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In principle, catalytic dinitrogen fixation1 could be achieved
by combining known dinitrogen cleavage2 and intermetal
nitrogen atom transfer3 reactions in a single system. This would
solve “the problem of regenerating the molybdenum(III) starting
material to make a cyclic system”.4 In this report, we describe
the first prototype of such a system. We show that the recently-
reported2 cleavage of dinitrogen by three-coordinate Mo(NRAr)3

[R ) C(CD3)2CH3, Ar ) 3,5-C6H3Me2, Figure 1, giving the
terminal nitrido complex NMo(NRAr)3,5 is accelerated in the
presence of Chisholm’s6 nitrido complex NMo(OR)3 [R )
C(CH3)3].
In the absence of dinitrogen (eq 1), Mo(NRAr)3 reacts with

NMo(OR)3, giving NMo(NRAr)3 along with 0.5 equiv of the
known7 dimer Mo2(OR)6. This reaction (benzene, 28°C) is

essentially quantitative (as determined by1H and2H NMR) and
is complete in under 12 h. It was possible to separate Mo2-
(OR)6 and NMo(NRAr)3 via fractional crystallization at-35
°C. Obtained as red-orange needles, a sample of dimer Mo2-
(OR)6 was characterized by elemental analysis, by EIMS, and
by comparison of its1H and13C NMR spectra with those extant
in the literature.7 These results establish facile N atom transfer
from NMo(OR)3 to Mo(NRAr)3 and demonstrate that the
reaction can be coupled with Mo-Mo triple bond formation.

Under 1 atm of dinitrogen, the reaction of Mo(NRAr)3 with
NMo(OR)3 (benzene, 28°C, 3.5 mM in both metal complexes)
again led to quantitative formation of nitrido NMo(NRAr)3, a
process requiring∼6 h to reach completion.1H NMR analysis
showed that under these conditions, only a small amount (∼7%)
of dimer Mo2(OR)6 was produced. Pure NMo(OR)3 was
recovered via fractional crystallization in 74% yield, while pure
NMo(NRAr)3 was isolated in 83% yield. Control experiments
show that the reaction of Mo(NRAr)3 (benzene, 28°C, 3.5 mM)
with dinitrogen (1 atm) to give NMo(NRAr)3 is quite slow,
proceeding only toe5% in 12 h.8 Thus, NMo(OR)3 accelerates
the reaction of Mo(NRAr)3 with dinitrogen.
The reaction of Mo(NRAr)3 with NMo(OR)3 (benzene, 28

°C, 3.5 mM in both metal complexes) under an atmosphere of
99% 15N2 was carried out next to substantiate dinitrogen
cleavage (eq 2). The nitrido products14/15NMo(NRAr)3 and

14/15NMo(OR)3 (respectively 43% and 42%15N by EIMS) were
separated and purified via fractional crystallization. IR9 and
15N NMR10 spectroscopic data obtained for14/15NMo(NRAr)3
and 14/15NMo(OR)3 were consistent with the level of15N-
enrichment indicated by EIMS. Formation of a small amount
(∼7% by1H NMR) of dimer Mo2(OR)6 in this reaction accounts
for the less-than-quantitative (∼85%) incorporation of15N into
the nitrido functions of14/15NMo(NRAr)3 and14/15NMo(OR)3.
To test for reversibility of N atom transfer, we investigated

the reaction of Mo(NRAr)3 with NMo(OR)3 (benzene, 28°C,
3.5 mM in both metal complexes) in the presence of15NMo-
(NRAr)35 (3.5 mM, ∼99% 15N) under dinitrogen (natural
abundance N2, eq 3).1H and2H NMR monitoring showed that

the reaction proceeded with quantitative conversion of Mo-
(NRAr)3 to its nitrido counterpart14/15NMo(NRAr)3. Dimer
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Mo2(OR)6 formed only to a small extent (∼7%). EIMS analysis
of the NMo(OR)3 recovered from this reaction mixture indicated
negligible15N-enrichment. We conclude that N atom transfer
from NMo(OR)3 to Mo(NRAr)3 is irreversible on the time scale
and under the conditions of the reactions studied here. This
means that the15N label in 14/15NMo(OR)3 (eq 2) cannot have
come by way of14/15NMo(NRAr)3. Thus, it appears that the
Mo(OR)3 fragment plays an active dinitrogen-splitting role in
the present reaction system.
We sought independent access to “Mo(OR)3”, in order to

determine whether N2 cleavage by Mo(OR)3 alone [i.e., in the
absence of Mo(NRAr)3] is competitive with formation of dimer
Mo2(OR)6. Treatment of MoCl3(THF)311 (benzene, 3.5 mM,
28 °C, 1 atm of N2) with 3 equiv of LiOR led only to clean
formation of dimer Mo2(OR)6 (70% isolated yield, eq 4).12

NMo(OR)3 was not detected (1H NMR) in the crude reaction
mixture. This result suggests that both Mo(NRAr)3 and Mo-
(OR)3 are required for dinitrogen cleavage in the reaction system
of eq 2. Since the dinitrogen-splitting reaction described
previously for Mo(NRAr)3 is known to proceed via the
bimetallic intermediate (µ-N2)[Mo(NRAr)3]2,13 we propose that
an analogous intermediate (RO)3Mo(µ-N2)Mo(NRAr)3 (not

observed) is responsible for dinitrogen cleavage in the reaction
system of eq 2.
This work unites well-defined dinitrogen cleavage and

nitrogen atom-transfer reactions. Preliminary experiments
indicate that the system reported here (eq 2), although cyclic,
is not efficient enough to become truly catalytic.14 The finding
that alkoxide-ligated molybdenum(III) may participate in dini-
trogen cleavage chemistry is in line with reports on catalytic
dinitrogen fixation by molybdenum(III) and vanadium(III) in
protic media.15 In future reports, we will seek to more brightly
illuminate mechanistic aspects of the chemistry described here.16
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