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In this paper, we report the generation of novel metal-containing vinyltungsten specieSa to give a formal [3-2]-cycloaddition
carbonyl ylides by the reaction afethynylphenyl ketones with  product, an unstable carbene compaé Finally, the W(CO}-
W(CO)s'THF, and the reaction of these ylides with electron-rich  carbene moiety thus generated inserts into-eHCbond of the

alkenes to give polycyclic compounds through a3-cycload- neighboring ethoxy grodpo give the produca while regenerat-
dition, followed by insertion of the resulting tungsten carbene ing W(CO)-THF. This result is quite interesting because a
moiety into a neighboring €H bond. benzopyranylidene complex is produced when the same reaction

We have previously reported that benzopyranylidene complexesis carried outin the absence dhe ketene acetal, suggesting the

can be prepared by the treatment @ethynylphenyl ketone  presence of an equilibrium between theomplex3a® and the
derivatives with W(CO}THF through the electrocyclization of  metal-containing 1,3-dipolda.

vinylidene intermediates (see Scheme 2, path iii), and that these 1,4 generality of this reaction was examined employing several

c?kmplexes rl:nderglxl(() Dlle’rstﬂrxllder Iie?ctlon thﬂll elec(;ron-nc_h o-ethynylphenyl ketone derivatives and electron-rich alkenes. As
alkenes such as alkenyl ethers, ketene acetals, and enamines 1, marized in Table 1, both vinyl ethers and ketene acetals can

give _subst,)tituted naphthaleneds in good yiblﬁp cdarrr)]/ out this be employed as the electron-rich alkene component to give the

reaction by a one-pot procedure, we examined the same com-¢,regnonding polycyclic products in good yield with 10 or 20

plexation reactionn the presence od ketgne acetal, which qu mol % of W(CO)-THF. Several kinds of aryl ketone including

gslto the discovery of the novel reaction pathways described an aryl aldehyde can also be employed in this reaction. In most
elow.

Wh thvnviohenvl i | Ketorka treated with cases, a single diastereomer is obtained, whose relative stereo-
toi h?“O"i. ynyip etnyf {/s\,/ogrop):_'Fg Oth was trea (:'# with a chemistry is assigned to be the same as th&adfased on the
stoichiometric amount o (cor ~In the présence &t equiv similarity of the coupling constants in it NMR spectrum.
of 1,1-diethoxyethylene, the starting material was consumed

within 2 h atroom temperature. To our great surprise, purification (2) For reviews on the carbonyl ylides, see: (a) Padwa, A.. Weingarten,
of the crude product revealed that the expected 3-ethoxy-1- M. D. Chem. Re. 1996 96, 223.” (b) Dowald, F. Z. Metal Carbenes in

isopropylnaphthaleriehad not been formed at all, but rather that  Organic SynthesjsWiley-VCH: Weinheim, 1999; p 206. For some recent

: ; ; O/ \/i examples, see: (c) Pirrung, M. C.; Kaliappan, KQ®g. Lett.200Q 2, 353.
anovel polycyclic compoungahad been obtained in 73% yield d) Kitagaki, S.; Anada, M.; Kataoka, O.; Matsuno, K.; Umeda, C.; Watanabe,

as a single stereoisomer. Furthermore, the same product was als§; Hashimoto, SJ. Am. Chem. Sod.999 121, 1417.
obtained in nearly the same yield even with 20 mol % of W(£0) (3) We have not yet been successful in confirming the presence of metal-

; ; ; ; i« containing carbonyl ylides such &s Direct observation of a mixture of
THF. The structure, including the relative stereochemistry, of this o-ethynylphenylbutyrophenortes and W(CO}-THF-ds in THF-ds by NMR

compound was confirmed to be as shown in eq 1 by X-ray revealed the appearance of small amounts of two kinds of unknown species,
analysis. one of which could be the carbonyl ylide. They disappear gradually along
with the formation of the benzopyranylidene complgc. We are currently
investigating to determine the exact structure of these two species.
(4) For the attack of oxygen nucleophile onta-@omplexed alkyne, see:
Hegedus, L. S. InComprehensie Organic SynthesisTrost, B. M., Ed.;
(1) Pergamon Press: Oxford, England, 1991; Vol. 4, p 551.
(5) No reaction occurred when a mixture of acetophenone and 1,1-
diethoxyethylene was treated with a stoichiometric amount of W{O®IF.
(6) We are not certain whether the reaction proceeds in a stepwise or a
23 concerted manner. In the reaction with the ketene silyl acetal, we observed
100 mol% 73% yield the formation of the product derived from the first addition step as shown
20 mol%  76% yield below. (Yields were not optimized.)
10 mol%  43% yield

X mol%

)\ W(CO)s* THF
+ OEt

i-Pr
(0]
x THF, rt

n-pr 1eaquiv W(CO)5 THF OEt
. . . . 10 equiv ;/OTBS . o
The mechanism of formation of this compound is thought to ° OFt o
be as follows (Scheme 1). Treatment of W(GOHF with X THF, it #

o-ethynylphenyl keton&a gives a metal-containing carbonyl ylide 13%
4223 through the endo-mode of attack of the carbonyl oxygen  (7) For examples of this type of reaction, see: (a) Fischer, H.; Schmid, J.;

- Markl, R. J. Chem. Soc., Chem. Comma®85 572. (b) Wang, S. L. B;
.(I).?lto thtf] V\/k((iOQ-n COTplle)t(ted lf.lkt);]nylcp?[art OL the :cntohl.ecu‘]é' | Waulff, W. D.; Hoogsteen, K.J. Am. Chem. Socl992 114, 10665. (c)
en, ine e_ene acetal attacks e__ carbon o IS Comp eXBarIuenga, J.; Rotyuez, F.; Vadecard, J.; Bendix, M.; s, F. J.; Lpez-
followed by intramolecular nucleophilic attack by the resulting Ortiz, F.; Rodiguez, M. A.J. Am. Chem. Sod.999 121, 8776. (d) Takeda,
K.; Okamoto, Y.; Nakajima, A.; Yoshii, E.; Koizumi, TSynlett1997, 1181.
* Address correspondence to this author at the Tokyo Institute of Technol- (e) Barluenga, J.; Aznar, F.; Fémdez, M.Chem. Eur. J1997, 3, 1629. See

ogy. also: Sulikowski, G. A.; Cha, K. L.; Sulikowski, M. MTetrahedron:

T The University of Tokyo. Asymmetryl99§ 9, 3145.

(1) lwasawa, N.; Shido, M.; Maeyama, K.; Kusama,J4Am. Chem. Soc. (8) For a review ofr-complexes of group 6 metals, see: Whiteley, M. W.
200Q 122, 10226. See also: Ohe, K.; Miki, K.; Yokoi, T.; Nishino, F.; Uemura, In Comprehensie Organometallic Chemistry;llAbel, E. W., Stone, F. G.
S. Organometallic200Q 19, 5525. A., Wilkinson, G., Eds.; Pergamon: Oxford, 1995; Vol. 5, p 331.
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Table 1. Reaction of Various-Ethynylphenyl Ketones with
Electron-Rich Alkenes

R= R! = OC;Hs, R? = CHg? R!=H, R?=n-CgH:"
i-Pr (1a) 76 (28) 50 (2d)
Me (1b) 78 (2b) 74 (29
n-Pr (10 75 (20 74 (2f)
H (1d) 94 (29)

220 mol % of W(CO}-THF and about 5 equiv of the ketene acetal
were employed® 10 mol % of W(COy-THF and about 10 equiv of
the vinyl ether were employedlIncluding about 5% vyield of an
isomeric product.

Furthermore, wherm-ethynylphenyl methyl ketonéb (R =
Me) was treated with W(C@)THF in the presence of 5 equiv of
water,o-acetylacetophenoridb (R = Me) was obtained in about
50% yield. Direct observation of the reaction mixture in TEy--

J. Am. Chem. Soc., Vol. 123, No. 24, 28815
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than reaction iii, but that pathways i and ii are under rapid
equilibrium. Thus, in the presence of a reagent capable of trapping

clearly showed the formation of a methyleneisobenzofuran jntermediate4 or 7 such as HO or electron-rich alkenes, the

derivative9b (R' = H) at room temperature. This compound is

reaction proceeds through either pathway i or ii to give the

produced by the exo-mode of attack of the carbonyl oxygen onto ¢orresponding hydrolysis produt® (path i) or [3+2]-cycload-

the W(CO}--complexed alkyne to givéb (R = Me), followed
by protonation of the €W bond and deprotonation from the

dition product2 (path ii)1° However, in the absence of such
trapping reagents, an equilibrium exists betwder?, and the

methyl group (see Scheme 2). To account for the various ;_complex3, and formation of the vinylidene compléx occurs
phenomena observed, we propose the following overall picture 55 5 relatively slower proce&swhich gives benzopyranylidene

of the dynamic equilibria involved in this reaction, which can be
partially controlled by the order of addition of the reagents.
The reaction ob-ethynylphenyl ketones and W(C£JHF can
proceed through the following three pathways: (i) exo-attack of
the carbonyl oxygen to the-complexed alkyne to givé, which
might be in equilibrium with its tautomes,® (ii) endo-attack of
the carbonyl oxygen to the-complexed alkyne to give carbonyl
ylide 4, and (iii) 1,2-H shift to give vinylidene compleii, which

then undergoes irreversible electrocyclization to give pyranylidene

complex12 through an irreversible unimolecular electrocycliza-
tion.

In conclusion we have developed a novel method for the
generation of metal-containing carbonyl ylides and theirZB
cycloaddition followed by carbene insertion for the construction
of complex cyclic carbon frameworks. The dynamic equilibrium
of the system has also been clarified.
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