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Homogeneous conversion of o NH; at room temperature and

atmospheric pressure has been a coveted goal of chemists sincE®' Center

Allen and Senoff reported the first ) complex nearly 40 years

ago. An enormous amount of fundamental chemistry has been
discovered in pursuit of this goal. Among many impressive recent

advances are SchrocR'seport showing that Ncan be reduced
catalytically on a M8 center using separate external sources of
H* and electrons and Petersigport showing that Fe nitrides can
be reduced with H and external electrons to form NHFryzuk*

has stressed the importance of bridging traditional Haber-type

chemistry with organometallic chemistry by using &$ the source
of both the H and the electrons. Hidaiwas partially able to
accomplish this goal by reducing:tb NH3 by reacting the acidic
Ru—H, complex,trans[RuCl(Hy)(dppp}]X (where dppp= 1,2-
bis(diphenylphosphino)propane and=>PF;, BF,, OTf, or BPh),
derived from H, with cisW(PMe&Ph)(N,).. However, the source
of electrons was not Hbut rather the sacrificial Wmetal cen-
ter. Chirik has recently developed the only system to date,
excluding Haber-Bosch, that produces Nifom N, and H. In
this system, H reacts homogeneously with the bimetallic Zr
complex, [(>-CsMesH)2Zr]2(u?, 7%, n>-Ny).

A clue as to how Hmight be used as the source of electrons in
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vacuum), the identity ofil was determined spectroscopically. As
shown in Figure 1, théH NMR spectrum of the reaction mixture
shows a quintet at —18.5 @Jpyy = 49 Hz), revealing the presence
of the hydride ligand. Th&'P{*H} NMR spectrum contains a singlet
ato 77.3 due to théransFe(R), unit. The resonance at77.3 in

a room temperature and atmospheric pressure fixation schemethe (proton coupledj'P spectrum was a doublétl, = 49 Hz),

complementary to the Chirik method, comes from the work of

confirming the presence of the hydride. The terminally bound N

Leigh,~9 who devised the cycle shown in Scheme 1. Note that the shows a characteristic sharg_y at 2093 cm?. Inspection of the

Fe(R)2(Hx)HT complex (B = 1,2-bis(dimethylphosphino)ethane)
is derived from a hydride source and Hn the subsequently formed

N, complex, the hydride ligand can be reductively deprotonated,

forming a five-coordinate Peeomplex. Addition of H then yielded
modest amounts of N4

15N NMR spectrum of an!®Ny-enriched sample contained a
resonance for each inequivalent nitroger at60.0 and—40.01?
Following Leigh, the reductive deprotonation Itif to produce
an Fé& species was examined. Compl#k was reacted with 2
equiv of KBUO in ELO/THF, yielding the orange Fespecies,

We reasoned that if it were possible to generate the Fe(DMeOPrPEN,) (IV; Scheme 2). As with compleH! , the

Fe(R)2(H2)H™ complex using H (rather than a hydride source
followed by an acid), then a Leigh-type cycle could be employed
in a viable laboratory fixation reaction utilizingzts the reductant.

product was characterized spectroscopically in solutidh de-
composed when exposed to vacuum). As shown in Figure 2, the
31P{1H} NMR spectrum of a filtered reaction solution showed a

We report here the results of our study showing that this is indeed singlet atd 79.824 The resonance @t79.8 in the (proton coupled)

a workable approach.

We recently reportéfthattransFe(DMeOPrPELI, (DMeOPrPE
= 1,2-bis(bis(methoxypropyl)phosphino)etharigyéacted with H
to give trans[Fe(DMeOPrPEH(H)]™ (Il') and H™ (eq 1).
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This reaction occurs in #D, but is general for most common
laboratory solvent! The H, ligand can be quantitatively substi-
tuted by N, yielding a faint yellow solution of thdrans|[Fe-
(DMeOPrPE)H(N2)]* complex, Ill . Due to both the extreme
solubility!! of complexes containing the F€DMeOPrPE) moiety
and the lability of the Mligand (Il decomposed when exposed to
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31p spectrum was also a singlet, confirming the removal of the
hydride ligand. This result was further confirmed by inspection of
the hydride region in théH NMR spectrum, which showed that
the quintet at —18.5, assigned to the hydride ligandlih, was
gonelé
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Figure 1. (a) >N NMR, 31P{1H} NMR (inset),"H NMR (inset), and (b)
IR (toluene) fortrans[Fe(DMeOPrPEXN2)H]* (Il ).
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Scheme 2. Reductive Deprotonation of Ill to Form IV, Followed
by Addition of Excess H* to IV
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The IR spectrum of complel/ showed a band at 1966 c
assigned tavn=n.r” This assignment was confirmed by isotopic
substitution of the K ligand. When!*N, was exchanged for the
14N, ligand in IV, the band at 1966 cm decreased in intensity
and a new band appeared at 1899-&mconsistent with the
predicted shift of 68 cmt.

The 15N NMR spectrum of moleculéV showed a shift in the
resonances abd —60.0 and—40.0 tod —47.5 and—43.5, re-
spectively, both of which are doublets with,y = 5 Hz. The former
resonance is assigned ag Bnd the latter as N These distinct
resonances and the observation efay band in the IR spectrum
support the assignment of a terminally boundijand in complex
IV, that is, the complex is not a,;Nbridged dimer.

Completing the Leigh cycle, we observed that addition of an
excess of triflic aciéf to an E4O/THF solution oflV resulted in a
color change from orange to colorless and the formation of a
white precipitate. ThéH NMR spectrum of the precipitate re-
vealed the presence of NH(15% per mole Fe inll ).1° NoHs™
(minimum of 2% per mole Fe il ) was also detectel,as was
[H.DMeOPrPE}" (by 3P{H} NMR).

It is possible that the three electrons required for the reduction
of N, to NH; come from the Fe in a Chatt-type schef¢iow-
ever, it is more likely that only two electrons come from each Fe
center?® This type of mechanism could involve the formation of
an Fe(N)Fe dime?* that is susceptible to stepwise addition of H
followed by subsequent one-electron reductions yielding hydr&zine
(hence two electrons from each Fe center). Disproportionation of
the hydrazine could then account for the formation of ammonia.
However, it is not clear how addition of Hto the system would
cause dimer formation, and without the characterization of the

intermediate species, any proposed mechanism is purely speculative. 19)

Current studies are underway to optimize the reactions and
characterize the reduction intermediates.
This work shows that it is possible to utilize lds the reductant

in the room temperature and atmospheric pressure laboratory 21)

fixation of N, to yield mixtures of NH and NH4. The hydride
ligand inlll is a direct result of the heterolysis ot eq 1), thus
making H the source of electrons for the 'Feo F€ reduction.

These two electrons are presumably used in the subsequent

reduction of N. When eq 1 is substituted into the Leigh cycle, all
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Figure 2. (a) >N NMR, 3P{*H} NMR (inset), and (b) IR (toluene) for
mixture of 14N, and 15N, Fe(DMeOPIrPEXNy) (IV).

of the transformations occur by adjustment of the pH. It is intriguing
to suggest, therefore, that it should be possible to carry out,an N
reduction scheme in # via simple pH adjustment. The fact that
the Fe(DMeOPrPE) scaffold is soluble in KO (Il can be
generated in KD)! lends credence to the possibility of such a
scheme. Investigations are underway to optimize the reaction
conditions and to study the fixation cycle in,® using the H
produced in eq 1 as the source of ki Scheme 2.
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