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Two dinuclear chromium(III) complexes and one mononuclear chromium(III)
complex have been synthesized by the reaction of CrCl;-6H,O or trans-
[Cr(py),CL, ]I (in 2-methoxyethanol) with tetrahydrosalen and substituted tetrahy-
drosalen derivatives L', L3 and L (in the following L’ denotes the anions of H23L]
H,L3 or HL’). H,L'= NN’ -bis(2-hydroxybenzyl)-1,2-ethanediamine, H,L
N,N’-bis(2-hydroxybenzyl)-trans-(S,S)-1,2-cyclohexanediamine and HL”=N-(3-
tert-butyl-2-hydroxy-5-methylbenzyl)-N’-(1-(2-pyridyl)ethyl)-1,1-dimethyl-1,2-
ethanediamine. Two new complexes with the stoichiometric formulae [CrLCl],
(L=L! and L) and one new complex with the stoichiometric formula [CrLCl,]
(L=L") were obtained.

The crystal structure of [CrL'Cl], has been determined. The crystal system is
orthorhombic, the lattice constants are a = 8.205(1), b = 15.631(2), c = 24.426(1) A,
the volume of the unit cell is 3132.95(56) A3. The space group is Pbca. The
refinement of 207 variables includes 2146 of the 3264 independent reflections. The
final residual is 3.949,. The dinuclear molecule consists of two slightly distorted
octahedrally cis-coordinated chromium centres bound together by two phenoxo
bridges. The Cr—O-Cr angle is 100.84(9)° and the Cr-O(bridge) distances are
2.022(2) and 2.024(2) A, respectively. The configuration of the dinuclear molecule
is A,A, where A and A refer to the configuration of the two N,O chelates of the
salen ligand. The Cr(l)—Crgl)* distance is 3.118 A.

The two complexes [CrL'Cl], and [CrL*Cl], behave as typical antiferroma%-
netically coupled dinuclear compounds with J-values of 17.1 and 16.7(1) cm ™
respectively. The EPR spectrum of [CrL3Cl], in a frozen glass (N-
methylformamide) was measured at 80 K and is a typical spectrum from the
quintet state which emerges as a result of the antiferromagnetic coupling of the
two chromium(III) ions in the dinuclear complex. The spectrum was simulated
using the parameters g=1.98, J=16.7 cm~! D,=0.061 cm~' and
E,=0.0052 cm~'. The magnetic susceptibility data of the complex [CrL’Cl,]
shows the expected behaviour of a mononuclear complex. This was confirmed by
the EPR spectrum of the compound dissolved in N-methylformamide which is
typical for a mononuclear complex with a considerable zero-field splitting.

il

A very large number of coordination compounds with the
diimine ligand H,salen and its substituted derivatives
have been reported'? (ligand abbreviations are shown in

" To whom correspondence should be addressed.
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the Appendix, see also Scheme 1). We are currently in-
vestigating the much less studied coordination com-
pounds of the corresponding tetrahydrogenated ligand
H,[H,]salen and its derivatives. We have previously re-
ported the synthesis, crystal structures and properties of
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a series of nickel(I),>* iron(IIT),* copper(I1)® and cobalt-
(I1)* complexes with the tetrahydrogenated ligands L!
and L? shown in Scheme 1 (in the following L' means the
negatively charged ligand obtained by dissociation of pro-
ton(s) from H,L', H,L? or HL’). As a continuation of
these studies an investigation of the corresponding chro-
mium(III) tetrahydrosalen complexes was undertaken,
and we recently reported the synthesis of a series of novel
fluoro-bridged di- and tetranuclear chromium(III) com-
plexes with the ligands L', L2 L3 L° and L® shown
in Scheme 1.7 The complexes were obtained from the
reaction of rrans-[Cr(py),F,]ClO, with the corre-
sponding ligand at basic conditions. Two of the com-
plexes, the dinuclear fluoroethoxo-bridged complex:
[(CrL*),(F)(CH,CH,0)]'H,O and the tetranuclear
fluoro-bridged complex [CrL'F],, were characterized by
single-crystal X-ray structure analysis. In this work we
have investigated similar reactions of CrCl,-6H,0 and
trans-[Cr(py),CL,]1 with the ligands L', L and L7, and
report here the synthesis of three new chromium(III)
complexes with these ligands and the crystal structure of
the complex with L', [CrL'Cl],.

Scheme 1.

Experimental

Materials. The compounds H,L'* H,L?’ H,L’,° and
trans-[Cr(py),CL,]1'° were obtained from methods given
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in the literature. All other chemicals were of analytical
grade.

Analyses. C, H, N and Cl analyses were made by Preben
Hansen at the Microanalytical Laboratory at the H. C.
Orsted Institute, Copenhagen.

IR spectra. IR spectra were recorded on a Perkin Elmer
System 2000 FTIR spectrometer.

UV-VIS absorption spectra. UV-VIS absorption spectra
were obtained using a Cary 3 spectrophotometer.

Mass spectra. FD mass spectra were obtained using a
Varian MAT 311 A mass spectrometer. Positive ion
FAB" mass spectra were obtained on a Jeol AX505W
mass spectrometer using NBA (3-nitrobenzylalcohol) as
matrix. The m/z values given in the following for chro-
mium(III) complexes and fragments are for the centre of
the isotope clusters.

Magnetic measurements. The magnetic moments have
been measured with a Faraday balance described else-
where.'' The data have been corrected for diamagnetism
using Pascal’s constants.

ESR measurements. The ESR spectra have been mea-
sured with a Bruker ESP 300 equipped with an Oxford




flow-cryostat ESP 900 (EPR frequency 9.39 GHz, modu-
lation frequency 100 kHz and modulation amplitude
0.5 mT).

Synthesis. For the ligand abbreviations see the Appendix
and Scheme 1.

[CrL'Cl],. NEt, ( 5 g, 50 mmol) was added to a solution
of H,L' (6.81 g, 25 mmol) in 2-methoxyethanol (50 ml).
Under stirring and heating, a solution of CrCly-6H,0
(6.66 g, 25 mmol) in 2-methoxyethanol (50 ml) and Zn
powder (10 mg) was added in one portion. The resulting
solution was kept under refiux for 2.5 h. During this time
the colour changed to purple, and a blue—green precipi-
tate was formed. The solvent was evaporated in vacuo to
30 ml using a rotary evaporator, and the mixture was
allowed to stand overnight at room temperature. The
product was filtered off and washed twice with ethanol
and then with diethyl ether and dried in the air. This gave
7.1 g of a blue-green powder (79%,). M.p.>430°C. Ana-
lytical data: Calculated for C,H,4N,O0,CrCl: C, 53.71;
H, 5.07; N, 7.82; Cl, 9.91. Found: C, 53.43; H, 5.20; N,
7.62; Cl, 9.88. FABMS m/z=644 [(CrL'),], 391
([CrL'Cl,]). The complex is sparingly soluble in organic
solvents as well as in aqueous acids and bases. It can be
dissolved in AgClO,/HCIO, or Hg(ClO,),/HCIO,, prob-
ably through loss of coordinated chloride.

Crystals of [CrL'Cl], suitable for X-ray structural de-
termination were obtained according to the following pro-
cedure: H,L! (272 mg, 1 mmol) was dissolved in warm
2-methoxyethanol (10 ml, ~40°C). [Cr(py),CL]I
(566 mg, 1 mmol), dissolved in hot 2-methoxyethanol
(30 ml, ~75°C), was added in one portion. The mixture
was heated in an oil bath at 75°C for 48 h without stir-
ring. Then the mixture was allowed to cool slowly to
room temperature and was kept at 5°C for 3 d. Finally
the product, which contained a number of larger, light
blue—green crystals was filtered off, washed several times
with ethanol and with diethyl ether and dried over CaCl,.
Yield 170 mg (48%). IR spectra and X-ray powder dif-
fraction diagrams showed that this complex is identical to
the one obtained by the procedure starting with
CrCl;-6H,0.

[CrL?Cl],. NEt; (1 g, 10 mmol) was added to a solution
of H,L? (1.631 g, 5 mmol) in 2-methoxyethanol (40 ml).
Under stirring and heating, a solution of CrCl;-6H,O
(1.332 g, 5 mmol) in 2-methoxyethanol (20 ml) and Zn
powder (10 mg) was added in one portion. The resulting
solution was kept under reflux for 2 h. During this time
the colour changed to purple, and a blue precipitate was
formed. The solvent volume was reduced to 20 ml by
rotary evaporation (60°C), and the mixture was allowed
to stand overnight at room temperature. Then the blue
product was filtered off and washed twice with ethanol
and then with diethyl ether and dried in the air. Yield
1.78 g (86%). M.p.>430°C. Analytical data: Calculated

TETRAHYDROSALEN CHROMIUM(II) COMPLEXES

for C,,H,,N,0,CrCl: C, 58.32; H, 5.87; N, 6.80; Cl,
8.61. Found: C, 57.89; H, 5.94; N, 6.83; Cl, 8.65. FDMS
mjz=822 (M=[CrL’Cl],), 411 (M/2). FABMS
m/z =822 (M), 787 (M-CI). The complex is soluble in
dimethyl formamide, dimethyl sulfoxide and chloroform.

[CrL’CL,]. NEt, (296 mg, 2.95 mmol) was added to a
solution of HL (1.09 g, 2.95 mmol) in 2-methoxyethanol
(40 ml). With stirring and heating, a solution of
CrCl;-6H,0 (787 mg, 2.95 mmol) in 2-methoxyethanol
(20 ml) and Zn powder (10 mg) was added. The resulting
solution was boiled under reflux for 2 h. During this time
the colour changed to brown, and a blue precipitate was
formed. The mixture was allowed to stand at 5°C over-
night. The blue product was filtered off and washed twice
with ethanol and then with diethyl ether and dried in the
air. Yield 290 mg (20%). M.p. 320°C (decomp.). Ana-
lytical data: Calculated for C,;H;,N;0CrCl,: C, 56.21;
H, 6.97; N, 8.55; Cl, 14.43. Found: C, 56.05; H, 7.05; N,
8.54; Cl, 14.52. FDMS m/z=490 (M =[CrL’CL]).
FABMS m/z=490 (M), 455 (M-CI). The complex is
soluble in dimethyl formamide, acetone and chloroform.

Crystal structure of [CrL'Cl],. Crystal data and param-
eters of the data collection are compiled in Table 1. Unit-
cell parameters were determined by accurate centring of
25 strong independent reflections by the least-squares
method. Reflection intensities were collected at 298 K on
an Enraf-Nonius CAD4 four-circle diffractometer
equipped with a graphite monochromator and using
CuKa radiation. Three standard reflections monitored

Table 1. Crystal data and a summary of data reduction and
structure refinement for [CrL'CI],.

Compound [crL'ci,

Formula C3,H36N,0,Cr,Cl,
Formula mass 715.57

Space group . Pbca

Wavelength (CuKa)/A 1.54178

Crystal system Orthorhombic

Temperature/K 298

a/A 8.205(1)

b/{\ 15.631(2)

c/A 24.426(1)

a/° 90.0

B/e 90.0

¥/° 90.0

V/A® 3132.95(56)

V4 4

F(000) 1480

D./gem™® 1.517
u(Cuka)/cm™* 77.844

Crystal size/mm 0.03%x0.17X0.26
Scan mode Q/20

O.../° 77.5

Weights wghtX[1—(AF/6GF)*1

(Tukey & Prince)
3264
2146 [F>30(F)]

No. of independent reflections
No. of observed refiections

No. of variables 207
R 3.94
R, 4.31

w
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Table 2. Positional parameters and equivalent isotropic thermal parameters for [CrL‘Cl]z.

Atom x/a y/b z/c Uliso)

Cr(1) 0.05699(6) 0.09241(3) 0.01450(2) 0.0222
CI(1) —-0.1868(1) 0.14930(5) —-0.02226(3) 0.0326
of(1) 0.0533(3) 0.1775(1) 0.07017(9) 0.0324
Cc(1) 0.1371(4) 0.1871(2) 0.1171(1) 0.0331
C(2) 0.1236(5) 0.2650(2) 0.1450(1) 0.0430
C(3) 0.2082(6) 0.2802(3) 0.1926(2) 0.0549
C(4) 0.3089(6) 0.2170(3) 0.2141(2) 0.0562
C(5) 0.3224(5) 0.1405(3) 0.1871(2) 0.0498
c(6) 0.2383(5) 0.1236(2) 0.1388(1) 0.0382
C(7) 0.2618(4) 0.0392(2) 0.1103(1) 0.0350
N(1) 0.2722(3) 0.0499(2) 0.0493(1) 0.0312
C(8) 0.4061(4) 0.1098(2) 0.0337(1) 0.0359
C(9) 0.3824(4) 0.1368(2) —0.0248(1) 0.0348
N(2) 0.2115(3) 0.1672(2) —-0.0316(1) 0.0312
C(10) 0.1641(5) 0.1753(2) -0.0902(1) 0.0378
C(11) 0.1864(4) 0.0916(2) -0.1201(1) 0.0359
C(12) 0.2589(6) 0.0929(3) —-0.1718(1) 0.0482
C(13) 0.2941(6) 0.0193(3) —0.2004(2) 0.0558
C(14) 0.2631(6) —-0.0582(3) -0.1757(2) 0.0516
C(15) 0.1924(5) —0.0628(2) —-0.1242(1) 0.0397
C(16) 0.1487(4) 0.0123(2) —0.0968(1) 0.0300
0(2) 0.0715(3) 0.0059(1) —0.04684(8) 0.0281

every hour during data collection showed no intensity
loss. The usual corrections were applied. Diffraction ab-
sorption correction has been determined by y-scans. The
structure was solved by the Patterson method using the
program SHELXS-86.'? Anisotropic least-squares refine-
ment was carried out on all non-H-atoms using the pro-
gram CRYSTALS.!? Positions of H-atoms were calcu-
lated except those bonded to the nitrogen atoms, which
have been refined isotropically restraining the C-H dis-
tances to 1 A. Scattering factors were taken from litera-
ture.'* A list of calculated and observed structure factors
as well as anisotropic temperature factors is available
from the authors. Final positional parameters are given in
Table 2, and selected bond lengths and angles are given
in Table 3.

Results and discussion

Syntheses. Three new chromium(1II) complexes [ CrLCl],
(L=L"or L*) and [CrL’Cl,] have been synthesized. The

ligands L', L? and L°, shown in Scheme 1, have been
described previously.”™®

All three chloro complexes were obtained by reaction
of CrCly;:6H,0 and L' in 2-methoxyethanol at 124°C
with catalytic amounts of zinc and were isolated in high
yields (ca. 80% for L' and L*, whereas the L’ complex
was isolated only in a yield of 20%,). The L' complex was
also obtained by the reaction of trans-[Cr(py),Cl,]I with
L', also in 2-methoxyethanol. This method gave a smaller
yield (489 ), but in contrast to the first method, which
gave a microcrystalline product, it gave a product con-
sisting of large crystals, which were suitable in size and
shape for single-crystal X-ray structure determination
(see below).

The stoichiometries of the complexes indicate that they
are neutral, so-called inner complexes, and it is therefore
not surprising that they all are insoluble or sparingly
soluble in neutral aqueous solvents and in most other
hydrophillic solvents. The complexes with L* and L7 were
soluble in organic solvents, whereas the compound
[CrL'Cl], was found to be insoluble in all solvents

Table 3. Selected bond lengths (in A) and angles (in °) for [crL'cl,.

Cr(1)—CI(1) 2.3661(9)
Cr(1)-0(1)} 1.903(2)
Cr(1)—N(1) 2.069(3)
O(1)—Cr{1)-Ci(1) 89.72(7)
N(1)—Cr(1)-CI(1) 176.38(8)
N(1)-Cr(1)-0(1) 86.8(1)
N(2)—-Cr(1)-Ci(1) 95.72(8)
N(2)—Cr(1)-0(1) 90.2(1)
N(2)—Cr{1)-N(1) 83.2(1)
0(2)-Cr(1)-CI(1) 91.14(7)
0(2)—Cr(1)-0(1) 176.63(9)

Cr(1)-N(2) 2.059(3)
Cr(1)-0(2) 2.022(2)
Cr(1)-0(2)* 2.024(2)
0(2)—Cr(1)-N(1) 92.2(1)
0(2)-Cr{1)-N(2) 86.46(9)
O(2)*—Cr(1)-CI(1) 89.60(6)
O(2)*—Cr(1)-0(1) 104.10(9)
0O(2)*—Cr(1)-N(1) 92.31(9)
0(2)*~Cr(1)-N(2) 164.77(9)
0(2)-Cr(1)-0(2)* 79.16(9)
Cr(1)-0(2)-Cr(1)* 100.84(9)

* Atoms with asterisks are symmetry generated.
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Table 4. Spectroscopic data.

TETRAHYDROSALEN CHROMIUM(IIl) COMPLEXES

Compound (e 1) Vau/cm ™’ g Jlem™?
[crL'ci, b 3214, 3183 1.97(1) 17.1(1)
[crLci, (144,588),,, (75,460),, ° 3181, 3152 1.98(1) 16.7(1)
[CrLCl,] (119,580).... (1240,374), ° 3200 - -

2 All molar absorbancies are given in L (mol Cr(li)) ™" ¢m™". ®Insoluble. °Chloroform.

studied. The general low solubility of the new species
made it in practice impossible to characterize and study
these new complexes by the classical methods such as pH
studies. Data for the visible absorption spectra are given
in Table 4, which also includes the infrared (N-H)-
stretching vibrations and the coupling constants J calcu-
lated from measurements of the magnetic susceptibility
(see below).

The similarity of the magnetic properties of the two
complexes with L' and L* suggest strongly that they are
structurally related, and the EPR spectra unambiguously
show that they both are dinuclear. We tentatively suggest
that the L? complex has a diphenoxo-bridged structure as
found in the crystal structure of the L' complex (see be-
low). This proposal is substantiated by the observation
that the FD mass spectrum of the L? complex gave in-
tensive signals for the dinuclear species.

The EPR spectrum, the magnetic properties of the L’
complex and the FD mass spectrum provide strong evi-
dence that the complex is mononuclear. The low solu-
bility could be taken as evidence that the complex con-
sists of neutral species, and we therefore presume that
both chloride atoms are coordinated to chromium(III).

Descriptions of the crystal structure. The crystals of
[CrL'Cl], were thin, blue-green plates. The sample cho-
sen for the X-ray experiment had dimensions of
0.03 x0.17 x 0.26 mm. The dimeric molecule crystallizes
in the orthorhombic space group Pbca. The crystal struc-
ture is shown in Figs. 1 and 2. The centroid of the plane
formed by the two chromium atoms and the two bridging
oxygens of the ligand is situated in the centre of symmetry
in 0,0,0, and the dinuclear molecule is therefore a meso-
A,A isomer, where A and A are defined with respect to the
two N,O chelates of the L' ligand (see also Fig. 3). The
octahedral coordination polyhedra around the two Cr
centres are distorted: all angles deviate significantly from
90°. Whereas the Cr—-N distances differ only slightly
(2.069 and 2.059 A), the difference in distance between
the Cr atoms and the O atoms is much more pronounced
(1.903 and 2.023 A). The Cr-Cl distance amounts to
2.366 A. The two Cr(III) centres are bridged by two phe-
nolic O atoms, each belonging to one of the two chelate
ligands. The O-Cr-O angle formed by the two phenoxo
bridges is 79.2°, and the Cr—-O-Cr angle is 100.8°. The
Cr—Cr distance is 3.118 A.

The diphenoxo-bridged structure is not uncommon in
salen chemistry, and has been reported for the complexes
[Fe(salen)Cl],,'>'® [Cu(salen)]'”'® and [Co(salen)].'*?°

Fig. 1. Structural view of the coordination geometry of
[CrL'Cl,.

The only structurally characterized Cr(III) salen complex
[Cr(salen)(H,0),]CL,*' is monomeric with two water
molecules in the axial positions.

Magnetic measurements and EPR spectra. The magnetic
susceptibility data of [CrL'Cl], and [CrL>Cl], show that
they are weakly coupled antiferromagnetic polynuclear

Fig. 2. Numbering scheme for [CrL'Cl],.
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Fig. 3. Schematic drawing of the coordination geometry of
A, A-[CrL'Cl], illustrating the configuration A and A around
the chromium(lll) centres (A and A are defined with respect
to the N,O chelates).

molecules. The temperature dependence of the magnetic
susceptibility of these chloro complexes was measured in
the temperature range 4-300 K. The results, which are
almost identical for the two species, are shown for
[CrL3Cl], in Fig. 4. The susceptibility shows a maximum
at approximately 37 K, and the effective magnetic mo-
ment declines from 5.2 ug at room temperature to 0.44 pp
at 4 K. This is the expected behaviour characteristic for
weakly antiferromagnetically coupled dinuclear chro-
mium(IIT) complexes. For an uncoupled dinuclear chro-
mium(III) complex with g=2 the expected magnetic
moment is 5.48 pg.

The susceptibility of the complex [CrL’Cl,] increases
on cooling and the magnetic moment decreases from
3.85 pg at room temperature to 2.9 ug at 4 K. This is the
expected behaviour of a mononuclear complex.

The temperature dependence of the magnetic suscep-
tibility leol,exp was approximated by eqn. (1)

Xll-nol‘exp 5 X:'no].calc
5 2 exp(- BT
— exp( — £;
N T 0H p

H Z exp( — E,/kT)

+ K+ C/IT (1)

by minimization of the term in eqn. (2)

Xm01 :_l T ! I D ] T 1 T 1 l ] 1 T T [_-: ueff
0.03- F\xml Hett 16
0.02 : 4
0.01 2
0.00 10

xmol')(;alc s

0 —
'0.001 il BTN ST T S S S S N T N B B R
0 100 200 /K 300

Fig. 4. The magnetic susceptibility (in c.g.s. units) and the
effective magnetic moment of [CrL3CI]2 as function of tem-
perature. The lower graph gives the difference between the
measured and calculated susceptibilities.
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within the framework of nonlinear regression analysis.
o(x') and o(T) are the estimated standard deviations on
the measured magnetic susceptibility and temperature, re-
spectively. The ratio C/T in eqn. (1) accounts for para-
magnetic impurities, and K accounts for temperature-in-
dependent paramagnetism and minor deviations in the
correction for diamagnetism. The energies E; of the 16
components of the ground-state manifold were obtained
by means of the isotropic spin Hamilton operator, eqn.

3):

XTL 2)

H-=

i

g#BSi'H +J§1'§2 (3)

1

hMN

where it is assumed that the g values for the two chro-
mium atoms are identical.

The parameters obtained by the minimization for the
dinuclear complexes [CrL'Ci], and [CrL‘Cl], are
g=197(1), J=17.1(1) cm ', C=0.0156 and g =1.98(1),
J=16.7(1) cm ™', C=0.0087, respectively. These C-val-
ues mean 0.8 and 0.59, impurities, respectively, when in-
terpreted as mononuclear chromium(IIT) complexes. The

sim.

1\1 AR N R
0.1 0.2 03 04 05 0.6 [B/T]
Fig. 5. The observed EPR spectrum of a frozen glass of
[CrL3C|]2 dissolved in N-methylformamide measured at 80 K
and at a frequency of 9.39 GHz, and the simulated spectrum.
The graph at the bottom gives the angular dependence of the

resonance condition, where the ordinate is the angle between
the magnetic field and the z-axis of the molecule.




values obtained for K were found to be very small. Cal-
culations using a tetranuclear model also gave well de-
fined parameters, so it is not possible from the suscep-
tibility data alone to determine whether the complexes are
di- or tetranuclear. However, from the EPR spectra it can
unambiguously be shown that the complex with L? is di-
nuclear (see below).

EPR spectra. The complexes [CrL'Cl], and [CrL’Cl],
are not sufficiently magnetically diluted in the solid state
to give well resolved EPR spectra even at 4 K. Only a
broad uncharacteristic band centred around g =2 was ob-
served. However, the compound [CrL’Cl], is soluble in
N-methylformamide, and the spectrum of this solution
measured at 80 K is shown in Fig. 5. This is a typical
spectrum from the quintet state which emerges as a result
of the antiferromagnetic coupling of the two chro-
mium(III) ions in the dinuclear complex. The spectrum
was simulated by means of the spin Hamilton operator
given in eqn. (4), where H,, is given by eqn. (5) and H,
by eqn. (6), with a similar Hamilton operator for atom b.
It has been assumed that the g values for the two chro-
mium atoms are identical.

H=H,+H,+ 1A, 4)

~ a A A

Hex = Jga st De(zgaz gbz - gaxgbx - Saysby)
+ Ee(gaxgbx - Snygby) (5)

H, = gupS, A + D,[82 - 1/35,(S, + D]

az

+E (82, - 82) (©)

The EPR spectrum in Fig. 5 was simulated with the pa-
rameters g=1.98, J=16.7 cm~', D,=0.061 cm~! and
E,=0.0052 cm~'. The agreement between the measured
and simulated spectrum is not perfect, mainly because we
could not determine the mononuclear zfs (zero field split-
ting) parameters. This has been done previously by using
a similar dinuclear complex where one of the two metal
atoms is substituted with a diamagnetic metal atom, e.g.
cobalt(II1).*2?* This technique could not be used here
since the mixed cobalt(IIT)—chromium(III) compounds
are not known so far. To help interpreting the spectrum
the angular dependence of the resonance condition is also
shown in Fig. 5. The simulation of ESR spectra of di-
nuclear chromium(III) complexes has been discussed
elsewhere.'!"?

The solid-state EPR spectrum of [CrL’Cl,] shows a
broad line around g=2. The spectrum of the compound
dissolved in N-methylformamide is typical for a mono-
nuclear complex with a considerable zfs. Such complexes
have been discussed previously.?*
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Appendix

The following ligand abbreviations have been used, see
also Scheme 1.

cis-chxn = cis-1,2-cyclohexanediamine

trans-(S,S)-chxn = trans-(S,S)-1,2-cyclohexanediamine
H,salen = N,N’-bis(2-hydroxybenzylidene)-1,2-ethanedi-
amine

H,L' = tetrahydrosalen = H,[H,]salen = N,N'-bis(2-hy-
droxybenzyl)-1,2-ethanediamine

H,L? = N,N’-bis(3-tert-butyl-2-hydroxy-5-methylbenzyl)-
1,2-ethanediamine

H,L? = N,N’-bis(2-hydroxybenzyl)-trans-(S,S)-1,2-cyclo-
hexanediamine

H,L*= N,N’-bis(2-hydroxybenzyl)-cis-1,2-cyclohexanedi-
amine

H,L® = N,N’-bis(3-tert-butyl-2-hydroxy-5-methylbenzyl)-
trans-(S,S)-1,2-cyclohexanediamine

H,L® = N,N’-bis(3-tert-butyl-2-hydroxy-5-methylbenzyl)-
cis-1,2-cyclohexanediamine

HL’ = N-(3-tert-butyl-2-hydroxy-5-methylbenzyl)-N’-(1-
(2-pyridyl)ethyl)-1,1-dimethyl-1,2-ethanediamine.
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