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Abstract

Co(II), Ni(II) and Cu(II) complexes of dihydrobis(1-pyrazolyl)borate and their adducts with some Lewis bases have been prepared
and characterized by elemental analyses, IR and UV–vis spectroscopic techniques. The adducts were either 1:1 or 1:2 complexes
depending on whether the Lewis base was bidentate or monodentate. The results indicate that adducts with 1,10-phenanthroline
were the most stable due to the chelating effect of the Lewis base. The order of reactivity of the complexes was determined to be
Ni(H2BPz2)2 > Cu(H2BPz2)2 > CoH2(BPz2)2 > Co(H2BPz2)2. The effects of various solvents (i.e., benzene, chloroform and DMF)
on the structure were studied. The solvents appear to minimally affect the visible spectra of Co(H2BPz2)2. The Ni(H2BPz2)2 and
Cu(H BPz ) adducts exhibit a four-coordinate structure in non-coordinating solvents. However, in coordinating solvents, such as
2 2 2

DMF, the adducts exhibit six-coordinate structures.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction

Poly(1-pyrazolyl)borates are a class of uninega-
tive ligands with excellent ligating properties. These
ligands are sometimes referred to as “Scorpionate”
ligands with “pinch and sting” capabilities [1]. Poly(1-
pyrazolyl)borates function as bidentate ([H2B(Pz)2]−
(I)), tridentate ([HB(Pz)3]− (II)) and tetradentate
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([B(Pz)4] (III)) chelating ligands [2]. Depending on the
number of pyrazole groups attached to the boron atom,
these scorpionates (I, II and III) are typically referred
to as dihydrobispyrazolylborates, hydrotrispyrazolylb-
orates and tetrakispyrazolylborates, respectively [2,3].
Poly(1-pyrazolyl)borates form a variety of stable coor-
dination compounds with transition metal ions and
organometallic compounds [1–6].

The syntheses and characterization of transition
metal complexes of poly(1-pyrazolyl)borate have
continued to be of much interest since its discovery
nearly four decades ago. For example, shortly after its
behalf of Taibah University. This is an open access article under the

discovery, the syntheses and characterization of several
metal complexes of the [H2B(Pz)2]2M, [HB(Pz)3]M
and [B(Pz)4]2M (where M = Mn, Fe, Co, Ni, Cu, Zn,
Cd, Pb and Hg) type were reported [2]. In addition,
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everal studies of the coordination chemistry of various
ydrotrispyrazolylborates have been reported [7–14].
he reaction of poly(1-pyrazolyl)borate metal com-
lexes with other ligating compounds has also attracted
uch attention. With lanthanides and actinides,

oly(1-pyrazolyl)borates form air and moisture stable
omplexes [15–18]. The solid-state structures of this
roup of compounds exhibit interesting structural
eometries. For example, uranylhydrotris(3,5-dimethl-
pyrazoly)boratotrichlorotetrahydrofuran (�[HB(3,5-
e2Pz)3]Cl3(THF)) exhibits a capped octahedral geom-

try with a seven coordinate uranium centre [10]. When
he three chloro and THF ligands were replaced with
yclopentadienide and alkoxide/aryloxide, respectively,
he resulting product adopted an asymmetric metal
entre [3,7–10].

Many transition metal complexes are known to form
dducts with Lewis bases [19–21] due to the ability of
ransition metal ions in these complexes expanding their
oordination shells. For example, a tetrahedral or square
lanar complex can expand its coordination shells to
orm a five-coordinate 1:1 adduct or a six-coordinate
:2 adduct depending on the type and number of Lewis
ase molecules involved in the adduct formation. For
xample, the coordination number of a low-spin square
lanar nickel(II) complex can be increased by the addi-
ion of two molecules of a monodentate Lewis base to
orm a high-spin octahedral adduct [19]. Transition metal
omplexes of poly(1-pyrazolyl)borates and Lewis base
igands have been extensively studied. However, studies
f metal compounds containing a mixture of these two
igands are rare in the literature. Gunnoe and co-workers
ave pioneered adduct formation chemistry of transition
etal-poly(1-pyrazolyl)borates with �-bonding ligands,

uch as phosphines, phosphates and carbon monoxide
22,23]. Here, we have expanded this pioneering effort
y incorporating Lewis base ligands into the coordi-
ation sphere of transition metal-poly(pyrazolyl)borate
omplexes. The resulting adducts were characterized
sing physical, infrared and electronic spectroscopic
echniques.

.  Experimental

Potassium borohydride, pyrazole, transition metal
alts and the Lewis bases were obtained from com-
ercial sources and used without further purification.
eagent grade solvents were used without further purifi-

ation. The melting points were determined in open
apillaries using an electrothermal melting point appa-
atus and are uncorrected. The UV-visible absorption
pectra of the adducts were recorded on a Pye Uranium
ersity for Science 10 (2016) 70–79 71

SP 80-150 UV-visible spectrophotometer in the Depart-
ment of Chemistry, University of Ilorin, Nigeria. The
infrared spectra were recorded using KBr pellets from
4000 to 400 cm−1. The mass spectra were measured by
introducing the sample at room temperature into the ion
source of the mass spectrometer (70 eV). The ion source
temperature was varied to obtain good quality spectra.
The infrared mass spectral analysis and microanalysis
(C, H, N) were performed at the Institute fur Anorgan-
ische Und Analytische Chemie, Technische Universitat,
Berlin, Germany.

2.1.  Preparation  of  Ni(II),  Co(II)  and  Cu(II)
dihydrobis(1-pyrazolyl)borate  complexes

The complexes were prepared using the same
general method described here for nickel(II)bis(1-
pyrazolyl)borate. Nickel(II) chloride (0.71 g, 0.0055
mole) and potassium dihydrobis(1-pyrazolyl)borate
(KH2B(Pz)2), (2 g, 0.011 mole), which was obtained
according to a previously published procedure [2], were
separately dissolved in 15 cm3 of distilled water. The
two clear solutions were mixed together at room tem-
perature and stirred for several minutes until a copious
amount of precipitate was formed. Then, the resulting
precipitate was washed with distilled water, dried in air
and recrystallized from hot toluene.

The general equation for the reaction is shown in
Scheme 1, and the physical and electronic data are listed
in Table 1.

2.2.  Preparation  of  the  adducts

The nickel(II), cobalt(II) and copper(II) bis(1-
pyrazolyl)borate adducts were prepared by reacting
the transition metal complexes with a general for-
mula of M[H2B(Pz)2]2 with Lewis bases. The bidentate
and monodentate Lewis bases were reacted with
M[H2B(Pz)2]2 at room temperature in a 1:1 and 1:2
ratio, respectively. Each reactant was dissolved in a min-
imum quantity of benzene, and the two solutions were
mixed together and stirred. The resulting solution was
allowed to stand at room temperature with occasional
stirring for approximately thirty to sixty minutes. The
resulting solids were filtered under suction and recrystal-
lized from an appropriate solvent. The adduct solutions
to evaporate slowly at room temperature while unstable
solutions were stored in a refrigerator. The resulting pre-
cipitates were filtered under suction. The physical and
analytical data for the adducts are reported in Table 2.
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Scheme 1. Schematic outline of the synthesis of the complexes (M = Ni(II), Co(II) or Cu(II)).

Table 1
Physical and electronic absorption spectral data in benzene for the M(H2BPz2)2 (M = Co, Ni and Cu) complexes.

M Colour Yield (%) m.p. (◦C) (Lit) λmax

Co Violet 85 162–164 (163–164) 587, 550, 501, 282

Ni Orange 86 

Cu Lilac 82 

3.  Results  and  discussion

KH2B(Pz)2 is a white water soluble salt, and when
dry, it is stable in air and moisture. KH2B(Pz)2 can
be stored in the solid state for several years. The
infrared spectrum of KH2B(Pz)2 contains a character-
istic νBH2 multiplet between 2460 and 2230 cm−1. The
dihydrobis(1-pyrazolyl)borate transition metal com-
plexes with a general formula of M(H2BPz2)2 (M = Ni,
Co and Cu) that were prepared in this study were isolated
as stable solids. These solids are typically coloured, melt
at moderate temperatures and exhibit properties that are

consistent with those previously reported for these com-
pounds [2]. The complexes are moderately soluble in
common organic solvents.

Table 2
Physical and analytical data for the adducts.

Adduct Colour Yield Melting po

1. CoL2Ox Pale yellow 60 150–152 

2. CoL2P Orange 78 211–213 

3. Col2DMP Pink 72 179–181 

4. NiL2A2 Grey 64 132–134 

5. NiL2B2 Light brown 58 162–164 

6. NiL2C2 Sky blue 79 154–157 

7. NiL2en Purple 78 221–224 

8. NiL2Ox.½H2O Blue 54 217–219 

9. NiL2P Light brown 85 233–234 

10. NiL2DMP Light blue 79 189–191 

11. NiL2T2 Light blue 64 135–137 

12. CuL2Ox Green 71 105–107 

14. CuL2DMP Reddish brown 47 214–217 

L = H2BPz2, A = p-anisidine, B = Benzylamine, C = cyclohexylamine, en
phenanthroline, T = p-Toluidine and DMP = 2,9-dimethyl-1,10-phenanthrolin
182–183 (181–182) 468, 281
134–136 (134–135) 582sh, 528, 322

Lewis base adducts (i.e., general formula of
M(H2BPz)2D, (M = Ni, Co, or Cu, D = monodentate or
bidentate Lewis base)) were prepared in benzene solu-
tions. These adducts are typically insoluble in benzene
and fairly stable in air. The aniline, pyridine, piperidine
and hexamethylphosphoramide derivatives are relatively
unstable at room temperature and were stored in a refrig-
erator at 0 ◦C. The order of reactivity of the complexes
M(H2BPz2) with the Lewis bases was determined to be
Ni(H2BPz2)2 > Cu(H2BPz2)2 > Co(H2BPz2)2. In addi-
tion, the reaction of the complexes with bidentate Lewis
bases was faster and yielded more stable adducts than the

reactions with monodentate Lewis bases. The analytical
data (Table 2) indicate that the adducts are either 1:1 or
1:2 complexes depending on whether the Lewis base is

int (◦C) Found (Calc.) %

C H N

49.3 (50.6) 3.8 (4.7) 14.8 (25.3)
49.6 (54.7) 4.2 (4.6) 22.1 (26.3)
53.4 (55.6) 4.9 (5.0) 24.1 (25.0)
49.8 (52.7) 5.5 (5.7) 22.5 (23.4)
50.8 (55.1) 5.6 (6.1) 25.2 (24.7)
49.9 (52.5) 7.4 (7.4) 24.4 (25.5)
38.2 (40.7) 5.5 (5.9) 31.8 (33.9)
49.3 (49.8) 4.3 (4.8) 23.2 (24.9)
54.4 (54.1) 4.7 (4.6) 25.6 (26.3)
54.7 (55.7) 5.0 (5.0) 24.6 (25.0)
54.8 (55.1) 5.9 (6.1) 24.0 (24.7)
44.1 (50.2) 4.1 (4.6) 33.4 (25.1)
49.5 (50.2) 4.3 (4.6) 24.8 (25.3)

 = ethylenediamine, Ox = Oxine (8-hydroxylquinoline), P = 1,10-
e.
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Fig. 1. Infrared spe

identate or monodentate, respectively, as represented
y the following equations:

For bidentate Lewis base:

(H2BPZ2)2+  D →  M(H2BPz2)2D

For monodentate Lewis base:

(H2BPz2)2+  2D →  M(H2BPz2)2D2

.1.  Infrared  spectra  studies

The infrared spectra of the Lewis base adducts
ave similar general features. These spectra are rather
omplex due to the presence of numerous vibrational
odes (e.g., see Fig. 1 for the infrared spectrum of
i(BPz2)2DMP). However, in general, these spectra are

haracterized by sharp bands. The diagnostic frequen-
ies of the observed bands are collected in Table 3. All
f the spectra exhibit the characteristic νBH2 stretching
ultiplet between 2450 and 2280 cm−1, indicating the

resence of the M(H2BPz2)2 basic moiety in the Lewis
ase adducts [2]. The differences between the spectra are
rimarily due to the vibrational modes of the coordinated
ewis base, which varies from one adduct to another.
requency assignments have been made by comparing

he measured absorption bands to those found for similar

omplexes in the literature [24–27]. With the exception
f the toluidine adduct of Ni(H2BPz2)2, the infrared
pectra of all of the amine adducts exhibit the asym-
etric ν(N H) vibrational modes in a spectral range
f Ni(BPz2)2DMP.

of 3350 to 3320 cm−1. The symmetric ν(N H) modes
appeared as very sharp bands of medium intensity in the
range 3290–3270 cm−1. The observed N H stretching
frequencies of the M(H2BPz2)2Dn (n  = 1 or 2) adducts
are less intense compared to those of the free Lewis
bases, indicating that the NH groups in the adducts are
coordinated [24]. The Ni(H2BPz2)2D2 adducts exhibit a
very broad, intense band in the 3600–3300 cm−1 region
instead of the two expected bands in this region. It is
important to note that the quality of the spectrum is
poor. The band located at approximately 1590 cm−1

corresponded to the ν(N H) deformation mode, which
further confirmed that the bond between the metal and
ligand occurred through the nitrogen of the primary
amines [25]. The 1,10-phenanthroline and 2,9-dimethyl-
1,10-phenanthroline adducts typically exhibit ν(C H)
vibrational modes between 1600 and 1580 cm−1, which
is consistent with coordinated C N [25].

Free oxine exhibits a broad ν(O H) band due
to hydrogen bonding at 3500–3200 cm−1 [26]. The
Ni(H2BPz2)2Ox spectrum has a very broad band with
strong intensity in the 3500–2800 cm−1 range due to the
presence of a water molecule in the adduct and the coor-
dination of the OH group of the oxine to the metal ion.
In the spectrum of Co(H2BPz2)2Ox, a similar absorp-
tion band was observed between 3540 and 3380 cm−1.

However, in the Cu(H2BPz2)2Ox spectrum, this band
was not observed, which most likely indicates the non-
coordination of the oxine moiety to the Cu centre. This
result is supported by the mass spectral data because no
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Table 3
Important observed infrared bands (cm−1) for the adducts.

Adduct ν(O H) ν(N H) ν(BH2) δ(N H) ν(C N) ν(M N) ν(M O)

1. CoL2Ox 3540
3380 (br,vs)

– 2400(vs)
2285(m)

– 1575(s) 548
531(s)
510(m)

422
406(sh)

2. CoL2P – – 2400, 2360(s) – 1580(s) – –
3. Col2DMP – – 2400, 2385

2300, 2285(vs)
– 1600(m) 550(w) –

4. NiL2A2 – 3270(m) 2450, 2396
2330, 2270
2245(s)

1590(s) – 568,526(m) –

5. NiL2B2 – 3270(m) 2400, 2345
2270(vs)

1590(m) – 560(buh)
490(w)

–

6. NiL2C2 – 3320
3270(m)

2450, 2420
2400, 2382(vs)
2300, 2280(m)
2240(sh)

1584(s) – 565(w)
530(s)

–

7. NiL2Cn – 3350
3290(m)

2450, 2400
2345, 2290(vs)

1598(s) – 500(m) –

8. NiL2Ox.
½H2O

3500–2806(br,vs) – 2460, 2380
2345, 2290(s)

– 1580(s) 510(s) 390(s)

9. NiL2DMP – – 2384, 2369(s)
2258(sh)

– 1595(s) 550(m) –

10. NiL2T2 – 3600–3300 2450, 2430
2400(vw)

– – 535(br,s) –

11. CuL2Ox – – 2480(vs)
2270(w), 2240(w)

– – – –

12. CuL2DMP – – 2420, 2400
2335(s), 2280

– 1590(m) 547, 520 –
2270(w)

mass spectral line corresponding to the oxine moiety was
observed in the mass spectral data of the corresponding
Cu adduct. In the spectra of both Ni(H2BPz2)2Ox and
Co(H2BPz2)2Ox, a strong ν(C N) band was observed
at 1575 cm−1, which corresponds to the binding of the
nitrogen of oxine to the metal ion centre. This band was
conspicuously absent in the Cu(H2BPz2)2Ox spectrum,
which provided additional evidence for the absence of
oxine in the adduct (Fig. 2).

The bands due to the metal-ligand stretching modes
are expected to be present in the low frequency region
between 650 and 200 cm−1 [26]. The measured frequen-
cies are often difficult to assign with confidence due to
the relatively poor quality of the spectra in this region.
In addition, the range of the spectra covered in this
study (KBr pellets) was between 4000 and 400 cm−1.
Therefore, the bands well below 400 cm−1, which
include the ν(M N) stretching modes (281–244 cm−1)
for Co, Ni and Cu [26] and ν(M O) stretching modes

−1
(410–360 cm ) [27] of the Lewis base adducts, could
not be observed. The assigned ν(M N) bands (Table 3)
are due to Lewis bases containing N atoms that are coor-
dinated to metal ion. These bands occur in a range of
580–500 cm−1, which is in agreement with published
literature values [25].

Based on the structure of the M(H2BPz2)2 moiety
and the stoichiometry of the adducts, the adducts are
octahedral in the solid state, as shown in Fig. 3. A
closer examination of the spectra of the adducts indicates
that the adducts differ in the B H stretching multiplet
region from the M(H2BPz2)2 adducts, which are either
square planar or tetrahedral compared to the octahedral
M(HBPz3)2 [2].

3.2.  Electronic  absorption  spectra  studies

The visible and UV spectra of the complexes were
recorded in three different solvents (i.e., benzene, chlo-
roform and dimethylformamide) from 950 to 200 nm.
The solvents were selected to examine the solvent effect
on the structure of the complexes in solution.
3.2.1.  Co(H2BPz2)2

The spectra, especially the visible spectra of
Co(H2BPz2)2, are very similar for all three solvents.
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Fig. 2. Electronic spectra of Ni(H2BPz2)2 in (a

ach spectrum consists of a well-resolved triplet in
he 587–502 nm region. This feature is characteristic
f tetrahedral Co(II) complexes [3]. The band, which
s due to the d-d transition, has been assigned to
T1g(P) ← 4A2g(F). The solvents have little or no effect
n the visible spectra. However, it is important to note
hat the band is weaker in DMF. The UV spectra contain
ery intense bands in the 290–240 nm range. These bands
re charge transfer (CT) bands due to the metal ligand
d →  �*) transitions. The electronic absorption spectral
ata of the M(H2BPz2)2 complexes and M(H2BPz)2D
dducts are listed in Table 4.

The bands appearing at 468 (benzene), 462 (CH3Cl)
nd 575 nm (DMF) were due to d–d transitions. The
–d bands in the 480–460 nm region, which were

1 1
ssigned to A2g← A1g, are characteristic of a Ni(II)
on in a square planar environment, [3] and the band
t 575 nm, which was assigned to 3T1(F) ← 3A2g,
s characteristic of a Ni(II) ion in an octahedral
ne, (b) chloroform and (c) dimethylformamide.

environment [3,28,29]. These results indicate the coor-
dination of two molecules of DMF to the Ni2+ ion
in Ni(H2BPz)2.

The UV spectra contain intense bands correspond-
ing to CT bands in the 280–240 nm range. Trofimenko
et al. assigned similar bands to metal →  ligand transi-
tions [3]. These bands are much more intense (log εmax:
3.71–3.03) than the d–d bands (log εmax: 2.82–1.04).

3.2.2. Cu(H2BPz)2

The visible spectra contain very broad unsymmetri-
cal bands, especially in benzene and chloroform, which
were assigned to d–d bands. The spectrum in DMF is
quite different from those in benzene and chloroform.
The observed bands at 517 nm (benzene) and 524 nm

2 2
(chloroform) have been assigned to B2g← B1g and
are characteristic of Cu(II) square planar complexes. The
band located at approximately 603 nm in DMF was due
to 2T2g← 2Eg and is characteristic of Cu(II) octahedral
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Ni(H2BPz2)2 species. 1,10-Phenanthroline strongly
Fig. 3. Proposed structure of (a) Ni(H2BPz2)2A2 and (b)
Ni(H2BPz2)2P (A = Anisidine, P = 1,10-phenanthroline).

complexes [3]. This result most likely indicates the coor-
dination of some DMF molecules to Cu(H2BPz2)2 to
form a six-coordinate complex.

In the UV spectra, very intense CT bands were
observed in the 322–254 nm range. The bands between
322 and 320 nm have been assigned to 2A2u← 2B1g tran-
sitions, and the bands between 270 and 260 nm are due

2 2
to the A2u← B1g transition. These results are in agree-
ment with the observation of Trofimenko and co-workers
[3].
ersity for Science 10 (2016) 70–79

3.2.3.  M(H2BPz2)2D  adducts  (M  =  Co,  Ni  and  Cu;
D =  Lewis  base)

The spectra of the adducts were compared to those
of the corresponding M(H2BPz2)2 complexes (e.g., see
Figs. 2 and 4 for the electronic spectra of Ni(H2BPz2)2
and Ni(H2BPz2)DMP, respectively). The effects of the
solvents on the spectral features of the adducts were
investigated.

3.2.4. Co(H2BPz2)2D
The spectral features of Co(H2BPz2)2DMP in ben-

zene and chloroform are similar to those of the
Co(H2BPz2)2 complex in these solvents. The εmax for
the d–d bands was slightly higher and the intensity of the
CT bands were higher than those of the corresponding
Co(H2PBz2)2 complex. In DMF, the spectral features
of Co(H2BPz2)2DMP are significantly different from
those in other solvents. In addition, the well-resolved
triplet band was reduced to a broad shoulder-like band
at approximately 553 nm.

Because Co(H2BPz2)2DMP in benzene and chlo-
roform retains the characteristic features of a Co(II)
tetrahedral complex, Co(H2BPz2)2DMP most likely
dissociates in these solvents according to the following
equation:

Co(H2BPz2)2DMP →  Co(H2BPz2)2+  DMP.

In DMF, we strongly suspect that a similar dis-
sociation occurs. However, DMF, which is a strong
coordinating solvent, most likely coordinates to the
Co(H2BPz2)2 species to form a six-coordinate complex.

3.2.5. Ni(H2BPz2)2 adducts
The spectral features of Ni(H2BPz2)2A2,

Ni(H2BPz2)2T2 and Ni(H2BPz2)2DMP in the var-
ious solvents (i.e., benzene, chloroform and DMF)
are similar to those of the Ni(H2BPz2) complex.
Ni(H2BPz2)2 behaves rather differently due to a
constant λmax in all of the solvents and very intense
CT bands. The Ni(H2BPz2)2A2, Ni(H2BPz2)2T2 and
Ni(H2BPz2)2DMP adducts are believed to dissociate in
benzene and chloroform to yield Ni(H2BPz)2, which is
a square planar complex. Most likely, these adducts also
dissociate in DMF but still retain a quasi-octahedral
structure by coordinating DMF molecules to the
coordinates to the Ni(H2BPz2)2 complex. The relative
stability of this complex is due to the chelating effect of
the Lewis base.
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Table 4
Electronic absorption spectral data, λmax (nm) and log εmax (M−1 cm−1).

Benzene Chloroform Dimethylformamide

1. CoL2 587(2.67);562(2.74)
502(2.63);280(4.11)

582(2.65);548(2.74)
490(2.53);288(3.68)
242(3.95)

583(sh)(1.81);549(sh)(1.94)
504(1.97);272(3.87)

2. CoL2P 538(sh)a;479(sh)
282(sh)

544(sh)(1.26);484(sh)
(157);263(5.27)

474(sh)(1.85);279(4.23)

3. Col2DMP 586(2.56);551(2.62)
501(2.51);282(4.57)

584(2.47);548(3.55)
500(2.46);268(4.40)

553(2.42);269(4.46)

4. NiL2 468(2.82);280(3.62) 462(1.32);244(3.03) 575(br)(1.04);270(3.71)
5. NiL2A2 466(1.83);303(4.06) 468(1.04);296(3.77)

246(4.22)
582(1.15);310(3.61),266(3.21)

6. NiL2T2 468(1.83);292(3.28) 465(1.85);288(3.49)
248(3.89)

580(1.11);299(3.69),266(3.40)

7. NiL2P 556a,283 556(2.04);268(4.41) 558(0.85);275(4.38)
8. NiL2DMP 462(1.75);282(4.24) 464(1.92);266(4.28) 594(1.37),374(1.56);262(3.59)
9. CuL2 603(sh)(2.27),517(br)

(2.32);320(3.00),279(2.93)
524(br)(1.89);322(5.00)
262(5.16),254(5.23),243(5.28)

603(br)(1.89);271(3.87)

10. CuL2P 504a;280 512(br)(0.93);272(4.60) 608(br)(1.89);269(3.29)
11. CuL2DMP 492(3.19);306(4.01), 276(4.24) 452(3.18);276(3.66) 502(3.57);330(sh)(4.57) 268(4.66)

* Figures in parenthesis are log εmax; a = saturated solution; sh = shoulder; br = broad.

(a) benz

3

C
s
s
r

to the Cu ion occurs.
Fig. 4. Electronic spectra of Ni(H2BPz2)DMP in 

.2.6.  Cu(H2BPz2)2 adducts
Although the d–d bands of Cu(H2BPz2)2P and

u(H BPz ) DMP in benzene and chloroform are
2 2 2
till broad, they are relatively narrower and more
ymmetrical than the d–d band of Cu(H2BPz2)2P in chlo-
oform, which is very broad and unsymmetrical. The
ene, (b) chloroform and (c) dimethylformamide.

adducts most likely dissociate in solution. However, in
coordinating solvents, such as DMF, some coordination

2+
In summary, the octahedral structure of the adducts
in the solid state is destroyed due to dissolution of the
adducts in the solvents.
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M(H2BPz2)2D2→  M(H2BPz2)2+  2D

M(H2BPz2)2D →  M(H2BPz2)2+  D

In less polar solvents (benzene and chloroform),
the 4-coordinate structure of the original complex
(M(H2BPz2)2) is retained. However, in a coordinating
solvent (DMF), some solvent molecules coordinate to
M(H2BPz2)2 to yield an octahedral structure. This result
also indicates that the adducts of 1,10-phenanthroline are
the most stable due to its chelating effect. Although DMP
also has a chelating effect, its effect is reduced due to the
steric factor caused by the CH3 substituent.

4.  Conclusions

The reaction of M(H2BPz2)2 (M = Co(II), Ni(II) or
Cu(II)) with various Lewis bases led to the isolation of
some stable adducts in the solid state. The adducts are
either 1:1 or 1:2 complexes depending on whether the
Lewis base is bidentate or monodentate, respectively.
The reaction of M(H2BPz2)2 with bidentate bases was
faster than its reaction with monodentate bases. The
reaction with bidentate bases results in immediate pre-
cipitates, and the reaction with monodentate bases yields
coloured solutions, which were worked up to obtained
solids that were unstable in most cases.

The order of reactivity of the M(H2BPz2)2 com-
plexes towards Lewis bases was determined to be
Ni(H2BPz2)2 > Cu(H2BPz2)2 > Co(H2BPz2)2. The sol-
vent effects (i.e., benzene, chloroform and DMF) on
the structure of the complexes in solution were stud-
ied. The solvents appear to have minimal effects on the
visible spectra of Co(H2BPz2)2. In non-coordinating sol-
vents, Ni(H2BPz2)2 exhibited the characteristic features
of four-coordinate Ni(II) complexes, and in DMF, the
visible spectrum of Ni(H2BPz2)2 was consistent with
six-coordinate complexes. Similar features were also
observed for the Cu(H2BPz2)2 complexes.

The results indicate that the adducts with 1,10-
phenanthroline are the most stable due to the chelating
effect of the Lewis base. The methyl group of DMP
appears to impose steric effects on its adducts that
lead to less stable adducts compared to those of 1,10-
phenanthroline.
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