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Most of the applications of phthalocyanines (Pcs) are concerned
with the large, flatt-conjugation system, as well as the type of
central metat.In particular, it is well-known that, compared with
porphyrins? the metalloPcs (MtPcs) have extremely high planar-
ity: for example, nonsubstituted NiPc is essentially perfectly
planar® although MtPcs with larger metal ions such as Pb and
Sn distort the geometry to some extér@tructurally distorted
Pcs have been reported in the past few years, where the steric
congestion of substituents caused distortion of the macroéycle. Figure 1. View of the molecular structure df: (a) top view and (b)

In this communication, we report two types of Pc analogues whose side view. Displacement ellipsoids are shown at the 50% probability level.
nonplanarity appears to be the highest yet reported. To induceHydrogen (in both (a) and (b)) and phenyl groups (in (b)) are omitted
the largest distortion conceivable, aromatic ortho-dinitriles having for clarify.

two protruding phenyl group® and4, are used. These types of

dinitriles have long been believed to be too congested to form Scheme 1

Pcs by themselvésand have therefore been employed for the

preparation ofoppositetype of MtPc analogues, utilyzing the O

steric hindrance between the phenyl grotps.the course of CN Li, r-hexanol

studies, however, we thought that, if these dinitriles can occupy O oN 170°C, 1h

theadjacentpositions of Pcs, the deviation from planarity would O

be very large because of the overlap of the protruding phenyl 3

groups? As described below, we have overcome this problem,

and the resultant two Pc analogues obtained by the above inverse O

concept,l and2, are indeed confirmed to be the most nonplanar o on 1L nhesanol

Pcs ever substantiated structurally. OO + AL
Both 1° and2'° were prepared by the so-called lithium method oN O on Ageme e

at ca. 170 and 158C, respectively (Scheme 1). In the casepf O 3) Chromatography

dinitriles 4 and 5 were co-macrocyclized, so that repeated
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2H, NH) (at 0°C, NH signal is not detectable hidden by €signal of the (5.43), and 355 (5.89). Another green band was recognizBgd=at0.68, and
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(4.39), 336 (4.58), and 281sh (4.91). on diphenylmaleonitrile).
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Figure 2. View of the molecular structure ¢t (a) top view and (b)
side view. Displacement ellipsoids are shown at the 50% probability level.
Hydrogen (in both (a) and (b)) and phenyl groups (in (b)) are omitted
for clarify.
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Figure 3. Linear display of the out-of-4N-plane deviations from planarity
for the core atoms df (top) and2 (bottom). Squares indicate the carbon
atoms fused to anthracene rings.

of the central 20-membered macrocyclic atom& &bm the 4N-
plane. The observed maximum deviation is ca. 1.03 A, which is
the largest observed thus far for Pcs, and even compares with
those of the representative highly disordered porphyrins (ca. 0.7
1.4 A)2 even though Pcs, unlike porphyrins, cannot have bulky
substituents structurally at their meso-positions which are impor-
tant in deforming ther-conjugation plane. The degree of deviation
of the other pyrrole units is approximately in the same order (ca.
1 A). The dihedral angles between the pair of planes formed by

(11) Crystallographic data fdr: single crystals of containing CHGJ and
hexane were obtained by recrystallization from a Ci#@xane solution.
Ca2.51H55.11NsCly g4 triclinic, space grou-1(No. 2), with unit-cell dimensions
a= 15.5258(5) Ab = 15.8918(7) Ac = 16.4589(2) Ao = 87.287(2), 8
=67.873(2), y = 61.084(3Y, V=13247.1(2) B, Z= 2, Do = 1.246 g/cri.
Intensity data were collected at 150 K on a Rigaku RAXIS-RAPID Imaging
Plate diffractmeter with graphite monochromated Mo Kadiation. The
structure was solved by direct methods and expanded using Fourier techniques,
25149 reflections were measured in which 13169 were independentRrinal
=0.094,R, = 0.219 ( > 2.00(1)). Full details are described in the Supporting
Information.

(12) Crystallographic data f@&: C;o8Hs2NsC0Qs, monoclinic, space group
C2/c (No. 15), with unit-cell dimensiona = 31.460(9) Ab = 20.602(4) A,

c = 28.041(3) A,f = 115.608(1)V = 16389(5) &, Z = 8, Deac = 1.314
g/cn®. Intensity data were collected at 150 K on a Rigaku/MSC Mercury
diffractometer with graphite monochromated Mo Kadiation. The structure

was solved by direct methods and expanded using Fourier techniques. A total
of 49418 reflections were measured in which 16857 were independent. Final
R; = 0.086,R, = 0.097 ( > 2.0 o(l)). Full details are described in the
Supporting Information.
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the isoindole units on either side of the core reach 46.0 and 41.9
(43.2 on average), which are well above the recently reported
value for 1,4,8,11,15,18,22,25-octaisopentyl Pc by Cook et al.
(32.0°)> and is unambiguously the largest deformation seen in
the Pc derivatives known to date. As seen in Figure 1, the
deformation seems to originate mainly from twisting around the
meso-N atoms, that is each isoindole unit retains a relatively high
planarity (see Supporting Information) and the twisting among
isoindole units dominates the total molecular structure. On the
other hand, despite being a nonplanar macrocycle, the bond
lengths inl are close to those found in nonsubstituted planar H
Pc!3 For example, bond lengths of N1, N8-C1, C4-C27,

and C63-C68 are 1.372(4), 1.331(4), 1.480(5), and 1.419(4) A,
respectively, while the corresponding bond lengths jrdiare
1.34, 1.33, 1.49, and 1.39 A, respectivély.

The ORTEP drawing in Figure 2 clearly illustrates that
compound2'? is a tetraazaporphyrin (TAP) adjacently fused by
two anthracene rings. Similarly tg 2 is conformationally highly
stressed due to the peripherally substituted phenyl groups, and
therefore the whole molecule adopts a kind of helical structure.
In other words, the structure @&fis similar to helicene, although
no significant vertical overlap betweenorbitals is conceivable.

As far as we know, this is the first realization of a helical structure
using low symmetrical Pcs or porphyrins. The dihedral angle
between the neighboring planes formed by the two adjacent
isoindole units (i.e., outer naphthalene rings have been ignored
to compare the two compounds) is 40.6n the other hand, the
values inl are 29.6, 30.1, 31.3, and 32.(B0.7 on average),
which is, interestingly, much smaller than those 2n It is
intuitively anticipated that central metals whose sizes fit into the
Pc cavity (such as cobalt, nickel, etc.) reduce the skeletal
deformation. Accordingly, these experimental results, which are
wholly contrary to our expectations, might be considered to result
from the low symmetricalr-conjugation system d?. Since the

two anthracene units are such large substituents on the TAP
skeleton, the interaction of these two units primarily determines
the whole molecular structure, dominating the ring-planarizing
effect of the metal. Figure 3 (bottom) shows that the skeletal
deformation is particularly marked for the pyrroles fused to
anthracene rings (ca. 08.8 A) and the deviations of the other
pyrroles are somewhat smaller (ca.-8®6 A), emphasizing the
helical structure o (Figure 2b).

In summary, we have prepared two novel, structurally highly
deformed Pc derivatives and determined that they adopt either
saddle or helical conformations depending on the geometry of
the r-conjugation system. They have been identified to have the
most deformed macrocyclic core in the Pcs and TAPs thus far
determined in the solid state. In particulaiis the first helicene-
like compound found in the porphyrin and Pc family. Compared
with normal flat Pcs and TAPs without substituents, the bond
lengths are virtually unchanged. Hence, the structural deformation
appears to originate primarily from strain of the bond angles.
Although we used 3,6-dipenylphthalonitrile and zinc ion to obtain
oppositely substituted Pcs in our previous papebshe use of a
stonger template, that is lithium ion, made it possible to prepare
sterically crowdedl and 2. Detailed spectroscopic and electro-
chemical properties of, 2 will be reported in due course.
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