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ABSTRACT

The new azomethine and its solid metal complexesderived from 2-amino 6-
picolineand 2, 4, 5 trimethoxy benzaldehyde (2TMBAMP) by using modi-
fied Sand Mayer’s method. The derived colored complexes of Cu & Co with
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2TMBAMP are characterized by physicoel ectrochemical techniqueslike R,
NMR, ESR, Elemental analysis, Magnetic susceptibility, and UV-Vis Spec-
trophotometer, TGA-DTA and conductometric measurements. In addition
the authors have been screened the compounds for biological activity. It
was found that the compounds have shown activity against the organisms

like Escherichiacoli, Bacillussubtilisand Klebsiella.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Schiff base of varioustransition metal ionswere
investigated for their Coordinating capability, Pharma:
ceutica andbiologicd activities*3 thesecomplexesare
used ascatdystsfor water photolysis* and for oxygen
reduction at modified carbon cathode®. Some com-
pounds have been used industry and cata ytic hydroge-
nation of unsaturated hydrocarbong® Schiff basesare
also used for analytical purpose™ inthe determination
of metal ions, and some Schiff base derivativeshave
been used inthebiologicd extraction of metalg®, paint
industry and medicinal bioinorganic fields'21¢. The
applications of such complexesdependto alarge ex-
tent ontheir molecular sructure. Theauthor inthe present
study providesanew seriesof metal complexesof Cu
(1) and Co (1) with Schiff baseligand derived from 2-
amino 6-picolineand 2,4,5 trimethoxy benzal dehyde
(2TMBAMP). These complexeswere characterized

by elemental analysisIR, NMR, ESR, VSM, UV-Vis
Spectrophotometer, TGA-DTA and conductometric
measurements determinethe mode of bonding and ge-
ometry, biologicd activitiesof theligandsand meta com-
plexeswerea so studied.

EXPERIMENTAL

All chemicasusedinthepresent investigationwere
pure BDH chemicals.

Preparation of theligand & itsmetal complexes

2-amino-6-methyl pyridineand 2, 4, 5trimethoxy
benzaldehyde Schiff base (2TM BAMP)

2, 4, 5trimethoxy benza dehyde (0.018 mol es) and
2 amino-6-methyl pyridine(0.018mole) weredissolved
in 50 ml of methanol weretaken in 250ml borosil re-
flection flask and two drops of HCl was added. The
mixturewasrefluxed for 1 hour on water bath and then
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cooled at room temperature, yellow coloured sharp
needleswere separated out and washed with methanol
and dried in vaccum. Thiscompound wasrecrystal -
lized from methanol, thenit proceedsfor preparation of
meta complexesby adding requisiteamount of Schiff
base 2gm (0.0076 moles) in 50 ml of 50% methanol to
the Copper and Cobalt metal ions 2.2 gm
(0.0076moles) inwater in the presence of sodium ac-

CHO
OCH,
L Jil
~N +
cHY N "NH, ocH,

OCHj

RESULT AND DISCUSSION

Conductivity measurements

Themolar conductanceof complexesin DMF (~10
3M) was determined at 27+2°C using Systronic 303
direct reading conductivity bridge. Copper (I1) and
Cobalt (1) complexes of azomethine compounds
formed dueto the condensation of 2-amino 6-methyl
pyridine and 2, 4, 5- trimethoxy benzaldehyde
(2TMBAMP) ligand was prepared. It was observed

—= Fyll Poper

etate and refluxed themixturefor two hourson awater
bath. The reaction mixture poured in excess of cold
water. Light yellow and green colour precipitates of
meta complexeswere obtainedwithgoodyield. These
productswerewashed severa timeswith hot water and
cold methanol to freethem from unreacted metal salt
ligand respectively and finaly with ether and driedina
vacuum dessi cator.

< |

CHs N N=CH

OCHs

OCHj
OCH,4

that highly these complexes are soluble in
dimethylformamide(DMF). Therefore, thesemetd che-
lates are dissolved in DMF to perform conductivity
measurements. A known amount of solid complexesis
transferred into 25ml standard flask and dissolved in
dimethyl formamide(DMF). Thecontentsaremadeup
to themark with DMFE. The complex solutionistrans-
ferred into aclean and dry 100ml beaker. The molar
conductanceva uesof thesemetal complexesaregiven
inthe TABLE 2. Thesevauessuggest non-electrolytic
nature® of the present complexes.

TABLE 1: Analytical data of theligandsand their metal complexes.

Molecular  Molecular Vidd Elemental a”?ijiS
Formula Weight Colour in % Carbon % Hydrogen %  Nitrogen % Metal %
X=H:0 Ingms Calc. Found Calc Found Calc Found Calc Found
L=CysH17N>O3 286.31 Yellow 78 6713 66.18 594 632 979 1054 ---- @ -----
[Cu.Lj]2X 653.54 Light Yellow 71 5875 5864 484 458 856 847 9.7 9.5
[Co.Ly]2X 648.93 Green 73 59.17 5911 493 487 862 854 9.0 7.9

TABLE 2: Moalar conductivity of copper and cobalt complexes

Metal Complexes Molar conductance (ohm™ cm? mol™)
Cu (2TAMBAMP), 22
Co (2TMBAMP), 19

Electronic spectra

In UV-Visiblee ectromagnetic radiation, thetran-
stionsareassociated with theelectronicenergy levels
of the compound under investigation. The electronic
spectrawererecorded on a Thermo Spectronic Heylos
a Spectrophotometer. The transition metal ions occur

inavariety of structura environments. Becauseof this,
thedectronic structuresareextremely varied. Theedec-
tronic structures havebeen identified with UV-Visible
Spectroscopy.

2TMBAMP and itsmetal complexes

Theé ectronic spectraof the aqueous sol utions of
Cu*?and Co*?individua ionsare compared with the
corresponding complexing nature. Thedataisgivenin
TABLE 3, Figure 1 (a band c). Thedataindicatesthat
the energy of the d-d transitionsin the complexesis
dightly lesswhen compared to the corresponding agua
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ions, either because of dight cova entinteraction of the
3d vacant orbitalswith ligands, leading to somedelo-
cdizationwith consequent reductionininterelectronic
repulsion, or by increased nuclear shielding of theor-
bitd sdueto dight covaent ligand-metal eectron drift.

TABLE 3: Electronic spectral data

Complexes A qma Of metal A o Of the A max Of the
ionsinnm complexinnm ligand in nm
Cu(2TMBAMP), 328.5 329 303.5
Co(2TMBAMP), 3135 314 303.5
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Figurel: Spectrophotometric deter mination of 2TM BAM P
anditsCu & CO metal complexes

The observation showed that the transitions oc-
curred at 303.5nmfor theligand. But on complexation
with the different metal ionslike copper and cobalt,
new bands appeared at 328.5 nm, 313.5 nm respec-
tively corresponding tothetrangition chargetransfer from
theligand to the different metal iong®. Bands occur-
ringintheregion of 372nmto 327nmfor al complexes
are assigned to charge transfer transition (L — M).

Based on the above results octahedral structureispro-
posed for Cu*? and Co*2 complexes.

Infrared spectra

Infrared spectrawererecorded with aPerkin-Elmer
IR 598 Spectrometer (4000-400 cm®) using KBr pdl-
lets. Infrared spectroscopy isone of themany valuable
anaytica techniquescurrently availableto thechemist
which isbased on theinteraction of electromagnetic
radiation with thematter. By utilizing this spectroscopy,
the presenceof important functiona groupsinthe com-
pound can beidentified.

2TMBAMP and itsmetal complexes

TABLE 4 through light onthe observation madein
anayzing IR spectraof ligand and metal complexes.
Thetypical IR spectraare presented in the Figure 2
and 3 (a, b).

TABLE 4: Theimportant IR bandsof theligand and their
metal complexes

OH V(OH) V(c=N)
(water) phenolic Ring

3408.20 1659.95 1608.76
1660.20 1634.12 640.04 579.12

1660.01 1608.79 640.22 579.88

Compound V(c=N) VM-0) V(M-N)

2,TMBAMPSB
2,TMBAMPCu
2TMBAMP Co

3340.44
3854

cm-1

Figure2: IR spectrum of 2TM BAMP ligand.

The bands due to v(C=N) showed that the free
picolinemoiety ig' located at 1608.76 cm™. IntheIR
spectraof theligand under investigation corresponding
to the pi coline moiety v(C=N) of freeligand shifted?
t01634.12 cm™. Henceit wasfound that the nitrogen
atom of the picoline moiety coordinated to the metal
(11) ioninthe complex under investigation.

The IR spectra of metal chelates show thedis-
appearance of thev ,, phenolic*¥ andv . ,, bands
at 3408.20-1218.41 cmt respectively. It indicates
the proton displacement from the phenolic (OH)

Tnorganic CHEMISTRY
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group on complexation. Thus bonding of the metal
ionsto the ligands under investigation takes place

@

cm-1

—= Fyll Poper

through acovalent link with oxygen of the phenolic
group.

L

- )

. ©)

o e b . [
cm-1

Figure3: IR spectrumof (a) Cu (2TM BAMP),and (b) Co (2TM BAMP), complex.

Thelnfrared spectrum of al solid metal complexes
under investigation exhibit a broad band*® around
3340.44-3854 cmrt whichisattributed tov i, of water
or methanol mol ecul esassoci ated with complex forma-
tion. Themono and bi nuclear Cu (1) and Co (1) com-
plexes showed new bands of ranges823.32-863.86 cnt
! respectively. These are attributed to OH rocking and
wagging vibrationsof coordinated water molecules.

It was noted that theligand at 1661.70 cm corre-
spondsto*! azomethinegroupv ., of freeligand re-
duced by 1-30 cmr. Hence the nitrogen atom of the
azomethine group coordinates the existence of new
bandsin the IR spectrum of the complex at 640.04-
640.22 and 579.12-579.88 cm*which are associated

to andv,,, .. respectively®24,

Yom-0) (M-N)

'H Nuclear magneticresonance spectra

H Nud ear magneticresonance(NMR) spectroscopy
isanandytica techniquebased onthemagnetic properties
of nuclel. By using thisspectrascopy, thenatureof protons
and thenumber of protonspresentinthemolecule,

In the present study, *H nuclear spectrawere re-
corded on av-400MHZz NMR spectrometer in 11Sc

@

Bangalorein DM SO-d, solvent at room temperature.
2TMBAMP and itsmetal complexes

Theobservation noted in thechemicd shift values
of the ligand and metal complexes were shown in
TABLES5, Figure4and5 (a, b).

TABLE 5: 'HNMR spectrum of theligands and its metal
complexesin DM SO-d, in ppm

Compound H-C=N CH3 -OCH;, Ar-H
2TMBAMPSB 10.32 181  3.98,3.93&3.88
2TMBAMPCu 10.0-10.4 - 4.0 6.51-7.50
2TMBAMPCo - 4.0 6.6-7.4

Figure4: NM R spectrum of 2TM BAM Pligand.
®)

Figure5: NMR spectrumof a) Cu (2TMBAMP),and b) Co (2TM BAM P), complex.

==  [H01jANIC CHEMISTRY

Au Tudian Journal



180

Synthesis and spectrochemical characterization of Cu (I11) and Co (II)

ICAIJ, 4(4) December 2009

FPull Paper

The methoxy protons of the 2TMBAMP Schiff
bases were observed at’?? 3.98, 3.93 and 3.88 ppm.
Thepeaksinthearomatic regionwereseen asasinglet
intherangeof 7.27 ppm.A singlet at 10.32 ppm dueto
theazomethine proton.

Inthe case of the Cu and Co complexesthe signal
dueto theazomethine protonswereshifted from 10.32
ppm to 10.0 and 10.04 ppm respectively. This shift-
ing indicatesthe shielding of theazomethineprotonon
coordination through nitrogen atom of the azomethine
group. Thearomatic ring protonsthat are seenin the
range of 6.51-7.50 ppm!?3 become broad and less
intense compared with the corresponding Schiff base.
Thiseffect may be dueto thedrifting of ring electron
towardsthe metal ion following complexationto the
metal ion. Thesinglet at 2.5 ppm in the case of cop-
per (1) & cobalt (1) complexesindicates the com-
plexation of water molecul es by coordination with
metd ion.

Electronic spin resonance spectra
Inthe present study the X-band (~9.3 GHz) ESR

@

spectraof Cu (1) & Co(ll) complexesin DMF were
recorded at room temperature and at liquid nitrogen
temperature (LNT) on a Bruker ESP 300E spec-
trometer. The ESR spectrum obtained from thein-
strument isaplot of thefirst derivative of the ab-
sorption curve as afunction of the magnetic field
which was calibrated with an NM R gauss meter and
the exact frequency was determined using DPPH
radical asafield maker.

Analysisof 2TMBAMP through ESR spectra of
copper & cobalt complexes

The ESR spectraof the complex in polycrystal-
line state exhibit only one broad signal, which is at-
tributed to dipolar broadening and enhanced spin-
|atti ce rel axation. Anisotropic spectraobtained for
these complexesin DMF at LNT and representative
ESR spectraof Cu (11) & Co (1) complexeswere
presentedin Figure 6 (a) & (b). Inthislow tempera-
ture spectrum, four peaks of smal intensity have been
identified which are considered to originatefrom g
component. |

()

Figure6: ESR spectrumof (a) Cu (2TMBAMP) ,and (b) Co (2TM BAM P), complex.

Thespin Hamiltonian, orbital reduction and bond-
ing parameters of the Cu & Co complexeswere pre-
sented in TABLEG. Theg and g, arecomputed from
the spectrum using DPPH free radical as g marker.
Kvelson & Neiman'®! have reported that g valueis
lessthan 2.3 for covalent character and isgreater than
2.3for ionic character of themeta-ligand bondin com-
plexes. Applying thiscriterion, the covaent bond char-

acter can be predicted to exist between themetal and
theligand complexes®. Thetrendg>g, >g>2.0023
observed for the complex suggest that theunpaired elec-
tronislocalizedind,” *and d,?orbital of the copper
(11 ionsfor thecomplex. Itisobserved that G valuefor
these complexesare greater than four and suggest that
thereare nointeractions between metal-metal centers
in DMF medium.

TABLE 6: Spin hamiltonian and or bital reduction par ameter sof copper and cobalt complexesin DM F solution

Complex g- 9 Gwe G A,

A" Age d-d K, K, P o’

Cu(2TMBAM),

Co(2TMBAM), 2211 2.014

25864 2.2038 2.3313 4.29 0.0194 0.0042 0.0092 16000 1.8871 2.2129 0.031 0.4832
2079 418 0.0178 0.0039 0.0085 15896 1.8038 2.3110 0.029 0.4150
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The ESR parametersg g A“andA " of the com-
plexes and the energies of d-d transitions are used to
evaluatethe orbital reduction parameters (K, K ) the
bonding parameters (0?), thedipolar interaction (P)29.
The observed K <K indicates the presence of out of
plane Pi-bonding. Thea?valuesfor thepresent chelates
lieintherange 0.41-0.48 and support the covaent na-
ture of these complexes. Giordano and Bereman sug-
gested theidentification of bonding groupsfromthevd-
uesof dipolar term P. Thereduction of Pvduesfromthe
ionvaue(0.036¢cnT?) might beattributabletothestrong
covaent bonding. Thevauesof Pobtainedfor thepresent
complexesinbetween 0.029-0.031cm* and remain con-
sstent with bonding of metal ionsto oxygen and nitro-
gen donor atomsrespectively. Theshapeof ESR lines,
ESR datatogether with the d ectronic spectral datasug-
gest an octahedral geometry for these complexes?.

M agnetic susceptibility measurementsof copper
and cobalt complexes

Themeagnetic susceptibility va uesof thecopper com-
plex at room temperature are consistent with therange
5.2BM presentinTABLE 7. Thereisconsiderable or-
bital contribution and effectivemagnetic momentsfor oc-
tahedrd complex at roomtemperature. For highspinocta:
hedral complexes, themagnetic momentsarearound 5.2
B.M inmagneticdly dil utecompounds. Themagneticprop-
ertiesof cobat complex areuseful toknow thegeometry.
Inthecaseof cobdt complex themagneticmoment vaue
of 6.2. Themagnetic momentsof (2TMBAMP), Co(I1)
complexesarevery closeto spinonly vaue.

TABLE 7: M agnetic momentsof cupper and cobalt complexes

—= Fyll Poper
Thermal analysis

Thethermal studiesof these complexesarecarried
out to know the stability of the complexeson thermal
decompogtion, aswel| astoknow thedifferent find prod-
uctsthat are obtained in thermal decomposition having
novel cataytic properties. Thermo gravimetric analyses
of the metal complexeswere carried out by using the
Perkin Elmer system in thermal analysiscentre: STIC
KOCHIN. All possible precautionswere taken to opti-
mizeconditions soastocary outdl thethermogravimetric
andyd sexperimentsunder thesameconditions.

Sudy of 2ZTMBAM Pand itscopper & cobalt metal
complexesby TGA-DTA spectra

Thecomplexesof thermo analytica dataaregiven
inthe TABLE 8. The copper and cobalt complexesare
thermally stableup to 110 and 181.50°C respectively.
Thefirst stage of decomposition corresponding to en-
dothermic dehydration of the complexesand thetwo
lattice water molecules are lost in the temperature
range® 110-222.10°C and 181.50-219.31°C to give
anhydrous complex. The second decomposition stage
with two (or) three endothermic peaks are known as
stableintermediateformed around 450°C and 565.38°C
respectively and they undergo decomposition resulting
inthelossof ligand moi ety up to 600°C and 720.09°C.
Exothermicaly decomposition product a hightempera:
ture?® i.e. above 600°C and 720.09°C respectively.
Thedecomposition behavior of the complexesobserved
innitrogen amosphere. All theexperimental massloss
and tota masslosspercentagevd uesfound wereshown
intheTABLEII1.7. The DTA peak temperaturefor the

Complex M agnetic moment (B.M) remova of theanhydrousligand complext® followsthe
(2TMBAMP) Cu 5.2 order of Co 250> Cu 215.58 and suggeststhe strength
(2TMBAMP) , Co 6.2 of themetd-ligand bond.
TABLE 8: Thermal analytical dataof theligand and their metal complexes
Temperature
Molecular Weight of the range Total
(;(O_T_'plgx Weight in Complex Sage decreasing Probable assignment Iol\élsﬁ) mass
- Gram taken in mgs weight loss loss (%)
in°C
Cu L, 2X 1 110-222.10 Loss of 2H,0O molecules 45
L= Cu |_T N.O 653.54 6.084 2 450-600 Loss of 2L molecules 25.53 70.22
T vae T 2 3 600 above Corresponds to CuO 40.35
Co L, 2X 1 181.50-219.31  Lossof 2H,0 molecules 4.1
L= CO |_7 N,O 648.93 7.934 2 565.38-720.09 Loss of 2L molecules 32.35 88.83
T e T 23 3 728.09 above Corresponds to CoO 52.38
—==mm>  [norganic CHEMISTRY
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Biological activity

Theauthor inthis present investigation attempted
tofind out antibacterid activity of ligand and their metd
complexesagaingt Escherichiacoli, Klebsiellaand Ba-
cillussubtilischoosing serid paper discmethod TABLE
9. Theresultsof thebiologica activity of themetal com-
plexesindicated thefollowingfacts.

TABLE 9 : Antibacterial activities of ligands and their
transition metal complexes(Zoneformationin mm)

Compound E.Cali Klebsiella Bacillus.subtilis

2TMBAMP 15 16 17
2TMBAMPCu 20 20 20
2TMBAMPCo 16 20 18

A comparative study of theligand and their com-
plexesindicatesthat themetd chel atesexhibited higher
antibacterid activity than that of thefreeligand. The
increasein theantibacterial activity of metal chelates
wasfound dueto the effect of metal ion onthe metal
chelateswhich could beexplaned onthebasisof over-
tones concept and chel ation theory.

On chelation the polarity of the metal ion reduced
to agreater extent dueto the overlap of theligand or-
bita and partid sharing of positive chargesof metd ion
with donor groups. It was further noted that the delo-
calization of I-electronsover thewholechelatering en-
hanced thelipophillicity of thecomplexes. Thisincreased
lipophillicity®® enhanced the penetration of the com-
plexesinto lipid membraneand blockingthemeta sites
onenzymesof microorganism.

CONCLUSION

Based on theabovereaults, thestructure of thecom-
plexesunder investigation can beformul ated asfollows.

Ao R -~
m T |
O,

AN RN
P vl

l -5 VA/a’,

’,," Pid

==

BI/\\\ \' A\é\l
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v \\\ﬂl,, k\'&/I\A

HOH

A = OCHj M =Cu, Co

B = CH,
Suggested thestructureof 2-TM BAM P metal complexes
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