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if they possessed two aromatic groups or one aromatic and one 
aliphatic ring group. Except for methyl phenyl sulfoxide, com­
pounds with only one aromatic group per molecule could not be 
resolved. 

In comparison to the known column materials, all of which have 
been naturally occurring and synthetic organic polymers,5 the 
clay-chelate adducts have the following advantages: (i) The 
material is prepared simply by mixing silica gel coated with a clay 
and an optically active chelate, (ii) The material is not subject 
to chemical deterioration caused by oxidation and hydrolysis, (iii) 
The method is extremely versatile, as it can be varied indefinitely 
by changing the primarily adsorbed chelate. 
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Oxycyclopropanes, in particular those having an additional 
electron-withdrawing substituent, have become valuable inter­
mediates in synthetic organic chemistry. Their best known reaction 
is the facile ring opening under acidic, basic, or thermal conditions, 
which has been extensively used to prepare 7-keto esters and 
lactones, /^-unsaturated ketones, cyclopentanones, and furans.2 

Less attention, however, has been placed upon the use of such a 
reaction for the formation of a carbon-carbon bond.3 Recently, 
Reissig has described that 2-(silyloxy)cyclopropane carboxylate 
esters of general structure 1 react under equimolar amounts of 
a symmetrical ketone and titanium tetrachloride to afford 7-lactols 
in high yield.4 This was the first report of the direct use of a 
"donor-acceptor-substituted cyclopropane" in the formation of 
a five-membered ring. 

As part of our research program directed toward efficient 
pentannulations,5 we envisioned that a (silyloxy)cyclopropane ester 
such as 1 could serve as a three-carbon synthon for cyclopentene 
syntheses. In particular, the fluoride-induced desilylation and 
concomitant ring opening should give rise to the elusive 7-0x0 ester 
enolate system 2. The successful trapping of 2 in a Michael 
reaction with an activated alkene should provide access to in­
termediates such as 3 and, finally, to highly functionalized cy-
clopentenes 4 (Scheme I). This new strategy for [3 + 2] an-
nulatiion would allow the introduction of the three-carbon synthon 
as a nucleophile, therefore complementing previous approaches 
to cyclopentenes involving electrophilic cyclopropanes.5'6 

( I )A preliminary report of this work was presented: Marino, J. P.; La­
borde, E. "Abstracts of Papers", 188th National Meeting of the American 
Chemical Society, Philadelphia, PA, Aug 29, 1984; American Chemical So­
ciety: Washington, DC, 1984; ORGN 139. 

(2) Reviews: (a) Wenkert, E. Ace. Chem. Res. 1980,13, 27. (b) Wenkert, 
E. Heterocyctes 1980, 14, 1703. (c) Conia, J. M. Pure Appl. Chem. 1975, 
43, 317. (d) Schollkopf, U. Angew. Chem., Int. Ed. Engl. 1968, 7, 588. 

(3) For a former example, see: Makamura, E.; Kuwajima, I. J. Am. Chem. 
Soc. 1977, 99, 7360. 

(4) Reissig, H.-U. Tetrahedron Lett. 1981, 22, 2981. 
(5) (a) Marino, J. P.; Landick, R. C. Tetrahedron Lett. 1975, 4531. (b) 
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We wish to report the successful application of the above 
methodology to the synthesis of functionalized di- and triquinane 
systems. Our initial results focus on the use of (2-(silyloxy)-
cyclopropane esters 6, derived from triethylsilyl enol ethers of 
cyclopentanones and ethyl diazoacetate. The specific activated 
alkenes are vinylphosphonium salts. These Michael acceptors were 
chosen because of their ability to generate in situ a Wittig reagent 
that could intramolecularly react with the incipient ketone.7 

Employment of 1-thio-substituted vinylphosphonium salt allowed 
for subsequent hydrolysis of the resulting vinyl sulfides to the 
corresponding bicyclooctanones. The overall sequence of reactions 
from the silyl enol ethers is shown in Scheme II. 

In general, the reaction of silyl enol ether 5a8 and 5b9 with 
carbethoxycarbene (generated by the cupric sulfate catalyzed 
decomposition of ethyl diazoacetate) gave high yields of (silyl-
oxy)cyclopropane esters 6. In the case of 6b, only one stereoisomer 
was formed at the ring fusion, while a 4:1 mixture of exo- and 
e*ra/o-carbethoxy isomers, respectively, was produced.10 When 
the cyclopropanes 6 were treated with either vinylphosphonium 
salt 7" or 8,12 in the presence of potassium fluoride and a catalytic 

(7) For a related use of vinyl phosphonium salts, see: (a) Hewson, A. T. 
Tetrahedron Lett. 1978, 3267. (b) Hewson, A. T.; MacPherson, D. T. Ibid. 
1983, 24, 5807. (c) Cameron, A. G.; Hewson, A. T. J. Chem. Soc, Perkin 
Trans. 1 1983, 2979. 

(8) Exon, C; Nobbs, M.; Magnus, P. Tetrahedron 1981, 37, 4515. 
(9) Prepared by the sequence of reactions given below: 

HQ 0 OS'E's 

MOMO'' 

Reagents: (1) Li[CuCN-M-Bu], Et2O, - 4 0 0C; (2) r-BuOOH, 
VO(acac)2, PhH, 40 0C; (3) CrCvpyr, CH2Cl2; (4) LDA, THF, 
- 7 8 0C; then, Et3SiCl; (5) LiAlH4, Et2O, room temperature; 

(6) MOMCl, /-Pr2EtN, CH2Cl2 

(10) The stereochemical assignments are based on the following 1H NMR 
(360 MHz) data: For the exo isomer of 6b, J,A = 0 and /2,3 = 4.0 Hz; for 
the endo isomer of 6b, y34 = 1.6 and J11 = 9.8 Hz. 
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amount of 18-crown-6 in refluxing acetonitrile, high yields of 
bicyclo[3.3.0]octenes 9 were obtained. The bicyclooctenyl sulfides 
produced from the reaction with 8 could be easily hydrolyzed to 
the corresponding bicyclooctanones 10 with trifluoroacetic acid 
in chloroform.13 

The stereochemistry at the ring juncture in 9b was fixed by the 
cyclopropanation reaction, and in 10b, the more stable cis fusion 
is required. While the stereochemistry of the carbethoxy group 
in 9 and 10 is mixed (fi/a = 2/1),14 the less thermodynamically 
stable a-isomer could be epimerized to the /3-isomer. Alternatively, 
the carbon atom bearing the ester group could be further 
transformed into a carbonyl group.15 

The conditions for the disilylation-trapping step are quite 
well-defined experimentally. The 18-crown-6 ether is needed to 
help solubilize the potassium fluoride. The use of more acidic 
desilylation agents, such as H-Bu4F, was deleterious to the reaction 
of 6b, since the intermediate 7-0x0 ester enolate was either pro-
tonated or equilibration of ester-ketone enolates occurred. 

The potential of this strategy for the construction of func-
tionalized tricyclo[6.3.0.02,6]undecanes ("linear triquinanes"16) 
prompted us to carry out a reiterative [3 + 2] annulation as 
outlined in Scheme III. 

Thus, the addition of carboethoxycarbene to the kinetic silyl 
enol ethers 11 of bicyclooctanones 10a (2:1 mixture of 0- and 
a-carbethoxy isomers, respectively) afforded the expected tricyclic 
diesters 12 and 13 (ca. 2:1 ratio, respectively) in 70% yield from 
10a. It should be mentioned that the observed stereoselectivity 
for this reaction is the one expected on steric grounds and agrees 
with the reported antiselectivity of carbethoxycarbene.17 

Treatment of the (silyloxy)cyclopropane esters 12 and 13 with 
the thio-substituted vinylphosphonium salt 8 under the conditions 
described for the [3 + 2] annulation provided the tricyclic vinyl 
sulfides 14 (mixture of all four possible isomers). Subsequent 
hydrolysis gave the corresponding tricyclo[6.3.0.02,6]undecanones 
15 in good overall yield. It should be noted that the cis,anti ring 

(11) Schweizer, E. E.; Bach, R. D. "Organic Syntheses"; Wiley: New 
York, 1973; Collect. Vol. 5, p 1145. 

(12) Prepared by a modification of the procedure given in ref 7c. 
(13) Grayson, J. I.; Warren, S. / . Chem. Soc., Perkin Trans. 1 1977, 2263. 
(14) These results indicate that there is scrambling in the configuration 

of the carbanionic center during the reaction and that the observed ratio must, 
therefore, reflect the relative stabilities of the a- and /3-carbethoxy isomers. 

(15) Trost, B. M.; Tamaru, Y. J. Am. Chem. Soc. 1975, 97, 3528. 
(16) For a recent review on polyquinane chemistry, see: Paquette, L. Top. 

Curr. Chem. 1984, 119. 
(17) (a) Moss, R. A. SeI. Org. Transform. 1970, 1, 35 ff. (b) Closs, G. 

L. "Structures of Carbenes and the Stereochemistry of Carbene Additions"; 
Eliel, E. L., Allinger, N. L., Eds.; Interscience: New York, 1968; Vol. 3, pp 
193 ff. 

fusion of the final products 15 is secured from that of the starting 
tricyclic (silyloxy)cyclopropane esters 12 and 13. 

In summary, the present strategy provides a mild and expe­
ditious route for the construction of functionalized bicyclo-
[3.3.0]octanes and tricyclo[6.3.0.02'6]undecanes in high yield. 
Work is under way to elaborate the resulting intermediates into 
suitable precursors for the synthesis of naturally occurring com­
pounds and to extend the present methodology to other ring 
systems. 
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New methods for the introduction of fluorine into organic 
molecules are of increasing importance, especially for the design 
of novel enzyme-activated irreversible inhibitors.2 Several /?-
fluorophenethylamines,1 /3-fluoroamino acids,3 3-fluoroallylamines,4 

and amino acids5 (vinyl fluorides) have proven to be specific 
irreversible inhibitors of selected enzymes. A convenient synthetic 
route to vinyl fluorides6 would make molecules containing this 
functionality more attractive as synthetic targets. 

This activity has prompted us to explore new routes to fluoro 
compounds utilizing (diethylamino)sulfur trifluoride (DAST).1 

We wish to report a novel synthetic transformation that provides 
the previously unreported a-fluoro thioethers 2, which are con­
venient precursors to vinyl fluorides via the thermolysis of the 
corresponding fluoro sulfoxides (3).6d This transformation offers 
a superior alternative to the Wittig reaction6" for the synthesis 
of terminal vinyl fluorides. 

We reasoned that DAST should react with sulfoxides as does 
acetic anhydride in the Pummerer rearrangement7 and found that 
the proposed transformation was readily accomplished. For ex­
ample, when methyl phenyl sulfoxide was treated with DAST in 
chloroform at room temperature for 24 h and then at 50 0C for 
several hours (until complete by 1H NMR), an 85% yield of 
fluoromethyl phenyl sulfide (2a) resulted.8 Sulfide 2a was readily 

(1) For part I, see: LeTourneau, M. E.; McCarthy, J. R. Tetrahedron Lett. 
1984, 25, 5227. 

(2) (a) Seiler, N.; Jung, M. J.; Koch-Weser, J. "Enzyme-Activated Irre­
versible Inhibitors"; Elsevier/North-Holland Biomedical Press: Amsterdam, 
1978. (b) Rando, R. R. Pharmacol. Rev. 1984, 36, 111. 
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(4) McDonald, I. A.; Lacoste, J. M.; Bey, P.; Wagner, J.; Zreika, M.; 
Palfreyman, M. G. J. Am. Chem. Soc. 1984, 106, 3354. 

(5) Bey, P.; Fozard, J.; Lacoste, J. M.; McDonald, I. A.; Zreika, M.; 
Palfreyman, M. G. J. Med. Chem. 1984, 27, 9. 

(6) For synthetic methods to vinyl fluorides, see ref 4 and 5 as well as, for 
an example of the Wittig reaction: (a) Burton, D. J.; Greenlimb, P. E. / . Org. 
Chem. 1975, 40, 2797. This method requires extremely dry solvents to obtain 
satisfactory and reproducible yields, (b) Schlosser, M. Tetrahedron 1978, 34, 
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(7) For reviews of the Pummerer rearrangement, see: (a) Russell, G. A.; 
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1969, 6, 356. 

0002-7863/85/1507-0735S01.50/0 © 1985 American Chemical Society 


