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Abstract: The coordination chemistry of transition metal complexes has been progressing at a
tremendous pace. These complexes were finding use in the field of homogeneous catalysis, analytical
chemistry and biological system. The presence of thiocyanto group in mixed ligand coordinated
complexes of transition metal was reported to have an ability to influence the biochemical behaviour of
the complexes. Complexes of MM’(SCN), (M = Co®* ; M” = Cd*', Hg*") with N, N'-bis (benzylidene)
-1, 2, phenylenediamine Schiff base of molecular formula [MM'(SCN)4(BENDAMB) (1, 2)] have been
synthesized and characterized by elemental analyses, molar conductance magnetic moment, IR,
electronic and *H NMR spectral studies. The softness parameter TEn” of complexes have also been
calculated to derive the binding side of the thiocyanate ligand. The insecticidal activity against Red
cotton bug (Dysdercus koenigii) and antifungal activity against A.Flavus and F.Solani of complexes
also been investigated and was compared with solvent and Schiff base.
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Introduction

Chemistry of Schiff base and their metal complexes became a subject of great interest due to
their diversified application. These Schiff base complexes were finding use in various fields
like pharmaceutical-industry, agriculture and organic synthesis™>.

Some Schiff base metal chelates of transition metal ion were used as nuclear medicine and
some even possess anti-cancer activity”®. Binding mode sensitivity of thiocyanate ion has
attained great interest in recent years. The thiocyanate moiety was reported to have an ability
to modify the biochemical behaviour when present in mixed ligand coordination complexes®”.

Recently, growth of [CdAHg(SCN)4(HsC,0S),] cadmium mercury thiocyanate dimethyl
sulfoxide an arganometallic nonlinear optical (NLO) complex crystal gave a new look to the
study of bimetallic complexes®. Bimetallic thiocyanate complexes like CdHg(SCN), and
MnHg(SCN), have given a new dimension to the study of nonlinear optical crystal®**.
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Although several Schiff base derivatives have been reported with different metals, but
no systematic approach for the study of that reaction of bimetallic Lewis acid with Schiff
base have been made yet so far. Encouraged from our results with N,N'-bis (salicylidene)-1,
2 ethylenediamine and with N,N'-bis (benzylidene)-1,2-ethylenediamine'®*3, we prone to
synthesize the complex of fallowing type by the reaction of bimetallic Lewis acid
MM'(SCN), (M=Co®*, M'=Cd*", Hg*") and Schiff base BENDAMB (1, 2) in 1:1 molar ratio.

Furthermore, we also thought that complexes obtained after coupling of biological
active Schiff base and bimetallic Lewis acid may prove to possess more biological activity.
Keeping in view that such a study would be more illuminating in terms of structural
assignment, chemical reactivities and biological activity of the complexes formed, the
present study was undertaken.

[(BENDAMB(1,2))M(NCS),M'(SCN).]
|

[MM'(SCN)4]+[BENDAMB(1,2)] _[
1 : 1

[M(BENDAMB(1,2))I**[M'(SCN)4]*)]
I
BENDAMB (1,2) =N,N'-bis (benzylidene)-1,2 phenylenediamine

Experimental

Solvents were dried and distilled in usual manner. Cobalt(ll), cadmium(ll) and mercury(ll)
nitrate (all BDH) were used as received without further purification. Potassium thiocyanate
(Sarabhai M. Chemicals) was used after drying in vacuum.

Phenylenediamine and benzaldehyde (both CDH) were used as received. FTIR spectra
were measured on a Perkin-Elmer spectrometer RXI, using KBr pellets. The Electronic
spectra were recorded on a Perkin-Elmer LAMBDA-15 UV/VIS spectrophotometer in
acetone/DMSO. *H NMR spectra was recorded on Burker DRX-300 in DMSO. The metal
and sulphur content were analyzed using standard methods™.

Molar conductance were measured in acetone and DMSO with the help of Century CK-
704 Conductivity bridge (Type digital portable kit) using a dipping type of cell at 298+2 °K.
Gouy's method was employed for the measurement of magnetic susceptibility. Cobalt-
mercury tetrathiocyanate was used as a standard. Diamagnetic correction were also made
using Pascall's constant.

Preparation of Schiff base

N,N' —Bis (Benzylidene ) -1, 2—phenylenediamine (BENDAMB)

Schiff base ligand has been prepared by the reaction of benzaldehyde with 1,2-phenylene-
diamine. The benzaldehyde and 1, 2-phenylenediamine were stirred in 2:1 ratio for 8 h in water.

After constant stirring, a dirty white coloured solid was obtained. It was recrystallised and
separated, which gave satisfactory IR, *H NMR data and elemental analyses.

Preparation of complexes

Metal dithiocyanate were prepared following literature procedure®. For the preparation of
bimetallic tetrathiocyanate, MM'(SCN), Lewis acid solution of M(SCN), and M'(SCN),
were mixed in 1:1 ratio and stirred for 4 h, methanolic solution of BENDAMB(1,2) Schiff
base was added in 1:1 molar ratio in Lewis acid solution and stirred for 10-18 h. In each
case a solid was separated which was filtered off and washed with methanol, dried in
vacuum and recrystallised from acetone/chloroform. All bimettalic complexes were
partially/ completely soluble in DMSO.
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Results and Discussion

The stoichiometry of the complexes are in good agreement with elemental analyses given in
Table 1. The lower value of conductance in DMSO is indicative of nonelectolytic behaviour
of complexes elemental analyses, colour, yield and melting points of the complexes

Table 1. Elemental analyses, colour, yield and melting point of the complexes

No. Complexes Colour Yield m.p. CoI\/ACd Cé\;lll-lg S Co+Cd

[BENDAMB(L.2) ; 1849 2472

1 Co(NCS),Cd(SCN);] Blue 43 1620 - " (18.64) (24.89)

o [BENDAMB(12) Light o) .0 732 2563 1641
Co(NCS),Hg(SCN),] grey (7.59) (25.84) (16.52)

,  [BENDAMB(L2) Dak .o . 1336 2397 1524
Cd(NCS),Hg(SCN);] brown (1354) (24.70) (15.45)

d-decompose

Elemental spectra and magnetic moments

The magnetic moment of the cobalt complexes 1 and 2 are ranges between 4.42-4.80. The
electronic spectra of these complexes show a band between 8045-8056 cm™ which can be
assigned for the transition 4A,(F)—4T4(F) (v,) and another band between 16,460-16950
cm™ may be attributed for the transition 4A,(F)—4T.(P) (v;). The electronic spectra of these
complexes exhibit two intense bands on higher wave number side, which may easily be
assigned as charge transfer bands.

The electronic spectral assignments and magnetic moment of these complexes suggest
tetrahedral environment around cobalt ion®. 10 Dq values are in between 4990-4995 cm™
and B parameter are between 0.68-0.69 suggesting quite good thermodynamic stability and
good co-valency in the complexes.

IR spectra analyses
The infrared spectra of these complexes (Table 2) exhibit four bands in — C-N stretching
region. The presence of two bands in between 2105-2160 cm™ clearly indicates the presence
of thiocyanate as bridging unit. Similarly the presence of two characteristic v(CN) bands for
S-bonded terminal SCN. Furthermore, the presence of bands in 3(NCS), v(C-S), v(M-N) and
v(M'-S) regions are diagnostic for the nature of thiocyanate bonding™.

All the assignments are in favour of monomeric bridge structure for these complexes. A
strong band in the region 1635 cm™ appears in Schiff base characteristic of azomethine

(>C=N) group**8, This band is shifted towards the lower frequency region (~20-30 cm™) in
the bimetallic complexes indicative of Schiff base azomethine nitrogen atoms.

'H NMR spectra

The H NMR spectra of the complexes 3 along with ligand were recoded in DMSO given in
Table 3. The fallowing conclusion can be derived by comparing the spectra of ligand and
their corresponding complex.

(1) The *H NMR spectrum shows a signal §7.13 due to aromatic ring in the complex.

(2) A proton signal due to -CH=N group appears at 88.38 in Schiff base, is shifted to
downfield and appears at 88.71 in the complex 3 due to lone pair donation to metal
from nitrogen.
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Table 2. IR spectral data of complexes

5 s G 5 & 8= 2 @ 5
z g = o w 2 = =T 8
n E Zl f 8 1 E ~ ~ =
8 O O % %\) § > > %)
1 BENDAMBAD o oy O o0 B 24 g
2 2 2088(w) 717(sh)
2114(sh); 756(m);
5 [BENDAMB(1,2) 2144(s) 781(5)' 479(w) 1595(s) 304 234 M.B
Co(NCS),Hg(SCN),]  2077(s); 721(sh) 415(m) (m) (w)
2090(w)
2110(sh); 743(m):
3 [BENDAMB(1,2) 2160(s) 787(5)’ 487(w) 1598(s) 314 227 M.B
Cd(NCS),Hg(SCN),]  2075(s); 711(sh) 423(m) (m (w)
2104(m)
Table 3. "H NMR data (scale ppm) of the complex
S.No. Complexes Aromatic ring -CH=N
1 BENDAMB(1, 2) 7.17(s) 7.46(m)  8.38

2 [BENDAMB(L,2)Cd(NCS),Hg(SCN),]  7.13(s) 7.49(m)  8.71(s)

Therefore on the basis of electronic spectra, IR spectra and *H NMR spectra we suggest
monomeric bridged structure (A) for the complexes, in which SCN from bridge between two
metals and Schiff base ligand is linked with comparatively harder metal like Co*".

Monomeric bridged structure (A) for the complexes 1, 2, 3 are also supported by the
fallowing aspects.

(@) The complexes containing Cobalt metal viz-1 and 2 has higher 10Dq value which
indicate the presence of bridged NCS group.

(b) HSAB theory™ also support the binding possibility of thiocyanate ion in metal
complexes 1-3 sulphur end will be attached with soft Cadmium and Mercury metal ions,
whereas nitrogen of thiocyanate was well linked with comparatively harder cobalt.

Application of softness parameter to the nature of bridge

Quantitative softness value of M and M' (M=Co; M' =Cd, Hg) and thiocyanate ion are
related with nature of the complexes i.e monomeric bridged. These softness values are
derived by quantum mechanical procedure pioneered by Klopman®.
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The total softness values of M and M' have been derived by adding the softness values
of ligand to the reported values of M and M'. The obtained values of softness parameter
TEn"(M-M") for complexes 1, 2, 3 are in between 21.33-28.63 which can be accounted for
monomeric bridged structure. The TEn™ (M-M') values and predictions are presented in
Table 4.

Table 4. Softness values and predictions

SN Complexes TEn” (M-M")  Nature of Bridge
1 [BENDAMB(1,2)Co(NCS),Cd(SCN),] 28.63 M.B
2 [BENDAMB(1,2)Co(NCS),Hg(SCN),] 21.33 M.B
3 [BENDAMB(1,2)Cd(NCS),Hg(SCN),] 23.36 M.B

Biological studies

Biological activities of these complexes were tested for insecticidal and antifungal
screening.

Insecticidal experiments

0.1% solution (in DMSO) of complex 1, 2 and 3 were tested for insecticidal activity against
red cotton bug (Dysdercus koewgii) by contact poison technique. It can be observed that the
synergic effect of complex and solvent have greater lethality than the additive lethal effect of
the Schiff base ligand and the solvent.

This is probably due to toxic effect of mercury/cadmium and thiocyanate moiety.
Therefore it can be concluded that the Schiff base coupled with bimetallic Lewis acid;
proved to have enhanced lethal effect on insects.

Antifungal screening

The fungicidal activity of the complexes with Schiff bases was evaluated against A.flavus
and F.solani by Agar plate technique at the three concentration 1000 ppm, 100 ppm and 10 ppm.
The average percentage inhibition after 96 h by various compounds was calculated from the
expression given below.
% Inhibition = 10 (C-T) /C

Where C = diameter of fungus colony in control plates after 96 h and T = diameter of
fungus colony in tested plated after 96 h. The results compiled in Table 5, indicates that all
the complexes were more active than their corresponding Schiff bases, probably due to their
more lipophilic character and they show significant toxicity at 1000 ppm and 100 ppm but
toxicity decreases rapidly at 10 ppm.

Table 5. Antifungal screening data

% Inhibition after 96 h

A .flavus F.solani

S.No Complexes/Schiff Base
1000 100 10 1000 100 10
ppm _ppm ppm ppm ppm ppm
1 [BENDAMB(1,2)] 724 543 416 743 541 382
2 [BENDAMB(1,2)Co(NCS),Cd(SCN),] 89.7 783 46.4 933 84.2 452
3 [BENDAMB(1,2)Co(NCS),Hg(SCN),] 87.2 69.6 469 884 60.6 375
4  [BENDAMB(1,2)Cd(NCS),Hg(SCN),] 924 743 483 896 624 424
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Conclusion

It can be concluded that bimetallic complexes synthesized by the reaction of bimetallic Lewis
acid with Schiff base shows non-electolytic nature, all these complexes have monomeric
bridged structure in which SCN form bridge between two metals and Schiff base ligand is
linked with metals by coordinate bond. Complexes containing cadmium/mercury shows more
toxic effect against insects and against fungus than Schiff base.
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