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Bridged Dinitrogen Complexes of Iron and Chromium Porphyrins
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Dinitrogen complexes of transition metals have attracted much  Treatment of [Fe(por)(OTf)] [por octaethylporphyrinate OEP
attention due to their important roles in biological and abiological or tetrap-tolyl)porphyrinate TTP] with 1 equiv of [Re(NPMe-
nitrogen fixation processé<f relevance to mechanisms of metal- Ph)CI]® led to formation of the dinitrogen-bridged Fe/Re
mediated nitrogen fixation are dinuclear complexes containing complexes [(por)Fe(lRe(PMePh)CI|[OT{] (por = OEP 1 or
u-nty*-dinitrogen ligands, which depending on the extent of TTP 2) characterized by UV/vis and IR spectroscopies (e§ 1).
metal-nitrogensr bonding may be classified into three types,
namely, dinitrogen (3° (A), diazenido(2-) (W2~ (B), or [Fe(por)(OTH]+ [Re(N,)(PMe,Ph),Cl] —
hydrazido(4-) (N)*~ (C) ligand}?2 Cummins and co-workers [(por)Fe(N)Re(PMgPh),CIJ[OTf] (1)
demonstrated that mononuclear molybdenum tris-amide com-
p!exes are capr_:lble of splitting dinitrogen via dini_trogen-bridged No reactions were found between [Fe(por)Cl] and [R#RMe>-
dimolybdenum intermediatéOn the other hand, dinuclearn*: Ph),Cl], suggesting that dissociation of the labile triflate ligand
n*-dinitrogen complexes are formed by coupling reactions of fom the iron porphyrin is crucial for the formation of the bridged
nitrido—osmium complexes, which may be viewed as a micro- dinitrogen complexes. The KBr FT-IR spectraloind2 feature
scopic reverse of metal-assisted=N cleavagé€. Although the N—N stretching modes at ca. 1803 and 1820 &mespec-
terminal dinitrogen complexes of metalloporphyrins are well tjyely, which are obviously lower than that for [Ref{PMe-
documented, there are relatively few examples of analogous ph),Cl] (1920 cnr?), indicating that the N-N triple bond in N
complexes with bridged dinitrogen ligangi€ollman and co-  is weakened upon coordination to Fe(lll). They for 1 and2
workers reported that metal-bound ammonia can be converted toare, however, lower than those for reported dinitrogen complexes
a bridged dinitrogen in a diruthenium complex of a cofacial of metalloporphyrins, e.g., 2112 cifor [RuDPB(*Im),](1-N2)
diporphyrin via the bridged hydrazine and diazene intermediates, (DPB = diporphyrinatobiphenylene tetraanion, *Im 1-tert-
demonstrating the potential of metalloporphyrins as catalysts for butyl-5-phenylimidazolé) and 2030 cm! for [Os(OEP)(N)-
dinitrogen reductiofi.This prompted us to study the bonding and (THF)].1° As revealed by UV/vis spectroscopy, [Fe(por)(OTf)]
structure of bridged dinitrogen complexes of metalloporphyrins. reacted with [Re(B)(PMePh)CIl] cleanly to give dinitrogen
Heterometalliqi-dinitrogen complexes are generally synthesized complexes. Upon addition of [RegNPMe,Ph)ClI] to a toluene
by the reactions of terminal dinitrogen complexes with another solution of [Fe(OEP)(OTTf)], the Soret band for [Fe(OEP)(OTf)]
Lewis acidic metal center such as titanium(IV) and molybdenum- at 371 nm gradually dropped in intensity and concomitantly a
(IV).7 In this connection, we set out to investigate the reactions new Soret band at 447 nm attributableltappeared (Figure 1).
between a rhenium(l) dinitrogen complex and metalloporphyrins. The formation constant fot in toluene solution at 28C was
We here report on the isolation and molecular structure of the determined spectrophometrically to be ca. 4230 M~%* A

first heterometallic bridged dinitrogen complexes containing iron- Slightly smaller formation constant (248 25 M~) was found
(1) and chromium(lll) porphyrins. for 2 due to the larger steric bulk and/or lower basicity of TTP

compared with that for OEP. Compléxs air stable both in the
solid state and in toluene solution but decomposes gradually in
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Figure 1. Optical spectral trace for the reaction between [Fe(OEP)-

(OTf)] and [Re(N)(PMePh)CI] in toluene at room temperature. Time
interval = 10 min.

sensitive to the nature of the axial ligandXThe observation of
a pyrrolic resonant signal @ —3.23 in the'H NMR spectrum
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Figure 2. Perspective view of the cation [(OEP)FeJRe(PMePh)CI]*.

of 2 is consistent with the weak field strength of the bridged Important bond lengths (A) and angles (deg): Re{dj1) 1.832(10),

dinitrogen ligand® The solid-state structure of has been
unambiguously established by X-ray crystallographlfigure 2
shows a perspective view of the cation [(OEP)FgR¢(PMe-

Fe(1)-N(2) 1.93(1), N(1}-N(2) 1.17(1); Re(1}N(1)-N(2) 177(1), Fe-
(1)=N(2)—N(1) 170(1).

be weak, consistent with the observed magnetic and IR data. The

Ph)CI]™. To our knowledge, this is the first crystal structure of  ponding int is therefore considered as intermediate between types
a bridged dinitrogen complex of metalloporphyrin. The geometries p gndB (vide infra).

around Re and Fe are pseudooctahedral and square-pyramidal, gjmilarly, treatment of [Cr(OEP)(OTf)] with [Re(@)(PMe>-

respectively, with the dinitrogen binding to Re and Fe j-g":

n* fashion. The displacement of Fe from thgriNean plane (0.418
A) and average FeN(pyrrole) distance [2.06(1) A] are normal
for intermediate-spin iron(lll) porphyrin$. The Re-N [1.832-
(10) A] and N-N bond lengths [1.17(1) A] are comparable to
those in [(MeO)CIMo(N,)Re(PMePh),Cl] [1.815(15) and 1.18-
(3) A, respectivelyf° The Fe-N(dinitrogen) bond length of 1.93-
(1) A is obviously longer than that in the iron(lll) diazenide
complex [[NsN]Mo(Ny)}sFe] (average distance of 1.84 A,
[N3N]3~ = [(MesSINCH,CH,)3N]37)6 but is comparable to that
for low-spin [Fe(TPP)(N)] [1.953(5) A]Y" Like previously
reported M(N)Re complexesthe Fe-N—N—Re linkage inl is
essentially linear [Fe(£)N(2)—N(1) and N(2)-N(1)—Re(1) bond
angles being 170(1) and 177{1jespectively] with ar delocal-
ized system. The relatively long F&l(dinitrogen) distance
indicates that the FeN, it interaction inl, if there is any, should

(13) High-spin iron(lll) porphyrins with axial donor ligands exhibit downfield

shifts for pyrrolic resonance whereas species approaching a pure

intermediate state have upfield shifts (see ref 12).

(14) Crystal data for1-2CH,Cl,: formula GiHq:ClsFsFeNsOsPsRe, fw
1709.82, monoclinic, space grot2i/a, a = 21.405(7) Ab = 18.896-
(4) A, c=21.55(1) A8 =116.24(2), V= 7814(4) B, Z = 4, pcaica=
1.452 g cm®, u(Mo Ka) = 20.67 cn. R(R,;) = 0.081(0.087) for 6980
reflections withl > 1.5Q(1) and 430 variable parameters.

(15) Scheidt, W. R. IThe Porphyrin Handbogk/ol. 3; Kadish, K. M., Smith,

K. M., Guilard, R., Eds.; Academic Press: San Diego, 2000; Chapter

16.
(16) O’'Donoghue, M. B.; Davis, W. M.; Schrock, R. R.; Reiff, W. Morg.
Chem.1999 38, 243.

(17) Zhang, Y.; Hallows, W. A.; Ryan, W. J.; Jones, J. G.; Carpenter, G. B.;

Sweigart, D. A.Inorg. Chem 1994 33, 3306.

Ph),Cl] afforded the dinitrogen-bridged Cr/Re complex [(OEP)-
Cr(Nz)Re(PMegPh),CIJ[OTf] 3, which exhibits the Soret band at
467 nm and the IRy at 1887 cm?. Thewyy for 3 is similar to
that for [CrCE(N2){ Re(PMePh)} (THF);] (1860 cn11)8 but is
higher than those fot and2, indicating that the NN bond in
the Cr(lll) complexes is stronger than those in the Fe(lll)
complexes. This perhaps is a reflection of weaker CriN)
interaction compared with the Fe(lH)N, counterpart. Accord-
ingly the formation constant f@ (140+ 15 M~1) was found to
be smaller than that fat.

In summary, the firsu-*n!-dinitrogen complexes of iron-
(I and chromium(lll) porphyrins were synthesized and char-
acterized. Iron(lll) porphyrins appear to be stronger acceptors for
the dinitrogen ligand than the analogous chromium porphyrin.
The study of activation of the dinitrogen ligand in this new type
of bimetallic dinitrogen complexes is underway.
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