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Studies of “Pinwheel-Like” Bis[1,8,15,22-tetrakis(3-pentyloxy)-
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Abstract: Homoleptic bis(phthalocya-
ninato) rare-earth double-deckers com-
plexes [M™{Pc(a-OCsH,,)s},] (M=Eu,
Y, Lu; Pc(a-OCsHy,),=1,8,15,22-tetra-
kis(3-pentyloxy)phthalocyaninate) have
been prepared by treating the metal-
free phthalocyanine H,Pc(a-OCsH;;),
with the corresponding M(acac);nH,O
(acac =acetylacetonate) in refluxing n-
octanol. Due to the C,, symmetry of
the Pc(a-OCsHy;), ligand and the
double-decker structure, all the reac-
tions give a mixture of two stereoisom-
ers with C,, and D, symmetry. The
former isomer, which is a major prod-

uct, can be partially separated by re-
crystallization due to its higher crystal-
linity. The molecular structure of the
major isomer of the Y analogue has
been determined by single-crystal X-
ray diffraction analysis. The metal
center is eight-coordinate bound to the
isoindole nitrogen atoms of the two
phthalocyaninato ligands, forming a
distorted square antiprism. Such an ar-

rangement leads to an interesting “pin-
wheel” structure when viewed along
the C, axis, which assumes a very un-
usual Sg symmetry. The major isomers
of all these double-deckers have also
been characterized with a wide range
of spectroscopic methods. A systematic
investigation of their electronic absorp-
tion and electrochemical data reveals
that the m—m interaction between the
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two Pc(a-OCsH,;), rings is weaker
than that for the corresponding unsub-
stituted or [-substituted bis(phthalo-
cyaninato) analogues.

Introduction

Bis(phthalocyaninato) rare-earth complexes have been in-
tensively studied as an important and useful class of ad-
vanced materials for gas sensors, electrochromic displays,
photoconductors, other opto-electronic devices, and single-
molecular magnets.“‘“ To date, most of the studies have fo-
cused on double-deckers with either unsubstituted phthalo-
cyaninato ligands or the tetra- or octa-f-substituted ana-
logues (i.e., substituted at the 2, 3, 9, 10, 16, 17, 23, and 24
positions).”) Sandwich-type complexes with o-substituted
phthalocyaninato ligands are extremely rare.! Due to the
very different electronic properties of a-substituted phthalo-
cyanines and the B-substituted counterparts,’ we were inter-
ested to examine the effects of a-substitution on the spec-
troscopic, electrochemical, and structural properties of the
resulting bis(phthalocyaninato) complexes. We report herein
the preparation of three new homoleptic bis[1,8,15,22-tetra-
kis(3-pentyloxy)phthalocyaninato] rare-earth complexes
[M"™Pc(a-OCsHy;),),] (M=Eu, Y, Lu) and a comparison of
their properties with those of the non-a-substituted ana-
logues. Due to the four regularly disposed a-substituents (at
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the 1,8,15,22-positions), the two possible cofacial orienta-
tions of the phthalocyanine rings give rise to two diaste-
reoisomers with C,, and D, molecular symmetry (see
Figure 1, assuming that there is a free rotation of the phtha-
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Figure 1. Structures of the two isomers of [M"{Pc(a-OCsH;;),},]-

locyaninato ligands about the C, axis). The former isomer,
which can be partially separated by recrystallization, adopts
a slightly distorted square antiprismatic geometry around
the metal center, resulting in S; symmetry. To the best of
our knowledge, this is the first report of rare-earth double-
decker complexes with such a molecular symmetry.

Results and Discussion

Synthesis of [M™{Pc¢(a-OCsH;;),},]: The synthesis involved
a simple condensation reaction of the metal-free phthalocya-
nine H,Pc(a-OCsH,;), with the corresponding metal salts.
Thus treatment of M(acac);nH,O (M=Eu, Y, Lu; acac=
acetylacetonate) with H,Pc(a-OCsHy,), in refluxing n-octa-
nol led to the formation of [M"™{Pc(a-OCsHy;).},] [M=Eu
(1), Y (2), Lu (3)] via the intermediate [M™H{Pc(a-
OC;H,))4),].¥! The yield was higher for the rare earths with
a smaller ionic radius (21% for 1, 45% for 2, 49% for 3).
This is in line with the trend observed for the other series of
bis(phthalocyaninato) complexes [M™(Pc),] and [M™{Pc(B-
OCH)sh] (Pc=phthalocyaninate; Pc(B-OCsHy)s=
2,3,9,10,16,17,23 24-octakis(octyloxy)phthalocyaninate).[5*)

These three metals were selected because their ionic radii
span a relatively wide region, allowing the study of their ef-
fects on the spectroscopic and electrochemical properties.
The facile characterization of these metal complexes by
NMR spectroscopy is also one of the advantages."”! All the
reactions gave a mixture of two isomers with C,, and D,
symmetry depending on the relative orientation of the two
ligands (Figure 1). On the basis of the 'H NMR data (to-
gether with the X-ray diffraction analysis; see below), the
former isomer was found to be the major product giving a
ratio of 95:5 (for M=Eu) or 7:3 (for M=Y, Lu) with re-
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spect to the D, isomer. These two isomers could not be sep-
arated by column chromatography. However, recrystalliza-
tion by layering MeOH onto a solution of the mixture in
CHCI; gave some dark-blue cubes, which were found to be
the C,, isomer. It seems that this isomer has a higher crystal-
linity than the D, isomer, allowing it to form crystals more
readily. Some of the relatively large crystals could be man-
ually separated under a microscope. Thus this method al-
lowed a partial separation of the C,;, isomer, but the pure D,
isomer could not be obtained.

Spectroscopic characterization: The C,, isomers of all the
double-deckers were fully characterized with elemental
analysis and a wide range of spectroscopic methods (see
Table S1 in the Supporting Information). The MALDI-TOF
mass spectra showed an isotopic cluster due to the [M+1]*
or [M+2]* species. The occurrence of the latter signal may
be due to the less-negative first reduction potential of these
complexes (see below), which allows an ease formation of
the monoreduced, protonated [M"™{Pc(a-OCsH;;),},] under
the experimental conditions. Ionization of this species by
protonation leads to the [M+2]* cluster. A typical spectrum
of the C,;, isomer of [Lu™{Pc(a-OCsH,,)4},] (3) is given in
Figure S1 (Supporting Information). It can be seen that the
isotopic distribution of this cluster is in good agreement
with the simulated pattern for the [M+2]" species.

Like other bis(tetrapyrrole) rare-earth(ir) complexes,'*!!
compounds 1-3 possess an unpaired electron in one of the
macrocyclic ligands, which can be confirmed by EPR spec-
troscopy. The room-temperature EPR spectra of the Y and
Lu analogues in CH,Cl, showed a typical organic radical
signal at g=2.000 with a linewidth of 5.1 (for M=Y) or
10.6 G (for M=Lu). As a result of the interaction between
the unpaired electron and the paramagnetic Eu' center, the
europium counterpart 1 was EPR-silent under these condi-
tions.

'"H NMR spectra of these complexes were recorded in the
presence of hydrazine hydrate, which reduced the neutral
double-deckers to the corresponding monoanions, thereby
making the two macrocyclic ligands become diamagnetic.l”
Figure 2 shows the 2D 'H-'H COSY spectrum of the man-
ually separated crystals of the Y analogue 2. X-ray diffrac-
tion analysis revealed that they are the Sy isomer (see
below) or the C,, isomer if we assume that there is a free ro-
tation of the phthalocyaninato ligands about the C, axis in
solution. All the signals can be readily assigned unambigu-
ously through the correlations established in this experi-
ment. The data together with the assignment are given in
Table 1. Interestingly, due to the double-decker structure
and the restricted rotation of the 3-pentyloxy substituent,
the two ethyl groups of this substituent are no longer equiv-
alent. One of them resonates as two multiplets at 6 =2.14—
2.28 and 2.30-2.42 ppm, arising from the two diastereotopic
CH, protons, and a triplet at 0=1.36 ppm (CHj;), while the
other gives a multiplet at 6 =1.98-2.10 ppm (for the two dia-
stereotopic CH, protons) and a triplet at d=1.12 ppm
(CH;). The spectrum for the Eu analogue shows similar
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Figure 2. 2D 1H-1H COSY spectrum of the C4h isomer of [Y"{Pc(a-
OCsHj)).},] (2) in CDCLy/[Dg]DMSO (1:1) in the presence of approxi-
mately 1% hydrazine hydrate.

spectral features, but most of the signals are shifted down-
field (Table 1) due to the paramagnetic Eu" center.

'"H NMR data of all the D, isomers were obtained from
mixtures of the two isomers. These data are also listed in
Table 1. In general, two sets of partially overlapped signals
for the two isomers were observed. The ratio of the two iso-
mers was determined from the integrations of the two OCH
multiplets.

The electronic absorption spectra of the C,, isomers of
the three complexes were measured in CHCl; and the data
are compiled in Table 2. The dependence of the spectral fea-
tures on the metal center is clearly illustrated by the spectra
of the Eu, Y, and Lu analogues (Figure 3). The spectra show
a typical Soret band at approximately 305 nm with a should-
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er at the lower energy side (370-382 nm). The slight splitting
of this band has been observed previously for other bis(ph-
thalocyaninato) rare-earth(im) complexes.®*1%13 Interesting-
ly, the Q-bands for these compounds are also split, giving
two well-separated absorptions at 628-639 and 707-724 nm
as a result of the decrease in molecular symmetry. The spec-
tra for these three compounds also show two weak absorp-
tions at 453-456 and 943-946 nm, which are characteristic -
radical-anion bands for bis(phthalocyaninato) rare-earth(1)
complexes.'>*l These two absorptions have counterparts in
the spectra of unsubstituted bis(phthalocyaninato) rare-
earth analogues [M(Pc),]!* and have been assigned to the
transitions from the fourth-occupied HOMO to the semi-oc-
cupied HOMO and from the semi-occupied HOMO to the
LUMO, respectively.”! However, it is worth noting that the
transitions between the phthalocyanine m system and the
lone-pair of electrons on the oxygen atoms of the 3-pentyl-
oxy side chains also contribute to the former absorption.!*4
An additional m-radical-anion marker band appears at
1666-2052 nm, which is significantly red-shifted compared
with that of the corresponding [M™(Pc),] and [M™[Pc(p-
OC,H,,11)sh] (n=5, 8),5+111 showing that the ring-to-ring
interaction is significantly weaker for 1-3. As shown in
Table 2 and Figure 3, all the absorptions (except for the
main Soret band at ca. 305 nm) including their position and
intensity are sensitive to the metal center.

A simplified molecular orbital diagram of [M™{Pc(a-
OC;Hy)4),] constructed from the a;, and e, orbitals of the
two ligands is given in Figure 4. The corresponding dia-
gram for [M"™(Pc),] is also shown for comparison. Due to
the more electron-rich Pc(a-OCsH;;), with respect to Pc,
both the a,, and e, orbitals of Pc(a-OCsHj;), are higher in
energy than those of Pc. The weak absorption at 943-
946 nm, which shifts slightly to the red with decreasing the
size of the metal center, is due to the electronic transition
from the semi-occupied orbital to the degenerate LUMO.
The lowest energy near-IR band at 1666-2052 nm is due to
the transition from the second-highest occupied orbital to

Table 1. '"H NMR data [0 in ppm] for the reduced form of [M"{Pc(a-OCsHy,),}.] M=Eu (1), Y (2), Lu (3)).

H, H, H,

OCH CH, CH,

1C," 1011 (d, J=7.5Hz, 8H) 832 (t,/J=7.5Hz, 8H) 7.90 (d, /=75 Hz, 8H) 6.48-6.58 (m, 8H) 2.84-2.96 (m, 16H) 1.57 (t,/=7.5 Hz, 24 H)"

1DM 1028 (d, /=73 Hz, 8H) 840 (t,/=7.3 Hz, 8H) -
2C,M 8.44 (d,J=7.5Hz, 8H)

2D,® 847 (d,J=7.3Hz 8H)

3C," 845(d,J=7.3Hz, 8H)

3D/ 847 (d,J=7.3Hz, 8H)

770 (t, J=7.5 Hz, 8H) 7.30 (d, J=7.5Hz, 8H) 5.00-5.06 (m, 8H) 2.30-2.42 (m, 8H)

774 (t, J=73 Hz, 8H) 7.28 (d, /=73 Hz, 8H) 4.81 (m, 8H)

770 (t, J=7.3 Hz, 8H) 7.30 (d, J=7.3 Hz, 8H) 4.98-5.04 (m, 8H) 2.32-2.44 (m, 8H)

774 (t, J=73 Hz, 8H) 7.28 (d, J=7.3 Hz, $H) 4.81 (m)

6.07 (m, 8H) 3.11 (m)™ 1.16 (t,J=7.3 Hz, 24H)"
1.36 (t,J=7.5 Hz, 24 H)
2.14-2.28 (m,8H)  1.12 (t,J=7.5 Hz, 24 H)

1.98-2.10 (m, 16 H)

220 (m) 1.37 (t, J=7.3 Hz, 24H)
2.05 (m) 0.90 (t, J=7.3 Hz, 24H)
1.85 (m)

111 (t, J=7.4 Hz, 24H)
225-2.30 (m, 8H)  1.37 (t, J=7.4 Hz, 24H)

2.00-2.10 (m, 16 H)

220 (m) 1.39 (t, J=7.3 Hz, 24H)
2.05 (m) 0.89 (t, J=7.3 Hz, 24H)
1.85 (m)

[a] Recorded in CDCLy/[D¢]DMSO (1:1) with the addition of ca. 1% (by volume) hydrazine hydrate on a 300 MHz spectrometer unless otherwise stated.
[b] Recorded in CDCL/[D¢]DMSO (1:1) with the addition of ca. 10% (by volume) hydrazine hydrate on a 400 MHz spectrometer. The data were taken
from the spectra of mixtures containing both isomers. [c] These signals were not observed due to an overlap with the strong bands of water, hydrazine,

or residual solvents.
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Table 2. Electronic absorption data for [M"{Pc(a-OCsHy;),},] (M=Eu (1), Y (2), Lu (3)) in CHCl,.

acteristic bands for phthalocya-

Amax [nm] (loge)

nine radical anion and dianion,

Cy;, isomer of 1
C,;, isomer of 2
C,, isomer of 3

382 (sh)
377 (sh)
370 (sh)

639 (5.03)
632 (4.99)
628 (4.96)

305 (4.98)
306 (5.00)
305 (5.02)

453 (sh)
454 (sh)
456 (sh)

724 (5.00)
713 (5.11)
707 (5.19)

respectively.'”l With laser exci-
tation at 632.8 nm, the marker
Raman band for the [Pc(a-

943 (3.40)
945 (3.57)
946 (3.72)

2052 (4.17)
1816 (4.20)
1666 (4.21)

Absorbance

MJLA

Eu

T T T T L]
400 800 1200 1600 2000
Wavelength / nm

Figure 3. Electronic absorption spectra of the C,, isomers of [M"{Pc(a-
OCsH,,)s},] (M=Eu, Y, Lu) (1-3) in CHCl,.

E
eg ==! =¢,
eg== i=ey =*
= : 943-946 nm
A 907-917 nm
'I— 'I*_ 1666-2052 nm
LT, FE
/1 1390-1404 nm Ay | ey
a1u—:: (}— as, -H'
+ [M"{Pc(o: ~OC5Hy1)a}a]

Pc [M"(Pc),] Pc Pc(a —OCgHq1)a Pc(a —OCsHqq)s

Figure 4. Simplified molecular orbital diagrams for [M"(Pc),] and
[M™{Pc(a-OCsHy )]

the semi-occupied orbital.'l The energy involved, which re-
flects the extent of electronic coupling between the two
macrocycles, increases from compound 1-3. This suggests
that as the size of the metal center decreases, there is a
stronger m—x interaction in the complex.

The presence of an unpaired electron in one of the phtha-
locyaninato ligands was supported by vibrational spectrosco-
py. An intense band at 1307-1315cm™' together with a
medium band at approximately 1380 cm ™' were observed in
the IR spectra of the C,;, isomers of 1-3. These are the char-

7354 —— www.chemeurj.org
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OCsH,,),]” radical anion ap-
peared in the range of 1522-
1530 cm™! for the C,, isomers
of 1-3.1"

Structural studies: Single crystals of the C,, isomer of
[Y™Pc(a-OCsHy,),),] (2) suitable for X-ray diffraction anal-
ysis were obtained by slow diffusion of MeOH into a solu-
tion of the sample in CHCI;. This compound represents the
first example of a homoleptic bis(1,8,15,22-tetrasubstituted
phthalocyaninato)metal complex that has been structurally
characterized. The compound crystallizes in the monoclinic
system with four molecules per unit cell. Figure 5 shows a

Figure 5. Molecular structure of the C,, isomer of [Y"{Pc(a-OCsH,;),}]
(2) showing the 30% probability thermal ellipsoids for all non-hydrogen
atoms.

perspective view of the structure. The yttrium center is
eight-coordinate, bound to the isoindole nitrogen atoms of
the two tetra-o-substituted phthalocyaninato ligands. The
two ligands are almost fully staggered forming a slightly dis-
torted square antiprism. Thus the compound exhibits a pin-
wheel-like S3 symmetry in the solid state, which has not
been observed previously for this class of compounds. The
yttrium atom lies almost in the center between the two Pc-
(a-OCsHy,), rings (1.350 vs 1.368 A). Like the structures of
many tetrapyrrole double-decker complexes,'"! the two li-
gands are not planar and display a saucer shape.

Electrochemical properties: The redox behavior of the C,,

isomers of 1-3 was studied by cyclic voltammetry (CV) and
differential pulse voltammetry (DPV) in CH,Cl,. All the

Chem. Eur. J. 2005, 11, 7351 -7357
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three compounds showed three quasi-reversible one-elec-
tron oxidations and three quasi-reversible one-electron re-
ductions, which can be attributed to the successive removal
of electrons from and addition of electrons to the ligand-
based orbitals, respectively, as the trivalent rare-earth metal
center cannot be oxidized or reduced under these condi-
tions. Figure 6 shows the voltammograms for the yttrium an-

Y \j\ f\ /(\ A (\ /
E‘ 2 U L,v\,_//\j L\ﬂ_J‘ \} \,A/
- r
g /
5 104 / \f\f\/—\v{\j /‘\/ \4[ \“_\
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Potential / V vs SCE
404 \
I\
20 \\
< 1\,
§ . \‘\,\%—ﬁiﬂ\:’%\
E N
S \ﬁ
40 t
200 1o oo 1.00 2.0

Potential / Vvs SCE
Figure 6. Cyclic voltammogram (bottom) and differential pulse voltam-
mogram (top) of the C,, isomer of [Y"{Pc(a-OCsH;)),] (2) in CH,L,
containing 0.1 moldm~ [NBu,][ClO,] at a scan rate of 20 and 10 mVs™!,
respectively.

alogue, which are very similar to those for the other two
double-deckers. The data are collected in Table 3. The elec-
trochemical data for 1-3, as a mixture of the C,, and D, iso-
mers, were also measured. The data were virtually identical
(£0.03 V at most) with those obtained from the correspond-
ing pure C,;, isomer.

Compared with the electrochemical data of the corre-
sponding [M"™(Pc),],' the oxidation potentials of
[M"™{Pc(a-OCsHy;)4),] (1-3) are lower by 0.23-0.54 V and

Table 3. Electrochemical data for the C,, isomers of 1-3.1

FULL PAPER

their reduction potentials are more negative by 0.18-0.44 V,
reflecting the electron-donating nature of the 3-pentyloxy
group. The gap between Oxd, and Oxd, (AE ) reflects the
energy separation between the semi-occupied orbital and
the second-highest occupied orbital. The value is significant-
ly smaller for [M"™[Pc(a-OCsHy;),),] (0.82-0.95 vs 1.04—
1.20 V for [M™(Pc),]). This also shows that the m— interac-
tion is weaker for these bis(tetra-a-substituted phthalocyani-
nato) rare-earth complexes. In contrast, the potential differ-
ence between Red; and Red, (AEY),), which represents the
gap between the semi-occupied orbital and the LUMO, is
only marginally larger for[M"™{Pc(a-OCsH;),},] (1.20-1.29
vs. 1.08-1.19 V for [M™(Pc),]). This is in accord with the re-
sults for the double-deckers [M"™{Pc(B-tBu),},] and
[M"{Pc(B-OCgH,;)s),] " For these complexes, the introduc-
tion of the electron-donating fert-butyl and octyloxy groups
also induces a cathodic shift of all redox processes without
significantly changing the relative energy levels of the semi-
occupied orbital and the LUMO.

Furthermore, the difference of the redox potentials of
Red, and Red, for [M"{Pc(a-OCsHy,),},] actually corre-
sponds to the potential difference between the first oxida-
tion and first reduction processes of [M™{Pc(a-OCsH;;),},] ",
which gradually decreases from 1.29 to 1.20 mV along with
the decrease of rare-earth radius. As the first oxidation step
and first reduction step, involve the HOMO and the LUMO
of the molecule, respectively, the energy difference between
these two redox processes for [M™{Pc(a-OCsHy;),},]™ corre-
sponds to its electrochemical molecular band gap. The value
AEY] ), thus should reflect the energy necessary for the transi-
tion of an electron from the HOMO to the LUMO of
[M"™Pc(a-OCsHy;).),]” and therefore should correlate with
the lowest energy optical transition in the electronic absorp-
tion spectrum of [M™{Pc(a-OCsH;,)},]". In fact, the de-
creasing trend observed for the AEY), value of these bis(ph-
thalocyaninato) rare-earth complexes along with the lantha-
nide contraction is in good agreement with the red-shift of
the lowest electronic absorption band of [M™{Pc(a-
OCsH;,)4b] 7, from 692 nm for M=Eu to 701 nm for M=
Lu, along with the same order (Figure S2 in the Supporting
Information).

As shown in Table 3, the potentials of both Oxd; and
Red, are slightly shifted to the cathodic side along with the
decrease in metal size (i.e., from 1 to 3). These potentials
are related to the energy level of the semi-occupied molecu-
lar orbital. In contrast, the potentials of both Oxd, and
Oxd;, which involve the second-highest occupied orbital,
remain more or less the same.
These results reveal that along
with lanthanide contraction, the

[b] el v [d] .
Oxd; Oxd, Oxd, Red, Red, Red; AE,, AE ), AE}, energy gap between the semi-
C,y, isomer of 1 +1.29 +1.05 +0.23 —0.09 —-1.38 -173 032 0.82 1.29 occupied molecular orbital and
C,;, isomer of 2 +1.32 +1.07 +0.18 -0.14 —1.38 -1.74 032 0.89 1.24 the second-hichest occupied or-
C,;, isomer of 3 +1.32 +1.07 +0.12 —0.20 —1.40 -1.75 032 0.95 1.20 & p

[a] Recorded with [Bu,N][CIO,] as electrolyte in CH,Cl, (0.1 moldm ™) at ambient temperature. Potentials
, and are expressed as half-wave potentials
(Eyp) in V relative to SCE unless otherwise stated. [b] AE;,=0Oxd,—Red,. [c] AE|,,=Oxd,—Oxd,. [d] AE]

were obtained by cyclic voltammetry with a scan rate of 20 mVs™

Red,—Red,.
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bital increases, showing an in-
crease in m—m interaction as the
size of the metal center de-

127 s )
creases. This is in line with the
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hypsochromic shift of the longest wavelength near-IR band
described above. The remaining reduction processes Red,
and Red; are not sensitive to the rare-earth metal center.
This indicates that the energy level of the LUMO (as well
as the remaining unoccupied orbitals) remains relatively un-
changed along the series.

The values of AE,, that is, the potential difference be-
tween Oxd, and Red,, are identical for 1-3. The value
(0.32 V) is significantly smaller than the corresponding
values for [M(Pc'),] (Pc'=Pc, Pc(B-tBu),, Pc(B-OCeH,)s:
0.41-0.45 V).

Conclusion

In summary, we have prepared three novel homoleptic
bis(1,8,15,22-tetrasubstituted phthalocyaninato) rare-earth
complexes [M"™{Pc(a-OCsHy;),},] M =Eu, Y, Lu). The C,,
isomers of these compounds can be partially separated by
recrystallization and it has been confirmed by X-ray diffrac-
tion analysis that they adopt an usual pinwheel-like struc-
ture with Sg symmetry in the solid state. Spectroscopic and
electrochemical studies have revealed that these complexes
have a weaker m—m interaction compared with the unsubsti-
tuted or B-substituted bis(phthalocyaninato) analogues.

Experimental Section

Purification of solvents, preparation of precursors, spectroscopic mea-
surements, and electrochemical studies have been described in detail
elsewhere. [

General procedure for the preparation of 1-3: In a typical procedure, a
mixture of M(acac);nH,O0 (M=Eu, Y, Lu) (30 mg, 0.06 mmol) and
H,Pc(a-OCsH,;), (85 mg, 0.10 mmol) in n-octanol (4 mL) was heated at
200°C under nitrogen for 9 h. The mixture was cooled to room tempera-
ture, then the volatiles were evaporated under reduced pressure, and the
residue was subjected to chromatography on a silica-gel column using
CHCI, as eluent. Following the green fraction containing a small amount
of unreacted H,Pc(a-OCsH;;),, a blue band with the target homoleptic
double-decker [M{Pc(a-OCsH,,),},] was developed, which was followed
by another green band containing the protonated, reduced double-decker
[MH{Pc(a-OCsH,,)4},]. The crude product was purified by repeated chro-
matography followed by recrystallization from CHCly/MeOH. Some rela-
tively large dark-blue crystals of the Cy, isomer could be separated under
a microscope. Yield: 21 % for 1, 45% for 2, 49% for 3.

X-ray crystallographic analysis of the C,, isomer of 2: Crystal data and
details of data collection and structure refinement are given in Table 4.
Data were collected on a Bruker SMART CCD diffractometer with an
Moy, sealed tube (1=0.71073 A) at 293 K, and by using a w scan mode
with an increment of 0.3°. Preliminary unit cell parameters were obtained
from 45 frames. Final unit cell parameters were derived by global refine-
ments of reflections obtained from integration of all the frame data. The
collected frames were integrated by using the preliminary cell-orientation
matrix. SMART software was used for collecting frames of data, indexing
reflections, and determination of lattice constants; SAINT-PLUS for inte-
gration of intensity of reflections and scaling;* SADABS for absorption
correction;?'! and SHELXL for space group and structure determination,
refinements, graphics, and structure reporting.”? CCDC-256203 contains
the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccde.cam.ac.uk/data_request/cif.
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Table 4. Crystallographic data for the C,, isomer of 2.

C,;, isomer of 2

formula CiosH 15N 1405
M, 1803.0

crystal size [mm’] 0.52x0.43x0.04
crystal system monoclinic
space group P2,/n

a[A] 19.535(3)

b [A] 14.855(2)

c[A] 32.658(5)

B°] 93.781(3)
V[AY] 9457(2)

zZ 4

F(000) 3804

Peated [Mgm™] 1.266

p [mm™] 0.683

6 range [°] 1.72 to 24.00
reflections collected 44148

independent reflections 14774 (R;,,=0.1565)
parameters 1166

R1 [I>20(1)] 0.0860
WR2 [I>20(1)] 0.1870
goodness of fit 0.965
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