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Abstract: Reaction of 1-alkyn-5-ols with tetrahydrofuran-tungsten pentacarbonyl induces cyclization
to the corresponding tungsten dihydropyranylidene carbenes. These carbenes can be converted into o~
stannyl dihydropyrans upon reaction with tributyltin triflate and triethylamine. This strategy provides
the first general preparation of six-membered ring oxacarbenes of the group VI metals, and a novel
synthesis of o-stannyl dihydropyrans from acyclic compounds. Copyright © 1996 Elsevier Science Ltd

In 1972 Chisholm and Clark discovered the reaction of 1-alkyn-4-ols (1, n = Q) with transition metal
complexes to give cyclic oxacarbenes 2 (n = 0, M = Pt; path a).! This concept has since been extended to the
preparation of five-membered ring oxacarbenes of many other middle- and late-transition metals.23 We have
recently developed a mechanistically related single-step transformation of acyclic terminal alkynyl alcohols into
isomeric endocyclic enol ethers (1 — 3, path b), which is catalyzed by Et3N:Mo(CO)s.4 In the presence of
trialkyltin electrophiles, this same reaction affords a simple and novel route to a-stannyl vinyl ethers 4 (path c).5
However, these molybdenum-catalyzed cyclizations are apparently limited to formation of five-membered ring
compounds (n = 0); l-alkyn-5-ols 1 (n = 1) are recovered essentially unchanged upon reaction with
Et3N:Mo(CO)s5.5 We now report that preformed tungsten pentacarbonyl - tetrahydrofuran complex? induces
cyclization of 1-alkyn-5-ols 1 (n = 1) into dihydropyranylidene carbenes 2 (ML, = W(CO)s, n = 1), providing
the first general preparation of six-membered cyclic oxacarbenes of the group VI metals.® Each of these
tungsten oxacarbenes 2 can be converted into the corresponding a-stannyl dihydropyrans 4 (path d, n = 1).

OH o ML
r H_a_ ¢ "
 Z RT IH
O O
1 2
C
lb \ |d
R{O:I[H {O:I[SnBu3
()n H ()n H
3 4

4675



4676

Primary, secondary, and tertiary alkynols 5 - 9 2 undergo the cyclization to give the corresponding
tungsten oxacarbenes 10 - 14 in moderate yields. Tetrahydrofuran and acetone are the best solvents for alkynol
cyclization to the six-membered ring tungsten oxacarbenes. Diethyl ether28 and dichloromethane? do not form
stable complexes with tungsten pentacarbonyl and are suitable solvents for cyclization to six-membered ring
oxacarbenes only when tungsten hexacarbonyl is irradiated in the presence of the alkynol substrate. Basic
solvents or additives such as tertiary amines and acetonitrile form a stable tungsten pentacarbonyl complex, but
these ligands are not effectively displaced by alkyne substrates so that cyclization is not observed in the presence
of these solvents. The crystalline carbene products 10 - 11 and 13 are stable for several weeks at room
temperature, but rapidly decompose in the oily state (i.e. 12). The purified carbene intermediates 10 - 14 can
be subsequently converted into the corresponding a-stannyl dihydropyrans 15 - 19 in excellent yield by
reaction with triethylamine and tributyltin triflate in ether at room temperature.10

Table 1. Carbene formation and conversion to a-stannyl dihydrofurans

dihydropyranylidene o-stannyl dihydropyran®?
alkynol carbene? (isolated yield) (isolated yield)
oH 0__W(CO)s O_SnBus
(# J J
5 10 (42%) 15 (84%)
oH W(CO)s O._SnBug
6 11 (41%) 16 (85%)
oH |, W(CO)s O _SnBug
T Oy o
7 12 (34%) 17 (78%)
oH W(CO)s O._SnBug
Z I
8 13 (35%) 18 (100%)
Hon 9y H 6 _wi(cos H o _snBu,
= Ly
(o] R (0] H (e} H
9 14 (36%) 19 (83%)

Representative procedures: 2 W(CO)g (3 mmol) was placed in a 100 mL airfree reaction tube (Pyrex) fitted with a reflux condenser
and purged with N2. Freshly distilled THF (50 mL) was added and the solid dissolved with stirring. The reaction mixture was then
irradiated (350 nm, Rayonet photoreactor) for 2 h under N7 with stirring. The reaction vessel was removed from the light source,
alkynols § - 9 (1 mmol) in THF (4 mL) were added, and the reaction mixture was stirred for 18 h. Tungsten oxacarbenes 10 - 14
were isolated by solvent evaporation under reduced pressure at 10° C followed by silica gel flash chromatography (pentane / Et20).
b o-Stanny! dihydropyrans were prepared from the corresponding tungsten oxacarbenes, by dissolving compounds 10 - 14 (0.20
mmol) in freshly distilled Et20 (10 mL), and addition of freshly distilled #2-Bu3SnOTf (0.4 mmol) in Et20 (3 mL) followed by
freshly distilled Et3N (1 mL). The reaction mixture was stirred for 6 h. a-Stannyl dihydropyran products 15 - 19 were isolated by
flash chromatography on silica gel (pentane / 2% EtpNH). Traces of W(CO)g were removed under high vacuum.
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The direct conversion of alkynol to a-stannyl dihydropyran can also be accomplished in one pot without
isolating the tungsten oxacarbene, by generating the carbene in a mixture of diethyl ether and tetrahydrofuran
(10 : 1) and then adding tributyltin triflate and triethylamine to the solution containing the carbene intermediate.
The overall yields for this one-pot procedure (5 — 15, 25% yield; 8 — 18, 30% yield) are roughly comparable
to the yields obtained by isolating the carbene intermediate followed by reaction with tributyltin triflate in a
separate step.1l Note that the carbon-tin bond can be used for a variety of synthetically valuable
transformations,!? and our methodology permits introduction of the trialkyltin moiety under relatively mild
reaction conditions.

In conclusion, the novel but conceptually straightforward endocyclization of alkynyl alcohols to six-
membered ring products can be achieved for the first time by the use of tungsten carbonyl-induced cyclization.
In attaining six-membered ring products, we have significantly enhanced the scope of the alkynol cyclization
process. Studies on the generality and functional group compatibility of this transformation and applications to
the synthesis of bioactive organic compounds are in progress.
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