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(Trialkylsilyl)vinylketenes react with lithium ynolates to produce highly substituted phenols in a new benzannulation strategy that proceeds
via the 6 s electrocyclization of an intermediate 3-(oxido)dienylketene.

Vinylketene$ function as versatile four-carbon building to undergo dimerization and [2 2] cycloaddition, allowing
blocks in a variety of useful methods for the synthesis of them to express their underlying reactivity as electron-rich
carbocyclic and heterocyclic compounds. For example, dienes in Diels-Alder cycloaddition$ and as reactive
research in our laboratory has shown that22] cyclo- carbonyl compounds in [4- 1] annulation reaction®® In
additions of vinylketenes can serve as triggering steps in this Letter we now report a new transformation of these
several “pericyclic cascade” strategies for the synthesis of versatile synthons: the reaction of TAS-vinylketenes with
six- and eight-membered carbocyclic compouhblike most  jithjum ynolates in a new benzannulation strategy for the
ketenes, however, vinylketenes are rarely isolable speciessynthesis of substituted phenols (eq 1).

and generally must be generated as transient intermediates

for in situ trapping with ketenophilier bonds. In previous OSiR;

. . . . 1
studies, we have demonstrated thaatkylsilyl)vinylketenes R 0\\c SiR3 R!
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exhibit reactivity complementary to other vinylketenes in
many useful synthetic reactions. In these transformations,
the silyl substituertsuppresses the tendency of vinylketenes 1
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1). The requisite photo-Wolff substrateSa{-5d) were Scheme 2.
Kowalski
R'CO,Et > R'——0Si(i-Pr)3;
Scheme 1 7ac 9a-g*¢
i-Pr3SiOTf, i-PryEtN 1
0 Et,O-hexane (o] a R’ = cyclohexyl
N2 0°Ctort N, LIHMDS, THF; b R'=iPr
R? -~ - R then add ¢ R'= CH,CH,OEt
R2 . R?  Si(i-Pr Lioot-Bu; 1= =
75-89% (i-Pr)s gyt @ R! = CHyCH;CH=CH,
4a-d 5a-d Ry —— e R'=n-Bu
f R'=CH,CH=CH,
hv (300 nm 8d-g 124,
a? R2= CHsa, R3= CHs \;)((enzene ) g R’ =1-cyclohexenyl
2 p3_
b? F; R "(C:'Z)“' n 4h aga ref 10.P9b: Danheiser, R. L.; Helgason, A. L1. Am.
¢ R"=CHs, R™=Et 72:92% Chem. Soc1994 116, 9471.69d: Zang, L.; Kozmin, S. AJ. Am.
d R?=CHj, R®=CgHq4 Chem. Soc2004 126, 10204.99e Sweis, R. F.; Schramm, M.
o P.; Kozmin, S. AJ. Am. Chem. So2004 126, 7442.
[l
c
RsN\T/\LSi(,-_prh in one step from readily available acetylenes or esters. As
R2 shown in Scheme 2, siloxy alkyne8d—9g were thus

6a-d prepared in 69-90% yield employing the method of Jufia,

and alkyne®a—9c were obtained via the Kowalski homolo-
gation of ester§a—7c.1%13As noted previously, these TIPS
ynol ethers can be purified by distillation or careful chro-

synthesized by silylatidiof the corresponding diazo ketones mat?)graphy and are stable to extended storage in solution
(4a—4d), which were obtained employing our detrifluoro- at 0°C.
acetylative diazo transfer proceddrés noted previously, Scheme 3 outlines the mechanistic pathway envisaged for
TAS-vinylketenes are remarkably robust ketenes, stable atthe proposed ynolate benzannulation as well as several of
25°C and at mildly elevated temperatures, and amenable tothe possible side reactions that we anticipated might compete
purification using conventional silica gel chromatography. With the desired reaction. C-Acylation of the ynolate by the
As shown in eq 1, lithium ynolated)( serve as the second 1 AS-vinylketene was expected to produce intermedide
reaction partner in the proposed benzannulation. RecentVith addition to the ketene occurring anti to the bulky
studies have demonstrated that “ynolate anions” function astfi@lkylsilyl group to afford the indicatedZ)-enolate. Several
valuable synthetic intermediates in a number of useful modes of cyclization for this densely functionalized inter-
transformations, and several reliable methods are now Mediate are then conceivable. The addition of ynolates to
available for their preparatichFor our initial studies, we  @/dehydes and ketones leads to the formatiofi-&ictone
focused our attention on the generation of lithium ynolates €nelates,and an analogous reaction in this case would give
via the cleavage of siloxy alkynes (“silyl ynol ethers”) with  1S€ 0 products of typd2 An alternative mode of ring

methyllithium. This method, first described by Kowaléki, ~ closure would generate the four-membered carbocygle
is a variant of the well-known strategy for the regiospecific an enolate derivative of a substituted 1,3-cyclobutanedione.

generation of enolates introduced by Stork and Hud#ik. ©Our expectation, however, was that intermedit@evould
For our purposes, this process offered the attraction that it MoSt likely undergo facile £ electrocyclic ring closure to
. L. . i i 14-16 i i
takes place under mild conditions and produces only inert &fford the desired cyclohexadienof@ > Favoring this
tetraalkylsilanes as byproducts. In addition, the siloxy alkynes M0de of cyclization is theZ)-enolate geometry df0, which

that serve as ynolate precursors can be conveniently prepare§nforces close proximity between the C-1 and C-6 carbon
atoms at which bond formation is desired to occur. Also

@ For the prior preparation aofa,b, 5a,b, and6a,b, see refdb.
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Table 1. Benzannulation via Reaction of TAS-Vinylketenes with Lithium Ynolates

important is the significant increase in charge stabilization dicarbonyl enolate system il It was our expectation that
that should develop in the transition state leading to the 1,3- these factors would suffice to favor the desired mode of ring

R! 1 equiv MeLi OSi(i-Pr)3
THF rt 0.54h R!
I‘I then Ox . 5
OSiR, add C.Si(i-Pr); HO R
1.0 equiv R®
rt R?
051h R®
entry alkyne ketene product yield (%)@ entry alkyne ketene product yield (%)@
OSi(i-Pr)3 OSi(i-Pr)3
=
1 9% 6a 62 5 9d 6c 68-70
HO CH; HO CH3
45 CHs 19
OSi(i-Pr); OSi(i-Pr);
i-Pr EtO
2 9% 6a 65 6 9c 6d 44-46
HO CH; HO CH3
C
16 CHs 20 Y
OSi(i-Pr);
Cy
3 67-71 7 9 6b 43
9a 6b HO g
17
0Si(i-Pr)3 OSi(i-Pr)3
EtO X
4 9c 6c 46 8 23 6b 44-48
HO CH,3 HO
18 22
a|solated yield of products purified by column chromatography.
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closure over alternative cyclization pathways and inter- for the TIPS derivativedf as the ynolate precursor (entry

molecular condensation reactions. 8). Cleavage of this siloxy alkyne with MeLi is complete
The feasibility of the benzannulation was initially inves- within minutes, and upon reaction with TAS-vinylketebie

tigated using TAS-vinylketenéa and the ynolate derived the desired benzannulation prod@& is obtained in good

from the siloxy hexynee Exposure ofdeto 1 equiv of yield.

methyllithium in THF at room temperature led to complete .

consumption of the siloxy alkyne withi3 h asmonitored — /T OsitBuMe,

by TLC analysis. Upon addition of TAS-vinylketerta, a 23

new aromatic product rapidly appeared that was isolated in ) o

62% yield after purification by silica gel chromatography. . N Summary, TAS-vinylketenes react with lithium ynolates

Interestingly, this benzannulation product was identified as I @ regiocontrolled benzannulation process that provides

the silyl etherl5 (Table 1) rather than the originally expected eff|C|ent_ access to highly SUbSt'tu_tEd aromatic compounds.

resorcinol of typel4. We speculate that the initially formed We anticipate that these annulation products should serve

electrocyclization produdtlisomerizes under the conditions as u?eful mtermeﬁmtef in ahvane;yzzof furtfher gynlthetm
of the benzannulation to produce a 6-silyl-2,4-cyclohexadi- Frans ormations. Phenols suchZsan are o particular ,
enone intermediate that aromatizes via a 1.3 carben Interest, as the unsaturated ortho substitutents can provide

oxygen silyl shift. 1,3-Silyl shifts inc-silyl ketones to form the_ basis for subsequent cycliz_ation_ reactions to form a
silyl enol ethers are well-known proces#ésnd related variety of oxygen heterocycles including benzofurans and

. Ve . 2 i i
rearrangements involving silylcyclohexadienones have beenP&nZoPyrans: For example, as illustrated in Scheme 4,

observed in our laboratot§and otherg?®
Previous studies in our laboratory have demonstrated tha h
TAS-vinylketenes behave as electron-rich dienes in Biels Scheme 4
Alder reactions and react best with electron-deficient OSi(i-Pr)3 gg;zidg:ﬁg\::cﬂ)cﬁ OSi(i-Pr)s
dienophiles’cIn view of these prior observations, we were 7 THF qrenux, 35h A
not surprised to find that no reaction occurs upon heating OH o CHs
TAS-vinylketene 6a and siloxy alkyne9e in refluxing 60%
toluene, and attempted reaction in the presence of Lewis and 22 24

Bronsted acids (e.g., ZnlTiCls, AQNTf,, HNTf,) resulted

only in compl_ex mixtures of products. ._treatment 022 with catalytic PACG}(MeCNY), in the presence
Taple 1 del_mgate.s the Scope of the ynolate bgn;annulaﬂonm benzoquinone and Li& furnished the tetrahydronaph-

reaction. Optimization studies revealed methyllithium to be thofuran24 in good yield.

the most effective agent for the generation of ynolates from
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