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Phthalocyanines Obtained from Phthalonitrileswith Phenyl Derivatives. A New Method for the
Synthesis of the Phthalonitriles by Use of Suzuki-Coupling Reaction
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Phthalocyanines peripherally introduced with four phenyl
derivatives have been prepared from the corresponding
phtha onitriles, which were obtained in high yields with Suzuki-
Miyaura coupling. It was found that the substituent groups on
the pc ring significantly affect the spectral properties and solu-
bilitiesin chloroform.

The phthalocyanines (pcs) soluble in organic solvents have
been developed by peripheral introduction of substituents
groups.! The variety of the substituent groups are still limited
due to their synthetic problem of the phthalonitriles, precursors
for pcs; most of them are alkoxy and alkylthio groups. The intro-
duction of phenyl substituents onto the pc ring is considered
promising because the space above the pc ring can be functional-
ized by further introduction of substituents to the phenyl groups.
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However, only few studies for the phenyl introduced pcs have
been reported.? We established a new facile preparation method
of the phenyl-substituted phthalonitriles in the high yield based
on a Suzuki—Miyaura cross-coupling reaction (Scheme 1), which
have been employed for hetero aromatic ring coupling; the
phenyl boronic acids used in this reaction are inert to water and
oxygen, and hence handled with ease.® During the course of this
study, the preparation of a pc substituted with 2,5-
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Scheme 1. Reagents and conditions: Na,CO3, Pd(PPhs), / DME,
reflux 8h.

dimethoxyphenyl group by a Stille coupling reaction using
organostannane was reported.* In the present study, we first per-
formed a systematic investigation on the pcs with phenyl deriva
tives regarding the difference of the substituent groups and their
positions on the pc-benzo ring.

The phenyl boronic acids (RPhB(OH),) were prepared from
bromobenzene derivatives via the Grighard reagent. The cou-
pling reaction of RPhB(OH), with 4-iodophthalonitirile® or 3-tri-
fluoromethanesulfonyloxyphthal onitrile® was carried out by fol-
lowing procedures (Scheme 1, la—e, 2a—€)7; a flask was charged
with Pd(PPhs), (30 umol), 1,2-dimethoxyethane (10 mL),
phthalonitriles (1.0 mmol), Na,CO, (3.0 mmol) and RPhB(OH),
(2.0 mmol) under argon, and the mixture was stirred at 90°C.
The completion of the reaction was confirmed by GC-MS analy-
sis. After the reaction mixture was filtered and evaporated, the
crude product was purified by silica-gel column chromatography
using toluene—chloroform (1:1) as eluent and recrystallized from
ethanol. The yields of phthalonitriles were about 80%. The
phenyl substituted pcs were obtained from the corresponding
phthalonitriles in a general method for the preparation of pcs
(Scheme 2).
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The pcs that have the ortho-substituted phenyl groups at -
position (3a:Ni, 3b-Ni) and a-substituted pcs (da—e-M) were very
soluble in chloroform, while 3c-Ni, 3d-Ni and 3e:Ni were less
solublein chloroform. The absorption spectrum of 3c:Ni in chlo-

Table 1. Q-band positions (nm) of metal free and Ni(II) pcs in
chloroform.

H, Ni(IT)
3B 4 (o) 3B 4 (o)

a 708 673 703 669 679 —
b 704 668 703 669 674 675
¢ 711 676 721 689 688%* 693
d 713,678 725 693 690* 694
e 710, 675 713 681 688* 692
MPc(+-Bu), 701, 664 — 672 —

* data in 1-chloronaphthalene
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roform shows a Q-band peak at 680 nm with a large broad band
at a shorter wavelength as a result of its aggregation. In the
same conditions, the spectrum of 3b-Ni shows a sharp Q-band at
674 nm with a small discernible shoulder. The Q-band positions
of 3c—e-M were shifted to a longer wavelength compared with
those of tetra-t-butylphthal ocyanine complexes (MPc(t-Bu),).
The Q-band shift of the complexes 3c—e-M may come from the
extended mt-systems when the introduced pheny! rings or their
derivatives become coplanar to the pc ring in solution. The Q-
band positions of the a-substituted pcs, 4¢c-M, 4d-M and 4e-M,
were shifted to a longer wavelength compared with those of the
corresponding B-substituted pcs. This result is consistent with
the report that the substituent effect at the o position is much
larger than that at the B position.® In contrast, the Q-band posi-
tions of 4b-Ni and 3b-Ni were amost the same as that of NiPc(t-
Bu),. This suggests that the substituent effect of the o-tolyl
group is weak in 4b-Ni and 3b-Ni, because the methyl group at
the ortho position of the o-tolyl group makes the dihedral angle
between the pc core and the o-tolyl group nearly perpendicular,
and the electronic interaction between the o-tolyl group and the
pc core is weakened.

Generdly, the tetra-substituted pcs have four structura iso-
mers. In the case of 4a—eNi, however, only one structural iso-
mer can be obtained because of steric hindrance of the substituent
phenyl groups. The single crystals of 4b-Ni suitable for an X-ray
diffraction measurement were obtained by the recrystallization
from a chloroform—n-hexane solution. The molecular structure
of 4b-Ni is shown in Figure 1.1° The introduced four sub-

Figure 1. Molecular structure of 4beNi.

stituents are placed to avoid contacting each other. The confor-
mation of the substituentsisthe same asthat previously report-
ed for 1,8,15,22-tetrakis(pentan-3'-yloxy)phthal ocyaninato-
nickel(11).11 The Ni—N bond lengths are 1.93(2), 1.92(2),
1.93(2) and 1.94(2)A, which are in the range of those for the
other pc complexes of nickel(11).12 The nickel(Il) ion is placed
in the plane formed by four coordinated nitrogen atoms. The
dihedral angles between the phenyl rings of the substituents and
the pc plane are 72°, 63°, 64° and 84°, which may cause the
high solubility of the o-substituted pcs in organic solvents
because the bulky phenyl groups perpendicular to the pc ring
can prevent the aggregation of the pcs.
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