5

@ Pergamon

0277-5387(95)00356-8

SYNTHESIS, X-RAY CRYSTAL STRUCTURE AND
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Abstract—An aqueous solution of the o,w-dicarboxylic acid octanedioic acid (odaH,)
reacts with [Cu,(u-O,CCH;)4(H,0),] in the presence of an excess of pyridine (py) to give
the crystalline copper(II) complex {Cu,(1'n'u-oda),(py).(H,0),}, (1). The structure of 1,
as determined by X-ray crystallography, consists of polymeric chains in which bridging
oda’~ anions link two crystallographically identical copper atoms. The copper atoms are
also ligated by two transoidal pyridine nitrogens and an oxygen atom from an apical water
molecule, giving the metals an overall N,O; square-pyramidal geometry. If the blue solid 1
is gently heated, or if it is left to stand in its mother liquor for prolonged periods, it loses
one molecule of pyridine and half a molecule of water and the green complex {Cu
(oda)(py)(H,0)y s}, (2) is formed. Spectroscopic and magnetic data for both complexes
are given, together with the electrochemical and thermogravimetric measurements for 1.
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Copper is an important trace element in almost all
forms of life and it is the third most abundant
element in the human body following iron and zinc.'
Copper-containing metalloenzymes are now known
to be involved in a variety of biological functions
such as electron transfer, copper storage and many
oxidase activities.” Anomalies in copper metab-
olism in humans, whether caused by a deficiency
of, or an inability to absorb, the metal can lead to
the development of Menke’s disease.*™ This dis-

*Authors to whom correspondence should be addressed.

order is characterized by severe neurologic, skeletal
and developmental abnormalities.* Near normal
growth rates and the survival of animal models for
this disease has been achieved by the administration
of copper(Il) salts in the presence of decanedioic
acid {HO,C(CH,);CO,H}.% The nature of the cop-
per complexes present in the system is not fully
understood and, indeed, reports of copper com-
plexes of this or similar long chained ao,w-di-
carboxylic acid ligands are scarce.”®

Asai et al.” have synthesized a range of polymeric
copper(I) complexes of the formula [Cu(O,C)
(CH,),CO,] (n = 0-8), and with the exception of
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the propanedioic acid complex all of these materials
had effective magnetic moments in the range 1.20—
1.45 B.M. per Cu. These values were similar to
those reported’ for hydrated copper(II) acetate (1.4
B.M. per Cu) and considerably smaller than the
theoretical spin-only value (1.73 B.M. per Cu). On
the basis of the magnetic data these workers con-
cluded that the polymeric complexes (n = 0, 2-8)
contained bridging bidentate carboxylate ligands,
which held the two metal centres in close proximity
and in ‘the same manner as in [Cuy(u-
0,CCH,),(H,0),].'""" The X-ray crystal structure
of the copper(Il) butanedioic acid complex {Cu,(u-
0,C(CH,),CO0,),(H,0),}, showed it to consist of
infinite chains of binuclear copper(Il) units inter-
connected by the bridging bidentate dicarboxylate
ligands.'?

As part of our recent studies into the coor-
dination chemistry of dicarboxylic acids,’*'7 we
have been examining the reactions of copper(II)
salts with several relatively long-chained o,w-di-
carboxylic acids. [Cu,(u-O,CCH,)4(H,0),] was
found'® to react smoothly with HO,C(CH,),CO,H
(n = 5,6) to give polymeric copper(I) complexes
similar to those described by Asai et al.” These
somewhat insoluble polymeric complexes then
reacted with 1,10-phenanthroline (phen) to yield
the highly soluble mononuclear species [Cu(y*
0,C(CH,),CO,)(phen),] - xH,O (x = 8). The X-ray
crystal structures of the two complexes (n = 5,
x =11.73; n = 6, x = 12) show the copper centres
ligated by the four nitrogen atoms of the two phen-
anthrolines and two oxygens from a single asym-
metrically chelating carboxylate function of the
dicarboxylate ligand, with the second carboxylate
group of the diacid uncoordinated.'®

To date no X-ray crystal structures of polymeric
copper complexes of relatively long-chain o,w-
dicarboxylic acids have been reported in the litera-
ture. Herein we outline the synthesis, X-ray crystal
structure, reactivity and physical properties of the
polymeric copper(I) complex {Cu,(n'n'u,-0da),
(py).(H,0),}, (1) [odaH, = octanedioic acid
HO,C(CH,),CO,H, py = pyridine].

RESULTS AND DISCUSSION

Reaction of copper(Il) acetate with an aqueous
solution of odaH, (ca 1:2 mol ratio), followed by
the addition of a large excess of pyridine (py), yields
a deep blue solution from which blue crystals of
the copper(Il) complex {Cu,(17'n'u,-0da),(py),
(H,0),}, (1) deposit on standing. The X-ray crystal
structure of the complex is shown in Figs 1-3, and
consists of linear polymeric chains in which bridg-
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ing oda’~ dianions link the metal centres. Each
copper atom has N,O; square-pyramidal coor-
dination and is ligated by the nitrogen atoms of two
transoid pyridines, an oxygen atom from an apical
water molecule and a single carboxylate oxygen
atom from each of the two transoid monodentate
oda’~ ligands. In the coordination sphere of each
metal the Cu—O(carboxylate) bond at 1.944(3) A
is shorter than the Cu—N bond at 2.030 (3) A, with
the Cu—O(water) bond distance being the longest
of all at 2.202(5) A.

The IR spectrum of 1 contains distinctive v,gm,
(OCO) and v, (OCO) bands at 1600 and 1395
cm ™', respectively, giving a frequency difference (A)
of 205 cm !, which reflects the monodentate nature
of the carboxylate ligands.'® The magnetic moment
of the complex (1.82 B.M. per Cu) is in the range
expected for normal copper(Il) complexes, i.e.
those lacking Cu—Cu interactions.' In this lattice
the Cu—Cu spacing is the length of the b axis (5.758
A) and any interaction would be via the water
bridge Cu—OH,- - -Cu.

The polymeric dicarboxylate complex 1 is, as
expected, insoluble in water and in common organic
solvents. However, the complex is quite soluble in
pyridine and in pyridine : water mixtures. Solutions
of free odaH, and complex 1 in pyridine are essen-
tially non-conducting (Ay =2.3 and 2.5 S cm?
mol ™", respectively). In contrast, the free acid and
complex 1 are both extensively ionically dissociated
in a pyridine: water (1:1) mixture (Ay = 189 and
50 S cm? mol~!, respectively).

Between the switching potentials of +50 and
—2100 mV (versus Ag/AgCl), the cyclic vol-
tammogram of a solution of free odaH, in pyridine
(Fig. 4) showed a very large, irreversible reduction
peak, A (E, = —1725 mV), and two smaller irre-
versible oxidation peaks, B (£, = —800 mV) and
C (E, = —100 mV). Peaks B and C are probably
due to the oxidation of decomposition products
arising from the irreversible reduction of the odaH,.
In the potential range +1100 to —1200 mV the
voltammogram of a pyridine solution of 1 (Fig. 5)
contained two quasi-reversible Cu**/Cu* couples
DE (Ep,—Ep. =330 mV; E;, = +307 mV) and
FG (Ep,— Ep. = 220mV; E, ), = —237mV). Given
that the metal centres in the solid polymer 1 are
structurally identical, and also that conductivity
measurements indicate that the complex does not
ionically dissociate in pyridine, it is somewhat sur-
prising that two distinct Cu®**/Cu* couples are
observed. Furthermore, as the difference in the E,
potentials for the couples is quite large (AE, , = 544
mV), this implies that the reduction of the first Cu**
centre has a significant influence on the potential at
which the second Cu?™" centre is reduced.
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Fig. 1. X-ray.crystal structure of {Cu,(n'n' u,-oda),(py),(H,0),}, (1), showing the numbering scheme
and polymeric nature of the species. Selected bond distances (A) and angles (°) : Cu—O(1) 1.944(3)
Cu—N 2.030(3), Cu—O(3) 2.202(5); O(1)—Cu—O(1*) 179.8(2), O(1*)—Cu—N(1) 91.39(12),
O(1)—Cu—N(1) 88.62(12), O()—Cu—N(1*) 91.39(12), O(1*)—Cu—O0(3) 89.90(9),

N(1)—Cu—0(3) 95.22(10), N(1)—Cu—N(1*) 169.6(2) (*symmetry related). ’

Fig. 2. View.of 1 doyvn the 001 direction, showing the stacking of the polymer chains. The Cu—OH,
of one chain is directly above the Cu of an adjacent chain giving---Cu—OH,- - -Cu—OH,
---Cu—OH,- - -, etc.

T T T T T T T
-2100 -1700 -1300 -900 -500 -100 300

Potential mV (versus Ag/AgCl)

Fig. 4. Cyclic voltammogram of free odaH,. Switching
potentials were +500 and —2100 mV; and scan
rate =20 mV s,

\

Fig. 3. View of 1 down the b axis showing the infinite
polymer chains. The Cu—OH, - - Cu stacking is not vis-
ible in this orientation.

When the cathodic switching potential in the vol-
tammogram of 1is extended from + 1100 to —2100
mYV an irreversible reduction peak, H (E, = —1736
mV), is observed (Fig. 6) due to the plating of
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T T
-400 0

T T
400 800
Potential mV (versus Ag/AgCl)

-1200 -800

Fig. 5. Cyclic voltammogram of 1. Switching potentials
were 41100 and — 1200 mV, and scan rate = 50 mV s~ !

metallic copper onto the surface of the glassy car-
bon working electrode. The corresponding anodic
stripping peak, I (E, = — 361 mV), was detected on
the reverse scan. The quasi-reversible redox couple,
JK (Ep,— Ep. = —184 mV: E,, = —1868 mV),
was also observed, and this is tentatively assigned to
the reduction and oxidation of the liberated oda?~
ligand. It should be noted that the electrochemical
behaviour of the oda®~ ion at the copper coated
working electrode is quite different to that of odaH,
at a glassy carbon electrode.

The blue crystals of 1 are relatively air-stable
at room temperature. However, if they are either
allowed to stand in the mother liquor for a pro-
longed period of time, or are warmed gently (40°C)
in vacuo in the solid state, they change to a green
colour, become opaque and lose their crystallinity.
The elemental analysis of the recovered green solid
corresponds  to the formulation {Cu,(oda),

T T T T
-2100 -1700 -1300

T royFa
-500 -100 300 700

T
-900 1100
Potential mV (versus Ag/AgCl)

Fig. 6. Cyclic voltammogram of 1. Switching potentials
were + 1100 and — 2100 mV, and scan rate = 50 mV s~
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(py)2*H,0}, (2), i.e. loss of two pyridine and one
water ligands from 1. The IR spectrum of 2 exhibits
Vasym (OCO) and Vym(OCO) bands at 1600 and 1430
cm™', respectively [A(OCO) =170 ecm™']. These
values are very similar to those reported for [Cu,(u-
0,CCH;3)4(H,0))]  [1,4n(OCO) = 1603 : Voym
(OCO) = 1418 cm ! ; A(OCO) = 185cm ], sug-
gesting that the carboxylate ligands in 2 are also
bound to the metal centres in a bridging bidentate
mode. Further support for such a binuclear struc-
ture stems from the observed room temperature
magnetic moment of 2 (1.34 B.M. per Cu), which
indicates that there is strong antiferromagnetic
coupling between adjacent metal centres.!® Con-
sidering the close interchain proximity of the copper
centres (5.758 A) in the solid state structure of 1
(Fig. 2), it is easy to envisage how, upon the loss
of some pyridine and water ligands, the polymer
strands (which would now contain coordinatively
unsaturated metal centres) might move closer tog-
etherso as to allow the carboxylate ligands to bridge
across neighbouring copper centres. The resulting
bimetallic polymer (complex 2) would then indeed
be expected to exhibit IR and magnetic properties
very similar to those found for ordinary carboxylate
bridged dicopper(IT) complexes.

A thermogravimetric study of {Cu,(n'n'u,-
oda),(py),(H,0),}, (1) (Fig. 7) shows that over
the temperature range ca 54-146°C there are two
thermal events (not perfectly resolved) correspon-
ding in total to the loss of the four pyridine and
two water ligands.

{Cuz(n'n' 1o-0da), (py)4 (H,0), 1, (1) - —
{Cu,(oda),}, +4py+2H,0

Decomposition of the remaining { Cu,(oda),}, frag-
ment occurred over the temperature range ca 185—
246°C. No further weight loss was evident up to the
final temperature of 320°C, at which point only a
residue of Cu,O remained. This thermal activity of
the dicarboxylate/pyridine complex 1 is similar
to that shown by the monocarboxylate/pyridine
complexes [Cu(OZCR)Z(py)szO](RCOz = 2-furan
carboxylate, 2-thiophene carboxylate, phenoxy-
acetate, 2,3- and 4-cresoxyacetate).'” These mono-
nuclear tetragonally distorted octahedral and tetra-
gonal bipyramidal complexes undergo thermal
decomposition with the loss of one pyridine and
one water ligand to give the binuclear species
[Cuy(O.CR)4(py),]. Also, Petric et ql2° have
recently reported the synthesis and X-ray crystal
structure of the green, tetracarboxylate-bridged
dicopper(Il)  complex [Cuz(u-OzC(CHz)éCH3)4
(py).] containing the relatively long-chained mon-
ocarboxylic acid octanoic acid. It was reported that
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Fig. 7. Thermogravimetric analysis curve for 1. Heating

rate = 10°C min—".

during the work up of this complex blue crystals
initially formed, and these were presumed to be a
monomeric species of the copper(Il) octanoate/
pyridine adduct. Thus, it seems likely that {Cu,
(oda),(py),- H,0}, (2) has a structure similar to
that of the butanedioic acid complex {Cu,(u-O,C
(CH,),CO,),(H,0),}," in which infinite chains of
binuclear copper(Il) units are connected by the
bridging bidentate bda®~ ligands.

When the green complex 2 is dissolved in a pyri-
dine : water mixture the blue complex 1 precipitates
after standing for several days at room temperature.
Thus, the ligand loss and change of coordination
mode of the carboxylates for complex 1 are totally
reversible. The mechanism for the transformation
of 1 to 2 is not clear, but it is possible that it may
involve an intermediate complex in which the car-
boxylates are bound to the copper centres in a mon-
odentate bridging mode. Indeed, a number of
complexes containing a pair of copper(ll) ions
bridged asymmetrically by two monodentate car-
boxylates have been reported? 2® and Lippard and
coworkers®’” have recently described this movement
from monodentate bridging carboxylate to other
binding modes as the “‘carboxylate shift”.
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Octanedioic acid was purchased from com-
mercial sources and used without further puri-
fication. Pyridine was dried by distillation from
KOH and stored over KOH pellets. IR spectra
(KBr discs) were recorded in the region 4000-200
cm~' on a Perkin-Elmer 783 grating spectrometer,
and electronic spectra of pyridine and water/
pyridine (1:1) solutions of complex 1 were
obtained using a Milton Roy Spectronic 3000 array.
Solid-state, room-temperature magnetic sus-
ceptibility measurements were made on a Johnson—
Mathey magnetic susceptibility balance, and con-
ductivity measurements (25°C and 1.0 mM con-
centration) were obtained using an AGB model 10
conductivity meter. The cyclic voltammogram of 1
was recorded (ca 20°C and under N,) using an
EG&G Model 264A polarographic analyser, and
the data was analysed using the EG&G Condecon
software package. A glassy carbon disc and a plati-
num wire were used as the working and counter
electrodes, respectively. Potentials are quoted with
respect to a silver/silver chloride reference electrode
(3.5 M aqueous KCI), against which the fer-
rocene/ferrocenium(1+) couple had E,,, = 4593
mV. Tetrabutylammonium perchlorate (0.1 M) in
pyridine was used as the supporting electrolyte/
solvent system and the sample concentration was
4.0 mM. Thermogravimetric analyses (in air) were
performed on a Stanton Redcroft TG 750/770
instrument, which was coupled to a Houston
Instrument Omniscribe (series D5000) recorder.
Elemental analyses were carried out by the Micro-
analytical Laboratory, University College Cork,
Ireland.

Crystal data

C,H,,CuysN,0,5, M = 20496, monoclinic,
space group C2/c, a = 15.525(5), b = 5.758(3),
¢ =22.255(5) A, B =105.00(1)°, U=1921.6 A®,
D.=1417 Mg m~, Z=38, F(000)=852,
J =0.71073 A, u(Mo-K,) = 11.66 cm "

Data collection and processing

A dark blue crystal of approximate size
0.1 x 0.3 x 0.3 mm was mounted on a Mar Research
image plate scanner, and graphite monochromated
Mo-K, radiation was used to measure 95.2° frames
with an exposure time of 120 s per frame. Data
were processed using the XDS package to give
9392 reflections, of which 1454 were unique
[R(int) = 4.61].
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Structure analysis and refinement

The structure was solved by the direct method of
SHELX86 and refined using SHELXL (courtesy of
Professor G. M. Sheldrick, University of Got-
tingen), by full-matrix least-squares of 119 variables
to a final R value of 0.0484 for reflections with
|F,| > 40(F). All atoms were revealed by difference
Fourier maps. Non-hydrogen atoms were refined
anisotropically, and the thermal parameters of
hydrogen atoms were fixed at a value of 1.2 of
that of the adjacent non-hydrogen atom. The final
difference Fourier map had a largest peak at 0.487
e A=, The water hydrogen has not been included
as it was not satisfactorily located in the final
difference map, although there were several small
peaks in the vicinity of O3. It is presumed
disordered.

{Cuz(”llﬂlﬂz'Oda)z(pY)z:(HzO)z}n )]

[Cu,(u-O,CCH3;),(H,0),] (0.5 g, 1.25 mmol) and
octanedioic acid (0.5 g, 2.87 mmol) were refluxed
together in water (100 cm?) for 1 h. The condenser
was removed periodically to allow liberated acetic
acid to escape. To the refluxing suspension was
added pyridine (10 cm?, 0.124 mol) and the resuiting
dark blue solution was refluxed for a further 2 h.
The solution was filtered whilst hot and upon stand-
ing for ca 72 h blue crystals of 1 deposited. The
crystals were filtered off, washed with ice-cold water
and then air-dried. Yield 0.44 g (43%). Found: C,
52.1; H, 59; N, 6.8. Calc: C, 52.5; H, 59; N,
6.8% ; u = 1.82 B.M. per Cu; IR : 3650-2800, 2940,
2850, 1600, 1490, 1460, 1400, 1310, 1280, 1220,
1150, 1140, 1070, 1045, 1015, 880, 860, 760, 735,
695, 640, 440, 310, 270 cm~'. UV-vis (py: H,O,
1:1): 2=632nm, ¢ = 104 dm®’ mol~' cm~!, (py):
Aaa=657nm, ¢ = 104 dm> mol~' cm~".

{Cuz(Oda)z(pY)z' HZO}n (2

Blue crystals of complex 1 were warmed to ca
40°C invacuo for 6 h. The crystals turned green and
became opaque (lost their crystallinity) to give 2
in quantitative yield. Alternatively, 2 can also be
prepared by allowing 1 to stand in its mother liquor
for a prolonged period of time. Found: C, 49.3; H,
5.6;N,4.2.Calc:C,48.2;H,5.6;N,4.3% u=1.34
B.M. per Cu; IR: 2920, 2840, 1600, 1425, 1315,
1280, 1220, 1135, 1070, 1055, 870, 825, 760, 740,
690, 645, 425, 365, 280 cm~'. UV-vis (py:H,0,
1:1): A4y =631 nm, ¢ = 86 dm> mol ' cm~".
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