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Optically pure Diels-Alder adducts of 2,4-dimethylfuran and 1-cyanovinyl (1%)- or (1’s)- 
camphanate are obtained readily. These 1,5-dimethyl-7-oxabicyclo[2.2.llheptd-en-l-yl derivatives 
can be converted with high stereoselectivity into polypropionate fragments such as (-)-(2R,3R,4R,5S)- 
5-(benzyloxy)-3-(isopropyloxy)-2,4-dimethylhept-6-enal ((-1-16) or (-)-(2R,Z’S,3’S,4‘S,5’S)-2-[4- 
(benzyloxy)tetrahydro-3,5-dimethyl-5-methox~ur-2-yllpropanal ((-1-20). The latter underwent 
stereoselective cross-aldolization with the lithium enolate of (+)-(lS,4S,5S,6S)-6-exo-(benzyloxy)- 
1,5-endo-dimethyl-7-oxabicyclo[2.2.llheptan-2-one ((+)-9) giving a n  aldol ((-1-23); like mode of 
aldolization) tha t  can be converted into a polypropionate fragment containing nine contiguous 
stereogenic centers. 

Introduction 

A large variety of natural products of biological interest 
contain polypropionate fragments (chain with alternating 
hydroxy and methyl substituents).lS2 Several methods 
and strategies have been developed to provide access to 
these systems which possess a high density of stereo- 
chemical i n f~ rma t ion .~  The control of the stereochemis- 
try can rely on pericyclic reactions such as  the Claisen 
rearrangement4 or the Lewis acid-promoted hetero- 
Diels-Alder a d d i t i ~ n , ~  on aldol reactions6 involving imide 
en~lates ,~~*boron e n o l a t e ~ , ~  tin(II)eno1atesl0 or zirconium 
enolates,ll on additions of crotylboronates to aldehydes,12 

@ Abstract published in Advance ACS Abstracts, September 1,1994. 
(1) See, e.g.: (a) The macrolide antibiotics: Rinehart, K. L., Jr.; 

Shield, L. S. Fortschr. Chem. Org. Naturst. 1976,33, 23. Bartlett, P. 
A. Tetrahedron 1980,36, 2. Paterson, I.; Mansuri, M. M. Zbid. 1986, 
41,3569. Boivin, T. L. B. Zbid. 1987,43,3309. Hoffmann, R. W. Angew. 
Chem., Int. Ed. Engl. 1987,26, 489. Mulzer, J. Zbid. 1991, 30, 1452. 
Stunner, R.; Ritter, K.; Hoffmann, R. W. Angew. Chem., Znt. Ed. Engl. 
1993, 32, 101 and references cited therein. (b) Swinholides: Tsuka- 
moto, S.; Ishibashi, M.; Sasaki, T.; Kobayashi, J. i. J .  Chem. Soc., 
Perkin Trans. 1 1991,3185. (c) Tylonolides: Marshall, J. A.; Crute, T. 
D., 111; Hsi, J. D. J.  Org. Chem. 1992,57, 115. (d) Rapamycin: Nicolaou, 
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Rosen, M. K.; Schreiber, S. L. Angew. Chem., Znt. Ed. Engl. 1992,31, 
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Hoshino, M.; Irie, H. Tetrahedron Lett. 1993, 34, 6285. (g) Ethero- 
mycin: Paterson, I.; Tillyer, R. D.; Ryan, G. R. Ibid. 1993, 34, 4389. 
(h) Steptovaricins: Roush, W. R.; Palkowitz, A. D. J .  Org. Chem. 1989, 
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R. J.  Am. Chem. SOC. 1990, 112, 5290 and references cited in these 
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inger, H. J.  Antibiot. 1993, 46, 1334. (k) Sekothrixide: Kim, Y. J.; 
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J .  B.; Hung, D. T.; Somers, P. K.; Schreiber, S. L. J.  Am. Chem. SOC. 
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Stirchak, E. P.; Wester, R. T. J.  Am. Chem. SOC. 1988, 110, 5442. 
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on conjugate additions to butenolides,13 on additions of 
vinyloxiranes,14 or on using carbohydrates as  starting 
materials.15 Other approaches imply two-directional 
chain elongations and a “desymmetrization” process.16 
Many bicyclic systems with endocyclic double bonds or/ 
and other functions react with high facial selectivity. This 

(5) Myles, D. C.; Danishefsky, S. J.; Schulte, G. J.  Org. Chem. 1990, 
55, 1636. Gao, Q.; Ishihara, K.; Maruyama, T.; Mouri, M.; Yamamoto, 
H. Tetrahedron 1994, 50, 979. Bednarski, M. D.; Lyssikatos, J. P. In 
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Pergamon Press: Oxford, 1991; Vol. 2., Chapter 2.5, p 661. 
(6) Heathcock, C. C. Asymmetric Synthesis; Academic Press: New 

York, 1984; Vol. 3, Chapter 2. Evans, D. A. Asymmetric Synthesis; 
Academic Press: New York, 1984; Vol. 3, Chapter 1. Born, M.; Tamm, 
C. Synthesis 1991,435; Helv. Chim. Acta 1990, 73,2242. Paterson, I.; 
Bower, S.; Tillyer, R. D. Tetrahedron Lett. 1993,34,4393. Heathcock, 
C. H. In Comprehensive Organic Synthesis; Trost, B. M., Fleming, I., 
Eds.; Pergamon Press: Oxford, 1991; Vol. 2, Chapter 1.5, p 133; 
Chapter 1.6, p 181. Chan, T.-H. Zbid. Vol. 2, Chapter 2.3, p 595. 
Gennari, C. Zbid. Vol. 2, Chapter 2.4, p 629. 
(7) Evans, D. A.; Enuis, M. D.; Mathre, D. J. J. Am. Chem. SOC. 

1982,104,1737. Evans, D. A.; Dew, R. L. Tetrahedron Lett. 1986,27, 
1007. Evans, D. A.; Kalder, S. W.; Jones, T. K.; Clardy, J.; Stout, T. J. 
J.  Am. Chem. SOC. 1990,112, 7001. Evans, D. A.; Sheppard, G. S. J. 
Org. Chem. 1990,55, 5192. Evans, D. A.; Ng, H. P. Tetrahedron Lett. 
1993, 34, 2229. 
(8) Nakata, T.; Fukui, M. Oishi, T. Tetrahedron Lett. 1988,29,2219. 
(9) Kim, B. M.; Williams, S. F.; Masamune, S. In Comprehensive 

Organic Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon Press: 
Oxford, 1991; Vol. 2, Chapter 1.7, p 239. Roush, W. R.; Palkowitz, A. 
D. J .  Org. Chem. 1989,54,3009. Evans, D. A.; Rieger, D. L.; Bilodeau, 
M. T.; Urpi, F. J.  Am. Chem. SOC. 1991, 113, 1047. Johnson, M. R.; 
Nakata, T.; Kishi, Y. Tetrahedron Lett. 1979, 4343. Johnson, M. R.; 
Kishi, Y. Zbid. 1979,4347. Kishi, Y. Pure Appl. Chem. 1981,53,1163. 
Nagaoka, H.; Schmid, G.; Iio, H.; Kishi, Y. Tetrahedron Lett. 1981, 
22, 899. Hale, K. J.; Bhatia, G. S.; Peak, S. A,; Manaviazar, S. 
Tetrahedron Lett. 1993, 34, 5343. Paterson, I.; Channon, J. A. Zbid. 
1992,33, 797. Paterson, I.; Smith, J .  D. Zbid. 1993,34,5351. Paterson, 
I.; Tillyer, R. D. J. Org. Chem. 1993, 58, 4182. 
(10) Masamune, S.; Imperiali, B.; Garrey, D. S. J. Am. Chem. SOC. 

1982, 104, 5528. Paterson, I.; Perkins, M. V. Tetrahedron Lett. 1992, 
33,801. Paterson, I.; Lister, A,; Norcross, R. D. Tetrahedron Lett. 1992, 
33, 1767. Paterson, I.; Channon, J. A. Tetrahedron Lett. 1992,33,797. 
Evans, D. A.; Clark, J. S.; Mettemich, R.; Nozack, V. J.; Sheppard, G. 
S. J.  Am. Chem. SOC. 1990, 112, 866. Paterson, I.; Tillyer, R. D. 
Tetrahedron Lett. 1992, 33, 4233. Evans, D. A,; Ng, H. P.; Clam, J. 
S.; Rieger, D. L. Tetrahedron 1992, 48, 2127. 

(11) Braun, M.; Sacha, H. Angew. Chem., Znt. Ed. Engl. 1991,30, 
1318. See also: Paterson, I. In Comprehensive Organic Synthesis; Trost, 
B. M., Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Chapter 1.9, 
p 301. 
(12) Roush, W. R.; Palkowitz, A. D.; Ando, K. J.  Am. Chem. SOC. 

1990, 112, 6348. White, J. D.; Porter, W. J.; Tiller, T. Synlett 1993, 
535. Roush, W. R. In Comprehensive Organic Synthesis; Trost, B. M., 
Fleming, I., Eds.; Pergamon Press: Oxford, 1991; Chapter 1.1, p 1. 
Fleming, I. Zbid. Vol. 2, Chapter 2.2, p 563. 
(13) Hanessian, S.; Murray, P. J .  Tetrahedron 1987, 43, 5055. 

Hanessian, S.; Cooke, N. G.; De Hoff, B.; Sahito, Y. J.  Am. Chem. SOC. 
1990,112,5276. Stork, G.; Rychnowsky, S. D. J .  Am. Chem. SOC. 1987, 
109, 1564, 1565. 
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property has been exploited in a synthesis of methymycin 
starting from bicyclo[4.2.11nona-2,4,7-triene.17 The opti- 
cally pure norbornenyl derivative (-)-l has been con- 
verted to thynolide,le and the racemic bicyclo[3.2. lloct- 
6-ene system (f)-2 derived from 2-acylfuran has been 
transformed into racemic Prelog-Djerassi lactonic acid.lg 
More recently, 8-oxabicyclo[3.2.lloct-6-enezO and 7-oxa- 
bicyclo[2.2.l]hept-5-ene d e r i v a t i v e ~ ~ ~ s ~ ~  were shown to 
undergo oxa ring openings via S N ~ ’  reactions with polar 
metal alkyl reagents leading to the corresponding cyclo- 
hept-3-enols and cyclohex-3-enols, respectively, the ozo- 
nolysis of which provides polypropionate fragments in 
their racemic formzO,zl or with enantiomeric excesses 
approaching 52%.2z These reports convinced us to dis- 
close our progress on the use of optically pure 1,5- 
dimethyl-7-oxabicyclo[2.2. 1]hept-5-en-2-oneB in the highly 
stereoselective synthesis of polypropionate fragments 
with four and nine contiguous stereogenic centers. The 
chemistry developed was inspired from our work on the 
total synthesis of long-chain carbohydrates and analogues 
based on the “naked sugar” t e c h n o l ~ g y . ~ ~  

Results and Discussion 
Recently, we reportedz3 that  2,4-dimethylfuran (3) 

obtained in three steps from acetone25 adds to l-cyano- 

(14) Marshall, J. A.; Trometer, J. D.; Blough, B. E.; Crute, T. D. J .  
Org. Chem. 1988, 53, 4174. Marshall, J. A.; Trometer, J. D. Tetra- 
hedron 1989, 45, 391. Marshall, J. A.; Blough, B. E. J .  Org. Chem. 
1990,55, 1540. Marshall, J. A.; Blough, B. E. J.  Org. Chem. 1991,56, 
2225. Mirashita, M.; Yoshihara, K.; Kawamine, K.; Hoshino, M.; Irie, 
H. Tetrahedron Lett. 1993,34,6285. See also: Tirado, R.; Prieto, J. A. 
J .  Org. Chem. 1993, 58, 5666. 
(15) See, e.g.: Miljkocic, M.; Gliorijevic, M.; Satoh, T.; Miljkovic, D. 

J .  Org. Chem. 1974, 39, 1379. Hanessian, S.; Rancourt, G. Can. J .  
Chem. 1977, 55, 1111. Hanessian, S.; Pougny, J .  R.; Boessenkool, I. 
Tetrahedron Lett. 1984, 40, 1289. Nicolaou, K. C.; Seitz, S. P.; Pavia, 
M. R. J. Am. Chem. SOC. 1981,103,1222,1224. Tatsua, K.; Amemiya, 
Y.; Kamemura, Y.; Takahashi, H.; Kinoshita, M. Tetrahedron Lett. 
1982,23,3375. Nicolaou, K. C.; Seitz, S. P.; Pavia, M. R. J .  Am. Chem. 
Soc. 1982,104,5781. Ireland, R. E.; Daub, J. P.; Mandel, G. S.; Mandel, 
N. S. J. Org. Chem. 1983,48,1312. Wakata, M.; Takao, M.; Ikeyama, 
Y.; Sakai, T.; Tatsua, K.; Kinoshita, M. Bull. Chem. SOC. Jpn. 1981, 
54, 1749. Fraser-Reid, B.; Magdzinski, L.; Molino, B. J.  Am. Chem. 
SOC. 1984, 106, 731. Nakata, M.; Kinoshita, M.; Ohba, S.; Saito, Y. 
Tetrahedron Lett. 1983, 23, 4199. Corey, E. J.; Weigl, L. 0.; Cham- 
berlin, A. R.; Lipschutz, B. J.  Am. Chem. SOC. 1980,102,1439. Corey, 
E. J.; Weigl, L. 0.; Chamberlin, A. R.; Cho, M.; Hua, D. H. J .  Am. 
Chem. SOC. 1980, 102, 6613. Fisher, M. J.; Myres, C. D.; Joglar, J.; 
Chen, S. H.; Danishefsky, S. J. J.  O g .  Chem. 1991, 56, 5826. Chen, 
S. H.; Horvath, R. F.; Joglar, J.; Fisher, M. J.; Danishefsky, S. J. J. 
O g .  Chem. 1991, 56, 5834. Tone, H.; Nishi, T.; Oikawa, Y.; Hitoka, 
M.; Yonemitsu, 0. Tetrahedron Lett. 1987, 28, 4569. Mulzer, J.; 
Kirstein, H. M.; Buschmann, J.; Lehmann, C.; Luger, P. J.  Am. Chem. 
SOC. 1991, 113, 910. Fisher, M. J.; Myres, C. D.; Joglar, J.; Chen, S. 
H.; Danishefsky, S. J. J .  Org. Chem. 1991, 56, 5826. Chen, S. H.; 
Horvath, R. F.; Joglar, J.; Fisher, M. J.; Danishefsky, S. J. Ibid. 1991, 
56,5834. Nakata, M.; Akiyama, N.; Kamata, J.4.; Kojima, K.; Masuda, 
H.; Kinoshita, M.; Tatsuta, K. Tetrahedron 1990, 46, 4629. Suiridov, 
A. F.; Borodkin, V. S.; Ermolenko, M. S.; Yashunsky, D. V.; Kochetkov, 
N. K. Tetrahedron 1991,47,2291,2317. Eshelman, J. E.; Epps, J. L.; 
Kallmerten, J. Tetrahedron Lett. 1993, 34, 749. Sin, N.; Kallmerten, 
J. Ibid. 1993, 34, 753. 
(16) Hoye, T. R.; Peck, D. R.; Swanson, T. A. J.  Am. Chem. Soc. 1984, 

106,2738. Schreiber, S. L.; Samakia, T.; Uehling, E. D. J .  Org. Chem. 
1989, 54, 15. Harada, T.; Kagamihara, Y.; Tanaka, S.; Sakamoto, K.; 
Ohu, A. J .  Org. Chem. 1992, 57, 1637. Zhao, Y.-b.; Pratt,  N. E.; Heeg, 
M. J.; Albizati, K. F. J .  Org. Chem. 1993, 58, 1300. 
(17) Masamune, S.; Yamamoto, H.; Kamata, S.; Fukuzawa, A. J.  

Am. Chem. Soc 1975,97,3513. Masamune, S.; Kim, C. U.; Wilson, K. 
E.; Spessard, G. 0.; Georghiou, P. E.; Bates, G. S. Ibid. 1976,97,3512. 
(18) Grieco, P. A.; Inanaga, J.; Lin, N.-H.; Yanami, T. J.  Am. Chem. 

SOC. 1982,104, 5781. 
(19) White, J. D.; Fukuyama, Y. J .  Am. Chem. SOC. 1979,101, 226. 
(20) Lautens, M.; Chiu, P. Tetrahedron Lett. 1993,34,773. Lautens, 

M.; Chiu, P.; Colucci, J. T. Angew. Chem., Int. Ed. Engl. 1993,32,281. 
(21) Aqona, 0.; Martin-Domenech, A.; Plumet, J. J .  O g .  Chem. 

1993,58, 7929. 
(22) Lautens, M.; Gajda, C.; Chiu, P. J.  Chem. SOC., Chem. Commun. 

1993, 1193. 
(23) Kemen, P.; Vogel, P. Tetrahedron Lett. 1993, 34, 2473. 
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3 (+k4 
R=(l /?)camphanoyl 

vinyl (1’Rhcamphanate in the presence of ZnI2 and gives, 
after two recrystallizations from EtOAdhexane, the 
adduct (+)-4 in 61% yield and a diastereomeric purity of 
99.75:0.25. A new procedure has been developed which 
allows one to obtain (+)-4 (and (-)-5 starting with 
1-cyanovinyl (l’Sl-camphanate in 85% yield and an 
optical purity better than 95%. This diastereomeric 
excess can be improved to  better than 99.5% by recrys- 
tallization. 

Alkaline hydrolysis of (-1-6 (K0wH20,  THF, 20 “C) 
followed by treatment with formaline (36% aqueous H2- 
CO) gave enone (-)-6, the absolute configuration (1S,4S) 
of which was given by its CD spectrum which was similar 
to that  of the “naked sugar’’ (-)-( lS,4S)-7-oxabicyclo- 
[2.2.llhept-5-en-2-0ne.~~ Treatment of (-)-6 in trimethyl 
orthoformate with Montmorillonite (20 “C, 2 h) gave the 
corresponding dimethyl acetal which was submitted to 
hydroboration with BHyMeZS followed with an oxidative 
workup with NaB03-4 H2O. 

This led to a mixture from which a 44% yield of pure 
alcohol (+)-7 was isolated after flash chromatography 
(Scheme 1). The 400 MHz lH NMR spectrum of the crude 
reaction mixture suggested the presence of a regio- 
isomeric alcohol, the yield of which never surpassed 8%. 
The same process applied to the racemic enone ( f ) -6  
derived from 3 and 1-cyanovinyl acetate led to the 
formation of ( f ) -7  accompanied by less than 5% of 
regioisomeric alcohol. The ex0 face selectivity of the 
hydroboration was expected for steric reasonsz7 and was 
confirmed by the observation of a typical vicinal coupling 
constant28 between protons G 0 - C ( 5 )  and H-C(4) of 5.8 
Hz in the lH NMR spectrum of (+)-7. 

Benzylation of (+)-7 following the method of Cerneckiz9 
afforded (+)-8 (83%), the acidic hydrolysis (Nafion NR50) 

~ ~~ 

(24) (a) Vogel, P.; Fattori, D.; Gasparini, F.; Le Drian, C. Synlett 
1990, 173. Vogel, P. Bull. SOC. Chim. Belg. 1990, 99, 395. (b) 
Jeganathan, S.; Vogel, P. J .  Org. Chem. 1991,56, 5143. (c) Chen, Y.; 
Vogel, P. Ibid. 1994, 59, 2487. 
(25) Morel, T.; Verkade, P. E. Rec. Trau. Chim. Pays-Bas 1949,68, 

619; 1951, 70, 35. 
(26)Vieira, E.; Vogel, P. Helu. Chim. Acta 1983, 66, 1865. The 

absolute configurations of (+I- and (-)-7-oxabicyclo[2.2.l]hept-5-en-2- 
one were established through chemical correlation with several natural 
products and analogues of known configuration; see, e.g.: Warm, A.; 
Vogel, P. J.  Org. Chem. 1986, 51, 5348. Reymond, J.-L.; Pinkerton, 
A.; Vogel, P. Ibid. 1991, 56, 2128. 
(27) Brown, H. C.; Kawakami, J. H. J.  Am. Chem. SOC. 1970, 92, 

1990. Shealy, Y. F.; Clayton, J. D. Ibid. 1969, 91, 3075. Trede, H.-J.; 
Jenny, E. F.; Heusler, Tetrahedron Lett. 1973, 3425. Chollet A.; 
Mahaim, C.; Foetisch, C.; Hardy, M.; Vogel, P. Helu. Chim. Acta 1977, 
60, 59. 
(28) Gagnaire, D.; Payo-Subiza, E. Bull. SOC. Chim. Fr. 1963,2627. 

Ramey, K. C.; Lini, D. C. J.  Magn. Reson. 1970,3, 94. Nelson, W. L.; 
Allen, D. R. J.  Heterocycl. Chem. 1972,9, 561. Kienzle, F. Helu. Chim. 
Acta 1975, 58, 1180. Mahaim, C.; Vogel, P. Ibid. 1982, 65, 866. 

(29) Czemecki, S.; Georgoulis, C.; Provelenghiou, C. Tetrahedron 
Lett. 1976, 3535. 
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Scheme 1 

Sevin and Vogel 

Scheme 2 

(+)-7 R-H (+)-9 (+lo R=H 
(+)-E R=Bn (+)-11 R=Me 

(-)-14 Z=O 
(-)-15 Z=CH2 

(-)-16 

of which gave ketone (+)-9 (92%). Baeyer-Villiger 
oxidation with m-CPBA and NaHC03 led to (-)-lo (86%), 
the conjugate base of which obtained by treatment with 
LiN(SiMe3)z reacted with CH31 exclusively onto its ex0 
face furnishing (+I-11 (74%) (3J(&do-C(4),H-C(5) 0 
Hz). Reduction of uronolactone (+)-ll with LiAlHdjEtzO 
gave a 1:l mixture of diastereomeric triols 12 (88%), the 
treatment of which with dimethoxypropane and SnC1z30 
afforded a mixture of alcohols 13 (70%). Oxidation with 
4-methylmorpholine 4-oxide catalyzed with tetrapropyl- 
ammonium perruthenate31 generated the methyl ketone 
(-)-14 (93%) which reacted with “Instant ylide” (MePPh3- 
Br + N ~ N H z ) ~ ~  to give (-1-1.5 (81%). Selective reduction 
of the acetonide with diisobutylaluminium hydride led 
to the corresponding primary alcohol, the oxidation of 

afforded aldehyde (-)-16 (70%), a potentially 
useful polypropionate fragment containing four contigu- 
ous stereogenic centers and two alcoholic functions bear- 
ing two orthogonal protective groups. We have also 
prepared the polypropionate fragment (-)-20 derived 
from (+)-ll (Scheme 2) which is a methyl furanoside and 
have used i t  in a highly stereoselective cross-aldolization 
with the bicyclic ketone (+)-9. The treatment of (+)-ll 
in MeOH and 1.3 equiv of NaHC03 a t  room temperature 
gave after flash chromatography the (methyl furanosid)- 
uronic acid (--)-17. The corresponding methyl ester 18 
(85%) was obtained by treatment of (it)-17 (derived from 
( i ) -7 )  with CH2N2 in Et2O. 

Reduction of 18 with 1 equiv of DIBAH33 gave a 
mixture of alcohol (&I-19, aldehyde (1920, and unreacted 
ester 18. With 2 or 3 equiv of DIBAH, (f)-19 was 
obtained in 94% yield. Treatment of (f)-17 with 
B H ~ - M ~ z S ~ ~  also gave alcohol (f)-19 with no trace of 
aldehyde (33-20. Attempts to oxidize (f)-19 into (f)-20 
with pyridinium chlorochromate (PCC)35 with or without 
NaOAc led to mixtures of the desired aldehyde (f)-20 
and the 1,6-anhydrofuranose 21. Similar deceiving 

(30) Chittenden, G. J. F. Carbohydr. Res. 1980, 87, 219. 
(31) Grifith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. D. J. 

(32) Schlosser, M.; Schaub, B. Chimia 1982, 36, 396. 
(33) Takasu, M.; Naruse, Y.; Yamamoto, H. Tetrahedron Lett. 1988, 

(34)Yoon, N. M.; Pak, C. S.; Brown, H. C.; Krishnamurphy, S.; 

(35) Piancatelli, G.; Scettri, A.; D’Auria, M. Synthesis 1982, 245. 

Chem. SOC., Chem. Commun. 1987, 1625. 

29, 1947. 

Stocky, T. P. J. Org. Chem. 1973, 38, 2786. 

fO> 
(-)-17 R=H 

18 R=Me 

2 2 .  (-)-23 

24 25 

OH 

““OBn 

26 

results were obtained using pyridinium d i ~ h r o m a t e ~ ~  and 
the Swern ~xidat ion.~‘  The Dess-Martin method38 was 
more successful but with low reproducibility. We finally 
found that oxidation with N-methylmorpholine N-oxide 
in the presence of a catalytic amount of tetrapropyl- 
ammonium perruthenate31 furnished reproducibily (&I- 
20 with a yield of 78%. The optically pure alcohol (-)- 
19 was obtained in 56% yield (based on (+)-ll) via LiAl& 
reduction of the carboxylic acid (-1-17 derived from (+I- 
ll. Oxidation31 of (-1-19 led to (-1-20 (80%). The 
lithium enolate 22 obtained by reaction of ($1-9 with 
(Me3Si)zNLi in THF added to aldehyde (-1-20 a t  -90 “C 
and gave a single aldol (-)-23 (by 400 MHz lH NMR 
spectrum of the crude reaction mixture) isolated in 60% 
yield together with some unreacted ketone (10-20%). The 
high ex0 face selectivity of the cross-aldolization of the 
bicyclic ketone (+)-9 was expected.24b When run with the 
racemic derivatives 22 and (43-20, a 7:l mixture of (i)- 
23 and a diastereomeric aldol was obtained, suggesting 
a stereochemical matching for the pairs (-)-20/(+)-9 and 
(+)-204 -)-9 in their cross-aldolization. The structure of 
the minor aldol was not established. That of (fI-23 was 
confirmed in the following way. Reduction of (i)-23 with 
L-Selectride (LiB[CH(Me)Et]sH) afforded the exo-alcohol 
24 (81%) (absence of coupling between protons &d-C(3)  
and the bridgehead proton H-C(4) and 3J(H-C(2),H-C(3)) 
= 6.8 H Z ~ ~ ) .  Treatment of 24 with dimethoxypropane and 

(36) Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 399. 
(37) Manano, A. J.; Swern, D. Synthesis 1981,165. Tidwell, T. Ibid. 

(38) Dess, D. B.; Martin, J. C. J. Am. Chem. SOC. 1991, 113, 7277. 
1990, 857. 
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NOE 

Figure 1. 

R 

J 

Figure 2. 

p-TsOH gave the acetonide 25, the structure of which 
was established by its 400 MHz ‘H NMR and NOESY 
spectra. As in the case of (+)-9 - (-)-lo the  Baeyer- 
Villiger oxidation of ketone (f)-23 with m-CPBA was 
regioselective and gave the uronolactone 26 (60%). 

A vicinal coupling constant of 11.2 Hz was measured 
between H-C(6) and H-C(7) of the 3,5,11-trioxatricyclo- 
[6.2.1.02~7]undecane unit of acetonide 25. This demon- 
strates the trans relative configuration for these protons. 
The lH NMR data were consistent also with the pseudo- 
chair and boat conformations or a n  equilibrium of these 
two conformations for the 1,3-dioxane unit of 25 (Figure 
1). The NOESY spectrum displayed significant NOE 
between H-C(6) ( 6 ~  = 4.07 ppm) and one of the methyl 
groups of the  acetonide ( B H  = 1.25 ppm) and between 
H-C(2) ( B H  = 3.74 ppm) and the other methyl group ( 8 ~  
= 1.27 ppm) of the acetonide moiety. The same protons 
showed NOE’s with the methyl group signals at 8~ = 0.81 
(doublet, H3C(2‘)) and 1.38 ppm (singlet, Me-C(l)), re- 
spectively. The observation of a relatively strong NOE 
between the  signals attributed to Me-C(5”) (1.35 ppm) 
and H - C ( 2 )  (4.08 ppm) of the tetrahydropyranyl system 
suggested the (R) configuration for that methyl furano- 
side. 

As shown by Heathcock and c o - w ~ r k e r s ~ ~  for related 
reactions, the erythro (or anti) relative configuration of 
C( 1’) and C(3) in the aldol (-)-23 was expected for steric 
reasons (lk mode40 1 in  a “chelated transition state” 
(Figure 2). It is confirmed by our lH NMR data. The 
very good stereochemical matching between enolate 22 
derived form (+)-9 and aldehyde (-1-20 is probably due 
to the fact that this nucleophilic addition follows the 
Cram41 and Felkin-Anh models42 (Figure 2) as already 

(39) Kleschick, W. A.; Buse, C. T.; Heathcock, C. H. J.  Am. Chem. 
SOC. 1977, 99, 247. Heathcock, C. H.; Buse, C. T.; Kleschick, W. A.; 
Pirrung, M. C.; Sohn, J. E.; L a m p ,  J. J. Org. Chem. 1980,45, 1066. 
(40) Seebach, D.; Prelog, V. Angew. Chem., Int. Ed. Engl. 1982,21, 

654. 
(41) Cram, D. J.; Abd Elhafez, F. A. J. Am. Chem. SOC. 1952, 74, 

5828. Cram, D. J., Kopecky, K. R. Ibid. 1969,81,2748. Eliel, E. L. In 
Asymmetric Synthesis; Morrison, J. D., Ed.; Academic Press, Inc.: New 
York, 1983; Vol. 2, Chapter 5, pp 125-155. 
(42) Chgrest, M.; Felkin, H.; Prudent, N. Tetrahedron Lett. 1968, 

2199. ChBrest, M.; Prudent, N. Tetrahedron 1980,36, 1599. Anh, N. 
T.; Eisenstein, 0. N o w .  J .  Chim. 1976, 1, 61. 
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noted by R o ~ s h ~ ~  for similar systems. It is not excluded 
that the minor aldol obtained on condensing the racemic 
enolate 22 to (f)-20 results from the mismatched pairs 
in which the  “unti-Cram” transition state must be 
reached for a “lk mode” of aldolization. 

Conclusion 

A new methodology for the  synthesis of long-chain 
polypropionate fragments has been developed. It is based 
on the highly stereoselective reactions of the 1,5-di- 
methyl-7-oxabicyclo[2.2.llheptd-en-2-yl derivatives (una- 
ked sugars of the second generation”) which can be 
obtained readily in both their enantiomeric forms starting 
with 2,4-dimethylfuran and optically pure l-cyanovinyl 
(1s)- and (lR)-camphanate. In this approach the  chiral 
auxiliary is recovered at an early stage of the synthesis. 
The method is convergent since it allows one to condense 
polypropionate fragments possessing four contiguous 
stereogenic centers via highly stereoselective cross-al- 
dolization with the lithium enolate of 7-oxabicycl0[2.2.11- 
heptan-2-one derivatives. Work is underway in  this 
laboratory to obtain other stereomeric polypropionate 
fragments and to apply them in the  total synthesis of 
natural products and analogues of biological interest. 

Experimental Section 
General remarks, see ref 44. None of the procedures was 

optimized. 400 MHz ‘H NMR and 100.61 MHz 13C NMR 
spectra were recorded on a Bruker ARX 400 spectrometer 
(Aspect X32/3 computer, 1.5 MBYTE maximum acquisition 
memory). J values are given in Hz. 

m-Chloroperoxybenzoic acid (m-CPBA, 55%) was dissolved 
in CHzClz and washed with saturated aqueous NaCl solution. 
The organic layer was dried (MgS04) and evaporated under 
reduced pressure. The resulting solid contained 70% m-CPBA. 
Column chromatography was performed on Merck silica gel 
(230-400 mesh). 

(-)-(lS~,gs)-2-Cyano-1,5-dimethyl-7-oxabicyclo~2.2.ll- 
hept-5-en-2-yl (1’s)-Camphanate ((-)-5). l-(Cyanoviny1)- 
(1’s)-camphanate (13.9 g, 55.8 mmol), 2,4-dimethylfuran (13.9 
g, 144.2 mmol), and ZnIz (4.3 g, 13.5 mmol) were mixed in a 1 
L flask protected from light. The flask was placed in a 
ultrasonic bath and sonicated for 24 h, the temperature 
reaching 55 “C. The semisolid residue was dissolved in a 
mixture of CHzCl2 (350 mL), saturated aqueous NaCl solution 
(160 mL), and HzO (160 mL) and then extracted with CH2C12. 
The organic extracts were combined, washed with saturated 
aqueous NaHC03 solution and saturated aqueous NaCl solu- 
tion, and dried (MgS04). The solvent was evaporated under 
reduced pressure. Purification by flash chromatography (SiOz, 
CH2C12, then AcOEt) yielded after washing with AcOEt/ 
petroleum ether (7:3) 16.4 g (85%) of a white solid, de 95% 
(400 MHz ‘H NMR). Recrystallization from AcOEUpetroluem 
ether (7:3) gave 11.78 g (61%), de ’99.5% of colorless prisms: 
mp 143-144 “C; IR (KBr) Y 3070-2800, 1785, 1760-1435, 
1305,1255,1160,1100,1060 cm-l; lH NMR (400 MHz, CDCls) 
6 5.7 (q, 4J = 1.61, 4.75 (d, 3J = 4.61, 3 (dd, 2J = 13.4, 35 = 
4.6), 2.41-2.34 (m), 2.06-1.9 (m, 2 H), 1.83 (d, 4J = 1.6), 1.82 
(s), 1.75 (d, 2J = 13.4), 1.71-1.65 (m), 1.11, 1.03, 0.87 (3s); 
[a125~ = -89” (c = 1, CHCld. 
(1SR,2RS,BsR)-2-em-Cyano-1,5-dimethyl-7-oxabicyclo- 

[2.2.l]hept-S-en-2-y1 Acetate. Into a 1 L flask were placed 
l-cyanovinyl acetate (14 mL, 133.6 mmol), 2,4-dimethylfuran 
(6.53 g, 68 mmol), and ZnIz (2.17 g, 6.8 mmol). The flask was 
protected from light and the mixture stirred at  20 “C for 24 h. 
The semisolid residue was filtered on Si02 (CHZClz), and the 
solvent was evaporated under reduced pressure to  give 3,11.3 

(43) bush, W. R. J. Org. Chem. 1991, 56, 4151. 
(44) Gasparini, F.; Vogel, P. J .  O g .  Chem. 1990,55,2451. Wagner, 

J.; Vieira, E.; Vogel, P. Helu. Chim. Acta 1988, 71, 624. 
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g (80%), as colorless crystals, mp 91 "C: lH NMR (250 MHz, 

13.3, 3J = 4.8), 2.05 (3 H, s), 1.85 (3 H, d, 4J = L7), 1.76 (3 H, 

151.0, 127.3, 118.1, 89.5, 81.4, 76.5, 43.7, 20.6, 15.1, 12.6. 
(-)-( 1S,4S)-1,5-Dimethyl-7-oxabicyclo[2.2.llhept-5-en- 

2-one ((-)-6). HzO (145 mL) and KOH 3 N (13.4 mL, 40 
mmol) were added to  a stirred solution of (-1-5 (7.26 g, 21 
mmol) in THF (175 mL) at 20 "C. After 2 h, formaline (36% 
HzCO in HzO, 7.8 mL) was added. The solution was stirred 
for a further 30 min and then poured into a mixture of CHz- 
Cl2 (180 mL) and HzO-ice (85 mL). The mixture was 
extracted with CHzClZ, and the organic extracts were com- 
bined, washed with saturated aqueous NaCl solution, and 
dried (MgS04). The solvents were evaporated under reduced 
pressure (20 "C, 30 Torr) or distilled at atmospheric pressure 
to give 2.8 g (96%) of colorless oil: IR (film) v 2980,2940,1750, 
1630, 1440 cm-l; lH NMR (250 MHz, CDC13) 6 5.68 (qd, 4J = 
1.8, 5J = 0.61, 4.89 (d, 3J = 4.31, 2.30 (dd, 2J = 15.9, 3J = 4.3, 

CDC13) 6 5.66 (9, 4J = 1.71, 4.69 (d, 3J = 4.8), 2.92 (dd, 'J = 

s), 1.70 (d, '5 = 13.3); 13C NMR (62.9 MHz, CDC13) 6 169.2, 

5J = 0.6), 1.92 (d, 2J = 15.9), 1.89 (d, 4J = 1.81, 1.48 (s); [ a l Z 6 ~  
= -781.5' (C = 0.91, CHC13). 
(1SR,4SR)-1,5-Dimethyl-7-oxabicyclo[2.2.1] hept-&en- 

2-one ((&)-6). MeONa 30% in MeOH (159 mL, 0.86 mol) was 
added to a stirred solution of (lRS,2RS,4SR)-2-exo-cyano-1,5- 
dimethyl-7-oxabicyclo[2.2.1lhept-5-en-2-yl acetate (18 g, 86.9 
mmol) in MeOH (360 mL) at 20 "C. After 2 h formaline (30 
mL) was added. The solution was stirred for a further 30 min 
and then poured into a mixture of CHzClz and HzO-ice. The 
mixture was extracted with CH2C12, and the organic extracts 
were combined, washed with saturated aqueous NaCl solution, 
and dried (MgS04). The solvents were evaporated under 
reduced pressure (20 "C, 30 Torr) or distilled at atmospheric 
pressure to give 10.64 g (89%) of a colorless oil. 
(+)-(lS,es,ss,ss)-~Hy~w2~-dime~owl,~ndo- 

dimethyl-7-oxabicyclo[2.2.l]heptane ((+)-7). A solution of 
(-)-6 (3.86 g, 27.94 mmol) in hexane (39 mL) was added to  a 
stirred mixture of Montmorillonite (17 g) and trimethyl 
orthoformate (24.5 mL, 0.22 mmol). After being stirred at 20 
"C for 2 h, the mixture was filtered and the Montmorillonite 
washed with EtOAc. The filtrate was washed with saturated 
aqueous NaHC03 solution and saturated aqueous NaCl solu- 
tion, dried (MgS04), and evaporated under reduced pressure 
to give a yellow oil (4.9 g) which was immediately dissolved 
in dry ether (46 mL). The solution was cooled to -50 "C, and 
BH3MezS complex (1.77 mL, 18.7 mmol) was added. The 
mixture was stirred at 20 "C for 2 h, and H20 (18 mL) was 
added, followed by NaB03.4HzO (8.61 g, 56 mmol). The 
mixture was stirred overnight and then extracted with EtOAc. 
The organic extracts were combined, washed with saturated 
aqueous NaCl solution, dried (MgS04), and evaporated under 
reduced pressure. The residue was purified by flash column 
chromatography (250 g SiOz, EtOAdight petroleum, 2:3) to 
give 2.45 g (44%) of colorless needles, mp 107-108 "C: 'H 

2.8), 3.23, 3.20 (2s), 2.1-1.95 (m), 1.76 (d, 2J = 12.91, 1.44 (SI, 

( 1SR,4SR,5SR,6SR)-6-exoexo-Hydroxy-2,2-dimetho~ 1,5- 
endo-dimethyl-7-oxabicyclo[2.2.l]heptane (W-7). Pre- 
pared according to the preceding procedure, starting with (&)- 
6. Colorless prisms: mp 72-73 "C. Anal. Calcd for CloH180 
(202.25): C, 59.39; H, 8.97. Found: C, 59.48; H, 9.13. 

(+)-( lS,4S,5S,6S)-6-exo-(Benzyloxy)-2,2-dimethoxy-l,5- 
endo-dimethyl-7-oxabicyclo[2.2.llheptane ((+)-8). A so- 
lution of ($1-7 (1.65 g, 8.16 mmol) in dry THF (12 mL) was 
added to a stirred suspension of NaH (60% in mineral oil, 1.3 
g, 32 mmol) in dry THF (12 mL). Upon termination of Hz 
evolution, Bu4NI (0.29 g, 0.78 mmol) was added, followed by 
BnBr (3.5 mL, 29.5 mmol). The mixture was stirred overnight 
and then filtered. The filtrate was washed with saturated 
aqueous NaCl solution, dried (MgSOd), and evaporated under 
reduced pressure. The residue was purified by filtration on 
silica gel (EtzOAight petroleum, 1/11 t o  give 1.99 g (83%) of an 
oil which crystallized from light petroleum as colorless needles, 
mp 66.5 "C: 'H NMR (250 MHz, CDC13) 6 7.37-7.30 (m), 4.67 
(d, V = 12.21, 4.51 (d, 2J = 12.21, 4.30 (t, 3J = 5.71, 3.49 (d, 35 
= 31, 3.22 (s), 3.19 (s), 2.33-2.27 (m), 2.02 (ddd, 2J = 12.8, 3J 

NMR (250 MHz, CDC13) 6 4.27 (t, 3J = 5.8),3.65 (dd, 3J = 10, 

1.13 (d, 3J = 7.2); [alZ5~ = +31.8" (C = 1, CHC13). 

Sevin and Vogel 

= 5.7, 4J = L4), 1.73 (d, zJ = 12.81, 1.51 (s), 1.08 (d, 3J = 7.3); 

(1SR,4SR,SSRy6SR)-6-exo-(Benzyloxy)-2,2-dimethoxy- 
1,5-endo-dimethyl-7-oxabicyclo[2.2.l]heptane ((&)a). Pre- 
pared according to the preceding procedure starting with (&I- 
7. Colorless needles: mp 38-39 "C. Anal. Calcd for C1,H2404 
(292.37): C, 69.84; H, 8.27. Found: C, 69.95; H, 8.28. 
(+)-(lS,4S,5S,6S)-6-exo-(Be~yloxy)-1,5-endo-dimethyl- 

7-oxabicyclo[2.2.llheptan-2-one ((+)-9). Nafion NR50 (2.28 
g) was added to a solution of (+)-8 (3.94 g, 13.48 mmol) in 
acetone (40 mL) and H2O (2.7 mL). The mixture was heated 
under reflux for 4 h and then filtered. The filtrate was diluted 
with EtOAc, washed with saturated aqueous NaCl solution, 
dried (MgSOd), and evaporated under reduced pressure and 
the residue purified by filtration on silica gel (EtzOAight 
petroleum, 1:l) t o  give 3.06 g (92%) of a colorless oil: lH NMR 
(250 MHz, CDCl3) 6 7.4-7.27 (m), 4.69 (t, 3J = 5.7),4.56 (2 H, 
s), 3.15 (d, 3J = 3.3), 2.55-2.46 (m), 2.41 (ddd, zJ = 17.7, 3J = 
5.7, 4J = 1.61, 2.25 (d, 2J = 17.7), 1.46 (s), 1.01 (d, 3J = 7.3); 
[ a ]25~  = $6.0" (c = 1.8; CHC13). 
(1SR,4SR,5SR,6SR)-6-exo-(Benzyloxy)-1,5-endo-di- 

methyl-7-oxabicyclo[2.2.l]heptan-2-one ((&)-9). Prepared 
according to the preceding procedure starting with (&)-8. 
Colorless needles: mp 58-59 "C. Anal. Calcd for C15H1803 
(246.30): C, 73.15; H, 7.37. Found: C, 73.22; H, 7.25. 

(-)-( 1S,5S,6S,7S)-7-exo-(Benzyloxy)-l,6-endo-dimethyl- 
2,8-dioxabicyclo[3.2.lloctan-3-one ((-)-lo). A mixture of 
m-chloroperoxybenzoic acid (3.1 g, 12.6 mmol) and NaHC03 
(1.2 g, 14.3 mmol) in CHzCl2 was added to a stirred solution 
of (+)-9 (2.18 g, 8.87 mmol) in CHzC12 (100 mL). After being 
stirred overnight at 20 "C, the mixture was diluted with CH2- 
Clz and then washed with saturated aqueous NaI solution, 
with saturated aqueous Na2Sz03 solution, and finally with 
saturated aqueous NaCl solution. The organic layer was dried 
(MgS04) and evaporated under reduced pressure. The residue 
was purified by flash column chromatography (SiOz, EtOAd 
light petroleum, 3:2) to give 2 g (86%) of a colorless oil: lH 
NMR (250 MHz, CDC13) 7.22-7.15 (m), 4.16 (2 H, s), 3.84 (t, 
3J = 6.9),3.41 (d, 3J = 3.8),2.36 (dd, 2J = 18.3, 3J = 5.9),2.08 
(d, 2J = 18.31, 2.20-2.04 (m), 1.71 (s), 0.57 (d, 3J = 7.5); [ a l Z 5 ~  

(+)-( 1Sy4R,5S,6S,7S)-7-exo-(Benzyloxy)- lY4-exo,6-endo- 
trimethyl-2,8-dioxabicyclo[3.2.l]octan-3-one ((+)-ll). A 
solution of BuLi 1.6 M in hexane (6.4 mL, 10.2 mmol) was 
added to a stirred solution of (Me3Si)zNH (HMDS) (2.6 mL, 
12.7 mmol) in anhydrous THF (15 mL) at 0 "C. The mixture 
was stirred at 0 "C for 20 min and cooled to -78 "C and a 
solution of the (-)-lo (2 g, 7.62 mmol) in dry THF (15 mL) 
was added. After the mixture was stirred at -78 "C for 30 
min, Me1 (2.4 mL, 38 mmol) was added and the mixture stirred 
for 2 h at -78 "C. The solution was poured into a saturated 
aqueous NH4C1 solution (40 mL) at 0 "C and then extracted 
with EtOAc. The organic extracts were combined, washed 
with saturated aqueous NaCl solution, dried (MgSOJ, and 
evaporated under reduced pressure. The crude product was 
purified by flash column chromatography (SiOz, EtzOAight 
petroleum, l:l), to give 1.48 g (74%) of a colorless oil which 
crystallized on standing, colorless needles, mp 84-85 "C: lH 
NMR (250 MHz, CDC13) 6 7.38-7.31 (m), 4.6 (2 H, s), 4.28 (d, 
3J = 7.Q 3.63 (d, 3J = 3.71, 2.60-2.50 (m), 2.59 (9, 3J = 7.51, 
1.70 (s), 1.43 (d, 3J = 7.5), 1.1 (d, 3J = 7.5); [ a lZ5~  = f58.6" (c 

(1SR,4RS,5SR,6SR,7SR)-7-exo-(Benzyloxy)-1,4-exo,6- 
endo-trimethyl-2,8-dioxabicyclo[3.2.lloctan-3-one ((&)- 
11). Prepared according to the preceding procedure starting 
with (&)-lo. Colorless prisms: mp 61-62 "C. Anal. Calcd 
for C16H2004 (276.33): C, 69.55; H, 7.3. Found: C, 69.61; H, 
7.30. 
(2S,3S,4R,5S,6R and 6S)-S-(Benzyloxy)-2,4-dimethyl- 

heptane-1,3,6-triol (12). A saturated solution (7 mL) of 
LiAlH4 in Et20 (this solution was prepared by stirring 470 mg 
of LiAlH4 in 12 mL of dry EtzO) was added to a solution of 
(+)-11(504 mg, 1.82 mmol) in dry Et20 (27 mL) a t  0 "C. The 
mixture was warmed to 20 "C and stirred for 1 h. H2O (0.5 
mL) was added followed by NazS04. The resulting cake was 
filtered and rinsed with EtOAc. The solvent was evaporated 

[alZ5~ = $45.3" (C = 0.78, CHC13). 

= -30.1" (C = 0.68, CHC13). 

= 0.88, CHCld. 
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under reduced pressure to give 455 mg (88%) of a colorless 
oil. 'H NMR showed that 12 is a 1:l  mixture of diastereoiso- 
mers: I3C NMR (62.9 MHz, CDC13) 6 137.9,137.8,128.4,128.0, 
127.8, 127.7,87.1, 84.3, 78.0,74.6,73.1,72.7,69.1,68.5,68.3, 
65.2, 37.0, 36.9, 36.6, 35.5, 21.1, 19.1, 13.8, 13.4, 9.1, 8.6. 
(l'R,2S,3'R and 3'S,4s,5S)-(l',2',3',4,5)-4-[2'-(Benzyloxy)- 

3'-hydroxy- 1'-methylbutyl] -2,2,5-trimethyl-l,3-dioxane 
(13). Dimethoxypropane (565 pL, 4.6 mmol) and SnClz (84 
mg, 0.44 mmol) were added to  a stirred solution of 12 (380 
mg, 1.34 mmol) in dioxane (6.5 mL) 20 "C. After being stirred 
for 1.5 h, the mixture was diluted with CHzClZ, filtered, and 
washed with saturated aqueous NaHC03 solution, saturated 
aqueous NaCl solution and dried (MgS04). The solvent was 
evaporated under reduced pressure and the residue purified 
by flash column chromatography (SiOz, EtzOAight petroleum, 
3:7) to give 302 mg (70%) of a colorless oil: 13C NMR (62.9 

74.4, 74.3, 73.8, 69.6, 66.9, 66.7, 36.3, 35.7, 31.2, 30.4, 30.3, 
20.9, 20.3, 19.83, 19.78, 13.3, 12.0, 10.1. 

(-)-( 1'R,2'S,4S,5S)-4-[2-(Benzyloxy)-~-oxo-l'-methyl- 
butyl]-2,2,5-trimethyl-l,3-dioxane ((-)-14). 4-Methyl- 
morpholine 4-oxide monohydrate (329 mg, 2.43 mmol) was 
added to  a stirred solution of 13 (518 mg, 1.61 mmol) in 
anhydrous CHzClz (16 mL). ARer 5 min, molecular sieves (400 
mg) were added. After the mixture was stirred for 15 min, 
tetrapropylammonium perruthenate (262 mg, 0.7 mmol) was 
added and the mixture stirred for another 15 min at 20 "C. 
The mixture was filtered on a column of Florisil (EtzOAight 
petroleum, 1:4) to give 480 mg (93%) of a colorless oil: 'H NMR 
(250 MHz, CDC13) 6 7.38-7.30 (5 H, m), 4.53 (d, 2J = 11.51, 
4.45 (d, zJ = 11.5), 3.72 (d, 3J = 8), 3.68 (dd, 35 = 5.1, zJ = 
11.61, 3.53-3.44 (2 H, m), 2.2-2.1 (m), 2.17 (3 H, s), 1.92- 
1.83 (m), 1.38, 1.34 (2~1, 1.09 (3 H, d, 35 = 6.9), 0.7 (3 H, d, 35 
= 6.7); [ a l Z 5 ~  = -14.4' (c  = 0.92, CHCld. 

(-)-( l'R,2'S,4S,5S)-4-[2'-(Benzyloxy)-l',3'-dimethyl- 
but-3-enyl]-2,2,5-trimethyl-l,3-dioxane ((-)-15). THF (12 
mL) was added to a stirred mixture of instant ylide (methyl- 
triphenylphosphonium bromide and sodium amide, 1.58 g, 3.99 
mmol). The suspension was stirred at 20 "C for 5 min and 
then cooled to  -78 "C. A solution of (-)-14 (406 mg, 1.27 
mmol) in dry THF (7  mL) was then added at -78 "C and the 
solution was allowed to warm to 20 "C and stirred overnight. 
The mixture was poured into saturated aqueous NH4C1 
solution, extracted with EtOAc, washed with saturated aque- 
ous NaCl solution, and dried (MgS04). The solvent was 
evaporated under reduced pressure. The residue was purified 
by flash column chromatography (SiOz, CHzCldight petro- 
leum, 1:l) t o  give 326 mg (81%) of a colorless oil: lH NMR 
(250 MHz, CDC13) 6 7.96-7.29 (5 H, m), 5.09 (br s), 4.96 (br 
~),4.45(d,~5=11.4),4.24(d,~5=11.4),3.7~d,~5=10~,3.68 
(dd, 3J = 5.1, 25 = 11.41, 3.47 (t, 35 = 11.2, zJ = 11.4), 3.35 
(dd, 35 = 1.6, 10.4), 1.95-1.82 (2 H, m), 1.69 (3 H, s), 1.34 (3 
H, s), 1.31 (3 H, s), 1.09 (3 H, d, 3J = 6.61, 0.67 (3 H, d, 35 = 
7.3); 
(-)-(2R,3R,4R,5S)-5-(Benzyloxy)-3-(isopropyloxy)-2,4- 

dimethylheptS-enal((-)-l6). A 1 M solution of DIBAH in 
toluene (2.9 mL, 2.9 mmol) was added to a solution of (-1-15 
(92 mg, 0.29 mmol) in CHzClz (3 mL) cooled to -78 "C. The 
solution was allowed to  warm to 0 "C and stirred 2-5 h. The 
mixture was poured into 3 M aqueous NaOH solution (6 mL), 
extracted with CHzClZ, washed with saturated aqueous NaCl 
solution, and dried (MgS04). The solvent was evaporated 
under reduced pressure. The residue was dissolved in dry CH,- 
Clz (4 mL). 4-Methylmorpholine 4-oxide monohydrate (44 mg, 
0.32 mmol) was added, followed, after 15 min, by tetrapropyl- 
ammonium perruthenate (38 mg, 0.1 mmol). The mixture was 
stirred for another 15 min at 20 "C and then filtered on a 
column of Florisil (EtzOAight petroleum, 1:4). The solvent was 
evaporated under reduced pressure to give 64 mg (70%) of a 
colorless oil: lH NMR (250 MHz, CDC13) 6 9.7 (d, 35 = 2.51, 
7.35-7.30 (5 H, m), 5.1 (br s), 4.99 (br s), 4.54 (d, zJ = 11.6), 
4.19 (d, * J =  11.6),3.72 (d, 3 J =  6.6),3.71-3.53 (m, 2H), 2.6- 
2.52 (m), 1.93-1.83 (m), 1.57 (3 H, s), 1.12-1.01 (m, 12H); 
[a I z5~  = -80.8" (c = 0.8, CHC13). 

(- )-(2R,2S,3S,4S,5'S)-2-[4'-(Benzyloxy)tetrahydro-5'- 
methoxy-3',S'-dimethylfur-2-yl]propanoic Acid (( -)-17). 

MHz, CDCl3) 6 139.2,139.1,121.9-128.5,99.0,87.6,85.6,74.8, 

= -23" (c = 0.8, CHCld. 
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NaHC03 (121 mg, 1.44 mmol) was added to a stirred solution 
of (+)-l l(296 mg, 1.07 mmol) in MeOH (11 mL) at 20 "C. The 
mixture was stirred overnight and the solvent evaporated 
under reduced pressure. The residue was purified by flash 
column chromatography (18 g SiOz, EtOAdMeOH) to give 293 
mg (89%) of a colorless oil: 'H NMR (250 MHz, CDC13) 6 7.38- 
7.27 (m), 4.72(d, z J =  12.1), 4.56 (d, z5= 12.1),4.23 (dd, 3J= 
7.0, 9.4), 3.43 (d, 35 = 4.5), 3.31 (s), 2.59 (dq, 3J = 9.4, 6.91, 
2.50-2.35 (m), 1.40 (s), 1.17 (d, 35 = 6.91, 0.99 (d, 35 = 7.3); 
[aIz6~. = -85.3" (c = 1.0, CHC13). 

Thx3 acid should be stored in the freezer and used as soon 
as possible. 
Methyl (2RS,2SR,3'SR,4SR,5SR)-2-[4'-(Benzyloxy)- 

tetrahydro-3'5'-dimethyl-5'-methoxyfur-2'-yllpro- 
panoate (18). CHzNz in Et20 was added to  a stirred solution 
of the acid (f)-17 (obtained according to the above procedure 
from (f)-11) (0.5 g, 1.64 mmol) in Et20 (7 mL) at 20 "C until 
the yellow color persisted. A few drops of AcOH were then 
added to  destroy the excess of CHZNZ. The solvent was 
evaporated under reduced pressure to  give 0.45 g (85%) of 
colorless prisms, mp 64-65 "C: 'H NMR (250 MHz, CDC13) 6 
7.38-7.26 (m), 4.72 (d, zJ = 12.1), 4.56 (d, = 12,1), 4.21 
(dd, 3 5 '  6.6, 9.7), 3.69 (s), 3.41 (d, 35 = 4 . 3 ,  3.3 (s), 2.59 (dq, 
3J = 6.9, 9.7), 2.46-2.31 (m), 1.39 (s), 1.13 (d, 3J = 6.91, 0.98 
(d, 35 = 7.2). 

( -)-(2R,2'S,3S,4'S,SS)-2-[4-(Benzyloxy)tetrahydro-3,5- 
dimet hyl-5-met hoxyfur-2-yll met hylpropanol (( - ) - 19). 
From the lactone (-)-ll: NaHC03 (92 mg, 41 mmol) was added 
to  a stirred solution of (+)-ll (223 mg, 0.81 mmol) in MeOH 
(8.5 mL) at 20 "C. The mixture was stirred overnight and the 
solvent evaporated under reduced pressure. The residue was 
purified by flash column chromatography (14 g SiOz, EtOAd 
MeOH) to  give (-)-17 which was dissolved in dry ether (7 mL) 
and cooled to 0 "C. A 1 M solution of LiAIH4 in Et20 (1.3 mL, 
1.3 mmol) was added, and the mixture was stirred at 20 "C 
for 1 h. Then HzO (0.5 mL) and NazSO4 were added. The 
mixture was filtered and the "cake" washed with EtOAc. The 
filtrate was evaporated under reduced pressure and purified 
by flash chromatography (SiOz, EtzOAight petroleum, 3:2) to 
give 132 mg (56%) colorless oil. 

From the methyl uronate 18: A solution of DIBAH 1 M in 
toluene (21 mL, 21 mmol) was added to a stirred solution of 
18 (1.66 g, 5.15 mmol) in anhydrous CHzClz at -78 "C. The 
mixture was stirred at -78 "C for 3.5 h, and MeOH (9 mL) 
was added, followed by potassium sodium tartrate (25% in 
HzO, 49 mL). After being stirred for 2 h, the mixture was 
extracted with EtOAc, and the extracts were combined, washed 
with saturated aqueous NaCl solution, dried (MgS04), and 
evaporated under reduced pressure. The crude product was 
purified by flash column chromatography (SiOz, EtzOAight 
petroleum, 3:2) to give 1.26 g (83%) of a colorless oil: lH NMR 
(250 MHz, CDCl3) 6 7.38-7.26 (m), 4.71 (d, 25 = 12.1), 4.55 
(d, zJ= 12.11, 3.95 (dd, 3JHz.H3. = 6.1, 3JHz.Hz = 10.21, 3.63 
(dd, 25 = 11, 35 = 8.21, 3.53 (dd, 25 = 11, 35 = 3.51, 3.39 (d, 35 
= 3.31, 3.35 (3 H, SI, 2.4-2.25 (m), 1.95-1.85 (m), 1.42 (3 H, 
SI, 1.0 (3H, d, 35 = 7.3), 0.79 (3 H, d, 35 = 6.8); [a I z5~  = -36.7" 
(C = 0.97, CHC13). 

N.B.: Flash column chromatography was carried out on 
Merck (230-400 mesh). Attempts to purify alcohol (-)-19 on 
any other kind of silica gel led to formation of the bicyclic acetal 
21. Furthermore, alcohol (-)-19 must be stored at low 
temperature (-20 "C) to avoid this transformation. 
(-)-(2R,2S,3'S,4'S,5'S)-2-[4'-(Benzyloxy)tetrahydro-3,5- 

dimethyl-5'-methoxyfur-2'-yl]propanal((-)-20). Methyl- 
morpholine 4-oxlde monohydrate (199 mg, 0.86 mmol) was 
added to a stirred solution of (-)-19 (127 mg, 0.43 mmol) in 
anhydrous CHzClz (15 mL). After 5 min molecular sieves (152 
mg) were added. After the mixture was stirred for 15 min, 
tetrapropylammonium perruthenate (12.6 mg, 0.035 mmol) 
was added and the mixture stirred for another 15 min at 20 
"C. The mixture was filtered on Florisil and the "cake" washed 
with EtOAc (100 mL). The filtrate was evaporated under 
reduced pressure. The residue was purified by flash column 
chromatography (SiOz, EtzOAight petroleum, 3:7) t o  give 100 
mg (80%) of a colorless oil: 'H NMR (250 MHz, CDCld 6 9.71 
(d, 3 5  = 2.9), 7.37-7.29 (m), 4.74 (d, 25 = 121, 4.57 (d, = 
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12), 4.21 (dd, 35= 7.0, 8.8), 3.40 (d, = 5.1), 3.32 (s), 2.54- 
2.44 (2 H, m), 1.40 (s), 1.07 (3 H, d, = 6.8), 1.02 (3 H, d, 3J 
= 7.3); [aIz5n = -127” (c = 0.77, CHCld. 

(-)-( lS, ~’S,~’S,~’’S,~R,~”S,~R,~”S,~S,~”R,~S)-~-~XOO- 
(Benzyloxy)-3-exo-[2-[4“-(benzyloxy)-2’,,3”,4”,6’-tetra- 
hydro-6“-methoxy-3”,6“-dimethylfur-2“-yl] - 1‘-hydroxy- 
propylI-1,6-endo-dimethyl-7-oxabicyclo[2.2.11 heptand- 
one ((-1-23). BuLi 1.6 M in THF (390 L, 0.02 mmol) was 
added to a solution of HMDS (136 pL, 0.65 mmol) in anhydrous 
THF (3 mL), stirred at 0 “C. After being stirred at 0 “C for 30 
min, the mixture was cooled to  -70 “C and a solution of (+)-9 
(146 mg, 0.59 mmol) in anhydrous THF (3 mL) was added 
dropwise. The mixture was stirred at -70 “C for 1 h and then 
cooled to -90 “C. A solution of (-1-20 (232 mg, 0.79 mmol) in 
anhydrous THF (3 mL) was then added slowly at -90 “C. After 
being stirred at this temperature for 3 h, the mixture was 
added via a cannula to  a solution of AcOH (120 pL) in MeOH 
(10 mL) which had been precooled to -90 “C. The cool bath 
was removed and the mixture warmed to  20 “C. The solvent 
was evaporated under reduced pressure and the residue 
purified by flash column chromatography (SiOz, EtzOAight 
petroleum then, EtzO) to  give 190 mg, 60%, and some starting 
ketone was also recovered (10-20%). (-)-23: colorless needles, 
mp 122-123 “C; ‘H NMR (250 MHz, CDCl3, coupling constants 
measured under selective signal irradiations conditions) 6 
7.39-7.28 (10 H, m), 4.72 (d, 25 = 12.21, 4.57 (d, zJ = 12.21, 

VHltOH = 3JH1,Hz. = 2.6), 4.12 (dd, 3JHz,,H3.. = 6.4, 3JH2.H2,, 

= 3.7, 3JHMe = 7.3), 2.41 (d, 3JH1.H3 = 8.8), 2.34 (ddq, 
3JH3..H4,, = 3.7, 3JH3..Hy = 6.3, 3 J H ~ M e  = 7.41, 1.86 (ddq, 
3JHz.Hy = 9.5, 3JHz,H1, = 2.6, 3JHMe = 6.8), 1.48 (3 H, s), 
1.39 (3 H, s), 1.04 (3 H, d, 35 = 7.31, 0.99 (3 H, d, 35 = 7.41, 
0.82 (3 H, d, 3J = 6.8); [ a Iz5~  = -92.8” (c = 0.9, CHC13). 
(lRS,l’RS or l’SR,2’FtS or 2SR,2RS,3SR,SRS,4SR,- 

4“RS,5RS,5“SR,6RS)-6-exo-(Benzyloxy)-3-exo-[2‘-[4“- 
(benzyloxy)-2”,3,4,5”- tetrahydro-6”-methoxy-3”,6”-di- 
methylfur-2-yll-l’-hydroxypropyll- 1,6-endo-dimethyl-7- 
oxabicyclo[2.2.1Iheptan-2-one (minor racemic aldol). Pre- 
pared according to  the procedure described for the synthesis 
of (-)-23. Purification by flash column chromatography gave 
70% of (f)-23 (mp 130-131 “C) and a second fraction contain- 
ing 10% of an isomeric aldol, colorless oil: IR (film) v 3480, 
3000-2800, 1750, 1450 cm-l; IH NMR (250 MHz, CDC13) 
(toluene, 250 MHz, coupling constants measured under selec- 
tive signal irradiation conditions) 6 7.3-6.98 (10 H, m), 4.84 

4.14 (d, zJ = 12.11, 4.1 (brt, 3JHz.Hz,f = 6.2, 4JH~,,H3.. = 7.7), 
3.28(d ,35=6.3) ,3 .16(s ) ,2 .97(d ,35=3.6) ,2 .51(q) ,2 .45(d ,  
3J = 9.71, 2.37-2.3 (m), 2.25 (dt, 3JH~,H1, = 1.7, 3JHz.Hz,, = 
6.2, 3JHMe = 6.9), 1.52, 1.23 (2~1, 1.09 (d, 35 = 6.9), 0.94 (d, 

4.57 (2 H, s), 4.42 (d, 3JH4Hs = 5.9), 4.19 (dt, 3JH1*H3 = 8.8, 

=9.5),3.39(d,3JH4,,H3-=3.7),3.32(3H,~),3.19(d,3JH5Hs= 
3.6), 2.81 (d, VOHH1, = 2.6),2.48 (ddq, ‘JH5H4 = 5.9, 3JH5Hs 

(d,3JH4H5=5.8),4.55(d,25=11.7),4.37(dd,3JH1,H3=9.7, 
‘JHyHz. = 1.7), 4.23 (d, ‘J = 11.7), 4.22 (1 H, d, ‘5 = 12.1), 

35 = 7.3), 0.71 (d, 35 = 7.3); 13C NMR (100.6 MHz, CDCl3) 6 
212.8, 138.1, 137.7, 128.4-127.5, 103.1, 91.2, 91.1, 85.6, 81.1, 
80.1, 72.9,72,69.6,50.8,48.6,45.4,40.1,34.8,21.4,14.3,13.7, 
11.2, 10.7. 
(lRS, lfRS,2SR,2’RS”RS,3SR,3’’RS,4RS,4‘RS,6SR,- 

6”SR,6RS) -6-exo- (Benzyloxy) -3-exo- 12‘- [ 4 -  (benzyloxy) - 
2,3,4,5-tetrahydro-6“-methoxy-3”,6“-dimethylfur-2”- 
yll-1’-hydroxypropyll- l,S-endo-dimethyl-7-oxabicyclo- 
[2.2.1]heptan-Z-exo-o1 ((f)-24). L-Selectride 1 M in THF 

Sevin and Vogel 

(120 L, 0.12 mmol) was added to  a solution of (f)-23 (33.5 mg, 
0.06 mmol) in dry THF (1 mL) cooled to -78 “C. After being 
stirred at -78 “C for 3 h, the mixture was warmed to 0 “C 
and stirred for 1.5 h. Aqueous NaOH 3 M (0.3 mL) and then 
30% HzOz (0.3 mL) were added. After being stirred overnight, 
the mixture was extracted with EtOAc, washed with saturated 
aqueous NaCl solution, and dried (MgSOd), and the solvents 
were evaporated under reduced pressure to give 27 mg (81%) 
of a colorless o i l  IH NMR (250 MHz, CDC13, DzO shake, 
coupling constants measured under selective irradiations 
conditions) 6 7.37-7.3 (10 H, m), 4.73 (d, 25 = 11.9), 4.6 (d, z5 

= 10.9, 3JH1,Hz. = 1.81, 4.1 (t, 9HyH3.. = 7.5, VHz.H2 = 71, 

= 5.9), 3.32 (s), 2.95 (d, 3JH5Hs = 3.9),2.52-2.44 (m, 3JH3..Hz,, 

2.18-2.11 (m), 1.85 (pentxd, 3JHz,Hy = 3JHz,Me = 7, 3JH~H1, 
= 1.9), 1.53, 1.41 (2s), 1.03 (6 H, d, 35 = 7.2), 0.92 (d, 35 = 7). 

10RS)-l0-exo-(Benzyloxy)-6-endo-[ 1’-[4”-(benzyloxy)- 
2,3”,4,6”-tetrahydro-6”-methoxy-3,6”-dimethylfuran- 
2-yllethy1]-1,4,4,9-endo-tetramethyl-3,6,ll-trioxatricyclo- 
[6.2.1.0a.71undecane ((f)-25). p-Toluenesulfonic acid (3 mg, 
0.015 mmol) was added to a stirred solution of (f)-24 (24.7 
mg, 0.045 mmol) in dimethoxypropane (1 mL). After being 
stirred for 2 h at 25 “C, the mixture was diluted with EtOAc, 
washed with saturated aqueous NaHCOs solution and satu- 
rated aqueous NaCl solution, and dried (MgS04). The solvent 
was evaporated under reduced pressure to give 24 mg (90%) 
of a colorless oil: lH NMR (400 MHz, CD3COCD3) 6 7.38- 
7.25 (10 H, m), 4.67 (d, zJ = 12), 4.6 (d, zJ = 12.2), 4.54 (d, zJ 
= 12), 4.50 (d, z J =  12.2), 4.08 (dd, 3J= 11.8,5.1), 4.07 (dd, 35 
= 11.2, 1.3); 3.89 (d, 3J = 5.2), 3.74 (d, = 6.51, 3.59 (br SI, 
3.22 (3 H, s), 3.09 (d, 35 = 4), 2.34 (dd, 35 = 6.5, 11.21, 2.30 
(m), 2.08 (m), 1.80 (m), 1.38 (3 H, s), 1.35 (3 H, s), 1.27 (3 H, 
s), 1.25 (3 H, s), 1.08 (3 H, d, 35 = 7.1), 1.03 (3 H, d, 35 = 7.41, 

139.9, 139.6, 129.0, 128.9, 128.2, 128.1, 128.0, 127.9, 109.5, 
99.7, 92.4, 91.0, 88.1, 81.7, 79.3, 73.9, 72.2, 71.6, 67.0, 48.3, 
47.1, 43.3, 42.3, 39.7, 35.3, 30.3, 30.1, 29.9, 29.7, 29.5, 29.3, 
29.1, 27.4, 26.5, 24.8, 18.0, 13.9, 12.5, 11.7, 9.2, 8.5; MS (CI 
NH3) mlz 551 (81, 550 (201, 549 (181, 492 (61,491 (61, 108 (61, 
92 (111, 91 (1001, 90 (5). 
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= 11.9), 4.59 (d, ‘5’ 12.2),4.51 (d, ‘5’ 12.2),4.2 (dd, VHyH3 

3.96 (d, 3JH4H5 = 5.3), 3.81 (d, 3JHzH3 = 6.8), 3.45 (d, 3JH4,,H3.. 

= 7.5, 3JH3..H4,, = 6), 2.31 (dd, 3mifH3 = 10.9, 3JH3Hz = 6.81, 

CulS,l’SR~~RS,sNR,~,~RS,5SR,6RS,7RS,~R,9SR,- 

0.81 (3 H, d, 3J = 7.4); 13C NMR (100.6 MHz, CD3COCD3) 6 
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