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Transition-metal-catalyzed cycloadditions are viable tools to

assemble complex cyclic molecules from unsaturated acyclic

precursors. Because of their intrinsic atom-economical nature,
catalytic cycloadditions must play a pivotal role in the development

of environmentally benign synthetic processes. In this regard, the

catalyzed cyclotrimerizations of alkynes or the cocyclotrimerizations

of alkynes with alkenes have received renewed attention as a
powerful method to construct highly substituted carbocycles without

any atomic los$.In addition, nitriles or heterocumulenes such as

isocyanates, carbodiimides, and carbondioxide have been known

to participate in the cocyclotrimerizations with alkynes, leading to
heterocyclic compoundsWhereas these cycloaddition protocols
involving Csp-heteroatom multiple bonds have been extensively

investigated, p>-heteroatom double bonds have been scarcely

utilized to date. The cocyclotrimerizations of alkynes with ketones
were realized usingtoichiometricamounts of cobalt reageritd.o

the best of our knowledge, only one example reported by Tsuda

and Saegusa et al. exists ascatalytic cocyclotrimerization
involving an aldehyde carbonyl grodp-ere we wish to report
the ruthenium(ll)-catalyzed cycloaddition of 1,6-diynes with electron-
deficient ketones.

During our studies on the ruthenium-catalyzed cycloaddition of
the 1,6-diynes with unsaturated moleculege found that electron-
deficient nitriles can be efficiently involved into the cycloaddition
with the diynes to afford bicyclic pyridin€sOn the basis of this
result, we envisaged that a highly electron-deficiest@double
bond activated with two electron-withdrawing groups might be
employed for the desired catalytic cycloaddition with the diyhes.
Actually, in the presence of 5 mol % Cp*Ru(cod)Cl, a malonate-
derived diynela (X = C(CO,Me),;, R = H) and diethyl keto-
malonate2 (2 equiv) were heated in 1,2-dichloroethane (DCE) at
90 °C for 1 h toafford a dienakain 46% yield via electrocyclic
ring opening of the expected cycloadd@et(Scheme 1§.A diyne
dimer5awas also obtained in 10% vyield. Further optimization of
the reaction conditions did not increase the yielddaf probably

due to the thermal instability of the unsaturated aldehyde moiety.

To improve the present cycloaddition, an unsymmetrical diyne
1b having one internal alkyne termini (¥ C(CO,Me),, R = Me)
was next used as a diyne substrate. In the similar mafbexas
effectively reacted witt2, and the reaction completed within 2 h.
To our delight, the cycloaddition proceeded in a highly regio-
selective manner to produce the desirable dierdimia 75% yield
(Scheme 1). Interestingly, the competitive dimerizatiodlofvas
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group (runs 3 and 4) or the heteroatom tether groups (runs 7 and
8) required increased catalyst loadings. The present cycloaddition
tolerates functionalities including estefsa¢-d) and a ketonel)
carbonyl group, a hydroxyllf), a tosyl amide 1g), and an ether
(1h) group. These results demonstrated the wide functional group
compatibility of the ruthenium catalysis. The dienone structure of
the products was unambiguously confirmed by X-ray analysis (see
Supporting Information).

In the next step, some electron-deficient ketones were subjected
to the present cycloaddition. Upon reaction with the diyige
indanetriones afforded the unexpected prod&via cycloaddition
at the phenacyl moiety together with the normal produat the
combined vyield of 52% (Scheme 2). The structure 8fvas
unambiguously determined by X-ray analysis (see Supporting
Information). This result shows that the two phenacy#@ double
bonds activate each other by the conjugation through the benzene
ring.

In contrast to the tricarbonyl compoung@snd6, ethyl pyruvate
and diacetyl having a ketone moiety substituted by only one
electron-withdrawing group or decafluorobenzophenone having only

suppressed in less than 10%. The generality of the present dienon®n€ carbonyl group with electron-deficiency similar to that2of
formation was examined with respect to the diyne substrates. As turned out to be totally ineffective. Accordingly, both sufficient
summarized in Table 1, the terminal substituents bulkier than methyl €lectron deficiency and more than two carbonyl groups, which might
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form a stable chelate intermedig@e(Scheme 3), seem essential
for the ketone substrate. On the basis of this notion, a plausible
mechanism for the present cycloaddition was proposed as outlined
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Table 1.

Cp*Ru(cod)Cl-Catalyzed Cycloaddition of 1,6-Diynes
la—h with Diethyl Ketomalonate 2 (Z = CO.Me, E = COEt)?
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aAll reactions were carried out with Cp*Ru(cod)Cl, diyndsand

ketomalonate? (2 equiv) in DCE at 9C°C. ® Isolated yields.

Scheme 3

:U

/C‘

,

Va Ru~c|

Ewg
12 Ewg

Co*
\\ R“‘CP' - Ewufo():AR'

s -

3 Ewg

Scheme 4
0]
| Me excess NaH
—
THF (75 mM)
reflux, 5 h CO,Et
Et0,C” ~CO,Et BO,C z

4 13

b X=C(CO,Me),, 77%; g X=NTs, 53%; h X=0, 32%

from 9 to produce an oxaruthenacyclopentene intermediatd@a

a transition stat&0. Similar metallacycle formations were reported
for related 1,2-dicarbonyl systerfighe insertion of the other alkyne
terminus followed by the reductive elimination &f from 12
completes the catalytic cycle.

Finally, we attempted the intramolecular Michael addition of
some cycloadducts having both an acetyl and an alkylidenemalonate
moiety. As depicted in Scheme 4, the addutiigy,h were treated
with NaH (10 equiv) in refluxing THF fo5 h togive the desired
bicyclo[3.3.0]octenone derivativds8b,g,h, which are useful inter-
mediates for the syntheses of polyquinanes and related comp¥unds.
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