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Organometallic Phase Transfer Catalysis under Acidic Conditions. Cobalt
Carbonyl Induced Hydrogenation of Activated Olefins

Howard Alper*t and Josef Heveling

Department of Chemistry, University of Ottawa, Ottawa, Ontario, Canada K1N 984

Diarylethylenes and 9,9’-bifluorenylidene are hydrogenated, in excellent yields, on treatment with cobalt
carbony! or bis(tri-n-butylphosphine)dicobalt hexacarbonyl, benzene, 48—50% aqueous tetrafluoroboric acid,

and sodium 4-dodecylbenzenesulphonate.

Publications during the past five years have established that
phase transfer catalysis is a valuable synthetic method in
organometallic chemistry.}2 Of the metal complexes employed
as catalysts or stoicheiometric reagents, cobalt carbonyl has
enjoyed the most widespread use thus far. Examples include
the stoicheiometric synthesis of 7r-allylcobalt tricarbonyl com-
plexes® and the catalytic acylation of fulvenes.?

All of the previous chemistry with organometallic com-
plexes, using phase transfer catalysis, has been effected under
basic conditions. In this manner, for example, dicobalt
octacarbonyl is efficiently converted into the cobalt tetra-
carbonyl anion. We thought that a cobalt carbony! hydride
might be generated under acidic conditions and now report
the first examples of organometallic phase transfer catalysis
under acidic conditions.

Reaction of 1,1-diphenylethylene (1; R = R’ = H) with
bis(tri-n-butylphosphine)dicobalt hexacarbonyl (2),* benzene
as the organic phase, and 48—509%; aqueous tetrafluoroboric
acid containing sodium 4-dodecylbenzenesulphonate as the
phase transfer agent,® for 1 h at 55 °C (atmospheric pressure),
afforded 1,1-diphenylethane (4; R = R’ = H) in 529 yield
(Scheme 1). The yield of (4; R = R’ = H) increased to 85%,
after 2 h, while (4) was obtained in 97 % yield when the reaction
was effected for 4 h. Only 3% of (4; R = R’ = H) was pro-
duced when the latter reaction was run, for 4 h, in the absence
of sodium 4-dodecylbenzenesulphonate [(4) was not detected
when a reaction time of 1 h was used]. In addition, olefin was
recovered when the phase transfer catalysed reaction of (1) was
attempted using water as the aqueous phase. In all cases, a
2:1 ratio of olefin:(2) was used. The hydrocarbon (4;
R = R’ = H) was not formed when the reaction of (1) was

R—©-C= CH2 + Coz(C0O)g[PBu3], or Coz2(CO}3

(2) (3)

(1)

(4)

?ghoecme 1. i, CpH,CeH,SO;~Na*, CoH,, 48—50% HBF,, 4 h,

T E. W. R, Steacie Fellow, 1980—1982.

repeated in the absence of the cobalt complex (2) but in the
presence of sodium 4-dodecylbenzenesulphonate.

Cobalt carbonyl (3) is as useful as the phosphine-substituted
derivative for converting (1) into (4; R = R "= H) in quantita-
tive yield. A series of other diarylethylenes were hydrogenated
in nearly quantitative yield using cobalt carbonyl (Table 1). In
addition 9,9’-bifluorenylidene (5) afforded bifluorenyl (6) in
979 yield with Co,(CO)4 (Scheme 2). However, anthracene is
inert under the reaction conditions.

We assume that a cobalt carbonyl hydride, possibly
HCo(CO),L (L = CO, PBu}), is generated in these reactions.
If such a hydride is indeed formed, it is much easier to handle
compared with the manipulation of pure HCo(CO),L (L =
CO,PBu}). The stoicheiometric hydrogenation of arylethy-
lenes by hydridocobalt tetracarbonyl has been the subject of a
series of excellent papers by Orchin and co-workers.® The
latter generate HCo(CO), by disproportionation of Co,(CO),
by pyridine giving an ionic complex, the anionic component
[Co(CO),~] of which is subsequently acidified with sulphuric
acid. Irrespective of the mechanistic details of the phase trans-
fer reaction (a carbonium ion pathway is also possible), the
results described above constitute the first examples of the
application of phase transfer catalysis, under acidic conditions,
to organometallic chemistry.

The following general procedure was used. A mixture of
sodium 4-dodecylbenzenesulphonate (0.50 mmol), tetra-
fluoroboric acid (48—50%;, 25 ml), and benzene (25 ml) was
stirred for 30 min under nitrogen. The olefinic substrate (1) or
(5) (1.0 mmol) and (2) or (3) (0.50 mmol) were added, and
stirring was continued for 4 h at 55 °C. The phases were

Table 1. Reaction of olefins with Co,(CO),, 48—-509%, HBF,,
sodium 4-dodecylbenzenesulphonate, and CgHg at 55 °C for 4 h.

Reactant Cobalt complex Product® (Yield, %)
(1; R=R’=H) 2) ) (97)
(1; R=R’=H) (3) (4) (99)
(1; R=R’=Me) (3) (4) (98)
(1; R=MeO,R’=H) (3) (4) (98)
(1; R=R’=0Me) (3) (4) (95)
(&) (2) (6) (96)
(&) (3) (6) (97)

4 Products were identified by comparison of physical and spectral
data with those for authentic materials.

[N +. COZ(CO)&
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ScheCme 2. i, C,,H,CH,SO,~Na*, CgH,, 48—509% HBF,, 4 h,
55 °C.
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separated, and the hydrogenated product [(4) or (6)] was
isolated by rotary evaporation of benzene, followed by
distillation or column chromatography of the residue.
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