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The stereospecific synthesis of the novel allenic cyclohexanoid epoxide 13 is reported. Key steps include 
Diels-Alder reaction between a 1,4-dioxygenatedbuta-l,3-diene 1 and a ketene equivalent 2 and the coupling 
of a mixed isopropenyl cuprate with propagylic sulfinate 10. 

Recently we reported the isolation of a novel allenic 
epoxycyclohexane 13l from the fungus Eutypa lata, the 
pathogen responsible for the vineyard dieback observed 
in recent years in Switzerland and France? The structure 
of 13 was elucidated by classic spectroscopic techniques 
and confirmed by an X-ray study. Due to the novel 
structure of 13 and the small quantity isolated, we thought 
it interesting to carry out its total synthesis, eventually 
with a view to assign ita absolute configuration by carrying 
out the synthesis enantioselectively. 

Compound 13 shows a large structural similarity to the 
recently isolated asperpentyn3 and contains the same ep- 
oxy-1,4-diol system found in e~penoxide.~ Our retrosyn- 
thetic analysis suggested a ketone of type 7 as a key in- 
termediate, which we thought would be obtainable by a 
Diels-Alder reaction between a 1,4dioxygenated butadiene 
and a ketene eq~ivalent.~ Most Diels-Alder reactions 
between dienes and ketene equivalents have been used to 
form bicyclic systems where the questions of double-bond 
migration and epimerization of the functionality CY to the 
newly formed ketone have not posed problems. In our 
case, we needed to choose from among the wide range of 
available ketene equivalents one which would be trans- 
formed under conditions mild enough not to cause these 
problems. For the diene we chose the bis(sily1oxy) diene 

(1) Renaud, J.-M.; Tsoupras, G.; Stoeckli-Evans, H.; Tabacchi, R. 
Helv. Chim. Acta 1989, 72, 1262. 

(2) (a) Bolay, A.; Moller, W. J. Rev. Swiss Vitic., Arboric., Hortic. 1977, 
9,241. (b) Carter, M. V.; Bolay, A. Phytopath. Z. 1972, 75,187. Mauro, 
M. C.; Valiant, V.; Tey-Rulh, P.; Mathieu, Y.; Fallot, J. Am. J.  Enol. Vitic. 
1988,39,200. 

(3) Mllhlenfeld, A.; Achenbach, H. Phytochemistry 1988, 27, 3853. 
(4) Duke, R. K.; Rickards, R. W. J.  Org. Chem. 1984,49, 1898. 
(5) Ranganathan, S.; Ranaganathan, D.; Mehrota, A. K. Synthesis 

1977,289. 
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1 that Duke and Rickards used in their synthesis of eu- 
pen~xide.~ 

Results and Discussion 
Heating the diene 1 with 1-acetoxy-1-cyanoethylene (2) 

in a sealed tube a 110 "C for 4 days gave the required 
cycloadducts 3a and 3b (ratio by NMR ca. 8:l). Recrys- 
tallization gave 3a in 50-65% yield. In most cases both 
unreacted diene and dieneophile could be recovered and 
reused. The double bond of the cycloadduct proved un- 
reactive to peracid under standard conditions (CH,Cl,, rt), 
probably due to the presence of two allylic oxygen func- 
tions, but heating 3a under reflux in dichloroethane with 
m-CPBA in the presence of a radical inhibitor6 gave a 
single epoxide 4 in quantitative yield. We were reIying on 
the directing influence of the two bulky TBDMS groups 
to give the epoxidation on the rear face of the molecule. 
That the epoxidation had in fact taken place in the desired 
manner was proven by the following NMR experiments. 
A NOE difference experiment based on the irradiation of 
the signal centered at  6 1.75 led to a 7% enhancement of 
the signal at 6 4.12 (2-H) and an 8% enhancement of the 
triplet at 6 4.27 (5-H) leading its assignment as Hdendo. 
A second experiment irradiating the signal at 6 2.62 led 
to a 2% enhancement of the triplet at 6 4.27 (5-H) leading 
to its assignment as H-4exo. Irradiation of the signal at 
6 3.21 (6-H) revealed a W-type coupling (J = 0.7 Hz) with 
the signal at 6 2.62 (H-4exo). This information taken with 
the very small coupling constants Jla (0.5 Hz) and (1.3 
Hz) show that epoxidation had occurred on the required 
face of the molecule. Further NMR experiments were 

(6) Kishi, Y.; Aratani, M.; Tanino, H.; Fukayama, T.; Goto, T.; Inoue, 
S.; Sigiura, S.; Kakoi, H. J.  Chem. SOC., Chem. Commun. 1972, 64. 
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undertaken to determine the stereochemistry at C-3. In 
the proton-coupled 13C NMR spectrum of 4 the cyanide 
signal appeared as a doublet of doublet at 6 115.46 (J = 
2.1,5.3, and 8.0 Hz). Selective decoupling of the signal at 
6 4.12 (H-2) removed the 5.3-Hz coupling, while decoupling 
the signal at 6 1.75 (H-4exo) removed the 2.1-Hz coupling. 
Thus, the cyanide group must be trans to H-4endo (J = 
8 Hz) and gauche to H-4exo (J = 2.1 H z ) ~  and is therefore 
on the same face of the molecule as the two silyloxy 
functions. The result is that expected from secondary 
orbital considerations in the Diels-Alder reaction. 

The unmasking of the ketone function proved somewhat 
more problematic. Under the conditions developed by 
V8gel et al? (KzCO3, MeOH, formalin) we obtained a 
complex mixture of products in which the epoxide had 
been cleaved and the oxygen function a to the newly 
formed ketone group had lost its stereochemical integrity. 
We got around this problem by treating the cyano acetate 
3a with sodium borohydride in ethanol: effectively trap- 
ping the thus-formed ketone as an alcohol before epim- 
erization could take place. Under these conditions we 
observed substantial migration of the TBDMS group from 
C-2 to the newly formed alcohol function. The lability of 
the TBDMS group in diol systems under basic conditions 
has been noted on numerous and has even been 
put to good use.ll The migration proved not too pro- 
blematic as the nonrearranged material 5 could be isolated 
easily by column chromatography, and further 5 was ob- 
tained by reequilibration of 6 under the original reaction 
conditions. At  this stage we tried to change the TBDMS 
protecting groups for others reportedly less prone to this 
sort of migration (TBDPS12 and TIPS3); although in both 
cases the respective bis(sily1oxy) dienes were prepared in 
reasonable yield, the Diels-Alder reaction with 2 proved 
unsuccessful. Oxidation of the mixture of alcohols 5 with 

(7) Hansen, P. E. h g .  N.M.R. Spectrosc. 1981, 14, 175. 
(8) Vieira, E.; VBgel, P. Helu. Chim. Acta 1983, 66, 1865. 
(9) Wharton, P. S.; Aw, B. T. J. Org. Chem. 1966, 31, 3787. 
(10) (a) Jones, S. S.; Reew, C. B. J. Chem. SOC., Perkin Tram. 1 1979, 

2762. (b) Dodd, G. H.; Golding, B. T.; Ivannou, P. V. J. Chem. Soc., 
Perkin Tram. 1 1976, 2273. 

(11) Toriaawn, Y.; S h i b d ,  M.; Ikegami, S. Tetrahedron Lett. 1979, 
21, 1865. 

(12) (a) Torisawa, Y.; Shibasaki, M.; Ikegami, S. Chem. Pharm. Bull. 
1983,31,2607. (b) Wood, W. W.; Rashid, A. Tetrahedron Lett. 1987,28, 
1933. 

(13) Cunico, R. F.; Bedell, L. J .  Org. Chem. 1980,45, 4797. 

(9) R - A c  ( 8) 
(10) R = S(0)Me 

chromium trioxidepyridine complex gave the ketone 7 in 
good yield. 

For the addition of the required allenic moiety the 
coupling of a isopropenyl cuprate with a propargylic ace- 
tate appeared to us to be the most promising route. The 
coupling of alkyl cuprates with propargylic esters has been 
accepted, after some controversy, as occurring in an 
anti-SN2' manner.14 We therefore required the propar- 
gylic alcohol 8 in which the acetylenic group is on the same 
face of the molecule as the epoxide function. Here again 
we were relying on the two bulky TBDMS groups to direct 
acetylide attack to the required face of the ketone 7. 
Treatment of ketone 7 with lithium acetylidelb in THF at 
-78 OC gave a 65% yield of the required propargylic alcohol 
8. The stereochemistry of the product was confirmed by 
the following NMR experiments. In the 'H NMR spec- 
trum of 8 the hydroxyl proton appeared as a sharp singlet 
at 6 4.17. A NOE difference experiment based on irra- 
diation of this signal led to, as well as a 2% enhancement 
of the signal at 6 3.86 (2-H), a 1% enhancement of both 
the epoxide proton signals [ 6  3.4 (1-H) and 6 3.19 (6-H)] 
showing that the hydroxyl group was on the opposite face 
of the molecule to the epoxide oxygen. Acetylation of the 
tertiary alcohol in 8 proved extremely difficult, and under 
forcing conditions (Ac20, Et3N, DMAF')ls we obtained a 
disappointing 60% yield of the acetate 9 and again ob- 
served some migration of the TBDMS group. 

Treatment of propargylic acetate 9 with diiso- 
propenylcopper lithium led to almost exclusive recovery 
of alcohol 8, and only trace amounts of allene 11 could be 
detected by GC-MS. We therefore tried to modify the 
nature of the attacking metal centre to favor attack at the 
acetylenic carbon by using mixed cyano and hexynyl" 
cuprates but again obtained very disappointing results, 
observing, at best, a 2.5% yield of allene and again re- 
covered alcohol 8. Propargylic acetates have been wed 
successfully for this type of reactiod8 and were also com- 
pletely satisfactory in our model studies. We therefore 

(14) Haces, A,; van Krutchen, E. M. G. A.; Okamura, W. H. Tetra- 
hedron Lett. 1982,23, 2707 and references cited therein. 

(15) Midland, M. M. J. Org. Chem. 1975,40, 2250. 
(16) Hassner, A.; Krepski, L. P.; Alexanian, V. Tetrahedron 1978,34, 

2069. 
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(18) (a) Rona, P.; CrabM, P. J.  Am. Chem. SOC. 1969, 91, 3289. (b) 

Baudouy, R.; Gor6, J. J. Chem. Res., Synop. 1981, 278. 
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decided to change the acetate for methanesulfinate ester 
as we expected this to be a more efficient leaving 
Already in the esterification step the advantages of this 
group were clear, in that treatment of the alcohol 8 with 
triethylamine and methanesulfiiyl chloridem in dichloro- 
methane at -50 OC gave a greater than 90% yield of the 
methanesulfinate 10 in under 10 min. 

Treatment of the sulfinate ester 10 with lithium iso- 
propenyl cyanocuprate in ether at -78 "C gave a 35% yield 
of the dene  11,17% of the terminal allene 12, and a 46% 
recovery of alcohol 8. The origin of terminal (nonalky- 
lated) allenes in this type of coupling reaction is thought 
to arise from hydrolysis of the proposed trivalent copper 
intermediite,21 and longer reaction times are recommended 
to increase the yield of alkylated product; however, in ow 
hands increased reaction times did not significantly change 
the product ratios. Removal of the two TBDMS protecting 
groups gave the hydroxy allene 13 which was identical to 
the natural material ('H NMR, GC-MS, HPLC-UV, IR, 
and TLC). 

Conclusion 
The stereospecific synthesis of allene 13 in eight steps 

(7.4% overall yield) has been achieved. Investigations are 
now underway to make the synthesis enantiospecific by 
using a chiral ketene equivalent. 

Experimental Section 
Melting poifits were recorded in open capillaries and are un- 

corrected. 'H and '3c NMR spectra (6)  were recorded in CDC13 
at 250 and 62.9 MHz,  respectively, and the 'H NOE experiments 
carried out at 360 MHz. All commercially available reagents were 
bought from Fluka AG and used without further purification. 

(1s *,2R *,5S*)-l-Acetoxy-2,5-bis[( tert-butyldimethyl- 
~ilyl)oxy]cyclohex-3-ene-l-carbonitrile (3). (E,E)-1,4-bis- 
[ (tert-butyldimethyldyl)oxy]buta-1,3-diene1 (1) (3.0 g, 9.5 "01) 
and l-acetoxy-l-cyanoethylene (2) (5 mL, Fluka) were placed in 
a glass tube, and the contents were degassed, and the tube was 
sealed. After being heated for 4 d at 110 "C the tube was opened. 
Unreacted dienophile was removed by distillation (65 "C (10 
"Hg) ) .  The brown residual oil was chromatographed on a silica 
column. Elution with hexane led to the recovery of unreacted 
diene. Further elution with toluene gave a mixture of the cy- 
cloadducta. Recrystallization from MeOH gave the title compound 
(3) (2.6 g, 65%) as colorless needles, mp 66-9 OC: IR (KBr) 1760 
cm-' (acetate); 'H NMR 0.09 (6 H, s, SiMe), 0.13,0.20 (2 X 3 H, 
a, SiMe), 0.90,0.92 (2 X 9 H, a, t-Bu), 2.09 (3 H, a, C(O)Me), 2.46 
(2 H, m), 4.22 (1  H, t, J = 6 Hz), 4.35 (1 H, d, J = 3.5 Hz), 5.58 
(1 H, ddd, J = 1.5,4, and 9 Hz), 5.79 (1 H, dd, J = 2 and 9 Hz); 
m/e 368 (5), 299 (3), 211 (25), 117 (25), 75 (45), and 73 (100). Anal. 
Calcd for C21H3904Si2N: C, 59.26; H, 9.24; N, 3.29. Found: C, 
59.26; H, 9.28; N, 3.29. 

(1s *,2S *,5R *,6R *)-3-Acetoxy-2,5-bis[ (tert-butyldi- 
methylsilyl)oxy]-7-o.abicyclo[ 4.1.0]heptane-3-carbonitrile 
(4). A solution of cycloadduct (3) (5.0 g, 11.8 mmol), m-CPBA 
(4.0 g), and 3-tert-butyl-4-hydroxy-5-methylphenyl sulphide (150 
mg) in dichloroethane (100 mL, Aldrich) was heated under reflux. 
After 2 h further m-CBPA (1.5 g) was added, and reflux was 
continued for 1 h. The contents of the flask were then cooled, 
diluted with CHzC&, and washed in turn with solutions of Na@03, 
NaHC03, and brine. After the solution was dried over Na#04, 
the solvents were removed in vacuo to give a yellow crystalline 
solid which was adsorbed onto silica column. Elution with toluene 
gave, after crystallization from MeOH, the title compound 4 (4.5 
g, 87%) as needles, mp 124-5 OC: IR (KBr) 1760 cm-I (acetate); 
'H NMR 0.15, 0.18 (2 X 3 H, a, SiMe), 0.20 (6 H, s, SiMe), 0.97 
(18 H, S, t-Bu), 1.78 (1 H, dd, J 14 and 4 Hz), 2.09 (3 H, S, OAC), 
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(19) Weetmijze, H.; Varmeer, P. Synthesis 1979, 390. 
(20) Douglas, I. B.; Norton, R. V. Organic Syntheses; Wiley: New 

(21) Luche, J. L.; Barreiro, E.; Dollat, J. M.; Crabbe, P. Tetrahedron 
York, 1973; Collect. Vol. V; p 709. 

Lett. 1975, 27, 4615. 

2.62 (1 H, dd, J = 14 and 4 Hz), 3.21 (2 H, a), 4.12 (1 H, e), 4.27 
(1  H, t, J = 7 Hz); '3c NMR 168.44 (C=O acetate), 115.46 (CN), 
73.61, 70.16, 64.46, 56.30, 55.39,33.18,25.62, 21.09, 18.07, 18.02, 
-4.71, -4.90, -6.81; m/e 426 (l), 384 (71,117 (40), 73 (100). Anal. 
Calcd for C21H390SSi2N: C, 57.11; H, 8.91; N, 3.17. Found C, 
56.84; H, 9.00; N, 3.31. 
Reduction of 4 with Sodium Borohydride. To a solution 

of epoxide 4 (800 mg, 1.8 mmol) in EtOH (30 mL) was added 
NaBH4 (700 mg) and the mixture was stirred at  rt until GC 
indicated that all the starting material had been consumed (4 h). 
The reaction mixture was then quenched by the addition of a 
solution of NH4C1, diluted with HzO, and extracted with Et20 
(X3). The organic extracts were dried over MgS04 and the 
solvents removed in vacuo to yield a colorless oil. Chromatography 
on a silica column eluting with toluene gave a mixture of 

bis[( tert -butyldimethylsilyl)ox~]-7-oxabicyclo[4.l.O]hep- 
tan-3-01s (5) (410 mg, 1.09 m o l )  as a colorless oil: IR @q fii) 
3500,1250,830 cm-'; 'H NMR 0.13 (6 H, a, SiMe), 0.165,0.17 (2 
X 3 H, a, SiMe), 0.92, a95 (2 X 9 H, a, t-Bu), 1.72 (2 H, m), 3.13 
(1 H, t, J = 3 Hz), 3.18 (1 H, d, J = 3 Hz), 3.67 (1 H, br m), 4.01 
(1 H, d, J = 3 Hz), 4.12 (1 H, t, J = 4 Hz); m/e 317 (201,225 (151, 
157 (321, 117 (301, 75 (701, 73 (100); exact mass (EI) calcd for 
C14Hzs04Siz (M+ - t-Bu) 317.1604, found (M+ - t-Bu) 317.1601; 
lR (liquid fib) 3500,1255,835 m-'; 'H NMR 0.11 (6 H, a, SiMe), 
0.16,0.18 (2 X 3 H, a, SiMe), 0.92,0.94 (2 X 9 H, a, t-Bu), 1.62 
(2 H, m), 3.07 (2 H, br a), 3.69 (1 H, a), 3.71 (1 H, m), 4.32 (1 H, 
br a); m/e 317 (51,185 (25), 147 (30),75 (70), 73 (100); exact mass 
(EI) calcd for Cl4HBO4Si2 (M+ - t-Bu) 317.1604, found (M+ - t-Bu) 
317.1605. Adding 1% Et20 to the eluent gave a mixture of 

bis[ (tert-butyldimethylsilyl)oxy]-7-oxabicyclo[ 4.l.Olhep- 
tan-2-01s (6) fmt as a white crystalline solid (140 mg, 0.3 mmol), 
mp 73-74.5 OC [IR (liquid film) 3520,1250,835 cm-': 'H NMR 
0.08 (6 H, a, SiMe), 0.10,O.ll (2 X 3 H, a, SiMe), 0.89,0.91 (2 X 
9 H, a, t-Bu), 1.6 (1 H, br m), 2.63 (1 H, a), 3.1 (1 H, d, J = 3 Hz), 
3.40 (1 H, br a), 3.67 (1 H, dt, J = 12 and 4.5 Hz), 3.96 (1  H, dd, 
J = 10 and 7 Hz), 4.12 (1  H, br a); m/e 317 (121, 299 (121,185 
(25), 117 (60), 75 (90), 73 (100). Anal. Calcd for Cl&9804Siz: C, 
57.72; H, 10.23. Found C, 57.60, H, 10.281, and then as a colorlem 
oil (90 mg, 0.24 "01) [IR (liquid film) 3460,1252,835 cm-'; 'H 
NMR 0.84 (3 H, a, SiMe), 0.10 (6 H, a, SiMe), 0.12 (3 H, a, SiMe), 
0.89,0.92 (2 x 9 H, a, t-Bu), 1.54 (2 H, m), 3.01 (1 H, bra), 3.17 
(1  H, d, J = 3 Hz), 3.63 (1 H, d, J = 8 Hz), 3.81 (1 H, m), 4.32 
(1 H, bra); m/e 317 (4), 236 (lo), 185 (25), 75 (70), 73 (100); exact 
maas (EI) calcd for C14HaO4Siz (M+ - t-Bu) 317.1604, found (M+ 

( ~S*,~R*,SR*,~R*)-~,~-B~S[ (tert-butyldimethylsily1)- 
oxy]-7-oxabicyclo[4.l~O]heptan-3-one (7). To a solution of the 
mixture of alcohols 5 (410 mg, 1.09 m o l )  in CHzClz (20 mL) was 
added Cr03C5H5N complex (1.5 g) portionwise over 5 h. The 
reaction mixture was decanted from the insoluble residue, which 
was washed thoroughly with CHzCll. The washings were com- 
bined and washed with water (X3) and dried over MgS04 and 
the solvent removed in vacuo to give a brown oil which was 
adsorbed onto a silica column. Elution with toluene-hexane 
(7030) gave the title compound 7 (310 mg, 0.83 "01) as a white 
crystalline solid, mp 29-33 OC: IR (KBr) 1730 cm-'; 'H NMR 
0.09 (6 H, a, SiMe), 0.12,0.15 (2 X 3 H, a, SiMe), 0.88,0.92 (2 X 

= 14 and 4 Hz), 3.25 (1 H, t, J = 3 Hz), 3.33 (1 H, dt, J = 1 and 
3 Hz), 4.25 (1 H, a), 4.64 (1 H, m); m/e 357 (2), 315 (47), 297 (19), 
259 (9), 183 (11), and 73 (100). Anal. Calcd for C18Hs04Si2: C, 
58.03; H, 9.75. Found C, 58.17; H, 9.83. 
(1S*,2R *,3R *,5R *,6R *)-2,5-Bis[ (tert -butyldimethyl- 

silyl)oxy]-3-ethynyl-7-oxabicyclo[4.1.0]hept~n-3-01 (8). 
Acetylene (20 mt) was introduced to a flask containing THF (30 
mL) stirred at -78 OC by means of a gas-tight syringe. To this 
solution was added n-BuLi (0.3 mL of a 1.6 M solution) and the 
mixture stirred for 30 min. A solution of ketone 7 (100 mg, 0.26 
mmol) in THF (5 mL) was added by means of a canula. The 
solution was stirred at -78 OC for 30 min and then allowed to warm 
to rt over 1 h. A solution of NH4Cl was added, and the products 
were extracted into &O (X3). The organic extracts were washed 
with brine and dried over MgSO,. Removal of the solvents gave 
a colorless oil which was chromatographed on a silica column 

(lS*,2S*,3S*,5R*,6R*)- and (lS*,2S*,3R*,5R*,6R*)-2,5- 

(lR*,2S*,3S*,5R*,6R*)*. and (lR*,25*,3R*,SR*,6R*)-3,5- 

- t-Bu) 317.16361. 

9 H, S, t-Bu), 2.33 (1 H, dd, J = 14 and 4 Hz), 2.58 (1 H, dd, J 



Synthesis of an Allenic Cyclohexanoid Epoxide 

eluting with toluene-hexane (1:l) to give the title compound 8 
(56 mg, 0.14 mmol), mp 64-66 OC: IR (KBr) 3400 cm-'; 'H NMR 
0.155,0.16 (2 X 3 H, 8, SiMe), 0.21 (6 H, 8, SiMe), 0.93,0.97 (2 

J = 14 and 4 Hz), 2.40 (1 H, s), 3.14 (1 H, d, J = 3.5 Hz), 3.19 
(1 H, d, J = 3.5 Hz), 3.86 (1 H, s), 4.17 (1 H, 8, OH), 4.30 (1 H, 
br e); m/z 341 (10). Anal. Calcd for C&Isa04Si2: C, 60.27; H, 
9.62. Found C, 59.96; H, 9.56. 
(1s * f R  *,3R *,5R *,6R *)-3-Acetoxy-2,5-bis[ (tert -butyldi- 

methylsilyl)oxy]-3-ethynyl-7-oxabicyclo[4.l.O]heptane (9). 
To a mixture of Et,N (3 mL), AQO (1.5 mL), and DMAP (10 mg) 
was added the alcohol 8 (110 mg, 0.28 "01). After being stirred 
at  rt overnight the reaction mixture was diluted with EhO and 
washed in turn with solutions of dilute HC1, NaHC03, and brine. 
The organic extracts were dried over MgS04 and the solvent 
removed in vacuo to give a yellow oil. Chromatography gave the 
title compound 9, mp 67-73 OC: IR (KBr) 1760 cm-'; 'H NMR 
0.12,0.14 (2 X 3 H, 8 ,  SiMe), 0.93, 0.94 (2 X 9 H, s, t-Bu), 2.00 
(1 H, dd, J = 6 and 13 Hz), 2.01 (3 H, 8, OAc), 2.42 (1  H, dd, J 
= 5.5 and 13 Hz), 2.50 (1 H, s), 3.15 (2 H, e), 4.15 (1  H, t, J = 6 
Hz); m/e 383 (71,341 (201,323 (161,147 (30), 117 (50), 73 (100); 
exact mass (EI) calcd for Cl&31O5Si2 (M - t-Bu) 383.1710, found 

(15*,2R*,3R*,5R*,6R*)-2,5-Bis[ (tert-butyldimethyl- 
silyl)oxy]-3-ethynyl-3-( met hanesulfinoyl)-7-oxabicyclo- 
[4.l.O]heptane (10). To a stirred solution of the propargylic 
alcohol 8 (100 mg, 0.25 mmol) and EkN (0.5 mL) in dry CHzC12 
(10 mL) at -50 OC was added methanesulfiiyl chloride (0.4 mL). 
After 15 min the reaction mixture was diluted with further CH2C12 
and washed in turn with solutions of 5% HC1, NaaO,, and brine. 
The solvents were removed in vacuo after drying over MgS04 to 
give a diastereoisomeric mixture methaneaulfiiatea 10 as a brown 
oil (110 mg, 0.24 mmol), which could be separated on a silica 
column eluting with CH2C12. First eluted: IR (CC14) 3310,1258, 
1147 cm-'; 'H NMR 0.11, 0.13 (2 X 3 H, s, SiMe), 0.19 (6 H, s, 
SiMe), 0.94,0.96 (2 X 9 H, 8, t-Bu), 1.93 (1  H, dd, J = 4 and 15 
Hz), 2.25 (1  H, dd, J = 4 and 15 Hz), 2.64 (2 H, s, S(O)Me), 2.80 
(1 H, s), 3.04 (1 H, d, J = 3.5 Hz), 3.17 (1 H, d, J = 3.5 Hz), 3.91 
(1 H, sA4.21 (1 H, br t, J = 4 Hz); m/e 403 (81,381 (51,323 (201, 
137 (60), 73 (100). Second eluted mp 125-6 OC; IR (CCl,) 3310, 
1259, 1151 cm-'; 'H NMR 0.13,0.20 (2 X 6 H, SiMe), 0.92, 0.96 

dd, J = 5.5 and 13 Hz), 2.65 (3 H, s, S(O)Me), 2.79 (1 H, s), 3.15 
(1 H, d, J = 3.5 Hz), 3.19 (1 H, d, J = 3.5 Hz), 4.02 (1 H, s), 4.20 
(1 H, t, J = 5.5 Hz); m/e 403 (81, 381 (51,323 (201, 137 (60),73 
(100). Anal. Calcd for C21H1005SSi2: C, 54.76; H, 8.76. Found 
C, 54.58; H, 8.85. 
Reaction of Sulfinate Esbrs 10 with Organocuprate. To 

a stirred suspension of copper(1) cyanide (100 mg, 1.1 mmol) in 

X 9 H, 8, t-Bu), 1.805 (1  H, dd, J = 14 and 4 Hz), 2.08 (1  H, dd, 

(M - t-Bu) 383.1741. 

(2 X 9 H, 8, t-Bu), 1.90 (1 H, dd, J = 5.5 and 13 Hz), 2.15 (1 H, 

J. Org. Chem., Vol. 57, No. 17, 1992 4731 

EhO (10 mL) at  -50 OC was added isopropenyllithium (2.2 mL 
of a 0.5 M ethereal solution). The mixture was allowed to stir 
at  this temperature for 30 min and then added to a solution of 
sulfinate esters 10 (80 mg, 0.17 "01) in EhO stirred at  -50 OC. 
The reaction mixture was stirred at  this temperature for 30 min 
then allowed to stir to rt over 2 h. Saturated NH4Cl solution was 
added, the two phases were separated, and the aqueous phase 
was extracted with EhO (X2). The organic extracts were unified 
and dried over MgSO,, and the solventa were removed in vacuo 
to give a yellow oil, separation on a preparative plate (toluene- 
hexane) gave, in order of migration, (lS*fS*,5R*,6R*)-2,5- 
bis[ (tert -butyldimethylsilyl)oxy]-3-(3-methylbuta-l,3-di- 
enylidene)-7-oxabicyclo[4.l.0]heptane (1 1) (25 mg, 35%) as 
a colorless oil [IR (CCl,) 1960 cm-'; 'H NMR 0.07 (3 H, s, SiMe), 
0.10 (6 H, s, S i e ) ,  0.12 (3 H, 8, SiMe), 0.91,0.92 (2 X 9 H, 8, t-Bu), 
1.74 (3 H, br s), 2.25 (2 H, br m), 3.14 (2 H, bra), 3.97 (1 H, dd, 
J = 4.5 and 5 Hz), 4.50 (1 H, s), 4.84,4.92 (2 X 1 H, br 8, 
5.90 (1 H, s, C=C=CH); m/e 365 (8), 233 (25), 147 (80), 73 (100); 
exact mess d c d  for Cl&S0&2 (M+ - t-Bu) 365.1968, found (M+ 
- t-Bu) 365.19661, (lS*,ZS *,5R*,6R *)-2,&bir[( terf -butyldi- 
methylsilyl)oxy]-3-ethenylidene7-oxabicyclo[4.l.O]heptane 
(12) (11 mg, 17%) as a colorless oil [IR (CCl,) 1965,1257 cm-'; 
'H NMR 0.08 (3 H, s, SiMe), 0.11 (6 H, 8, SiMe), 0.12 (3 H, s, 
SiMe), 0.91,0.92 (2 X 9 H, 8, t-Bu), 2.24 (2 H, m), 3.13 (2 H, m), 
3.99 (1 H, t, J = 8 Hz), 4.50 (1  H, s), 4.72 (2 H, br 8, -Ha); 
m/e 325 (20), 193 (23), 171 (25), 147 (loo), 73 (75); exact mass 
(EX) calcd for Cl&IzeO& (M+ - t-Bu) 325.1655, found (M+ - t-Bu) 
325.16311, and the propargylic alcohol 8 (31 mg, 46%). 
(1R * f S  *,5R *,6S *)-2,5-Dihydroxy-3-(3-methylbuta-1,3- 

dienylidene)-7-oxabicyclo[4.l.0]heptane (13). To a solution 
of d e n e  11 (12 mg, 0.03 "01) in THF (5 mL) was added TBAF 
(50 mg, 0.16 m o l )  and the mixture stirred for 1 h. The reaction 
mixture was diluted with EhO (15 mL) and washed with brine 
(2 x 10 mL); after the mixture was dried over MgSO, the solvents 
were removed in vacuo to give a colorless oil which was placed 
on a preparative plate. Development with chloroform-methanol 
(91) gave the title compound 13' as a white amorphous solid (5 
mg, 90%): IR (KBr) 3400,1960 cm-'; 'H NMR 1.75 (3 H, e), 2.28 
(1  H, dd, J = 4 and 15 Hz), 2.51 (1  H, d t  J = 5 and 15 Hz), 3.32 
(2 H, m), 4.32 (1 H, br s), 4.55 (1 H, s), 4.91 (1  H, s), 4.99 (1  H, 
s), 6.17 (1  H, 8) ;  m/e 194 (151,175 (41,161 (71, 147 (201,133 (20), 
121 (301, and 91 (100). 
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