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RESUMO

As formagbes complexas em série de niquel (II) ou cobalto (lll) com hexafluoroacetilacetona, pirazol,
3,5-dimetilpirazol e 3,5-bis(trifluorometil)-1H-pirazol foram preparadas. O primeiro passo da reagao incluiu a
sintese do complexo a partir da utilizacdo de hexafluoroacetilacetona como um ligante com Co(lll) ou Ni(ll) um
metal, de spin alto com doagéo de n e forma enol do ligante. O complexo formado foi identificado por FT-IR,
espectroscopia de 'H-RMN e calculo de suscetibilidade magnética. Considerando que o segundo passo para a
produgédo do complexo dependia da mistura de agua com pirazol e usando-os como ligantes com Co(lll) ou
Ni(Il) um metal, de spin alto com doagédo e um atomo de nitrogénio aromatico é doador do ligante. Na terceira
etapa, o complexo foi produzido misturando dgua com 3,5-bis(trifluorometil)-1H-pirazol como ligante com Co(lll)
ou Ni(ll) um metal, de spin baixo. A investigacdo dos complexos preparados e dos ligantes utilizados foi
realizada comparando os resultados de espectroscopia de 'H-RMN de FT-IR. Além disso, o calculo da
suscetibilidade magnética também foi empregado. Os resultados da espectroscopia de 'H-RMN e
suscetibilidade magnética provaram que os complexos produzidos sao diamagnéticos, quando o ligante inclui o
grupo CFs. Ao mesmo tempo, os complexos produzidos s&o paramagnéticos, quando o ligante ndo contém o
grupo CF3s, que é formado com a mistura de agua e 3,5-dimetilpirazol como ligante, ou agua e pirazol como
ligante, com Co(lll) ou Ni(ll) como metal. Todos os ligantes nos complexos paramagnéticos possuiam um
atomo doador e outro o atomo receptor no pirazol que € um atomo de nitrogénio aromatico. Portanto, todos os
complexos de alta rotagédo preparados néo eram evidentes no espectro de "H-RMN, porque os picos parecem
ninhados que, devido ao alto tempo de relaxamento de 'H-RMN de T4, e a investigagédo resultou em dois picos
de atribuicdo. Esse comportamento € uma atitude para ocorrer o fendbmeno da forma cetona e da forma enol
usando os espectros de 'H-RMN, e é um acoplamento evidente entre o atomo de hidrogénio ou carbono com
um atomo de fluor.

Palavras-chave: hexafluoroacetilacetona, complexos de Co(lll) e Ni(ll), espectros de FT-IR e "H-RMN.
ABSTRACT

The series complex formation nickel(ll) or cobalt(lll) with hexafluoroacetylacetone, pyrazole, 3,5-
dimethylpyrazole, and 3,5-bis(trifluoromethyl)-1H-pyrazole were prepared. The first reaction step included the
synthesis of the complex using hexafluoroacetylacetone as a ligand with Co(lll) or Ni(ll), metals with high spin
with © donate and enol-form of the ligand. This formed complex was identified by FT-IR, '"H-NMR spectroscopy,
and magnetic susceptibility calculation. Whereas, the second reaction step to produce the complex depended
upon mixing water and pyrazole and using it as ligands with Co(lll) or Ni(ll) a metal, which is a high spin with
one donate and the another is aromatic nitrogen atom in a ligand. In the third reaction step, the complexes were
produced by mixing water with 3,5-bis(trifluoromethyl)-1H-pyrazole as a ligand with Co(lll) or Ni(ll) as low spin
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metal. The analysis of these prepared complexes and their used ligands were done by comparing the results
using 'H-NMR and FT-IR spectroscopies. Besides, the magnetic susceptibility calculation was also employed.
The results of "H-NMR spectroscopy and magnetic susceptibility proved that the produced complexes are
diamagnetic when the ligand includes the CFs group. At the same time, the produced complexes are
paramagnetic, when the ligand without the CFs group, which is formed the mixture of water and 3,5-
dimethylpyrazole as ligand or water and pyrazole as a ligand with Co(lll) or Ni(ll) as metal. All the ligands in the
paramagnetic complexes were one donate, and another the donated atom in pyrazol is an aromatic nitrogen
atom. Therefore all prepared high spin complexes were not evident in the "H-NMR spectrum because the peaks
appear brood that due to high T1 relaxation 'H-NMR time, and the investigation turned out two assignment
peaks. This behavior is an attitude to happen the ketone form and enol form phenomenon by using 'H-NMR
spectra, and its an evident assignment coupling between hydrogen or carbon atom with a fluorine atom.

Keywords: hexafluoroacetylacetone, complexes Co(lll) Ni(ll), FT-IR, and "H-NMR spectra.
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1. INTRODUCTION the molecules of dibenzoylmethane are in the
enol form. For their compounds, the lower the
polarity of the solvent, the higher is the
percentage of the enol form. In CCls, 94% of the
acetylacetone molecules are present in the enol
form, whereas, in acetonitrile, this value is
reduced to 36%. The amount of enol form
decreases with increasing temperatures. As the
degree of enolization increases, the acidity of the

enol proton decreases (Hammond et al., 1959).

Hexafluoroacetylacetone was used as a
chelating agent in this work. It has been widely
used as a chelating agent for the determination of
neptunium and plutonium and the extraction of
lanthanides and actinides. The IUPAC name of
hexafluoroacetylacetone is 1,1,1,5,5,5-
hexafluoro-2,4-pentanedione. It was one of the 8-
diketone derivatives in which two CF3; groups

substituted R1 and R: pB-diketone ligands have
been extensively studied in coordination as well
as organometallic chemistry for several decades
and are the precursors for various heterocyclic
compounds such as pyrazole and imidazole. The
presence of electron-withdrawing groups, such as
CF3s groups, favors the enol form (Burdett and
Rogers, 1964). When four or more fluorine atoms
are present in the molecule, the enolization is
complete (Pashkevich et al., 1981). For instance,
100% of the molecules of
hexafluoroacetylacetone are in the enol form.
Also, phenyl groups favor the enol form (Reid
J.C, Calvin, 1950). It was already about 100% of

In the case of unsymmetrically-substituted -
diketones, two different enol forms are possible
(Lowe Jr. and Ferguson, 1965). It has been
shown that benzoylacetylacetones (with different
substituents in the para-position of the phenyl
group) are enolized towards the phenyl group.
The acidity of the B-diketone depends on the
substituents. Because of the presence of the two
carbonyl groups, the proton on the a-carbon is
quite acidic, and relatively weak bases can

remove it. However, by compulsion of
acetylacetone and benzoylacetone, the
enolization is accessed towards the phenyl

group, but in the flour acetylacetone, it accesses
the CF3; group. In general, the techniques that
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can be used in studying the enolization and
tautomerism in B-dicarbonyl compounds are 'H-
NMR, FT-IR, and U.V. spectrophotometry.
Nevertheless, the most power-full method is 'H-
NMR. B-diketone and their metal complexes have
several applications in different fields. The rare-
earth B-diketones are used as 'H-NMR shift
reagents (Morrill, 1986; Hinckley, 1969).
Ketoamines and their metal(ll) complexes
continue to attract attention because of their
unique catalytic and coordination properties
(Schrock et al., 1999; Graf et al., 1999; Guérin et
al., 1998; Stabnikov et al., 2003; Baidina et al.,
2004a; Baidina et al., 2003). B-diketones can be
used, e.g., for the preparation of ketoimines (by
condensation with amines), thioketones, and
various heterocyclic compounds (e.g., pyrimidine
derivatives ) (Baidina, 2004b).

2. MATERIALS AND METHODS

2.1 preparation of tris(hexafluoroacetylacetone)
cobalt(lll) and the bis (hexafluoroacetylacetone)
nickel(ll) as first reaction step

The tris(hexafluoroacetylacetone)cobalt(lll) or
bis(hexafluoroacetylacetone)nickel(ll) were
prepared as in the Equation 1 according to the
literature with changed in precursor materials
(Sharma et al., 2003; Woods et al., 2004). It was
altered the amount of reactants and reflux times.
Exactly (29.317 mg, 0.1177 mmol) from
Co(CH3COOH)2.4H,O or (43.92 mg, 0.1765
mmol) from Ni(CHzCOOH)..4H,O were dissolved
in 5 mL ethanol and 1 mL acetic acid,and then
added to the hexafluoroacetylacetone (73.5 mag,
0.353 mmol). The suggested structure of the
product is shown in Figure 3. It was confirmed by
FT-IR, 'H-NMR spectroscopy, and magnetic
susceptibility calculated.

2.2 preparation of triaqua tripyrazole cobalt(lll) or
diaqua dipyrazole nickel(ll) as second reaction
step

The triaquatripyrazolecobalt(l1l) or
diaquadipyrazolenickel(ll) were prepared as in
the Equation 2 according to the literature with
changed in precursor materials (Sharma et al.,
2003; Woods et al., 2004), amount of reactants,
and reflux times. Co(CH3COOH)2.4H.O or
Ni(CH3COOH),.4H,O (165.74 mg, 0.66 mmol or
248.86 mg, 1 mmol respectively) in 14 mL
ethanol was added to the pyrazole (136 mg, 2
mmol). The suggested structure of the product is
presented in Figures 5 and 6. The structure was
confirmed by FT-IR spectroscopy, and the

magnetic susceptibility was calculated.

2.3 Preparation of 3,5-bis(trifluoromethyl)-1H-
pyrazole

The compound was prepared as in Equation
3, according to the literature with changes in the
precursor materials (Clark, 2010; Al-Mathkuri et
al., 2018), amount of reactants, rate of solvents,
and reflux times. Hexafluoroacetylacetone
(780.22 mg, 3.75 mmol) in 14 mL ethanol,
toluene, and THF were added to the hydrazine
(120.19 mg, 3.75 mmol). The suggested structure
of the product is shown in Figure 8. It was
confirmed by FT-IR. spectroscopy and the
magnetic susceptibility was calculated.

2.4 Preparation of the diaquabis(hexafluoroacetyl
acetone) nickel(ll) as the third reaction step

The diaquabis(hexafluoroacetylacetone)
nickel(ll) was prepared in Equation 4 according to
the literature with a change in the precursor
materials (Sharma et al., 2003; Woods et al,
2004), amount of reactions, and reflux times.
Co(CH3COOH)2.4H,O  or Ni(CH3COOH),.4H.0
(83.43 mg, 0.335 mmol or 483.86 mg, 1.944
mmol respectively) in 15 mL ethanol was added
to the 3,5-bis(trifluoromethyl)-1H-pyrazole or 3,5-
methylpyrazole (338.0 mg, 1.6598 mmol or 560
mg, 5.833 mmol respectively). One suggests that
the structure of the product is shown in Figure 8.
It was confirmed by FT-IR, 'H-NMR
spectroscopy, and the magnetic susceptibility
was calculated.

3. RESULTS AND DISCUSSION:

The "H-NMR spectrum of a
hexafluoroacetylacetone sample is shown in
Figure 1. The spectrum in DMSO as a solvent at
0 °C using TMS as an internal reference. The
appearance of the single peak (significant peak)
at 6.480 ppm was assigned to a vinylic proton,
the peak at 2.055 ppm attribute to a CH; keto-
form, the peak at 10.868 ppm attributed to a OH
enol-form (Al-Hilfi et at., 2019).

All  prepared complexes were magnetic
susceptibility to figure out the physics of the
magnetic behavior, and the results were
paramagnetic of all prepared complexes from
pyrazole and 3,5-dimethylpyrazole as ligands

while it was diamagnetic of all prepared
complexes  from  3,5-bis(trifluoromethyl)-1H-
pyrazole, therefore the hybridization of the

prepared complexes from pyrazole and 3,5-
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dimethylpyrazole as ligands with Co or Ni as a
metal was sp3d? and sp®respectively, while it is of
prepared complexes from 3,5-bis(trifluoromethyl)-
1H-pyrazole as a ligand with Co or Ni as a metal
was d?sp® and dsp? respectively. The '*C-NMR
spectrum of a hexafluoroacetylacetone sample is
shown in Figure 2. The spectrum of
hexafluoroacetylacetone in DMSO as a solvent at
0 °C with the using TMS as the internal
reference. The spectrum shown three peaks
(because coupling with fluoride) at range 26.288-
35.144 ppm assigned to CH; ketone-form, multi
peaks (because coupling with fluoride) at range
91.704-95.238 attributed to CH enol-form, carbon
of CH enol-form splitting more than carbon of CH>
keto-form with fluoride are because enol-form is
resonance system more than is resonance
system keto-form, and enol-form is two forms a
structure of hexafluoroacetylacetone, while one
form is keto-form. Multi peak around at 124 ppm
attributed to CF3; groups, multi peaks around at
159 ppm assigned to carbonyl groups. Figures 1
and 2, respectively, confirm the ligand of the
starting material. At Tables 1 and 2, some
spectral data of the starting material ligand and
its complex (Walmsley and Walmsley, 2005;
Pavia et al., 2009).

At Figure 4, the "H-NMR spectrum of the
pyrazole sample, the spectrum appeared triplet
peak at 6.369 ppm due to proton number 8,
doublet peak at 7.657 ppm assigned to protons
number 7 and 9, whereas proton of NH group
disappeared because tautomerism between two
nitrogen atoms while its appeared in spectra 6
and 7 of two complexes prepared from pyrazole
as a ligand with nickel or cobalt as a metal
respectively, and appeared shifting in complexes
spectra in Table 3. Table 3 appears different
between ligand with complexes more than Table
1 may be attributed to the lone pair donor of the
nitrogen atom in aromatic while in Table 1 was
aliphatic. Therefore it may be assigned to the
aromatic system deflect, and the "H-NMR spectra
of complexes were high resolution of protons
coupling may because of shift reagent of metals
(Pavia et al., 2009). At Table 4, appears triplet
peak at 6.867, 7.038, 7.208 ppm because of the
coupling between the proton with fluoride
attributed to the aromatic proton of pyrazole while
its peak appears brood peak at 7.473 ppm in the
complex.

The results in Figures (11-13) and Table 5
revealed that the complex of  3,5-
bis(trifluoromethyl)-1H-pyrazole with Ni(ll) was
successfully prepared by the analysis of the
positions of the peaks (Silverstein and Bassler,

1962; Nakamoto, 1970; CHACON et al., 2018;
Santorum et al., 2018). The shift in the peaks in
Table 5 is proven that the complex with Ni(ll)
was prepared from 3,5-bis(trifluoromethyl)-1H-
pyrazole as a ligand with nickel(ll) (Silverstein
and Bassler, 1962; Nakamoto, 1970).

4. CONCLUSIONS:

In the first reaction step, the prepared
complexes were paramagnetic. Hence the
complex formed from nickel as a metal whose
hybridization was sp3, and whereas the complex
formed from cobalt as a metal whose
hybridization was sp3d?. The prepared complexes
were n donating, their two bonds between the
ligand and the transition metal are one bond
covalent a charge, and two bonds donate.

In the second reaction step, the prepared
complexes were paramagnetic. Hence the
complex formed from nickel as a metal whose
hybridization was sp3, and whereas the complex
formed from cobalt as a metal whose
hybridization was sp3d2. The prepared complexes
contained from one donate ligand and another
donated ligand (one bond donated for
neutralizing the metal) between the ligand and
the transition metal.

In the third reaction step, the prepared
complexes were diamagnetic. Hence the complex
formed from nickel as a metal whose
hybridization was dsp?, and whereas the complex
formed from cobalt as a metal whose
hybridization was d?sp3.

The prepared complexes consisted of one
donate ligand and another donated ligand (one
bond donate as neutral of metal) between the
ligand and the transition metal.

The FT-IR spectra indicated that the
complex between 3,5-bis(trifluoromethyl)-1H-
pyrazole and  Ni(ll), were successfully
synthesized.
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Table 1. "H-NMR chemical shifts in ppm of hexafluoroacetylacetone and complex
from hexafluoroacetylacetone as a ligand with cobalt as a metal (Pavia et al., 2009)

Assigned protons Chemical Shifts of ligand Chemical Shifts of
complex
Vinyl proton 6.48 7.176
Proton CH: moiety 2.055 2.397

Table 2. '3C NMR chemical shifts in ppm of hexafluoroacetylacetone and complex
from hexafluoroacetylacetone as a ligand with cobalt as a metal (Walmsley and
Walmsley, 2005)

Assigned carbons Chemical Shifts of ligand  Chemical Shifts of complex
The carbon of the CH Multi peak around at 94.00 Two peaks at 94.337-94.770
group
carbon CH: group Three peaks at 26.288- 33.065
30.435-35.144
Carbon C=0 group Two peaks at 159.147- Two peaks at 148.255-207-
159.656 418

Table 3. "H-NMR chemical shifts, in ppm, of pyrazole and complex from pyrazole as
a ligand with nickel as a metal (humber 1) or cobalt as a metal (humber 2).

Assigned protons Chemical Shifts of Chemical Shifts of Chemical Shifts

pyrazole complex number 1 of complex
number 2
Proton number 8 6.369 4.007 3.992
Protons number 7 7.657 4,722 4.676
and 9
Proton number 6 12.3 Brood; disappeared 7.335

Table 4. "H-NMR chemical shifts, in ppm, of 3,5-bis(trifluoromethyl)-1H-pyrazole and
complex from 3,5-bis(trifluoromethyl)-1H-pyrazole as a ligand with nickel as a metal.

Assigned protons Chemical Shifts of pyrazole Chemical Shifts of
complex
Aromatic 6.867,7.038,7.208 7.473
proton(triplet peak)
The proton of the NH 8.389 10.34
group
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Table 5. FT-IR bands in cm™ of hexafluoroacetylacetone, 3,5-trimethylpyrazole, and
complex from 3,5-bis(trifluoromethyl)-1H-pyrazole as a ligand with nickel as a metal.

functional group FT-IR bands of FT-IR bands of  FT-IR bands of

names assigned hexafluoroacetylacetone pyrazole complex

J(C-F) stretching 1138.11-1178.55 - 1136.11
(strong peak)

J(C-N) stretching - 1305.85 1242.20

(strong peak)
9(C=0) stretching Brood band at 1650 - -

Y(N-H) stretching - 3200.01 Brood band at
(strong peak) 3400.62
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Figure 1. '"H NMR spectrum of a hexafluoroacetylacetone.
Al Dr_Jasses
& RARRECIIZSNCCORIAIIRGRHATES
N N
Rkl P ' A
e a0 =5 = ok %, im0 o 0 e

21078

2. 552

1,502
1.88605

Currart Bans Far s lers

i [Ty
£l wur
P 1

FE = Bcomiiif ion Persssters
Sude SRS
R 19,23
TR

R |
PRI N e b
PROE:

Sl i

] Rl

[Pt -

bt L]

o ¥

by R e

F iy bR

a3 B ASAme wel

et oE

b B 388 e

Ed 50 wiet

L 3036 N

i B SrabinG meei
saman CHEMWIL Fi =sssasss

i

(4} 0, D8 g

L . -

L] b MBLL BT

FE = sty et paiery

5r ATea

w Ll ]

o -

= L]

1] o

W L]

= Bgs

A ol bt et e

£a 958 o=
(1] 15,58 =
Fap 6. 800 o
L) DO | W r
g &, 303 pya
g -4, B4 Wi
T B 4% ppaite
i 1 B #

Surreni Cwin Parssdters

iy wawran
] o
PRoC [
P2 - b A0 B0 P tery
nats, e
Tisa 1933
] L]
OO S e gL ]
L e
[ aren
] e
i 134

P2 - PRELENrD pAreaTtars

51 s
¥ S HITHE Wy
o= -

s °

. 102

. [

=3 bak

D e pled paramters

= .00 e

o .80 o
e 215000 pos
iy Ty
rp -4 o0

"’ -ATE
el 1, Do00D e
alen AN LA HEFOR

Figure 2. 3C-NMR spectrum of a hexafluoroacetylacetone with three spectra
expands it.
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Figure 3. "H-NMR spectrum of complex prepared from hexafluoroacetylacetone as a
ligand and nickel as a metal.
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Figure 5. DNMR spectrum of pyrazole (Clark, 2010)
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Figure 6. "H-NMR spectrum of complex prepared from pyrazole as a ligand and

nickel as a metal.
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Figure 7. "H-NMR spectrum of complex prepared from pyrazole as a ligand and

cobalt as a metal.
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Figure 8. '"H- NMR spectrum of 3,5-bis(trifluoromethyl)-1H-pyrazole with

expansion region at 6.5-8.5 ppm.
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Figure 9. '"H-NMR spectrum of complex prepared from 3,5 bis(trifluoromethyl)-1H-
pyrazole as a ligand and nickel as a metal.
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Figure 10. *C-NMR spectrum of complex prepared from 3,5-bis(trifluoromethyl)-1H-
pyrazole as a ligand and nickel as a metal.

Periddico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°34)
Downloaded from www.periodico.tchequimica.com
767



105
S
wid TN T T T T
90—; % :
75— 2 iwﬁﬁfkf
3 ==
E'-CI—_
. @] @]
GS: i
4 F:3(: c:F:g [
30 !
s000 2so0 3200 2800 2400 2000 = 1800 1ebo © T i4bo | ‘o0
A 1em
Figure 11. The FT-IR spectrum of hexafluoroacetylacetone.
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Figure 12. The FT-IR spectrum of 3,5-dimethylpyrazole.
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Figure 13. FT-IR spectrum of complex prepared from 3,5-bis(trifluoromethyl)-
1H-pyrazole as a ligand and nickel as a metal.
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