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ABSTRACT

New transition metal complexes having higher oxidation state were prepared
from B-iketone. The B-diketone (1-(5-chloro-2-hydroxyphenyl)-3-(3,4-
dimethoxyphenyl) propane-1,3-dione) was obtained by template reaction of
2-hydroxy acetophenonewith 3, 4 dimethoxy benzoic acid. The compounds
were isolated as stable solid complexes with 1:2 metal to ligand ratio and
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characterized by elemental analysis, conductivity, magnetic measurements,
electronic and I R spectroscopy. The XRD recorded from powder formsof al
samples shows a definite crystalline system. The obtained lattice parameter
valueswere found to bein good agreement with the proposed structures. All
the metal complexes are screened for antibacterial and antifungal activities.
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INTRODUCTION

Oneof the pillars of molecular magnetismisthe
synthesisof novel materialsaimed at discovering new
propertiesy. Inrecent yearstheformation of inorganic-
organic hybrid solidsformed by the coordination of
multidentateligandsto metd ionsisagrowing field of
scientificinterest. Thesecoordination compoundshave
many interesting properties based on their high degree
of order. Multidentaterigid ligandscan beusedtoform
porous crystal %2, From few years, some of us have
devoted effortsto designing and synthesizingaclassof
ligandsdisplayinglinear arraysof oxygen donorsbased
on theadjacent disposition of phenol and 1,3 diketone
groups, withtheaim of favoring theformation of chains
of closdly spaced transition meta s*4. Aswdll asthed-

transition metal - 3-diketone compounds were used
extensively as starting materialsin the early days of
metalocene chemistry™. Currently complexescontain-
ing the pentanedionato ligand have been the focus of
much investigations as € ectroluminescent material ¢
7, presumably dueto their ease of preparation, high
stability and high volatility in comparisonto other che-
late complexes®9. The pentanedionato ligand pos-
sesses a rather complicated coordination behavior
towardsredox- activetransition metal ionsbecauseit
can exist in various protonated formg?9. Studieson
thestructuresof 3-diketonemetal complexesandtheir
characterization are being of more and moreinterest
to chemists and biochemistg***4, Hencewe present
new series of 3-diketone metal complexeswith six
different metds.
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EXPERIMENTAL

Apparatusand reagents

All thesolventswere of anaytical gradeand were
used efter didtillation. Manganese (I11) acetatedihydrate,
zirconium acetate and 2-hydroxy acetophenonewere
synthesized according to published procedureg31419,
Ferric chloride (anhydrous), titanium trichloride (anhy-
drous), uranyl acetate (dehydrate) (S.D. fine chemi-
cals), vanadyl sulphate (Lobachemie) were used for
synthesis. Other reegentsand sol ventswereof AR grade.

Microandyticd dataof theligandand complexeswere
performed a RSIC, Centra Drug Research Ingtitute
(CDRI), Lucknow (India). Mdting pointsweredetermined
inopen capillariesgpparatus. Thereactionsweremoni-
tored by TLC. IR spectrawererecorded on amatrix of
KBr with FTIR-4100 (Jasco, Japan) spectrometer. *H
NM R spectrawererecorded on Varian NMR spectrom-
eter, Modd Mercury Plus (200 MHz) and thechemica
shiftsaregiveninppmreaiveto TM Sasaninternd san-
dard. *C NMR spectrawererecorded on VarianNMR
spectrometer, Model Mercury Plus(50MHZz) in CDCI,
andthechemicd dhiftsaregiveninppmreaiveto TMSas
aninterna standard. The magnetic measurementswere
carried out by Gouy method at room temperatureusing
Hg[Co(SCN),] asthecalibrant. Theelectronic spectra
wererecorded in DM F solution on a530 (Jasco, Japan)
spectrophotometer in therange between 200-1100nm.
Themolar conductance of thecomplexesat 10°M dilu-
tioninDMFweredetermined using ElicoCM 180digitd
conductivity meter withaconductivity cdl of cdl congtant
1.00 at room temperature. Powder XRD spectrawere
recorded on BRUCKERAXSD,

Synthesisof ligand

Edterification of 2-hydroxy acetophenone (1mmol)
wasdonewith stirring with 3,4-dimethoxy benzoicacid
(Immoal) inpyridinefor 4-5h using POCl, asacatayst
and kept for overnight. The crimson coloured product
wasobtained asastarting materia for further reaction.
The obtained ester (1mmol) dissolvedin pyridineand
powdered KOH (2mmol) was added and stirred about
3-4h. The mixture was poured inice cold water and
concentrated HCI. Finaly yellow coloured product was
obtained which wasrecrystallized fromdistilled etha-
nol. (Yield 74%) m.p. 128°C. The schematic repre-
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sentationisgivenin Scheme 1.
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Schemel: Synthesisof 1-(5-chlor o-2-hydr oxyphenyl)-3-(3,4-
dimethoxyphenyl)propane-1,3-dione

Synthesis of Fe (I111), Mn (11), Ti (I11), VO(VI)
and UO, (VI) metal complexes

A methanolic solution of appropriate metal salt
(10mmol) wasadded in ethanolic solution of ligand (25-
30mL) and heated over aboiling water bath. A pinch of
sodium acetate (2g) was added in reaction mixtureto
avoidtheoxidation and thenrefluxed with stirringfor 5
h using aCaCl, guard tube. The colored crystalline
product was formed, which was separated by filtra-
tion, washed with aqueousethanolic solutionand finaly
with petroleum ether andrecrystdlized fromDMFE The
product wasdried over fused calcium chloridein des-
iccators. Yield (60%).

Synthesisof Zr (1) complex

Zr(IV) metal complex wasprepared by following
recently published literature method*¢l. Zirconyl oxy-
chloride octahydrate (1.64 g, 2mmol) wasdissolvedin
methanol (15mL) and anhydrous sodium acetate (0.32g,
4mmol in15mL methanol) wasadded init. Themixture

Cl
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wasthen stirred for 5 min. The separated sodium chlo-
ridewasfiltered off and discarded. To theremaining
solution, containing oxozirconium (1V) diacetate, the
ethanalicligand solution (2mmol) wasadded. Themix-
ture was refluxed for 6h. The lime-colored product
obtained wasfiltered and washed 2-3 timeswith metha-
nol followed by water then petroleum ether, and dried
at room temperature. Yield 60-70%.

Antimicrobial screening

Theinwvitro biological screening effectsof thein-
vestigated compoundsweretested against gram posi-
tive bacteria, i.e. S. aureus, S typhi, B. subtilisand
gram negative bacteria, i.e. E. coli and P. aeruginosa
by paper disc plate method*®! using agar as the GN
nutrient medium and streptomycin asstandard. Thecon-
centration of the compound used for testing was 1ug/
0.02ml inDMF.

In a typical procedure, the 10mm diameter
Whatmann no.1 paper discswere soaked in different
solutions of the compounds, dried, and then placedin
petri plates previously seeded with thetest organism
and the platewasincubated at 37°C for 24h. During
thisperiod, thetest sol ution diffused and the growth of
microorganism was affected. Theantibacterid activity
was estimated on the basisof the size of theinhibition
zonearound thediscs.

Fungicida activity of theligands and correspond-
ingmetal complexes, their effect onthegrowth of fungi

wasstudied. All thefungi belongto family Aspergillus.
Fivedifferent speciesof Aspergillusfungi i.e A. flavus,
A. niger, A. ustus, A. fumigatus and A. glaucuswere
studied for this purpose. Theligand and their corre-
sponding meta chelatesin DMF invitrofor their fun-
gicidd activity in glucosenitrate mediumwere screened
by myceliadry weight method™”. Two different con-
centration levelsof 125ppm and 250ppm were used.

RESULT AND DISCUSSION

All themetd complexesarecolored solids, ar stable
and solublein DMFand DM SO. Thedementd andysis
shows 1.2 (metd: ligand) stoicheometry for dl thecom-
plexes. Themicroandytica data, molar conductanceand
other dataof theligand and the complexesaregivenin
TABLE 1. The presenceof chlorinein Fe(l11) complex
was confirmed by Volhard’s test. The metal contents in
complexeswereandysed by gravimetricanaysisby the
standard methods*8l. All the complexes show low con-
ductancewhichindicatestheir non-dectrolyticnature. The
Ti(l), Mn(111), Fe(I11), and VO(IV) complexesexhibit
paramagnetic naturewhereasthe Zr(IV), UO(VI) are
diamagneticinnature.

NMR spectra

In*H-NMR spectra (300 MHz, CDCI.,, 5ppm) of
the ligand shows signals at 3.95, 3.96(6H, t, C6-
OCH,), 6.4-7.65 (6H, m, phenyl ring), 12.04 (1H. s,

TABLE 1: Physical characterization, analytical and molar conductancedata of the compound

Comp./Complexes Color I?/c\)/rer%lﬁllta Dglcc.)Fr)\.w/p. Elemental AnalysishFound (cld.) Yield ;“M(,?_lc,nf
(cald.) (°C) M C H o} (%)  mol”x107)
(LH): Ydlow 33476 130 6799 537 2644 74
UOJ[(LH)3] Orange  986.69 209 éjég) (jgﬁé% (jzgg) (i;:g‘z‘) 60 49
Fe[(LH),(H,O)(Cl)]  Brown 76268 312 (Z:gg) (221%‘2‘) (gég) ég:(l’g) 60 50
Ti[(LH), (H,0)C)]  Yellow  789.02 280 (g:gg) é33222) (gzgg) égég) 60 32
Zr[(LH)x(H,0),] Yellow  861.89 309 &8;8% (gigg (2228) éjég) 70 61
Mn[(LH)(H0)(OAC)]  Brown (gﬁ:g) 314 (gﬁgg) (gg:ég) (21(1)2)) (icl)g) €0 49
VO[(LH),] green  799.60 265 (g:g;) (g:g% (2:3471) ég%) 60 54
phenolic-OH), and 15.81 (1H, s, enolic-OH). IR spectra

Inthe*C-NMR spectra(50 MHz, CDCL.,, Sppm) of
theligand, showspesksat 55.96, 90.99, 109.35, 110.07,
110.67, 120.26, 121.15, 127.43, 130.11, 135.13.

Thefree ligand shows abroad band at 1770cm?
indicating that theligand exhibitstheketoforminthesolid
state. The(C=0) band isshifted to lower frequency by
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32-50cnt inthemetal complexeswhereas(C-O) band
ispresent at 1516 cm* intheligand whichisshifted to
higher frequency in metd complexessuggestingthe par-
ticipation of C=0 (acetyl carbonyl ) in coordination(*527,

Thetwo broad bandsin the region 2800-3500cnr
L were present in the spectra of the Fe(l11), Mn(lI1),
Ti(lll) and Zr(IV) metal complexes. Oneband isdue
to water molecul es present inthemetal complexesin
theform of | attice water or coordinated water?! and
other band suggests the existence of the compounds
predominantly intheintramol ecular hydrogen bonded
enolic form. Thisbroad band remained a most unaf-
fected inthe IR spectraof the complexes, indicating
that the enolic OH is not replaced during complex
formation(?2,

ThelR spectrum of the Mn(111) complex displays
two additional bands at 1612 and 1435cm™ due to
asymmetric and symmetri c stretching modes of the ac-
etate group. The separation (Av~175) of acetate
dretchingvibrationsandther relativeintengtiesagrees
well with the acetate group coordinating in its
monodentate nature. In the spectra of VO(IV) and
Zr(1V) complexes, the additional bands observed at
963cm'?, 1140cm™ and 952cm* aredueto the v(V=0),
v(Zr-OH) and v(U=0) modes respectively?. Inthe
far infrared region of al complexes, thebandsobserved
in the region 407-556¢cm! can be assigned to M-O.
All thevaluesaregivenin TABLE 2. Hence, theligand
coordinateswiththe meta ionsasmono deprotonated
bi dentate and the coordination occursviaboth acetyl
oxygen of B-diketonemoiety.

UV-visspectra

Theéd ectronic absorption spectraof theligand and
it’s UO,(VI), Mn(ll1), Ti(lll), Fe(lll), VO(IV) and
Zr(IV) complexeswererecorded at room temperature

TABLE 2: Characteristic IR frequencies of the ligand
and its metal complexes (cm?)

v(OH)Coord.

VvOH H,Omolecule

Compound v(C=0) v(C-0) v(M-O)

HL 177033  1568.12 3050.34

Fe[(LH),(H,0)(Cl)] 173466 159581 42619 365252 2938.98

Mn[(LH),(H,0)(OAC)] 176262 160003 52454 370352 3058.33

Ti[(LH), (H,0)(Cl)] 174235 159412 488726 361245 294252

VO[(LH),] 171923  1509.99  963.27 3084.58

UO;[(LH)y 1756.83  1593.88  952.66 3165.55

Zi[(LH),(H,0)] 173658 150228 114069 365541 294051

—= Fyll Poper

using DMF asthesolvent and obtained vduesaregiven
INnTABLE 3. The e ectronic spectraof thefreeligand
show abroad band at 25,706cm* whichisassigned to
(C=0) transitiong?,

The spectraof theTi(l11) complex exhibitsabroad
band at 20,536cm™* dueto the*T, —°E_transitionin
the ligand. The broad and double-hump nature of
the spectrum indicates John-Tal ler distortion and sug-
gests octahedral geometry!®!, For VO(IV) complex,
we observed bands at 26178cm?, 17152cm and
13537cm™ assigned to °B,—°E, *B,—’B, and
’B,—?A transitions, respectively which confirm
square pyramidal geometry. The Mn (I11) complex
showsthreeintense bandsat 13513cm?, 16181cm
!, 22100cm'due to the transitions °B,—°B,,

TABLE 3: Magnetic and electronic absor ption spectra
of ligand and its metal complexes
Magnetic

Frequency Band

Ligand/complexes moment ; £) . Geometry
(B M ) Incm asagnment
HL 25906 ANCT
16181 °*A19(9)—"T:9(G)
Fe[(LH)2(H0)(C)] 6.25 25535 A0 9 T0) octahedral
13513 °B;—>°B,
17152 *Bio>°A; Square-
Mn[(LH),(H,0)(OACc)] 477 22100 B e pyramidal
26178 LMCT
Ti[(LH), (H;0)(CN)] 174 20536 Ty "Ey Octahedral
13537 ’B,»’E e
VO[(LH),] 1.76 17530 BB, Sf'a% dal
20411 %8, %A, Py
UG;[(LH).] Dia 26881 LY o3 R —
ZH(LH)(H,0);] Dia 273% LMCT octehedral

31560
3 NCT : Intra- ligand chargetransfer, LM CT : Metal toligand
charge transfer, Dia.: Diamagnetic.

°B,—°A, °B,—~°Eand 26178cm* assigned asligand
meta chargetransfer (LM CT) which confirmssquare
pyramidal geometry. The Fe(l11) complex showsab-
sorption intheregion 16181cm?, 18,248cm* and
25906cm* corresponding to °A g(S)—*T,9(G),
°A,9(S)->*T,9(G), °A,9(S)—*E, transitions support-
ing high spin octahedral geometry. The UO,(V1)
showsintense band at 26881 cm* indicatesLMCT
transition whichisnot sufficient in deciding the ge-
ometry of metal complex?, The Zr(IV) metal com-
plex showsbands at 27356cm* and 31560cm* both
assigned to charge transfer bandi.

M agnetic moments of the complexeswere mea-
sured at room temperature. From the magnetic sus-
ceptibility of themetal complexesitisconfirmed that
Zr(IV) and UO,(VI) metal complexesarediamagnetic
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innature asthey do not consist of unpaired electrons.
The Mn(I11) complex has a magnetic moment 4.77
B.M., indicating the presence of four unpaired elec-
trons. Fe(111) hasamagnetic moment 6.25 B.M. indi-
cating the high-spin state of Fe(111). The observed val-
uesfor VO(IV) and Ti(Ill) complexes are 1.76 and
1.74 B.M. respectively suggesting the presence of one
unpaired eectron. Thehigher valuesmay bedueto or-
bital configuration.

Powder x-ray diffraction

Thex-ray diffraction study of metal complexesof
Zr(IV), Mn(111) and Fe(111) has been done. The x-ray
diffractogram of metal complexeswas scannedinthe
range5-100" at wavelength 1.543A°. Thediffractogram
and associ ated data depict the 26 valuefor each peak,
rediveintengty andinter-planar spacing (d-vaues). The
diffractogram of Zr(1VV) complex had thirteen reflec-
tionswithmaximaat 20=24.716" correspondingtod
vaue3.599A°. Thediffractogram of Mn(I11) complex
showsthirteen reflectionswith maximaat 26=36.046°
corresponding to d value 2.4896A°. Thediffractogram
of Fe(I11) complex had fourteen reflectionswith maxima
at 26=24.048° corresponding to d value 3.6975A°.
Thex-ray diffraction pattern of these complexeswith
respect to major peakshaving relativeintengity grater
than 10% have been indexed by using computer
programme?, The aboveindexing method aso yields
miller indices (hkl), unit cell parametersand unit cell
volume TheZr(1V) metal complex showslattice pa-
rameter values, a=14.6834A°, b=5.1812A°,
c=13.1227A°, a=y=90°, $=99.82° and volume
V=352.19A°3, The observed density is2.2083gcm
and cal culated density is 2.6601gcm3. The porosity
percentage cal culated from the observed and cal cu-
lated densitiesisabout 0.102. Thestandard deviation
isabout 0.018%. The crystal having 8 molecules per
unit cell with probabl e space group P2 /C. In concur-
rencewiththesecell parameters, thecondition such as
a=b=c and a=y=90°#f required for sample to be
monoclinic weretested and found to be satisfactory.
Thisconditionwasaso satisfied for Fe(111) and Mn(111)
complexes. TheFe(l11) metal complex shows2 mol-
ecules per unit cell having spacegroup C2/c. Thelat-
ticeparameter valuesare, a=8.2938A°, b=4.1525A°,
€c=6.5908A° and a=y=90° $=101.60° and volume

V=222.35A°3. The observed standard deviation is
0.031% whichiswithinthepermissiblelimit. The ob-
served and calculated densities from Z values are
1.1266gcm® and 1.0658gcn3. The porosity percent-
ageis0.0569. Thelattice parametersfor Mn(l11) metal
complex area=18.6757A°, b=3.3330A°, c=8.1586A
and a=y=90°, f=111.06° and volume V=473.912 A3,
which supportsmonoclinic crystal system with 8 mol-
ecules per unit cell having probable space group P2,/
C. Theobserved and calcul ated densitiesfor Mn(l11)
complexes are 1.3840 gcm® and 1.6672gcm=. The
porosity percentageis0.1026. Thestandard deviationis
found to be 0.011%. From the comparison of experi-
mental and theoreticd dengity values, thisshowsgood
agreement withinthelimitsof experimentd error®.

Anti-bacterial activity

Theantibacterial activity wasestimated onthe ba
ssof theszeof theinhibition zonearound thediscs All
theobtained resultsaregivenin TABLE 4. Theresults
revea that the activity of theligand was appreciably
enhanced on complexation with themetal. Theresults
were interpreted according to the Cappuceino and
Sherman method®. Thismay be explained by theche-
| ation theory®-32, According towhich, chelation reduces
the polarity of the central metal atom because groups
and possibler-dlectron dd ocalization withinthewhole
chelating ring. Thischelationincreasesthelipophilic
nature of the central atom, whichfavorsthepenetration
of thecomplexesthroughthelipidlayer of thecell mem-
brane’®23 and blocking of metal binding siteson the
enzymesof themicro-organism.

Itisobserved from antimicrobia screening studies

TABLE 4 : Anti- bacterial activities of B-diketone and its metal
complexes

Compound Zone of Inhibition (in mm)

1mg/0.02 ml

B.subtilis Saureus E.coli P.aeruginosa  S.typhi

Streptomycin -~
(Control)*

HL 12 R R R R

Fe[(LH)»(H0)(CI)] 15 12 R 23 10
Mn[(LH)(H,0)(0AG)] 12 R R 15 R

Ti[(LH). (H,0)(Cl)] R R R R R

VO[(LH)3] 14 R R 15 R

UG,[(LH)] R R R 13 R

Zr[(LH)2(H,0),] R 12 R R R

*No effect upto 24 h, R-Resistant.
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TABLE 5 : Anti- fungal activities of B-diketone and its metal complexes (in mg)

Compound/complex A. flavus A. niger A. ustus A. fumigatus A. glaucus
125ppm  250ppm  125ppm  250ppm  125ppm  250ppm  125ppm  250ppm  125ppm  250ppm
DMF (Control)* 32 32 32 32 32 32 32 32 32 32
HL 24 23 26 26 25 23 22 23 22 22
Fe[(LH)2(H20)(Cl)] 13 12 14 15 13 12 11 12 08 09
Mn[(LH)2(H,0)(OAC)] 11 09 12 13 12 13 10 08 10 11
Ti[(LH), (H,0)(CI)] 13 14 12 13 13 13 12 13 10 11
VO[(LH),] 10 11 11 12 12 13 10 09 08 09
UO[(LH)] 12 14 14 13 12 12 14 13 15 16
Zr[(LH)2(H20),] 14 13 15 14 13 12 12 11 13 14

that themeta chelateshave higher activity thanthecor-
responding freeligand and control against the samemi-
croorganismsunder identical experimenta conditions,
whichiscons stent with earlier reports®,

Asaresult, metal complexes of Fe(l11), Mn(I11)
and VO(IV) showsgood antibacteria activity whereas
Zr(1V) and UO,(VI) complexesshows comparatively
lessactivity.

Anti-fungal activity

Fungicidal activity of theligand and it’s corre-
sponding metal complexes, their effect onthegrowth
of fungi werestudied for thefungi belonging to family,
Aspergillus and their five different speciesi.e. A.
flavus, A. niger, A. ustus, A. fumigatus and A.
glaucusand givenin TABLE 5. Theligand exhibited
30-40% inhibition. Dueto synergistic combination of
the coordinated metal ionswiththeligands, theinhibi-
tion by metal complexes has been increased to 40-
80% and 60-99% for 125 and 250ppm concentra-
tion, respectively.

The antifungal datarevealsthat the metal com-
plexes show enhanced activity ascompared to free
ligand and theinhibition increased asthe concentra-
tionincreased. It isfound that these complexes show
strong antifungal activity at lower concentration as
similar to earlier reported literature’®.

From theexperiment it isfound that VO(VI) and
Mn(I11) aremoreinhibitory for growth of fungus. A
metal complex of Mn(I11) showsmoreinhibition for
A. flavous and A. glaucus and A. ustus.

CONCLUSION

The O-Otype-diketoneligandissynthesized from

2-hydroxy acetophenoneand 3,4-Dimethoxy benzoic
acid. It actsasabidentateligand and forms stable com-
plexeswithtransitionmeta ionssuchasUO,(VI), Mn(llI),
Ti(), Fe(lNn), VO(IV) and Zr(1V) complexes Theligand
and itscomplexes are characterized using spectral and
andyticd data Fromthegpectral and stoichiometricandy-
ses, agquare-pyramida geometry isassignedfor VO(IV)
and Mn(l11) metal complexeswhileoctahedral geom-
etry issuggested for remaining others. Fromthe XRD
study, it isconfirmed that Zr(1V), Mn(111) and Fe(l11)
showsmonoclinic systems. The proposed structuresfor
al themetal complexesaregiveninFigure 1. Thecom-
plexesarebiologicaly activeand exhibit enhanced anti-

O\ O OH
N _—H0
X Zr\
[\
OH O (0]
F
M= Ti(l)  Mn(Ql)  Fe(ll)  UVI) V(V)
x= Cl H,0 cl o o
y= Hy0 H,O (e}

Figurel: Proposed structuresfor the metal complexes
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microbid activitiesascompared tother parent ligand.
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