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ABTRACT

The reaction between terephthalaldehyde and acetylacetone under speci-
fied conditions yielded two types of unsaturated tetraketones in which the
keto-groups are attached to olefinic linkages. The existence of one of the
compound (H,L) in the intramolecularly hydrogen-bonded enol form and
other (L) in the keto-form have been well demonstrated from their IR, *H
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NMR and mass spectral data. Dibasic tetradentate coordination of H L inits
[M.L,] complexesand neutral bidentate coordinationof L inits[ML(OAc),]
complexes [M = Ni(Il) and Cu(l1)] have been established on the basis of

analytical and spectral data.

INTRODUCTION

Extensiveliteratureisavailable on the synthesis,
characterization and applicationsof coordination com-
poundsof polyketones containing akyl/aryl groupsdi-
rectly linked to the carbonyl functiong®3. Reportsalso
appeared on the synthes s, characterization and appli-
cationsof biologically important diketonesthat contain
olefinic linkagesattached to the diketo function asin
curcuminoids*®. However reports are scanty on un-
saturated polyketones and their metal complexes. In
continuation of our sudieson unsaturated 3-diketones
and their metal complexes®>8, weherereport the syn-
thesis and characterization of two unsaturated
tetraketones (H,L and L) obtained by the condensa-
tion between acetyl acetone and terephthal al dehyde.
Typica Ni(ll) and Cu(ll) complexes of these com-
poundswere also synthesi zed and characterized.
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EXPERIMENTAL

M aterialsand methods

Carbon and hydrogen contents were determined by
microanayses (Heraeus Elementd anayzer) and meta

contents of complexesby AAS (Perkin EImer 2380).

The UV spectraof the compoundsin methanol (10
M) were recorded on a JASCO V-550 UV-Visible
spectrophotometer, IR spectra (KBr discs) on a
JASCO FT/IR 4100 instrument, *H NMR spectra
(CDCl,or DMSO-d,) on a JEO2 IMS 60011 NMR
spectrometer and mass spectraon aJEOL -JM S600H,
FAB mass spectrometer. Molar conductance of the
complexeswasdeterminedin DMF (~10°mol/L) at
28+1°C. Magnetic susceptibilitieswere determined at
room temperature on aGuoy type magnetic balanceat
room temperature (28+1°C) using Hg[Co(NCS) | as
standard.
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Synthesis of unsaturated tetraketones, p,p’-
Bis(1,3-butanedione)-1,4-divinylidinobenzene
(H,L) and B,B,p’,B’-(Tetraacetyl)-1,4-
divinylidinobenzene(L)

Acetylacetone (0.5 ml, 0.01 mol) wasmixed with
boric oxide (0.7 g, 0.01 mol) in dry ethyl acetate (5 ml)
and stirred on amagnetic stirrer for ~1 h. Tothe mix-
tureasol ution of terephthalaldehyde (0.67 g, 0.01 mol)
and tri(sec-butyl)borate (5.3 ml, 0.01 mal) dissolvedin
dry ethylacetate (~10 ml) was added. Themixturewas
cooled to ~0°C and stirred for 10 minutes. To thisn-
butylamine (0.2 ml in 5 ml dry ethyl acetate) wasadded
slowly during half an hour and stirred for ~4 h. The
reaction mixturewaskept overnight. Totheyellow or-
ange solution obtained, acold solution (~5°C) of HCI
(0.4 M, 7.5ml) was added and the mixturewas again
dirredfor ~l hinanicebath. Themixturewasextracted
repestedly with ethyl acetate and the combined extracts
were evaporated to dryness on awater bath to get a
pasty mass. Thispasty massisstirred well withHCI (2
M, 10 ml) for half an hour. The precipitateformed was
filtered off, washed with water and then with ethanol
anddriedinvacuum. The TLC of theproductsreveded
the presence of two compounds, which were quantita-
tively separated by column chromatography asoutlined
below.

The crude product was dissolved in aminimum
guantity of acetoneand alittleamount of silicawere
added and dried. It wasthen placed over acolumn (2 x
100 cm) densely packed with silicagel (mesh 60-120)
using 1: 1 v/v chloroform-toluene mixture. It wasthen
el uted with the same solvent system at auniform flow
rate of 2 ml/min. Asthe elution proceeds, two bands
were developed in the column: alower yellow band
and an upper orange band. Thelower region was col-
lected as 10 ml dliquotsin separatetubesand, in each
case, the purity was established by TLC. The com-
bined eluates on evaporation gave the unsaturated
tetraketone, H L (Figure 1). It waswashed with etha-
nol and then with benzene, dried in vacuum and
recrystallised from ethanol.

After thecomplete elution of thefirst compound
the second band waseuted usinga5: 1 v/v mixtureof
chloroform and toluene. The e uateswerecollected in
aliquots of 10 ml in separate tubes and checked by

TLC. Thecombined extracts on removing the solvent
invacuumyielded the unsaturated tetraketone, L (Fig-
ure 2). It was washed with ethanol, dried in vacuum
and recrystallised from ethanal .

Synthesisof Ni(l1) and Cu(l1) complexes

To asolution of thetetraketone (2.98g, 0.01 mol)
in ethylacetate (50 ml) asolution of the metal (I1) ac-
etate(0.01 mal) inminimumamount of water wasadded
drop by drop with stirring. The pH of the solution was
adjusted around 7 using sodium acetate. The mixed
solution wasrefluxed for ~4 h. The solution was con-
centrated to half the volume and cooled to room tem-
perature. Thepreci pitated complex wasfiltered off and
washed severa timeswith ethylacetate, acetone and
then with water. The solid product wasrecrystallized
from hot ethanol and driedin vacuum.

Deter mination of magnetic susceptibility

A thincylindrical glasstube, filled withthesampleis
vertically suspended from the beam of abalancein
draught free enclosurein such away that itslower end
liesbetween the polesof an dectromagnet. Theweight
of thesampleisdetermined with thefield off and with
thefield on. Correctionsfor diamagnetism of the con-
stituentswere made using Pascal’s constants®. The€f-
fective magnetic momentswere calculated using the
formulap = 2.83x[y,, T]2x9.274x10* An? wherey,,
isthe corrected molar susceptibility and T istheroom
temperature.

RESULTSAND DISCUSSION

Clasen-Schmidt reaction of aromatic ddehydesand
S-dicarbonyl compounds, containing at |east oneacetyl
group, in presence of boric oxide, tri(sec-butyl)borate
and n-butylamineyielded ‘unsaturated’ S-dicarbonyl
compounds. The use of boric oxide and tri(sec-
butyl)borateisto prevent Knoevenagel condensation
by theformation of aboron complex of the diketong?.
If the protection of the active methylenegroup isnot
efficient under thereaction condition, Knoevenage con-
densation may aso occur. Inthe present study two prod-
ucts (H,L and L) were obtained by Claisen-Schmidt
and Knoevenagel condensationsrespectively.

Theelementd andyticd dataof H,L andL (TABLE
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1) suggeststhat the condensation between acetylacetone
and terephthal ddehydehasoccurredinthe2: 1 ratio as
inFgures1and 2. The compoundsformed stable com-
plexeswith Ni(ll) and Cu(ll) ions. Theanalytical data
(TABLE1) together with non-eectrolytic natureinDMF
(specific conductance<10 Q2 'cm'; 10 M solution)
suggest [M, L] and[ML(OAc),] stoichiometry for the
complexesof H L and L respectively. TheNi(ll) che-
latesarediamagnetic, while Cu(Il) complexes showed
thenormal paramagnetic moment. The observed UV,
IR, *H NMR and mass spectral dataof the complexes
arefully consstent withthe Figures3 and 4.

H5C |\ X Z /| CHj,
HsC CHs3
Figure2: Sructureof L
H,C CH
Y e
\M,O O\M/O
o o oo
SN N
H5C CHs;

M =Ni(l1) and Cu(l1)
Figure3: Sructureof themetal complexesof H L

H3C CHs

/ \
O —Q_ _O (@]
HyC AcO’M‘OAc CHs
M =Ni(Il) and Cu(ll)
Figure4: Sructureof themetal complexesof L

Infrared spectra

The spectrum of H,L showstwointensebands at
1636 and 1615 cnrassignabl e respectively to thein-
tramol ecul arly hydrogen bonded acetyl and cinnamoyl
carbonyl stretching vibrations. The observed position
andintengity of these bandsindi catethat the compound
exist entirely in the enolic form and enolised towards
the cinnamoyl function’®*¥ asin Figure 1. Thisisin-
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ferred from thefact that no free acetyl carbonyl band
(~1720 cmt) or cinnamoyl carbonyl band (~1645 cnr
1) are observed in the doubl e bond region of the spec-
trum. The broad band in the region 2500-3500 cm*
a so suggeststhe existence of the compound predomi-
nantly in the enolic form. The spectrum of the com-
pound showed aprominent band at 970 cm™ typical of
trans-CH=CH- group>*2.

TABLE 1: Physical and analytical data of unsaturated
tetraketonesand their metal complexes

Compound / Elemental Analysis:

Nflgrlﬁqcall:r Y(i)/?d mp.°C Au%fz Foénd (Ca|l_|cu|atec'i/)|%
gi_ngm 50 145 (%g) (228421)
E':':elszHLe,zz]Nizog 55 >300 (28128) (1:22) (12:22)
[ccsgltzzlcuzos 65 >300 162x10% (gg:gg) (j:jé) &Z;S%
IE:1§H1804 30 160 : (%ig) (2282)
[Cl\zlll(-lelg\loigg)Z] 50 >300 (gg:g) (2:82) (g:g%)
[Ciglgtzéoug:)ﬂ 65 >300 165x10% (gg:(ng) (2183) (gég)

The spectrum of L showsanintenseband at 1694
cm'! assignabl eto the stretching of the conjugated free
acetyl carbonyl groupsof Figure 2 and no other bandis
observed in the 1650-1750 cnrregionindicating the
existence of al thefour carbonyl groupsin identical
environments*Y, The compound does not show broad
bandintheregion 2500-3500 cm? suggesting itsexi -
encepredominantly inthetetraketo form.

InthelR spectraof thecomplexesof H L thebands
at 1636 and 1615 cm'* of theligand disappeared and
two new bands appeared at ~1600 and 1580 cmtdue
to metal chelated carbonyl groups*?. Thebroad band
intheregion 2500-3500 cm? cleared up inthe spectra
of metal complexesindicating thereplacement of enolic
protons by themetal cations during complexation® as
inFigure3.

The spectraof themetal complexesof L displayed
two strong bands at ~1695 and ~1625 cm assignable
respectively to thefree acetyl and metal coordinated
acetyl carbonyl stretching vibrations*. Monodentate
acetate usually shows two bands at ~1620 cm™*and
~1310 cm* due to antisymmetric and symmetric
stretching respectively. Sincecarbonyl absorption of the
complexes also appeared in this region the band at
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~1620 cm'* could not belocated. However amedium
intensity band observed at ~1320 cm* suggests the
monodentate coordination of the acetate groups™*2.
Thus IR spectraof the complexessupport the neutra
bidentate coordination of L asinFigure4.

That the carbonyl groupsareinvolvedin bonding
withthemetd asin Figures3 and 4 isfurther supported
by the appearance of two medium intensity bandsin
the region at 420-480 cm* assignableto v,, , vibra-
tiong®4 Important bandsthat appeared inthe spectra
aregiveninTABLE 2.

TABLE 2: CharacteristicIR stretching bands (cm?) of the
unsatur ated tetraketonesand their metal complexes

Compound ool cinnamoyl trans M0
H,L 1636 s 1615s 970m
[Ni,L,] 1600 s 1580s 968 m 480m,420m
[Cu,L,] 1602 s 1584s 966 m 478m,422m
L 1694 s -
[Ni(L)(OAc),] 1695s, 1625 s 470 m, 430 m
[Cu(L)(OAC),] 1697 s, 1628 s 478m, 428 m

'H NMR spectra

The'H NMR spectrum of H.L displayed asignal
at 6 16.40 ppm dueto theintramol ecularly hydrogen
bonded enolic protong>8. Themethine proton signas
areobserved at 6 5.80 ppm. Integrated intensitiesof dl
the protons agree well with the Figure 1 of the com-
pound.

The*H NMR spectrum of L does not displayed
any band above s 10 ppmindicating itsexistence pre-
dominantly inthetetraketo form™, The spectrum of
the compound is characterized by the presence of a
twelve-proton singlet at 6 2.50 ppm dueto the reso-
nance of methyl protonsindicating the presenceof dl
thefour methyl groupsin the sameenvironment asin
Figure2.

IntheH NMR spectrum of thediamagnetic Ni(11)
complex of H.L thelow field signa duetotheenol pro-
tonsof theligandisabsent indi cating their replacement
by themeta ionsduring complexation®*3. Themethine
proton signal shifted appreciably tolow field compared
to the shiftinthe ol efinic protons dueto the aromatic
character imparted tothe C,O,M ring systems by the
highly conjugated groups attached to the dicarbonyl
moiety. The alkenyl proton signalswith aJ value of

~16 Hz suggest the trans nature of the alkenedouble
bond, asitisinthefreeligand®. Thearyl protonsignds
areobserved intherange d 7.04-7.90 ppm asacom-
plex multiplet. Theintegrated intensitiesof varioussig-
nalsagreewell withthe[M,L ] stoichiometry of the
complexesasin Figure 3.

IntheH NMR spectrum of thediamagnetic Ni(ll)
complex of L two new six-proton singlets appeared at
6 2.70 and 2.80 ppm due to methyl protons of metal
chelated acetyl and acetate groupsin addition to the
six-proton singlet at 6 2.5 ppm of themethyl protons of
freeacetyl groupsasinFigure4. Thearyl protonsig-
nals are observed in therange 6 7.20-7.80 ppm as a
complex multiplet. Theassgnmentsof variousproton
signalsobserved areassembled in TABLE 3.

TABLE 3:'™H NM R spectral data (8, ppm) of theunsatur ated
tetraketonesand their Ni(11) complexes

Compound Enolic OH Methyl Methine CH=CH Aryl

5.80(2H) 826@H). 7 047 97 (an)

HL 1640 (2H) 2.41(6H) A

[NioLs] 250(12H)  6.46(4H) 88'3;%((1HH))' 7.12-7.80 (8H)
L . 250(12H) 5.70(2H) 7.20-7.80 (4H)

[Ni(L) 253(6H) 2.70

Y o et 5.76(2H) 7.22-7.90 (4H)

Mass spectra

Massspectrumof H_L showsintensemolecularion
pesk at m/z 298, thereby confirming theformulation of
the compound™4. Peaksdueto (CH,COCH,CO)* and
(P - CH,COCH,CO)" excludes the possibility of
Knoevenagd condensation and confirmsthe Clai sen-
Schmidt reaction a they-methyl group of acetylacetone.
Peaks dueto successiveremoval of two acetyl groups
area so characteristic of the spectrum.

Theformationof L iswell confirmed fromthepres-
enceof anintense P peak at m/z 298 in itsmass spec-
trum. Peaksdueto thesuccessiveremova of four acetyl
groups and the absence of peaks due to (P -
CH,COCH,CO)* and (CH,COCH,CO)" clearly sup-
port theknoevenagel condensation at the active meth-
ylenegroup of acetylacetone.

The FAB mass spectraof the Cu(Il) complexesof
H.L and L show intense molecular ion peaks corre-
spondingto[Cu,L ] and[CuL (OAc),] stoichiometry.
Peakscorrespondto[Cu,L]*, L*and fragmentsof L*
are also present in the spectra. The spectrum of
[CUuL(OAc),] show peaksdueto theremoval of one

Tnorganic CHEMISTRY
A Tndian W



ICAIJ, 7(5) 2012

Muhammed Basheer Ummathur et al.

203

or both acetate groups. The spectra of the chelates
containanumber of fragments containing copper inthe
3:1 natural abundance of ®Cu and ®*Cu isotopes”
(TABLE4).

TABLE 4: Massspectral dataof theunsatur ated tetr aketones
and their Cu(l1) complexes

Compound M ass spectral data (m/z)
H,L 298, 255, 241, 213, 212, 198, 184, 170, 156, 128

L 298, 255, 212, 169, 126

[CusL,] 722, 718, 424, 422, 361, 359, 298, 255, 212,
2 198, 184, 170, 128

481, 479, 422, 420, 363, 361, 438, 436, 395,

[CUL)(OAC)] 393" 208, 255, 126

UV spectra

The UV spectraof H L and L shows two broad
bands with maximaat ~380 and ~270 nm dueto the
variousn—m* and n—n* transitions. The absorption
maximaof themetal chelatesbear closeresemblance
with thefreeligand which indicatesthat no structural
alteration of theligand has occurred during complex-
ation. However theva uesshifted dightly tolonger wave-
lengthin the spectraof themetal complexesindicating
theinvolvement of the carbonyl groupsin metal com-
plexation,
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