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The introduction of main-group elements such as silicon into
p-conjugated systems has been quite successful for the
creation of novel functional materials that exhibit intriguing
optoelectronic properties.[1] To rapidly access silicon-contain-
ing p-conjugated systems, the insertion of silylenes into
p systems is particularly effective. Silylenes, which are diva-
lent silicon compounds, are highly reactive intermediates that
often undergo addition to unsaturated compounds to provide
three-membered rings or insertion products.[2] For example,
the reaction of silylenes with benzene affords silacyclohepta-
trienes in good yields through addition/ring opening under
thermal or photo-irradiated conditions.[3] However, large p-
conjugated systems such as porphyrins have not been inves-
tigated as reaction partners in the silicon-insertion reaction
with silylenes.

Norcorrole is a ring-contracted porphyrinoid that lacks
two of the meso-carbon atoms found in regular porphyrins
(Scheme 1).[4] We recently isolated the norcorrole NiII com-
plex 2 as an air-stable material. It exhibits a distinct anti-
aromatic nature because of its highly planar structure and the
presence of 16 p electrons along the conjugation circuit.[5] In
addition, upon treatment with meta-chloroperoxybenzoic
acid (mCPBA), oxygen insertion into the carbon–carbon
bond between the two pyrrole units of 2 affords the aromatic
18 p electron oxacorrole NiII complex. This type of atom
insertion enables the rapid construction of novel p-conju-
gated systems. Although several antiaromatic porphyrinoids

have been isolated, such reactions of antiaromatic porphyrins
have not been examined. Herein, we report a silicon-insertion
reaction of silylene 3[6] into 2 to afford ring-expansion
products in excellent yields. Furthermore, we analyze the
antiaromaticity of silicon-containing porphyrinoid 4 by spec-
troscopy and theoretical analysis.[7]

To evaluate the propensity for silicon insertion, stabilized
silylene 3 was reacted with porphyrin 1 and norcorrole 2
(Scheme 2). Whereas no reaction was observed upon treat-

ment of 5,15-dimesitylporphyrin NiII complex 1 with 3, NiII

norcorrole 2 instantly reacted with 3 in three minutes at room
temperature to provide 4 as a single product in 97 % yield.
The structure of 4 was unambiguously elucidated by X-ray
diffraction analysis and found to be silicon-containing por-
phyrinoid 4, which is formed by the insertion of 3 into the b-b
pyrrole carbon–carbon linkage (Figure 1 a,b). No other
regioisomers were detected in the reaction mixture.

Treatment of 2 with an excess of 3 (8.0 equiv) provided,
judging from its high-resolution mass spectrum, four-fold
addition product 5 as the major product in 52% yield. The
structure of 5 was also determined by X-ray diffraction
analysis (Figure 1c,d). Interestingly, this adduct has two
silacyclopropanes fused to the pyrrole units in a cis fashion.
The presence of the silacyclopropane moiety suggests that the
azasilacyclohexadiene rings in 4 and 5 likely result from the
ring opening of an initial silacyclopropane adduct, as has been
reported for the formation of silacycloheptatriene from
benzene.[3]

Kinetically stabilized silylene 3 exclusively reacted with 2
at the b-b pyrrolic bond. To determine whether the present

Scheme 1. Structures of NiII porphyrin 1, NiII norcorrole 2, and kineti-
cally stabilized silylene 3. The bold lines indicate the conjugation
circuits. Mes = 2,4,6-trimethylphenyl.

Abstract: The treatment of an antiaromatic norcorrole NiII

complex with a kinetically stabilized silylene provided ring-
expansion products in excellent yields through the highly regio-
and stereoselective insertion into the b-b pyrrolic C�C bonds.
The resultant NiII porphyrinoid monoinsertion product exhib-
ited relatively strong near-IR absorption bands due to the small
HOMO–LUMO gap in spite of the disrupted cyclic p-
conjugation by the silicon atom.

Scheme 2. Reactions of NiII porphyrin 1 and NiII norcorrole 2 with
stable silylene 3.
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selectivity is specific to 3, we investigated the reaction of 2
with di(tert-butyl)silylene generated in situ from silacyclopro-
pane precursor 6 (Scheme 3).[8] The reaction was sluggish;
however, some insertion product 7 was obtained in 72%
conversion. In the 1H NMR spectrum of 7, the chemical shifts
of pyrrole protons were nearly the same as those of the
pyrrole protons in 4.[9] On the basis of this result, it was
concluded that di(tert-butyl)silylene undergoes insertion with
the same regioselectivity.

Because of the presence of the sp3 silicon atom, the cyclic
p-conjugation is disrupted in 4. Surprisingly, however, the
UV/Vis/NIR absorption spectrum of 4 exhibited broad and
strong absorption bands in the low-energy region compared
to those observed for typical porphyrinoids containing four
nitrogens (Figure 2a). The absorption edge of 4 extended to
1300 nm, suggesting a small HOMO–LUMO gap. Thus, the
electrochemical properties of 4 were investigated by cyclic
voltammetry. Porphyrinoid 4 exhibited two reversible reduc-
tion waves at �1.12 and �1.81 V and one reversible oxidation
wave at 0.30 V (Supporting Information, Figure S7). The
narrow gap between the first oxidation and reduction
potentials (1.42 V) is consistent with the optical analysis.
Results of DFT calculations also indicated a small HOMO–
LUMO gap (1.82 eV) of 4 (Figure S8).

In the 1H NMR spectra of nonaromatic acyclic dipyrrins,
the pyrrole proton peaks typically appeared in the 6.0–

7.0 ppm range. The pyrrole proton signals of 4, on the other
hand, were shifted upfield in the 5.2–6.1 ppm region.[10] In
addition, the calculated nucleus-independent chemical shift
(NICS) values were small but positive, which suggests a weak
antiaromatic nature for 4 (Figure 2b).[11] Furthermore, the
anisotropy of the induced current density (AICD) exhibited
counterclockwise current density, which also indicates the
antiaromaticity of 4 (Figure 2c).[12,13]

The small HOMO–LUMO gap and weak antiaromaticity
of 4 cannot be explained by the normal resonance structure A,
which should have no cyclic p conjugation (Scheme 4). One
can, however, consider another resonance structure, B, with
cyclic 16 p electron conjugation and partial p-bonding
character between the two carbon atoms (C2 and C4)

Figure 1. X-ray crystal structures of 4 and 5. a) Top view and b) side
view of 4, and c) top view and d) side view of 5. Thermal ellipsoids are
scaled at the 50 % probability level. The hydrogen atoms, mesityl
groups, and trimethylsilyl groups in (c) and (d) are omitted for clarity.

Scheme 3. Silylene transfer from silacyclopropane 6 to norcorrole 2.

Figure 2. a) UV/Vis/NIR absorption spectra of 4 and 5 in CH2Cl2.
b) NICS values of 4 calculated at the B3LYP/631SDD level. c) AICD
plot of 4 at an isosurface value of 0.05. d) HOMO and e) LUMO of 4.

Scheme 4. Resonance structures of silicon-containing porphyrinoid 4.
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adjacent to the silicon.[14] The C2–C4 distance is 2.776 � in the
X-ray structure. The natural bond orbital analysis suggests
a non-negligible Wiberg bond index between the C2 and C4
atoms (0.11), as well as decreased double bond characters for
the C1–C2 (1.64) and C4–C5 (1.77) bonds. The calculated
HOMO also indicated significant orbital overlap between the
two carbon atoms, supporting a bonding interaction between
C2 and C4 (Figure 2d). In addition, the CASSCF(2,2)
calculation suggested approximately an 8% contribution of
the biradical resonance structure C. In fact, a toluene solution
of 4 showed a weak ESR signal, the intensity of which was
clearly dependent on temperature (Figure S9). Such behavior
is typical of delocalized singlet biradicals.[15] It was thus
concluded that the narrow HOMO–LUMO gap and antiar-
omaticity of 4 can be explained by contributions from the
resonance structures B and C.

In conclusion, highly regioselective insertion of silylenes
into norcorrole NiII complex 2 provided silicon-containing
porphyrinoids in excellent yields. In spite of the disrupted
cyclic p conjugation by the silicon atom, the resultant
porphyrinoid 4 exhibited relatively strong NIR absorption
bands due to the small HOMO–LUMO gap. The weak
antiaromatic character of 4 was elucidated on the basis of
spectroscopic and theoretical analyses. The present study
demonstrates that atom-insertion reactions into reactive
antiaromatic p systems enable the efficient construction of
novel p-conjugated systems with fascinating properties.
Further studies on the reactivity of antiaromatic norcorroles
are currently underway in our group.
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