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Electroorganic synthesis of the metal chelates of a novel ligand: Acetylacetone
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Chelated coordination compounds of Cu and Zn were synthesized by electrolyzing the aqueous solution of acetone, metha-
nol, ammonia and ligand (acetylacetone) at sacrificial Cu/Zn anode and inert platinum cathode. Gram quantities of complex
can be produced in a few hours. Electrochemical synthesis of complexes formulating M,L,.(H,0),, and ML, where (M = Cu,
Zn), L = acetylacetone were synthesized. The structural features of these complexes are characterized by elemental analy-
sis, infrared spectral data, atomic absorption spectroscopy and thermal spectral data.
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Introduction

Electroorganic synthesis is an organic chemical reaction
which are taking place in electrolytic cells by the passage of
electric current. Electrosynthesis presents many advantages
over classical routes such as high efficiency, lower prices of
metals and high reactivity of product. This new method al-
lows sustainable and green production of organic complexes.
Electrons are universal chemical reagent which are inher-
ently cheaper and cleaner than corresponding chemical oxi-
dizing or reducing agents since the absence of spent reagents
circumvents many problems associated with purification, re-
cycle and waste treatment.

Acetylacetone (2,4-pentanedione) (Fig. 1) is a diketone
compound with the empirical formula C5HgO. It is a clear,
colorless to light yellow liquid ketone with a pleasant odor. It
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is miscible in water, benzene, chloroform, ether, acetone,
ethyl acetate and acetic acid". Acetylacetone have specific
properties due to their structure (the presence of two carbo-
nyl groups separated with one carbon atom). Their crucial
feature is keto-enol tautomerism, the presence of the ketone
and the enol forms in equilibrium (Scheme 1).
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Scheme 1

The equilibrium is strongly shifted towards the enol form
due to the formation resonance structure as a six-membered
ring. The capacity to form stable complexes with most met-
als is a direct consequence of the occurrence of such com-
pounds in the enol form?3,

Zinc acetylacetonate complex is an effective component
of a silver anti-tarnish agent?. It is also used in synthesis of
CZTSSe (copper acetate zinc acetylacetonate tin acetate
elemental sulphur and oleylamine) nanocrystals which is used
in thin films of solar cells®. The atomic layer deposition using
the Cu(acac), (acac = acetylacetonate) precursor was stud-
ied by atomistic mechanism®.

Electrochemical cell involves two separate electrode pro-
cesses occurs simultaneously which allow electrons to move
through the solution. The substrate will either undergo oxi-
dation at the anode, where electrons are removed from the
substrate to the electrode, or reduced at the cathode, where
electrons are transferred from the electrode to the substrate
in solution, and this is the driving force to complete the cir-
cuit and carry out electrochemical synthesis’.

Electrochemical cell can be schematically be represented
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by:
Anode: M ——— M™ + ne™
Cathode: nHL + ne”————nlL™ +n/2 H,
Complex formation: M + nL™ ———— ML,

An advantage of the electrochemical procedure for synthe-
sis of metal complexes are considerably carried in lower tem-
perature (0-100°C) in comparison with traditional methods
(generally at 170-250°C, although sometimes at 100°C8).

In our present work of electrosynthesis, we have used
metals (Cu/Zn) as anode to form complexes with acetyl-
acetone. Platinum electrode is used as cathode material be-
cause of its inertness in most electrolyte environments and
its high oxygen over potential in aqueous media. We have
carried out these electrochemical synthesis in undivided cell.
Acetone, ammonia, and methanol were used as solvent and
lithium perchlorate as electrolyte with 3 V DC supply under
atmospheric condition.

The solids formed were isolated in the pure form and
characterized on the basis of spectral analysis.

Experimental
Copper metal chelated with acetylacetone:

Electrochemical cell consisted of a 100 ml tall form bea-
ker in which two electrode: platinum as cathode and copper
as anode are suspended in a liquid phase containing ligand:
Acetylacetone (4 ml); solvent: acetone (30 ml), liquid am-
monia; and supporting electrolyte: LiCIO,4 (0.05 g) dissolved
in 5 ml of methanol. Firstly a solution was prepared by dis-
solving 0.5 g LiClO,4 in a mixture consisting of 5 ml of metha-
nol and 30 ml acetone in a 100 ml of beaker. Then 3 ml of
acetylacetone and 2 ml of liquid ammonia was added to it.
Immediately a bright yellow precipitate was formed. On al-
lowing the mixture to stand for 2 min precipitate disappear
leaving behind clear solution of light yellow colour. It was
electrolyzed using platinum as cathode and copper as sacri-
ficial anode. The electrolysis was conducted at current
strength of 20 mA and voltage 3.5V for 8 h at room tempera-
ture. As the electrolysis proceeded, gas evolved at the cath-
ode and a light green colour product is formed at the anode.
This material gradually get deposited at the bottom of the
cell. At the end of the experiment it was collected by filtra-
tion, washed with acetone (5 ml) and dried in a vacuo. Light
green colour amorphous product was obtained and named
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as SH-SA. The complex obtained in pure state was subjected
to elemental (Table 1), spectral and thermogravimetric analy-
sis.

Table 1. Elemental analysis: copper complex

Sample Colour Analysis (%): Obsd. (Expt.) Emopirical

C H o M formula

AcCu Blue 3779 692 3527 20 CuyCoyHygs014
(35.47) (5.31) (36.72) (22.50)

Molecular formula: Cus(OCCH3;CH,CH3C0)4(H,0)g

The electrochemical cell can be represented as:
Cuy+ | acetone + liquid ammonia + methanol + LiCIO, | Pt
Zinc metal chelated with acetylacetone:

A solution was prepared by dissolving 0.5 g LiCIO, in a
mixture consisting of 5 ml of methanol and 30 ml acetone in
a 100 ml of beaker. Then 3 ml of acetylacetone and 2 ml of
liquid ammonia was added to it. Immediately a bright yellow
precipitate was formed, on allowing the mixture to stand for
2 min precipitate disappear leaving behind clear solution of
light yellow colour. Then it was electrolyzed using platinum
as cathode and zinc as sacrificial anode. The electrolysis
was conducted at current strength of 20 mA and voltage 3.5
V for 8 h at room temperature. As the electrolysis proceeded,
hydrogen gas evolved at the cathode and a white colour prod-
uct is formed at the anode. This material gradually deposited
at the bottom of the cell. At the end of the experiment it was
collected by filtration, washed with acetone (5 ml) and dried
in a vacuo. White colour crystalline product was obtained
and named as ZnAC. The complex obtained in pure state
was subjected to elemental (Table2), spectral and
thermogravimetric analysis.

Table 2. Elemental analysis: zinc complex

Sample Colour Analysis (%): Obsd. (Expt.) Emopirical
C H o M formula

ZnAC  White 4557 531 2430 2480 ZnCygH,04
(44.47) (531) (23.2) (22.50)

Molecular formula: Zn(CH ,=COCH,COCH3),

The electrochemical cell can be represented as:
Zn(+) | acetone + liquid ammonia + methanol + LiCIO, | Pt(_)



Alam et al.: Electroorganic synthesis of the metal chelates of a novel ligand: Acetylacetone

Results and discussion
Copper complexes:
FTIR spectral analysis:

The FTIR spectrum exhibit the following characteristic
absorption have been collected in Table 3. The complex spec-
trum shows two prominent bands at 1577(sh) and 3155 cm™!
are assigned as yC=0 and yC=C vibrations respectively.
These bands were observed at downfield shift, going from
free ligand to metal complex yC=0, suggests neutral ke-
tonic coordination of carbonyl groups to the metal. It is ex-
pected that coordination of oxygen atom to the metal would
reduce the electron density on oxygen atom and thus lower
the -C=0 absorption. Furthermore, the presence of peak in
the region 400-650 cm~" for the complex is indicative of Cu-
O stretching vibrations. The IR stretching frequency observed
at 1419 cm™" in the complex has been attributed to the pres-

Table 3. IR absorption bands. In AcCu

Bands (cm™) Nature of bands Group assignment

3155.54 Medium =C-H + O-H stretching

3070.68 Medium =C-H

2997.38 Medium C-H, CH,

2920.23 Medium C-H, CH,

2627.05 Weak Overtone

2372.44 Weak Overtone

2291.43 Weak Overtone

2121.70 Weak Overtone

1959.68 Weak Overtone

1577.77 Sharp C=0 stretching

1535.34 Sharp C=0 stretching

1419.61 Sharp C-O stretching

1357.89 Sharp C=C stretching

1273.02 Sharp C-C, C-CH3,C-0
stretching

1188.15 Medium C-H, in-plane bending

1018.41 Sharp CHj rocking

937.40 Sharp C-CH3+C-0+0O-H
rocking (coordinated
H,0)

783.10 Sharp C-H, out-of-plane
bending

682.80 Medium Ring deformation

613.36 Sharp C-CH3bending + M-O
stretching

455.20 Sharp Ring deformation +

M-O skeletal vibration

ence of C-O group. The downward shift of the broad band at
1613 cm~" corresponding to enolic form of acetyl group to
1536-1400 cm~" indicated the coordination of oxygen atom
to the metal ion. This supports the replacement of chelated
proton of the ligand by a metal in these bands are reported
in the literature for [Cu(acac),] complexes grafted on silica®.
The presence of coordinated water is revealed by the ap-
pearance of broad band at 3155 cm™" due to stretching ab-
sorption of v(O-H) of water. The presence of coordinated
water is further confirmed by the appearance of bands in the
region of 998-1023 cm™" assignable to the rocking mode of
coordinated water. This IR spectrum results are supported
by similar FTIR literature studies'®3. Hence, the proposed
structure for the complex is as given in Fig. 2.
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/

Fig. 2

Thermogravimetric analysis:

Thermoanalytical measuements of complex AcCu at re-
duced pressure (10-2 torr) and in nitrogen atmosphere shows
single stage decomposition which indicate complete volati-
lization below 220°C. The weight loss in the temperature
range between 50-225°C give endothermic DTA bands which
occurred at same temperature region in TGA curve. It was
verified that the presence of endothermic peak at 222.92°C
corresponding to fusion and thermal decomposition respec-
tively. The complete volatilization upon heating is supported
by similar TGA study'#-"]. The Fig. 2 shows the IR spectra of
complex that shows similar bands to the bands observed for
the infrared spectra of the volatilized product. The proposed
formulation in Fig. 2 is supported by FTIR bands and
thermogravimetric loss pattern.
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TH NMR:

The "H NMR spectra of the complex was recorded in
CDCl5 solution using tetramethysilane (TMS) as internal stan-
dard. "H NMR spectra shows peaks shifted to lower value (&
= 0.82) than that of free ligand -C=0 (& = 2.2-2.4) which
probably indicate the formation of covalent bond between
oxygen atom of carbonyl group and metal ion"”. It confirms
formation of complex with metal. The (CH,) protons present
in the ligands were observed at 1.38 ppm as a singlet. The
(OH,) proton present in the complex was observed at 2.16
ppm as a singlet. The conclusions drawn from 'H NMR stud-
ies further support to the modes of bonding discussed in their
thermal and IR spectra.

Zinc complexes:
FTIR spectral analysis:

The FTIR spectrum exhibit the following characteristic
absorption have been collected in Table 4. The complex spec-
trum shows two prominent bands at 1500(sh) and 3052 cm™
1 are assigned as YC=0 and yC=C vibrations respectively.
These bands were observed at downfield shift, going from
free ligand to metal complex yC=0, suggests neutral ke-
tonic coordination of carbonyl groups to the metal. It is ex-
pected that coordination of oxygen atom to the metal would
reduce the electron density on oxygen atom and thus lower
the -C=0 absorption. Furthermore, the presence of peak in
the region 400-650 cm~" for the complex is indicative of Zn-
O stretching vibrations. The IR stretching frequency observed
at 1419 cm™" in the complex has been attributed to the pres-

Table 4. IR absorption bands. In ZnAC

Bands (cm™) Nature of bands Group assignment

3052.28 Broad =C-H

2499.75 Medium C-H, CHj

2056.12 Weak Overtone

1793.80 Weak C=0 six membered
cyclic ring

1500.62 Sharp C=0 stretching

1114.86 Medium C-H, in-plane bending

1041.56 Sharp CHj rocking

979.84 Sharp C-CH;+C-0

840.10 Sharp C-H + =CH, (out-of-
plane bending)

686.66 Medium Ring deformation

474.49 Sharp Ring deformation +

M-O skeletal vibration
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ence of C-O group. The downward shift of the broad band
from 1613 cm™" corresponding to enolic form of acetyl group
to 15361400 cm™" indicated the coordination of oxygen atom
to the metal ion. Band at 1793 cm™" confirms six membered
cyclic ring like structure3. This supports the replacement of
chelated proton of the ligand by a metal ion. Its future sup-
ported in the literature for the synthesis of one dimensional
nanostructure [Zn(acac)3]18. Hence, the proposed structure
for the complex is as given in Fig. 3.

o\Z /o —
— o/ \o
N\

Zinc acetylacetonate

Fig. 3

Thermogravimetric analysis:

The TGA studies of the complexes were carried out in
the nitrogen atmosphere at a rate of 15° per minute up to
500°C. TGA curve shows single stage decomposition which
indicate complete volatilization. Decomposition step is ob-
served in the temperature range 27-200°C and is accompa-
nied with 16.68% loss against theoretical loss 17.03%. This
is attributed to loss of propene group of ligated molecule. In
DTA curve, shows that there is a large mass loss followed by
mass plateau and is formed when evaporation of volatile prod-
uct during desorption and drying process. The percentage
loss at decomposition temperature was in good agreement
with the experimental values. The proposed formulation (Fig.
3) is supported by FTIR bands and thermogravimetric loss
pattern.

TH NMR:

The "H NMR spectra of the complex was recorded in
CDCl5 solution using tetramethysilane (TMS) as internal stan-
dard. The "H NMR spectra shows signal at 7 ppm which is
attributed to the vinyl groups (CH,=C-) of the acetylacetone
ligand'”. The chemical shift due to the OH proton in ligand
appears between 2-2.3 ppm. On deprotonation, which leads
to complex formation shifted this signal downfield in the com-
plexes which appeared at 1.5 ppm'®-2". The "H NMR analy-
ses yielded results which were found to be in good agree-
ment with the proposed molecular formula for the complex.
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Conclusion

Electroorganic synthesis is a versatile tool in green syn-
thesis. The design and innovative concepts of electrolysis
cells will allow the applicability of this technique to be ex-
panded. Electroorganic synthesis will transform from a niche
technology to a common synthetic method. The present work
thus reveals that the electroorganic synthesis of copper and
zinc acetylacetonate coordination complexes is a single step
green process and offers a versatile approach for the com-
mercial preparation of these compounds.Electrosynthesis is
a renewable-electricity-powered processes for the produc-
tion of high-value organic chemicals which can contribute to
the reduction of the chemical industry’s carbon footprint.
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