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Abstract: New 2-acyl-1,3-indandione derivatives, compounds 1 – 4, were obtained by condensation of 2-acetyl-1,3-indandione with 
benzaldehyde, thiophene-2-aldehyde, thiophene-3-aldehyde and furane-2-aldehyde, respectively. The structures of the newly 
synthesized 2-substituted 1,3-indandiones were characterized by means of spectroscopic methods (FT-IR, 1H and 13C NMR,  
UV-Vis and MS). Based on the obtained results it is suggested that the compounds exist in the exocyclic enolic form. Mass spectral 
fragmentation paths are also proposed. In order to verify the possibility for tautomerization processes of the newly synthesized 
compounds their absorption spectra were recorded in various solvents. Furthermore, the complexation properties of the compounds 
with metal(II) ions were also studied. A series of non-charged complexes with Cu(II), Cd(II), Zn(II), Co(II) and Ni(II) was isolated and 
analyzed by elemental analyses and IR. The paramagnetic Cu(II) complexes were studied by EPR and distorted, flattened tetrahedral 
structures are predicted. The other metal complexes show the presence of water molecules, most probably coordinated to the metal 
ion, thus forming octahedral geometry. Ultimately, the studied properties of the newly synthesized compounds, 1 – 4, suggest that 
they may find application as extracting agents for metal ions, rather than as optical sensors.
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1. Introduction

Derivatives of 1,3-indandione have always been of 
scientific and practical interest, initially focused on their 
reactivity [1-6] and synthetic application for modeling 
of new compounds [7-11] and for chemical detection 
of particular functional groups and molecules [12-14], 
or cations [15-17]. The main part of their fascinating 
properties and applications is connected with the 

known photophysical properties of 2-substituted 
1,3-indandiones, which were the subject of intensified 
studies in the last few decades [18-25]. Very strong 
fluorescence, for example, has been observed for 
2-(pyridyl)- and 2-(quinolyl)-1,3-indandiones [26]. 
Some of the studies concern excited state twisting, 
as for N,N-dimethylaminobenzylidene-1,3-indandione 
and derivatives [27-29], their solid-state [28,30,31] 
and non-linear optical properties [32]. The unique 
properties of these compounds are due to the presence 
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of the 1,3-indandione moiety, which is known as a 
very strong electron acceptor. When it is coupled with 
electron donating substituents with different strength, 
the photophysical properties, due to intramolecular 
charge transfer, of the so-formed dipolar molecules 
can be modulated [24]. On the other hand, 2-acyl 
derivatives of 1,3-indandione possess intramolecular 
hydrogen bonds, thus allowing tautomerization via 
an intramolecular proton transfer process. There are 
several experimental and theoretical studies on the 
tautomerization of 2-substituted 1,3-indandiones [33, 34] 
and their photostabilty [35]. 

Moreover, 2-acyl-1,3-indandiones are very good 
chelating agents for heavy and transition metal ions 
due to the β–dicarbonyl fragment they possess and 
have found practical application as extracting agents for 
metal ions [36-39]. Recently, the structures of various 
metal complexes of 2-acetyl-1,3-indandione, 2AID, 
have also been studied by means of spectroscopic, 
theoretical and crystallographic methods [40-42]. Lastly 
our interest was directed to a series of derivatives of 
2AID in which the methyl group is substituted by an 
extended π–conjugated system, known as 2-cinnamoyl-
1,3-indandiones and their complexation properties [43]. 

In the current paper the synthesis and  
spectroscopic study on a series of 2-acyl-1,3-indandiones 
with different types of heterocyclic substituents at the 
side chain (depicted in Fig.1) will be presented as a 
part of an ongoing theoretical and experimental work in 
search of potential optical sensors for metal ions. Initially 
the absorption properties of the newly synthesized 
organic compounds will be presented, as well as their 
structural description and complexation capacity with 
various metal(II) ions. 

As far as the practical importance of the studied 
compounds is concerned, their good complexation 
ability and interesting optical properties are already 
a reasonable basis for their expected application as 
optical sensors for metal ions. 

2. Experimental Procedures
2.1. General
The IR spectra were recorded using a Perkin-Elmer FTIR-
1600 (KBr tablets, and/or nujol mulls). Elemental analyses 
were performed with a Vario EU III instrument. The UV-Vis 
absorption spectra were recorded using a JASCO 
V-570-UV/Vis/NIR spectrophotometer. EPR spectra  
were recorded with a Bruker B-ER 420 spectrometer at 
293 K and 77 K.

The NMR spectra were recorded in CDCl3 using a 
Bruker DRX-250 spectrometer operating at 250.13 MHz 
for 1Н- and 62.90 MHz-for the 13С-nuclei. The chemical shifts 
are related to TMS, used as reference. The assignment of 
13C-NMR shifts was facilitated by a DEPT 135 experiment, 
distinguishing the quaternary carbons from the rest.

The purity of the newly synthesized organic 
compounds was verified by HPLC analysis, using a 
Merck-Hitachi isocratic pump equipped with an UV-Vis 
detector SpectraSystem UV 2000. The chromatographic 
analyses were performed using LiChrospher RP-18  
(5 μm, 125 × 4 mm) column, 80% Acetonitrile/H2O mobile 
phase and flow rate 1.5 mL min-1. Dual-band UV-Vis 
detection, non-specific – at 220 nm to detect impurities 
and specific – at the corresponding absorption maximum 
of the compound, was used.

The purity of the prepared organic compounds 
(dissolved in methanol, 25 μg mL-1) was further checked 
gas chromatographically with mass spectrometric 
detection, GC-MS, using a gas chromatograph Trace 
GC, Thermo Electron, DB-5 ms capillary column  
(30 m length, 0.25 mm ID and 0.1 µm film thickness; 
temperature range 60-3000C; 80C min-1) and 
quadrupole EI mass spectrometric detector Trace DSQ, 
Thermo Electron, operating in “SCAN” mode in the  
30 – 400 m/z range.

2.2. Synthesis of compounds 1-4
Compounds 1-4 were obtained by refluxing 4.7 g 
(0.025 mol) 2-acetyl-1,3-indandione, 0.05 mol of 
the corresponding aldehyde (1 – benzaldehyde,  
2 – thiophene-2-aldehyde, 3 – thiophene-3-aldehyde,  
4 – furane-2-aldehyde) and 0.012 mol piperidine for  
1 hour. Additional 50 mL of ethanol were added to 
the formed polycrystalline precipitate and the reaction 
mixture was boiled for 30 minutes. After cooling, the 
crystals were filtered off and repeatedly washed with 
ethanol. The filtrate was further diluted with water, 
acidified and the additional amount of the product 
was also collected and washed with ethanol. The total 
amount of the product was recrystallized from ethanol. 
Selected IR frequencies are listed in Table 1. Figure 1. Molecular structure of the studied compounds.
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compound 1; 2-(1-hydroxy-3-phenyl-аlylidene)-2H-
inden-1,3-dione, Yield 70%, M.P.=186-1870С, Anal. 
Calc. for C18H12O3: C, 78.25; H, 4.38, Found: С, 78.09; 
Н, 4.50%.

1H-NMR (CDCl3), δ [ppm]: 13.2 (s, 1H), 8.0-7.9  
(m, 2H), 7.7-7.6 (m, 4H), 7.4-7.3 (m, 5H).

compound 2; 2-(3-thiophene-2-yl-1-hydroxy-
alyl idene)-2H- inden-1,3-dione, Yield 45%;  
M.P. = 172-1730С; Anal. Calc. for C16H10O3S: C, 68.07; 
N, 3.57; S, 11.36; Found: С, 68.47; Н, 3.89; S, 12.4%.

1H- NMR (CDCl3), δ [ppm]: 11.9 (s, 1H), 7.9-7.6  
(H, arom), 7.6-7.3 (m, 3H), 7.2-7.0 (m, 2H).

compound 3; 2-(3-thiophene-3-yl-1-hydroxy-
alyl idene)- 2H- inden-1,3-dione, Yield 65%;  
M.P. = 193-1940С; Anal. Calc. for C16H10O3S: C, 68.07; 
H, 3.57; S, 11.36; Found: С, 68.29; Н, 3.93; S, 12.4%.

1H- NMR (CDCl3), δ [ppm]: 12.2 (s, 1H), 7.8-7.6  
(m, 4H), 7.6-7.5 (m, 2H), 7.4-7.3 (m, 3H).

compound 4; 2-(3-furane-2-yl-1-hydroxy-alylidene)- 
2H-inden-1,3-dione, Yield  86%; M.P. = 217-2180С; 
Anal. Calc. for C16H10O4: C, 72.18; H, 3.79; Found: С, 
72.5; Н, 3.7%

1H- NMR (CDCl3 + DMSO-d6), δ [ppm]: 11.2 (s, 1H), 
7.7-7.5 (m, 4H), 6.8-6.7 (m, 3H), 6.4-6.5 (m, 2H).

2.3. Synthesis of the metal complexes of 
compounds 1-4

All metal complexes were obtained after mixing methanol 
solutions of the corresponding metal acetates and the 
corresponding ligands, compounds 1-4, dissolved in 
dioxane, in metal–to–ligand ration 1:2. Non-charged 
complexes were formed as precipitates, which were 
further filtrated, repeatedly washed with ethanol, and 
dried over P4O10 for two weeks. Selected IR frequencies 
and elemental analyses data are listed in Tables 1 and 2, 
respectively.

3. Results and Discussion
3.1. Structure and properties of the ligands 1-4
The photophysical properties of some cinnamoyl 
derivatives of 2AID, such as compound 1 with various 
substituents in the benzene ring, have already been 
reported [20,21]. In the present work the structure and 
properties of a new series of derivatives in which the 
benzene ring is replaced by a heterocyclic one will be 
studied. The effect of substituent on the spectroscopic 
properties, solubility and complexation with metal(II) 
ions will be examined for the purpose of finding new 
optical sensors and/or extracting agents for metal ions.

Table 1. Selected IR frequencies for compounds 1 - 4 and their metal complexes.

Comp./band νО-H νC=O νC=O, νC=C + νC=C (Ph) νC=C (Ph) δOH γ=C-H

Comp. 1 3200 br 1700 1650, 1610, 1585 1550 1290 980

Cu(II) complex; 1680 1650, 1630,1600, 1580 1545, 1500, 1480 990
Zn(II) complex 3200 br 1675 1640, 1610, 1585 1550, 1495, 1450 1150 990
Co(II) complex 3200 br 1670 1630, 1610, 1585 1490 1150 985
Ni(II) complex 3250 br 1675 1630, 1605, 1585, 1500 1160 990
Cd(II) complex 3200-3300 br 1670 1630, 1605, 1585 1550, 1480 1140 990
Comp. 2 3400 br 1700 1650, 1605 1590, 1555 1295 980

Cu(II) complex 1680 1615, 1600, 1560 1545, 1500, 1480 990
Zn(II) complex 3400 br 1685, 1675 1630, 1600 1575, 1550, 1510, 

1495, 1450
1150 990

Co(II) complex 3630 br 1660 1625, 1605, 1575 1485 1150 985
Ni(II) complex 3640, 3200 br 1665 1630, 1620, 1585 1500 1160, 

1100
970, 940

Cd(II) complex 3200 br 1670 1630, 1605, 1575 1505, 1480 1140 990
Comp. 3 3400 br 1700 1625, 1605 1580, 1570, 1550 1285 985
Cu(II) complex 1675 1630, 1600 1570, 1550, 1515 990
Co(II) complex 3630, 3100 br 1660 1625, 1605 1575, 1485 1150, 1100
Ni(II) complex 3640, 3200 br 1665 1630, 1605 1585, 1500 1160, 

1100
970, 940

Zn(II) complex 3400 br 1690 1665, 1630 1600, 1575, 1550, 
1510, 1500

1150, 1100

Cd(II) complex 3200 br 1670 1630, 1605 1575, 1505, 1480 1140 990
Comp. 4 3400-3500 br 1700 1645, 1615 1590, 1530 1280 985
Cu(II) complex 3400-3500 br 1690 1635, 1600 1550 1150, 

1100
970, 940

Co(II) complex 3400, 3200 br 1670 1630, 1610 1585 990
Ni(II) complex 3400, 3200 br 1675 1630, 1605 1585 990
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Compounds 1-4 were obtained in good yields by 
condensation of 2AID with the corresponding aldehyde. 
The structures of the compounds were studied by means 
of FT-IR, 1H and 13C NMR spectroscopy and were further 
verified by the mass-spectrometric data. The 2-acyl-1,3-
indandiones are known to exist in their exocyclic enolic 
form, depicted in Fig. 1, which is stabilized by the presence 
of the relatively strong intramolecular hydrogen bond and 
extended π–conjugated system. Nevertheless, the name 
2-acyl-1,3-indandiones, corresponding to the triketo form, 
is widely accepted in the literature. Existence of an enolic 
group in the structure of the studied compounds is proved 
by the 1H NMR data, showing a resonance peak in the 
low-field range of the spectra; δ =11.2-13.2 ppm. The 
assignment of the 13C NMR shifts is consistent with the 
exocyclic enolic form of the compounds, shown in Fig. 1. 
The 13C NMR data are summarized in Table 3.

Furthermore, the observed broad bands in the IR 
spectra of the studied compounds, at ca. 3200 cm-1, 
confirm the presence of an enolic OH group. Additionally, 
a stronger band at ca. 1290 cm-1 could be assigned to 
deformational vibration of the C-OH group (see Table 1). 
Prior to the spectroscopic study of the UV-Vis absorption 
properties of the compounds 1-4 their purity had 
been verified by HPLC and GS-MS methods. The gas 
chromatograms show a single peak. The corresponding 

retention times and MS fragments are listed in Table 4. 
The available structural information was employed for 
successful assignment of the observed MS peaks. Thus, 
a common MS fragmentation scheme of the studied 
series of compounds is suggested (Fig. 2), although the 
particular ions in the MS spectra of compounds 1-4 show 
different relative stabilities and will be discussed further. 
The common fragment ions, irrespective to the type 

Table 2. Elemental analyses data for the metal complexes of compounds 1-4.

Metal complex C, %
(Found)

H, %
(Found)

O, %
(Found)

S, %
(Found)

complexes of  compound 1:  
Cu(II) complex; C36H22CuO6; [M(L- )2] 70.46 (70.7) 3.62 (3.50) not measured -

Zn(II) complex; C36H28O9Zn; [M(L-)2•3H2O] 64.66 (64.91) 4.22 (4.01) not measured -

Co(II) complex; C36H26CoO8; [M(L-)2•2H2O] 66.97 (67.24) 4.06 (4.70) not measured -

Ni(II) complex; C36H28NiO9;  [M(L-)2•3H2O] 65.25 (66.05) 4.26 (4.75) not measured -

Cd(II) complex; C36H28CdO9; [M(L-)2•3H2O] 61.71 (61.53) 3.74 (4.03) not measured -

complexes of  compound 2:  
Cu(II) complex; C32H18CuO6S2 [M(L-)2] 61.38 (61.37) 2.90 (3.50) not measured 10.24 (12.5)

Zn(II) complex; C32H22O8S2Zn; [M(L-)2•2H2O] 57.88 (57.88) 3.34 (3.38) 19.28 (20.7) 9.66 (8.5)

Co(II) complex; C32H22CoO8S2; [M(L-)2•2H2O] 58.45 (58.19) 3.37 (3.03) 19.46 (20.2) 9.75 (9.1)

Ni(II) complex; C32H22NiO8S2; [M(L-)2•2H2O] 58.47 (58.54) 3.37 (3.18) 19.47 (20.3) 9.75 (9.0)

Cd(II) complex; C34H28CdO9S2; [M(L-)2•(CH3OH)2•H2O] 53.94 (54.45) 3.73 (3.54) 19.02 (20.0) 8.47 (7.5)

complexes of  compound 3:  
Cu(II) complex; C32H18CuO6S2; [M(L-)2] 61.38 (60.77) 2.90 (2.7) not measured 10.24 (11.2)

Co(II) complex; C32H22CoO8S2; [M(L-)2•2H2O] 58.45 (58.94) 3.37 (2.96) 19.46 (20.4) 9.75 (9.1)

Ni(II) complex; C32H22NiO8S2; [M(L-)2•2H2O] 58.47 (58.43) 3.37 (3.28) 19.47 (20.9) 9.75 (9.4)

Zn(II) complex; C32H20O7S2Zn; [M(L-)2•H2O] 59.50 (58.93) 3.12 (2.91) 17.34 (18.9) 9.93 (9.0)

Cd(II) complex; C34H28CdO9S2; [M(L-)2•(CH3OH)2
.H2O] 53.94 (53.72) 3.73 (3.22) 19.02 (20.5) 8.47 (7.7)

complexes of  compound 4:  
Cu(II) complex; C32H22CuO10; [M(L-)2•2H2O] 61.00 (60.40) 3.52 (4.2) not measured -

Co(II) complex; C32H24CoO11; [M(L-)2•3H2O] 59.73 (60.13) 3.76 (3.51) 27.35 (28.3) -

Ni(II) complex; C32H24NiO11; [M(L-)2•3H2O] 59.75 (60.21) 3.76 (3.89) 29.35 (27.3) -

Table 3. Assignment for 13C NMR shifts of compounds 1-4. For 
atom numbering (see Fig. 1)

13C 1 2 3 4
C8 197.4 197.2 197.4 196.5
C7 188.5 188.3 188.6 187.6

C10 173.1 172.6 173.5 172.0
C12 144.8 137.1 138.2 129.8
C6 141.0 140.8 140.9 140.3
C5 138.7 140.5 138.7 138.0
C2 134.7 133.9 134.0 133.5
C3 134.9 134.7 134.8 134.3

C13 134.0 138.6 138.3 150.9
C16 131.1 132.4 130.3 145.8
C1 122.6 122.4 122.6 121.9
C4 122.3 122.1 122.2 121.5
C9 107.8 107.4 107.5 106.9

C14 (C18) 129.0 130.8 125.7 114.6
C15 (C17) 129.0 128.5 127.3 112.6

C11 117.9 116.4 117.6 117.0
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of the substituent, R, are denoted by their m/z value,  
i.e. m/z 173, m/z 165, etc. The molecular ion, M, and 
those obtained by loss of H, OH or CO neutral molecule 
are denoted as [M-H], [M-OH] and [M-CO], respectively. 
Successive loss of further groups or molecules is 
indicated in the same way of fragment notation, such 
as [(M-H)-CO], [(M-H)-2CO], etc. Two different paths to 
obtain the ion with m/z 165 from [M-H] are suggested, 
depending on the presence or absence of the sulfur atom 
in the structure. The thiophene-containing compounds, 
2 and 3, experience loss of an S atom to yield ion m/z 
249 with intensity 4 and 19%, respectively. Further loss 
of three CO molecules leads to the m/z 165 ion. The 
latter is formed by successive loss of four CO molecules 
in the case of compound 4, and three CO molecules and 
an ethylene for compound 1, in the way shown in Fig. 2. 
More interestingly, as might be seen from Table 4, 
the molecular ion is the most abundant ion, i.e. the 
most stable one, in the MS spectra of compounds 3 
and 4. Although all MS spectra were obtained under the 
same instrumental conditions, the most abundant ion 
in the spectra of compounds 1 and 2 was [(M-H)-CO]. 
Although we are tempted to interpret this observation as 
a possible tautomerization of 1 and 2 in the gas phase, 

yielding to the endocyclic enolic tautomer, the described 
result is rather insufficient to draw such a conclusion. 
Clearly, further experimental and possibly theoretical 
investigations are needed.

As far as the practical importance of the studied 
compounds is concerned we studied their optical 
properties in various solvents and their complexation 
ability as well. The registered absorption spectra of 
compounds 1-4 are presented in Figs. 3-6, respectively. 
The molar absorptivity of the studied compounds is in the 
range 40 000 – 45 000 M-1 cm-1. The observed absorption 
bands are broad and have composite structure. 
Owing to the presence of elongated π-conjugation 
in the molecular structure the π-π* transitions are 
rather bathochromically shifted and therefore the n-π* 
transition cannot be distinguished as separate bands in 
the spectra. There are several common features of the 
observed spectra that can be summarized as follows:  
i) well-defined vibronic structure of the absorption bands is 
observed in cyclohexane, CY; ii) the absorption maximum 
is red shifted in DMSO by 5 – 10 nm compared to the 
one in CY; iii) in water there is a strong hypsochromic 
shift, by ca. 40 nm, relative to CY. The observed λmax 
of 1-4 in different solvents are summarized in Table 5. 

Figure 2. MS fragmentation path for compounds 1-4.
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Figure 3. Absorption spectra of compound 1 in different solvents and concentration ca. 10-5 M (THF – tetrahydrofurane, abs_EtOH – absolute 
ethanol, AcN – acetonitrile, DMSO - dimethylsulfoxide); inset - spectra of the free ligand and its Cu(II) complex, in DMSO.

Figure 4. Absorption spectra of compound 2 in different solvents and concentration ca. 10-5 M (THF – tetrahydrofurane, abs_EtOH – absolute 
ethanol, AcN – acetonitrile, DMSO – dimethylsulfoxide, CY – cyclohexane, MeOH - methanol); inset - spectra of the free ligand and its 
Cu(II) complex, in DMSO.
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Figure 5. Absorption spectra of compound 3 in different solvents and concentration ca. 10-5 M (THF – tetrahydrofurane, abs_EtOH – absolute 
ethanol, AcN – acetonitrile, DMSO – dimethylsulfoxide, CY – cyclohexane); inset - spectra of the free ligand and its Cu(II) complex, in 
DMSO.

Figure 6. Absorption spectra of compound 4 in different solvents and concentration ca. 10-5 M (THF – tetrahydrofurane, abs_EtOH – absolute 
ethanol, AcN – acetonitrile, DMSO – dimethylsulfoxide, CY – cyclohexane); inset - spectra of the free ligand and its Cu(II) complex, in 
DMSO.
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Comparison of the absorption spectra of 
compounds 1-4 in CY show that the maximum 
bathochromic shift is observed for compound 2, 
estimated to be 15 nm, as a result of replacing the 
benzene ring with 2-thiophene. The shift in the spectrum 
of the 3-thiophene substituted compound, 3, is only  
2 nm. It should be noted that the solubility of compounds 
2 and 3 in the most commonly used organic solvents, 
such as ethanol, methanol, acetonitrile, is much better 
than the solubility of compounds 1 and 4.

3.2. Complexation properties of compounds 1-4
The presence of an enolized acetyl group in the 
2-position in the 2-acyl-1,3-indandiones premises their 
good complexation ability, which has been employed 
for finding practical application of such compounds as 
extracting agents for metal ions. Thus the complexation 
properties of the newly synthesized compounds 1-4 
with metal(II) ions were studied in order to obtain initial 
information about the composition and the properties of 
the metal complexes formed. These complexes were 
isolated as amorphous precipitates, which have rather 

poor solubility in most of the organic solvents, such as 
alcohols, chloroform, dichloromethane, etc., and are 
practically insoluble in water. However, the complexes 
show good solubility in methylisobutylketone, and 
also in coordinating solvents such as DMSO and 
DMF, similarly to the free ligands. This fact gives an 
advantage in finding potential application of compounds 
1–4 as extracting agents for metal ions, using  
water/methylisobutylketone system and subsequent 
atomic absorption determination. On the other hand, 
however, the limited solubility of the complexes impeded 
the study of their properties in more detail using NMR or 
quantitative electron absorption spectra.
Qualitative absorption spectra of the studied complexes 
were recorded in DMSO. The observed intense 
absorption bands correspond to the ligand’s charge 
transfer transitions. Comparison between the absorption 
spectra of the free ligands in DMSO with those of their 
complexes show small hypsochromic shifts in the latter 
spectra. The smallest hypsochromic shift is observed 
for the metal(II) complexes of ligand 1 (being 1 nm for 
the Cu(II) complex and 19 nm for the Ni(II) complex). 

Table 4. EI-MS fragment ions (m/z) and the corresponding intensity (in %) of compounds 1-4.

Compound / Ion 1 2 3 4
Ret. Time: 25.15 min Ret. Time: 28.23 min Ret. Time: 29.41 min Ret. Time: 23.74 min

m/z Intensity m/z Intensity m/z Intensity m/z Intensity
M 276 12 282 36 282 100 266 100
M-H 275  9 281 11 281 10
M-OH 259  8 265 33 265 31 249 32

M-CO 248  6 254 11 254 10 238 31
[M-CO]-H 247 28 253 57 253 33 237

221
42
51[M-H]-CO

[M-OH]-CO 231 100 237 100 237 49
[(M-H)-2CO] 219  3 225  4 225  6 209  9
[M-H)-3CO] 191  6 197 11 197 13 181 39
m/z 173 14 17 17 63
m/z 165  3  5  7 11
m/z 133  5 16 14 18
m/z 105 19 35 42 51
m/z 104 23 24 37 24

Table 5. Absorption data of compounds 1-4 in various solvents.

Solvent/ 
Comp. 

Water Acetonitrile Cyclohexane Dichloromethane Tetrahydrofurane Abs. Ethanol DMSO

Comp. 1 - 385, 371 386, 370, 406 388, 372, 408 sh 371, 385 sh, 385, 372 391, 378
410 sh

Comp. 2 373 412 broad 411, 396, 432 sh, 415, 395 sh, 436 sh 385 413 broad 410 broad
Comp. 3 359 390 broad 388, 373, 408 392, 376 sh, 412 sh 373, 389 sh, 412 sh 390, 

373 sh,
409 sh

396 broad
379 sh,  
415 sh

Comp. 4 371 408 broad 405, 389, 426 412, 429 sh 389, 405, 428 sh 409, 
426 sh

416, 399 sh, 
437 sh
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The Cu(II) complexes of ligands 2, 3 and 4 show  
hypsochromic shifts estimated to 20, 16 and 23 nm, 
respectively. The spectra of the Cu(II) complexes and 
the corresponding free ligands, 1–4, are depicted 
in the inset of Figs. 3–6, respectively. The largest 
hypsochromic shift is observed for the Co(II) complexes 
of the ligands, ca. 34 nm. In the spectra of concentrated 
DMSO solutions of the Cu(II) complexes a broad 
band at ca. 720 nm is registered corresponding to the 
forbidden d-d- transitions. All these data show that the 
intensive absorption band of the free ligands is only 
slightly affected by the complexation with the studied 
transition metal ions. Therefore, the studied ligands are 
not suitable for optical sensing of transition metal ions. 

From a structural point of view, the obtained 
complexes show a metal-to-ligand ratio 1:2, as might be 
seen from Table 2. The ligands coordinate in a bidentate 
way as monoanions after deprotonation of the enolic 
OH group. This is confirmed by the IR data of the metal 
complexes, which are compared with those of the free 
ligands and presented in Table 1. As might be seen, the 
vibrational frequencies for the OH group (the valence and 
the deformational vibration, νOH and δOH, respectively) 
are absent in the spectra of the complexes, which is an 
indication for the deprotonation. More complicated is the 
case when there are water molecules in the composition 
of the complexes. Based on our previous studies on the 
structure of metal complexes of 2-acetyl-1,3-indandione 
[40-43], it can be supposed that the Zn(II), Cd(II), Co(II) 
and Ni(II) complexes contain two water molecules, 
which are axially coordinated to the metal center. 
Therefore, an octahedral structure for these complexes 
is suggested. The Cu(II) complexes do not show the 
presence of water molecules according to their IR 
spectra. The EPR spectra of the Cu(II) complexes, 
recorded  at room temperature, are characterized by 
axial anisotropy, except for the complex of compound 2. 
The values of the g-factors are listed in Table 6. The 
EPR data indicate distorted, flattened tetrahedral 
structures of these complexes. Hyperfine structure due 
to the 63,65Cu nuclei is not observed.

4. Conclusions
The presented results are focused on the synthesis and 
structural description of new 2-acyl 1,3-indandiones. In 
view of their potential applications as optical sensors or 
extracting agents for metal ions, the UV-Vis absorption 
and complexation properties of the compounds 1-4 
were examined. Based on the described results it can 
be concluded that owing to the very low solubility of 
the obtained complexes with metal(II) ions, the studied 
compounds are not suitable for optical sensors in 
real-time measurements and detection of such ions. 
Nevertheless, the compounds 1-4 may find application 
as extracting agents for metal ions since they, and 
their metal complexes, show reasonable solubility in 
methylisobutylketone – a common and preferred solvent 
for atomic absorption measurements. We strongly 
believe that the obtained initial results will be of valuable 
help in the following studies on proving the practical 
application of the studied compounds, or in the design 
of new substances with improved properties.
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Table 6. EPR parameters for Cu(II) complexes of compounds 1-4 
(amorphous samples) recorded at 293 К.

complex g┴ g׀׀ giso (calc)

Cu(II)-1 2.076 2.295 2.149
Cu(II)-2 2.060
Cu(II)-3 2.074 2.300 2.149
Cu(II)-4 2.087 2.274 2.149
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