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ABSTRACT

A series of complexes of the type PMCI], where L= 2-(salicylidene acetone- 2’-imino) amino
benzoimidazole (HSAIAB) and 2-(salicylidene acetqne- 2'- imino) amino benzimidazole (HSAPIAB),
M= Cu(ll), Co(ll), Ni(ll) and Zn(ll), have been stmesized andcharacterized on the basis of elemental
analysis, thermal analysis, molar conductivity, metic moment, electronic, infrared spectral studielse results
are in consistent with tridentate chelation of lighwith azomethine nitrogen, ring nitrogen and aygtom.The
fungi toxicity of the ligands & their complexes aga some fungal pathogen has been studied.

Keywords: Benzimidazolyl-2-hydrazones, salicylidene acetsaéi¢ylidene acetophenone afdansition metal
complexes.

INTRODUCTION

Schiff base complexes have undergone a phenomeoatigduring the recent years because of the \ktgat
offered by these complexes in the field of indestl,2], catalysis[3] and in biological system[4e%¢. In this way,
the synthesis, structural investigation and reaatibtransition metal Schiff bases have receivepecial attention,
because of their biological activities as antituatorantifungal and antiviral activities[6]. ThuscHif base
hydrazones are also interesting from the pointi@fnof pharmacology. Hydrazone derivatives are fbttmpossess
antimicrobial[7], antitubercular[8], anticonvulsg@]t and anti-inflammatoryf0] activities. Particularly, the
antibacterial and antifungal properties of hydrammand their complexes with some transition meiak iwas
studied and reported by Carcelli et B1]} In addition, complexes of salicylaldehide berlhggrazone were shown
to be a potent inhibitor of DNA synthesis and gglbwth[12]. This hydrazone also has mild bacteriostatic agtiv
and a range of analogues has been investigatedtestipl oral ion chelating drugs for genetic disos such as
thalasemial3, 14]

Following all these observations and as a part wf continuing research on the coordination chemistr
multidentate ligands[15-19], we report here thetlsgais and structural studies on the complexesuffi)c Co(ll),
Ni(Il) and Zn(ll) with some hydrazone derivativesortaining benzimidazole moiety such as 2-
(salicylidene acetone- 2’-imino) amino benzoimidiezHSAIAB) and 2-(salicylidene acetophenone- 2’-
imino) amino benzimidazole (HSAPIAB).
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EXPERIMENTAL SECTION

Material and Method
Reagent grade chemicals were used in the presaht Sthe solvents were purified before use by steshgrocess.
The starting material such as 2-hydrazinobenzinga#as synthesized according to literature met2@d[

Preparation of Ligands

The ligands used in the present investigation wemezimidazolyl-2-hydrazones of aldehydes and ketone
such as Salicylidene acetoramd salicylidene acetophenone have been synthesizedomgensing 2-
hydrazinobenzimidazole with respective aldehyded ketone in the following manner.

Synthesis of Salicylidene acetone

This compound was synthesised as per the followiagner. A mixture of salicylaldehyde and acetone in
1:1 molar ratio was prepared. It was added to aitsmh of NaOH (10 gm in 100 ml water and 80 ml
ethanol) with a constant stirring, during whicheadrcoloured precipitate was formed. The precipitases
filtered and washed with cold water to eliminateeacted NaOH and was dried at room temperature upon
filter paper. It was recrystallised from hot retd sprit. The sample was dried in vacuo over fused
calcium chloride and then analysed.

Reaction:

H>C=O H3C H>C=HC
@ + \C=O Nagd @ \C=O + HoO
HO H3C/ HO 5H3

Synthesis of 2-(salicylidene acetone- 2’- imino) amo benzoimidazole (HSAIAB)

To a warm ethanolic solution of 2-hydrazinobenziaddle (0.01 mol in 20ml) ethanolic solution of
salicylidene acetone (0.01 mole in 20 ml) was added the above mixture was refluxed on a water bath
for 4 hours. It was concentrated and allowed tmdtavernight when dark yellow coloured precipitate
was separated out. It was filtered washed and stalysed from ethanol. The sample was dried inncac
over fused calcium chloride and then analysed.

Reaction:

@TJ—NH—NHz + o=C\4Hé40© OTJ—NH—N—C\_'HSHOQ + H0
H

C=—=

Synthesis of salicylidene acetophenone

Salicylidene acetophenone was synthesised by atg@n identical procedure as in case of synthesized
of salicylidene acetone by the reaction of salitd¢dyde with acetophenone in presence NaOH (10rgm i
100 ml water and 80 ml ethanol), a deep brown cadduprecipitate was formed. The precipitate was
filtered at pump and washed with cold water to éfiate unreacted NaOH and was dried at room
temperature upon filter paper. It was recrystali$em hot rectified sprit. The sample was driedvatuo
over fused calcium chloride and then analysed.

Reaction:
H>C—O H3C H>C=HC
@ + \C=O R @ \C O + HO
HO H5C6 HO CoHs
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Synthesis of 2-(salicylidene acetophenone- 2’- iminamino) benzimidazole (HSAPIAB)

To a warm ethanolic solution of 2-hydrazinobenziaddle (0.01 mol in 20ml) ethanolic solution of
salicylidene acetophenone (0.01 mole in 20 ml) ah®ve mixture was refluxed on a water bath for 4
hours. It was concentrated and allowed to standrrdagbt when dark brown coloured precipitate was
separated out. It was filtered washed and recrlsta from ethanol. The sample was dried in vacuero
fused calcium chloride and then analyzed

Reaction:
C6H5 HO

HJJ—NH—NHz + O_C\-lc— @ ©\7J|—NH_N—Hg§jC_HO© + HO

Preparation of the complexes

A hot ethanolic solution of the ligand HSAIAB/ HSMB (0.01 mol in 20 ml) was mixed with an
ethanolic solution of respective hydrated meta) @hloride (0.01 mol in 20 ml) and the mixture was
refluxed on a water bath for 3 to 4 hours followy addition of few drops of conc. NHsolution, when
coloured precipitates of metal complexes were atgdiin each cases. The precipitates were filtered,
washed with ethanol followed by ether and finallyed in vacuo over fused Cagl

Analysis and Physical measurements:

The metal contents in the complexes were determgnadimetrically following standard procedure[28ulphur
was determined as BagOThe molar conductance measurements were cartieétoroom temperature with a
Toshniwal conductivity Bridge (model CL-01-06, cetinstant 0.5 cit) using 1x1GM solution of the complexes in
DMSO. Carbon, hydrogen and nitrogen contents ofctiraplexes were determined by using a MLW-CHN micro
analyser. FTIR spectra in KBr pallets were recordedh Varian FTIR spectrophotometer, Australia. €leetronic
spectra of the complexes in DMSO were recorded dPexkin-Elmer spectrophotometer. Thermo gravimetric
analysis was done by Netzch-429 thermo analyzer.

Table-1: Analytical and physical data of the complres

Cl C H N M

Sl no Compounds Colours A%y Found | Found | Found | Found | Found
(Calcd) | (Calcd) | (Calcd) | (Calcd) | (Calcd)
41.36 0.20 45.42

1 HSAIAB dark yellow 4139) | (023) | (45.46)
4542 | 017 | 4336
2 HSAPIAB dark brown 45.45) | (0.21) (43.39)
3 | [Co(SAIAB),CH] Pink 1016] 294 | 5290 | 195 | 1449 | 825

(9.97 | (52.92 | (197 | 1453 | (8.28
9.95 | 5293 | 1.94 | 1450 | 8.26
(9.98) | (52.96) | (1.97) | (14.54) | (8.29)
986 | 5227 | 191 | 1433 | 882

4 [Ni(SAIAB), Cl;] Greenish blue| 8.28

5 | [Cu(SAIAB)CI)] Lightblue | 11.25 o0 | 2350 | o5 | (1436 | (86

) 984 | 5201 | 1.92 | 1425 | 9.02
6 | [ZN(SAIAB),CL] White 1285 050 | 00 | (1) | (1429 | 900
7 | [Co(SAPIABLCL] Violet 1424 845 | 5895 187 | 1248 | 7.01

(8.49) | (58.99) | (1.91) | (12.51) | (7.05)
8.46 | 5901 | 1.88 | 1250 | 6.97
(8.50) | (59.04) | (1.91) | (12.52) | (7.00)
841 | 5835 | 1.86 | 1234 | 752
(8.44 | (58.40° | (1.90 | (12.39 | (7.55

8.41 58.14 1.87 12.30 7.66
10 [Zn(SAPIAB) Cl;] Pale yellow 9.60 ©.43) | (5817) | (1.90) | (12:34) | (7.71)

a30hm? cnf mole?

8 [Ni(SAPIAB), Cl,] Dark green 8.67

9 | [CUu(SAPIAB)Cl;] | Lightblue | 11.52
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RESULTS AND DISCUSSION

The complexes were formulated from the analyticaladand molar conductance data support the suggeste
formulae (Table-1). The complexes are highly cadduand insoluble in water and common organic stévent
soluble in highly coordinating solvents suchdéasxane,DMF and DMSO. They are non hygroscopic, highly ab
under normal conditions and all of them decompdseve 256C. The molar conductance data values in DMSO for
the complexes indicate them to be non-electrolyteature.

IR spectra

The ligands HSAIAB and HSAPIAB are formed by condation of 2-hydrazinobenzimidazole with a
condensation product of salicylaldehyde with acetérmcetophenone in presence of NaOH. Formation of
the second precursor is confirmed by it's IR spactt contains an intense band at ~ 1650'omhich may

be due tovc-o carbonyls. Another broadband around ~ 3300'dmattributed to phonetic -OH and a band
seen around ~1675 chmay be due tovc—c formed by the condensation of salicylaldehyde wiife
ketones.

Formation of ligands HSAIAB and HSAPIAB by the cambation of above precursors with 2-
hydrazinobenzimidazole is proved by change in tRespectra of the starting materials. The most nletab
change in the IR spectra is the disappearance ef-kH, stretching vibration and appearance of an
intense band at ~ 1565 €ndue tovc-y (azomethine). The spectra also contain a multigedbsystem at

~ 1520, ~ 1300 and attributed tg-y (cyclic) andvc.y (cyclic) of benzimidazole group respectively.

In the IR spectra of all the metal complexes, tlsifijon of bands due toc-y (cyclic) andvc.y (cyclic)
remain unchanged there by indicating non-partidgpatof the ring nitrogen atom in coordination.
However, vyy band of benzimidazole ring (-N-H) group was foundariably shifted 20-10 cihtowards
negative side indicating the coordination of beniziazole ring NH group to the metal ions. Where as
band occurring at ~3100 ¢hdue tovy.y exocyclic remains practically unaltered indicatiitts non
involvement either in coordination or enolisatiofhe band at ~3300cmdue to phenolic -OH stretching
vibration disappears in IR spectra of metal compkeformed by above ligands and clearly demonstrate
the deprotonation of phenolic (OH) group and cokoation to the metal ion through oxygen atom[22].
This is further subsentiated by hypsochormic sbiftphenolic ¥.o mode around ~1280chof the free
ligand to ~1500cni in the spectra of these complexes[23]. This isaise C-O assumes a partial double
bond character on co-ordination to the metal ioe do drainage oft electron of benzene ring through
resonance[24].

On comparing IR spectra of these ligands with thmmplexes stretching band correspondingvéoy
(azomethine) group is found to be red shifted byl®0cm® indicating the co-ordination of azomethine N
atom to the metal ion consequently the nguy band showed blue shift by 20-30 €rthere by supporting
the coordination of azomethine nitrogen atom to tietal centers.

A pair of sharp bands of moderate intensity areeobsd in the IR spectra of all the metal complexés,
first band appears at ~520 ¢nwhere as the second one at ~ 450'cihese bands are distinctly absent
in the spectra of ligands. Considering the sharprasd intensity, former band is attributedvipo and
later band is attributed ta,.y vibrations.

Although evidence ofy.c; band could not be brought in the present invediom due to instrumental
limitation, the insolubility of the complexes in vea and their non-electrolytic nature provide scifint
evidence for the coordination of the counter iodgdCform neutral complexes.

As evidenced from IR spectral data it is clear that ligand moiety satisfies 3- coordination numbkthe metal
centre and the fourth coordination number is setishy CI. Absence of any band arouAB500 cnt indicates that
neither coordinated nor lattice water is presenthiasn complexes. It is further supported by theraralysis. The
metal centre is unable to coordinate with phenokggen of the ligand coordinating with it throughoanethine
nitrogen and ring nitrogen, as coordination of mhienoxygen involves formation of highly stressedn®mbered
ring and this indicates involvement of two metaitegs as evidenced by elemental analysis.
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Thermal analysis

Thermal characteristics of the complexes formedheyligands HSAIAB and HSAPIAB are recorded in EaBl
Thermal behaviour of these complexes is almostséime. The complexes remain stable up to 240°- 340°C
indicating the absence of water molecules and they decompose rapidly. The rapid decompositiorotenloss

of ligand moiety. However they do not adhere tostant weight due to decomposition even up to -626R€ept

[Zn (HSAPIAB) Cl], complex. Thermal stability places the complexethanfollowing order:

(HSAIAB) complexes: Cu (I) < Ni () < Co (II) <& (Il)
(HSAPIAB) complexes: Co (II) < Ni (IlI) < Cu (II) <&n (1)

Table-2: Important features of thermo gravimetric analysis TGA)

Total wt. | Decomposition| % of residu
Complexes| for TG temperature Found | calc Composition of the residug
(mg) &) :

3 20.4 28C 10.4¢ | 10.5¢ CoC

4 18.6 275 10.42] 10.4y NiO
5 22.1 260 11.03) 11.09 CuO
6 11.2 290 11.25] 11.28 ZnO
7 225 250 8.93 8.97 CoO
8 15.2 265 8.88 8.92 NiO
9 16.5 27C 9.41 9.4¢€ CuC
10 12.6 280 9.58 9.62 ZnO

Electronic spectra and magnetic properties

The room temperature magnetic moment value of cemgd obtained from ligands HSAIAB and
HSAPIAB lie in the normal range for Co (IlI) complesx The electronic spectra of these complexes are
characterized by two main bands around ~9320-9560(£072-1047 nm) and ~20,690-21,000 tif%83-

476 nm). These bands are assignableTg,(F)—-*Tx(F) (va) and “Tio(F)~ *Ti4 (P) (v3) transitions
respectively.

Besides the above bands, the spectra posses twddshs at ~19,580 crh(510 nm) and ~16,500-17,000
cm® (625-581nm). Here we can obtain values of Dq anblyBusing energy matrix equation of Io‘Wlg
level. The calculatedizvalue is~ 20,190 cih which is very close tovs. This is confirmed by the
appearance of the shoulder in the region ~19,850".cfthus the shoulder at ~16,500-17000 tris
assignable to spin forbidden transitié‘ﬁlg(F) - Zng (G), thus the former shoulder can be assigned to
“Tig (F) - “Agq (F) (v2) transition.

The electronic spectral data andgwalue at room temperature for Ni (lI) complexes twitigands
HSAIAB and HSAPIAB are recorded. Thegwvalue of these complexes is in fair with the tetragl six
coordinated spin free Ni (Il) complexes. These ctemps have four bands at ~ 8,500tif1175 nm),
~10,800 cnt (925 nm), ~15,000 Crh (666 nm) and ~25,000 ¢ (400 nm) assignabléB,,- °E,,
B1g—*Bag, Agg(F) - *T1g(F) (vi) and *A,4(F)->T14(P) (vs) transitions respectively under,Dgeometry.
Various crystal field parameters are found to bgaod agreement with proposed geometry.

The electronic spectral data and room temperatyperalues of Cu (lI) complexes with ligands HSAIAB
and HSAPIAB are recorded. Thequvalue in theses cases lie in the range 1.71-1.86. Bs expected for
hexa coordinated spin free Cu (II) complexes eithreloctahedral or distorted octahedral environment.
The electronic spectra of these complexes contaieet distinct bands at ~11,000 ¢ri909 nm), ~13,400
cm™ (784 nm) and ~17,000 cm(588 nm) assignable t@B1y—°A1q (v,).°B1g— “Bag (v2) and’Big— °Egy (va)
transitions respectively under,psymmetry.

Based on the foregoing observations the followigrgtdtive structure§-ig-1) have been proposed for the present
complexes.
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(Fig-1)
M= Co (Il), Ni (1), Cu (Il) and zn (II)
X =-CHz or -CgHs , n =1 or 2.

Antifungal activity

The antifungal activity of the complexes has bermlisd by potato dextrose agar diffusion methodMSO

solvent against A. niger and A. flavus. The compteghowed good antifungal activity against the iggedhis may
be explained on the basis that their structuremimgiossess C=N bonds. Moreover, coordination reslube
polarity[25,26] of the metal ion mainly becausetlvé partial sharing of its positive charge withire tchelate ring
formed during coordination. This process incredledipophilic nature of the central metal atom,jiathfavors its
permeation more efficiently through the lipid layef the micro-organism[27-29] thus destroying themore

aggressively.
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