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5-(4-cyanophenyl)-10,15,20-triphenylporphyrinato platinu-
m(II) (3) and 5-(4-methoxycarbonylphenyl)-10,15,20-triphenyl-
porphyrinato platinum(II) (2) were isolated from a reaction of 5-
(4-methoxycarbonylphenyl)-10,15,20-triphenyl porphyrin (1)
with K2[PtCl4] in benzonitrile. Seemingly, 3 was generated
through the functional group substitution reaction of the phenyl
group of tetraphenylporphyrin during platinum ion insertion into
1 and was characterized by 1H NMR, mass spectroscopy, ele-
mental analysis, and X-ray crystallography.

Porphyrin compounds are of great interest in the fields of bi-
oorganic chemistry and material science.1 The electronic and op-
tical properties of porphyrins can be tuned by metal ion inser-
tion.2 Recently, platinum porphyrin derivatives have been used
for oxygen sensing.3 In order to improve oxygen sensitivity, con-
siderable effort has been devoted to the synthesis of porphyrinato
platinum(II) analogs. In our research on porphyrinato plati-
num(II) derivatives, we discovered that a unique reaction occur-
red during the insertion of platinum into a 5,10,15,20-tetraphen-
ylporphyrin derivative in benzonitrile.4

Condensation of pyrrole with aldehydes by Lindsey’s meth-
od afforded 5-(4-methoxycarbonylphenyl)-10,15,20-triphenyl
porphyrin (1) in 17.7% yield (Scheme 1a).5 1 and K2[PtCl4] dis-
solved in anhydrous benzonitrile was heated to 170 �C for 72 h
under N2, and the crude product was purified by silica gel col-

umn chromatography to afford the 5-(4-methoxycarbonylphen-
yl)-10,15,20-triphenylporphyrinato platinum(II) (2) in 29.8%
yield and 5-(4-cyano phenyl)-10,15,20-triphenylporphyrinato
platinum(II) (3) in 52.7% yield, respectively (Scheme 1b).6 On
the other hand, 2 was obtained as main product from the Scheme
1c in yield 95.4%.7 When a mixture of 2 and K2[PtCl4] dissolved
in anhydrous benzonitrile was heated to 170 �C, no 3 was detect-
able in the 1H NMR spectrum. Thus, 3 was not supposedly gen-
erated from 2. The structure of 3 was established by 1H and 13C
NMR, mass spectroscopy, elemental analysis, and X-ray crystal-
lography.

In the 1H NMR spectrum of 3, the methyl ester peak at
4.09 ppm (for 2) was no longer present. However, the peaks in
the aromatic region clearly show that 3 is a tetraphenylporphyrin
derivative in which one of the four phenyl groups has been re-
placed by a p-substituted phenyl group. In the UV–vis spectrum
of 3 (Soret-band at ca. 402.0 nm and two Q-bands at ca. 509.5
and 535.5 nm), the Soret-band is shifted towards shorter wave-
length compared with the starting material 1 (ca. 420.0 nm and
four Q-bands at ca. 518.5, 550.0, 590.5, and 645.0 nm), and is
quite similar to that of 2 (ca. 402.0 nm and two Q-bands at ca.
509.5 and 535.5 nm). This observation suggests that platinum
ion was inserted into the porphyrin ring. The shapes of the Sor-
et-band and Q-bands were comparable with those of known nor-
mal metalloporphyrins, so it was suggested that the electronic
structure of 3 belongs to a normal porphyrin type such as
Pt(II)TPP. FAB mass spectroscopy and elemental analysis of 3
supported the formula of 5-(4-cyanophenyl)-10,15,20-triphenyl-
porphinato platinum(II) (Pt1C45H27N5). Unfortunately, the cya-
no carbon peak could not be distinguished in the 13C NMR spec-
trum, because it is in the same position as the pyrrole carbon.
Recrystallization of 3 from CH2Cl2–MeOH afforded X-ray qual-
ity crystals (Figure 1).8 The diffraction data revealed a tetragonal
crystal system, I-42d space group, and Z ¼ 4. This indicates that
the orientation of the cyano group is statistically disordered to
give pseudo four-fold symmetry. The cyano group was found
on a differential electron density map, and refined with an iso-
tropic displacement parameter with an occupancy of 1/4. The
N(2)–C(12) bond distance was 1.15(3) �A and the N(2)–C(12)–
C(9) bond angle was 177(2)�, which resembles that of meso-tet-
rakis(4-cyanophenyl)porphyrinato zinc(II) (C-N triple bond dis-
tance, 1.13 �A, and C–C–N bond angle, 176.7�).9 The crystal of
tetraphenylporphirinato platinum(II) (PtTPP) is also tetragonal,
I-42d space group, and Z ¼ 4. The lattice volume of 3 is bigger
than that of PtTPP, which reflects the additional volume of the
cyano group.4c These findings indicate that a novel substitution
reaction occurs when the porphyrin ring is heated with K2[PtCl4]
in benzonitrile.

Recently, many reactions about porphyrins are reported and

Scheme 1. Conditions: a (i) BF3�OEt2, CHCl3 (ii) p-chloranil;
b K2[PtCl4], Ph-CN; c CH3COONa, K2[PtCl4], CH3COOH/
Ph–Cl.
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it is well known that the meso position of a porphyrin ring has
high reactivity. For example, addition reaction of functional
groups to the meso position of porphyrins were reported, and
the porphyrin which the additional functional group was attach-
ed to a meso position is called an isoporphyrin.10 However, to
our knowledge, no exchange reaction via an isoporphyrins inter-
mediate was reported, although synthesises of isoporphyrins are
realized by means of chemical and electrochemical ap-
proaches.11 Thus, the functional group substitution reaction of
the phenyl group of tetraphenylporphyrin is not reported. There-
fore, it is suggested that the functional group substitution reac-
tion of porphyrin, which we discovered, should be a new reac-
tion in the field of porphyrin chemistry. This is expected to be
a significant result for the synthesis of metal-containing porphy-
rins. We are now studying the scope of this reaction and are also
examining the substitution mechanism.
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Figure 1. ORTEP drawings of 3 showing 50% probability. All
hydrogen atoms and other three cyano groups disordered statisti-
cally were omitted for clarity.

Chemistry Letters Vol.33, No.4 (2004) 451

Published on the web (Advance View) March 20, 2004; DOI 10.1246/cl.2004.450


