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only the isomer 10 was obtained in low yield, probably 
resulting from directed hydr~boration~’ by the angular 
a-methoxymethyl group. The ‘H NMR spectral data for 
H-9 (triplet at 3.91 ppm; ‘J = 2.7 Hz) are in accord with 
the axial orientation of the 9-OH group. 

We then turned our attention to the bromohydrin 
addition product of 6 obtained in 97% yield by treatment 
with N-bromosuccinimide in water-dioxane. The shown 
stereochemistry for 12 would result from bromine attack 
from the convex side. At first inspection the spectros- 
copic data for the adduct were in agreement with the 
proposed structure 12. The correct relative configuration 
at the & and Pposition was proven by the following 
revealing reaction. Our purpose was to oxidixe 12 to the 
a-bromo ketone 13. However, the remarkably slow 
Jones oxidation afforded (low yield) a single product 
spectroscopically identf5d as 14. This result and the 
observation that the C-l Seminal protons (AB pattern) in 
the bromohydrin adduct resonate at higher field (3.44 and 
3.69 ppm) than is the case for 10 (4.97 and 4.26 ppm) led 
us to reassign the stnmture as the cyclic ortho acid 15 
and to envisage an equilhium in solution between 15 

and the lactones 12 and 12’. Oxidation of the primary 
alcohol function in 12’ leads to the acid 16, which due to 
the transdiaxial position of the carboxyl group and the 
Br atom allows facile fragmentation to the ole5 14. The 
intermediacy of 12’ in the proposed mechanism is stron- 
gly supported by the isolation of 17 (m.p. 111-113”; 67% 
yield) upon tmatment of 15 with acetic anhydride in 
pyridine. 

These results brought us to focus our attention to the 
intermolecular mode of cyclopropane ring opening (ff + 
fh); this reaction should provide a third chiral center on 
the B-ring with the desired stereochemistry. In order to 
correlate tli with our primary targets 1 and I’ (Scheme 2), 
F must represent a double bond at the future 7,8qsi- 
tion. An obvious precursor is therefore tricyclic ole5 18 
(Scheme 6); solvolysis would lead to I’, while reaction 
with thiophenolate anion and subsequent 2,3&matropic 
marmngement” of the corresponding sulfoxide allows 
acceSStOi. 
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The possibilities for intermolecular cyclopropane ring 
openiqg were examined on 6 as a model compound for 
18; it was hopeful to observe that 6 could easily be 
converted to the 2_oxa-3decalones 19 (m.p. 132-134”; 
yield 8096) using sodium thiophenolate in refluxing 
methanol (4hr) and to 20 (79% yield) using acetic acid 
and a trace of sulphuric acid at 90” (3 hr).“’ 

The seven-step synthesis of the key intermediate 18 
starting from benxoic acid is shown in Scheme 6 (overall 
yield 25%). Alkylation of the methyl ester of 2,5-cycle- 
hexadiene carboxylic acid (Xt% from benxoic a~id)‘~ 
with chloromethyl benxyl ether and lithium diisopropyl- 
amide as the base gave 75% yield of substituted ester 
which was reduced with LAH to the alcohol 21(94%). 
The. base induced double bond migration tiorded (93% 
yield) a 9: 1 mixture of 22 and 21. Transformation into 
the corresponding diazomalonic cater 23 involved beat- 
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ment with methyl malonyl chloride (95%) and subsequent 
reaction with tosyiaxide and triethylamine (92%). The 
carbenoid cyc~p~~~n ~tion(~) was &tally 
performed in refluxintg toluene with cupric acetyl 
acetonate as catalyst. 

By analogy with the conversion of 6 to 29, the acetate 
24 was expected from 18 under solvolytic conditions 
(acetic acid-sulfuric acid). Unfortunately, all attempts to 
effect solvolytic riag cleavage of the olefin 18 led to 
complex mixtures in which the presence of 24 could not 
be detected. This failure prevents the use of inter- 
mediates of type Y (aide ~upro). The cyclopropane ring 
opening with sodium thiophenolate and subsequent 
transformation to the isomeric allylic alcohol of type I 
bi&- supm) proved more reward& (Scheme 7). Treat- 
ment of 18 with sodhun thiophenolate in retbrxing 
methanol led to a mixture of the expected 25 and decar- 
boxylated product 26, in contrast with previous results 

(64 19). Alt&ough 29 is the desired tatget in this 
sequence, the reaction conditions for simultaneous 
decarboxylation to form 26 could not be o#imal&d. 
Milder conditions (~~~1 sulfoxide at room temp) 
&orded pure 25 (m.p. sp) in good yield (96%). 

The large coupling constant value found for H4 
(“J,,, = 10.8 Hz) corroborates tbe stereochemistry at C-4. 
The diastereoisomeric stdfoxides 27 obtained upon oxi- 
dation with mchloroperbenxoic acid were directly rear- 
ranged with trimethyl pbosphite in refhlxing methanol to 
the allytic alcohol 28 (81% yield from 29). !Saponification 
and subsequent acid treatment &rally afforded the allylic 
alcohol 29 (70% isolated yield). With the synthesis of the 
alcohol 29 we have attained a primary goal in our design 
(formation of I); at this point we felt that a more detinite 
proof for the proposed structure was needed. We there- 
fore examined the ~fo~~on of 29 into the bis- 
la&one 30, the fo~~n of which would provide us with 
an absolute structural assignment. Because of the 
obvious danger of transesteritication to the tmn.r-fused 
2-oxaMecalone system upon cleavage of the benxyl 
ether ia 29, we decided to transform the angular function 
at an earlier stage where this damagiq process could not 
take place. Treatment of the tricyclic oletln 18 with 
boron tribromide in methylene chloride at - 780 afforded 
the alcohol 31 in low yield (32%) when hqe scale 
reactions (1.5 x IO-’ mole) were carried out althou& 
small scale (60x IO-* mole) experiments have given 
yields up to 70%. Other current methods for ether 
cleavage such as hy~~enolysis, ~e~yls~yl iodide 
and acetic ~y~de-fe~c chloride or boron tritluoride, 
Ied to ~~~~~ results. Jones oxidation and sub 
sequent ester&&ion with diaxomethane atforded 32 
(m.p. 118-1200) in 66% isolated yield. This product was 
taken through the reaction sequence depicted in Scheme 
7 (as for 18 + 28) and led, via 33, to the ailylic alcohol 34 
in 5% overall yield. The bis-la&one 30 (v, 1764 and 
1734cm-‘) was finally obtained upon saponification and 
subsequent treatment with acetic acid-a&c anhydride 
(80”, 2hr) in 60% yield. Although at this point 30 had 
served its purpose, it was nevertheless worthwhile to 
examine its transformation to the epoxide 35, which in 
the course of our work had been synthesixed and trans- 
formed into vemolepin by Danishefsky d ul? Not 
salty, epoxidation of 30 with m~~o~~~~ic 
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Scbew 7. a, NaSb, DMSO, r.t; b, m.CPBA, CH&, - 7S’C; c, @fcO)$, MeOH, h; d, Kg%, MeOH-HzO, 
r&x; H&SO,; benzene, r&u. 
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acid (6 days) led only to 36 in 7896 yield The physical 
and spectroscopic data obtained for 36 (mp. 14&14?) 
were clearly d&rent from those repofl for the 
isomeric epoxide 35 (m.p. 172-1739. The ok&r 3g did not 
react with pay&s reagent” even after g”longed ~e8c- 
tion times (7 days); there is an example’ of preferential 
attack of this reagent from a concave side of a molecule. 

On the other hand, epoxidation of the allylic alcohol 29 
with m4doroperbenzoic acid in ndylene chloride (4 
days) led to two epoxides in 62% yield (ratio 1: l), to 

29a.R=H 
28a,R =CCDCH3 39 

Scheme 8. 

which structures 37 and 38 were assigned. With regard to 
the known stereodkecting inthlence” of an allylic 

hydroxyl group in peracid oxidation this result came as a 
suquise. Stmcture 37 was assigned to the expected “Hen- 
best-type” epoxide, since the same product (tic and ‘H 
NMR analysis) was formed as the sole epoxide (3996 
isolated yield), next to starting material and an enone 
(UV light absorbance on tk monitoring), upon oxidation 
with t-butyl bydroperoxide and a catalytic amount of 
vanadyl acetylacetonate in benzene where the syndirec- 
tive effect of an alcohol is known to be very 
pronounced.” The ‘H NMR spectral data of 37, especi- 
ally the vicinal coupling constant values obtained for H-g 
(dd, ‘J = 11.0 and 5.5 Hz), are in accordance with the 
conformation where the angular benxyloxy Me group is 
equatorially located on the cyclohexane ring. The other 
epoxide was identitted as S3 on ‘H NMR spectral ground 
(Experimental) and would arise from g-attack of the 
peracid and facile intramolecular displacement by the 
axial g-OH function (39). This result and the similarity 
between the ‘H NMR spectra of u) and 29 (e.g. Z3J, = 
14.5 Hx for 22 and 14.4 Hz for 29) led us to assume that 
the conformational equiliirium of the starting allytic 
alcohol is in favor of 29a; indeed, the large value found 
in #) for the coupling constant between H-t and H-5 (9.6 
Hz) Scates 28r as the preferred conformation. 

This led us to perform 6rst the necessary S-lactone 
protection thereby hoping that the change in hybridixa- 
tion of C-3 would generate another conformational 
behaviour of the allylic alcohols 40 and 41. Reduction of 
29 with diisobutylaluminum hydride in toluene (- 60% 
followed by @eatment with methanol and a trace of 
sulphuric acid (2 hr) yielded the diastereoisomeric acetals 
49 and 41 (go96 yield) which could not be separated at 
this stage. Subsequent fast epoxidation with m-chloro- 
pe&enxoic acid in methylene chloride (3 hr!) led to two 

29 40 ,R, .0CH3.R2.H 42,R,=OCH3,R2=H 

41,RI.H. R2=OCH3 43,R,=H, R2=OCH3 

45 ,Rj =OCH3,R2=H ~T,R~=OCHJ,R~=H 49,Rl=CKH3,R2=H 

46, R,.H,R2=OCH3 l &R,LH,R~=CXZHJ 30. R,=H, R2 =OU$ 

,h.i R,&_H3 Lk _ o&mcH3 
H= H= 

OAc cm 

31. RI =mH3. R2=H 53 

52, RI= H , R2=mH3 

scheme 9. a, DiBAH, C,I&, - 6U’C; b. MeOH, H&XI,, 2 hr. c, m.CPBA, CI&Cl~, 3 h; d, IiCHzCOOLi, DME; e, 
CHzNz; f. Ai&, C&N; g, 1096 Pd on C. HI EtOH; h, C!rDj(C$I,N)z, CH& i, CH, = P+J, DME; J. CHEN, DC% 

HP; 4 &COAcegte. Cd& rednx. 



epoxides easily sepamble on silica gel using ethyl 
acetate-isoocmne (7 : 3) as eluent. The less polar homer 
(45% isolated yield) was identitied as 42 and the more 
polar isomer (39% isolated yieId) as 43 on the following 
grounds (Scheme 10): (a) the a-orientation was assigoed 
totheepoxideringinbothproduc&sincethesametwo 
epoxides were formed, next to enone 44, upon epoxida- 
tion with t-butyl hydroperoxide, catalyzed by vanadyl 
acetyl acetonate;‘* (b) the stereodishomogen@ was 
attriiutedtothechiralcenteratC-3wherethesumof 
the vicinal coupling constants of H-3 clearly allows 
dilferentiat$tt between 42 (B-Me; R’J =,6.0 Hz) and 42 
(c$IC&Z; z il2.0 Hz). Tbe remaining H NMR spec- 

accordancewrththeprOposedcop 
formations 42e and 43e (large trans ‘JIM; respectively 

42, RI .OCHJ.R~=H,R~=CH~BZ,~~H 

43. R~=H,R~=OCH~,R~SCH~~~~,R~~H 

54. R, ,R2=-CCH2CH20-,R3=CH=CH2.R4=H 

55, R,aOCH3,R2=H, R3dX=CH2, R4=CH20CH3 

COOCH3 

H H 

49, R, =OCH3, R2aH 

50, R1 = H , R2 nOCH3 

Scheme 10. ‘H NMR (CDCld 4: ‘JHI = 10.8, 10.8, 4.8 Hz; 
‘Jwd= 10.2, 10.2 Hz; L’J~.,=65-7 Hz: $0~ ‘JJHa= 11.1, 11.1,4.8 

Hz, ‘JHd = 10.5, 10.5 Hz, Z’J”., = 11.7 Hz. 

10.8 Hz and 9.6 Hz). This result suggests a dilferent 
conformational behaviour for 48 and 41, in comparison 
with 29 (Scheme 8); unfortunately, this phenomenon 
could not be checked by ‘H NMR analysis due to the 
occurrence of an tutseparable epimeric mixture. The 
enone 44 is supposedly formed by intramolecular tran- 
sition metal-activated epoxide ring opening, followed by 
elimination of the OH group at 05. Here the enone is 
the major reaction product from the transition metal 
catalyzed epcxidation and is even exclusively formed 
upon prolonged reaction times;’ similar results have heen 
reported in the literature.‘y 

‘Uodcr these conditions 2-cyclokxewl was fomd to yield 
2-cyclohexenooe via tbc correapodog cpoxkk (tk). 

‘We are indebted to Ref. Gricco for bati recoded tbc ‘H 
NMRsptrumofasamplcofS3idforcqwiaoawitbbis 
results. 

(+I+- -cHo& ? 3 ii 

Met. 44 

schaIx 11. 

Althoughthelinalseqln!ncc(scbeme9)caninprinciple 
be performed on the mixture of 42 and 43. the preference 
was given to performing the opening of the hydroxy- 
epoxides with diEmaD on the pure isomers for 
two reasons: (a) stnMural analysis (especially ‘H NMR) 
would be greatly simplitted, (b) the bchaviour of both 
epoxides towards ring yning could, based on the 
results of fhmidxfslry and Schlessinger”’ be 
dama&ly diflerent. Indeed, Danishefsky er 1 found 
that, ahhough conformer S4e in which the substituents on 
theBtingareeq&nialwouldpredominateatequili- 
brium, axial attack of the incoming nuckophile (in casu 
dilithioecetate) occur& at C-7 in the higher energy 
conformer sir; this result was attrii on the ground 
that the path for diaxial opening in the more stable 
conformerS4eishighlyencumhe&bytheaxiaJoxygen 
(RI: Scheme 10) of the ethykne orthoester. The same 
result was observed by !khkssinger for the similar 
nuckophibc epoxide opening (using t-buty1 
dilithioacetoacetate”‘) of 55: only attack at C-7 occuned 
(R~-OMein55).Wedidexpectanidenticalnsultfor 
the a-hydroxy epoxide 42; on the other hand, such steric 
hindrance is not present in 43 (R,=H) so that here 
nuckophiiic attack at Cb could occur in the low energy 
chain conformer 43e. As a matter of fact reaction of 
dilithioacetam on both epoxides occurred at C-7 yieldinp 
thedesireddiols4!JandYafterester&ationwith 
diaxomethane (70%). This result strongly suggests that 
the nonreactivity of the lowcnergy conformer c is due to 
yet another reason than the one invoked by Danishefsky. 
The axial location of two substituents (RI and H) on the 
A-ring could indeed prevent reaction of these tcon- 
formers whatever the nature of RI (alkoxy as in 42, 54 
and Ss or hydrogen as in 43); previous results reported in 
the literature are in accord with this rationalization.2’ 
The protective benxyl ether group was removed on the 
corresponding dia&ates (47 and 42; 81.3%) by hydro- 
genolytic cleavage (93%). Conftrmation of the proposed 
structures, espcciahy regar&g the trans relation of the 
tbreesubstitnentsontheBrineisfoundintbe’HNMR 
where the large vi&al coupling constant values found 
for H-6 and H-8 are very indkative. 

Fi transformation into Grieco’s lactone 53. involved 
oxidation of the alcohol fun&n, followed by reaction 
with methylene triphenylphosphorane to 51 and 52 
(4796), deprotection of the acetal in acid and oxidation of 
the lactol 52 with silver carbonate on celite= (48%). 
Physical sod spectroscopic data were in accordance with 
literature data.- Si 53 has been converted into 
(+ )-vernokpin and (*)-vemomenin our synthesis of 
this lactone constitutes a novel total synthesis of the 
tIlU?mkttatuKdpKUhKts. 

-AL 
lkuLparclmcmead. TllclRspccmwcrcrccordcdooa 
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23% F. z- et al. 

MHz Wrian EM-390 spectrometer) in CDCC unless otherwise 
stated with TMS as internal standard. Chemical shzts (6) are 
utprwsediUppUl.TkUliUSapectrafUKlCurd~S~urr- 

ments (IfR) were reCorded on an AEI MS-50 spectrometer. Rf 
valws are quoted for Merck silica gel 60 C& UC plates of 
th&ncss 0.25 mm with ethyl acetatbisooctanc (ratio given be- 
tween brackets) as eloent unless otherwise stated. Reaction 
products were isolated by the addition of water and extrsctcd 
with the spe&ed solvent. The combined extracts were washed 
with u&mated brine and dried over MgSD,. The solvent was 
removed from the lUtered solns on a rotary evaporator. Column 
chromatographic sepa&ms were performed on silica geJ with 
ethyl e (ratio given between brackets) as eluent 
‘mless otherwise stated. 

I - Bauyloxymethyl - 1 - hydtvxymethyl - 2,5 - qcbhedk 
(21). A soln of l&dihydrobenx4lic acid” (60 g; 0.5 mol) in MeoH 
CISml).~(225ml)aadH~.(3ml)wasnfluxdforShr. 
The &ture was~~und in Nakd kln & l&l ml) and ether 
(100 ml) and the cmde methyl l&dihydrobenxoate isolated in the 
usual way aad puri8ed by distillation (62s; 90%): b.p. 8@ at 
20 mm Hg. The ester (6.9 g; 0.05 mol) in THP (70 ml) was added 
dropti at - 780 to a soln of LDA (0.06 mol) in THP (55 ml). 
After the addition of HMPA (7 ml), a soln of chloromthylbenzyl 
ether (8~; 0.051 mol) in THF (3Oml) was added dropwise at 
-78”.StininswascontinutdforIhrpadtbetempraisedto 
-20”.Tbemix~waspcHlredintosatNaClBoln(100ml).Tbe 
product was isolated with ether sod pm&d by distillation, 
yieldine I-benxyloxymethyl-l-methoxycarbonyl-2,5-cyclol’ex- 
adie&@.6 g; 7596): b.p lti at 0.001 &I Ho; k, (e&-isooc- 
tane. I: I) 0.41: JR (6lm) 1748. 1508 cm-‘: NMR 7.26fs5L 
5.83&,4), i.48(sj). 3.&sj), 3.5&,2). 2.66(~,2); MS nj;‘-titi 
(M*. 3). 138(64), lCV(68). 91(95), 92UOO), ml). To a upenskm 
of LAH (14.7 g; 0.369 mol) in ether (so0 ml) was added dropwise 
a solution of I - benzyloxymetbyl - I - methoxycarhonyl - 2,5 - 
cyclohexadiene (95.1 g; 0.369 mof) in ether (500 ml). The mixture 
was cautiously qaen&d with EtDAc and acid&d with dil 
HClao(2O%).Waterwasaddedandtheorodoctisolated&th 
ether. -&till&on of the residue yielded il (79.90; 94%): b.p. 
128’ at 0.001 mm Hg; 4 (ether-&octane, 1: 1) 0.22, IR (tilm) 
3600-31wcm-‘; NMR 7.35 (SJ), 5.90 (& J * 10.5, -3.3 and 
33 Hz). 5.64 (dt, J = 10.5. I.8 and 1.8 Hz, 2). 4.54 (s.2). 3.59 (s.2). 
3.43 (42). 2.70 (m.2); MS I& 230 (II+, 0.05). 92 (42). 91 (100). 

lRe coniwgorcd dim 22. To a soln of 21 (4Og; 0.174 mol) in 
DMSD (500 ml) was added in a few min a soln of t-BaOK (39g; 
0.348 mol) in DMSO. After stirring for 3.5hr, water (1 I) was 
added dropwise at 0” followed by fiCl (PH 5). The prodoct was 
isolatedwithetberPad~tilkd.vitldinnnn19396)ofa9:1 
mixtureof22aad21.An~y~sampiewaJobtained 
by cdumu chromDtogrepby (ulwz- I : I) b.p. UP at 
0.001 mm Hg; Rr (ether-i.oct, I : I) 026; JR &I) 3600-3100 cm-‘; 
NMR7.38 (sJ),6.2-55 (m,4).4.55 (~2). 359(Q), 3.44(s.2). 2.26(d, 
J=3H52);MSmlz~(MI,~.182~122~.121(40),92(92).91 
(loo). 

lRe &awn&& ester 23. To a sdn of 22 (37g, 0.160 mol) 
and pvridige (19.5ml; 0.241 mol) in ether (4OOml) was added 
dropwise at 0” a soln of methyl malonyl chloride (28.5g; 0.209 
mol) in ether (400 ml). After 3Omin, sollicient &-water was 
addedtobringthepptintoso4andstbringwascontinuedfor 
lhrrtr.t.AftawPshinewilbdilBCIaadsatNa~~,etheraras 
evsporPtcdandtbere&ewaspmitIedbyco~~chroma& 
grapby (I : 9). yi&iing 45 g (85%) of the methyl malonic ester. Rr 
(ether&oo&aoe, 1: I) On, IR (tlbn) 17% cm-‘; NMR 7.35 (sJ), 
6.2-5.5 (m.4)). 453 ((1.2). 4.18 (~2). 3.75 (~3). 3.37 (~2: s.21. 2.20 . . . 
(m.2); MS m/z 212 (0.5). 209 (l), I21 (l), I05 (4). ldl.(6), 92 (25). 
91 (100). 

To a soln of the ester (45.Og; 0.136 mol) and Et,N (19ml; 0.136 
mol) io dry acetonitrite (2tlOml) was added a soln of p- 
toh~~~~~Konyl &de (30.9 g, 0.157 q d) in dry acctonitxik 
(2alml). lt’e mixture was stirred OVeroighf cowzcntrated In 
IWCUOdtkR.SidWt&CllUpiDCthW.TbeSOhWSSWMhCd 

arith~(UOml)containinnKOH(9.6n),withl#)mlofwlta 
(120 ml) conGoing KOH (4.8-g) Md I+-mter I20 ml). Worhrp 
se+mm chromPtognphY (1:9) yielded 23 (44.7s; 92%). Ri 

+oocbme, l:l) 0.35; IR (tllm) 2125, 1758, 1733, 1689. 

1445cm-‘; NMR7.37 (s,5).6.2-5.5 (m.4), 4.53 (s,2), 4.27 (s.2). 3.85 
(sf), 3.42 (~2)~ 2.27 (m.2); MS m/z 265 (O.l), 235 0, 104 (15)), 92 
(39), 91 (loo). 

lR.r cycfopm of 23. A soln of 23 (4.5g; 12.6 mmol) 
and coppa ac&ylXetonate (450 mg) io tollIene (4lm ml) was 
heatedatreIluxfor3Ominuodervigoroua&rring,cookdto 
nmaltealp.andaXaIt&d inwc&0*Tbel&duewasdbJsolved 
in CHCI, and washed with dil HmI (10%) and water. Workup 
andWlUmllC wy (2:3) yieUed 18 (2.55g; 62%): R, 
(I: I) 0.31; IR (turn) 175Ocm-‘; NMR 7.37 (s.5). 5.93 (ddd, J= 
10.2, 4.8 sod 2.4 Hz, I). 5.76 (dt, J - 102, 3.3 and 3.3 Hz), 4.53 
(s,2), 4.36 (d, J = IO.8 Hz, 1). 3.94 (d, J = IO.8 Hz. I), 3.76 (s.3). 
3.40 (sJ), 2.54 (dd. J=9.0 aad 3.3 Hz). 2.26 (d, J=9.0 Hz, 1). 
2X2.1 (m.2); MS m/z 328 (M’.4), 329 (2.5), 297 Q, 296 (3), 237 
(12). 92 (41). 91 (100); HR: M’. Fouad: 328.1379. Cl&O, 
requires: 328, 1311. 

fim’ution of suljde 25. To a soln of 18 (16.36 g; 0.05 mol) in 
DMSO (16Oml) was added dropwise under N2 a soln of dry 
sodium thiopheoolate (55.6ounol) in DMSO (1oOml). After 
I5 min the mixture waq poured in water (700 ml) and acid&d 
with dil H#I+ Isolation with etha and purifkation by column 
chromatography (I:9 for +SH and 3:7 for 25) yiekled 25 (18.80; 
86%): R, (benxene-EtOAc, 9: 1) 0.41; q .p. 9’P. (Found: C, 67.6, 
H, 5.89, C&IsOrS moires C. 68.5%. H. 5.9896); JR (turn) 
176ocm-‘; NMR 7.30 (m,lO), 5.83 (m,2), 4.59 (d, J = 12.0 Hz., I), 
4.48 (d. J = 12.0 Hz, I), 4.40 (d, J = 12.0 Hr., I), 4.16 (d, J = 12.0 
Hz, I), 3.62 (s,2), 3.49 (m,l), 3.45 (s,3), 3.30 (d, I= 10.8 Hz, l), 
278 (dd, J= 10.8 and 1.8 Hx, I), 2.13 (m.2); MS m/z 438 (M’. 
0.8), 406 (l4), 92 (a), 91 (100). 

& allylic alcohol 28. To a soln of 25 (7.4g; 16.9 mmol) in 
CH&lz (2OOml) was added dropwise at -780 a sobs of-m- 
chlorot&enzoic acid (3.77 a: 18.6mmol) in CHEh 1100 mll. 
After i5 mill the mixtui was-~ured in C&Cl* (300 mi) and was 
washed with 4% Na& aq (8Oml) and with sat Na&O, aq. 
Workop yielded 27 suflicientJy pure for fur&r ose. 

A soln of t& crude 27 and trimethyl phosphite (5.5ml; 
46.7mmol)inabsMeOH(100ml)washeatedatndnxfor2hr, 
trimethyl phosphite (1.5ml) was added and the reaction was 
contimbzd for 9omin. The mixture was cooled, concentrated in 
wcno, treated with dry tolaeoe (IoOml), concentrated in wcmo. 
The residue was puri8ed by colomn chromatography (7: 3), 
*Ming 28 (4.73s; 81%): R, (EtOAc) 0.48; IR (tllm) 3700-3100, 
1754, 174Ocm-‘; NMR 7.30 (s,5), 5.99 (ddd, J=9.9, 3.6 and I.8 
Hz), 5.63 (ddd, J = 9.9,3.6 and 1.2 Hz), 4.54 (s,2), 4.25 (d, J = II.7 
Hz, I), 4.21 (m,l), 3.92 (d, J= 11.7 Hz, l), 3.81 (s,3), 3.46 (s,2), 
3.26 (d, J=9.6 Hz, I), 2.X (m,l), 1.88 (da. J= 14.3 sod 5.1 Hz), 
1.74 (dd, J = 14.3 aud 5.8 Hz); MS m/z 220 (7), 219 (12), 218 (100). 

* &Iic a&z&d W. A soh of a (1 I.35 P: 32.8 mmoll and 
Kg@ (18.4g; 0.133 mol) in Md)H (1iOml) id water (45ml) 
was~rollslys~atnmUtemp.for2hr.Tbemixtrm~ 
cooledpadthcMcOHcvaporated~wcuo.TbewaterphDsew~ 
acidakd with a soln of H#& (14ml) in water (1Wml) and 
extracted with CHCll and EtOAc. The residue obtained after 
workupwastakenindrybenxcne(200mI)~heatedatreBux 
for75minThemixturewasc&ed,wnccnb&d inwcroand 
the product isolated with ether. workup and wbmm chromato- 
graphy (3 : 2) yielded 29 (658 g; 70%): R, (EtOAc) 0.11; IR (iilm) 
3600-3100,1732 cm-‘; NMR 7.30 (s,5), 5.93 (ddd, J = lO.2,3.0 sod 
1.5 Hz), 5.59 (ddd, J - 10.2,3.0 and 1.2 Hx), 453 (s,2), 4.24 (m,l), 
4.22 (d, J = 12.0 Hx, 1). 3.95 (d. J = 120 Hz, I). 3.41 (s.2). 3.0-2.0 
(m.3). I.89 (dd, J= 13.8 & 4.6 Hz), 1.66 (dd, I= 13.8 and 66 
Hx): MS m/z 238 (M+. 0.15), 197 (I), 149 (IO), 91 (loo). 92 (32). 

‘JXe d&d 31. To a soln of 18 (lJ3g; 4.67 mmol) in C&C& 
(3Oml) was added at -780 freshly da&led BBr,‘(l.8& 
l9mmol).After&ringforl5miothetempwasraisedto -& 
and the mixture @y quenched with a NasC@ (7n)aq. Tbe 
mixturewasbroaghttoroomtempandthewUerphaseextracted 
(6 x ) with CHCl,. After works and whuun chromatogmphy 
(4: I) 31 (0.73 g; 66%) was obtain& J?, (EtOAc) 0.n; JR (5lm) 
36OUlW, 175Ocm-‘; NMR 5.97 (d&l, J = 9.9.5.1 sod 2.4 Hz, I), 
5.76 @I), 4.39 (d, J = 10.8 Hx, l), 396 (d, J = 10.8 Hx, l), 3.77 
(s.3). 3.65 (s,2), 2.57 (dd, J = 9.0 and 3.65 Hz. l), 233 (d, J - 9.0 
Hz. 1); MS m/z 239 (4). 238 (ar’. ll), m o,m (80), 91 (100). 

7Re methy/ utw 32. To a soln of 31 (43Omg; 1.8lmmd) in 



sc~tcrpcne lactoDc8 2395 

acetone (9ml) wxx added dropwise at lP Jones reagq~t (1.8ml; 
206N). Excess reagent was destroyed xfter 3Omin by the 
dropwixc addition of i-ROIL The mixture was ilked xnd the 
tiltntc comrntrrted in wcyo. Tbc rcxiduc was disxolvcd in 
acetone (5 ml) and treated with CH2N2. Workop aad purification 
by cdmmn chromatogmphy (I : 1) yielded 32 (317 mg; 66%): q .p. 
Ilblm: R (I: I) OX IR (KBr) 1740. 1638. 1617cm-‘: NMR 
595 (ddd. J’=bs..s.l and 1s Hz.,~~). 5.83 (m,i), 4.46 (d, i= II.1 
Hz. I). 4.19 (d, J = 11.1 Hz, I). 3.79 (13). 3.77 (1.3). 2.94 (d, J = 8.4 
Hz, I), 29-2.1 (m.3); MS m/z 266 (1). 236 (2). 235 (s). 234 620). 2~4 
(24,203 (100). 

7RcaUyiicalwhol34. Iathcsameaanncru28wasobtxkd 
fram 18. the ester 32 yickkd, vix the sul8de 33 (80% yield; 
putikd by column chromxtogrxphy, bcnxcne-EtOAc, 85: 15; 
q .p. IlZllC; 4 (I: I) 0.34), the xkohol34 (74% yield; pm&d 
by whmm chromatogmphy. 9:l): JI, (EtOAc) 0.37; IR (film) 
3700-3100. 1760, 174Ocm-‘; NMR 5.97 (ddd, J = 10.2.3.3 and 1.8 
Hz, 1). 5.66 (ddd, J = 10.2.3.6 and 1.2 Hz, 1). 4.59 (d, J = 12.0 Hz. 
1). 4.26 (m,l), 4.14 (d, J= 12.0 Hz. I). 3.82 (5.3). 3.76 (s.3). 3.72 
(m.1). 3.29 (d, J = 9.0 Hz, I), 2.03 (m.2); MS m/z 253 (0.6), U 
(100). 

7kbis-fac&le3aTbexkohol34(2ukg;0.845mmol)xui 
K&O, (352 mg; 2.55 mmol) were hated at r&x in MeOH (5 ml) 
for 2 hr. Tbc mixture wxx cooled xnd concentrxtcd &I wcuo. To 
the rcxiduc wac added AcOH (0.292ml; 5.1 mmol) and AcCp 
(8 ml). The mixture wxs slowly heated to m and stirred for 2 hr. 
Aftcrcooliugaadconcentratiogbwcvo(1mmHg),thercsiduc 
wu~upinwetcraodPcidakd~tbdilH2SO*IsdPtionwith 
CHCI, xnd column chromatognphy (benxcnc-EtOAc. I: I) yid- 
dcd 30 (82 mg; SO56): 4 (EtOAc) 0.44; IR (KBr) 1764,1730cm-‘; 
NMR 6.34 (ddd, J = 9.6.5.4 xmi 1.5 Hz, l), 5.81 (dd, J = 9.6 xnd 
3.3 Hz., 1). 4.89 (m,l), 4.71 (d. J = 12.0 Hz, I), 4.30 (d. J = 12.0 Hz, 
I), 3.2-2.0 (m.5). MS m/z 195 (I), 194 (M+.l), 178 (I), 150 (3); 92 
0,91 (41). U (100). 

7Rc cgoxidr 36. A sol of 3( (31 mg; 0.16mmol) xml 85% 
q CPBA (13omg) in CHICI (0.6ml) was s&cd for 6 dxys at 
mom temp. After additba of CH#Zl, (3 ml) the excess reagent 
wxs extmcted with a soln of Na&ZO, (150 mg; 1.2 mmol) in 
wxter (Iml). The organic phase wxs wxshcd with 1 sat 
NxFqaq. Workup yiekkd 36 (26mg; 7896): m.p. 143-1Tp; R, 
WEtOAc. I: 1) 0.30; IR (KBr) 1778. 1746cm-‘; NMR 
(pyridk) 5.1 I (dd, J = 3.6 md 5.4 Hz., 1). 4.71 (d, J = 12.0 Hz, 1). 
4.20 (d. J = 12.0 Hz, I), 3.57 (t, J = 3.6 Hz, 1). 3.21 (1. J = 3.6 Hz. 
1). 2.99 (m2), 2.73 (m.1). 2.49 (d. J = 12.6 Hz., I), 1.97 (dd. J = 126 
xnd 5.4 Hr. 1): MS m/z 165 (1). 156 (3). 91 (24). 39 1100). 

&ozfda&i of 29. A xokof ti $23 k& O.ti&ol) lad 
85% mCPBA (104mg; 0.512 mmol) in CHfi (2 ml) wxs stirred 
for 4 days at mom temp; after xdditioo of more oxidant (217 mg) 
the reaction m continued for 2 days. Workup, xs dcacrii for 
w aud colluM chromatogmphic (85: IS) sepktioo yielded 37 
(Rome, 31%) and 31(4Omg, 31%). For 37: k$ (EtOAc) 0.31; IR 
(film) 3600-3100, 1748cm-‘; NMR (300 MHt. CD&) 7.4-7.2 
(0, 450 (d. J = 12.0 Hz, I), 4.48 (d. J = 12.0 Hz, I). 4.29 (d. 
J=ll.SHz. 1).4.19fdd.J=ll.Oxnd5.5Hz. lL3.%fd.J=ll.S 
Hz. 1). 3.35 (d. J = 4.&;1), 3.28 (d, J = 9.0 H;. 1,. 3.jiib[ J = 9.0 
Hz. I), 3.07 (dd. J = 4.25 aml 0.5 Hz), 2.81 (dd, J - 17.0 xad 8.5 
Hz. 1). 2.38 (m3), 1.69 (dd. J = 11.0 xnd 13.5 Hx, 1) xnd I.61 (dd, 
J = 13.5 and 5.5 Hz, 1); MS m/z 175 (2). 174 (17). 148 (100). For 
J(: if/ (EtOAc) t&4\; IR (IUm) 3600-3108. 1739cm-‘; NMR (300 
MHZ. CDCI,) 7.4-7.2 (mJ), 4.60 (d, J = II.8 Hz. I), 4.57 (d, 
J- 11.8 Hx, l), 4.24 (m,l), 3.87 (d, J = 12.0 Hz. 1). 3.75 (d. 
J = 12.0 Hx, I), 3.$8 (d. J = 8.8 Hx, 1). 3.31 (m,l). 3.30 (d. J = 8.8 
Hz. 1). 3.18 (1. J = 3.5 Hz, I). 265 (m.2), 2.36 (ddd, J = .I 1.0, 6.25 
xitd 3.0 Hz. 1). I, 73 (dd J= 15.0 and 3.5 Hx, I). 1.51 Id. J = 15.0 
Hz, I). 

._. . . 

7k rpoxida 42 ud 43. DIBAH (6.59mmol) in tdnwc 
(3.74ml of 1 25% xolo) was adduJ dmpwixe at -w to 29 
(863 mg; 3.0 mmol) in tohe~~ (20 ml); &stirriag for I5 mia the 
sob1waxaddcdvixaryringctoI5rqlwater.Acid&&owithd8 
H~,Mdi¶d8lkXwith~pvs87Otltgcmdsp&lCtwhidl 
wasdisxolvediuabsNcOH(10ml)coata&l&opH~,. 
Attcrs~11r.t.for#)min.pyridine@.Zml)wu~lod 
t& colvcnt was nmovcd h MCY). Iaolxtioo with ether xnd 
columocbromrtoqrphy(35:65)ykkdrmixtarcofOul41 

(726 mg; 80%): 4 (EtOAc) 0.54. mCPBA (574 mg; 2.84 mmol) 
was added to the mixture of 48 xnd 41 (576mg: 19Ommol) in 
CHa2 (IZmi). The mixture was stirred for 3hr at room temp 
xnd worked up as described for 36. !kpuatioo by cohunn 
chromatogmph~ (7: 3) yielded epoxidcs 42 (k75 mg; 45%) xnd 43 
(238mn. 39%). For 42: m.D. 89-90”IFound: C. 67.3. H. 7.41. 
&,H& reqoires: C. 67.5, ‘H. 7.55%j: R, (4: I j 0.33; IR .(KBr) 
3600-32OOcm-‘: NMR 7.35 (~5). 4.56 (m,l). 4.54 (d. J = 12.6 Hz. 
I), 4.46 (d, J = 12.6 Hz, I), 4.05 (ddd. J = 10.8, 6.6 and 1.8 Hz). 
3.8-3.1 (m,6), 3.29 (sJ), 2.1-1.2 (mJ); MS m/z 271 (0.4). 179 (6.5). 
105 (19). 91 (100). For U: m.p. 97-w; & (4: 1) 0.25; IR (KBr) 
3600_32UJcm-‘; NMR 7.32 (~5). 4.47 (s,Z). 4.46 (m.1). 4.18 (ddd. 
J = 9.6.6.3 and 2.4 Hz), 3.g3.1 (m.l), 3.39 (s.3). 3.32 (s.2). 2.3-1.3 
(mJ); MS m/z 271 (0.3). I21 (7). IO5 (II). 91 (100). 

Tmncition maal catalyzed hydmpemxide cpoxidation of Y 
and 41. A solo of 4g and 41 (35 IX 0.1 I5 mmol) and of vanadvl 
(IV) acetyktoaate (2 mg: 7.6 x iO-’ mol) in b&xcw (0.75 I& 
was heated at r&x for 2 min. After the dropwise addition of 
t-butylhydroperoxide (17 ~1: techn.) and a further 8 pl after 
I hr, stirring wa.~ wntinucd at rdlux temp for 2 hr. The mixturr 
wxx cooled xnd coaceotrated in wcuo. Puri5catioo of the residue 
by cohmm chromatography (I : 1) yielded 16 mg (46%) of enone 
U as a dixsteroisomeric mixnu~: I$ (EIOAC) 0.54; IR (Ilm) 
1678 cm-‘; NMR 7.30 (rj), 6.9-6.7 (dd, J = 9.9 and 3.9 Hz; dd. 
J = 9.9 and 2.7 Hz, I), 6.0-5.9 (d. J = 9.9 Hz. I). 4.74.5 (m.1). 4.48 
and 4.42 (2s.2). 3.9-3.3 (m.4). 3.37 and 3.33 (2s.3). 3.0-1.2 (m.5). 

7k &o/r 48 and 46. To a soln of LDA (0.19mol) in DME 
(155 ml), AcOH (5.32 ml, 93 q mol) ia DME (20 ml) was added 
dropwixc at - &. After stirrin8 for 90 min rt 40”. epoxide 42 
(1.73 g; 5.47 q mol) io DME (I5 ml) was added to the white 
suspension. The mixture was heated for 4Ohr at 6tP, cooled to 
- IO’, quenched with water (20 ml) and aciditicd with dil Hm,. 
Extraction with EtOAc yielded an oil, which was t&n in 
tolucwe; the residue obtxincd after evaporation in DOCUO was 
dissolved in acetone rod treated with CH2N2. Workup and 
cohuno chromatography (3:I) yielded 48 (1.480; 70%): R, 
(EtOAc) 0.37: IR (film) 3600-3100, 173Ocm-‘; NMR 7.33 (sJ). 
4.59 (d. J = 3.0 Hz. I), 4.54 (d. J = 12.6 Hz. I), 4.47 (d. J = 12.6 
Hx, I), 3.64 (1.3). 4.0-3.1 (m,6). 3.27 (~3). 2.65 (d, J = 5.4 Hz. 2). 
2.2-1.4 (m,6): MS m/z 363 (0.02). 241 (2), 91 (100). The same 
procedure was followed for the conversion of epoxidc 43 into 
diol 46: I$ (EtOAc) 0.36; NMR 7.30 ($5). 4.51 (s.2). 4.42 (m,l). 
3.67 (s.3). 3.43 (~3). 4.b3.0 (m.6). 2.69 (m2), 2.2-1.3 (m,6). 

27u diucetaru 47 ad 48. A solo of 45 and 46 (I.l2g; 
2.84 mmol) in ~vridiac (3.5 ml) and AGO (2.14 ml: 22.7 mm00 
wxs &IT& rt’;.t. for 8hr id 8oally-at .kP for.9Omio. Th; 
mixtnrcwaspouredintoicewaterandthcproductisolxtedwith 
ctk. Puri8atioo by whmm chromxtography (1: I) yielded a 
mixture of 47 rmd II (l.lOg: 81%). The same result wxs obmined 
oo the “p”tc wmpounds 48 and 46.27: 4 (4: I) 0.50; IR (film) 
1746cm- ; NMR (CC&) 7.30 (sJ), 5.42 (t, J = 10.5 Hz, I), 4.8-4.3 
(m.2). 4.47 (x.2). 3.9-3.1 (m.4). 3.58 (s3), 3.25 (s,3). 2.19 (m.2). 
2.0-1.4 (II&, 1.97 (sJ), 192 (sJ), MS nJz 478 (M+.O.O5). 4n (0.2). 
237 (4.5), 220 (2O), 91 (100). 1): R, (EtOAc) 0.63; NMR 7.35 (sJ), 
5.04.5 (m.2). 5.24 (I. J = 10.8 Hz. I). 4.51 (12). 4.0-3.2 (m.4). 3.66 
(sJ), 3.44 (s3), 2Jii.2 (m.6). 2.28 (&2), 2.06 (~3). 200 (s.3). 

7kacaata5land52.Thebmzyktkrs47paQ48(777mg; 
1.63 nUDOn i0 EtoH 115 ml) WUC hvdroxCUOlLed with 10% PdlC 
(150 mp) rt r.t. Aft& 8lt&on of iac catalyst. tk 8ltratc & 
combated k wcy) ~INI the rcsiduc dissolved in ether. Tbc 
soln wxs wxshcd with sxt N&O, xq. Workup yielded a mixture 
ofI)mdS)(1185ny;93%).Tbc~crrsPltwaso~cdootbc 
lepMte compounds 47 lad 48.4): & (EtOAc) 0.39; JR (KBr) 
3700-3lOOcm-‘; NMR 5.53 (t. J = 10.2 Hx, I). 4.77 (dt, J = 10.8. 
10.8 and 4.8 Hr. ), 4.58 (m,XJ = 6.5-7.0 Hz, 1). 4.0-3.2 (1114). 3.66 
(~3). 3.29 (~3). 2.32 (m.2). 2.07 (SJ), 200 ($3). 2.00-1.3 (m.6); MS 
mlz 387 @I+ - 1. 0.35). 373 (0.4). 283 0). I77 0. 91 (16). 43 
(100). * 4 (EtoAC) 0.44; NM 5.23 (1; j = 10.5 HZ, I). i.76 (dt, 
J=ll.l.11.1a1~J4.8Hx.1).4J5(dd.J=8.4and3.3Hx.1).3.70 
($)ifiT (s3), 4.1-3.2 (A,&. 2.5k.(m.6), 2.30 (m.2). ?&.(s3). 

To Coilina reagent (1.841; 7.12mmol) ia CHfi (4Oml) wxs 
~rrolnof1)~~((160~;l.19mmol)inCH~C12(Uml). 
Tbemixtunwurtimdfor15minItr.t~tkaPtmdon7g 
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flolisil. The tutrate was washed with dil H#o, and sat 
Na&O,aq. Wm yielded the diasterwisoahc SldebYdes 
(345 q; 75%) sunichuy pore for fmtba we: 4 (ethyl acdate) 
0.56. To methyhipbeoylphosphoaium bromide (2.37g; 
6.64mmd)iuDME(ZBml)wasaddcd 1.6Mba@fUh&xane 
solo(4.15ml)ato9Afterlkrt&esupea&m wasdecaotedaDd 
gmloftbesupuu&mttiqukIwasaddeddmpwiseto~icbcdd 
sdnofthealdehy&s(4~mp;l.llmmol)inDME(lS~.Afta 
stiniagfor30~plO”,tberewmsddedsatNH4CIwl(Sml)Md 
~(5oml).wortup~cdumnchromrtolnpby(1:1)yiaded 
51 and 52 (264; 62%): R, (1:l) 0.31; IB (fdm) 1710 (bd), 
1642 cm-‘; NMR 6.2-5.7 (m.1). 5.7-5.1 (m,3), 5.04.4 (m,2), 4.0-3.0 
(mJ), 3.65 (~3). 3.41 and 3.27 (2sJ). 2.06. 2.03, 1.99 and 1.97 
(4s.6), 2.5-1.4 (m,5), 2.28 (m.2); MS u13 (O&2), 293 (l), 202 (31). 43 
(100). 

G&w’s lactone SJ. A soh of *isommic mixture 
(264mg; 0.688mmol) 51 and 52 in ac&mit& (7.5ml) sod 
6NHCl(1.9ml)wssothredforZhratroomtrmD.TbetePction 
wasquencbeddyetln?randtheorglllucplmsewas-wrsbedwfthr 
satNa~4aq.Tber&dueobtahedaftmdrybg(MgSO,.lad 
wllcentratioP In oacuo, was dissolved io dry benzene (35ml). 
AftatbeadditionofrilverurboDnteoncelite(4g;7mmol)tbe 
mixturewashtrtedfor35mfoatreBux.Themixturewascookd, 
6lteredimdconcentratedinwcPro.Tbensidnewasp&edby 
cohmul chromptoorppby (ether as ehlent) yiekfing 53 (122mg; 
4896): mp. 122-1~ fmal c&Cl* (FoafM& n3 H. 6.5. 
C&&s requires: C, 53.7, H. 6.656); R, (etlux) 0.32; IB (tlh) 
1744 cm-‘; NMB (360 MHz, CD&) 5.70 (ddd, J = 17.6,10.9 and 
1.0 Hz, 1). 5.33 (d, J = 17.6 Hz, l), 5.31 (d, J = 109 Hz, 1). 5.12 (t, 
J= 10.5 Hz, 1). 4.92 (dt, J= 11.3. 113 and 48 Hz, l), b.54 (dil, 
J = 12.3 and 1.0 Hz 11.4.38 (dd. J * 12.3 and 20 Hr.. 1). 3.68 Is.3). . . 
262 (dd, J= 188 and 7.3 I& i.34 (dd, J= 188 radio Hi,.lj; 
23-1.9 (m,4), 210 (s,3), 2.03 (s,3), 1.97 (dd, J = 13.7 rad 48 Hz, 
l), 1.52 (dd, J= 13.7 and 11.3 Hz, 1). 

A&no--We thank tbc N.F.W.O. pad the “Miniaaie 
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