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Treatment of MI(Pc)(acac) M = Sm, Eu, Gd; Pc =
phthalocyaninate; acac = acetylacetonate), generated in
situ, with 3-(3-pentyloxy)phthalonitrile in the presence of
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) in n-pentanol af-
fords racemic mixtures of the chiral double-deckers
MIII(PC)[PC(OC5H11)4] [PC(OC5H11)4 = 1,8,15,22-tetra-
kis(3-pentyloxy)phthalocyaninate], which have been spec-
troscopically and structurally characterised.

Apart from their usage as organic functional dyes, phthalocya
nines al so serve as versatile macrocyclic tetradentate ligands for
a wide range of metals.! Complexation with large metal ions
such as lanthanides leads to sandwich-type complexes which
represent an important and useful class of advanced materials.2
Their applications range from gas sensors, electrochromic
displays and photoconductors to field-effect transistors. Chem-
ical modification of the macrocyclic ligands has been investi-
gated extensively with the goal of enhancing the performance of
the materials and facilitating the fabrication process. While
most of the studies focus on homol eptic sandwich compounds,
heteroleptic analogues with mixed phthalocyaninato ligands
remain scarce despite the fact that the use of more than onetype
of phthalocyaninato ligand can better tune the properties of the
sandwich compounds.3 The rarity is probably due to the
shortage of convenient synthetic methods. We have recently
reported a number of synthetic routes to heteroleptic phthal o-
cyaninato and porphyrinato rare earth complexes.# We describe
herein an extension of these methodol ogiesto prepare the mixed
double-deckers M'"(Pc)[Pc(OCsH11)4] (M = Sm, Eu, Gd). Due
to the C4n, symmetry of the Pc(OCsH11)4 ring and the sandwich-
like structure, the resulting double-deckers exist as a pair of
enantiomers, which co-crystallise in the monoclinic (P2:/n)
system. Simon and co-workers have briefly reported the chiral
Lu(Pc)(Nc*) (Nc* = the Cq isomer of 1,2-naphthal ocyani-
nate), the structure of which has been inferred from *H NMR
data.> This communication reports thefirst structural character-
isation of these novel chiral sandwich compounds.

Treatment of Eu(acac)z-nH,O with Li>Pc in 1,2,4-trichlor-
obenzene (TCB) gave the haf-sandwich complex Eu!''(Pc)(a-
cac), which further reacted in situ with the metal-free
1,8,15,22-tetrakis(3-pentyloxy) phthal ocyanine (1)¢ to give the
mixed double-decker Eul''(Pc)[Pc(OCsH11)4] (2b) in 29% yield
(Scheme 1). Alternatively, we found that the precursor
3-(3-pentyloxy)phthal onitrile (3) can be used directly instead of
the metal-free phthalocyanine 1. Thus reaction of Eu'"'(Pc)(a-
cac) with 3 in the presence of DBU in n-pentanol also led to the
formation of 2b in 21% yield. By using the same procedure, the
samarium and gadolinium analogues 2a and 2c were aso
prepared in comparable yield (Scheme 1).7 Interestingly,
athough cyclisation of 3-substituted phthalonitriles usually
gives a mixture of four congtitutional isomers (with D, Do,
C,y and Cs symmetry) of tetra-«-substituted phthal ocyanines,8

T Electronic supplementary information (ESI) available: *H NMR spectrum
of { Sm'"'(Pc)[Pc(OCsH11)4]} — in CDCl3/DMSO-ds (1: 1) inthe presence of
afew drops of hydrazine hydrate. See http://www.rsc.org/suppdata/cc/b3/
b301139%a/
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only the double-deckers 2a—c, which have a D4, tetrasubstituted
phthalocyaninato ligand could be isolated, while the other
constitutional isomers were not detected. It seems that the half-
sandwich template [M(Pc)] can have some control on the
cyclisation and complexation processes.

Compounds 2a— were characterised by elemental anaysis
and various spectroscopic methods.® The MALDI-TOF and
liquid secondary ion (LSI) mass spectra of 2a—c showed an
intense isotopic cluster due to the molecular ion, for which the
isotopic pattern closely resembled the simulated spectrum. Due
to the presence of unpaired electronsin one of the rings and the
metal centre, NMR data for these complexes were difficult to
obtain. However, upon addition of hydrazine hydrate, the
compounds were reduced to the corresponding monoanions, in
which both the macrocyclic ligands became diamagnetic.4d
Well-resolved H NMR spectra could be obtained for the
samarium(in) 2a and europium(in) 2b analogues. Taking the
spectrum of { Sm'!!(Pc)[Pc(OCsH11)4]} — (ESIT) as an example,
due to the C, symmetry of the molecule, the tetra-substituted
phthal ocyanine ring protons resonate at 6 7.68 (d), 7.52 (t) and
7.13 (d). Interestingly, the « protons of the unsubstituted Pc are
no longer equivalent, giving two multiplets at 6 8.23-8.37 and
8.13-8.16. The f protons of the unsubstituted Pc give a
multiplet at 6 7.62—7.65. Two well-resolved triplets at § 1.06
and 0.97 were observed for the methyl protons of the
3-pentyloxy groups as aresult of the sandwich-like structure, in
which there is restricted rotation of these substituents. The
above assignment was confirmed by a two-dimensional tH—H
COSY experiment. Due to the strong paramagnetic character of
the Gd''! centre, a satisfactory *H NMR spectrum of 2c could
not be obtained.

Fig. 1 displays the electronic absorption spectrum of
Gd(Pc)[Pc(OCsH11)4] (2¢) recorded in CHCIl3. The spectrum
shows atypica B band at 323 nm with a shoulder at the higher
energy side. The dlight splitting of this band has been observed
previously for unsymmetrical bis(phthal ocyaninato) metal com-

M(acac)3-nH,O + Li,Pc —ICB . M lI(Pc)(acac)

or n-pentanol

HPe(OCsH] 1)g (1) G%:“ “5)

TCB i P}
(for M = Eu)

Scheme 1
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Fig. 1 Electronic absorption spectrum of Gd(Pc)[Pc(OCsH11)4] (2¢) in
CHCl3.

plexes.4ac10 The Q band is aso split giving three strong
absorptions at 628, 661 and 698 nm, probably due to alowering
of symmetry. The spectrum also shows aweak st-radical anion
band at 930 nm together with acharacteristic near-1R absorption
at 1712 nm, which can be attributed to an intramolecular ring-
to-ring charge transfer transition on the assumption that the hole
resides mainly on one of the macrocyclic ligands.23

The molecular structures of the samarium(ii) and euro-
pium(in) double-deckers 2a—b were aso determined by X-ray
diffraction analyses. These represent the first heteroleptic
bis(phthal ocyaninato) metal complexes which have been struc-
turally characterised. These chiral compounds crystallise in the
monoclinic system with two pairs of enantiomeric double-
deckers per unit cell.1 Attemptsto resolve the two enantiomers
of 2b by HPLC using asilicagel column coated with cellulose
2,3,6-tris(3,5-dimethyl phenylcarbamate)12 were not successful
due to their limited solubility in hexane-containing solvent
systems. Fig. 2 shows a perspective view of the structure of 2b,
in which the europium centre is octa-coordinated by the
isoindole nitrogen atoms of the two phthalocyaninato ligands,
forming a distorted square antiprism. The two N4 mean planes
are virtualy parallel (dihedral angle = 1.3°) with a plane-to-
plane separation of 2.842 A. The europium atom lies almost in
the centre{1.439 A [from Pc(OCsH11)4] vs. 1.403 A (from Pc)}.
Like the structures of many double-decker complexes,23 the
two ligands are not planar and display a saucer shape.

In summary, we have reported the preparation, character-
isation and the first structure determination of the novel chiral
heteroleptic  bis(phthalocyaninato) rare earth complexes
M(Pc)[Pc(OCsH11)4] (M = Sm, Eu, Gd).
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Fig. 2 Molecular structure of Eu(Pc)[Pc(OCsH11)4] (2b) showing the 30%
probability thermal ellipsoids for all non-hydrogen atoms.
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