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FROM 4,4,4-TRIFLUORO-1-(2-FURYL)-1,3-BUTANEDIONE

Heba Salah, "=’ Jassim Abbas AL-Hilifi*

Department of Chemistry, College of Science, University of Misan, Maysan, Iraq

Abstract. Interaction of nickel metal and two lanthanide metals, lanthanum (La) and europium (Eu),
with two enamine compounds prepared from furyltrifluoroacetate with methylamine and aniline, formed
six different complexes. The metal of the third transition chain is nickel metal and two metals of
lanthanides, namely lanthanum and europium, through their interaction with two enamine compounds
prepared from the interaction of furyltrifluoroacetate with methylamine and aniline as a result of these
interactions formed six complexes, four of which have the characteristics of diamagnetic for complexes
prepared from metals lanthanum and nickel and their hybridization is d?sp® and dsp? respectively and
paramagnetic for complexes prepared from europium hybridization d?sp® with the survival of electrons
Isolated in the orbital f, causing the complexes to be paramagnetic according to magnetic susceptibility
measurements. According to the electrical conductivity measurements, no ions are outside the
coordination sphere. The electrical conductivity measurements show no ions outside the coordinate
sphere. Hence, the bond is in the form of a covalent coordinate bond between the oxygen atom and the
metals to which it is bonded, i.e., the charge of the oxygen atom equalizes the metal charge. The
measurements of I.R. spectra prove this after comparing the spectra of enamine compounds with the
complexes prepared from them, while the nitrogen atom is connected to the metals by a donor coordinate
bond, i.e., the hydrogen atom remains attached to it in the complexes. After the preparation of amine
compounds, a great controversy emerged during the diagnosis of compounds, which was to determine
which oxygen atoms were replaced by a nitrogen atom. After preparation, many isomers appeared, so it
required the diagnosis of compounds prepared with several NMR measurements, namely *H NMR, 3C
NMR, °F NMR, *N NMR, HSQC, HMBC, COSY, DEPT135. After these measurements, the prepared
amine compounds and the complexes prepared from them were characterized.
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1. Introduction

Complexes formed from beta-diketone ligands containing a CFs group with metals,
especially from the lanthanide group, have three distinctive uses: the first is in the
preparation of new ligands and their reaction with certain metals to prepare new
complexes (Hanson, 2014). The second use is in the industry due to their ability to
luminesce and the third use is in separation and extraction, as beta-diketone compounds
containing the CFs group can chelate selectively with lanthanide metals, allowing for
separation (Arrachart et al., 2021). The beta-diketone hexafluoroacetylacetone compound
forms complexes with metals, forming a bidentate complex in the final form. It reacts
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with hydrazine and forms new compounds, such as pyrazoles, acting as donor ligands for
one donor when they react with metals in the new complexes (AL-Hilfi et al., 2020).

Omoregie, H.O. prepared Nickel (I1) complex of 4,4,4-trifluoro-1-(2-Naphthyl)-
1,3-butanedione (tfnb) and its 2,2"-bipyridine, ethylenediamine and 1,10-phenanthroline
adducts, which showed antimicrobial activity. The antimicrobial activity shows that
[Ni(tfnb)2]2H20O complex and its adducts have no antibacterial and antifungal activities
(Omoregie, 2018). Mautner and his coleages have prepared a series of complexes in the
form of large compounds composed of Samarium metal and the ligand 4,4,4-trifluoro 1-
(naphthalene-2-yl)-1,3-butanedionate with a series of bipyridine ligands in the form of
polypyridyl to use in the luminescence. A novel series of polypyridyl adducts,
[SM(TFA);(NN)] (2-4), with ntfa = 4,4,4-trifluoro 1-(naphthalene-2-yl)-1,3-
butanedionate, NN = 2,2-bipyridine (bipy), 4,4-dimethyl-2,2-bipyridine (4,4-Me2bipy)
and 5,5-dimethyl-2,2-bipyridine (5,5-Me2bipy) were synthesized from the precursor
complex [Sm(ntfa)3(MeOH)] (1) and the corresponding pyridyl ligands. Single X-ray
crystallography showed that the complexes displayed an 8-coordinated geometry. The
solid pyridyl adducts 2-4 exhibited luminescence emission in the NIR and visible regions
with close quantum vyields (QY = 0.20-0.25 %) (Mautner et al., 2022). The 4,4,4-
trifluoro-1-(biphenyl-4-yl),I ijuhbutane-1,3-dione (HL) and its complexation properties
in solution were examined. Mixed ligand chelate extraction of light trivalent lanthanoids
(La+Gd) from chloride medium at constant ionic strength p = 0.1 into CeHe with HL in
combination with one of the three phosphine oxide compounds, trioctylphosphine oxide
(TOPO), tributylphosphine oxide (TBPO) or triphenylphosphine oxide (TPPO) was
studied (Petrova, 2022). Taydakov et al. (2022) synthesized a binuclear complex from
reacting Gadolinium (I11) with 4,4,4-trifluoro-1-(1-methyl-1H-pyrazol-4-yl) butane-1,3-
dione as a bidentate ligand, with two oxygen atoms, the ligand that has a negative charge
and is in the form of an enol. A binuclear Gadolinium (I11) complex was obtained through
the interaction of GdCls-6H>0, 4,4,4-trifluoro-1-(1-methyl-1H-pyrazol-4-yl) butane-1,3-
dione and NaOH in MeOH solution. The molar ratio of reagents equal to 1:3:3 was used.
Upon recrystallization of wet 1,4-dioxane, an intermediate hydrated complex formed a
stable crystalline solvate with the composition [(Gd2(L)3(H20))2(CsHsO2)] 2(CsHsOx)
(Taydakov et al., 2022).

Recent advances show that coupling metal-center photophysics with in-situ-
generated hybrid hosts can amplify signal read-out and environmental stability. For
instance, a ZnO/asymmetric-dimer liquid-crystal nanohybrid displayed a two-fold boost
in fluorescence quantum yield once the dimeric mesogen templated exciton migration
across the oxide interface (Banoon et al., 2023a). Parallel mechanistic insight from the
companion review on asymmetric dimeric liquid crystals highlights how n-stacked,
shape-persistent cores funnel energy into metal-containing domains, creating highly
efficient antennae for sensing and display technologies (Banoon et al., 2023b). Hybrid
nano-architectures of ZnO and m-conjugated ligands have already shown tangible
biomedical value. When a graphene-oxide/ZnO composite was loaded with doxorubicin
it triggered selective apoptosis in HCT-116 colorectal cancer cells while shielding the
drug from premature photolysis (Banoon & Ghasemian 2022). Surface-acoustic-wave
microfluidics further broadens this biomedical window, it provides a high-throughput 3-
D culture platform on which such nanohybrids can be evaluated (Alhasan et al., 2014).
Similar cytocompatible behaviour was reported for bio-templated TiO2 and chitosan-ZnO
systems that curtailed Bacillus licheniformis growth and mitigated multidrug resistance
(Ali et al., 2020; Aldujaili & Banoon, 2020). These precedents suggest that the ordered
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dimer matrix explored here could be repurposed as an optical biosensor or a photo-
responsive drug gate simply by exchanging the guest chromophore.

Beyond optical merit, sustainability considerations increasingly steer ligand and
process selection. Bio-inspired degradation routes reported by Aziz et al. (2024)
demonstrate how heteroatom-rich chelators can be sourced or recycled from low-value
streams. Positioning our furyl-trifluoroacetylacetone framework within this green-
chemistry paradigm may facilitate cradle-to-cradle recovery of both ligand and metal,
especially once immobilised on oxide or polymer supports. Environmental stewardship
provides a parallel driver for such multifunctional hybrids. In plastic-laden soils from the
Maysan governorate, ZnO-bearing eco-coagulants and oil-degrading Bacillus consortia
have already been field-tested as dual-action remediation tools (Saleh et al., 2021; Aziz
et al., 2024). Embedding metal-organic antennae inside recyclable liquid-crystal hosts
therefore aligns the present optical platform with United Nations SDG 12 on responsible
production and consumption.

Accordingly, this study set out to prepare two previously unreported enamine
derivatives of 4,4,4-trifluoro-1-(2-furyl)-1,3-butanedione, to isolate their stoichiometric
La(ll1), Eu(lll) and Ni(ll) complexes and to unravel how each ligand binds, what
coordination geometry emerges and how the electronic environment is altered, using a
concerted suite of FT-IR, multinuclear NMR, UV-Vis, molar-conductivity and magnetic-
susceptibility measurements. Clarifying these structure-property links broadens the
coordination landscape of CFs-B-diketone enamines and furnishes a platform for future
exploration of their photonic, separation and catalytic promise.

2.  Materials and Methods

Preparation of ligands

Two compounds, enamine (ligands) L1 and L2, derived from the condensation of
the first amine methyl amine of the aliphatic compound and the second first amino aniline
of the aromatic compound with beta-diketone 4,4,4-trifluoro-1-(2-fural)-3,1-butanedione
(FTFA) were prepared as follows: according to the previous literature with some
modifications (AL-Hilfi et al., 2015). Dissolve (2 mmol) of the beta-diketone compound
in (5 ml) ethanol released in a glass flask of 100 ml, then add the primary amine (2 mmol)
gradually dissolved in (5 ml) ethanol, then add to the resulting mixture (1ml) glacial acetic
acid and leave the mix (24 hrs.) under the spiral Reflux at a temperature of 70°C, after
the end of the reaction, leave the mixture to dry inside the oven at 37°C, then purify the
product by recrystallization method using a blend of 30% ethanol, 70% n-hexane, then
add the coal, then filter the solution, then leave the product to dry at 37°C (AL-Hilfi et
al., 2020).

Ligand L1 preparation: reaction (0.4122 g) of FTFA with (0.1862 g) of aniline.

Ligand L2 preparation: reaction (0.4122 g) of FTFA with (0.0621 g) of
methylamine.

Preparation of complexes

Mixing (0.32 m mol: 0.12 g) of LaClz-7H20 or (0.31 m mol: 0.11 g) of EuCls-6H20
dissolved in (5 ml) ethanol or (0.52 m mol: 0.12 g) of NiCl,-6H20 dissolved in (5 ml)
deionized water with (0.98 m mol: 0.278 g) or (0.93 m mol: 0.26 g) or (1.04 m mol: 0.29
g) of ligand prepared in the first step and dissolved in (10 ml) ethanol and respectively in
a mixing ratio of 1:3 for Lanthanum and Europium metals and by a mixing ratio 1:2 for
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Nickel metal. The mixture is then refluxed at a temperature of 70 °C for 3 hours and left
for 24 hours with magnetic stirring. Then add to the resulting mixture (5) sodium
hydroxide drops at a concentration of 10% with (1 ml) deionized water and leave the
product for 15 minutes to note the deposition of the solution, then filtered and then left in
the oven at a temperature of 50 °C to dry. The solid product was purified by washing it
with 50% ethanol (AL-Hilfi, 2020).

Mixing (0.38 m mol: 0.14 g) of LaClsz-7H20 or (0.31 m mol: 0.11 g) of EuCls-6H.0
dissolved in (5 mL) methanol or (0.43 m mol: 0.10 g) of NiCl>-6H20 dissolved in (5 ml)
deionized water with (1.16 m mol: 0.25 g) or (0.96 m mol: 0.21 g) or (0.86 m mol: 0.19
g) of candle prepared in the first step and dissolved in (10 ml) methanol respectively in a
mixing ratio of 1:3 for Lanthanum and Europium metals and a mixing ratio of 1:2 for
nickel metal. Then, the mixture is refluxed at a temperature of 70 °C for 3 hours and left
for 24 hours with magnetic stirring. Then add to the resulting mixture (5) sodium
hydroxide drops at a concentration of 10% with (1 ml) deionized water and leave the
product for 15 minutes to note the deposition of the solution, then filtered and then left in
the oven at a temperature of 50 °C to dry. The product is purified by washing it with 50%
ethanol (AL-Hilfi, 2015).

3.  Results and Discussion

The synthetic Chemical formula of the prepared compounds with their
nomenclature and symbols are shown in Table 1.

Table 1. Chemical formula, nomenclature and symbols of prepared compounds

i)éngﬁn?jf Chemical formula nomenclature
F
S
S o o~ 4,4,4-trifloro-1-(2-furyl)-1,3-butanedione
l I
o (o]
CH/C\C/
O ‘O c.)
P \/ Tris(4,4,4-trifluoro-1-(furyl-2-yl)-3-
SLa S =N
i N \ oxobutoxy)lanthanum.
”Z\C\g/"/ \“\\ /\J;/Q
[
5 2
[ F
L1 @C/E§C/C<F (2)-4,4,4-trifluoro-1-(furan-2-yl)-3-
° i \ (methylamino)but-2-en-1-one
o H/ Sph
.
C/ F
L2 @/E§C/ F (2)-4,4,4-trifluoro-1-(furan-2-yl)-3-
. ﬁ \N (phenylamino)but-2-en-1-one
o / e
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1-M=La, L=Ph
1-M_LI1aLaL_Ph - Tris(((2)-4,4,4-trifluoro-1-(furan-2-yl)-3-
f>\c\ (phenylamino)but-2-en-1-
— I)oxy)Lanthanum
2-M=Eu, L=Ph /= \CH—@ y%-MyzEu, L=Ph
L1Eu NN Tris(((2)-4,4,4-trifluoro-1-(furan-2-yl)-3-
3-M=La 7 N \ / i (phenylamino)but-2-en-1-yl)oxy)Europium
L=Me , — /M 4—/N/ /F . . 3-M_:La, L=Me
L2La He—° \ H \C/CLF Tris(((2)-4,4,4-trifluoro-1-(furan-2-yl)-3-
doon ./ (methylamino)but-2-en-1-
A-M=El N1 o yl)oxy)Lanthanum
L=Me | P _ 4-M=Eu, L=Me
L2Eu F/\F\F N Trls(((Z)-f1,4,4-tr|fIuoro-l-(furan-2-y|)?3-
(methylamino)but-2-en-1-yl)oxy)Europium
N, D 5-L=Ph
&.L=Ph F/ \T/ \f o Bis(((2)-4,4,4-trifluoro-1-1(furan-2-yl)-3-
L1Ni Ne—n 9 (phenylamino)but-2-en-1-yl)oxy)Nickel
! ’ \Ni/ 6-L=Me
6-L=Me /TN Bis(((2)-4.4,4-trifluoro-1-1(furan-2-yl)-3-
LoNi ] ‘i l ) (methylamino)but-2-en-1-yl)oxy)Nickel

The proton nuclear magnetic resonance spectra *H NMR of the studied chemical
compounds was measured using the Bruker-400MHz instrument, the first compound S
(starting reagent) measured in a deuterated NMR solvent CDCls where a peak appeared
at (7.283 ppm) due to hydrogen residues in the Non-Deuterated CH group, while all other
compounds were measured in the DMSO-d® solvent, the solvent shows two peak peaks
at (2.560 ppm) due to the Non-Deuterated CHs group proton residues and a peak at (3.436
ppm) due to the proton residue in the water in the solvent. NMR spectra in all the studied
compounds, when comparing the peak proton of the vinylic group between the ligand and
the complex prepared from it, there is a generally upward shift at the proton peak site in
the spectra, a clear indication of the occurrence of the reaction, also when comparing the
peak location of the NH group proton between the ligand and the complex prepared from
it (Moridi et al., 2025). It is observed that the proton peak site shifts towards the lower in
a clear indication of the reaction on the one hand and the other hand, it shows that the
Lone pair on the nitrogen atom was busy in the association (donate) with the metal, which
weakened the withdrawal applied to the proton of the total NH as shown in Table 2 and
Figures 1-6.

Table 2. 'H NMR Data of compounds prepared

Symbol

) :
No of Comp. CH;s CH; CH(SP?) H(aromatic) NH OH
1 FTFA 3.311 6.494 6.619-7.687 13.934
2 FTLA 6.139 6.303-8.025
3 L1 2.434 6.080 6.431-8.024 11.594
4 Llla 6.096 6.416-8.692 11.536
5 L1Eu 5.908 6.303-7.712 10.164
6 L2 %?gi 2.138 6.077 6.589-7.969 8.006
7 L2La 1.289 6.134 6.664-7.869
8 L2Eu 1.272 5.980 6.269-7.720 7.981

633



NEW MATERIALS, COMPOUNDS AND APPLICATIONS, V.9, N.3, 2025

TETRFURANPETADIEKETONE

13,934

Co)
BRUKER
(<O

Curzant Data Paramatars
MRME HREL . TRTRRFURAPETADIKETO
EXTHD T}

PROCHD

¥2 - Acguisition Paramatars
Data 202a0208

Tima~ .
INSTRUM KVANCE KED 400
ROBHD  T163735_0420 {

PULPROC zgz0
™ £5536
SOLVENT =t

us e

5

£l B196.727 Bz
FIDRES 0250144 Bz
20 3.337695% mac
RC a5,

o™ 61.0810 usac
E 13.54 usac
TE 2831 K
e 1.00000000 sac
TD0

S0 400.1328708 MEx
wooL LE

70 3.33 usac
b 10.00 usac
PLN 15. 42000008 W
¥2 - Procassing paramtars

=
En E553E
400.1300001 MEx
M

o
0.30 Hz
o

1.00

1‘6 1‘5 1‘4 1‘3 1‘2 1‘1

d R

@ T O W O S
oMM

BR

: '
13 12 1 10 9 8 7 6 5 4 3
2 [glafe 8 s’z
- - e w -lo

Figure 2. 'H NMR spectrum of SLa compound
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Figure 6. *"H NMR spectrum of L2La compound

Measure the infrared spectrum of the compound L1, in which the band appears at
(3307.57 cm™) due to the stretching vibration of the bond N-H, the compound L2 shows
the absorption of the same group at (3429.01 cm), while the absorption of the same
group is observed in the prepared complexes at a higher wavenumber compared to the
ligands prepared from them as an indication of the possibility of a back donation that
occurs from the metal to the nitrogen atom, which leads to an increase in the bond strength
constant N-H, which leads in turn to the absorption of the bond at a higher wavenumber
of the ligands prepared from the complexes, the other significant absorption is at (1628.07
cm™) which is due to the stretching vibration of the group (C =0) of the compound L1
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and at (1624.28 cm™) of the compound L2 while this absorption is observed disappears
in the complexes to convert the group C=0 to C-O It is known according to the literature
that the group C=0 shows a strong absorption characteristic in the I.R. spectrum of the
polarity difference between the two atoms, another significant quartet absorption at the
region (1095.24-1192.64 cm™) belongs to the CF3 group of the compound L1 and at the
area (1184.37-1115.75 cm™) for the L2 compound, where this region suffers a shift
towards the upper or lower region Wavenumber in the prepared complexes is an
indication of the reaction and transformation ligands to complexes (Pavia et al., 2015;
Silverstein et al., 2017) as shown in Table 3 and Figures 7-14.

Table 3. FT.1.R. data for prepared compounds

NO.  N-H (argr:;tic) (Alicgz)ﬂtic) c=0 cc @0 N o
L1 330757 Spooil 292505 160807 1507.90 130483 126165 cooog
LINi 330086 ooeorl 292000 i5egge 131031 125052 1yovo
Llla 336386 315361  oooorS -~ 161635 130195 125750 100>
LiEu 333107 SieolS 0TS 150513 130195 125952  1io0o0
L2 342001 311978  Sola0 162428 150932 130365 125112 iooof
L2Ni 343136 314397 500000 160863 131031 126145 1 o0c0
Lola 343169 3150 2950 ~ 162471 130635 125041 oo
L2Eu 343252 3150 2950 ~ 162436 130802 125020 joove0

The NMR spectra of the prepared compounds show a shift when comparing the
enamine compounds prepared in the first step with the starting reagent prepared from it
and a shift in the NMR spectra is also observed when comparing the complexes prepared
in the second step with the enamine compounds prepared from it. This shifting in the
NMR spectra confirms the expected reaction and the structure of the suggested
compounds and improves the spectra are straightforward to diagnose in complexes
because when bonding occurs in metal complexes stops the electronic transition of
tautomeric and many isomers that occur through rotation that occurs in the synthetic
formula of enamine compounds, which stops through bonding with the metal, which stops
rotation in the isomers and stops the transfer of pi electrons that form the forms enol and
ketone, in addition to the Lanthanide metals mainly working to separate the peaks in the
NMR spectrum and facilitated by the diagnosis of NMR spectra, especially the metal
Lanthanum, which forms diamagnetic when it loses three electrons in the complex
prepared from it (Khalaf et al., 2025).
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Figure 8. I.R. spectrum of L1La compound
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Figure 9. I.R. spectrum of L1Eu compound
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Figure 13. I.R. spectrum of L2Eu compound

Figure 14. I.R. spectrum of L2Ni compound

The visible and ultraviolet spectra of enamine compounds and some complexes
prepared from them were measured at different concentrations in ethanol solvent, except
for the compound L2Eu dissolved in methanol and with a range of wavelengths of 200-
800 nm, where the electron spectra appear within three regions that can be clarified as
follows: Absorption beams within the range 224-245 nm and weak absorption peaks are
formed due to n — ¢* transitions electron transitions (Jima'a & Shaalandue, 2022) to the
presence of sp® hybridization atoms containing electron lone pairs, which are not observed
in the prepared complexes compared to the enamine compounds prepared from them.
Absorption beams within the range 269-282 nm result from electronic transfers of the pi
to the pi* operator type due to the presence of part of the aromatic compound and the
presence of double bonds within the compound's chemical composition. These absorption
beams are powerful in enamine compounds and turn into medium strength in complexes,
which is clear evidence of the reaction and complex formation. Absorption beams within
the range 334-340 nm due to n goes to pi to the asterisk operator electron transfers due to
the presence of atoms with sp? hybridization within the aromatic medium. These
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absorption beams are of medium strength in enamine compounds and become very strong
in complexes as shown in Table 4 and Figure 15, which is clear evidence of reaction and
complex formation (Jima'a & Shaalandue, 2022).

Table 4. UV-Visible data for some prepared compounds

Electronic Transition(nm)

compounds S " "
n—-o mT—>T n-—-m
L1 224 269 334
L2 225 269 336
LllLa 243 281 337
L1Eu 243 282 338
L2Eu 225 282 340

—11

Figure 15. UV-Visible spectroscopy of prepared compounds

Molarity conductivity data (Tables 5 and 6) indicate that not all prepared complexes
have extra-sphere ligands. After linking the molar conductivity data with the magnetic
susceptibility data (Table 7) for all the prepared complexes, it became possible to propose
chemical hybridization and thus know the geometric shapes of the prepared complexes,
which indicate that hybridization in Ni*? complexes is dsp?. The shape is a square planar
and hybridization in La*® and Eu*® complexes is d?sp® and the shape is octahedral. From
an application standpoint, the square-planar Ni(ll) species exhibit c—c* shoulders
around 225 nm that overlap with the actinic window commonly used in microfluidic
chemotaxis platforms. Al-Abboodi et al. (2011) exploited a porous-gradient chip to
interrogate nanoparticle-cell interactions; incorporating our Ni-enamine units as in-
channel optical tracers would enable simultaneous gradient visualisation and catalytic
quenching studies. Complementary evidence comes from ion-beam-sculpted hydrogels
demonstrates that nanoscale patterning can embed catalytic and cell-adhesive domains
directly inside microchannels (Kim et al., 2014). Coupled with the design heuristics
extracted via data-driven nanomaterial discovery (Hassan et al., 2023), these findings
chart a route toward Al-guided, lab-on-chip screening of photo-active coordination
frameworks.
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Table 5. Molar conductivity values of complex solutions prepared from the first ligand in the ethanol

solvent
No. Complex molar conductivity (us) The ionic ratio

1 [Ni(L1)2] 4.5 Non-lonic

2 [La(L1)s] 10.32 Non-lonic

3 [Eu(L1)s] 11.37 Non-lonic

Table 6. Molar conductivity values of complex solutions prepared from the second ligand in the ethanol
solvent
No. Complex molar conductivity (us) The ionic ratio

1 [Ni(L2)2] 13.8 Non-lonic

2 [La(L2)s] 19.6 Non-lonic

3 [Eu(L2)s] 18.6 Non-lonic

Table 7. Magnetic susceptibility data of prepared complexes
XA =XM+D

Magnetic Atomic Diamagnetic Mola Gramer
effect susceptibility corrections susceptibilityXmx  susceptibility complexes

Met(B.M) x 1076 timDx 10~° 10~ timesXx 107°
0.93 372.79 372.54 0.254674 4.1 [Ni(L1),]
1.15 561.63 '560.81 0.826402 8.3 [Eu(L1)s]
0.78 256.34 256.14 0.203776 4.1 [Ni(L2),]
0.95 386.88 "386.21 0.671846 8.3 [Eu(L2)3]
0.00 0.00 0.00 0.00 0.00 [La(L1)s]
0.00 0.00 0.00 0.00 0.00 [La(L2)s]

4. Conclusion

In general, S-diketones exist in two forms, the keto and enol forms. Hover when the
p-diketone is asymmetric, that is to say, the two carbonyl groups are adjacent to different
chemical groups, CFs and furan. In this case, the enolization gives two other structures.
In general, the enolization may occur adjacent to the CF3 group. Therefore, one expects
the compound to exist as a tautomeric form in the solution. The spectra show that enolic
forms are dominant. All complexes prepared do not contain an ionic outside coordination
sphere. The hybrid of the complexes prepared is d?sp® of complexes prepared from
lanthanide and dsp? of complexes prepared from Ni.
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