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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
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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
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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



44

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
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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



52

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



60

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
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< , - . 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
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P o v 1 = o
Waenas 6 uTnanias  Litisawadentsiiviayamesilalnsalalldidan  Seldifudeys
ol " J @ r J v o
madualnsalatiunainlddn Fdsliamnsoneemlasiainle udlavmsnasay cytotoxic activity T
w P LY w a"1 w w oo o ¥ A
ua? lagienawithazusnssriildnnduaiavasizimfiuased 2

Py o T 1
7.2 MIuana@INnaNmiany (aerial part, PX) 223228199 2 224 Phylanthus taxodiifolius

dlasnasundfiuenandrai e 1 uae Phyllanthus raxodiifolius Sinaniaslitieanada
msAinwmnlassahsatamnysel uaslidismwadantmassugninniimmluszdudnadludn Saldvims
di Phyllanthus taxodiifolius MAUINARTA 2 #90 McOH snunnasidaafiugatumsned 2 ldduade
MeOH 834.9 g Wuidlunagaugrimetimwdesduinias Avdaluvh parition dasedvhazanai
iitaennd Tdnamsatamuiinansliluunuiad 5

ar A
WK &

dudia MeOH (834.8 g)

Win Ho0 udafelupsiouan
@3t hexane

g ! ] |

U hexane (230.0 g) U H,0

A6 lUATIBLEN
et ethyl acetare

% Z
27U EtOAc (158.8 g) #u H,0
And MNTIELER
#28 n-BuOH
[ zl
#1 n-BuOH (140.1 g) 2 H,0 (282.7 g)

v e L ol = Wy > -
HanInNadaY cytotoxic activity ﬂBQﬁ?uﬂﬂﬁﬂBﬂB§1uLﬂmﬂﬂN1ﬂ {!‘I’]NYILLHGN‘I'JFIE]HLI.ﬁ'J.lNG‘I']TI\WI 6

1 o L 7 ﬂJ
- MILENFITAIAUsEAaUNINEIUAN hexane VDY Phylianthus taxodiifolius (6287499 2)

1avhauann hexane (230.02 g) INUENAIY column chromatography To#l4 silica gel Gy stationary
phase Tmm‘s"u elute §38! pure hexane l.'ﬁll % Ya¥ dichloromethane 'Lﬂl.%aﬂ 1 Ui pure dichloromethane ua?
Aoy 7 AN % 499 methanol Tu dichloromethane WU pure methanot lévhmsifivensazanefiaanan
cotumn #82 500 ml, thudazdruAulusamsuiasie rotary evaporator udmnEINERaALIN TLC Ade
7 futhy fractions 619 1 Usingnsaula 4 fractions mudlausna T luunuiai 6
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ar =
HHUKEY 6

druane hexane
(230.02 g)

cC

F1 F2 F3 F4

CC and recrystallization

Cleistanthin A N-benzoylphenylalaniny|-N- N-benzoylphenylalaninoyl- Cleistanthin A (4)
methyl ether (3) benzoylphenylalaninate (7) phenylalaninol acetate (8) (173.7 mg)
(111.1 mg) (26.0 mg) (28.5 mg)

CC = column chromatography

10 fraction F2 1150U8Na15le 4 62 Lous Cleistanthin methyl ether (3), Cleistanthin A (4),
N-benzoylphenylalaninyl-N-benzoylphenylalaninate  (7) ua8¢ N-benzoylphenylalaninoylphenyl-alanino)
2 ar ¥
acetate (8) TillaTeaIMAIUAMITNEN

Cleistanthin A methyl ether (3) Cleistanthin A (4}

&gﬁg N ﬁ OJLCH
@jﬁﬁ 0 RS

N-benzoylphenylataninyl-V-benzoylphenylataninate (7} N-benzoylphenylalaninoylphenylalaninol acetate (8)
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v ¥ pui & o ' o ' Y ' v
15 3 uaz 4 uanlawinauly batch AAUATIN 1 udans 7 uas 8 Hiliuaaldinnawas wandlu

J o el ] ) a o 1]
@15 known hn3unsuen F1, F3 uas F4 degssuinduiiumsaaly

- MsuEnaIaIAUTENaUINdMaR® EtOAc 289 Phyllanthus taxodiifolius (#8879 2)

lahdaia BroAc (158.8 g) MuBn@IE column chromatography Totslo sitica gel 1 stationary
phase ToB3w elue ¢ pure hexane udfae 9 iy % 283 dichloromethane W32 4 wude pure
dichloromethane UAIABEY ¢ u?‘\iu % U84 methanol MW dichloromethane lUaufia pure methanol Tavhmsdu
Hsezaneiiannn column Mz 500 mL hudazaiuiiiulusmouwady rotary evaporator ugaTawnd
afanuans TLC ade 9 Mty fractions sha 9 Usingiisule 12 fractions wEIINTITNMsuENAas Y
38 recrystallization %38 column chromatography MM recrystallization ud7 eansouansle 4 @ leun
Glochidone (1) 20 F4, Cleistanthin A (4) 330 F9, Taxodiifoloside (9) fiu Cleistanthoside A (5) 310 F10
U@z Cleistanthoside A (5) 10 F11 mufldusesiiluunudeh 7 uaillessandusasing

Taxodiifoloside  (9)  tHuaslusifdalifilasnaonday  ilaseedadu  monoacetate  wa4

Cleistanthoside A (5)

L A
WHUHIN 7

dudnn FtOAC

(158.8 g)
cC
F1 F4 F9 F10 Fl11 F12
allizati cC cC CC
recrystatization recrystallization recrystallization recrystallization
Glochidone (1) Cleistanthin A (4) Taxodiifoloside (9) Cleistanthoside A (5)
8778 245¢g 27.2 mg 1.83 g
ey
Cleistanthoside A (5)
29.3 mg

CC = column chromatography

Glochidone (1)

Cleistanthin A (4)



72

Cleistanthoside A (8) Taxadiifoloside (9)

- ASHINFSBIAUTENBUIING AN n-butanol a9 Phyllanthus taxediifolius ($11a#1am 2)

lévhahuata n-butanol (112.8 g) wwaney column chromatography Totly sitica gel il
stationary phase 1981133 elute @29 pure CH,CL, ufAag 1 iy % 189 MeOH Tudae 9 2ude 30% McOH-
Cl,ClL, udrgavield pure MeOH Idvmstiumsazaneiiaanain column fiaz 500 ml, iudazdwiiull
sunBURITIE rotary evaporator WAITINEINERATIUEM TLC Ade 4 fuduilu fractions a1 Unngd
53ld! 6 fractions M§sRINTINAITUENRBFIEIS column chromatography MY recrystallization WA 13130
wenE@sLe 3 67 loud cleistanthin A (4) fiu 4 -hydroxy-3 -methoxybenzoic acid (10) 311 F3 uas .
cleistanthoside A (5} 970 F4 ﬁ'quam'luuuuﬁqﬁ 8

@ o
WHUEND 8

#UdAn n-Butanol

(112.8 g)
CC
F1 F2 F3 F4 F5 lﬁ
CC CcC
recrystallization recrystallization
Cleistanthin A (4) Cleistanthoside A (5)
81 mg 861.9 mg

was

4-Hydroxy - 3-methoxyben-
zoic acid (10)
7.8 mg

CC = column chromatography
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Cleistanthin A (4) Cleistanthoside A (3) 4-Hydroxy-3-methoxyben-
zoic acid (10)

- Y o o "y
8. mafignilaseaevasasasdlsznauiiudaniain Phyllanthus taxodiifolius

Ve o @ o o » 3 9
lahmsfignilassasnuesasuSgndnuanlaan Phyllanthus taxodiifolivs Taglddayamanle Tn
salatiusznaumsReIsen

d e
Physical data #84@13NUTINGN Phyllanthus taxodiifolius

Compound 1 (Glochidone)

Glochidone (1)

CSOHdﬁo
colourless needles from CH,Cl,-MeOH, m.p. 166.0-166.6 °C [Lit.1 164-165 °C, CHCl,~MeOH, Lit.
163-1684 °C, CHCl,-MeOH]

(o] %, +72.38° (¢ 0.1 CHCY,) [Lit. [a]} +73.41° (¢ 2.0, CHCL)]

o
FT-IR (CHCL): v_ 1662 (C=0), 1457, 1382, 1284, 1161, 1103, 947, 888, 826 cm
EIMS m/z (rel. int.): 422 [M]'(20), 229 (69), 203 (34), 191 (53), 175 (23), 161 (35), 150 (100),
137 (73), 121 (45), 109 (58), 95 (75), 83 (97), 69 (30), 55 (17)

"H NMR (CDCL,, 500 MHz) and "°C NMR (CDCl,, 125 MHz): @1l 9

2

1
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Compound 2 {Glochidonot)

Glochidonol (2}

CaoHe0,

colourless needles from CH,Cl,-MeOH , m.p, 223.2-224.1°C [Lit." 228~ 230 °C, benzene]

[a] 2 : +45.1° (c 0.1, CHCL) |Lit. [e1],+46.0" (¢ 1.0, CHCL)]

FT-IR (KBr) v _ = 3422 (OH), 1713 (C=0), 1641, 1459, 1381, 1346, 1287, 1253, 1238, 1208,

1144, 1110, 1089, 1074, 1025, 1009, 985, 949, 918, 882, 859 cm’
EIMS m/z (rel. int.): 440 {M] (0.7), 422 (5), 327 (3), 229 (9), 203 (8), 189 (6), 175 (4), 161

(5), 147 (7), 135 (10), 121 (18), 114 (100), 107 (18), 95 (17), 82 (12), 70 (10), 56 (7)
'H NMR (CDCl,, 500 MHz) and *°C NMR (CDC,, 125 MHz); gansnil 9

<l o & 1-3
Glochidone (1) 1.8z Glochidonol (2) Wuash known LLazwu'lumfm'luarga Glochidion uaz

4 S . . .= w 5
FPhyllanthus 3nau upnunddawuiiu metabolites 484 bird’s nest fungi ANNIE



75

=
@519 9 300 MHz 'H- uaz 75 MHz "C-NMR data 284815 1 war 2 lu CDCI,

Position 6“ ac
1 2 1 2
1 7.10 (d, 10.2) .80 (m) 159.87 79.58
2 5.79 (d, 10.2) a) 2.22 (dd, 14.4, 8.1) 125.14 45.08
b} 3.01 (dd, 14.4, 3.5)

3 - - 205.55 215.87

4 - - 43.63 47.11

5 1.56 (obsc.) 1.34 (obsc.) 53.42 51.30

6 1.52 (obse.) 1.57 (obsc.) 19.01 19.59

7 a) 1.48 (obsc.) 1.44 (obsc.) 33.75 32.88
b} 1.54 (obsc.)}

8 - - 41.74 41.10

9 1.53 (obsc.} 1.52 (obsc.) 44,42 50.85

10 - - 39,54 42.88

11 a) 1.38 (obsc.) a) 1.35 (obsc.) 21.23 22.98
b) 1.63 (obsc.) b) 1.84 (obsc.)

12 a) 1.12 (cobsc.) a) 1.12 (obsc.) 25.08 25.11
b) 1.76 (obsc.)} b} 1.71 (obsc.)

13 1.73 (obsc.) 1.71 {obsc.) 38.21 37.93

14 - - 43.00 42.92

15 a) 1.01 (obsc.) a) 1.05 (ohsc.) 27.36 27.46
b) 1.69 (obsc.) b} 1.69 (obsc.)

16 a) 1.39 (obsc.) a) 1.36 (obsc.) 35.48 35.48
b) 1.53 (obsc.) b) 1.50 (obsc.)

17 - - 43.09 42.93

18 1.39 (obsc.) 1.38 (obsc.) 48.14 48.21

19 2.40 (ddd, 11.1, 11.1, 2.38 (ddd, 11.0, 11.0, 47.88 47.90

517) 5.7)

20 - - 150.74 150.72

21 a) 1.30 (obsc.) a) 1.33 (obsc.) 29.79 29.74
b} 1.82 (obsc.) b) 1.92 {obsc.)}

22 a) 1.19 (ebsc.) a) 1.20 (obsc.) 39.96 39.94
b) 1.39 (obsc.) b) 1.41 (obsc.)

23 1.13 (s) 1.06 (s} 27.79 27.94

24 1.08 (s) 1.04 (s) 91.41 19.81

25 1.07 (s) 0.83 (s) 19.19 11.81

26 1.11 (s) 1.06 (s) 16.45 15.92

27 0.96 (s) 0.98 (s) 14.42 14.42

28 0.81 (s) 0.80 (5) 18.08 18.01

29 a) 4.58 (d, 1.5) a) 4.57 (d, 1.4) 109.49 109.48
b) 4.70 (d, 2.3) b) 4.68 (d, 2.2}

30 1.6 (s) 1.88 (s) 19.32 19.25

HHTDLH) Chemical shifts given in ppm using TMS as internal reference; multiplicities and coupling

constants (Hz) are given in parentheses; obsc. = obscured signals.
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. o 4 2
'z'l'ﬂgam\\ Nuclear magnetic resonance spectroscopy aufuaa [ luasen 9 & PC-NMR spectral
[P [ w v o . 5
data Wuelndidgefiumssyly lierature
. ! . . o o [ & a a
AT assign A chemical shifts P84 protons WAE carbons VINILWUIAN 1 UL mlﬂ"iﬂﬂmﬂﬂﬂagamﬂ

g & o w
2D-NMR spectra (COSY, HMQC W8z HMBC) Wananil stereochemistry 2a3815UN assign Taloasrdads

Ya9N NOE enhancement experiments

Compound 3 (Cleistanthin A methyl ether)

Cleistanthin A methyl ether (3)

CyeH300y,
white powder from EtOH, m.p. 211-215 °C [Lit.” 214-215 °C, ether petroleumn ether]

fa}z, :-50° (c 1.0, CHCL)

FT-IR (KBr): vmax = 1760 (C=0 uad 'Y—]actone), 1624 and 1508 , 1479, 1456, 1434, 1391, 1336,
1265, 1231, 1215, 1169, 1097, 1061, 1039, 1007, 982, 932 (methylenedioxy), B65 em”’

UV (EtOH): A_ (log €) = 221 (4.56), 258 (4.93), 292 (4.22), 314 (4.22), 349 (3.91) nm

EIMS m/z (rel. int.): 380 (M -sugar)(100), 351(3), 321 (7), 293 (13), 143 (18), 111 (13), 102
{7), 75 (17).

HRMS m/z (rel. int.): 5aM@N5I0

'H NMR (CDCY,, 500 MHz) and "°C NMR (CDCl,, 125 MHz): gmmﬁ 10
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Compound 4 (Cleistanthin A)

Cleistanthin A (4)

C,.H,00,,
white powder from EtOH, m.p. 140-141.3 °C [Lit.® 135-136 °C McOH)
[e]2, :-69.8° (¢ 1.02, CHCL) [Lit. [ ], ~67.2° (CHCL)]

FT-IR (KBr): v = 3481, 1742 (C=0 281 lactone), 1623, 1593, 1509, 1479, 1453, 1433, 1390,
1370, 1354, 1337, 1327, 1265, 1235, 1215, 1195, 1173, 1157, 1108, 1087, 1036, 1009, 991,

952, 835, 917, B85, 867, 841, 816, 786, 772 cm’
UV (BtOH): A__ (log €) = 221 (4.50), 258 (4.89), 292 (4.17), 313 (4.19), 348 (3.86) nm
EIMS m/z (rel. int.): 380 (M -sugar)(100), 362 (2), 351 (4), 335 (4), 321 (7), 293 (13), 229
(4), 69 (2)
HRMS m/z (rel. int.): SOHANTIN
'"H NMR (CDCI,, 500 MHz) and "°C NMR (CDC,, 125 MHz): gmsnfl 10

719 3 lov 4 lﬂuﬂ'ﬁﬁ:ﬂﬁﬂﬂ\ﬂumﬁaumﬂ Cleistanthus collinus’™® Waz Cleistanthus petu!usg-m

Wi 'H- usz'*C-NMR data 1 literature 9¢1ndt@esfiv data ¥aAIHMIN UATINT assign chemical
shift wanetuaanluing %ﬂﬂi‘j&ﬁ%ﬂlﬁﬂfﬂﬂ”ﬂd assign lae/ld 2D-NMR data 1hdas 39813150IM3 assign
chemical shifts @14 7 16} ?ﬂnziuﬁi’aﬁﬂ'hﬁngﬂﬁmmnﬂ'h'[u literature 395 assign chemical shifts ¥nlag
Tifideymienfums corelations 3910 2D-NMR spectra

1By89In IR, 'H NMR uaz '°C NMR adueywhds 3 usz 4 {Jussiwin 1-arylnaphthalide
lignans” #9797 10 UAA3 'H- uaz ""C-NMR data 189613 3 wax 4 lu CDCI, Fadunman "C-NMR data
iy 3 war 4 T uans chemical shifts fng carbons ([ 2 @ Meileefigneoh Retuiag
290 hindered rotation 58U C1-C1' Fausias signal ﬁuﬁqw’lﬁmn 9D-NMR data #1918 HMQC Seuden direct
cotrelations 284 carbon 8% proton Haufulagass

M3 assign #N chemical shifts 784 protons WAz carbons Agumian 1 W Mldlasadetayasn
2D-NMR spectra (COSY, HMQC tiaz HMBC) Waz2né coupling constant 984 protons UWNYBA vhenar
Wanansniiugu stereochemistry 284 mg: OH &z OMe UUNUDY sugar 9197 11 wdny HMBC correlations
UBNENT 3 UAL 4
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@379 10 Ud 500 MHz 'H- Uaz 125 MHz '°C-NMR data 7249815 3 uov 4 14 CDCl,

8, 5,
Position 3 4 3 4
1 - - 136.37 135.86, 135.85
1a - - 130.79 130.63
2 - - 1192.21 119.13
2a - - 169.74 169.79
3 - - 130.95, 130.93  [128.90, 128.85
3u 5,510, 5.505 (d each , 1H, 15.0 Hz) 5.514, 5.510 (d each, 1H, 14,8 Hz) 67.28 67.29
5,424, 5,420 (d each , 1H, 15.0 Hz) 5.444, 5,540 (d each, 1H, 14.8 Hz)
4 - - 144.29 144.07
4a - - 127.02 126.79
5 7.85 (s, 1H} 7.93 (s, 1H) 100,64 100.99
6 - - 151.92 151.774, 151,767
7 - - 150.15 150.14
8 7.10 (s, 1H) 7.08 (s, 1H) 106.27 106.03
1 - - 128.a2 12R.35
' 6.83 {obsc., 1H} 6.84 (d, 1H, 1.6 Hz) 110.67 110.68
3’ ad4" |- - 147.47 147.42, 147.41
5 6.97 (d, 1H, 8.1 Hz) 6.96 (d, 1H, 7.8 Hz) 108.13 108.13
&' 6.80 (obsc., 1H) 6.81 {dd, 1H, 7.8, 1.6 Hz) 123.57,123.53  [123.55
7' 6.098, £.096 (d cach, 1H, 1.5 Hz) 6.10 (d, 1H, 1.3 Hz) 101.18 101.18
6,052, 6.049 (d each, 1H, 1.5 Hz} 6.05 (d, 1H, 1.3 Hz)
1" 4,76 (4, 1H, 7.6 Hz) 5.049, 5.043 (d cuch, 1H, 5.6 Hz) 105.10 103.42, 103.389
a" 3.41 (dd, 1H, 8.6, 7.6 Hz) 3.93 (m, 1H) B3.45 71.08, 71.04
3" 3.23 (t, 1H, 8.6 Hz) 3.39, 3.38 {teach , 7.0 Hz} B5.47 82.07, 82.02
4" 3.99 {ddd, 8.8, 8.6, 5.2 Hz) 3.46 (ddd, 1H, 7.0, 7.0, 3.7 Hz) 79.24 78.18, 78.16
5(1) 4.027, 4.025 (dd euch , 11.8, 5.2 Hz) 4.12 (dd, 12.0, 3.7 Hz) 63,43 61.61, 61.59
5"(2) 3.06 (dd, 11.4, 10.2 Hz) 3.359, 3,356 (dd esch, 1H, 12.0, 7.0 Hz)
6-OMe 4.08 (5, 3H) 4.08 (s, 3H) 56.07 58.17
7-OMe 3.81 (s, 3H) 3.81 (s, 3H) 55.79 55.77
2"-on |- 3.258, 3.247 (br d each, 1H) - -
2" _OMe 3.84 (s, 3H) - B1.21 -
3"_oMe |3.69 (s, 3H) 3.69 (s, 3H) 80,67 60.04, 60.02
4"-OMe | 3-50 (s, 3H) 3.50 (s, 3H) 58.70 57.93
nanaing  Chemical shifts given in ppm using TMS as internal reference; multiplicities and coupling

constants (Hz) are given in parentheses; 1°, 2", 3, 4>and 5" are positions on the sugar ring.




af
#1719 11 HMBC correlations observed 984815 3 Uz 4 1y CDC,

3 4
C correlated H correlated H
1 5, B, 2, 6 5,8, 2,6
1a 5, B 5,8
2 3a 3a
2a 3a 3a
3 Ja 3a
3a - -
4 3a, 5,8, 1" 5, 8, 3a, 1”
4da 3a, 5,8 5, 8, 3a
5 8, 6-OMe 8, 6-OMe
6 5, 8, 68-OMe 5, 8, 6-OMe
7 5, 8, 7-OMe 5, 8, 7-OMe
8 5, 7-OMe 5, T-OMe
1 5 5
2' 6' 5,6
3 and 4" 2,5,8,7 2,8, 6,7
5' - 3
B' 2 2°
T - -
1" 2", 5"(a), 5"(b) 2", 37, 5"(a), 5"(b)
2" 1", 3", 2"-0OMe 1", 3"
3" 17, 2", 4", 5"(a), 5"(b), 3"-OMe 17, 27, 4", 5"(a), 5"(b), 3"-OMe
4" 2", 8", 5"(a), 5"(b), 4"-OMe 2", 3", 5"(a), 5"(b), 4"-OMe
5" 1", 3", 4" 17, 3", 4"
6-0OMe - -
7-OMe - -
2"-0OMe 2" -
3"-OMe 3" "
4”"-0OMe 4"

Compound 5 (Cleistanthoside A)

Cleistanthoside A (5)
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C,H,:0,,
white powder from EtOH, m.p. 237-240 °C [Lit.'"’ 238-241 °C from MeOH]

[a)* -5.7° (¢ 1.0, MeOH) [Lit."" [],-7.3°, (c 1.04, dioxane) '

FT-IR (KBr): v __ = 3449 (O-H), 1759 (C=0 lactone), 1624, 1508, 1481, 1457, 14386, 1390,
1340, 1265, 1230, 1215, 1193, 1169, 1121, 1073, 1038, 1004, 932, 865, 812, 793, 770, 730

-1
Ci

UV (MeOH): A__ (log €) = 220 (3.20), 258 (4.58), 292 (3.85), 313 (3.88), 348 (3.55)

max
BIMS msz (rel. int.): 380 (M+—sugar)(100), 351 (9), 335 (8), 306 (8), 321 (17), 293 (36),
263 (6), 160 (9), 130 (5), 102 (8), 59 (10)
HRMS m/z (rel. int.): SOHANISI0

@15 5 1{umT known #8ah cleistantoside A uonlAaIN heartwood ¥84 Cleistanthus patulus
Muell."

1flas91n resolution wBY 'H NMR spectram L1 record T solvent 1 9 Taighin 3eldiedon
(HuByWuS tetraacetate (5a) WAIATIEHLATIEILEY 5 6 5a unu Msmilaseadweesds 5 TR
ldnnenddayann 'H NMR, 'C NMR, DEPT, COSY, HMQC HMBC uaz NOESY spectra 984
BYWUS tetraacetate 5a #ams assign 'H waz “C signals 6 1 1Judsuaaaluased 12

Compound 5a (Cleistanthoside A tetraacetate)

MeQ, 3" 2 Ly 3" g20Ac
5 " - 0Ac T

Cleistanthoside A tetraacetate (5a)

C42H18020
white powder from MeOH, m.p. 136.5-138.1 °C |Lit."’ 136-139 °C]

[at]Z -35.0° (¢ 1.0, CHCL) {Lit."° [at], -25.1° (¢ 1.0, CHCL)]
3 D 3

589

FT-IR (KBr): v, = 1759 (broad C=0 of lactone and C=0 of acetate), 1623, 1509, 1481, 1457,
1436, 1369, 1344, 1264, 1229, 1169, 1120, 1062, 1038, 932, 908, 868, 841, 812, 793, 770

-1
cm

FT-IR (CHCL,): v_, = 1756 (broad C=0 of lactone and C=0 of acetate), 1623,, 1599, 1507, 1482,
1456, 1435, 1369, 1337, 1263, 1168, 1120, 1097, 1063, 1041, 1014, 936, 309, 868, 841

-1
cm

UV (EtOH): A__ (log €) = 222 (4.25), 258 (4.64), 291 (3.92), 311 (3.93), 348 (3.61) nm
HR-MS: 38Ham5Ia



81

'H NMR (CDCl,, 500 Miiz) and **C NMR (CDCl,, 125 MHz): @msnil 12

. . = W 1 = 2 > . -
Cleistanthoside A tetraacetate (5a) 11U known ﬁwgﬂﬂﬂmnmauuu‘lﬂmn Cleistanthoside A
(5)10

Compound 9 (Taxodiifoloside, New compound)

MeQ, s2OAc
o\ mw

*OoH ¥

Taxodiifotoside (9)

CyoH, 10, s

white powder from EtQOAc-hexane, m.p. 142.3-143.1°C

(o}, —34° (c 0.5, CHCI,)

FT-IR (KBr): v, = 3419, 1756 (C=0 of lactone), 1742 (C=0 of acetate), 1623, 1507, 1482,
1456, 1437, 1386, 1345, 1264, 1230, 1216, 1169, 1076, 1037, 1008, 930, 871, 841, 812,
793, 770 cm’

UV (EtOH): A__ (log €) = 223 (3.92), 2.58 (4.31), 294 (3.67), 314 (3.70), 349 (3.46)

max

HR-MS m/z (rel. int.): TaHaMTIA
'H NMR (CDCl,, 500 MHz) and '°C NMR (CDC,, 125 MHz): gmsnil 12
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oV319# 12 500 MHz 'H- uas 125 MHz "C-NMR data 784815 5-tetraacetae waz 9 1u CDCI,
H 5(‘
Position Sa a 5a 9
1 - - 136.20 136.42
Ia - - 130.75 130.76, 130.70
2 - - 119.19 118.13
2u - - 169.66 169.74
3 - - 130.62, 130,58 130.81
3a 5.53 (d, 1H, 15.0 Hz) 5.557, 5.556 (d cach, 1H, 15.0 Hz) 67.30 67.28
5.439, 5,432 (d each, 1H, 15.0 Hz) 5.424, 5.418 (d cach, 1H, 15.0 Hz}
4 - - 143.96, 143.94  143.72
4a - - 126,86, 126.84  126.88
5 7.83 (s, 1H) 7.932, 7.827 (s, 1H} 101.30, 101,28  101.52
& - - 151.78 151.95
7 - - 150.20 150.29
8 7.08 (s, 1H) 7.08 (5, 1H) 106.21 106.21
1 - - 128.535 128.32
o 6.84 {(obsc., 1H) 6.82 {absc., 1H) 110.69, 110.62  110.71, 110.61
3 and 4° - - 147.45 147.53
& .96 (d, 1H, B.1 Hz) 8.9 (d, 1H, 7.8 lz) 108,11 108.19
&' 6.80 (obsc., 1H) 6.79 {obsc., 1H) 123.58,123.49 123.61,123.50
T 6.10 (d, 1H, 1.1 Hz) 6.099, 6.097 (d euch, 1H, 1.4 Hz} 101.15 101.22
6.05 {d, 1H, 1.1 Hz) 6.055, 6.053 (d each, 1H, 1.4 Hz)
1 4.92 (d, 1H, 7.2 Hz) 4.996, 4.993 (d each, 1H, 7.0 Hz) 103.06 103.27
N 3.89 (obsc., 1H) 3.937, 3.934 (dd cach, 1H, 8.3, 7.0 Hz) B0.28, 80.23 80.99, 80.92
3 3.28 {t, 1H, 8.5 Hz) 3.43 (1, 1H, 8.3 Hz) B4.51 83.08
4 3.42 (m, 1H) 3.48 (obsc., 1H) 79,81 79.56
5° 4,02 (dd, 1H, 11.8, 5.0 Hz) 4.037, 4,034 (dd each, 1H, 12.1, 4.8 Hz) 62.99 62.54
3.11 (dd, 1H, 11.8, 9.5 Hz} 3.132, 3.131 (dd each, 1H, 12.1, B.8 Hz)
1" 5,08 {obsc. 1H) 4.6B (d, 1H, 7.6 Hz} 101.80,101.78 105.41, 105,87
2 5.07 {obsc., 1H) 3.48 (dd, 1H, 9.1, 7.8 Hz) 71.86 75.32
3" 65.26 (1, 1H, 8.9 Hz) 3.64 (t, 1H, 9.1 Hz) 73.06 75.74
4 5.10 {ohsc., 1H) 3.41 (t, 1H, 8.1 Hz) 68.14 £9.61
& 3.72 (m, 1H) 3.561 (ddd, 1H, 9.1, 4.7, 2.0 Hz) 72.04 74.76
6"(a)  4.173, 4.166 (dd each, 1H, 12.2, 3.9 Hz) 4.38 (dd, 1H, 12.3, 4.7 Hz) 61.37 63.086
g"(b)  3-93 (absc, 1H) 4.08 (obsc., 1H)
8-OMe  4.14 (s, 3H) 4.11 (s, 3H) 56.47 56.53
7-OMe  3.81 (s, 3H) 3.81 (s, 3H} 55.76 55.81
3-OMe 3.82 (5, 3H) 3,74 (s, 3H) 60.64 60.78
4-OMe  3.47 (s, BH} 3.47 {s, 3H)} 58.28 $8.23
2-COMe 2.12 (5, 3H) - 20.76 -
3°-COMe 2.04 (s, 3H) - 20.52 -
4"-COMe 2,01 (s, 3H) - 20.45 -
&"-COMe 1.B1 (s, 3H) 1.79 (s, 3H) 20.17 20,20
2"-COMe - - 169.25 -
A COMe - - 170.20 -
47 -COMe - - 168.27 -
6"-COMe - - 170.26 171.54
OH - 4.89 (1H), 3.34 (1H), 3.29 (1H) - -

L]

Chemical shifts given in ppm using TMS as interna! reference; multiplicities and coupling constants (Hz) are

given in parentheses; 1°, 2", 3", 4" and 5" are positions on the sugar ring.

absc. = obscured signal
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-
#1979% 13 HMBC correlations observed #8913 5a uaz 9 U CDC,

Sa 9
C correlated H correlated H
5,8, 2, 6 58,26
1a 5,8 5,8
2 Ja 3a
2a 3a da
3 34 da
3a - -
4 5, 8, 3a, 1" 5, 8, 3a, 1"
4a 5, 8, 3a 5, 8, 3a
5 8, 6-OMe B, 6-OMe
6 5, 8, 6-0OMe 8, 8, 6-OMe
5, 8, T-OMe 5, 8, 7-OMe
8 5, 7-OMe 5, 7-OMe
1’ 8 5'
2' 8" 6
3 and 4' 2', 5,6,7 2,5,6,7
5 6’ 6’
8 2, 5' 2°
7 - -
1" 2", 3", 5"(a), 5"(b) 2", 3", 5"(a), 5"(b)
2" 1, 3,1 3" 1
3" 1", 2", 4" 5"(a), 57(b), 3"-OMe 1", 27, 47, 5"(a), 57(b), 3"-0OMe,
4" 27, 3", 5"(a), 6"(b), 4"-OMe 3", 5"(a), 5"(b), 4"-OMe
5" 1, 3" 4" 1"
™ 2", 3", 8" 2", 2
am 1", 3", 4™, 2"-0Q(COMe 1, 3™
3" 1, 2™, 4™, 3-0(COMe 1, 2, 4"
4" 2", 3™, 8", 6"(a), 6"(b}), 4"'-0(CO)Me 3™, 5", 8"(h)
" 1", 4", 8"{a}, 6"(b) 1™, 4™, 6"(b)
iy 4", 6" -0(CO)Me 4", 6" -0(CO)}Me
6-0OMe - -
7-OMe - -
3"-OMe 3" 3"
4"~0Me 4" 4"

A5 assign chemical shifts W& 5a waz 9 NUszaumnigwistnuin imwrsle
concentration (3 chemical shifts FLUaEUNH uas chomical shifts 191y "H uaz **C NMR spectra 9z
UNFIUMUETILERN chemical shifts 2 '> FURAGAIN hindered rotation 58U C1-C1' bond whuiiieadivly
cleistanthin A methyl ether (3) W8z cleistanthin A (4) LLdﬂéNﬁﬁ'ﬂﬂﬂﬂLﬂlﬁﬂﬁ'ﬂayamn 2D-NMR data
(COSY, HMQC, HMBC) #1elums assign @1 chemical shifts a1 9 Judahims assign UGN
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¥ ' = ]

gaunnalu literature 39 assign 'H uar "°C chemical shifts 1n8laif} correlation data 90 2D-NMR
, o <

experiments NIAUUFYU @790 13 wd@ HMBC correlations #83617 Ga LUas 9

Compound 7 {N-Benzoylphenylalaninyl-N-benzoylphenylalaninate )

N-Benzoylphenylalaninyl-M-benzoylphenylalaninate {7)

CyyH,,ON

3074 2

white powder from EtOAc-hexane, m.p. 207.1-208.1 'c {Lit.13 212.5-213 °C]
[o]Z, -25.2° (¢ 0.5, CHCIL)(Lit." (o], -98.6° (¢ 0.76, C,HN), Lit."* [at], ~78.7° (¢ 0.14, EtOH)

589

IR v__ (CHCL): 3440 (N-H), 1744 (C=0 of ester), 1659 (C=0 of amide), 1604, 1581, 1517,
1486, 1456, 1388, 1354, 1295, 1180, 1101, 1029, 817 cm™

UV (BtOH): A__ (log €) = 223 (4.28)

ESI-MS m/z (rel. int.): 529 [M+Na] (100), 507 (65), 256 (42), 238 (16), 149 (7)

"H NMR (CDC},, 500 MHz): 7.63 (dd, 2H, H-2", H-6"), 7.59 (dd, 2H, 8 and 1.2 Hz, H-2", H-
6"), 7.42 (1, 1H, 7.6 Hz, H-4"), 7.36 (1, 1H, 7.4 Hz, H-4"), 7.31 (1, 1H, 8 Hz, H-3", H-5"),
7.26-7.20 (m, 6H, H~3, H-8', H-3", H-5, H-5", H-5"), 7.20-7.12 (obscured signal, 4H, H-2, H-
2', H-4, H4', H-86, H-6"), 6.66 (d, 1H, 10-NH), 6.57 (d, 1H, 10'-NH), 4.84 (ddd, 1H, 6.8, 6.5,
6.6 Hz, H-8), 4.55 (m, 1H, H-8), 4.47 (dd, 1H, 11.4, 3.3 Hz, H-9a), 3.95 (dd, 1H, 11.4, 4.3
Hz, H-9b), 3.22 (dd, 1H, 13.9 and 6.5, H-7'a), 3.14 (dd, 1H, 13.9, 7.1 Hz, H-7'), 2.92 (dd,
1H, 13.7 and 6.5 Hz, H-Ta), 2.81 (dd, 1H, 13.7 and 8.4 Hz, H-7b)

C NMR (CDCl,, 125 MHz): 171.88 (C-9'), 167.41 (C-7"), 167.21 (C-7"), 187.16 (C-1),
135.80 (C-1"), 134.24 (C-17), 133.38 (C-1"), 131.96 (C-4"), 131.35 (C-4"), 129.28  (C-
2,C-6), 129.16 (C-2', C-6'), 128.84, 128.67, 128.63 , 128.40 (aromatic carbon meta- to CH,R),
127.35 (C-4"), 127.10 (C-2", C-6"), 127.04 (C-2", C-6"), 126.78 (C~4), 65.44 (C-9), 54.48
(C-8"), 50.28 (C-8), 37.55 (C-T"), 37.27 (C-7).
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Compound 8 (N-Benzoylphenylalaninoylphenylalaninol acetate)

N-Benzoylphenylalaninoylphenylalaninol acetate (8)

C,H,.0,N,

27" 728

White powder from EtQAc-hexane
m.p. 175.6-176.2 °C [Lit."* 175 °C, 184 °C, Lit."* 182-183.5 °C]

[e]z, -26° (c 0.1, CHCL,)

e
Lit."* L,L m.p. 184 °C [a)%, —40° (c1.0, CHCL,)

D,D m.p. 185 °C [a]%, +40.6° (1.0, CHCIL,)

D,L m.p. 175 °C [a] %, -5° (¢1.0, CHCL)

L,D m.p. 175 °C {at] , +4.8 (1.0, CHCL,)
IR V__ (KBr): 3429 (NH), 1726 (C=O ester), 1662 (C=0 amide), 1632 (C=0 amide)}, 1603,
1580, 1535, 1493, 1468, 1453, 1392, 1373, 1323, 1263, 1198, 1151, 1126, 1053, 1126,
1052, 1034, 936, 914 cm”'

UV (EtOH): A (log €) = 224 (4.02)
ESI-MS m/z (rel. int.): 467 {M+Na|'(100), 184 (5)
"H NMR (CDCl,, 500 MHz): 8 7.72 (m, 2H, H-2", H-6"), 7.53 (m, 1H, H-4"), 7.44 (m, 2H, H-
3", H-5"), 7.20-7.30 (m, 5H, H-2, H-3, H-4, H-5, H-6), 7.05-7.19 (m, 3H, H-3', H-4', H-
5, 7.07 (m, 2H, H-2', H-6") 6.82 (d, 1H, 7.6 Hz, 10-NH), 6.09 (d, 1H, 8.6 Hz, 10'-NH), 4.79
(ddd, 1H, 8.8, 8.5, 5.9 Hz, H-8), 4.35 (m, 1H, H-8'), 3.93 (dd, 1H, 11.3, 4.9 H-9'a), 3.82 (dd,
1H, dd, 1H, 11.3, 4.2 Hz, H-9'b), 3.22 (dd, 1H, 13.6, 5.9 Hz, H-7a), 3.08 (dd, 1H, 13.6, 8.5
Hz, H-7b), 2.77 (dd, 1H. 13.8, 6.8 Hz, H-7'a), 2.73 (dd, 1H, 13.8, 7.5 Hz, H-T'b), 2.02 (s, 3H,
H-2")
YC NMR (CDCl,, 125 MHz): 170.72 ( C-1"), 170.28 (C-9), 167.11 (C-7"), 186.70 (C-1"),
136.61 (C-1), 133.68 (C-1"), 131.87 (C-4"), 129.28 (C-2, C-6), 129.11 (C-2', C-8),
128.72 (C-3, C-5), 128.60 (C-3", C-5"), 128.55 (C-3', C-5'), 127.10 (C-4), 127.04 (C-2",
C-6"), 126.71 (C-4"), 64.58 (C-9'), 54.96 (C-8), 49.46 (C-8'), 38.40 (C-T), 37.43 (C-T°),
20,74 (C-2")

ufiuh woeiien  optical  M3aldfwendnnnly  literawre  agann  Sefalaimansoasy

= & v oo v . . P v e ¥
configurations 7 chiral centers TuaNSNABIle ARDALANMING recrystallize 1580 warIavae lalg

uaz melting points 1l
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Compound 10 (4-Hydroxy-3-methoxybenzoic acid)"®

M
OH

H

10
[T - . . a =
Tavignilassadnlasfisy physical properties waz 'H NMR data it data el literature'®

< P |
9. ATIMMAFBUIND cytotoxic activity ﬂﬂﬂﬂ”ﬁﬂ‘ii}ﬂﬁﬂuﬂﬂ’lﬁ‘h'lﬂ Phyllanthus taxodiifolius

g 5] . .. = £ 3 o o
Iddnlviimanadau cytotoxic activity vasansuigndnuenle ezl ldNanmadatIn 6 i
L 4
FULTON TN TN 14

o
#5191 14 NB cytotoxic activity Y4817 1-9

EC,, (Mg/mL)

Compound Cell line

P-388 KB Col-2 BCA-1 Lu-~1 ASK
1 16.257 >20 >20 16.080 >20 >20
2 >20 >20 >20 3.87 >20 >20
3 0.112 0.016 0.076 0.028 0.021 0.275
4 0.053 0.003 0.029 0.014 0.008 0.128
5 >20 >20 >20 >20 >20 >20
6 >20 2.805 7.84 12.17 7.06 >20
7 - - - - - _
8 - - - - _ -
9 - - - - - -

naneue ED, < 5 pg/mL = active; - S9NANINATY
P-388: murine lymphocytic leukemia, KB: human nasopharyngeal carcinoma, COL-2:
human colon cancer, BCA-1: human breast cancer, Lu-1: human [ung cancer, ASK: rat

glioma

' ol = ar - & .
ﬂ-‘iLﬁﬂT’l 7 3 uar 4 NN'ﬁﬂ’ﬁ“ﬂ(ﬂﬂﬂUﬂN?ﬂﬂwluﬁﬁQrL'Llﬂ'ﬁ'N“ﬂ 14 &7 1 uas 813 5 WU inactive
=l & . . Moayow o & .
‘L‘N\’éﬂ cell lines adad 717 2 WY active LQW’IS‘III BCA-1 cell line lLG'IIﬂJLG‘lLI‘Nﬂ #7197 6 Ul active LAWIE

¥ ) F s 3 L 1
T KB cell line uailsiwiutin daums 7-9 Uudssawanimmadauag

10. sngnalsad dadiznaunn Phyllapthus acutissima WazNITNAdBU cytotoxic activity

gaIdHUBNgRLEIN 9

HIINNANMINATDY cytotoxic activity ¥BEIUERA MeOH U89 Phyllanthus acutissima aglu
naidnda ED,, <4 mg/ml lumae cell lines (@mammmﬁau’lﬁ'lumiw?; 3) uaziilmianih
partition 1MTIudLaRe hexanes, EtOAc, n-BuOH uavihuda ladaliiimmasau cyrotoxic activity v
dudiatonsn wuh daAn ethyl acetate TkammadauAnign (guammmeassauldlumsii 6) T

- . =
Lﬁuaum'imzm msAnmmanilsaly
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ldhmsuenduana ethyl acetate (25.36 g) 284 Phyllanthus acutissima \@g/l% column
chromatography uazld acetone-hexane (Hu eluent &ansauen Iﬁ'ﬁiwuﬂ 10 fractions L9849 fractions
g 9 fusnlalunadau cytotoxic activity IMAEITINEIKamnasgauiing fractions ALAAT activity BEj
Tunasidduansluanaai 15

| .. . v .
MITHN 15 HamMThaday cytotoxic activity 289 fractions dasfiusnlaan Phyllanthus acutissima

Cell line

Fraction

P-388 KB Col-2 BCA-1 Lu-1 ASK
1 »20 >20 >20 >20 >20 >20
2 11.63 >20 >20 >20 >20 >20
3 11.9 >20 >20 >20 >20 >20
4 9.09 >20 >20 >20 >20 >20
5 9.1 18.03 19.586 13.41 >20 >20
8 7.09 15.42 15.30 9.6 17.89 16.43
7 1.3 17.48 >20 >20 >20 >17.9
8 <4 <4 <4 <4 4.81 <4
9 . 3.06 9.78 14.29 13.32 >20 >20
10 >20 >20 >20 >20 >20 >20

wanuwe  MEC,, < 20 pg/mt TToduaen activity
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
Tamsuanduaia Fe, F7 uas F8 da 108 column chromatography &1Nsausnasld 5 67
= ot o Sl
P 11-15 aeuam luuaurkan 9
o 4
LLEUENT 9

Phyllanthus acutissima (1.14 kg)

|

dUdN® Ethyl acetate (25.36 g)

CcC
acetone-hexane | ‘
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
CC cC cC
recrystallization | recrystallization recrystallization
#1711 #3713 #3713
(17.9 mg) (7.8 mg) (9.3 mg)
712 a7 15 914
(147.3 mg) (17.0 mg) (16.5 mg)



11. mangnilasaaiiagaeds 11-15

ldvhmsAgnilasiaheessns 11-15 wudnilusimon canthin-6-one alkaloids % 4 ¢ day
| o = 4 ] = 4
35 15 (Wuashwin coumarin N%ﬂliﬂﬂ'ﬂ scopolatin %ﬂngﬂi‘[ﬂﬂﬂ%"limﬂlmﬂﬂ

HO
N - Y
N/ A \ 4
N MeO N N
o 0 o}
11 12 13
MeO o
MeO N HO 0" o
(8]
14 15

Physical properties Li8% spectroscopic data ¥89d73 11-15

Compound 11 (Canthin—ﬁ-one)”

C,H,0N,
Yellow needles

m.p. 154.0-155.5 "C (Lit."” 155-156 °C)

IR v__ (CHCL): 3014, 1682, 1637, 1604, 1562, 1488, 1449, 1395, 1436, 1394, 1337, 1315,
1305, 1244, 1192, 1108, 1143, 1109, 1057, 846 cm’’

UV A, (EtOH) nm (log €): 226 (4.68), 251 (4.45), 259 (4.43), 268 (4.41), 297 (4.26), 361
(4.41), 379 (4.38)

EIMS (70 ev) m/z: 220 (M| (100), 192 (78), 193 (29), 221 (20), 166 (6), 138 (7), 140 (4),
113 (3), 88 (3)

'H NMR (CDCl,, 500 MHz): 8 8.81 (d, J = 5.0 Hz, H-2), 8.65 (dd, ] = 8.2 Hz, 0.7 Hz, H-8),
8.09 (ddd, J = 7.8, 1.1, 0.7 Hz, H-11), 8.02 (dd, J = 9.9, 0.6 Hz, H-4), 7.95 (d, ] - 5.0 Hz, H-
1), 7.70 {m, H-9), 7.52 (m, H-10), 6.98 (d, J = 9.9 Hz, H-5)

“C NMR (CDCL): 8 116.35 (C-1), 117.29 (C-8), 122.64 (C-11), 124.39 (C-12), 125.63
(C-10), 128.92 (C-5), 130.27 (C-14), 130.86 (C-9), 132.04 (C-15), 136.24 (C-16), 139.45
(C-13), 139,62 (C-4), 145.84 (C-2), 159.51 (C-6)



89
. 1 3 . & o a .
HUOULWE) M3 assign "H uaz “c signals Wu a7WBWayaInn 2D-correlation spectra (COSY, HMQC,
HMBC uag NOESY)
@15 11 ({05 known Lenlann Ailanthus altissima'’ was Eurycoma longifolia™®

Compound 12 (9-Methoxycanthin-6-one)'®

C15H1002N2

Yellow needles CH,C1,-MeOH

m.p. 178.5-179.5 °C (Lit."”* 177-179 °C)

IR v, (CHCI): 3013, 2970, 1683, 1635, 1611, 1496, 1454, 1439, 1425, 1393, 1351, 1333,

max

1314, 1280, 1247, 1152, 1111, 1096, 1031, 847 cm’

1

UV A, (EtOH) nm (log €): 262 (4.73), 269 (4.89), 305 (4.40), 347 (4.57)
EIMS (70 ev) m/z 250 [M] (100), 235 (5), 221 (50), 207 (30), 192 (16), 179 (29), 164
(3), 153 (10)

'H NMR (CDCL): & 8.65 (d, J = 5.0 Hz, H-2), 8.03 (d, J = 2.4 Hz, H-8), 7.89 (d, ] = 9.8 Hz,
H-4), 7.78 (d, J = 8.6 Hz, H-11), 7.69 (d, J = 5.0 Hz, H-1), 6.93 (dd, ] = 8.6, 2.4Hz, H-10),
6.83 (d, J = 9.8 Hz, H-5), 3.90 (s, 9-OMe)

“C NMR (CDCl,): 8 55.91 (9-OMe), 101.18 (C-8), 114.07 (C-10), 115.40 (C-1), 117.08
(C-12), 123.20 (C-11), 128.39 (C-5), 130.29 (C-14), 132.18 (C-15), 135.57 (C-186),

139.77 (C-4), 141.10 (C-13), 145.90 (C-2), 159.58 (C-6), 162.40 (C-9)

& oW
HAIEHE N5 assign 'H waz °C signals UM AABYBYANA 2D-correlation spectra (COSY, HMQC,
HMBC uaz NOESY)

a3 12 duas known wonl@nn Simaba multiflora’® uaz Eurycoma longifolia20

Compound 13 (1 --Hydroxycauthin-6-0ne)21

CI4H802N2
Yellow Solid CH,Cl,-MeOH
m.p. 224-225 °C (Lit.”' 220 °C)
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IR v, (KBr): 3422, 1671, 1636, 1602, 1579, 1443, 1352, 1328, 1259, 1243, 1218, 833,
790, 742 cm’™

UV A_,, (MeOH) nm (log €): 269 (3.74, 278 (3.79), 285 (3.65), 301 (3.64), 340 (3.62), 364
(3.71), 372 (3.96)

EIMS (70 ev) m/z 236 [M] (100), 208 (66), 206 (29), 153 (41), 118 (23), 209 (18), 129
(18)

"H NMR (CDCl,: MeOH, 1:1): & 8.66 (d, ] = 8.2 Hz, H-8), 8.34 (s, H-2), 8.29 (d, J = 7.7 Hz,
H-11), 7.96 (d, J = 9.7 Hz, H-4), 7.68 (dd, J = 7.6, 7.7 Hz, H-9), 7.56 (dd, J = 7.6, 7.7 Hz, H-
10), 6.82 (d, ] = 9.7 Hz, H-5)

C NMR (CDCL): & 116.09 (C-14), 116.70 (C-8), 123.85 (C-5 and C-12), 124.35 (C-11),
125.73 (C-10), 128.12 (C-16), 129.21 (C-9), 133.62 (C-15), 135.04 (C-2), 138.26 (C-13),
138.26 (C-13), 138.45 (C-4), 151.48 (C-1), 160.61 (C-6)

& o
WINGLWY M3 assign 'H uaz “C signals Wy 9 dedoyaan 2D-correlation spectra (COSY, HMQC,
HMBC uaz NOESY)

#95 13 Wuas known wanleaan Ailanthus firaldii®'

Compound 14 (9,10-Dimethoxycanthin-6-one)**

CH,,0N,
Yellow needles

m.p. 212-214 °C dec. (Lit."" 213-215 °C)

IR vmax (CHCI,): 3025, 2968, 1672, 1633, 1587, 1486, 1464, 1439, 1414, 1393, 1362, 1338,

1303, 1283, 1235, 1191, 1184, 1157, 1118, 1057, 1020, 928, 841 cm’

UV A__ (EtOH) nm (log €): 229 (4.32), 272 (4.30), 280 (4.38), 299 (3.97), 309 (3.93), 360
(4.03), 374 (4.00)

EIMS (70 ev) m/z: 280 [M]+(100), 265 (14), 237 (88), 209 (43), 194 (28), 181 (10), 167
(26), 139 (10), 127 (5)

'H NMR (CDCL): 8 8.77 (d, J = 5.0 Hz, H-2), 8.17 (s, H-8), 7.99 (d, J = 9.8 Hz, H-4), 7.82
(d, ] = 5.0 Hz, H-1), 7.44 (s, H~11), 6.94 (d, J = 9.8 Hz, H-5), 4.08 (s, 9-OMe), 4.03 (s, 10-
OMe)

®C NMR (CDCL,): 8 56.39 (10-OMe), 56.57 (9-OMe), 100.23 (C-8), 104.00 (C-11), 115.47
(C-1), 116.33 (C-12), 128.57 (C-5), 130.58 (C-14), 131.89 (C-15), 134.55 (C-13),
135.69 (C-16), 139.59 (C-4), 145.73 (C-2), 147.99 (C-10), 152.26 (C-6)



91

. . - v w
WHHLNG T assign 'H uaz "'C signals WU 81€8YBYEIN 2D-correlation spectra (COSY, HMQC,
HMBC uas NOESY)

#15 14 U3 known usnldan Eurycoma Iongifoliam

Compound 15 (Scopoletin)®’
HO o "0
15
,CLOHBOQ
Yellow needles
m.p. 201.8 -202.4 "C (Li.”™® 203-205 °C)
IR \r'mx(KBr).' 3294, 1703, 1608, 1561, 1509, 1455, 1434, 1291, 1263, 1141, 1016, 923, 857,

529 cm™
UV A__ (EtOH) nm (log £): 226 (4.24), 250 (3.79), 257 (3.75), 295 (3.80), 343 (4.18)

EIMS (70 ev) m/z: 192 [M](75), 193 (100), 164 (35), 149 (27), 121 (27), 70 (12)

'H NMR (CD,COCD,): § 8.80 (br, 7-OH), 7.83 (d, J = 9.5 Hz, H-4), 7.18 (s, H-5), 6.78 (s,
H-8), 6.16 (d, ] = 9.5 Hz, H-3)

"C NMR (CD,COCD,): 8 56.66 (6-OMe), 103.67 (C-8), 109.91 (C-5), 112,04 (C-4a), 113.25
(C-3), 144.61 (C-4), 145.93 (C-1a), 151.09 (C-6), 151.81 (C-7), 161.26 (C-2)

& @ w
VAHHG T assign 'H uaz °C signals Wy 1dutayaan 2D-correlation spectra (COSY, HMQC,
HMBC uaz NOESY)

#15 15 (U5 known uenladann Simaba multiflora™

TUMSUBNENSIIN EfOAc extract 289 Phyllanthus acutissima (SApEafl 2) FaiUSanesnnn
UingHh Sansousnas titerpenes 1980 2§ #9e5 16 wor 17 Fuflu analogues A medaTizyime
nuclear magnetic resonance 'lmﬁrmm"u wi § cyclopropane ring agiﬁ'cﬁmwﬁa 13, 14 tw9e H-13 uaz
H-14 # HMBC correlations fu C-17 s5heaaasnadl olefinic protons 2 67 UBNIINTIBIWY aromatic
protons aflulassadhos 2 Bndae mahiiumslvaifs 2 @ wddlasndiwenans 2 illd uasms
Maandumsilumanalugann Sfsadasdnmlassaiudmmatamanlalmaladdingndn vosil
Timansoindayasmaplunsnuaiaile

1@Sal¥iimanasay cytotoxic activity vasnsuigninnaniiuenld uidisenammasouag

= d =4 & 1
niémﬁ':'ﬂa::'lﬁﬂusﬁmwam‘smwnﬁmﬂﬂ
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anlwasneidalusay 3 1
- MIUMTFUATIEH

la@nuufA3enues vicinal dianions 3, 4, 18, 42 usz 70 Taewud) vicinal dianion %NGN

a o o L - 1 il - 4
U381 electrophiles 12U carbony! compounds 1Huuuu regioselective # B -carbon

PhoMeSi & ”
2MeSi 8, CO,Me 2L|® (MeORR & Co,Ft

) Et0,C.8..CO,Et ®
o % o 2 Li® E 2L
®
CO,Me > co.et CO,Et
3 4 18
0 0 e ®
O Li
A" Sre OE ® X
o OFt 2L X7 TR (4c3
QL1
o )
42 70a,70b
0
Me.,NJLN/
T0a X.= )R s
Me Ph
0
Mc-N -
70b X, = \e st
Me  Ph

¥ % ' l Y R
Tauanslvlfiulsylemiuna vicinal dianion 18 T reagent figansoldim3on o,B,y-trisub-
stituted ¥~butyrolactone natural products 1esu (£)-lichesterinic acid (27), ()-phaseolinic acid (28),

{+)-nephromopsinic acid (29), (+)-rocellaric acid (30) uas (£)-dihydroprotolichesterinic acid (31)
la

HOL G  Me HO,C, M
E10,C. 8, CO,E ® — Ty
a 2L + RCHO [ cH o
e CO,Et 13027 @ CsH; o 0
18 27 23
HO.C,  Me HOC Me
CisHy™ g 0 Cia" N7 0
29 30
HOC, Me

CisHy™ g7 0

31
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wannddwuiainsald vicinal dianion 42 fviumdnuanTUsEnay o-arylidene paraconic
ester 45, tetrasubstituted furans 50, furofurans 54, thuriferic acid ethyl esters 57, picropodophyllone
(57), bislactones 66, Lz furofurans 68 FINYN gmelinol (681‘)%\131 anti-malarial activity

oA

“
AR O 0

4]
EtO QOFEt
<°Jiﬁ ° 3.,
2
o Y ™NCO,E A0
Ar U 50
56 % /
(0] 0 0
Ar! o) OEt L @ H:E——Klﬂ
!  m——
) OFEt Arg o AII
0 54
0 42 .

.u\AI']
Hiv—{iR (Me, OH) 66

68

68f (Gmelinol)
(R = OH, Ar' = AP = 3 4-dimethythylphenyl)

#U vicinal dianion 70b #1114 reagent dmSumsiaan (R)-arylmethyl-Y-butyrolactones 75b
[ ] P or v - ' o o .
16 FudumaGusunddgdmsumsiadon lignan natural products o ¢ laeundignenulilu
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Isolation: Park, B.K.; Nakagawa, M.; Hirota, A.; Nakayama, M. J. Antibiot, 1988, 41, 751.
Synthesis: Masaki, Y., Arasaki, H.; Itoh, A. Tetrahedron Lett. 1999, 40, 4829 and
references cited therein: Lertvorachon, J.; Meepowpan, P.; Thebtaranonth, Y. Tetrahedron 1998,
54.

2. Protolichesterinic acid
Isolation: Murta, M.M.; de Azevedo, M.B.M.; Greene, A. J. Org. Chem. 1993, 58, 7537 and
references cited therein.
Synthesis: Ghatak, A.; Sarkar, S.; Ghosh, S. Tetrahedron 1997, 53, 17335 and references cited
therein.

3. Crump, R.A.N.C.; Fleming, 1.; Hill, J.H.M.; Parker, D.; Reddy, N.L.; Watersom, D. J. Chem.
Soc. Perkin Trans. 1 1992, 3277,

4. Linke, S.; Kurz, J.; Lipinsik, D.; Gau, W. Liebigs Ann. Chem. 1980, 542,

5. Aftab, T.; Carter, C.; Chrislieb, M.; Hart, J.; Nelson, A. J. Chem. Soc. Perkin Trans. I, 2000,
711.

6. Lichesterinic acid
Isolation: Cavallito, C.J.; Fruehauf, D.M. J. Am. Chem. Soc. 1948, 70, 3724.
Synthesis: D’ Onofrio, F.; Margarita, R.; Parlanti, L.: Piancatelli, G.; Sbraga, M. Chem.
Commun, 1998, 185 and references cited therein.

7. Phaseolinic acid
Isolation: Mahato, S.B.; Siddiqui, K.A.l.; Bhattacharya, G.; Ghosal, T.; Miyahara, K.; Sholichin,
M.; Kawasaki, T. J. Nat, Prod. 1987, 50, 245.
Synthesis: Drioli, S.; Felluga, F.; Forzato, C.; Nitti, P.; Pitacco, G.; Valentin, E. 1. Org. Chem.
1998, 63, 2385.

8. Nephromopsinic acid
Isolation: Asaneo, M.; Azumi, T. Ber. Dtsch. Chem. Ges. 1935, 68, 995, van Tamelen, E.E.;
Rosenberg Bach, S, J. Amer. Chem. Soc. 1958, 8¢, 3079; Huneck, §.; Follmann, G. Z.
Natrforsch. B 1967, 22, 666.
Synthesis: Forster, A.; Fitremann, J.; Renaud, P, Tetrahedron Lett. 1998, 39, 7097 and
references cited therein; Mulzer, J.; Kattner, L.; Strecker, A.R.; Schroder, C.; Buschmann, J.;
Lehmann, C.; Luger, P. Highly Felkin-Ahn selective Hiyama addition of chiral ailylic bromides to
aldehydes. Application to the first synthesis of nephromopsinic acid and its enantiomer. J. Amer.
Chem. Soc. 1991, 113, 4218.

9. Roccellaric acid
Isolation: Bruckner, C.H.; Reissig, H.U. J. Org. Chem. 1998, 53, 2440.
Synthesis: Sibi, M.P.; Ii, . Angew. Chem. Int. Ed. Engl. 1997, 36, 274, Mulzer, J.; Salimi,
N.; Hartl, H. Tetrahedron Asym. 1993, 4, 457.
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10. Dihydroprotolichesterinic acid
Isolation: Huneck, §.; Follmann, G, Z. Naturforsch. B 1967, 22, 686,
Synthesis: Mandal, P.K.; Roy, S,C. Tefrahedron 1999, 44, 11395: Mulzer, J.; Salimi, N.; Hartl,
H. Tetrahedron Asym, 1993, 4, 457.
11. Hwang, E.L.; Yun, B.S.; Kim, Y.K.; Kwon, B.M.; Kim, H.G.; Lee, H.B.; Jeong, W.J.; Kim,
S.K. J. Antibiot, 2000, 53, 903.
12. ({a) Stetter, H.; Kuhlman, H. Org. React. 1991, 40, 407.
{b) Albright, J.D. Tetrahedron 1983, 39, 3207,
{c) Reutrakul, V.; Nimgirawath, S.; Panichanun, S.; Ratananukul, P. Chem. Let. 1979, 399.
13. San Feliciano, A.; Lopez, J.L.; Medarde, M., Mignel del Corral 1.M.; de Pascual-Teresa, B.;
Puebla, P. Tetrahedron 1988, 44, 7255.
14. (a) Murphy, W.S.; Wattanasin, S, J. Chem. Soc. Perkin Trans. 1 1982, 271,
(b) Andrews, R.C.; Teague, 5.J.; Meyers, A.L J, Am. Chem. Soc. 1988, 110, 7854,
(¢) Yoshida, S.; Yamanaka, T.; Miyake, T.; Moritani, Y.; Ohmizu, H.; Iwasaki;, T. Tetrahedron
1997 53, 9585,
15. (a) Wards, R.S. Synthesis 1992, 719,
{b) Peterson, J.R.; Do, H.D.; Rogers, R.D. Synthesis 1991, 275 and references cited .
(c¢) Canel, C.; Moraes, R.M.; Dayan F.E.; Ferreira, D. Phytochemistry 2000, 54, 115,
16. (a) Anjaneyulu, A.S5.R.; Rao, V.K.; Row, L.R.; Subrahmanyam, C.; Pelter, A.; Ward, R.S.
Tetrahedron 19775, 31, 12717.
(b) Griggith, R.; Chanphen, R.; Leach, S.P.; Keller, P.A. Biorg. & Med. Chem. Lett. 2002,
12, 539.
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Vicinal Dianion of Triethyl Ethanetricarboxylate: Syntheses of
(:t)-Lichesterinic Acid, (+)-Phaseolinic Acid, (1 )-Nephromopsinic Acid,
(+)-Rocellaric Acid, and (1)-Dihydroprotolichesterinic Acid

by Manat Pohmakotr®. Wacharee Huarnving, Patoomratana Tuchinda, and Vichai Reutrakul

Department of Chemistry, Faculty of Science. Mahidol University. Rama ¢ Road, Bangkok 10400, Thailand
(tel: 066-02-2015158: fax: 066-02-2477050: e-mail: scmpk@mahidol.ac. th)

Dedicated to Professor Dierer Sechach on the occasion of his 65th birthday

The vicinal dianion 2 derived from tricthyl ethanctricarboxylate reacted regiosclectively with aldehydes
and ketones at C(f)} o provide paraconic acid denivatives Sa—F in moderate to high yields as mixtures of
diasterenisomers, The paraconic acid derivatives Se and §f were utilized as the starting materials for the
syntheses of {£)-lichesterinic acid (12}, (= }-phascalinic acid (83). (£)-nephromopsinic acid {14), { £+ )-roccllaric
acid (15). and (£ )-dihydroprotolichesterinic acid {16).

1. Introduction. — Dianions of numerous classes of organic compounds have been
reported and played important roles in organic synthesis due to their high reactivity and
regioselectivity towards clectrophiles [1]. The reactions of these dianions have led to
the development of new synthetic methods of many classes of organic compounds.
Amongst these dianions, the dianions derived from succinic acid derivatives and
succinic esters were found (o be versatile reagents for the preparation of various types
of compounds [2-14].

The vicinal dianions of dialkyl succinaies underwent mono- or dialkylation [2] [ 3]
and condensation reactions [4] with appropriate alkylating agents to give good yields of
products. We have reported that the vicinal dianion of diethyl succinale could undergo
hydroxyalkylation reactions with aliphatic aldehydes and ketones to afford paracoenic
esters, which could be readily converted into 4-carboxy-2.3-dialkyl-substituted 2-
cyclopentenones [3]. Futhermore. paraconic esters have attracted considerable interest
hecause their basic skeletons, trisubstituted y-butyrolactones, are found in many
natural products possessing interesting biological properties,

Qur previous results, concerning the reactians of diethyl succinate dianion with
electrophiles [3], prompted us to study the generation of the vicinal dianion 2 and the
regioselectivity towards clectrophiles. This dianion has not been previously reported
and is expected to be generated by double deprotonation of triethyl ethanetricarbox-
yiate (1) upon treatment with appropriate bases as shown in Scheme I. The reaction of
the vicinal dianion 2 with carbonyl compounds would provide a new synthetic pathway
to functionalized 3,4.5-trisubstituted y-lactones of type 3. The lactones of type 3 appear
to be useful as synihetic intermediates for the synthesis of several natural «-alkyl-
substituted y-lactones, such as methylenolactocin (10) [15]. protolichesterinic acid (11)
[16], lichesterinic acid (12) [17]. phaseolinic acid (13) [18], nephromopsinic acid {14)
[19]. rocellaric acid (15) [20], and dihydroprotolichesterinic acid (16) [21].
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Scheme L. Proposed Synthetic Route ro y-Lactone 3 by the Reuction of Dianion 2 with Carbanyl Comypounds
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2. Results and Discussion. — 2.1 Reaction of Dianion 2 with Carbony! Compounds.
Dianion 2 could be easily generated by reacting triester 1 with 2 equiv. of lithium
diisopropylamide (LDA) in THF at —78° for 1 h. When dianion 2 was allowed to react
with 1.5 equiv. of piperonal (= 1,3-benzodioxole-3-carboxaldehyde) at — 78" for 2 h. the
resulting product mainly consisted of an adduct 4a (R = [3-benzodioxol-5-yl;
Scheme 2) accompanied by a small amount of the expected y-lactone Sa after acidic
(1.5m HCI) workup. However, the adduct 4a could be easily converted into y-lactone Sa
by treatment of the crude product 4a with a catalytic amount of p-toluenesulfonic acid

Scheme 2. Generation and Reactions of Dianion 2 with Aldefvdes
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(TsOH) in CH,CL, at room temperature, More conveniently, complete lactonization
could be achieved when the reaction mixture was first quenched with AcOH at — 78"
and warmed to room temperature, followed by addtion of a catalytic amount of TsOH
and stirring at the same temperature overnight. This procedure was used as the
standard condition for the reactions of the dianion 2 with other carbonyl compounds
(Scheme 2).

The y-lactone 5a was obtained as a mixture of four diastereoisomers (f,c, ¢,c, 4,
and ¢, isomers, ¢ =cis, f =irans) in a ratio of 71:11:16:2 in 78% yield. The refa-
tive configurations of these compounds were assigned by their 'H-NMR spectra.
Attempted separation of the diastereoisomers of 5a was performed by prep. TLC to
give two bands, a less polar {14% yield) consisting of a 11:89 mixture ¢, /t,t-5a and a
more polar (64% yield) consisting of a 86:14 mixture of (¢/c,c-5a. The pure
diastereoisomer fc¢-5a could be obtained by fractional crystallization from AcOEt/
hexane.

Having succeeded in preparing compound 5a, we next investigated the reaction of
dianion 2 with other aldehydes as summarized in Table 1. Moderate to high yields of v-
lactones 5a-f could be achieved. The cis- and frans-configuration at the 4,5-positions of
compounds 5a—c¢ and 5e.f could be assigned by their '"H-NMR data (see Tuble 2).

Table 1. Preparation of y-Lactones 5a~f

Product R Yield") [%] Lole.eitticd

Sa (0:©/\‘ 78 118 16:2%))
0

sh ’©’1‘“ 81 79:4:14:3%)
Mel

S¢ Ph 78 71:6:19:4Y%)
5d ‘Bu 53 (80:20)%)

5S¢ Me{CH,), 55 79:6:15 trace’)
5t Mc{CH,),, 62 86:3: 11 :3raced

*) Isolated yield. "} Caleulated from Fractions | and 2. ©) Determined by "H-NMR {H—C(3)) of the isolated
product. ) Determined by 'H-NMR (H--C({5)) of the crude product. *} The configuration could not be
assigned. and the ratio was determined by '"H-NMR { H-- C(3)) ol the crude product. 'y Determined by 'H-NMR
{H—C{(3) and H-C(5)) of the erude produet.

The coupling canstants J,,, and .f,_,, ol H—C{3} (OCHAr) of 5a - cef, which appeared as  in the range of &
4.46 -5.97, were 3.2 - 8.0 and 8.Y -9.3 Hz, resp. (see Table 2). The configurational assignment of the 3.4-paositions
af the ¢ and c,c isomers could be accomplished by determining of the cowpling constants of H—C{3}, which
appearcd as d varving in the range & 3.67-409 (J,,, ~=73-108 and J, =72-95Hz). However. the
assignments of the re and c.fisomers were ambiguous.

To get more insight into the reaction of dianion 2, we investigated the reaction of
dianion 2 with ketones. As expected, the desired y-lactones 5g -k were obtained in
moderate yields. The results are summarized in Table 3. 'The structures of compounds
Sg—k werc established by their spectral data.
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Tahle 2. Significant ‘H-NMR Doig of y-Lactones 5a—c and Se.f

E10,G

b5
5
A a s}

FO:E

fe

£10,C

6o

CO.Ft EIOG, GO

R \O [s)

Lt

EtO:C,  LO.Et

ct
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H-C(3) ()

H-C(4) (dd)

H=C(5) (d)

S[ppm]  J(34)[Hz]  &[ppm]  J(34).J(45)[Hz]  &fppm]  J{4.5)|Hz]
ja L 4.11 73 4.07 7.5 (app. 1} 573 7.5
ce _ - - 547 5.7
8 398 10.7 376 14.7, 8.9 537 8.9
] 3.92 9.4 3.45 94 (app. ) 5.79 9.3
3h te 4.20 76 4.15 7.7 (app. 1) 5.84 8.0
6o - - - 5.58 537
ti 4.06 10.8 - 547 9.1
of 399 9.3 333 9.3 (app. /) 590 9.3
5c e - - - 591 7.0
o 398 7.2 - - 5.65 37
[ 4.09 L6 - - 5.50 8.9
of 402 9.3 3.57 9.1 (app. ) 5497 8.9
Se  fe 3.8 8.0 381 8.0 (app. 1) - -
[ 3.67 73 - - - -
ri 3.89 10.3 - 102. 86 - -
ol - 94 - 9.2 (app. ¢) - -
5f Le 3.99 8.0 392 7.9 (app. 1) - -
[N 376 13 - .40 52
Lt 3.98 0.2 3.54 10.2. 8.7 - -
or 3.84 9.5 322 9.4 (app. 1) - -
Table 3. Preparation of y-Lactones 5g—k
Q
EIO CO5Et EQ,C COyEL
LR DO ? 2 z
Dianion 2 RS 5" 2 + A% o
2. AcOH, -78° gl © o pt’ O
3. cal. TsOH,
r1 | ovemighl (3.4-trans)-5g-k (3.4-cis}-59-kK
R* R! Yield") [%] 3.4-Position cisiirans®)
5g Me Me 45 0: 100
5h —{CH.)— 58 0: 100
5 Ph Ph 4] [4:86
5j Me Ph 39 almost reans©)
sk Me Lt 37 37:639

") Isolated vicld. " Determined by 'H-NMR {H-- C(3)). The cis#trans ratio of 5g -k could be calculated from
(et + c.o)re + n1). ©) §j was obtained as a mixture af four diasterenisomers, which contained predominantly
only one diasteremsomer. ) 5k was obtained as a mixture of four diasterecisomers whose ratio was delermined
by 'H-NMR ( MeCH,C).
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The cis- and trans-configuration at the 3.4-positions of 5g -k could be assigned by the coupling constants
(3.4} in the "H-NMR specira: f,,=6.6 Hz and J,,,,,. = %3~ 11,7 Hz, resp.

As summarized in 7able I, the major isomer abtained from the reaction of dianion 2
with aldehydes was the ¢,c isomer in all cases. The observed high stereoselectivity can be
explained by assunting the involvement of the ( £)-configuration of the dienolate form
of dianion 2. i.e., (E)-2, as shown in Schieme 3. Our assumption was based on the well
established fact that esters appear to give ( £)-enolates [22] upon deprotonation with
LDA. The relative stereochemical outcome at C(4) and C(5) of p-lactone 5§ was
determined by using the models of the 6-membered transition states 6A and 6B of the
aldol condensation of dianion { £)-2 with aldehydes at — 78°. Due to the less important
2.,3-steric interaction between the aryl or alkyl and alkoxy groups, the transition state
6A is more favored than the transition state 6B. Consequenily, the addition
preferentially proceeds vig the alkoxide intermediate ansi-7 rather than the syn-7.
These alkoxides are then protonated upon hydrolysis with acid to afford the hydroxy
esters 8 and 9, respectively. Compound 8 is lactonized under thermodynamic-control
conditions to give the more stable lactone t,¢-5 as the major isomer and the less stable
lactone ¢,c-5 as the minor isomer. Similarly, lactonization of hydroxy ester 9 leads to the
formation of 1,1-5 and c,1-5 (Scheme 3).

2.2. Syntheses of { + }-Lichesterinic Acid (12), (£ )-Phaseolinic Acid (13), (£ )-
Nephromopsinic Acid (14), ( + )-Rocellaric Acid (18), and ( £ )-Dihyvdroprotoliches-
terinic Acid (16). The synthesis of trisubstituted y-butyrolactones, in particular the f-
carboxy derivatives (paraconic acids), has attracted considerable attention in recent
years, because of the wide range of their biclogical activities. Some of these compounds
are methylenolactocin (10) | 13]. protolichesterinic acid (11) [16], lichesterinic acid (12)
| 17], phaseolinic acid (13) [18], nephromopsinic acid (14) [19]. rocellaric acid (15) [20],
and dihydroprotolichesterinic acid (16} [21]. Several synthetic approaches towards

H020: HOLC Hozfz_L
CeHy™ SO0 CiaHar™" CraHzr
10 11 12
Methylenolactocin Protolichesterinic acid Lichesterinic acid
HO,G HCLC Hogczl HOLC, Me
C5H1 TILO G13H27no C13H2 W 0 C13H2? i O o
13 14 15 16
Phaseolinic Nephromopsinic Rocellaric Dihydroprotolichesterinic

acid acid acid acid



Scheme 3. Proposed Transitions for the Stereochemical Course of the Addition Reactions of the Dianion 2 io
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these molecules either in racemic or pure enantiomeric form have been developed by a
number of research groups over the past decade.

Since y-lactones of type 5 could be readily obtained by the reaction of dianion 2
with aldehydes, we herein demonstrate the synthetic utility of this type of lactones for
the syntheses of some naturally occurring a.f3,y-trisubstituted y-lactones. As proposed
in Scheme 4, we consider compounds 17 and 18 as important intermediates in the
synthetic transformation of 5 into the corresponding natural products of types 13- 16
and types 11 and 12, respectively. Bolh y-lactones 17 and 18 should be easily prepared
from 5 by simple base-catalyzed methylation and { phenylthio)methylation followed by
oxidation, respectively. Hydrolysis followed by decarboxylation of compound 17 would
afford the desired compounds of types 13-16. Similarly, compound 18 would be
transformed into the corresponding compounds of types 10— 12 by a tandem hydrolytic
decarboxylative desulfonylation.

Scheme 4. Proposed Synthetic Strategy to Natwral Products 10- 16

El02C COzEt HOzc Me
_____ - Me B
A™ ~o7 70 R N0 0
17 Compounds of types
1316
EtO,C CO.Et |
Compounds of types
P BOL 0 COR 10 and 11
""" b Tt or / and
R 0 Q
HOzc Me
i8 =
R 0O (o]
Compound of type 12
R =CqaHyy

23, a-Alkylation of o.f3-Bis(ethoxyearbony!)-Substituted y-Lactones Se and 5¥.
Methylation of the diastereoisomer mixtures of 5e or 5f could be achieved by
employing Mel/Nall in THF at 0°. Good yields of the @-methylated y-lactones 17a and
17b were obtained. The diasterecisomer mixture of Se (Lo/(5f+ec)et 70:27:3)
provided compound ¢,c-17a (67% yield) and an inseparable mixture ¢, t/t,--17a (60 :40)
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in 23% vyield, while the diastereoisomer mixture of 3f (5,c/(44+c,¢) 63:34) gave
compound ¢,c-17b (67% yield) and an iseparable mixture ¢, #/4¢-17b (51:49) in 25%
yield.

The ¢,c-17 was obtained as the major isomer. This can be rationalized by the
assumption that methylation of the enolate anion 19 occurs from the less-hindered side
avoiding the steric interaction with the ethoxycarbonyl group at C(4) (Scheme 5). The
isomers ¢,c-17a and -17b could be easily separated from the isomer mixtures of ¢,#/1,¢-
171 and -17b respectively, by radial chromatography on silica-gel.

Scheme 3. Bose-Catalvzed Methylation of y-Lactone 8

Et0.C COEt Et0,C CO,Et
NaH/THF {
o @
R O (0] % 1h R (8 C Na
5e R = Me(CHa), 19

fR= ME(CH2}12 CHyl

0° 10 r.t., overnight

EtO,C CO5Et EtO.C COzEL
RY Yo~ O RY No O
{more polar} {less paolar)
c,c-17a R = Me(CHy)y c t/tt-17a R = Me(CHy),
b R = Me(CHz)o b R = Me(CHg)y5

The retative conliguration at the 4,5-positions of 172 and 17b could be assignted by the coupling constants
observed for H-C(4), which appeared in the '"H-NMR spectra as 4 at 0 3.30 (J,,, = 6.6 -6.8 Hz) and 2.84--3.67
(Fous = 9.7~9.9 Hz).

Having succeeded in preparing compounds 17, we then prepared next a-(phenyl-
sulfonyl)methyl-a. f-bis(ethoxycarbonyl)-substituted y-lactones 18a and 18b by treat-
ment of the y-lactones Se and 5§ with PhSCH,CI/NaH in THF at 07 in the presence of
Nal, followed by oxidation with H,O./AcOH (Scheme 6). Thus, y-lactone 5e {(t,c/c,c/t,t/
¢t 82 :6:11:trace) provided 18a (98% yield) which contained mainly the ¢,c isomer and
a small amount of other isomers. Similarly, ¢-lactone 5f containing mostly the 4,¢ isomer
and a small amount of other isomers afforded c,¢-18b (88% yield) and an inseparable
mixture ¢, #4,-180 (73 :27: 5% vyield) ( Scherie 6). We assumed that the ¢.c isomer of 18
was obtained as the major isomer. This can be explained as discussed above for the
formation of the ¢,c isomer of compound 17.
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Scheme 6. Preparation of a-( Pheayisulfonyl Jmethylated y-L.actone 18

Et0,G COE Et0.C CO,Et
n 1. NaH/THF, 0°, 1 h /z_i’sph
R o (0] 2. PhSCHoCIFTHF/Nal, R 0 O
0 to r.t., overnight
5e and 5f 30% HyO/AcOH

0% to r.1., ovamight

Et0,C, CO,EL

R Q

O

t.¢ + other diastereocisomers

18aand 18b

¢, c isomer and a mixture of
¢t and if isomers

2.4, Attempted Preparation of ( + )-Methylenolactocin (10) and Preparation of ( £ )-
Lichesterinic Acid (12). As proposed in Schente 7, hydrolysis of 18a followed by base-
catalyzed elimination of the expected product 20 should afford the desired methyl-
enolactocin (10). Thus, treatment of 18a containing mainly the c,c isomer with 48%
HBr solution under reflux for 3 h provided the desired compound 20 in 48% yield,
consisting of a r.c/cclt,t isomer mixture 32:64:4. Similarly, hydrolysis of a 41:59
mixture of 4,1/c,t-18a gave 20 as a 85 : 15 mixture of ¢, 41,/ isomers in 65% yield. Alttempts
1o convert compound 20 to the expected methylenolactocin (10) under various
conditions, eg., LDA or DBU as a base in THF or CH,Cl, as a solvent, were
investigated. All experiments led to a complex mixture of unidentificd products besides
a small amount of 10 and compound 21 (R=C:H,;) as revealed by the 'H-NMR
spectra.

During our investigation for the hydrolysis of 18a to compound 20. we found that
the reaction of a diastercoisomer mixture of 18a with LiOH (4 equiv.} in THF/H,O
under reflux for 3 h followed by stirring overnight provided butenolactone 21 (R =
Me{CHa,),) in 69% yield. The formation of butenolactone 21 (R = Me{CH.,),) resulted
from a tandem ester hydrolysisdecarboxylative elimination of the phenylsulfonyl group
followed by isomerization of the initially formed exocyclic methylene group. By
cmploying this advantage. (4 )-lichesterinic acid (12) could be synthesized in 26% vield
from y-lactone 18b (Scheme 7).

2.5. Syntheses of ( £ )-Phaseclinic Acid (13), ( L }-Nephromopsinic Acid (14), ( + )-
Rocellaric Acid (13), and (+ )-Dihvdroprotolichesterinic Acid (16). The facile
accessibility of y-lactones ¢,c-17a and ¢,c-17b prompted us to try to convert them
into the desired paraconic acids 13 - 16 by sequential hydrolysis and decarboxylation,
expecting to be able to control the configurations at the 3-. 4-, and 3-positions. Thus,
hydrolysis of y-lactone ¢,¢c-17a by refluxing with 48% HBr solution for 5 h afforded an
inseparable 62 :38 mixture of paraconic acid 22 and (+)-phaseoclinic acid (13) in 89%
vield (Schenie 8). The same results were abtained when ¢,c-17b was treated with 48%
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Scheme 7. Preparanion of (& )-Lichesterinie Acid (12)

£10,0 CO,Et Y o cosLi® ®i%.c
S0,Ph
R @] 0

© - PhSDge
18a R = Me(CHa)y
B R = Me(CHg)p H@J
48% HBr
reflux, 3h
HOLC, HOLC,
,Z_f 30,Ph
Basc
R s} @) R o) (o}
20a R = Me{CHa), 10 R = Me(CHa»)y
b R = ME(CHZ]TZ 11 H = ME(CH2)12

|’ Isomerization

HOQC Me

R N7 0

21 R =Me(CHy),
12 R = MS(CH2)12

HBr solution under the same condilions; an inseparable 62 :38 mixture of paraconic
acid 23 and (+)-nephromopsinic acid (34) was obtained in 87% yield. [t should be
noted that under the hydrolytic conditions with 48% HBr solution, there was no
isomerization a1 C4) and C(5). Both (+)-phascolinic acid (13} and (=)-nephromop-
sinic acid {£4) coutd be separated from paraconic acids 22 and 23, respectively, as their
methyl ester derivatives formed by dicyclohexylcarbodiimide/MeOH treatment.

Hydrolysis ol ¢,e-17b under basic conditions was also studied using LIOH/THF/
H.O at room temperature. The reaction led to incomplete hydralysis as revealed by the
'H-NMR spectrum of the crude product obtained. It was found that one ethoxyear-
bonyl group still remained. However. when the crude product was further treated with
48% HBr solution under reflux for 3 h. a 64 :36 mixture of {&)-rocclaric acid (15) and
(=)-dihydroprotolichesterinic acid (16) was obtained in 80% vield (Scheme 8). The
resulls indicated that ¢, o- 378 was isomerized to the thermodynamicatly more stable 4.5-
trany isomer by LIOH during the hydrolysis in the lirst step. before the ethoxycarbonyl
aroup was hvdrolyzed. Good vield (77% ) of 2 mixture 18/16 with the same ratio was
obtained when a 73:27 mixture ¢.#n-17h was hydrolyzed under the same conditions
{LiOH and then 48% HBr solution under reflux).
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Scheme 8. Preparation of Natural Produces 13- 16

EtO.C CO.Et HO,LC HOWG,
MME 46-48% HBr vz__i
C5H11 (8] Q reflux, 5 h H
(89%) CsHy4 CgHyq
ce-i7a 2213 62:38 29 13
(+)}-Phaseolinic acid
1. LIOH, THF/H,0
ri., overnight HOG, ‘~\Me HOLC Me
| ISR aY
3 -48% A »
; 4?e:ix, : Er CiaHar™ 07 0O CygHy™ ~o7 O
EtO,C COsEt (80%)
2 e 1516 64:36 15 16
Mo . (t)-Aocellaric (+)-Dihydroprotolichesterinic
CigHzr™ 07 70 acid acid
cc=-17b
46-48% HBr HORC, Me HOC,  Me
reflux, 5 h +
(87%) C13H27 O 0 C13H27 O 0
23114 62:38
23 14

{+)}-Nephromopsinic acid

The separation of paraconic acids 15 and 16 from each other by chromatography
was unsuccessiul. Isomerization of (L)-dihydroprotolichesterinic acid (16} to (+)-
rocellaric acid (15) was investigated. It was anticipated that this isomerization was
successful by treatment of a 66 :34 mixture 15/16 with 2 equiv. of LDA in THF at 0 for
1 h. lollowed by quenching with AcOH. The resulting product was a 89 : 11 mixture 15/
16. The major isomer. {£)-roccllaric acid (15), was separated by fractional crystal-
lization (AcOEL) in 72% yield. whereas the nunor {£)-dihydroprotolichesterinic acid
{16) could not be separated in pure form. However. 16 could be isolated as its methyl
gsler.

3. Conclusions. - We demonstrated thal the reaction of dianion 2 with carbonyl
compounds alforded the expected paraconie acids Sa-k as mixiures of diastereoiso-
mers containing the fe-isomer as the major isomer. Moereover, paraconic acids Se and
5f could be used as starling materials for the syntheses of the natural products (+)-
lichesterinic acid (12). {:k)-phascolinic acid {13). (+)-nephromopsinic acid {14). (+)-
rocellaric acid {15). and (+)-dihvdroprototichesterinic acid (16). The desired natural
compounds 13- 16 could be prepared with retention of configuration at C(4) and C(3)
by hydrolysis of the corrésponding paraconic acid 17 {¢,c isomer) and 17 (¢, i/t.f isomers)
{obtained by methvlation of Se and 5f) in refluxing 48% HBr salution. The products
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13- 16 were separated as their methyl esters. {z)-Lichesterinic acid (12) was preparex
by treatment of o-[(phenylsulfonyl)methyl]-y-lactone 18b with LiOH in THF/H,0.
However, attempted synthesis of (+)-methylenolactocin (10) by elimination of the
phenylsulfonyl group from compound 18a was unsuccessful.

We thank the Thailand Research Fund for financial support (BRG/22/2544) to M. P and the award of a
Senior Research Scholario V. R.W. H. is grateful to the Development and Promotion of Science and Teehnology
tatent Project {DSPTY) for a scholarship. Thanks are atso made 10 the Higher Edicarion Development Project,
Postgraduate Education and Research Program in Chemistry, for partial suppart.

Experimental Part

L. General. THF was distilled from sodium-benzophenone ketyt (sodium oxidodiphenylmethyl). The
molarity of BuLi (in hexane) was deiermined by litration with diphenylacetic acid in THF at 0 . 'Pr,NH was
distilled over CaH,: CH,Cl, and acetone were distilled over P,O;5. All glasswares and syringes were oven-dried
and kept in a dessicator before use. Radial chromatography: plates prepared with Merck silica-gel PF.;,
containing CaSQy, - 1/2 H,O wype 60 (TLC Arl. 774%), prep. plates with Merck silica-gel 60 (PF,;, Art. 7747).
FC = flash column chromatography. M.p.: Biichi 5(J melting-point apparatus, uncerrected. IR Spectra: Jasco A-
302 or Perkin-Elnter 683 spectrometer; in ecm . NMR Spectra: Bruker DPX-300 (‘H at 300 MHz, 'C at
75 MHz) or Bruker DPX-400 ('"H at 400 MHz) spectrometer; in CDCl, with SiMe, as internal standard;
chemical shifts 4 in ppm downficld from SiMe,, J in Hz. MS: Finnigan MAT mass spectrometer: in m/z (rel. %}.
Elemenlal analyses: Perkin- Efmer clemental analyzer 2400 CHN.

2. Generation and Reactions of Dianion 2 with Carbonyl Compounds. Diethyl 2-{1,3-Benzodioxal-3-
vhiretrahydro-S-oxafuran-3,4-dicarboxylate (5a)y. General Procedure (G.P). A soln. of triethyl 1.1.2-ethane-
tricarboxylate (493 mg, 2.0 mmol) in THF (2 ml) was added dropwise at — 78" to a THF soln. of lithium
diisopropylamide (LDA) under Ar (prepared by reacting 'ProNH {(0.7 ml, 5 mmol) in THF (8 ml) with 1.25m
BuLiin hexane (3.5 ml. 44 mmol) at — 78" for A min). After sticring at — 78 for | b, a THF (2 ml)} soln. of
piperonal (1.3813 g. 2.5 mmol} was added dropwise to the pale yellow soln. of the dianion 2. Stirring was
continued at —78° for 2 k. then Lhe reaction was quenched with AcOH (4 ml). The resuiting mixture was
warmed 1o r.t.. and TsOH (monohydrale) was added as a catalyst. After stirring overnight. the mixture was
diluted with H.O (50 ml) and extracted with AcOE1 (3 x 30 ml). The combined org. layer was washed with 10%
NaHCO; soln.. H,0, and brine, dried (Na,50,). and evaporated, and the crude product purified by prep. TLC
(8i0,, 20% AcOEtMhexane: double runs) Lo give two bands of Sa {(Fr / and 2).

Fr. I (less polar) yielded a yellow viscous ligmid: ¢,r/rt-5a 11:89 {96 mg, 14%). 1R (neat): 2984, 2939,
2907, 1789y, 1738s, 10330 161200, 15065, 14935, 14495, 136801, 15374m, 13035, 12335, 11975, 11605, 10385, 9245,
8392, 815m, 705m. '"H-NMR (300 MHz, CDCl,): 6.88-6.70 (m. 3 arom. H); 5.92 (4} and 541 {¢,¢) (each s
OCH,0): 5.79 (c.r). 5.37 (#1) (each o, £ =9.25 and BY. resp.. OCHAT): 424 (g, =72, OCH.Me of r.4); 420 -
4.05 (1. 2 OCH.Me of o and OCH.-Me ol 6t): 398 (nr) and 3.92 (c¢) {each o. F =107 and 9.4, resp.,
O,CCHCOL): 376 (dd. J = 10.7. 89, CHCO-Etol ). 345 {app. t.4 =94, CHCO,Et ol ¢,¢): 127 (app. 1. =72,
QCH,Me)y: 116 (app. 1. J =72, OCH,Me). "C-NMR (75 MHz. CDCLY 1691 (C=0): 168.9 (C=0); 166.2
(C—0O) 183 (C) 1481 {CY 1306 (C, ) and 1304 (T £1) 0 1205 {CH. ¢,0). 1204 (CH. £0); 1082 (CH. ¢,r} and
108.1 (CH, ¢,0): 1066 (CH, 1), 106.5 (CH. £0): 1014 {OCH-0, 1,¢) and 101.3 (OCH,0, ¢,t): 63.6 (OCH,. c.t).
62.6 (QCH.. ¢,6): 620 (OCH,. .¢). 616 {OCH,. €,0): 319 (CH. #.1). 513 {CH. et} 3006 (CH. .}, 50.5 (CH. ¢.1):
13.9 (Me. i) and 138 (Me. ¢,1): 13.88 (Me).

Fr. 2 (more polar) viclded a pale vellow solid: r.c/c.c-5a 86 : 14 (448 mg. 64% ). '"H-NMR (300 MHz. CDCl,):
.82 —6.63 (. 3 arom. F): 591 (Lc) and 390 (¢.¢) (cach 5. OCHO): 573 (t.c) . 5.37 {c.e) (each d. T =75 and 5.7.
tesp.. QCHAT): 424 (app. ¢/ =72 OCHMe of ne and )1 4.0 1 (d, F =73, O.CCHCO. of 1,): 4.07 (app. 1.
JF=75 CHCO-Etof 1,¢}: 391--371 {m. OCH.Me of .o and OCH Me. COCHCO, and CHCOEL of ¢.0); 1.28
(teyand 1,27 {e.c) (each ./ =72 and 74, resp.. OCH,Me): 095 (1) and (94 (¢,c) (cach 1./ =72 and 7.7, resp..
OCH.Me).

The pale yellow solid oblained from the Fr. 2 (diastereoisomer mixture) was recrystallized from AcOEV
hexane 1o give pure o-5a. White solid. Mop. 8483 | IR {nujoi): 30711, 3046, 2989, 17975 17285, 1610w 1503,
1486, 14485, 1413, 13695, 1324, 12615, 1238y, 12135 1199y, 11415 10435, 10185, Y399, 908nz, 871, 803,
TH-NMR (40X} MHz, CDCL): 6.80 (o, J =8.0, Larom. H); 6,74 (. J =8.0. 1 arom. F[}: .72 (s. | arom. F1)}; 5,99
(5. OCH.0); 5.82{d. J =80 OCHATY: 432 (q.J =72, 1 OCH:Me}: 419 (d. 4 = 7.2, O.CCHOL): .15 (app. &
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J =76, CHCOLEl): 398-38] (m, | QOCH.Me): 137 (1, J =72, OCH.Me); 104 {t, J =72, | QCH,Me).
FC-NMR (75 MHz, CDCI,): 169.8 (C=01); 168.1 {C=0); 166.1 (C=0); [48.1 (C); 1478 (C); 1283 (C); 119.7
{CH): 108.1 (CH); 106.2{CH): 101.3 {OCH,Q); 79.9 (OCHAr); 62.7 (CH.0O): 61.6 (CH,0}; 49.8 (CH): 484
{CH); 13.9(Me): 13.6 (Me), EI-MS: 350 (100, M ). 321 (0.83), 304 (13), 287 {2}, 275 (9), 239 {10}, 247 (4}, 230
{19). 215 (4), 203 (27). 190 (12). 173 {17}, 149 (85), [27 (79), Y9 (69). 93 {6). 71 (4). 63 (10}, 53 (8). 45 (4).
Anal. caic, for C;H 4Oy (350.33): C 58.29, H 5.18; found; C 58,20, H 5.13.

Diethyl Tetrahydro-2-(danethoxypheay! }-5-oxofuran-3,4-dicarboxylate (5h). According to the (L2, with
dianion 2 (2.0 mmel} in THF (10 mt) and the THF (5 wl) saln. of anisatdehyde (384 mg, 2.8 mmol}. The crude
product was purified by prep. TLC (5i0;. 20% AcOEVhexanc: double runs): 79:4 : 14 3 mixture f,¢le.c/ndc.t-5b
(545 mg. 81%). Paie yellow solid. "H-NMR (300 MHz, CDCI;): 737724 {m, 2 arom. Hol ¢,t, ¢,¢, and 1,1): 716
(d.7 =87 2arom. Hole): 6.93, 687 {each app. 4,7 =87, 2 avom. H):5.90 (e,1), 53.84 (1,¢), 5.58 (c,c), 547 (1,8}
{each o J =93, 78, 5.7 and 9.1, resp., OCHAr}, 430 (g, J =72, OCH.Me ol ¢.c}: 435 -4.10 (m, 2 OCH,Me of
crand rt, OCH.Me of c.c): 4.200 (r.c), 4.06 (1,1}, 3.99 {c,1) {each 4./ =76. 10.8. and 9.3, resp., COCHCO); 4.15
{t.c). 353 (e4) {each app. 1, J =77 and 9.3, resp., CHCQOLEt); 3.95-3.6% (m, OCHMe of rc, OCH.Me,
COCHQCO and CHCOLEL of ¢,c, CHCO,ELof 6,6, OMe of o1, ¢,c, and 1,4): 3.79 (v, OMe of r,¢): £35 (1,¢), L34 (ot
and 41). 1.29 (c.cy {each r. f =72, OCHMe); 1.24 (1), 1.22 (1), 0095 (£.c), 092 {c.¢) (each ./ =72,72, 72, and
7.6, resp., OCH-Me).

The pale yellow solid of diasterecisomer mixture b was recrystallized from AcOEt/hexane: pure /,c-5b.
White solid. M.p. 82 -83", IR (nujoi): 18015 17405, 1693w, 1614, 1581w, 1316, 1454, 13265, 1304, 1257m.
1241, 1215m, LB 1arn, 11370, UN S, Y68m, 5470, 806m:. 'H-NMR {400 MH», CDCL): 718 (4,4 = 8.4, 1 arom.
Hy; 690 (o, 7 =88, | arom. H): 587 (4. J =80, OCHAr); 4.33 (g. f =72, OCH.Me}; 422 {d. J =72,
0,CCHCO,); 4.18 (app, 1, J =78, CHCO.E1); 394-3.72 (m. OCH;Me): 3.82 (5, ArtOMe); 137 (1. J =7.2,
OCH,Me): 098 (1.5 =72, OCH,Me). "C NMR (75 MHz, CDCL)Y: 170.0 (C=0); 1683 (C=0): 1663 (C=0);
160.1 (C): 1273 (CH. 2 peaks merged); 126.6 (C) ; 113.9 (CH, 2 peaks merged ): 80,0 (OCHAr); 62.7 (OCH,):
61.5 (OCH;}, 552 (OMe); 49.8 (CH): 48.5(CH): 13.6 {Me). ELMS: 336 (29, M7 ). 318 (2}, 307 {1).289(8).273
(L}, 263 (9), 245 (5). 233 (2), 216 (10), 200 (40). 189 (17). 173 (22). 154 (32), 145 (18), 135 (81}, (27 {100}, 99
(93).92(7),77{22),63 (6), 33 (13}, 43 (6). Anal. calc. far C;H,O; (336.35). C 6071, H 3.99; found: C 60.38,
H 5.78.

Diethyl Tetrahvdro-2-oxo-3-phenyifuran-3 4-dicarboxylare (5¢). According to the .2 with dianion 2
(2.0 mmal) in THE (10 ml) and a THF {2 ml) soln. of benzaldehyde (0.3 ml, 2.97 mmol). The crude product. a
T1:6:19:4 mixture tofe,cfnticr-8e, was purified by radial chromatography (Si0., 8% AcOEthexane):
6%:11:18:3 mixture fofecltder-Se (478 mg, 78%). Pale yellow liquid. "H-NMR (400 MHz, CDCI,): 748-
724 (m, Farom. H}: 5.97 (¢,0), 591 (1,¢). 5.65 (¢,c) and 5.56 (r.£) (each 4,/ =8.9,70.5.7 and 8.9, resp.. OCHATr):
433 (¢.F =721 OCH.Me of 1,¢): 4.31-4.12 (. COCHCO and CIJCOLEL of Lo, 2 OCH,Mce of ¢,r and #¢, and
OCH:Mc of ¢,c); 409 (5,1), 4.02 (¢,1). 3.95 (e.0) {each d. F = 116,93, and 7.2, resp.. COCHCO}: 3.92-3.67 (a1,
OCIH,Me ol t,0, OCH.Me and CHCO.F1 of .. CHCO-Et of £,1); 3.57 (1, CHCO:Etof ¢.4): 1.37 (4.0, .35 {c,7 and
iy, 132 {eye) (each 1, J - 72,720 und 7.2, resp.. OCH, Me): 1.28 {c.0). 1.25 (£¢).0.92 (t,c), and 087 {c.c) (each 1,
J =70,71,72 and 7.2. resp.. OCH,Me).

Attempted separation of the diastercoisomers was made by prep. TLC (8i0;. 20% AcOEvhexane: doubic
runs) 1o give two bands of Je (Fr f and 2).

Fr 1 (less polar} yielded o/t -5¢ (9:91) contaminated with o small amount of r.c-5e. IR {neat}: 3067m,
3038m, 2985m. 294001, 2909ar, 1789y, 1738y, [498m. 1438m, L372m, 135&m. 13055, 12365, 12135, 119Ys, 11575,
10240, Y76, Y18a1, 857m, 76, 7005, 'H-NMR (300 MHz, CDCL,): 746 -733 (1, 5 arom. H}; 5.96 (). 53.54
{r.6) (cach d. 7 =9.0 and 8.8, resp., OCHATr); 4.34-4.15 (m, 2 OCH.Me): 4.07 (7). 400 (¢.1) (each . 7 =108
and 9.4, resp., COCHCO Y 3.87 (dd, J = 104, 8.9, CHCOLEt of £,1): 3353 {app. £.] = 9.1, CHCOEt of ¢,1): 1.33
(app. r. 4 =72, OCH.Me): 1.24 (app. r. J =72, OCHMe). PC-NMR {75 MHz. CDCl;: major isomer £+-5c):
1692 (C=0): 169.] (CwO): 166.2 (C=01%: 136.8 (C): 1292 (CHY: 1287 {CH): 126.1 (CH): 808 (OCH): 62.6
(OCH,): 624 (OCH.}: 519 (CH): 3006 (CH): 13.92 {Me): 13.89 (Me).

Fr. 2 (more polar) yielded a 93 : 5 mixture of the major r.c-5e contaminated with a small amount of ¢,c- and
r,i-8e. Pale yellow liquid. TR (neat): 3066w, H36w. 2985 2940m, 2907w, 17915, 17335, 1607w, [498m. 1457m,
140002, 1382, 1372m. 1314, 1214y, 11595, 109741, LIR20s, 964m, 85302, 7520, 7005, 'H-NMR {300 MHz. CDC1):
7412720 (m, 5 arom. H): 5.89 (d. J =76, OCIIAD): 431 {g. J =71, OCH.Me): 4.20-4.13 (m, COCHCO,
CHCO,EL): 3.89-3.64 (m. OCH.Me): 135 (i. J =72, OCH.Me): 090 (1. /=72, QCH.Me). “O-NMR
(75 MHz. CDCl;: major isemer £,¢-5¢): 1699 (C=0): 168.1 {C=0):166.1 (C=0): t34.6 (C): 129.0 {CH); 1283
(CH. 2 peaks merged): 125.7 {(CH. 2 peaks merged): 800 (OCHAr): 62,6 (OCH;): 61.4 (OCH.): 497 (CH);
489 (CHY: 13.8 (Me): 13.2 (Me), GI-MS: 306 (15, A7), 278 (033}, 260 (22), 243 (1), 232 (29), 215 (5), 203 (4},
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186 (32),173 (47), 159(33), 145 (13), 127 (70), 115 (65}, 105 (100), 99 (Y7}, 91 (12}, 82 (16), 77 (52}, 63 (8), 51
(£9}, 45 (7). Anal. vale. for C, ;H, O, (306.32): C 62,74, H 5.92; found: C 62,56, H 5.90.

Diethvl 2-fterl- Butyl petrahydro-5-oxofuran-3,4-dicarboxylate {5d). Accarding to the G. £, with dianion 2
(20 mmol) in THE (10 ml) and a THF (2 ml) soln. of pivaldehyde (231 mg, 2.7 mmol). The crude product, o
80 :20) mixture of two diasiereoisomers, was purified by prep. TLC (5:10,. 20% AcOEtthexane; multiple runs):
Sd {305 my, 53%) as a 79:21 mixture of two digstereoisomers. Colarless liquid. IR (neat): 298Ls, 2910m, 2879x1,
L7025, 17375, 14820, 1448, 1407m, 1385m, 13718, 1330s, 12755, 12495, 11965, 1180s, 11395, 109501, 10295, 10014,
931m, 8olm, 682 '"H-NMR (300 MHz, CDCly): 4.51 (app. 4. J =72, CHO of the major diasterecisamer);
4.34-4.06 (1, 2 OC{{:-Me and CHO of the minor diastereoisomer}; 3.97 (major), 3.76 (minor) (each d, J =64
and 6.5, resp., COCHCOY}: 3.80 (app. 1. J = 6.6, CHCO,EL of the major diastereaisomer): 3.54 {dd, J = 6.3,
4.6, CHCOLEL of the minor diastereoisomer}: 1.33-1.23 (i, 2 OCH Me): 1.05 (miner), 1.02 {major) (each
s, ‘Bu}. PC-NMR (75 MHz. CDCL): 169.8 (C.-0); 169.7 {C=0); 166.1 (C=O): 873 (OCH, major), 56.1
(OCH, minor); 625 (OCH., major), 61.8 (OCH;, minar); 617 {OCH,, major), 61.3 (OCH,, minor):
5.7 (CH, major), 50.3 {CH, miner); 40.7 (CH, major), 46.4 (CH, minor); 34,7 (C, major)., 33.3 (C, minor}:
25.5 (Me); 13.9 (Me}): 13.6 {Me, major). 13.5 (Me, minor). EI-MS: 287 (1.3, [M + 1]°), 271 (1}, 253 (0.37),
241 (15). 230 (B5). 213 (L1). 208 (17), 195 {7). 183 {49), 173 (32). 157 (63). 137 (6), 127 {47), 111 (L7},
QY (44). 84 (18). 71 (17). 57 (LO0). 41 {66). Anal. cate, for C,\H5O, (286.33 ) C 58.73, H 7.75: found: C 58.68.
I 8.5,

Diethyl Tetrahydro-2-oxo-3-pentyifuran-3,4-dicarboxylare (5e). According 1o the P, with dianion 2
(3.0 mmel) in THF (25 mly and a THF (5 ml) soln. of hexanal {0.76 ml, 6.2 mmal). The crude product, a
79:6: 15 trace mixture fcfe,eft, e t-Se, was purified by FC (5i0s. 10% AcOEthexane): 82:6: 11 : trace mixture
tefo,cittic-5e (826 mg, 55%). Colorless liquid. [R {neat): 29585, 29365, 2873m, 17905, 17385, 1468m. 13711,
1305, 1256s. 11775, 10215, 858m. 730m. '"H-NMR (300 MHz, CDCL): 4.74-4.67 (m, CHO of t,c): 4.41 (de. J =
41,84, CHO of 1,1); 4.4 ~4.35 (m, CHO of c,£}: 4.24 - 4.08 (1.2 OCH.Me); 3.89 (1,1): 3.88 (1.c). 3.67 (c,c} (each
d, S =101, 8.0.and 7.3, resp.. COCHCO): 3.81 (app. 1./ =80, CHCO,Et of ,¢): 3.48 - 3.4t {m, CHCO,Etof c.c
and .r}; 1.84—1.14 (m, {CH,),. 2 OCH,Me¢): 0.82-0.77 {m, (CH,),Me). "CNMR (75 MHz. CDCl,, major
isomer i,c-5e): 169.8 (C=01}; 1689 (C=0); 166.4 (C=0); 79.1 (QCH}:62.5 (OCH,): 61.8{OCH,): 48.7(CH}:
477 (CH); 313 (CH.): 31.2 (CH,); 25.1 (CHa): 2223 (CH, ) 14.0 {Me): 13.9 (Me): 13.8 {Me). EI-MS: 301 (1.4,
[ M+ 1] }.300 (0.89, A"}, 285 (L55). 273 (0.32). 254 (28). 237 (9). 227 (57}, 218 (1.4), 209 (12}, 201 (27). 183
(100Y. 173 (72). 169 (69), 155 {48), 145 {17). 137 (20), 127 (98), 109 (31). 99 ($2), §1 (28). 71 (19), 67 (20), 55
(48), 43 (36), 32 (14). Anal. calc. for C,sHa, 0, (300.36): C59.99, H8.05; found: C59.96. H7.99.

Attempled separation of the diasterecisomers was made by FC (Si0,. 8% AcOEl/hexane) to provide Fr 7
and 2 ol Se.

Fr I (less polar) yielded a 5:29:3:63 mixture ¢ fr,ele.c/te-5e contaminated with a small amount of the
starting material. Pale yellow liquid. 'H-NMR (400 MHz, CDCLLY: 4.94 {¢,1}, 4.52 (1) {each dr. J =3.2,9.0, and
4.1, 84, resp., CHO): 4.81 (1,0), 447 (¢.0) (each s, CHOY; 4,35 -4.14 {m, 2 OCH,Me); 400 (,¢).3.99 (rr), 3.56
(), 3.75 (e,¢) (each o, J =8.4.10.1, 80, and 7.3, resp., COCHCO); 3.93 (t.¢), 3.23 (¢.f) (each ./ =79 and .2,
CHCO,EL); 3.36 {app. dd. ] = 10.2, 8.6, CHCO.EL of ¢,c and £,1): 2.00~ 1.20 (series of m. {CH.},. 2 OCH,Me):
(190 {p:. (CH, ), Me).

Fr. 2 (more polar} vielded the major diastereoisomer 4,¢-5e contaminated with a small amount of ¢,¢- and £.-
Se. Colorless liquid. "H-NMR {400 Hz. CDCL): 4.81 (m. CHO):4.29 (¢, =72. OCHLMe): 424 (dg,J =14.71.
OCH.Me); 399 (4. J =83, COCHCQ): 392 (v. J =79, CHCO.Et): 1.96-1.24 (series ol s (CH;),. 2
QCH.Me); 090 {m, (CH,),Me).

Diethvl Terrahydro-2-oxo-S-rridecylfuran-3 4-dicarboxviare {8f). According to the G.P, with dianion 2
(2.0 mmol) in THF (10 ml) and a THF (2 ml) sala. of tetradecanal (571 mg, 2.7 mmol ), The crude product. a
86:3: 1L:trace mixture Lefoonre -5 was purified by FC (SiQ,, 10% AcQEt/hexang): 87:3:10:trace
mixtore §ofecl e -5F (513 mg. 629%). Colorless liguid. "H-NMR (400 MHz, CDCl;): 483-4.77 (m, CHO
of t,c}: 451 (rr), 446 (o) (each i, J =4.0, 84, and 5.2, 8.7, resp., CHO); 434418 (i, 2 OCH-Me): 399
{app. d. J = 8.0, COCHCO of r.c and r¢}: 3.92 {app. 1, f = 79, CHCO,EL of 5,c); 3.76 (d. F =73, COCHCO of
o)y 3.59-352 (m. CHCO-Et of c.c and £1). 195118 {#1. (Cfh)s, 2 OCH M) 089 (app. . JF =68,
(CHa)Me).

Attempted separation of the diastercoisomers was performed by FC (8i0,, 5% AcOEvVhexane) to pravide
. dand 2 of 5f

Fr. 1 (less polar) yielded a Y2 :8 mixture of /e, r-5F Colorless liquid. "H-NMR (400 MHz, CDClL): 4.92 (m.
CHO of ¢.): 4.50 (de.J = 4.0. 8.2, CHO of 1,1): 4.3 (g. / =7.2. QCH.Me): 4.23 (g, 1 =72, OCH,Me); 3.98 (r.1).
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3.84 (e,r) (each d, J = 1012 and 9.5, resp., COCHCOY); 3.54 {dd. J =102, 8.7, C/HICO.EL of £1):3.22 (1. f =44,
CHCO,EL of ) L94-1.20 (series of m. (CH, ). 2 OCH.Me); 0.88 (app. . J = 6.6, (CH,).Me).

Fr. 2 (more polar) yielded a colortess liquid of a mixture of the starting material and the desired 4,¢/(e,c +
41)-5F as a 81:19 diastereoisomer mixture, which could not be separated by FC. However. the product could be
separated from the starting material by distitlation at 126°/0.5 Torr, The same diasierecisomer ratio f,c/{c,c +
4¢)-5F was obtained as prior (o the distiliation. IR {neal): 29255, 28545, 1790s, 17385, 1467m, 1371m, 1303m.
1258m. 11775, 109%m. "H-NMR (40} MHz, CDCL;; major isomer 4.c-5F) 4.81 (m, CHQO); 4.33-4.18 (m. 2
OCH Me); 398 (o, J = 8.0, COCHCOY); 391 (¢, J = 78, CHCO,EL); L62~1.22 {m, (CH,)-, 2 OCH.Me); 1L.88
(1, {CHy)2Me). PC-NMR (73 MHz, CDCl;; the major isomer #,¢-51): 169.5 (C=01): 168.9 {C=0); 166.4
{C=0)79.1 (OCH); 62.6 {OCH.}: 61.8 (OCH,): 48.7 (CH}: 478 (CH); 31.9 (CH,); 314 (CH,): 29.7 {CH,);
29.6 (CH,, 2 peaks merged); 29.5 (CH,); 29.4 (CH,); 29.3 (CH,, 2 peaks merged}: 2.1 (CH.): 25.5 (CH,):
22.7 {CH,): 141 (Me. 2 peaks merged): 140 (Me). EI-MS: 412 (2, M), 367 (7}, 339 (100), 311 (1}. 293 (),
281 (39), 247 (2). 229 (7). 218 (4}, 201 (6). 183 (16}, 173 (17). 155 (R), 145 (93, 127 (22), 109 {7). 99 (20),
95 (11). 81 (13}, 69 (13). 55 (27), 43 (31). 32 (40). Anal. calc, Tor CoH WO, (412.58): € 66.96. H 9.77: found:
C 0693, H 10.04.

Diethyt Tetraltydro-2,2-dimethvl-5-oxofuran-3,4-dicarboxviare (5g). According to the (P, with dianion 2
(2.0 mmol} in THF (I ml}) and a soln. of LOM acetone in THF (3.0 ml, 3.0 mmol}. The crude product was
purified by prep. TLC (80, 30% AcOFtUhexane): 5a (230 mg, 45%) Colorless liquid 1R {neat): 2985s, 2441 n;,
1784y, [738s, 1467m. 1448m, 1378y, 13235, 12925, 1220x, 11835, 11625, 11155, 10305, 953, 90T, 858m. 693,
'H-NMR {300 MHz, CDICL ) 4.19-4.03 (im, 2 OCH-Me): 403 (d. 1, = 116, COCHCO): 3.58 (d. [, =116,
CHCOLEL): 1.56 (5. MeC), 1.21 {1, J =74, OCH.Me), 119 (s, MeC). 118 (1. / =74, OCH.Me). "C-NMR
(75 MHz, CDCLL): 16R.5 (C=0): 168.2 (C=0): 1663 (C=0); 82.9 (QC): 62.2 (OCH,); 61.7 (OCH,); 5335
(CH): 49.0 (CH}: 27.9 (CH); 232 (Me): 138 (Me): 13.78 (Me ), EFMS: 259 (11, {M + 1] ), 243 (17}, 230 (0.6},
213 (17). 197 (54), 185 (9). 169 (18), 151 (8), 141 (00}, 127 (30). 113 (34), 99 (23}, 82 (4}, 67 (8). 55 (5),43
(13). 30 (1). Anal. cale. for C,H Oy (258.28): C 53581, H 703 found: € 55.82, H 7.35.

Diethvi 2-Oxo-1-oxaspirof4.5 jdecane-3 4-dicarboxylare (3h). According to the G.P. with dianion 2
(2.0 mmol} in THE (10 ml) and a THF (2 mi) soln. of cyclohexanone (263 mg, 2.7 mmol). The crude product
was purificd by FC (810, 8% AcOEthexane): Sh (344 mg. 58%). M.p. 4748 (from Et;(Vhexane). White
solid, IR (neat): 2983m, 29405, 1784s, 17385, [465n1, 145007, 13765, 13225, 12995, 12635, 12195, 11865, 11234, 10295,
G6ls, Y21, 863w, 7200 'H-NMR {300 MHz, CDCLY: 4.30-4.19 {m. 2 OCH,Me): 418 (d, S, =LL5,
COCHCO): 35Y (d. S0 =115, CHCOLEL); 203190, 180158 (2 sets of m, (CH,)): 134 (. J =70,
OCH Me) 132 (1. ] =72, OCH.Mp). "C-NMR (75 MHz, CDCHL}): 168.6 (C=0); [68.2 (C=0}; 16604 (C=0),
84.4{0-C): 621 (OCH ) 61.6 (OCH.): 53.9 {CH ) 48.7 (CH): 36.7 (CH.): 32,1 (CH,). 245 (CH,), 22.2 (CH ).
211 (CH,); 139 (Me): 138 (Mce)}. EI-MS: 298 (7. M- ). 252 (100). 234 (28). 224 (29). 206 (60). 181 (84), 167
(23, 161 (13}, LSL (24), 135 (40). 127 (70, 107 (203, 99 (66, 91 {13). 79 (21}. 62 {16}, 55 (23). 41 (14). Anal.
calc. for C:Han(, (298.34): C 60,39, H 743; found: C 60,18, H 72.72.

Diethyl Tetrahydro-3-o0x0-2,2-diphenvifuran-3,4-dicarboxylate (5i). According to the (7. £, with dianion 2
(2.0 mmeol Y in THF (10 ml} and a THF (2 ml) soln. of benzophenone (457 mg, 2.5 mmol). The erude product was
purified by prep. TLC (8i0,. 8% AcOFEthexanc: double runs) to give a pale yellow viscous liguid of 5§ {307 mg.
41% ) as a 86 1 14 transiciy mixture, which was crystallized from AcOEthexanc to afford a white solid (115 mg) as
a 6634 rransfcis mixture. Mo, 95-96 0 IR (neat): 306, 3025m, 29535, [B06s. 17475, 17275 159% (494,
1d48s, 1377y, §34%9m, 13104, 12505, 12385, 1219, 11835, 11655, 111002, 1083022, 10455, 10265 9885, Y60s, 9281, V17w,
UNSse, 892, 848, 8231, 7555 7260, 6975, '"H-NMR (300t MHz, CDCI.): 768764 (rrans), 7.52- 748 (cis) (each
m. 2 aront H): 739-7.05 (On, 8 arom. H): .65 (fraes ), 433 (¢fs) (each 4.7 = 9.3 and 6.6, resp.. COCHCO): 4.26
(rrans). 3.62 (cis) (cach o J =9.3 and 0.6, resp., CHCO,Er): 4.24 - 4.02 (m, OCH Me of cisisomer): 3.11 (g. / =
7.3, OCH Me of pany isomer); 3.90-3.63 (m, QCH.Me): 1.21 (¢is), L17 (reans) (each 1,/ =70 and 7.3, resp..
OCH.Me): 0.94 (rrans), 0.80 (¢4s} (each . F -~ 7.0 and 7.3, resp.. OCH,Me). "C-NMR {75 MHz, CDCl;): 168.9
(C=O rrans), 168.8 (C=0, civ); 1681 (C=0, pans), 1678 (C=0, c¢is): 1658 (C=0, trans), 164.7 (C=0, cis);
LALO (O, trans) . 40T (€. cis): 1394 (L rrans b, 139.0 (C. civ): 122.0 (CH): 128.6 (CH): 1284 (CH): 128.3 (CH);
[28.1 (CH): 1280 (CH): 1279 (CH): 1270 (CH): 125.9 (CH); 1253 (CH): 125.1 (CH): 894 (QC. rrans ), 875
(OC. ¢is): 2.5 (OCH.. trans). 62,0 (OCH-. ¢is): 61.9 {OCH., prans), 601.2 (OCH-. cis}: 33.5 {CH, pans). 53.1
(CH. i) 493 (CIL trans ). 49.0 (CH, ¢is): 139 (Me. cis). 13.8 {Me. prans); 13.5 (Me. trans) . 133 (Me, cis). EI-
MS: 382 (2, M 3, 337(3), 309 (08). 291 (2). 273 (0.7), 259 (3). 247 (2). 231 (2}, 219 (2}, 200 {100}, 191 (16}, 183
(40). 163 (6], 154 {36). 127 (65). 115 (3). 105 (371,99 (37). 77 (17). 5t (4). Anal. eale. for Co.H» O, (I82.43):
C 6914, 1 3.80: found: C 69.46, H 5.53,
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Diethyl Tetrahydro-2-methyl-3-oxo-2-phenylfuran-3,4-dicarboxylate (5§)- According to the G.F, with
dianion 2 (2.0 mmal) in THF (10 mi) and a THF (2 ml} soln. of acetophenone (0.3 ml. 2.56 mmol). The crude
product was purified by peep. TLC (5105, 10% AcOEt/hexane:; mulliple runs): §j (252 mg, 39% ). Yellow liquid
containing mainly one diastereoisomer (by 'H- and *C-NMR (strong peaks due to CH and 2 other small signals,
presumably arising from CH of the other 2 diasterevisomers)). IR (neat): 3063w, 2985, 2940nm1, 290701, 17895,
L7385, 1604, 14980:, 14660, 1448m1, 1380, 13225, 12845, 1212y, 11765, 1125, 10285, 907m, 859m. 7930, 754,
700s. 'H-NMR (300 MHz, CDCl,: major isomer): 740 - 7,23 (p1. 3 arom. H): 4.34 - 4.23 (i, QCHMe): 4.4 (d,
I =110, COCHCG): 3.94 (d,J == 110, CHCO.EL); 4.01-3.82 (m. OCH.Me): 2.07 (5, MeC); 133 (1. J =72,2
OCI,Me). FC-NMR (75 MHz, CDCls: major isomer): 169.4 (C=0): 1674 (C=0): 166.2 (C=0); (388 (Ch
1284 (CH): 1283 (CH): 1247 (CH); 85.5 (O-C); 62.4 {OCH,): 61.6 (OCH,}: 558 (CH); 48.8 (CH): 279
(Me): 13.8 (Me): 12.6 (Me). EI-MS: 320 (5. M ), 305 (5). 275 (3). 259 (33}, 247 {1), 231 (12), 213 (7). 200
(1003, 189 (3}, 173 (2], 154 (26). 145 {3}, 127 (84), 115 ($). 105 (37), 99 (41), 77 (15), 43 (3). Anal. calc. for
C17Hoy O (320035%: C63.74. 1 6.29; found: € 63.84, H 6.63.

Dictliyl 2-Ethylterraltydra-2-methipl-3-oxofiran-3,4-dicarboxylate (5k). Accarding wo the G.£, with dianion
2 (2.0 mmol) in THF (10 ml} and a THF {2 ml) seln. of butan-2-one (0.23 ml, 2.7 mmel). The crude product. a
53:10:16:21 mixture of 4 diastereoisomers. was purified by FC (Si0,. 8% AcOEvhexane): colorless liquid of
Sk (202 mg. 37% yield) as a mixture of 4 diastereoisomers. The ratio of diasterenisomers was determined by
integration of the MeCH-C signals, ie.. 4 sets of ¢ at 4 0.91 (J =74}, 0,99 (f =74), 1.06Y (J =73), and 1.073
( =7.3). However, only the 'H-NMR data ol twu isvmiers (g at the 3.4-positions) could be assigned, whereas
the renraining 1wo isomers (cfs a1 the 3.4-positions) could not clearly be identified. IR (neat; diastereoisomer
mixturey: 29835, 2943, 1784, 17375, 146607, 13845, 13115, 12735, 12235, 1{B0s, 1118s, 1029, 951re, Hden, 86100,
T08m. "H-NMR (300 MHz, CDCl,: 2 3.4-trans isomers ) 4.34 4,17 (m. 2 OCHMe, and COQCHCO of the minor
isomer):; 4,16 (d, 4 = 11.7. COCHCO of the major isomer): 3.78 (minar), 3.76 (major) {each d. J = 1 L1 and 117,
resp.. CIFCO,Et): 202 (minor). L60 {major) (each w2, CCH.Me); 1.65 (s, MeC of the major isomer): .37 -1.29
(m. 2 OCH-Me and MeC of the minor isomer): 107 (minor), .99 (major) (each 1, F =7.3 and 74, resp.,
CCHaMe). "C-NMR {75 MHz, CDCl,: major isomer: 168.6 (C=0); 16R.[ (C=0): 166.4 (C=Q): 85.1{0-C};
62.1 (OCH,); 61.5 (OCH,); 53.9 (CH): 49.1 {CH}: 29.0 (CH,): 24.8 (Me): 13.7 (Me, two peaks merged): 7.3
(Me). EI-MS: 273 (0.92, [M + 1]*). 257 (3). 243 (50). 227 (8), 209 {8). [97 (100). 181 (9), 169 {29), 155 {33).
141 (16}, 127 (303, L0V (12), 99 (18). 81 (T}, @9 (3). 55 (4}, 43 (Y). Anal. cale. for C,yH,,O, (272.31): C 5734,
H 7.40: found: C 57.30h H 7.73.

When the colorless liquid of 5k was left standing af r.L.. il crystallized. Upon addition of hexane, a white
solid of the major isomer was ohtained as a single diastercoisomer. M.p. 49.5-51 . IR {nujol): 17815 1730,
13845, 13745, 13125, 12725, 12215 11985, 1180y, L3605, L1185, 1028y, Y520, 906m, 862m, 802m. 710m. 'H-NMR
{400 MHz, CDCLY: 4.31 (g4 = 71.OCILMe): 4.24 (. ABX . OCH.Me): 117 (d.J = L1.2. COUHCO): 376 (d,
J =117, CHCO,.EL): 168, 1.35 (2 sets ol sext., ABX, CCHLMe): 166 (s MeC) L35 (1,0 .- 21, OCH-Me) 132 (1.
J=71. OCH.Me): L.O0 (1, § =74, CCH.Me).

3, Preparation of 17ab. Diethvi Terrahvdro-3-methvi-2-oxo-5-penivifioan-3,4-dicarboxyiare (17a). A THF
{5 ml)soln. of a 70:27:3 mixture foi(n + coler-5e (L350 g2.5.0 mmol) was added dropwise al 0 to a suspension
of NaH (153 mg, 5.10 mmel: 80% dispersion in oily in THF (10 ml). After stirring at {4 for 1 h. Mel (0.5 ml,
0.80 mmol) was added. The mixturc was slowly warmed (rom 0 to r.t.overnight {15 h), then quenched with 0.5u
HCL (0.5 mi}. diluted with H.O (50 ml). and extracted with AcOEC (3 x 30 ml). The combined extracts were
washed with 3% Na-5.0: saln,. H.0. and brine. dried (Na-§0,). and evaporated. The crude product was
purified by radial chromatography (3i0,. 3% AcOEt/hexane) to give Fr. J and 2 of 17a.

Fr. I (loss polar) yielded an inseparable 6040 mixture ¢,1/r.-17a {368 mg. 23%). Colorless liquid. 'H-NMR
(300 MHz, CDCL,): 485 (dr, J =9.1, 3.2, CHO of ¢,): .69 (ddd, J =9.7 8.5, 4.1. CHO of 0.1): 430 {q. J =71
QCH Me ol 1,1} 4.27 410 (m, 2 OCH-Me of ¢,1, and OCH.Me of £.0): 3.67 (41}, 2.84 {¢.1) {each d. J = 9.7 and
S8, resp., CHCOLELY: 1.96-1.24 {m, {(CH-),. 2 OCHMe): 165 (or), L44 (n0y (each 5, Me): 0.93-0.87 (m.
{CH.Me).

£r 2 {more polar) vielded pure c.o-17a (10453 g, 67%). Colorless lHguid. IR (neat); 29825, 29575, 2937,
3873, 1799y, 17435, 17325, L46dmn, 1375, 1348m, 132701, 12965, 1234y, 12035, 11255, 10975, 1063x21, 10185, Ydhn,
858, 77300, 731 69307 TH-NMR (300 MHz. CDCLY. 4.63 - 4.55 (i, CHOY: 4.27 -4.13 (m. 2 OCH-Me): 3.30
(el J = 6.8, CHCOED: L8O - 1.22 (i, {CH: ), (CH2 ) Me): 165 (5, MeC): .91 - 0.87 (s, (CHa) Me). YC-NMR
(73 MHz. CDCHY 1723 (C=0): 1691 (C=0): 1688 (C=0); 770 (CHY: 618 (OCH.): 61.2 (OCH,): 54.5
(CHY:33.0(C 3 313 (CH-): 30.8 {CH-): 25,5 (CHL): 22.3 (CH.); 213 Mie): 139 (Me); (3.8 (Me). E1-MS: 315
(20, (A + 1]7).269(27). 251 (11,241 (10).223 (9), 215 (4}, 197 (43}, 169 (100). 151 (1Y), 141 {36). 123 (29}. 113
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(25),95(19).81 (11), 69 (8). 55 (8), 41 (10). Anal. cale. for C,;H,O, (314.39): C61.13, H 8.34: found: C 61.04,
H .30

Diethyl Tetrahipdro-3-methyi-2-oxo-3-tridecylfuran-3,4-dicarboxylate (17h). As described for 17a, with a
THF (3 ml) soln. of a 66:34 :trace mixture ef(1s + c,cVer-5F(1.24 g, 3.0 mmol). a THF {6 ml) suspension of
NuH (80% dispersion in oil, 93 mg, 3.10 mmol). and Mel (0.32 ml, 5.10 mmol}. The crude product, a 75:13:12
mixture of three diastereoisomers, was purified by radial chromatography (Si0,, 3% AcOEtvhexane) to give
Fr. 1 and 2 of 17b.

Frf (less polar) vielded an inscparable §1:49 mixture ¢6-1Th (353 mg, 25%). Colorless liquid. IR
[meat): 29255, 285ds, 1785y, 1741s. 1463m, 1380m, 1353m. 1300m, 12085, 1106s2, 1(21m. 980, S6lwi. 722,
'H-NMR (300 MHz, CDCL): 4.84 (de. J = 3.3, 9.1, CHO of c.¢); 4.69 {ddd. J = 9.5, 82, 4.2, CHO of 1,£); 4.34 -
4,40 (i, 2 OCH,Me); 3.67 (1.1), 2.86 {«.1) (vach d, J =9.9, CHCO.E1): 1.95 - 1.20 (1, (CHa},2. 2 OCH,Me); 1.64
(¢,0), 144 {11} (each 5. Me); 0.88 {app. 1. J = 6.6, (CH,).Me).

Fr. 2 {mare polar) yvielded pure c.c-17h (851 mg, 67%). White solid. M.p. 48-49" (from hexane}. IR
{nujol): 1788y, 1738n1. 17215, 14725, 1326m, 1237m1, 12105, 1132m, 11212, 1094m, 1030m, 10082, 995m. 'H-NMR
(400 MHz. CDCL,): 4.58 (ddd. =92, 6.6, 42. CHO): 4.25 (g, J =71, OCH;Me); 4.20 (g. 7 = 7.1, OCH,Me);
3.30{d. J = 6.0, CHCO.Et): 1L.80-1.24 (1, (CH,),». 2 QCH.Me); 1.66 (s, Me): 0.90 (app. ¢, J = 6.9. (CH.)-Me).
PC-NMR (75 Mz CDYCl,): 172.4 (C=0):169.2 (C=0); 169.0 (C=0); 771 {CH); 62.0 (OCH,): 61.3 {OCH,):
54.7 (CH): 53.1 (C}; 31.9 (CH,): 31.0 (CHa); 29.7 (ClL): 29.6 (C11L); 29.6 (CEL): 29.5 (CTlo): 29.4 (CIL); 29.3
{CH;): 29.2 (CH,): 26.0 (CH,); 22.7 (CH,): 21.7 (Me): 14.1 (Me): 14.0 (Me): 13.9 (Me). EI-MS: 427 (2, M +
1773, 381 (13). 353 (9}, 336 (7). 309 (19), 281{100), 253 (2}. 235 (8), 197 (4), 187 (17}, 169 (7). 141 {24). 123 {6),
113 (31). 95 (12). 81 (10), 69 (10}. 57 {14}. 43 {23). Anal. calc. for C, H,,Q, (426.61): C 6757 H 9.92: found:
C 6773, H9.82.

4. Preparation of 18a,b. Diethyl Terraliydro-2-oxo-5-penivi-3-f { phenylsulfonyt Jmethyl ffiran- 3, 4-divarbox-
ylare (18a). A THF (8ml) soln. of a 82:6:11:1trace mixutre fo/c,cft /e, i-3e (2,61 g. 8.6 mmol), was added
dropwise at [I* {o a suspension of NaH {80% dispersion in oil; 264 mg, 8.78 mmol}in THF (18 ml). After stirring
at ) for 1 h.a THE {10 ml) soin. of chloromethy] pheny! sulfide (2.064 g, 13.0 mmol ) was added. followed by the
addition of a THF {10 ml) soln. of Nal (2.004 g, 13.0 mmol ). The mixiure was stirred and slowly warmed from 0°
1o r.t. overnight (L5 h), then quenched with 0.5 HCI (5 ml). diluted with H,O (50 ml}. and extracted with
AcOEL (3 x 50 ml). The combined extract was washed with 5% Na,S,Q; soln., H,(). and brine, dried {Na,S80O,),
and cvaporated. The erude product was purified by FC (8i0.. 5% AcOEt/hexane) to give Fr. / and 2 of the
corresponding sulfide.

Fr. 1 (less polar) yielded an inscparable 70 :30 mixture of ¢,f and « ¢ sulfide (149 mg, 4%). Colartess liquid.
IR (neat): 3060w, 2958n7, 2934m. 2862m. 17835, 1743x, 1538307, 1467mr, 14dhn, 139C0en, 137002, 1353m. 1300m.
1270, 123150 11975, V1S 10400, 10255, Yadan, 859, 745m, 692m. 'H-NMR (400 MHz, CDCl,): 747 - 739 (m.
2 arom. H): 734=721 (. 3 arom. H): 4.98 (1), 4.88 (cor) (cach dr. J = 3.7, 8.6 and 3.2, 8.7, resp.. CHO): 4.31 -
4.00 (.2 OCH-Me); 3.88, 3.64 (cach o, AB. J =144, CIL,8Phof c,1); 3.84 (r.r), 3.61 {c./} (cach d. J =90 and 9.3,
resp,, CHCO,E1): 3.73, 3.69 (cach o, AB. J=13.6, CH,SPh of 1.1);1.92, 1.71 (2 sets of #r, CHL) 162 - LIS (0. 2
OCH.Me. (CH,);}: .93 (m. Me).

Fr. 2 {(more polar) yielded pure ¢ sulfide (3.36 g, 92 %). Pale yellow liwuid. IR (nujol): 3059w, 295%mn,
2933m. 2872m, 1781 17395, 1383, 1469m. 14400, 137004, 1306m, 11915, 1125, 10961, 1066n:, 10175, 94651,
860m, 7a6nr, 69201 '‘H-NMR (400 Hz. CTXC15): 743 - 739 (m, 2 arom. HY; 7.32 - 7.20 (s, 3 arom. H); 4.59 {ddd,
J=98 75.4.1. CHOY: .14 (9. J =71, QCH.Mc}: 407 (m. ABX, OCH.Me): 3.86 {d, =75, CHCO,E1}: 3.68
(d.J=14.1.1 H, CH.SPh): 3.50 {d. J = 14.1. | H, CH,SPh); 1.79, 1.66 (2 sets of i, CHa): 151, 1.37 {2 sets of m.
CH-}: 129 (en. CHL): 122 (0. =71 OCH.Me): 121 (1. J=71. OCH,Me): 0.88 (app. 1. J=06.7. (CH )} ,Me).
PC-NMR (75 MHz, CDCLY 170.7 (C=0): 1685 (C=0):166.9 (C=0): 134.4(8-C}: 130.8 (CH): 129.1 (CH ).
1274 {CHY: 78.0 (CH): 62.3 (OCH.): 61.2 {OCH.): 58.5 (C): 49.9 (CH}): 38.4 (CH.): 31.2 (CH,): 30.8 (CH.);
255 (CH.): 223 (CH») 1 139 (Mce): 13.8 (Me): 13.6 (Me ). E-MS: 422 (37, M), 309 (1), 393 (0.25). 377 (3). 365
(0.27). 348 (4. 331 (5}. 313 (0.53). 299 (66). 287 (1). 275 (9}, 253 (24). 225 (8). 207 (5}, L75(4). 158 (11), 147
{9), 1335 (33, 123 (100), 109 (33), 99 (20), 77 (12}. 63 (13). 33 (16),43 {22). Anal. cale. for T, H5;048 (42255}
C 62.54, H7.L6: found: C 62.75. H 718,

The crude sulfide, ablained from the reaction of 4 82 :0:11 :trace mixture §efe.oft, e -5e (121 g, 4.0 mmal)
with chloromethyl phenyl sulfide (1.1 g, 6.3 mmal} and Nal (9200 mg, 6.0 mmeol) under the conditions described
above, was dissolved in AcOH {25 ml) and cooled to 0. Ag. H.On (30% soln.. 6.0 ml. 60 mmol) was added
dropwise, then the mixture was stirred and stowly warmed from 07 to vt overnight (15 h). AfRter usual workup,
the crude product, mainty one diastercoisomer (hy 'H-NMR), was purified by radial chromatography {510,.
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8% AcOEt/hexane): 18a (1.76 g, 97%) as a mixture of disstercoisomers containing mainly the ¢,c isomer and
trace amounts of the other isomers. Colorless viscous liquid. IR (neat): 3066m, 29575, 20345, 2872n, 17845, 17455,
1585m., 1467, 1448m, 1394m, 1371m, 13275, 13115, 124065, 11905, 11555, 1085s, 1070y, 10175, 94901, 8611, 80dm,
1502, 7231, 690, 'H-NMR (400 MHz, CDCl,): 7.92 (app. f. /= 7.3, 2arom. H): 770 (app. £,/ =74, | arom. H):
760 (app, ¢, f =76, 2 arom. H): 4.95 (m, CHO); 4.67 (d,J =8.9. CHCO.Et}: 420 {m, 2 OCH.CH;); 3.93, 3.88
(each d, AB,J = 14.8, CH,50,Ph); 1.93, 1.84 (2 sets of s, CH.): 135 (i, (CH, ):): L30 (i, S =71, OCH.Me): 1.26
(1. =72, OCH,Me); 091 (m, {CH,) ,Me). "C-NMR {75 MHz, CDClL): 1712 (C==0): 168.5 (C=0); 166.7
(C=0}: 140.6 (80,C), 1350 (CH); 130.¢ (CH): 1300 (CH); 79.7 (OCH); 63.8 (OCH,), 62.4 {OCH,); 583
{CH.80,Ph): 55.4 {C); 49.4 {CH); 32.0 (CH,): 31.7 (CH,): 20.3 (CH,): 23.1 (CH,); 14.64 (Me); 14,39 (Me):
1431 (CH.). EI-MS 455 (2, M~} 437 (0.63), 409 (14). 381 (21), 363 (2), 337 (11), 317 (3), 281 (2), 269 (R).
233 (7}, 239 (5). 223 (43), 195 (25), 169 (33), 141 (d44), 125 (41). LLE(11). 95 (16). 77 {100, 67 {27). 31 {37),
43 (53).

Diethyl Tetraltydra-2-oxo-3-f (phenyisulfonvl methyi]-S-tridecvifuran-3 4-dicorbocyviate (18b). A THF
{3 ml} soln. of a diastereoisomer mixture conlaining mainly r,¢-5f and a smail amount ol the oihers isomers
(825 mg, 2.0 mmol} was added dropwise at 07 to a suspension of NaH (809 dispersion in oil: 64 mg, 2.1 mmol)
in THF (4 m1). After stirring at 0° for 1 h. a THF (6 ml) soln. of chloromethyl phenyl sulfide (478 mg, 3.0 mmol)
was added, followed by the addition of Nal {450 mg, 3.0 mmel}. The mixture was stirred and slowly warmed
from 0* to r.t. overnight {15 h).

The crude product obtained [rom this reaction was dissobved in AcOH (12 ml) and cooled 0 0. Ag. H.O,
(30% soln.: 3.0 ml, 30 mmol) was added dropwise, then the mixture was stirred and slowly warmed from 0 tor.1.
overnight {15 h}. After usual workup, the crude product was purified by radial chromatography {SiO,. 8%
AcOEl/hexane) to give Fr. J and 2 of 18h.

Fr: 1 (less polar) yielded an inseparable 73 :27 mixture o,6/41-18b (55 mg. 5%). Pale yellow liguid. IR (ncat}:
3066w, 29255, 28545, 17855, 17465, 1585w, 1466m. 1448m. 1393m, 1371m. 1356m. 13235, 13115 12035, 11615,
1086, 1023m, 947m. 838z, 857m. 7183m, T46m, T23m, 689, 'H-NMR (300 MHz. CDXCLL): 796 (c.10), 789 (41)
(each app. dd, J =83, 1.3 and 8.2, 1.4, resp.. 2 arom. H): 774~ 7.55 {m. 3 arom. H); 5.02 (r.r). 497 (c.1) (cach 1.
4=23780and 3.2, B9, resp.. CHO): 4.35-3.97 (1. 2 OCH-Mc and CHCO,Et of ¢,r and £,¢: and CH,50,Ph of
r);4.10, 391 {each d. AB, J = 147, CIL,50,Ph af ¢,1}; 2.10 = 1.20: (m, (CH;),y, 2 OCHaAMe), 0.88 {(app. 1./ =6,
(CHa)aMe).

Fr 2 (more polar) yielded pure c,c-18b (1L.OUE3 g, 88% ). White solid. M.p. 73-74° (AcOEt/hexanc). IR
(neat): 3064w, 3002m. 17795, 17215, 1587w, 147 1me, 1447 m, 1404pm, 1376, 13450, 1324s, 1298m, 12593, 12445,
12305, 11595, 11200, 1088m, 107V, 102301, [OD8m, 963m, 867m, 855m. B03m, 748m, 725m, 687m. 'H-NMR
(400 MHz, CDCL % 795 {app. dd. 7 =79, 1.2. 2 arom. H): 770 (.S =74, 1 arom. H): 760 (+,./ =77, 2 arom. H);
495 (. CHO); 4.68 (d. J =89, CHCO.EL): 4.20-4.12 (s, 2 OCI{-Me): 3.94, 3.88 (cach d. AB. f=14.8,
CH.80,Ph); 195, 1.85 (2 sets of 2, CHL): 163, 1.46 (2 sets of m. CH, ) 128 (. (CHY ). 2 OCH Me ) 0.89 (m.
(CH.),Me). “C-NMR (75 MHz, CDCLY: 170.5 (C=0}: 1679 (C=0}; 166.1 (C=0): 139.9 (SO.Clarom.)):
134.3(CH): 129.4 (CH. 2 peaks merged): 127.8 {CH. 2 peaks merged); 79.1 {OCH); 63.1 (OCH,): 61.7 (OCH.).
377 (CH.SOLATY: 54.7 (C): 48.8 (CH,): 319 (CH,); 311 (CHY: 29.62 (CH-): 29.59 (CHa. 2 peaks merged):
2947 (CH,); 29,40 (CH.): 29.29 (CH.): 29.20 {CHa); 26.1 (CH.): 22.6 (CH-):; 141 (Me): 14.0 {(Me): 13.6 (Me).
E1-MS: S67 (4, [M + 1] 7). 551 (0.61), 520 (23). 493 (82). 477 (6), 447 (7), 419 (6). 397 (2}, 381 (31), 365 (23,351
(7).335(56). 307 (19). 281 (100). 261 (103,233 (11). 206 (19). 193 (5}, 165 (98). 141 (35). 125 {49). 109 (16). 95
(26). 77 (84). 67 (35). 57 (50). 43 (91). Anal. cale. for Cyul,40,8 (566.77): C 63.58. H &.18: found: € 63.59.
H 8.39.

3. Preparation of 20a and 12. Tewrahvdro-5-oxo-2-penyi-4-[ { phenylsodfonyt jmethy! [furan-3-carboxylic
Acid (20a). y-Lactone o,0-18a (13001 g, 3.530 mmol) containing a small amount of the other isomers was
refluxed in 48% HBr soln. (20 ml) for 3 h. The resulting mixture was diluted with H-O (50 ml) and extracted
with CH,Cl, (3 x 30 ml). The combined org. layers was washed with sat. ag. NatlCO; soln, (3 »x 30 ml). The
basic soln. was acidificd to pH 2 with 6m HCT and extracted with CH.Cl, (3 » 30 ml). The combined org. phase
was washed with H,O and brine. dried (Na.S0, ), and evaporated and the residue receystallized [rom AcQEV
hexane: 32:64 :4 mixture r,c/c,cit,r-20a (362 ma. 48% ). White solid. M.p. 135157, [R {nujol): 3282m, 3065w,
17718, 17875, 1589w, 1308m. 128302, 12200, 1188m, 1163m, 115101, 1087m, 9%4m, 984em, F31Lun, 836, 790m,
F420r. 7200, 6835m. '"H-NMR (400 MHz, CDCL ) 799-7.92 (s, 2 arom. H): 7.75-7.68 (#1. | arom. H): 7.65-7.58
(m. 1 arom., H}: 600 (br. s, CO-H): 4.85 (m, CHO of .¢): 4.39 (app. ¢. f = 604. CHO of c,0): 430 (dr. J =37 85,
CHO of rry: 389 (1, f=91, CHCO.H of 1,c); 3.79 (dd. J=6.7. 5.4. CHCOH of c.c); 3.77-3.33 (1, 2H,
CHICH.SO,Ph and C/{,50:Ph of e and ts: and CHS0.Ph of c.o); 3,40 (ddd. J = 10.8, 6.8, 3.7 CHCH.50,Ph of
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c,€); 335325 (m, 2 H, CHCO,H and CH,SQ,Ph of 1,1}; 3.30 {dd, J = 14.4, 10.1, 1 H, CI},SO-Ph of 1,c); 1.77 (g,
=75 CHyof ,c): 200125 (m. (CH, )y of r.c and ¢¢, and 3 CH, of ¢,c); 0.93 ~0.85 (. {CH.),Me). EI-MS: 355
(3. [ M +1]7).337(2). 200 (2), 265 (4). 2453 (1), 237 {6). 213 (46), 195 (8). 177 (7). 162 (21), 148 (58), 125 (42),
113 (15).94 (22),85(77). 77 (100), 67 {341, 55 (30). 41 (42). Anal. cale. for C;H-.Q,8 (354.43): C 57.61. H 6.26:
found: C 57.52, H 6.43.

+ }-Lichesterinic Acid (12). To an aqg. soln. of LIOH - H,O (263 mg, 6.0 mmol, 1.5 ml) was added a THF
(15 mt) soln. af ¢,c/nr-18b (779 mg. 1.40 mmol}). The mixture was refluxed for 3 h and then stirred at r.t.
avernight. The resulting mixture was diluted with H.O (50 ml) and extracted with AcOEt (3 x 30 ml) ta remove
the unhydrolyzed cster. The ag. phase was then acidified to pH 2 with 6m HCl and extracted with AcOFE: (3 x
30 ml). The combined org. layer was washed with H,O and brine, dried (Na.SO,) and evaporated. The white
solid, a mixture of 12 and an unidentified compound (310 mg), was recrystatlized from AcOEt: (114 mg, 26%).
White solid. M.p. 1175-118.5" ([23] nup. 114- 115 (AcOH})). IR (nujol): 2740m. 2632m, 2533m, 17325, 17045,
1327w, 1422m. 1341m, 1325m, 12065, 113302, 1134, 10440, 963, 056, 890m, Tl 714m. 'H-NMR
(400 MHz, CDCL:): 5.14 (0, CHO ), 290 (br. 3. CO.H}: 2.26 (e, J =2.1. MeC=0C); 2.14, 1.61 (2 sets of mr, CH.):
148-1.22 (m. 11 CH,): 0.90 (app. . (CH.),Me). PC-NMR (75 MHz, CDCl;) 172.7 (C=0}: 1663 {(C=0);
146.8 (C); 1308 (CY: 81.4 (OCH): 32.7 {CH.): 31.9 (CH,): 29.65 (CH.}: 29.62 {CH.,. 2 peaks merged): 29.58
(CH,): 29.50 (CH,); 29.37 (CH,); 2933 (CH.); 29.22 (CH,); 248 (CH,): 22.7 (CH,): 140 (Me): L1.0 (Me).
Anal. calc. for C,H:x0, (324.47) C 7034, H 9.94; found: € 70.29. H 9.61.

6. ( £ )-Rocellaric Acid (13) and { + }-Dilydroprotolichesterime Acid (168). Te a soin. of LiOH-H.O
(188 mg. 4.50 mmol) in H,O (0.5 ml) was added a THF (4.3 ml) soln. of the pure e.c-17b (473 mg. 1.10 mmol).
The mixture was stirred at r.1. overnight. After usual workup as described before. the crude producet obtained
(46 myg) was treated with 48% HBr soln. {6 ml) and refluxed for 5 h. The resulting mixture was diluted with
H.0 (20 ml) and extracted with AcOE1 (3 x 300 ml}). The combined org. layers were washed with H,O and brine.
dried {Na,50,), and evaporated. The solid was crystallized from AcOEt/hexane: 64 : 36 mixture 15/16 (289 mg.
30% ). White solid, '"H-NMR (300 MHz. CDCl,): 4.70 (g, § =6.4. CHO of the minog isomer): 448 (t, J = 8.7,
3.8, CHO of the major isomer); 3.16 {minor). 2.70 {major} (each dd. J = 9.2.6.4 and 11.1. 9.4, resp.. CHCO,H):
3N8-2.92 (m. CfMe); 1L.RR-1.63 (m, CH-}: 1.6~ 120 (s, 11 CH-): 1.37 {major). 1.30 (minor) (cach o, S =70
and 7.4, CHMe): 088 (app. 1. J =6.6. (CH,).Me).

Base-Catalvzed Isomerization of 16 (0 15. A soln. of 1.36m BuLi in hexane (1.5 ml, 2.34 mmol) was added
dropwise 10 a soln. of "PraNH {0.36 mi, 2.5 mmot) in THF (4 ml) at ' under Ar. After stirring at O for 30 min, a
THF {1.5 ml) scln. of & 64 : 36 mixture 15/16 (305 mg. U.94 mmol} was added dropwise. The mixture was stirred
at (' for 1 hand then quenched with AcOH. The mixiure was allowed to reach r.t. and acidified (o pH 2 with Im
HCI. Usual workup gave a brownisit crystalline 89 : 11 mixture 15/16. Fractional crystallization from AcOEt
afforded pure 15 (219mg. 72%). Colorless crystals. M.p. 98-99 [24]). IR (nujol}: 1747s, 17135 14715 14555,
14341, 1398m, 13610, L3 1 dm, 1256m1, 12226, 1206, L1720, 114G, 1126m. 110302, HH Sm, 97361, 9ddm. 894m,
182, 698017, 67 Lm. '"H-NMR (300 MHz, CDCL): .85 (br., CO.H ) 4.49 (eldd . J =9.1. 8.6.4.0. CHO). 2.99 (dy.
J=114,71, CHMe): 271 (dd. 4 = 1.1, 5. CHCO.R); 177 (. CH. Y 1L60—1.21 (n, 11 CHL): L37 (d F =72,
CHMe): 088 (app. ¢ J =66, (CH.)Me}. PONMR (75 MHz. CDCL): 176.7 (C=0) 176.} (C=0): 794
(QOCH): 339 (CH); 39.8(CH): 349 (CHL) 319 (CH, ) 297 (CHL) 296 {CH;): 29.57 (CH, 1 29.47 (CH,L)- 2936
(CH.Y: 2932 (CHa): 2920 (CHLY: 253 (CHL): 227 (CHL): 145 (Me): 1] {Me). EE-MS: 326 (5. M 7). 308 {3),
390 (1), 281 (20, 263 (37, 253 (23). 235 (11). 207 (3). 194 (2}, 168 (3). 154 (10). 143 (10). 132 (17), 123 (8}. 1 14
(18Y. 97 [28). 87 (23). 81 (20). 69 (44}, 55 (51), 41 (100). 32 (5). Anal. cale. for CLHy,Q, (336.57): € 69,00,
H 10.50; found: C70.09, H 10.42,

Compound 16 could not be separated from the residue in pure form.

Methyi Exrers of ( £ )-Rocellavic Acid (15} and ( £ -Dilivdroprotetichesterinic Acid {16). To a soln. ol a
nd : 36 mixture 15/16 (258 mg. 0.7Y mmol} in dry MeOH (3 ml) was added a soln. of dicyclobexylearbodiimide
(DCC: 260 mg. 1.26 mmol) in dry McOH (1 ml). The mixture was stirred ad .. overnight. The precipilates were
then filtered off. After evaporation. the crude product. a 80:20 mixture of methyl esters of 15 and 16, was
purified by radial chromatography (SiQ,. 2% AcOFEUhexane) to give £1 { and 2 ol methy] esters af 15 and 16.

Fr. 1 (less polar) vielded the methyl ester of 15 (180 mg. 67% ). White solid. Mop. 40~ 41 {hexane) 23], IR
(nujel): 17835, 1743 1435, (320, 128 e, 126507, 12520, 1203m. 117 Lo, THOS, 11220 LUGR. D980, 980m.
968, V3T, 724m. "H-NMR (300 MHz, CDCILy): 4.45 (app. di. J =4.1. 8.5, CHO): 378 (5. CO-Me ) 296 (dg.
F=115.72.CHMe): 266 (dd.J =111, 93, CHCOMe); L73 (m. CH: LS8 - 120 (m 1T CHA)2 132 (d F = 72,
CIMe): D88 (app. ¢ J =66, (CH.)aMe). BC-NMR (73 MHz. CDQL): 176.7(C=0): 171LL {C=0): 79.5
(OCH): 54,1 {CH): 52.5 (OMe ): 39.8 (CEL: 348 (CHy): 318 (CH»): 29.60 (CHL): 29.57 {CH,, 2 peaks merged):
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2953 {CH,): 29.42 (CH,); 29.38 (CH.): 29.36 (CH,); 29.32 (CH,); 29.28 (CH,); 29.21 {CH,): 29.15 (CH,); 252
{CH,):22.6 (CHa): 144 (Me); 14.0 (Me). EI-MS: 34(H(6, A~ ). 322 (4).308 (8), 294 (14), 281 (61}, 267 (80), 233
(4). 235 (15), 207 (9), 182 (6). 168 (15), (54 (44). 146 (40). 129 (82}, 109 (28). 301 (77}. B1 (30), 69 (100). 55
{53}, 41 {K0).

Fi: 2 {more polar) yielded the methyl cster of 16 {22 mg, 8% ) [24]. White solid. M.p. 30.0-50.5" (hexane).
IR (nujoi): 17705, 17245, 1464s, 13450, 122001, 1205m, 118Ls, 11260, 1092m, 107 L. 1016m, 986m, 364m, 91741,
802m, 720, '"H-NMR (300 MHz, CDCL): 4.70 (g, J =64, CHO): 3.75 (v, CO,Me); 3.11 (dd. JF =9.4, T4.
CHCOMce): 297 (dq. J =94, 74, CHMc); 1.70- 162 {m. CH:}: L57- 120 (m, 11 CH,); 1.22 (d, J =74,
CHAMe): 088 (app. 1, Jf =67, (CHa)aMe). BC-NMR (75 MHz, CDCLy): 1723 (C=0); 1705 (C=Q): 79.4
(OCH}: 52.1 (CHJ; 50.0 (Me): 3%1(CH,): 34.7 {CH,}: 31.9 (CH.): 29.62 {CH,): 29.59 ({"H.. 2 peaks merged):
29,55 (CH,): 2944 (CH,): 2935 (CH,); 29.30 (CH,): 29.17 (CH.): 25.3 (CHa); 226 (CH,): 141 (Me): 119
{Me).

7. (% }-Nephromaopsinic Acid (14), Pure ¢,c-17b (400 mg. (094 mmol) was refluxed in 48% HBr soln.
(L0 ml) for 5 h. The resulting mixture was diluted with H,O (50 ml) and extracted with AcOEt (3 % 30 ml}. The
combined org. layer was washed with F,O and brine, dried (Na,80,), and evaporated. The residuc was
crystallized from AcOEt/hexane: 62:38 mixture 2314 (265 mg. 87%). White solid. '"H-NMR {400 MHz,
CDCL): 472 (m, CHO of the minor isomer); 4.46 (df. F = 5.1, 8.7, CHOQ of the major isomer); 3.35 {major}.
324 (minor) {each dd. J=T4, 52 and 9.4, 83, resp., CHCOH): 3.00 (dg, /=98 71. CHMc of the
minor isomer}: 290 (m. CHMe of the major isomer): 1.92 -1.24 (series of #1, 12 CH. of both ispmers. and
CHMe of the minor isemer); 134 (d. J=71, CHMe of the major isomer): 0.90 {app. +. /=68, 3H,
(CH. ). Me).

Moeilyl Esier of ¢ £ )-Nepfiramopsinic Acid (14). To a soln. of the 38 : 62 mixture 14/23 (258 mg, 0.79 qunal )
in dry MeOH (4 ml) and dry CH.Cl, (4.5 mi) was added a soln. of DCC (280 mg, 1.35 mmol) in dry MeQH
(1 ml). After slirring at r.t. overnight, the precipitates were filtered off and washed with AcOEt. The filtrate was
cvaporated. and the crude product purified by FC (5i0,, 5% AcOEt/hexanc): methyl ester of (+)-rocellaric
acid (15: 46 mg, 15%: the formation of (&)-rocellaric acid methyl ester may be duc to the equilibration at C()
and C{f) of the initiailly formed methyl ester of 23) and methyl ester of 14 (85 mg. 28% }. White solid. M.p. 62—
62,5 (AcOEt/hexane) [19e]. IR (nujol): 1781s. 173ds. 1429m, 1385m, 1338m, 12490, 12055, 1168m, 1133m,
1094s7, 107607 10035, 982m, 930m, T3%. 723, 'TH-NMR {300 MHz. CDC15): 4.65 (#r, CHO): 3.77 (5, COsMe ),
308 (dld, J = 98, B3, CHCOMe): 3.05 (dg. J = 100, 70, CHMe): 1.60-1.22 (s, (CHa)aMe): 129 (d. /= T1,
CHMe): 0.88 {app. (. f =6.6, (CH,)-Me). "C-NMR (75 MHe, CDICL): 1775 (C=0): 1701 (C=0Q); 775
(OCH): 523 (CHJ: 317 {Me): 3603 (CH}: 319 (CH.): 31.2 {(CH,); 29.63 (CH,); 29.60 (CH,. 2 peaks merged);
29,57 (CH,}: 29.55 (CH,): 2945 (CH,.): 2937 (CH:}: 29.31 {CH,): 29016 (CH.): 25.6 (CHL): 22.6 (CH,): 144
{Me): 1.1 {Me).

8. { 4 )-Phaseotinic Acid (13). Pure ¢ ¢c-17a (746 mg. 2.37 mmol } was retluxed in 48% HBr soln. (12 ml}) for
5 h. The resulting mixture was diluted with H.O (30 ml) and extracted with AcOFEt (3 x 30 mi). The combined
org. layer was washed with H.O and brine, dried (Na.8Q,), and evaporated. The solid was recrystallized fram
AcOEtYhexane: 38:62 mixture 1322 (450 mg. §9%). 'TH-NMR (300 MHz, CDCl,): 4.70 {(ne. CHO of the
ntiner isemer): 444 (dr. J =84, 5.1, CHO of the mujor tsomer}; 3.50 (br., COOH); 333 (major), 3.22
(minor} (each dd, J =73, 5.2 and 9.6, 8.3, resp., CHCO.H): 3.03 (dg. J/ =99, 7.1. C{/Me of the minor isomer):
294 (quing.. S =72, CHMe of the major isomer); 1.92- 125 (w. (CHa)y. and CHMe): 0.89 (a1,
{(CH.),Me).

Methyl Ester of ( £ )-Phaseolinic Acid (13). To a saln. of a 38 :62 mixture 13/22 (405 mg, 1.90 mmaol) in dry
McOH (4 ml) was added a soln. of DCC (613 mg. 3.0 mmol) in dry MeOH (2 ml}. After stirring at r.t, overnight.
the precipitate was fillered off and washed with AcOEL The filtrate was evaporated Lo give the crude product.
which was purtficd by radial chromatography (Si€), 2% AcOEvhexane): methyl ester of 13 (178 mg. 41%}as a
colorless liquid and methyl ester of 22 (110 mg. 26% vield) as a cologless liquid. Methyl cster of 13 (less polar)
[25]: TR (ncat}: 29565, 29365, 2861, 17815, 17405, 145700, 1438m, 1381m, 134U, 1248m, 12055, 11825, 1133m,
Lilder, 1075m, 1051m, 1004s. 929m, 738m. "H-NMR {300 MHz. CDCI;): 4.60 (dedd. F =99, 8.2, 3.3, CHO): 3.78
(%, COLMe): 319 (dd. f = 10.0, 8.2, CHCO-Me): 3.06 (dg. J =100, 7.1 CHMe ): 1L60— 148 {m. CH.): 146-1.24
(. 3CHL): 130 (. = 71 CHAMe): 090 (app. £.J = 6.8, (CH,),Me). C-NMR (75 MHz. CDCL): 1775 (C=0):
170.1 ¢C=0): 775 (OCH}: 52.2 (OMe ): 516 (CHF: 36.3 {CH): 313 (CH,): 311 (CH,): 25.2 (CH,): 22.3 (CH, 1:
143 (Me): 13.8 (Me). EL-MS; 229 (092, (M -+ 1} ). 308 {3). 210 (0.86). 197 (4). 182 (5). 169 (12), 157 {34}, 141
(4], 129 {77}, L13 (13). 97 (39). 88 (Uh). 81 (10}, 69 (100, 59 (35). 55 (31), 41 (32}, 32 (5). Anal. calc. for
CaH, 0, (22830 C 63,14, HB8.83: found: C63.01. H 892,
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Methyl ester of 22 (more polar): IR (neat): 29555, 2862m, 1781s, 17385, 1463m, 143%m. 1307m. 1380m,
1343, 1271m, 11995, 11775, 1128m, 1099, 1038m, 1016, 993m, Y3, $7%m, T97m. 772m, 729, 'H-NMR
{300 MHz, CDCl,): 4.40 (im. CHO); 3.70 (s, CO,Me ): 3.31 (dd, J =75, 5.3, CHCO,Me): 2.90 (m, CHMe): 1.75—
1.22 {series of i1, {CH,),Me); 1.19 {4, 7 =72, CHMe); 0.83 (m, (CH.),Me). “C-NMR (75 MHz, CDCL); 177.0
(C=0): 170.0 {C=0); 78.8 (OCH); 51.4 (OMe): 50.3 (CH); 38.8 (CH); 31.2 {(CH,); 306 (CH,); 25.3 (CH,):
22.2 (CH,); 13.7 (Me); 10.1 (Me). ELI-MS: 229 (9, [M + 1]°), 211 (2). 197 {8). 184 {3}, 169 (51), 157 (14), 141
{12).129 (29), 113 {29), 101 (46), 97 (22), 85 (16), 81 (28), 69 (100, 59 (47), 55 (40), 41 (63).
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Abstract—Vicinal dianions derived from diethyl a-aroylsuccinates were found to react with carbonyl compounds p-regioselectively
to afford «-aroyl-y-butyrolactones, which were converted into g-arylidene-y-butyrolactones by reduction with H,/Pd--C followed
by elimination employing methanesulfonyl chloride in pyridine. The method provides a general and convenient route to g-aroyl-

and w-arylidene-y-butyrolactones.
© 2003 Elsevier Ltd. All rights reserved.

Carbon-carbon bond forming reactions 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 were extensively demon-
strated 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
building blocks for synthesis of some natural products
containing the y-butyrolactone nucleus including lig-
nans, we have recently reported the syntheses of
(*)-lichesterinic acid, (+)-phaseclinic acid, {+)-nephro-
mopsinic acid and (&)-dihydroprotolichesterinic acid by
making use of the vicinal dianion derived from triethyl
ethanetricarboxylate® In continuation of our above
results, we wish to report herein the reactions of vicinal
dianions of e-aroylsuccinic esters with carbonyl com-
pounds. It could be envisaged that these vicinal dian-

ions would react with carbonyl compounds §-
(s 0 0
Art OEt _2L0A Al g TOE
QEt THF/ -7B°C g OFEt
0 o
ta Ar'=Ph 2
1b Ar'=3,4-Mathysrsdionyihanyl
1c Ar'= 4-Methaxyphenyl
Scheme 1.

2L —i

regioselectively to provide o-aroyl-y-butyrolactones,
which would be useful as the precursors for many
synthetic manipulations. In this communication, the
preparation of w-arylidene-y-butyrolactones® from o-
aroyl-y-butyrolactones is also reported.

The vicinal dianion 2a was readily generated by treat-
ment of a-benzoylsuccinic ester 1a® with lithium diiso-
propylamide (LDA, 2.1 equiv.) in tetrahydrofuran
(THF) at -78°C for 1 h. The reaction of the vicinal
dianion 2a with benzaldehyde (1.1 equiv.) in the pres-
ence of ZnCl, (1.1 equiv.) at -78°C for 2 h, followed by
slowly warming up to rt overnight afforded the
expected a-aroyl-y-butyrolactone 3a in 74% yield as a
mixture of diastereomers after quenching with 2N HCL
The formation of y-butyrolacione 3a revealed that the
vicinal dianion 2 combined with benzaldehyde regiose-
lectively at the PB-carbon to furnish the B-hydroxy
adduct which underwent lactonisation upon acidic
1. APPCHOY ZnClz o o
@  7mCron EtO Art
2. eNRGI Ar? o)
3

Keywords: dianions; diethyl a-aroylsuccinates; a-arylidene-y-butyrolactones; ¢-aroyl-y-butyrolactones.
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work-up. Exclusive (-regioselectivities of the vicinal
dianion 2a with other aromatic aldehydes and isobu-
tyraldehyde, as well as acetone and cyclohexanone (Table
1, entries 1-3 and 10-12) were observed (Scheme 1),
Moderate to good yields of the corresponding y-butyro-
lactones 3 as diastereomeric mixtures were obtained. The
reactions of vicinal dianions 2b and 2¢ with aromatic

M. Pohmakotr et al. / Tetrahedron Letters 44 (2003) 67176720

aldehydes under the same conditions gave moderate
yields of y-butyrolactones 3 as mixtures of diastereomers
{Table 1, entries 4-9). The 3,4-trans-4,5-cis-isomer (TC-
isomer) of y-butyrolactones 3a-i could be obtained in
pure form by preparative thin-layer chromatography
(silica gel). The relative stereochemistries of the TC-iso-
mer of 3a was concluded from NOE experiments.©

Table 1. Preparation of s-aroyl-y-butyrolacones 3 and a-arylidene-y-lactones 5

% Yields
Eniry 1 Blectrophile Ar' Ar
3-he & (diastereomeric ratio) 5
1 la  Benzaldehyde Ph Ph 3a, 74 (61) 4a, quant. (50 :10) Sa, 60
2 la Piperonal Ph (OD/ 3b,71(63)  4b,61(84:16) 5b, 92
O
3 1a  4-Methoxybenzaldehyde Ph 4-MeOPh 3c, 65 (52) 4e, 65 (B8 : 12) 5S¢, 91
4 b DBenzldchyde Q:@/ Ph 3d, 50(43) 4d, quant” 5d, 75"
5 1b  Piperonal O LY wwoen ws se, 50
Q
6 1b 4Methoxybenzaldehyds (O:O/ 4-MeOPR 3, 51(43) 41 quant. (90:10) s£, 75"
Q
7 1c Benzaldchyde 4MeOPh Ph 3g,64(55)  4g, 80(88:12) 5g, 95
8  1c Piperonal 4.MeOPh gp]@/ ,65(56)  4b,87° $h, 91
[s)
9  1c 4Methoxybenzaldehyde  4-MeOPh  4-MeOPh 3, 57 (50) - -
H h
£,
10 1w Acetone m&—i\ Fh 3j (50) E Ph &iﬁ”
o 0 °
£, 83 (65 :35) 5, 83
il 1a  Cyclohexanons Eéﬁ”‘ 3k (70) - -4
o]
12 la  Isobutyraldehyde El Fh 3,63 -5 -F
(o]
* Tsolatod yichds,

* Yiclds of the isolated 3,4-trans-4,5-cis-isomers of 3a-i and the frans-isomers of 3j and 3k are given in parenthescs.

‘ Obtained as mixtures of diastercomers.

“ The ratio of dinstereomers was not determined.

¢ Obtained as a single diastercomer.

" Overall yields based on compounds 3a, 3d and 3f.

* The reactions were not carried out.
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Scheme 2.

Having obtained functionalized y-butyrolactones 3 in
an efficient way, we next demonstrated the synthetic
utility of these y-butyrolactones as precursors for syn-
theses of o-arylidene-y-butyrolactones 5. These syn-
thetic transformations could be simply accomplished by
successive reduction and elimination reactions. Thus,
TC-3a was subjected to a catalytic hydrogenation (H,/
Pd-C/EtOAc) to furnish alcohol 4a as a 90:10 mixture
of diastereomers, which was further freated with
methanesuifonyl chloride in pyridine at rt for 3 h
followed by heating at 60°C for 1 h to give E-benzyli-
dene-y-butyrolactone 5a in 60% overall yield (Scheme
2). As shown in Table 1, compounds Sb-i were pre-
pared in good overall yields as E-isomers.” The expla-
nation for the formation of the E-isomer as the sole
product could be due to the fact that elimination of the
initially formed mesylate group of compound 4 pro-
ceeded via an E,-elimination followed by a conjugate
addition—elimination of pyridine to the initially formed
a-arylidene-y-butyrolactones to lead to the thermody-
namically more stable E-isomer. An E,,, mechanism
may also be responsible for these results. The cis-stere-
ochemistry at C4 and C-5 was confirmed by the NOE
experiments of compound 3h.®

In summary, we have shown that the vicinal dianions
derived from o-aroylsuccinic esters react with carbonyl
compounds regioselectively at the f-carbon in the pres-
ence of ZnCl, to Furnish z-aroyl-y-butyrolactones in
moderate vields. These compounds could be used as
useful precursors for the preparation of s-arylidene-y-
butyrolactones. Thus, our method described herein pro-
vides a general synthetic route to a-arylidene-y-
butyrolactones.
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of H-4 was observed, when H-35 was irradiated, but there
was no enhancement of H-3.
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Abstract —Vicinal dianions of diethyl «-aroylsuccinates react with aromatic aldehydes to provide functionalized 2,3-dihydrofurans
as the major products together with y-butyrolactones after treatment of the adducts obtained with a catalytic amount of
p-toluenesulfonic acid in refluxing toluene. cis-2,3-Dihydrofurans are used as precursors for the preparation of tetrasubstituted
furans and diaxial 2,4-diaryl-3,7-dioxabicyclo{3.3.0}octanes,

@ 2003 Published by Elsevier Ltd.

Substituted 2,3-dihydrofurans and furans are important have recently described that these vicinal dianions react

classes of compounds due to their presence in a wide range
of bivlogically active synthetic and natural products.!
Moreover, some of them have been shown to be usefu]
synthetic intermediates.” Therefore, efficient and genera!
synthetic routes to these heterocycles®” are of interest. As
part of our program devoted to the development of
synthetic routes to these classes of compounds, a general
inethod for the synthesis of substituted 2,3-dihydrofurans
and furans based on the chemistry of vicinal dianions
derived from a-aroylsuccinic esters was investigated. We

o) 0 O
Ar' OFEt 2LDA Ar'
QEt THF/-78 °C
2]
1a Ar'=Ph 2a-c

1k Ar'= 3,4-Mathylenedioxyphenyl

1¢  Ar'= &-Methoxyphenyl
Ok Q
ARG AR

trans-4

Scheme 1.

o OEt

with carbonyl compounds in the presence of ZnCl,
exclusively at the B-carbon to provide a-aroyl-y-butyro-
lactones, which were demonstrated as useful intermedi-
ates for the preparation of naturafly occurring
a-arylidene-y-butyrolactones.® In connection with these
results, we wish to report the preparation of functional-
ized-2,3-dihydrofurans and -furans as well as diaxial
2,4-diaryl-3,7-dioxabicyclo[3.3.0]octanes utilizing the vic-
inal dianions of diethyl @-aroylsuccinates as shown in
Schemes 1 and 2.

8]
1. APCHO
2,_? _-718°%,2h _  Ar % ~OEt
2. AGOHY-78 "C RO OFEt
Al
3
p-TsOH
toluene/ refiux, 2 h

0 0
EiQ Bt
A" G A AR o0

cis-4

* Corresponding author. Tel: +66-022015158; fax: +66-026445126; e-mail: scmpk@mahidal.ac.th

0040-4035/% - see front matter © 2003 Published by Elsevier Ltd.
doi:10.1016/j.tetlet, 2003.09.005
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Scheme 2.

The reaction of the vicinal dianion 2a derived from Ia
by employing LDA (2 equiv.) in THF at —78°C for 1
h with benzaldehyde (1 equiv.} at —78°C for 2 h fol-
lowed by quenching the reaction mixture with glacial
acetic acid at the same temperature provided the crude
adduct 3a. Without purification, this was treated with
a catalytic amount of p-toluenesulfonic acid in reflux-
ing toluene for 2 h to afford the expected dihydro-
furan 4a% in 71% yield as a mixture of cis- and
trans-isomers together with y-butyrolactone Sa (13%
yield). cis-da was obtained in 59% yield as the major
isomer after chromatography on silica gel. Under the
standard conditions, the vicinal dianions 2a—c reacted
with aromatic aldehydes to give moderate yields of the
desired dihydrofurans 4a-k as mixtures of cis- and
trans-isomers together with 5-15% yields of the corre-
sponding y-butyrolactones 5. In all cases, the cis-iso-
mers were obtained as the major isomers, and in most
cases could be isolated pure by chromatography as
summarized in Table 1. The relative cis and trans
stereochemistries of compounds 4 were established by
the coupling constants between H-2 and H-3 (J =

Table 1. Preparation of 2,3-dihydrofurans 4

10.9-11.0 Hz and /,,,,,=6.8-7.1 Hz) and the resulis of
NOE experiments.’

Having succeeded in preparing in one-step the dihy-
drofurans 4 possessing aryl substituents, we further
illustrated the synthetic utility of our method by the
preparation of  2,5-diaryl-34-dicarboethoxyfurans,
which are important precursors for syntheses of
lignans?®®® and 24-diaryl substituted 3,7-dioxabicy-
clo[3.3.0)octanes 9. Thus, conversion of cis-4 into
furan 6 could be achieved smoothly by dehydrogena-
tion employing 2,3-dichloro-5,6-dicyano-14-benzo-
quinone (DDQ) in refluxing benzene for 5 h.® Furans
6a-f were obtained in good yields (Table 2}. Dehydro-
genation of trars-4 was found to proceed slower than
cis-4 under the standard conditions. Thus, when a
mixture of cis- and frans-4b was treated with DDQ in
benzene under reflux for 3 h, the cis-isomer 4b was
cotnpletely converted into furan 6b, while the trans-
isomer 4b was still present in the mixture as shown by
thin-layer chromatography. The reaction was complete
after refluxing for 20 h and 6b was obtained in 92%

Enry 1 Elecirophile Ar! Ar? % Yields®

4  cis4  trans-4 cis-d+trans-4 (cisitrans) s
1 la  Benzaldehyde Ph Ph da 59 12 - 13
2 1a  Piperonal Ph Piperonyl 4 41 10 - 5
3 la  4-Methoxybenzaldehyde Ph 4-MeOPh 4c 50 i3 - it
4 la  Isobutyraldehyde Ph i-Pr o - - 63 (66:34) -
5 1k Benzaldehyde Piperonyl Ph 4o 41 7 - 7
[ 1b  Piperonal Piperonyl Piperonyl 4 26 - 13 (80:20) 8
7 1b  4-Methoxybenzaldehyde Piperonyl 4-MeOPh 4g 30 - 11 (74:26) 10
8 1b  I[sobutyraldehyde Piperonyl i-Pr 4h - - 35 (67:33) =
9 1c  Benzaldehyde 4-MeOPh Ph 4 53 - - 15
10 le  Piperonal 4-MeOFh Piperonyl 4 39 11 - 11
I 1c  4-Methoxybenzaldehyde 4-MeOPh 4-MeOPh d 17 —t - 13

* Isolated yields. All compounds were fully characterized by IR, M5, 300 MHz 'H and 75 MHz '*C NMR spectra as well as by elemental anatyses

or HRMS.
® Contained mainly the 3,4-trans-4,5-cis-isomer.
¢ Could not be isclated.
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Table 2. Preparation of compounds 6-9
cis-4 Ar! Ar? % Yields®

6 7 8 9
cis-4a Ph Ph 6a, BS Ta, 85 8a, 83 %a, 70
cis-4b Ph Piperonyl 6b, 95 Th, 86 8b, 89 ab, 82
cis-de Ph 4-MeOPh 6c, 90 Tc, 88 8¢, 82 e, 75
cis-de Piperony] Ph 6b, 93 b -° >
cis-4f Piperonyl Piperonyl 6d, 94 7d, 85 8d, 80 9d, 74
cis-4i 4-MeOFh Ph 6c, 96 b -® -°
cis-4j 4-MeOPh Piperonyl Ge, 95 Te, 85 Be, 84 %e, 75
cis-4k 4-MeOPh 4MeQOPh 6f, 93 ", 83 8f, 82 9, 76

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

or HRMS.
* The reactions were not performed.

yield. On the other hand, tetrahydrofurotetrahydro-
furans 9 were prepared in good overall yields by a
simple three-step synthesis starting from cis-dihydro-
furans 4. Catalytic hydrogenation (10% Pd on C) of
cis-4a in ethyl acetate at rt afforded a good yield {85%)
of the all-cis-7Ta as the sole isomer. Reduction of Ta
with LiAlH, in THF at rt for 30 min gave 8a in 83%
vield after chromatography on silica gel. Treatment of
Ba with p-toluenesulfonyl chloride in pyridine™ at rt
overnight furnished the expected tetrahydrofurotetra-
hydrofuran 9a in 70% vield. The 'H and '*C NMR data
of 9a were consistent with reported values.!! Thus, the
formation of 9a as the sole product and in goed yield
confirmed the all-cis-stereochemistry in 7a. Under the
same reaction sequence and conditions, tetra-
hydrofurotetrahydrofurans 7b-f were prepared in good
yields from eis-2,3-dihydrofurans 4b, 4c, 4f, 4j and 4k,
respectively.

In summary, our results demonstrate that the vicinal
dianions derived from diethyl ®-~aroylsuccinates react
with aldehydes regioselectively at the B-carbon to
provide a mixture of cis- and trans-2,3-dihydrofurans
as the major products along with y-butyrolactones.
This method provides an easy entry to 2,5-diaryl substi-
tuted dihydrofurans, of which both aryl groups can be
varied by using appropriate a-aroylsuccinic esters and
aromatic aldehydes. Furthermore, ¢is-2,3-dihydro-
furans have been proved to be very useful for the
preparation of 2,5-diaryl-3,4-dicarboethoxyfurans and
diaxial 2,4-diaryl-3,7-dioxabicyclo[3.3.0]octanes.
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Abstraci—The vicinal dianions derived from chiral succinic acid derivatives, | 4-bis[{4R,55)-3.4-dimethyl-2-0x0-5-phenylimid-
azolidin-1-yl[butane-1 4-dione and 1.4-bis[(45,5R)-3.4-dimethyl-2-oxo-5-phenylimidazolidin- 1 -yl]butane-1.4-dione react with aryl-
methy| bromides with high diastereo- and regio-selectivity 1o provide the corresponding chiral a-aryimethylated succinic acid
derivatives; the (R)-products are converted into {R)-B-acylmethyl-v-butyrolactones and (R)-s-arylmethyl-y-butyrolactones.

© 2004 Elsevier Lid. All rights reserved.

Succinic acid derivatives are of importance because they
can serve as four-carbon building blocks in organic
synthesis. Having considered the basic skeleton of many
classes of compounds such as lignans' possessing a v-
butyrolactone or tetrahydrofuran nucleus, it was found
that such compounds consisting of a four-carbon unit
could be considered as a carbon backbone denved from
succinic acid derivatives. Therefore, considerable atten-
tion has been focused on the synthetic utilities of succinic
acid derivatives.’ In connection with our recent reports
on the synthetic utilities of vicinal dianions derived from
n-aroylsuccinic esters as useful reagents for the synthesis
of m-arvlideneparaconic esters and furofurans,” it is of
interest to extend our investigation on new synthetic
strategies to chiral y-butyralactone framewaorks. espe-
cially some bioactive naturally occurring v-butyrolac-
tone lignans. We therefore studied the generation and
" diastercoselective alkylation of vicinal dinnions derived
trom chiral succinic acid derivatives.* This study 1s
facused on a new general diastereoselective synthesis of
chiral P-arylmethylated y-butyrolactones, which arce
versatile mtermediates Tor the asymmetric syntheses of
lignans. Several synthetic approaches for the optically
active B-arylmethyl-y-butyrolactones have been pub-
lished.® The vicinal dianion 2a was generated by reacting

Kevwerds Vicmal diemion: Choal sucvinic aad: »bulvrelictone.
“ Corpespanding author. Tel: +606-02-2013158; tax: +a0-02-64H51 26
e-manls sempkiarmahidolac th

HOH0-H3YS - see Tront mater = 200 Elevier Lide Al nighits reserved.

iz L T 6/ etlel, 200 (008

chiral succinic acid derivative 1a with 2 equiv of LDA in
THF at —78°C for 1 h. Treatment of 2a with | equiv of
benzyl bromide at —78 °C for 5 h afforded the benzylated
product 3a in 50% vicld as a single diastereomer, together
with the recovered starting material la in 41% vield. A
better yield of 3a (75') was obtained, when 2.2 equiv of
benzyl bromide were employed under the same condi-
tions. It is noteworthy that the reaction using 1 or 2equiv
of benzyl bromide gave only the monobenzylated prod-
uct 3a.b” The {S)-configuration at the new stereocenter of
compound 3a was confirmed by counverting wito the
corresponding known (S)-u-benzylsuccinic acid.® When
the reaction was carried out in the presence of DMPU
and slowly warmed up from —78 °C to room temperature
overnight. a complex mixture of products was obtained
as revealed by TLC and 'H NMR data. Having the
standard conditions. we next nvestigated the reactions
of the vicinal dianion 2a with methyl iodide and allyl
bromide. The products 3b and 3e were also obtained as a
single diastereomer in moderate yields as indicated in
Table 1 (entries 2 and 3. Scheme 1}

Similarly. the vicinal dianion 2b could be generated from
1b and reacted with arylmethy]l bromides {2.2 equiv) at
=78°C for 5h to give arvimethylated products da- ¢ in
moderate vields (Table 1. entries 4-6). The reaction
proceeded with high diastereo- and regio-sclectivities: all
compounds da-c were abtained as u single diastereomer.
The configuration of the new chiral center of 4b was
proved to be (R) by single crystal X-ray diffraction
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Table }. Alkylation of vicinal dianions 2a and 2b

Entry 1 RX Pord R= Yield (%)
1 1a PhCH,Br 3a, PhCH, 75
2 1a Mel 3b, Me 48
3 1a CH,=CHCH,Br 3¢, CH,=CHCH, 49
4 1b 3.4-MeOPhCH,Br 4a, 34-MeOPhCH; 53
5 1b 3-MeOPhCH. Br 4b, 3-MeOPhCH, 67
6 1b 3.4-CH,(0)»PhCH,Br 4c, 3,4-CH,(0);PhCH, 67

“Isolated yields. All compounds were fully characterized by 'H NMR, '*C NMR, MS, and CHN analyses or HRMS.
®The specific rotation values, \a]b of 3a—c and 4a-¢ ure as follows: 3a; +127.84 (¢ 0.51. MeOH); 3b, +117.43 (¢ 0.55, CHCLy); 3c, +107.50 {c 0.64,
CHCT;); 4a, -45.02 (¢ 0.31, CHCL); 4b, —64.57 (¢ 0.70, CHC,); ¢, +46.85 (¢ 0.29, CHCly).

o ®
8] O L
X X
X,;)j\/\n/ LOA (2 eq, xc/l%/\\\r
0 THF, -78°C (0] Li®
[&]
1a, 1b 2a, 2b
le, 7B°C,5h
0
s) G
KN Xy
R ©
3 4
Q
Me~. NJL N/
1a,2aand 3: X, = LR
MEHF'h
G
e N
1b, 2band 4: X, = v
M\:; llPh

Scheme 1.

Figure 1. Crystal structure of compound 4b.

analysis’ (Fig. 1). which suggested the stmple model for

the stereochemical course of the benzylation of the vic-
inal dianion 2b shown in Figure 2.

{rReface a_cp,

--Li-,
o
2b-A —Q/} —aPme
S f>—N~
M& pﬁ‘ -G~ Me
Me, /4_ 0 wPh
7h-B N % 6_ N/"--_., mMe 4
\ N

Me. Ph
2a-A ’/<N—4-/v— © - = 3
Me” BPh” ( N Me

—cH. &
ILSiface Ar—CH,™Br
Figure 2. Proposed models for the stereochemical course of the
alkylation of the vicinal dianions 2a and 2b.

Based on the evidence that Li-chelated (Z£)-enolates were
formed upon treatment of l-acyl-2-timidazolidinones
with LDA,'° the vicinal dianion intermediate 2b is pro-
posed to exist in the (Z,Z)-configuration possessing the
defined six-membered ring chelate structure 2b-A. In the
formation of da—c, the arylmethyl bromides would
approach from the Re-face of the vicinal dianion 2b-A to
avoid the steric repulsion with phenyl and methyl groups
leading to an intermediate 2b-B. The second aryl-
methylation of 2b-B does not occur due to the steric
hindrance between the a-arylmethyl and the chiral aux-
iliary phenyl groups. As similar model 2a-A may also be
applicd to the alkylation of the vicinal dianion 2a, in
which the alkylating agent approaches from the Si-face
(Fig. 2).

Having established that highly diastereoselective alkvl-
ation of the vicinal dianion 2b furnishes the single
diastereomer of compounds 4a-¢ possessing the (R)-
configuration at the a-carbon, we turn our attention to
the preparation of (+)-B-arylmethyl-y-butyrolactones.
This could be accomplished by a hydrolysis—anhydride
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1. LIOH (5eq) O

THF / H,0 OH Ar
dac reflux 42h HO AcyO r
- O —— o 0
2.2 M HCI Ar 0°C, 10 min o
5a (89%) 6
5h (90%)
5c (87%) 1. NaBH, / THF
0-5°C, 1 h
2. 1M, HCH
Ar/”‘-\_.,.,1 Ar//"-\,_..:
o 0 0o
Ta (43%) 8a (26%)
7b (44%) 8b (25%)
7c (44%) 8¢ (27%)
Scheme 2.

formation-reduction sequence, starting from chiral
succinic acid derivatives 4 (Scheme 2).

Thus. hydrolyses of 4a-¢ employing LiOH (5 equiv) in
aqueous THF under reflux for 40-42h provided the
corresponding succinic acid derivatives Sa—¢ in good
yields after acidic work-up.!' Treatment of these acids
with excess Ac.0 at 0°C afforded the corresponding acid
anhydrides 6 in quantitative yields. Reduction of 6 with
NaBH, in THF at 0-5 °C for 1 h afforded the mixtures of
the expected (R)-B-arylmethyl-y-butyrolactones 7'* and
(R)-a-arylmethvl-y-butyrolactones 8,7 which could be
separated by chromatography on silica gel.

In conclusion, we have described a general entry to an
enantioselective synthesis of (R)-f-arylmethyl-y-butyrolac-
tones. The method involves highly regio- and diastereo-
selective arylmethylations of the vicinal dianions derived
from chiral succinic acid derivatives, 1,4-bis[(4R,55)-3,4-
dimethyl-2-oxo0-5-phenylimidazolidin-1-yl]butane-1,4-di-
one and 1,4-bis[(4S,5R}-3.4-dimethyl-2-0x0-5-phenyl-
imi-dazolidin-1-yl]butane-1 4-dione. It is anticipated
.that the methodology described herein will find a number
of useful applications in asymmaetric synthesis of lignans.
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SYNTHETIC UTILITIES OF VICINAL DIANIONS OF
SUCCINIC ACID DERIVATIVES
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Bangkok 10400, Thailand. E-mail: scmpk@ mahidol.ac.th

Carbon-carbon bond formations based on the reactions of dianions are of inte-
rest, because high regio- and stercoselectivities 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 deri-
vatives as versatile 4-carbon building blocks for synthesis of some natural preducts
containing the ybutyrolactone nucleus, including lignans; we investigated the reac-
tions of the vicinal dianions 1, 2 and 3, which could be obtained by treatment of
triethyl ethanetricarboxylate, diethyl a-aroylsuccinates and (45,5R)-3,4-(dimethyl-
2-0x0-5-phenylimidazolidin- I -yl)butane-1,4-dione with 2 equivalents of lithium dii-
sopropylamide in tetrahydrofuran at —78 ©C for th. The vicinal dianions 1 and 2
reacted with carbonyl compounds regioselectively at §-carbon to furnish the corres-
ponding #-hydroxy adducts which underwent lactonisation to provide y-butyrolacto-
nes 4 and 5, respectively, upon acidic work-up. These ¢butyrolactones were found
to be versatile inter-mediates for preparation of various types of compounds. Thus,
yhutyrolactones of type
4 were converted into [E'C':C Cobr] L, P I,.,)y‘: ]3 1P x‘ X, 'w"‘i -
(1)-lichesterinic acid, O Cok COE Oe,g W m
(£)-phaseolinic acid, ' ?
{+)-nephromopsinic moc ros EIOL,  COAr ErC iy OOy
acid and (i)-dih}' dro- R’Z:LO Ar’mo Ar"{io XLO
protolichesterinic acid. . s p——
Furthermore, o-aroyl-§ o a
butyrolactones 5 were { m m;}'
used as starting mate- ? s b &0
rials for syntheses of o- s MQ\M "
arylidene-j-butyrolacto- OMe
nes 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. Highly diastereoselective alkylation of chiral vicinal dianion
3 was also investigated. The method provided a new general strategy to ®)- -fi-aryl-
methyl-pbutyrolactones 10, which are important precusors for syntheses of some
lignan natural products.

-
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Synthetic Approach to Tetrasubstituted
Dihydrofurans and Tetrahydrofurans
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Banghok 10400, Thailand.

Objeclive

To search for a new general synthetic route to tetrasubstituted dihydrofurans and
tetrahydrofurans, which are important classes of compounds for preparation of some lignan
natural products.

Methods

a-Aroyl succinic ester 1 in THF was added to a solution of lithium diisopropylamide at -
78 °C for 1h. The dianion 2 obtained was reacted with aromatic aldehyde at -78 °C for 2h to give
dihydrofuran 3 after quenching with glacial acetic acid and refluxing with p-TsOH in toluene for
2h. Dihydrofuran 3 could be smoothly converted 1o furan 4 by reatment with DD in refluxing
benzene. Moreover, tetrahydrofuran 5 could be synthesized by carrving out a catalytic
hydrogenation.

Resuils

The reaction of the dianion 2 with aromatic aldehydes aftorded the expected dihydroluran
3 in moderate to good yield as a mixture of two diastereomers which consisted of cis-dihydrofuran
as the major isomer. Compound 3 underwent dehydrogenation reaction to furan 4 in high yield
by employing DDQ. Catalytic hydrogenation of compound 3 gave tetrahydrofuran 5 in good
yield. Synthetic study for preparing 2,5-diaryl-3 4-dimethyltetrabvdeofuran 6 from tetrahydrofuran
5 will be investigated.

Conclusion

This method can be used as a general methed 10 prepare tetrasubstituted dihydrofurans
of the type 3 and tetrahydrofurans of the type 5.

g ErOy COE
At CO4Ft 2LDA /THF At COGEt| @ LadCHO,-78°C, 2h
; PP rea—
78°C, Ln d L Y ADH {gac) \
3.t pTEOH [Tolure,  Ar? ar!
1 reflx, 2h

ueFid CO,E
2 2 2 3

El0y Gt
DDQ / Benzene

£10, Ot ——————
b 2 pir— . R )
Ar o A
\
AN G 4
H E0); COEt M Me
Pd-C, —
_PaCh Lt
eflue, Bh
art At At ar!

o
H
Ar, At = Phenyt
3,4-M ethylened: oxyphenyt

| 4-M ehaxyphenyl

Keywords: vicinal dianion, ot-aroyl succinic ester, furan, dihvdrofuran. tetrahydroluran
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Dianions of a-Aroylsuccinic Esters:
Synthesis of Thuriferic acid and Analogues
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Vichai Reutrakul
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Bunghol 10400, Thailand.

Qbjective
To demonstrate the synthetic wilittes of dianions derived from a-aroylsuccinic esters for
preparing thuriferic acid and analogues.

Methods

a-Arovisuccinic ester 1 could be doubly deprotonated by using 2 equivatents of LDA in
THF at -78 'C for 1 h to give dianion 2, which reacted with aromatic aldehydes in the presence of
zince chioride to give y-lactones 3 as a mixwure of two diastereomers, Treatment ol y-lactones 3
with NaH in THF and a selution of PhSCH,Cl in the presence of Nal at § °C to room temperature
overnight gave y-lactones 4, which were readily oxidized with H,0, in glacial acetic acid 10 give
y-lactones 5. Treatment of y-lactones 5 with $SnCl, in CHCI, gave the crude products 6, which
were subjected 1o elimination of the phenylsulfonyl group by using DBU to provide thuriferic
acid ethyl esters 7.
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Results

The reaction of the vicinal dianion 2 with aromatic aldehydes led to y-lactones 3 as a
mixture of trans,cis (TC) and trans trans (TT) diastereomers which consisted of the TC-isomer
as the major isomer. Alkylation ol y-lactones 3 with PhSCH,Cl followed by oxidation gave
Y-lactones 5 in high yield. Lewis acid-catalyzed rearrangement of y-lactones 5 gave the crude
products 6, which were reacted with DBU to lead to the desired thurileric acid ethyl esters 7.

Conclusion

The reactions of the vicinal dianion 2 derived from a-aroylsuccinic ester with aromatic
aldehydes provided y-lactones 3, which could be used as the starting mazerials for preparation of
thuriferic acid ethyl esters 7.

Keywords: vicinal dianion, y-lactone, thuriferic acid ethyl ester
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Dianions of a-Aroylsuccinic Esters:
Synthesis of a Podophylletoxin Precursor

Taweechorte komutkul, Marar Pokmakotr, Patoomratana Tuchinda and Vichai Reurrakul
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Objectives

To study the generation and application of dianions derived from c-aroylsuccinic esters
Methods

o-Aroylsuccinic ester 1 could be doubly deprotonated by using 2.1 equivalents of LDA in
THF at -78°C for 1 h to give the dianion 2 which reacted with 3,4,5,-trimethoxybenzaldehyde
which was activated by using zinc chloride. The y-lactone 3 was obtained as a mixture of
cis,trans (CT) and trans,rrans (TT) diastereomers. Alkylation and lewis acid rearrangement of
the y-lactone 3 led to the y-0x0 ester 5.
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Results

The reaction of the vicinal diamion 2 with 3.4.5-trimethoxybenzaldehyde led to the y-
lactone 3 as a mixture of two diastercomers which consisted of the CT-isomer as the major
isomer. Alkylation followed by Lewis acid-catalvzed rearrangement of y-tactone 3 gave the
expected y-oxo ester 5. which is a podophyllotoxin precursor.

Conclusion

The y-oxo0 ester 5 could be synthesized from the ylaclone 3, which was derived [rom the
reaction of the vicinal dianion 2 with 3.4.5-trimethoxybenzaldehyde. The y-oxo ester 5 (R = H)
could be used as the starting material [or syathesis of podophylotoxin and derivatives as
appearcd in the literature,
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Reaction of Vicinal Dianion Derived from Triethyl
Ethanetricarboxylate
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Objective

To study the reactions of vicinal dianion derived from triethyf ethanetricarboxylate:
synthetic study towards synthesis of methylenolactocin.

Methods

The dianion 2 could be generated by reacting trester 1 with 2 equivalents of LDA in THF at -78°
C for 1 h under argon atmosphere. The dianton 2 was treated with a solution of carpronal- dehyde and
stirred at - 78°C for 2 h, quenched with glacial acetic acid and the crude product obtained was then
treated with a catalytic amount of p-TsOH to provide the y-lactone 3. Treatment of y- lactone 3 with NaH
in THF (0°C for 1 h) and a solution of chloromethyl pheny] sulfide in the presence of Nal at §°C 10 room
temperature overnight gave a crude product, which was oxidized with 30% H,0; in a glacial acetic acid to
give ylactone 6. Hydrolysis of y-lactone 6 with 48% HBr gave compound 7. Elimination of the
phenylsulfonyl group of compound 7 to the expected methyle- nolactocia 8 under various conditions
(LDA, sat. NaHCO,) were studied. All attempts led to uasatisfactory results.
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The reaction of dianion 2 with carpronaldchyde gave y-lactone 3 as a mixture of trans.cis [TO)
trans, trans (TT) cis,cis (CCy and cis,trans {CT) diastereomers which consisted of the TC-isomer as the
major isomer in 60% combined yield. Alkylation of y-lactone 3 with chloromethyl phenyl sullide
followed by oxidation gav: vlactone 6 in 52% yield. Hydrolysis of y-lactone 6 with 48% HBr gave
compound 7 in 70% vield. Elimination of phenylsulionyl group of compound 7 were (o
methylenolactocin 8 was studied.

Conclusion

The reaction of vicinal dianion 2 derived from tricthyl cthanctricarboxylate 1 with
carpronaldehyde atforded the expected y-lactone 3 as a mixture of diastereomers, which could
be used as the starting material for the study of synthesis of natural product methylenolactocin

8.
Keywords: vicinal dianion. y-lactones, methylenolactocin.
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Reactions of Vicinal Dianions Derived from
o-Aroylsuccinic Esters: Synthesis of Some
2,6-Diaryl-3,7-dioxabicyclo(3.3.0)octane-4,8-diones
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Banghok 10400, Thailand.

Objective

2.6-Diaryl-3,7-dioxabicyclo[3.3.0]octane-4,8-diones were synthesized from trisubstitued
paraconic esters obtained from the reactions of dianions derived from a-aroyl succinic esters
with aromatic aldehydes.

Methods

a-Aroylsuccinic esters 1 were deprotonated with 2 equivalents of LDA in THF at -78 °C
for 1h followed by addition of aromatic aldehydes in the presence of zinc chloride to give products
3. Trans,cis-3 was treated with NaH and methyl iodide to give compounds 4. Compounds 5 were
obtained from 3 by treatment with CeCl;7H,0 in i-PrOH under an oxygen atmosphere at 80 °C.
Treatment of 4 or 5 with NaBH, gave compounds 6, which were cyclized 10 bislactones 7 by
treatment with p-TsOH in refluxing toluene.

Results

The dianions 2 could be generated by treaument of t-arovlsuccinic esters 1 with 2
equivalents of LDA in THF at -78°C for 1 h and reacted with aromatic aldehydes in the presence
of zinc chloride 1o give y-lactones 3 as a mixture of four diastereomers, which consisted of trans,cis-
(TC) as a major isomer. Methylation of TC-3 gave products CC-4. Hvdroxylation of TC-3a with .
molecular oxygen catalyzed by CeCl;»7H,0 gave compound 5a. No trace of compound 5b was
observed under the same conditions. This may be due 1o the insolubility of the starting material
3bin i-PrOH. Reduction of compounds 4 or 5 with NaBH, gave 6, which underwent lactonization
to afford bislactones 7 upon treatment 6 with p-TsOH.
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Cenclusion

Compounds of type 2,6-diaryl-3,7-dioxabicyclo[3.3.0]octane-4,8-diones could be
synthesized by employing synthetic utilities of dianions of a-aroylsuccinic esters.

Keywords: a-aroylsuccinic ester, vicinal dianion, y-lactone, bislactone
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Synthetic Approach to Furofuran Lignans
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Objective

To develop a new general synthetic route to furofuran lignans including gmelinol, an
antimalarial agent, which was isolated from the heartwood of Grielina arborea.

Methods
The synthetic route of furofuran lignans was summarized as shown in Scheme 1.
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Resulis

a-Aroylsuccinic esters 1 were deprotonated by using 2 equivalents of LDA to give vicinal
dianions 2. The reaction of vicinal dianions 2 with aromatic aldehydes in the presence of ZnCl.
led to ;-lactones 3 as a mixture of four diastereomers, which consisted of trans.cis (TC) as the
major isomer. Methylation of TC-3 with NaH and Mel gave CC-4. TC-3 was hydroxylated by
using CeCl;.7H.0 in i-PrOH under flush of oxygen at 50°C, producing CC-5. Compounds 4
and 5 was then selectively reduced with NaBH./CeCl;. 7H-0 to give compounds. 6, which were
cyclized to bislactones 7 by treatment with p-TsOH. Reduction of compounds 7 by using
LiAlH, and followed by cyclization with MsCl in pyridine provided furefuran lignans 9.

Conclusion

" The reactions of the vicinal dianions 2 derived from a-aroylsuccinic esters with aromatic.
aldchydes provided j-lactones 3. which could be used as the starting materials for the
preparation of furofuran lignans 9.
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Objective
To isolate and wdentty the chenmcal constituents from (he aral part of Phvilantis
taxodifolins

Methods

Aldr-dried, fincty powdered anal part of Pinllanthus tavodifolios were sueeessively
extracted with mcthanol. Atter evaporation of methunol, the partitions between varous organic
layers and water were camied out. Removal of solvents afforded the hexane, ethyl acctate. »-
butanol and water extracts. respectively. The asolation of the chenucal constituenis was
performed mainly by coiumn chromatography and recystathization.

Results

The investigation of the anal part of Phyvilanthus tavadiifodive has led to the isolation of
glochidone (1). gloclidonol (2). clastanthing A (3}, cleistanthin methyl ether (4) and
cleistanthoside A (5). The structures were assigned by spectroscopic techniques.

Conclusion
Compounds 1-5 are known compounds. Compounds 3 and 4 showed cytotoxic and
antt-HIV activities.
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