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Some time ago it was shown that the interaction of enol 
ethers with Grignard reagents, catalyzed by low-valent 
nickel species, led to replacement of the alkoxy groups by 
alkyl or aryl units, creating olefins with retention of 
configuratione2 When cyclic enol ethers were used in this 
reaction, cis olefi i  were f0rmed,2c*~*~ a procedure which 
has been applied to the synthesis of pheromones.2c.d It 
now became of interest to utilize the same enol ethers, 
e.g., dihydropyran (la) or dihydrofuran (2a), for trans 
olefin formation. It was envisaged that a-lithiation of 
these enol ethers, alkylation of the resultant lithio com- 
pounds,4 and reduction of the alkylated enol ethers (1 and 
2, R = alkyl) with Grignard reagents under nickel catalysis 
(following early leads2ctd*ga) would accomplish this task. 
Furthermore, it was hoped to apply the results to the 
synthesis of a natural product. 

la ,  R =H Za, R = R H 
b, R = n-Bu b, R = ~I-Bu, R' = H 

e,  R = II-OCI, R' = H 
d, R = H. R' = Me 
e, R = (CH2),C(OCH3,CMe. R' = Me 

The enol ether models were 6-n-butyl-3,4-dihydro-W- 
pyran (lb),5 prepared by treatment of dihydropyran (la) 
with tert-butyllithium and thereafter with n-butyl iodide, 
and 6-n-butyl-2,3-dihydrofuran (2b),6 prepared from di- 
hydrofuran (2a) by the same procedure.' In analogy with 
the nickel-catalyzed reduction of thioenol ethers with 
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nosie, Facult4 de Pharmacie, 4, Avenue de I'Obwrvatoire, 75270 Paris 
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K.; Araki, K.; Murai, A. Chem. Lett. 1989, 1313. 

(6) Normant, H. C. R. Acad. Sci. 1948,226, 1734. 
(7) 5-n-Octyl-2,3-dihydrofuran (212) [colorless liquid; 'H NMR 6 0.8- 

0.9 (m, 3, Me), 1.37 (m, 12, methylenes) 2.11, 2.58 (t, 2 each, J = 8 Hz, 
allyl Hs), 4.30 (t, 2, J = 8 Hz, OCHz), 4.58 (t, 1, J = 1 Hz, H-4)1 served 
88 a third model. 

. 

Table I. Nickel-Catalyzed Reductions of Enol Etherr l b  
and 2b wi th  Iropropylmagnerium B r o m i d e  

ether NiClz ligand solvent EIZ ratio yield (%) 
lbb tbpc T H F  >261 
lb tbp THF 2 0 1  
lb tbp benzene 101  
l b  tbp benzene 101  
2b tbP THF 101  
2b tbp dioxane 6 1  
2b tbp benzene 6 1  
2bd tPP' benzene 4 1  

60 
50 
40 
35 
70 
70 
40 
35 

a At the temperature of the refluxing solvent; l b  reaction time 20 
h; 2b reaction time 2 h; 20% (tbp)zNiClz or (tpp)zNiCl* catalyst. * Reaction time: 48 h. 40% (tbp)zNiClz catalyst. Reaction time: 
20 h. e 10% (tpp)zNiClz catalyst. 

Grignard reagents8 it was hoped to use cyclohexylmag- 
nesium or isopropylmagnesium bromide as the reducing 
agent. When, however, early experiments showed enol 
ether Ib to be inert toward cyclohexylmagnesium bro- 
mide,D all subsequent tests were carried out only with 
isopropylmagnesium bromide as the reducing agent. 
Furthermore, the use of ether solvents resulted in higher 
product yields than the utilization of aromatic solvents. 
Finally, tri-n-butylphosphine (tbp) proved to be a more 
efficient ligand (especially when used as a nickel complex 
in more than catalytic quantity) than the traditionally 
employed triphenylphosphine (tpp). 
As Table I indicates, the lb-derived products were 4J3 

(3a)1° and 42 (4a)2d@JwJl isomers of 4-nonen-1-01 and 
the 2b-emanating substances 3E (3b)lOb*gJ2 and 32 
(4b)2eJ@J3 isomers of 3-octen-1-01. The major product of 
all reactions was the trans olefin, the trans/cis ratiovarying 
from 4 1  to >2kl.14 Furthermore, it could be shown that 
the annoying presence of 2-olefins as minor components 
of the reduction mixtures may be the consequence of a 
postreduction isomerization process. Thus, for example, 
exposure of pure 3b to the reaction conditions (benzene, 
(tpp)nNiClz) of the reduction of dihydrofuran 2b yielded 
a 3b-4b mixture in the same ratio as in the earlier reduction 
(no structure change taking place without nickel catalyst). 

With the above data in hand it now was possible to 
undertake the synthesis of a naturally occurring substance 
containing a trans double bond, and the fungal metabolite 

~ ~~~ ~~ 
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NHf, F.; Pawlak, M. Helo. Chim. Acta 1977,60,1161. (g) Bestmann, H. 
J.; Koschatzky, K. H.; SchHtzke, W.; S h z ,  J.; Vostroweky, 0. Liebigs 
Ann. Chem. 1981,1705. (h) Evans, D. A.; Thomas, E. W.; Cherpeck, R. 
E. J. Am. Chem. SOC. 1982,104, 3695. 

(11) (a) Tolatikov, G. A.; Odinokov, V. N.; Galeeva, R. I.; Bakeeva, R. 
S.; Akhunova, V. R. Tetrahedron Lett. 1979,4851. (b) Bestmann, H. J.; 
Koschatzky, K. H.; Vostroweky, 0. Liebigs Ann. Chem. 1982, 1478. 

(12) (a) RioM, 0. C. R. Acad. Sci. 1947,225,334. (b) Negishi, E. I.; 
Baba, S.; King, A. 0. J. Chem. SOC., Chem. Commun. 1976, 17. (c) 
Fujisawa, T.; Kurita, Y.; Kawaahima, M.; Sato, T. Chem. Lett. 1982, 
1641. 
(13) (a) Disaelnkatter, H.; Eiter, K.; Karl, W.; Wendisch, D. Tetra- 

hedron 1976,32,1591. (b) Crandall, J. K.; Collonges, F. J. Org. Chem. 
1976,41,4089. (c) Alexakis, A.; Cahiez, G.; Normant, J. F. Tetrahedron 
1980, 36, 1961. 
(14) For a procedure transforming cyclic enol ethers into trans olefins 

by way of organocopper chemistry, see: Barber, C.; Bury, P.; Kocienski, 
P.; OShea, M. J. Chem. SOC., Chem. Commun. 1991,1595. 
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for the above organonickel chemistry. Reduction of the 
enol ether 2e with isopropylmagnesium bromide in the 
presence of (tbp)zNiClz in refluxing THF for 20 h led in 
48% yield to a 4:l mixture of orthoesters 9a and 
whose mild acid hydrolysis afforded a mixture (95% ) of 
hydroxy acids 9b and lob. Purification of the major 
component after lactonizationlsa of the mixture furnished 
(*)-recifeiolide (5) in 50% yield. 

3 4 
a , n = 3  
b , n = 2  

recifeiolide was chosen for this purpose.'* Further- 
more, in order to apply the above organometallic reaction 
to ita synthesis, a dihydrofuran based on 2-methyl-2,3- 
dihydrofuran (2d) and a masked w-haloenanthic acid 
derivative had to be constructed. Hence the following 
transformations were executed. 

Exposure of 6-methyl-2-tetrahydrofuran01 (6a), pre- 
pared by the reduction of y-valerolactone with diisobu- 
tylaluminum hydride,17 to thiophenol and boron trifluoride 
etherate yielded the THF derivative 6b.17 Pyrolysis of 
the latter in the presence of DBU yielded the desired 
dihydrofuran 2d.17bp18 Sequential treatments of 7-bro- 
moheptanoic acid (7aP with thionyl chloride and 3-(hy- 
droxymethyl)-3-methyloxetane~ produced bromo ester 7b, 
whose interaction with sodium iodide in acetone and 
thereafter with boron trifluoride etheratemSz1 furnished 
an w-iodoorthoenanthate 8. 

Br(CH&COY I(C%)6<> 

7a. Y = OH 8 
b, Y = OCH,C(CH2)20 

I Me 

When enol ether 2d was metalated4 with tert-butyl- 
lithium and the a-lithio derivative of 2d exposed to iodide 
8, the product was dihydrofuran 28, the substrate needed 

(15) Vemnder, R. F.; Stodola, F. H.; Wickerham, L. J.; Ellis, J. J.; 
Rohwedder, W. K. Can. J .  Chem. 1971,49,2029. 

(16) For previous syntheses of the racemic macrolide, we: (a) Corey, 
E. J.; Ulrich, P.; Fitzpatrick, J. M. J.  Am. Chem. SOC. 1976,98,222. (b) 
Narasaka, K.; Yamaguchi, M.; Mukaiyama, T. Chem. Lett. 1977,959. (c) 
Tsuji, J.; Yamakawa, T.; Mandai, T. Tetrahedron Lett. 1978,565. (d) 
T-hi, T.; Heshiphi ,  9.; Kaauga, K.; Tsuji, J. J.  Am. Chem. SOC. 
1978,100,7424. (e) Yoahida, J.; Tamao, K.; Takahashi, M.; Kumada, M. 
Tetrahedron Lett. 1978,2161. (f) Troat, B. M.; Verhoeven, T. R. J. Am. 
Chem. Soc. 1980,102,4743. (g) Schreiber, S. L. J.  Am. Chem. SOC. 1980, 
102, 6163. (h) Wawerman, H. H.; Gambale, R. J.; Pulwer, M. J. 
Tetrahedron 1981, 37, 4059. (i) Miftakhov, M. S.; Akbutina, F. A.; 
Tolstikov, G. A. Khim. Prir. Soedin 1982, 291; Chem. Abstr. 1982,97, 
127457s. c j )  Snider, B. B.; Phillips, G. B. J. Org. Chem. 1983,48,464. (k) 
Beetmann, H. J.; Schobert, R. Angew. Chem.,Int. Ed. Engl. 1983,22,780. 
(1) Rama Rao, A. V.; Yadav, J. S.; Sharma, G. V. M.; Bhide, K. S. Synth. 
Commun. 1984,14,321. (m) Hirao, T.; Hayashi, K.; Fujihara, Y.; Ohshiro, 
Y.; Agawa, T. J. Org. Chem. 1986,50,279. (n) Rama Rao, A. V.; Reddy, 
S. P. Synth. Commun. 1986,16,1149. For syntheses of the natural (+)- 
isomer, see: (0)  Gerlach, H.; Oertle, K.; Thalmann, A. Helu. Chim. Acta 
1976, 59, 755. (p) Utimoto, K.; Uchida, K.; Yamaya, M.; Nozaki, H. 
Tetrahedron Lett. 1977, 3641. 

(17) (a) Cohen, T.; Lin, M.-T. J. Am. Chem. SOC. 1984,106,1130. (b) 
Cfi Goldsmith, D. J.; Liotta, D. C.; Volmer, M.; Hoekstra, W.; Waykole, 
L. Tetrahedron 1986,41,4873. 

(18) (a) Dimroth, P.; Pasedach, H. Angew. Chem. 1960,22,865. (b) 
Gianturco, M. A.; Friedel, P.; Flanagan, V. Tetrahedron Lett. 1965,1847. 
(c) Botteghi, C. Cazz. Chem. Ital. 1976, 105, 233. 

(19) Am-, D. E.; Bowman, R. E.; Mason, R. G. J .  Chem. SOC. 1950, 
174. 

(20) Corey, E. J.; Raju, N. Tetrahedron Lett. 1983, 24, 5571. 
(21) CE Keinan, E.; Sinha, S. C.; Singh, 5. P. Tetrahedron 1991,47, 

4631. 

AH 
9 "9 10 

a, R = C ( O C H ~ ~ C M C  I 
b. R = C02H 

Experimental Section 
General. lH and 13C NMR spectra of CDC13 solutions were 

recorded at 200 and 50.31 MHz, respectively. IR spectra were 
recorded of CC4 solutions; mass spectra were obtained in the 
chemical ionization mode. GC product analysis was performed 
with a 50-m capillary Carbowax 20M column. 
Bis(tri-n-buty1phosphino)nickel Dichloride [ (tbp)2NiClz]. 

The complex was prepared according to the published proce- 
d ~ r e , ~ ~  modified as follows. Tri-n-butylphosphine (20 mL, 80 
mmol) was added to a stirring solution of 9.52 g (40 mmol) of 
NiC12.6H20 in 35 mL of 70% aqueous alcohol at 5 OC, and the 
stirring of the now red mixture was continued for 0.5 h. The red 
precipitate was filtered, washed with ice-cold ethanol, and dried 
under vacuum. This led to 20.0 g (94%) of the catalyst. 
6-n-Butyl-3,4-dihydro-2H-pyran (lb). A 1.7 M t-BuLi 

solution (32 mL, 52 mmol) was added dropwise to a stirring 
solution of 4.3 mL (48 mmol) of dihydropyran (la) in 16 mL of 
anhydrous THF under argon at -60 OC and the temperature 
then permitted to rise to 5 OC. A solution of 5 mL (48 mmol) of 
n-butyl iodide in 5 mL of anhydrous THF was added dropwise 
to the stirring mixture at -30 "C. The mixture was allowed to 
warm to rt and the stirring under argon continued for 2 h. A 
saturated NH4Cl solution (6 mL) was added slowly and the 
mixture extracted with ether. The extract was dried (Na2S04) 
and evaporated. Distillation (60-65 "C (0.5 Torr)) of the residue 
furnished 6.4 g (95%) of colorless, liquid ether lb, IR and 'H 
NMR spectrally identical with recorded data? 

S-n-Butyl-2,3-dihydrofuran (2b).6 The literature procedure 
was used for the 2a - 2b conversion. Since distillation 
decomposed the product, it has to be used in the next reaction 
without further purification: IR C - C  1670 (w) cm-I; lH NMR 
6 0.90 (t, 3, J = 7 Hz, Me), 1.3-1.6, 1.9-2.2, 2.5-2.7 (m, 8, 
methylenes), 4.29 (t, 2, J = 8 Hz, OCHz), 4.5-4.6 (m, 1, H-4); 13C 
NMR6 13.7 (Me), 22.2,27.4,28.7,29.8 (methylenes), 69.5 (C-2), 

4(E)-Nonen-l-ol (3a). A solution of 1.9 mL (20 mmol) of 
freshly distilled 2-bromopropane in 10 mL of anhydrous THF 
was induced to interact with 480 mg (20 mmol) of magnesium 
turnings, furnishing 19 mmol of Grignard solution (76%). The 
titrated solution of the Grignard reagent was added dropwise to 
a solution of 1.06 g (2.0 mmol, 0.4 equiv) of (tbp)zNiClp in 30 mL 
of dry THF. Enol ether l b  (0.70 g, 5 mmol) was added slowly, 
and thereafter the mixture was stirred and refluxed under argon 
for 48 h. Saturated NH&l was added slowly under vigorous 
stirring. The mixture was extracted with ether and the extract 
dried. Evaporation yielded 430 mg (60%) of alcohol 3a (>96% 
E-isomer by GC): bp 110 OC (12 Torr); 'H NMR spectrally 
identical with recorded data.1° 

TheZisomer (4a, <4% ) was identified by GC and spectrally.2e 
3(J3)-Octen-l-ol (3b). The same procedure, except for the 

use of 20% catalyst and 2 h reaction time, applied to dihydrofuran 

93.3 (C-4), 158.9 (C-5). 

(22) The apparent lowering of the EIZ product ratio with increasing 
length of the side chain was accord with the difference in the ratios of 
the reduction products of the butylated dihydrofuran 2b (101, see the 
table) vs the octylated heterocycle 2c7 (41). 

(23) Jensen, K. A. 2. Anorg. Allgem. Chem. 1936,229, 265. 
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2b gave a 70% yield of alcohol 3b (>91% E h m e r  by GC): bp 
106 OC (12 Torr); NMR spectrally identical with recorded 

The 2 isomer (4b) was identified by GC and spectrally.ze 
2-Methyl-2,3-dihydrofuran (2d). A mixture of 14.0 g (72 

mmol) of sulfide 6b and 12.2 g (80 mmol) of DBU was heated in 
a distillation apparatus at 250 OC until all distillation ceased. 
The distillate was redistilled, and the fraction boiling below 100 
OC was collected. Redistillation of this fraction gave 4.00g (66 % ) 
of enol ether 2 d  bp 6446 "C; IRand 'H NMRspectrally identical 
to reported daw18 I3C NMR 6 21.6 (Me), 36.2 (C-3h77.5 (C-21, 

l-Methyl-3-oxacyclobutanecarbinyl7-Bromoheptanoate 
(7b). A mixture of 7.00 g (33.6 mmol) of 7-bromoheptanoic acid 
(7a)l9 and excess (6 mL, 69 mmol) of SOClz was stirred at 5 OC 
for 12 h. The excess reagent was removed by distillation under 
reduced pressure and the residue diluted with 5 mL of anhydrous 
THF. The resultant solution was added dropwise to a stirring 
mixture of 4.00 g (39 mmol) of 3-(hydroxymethyl)-3-methylox- 
etanezO and 4.5 mL of pyridine in 35 mL of dry THF at 5 "C. After 
1.5 h the mixture was poured into saturated NaHC03 solution 
and extracted with CHzClZ. The extract was dried and evapo- 
rated, yielding 9.50 g (97%) of crude ester 7b, used in the next 
step without further purification. For full characterization 500 
mg of 7b was exposed to flash chromatography on silica gel. 
Elution with 4:l hexane-ethyl acetate led to 460 mg (89%) of 
colorless, liquid ester 7 b  IR C - 0  1738 ( 8 )  cm-'; IH NMR 6 
1.2-2.0 (m, 8, methylenes), 1.33 (8, 3, Me), 2.37 (t, 2, J = 7 Hz, 
COCHZ), 3.40 (t, 2, J = 7 Hz, BrCHz), 4.18 (s,2, COZCHZ), 4.39, 
4.55 (d, 2 each, J = 6 Hz, OCHz), 13C NMR 6 20.8 (Me), 24.3,27.4, 
27.8,32.1 (methylene@, 33.3 (a-keto-CHz, or BrCHz), 33.6 (BrCHz 
or a-keto-CH3,38.7 (C-3),66.0 (OCHZ), 79.1 (C-2), 173.1 ( C 4 ) .  
Anal. Calcd for ClZHz103Br: C, 49.16; H, 7.22. Found C, 48.95; 
H, 7.29. 

1-( 6-Iodohexyl)-4-methyI-2,6,7-trioxabicyclo[ 2.2.21- 
octane (8). A solution of 9.00 g (30.7 mmol) of bromo ester 7b 
and 10 g (67 mmol) of NaI in 60 mL of acetone was stirred under 
nitrogen for 4 h. The mixture was filtered, and the filtrate was 
concentrated byevaporation and poured into water. The aqueous 
solution was extracted with CHZC12 and the extract washed with 
brine solution, dried, and evaporated. Flash chromatography of 
the residue (9.8 g) on silica gel and elution with 4 1  hexane-ethyl 
acetate furnished 9.10 g (88% from crude 7b, 80% from 7a) of 
colorless, liquid iodo ester (7b, I in place of Br): IR C - 0  1735 
(a) cm-l; lH NMR 6 1.3-1.9 (m, 4, methylenes), 1.35 (8, 3, Me), 

(s,2, COzCHz), 4.40,4.53 (d, 2 each, J = 6 Hz, OCHz); NMR 
6 6.7, 24.4, 27.7, 29.8, 33.0, 33.8 (methylenes), 21.0 (Me), 38.8 
(C-3), 68.2 (OCHz), 79.3 (C-2), 173.3 (C=O). Anal. Calcd for 

Conversion of the iodo ester (4.50 g, 13 mmol) into the ortho 
ester 8 followed the Keinan procedure.21 Product purification 
was by flash chromatography, the crude product being placed on 
the silica column as a 13:l hexane-triethylamine solution and 
eluted with the same solvent mixture. This yielded 3.00 g (67 5%) 
of colorless, liquid iodide 8: 'H NMR 6 0.80 (s,3, Me), 1.2-1.9 
(m, 10, methylenes), 3.20 (t, 2, J = 7 Hz, ICHz), 3.90 (8,  6, 3 
OCHz); I3C NMR 6 6.9, 22.6,28.0,30.0,33.1,36.2 (methylenes), 
14.3 (Me), 29.9 (C-4), 72.2 (C-3, C-5, C-81, 108.6 ((3-1). Anal. 
Calcd for C12H2103I: C, 42.37; H, 6.22. Found C, 42.41; H, 6.26. 
S-[ 6- (4'-Methyl-2',6',7'-trioxabicyclo[2.2.2]oct-l'-yl) hexyl]- 

2-methyl-2,3-dihydrofuran (20). The procedure of the above 
2a - 2b conversion was applied to 2.2 mL (24 mmol) of 
dihydrofuran 2d and 2.95 g (8.7 mmol) of iodide 8. Chroma- 

data.10bK.12 

99.7 (C-4), 144.6 (C-5). 

2.39 (t, 2, J 7 Hz, COCHp), 3.20 (t, 2, J 7 Hz, ICHz), 4.18 

C1&103k C, 42.37; H, 6.22. Found: C, 42.18; H, 6.17. 

Notee 

tography of the crude product (3.4 g) on neutralalumina (activity 
I) and elution with 9:l hexane-ethyl acetate afforded 2.251 (88% ) 
of colorless, liquid enol ether 28: IR C - C  1664 (w) cm-l; 'H 
NMR 6 0.80 (8,  3, Me), 1.2-2.8 (m, 14,7 CHZ), 1.25 (d, 6, J = 6 
Hz, 2-Me), 3.85 (8,  6, 3 OCHz), 4.3-4.4 (m, 1, H-4), 4.5-4.7 (m, 

(methylenes), 14.3 (4'-Me), 21.7 (2-Me), 29.9 ((2-49, 72.3 (C-3', 

Calcd for C17H~04: C, 68.89; H, 9.52. Found C, 68.89; H, 9.59. 
(*)-Recifeiolide (5). A freshly prepared 1 M THF solution 

of isopropylmagnesium bromide (40 mL, 40 "01) was added 
dropwise to 540 mg (1.0 mmol) of (tbp)zNiC12 in 10 mL of 
anhydrous THF under argon and the mixture refluxed for 46 
min. A solution of 700 mg (2.3 mmol) of dihydrofuran 2e in 10 
mL of dry THF was added dropwise at the elevated temperature 
and the heating continued for 20 h. A 7:3 aqueous NH,Cl/NHs 
solution was added to the mixture cooled to 5 "C and stirred for 
20 min. The aqueous phase was extracted exhaustively with 
EtOAc, the extract was dried and evaporated, and the residue 
was chromatographed on 200 g of alumina. Elution with 101 
hexane-EtOAc furnished 340 mg (48%) of a 4:l EIZmixture (by 
GLC and 13C NMR spectral analysis) of liquid hydroxy ortho 
esters (i.e. 9a and loa). Sa: IR OH 3610 (w), 3490 (w) cm-l; lH 
NMR 6 0.79 (s,3, Me), 1.1-1.7 (m, 10, methylenes), 1.20 (d, 3, J 
= 6 Hz, Me), 1.9-2.3 (m, 4, allyl Hs), 3.6-3.9 (m, l, OCH), 3.86 
(s,6,3, OCHz), 5.2-5.6 (m, 2, olefinic Hs); W NMR 6 14.4 (Me), 
22.6 (Me), 22-42 (methylenes), 67.0 (OCH), 72.4 (OCHz), 108.9 
(OaC), 125.6 (olefinic C), 134.4 (olefiicc). loa: l3C NMR6 14.4 
(Me), 22.6 (Me), 22-42 (methylenee), 67.6 (OCH), 72.4 (OCHz), 
108.9 (OaC), 124.9 (olefinic C), 133.1 (olefinic C). Anal. Calcd 
for C17H3004: C, 68.42; H, 10.13. Found C, 68.27; H, 10.17. 

A 1:l DME/H20 solution of NaHSO, (3 mL, pH 3) was added 
to 300 mg (1.0 mmol) of the 9a-10a ortho ester mixture in 2 mL 
of DME at  5 OC, and the mixture was stirred for 3 h. A 1 N 3:l 
DME/HzO solution of KOH (6 mL) was added dropwise, and the 
mixture was stirred at rtfor 12 h. The basic solution was acidified 
with NaHS04 to pH 2, diluted with water, and extracted 
exhaustively with CHzClZ. The extract was washed with brine, 
dried, and evaporated, yielding 204 mg (95 9% ) of a liquid Sb-10b 
hydroxy acid mixture. 9b: IR OH 3608 (w), 3400 (w, br), C=O 
1718 (8) cm-l; lH NMR 6 1.26 (d, 3, J = 7 Hz, Me), 1.3-1.7 (m, 
8, methylenes), 1.8-2.3 (m, 4, allyl Ha), 2.3-2.4 (m, 2, COCH3, 
3.7-3.9 (m, 1, OCH), 5.3-5.7 (m, 2, olefinic Hs); '3C NMR S 22.3 
(Me), 24-42 (methylenes), 67.4 (OCH), 125.8 (olefinic C), 134.0 
(olefinic C), 178.7 (C-0). 10b '9c NMR 6 22.4 (Me), 24-42 
(methylenes), 67.8 (OCH), 125.1 (olefinic C), 132.7 (olefinic C). 
Anal. Calcd for C12H22O3: C, 67.25; H, 10.35. Found C, 67.09; 
H, 10.47. 

The Corey procedure for lactonization'& was applied to 100 
mg of hydroxy acid mixture 9&10b. However, workup consisted 
of flash chromatography on silica. Elution with 9 1  hexane- 
EtOAc afforded 45 mg (exclusively pure E isomer) of (*)- 
recifeiolide (5), spectrally fully compatible with the published 
data.168 

1, H-2); 13C NMR 6 22.8, 26.2, 27.8, 28.8, 29.0, 36.4, 37.0 

C-5', C-8'),77.2 (C-2), 92.5 (C-4), 108.8 (C-1'),167.6 fC-5). And. 

Acknowledgment. The authors thank Profemor J. 
Poisson for his interest. 


