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ABSTRACT: The inner C-benzyl- and C-p-xylyl-substi-
tuted cobalt(II) complexes of a 2-N-substituted N-
confused porphyrin were synthesized from the reaction
of 2-NCH2COOCH2C6H5NCTPPH (1) and CoCl2·6H2O
in toluene (or p-xylene), and the structures were revealed
by single-crystal X-ray analysis.

An N-confused porphyrin (NCP) is a porphyrin with an
inverted pyrrole ring.1,2 There are three main reaction sites

in the confused pyrrole ring, i.e., 2-N, 21-C, and 3-C.1−4 At the
external nitrogen of NCP (2-N), an electrophilic reaction can
take place, resulting in the formation of alkylated products.
Ziegler and co-workers reported the synthesis of 2-N-allyl-
5 , 10 ,15 ,20 - t e t r apheny l -N-con fu sed porphy r in 2 -
NC3H5NCTPPH.5 In this study, the allyl group of 2-
NC3H5NCTPPH is modified into a bulky [(benzyloxy)-
carbonyl]methyl group to derive the free base 2-aza-2-
[(benzyloxy)carbonyl]methyl-5,10,15,20-tetraphenyl-N-con-
fused porphyrin 2-NCH2COOCH2C6H5NCTPPH (1; Scheme
1).6 Unlike the NH tautomerism that exists in NCTPPH2, the
free base 1 has only one stable form. The NCP 1 can provide N3

or N3C coordinated sites.
Previously, Ziegler and co-workers reported several cobalt

complexes of 5,10,15,20-tetraphenyl-N-confused porphyrin

(NCTPP), i.e., CoII(NCTPP)py (2) and CoII(NCH3NCTPP)-
py (3), with a pyridine axial ligand (Chart 1).7,8 Hitherto, 2-

NCH2COOEtNCTPPH has been shown to coordinate with the
metal in the core, forming a metal square-planar complex
possessing a carbon−metal bond for CoII in Co(2-
NCH2COOEtNCTPP)py (4) [or Co(NCTPP-AcOEt)py]
with an axial pyridine (Chart 1).5

Recently, Furuta et al. have reported the inner C-arylation of a
doubly N-confused porphyrin palladium complex in toluene,
Pd2+-N2CP-C-Tol (5; Chart 1).

9 It is noteworthy that such a C-
arylation reaction has not been observed in NCP. The reported
C-arylation complex 5 is a diamagnetic species. Chmielewski et
al.10 reported the first structurally characterized paramagnetic
organonickel(II) complex (2-NCH3-21-CH3)Ni

III and a dimeric
complex 21,21′-o-xylene-linked bis[N-confused porphyrin
nickel(II)].4,11 Hung and co-workers12 reported the preparation
and oxygenation of cobalt N-confused porphyrin nitrosyl
complexes Co(CTPPC2H2Cl)(NO) and Co(CTPPO)(NO).
Zilbermann et al.13 reported the spectroscopic and electro-
chemical characterization of solutions and films of a new redox
couple: N-confused porphyrin cobalt(II)/cobalt(III). These
paramagnetic cobalt complexes were studied by electron spin
resonance and UV−vis spectroscopy as well as by electro-
chemical methods. The shortfall in the study on a simultaneous
metalation and C−H bond activation reaction of an externally
alkylated NCP prompted us to undertake the synthesis and
structural characterization on metalation of 1, leading to the new
paramagnetic cobalt(II) complexes. Interestingly, chloro(2-aza-
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Scheme 1. Synthesis of 6 and 7

Chart 1. Structures of 2−5
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2-[(benzyloxy)carbonyl]methyl-5,10,15,20-tetraphenyl-21-ben-
zyl-21-carbaporphyrinato-N,N′,N″)cobalt(II) [6; Co(2-
NCH2COOCH2C6H5-21-CH2C6H5NCTPP)Cl] and chloro(2-
aza-2-[(benzyloxy)carbonyl]methyl-5,10,15,20-tetraphenyl-21-
p-xylyl-21-carbaporphyrinato-N,N′,N″)cobalt(II) [7; Co(2-
NCH2COOCH2C6H5-21- CH2C6H4CH3NCTPP)Cl] were syn-
thesized bearing the solvents toluene (in 6) and p-xylene (in 7),
respectively, at the inner-core carbon. In this Communication,
we report the first inner C-alkylation of the solvents toluene and
p-xylene onto the cobalt(II) complexes of NCP in atmospheric
air under no basic conditions. The X-ray structures andUV−vis−
near-IR (NIR) spectra of the two novel cobalt complexes 6 and 7
are also reported.
When 1 was treated with 4 equiv of CoCl2·6H2O in refluxing

MeCN/toluene (or MeCN/p-xylene) for 13 h (or 12 h), a
yellow-greenish product of 6 (or 7) was obtained in 26% (or
33%) yield (Scheme 1). Crystals of 6 (or 7) were grown from
cyclohexane/CH2Cl2 [1:1 (v/v)] (or cyclohexane/toluene [1:1
(v/v)]), and the X-ray frameworks for 6 and 7 are depicted in
Figure 1.14 The coordination sphere around the Co2+ ion in 6 and
7 is distorted tetrahedron. The distance between the inner
carbon C(17) and the cobalt atom, 2.559(3) Å [or 2.529(3) Å],
in 6 (or 7) is longer than the sum of the cobalt and carbon
covalent radii (2.03 Å).15 The typical covalent bond distance of
Co−C is 1.907(6) Å in 4 and 1.933(4) Å in 3.5,7 Hence, there is
no side-on η′ coordination between cobalt and C(17) in 6 and 7.
The C(17)-benzyl (or p-xylyl) substituent for 6 (or 7) lies on the
face opposite to the chloride. The cobalt is displaced 0.56 Å (or
0.57 Å) out by the N(1)−N(2)−N(3) plane (i.e., the 3N plane)
toward the axial chloride for 6 (or 7). The dihedral angles
between the C(17) pyrrole plane and the 3N plane in complexes
6 and 7 are as follows: 57.5° (6) and 56.6° (7). This large
dihedral angle of 56.6−57.5° in complexes 6 and 7 indicates that
the pyrrole C(17) ring is highly tilted from the 3N plane. This
distortion breaks the delocalization of the two lone-pair electrons
from N(4) to the N(4)−C(19) bond and inhibits formation of
the iminium ion with dipolar form in complexes 6 and 7.16

Hence, the covalent form should be a major canonical form for
complexes 6 and 7.16 X-ray diffraction data indicate that the bond
length of N(4)−C(19) for the dipolar form of metal N-confused
complexes was 1.315 ± 0.011 Å, while that of the covalent form
was 1.331 ± 0.008 Å.16 The bond distance between N(4) and
C(19) is 1.327(4) Å [or 1.336(4) Å] in 6 (or 7). These data also
support the existence of the N(4)−C(19)H(19A)(Ar) bond
with a covalent form in complexes 6 and 7.
The values of μeff observed for complexes 6 (4.51 μB) and 7

(4.50 μB) at 300 K are very similar and lie in the range of known
tetrahedral cobalt(II) complexes (4.2−5.1 μB) with S = 3/2.

17,18

These values are higher than the expected spin-only value of 3.89
μB, suggesting the presence of spin−orbit coupling effects in 6
and 7. The electronic spectra of high-spin cobalt(II) (S = 3/2)
with a 3d7 configuration and pseudotetrahedral C3v symmetry for
6 (or 7) are shown in Figure 2a (or Figure S6a in the Supporting
Information).19−23 Expanded NIR spectra of the 4E(T1,F) ←
4A2(F) transitions of 6 (or 7) at 300 K are shown in Figure 2b (or
Figure S6b in the Supporting Information). The band at 711 nm
(or 713 nm) in the UV−vis spectra of 6 (or 7) in CDCl3 might
come from the relatively intense ligand absorption (Q band at
717 nm) of 1 in CH2Cl2 (Figure S7 in the Supporting
Information).24,25 The band at 786 nm (or 785 nm) in the
spectra of 6 (or 7) in CDCl3 is assigned to the metal−ligand
charge-transfer transition. The weak absorptions of 6 (or 7) in
CDCl3 at 1089 (or 1093) and 1285 nm (or 1295 nm) in the NIR

region are assigned to the 4E(T1,F) ←
4A2(F) transition due to

spin−orbit coupling.
In this paper, the synthesis and structural elucidations of two

different cobalt complexes, 6 and 7, are reported with an inner C-
alkylation reaction that has been observed for the first time for
cobalt(II) in NCP. These paramagnetic cobalt(II) complexes are
high-spin state (S = 3/2) with the 4A2(F) ground term for a 3d7

configuration and pseudotetahedral C3v symmetry. Importantly,
this inner C-alkylation works well without any basic catalyst for

Figure 1. X-ray structures of (a) 6 and (b) 7. Solvent and phenyl groups
are omitted for clarity. Selected bond lengths (Å) and angles (deg) for 6:
Co−Cl, 2.2806(9); Co−N(1), 2.106(2); Co−N(2), 2.005(3); Co−
N(3), 2.085(3); N(4)−C(19), 1.327(4); Cl−Co−N(1), 104.72(7);
Cl−Co−N(2), 119.61(9); Cl−Co−N(3), 103.56(8). Selected bond
lengths (Å) and angles (deg) for 7: Co−Cl, 2.2881(12); Co−N(1),
2.115(3); Co−N(2), 2.003(3); Co−N(3), 2.094(3); N(4)−C(19),
1.336(4); Cl−Co−N(1), 106.05(10); Cl−Co−N(2), 119.86(11); Cl−
Co−N(3), 102.47(11).
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cobalt(II) but not for zinc(II), nickel(II), platinum(II),
palladium(II), and manganese(III) in metal N-confused
porphyrin complexes. Electron paramagnetic resonance and
magnetic susceptibility studies on high-spin pseudotetrahedral
cobalt(II) complexes 6 and 7 are currently underway.

■ ASSOCIATED CONTENT
*S Supporting Information
X-ray crystallographic data in CIF format, preparation and X-ray
structures of 1, 6, and 7, 1H and 13CNMR and UV−vis spectra of
1, UV−vis−NIR spectra of 7, and magnetic susceptibility
measurements. This material is available free of charge via the
Internet at http://pubs.acs.org.

■ AUTHOR INFORMATION
Corresponding Author
*E-mail: JyhHChen@dragon.nchu.edu.tw. Tel.: +886
422840411 ext. 612. Fax: +886 422862547.
Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
Financial support from the National Science Council of the
Republic of China under Grant NSC 102-2113-M-005-004 is
gratefully acknowledged. We thank Dr. S. Elango for helpful
discussions.

■ REFERENCES
(1) Chmielewski, P. J.; Latos-Grazynski, L.; Rachlewicz, K.; Glowiak,
T. Angew. Chem., Int. Ed. Engl. 1994, 33, 779−781.

(2) Furuta, H.; Asano, T.; Ogawa, T. J. Am. Chem. Soc. 1994, 116, 767−
768.
(3) Li, X.; Liu, B.; Yi, P.; Yi, R.; Yu, X.; Chmielewski, P. J. J. Org. Chem.
2011, 76, 2345−2349.
(4) Chmielewski, P. J. Inorg. Chem. 2007, 46, 1617−1626.
(5) Qu, W.; Ding, T.; Cetin, A.; Harvey, J. D.; Taschner, M. J.; Ziegler,
C. J. J. Org. Chem. 2006, 71, 811−814.
(6) The numbering scheme on the far left of Scheme 1 is used for the
nomenclature of the compounds, and this numbering scheme is
consistent with that reported in the literature. Moreover, the NMR data
assignment uses the X-ray atom-labeling scheme.
(7) Fields, K. B.; Engle, J. T.; Sripothongnak, S.; Kim, C.; Zhang, X. P.;
Ziegeler, C. J. Chem. Commun. 2011, 47, 749−751.
(8) Harvey, J. D.; Ziegler, C. J. Chem. Commun. 2004, 1666−1667.
(9) Furuta, H.; Maeda, H.; Osuka, A.; Yasutake, M.; Shinmyozu, T.;
Ishikawa, Y. Chem. Commun. 2000, 1143−1144.
(10) Chmielewski, P. J.; Latos-Grazynski, L.; Glowiak, T. J. Am. Chem.
Soc. 1996, 118, 5690−5701.
(11) Chmielewski, P. J.; Szterenberg, L.; Siczek, M. Chem.Eur. J.
2011, 17, 1009−1020.
(12) Hung, C. H.; Peng, C. H.; Shen, Y. L.; Wang, S. L.; Chung, C. H.;
Lee, H. M. Eur. J. Inorg. Chem. 2008, 1196−1199.
(13) Zilbermann, I.; Maimon, E.; Ydgar, R.; Shames, A. I.; Korin, E.;
Soifer, L.; Bettelheim, A. Inorg. Chem. Commun. 2004, 7, 1238−1241.
(14) Crystal data for 6 and 7: data were collected at 150(2) K on a
Oxford Diffraction Gemini S diffractometer system. For 6:
C60H43ClCoN4O2, M = 946.36, blue parallelepiped, 0.34 × 0.17 ×
0.16 mm3, monoclinic, space group P21/n, Z = 4 in a cell of dimensions a
= 16.9416(9) Å, b = 14.6567(8) Å, c = 18.1670(8) Å, α = 90°, β =
97.735(2)°, γ = 90°, V = 4470.0(4) Å3,Dc = 1.406Mgm−3, μ(Mo Kα) =
0.496 mm−1, F(000) = 1964; final R indices on 9208 independent
reflections [I > 2σ(I)] of R1 = 0.0540 and wR2 = 0.1384. The C(47)
atom within 6 is disordered with an occupancy factor of 0.78 for C(47)
and 0.22 for C(47′). For 7: C61H45ClCoN4O2, M = 960.39, blue
parallelepiped, 0.40 × 0.20 × 0.17 mm3, monoclinic, space group P21/n,
Z = 4 in a cell of dimensions a = 17.0400(5) Å, b = 15.1258(10) Å, c =
18.4773(7) Å, α = 90°, β = 99.081(3)°, γ = 90°, V = 4702.7(4) Å3, Dc =
1.356 Mg m−3, μ(Mo Kα) = 0.473 mm−1, F(000) = 1996; final R indices
on 10757 independent reflections [I > 2σ(I)] of R1 = 0.0717 and wR2 =
0.1404. The C(47), C(48), C(51), C(52), and C(53) atoms within 7 are
disordered with an occupancy factor of 0.82 for C(47), C(48), C(51),
C(52), and C(53) and 0.18 for C(47′), C(48′), C(51′), C(52′), and
C(53′). CCDC 939034−939035.
(15) Huheey, J. E.; Keiter, E. A.; Keiter, R. L. Inorganic Chemistry, 4th
ed.; Harper Collins College: New York, 1993; p 114.
(16) Chang, W. P.; Lin, W. C.; Chen, J. H.; Wang, S. S.; Tung, J. Y.
Dalton Trans. 2012, 41, 13454−13464.
(17) Cotton, F. A.; Goodgame, D. M. L.; Goodgame, M. J. Am. Chem.
Soc. 1961, 83, 4690−4699.
(18) Cotton, F. A.; Goodgame, M. J. Am. Chem. Soc. 1961, 83, 1777−
1780.
(19) Garrett, B. B.; Goedken, V. L.; Quagliano, J. V. J. Am. Chem. Soc.
1970, 92, 489−493.
(20) Quagliano, J. V.; Banerjee, A. K.; Goedken, V. L.; Vallarino, L. M.
J. Am. Chem. Soc. 1970, 92, 482−488.
(21) Bertini, I.; Ciampolini, M.; Gatteschi, D. Inorg. Chem. 1973, 12,
693−696.
(22) Goodgame, D. M. L.; Goodgame, M. Inorg. Chem. 1965, 4, 139−
143.
(23) Ciampolini, M.; Bertini, I. J. Chem. Soc. A 1968, 2241−2244.
(24) Belair, J. P.; Ziegler, C. J.; Rajesh, C. S.; Modarelli, D. A. J. Phys.
Chem. A 2002, 106, 6445−6451.
(25) Aleman, E. A.; Rocha, J. M.;Wongwitwichote, W.;Mora-Tovar, L.
A. G.; Modarelli, D. A. J. Phys. Chem. A 2011, 115, 6456−6471.

Figure 2. UV−vis−NIR spectra of 6 in CDCl3 at 300 K: (a) 300−1000
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