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Abstract 

The RuH ,(PPh,),-catalyzed coupling of vinyl ketones with aldehydes accom- 
plishes the selective synthesis of cu-methylene-j?-hydroxyalkanones under neutral 
conditions. A plausible pathway involving possible intermediacy of a ruthenium 
enolate is proposed. 

Despite the current widespread upsurge of interest in the selective reactions 
catalyzed by ruthenium complexes [l], relatively little attention has been paid to 
catalytic carbon-carbon bond formation [2]. Neither complex formation nor cata- 
lytic reactions involving ruthenium enolates have been reported. We report on the 
intermediacy of ruthenium enolate in the RuH,(PPh,),-catalyzed coupling of a 
vinyl ketone with an aldehyde to give an a-methylene-P-hydroxyalkanone (3). 

When a mixture of 20.5 mm01 (1.44 g) of 3-buten-2-one, 54.2 mm01 (3.15 g) of 
propanal, and 0.046 mm01 (0.054 g) of RuH,(PPh,), was heated in a sealed tube at 
40 o C for 40 h, 3-methylene-4-hydroxyhexan-2-one (3a) [3] and 3_methyleneheptan- 
2,6-dione (4a) [3] were isolated in yields of 82 and 2%, respectively. The presence of 
an extra mole of propanal diminished the formation of 4a remarkably (3a/4a 85/15 
in the reaction of 3-buten-2-one with an equivalent of propanal). Some other 
examples are summarized in eq. 1 and Table 1. These results are particularly 
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0 0 OH 0 0 
2 IP= PPh, 3 4, 

surprising because it has been reported that an aldehyde readily dimerizes to give an 
ester with the aid of a catalytic amount of RuH,(PPh,), even at room temperature 
141. Even the use of an excess of aldehyde here did not give rise to the formation of 
ester. 
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Table 1 

RuH,(PPh,),-catalyzed couphng reaction of 1 and 2 ” 

&try Vinvl ketone AIdehyde Product 
.__._ ____-_- 

Turnovci 
1 2 

___.-7;. _-. ._-_ .___~ 
Y leld 51f .3 St?lectIvili 

of Ru 

x 
9 

3-Buten-2-one Propanal 
?-Buten-2-one Prnpanal 
3-Buten-2-one Butanal 
3.Buten-2.one ?-Methylhutanal 
3-Buten-2-one ?-?ifethylpropanal 
3-Buten-2-one 2-Eth~lhexanal 
3-Buten-2-one :-Ethylhcxanal 
3-Buten-2-one Nenzddehyde 
1 -Penten-3-ens PW;pXI”l 

” Reactions were carried out at 40°C for 40 h on a 5 mmol scale wtthout wl\wlt m ‘3 healed tuhr 
containing 1 mol% (relatiw to vinyl ketone) of RuH,(PPh,), and a mlxturc ~\t’ wnyl kctone.‘d.ldehyde 
l/2. ’ IAated yield after column chromatography r,n sihca gel and subsequent hull+tn-twlh Jistill;ltion. 
’ The ratio was determined by c,q)illar\ i;l.C anal~~wzs (PFGHT Aomleti. 25 m ~oiu:mz 1 ’ 2 l’nqxm~~l 
(about 20’? j was added. 

The previous routes to 3 are three-step operations which include Michael type 
additions of unstable organometals to a,j3-enones [5]. Thus. our results are ex- 
tremely valuable hecause direct carbon--carbon bond formation is realized at the 
u-position of vinyl ketones under almost neutral conditions. 

It is known that RuH,(PPh,), readily activates a/k?1 methacrylate [6] and 
aldehyde [3] by oxidative addition with c‘- H bond cleavage. Howr\er, the forma- 
tion of products 3 and 4 cannot be accounted for in terms of such intermediates. 
Thus, we propose a nucleophilic interaction of H-(Ru) with vinyl kettrne in the first 
stage of the reaction. Although any direct evidence suggesting the intermediacy of 
complexes 5, 6, and 7 has not been obtained up to the presenr. the pathway shown 
in Scheme 1 can be proposed as one plausible route to the product. It entails the 
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Scheme 1 
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formation of enolate complex 5 as a result of Michael type addition of H-(Ru) to 1, 
the subsequent aldol type reaction of 5 with aldehyde to give 6, and 1,6elimination 
of H-(Ru) from 7 which is in equilibrium with 6. While similar coupling also was 
accomplished by the assistance of RhH(PPh,), [7], the addition of 20% of alcohol 
(typically 2-propanol) was crucial for acceptable yields of 3. In contrast to the 
rhodium catalyst, RuH,(PPh,), did not require the presence of alcohol to complete 
the catalytic cycle. Furthermore, a significant improvement of catalytic activity was 
observed in the reaction of l-penten-3-one with propanal (entry 9 in Table l), in 
which an unsatisfactory result was obtained for rhodium [7]. Thus the equilibrium 
between 6 and 7 is attained rapidly enough without the assistance of alcohol. The 
presence of alcohol also slightly improves the yield of 3 or turnover of Ru (entries 1 
and 7 in Table 1). 
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