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Synthesis, Characterization and An’tirﬁicrobial Studies of
Mn(II), Fe(IlI) and Co(II) Complexes of 2-cis-3,7-Dimethyl-
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Complexes of Mn(II), Fe(III) and Co(II) with 2-cis-3,7-dimethyl-
2,6-octadiene-1-semicarbazone formed by condensation of semi-
carbazone hydrochloride and 2-cis-3,7-dimethyl-2,6-octadiene- 1-al
have been synthesized and their physico-chemical properties have
been investigated by elemental analysis, magnetic measurements,
molar conductance, electronic spectroscopy and infrared spectros-
copy. The ligand was found to be bidentate chelating agent for the
metal ions. All these complexes have been tested in vitro for their
antimicrobial activity against bacteria Staphylococcus aureus (gram
postitive) and Escherichia coli (gram negative) and fungi Candida
albicans and Aspergillus niger.
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INTRODUCTION

Hydrazones semicarbazone and their metal complexes have been extensively
used in many biological processes'® such as anti-tubercular”®, antiinflamma-
tory®, anticancerous' and pharmacological agents''~'* and many important vital
enzymatic metals presents in the cell'>. Many metal complexes of semicarbazone
have been known for their pharmacological propemes including activity against
tuberculosis'®, bacterial'” and viral function'®. In continuation of our work'®%
for the formation of transition metal complexes of 2-cis-3,7-dimethyl-2,6-oc-
tadiene-1-al, we report here the preparation, characterization and antimicrobial
studies of Mn(II), Fe(IIl) and Co(II) complcxes of the 2-cis-3,7-dimethyl-2,6-oc-

tadiene- 1-semicarbazone.

EXPERIMENTAL

Synthesis of Ligand: Ethanolic solution of 2-cis-3,7-dimethyl-2,6-octa-
diene-1-al was added to an aqueous solution of semicarbazide hydrochloride (1 g)
and sodium acetate (100 mg). The reaction mixture was stirred and refluxed for
about 6 h. The bright yellow crystals separated were washed with water, dried
and recrystallized from alcohol and characterized on the basis of analytical and
spectral data.
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Preparation of metal-complexes: An aqueous solution of the corresponding
metal salt, semicarbazide hydrochloride and sodium acetate was refluxed with
hot ethanolic solution of 2-cis-3,7-dimethyl-2,6-octadiene-1-al in 1 : 2 molar ratio
for about 4 h. The reaction mixture was cooled and ammonium hydroxide was
added till ammonical and refluxed again for 112 h and cooled. The precipitate
was filtered, washed with water and alcohol and dried in vacuum over anhydrous
calcium chloride.

RESULTS AND DISCUSSION

The physical appearance and analytical data of the various metal-complexes
are summarized in Table-1. The metal -omplexes are found to be bright coloured
and hence give a broad absorption in the visible region. The molar conductance
of the complexes in nitrobenzene is in the range 0.4 to 0.7 ohm™ mol™! cm? The
very low values indicate that these metal-chelates are non-electrolytes in nitro-
benzene and are neutral in nature.

TABLE-1
ANALYTICAL DATA, MOLAR CONDUCTANCE AND MAGNETIC MOMENTS
OF METAL-CHELATES
% Analysis: Found (Calcd.) Mol. cond.
CompOUNDS  Colour l;l‘& (ohm_l
. M C H N (BM) mol~'cm?)
Ligand Bright —_ 6220 890 1945 —_ —_
(C11H19N30)  yellow (63.21) (9.14) (20.07)
[MnL,(H,0);] Brownish 1015 5130 790 1585 630 0.4
yellow (10.78)  (51.85) (8.30) (16.49)
[FeL,Cl]; Reddish 10.30 50.10 - 6.80 16.10 4.50 0.6
brown (1095) (51.82) (7.51) (16.48)
[CoL,H,0);  Greenish 1065 5085 790  7.80 4.76 07
blue (11.47) (5145) (8.24) (8.18)

The observed magnetic moment of Fe(III) complex is 4.5 B.M. Low value of
magnetic moment indicates a possible contribution from intramolecular anti-
ferromagnetic exchange process and a dimeric structure has been suggested for
the complex. The observed value of 6.3 B.M. in the case of Mn(II) complex
suggests an octahedral geometry. Co(II) complex possesses a magnetic moment
value of 4.76 B.M. The observed magnetic moments for the spin free octahedral
Co? (T)g) have excess of spin only value and it may be due to the orbital
contribution of both the ground state ¢t zngg) and the first excited state
(“Tog’Ey).

Electronic spectra of the ligand are characterized by two bands lying at 37600
and 24000 cm™' which can be assigned to n— ¢* and n— n™* transitions
respectively. These transitions are observed with high intensity.

The electronic spectrum of Fe(III) complexes shows an intense band at 23146
cm™' which is due to charge transfer transition. A weak shoulder is located at
30300 cm™. Since the ground state for Fe(IIl) high spin complexes is °A,, all
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transitions are expected to be weak and frequently observed by charge transfer
bands. ‘

The electronic spectrum of Co(II) complex is characterized by two bands at
95900 cm™ and 22726 cm™ due to “T;,(F) - “T,(F) and *T}y(F) - *T,,(P)
respectively. The expected octahederaal transitions of cobalt are:

“Tig(F) o “To(F);  *Tip(F) o “Agy(F);  “T1(F) > “Ty(P)

The middle band is due to a transition of two electrons, which is forbidden
and gives a weak band, and again 4Azg(l") and *T, ¢(P) are very close in octahedral
transition. Due to these factors detection of the middle band is very difficult.

The significant IR spectral bands of the ligand and the complexes along with
their probable assignments are given in Table-2.

" TABLE-2
SELECTED INFRARED ABSORPTION FREQUENCIES (cm™') OF 2-cis-3,7-
DIMETHYL-2,6-OCTADIENE-1-SEMICARBAZONE AND ITS METAL CHELATES

S.No. Compound v(C=N) v(C=0) v(M—N) v(M—O0)
1. Ligand 1635 1680 _ —_
2. Mn(I) chelate 1580 1136 526 419
3. Fe(IIl) chelate 1575 1134 524 420
4. Co(II) chelate 1580 1182 525 416

The ligand exhibits bands of high intensity at about 3480, 3300, 3210 and 3120
cm™. The group —NH—CONH, accounts for these bands. These may be
assigned to the asymmetric v(NH) of terminal —NH), group and the symmetric
V(NH) of the NH, and two NH groups?'. It has been suggested that the vibrations
- of the terminal —NH, group are responsible for the two bands at higher frequency
region, as they are all present in the spectra of complexes at about the same
frequencies or a slight shift to the higher frequency region. Therefore in these
semicarbazones the secondary —NH group would be responsible for the lower
frequency bands between 3210 and 3150 cm™. In the metal complexes, the
intensity of these bands is considerably lowered. Moreover, the number of bands
in this region decreases, and they become broad. These observations are attributed
to the fact that the hydrazine nitrogen atom of —N—NH—CO— participates in
coordination. The bands at 1680 cm™ may be assigned to v(C=0) group. This
band is not observed in the spectrum of the chelates and a new band appears
around 1134 cm™. This may be due to enolization and subsequent coordination
of this carbonyl group in this complex?.

A strong band in the spectrum of the ligand at 1610-1580 cm™ may be
assigned to azomethine stretching modes?>. In the metal complexes, this band is
shifted to lower frequency region indicating the participation of the azomethine
nitrogen atom in coordination. The bands of medium intensity between 1210
1150 cm™ may be due to the deformation and rocking modes of NH,. The
combination bands due to V(C—N) and w(C—H) appear at approximately
880-830 cm" in the spectrum of the chelates. A broad feature at approximately



Vol.15, No.1(2003) Metal-complexes of 2-cis-3,7-dimethyl-2,6-octadiene- 1-semicarbazone 277

3500 cm™ in the spectra of several complexes is attributed to the hydroxyl
stretching mode of water molecule. In addition, a strong band at approximately
950-870 cm™! suggests that water molecules are coordinated®®. The medium
intensity bands at 525-500 and 430400 cm™' may be assigned to v(M—N) and
v(M—O) respectively®.

Based on the above observations, it has been inferred that the ligand behaves
as a univalent bidentate, coordinating through the azemethine nitrogen and enolic
oxygen atoms. All these studies suggest octahedral structures for Mn(II), Fe(III)
and Co(II) complexes. Based on the available data, a chlorine bridged dimeric
structure has been tentatively suggested for Fe(III) complex.

Antimicrobial activity has been carried out against gram +ve bacterium, e.g.,
S. aureus and gram —ve bacterium, e.g., E. coli. Antifungal activity is carried out
against A. niger and C. albicans. These complexes exhibit enhanced activity when
compared with the biological activity of ligand fragment. The compounds show
more biological effect against both the bacterial strains and fungal strains. The
MIC values of the complexes have been represented in Table-3.

TABLE-3
MINIMUM INHIBITORY CONCENTRATION (MIC) VALUES IN MOLAR CONCEN-

TRATIONS (x 10™*) OF THE LIGAND AND ITS METAL-CHELATES

Bacteria Fungi
S.No.  Compounds
E. coli S. aureus A. Niger C. albicans
1. Ligand 0.156 0.165 0.182 0.185
2. [MnL;(H;0)3] 0.174 0.210 0.205 0.286
3.  [Fel)Cl), 0.341 0.338 0.242 0.335
4. [CoL,(H;0)3] 0.320 0.315 0.251 0.321
ACKNOWLEDGEMENT

The authors are thankful to CSIR for the award of Junior Research Fellowship
to one of us (Mangal Chand).

‘REFERENCES

;1. J.Chakraborty, B. Kunjas Naik, K.L.S. Singh and B. Sahoo, Indian J. Chem., 22A, 35 (1983).

2. V.K:Ahluwalia; S. Anand, M. Goyal, G.A. Nagipur and S.K. Mukherjee, Proc. Nat. Acad.
Sci. (India), 56A, 117 (1986).

3 Th. V. Moloclgkn, B.I. Buzghn, M.A. Kﬁdrina L.P. Sysocra, N.G. Gagetdiova, I.D. Kellesova
- and Y.P.Kitaev, Khim. Farm. Ih. Russ., 14;}3 (1989,)§

4. E. Piscopo, M.W. Diurno, G. Girinoand F. Alibart, Bull. Soc. Ital. Biol. Spar., 59,344 (1983).
¢5.  A.M. Bodour, N.A. Shami and T.M. Abdul Rehm%n,,Onental J. Chem., 1, 149 (1985). 5
:6. M.S. Biradar, C.S. Patil andWL Rudzmskl Inorg. Chim. Acta, 78, 107 (1987).
7. H.M. Mokhtar, Pharma, 34, 130 (1971).
:8. Q. Albert, Nature, 9, 370 (1973).

9. V.T. Maknurva, Farm.'Ih. (Vikrain Kiv), 5, 55 (1985). -+ =+ 7. 0-ffiesis w




278 Chand et al. ‘ Asian J. Chem.

10.
11
12.
13.
14.
1S5.
16.

17.

18.
19.
20.
21.
22.
23.

24.

25.

R.C. Sharma, G. Mohan, S.P. Tripathi and R.K. Shrivastava, Indian Drugs, 23, 490 (1986).
Yu. P. Kitaev, B.I. Byzykin and T.V. Troepul Shakyh, Russ. Chem. Rev., 39, 441 (1970).

T. Rudolen and S.P. Philips, Anal. Chim. Acta, 34, 235 (1966).

L.J. Boucher and C.G. Coe, Inorg. Chem., 14, 1289 (1975).

A.G. Skyes and J.A. Well, Prog. Inorg. Chem., 13, 1 (1970).

L.J. Boucher and M.P. Farrel, J. Inorg. Nucl. Chem., 38, 373 (1973).

N.N. Orlova, V.A. Akseveva, V.A. Seliolovkin, N.S. Bogdanova and G.N. Pershin, Russ.
Pharm. Toxicol., 348 (1988).

G. Dognagk, R. Bebrisch, F. Mietzsch and H. Schmudt, Naturwissenschaften, 33, 315
(1946).

U. Srivastava, R.B. Pathak and S.C. Bahel, J. Indian Chem. Soc., 58, 822 (1981).

Mangal Chand and Meena Nagar, Asian J. Chem., 14, 453 (2002).

P. Sharma and M. Nagar, Asian J. Chem., 13, 1330 (2001).

B.A. Gingras, R.W. Hornal and C.H. Bayley, Can J. Chem., 38, 712 (1960).

L.J. Bellamy, The Infrared Spectra of Complex Molecules, Chapman & Hall, London (1975).

K. Nakanishi, Infrared Absorption Spectroscopy, Nankodo Company Ltd., Tokyo, p. 45
(1964). ‘

K. Nakamoto, Infrared Spectra of Inorganic and Coordination Compounds, Wiley, New York
(1970).

———, Spectroscopy and Structure of Metal Chelate Compounds, John Wiley, New York
(1968).

(Received: 22 June 2002; Accepted: 21 August 2002) AJC-2830

12TH INTERNATIONAL SYMPOSIUM ON ORGANOMETALLIC
CHEMISTRY DIRECTED TOWARDS ORGANIC SYNTHESIS
(OMCOS-12)
TORONTO, CANADA

JULY 6-10, 2003

Contact:
http://www.chem.utoronto.ca/symposium/omcos12

9TH EUROPEAN SYMPOSIUM ON ORGANIC REACTIVITY
ESOR 9

OSLO, NORWAY

JULY 12-17, 2003

Contact:
http://www.kjemi.uio.no/esor9/




