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N-Benzoylacetoneglycine behaving as an unstable monobasic tridentate ligand has been isolated in 
the stabler sodium salt which has been used to prepare the corresponding lanthanide(III) complexes. 
The complexes have been characterized by elemental analysis, molar conductance, thermal analysis, 
and spectral data. /?-Ketoenamine structure of the ligand and the bonding in the lanthanide chelates 
have been discussed on the basis of IR and 1H NMR spectral data. The nephelauxetic ratio (/?), 
bonding parameter (b1^2), and Sinha's covalence parameter (ö) reflect obvious covalent nature for 
the complexes. Both the lanthanide complexes and sodium salt of iV-benzoylacetoneglycine are good 
antioxidants. 

Although metal complexes of iV-salicylideneamino 
acids and ЛГ-pyridoxylideneamino acids have been the 
subject of intensive investigation because of the impor­
tant application in medicine and bioinorganic chem­
istry [1—5], much less attention has been paid to sys­
tems in which the Schiff bases of amino acids are de­
rived from /3-diketones [6—8]. Neglect of this type lig-
ands of /3-ketoimine-A^-alkanoic acids seems to arise 
from their known hydrolytic instability [9]. Further­
more, those metal complexes primarily have been con­
fined to transition elements whereas the coordina­
tion chemistry of amino acid Schiff bases towards lan­
thanide has received scant attention. In the present 
research, iV-benzoylacetoneglycine has been stabilized 
in the form of its sodium salt and the complexes of 
this ligand with a series of lanthanide (III) ions have 
been prepared. Their antioxidative actions also have 
been determined. 

The lanthanide complexes have been synthesized 
via sodium 7V-benzoylacetoneglycinate. All the newly 
synthesized complexes are coloured powder solids (Ta­
ble 1), which are stable in air at least for several hours 
and soluble in water. After being put in the air for 
several days, they are not only insoluble in water, 
but also in common organic solvents except coordina­
tion solvents like THF, pyridine, dioxane, DMF, and 
DMSO. This phenomenon may result from the poly­
merization in the complexes after dehydration. The 
elemental analyses are in good agreement with the 
composition of Ln(HL) 3 -2H 2 0 (Ln = trivalent lan-
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Formula 1 

thanide cations, L = (Ci2Hii03N)2~). The low molar 
conductance values of the complexes are ascribed to 
their nonelectrolytic nature in DMF and are in accord 
with the expectation of the neutral complexes. 

Infrared spectrum of sodium iV-benzoylacetone-
glycinate exhibits two strong bands at v — 1577 cm - 1 

and 1530 cm"1 due to v ( C = 0 ) and v(C—N + C=C) 
which suffer a shift to higher wavenumber by 5—8 
cm - 1 and 8—10 cm - 1 after coordinating to Ln(III). 
The upward shift of v ( C = 0 ) and v(C^-N + C=C) 
bands is an evidence of enhanced chelate ring reso­
nance on metal chelation [7]. This evidently indicates 
the participation of the carbonyl oxygen and enam-
ine nitrogen atoms in coordination. It is further con­
firmed by the appearance of additional У (Ln—0) and 
v(Ln—N) bands at v = 415—430 cm" 1 and 315—340 
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Table 1. Analytical Data and Molar Conductivities of the Complexes 

Compound 

La(HL) 3 -2H 2 0 

P r ( H L ) 3 - 2 H 2 0 

Nd(HL) 3 -2H 2 0 

Sm(HL) 3 -2H 2 0 

Eu (HL) 3 -2H 2 0 

Dy(HL) 3 -2H 2 0 

Er (HL) 3 -2H 2 0 

Y(HL) 3 -2H 2 0 

Formula 

C 3 6 H 4 oOi iN 3 La 

C 3 6 H 4 0 O i i N 3 P r 

C 3 6 H 4 0 Oi iN 3 Nd 

C 3 6 H 4 oOi iN 3 Sm 

C 3 6 H 4 0 O n N 3 E u 

C 3 6 H 4 0 Oi iN 3 Dy 

C 3 6 H 4 0 O i i N 3 E r 

C 3 6 H 4 0 O i i N 3 Y 

Mr 

829.6 

831.6 

835.0 

841.1 

842.7 

853.2 

858.0 

779.6 

Ln 

16.77 
16.83 
16.97 
16.99 
17.29 
17.41 
17.90 
17.96 
18.05 
18.21 
19.06 
19.26 
19.51 
19.68 
11.42 
11.51 

iüi(calc.)/% 
Wi(found)/% 

С 

52.11 
52.20 
51.98 
52.01 
51.78 
51.92 
51.41 
51.29 
51.30 
51.36 
50.67 
50.71 
50.39 
50.28 
55.46 
55.32 

H 

4.83 
4.78 
4.81 
4.76 
4.79 
4.71 
4.76 
4.73 
4.75 
4.78 
4.69 
4.71 
4.67 
4.63 
5.13 
5.16 

N 

5.07 
5.09 
5.05 
5.06 
5.03 
5.05 
5.00 
5.02 
4.99 
4.96 
4.96 
4.93 
4.90 
4.90 
5.39 
5.36 

Yield 

% 

93 

90 

91 

87 

87 

85 

84 

86 

"decomp. 

°c 

230 

228 

227 

225 

226 

222 

228 

225 

A 

cm 2 Q.~l m o l - 1 

2.4 

2.2 

2.7 

2.5 

2.2 

1.9 

2.9 

2.8 

Colour 

White 

Light 
green 

Yellow 
green 
Light 

yellow 
Light 

yellow 
Yellow 

Yellow 

Yellow 

L = ( C i 2 H n 0 3 N ) 2 

c m - 1 , respectively, in far IR region. Sodium salt of 
the ligand shows two other very strong bands at v — 
1604 c m - 1 and 1404 c m - 1 assigned to antisymmet­
ric and symmetric stretching vibrations, respectively, 
of the carboxylate group [10]. The larger Ai/(COO) 
observed seems to be a consequence of intense inter­
nal hydrogen bond between the carboxylate and the 
enamine [10, 11]. 

A considerably broad band ranging from v — 
3100 c m - 1 to 3380 c m - 1 is observed in the spec­
trum of sodium iV-benzoylacetoneglycinate due to the 
strongly hydrogen-bonded NH, which remains unaf­
fected chiefly in the complexes but the band at v = 
3095 c m - 1 shifts to 3260—3270 cm" 1 because of the 
hydrogen bond damaged or broken after complexation 
with Ln(III) ions. This evidently indicates the exis­
tence of NH proton in the complexes without being 
replaced by Ln(III) ions. In view of the presence of 
hydration water, the complexes show broad bands of 
varying intensity in the region v — 3340—3410 c m - 1 

which partly submerge the broad v(N—H) band. 
*H NMR spectrum of sodium AT-benzoylacetone-

glycinate exhibits a doublet centred at S = 3.72 due to 
methylene protons (—CH 2 —), two sharp singlets at S 
= 3.44 and 6 = 5.67 ascribed to methyl (—CH3) and 
methenyl ( = C H — ) protons, respectively, while NH 
proton signal occurs as a broad triplet peak around ô 
= 11.29. Low-field value of NH signal is presumably 
due to intense internal hydrogen bond and its breadth 
due to quadrupole of the nitrogen nucleus [12]. In XH 
NMR spectra of the complexes, the presence of un­
affected NH proton signal further substantiates the 
result from IR spectra. 

Thus, all evidences above suggest that the ligand 
acts in monobasic tridentate manner and bonds to 
Ln(III) ions through the carbonyl oxygen, enamine 

4 u C H Q 

c-cl^c 

C-CH=C-CH, 

Formula 2 

nitrogen, and carboxy group. This obviously differs 
from the coordinating behaviour of transition metal 
ions [6—8]. 

Ultraviolet spectrum of sodium iV-benzoylacetone-
glycinate shows a strong band at Л = 340 nm, char­
acteristic of /?-ketoenamine form [13], which shifts to 
Л = 360—375 nm because of enhanced ring resonance 
on metal chelation. 

In the visible region the sharp lines due to /—/ 
transition originating within 4 / n configuration of the 
lanthanide(III) ions are affected by the ligand on com­
plexation. The shift of the absorption band to a lower 
wavenumber has been ascribed to a nephelauxetic ef­
fect. The extent of the red shift is related to covalence 
in the metal—ligand bond. The ß values below one 
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Table 2. Electronic Spectral Data of the Lanthanide Complexes 

Complexes £>/cm Assignment Covalent parameters 

P r ( H L ) 3 - 2 H 2 0 

Nd(HL) 3 -2H 2 0 

Sm(HL) 3 -2H 2 0 

Dy(HL) 3 -2H 2 0 

Er(HL) 3 -2H 2 Q 

22730 
22220 
20835 
16590 

19230 
18967 
17360 
16950 

25000 
24700 
23800 
21430 
20460 
19950 

23410 
22150 
21340 

15314 
18467 
19120 
20513 
22222 

3 Я 4 - > 3 P 2 

-• 3 P 1 

- > 3 P o 
-> lD2 

4 / 2 -> 4Pl/2 
- > 4 G 4 / 2 

->• 4 G ? 5/2) £5/2 
гН< 

Зя, 5/2 

9/2 

6 P. 
9/2 

3/2 

3 # 1 

-* -'13/2 
4 / 1 1 / 2 , 4 M 1 5 / 2 

-> 4 / 9 / 2 
- > 4 G 7 / 2 

15/2 -> ^11/2 
4 / l 5 / 2 
4 P Q ^9/2 

'15/2 
5 3 / 2 

2 # l l / 2 
4 * 7 / 2 
4 * 3 / 2 

^9/2 

/3 = 0.9975 
5 = 0.2506 
fc1/2 = 0.02500 

ß = 0.9932 
5 = 0.6753 
b 1 / 2 = 0.04123 

/3 = 0.9930 
ô = 0.7049 
б 1/ 2 = 0.04183 

0 = 0.9925 
S = 0.7498 
ft1/2 = 0.04330 

ß = 0.9912 
S = 0.8878 
Ь1/2 = 0.04690 

Table 3. Data on Antioxidative Actions of Na(HL) and Lanthanide Complexes 

Compound 

Control 

Na(HL) 

L a ( H L ) 3 - 2 H 2 0 

P r ( H L ) 3 . 2 H 2 0 

N d ( H L ) 3 - 2 H 2 0 

Y ( H L ) 3 - 2 H 2 0 

Elimination of 0 2 * 

Absorption 

0.827 ± 0.002 

0.467 ± 0.067 
0.667 ± 0.017 
0.750 ± 0.095 
0.566 ± 0.029 
0.650 ± 0.030 
0.753 ± 0.007 
0.457 ± 0.027 
0.586 ± 0.016 
0.752 ± 0.005 
0.408 ± 0.018 
0.665 ± 0.005 
0.734 ± 0.007 
0.550 ± 0.050 
0.682 ± 0.068 
0.770 ± 0.077 

Dose 

mg 

0 

0.333 
0.167 
0.083 
0.333 
0.167 
0.083 
0.333 
0.167 
0.083 
0.333 
0.167 
0.083 
0.333 
0.167 
0.083 

radical 

Inhibition 

% 

0 

43.57 
19.38 
19.31 
37.62 
21.40 

8.95 
44.74 
29.14 

9.07 
50.67 
19.59 
11.21 
33.49 
17.54 
6.84 

Elimination of OH' radical 

{Peak area} 

75397 ± 1983 

28625 ± 765 

19773 ± 481 

10871 ± 63 

15141 ± 1281 

12362 ± 462 

Yield for ethene 

/xmol d m - 3 

0.928 ± 0.024 

0.352 ± 0.009 

0.243 ± 0.006 

0.134 ± 0.001 

0.186 ± 0.016 

0.152 ± 0.006 

Inhibition 

% 

0 

62.0 

73.8 

85.6 

79.7 

83.6 

P < 0.05 in the above experiments. 

reflect the covalent nature of the bond between metal 
and ligand. The positive values of bonding parame­
ter (61/2) and Sinha's covalence parameter (S) also 
support the occurrence of some covalent character in 
the metal—ligand bond [14, 15]. The comparative low-
magnitude of bonding parameter 61/2 reveals the in­
volvement of 4/ orbital metal—ligand bond in a very 

low degree [16]. The bands of the electronic spectra 
along with their assignments and the values of/J, 61/2, 
and ô are presented in Table 2. 

Thermal behaviours of the complexes are closely 
similar to each other. The DTA curve exhibits a wide 
endothermic peak at 110—125^0, and the relevant 
TG curve shows mass loss of 4.1—4.6 % ascribable 
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to dehydration which corresponds to the liberation of 
two water molecules. At 222—230 TJ, the complexes 
are decomposed (Table 1) and benzoylacetone is elim­
inated. The observed mass losses (49.3—56.6 %) coin­
cide primarily with the theoretically calculated values 
(51.4—56.2 %). The thermal curves tend to steady at 
680—720^. The fraction residues are 20.4—26.3 % 
corresponding to the percentages of Ьп20(СОз)2 in 
the complexes. 

Superoxide radicals, produced by the reaction of 
NADH with PMS, can reduce NBT quantitatively to 
a blue substance. The amount of 0^" radical and frac­
tion of inhibition to superoxide radical can be calcu­
lated via spectroscopic measurement of the absorption 
of the reduced NBT [17]. 

OH" radicals produced when H2O2 reacts with 
ascorbate in the presence of Fe 2 + —EDTA as a suit­
able metal catalyst, were detected as a result of ethene 
formation from methional. The percentage inhibition 
was calculated by gas chromatographic measuring of 
the amount of ethene [18, 19]. 

Data on antioxidative behaviour are listed in Ta­
ble 3. It can be concluded that both the Na(HL) and 
lanthanide complexes are good antioxidants, and in 
most cases the complexes display more efficient an­
tioxidative activities. Moreover, the concentration of 
test samples exerts a very large influence on the in­
hibition and the higher the concentration, the more 
efficient is the sample. 

E X P E R I M E N T A L 

Lanthanide (III) chlorides were obtained by dis­
solving the corresponding oxide (99.95 %) purchased 
from Shanghai Yuelong Nonferrous Metal Co., Ltd., 
Shanghai, China in a stoichiometric amount of hy­
drochloric acid ((pT = 1 1). The solutions obtained 
were put on a water bath to evaporate until a crys­
tal film appeared, cooled, and then the crystals were 
separated out. Reduced coenzyme I (NADH) was ob­
tained from Lot in Germany. Nitroblue tetrazolium 
(NBT), phenazine methasulfate (PMS), methional [3-
(methylthio)propionaldehyde], and trihydroxymethyl-
aminomethane (Tris) were purchased from Sigma in 
USA. Ascorbate and other chemicals were biological 
or analytical grades. K 2 H P 0 4 — K H 2 P 0 4 (PBS) and 
Tris-HCl buffers were prepared with deionized distilled 
water. 

The lanthanide contents in all complexes were de­
termined by heating the samples at 800 °C. The result­
ing residues were dissolved with hydrochloric acid (ipT 

= 1 1 ) and the solution was titrated with EDTA and 
xylenol orange as indicator. The contents of carbon, 
hydrogen, and nitrogen were measured on an Erba 
1106 elemental analyzer. IR spectra were obtained in 
KBr pellets on a Nicolet 170SX infrared spectrom­
eter. 1 H NMR spectra were recorded on a FT-80A 
NMR spectrometer in DMSO-rfe solution, using TMS 

as internal reference. Electronic spectra were recorded 
on a Shimadzu UV-240 spectrophotometer. Thermal 
analyses were carried out with a PCT-2 differential 
thermal analyzer in air. 

Sodium iV-Benzoylacetoneglycinate 

Glycine (1.5 g; 0.02 mol) was added to a solution 
of sodium hydroxide (0.8 g; 0.02 mol) in 95 % hot 
ethanol (40 cm3) and the mixture was stirred until 
the solution became clear. Benzoylacetone (3.2 g; 0.02 
mol) was then added and the mixture was refluxed on 
a water bath for 4 h when the solution turned pale 
yellow. On cooling the mixture in ice, needle-shaped 
crystal separated out. The product was recrystallized 
from 95 % ethanol and the colourless fine crystal was 
dried in vacuum. Yield 78 %, m.p. = 188—19142. For 
C i 2 H i 2 0 3 N N a [Na(HL)] щ(Ыс.) 59.75 % С, 4.98 % 
H, 5.81 % N; g r o u n d ) : 59.68 % C, 4.94 % H, 5.76 % 
N. Sodium 7V-benzoylacetoneglycinate is stable in air 
and soluble in water, methanol, ethanol, acetone, pyri­
dine, dioxane, THF, DMF, and DMSO. It decomposed 
at 280°C. 

Complexes 

The solution of lanthanide chloride (0.5 mmol) in 
methanol (5 cm3) was added to the solution of sodium 
iV-benzoylacetoneglycinate (1.5 mmol) in methanol 
(20 cm3), whereupon the solid precipitated immedi­
ately. After 0.5 h of stirring, the precipitate obtained 
was filtered off, washed with methanol and dried over 
molecular sieves in vacuum. Yields 84—93 %. 

El iminat ion of Superoxide Radical 

The solutions of NADH, NBT, and PMS were pre­
pared with Tris-HCl buffer (c = 0.01 mol d m - 3 , pH 
= 8). The test samples, dissolved in a mixture of 
Me 2CO—DMF (cpr = 1 2), were added into the mix­
ture of 1 cm3 of NADH (c = 3.0 x ' 1 0 " 5 mol dm" 3 ) 
and 1 cm3 of NBT (c = 2.25 x 10" 5 mol d m " 3 ) , fol­
lowed by addition of 1 cm3 of PMS (с = 3.0 x 10~5 

mol d m - 3 ) . The reaction systems were maintained at 
37°C, the normal human temperature for 5 min, then 
the absorption of the mixture at 560 nm was measured 
on a 721 spectrophotometer. The mixture of Мег С О— 
DMF (ipT = 1 2), without dissolving the test samples, 
was used as the control group and its absorption A0 

was recorded. The mean absorption was calculated, 
where (A0 — A)/A0 stands for fraction of elimination. 
When A < A0, the test sample exhibits antioxidative 
activity, whereas when A > A0, it acts as an oxidative 
accelerant. 

El iminat ion of Hydroxyl Radical 

The solutions of Fe 2 + —EDTA, ascorbate, and me-
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thional were prepared with PBS buffer (с = 0.01 

mol d m " 3 , pH = 7.4). The test sample solutions of 

Me 2CO—DMF (tpr = 1 2 ) were added to the mix­

ture of 1 cm3 of F e 2 + — EDTA (c = 3.0 x 10~5 mol 

d m - 3 ) and 1 cm3 of methional (c = 3.0 x 10~5 mol 

d m " 3 ) , hence by addition of 1 cm3 of ascorbate (c = 

6.0 x 10~5 mol d m - 3 ) . The reactions were carried out 

at 37°C for 30 min, then the ethene formed was mea­

sured by a gas Chromatograph, and Me 2CO—DMF 

(<pT = 1 2 ) without the dissolved test samples acts as 

the control group. By the peak areas of the gas Chro­

matograph, the ethene content of both the test sam­

ples (B) and the control group (B0) was calculated. 

The (B0 - B)/B0 stands for fraction of elimination. 

The higher the (B0 - B)/B0y the larger the antioxida­

tive activity. 
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