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Synthesis, Spectral and Thermal Studies on Lanthanum(I1I)
Complexes of Piperidin-4-ones
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The diamagnetic lanthanum(III) nitrate (La'—Lam) and chloride
(La“-Lam) complexes of piperidin-4-ones (L'-Lm) of general for-
mula [La(L)2(NO3)3(H20);] and [La(L)Cl3(H,0),] have been pre-
pared and characterized by various physico-chemical studies like
elemental analysis, molecular weight determination, molar conduc-
tance, thermal and spectral studies. Molar conductance data indicate
that these complexes are non-electrolytes. IR spectral data show the
presence of water molecules and thermal studies confirm that these
water molecules are coordinated. IR spectra also reveal that the
nitrate groups are coordinated to the metal ion as bidentate ligands.
IR and NMR spectral studies suggest that piperidin-4-ones coordi-
nate with metal ions only through ring nitrogen and not through
carbonyl group.

Key Words: Piperidin-4-ones, Lanthanum, Complexes,
Thermal, Spectral.

INTRODUCTION

Recently the coordination chemistry of lanthanide complexes has attracted
many research workers due to the biological, chemical and industrial application
of these complexes'™. We have already reported the synthesis and characteriza-
tion of samarium(III)®, cerium(IIT)®, gadolinium(III)’, terbium(III) and dyspro-
sium(III)® completes of piperidin-4-ones. Lanthanides being hard acids would be
expected to show preference to bonding via the ketocarbonyl oxygen rather than
the ring nitrogen in case of piperidin-4-ones. However, it has been unambiguously
confirmed that only the ring nitrogen of piperidin-4-ones is coordinated to
lanthanide(III) ions>3. In continuation of our work., we now report the synthesis
and characterization of lanthanum(III) complexes of piperidin-4-ones

EXPERIMENTAL

Various substituted 2,6-diphenylpiperidin-4-ones L'-L'% were prepared fol-
lowing reported procedures® '°. The complexes have been prepared by a general
procedure: A mixture of lanthanum(IIl) nitrate (1.7 g, 5 mmol) and piperidin-4-
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one (10 mmol) in ethanol (50 mL). was refluxed on a water bath for 4 h.
Subsequently, the solvent was distilled off under reduced pressure. The residue
was repeatedly washed with hot ethanol, acetone and ether and dried over
phosphorus(V) oxide in vacuo. Lanthanum(III) chloride complexes of piperidin-
4-one have been prepared by a similar procedure using lanthanum(III) chloride.

The lanthanum content of the complexes was determined by complexometric
EDTA titration'! using xylenol orange as an indicator at pH 6. Elemental analyses
(C, H and N) were determined using a Carlo-Erba 1106 microanalytical instru-
ment. Conductance measurements were, performed on 10~ mol L™! solutions of
the complexes in acetonitrile using a type CM-82 Elico conductivity bridge with
a dip type conductivity cell fitted with a platinum electrode (cell constant=1.0
cm™). The molecular weight determinations have been carried out by the
depression of freezing point method using camphor as the solvent in which the
complexes are completely soluble. The experiments were repeated thrice for each
complex and the average values have been taken. The results were found to agree
with the calculated values within + 2% error. The IR spectra of the ligands and
their metal complexes were recorded on a Shimadzu FT-IR 8000 spectrophotom-
eter in the 4000-400 cm™ region using the KBr disc technique. The 'H and *C
NMR spectra were run at room temperature on a model 400 JEOL GSE
spectrometer operating at 399.65 MHz or 100.40 MHz, respectively. The
simultaneous TG-DTA measurements were carried out in air, using 3-5 mg
samples at a heating rate of 10°C min™' in the temperature range from ambient
to 800°C using a platinum cup as the sample holder.

RESULTS AND DISCUSSION

Analytical and conductance data in Tables 1 and 2 lead to general formula of
the complexes as [La(L),(NO;)3(H,0),] and [La(L)Cl3(H;0),] for lanthanum(III)
nitrate and lanthanum(III) chloride complexes respectively. These complexes are
colourless, sparingly soluble in methanol, dimethylformamide, dimethylsulphox-
ide and acetonitrile and insoluble in ether, acetone and chloroform. The nitrate
complexes are non-hygroscopic and stable in air while the chloride complexes
are hygroscopic and stable in the absence of air. All these complexes have
negligible conductivity values (Tables 1 and 2), indicating that they are non-elec-
trolytes. The observed molecular weights of these complexes are found to agree
with the calculated formula weights, confirming that these complexes are
nonelectrolytes (van’t Hoff factor = 1).

The IR spectral data of lanthanum(III) nitrate and chloride complexes are given
in Tables 3 and 4, respectively. The piperidin-4-ones have been shown to exist in
the chair conformation with alkyl and phenyl groups in equatorial orienta-
tions® ', The sharp band around 3300 cm™ due to N—H stretching of the ligands
(L!-L3) has been shifted to higher frequency (ca. 3400 cm™) as a broad band for
nitrate complexes [La'-La®] and is shifted to lower frequency for chloride
complexes [La''-La'’], respectively'2. The lower frequency absorption in chlor-

ide complexes can be explained as follows: Hydrogen bonding between the anion
- present and the proton of the NH group decreases the N—H stretching frequency
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and the magnitude of this shift depends on the size of the anion'? and decreases
as Cl™ > NOj. Forsberg and Moeller observed similar results'®. The Bohlmann
bands'® which occur in the region 3000-2800 cm™' were found to be absent in
the IR spectra of the corresponding complexes. The absence of these bands reveals
that there may be a conformational change of piperidinone ring due to its
complexation with the lanthanum ion through the lone pair of electrons of ring
nitrogen. Thus it is concluded that the ring nitrogen is coordinated to lantha-
num(IIl) ion with some conformational change. In the case of NCHj; containing
ligands (LS-L%), in addition to the absence of Bolhmann bands, the absorption
due to the C—H stretching frequencies of NCH; are also shifted to higher
frequency in the corresponding complexes, suggesting the involvement of ring
nitrogen in complexation.

TABLE-4

IMPORTANT IR ABSORPTION BANDS (cm™') OF THE LIGANDS AND
LANTHANUM(III) CHLORIDE COMPLEXES

Complex  V(C=0)*  v(C=0)®>  v(N—H) V(O—H) S(HOH)

(La'") 1700's 1720's 3220s 3000-3600 b 1640's
(La'?) 1699 s 1722 3227s 3000-3600 b 1624 s
(La'®) 1701 s 1724 3225s  3000-3600b 1624 s
(La' 1700 s 1725 s 3215 30003600 b 1640 s
(La®) 1701 s 1724 s 3215 3000-3600 b 1630s
(La'%) 1726 s 1729 s — . 3000-3600b 1625s
(La') 1722’5 1730 — 30003600 b 1636 s
(La'® 1720 1725s — 3000-3600 b 1640 s
(La') 1710's 1720's — 3000-3600 b 1636 s
(La®) 1713 s 1720's — 3000-3600 b 1630's

3for ligands, “for complexes, s = strong, b = broad

The carbonyl stretching frequency of the ligands (L'-L3) appears around 1700
cm™!. This absorption is shifted to higher frequency by about 20-31 cm™ in the
corresponding complexes (La'-La®) and (La'’-La'®). The higher frequency shift
indicates that the carbonyl group is not involved in complexation. The higher
frequency shift may be due to conformational changes that occur as a result of
coordination of the ring nitrogen. The corresponding shift in the complexes
(La®-La'®) and (La'6-La?) are found to be only 5-10 cm™. This suggests that
the conformational change is larger for piperidin-4-ones containing N—H group
than for those containing NCH; group. This may be due to the difference in the
preferential orientation of the nitrogen lone pair in these two types of piperidin-

4-ones'®.
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A broad absorption band in the region 3600-3200 cm™ due to (O—H)
stretching vibration (merged with NH absorption) and a medium intensity band
around 1630 cm™ due to (H—O—H) bending vibration!” are indicative of the
presence of water molecules in these complexes. In addition to these two bands,
another sharp medium intensity band in the region around 615 cm™ is observed
in the spectra of La(III) nitrate complexes This new band may be assigned for
the rocking mode of vibration of water molecules.

Analysis of the IR spectra of lanthanum(III) nitrate complexes with respect to
nitrate group reveals that (i) the peak around 1380 cm™ due to ionic nitrate
group'” is absent in the spectra of all the complexes and (ii) the magnitudes of
(V4 —V;) and (v3—Vvs) are 170-180 cm™ and 52-89 cm™!, respectively, indicating
the presence of bidentate nitrate groups. Thus, it is concluded that all the three
nitrate groups in these complexes are coordinated with La(III) ions in a bidentate
manner'3 1%,

The band observed in the region 550-543 cm™ and 420415 cm™! is attributed
to (La—N) and (La—O) bonding, respectively?’. The IR spectra of lanthanum(III
chloride complexes exhibit an additional band around 510 cm™ which may be
assigned to (La—Cl) bond.

The 'H NMR data in DMSO-dg as solvent for the ligand (L?) and its
diamagnetic lanthanum(III) nitrate complex (La®) are presented in Table-5.
Analysis of the spectral data reveals that the signals H(2), H(6) and N—H and
aromatic protons are shifted downfield in the complex. The ring nitrogen atom
acquires a partial positive charge when its lone pair of electrons is involved in
coordination and, consequently, the electron withdrawing nature of nitrogen is
increased. This explains the observed downfield shifts. The signals of H(3), H(5)
and C(3)-CHj; protons are found to be slightly upfield. This may be due to the
change in conformation of the piperidin-4-one ring as a result of complexation.
The presence of water in this complex is indicated by the proton signal at § 3.18.

TABLE-5
'H NMR SPECTRAL DATA OF THE LIGAND (L% AND COMPLEX (La®)

H(3) and Aromatic

Compd. HQ2) H(5) H@©) C(3)-CH; NH protons
(Lz) 355 254-2.66 4.00 0.80 2.04 (s, 1H) 7.20-7.42
d,1H) (m,3H) (dd,1H) (d,3H) (m, 10H)
(Laz) 4.78 2.51-2.70 4.78 0.76  Same as H(3) and H(S5) 7.40-7.57
(s,1H) (m,3H) (s, 1H) (d, 3H) (m, 10H)

The '*C NMR data in DMSO-dg as solvent for the ligand (L% and the
corresponding lanthanum(III) nitrate complex (La?) are recorded in Table-6. A
perusal of the spectral data indicates that the C(4) (carbonyl carbon) signal has
not undergone any change in the complex suggesting that the carbonyl group is
not involved in complex formation. Thus, both BC NMR and IR spectral
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observations complement each other in explaining the non-participation of the
carbonyl group in complex formation. The other carbon signals show only a
marginal shift and this may probably be due to the change in conformation. The
downfield shift of the H(2) and H(6) 'H NMR signals and the upfield shift of the
13C NMR signals of C(2) and C(6) in the complex show that the heterocyclic ring
deviates from the normal chair conformation on complexation®.

Thermal curves (TG-DTA) of all the lanthanum(III) nitrate complexes are
similar. The thermal data of a few complexes are given in Table-7. A thorough
scrutiny of the thermal curves indicates that these complexes undergo decompo-
sition in four steps. The thermal curves of (La®) and (La*) show an endothermic
peak at 173 and 186°C, respectively. The mass loss at this temperature corre-
sponds to two coordinated water molecules®. The loss of piperidin-4-one
molecules takes place in the second step of decomposition. This is shown by an
exothermic curve in the temperature range 275-300°C. Generally, the decompo-
sitions of the organic ligands of lanthanide(III) complexes are violently exother-
mic while the corresponding complexes containing metal ions other than
lanthanides show only endothermic effects”. This violent reaction may be
attributed to the high oxygen content of the anion (NO3) present in these
complexes® %°. The residue, lanthanum(III) nitrate, undergoes decomposition in
the next step. This is shown by a very strong exothermic peak in the region
between 400-500°C. The residue corresponds to lanthanum oxide nitrate,
Las07(NO;). It has also been rc:ported26 that lanthanum(III) nitrate on thermal
decomposition gives lanthanum(III) oxide through the formation of lanthanum
oxide nitrate. Finally, LasO;(NO;3) undergoes further decomposition in the
temperature range 650-750°C giving rise to La;0s.

TABLE-6
13C NMR SPECTRAL DATA OF THE LIGAND (L?) AND COMPLEX (La?%)

Compound C(2) C@3) C@) C(5) C6) C(3)—CH; Aromatic carbons

(L 68.53 5143 209.20 50.73 61.79 10.10  142.67, 141.79, 128.48,
128.35, 127.81, 127.58,
126.38

(Lad) 66.48 52.72 209.42 5190 59.60 1050  136.27, 135.42, 129.98,
128.88, 128.72, 128.02,
127.40

The changes observed in the decomposition of these complexes are represented
by the following sequence of reactions:

170-186°C 275-300°C
[La(L),(NO3)3(H,0),] "T [La(L),(NO3)3} —21..—) La(NO;);

~2H, -
400-500°C 650-750°C
— > LasO;NO;———— La,04
Thermal analyses have not been carried out for lanthanum(III) chloride
complexes because of their hygroscopic nature.
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TABLE-7
THERMAL ANALYSIS DATA OF THE LANTHANUM(II) NITRATE COMPLEXES?
Complex Thermogravimetry
DTA piak temp. TG Temp. Weight loss Decomposition
No.  Formula o Range (°C) Found (Caled) % P!
(Laz) [La(Cy3H9NO), 173+ 170-190 4.00 (4.04) [La(C;3H;9NO),
(NO3)3(H20)2] (NO3)3]
248~ 200-300  63.00 (63.54) La(NOs3)3
422- 400-500  80.50 (80.51) LasO;NO;
473-
751- 700-775  82.00(81.72) La;Os
(La®) [La(C;sH3;NO), 185+ 175-190 4.00(3.92) [La(C 9HzNO),
(NO3)3(H20)21 (NO3)s]
329- 320400  65.00 (64.66) La(NO;3);
353-
517- 450-650  81.00 (81.10) LasO;NO;
630-
736— 650-750  82.00(82.28) Laj03
(La*) [La(C30H23NO), 186+ 170-200 4.00 (3.80)  [La(Cy9H23N0O);
(NO3)3(H20)2] (NO3)s]
279- 250-300 66.00 (65.70) La(NO;3)3
331- 300425  82.00(81.66) LasO;NO3
449-
705- 650-750  83.00(82.80) Laj0;
(La®) [La(CisHNO), 195+ 185-200  4.00(3.92)  [La(CioH3;NO),
(NO3)3(H20)2] (NO3)s]
275~ 250-300  64.50 (64.66) La(NO3)3
361- 350-500 81.00 (81.10) LasO7NO;
472-
710- 650-750  82.00(82.28) Lay03
(La®) [La(CyoH23NO), 176+ 170-190  4.00(3.80)  La(CH23NO);
(NO3)3(H20)2] (NO3)3
315- 300450  65.25(65.70) La(NOs)3
427~
_516—- 500-650 82.00 (81.66) LasO7NOs3
623-
732~ 700-750 83.00 (82.80) Lay03
(La’) [La(C3;H25NO), 195+ 180-200 4.00 (3.69) [La(C21H2sNO),
(NO3)3(H20)2] (NO3)3]
328- 300450 67.00 (66.68) La(NO3)3
434-
556— 525-650 82.00 (82.19) LasO;NOs3
635-
705- 700725 84.00 (83.30) Lay03

+ Endothermic;

— Exothermic.
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Conclusions

The formulae assigned for lanthanum(lII) nitrate and chloride complexes,
namely, [La(L),(NO3);(H,0),] and [La(L)Cl3(H,0),], respectively, are in accor-
dance with the elemental analyses, conductance and thermal data. IR spectral
studies indicate the absence of ionic nitrate groups. The IR and NMR spectral
data suggest that the coordinating site of piperidin-4-one is only the ring nitrogen
and not the carbonyl group. The IR spectra and thermal curves of these complexes
show the coordination of water molecules. All these observations lead to the
conclusion that La(III) ion is 10-coordinate in nitrate complexes and 8-coordinate
in chloride complexes. The following probable structures are suggested for the
nitrate and chloride complexes.

_ O -
N
Ry Ph H,0 \ / OH, R,
(o] RN NR, o}
0 /7 V
Ry Ph , Ph R,
Structure of La(III) chloride complexes
Cl
A i \ / o
(o} R;N La cl
., . / \
H,0 OH,

(o]
Structure of La(IlI) nitrate complexes
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