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Abstract

The reaction of M(OAc), with 2,2'-bis(2-hydroxybenzylideneamino)-4,4'-dimethyl-1,1’-biphenyl (H,L1) allows the synthesis
of 2,2'-bis(2-oxidobenzylideneamino)-4,4'-dimethyl-1,1'-biphenyl complexes of Cu(Il) (CuL1), Co(II) (CoL1) and Ni(II)
(NiL1) that were characterized by elemental analysis, FTIR spectroscopy and for CulL1 also by X-ray crystallography verify-
ing a tetradentate binding mode of L1 via an (ONNO) motif of the two phenolic oxygen atoms and two azomethine nitrogen
atoms. Recrystallization from a solvent mixture of dichloromethane and methanol promotes the formation of methanol
adducts. Different binding modes of the methanol-complex were investigated using density functional theory calculations
and binding energies, and thermodynamic data of the interaction are reported. The results show that the favored interaction
occurs when the methanol molecule acts as a Lewis acid weakly binding via an O-H---O hydrogen bridge to a phenoxide

moiety leading to an elongation of the respective M—O bond.

Introduction

Tetradentate Schiff bases, especially with two N and two O
donor sites, resulting from the condensation of aliphatic and
aromatic diamines and their derivatives with salicylaldehyde
have been studied intensely [1-12]. Schiff bases and their
metal complexes have played a seminal role in the develop-
ment of coordination chemistry. This class of compounds
has been extensively utilized in many fields, such as indus-
trial applications [13], as intermediates in organic chemis-
try [14], polymers [15, 16], catalytic reactions [17-22] and
in medicinal chemistry [23-29]. In addition, complexes of
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Schiff base ligands with different transition metal ions have
been investigated in detail with considerable attention by
inorganic biochemists because of their remarkable biologi-
cal activities. Some Schiff bases show antifungal activities,
while others can act as antibacterial agents [30-33]. Nair
et al. [34] reported that Cu(Il), Zn(II), Co(II) and Ni(II)
complexes of Schiff bases derived from the condensation
of indole-3-carboxaldehyde with 3-aminobenzoic acid
exhibited excellent antifungal and antibacterial activities.
Antimicrobial activity studies verify that Schiff bases are
significantly less potent than their metal complexes [35].

In our previous investigations, we have chosen tetraden-
tate ligands with a 2,2'-diimino-4,4'-dimethyl-1,1'-biphenyl
backbone. These Schiff bases are easily accessible by the
condensation reaction of 2,2'-diamino-4,4'-dimethyl-
1,1'-biphenyl with two equivalents of 2-hydroxybenzal-
dehyde yielding 2,2'-bis(2-hydroxybenzylideneamino)-
4,4'-dimethyl-1,1'-biphenyl (H,L1) [36]. The rotational
flexibility of the doubly deprotonated congeners, namely
2,2'-bis(2-oxidobenzylideneamino)-4,4’-dimethyl-1,1'-
biphenyl (L1), allows the formation of cis- and trans-iso-
mers of octahedrally coordinated metal ions. These diastere-
omers can be easily distinguished by NMR spectroscopy as
demonstrated for the isomers of the titanium complex [(L.1)
TiCl,] [36].
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Recently, we have reported the deprotonation of
2,2'-bis(salicylideneamino)-4,4'-dimethyl-6,6’-dibromo-
1,1'-biphenyls (with and without the methoxy substitu-
ents at the salicylidene) with diethylzinc yielding dia-
magnetic zinc(II) complexes. The choice of this metal
ensured straightforward preparative protocols via meta-
lation of the 2,2'-bis(salicylideneamino)-4,4'-dimethyl-
6,6'-dibromo-1,1'-biphenyls with commercially available
diethylzinc without any purification procedures. In addi-
tion, reliable NMR spectroscopic experiments were per-
formed on these diamagnetic compounds [37].

For the synthesis of the complexes of Cu(Il), Co(Il)
and Ni(IT) with the Schiff base ligand L1 derived from
the condensation reaction of 2,2'-diamino-4,4'-dimethyl-
1,1'-biphenyl with 2-hydroxybenzaldehyde (Scheme 1),
another procedure had to be chosen due to the missing
availability of simple organometallic compounds. The
X-ray structure of the Cu(Il) complex was determined,
and molecular geometries of the Cu(Il) complex along
with its methanol adduct were theoretically modeled
using density functional theory (DFT) calculations and
correlated with experimental XRD data.

Experimental

All manipulations of air- and moisture-sensitive com-
pounds were carried out in an inert nitrogen atmosphere
using Schlenk techniques. Solvents were purified and
dried prior to use according to standard procedures. Deu-
terated solvents were dried over sodium and saturated with
nitrogen. Elemental analyses (C, H, N) were performed
using a PerkinElmer 2400 instrument. 'H and *C{'H}
NMR spectra of H,LL1 were measured with Bruker AC
400 and AC 500 spectrometers. All commercially avail-
able substrates were purchased from Sigma-Aldrich,
Merck or Alfa Aesar and used as received without fur-
ther purification. Starting materials 2,2'-diamino-4,4'-
dimethyl-1,1'-biphenyl and 2,2-bis(salicylideneamino)-
4,4'-dimethyl-1,1'-biphenyl were prepared according to
literature procedures [36, 38].

Scheme 1 Synthesis of

the Schiff base 2,2'-bis(2-
hydroxybenzylideneamino)-
4,4'-dimethyl-1,1'-biphenyl
H,L1
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Synthesis of CuL1

A solution of Cu(OAc),-H,0 (0.05 g, 0.24 mmol) in metha-
nol was added to a solution of 2,2'-bis(salicylideneamino)-
4,4'-dimethyl-1,1"-biphenyl (H,L1, 0.1 g, 0.24 mmol) in
10 ml of anhydrous methanol. The reaction mixture was
stirred and refluxed for 3 h. The solvent was removed under
vacuum, and CuLL1 was obtained as a dark green solid.
The crude product was collected, washed with methanol
and recrystallized from a mixture of dichloromethane and
methanol yielding green needles. Yield: 94%. CuL.1-MeOH
(CyH,4CuN,05, 514.08): caled. C 67.76, H5.10, N 5.45%;
found C 67.68, H 4.91, N 5.46%. MS (EI, m/z): 481 [M]".
IR: V=1601, 1591, 1522, 1461, 1433, 1395, 1376, 1358,
1345, 1328, 1313, 1245, 1191, 1149, 1123, 1112, 1007, 978,
907, 874, 851, 813, 760, 739, 659, 615, 640, 577, 548, 526,
518, 495, 481, 455 cm™.

Synthesis of ColL1

Co(OAc), (0.075 g, 0.3 mmol) was added to a solution of
2,2'-bis(salicylideneamino)-4,4'-dimethyl-1,1'-biphenyl
(H,L1, 0.13 g, 0.3 mmol) with sodium methoxide (0.032 g,
0.6 mmol) under nitrogen in 15 ml of anhydrous ethanol.
The reaction mixture was refluxed for 6 h. After cooling to
room temperature, the precipitated red solid was collected
on a frit and dried in vacuo. Yield: 88%. CoL1-MeOH
(CyoHycCoN, 05, 509.47): caled. C 68.37, H 5.14, N 5.50%;
found C 68.29, H 4.44, N 5.08%. MS (EI, m/z): 477 [M]*.
IR: 7=1602, 1581, 1549, 1491, 1439, 1379, 1353, 1327,
1290, 1247, 1190, 1152, 1136, 1123, 1113, 1031, 1006, 980,
957, 876, 855, 813, 753, 738, 668, 613, 584, 572, 557, 539,
518, 488,453,434 cm™.

Synthesis of NiL1

A solution of 0.075 g (0.3 mmol) of Ni(OAc),-4H,0
in 15 ml of methanol was added to 0.13 g (0.3 mmol) of
2,2'-bis(salicylideneamino)-4,4'-dimethyl-1,1'-biphenyl
(H,L1) in 10 ml of methanol. The mixture was stirred and
refluxed for 5 h. The obtained solution was cooled to room
temperature. The solvent was removed in vacuo leaving a
yellow residue of NiLL1. This crude product was collected
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by filtration, washed with methanol and dried in vacuo yield-
ing yellow NiL1. Yield: 94%. NiL1-MeOH (C,oH,4NiN,0;,
509.23): caled. C 68.40, H 5.15, N 5.50%; found C 67.84,
H 4.94, N 5.34%. MS (EI, m/z): 476 [M]*. IR: V= 1604,
1561, 1541, 1466, 1442, 1382, 1337, 1300, 1277, 1192,
1150, 1137, 1124, 1111, 1089, 1040, 1006, 978, 957, 846,
908, 874, 812, 751, 658, 614, 579, 561, 528, 593, 515, 493,
455,433 cm™.

Crystal structure determination of CulL1

The intensity data were collected on a Nonius Kappa CCD
diffractometer, using graphite-monochromated Mo-K,
radiation. Data were corrected for Lorentz and polariza-
tion effects; absorption was taken into account on a semi-
empirical basis using multiple scans [39—41]. The struc-
ture was solved by direct methods (SHELXS [42]) and
refined by full-matrix least squares techniques against F,2
(SHELXL-97 [42]). The hydrogen atoms (with exception
of the methyl-groups C26 and C27) were located by differ-
ence Fourier synthesis and refined isotropically. The hydro-
gen atoms bonded to the methyl-groups C26 and C27 were
included at calculated positions with fixed thermal param-
eters. All non-hydrogen atoms were refined anisotropically
[42]. XP was used for structure representations [43]. Crystal
Data for CuL1: C,oH,,CuN,O;, M=514.06 g mol~!, dark
green prism, size 0.132x0.132x0.122 mm?, orthorhom-
bic, space group P2,2,2,, a=13.3090(3), b=17.0197(4),
c=10.4536(2) A, V=2367.90(9) A%, T=— 140 °C, Z=4,
Pesied. = 1.442 g cm™>, u (Mo-K ) =9.57 cm™!, multi-scan,
trans,;,: 0.6971, trans,,.: 0.7456, F(000)=1068, 16,351
reflections in h(— 17/17), k(- 22/22), I(— 13/13), meas-
ured in the range 2.286° <@ <27.459°, completeness
O nax =99.9%, 5362 independent reflections, R;,,=0.0356,
5164 reflections with F > 40(F,), 399 parameters, 0
restraints, R1,,=0.0270, wR2,,=0.0639, R1,;,=0.0287,
wR2,,=0.0650, GOOF=1.061, Flack parameter 0.038(12),
largest difference peak and hole: 0.233/—0.215 ¢ A3,

Scheme 2 Synthesis of the
Cu(I), Co(II) and Ni(II)
complexes containing the Schiff
base ligands L1

r

OH HO

+ M(acetate),

Computational method

All electronic structure calculations were performed using
the Spartan 18 package [44]. The initial molecular geom-
etry is extracted from the experimental crystal structure. The
ground-state geometries of CuLL1 complex and its metha-
nol adduct CuLL1-MeOH were fully optimized without any
geometry or symmetry constraints in the gas phase utilizing
the B3ALYP hybrid functional and the polarized 6-31G(d)
basis set [45-49].

Examination of the output from the vibrational analysis
for the optimized complex ensured the absence of imaginary
frequencies in the vibrational mode calculations indicating
minimal-energy structures.

Results and discussion

The Schiff base H,(LL1) was efficiently prepared via the
condensation reaction of 2,2'-iamino-4,4'-dimethyl-1,1'-
biphenyl with 2-hydroxybenzaldehyde [36] in a 1:2 stoi-
chiometric ratio in anhydrous ethanol yielding 2,2'-bis(2-
hydroxybenzylideneamino)-4,4'-dimethyl-1,1’-biphenyl as
shown in Scheme 1.

The isolated Schiff base H,L1 is stable at room tempera-
ture and soluble in common organic solvents. The Cu(Il),
Co(II) and Ni(II) metal complexes of the doubly deproto-
nated Schiff base ligand L1 were obtained from the reaction
of H,L1 with the metal(II) acetates (M =Cu, Co, Ni) with
high yields and purity (Scheme 2). For the synthesis of the
cobalt complex sodium methoxide was added to ensure a
quantitative conversion. Analytical and elemental analyses
verified a 1:1 ratio of the ligand L1 and the metal ions. The
crystalline complexes were stable in air and could safely be
handled without Schlenk techniques.

The IR spectrum of H,LL1 shows characteristic bands at
3050 cm™! and 1614 cm™! attributed to v(OH) and 1(C=N),
respectively [35]. The IR spectra of the Cu, Co and Ni com-
plexes show absorption bands at 1601, 1602 and 1604 cm™!,
respectively, which are assigned to v(C=N) stretching vibra-
tions. These v(C=N) bands are shifted to lower wavenum-
bers by around 10 cm™! in the complexes indicating compl-
exation from the two azomethine nitrogen atoms. Moreover,

Methanol
Reflux, 5 hr M\

(M= Cu, Co, and Ni)
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the absence of the OH stretching vibration in the metal com-
plexes verifies that the Schiff base ligand L1 is also coordi-
nated to the metal atoms via phenolic oxygen atoms resulting
in a (ONNO)-tetradentate coordination to the metal atoms.
The spectroscopic parameters of these complexes verify very
similar coordination environments of the metal atoms and
explain the negligible spectroscopic variations of these com-
plexes. NMR spectroscopy was not utilized to characterize
any of the prepared complexes since they were inactive in
this technique, implying that all complexes are paramag-
netic. In order to shed light on the coordination environ-
ment of the copper(Il) ion, we have determined the crystal
structure of CuLL1. Our attempts to grow single crystals of
the Ni and Co complexes with different solvents and meth-
ods were unsuccessful. Although single crystals could not
be isolated for the Co and Ni complexes, the analytical and
spectroscopic data and the DFT calculations along with hav-
ing the same coordination environment around the Co and
Ni metal atoms enabled us to predict geometries similar to
that of the Cu complex.

X-ray structure analysis

The molecular structure and atom labeling scheme of
CuL1 are depicted in Fig. 1. The copper(Il) center Cul is
in an intermediate coordination sphere between tetrahedral
and planar arrangement of the donor atoms with an angle
between the O1-Cul-N1 and O2-Cul-N2 planes of only
40.8°. The bond angles between neighboring donor sites
in the CuN,O, core lie in the range between 90.26(6)°
(O1-Cu-02) and 96.74(7)° (N1-Cu-N2) and are quite
similar to the values found in unsubstituted copper(Il)
2,2'-(2-oxidobenzylideneamino)-1,1'-biphenyl (89°-96°)
[50].

The methanol molecule can in principle act as a Lewis
base via formation of a metal-oxygen bond (leading to an
enhanced coordination number of 5 for the metal center)
or as a Lewis acid forming an O-H---O hydrogen bridge
to the phenoxide functionality. In the crystalline state, the
coordination of the methanol molecule at a phenoxide subu-
nit is preferred and leads to a weak asymmetric hydrogen
bridge with an O1---O1M distance of 282.1(3) pm (O1M-
HIM 70(4), O1---HIM 213(4) pm). In agreement with a
weak hydrogen bridge, the methanol molecules can easily
be removed in vacuo at room temperature. The coordina-
tion of methanol at O1 leads to a slight elongation of the
Cul-0O1 bond by 1.5 pm. The coordination number of 3
for O1 also enhances the O1-C1 bond length by 1.1 pm
compared to the unaffected O2—-C26 distance. Furthermore,
the Cul-N1/2 bonds are also affected in the same order of
magnitude, but now the Cul-N1 bond length is smaller by
2.0 pm than the Cul-N2 value. These structural parameters
are in agreement with those of unsubstituted copper(I)

@ Springer
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Fig.1 Molecular structure and atom labeling scheme of CuLl. The
ellipsoids represent a probability of 30%, H atoms are omitted for the
sake of clarity with the exception of those of the methanol molecule.
The hydrogen bridge is drawn with a dashed line. Selected bond
lengths (pm): Cul-O1 191.10(14), Cul-02 189.66(15), Cul-N1
194.82(17), Cul-N2 196.84(17), O1-C1 131.5(2), 02—-C26 130.4(2),
N1-C7 129.6(3), N1-C8 144.2(3), N2-C19 144.3(3), N2-C20
130.2(3), C6-C7 143.9(3), C13-C14 148.2(3), C20-C21 143.6(3),
OIM-HIM 70(4), OIM-CIM 139.5(3), O1--HIM 213(4); selected
bond angles (°): O1-Cul-02 90.26(6), O1-Cul-N1 93.82(7), O1-
Cul-N2 150.25(7), O2—Cul-N1 150.31(7), O2-Cul-N2 94.08(7),
N1-Cul-N2 96.74(7), C7-N1-C8 117.37(17), C19-N2-C20
115.46(18), O1--HIM-O1M 176(5), CIM~O1M-H1M 110(3)

2,2'-(2-oxidobenzylideneamino)-1,1"-biphenyl [50] verify-
ing an only small influence of the biphenyl-bound methyl
groups (C27, C28) and the O1-bound methanol molecule
on the structure of the inner core.

The C13-C14 bond length between the aryl units of the
biphenyl backbone features a typical single bond value of
148.2(3) pm ruling out interaction between the n-systems
of these moieties. This result is analogous to the reported
value of 149.1 A for a comparable zinc complex containing
ligated methanol molecules [37]. In that system, the biphenyl
backbone is twisted with an angle of 56.5° between the aryl
planes which is comparable to the value of 50.85° observed
here in CuLL1-MeOH. Such systems can be relatively flexible
due to the absence of bulky groups at the biphenyl backbone
to enforce larger torsion angles as observed for the binaph-
thyl congeners.

Copper(II) complexes with (substituted) 2,2'-bis(2-
oxidobenzylideneamino)-1,1'-biphenyl ligands and their
dinaphthyl congeners [50-56] are known for several dec-
ades justified by their importance in organic and coordi-
nation chemistry. Regardless of the substitution patterns,
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mononuclear copper(Il) complexes are formed. Additional
donor sites are required to stabilize dinuclear copper(I)
derivatives with (ONNO) binding pockets for both metal
atoms with bridging phenoxide subunits [57, 58]. Despite
the tremendous interest in this type of complexes, not many
structures of copper(Il) complexes have been reported as of
yet which offer the opportunity to elucidate the influence of
substitution patterns at the phenoxide and biphenyl subunits
as well as of methanol coordination at a phenoxide moiety
on the molecular structure.

In order to clarify the influence of methanol coordination
on the molecular structure of CulL1, we performed com-
putational calculations for CulL1 and its methanol adduct
because suitable crystallographically authenticated com-
plexes for a reliable comparison of structural data are not
available.

Computational study

The molecular structures of the copper complex CuL1 and
its methanol adducts were theoretically modeled and exam-
ined in correlation with the experimentally solved XRD
structure. Intensive DFT calculations verified the ground-
state optimized geometry of the copper complex which is
depicted in Fig. 2. Additionally, selected calculated and
experimental bond lengths and angles are compared in
Table 1. In order to examine the interaction of the methanol
ligand with open coordination sites of the copper complex,
two binding modes were considered by allowing a methanol
molecule to either approach the metal atom and bind as a
Lewis base or by approaching a phenoxide moiety and bind-
ing as a Lewis acid. Since all calculations were carried out
in the gas phase without any geometry or symmetry con-
straints, the output of geometry optimization always revealed
that the most-plausible and the minimal-energy structure is
a complex with the methanol ligand acting as a Lewis acid
weakly binding via an O-H-:-O hydrogen bridge to a phe-
noxide moiety.

The structural parameters of the monoligated optimized
complex feature a tetradentate coordination environment
around the central metal atom that exhibits a tetrahedral-
based geometry. The computational results are in good
agreement with the experimental data. For example, the
bond angles in the CuN,O, core are comparable to the
experimental values as for O1-Cu—O2 angle of 92.98° (exp.
90.26°) and N1-Cu—N2 angle of 98.65° (exp. 96.74°). The
calculated angle between the O1-Cul-N1 and O2—-Cul-N2
planes is 48.54° (exp. 40.77°) suggesting a severely distorted
tetrahedral geometry. The C13—-C14 bond length between the
aryl units of the biphenyl backbone is calculated at 1.489 A
(exp. 1.482 A) verifying a typical single bond value. Addi-
tionally, the calculated twist angle between the aryl planes

Fig.2 The optimized ground-state geometry of CuL1l (top) and the
methanol-bound complex (bottom) at the B3LYP/6-31G(d) level of
theory (O red, N blue, C gray). (Color figure online)

of the biphenyl backbone is slightly larger (57.26°) than
observed experimentally (50.85°).

The computed MeOH:--O hydrogen bridge (O---H
1.870 A) is 26 pm shorter than the experimentally deter-
mined value of 213(3) pm. Such difference between experi-
mental and theoretical data is attributable to the fact that
the experimental data were obtained at crystalline materi-
als inducing lattice interactions such as packing effects and
intermolecular van der Waals forces, while the calculated
values refer to an isolated molecule in the gas phase. Gener-
ally, percentage error (A%) in bond lengths around the metal
atom ranged from 0 to 1.6% (average 0.75%), and in bond
angles from 0.01 to 4.1% (average 1.2%). This high degree
of accordance points out that the selected computational
method yields reliable results for the prediction of structural
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Table 1 Experimental and calculated bond lengths (A), angles and dihedral angles (°)

Exp. Calc. Calc. CuL1l Bond Exp. Calc. Calc. CuL1
CuL1-MeOH CuL1-MeOH CuL1-MeOH CuL1-MeOH
Bond lengths
Cu-0O1 1.911 1.910 1.900 N2-C20 1.302 1.309 1.309
Cu-02 1.896 1.895 1.899  N2-CI19 1.443 1.426 1.425
Cu-N1 1.948 1.951 1.953  C6-C7 1.439 1.426 1.424
Cu-N2 1.968 1.951 1.956  C20-C21 1.436 1.424 1.424
01-C1 1.315 1.304 1.294 C13-Cl14 1.482 1.489 1.489
02-C26 1.304 1.297 1.294  C10-C27 1.506 1.510 1.511
N1-C7 1.296 1.307 1.309 C17-C28 1.500 1.510 1.510
N1-C8 1.442 1.426 1.425 MeOH---O1 2.126 1.870 NA
Bond angles
01-Cu-02 90.26 92.98 93.83 C25-C26-02 119.3 118.96 118.95
01-Cu-N1 93.82 94.25 94.70 C8-N1-Cu 116.81 117.65 117.96
N1-Cu-N2 96.74 98.65 98.50 C7-N1-Cu 124.45 123.68 123.37
N2-Cu-02 94.08 95.12 94.67 C19-N2—-Cu 120.59 118.43 118.28
01-Cu-N2 150.25 144.27 144.03 C20-N2-Cu 123.40 122.95 123.21
02-Cu-N1 150.31 145.06 144.20 C7-N1-C8 117.37 118.00 117.93
C1-0O1-Cu 126.31 128.11 127.76 C19-N2-C20 115.46 117.77 117.64
C26-02-Cu 128.55 127.57 127.93 C12-C13-Cl14 119.29 119.52 119.44
C2-C1-01 118.66 119.06 118.90 C13-C14-C15 119.16 119.28 119.30
Dihedral angles
C12-C13-Cl14- 124.16 122.39 122.22 C15-C14-C13- 124.78 122.46 122.55
C19 C8
C12-C13-C14-  -50.85 —53.87 —53.86 C19-C14-C13-  —-60.21 —-61.28 - 61.37
CI15 C8

parameters of such compounds. Selected calculated bond
lengths and angles of the copper complex CulL1 compared
with its methanol adducts are listed in Table 1.

It is obvious that there are only small structural differ-
ences between the complex CuLL1 and its methanol adduct.
This can be attributed to the weak binding strengths of the
methanol bridge. However, the effect of methanol coordina-
tion is evident for the elongated Cu—O1 bond of 1.910 A
(exp. 1.911 A) compared to 1.900 A in the methanol-free
complex and for the shortened Cu—O2 bond of 1.895 A (exp.
1.897 A) compared to 1.899 A in the methanol-free complex.
Computed IR spectrum of the Cu complex shows a strong
absorption band at 1651 cm™!, which is assigned to £(C=N).
Other weaker bands that appear at 3211 cm™" are attributed
to v(O—H) of the aromatic rings. In order to get a better
understanding on the stabilizing effect of methanol on the

copper complex, binding energy and thermodynamic data
of the interaction were calculated. The methanol-complex
interaction energy AE;  was calculated using this relation:

AE; = EcyLiMeon — [ECuLl + EMeOH] (n

where Eq ;1 and Ey.oy are the electronic energies of the
methanol-free complex CulL1 and isolated methanol, respec-
tively, and E-y; 1.me0n 18 the energy of the methanol adduct
CuL1-MeOH.

The thermal energies of the methanol-complex molecular
binding, shown in Table 2, exhibit negative energies of AE;
and AH, which reveals that the interaction is attractive and
results in a stable association. The Gibb’s energy has a small
positive value of ~ 1 kJ/mol indicating that the CuLL1-MeOH

formation is non-spontaneous (but very close to spontaneity)

Table 2 Total electronic energy of the complex CuL1 and its methanol adduct CuLL1-MeOH and thermodynamic data of the interaction between

the complex and methanol

E (a.u) AE,,, (kl/mol) AH° (kKJ/mol) AG°(kJ/mol) AS°(J/mol K)
CuL1 — 2980.58888 - 40.48 -37.78 0.98 - 130.02
CuL1-MeOH - 3096.31870
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at ambient temperature. Using the reported thermodynamic
data (AH, AG and AS), we can conclude that upon cooling,
the interaction becomes spontaneous which explains how
the methanol molecule is embedded in the complex during
the recrystallization process. These calculations verify the
weak bonding of methanol which can easily be removed in
vacuo at room temperature even in the solid state.

Conclusions

The reaction of M(OAc), (M =Co, Ni, Cu) with tetraden-
tate 2,2'-bis(2-hydroxybenzylideneamino)-4,4'-dimethyl-
1,1'-biphenyl H,L1 yields the red cobalt(II) (CoL1), yellow
nickel(IT) (NiL1) and green copper(II) (CuL1) 2,2'-bis(2-
oxidobenzylideneamino)-4,4'-dimethyl-1,1'-biphenyl com-
plexes. The molecular structure of CuLL1-MeOH with a tet-
racoordinate metal atom features an environment between
a tetrahedral and planar arrangement of the oxygen and
nitrogen donor atoms as revealed by X-ray crystallography.

The optimized ground-state geometry of the prepared
CuL1 complex and its methanol adduct were elucidated
using DFT calculations at the B3LYP level of theory using
the 6-31G(d) basis set, and the results verify the XRD data.
The results indicate that the methanol-containing complex is
thermodynamically favored and forms more spontaneously
upon cooling of the solution. Since azomethine derivatives,
especially when metal complexed, exhibit many useful
biological and catalytic activities, it may be of interest for
future research to investigate this series of complexes with
the potential of biological activity and as catalysts such as
in the catalytic oxidation of organic compounds.

Supporting Information

Crystallographic data deposited at the Cambridge Crystal-
lographic Data Centre under CCDC-1976020 for CulL1l
contain the supplementary crystallographic data excluding
structure factors; these data can be obtained free of charge
via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-336-033; or
deposit@ccdc.cam.ac.uk).
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