APPLIED ORGANOMETALLIC CHEMISTRY
Appl. Organometal. Cheni4, 376-382 (2000)

Synthesis, characterization and antibacterial
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Symmetric  1,1-dimethylferrocene  derived their antibacterial properties. These considerations
Schiff-base ligands have been prepared by the attracted our attention and we have previously
condensation reaction of 1,%tdiacetylferrocene  reported* monosubstituted ferrocene derived pyr-
with 2-aminopyrazine, 2-aminopyridine and 2- azinoyl and nicotinoyl Schiff bases and their
aminothiazole respectively. Their transition application as antibacterial agents. We now thought
metal chelates, of the type [M(L)]CL [M= it worthwhile to use both cyclopentadienyl ring
Cu(ID] and [M(L)(CI 2)] [M = Co(ll), Ni(ll) and systems to prepare symmetric ‘drrocene de-
Zn(ll)] have been prepared. The synthesized rived Schiff-base ligands (Fig. 1) and study their
Schiff-base ligands and their metal(ll) chelates ligational and antibacterial behavior with Co(ll),
have been characterized by their physical, Cu(ll), Ni(ll) and Zn(ll) species. These studies
analytical and spectral data. Copyright © 2000  would make it possible to design and prepare useful
John Wiley & Sons, Ltd. multifunctional organometallic-based antibacterial
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In the past few years a number of studiéhave

e . ! CH-

hlghllghted5 the use and extensive substituent 3

Chem'Str}? of ferrocene. The heterocycllc; SySt_em Figure 1 Structure of the symmetric 1;ferrocene derived

based chalcogens, (O, N or S) and their variousschif-base ligands.

Schiff-base compounds have widespread applica-

tions"® as key precursors in contemporary organic

chemistry. The possibility of combining the EXPERIMENTAL

chemistry of organometallics and heterocyclic

systems has previously gained less attention. Onl .

a few reports have indicatd®that replacement of WMethods and materials

aromatic groups by the ferrocenyl moiety in All solvents used were Analar grade, ‘t[liace-

penicillin and cephalosporin antibiotics improves tylferrocene, 2-aminopyrazine, 2-aminopyridine
and 2-aminothiazole were obtained from Merck.
,16\3” metals were used as chlorides. [ NMR and

* Correspondence to: Zahid H. Chohan, Department of Chemistry, < NMR spectra were recorded on Perkin-Elmer

Islamia University, Bahawalpur, Pakistan. 283B and 300 MHz Varian XL-300 instruments.
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UV-visible spectrawere obtainedon a Baushand
Lomb Spectronic1001. Conductancef the metal
complexesvasdeterminedn DMF usinga YSI-32
model conductometer.Magnetic measurements
were performedon solid complexesby the Gouy
method.Microanalysesverecarriedout by Butter-
worth Laboratories Ltd. Melting points were
recorded on a Gallenkamp apparatusand are
uncorrected.

Antibacterial studieswere carried out with the
help of Microbiology Department,Qaid-e-Azam
Medical College, Bahawalpur, Pakistan. These
studies were done on wild pathogenicbacterial
speciescollectedfrom urine and blood samplesof
infected patients admitted to Bahawal Victoria
Hospital, Bahawalpur.

Synthesis of ligands L7, LZ and L3

For the prepaation of L*, a solution of 2- ammo;yr-
azine (0.89g, 10mmol) in etharl (30cm®) was
added to a magretically stirred sdution of 1,1-
dlaceylferrocene (2.35g, 5mmoal) in ethanol
(20cm?®). The mixture wasrefluxed for 2 h. The dark
orangeprecipitdedproduct formedduringreflux was
cooled to room temperéure. It wasfiltered, washed
with cold ethanol and dried. The product thus
obtained was recrydallized from a mixture of hot
etharol andchlordorm to give L™, A S|m|Iar method
wasusedfor the preparationof L2 andL>.

Synthesis of metal complexes

To a magneticallystirred and Warmedsolutlon of
ligand (1.0mmol) in ethanol(30cm®) wasaddeda
solutlonof metal(ll) chloride(1.0mmol)in ethanol
(20cm®). The mixture was refluxed for 2.5h.

During this time, a complex was precipitated
which, upon cooling, was filtered, washedseveral

timeswith warmethanolanddiethyl etherandthen
dried over anhydrousCaCb. All othercomplexes
were preparedsimilarly usingthe samemethod.

Preparation of disc

The ligand/complex (30 g) in DMF (0.01cm?)
wasappliedto a paperdisc[preparedrom blotting
paper (3mm diameter)] with the help of a
micropipette. The discswere left in an incubator
for 48h at 37°C andthen appliedto the bacteria
grown agarplates.

Preparation of agar plates

Minimal agarwas usedfor the growth of specific
bacterialspeciesFor the preparatiorof agarplates
for Escherichia coli, MacConkey agar (509),
obtainedrom Merck ChemicalCo.,wassuspended
in freshly distilled water (1 litre). It wasallowedto
soakfor 15min and then boiled on a water bath
until the agar was completely dissolved. The
mixture was autoclavedfor 15min at 120°C and
then pouredinto previouslywashedand sterilized
Petridishesandstoredat 40 °C for inoculation.

Inoculation procedure

Inoculation was done via a platinum wire loop
whichwasmaderedhotin aflame,cooledandthen
usedfor the applicationof bacterialstrains.

Application of discs

Sterilizedforcepswere usedfor the applicationof
the paper discs to the already-inoculatedagar
plates.The discswerethenincubatedat 37 °C for
24h. The diameterof the zone of inhibition was
measuredroundthe disc.

Table 1 Physical,spectralandanalyticaldataof the ligands

Analysis (%):
Calcd (Found)
Ligand Mol. formula M.p. (°C) IR, (vem™ 1) C H N Yield (%)
L* CooHaoFeNs 423.85 188 1625(C=N), 1575,1515, 62.3 4.7 19.8 80
1170,955 (62. 5) (4.4) (20.1)
L2 CosHooFeN, 421.85 176 1620(C=N), 1580,1525, 68.3 . 13.3 78
1175,1065,955 (68. 5) (5.0 (1s. 6)
L3 CogHiFeN,S,  433.97 183 1625(C=N), 1580,1525, 55 4.1 12.9 82
1325,1170,955 (55 6) 45) (@132

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 2 Proposedstructuresfor the metal(ll) chelatesof L—L°.

RESULTS AND DISCUSSION

The ligandswere solublein methanoland ethanol.
All themetalcomplexeglissolvedonlyin DMF and
DMSO. All of them were amorphoussolid. The
molar conductancesf the metalcomplexeq12.2—
13.5Q cm?” mol~Y) in DMF solutionshowedall the
complexego be non-electrolytes?

IR spectra

The importantIR frequenciesof the ligands and
their complexesalong with their assignmentsre
givenin Tablesl and 2. The IR spectrumof the
ligand is almost identical to those of its metal
complexesin the 650-150@&m™* region, except
that the bands due to pyrazine, pyridine and
thiazolering vibrationsat 1565-158@m™* in the
ligand moves to slightly higher frequency (5—
10cm™Y) in the spectraof the metal compiexes.
This in turn suggestghat coordinationtake place
through the pyrazine, pyridine and thiazole ring
nitrogensto the metal atom. Also, disappearance
of a band at 3150cm™* due to v(NH,) in the
spectrumof the ligand andappearancesteadof a
new banddueto an azomethindinkage(C=N) at
1620-162%m ! clearly suggests'** the forma-
tion of the proposedSchiff-basecompoundgL*-
L3). The shifting of the azomethinebandto higher
frequency (10-15cm™ ) providesfurther support
for the involvement of the azomethinenitrogen
with the metal atom. Moreover for all the
complexes,in the far-infrared region a band at
~370cm™ ! attributed to (v M-N) is observed
(Table 2) which is not found in the spectrumof
the free ligand. However,this suggests’ that ring

Copyright© 2000JohnWiley & Sons,Ltd.

nitrogen and azomethine nitrogen atoms are
involvedin complexformation.

Also, aweakbandat 305cm ™ wasfoundin the
spectraof the Co(ll), Ni(ll) andZn(ll) complexes
dueto thev(M—CI) mode,butwasnot observedn
thespectrunof the Cu(ll) complex.This suggest®
a square-planageometryfor the Cu(ll) complex
(Fig. 2a)andanoctahedrageometryfor the Co(ll),
Ni(ll) andzn(ll) complexeqFig. 2b).

TH NMR and "3C NMR spectra

The *H NMR and *C NMR spectraof the free
ligands and their metal(ll) chelateswere deter-
minedin DMSO-d;. The *H NMR spectraof the
free ligand (Table 3) exhibited signalsdue to the
methyl group bondedto the azomethine(C=N)
linkage and other substituted ferrocenyl and
heteroaromatigroups(Table 3).

The protonsdue to the pyrazine, pyridine and
thiazole rings were found to be in the expected
region. The protonsdue to the ferrocenyl moiety
were also found in the sameexpectedregion as
reported’ earlier. The protons shifted downfield
dueto increaseobongugationand coordinationto
themetalatoms The*C NMR spectraof theligand
andits metalcomplexegTable3) indicatethesame
behavior.All the carbonswerefoundto be shifted
downfieldin the spectraof their metal complexes.
However all the carbonswere found in their
expectedregion, which by comparisonwith the
reported® values helped in establishing these
structures.

It wasalsoobservedhatDMSOdid nothaveany
coordinatingeffecteitheron the ligandsor on their
complexes.

Appl. Organometal Chem.14, 376-382(2000)
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Table 4 Antibacterialactivity? of the ligandsandtheir complexes

Microbial species

Ligand/ complex E. coli S.aureus P. aeruginosa K. pneumonae
! +++ —+ —+ +-
L2 + ++ - ++
L3 +++ ++ +++ ++
1 +++ +++ ++ +++
2 ++ +++ ++ ++
3 -+ ++ +++ +++
4 +++ ++ +++ ++
5 ++ ++ ++ ++
6 ++ ++ + ++
7 +++ +++ ++ ++
8 ++ ++ ++ +++
9 -+ ++ +++ +++

10 ++ +++ ++ +++

11 ++ ++ ++ +++

12 ++ +++ +++ +++

#nhibition zonediameter(mm) [% inhibition]: +, 6—-10(27—45%);++ 10-14[45-64%)];+++, 14-18[64-82%];+-+++, 18-22
[82—100%]. Percentagenhibition valuesare relative to the inhibition zone (22mm) of the most active compoundwith 100%

inhibition.

Electronic spectra and magnetic
moments

The electronic spectraof the Cu(ll) complexes
(Table 2) showedtwo low-energyweak bandsat
15170-15190 and 19585-19605cm * and a
strong high-energyband at 30345-30425cm ™.
Thelow-energybandsin this positiontypically are
expectedfor its square-planarconfiguration and
may be assignedo *B1q - °Ajq andByg — °Ey
transitions, respectively’®?° The strong high-
energy band, in turn is assignedto a metal -
ligandchargetransfer Also, themagnetianoments
(1.7-1.9B.M) of Cu(ll) complexeswere found to
be consistentwith the proposed square-planar
structureof Cu(ll) complexeqFig. 2a).

The Co(ll) complexesexhibited well-resolved
low-energy bands at 7545-7615 and 17 255—
17290cm * and a strong high-energy band at
20530-20765cm™* assignedto the transitions
Tlg(F) - 4T29(F), 4Tlg(F) - 4A29(F) and 4Tlg
(3] —»4T2g(P) for high-spin octahedral geome-
try.?1?2The magneticsusceptibilitymeasurements
(3.9-4.2B.M) for the Co(ll) solid complexesare
also indicative of three unpaired electrons per
Co(ll) ion, suggesting® consistency for their
octahedraknvironment(Fig. 2b).

The electronic spectraof the Ni(ll) complexes
showedd—d bandsin the 26 245-26550, 15565—
15715and10210-10865cm * regions.Theseare

Copyright© 2000JohnWiley & Sons,Ltd.

assignet’ to the transitions®A,((F) — 3ToF),
3A2y(F) — °Tag(F) and>A,g(F) — >To((P) respec-
tive[iJ , consistentlywith their well-definedoctahe-
dral configuration. The magnetic measurements
(2.9-3.2B.M) showedtwo unpairedelectronsper
Ni(ll) ion, alsosuggesting® an octahedrageome-
try for the Ni(ll) complexegFig 2b).

The electronicspectraof the Zn(ll) complexes
exhibited only a high-intensity band at 28255—
29115cm ' assignet® to ligand—-metal charge
transfer.

Furthermore, a broad band centered at
22415cm™* observed for every complex was
assignedo the transition'A;y —'Ej4 in the iron
atomof theferrocenylgroup,which indicated® that
thereis no magnetidnteractionbetweerthe Cu(ll),
Co(Il), Ni(ll) andZn(Il) ions andthe diamagnetic
Fe(ll) ion of the ferrocenylgroup.

Similar structureswere proposedfor the meta-
I(I) cheletesof L? and L2, asshownin Fig. 2.

Antibacterial properties

The antibacteriapropertiesof theligandsandtheir
metalcomplexesverestudiedagainstthe bacterial
specie€scherichiacoli, Pseudomonaaeruginosa,
StaphylococcuaureusandKlebsiellapneumonae
These were tested at a concentrationof 30 ug/
0.0lcm® in DMF solution using a paper-disc

Appl. Organometal Chem.14, 376—-382(2000)
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diffusion methoddevisedandreported®?” earlier.

Theresultsof thesestudiesreproducedn Table4,
indicatedthatboththe Schiff-basdigandsandtheir
metal complexesshowedvariable activity against
one or more bacterialstrains.In comparisorwith
the ligands,the metalcomplexesverefound to be
more biologically active. Thesestudieshowever,
provided useful information about the biological
activity of ferrocene-containigp compoundswith
the possibility thatthis activity couldbecomemore
pronouncedwhen more potent compoundswere
coupledwith ferrocenemoleculestherebyintrodu-

cing a new classof biologically activecompounds.
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