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A novel, structurally characterized Ni(lll) complex of an N-confused Scheme 1
porphyrin inner C-oxide has been synthesized from the oxidation
of a Ni(ll) N-confused porphyrin using OsO,. Crystal data:
Cs3HaoNsNiO-CH,Cl,, monoclinic, space group P2/a (No. 13), a

OsO.
=21.229(1) A, b = 8.6451(5) A, ¢ = 25.762(2) A, B = 93.004- A'_pyﬁdi_:e’"’
(3)°, V = 4721.6(5) A3, and Z = 4. ICH,Cl,
. . . . Ar Ar = ptolyl
Ni(lll) tetrapyrrolic macrocycles have been intensively 1 2

studied* Wolberg reported on the generation of a Ni(lll)
porphyrin via electrochemical oxidation of Ni(ll) tetraphen- knowledge, the only related example is an oxidized nickel
ylporphyrin at 77 K2 This reaction was re-examined by porphyrin [Ni(OETPP)(BTD)] (OETPP = p-octaethyl-
Dolphin and his colleagues where it was observed that amesetetraphenylporphyrin, BTB= 2,1,3-benzothiadiazole)
Ni(ll) porphyrin z-cation radical was formed at room with an EPR spectrum typical of Ni(lIf2 The Ni—N (2.00
temperature and a low spin Ni(lll) porphyrin was generated A) distance in this complex is rather long relative to other
upon cooling to 77 K, showing intramolecular electron Ni(lll) complexes, and this complex was better described
transfer?4 N-confused porphyrins are porphyrin isomers with as a high spin Ni(ll) porphyrimr cation (de-y2, d'2, ) in
an inverted pyrrolic ring and were first reported indepen- which the electron in the 2 orbital is antiferromagnetically
dently by Latos-Grazynskiand Furuts. They can stabilize ~ coupled to the unpaired electron of the porphytiradical,
transition metals in high oxidation states, and some Ni(lll) resulting in a pseudo-Ni(lll) specié$.
complexes have been prepared by Latos-Grazynsactor Here, we report the synthesis and structural characteriza-
430 (F430), a nickel tetrapyrrole, is the cofactor of methyl- tion of a Ni(lll) complex of an N-confused porphyrin inner
coenzyme M reductase, which catalyzes the final steps of C-oxide @) prepared by oxidation of Ni(ll) N-confused tetra-
CO, conversion to methane by methanogehichaea and (p-tolyl)porphyrin @) with OsQ, (Scheme 1).
a methy-Ni(lll) transient is suggested to be a key inter- ~ The Ni(ll) N-confused porphyrirl was prepared using
mediate? Ni(lll) —alkyl intermediates are also considered to the method described by Latos-Grazynsii. solution of
be involved in the reactions of Ni(l) macrocycles with alkyl complex1 (0.20 mmol) and Os&X(0.25 mmol) in 15% pyri-
halides? However, crystallographically characterized Ni(lll)  dine/CHCI, (50 mL) was stirred at room temperature
tetrapyrrolic macrocycles are rare, and to the best of our for 24 h and then filtered through a silica gel plug using
. ~_10% CHOH/CH,Cl,. The solvent was removed in vacuo,
qni:]g.%gg‘.o,r:nafzorégi‘fgggg%%es_SE%gge?eegg%gffg%fma": ddolphin® and the residue was chromatographed using silica gel
(1) Renner, M. W.; Fajer, JIBIC, J. Biol. Inorg. Chem2001, 6, 823— (230-400 mesh, 16 g). Compourd was eluted with 1.5%

830. i i 0 0, i i
(2) Wolberg, A.; Manassen, J. Am. Chem. Sod.97Q 92, 2982-2991. CHiOH/CH,CI to give a yield of 42% (32% starting material

(3) Dolphin, D.: Niem, T.; Felton, R. H.; Fujita, Bl. Am. Chem. Soc. ~ Was recovered). When a large excess of OEID equiv)

1975 97, 5288-5290. _ was used, many polar unidentified compounds were pro-
(4) Johnson, E. C.; Niem, T.; Dolphin, @an. J. Chem1978 56, 1381 d
1388 uced.
(5) Chmielewski, P. J.; Latos-Grazynski, L.; Rachlewicz, K.; Glowiak,
T. Angew. Chem., Int. Ed. Engl994 33, 779-781. (10) Renner, M. W.; Barkigia, K. M.; Melamed, D.; Smith, K. M.; Fajer,
(6) Furuta, H.; Asano, T.; Ogawa, J. Am. Chem. S04994 116, 767— J.Inorg. Chem.1996 35, 5120-5121.
768. (11) R (silica—CHCla/5%CHOH/2%EN) 0.70; UV—Vis (CHCl2) Amad
(7) Chmielewski, P. J.; Latos-Grazynski, lnorg. Chem1997, 36, 840— nm (loge) 382 (4.65), 426 (4.59), 470 (4.56), 646 (sh), 862 (br, 3.26);
845. MS (-LSIMS) 741 (M, 100%); HRMS (-LSIMS)m/e calcd for
(8) Ermler, U.; Grabarse, W.; Shima, S.; Goubeaud, M.; Thauer, R. K. CagH3sN4NIiO 741.21639, found 741.21609 (M). Anal. Calcd for
Sciencel997, 278 1457-1462. CagH3sN4NiO-CsHsN: C, 77.47; H, 4.91; N, 8.52. Found: C, 77.36;
(9) Lahiri, G. K.; Stolzenberg, A. Minorg. Chem1993 32, 4409-4413. H, 4.97; N, 8.61.
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Figure 1. EPR spectrum (X-band, 130 K, toluene) of comp&x

The EPR spectrum dl was measured in frozen toluene
at 130 K (Figure 1), and this spectrum is similar to that of
a Ni(lll) complex of N-confused tetraphenylporphyrin con-
taining an axial hydroxyl group.The g-factor @ > 2.1)
indicates the unpaired electron is located on the metal center
rather than in the porphyrim system?® The EPR signals are
broad, and hyperfine splitting is not explicitly observed* N
hyperfine splitting was not observed in the previously
reported EPR spectra of Ni(lll) N-confused porhyrins.

The room temperature effective magnetic moment of
complex2 in CD,Cl, obtained by Evans’ methétlis 1.87
ug, close to the spin-only value for a low spird Ni(lll)
center with one unpaired electromef = 1.74 ug).

The structure of comple® was determined by single
crystal X-ray diffraction analysig (Figure 2, Table 1); no
counterion was detected. The parent ion peaR at 741
m/z, detected using LSIMS in the negative ion mode, together
with the absence of the counterion, confirms tRais a
Ni(lll) complex, since the corresponding Ni(ll) complex
would have either N(2) or O(1) protonated to balance the
charge and would have a parent ion peak at M2 A
Ni(l) complex was ruled out in the same way. Cyclic voltam- Figure 2. ORTEP drawings of compourishowing atomic labeling and
metry (Supporting Information) did not assist in assigning thermal ellipsoids at 50% probability. Solvepttolyl groups, and H atoms
oxidation states to either the metal or the ligand. The thoa‘tfebjggr:jeerpg‘rlgds:]%rwcri‘j’mty' The major (a) and minor (b) contributions
UV —vis spectrum oR is similar to that of C(21)-methylated
Ni(Il) N-confused tetraphenylporphyritt, suggesting that ~ Table 1. Selected Bond Lengths (A) for Compléx

major (a)

minor (b)

the porphyrin ring of2 is not oxidized and comple® is Ni—C(21) 2.068(4) N(2-C(1) 1.394(5)
not a pseudo-Ni(lll) species as suggested in the case of H::mgg g'gg;% Qgi&(i)) i'iggg
[Ni(OETPP)(BTD)]".*° Ni—N(24) 2.100(3) ceyC) 1.444(5)
Complex2 is structurally similar to afN-oxide of an iron- Ni—N(25) 2.004(3) C(21rC(4) 1.427(5)
Ni—0(1) 2.037(4) C(21r0(1) 1.376(5)

(1) porphyrin, which was proposed as an alternative can-

didate of com[::_)ound, as the active intermediate of qyto- to both the oxygen atom and C(21). The planarity of the

chrome P-450° The X-ray crystal structure of a Ni(ll)  yorphyrin skeleton of is distorted, but not as severe as

porphyrinN-oxide has been obtained by Bafth. e that of the C(21)-methylated Ni(ll) N-confused porphyrin,
In the Ni(ll) complex of the porphyrirN-oxide;® the i which the inverted pyrrole plane deviates from the

nitrogen atom which is bonded to oxygen is not bonded to N(22)N(23)N(24) plane by 42°24 For complex2, the

the metal ion whereas the nickel ion, in complxs bonded  gihedral angles between the pyrrole planes and the plane

1) E 5. A3, Am. Chem. Sod95q 8L 20032005 defined by N(22)N(23)N(24) are as follows: C(21) 20.5-

vans, D. AJ. Am. Chem. So , . o _ _

(13) Crystal data foR: CsaHoNsNiO-CHxCl,, M = 906.54, monoclinic, @y, N,(ZZ) 17'61(77’. N(23) 22.5(2), N(24) ;5'3(2))'

space grou2/a (No. 13),D. = 1.275 g cm3, a = 21.229(1) A b The Ni—N(C) bond distances (2.062.100 A) in 2 are

=8.6451(5) Ac = 25.762(2) A8 = 93.004(3y, V = 4721.6(5) &, i in Ni _
To173K.Z 4.7 = 0.71069 A x(Mo Ka) = 5.68 e, RE) = Ionger. than those of the high spin N|(II). complex of N(2),C
0.071 andRy(F) = 0.185. The structure displays disorder in the (21)-dimethylated N-confused porphyfihcontrary to what

locations of C(21) pyrrole ring, and the O(1) atom. The structure has might be expected for the Ni(lll) compléxThe strain asso-

been refined to give 64% of the major and 36% of the minor occupancy . . L ) .
as shown in Figure 2. The unit cell also contains one molecule of ciated with coordination of Ni to both C(21) and O(l) mlght

disordered ChkCl,.
(14) Chmielewski, P. J.; Latos-Grazynski, L.; Glowiak,JI.Am. Chem. (16) Balch, A. L.; Chan, Y. W.; Olmstead, M.; Renner, M. WAm. Chem.

S0c.1996 118 5690-5701. Soc.1985 107, 2393-2398. Balch, A. L.; Chan, Y. W.; Olmstead,
(15) Watanabe, YJBIC, J. Biol. Inorg. Chem2001, 6, 846-856. M. J. Am. Chem. S0d.985 107, 6510-6514.
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well prevent the porphyrin from adopting a structure with  In summary, a Ni(lll) complex of an N-confused porphyrin
shorter Ni-N(C) bond lengths. Elongation of Ni(IH)C inner C-oxide has been synthesized and characterized. The
bond lengths has also been observed in the case &f[Ni ability of N-confused porphyrin inner C-oxide to stabilize
(CeCls)4] .1 The bond distances of N(2)C(1), N(2)-C(3), other high oxidation state metals is currently under investiga-
and C(3)-C(4) are shorter than those of C(213(1) and tion.

C(21)>-C(4) (Table 1), suggesting that the C(21) atom
approaches s$phybridization. The Ni-O(1)—C(21) ring
distorts the octahedral coordination geometry of the center
metal. While the pyridine ring is almost perpendicular to
the N(22)N(23)N(24) plane with a dihedral angle of 83.3- Supporting Information Available: X-ray crystallographic file

(2)°, the O-Ni—C(21) angle is only 39.15(16) (CIF) and cyclic voltammogram for compou2d This material is
: available free of charge via the Internet at http://pubs.acs.org.
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