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A tetraazaporphyrin (TAP) prepared by condensation of
1-ferrocenyl-1,2,2-tricyanoethylene in the presence of mag-
nesium shows an intense, broad near-IR band in the
700–1300 nm region, which may be ascribed to charge-
transfer transitions from the ferrocenyl moiety (substituents)
to the TAP ligand.

Ferrocene (Fc)-modified porphyrins,1 porphyrazines,2 and
phthalocyanines (Pcs)3 have been reported over the past few
decades. Although these compounds show characteristics
ascribable to the Fc moiety such as the FeII/III redox couple, their
spectroscopic properties are generally similar to normal por-
phyrins and Pcs, except for a slight change in the shape or
positions seen occasionally. In this regard, the TAP compound
which we report here, i.e. 2,7,12,17-tetracyano-3,8,13,18-tetra-
ferrocenyl-5,10,15,20-tetraazaporphyrinatomagnesium, 1, is
unusual in showing an intense, broad absorption band in the
near-IR region (700–1300 nm), beyond the Q band. TAPs are
structurally intermediate compounds between porphyrins and
Pcs, and some porphyrins4 and Pcs5 are known to show near-IR
absorption bands having much weaker intensity than the Q
band, which can be assigned to either d–d transitions6 in the
central metal or charge-transfer (CT) transitions from the
central metal to the ligands. Our compound 1, on the other hand,
has a broad, intense near-IR band, which may be assigned to
charge-transfer from the iron in the substituent group to the TAP
ligand, as described below.

Compound 1 was synthesized, in the presence of magnesium,
by condensation of 1-ferrocenyl-1,2,2-tricyanoethylene, 2,
which was obtained from chloromercurioferrocene and tetra-
cyanoethylene.7 Fig. 1 shows the electronic absorption and
magnetic circular dichroism (MCD) spectra of 1 and 2. The
starting material 2 showed two absorption peaks at 363 and 628
nm, while the TAP 1 had absorption maxima at 382, 623, and
962 nm. From the shape and intensity of the MCD band, the
bands at 382 and 623 nm of 1 are assigned as the Soret and Q
bands, respectively. The near-IR band can not be a p–p*

transition in the TAP ligand, since the Q band corresponds to the
HOMO–LUMO transition in the normal porphyrinic com-
pounds. In addition, the possibility of this being a d–d transition
is small because of the large absorption coefficient (e = 13200
dm3 mol21 cm21), which is a few orders of magnitude larger
than normal d–d transitions (0 < e < ca. 102 dm3 mol21 cm21;
the d–d transition is a forbidden transition by the Laporte
selection rule). The only feasible possibility appears to be CT
transitions between the Fc moiety and the TAP ligand (the
magnesium ion in the center of the TAP skeleton does not
participate since it does not contain d electrons). However, since
this kind of near-IR band has not been detected in Pcs and
porphyrins having only a Fc moiety,1,3 the presence of electron-
withdrawing cyano groups in the close proximity may be of
crucial importance. In accordance with this conjecture, the peak
wavelength of the near-IR band changed from 962 nm in
chloroform to 905 nm in ethanol and further to 888 nm in
DMSO.

In order to further gain some insight into the origin of the
near-IR band, redox potentials of 1 and 2 were measured in o-
dichlorobenzene, and the spectra of the electrolysed 1 have been
recorded. Compound 2 showed one reversible oxidation peak at
0.38 V vs. Fc/Fc+, which can be assigned to the FeII/III couple,
and one irreversible reduction peak at 21.35 V, which can be
tentatively assigned to the formation of the tricyanovinyl-
localized anion-radical.8 The TAP 1 showed two reversible one-
electron reduction processes at 20.84 and 21.28 V, and one
reversible four-electron oxidation process at 0.06 V and one
irreversible quasi one-electron oxidation process at 0.97 V.
From the amount of the current and the position, the first
oxidation is clearly assigned to the Fc moiety, i.e. FeII/III and
other couples are TAP-centered. Of course, an irreversible
reduction peak tentatively assigned to the tricyanovinyl moiety
in 2 disappeared in 1, because the two cyano groups of the three
cyano groups in 2 were used for the TAP core formation. The
potential difference between the 1st oxidation and reduction
potential of the TAP ligand (1.81 V) is much smaller than that
of general tetraazaporphyrins (ca. 2.1–2.2 V)9 due perhaps to
the stabilization of the LUMOs by cyano groups. If the band in
the near-IR region of 1 is associated with CT between the Fc
moiety and the TAP ligand, the shape of this band should
change significantly by electrolysis positive of the first
oxidation potential. Accordingly, the solution of 1 was
electrolysed at 0.21 V and the concomitant spectroscopic
changes were monitored (ESI†). With the progress of elec-
trolysis, the near-IR band faded away, the Soret band lost its
intensity by one-third, and the Q band shifted to the red at 663
nm, in accord with the above expectations. From the linear
relationship between the absorbance and concentration (Beer’s
law experiments, ESI†), the possibility of the near IR band
being due to the aggregation can also be ruled out.

Furthermore, the molecular orbitals of the starting material 2
were calculated using the time-dependent DFT method, realized
in the Gaussian 98W program (B3LYP functional and the SVP
basis set).10 The results of the first 10 lowest transitions are
shown in Table 1. Transitions 1–3 and probably 5 correspond to
a broad band between ca. 500 and 800 nm, and those 7–10
would be related to a strong band at ca. 350–400 nm. Taking
into account that orbitals 76 (dyz, E = 21.235 eV), 75

† Electronic supplementary information (ESI) available: absorption spectra
and Beer’s law experiments. See http://www.rsc.org/suppdata/cc/b0/
b007515i/

Fig. 1 Electronic absorption and MCD spectra of 1 (solid lines) and 2
(dotted lines) in chloroform.
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(LUMO+1, dxz, 21.245), 73 (HOMO, dxy, 26.486), 72 (dx2-y2,
26.563), 71 (a1(p, Fc, 47%) and dz2(53%), 27.305), and 70
(a1(p, Fc, 51%) and dz2(43%), 27.459) are the iron ion or
ferrocene-centered orbitals, while the orbital 74 (LUMO,
23.551) has 76% of its density on the tricyanovinyl fragment,
the band to the longest wavelength between ca. 500 and 800 nm
can be assigned to CT transitions from the filled iron ion orbitals
in ferrocene to p* orbitals of the tricyanovinyl group.
Unfortunately, similar calculations on 1 could not be performed,
because the molecule was too large. However, considering that
the Mössbauer parameters of 1 (isomer shift d = 0.68 mm s21,
quadrupole splitting DEQ = 2.31 mm s21) and 2 (d = 0.68,
DEQ = 2.06) are similar, and accordingly that the state of the
iron ion in the two compounds is similar, the near-IR band of 1
may also be assigned as CT transitions between the Fc moiety
and the TAP ligand with electron-withdrawing cyano groups11

(i.e. the above CT transitions in 2 may correspond to the CT
transitions from the iron ion in the Fc toward the nitrile groups
in the TAP ligand of 1). Thus, although the CT bands reported
so-far on porphyrins and phthalocyanines have always been
between the central metal and the ligands,4,5 compound 1
appears to be the first porphyrin or phthalocyanine which shows
a CT band from the metal in the substituent to the parent
ligand.
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Table 1 Calculated transition energies, oscillator strength (f), and configurations for compound 2

Transition
Energy/
eV (nm) fa Configurationsb

1 1.726 (718) 0.0002 72?74 (75%) 72?76(10%)
2 1.896 (654) 0.0208 73?74(57%) 73?76(15%)
3 2.297 (540) 0.0012 71?74(24%) 70?74(22%) 72?75(14%)

71?76(11%) 70?76(10%)
5 2.629 (472) 0.0073 72?75(28%) 73?74(19%) 72?76(14%)

73?76(14%) 71?74(12%)
7 3.223 (385) 0.0170 73?76(27%) 70?74(17%)
8 3.413 (363) 0.0094 69?74(87%)
9 3.506 (354) 0.2525 71?74(33%) 70?74(29%) 68?74(16%)

10 3.547 (350) 0.0025 72?76(14%) 73?75(11%) 70?75(11%)
71?75(10%)

a f greater than 0.0001 are shown. b Configurations greater than 10% are shown.
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