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ABSTRACT 
 
Mixed ligand complexes of Ln(III) ions {La(III), Pr(III), Nd(III), Er(III) and 

Dy(III)} with [LnL3(H2O)2] stoichiometry have been synthesized by the reaction of 
lanthanide nitrates with three synthetic curcuminoid analogues (HL) derived from 
acetylacetone and aromatic aldehydes (benzaldehyde, cinnamaldehyde and furfural). 
Analytical, UV, IR, 1H NMR and mass spectral data revealed that in all metal 
complexes the curcuminoid analogues behave as monobasic bidentate and the 
complexation occurs by the replacement of intramolecularly hydrogen bonded enolic 
proton by Ln(III) ion. 
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INTRODUCTION 

 
Mixed ligand complexes of trivalent lanthanide ions with 1,3-dicarbonyl compounds 

are well documented in the literature in view of their applications in diverse fields1-4. In 
majority of these metal complexes the dicarbonyl moiety is connected to alkyl/aryl groups. 
Very few reports are available in the general literature on the metal chelates of lanthanide β-
diketoates where the dicarbonyl group is connected to unsaturated linkages5,6. Such unsaturated 
dicarbonyl compounds and their metal complexes are found to exhibit many medicinal 
properties7,8. For instance, curcuminoids are such a group of unsaturated β-diketones found in 
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the Indian medicinal plant turmeric. The transition and main group metal complexes of both 
natural and synthetic curcuminoids are studied in detail by various research groups9-11. But the 
lanthanide complexes of unsaturated β-dicarbonyl compounds do not received as much 
attention as they deserve. As a part of our interest on the metal complexes of unsaturated 1,3-
dicarbonyl compounds5,6,10,11, in this paper we communicate the synthesis and spectral 
characterization of fifteen mixed ligand complexes of various Ln(III) ions with three synthetic 
curcuminoid analogues.  
 
EXPERIMENTAL 
 
Materials and methods  
 

Carbon and hydrogen percentages were determined by microanalyses (Heraeus 
Elemental analyzer). Metal contents of the complexes were determined by igniting the 
complexes to ~1000oC and weighing as metal oxides, M2O3. The electronic spectra of the 
compounds in methanol (10–6 M) were recorded on a JASCO V-550 UV-Visible 
spectrophotometer, IR spectra (KBr discs) on an 8101 Shimadzu FTIR spectrophotometer, 1H 
NMR spectra (CDCl3 or DMSO-d6) on a JEOL 400 NMR spectrometer and mass spectra on a 
Jeol / SX-102 mass spectrometer (FAB using Argon and meta-nitrobenzyl alcohol as the 
matrix). Molar conductance of the complexes was determined in DMF (10-3 M) at 2810C. 
Magnetic susceptibilities were determined at room temperature on a Guoy type magnetic 
balance at room temperature (2810C) using Hg[Co(NCS)4] as standard. All the chemicals and 
solvents were of reagent grade (Merck, Fluka and Sigma-Aldrich) and were used without 
further purification. 
 
Synthesis of Ln(III) complexes of synthetic curcuminoid analogues  
 

Curcuminoids were synthesized by the condensation between acetylacetone and 
aromatic aldehydes (benzaldehyde, cinnamaldehyde and furfural) in presence of tri(sec-
butyl)borate and boric oxide using n-butylamine as the condensing agent as reported12-14.  

La(III), Pr(III), Nd(III), Er(III) and Dy(III) complexes were synthesized by a general 
procedure6. A solution of metal nitrate (0.01 mol, 25 mL 1:3 v/v aqueous methanol) was added 
slowly with stirring to a methanolic solution of the curcuminoid analogue (0.03 mol, 25 mL). 
To prevent the precipitation of metal hydroxides, the pH of the reaction mixture was carefully 
maintained [La(III) = 6.7, Pr(III), Nd(III) = 6.6, Er(III) = 6.3 and Dy(III) = 6.4]. The mixture 
was stirred for ~12 h and concentrated to half the original volume. The precipitated complex 
on cooling to room temperature was filtered, washed with ethanol and recrystallized from hot 
methanol to get chromatographically (TLC) pure compound.               
 
RESULTS AND DISCUSSION 

 
Stable and well defined metal complexes are formed by all curcuminoid analogues 
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(Fig. 1) with Ln(NO3)3. The metal complexes show sharp melting points and are soluble in 
common organic solvents. The analytical data (Table 1) together with non-electrolytic nature 
in DMF (specific conductance <10-1cm-1; 10-3 M solution) suggest their 1:3 metal-
curcuminoid stoichiometry. Magnetic measurements showed that La(III) complexes are 
diamagnetic while all other complexes showed normal paramagnetic moments. The observed 
IR 1H NMR and mass spectral data of the complexes are in agreement with Fig. 2. 

ArAr

O O
H  

Fig.1. Structure of synthetic curcuminoid analogues 
Ar = Phenyl (HL1); Styryl (HL2); 2-Furyl (HL3) 

 

 
Fig. 2.  Tentative mode of coordination of Ln(III) ion with one molecule of deprotonated curcuminoid 
analogue; M = La(III), Pr(III), Nd(III), Er(III) and Dy(III); The proposed structure also contains two 
coordinated water molecules 
 
Infrared spectra 
 

The IR spectra of all the synthetic curcuminoid analogues displayed a strong band at 
~1625 cm-1 and a broad band in the range 2800-3500 cm-1 assignable to the stretching of the 
chelated carbonyl and the intramolecularly hydrogen bonded enol functions respectively as in 
Fig. 1. The existence of the compounds entirely in the enol tautomeric form is confirmed by 
the absence of any band in the range 1640-1740 cm-1 assignable to a normal α,β-unsaturated 
carbonyl group12-14.  
          In the IR spectra of all the metal complexes the band at ~1625 cm-1 due to the 
stretching of the chelated carbonyl disappeared and a strong band assignable to the stretching 
of coordinated carbonyl moiety appeared at ~1590 cm-1 supporting the replacement of enol 
proton by metal ion during complex formation5,6. The presence of different types of O-H 
vibrations in the complexes due to coordinated water molecules is clearly evident from the 
increase in the intensity and breadth of the band in the 2800-3500 cm-1 region15. It is further 
confirmed by the appearance of two or more weak but prominent bands in the 1620-1640 cm-

1 region of the spectra due to H-O-H bending vibrations. From the observed breadth and 
intensity, these bands cannot be assigned to the carbonyl functions. That the carbonyl groups 
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are involved in metal chelate formation is further confirmed from the appearance of two 
medium intensity bands in the 400-450 cm-1 region due to (M-O) vibrations15. The band 
observed at ~975 cm-1 due to trans –CH=CH- group remained unaltered in the spectra of all 
metal complexes14. Thus the IR spectra strongly support the complexation through water 
molecules and the dicarbonyl moiety of synthetic curcuminoid analogues as in Fig. 2. 
Important bands that appeared in the spectra are given in Table 1. 
 

Table 1:  Physical, analytical and IR spectral data of the Ln(III) complexes 

Complex/ Empirical 
formula 

M.P. 
0C  

eff 

BM 

Elemental Analysis: 
Found (Calculated)% IR stretching bands (cm-1) 

C H M Chelated 
(C=O) 

H-O-H 
bending (M–O) 

[La(L1)3(H2O)2]        
C57H49LaO8 247 - 76.43 

(76.01) 
5.89 

(5.44) 
15.69 

(15.44) 1579  1629  407, 
418  

[La(L2)3(H2O)2]        
C69H61LaO8 254 - 72.92 

(72.26) 
5.81 

(5.32) 
12.71 

(12.12) 1591  1632  408, 
417  

[La(L3)3(H2O)2]        
C45H37LaO14 242 - 57.94 

(57.45) 
4.12 

(3.74) 
15.12 

(14.78) 1592 1627  406, 
418  

[Pr(L1)3(H2O)2]                  
C57H49PrO8 248 3.26 68.59 

(68.27) 
5.03 

(4.89) 
14.72 

(14.06) 1587  1626  405, 
412  

[Pr(L2)3(H2O)2]                    
C69H61PrO8 254 3.30 72.53 

(72.13) 
5.33 

(5.31) 
12.70 

(12.27) 1591  1630  409, 
417  

[Pr(L3)3(H2O)2]                  
C45H37PrO14 238 3.28 57.74 

(57.33) 
5.74 

(5.20) 
15.28 

(14.96) 1583  1629 407, 
411  

[Nd(L1)3(H2O)2]                  
C57H49NdO8 262 3.26 68.82 

(68.04) 
5.14 

(4.87) 
14.92 

(14.35) 1595  1639  407, 
418  

[Nd(L2)3(H2O)2]                    
C69H61NdO8 256 3.28 72.42 

(71.91) 
5.83 

(5.30) 
12.92 

(12.53) 1591  1633  406, 
419  

[Nd(L3)3(H2O)2]                  
C45H37NdO14 243 3.20 57.88 

(57.13) 
5.89 

(5.18) 
15.92 

(15.26) 1597  1632  407, 
418  

[Er(L1)3(H2O)2]                  
C57H49ErO8 279 9.18 67.02 

(66.52) 
5.14 

(4.77) 
16.98 

(16.27) 1584  1639  409, 
417  

[Er(L2)3(H2O)2]                    
C69H61ErO8 254 9.24 70.98 

(70.51) 
5.64 

(5.19) 
14.68 

(14.24) 1582  1629  411, 
422  

[Er(L3)3(H2O)2]                  
C45H37ErO14 273 9.26 56.13 

(55.77) 
4.17 

(3.82) 
17.91 

(17.27) 1588  1632 412, 
420 

[Dy(L1)3(H2O)2]                  
C57H49DyO8 276 9.75 67.24 

(66.83) 
5.18 

(4.79) 
16.04 

(15.88) 1590  1639  411, 
417  

[Dy(L2)3(H2O)2]                    
C69H61DyO8 263 9.60 71.32 

(70.80) 
5.91 

(5.22) 
14.44 

(13.89) 1584  1630  407, 
419  

[Dy(L3)3(H2O)2]                  
C45H37DyO14 249 9.68 56.89 

(56.05) 
4.13 

(3.84) 
17.24 

(16.87) 1591  1629  405, 
417  

 
1H NMR spectra 
 
        The 1H NMR spectra of the synthetic curcuminoid analogues displayed a characteristic 
downfield singlet at ~ 16 ppm due to the intramolecularly hydrogen bonded enolic proton12-14 
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as in Fig. 1. In the 1H NMR spectra of the diamagnetic La(III) complexes this low field signal 
is absent indicating its replacement by the metal ion during the formation of complexes5. The 
methine proton signal shifted appreciably to low field compared to the shift in the olefinic 
protons due to the aromatic character imparted to the C3O2M ring system by the highly 
conjugated groups attached to the dicarbonyl function. The alkenyl proton signals with a J 
value of ~16 Hz suggest the trans nature of the alkene double bond, as it is in the free ligands14. 
Aryl protons appear in the range  6.50-7.30 ppm as a complex multiplet. The integrated 
intensities of various signals agree well with the Fig. 2 of the complexes.  The assignments of 
various proton signals observed are assembled in Table 2. 
 

Table 2:  1H NMR spectral data (, ppm) of Ln(III) complexes 
 

Complex Methine CH=CH trans Aryl 
[La(L1)3(H2O)2]        6.60  7.60, 7.76  6.66-7.29  
[La(L2)3(H2O)2]        6.57  7.58, 7.69  6.68-7.20  
[La(L3)3(H2O)2]               6.64 7.62, 7.78 6.52-7.22  

 
Mass spectra 

 
[LnL3(H2O)2] stoichiometry of the metal complexes is evident from the presence of 

molecular ion peaks in the FAB mass spectra of typical metal chelates5,16. Peaks due to 
successive removal of ligand moiety and coordinated water molecules are characteristic of all 
the spectra. Peaks due to ligand fragments are also found in the mass spectra.  The important 
mass spectral fragments are assembled in Table 3. 
 

Table 3: Mass spectral data of some typical Ln(III) complexes 
 

Complex Mass spectral data (m/z) 

[Pr(L1)3(H2O)2]                  1002, 984, 966, 871, 740, 727, 609, 478, 452, 347, 276, 216, 177, 131, 
103 

[Nd(L2)3(H2O)2]                        1161, 1143, 1125, 1004, 885, 847, 690, 609, 533, 376, 333, 277, 219, 157, 
131 

[Er(L3)3(H2O)2]                  968, 950, 932, 847, 726, 713, 605, 484, 458, 363, 255, 242, 121  
 
Electronic spectra 
 
          In the UV spectra of all the metal complexes the bands due to the various n* and 
* transitions with absorption maxima in the range ~385 and ~260 nm are slightly shifted 
to longer wavelengths confirming the involvement of the carbonyl groups in metal 
coordination5,6. 
 The origin of weak absorption bands in the electronic spectra of the complexes is due 
to various f-f transitions. Specific assignments of the transitions are not possible from the 
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spectra as it is not recorded in a quantitative manner. Even though, the available data confirmed 
the coordination of lanthanide ions with the synthetic curcuminoid analogues.   
CONCLUSIONS 
 

Ln(III) complexes of three synthetic curcuminoid analogues were synthesized and 
characterized by analytical and spectral methods. The results revealed their mixed ligand 
stoichiometry [LnL3(H2O)2] with two coordinated water molecules and monobasic bidentate 
coordination from three deprotonated ligand moieties. The Ln(III) ions used were La(III), 
Pr(III), Nd(III), Er(III) and Dy(III). The synthetic curcuminoid analogues (HL) were 
synthesized from acetylacetone and aromatic aldehydes (benzaldehyde, cinnamaldehyde and 
furfural). La(III) complexes are diamagnetic while all other complexes showed normal 
paramagnetic moment. 
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