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ABSTRACT

Some new metal (Ni(1l) and Cu(l1)) complexesof Schiff basederived from p-
dimethylaminocinnamal dehyde and S-alkyl dithiocarbazate were synthesized
and characterized by various physico-chemical (conductance measurements,
elemental analyses, solubility, magnetic susceptibility) and spectral (infrared,
nuclear magnetic resonance and ultra violet-visible spectroscopy)
techniques. The newly synthesized metal complexeswere evaluated for their
antibacterial and antifungal activity against Staphylococcus Aureus,
Saphylococcus Albus, Escherichia Coli, and Aspergillus Niger, Alternaria
Alternate strains respectively. The metal complexes exhibited moderate to
significant biological activities against the same. Based on the analytical
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data and spectral anaysis, the structure of the complexes has also been

proposed. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Schiff baseand their metal complexeshavearoused
considerableresearchinterest for several decades®.
In Schiff base, azomethine nitrogen and other donor
atomslikesulfur play avita rolein coordination chem-
istry. Schiff bases are condensation products of pri-
mary aminesand aldehydes, represent novel interme-
diatesin organic synthesiswith variousapplicationsin
synthetic chemistry. Thesenovel compoudsact asvau-
ableligandswhosebiologica activity hasshownto be
increased on complexation. Schiff basesalsoresemble
their structural similaritieswith natura biologica sub-
stances, which import in €l ucidating the mechanistic
pathway of rasemination and transformation reactions

inbiologica systemd®.

Dithiocarbazate, NH,NHCS,, its substituted de-
rivatives and Schiff bases derived from them through
condensationwith variousa dehydes and ketones show
enormous biological properties™®. Metal complexes
of Schiff basesderived from S-akyl dithiocarbazateare
foundto bebiologicaly activeexhibiting antibacteria ™,
antifunga™ and antitumour™ activities. Literaturesur-
vey revealsthat Schiff base containing polyfunctional
groups can coordinate with transition metal iong*34,
Severd transition metal complexesarea so screened
for cytotoxic activity!®. Thepotential biological and
theurapeutic propertiesof theseligandsand their metal
complexes have been correl ated with the chemical na-
ture of themoieties attached to the C=Sor C=N car-


mailto:pandeygajanan@rediffmail.com

ICAIJ, 9(3) 2014

Gajanan Pandey and Harendra K.Sharma 79

bon atom of theligand. M oreover, interesting biologi-
ca propertiesareassoci ated with thiol-thione tautom-
erismof ligandsinvolved intheformation of metal com-
plexes619),

Tostudy theeffect of complexation of Schiff baseof
p-dimethylamino cinnamaldehyde with S
akyldithiocarbazate on bioactivity, and to understand
gructure-bicactivity relationship, afew che atecomplexes
have been prepared, characterized by various physico-
chemicd and spectrd techniquesfor structure determi-
nation, andthair antibacterid and antifungd activitieshave
been measured agai nst somebacteriaand fungi.

EXPERIMENTAL

Materials

All the Chemicalsused inthisinvestigation were
andytical reagent gradeand used without further purifi-
cation. Ethanol, DM SO and DMF were use as sol-
vent.

Preparation of theligand (Hpdacsme)

Anacoholic solution of S-methyldithiocarbazate
(20 mmol in 20 mL of ethanol) was added to the solu-
tion of p-dimethylaminocinnamal dehyde (10 mmol in
20 mL of ethanal), with constant stirring and resultant
solution mixture was refluxed on asteam bath for 2
hours. Theprogressof reactionwasmonitoredon TLC.
After thecompletion of thereaction, the content of the
flask was concentrated under vacuum. Theproduct was
separated, collected by suction filtration, washed with
ethanol and recrystallised in ethanol. Thelight yellow
crystalsweredried over silicagdl.

Yield; 1.9gm (68%)

M. P; 182°C.

Anal (%) Found: C59.6,H6.2, N 14.8, S23.2 %.

Calculatedfor C H,N.S:C60.0,H6.1,N 15.1;
S23.0 %.

Synthesis of the Complexes [M(pdacsme),]
(M=Cu, Ni)

Thea coholic solution of Schiff base(2mmol in15

Ra N, S Rz N, S
GO +HNT T TR AN e TR
Rl S Rl é

Where,R=CH,,R=C,H NandR,=H.

—= Fyll Poper

mL of ethanol) was added slowly to Cu(CH,COQ),
solution (1 mmol in 15 mL of ethanol) with constant
dirring. After refluxingfor 3 h, theresulting solutionwas
cooled in an ice bath and the product was filtered,
washed with ethanol and dried in desiccator over silica
gel. The colored solid obtained was solublein organic
solventslikeDMSO and DMF

Similar experimentation wascarried out for syn-
thesisof Ni(ll) complex. Alcoholic solution of Schiff
base (2 mmol in 15 mL of ethanol) was added slowly
to Ni(CH,COO), solution (1 mmol in 15 mL of etha-
nol), theresulting sol ution mixturewasrefluxedfor 3 h,
cooledinice bath, filtered, washed with ethanol and
dried over slicagd. Theproduct wassolublein DM SO
and DMF.

i Ethanol
M(CH;COO0),+ 2L »

heat and reflux

[M(L).]

(M =Ni and Cu) (L = Hpdacsme)

Synthesisof the complexes[Cu(pdacsme)Cl.]

The Schiff basesolution (1 mmol in 15 mL of etha
nol) wasadded dowly to metd salt solution (1 mmol of
CuCl, in 15mL of ethanol). After refluxing for 4 h, the
mixturewas cooled in anice bath and the product was
filtered off, washed with ethanol and dried in desicca-
tor over silicagel. Theresulting colored solid product
was solubileinorganic solvents, like DM SO and DMF.

Ethanol/ A

CuClL,+L » [Cu(L)CL]

(L = Hpdacsme)
The spectraand analytical dataof theligand and
complexesareshowninTABLE 1,2 and 3.

Analysisand instrumentation

Mélting pointsweredeterminedin open capillaries
and are uncorrected. ThelR spectraof ligand and its
complexeswererecorded on aPerkin-Elmer 283 spec-
trophotometer in the 4000-400cmregion. Electronic
absorption spectrawere obtained on aSchimadzu UV
2400 PC Series, using dimethyl sulphoxide solutionin
the 200-800 nm region. TheH-NMR spectra analy-
siswere performed on aBruker Avance 400 MHz spec-
trophotometer using deuterated solventsand TMSas
an standard. Room temperature magnetic susceptibility
was carried out on aFaraday type ba ance (Cahn-elec-
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tronic balance 75570) using catena-
tetrathiocyanatocobalt(ll) mercury(Il), [CoHg(SCN) ]
asstandard. Experimenta magnetic susceptibility (x,,)
was corrected for diamagnetism using the procedure of
Figgisand Lewis? Elemental analyses(C, H, N and
S) of theligand and complexeswerecarried out in Mi-
croandytical laboratory, CDRI Lucknow on Elementa
Vario EL 111 Carlo Erba 1108 d ementa analyzer. Mo-
lar conductance measurementswere carried out in 10
3M solution of the complexesin DM F solvent at 298K
using Decibel DB1011 at room temperature. Purity of
the compoundswas ascertained by TLC using silica
od-G

Biology

All newly synthes zed complexeswerebiologicaly
evaluated for their invitro antibacterial and antifungal
activitiesagainst S Aureus, S Albus, E. Cali, and A.
Niger, A. Alternate strains respectively. Theinvitro
screening in present investigation were performed by
Disk diffusion method®. Disksmeasuring5.60 mmin
radid diameter were punched from Whatmannno.1fil-
ter paper.

Diskswere dispensed to each screw-caped glass
aliquot and sterilized by application of dry heat at 135
°C for a period of 45 minutes. The testing were carried
out in DM SO at aconcentration of 30ug/mL for anti-
bacteria screening. Diskswere placed in nutrient agar
medium seeded with fresh bacteria culture separately.
Theincubation wascarried out at 37 °C for 24 hours.
Ofloxacin wasused asthe standard drug. Theresults
aresummarizedin TABLEA4.

Thetestingfor antifunga screeningwascarried out
at 50ug/mL. Diskswereplacedin Mueller-Hinton agar
mediaseeded with fresh fungd cultureseparately. The
incubation wascarried out at 37 °C for 48 hours. Am-
photericin B diskswereused asastandard. Theresults
aresummarizedin TABLED.

RESULTSAND DISCUSSION

All themetal complexeswerecolored and stablein
ar. Thedementd anadysesresultsand physicd proper-
tiesof theligand and itsmetal complexesarelistedin
TABLEL. The Schiff base Hpdcasme (Schiff base p-
dimethylaminocinnamaldehyde with S
methyl dithocarbazate) reactsreadily with nicke (I1) and
copper(Il) sdtsinethanol producing stable compounds,
the composition of which depend on the nature of the
anion present in thereaction mixture. Thus, with aco-
ordinating anion such aschlorideion, mono-ligand com-
plex of empirica formula[ Cu(pdacsme)Cl, ] were ob-
tained, whereasin the presence of aweakly coordina-
tionion such asacetateion, bis-ligand complexes of
formula, [M(pdacsme), ] resulted. The molar conduc-
tance of thecomplexesin DMF, indicatethat they are
essentially non-electrolytein thissolvent??, Thenon-
el ectrolytic nature of the complexesindicatesthat the
ligand iscoordinated asauninegetively charged anion.

The p-dimethyl aminocinnamal dehyde Schiff base
of S-methyl dithiocarbazate has the -N(H)C(S)
(thioamide) functional group and therefore, it can ex-
hibit thione (Figurela) and thiol (Figure 1b) tautomer-
ism. However, itsIR Spectrumin KBr doesnot exhibit
any v(S-H) band at approximately 2700 cm?, but dis-
playsamediumintensity band a 2859 cm ettributable

TABLE 1: Analytical dataand other physical propertiesof
theligand and metal complexes

Elemental analysis

Ligand/ m.p. found (calculated)
Entry Complexes Color C) c " N S
577 584 144 220
1. Hpdacsme Red 143 (578 (56) (141) (22.1)
395 40 9.8 15.0
2. [Cu(pdacsme)Cl,] Green 198 (398) (41) (10.1) (155)
. 526 501 1315 20.04
3. [Ni(pdacsme);]  Brown 195 (521) (52) (137) (20.0)
5225 497 1306 19.90
4. [Cu(pdacsme),] Brown 205 (523) (50) (135) (20.1)

TABLE 2: Infrared (cm™), molar conductivity and magnetic momentsof ligand and metal complexes

Entry Ligand/ v(C=-ll\l) v(N--l}J) v(N-!j) v(C=_§) v(C-?) Molar N Effective magnetic
complexes (cm™) (cm™) (cm™) (cm™) (cm™) Conductance (ohm™cm“mol ) moment (BM)
1.  Hpdacsme 1604 (m) 1022 (m) 2859 (w) 1226(m) 677 (m) - e
2. [Cu(pdacsme)Cly] 1572 (m) 1066 (m) 2810(w) 1195(m) 672 (m) 9.1 181
3. [Ni(pdacsme),] 1589(s) 1065(s)  ---—- = - 676 (m) 7.2 Zero
4.  [Cu(pdacsme)] 1570 (m) 1068 (m)  ----- = - 675 (m) 5.9 179

Where w= weak, m= medium, s=strong; Hpdacsme anionic form of the Schiff base of S-methyldithiocarbazate with p-
dimethylaminocinnamaldehyde, Molar conductance of 10° M solutions in DMF (ohm* cm? mol?)
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R N .S R N
/’C=N ~—N\ 7 \R —— /’CzN/ \\C/S\R
Rl " Rl []
S SH

(@) (b)

Where, R=CH_, R =C H _Nand R=H

Figurel: Tautomericforms: (a) thioneform and (b) thiol
form of Schiff baseligand

to the v(N-H) of the thione form. This observation
strongly support the existence and prominenceof thione
tautomer in polar protic solvent (ethanol). But wheniit
isdissolvedin ethanol and added to a coholic solutions
of metal acetates(Ni(CH,COO), and Cu(CH,COO0),),
it quickly convertsto thethiol form with the concomi-
tant formation of a[ML ] complexes([Ni(pdacsme),]
and[Cu(pdacsme),]) of thedeprotonated thiol form of
the Schiff base.

The coordination sitesof theligand have been de-
termined by acareful comparison of the IR pectraof
the[ML,] complexeswith that of the parent ligand. A
broad and weak band observed in IR spectraof ligand
at 2859 cm?, attributableto v(N-H), was disappeared
inthe spectraof thecomplexes, indicatingtheligandis
coordinated initsdeprotonated form. Literature survey
reveals the evidence of coordination of
thiosemi carbazone and dithiocarbazateligandsto meta
ionsviathe azomethine nitrogen atom was based on
shifting of theazomethine C=N band of thefreeligand
from higher tolower wave numbersin the spectraof
metd'Z However, shifting of thisband to both lowert24
and higher*21 wave numbers have been reportedel,
Sincethev(C=N) band is expected to couple with other
bands, the shifting of thisband is dependent onthe ex-
tent of combination with other bands. Inthe IR spectra
of the present complexes, the v(C=N) band at 1604
cmtinthefreeligand shiftsto negative frequency on
complexation suggesting coordinationviatheazomethine
group?. Also the sharp.C=S) band at 1226 cm* of
theligand was not observed inthe metal compl exes,
suggesting coordinationthroughthethiol sulfurwithmeta
ions. In case of [CuLCl,] complex, asharp band at
1195 cmrt due to v(C=S) and a broad weak band at
2810 cm* dueto v(N-H) have been appeared, indi-
cating coordination of Cu(ll) withthionesulfur.

Theproton NMR of ligand and itsmetal complexes
were recorded using DM SO-d, solvent and TMS as
aninternal standard. Theassgnment of protonsissum-

—= Fyll Poper

marized in TABLE-3. Spectrum of Schiff basesdoes
not show any signal at 4.0 ppm dueto the—SH proton,
indicating that in DM SO-d,, the Schiff basesexistsin
thione form. Thiosemicarbazones, which areclosely
rel ated to Hpdacsme, have been found to coordinate
tometal ionsin both the protonated thioneform® and
the deprotonated thiolate form™. There are severa
examplesof meta complexesinwhich both the proto-
nated thione and the deprotonated thiol forms of a
thiosemicarbazoneligand are present in the same com-
plexi®3U, However Schiff bases derived from S-alkyl
estersof dithiocarbazic acid invariably deprotonated
while coordinating with metd ionsyiel ding complexes
containing only thethiol form of theligand.

Electronic spectra dataof theligand and complexes
aregivenin TABLE 3. Thespectra dataof Schiff base
exhibit aband inthe 382-391 nm range, duetothen-
7* trangtionwithintheazomethine group, affected by
theintramolecular chargetransfer withintheligand mol-
ecule. Theeectronic spectraof Ni(Il) complex show
two bandsat 449 and 515 correspondingto ‘A, —-'B
and 1A1g—>1Eg trangitions, characteristicsof squarepla-
nar Ni(I1) configuration #2. The electronic spectraof
[Cu(pdacsme),] and [ Cu(pdacshz)Cl ] show intense
bandsat 427 and 429 nm respectively corresponding

TABLE 3: NMR and UV-Visspectral data of theligand and
metal complexes

Entry Ligand/ Chemical shifts UV-vis

Complexes & -NH 8- SCH3Ar-H (nm)
1. Hpdacsme $1201 256 m,6.7-7.3 382-391
2. [Cu(pdacsme)Cl,)  s12.02 5258 m,66-7.0 429
3. [Ni(pdacsme);] - 5261 m,6.9-7.2 449,515
4. [Cu(pdacsme);] - 261ls 6.7-7.2m 427

Hpdacsme anionic form of the schiff base of S-
methyldithiocar bazate with p-dimethylaminocinnamaldehyde

Rl\ /NQC,S_R
C=N H
/ / S—R
R2 \,VI/S Rl\ _ /N\C/
SN ,Ro /C-N n
\ N:C\ R2 \ S
L=,/ R cu*
R-§”" "N ' c” ¢l
M= Cu, Ni (b)
@
Where, R= CH,,R=C H_Nand R=H

Figure2: Proposed structuresof the metal complexes
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to’B, —>2A1g transition, suggesting square planar ge-
ometry of Cu(ll) complexes®3. Theobserved magnetic
moment of [Ni(pdacsme),] complex indicatesitisdia-
meagneticinnature, whichisin congstencewithitssquare
planar geometry found in e ectronic spectraof thecom-
plex. In caseof [Cu(pdacsme), ] and [ Cu(pdacsbz)Cl ]
complexes, the y,, have been found to be 1.79 and
1.81 BM respectively, suggesting square planar geom-
etry around Cu(ll) ions(TABLE 2)=,

Fromthe present obsarvations, the proposed chemi-
cal structuresfor the prepared Schiff base complexes
under investigation areshown in Figure2aand 2b.

ANTIMICROBIAL SCREENING

In order to study the effect of metal chelates on
microorganismlikefungi, bacteria, virusetc, itisobliga:
tory to understand the cellular structure, cellular com-
pogition, and cellular mechanismof acdl. Alivingcdl is
abiounit whichissdf-contained, self-perpetuating, saif-
assembling and sdlf-adjustingisothermd system of or-
ganic moleculeswhich regul ates energy dynamicsin-
sidethecd|®4, Cdl wal of microorganism exhibits po-
rositiesthrough which hydrated metal ionsareunable
to passthrough dueto inheritant lipophobocity. How-
ever, dueto chelateformation, lipophilicity increases
markedly and rendering the easy passage of chelates
through cell walls, due to matching structural attach-
ment with thecel I8,

I nvitroantibacterial screening

Antibacterid activity of the synthes zed compounds
were screened against bacteria’s samples S Aureus,
S Albus and E. Coli using agar plate disc diffusion
technique. The testing was carried out in
dimethylsul phoxidesol ution a aconcentration of 30ug/
mL. Ofloxacin wasused asthe standard drug. Results
areincorporatedin TABLE 4.

It hasbeen observed that the [Ni(pdacsme),] che-
late complex exhibit higher zoneoninhibition (10-12
mm) than thetitleligand against the S Aureusand E.
Coli. Theinhibitory effect of [Cu(pdacsme),] iscom-
parableto standard drug Ofloxacin. Ingenerd the[ML ]
chelate complexesaremoreactivethan[MLCI. ] com-
plex under identica conditions. Theantibacterid activ-
ity can beordered as[CuLCl,] <[NiL,] <[CuL,].

TABLE 4: Antibacterial activity of theligand and metal com-
plexes

Ligand/ Zone of Inhibition (mm)
Entry X
Complexes S. Aureus S. Albus E.Coli
1. Hpdacsme ++ + ++
2. [Cu(pdacsme)Cl ] — + —
3. [Ni(pdacsme),] +++ — +++
4, [Cu(pdacsme),] ++++ — T+

5. Ofloxacin (std.)

Diameter of zone of inhibition; (+) 6-8 mm; (++) 8-10 mm;
(+++) 10-12 mm; (++++) 12-14 mm; (—) no activity

++4++ A

Although severd factorsgovernthetoxicity of bac-
teriaand fungi, chelationisknown to be an important
factor for microbia toxicity™®l. Amongst the compounds
under study, [ Cu(pdacsme),] and [Ni(pdacsme),] ex-
hibit greater antibacteria than [Cu(pdacsbz)Cl,] prob-
ably dueto higher order of chelation.

Metal complexesof large organic moleculeslike
one under study here, surrounded by S
akyldithiocarbazte, are acceptableto cell wall possibly
dueto lipophilicity tothecell wall, thusthemeta ions
inter insidethecell and rel eases metal ionsand there-
forecauseresulting toxic effect. Structureof metal com-
plex isequalyimportant if it givesmatching coneand
socket or key-lock type structura attachment with the
cell structure. Thecompoundsunder investigation pos-
sibly havethesuitablestructural arrangementswhich
are adopted/accepted by host cellsand therefore mi-
grateinsdethecell, causing net toxic effect.

Invitroantifungal activities

The new products were screened for antifungal
activity against Aspergillus Niger and Alternaria
Aalternata usng Mudler-Hinton agar media Thetest-
ingwerecarried out indimethylsulphoxidesolutionat a
concentration of 50ug/mL. Amphotericin B diskswere
used as the standard drugs. Schiff base,
[Cu(pdacsme)Cl,] and [Cu(pdacsme),] have also
shown significant activity against Aspergillusniger spe-
cies. Resultsareincorporated in TABLES.

Asthedataindicate, the Cu(Il) complexes show
better fungicida activity against A. Niger thanthe cor-
responding Ni(I1) complex. Fungitoxicity of Cu(ll) com-
plexes are comparableto that of standard drug Am-
photericin-B against A. Niger. Ni(ll) chelate complex
show better antifungal activity than Cu(ll) complexes

Tnorganic CHEMISTRY
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TABLE5: Anti-fungal activity of theligand and metal com-
plexes

Zone of inhibition

Entr Ligand/ mm
’ Complexes A. Niger( A. A)\Iternate
1 Hpdacsme ++ —
2. [Cu(pdacsme)Cl, ++ —
3. [Ni(pdacsme),] + +
4. [Cu(pdacsme),] ++ —
5 ,(Astn;ghoterlu n-B . -

Diameter of zone of inhibition; (+) 8-12 mm; (++) 12-16 mm;
(—) No inhibition

againgt A. Alternate, however theactivity islesser than
thestandard drug.
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