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It is observed that chloride 4 on exposure to sodium bis(trimethylsily1)amide smoothly generates 
the cyclopentene 5, by insertion of the intermediate alkylidene carbene into the methine C-H. 
Chloride 4 is prepared in several steps from L-tartaric acid. On ozonolysis and subsequent aldol 
condensation, 5 is transformed into 1, a synthon for the A ring of taxol2. 

In support of our continuing studies toward the total 
synthesis of the antineoplastic diterpene taxol we 
required gram quantities of the enantiomerically pure 
enone 1. We had previously reported a preparation of 
racemic 1,2 based on 1,5 C-H insertion of an alkylidene 
carbene that was generated by addition of the anion of 
(trimethylsily1)diazomethane to racemic ketone 3. We 
now report that the requisite alkylidene carbene can be 
generated much more economically by exposure of vinyl 
chloride 4 to excess sodium bis(trimethylsily1)amide. We 
also describe a simple route to enantiomerically pure 
ketone 3, and thus to enone 1, from L-tartaric acid. 
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The starting point for the synthesis (Scheme 1) was 
the benzyl ether 6, prepared, following published proce- 
d u r e ~ , ~ ~ ~  from L-tartaric acid. Swern oxidation6 followed 
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(1) Two elegant total syntheses of taxol have been reported (a) 

Holton, R. A,; Kim, H.-B.; Somoza, C.; Liang, F.; Biediger, R. J.; 
Boatman, P. D.; Shindo, M.; Smith, C. C.; Kim, S.; Nadizadeg, H.; 
Suzuki, Y.; Tao, C.; Vu, P.; Tang, S.; Zhang, P.; Murthi, K. K.; Gentile, 
L. N.; Liu, J. H. J.  Am. Chem. SOC. 1994, 116, 1599. (b) Nicolaou, K. 
C.; Yang, Z.; Liu, J. J.; Ueno, H.; Nantermet, P. G.; Guy, R. K.; 
Claiborne, C. F.; Renaud, J.; Couladouros, E. A.; Paulyannan, K.; 
Sorenson, E. J. Nature, 1994,367,630. (c) Nicolaou, K. C.; Nantermet, 
P. G.; Ueno, H.; Guy, R. K.; Couladouros, E. A,.; Sorenson, E. J. J.  
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Z.; Ueno, H.; Sorenson, E. J.; Claiborne, C. F.; Guy, R. K.; Hwang, 
C.-K.; Nakada, M..; Nantermet, P. G. J .  Am. Chem. SOC. 1995, 117, 
634. (e) Nicolaou, K. C.; Yang, Z.; Liu, J. J.; Nantermet, P. G.; 
Claiborne, C. F.; Renaud, J.; Guy, R. K.; Shibayama, K. J.  Am. Chem. 
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by addition of methylmagnesium bromide and subse- 
quent PCC oxidation7 converted 6 into the methyl ketone 
7. It is intriguing that the simple ketone 7 has appar- 
ently not previously been reported. 

Horner-Emmons condensation8 of ketone 7 provided 
the enone 8. We had anticipated that conjugate addition 
of lithium dimethyl cuprate to 8 might be difficult, as 
the y-alkoxy substituent would be easily reduced. In- 
deed, lithium dimethyl cuprate addition proceeded in only 
about 40% yield. Fortunately, this situation was rescued 
by the recently-reported alternativeg of CuBr-catalyzed 
Me& conjugate addition. This variant provided a 
preparatively useful yield of the enantiomerically pure 
ketone 3. 

We were intrigued by the possibility that the simple 
vinyl chloride could be induced to cyclize.1° We had 
previously reported the preparation of racemic 3, and the 
generation and cyclization of the derived alkylidene 
carbene to give the racemic cyclopentene 5, using as a 
reagent the lithium salt of (trimethylsilyl)diazomethane.2 
As we scaled up this reaction, the expense of the 
(trimethylsily1)diazomethane led us to explore alterna- 
tives. While other routes to alkylidene carbenes have 
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been developed,11J2 the vinyl chloride route offered 
advantages in  simplicity and scalability. 

I n  the event, condensation of ketone 3 with (chloro- 
methy1ene)triphenyl phosphorane13 proceeded smoothly, 
to give the  vinyl chloride 4 as a mixture of geometric 
isomers. On exposure to  an excess of sodium bis- 
(trimethylsily1)amide in toluene, this mixture was ef- 
ficiently converted to the desired cyclopentene 5. As 
expected,1° we did not observe any competition from the  
alternative C-H insertion process, into one of the methyl 
groups. 

Following our previously published procedure in the 
racemic series,2 cyclopentene 5 on ozonolysis followed by 
aldol condensation and dehydration gave the enantio- 
merically-pure cyclohexenone 1. Although racemic 1 is 
crystalline, the enantiomerically-pure enone 1 is an oil. 

"he observation reported here that alkylidene carbenes 
generated from vinyl chlorides can efficiently insert 1,5 
into a-oxygenated C-H bonds, with retention of absolute 
configuration, substantially expands the  utility and 
especially the scalabilty of this new approach'l' to the 
preparation of enantiomerically-pure carbocycles from 
carbohydrates. 

Taber e t  al. 

Experimental Sectionl6 
(4R,SR).2,2.Dimethyl-S-[ (phenylmethoxy)methyl]- 1,3- 

dioxolane-4-methanol(6). To a flask containing L-tartaric 
acid (40.0 g, 0.23 mol) in 20 mL of reagent grade acetone was 
added 2,2-dimethoxypropane (71.8 g, 0.69 mol) and p-toluene- 
sulfonic acid monohydrate (0.2 g, 1.05 mmol). The mixture 
was warmed with a heat gun to gentle reflux for 5 h. Removal 
of the solvent in uucuo followed by bulb-to-bulb distillation [pot 
= 90-100 "C (0.5 mm)] afforded the acetonide ester (49.7 g, 
0.22 mol, 97% yield). 

LiAlH4 (8.0 g, 0.21 mol) in THF (200 mL) was chilled to  0 
"C. The above ester (35.2 g, 0.16 mol) in 20 mL of THF was 
added dropwise. The mixture was warmed to rt overnight, 
and then was carefully quenched with 8 mL of water. The 
mixture was stirred for 20 min, 10% aqueous NaOH (8 mL) 
was added dropwise, the mixture was stirred for another 20 

(2) For the preparation of racemic 1, see Taber, D. F.; Walter, R.; 
Meagley, R. P. J. Org. Chem. 1994, 59, 6014. 
(3) For other synthetic approaches to the taxol A ring, see (a) Lin, 

J.; Nikaido, M. M.; Clark, G. J. Org. Chem. 1967, 52, 3745. (b) 
Petterson, L.; Frejd, T.; Magnusson, G. Tetrahedron Lett. 1987, 28, 
2221. (c) Snider, B. B.; Allentoff, A. J. J. Org. Chem. 1991,56,321. (d) 
Benchikh le-Hocine, M.; Do Khac, D.; Fetizon, M; Guir, F.; Guo, Y.; 
Prange, T. Tetrahedron Lett. 1992, 33, 1443. (e) Shea, K. J.; Sakata, 
S. T. Tetrahedron Lett. 1992, 33, 4261. (0 Queneau, Y.; Krol, W. J.; 
Bommann, W. G.; Danishefsky, S. J. J. Org. Chem. 1992, 57, 4043. 
(g) Oh, J.; Choi, J.-R.; Cha, J. K. J.  Org. Chem. 1992, 57, 6664. (h) 
Nicolaou, K. C.; Hwang, C.-K.; Sorenson, E. J.; Clairborne, C. F. J. 
Chem. SOC., Chem. Commun. 1992,1117. (i) Golinski, M.; Vasudevan, 
S.; Floresca, R.; Brock, C. P.; Watt, D. S. Tetrahedron Lett. 1993,34, 
55. (j) Arseniyadis, S.; Yashunsky, D. V.; Pereira de Freitas, R.; Munoz 
Dorado, M.; Toromanoff, E.; Potier, P. Tetrahedron Lett. 1993,34,1137. 
(k) Elmore, S. W.; Paquette, L. A. J. Org. Chem. 1993,58,4963. (1) Di 
Grandi, M. J.; Jung, D. IC; Krol, W. J.; Danishefsky, S. J .  J. Org. Chem. 
1993,58,4989. (m) Chai, K-B.; Sampson, P. J. Org. Chem. 1993,58, 
6807. (n) Parsons, P. J.; Stefinovic, M. Synlett 1993,931. (0) Nakamura, 
T.; Waizumi, N.; Tsurata, K; Horiguchi, Y.; Kuwajima, I. Synlett 1994, 
584. (p) Crich, D.; Crich, J. Z. Tetrahedron Lett. 1994, 35, 2469. (q) 
Takayuki, D.; Robertson, J.; Stork, G.; Yamashita, A. Tetrahedron Lett. 
1994,35, 1481. (1) Nakamura, T.; Waizumi, N.; Tsurata, K.; Horiguchi, 
Y.; Kuwajima, I. Tetrahedron Lett. 1994,35, 7813. (8) Arseniyadis, S.; 
Yashunsky, D. V.; Pereira de Freitas, R.; Brondi-Alves, R.; Munoz 
Dorado, M.; Wang, Q.; Potier, P. Tetrahedron Lett. 1994,35, 9395. (t) 
Winkler, J. D.; Bhattacharya, S. K.; Liotta, F.; Batey, R. A.; Heffernan, 
G. D.; Caldingboel, D. E.; Kelly, R. C. Tetrahedron Lett. 1995,36,2211. 
(u) Ermolenko, M. S.; Shekharam, T.; Lukacs, G.; Potier, P. Tetrahe- 
dron Lett. 1996, 36, 2461. 
(4) Carmack, M.; Kelly, C. J. J. Org. Chem. 1966, 33, 2171. 
(5) Hungerbuhler, E.; Seebach, D. Helu. Chin. Acta 1981, 64, 687. 
(6) (a) Manusco, A. J.; Huang, S. L.; Swern, D. J. J. Org. Chem. 

1978,43,2480. (b) Mukaiyama. T.: Suzuki. K.: Yamada. T. Chem. Lett. 
1982, 929. 

min, and then 24 mL of water was added. After filtration with 
EtOAc (3 x 20 mL), the combined filtrate was dried (Kzco3) 
and concentrated to give 23.3 g of the diol. 

To a cold solution (0 "C) of diol (16.8 g, 0.10 mol) in 150 mL 
of DMF was added NaH (4.8 g, 0.12 mol, 60% in mineral oil). 
After the reaction subsided, benzyl bromide (18.8 g, 0.11 mol) 
was added. The reaction was stirred overnight and then was 
quenched with water (40 mL) and extracted with CHzClz (2 x 
40 mL). The combined organic extract was dried (KzCO3) and 
concentrated. The residue was chromatographed to give the 
known5 alcohol 6 (14.0 g, 0.056 mol, 24% yield from L-tartaric 
acid) as a clear yellow oil: TLC Rf (20% EtOAdpetroleum 
ether) = 0.18; lH NMR 6 1.40 (s,6H), 2.15-2.50 (bs, lH), 3.40- 
4.20 (m, 6H), 4.57 (bs, 2H), 7.30 (bs, 5H). 
(4R,SR)1-[2,2-Dimethyl-5-[ (pheny1methoxy)methyll- 

1,3-dioxolan.4-yl]ethanone (7). DMSO (2.82 mL, 40.0 
mmol) was added slowly at  -78 "C to a solution of oxalyl 
chloride (3.05 g, 24.0 mmol) in 100 mL of CH2C12. After the 
reaction subsided, alcohol 3 (5.0 g, 20.0 mmol) in 10 mL of 
CHzClz was added dropwise over an additional 25 min. 
Triethylamine (8.0 mL, 80.0 mmol) was added dropwise, and 
then the reaction mixture was warmed slowly to rt. Water 
(20 mL) was added, the layers were separated, and the 
aqueous layer was extracted with CHzClz (2 x 20 mL). The 
combined organic extract was dried (Na2S04) and concentrated 
to  give the crude aldehyde.6 

To this fresh aldehyde in 100 mL of THF was added CH3- 
MgBr (20.0 mL, 60.0 mmol, 3.0 M solution in diethyl ether). 
After stirring for 4 h, the mixture was quenched with 1 N 
aqueous HCl to pH = 7.0. After extraction with 3 x 30 mL of 
EtOAc, the organic layer was dried (Na2SO.d and concentrated 
to  give the crude alcohol (4.9 g). 

The above alcohol (4.9 g) in 10 mL of CHzCl2 was added to 
a flask containing PCC mixture (1:l:l mixture by weight of 
PCC:4 A molecular sieve:NaOAc, ground together; 38.8 g, 60.0 
"01) in 100 mL of CHzClz. The resulting dark brown solution 
was stirred for 5 h and then was quenched with ether (30 mL). 
The mixture was filtered with ether (3 x 30 mL). The 
combined organic filtrate was dried (NazSOJ and concentrated. 
The residue was chromatographed to give 3.48 g (13.2 mmol, 
66% yield from 6) of ketone 7 as a clear pale yellow oil: TLC 

(7) (a) Corey, E. J.; Suggs, J. W. Tetrahedron Lett. 1976, 2647. (b) 
Maloney, J. R.; Lyle, R. E.; Saavedra, J. E.; Lyle, G. G. Synthesis 1978, 
212. (c) Herscovici, J.; Antonakis, K. J. Chem. SOC., Chem. Commun. 
1980,561. 
(8) Corbel, B.; Medinger, L.; Haelters, J. P.; Sturtz, G. Synthesis 

1986, 1048. 
(9) Westermann, J.; Nickisch, K. Angew. Chem., Int. Ed. Engl. 1993, 

32, 1368. 
(10) For earlier reports of 1,5 C-H insertion by alkylidene carbenes 

generated from vinyl halides, see (a) Erickson, K. L.; Wolinsky, J. J.  
Am. Chem. Soc. 1965,87, 1143. (b) Wolinsky, J.; Clark, G. W. J. Org. 
Chem. 1976, 41, 745. (c) Fisher, R. H.; Baumann, M.; Koebrich, G. 
Tetrahedron Lett. 1974, 1207. 
(11) For alkylidene carbene generation and cyclization using di- 

methyl (diazomethyl)phosphonate, see (a) Gilbert, J. C.; Giamalva, D. 
H.; Weerasooriya, U. J. Org. Chem. 1963,48, 5251. (b) Gilbert, J. C.; 
Giamalva, D. H.; Baze, M. E. J. Org. Chem. 1985, 50, 2557. For 
alkylidene carbene generation and cyclization using (trimethylsilyll- 
diazomethane, see (c) Ohira, S.; Okai, K.; Moritani, T. J.  Chem. SOC., 
Chem. Commun. 1992, 721. (d) Ohira, S.; Sawamoto, T.; Yamato, M. 
Tetrahedron Lett. 1995, 36, 1537. (e) Taber, D. F.; Meagley, R. P. 
Tetrahedron Lett. 1994, 35, 7909. 
(12) Several alternative strategies for the generation and cyclization 

of alkylidene carbenes have been put forward: (a) Conjugate addition 
to an alkynyl iodinium: Williamson, B. L.; Tykwinski, R. R.; Stang, 
P. J. J. Am. Chem. SOC. 1994, 116, 93. (b) Samarium(I1) iodide 
reduction of a 1,l-dihaloalkene: Kunishima, M.; Hioki, K.; Tani, S.; 
Kato, A. Tetrahedron Lett. 1994, 35, 7253. (c) Fragmentation of an  
a$-epoxy-N-aziridinyl imine: Kim, S.; Cho, C. M. Tetrahedron Lett. 
1994, 35, 8405. 
(13) (a) Wittig, G.; Schlosser, M. Chem. Ber. 1961, 94, 1373. (b) 

Ketley, A. D.; Berlin, A. J.; Gorman, E.; Fisher, L. P. J. Org. Chem. 
1966, 31, 305. 
(14) For dehydration on warming in DMSO, see (a) Traynelis, V.; 

Hergenrother, W. L.; Hanson, H. T.; Valicenti, J. A. J. Org. Chem. 1964, 
29, 123. (b) Ichihara, A.; Miki, M.; Tazaki, H.; Sakamura, S. Tetrahe- 
dron Lett. 1967,28, 1175. 

J. B. J. Org. Chem. 1994, 59, 4004. 
(15) For a general experimental procedure, see Taber, D. F.; Houze, 
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Rf(20% EtOAc/petroleum ether) = 0.57; [ a ] ~  -12.6 ' (c = 0.18 
g/lOO mL in CH3OH); 1H NMR 6 1.44 (s, 3H), 1.48 (s, 3H), 
2.27 (s, 3H), 3.60-3.77 (m, 2H), 4.19 (m, lH), 4.21 (d, J =  2.1, 
lH), 4.61 (s, 2H), 7.26-7.35 (m, 5H); 13C NMR 6 down: 26.1, 
26.2,26.7, 77.1,81.8, 127.5,128.1, 1 2 8 . 2 ; ~ ~ :  70.1,73.4,110.8, 
137.7, 207.9; IR (cm-l) 2988, 2934, 2864, 2361, 1717, 1669, 
1456, 1373; MS (mlz, %) 264 (241,221 (46), 146 (86), 145 (541, 
131 (loo), 103 (86); HRMS calcd for C1&004 264.1362, found 
264.1357. 
(4R,5R)-2,2-Dimethyl-4-( l-methyl-3-oxo-l-butenyl)-5- 

[(phenylmethoxy)methyl]-1,bdioxolane (8). To a flask 
containing dimethyl (2-oxopropyl)phosphonatea (346 mg, 2.08 
mmol) and 3 mL of DME was added sodium hydride (50 mg, 
1.25 mmol, 60% in mineral oil). After the white suspension 
was stirred for 5 min at 80 "C, a solution of ketone 7 (110 mg, 
0.42 mmol) in 2 mL of DME was added dropwise, and the 
mixture was stirred at 80 "C for another 4 h. The mixture 
was quenched with saturated aqueous NH4C1 (20 mL) and 
extracted with CH2Cl2 (2 x 20 mL). The combined organic 
layer was dried (Na2S04) and concentrated. The residue was 
chromatographed to afford 16 mg of 4, followed by 88 mg (81%) 
of enone 8 as a clear pale yellow oil: TLC Rf (20% EtOAc/ 
petroleum ether) = 0.55; [ a ] ~  -13.9' (c = 0.23 g/lOO mL in 

3.55-3.70 (m, 2H), 3.92-3.98 (m, lH), 4.30 (d, J = 8.2 Hz, 
1H),4.56(d,J=12.1Hz,1H),4.64(d,J=12.1Hz,1H),6.29 
(s, 1H), 7.26-7.45 (m, 5H); 13C NMR 6 down: 14.8,26.8, 27.1, 
31.8, 79.8, 82.1, 124.0, 127.8, 128.3, 129.3; up: 69.8, 73.6, 
110.1, 138.0, 152.1, 197.4; IR (cm-'1 2987, 2867, 1691, 1623, 
1453, 1370, 1217; MS (mlz, %): 304 (51, 125 (loo), 109 (55), 
105 (59); HRMS calcd for Cp,H2404 304.1675, found 304.1584. 
Anal. Calcd for C18H2404: C, 71.03; H, 7.95. Found: C, 70.92; 
H, 7.80. 
(4R,5R)-2,2-Dimethyl-4-( l,l-dimethyl-3-oxobutyl)-5- 

[(phenylmethoxy)methy1]-1,3-dioxolane (3). To a stirred 
suspension of CuBrMezS (13.6 mg, 0.066 mmol) in 2 mL of 
THF was added M e a  (0.73 mL, 1.45 mmol, 2.0 M solution in 
toluene) at 0 "C, followed by enone 8 (400 mg, 1.32 mmol) in 
THF (2 mL). The resulting black suspension was stirred at 0 
"C for an additional 3 h and then was quenched with 10 mL 
of EtOH, followed by saturated aqueous NHICl(10 mL). The 
mixture was filtered with THF (3 x 10 mL). After extraction 
with EtOAc (2 x 10 mL), the combined organic extract was 
dried (Na2S04) and concentrated. The residue was chromato- 
graphed to give the ketone 3 (389 mg, 1.21 mmol, 92% yield) 
as a clear pale yellow oil: TLC Rf(20% EtOAdpetroleum ether) 
= 0.56; [ a l ~  -13.5" ( c  = 12.1 g/lOO mL in CH30H); 'H NMR 6 
0.99 (s, 3H), 1.00 (s, 3H), 1.36 (s, 3H), 1.41 (s, 3H), 2.09 (9, 
3H), 2.33 (d, J =  15.4 Hz, lH), 2.52 (d, J =  15.4 Hz, lH), 3.52- 
3.55 (m, 2H), 3.81 ( d , J =  7.7 Hz, lH), 4.00-4.07 (m, lH), 4.55 
(d, J = 12.3 Hz, lH),  4.61 (d, J = 12.3 Hz, lH), 7.25-7.35 (m, 
5H). This material was identical except in rotation with the 
racemic ketone previously prepared.2 
(lS,5R)-3,3,7,9,9-Pentamethyl-5-[(phenylmethoxy)me- 

thyl]-2,4-dioxaspiro[4.4]non-6-ene (5). n-BuLi (2.3 mL of 
2.34 M in hexane, 5.4 mmol) was added dropwise at 0 "C, with 
stirring, to diisopropylamine (0.58 g, 5.7 mmol) in THF ( 5  mL). 
After stirring for an additional 45 min, the mixture was cooled 
to -78 "C, and then (chloromethy1)triphenylphosphonium 
chloride13 (2.05 g, 5.9 mmol) was added in portions. After 
stirring for 10 min at -78 "C, the colorless mixture was 
warmed to rt for 10 min. The mixture was cooled again to 
-78 "C, and then ketone 3 (0.87 g, 2.7 mmol) in 3 mL of THF 
was added dropwise over 5 min. The mixture was stirred and 
allowed to warm to rt  over 18 h. Saturated aqueous NH4Cl 
(10 mL) was added, followed by water (10 mL) and EtOAc (10 
mL). The layers were separated, and the aqueous layer was 
extracted with EtOAc (3 x 10 mL). The combined organic 

CHsOH); 'H NMR 6 1.47 (s, 6H), 2.07 (s, 3H), 2.18 (s, 3H), 
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extract was dried (Na2S04, and concentrated, and the residue 
was chromatographed to give the vinyl chloride 4 (0.82 g, 2.3 
mmol, 86%) as a colorless oil: TLC Rf (20% EtOAdpetroleum 
ether) = 0.80; 1H NMR 6 0.79 (s, 0.9H), 0.87 (s, 0.9H), 0.90 (5, 
2.1H), 0.93 (s, 2.1H), 1.35 (s, 0.9H), 1.37 (s, 2.1H), 1.39 (s, 
0.9H), 1.41 (s, 2.1H), 1.80 (s, 3H), 2.20 (s, 2H), 3.60 (m, 3H), 
4.10 (m, lH), 4.58 (s, 0.6H), 4.60 (s, 1.4H), 5.78 (bs, 0.3H), 5.92 
(bs, 0.7H), 7.26-7.35 (m, 5H); IR (cm-') 2917, 1451, 1379, 
1253, 1072. 

Sodium bis(trimethylsily1)amide (12.5 mL, 1.0 M in toluene, 
12.5 mmol) was added dropwise, with stirring and cooling in 
an ice-bath, to neat vinyl chloride 4 (0.82 g, 2.3 mmol). The 
mixture was stirred for 18 h at rt. Saturated aqueous NHdCl 
(10 mL) was added, followed by water (10 mL) and EtOAc (10 
mL). The layers were separated, and the aqueous layer was 
extracted with EtOAc (3 x 10 mL). The combined organic 
extract was dried (Na2S04, and concentrated, and the residue 
was chromatographed to give cyclopentene 5 (0.66 g, 2.1 mmol, 
77% yield from 3) as a colorless oil: TLC Rf (20% EtOAd 
petroleum ether) = 0.80; [ a ] ~  7.3" (c = 1.40 g/100 mL in CH3- 
OH); lH NMR 6 0.94 (s, 3H), 1.10 (s,3H), 1.35 (s, 3H), 1.45 (s, 
3H), 1.7 (d, J = 0.9 Hz, 3H), 1.84 (bd, J = 15.9 Hz, lH), 2.25 
(bd, J = 15.9 Hz, lH), 3.46 (dd, J = 10.6, J = 2.3 Hz, lH), 
3 . 5 4 ( d d , J = l 0 . 5 , J = 7 . 5 H z , l H ) , 4 . 2 0 ( d d , J = 7 . 5 , J = 2 . 3  
Hz, lH), 4.47 (d, J = 12.4 Hz, lH), 4.70 (d, J = 12.4 Hz, lH), 
5.27 (m, lH), 7.26-7.35 (m, 5H). This material was identical 
except in rotation with the racemic ketone previously pre- 
pared.2 

(1S,5R)-5-[ (Phenylmethoxy)methyll-3,3,lO,lO-tetra- 
methyl-2,4-dioxaspiro[4.5]dec-6-en-8-one (1). Into a -78 
"C solution of the cyclopentene 5 (1.58 g, 5.0 mmol) in CHzClz 
(30 mL) was bubbled a gentle stream of 0 3 / 0 2  until the solution 
was faintly blue. Excess O3 was subsequently purged with a 
stream of dry Nz, and then triphenylphosphine (1.60 g, 6.1 
mmol) was added and the reaction was allowed to warm to 0 
"C. After 1 h, the reaction was brought to rt and the solvent 
was removed in uucuo, and the residue was taken up in a 
solution of KOH (0.34 g, 6.1 mmol) in methanol (40 mL) at rt. 
After 2 h, the solution was neutralized to pH = 7 by the 
addition of 1 N aqueous HC1. The mixture was extracted with 
EtOAc (3 x 10 mL). The combined organic extract was dried 
(Na2S04, and concentrated. The residue was taken up in 
DMSO (25 mL), and the resulting solution was stirred at 150 
"C for 3 h. After cooling, the mixture was diluted with water 
(50 mL) and extracted with EtOAc (4 x 30 mL). The combined 
organic extract was dried (Na2S04, and concentrated in uucuo. 
The residue was chromatographed to give enone 1 (0.82 g, 2.5 
mmol, 50% yield) as a colorless oil: TLC Rf (20% EtOAd 
petroleum ether) = 0.65); [ a ] ~  -9.8" (c = 1.04 g/lOO mL in CH3- 
OH); 'H NMR 6 1.01 (s, 3H), 1.14 (s, 3H), 1.43 (s, 3H), 1.49 (s, 
3H), 2.30 (d, J = 16.3 Hz, lH), 2.50 (d, J = 16.3 Hz, lH), 3.51 
(dd,J=l0.5,J=3.65Hz,lH),3.64(dd,J=10.5J=6.2Hz, 
lH), 4.41 (m, 5H), 4.47 (d, J = 12.1 Hz, lH), 4.6 (d, J = 12.1 
Hz, lH), 5.96 (d, J = 10.3 Hz, lH), 6.62 (d, J = 12.1 Hz, lH), 
7.26-7.35 (m, 5H). This material was identical except in 
rotation with the racemic ketone previously prepared.2 
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