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Abstract 

Coordination compounds of a@), Cum) and Ni@) with N1-[5-ffltm-furfurylidene]-N'-[~- 

isatinlazine were prepared Using elemental analysis, atomic absorption (AA), molar conductances, 

Fourier transform infrared (m) , electronic (WMS) spectroscupics methods, their structure 

were established to be [ZnLCI,].H,O. [CuLC12].H,0 and [NLZCl,].2H20. Spectral studies indicate 

complexation through nitrogen atom and oxygen atom of isatin part of ligaud Coordination 

compounds were tested for antibacterial activity against Sulphyloc~us auwu. Enrerocotrm D. 

Pro&us vulgaris and Escherichia coli 
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Introduction 

STOJCEVA RADOVANOVIC AND ANDELKOVIC 

It is known that large number of isatin products have great activity against some microorganisms. 

Also, many hydrazine products have wide application in medicine as active pbysiological 

preparations, due to their activities against tuberkulosis, cellain Iypes of cancers and 

It is also known that many furan derivatives have wide hemotherapeutic applications in clinical and 

veterinary mede~ine~.  

Dodd and Stillman(8) stated that the presence of a nitro-pup in position 5 of the furan ring 

conferred appreciable bacteriostatic action Thus, the 5-nitrofuran derivatives generally exhibited 

considerable antibacterial activity, primarly in v i m  against gram-negative and gram-positive 

organisms9. Some of this type, e.g. Nitrofurazol. Nitrofurantoin and Furazolidon. are applied 

therapeutically in the treatment of bacterial infective of the urinary tract". 

It is established that many coordination compounds of Urnsition metals with Schiff bases as 

ligands, have selective activities and it's showed that complexes have greater activity than 

1igmh3.'. 

Considering all this, it was interesting to try synthesis of compounds with potential biological 

activity. 

The present paper describes the synthesis of N'-[5-nitro-2-fumuylidene]-N2-[~-~atin]~~ from 0- 

hydrame of isatin and 5-nitro-2-furancarboxaldehyde. It also describes the preparation of zn(n), 

Cum) and Ni@) complexes with N'-[5-nitro-2-furfulylidene]-NZ-[P-isat~]-~~e and their spectral 

characterization. 

Synthesized cOmpounds were tested for antibacterial activity against Slophylocmus ournu. 

Enterococcu D, Proleus vulgarir Nld Esrherichia roll in a standard minimum inhibitory 

concentration ( MIC ) serial dilution test. 
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MarprioLs 

The chemical used were of the AR grade. 

Methodsand insburnenb 

Microanalysis of ca.rbon, hydrogen and nitrogen was carried out witb a Carlo Erba 1106 

microanalyzer. Chloride was determined by MOWS method The content of metals was determined 

by Virial AA457 Double Beam Spectmneter. 

Molar umduntance of the complexes were measured with the help of a Iskra conductivity Meter 

0.67 using the lW3M solutions of DMF. 

The electronic spectra ( WMS ) were recorded on a Perkin - Elmer Lambda 15 WMS 

spectrophotometer in 95% solutions of ethanol . 

The Fourier transformation infrared Spectra ( FllR ) were recorded with Michaelson h e n  MB- 

series spectrophotometers, using the potassium bromide KBr pellet ( lmg/100mg KBr ) 

technique. 

The antimicrobial stivity was determined by following the bacterial growth at 370 C in the nutrition 

medium for 24 hours. The umcentration of a compounds tested at which ni increase in optical 

density was observed after incubation of 24 hours, were accepted as the minimal inhibitory 

concentration ( MIC ). 

Synthesis of Egand and complcxcs 

(a) Synthesis ofphyinuone of batin 

p - hydrazone of isatin was prepared by refluxing equimolar amounts of isatin and b y d r m e  in 

95% solution of ethanol for about 1 . 0 8 ~ 1 0 ~ ~ .  The resultant yellow solid products were fdtered, 

washed with ethanol and dried with CaCI,. 

(h) Synthesis of N i - I . F - n i n - o - 2 - f u B ~ l i ~ 1 ~ ~ ~ ~ - [ ~ ~ ~ ~ i n n ~ i = i ~ ~  

For the synthesis of N’-[5-Ntro-9-rurfurylidene]-N’-[P-isatin]azinc, P - hydrivune of isatin was 

dissolved in a minimum amount of 95% ethanol. To this refluxing solution, a 5-nitro-2- 
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66 S T O J ~ E V A  RADOVANOVIC A N D  ANDELKOW 

furancarboxaldehyde was added in equimolar amounts with continuous refluxing for about 

1 . 6 2 ~ 1 0 ~ ~ .  The mixture were acidfied with H,SO, to reach pH 44.5. The resultant yellow orange 

coloured solid product was fdtered. washed with 95% ethanol and dried with CaCIZ. 

(c) SynOcresrs of complexes 

For the synthesis of complexes, - hydranme of isatin was dissolved in a minimum amount of 

95% solution of ethanol. To this refluxing solution, a 5-nitro-2-furancarboxaldehyde was added in 

equimolar amount together with metal @) chloride, continuous refluxing for about 2.16~10'~. The 

mixture were acidified with A coloured crystalline products were 

fdtered. washed with 95% ethanol and dried with CaCl,. 

H,SO, to reach pH 44.5. 

Results and discussion 

Sy?l&SiS 

N1-[5-nitro-2-furfurylidene]-N"-[P-isatin]~ine were synthesized by the condensation reaction of 

P-hydrazone of isatin and 5-nitro-Zfuranca1boxaldehyde in 95% solution of ethanol at pH 44.5. 

Since ligand is partly soluble in 95% solution of ethanol, coordination compounds of &(TI). Cum) 

and Ni(II) were synthesized by the template reaction of p-hydrazone of isatin and 5-nitro-2- 

furancarboxaldehyde in the presence of metal@) chloride in 95% solution of ethanol at pH 44.5. 

The reaction of the formation of complexes, is shown at Figure I .  

Elemenlnl analysis and molar condrmtncer 

Although the synthesis of complexes were done using molar ratio 1 : 1 of all reactives,the elemental 

analysis ( Table I ) of the complexes indicate 1:l metal to ligand stoichiometry for zn@) and 

Cum) and 1:2 for Ni@). These complexes are coloured solids. and they are insoluble in water and 

ether, partly soluble in ethanol and soluble in DMF and DMSO. 

Molar mduntances of 10" molar solutions of the complexes in DMF are found in the range of 10- 

28 pohm"cm2mol~L ( Table I ). The results of molar umduntance of all the complexes show their 

nonelectrolytic behaviour". This indicate that chloride ions are also involved in the coordination 

by presence in the innerspace of complexes. 
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N1-[5-NITRO-2-FURFURYLIDENE]-N'-[ alSATIN]AZINE 67 

pH 4-4.5 0 + MClz - 
OHC NO2 H 

c1' H 

Figure 1. The reaction scheme of the formation of the complexes 

Table I. Analytical and physical data of investigated compounds 

Uo. Compound -I-- 
46.21 >250 orange 

44.02 >250 dark 
bmwn 

19.35 >t50 dark 
red 

ZQ.25 >250 light 
bmwn 

C H N CI Me 
Povnd 

(59.62) (4.37) (26.09) 

54.88 2.89 19.76 - 
(54.93) (2.82) (19.72) 

35.50 2.15 12.75 16.29 16.55 
(35.58) (2.28) (12.77)(16.19) (14.93) 

35.80 2.09 12.79 16-11 15.07 
(35.73) (2.29) (12.83) (16.29) (14.56) 

42.52 3.15 17.40 9.54 8.14 
(42.62) (3 .11)  (17.39) (9.36) (8 .00)  

Molar. 
nndun. 
poohm-' 
:m*mor') 

16 

28 

10 
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68 STOJCEVA RADOVANOVIC AND ANDELKOVIC 

Elecmonic absorption sperm 

The electronic spectra of compounds were recorded in 95% solution of ethanol (Table Il ). The 

electronic spectra of the compounds, shows absorbtion bands due to transitions of the XT' type. 

None of the observed bands can bc assigned to a n-x'transition, since any such transition 

would be completely exhibit by overlapping bands with much greater intesitieske 

transitions of x-n* type are mainly located on the C=N and GO groups. The shifr of III band to the 

higher frequency and shi f t  of II band to the lower frequency at complexes, indicate coordination of 

metal@) and ligand through C=N and C=OLo'lL. Also, electronic spectra of complexes shows a 

new band (IV) derived from coordinated metals in coordnation compounds. 

x-x' 

Iqfraredspectm 

However, the F T R  spectrum is more informative about the possible coordination sites of the 

ligand Also, the bidentante nature of ligand is established on the basis of frequency sh i f ts  of 

corresponding absorptions in the FIlR spectnun of the complexes ( Table m ). The absorption 

bands v ( C = N ) in the spectrum of complexes are shifted to lower frequencies ( Av = 3 - 12 an-' 

) indicating the fornation of a bond between the nitrogen atom of isatin part of the ligand and 

metal ion. This absorption band can't be found in the spectra of complex of cooper .  since 

overlapping by other bands in this area The absorption bands of v( C = 0 ) stretching 

vibrations are shifted to lower frequencies ( Av = 27 - 13 an-' ) in the spectnun of 

complexes. This indicates that C = O  p u p  is the second coordinrtion site of the 

ligand In the spectrum of complexes are also observed a vibrations v(0H) corresponding to lattice 

water in regio 3357 - 3361cm". Lattice water is in outer sphere of oomplexes and it's k a m e  

during the reaction of umdesations. In spectrum of complexes are also vibrations corresponding 

to M - 0 in regio 502 - 498 an-'. and M - N in regio 461 - 446 Thus, the knowledge 

gahed from the infrared spectnun provides clear evidence that the ligand is bonded both through 

the nitrogen atom and oxygen atom from isatin part in bidentante manner. 

Annburretial ucnvity 

The impact of central ion of the compounds was found on antimicrobial activity against tested 

gram-positive and gram-negative organisms. Experimental MIC are shown in a Table IV. As it 
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3. 
4. 
5. 

69 

ii&d 210.0(0798) 271.4 (2.914) 329.2 (2.013) 

IZnLC13Hz'J 
[CuLc13Hp 

~ 

230.8 (0.487) 270.2 (9.220) 329.8 (7.670) 376.a(4.290) 
214.0 (3.380) - 4 . 4  (1.203) 386.0 (0.626) 458.8 (0.415) 

2Hp 213.0(1.286) 271.4 (2.265) 329.4(1.386) 379.4(0.416) 

Table II. Electronic spectrrl data of investigated compounds recorded in 95% 

ethanol at 25°C [ X- (MI) and E ~ X I O '  (mol-'dm3cm'l) ] 

Compound 

p-hydruane 
of isatin 
l i g d  

[ ~ , ] . H , O  

[ ~ f l , ] . H , O  

[ N ~ ~ I . w , o  

1%. I Compwad I I 

Assigment of bandsa 
Go) V(CNy V ( G N ) *  M - 0  M - N  NOH) v( 

175% 1605s - 

1716w 

1713m 

1703s 

- 175% 1605m 1589s 

3357s 1733m 1604s 1589s 498w 44th 

3364.5 1 7 3 2 ~  1577m 501m 461m 

3357s 1785w 1 6 0 1 s  1589s 502s 446s 

I I I n rn Iv 
1. I Bhvchamneofisatia - 271.2(1.547) 326.4(1.062) - 

s.rureus E.group D P.vulgark 

> loo0 > lo00 > lo00 

<50 200 - MO < .so 

<50 < so < .so 

50-a00 2 0 0 - 5 0 0  2 0 0 - 5 0 0  

E.coli 

> loo0 

.so - 200 

<50  

so - 200 

Table El. I.TIR spectrd data of investigated compounds [frequency (cm-')] 

Ij 5. 

Table IV. Range of minimal inhibitory concentration (pgdl) of investigated 

compounds 

1 4. 

Compound 
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70 STOJCEVA RADOVANOVIC AND ANDDELKOVIC 

shows, al l  compounds have antibacterial activity in iiho against test-bacterial organisms in 

different concentration. The results show that coordination compounds have greater activity than 

ligand, which indicate that coordinated bimetals have influence on antibacterial effects. It also 

shows that metals have different activity, and it decreases in a range: Cu2 zn> Ni. 

Acknowledgment: The authors grea&&lly orknowledge firmrial suppon by he Ministry of 

Science and Technology of Republic of Serbia. 
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