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Summary: The meridional isomer of Cr(CO),(P-
(OMe),)Xn*-1,5-cyclooctadiene) can be made photolytically
and has been characterized spectroscopically and crys-
tallographically. The 1,5-COD ligand is readily displaced
by conjugated diene ligands as the binding preference of
the Cr(CO)4(P(OMe);) fragment is apparently the inverse
of Cr(CO),.

Neutral pseudooctahedral diene complexes of the group
6 metals, with a ML,(y*-diene) stoichiometry, are of in-
terest for their spectroscopy,! the exchange reactions of
the bidendate diene ligand, and their potential as inter-
mediates in the metal-mediated functionalization of di-
enes.? Work in several laboratories® has shown that, for
the M(CO)(diene) case, nonconjugated dienes bind more
strongly.* It is logical to expect that this preference, as
theoretically explained for the d® M(CO), fragment,’ is
applicable to a variety of L. and »-unsaturated ligands. But
in fact we discovered that nonconjugated dienes do not
displace the conjugated diene from Cr(CO);(P-
(OMe)3) (n*-1,3-diene)® (1,3-diene = butadiene, isoprene,
trans-piperylene) and trialkylborohydride reagents attack
the terminal carbons of the 1,3-diene complexes to give
n3-allyl complexes instead of the nonconjugated homoallylic
complexes.”? This preference of the Cr(CO);P{OMe),
fragment for conjugated n-unsaturated ligands is indeed
thermodynamic, as shown in the present study of the very
labile mer-Cr(CO);(P(OMe);)(n*-1,5-cyclooctadiene).

Photolysis of a pentane solution of Cr(CO)5(P(OMe),)
in the presence of a slight excess of 1,5-cyclooctadiene
gives, after recrystallization, Cr(CO);(P(OMe);)(n*-1,5-
Cg4H,,) as spectroscopically pure yellow crystals (eq 1).” Its
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Figure 1. ORTEP drawing of the structure of mer-Cr(CO)3(P-
(OMe);) (5*-1,5-cyclooctadiene) with thermal ellipsoids at 30%
probability levels. Selected bond lengths (A) and angles (deg):
Cr-P, 2.260 (2); Cr-C,, 1.813 (8); Cr-C,, 1.852 (8); Cr—Cs, 1.874
(9); C1—01, 1.172 (8); 02—02, 1.150 (8), C3_03, 1.149 (8); Cr—Cm,
2.341 (6); Cr-Cyy, 2.359 (6); Cr—-Cy, 2.295 (7); Cr-Cy5, 2.309 (7);
ClO—Clls 1.34 (1); C14—C15, 1.35 (1); Cl—Cr—Cg, 84.5 (3), CI—CI'—C3
83.7 (3); C,~Cr-C,, 165.5 (3); C,~Cr-P, 85.1 (2); C4—Cr-P, 87.9 (3).

small scale preparation and partial spectroscopic charac-
terization have been reported previously by Kreiter.®

Cr(CO)5(P(OMe)s) + 1,5-CgHy, —5";1—»

Cr(CO)3(P(OMe),) (1*-1,5-CgH;5)+ 2 CO (1)

The stereochemistry of the complex in solution is es-
tablished by IR studies, where three bands at 1980 (m),
1900 (s), and 1890 (ms) cm™ in the »(CO) stretching region
support a localized C,, structure for the three carbonyls.
This is also supported by the 'H COSY spectrum of Cr-
(CO)3(P(OMe);) (n*-1,5-CqH;,) (see supplementary mate-
rial). The mer structure persists in the solid state, as
shown by a single-crystal X-ray diffraction study.® A
drawing of the molecule with a listing of important bond
lengths and angles is provided in Figure 1. The statis-
tically greater bond lengths to the olefinic carbons trans
to the CO reflect its strong trans influence when compared
to P(OMe); and suggest that that Cr—olefin bond is par-
ticularly labile. A similar variation has been found for
Cr(C0O);(PPh;,)(norbornadiene).?

Trimethyl phosphite reacts stereospecifically with the
COD complex to give mer-Cr(CO);(P(OMe),);,!! just as
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Figure 2. Plot of the pseudo-first-order rate versus isoprene
concentration in the presence and absence of added THF. The
calculated lines are, in the absence of THF, kg4 = {119 (7)-
[isoprene] + 5 (4)} X 107 s7! and, in the presence of THF, kg4
= {16 (6)[isoprene] + 115 (7)} X 107¢ s7L,

fac-Cr(CO)5(P(OMe)s) (n*-2-methyl-1,3-butadiene) reacts
to give fac-Cr(CO),(P{OMe);)s.'2 The COD ligand is also
readily displaced by conjugated dienes such as isoprene,
trans-piperylene, and even 1,3-cyclohexadiene and trans-
1,3,5-hexatriene to give, in solution, the corresponding
fac-Cr(CO)4(P(OMe);)(1,3-diene) complexes (eq 2). De-
tailed studies of the dependence of the rate of this reaction
onaligand concentration are given, for isoprene, in Figure
2'1

Cr(CO)4(P(OMe)3)(n*-1,5-CgH;,) + 1,3-diene e

66

Cr(CO)3(P(OMe)s)(n*-1,3-diene) + 1,5-CsH;, (2)

In the absence of THF, the rate is linearly dependent
on the concentration of the isoprene, and, within experi-
mental error, the calculated line passes through the origin.
A small amount of THF renders the reaction rate essen-
tially independent of the isoprene concentration. The rate
profile in the presence of THF is clearly not a superpo-
sition of a “THF-assisted” and a “THF-independent” rate
and strongly suggests that the mechanistic pathway in the
presence of just isoprene is shut down when THF is
present.

The mechanistic proposal outlined in Scheme I is con-
sistent with these results and has as a central feature a
reactive intermediate (most plausibly an #%-1,5-COD com-
plex) that can react either in a slow step with isoprene or
in a fast step with THF. The present results do not permit
an elucidation of the rest of the THF-assisted path, except
that the incoming diene may not be involved in the slow
step. This scheme is generally consistent with related
studies of n*-ligand substitution with M(CO),(diene) (M
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were conducted for at least 2 half-lives.
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Scheme I. Mechanistic Scheme for the Diene Exchange
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= Cr, Mo, W),3!* Fe(CO)4(diene) or Fe(CO)s(enone),'® and
Co(n*>-C;H,X)(1,5-COD).}¢ Note that the formation of a
fac isomer of the product isoprene complex is in fact
uninformative of the mechanism: these molecules are
known to be very labile with respect to intramolecular
rearrangements.!

The inversion of diene binding preference in going from
the tetracarbonyl to the tricarbonylphosphite complex is
surprising, but it is not in fact in conflict with theory. The
study of the tetracarbonyl system by Elian and Hoffmann®
includes a discussion of the fact that a high-energy pair
of electrons is required if a conjugated diene, with its
relatively low-lying LUMO, is to bind better than a non-
conjugated diene or two isolated olefins, which would be
better at o-donation. Apparently the phosphite adds
enough electron density to the metal to stabilize a better
w-acceptor ligand. The presence of the meridional isomer
is also explicable theoretically. An extended Hiuckel cal-
culation on the model complex Cr(CO);(P(OH)3)(C,Hy),
shows that the mer isomer is favored by some 22 kcal/mol
over the fac isomer, in large part because of increased
bonding between the chromium and the phosphorus.
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