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ABSTRACT

Six metal complexes of Cu (I1) metals were prepared from the heterocyclic Schiff bases and the corresponding
Heterocyclic Schiff bases were prepared by refluxing of compounds such as heterocyclic amine (L)
resacetophenone, (L,) 2-hydroxy acetophenone, L, (pyrrole 2- aldehyde), L, (pyridine 2-aldehyde), L, (2- acetyl
thiophene), L, (salicyldehyde) and L, (thiophene 2- aldehyde) with 2-amino, 6-sulfamyl benzothiazole. The el-
emental analysis data shows that the metalsto ligand ratio in al Cu (11) complexes are 1:2. The structural features
have been determined from IR, UV-Vis, therma XRD spectral analysis and ESR data. All the complexes exhibit
square planner geometry to Cu (11) complexes. All the synthesised ligands and their metal complexeswere screened
for antimicrobial activity the complexes shows enhanced activity than the ligands.
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INTRODUCTION

The condensation of primary amines with car-
bonyl compoundsyields Schiff bases4. Schiff bases
represent an important class of compounds because
they are utilized as starting materials in the synthe-
sisof industrial products®. Moreover, Schiff bases
are regarded as privileged ligands®. Due to their
capability to form complexes with different transi-
tion metals can act as catalysts for many different
reactiong>®. The Schiff bases coordinate to metal
ionsviaazomethine nitrogen and have been studied
extensively. In azomethine derivatives, the C=N
linkage is essential for biological activity, severa
azomethine has been reported to possess remark-
able antibacterial, antifungal, anticancer and anti-
malarial activitieg®?.

Thiazole and its derivatives as ligands with po-
tential sulphur and nitrogen bandsareinteresting and
have gained special attention not only the structural

chemigtry of their multifunctiona coordination modes
but also of their importance in medicinal and phar-
maceutical field. They show biological activities
including antibacterial antifungal?, antidiabetic™,
antitumor™ antiproliferative™, anticancer’, her-
bicidal*®,

Copper (II) complexes show distorted octahe-
dral and tetrahedral symmetries due to d9 configu-
ration (Jahn- Teller effect). Thedistortionisusually
seen as axial elongation consistent with the lability
and geometric flexibility of the complex. Therefore,
typical Cu (II) complexes have square planar or
sguare pyramidal geometries with weakly associ-
ated ligandsin the axial position (s), but some cop-
per (I1) complexes possesstrigonal bipyramidal ge-
ometry. Thefundamental role of copper and therec-
ognition of its complexes as important bioactive
compounds in vitro and in vivo aroused an ever-
increasing interest in these agents as potential drugs
for therapeutic intervention in various diseases. The
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vast array of information available for their
bioinorganic properties and mode of action in sev-
era biological systems combined with the new op-
portunities offered by the flourishing technologies
of medicinal chemistry, is creating an exciting sce-
nario for the development of anovel generation of
highly active drugs with minimized side effects,
which could add significantly to the current clinical
research and practice. A considerable number of
schiff’s base copper complexes have potential bio-
logical interest, being used as more or | ess success-
ful modelsof biologica compounds*®. Not only they
have played a seminal role in the development of
modern coordination chemistry, but dsothey canaso
be found at key points in the development of inor-
ganic biochemistry, catalysisand optical material g7

The complexesof copper with Schiff baseshave
wideapplicationsin food industry, dyeindustry, ana-
Iytical chemistry, catalysis, fungicidal, agrochemi-
cal, anti-inflammabl e activity, antiradical activities
and biologica activitied'®. We werethus motivated
to undertake a systematic study of preparation and
characterization of Cu(ll) metal complexesformed
with Heterocyclic Schiff bases, prepared by reflux-
ing of compounds such as heterocyclic amine (L ,)
resacetophenone, (L,) 2-hydroxy acetophenone, L,
(pyrrole 2- aldehyde), L, (pyridine 2-aldehyde), L,
(2- acetyl thiophene), L, (salicyldehyde) and L,
(thiophene 2- aldehyde) with 2-amino, 6-sulfamyl
benzothiazole and Cu halides.

EXPERIMENTAL

All the metal chelates prepared are stable to air
and moisture. These are insoluble in water and in
different polar and non polar organic solvents at
room temperature. Some complexes are easily
soluble and some are sparingly soluble in ethanal,

o)
H2N ~ 8/7
NaSCN
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dimethyl sulfoxide (DM SO) and dimethyl formamide
(DMF).

The synthesized metal complexes are character-
ized by elemental analysis, solution conductivity,
magnetic susceptibility, electronic and infrared ab-
sorption spectroscopy. They are also screened for
thermo gravimetric analysis and X-ray powder dif-
fraction anaysis.

Synthesis of schiff bases

Inthe present work, we havereported some new
Schiff bases synthesized by the condensation of 2-
amino-6-sulfamyl benzothiazol e and respective hy-
droxy ketones, aldehydes.

Synthesis of benzothiazole

Synthesisof 2-Amino-6-sufamyl-benzothiazole
was carried out by the method of Rojer Adams*9.
The method of thiocynation and bromination was
adopted. (0.1M) sulfanilamide and sodium thiocy-
anate (0.2M) in 100 ml glacial acetic acid are mixed
together maintaining 0°C temperature. (0.2M) bro-
minein acetic acid (25 ml) was added to the above
solution drop wise and the mixture was stirred con-
tinuously by a mechanical stirrer till the complete
addition of bromine. Thetemperature was maintained
below 10°C. The solid thus obtained after complete
addition of bromine was filtered so as to remove
excess of bromine and then dissolved in hot water.
Again it was filtered and filtrate then treated with
alkali like NaOH or KOH for the precipitation of
free base. The precipitate thus obtained wasfiltered,
washed and dried. The product was recrystallized
from ethanol M.P. 105'C, Yield —40%.

Synthesis of Schiff bases

Schiff bases were synthesi zed by taking equimo-
lar ethanolic solutions of heterocyclic amine and
hydroxyl ketone/aldehyde in 50 ml ethanol and re-

e}
HQN\S//

=
O// \Q\ . s S
NH,  Br,inG acETICACD \CLN

sulfamyl amide

2-amino-1,3-benzothiazole-6-sulfonamide

OR 2-amino 6-sulfamyl benzothiazole

Scheme
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fluxing for 3-4 hours. The reaction progress was
monitored by TLC. After confirming the completion
of the reaction by TLC, the reaction mixture was
poured on crushed ice or cold water and the solid
separated was then filtered, washed with distilled
water and dried, recrystallised from ethanol. The
product collected wastested for -NH, group, >C=0
group, -SCN group, -OH group for the sake of the
purity of the product.

Synthesis of metal complexes

For the synthesis of al Cu (I1), complexes, the
metal acetates were used. Ethanolic solutions of
Schiff bases and respective metal acetate solutions
were refluxed in the stoichiometric ratio. The pre-
cipitated solid complexesfiltered, washed to remove
excess base and then dried over fused CaCl, in
vacuum desiccators.

M agnetic moment

Magnetic susceptibility of Cu (1) complexes at
room temperature exhibit magnetic moment in the
range 1.85-2.20 B.M whichischaracteristic of spin

valuesfor Cu (1) complexes. Theva uesof themag-
netic moment suggest the paramagnetic naturewith
one unpaired electron of all Cu (1) complexesindi-
cating Square Planar geometry.

Electronic spectral analysis

For Cu(ll) complexes Cu(L,),to Cu(L ), theelec-
tronic spectrashowed bandsin the range 34250 cmr
11042370 cm* i.ethese spectral bands are observed
near and above 35000 cnm? can be assigned to charge
transfer transitions. The bands at 34400 cm? to
37037 cm? are typically characteristic for square-
planar geometry for Cu (11) complexes?.

IR Spectra
Ligands

All thenewly synthesized six ligands show char-
acteristic azomethine —(C=N) bond in the range of
1660-1600 cm*2 in their IR spectra. The bandsin
the region 3340-3450 cmr? 2% is observed which can
be assigned for ~OH group of the ligands L, and L.
The band due to intramolecular hydrogen bonding
can be assigned for the band observed at 3000 —

TABLE 1: Analytical data of Cu (I1) complexes

Elemental Analysis (%)

Sr. Moal. Mol. M.P/D.P Mol.Cond. eff.
No. COmMP- Formula w,  Colour oc  Cfound Hfound Nfound  Metal mhoscm® B.M.
(cal) (cal) (cal) Found (cal)

1L CHONS 3 G 180 (33235) (gigg) (ﬁ:g%

2 L CeHaONS, 347 Vanlla 170 (gi:g% (gigj) &31?3) """"""""
3 L CoHuONS 308 oml;e 160 (j?gg) (gigg) (gigg) """"""""
4 L CeHioONS, 318 \?ecl)?/(?lw 165 (igigg) (giﬂ) (g:g) """""

° Le CuHuONsS 337 Stislxeld%\;vam 180 (jgéé) (2322) (g:ig) """"""

6 Ls  CuHuON:S, 333  Topa 175 (%4215) (gzgg) &g:gi

1 Cul, CuCsHuON:S), 789 D% 280285 (2222(2)) é:;g) &8223) (;:Sg) 5566 1.8
2 Cul, CUCsHzON:S), 757 ot 285290 (j;gé) (giig) (ﬂ:gg) (g:g;) 5812 185
3 Culs CuCuHwONS), 675 Green 280 (jgzgg) (g:gg) (ig:;g) (8:43;‘) 5482 192
4 Cul, CuCiHiON.S), 699  Drab 285290 (ﬁzgg) é;gg) (igzég) (g:(ﬁ) 3840 200
5 Culs CuCoHuON:S) 737  aPR® 275280 (jgég) (%_';g) (ﬂ:gS) (g:gi) 4266 220
6 Culs CU(CiHuON:S), 729 éf’gﬁ 260 (jg:ég) (228(1)) (ﬁ:gg) (2:2421) 5012 193
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TABLE 2 : Electronic spectral data of Cu (I1) complexes

Complex code piem’ poom™t o/ Dgcm® p= E— L FSE (K cal/mole)
CuL, 34720 42370 1.220334 765 0.553196 98.952
CuL, 34310 39220 1.143107 491 0.34435 97.7835
Cul, 35210 42020 1.193411 681 0.486846 100.3485
CuL,4 34250 42110 1.229489 786 0570722 97.6125
CuLs 34420 41840 1.215572 742 0535443 98.097
CuLs 38610 41840 1.083657 323 0.222139 110.0385

TABLE 3: ESR spectral values of Cu (I1) complexes

Complex code (& gl g, G Axial symmetry parameter Rein B.M.
Cu(Ly), 1.878 1.803 1.828 0.621 1.88
Cu(Ly), 1.753 1.828 1.803 1.432 1.85
Cu(Ls), 1.828 1.803 1.811 0.873 1.92
Cu(L,), 1.853 1.753 1.786 0.597 2.00
Cu(Ls), 1.803 1.853 1.836 1.336 2.20
Cu(Le), 1.753 1.828 1.803 1.432 1.93

" H,N- /5/ H3 \
~ /Q\ s
oo sayg®
el e
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M=Cu(l1)COM PL EXOFLI GANDL 1

| ”\(\r% 7
/I\TA N*r &
L J_r o/ NH,

M= Cu(II) COMPLEX OF LIGAND L3
[NY = :
e~

M=Cu(I1)COMPLEXOFLIGANDL5

3100 cm-1123, The band in the range of 1517-1550
cmr¥24: js of —(C=N) ring stretch vibration and C-O
stretching frequency of phenolic C-O-H appearsin
therange of 1250-1270 cm**!inligandsL, andL,.

Ligand L, shows band at 3186 c** for N-H

o/ “NH,

M= Cu(ll) COMPLEX OF LIGAND L2

CH,

M=Cu(II)COMPLEXOFLIGANDL6

vibration of pyrrole ring. The band at 3143 cm127
is characteristic band of 2-Pyridine nucleus of L,.
Five membered 2-substituted aromatic C-N stretch
ring vibrations occursin the range of 1460-1490 cnr
428 Thiazole C-S-C vibrationsin ligands appear at
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825-860 cm 1% and 740 crm 39,
Metal complexes

The assignments of band frequenciesfor differ-
ent groupsin metal complexes corresponding to those
considered for ligand spectra have been proposed
on the basis of dataavailablein theliterature on the
metal complexes of similar ligandsand sensitivities
of characteristic group frequencies to metal com-
plexation.

Inthe IR spectraof all six metal complexes un-
der investigationi.e Cu(Il), medium to strong inten-
sity bands appeared in the region 1660- 1630 cmr
131 which can be assigned to characteristic
azomethinegroupi.e—(C=N) of all metal complexes.

It is strikingly observed for al the metal com-
plexes compared with ligands that the band value
for azomethine group has shown considerabl e shift-
ing in downward or upward depending upon thein-
tensity of coordination which indicatestheinvolve-
ment of azomethine nitrogen in the coordination with
metal iong®3. Thisfact iswell supported by the con-
stancy of band value for —(C-N) stretch as it shows
appreciable shifting in band value. IR spectral fig-
ures of respective complexesitself isthe best proof
for this, whereason the other hand it isinterestingly
noticed that the shift in the band value for —(C=N)
ring stretch is not considerable. The band value at
~1550 cm® shows no shift indicates non involve-
ment of ring nitrogen in bonding. It isfound that the
band value absorbance in metal complexes is un-
changed which strongly supports the non-involve-
ment of thiazole nitrogen in coordination with metal
ion. Further the band observed at ~3450 cm™3 in
ligand L, and L, is attributed due the presence of (-
OH) (H-bond) is affected. Either it is disappeared
on complexation or showed variance in frequency
in downward direction which indicates the
deprotonation and involvement in the coordination
with transition metal ions under investigation.

The IR spectra of Cu(ll) complexes show band
of medium intensity at 3350-3500 cmr? which can
be assigned to —OH stretching due to presence of
water of hydration® in these complexes which is
well supported and confirmed by thethermal analy-
sis data and their respective spectral figures.

The nitrogen of the thiazole ring can be called
totally lethargic and thisvery lethargic nature of thia-
zole nitrogen is well supported by the fact that the
band value for —(C=N) ring 1500-1560 cm™ nearly
issame asobserved in IR spectra of ligands and the
corresponding complexes. Last but not the least the
variance in the band value for —(C-N) stretch is re-
markably affected duetoinvolvement of azomethine
nitrogen in coordination.

Taking into account all the above spectral facts,
it can be suggested for theinvolvement of azomethine
nitrogen al ong with the oxygen of —OH group of the
ligandsin the coordination with metal complexes.

For L,complexesof all six metal ions, the char-
acteristic band at 3186 cm™ due to —N-H vibration
of 2-pyrrole in the ligand showed a upward shift in
the band val ue which supports the deprotonation of
—N-H (pyrrole) and bonding through nitrogen atom!®.

In the complexesof L, the characteristic band at
3143 cm* for 2-pyridyl nucleus shows considerable
downward shift in the band value thereby showing
the pyridinenitrogen’s involvement in the coordina-
tion. Thustheligand L , iscoordinating through thia-
zolering nitrogen and pyridine ring nitrogent*.

The bands at 825-840 cm* and 740-756 cmtin
amost all metal complexes can be assigned due to
C-S-C thiazole vibrations. The appearance of non-
ligand band at 555-600 cm'* can be attributed to M-
N band whereas the non-ligand band at 462-491 cm
! can be attributed to M-O band. The appearance of
these new bands of M-N and M-O vibrations sup-
portstheinvolvement of N and O atomsin complex-
ation with metal ions.

The band in the region of 3200-3600 cm* for
Cu(Il) complexes, but it is supposed to be because
of surfacewater (hydrated water)*7. Again thether-
mograms and thermoanalytical data supports this
very fact strongly.

All ligands and complexes show the presence
of SO, group which can be readily identified by the
appearance of two strong bandsin the region 1415-
1300 cm*and 1200 1120 cm region dueto asym-
metric and symmetric stretching vibrations respec-
tively and there is no appreciable change which
shows absence of bonding through -SO,NH,, group
inthemetal ligand bonding.
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ESR study

It is observed from ESR spectrum Cu(ll) com-
plexes that thereis asingle line resulting in the in-
teraction of unpaired electron present in Cu(ll)
nucleus. The Table revea s that the ‘g, ’ values less
than 2.3 which suggest the existence of sufficient
covaent nature of metal ligand bond. Also the G
valueslessthan 4 indicatesthat the Cu(ll) complexes
arestrong field ligands. Asthe values of g || and gm
are different hence all complexes show anisotropy.

Thehyperfine splitting in positiveamplitudeand
negative amplitude at respective magnetic field for
each spectrum gaverisetotwo ‘g’ values which are
less than 2.3 suggests the covalent nature of com-
plexes.

X-Ray Diffraction

The diffractogram of Cu (I1) complex of L, had
twenty reflections with maxima at 26= 12.78° cor-
responding to d value 6.921A° having intensity 2359
cps. Diffractogram of Cu (1) complex of L, had six-
teen reflections with maxima at 26= 12.66° corre-
sponding tod va ue 6.98641A° having intensity 1869
cps. Diffractogram of Cu (Il) complex of L, had
twenty four reflections with maxima at 260= 12.86°
corresponding to d value 6.8782A° having intensity
3000 cps. Diffractogram of Cu (Il) complex of L,
had eighteen reflectionswith maximaat 26= 12.860°
corresponding to d value 6.8782A° having intensity
3433 cps. Diffractogram of Cu(ll) complex of L had
twenty reflectionswith maximaat 26= 12.700° cor-
responding to d value 6.9645A° having intensity
1948 cps and diffractogram of Cu(ll) complex of L
had twenty reflections with maxima at 26= 12.78°
corresponding to d value 6.921A° having intensity
2794 cps.

Antimicrobial activity

Antifungal activity was performed by poison
plate method. The medium used was Potato Dex-
trose Agar (Himedia). The medium was prepared
and sterilized at 10 Psi in autoclave for 15 minutes.
Then the compound to betested is added to the ster-
ile medium in aseptic condition so as to get final
concentration as 1%. A plate with DM SO was pre-
pared as blank (negative control). Similarly a plate

=  Ful] Peper

with 1% Grysofulvin was prepared as standard ref-
erence plate (positive control). Aspergillus Niger,
Pencillium Chrysogenum, Fusarium Moneliforme,
Aspergillus Flavus were selected as test fungal cul-
tures. They were allowed to grow on slant for 48
hours so asto get profuse sporulation. 5ml of 1:100
agueous solution of teen 80 was added to the slant
and spores were scraped with the help of nicrome
wire loop to form suspension. The fungal suspen-
sion was spot inocul ated on the plate’s prepared us-
ing compound with the help of nicrome wire loop.
The plate was incubated at room temperature for
48 hours. After incubation plates were observed
for the growth of inoculated fungi. Results were
recorded as agrowth of fungi (no antifungal activ-
ity), reduced growth of fungi (moderate antifungal
activity), and no growth of inoculated fungi (anti-
fungal activity).

The cup plate agar diffusion method® + was
employed for determining the antibacterial activity
of the newly synthesised ligands. The antibacterial
activity wasmeasured by agar cup method. Nutrient
agar (Himedia) was prepared and sterilized at 15
Psi for 15 minutes in the autoclave. It was allowed
to be cool below 45°C and seeded with turbid sus-
pension of test bacteria separately prepared from
24 hours old dlant cultures. 3% incula were used
every time. The bacterial culture selected where,
two gram negative culture viz. Staphylococcus
aureus, Bacillus subtilis. This seeded preparation
was then poured in sterile Petri plate under aseptic
condition and alow it to solidify. Cup of 10 mm
diameter were borered in the agar plate with sterile
cork borer. 100 ul of compound solution prepared
in dimethyl sulphoxide (1%) was added in the cup
under aseptic condition with the help of micropi-
pette.100 pl of DM SO was also placed in one of
the cup as a blank (negative control). A standard
antibiotic disk impregnated with 10 units of
pencillin was also placed on the seeded nutrient
agar surface as standard reference antibiotic (posi-
tive control).

The plates were kept in refrigerator for 15 min-
utes to allow diffusion of the compound from agar
cup into the medium. Then the plateswere shifted to
incubator at 37°C and incubated for 24 hours. After
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TABLE 4 : Antimicrobial activity

Fungal Srain Bacterial Srain
. No. Compound

An Pc Fm As Ec St Sa Bs
1 Ly RG -ve RG +ve 14 18 -ve 17
2 L, +ve RG +ve RG 15 24 -ve 13
3 Ls RG RG RG +ve 20 15 12 20
4 L, +ve +ve +ve +ve 18 -ve 20 19
5 L +ve RG +ve RG 16 -ve 16 18
6 Le RG RG +ve +ve 17 -ve 19 19
7 CuL, RG RG RG +ve 18 14 15 17
8 CuL, +ve +ve +ve +ve 14 14 17 18
9 CuL, +ve +ve +ve +ve 17 15 20 19
10 CuL,4 RG RG RG RG 18 15 22 20
11 CuLg +ve RG -ve +ve 16 14 18 20
12 CuLg +ve RG -ve +ve 13 11 17 18
13 +ve control +ve +ve +ve +ve NA NA NA NA
14 Griseofulvin -ve -ve -ve -ve NA NA NA NA
15 DMSO NA NA NA NA -ve -ve -ve -ve
16 Penicillin NA NA NA NA 13 22 36 18

Ec-E.coli, S-S.typhi, Sa- S.aureus, Bs-B.subtilis; An-A.niger, Pc-P.chrysogenum, Fm-F.moneliformae, Ca-C.albicans; -ve: No growth
of fungi,+ve; Growth of fungi, RG-Reduced growth, NA-Not Applicable, Zone of inhibition was measured in mm.

incubation plates were observed for the zone of in-
hibition of bacterial growth around agar cup. Re-
sults were recorded by measuring the zone of inhi-
bition in milimeters (mm) using zone reader.

CONCLUSION

The synthesized Schiff bases showed bidentate
nature and gave stable transition metal complexes.
All the Schiff base Cu(ll) complexes under investi-
gation are non-electrolyticin nature. Themetal com-
plexes show more potent activity than the corre-
sponding Schiff bases. The electronic spectral data
suggest that all Cu(ll) complexes of ligands under
study have Square palanar geometry.

ACKNOWLEDGEMENT

Theauthorsarethankful to Principal, Yeshwant
Mahavidyalaya, Nanded for providing laboratory
facilities and also to the Director, [ICT, Hyderabad
for providing the instrumentation facilities. One of
theauthorsP. A. Kulkurni isthankful UGC-New Delhi
for Mgjor Research Project.

REFERENCES

[1] Y.Shibuya, K.Nabari, M.Kondo, S.Yasue, K.Maedo,
F.Uchida, H.Kawaguchi; J.Chem.Lett., 37, 78
(2008).

[2] M.Bera, U.Mukhopadhyay,
Inorg.Chem.Acta, 358, 437 (2005).

[3] S.Allah, A.M.Abid; Phosphorus, Sulfur Silicon
Relat.Elem., 75, 170 (2001).

[4] T.PYoon, E.N.Jacobsen; Science, 299, 1691,
(2003).

[5] T.Yamada, T.Ikeno, Y.Ohtsuka, S.Kezuka, M.Sato,
I.Iwakura; Sci.Technol . Adv.Mater, 7, 184 (2006).

[6] Y.PCa,C.Y.Su,A.W.Xu,B.SKang,H.Q.Liu,SJi€;
Polyhedron, 20, 657 (2001).

[7] PA.Vigatoand S.Tamburini; Coord.Chem.Rev., 248,
1717 (2004).

[8] B.S.Bahl, A.Bahl; Elementary Organic Chemistry,
Schand and Company Ltd., New Delhi, 60 (1993).

[9] C.T.Barboiu, M.Luca, C.Pop, E.Brewster,
E.M.Dinculescu; Eur.J.Med.Chem., 31, 597 (1996).

[10] S.Bondock, W.Fadaly, M.A.Metwally;
Eur.J.Med.Chem., 45, 3692 (2010).

[11] J.Vanco, J.Marek, Z.Travnicek, E.Racanska,
JMusdlik, O.Svgjlenova; J.Inorg.lochem, 102, 595
(2008).

D.Ray;

Inorganic CHEMISTRY
A Jndian ﬂo«/md



ICAIJ, 10(3) 2015

Seemall.Habibetal. 121

[12] V.C.Silveira, J.S.Luz, C.C.Oliveira, |.Graziani,
M.R.Ciriolo,A.M.C.Ferreirg; J.Inorg.Biochem, 102,
1090 (2008).

[13] A.T.Chaviara, PJ.Cox, K.H.Repana, R.M.Papi,
K.T.Papazisis, D.Zambouli, A.H.Kortsaris,
D.A.Kyriakidis, C.A.Bolos; J.Inorg.Biochem., 98,
1271 (2004).

[14] S.B.Desai, P.B.Desai,
Heterocycl.Commun., 7, 83 (2001).

[15] PPathak, V.S.Jolly, K.P.Sharma; Orient.J.Chem.,
16, 161 (2000).

[16] K.S.Sudlick, T.J.Reinert; J.Chem.Educ., 62, 974
(1986).

[17] J.Tisato, F.Refosco, F.Bandoli; Coord.Chem.Rev.,
135, 325 (1994).

[18] J.M.Gemi, C.Biles, J.B.Keiser, S.M.Poppe,
S.M.Swaney, W.G.Tarapley, D.L.Romeso, Y.Yage;
J.Med.Chem., 43, 1034 (2004).

[19] Roger Adam’s Organic Reactions, John Wiley and
sons Inc.New York, 3,1, 256 (1956).

[20] N.Ramanet.d.; Transition metal Chemistry, 28, 29-
36 (2003).

[21] S.PGhosh, L.K.Mishra; JICS, 60,439 (1983).

[22] PVenkateshwar Rao, K.Ashwini, Kaneeze Fatima;
Asian J.of Chem., 18(1), 469-474 (2006).

[23] S.GWanae, Ph.D.Thesis SRTMU, (2011).

[24] R.K.Parihavi, R.K.Patel, R.N.Patel; J.Indian
Chem.Soc., 76, 258 (1999).

[25] A.RPChaturvedi, H.N.Tiwari, L.K.Mishra; JCS, 64,
306 (1987).

K.R.Desai;

——  Ful] Peper

[26] PGMore, T.N.Powar; JICS, 70, 155 (1993).

[27] M.M.Deshpande; Phd Thesis SRTMU, (2012)

[28] K.Nakamoto, P.N.M.C.Carthy, A.Ruby,
A.E.Martell; J. Amer.Chem.Soc., 83, 1060 (1961).

[29] A.l.RPSinha, Manju Bala, Asian J.Chem., 3(1), 45
(1991).

[30] N.B.Colthup, L.N.Daly, S.E.Wiberley; Intro.ToIR
and Raman Spectroscopy 2™ Edition; Academic
Press, N.Y.262, 270, 272, 430 (1975).

[31] V.M.Morad, M.M.EL Ajaily S.Ben Gweirf; J.of
Sci.anditsappli.l., 72-78 (2007).

[32] K.GKaramunge; Ph.D.Thesis— SRTMU, (2006).

[33] Boghai Lach Niza Dajene; Syn.And
Reac.In.Inorg.and metal org.Chem., 30(8), 1535-
40 (2000).

[34] C.P.Gupta, K.G.Sharma, R.K.Mehta; 58, 929
(1981).

[35] PNatargjan, A.W.Adamson; JICS, 54, 25 (1977).

[36] K.GMathur; Praveen Mathur, JICS, 60, 107 (1981).

[37] R.J.Dudley, B.J.Hathway; J.Chem., Soc.(A) 1725
(1970).

[38] Symal- Mitra, Elementsof Magneto chemistry, 228.

[39] C.H.Callins; Micrabiological methods, Butter worth,
London, 364 (1967).

[40] PB.Godkar; “Text book of medical laboratory tech-
nology ”, Bhalani publication House, Mumbai, In-
dia, 326, 332, 382 (1996).

—=>  [W0VjaNic CHEMISTRY

e Tudian Journal



