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MATRIX ISOLATION AND CHEMICAL
REACTIVITY STUDIES
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A reactive (i-ProINP)oFes(CO)g intermediate, which is generated by
heating (i-ProeNP)sCOFes(CO)g in boiling toluene, adds to a variety of
multiple bonds including the C=0 bonds of aldehydes, ketones, maleic
anhydride, and phthalic anhydride; the C=N bonds of saturated ni-
triles; and the C=C bond of acrylonitrile. Photolysis at <380 nm of
(i-ProNP)3COFes(CO)g in a Nujol matrix at 90 K also results in extru-
sion of the phosphorus-bridging CO group to give a pattern of infrared
metal v(CO) frequencies suggestive of an intermediate of Dgy, symmetry.

Keywords: Iron carbonyls; matrix photochemistry; phosphorus-
bridging carbonyls

Heating the phosphorus-bridging carbonyl derivative! (i-ProNP)y
COFez(CO)g (I) with a variety of unsaturated organic molecules at
80-100°C has been shown to result in apparent extrusion of the
phosphorus-bridging carbonyl group followed by addition of the re-
sulting (i-PraNP)oFea(CO)g unit across a multiple bond of the unsat-
urated organic compound (Figure 1).2 The nature of the products in all
of these thermal reactions of I suggested the intermediacy of a tetra-
hedrane (i-PraNP)2Feo(CO)g. In an attempt to isolate such a tetrahe-
drane, solutions of Iin inert organic solvents (e.g., toluene) were heated
to the reaction temperatures (e.g., 80—100°C) in the absence of a sub-
strate. However, no evidence was obtained for formation of an isolable
(i-ProNP)oFes(CO)g under such conditions. No tractable intermediates
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FIGURE 1 Formation and chemical reactivity of (i-ProNP)sFeo(CO)g (I) to-
ward unsaturated compounds.

could be isolated at temperatures and reaction times where decompo-
sition of I was first observed. Furthermore, photolysis of I under am-
bient conditions in an inert solvent failed to provide any evidence of
an isolable tetrahedrane (i-ProNP)oFeo(CO)g. A related stable tetra-
hedrane, (¢.-BuP)s:Fes(CO)g, has been isolated and characterized by
Vahrenkamp and coworkers.?

In an attempt to obtain some insight into the mechanisms of the
reactions of I, a matrix isolation study was performed involving low-
temperature photolysis of I in a Nujol medium using well-established
techniques.* We present a preliminary report of the unexpected results
of these studies.
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Extrusion of Phosphorus-Bridging Carbonyl 1569
RESULTS AND DISCUSSION

The electronic spectrum of I consists of a band at 422 nm (¢ ~
1000 M'cm™!) and a second more intense band at 340 nm (¢ ~
10,000 M~! em™1). A third strong band is observed with a spectral max-
imum below the instrument cutoff at 250 nm. By analogy with the very
similar electronic spectra of the (RS)2Fes(CO)g derivatives, the lowest
energy band is assigned toad — o* MLCT transition. The more intense
band at 340 nm is tentatively assigned to a d — 7* MLCT transition.

Infrared (IR) bands of I in Nujol at 90 K in the v(CO) region are
found at 2058 (m), 2014 (s), 1992 (m), 1970 (m), 1958 (w), and 1718 (m).
The lowest energy band, at 1718 cm™!, corresponds to the phosphorus-
bridging carbonyl group. Photolysis of I (Air > 330 nm) was found to
have no detectable effect on the spectrum of the compound. Contin-
ued photolysis (220 nm < Ay < 420 nm) resulted in bleaching of the
bands of I and appearance of new bands at 2130, 2002 (w), 1964 (s),
and 1936 (m) cm~! (Figure 2). The band at 2130 cm~! is characteris-
tic of a “free” CO in frozen Nujol. The disappearance of bands in the
phosphorus-bridging carbonyl region suggests that the CO that is lost
upon photolysis arises from extrusion of the phosphorus-bridging CO.
Back photolysis at long wavelengths (A;, > 400 nm) and annealing of
the photolyzed samples resulted in complex new spectra that could not
be meaningfully interpreted.

The simple three-band spectrum of the photoproduct requires this
product to have high symmetry. Loss of the phosphorus-bridging CO
removes the structural constraint holding I in a tetrahedrane unit and
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FIGURE 2 Changesintheinfrared spectrum of I upon photolysis at 220 nm <
Airr < 420 nm.
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may allow the photointermediate to relax into a planar configuration
with Dyj, symmetry. Vibrational analysis predicts two vibrational bands
for this symmetry. The weak band at 2002 cm~! may arise from a slight
bowing of the molecule from planarity owing to the i-ProNP bridging
units. The proposed structure of the photointermediate is closely related
to the stable compound (2,6-t-Bug-4-MeCgHoOP)oFeo(CO)g (IT) isolated
by Power and coworkers.?

REFERENCES

[1] R.B.King, F. J. Wu, and E. M. Holt, J. Am. Chem. Soc., 109, 7764 (1987).

[2] Y. W. Li, M. G. Newton, and R. B. King, Inorg. Chem., 32, 5720 (1993).

[38] R.L.De,D. Wolters, and H. Vahrenkamp, Z. Naturforsch., 41b, 283 (1986).

[4] A. d. Rest, J. Mol. Struct., 222, 87 (1980).

[6] K. M. Flynn, R. A. Bartlett, M. M. Olmstead, and P. P. Power, Organometallics, 5,

813 (1986).



