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Cobalt(II) and Nickel(II) Coordination Compounds Derived from 3,3', 5,5'-
Tetramethyl-4 4'-bi-1H-pyrazole, 3,3’ 5,5'-Tetramethyl-4,4' Methylene-bis-1H-
Pyrazole and 4 4'-Methylene-bis-1H-Pyrazole
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The bidentate ligands 3,3'5,5-tetramethyl-4,4'-
bi-1H-pyrazole (tmbpz) 3,3'5.5"tetramethyl-4,4'-
methylene-bis-1H-pyrazole (tmmbpz) and 4,4’
methylene-bis-1H-pyrazole  (mbpz) react with
cobalt(Il) and nickel(Il) chlorides to give complexes
with the formula MCL(LL) (M = Co, LL = tmmbpz,
tmmbpz; M = Ni, LL = tmmbzp or MCL(LL), (M =
Co, LL = mbpz; M = Ni, LL = tmbpz, tmmbpz,
mbpz). Similarly the reactions of tmbpz and tmmbpz
with cobalt(I1) and nickel(ll) nitrates give complexes
of formula M{NOs),(LL) (M = Co, LL = tmmbpz)
or M(NO;),(LL), (M = Co, Ni; LL = tmbpz,
tmmbpz). The reaction products are generally
independent of the molar ratio (M:LL) of reactants,
except in the reactions of tmmbpz with nickel(Il)
chloride and cobalt(Il ) nitrate.

The CoX,(LL) complexes are pseudotetrahedral
species, whereas NiCL (tmmbpz) seems to contain
five-coordinate dimeric units bonded through two
bridging chioro ligands. The MX,(LL), complexes
are pseudo-octahedral species; some of them are
clearly tetragonally distorted, particularly the chlor-
ides.

Dimeric or polymeric structures were proposed
for the complexes with bridging bipyrazole mole-
cules, as a consequence of the bidentate, non-
chelating nature of the ligands.

Introduction
Pyrazole chemistry was extensively investigated

a long time ago. However the coordination chem-
istry of the substituted pyrazole ligands is relatively
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recent [1, 2]. Up to date only coordination com-
pounds of a bidentate bipyrazole, bis(3,5-dimethyl-
pyrazolyl)methane with Co(Il) and Ni(Il) have been
described [3]. This molecule consists of two pyra-
zole rings bonded to a methylene group through
the N-atoms and acts as a chelating ligand, giving
complexes of composition MX,(LL) and MX,(LL),.
The structure determination of the complex of the
first type, NiCl,(LL), has demonstrated the dimeric
nature of this complex, in which each five-coordi-
natc Ni** ion is surrounded by one bipyrazole ligand,
one terminal chloro ligand and two bridging chloro
ligands [4].

This work describes the preparation and proper-
ties of Co(Il) and Ni(Il) complexes with ligands con-
taining two pyrazole rings: 3,3', 5,5 -tetramethyl-4,
4'bipyrazole (tmbpz), 3,3',5,5-tetramethyl-4,4'-
methylene-bis-1H-pyrazole (tmmbpz) and 44-
methylene-bipyrazolyl (mbpz). These molecules can
act as bidentate bridging ligands through the pyri-
dine-type nitrogen atoms. The prototropy present
in these bipyrazole molecules renders the N(1),
N(2) and N(1"), N(2") positions of the ligands indis-
tinguishable.

Polynuclear complexes of Rhodium(l) with
tmbpz and tmmbpz have been recently reported
[5]. On the other hand complexes of a similar biden-
tate non-chelating ligand, 4,4'-bi-1,2 4-triazole, with
transition metal(IT) thiocyanates have been describ-
ed [6], for which double bridged polymeric struc-
tures have been proposed, the metal atom being
tetragonally surrounded by nitrogen atoms from
four equatorial bitriazole bridging molecules and
two axial thiocyanate groups.

© Elsevier Sequoia/Printed in Switzerland
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Co(Il) and Ni(Il) Pyrazole Complexes

tmbpz tmmbpz

Pyrazole fits in the spectrochemical series in a
place similar to that of pyridine or ammonia [7, 8].
On the other hand, the alkyl substituted pyrazoles
show generally a stronger donor character than
unsubstituted pyrazole [9, 10].

Results and Discussion

The reactions of the bidentate ligands tmbpz,
tmmbpz and mbpz with the chlorides MCl,*6H,0
(M = Co, Ni) in molar ratio 1:1 give complexes of
composition CoCl,(tmbpz)*%H,0, NiCl,(tmbpz),*
H,0, CoCl,(tmmbpz)*%H,0, NiCl,(tmmbpz), CoCl,-
(mbpz), and NiCl,(mbpz),. Only one new complex
of composition NiCl,(tmmbpz), was obtained from
the reactions in molar ratios 1:2 and 1:3 (M:LL).
The crystallization of CoCl,(tmmbpz)-%H,0 in
nitromethane/abs. ethanol yields a crystalline product
of composition CoCl,(tmmbpz)+1/3EtOH. The
cobalt complexes of composition CoCl,(LL) are deep
blue solids almost insoluble in organic solvents of
medium polarity. However they could be recrystal-
lized from absolute ethanol, yielding microcrystal-
line products, Nevertheless the crystallization from
nitromethane/abs. ethanol yields a crystalline product
suitable for structure determination. The remain-
ing Co(II) and Ni(Il) chlorocomplexes could not be
recrystallized because of their insolubility. All these
complexes react with water giving almost colour-
less solutions and are non-electrolytes, as was deduc-
ed from the molar conductance measurements in
ethanol.

The reactions of tmbpz and tmmbpz with Cobalt-
(I) and Nickel(IT) nitrates in molar ratio 1:1 give
complexes of composition M(NO;),(tmbpz),-H,0
(M = Co, Ni), Co(NOj),(tmmbpz)-H,0 and Ni-
(NO;),(tmmbpz),-H,0. Only one new complex,
Co(NO;),(tmmbpz),, was isolated from the reactions
in molar ratio 1:2. The complexes of composition
M(NO;3),(LL), are soluble in water, ethanol and
methanol, giving almost colourless solutions with
molar conductance values corresponding to 1:2
electrolytes [11]. They are moderately soluble in
nitrobenzene and acetone, giving non-conducting
solutions. Co(NO;3),(tmmbpz)-H,O 1is soluble in
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organic solvents of medium polarity without colour
change and is a non-electrolyte in acetone.

The analytical data and physical properties of the
complexes are given in Table I.

The reciprocal mol-susceptibility, 1/xy of all
these complexes varies linearly with the tempera-
ture, and the 8 values can be used as an indication
of the quantity of the increasing of u.s; with temper-
ature.

The magnetic moment values (Table I) obtained
for the CoX,(LL) complexes correspond to a high-
spin tetrahedral coordination [3, 10, 12]. This
coordination was confirmed by the electronic spectra
(Table II). The *T,(P) < *A, transition (»3) shows
the typical splitting, corresponding to a pseudotetra-
hedral configuration, in the chlorocomplexes only.
The *T,(F) « %A, transition (»,) falls in the near i.r.
and could not be observed with our apparatus. The
pseudotetrahedral coordination of Co(Il) has been
proved by the structure determination of CoCl,-
(tmmbpz)-1/3EtOH, which consists of dimeric
CoCl,(p-tmmbpz),CoCl, units bonded through
N—H-:-Cl, EtOH:-+Cl and N-H-:-OHEt hydro-
gen bonding [13]. Although the crystal structures
of CoCl,(tmmbpz):%H,0, CoCl,(tmbpz)-%H,0
and Co(NOj),(tmmbpz)-H,;0 could not be deter-
mined, we can suppose a similar structure with
X,Co(u-LL),CoX, dimeric units for all these tetra-
hedral complexes. The splitting of the doubly
degenerate ¥(NO,) mode of the nitrate group in the
ir. spectrum of Co(NOj;),(tmmbpz)-H,0 (1435,
1305 ¢cm ™) indicates clearly the monodentate coordi-
nation of both nitrate ligands in this complex.

In the CoX,(LL), complexes the splitting of the
*Tyg(P) < *Ty(F) band indicates clearly a tetragonal
distortion of the octahedral symmetry and is similar
with those found for CoX,(mpz), complexes (X =
Cl, NO3) [9]. These tetragonal Co(II) compounds
all show the usual temperature dependence of the
magnetic moment, as expected for six-coordinate
Co?* ions [14]. The monodentate coordination of
the nitrate groups in the Co(NQOj3),(LL), compounds
is clearly indicated by the splitting of the doubly
degenerate »(NO,) stretching mode (1420—1440
em ™, 1310—1315 ¢cm™*) and the small separation
between the combination bands at ca. 1750 cm™
(1735,1755 cm ) [15].
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Co(Il) and Ni(Il) Pyrazole Complexes

The complexes of formula NiX,(LL), show
magnetic moments in the usual range for six-coordi-
nate Ni2* ions. The lowering of u.e; with decreasing
temperature may be an indication of a large zero-
field splitting of the ground state [16]. This fact
has also been observed in tetragonal NiX,(mpz),
complexes [12]. Only the ligand-field spectra of
NiCl,(tmbpz),*H,0 and NiCl,(mbpz), show a
noticeable splitting of the T,(F) « A, /F) band,
caused by the strong tetragonal distortion usually
observed in the #rans-NiX,(L); complexes (L =
pyrazole, 5-methylpyrazole, X = CI, Br), which
increases in the order Br < Cl and has been attribut-
ed to strong N—H++-X bonds between the pyrazole
and the halide ligands [17, 18]. Most of the trans-
NiX,(L); complexes (L = nitrogen donor ligand)
show tetragonal splitting only in the 3T,F) «
3A,¢(F) transition. The higher energy component
of this split band is also observed in the ligand-
field spectrum of NiCl,(mbpz),. The forbidden
'E{D) <« °A,(F) transition appears in all these
spectra as a weak band or as a shoulder in the range
12500—13700 cm ™.

The ues¢ values of NiCl,(tmmbpz) fit in the range
of the six<coordinate or high-spin five-coordinate
complexes of Ni** and increase with the temperature.
The electronic spectra, colour and magnetic moment
at room temperature of this complex are very similar
to those of the dimeric complex Ni,Cl4(LL), (LL =
bis(3,5-dimethylpyrazolyl)methane) mentioned above
[4], which suggests a dimeric five-coordinate confi-
guration for NiCl,(tmmbpz). This would imply the
presence of terminal and bridging chloro ligands and
a polymeric structure formed by dimeric penta-
coordinated units.

The principal infrared bands of the complexes are
listed in Table I. Coordinated and free ligands have
somewhat different ir. spectra, and the changes are
almost independent of the metal ion. The most
significant changes in the ligand bands are observed
in the 550-700 cm™ region, where new bands
appear, and in the 3500—-3000 cm™' region, where
the broad band, typical of the NH group with
hydrogen bonding which exhibits three maxima in
the free ligands becomes narrower and shifts towards
the higher frequencies in the complexes, showing a
more broad and structured shape in some hydrates.
However, in general the complexes containing lattice
water show no bands clearly assignable to the v(OH)
and 6(HOH) vibration modes of water, and there are
very few differences between the spectra corres-
ponding to similar compounds with and without
lattice water. The spectra of Co(NQ;),(tmmbpz),
and Ni(NOj),(tmmbpz),*H,0 are indistinguishable
in the 3500300 cm™* and 1650—1600 cm ™} regions.
On the other hand the spectrum of CoCl,(tmmbpz)-
1/3EtOH is very similar to that of the hydrate,
the principal differences observed in the 3500—300
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cm™' region being due probably to a different struc-
ture of the hydrogen bond system. The presence of
lattice water is clearly proved by thermogravimetric
analysis.

The great similarity of the spectra of MX,(LL),
complexes with the same anion and ligand, which
show differences only in the ¥(M—X) and ¥(M—N)
stretching frequencies in the 300—200 cm™* region,
is to be noted.

In the CoCl,(LL), (n = 1, 2) complexes the Co—
Cl stretching frequencies fall in the range expected
for terminal Co—Cl bonds in the respective tetra-
hedral or octahedral coordination [19], and are
similar to those observed for pyrazole complexes
of CoCl, of equivalent composition [3, 20]. A
slight shift of the ¥(Co—Cl) bands is the only dif-
ference observed in the low-frequency region of the
spectrum of CoCl,(tmmbpz)-1/3EtOH with respect
to that of CoCl,(tmmbpz)-%H,0. The Co—N stretch-
ing frequencies are similar to those observed for
pyrazole complexes of CoCl, of the same composi-
tion [3, 20].

In the spectra of the NiCl,(LL); complexes
»(Ni—Cl) and »(Ni—N) appear at frequency values
higher than in the corresponding Co(Il) complexes,
following the Irving—Williams sequence. The spec-
trum of NiCl,(tmmbpz) differs considerably in
the low-frequency region from those of the tetra-
hedral CoCl,(LL) complexes. Two strong bands
at 273 and 263 cm ! were assigned to (Ni—N)
stretching frequencies. A strong band at 280 cm ™!,
assigned to »(Ni—Cl;), and a band at 228 cm™,
assigned to »(Ni—Cly,), are noticeably coincident
with those assigned by Reedijk et al for the
five-coordinate Ni;Cl4(LL); complex mentioned
above {3]. This makes a polymeric structure highly
probable through the bridging bipyrazole ligands
containing dimeric units formed by two five-coordi-
nate Ni(Il) species bonded through two bridging
chloro ligands.

The spectra of the nitrate complexes show the
bands characteristic of the monodentate coordina-
tion of the anion described above. In the
low-frequency region the M(NO;),(LL) complexes
show only one structured band sensible to metal with
a maximum centred at 205—228 cm™ in the Co(II)
complexes, which has been assigned to a ¥(M—N)
stretching frequency. The shoulders observed at the
higher energy side of this band have been assigned
to ¥M—Q) stretching vibrations with the nitrate
groups. The ir. spectrum of Co(NO3),(tmmbpz):
H,O differs considerably from those of the Co-
(NO3),(LL), complexes in the low frequency region
and the »(Co~N) and ¥(Co—O) stretching frequencies
have been assigned to bands appearing at frequency
values higher than in the 1:2 complex.

The presence of lattice water in several of these
complexes has been confirmed by thermogravimetric
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analysis. In all cases lattice water is lost at relatively
low temperatures, 40—150 “C. A greater weight loss
at approximately the same temperatures appearing
in Table I (m.p. or dec. temp.) includes the decompo-
sition of complexes. Sometimes this second weight
loss corresponds to sublimation of the ligand, as
occurs in the case of NiCl,(tmmbpz), at 295-
365 C.

Experimental

Synthesis of the Ligands

3.3" 5,5 tetramethyl-4,4 -bi-1H-pyrazole (tmbpz)
was prepared as described by Mosby [21]. In a first
step 3,4-diacetylhexane-2 5-dione was obtained by
reaction of acetylacetone with sodium hydride and
jodine in diethylether in a N, atmosphere. In a
second step the diketone was reacted with hydrazine
hydrate. The spectral data (i.r. and 'H NMR) of dike-
tone and ligand have been previously reported [5].

4,4 methylene-bis-4,4 -bis-1H-pyrazole ~ (mbpz)
was synthesized as reported by Trofimenko [22] by
reaction of pyrazole with CH,Br, at 200 °C.

3,3",5,5 -tetramethyl-4,4 - methylene-bis-1H-pyra-
zole (tmmbpz ) was prepared by a two-step synthesis.
In a first step 3,5-diacetyl-heptane-2,6-dione was
prepared by the method described by Knovenagel
[23], but modified as follows:

To a solution of acetylacetone (0.2 mol) and
formaldehyde (0.24 mol) four drops of diethyl-
amine were added under vigorous stirring in an ice
bath. The reaction mixture was stirred for 24 hr
at room temperature and during the following five
days four drops of diethyl amine were added daily.
After reaction the aqueous layer was separated and
the organic one was diluted with diethyl-ether and
dried with MgSO,. When this solution was cooled
in a dry ice—acetone. bath a solid precipitated, which
was filtered off at low temperature. The substance
isolated melts at room-temperature to give a yellow
oil, which is chromatographically pure (yield 94%).

In a second step a solution of 3,5-diacetyl-
heptane-2,6-dione (38 mmol) in ethanol (10 ml)
was added gradually to 11.3 ml of hydrazine hydrate
(98%) at room temperature with stirring. The reac-
tion mixture was refluxed for 45 min and stirred at
room temperature for 18 hr. The solid formed was
filtered off, washed with water and dried in vacuo
(yield 67%, mp. 276278 °C). The spectral data
(i.r. and 'H NMR) of ligand and diketone have been
previously reported [5].

Preparation of Complexes

Complexes of tmbpz
To a solution of tmbpz (2.6 mmol) in absolute
ethanol (5 ml) at room-temperature was added a

A. Cuadro, J. Elguero, P. Navarro, E. Royer and A. Santos

solution of the metal salt (MCl,-6H,0 or M(NO3),*
6H,0, M = Co, Ni) (2.6 mmol), together with tri
ethyl orthoformate (1.5 ml) as dehydration agent
[24]. A coloured precipitate appeared when approx-
imately half of the metal salt solution was added.
After 18 hr stirring the precipitate was filtered off
and recrystallized from absolute ethanol. Complexes
of  composition  CoCl,(tmbpz)-%2H,0,  NiCl,-
(tmbpz),*H,0, Co(NO;),(tmbpz),*H,0 and Ni-
{NO3),*H,0 were formed (yield 83—97% with res-
pect to ligand). The reactions in molar ratio 1:2
(M:ligand) gave the same products with higher
yields.

Complexes of tmmbpz

MX,(tmmbpz ), xH,0 complexes. To a solution
of tmmbpz (2 mmol) in absolute ethanol (15 ml)
was added a solution of the metal salt (chloride or
nitrate) (I mmol) in absolute ethanol (15 ml),
together with triethyl orthoformate (0.6 ml) as
dehydration agent and the reaction mixture was
refluxed for % hr. A coloured precipitate was formed
during reflux. After cooling at room temperature,
the precipitate was filtered off and washed with dry
diethyl-ether. Co(NQO3),(tmmbpz),, NiCl,(tmmbpz),
and Ni(NOj3),(tmmbpz),*H,0 were isolated in ca
quantitative yields.

MCl(tmmbpz )+xH, 0. Complexes of composition
CoCly(tmmbpz):%4H,0 and NiCl,(tmmbpz) were
prepared as described for CoCl,(tmbpz)-%2H,0. The
recrystallization from nitromethane/abs. ethanol
yields deep blue crystals of composition CoCl,-
(tmmbpz) suitable for structure determination.

Co(NO; ), tmmbpz )*H, O

To a solution of Co(NO;3),-6H,0 (1 mmol) in
absolute ethanol (10 ml), cooled in an ice bath, 0.6
ml of ethyl orthoformate and the ligand (1 mmol)
were added. A purple solution was formed. After
5 min stirring the solvent was eliminated in vacuo,
petroleum ether was added to break the purple oil
formed and the mixture was stirred for 24 hr. The
resulting solid was filtered off and washed several
times with petroleum ether (yield 98%).

Complexes of mbpz

Complexes of composition MCl,(mbpz), (M =
Co, Ni) were prepared in ca. quantitative yields from
0.5 mmol of ligand by the method described above
for the MX,(tmmbpz), complexes.

Physical Measurements

Conductivities were measured using a Philips PW
9506 digital conductivity meter. Infrared spectra
were recorded as KBr disks or Nujol muils in the
4000—500 cm™ region and as Nujol mulls or poly-
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ethylene pressed disks in the S00—200 cm™ region
on a Perkin-Elmer 325 spectrophotometer. Ligand
field spectra were obtained using a Kontron Uvikon
820 spectrophotometer fitted with a reflectance
attachment (195-900 nm) and BaSO, as reference.
Magnetic susceptibilities were measured on a standard
Gouy or Faraday balance. The corrections for dia-
magnetism  given by Selwood [25] were used.
Carbon, hydrogen, nitrogen and chloro analyses were
carried out by the Microanalysis Department of the
Centro Nacjonal de Quimica Orgdnica del CSIC
(Madrid). The TG curves were recorded on a Dupont
900 thermobalance at a heating rate of 10 °C/min.
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