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Nitrogen atom transfer reactions and (nitrido)metal complexes Chart 1. Formulas of Reported Metal(lll), Oxo-, Amido- and
remain at the front of scientific interest due to their relevance to Nitrido Corroles and of the New Manganese(VI) Complexes

the processes and complexes involved in nitrogen fixdtidecent <D — >
work on corroles suggests that the corresponding metal complexes e ; -
might be relevant for such purposes, as they are surprisingly stable X GeFs X u

of the following pentavalent metal complexes: (tpfc)i(@) (1b),5 N Cofs "
[(tpfc)MNY(N)]~ (10),8 (tpfc)MnV(NAr) (3),” (tpfc)CrV(O) (2b),2 - <7 X .o
and [(tpfc)CV¥(N)]~ (2¢),° where tpfc stands for the trianion of @} oo 1081y {C@}
5,10,15-tris(pentafluorophenyl)corrole (Chart®})tEven the highly L 2
oxidizing CM ion was reported to be supported by the same ligand, N A

as exemplified by bleach oxidation 8 to [(tpfc)C™ (N)] (2d).° > d:iD &
Another aspect of significance to nitrogen fixation is the unique a 5 2
reactivity of trivalent metallocorroles, manifested in activation of

molecular oxygen by chromium(lil) and iron(lll) corroles and the ~Scheme 1. Nitrogen Atom Transfer from 4 to Manganese(lll)
Complexes as a Synthetic Route for Preparation of

nitrogeﬁ atom transfer from (nitrido) manganese(V) salophen to (\jigrigo)manganese(V) Complexes: Inset: Oxidation Potentials of
chromium(lll) corrole2a®? In the current work we show that the Latter

nitrogen atom transfer can be used for preparation of (nitrido)- o oo
LS

manganese(V) corroles and that their oxidation yields quite novel o & &
manganese(VI) complexés.We also report the first kinetic . % i ?j e
Et

Lo . ) . . . o X N X 2
in high oxidation state34 This may be appreciated by the isolation > m D)

Et Et

investigation of the nitrogen atom transfer step between tri- and s £t

pentavalent metal complex&st® s (omae B Bt
The treatment of various manganese(lll) complexes with the 8 X X _ 5

known (nitrido)manganese(V) compld¥ revealed nitrogen atom Oxidation_potentials X X

transfer as a suitable route for preparation of compleke@and iﬁsrs ine\-ij’?%l\e\; CeFs CoFs

5,17 but not of6 (Scheme 138 The similar structures ofc and6 p 029 X x

X CeFs X

rule out steric effects as responsible for these results, while the xh oo e
c: X =H; 1c-Brg: X =Br

different electron-richness of the porphyrin ligand %nand 6

highlights the importance of that factor as the main driving force a unique opportunity for filling this missing gap. The large
for complete nitrogen atom transfer. There was also no reaction differences between the electronic spectralafand 1c and the
between (nitrido)manganese(V) and manganese(lll) complexes ofexcellent isosbestic points (Figure 1) that were obtained during the

porphyrins and corroles in both plausible directions, lle.and5 reaction progress allowed for quite straightforward kinetic monitor-

did not react with (oep)Mn(Cl) andla, respectively. Apparently, ing.

the larger stability ofl.c relative to that o, reflected in the 0.31 The results revealed a significant solvent effect on the reaction,

V less positive oxidation potential of the former (Scheme 1, inset), in the order of CHCN > MeOH > THF. The reaction in CECN

is not a strong enough driving force. was too fast to be measured by conventional methods. Nevertheless,
The superiority of corroles in stabilizing the [M&N] moiety the full kinetic investigation for the two other solvents revealed

may further be appreciated by successful synthesikcerg, the that the activation enthalpy decreased by about one-half on moving

even more electron-poor analogue of compexinterestingly, the from THF to MeOH AH* 1y = 11.54 1.3 andAH*yeon = 5.9+
oxidation potential oflc-Brg is similar to that of5. These 0.2 kcal/mol), which was partially compensated by a more negative
observations lead to a qualitative order for stabilization of the activation entropy A4St = —22.3 £ 3.9 and ASiyeon =
(nitrido)manganese(V) moiety: corroke porphyrin> salen. —33.44 0.5 cal/moiK). This is reasonably explained by realizing
During the preparation olc from 4, we noted quite a large  that the reaction between the neutral complekaadlcleads two
solvent effect on the time required for completion of the reaction. oppositely charged products, hence the decreadéinby a polar
We also realized that the rate of the actual nitrogen atom transfersolvent and the increase ihS" because of specific interactions
step between other metal(lll)/metal(V) complexes was not previ- with MeOH upon moving to the polar transition state. It might be
ously determined because of a proceeding and rate-limiting ligand further assumed that the latter effect is less pronounced fgE€&H
dissociation step! Since manganese(lll) complexes of trianionic and hence the faster reaction in that solvent.
corroles (as opposed to dianionic porphyrins) do not associate The cyclic voltammetry oflc and 1c-Brg exposed half wave
strongly with axial ligands, the reaction betwetandlaprovided redox potentials that are as low as 0.59 and 0.85 V, respectively,
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Figure 1. Spectral changes (MeOH, 2&) upon transformation dfa to
1c, via the addition o#l. (Inset) Second-order rate constants of the process,
inM-1s1
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Figure 2. EPR spectra of (a)d, obtained via electrolysis dfc at 0.2 V
above the MH/MnV! redox couple (the small central peak is from the probe)
and (b) of1d-Brg obtained by adding Brto a CHCN solution oflc-Brsg.

suggesting that brominee(, = 1.09) could serve as convenient
oxidant for these complexes (but not&f(E,, = 1.37). Preparation

of the oxidized complexesd and1d-Brg by both electrochemical
and chemical means revealed that, while the electronic spectra were
not sensitive to the oxidation process (hence ruling out oxidation
of the corrole), the EPR spectra (Figure 2) displayed characteristic
six line hyperfine coupling fromd®Mn (I = 5/,) that clearly support
their assignment as authentic (nitrido)manganese(VI) compléxes.
The A%y, of values of 8.0 and 9.1 mT folld and 1d-Brg,
respectively, are more than 3 times larger than AP, of 2.67

mT obtained for the isoelectronic (nitrido)chromium(V) complex
2c® However, the 5-times larger isotropic hyperfine coupling
constant of Mn relative to Cr (3063 vs630 MHz, respectively)
actually suggest less unpaired spin density on the metal in (nitrido)-
manganese(VI) than in (nitrido)chromium(V) corroles.

We report nitrogen atom transfer between metal complexes of
different macrocycles and demonstrate that stabilization of the
[Mn(N)]?" moiety is in the order of corrole porphyrin> salen.
Two (nitrido)manganese(V) corroles were prepared by complete
nitrogen atom transfer from (nitrido)manganese(V) salen to man-
ganese(lll) corroles and the first kinetic investigation of this
fundamental reaction revealed quite a large solvent effect. Intrigu-
ingly, the reaction rates of this manganese(V)/manganese(lll) system
are comparable to those obtained for nitrogen atom transfer from
(nitrido)manganese(V) to manganese(ll) within a porphyrin system
(Kthr 20c = 2.3 M~1 s71). 150 Oxidation of the (nitrido)manganese-
(V) corroles leads to the first (nitrido)manganese(VI) complexes
that are coordinated by tetrapyrrolic ligands. These results highlight
the two main features of corroles, the activation and stabilization
of low- and high-valent metal ions, respectively.
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