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Abstract: Reaction of achiral [Cu2(H3CCN)2(m-pydz)3][PF6]2 (1) (pydz� pyridazine)
with bidendate 1,3-bis(diphenylphosphanyl)propane (2) in acetonitrile at room
temperature in a 1:1 ratio yielded the mononuclear copper(i) complex
[Cu{CH2(CH2PPh2)2}2][PF6] (3) together with new one-dimensional coordination
polymer 11{[Cu(m-pydz)2][PF6]} (4). Air-sensitive single crystals of 4, suitable for
X-ray structure determination, were grown from a mixture of dichloromethane/
hexane [crystal system: monoclinic; space group: C2/c ; a� 21.910(3), b� 12.130(2),
c� 25.704(3) �, b� 110.08(10)8, V� 6416.65(16) �3]. The one-dimensional coordi-
nation polymer 11{[Cu(m-pydz)2][PF6]} (4) exhibits as outstanding feature the rare
structure of a meso-helix.
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Introduction

Helical architectures are ubiquitous in nature. The most
prominent representatives, depicted here are a-helical poly-
peptides, double-helical nucleic acids and microtubules. The
overall architectural plans required for helix formation are
encoded within the molecular building blocks. The most
relevant parameters to control the architecture of polymeric
helix strands are the topology of the monomers.[1] Six
angularly annelated benzene rings form [6]-helicene, poly-
(m-phenylene) displays an helical chain,[2] oligomeric hetero-
arenes create helical architectures[3] and polymeric isocya-
nides form helical rigid rods.[4] As a rule, achiral organic
building blocks yield racemic mixtures of helices. It is not well
understood, however, how homochiral packing of helices in
crystals can be induced.[5] A much more interesting possibility
is homochiral crystallisation, by which all the crystals display
the same chirality as was shown for the helical coordination
polymer generated from an achiral anthracene-pyrimidine
derivative and cadmium nitrate.[6, 7] Usually, when achiral
ligands are treated with appropriate metal ions, one of the two

one-dimensional helices in the infinite unit cell is left-handed
and the other right-handed.[8]

To date, only a few examples of chiral, non-racemic, helical
coordination polymers have been reported in which the
chirality is induced by a stereogenic centre[9] or atropisomer-
ism.[10] However, enantiomerically pure R/S ligands may well
generate diastereomeric helical strands [(R,M)/(R,P)] or
[(S,M)/(S,P)], which are present in pairs in the crystal.[11]

Even though meso-helices are wide spread in everyday use
and in nature, as known for telephone wires and tendrils of a
variety of plants, there is little known about meso-helical
molecules. One interesting organic example is a cycloamylose
that consists of 26 glucose units, in which a right- and a left-
handed helix are linked to give a cyclic meso-helix with two
points of contraflexure.[12] To the best of our knowledge,
hitherto, only two archetypes of one-dimensional meso-helical
coordination polymers have been characterised.[13]

Results and Discussion

Air-sensitive one-dimensional coordination polymer 4
was prepared in dry acetonitrile at room temperature
together with mononuclear copper(i) complex
[Cu{CH2(CH2PPh2)2}2][PF6] (3)[14] by reaction of equimolar
amounts of dinuclear copper(i) complex [Cu2(H3CCN)2-
(m-pydz)3][PF6]2 (1)[15] (pydz� pyridazine) with 1,3-bis(diphe-
nylphosphanyl)propane, {CH2(CH2PPh2)2} 2, Scheme 1.
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Scheme 1. Synthesis of coordination polymer 4.

Crystallisation of the yellow powder of polymer 4 from a
mixture of dichloromethane/hexane afforded single crystals
suitable for X-ray diffraction. The one-dimensional coordi-
nation polymer 11{[Cu(m-pydz)2][PF6]} (4) crystallises in the
monoclinic space group C2/c with a� 21.910(3), b� 12.130(2),
c� 25.704(3) �, b� 110.08(10)8, V� 6416.65(16) �3. Crystal-
lographic data and structure refinement details for polymer 4
are summarised in Table 1. Selected bond lengths and angles
are listed in Table 2.

Coordination polymer 4 consists of a one-dimensional
infinite chain exclusively composed of copper(i) ions bridged
by achiral pyridazine ligands. In the crystal, strands of 4 run
parallel along the crystallographic c axis (Figure 1).

In 4 each copper(i) centre is coordinated by four pyridazine
ligands in a pseudo-tetrahedral geometry;[16] this creates the
unexpected nonlinear structure of 4 (there are two slightly
different centres: Cu1 and Cu2; mean bond lengths and
angles: CuÿN� 2.04 �; N-Cu-N� 109.38) (Figure 2).

Detailed analysis of the one-dimensional infinite frame-
work of 4 revealed that eight copper centres constitute the
repeating unit, creating a extraordinary meso-helix (Figure 3).
Up to now, only a few meso-helices are known. Recently,

Becker et al. reported on a meso-helical structure of a lithium
phosphanide polymer.[13] However, polymeric chains pre-
pared from pyridazine as exo-bidentate heterocyclic ligands
exhibited exclusively classical single-stranded helix struc-
tures.[17] meso-Helical 11{[Cu(m-pydz)2][PF6]} (4) presents an
unprecedented example among pyridazine-based coordina-
tion polymers.

A circle can be converted into a helix simply by trans-
forming it in the third dimension. Similarly, a meso-helix is a
three-dimensional presentation of a lemniscate (an eight;
Figure 4).

The IR spectrum of 4 exhibits characteristic absorptions of
the pyridazine ligands at 3056, 1440, 1426 and 762 cmÿ1. The
1H NMR spectrum displays two broad signals at d� 9.28 and
7.81, corresponding to the aromatic protons of the pyridazine

Abstract in French: La reÂaction entre le complexe achiral
[Cu2(H3CCN)2(m-pydz)3][PF6]2 (1) (pydz� pyridazine) et la
phosphine bidentate 1,3-bis(dipheÂnylphosphine)propane (2)
dans l�aceÂtonitrile, aÁ tempeÂrature ambiante, selon un rapport
stoechiomeÂtrique 1:1 entraîne la formation du complexe
mononucleÂaire de cuivre(i) [Cu{CH2(CH2PPh2)2}2][PF6] (3)
ainsi que du nouveau polymeÁre de coordination mono-
dimensionnel 11{[Cu(m-pydz)2][PF6]} (4). Des mono-cristaux
de 4 sensibles aÁ l�air, aptes aÁ la deÂtermination structurale par
rayons X ont eÂteÂobtenus dans un meÂlange de dichloromeÂthane/
hexane [systeÁme cristallin : monoclinique ; groupe spatial : C2/
c; a� 21.910(3), b� 12.130(2), c� 25.704(3) �, b� 110.08
(10)8, V� 6416.65(16) �3]. Le polymeÁre de coordination
mono-dimensionnel 11{[Cu(m-pydz)2][PF6]} (4) preÂsente com-
me remarquable caracteÂristique, une rare structure de type
meÂso-heÂlice.

Table 1. Selected crystallographic and data collection parameters for 4.

formula C8H8N4PF6Cu
Mr [gmolÿ1] 368.7
colour yellow
size [mm3] 0.40� 0.30� 0.20
crystal system monoclinic
Space group C2/c
a [�] 21.9103(3)
b [�] 12.1307(2)
c [�] 25.7047(3)
a [8] 90
b [8] 110.0810(10)
g [8] 90
V [�3] 6416.65(16)
Z 4
T [K] 173(2)
1calcd [mg mÿ3] 1.878
m [mmÿ1] 1.856
F(000) 3584
V range [8] 1.69 ± 27.48
index ranges ÿ 28�h� 28

ÿ 15�k� 15
ÿ 33� l� 33

reflections collected 13 278
independent reflections 7298 [R(int� 0.0217]
absorption correction y scan
max/min transmission 0.7078/0.5239
data/parameters 7298/415
goodness-of-fit on F 2 1.072
Final R indices [I> 2s(I)] R1� 0.0497, wR2� 0.1341
R indices (all data) R1� 0.0674, wR2� 0.1486
largest diff. peak/hole [e�ÿ3] 1.171/ÿ 1.155

Table 2. Selected interatomic distances [�] and angles for 4.[a]

Cu1ÿN12I 2.001(3) Cu1ÿN21 2.022(3)
Cu1ÿN11 2.068(3) Cu1ÿN31 2.033(3)
N11ÿN12 1.357(4) N21ÿN22 1.350(4)
N31ÿN32 1.361(4) N21ÿN26 1.325(5)
N22ÿN23 1.332(4) C25ÿC26 1.380(5)
C23ÿC24 1.389(6)

N12I-Cu1-N21 113.49(11) N12I-Cu1-N31 111.21(11)
N21-Cu1-N31 112.93(11) N12I-Cu1-N11 117.70(11)
N21-Cu1-N11 102.32(11) N31-Cu1-N11 98.08(11)
C16-N11-N12 118.6(3) C16-N11-Cu1 120.9(2)
N12-N11-Cu1 119.7(2) C13-N12-N11 118.9(3)
N12-C13-C14 124.0(3) C15-C14-C13 117.3(3)
C14-C15-C16 117.3(3) N11-C16-C15 123.8(3)

[a] Symmetry transformations (I): ÿx, ÿy, ÿz.
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Figure 3. Schematic presentation of the location of the copper(i) centres
(balls) of coordination polymer 4. View along the crystallographic c axis. In
order to clarify the meso-helical arrangement, the positions of the copper
centres were scaled along c by a factor of 0.125.

ligands. The micro analytical data confirm as well the
composition of 4.

The formation of 4 becomes clear, if one assumes initial
reaction of dication [Cu2(H3CCN)2(m-pydz)3]2� (12�) with two

molecules of bidentate phos-
phane CH2(CH2PPh2)2 (2) to
form mononuclear complex
[Cu{CH2(CH2PPh2)2}2]� (3�)
and ionic mononuclear key
intermediate [Cu(pydz)3-
(H3CCN)]� (5�) with elimina-
tion of one molecule of aceto-
nitrile. Reaction of key inter-
mediate 5� with 12� and elimi-
nation of one molecule of
acetonitrile yields the [Cu3-
(m-pydz)4(pydz)2(H3CCN)2]3�

(63�) ion. Elongation of 63� by
5� and loss of two molecules
of acetonitrile affords [Cu4-
(m-pydz)6(pydz)3(H3CCN)]4�

(74�). Repetitive application of
the elongation steps finally
leads to the coordination poly-
mer 11{[Cu(m-pydz)2][PF6]} (4)
(Scheme 2).

The reaction mechanism giv-
en for the formation of coordi-
nation polymer 4 is supported
by further experimental mate-
rial. As the ratio Cu/pyridazine
is 1:1.5 in the starting material 1
and 1:2 in the product 4, one
would expect that the reaction
of 1 plus pyridazine without
phosphane 2 should also gener-
ate 4. However, instead of 4, the
dinuclear species [Cu2(m-pydz)3-
(pydz)2][PF6]2 was isolated.[18]

A second route to raise the
Cu/pyridazine ratio from 1:1.5
of 1 to 1:2 for product 4 is
extrusion of copper from 1 with

Figure 4. Generation of a helix and a meso-helix from a circle and a
lemniscate.

Figure 1. Stereoview along the b axis of the crystal packing of 4. (Solvent molecules and counter ions omitted for
clarity).

Figure 2. Presentation of the pseudo-tetrahedrally coordinated copper centres Cu1 and Cu2 by pyridazine with
the numbering of the atoms.
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Scheme 2. Proposed mechanism for the formation of 4. For stereochemical
details of 4 see details of X-ray structure analysis and Figure 1.

1,3-bis(diphenylphosphanyl)propane (2). This hypothesis is
confirmed by the fact, that coordination polymer 4 was
formed almost quantitatively from a 1:1 mixture of 1 and 2
together with mononuclear phosphanecopper(i) complex
[Cu{CH2(CH2PPh2)2}2][PF6] (3).[14]

Experimental Section

General : All manipulations were performed under dry dinitrogen with
standard Schlenk techniques. Solvents were dried and distilled before use.
1,3-Bis(diphenylphosphanyl)propane and pyridazine were purchased from
Acros Organics and used without further purification. IR spectra were
recorded on a Bruker IFS 25 spectrophotometer as KBr pellets. NMR
spectra were recorded with a JEOL JNM-GX-400 spectrometer. Mass
spectra were recorded on a micromass ZabSpec (ion-desorption from a m-
nitrobenzyl alcohol matrix: 8 KeV, caesium atoms FAB-MS). Elemental
analyses were performed in the microanalytical laboratory of the Institut
für Organische Chemie, Universität Erlangen-Nürnberg by standard
procedures. [Cu2(H3CCN)2(m-pydz)3][PF6]2 (1) was obtained on addition
of [Cu(H3CCN)4][PF6] to an equimolar amount of pyridazine dissolved in
acetonitrile.[15]

11{[Cu(m-pydz)2][PF6]} (4): Compound 2 (0.202 g, 0.49 mmol) was added to
a solution of 1 (0.365 g, 0.49 mmol) in acetonitrile (30 mL) at 20 8C and the
resulting pale yellow solution was stirred at 20 8C for 18 h. The solvent was
removed in vacuo and the remaining residue was dissolved in a minimum of
dichloromethane and filtered. Addition of hexane to this solution led to the

formation of a yellow precipitate. The supernatant solution was extracted
by using a cannula and the precipitate was washed several times with small
volumes of hexane. After crystallisation from dichloromethane/hexane
(1:1) at 20 8C, compound 4 was obtained as yellow-orange crystals, suitable
for X-ray diffraction studies. IR (KBr): nÄ � 3056 (w), 1633 (w), 1571 (m),
1440 (s), 1426 (w), 1418 (s), 830 (vs), 762 (s), 673 (w), 560 cmÿ1 (s); 1H NMR
(400 MHz, CD3CN, 25 8C, TMS): d� 9.28 (br, 2H), 7.81 (br, 2 H); elemental
analysis calcd(%) for C8H8N4PF6Cu (369.69): C 26.06, H 2.19, N 15.20;
found: C 26.02, H 2.23, N 15.28.

[Cu{CH2(CH2PPh2)2}2][PF6] (3): The remaining supernatant solution of
the preparation of 4 was evaporated in vacuo and the remaining viscous
residue was crystallised from acetonitrile/acetone (1:1). IR (KBr): nÄ � 3054
(m), 2926 (m), 1483 (m), 1435 (s), 840 (vs), 742 (s), 696 cmÿ1 (s); 1H NMR
(400 MHz, CDCl3, 25 8C, TMS): d� 7.40 ± 7.10 (br, 20H), 2.30 (br, 4 H), 1.65
(br, 2H); 31P NMR (162 MHz, CDCl3, 25 8C, TMS): d�ÿ9.49; MS(FAB):
m/z (%): 887 (58) [MÿPF6]� , 475 (100) [MÿPF6ÿPh2P(CH2)3PPh2]� .[14]

X-ray structure determination of 4 : A crystal with dimensions 0.40� 0.30�
0.20 mm was mounted in a glass capillary and investigated with a Nonius
Kappa CCD-MACH3 diffractometer equipped with graphite-monochro-
mated MoKa radiation by use q and w scans. The structure was solved by
direct methods (SHELX-97)[19] and refined by full-matrix least-squares
treatment against F 2 with the SHELXL-97 program system.[20] All non-
hydrogen atoms were refined anisotropically. The positions of the hydrogen
atoms were fixed in ideal positions (riding model) and were included
without refinement and with fixed isotropic U.
Crystallographic data (excluding structure factors) for the structure
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC-158438.
Copies of the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK (fax: (�44) 1223-336-033;
e-mail : deposit@ccdc.cam.ac.uk).
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