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Heterobimetallic g-Nitrido Complexes Formed by Incomplete Nitrogen Atom Transfer Reactions
between Nitridorhenium(V) and Chlorochromium(lll) Porphyrins
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Atom transfer reactions involve transfer of an atom and one
or more electrons from a donor molecule to an acceptor
molecule. Such transfers can be complete or incomplete
processe$? Metalloporphyrins participate in atom transfer

reactions as both donors and acceptors. Complete intermetal

oxygen atom transfer is uncommon; incomplete transfers
produce dinucleay-oxo complexes. Nitrogen atom transfers
between metalloporphyrin complexes are typically complete

intermetal transfer processes. For example, complete nitrogen

atom transfer reactions between the Nf{POR) donor and the
Cr'(POR), XCH' (POR) Mrl'(POR), or XM (POR) acceptors
as well as between the NgPOR) donor and the X&(POR)
acceptor have been reporttd. Neely8 Bottomley’” and Wod

have independently proposed that these reactions proceed by a

common mechanism. Nucleophilic attack of the NM(POR)
donor on either the cationic metal(lll) or a neutral metal(ll)
porphyrin acceptor is followed by a net three or two electron
redox process mediated by the bridging nitrogen atom. Various
efforts to provide spectroscopic or electrochemical evidence for

the putative dinuclear intermediate have been unsuccessful. The

only precedents in the porphyrin literature are thenitrido)-
iron porphyrin complekX and {-nitrido)vanadium dibenzo-
tetramethyltetraaza[14]annulene compl&xin this report, we
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Figure 1. Electronic spectra acquired as a function of time for the
reaction between NRe(OEP) and CICr(TPP). The initial concentrations

present the synthesis and spectroscopic characterization of thef both reactants were 44M. The inset depicts the kinetic analysis

first heterobimetallic nitrogen-bridged metalloporphyrin com-
plexes.

Recently, Buchler reported the synthesis and structural
characterization of NRe(POR). We have evaluated the
nitrogen transfer reactivity of these compounds with ®ICr
(TPP) under the identical conditions previously used for NMn-
(POR). Figure 1 shows the spectral changes obs&tdeding
the course of the reaction of an equimolar mixture of NRe-
(OEP) with CICr(TPP) in DCE. The intensity of the Soret bands
at 410 nm for NRe(OEP) and at 449 nm for CICr(TPP)
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plot demonstrating that the reaction is second order ov&rall.

diminished as the intensity of a new Soret band at 400 nm
increased. Isosbestic points were observed at 401, 419, and
429 nm and indicate the absence of any long-lived intermediates.
Noticeably absent is a Soret band at 424 nm which is
characteristic of NCr(TPP}, the expected product of complete
nitrogen atom transfer. The ratio of reactants was systematically
varied. Spectra acquired following reaction completion were
dependent upon the ratio of reactants indicating an equilibrium
reaction. For example, a Soret peak at 410 nm was present in
the final spectrum only in reactions where NRe(OEP) was in
excess. Also, the intensity of the Soret peak at 449 nm
decreased with increasing NRe(OEP):CICr(TPP) ratios but
remained constant at ratios greater than 2. Analysis of the
spectral data revealed that the reaction stoichiometry was one-
to-one and that the product spectrum is comprised of a Soret
band at 400 nm (log = 5.17 £+ 0.02), a shoulder at 449 nm
(log e = 4.94+ 0.04), and a single visible band at 581 nm (log

€ = 2.60+ 0.08). The equilibrium constant was calculated to
be 3.8 &0.2) x 1®® M~t at 234+ 1 °C. Similar results were
observed for the reactions between NRe(OEP) and CICr(TTP)
or CICr(OEP).

The reaction of NRe(OEP) with CICr(TPP) was also moni-
tored with'H NMR spectroscopy. The spectrum of NRe(OEP)
in CDCl; was comprised of the following resonanceés= 10.5
ppm (s, 4H), 4.2 ppm (q) = 7.6 Hz, 16H) and 2.0 ppm (&
= 7.6 Hz, 24H). The spectrum obtained for the paramagnetic
reactant CICr(TPP) was comprised of a broadened singlet at
9.7 ppm (8 pyrrole protons) and a broadened multiplet between
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7.5-8.2 ppm (20 phenyl protons). The spectrum of the product bimetallic ReeN—Cr and the homobimetallic FeN=Fe

was comprised of the following resonances: 7852 ppm complexes. The former involves dative coordination of a
(broad m, 20H), 6.5 ppm (broad s, 4H), 4.4 ppm (broad s, 16H), terminal nitride ligand to a coordinatively unsaturated chromium
and 1.9 ppm (broad s, 24H). There was also a resonance at 9. &enter, while the latter contains covalent bonding between the
ppm too broad to obtain accurate integration. Comparison of N and Fe atoms. This hypothesis is supported by the observa-
the product and reactants spectra revealed that shifts in the ethytjon that addition of small quantities of methanol or pyridine to
group proton resonances are small whereas the shift in the mesopCE solutions of the heterobimetallic &\—Cr complex
protons on OEP ring were substantial (4 ppm). Spectra acquiredinstantaneously produced the NRe(OEP) reactant and the
following reaction of NRe(OEP) with CICr(OEP) and with CICr-  athanol or pyridine adducts of CICr(TPP).

(TTP) possessed comparable spectral features. o ) ]

The vibrational spectra of NRe(OEP) and CICr(TPP) and their Kinetic analysis of the reacnon.between NRe(GEP) and CICr-
reaction products were obtained in the range of-6€800 cnr (TPP) was performed by analyzing absorbance changes of the
by diffuse reflectance IR spectroscopy. The IR spectrum of Soret bands as a functlon of time and conce_ntratlon using the
NRe(OEP) is characterized by a strong absorption at 1098 cm Method developed by Kifig (see inset of Figure 1). The
which has been assigned to the=R¢ stretching vibratiori! analysig® revealed that the reaction was first order in each
The spectrum of the product contained fingerprint vibrations réactant and second order overall. A second-order forward
for both OEP and TPP and the intensity of the strong=Re  reaction rate constanks, was determined to be 43 6 M™*
stretching vibration is significantly diminished. In addition,a S * at 23+ 1 °C. The observed rate of the reaction was
new moderate intensity peak emerged at 1123 cmThe inversely proportional to the concentration of added.Cl
product of the reaction between NRe(TPP) and CICr(TPP)
produced a new, moderately intense peak at 1103'cm

Product identity was proven by FAB mass spectrometry. The
FAB spectrum of the product of the equimolar reaction of NRe- XCr(POR)= [Cr(POR)r X~ (1)
(OEP) with CICr(TPP) exhibited a cluster of peaks centered at
am/zratio of 1397.2. Thisnzratio is in agreement with that - .
expected for the heterobimetallicnitrido-bridged porphyrin NRe(POR)+ [Cr(POR)] == [(POR)R&=N—Cr(POR)I

product,{ (OEP)ReNCr(TPR)". A fragment ion aim/z 733.3 @)
(correSponding t§NRe(OEP) ™) was always observed_whergas This mechanism assumes a common reaction pathway for
the fragment ion fo{ NCr(TPP}* was absgnt. The |nterlS|ty NRe(POR), NCr(POR), and NMn(POR). We note that the
of the fragment ion atvz of 664 (corresponding teCr(TPP} ™) expected product for complete nitrogen atom transie,

H i i +
Wr?ls conﬁlstxentlﬁ3?‘é)lg: _tl_rlfpm\f\?ns'ty OcI it:?hNF\:e(otliE? Th CIR€"(POR), is presently unknown. Thus, formation of the
#nd?ﬁS:Iin?ercgissssi?nilar b((Jnd o)rdtjrsblfest\(/eveenﬂz :r?é:gFN es(?4-nitrido complex reflects either the presence of a barrier to
in thegdinuclear complex. Similarly, the FAB spectrum taken intramolecular electron transfer or the thermodynamic stability

on the products of the reaction of NRe(OEP) with CICr(TTP) of the dinuclear species relative to the monomeric Re(lll)
and CICr(OEP) gave clusters centered at 1453.4 and 1317 6species. Current efforts are directed toward obtaining diffraction

the value expected fof(OEP)ReNCr(TTP)* and {(OEP)- quality cry_stals of t_his novel heterobimetallic_ gomplex as well
ReNCr(OEP)*, respectively. Although other heterobimetallic as evaluating the nitrogen atom transfer reactivity of NMo(POR)
u-nitrido complexes have been reportéd?2+23this is the first and NW(POR).

account of porphyrin containing complexes.
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vibration frequencies for the heterobimetallienitrido bridge

We propose that the formation of the heterobimetallic
u-nitrido complex proceeds via the following sequence:
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