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Letters to the Editor

First example of structurally characterized double�decker sandwich
rare�earth metal complex with crown�substituted phthalocyanine.

Synthesis and structure
of bis[tetra(15�crown�5)phthalocyaninato]ytterbium(III)
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Earlier,1 we have demonstrated that the reaction
of tetra�15�crown�5�phthalocyanine H2(R4Pc) (R =
15�crown�5) with YbIII acetate tetrahydrate in the pres�
ence of 1,8�diazabicyclo[5.4.0]undec�7�ene (DBU) in re�
fluxing 1�chloronaphthalene (2 h) afforded a series of
sandwich complexes with the 1 : 2 and 2 : 3 metal—ligand
ratios (Scheme 1).

Under analogous conditions, complexes of this type
were also prepared for other lanthanides.1 However, the
triple�decker complex (R4Pc)3Lu2 with 2 : 3 composition
is the only structurally characterized representative of this
series of compounds.2

We established for the first time the structure
of a complex with 1 : 2 composition, viz.,
[(R4Pc2–)Yb3+(R4Pc•–)] (1). According to the results of
X�ray diffraction analysis, molecule 1 (Fig. 1) is a double�
decker sandwich in which the YbIII atom is coordinated by
eight nitrogen atoms (coordination polyhedron is a dis�
torted tetragonal antiprism) of virtually coplanar phthalo�
cyanine fragments of two tetra(15�crown�5)phthalo�
cyanine ligands (Yb—N, 2.254(11)—2.410(13) Å). The
macrocyclic ligands are twisted with respect to each other

by 42.5°. The distance between the planes of the phthalo�
cyanine fragments is 2.98 Å (rms deviations of the
N atoms from the N(1)—N(2)—N(3)—N(4) and
N(9)—N(10)—N(11)—N(12) planes are 0.02 and 0.01 Å,
respectively; the angle between the planes is 0.6°).

The electronic absorption spectra were recorded on Varian
Cary�100 and Specord NIR�61 instruments (Carl Zeiss Jena) in
1�cm quartz rectangular cells. The IR spectra were measured on
a Nexus Fourier IR spectrometer (Nicolet) in Nujol mulls.
The MALDI�TOF mass spectrum was obtained on a Kratos
Kompact III spectrometer (N2 laser, λ = 337 nm).

Synthesis of bis[4,5,4´,5´,4´́ ,5´́ ,4´́ ´,5´́ ´�tetra�
k i s ( 1 , 4 , 7 , 1 0 , 1 3 � p e n t a o x a t r i d e c a m e t h y l e n e ) p h t h a l o �
cyaninato]ytterbium(III) (1). A mixture of tetra�15�crown�5�
phthalocyanine (50 mg, 0.039 mmol), Yb(OAc)3•4H2O (9 mg,
0.026 mmol), and DBU (0.055 mL, 0.34 mmol) was refluxed
(260 °C) in 1�chloronaphthalene (2 mL) in an inert atmosphere
for 2 h. The reaction mixture was cooled, diluted with chloro�
form (20 mL), and filtered off from an insoluble precipitate. The
resulting solution was chromatographed on a 30×2�cm column
(neutral aluminum oxide), a green solution of complex 1 being
separated by gradient elution with a chloroform—methanol mix�
ture (99 : 1, v/v).
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Fig. 1. Structure of complex 1: a, frontal projection; b, horizontal projection.
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The yield of [(R4Pc2–)Yb3+(R4Pc•–)] (1) was 24.74 mg
(35%). The electronic absorption spectrum, λmax/nm (logε):
292 (5.06), 369 (5.12), 479 (4.60), 670 (5.18), 1410 (4.08) (band
of the donor�acceptor exchange interaction between the Pc2–

dianion and Pc•– radical anion). IR (main bands of the phtha�
locyanine and crown fragments, cm–1): 1600, 1500 (C—C, ben�
zene ring), 1320 (radical anion), 1280, 1130, 1100, 1060, and
940 (crown substituents). MS MALDI�TOF: m/z = 2714 (ex�
perimental), 2718.9 (calculated).

Dark�green single crystals of 1 with eight molecules of diphe�
nyl ether of solvation, which were suitable for X�ray diffraction
analysis, were prepared by slow evaporation of a solution of
complex 1 in a 1 : 1 : 1 chloroform—methanol—diphenyl ether
mixture.

X�ray diffraction data were collected at the Center of X�ray
Diffraction Studies (A. N. Nesmeyanov Institute of Organo�
element Compounds, the Russian Academy of Sciences) ac�
cording to standard procedures3 on a Bruker AXS SMART 1000
diffractometer equipped with a CCD detector (λ�Mo�Kα radia�
tion, graphite monochromator, ϕ and ω scan techniques, scan
step was 0.3°, frames were exposed for 30 s, 2θmax = 50°). For
complex 1•8Ph2O: C256H224N16O48Yb, M = 4465.55, mono�
clinic system, space group Cc, at 293 К a = 36.227(6), b =
23.727(6), c = 25.454(6) Å, β = 113.810(2)° V = 20017.2(8) Å3,
Z = 4; 29286 measured reflections of which 8171 independent

reflections were with F 2 > 2σ(I ), ρcalc = 1.482 g cm–3, µ =
5.61 cm–1, R1 = 0.0697, wR2 = 0.1919.

This study was financially supported by the Ministry
of Industry, Science, and Technology of the Russian Fed�
eration (State Agreement 41.002.11.1404), the Russian
Foundation for Basic Research (Project Nos. 02�03�
33210, 02�03�08013, and 03�03�33160), and the Founda�
tion for Support of National Science.

References

1. L. A. Lapkina, E. Niskanen, H. Ronkkomaki, V. E.
Larchenko, K. I. Popov, and A. Yu. Tsivadze, J. Porphyrins
and Phthalocyanines, 2000, 4, 587.

2. S. I. Troyanov, L. A. Lapkina, V. E. Larchenko, and A. Yu.
Tsivadze, Dokl. Akad. Nauk, 1999, 367, 644 [Dokl. Chem.,
1999 (Engl. Transl.)].

3. SMART (Control) and SAINT (integration) Software, Ver�
sion 5.0, Bruker AXS Inc., Madison, WI, 1997.

Received June 16, 2003


