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The alkylation and reductive decyanation of cyanohy-
drin acetonides is an efficient and stereoselective method
to form new carbon-carbon bonds for the convergent
synthesis of polyol chains.1 This method, which intro-
duces a new carbon-carbon bond adjacent to an oxygen
atom in a six-membered ring, complements the wide
variety of processes used to prepare C-glycosides from
pyranohexoses.2,3 Anions, radicals, cations, and carbene
intermediates have all been used to prepare C-glyco-
sides.3,4 Described herein is an extension of the cyano-
hydrin coupling strategy and a complementary oxonium-
ion coupling to monooxygenated five-, six-, seven-, and
eight-membered rings.
The reactions of cationic, radical, and anionic inter-

mediates at the 2-position of tetrahydropyrans usually
show good stereoselectivity. The chair conformation of
the six-membered ring constrains the carbon-oxygen
bond to a staggered orientation in the ground state and
results in significant anisotropy of reactive intermediates
at the anomeric center.5 In the cyanohydrin coupling
strategy, the relative configuration of the product is
determined by the preferred conformation of the inter-
mediate anomeric radical.6 Can the same principle be
applied to other ring sizes? Selectivity in five-membered
rings appears unlikely,7 but seven-membered8 and eight-
membered9 rings are more promising. The results are
described below.
Synthesis of each cyclic cyanohydrin began with the

corresponding lactone 1a-d, Scheme 1.10 Our recently
reported DIBAL-H reduction and in situ acetylation
transformed each lactone into the corresponding acety-
lated lactol.11 Seven- and eight-membered hemiacetals
are unstable with respect to the corresponding hydroxy
aldehydes, and only by using in situ acetylations could

the lactol acetates 2c and 2d be prepared. The lactol
acetates were converted into cyclic cyanohydrins 3a-d
by treatment with TMSCN and BF3‚OEt2 at -78 °C in
CH2Cl2.12 Each cyanohydrin was generated and used as
a mixture of diastereomers.
The cyclic cyanohydrins were deprotonated with KH-

MDS and alkylated with allyl chloride to give the allyl
cyanohydrins 4a-d. Alkylation of the six-, seven-, and
eight-membered rings gave good yields, but the five-
membered ring gave reproducibly poor yields. Both the
six- and eight-membered cyanohydrins 4b and 4d were
generated almost entirely as the trans-diastereomers. In
each case reductive decyanation with lithium in ammonia
proceeded in good yield, but the selectivity varied from
>20:1 in the case of the six-membered ring 4b to
completely unselective in the case of the five-membered
ring 4a. The eight-membered ring 4d gave a 11.5:1
mixture, but the seven-membered ring 4c gave only a
1.1:1 mixture. The cis products predominated in both
the six- and eight-membered products, 5b and 5d.13 The
relative configuration of the eight-membered ring product
was confirmed upon hydrogenation to produce the natu-
ral product (()-laurenan.14 Unsaturated seven-mem-
bered ring 8 was expected to adopt a chair like confor-
mation due to the eclipsed geometry of the double bond.
Alkylation of cyclic cyanohydrin 715 with allyl chloride
gave a mixture of allylated cyanohydrins 816 that was
reduced by treatment with Li/NH3 to give the reduced
product as a 3.2:1 mixture of the two different diaster-
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eomers. Surprisingly, the configuration of the major
product was trans rather than cis.9,13 Alkylation and
reductive decyanation provides a simple strategy to
append carbon chains adjacent to oxygen in six- and
eight-membered rings.

Six- and eight-membered ring cyanohydrins are alky-
lated and reduced stereoselectively, whereas the five- and
seven-membered rings show poor selectivity for both
steps. One possible interpretation, that each epimeric
cyanohydrin is reduced stereoselectively to one of the two
epimeric products, is incorrect. Reduction of the indi-
vidual seven-membered ring cyanohydrin epimers trans-
4c and cis-4c17 gave a virtually identical mixture of cis-
and trans-oxepane (eq 2). Apparently, the same stereo-

electronic factors that control the outcome of the alky-
lation reaction in six- and eight-membered rings exert a
complementary effect in the reductive decyanation reac-
tion.
Lactol acetates couple efficiently with carbon nucleo-

philes via the intermediate oxonium ion intermediates.
As described in Table 1, lactol acetates 2a-d reacted with
diethyl((trimethylsilyl)ethynyl)aluminum under the in-
fluence of BF3‚OEt2 to give alkyne products 10a-d in
excellent yields and with high stereoselectivities. The
five-membered lactol acetate 2a gave only a 1:2 mixture,
but all of the remaining substrates gave the trans product
with >16:1 selectivity. Compound 2c could be allylated
(allyl trimethylsilane, BF3‚Et2O, MeCN, -40 °C, 1 h) in

92% yield to give the trans product. Reaction of 6 with
diethyl((trimethylsilyl)ethynyl)aluminum also gave the
expected trans product (15:1) in 91% yield. The stereo-
selectivity is what one would expect on the basis of the
mechanistically related reductive cyclization of hydroxy
ketones to oxepanes.18 Thus, the generation and trapping
of the cyclic oxonium ions with carbon nucleophiles
provides an easy access to the trans product with good
selectivity in 6-8-membered rings.
The two routes to R,ω-disubstituted cyclic ethers both

begin with lactol acetates 2a-d and have complementary
stereochemical outcomes. The cyanohydrin route leads
to cis-substituted products for six- and eight-membered
rings, whereas the oxonium-ion route leads to trans-
substituted products for the six-, seven-, and eight-
membered rings. The concise synthesis of (()-laurenan
illustrates the potential of these convergent coupling
reactions in medium-ring ether synthesis.
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Table 1. BF3‚OEt2-Catalyzed Reaction of Lactol Acetates
2a-d with Diethyl(trimethylsilyl)ethynyl)aluminum

lactol acetate ring size yield (%) ratio trans/cis

2a 5 97 2:1
2b 6 93 >20:1
2c 7 95 16:1
2d 8 97 >20:1

Communications J. Org. Chem., Vol. 61, No. 22, 1996 7649


