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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)
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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



T3

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
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=
@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
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'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)
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. 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)
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. . - 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)
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(C-3), 144.61 (C-4), 145.93 (C-1a), 151.09 (C-6), 151.81 (C-7), 161.26 (C-2)
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1. Methylenolactocin
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%



Huivsrica CHIMeA ACTA - Vol 85 (2002} 380

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
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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,
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(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. &



3804 HiwveTica CHIMICA Acta — Vol. 85 (2002)

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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route to a-aroyl- and a-arylidene-y-butyrolactones
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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.
¥ Corresponding author. Tel.: 066-02-2015158; fax: 066-02-6445126; e-mail: scnpk@mahidul.ac.th
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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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FtO™, *"'H\Ar‘ EtO7,
H Hyf PAG H
hA0T0 Tmow o f

Ar? AP

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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J’ At (o]
Et0.C OFEt
{iMa o
N\, A-GH-CN P
NeOBY BOH 1oe

2. CuBOySH FROH HO
(1a, 74'%: 1b, 83% ; 1, 7%}

. Irradiation of H-4 resulted in 7.9% enhancement of H-5,

but there was no effect on H-3. The enhancement of 8.5%
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.
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AT N7 A n, 30 min AR N wa Mhovemight 42
all-cis7? 3 9

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
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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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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.

-




74 PERCH Ceonference [1

OC-014

Synthetic Approach to Tetrasubstituted
Dihydrofurans and Tetrahydrofurans

Arisara Issaree, Manat Pohmakotr, Patoomratana Tuchinda and
Vichai Reutrakul

Department of Chemistry, Faculty of Science, Mahidol University. Rmma VI Rd,
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

Taweechote Komutkul, Manat Pohmakotr, Patoomratana Tuchinda and
Vichai Reutrakul

Depurtment of Chemistry, Faculty of Science, Mahidel Umeersity, Rama VI Rd,
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
Department of Chemistry, Facuity of Science, Mahido! Universiry, Rama VI Rd, Banghok 10400, Thatland.

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.

1} 3,4,5-trimethoxy
berzd dehyde/ZnCl Q \I
-78%,1h EtO.C o
g DAL THE { ai, Fodhtort o, shtort  Med
cogt 7% 1 £ 2 2NHCI Ve, o
3cT, 17
Med
1) NaH, 0%, 1h
@ 2R, %ctort
o) R
< o
0 CO:Et  sna, 2
CHCl;  MeD
Med e Me()
OMe 4 R=CHy, PhSCHy
5 Me

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,

Keywords: vicinal dianion, y-lactone, y-0x0 cster
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Reaction of Vicinal Dianion Derived from Triethyl
Ethanetricarboxylate
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Vichai Reutrakul
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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.

Resuits
; ; . o, G Clhk
BOL - BB paThE EOL - L ;? C3HyCHO NAH.THI
T 2 =
com A€ TOhla CHP™ ™" re
1 .
E0,C COnbL Fi,C Ll B, Ul
Iﬁ @ rnsongn I&,Sph WA0, SOl _HrEHIN
SHTT g N Cably ™ Ny A, R
4 3 3
HO-C SO-Ph HULC, /
........ -
N R
7 ’ Muthvhenolavkrem §

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

Tipwan Mophuang, Manat Pohmakotr, Patoomratana Tuchinda and Vichai
Reutrakul

Department of Chemistry, Fuculty of Scicnce, Mahidol University, Rama VI Rd,

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.

Keywerds: vicinal dianion, a-aroylsuccinic ester, p-lactone. bislactence, furefuran lignan
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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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