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The interaction of diazoalkanes and transition metal compounds
is of interest given the utility of these transformations in the
generation of alkylidene complexes that are active for the catalytic
cyclopropanation of alkenes1 and olefin metathesis.2 Often times,
however, N2 loss is not observed and stable diazoalkane complexes
are isolated.3 Iron diazoalkane chemistry is particularly attractive
for the aforementioned catalytic reactions due to the low cost and
environmental compatibility of the first row metal. Woo and others
have previously reported the preparation and catalytic cyclopro-
panation activity of porphyrin4,5 and tetraazo macrocycle-ligated6

iron alkylidenes. In contrast, insertion of diazoalkanes into the Fe-P
bonds of tetrahedral (R3P)2FeCl2 compounds has been reported to
yield the corresponding, catalytically inactive phosphazine deriva-
tives.7

The bis(imino)pyridine iron bis(dinitrogen) complex, (iPrPDI)-
Fe(N2)2 (1-(N2)2;

iPrPDI ) 2,6-(2,6-iPr2C6H3NdCMe)2C5H3N),8

has been characterized as an intermediate spin ferrous compound
with a two electron reduced chelate.9 The ability to store electron
density in a redox-active supporting ligand10 has interesting
consequences on chemical reactivity. For example, treatment of
1-(N2)2 with aryl azides furnished the corresponding imide com-
pounds, (iPrPDI)FedNAr (Ar ) aryl), that undergo hydrogenation
of the Fe-N bond.11 Magnetic, spectroscopic, and structural data
support an iron(III) center with a one electron reduced chelate
demonstrating that the formal two-electron oxidation occurs by two
separate one-electron events: one at the ligand and one at the metal.
This behavior, reminiscent of iron porphyrins, inspired exploration
of the corresponding diazoalkane compounds. In this communica-
tion, we describe the synthesis of a bis(imino)pyridine iron
diazoalkane complex and its unusual N-N, N-C, and C-H bond
cleavage chemistry.

Addition of 1 equiv of Me3SiCHN2 to a pentane solution of
1-(N2)2 followed by recrystallization at-35 °C furnished
1-N2CHSiMe3 as a diamagnetic, purple-brown solid (eq 1).

As expected for a bis(imino)pyridine iron compound with a weak
field ligand completing the coordination sphere,1-N2CHSiMe3

exhibits temperature-independent paramagnetism, whereby an ener-
getically similarS ) 1 excited state mixes with anS ) 0 ground
state via spin orbit coupling.9 Notably, the imine methyl resonance
shifts significantly upfield to-1.55 ppm, and themeta-pyridine
peak shifts downfield to 9.00 ppm. These chemical shifts do not
change upon cooling to-80 °C.

The solid-state structure of1-N2CHSiMe3 (Figure 1) establishes
an essentially square planar iron complex with the isopropyl aryl
substituents orthogonal to the idealized plane. Observation of
elongated Cimine-Nimine and Cortho-Npyr bonds in conjunction with
contracted Cimine-Cipso distances (Figure 1) supports a two electron
reduced chelate and an intermediate spin ferrous center.9 Accord-
ingly, the diazoalkane ligand is unperturbed, consistent with little
reduction from thed6, Fe(II) ion. Short N(4)-N(5) and N(5)-C(10)
distances of 1.1669(17) and 1.282(2) Å, respectively, and N(4)-
N(5)-C(10) (176.26(16)°) and Fe(1)-N(4)-N(5) (169.89(12)°)
angles approaching linearity are observed.

The iron diazoalkane compound,1-N2CHSiMe3, is thermally
unstable in benzene-d6 solution at 23°C, slowly and quantitatively
converting to an NMR-silent product,2, with concomitant loss of
SiMe4 (1H NMR). Recrystallization of green2 from a diethyl ether/
pentane mixture at-35°C under a N2 atmosphere deposited a small
quantity of brown crystals. Analysis of this minor product by solid
state (KBr) IR spectroscopy established a new NtN stretch centered
at 2090 cm-1, consistent with formation of an iron dinitrogen
complex,2-N2.

X-ray diffraction studies established the identity of2-N2 as the
iron-olefin complex, arising from dehydrogenation of one of the
isopropyl aryl substituents (Figure 2). NMR-silent2 is therefore
formulated as the iron olefin complex without the dinitrogen ligand.
This formulation has been corroborated by magnetic susceptibility,
elemental analysis, infrared spectroscopy (lack of an NtN band),
and reactivity studies. The bond distances of the bis(imino)pyridine
ligand in2-N2 (Figure 2) are consistent with two-electron reduction
of the chelate.9 As was observed with1-N2CHSiMe3, there is little
back-bonding with the olefin as the C(16)-C(17) bond distance
of 1.389(3) Å is only slightly perturbed from a typical CdC bond.

Exposure of either2 or 2-N2 to D2 gas followed by removal of
the D2 atmosphere and addition of excess N2 regenerated1-(N2)2

(Figure 3). Analysis of the product by2H NMR spectroscopy
established a 1:1 incorporation of deuterium into the isopropyl
methine and methyl positions, consistent with olefin deuteration.
This result is unique from previous cyclometalation chemistry
observed with1-(N2)2 where only the isopropyl methyl group
undergoes isotopic exchange upon addition of D2.8 Alkane dehy-
drogenation, while well-established with precious metals such as
iridium12 and platinum,13 is to our knowledge unknown for iron.
While mechanistic data are limited, one possible pathway for
dehydrogenation of1-N2CHSiMe3 is formation of a transient iron
alkylidene followed by 1,2-addition of an isopropyl aryl C-H bond.
The putative iron dialkyl then undergoesâ-hydrogen and reductive
eliminations to yield the observed products. Consistent with this
pathway is the failure of1-(N2)2 to yield either2 or 2-N2 upon
thermolysis under vacuum.

The unique hydrogenation chemistry observed with (iPrPDI)Fed
NAr to yield free anilines11 prompted investigation into the reactivity
of 1-N2CHSiMe3 with H2. Addition of 1 atm of dihydrogen to a
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benzene-d6 solution of1-N2CHSiMe3 at 23°C resulted in liberation
of SiMe4 along with formation of a diamagnetic,C2V-symmetric
(1H NMR) compound identified as the iron ammonia complex,
1-NH3 (Figure 4), arising from N-N and N-C hydrogenative
cleavage.14 Repeating the experiment with D2 gas yielded
Me3SiCHD2 and 1-ND3 as judged by1H and 2H NMR spectros-
copy. N-N bond cleavage in coordinated diazoalkanes is rare,
having been observed at elevated temperatures in bi- and multi-
metallic compounds and in only a handful of mononuclear
species.3,15 The hydrogenative N-N and N-C bond cleavage
observed with1-N2CHSiMe3 at 23°C is therefore noteworthy and
appears to be a new transformation for diazoalkane ligands.

Several experiments were conducted to explore the origin of
ammonia formation.1-NH3 was independently prepared by addition
of NH3 to 1-(N2)2 and exhibits shifted1H NMR resonances due to
temperature-independent paramagnetism.9 Because 1,2-addition of
H2 to 1-N2CHSiMe3

16 is a likely first step in N-N bond cleavage
and may ultimately yield N2H4, the chemistry of1-(N2)2 with
hydrazine was explored.

Treatment of a benzene-d6 solution of1-(N2)2 with 1 equiv of
N2H4 and monitoring the reaction by1H NMR spectroscopy in
the presence of a ferrocene standard demonstrated quantitative
formation of1-NH3. Performing the reaction on a preparative scale
with 2 equiv of hydrazine and collecting the liberated gas with a
Toepler pump confirmed evolution of N2 and H2, consistent with
N2H4 disproportionation.17 Addition of 0.25 and 0.50 equiv of
N2H4 to 1-(N2)2 yielded 35 and 75%1-NH3, demonstrating that
1.4 equiv of NH3 is produced from N2H4 cleavage. Previous
studies with various metal salts both in the gas phase and in
solution have demonstrated the complexities of N2H4 decomposi-
tion, and several competing reactions to form NH3, N2, and H2 are
known.17

New transformations for iron diazoalkane complexes, intramo-
lecular C-H activation and N-N and N-C hydrogenative cleav-
age, have been discovered. While not definitive, the intermediacy
of N2H4 is plausible in diazoalkane hydrogenation to ammonia.
These transformations, along with those associated with the
corresponding iron imides,11 motivate continued study of the role
in redox-active ligands in cleavage and hydrogenation of N-N and
Fe-N bonds.
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Figure 1. Molecular structure of1-N2CHSiMe3 at 30% probability
ellipsoids with selected bond distances (Å). Hydrogen atoms omitted.

Figure 2. Molecular structure of2-N2 at 30% probability ellipsoids with
selected bond distances (Å). Hydrogen atoms omitted.

Figure 3. Intramolecular C-H activation with1-N2CHSiMe3.

Figure 4. N-N bond cleavage with1-N2CHSiMe3 and1-(N2)2.
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