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X-ray Crystallographic Study of Copper(II), Cobalt(II) and Silver(I) Complexes
of Ligands Containing Two Oxine Subunits Linked by Xylylene Spacer Groups
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X-ray crystal structures are reported for six transition-metal
complexes of the ligands 1,2-bis(8-quinolyloxymethyl)ben-
zene (3) and 1,3-bis(8-quinolyloxymethyl)benzene (4). In
three mononuclear copper(II) and cobalt(II) complexes, 3 acts
as a chelating ligand with either N,O,N�-tridentate or
N,O,O�,N�-tetradentate coordination. A novel dinuclear sil-
ver(I) complex of 3 is shown to be stabilised by a number of

Introduction

Studies of combinations of organic ligands and metal-ion
precursors for the controlled self-assembly of metallosupra-
molecular species have been the subject of a number of re-
cent reviews.[1] Whereas rigid components are most com-
monly used for the rational construction of various molecu-
lar architectures, we have adopted a different approach of
using flexible building blocks in order to gain access to top-
ologies not accessible from more rigid precursors. In this
context, we have recently[2] been synthesising a class of li-
gands represented by the general structure 1 (Scheme 1).
Each of these ligands consists of a number of heterocyclic
donor groups linked by flexible spacers (X) to a central ar-
ene core. This simple representation disguises the com-
plexity of a large library of compounds that we are cur-
rently investigating. By systematically varying the number
of arms, the specific heterocycle, the nature of the linking
groups and the type of arene core, we can prepare ligands
with a diverse range of properties.

We have found xylylene derivatives to be particularly use-
ful components for the construction of various interesting
new supramolecular architectures. For example, we have
prepared new ligands consisting of ortho-, meta- and para-
xylylene groups connected to pyrazolyl,[3] 2-pyridyloxy,[4] 2-
pyridylsulfanyl[5] and benzotriazolyl[6] moieties and used
them in reactions with various metals to produce metallosu-
pramolecular species of diverse dimensionalities. In such
compounds, additional stability can be imparted to the me-
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weak metal−ligand contacts and multiple intramolecular π−π
stacking interactions. In two dinuclear copper(II) nitrate com-
plexes of 4, the ligand adopts very different bridging modes
of coordination.

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Scheme 1

tal complexes by incorporating chelating binding domains
into the ligand design. Although bridging ligands contain-
ing multiple 2,2�-bipyridine binding sites are by far the most
well studied,[7] we,[8] and others,[9] have found the 3-(2-pyri-
dyl)pyrazol-1-yl substituent to be a useful N,N�-chelating
structural subunit and have attached this moiety to xylyl-
ene spacers.

Recently, we have embarked on the synthesis of a range
of ligands that contain N,O-chelating moieties and have
chosen 8-hydroxyquinoline (oxine; 2) as a common starting
material. Although oxine itself has a long history as a versa-
tile bidentate ligand,[10] it has not commonly been incorpor-
ated into larger multidentate ligands. Recently, Albrecht
and co-workers have reported the use of a number of li-
gands containing two oxine groups linked through the car-
bon atoms of the quinoline ring in order to prepare various
complexes.[11] However, our approach has been to join the
oxine subunits through the oxygen atoms.[12,13]
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We herein describe the syntheses and X-ray crystal struc-

tures of a number of transition-metal complexes with li-
gands 3 and 4, which consist of two oxine groups attached
to the ortho- and meta-xylylene cores, respectively. Recently,
we have communicated the intriguing ability of 4 to form
a compact trinuclear circular helicate upon reaction with
silver triflate.[14]

Results and Discussion

The ligands 1,2-bis(8-quinolyloxymethyl)benzene (3) and
1,3-bis(8-quinolyloxymethyl)benzene (4) are known com-
pounds that were prepared by literature procedures.[15,16]

We also prepared the corresponding para-isomer,[16] but
were unable to form any crystalline complexes with it. Re-
lated podands, including 3, have previously been shown to
form stable complexes with alkali and alkaline earth met-
als.[17] Ligands 3 and 4 were treated with a variety of tran-
sition-metal salts under various reaction conditions and
stoichiometric ratios. Six such reactions produced crystal-
line products suitable for X-ray crystal structure analysis,
the structures of which we describe below. These two li-
gands might be expected to adopt a variety of coordination
modes depending on which of the donor atoms are in-
volved. The ligands could act as bidentate N,N�-donors in
chelating or bridging modes, or as tetradentate ligands with
involvement of the weaker ether oxygen donors.

Reactions of 3 with copper() chloride, copper() nitrate
and cobalt() bromide all furnished crystalline products in
good yields. Each of these complexes crystallise in the tri-
clinic space group P1̄ and is mononuclear with 1:1 L:MX2

stoichiometry. Figure 1�3 show perspective views, with
selected interatomic distances and angles, of the three struc-
tures in similar orientations. Although the three structures
appear very similar, there are some intriguing, subtle differ-

Figure 1. Perspective view of the X-ray crystal structure of 5; selec-
ted interatomic distances (Å) and angles (°): Cu1�N11 2.025(2),
Cu1�N21 2.024(2), Cu1�O1 2.466(2), Cu1�O2 2.261(2),
Cu1�Cl1 2.2856(12), Cu1�Cl2 2.3688(12); N21�Cu1�N11
167.28(8), N21�Cu1�O2 74.95(8), N11�Cu1�O2 95.87(8),
N21�Cu1�Cl1 95.18(7), N11�Cu1�Cl1 89.82(7), O2�Cu1�Cl1
155.85(5), N21�Cu1�Cl2 92.18(6), N11�Cu1�Cl2 96.10(6),
O1�Cu1�Cl2 149.80(5), O2�Cu1�Cl2 86.59(5), Cl1�Cu1�Cl2
116.19(3)
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Figure 2. Perspective view of the X-ray crystal structure of 6; the
dichloromethane solvate molecule is not shown; selected in-
teratomic distances (Å) and angles (°): Cu1�N11 1.983(3),
Cu1�N21 1.998(3), Cu1�O1 2.162(3), Cu1�O2 2.457(3),
Cu1�O21 2.184(4), Cu1�O11 2.217(3); N11�Cu1�N21
173.17(13), N11�Cu1�O1 77.81(11), N21�Cu1�O1 99.66(11),
N11�Cu1�O21 91.58(13), N21�Cu1�O21 86.94(12),
O1�Cu1�O21 144.85(11), N11�Cu1�O11 88.03(12),
N21�Cu1�O11 98.08(12), O1�Cu1�O11 84.32(10),
O2�Cu1�O11 150.70(10), O21�Cu1�O11 129.23(11)

Figure 3. Perspective view of the X-ray crystal structure of 7; selec-
ted interatomic distances (Å) and angles (????): Co�N11 2.153(2),
Co�N21 2.157(2), Co�O1 2.211(2), Co�O2 2.282(2), Co�Br2
2.490(1), Co�Br1 2.496(1); N11�Co�N21 169.93(8),
N11�Co�O1 73.76(7), N21�Co�O1 99.18(7), N11�Co�O2
97.68(8), N21�Co�O2 73.06(8), O1�Co�O2 72.54(7),
N11�Co�Br2 92.36(6), N21�Co�Br2 94.86(6), O1�Co�Br2
90.15(5), O2�Co�Br2 156.49(5), N11�Co�Br1 94.97(6),
N21�Co�Br1 89.45(6), O1�Co�Br1 159.18(5), O2�Co�Br1
92.22(5), Br2�Co�Br1 108.09(2)

ences. In all three structures ligand 3 adopts a very similar
conformation, wherein the plane of each quinoline ring is
almost orthogonal to the plane of the attached xylylene
group (range of angles between planes ca. 86.3�88.8°).

However, the structures differ in the extent of interaction
of the ether oxygens with the metal centre. This, in turn, is
reflected in different bonding geometries at the metal cen-
tre. In the copper() chloride complex 5 the metal has ap-
proximately square-pyramidal five-coordinate geometry, as
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defined by a τ value of 0.19.[18] In this arrangement the
atoms N11, N21, O2 and Cl1 define the basal plane and
Cl2 occupies the apical position and, accordingly, has a
longer bond length to the copper atom. This geometry al-
lows for a weak interaction [2.466(2) Å] between the metal
and the formally noncoordinated ether oxygen O1 (shown
as a dashed line in Figure 1). However, in the copper()
nitrate complex 6, the geometry is intermediate between
square-pyramidal and trigonal-bipyramidal with a τ value
of 0.47. Once again, this geometry permits a weak interac-
tion [2.457(3) Å] between the copper atom and O2.

In contrast, the greater requirement for six-coordination
of cobalt results in the distorted octahedral geometry of
complex 7 in which ligand 3 employs all of its four donor
atoms. This results in two five-membered N,O-chelate rings
being fused to a central seven-membered O,O�-chelate ring.
The distortions from idealised octahedral geometry result
from the bite angles of the chelate rings (ca. 73°) and the
Br1�Co�Br2 bond angle [108.09(2)°]. Thus, in these three
complexes, ligand 3 acts as a chelating ligand with either
N,O,N�-tridentate or N,O,O�,N�-tetradentate coordination.

Previously,[14] we have described the reaction of 4 with
silver triflate to produce a novel trinuclear circular helicate.
The analogous reaction of 3 with silver triflate produced a
very different result. The crystalline product 8 obtained
from this reaction crystallises in the monoclinic space group
P21/c; the asymmetric unit comprises a M2L3 unit, two tri-
flate counterions and a diethyl ether solvate molecule. Fig-
ure 4 show a perspective view of the dinuclear dication,
along with selected interatomic distances and angles. The
nearly symmetrical structure consists of a central molecule
of 3 that bridges two silver atoms, each of which is further
coordinated to another molecule of 3. The structure of 8
is interesting for a number of reasons. Each silver atom is
coordinated to two quinoline nitrogen atoms with near-lin-

Figure 4. Perspective view of the X-ray crystal structure of 8, hy-
drogen atoms, the triflate counterions and the diethyl ether solvate
molecule are all omitted for clarity; selected interatomic distances
(Å) and angles (°): Ag1�N41 2.213(2), Ag1�N31 2.229(2),
Ag1�O2 2.595(2), Ag1�O1 2.714(2), Ag1�N11 2.714(2),
Ag1�O3 2.656(2), Ag2�N61 2.230(2), Ag2�N71 2.261(2),
Ag2�O5 2.575(2), Ag2�O4 2.722(2), Ag2�N91 2.722(2),
Ag2�O6 2.725(2); N41�Ag1�N31 163.74(8), N41�Ag1�O2
125.39(7), N31�Ag1�O2 66.56(7), N61�Ag2�N71 167.94(8),
N61�Ag2�O5 122.13(8), N71�Ag2�O5 66.53(8)
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ear geometry. However, the bond lengths (� 2.2 Å) are
somewhat long for two-coordinate silver centres.[19] The re-
ason for this is the involvement of other donor substituents
with the d10 silver centres.

The oxygen atoms attached to the externally coordinated
quinoline rings are involved in weak chelation (ca. 2.58 Å)
with the silver atoms (hollow bonds in Figure 4). A notable
feature of the structure is the unusual and symmetrical con-
formations of three molecules of 3 in this complex. We be-
lieve that each of these ligands contorts itself into the ob-
served conformations in order to bring the remaining six
potential donors into proximity with the silver atoms. Al-
though each of these interactions (dashed bonds in Fig-
ure 4) is undoubtedly weak (ca. 2.7 Å), the combined forces
of all six such interactions is likely to have a significantly
stabilising influence. There is also a further stabilising fac-
tor operating in this complex, the intramolecular π�π
stacking interactions between the various aromatic ring sys-
tems. Specifically, the central benzene ring of the bridging
ligand is stacked between the two chelating quinolines. Ad-
ditionally, the two quinoline rings of the central bridging
ligand are stacked on top of one another and between the
benzene rings of the outer two ligands. All of these interac-
tions involve coplanar rings (angles between planes � 5°)
separated by about 3.4 Å. Once again, although these are
weak interactions, the combined influence of all five stack-
ing interactions is likely to be significant.

Having demonstrated that ligand 3 is capable of acting
as both a chelating and bridging ligand, we turned our at-
tention to the meta-isomer 4, where a chelating mode of
coordination would appear less likely. Ligand 4 was treated
with copper() nitrate in a variety of different solvents. In
two cases this provided crystalline products, which were
shown to be structurally very different. Reaction in meth-
anol produced complex 9, which crystallises in the mono-
clinic space group P21/n. Figure 5 shows a perspective view
of 9, with selected interatomic distances and angles.

This complex consists of a dinuclear copper pair bridged
by two methoxide anions and ligand 4. Monodentate ni-
trate anions complete the coordination environment of the
two square-planar copper atoms. Once again the bridging
ligand 4 adopts an unusual conformation, which we believe
occurs in order to bring the noncoordinated ether oxygens
into the coordination sphere of the copper atoms (dashed
bonds in Figure 5). Relatively few dinuclear methoxide-
bridged copper complexes of this type are known.[20] The
Cu1�Cu2 interatomic distance [3.029(1) Å] is similar to
that found in related examples.[20]

In contrast to this result, reaction of 4 with copper()
nitrate in acetonitrile led to complex 10 which has very dif-
ferent architecture. It crystallises in the triclinic space group
P1̄ and has the structure shown in Figure 6. In this complex
the ligand 4 acts as a more conventional bridging ligand
separating two copper atoms at a distance of 10.526(1) Å.
The copper atoms have square-pyramidal geometry (τ val-
ues 0.08 and 0.02 for Cu1 and Cu2, respectively) and are
further coordinated to two monodentate nitrates, a water
molecule and, with considerably longer bonds, to ether oxy-
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Figure 5. Perspective view of the X-ray crystal structure of 9; selec-
ted interatomic distances (Å) and angles (°): Cu1�O7 1.928(3),
Cu1�O8 1.935(3), Cu1�O11 1.996(4), Cu1�N11 2.032(4),
Cu1�O1 2.451(3), Cu1�Cu2 3.029(1), Cu2�O8 1.912(3),
Cu2�O7 1.946(3), Cu2�O21 1.985(3), Cu2�N21 2.043(4),
Cu2�O2 2.492(3); O7�Cu1�O8 76.56(14), O7�Cu1�O11
96.85(14), O8�Cu1�O11 172.70(14), O7�Cu1�N11 165.39(17),
O8�Cu1�N11 95.02(16), O11�Cu1�N11 92.08(16),
O8�Cu2�O7 76.67(14), O8�Cu2�O21 168.07(14),
O7�Cu2�O21 93.42(15), O8�Cu2�N21 94.69(15),
O7�Cu2�N21 170.47(16), O21�Cu2�N21 94.66(16)

Figure 6. Perspective view of the X-ray crystal structure of 10; di-
ethyl ether and acetonitrile solvate molecules are not shown; selec-
ted interatomic distances (Å) and angles (°): Cu1�O8 1.935(2),
Cu1�N21 1.985(2), Cu1�O43 1.987(2), Cu1�O31 1.990(2),
Cu1�O2 2.391(2), Cu2�O7 1.937(2), Cu2�N11 1.975(2),
Cu2�O11 1.987(2), Cu2�O21 2.010(2), Cu2�O1 2.395(2);
O8�Cu1�N21 177.78(9), O8�Cu1�O43 87.87(9),
N21�Cu1�O43 91.59(8), O8�Cu1�O31 86.74(9),
N21�Cu1�O31 93.96(8), O43�Cu1�O31 172.91(7),
O8�Cu1�O2 107.48(9), N21�Cu1�O2 74.68(7), O43�Cu1�O2
90.45(7), O31�Cu1�O2 86.78(7), O7�Cu2�N11 175.81(10),
O7�Cu2�O11 88.90(9), N11�Cu2�O11 94.01(9), O7�Cu2�O21
86.22(9), N11�Cu2�O21 90.98(9), O11�Cu2�O21 174.68(8),
O7�Cu2�O1 102.09(9), N11�Cu2�O1 74.76(8), O11�Cu2�O1
93.34(8), O21�Cu2�O1 89.74(8)

gens in the apical positions. Surprisingly, a search of the
Cambridge Crystallographic Database revealed that this is
an unprecedented geometry for a copper atom with this
donor set.

Thus, ligand 4 acts as a bridging ligand in each of these
two copper complexes, but in doing so, produces dinuclear
complexes with very different topologies. As mentioned
above, we have previously reported a novel trinuclear circu-
lar helicate resulting from reaction of 4 with silver triflate.
We have since treated 4 with silver nitrate and found that
this leads to a similar circular helicate, but we were unable
to refine its X-ray crystal structure to a level that we con-
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sider to be acceptable (currently R1 � 6.5 %). Nevertheless,
this result shows that the formation of such circular hel-
icates occurs independently of the counterion, thereby sug-
gesting that the self-assembly process does not involve
anion templation.[21]

Conclusion

In this study, we have shown that ligands comprising two
oxine subunits separated by xylylene spacer groups rep-
resent useful substrates for the construction of a diverse
range of interesting new complexes of varying nuclearity.
These ligands have been shown to be capable of both chelat-
ing and bridging modes of coordination. Presently, we are
extending this design concept to related ligands containing
a greater number of oxine substructures, thereby providing
access to more complex multinuclear species.

Experimental Section

Ligands 3[15] and 4[16] were prepared by literature procedures. Sol-
vents were purified according to literature procedures. Other re-
agents were obtained from commercial sources and used as sup-
plied. Melting points were determined using an Electrothermal
melting point apparatus and are uncorrected. Elemental analyses
were performed by the Campbell Microanalytical laboratory at the
University of Otago.

Complex 5: CuCl2·2H2O (8.7 mg, 0.051 mmol) dissolved in MeCN
(1 mL) was layered onto a solution of ligand 3 (20 mg, 0.051 mmol)
in CH2Cl2 (1 mL) to produce orange crystals suitable for X-ray
analysis. M.p. 168 °C. Yield 21 mg (78 %). C26H20Cl2CuN2O2

(526.90): C 59.27, H 3.83, N 5.32; found C 59.25, H 4.00, N 5.41.

Complex 6: Cu(NO3)2·3H2O (12 mg, 0.050 mmol) dissolved in
MeCN (1 mL) was layered onto a solution of ligand 3 (20 mg,
0.051 mmol) in CH2Cl2 (1 mL) to produce yellow crystals suitable
for X-ray analysis. M.p. 140�142 °C. Yield 24 mg (71 %).
C26H20CuN4O8Cu·CH2Cl2 (664.94): C 48.77, H 3.33, N 8.43;
found C 49.13, H 3.13, N 8.41.

Complex 7: CoBr2 (22 mg, 0.10 mmol) dissolved in MeOH (1 mL)
was layered onto a solution of ligand 3 (20 mg, 0.051 mmol) in
CH2Cl2 (1 mL) to give purple crystals suitable for X-ray analysis.
M.p. 240 °C (decomp.). Yield 22 mg (71 %). C26H20Br2CoN2O2

(611.19) C 51.09, H 3.30, N 4.58; found C 51.17, H 3.19, N 4.67.

Complex 8: AgOTf (8.7 mg, 0.034 mmol) dissolved in MeCN
(1 mL) was added to a solution of ligand 3 (20 mg, 0.051 mmol)
dissolved in MeCN (1 mL). Diethyl ether (1 mL) was then added to
this solution. Slow evaporation of this mixture provided colourless
crystals suitable for X-ray analysis. M.p. 226�229 °C. Yield 20 mg
(70 %). C80H60Ag2F6N6O12S2 (1691.22): C 56.81, H 3.58, N 4.97;
found C 56.63, H 3.54, N 4.91.

Complex 9: Cu(NO3)2·3H2O (25.6 mg, 0.102 mmol) dissolved in
MeOH (1 mL) was layered onto a solution of ligand 4 (20 mg,
0.051 mmol) in CH2Cl2 (1 mL) to give dark green crystals suitable
for X-ray analysis. M.p. 205 °C (decomp.). Yield 11 mg (31 %).
C28H26Cu2N4O10 (705.62): C 47.66, H 3.71, N 7.94; found C 47.69,
H 3.85, N 7.91.
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Table 1. Crystal Data and X-ray Experimental Details for 5�10

5 6 7 8 9 10Complex

Empirical formula C26H20Cl2CuN2O2 C27H22Cl2CuN4O8 C26H20Br2CoN2O2 C84H70Ag2F6N6O13S2 C28H26Cu2N4O10 C32H37Cu2N7O17

Mr (g.mol�1) 526.88 664.93 611.19 1765.32 705.61 918.77
T (K) 168(2) 168(2) 168(2) 168(2) 168(2) 168(2)
Crystal system triclinic triclinic triclinic monoclinic monoclinic triclinic
Space group P1̄ P1̄ P1̄ P21/c P21/n P1̄
Unit cell: a (Å) 9.384(4) 9.653(2) 9.561(3) 16.648(6) 12.772(4) 9.678(4)
b (Å) 10.160(5) 11.340(3) 10.432(3) 17.329(6) 15.393(5) 13.928(6)
c (Å) 12.629(6) 13.484(3) 12.729(4) 27.222(9) 15.609(5) 16.458(7)
α (°) 106.393(5) 109.251(3) 104.861(4) 90 90 66.066(6)
β (°) 103.530(9) 91.603(4) 104.071(4) 101.753(5) 109.926(5) 87.160(6)
γ (°) 97.931(9) 104.051(3) 98.529(4) 90 90 76.302(6)
Volume (Å3) 1095.9(9) 1342.5(6) 1159.9(6) 7689(5) 2884.9(17) 1967.4(15)
Z 2 2 2 4 4 2
Calcd. density 1.597 1.610 1.750 1.52 1.625 1.551
(Mg.m�3)
Abs. coeff. (mm�1) 1.269 1.071 4.212 0.647 1.539 1.163
F(000) 538 662 606 3600 1440 944
Crystal size (mm) 0.60 � 0.51 � 0.19 0.56 � 0.56 � 0.30 0.65 � 0.38 � 0.15 0.61 � 0.35 � 0.09 0.37 � 0.16 � 0.12 0.55 � 0.35 � 0.15
Theta range (°) 2.14 to 25.00 1.97 to 25.00 1.73 to 26.37 1.93 to 26.44 2.15 to 23.50 2.17 to 26.53
Data collected 11739 9904 14208 73094 29163 25960
Unique data Rint 3820 [0.0327] 4727 [0.0198] 4487 [0.0178] 15297 [0.0487] 4276 [0.0622] 8025 [0.0500]
Obsd. data 3427 4580 3665 10886 3268 6377
[I � 2σ(I)]
Parameters 298 379 298 1018 399 538
GooF on F2 1.062 1.258 0.984 1.012 1.090 1.066
wR2 (all data) 0.1061 0.1224 0.0400 0.0800 0.1358 0.1178
R1 [I � 2σ(I)] 0.0368 0.0566 0.0297 0.0366 0.0492 0.0407

Complex 10: Cu(NO3)2·3H2O (12 mg, 0.051 mmol) dissolved in
MeCN (1 mL) was layered onto a solution of ligand 4 (10 mg,
0.025 mmol) in CH2Cl2 (1 mL) to give a green solution. Diffusion
of diethyl ether into this solution gave green crystals suitable for
X-ray analysis. M.p. 118 °C (decomp.). Yield 14 mg (58 %).
C32H37Cu2N7O17Cu2·1/2(CH2Cl2) (961.23): C 41.61, H 3.98, N
10.21; found C 41.27, H 3.68, N 10.34.

X-ray Crystallography: The crystal data and details of the data col-
lections and refinements for all six structures are listed in Table 1.
Measurements were made with a SMART CCD area detector using
graphite-monochromatized Mo-Kα (λ � 0.71073Å) radiation. The
structures were solved by direct methods using SHELXS[22] and
refined on F2 using all data by full-matrix least-squares procedures
with SHELXL-97.[23] All non-hydrogen atoms were refined with
anisotropic displacement parameters. Hydrogen atoms were in-
cluded in calculated positions with isotropic displacement param-
eters 1.2 times the isotropic equivalent of their carrier atoms.
The functions minimised were Σw (Fo

2 � Fc
2), with w � [σ2(Fo

2) �

aP2 � bP]�1, where P � [max Fo
2 � 2Fc

2]/3. Full tables of atom
coordinates, thermal parameters, bond lengths and angles have
been deposited at the Cambridge Crystallographic Data Centre.
CCDC-194259�194264 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the
Cambridge Crystallographic Data Centre, 12 Union Road, Cam-
bridge CB2 1EZ, UK; Fax: (internat.) � 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].
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