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The recently reported structural results on copper(I) and
ruthenium(II) complexes of azo anion radicals1,2 have shown that
such generally interesting intermediates can be well stabilized
for detailed characterization through metal coordination. The N-N
bond lengths established in those systems lie right between the
values of an azo double bond (NdN) and those of typical N-N
single bonds, thus confirming the occupation of an antibonding
π* orbital by a singleelectron.1,2

A related3 π acceptor function is the 1,2,4,5-tetrazine (tz) ring
which formally contains two azo groups as part of an “aromatic”
ring system. 1,2,4,5-Tetrazines are known to bind metal complex
fragments in the aromatic3,4 and semireduced states4,5 and form
structurally characterized 2e-reduced 1,4-dihydro species (H2tz).6

Using the established capacity of bis(triorganophosphane)copper-
(I) species to stabilize azo-containing radical anions,1 we now
describe the first structural characterization of a semireduced tz
derivative, the radical anion of 3,6-bis(2-pyridyl)-1,2,4,5-tetrazine
(bptz) in metal-coordinated form, and compare the structural data
with those of the free ligand7 and of the 1,4-dihydro species (H2-
bptz).6c

The stable compound [(Ph3P)2Cu(η4,µ-bptz)Cu(PPh3)2](BF4) (1)
is obtained most easily via a stoichiometrically controlled self-
assembly comproportionation process (eq 1).8a Depending on the
moisture content of the reaction mixture as introduced by the
copper(II) salt, some H2bptz is formed as side product.

The structure of1 could be obtained from X-ray crystallography
(Figure 1).9

As previously recognized,3-5 the bptz system acts as an
essentially planar bis-bidentate ligand (5.8° angles between best
pyridine and tetrazine planes), bridging two metal centers at a
distance of 6.743 Å. The five-membered chelate rings adopt a
slight envelope conformation with a 169.4° dihedral angle between
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3Cu+ Cu(BF4)2 + 2bptz+ 8PPh3 f

2[(Ph3P)2Cu(bptz)Cu(PPh3)2](BF4) (1)

Figure 1. Molecular structure of the cation of1 in the crystal. Selected
bond lengths (Å): Cu-N1 2.084(4), Cu-N2 2.032(3), Cu-P1 2.2097-
(12), Cu-P2 2.2873(12), N2-N3 1.394(5), N2-C6 1.338(5), N3-C6
1.320(5), N1-C5 1.355(6), N1-C1 1.337(6). Selected angles (deg): N1-
Cu-N2 79.54(14), P1-Cu-P2 119.80(5), N1-Cu-P1 120.90(11), N1-
Cu-P2 105.44(11), N2-Cu-P1 124.64(11), N2-Cu-P2 98.20(11).
Atoms A in 1- x, 2 - y, 1 - z; percentage of probability for the thermal
ellipsoids: 50.
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the Cu/N1/N2 and N1/C5/C6/N2 planes. The coordination
environment around the two copper(I) centers is not uncommon:
There are two distinctly different bond lengths at 2.2097(12) Å
(“equatorial” P1) and 2.2873(12) Å (“axial” P2) from the metal
to the phosphorus atoms which confirm the frequently observed
tendency away from a tetrahedral and toward a trigonal planar
configuration.10 The variation of N-Cu-P angles between 98°
and 121° further reflects this distortion as does the sum∑ )
648.52° of the six bond angles centered on copper; an ideal
tetrahedron would have∑ ) 657° whereas∑ ) 630° for an ideal
trigonal pyramid.10b The driving force for this distortion lies in a
π/π/π interaction between phenyl rings from PPh3 coligands above
and beneath the bptz•- plane (Figure 1). The closest atom-atom
contact at 3.224 Å (N2- -C51) lies in a range similar to the range
of corresponding values in [(Ph3P)2Cu(η4,µ-bpym)Cu(PPh3)2]-
(BF4)2 (bpym ) 2,2′-bipyrimidine), a diamagnetic “organic
sandwich” complex.10,a,b,fAt 2.084(4) Å the bond from copper(I)
to the pyridine nitrogen atom is longer than that to the tetrazine
N center (2.032(3) Å), revealing the propensity of Cu(I) to engage
in π back-donation to the less basic but far betterπ accepting
atom.11

The dimensions within the central tetrazine ring of bptz show
significant variations, in agreement with the bond order changes
as depicted in Scheme 1. Table 1 illustrates how compound1 is
indeed an intermediate between bptz and its two-electron reduced
form H2bptz with respect to bond order equilibration.

Whereas the N2-C3 and N5-C6 bonds shorten in stepwise
fashion on going from the “aromatic” state (bond order 1.5) to
the CdN double bond in H2tz and derivatives, the N-N bonds
lengthen continuously (Table 1) due to the transition to a single

bond. The C-NX bond lengths (X) nN, H, or Cu, where nN )
N lone pair) should also increase, as they do on going from bptz
to H2bptz; however, the chelate coordination of the metal seems
to distort the structure sufficiently to affect this parameter for
compound1.

The structural effects thus illustrate and confirm directly the
results obtained by EPR for bptz radical complexes4,5,12and related
species,13 indicating an almost complete localization of spin at
the central tetrazine ring.
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Scheme 1

Table 1. Structural Parameters of the Tetrazine Ring in Three
Oxidation States of bptz

d(NN)a d(NC)b d(NCX)c X ref

bptz 1.3198(14) 1.3416(14) 1.3429(14) 7
1 1.394(5) 1.338(5) 1.320(5) Cu this work
H2bptz 1.428(2) 1.281(2) 1.401(2) H 6d

1.431(2) 1.278(2) 1.401(2)
H2bptz 1.42(1) 1.28(1) 1.40(1) H 6c

1.43(1) 1.29(1) 1.40(1)

a Distances N1-N2 and N4-N5. b Distances N2-C3 and N5-C6.
c Distances C3-N4 and C6-N1.
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