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ABSTRACT
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The conversion of 1-(2-methoxyethoxy)ethyl-protected f-hydroxy ketones to syn-1,3-ethylidene acetals is effected by Et;SiH and SnCl,. This
reaction is proposed to proceed via a cyclic oxocarbenium ion intermediate and provides the products in yields that range from 69 to 94%
and with diastereoselectivities that are >200:1.

Some time ago, we described an asymmetric ionic Biels the acetal in a compound such @&svould provide acyclic
Alder reaction that proceeds by way of a cyclic oxocarbe- oxocarbenium iorv, which would undergo intramolecular
nium ion (Scheme 1).In this reaction, treatment df with attack by the ketone to provide the cyclic oxocarbenium ion
HBF, induces ionization of the acetal to generate the acyclic 8. Reduction of8 by a reducing agent that is compatible
oxocarbenium ion2. This compound then undergoes in- with the reaction conditions should proceed via axial delivery
tramolecular attack by the proximal carbonyl to provide the of hydride® and provide the all-syn-ethylidene acefal
cyclic oxocarbenium ioh3, which then undergoes an ionic In our initial investigations, we studied the ethoxyethyl-
Diels—Alder reaction with excellent diastereoselection due protected keton&0, which was prepared by aldol addition
to the structural rigidity of3. We sought to expand this
method to include the stereoselective synthesis of 1,3-diols.
Extended 1,3-polyol units are found in many biologically

Scheme 1. Asymmetric Diels—Alder Reaction via Cyclic

active oxo polyene macrolides, and for the construction of Oxocarbenium lon
such polyol chaing, we viewed the reduction of cyclic Me
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concise means of accessing protected 1,3-diol dnitghis X O O H e 0, —
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In analogy with our Diels Alder studies, we wished to Me” “Me
study the reaction sequence shown in Scheme 2. We 1 2 3
envisioned that Lewis or protic acid-catalyzed ionization of Me

(1) Sammakia, T.; Berliner, M. AJ. Org. Chem1995,60, 6652. Me +O/% H
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Scheme 2. Proposed Reduction via Cyclic Oxocarbenium lon
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of acetone to hydrocinnamaldehydes shown in Scheme
3. We examined the reduction of this compound using Et
SiH and a variety of Lewis acids in numerous solvents and
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at different temperatures, and while we were able to observe

the desired acetdll, the best yield we could consistently
obtain was about 55%. The reaction typically produced two
side products]12, the product of hydrolysis of the acetal,
and 13, the product of elimination of thg-alkoxy group.
The generation o012 likely stems from complexation of the
Lewis acid to the internal oxygen of the acetbdt( Scheme

4), and we, therefore, sought to direct complexation to the

Scheme 4. Undesired Pathway
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desired oxygen of the acetal. Our strategy was to introduce
a coordinating heteroatom in the ethyl group of the acetal

Scheme 5. Directed lonization
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This simple modification proved fruitful. Conversion of
p-hydroxy ketone18 to the 1-(2-methoxyethoxy)ethyl-
protected ketonel9 was accomplished in good yield by
treatment with 2-methoxyethyl vinyl ettfeand PPTS in
dichloromethane at room temperature. Treatment of a dichlo-
romethane solution df9with triethylsilane (1.05 equiv) and
tin(1V) chloride (1.0 equiv) at-78 °C for 5 min, followed
by warming to—25 °C for 90 min, provided the desired all-
syn-ethylidene aceta0 in 90% yield and in>200:1
diastereoselectivity (Scheme 6).

Scheme 6. Reduction via Cyclic Oxocarbenium lon
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We have examined the scope and utility of this reaction
as shown in Table 1. Steric and electronic modifications are
well tolerateda to the ketone, affording the all-syn product
with >200:1 selectivity and in excellent yield (entries3
and 5). Reduction of-butyl ketone-derived substrafb,
although highly selective, suffered from diminished yields
(69%, entry 4) due to significant amounts of elimination

(3) Reviews: (a) Rychnovsky, S. Chem. Re»1995,95, 2021. (b)
Schneider, CAngew. Chem., Int. EA998 37, 1375. (c) Oishi, T.; Nakata,
T. Synthesisl990, 635. Recent polyol synthesis strategies: (d) Paterson,
I.; Collett, L. A. Tetrahedron Lett2001, 42, 1187. (e) Dreher, S. D,;
Leighton, J. LJ. Am. Chem. So2001,123, 341. (f) Smith, A. B.; Pitram,
S. M. Org. Lett.1999,1, 2001. (g) Sinz, C. J.; Rychnovsky, S. Bngew.
Chem., Int. Ed2001,40, 3224. (h) Burova, S. A.; McDonald, F. E.Am.
Chem. Soc2002,124, 8188.

and to then use a Lewis acid capable of chelation such that (4) For related allylation reactions, see: Rychnovsky, S. D.; Skalitzky,

binding to the desired oxygen of the acetal is preferfes] (
17, Scheme 5).
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Table 1. Selective Reduction of Acyclic
1-(2-Methoxyethoxy)ethyl-ProtectggtHydroxy Ketoned®
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Figure 1. Proposed model accounting for the observed all-syn
stereochemistry.

tion of the proximal ketone in preference to the distal one
(entry 8). Unfortunately, attempted reductionogf-unsatur-
ated keton@9 provided a complex mixture of products under
all conditions examined (entry 6).

The stereochemical outcome of this reaction can be
rationalized by a model in which the reduction proceeds via
a half-chair conformation wherein the substituents occupy
pseudoequatorial positions (35, Figure 1). Stereoelectroni-
cally preferre@axial delivery of hydride to the oxocarbenium
ion carbon would provide theyn-1,3-diol9. This model is
analogous to that for the chelation-controlled reduction of
B-alkoxy ketone$:1©

In summary, we have described a direct and highly
selective synthesis of protectesyn-1,3-diols from the
corresponding protected-hydroxy ketones by way of a
cyclic oxocarbenium ion. Additional studies of the use of
oxocarbenium ions in synthesis are ongoing.
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Supporting Information Available: Characterization
data for all products, synthesis of 2-methoxyethyl vinyl ether,
and representative procedures for the reduction. This material

a All starting ketones were prepared by a route analogous to that shown IS @vailable free of charge via the Internet at http:/pubs.acs.org.

for the synthesis of compound0 (Scheme 3)° For a representative
procedure, see Supporting Informatiérstereochemistry determined Byt
NOE. 9 Determined byH NMR spectroscopy of the crude reaction mixture.
¢lsolated yield Ketone readily rearranges to the cyclic dioxah&limi-
nation observed~15%)." Complex mixture! See Supporting Information
for a modified reduction procedure.

(~15%) of thes-alkoxy group. Ketones possessing additional
oxygen functionality, such 80 and32, are potential polyol
building blocks, and also furnished the desired products in
good yield and with high selectivities (entries 7 and 8).
Interestingly, unsymmetrical diketor8 underwent reduc-

(5) For a discussion, see: DeslongchampStereoelectronic Effects in
Organic Chemistry; Pergamon Press: Oxford, 1983; Chapter 6.
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(6) For a general aldol procedure, see: Martin, V. A.; Murray, D. H.;
Pratt, N. E.; Zhao, Y.-b.; Albizati, K. FJ. Am. Chem. S0d990, 112,
6965.

(7) Itoh and Overman have reported the use of (2-methoxyethoxy)methyl
(MEM) ether units as selective leaving groups in the Lewis acid-promoted
ionization of mixed acetals. See: (a) Nishiyama, H.; ItohJKOrg. Chem.
1982,47, 2496. (b) Castaneda, A.; Kucera, D. J.; Overman, L1.©rg.
Chem.1989,54, 5695. (c) Blumenkopf, T. A.; Bratz, M.; Castaneda, A.;
Look, G. C.; Overman, L. E.; Rodriguez, D.; Thompson, AJSAm. Chem.
So0c.1990,112, 4386.

(8) For the synthesis of this compound, see Supporting Information.
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K. M.; Hardtmann, G. E.; Prasad, K.; Repic, O.; Shapiro,Tdtrahedron
Lett. 1987,28, 155.

(10) Greeves, N. IrComprehensive Organic Synthesigost, B. M.,

Ed.; Pergamon: New York, 1991; Vol. 8, pp-24.
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