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RHODIUM CARBONYL-CATALYZED CROSS-HYDROCARBONYLATION OF ACETYLENES

AND ETHYLENE. SYNTHESIS OF o,B-UNSATURATED KETONES
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The Institute of Physical and Chemical Research,
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The cross-hydrocarbonylation of acetylenes and ethylene with
CO and H, in the presence of Rh,(CO),, gave o,B-unsaturated ethyl

ketones regio- and stereoselectively.

The transition metal catalyzed hydroformylation of olefins is still the most

important carbonylation reaction industrially and has been extensively investi-

.2 However, the hydroformylation of acetylenes has not been studied as

2)

gated.
much as that of olefins because of its low selectivity. Previously we have
reported that the rhodium carbonyl-catalyzed carbonylation of internal acetylenes
and ethylene in hydrogen donating solvent such as ethanol give 5-ethyl-3,4-
disubstituted-2(5H) -furanones, which would be formed via course as shown in Scheme;
(1) stepwise insertions of ethylene, CO,

0]
and acetylene into the Rh-H bond of 1 to ]Qo /MeCHO
H Et
6

form o-vinyl complex 3, (2) insertion of

CO to 3 to give 4 which would be con- = H- [Rh] C,H,/CO
verted to the o-allyl lactonyl complex 5, EtOH 1
and (3) reduction of 5 by hydrogen donor %
to produce the furanone §.3) In the l_° EtCO- [Rh]
course of the study to explore the role [Rh]5 Et 2 -C=C-
of hydrogen donor in the reaction, we _.\\0
found that the use of molecular hydrogen :E:C—[Rh] (Rh]
as hydrogen donor gave selectively a,B- C//0 Idoo

4 OEt ; 3 “Et
unsaturated ethyl ketones, which might be co

formed by hydrogenolysis of the o-vinyl Scheme



402 Chemistry Letters, 1982

intermediate 3. We now wish to report that the reaction of acetylenes and
ethylene in the presence of CO and H, (under hydroformylation conditions) produces
o, B-unsaturated ethyl ketones (8) as expressed by equation 1, which we term the

cross-hydrocarbonylation of acetylenes and olefins.

1 2
losor? Rt
R C=CR + CH,=CH, + CO + H, ———3> C=C{ (1)
HY  TCOEt
7 8

In a typical experiment, ethylene (25 kg/cmz), CO (30 kg/cmz) and H2 (5 kg/cmz)
were introduced into a 200 ml stainless steel autoclave containing diphenyl-
acetylene (7a, 10 mmol), Rh4(CO)12 (0.05 mmol), and acetone (70 ml) and the auto-
clave was heated at 150 °C for 6 h. 1,2-Diphenylpent-l-en-3-one (8a, 60% yield
based on the amount of 7a used) was isolated from the reaction mixture by column
chromatography on silicagel together with 2,3,4,5-tetraphenylcyclopent-2-enone
(12%) and 7a (21%). In the present reaction, small amounts of (E)/(Z)-stilbene
(1%), 1,2-diphenyl~-3-pentanone (1%) and 5-ethyl-3,4-diphenyl-2(5H)-furanone (2%)
were formed; it should be noted that the furanone was the main product (up to 73%

3 The formation of propion-

yield) when ethanol was used as hydrogen donor.
aldehyde (7.9 mmol) and diethyl ketone (1.0 mmol) was also observed as by-products.
Although 8a was the main product (84%) with an increase in the pressure of hydrogen
(30 kg/cmz), propionaldehyde was produced in a large amount (64 mmol).

In this reaction various kinds of substituted acetylenes could be used to give
the corresponding o,B-unsaturated ethyl ketones. The results obtained from
terminal acetylenes such as phenylacetylene (7d), l-hexyne (7e), and 3,3-dimethyl-
l-butyne (7f) and functionally substituted acetylenes such as 2-butyne-1,4-diol
dimethyl ether (7g), methyl 3-methylpropiolate (7h), and methyl 3-phenylpropiolate
(7i) are tabulated in Table 1.

Terminal acetylenes (7d-7f) gave trans-o,B-unsaturated ketones (8d-8f) regio-

6) 2

and stereospecifically. From 7b and 7h the regioisomers, (E)-8b (R1=Ph, R"=Me)

and 8h (R1=C00Me, R2=Me) were predominantly formed over the other isomers, (E)-9b

(R1=Me, R2=Ph) and (E)/(z)-9h (R1=Me, R2=C00Me) respectively.s)'7)

8)

From 7i, only
one regioisomer (F)/(2)-8i (R'=Ph, R?=COOMe) was formed. These results indicate
that the EtCO-Rh intermediate 2 in Scheme added to the acetylene triple bond mainly

in the c¢is fashion and the EtCO group was introduced to the less sterically
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hindered carbon atom of the acetylene.

Table 1 Synthesis of o,B-unsaturated ethyl ketones

a)

403

Acetylene Conversion Product
(mmol) (%) (vield, )
7a  PhCzCPh (10) 82 8a PhCH=C(Ph)CoEt? (75)
7b PhCZCMe (20) 99 8b  (E)-PhCH=C(Me) COEt>’ (49)
9b  (E) -MeCH=C(Ph) COEt> ( 6
7c  MeCzCMe (20) 100 8c  (E)-MeCH=C(Me)COEL" (25)
7d PhC=CH (20) 93 8d (E)-PhCH=CHCOEtS) (48)
7e n-BuCZCH (20) 100 8e (E)-n-BuCH=CHCOEt® (42)
7f  t-BuC=CH (20) 100 8f (E)-t-BuCH=CHCOEt® (61)
79 MeOCHZCECCHZOMe (20) 75 8g MeOCHZCH=C(CH20Me)C0Et4) (76)
7h  MeCZCCOOMe (10) 80 8h MeooccH=c(Me)coEt?) *7)  (76)
9h MeCH=C(COOMe) COEt’ ( 4)
[(E)/(2)=1/1]%
7i PhC=CCOOMe (10) 83 8i PhCH=C(COOMe)COELS) (40)
[(E)/(2)=33/671°)
a) Operating conditions: Rh4(C0)12, 0.05 mmol; acetone, 70 ml; C2H4,

25 kg/cmz; co, 30 kg/cmz; HZ' 5 kg/cm2

b) Determined by GLC.
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