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Alkynyldiols 1 undergo cycloisomerization to the corresponding seven-membered cyclic enol ethers 2 under tungsten carbonyl catalysis. This
novel transformation proceeds with good yields and virtually complete regioselectivity for all diastereomers of 1, favoring the product 2
resulting from  endo-mode cyclization. The unexpected regioselectivity may be dependent on the presence of the dioxolane structure tethering
the terminal alkyne and diol functional groups.

Our laboratory has reported the synthesis of five- and six- which would provide the hexopyranose glycal with the
membered ring glycals using group VI metal-catalyeado- stereochemistry ob-allose. From the known ribofuranose
regioselective cycloisomerizations of alkynyl alcohbEhis acetonide3 (Scheme 1},the alkynyl alcohol substratewas
reaction type is similar to the formation of cyclic metal produced by Wittig chloromethylenation and dehydrohalo-
oxacarbenes via the intermediacy of transition metal vi- genatior® Alternately, the alkynyldiob could be produced
nylidenes arising from 1,2-migration of the terminal alkyne in one step using a diazophosphonate reagent for one-carbon
hydrogen. While the cyclic oxacarbene structures can behomologation, with concomitant loss of ttext-butyldiphen-
converted into metal-free cyclic enol ether structures (Figure ylsilyl ether$
1), a more efficient transformation to cyclic enol ethers is
accomplished in one step from the corresponding alkynyl _
alcohol. This novel reaction type is tolerant of many different
functional groups and has been used in syntheses of several H Mbn
o . . \ OH MLy, OH
biologically active cyclic ether and polysaccharide structéres. { / {
The current study began with the recognition thaitbose R/L( )n R/L( ) H
could be easily converted into an alkynyl alcohol precursor, alkynyl alcohol

metal vinylidene
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Figure 1. Metal-promoted alkynyl alcohol cyclizations.




Scheme 1. Synthesis of Alkynyl Alcohol Substrates from Scheme 3. Cycloisomerizations of Alkynyl Diol$ and 10
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Initial studies on the cycloisomerization of alkynyl alcohol
substratet resulted in a mixture of produc&and?, arising
from endo- andexo-mode cyclizations, respectively (Scheme
2). The ratio of isomers was not significantly affected by

complete regioselectivity foendo-mode cyclization and
virtually complete selectivity for reaction of the primary
alcohol, with less than 2% of a probable six-membered ring
glycal byproduct observed in the crul¢ NMR spectrum.

_ H NMR resonances at 6.6 and 5.1 ppm were consistent with
endocyclic glycal hydrogens 1 and 2, respectively (exo-

Scheme 2. Cycloisomerizations of Alkynyl Alcoholt methylenic hydrogens appear around-4424 ppm, as irv).
TBDPSO TBDPSO Furthermore, derivatization of produ8t as its acetat®
15% W(COJs o 0 resulted in deshielding of only one hydrogen, consistent with
4 FaN, solvent Lo L a secondary alcohol i8.7 CompoundB slowly decomposed
hv (350 nm) 345: 0)(5 upon standing (perhaps via oligomerization), but acylation
ca. 65°C, 6 h Me™) Me” | of 8 prior to purification gave the septanose glycal acetate
6 7 ester9in an isolated yield of 82% fror. The corresponding
— substratel O with benzylidene acetal protection also provided
——— :
RaN, solvent fatio 617 Neombined) the seven-membered glycHL As this work progressed, we
EGN, THF s 1% fognd Ich;\\tB|solatedhy|ellads Weredlmi)roved in iomelcases by
EtaN, toluene 4555 80% using CO as the ase an toluene as the so vent.
Furthermore, formation of seven-membered ring glycals
DABCO, THF 95:5 76% . . .
is general for all diastereomers of acetonide-protected
DABCO, toluene 95:5 80%

alkynyldiol 5, including 12 (from b-lyxose), 14 (from
p-xylose), andlL6 (from L-arabinose, Scheme 4Although
seven-membered ring formation fd5 and 17 might be
favored over six-membered ring formation due to the ring
strain required for formation of the unobserved trans-fused
bicyclic[4.3.0] structure, the cilused seven-membered ring
products 9 and 13 are also favored even though the
six-membered ring regioisomers are anticipated to be un-
strained.

What factors are responsible for the unexpected but
interesting regioselectivity for seven-membered ring forma-
tion? A primary alcohol is apparently not required for
regioselective formation of the seven-membered ring product,
as demonstrated for alkynyl diol substrai8 with two
secondary alcohols, obtained frasthamnose (Scheme 5).

At this stage, it appears likely that the cyclic 1,3-dioxolane
h protective group is responsible fendo-selective reaction
of the distal hydroxyl group to give seven-membered ring

solvent effects, although changing the tertiary amine from
triethylamine to DABCO resulted in nearly complete recov-
ery of the desire@ndo-mode selectivity producirgn both
THF and toluene, providing a successful synthesis of the
protectedp-allose glycal6.

Although alkynyl diol5 could also be converted int
by selective silylation of the primary alcohol, we anticipated
that the primary alcohol would be compatible and unreactive
upon cyclization to the six-membered ring glycal, given the
closer proximity of the secondary alcohol oxygen to the
terminal alkyne carbon. To our surprise, tungsten-catalyzed
cycloisomerization o6 provided not the expected pyranose
glycal analogue o6 with an unprotected primary alcohol
but rather gave the seven-membered ring ghgal 68%
isolated yield (Scheme 3). This compound was produced wit
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Scheme 4. Generality of Seven-Membered Ring Glycal
Formation from Various Diastereomers
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aConditions: (a) 15% W(CQ) EtN, THF, h (350 nm) 55C,
6 h. (b) AgO, cat. DMAP.

the bis-silyl ether substra®?’ (Scheme 6), which is nearly
identical to the 6-deoxy substra28 that we have previously
established affords cycloisomerization prod2tin excellent
yield.**3aSurprisingly, neither cycloisomerization prod@&
nor the seven-membered ring isomer was observed as

dienyl ether24.

This compound can be envisioned to arise from hydroxyl-
assistedg-elimination via the intermediacy of expected
product 23, especially given the syn relationship of the

Scheme 5. Cycloisomerization of Substrate8 with Two
Secondary Alcohols Also Gives Seven-Membered Ring
Product19
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a
product, and the only isolable compound was the unstable

Scheme 6. Attempted Cycloisomerization of Bis-silyl Ether
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hydroxymethyl oxygen five atoms away from the C4-
hydrogen, which in turn is anti to the allylic silyloxy
substituent at C3. This previously unobserved limitation of
the cycloisomerization methodology can be avoided by use
of different protective group patterns, as described earlier
with substrated.

Classical methods for carbohydrate synthesis are well-
known to favor furanose and/or pyranose structures over
septanose (seven-membered ring sugar) isofiers seven-
membered ring sugars can also be produced by multistep
routes involving selective protection of hexose sugar second-
ary alcohol®’ or by rearrangement of partially protected
furanoside derivative¥. Although other methods for the
formation of oxepins (seven-membered cyclic enol ethels)
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are known, our route is notable for its generality to produce of the more common hexopyranose glycosides ubiquitous
a variety of septanose stereoisomers, ease of preparation foin glycobiology.

the alkynyl diol substrates from common pentose and hexose
sugars, and the inexpensive nature of the tungsten carbony|_|
catalyst system. The availability of this family of septanose
glycals may offer significant advances in the synthesis of
structurally unusual hexoseptanose glycositlas isomers
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