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very large trans effect of a bent "NO group was re-
ported® for the saturated cobalt(III) complex, [Co-
Cl(en).NOJ*+ClO4 (7). Many bent NO complexes
lack a ligand trans to that group.

Organic chemistry has many examples of isolable
structurally distinct valence-bond isomers, but organo-
transition metal chemistry exhibits very few instances
in which two such hybridization isomers can be de-
tected.? On the other hand, fluxional isomerism® is
very common among transition metal compounds. The
fact that such inorganic hybridization or fluxional iso-
mers are not isolable is probably due to low intervening
energy barriers. Qualitatively, such energy barriers
are explained by orbital correlation arguments.! Such
high energy barriers rarely arise between systems having
low-lying excited states such as those derived from
incompletely filled d shells.!? In the present case,
distinct hybridization isomers accidentally having nearly
the same free energies are apparently in rapid equilib-
rium, although thus far we have not been able to assess
the interconversion rates. An X-ray diffraction study
in progress is required to establish unequivocally our
hypothesis regarding these equilibrating nitrosyl com-
plexes.
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Carbon Monoxide and Methyl

Isocyanide Complexes of
Methylatobis(dimethylglyoximato)cobalt(III)
Sir:

Despite considerable interest in the reaction of CO
with vitamin By,,,! bis(dimethylglyoximato)cobalt(11l),?
and other planar tetradentate cobalt(III) complexes,?
no simple CO adducts of these species have been ob-
served. However, a CO adduct of cobaloxime (I)
has been reported.* Attempts to form CO or CH;NC
complexes of methylcobinamide have met with no suc-
cess.b
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The absence of a CO complex in this case has been sug-
gested® as evidence for a lack of significant = bonding
from cobalt to the axial ligand in these systems. By
contrast, the ligand-exchange results for methylatobis(di-
methylglyoximato)cobalt(III) (methylcobaloxime) com-
plexes, CH;Co(DH),B, indicate that = bonding is an
important factor in the binding of ligands with -
acceptor character.® We report here the formation
and some properties of the CO and CH;NC complexes
of methylcobaloxime in methylene chloride solution.

The dimeric association® of CH;Co(DH), is readily
disrupted by addition of CH;NC to form a stable
six-coordinate cobalt(III) species, which has been char-
acterized by isolation and elemental analysis and by
its pmr spectrum (Table I). When dried CO is bubbled

Table I. Chemical Shifts as a Function of Temperature for
Several Methylcobaloximes, CH;Co(DH).L

Chemical shift, 7

——,

Temp, Coord
Ligand °C? Co-CH; DH-CH; O-H-O ligand
None +41 9.42 7.87 ¢
(dimer) -70 9.43 8.13 —3.46
7.88 -9.13
7.69
7.67
CH;CN¢ +40 9.30 7.86 —8.42 7.99
-52 9.33 7.80 —8.59 7.95
CH;-NC +41 9.08 7.83 —8.28 6.65
—60 9.14 7.81 —8.50 6.64
CcO +41 8.57e 7.87/ c
9.39¢0  7.87/
—60 8.55 7.79 —8.13
9.43¢ 8.13¢ —3.46¢
7.89¢ —-9.10¢
7.68¢

@ Spectra recorded at 60 MHz in dichloromethane and referenced
to TMS as an internal standard. °®Temperature measurements
were made using a methanol standard and checked against an iron-
constantan thermocouple. °Resonance too broad to measure or
unobserved. ¢ Values taken from ref 8. ¢Resonance shows ex-
change broadening. 7 Single sharp resonance attributable to two
species in equilibrium and undergoing fast exchange. ¢ Resonance
assigned to ligand-free [CH3;Co(CH)J.

through a CH,Cl; solution of [CH;Co(DH):]: an ap-
preciable concentration of the six-coordinate CO com-
plex is formed, as observed in the low-temperature
pmr spectrum (Figure 1). The existence of a mobile
equilibrium

[CH;Co(DH),}; 4 2CO == 2CH;Co(DH);CO

is evidenced by varying the CO pressure above solu-
tions of the dimer in sealed nmr tubes. The resonances
ascribed to the CO complex (Table I) increase in in-
tensity with CO pressure in the expected manner.
Purging of the solutions with N, or Ar causes disap-
pearance of the absorptions due to the CO complex
and reappearance of the nmr spectrum of the pure
dimer solution.” Addition of water to a CO-contain-
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ing solution results in formation of the pure aquo com-
plex, CH;Co(DH),-H,O. The incompleteness of equi-
librium with respect to formation of the CO complex
is suggestive of the results obtained with diphenyl
sulfoxide,?® in which case the equilibrium is also incom-
plete.

A single, sharp intense absorption centered at 2115
cm~! appears in the infrared spectrum of CH;Co-
(DH).CO in CH,Cl, solution.® The fact that this fre-
quency is substantially below that for free CO (and,
incidentally, lower than the CO stretching frequencies
for cationic platinum complexes of CO)Y suggests
that the Co-CO bond contains a substantial w-bond
component.!! Molecular orbital calculations of metal-
CO interactions indicate that the o interactions alone
should result in an increase in the CO bond stretching
force constant.!? This, added to the increase in CO
stretching frequency expected simply from coupling
with the M-C bond stretch, would require an increase
in CO stretching frequency upon adduct formation.
Lowering of the CO stretching frequency with respect
to free CO is thus indicative of an important contri-
bution to the bonding from the w-acceptor character
of CO. The C=N stretching mode in the isocyanide
complex in CH,Cl; solution occurs at 2231 cm~! as com-
pared with 2169 cm~! for the free ligand.

Although it was not possible to carry out quantita-
tive exchange studies, pmr spectra exemplified by those
depicted in Figure 1 provide information on the lability
of the CO complex toward exchange, presumably by a
dissociative pathway, as observed for other CH;Co-
(DH);B species.®® The lines due to the dimethyl-
glyoximato methyl groups of the dimer collapse to a
broad singlet at a temperature (+22°) at which there
is still no appreciable broadening of the single dimethyl-
glyoximato methyl resonance due to the CO adduct
(Figure 1A). At 41° these methyl resonances, which
differ at 220 MHz by only 14.0 Hz, have coalesced
to a singlet. The two axial methyl resonances are,
however, still distinguishable, although the onset of ex-
change is evident in the broadening.

Further insight into the nature of the cobalt-ligand
interaction can be obtained from the comparative chem-
ical shifts of the axial methyl groups in the series of
complexes listed in Table I. In contrast to the chemical
shifts of the methyl groups in the dimethylglyoximato
ligands, the axial methyl chemical shift is sensitive to
the nature of the trans ligand. As a general rule it
appears about 0.4 ppm to lower field for “soft”’donor
groups such as S or P, as compared with O or N, The
three ligands listed in Table I are alike in that they all
involve a triple bond in the same geometrical relation-
ship to the axial methyl group. The great variance
in the methyl chemical shifts cannot therefore be as-
cribed to magnetic anisotropy effects arising in the
ligand itself. Neither is the ordering of chemical shifts
CH;CN > CH;NC > CO in the order of stability of
several minutes. The ir bands are probably due to formation of a small
amount of a cobalt—carbonyl compound, as yet unidentified. There is
no evidence for CO insertion into the Co—~CHjs bond.
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Figure 1. Pmr spectra (220 MHz) of some methylcobaloximes at
various temperatures in dichloromethane referenced to TMS as an
internal standard: (A) CH;Co(DH),CO at +22° (B) CH;Co-
(DH),CO at —17°,(C) CH;Co(DH). at —17°.

the adducts, CH;NC > CO = CH;CN. The shift
to lower field is, however, in the order of expected
w-acceptor character of the ligands, CO > CH;NC >
CH,;CN. The CO complex appears to exchange at
rates roughly comparable to those for the diphenyl
sulfoxide or acetonitrile complexes, as deduced from
the pmr spectra at various temperatures. The CH;NC
adduct, on the other hand, shows no evidence of ex-
change with excess ligand at the highest temperature
examined, 41°.

Aside from the inherent interest in the formation
of a CO adduct with cobalt formally in the (III) state,
the present results are of interest because of their
possible relevance to the chemistry of Bj, coenzyme
and related compounds.!® It has been established
that the reactivity of the Co-alky! bond in alkylcobin-
amides is strongly dependent on the nature of the trans
ligand.!* The possibility of CO adduct formation with
methylcobalamin and the chemical properties of the
prospective species are under investigation.
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