolius PX (ASa# 1)  13.03 <4 9.36 <4 4 11.82
PX (ﬂ?ﬂf’l 2) 11.05 <4 <4 <4 <4 9.45
RT (A%3# 3) 1652 <4 1321 <4 1.0 -
7. P. winitii PX >20 >20 >20 >20 >20 »20
8. P. hullettii PX 13.98 >20 >20 >20 14.79 11.54
9. P. pulcher LE+TW >20 >20 >20 =20 >20 =20
ST >20 >20 >20 - >20 >20
10. P. sikkimensis PX <4 >20 2.44 >20 >20 <4
11. P. albidiscus LF+TW >20 >20 >20 »>20 >20 16.78
ST >20 >20 >20 >20 >20 >20
12. P. pachyphylilus LF+TW >20 >20 >20 >20 >20 >20
ST >20 >20 >20 >20 >20 >20
13. P. oxyphylius PX 13.38 >20 12.61 >20 >20 >20
14. P. geoffrayi LF+TW >20 >20 - >20 >20 »20
ST >20 12.11 19.34 >20 17.57 >20
15. P. exyphyllus PX 14.07 >20 >20 >20 >20 -
16. P. acutissima X <4 <4 <4 <4 »20 -
17. P. chamaepeuce PX »20 >20 >20 >20 >20 -
18. P. gracilipes PX 15.7 >20 >20 »20 »20 -

waname @ EC,, <20 pg/mL Tedeiuans activity, - = felaildwammesou
P-388: murine lymphocytic leukemnia, KB: human nasopharyngeal carcinoma, COL-2: human

colon cancer, BCA-1:; human breast cancer, L.u-1: human lung cancer, ASK: rat glioma
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nneamsnasartumnsef 3 wiiuldi § Phyllanthus o 3 #0354 Hilmomsmeaauaglunosia
AN tezdaiRMmUBaTa 3 dUTdUARN cytotoxic activity daaen EC,, < 4 pg/ml 1u 3-4 cell lines
naND

druanamuaanas P. taxodiifolius (PX) LUEAY cytotoxic activity M KB, BCA-1 uag Lu-1 cell
lines @AY EC,, <4 pg/ml

duanNauumuasyas P, sikkimensis (PX) WEN cytotoxic activity Tu P-388, Col-2 uas ASK cell
lines @A EC,, <4 pg/ml

dIUFENANMUBIUBY P. acutissima (PX) UaM cytotoxic activity lu Pp-388, KB, Col-2 uax
BCA-1 cell lines 881 EC,, <4 pg/ml

dasmgilfiens 3 alEdiRlduenumlannngueeun  warldsudaianiissinsmanildali
Tuse@USn d3u P. columnaris (LF+TW) Wil cytotoxic activity <4 tpaly P-388 wiviu 3elailéBaninw

fia
A . o ar i LIRS a4 =
BN cytotoxic activity szauthunandiunngaginluduafiammuasvas Phylianthus aUEd

al St b o & e o ar ot ] Y 9
punanniienin 3 alEdilde  awiuisldbhdnaiawmusanas Phyllamhus M0 1 dBdMAuInldanh
o v w dud ! 4 o & ¥
msafauengahazaefiitainiumuss (NalenduWENMINAEaY cytotoxic activity Bn YLD
v | 4 [ 1 v & . ar Py ar = v - LAl .
Thudlahdiasdausmiivdiugesudniu activity fanaliagludmnaiadasvialil wazluunasawiiy activity
T ar | o’ ar H L

grhivsaglidiluduaiaumueaion Wasdeusniudnaniabgaswdd activity amandsingldiiiulu
a1 L | E ) = . 2| M . o v = ]
duaiadasile Meliliasnnadin s active anagnnaudieashu g Al active ANagiulSnamnnh

il
= v v dad ' Y R
4. 113 partition tWal¥laduanafifiTIumnNe1aA Y WaTNITNARBY cytotoxic acitivity
Voo ' or 3 | » o oo . a % q
Tavmmsusnsruadawmuaads lunseuanie v ldgananizauandniy  wazlath lunessu
- & as wr s o
cytotoxic activity an fumaumaanawand uduse luunueed 1
o
LEWEAT 1

fUFNM MeOH

win H,0 udraiialunsiouen

@78 hexane

& &
o1 hexane 3 H,0

anelunsisusn

1] ethy] acetate

#il ethyl acetate ¥u HO

analunsIBLIn

8 a~BeOH
I ]

<) &
#u n-BuOH M H,0
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3 & ] a4 o kJ al [3 [ N . .y o e o L
thiuen 4 Rannlaluszimeualapia3e rotary evaporator Y MWWIGY liophilizer Bn#ivila ud?

Jrnhminuaziufnuamsann JHaTINITLBNana lupsIe LLﬂﬂLtﬂﬂﬂlﬂHﬂ’]‘iNﬂ 4

@919 4 USnamasduananinmsanauanlunsiaueneas Phyllianthus alzden 1

%0 genus LAz species drureanis Fuane dwiinild (e)
1. P. colummaris LF+TW Hexane 43.98
LE+TW EtOAc 31.08
LF+TW n-BuOH 51.46
LF+TW H,0O 69.18
ST Hexane *
ST EtQOAc 5.96
ST n-BuOH 8.11
ST H,0 43.94
BK Hexane *
BK EtQAc 23.87
BK n-BuQOH 21.31
BK H,0 61.19
2. P. milabile LF+TW Hexane 26.28
LF+TW EtOAc 9,02
LF+TW n-BuOH 15.21
LF+TW H,0 37.97
ST Hexane 2.61
ST EtQAc 2.34
ST n-BuQH 7.22
ST H,0 39.23
BK Hexane *
BK EtQAc 20.13
BK n-BuOH 19.61
BK H,0 85.36
3. P. scotepense PX Hexane 22.99
PX EtOAc 7.02
PX n-BuOH 14.05
: PX H,0 44.86
4. P. roseys LF+TW Hexane 5.66
LF+TW EtOAc 16.08
LF+TW n-BuOH 27.15
LE+TW H,0 20.15
ST Hexane 1.87
ST EtOAc 3.67
ST n-BuOH 3.42
ST H,0 23.73

Il o o o '
*hitgansagdauenldaas Hexane tasnnlyazans
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d . - o I
#a genus WAL species dunaaiy duana minile (g)
5. P. collinsae LF+TW Hexane 17.15
LF+TW EtQAc 19.82
LF+TW n-BuOH 38.18
LF+TW H,0 36.87
ST Hexane 0.51
ST EtOAc 1.33
ST n-BuOH 3.18
ST H,O 17.91
6. P. raxodiifolius LF+TW Hexane 11.40
LF+TW EtQAc 15.63
LF+TW n-BuQH 3.85
LE+TW H,0 38.04
ST Hexane 230.05
ST EtOAc 158.80
ST n-BuOH 140.06
ST, H,0 282.74
6. P. taxodiifolius PX (A% 1) Hexane 11.40
PX EtQAc 15.63
PX n-BuOH 3.85
PX H,0 38.04
PX (A%adl 2) Hexane 230.05
PX EtOAc 158.80
PX n-BuOH 140.06
PX H,O 282.74
&
RT (PS40 3) Hexane 6.03
RT EtOAc 7.06
RT n-BuOH 13.79
RT H,0 45.39
7. P. winitii PX Hexane 3.31
PX EtOAc 11.02
PX n-BuOH 20.40
PX H,O 15.42
8. P. hullettii PX Hexane 3.19
PX EtQAc 2.84
PX n-BuQOH 7.54
PX H,0 27.63
9. P. pulcher LE+TW Hexane 30.25
LF+TW EtQAc 10.76
LE+TW n-BuOH 21.46
LF+TW H,0 35.63
8T Hexane 1.23
ST EtQAc 3.05
ST n-BuOH 10.26
ST H,0 27,30
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#a genus WAL species druraany duafia dhusindld (g)
10. P. sikkimensis PX Hexane 5.81
PX EiOAc 6.31
PX n-BuOH 7.26
PX H,0 16.49
11. P. albidiscus LE+TW Hexane 23.75
LF+TW EtDAc 24.14
LF+TW n-BuQOH 57.46
LF+TW H,O 64.57
ST Hexane 2.36
5T EtQAc 4.06
ST n-BuOH 8.34
ST H,O 18.45
12. P. pachyphyllus LF+TW Hexane 35,13
LF+TW EtQAc 29.64
LF+TW n-BuOH 45.41
LF+TW H,0 103.16
ST Hexane 3.71
ST EtOAc 4.09
ST n-BuOH 3.96
ST H,0 7.35
13. P. oxyphyllus PX Hexane 20.75
PX EtOAc 4.47
PX n-BuOH 12.34
PX H,0 12.11
14. P. geoffrayi LF+TW Hexane 2.07
LF+TW EtOAc 34.47
LE+TW n-BuGOH 37.05
LF+TW H,O 215.19
14, P. geoffrayi ST Hexane 1.06
ST EtQAc 14.23
ST n-BuOH 60.55
ST H,0 39.60
15. P. exyphylius PX Hexane 10.43
PX EtOAc B.46
PX n-BuOH 20.98
PX v H,0 63.39
PX (p5a71 1) Hexane 6.57
16, P. acutissima PX EtOAc 25.43
PX n-BuQH 13.87
PX H,0 14.83
17. P. chamaepuce PX Hexane 28.07
PX EtOAc 37.63
PX n-BuCH 51.96
PX H,0 175.48
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= - ar Y w
#io genus LAY species drunany druane Thwindld (o)
18. P. gracilipes PX Hexane 13.95
PX EtOAc 11.15
PX n-BuOH 9.16
PX H,0 62.15

5. MIFAAMNSIAUAN WA MBIR W 19818 (sequential extraction)

o @ [ = e & 5 ar Y - o
Wasnndimaiyunalzditssnavdiemining JMmanauuy parition llaid aeude

or 3 ) o g wr J
Ltﬁ"luﬂ'lﬂ'lﬁa‘:ﬂ'lf;l MUAUPTINIT HAMIFNAUTAILUM TN 5

IJ s a L ﬂg o 3
AYTNN 5 WANTIEN@MTNAIAUANNNIIYDINIMBEAIE (sequential extraction)

LS|
HITUALYIN

Aoy
naMmlaang ¥

Ha genus uax species p FIuraNY dgaudfia A, dmtindils ()
umatilae® (kg) Wway (Ase x Ju)

6. P. taxodiifolius 4.0 RT (afaii 4) Hexane Tx5 75.37
RT (afefl ©) EtOAc 7x6 126.80
RT (afo# 4) MeOH 7x6 145.72

8. P. hullettii" 2.3 PX (nfail 2) Hexane 5x%x5 11.0
PX (% 2) EtQAc 5 x5 24.37
PX (afifl 2) CH,Cl,: MeOH (1:1) 5x7 322.82
PX (adiil 2) MeOH 5x45 44.22

10. P. sikkimensis 10.2 PX (efiil 2) Hexane 5x6 52.03
PX (afift 2) EtOAc 5x86 124.13
PX (afiit 2) MeQH 5x7 694.59

11. P. albidiscus” 3.7 LF+TW (afsfi 2) Hexane 5 x5 86 26
LF+TW (afsit2)  EtOAc 5x5 5912
LF+TW (nfifi2)  Acetone 5x5 161.66
LF+TW (afsit 2) MeOH 5x5 155.30

3.35 ST it ) Hexane b ¥

ST (afait 2) EtOAc 5x 7 23.19
ST (waft 2) Acetone 5x8 51.89
ST (afin 2) MeOH 5% 10 94.61

16. P. acutissima 8.6 PX (afii 2) Hexane 5x5 103.20
PX (afafl 2) EtQOAc 7x5 104 56
PX (afsf 2) MeCH 6x7 442.98

, o 4 .
» e sednawan ld@as Hexane tinsainlaszainy
-4 nr , ' [ . - .
*flugh twnzwaen partition 1Y fractions Hasua? wuidl cytotoxic activity Tunans ceil lines
b = . .. wed @ N Mo &3 e & -
il anti-HIV activity agluinnmid Jlammaividn 2 asuiadnmnmauaiiaie
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war Vet . _ w 3 PR R >
Iasalwiimmagay cytotoxic activity avduaiagagea 1 Felauamsnesaveuilduaaslily

|
@TNN 6

4 at 1 1] sy wd T
@1319# 6 NANMSNAFAL cytotoxic activity YBIEIUFAALALEIN ) ¥4 Phyllanthus §UTIeNa 1

EC,, (Lg/mL)

#a genus Uay a1

_ u duana Cell Line
species WY
P-388 KB Col-2 BCA-1 Lau-1 ASK
1. P. columnaris LF+TW  Hexane >20 >20 >20 >20 >20 >20
LF+TW EtOAc >20 >20 >20 >20 >20 >20
LF+TW n-BuOH >20 >20 >20 >20 >20 >20
LF+TW  H,O >20 >20 >20 >20 >20 >20
ST Hexaﬂe * % L 1 * ¥ * g * % * %
ST EtOAc >20 >20 >20 >20 >20 >20
ST n-BuOH >20 >80 >20 >20 >20 >20
5T H,O >20 >20 >20 >20 >20 »20
BK Hexﬂnc L1 * % * % * % *% L3 3
BK EtOAc >20 >20 >20 >20 >20 -
BK n-BuOH >20 >20 »20 >20 >20 -
BK H,0 >20 >20 >20 >20 >20 -
2. P. milabile LF+TW  Hexane 17.44 >20 >20 >20 >20 »>20
LF+TW  EtOAc >20 >20 >20 >20 >20 =20
LF+TW n-BaOH >20 >20 >20 >20 >20 >20
LF+TW H,O »20 >20 >20 >20 >20 >20
ST Hexane >20 >20 >20 >20 >20 -
ST EtQAc >20 >20 >20 >20 >20 -
ST n-BuOH >20 >20 >20 >20 >20 -
ST H,O >20 >20 >20 »20 >20 -
BK Hexane * ¥ *k L Aok * ¥k * ¥k
BK EtOAc >20 »20 >20 >20 >20 >20
BK n-BuOH »20 >20 >20 >20 >20 >20
BK H,O >20 >20 >20 >20 >20 >20
3. P. sootepense PX Hexane >20 >20 >20 18.19 >20 -
PX EtQAc »20 >20 >20 >20 >20 -
FX n-BuCH >20 >20 >20 >20 >20 >20
PX H,0Q >20 >20 >20 >20 >20 >20

v w - v o ' - r et
wafgnnsoanausnlade Hexane iimminliazaty Teldfinammeaau
wnmwe @ EC,, < 20 pg/mL Tdahuan activity, - = falildwammaday
P-388: murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2: human

colon cancer, BCA-1: human breast cancer, Lu~1: human lung cancer, ASK: rat glioma
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A1 6 (Fa)

EC,, (Hg/mL)

- P
#8 genus WAL dauum

) - druane Cell Line
species WH
P-388 KB Col-2 BCA-1 Lu-1 ASK
4. P, roseus LF+TW  Hexane >20 >20 >20 >20 >20 >20
LF+TW  EtOAc >20 >20 >20 >20 >20 >20
LF+TW  n-BuOH >20 >20 >20 >20 >20 >20
LF+TW H,0 >20 >20 »>20 >20 >20 >20
ST Hexane >20 >20 >20 >20 >20 -
ST EiQAc »20 »>20 >20 >20 >20 -
ST n-BuOH >20 >20 >20 »20 >20 -
ST H,0 >20 >20 >20 >20 >20 -
5. P. collinsae LF+TW  Hexane >20 >20 >20 >20 >20 >20
LF+TW  EtQAc >20 >20 >20 >20 20 >20
LF+TW  n-BuOH >20 >20 >20 12.05 18.66 >20
LF+TW H,0 >20 >20 >20 13.08 >20 >20
ST Hexane >20 >20 >20 >20 >20 >20
ST EtOAc >20 >20 >20 >20 >20 >20
ST n-BuQH »20 >20 >20 >20 11.90 >20
ST H,O >20 >20 »20 >20 >20 >20
6. P. taxodiifolius  PX «f81) Hexane 7.28 <4 5.25 <4 <4 >20
PX hiiny EtOAc <4 <4 <4 <4 <4 <4
PX whin n-BuOH >20 7.94 >20 0.71 8.53 -
PX widny H,0 »20 >20 >20 >20 >20 -
PX (efst 2y Hexane 15.78 <4 <4 <4 <4 >20
PX wfd 2y EtOAc <4 <4 <4 <4 <4 <4
PX «hi2) n-BuOH >20 0.09 12.45 4.88 12.26 >20
PX eiilz) H,O >20 >20 »20 >20 »>20 >20
RT (afs# 2y Hexane <4 11.65 7.72 <4 3.89 16.55
RT whisy EtOAc <4 <4 <4 <4 <4 19.17
RT ¥# 2 n-BuOH »>20 16.92 >20 >20 12.0 >20
RT afitsy HO >20 »>20 >20 >20 >20 >20
RT %% 4 Hexane 7.98 <4 _ 10.27 - 15.38

RT w4 EtOAC - - - - - -
RT (afsdl a» MeOH - -~ - - - _

* MIMIANARN LD sequential extraction

winame M BC,, < 20 pg/mL 39daIuden activity, - = tlilduamsnndau

50
P-388: murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2: human

colon cancer, BCA-1: human breast cancer, Lu~1: human lung cancer, ASK: rat glioma
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4 r
A5 6 (Ma)

EC,, (Ug/mL)

d
%8 genus uay  dauuad

) u dguana Cell Line
species Wy
P-388 KB Col-2 BCA-1 Lu-1 ASK
7. P. winitii PX Hexane 12,12 19.95 >20 >20 >20 -~
PX EtOAc 17.36 >20 >20 »>20 >20 -
PX n-BuOH >20 >20 >20 >20 >20 -
PX H,0 >20 >20 >20 >20 >20 -
8. P. hulletii PX (a3l 1) Hexane <4 >20 >20 >20 14.98 -
PX whi 1y EtQAc <4 >20 12.15 >20 10.96 -
PX @i n-BuOH 14.27 >20 >20 >20 >20 13.63
PX iy HO >20 >20 >20 >20 >20 >20
PX (it 2 Hexane <4 >20 12.45 9.66 16.52 -
PX fil - EtOAc <4 <4 <4 <4 >20 8.86
PX (¥l 2y» CHCl,-MeOH  18.66 <4 17.45 >20 <4 20
(1:1)
PX edidl 2~ MeOH >20 16.52 >20 >20 10.68 >20
9. P. puicher LF+TW  yevane >20 »>20 >20 >20 >20 >20
LF+TW  koac 15.7 >20 >20 >20 »20 >20
LF+TW n-BuOH 11.94 >20 >20 >20 >20 >20
LF+TW H,0 >20 >20 >20 >20 >20 >20
ST Hexane >20 >20 >20 >20 >20 *20
ST BtOAC >20 >20 >20 >20 >20 >20
ST n-BuOH 18.46 >20 >20 >20 11.27 >20
ST H,0 >20 >20 >20 >20 >20 >20
10. P. sikkimensis PX od# 63 Yeyane >20 >20 >20 <4 >20 >20
PX ofé ) gioAc <4 >20 >20 <4 >20 >20
PX wfd 0 n-BuOH <4 >20 >20 >20 >20 >20
PX i1 H,0 >20 >20 >20 >20 >20 >20
PX d# 2" Yexane <4 <4 >20 >20 16.62 <4
PX whii2* EioAc <4 <4 >20 >20 >20 <4
PX 5#2* MeOH 19.11 >20 >20 >20 >20 11.2
11. P. albidiscus LF+TW  Hexane >20 >20 >20 >20 »20 >20
LF+TW  pioAc 9.58 >20 >20 17.59 11.11 >20
LF+TW . BiOH >20 >20 >20 >20 >20 16.74
LF+TW H,0 >20 >20 >20 >20 >20 >20
* imsanaaa83E sequential extraction
wanEme @ EC,, < 20 pe/mL Refahuans activity, - = Salaildwamsmaaay

P-388: murine Iymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2: human

colon cancer, BCA-1: human breast cancer, Lu-1: human lung cancer, ASK: rat glioma
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=l '
AN 6 (6a)

EC,, (ug/mL)
duana Cell Line

P
o genus WA FIUUBY

]

species WY
P-388 KB Col-2 BCA-1 Lu-1 ASK
11. P. albidiscus ST Hexane 17.91 >20 >20 >20 >20 -
ST EtOAc 14.74 >20 >20 >20 »20 -
ST n-BuOH >20 >20 >20 >20 >20 -
ST H,0 >20 >20 >20 >20 >20 -
12. P. pachyphyllus LF+TW  Hexane >20 >20 »20 >20 >20 >20
LF+TW EtQAc >20 >20 >20 >20 >20 >20
LF+TW n-BuOH >20 >20 >20 >20 >20 >20
LF+TW H,0 >20 >20 >20 >20 >20 >20
ST Hexane 10.28 >20 >20 19.9 >20 >20
ST EtOAc 18.85 >20 >20 >20 >20 »20
ST n-BuOH >20 >20 >20 >20 >20 >20
ST H,0 >20 >20 >20 >20 >20 >20
13. P. oxyphyllus PX Hexane 11.13 >20 18.08 =20 >20 13.74
PX EtOAc >20 >20 >20 >20 >20 >20
PX n-BuQOH >20 >20 »20 >20 >20 >20
PX H,0 >20 >20 >20 >20 »20 >20
14. P. geoffrayi LF+TW  Hexane 7.90 >20 >20 *20 >20 »20
LF+TW  EtOAc 5.84 >20 - >20 >20 >20
LF+TW n-BuOH >20 >20 - >20 >20 >20
LF+TW H,0 >20 >20 - >20 >20 >20
ST Hexane 12.04 >20 >20 >20 >20 >20
ST EtOAc 13.59 7.41 15.23 >20 16.80 >20
ST n-BuOH >20 >20 >20 >20 >20 >20
ST H,O >20 »>20 »20 >20 >20 >20
15. P. exyphyllus PX Hexane <4 >20 >20 8.2 >20 >20
PX EtOAc <4 <4 18.05 13.1 >20 20
PX n-BuOH 17.22 >20 >20 >20 >20 >20
PX H,O >20 >20 >20 >20 >20 »>20
16. P. acutissima  PX (w&i1) Hexane 11.31 >20 >20 16.5 >20 >20
PX whiy EiQAc <4 <4 <4 <4 14.13 2.89%
PX («f#in n-BuOH 18.18 14.62 17.62 13.0 >20 >20
PX whiny HO >20 >20 >20 >20 >20 >20
mnemes @ EC,, <20 pg/mL Fadohuany activity, - = Saliilanammassy

P-388: murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2: human
colon cancer, BCA-1: human breast cancer, Lu-1: human lung cancer, ASK: rat glioma
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- '
731901 6 (ea)

EC,, (Mg/mL)
duana Cell Line
P-388 KR Col-2 BCA-1 Lu-1  ASK

o
Bio genus laz  dnIm

)

species

16. P. acutissima PX (il 2»» Hexane - - - - - -
PX % 2 EtQAc - - - - - _
PX (a¥m 2 MeOH - - - - - _

17, P. chamaepeuce PX Hexane 16.01 >20 >20 >20 >20 =20
PX EtOAc 1577  15.97 >20 >20 16.35 14.11
PX n-BuOH >20 »20 >20 >20 >20 >20
PX H,O >20 >20 >20 >20 >20 >20

18. P. gracilipes PX Hexane >20 >20 >20 >20 >20 >20
PX EtOAc >20 >20 »20 >20 >20 >20
PX n-BuOH >20 >20 >20 >20 >20 >20
PX H,0 14.99 >20 >20 >20 >20 >20

* fnsanamieis sequential extraction

nnEmg @ ECy, < 20 pg/mL ROANUAM activity, ~ = e lallanammeday
P-388. murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2: human
colon cancer, BCA-1: human breast cancer, Lu~1: human lung cancer, ASK: rat glioma

PNHAEIMINATEY cytotoxic activity ravdiuadaganluammeil 6 Unnghiimi 3 08
WS cytotoxic activity BEluNaAGIINEY

wanaNiiBawuil Phyllanthus fuaa cytotoxic activity ludhuafndansn o aglunomifann
(EC,, < 4 pg/ml) (Raduan 2 aUEd Ao Phyllanthus hullettii wa Phyllanthus exyphyllus (o_]mmﬁ’ 6)

6. MaanaITaIdlsznay ua:miﬁnmm‘[maﬂ‘a"lwaamiaaﬁﬂssnauwmﬁﬂuaqa

Phyllanthus

] oo =2 ] . .. = sras '
Hasniifaluana Phyllanthus HUAn cytotoxic activity Tutnaiaann wazlasuenuaulsmnngu

o = T s o gd W . .. & v

Sevaanos 5 avad ndny 18 sUTdRlednuLaznaday cytotoxic activity tuilingau

w ol o w o - < . - - wd e [
mumguaifinadinafiszdnmmsasdsznay Fliansefiwhmsdnmlens 5 alFdwiaun

ngaiirrannivladanhmsfnwathednlu 2 aldd laud

1. Phyllanthus taxodiifolius

2. Phyllanthus acutissima

fiEnavTdniitlgdanmluldhausialimansousnansle da Phylianthus sikkimensis Wiy
wnzansildlidas stable 10 wifudduesdaignasniladldluainme JainmsdnwatlEdilineu
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Phyllanthus hullertii s difuiisanidingn uavagluiumsWannmsata miwne Phyllanthus
allidiTmsAdauinidags  dafauuuideslddmateasmnistann  Jaldvhmaafafeatsdiidun
InsilaeASmsusiuuy sequential extraction 638 hexane, EtOAc, CH,C1,:MeOH (1:1) uas MeOH mudieu

WU Phyilanthus exyphylius galallédvnmsuensspsdisenau ualuamaassldvmsdnmda

Fhlunsnuatuildnenuamemsuenuasmsmlosisineaciiy 2 winde Phyllanthus

- .. . &
taxodiifolius Wat Phyllanthus acutissima (W

7. Msuana1sasAdTznavnad manaras Phyllanthus taxodiifolius

TvhmsiuRaiBdintomn 4 afy vovueil 4 draehs Tdud
1. dafagiuiladu (aerial part, PX) (1.7 ke)
2. d?uﬁaémﬁﬂau (acrial part, PX) (14.3 kg)
3. @uladu (root, RT) (1.7 kg)
4. dlddu (root, RT) (4.0 kg)
Tdvinmad@nwn cytotoxic activity sasiuaiiidinnenaia Unnghdamsi 1-3 Wualunasiaun
uAdhee Nl 4 Sisanamsnedouay
I@Tﬁwnﬁuﬂna1iamﬂ$~naummvdwﬁasimﬁaﬁu (PX) whitu uazlévimia 2 hathe uadviuds
athad 2 falaieded Lmnmmﬁmmnm{lmmnﬂummmuuavﬂsmm Tunsdlaasehulddiu (RT) Faufiuand

wiaugalildvmsuanasesdussnay

7.1 Mstan@snndruntadu (acrial part, PX) 2290791197 1 189 Phyllanthus taxodiifolius

4 o g e & , . - v B
tasnndnanasn Phylanthus taxodiifolius W WHANA? cytotoxic activity azﬂummm neludu

L L3 Qs 1 i o ol ) 1 =J o <5 -l:
FRATNAMUE Wardiudnadasdn 1 nawidaraunilsdanymsfinwadvazdualudrudnanniveii

& wom v, a - & o ) oS o a + '
l].uiluwulﬂu’lih‘uﬁﬂﬂ (QqﬂﬂqiLﬁUWﬂﬂi‘a'ﬂ 1) YIL'Hai]mnﬂ‘]‘S'Ylﬂﬂ‘ﬂ‘uu‘m’ln‘]‘itlﬂﬂﬁl"limﬂﬂixﬂﬂ‘l.lﬂF_I‘LI

- PSUENEsRIAUIENBUNIAE AR hexane U89 Phyllanthus taxodiifolivs (M0E1H 1)

TMhduand® hexane (11.4 g) :uen@I8 column chromatography 10El# silica gel Wy stationary
phase Tﬂﬂﬁlu elute @28 pure hexane I.W‘N %% UM ethyl acetate 1IJL"§E1EI i QUi pure ethyl acetate waIAas 9
I.‘ﬁlu % B9 methanol 14 cthyl acetate Tuauda pure methanol Iﬁﬁ1ﬂ1iLﬁuﬂ'l‘.iazmﬂﬁﬂﬂﬂﬂ’m column #iaz
500 mL husazdniiuluszmauiadas rotary evaporator udvandmaiaiuaas TLC ady 9 fududu
fractions @ 9 1J's1ng7'1'imlé' 9 fractions L9Aa IMANIMATAY cytotoxic activity ¥4 fractions F1 9 16ug

o o
MUALFAI U519 7



85

< , - . Y o
ATNN 7 HA cytotoxic activity 984 fractions INFIUSNA hexane NFUMITUEN column chromatography

afausaud
EC,, (ug/mL)
Fraction Cefl Line

P-388 KB Col-2 BCA-1 Lu-1 ASK
F1 >20 20 >20 >20 >20 -
F2 >20 >20 >20 >20 >20 -
F3 >20 >20 >20 >20 >20 -
F4 >20 >20 >20 >20 >20 -
F5 »20 >20 >20 >20 >20 -
F6 11.77 >20 >20 >20 >20 -
F7 11.64 12.97 15.92 18.21 15.66 -
F8 <4 <4 <4 <4 <4 -
F9 9.07 <4 6.17 <4 <4 -

waINEMeg M EC,, < 20 pg/mL Sefiadhudns activity, - = Seluldwammasau
P-388. murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2:
human colon cancer, BCA-1: human breast cancer, Lu-1: human lung cancer, ASK: rat

glioma

nEMINETRLEINTouenasinguanaanizula 3 671 (813 1-3 ) 27 fractions F2, F4 uaz F8

¢ W o o
:usR AU ﬂ\“lﬁﬂ\i'lul.l.uuﬂiﬂ 2
o d
LLEUHIN 2

dudne Hexane (11.4 g)

’ CcC
F1 F2 F3 F4 F5 F6 F7 F8 F9
CcC CcC CcC
Recrystallization Recrystallization Recrystallization
Y Yy
Glochidone (1) Glochidonol (2) Cleistanthin A methyl ether (3)
157.0 mg 1112 mg 12.6 mg

CC = column chromatography
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naidaldhmaiignilasiadilosldmaiiad 1 meaualnsalad uaclosmslSeudior 4o

@ W

= ' , & o ¥ oar v
anunﬁqu‘lumnau wunmimmumﬁTﬂimﬁwmuammmN

Ay
0y

[

A,

H -

)
-

Glochidone (1) Glochidonot (2)

Cleistanthin A methyl ether {3)

o ar L) 4
- msuanasAdsEnauUNINd N R ethyl acetate ¥84 Phyilanthus taxodiifolius (@728740 1)

lehdmane ethyl acetate (15.6 g) WG column chromatography 1eele silica get ilu
stationary phase Tﬂﬂﬁ‘n elute BB pure hexane L'ﬁ&l % UM ethyl acetate ‘[ﬂl%aﬂ 7 N pure ethyl acetate
USADE 9 1Ay % ©B4 methanol M ethyl acetate URNEY pure methanol l@¥msiiussazmedioanain
column iaz 500 mL hudazdnmiulysmouiasie rotary evaporator WdIsWELALERlARLE TLC
asn q Al fraction Wiy Usinghsawla 6 fractions 1AAA IWAMINATDY fractions 69 9 90

A = o
column Y lﬂNﬁGﬂNﬂLLaﬂQ‘LuGﬂT’Nﬂ 8
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§ : o . a4 )
TN 8 WA cytotoxic activity 9@ fractions Nneuane ethyl acetate YIHUNSUEN column chromato-
&
graphy AFHUSNLAT

EC,, (Mg/mL)

Fraction Cell Line

P-388 KB Col-2 BCA-1 Lu-1 ASK
F1 >20 >20 >20 >20 >20 >20
F2 11.7 >20 »20 >20 >20 >20
F3 >20 >20 >20 >20 >20 >20
F4 <4 <4 <4 <4 <4 <4
F5 <4 <4 <4 <4 <4 <4
Fé >20 >20 >20 <4 <4 17.73

winmwmey @ EC,, < 20 pg/mL adiatuans activity, - = filailduamsmagauy

B T

P-388: murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2: human

colon cancer, BCA-1: human breast cancer, Lu-1: human lung cancer, ASK: rat glioma

ngwisorann@mIsouEnaslanndudna ethyl acetate 3 @1 ldun Glochidonol (2 1N F3)
W o
Cleistanthin A (4 990 F5) uat Cleistanthoside A (5 910 F6) fuuamluususan 3

UeuLah 3

dwudfim Ethyl acetate (15.6 g)

CcC
F1 F2 F3 F4 F5 F6
CcC cC CC
Recrystallization Recrystallization Recrystallization
4 4
Glochidonoi (2) Cleistanthin A (4) Cleistanthoside A (5)
79.7 mg 564 mg 181.8 mg

CC = column chromatography
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._-“ }E]

Glochidonol (2)

OH
CH

OH

Cleistanthin A (4) Cleistanthoside A (§)

- MInend3aaAlsEnauINEMENH n-butanol Y89 Phylianthus taxodiifolius (e1ateh 1)

P [ e N o & T ] .
Wissnnnguitelawunduann n-butanol WuLERN cytotoxic activity tunu Jalamsuanans
w 4w ] P w ¥ A d ar o a
Nnduaialisneg udhwualasiamnnng eunnnduanaiivssnaudeashfitage inazia columan ¥
iledmusnTuudas fraction Wuunanias Fehildvmsnasay cytotoxic activity vasudas fraction Mo
) a = a1 '
0 column chromatography W@ll@NNISUEALN fraction AdNsnashdala stilsisnaunsauanas

et W =t wr o o
lignan glycoside aaniladn 1 @1 AENT 6 1N F5 LWEY 14,6 mg AIudas LULHUMHID 4

ar d
LLEUENT 4

dudna »-Butanol (3.25g)
‘ cC
I | | l
F1 F2 F3 F4 F5 Fé F7
cC

Recrystallization

Compeund 6
14.6 mg

CC = column chromatography



