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Abstract - A new synthetic approach to g-paniculide A (1) based on 
the annulation of 2-formylpropionate with a-phenylthi&-vinylbuten- 
olide 4 is described. The annulation products 6a-6c was dehydrated 
to give 7, and the sulfoxide of 7 was submitted to sulfoxide-sulfinate 
rearrangement in aqueous media to yield Eta and 8b. The latter was 
converted to the former by configurational inversion of its hydroxyl 
group. Saturated la&one lla obtained from 8a was homoprenylated, 
and after desilylation. the product 12b was selenenylated to give 13a. 
Alkaline hydrolysis followed by oxidative elimination of the selenenyl 
group provided 14a, which was then acetylated and oxidized with lead 
tetraacetate to yield 15a and 16~3-16~. c-Paniculide A was derived 
from 15a and 16a via lea. 

Paniculide A (1) was isolated from cullus culture derived from hypocotyl and stem txssues of 

Andrcqraphis paniculata Nees along with paniculide B (21 and C (3l.l This sesquiterpene lactona 

is a highly oxygenated bisabolene, and its characteristic and fundamental structure is 2,4,5,6,- 

7,7a-hexahydro-4-hydroxy-benzofuran-2-one which has seldom be found in natural products. As a 

OH n 

I: R=c+$ (paniaideA) 3(penialfideC) 

2; R-“roH (penia#eBl 

convenient construction for such a structure, we recently described a novel lactone annulation 

reaction of active methylene compounds with a-phenylthio-8-vinylbutenolide 4,2 i.e. under mild 

basic conditions, active methylene compound A reacted with 4 to provide lactone-annulated produCt 

B in consequence of 1,6-con7ugste addition followed by concurrent aldolzc cyclitatzon Of the 

adduct (Scheme 11. The annulation product obtained was dehydrated to qive a butenolide, which 

was then oxidized to the corresponding sulfoxide C Sulfoxide-sulfinate rearrangement of C 

afforded acetate D when the reaction was conducted in acetic anhydride-pyridine mixture. 

To illustrate the efficiency of this reaction in the synthesis of natural products involving 

such oxygenated perhydrobenzofuranone structures in molecules, we describe here details of our 

total synthesis of s-paniculide A flf.3'4 

Our access to 1 was planned to start with 7, which was previously derived on dehydration of 
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the annulation product 6 obtained from methyl 2-formylpropionate (51 and 4 (Scheme 21.2 It was 

readily presumed that introduction of a hydroxyl group on the cyclohexane ring of 7 would be 

feasible on sulfoxide-sulfinate rearrangement of the sulfoxide corresponding to 7 under aqueous 

conditions. 5 After the enol la&one double bond in 7 had been selectively saturated to lead to 

10, introduction of the homoprenyl side chain into the lactone ring of 10 may derive 14 which 

possesses the fundamental carbon framework of 1. Further elaboration is introduction of a double 

bond at the desired position (see 181 by eliminative demethoxycarbonylation of 14, followed by 

stereoselective epoxidation of the resulting olefin 18. In the light of this protocol, it was 

necessary to secure the relative stereochemistry of 10 in which the hydroxyl group is syn to the 

lactonic ether oxygen. 

6 6 7 10 

In the reported manner, the startinq sulfide (7) was prepared from 5 (Scheme 3). The 

annul&ion reaction of 5 with 4 was conducted with potassium fluoride as catalyst in dimethyl 

sulfoxrde-1,2-dimethoxyethane (DME) mixture, giving a mixture 169:22:9) of three separable dia- 

stereomers in good combined yield. In the 1H NMR spectra of both the malor (6~3) and middle 

products (6b1, couplings with 4 Hz were observed for protons at C(7) and Cf7a). showing that these 

coupled protons were syn and that these two products would therefore be diastereomerrc with 

respect to the C(6) position. On the other hand, the minor product (6~) showed a larger coupling 

(9 Hz) for protons at the same positions, this demonstrating an anti disposition of these protons. 

In addition, a large nuclear Overhauser effect was observed between the tertiary methyl and C(7a) 

protons of 6c, and this compound isomerized to the more stable isomer 6a on silrca gel thin layer 

chromatography. Although another diastereomer of 6c was not isolated , the above interrelation 

allowed us to assrgn their stereostructures as depicted. 

Dehydration of the diastereomeric mixture of 6a-6c with thionyl chloride provided 7 in good 

yield, whzle under the same conditions, that of the major annulation product 6a gave the same 

product in almost quantitative yield, The phenylthio group of 7 was oxidized with peracid to 

give the corresponding sulfoxide, which was then warmed in aqueous pyridine5 to afford rearranged 

products 8a and 8b in a ratio of 56:44. The relative stereochemistry of the hydroxyl and ester 

groups of this compound was unambiguously assigned on observation that the minor product 8b gave 

dilactone 9 on heatznq with @oluenesulfonic acid in benzene. While keeping in mind that the 

rearranged products 8a and 8b would be interconvertible by the configurational inversion of their 
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5,6 
r-ma; A 

r t!ja; R=Ac 

r,s.t Mb; R=H 
60; I 6,7 

la; A 
16c; &methylene 

reagents: a) KF, Me2SO-DME; b) SOC~~I PYrl 
c) m-CPBA, c~~Cl~;d) aq.pyrr e) e-TsOH, PhH; f) PhxP, 

N2(C02E+, AcOH-THF, then aq. HCl. 
dloxaner g)-i-Bu~e~SiCl, imidazole, DMF) h) NaBH4, K2C03, DME- 

MeOH) i) NaBH4, NiCIZ, MeOH; 3) Hz' Pd-SrCO3, 
EtOH; k) LDA, WZ~C=CH(CH.$~I, THF; 1) Bu4NF, THF; m) 

LDA, PhSeCl. THF-HMPT, ,I) KOH, EtOH; o) H202, THF-HOAcl p) Ac$'. DMAP. 
CHCljt q) Pb(OAc)4, 

CU(OAC)~, PhH-pyr, r) K2C03, MeOH; S) Cr03-PYr2e CHZC12) t) Et3N, CHZCIZ: U) NaBH4, MeOH; V) t- 

Bu02H, MoO(acac)Z, PhH. 
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hydroxyl groups, we first employed the major product 8a for further transformation. 

To explore the direct introduction of the homoprenyl side chain into the 0 position of the 

butenolide ring of Ea. sllylated derivative SC was treated with sodium Iwrohydride I" aqueous 

methanol-DME under basic conditions to give 10a. and the depicted stereochemistry could be as- 

signed on the basis of coupling patterns in the 1 H NMR spectrum (see Experimental). As we could 

secure, at this stage, the reduction product 10a whose siloryl group and lactonic ether oxygen 

wet-e syn, the hydroxyl group of Bb was inverted according to Mitsunobu's procedure7 giving 8a in 

good yield. 

Unfortunately many attempts of homoprenylation of 10a with homoprenyl iodide were fruitless, 

resulting in formation of intractable mixtures. We thus turned our attention to homoprenylation 

of a butyrolactone derivative obtainable on reduction of 1Oa. Reduction of 1Oa with sodium boro- 

hydride in the presence of nickel (II) chloride' yielded butyrolactone (lla) quantitatively, while 

catalytic hydrogenation of EC provided a separable mixture of lla and its diastereomer llb in the 

74:26 ratio. In practice, the latter procedure was superior to the former for deriving lla from 

EC (66% vs. 55% in isolation yield). The desired homoprenylation product 1Za was obtained by the 

reaction of the enolate of lla generated with lithium diisopropylamide and homoprenyl iodide 1" 

tetrahydrofuran-hexamethylphosphoric trlamide mixture in good yield. The product was stereo- 

chemically homogeneous and the alkenyl side chain was introduced from the convex a-face of lla as 

revealed by analysis of Its 'H NHR spectrum (see Experimental). To derive butenolide structure, 

the next step was to Introduce a double bond into the butyrolactone ring by selenenylatlon fol- 

lowed by oxidative elimination. The selenenylation was expected to take place slmllarly at the 

less hlndered face of the butyrolactone ring as prove" in the above-mentioned results of homopren- 

ylation and the anticipated stereochemlstry was convenient for leading to the desired butenollde. 

Since selenenylation of 12a with benzeneselenenyl chloride was sluggish to proceed probably due to 

the bulky protective group of hydroxyl, 12a was desilylated and the resulting alcohol 12b was 

submitted to this reaction, which smoothly gave 13a in acceptable yield. Although any direct 

evidence was not obtainable to confirm the stereochemistry of the benzeneselenenyl group in this 

product, the depicted structure was tentatively assigned on the basis of the discussion described 

above. 

Since some attempts were unsuccessful I" selective hydrolysis of Its ester group, the selen- 

enylated lactone 13e was hydrolyzed with an excess of potassium hydroxide in aqueous ethanol and 

the reaction mixture was then treated with hydrochloric acid to give lactonic acid 13b. It was 

suspected, however, that the lactone ring was also hydrolyzed under the above conditions and that 

relactonization with acid might have provided a diastereomer of 13b regarding the a position of 

lactone. Since methylation of the hydrolysis product with dlazomethane, fortunately, reproduced 

only the original methyl ester 13a. this result allowed us to assign the deplcted stereostructure 

13b to this acid. Hydrogen peroxide oxidation of 13b yielded butenolide 14a as expected, and no 

isomeric olefl" was not detected. The product 14a was then acetylated to give 14b for protection 

of its hydroxyl group against oxidative conditions in the next step. 

According to Kochi's procedure, 9 the carboxylic acid 14b was decarboxylated with lead tetra- 

acetate in the presence of cupric sulfate in benzene, giving diacetate 15a and three olefins 16a- 

16~ (38:25:15:23) in moderate combined yield. After chromatographlc separation, the structure of 

each product was assigned by coupling patterns in the 1H NMR spectrum (see Experimental). Under 

mild conditions, the desired olefin 16a was hydrolyzed with potassium carbonate to give allylic 

alcohol 1Ba. which was also derived from the diacetate 15a by a sequence of reactions, partial 

hydrolysis with potassium carbonate giving 15b. Collins oxidation followed by treatment with 

triethylamine leading to 17, and reduction with sodium borohydride. 10 

When epoxidation of L&I, the flnal step, was performed with t-butyl hydroperoxlde using 

bis(acetoacetonato)oxovanadium (IV)" as catalyst, the oxidation product obtained was 17. By 

replacing the vanadium catalyst with bis(acetoacetonato)oxomolyWenum (IV),12 lea afforded 

paniculide A (1) as identified by direct comparison of spectral data and of behavior on thin layer 

chromatography with those of a" authentic sample. 
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Melting points are uncorrected. IR spectra were obtained with a JASCO A-3 spectrophotometer 
in CHC13, unless otherwise described. 1H NHR spectra were recorded on a JEOL PS-100 (100 MHz1 
spectrometer, except where noted, in COC13. Chemical shift are reported as 6 values relative to 
tetramethylsilane as internal standard, and coupling constants (2) are given in hers. A JEOL 
JMS-OlSG-2 high resolution mass spectrometer was used for accurate mass mSaSurementS. Column 
chromatography was performed by using silica gel (Merck, kieselqel 60, 70-230 mesh), and kieselgel 
GF254 was employed for preparative thin-layer chromatography (TLC) as a" absorbent. Solvent sys- 
tems used are shown in parentheses. Anhydrous HqS04 was employed to dry extracts. 

2,4,5,6,7,7a(y-Eexahydr~7~-h~~-CU--nethoxycarbonyl-6~-~ethyl-3-phenylthio-l-benwfura"-2- 
one (6al and Its 6- and 'la-Epiaers (6b and 6~). A solution of methyl propionate (13.2 q, 0.15 
mol) in THF (50 mL) was added dropwise to a solution of LDA, which was prepared from a hexane 
solution of BuLi (0.17 mol) and a THF solution (100 mL) of diisopropylamine (18.2 q, 0.18 mol), 
at -78 OC. After stirring had been continued for a" additional 1 h, ethyl formate (16.65 q, 
0.225 no11 in THF (30 mL1 was added and stirred for 1 h at the same temperature. The mixture was 
diluted with water and extracted with ether, and the aqueous layer was acidified with dilute HCl 
at OOC. The product was extracted with CH2C12, and the extract was washed with brine and dried. 
Removal of the solvent afforded a" oil, which was distilled (bp 66-69OC at 40 mmHq) to give 5 (6.9 
g, 40%) as a tautomeric mixture, IR 3600-2500, 1750, 1710, 1672 1615 cm-1~ 'H NMR 1.33 (d, 1H. 
J=8,, 1.67 (br s, 2Hl. 3.43 (q, 0.33H, J=8,, 3.75 (br s, 3H). 6.94 (br s, 0.66H), 9.75 (s, 0.33H), 
7.05 (br S, 0.66H). 

KF (35 mg, 1.1 mm011 was added to a stirred solution of 5 (116 mg, 1 mm011 in a mixture of 
DMSO-DME (2:1)(4 mL) at 0 OC, and a solution of 4' (109 mq, 0.5 mmoll in the same mixed solvent (2 
mL) was then added. After being stirred for 2 h, the mixture was poured rnto ice-dilute HCl, and 
the product was extracted with CH2C12. The extract was washed with NaHC03, water and brine, and 
dried. Concentration gave crystals, whrch was separated by TLC (CH2C12, 1O:ll to afford 6a (87 

mg. 52%). 6b (28 mg, 17%). and 6c (12 mg, 7%) slightly contaminated with 6a as shown by 'H NMR. 
6a: mp 161-162 
1H NMR 1.33 (s, 

OC (recrystallized from CH2C12-hexanelt IR 3600, 3310, 1758, 1730, 1638, 1585 cm-'1 
3H1, 3.16 (d, lH, 5=4), 3.75 (s, 3H). 4.01 (t, lH, 5=4), 4.99 (d, 1H. 5=4), 7.1- 

7.4 (m, 5H). Anal. Calcd for C, 61.06; H, 5.43; S, 9.59. Found: C, 60.79; H, 5.36~ S, 9.43. 
6b: mp 138 OC (recrystallized from ether-hexane); IR 3600, 3420, 1762, 1738, 1640, 1585 cm-18 'H 
NMR 1.35 (s, 3H). 3.70 (s, 3H). 4.50 (d, 1H. 5=4), 4.98 (d, 1H. 5=4), 7.0-7.5 (m, 5Hl. 6~: mp 110 
OC (recrystallized from CH2C12-hexanel; IR 3590, 3380, 1775, 1760, 1735, 1635, 1585 cm-l; 1H NMR 
1.38 (S, 3H), 3.70 (5, 3H). 3.89 (dd, 1H. J=9 and 31, 4.84 (d, lH, J=9) 7.2-7.5 (m, 5H). For 6c, 
a NOE (16%) was observed between signals at 6 1.38 and 3.89 on irradiation of the former. A 
sample sufficiently purified on recrystallization showed again a spot of 6a on silica gel thrn- 
layer chromatography. 

2,4,5,6-Tetrahydro-6-re~~carbonyl-6-methyl-3-phenylthio-l-benzofuran-2-one (7). To a 
stirred solution of a mixture of 6a-6c (87 mq, 0.26 mmol) in pyridine (2 mL1 was added SOC12 
(0.05 mL) at 0 OC, and the mixture was stirred for 1 h. The reaction mixture was poured into 
ice-dilute HCl. The product was extracted with CH2C12, and the extract was successively washed 
with dilute HCl, NaHC03, water, and brine, and dried. The oily residue obtained by evaporation 
was purified by TLC (CH2C121 to yield 7 (57 mq, 69%) as a" oil; IR 1780, 1732, 1662, 1600 cm-'8 1H 
NMR 1.38 (s, 3H1, 3.66 (s, 3H). 5.88 (s, IH), 7.18-7.45 (m, 5Hl. 
64.54~ H, 5.01 S, 10.14. Found: C, 64.72~ H, 4.84~ S, 10.03. 

Anal. Calcd for C17H1604S; C, 

On the other hand, 6a (302 mql yielded 7 (274 mg, 96%) under the same conditions. 
2,4,5,6-Tetrahydro-~-hydrory-6a-methorycarbonyl-66-rethyl-l-benzofuran-2-one (8al and Its 4- 

Epimer (&lb). A solution of E-chloroperbenzoic acid (1.05 g, 4.85 mmol) in CH2C12 (7 mL) was 
added dropwise to a solution of 7 (1.46 g, 4.6 mmol) in CH2C12 (20 mL1 at 0 OC. After being 
stirred at the same temperature for 30 min. the mixture was filtered, and the filtrate was washed 
with NaHC03, water and then brine, and dried. The crude sulfoxide obtained by evaporation was 
dissolved in a mixture of pyridine (18 mL) and water (3.6 mL) and heated at 35-37 OC for 1.5 h. 
The resulting mixture was poured into ice water and extracted with CH2C12. The extract was washed 
with dilute HCl, water and brine, and dried. The removal of the solvent afforded a" oil, which 
was separated by silica gel column chromatography. 
mg, 34%) and 8b (283 mq, 27%). mp 76-77 

Elution with CH2C12-ether (2:l) gave Ba (354 
OC (recrystallized from ether-hexanel. 

3140, 1778, 1755, 1730, 1672, 1620 C”l-‘J ’ 

8a: IR 3450, 
H NMR 1.48 (s, 3H1, 1.71 (t, 1H. J=l2,, 2.64 (q, 1H. 

2=12.51, 3.70 (s, 3H), 5.01 (br m, lH1, 5.75 (br s, lH1, 6.14 (t, lH, 5=2). Exact mass: (&I) 
(i'alcd for CllH1205, 224.0684. Found, 224.0687. 8b: IR 3425, 3120, 1790, 1740, 1672, 1620 cm-'1 
H NMR 1.49 (s, 3H1, 2.1-2.8 (m, 2H). 3.83 (s, 3H1, 4.00 (br m, lH1, 5.03 (dd, 1H. J=12 and 61, 

6.03 (d, lH, 5=2), 6.13 (t, 1H. 5=2). 
C.59.12, H.5.43. 

Anal. Calcd for CllH1205: C.58.92~ H.5.40. - Found: 

2,~,5,~-Tetrahy&o-66-rethyl-l-beneofuran-2-one-6a,4a-carbolactone (9). A solution of 8b 
(108 mg, 0.48 mmoll and a catalytic amount of e-toluenesulfonic acid in benzene (3 mL) was re- 
fluxed for 2.5 h. The resulting mixture was diluted with CH2C12 and washed with NaHC03, water 
and brine, and dried. Recrystallization of the evaporation residue from methanol afforded 9 (54 
mg, 58 $1 as faint yellow crystals, mp 176-177 OCJ IR (KBr) 1795, 1762, 1660, 1622 cm-'1 IH NMR 
(C5D5N) 1.43 (s, 3H), 2.30 (d, lH, J=ll,, 2.49 (dd, 1H. J=ll and 51, 5.85 (d, 1H. 2=51 6.34 (m, 
1H). Anal. Calcd for C10H804: C, 62.501 H,4.20. Found: C, 62.19~ H, 4.15. 

Conversion of 8b into 8a. To a stirred solution of 8b (140 mg, 0.63 mmoll, triphenylphos- 
phine (246 mg, 0.94 mmol) and acetic acid (57 mg, 0.94 mmoll in THF (2 mL1 was added a solution of 
diethyl azodicarboxylate (164 mg, 0.94 mmoll in THF (1 mL) at room temperature. After being 
stirred at the same temperature for 15 h, the mixture was poured into water and extracted with 
CH2C12. The organic layer was washed with NaHC03, water and saturated brine, and dried. Removal 
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of the solvent afforded an oil (622 mg), which was purified by TLC to give an oil (126 mg, 76%). 
A solution of the product (100 mg, 0.376 mm011 and 6M HCl (0.7 mL1 in dioxane (1.5 mL1 was stirred 
for 20 h at 30 OC. After dilution with water, the product was extracted with CH2C12, and washed 
with NaHC03, water and brine, and dried. Evaporation of the solvent afforded an oil, which was 
purified by TLC (CH2C12-ether, 2:l) to provide an oil (70 mg, 83 01. The product was identified 
as Ba spectroscopically. 

2,4,5.6~trahydrrr~-~-butyldimethylsiloxy-6a-aethorycarbonyl-6~rethyl-l-benzofuran-2-one 
(8c). A mixture of 8a (400 mg, 1.8 mmol), t-butyldimethylsilyl chloride (400 mg, 2.6 mmol) and 
imidazole (360 mg, 5.3 mmol) in DMF (8 mL1 was stirred at room temperature for 2.5 h. The 
resulting mixture was poured into water and extracted with CH2C12. The extract was washed with 
water and brine, and dried. After concentration, purification of the residue by silica gel 
column chromatography (CH2C121 afforded 8c A15B1mg, 92%) as crystals, mp 62-63 OC (recrystallized 
from ether); IR 1780, 1732, 1670, 1622 cm ) H NMR 0.16 (s, 3H1, 0.95 (s, 3H). 1.28 (s, 3H1, 1.73 
(t, 1H. J=12,, 2.56 (dd, 1H. J=12 and 61, 3.67 (s, 3H1, 4.98 (ddd, 1H. 5=12.6 and 21, 5.70 (br s, 
lH1, 5.97 (t, 1H. 5521. Anal. Calcd for C17H2605Si: C, 60.33r H, 7.74. Found: C, 60.75; H, 
8.05. 

2,4,5,6,7,7~-Heexahydro-4~-t-butyldimethylsiloxy-6a-rethorycarbonyl-6--rethyl-l-benzofuran-2- 
one (lOa). TO a stirred solution of K2C03 (810 mg, 5.9 mmol) and NaBH4 (180 mg, 4.8 mmol) in a 
mixture of water (7 mL) and methanol (2 mL1 was added a solution of 8c (390 mg, 1.15 mmol) in DME 
(4 mL1 at room temperature. After being stirred for 1 h, the mixture was acidified with dilute 
HCl at 0 OC and CH2C12 was then added. The mixture was stirred at the same temperature for an 
additional 10 min. The resulting mixture was diluted with water and extracted with CH2C12. The 
extract was washed with saturated brine, and dried. Evaporation of the solvent left an oil, 
which was separated by TLC (CH2C121 to afford recovered 8c (94 mg1 and 10a (168 mg, 43%) 57% based 
on consumed 8~1, mp 83-84 OC (recrystallized from ether-hexane)J IR 1785, 1748, 1735, 1660 cm-18 
'H NMR 0.12 (6, 6H1, 0.95 (s, 9H). 1.32 (6, 3H), 2.58 (ddd, 1H. 5=13.6 and 21, 2.90 (ddd, 1H. 
2=13.6 and 21, 3.74 (6, 3H1, 4.59 (ddd, 1H. 2=12.6 and 21, 4.87 (ddd, 1H. 5=12.6 and 21, 5.88 (t, 
1H. 5=21. Anal. Calcd for C 17H2805Si: C, 59.971 H, 8.29. Found: C, 60.17; H. 8.51. 

2,3,3aa,4,5.6,7,7a-Octahydro-4~-~-butyldimethylsiloxy-6a-methoxycarbonyl-~-rethyl-l-benzo- 
fucan-2-one Ella) and its 3a(7a)-Epimer (llbl. a) NaBH4 (88 mg. 2.27 mmol) was added portionwise 
to a stirred solution of 10a (153 mg, 
methanol (1.5 mL1 at 0 oc. 

0.45 mmol) and NiC12 hexahydrate (27 mg, 0.11 mmol) in 
After being stirred at the same temperature for an additional 2 h, 

the mixture was acidified with dilute HCl at 0 OC, and extracted with CH2C12. The extract was 
washed with NaHC03, water and brine, and dried. Evaporation of the solvent gave an oil, which 
was purified by TLC (CH2C12-ether 2O:l 

-2 lized from ether)) IR 1770, 1730 cm J 

t? afford lla (153 mg, 100 91, mp 115-116 OC (recrystal- 
H NHR 0.05 (s, 3H). 0.07 (6, 3H1, 0.88 (s, 9H1, 1.26 (s, 

3H1, 3.69 (s, 3H). 3.90 (dt, 1H. J=ll and 5.51, 4.76 (dt, lH, J-10 and 6). Anal. Calcd for 
C17H3005Si: C, 59.621 H, 8.83. Found: C, 59.811 H, 9.81. 

b) A solution of 8c (403 mg, 1.2 mmol) in ethanol (15 mL1 was hydrogenated over 5% Pd-SrC03 
under atmospheric pressure at room temperature until uptake of hydrogen ceased. Filtration 
followed by evaporation of the reaction mixture afforded an oil, which was separated by TLC 
(CH2C12-ether, 2O:l) to give lla (269 mg, 66%) and lib (94 mg, 23.10). mp 110-111 'C (recrystal- 
lized from ether)J IR 1768, 1725 cm -‘J 'H NMR 0.12 (6, 3H1, 0.15 (6, 3H1, 0.87 (6, 9H), 1.26 (s, 
3H). 3.65 (6, 3H), 3.76 (ddd, lH, z-11.9 and 41, 4.55 (br dd, 1H. J=lO and 41. Anal. Calcd for 
C17H3005Si: C, 59.62; H, 8.83. Found: C, 59.451 H, 8.55. 

2.3,3aC1,4,5,6,7,7aa-~-~-Butyldi~ethylsiloy-~-~e~y~~yl-~-methyl-3a-~4-rethyl-3- 
pmntenyll-1-bensofuran-2-one (12a). A solution of lla (410 mg, 1.2 mmol) in THF (2 mL1 was added 
dropwise to a solution of LDA, prepared from BuLi (3 mmol) and diisopropylamine (0.5 mL1 in THF (2 

mL1, at -78 OC. The mixt#e was allowed to warm up to -20 OC over 1.5 h, and HMPT (0.2 mL1 and 
l-lodo-4-methyl-3-pentene (1 mL, S mmol) was added. After being gradually warmed up to 0 OC 
over 1.5 h, the mixture was treated with saturated NH4C1 and extracted with CH2C12. The extract 
was washed with water and brine, and then dried. Removal of the solvent provided an oil, which 
was purified by TLC (CH Cl 1 to give 12a (410 mg, 81%). mp 78 

2 -II 1 
OC (recrystallized from hexane- 

ether)! IR 1765, 1728 cm H NMR 0.07 (6, 3H), 0.09 (s, 3H). 0.87 (8, 9H). 1.25 (6, 3H), 1.59 
(br s, 3H1, 1.66 (br 6, 3H1, 3.67 (s, 3H1, 3.88 (dt, lH, J-11 and 4.551, 4.65 (dt. 1H. J-11 and 

71, 5.03 (br t, 1H. 5=61. Exact mass: Calcd for C23H4005Si, 424.2643. Found 424.2598. 
2.3,3aa,4,5,6,7,7aa-Octahydro-4~-hydroxnten- 

yll-1-benzofuran-2-one (12b). After a mixture of 12a (212 mg. 0.5 mmol), Bu4NF (1.5 mmol), and 
THF (2.5 mL) had been stirred at room temperature for 1 h, the reaction mixture was poured into 
ice water and extracted with CH2C12. The extract was washed with water and saturated brine, and 
dried. Removal of the solvent left an oil, which was purified by TLC (CH2C12-ether, lo:11 to 
afford 12b (149 mg, 96 $1, mp 90-91 OC (recrystallized from hexane-ether)1 IR 3610, 3500, 1765, 
1725 cm-'? 1H NMR 1.27 (s, 3H). 1.61 (s, 3H1, 1.68 (6, 3H). 3.67 (6, 3H). 3.98 (m, lH), 4.67 (dt, 
1H. IL=10 and 71, 5.08 (br t, lH, 5=71. Anal. Calcd for C17H2605: C, 65.75) H, 8.44. Found: C, 
65.71~ H, 8.84. 

2.3.m 4 5 6 7 7a~-OctahydrcrQB-by&oxy-6a-retho~carbonyl-~-methyl-3B-(4-aethyl-3-penten- ,.#., 
yl)-3 -phenylselenanyl-1-bnzofuran-2-one (13a). To a solution of LDA, prepared from BuLi (4.46 
mmol) and diisopropylamine (0.7 mL) in THF (2.5 mL1, was added dropwrse a solution of 12b (360 mg, 

1.16 mmol) in THF (1.3 mL1 containing HMPT (0.8 mL1 at -78 OC. After being warmed up to -20 OC 
over 1.5 h, the mixture was cooled to -55 OC, and the resulting enolate solution was quenched by 
the addition of benseneselenenyl chloride (1 g, 5.2 mmol) in THF (2 mL1. The temperature was 
raised again to -30 OC, the mixture was treated with aqueous NH4Cl and extracted with CH2C12. 
The extract was washed with water and saturated brine, and dried. Evaporation left an oil, which 
was purified by TLC (CH2C12-ether, 1O:l) to give recovered 12b (86 mg, 24 $1 and 13a (267 mg, 50%; 
65% based on consumed 12b). mp 134-135 +_ (recrystallized from ether); IR 3610, 3500, 1755, 1728 

cm-'1 'H NMR 1.30 (6, 3H), 1.64 (br 6, 3H), 1.67 (br 6, 3H), 3.68 (6, 3H). 4.26 (br m, 1H). 5.01 
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(m, 1H). 7.2-7.7 (m, 5H). Anal. Calcd for C22H3005Se: C, 59.351 H, 6.50. Found: C, 59.60; ii, 
6.29. 

2,4,5,6,7,7aa-~eexahydro-6Q-carbory-46-hy&ory-~-~ethyl-3-~4-rethyl-3-pentenyl~-l-benzofuran- 

2-one (14a). A solution of 13.x (464 mg, 1 mmol) in 10% ethanolic KC4 (10 mL) was refluxed for 3 
h. After cooling ln an ice bath, the reaction mixture was diluted with water and then acidified 
with dilute HCl at 0 OC. After being stirred at the same temperature for 30 mln, the product was 
extracted with CH2C12, and the extract was washed with water and saturated brine, and dried. 
Evaporation left crude 13b (473 mg) .ss an oil. A small amount of 13b III methanol was treated 
with a slight excess of ethereal dlazomethane, and the product isolated in usual manner was shown 
to be homogeneous on silica gel thin-layer chromatography and identified to be 13a by spectral 
comparison. 

H202 (30%. 0.6 mL) was added dropwise to a solution of the above crude 13b (473 mg) in THF (6 
mL) containing acetic acid (2 drops) at 0 OC. After being stirred at room temperature for 30 
m1n, aqueous NaHC03 was added to the mixture, and the product was extracted with CH2C12. The 
extract was washed with saturated brine and dried. Removal of the solvent left an 011, which was 
purified by TLC (CH2C12-ether, 1:l) to give oily 14a (203 mg, 690 from 13a)r IR 3450, 1740, 1700, 
1620 cm-'; 'H NMR 1.38 (s, 3H), 1.60 (br s, 3H), 4.77 (m, 2H). 5.20 (br t, 1H. J=8,, 6.30 (br, 
1H). 

Decarboxylation of 14a with lead tetraacetate. A solution of 14a (143 mg, 0.49 mmol), 
acetic anhydrlde (0.5 mL) and 4-(N,N-dlmethyl)aminopyrldine (98 mg, 0.8 mmol) in CHC13 (2.8 mL) 
was allowed to stand at room tern-ETature for 15 h. Methanol (0.5 mL) was added at 0 OC and the 
mixture was then diluted with water. The product was extracted with CH2C12 and the extract was 
washed with aqueous HCl, water and saturated brine, and dried. Removal of the solvent afforded 
14b (163 mg) as an oil. A mixture of the acetylatlon product, CU(OAC)~ monohydrate (3 mg, 0.015 
mmol) and pyridine (2 drops) In benzene (4 mL) was stirred at room temperature for 10 min. and 
then Pb(OAcj4 (295 mg, 0.66 mmol) was added. After the mixture had been stirred at room temper- 
ature for 25 min and then at 85 OC for 30 mln, an additlonal portion of Pb(OAc)4 (140 mg, 0.32 
mmol) was added, and stirring was continued at the same temperature for an addrtional 1 h. The 
resulting mixture was diluted with ether and passed through a short silica gel column. Removal 
of the solvent afforded an oily residue, which was separated by TLC (hexane-ether, 25:lO) to give 
16a (16 mg, 180); IR 1750, 1690 cm-1~ 1H NMR 1.58 (s, 3H). 1.68 (s, 3H), 1.77 (s, 3H). 2.16 (5, 
3H). 5,09 (br m, lH), 5.25 (br m, lH), 5.65 (br s, 
IR 1750, 1685 cm-18 1H NMR 1.58 (s, 

1H). 5.85 (dd, 1H. J=9 and 71, 16b (10 mg, 7%); 
3H). 1.68 (s, 3H), 1.82 (s, 3H), 2.16 (s, 3H). 4.92 (dd, lH, 

J=lO and 6). 5.08 (br m, 1H). 5.48 (br s, lH), 6.34 (br s, 1H). 16~ (15 mg, 110); IR 1748, 1680, 
915 cm-11 1H NMR 1.57 (s, 3H), 1.68 (s, 3iI). 2.16 (s, 3H). 4.58 (dd, 1H J=ll and 41, 5.11 (m, 
3H). 5.62 (dd, lH, 5=12 and 7). and L5a (30 mg, -f 1 18%): IR 1745, 1685cm ; H NMR 1.67 (s, 3H), 1.70 
(s, 3H). 1.77 (s, 3H). 2.11 (s, 3H). 2.14 (s, 3H). 4.88 (dd, 1H. 5=12 and 6). 5.14 (br m, 1H). 
5.88 (dd, 1H. J= 12 and 6). 

2,4,7,7aQ-Tetrahy&o-4~-hydroxy-6-lethyl-3-~4-~e~yl-3-~ntenyl~-l-~n~f~an-2-one (18a). 
(a) To a suspension of K2C03 (8.5 mg, 0.06 mmol) In dry methanol (0.3 mL) was added a solution of 
16a (16 mg, 0.085 mmol) in methanol (1.5 mL) at -10 oC. After being stirred at the same temper- 
ature for 1 h, the reaction mixture was neutralized with dilute HCl. After dilution with water, 
the mixture was extracted with CH2C12, and the extract was washed with saturated brine and dried. 
Removal of the solvent afforded an oil, which was purified by TLC (CH2C12-ether, 1O:l) to give lea 
(8 mg, 60%): IR 3555, 3475, 1746, 1678 cm-l: 1H NMR 1.55 (s, 3H). 1.68 (s, 3H). 1.79 (s, 3H). 4.84 
(dd, 1H. J=lO and 7). 5,13 (br m, lH), 5.50 (br m, 1H). 
Found 248.1394. 

Exact mass: Calcd for C15H2003 248.1410; 

(b) A solution of 15a (30 mg, 0.086 mmol) in dry methanol (1.3 mL) was added dropwise to a 
suspension of K2C03 (12 mg, 0.086 mmol) in dry methanol (0.7 mL) at -10 OC. After being stirred 
for 25 min, the mixture was acidified with dilute HCl and extracted with AcOEt. The extract was 
washed with saturated brine, dried, and evaporated to give an oil 
(CH2C12-ether, 1O:l) to give 15b (20 mg); IR 3480, 1742, 1675; f 

which was purified by TLC 
H NMR 1.59 (s, 6H). 1.71 (s, 3H), 

2.02 (s, 3H). 4.65 8m. ZH), 5.18 (br t, lH, J=8). 
A mixture of dlpyridine-chromium trioxlde (84 mg, 0.325 mmol) and 15b (20 mg, 0.065 mmol) in 

CH2C12 (1.2 mL) was stirred at 0 OC for 20 min and diluted with ether. The mixture was passed 
through a short silica gel column. The eluate was concentrated to give an oil. A solution of 
the oil in CH2C12 (1 mL) containing triethylamine (3 drops) was stirred at 0 +_ for 30 min. The 
resulting solution was diluted with CH2C12 and washed with saturated brine, and dried. Removal 
of the solvent afforded an oily 17. 

A solution of the crude 17 in methanol (0.5 mL) was added to a solution of NaBH4 (2 mg) in the 
same solvent (0.5 mL) at 0 OC, and the mrxture was stirred at the same temperature for 30 min. 
The mixture was acidified with dilute HCl and extracted with CH2C12. The extract was washed with 
brine, dried, and evaporated to afford an oil, 
give 18a (8 mg, 

which was purified by TLC (CH2C12-ether, 1O:l) to 
38 % from 15.x) as identified by spectroscopic comparison. 

Paniculide A (1). t-Butyl hydropsroxide (4 IJL) was added dropwise to a solution of 18a (6 
mg, 0.024 mmol) and a catalytic amount of M00(acac)~ 
mixture was heated at 70 'C for 1 h. 

in benzene at room temperature, and the 
After addition of aqueous NaHC03, the resulting mixture was 

diluted with water, and extracted with CH2C12. The extract was washed with saturated brine, 
dried, and evaporated. The residue was purified by TLC (ether) to provide crystals (2 mg, 30 B), 
mp 97 OC (recrystllized from methanol), which was identified as 1 by comparison of its IR and 'H 
NMR spectra and of behavior on TLC with those of the natural specimen. 
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