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ABSTRACT

Molybdenum(V1) complexes of 3,4,5-trimethoxybenzaldehydethio
semicarbazone (TBTSCZH), 3,4,5-trimethoxybenzal dehydesemicarbazone
(TBSCZH), 3,4,5-trimethoxy-benzal dehydebenzothiazoline (TBBZTH) and
3,4,5-trimethoxybenzal dehyde- S-benzyldithiocarbazate (TBDTCZH) have
been synthesized and characterized by physico-chemical and spectroscopic
studies. The complexes MoO, (L), (where L represented the deprotonated
form of the ligands), were formed by the reactions between dioxobis(2,4-
pentanedionato-O,0”)molybdenum(V1) and theligands TBTSCZH, TBSCZH,
TBBZTH and TBDTCZH by using both techniques (thermal and micro-
wave). The structural features of these molybdenum complexes were ex-
plored by IR, *H NMR, *C NMR and molecul ar weight determinations. An
octahedral arrangement of ligands around the central molybdenum atomis
proposed. All the four ligands and their complexes have been screened for
their biological activity on several pathogenic fungi and bacteria and the
data show good activity of these complexes and ligands.
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Molybdenum isanimportant transition el ement,
whichhasamajor roleastraceelementsandisanin-
dispensable constituent of enzymesthat areinvolvedin
thefunction of nitrogenfixing nitrogenasg™. A largenum-
ber of stableand accessible oxidation states and coor-
dination number render molybdenum to beaversdtile
trangition e ement. Molybdenumisthe only e ementin
the second and third transition serieswhich playsmajor
roleastracee ement in enzymes. Thepresenceof cis-
dioxymolybdenumcation[MoQ,]** intheoxidized form
of certain molybdoenzymeshasrecently generated tre-

mendousinterest?. Thecis-[MoO,]*? centredominates
the chemistry of d° molybdenum(V1) complexes® and
participatesin many oxygen atom transfer reactiong*9.

Schiff basesareanimportant classof ligandsin co-
ordination chemistry and have many applications” in
variousfidds. Thechemistry of Schiff basecomplexes
continuesto attract many researchers®¥ because of their
wideapplicationsin food industry, dyeindustry, ana-
Iytical chemistry, catalysis, antimicrobia activity, agro
chemicd activity™*® and pharmacol ogica applications®.

The Schiff bases have been found to be active
against different types of bacteriaand viruses. It has
now been observed that some of these show increased
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activity when administered in theform of azomethine
metal complexes??. Inview of theimportance of the
dioxomolybdenum(V1) complexes, wehavesynthesized
and characterized some new complexesof thesaid po-
tentid bidentateligands.

EXPERIMENTAL

All the chemicd sand solventsused weredried and
purified by the standard methods. Dioxobis(2,4-
pentanedionato)molybdenum(V 1) was prepared ac-
cordingtotheliterature method*3.

Preparation of theLigands

Thedifferent routeswereemployed for the synthe-
sisof theligands.
Theseare-

1. Microwave assisted synthesis

For microwave assisted synthesis of theligands
TBTSCZH, TBSCZH, TBBZTHand TBDTCZH the
thiosemi carbazide, semi carbazidehydrochloride, 2-
aminothiophenol and S-benzyldihiocarbazate werere-
acted with 3,4,5-trimethoxybenzal dehydein ethanolic
media, using aconventional microwave oven, where
the consumption of ethanol assolventisvery little (2-3
ml). Thereactions were completed in ashort period
(4-8 minutes). Thecompletion of thereectionischecked
by TLC.

2. Conventional heating synthesis

For the comparison purpose, aboveligandswere
al so synthesized by thethermal method. For thisthe
weighed amountsof 3,4,5-trimethoxybenza dehydeand
thiosemi carbazi de, semicarbazide hydrochlorideand 2-
aminothiophenol and S-benzyldihiocarbazate were
mixed together in 100 ml ethanol in 250 ml besker. The
contentswererefluxedfor 4-16 hrs. onanoil bath. The
solid productswere precipitated. Theseweredriedin
vacuum and recrystallized from the same solvent. A
comparison between thermal method and microwave
method hasbeen givenin TABLE 1. Theligandsused
are:

Preparation of the complexes

1. MicrowaveAssisted Method : In microwave as-
sisted synthesis the reactions of dioxobis(2,4-
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pentanedionato-O,0’)molybdenum(V1) with the
ligands (TBTSCZH, TBSCZH, TBBZTH and
TBDTCZH) werecarried out in 1:2 molar ratios,
using 2-3 ml of dry methanol asasolvent using mi-
crowaveoven. The productswererecovered from
themicrowave oven and dried under reduced pres-
aure. Theresulting productswererepeatedly washed
with dry cyclohexaneand then finally dried at 40-
60°/0.5mm for 3-4 hours.

2. Conventiond Heeting Method: Thesemolybdenum
(VI) complexeswere also synthesized by thether-
mal method. In thetherma method instead of 4-7
minutesreactionswere completed in 14-16 hours
andyield of productswered solesser than obtained
by themicrowaveass sted synthess(TABLE 1).

RESUTL SAND DISCUSSION

Thereactionsof thedioxobis(2,4-pentanedionato-
0,0’) molybdenum(V1) with the said monofunctional
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TABLE 1: Comparison between microwaveand ther mal method

Yield (%) Solvent (ml) Time
Compound Thermal Microwave Thermal Microwave Thermal Microwave
M ethod M ethod M ethod M ethod Method Hr. Method Minute
TBTSCZH 86 92 90 4 35 4
TBSCZH 80 90 100 3 4.0 5
TBBZTH 82 90 90 3 35 5
TBDTCZH 75 89 95 4 35 7
MoO,(TBTSCZ), 73 88 40 2 13 4
MoO,(TBSCZ), 72 80 40 3 14 6
MoO,(TBBZT), 74 85 30 3 16 5
MoO,(TBDTCZ), 74 86 30 3 15 6

TABLE 2: Physical propertiesof ligandsand their dioxomoly
bdenum complexes

M P Mol. Wt. Elemental analysis
Compound Colour (0(':)' found found (Calcd.) %
(Calcd) N S Mo
. 238 1504 1121
TBTSCZH — White 100 569 31y (15.60) (11.91)
. 234 16.34
TBSCZH Off white 210 (253.25) (16.59)
Mustard 288 1420 10.22
TBBZTH  vaiow 108 (303.37) (14.61) (10.56)
Turmeric 356 718 1725
TBOTCZH - giow 122 (37648) (7.44) (17.02)
MoO, Army 120 630 1232 975 14.20
(TBTSCZ), Green (664.55) (12.64) (9.64) (14.43)
MoO, Dark 135 608 1312 15.02
(TBSCZ), Green (632.43) (13.28) (15.17)
MoO, Dark 160 750 395 855 1295
(TBBZT), Green (733.66) (3.81) (8.73) (13.07)
MoO, Green 140 850 6.45 1439 10.76
(TBDTCZ), (878.88) (6.37) (14.59) (10.91)

bidentate ligandswerecarried outinal:2 molar ratio
indry methanol. Thereaction proceedswiththelibera:
tion of two moleculesof 2,4-pentanedione. Theresult-
ing coloured solidsare solublein methanol, chloroform,
DMF, DM SO and THF. They are monomeric and
dimagneticwhich expected for their 4 d° configurations.
The physical and analytical dataof these complexes
arelistedinTABLE 2.

The general equation may be represented asfol-

lows:
1.2
M0O,(C,H,0,),+LH —> [M0O,(L),] +2CH,O,

5 772
U.V. spectra

The e ectronic spectraof theligands TBTSCZH,
TBSCZH and TBDTCZH exhibit threeintensemaxima
at ca. 245, 340 and 420 nm, respectively. The band at
ca. 245 nm assignableto n-r* (benzenoid) el ectronic
transitions. The band at ca. 340 and 420 nm in the
spectraof theligands are dueto n-n* and n-r* tran-
sitions, respectively, within the>C=N- chromophores.

Thehypsochromic shiftingof thethird bandinthespectra
of the complexes may be attributed to the coordination
of the azomethine nitrogen to the molybdenum atom.
The el ectronic spectrum of theligand TBBZTH con-
sistsof two bands around 250 and 320 nm, character-
istics of benzothiazolines. These may beattributed to
the ¢-¢* and n-n* (benzenoid) transitions, respec-
tively. A new band around 400 nm dueto n-n* elec-
tronic transitions of the azomethine group isobserved
inthe spectraof the complexes, which remains absent
inthefreeligand and thus provesthe benzothiazoline
natureof theTBBZTH ligand.

I.R. spectra

The infrared spectra of the ligands TBTSCZH,
TBSCZH and TBDTZH exhibit mediumintensity bands
intheregion 3250-3100 cm™ dueto the vNH vibra-
tions. Thesebandsdisappear in the spectraof thecom-
plexes, indicating deprotonation of thisgroup on com-
plexation. Thespectraof theligandsdo not show bands
intheregion 2565 cnr! dueto vSH, indicating ketonic
forminthe solid state. However, the solution spectra
show bands dueto vSH aswell asvNH, indicating
thepresenceof an enolic tautomericform. Thecharac-
teristicsazomethine (>C=N) stretching vibration ap-
pearsintheregion, 1620-1590 cm* and thus getsshifted
towardsthe higher frequency in the spectraof the mo-
lylbdenum complexes suggesting the coordination of the
azomethine nitrogen to the molybdenum atom. Strong
bands in the ligands at 1050 cn? are assigned to
v(C=9)%. Inthemetal complexesthese bands disap-
pear, indicating the coordination of theligandsthrough
thethiolosulfur. Simiarly, astrong band in theligands
around 1650 cm* due to v(C=0) also disappearsin
the spectraof themetal complexes, whichindicatethe
formation of C-O-M type of bonding. The bands ob-
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served intheregion 3430-3350 cmrt intheligands at-
tributed to asymmetric and symmetric modesof theNH,
group remain at nearly the same positionin the com-
plexes, indicating the non-involvement of thisgroupin
chelation. In addition to thisthe spectrum of theligand
TBDTCZH shows doublet at 2900 and 2950 cm'?,
which can be attributed to symmetric and asymmetric
vibrations of S-CH,-C H, grouping'® and reducedto a
weak doublet in the spectraof the complexes.

Inthespectrum of theligand TBBZTH theabsence
of v(SH) at 2600-2530 cm* and v(C=N) at 1620-
1590 cmrtisastrong evidencefor thering structure.
On complexation, the band at 3240-3150 cnrt dueto
NH stretching vibrations of the benzothiazoline, disap-
pears and a band at 1600 cm? is observed due to
v(C=N) vibrations. Thechdation of thisbenzothiazoline
and the said ligandsthrough the azomethine nitrogen
and thiolic sulphur further gets support by the appear-
ance of the new bands at ca. 650 cm?, 435 cm™ and
360 cn1?, inthe spectraof thecomplexesdueto v(Mo-
0), v(Mo«N) and v(Mo-S), respectively. A doubl et
inthe spectraof the complexesat ca. 910cn?, which
may be assigned to v (O=Mo0=0) and v_,
(O=M0=0), respectively, indicatesthecisM 0O, struc-
ture.

'H NMR spectra

Thebonding pattern discussed above getsfurther
support by the proton magneti c resonance spectrd stud-
iesof theligandsand their complexes. The!H NMR
spectra of the ligands TBTSCZH, TBSCZH and
TBDTH show signals due to —NH group (6 10.65-
10.98 ppm) and —SH group (6 7.88-7.96 ppm). In
caseof the corresponding complex thesignalsdueto—
NH and—SH protons of theligand unit disappear indi-
cating deprotonation and simultaneous coval ent bond
formation through nitrogen and sulphur. All thesaid free
ligandsand their molybdenum compl exes show mulltip-
letsintheregion 6 6.25-8.80 ppm attributableto aro-
matic protons, which appear almost at the same posi-
tionintherespectiveligands. The NH, protonsgive
singlet at 6 3.48-4.20 intheligands TBTSCZH and
TBSCZH aswell astheir corresponding molybdenum
(V1) complexes. It shows that the NH, group is not
taking part in the complexation.

The'H NMR spectrum of the ligand TBBZTH

= Fuyl] Paper

Where, X = Sand O and NnX
is the donor system of the

MT ligands
N

_J

Figurel

showsthesignal of -NH proton at 6 5.40 ppm which
found absent in the spectraof the molybdenum(V1)
complexes confirming thedeprotonation of -NH group
and coordination of molybdenum with nitrogen atom.
TheH-C=N signal isfound in upfield or shielded re-
gionin benzothiazolineligand and itsmolybdenum(V1)
complexes as compared to the thiosemicarbazone,
semicarbazone and dithiocarbazate and their
molybdenum(V 1) complexes.

The spectrum of theligand TBDTCZH dso shows
an additional peak at 6 1.78 ppm due to S-CH,-Ph
protons and thispeak appearsin deshieldregioninits
corresponding metd complex.

BC-NMR spectra

The®C NMR spectraof one of theligand andits
corresponding meta complexeshavebeenrecordedin
CDCI.. Thechemical shift valuesof the carbon atom
attached to the azomethine nitrogen, thiolic sulfur or
amido oxygen, show considerable shift which further
support the proposed coordination in the complexes.

Onthebasi s of the above studiesthe coordination
pattern showninfigure 1 isconcluded.

Antimicrobial studies

Bioefficiency of the parent ligandsand their com-
plexeswastested invitro for the growthinhibiting po-
tentia against variousfungal and bacterid strainsusing
Radia Growth Method and Paper Disc Technique, re-
spectively. Fungal strainsM.phaseolina, F.oxysporum
and Bacterid strains Saureusand K.aerogenous, were
used. Thebiocida activity have been compared with
the conventional fungicide. Bavistin and the conven-
tional bactericide, Sreptomycin. All the screening data
aregiveninTABLES3and 4.

Itisapparent that sulfur containing compoundsare
more toxic than the oxygen containing compounds. It
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TABLE 3 : Antifungal activity of the ligands and their
dioxomolybdenum complexes(Aver age% inhibition after 96
hours)

Fusarium .
M phaseolina
Compound oxysporum
50 100 200 50 100 200
TBTSCZH 25 38 53 26 39 46
TBSCZH 20 35 45 18 3 42
TBBZTH 27 40 49 26 40 46
TBDTCZH 29 45 56 29 47 52

MoO,(TBTSCZ), 39 50 65 41 47 68
MoO,(TBSCZ), 37 45 59 3 46 65
MoO,(TBBZT), 41 51 65 45 49 68
MoO,(TBDTCZ), 43 64 71 49 52 73
Standard (Bavistin) 86 100 100 82 100 100

TABLE 4 : Antibacterial activity of the ligands and their
dioxomoly bdenum complexesdiameter of inhibition zone (mm)

Compound Saureus  K.aerogenous

500 1000 500 1000
TBTSCZH 6 8 2 3
TBSCZH 4 5 1 3
TBBZTH 7 10 2 4
TBDTCZH 8 12 3 5
MoO,(TBTSCZ), 8 10 4 6
MoO,(TBSCZ), 7 9 2 5
MoO,(TBBZT), 9 11 4 7
MoO,(TBDTCZ), 9 14 5 8
Standard (Streptomycin) 15 17 3 5

has been suggested that theligandswiththeN and S
donor system might haveinhibited theenzyme produc-
tion, sincethe enzymeswhich requirefree sulthydryl

groupfor their activity gppear toinactivation by theions
of thecomplexes. Thecomplexesfacilitatethelr diffu-
sonthroughthelipidlayer of sporemembranestothe
gteof action ultimately killing them by combiningwith—
SH groupsof certain cell enzymes. Thetoxicity of the
dioxomolybdenum(V1) complexes canbewel | under-
stood by considering the chelation theory. Chelation
reducesthe polarity of the centra meta ion mainly be-
causeof thepartial sharing of itspositive chargeswith
the donor groups and possiblet-electron del ocalisation
withinthewholechedatering. Thischelationincreases
thelipophilic nature of the central atomwhich favours
itspermestion throughthelipidlayer of themembrane.
Complexesinhibit thegrowth of thefungi and bacteria
to agreater extent asthe concentration isincreased”.
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