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The activation of dinitrogen by transition metal complexes has
been an active area of research for almost four decad@&espite
the considerable investment of effort and time, the synthesis of
complexes that contain coordinated dinitrogen is still considered
difficult and oftentimes fortuitous. The most widely used method
is that of reduction whereby a metal complex in a relatively high
oxidation state is combined with a strong reducing agent in the
presence of dinitrogen. Depending on the ligands, the metal, the
solvent and the reducing agent, sometimes a dinitrogen complex
results. As part of our general program aimed at a better
understanding of the mode of formation of dinitrogen complexes, Figure 1. Molecular structure of ([IN2]Zr), 1. Silyl methyl groups are

we have been examining the reaction of group 4 and 5 transition omitted for clarity and onlypsocarbons of phenyl rings are shown. Selected
metal complexes with reducing ageffsAs already reportéd bond lengths (A), angles (deg): ZT13*, 2.352(3); Zr-C14*, 2.460-

reduction of [BN,]ZrCl, (where [BN,] = PhP(CHSIMe,NSiMe,- (3); Zr1—C15%*, 2.542(3); Zrt-C16*, 2.401(3); Zr+-C17*, 2.528(3); Zrt-
CH,),PPh) under 4 atm of Nwith potassium graphite (Kg results gig:élzsi(%)ggig)ﬁgfﬂeéff 1C iﬂﬁ;l)f'cli;‘%i(?ﬁ.cslstfsl)?’cliggcﬁ(g?;
in the formation of the side-on bridged dinitrogen complexX{#- 1.439(4); P+Zr1l—Cy, 109.3.

Znr)(u-n%n>-Ny); similarly, reduction of [BN,]JNbCI” in the presence

of N, with KCg generates the end-on derivative, AfZINb),(u- conformation with a dihedral angle of 29.8etween the planes

N.).8 Interestingly, when these reductions are performed in the defined by C13-C14—C18 and C15C16-C17. The allyl units
absence of dinitrogen, phosphorus-phenyl activation occurs to

generate highly activated arene-bridged derivatives. In this work Mey e, Mezye,
we describe the preparation of two new bimetallic complexes in S'\Sri‘,<s'/ i )
which arene activation occurs when dinitrogen is excluded. 2 IPoNLIZIC irKCS < d
. . 22N [P2No)Zr 2B N # P

During the preparation of dark blue QWZ]_Zr)z(u n%n%Ny), a oluene — - o
small amount €5%) of a yellow crystalline byproduct was Phi == | /
sometimes observed. A Pasteur separation of a few crystals of this N P-—-'?“\P
material allowed analysis by X-ray crystallography; the molecular 1 <l\/r¢\\N >
structure and numbering scheme of the material is shown in Figure D Si/‘hsﬂi\Si

. =

1 along with selected bond lengths and bond ant&bat became Me2 Me, 2 Me,

evident is that this byproduct does not contain dinitrogen; instead,

a phosphorus-phenyl group on oneNEBZr unit is bound to the on each activated P-phenyl group correspond to-8145-C16

zirconium center of another jR,]Zr fragment!® When this and C1#C18-C13 on the basis of shorter<C bond lengths in

reduction was performed in the absence ef(&lther under argon the range of 1.359(5) to 1.439(4) A. The G4G14 and C16-C17

or in a vacuum), good yields of (}R,]Zr), (1) were obtained (eq bond lengths of 1.488(5) and 1.447(5) A, respectively, are longer

1)1 The NMR spectroscopic parameterslofire consistent with and approximate the single<C bonds that connect the two allyl

this formulation, as are elemental analyses and mass spectrometrienoieties within each ring.

data. ThetH NMR spectrum shows one set of phosphorus-phenyl  In the analogous high-yield preparation of the paramagnetic, end-

resonances in the ratio 2:2:1 upfield shifted to 4.35, 4.20, and 3.30 on niobium dinitrogen complex, (fR2]JNb)(«-Ny), similar byprod-

ppm indicative of coordination. ThEP{1H} NMR spectrum is a ucts are not observed. However, if reduction ofNENbCI is

AA'BB' pattern due to coupling information being transmitted performed in the absence of dinitrogen, a pale green, diamagnetic

through the coordinated arene ring between metal centers. solid is obtained in good yield (eq 2). In addition to resonances
The solid state structural data show that the bridging phosphorus-from the [BN;] macrocycle, théH NMR spectrum displays three

phenyl rings are highly distorted and bind inj&° fashion. The upfield-shifted phosphorus-phenyl resonances with 1:2:2 integration

bonding in this complex can be viewed as the interaction of a Zr- at 5.24, 3.99, and 3.58 ppm suggesting a coordinated arene

(1v) fragment with the phenyl ring acting as a bis(allyl) dianign.  ligand314The3P{*H} NMR spectrum consists of a broad pair of

The coordinated phenyl ring is no longer planar and adopts a “boat” doublets at 44.94 and 18.16 ppm, suggesting coupling between two
t UBC X-ray Structural Chemistry Laboratory. inequivalent phosphorus enviroqmgnts; any second-order effects
#S.J.R. deceased October 27, 1998. are masked by the quadrupolar niobium center. If one assumes that
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Figure 2. Molecular structure of ([[N2]Nb),, 2. Silyl methyl groups are
omitted for clarity and onlypsocarbons of phenyl rings are shown. Selected
bond lengths (A), angles (deg): NbT20*, 2.313(3); Nb+C(21)*, 2.367-
(3); Nb1-C22*, 2.415(3); Nb+C23*, 2.390(3); Nb1C24*, 2.340(3);
Nb1—Cy, 1.925; C19-C19* 1.542(5); C19C20, 1.5294; C26C21,
1.429(4); C21+-C22, 1.408(4); C22C23, 1.396(4); C23C24, 1.427(4);
C24-C19, 1.520(4); Nb+Cy—C22*, 101.29; P2C19-C19*, 98.4(2).

the structure of niobium dime2 is identical to that of zirconium
dimer 1, then the diamagnetism of the former is not easily
reconciled; the two niobium(lV) centers would have to be strongly
antiferromagnetically coupled to produce a diamagnetic ground
state.

2KCq
2 [PoN,INBCI AL
THF

The structure of compleXwas clarified by a single-crystal X-ray
analysis; the numbering scheme and ORTEP are shown in Figure
2 along with selected bond lengths and bond andjlése structure
shows that a phosphorus-phenyl ring of oneNfNb unit is
coordinated to another niobium center, analogous to that found in
1. However, there are major differences in arrangement of the
bridging arene units. The niobium complex undergoes a one-
electron reduction of the P-phenyl ring to generate a cyclohexadi-
enyl moiety via C-C bond formation between the ipso carbons of
the two phenyl groups. Thus, each P-phenyl ring binds iff-a
cyclohexadienyl fashion. The CXZ£19* bond length of 1.542(5)
A'is consistent with single bond character. In the niobium complex,

this rationalizes the diamagnetism observed since the oxidation state

of each metal in2 can be described as low-spin Nb(lll). These
compounds bear resemblance to the previously reported diaryl
complexes of yttrium and holmium obtained by coupling of
aryllithium reagentd® The bonding formalism irl and 2 differs
from that observed in some low-valent lanthaAfdé€ and early
transition metals stabilized by arene ligaHd$-2% where the arene
has sometimes been described as a neutral donor.

Both complexed and2 are inert to reaction with small molecules
such as Hand N. This suggests that in neither case are these
products intermediates toward dinitrogen complex formation. In
fact, the niobium analogue is remarkably stable to oxidation in the
solid state and shows no decomposition in air over several days.

The two systems described above illustrate the complexity that
can result by the use of strong reducing agents in the preparation
of dinitrogen complexes. Because dinitrogen is not a particularly
good liganc®* highly reduced complexes can undergo other
competing reactions rather than activate M the zirconium case,
this is certainly true, although higher pressures of dinitrogen can
minimize the formation of dimet. For the niobium analogue, dimer
2is not observed even when the reduction gNBNbCl is carried
out at 1 atm pressure of Nnevertheless, the similarity between
the two bimetallic species is remarkable and suggests that similar
but as yet unknown mechanisms are operative in these processes.
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