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The Mo(0) and Mo(VI) complexes of tris(2-pyridyl-
methyl)amine (tpa), Mo(CO)3(tpa) and Mo(O)3(tpa)*H20,
were synthesized. Structural analyses revealed tridentate
coordination of tpa in both compounds. The fluxional behavior
of both species was investigated by variable-temperature 153
NMR spectroscopy.

Tris(2-pyridylmethyl)amine (tpa) and its derivatives have
been widely used as a tripodal tetradentate ligand to design a
variety of metalloenzyme model and related complexes.1-3 In
these complexes, tpa acts almost exclusively as a tetradentate
ligand.1-3 Recently, a series of Re(V or VII) compounds
containing tridentate tpa were reported.4 Complexes containing
tridentate tpa are of special interest from kinetic point of view
since chemical exchange between the coordinated and free
pyridyl rings is anticipated. However, such exchange behavior
was not observed in tridentate rhenium(V or VII) complexes
such as [Re(0)3(tpa)]* and [Re(O)(OCH2CH20)(tpa)]t up to
room temperature. We report here on the first molybdenum
complexes of tpa with two extreme oxidation states,
Mo9(CO)3(tpa) (1) and Mo Y1(0)3(tpa)sH20 (2) in which tpa
acts as a tridentate ligand with the free pyridyl arm undergoing
rapid exchange with the coordinated pyridyl rings at room
temperature.

Compound 1 was prepared in about 50% yield by heating a

mixture of Mo(CO)g and tpa in ethanol under reflux in argon.
Elemental analysis of the resulting red-orange crystalline
product gave the formulation of Mo(CO)3(tpa) (1).5 1 is stable
as crystalline solid. In CH3CN, it was oxidized in air to produce
the Mo(VI) complex Mo(O)3(tpa)H2 O (2) almost
quantitatively.> The UV-vis spectrum initially showed two d-m*
transitions at 420 (1204 M-lem-1) and 340 nm (1420 M’lcm'l)
at room temperature, which disappeared within 2 h, indicating
that the air oxidation is rapid. Both compounds have been
characterized by X-ray crystallography.6 Compound 1 contains
two independent Mo(CO)3(tpa) molecules one of which is
shown in Figure 1. The Mo(0) atom has a distorted octahedral
coordination geometry with two faces being occupied by three
carbonyl ligands and three nitrogen atoms from the amine and
two pyridyl rings. The third pyridylmethyl arm is clearly
uncoordinated. The fact that tpa appears as a tridentate rather
than tetradentate ligand may be explained as follows: (1) the CO
stretching frequencies were observed at 1900 and 1759
cm-!, similar to those of Mo(CO)3(1,4,7-triisopropyl-1,4,7-
triazacyclononane) (1872, 1741, 1720 cm~ 1),7a but much lower
than those of Mo(CO)g (2115, 1893 cm™1),7b indicating poor 7t-
acceptor capability of tpa. The tetradentate Mo(CO)2(tpa) is
thus believed to be thermodynamically unstable if formed; (2)
the Mo-CO bonds in 1 (av. 1.932(8) A) are remarkably shorter
than in Mo(CO)g (2.06(2) A), leading to difficulty in further
substitution of the carbonyl groups. The structure of 2 (Figure
2) shows tridentate coordination of tpa bearing an
uncoordinated pyridyl arm. Strong repulsion between the

terminal oxo groups leads to more distorted octahedral
coordination geometry around the Mo(VI) center than the
Mo(0) center (O-Mo-O, av. 106.6(2)° in 2 vs 87.0(2)° (C-Mo-C)
in 1, N-Mo-N, 72.3(3)° in 2 vs. 76.0(2) in 1). The Mo-N
distances are longer by ca. 0.06 A than in 1 despite of the
stronger trans influence of the terminal oxo groups. The
structural features are similar to those of oxorhenium(VII)
complex, [Re(0)3(tpa)]+.4

Chemical exchange between the coordinated and free
pyridy! rings in 1 was examined in non-donor solvent CD2Cl.

Figure 1. ORTEP drawing of Mo(CO)3(tpa) (1) with 30%
probability ellipsoid. Selected bond lengths (A) and angles
(deg): Mol-N1, 2.333(5); Mol-N2, 2.253(5); Mol-N3,
2.255(5); Mol-C1, 1.915(8); Mol-C2, 1.930(7); Mol-C3,
1.950(7); N1-Mo1-N2, 75.1(2); N1-Mo1-N3, 75.6(2); N2-Mol-
N3, 77.5(2); C1-Mol1-C2, 85.7(3); C1-Mo1-C3, 86.2(3); C2-
Mo1-C3, 88.2(3).

Figure 2. ORTEP drawing of Mo(O)3(tpa) (2) with 30%
probability ellipsoid. Selected bond lengths (A) and angles
(deg): Mo-N1, 2.397(4); Mo-N2, 2.320(4); Mo-N3, 2.302(4);
Mo-01, 1.726(3); Mo-02, 1.735(3); Mo-03, 1.748(3); N1-Mo-
N2, 71.6(1); N1-Mo-N3, 72.0(1); N2-Mo-N3, 72.9(1); O1-Mo-
02, 106.5(2); 01-Mo-03, 106.8(2); 02-Mo-03, 106.4(3).
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The temperature-dependent NMR spectra of 1 is illustrated in
Figure 3. At low temperature (-90 °C), the exchange is slow and
the proton signals from coordinated and free pyridyl rings are
well separated. Two sets of doublet centered at 8.86 ppm and
8.75 ppm in the intensity ratio of 2:1 are attributed to the ortho-
protons on the coordinated and free pyridyl groups,
respectively. Two sets of triplets centered at 7.82 and 7.45 ppm
are assigned to the para-protons from the free and coordinated
pyridyl rings, respectively, the latter being overlapped with the
meta-proton signals from the free pyridyl arm. The methylene
protons from the free pyridyl arm resonate at 4.92(s) ppm and
those from the coordinated ones at 4.73(d) and 3.99(d) ppm in
the intensity ratio of 1:1:1. As the temperature is raised to -40
°C, the ortho-proton signals merge into a singlet. At room
temperature (25 °C), one can see a quite sharp doublet for the
ortho-protons (8.15 ppm), a triplet for the para-protons (7.56
ppm) centered at the weighted frequencies, respectively. The
exchange rate constant (k) were estimated at -40, -35, -29, and
-20i°C as 66, 113, 220, and 5%2 s-1, respectively, which give
AH' = 50(£5) kI mol-! and AS" = 8(32) J mol-1K-1. The value
of AH is considerably smaller than that in Mo(CO)3(N,N"™-
dimethyl-2,11-diaza[3,3}(2,6)pyridinophane) for which the
exchange behavior is claimed to be dominated by the breakage
of the Mo-N (tertiary amine) bond.8

Similar chemical exchange was observed for 2 in CD30D.
At -55 °C, the ortho-proton signals from the coordinated and
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Figure 3. 270 MHz temperature-dependent 1H NMR spectra of
1in CD2CI3.
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free pyridyl rings appear at 8.87(d) and 8.75(d) ppm,
respectively, that are close to those of 1. The signals merge into
a broad singlet at ca. 5 C with the rate constant k = 72 s~ 1,
indicating that the exchange is much smaller than in 1 which
shows a quite sharp doubletat 5 °C in CD3O0D. It is interesting
to note that the Mo-N bonds are longer but the exchange rate is
slower for 2. Also Mo(0) has a typical substitution inert
electronic configuration (low spin d6), while Mo(VI) has labile
dO one. Generally, higher oxidation states tend to show smaller
substitution rate constant at a given electronic configuration.
Significant difference in the oxidation states of 1 and 2
overwhelms other factors in determining the exchange rate.
Slower exchange of [Re(O)3(tpa)]* is consistent with this view.
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