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ABSTRACT
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A rhenium complex, [ReBr(CO) s(thf)] ,, catalyzed the intermolecular reactions of 1,3-dicarbonyl compounds with terminal acetylenes and gave
the corresponding alkenyl derivatives in excellent yields. These reactions could apply to an intramolecular version and gave the corresponding

cyclic compounds quantitatively.

Carbon-carbon bond formation reactions via enolate anions metal-catalyzed addition reactions of active methylene

or enols are fundamental transformatidrishere have been

compounds with terminal acetylenes under mild conditions

many reports on the transition metal-mediated reactions of without the preparation step of enolate or enol have been

enolate anions or enols with olefins or acetylehBgcause

reported. For example, gdldnd nickel/ytterbium catalysts

the formation of enolate anions or enols and/or their reactionshave been used for intramolecular cyclization %f and

with acetylenes usually requires harsh conditibreactions

e-acetylenic 1,3-dicarbonyl compounds, respectively. In

that do not require this step have been desired. Recently,contrast, to our knowledge there have only been a few reports
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on an intermolecular version of the reaction in which the
indium-catalyzed transformation could be carried out with
or without the addition of basés.

In the process of our investigation on the catalytic activities
of rhenium complexe$® we found rhenium-catalyzed in-
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termolecular and intramolecular reactions of active methylene temperature conditions (9%C and reflux), the yield ofl
compounds with terminal acetylenes under mild reaction decreased owing to the polymerization of acetylene. When
conditions. 3-methylpentane-2,4-dione was used as the active methylene
Treatment of a mixture of pentane-2,4-dione (1.0 equiv) compound, the yield was low (Table 1, entry 2). However,
and phenylacetylene (1.0 equiv) in the presence of a rheniumthe reaction proceeded in excellent yield in the case of
catalyst, [ReBr(CQjthf)],, at 50°C for 24 h under solvent-  2-acetylcyclohexanone (Table 1, entry 3).58keto ester,
free conditions gavéd quantitatively and regioselectively ethyl 3-oxobutanoate, also reacted with phenylacetylene to
(Table 1, entry 1). The produdtresults from the insertion  give the corresponding alkenyl derivative in excellent yield
(Table 1, entry 4. The reaction of ethyl 2-methyl-3-
oxobutanoate and phenylacetylene gave an alkenyl derivative
5in 70% vyield (Table 1, entry 5). In this case, addition of

Table 1. Reaction of 1,3-Diketone g#-Keto Ester with

Phenylacetylene dysprosium triflate, Dy(OT#) as a co-catalyst improved the
o o [ReBr(CO)s(thh], yield markedly (Table 1, entry 6Y.Both ethyl 2-oxocyclo-
1 Jl\K'L s+ PHe— i (3.0 mol%) hexanecarboxylate and 2-oxocyclopentanecarboxylate could
R R R " heat,50°C, 24h be used as active methylene compounds, and the correspond-
o o OH O ing productsé and 7 were obtained in quantitative yields
) , AL, (Table 1, entries 7 and 8).
R tﬁR or R R Next, we examined reactions between several acetylenes
PH Ph R*=H and pentane-2,4-dione (Table 2). As described above, the
entry substrate product yield? (%)
o o OH O Table 2. Reaction of Pentane-2,4-dione with Several
1° X 94% (>99%) Acetylenes
AN )I‘\ [ReBr(CON(thNl,  on o

e}
e}

1
Ph O O , (3.0 mol%)
+ R—=—H XN
0o O AN neat, 50 °C, 24 h )):K
R

20 )H)K 59% (62%)
2

Ph entry acetylene product yield? (%)
o 0 2 9 OHO O O
Ph 3 Bu Bu
8a 8b
o o OH O O O OH O
e S 0, o/\f
4 )J\/U\OEt )roa )roa 93% (98%) 29 PhCH,0CH,—=—H /\ﬁ\ 86% (>99%)
Ph 4a Pnh 4b PhCH,OCH, 9
o O
59 o O 67% (70%) OH O
h )K(u\oa OFt 95% (>99%) O N
6 o (> ) e I o 0
Ph 5 3 =—H 94% (98%)
o o o 0 10
7d OEt 95% (>99%
é/U\OEt iji o ( o) O O
Ph 6 4f nCsH13 =——H 95% (>99%)
O O
/ OEt 94% (98% . e . .
8 é/u\OEt b (98%) a|solated yield*H NMR yield is given in parenthese®Acetylene (3.0
Ph 7 equiv), 60°C. ¢ The ratio of enol/1,3-diketone was 19Acetylene (2.0
equiv), 40°C. € Acetylene (1.1 equiv) 3-Methylpentane-2,4-dione was used
a|solated yield™H NMR yield is given in parenthese%Acetylene (1.0 as a dicarbonyl substrate, acetylene (1.1 equiv).

equiv). ¢ Acetylene (2.0 equiv), 40C, 48 h.9 Acetylene (1.5 equiv), 40
°C. ¢ Acetylene (2.0 equiv), toluene was used as a solVéfite ratio of
enol/1,3-diketone was 95:8 Acetylene (1.5 equiv)? Dy(OTf)s (5.0 mol

%) was Used as a co-catalyst, acetylene (1.5 equhgetylene (1.1 equiv),  reaction of phenylacetylene and pentane-2,4-dione gave the
' corresponding alkenyl compountl in quantitative yield
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. . .; Hua, R.; Qiu, X.J. Org. em X . iu, Y.; Hua, R.;
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carbon atom of the acetylene was not observed. Under higheakushou, F.; Sonoda, Nietrahedron Lett2005 46, 787.
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(Table 1, entry 1). By usingert-butylacetylene as a bulky
acetylene, the desired product was ff?fmed in 94% yield scheme 1. Proposed Mechanism of the Catalytic Alkenylation
(Table 2, entry 1). However, the reaction did not proceed ,,ccnanism a

with trimethylsilylacetylene or an internal acetylene (1-
phenyl-1-propyne). An ether group connected to the terminal

) . . . LOH
acetylene did not disturb the reaction, and the corresponding R\i,,_ R\e, Re'e

compoundd was obtained quantitatively (Table 2, entry 2). >

The reaction of 1-ethynylcyclohex-1-ene with pentane-2,4- )IK—’

dione also proceeded in excellent yield (Table 2, entry 3). ™8

Also, the reaction of 1-hexyne with 3-methylpentane-2,4-

dione instead of pentane-2,4-dione gave the correspondng Re - )/lj\:/{em - )%e'”—H

alkenyl derivativell in quantitative yield (Table 2, entry

4).
To elucidate the mechanism of these reactions, we carried

out deuterium labeling experiments (eqs 1 and 2). The 2-position, the corresponding enol is obtained as a product

reaction of ethyl 2-oxocyclohexanecarboxylate and deuter- after the isomerization of the olefin moiety.

ated phenylacetylene afforded an alkenyl derivatii2 The reaction can be applied in an intramolecular version,

selectively, in which the deuterium locates anti to flketo which is the same transformation as the Conia-ene reaction

ester moiety (eq 1). On the other hand, by the reaction of (eq 3)*? By heating af-keto ester bearing a terminal

deuterated ethyl 2-oxocyclohexanecarboxylate with phenyl- acetylene moiety at 56C for 12 h, the Conia-ene reaction
acetylene]13 was obtained selectively, with deuterium syn occurred and the corresponding methylenecyclopentdne

o} (0]

to the 5-keto ester group (eq 2). was obtained in excellent yield.
o O [ReBr(CO);(thf)]> 00
cat Re' (3 0 mol%)
OEt + Ph oy (D OMe  (3)
ij)L ijt (O-11%) )Ki‘\/\ neat, 50 °C,12h /%
, D (D:86%) 14
97%
O O O O
_  catRe OEt In summary, we succeeded in the rhenium complex,
CEt + Ph—= ——— D (D: 66%) @ ) .
D SR [ReBr(CO}(thf)],, catalyzed intermolecular nucleophilic
45> (D0 14%) addition of an active methylene compound with a terminal

acetylene under mild reaction conditions. This reaction could
be applied to the intramolecular version (Conia-ene reaction),
and the corresponding cyclic compound could be obtained.
These reactions are the first examples of rhenium-catalyzed
additions of active methylene compounds with terminal acet-
ylenes, and are useful for the synthesis of 2-alkyl-substituted
2-ethenyl-1,3-dicarbonyl compounds under mild conditions.
We are now investigating €C bond formation reactions
based on the activation of acetylenes with rhenium catalysts.

These deuterium labeling results support the proposed
mechanisms of the addition reactions of active methylene
compounds with terminal acetylenes as shown in Scheme
1. The rhenium catalyst coordinates to a terminal acetylene
and an enol, derived from a 1,3-dicarbonyl compobffd.
Nucleophilic addition of the enol to the rhenium-coordinated
acetylene gives an alkenylrhenium(l) intermediate (mecha-
nism A). After protonation, the rhenium catalyst is regener-
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