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ABSTRACT

A new series of B-diketones, in which the keto group attached to an olefinic
linkage, have been synthesized by the reaction of acetylacetone with aro-
matic aldehydes (furfural, salicylaldehyde and 2-hydroxynaphthal dehyde)
under specified conditions. The existence of these compounds predomi-
nantly in the intramolecularly hydrogen bonded enol forms has been well
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demonstrated from their IR, *H NMR and mass spectral data. Details on the
formation of their [ML ] complexes[M = Ni(ll), Cu(ll) and Zn(l1)] and their
nature of bonding has been established on the basis of analytical and spec-

tral data. © 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

In continuation of our studies on unsaturated
polycarbonyl compounds and their metal complexes™
3, weherereport the synthesisand characterization of
three new unsaturated 3-diketones (HL*-HL?3) and their
typical metal complexes. Such unsaturated carbonyl
compounds have gained considerableimportancein
recent years4 because these structural types consti-
tutethemagjor biologicaly active compoundspresent in
thetraditional Indian medicind plant turmeric® (Cur-
cumalonga, Linn, Zingiberaceafamily).

2.EXPERIMENTAL

2.1. Materialsand methods

Carbon and hydrogen percentages were deter-
mined by microanalyses(Heraeus Elementa andyzer)
and metd contentsof complexesby AAS (Perkin Elmer

2380). The electronic spectra of the compounds in
methanol (10* mol/L) were recorded on a 1601
Shimadzu UV-Vis. spectrophotometer, IR spectra(KBr
discs) on an 8101 Shimadzu FTIR spectrophotometer,
'H NMR spectra (CDCI,or DMSO-d,) on aVarian
300 NMR spectrometer and mass spectraon a Jeol/
SX-102 mass spectrometer (FAB using Argon and
meta-nitrobenzyl alcohol asthe matrix). Molar con-
ductance of the complexeswas determined in DMF
(~10°mol/L) at 28+1°C. Magnetic susceptibilitieswere
determined at room temperature on aGuoy type mag-
netic balance.

2.2. Synthesis of unsaturated B-diketones (HL?,
HL2and HL?)

A wdll established synthetic routeto ‘unsaturated’
[-dicarbonyl compoundsis based on the synthesi s of
curcuminoids by Pabon®® using thereaction of aromatic
a dehydesand 3-dicarbonyl compoundscontaining at
least oneacetyl group in presenceof boric oxide, tri(sec-
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butyl)borate and n-butylamine. Theuseof boric oxide
and tri(sec-butyl)borateisto prevent Knoevenagd type
condensation and facilitate Clai sen type condensation
by theformation of aboron complex of the diketone.
Thismethod wasemployed with suitablemodifications
for the synthesis of unsaturated 3-diketones consid-
ered inthe present investigation.

The adehydes used for the condensation reaction
were furfural, salicylaldehyde and 2-hydroxyna
phtha ene-1-carba dehyde. A typical procedurefor the
gynthesisisgiven below.

A mixture of acetylacetone (0.075mol) and boric
oxide (0.055 mol) were made into a paste with dry
ethylacetateand stirred onamagnetic stirrer for ~1 hat
room temperature. To thismixturekept at 0°C, asolu-
tion of aromatic adehyde (0.025 mol) and tri(sec-
butyl)borate (0.1 mol) dissolvedin dry ethylacetate (15
mL) was added and stirred for ~3 hwith the slow agd-
ditionof n-butylamine(0.5mL in5mL dry ethylacetate)
and the reaction mixture was kept overnight. Hot
(~70°C) HCI (0.4 M, 20 mL) was added and again
stirred for ~I h. Themixture was extracted repeatedly
with ethylacetate and the combined extracts were
evaporated to dryness on awater bath to get a pasty
mass. To this 10 mL of 2 M HCl were added and the
resulting mixturewasagain stirred for ~1 h. Thepre-
cipitateformed wasfiltered. The TLC of the products
revealed the presence of two compounds and were
quantitatively separated by column chromatography as
outlined below.

The crude product was dissolved in aminimum
quantity of dry ethylacetate and theresulting solution
was placed over acolumn (2x100 cm) densely packed
withslicagel (mesh 60-120) and euted witha5:1v/iv
chloroform-acetone mixtureat auniform flow rate of 2
mL per min. Asthe el ution proceeds, two bandswere
deveoped inthecolumn, apaeyellow lower band and
an orangered upper band. Thelower region was col-
lected as 10 mL aliquotsin separatetubesandin each
casethepurity wasestablished by TLC. Thecombined
eluates after evaporation gave the pure unsaturated 3-
diketone (Figurel).

2.3. Synthesis of Cu(ll), Ni(ll) and Zn(l1) com-
plexes

To arefluxing solution of the compound in methanol

= Fuyl] Paper

Ar = = | CH 3
O. H .0
Compound Ar-
HL? 2-Furyl
HL? 2-Hydroxyphenyl
HL® 2-Hydroxy-1-naphthyl

Figurel: Structureof theunsatur ated B-diketones

(0.02moal, 20mL) an agueous solution of themetal (11)
acetate (0.01 mol, 15 mL) was added and thereaction
mixturewasrefluxed for ~3 h. The solution was con-
centrated to half the volume and then cooled to room
temperature. The precipitated complex wasfiltered,
washed severd timeswith water, then with ethanal, re-
crystallized from hot methanol and dried in vacuum.

2.4. Deter mination of antifungal activity

Theantifungd activity of thecompoundswere stud-
ied by thedisk diffus on techniqueusing agar nutrient as
the medium(®7, A 1000 ppm solution of nystatin was
used as the standard. Stock solutions (103 M) were
prepared by dissolving the compoundsin DM SO and
serilized in anautoclaveat 121°C for 20 min. Thenu-
trient medium was prepared by adding 2 g glucose and
1.5 g agar in to a paste of potato (20 g) in 100 ml
distilled water. ThepH wasadjusted to 5.7 using 10%
HCIl and autoclaved for 20 min. When thetemperature
became 35-40°C, thefungal sporeswere scrapped and
added to the medium. Mixed well and carefully poured
into petridishes and allowed to cool. Using an agar
punch, wells (10 mm) were cut on theseplates. Ineach
well two dropsof 1000 ppm sol ution of the compound
was added along with DM SO and standard nystatinin
separatewellsand incubated at 35°C for 24 h. During
thisperiod, thetest solution diffused and growth of the
inocul ated microorganism wasaffected. Theantifunga
activity was measured by noting the diameter of the
inhibition zonearound each well (mm). Thethreedif-
ferent fungal strainsused were Aspergillusniger, As-
pergillus parasiticus and Rhizopus oryzae.

3.RESULTSAND DISCUSSION

Anaytical (TABLE 1), IR, *"H NMR and mass
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TABLE 1: Physical and analytical data of theunsatur ated B-
diketonesand their metal complexes

Elemental Analysis:

Compound/ Yield o
empirical formula % N(l’CP Fognd (Ca||_(|:ulated|\)/|A)

HL! 67.30 5.64
CioH10s 60 140 742 (562

HL? 70.68 5.88
C1oH10s % 92 (7050 (5.88)

HL® 75.64 558
CieH105 65 8 (7550 (5.51)
[NiL] 5817 4.32 14.26
CoHNiOs 0 7300 5575 (436) (14.22)
[NiLZ)] 50 ogg OL75 474 1256
CoaH2NiOg (61.97) (4.73) (12.63)
[NiL%) 68.04 464 1041
CaHoNiOs 2> 7300 (6800) (4.60) (10.40)
[CuL] 57.34 432 1530
CoHpCu0s 0 ™30 (5748) a31) (15.22)
[CuL?) 6155 4.63 13.60
CuHnCuos 22 390 (6133 (469 (13.53)
[CuL?) 6750 440 11.22
CatasCu0s 2 ™30 (6742 (a57) (11.16)
[ZnLY)] 20 oo D138 424 1564
CxoH1506ZN (57.23) (4.29) (15.59)
[ZnLZ)] 60 4o 0128 466 1374
[ZnL3)] 65 108 0738 446 1134

TABLE 2: CharacteristicIR stretching bands(cm™) of the
unsatur ated B-diketonesand their metal complexes

Compound c=0  C=0 CH=CH M-O
acetyl cinnamoyl trans

HL 1670 1630 974 -
[NiL] 1625 1588 970 480, 418
[CuL®) 1620 1586 974 478, 418
[ZnL')] 1618 1582 976 460, 424

HL? 1668 1634 978 -
[NiL%] 1625 1591 978 490, 418
[CuL?) 1634 1587 970 467, 428
[ZnL3)] 1632 1584 972 470, 420

HL® 1674 1628 971 -
[NiL%)] 1623 1590 975 485, 416
[CuL?)] 1628 1592 967 460, 418
[ZnL%) 1636 1586 968 464, 422

spectra dataof the compounds suggest that the con-
densation hasoccurredinthe1:1ratioasinfigure 1.
Theanaytica data(TABLE 1) together with non-elec-
trolytic nature in DMF (specific conductance <10
Q'em?; 10°M solution) suggest [ML ] stoichiometry
of thecomplexes. TheNi(Il) and Zn(ll) chelatesare
diamagnetic while Cu(I1) complexes showed normal
paramagnetic moment. Theobserved e ectronic, IR, H

Ar - CH
ogm,b
I5
M =Ni(l1), Cul1), Zn(11)

Figure2: Sructureof themetal complexesof unsaturated
p-diketones

NMR and mass spectraof the complexesarefully con-
sstent withthefigure2.

3.1. Infrared spectra

Thespectraof al theunsaturated 3-diketonesshow
two intense bands at ~1670 and ~1630 cmrt assign-
able respectively to theintramolecularly hydrogen
bonded acetyl and cinnamoy! carbonyl stretching vi-
brations. The observed position and intensity of these
bandsindicatethat the compoundsexist entirely inthe
enolicform and enolised towardsthe cinnamoyl func-
tion®8 asinfigure 1. Thebroad bandintheregion 2500-
3500 cmt dlso suggeststhe existence of the compounds
predominantly intheintramol ecularly hydrogen bonded
enolicform. Thespectraof al thecompounds showed
a prominent band at ~980 cm* typical of trans —
CH=CH-group®®.

InthelR spectraof al the complexes, no band of
appreciableintensity observedin theregion 1650-1800
cmrt assignableto free or hydrogen bonded acetyl and
cinnamoyl groups. Instead, two strong bands are ob-
served in the 1580-1640 cm* region due to metal
bonded acetyl and cinnamoyl carbonyl functionsg?9 as
infigure 2. The broad band in the region 2500-3500
cmrt cleared upinthe spectraof metal complexesindi-
cating thereplacement of enolic proton by the metal
cation during complexation. That the carbonyl groups
areinvolved inbondingwiththemetd ionisfurther sup-
ported by the gopearance of two mediumintensity bands
a ~420 and ~470 cm* assignabletov,, ' (TABLE2).

3.2. 'H NMR spectra

The *H NMR spectra of the unsaturated f3-
diketones displayed aoneproton signal at ~6 16 ppm
dueto theintramol ecul arly hydrogen bonded enolic
proton%tt, Thespectraof HL2and HL3 displayed Sig-
nalsat $613.95 and 12.80 ppm dueto the phenolic OH
groups. Thetransorientation of the—CH=CH-group
isevident fromtheir observed Jvalues(~16 Hz). Inte-
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TABLE 3: '"H NM R spectral data (8, ppm) of theunsatur ated
B-diketonesand their Ni(l1) and Zn(l1) complexes

I _ o _ =
g 3z £ 3 s 32
§ g=32 & < =&l
L
HL' 16.08241 596 8.26,8.08 7.24-7.87
[NiLY] 2.36 656 824,814 7.22-7.82
[ZnLY)] 242 656 824,806 7.287.92 -
HL?> 1598250 592 832,807 7.26-7.82 13.95
[NiLZ] 248 650 832,812 7.22-7.90 1391
[ZnL?)] 246 646 834,809 7.26-7.82 13.90
HL® 1585260 586 831,813 7.24-7.80 12.80
[NiL3] 251 6.44 836,812 7.30-7.96 1276
[ZnL%)] 255 654 833,817 7.26-7.78 12.72

TABLE 4: M assspectral dataof theunsatur ated B-diketones
and their Cu(l1) complexes

Compound M ass spectral data (m/z)
HL! 178, 163, 135, 121, 93, 85
HL? 204, 189, 161, 147,119, 85
HL® 254, 239, 211, 197, 169, 85

[ CuLt ] 419, 417, 376, 374, 333, 331, 326, 324, 233,

231,178, 163, 121, 93

471, 469, 428, 426, 385, 383, 352, 350, 233,
231, 204, 189, 147, 85

571, 569, 528, 526, 485, 483, 402, 400, 233,
231, 254, 211, 197, 169

grated intensitiesof al the protonsagreewel withthe

figure 1 of thecompounds.

IntheH NMR spectraof thediamagnetic Ni(ll)
and Zn(I1) complexesthelow field signal duetothe
enol proton of theligandsisabsent indicating itsre-
placement by the metal ion during complexation. The
methine proton signal shifted appreciably tolow field
compared to theshift in the ol finic protons. Thismay
be dueto the aromatic character that might have been
imparted to the C,O,M ring system of the chelatesby
the highly conjugated groupsattached to thedicarbonyl
moiety. Theintegrated intenstiesof varioussgnasagree
well withthe[ML_] stoichiometry of thecomplexesas
infigure 2. That the phenolic OH group of HL? and
HL3arenot involvedin bondingwiththemetal ionis
clearly indicated™ in the spectraof their Ni(Il) and
Zn(I1) complexeswherethe phenolic signal remains
unaltered. The assignments of various proton signals
observed areassembledin TABLE 3.

3.3. Mass spectra
Mass spectra of al the unsaturated B-diketones

[CuL?)]

[CuL?)]

—= Fyll Poper

showed intensemol ecul ar ion peak, thereby confirming
theformulation of the compounds™®. Pesksdueto (Ar-
CH=CH-CO)*, (P-CH,)*, (P-CH_CO)*, (P-ArC H,)*,
etc. arecharacteristic of dl thespectra The FAB mass
spectraof the Cu(ll) complexes showed molecularion
peaks corresponding to [CuL.,] stoichiometry. Peaks
correspondto[CuL]*, L*and fragmentsof L* ared so
present in the spectra. The spectraof al the chelates
containanumber of fragments containing copper inthe
3:1 natural abundance of ®Cu and %®Cu isotopes
(TABLE4).

3.4. Electronic spectra

The UV spectra of the unsaturated p-diketones
show two broad bandswith maximaat ~370 nm and
~260 nm dueto thevariousn—n* and n—n* transi-
tions. In compl exesthese absorption maximashifted
appreciably to low wave numbers. The Cu(ll) com-
plexes showed abroad visibleband, &, at ~15,000
cm™. This, together with themeasured ., values(~1.76
BM) suggeststhe square-planar geometry™. In agree-
ment with this, spectrarecorded in pyridine, abroad
band centered at ~11,000 cm* was observed which
indicatestheformation of octahedrd pyridine adducts.
The observed diamagnetism and broad medium-inten-
sity band at ~17,800 cm* in the spectraof the Ni(ll)
chelates suggest their square-planar geometry. In con-
formity, the spectraof the chelatesin pyridinesolution
(10* M) showed three bands corresponding to con-
figurationd changeto octahedra duetotheassociation
of pyridine. Thethreewd |-separated absorption bands
a i, ~8,000,~13,500 and ~24,000 cm* correspond

e . 3 3 -3 3 3
tj gr%et(rs)nrs;g);i,i vgi? . T Ay Tlg(F) and A
1

3.5.Antifungal studies

Varioushiologicd activitiesexhibited by unsatur-
ated B-diketones such as curcuminoids have beenthe
subject of numerous physiologica and clinical studies
[+4, Inthe present study the antifungal activity of the
unsaturated -diketones and their metal complexes
were carried out. The data (TABLE 5) revealed that
thecompounds possessantifunga activity comparable
to that of the drug nystatin. Among the compounds,
HL2and HL3, which containan OH groupinthe ortho
position of thearyl ringwerefound to behighly active
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TABLE 5: Antifungal activities(diameter inhibition zonein
mm) of theunsatur ated diketonesand their metal complexes

Compound Aspergillus  Aspergillus  Rhizopus
niger parasiticus oryzae
DMSO 10 10 =
Nystatin 12 12 11
HL? 18 16 14
[ZnL*)] 14 13 1

L=Deprotonated ligand

against all the three funga strains studied, as in
curcuminoids?. In many cases metal complexationin-
creased theactivity of the compounds. Among the che-
lates, Cu(ll) complexesarefoundtobehighly active.

4. CONCLUSIONS

Thereaction between acetyl acetone and aromatic
aldehydesunder specified conditionsyielded anew se-
riesof unsaturated 3-diketones. Theexistenceof these
compoundsin theintramolecularly hydrogen bonded
enol form hasbeen well demonstrated from their ana-
Iytical and spectral data. Andyticdl, physica and spec-
tra dataof their [ML,] complexeswith Ni(ll), Cu(ll),
and Zn(11) showed the monobasi ¢ bidentate coordina-
tioninwhichtheintramolecul arly hydrogen bonded
enolic protonisreplaced by metd cation. Theantifun-
gd studiesreved that the compounds possesssignifi-
cant activity against dl thetested organisms. Thecom-
pounds containing an OH group intheortho position
of thearyl ring werefound to be highly activeandin
many casesmetal complexationincreased theactivity.
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