
l-twahedm Vol. 44. No. 21. pp. 6745 10 6749. t988 
Printed in Great Britain. 

8I~IMETIC SYNTHESIS OF 1,10-SEC-EUDESW\NOLIDES 

ANTDNIO GONZALEZ$ANTONIO GALINDO,HORACIO MANSICLA and ANGEL TRIGOS 

Centro de Productos Naturales Orgcinicos "Antonio Gonz~ler" 
La Laguna,Tenerife,SPAIN 

~R~ceiv~~ in UK 5 August 1988) 

Abstract- The l-hydroperoxy-eodesmanolides 9,10,21 and 22 were prepared, 
then converted to l,lO-see-eudesmanolides via hydroperoxide transposition 
and/or homolytic fragmentation.The possible biogenetic significance of 
these processes is discussed. 

The 1,13-see-eudesmanolides are a small group of sesquiterpene lactones,three of which, 

eriolanin (l),eriolangin (2)' and ivangulin (3)* have already been synthesired.3 
OH 

2 R=-OTig 3 

Herz suggested4 that the biogenesis of the l,lO-set-eudesmanolides could develop along the lines 

shown in Scheme I: 
SCHEME I 

1 (2) 

To check if this is so5,the l-hydroperoxy-eudesmanolides 9 and 10 were prepared from vuigarin (6)' 

which was treated with Zn-HOAc,followed by reduction,hydrogenation and oxidation,;0 yield 7 f48%)? 

The method described by Cagliotti et a18was then applied to 7 which was treated with 

tosylhydrazine,diborane and sodiutl ?e~oxide-hydrogen Pecoxide to give the epirners 9 and 10 (8:10, 

46%),which~when reduced with Ph33,gave the alcohols 11 and 12 (Scheme II). 

SCHEME II 

a-d e-9 

11 R=a-OH 
12 R-s-OH 
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If 9 was treated with Ac20-py or HClO4-HOAc,ketone 7 was obtained in 87% or 62% yields,res;ler:ivpOly, 

the result of a hydroperoxide transposition,with a hydride migration instead of the desired B ’ 
migration9.1ts e?imer,lO,reacted identically,and neither showed any signs of fragmentation products, 

in apparent contradiction of Her-z' hypothesis. 

However,when ~eS04-Cu(OAc)2'o was applied to 9 or 10,aldehyde 15 was obtained (59%) and could be 

converted to ester 16 by oxidation and diazomethane esterification.The C,o-Me stereochemistry was 

determined as a on the basis of the absence of NOE between H-6 and &o-Me. 

Q;- (JJ+:g;-R 

9 1'01 13 14 
16 R=OMe 

The reaction may take place through the alkoxy radical which undergoes 8-fragmentation to generate 

a'dehyde 15.This ,oossibility is favoured by the fact that alcohol 12,when treated with LTA-12"or 

with iodosobenzene diacetate-I, 12,yields the unsaturated aldehyde 17a (72 and SS%,respectively). 
Rex 
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17a 69(10) ;R=H 
0 

17b ~9(101 ;R=OMe 
18 a'otl4);R=OMe 

19 X=leaving group 

Enzymatic transformations of hydroperoxides to aldehydes in various plantslJ have been observed 

and may be the pathway to the formation of l,lO-see-eudesmanes.However it is difficult to reconcile 

the results given above with the hydroperoxide-type transpositions provoked by the "hydroperoxy 

cleavage enzyme or lyase' in linoleic acid 9- or 13-hydroperoxides, since on'y the volatile 

aldehydes.cis-3-nonenalor hexanal,are generated in,;hese processes,together with the corresponding - 
9-oxo-nonanoic and 12-oxo-cis-dodecenoic fragments ,which would appear to rule out the - 
possibility of a homolytic fragmentation. 

A second hypothesis of Hera2 is that the l,lO-set-eudesmanolides may be formed from a eudesnane 

precursor such as 19 by a ;Irocess similar to that proposed by tfarton et al for the biogenesis of 
15 

nycthantic and dammarenolic acids . 
We therefore decided to prepare an analog of 19 and test the feasibility of its transformation to 

l,lO-set-eudesnanolides. 

It is welt known that geninal hydroxyhydroperoxideshave variable stability 
16 , while alkoxy- 

hydroperoxides are considerably more stable.The coiflpound chosen as model was 21 (X=OH ,R=Me',and 

it was thought that it could be prepared by ozonolysis of the olefin 20 in the presence of 

methanol" .This olefin was prepared from ketone 7 by the Wittig reaction and was then subjected to 

ozonolysis (CH2C12-anhydrous MeOH,5:1,-78"Cl.The crude from the reaction was treated with Ac20-py 

and after concentration at low temperature 18 ,the hydroxymethyl ester 23 was obtained in 43% yield 

and its structure was established by a detailed snectroscopic study and coM,oarison with an 

authentic sample prepared from 7 by treatment with MCPBA and subsequent methanolysis of the 

t-lactone 24 with K2C03 in methanol. 

21 R=6-OOH;R'=a-OMe 
22 R-B-OTBDMS;R'=o-OOH 

23 R=OH;R'+e 24 
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When 21 was fragmented by treatment with FeSO4-Cu(OAc12,the methyl ester 16 and the olefins 17b 

and 18 (10:8] were obtained and identified by comparison with authentic samples prepared from 23 

by dehydration with SOC12-py. 

As it proved impossible to isolate the intermediate alkoxyhydroperoxide 21,all attempts to do so 

only affording the starting ketone&. a compound analogous to 21 was prepared.The t-butyldimethyl- 

silvl enol ether of 7 was prepared (97%) and then treated with anhydrous hydrogen peroxide and 

TFA2' to yield the l-silyloxy-1-hydroperoxy derivative 22 (79%) which,when treated with Ac20-py, 

gave the dilactone 24 (84%).When 21 was cleaved with FeS04-Cu~OAc)211'1*,methyl ester 16 (50%) was 

obtained after esterification with diazomethane. 

The results obtained seem to support the hypothesis that the l,lO-see-eudesmanolides may be 

derived from l-hydroperoxy-l-hydroxy-eudesmanes via a hydroperoxide transposition essentially 

equivalent to a Baeyer-Villiger oxidation 
14 .Less likehood attaches to the implication of the 

1-hydroperoxy-eudesmanes as precursors,due to the preferred migration of the hydrogen on the 0 
1,lO 

b nd.tlowever it is necessary to add that mono-oxygenases capable of converting ketones to lacton2e;, 

are known21 ,with some discrepancies between the chemical and enzymatic results,as Chapman et al 

have shown in the microbial conversion of fenchone by the action of species of Coryneabacterium. 

EXPERIMENTAL 

Mp's were determined using a Kofler hot-plate and are uncorrected.1.r. spectra were recorded on a 
Perkin-Elmer 257 and n.m.r. spectra were taken at 90 MHz on a Perkin-Elmer R-123 and at 200 MHz on 
a Bruker POOSY,with CDC13 as solvent.Mass spectra were measured on a VG Micromass ZAB-2F.Unless 
otherwise stated,column chromatography was carried out using Merck silica gel (0.065-0.2 mn). 
Preparation of 7 a)A solution of dihydrosantamarin (prepared from vulgarin as described in 
reference ar(T.64 g] in EtOAc was hydrogenated for 24 h at room temperature and atm. pressure 
using Pd-C (lo%,100 mg) as catalyst.After filtration of the catalyst through celite,the resulting 
solution was concentrated and chromatographed.Elution with a 1:l hexane-EtOAc mixture afforded 
tetrahydrosantamarin (121 (1.61 g,97%],mp=165-167" (hexane-Cll2C12) (lit24:169"];[a]0+36.5 (CHC13, 
0.231. H nmr:a ppm 4.02(lH,dd,J=9.9 and 9.8 Hz,ti-6),3.33(lH,br s,H-11,1.23(3H,d,J=6.9 Hz,Cll-Me), 

m/z 237.1498 CM+-Me.C 
l.O213H,s,C 0-~~e),l.OO(3H,d,J=7.6 Hz,Cq-Me).Ir:vma (CHC13)cm~1,3600(OH),1760~~-lactone~.~.r.m~s., 

t+lO3).234.1498 (M+-Ii O,Cl5fi2202]. 
b)A solution of tetra ydrosantamarin (1.26 g 1p 5 in acetone (20 ml] was oxidized at 0' with Jones' 
reagent until the orange colour persisted.The resulting solution was poured over ice and NaHCO3- 
saturated solution,extracted with C 

?I 
Cl2,washed with water,dried over anhydrous Na2SO4, 

concentrated and chromatographed wit hexane-EtOAc f7:3] as eluent.7 (1.14 g,9l%f was obtained: 

Preparation of 9 and 10 a1To a solution of 7 
tosylhydrazine T58Gnjj7'and concentrated HCl 
distilled and 20 ml of distillate was collected.Removal of the remaining solvent at reduced 
pressure yielded tosy~hydrazone as a pale yellow oil.Attempts to crystailize produced signiFicant 
decomposition to the ketone 7.H nmr:a ppm 8.10(1H.s,-NH-],7.68(2H,d,J=8.3 Hz.aromatics],7.35 (2H, 
d,J=8;1 Hz,aromatics),3.96(1H,dd,J=9.8'and 11.3 Hz,H-6),2;43(3H,s~Me-CgKq-),1.22(3H,d,J~6.8 Hz, 
C -Mef,l.l3(3H,s,Cl -Me),1.10(3H,d,J=7.4 Hz,C4-Me).Ir:~ax 
b~~osylhydrazone in ? 

(film)Eiii-1,3290(-NH-) 1760(T-lactone]. 
etrahydrofuran (6 ml] was treated with 1 M diborane solution'in THF (6 ml) 

for 35 min at 0" and under argon.EtOH (15 ml) was added and after 30 min,the solvent was removed 
at reduced pressure.The oily residue was dissolved in Et20 (30 ml],and H202 (30%,30 ml] and Na202 
(351 mg) were added.The mixture was stirred at r.t. for 24 h.then diluted with water and extracted 
with Et2O.The soln was dried over Na2SO4 and evaporated under reduced pressure.The oily residue 
was chromatographed with hexane-EtOAc mixtures (9:l and 7:3f as eluents.8 (72 ng,lO% based on 71: 
mp=153-155" {hexane-CH2Cl );[a] 
1.20(3H d J=6.9 Hz Cll-Me? ! 

+57.6' 
,1.02 

[CHC13,0.30].H nmr:a ppm 3.92(1H,dd,J=11.7 and 9.6 Hz,H-6], 
3H,s,C 0-Me),0.99(3H,d,J=7.5 Hz,C4-Mel.Ir:vmax (CHC13]cm-1,1750 

(~-lact~n~).H.r.m.~.,m/z 236.1174 (M+,&l6H2 02),221.1545(~-Me,C 
based on mixture reduction to the correspon 1. lng alcohols;370 mg, 

H 102).Compounds 9 and 10 f8:lO 
!%%20verall yield based on 7). 

Compound 9 was obtained from the mixture by crystallization with hexane-CH Cl :mp=156-159';[=]0 
+lOl" (CHCl ,0.20l.H nmr:d ppm 7.79(1H,br s,HOO-,removed by 020 exchange], 
~z,H-6),3.6~(lH,br s,H-1),1.17(3H,d,J=6.7 Hz~Cll-Me],l.O7(3H,s,C 

$.9g(lH,dd,J-9.9 and 9.8 

v ,nax iCHC13~cm-l,3520~00H~,176O~~-lactone~.H.r.m.s.,m/z 235.157 
~?-Me),l.OO~3~,6.7 Hz,C4+le!.Ir: 
I@-OOH,ClSH 302).Mother-liquor 

chromatography with hexane-EtOAc (7:3) as eluent yielded compound 10 as an 01 :H nmr:a ppm 8.02 
(lH,br s,HOO-,removed by 020 exchange),3.98(1H,dd,J=9.9 and 9.9 Hz,H-6),3.67(1H m,H-1),1.20(3H,d, 
J=6.8 Hz,T: l-Mef,0.99(3H,d,J=7.5 Hz,C4-Me),0.99(3H,s,C10-Me).Ir~~max (CHC13)~m-i,3520(00~),1760 
(T-lactonef.H.r.m.s.,mfz 235.1554 (M+-OOH,Cl H 302). 
Reduction of mixture of 9 and 10 A mixture o 5'$ and 10 (18 tng) in acetone (2 ml] was treated with 
ph P (17 ) f 30 . 

--- 
mln at room temperature.Chronatography with hexane-EtOAc (7:31 as eluent gave 

coipoundsmyl (irm91 and 12 (5 mg) Compound ll*np=llO-ll1° (hexane CH Cl )*[a1 +77 8" (CHCl 0 20) 
H nmr:b ppm 3.96(lH,dd,J=9.8 and 9.8 Hz,H-5),~:43(lH,br s,H-l),l.2O(~H,~,~=6.~ Hz:Cll-~,e),~~O~(3H: 

Hz,C4-Me).Ir:vm,x ~CHC13lcm~l,3600~OH~,176O~~-lactonef.H.r.m.s.,nfz 

--- with Ac70-py A solution of 9 (30 mg) in dry pyridine (0.5 ml) was treated 
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with Ac20 (0.5 ml) for 24 h at r.t.The mixture was poured onto ice and water,extracted with CeC12, 
dried over anhydrous N~SO4,con~entrated and chromatographed with hexane-EtOAc (1:l) as eluent. 
Ketone 7 (87%) was obtained. 
When compound-10 was subjected to identical treatment,compound 7 was also obtained. 
Acid treatment of 9 and 10 To a solution of 9 (20 mg) in HOAc (3 ml),HClO4 (70X,1 ml) was added. 
After beina stirrearrX. for 24 h.water was added,the mixture was neutralized with a saturated- 
NaHCB3 sol;tion,extracted with CH2Cl2,dried over anhydrous Na~S04 and the solvent eliminated at 
reduced pressure.From the hexane-C&C12 crystallization, 7 (13 mg) was obtained.When 10 was treated 
in the same way, 7 was also produced. 
Homolytic fragmentation of 9 and 10 To a solution of 9 (115 mg) in abs. MeOH (15 ml),Cu(OAc)2.~0 
T-TX? mg] was added.When all-t.FCG-salt was dissolved,FeSO4.7y;!O (185 mg) in abs. MeOH (10 ml)WaS 
added under argon.After 2 h at r.t. the soln was diluted with EtOAc,filtered through silica gel, 
concentrated at reduced pressure and chromatographed with hexane-EtOAc as eluent.C~pound 15 was 
obtained (63 mg,59%) as an oil: H nmr:a ppm 9.79(1H,br s,-CH0),3.S9flH.dd,J=lO.S and 10.4 Hz,H-61, 
1.2~f3H,d,J=6.8 Hz,Cl~-Me~,l.O5(3H,d,J=7.1 Hz,~-Me),l.OO~~,d,J=6.3 Hz,QO-Me).Ir:wx (CHC33f 
cm ,2800,2700,1720(aldehyde),l7S0~y-lactone~.M.S.,m/z 252(M"l,251(Me-l),223(M'-29).Compound 7 was 
also obtained (19 mg.l7.7%1. 
Oxidation and esterification of 15 To a solution of 15 (55 mg) in EtOH (10 ml),AgN03 (100 mg) and 
ZlistJlied water (2.5 ml) were?idGd.NaOH (1.5 M,2.5 ml) was added dropwise while stirring.After 2h 
at r.t.,the mixture was filtered,the solid material was washed with more distilled water.The 
aqueous soln was acidified with HCl (lO%),extracted with C&Cl2 and dried overNaZiO4.Removal of 
the solvent afforded crude carboxylic acid as an oil: H nmr:a ppm3.68(1H,dd,J=10.6 and 10.3 Hz,H-61, 
1,20(3H,d,J=6.8 Hz,Cll-Me),1.07(3H,d,J=7.1 Hz,Cq-Me),0.99(3H,d,J=6.2 Hz,ClO-Me).Ir:\max (CHCl3) 
cm -1,3500,1700(carboxy1),1?60(Y-lactone).This carboxylic acid was esterifiied with excess ether 
soln of diaz~ethane.Chr~atography with hexane-EtOAc 1:l as eluent gave ester 16 as an oil. H nmr: 
6ppm 3.68(1H,dd,J=9.9 and 10 Hz,H-6),3.65(3H,s,-OMe],1.19(3H,d,J.6.9 Hz,CTl -Me),l.O5(3H,d,J=7 Hz, 
C~Ne),O.9~(3H,d,J=6.4 Hz,Clo-Me).Ir:vmax (CHCl &rn- ,1760(y-lactone),1725(ester).H.r.m.s.,m/z 

Homolytic fragmentation of alcohol 12 afA suspension of CaC03 (1.8 g) and LTA (5.3 g) in dry 
cyclohexane (80 1) was refluxed unsr argon for 10 min.Alcohol 12 (504 mg) and iodine (508 mg) 
were added and tte mixture refluxed and irradiated with a 500 watt tungsten lamp for 1 h.The 
mixture was cooled,filtered,the solid material washed with more cyclohexane.The organic soln was 
washed with concentrated-Na23207 solution and water,dried over anhydrous Na;!SQconcentrated and 
chromatographed.With a 8:2 hexane-EtOAc eluent,aldehyde 17a was obtained (362 mg,72%):mp=112-114°; 
[o]D -28.3O (CHCl3,0.30). H nmr:6 ppm 9.78(lH,s,-CHO),5.55(lH,br s,H-9),3.9S(lH,dd,J=lO and rg Hz, 
H-6),1.69(3H,br s.CTO-Me),1,22(3H,d,J=7 Hz,QT-MeLl.l1(3H,d,J=? Hz,Eq-Ete).Ir:wax (CHC13km , 
17SO(r-lactone),1716(aldeh de).H.r.m.s.,mfz 

Y 
250.1550(?@,Cl5~2O3),206.1253(~-Q~O,McLafferty, 

C13H18@3).No exo isomer (a 0.14) was detected. 
b)To a solution of 12 (378 mg) in dry cyclohexane-C&Cl2 (9:1,50 ml),iodosobenrene dlacetate 
(531 mg) and iodine (127 mg)were added and the mixture irradiated under argon for 23 h with a 
500 watt tungsten lamp at r.t,The organic soln was washed with water,HCl (5%),concentrated- 
NqS207 solution and water,dried over anhydrous Na2S04concentrated and chromatographed with 
hexane-EtOAc 8:2 as eluent.Aldehyde 17a was obtained (210 mg,56%).No exo isomer was detected. 
Oxidation and esterification of 17a Oxidation and esterification of aldehyde 17a,as above for 
aldehyde 15 d d methylester~:mp=78-80°~hexane-C~Cl~.[a]~-28,10 (CHC13,0,30).H nmr:a ppm 
5.55(1H.br ~~~~~~,~.gS~lH,dd,J=lO and 10 Hr,H-6),3.67(3H,s,-OMe),1.70(3H,s,C10_We),l.23(3H,d,J=S.9 
Hz,CTT-Me),l.l2(3H,d,J=7 Hz,Cq-Me).Ir:%ax (CHC13kd1 ,17SO(r-lactone),1725(ester).H.r.m.s.,m/z 

Preoaratian of olefin 20 A solution of freshlv prepared sodium t-amyloxide in toluene (1.5 N,S ml) 
was added to.a triphen~methylphosphonium bromide (3.16 g) suspension in dry toluene (20 ml) and 
stirred under argon until a yellow precipitate was formed.Ketone 7 (1.6 g) in dry toluer,e (40 ml) 
was added and the mixture refluxed under argon for 24 h.The mixture was filtered,washed with Et20, 
concentrated at reduced pressure and chromatographed with hexane-EtOAc(7:31as eluent.Olefin 20 
(1.3 g,93%) was obtained and starting material 7 (190 mg) was recovered.Compound 20:mp=163-164" 
(hexane-CH2C~2);[a]O+11T.S0 fCHC13,O.2O). H nmr:a ppm 4.69f1H,s,H-15),4.59(1H,s,H*-16),4.01~1H,dd, 
J=9.7 and 11.5 rz,H-6),1,22(3H,d,J=7 Hz,Cll-Me),l.l6(3H,s,ClO-Mel,l.lO(3H,d,J=7.4 Hz,Cq-Me).Ir: 
v max(CHCl3)Cm- ,17SO(r-lactone),1634(double bondI.H.r.m.s.,m/z 248.1781 (I@,CT6H2402). 
Ozonolysis and frag~ntation of 20 a)A current of ozone f750 mg/h) was passed through a solution 
Of 19 (155 1 CH2Cl2-anhydros MeOH (5:1;12 ml) for 30 min at -78".The solvent was partially 
removed by t'drynitrogen stream and dry pyridine (4 ml) and AqO (3 ml) were added,also at -78", 
The reaction mixture was allowed to warm to r.t. and was stirred for 24 h,poured onto ice and 
water,washed with aqueous NaHCD3 solution,extracted with ClQC12,dried over anhydrous NqSQ1, 
concentrated and chromatographed.With a 1:l hexane-EtOAc eluent,compound 23 was obtained (80 mg, 
43%) as an oil: H nmr:a ppm 3,75(1H,dd,J=10,3 and 10.4 Hz,H-6),3.63(3_lf,s,-O&),1.25(3H,S,ClO-Me), 
1.19(3H,d,J=S.8 Hz,Cll-Me),l.O4(3H,d,J=7 Hz,G$-Me).Ir:Ynax (CHC13)cm ,3S00(OH),1770(Y-lactone), 
1725(ester).N.r.m.s.,m/z 224.1370 (M~C3~6a!,McLafferty,C13&?003). 
b)Compound 20 (350 mg) was treated with ozone as above and Cu(OAcl2.tQO (422 mg) and FeSOl.7lQO 
(252 mg) were added under argon at -78".The reaction mixture was allowed to warm to room 
temperature.After 14 h the solvents were evaporated at reduced pressure and the resulting mixture 
was chromatographed with silica gel-AgH03(10%) and hexane:EtOAc (8:2) as eluent.Methyl ester 16 
and olefins 17b and 18 in a 30:10:8 relationship were obtained (39.5 overall yield).Compound 18, 
oil: H nmr:* ppm 5.00(1H,br s,H-14),4.90(1H,br s.H*-14),3.95(1H,dd,J=9.9 and_\0 Hz,H-6),3.57(3H, 
s,-OHe),1.22[3H,d,J=5.9 Hz,Cll-~~e~,l.O9(3H,d,J=7 Hz,C4-Mef.Ir:Ynax fCHCl3)cm ,1760(Y-lactone), 
1725(ester)1500(double bond).H.r.m.s.,rfl/z 249.1523 (W+-OHe,Clti2103). 
Baeyer-Villiger Oxidation of ketone 7 To 7 (500 mg) in C&C12 (20 ml),NaHCfb (420 mgl and MCPIA 
Tl g) were added and stirred at r.t.-for 24 h.The mixture was then filtered,the Solvent Was 
evaporated at reduced pressure and chromatographed with 7:3 hexane-EtOAc to give 24 (520 mg,91%): 
mp=238-239" (hexane-CH2C12);[a)D+88° (CHCl3,O.20). H nmr:a ppm 3.73(1H,dd,J=10.6 and 11.41Hz,H-6), 
1.59(3H,s,CTo-Me),l,24(3H,d,J=6.9 Hz,CTl-Me),l.l7[3H,d,J=7.5 Hz,C4-Me).Ir:vmax (CHC13)cm ,177O 
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(y-lactone),l7lO(r-lactone).H.r.m.s.,m/z 266.1460(Mt,Cl$i2@41. 
Methanolysis of lactone 24 Anhydrous K2CO3 (690 mgl was added to 24 (266 mg) dissolved in abs. 

I) and stlrred?t r.t. for 24 h.After filtering and evaporation of the solvent at 
reduced pTessure,chromatography with 7:3 hexane-EtOAc yielded 23 (205 mg,68.8%). 
Deb dration of 23 SOC12 (0.5 ml) was added to 23 (196 mg) in dry pyridine (2 ml) at O".The soln 
&IZ+Xf- or-30 min at O",water was added,it was extracted with CH2CI2,washed with a saturated 
soln of NaHC03 and water,dried on anhydrous Na2S04 and concentrated at reduced pr s 
Chromatography with 8:2 hexane-EtOAc gave 17b (123 mg),18 (14 mgl and traces of A t*f'd'fSomer. 

Preaaration of 22 afDrv triethvlamine (0.4 ml) and TBDMSTf (0.8 ml1 were added to ketone 7 (500 
mg) in dry CH2CQ (lb Gl) and &irred for 3 h at r.t. under argon;more CH2C12 and a saturated soln 
of NaHC03 were added,the mixture was extracted with CHpCl2,dried on anhydrous Na2SO2 and the 
solvent eliminated at reduced pressure.Chromatography with 1:l CH2Cl2hexane yielded the 
corresponding silylenol ether (710 mg,97.6%)which could not be crystallized: H nmr:a ppm 4.52LlH. 
m,H-2),4.03(1H,dd,J=9.7 and 9.7 Hz,H-6~,1.19~3H,d,J=7H~,Cll-Me~.l.17~3H,~,ClD-~e),l.00~3H,d,J=7.5 
Hz,C4-Me),O.91(9H,s,t-5u),O.l4(6H,d,J=2.7 Hz,Me2-Si-f.Ir:ynax (CHCl3)cm- ,1760(Y-lactone),l650 
(enoll.H.r.m.s.,m/z 364,2417(M+,C2lH2603Sil. 
b1An ether soln of hvdroaen peroxide (0.8 N,15 mll.anh.vdrous MaS04 (950 mol and TFA (7 1111 were 
added to the above s;lyl&ol'ether (530 mg).and the resulting &pension was stirred for 3 h at 
r.t..A saturated soln of NaHC03 was then added,the mixture was extracted with ether,dried over 
anhydrous MgS04 and the solvent eliminated at reduced pressure.9:l hexane-EtOAc chromatography 
gave starting material (345 m 
s,OOH,removed by 020 exchange 3 

,35% conversion) and 22 (160 mg,79%) as an oil:H mar:4 ppm 7.4l(lH, 
,3.94(1H,dd,J=lO and 10.1 Hz,H-6),1.19(3H,d,J=6.9 Hz,Gli-Me1.1.12 

(3H,',ClO -Me),1.01(3H,d,J=7.5 Hz.C4-Mel,0.90(9H,s,t-Bu),0.18(6H,J=3.7 Hz,Mep-Si-l.Ir:vmax (CHCl31 
cm .3520LOOHI.l760(v-lactonel. ,~~~ . . . . .~ ~~_, 
Fragmentation of 22 aIAc20 (6.5 ml1 was added to 22 (60 mgl in dry pyridine (0.5 ml) and stirred 
for 24 h at r-t.. lE@ and a saturated soln of NaHC03 were added.the mixture was extracted with 
CH2C12 ,dried over anhydrous Na#O4 and the solve& eliminated at reduced pressure.l:l hexane- 
EtOAc chromatography gave the bilactone 24 (34 mg,85%). 
b) Cu(0Ack.H 0 (100 mg) was added to 22 (140 mgl in abs. MeOH (5 ml) andwhen it had dissolved, 
FeS04.7H20 (139 mg) was added and stirred at r.t. for 24 h.After the solvent had been eliminated 
at reduced pressure.Esterification with diaromethane gave methylester 16 (52 mgl. 
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