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Summary: The reaction of {[2,6-(i-Pr)2PhNdC(Me)]2-
(C5H3N)}MnCl2 with MeLi or Me3SiCH2Li afforded
reduction toward rare examples of non-cyclopentadienyl
and non-carbonyl Mn(I) and Mn(0) alkyl derivatives.

In the past few years, efforts to develop alternatives
to group IV metallocene single-site olefin polymerization
catalysts have resulted in major breakthroughs. In par-
ticular, the employment of the sterically hindered [2,6-
(i-Pr)2PhNdC(Me)]2(C5H3N) ligand system, pioneered
by the groups of Gibson,1 Brookhart,2 and Bennett,3 has
enabled the preparation of an unprecedented family of
potent catalysts based on late transition metals. Theo-
retical work has suggested that the tremendous success
of the Fe(II) and Co(II) catalysts4,5 relies chiefly on the
complex electronic configuration capable of maintaining
a low-energy ethylene insertion barrier while providing
a relatively high activation energy for the â-H transfer
and â-H elimination termination steps.6

Our investigation on the trivalent vanadium complex
of this particular ligand7 has outlined a surprising
involvement of the ligand in the catalytic performance
of the alkylating agents. This unusual reactivity pattern
provides both activation of the vanadium metal via
alkylation on the pyridine ring and at the same time a
two-electron reduction pathway toward rare monovalent
vanadium alkyls.

To expand our understanding of the unique behavior
of this important ligand system, we have now investi-

gated the behavior of the Mn derivative. Given the high
activity of the V and Fe derivatives, a Mn(II) diimino-
pyridinate complex may also be expected to be another
potent catalyst. However, we anticipated some uncer-
tainties regarding how the high-spin d5 electronic con-
figuration of Mn(II) might affect the stability of the
Mn-C bond and the other critical steps of the catalytic
cycle. It is worth noting that divalent Mn alkyl com-
plexes are stable species, and a substantial number of
homoleptic derivatives have been reported in the lit-
erature.8 Herein we describe our findings.

The reaction of MnCl2(THF)2 with [2,6-(i-Pr)2PhNd
C(Me)]2(C5H3N) in toluene is a straightforward com-
plexation reaction affording {2,6-bis[2,6-(i-Pr)2PhNd
C(Me)]2(C5H3 N)}MnCl2 (1), which was crystallized from
methylene chloride.9 The coordination geometry of
manganese10 is identical to that of the Fe and Co
“supercatalysts”4,5 with the same distorted square py-
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ramidal arrangement and with the coordination geom-
etry defined by two chlorine atoms and the three
nitrogen donor atoms of the tridentate ligand (Figure
1).

Complex 1 shares with the Fe(II) and Co(II) bis-
(imino)pyridine analogues the same geometry and the
high-spin electronic configuration. Thus, it is at least
surprising that 1 does not exhibit ethylene polymeriza-
tion activity upon activation with methylalumoxane
(Mn:Al 1:1000) or other cocatalysts and under standard
reaction conditions (1 atm of ethylene at room temper-
ature). The high-spin d5 electronic configuration (µeff )
5.74 µBM) of manganese is obviously responsible for the
lack of activity by either preventing alkylation of the
manganese center by the Al or, more likely, causing
instability of the Mn-alkyl function. In an attempt to
probe this second possibility, complex 1 was treated in
separate experiments with MeLi with different stoichio-
metric ratios. The reaction with 2 equiv of MeLi afforded
the monovalent {2,6-bis[2,6-(i-Pr)2PhNdC(Me)]2(C5H3N)}-
MnCH3 (2) derivative (Figure 2).9 The complex was
obtained in reasonable yield and displays the same d6

high-spin electronic configuration observed for the Fe(II)
complex. The same reaction with 4 equiv of MeLi
afforded instead a quantitative deposition of a very
bright mirror of metallic manganese.

Complex 2 has a distorted square planar geometry10

with the central Mn atom surrounded by three coordi-
nating nitrogen atoms from the bis(imino)pyridine
ligand and one methyl group (Figure 2) and with the
methyl group substantially deviating from the plane
defined by the metal and the three ligand donor atoms.

The reduction of the metal center is not particularly
surprising given that Mn(II) complexes are used as

radical initiators for radical polymerization processes.11

Thus, it is tempting to propose a methyl radical elimi-
nation mechanism for reducing the manganese metal
center to the +1 state. However, a very similar reaction
conducted with Me3SiCH2Li afforded instead the zero-
valent [{[2,6-(i-Pr)2PhNdC(Me)]2(C5H3N)}Mn(CH2SiMe3)]-
[Li(OEt2)4] (3).9 This species displays a magnetic mo-
ment consistent with the presence of three unpaired
electrons on a tetracoordinated high-spin d7 zerovalent
manganese [µeff ) 3.91 µB]. The coordination geometry
is remarkably similar to 2 (Figure 3)10 and, besides the
presence of the Me3SiCH2 group replacing the methyl
and of a Li(ether)4 cation in the lattice, is the same
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Figure 1. Thermal ellipsoid plot of 1. Relevant bond
distances and angles: Mn-Cl(1) ) 2.350(3) Å, Mn-Cl(2)
) 2.313(2) Å, Mn-N(1) ) 2.333(5) Å, Mn-N(3) ) 2.318(5)
Å, Mn-N(2) ) 2.201(5) Å, Cl(1)-Mn-Cl(2) ) 119.68(9)°,
Cl(1)-Mn-N(1) ) 103.25(17)°, Cl(1)-Mn-N(2) ) 98.93(17)°,
Cl(1)-Mn-N(3))101.71(16)°,Cl(2)-Mn-N(2))141.36(18)°,
N(1)-Mn-N(3) ) 135.4(2)°, N(1)-Mn-N(2) ) 69.71(19)°.

Figure 2. Thermal ellipsoid plot of 2. Relevant bond
distances and angles: Mn-C(34) ) 2.086(7) Å, Mn-N(1)
) 2.175(3) Å, Mn-N(2) ) 2.039 Å, Mn-N(3) ) 2.160(3) Å,
C(34)-Mn-N(1) ) 104.8(2)°, C(34)-Mn-N(2) ) 163.3(3)°,
C(34)-Mn-N(3) ) 110.6(2), N(1)-Mn-N(3) ) 143.09(13)°,
N(1)-Mn-N(2) ) 74.18(12)°, N(2)-Mn-N(3) ) 74.96(12)°.

Figure 3. Thermal ellipsoid plot of 3. Relevant bond
distances and angles: Mn-C(34) ) 2.147(6) Å, Mn(N(1) )
2.138(4) Å, Mn-N(2) ) 2.185(4) Å, Mn-N(3) ) 2.160(4)
Å, C(34)-Mn-N(1) ) 109.6(2)°, C(34-Mn-N(2) ) 151.5(2)°,
C(34)-Mn-N(3) ) 109.0(2)°, N(1)-Mn-N(3) ) 141.86(17)°,
N(1)-Mn-N(2) ) 72.94(17)°, N(2)-Mn-N(3) ) 73.08(17)°.
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distorted square planar. The Mn atom is coplanar with
the three nitrogen donor atoms and has the alkyl group
significantly deviating from planarity. The Mn-C bond
distance is longer than in 2, as could be expected given
the difference in oxidation state.

The transformation of 1 to 3 is a two-electron process
and can hardly be explained in terms of Mn-C bond
homolytic cleavage given the fact that one alkyl residue
remains attached to the metal. The reaction can be more
easily rationalized in terms of the same mechanism
responsible for the previously reported reduction of the
trivalent vanadium derivative, and that implies alky-
lation/dealkylation of the pyridine ring.7 However, this
obviously does not apply to 2, whose formation is only
a one-electron process. In any event, the fact that
reduction was independently observed with both vana-
dium and manganese strongly suggests that perhaps a
similar reduction may occur also in the case of Fe and
Co derivatives where, however, the low-valent alkyl are

not necessarily catalytically inactive.12 Should this point
be confirmed, it will open new interesting perspectives
for further research.
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