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Dicarbonyl(n3—1,1,2,3,4,4—hexafluoro—2—butenyl)(triphenyl—
phosphine)cobalt(I) was isolated at the first time from the reaction
of tetracarbonylhydridocobalt(I) with hexafluorobuta-1,3-diene and

triphenylphosphine.

Organometallic chemistry of butadiene has been studied extensively and the
application of butadiene to organic syntheses are widely achieved.1) However
there are a few reports on the reaction of hexafluorobutadiene with organometal-
lic complexes.Z) m-Perfluoroallylic derivatives of transition metals are of
special interest because the hydrocarbon analogues show high reactivities toward
a variety of nucleophiles and may be converted to many useful chemicals. Though
m-allylic complexes are known for almost all of transition metals, the perfluoro
analogues have been limited to tricarbonyl(n3-pentafluoroallyl)cobalt(I)3) and
perfluorocyclic derivatives of iron,4) cobalt,S) and rhodium.?>) m-Allylic
complexes are easily formed from the reaction of metal hydrides with butadiene,
whereas no example with hexafluorobutadiene has been reported so far.za)
We now report the formation of a m-perfluoroallylic cobalt(I) complex starting
from hexafluorobutadiene.

The reaction of tetracarbonylhydridocobalt(I) with excess hexafluorobuta-
diene in hexane at -50 °C for 3 h, followed by an addition of triphenylphosphine

under reflux to give dicarbonyl(n3—1,1,2,3,4,4-hexafluoro—2—butenyl)(triphenyl—
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phosphine)cobalt(I), (1), in 18% isolated yield along with hexacarbonylbis(tri-
phenylphosphine)dicobalt(0) as an undesired product(60%). The latter product
was also formed in the same reaction of tetracarbonylhydoridocobalt with buta-
diene. trans-Tricarbonyl(o-E-1,1,2,3,4,4-hexafluoro-2-butenyl) (triphenyl-
phosphine)cobalt(I), (2), was isolated in 16% yield from the reaction performed
at room temperature. Complexes 1 and 2 were obtained as pale yellow crystals

by recrystallization from hexane and characterized by elemental analyses, NMR

and IR spectra.6)
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Table 1. Selected '2F{'H} and 'H NMR Spectral Data of 1 and 22)

Fa FP FC rd Fe rf ~CF,H
1 190.0 172.2 123.0 106.9 97.2 81.3 5.49(ta)P)
2 173.1  153.5  124.9 50.1 6.00(tdd)c’
a) Measured in CgDg. 19F chemical shifts(ppm) are refered to internal CFClj,

increasing to high field.
b) Jy_pc=Jy_pd=53, Jy_pb=18 Hz. c) Jy_pc=52, Jy_pa=16, Jy_pb=3 Hz.

The '9F{'H} and TH NMR data of 1 and 2 are summarized in Table 1. The
19r{TH} NMR of 1 showed six multiplets with the same intensity. Chemical shifts
(F&, F©, Ff) and coupling constants (Jpa_pe=25, JFa_Ff=71, Jpe_pf=148 Hz) are
similar to those of tricarbonyl(n3—pentafluoroallyl)cobalt(I).3) The relatively
large coupling constant (Jpa_gpb=47 Hz) suggests the syn configuration of the
m-perfluoroallylic moiety as compared with the reported configuration of the

7)

hydrocarbon analogue. The resonances of diastereotopic -CE,H are separated

with a large coupling constant and the assignment was confirmed by TH non-
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decoupled measurement. The TH NMR of 1 exhibited resonances of -CF,H at 5.49
ppm coupled with the two geminal fluorines and one vicinal fluorine. The 19F{1H}
NMR of 2 showed four resonances with relative intensity 1:1:2:2 with chemical
shifts decreasing to the low field. Among them, two resonances with relative
intensity one have in common a large coupling constant (Jpa_gpb=132 Hz) which

is indicative of E-alkenyl group. The 31P{1H} NMR of 2 showed a triplet due to
PPhy ligand at 58.6 ppm (3JP_Fd=31 Hz) which indicates a trans configuration
about the cobalt atom as reported on RgCo(CO)3PPhy complexes.3'8) The IR
spectrum of 2 showed a very weak v(C=C) band at 1712 cm™! and three v(CO) bands
(2067(w), 2004(s), 1997(s) cm‘1) which are also consistent with a trans configu-
ration. (C3v symmetry, A1+E)3'8)

It is well known that the reaction of tetracarbonylhydridocobalt with
butadiene at low temperature, followed by the reaction with triphenylphosphine
to give an acyl complex, tricarbonyl(o-3-pentenoyl) (triphenylphosphine)cobalt(I)
via 1,4-addition and then CO insertion.g) In contrast, CO insertion did not
occur in the present reaction, i.e., O-perfluoroallylic complex 2 could be
isolated. This may be attributed to high stability of the metal-perfluorocarbon
bond compared with that of the hydrocarbon analogue. McBride et al. reported
that the addition of triphenylphosphine to tricarbonyl(n3-pentafluoroallyl)
cobalt(I) caused a fluorine migration and resulted in a rearrangement to tri-
carbonyl (o-pentafluoro-1-propenyl)cobalt(I); m-perfluoroallyl complexes having
a triphenylphosphine ligand could not be isolated.3) However, we confirmed that
2 was converted to the stable m-perfluorocallylic complex 1 by the loss of carbon
monoxide on heating. Complex 1 provides the first example of m-perfluoroallylic

complex having a phosphine ligand as well as demonstrates the first formation of

m-allylic complex starting from metal hydride with hexafluorobutadiene.

HCo(CO)s +  CXp=CX-CX=CXy

[ CXoHCX=CXCX2Co(CO)4]

X=F o
e GF,HCF=CFCF2C0(CO)3PPhg 6_8(;—8’ 1
PPhy 2

X=H

CH3CH=CHCH2%CO(CO)3PPh3
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