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Reaction of a new hydroesterification catalyst HZCosPys(CO)9 with
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2-vinylpyridine yielded an alkylcobalt complex ---Co-CHZG, which is
considered to be an intermediate complex in the hydroesterification
of 2-vinylpyridine. The 13C-NMR parameters of the o- and B-methylene
groups were §=60.0 ppm (JC_H=147 Hz) and 37.4 ppm (132 Hz), respec-
tively.

B

Cobalt carbonyl catalyzed hydroesterification of olefins with carbon monoxide
and an alcohol generally proceeds under milder conditions in the presence of pyri-
dine.l) For example, hydroesterification of 1l-decene proceeds under an extremely
mild condition (80°C and PCO=20 kg/cmz) when Coz(CO)8 and pyridine are added in a
molar ratio of 1:4 to the reaction mixture. A new type of cobalt carbonyl-pyridine
complex catalyst was isolated from the cooled reaction product. Elemental analysis
of the catalyst agreed with the chemical composition of HZCosPys(CO)9 (m.p. 41°C}.2
This compound is also obtainable by the direct reaction of COZ(CO)S with pyridine in
n-pentane under a mixed gas pressure of 20-50 kg/cm2 (CO/H2=1-19) at 100°C for a few
hours. Figure 1 is the IR spectrum of the catalyst, which shows the stretching vi-
brations of two kinds of carbonyl groups; i.e., 2010 and 1890 cm-l.

The present investigation is aimed at the 13C-NMR study of the intermediate
complex produced by the stoichiometric reaction of HZCOSPy5(C0)9 with 2-vinylpyridine
at room temperature. As a test olefin, was 2-vinylpyridine selected, since it easily
dissolves the solid catalyst, and also the reaction between them takes place readily
at room temperature.

All of the experimental steps were operated under argon. Freshly prepared
orange-yellow crystals of HZCOSPyS(CO)9 and freshly distilled 2-vinylpyridine were
mixed at a molar ratio of 1:1. The reddish brown solution thus obtained was subject-
ed to the 13C-NMR measurement using C6D6 as the internal standard (6§=128.0 ppm).s)

Figure 2 depicts the proton noise decoupled 13C-NMR spectra of 2-vinylpyridine
and of the reaction system (1:1) 2-viny1pyridine-H2C03Py5(CO)9. As compared with the
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spectrum of 2-vinylpyridine, two pronounced new

WavenumBer (cM™') peaks (peak number 7' and 8') appeared in a
2500 2000 1800 1600 higher magnetic field on the latter spectrum.
r I T T T | Simultaneously, three peaks due to "free" pyri-

dine (Pya, PyB and PyY) came out, which demon-
strates that some of the coordinated pyridine
molecules were released from the original
complex upon reaction with 2-vinylpyridine.
‘ Figure 2(b') shows a part of the non-spin de-
2010 coupled 13C-NMR spectrum of the system (1:1) 2-
1890 cm~t vinylpyridine-H,Co;Py(CO)4. It is clear that
both peak 7' and 8' in Fig. 2(b) split into
triplets as a result of the spin-spin coupling
between 13C and 1H nuclei. This fact suggests
Fig. 1. IR spectrum of a new that these two peaks are of methylene groups.
catalyst HZCosPyS(CO)g, where Therefore, we supposed that this newly obtained
Py is an abbreviation of CSHSN complex should possess a five-membered ring

(pyridine). structure: 1
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---Co-CH, 8'
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The C chemical shifts and C-"H coupling constants of the two methylene groups (7'
and 8') were 6=37.4 ppm (JC_H=132 Hz) and 60.0 ppm (147 Hz), respectively. The former
is typical one of the methylene group of ordinary a1kanes,4) while the latter must be
located at the a-position relative to the cobalt atom. Further, proton noise decoupl-
ed and non-spin decoupled 13C-NMR spectra were measured of the system 2-vinylpyridine-
DZCos(d5-Py)5(C0)9. As expected, those spectra were of the corresponding structure:

QL

N CHD

I
---Co-CH,,.

Thezfollowing two experimental facts prove that this is not an acyl- but alkyl-
cobalt complex; 1) the IR spectrum of the reaction mixture displayed no stretching
vibration of acyl group in the region of 1700-1800 cm'l. 2) The ester expected to be
derived from an acylcobalt complex was not detected upon treating the reaction mixture
with methanol in the absence of carbon monoxide.

All of the results obtained in this study ensured that a new '"stable'" alkylcobalt

QL.

2
complex with the structure ---Co-(IIH2 is obtained from the system 2-vinylpyridine-
H2C03Py5(CO)9 at room temperature. The above results are also consistent with the
results of the catalytic hydroesterification of 2-vinylpyridine, where methyl 3-(2-
pyridyl)propionate 1is ''selectively" produced.5 An analogous ''stable" five-membered

chelate ring complex of cobalt, o-bonded with carbon and coordinated by amine-nitro-
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Fig. 2. Proton noise decoupled 13C-NMR spectra of (a) 2-vinylpyridine
and (b) (1:1) Z-Vinylpyridine-HZCosPyS(CO)9. The spectrum of (b') is
the non-spin decoupled data of (b). The assignment of the new peaks

in (b) and (b') is as follows: 4
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6'@2\'
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---Co-CH, 8'

gen, has been reported.6) Furthermore, there are reports on the similar complexes

of other metals, represented as:

N
"/_? , 7)
---M (M = Cr, Mn, Fe, Pd and Pt).
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Table 1 summarizes the C chemical shift and 13C-1H coupling constant of each

carbon atom of the alkylcobalt complex obtained in this study.
Table 1. Carbon-13 chemical shift (§) and 130-1H coupling constant
4
5' 3!
6' Oz'
N ‘CHZ 7'

(JC_H) of an alkylcobalt complex with the structure ---Co-CH2 8'.

Number
of (ppm) Je_pg(H2)
carbon atom
2! 154.5 0
3! 123.4 162
4! 136.7 164
5! 122.1 165
6' 149.0 175
7' 37.4 132
8' 60.0 147
Acknowledgement

The authors are very grateful to Mr. K. Kushida, Nippon Electric Varian, for his
helpful discussions, and also to Dr. T. Mizoroki, Tokyo Institute of Technology, for
his useful comments to this work.

References

1) A. Matsuda and H. Uchida, Bull. Chem. Soc. Japan, 38, 710 (1965); A. Matsuda,
ibid., 40, 135 (1967); 41, 1876 (1968); 42, 571, 2596 (1969); 46, 524 (1973).

2) A. Matsuda, K. Bando, S. Shin, and Y. Horiguchi, Proceedings of the 4th Inter-
national Congress on High Pressure, Kyoto (1974), p. 725.

3) G. C. Levy and G. L. Nelson, "Carbon-13 Nuclear Magnetic Resonance for Organic
Chemists'", John Wiley § Sons, Inc., New York (1972).

4) J. B. Stothers, 'Carbon-13 NMR Spectroscopy", Academic Press, New York (1972).

5) This result will be reported elsewhere.

6) A. C. Cope and R. N. Gourley, J. Organometal. Chem., 8, 527 (1967).

7) F. Hein and D. Tille, Monatsber. Deut. Akad. Wiss. Berlin, 4, 414 (1962); M. I.

Bruce, B. L. Goodall, M. Z. Iqbal, F. G. A. Stone, R. J. Doedens, and R. G. Little,

Chem. Commun., 1971, 1595; M. M. Bagga, W. T. Flannigan, G. R. Knox, P. L. Pauson,
F. J. Preston, and R. I. Reed, J. Chem. Soc. (C), 1968, 36; A. Kasahara, Bull.

Chem. Soc. Japan, 41, 1272 (1968); A. C. Cope, J. M. Kliegman, and E. C. Friedrich,

J. Am. Chem. Soc., 89, 287 (1968); etc.

(Received November 16, 1976)



