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The cyclization is not limited to the formation of di-
hydropyrans. Dihydrofuran 11° (entry 19) could also be
obtained. We found that 11 was more sensitive to the
hydrogen halides and that a higher reaction temperature
resulted in a lower yield. Therefore, using more potassium
iodide to shorten the reaction time was crucial to ensure
a better yield. Unfortunately, this method was not useful
for seven-membered ring formation (entry 20). In another
experiment, using modified Finkelstein reaction condi-
tions,! acylsilane 14 gave only «,5-unsaturated acylsilane
15 (entry 21).

It is not necessary to use (haloacyl)silane in this type
of cyclization. When an acyliminium ion was generated
from 161! (eq 2), it could be trapped by the acylsilane to

OMe O, _SiMe,
g\/\n/SiMeg qj (2)
0

o o]
16 17
condlifions: % yied
CHACN, t, CSA (cat), 7 h 81
THF, rt, CSA (cat), 11 h 77
CHxCly, t, CSA (cat),8h 62

*CSA: camphorsulfonic acid

give the interesting heterocycle 17 in good yields under
very mild conditions.

We have also synthesized 6,e-unsaturated acylsilane 19
(Scheme II) via alkylation of 1812 (85%) followed by hy-

(9) Lukevics, E.; Gevorgyan, V. N.; Goldberg, Y. S.; Shymanska, M.
V. J. Organomet. Chem. 1985, 294, 163.

(10) Willy, W. E.; McKean, D. R.; Garcia, B. A. Bull. Chem. Soc. Jpn.
1976, 49, 1989.

(11) The preparation of 16 will be reported elsewhere.

drolysis (70%) with ceric ammonium nitrate (CAN),13-15
Treatment of 19 with phenylselenyl bromide at room
temperature gave dihydropyran 20 in 72% yield. This
cyclization reaction is a new addition to the family of
olefin-initiated cyclization processes.!6

In summary, this new cyclization method provides easy
access to 2-silyldihydropyrans and 2-silyldihydrofurans
from acylsilanes.!” Previously, these types of compounds
were prepared by lithiation of dihydropyrans or dihydro-
furans followed by silylation.®® Qur method provides a
versatile alternative through which compounds bearing a
variety of substituents, such as 17 and 20, can be prepared.
The special substitution pattern at C-2 and C-3 in the
cyclization products affords a handle for further manipu-
lations that may be useful in the synthesis of polyether
antibiotics.!®
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(15) When the more common red mercury oxide and boron trifluoride
etherate was used (ref 6) for hydrolysis, the olefin was also hydrolyzed.

(16) Bartlett, P. A. In Asymmetric Synthesis; Morrison, J. D,, Ed.;
Academic Press: New York, 1984; Vol. 3B, p 411.

(17) For a related process, see: Nakajima, T.; Miyaji, H.; Segi, M.;
Suga, S. Chem. Lett. 1986, 181.
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Summary: A highly stereocontrolled and mild Diels-Alder
cycloaddition involving stereochemically matched pyrone
(S)-lactate 4 and Lewis acid (-)-Pr(hfc); produced bicyclic
lactone endo-5 via a double stereodifferentiation process.
Bicyclic lactone 5 was then transformed smoothly and in
high yield into phosphine oxide (-)-1, an important A-ring
precursor to various physiologically active la-hydroxy-
vitamin Dj steroids.

Lythgoe-type (i.e., Horner-Wittig)? coupling of the
conjugate base of the A-ring phosphine oxide (-)-1 with

(1) Current address: Rhéne-Poulenc Rorer, Vitry sur Seine, France.

(2) (a) Lythgoe, B. Chem. Soc. Rev. 1980, 449. (b) Kocienski, P. J.;
Lythgoe, B. J. Chem. Soc., Perkin Trans. 1 1980, 1440. (c) For a review
of synthetic methods, see: Kametani, T.; Furayama, H. Med. Res. Rev.
1987, 7, 147.

C,D-ring units 2 carrying various side-chain groups R (eq
1) is one of the most popular and reliable methods cur-

TBDMSO" OTBDMS
()1 3

rently used to prepare la-hydroxyvitamin Dy compounds
having desirable medicinal properties, such as separation

0022-3263/92/1957-7012$03.00/0 © 1992 American Chemical Society



Communications
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of calcemic from cell growth activities.3* Phosphine oxide
{(-)-1 has been prepared from chiral pool (e.g., terpene)
precursors® and via asymmetric synthesis.®* Pursuing our
interest in 2 + 4 cycloadditions of 2-pyrones® and in the
organic and medicinal chemistry of vitamin Dj steroids,
we have designed and executed a new asymmetric ap-
proach to phosphine oxide (-)-1. This approach comple-
ments our recent efforts using enantiomerically pure vi-
nylic ethers® and features a highly stereocontrolled and
high-yielding Diels-Alder cycloaddition of easily-prepared,’
enantiomerically pure 2-pyrone (S)-lactate 4 with the ap-
propriately matched enantiomeric form of the NMR shift
reagent Pr(hfc),® to produce bicyclic lactone endo diaste-

(3) For very recent examples, see: (a) Posner, G. H.; Nelson, T. D.;
Guyton, K. Z.; Kensler, T. W. J. Med. Chem. 1992, 35, 3280. (b) Iseki,
K.; Nagai, T.; Kobayashi, Y. Chem. Pharm. Bull. 1992, 40, 1364. (c)
Wilson, S. R.; Jacob, L. J. Org. Chem. 1992, 57, 4380. (d) Perlman, K.
L.; DeLuca, H. F. Tetrahedron Lett. 1992, 33, 2937. (e) Chen, C,; Crich,
D. Ibid. 1992, 33, 1945. (f) Ohira, Y.; Taguchi, T.; Iseki, K.; Kobayashi,
Y. Chem. Pharm. Bull. 1992, 40, 1647. (g) Kiegiel, J.; Wovkulich, P. M.;
Uskokovié, M. R. Tetrahedron Lett. 1991, 32, 6057. (h) Mascarefas, J.
L.; Pérez-Sestelo, J.; Castedo, L.; Mourifio, A. Ibid. 1992, 32, 2813.

(4) For very recent examples of other synthetic approaches to la-
hydroxyvitamin Dy, see: (a) Trost, B. M.; Dumas, J. J. Am. Chem. Soc.
1992, 114, 1924. (b) Mascareiias, J. L.; Garcia, A. M.; Castedo, L.;
Mourifio, A. Tetrahedron Lett. 1992, 33, 4365. (c) Torneiro, M.; Fall, Y.;
Castedo, L.; Mourifio, A. Ibid. 1992, 33, 105. (d) Craig, A. S.; Norman,
A. W,; Okamura, W. A. J. Org. Chem. 1992, 57, 4374. (e) Lee, A. S;
Norman, A. W.; Okamura, W. H. Ibid. 1992, 57, 3846, (f) Takano, S.;
Yamane, T.; Takahashi, M.; Ogasaware, K. Synlett 1992, 410.

(5) (a) Baggiolini, E. G.; Iacobelli, J. A.; Hennessy, B. M.; Uskokovig,
M. R. J. Am. Chem. Soc. 1982, 104, 2945. (b) Shiuey, S.-J.; Partridge,
dJ. J.; Uskokovié, M. R. J. Org. Chem. 1988, 53, 1040.

(6) (a) Posner, G. H.; Kinter, C. M. J. Org. Chem. 1990, 55, 3967. (b)
Posner, G. H., Nelson, T. D. Ibid. 1991, 56, 4339. (c) Posner, G. H,;
Nelson, T. D.; Kinter, C. M.; Johnson, N. Ibid. 1992, 57, 4083. (d) Posner,
G. H.; Vinader, V.; Afarinkia, K. Ibid. 1992, 57, 4088. (e) Afarinkia, K.;
Vinader, V.; Nelson, T. D.; Posner, G. H. Tetrahedron Rep. 1992, 48,
9111. (f) Afarinkia, K.; Posner, G. H. Tetrahedron Lett. 1992, 33, 7839.

(7) Commercial (Aldrich) methyl 2-pyrone-3-carboxylate was trans-
formed into 2-pyrone-3-carboxylic acid using trimethylsilyl iodide, con-
verted into the acid chloride using oxalyl chloride, and esterified with
cheap, commerical methyl (S)-(-)-lactate. 2-Pyrone (S)-(-)-lactate 4 had
[«]®p = -7.4° (¢ = 11.4, CHCl,).
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reomer 5 on a 0.5-g scale under mild conditions; this very
high level of molecular recognition has led synergistically
to a very high level of asymmetric induction (Scheme I),

As expected based on our recent experience with similar
2 + 4 cycloadditions of 2-pyrones,® only two endo bi-
cycloadducts were formed (in quantitative yield) as es-
tablished by high-field 'H NMR spectroscopy including
decoupling experiments on HPLC-purified products;® the
ratio of these two endo diastereomers was 98:2 (i.e., 96%
diastereomeric excess). Characteristic 'H NMR data for
bicyclic lactone endo-diastereomer 5 are as follows: 5.24
6 (Hl’Jlﬁa = 36HZ,J16b = 16HZ) 4.54 6 (HS’JSGG =176
Hz, J5¢, = 1.6 Hz), 2. 53 8 (Hg,), 1.71 8 (Hgy); [a)®p = ~22°
(¢ = 1.3, CHCl;). The absolute stereochemistry of the
major diastereomer 5 was established ultimately via cor-
relation with A-ring synthon (-)-9 of known absolute
configuration.® Detailed study of the formation of bi-
cycloadduct 5 has led to the following observations: (1)
using the same NMR shift reagent (-)-Pr(hfc); but the
enantiomeric pyrone (R)-(+)-lactate starting material
slowed the rate of the cycloaddition by a factor of 3-5 and
diminished the diastereoselectivity significantly (96% —
89%); (2) using the original pyrone (S)-(-)-lactate 4 but
the achiral NMR-shift reagent Pr(fod); gave significantly
lower diastereoselectivity (96 % — 88%); (3) using achiral
2-pyrone-3-carboxylate esters (e.g., methyl or glycolyl) with
the enantiopure NMR shift reagent (-)-Pr(hfc); also gave
lower diastereoselectivity (96% — 23%); (4) using 'H
NMR spectroscopy, the doublet due to the lactate methyl
group of pyrone (S)-lactate 4 was shown to undergo a larger
upfield shift (by about 1 ppm) in the presence of 1-2 equiv
of (-)-Pr(hfc), than in the presence of 1-2 equiv of enan-
tiomeric (+)-Pf(hfc);; and (5) a deeper red color (due to
stronger complexation) appeared upon mixing pyrone
(S)-lactate 4 with its stereochemically matched Lewis acid
(-)-Pr(hfc);. Taken together, these observations indicate
that the 2 + 4 cycloaddition leading to bicyclic lactone 5
proceeded with double stereodifferentiation® in which the
absolute stereochemistry of the chiral diene and the ab-
solute stereochemistry of the chiral Lewis acid were mu-
tually compatible.

Methanolysis of the bicyclic lactone endo diastereomers
produced enantiomerically pure cyclohexene malonate
(+)-6. After considerable experimentation, optimized
conditions were found using N-methylmorpholine under
pressure!? for decarboxylation and double-bond conjuga-
tion forming cyclohexenol benzyl ether (-)-7. Palladium-
promoted debenzylation!! proceeded smoothly and rapidly
giving diol (-)-8 that was easily silylated into A-ring chiron
(-)-9 of 96% enantiomeric purity ([a]p = -41.0° (c = 3.47,
CHCIly) (lit.% [a]p = -43.1°)). We have previously con-
verted chiron (-)-9 in seven steps and in 46% overall yield
into phosphine oxide (-)-1.82 Thus, the five chemical op-
erations and the 59% overall yield in Scheme I for con-
version of cheap and easily obtained 2-pyrone lactate 4 into
highly enantiomerically enriched A-ring chiron (-)-9 rep-

(8) For previous examples of chiral NMR shift reagents used as Lewis
acids in Diels—Alder cycloadditions, see: (a) Bednarski, M.; Maring, C,;
Danishefsky, S. Tetrahedron Lett. 1983, 24, 3451. (b) Bednarski, M.;
Danishefsky, S. J. Am. Chem. Soc. 1983, 105, 6968. (c) For reviews with
leading references, see: Danishefsky, S. Chemtracts 1989, 2, 273. Mo-
lander, G. A. Chem. Rev. 1992, 92, 29,

(9) (a) Heathcock, C. H,; Pirrung, M. C.; Lampe, J.; Buse, C. T,;
Young, S. D. J. Org. Chem. 1981, 46, 2290. (b) Heathcock, C. H. Science
1981, 214, 395. (c) Heathcock, C. H. In Asymmetric Synthesis; Morrison,
J. D., Ed.; Academic Press: New York, 1984; Vol. 3, Chapter 2, pp
111-212.

(10) Yamamoto, Y.; Furuta, T.; Matsuo, J.; Kurata, T. J. Org. Chem.
1991, 56, 5737.

(11) Hanson, R. N.; Napolitano, E.; Fiaschi, R. J. Med. Chem. 1990,
33, 3155.
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resent a new and efficient asymmetric synthetic approach
to various physiologically active la-hydroxyvitamin D,
steroids via Lythgoe-type coupling (eq 1).12

Finally, the successful stereochemical outcome and the
mildness of the 2 + 4 cycloaddition in Scheme I producing
stable bicyclic lactone endo diastereomer 5 almost exclu-
sively represent another valuable example of how elec-
tronically matched electron-poor pyrone dienes and elec-

(12) For recent examples of linking chiron (-)-1 with various C,D-ring
units, see: (a) Dauben, W. G.; Ollmann, R. R., Jr.; Funhoff, A. S,; Leung,
S. S.; Norman, A. W., Bishop, J. E. Tetrahedron Lett. 1991, 32, 4643. (b)
Uskokovié, M. R. et al. In Vitamin D. Gene Regulation, Structure-
Function Analysis and Clinical Application; Norman, A. W., Bouillon,
R., Thomasset, M., Eds.; W. de Gruyter: Berlin, 1991; p 139.

tron-rich vinyl ether dienophiles can be useful in effective
synthesis of complex organic molecules.* We are working
to make Scheme I even more efficient (e.g., by use of a
catalytic amount of a cheap Lewis acid).
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Fluorinated ethers ArOCF,CFHOR; are obtained in good yield by base-catalyzed addition of phenols to
perfluoroalkyl vinyl ethers, CF/=CFOR; (R; = C;F;, C;F;OCF(CF3)CF,, CH;0,CCF,CF,0CF(CF;)CF,). Reaction
of sodium phenoxides with fluorinated vinyl ethers and hexachloroethane affords chlorinated ethers
ArOCF,CFCIOR;. Treatment of BrCF,CFBrOC,F,; with sodium phenoxide in the presence of CF;~CFOC;F,
gives PhOCF,CFBrOC;F}; in high yield at room temperature, probably by an anionic chain mechanism. Sodium
phenoxide reacts cleanly with CF,=CFOC;F; in the absence of an electrophile to give a 1:1 cis~trans mixture
of olefins PhAOCF==CFOC,F;. NMR chemical shifts of the OCF,CFHOR; group proton shows an unusually large

solvent dependence.

Introduction
Additions of nucleophiles to fluorinated olefins are
among the best known reactions in organofluorine chem-
istry.! The initially formed carbanion® 1 (eq 1) can be

F
FF -
N+ Yo=¢{ — N-CFQ#:- —E ~ NCFCFRE (Eg 1)

F R B
I

N F

£=C

F R

trapped by electrophiles or isolated as the substituted
fluoroolefin after loss of fluoride ion. The product mixture
depends on the fluoroolefin, nucleophile and the reaction
conditions, and complex mixtures are often formed espe-
cially since the product fluoroolefin may also react with
the nucleophile. The electrophile is typically a proton,
although a variety of other trapping agents, such as carbon
dioxide,® dimethyl carbonate,* and positive halogen

tContribution No. 6316.
! Presented in part at the 13th International Symposium on
Fluorine Chemistry, Bochum, Germany, Sept 1991.

sources®® have been employed.

Nucleophilic additions to tetrafluoroethylene, chloro-
trifluoroethylene, and larger perfluorinated olefins have
been widely investigated, but relatively little has been
reported’ on additions to the perfluorinated vinyl ethers
2. In the course of developing synthetic approaches to
novel fluorinated monomers and polymers,® we have in-

(1) Hudlicky, M. Chemistry of Organic Fluorine Compounds, 2nd ed.,
Ellis Horwood; Chichester, 1976; pp 285-290, 407-410. Chambers, R. D.
Fluorine in Organic Chemistry; Wiley: New York, 1973; pp 148-170.

(2) Koch, H. F,; Kielbania, A. J., Jr. J. Am. Chem. Soc. 1970, 92, 729.

(3) Krespan, C. G.; Van-Catledge, F. A.; Smart, B. E. J. Am. Chem.
Soc. 1984, 106, 5544.

(4) Wiley, D. W. US Patent 2 988 537, 1961.

(5) Krespan, C. G.; Smart, B. E. US Patent 4 922 038, 1990; Chem.
Abstr. 1990, 113, 97028.

(6) Eleev, A. F.; Vasil'ev, N. V.; Sokol’skii, G. A. J. Org. Chem. USSR
1985, 21, 250. Smart, B. E.; Middleton, W. J.; Farnham, W. B. J. Am.
Chem. Soc. 1986, 108, 4905.

(7) Fuss, A.; Koch, V. Synthesis 1990, 604. Fuss, A.; Hintzer, K. Ger.
Offen. DE 3 828 063, 1990. Fuss, A.; Hintzer, K. Ger. Offen DE 3 828 064,
1990. Meazza, G.; Bettarini, F.; Massardo, P.; Caprioli, V. Eup. Pat. Appl.
EP 0 293 943, 1988,

(8) Percec, V.; Tomazos, D.; Feiring, A. E. Polymer 1991, 32, 1897.
Rodenhouse, R.; Percec, V.; Feiring, A. E. J. Polym. Sci., Polym. Lett.
-1990, 28, 345. Feiring, A. E.; Auman, B. C.; Wonchoba, E. R. Submitted
to Macromolecules.
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