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he synthesis and characterization, including the crystal
structure, of the complex (2) of Cu(Il) with the crown-
ether bipyridine ligand, 1[5-2,2'-bipyridyl)carbonyl]-
1-aza-4,7,10,13-tetraoxacyclopentadecane (1), are de-
scribed. Compound 2, C,,HoN;0,,CLCuy, crystallizes
in the triclinic space group P1 with cell constants 2 =
10.160(1), b = 13.014(1), c = 15.934(2) A, o = 74.18(1)°,
B = 84.83(1)°, v = 71.54(1)°, V = 1923.04) A3 Z = 2
deaie = 1.448 g cm 2. The crystal structure was solved
by vector search methods and refined by full-matrix
least-squares on F to R = 0.086 for 3163 observed re-
flections (I > 2¢(I})), 83 restraints and 390 parameters.
The crystals contain two formula units per cell as a
dimer, with each carbonyl oxygen of one monomer
complex coordinating to the copper ion of the other.
Each copper has elongated octahedral coordination ge-
ometry, with two nitrogens of one bipyridyl unit and
four oxygens, viz. two water molecules, one perchlo-
rate, and one carbonyl, as ligand donor atoms. There
are no exchange interactions between the coppers as
concluded from magnetic susceptibility measure-
ments. Determination of the association constants of 2
with histamine.HCl and histamine. HCIO, in ethanol
yields values of 70 and 1000 M ™}, respectively. It is pro-
posed that the imidazole and protonated amine group
of histamine have binding interactions with the Cu(II)
ion and the crown ether ring, respectively, of 2. From
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a solution of Cu(Il) bipyridine complexes in the pres-
ence of both histamine and chloride, crystals of
C,oH,4CICuN,.C10, with space group P2,/c and cell
constants a = 10.7498(5), b = 12.2394(7), ¢ = 16.9776(9)
A, B =112.248(4), V = 2067.5(2) A>, Z = 4,and d . =
1.641 g cm™? were isolated. The structure was solved
by heavy atom Patterson methods and refined to R =
0.05 for 2447 observed reflections and 344 parameters,
without restraints. The Cu(Il) ion in this complex,
{Cu(bipyridine),C1}C1O,, which did not contain hista-
mine, is five-coordinated, with 4 nitrogen donors of bi-
pyridyl ligands and one chlioride.

INTRODUCTION

Mono- and dinuclear copper complexes are in-
teresting objects to study, for example as models
to gain insight in the spectroscopic and catalytic
properties of metallo-proteins." We have previ-
ously reported models® for the oxygen activat-
ing multi-copper enzymes tyrosinase® and
dopamine-B-hydroxylase,* which have the bio-
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SCHEME I Ligand synthesis and complex formation. Axial ligands and counterions in 2 have been omitted for clarity.

logical amines, tyrosine and dopamine, respec-
tively, as substrates. We describe here the syn-
thesis and characterization of the copper(ll)
complex 2 of a crown ether-bipyridine ligand
system 1,° and its property as a histamine recep-
tor (Scheme 1).

2,2'-Bipyridines are well-known ligands which
usually form complexes with copper(Il) in a 1:2
or 1:3 metal to ligand ratio,® although a few com-
plexes of 1:1 stoichiometry are known.” The
presence of a crown ether ring in 2 increases the
steric bulk so that the formation of 1:1 complexes

is favoured. The coordination of Cu(Il) by only
one chelating ligand makes exchange reactions of
the other monodentate ligands more likely. The
ability of a crown ether ring to bind a protonated
amine is well documented.® Supramolecular
complexes of metallo-hosts have previously been
reported by us.? The metallohost presented here
combines a copper(Il) ion with a binding site for
a protonated amine, and may be considered as a
step towards the rational design of supramolecu-
lar catalytic systems which function according to
the principles of metallo-enzymes.
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RESULTS AND DISCUSSION

Synthesis of ligand 1.  The synthesis of the ligand
1 is straightforward and outlined in Scheme 1.
The starting compound 5-methyl-2,2'-bipyridine
was prepared following a Krohnke synthesis’
and was subsequently oxidized with potassium
permanganate to 5-carboxy-2,2’-bipyridine.*’
Reaction of the latter compound with thionyl
chloride yielded 5-chlorocarbonyl-2,2'-bipyri-
dine. This molecule was coupled to 13-aza-
1,4,7,10-tetraoxacyclopentadecane to yield 1.

Synthesis and description of the crystal structure of
complex 2. Reaction of 1 equivalent of Cu-
(ClO,),.6H,O with 1 in ethanol gave a clear

blue solution. Evaporation of the solvent and re-
crystallization from ethanol yielded a bright
blue crystalline complex 2 of stoichiometry
[Cu(1I)-1-2H,0-2C10,-3C,H;0H] (95% yield). An
X-ray analysis was carried out to determine the-
structure of 2. The crystal data and a summary
of the structure solution and refinement are
given in Table I, some interatomic distances in
Table II, and data regarding hydrogen bonds in
Table III. Figure 1 shows a drawing and the
atomic numbering scheme for 2. The crystallo-
graphic analysis shows that complex 2 has a 1:1
metal to ligand stoichiometry.

In the solid state, 2 actually is a dimer around
a crystallographic center of symmetry: the cop-

TABLE I Crystal Data and Summary of Intensity Data Collection and Structure Solution and Refinement for Complex 2,

(Cu{l)-1-3CH;CH,0OH-2Cl0,), and {Cu(bipyridine),Cl}C1O,,

Complex 2 {Cu(bipyridine),Cl}ClO,
(Cu(I}-1-3CH,CH,OH-2CIO)

Crystal data

Compound CyH oN;04:CLCu CyoH 6N, 0,CLCu

Crystallization EtOH/CH,Cl, EtOH

Formula weight 838.13 510.82

Crystal system triclinic monoclinic

Space group P1 P2,/c

Cell constants

R oo pw
oo B

Y.
Cell volume, A®
Formula units/unit cell
Dcalc/ g Cm~3
g mm™! (Mo Ka)

F(0 0 0), electrons

o

Diffractometer

Scan Mode

Temperature, K

Radiation, graphite monochromator
Crystal dimensions, mm

Standard reflections

Decay of standards

Reflections measured

20-range, °

range of h, k, 1

Least-squares fit for 25 reflections
9° < p < 12°

Least-squares fit for 25 reflections:
10° < 0 < 14°

10.160(1) 10.7498(3)
13.014(1) 12.2394(7)
15.934(1) 16.9776(9)
74.18(1) 90
84.83(1) 112.248(4)
71.54(1) 90
1923.0(4) 2067.5(2)
2 4

1448 1.641
0.782 135

878 1036

Intensity data collection
Enraf-Nonius CAD-4

Enraf-Nonius CAD4T

(w-26) (-28)
298 298
Mo Ka (A = 0.71073 A) Mo Ka

0.50 X 0.29 X 0.18
3, every 250 reflections

0.05 X 0.25 X 0.25
3, every hour

0.97 - 1.02 none
13567 10434
up to 25 4-55

-12=h=12-15=k=15 -18=
1=18

-13=h=13 -15=<ks=s0-2=l=2
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TABLE I (continued)

{Cu(bipyridine),ClI}CIO,

Complex 2
(Cu(I)-1-3CH,CH,0H-2CIOy)
Corrections:
Lorentz-polarization
EMPABS*! 0.98-1.03

Reflections (observed) 6793 (2833, I > 3a(l))
Rinerge™ 0.085 (0.048)

Computer programs” local programs

Structure solution and refinement

Structure solution Vector search methods® using Cu-bi-
pyridine as a model; three solvent
molecules (EtOH) from Fourier map
DIRDIF/ORIENT'?

Full-matrix least squares on F?

C(1) through C(12): isotropic split-up
atoms: isotropic remaining atoms:
anisotropic

H-atoms H(301) on O(30), H(311) and H(312)
on O(31) from Fourier map: isotropic
remaining H-atoms: calculated posi-
tions, constrained icotropic
SHELXL-93"*

Computer programs
Structure refinement
non-H atoms

Computer programs

Weights™ 0.110

Shift/esd less than 0.09

No. of restraints/parameters 83/390
Goodness-of-fit on F? 1.035

R index I> 20 R, = 0.086

R indices (all data)
Largest diff. peak e A™7

R, = 0.180, wR, = 0.232
0.35 in the neighbourhood of the dis-
ordered ethano}

4732 (2447, F > 30(F,))
R,. 0.046

Heavy atom Patterson methods

DIRDIF/PATT"?

anisotropic

from difference density map, isotropic

SHELXL-93%

wl = o2(F,3) + (0.0732F3)2 + 0.64F,2

0

0/344

1.004

[ >20(D] R, = 0.05
R, = 0.122, wR, = 0.15
~0.51, 0.69

R = EiE» - <Fn> W—Fu

 Nmerge

Pusing neutral scaftering factors and anomalous dispersion corrections'®

per atom of one complex monomer is linked to
the carbonyl oxygen of the related complex
monomer (see Figure 2). The intra-dimer cop-
per-copper distance Cu(l)...Cu(1") is 6.592(2) A.
Each of the copper centers is six-coordinated
and surrounded by one bipyridyl unit, two wa-

ter molecules, one perchlorate oxygen, and a car-
bonyl oxygen atom of the related complex. The
coordination geometry around copper is best de-
scribed as an elongated octahedron. The basal
plane of the copper coordination octahedron is
formed by N(2), N(8) of the 2,2'-bipyridine

TABLE I Interatomic Distances (A) and Angles (°) Relevant to the Coordination of the Copper Atom in 2.*

Atoms Distance Atoms Angle Atoms Angle
Cu(1)-N{2) 2.001(6) N(2)-Cuf1)-0i29") 100.0(2) 0O{30)-Cu(1)-0299 96.3(2)
Cu(1)-N(8) 1.986(6) N(8)-Cu(1)-N(2) 81.2(2) O30)-Cu(1)-0(31) 91.3(2)
Cu(1)-O30) 1.936(5) N(8)-Cu(1)}-0:29") 86.1(2) O31)-Cufl)-N(8) 93.7(2)
Cu(1)-O31) 1.980(3) O(30)-Cu(1)-N(@2) 93.5(2) O31)-Cu(1)-0(29" 85.4(2)
Cu(1)-0(29") 2.334(3)

Cu(1)-O(32) 2.527(6)

*Primed atom: —x, —v + 1, —z
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TABLE IIl Hydrogen Bonds in the X-ray Structure of 2.

D H A D-H H..A D..A D-H..A
O(204) O@3A") 2842)

O(204) O43B") 2.67(2)

O(20B) O3A") 2.80(2)

O(208) 038" 2.66(2)

0(34) O(40) 2.49(2)

O(23B) O(40) 3.02(2)

0(30) O(43A") 2.59(2)

0(30) O(43B") 2.62(2)

O(30) H(301) 0(46) 1.03 1.76 2.65(1) 140
0@l H(311) 0(40) 0.97 1.87 2.64(1) 133
031 H(312) oan 1.05 1.90 2.74(1) 154
O(36A") 0(46) 3.08(2)

O(36B) O(46) 2.68(2)

O(39B) O(46) 3.03(2)

*D = donor atom, A = acceptor atom, primed atom: —x, —y + 1, —z; double primed atom: —x, =y + 1, ~z + 1; Lengths in A and

angles in degrees.

ligand and O(30) and O(31) of the two water
molecules (see Table II). The apical positions are
occupied by a monodentate coordinating ClO,-
anion (O(32)) and a carbonyl oxygen (O(29')).
The second ClO;-anion is not within coordinat-
ing distance of the copper. The bond lengths (Ta-
ble 1I) are well within the range of what is nor-
mally found for Cu(Il)-bipyridine complexes.!”
As many as seven hydrogen bonds to water and

ethanol are present in the structure (see Table
Il). As a result of the stabilizing effect of the
hydrogen bonds the crown ether ring is partly
unfolded. It has an elongated shape and lies
more or less in the same plane as the bipyridine
unit. The Cu-N and Cu-O distances in 2 match
those determined for [Cu(bipy)(H,0),]*" by
EXAFS* (Table 1V). The deviation in the axial
bond lengths in the two complexes is probably

029

017C

C15 18
C16
e Q@619

020A
026R 023K

cosh )
~5f

C24A

C21A
£22A

FIGURE 1 X-ray structure of complex 2 showing the crystallographic numbering schemel”. The axial coordinating carbonyl atom
0(29"), the ethanol molecules O(40)-C(41)-C(42); O(43)-C(44)-C(45); O(46)-C(47)-C(48), and the perchlorate atoms Cl{2) with
O(36) through O(39) have been omitted for clarity. From the coordinating perchlorate group the atoms O(33) through O(35) have
also been omitted. Ellipsoids drawn at the 50% probability level.
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FIGURE 2 Drawing showing the copper(Il) coordination
sphere within the dimeric complex 2 and the connectivity be-
tween the dimeric units. The crown ether moieties, the non-
coordinating perchlorate ions and the solvent ethanol mole-
cules have been omitted for clarity.

the result of the fact that the O-donors in complex
2 (Cl1O;- and C=0) and in [Cu(bipy)(HzO)4]2+
{water molecules) are different.

Magnetic properties. The crystals which we used
for the analysis by X-ray crystallography were
extremely hygroscopic and therefore not well
suited for magnetic measurements. Powdering
and subsequent drying at reduced pressure
yielded a product (2') in which ethanol was re-
moved and four water molecules are present per
copper as indicated by elemental analysis (see
Experimental Section). A plot of (X ™)' vs. T
for 2’ is given in Figure 3. The data obey the
Curie-Weiss law very well; least-square refine-

TABLE IV Comparison of the Bond Lengths in 2 with those
in [Cu(bipy)(H,0},]*".°

2 Distance (A) [Cu(bipy) Distance (A)
(HO)L P

Cu(1)-N(@2) 2.001(6) Cu-N 1.99
Cu(1)-N¢(8) 1.986(6)

Cu(1)-O(30) 1.956(5) Cu-0 1.97
Cu(1)-0(31) 1.980(3)

Cu(1)-0(29") 2,334(3) Cu-0 233
Cu()-0(32) 2.527(6)

2From ref. 6d, determined by EXAFS.

ment to the expression Xy, = C/T gave C =
0.4596 (solid line in Figure 3). From this result,
the g value can be calculated using the expres-
sion C = Ng?B?/4k, yielding g = 2.21, which is a
typical value for Cu(lf). The g-value and the ob-
servation of Curie-Weiss behaviour by 2’ indi-
cate that exchange interactions between the cop-
per centers are absent. This is in line with the
expectation that neither a short Cu-Cu distance
nor a superexchange pathway, conditions neces-
sary to mediate spin-spin coupling'®, are present
in2'.

Conductivity and electrochemistry. In acetonitrile
solution, 2' behaves as a 2:1 electrolyte. The
complex was examined with cyclic voltammetry
but displayed no (electro)chemically reversible
behaviour. This problem is more often encoun-
tered with (bi)pyridine-Cu(Il) complexes.'*!
Possibly, the reduced form of this type of com-
plexes is unstable, resulting in the decomposi-
tion of the compounds.

Complexation properties. Since the basal plane of
2 is formed by two strong N-ligands from the
bipyridine-unit and two weak O-ligands from
water it was expected that the latter ligands
could be exchanged for other N-type ligands
like imidazole. In addition, the crown-ether
function could provide secondary stabilization if
the imidazole ligand would possess a quater-
nary ammonium group. For these reasons we
chose histamine. HX (Hs.HX, X = Cl1™ or ClO,-)
as the guest for our complexation studies.

To see whether copper(ll)-bipyridine com-
plexes are able to coordinate additional ligands,
we first titrated Cu(bipy),(ClO,), with Hs.HCL
A plot of the absorbance versus the ratio Hs-
HC1/Cu(ll) revealed that 1 equivalent of Hs-
HCI reacted per copper (Ae at 720 nm, 224
M~ Lem™, K, 2150 M%), After one night, clear
blue crystals could be isolated from the solution
in the cuvette. X-ray crystallographic analysis
(vide infra) proved that the copper in these crys-
tals is five coordinated. However, instead of the



15:49 29 January 2011

Downl oaded At:

BIPYRIDINE COMPLEXES 37

&
3
e

T

X-l
(emu.mol'l)'1

40

20

LR o e e 0
Q

&

o

“
SO

o

\h\

=3
=

30 40 50 60
T (K)

FIGURE 3 The inverse molar susceptibility as a function of the temperature.

imidazole moiety, a chloride atom (from Hs-
HC) has occupied the fifth coordination posi-
tion at the copper center (see Figure 4). This
complex is identical to that prepared in a differ-
ent way by Hathaway and coworkers.” From
these results it must be concluded that, at least
for bis(2,2’-bipyridyl)Cu(ll) complexes, chloride
is a better ligand than Hs. Steric hindrance and
electrostatic repulsion may be the explanation
for this.

A UV-vis titration of 2 with imidazole (Im) in-
dicated that 2 equiv. of this ligand are bound,
probably by substituting two coordinated water
molecules. The 2.Im, complex had A, 613 nm
(¢ 8.2.10°1.mol " '.cm ™). The spectra revealed an
isosbestic point at 812 nm between 0-1 equiva-
lent of added Im, but not above the ratio Cu:Im
= 1. This leads us to the conclusion that prefer-
ably a 1:1 complex is formed which at higher
ratios of Im to 2 is slowly converted into a 2:1
(Im:Cu) complex. The association constants
were too high to be estimated by the UV-vis
method.

For complexation of Hs. HClI with 2, one may
expect that electrostatic repulsion between the
protonated amine and the Cu(Il) center will re-
sult in a lowering of K., as compared to Im.
Furthermore, the chloride ion may compete with
the imidazole moiety for the binding to the cop-
per ion since it has a high affinity for Cu(II). As

could be determined from a plot of the absor-
bance at 710 nm (A, € 1.1.10° 1.mol t.cm™})
versus the Hs/2 ratio, one equivalent of Hs.HCl
is bound. A K, of 70 M™! was found. That the
Im moiety of Hs is coordinated to Cu(ll) was
indicated by the development of a dark green
colour, typical for Cu(Il) complexes with three
N-donor ligands. The fact that Im and not C1™ is
responsible for this colour change was further
confirmed by adding a saturated solution of

T Cl12

FIGURE 4 X-ray structure of the [Cu(bipy),ClJCIO, complex
with the crystallographic numbering scheme.’” Ellipsoids
drawn at the 50% probability level.
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FIGURE 5 (left) Proposed binding of protonated histamine to 2'. (right) Coordination polymer of 2" and histamine.

NaCl to a solution of 2 in ethanol. In this case no
colour change was observed. The ability of the
histamine imidazole to compete more effectively
with chloride ion for coordination to Cu(ll) in 2
than in the control compound Cu(bipy),(ClO,),
is explained by the additional interaction of the
histamine ammonium ion moiety with the
crown ether in 2.

We also carried out a titration of 2 with Hs.H-
ClO,. The change of counterion had a remark-
able effect on the association constant, which in-
creased to 1000 M. Still, only one Hs-molecule
was bound, and the resulting UV-vis spectrum
was identical to that of the complex with Hs. HCl
A max 710 nm, & 1.1.10° 1.mol " L.cm ™). In order
to evaluate the binding properties of the crown
ether moiety, a similar titration was carried out
in the presence of Na™-ions. The latter ions are
known to have a high affinity for 15-crown-5 and
may occupy the crown ether ring, thereby block-
ing the second binding site for the protonated
amine function of Hs. With 3 equivalents of Na-
ClO, the K, was lowered to 750 M™?, and the
UV-vis spectrum of the complex had A, 710
nm (g 9.2.10* 1.mol t.cm ™). We believe that this
lower value of K, is mainly due to the compe-
tition between the Na™ ions and the protonated
amine function of Hs. It should be noted, how-
ever, that this may not be the only reason. Fore-

most, the ionic strength of the solution is also
drastically altered. Secondly, the electrostatic re-
pulsion between 2 and the protonated Hs guest
is increased when a cation is complexed in the
crown ether ring. Nevertheless, the results lead
us to propose a structure for the complex of 2
with Hs in which the imidazole group of the Hs
guest coordinates to the Cu(ll) ion of 2, and the
ammonium group is bound in the crown ether
moiety of the same molecule of 2 (Figure 5, left).
The possible formation of polymeric species
during the titrations cannot be ruled out com-
pletely. However, in order for this to happen the
amine moiety must be deprotonated. This is not
very likely under the present conditions. We
tried to form a polymeric species deliberately by
titrating 2 with the free base Hs. During this ex-
periment, an insoluble blue precipitate was
formed rapidly. Because of its insoluble nature,
it is presumed to be a coordination polymer of
Hs and 2 (Figure 5, right). This material was not
further characterized. This result supports the
idea that in the titrations with Hs.HX (X is CI~
or ClO,-) monomeric species are predominant.

Description of the structure of {Cu(bipyridine),Cl}-
ClO,. The structure of this complex is given in
Fig. 4. Some interatomic distances are given in
Table V. The monoclinic unit cell contains 4

TABLEV  Interatomic Distances (A) and Angles (°) Relevant to the Coordination of the Copper Atom in {Cu(bipyridine),Cl}ClO,.

Atoms Distance Atoms Angle Atoms Angle

Cu-Cl 2.2610(14) Cl-Cu-N(1) 92.04(11) N(1)-Cu-N(3) 174.55(16)
Cu-N(1) 1.985(3) Cl-Cu-N¢2) 126.38(11) N(1)-Cu-N(4) 96.26(14)
Cu-N(2) 2.134(4) CI-Cu-N(3) 93.41(11) N(2)-Cu-N(3) 97.60(13)
Cu-N@) 1.987(3) Cl-Cu-N4) 137.03(11) N(2)-Cu-N4) 96.60(14)
Cu-N@#) 2.0714) N(1)-Cu-N(2) 79.02(13) N(3)-Cu-N4) 79.80(14)
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Cu(BiPy),Cl" cations and 4 ClO,- anions. Inter-
esting structural details reported by Hathaway
and coworkers® are confirmed in this study. In
particular the Cu-N bond distance range,
1.985(3) — 2.134(4) A is reproduced in detail.
Quantitative analysis of the coordination around
Cu shows it to be 32% on the Berry pseudo ro-
tation path from trigonal pyramidal towards
square pyramidal.”®

CONCLUSIONS

We have shown that it is possible to synthesize a
well defined Cu(Il) complex which contains a bi-
pyridine ligand in a 1:1 metal to ligand ratio
without the need for an additional strong,
chelating anion or ligand. The structure of the
complex has been determined by single-crystal
X ray diffraction. The copper complex is able to
bind imidazole and also mono-protonated hista-
mine.”* The latter molecule is bound with the
help of a crown ether function tethered to the
bipyridine ligand. The crown ether probably
plays a role in stabilizing the protonated amine-
function and thereby contributing to K. It may
be possible to improve the performance of the
receptor by including a methylene group instead
of the carbonyl linker between the aza crown
ether and bipyridine moieties in 2. This spacer
would be more flexible and improve the com-
plexing potential of the aza crown ether nitro-
gen.

MATERIALS AND METHODS

Instrumentation. UV-vis spectra were recorded
on a Perkin-Elmer Lambda 5 spectrophotometer.
Melting points were determined on a Reichert
hot stage mounted to a microscope and are re-
ported uncorrected. 'H and C NMR spectra
were recorded on a Bruker WH90 or a Bruker
WM-400. FAB-MS spectra were recorded on a
VG 7070E using 3-nitrobenzyl alcohol as a ma-

trix. IR-spectra were measured on a Perkin-
Elmer 1720X. Conductivity measurements were
carried out with a Schott Gerate CG 852 Kon-
duktometer using 10> M solutions of the com-
plex in acetonitrile. Variable-temperature mag-
netic susceptibility data were collected in the
temperature range 4.2-270 K by using an Oxford
Instruments Foner-type magnetometer, cali-
brated with a Ni-sample. A main solenoid field
of 12000 G was employed. Temperatures were
recorded with calibrated resistance thermocou-
ples.

Materials. Cu(ClOy),.6H,O was purchased
from Janssen Chimica. All solvents were dried
and distilled prior to use. Purification of the syn-
thesized compounds was performed by flash
chromatography on silica (Merck kieselgel 60H).
TLC analyses were performed on Merck Kiesel-
gel 60 F,g, silica gel plates.

Warning! Although the perchlorate salts de-
scribed here were not found to be shock sensi-
tive, care should be taken in handling these com-
pounds.®

SYNTHESIS AND CHARACTERIZATION

5-Methyl-2,2'-bipyridine. This compound was
synthesized as described in the literature.”

2,2'-Bipyridine-5-carboxylic acid. This compound
was synthesized as described by Case'® for the
preparation of 5,5'-dicarboxyl-2,2'-bipyridine.

5-Chlorocarbonyl-2,2'-bipyridine. A suspension
of 300 mg (1.5 mmol) of 5-carboxyl-2,2'-bipyri-
dine in 15 ml of SOCL, was refluxed under a
dinitrogen atmosphere. The solid material dis-
solved completely after 30 min. of refluxing and
stayed homogeneous. After 15 hrs. the excess of
SOCl, was evaporated. The product was charac-
terized by the disappearance of the OH-vibra-
tion at 3500 cm ™.
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1-[5-(2,2"-bipyridyl)carbonyl]-1-aza-4,7,10,13-tet-
raoxacyclopentadecane (1). To a solution of
CH,CL, (50 ml) containing 516 mg of triethy-
lamine (5.1 mmol) and 560 mg (2.55 mmol) of
monoaza-15-crown-5 was added 573 mg (2.6
mmol) of 5-chlorocarbonyl-2,2’-bipyridine. This
solution was stirred for 15 hrs. after which it was
concentrated. The resulting oil was subjected to
column chromatography (eluent 2% MeOH in
CHCl,) to yield 1 in 52% yield. Since 2,2'-bipy-
ridine gives an intense red colour with Fe(Il), an
aqueous solution of FeSO, was used to identify
the product on a TLC-plate. IR (KBr): 2864 (br,
CH,), 1632 (C=20), 1126 (C-O-C) ecm L. '"H NMR
(CDCl3): & 36 and 38 (2 X s, 20H,
NCH,CH,0OCH,CH,OCH,), 74 (m, 1H, pyH),
7.9 (m, 2H, pyH), 8.4 (m, 2H, pyH), 8.7 (m, 2H,
pyH); >C NMR (CDCl,, assignment with the
crystallographic numbering scheme, Fig. 1): 3
48.3 (N-CH,), 69.0 (CH,), 69.5 (CH,), 70.3 (CH,),
70.8 (CH,), 120.5 (bipy-C12), 121.4 (bipy-C6),
124.1 (bipy-C9), 132.4 (bipy-C4), 135.7 (bipy-
C11), 137.0 (bipy-C5), 147.3 (bipy-C10), 149.3
(bipy-C3), 155.4 (bipy-C1), 156.7 (bipy-C7), 169.8
(C=0).

Complex 2. Ligand 1 (200 mg, 0.5 mmol) was
dissolved in 20 ml of ethanol. To this solution was
added 182 mg (0.5 mmol) of Cu(ClOy),.6H,0,
dissolved in 5 ml of ethanol. The solution was re-
fluxed for 30 min. and subsequently concentrated
in vacuo. Recrystallization from ethanol yielded 2
as light blue crystals, which are very hygroscopic.
In order to remove the ethanol molecules from
the crystal lattice, the crystals were powdered
and dried at reduced pressure for a prolonged
period of time. This yielded a product (2') in
which four water molecules are present per cop-
per as indicated by elemental analysis (see be-
low). These water molecules could not be re-
moved from the complex. Apparently, complex 2,
which contains only 2 water molecules, takes up
2 additional water molecules during powdering.
These molecules are thought to displace the per-
chlorate and carbonyl oxygen atoms in the coor-
dination sphere, yielding the monomeric species

2'. Comparison of the IR-spectra of the free
ligand and the dried complex 2’ showed no shift
in frequency of the C=0 vibration, which sup-
ports this explanation. IR (Csl): 2934 (CH,), 1632
(C=0), 1471, 1446 (C=C, C=N), 1107, 625
(C10, ) ecm™. UV-vis in ethanol (A_, nm;
IT.mol lem™'): 705; 29. Ay = 292 S.emM !
(1073 M in acetonitrile). FAB-MS: m/z 563 (56%,
1. Cu(ClOy)*); 464 (100%, 1.Cu™). Anal. Calcd.
tor C,,H,7N;0,;CLCu.4H,0: C, 34.27; H, 4.79; N,
5.71. Found: C, 34.18; H, 4.70; N, 5.53.

Bis-bipyridylcopper(1l) bisperchlorate. This com-
pound was synthesized from 1 g (2.71 mmol) of
Cu(ClO,),.6H,0 and 846 mg (5.42 mmol) of 2,2'-
bipyridine, and recrystallized from ethanol/wa-
ter. Anal. caled. for CooH;(N,O:Ci,Cu:C 41.79,
H 2.81, N 9.75; found: C 41.76, H 2.78, N 9.62.

Crystals of {Cu(bipyridine),ClI}CIO,. Crystals of
{Cu(bipyridine),CliClO,. were obtained when
the final solution of a UV-vis titration experi-
ment (see below) of bis-bipyridylcopper(Il) bis-
perchlorate with histamine.HCl was allowed to
stand at room temperature for one night.

UV-vis titration experiments. In a typical proce-
dure 2.5 ml of a stock solution containing 2.84 X
1072 mmol of complex 2 in 5 ml of ethanol was
transferred to a quartz cuvette (path length 1.000
cm) in a thermostatted compartment of a Perkin
Elmer A-5 UV-vis photospectrometer operated in
the double beam mode. Subsequently, 10 ui ali-
quots of a stock solution containing 4.62 X 107!
mmol Hs. HX in 5 ml of ethanol were added us-
ing a micropipette. The increase in the absor-
bance at 710 nm was measured and stored on a
computer disk. Best fits through at least 20 data
points were obtained using the computer pro-
gram UV-fit. In order to check the validity of the
method, the reverse experiment (titration of
Hs.HX with complex 2) was carried out as well.
This procedure led to identical results.

Magnetic susceptibility measurements. For these
measurements, a 30 mg sample of 2’ (of stoichi-
ometry Cu(ll)-1.4H,0-2CI0O,, see above) was
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placed in a teflon cup with known magnetic sus-
ceptibility. The assembly was transferred to the
magnetometer and cooled to approximately 4 K.
In small steps, the temperature was increased
and allowed to stabilize for several minutes be-
fore the magnetization was recorded.

X-ray structure determination of complex 2.  The
crystal data for complex 2 (Cu(Il)-1-3CH,CH,
OH-2CIO,) and a summary of the data collection
and the structure solution and refinement are
given in Table I. The structure solution revealed
the presence of three solvent ethanol molecules.
The structure refinement was hampered by dis-

order expressed by some large displacement pa-
rameters. Thus, the positions of part of the crown
ether chain, one perchlorate anion and one sol-
vent molecule were split up to supply models for
disorder (denoted A and B). The atomic positions
were subjected to geometrically-restrained re-
finement which led to a reasonable hydrogen-
bonding scheme (Table III). The atomic positional
and vibrational parameters are given in Table VL.
The crystallographic numbering scheme is given
in Fig. 1 showing an ORTEP drawing of the com-
plex cation; for clarity only the A atoms (occu-
pance 0.56) of the disorder model are shown and
hydrogen atoms as well as anions and solvent

TABLEVI Atomic Coordinates and Equivalent Isotropic Displacement Parameters for the Crystal Structure of 2. U(eq) is Defined
as One Third of the Trace of the Orthogonalized Uij Tensor.

x y z U(eq) (A2, x 100)
Cu(1) 0.1802(1) 0.2948(1) ~0.0868(1) 43(1)
ca) 0.2577(7) 0.3456(5) 0.0611(4) 35(2)
NQ@) 0.1949(6) 0.3977(4) ~0.0174(4) 38(1)
B 0.1536(7) 0.5112(5) ~0.0407(5) 38(2)
C() 0.1734(7) 0.5732(5) 0.0118(4) 33(2)
CG) 0.2318(8) 0.5175(6) 0.0923(5) 47
Cl6) 0.2738(8) 0.4016(6) 0.1160(5) 52(2)
) 0.3077(8) 0.2196(6) 0.0772(5) 43(2)
N(@®) 0.2802(6) 0.1806(5) 0.0161(4) 4.1(1)
ot 0.3233(9) 0.0681(7) 0.0258(6) 5.9(2)
C(10) 0.3986(9) ~0.0028(8) 0.0979(6) 6.6(2)
cai) 0.4270(9) 0.0355(7) 0.1592(6) 6.6(2)
C12) 0.3811(9) 0.1540(7) 0.1501(6) 6.0(2)
Ca3) 0.1230(7) 0.6997(5) -0.0123(5) 371
N(14) 0.2012(3) 0.7543(4) ~0.0635(4) 3.90)
Cas) 0.1613(8) 0.8773(3) ~0.0774(5) 45(2)
C(16) 0.0490(8) 0.9418(5) ~0.1427(5) 53(2)
0(17) 0.0198(5) 1.0566(4) ~0.1435(3) 5.0(1)
C(18) ~0.1103(8) 1.1269(6) -0.1792(6) 570)
C19) ~0.1232(10) 1.1344(8) —0.2730(7) 8.003)
O(04)* ~0.0107(24) 1.1773(20) ~0.3209(14) 8.4(12)
C1A)* 0.0239(28) 1.1675(19) —0.4115(16) 10.0(10)
C(224)* 0.1132(23) 1.0488(17) —0.4089(16) 85(7)
O(23A)* 0.2434(16) 1.0338(10) -0.3725(8) 7.24)
C(24A)* 0.3499(19) 0.9414(12) —0.3859(11) 7.5(6)
C25A)* 0.3337(23) 0.8314(14) ~0.3375(11) 7.8(6)
O(6A)* 0.3287(14) 0.8216(9) ~0.2478(8) 53(4)
C74A)* 0.3204(25) 0.7148(16) —0.2024(10) 5.7(8)
O(20B)* ~0.0329(29) 1.1840(22) ~0.3231(14) 5.9(10)
C(1B)* ~0.0204(31) 0.1670(18) —0.4087(15) 6.5(8)
C(22B)* 0.0534(27) 1.0493(19) ~0.4102(18) 8.3(9)
O(@3B)* 0.1866(19) 1.0179(11) —0.3738(9) 5.7(4)
C(24B)* 0.2628(24) 0.9082(18) -0.3821(15) 8.3(8)
C(23B)* 0.3886(20) 0.8606(18) ~0.3282(12) 6.4(7)
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TABLE VI (continued)

X v z Uleq) (A% x 100)
O(26B)* 0.3649(17) 0.6294(11) —0.2344(9) 4.8(3)
C(27B)* 0.3431(29) 0.7207(19) ~0.1965(12) 5.3(10)
C(28) 0.3328(7) 0.7005(6) ~0.1041(5) 3.2(2)
0(29) 0.0193(5) 0.7475(5) 0.0243(3) 4.7(1)
O(30) 0.0875(6) 0.4178(3) ~0.1845(3) 5.5(2)
oL 0.1931(6) 0.1830(4) —1327(4) 6.3(2)
Cln 0.5142(2) 0.3375(2) 0.8393(2) 6.1(1)
0(32) 0.4071(6) 0.3027(6) 0.8366(4) 8.1(2)
0(33) 0.6101(8) 0.3424(7) 0.7919(6) 12.4(3)
O34 0.4614(8) 0.4388(6) 0.8835(7) 14.1(4)
O(35) 0.5832(9) 0.23347) 0.9322(5) 12.6(3)
Cl(2A)** 0.1593(14) 0.1867(8) 0.3392(7) 95(3)
O(36A)** 0.0539(24) 0.2375(16) 0.3966(13) 12.4(8)
O374)** 0.2395(20) 0.2545(17) 0.3116(13) 11.4(8)
O(38A)** 0.2273(2%) 0.0749(15) 0.3677(15) 13.5(8)
O(39A)** 0.0853(29) 0.2045(29) 0.2506(17) 18.3(12)
Cl(2B)** 0.1040(10) 0.2099(6) 0.3131(6) 8.4(2)
O(36B)** —0.0100(18) 0.2290(13) 0.3727(11) 10.8(6)
O(37B)** 0.2314(24) 0.2217(25) 0.3469(19) 17.9(12)
O(38B)** 0.1519(23) 0.0908(13) 0.3248(15) 13.9(7)
O(39B)** 0.0625(20) 0.2679(18) 0.2301(11) 13.1(7)
O(40) 0.3166(8) 0.1530(6) 0.6983(4) 9.7(2)
C() 0.3702(24) 0.2327(13) 0.6356(11) 18.6(9)
C(42) 0.4683(23) 0.2944(18) 0.5779(17) 25.4(13)
O(43A)*** 0.0784(20) 0.62.00(11) 0.2844(11) 6.8(5)
C(44A)*** 0.1879(33) 0.5763(25) 0.3339(19) 13.6(13)
C43A)*** 0.1340(47) 0.4994(34) 0.4257(21) 20.1(20)
O(43B)*** 0.0197(21) 0.6185(12) 0.3131(13) 7.9(65)
C(44B)*** 0.1123(34) 0.5197(24) 0.3629(26) 13.5(13)
C(43B)*** 0.2506(35) 0.5163(37) 0.3826(34) 21.1(22)
O46) 0.1849011) 0.5703(8) 0.7050(6) 13.1(3)
C47) 02532027 0.3307(18) 0.6357(14) 20.9(10)
C(48) 0.3527(24) 0.5767(21) 0.5885(19) 23.9(12)
H(301) 0.1612 0.4606 -0.2083 11.3(36)
H(311) 0.2739 0.1783 ~0.1903 13.8(46)
H(312) 0.1608 0.1249 —0.1489 10.2(36)

*occupancy factor 0.56/0.44, **occupancy factor 0.47/0.33, ***occupancy factor 0.51/0.49

molecules are omitted. Geometrical calculations
and the ORTEP illustration were done with PLA-
TON.®

X-ray structure determination of {Cu(bipyridine),-
Cl)ICIO,.  The crystal data and a summary of
the data collection and the structure solution
and refinement are given in Table I. The crystal-
lographic numbering scheme is shown in Figure
4 and the positional parameters of non-hydro-
gen atoms are given in Table VII. Geometrical

calculations and the ORTEP illustration were
done with PLATON.'® Full details may be ob-
tained from one of the authors (A.L.S.).

Supplementary Material. Anisotropic displace-
ment parameters, bond lengths and angles, hy-
drogen atom coordinates and isotropic displace-
ment parameters for the crystal structure of
complex 2 (5 pages), crystal data and details of
the structure determination, final coordinates
and equivalent isotropic thermal parameters of
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TABLE VII Atomic Positional Parameters of Non-hydrogen Atoms and Ueq’s (X 100) with e.s.d.’s for the Crystal Structure of

{Cu(bipyridine),Cl}ClO,.

Atom X y z Uleq) (A% X 100)
Cu 0.12989(5) 0.04465(5) 0.36273(3) 4.47(2)
Cl 0.13785(13) —0.13990(10) 0.36096(8) 6.32(4)
N(1) —-0.0238(3) 0.0489(3) 0.2514(2) 4.54(12)
NQ@) ~0.0102(3) 0.1417(3) 0.3937(2) 437(12)
N@G) 0.2826(3) 0.0558(3) 0.4743(2) 4.42(12)
N(&) 0.2349(3) 0.1735(3) 0.3382(2) 4359(12)
C(1) —0.0235(6) —~0.068(5) 0.1820(3) 5.74(17)
C(2) —0.1336(6) —-0.0089(5) 0.1079(3) 6.4(2)
C(3) —0.2486(6) 0.0457(3) 0.1032(3) 6.21(17)
Cl4) ~0.2481(3) 0.1026(4) 0.1733(3) 5.39(17)
C(5) -0.1333(4) 0.1034(4) 0.2468(3) 4.31(12)
C(6) -0.1219(4) 0.1632(4) 0.3250(3) 4.33(12)
C(7) —0.2157(5) 0.2386(4) 0.3277(3) 5.89(17)
C(8) —0.1922(6) 0.2935(5) 0.4032(4) 6.5(2)
C(9) —0.0781(6) 0.2729(5) 0.4718(4) 6.5(2)
C(10) 0.0098(5) 0.1960(3) 0.4655(3) 3.61(17)
C(11) 0.2973(5) —0.0092(5) 0.5419(3) 5.79(17)
C(12) 0.4084(6) —0.0030(5) 0.6150(3) 6.20(17)
C(13) 0.5068(5) 0.0707(5) 0.6203(3) 6.34(19)
C(14) 0.4915(5) 0.1368(5) 0.5523(4) 6.1(2)
c(13) 0.3779(4) 0.1294(4) 0.4809(3) 4.85(16)
C(16) 0.3490(4) 0.1981(4) 0.4032(3) 4.67(14)
C(17) 0.4309(3) 0.2838(5) 0.3985(4) 6.67(19)
C(18) 0.3918(7) 0.3422(5) 0.3242(5) 7.5(3)
C(19) 0.2754(6) 0.3195(5) 0.2586(4) 6.6(2)
C20) 0.1992(5) 0.2339(4) 0.2670(3) 5.38(17)
Cl(2) 0.33968(12) 0.10581(11) 0.13362(8) 5.82(4)
0Q) 0.2526(3) 0.1719(3) 0.0885(3) 13.2(2)
O2) 0.4121(5) 0.0544(5) 0.0784(3) 12.6(2)
0O3) 0.4629(4) 0.1676(4) 0.1955(3) 9.62(19)
O@) 0.3237(7) 0.0269(5) 0.1794(4) 15.6(3)

Uleq) = 1/3 of the trace of the orthogonalized U

the non-hydrogen atoms, hydrogen atom posi-
tions and isotropic thermal parameters, bond
distances, bond angles, and torsion angles for
the crystal structure of {Cu(bipyridine),Cl}CIO,
(20 pages).
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