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RESUMO  
 

As formações complexas em série de níquel (II) ou cobalto (III) com hexafluoroacetilacetona, pirazol, 
3,5-dimetilpirazol e 3,5-bis(trifluorometil)-1H-pirazol foram preparadas. O primeiro passo da reação incluiu a 
síntese do complexo a partir da utilização de hexafluoroacetilacetona como um ligante com Co(III) ou Ni(II) um 
metal, de spin alto com doação de  e forma enol do ligante. O complexo formado foi identificado por FT-IR, 
espectroscopia de ¹H-RMN e cálculo de suscetibilidade magnética.  Considerando que o segundo passo para a 
produção do complexo dependia da mistura de água com pirazol e usando-os como ligantes com Co(III) ou 
Ni(II) um metal, de spin alto com doação e um átomo de nitrogênio aromático é doador do ligante. Na terceira 
etapa, o complexo foi produzido misturando água com 3,5-bis(trifluorometil)-1H-pirazol como ligante com Co(III) 
ou Ni(II) um metal, de spin baixo. A investigação dos complexos preparados e dos ligantes utilizados foi 
realizada comparando os resultados de espectroscopia de ¹H-RMN de FT-IR. Além disso, o cálculo da 
suscetibilidade magnética também foi empregado. Os resultados da espectroscopia de ¹H-RMN e 
suscetibilidade magnética provaram que os complexos produzidos são diamagnéticos, quando o ligante inclui o 
grupo CF3. Ao mesmo tempo, os complexos produzidos são paramagnéticos, quando o ligante não contém o 
grupo CF3, que é formado com a mistura de água e 3,5-dimetilpirazol como ligante, ou água e pirazol como 
ligante, com Co(III) ou Ni(II) como metal. Todos os ligantes nos complexos paramagnéticos possuíam um 
átomo doador e outro o átomo receptor no pirazol que é um átomo de nitrogênio aromático. Portanto, todos os 
complexos de alta rotação preparados não eram evidentes no espectro de ¹H-RMN, porque os picos parecem 
ninhados que, devido ao alto tempo de relaxamento de ¹H-RMN de T1, e a investigação resultou em dois picos 
de atribuição. Esse comportamento é uma atitude para ocorrer o fenômeno da forma cetona e da forma enol 
usando os espectros de ¹H-RMN, e é um acoplamento evidente entre o átomo de hidrogênio ou carbono com 
um átomo de flúor. 
 
Palavras-chave: hexafluoroacetilacetona, complexos de Co(III) e Ni(II), espectros de FT-IR e 1H-RMN. 
  
ABSTRACT  
 

The series complex formation nickel(II) or cobalt(III) 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(III) or Ni(II), metals with high spin 
with  donate and enol-form of the ligand. This formed complex was identified by FT-IR, 1H-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(III) or Ni(II) 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(III) or Ni(II) 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 1H-NMR and FT-IR spectroscopies. Besides, the magnetic susceptibility calculation was also employed. 
The results of 1H-NMR spectroscopy and magnetic susceptibility proved that the produced complexes are 
diamagnetic when the ligand includes the CF3 group. At the same time, the produced complexes are 
paramagnetic, when the ligand without the CF3 group, which is formed the mixture of water and 3,5-
dimethylpyrazole as ligand or water and pyrazole as a ligand with Co(III) or Ni(II)  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 1H-NMR spectrum because the peaks 
appear brood that due to high T1 relaxation 1H-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 1H-NMR 
spectra, and its an evident assignment coupling between hydrogen or carbon atom with a fluorine atom.     
 
Keywords: hexafluoroacetylacetone, complexes Co(III) Ni(II), FT-IR, and 1H-NMR spectra.  
 

 الملخص:
 
بس(تراي  -3،5ثنائي مثیل بیرازول، و -3،5 و ) مع ھكسوفلورواسیتایل اسیتون، والبیرازول،III) أو الكوبلت (IIضرت سلسلة من معقدات النیكل(حُ  

) أو IIIالاولى تحضیر المعقد بإستخدام اللیكاند ھكسوفلورواسیتایل اسیتون مع فلز الكوبلت ( التفاعل خطوةالبیرازول. تضمنت - ھیدروجین-1-)فلورومثیل
نة بوساطة  )، حیث یكون سلوك اللیكاند عالي البرم ومانح لمزدوجین الكترونین (ثنائي المنح) وعلى شكل اینول فورم. شُخصت المعقدات المتكوIIالنیكل(

على استخدام مزیج  بالأعتمادالثانیة، تحضیر معقد  التفاعل وحسابات الحساسیة المغناطیسیة. بینما تضمنت الخطوة NMR -H1مطیافیة  و IR-FTمطیافیة 
تكون فیھ  ولیكاند اخر مانح لزوج إلكترونيتحوي لیكاند اذ تكون الفلزات عالیة البرم و)، II( ) أو النیكلIIIكلكاندات مع فلز الكوبلت (البیرازول  من الماء و

 - ھیدروجین-1-بس(تراي فلورومثیل) -3،5الخطوة الثالثة، حُضرت المعقدات من مزیج متكون من تفاعل الماء و  في .الاروماتیةیتروجین الذرة المانحة ذرة الن
المعقدات المحضرة من اللیكاندات المستخدمة عن طریق مقارنة النتائج  ھذه تشخیص. تم البرم ئة) واطII) أو النیكل(IIIبیرازول كالیكاندات مع فلز الكوبلت (

 NMR- H1مطیافیة نتائج  برھنت الحساسیة المغناطیسیة لھم.  استخدمت حسابات. بالإضافة الى ذلك فقد IR-FT مطیافیةو NMR-H1بوساطة مطیافیة 
 الناتجة المعقدات تكون بینما ،3CFواطيء البرم)، عندما یحوي اللیكاند على مجموعة  الفلز( مغناطیسیةالمعقدات المتكونة ھي دایا  بأن المغنایسیة والحساسیة

-ھیدروجین-1-بس(تراي فلورومثیل) -،53 وتتكون من مزیج من الماء  والتي ،3CF(الفلز عالي البرم)، عندما لا یحوي اللیكاند على مجموعة  مغنایسیة بارا
تكون جمیع اللیكاندات في المعقدات البارامغناطیسیة مانحة لمزدوج  ).II( ) أو النیكلIIIمن الماء والبایروزول مع فلز الكوبلت ( او لیكاند كلكناد البیرازول
. لذلك تكون جمیع المعقدات عالیة البرم المحضرة غیر واضحة في ذرة النیتروجین الاروماتیة ھي الذرة المانحة فأنالبایرازول في  الاخر، وواحدإلكتروني 

زي ھذا . عُ وشُخصت اشارتین مھمة، عزى لزمن الاسترخاء السریع للبروتونات في الرنین النووي المغناطیسيتُ والتي  عریضة حزم لظھور ،NMR-H1طیف 
ازدواج ممیز لذرة الھیدروجین او ذرة الكاربون مع ذرة ، والتي اعطت  NMR -H1اطیاف  ستخدام فورم بإ الى حدوث ظاھرة الكیتون فورم والاینول السلوك
  الفلور. 

 
 

 .NMR -H1مطیافیة  و IR-FTمطیافیة )، II() النیكلIIIاسیتون، معقدات الكوبلت ( ھكسوفلورواسیتایلالكلمات المفتاحیة: 
  
 
1. INTRODUCTION    
 

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 𝛽-
diketone derivatives in which two CF3 groups 
substituted R1 and R2 𝛽-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 
CF3 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 

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 CCl4, 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). 
In the case of unsymmetrically-substituted β-
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 β-diketone depends on the 
substituents. Because of the presence of the two 
carbonyl groups, the proton on the α-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 β-dicarbonyl compounds are 1H-
NMR, FT-IR, and U.V. spectrophotometry. 
Nevertheless, the most power-full method is 1H-
NMR. β-diketone and their metal complexes have 
several applications in different fields. The rare-
earth β-diketones are used as 1H-NMR shift 
reagents (Morrill, 1986; Hinckley, 1969). 
Ketoamines and their metal(II) 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). β-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(III) and the bis  (hexafluoroacetylacetone) 
nickel(II)  as first reaction step 

     The tris(hexafluoroacetylacetone)cobalt(III) or 
bis(hexafluoroacetylacetone)nickel(II) 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)2.4H2O or (43.92 mg, 0.1765 
mmol) from Ni(CH3COOH)2.4H2O  were dissolved 
in 5 mL ethanol and 1 mL acetic acid,and then 
added to the hexafluoroacetylacetone (73.5 mg, 
0.353 mmol). The suggested structure of the 
product is shown in Figure 3. It was confirmed by 
FT-IR, 1H-NMR spectroscopy, and magnetic 
susceptibility calculated.  
 
2.2 preparation  of  triaqua tripyrazole cobalt(III) or 
diaqua dipyrazole nickel(II)  as second reaction 
step 

     The triaquatripyrazolecobalt(III) or 
diaquadipyrazolenickel(II) 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)2.4H2O  or 
Ni(CH3COOH)2.4H2O  (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(II) as the third reaction step 

     The diaquabis(hexafluoroacetylacetone) 
nickel(II) 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)2.4H2O  or Ni(CH3COOH)2.4H2O  
(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, 1H-NMR 
spectroscopy, and the magnetic susceptibility 
was calculated.  

 

3. RESULTS AND DISCUSSION:  
       The 1H-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 CH2 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 sp3d2 and sp3 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 d2sp3 and dsp2 respectively. The 13C-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 CH2 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 CH2 
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 1H-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 ¹H-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(II) was 
successfully prepared by the analysis of the 
positions of the peaks (Silverstein and Bassler, 

1962; Nakamoto, 1970; CHACÓN et al., 2018; 
Santorum et al., 2018). The shift in the peaks in 
Table 5 is proven that the complex with Ni(II)  
was prepared from 3,5-bis(trifluoromethyl)-1H-
pyrazole as a ligand with nickel(II) (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 sp3d2. The prepared complexes 
were  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 dsp2, and whereas the complex 
formed from cobalt as a metal whose 
hybridization was d2sp3.  

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(II), were successfully 
synthesized. 
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Table 1. 1H-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 CH2 moiety 2.055 2.397 

 
 

Table 2. 13C 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 

group 
Multi peak around at 94.00 Two peaks at 94.337-94.770 

carbon CH2 group Three peaks at 26.288-
30.435-35.144 

33.065 

Carbon C=O group Two peaks at 159.147-
159.656 

Two peaks at 148.255-207-
418 

 
 

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

Assigned protons Chemical Shifts of 
pyrazole 

Chemical Shifts of 
complex number 1 

Chemical Shifts 
of complex 
number 2 

Proton number 8  6.369 4.007 3.992 
Protons number 7 

and 9 
7.657 4.722 4.676 

Proton number 6 12.3 Brood; disappeared 7.335 

 
 
Table 4. 1H-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 
proton(triplet peak)  

6.867,7.038,7.208 7.473 

The proton of the NH 
group 

8.389 10.34 
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Table 5. FT-IR bands in cm-1 of hexafluoroacetylacetone, 3,5-trimethylpyrazole, and 
complex from 3,5-bis(trifluoromethyl)-1H-pyrazole as a ligand with nickel as a metal. 

functional group 
names assigned 

FT-IR bands of 
hexafluoroacetylacetone 

FT-IR bands of 
pyrazole 

FT-IR bands of 
complex  

𝝑(C-F) stretching 
(strong peak)  

1138.11-1178.55 - 1136.11 

𝝑(C-N) stretching 
(strong peak) 

- 1305.85 1242.20 

𝝑(C=O) stretching  Brood band at 1650 - - 
𝝑(N-H) stretching 

(strong peak) 
- 3200.01 Brood band at 

3400.62 
 

 

  
 
 

 
 
 
 

 
 
 
 

 
 
 
 

(Eq. 1) 

(Eq. 2) 

(Eq. 3) 

(Eq. 4) 
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Figure 1. 1H NMR spectrum of a hexafluoroacetylacetone. 

 
 

 
Figure 2. 13C-NMR spectrum of a hexafluoroacetylacetone with three spectra 

expands it. 
 
 



Periódico Tchê Química.  ISSN 2179-0302. (2020); vol.17 (n°34) 
Downloaded from www.periodico.tchequimica.com 

                                                     764 

 
Figure 3. 1H-NMR spectrum of complex prepared from hexafluoroacetylacetone as a 

ligand and nickel as a metal. 
 
 
 

 

 
Figure 4.  1H-NMR spectrum of pyrazole (Clark, 2010) 
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Figure 5. DNMR spectrum of pyrazole (Clark, 2010) 

 
 

 
Figure 6. 1H-NMR spectrum of complex prepared from pyrazole as a ligand and 

nickel as a metal. 
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Figure 7. 1H-NMR spectrum of complex prepared from pyrazole as a ligand and 

cobalt as a metal. 
 
 

 

 
Figure 8. 1H- NMR spectrum of 3,5-bis(trifluoromethyl)-1H-pyrazole with 

expansion region at 6.5-8.5 ppm. 
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Figure 9. 1H-NMR spectrum of complex prepared from 3,5 bis(trifluoromethyl)-1H-

pyrazole as a ligand and nickel as a metal. 
 
 

 
 

Figure 10. 13C-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 11. The FT-IR spectrum of hexafluoroacetylacetone. 

  
 

 
Figure 12. The FT-IR spectrum of 3,5-dimethylpyrazole. 

  
 

 
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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