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A cyano-bridged Cu"-Ni" dimeric complex [Cu(MesCy)][Ni(CN),] has been synthesized and characterized

by its single crystal X-ray structure determination. The square planar [Cu(MesCy)]*" cation is converted

to a distorted trigonal bipyramidal (TBP) geometry through ligation to one of the cyano groups of [Ni(CN),]*~
in the equatorial plane, keeping the other three as terminal. Inspection of the X-ray data reveals that the
Cu-N(6)-C(6) angle of the bridging cyano group is perfectly linear (180°). The room temperature (RT) EPR
spectrum of polycrystalline [Cu(MegCy)][Ni(CN),] is typical for mononuclear copper(ir) complexes of axial
symmetry, where the flattened out symmetry axis is characterized by g, = 2.143£0.005 and g = 2.002+
0.005. No half field (AM = 2) signals were observed. RT EPR spectrum of polycrystalline [Cu"(MegCy)](ClO4),
yields an EPR signal with g = 2.394 £0.005 and g, = 2.045+0.005, indicating that this parent compound has
a different geometry than [Cu(MesCy)][Ni(CN)4]. Variable temperature magnetic moment studies on
[Cu(MegCy)][Ni(CN),] indicate a very weak long-range ferromagnetic exchange through hydrogen bonding
between copper(in) ions (S = %). The present investigation provides a unique example where the original square
planar [Cu(MeGCy)]2+ moiety rearranges itself to a trigonal bipyramidal geometry under the influence of
[Ni(CN),J>~. This is probably only the second, rare example, and perhaps the first, for a macrocyclic
precursor using only one cyano group of [Ni(CN),]*~ for bridging, leading to a discrete dinuclear

complex.

Introduction

Self-assembly by H-bonding, n-n stacking and van der Waals
interactions are all very important processes in the formation
of biological architectures.' These mechanisms are being deve-
loped as efficient design tools in material sciences for organizing
individual molecular motifs into highly ordered supramole-
cules. Transition-metal-directed self-assembly is also a power-
ful approach for the construction of different supramolecular
architectures with unusual and interesting properties.”> A pop-
ular approach for such constructions is to employ cyano com-
plexes® like [Ag(CN),]~, [Cu(CN);*~, [M(CN)4*~ (M = Cd,
Ni, Pd, Pt, etc.) and [M(CN)¢]*~ (M = Cr, Mn, Fe ,etc.), which
act as the bridging moiety to build multidimensional structures
where ¢ — 1 backbonding stabilizes the resulting complexes.
Such cyanometallates with various dimensionalities and con-
taining paramagnetic central atoms often show interesting
magnetic properties where the bridging cyano group forms an
exchange path mediating the interaction between spins
localized on paramagnetic centers.*

Tetracyanometallate anions [M(CN)4]"~ (M = Ni, Pd, Pt,
Cu, Cd),****>1! exhibit bridging character involving either
one, two, three or four of the cyano groups and all four pos-
sibilities have been found. In [{Cu,(medpt),Ni(CN)4}(ClOy),-
2.5H,0],° [medpt = bis(3-aminopropyl)methylamine] all four
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cyano groups have been found to be involved in bridging.
Recently, it has been observed that [Ni(CN),*~ uses three
out of four cyano groups to bridge to three Eu"’ atoms in
[(DMF),EuNi(CN),]* (DMF = N,N-dimethylformamide) or
three Cu" atoms in [Cu(tn)Ni(CN),] (tn = 1,3-propane-
diamine),®  respectively. In  frans-[{Cd(en),},Ni(CN),],
cis-[{Ni(dien)}2(p-ox){pu-Ni(CN)4}] (ox = oxalate) and cis-[{Cd-
(en)>}>Ni(CN), ' two of the four cyano groups are
involved in bridging, in both cis and trans fashions. On the
contrary, there is only one previous report of a complex
manifesting monodentate ligation, namely in [Cu(dien)(mea)]-
[Ni(CN)4]-2H,0 [dien = N-(2-aminoethyl)-1,2-ethanediamine,
mea = 2-aminoethanol].""

In this article we report the synthesis and structural characteri-
zation of MesCy-2HCIO4-H,O and of the cyano-bridged Cu"-
Ni" dinuclear complex, [Cu(MegCy)|[Ni(CN)4]. Here, only one
cyano group of [Ni(CN),J*~ is involved in bridging in a perfectly
linear fashion. It is noteworthy that under the influence of
[Ni(CN)4>~, the [Cu(MesCy)*" moiety reshuffled itself from
its original stable square-planar (SP) arrangement to a trigonal
bipyramidal (TBP) geometry, but the nickel atom retains its ori-
ginal SP geometry. To the best of our knowledge, it is only the
second, rare example,'! and probably the first for a macrocyclic
precursor, in which only one cyano group of [Ni(CN),J*~ is
involved in bridging, leading to a discrete dinuclear complex.

This journal is © The Royal Society of Chemistry and the
Centre National de la Recherche Scientifique 2004
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Experimental
Materials and methods

All the starting materials like acetone, ethylenediamine,
HClO,4, NaBHy4, etc. (Merck Germany) were of reagent grade
and used as received. Elemental analyses were carried out
using a Perkin—Elmer 240 elemental analyzer. Infrared spectra
(400-4000 cm ") were recorded from KBr pellets on a Nickolet
Magna IR 750 series-II FTIR spectrophotometer. EPR spectra
of polycrystalline samples were recorded using a Bruker EMX-
220 digital X-band (v = 9.4 GHz) spectrometer. Processing
and initial simulation of EPR spectra was done with Bruker’s
WIN-EPR and SimFonia software. The variable-temperature
magnetic susceptibility measurements of a crystalline sample
were performed in a field of 10 kOe on an Oxford Maglab
System 2000 magnetometer. Diamagnetic corrections were
made using Pascal’s constants.

Syntheses

Caution! Since perchlorate salts are potentially explosive, only
small amounts of the materials should be handled with care.
The ligand meso-5,5,7,12,12,14-hexamethyl-1,4,8,11-tetra-
azacycloteradecane dihydrate (MesCy-2H,0) and its copper(ir)
complex, [Cu(MesCy)](ClO,),, were prepared by using the
literature methods.'>'® Na,[Ni(CN),]-3H,O was prepared
according to standard literature procedure,'* taking NaCN
instead of KCN, and further characterized by CHN analysis.

MesCy-2HClIO4-H,O (1). A methanolic solution of HCIO,
(in excess) was added dropwise with constant stirring to a
methanol solution of MegCy-2H,O (1 mmol, 0.32 gm) where-
upon a white precipitate of the perchlorate salt of the ligand
appeared. This was recrystallized from methanol to obtain sin-
gle crystals suitable for X-ray analysis. Yield 68%. 1 has been
characterized by CHN analysis (found: C, 38.09; H, 7.65; N,
10.95; caled for C;gH4oN4OoCl,: C, 38.14; H, 7.95; N,
11.12%).

[Cu(MegCy)lINI(CN)4] (2). To a methanol solution of
[Cu(MesCy]*" ([1.0 mmol, in 30 ml MeOH, generated in situ
by mixing equimolar quantities of Cu(OAc),-H,O and
MeeCy], Nay[Ni(CN)4]-3H,O (1.5 mmol, 0.394 g) dissolved
in a minimum volume of water was added dropwise with
stirring for 5 min. The precipitate that appeared initially was
filtered off and the filtrate was allowed to undergo slow eva-
poration at ambient temperature whereupon dark blue shiny
crystals suitable for X-ray study were obtained in a few days.
Yield: 44%. Anal. found: C, 46.21; H, 6.94; N, 21.76%; calcd
for C,yH3¢NgCuNi: C, 47.0; H, 7.0; N, 21.95%.

Crystal data collection and refinementf

Intensity data for MegCy-2HC1O4-H,0 (1) and [Cu(MesCy)]-
[Ni(CN)4] (2) were collected at 293(2) K on a Siemens P4
defractometer using graphite monochromated MoKa radia-
tion (4 = 0.71073 A) and the w — 20 scan mode in the range
2.44° <0<22.50° for 1 and 2.26° <0<27.50° for 2. As a
result of the poor scattering power of 1, reflections with
I > 30(I) could not be observed for 22.5° < 6. The intensities
were corrected for Lorentz and polarization effects and for
absorption with -scans for 1 and DIFABS for 2. The struc-
tures were solved by direct methods. All the non-hydrogen
atoms were refined anisotropically by full-matrix least-squares
on F? with a rigid model for all but the N(1) and N(3) hydro-
gen atoms of 1, using the PLUS-PC version of SHELXTL.'

1 CCDC reference numbers 223767 and 231317. See http://
www.rsc.org/suppdata/nj/b3,/b306866h/ for crystallographic data in
.cif or other electronic format.
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The N(1) and N(3) protons of 1 were located in difference
syntheses and freely refined with the constraint d(N-H) =
0.95(1) A.

Crystal data for 1. C|61‘140C121\]4c)97 Mw = 50342, mono-
clinic, space group P2;/c, a = 11.21012), b = 8.844(2),
¢ =25809(5) A, B=98393)°, U=2531209) A3, Z=4,
u=0.306 mm~ !, 3500 reflections collected, 3302 unique
(Riny = 0.0370). Final Ry and wR, values for all data: 0.1742,
0.1794. R; and wR, values for 1605 reflections with
1> 20(I): 0.0737, 0.1400.

Crystal data for 2. Cy0H3sCuNgNi, M,, = 510.82, mono-
clinic, space group C2/c, a = 15.14009), b = 12.002(4),
c=14286(5) A, f=1156(4)°, U=23412) A’ Z=4,
= 1736 mm~', 3214 reflections collected, 2570 unique
(Rint = 0.0550). Final R; and wR, values for all data: 0.0906,
0.1822. R; and wR, values for 1790 reflections with
I > 20(1): 0.0604, 0.1568.

Results and discussion
Structure of the cation of 1

The diprotonated hexamethyl cyclam [MecCyH,]>" in the title
compound 1 possesses a monoclinic structure with the space
group P2;/c. Recently, several reports have appeared on the
supramolecular structures of the salt type adducts formed
between MegCy and monocarboxylic'® and dicarboxylic
acids,'”'® 3,5-dinitrobenzoic acid,'® 5-hydoxyisophthalic acid
and 5-nitroisophthalic acid (monoanion),'® various diphenol,
dithiophenol, hydroxybenzoic acids and phosphonoacetic
acid,? erc., yielding one-, two- or three-dimensional motifs.
There is no report on the structure of a 1:2 adduct formed
between MegCy and an inorganic oxyacid like perchloric acid.
As in many reports cited above, the [MesCyH,]>" cation is cen-
trosymmetric and half of the atoms of the chemical formula
are unique. The ORTEP view of the cation of 1 with atom
numbering is shown in Fig. 1.

Fig. 1
scheme.

ORTEP view of the cation of 1 showing the atom labelling
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Description of the structure of 2

The IR peaks corresponding to vcn appear at 2118(s) and
2143(m) cm ™' for 2 and can be assigned to the terminal and
bridging cyanide groups, respectively. This indicates that the
cyanide group bound to both the nickel(i1) center and the
copper(in) ion in [Cu(MesCy)]*" bridges through its nitrogen
atom, exhibiting an increase in its stretching frequency. The
IR spectrum showed characteristic NH vibrations for the
N-H---N(CN) hydrogen bonds, which appeared as a sharp
peak at 3190 cm ™.

Complex 2 crystallizes in the monoclinic space group C2/c¢
and exhibits crystallographic C, symmetry. The diad axis
passes through Cu(1), N(6), C(6), Ni(1), C(8) and C(9). Fig. 2
shows the ORTEP view with atom numbering for complex 2.

The coordination geometry about the copper atom is best
described as distorted trigonal bipyramid (TBP), with two
out of four macrocyclic nitrogens and the sole bridging cyano
nitrogen forming the equatorial plane, and the other two
macrocyclic nitrogens occupying the axial positions. The five
Cu-N bond distances range from 2.123(4)-2.040(7) A. The
axial Cu(1)-N(1) = Cu(1)-N(1)#1 (where #1 refers to the
symmetry transformation used to generate the equivalent atom
and the corresponding symmetry code is given at the appropri-
ate position) bond distance of 2.051(5) A is somewhat shorter
than the equatorial Cu—N(macrocyclic) distances [2.123(4) A],
which is typical for copper(i1) complexes with TBP geometry
coordinated via five nitrogen donor atoms.”!

The N-Cu-N angles of the trigonal plane, N(6)-Cu(l)-
N@2)#1 = 127.1(1)°, N(@2)-Cu(1)-N(2)#1 = 105.8(2)° and
N(2)-Cu(1)-N(6) = 127.1(1)°, deviate somewhat from the
ideal trigonal angle (120°) but the sum of their bite angles is
360° and matches the ideal value, indicating the planarity of
the trigonal plane comprising the N(2), N(2)#1 and N(6)
atoms, which indirectly indicates the existence of an ideal C,
symmetry for 2. The axial angle N(1)-Cu(1)-N(1)#1 = 173.7
(2)° is close to 180° and manifests a regular TBP geometry.
The other N-Cu—N angles range from 84.1(2)° to 92.1(2)°.

The cyano group when acting as a ligand can bind to a metal
center in several modes:*® (a) a terminal cyano group that
binds to the metal center through the carbon atom as M-
C=N; (b) a bridging cyano group (p,-ligand) that binds to

N7
C(7

@@ — D
Nitt)

cig) % cie)

NE) NiB}

@

Fig. 2 ORTEP view of 2 showing the atom labelling scheme. Hydro-
gen atoms are omitted for clarity. Selected bond distances (A) and
angles (°) are as follows: Cu(1)-N(1) 2.051(5); Cu(1)-N(2) 2.123(4);
Cu(1)-N(6) 2.040(7); Ni(1)-C(6) 1.867(5); Ni(1)-C(8) 1.891(7); C(6)—
N(6)-Cu(l) 180.0; N(6)-C(6)-Ni(1) 180.0; N(8)-C(8)-Ni(1) 180.0;
N(6)-Cu(1)-N(1) 93.1(1); N(6)-Cu(1)-N(2) 127.1(1); N(1)-Cu(l)-
N@2) 92.1(2); N(DH#I1-Cu(1)-N(1) 173.7(2); N(1)#1-Cu(1)-N(2)
84.1(2); N(2)-Cu(1)-N(2)#1 105.8(2). Symmetry code #1: —x, y,
—z+1/2.
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two metal centers through both carbon and nitrogen atoms,
resulting in M—C=N-M’, and (c¢) in addition to the above
two types of bonding CN~ can also be involved in ps- and
ps-type bridging though these are much less common.*

The C-end of the cyano ligand produces a strong field effect,
while the N-end behaves as a medium-strength ligand with a
ligand field lower than that of NH3. Generally, C-N distances
fall in the range 1.12-1.16 A and no difference is found
between terminal and bridging ligands.*® In complex 2, the
C-N distances for the terminal cyanide groups lie in the range
1.129(10)-1.138(7) A and that of the bridging cyanide
C(6)-N(6) = 1.137(9) A.

The coordination of the [Ni(CN)4J*~ moiety to a Cu" center
via the nitrogen atom of one of the cyanide ligands occurs in a
perfectly linear fashion [Cu(1)-N(6)-C(6) = 180.0°]. In most
of the cyano-bridged complexes M'-N-C is angular rather
than straight and the observed angle varies from system to sys-
tem. In a few cases the angles are close to but not exactly 180°.
In this sense, 2 is unique as the [Ni(CN),]*~ moiety bridges to a
second metal center in a perfectly linear fashion.

The Ni-C bond distances in [Ni(CN)4J*~ fall in the range
1.868(5)-1.891(7) A, which are very close to the ideal value
of 1.86 A.>* The [Ni(CN)4J*~ moiety in 2 effectively retains
its original SP geometry and this is evidenced by the fact that
the all the Ni-C-N angles fall in the narrow range of
179.1(3)°-180°. Such rigidity of the SP structure is generally
seen for [Ni(CN)4>~ in various bridging structures, regardless
of the bridging mode.

In five-coordinated Cu" complexes where Cu-N distances in
the equatorial plane differ from each other, a quantitative
method to describe the degree of geometrical distortion has
been developed.?* According to this method, the longer Cu—
N bond is assumed to be the apical bond in a square pyramidal
(SqPy) structure and the percentage distortion from SqPy
towards TBP geometry is defined as: 7 = [(0 — )/60] x 100,
where 0 and n are two basal angles. 7 is 100 for the ideal
TBP but 0 in the SqPy geometry. In the present case, the 0
and 7 values are 173.7(2)° and 127.1(1)° and the corresponding
T calculated to be 78%. This and the above crystallographic
data confirm that the coordination geometry of complex 2
around the copper ion is quite close to TBP. This is quite dif-
ferent from the other five-coordinate complexes of copper and
manifests the fact that the geometry of the complex is strongly
affected by the ligand structures.

When [M(CN),]"" bridges to an MN, (N, = ligands coordi-
nated through four nitrogen atoms) tetra-coordinated metal
center through the nitrogen atom of a cyanide ligand, it gener-
ally occupies the axial position. But complex 2 is a unique
example in which the bridging cyanide group occupies an
equatorial position. Another example where the bridging
cyano groups occupy both axial and equatorial positions is
given by [{[Cu(dien)[,Cr(CN)g}],[Cu(H,0)(dien)Cr(CN)g],-
4nH,0, where the equatorial plane is defined by the three
nitrogens of dien and one nitrogen of a [Cr(CN)¢*~ group
and the axial position is occupied by the nitrogen of another
[Cr(CN)¢*~ group.?®

In the cyano-bridged bimetallic complex [Cu(cyclen)]-
[Au(CN),], (cyclen = 1,4.7,10-tetrazacyclododecane) the Cu"
center is bound to four nitrogen atoms of cyclen and a nitro-
gen atom of an [Au(CN),]™ anion. The cations pair up to form
dimeric units linked by Au---Au interactions.”® Though in
both complexes the Cu" ions are penta-coordinated involving
four tetraazamacrocyclic nitrogens and one nitrogen from a
bridging cyanide ion, the following striking differences between
[Cu(cyclen)][Au(CN),], and 2 are observed: (i) the former is in
a distorted SqPy geometry while 2 adopts a modest TBP geo-
metry; (if) as generally found, the bridging CN group occupies
the axial position in the former but the unusual equatorial
position in 2; (7if) M'-N-C is angular (157°) in the former com-
plex while it is perfectly linear (180°) in 2 and (iv) in the former,

This journal is © The Royal Society of Chemistry and the
Centre National de la Recherche Scientifique 2004
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the C-N bond distances corresponding to_ the bridging
and terminal cyano groups are 1.16 and 1.09 A, respectively,
whereas the respective bond distances in 2 are 1.137(9) and
1.129(10) A.

The Cu"-Ni" units are joined together through intermolecu-
lar H-bonding between the NH protons of the macrocyclic
ligand in one unit and one of the three terminal cyano groups
in a [Ni(CN),J*~ moiety of another unit, resulting in a dimeric
structure (Fig. 3).

Magnetic properties of 2

The temperature dependence of the magnetic susceptibility of
2 over the 2-200 K range is shown in Fig. 4. The magnetic
susceptibility obeys the Curie-Weiss law [y, = C/(T—0)]
with € = 0.38 cm® mol™! K and 6 = +2 K. The Curie con-
stant C corresponds to a paramagnetic Cu" ion with S =1/
2 and g =2.0 and a diamagnetic Ni(i) ion. The slight
increase of y,7 upon cooling and the small positive Weiss
constant indicate a very weak ferromagnetic coupling between
Cu" ions.

As stated above, 2 has a dimeric structure, due to hydrogen
bonding between the macrocyclic ligand and the terminal cya-
nide in the [Ni(CN),]*~ moiety. It is to be noted that only one
of the three terminal cyanide groups is involved in H-bonding.
The paramagnetic Cu" (d'.. yz) is directly attached to the dia-
magnetic SP Ni" center via the bridging cyanide group. As no
magnetic exchange would occur between these pairs of (para-
dia) ions, it is likely that exchange coupling through the N—
H---N=C pathway would be operative here. This is a long-
range magnetic interaction as the Cu---Cu distance is 9.754
A and expectedly weaker in nature. Recently, it has been
shown that, in the solid state, some chromium compounds of
the general formula cis-[CrA4(OH,)(OH)]* (where A, repre-
sents the four nitrogen ligators from an appropriate number
of monodentate or polydentate ligands) have a dimeric
structure in which two formula units are bound together by
powerful hydrogen bonds, such that they can transmit an anti-
ferromagnetic interaction between the two chromium centers,

Fig. 3 Structure of 2 showing the N-H(imino)- - -N(cyanide) hydro-
gen-bonding interactions between two [Cu(MegCy)][Ni(CN)4] units.
Selected hydrogen bonding parameters (A, °) are as follows: N(1)-
H(1)---N(7)*  D-H =091, H-A=2200, D---A = 3.006(7),
DH.--A = 148.00; N(2)-H(1)---N(8)>: D-H = 0.91, H-A = 2.270,
D---A = 3.149(7), D-H---A = 162.00; N(2)-H(1)---N(8)": D-H =
0.91, H-A = 2.270, D---A = 3.149(7), D-H- - -A = 162.00. Symmetry
codes: * = x, —p, 12+ = x, =14y, 42, = —x, =14y, 1/2—=.

This journal is © The Royal Society of Chemistry and the
Centre National de la Recherche Scientifique 2004
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Fig. 4 Plots of 7,7 and y;,' vs. T for 2. The solid line represents the
best calculated fit of the data.

even though they are separated by a distance of 5 A2 The
proposition of antiferromagnetic coupling as an indication of
hydrogen-bonded dimeric structures®® is questionable as it
was later established that antiferromagnetic coupling is also
exhibited by complexes with hydrogen-bonded infinite chain
structures. As hydrogen bonds have been reported to propa-
gate antiferromagnetic interactions between metal centers in a
variety of transition metal complexes,?”*® the intermediate
interactions through the hydrogen bonds are expected to be
weakly antiferromagnetic. The observation of a positive value
of 0 [2.0(1) K] is indicative of a ferromagnetic behavior of 2,
which contradicts the above proposition. The present investi-
gation provides a unique example in which a long-range
magnetic interaction (Cu---Cu distance being 9.754 A) via
H-bonding is apparent.

EPR studies

The room temperature solid state EPR spectrum of a polycrys-
talline sample of 2 (Fig. 5) is typical for mononuclear Cu" com-
plexes of axial symmetry where the flattened out axis is
characterized by g, = 2.143+0.005 and g = 2.002£0.005.
Simulation of this signal using the Gaussian shape of the indi-
vidual EPR line gives: g, = 2.152, g = 2.002, AHrfp =7mT,
AH]H)p = 4 mT. In the present case g, > g, which for a d’ sys-
tem indicates that the axial ligand field is greater than the
equatorial field,? as is also evidenced by their bond distances
(vide supra). Since no ““forbidden” half field (AM = 2) signals

T T T T T
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Fig. 5 Room temperature EPR spectrum of polycrystalline [Cu-
(MegCy)[Ni(CN)y): (solid line) experimental spectrum, (dotted line)
simulated spectrum. The weak narrow line with g~2.08 is due to
impurities.
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have been observed, the absence of antiferromagnetically
exchange coupled dinuclear species may be concluded. This
is in line with diamagnetic [Ni(CN),]*>~ acting as a monoden-
tate ligand towards [Cu(MesCy)]*". On the other hand, the
room temperature EPR spectrum of polycrystalline [Cu"(Mes.
Cy)](ClOy), yields another EPR signal [Fig. 6(a)] that, possi-
bly, may be represented as a superposition of monomeric
and dimeric signals. The main signal (AM = 1) belongs to a
monomeric species and is characterised by g = 2.394 £0.005
and g, = 2.045+0.005. At higher gain a weak half field
(AM = 2) signal with g =4.104+0.01 was found [Fig. 6(b)].
Its integral intensity is about of 3 orders of magnitude lower
than that of the main signal. This may indicate that the sample
contains a certain amount of antiferromagnetic dimeric species
(S = 1) with an anisotropy parameter D <10 mT. The EPR
signal observed in the parent [Cu"(MesCy)](ClOy,), compound
shows that [Cu"(MegCy)](ClO4), has a different geometry than
[Cu(MesCy)][Ni(CN)4] and, presumably, some of these parent
complexes are inclined to establish exchange-coupled dimeric
species.

Conclusion

In this paper we presented a detailed study of a unique cyano-
bridged Cu"-Ni" heterobimetallic complex, along with the
synthesis and crystal structure of the perchlorate salt of the
macrocyclic ligand, MesCly.

The salient features of the present work are as follows: (i)
under the influence of [Ni(CN)4]*~, the parent [Cu(MeCy)**
moiety revokes its original square planar geometry to attain a
trigonal bipyramidal geometry where only one cyano group of
[Ni(CN)4*~ is involved in a perfectly linear bridging, and sur-
prisingly, occupies the equatorial position, forcing the macro-
cyclic ligand to attain a folded conformation; (i) a weak
long-range (9.754 A) ferromagnetic magnetic interaction
between two copper atoms vie H-bonding is observed. A
detailed survey of the room temperature EPR study of
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Fig. 6 Room temperature EPR spectrum of polycrystalline [Cu"-
(MegCy)](ClOy);,: (a) main (AM = 1) signal; (b) half-field (AM = 2)
signal.
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complex 2 along with the compound [Cu"(MesCy)](ClOy), is
envisaged. From this initial work the EPR spectrum of
the complex with g, > g has been explained by a shortening
of the axial bond over the equatorial ones.
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