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Synthesis, Crystal Structures, and Magnetic Properties of a Mono- and a
Dinuclear Copper(i1) Complex of the 2,4,6-Tris(2-pyridyl)-1,3,5-triazine Ligand

Thorsten Glaser,*!2! Thomas Liigger,®! and Roland Frohlich!®!
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The reaction of 2,4,6-tris(2-pyridyl)-1,3,5-triazine (tptz) with
Cu(BF,),:3H,0 and N,N-bis(3-aminopropyl)methylamine
(Medpt) vyielded the monomeric complex [(tptz)Cu'l-
(Medpt)](BF4)2:2MeOH (1) whereas reaction of tptz with
Cu(Cl,-2H,0 yielded the dinuclear complex
[{CuCl,}(tptz){Cu'Cl,(MeOH)}] (2). The molecular struc-
tures of 1 and 2 were established by single-crystal X-ray dif-
fraction studies. The copper ion in complex 1 is elongated
octahedral with the nitrogen atoms of Medpt and the triazine
nitrogen atom of tptz in the equatorial positions, and the two
pyridyl nitrogen atoms of tptz in axial positions. The two Cu*
ions in complex 2 are bridged by tptz, coordinating to Cul
in a terpyridine-like fashion and to Cu2 in a bipyridine-like
coordination mode. The triazine nitrogen atom bound to Cul
is coordinated in an equatorial position whereas the triazine
nitrogen atom bound to Cu2 is situated in the apical position.
The equatorial plane of Cul is coplanar with the 1,3,5-triaz-

ine plane whereas the equatorial plane of Cu2 is perpendic-
ular to the 1,3,5-triazine plane. Intermolecular interactions in
the solid state result in both compounds in “dimeric units”
due to hydrogen bonding. Both complexes were investigated
by variable-temperature magnetic susceptibility measure-
ments. Through-space dipolar couplings and/or weak
through-bond interactions in complex 1 result in a small in-
termolecular antiferromagnetic interaction (J = —0.09 cm™).
The intramolecular exchange coupling in the dinuclear com-
plex 2 is antiferromagnetic (J = —2.5 cm™?). This antiferromag-
netic interaction was analyzed in view of the molecular
structure considering spin-polarization, superexchange and
orbital-orthogonality. A spin-polarization pathway seems to
be the leading contribution which does not involve the 1,3
bridging pathway.

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

Introduction

The rational design of polynuclear complexes with ferro-
magnetic interactions between the paramagnetic centers is
central to the development of new classes of molecule-based
magnets.['l One strategy for synthesizing materials with fer-
romagnetic interactions is provided by the mera-phenylene
linkage of organic radicals and carbenes utilizing the spin-
polarization mechanism.?l This concept has been applied
to binuclear transition metal complexes bridged in a meta-
phenylene arrangement using a variety of bridging li-
gands.’ Some of these compounds do indeed exhibit ferro-
magnetic interactions between the transition metal ions.[*~7!
However, many complexes with the same kinds of bridging
ligands exhibit antiferromagnetic interactions between the
transition metal ions.[®l Several theoretical investigations
have been performed in order to obtain an insight into the
question of why the concept of spin-polarization cannot be
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applied in a straightforward manner to transition metal
complexes. Bencini et al. showed on resorcinol- and hydro-
chinone-bridged dinuclear MoV complexes that for both
bridging units not only is the spin-polarization mechanism
active but also the superexchange interaction.[l The orien-
tation of the magnetic orbital on each metal site relative to
the plane of the bridging benzene ring was found to be cru-
cial for a ferromagnetic or an antiferromagnetic contri-
bution of the superexchange interaction as well as of the
spin-polarization mechanism. Takano et al. investigated di-
nuclear Cu'! and Mn!! complexes with a bridging pyrim-
idine ligand using DFT and post-Hartree—Fock meth-
0ds.'%1 They concluded that superexchange interactions
leading to antiferromagnetic interactions are more impor-
tant in meta-phenylene bridged transition metal complexes
compared with meta-phenylene bridged organic carbenes
and radicals. Finally, ferromagnetic interactions were pro-
posed in pyrimidine-bridged dinuclear Cu'' complexes when
the pyrimidine-nitrogen donor of one Cu'! center is coordi-
nated equatorially and the pyrimidine-nitrogen donor of the
other Cu'! center is coordinated axially. Antiferromagnetic
interactions were proposed when both nitrogen atoms are
coordinated equatorially.[32-11]

Recently, we reported the use of modified 1,3,5-tri-
hydroxybenzene (phloroglucinol) ligands to bridge three
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Cu'! ions in a meta-phenylene linkage.l'”) These complexes
exhibit ferromagnetic interactions between the three S, =
1/, sites to result in a S, = 3/, spin ground state due to the
spin-polarization mechanism (I in Scheme 1). In an ex-
tended version of these ligands, we incorporated salen-like
coordination environments because salen-like ligands form
stable complexes with most metal ions.['* Just as phloro-
glucinol is the triangularly topological extension of resorci-
nol, the triangularly topological extension of pyrimidine is
1,3,5-triazine. We wanted to investigate whether modified
1,3,5-triazine-ligands may be used for the synthesis of tri-
nuclear transition metal complexes with ferromagnetic in-
teractions between the paramagnetic centers based on the
spin-polarization mechanism (II in Scheme 1).
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Hendrickson and co-workers reported a series of trinu-
clear Ti'™ complexes using the tri-anions of cyanuric acid
and trithiocyanuric acid as bridging ligands.'¥ While the
Ti'™! centers in the cyanuric bridged complex are antiferro-
magnetically coupled, a ferromagnetically coupled system
was found in the trithiocyanuric system. Recently, Dunbar
and co-workers used 1,3,5-triazine-2,4,6-tricarboxyclic acid
for the synthesis of a one-dimensional chain compound
with Fe'! ions. However, no exchange interactions between
the Fe!! centers were observed and this was attributed to
the large distance between the paramagnetic centers in the
chain. The ferrous ions are not bridged by coordination to
one 1,3,5-triazine ring. The ligand bridges the Fe'l ions by
use of one 1,3,5-triazine nitrogen donor at one site and by
a carboxylic group at the other site.['”) Gamez, Reedijk and
co-workers reported an interesting copper coordination
polymer using 2,4,6-tris(dipyridin-2-ylamino)-1,3,5-triazine
which demonstrated the use of modified 1,3,5-triazine li-
gands for the construction of higher-dimensional assem-
blies.[1¢]

The modified 1,3,5-triazine ligand 2,4,6-tris(2-pyridyl)-
1,3,5-triazine (tptz)['” has been used in the spectrophoto-
metric determination of transition metal ions'® and as a
solvent extraction reagent.l'’ Several transition-metal com-
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plexes using the ligand tptz have been reported.?°~221 The
predominant coordination mode of tptz is tri-dentate terpy-
ridine-like (IIT in Scheme 1). However, tptz is also capable
of bridging two metal centers in one terpyridine- and one
bipyridine-like coordination mode (IV in Scheme 1) but no
magnetic properties were reported. Several reports have de-
scribed that coordination of one metal ion, especially Cu'l,
to tptz induces the hydrolysis of tptz to form bis(2-pyridyl-
carbonyl)amine and its complexes.[?>?3]

In order to use tptz as a ferromagnetic coupler between
three transition metal ions we investigated whether com-
plexes with tptz as a bridging ligand between three metal
ions in bipyridine-like sites would be accessible (V in
Scheme 1). Herein we report the reaction of tptz with an
excess of Cu'l ions. In the presence of N,N-bis(3-aminopro-
pylmethylamine (Medpt), only the mononuclear complex
[(tptz)Cu"(Medpt)](BF,),:2MeOH (1) was isolated. In
contrast, reaction of tptz with an excess of CuCl,2H,O
resulted in the dinuclear complex [{Cu''Cl,}
(tptz){Cu"Cl,(MeOH)}] (2). No indications of hydrolysis
of tptz were observed. Both complexes were fully charac-
terized by single-crystal X-ray diffraction studies and mag-
netic measurements. To the best of our knowledge complex
2 is the first dinuclear copper complex of tptz and this is
the first determination of exchange interactions mediated
by the tptz ligand.

Results and Discussion

Synthesis and Spectroscopy

In order to synthesize a trinuclear Cu'’ complex of type
V (Scheme 1) with three bipyridine-like coordination sites,
additional ligands for complexation of the Cu'! centers have
to be provided. Since the preferred coordination number of
Cul! ions is five, we used an additional tridendate ligand
(Medpt). The reaction of tptz with three equivalents of
Cu(BF,)»-3H,0 and three equivalents of Medpt in meth-
anol resulted in a blue solution from which green crystals
of 1 separated upon diffusion of diethyl ether into the solu-
tion. The FTIR spectrum of 1 confirmed the presence of
the tptz ligand by the absorptions in the 400 to 1600 cm ™!
region. Two intense N—H bands at 3173 and 3077 cm™!
and C—H bands of aliphatic groups between 2800 and 3000
cm~! demonstrate the presence of the Medpt ligand. Ad-
ditionally, the typical bands of BF,~ show the cationic nat-
ure of the complex. The electrospray mass spectrum of 1
exhibits a prominent ion at a mass-to-charge ratio (m/z) of
259.9, with mass and isotopic distribution patterns corre-
sponding to [(tptz)Cu(Medpt)]** (calculated m/z of 260.1).
The elemental analysis combined with these data are
in accordance with the formulation of 1 as
[(tptz)Cu(Medpt)](BF,),-2CH;0OH which was corrobor-
ated by an X-ray diffraction study.

The reaction of tptz with 15 equivalents of CuCl,-2H,O
in MeOH resulted in a green solid. Elemental analysis gave
a tptz/Cu/Cl ratio of 1:2:4 corresponding to a dinuclear
complex and not the 1:3:6 ratio expected for a trinuclear
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complex. Diffusion of methanolic solutions of tptz and an
excess of CuCl,-2H,O0 yielded green needles suitable for sin-
gle-crystal X-ray diffraction. The FTIR spectrum of 2 exhi-
bits a broad absorption between 2500 and 3200 cm ™! indi-
cating the presence of hydrogen bonded O—H groups. The
spectrum shows the main signals of the free tptz ligand
which are slightly shifted and in most cases split. Structural
characterization by a single-crystal X-ray diffraction study
enabled the formulation of 2 as [{Cul'CL}(tptz)-
{Cu''Cl,(MeOH)}].

Crystal Structures

Figure 1a shows the molecular structure of the dication
[(tptz)Cu"(Medpt)]*" in 1 and the labeling scheme used.
The asymmetric unit consists of the dication, two BF,~
anions and two methanol molecules. Selected interatomic
distances and angles are listed in Table 1. The copper ion is
coordinated by six nitrogen donors (N1, N4, N5 of tptz;
N7, N8, N9 of Medpt). The distance between Cu and the
triazine nitrogen donor N1 is 2.15 A whereas the distances
with the two pyridyl nitrogen donors N4 and N5 are long
at 2.41 A and 2.50 A respectively. The central tertiary am-
ine donor N9 of Medpt is coordinated trans to the triazine
nitrogen donor with a bond length of 2.13 A whereas the
primary amine donors N7 and N8 form short bonds of 1.99
A and 2.00 A, respectively. The coordination environment
of the Cu'! ion is best described as an axially elongated
octahedron with severe distortion. The equatorial plane
consists of N1, N7, N8, and N9 and is orientated perpen-
dicular to the 1,3,5-triazine plane. The angle of 142° sub-

Figure 1. structure  of  the  dication

a) Molecular
[(tptz)Cu(Medpt)]>* in crystals of 1. Thermal ellipsoids represent
the 50% probability surfaces. b) Schematic view of the “dimeric
unit” in 1 formed by hydrogen bonding. [symmetry code: (") 1 — x,
l=p1—-z(()x,nl+z(")1-x,1-y2-72]
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Table 1. Selected bond lengths [A] and angles [°] for 1

Cu—NI1 2.151(2)
Cu—N4 2.414(2)
Cu—N5 2.496(3)
Cu—N7 1.993(2)
Cu—N8 1.995(2)
Cu—N9 2.129(2)
N1-Cu—N4 72.37(6)
N1-Cu—N5 70.37(6)
N1-Cu—N7 86.88(7)
N1-Cu—N8 90.19(7)
N1-Cu—N9 174.20(6)
N4—-Cu—N5 142.44(5)
N4—-Cu—N7 97.59(7)
N4—Cu—N8 92.57(7)
N4—Cu—N9 102.37(6)
N5—Cu—N7 85.97(7)
N5—Cu—N8 83.02(7)
N5—Cu—N9 115.05(6)
N7-Cu—N8 168.03(8)
N7-Cu—N9 91.48(7)
N8—Cu—N9 92.52(7)

tended by the two axial donors N4 and NS5 and the copper
center deviates strongly from the ideal N—Cu—N angle of
180°. However, this decreased angle is typical for a Cu' ion
in a terpyridine-like environment with the two pyridyl do-
nors in axial positions.

The two di-cations are organized in pairs as “dimers”
held together by hydrogen bonds with the methanol solvate
molecules (Figure 1b). One methanol forms a hydrogen
bond with the uncoordinated pyridyl nitrogen atom
(N6—031" and N6'""—031"" 2.80 A). This methanol forms
an additional hydrogen bond to a second methanol
(031'=030"" and 031''—030" 2.73 A) while this second
methanol forms a hydrogen bond with a coordinated pri-
mary amine of a second di-cation (O30"'—N7""" and
030"=N73.03 A). The Cu—Cu’"" distance is 11.5 A. How-
ever, the shortest Cu—Cu distance in 1is 7.77 A. The pack-
ing is governed mainly by weak interactions, viz. long
N-—H-F, C—H-F, n-r interactions (there are no strong m-
7 interactions in 1) etc.

Figure 2a shows the molecular structure of the di-
nuclear complex [{Cu"Cl,} (tptz) {Cu'Cl,(MeOH)}] (2) and
the labeling scheme used. Selected interatomic distances
and angles are listed in Table 2. Cul is coordinated by tptz
in a terpyridine-like coordination mode (III in Scheme 1)
with two additional chloride donors resulting in five-fold
coordination. The Cul—NI1 distance of the triazine nitro-
gen donor is 1.94 A and the distances with the two pyridyl
donors N26 and N66 of tztp are both 2.07 A. The chloride
Cl12 is coordinated trans to the triazine nitrogen donor N1
at a distance of 2.22 A whereas chloride Cl11 forms a long
bond of 2.51 A. The coordination geometry of Cul may
best be described as distorted square pyramidal with N1,
N26, N66, and Cl12 forming the equatorial plane and CI11
occupying the apical position. This equatorial plane is al-
most coplanar with the 1,3,5-triazine plane. The
N26—Cul —N66 angle of 154° of the terpyridine-like unit
is significantly larger compared with the analogous
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Figure 2.

a) Molecular structure of the dinuclear
[{Cu''CL} (tptz) {Cu'Cl,(MeOH)}] in crystals of 2. Thermal ellip-
soids represent the 50% probability surfaces. b) Schematic view of
the “dimeric unit” in 2 formed by hydrogen bonding. [symmetry
code: ()2 — x, =3, 2 — z]

complex

Table 2. Selected bond lengths [A] and angles [°] for 2

Cul—-N1 1.942(3)
Cul—N26 2.072(3)
Cul—N66 2.073(3)
Cul-Cl12 2.2192(9)
Cul-Cll1 2.5093(9)
Cu2—N3 2.454(3)
Cu2—N46 2.023(3)
Cu2-071 2.045(3)
Cu2-CI22 2.2220(10)
Cu2-CI21 2.2391(11)
NI1-Cul—N26 77.60(11)
N1-Cul—N66 78.45(11)
N1-Cul—Cll1 98.13(8)
NI1-Cul—-Cl12 159.16(8)
N26-Cul —N66 153.68(10)
N26-Cul—Cll1 95.02(7)
N26—Cul—Cl12 100.99(8)
N66—Cul—Cl11 99.01(8)
N66—Cul —Cl12 97.50(8)
Cl11—Cul—Cl12 102.70(4)
N3—Cu2—-N46 74.93(10)
N3—Cu2-CI21 92.63(7)
N3—Cu2-CI22 123.26(6)
N3 —Cu2-071 85.07(11)
N46—Cu2—CI21 90.27(8)
N46—Cu2—CI22 160.40(9)
N46—Cu2—-071 85.54(13)
CI21-Cu2—CI22 95.63(4)
CI21-Cu2—-071 175.63(10)
CI22—Cu2—-071 88.73(10)
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N4—Cu—NS5 angle in 1. This increase originates from the
decreased Cul—NI1 bond length of 1.94 A compared with
2.15 A in 1 and the different coordination mode of the two
pyridyl rings. In 2, the pyridyl rings are in the equatorial
plane (short bonds, 2.07 A) which is in contrast to 1 where
the pyridyl rings occupy axial positions (long bonds, 2.41
and 2.50 A).

Cu2 is coordinated by tptz in a bipyridine-like coordi-
nation mode (IV in Scheme 1) with two additional chloride
donors and one methanol ligand resulting in a five-fold co-
ordination. The Cu2—N3 bond length of the triazine nitro-
gen donor at 2.45 A is the longest found in the two com-
plexes. Conversely, the pyridyl nitrogen donor of tztp N46
forms the shortest pyridyl nitrogen—copper bond at 2.02 A.
Chloride CI22 is coordinated trans to the pyridyl nitrogen
donor at a distance of 2.22 A and chloride CI21 is coordi-
nated cis to the pyridyl nitrogen donor at a distance of 2.24
A. The Cu2—-071 bond length of the coordinated methanol
ligand is 2.05 A. The coordination geometry of Cu2 may
also best be described as distorted square pyramidal but in
contrast to Cul the 1,3,5-triazine nitrogen donor occupies
the axial position and the equatorial plane formed by N46,
Cl21, CI22, and O71 is oriented perpendicular to the 1,3,5-
triazine plane. With implications for the magnetic proper-
ties it is interesting to note that the axial ligand N3 is tilted
from a perfect axial position as indicated by the acute
N3—Cu2—N46 angle of 75°.

Two molecules of 2 form dimers as a result of two hydro-
gen bonds which are symmetry related (Figure 2b). The
chloride ligand coordinated in the axial position of Cul in
one molecule forms a hydrogen bond with the coordinated
methanol ligand of Cu2 of the other molecule at a distance

o

of 3.01 A.

Magnetic Properties

The magnetic susceptibilities of 1 and 2 were measured
in the temperature range 2—300 K. The raw data were cor-
rected for underlying diamagnetism by using tabulated Pas-
cal’s constants and for temperature-independent paramag-
netism, yrip, Which was obtained as a fit parameter. The
magnetic properties were analyzed by using the spin Hamil-
tonian in  Equation (1) including the isotropic
Heisenberg—Dirac—van Vleck (HDvV) exchange Hamil-
tonian and the single-ion Zeeman interaction by using a
full-matrix diagonalization approach.

H=-2J88; +X[upg;SB] M
z

The effective magnetic moment, g, of complex 1 has
a temperature-independent value of 1.84 pp in the range
300—30 K and decreases below 30 K to a value of 1.53 pg
at 2 K (not shown). These data were simulated by using the
spin-Hamiltonian for an isolated S; = !/, system with g =
2.123 and ypp = 33-107° cm*mol~!. However, the de-
crease below 30 K could not be well reproduced although
saturation effects were already taken into account. Thus,
the decrease in L reflects intermolecular antiferromagnetic
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interactions. We tried to simulate this decrease by introduc-
ing a Weiss temperature ®. The simulation using ® =
—0.14 K resulted in a better agreement, but the simulation
was still not satisfactory in the low temperature region. We
tried to simulate the magnetic data of 1 using spin Hamil-
tonian in Equation (1) for a weak exchange coupled dimer.
Figure 3 (top) shows the temperature dependence of p.g
calculated for the “dimer 1,”. This model, using the same
g-value and yrp per site as for the monomeric model de-
scribed above, gave a satisfactory agreement between exper-
imental and simulated data even in the low temperature
range with J = —0.09 cm™'. It was not possible to assign
the origin of this weak intermolecular antiferromagnetic in-
teraction. Through-space dipolar couplings (closest Cu—Cu
distance 7.77 A) and/or through-bond interactions may ac-
count for this weak intermolecular interaction.

25 [

0 50 100 150 200 250 300
TIK

Figure 3. Top: Temperature dependence of the effective magnetic
moment, [y calculated for the “dimeric unit” of complex 1 at
1 T. The solid line is a fit of the experimental data using the spin
Hamiltonian in Equation (1) with S} = S, = 1/2, g; = g, = 2.123,
yrip = 66:107° cm3mol~! for the “dimer”, and J = —0.09 cm~".
Bottom: Temperature dependence of the effective magnetic
moment, My, of complex 2 at 1 T. The solid line is a fit of the
experimental data using the spin Hamiltonian (1) with §; = S, =
172, g1=8= 2.090, e = 180-107¢ cm*mol~!, and J = —2.5
cm ™.

The effective magnetic moment, p.g of the dinuclear
complex 2 has a temperature-independent value of 2.55 ug
in the range 300—110 K and decreases below 110 K to a
value of 1.40 pg at 2 K (Figure 3 bottom). This is typical
behavior for an antiferromagnetically coupled Cu'' dimer.
The simulation using the spin Hamiltonian in Equation (1)
with g = 2.090, yrp = 180-107¢ cm®*mol ™!, and J = —2.5
cm ™! nicely reproduces the experimental data. Thus, there
is a sizeable exchange coupling through the tptz ligand
which is antiferromagnetic in nature.

To the best of our knowledge, the determination of the
exchange coupling in 2 is the first established for the tptz
ligand. The antiferromagnetic interaction is, at a first
glance, counterintuitive to the spin-polarization mechanism
mediated by the mera-phenylene arrangement of the two
copper centers. The spin-polarization should result in a fer-
romagnetic coupling as depicted in Scheme 2a. However,
a close inspection of the molecular structure of 2 results in

398 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

a deeper understanding of the exchange coupling in 2. The
magnetic orbitals d,2_,» of square-pyramidal-coordinated
Cu'" ions are located in the equatorial plane. The equatorial
plane of Cul is orientated parallel to the 1,3,5-triazine ring
consisting of N1, N26, N66, and Cl12. In contrast, the
equatorial plane of Cu2 is oriented perpendicular to the
1,3,5-triazine ring and consists of N46, Cl12, CI22, and
O71. The d,»_? orbital of Cul is delocalized to N1 in a o-
type pathway. There is no delocalization of the d,>— > or-
bital of Cu2 to N3. First, the Cu2—N3 distance of 2.45 A
is too long for significant delocalization and secondly, the
d.>_,? orbital of Cu2 is of d-type symmetry with respect to
the Cu2—N3 bond. There is however a strong delocaliz-
ation of the d>_,2» of Cu2 to N46 (Cu2—N46 2.02 A) in a
o-type pathway. Thus, the spin-polarization mechanism is
not operative through the pathway depicted in Scheme 2a
but it is operative through a pathway incorporating the pyr-
idyl ring of N46. This pathway for the spin-polarization
leads to an antiferromagnetic coupling between the two
copper centers (Scheme 2b) and is consistent with the ex-
perimental data. The ability of polypyridyl type bridging
ligands to mediate spin-polarization over long distances of
a ferro- and antiferromagnetic nature depending on the
relative arrangement of the pyridyl rings has been demon-
strated by McCleverty, Ward, and co-workers.>”]

Scheme 2

As indicated in the introduction, not only the spin-polar-
ization contribution to the exchange coupling but also the
superexchange contribution seems to be effective. The
orientation of the equatorial planes of the two copper cen-
ters is orthogonal. Thus, the magnetic orbitals of Cul and
Cu2 are orthogonal to each other. This orbital orthog-
onality was used to understand the ferromagnetic interac-
tions observed in pyrimidine bridged dinuclear Cu"' com-
plexes with an equatorial-axial ligation of the pyrimidine
bridging ligand.[3*!] However, the deviation of the axial
triazine nitrogen donor N3 of Cu2 from perfect axial lig-
ation (vide supra) removes the strict orthogonality of the
magnetic orbitals and some positive overlap of the d.>_ 2
orbital of Cu2 with the p-orbitals of N3 might occur. Due
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to the long bond length, this overlap is weak and gives a
small further contribution to the observed antiferromag-
netic exchange interaction.

Experimental Section

General Methods and Materials: Infrared spectra (400—4000 cm™1)
of solid samples were recorded on a Bruker Vector 22 spectrometer
as KBr disks. ESI mass spectra were recorded on a Micromass
Quattro LC mass spectrometer. All starting materials were ob-
tained commercially and used without further purification. Tem-
perature-dependent magnetic susceptibilities of finely ground crys-
tals were measured using a SQUID magnetometer (Quantum De-
sign) at 1.0 T (2.0—300 K). For calculations of the molar magnetic
susceptibility, yn, the measured susceptibilities were corrected for
the underlying diamagnetism of the sample using tabulated Pascal’s
constants. The JULIUS routine was used for spin Hamiltonian
simulations using a full-matrix diagonalization approach of the
data.?4

[(tptz)Cu"(Medpt)](BF4),2MeOH (1): A solution of Medpt
(84 mg, 0.57 mmol) in methanol (5 mL) was added dropwise to a
green solution of tptz (60 mg, 0.19 mmol) and Cu(BF,),:3H,0
(168 mg, 0.57 mmol) in methanol (15 mL). The resultant blue solu-
tion was stirred for 3 hours. Diffusion of diethyl ether into this
solution afforded green crystals. Yield: 95 mg (65%). ESI-MS (posi-
tive ion mode): m/z = 260 [(tptz)Cu(Medpt)]**. IR (KBr): v/
cm~! = 3315w, 3173 m, 3077 m, 2956 w, 2883 w, 2081 w, 1660 m,
1590 w, 1562 w, 1522 m, 1523 s, 1486 w, 1470 w, 1434 w, 1401 w,
1385 s, 1377 s, 1294 w, 1264 m, 1215 w, 1181 w, 1084 s, 1032 s,
1001 w, 929 w, 862 w, 763 s, 738 w, 675 m, 667 m, 628 w, 620 w,
533 m, 522 m; elemental analysis caled. (%) for
[(tptz)Cu'(Medpt)|(BF,),2MeOH  C,,;H3oB,CuFgNyO, (758.83):
caled. C 42.74, H 5.18, N 16.61; found C 42.40, H 4.88, N 16.59.

[{Cu"CL}(tptz){Cu"'Cl,(MeOH)}] (2): Solid tptz (10 mg,
0.032 mmol) and solid CuCl,-2H,O (50 mg, 0.29 mmol) were each
placed in one arm of an H-shaped tube. The tube was filled care-
fully with methanol allowing for diffusion of the two solutions be-
tween the two arms. During the course of 7 days, green needles
appeared. Yield: 19 mg (97%). IR (KBr): ¥/cm™! = 3417 m, 3137
m, 3093 m, 3042 m, 1608 w, 1578 s, 1563 m, 1544 s, 1494 m, 1475
m, 1445 w, 1408 m, 1396 w, 1377 s, 1308 w, 1264 m, 1154 w, 1097
w, 1039 w, 1016 m, 773 s, 687 m, 668 m, 661 m, 641 w; elemental
analysis caled. (%) for [{Cu'Cl,}(tptz){Cu''Cl,(MeOH)}]
CoH (Cl,Cu,NgO (613.26): caled. C 37.21, H 2.63, N 13.70; found
C 36.88, H 2.65, N 13.50.

X-ray Crystal Structure Analysis of [(tptz)Cu"'(Medpt)]-
(BF4),2MeOH (1): Formula C,;H39B,CuFgNoO,, M =
758.83 g'mol~!, green crystal 0.45 X 0.29 X 0.12mm, a =
11.857(2), b = 12.370(2), ¢ = 13.033(2) A o= 103.01(1), B =
109.01(1), y = 103.13(1)°, V = 1664.6(4) A3, Pealed. = 1.514 g-ecm ™3,
u = 7.43 cm™!, empirical absorption correction (0.731 = T =
0.916), Z = 2, triclinic, space group P1 (No. 2), . = 0.71073 A
T = 153K, o and @ scans, 16469 reflections collected (*£h, *k,
*/), [(sinB)/A] = 0.65 A“, 7635 independent (Ry,, = 0.027) and
6466 observed reflections [/ = 2 o(/)], 621 refined parameters, R =
0.040, wR?> = 0.098, max. residual electron density 0.51 (—0.47)
e A3, hydrogens calculated and refined as riding atoms.

X-ray Crystal Structure Analysis of [{Cu''Cl,}(tptz){Cu"Cl,-
(MeOH)}| (2): formula C;oH,cCl4Cu,NO, M = 613.26 g'mol !,
green crystal 0.60 X 0.10 X 0.03 mm, ¢ = 8.332(1), b = 26.006(1),
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¢ = 10.496(1) A, B = 99.09(1)°, V = 2245.7(4) A3, Pealed. =
1.814 g.cm™3, p = 23.96 cm™', empirical absorption correction
(0.327 = T = 0.932), Z = 4, monoclinic, space group P2,/c (No.
14), A = 0.71073 A, T = 198 K, o and ¢ scans, 8930 reflections
collected (*=h, ®£k, x/), [(sinf)/A] = 0.66 A1, 5113 independent
(Rine = 0.040) and 3665 observed reflections [/ = 2 o(/)], 293 re-
fined parameters, R = 0.043, wR?> = 0.094, max. residual electron
density 0.89 (—0.59) eA3, hydrogens calculated and refined as
riding atoms.

Data sets were collected with Bruker AXS APEX and Nonius
Kappa CCD diffractometers, equipped with rotating anode
generators. Programs used: data collection SMARTI?>! and
COLLECT,?9 data reduction SAINT!?*! and Denzo-SMN, "] ab-
sorption correction SADABSP? and SORTAV,®! structure solu-
tion SHELXS-97,12%! structure refinement SHELXL-97.53%

CCDC-211262 and -211263 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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