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Abstnu:t : A series or complexes or eon, znll, Cd11 and Ha11 have been synthesiaed by the reactions or the metal chlorides 
with the sodium salt of oxlmes or cltral (L1H) and citronellal (L2H) In 1 : 1 stoichlometr) In anhydrous dichloromethane. 
The oximes have been derived by the condensation reaction of hydroxylamine hydrochloride and citral or citronellal in 
1 : 1 molar ratio in ethanol. The plausible structure of these newly synthrsized complexes has been proposed on the 
basis or elemental analysis, molar conductance and varlou.- spectral (IR, UV-VIs, In and 13c{1H} NMR) studies and 
four coordinated geometries have been assigned to these complexes. F AB mass spectra or 1 and 3 revealed the monomeric 
nature or these complexes. The powder XRD studies confirm the crystalline nature or the complexes. Studies were 
conducted to a'iSeu the growth inhlbitina potential of the complexes and oximes against three bacterial strains, S. aunus, 
B. rubtilis Gram +ve and E. t:oll Gram -ve bacteria and two fungal strains, F. monilijonnat and M. phaseolina. All 
complexes and oxlmes possess strona Inhibitory action against microorganism. The results of antibacterial activity ~ho" 
that the Gram +ve bacteria S. aureus and B. sublilir are more susceptible than the Gram -ve bacteria E. coli. The 
antimicrobial activities or the complexes are found to be more than those of free oximes. 

Keywords : Condensation reaction, growth inhibiting potential, bacterial strains, microorganism, antimicrobial activitie~o. 

Introduction 

Oximes are versatile chelating ligands, the metal com
plexes of which hav" been widely studied 1,2. Owing to 
the diverse application of oximes in chemistry and tech
nology, the interest in oximes containing transition metal 
compounds is continuously increasing in connection with 
the biological implication of oximes (especially as inter
mediate in the biological synthesis of N0)3 and the marked 
and versatile bioactivities exhibited by different oximes 
and their metal complexes4• Among the numerous or
ganic reagents capable of coordinating to the metal ions, 
special attention is given to the natural compounds. The 
interest in the study of the reactivity of some substances 
originating from plants such as terpenoids (citra), citrone
llal) and their derivatives might be explained by the nu
merous applications of these natural compounds and their 
derivatives (in medicine, perfumery and cosmetics indus
try, and food and flavoring industry)5-8. Studies of metal 
complexation with terpenoids and their derivatives9 are 
of interest for a number of reasons, first the metal com
pounds with these reagents can exhibit biological acti-

vity10·11 , second the data availabJe12 confirm that plants 
liberates some metals (Ni, Cu, Cd, Mo) in the form of 
volatile complexes with terpenes to the atmosphere and 
third by reacting the metal ions with optically active ter
penoids, one can obtain complexes in optically active 
forms13·14. Attempts to synthesize coordination compounds 
of transition metals based on terpenoid oxime were made. 

In continuation of our previous work on the synthesis, 
spectroscopic characterization and biological activity of 
some binary complexes IS and mixed ligand transition metal 
complexes16 with semicarbazone and thiosemicarbazone 
derivatives of citral and citronellal, it seemed desirable to 
investigate the coordination ability of the citral oxime 
and citronella) oxime, for comparison purpose. The struc
tures of oximes used for the present study are shown in 
Fig. 1. 

Experimental 

Materials and methods : 

AU the chemicals used were of AR grade. Solvent~ 
were dried by conventional methods and distilled prior to 
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Fig. I. Ligand structure: (a) citra! oxime (L1H) and (b) citronella! 
oxime(~H). 

use. Elemental analyses were carried out on Elemental 

Varia EL Ill Carlo Erba 1108 analyzer. The IR spectra 

were recorded with KBr pellets in the 4000-400 cm-1 

range on SHIMADZU Fr-IR 8400 spectrometer. The 1H 
and tJqiH} NMR spectra were recorded in DMSO-ilr; 

solution using TMS as internal standard on JEOL FX 300 

FT-NMR spectrometer at 300.4 and 75.45 MHz frequen

cies for 'Hand t3c{ 1H} NMR, respectively. FAB mass 

spectra of some of the complexes were recorded on a Jeol 
SX 102/Da-600 mass spectrometer using m-nitrobenzyl 

alcohol matrix and electronic spectra were recorded on a 

Varian Cary 50 Bio UV/Visible spectro-meter. Powder 

X-ray diffraction analysis was carried out on a 

diffractometer (Zydus Research Center, Ahmedabad) op

erating with Cu-Ka radiation. Magnetic moments were 

measured by Gouy method. Molar conductivities of 10-4 
M DMF solutions were measured on a microprocessor 

based conductivity meter model 1601/E. 

Symhesis of ligands : 

Citra/ oxime (cis-3, 7-dimethyl-2,6-octadienoxime) : 

Citral (3,7-dimethyl-2,6-octadienal) (3.44 ml, 20 

mmoll. hydroxylamine hydrochloride (1.39 g, 20 mmol) 

and ,ndium acetate (2. 72 g, 20 mmol) were added to 

absolute alcohol (75 ml). The reaction mixture was stirred 

for - 15 h at 40 "C and then precipitated NaCI was fil

tered off. Excess ot: solvent in the filtrate was removed 

hy evaporation on water bath to get brown coloured oil, 

which wal> dried over P20 5. Yield : 87% (2.91 g); IR 

lcnf 11 : 3365 (0-H), 1627 (C=N), 1607 (C=C); 1H 

NMR (DMSO-d6, ~ ppm) : 1.60 and 1.68 (6H, 2s, 

(CII3 l~C=CH). 1.83 (3H. s, CH3 in C-3), 1.86-1.91 

ClH. m, Cll! in C-5), 2.10-2.27 (2H, m, CH2 in C-4), 

5.08 (1H, t, CH-C(CH3)2). 5.92 (IH. d, CH=C in C-2), 

7.37 liH. d, CH=N), 8.65 (IH, br s, C=NOH); l3c 
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NMR (~ ppm) : 17.7 (C-9), 24.7 (C-5), 26.0 (C-10), 

26.7 (C-8), 40.3 (C-4), 120.4 (C-2), 123.0 (C-6), 133.1 

(C-7), 147.7 (C-3), 153.9 (C-1) (Found : C, 71.74; H, 

10.31; N, 8.32. Calcd. forC10H17NO (167.25): C, 71.82; 
H, 10.25; N, 8.37%). 

Citronella/ oxime (3, 7-dimetllyl-6-octeneoxime) : 

Citronellal (3,7-dimethyl-6-octenal) (4.5 ml, 25 mmol), 

hydroxylamine hydrochloride (1.74 g, 25 mmol) and so

dium hydroxide (l g, 25 mmol) were added to a mixture 

of ethanol (75 ml) and water (25 ml) and the reaction 

mixture was stirred at 60 °C for 20 h, subsequently etha
nol was evaporated, the water-layer was acidified with 2 

M HCI and extracted with dietbyl ether (2 X 100 m1) and 
evaporation of the solvent yielded a colourless oil. Yield : 
92% (3.89 g); IR (cm-1) : 3387 (0-H), 1603 (C=N and 
C=C); IH NMR (DMSO-d6, S ppm) : 0.96 (3H, dd, 

CHCH3), 1.14-1.26 and 1.29-1.33 (2H, 2m, CH2 inC-

4, Ha + Hp). 1.36-1.42 (IH, m, CHCH3). 1.59 and 
1.67 (6H, 2s, (CHJ)2C=CH), 1.73-1.78 (lH, m, CH2 in 

C-2, H(V. 2.0-2.09 (2H, m, CH2 in C-5), 2.16-2.40 (IH, 

m, CH2 in C-2, Ha)• 5.10 (1H, t, CH=C(CH3)2), 6.76 

and 7.44 (IH, 2t, CH=N trans and cis), 9.60 (lH, br s, 

C=NOH); IJc NMR (6ppm): 17.6 (C-9), 19.7 (C-10), 

25.4 (C-5), 25.7 (C-8), 30.9 (C-3), 32.0 (C-2), 36.8 (C-

4), 124.4 (C-6), 131.4 (C-7), 151.6 (C-1) (Found : C, 

70.72; H, 11.23; N, 8.35. Calcd. for C 10H1gNO (169.26) : 

C, 70.96; H, 11.31; N, 8.28%). 

Synthesis of metal(/1) complexes : 

Synthesis of [Co(L1Jv (1) : 

To a methanolic solution of sodium salt of citra! oxime 

[prepared from sodium metal (0.23 g, 10 mmol) dissolved 

in methanol (- 20 ml) and citra! oxime (1.67 g, 10 mmol)], 

a solution ( -30 ml) ofCoCI2.6H20 (1.19 g, 5 mmol) in 

dichloromethane was added with constant stirring. The 

reaction mixture was retluxed for 4 h. The solvent was 

evaporated under vacuum and the residue was extracted 

with dichloromethane (2 X 20 ml) and filtered through 

G-3 filtration unit. The excess solvent was stripped off in 
vacuo to give solid complex. 

The same method was used for the preparation of the 

other complexes (2-8). 

[Ziz(L 1)J! (3) : 

IH NMR (DMSO-d6, ~ppm): 1.58 and 1.65 (6H, 2s, 



Sharma et al. : Transition metal complexes of oximes derived from natural aldehydes etc. 

(CH3nC=CH), 1.79 (3H, s, CH3 in C-3), 1.81-1.91 
and 2.01-2.37 (4H, 2m, CH2 in C-4 and C-5), 5.02 (1H, 
m, CH=C(CH3)a), 5.95 (1H, d, CH=C in C-2), 7.26 
(1H, d, CH=N); 13C NMR (6 ppm) : 17.3 (C-9), 24.2 
(C-5), 25.9 (C-10), 26.8 (C-8), 39.8 (C-4), 120.2 (C-2), 
121.2 (C-6), 131.4 (C-7), 147.7 (C-3), 150.7 (C-1). 

[bi(L-z)z] (4) : 

1H NMR (DMSO-d6, 6 ppm) : 0.93 (3H, m, CHCHy, 
1.10-1.27 and 1.28-1.30 (2H, 2m, CH2 in C-4), 1.32-
1.45 (lH, m, CHCH3), 1.58 and 1.65 (6H, 2s, 
(CH3nC=CH), 1.76-2.56 (4H, 2m, CH2 in C-2 and C-
5), 5.06 (1H, t, CH=C(CH3)a), 6.61 and 7.31 (lH, 2t, 
CH=N trans and cis); 13c NMR (6 ppm) : 17.5 (C-9), 
19.6 (C-10), 25.3 (C-5), 25.6 (C-8), 30.6 (C-3), 31.7 (C-
2), 36.6 (C-4), 123.5 (C-6), 130.5 (C-7), 148.8 (C-1). 

[Cd(L1)zl (5) : 

1H NMR (DMSO-d6, 6 ppm) : 1.60 and 1.68 (6H, 2s, 
(CH3)2C=CH), 1.78 (3H, s, CH3 in C-3), 1.83-1.93 
and 1.99-2.63 (4H, 2m, CH2 in C-4 and C-5), 5.09 (1H, 
m, CH=C(CH3)a), 5.89 (lH, d, CH=C in C-2), 7.23 
(1H, d, CH=N); 13c NMR (6 ppm) : 17.6 (C-9), 24.5 
(C-5), 25.7 (C-10), 26.8 (C-8), 40.1 (C-4), 120.9 (C-6), 
131.0 (C-7), 147.9 (C-3), 150.5 (C-1). 

[Cd(L-z)z] (6) : 

I H NMR (DMSO~. 6 ppm) : 0.93 (3H, m, CHCH3), 

1.12 and 1.28 (2H, 2m, CH2 in C-4), 1.30-1.40 (1H, m, 
CHCH3), 1.58 and 1.66 (6H, 2s, (CH3)a)C=CH), 1.85-
2.04 (2H, m, CH2 in C-2), 2.11-2.26 (2H, m, CH2 inC-
5), 5.07 (lH, t, CH=C(CH3)a), 6.63 and 7.33 (1H, 2t, 
CH=N trans and cis); t3c NMR (6 ppm) : 16.4 (C-9), 
18.5 (C-10), 24.1 (C-5), 24.5 (C-8), 29.6 (C-3), 31.6 (C-
3), 35.5 (C-4), 122.9 (C-6), 129.7 (C-7), 148.5 (C-1). 

[Hg(LI)zl (1) : 

1H NMR (D~SO-~, 8 ppm) : 1.59 and 1.66 (6H, 2s, 
(CH3)2C=CH), 1.81 (3H, s, CH3 in C-3), 1.83-1.89 
and 2.01-2.27 (4H, 2m, CHain C-4 and C-5), 5.03 (1H, 
t, CH=C(CH~, 5.89 (1H, d, CH=C in C-2),7.29 (1H, 
d, CH=N); 1 C NMR (8 ppm) : 17.6 (C-9), 24.4 (C-5), 
25.6 (C-10), 26.7 (C-8), 39.7 (C-4), 120.5 (C-2), 121.3 
(C-6), 131.6 (C-7), 147.7 (C-3), 151.1 (C-1). 

[Hg(L?)zl (8) : 

lH NMR (DMSO-~, 3 ppm) : 0.94 (3H, m, CHCH3), 
1.10 and 1.27 (2H, 2m, CH2 in C-4), 1.29-1.42 (1H, m, 
CHCHJ), 1.59 and 1.68 (6H, 2s, (CH3nC=CH), 1.78-
1.98 (2H, m, CH2 in C-2), 2.04-2.26 (2H, m, CH2 inC-
5), 5.09 (1H, t, CH=C(CH3h). 6.59 and 7.30 (1H, 2t, 

CH=N trans and cis); 13C NMR (8 ppm) : 17.2 (C-9), 
19.2 (C-10), 25.4 (C-5), 25.8 (C-8), 30.8 (C-3), 32.2 (C-
2), 35.9 (C-4), 122.7 (C-6), 129.4 (C-7), 148.1 (C-1). 

Antimicrobial screeninp, : 

(a) Evaluation of antibacterial activity by inhibuwn 
zone technique : 

The ligands and the complexes were evaluated against 
three bacterial strains Staphylococcus aureus, Bacillul 
subtilis, Gram (+ve) and Escherichia coli Gram (-ve). 
using the paper disc method 17• For this purpose pure 
culture of bacteria were dissolved in distilled water and 
then uniformly seeded on the nutrient agar plate (compo
sition : peptone 0.5%, beaf extract 3%, NaCI 5%, agar
agar 15% and distilled water 1000 ml). The paper discs 
of Whatman's paper No. 1 of 5 mm diameter were pre
pared for the purpose of making bacteriostatic shces. ca. 
2 mg of test compound was dissolved in 10 cm3 DMSO 
(1 %) to make a concentration of0.2 mg/cm3. The paper 
discs were soaked in the test solution and then such 5 
paper discs were placed on Petri-dish at almost equal 
distance on the surface of medium preseeded with bacte
rial strain. One sample was inoculated in parallel on three 
medium plates. These Petri-dishes were incubated at 35 
± 1 °C. After three days (72 h), the zone of inhibition 
thus formed around each disc containing the test com
pound was measured accurately in mm (Table 5). 

(b) Evaluation of antifungal activity by food poison 
technique: 

The ligands and complexes were screened for their 
antifungal activity against two fungal strains, Fusarium 
moniliformtle and Macroplwmina phaseolitlll usmg radial 
growth method18-20, In this method the medium u!>ed was 
potato dextrose agar medium (composition : dextrose 15 
g, agar-agar 20 g and distilled water 1000 ml). The solu
tion of test compound was prepared by dissolving I mg 
in 1 ml of DMSO and added to known amount of medium 
so as to get desired cpncentrations (100 and 400 ppm). 
The flasks were shaken several times to ensure proper 
and uniform distribution of the test compound. The warm 
medium was poured in sterilized Petri-dishes and allowed 
to solidify. The spores of fungi were placed on the me
dium with the help of a sterilized inoculum needle and 
the Petri-dishes were placed in an incubator dt 25 ± I 
°C. Medium with DMSO only incubated with pathogen 
served as control and three replicates were used in each 
case. The linear growth of the fungus was obtained by 

measuring the fungal colony after 72 h and percent inhi-
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Table 1. Analytical data for metal complexes 

St. Compd. Yield M.p. Colour and Analysis " : Found (Calcd.) Molar cond." 

en -I cm2 mol-1) 

1.35 

no. Empirical formula <"> (°C) physical state C H N 
I. [Co(L1nl 89 28Sd Brown 61.29 8.20 7.22 

[Co(C 10H 11;N0n) Solid (61.37) (8.24) (7.16) 
2. ICo<~ni 83 2S5 Brown 60.62 9.33 7.13 1.76 

[Co(C10H18NOh] Solid (60.7.5) (9.18) (7.08) 
3. £Zn<L1nl 87 277 Yellow 60.22 8.02 7.12 1.79 

[Zn(Cu,li16NOnl Solid (60.38) (8.11) (7.04) 
4. [Zn(Lzh] 84 28Sd Brownish yellow 59.62 8.97 7.09 1.54 

[Zn(C10H18NOn] Sticky solid (59.77) (9.03) (6.97) 
5. [Cd(L1)V 79 280 Brownish yellow .53.81 7.32 6.23 !.56 

[Cd(C1oH 11;NOnl Solid 
6. [Cd<~nl 85 29sd Yellow 

[Cd(C1oH18NOnl Sticky solid 

7. [Hg(L,hl 86 2924 Grey solid 

[Hg(C,oHt6NOh] 

8. lHs<~hl 81 287 Grey 

[Hg(C1oHtaNOnl Sticky solid 

(53.99) 

.53.42 

(.53 . .51) 

44.98 

(45.06) 

44.60 

(44.73) 

(7.25) 

7.92 

(8.08) 

6.12 

(6.05) 

6.81 

(6.76) 

(6.30) 

6.36 

(6.24) 

.5.18 

(5.2.5) 

.5.17 

(.5.21) 

1.98 

1.72 

1.45 

"Decompose. "Molar conductance determined at 278 Kin I0-4 DMF solution. 

bition (Table 5) was calculated according to Vincent's complexes are summarized in Table 2. Interpretation of 
formula (1927)21. IR spcoctra of these complexes has been carried out by 

(C- n X 100 
% Inhibition = ----

C 

where C = diameter of fungal colony in control plate and 
T = diameter of fungal colony in test plate. 

Results and discussion 

The reactions of metal(n) chloride with sodium salt of 
corresponding oxime in 1 : 2 stoichiometry in retluxing 
anhydrous dichloromethane afforded the complexes of type 
[M(L)z] as shown below : 

CH2CI2 
MCI2 + 2NaL [M(Lh] + 2NaCI J. 

Reflux 

(M = Co11, Zn11, Cd11 and Hg11; NaL = sodium salt of 
L1H and ~H) 

All the complexes are solids, insoluble in water as 
well as in common organic solvents but soluble in DMF, 
DMSO, THF and dichloromethane. These complexes are 
non-hygroscopic in nature and decompose at temperature 
above 250 °C. The molar conductivity values show that 
these complexes are non-electrolytes. The physical data 
of these complexes are summarized in Table I. 

IR spectra: 

The important IR spectral bands for oximes and metal 

1024 

comparison with those of free ligands and other related 

Table z. Main IR spectral vibrations (cm-1) of metal complexes 

St. IR absorption frequencies (cm-1) 

no. Compd. v(C=N) v(C-C) v(N-0) v(M-N) 

I. [Co(LI)l) 1.587 1572 1155 483 

2. [Co(~hl 1568 15.58 1168 467 

3. [Zn(Ll)l) 1.573 1.5.58 1163 483 

4. [Zn<LV21 1.562 1.54.5 1187 459 

s. [Cd(L1nl 1.568 1548 1173 495 

6. [Cd(~hl 1.5.56 1.5.52 1192 462 

7. [Hg(L1h] 1.568 15.54 1168 48.5 

8. [Hg(~h] 1.557 1542 1182 462 

complexes. Absence of hydroxyl group of oximes (3365-
3387 cm-1) in the spectra of these complexes indicates 
deprotonation of OH group of oximes. The IR spectra of 
complexes show that the v(C=N) stretching frequency 
undergoes a shift to lower frequency by 35-59 cm-1• 

This is indicative of nitrogen coordination of the oxirnato 
group22 to the metal(ll) ion, funher supponed by the ap
pearance of a strong band at 1155-1192 cm-1 range cor
responds to N-coordination of the oximato group23·24• 
The complexes show a band in the 459-495 cm-1 range, 
due to M-N vibration2S. The downward shifting (31-61 
cm-1) of v(C=C) stretching frequency in complexes as 
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compared to free oxime moieties, indicates the coordina
tion of 1t-allylic bond26 of oximes to the meta~(ll) ion. 

Magnetic moments and electronic spectra of cobalt(II) 
complexes: 

The magnetic moment data (Table 1) and electronic 
spectral data have been found to useful for determining 
the geometry of complexes. The magnetic moment of 
cobalt(ll) complexes was found 2.2 and 2.5 B.M. for 
complex 1 and :Z respectively, indicating square-planar 
configuration27 •28. 

The electronic spectra of these complexes have been 
recorded in DMF solution, which exhibit three bands in 
the 8362-8525, 9512-9640 and 15578-15652 cm-1 ranges 
and the first and third bands may be assigned to 2A18 -+ 
2E8 and 2A18 -+ 4E28 transitions, respectively in square
planar stereochemistry. The band in the range 9512-9640 
cm-1 is considered as a characteristics band for cobalt(n) 
in a square-planar environment27.29 (Fig. 2). 

(a) (b) 

(where M = Coli, znll, Cdll and Hgll) 

Fig. 2. Proposed structural fonnula for complexes : (a) [M(L1)z] 
and (b) [M(~)z). 

NMR spectra : 

The characteristics signals in IH and 13c{IH} NMR 
spectra of oximes and their Zn11 , Cd11, Hg11 complexes 
are given in experimental section. A comparison of the 
spectra of the free oximes with the spectra of the corres
ponding complexes show the absence of -OH signals, in
dicating the deprotonation of the hydroxyl group of the 
oxime moieties and the azomethine prOton is shielded as 
compared to the free oximes, which suggests that there 
may be coordination of metal ion through nitrogen atom 
as evinced by IR spectra also. 

In the 13C{1H} NMR spectra of the complexes the C-
6 and C-7 carbon signals of oxime moieties shows appre
ciable shifting and appeared at 6 120.9-123.5 and 129.4-
131.6 ppm, respectively. This shifting provides support 
for the coordination of oxime moieties through the 1t

allylic bond to the metal( II) ion. The C = N carbon reso
nance of ligands is shielded on complexation as com
pared to free oximes, which suggests that there may be 

JICS-2 

coordination of metal through nitrogen atom as evinced 
by IR spectra. The other carbon signals of ligand moi
eties have been observed at their expected position and 
do not show any appreciable shift. 

FAB mass spectra : 

FAB mass spectral studies of two of the representa
tive complexes [Co(L1h] (1) and [Zn(L1h] (3) (Table 3) 
indicates monomeric nature. The molecular ion peak of 
(1) appears at m/e 391, which is equivalent to its molecu
lar weight, thus confirming the formation of a metal com
plex in 1 : 2 ratio. 

Table 3. Fragmented moleculdr 1ons vs mle values ot 
[Co(C 10H 16 N0)2] (1) and [Co(C 10H 16NO)z) (3) 

Complex 

[Co(C 11,f:1 16N0)2] (1) 

Fragmented 10ns mle value 

[Co(C10H 16N0)2) + 391 
[Co(C 10H 1~0)(C10H 10N)]+ 369 
[Co(C10H 16NO)(C5N)] + 299 
[Co(C 10H 16NO)(C2N)) + 263 
[Co(C 11f1 16NO)(N)J+ 239 
[Co(C8H 10NO)(Nl] + 209 

[Co(C6H 10NO)(N)] + ISS 

[Co(C2H4NO)) + 117 

[Co(H4NO)]+ 93 

[Co(OH)]+ 76 

[Zn(C 10H 16NO)z] (3) [Zn(C10H 16NO)z(H20)) + 415 

[Zn(C10H 16NO)(C5H8NO)) .. 329 
[Zn(C 10H 16NO)(C3H4NO)) + 301 
[Zn(C 10H 16NO)(C2H4NO)).,. 289 

[Zn(C1oH 16NO)CCH20)) + 261 
[Zn(C10H 16NO)(O)) + 247 

[Zn(C10H 15N0)(0)]+ 246 

[Zn(C7HuNO)J+ 190 

[Zn(C~~O)]+ 176 
[Zn(C2H4NO)] + 123 
[Zn(CNO>J+ 107 

[Zn(CN)l+ 91 
[Zn(C))+ 77 

Although in the absence of crystal structure analyses 
of at least one of the representative compound, it is diffi
cult to comment on the solid state structure, yet on the 
basis of above studies following tentative structures may 
be proposed for all these complexes (Fig. 2). 

Powder X-ray diffraction study : 

Powder X-ray diffraction pattern of the complexes 
[Co(L1h1 (1) and [Zn(L1h1 (3) and [Hg(L1h1 (7) were 
recorded over the 29 = 0-40 range. The principal inter-
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space lines and their intensities are represented in Table 4 
and shown in Fig. 3. All the complexes are crystalline 

solid. The complexes [Zn(L1>:z] and [Hg(L1>:z] have simi
lar crystallinity which is higher than the [Co(L1>:z] com-

1026 
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Fig. 3. Powder X-ray diffraction pauerns of the metal complexes. 
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Table 4. Powder X-ray diffraction dam of lhe [Co(L1hl. 
[Zn(L1hl and [Hg(L1)2] complexes 

Complex n 21heta d-value Intensity (11/o) 

[Co(LI)z] I 9.310 9.4914 1305 22 
2 16.340 5.4203 1711 29 
3 19.120 4.6380 1816 31 
4 25.130 3.5408 1724 29 
5 27.330 3.2605 2173 37 
6 31.680 2.8220 5975 100 

IZn<L.>v I 27.350 3.2582 1342 12 
2 31.700 2.8203 11984 100 
3 34.340 2.6093 622 6 
4 36.180 2.4807 1147 10 

[Hg(L1)z] 28.340 3.1466 4643 100 

plex. Each complex has specified values which can be 
used for its characterization30,31. 

Antimicrobial activity : 

The antibacterial and antifungal activity results, pre-
sented in Table .S, show clearly that all the newly synthe-
sized ligands and metal complexes possess good antimi-

The susceptibility of bacteria towards complex com
pounds were tested by measuring the bacteriostatic diam
eter (d) and compared with parent ligands with a concen
tration of 2.0 11g/disc. The antibacterial activity data show 
that Gram +ve bacteria, S. aureus and B. subtilis are 
more susceptible to test compounds than the Gram -ve 
bacteria, E. coli, which is in accordance with previous 
studies. The weak antibacterial activity against Gram -ve 
bacteria was ascribed to the presence of an outer mem
brane32, which possessed hydrophilic polysaccharide 
chains as a barrier to hydrophobic test compound. 

All the complexes show high activity against such fungi 
at the lower concentration and the inhibition of fungal 
growth has been found to be dependent on the concentra
tion of compound. The antifungal activity data of test 
compounds against F. moniliformae and M. phaseolina, 
indicate that the test compounds are more active against 
M. phaseolina than the F. monilifortnae. It is observed 
from these tests that metal chelates have a higher activity 
than the free ligands. Such increased activity of the metal 
chelates can be explained on the basis of Overtone's con-

Table 5. Antimicrobial activity dam for oximes and complexes 
Compd. Average value of bacteriosmtic diameter (Q) (mmY' Average '.If, inhibition after 72 h 

S. aureus B. sublilis E. coli F. moniliformae M. pluJseoli11a 

(cone. in ppm) (cone. in ppm) 
100 400 100 400 

L1H 10.0 11.2 9.6 34.1 49.17 43.47 62.17 

LzH 9.6 10.2 9.2 32.13 48.73 42.02 60.12 

[Co(Lt>V 11.2 11.8 10.2 40.15 57.12 48.57 68.19 

[Co(Lzhl 10.6 11.2 9.8 39.87 54.54 46.43 6668 
[Zn(L1>v 11.8 12.0 10.8 43.48 61.72 52.48 70.18 
(Zn(Lz)zl 11.5 11.8 10.5 41.13 58.33 50.14 69.13 
(Cd(L1hl 14.8 15.2 12.7 48.53 65.18 58.68 75.12 

ICd<Lz>v 13.6 14.9 12.3 45.12 62.47 54.67 74.17 
(Hg(L1)V 16.2 17.6 14.8 55.40 66.19 61.13 78.80 
(Hg(Lz)zl 15.8 17.0 14.5 53.19 64.65 67.69 77.95 
d ~ 20 mm • high sensitivity, 14 S d < 20 mm • medium sensitivity and 9 S d S 13 = slight sensitivity; "Average value from three 
experiments. 

crobial activity. New derivatives were screened for their 

antibacterial activity against S. aureus, B. subtilis and E. 
coli and for antifungal activity against F. moniliformae 
and M. phaseolina which exhibited a markedly enhance

ment of activity on further coordination with the metal(ll) 

ions against all the test bacteria/fungal strains. 

ceptl3 and Tweedy's chelation theory34. These complexes 
also disturb the respiratory processes of the cell and thus 
block the synthesis of protein, which restricts further 
growth of the organism. 

Conclusion: 

The metal(ll) complexes isolated during the present 
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study demonstrated that the interaction of metal(ll) chlo
ride with oxime of citra! or citronella! leads to complexes 
with 1 : 2 stoichiometry and are found to be mononuclear. 
The bidentate nature of both ligand have been suggested 
on the basis of spectral evidences. All the complexes 
showed enhanced antimicrobial activity than the parent 
ligands. 

Acknowledgement 

The authors are greatly indebted to Prof. A. K. 
Bhargava and Prof. A. K. Mathur, Department of Plant 
Pathology, Agriculture Research Station, Durgapura, 
Jaipur for providing laboratory facility for carrying out 
antimicrobial study. The authors are also thankful to Zydus 
Research Center, Ahmedabad for carrying out powder 
X-ray diffraction study of the complexes. One of the au
thors (RS) is grateful to CSIR for providing Senior Re
search Fellowship to her. The authors are also thankful 
to the CDRI, Lucknow for recording elemental analysis 
and F AB mass spectra. 

References 

I. V. Yu. Kukushkin, D. Tudela and A. J. L. Pombeiro, Coord. 
Chem. Rev., 1996. 156, 333. 

2. V. Yu. Kukushkin and A. J. L. Pombeiro, Coord. Chem. 
Rev., 1999. 181, 147. 

3. D. Mansuy, P. Battioni and J.P. Banioni, Eur. J. Biochem., 
1989, 184, 267; B. Meunier. Chem. Rev., 1991, !12. 1411. 

4. K. C. Pande, U.S. Patent, 3, 252, 672 (1966); Chem. Abstr., 
1967. 66, 28, 891C. 

5. W. Templeton, "An Introduction of Chemistry of Terpe
noids and Steroids". Butterworths. London, UK, 1969. 

6. F. Buccelato, Perfum. Flavour., 2000. 25, 58. 

7. B. V. Charlwood and K. A. Charlwood, in "Monoterpenoids", 
eds. B. V. Charlwood and D. V. Banthorpe, Academic Press, 
London, 1991, 43. 

8. T. Tsuruoko. T. Muramatsu and S. Yokota, Jpn. Pat., 2002, 
45, 114 (Cl: A23139/00). 

9. S. V. Larinov and A. V. Tkachev, Ross. Khim. Zh., 2004, 
48, 154; T. E. Kokina, R. F. Klevtsova, L. A. Glinskaya, 
A. M. Agafontsev, A. V. Tkachev and S. V. Larinov, Rus
sian J. lnorg. Chem., 2008, 53, 696. 

10. P. L. Sharma, M. Chand and M. Nagar, Indian J. 
Chem., Seer. A, 2003, 42, 2778. 

II. M. B. Ferrari, F. Bisceglie, G. Pelosi, M. Sassi and 
P. Tarasconi, lnorg. Biochem., 2002, !10, 113. 

12. V. B. Dobrovol'skii, "Osnovy biogeokhimii" (Founda
tion of Biochemistry)", Vysshaya Shkola, Moscow, 
1998, p. 81. 

1028 

13. A. V. Tkachev, P. A. Petukhov and S. N. Konchenko, 
Tetrahedron :Asymmetry, 1995, 6, 115. 

14. S. V. Larinov, L. I. Myachina. G. V. Romanenko. A. 
V. Tkachev, L. A. Sheludyakova, V. N. 'tkorskii and 
E. G. Boguslavskii, Russian J. Coord. Chern., 2001, 
27, 423. 

15. R. Sharma, A. K. Bansal and M. Nagar, Indian J. 
Chern., Seer. A, 2005. 44. 2255; R. Sharma, S. K. 
Agarwal, S. Rawat and M. Nagar, Transition Mer. 
Chern., 2006, 31, 201. 

16. R. Sharma and M. Nagar, Phosphorus, Sulfur and Sili
con, 2006, 181, 2863; M. Nagar, S. Rawat, R. Sharma. 
H. Sharma and M. Agarwal, J. Indian Chern. Soc., 
2007, 84, 341; R. Sharma, M. Nagar. M. Agarwal 
and H. Sharma, J. Enzym. lnhib. Med. Chem., 2009, 
24, 197. 

17. M. C. Bryant, "Antibiotic and their Laboratory Con
trol", Butterworth, London. 1988, 26. 

18. D. Gottlieb, H. H. Hassan and M. B. Linn, Phytopa
thology, 1952, 218. 

19. Y. L. Nene and P. N. Thapliyal, Narurewissenchajren. 
1965, 89. 

20. Y. L. Nene and K. Kumar, Naturewissenchaften, 
1966, 53, 363. 

21. I. M. Vincent, Nature, 1927, 59. 

22. E. Karapmar, N. Karapmar and E. Ozcan, Russ. J. 
Coord. Chem., 2004, 30, 491. 

23. M. M. Aly, A. 0. Baghlaf and N. S. Ganji, Polyhe
dron, 1985, 4, 1301. 

24. K. H. Reddy, M. S. Babu, P. S. Babu and S. Dayananda. 
Indian J. Chem., Sect. A, 2004, 43, 1233. 

25. A. S. EI-Tab, Transition Met. Chern .. 1997, 22, 400. 

26. R. C. Mehrotra and A. Singh, "Organometallic Chem
istry", Wiley Eastern Ltd., 1992, 219. 

27. A. K. El-Sawaf, D. X. West, F. A. El-Saied and R. 
M. El-Bahnasawy, Transition Met. Chern., 1998, 23, 
227; A. K. El-Sawaf, D. X. West, F. A. El-Saied and 
R. M. EI-Bahnasawy, Transition Mer. Chern., 1998, 
23, 565. 

28. A. S. EI-Tab, Transition Met. Chem .. 2002, 27, 166. 

29. A. B. P. Lever, "Inorganic Electronic Spectroscopy", 
2nd ed., Elsevier, Amsterdam, 1968. 

30. E. R. Souaya, W. G. Hanna, E. H. Ismail and N. E. 
Milad, Molecules, 2000, 5, 1121. 

31. S. A. Sallam, Transition Met. Chem., 2006, 31, 46; 
R. S. Joseyphus, C. 1. Dhanaraj and M. S. Nair, 
Transition Met. Chem., 2006. 31, 699. 

32. C. M. Mann, S. D. Cox and J. L. Markham, Lerters 
in Applied Microbiology, 2000, 30, 294. 

33. Y. Anjaneyula and R. P. Rao, Synth. React. ltrorg. 
Meral-Org. Chern., 1986, 16, 257. 

34. B. G. Tweedy, Phytopathology, 1964, SS, 910. · 


