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ABSTRACT

La(l11) complexeswiththeformula[Lal ,CI(H,0),] of five 1,7-diarylheptancids
(HL) derived from acetylacetone and aromatic aldehydes (2-
hydroxynaphthal dehyde, 4-methoxybenzal dehyde, 4-hydroxybenzal dehyde,
4-dimethylaminobenzal dehyde and 4-hydroxy-3-methoxybenzal dehyde) have
been synthesized. Analytical, IR, *H NMR and mass spectral data indicate
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the monobasic bidentate coordination in which the intramolecularly hydro-

gen bonded enol proton isreplaced by La(lll) ion.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

The chemistry of lanthanide B-diketonateshas as-
sumed consi derableimportance because of their prac-
tica useaspotential laser materia Y. Theapplication
of certain lanthanide chelates called shift reagentsfor
NMR spectral elucidation has become an extremely
useful andytica technique. Many of thereported stud-
ieson lanthanide B-diketonates are based on synthetic
[-diketonesinwhichthediketofunctionisdirectly linked
to akyl/aryl groups®*®. No report appeared on lan-
thanide complexesof B-diketonesinwhich thediketo
groupislinkedto akenyl function. Such unsaturated 8-
diketones have gained considerableimportancein re-
cent yeard®8 becausethese structural typesconstitute
themgjor biologicdly active compounds present in sev-
eral traditional Indian medicinal plants like
curcuminoids®, (1,7-diaryl-1,6-heptadiene-3,5-
diones), theactive chemical constituent of the herba-

ceousIndian medicind plant turmeric (Curcumalonga,
Linn, Zingiberaceafamily). In continuation of our stud-
ieson suchunsaturated B-diketonesand their metal com-
plexed®”19 we herereport the synthesisand charac-
terization of La(lll) complexesof five unsaturated 3-
diketones (HL!-HL?®) obtained by the condensation
between acetylacetone and aromatic aldehydes; 2-
hydroxynaphtha dehyde, 4-methoxybenza dehyde, 4-
hydroxybenzal dehyde, 4-dimethylaminobenzal dehyde
and 4-hydroxy-3-methoxybenzal dehyde.

EXPERIMENTAL

M aterialsand methods

Carbon, hydrogen and nitrogen percentageswere
determined by microandyses (Heraeus Elementd ana-
lyzer) and metal contentsby ignitingto ~1000°C and
weighing asLa,0,. The IR spectra (KBr discs) were
recorded on a8101 Shimadzu FTIR spectrophotom-
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eter, '"H NMR spectrain CDCI, or DMSO-d, on a
Varian 300 NM R spectrometer and massspectraon a
Jeol / SX-102 mass spectrometer (FAB using Argon
and meta-nitrobenzyl d cohol asthematrix). Molar con-
ductance of the complexeswasdeterminedin DMF at
28+1°C using solution of about 10 M concentration.

Synthesisof La(lll) complexesof 1,7-diarylhepta-
noids, [LaL ,CI(H,0),]

The1,7-diarylheptanoi dswere synthesized by the
condensation between acetylacetoneand aromatic a -
dehydes in presence of boric oxide and tri(sec-
butyl)borate using n-butylamine as the condensing
agent(s7,

A solutionof LaCl,, (0.01mol, 25mL 1:3v/v aque-
ous methanol) was added slowly with stirring to a
methanolic solution of the 1,7-diarylheptanoid (0.02
mol, 25 mL). ThepH of thereaction mixturewas care-
fully maintained at 7.56 in order to prevent the precipi-
tation of La(OH).. Themixturewas stirred for ~12 h
and concentrated to half theorigina volume. The pre-
cipitated complex on cooling to room temperature was
filtered, washed with ethanol and recrystallized from
hot methanol to get chromatographically (TLC) pure
compound.

—= Fyll Poper
RESULTSAND DISCUSSION

All the 1,7-diarylheptanoids (Figure 1) formed
stable and well defined complexeswith LaCl,. They
show sharp melting pointsand are solublein common
organic solventslikemethanol, chloroform, DMF and
DMSO. Theanalytical data(TABLE 1) together with
non-el ectrolytic naturein DM F (Specific conductance
<10*cm?; 10°M solution) suggest 1:2 metal-ligand
stoichiometry. Magnetic measurementsindicatethat dl
the complexesarediamagnetic in nature, as expected.
Theobserved IR, *H NMR and mass spectral data of

Af\é\[MAr

o} \H,o
Ar = 2-Hydroxynaphthyl (HL?); 2-Methoxyphenyl (HL?); 4-
Hydroxyphenyl (HL3); 4-Dimethylaminophenyl (HL*4); 4-Hy-
droxy-3-methoxyphenyl (HLY)

Figurel: Sructureof 1,7-diarylheptanoids

Af\é\[mm

O\ /O
La/2

Figure?2: Tentative mode of coordination of theLa(l11) ion
with 1,7-diarylheptanoids

TABLE 1: Physical and analytical data of theL a(l11) complexes

Elemental Analysis. Found (Calculated)%

Complex/ Empirical formula Yield% m.p.°C
C H N La
[La(L"),Cl(H,0)2] CssH4:ClLaOy 60 207 63.40 (63.26) 4.08 (4.10) - 13.65 (13.56)
[La(L?),Cl(H,0)5] C42H4ClLaOsy, 65 216 57.12(57.25) 4.73(4.77) - 15.65 (15.78)
[La(L®),Cl(H,0);] CasH34ClLa0y, 70 203 55.20(55.31) 4.12(4.12) - 16.74 (16.85)
[La(L?),Cl(H,0)3] CasHs:N4ClLaOg 65 198 59.28(59.20) 5.66(5.79) 3.08(3.00) 14.75(14.90)
[La(L®),Cl(H,0),] CsoH4,ClLa0y, 75 218 53.46 (53.37) 4.42 (4.45) - 14.75 (14.71)

the complexes are in conformity with the formula
[LalL,Cl(H,0),] asinFigure2.

Infrared spectra

ThelR spectraof the 1, 7-diarylheptanoidsare char-
acterized by the presence of a strong band at ~1625
cm*and abroad band in the range 2800-3500 cn?
dueto respectively, the stretching of the chelated car-
bonyl and theintramolecul arly hydrogen bonded enol
functions. Theabsenceof any band assgnableto anor-
mal a,-unsaturated carbonyl groupin theregion 1640-
1740 cm* of the spectraindi catesthat these compounds
exist entirelyintheenolicform®” asin Figure 1.

InthelR spectraof theLa(lll) complexestheband
at ~1625 cmrt dueto thestretching of thechelated car-
bonyl isabsent and, instead, astrong band assignable
to the stretching of the coordinated carbonyl moi ety
appeared at ~1580 cmtindicating the replacement of
enol proton by metal ion during complexation(®, The
intensity and breadth of the band in the 2800-3500
cnrtregion increased appreciably indicating the pres-
enceof different typesof O-H vibrationsinthe com-
plexes. Considering thefact that theenol protonisre-
placed by metal ion, thisbroadnessisdueto coordi-
nated water molecules. Thisfact isfurther supported
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from the appearance of two or moreweak but promi-
nent bandsin the 1630-1660 c* region of the spec-
traassignableto H-O-H bending™**2. From the ob-
served breadth and intensity, these bands cannot be
assigned to the carbonyl functions. That the carbonyl
groupsareinvolved in metal chelateformationisfur-
ther evident from the appearance of two mediumin-
tensity bandsintheregion 418-480 cmrt dueto v(La
O) vibrationd*¥. Inthefar IR region, spectraof the
complexesdisplayed mediumintensity band at ~350
cmrtdueto v(La-Cl) vibrationsindicating the coordi-
nation through chlorideion. The prominent band at
~975 cmtistypical of atrans—CH=CH- group which
remained undtered in the spectraof meta complexes®.
ThusthelR spectrastrongly support the coordination
through dicarbonyl moiety of 1,7-diarylheptanoid, weter
molecules and chlorideion. Important bandsthat ap-
peared inthespectraaregivenin TABLE 2.

TABLE2: CharacterigticIR stretching bands(cn®) of La(l11)
complexes

Chelated H-O-H (CH=CH)

Complex (C=0) bending trans (La-0) (M-C)
[LaL):Cl(H0)] 15825 joc e75m i 354m
LAL)CIHO) 15765 e 970m 47 h 358m
LaL)CIHOK 15785 (220 972m  Lec ™ 350m
[LaL9Ci(H:0x] 15855 (20N 968m 70T 360m
[LaLYCI(H0x] 15805 (200 970m  Ler T 356m

'H NMR spectra

The'H NMR spectraof the 1,7-diarylheptanoids
displayed acharacteristic downfield singlet at ~6 16
ppm duetotheintramolecularly hydrogen bonded enclic
proton®™ asin Figure 1. Themethineproton signd is
invariably located at ~ 5.90 ppm and ol &finic protons
at ~6 7.50 ppm.

IntheH NM R spectraof thediamagnetic La(lll)
complexesthelow field signd at ~6 16 ppmduetothe
intramol ecul arly hydrogen bonded enalic protonisab-
sent indicating itsreplacement by themeta ionduring
complexation®. Themethineproton signd shifted ap-
preciably tolow field compared totheshiftintheolefinic
protons. Thismay be dueto thearomatic character that
might have beenimparted tothe C,O,M ring system of
the chel atesby the highly conjugated groupsattached to

thedicarbonyl moiety. Thedkenyl protonsignaswitha
Jvaueof ~16 Hz suggest thetransnature of theakene
doublebond, asitisinthefreeligands®. Aryl protons
appear intheranged 6.50-7.30 ppm asacomplex mul-
tiplet. That thearyl substituentsarenot involvedin bond-
ingwiththemetd ionisdearly indicated™ inthespectra
of their La(l11) complexeswherethesigndsremainund-
tered. Theintegrated intensities of varioussignalsagree
well with thestructure of thecomplexesasin Figure 2.
Theassgnmentsof various proton sgnasobserved are
assembledinTABLE 3.

TABLE 3:'H NMR spectral data (5, ppm) of La(ll1)
complexes

. CH=CH Aryl
Complex Methine trans Aryl substituent
[LalLY),CI(H,0);] 6625 77";38‘3 6.64-727m 1046
[La(L?),CI(H,0)] 6595 77'%%‘3' 6.66-7.18m 3895
LaL)CiH:0)] 6665 0% 6507.25m 10485
LaL9CiHO)] 6485 2% 655730m 2935
5 7.684, 10165,
[LaL9ClHO)] 6545 0% 676720m 1000

s=singlet, d = doublet, m = multiplet
Mass spectra

Inadditiontointensemolecular ion pesksP/(P+1)*,
peaks due to eimination of O, OH, H,0, CHO,",
[ArCHCHCO]* and[ArCHCHCOCH,]* speciesfrom
themolecular ion arethe most common feature of the
massspectraof 1,7-diarylheptanoidg®”. The FAB mass
spectraof theLa(lll) complexes showed molecular ion
peakscorrespondingto[Lal ,Cl(H,0),] stoichiometry.
Peaks correspond to [LaL CI]*, [LaL ]*, [LaL]", [P—
H,O]" L*and fragments of L* are also present in the
spectra. Thespectraof dl thecheaescontainanumber
of fragmentscontaining chlorineinthe2: 1 natural abun-
dance of *Cl and *'Cl isotopes(TABLE 4).

TABLE 4: Massspectral dataof La(l11) complexes

Complex M ass spectral data (m/z)
1 1026, 1024, 1008, 1006, 990, 988, 953, 829,
[La(L)2Cl(H0).] 827, 815, 813, 632, 630, 546, 407, 211, 197

,0)3] 882, 880, 864, 862, 846, 845, 809, 721, 719,
705, 560, 558, 474, 335, 175, 161

,0)3] 826, 824, 808, 806, 790, 789, 753, 679, 677,
665, 663, 540, 538, 446, 307, 147, 161

,0)J] 934, 932, 916, 914, 898, 897, 861, 760,
758, 746, 744, 586, 584, 500, 361, 188, 174

,0)3] 946, 944, 928, 926, 910, 908, 875, 873, 872,
769, 767, 755, 753, 592, 590, 506, 367, 191, 177

[La(L?),CI(H
[La(L®,CI(H
[La(L%,CI(H

[La(L®),CI(H
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Electronic spectra

TheUV spectraof the 1, 7-diarylheptanoidsexhib-
ited two absorption maximain therange 385-450 and
~260 nm assignabl e respectively to thevariousn—n*
and t—=* transitions of the highly conjugated mol-
ecule®”. Theabsorption maximaof themeta chelates
bear closeresemblancewiththefreeligandswhichin-
dicatesthat no structural alteration of theligand has
occurred during complexation. However the values
shifted dightly to longer wavel ength (~10 nm) indicat-
ingtheinvolvement of thecarbonyl groupin metd com-
plexation,

CONCLUSIONS

La(lll) complexesof five 1,7-diarylheptanoids
(HL) derived from acetyl acetone and aromatic alde-
hydes (2-hydroxynaphthal dehyde, 4-methoxybenzal -
dehyde, 4-hydroxybenzal dehyde, 4-dimethylamino-
benzal dehyde and 4-hydroxy-3-methoxybenzal de-
hyde) have been synthesized. Analyticd, IR, *H NMR
and mass spectral data indicate the monobasic
bi dentate coordination inwhich theintramolecularly
hydrogen bonded enol proton is replaced by the
La(lll) ion. Thestructure of the complexes correspond
to[LaL ,Cl(H,0),] stoichiometry with the coordina-
tion through dicarbonyl moiety of 1,7-diarylheptanoid,
water moleculesand chlorideion.
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