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Heterobimetallic complexes of the type natural macrocycles, such as porphyrins, in electro-
[M(C 6HgN2)2(M)2(R)4]Cl> have been synthe- nic properties and reactivity. A large number of
sized by the direct reaction of [M(CsHgN>)-]Cl,  synthetic macrocyclic complexes have been ob-
with Group 4 or 14 organometallic dichlorides tained by the condensation of di- or poly-amines
Ph,M'Cl,,MesM’Cl, or CpoM”Cl, in 1:2 molar  with aldehydes or ketonés.The macrocyclic
ratioin MeOH (M=Pd or Pt, M '=Sior Snand ligands display a nhumber of features of chemical
M” = Ti or Zr). The compounds were character- interestt These include the formation of both
ized by elemental analysis, molecular weight mononuclear and binuclear metal complexes. Many
determination, electronic, *"H NMR and IR such complexes have unusual structures. Small
spectra, magnetic susceptibilities and conductiv- substrate molecules and ions may be bound as
ity measurements. These studies showed that the bridging ligands between the metal centres in the
compounds are monomers and dimagnetic in dinuclear complexe$.These dinuclear complexes
nature, with a square-planar geometry around may be used as oxidation catalysts for organic
palladium and platinum metals. Both the free  substrates.
ligands and their metal complexes were screened  Tetra-aza macrocycles have attracted consider-
for antimicrobial activity on different species of  able interest among inorganic chemists in recent
pathogenic fungi and bacteria and were found years. An intriguing feature of these systems is that
active in this respect. Copyright © 2001 John the size of the ligands can be changed with relative
Wiley & Sons, Ltd. ease by synthetic means. By doing so, the enclosed
metal ion behaves in different wa§sDiamine
complexes of palladium(ll) exhibit markedly
greater kinetic and thermodynamic stability than
the copper(ll) and nickel(ll) systems and offer a
potential starting point for condensation reactiéns.
1,2-Phenylene diamine may be used for the
preparation of bimetallic complexes, and it shows
typical electrophilic substitution reactions, such as
acylation® due to the electronic abundance in the
phenyl rings. However, examples of heterobime-
INTRODUCTION tallic complexes of platinum(ll) and palladium(ll)
with 1,2-phenylene diamine are limited. Therefore,
The chemistry of macrocyclic hosts has experi-we report the synthesis and spectroscopic char-
enced much growth in recent years. Final design oficterization of such new heterobimetallic com-
the macrocyclic compounds depends upon thelexes of these metals.
stereochemical requirements and coordinating fea-
tures of the metal ioh.Macrocyclic complexes are
very active in metalloenzymes and industrial
catalysis. Synthetic macrocyclic ligands resembleEXPERIMENTAL
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Synthesis of [M(CgHgN,),ICl>

The synthesiof [M(CgHgN»),]Cl, wascarriedout
by dissolvingMCIl, (0.01 mol) in hot MeOH in a
100ml R.B. flask. The requisite amount of 1,2-

phenylenadiaminewasaddedn 1:2 stoichiometric
proportions.The solution mixture was stirred for

12-14h. The productwaswashedandrecystallized
from methanol and dried under vacuum. The
reactionproceededisshownin (Eqn[1]).

MCI, + 2CsHgN, — [M <C6H8N2)2}C|2 [l]

Synthesis of heterobimetallic
complexes

[M(CgHgN2),]Cl, (0.01 mol) was treated with
Group 4 or 14 organometallic dichlorides,
PhM’'Cl,, Me,M’Cl, and Cp,M”Cl, (0.02mol) in
hot MeOH. In eachreaction,solid productswere
obtainedafter keepingthe reactionmixture over-
night at room temperatureThe productsformed
were washedwith hot MeOH and dried under
vacuum. Their physical propertiesand analytical
dataaregivenin Tablel.

Analytical methods and physical
measurements

Molar conductancesf compoundsvere measured
in 103 M DMF solutionon a Systronicmodel 305

conductivity bridge. Molecular weights were de-

terminedby the RastCamphormethod.IR spectra
were recordedon a Nicolet Megna FT-IR 550

spectrophotometen KBr pellets.'H NMR spectra
wererecordedon a JEOL FX-90Q spectrometein

DMSO-ds using TMS as the internal standard.
Electronicspectravererecordedon a VarianCary/

2390 spectrophotometeand magnetic measure-
mentson a Model 155 vibrating samplemagnet-
ometerat the RSIC, IIT Madras.PaIIadium,was
estimatect;ravimetrically Platinum,titanum, zir-

conium, tin and S|I|con were estimatedgravime-
trically astheir oxides® Nitrogenwasestimatecby

Kjeldahl's method and chlorine by Volhard’'s

method.

Microbial activity

The growing interestin biochemicalapplications
andaninterestin betterfungicidesandbactericides
have promptedus to screenall the newly synthe-
sized heterobimetallic derivatives with their li-
gands.

Copyright© 2001JohnWiley & Sons,Ltd.

Antifungal activity

Thefungi weregrownin agarmediumpreparecdoy
dissolvingglucose(20 g), starch(20 g), agar—agar
(20 g) and1000ml of distilled waterat 25+ 2 °C.
Compoundswith 125 and 250ppm concentrations
in MeOH weremixedin the mediumusinga small
amount of DMF for initial solution. The linear
growth of the funguswas obtainedby measuring
the diameterof the colony on Petri platesafter 4
days (96 h), and the percentageinhibition was
calculatedby the relationship(C — T)100C™*; C
andT arethe diameterf the fungal colonyin the
control and test plates respectively.Fungi were
grownon PDA slants After 7 daysof growth,5 ml
of sterilized distilled water was addedto the test
tube, which was shakenvigorously. 0.5ml of the
resultingsporesuspensioof fungiwasplacedonto
PDADplates Theconcentranonsf fung|C|destested
were0.250mgml~* (250ppm)and0.125mgml—*
(125ppm).

Antibacterial activity

Thebactericidahctivity wasevaluatedy thepaper
disc plate method. A nutrient agar medium
[peptone(5 g), beef extract(5g), NaCl (59) and
agar-agaf20g) in 1000ml of distilled water] and
5 mmdiameterdiscsof WhatmanNo. 1 paperwere
used. The compoundswere dissolvedin a small
amountof DMF andmadeup by dry MeOH to 500
and1000ppmconcentrationsThefilter paperdiscs
were soaked in the different solutions of the
compounds,dried and then placed on the Petri
platespreviously seededwith the test organisms.
Theplateswereincubatedor 36hat30+ 1 °Cand
theinhibition aroundeachdiscwasmeasuredOne
loop full of bacteriawas takeninto a test tube
containing 5ml of sterilized distilled water and
shakervigorouslyto dislodgebacterialcells. After
that,0.5ml of bacteriasuspensiomvaspouredover
the nutrientagarplate. Bacter|C|daIconcentrat|ons
tested were Tmgml~* (1000ppm) and 0.5mg
ml~* (500ppm).

Mode of action

The compoundsinhibit the growth of fungi and
bacteriato a greaterextent as the concentration
increasedThemechanisnof toxicity maybedueto
the |nh|b|t|on of energy production or ATP
production®® for instanceby inhibition of respira-
tion or by uncouplingof oxidativephosphorylation.
The energy-producingrocessesrelocatedpartly
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Table 2 Fungicidalscreeningdataof ligandsandtheir heterobimetalliccomplexes

Averageinhibition after 96 h (%)

Alternaria alternata Fusariumoxysporum
Compound 125ppm 250ppm 125ppm 250ppm
[Pd(GsHgN>),]Cl, 25 33 27 35
Pd(GsHeN2)2Sn(Ph)]Cl, 38 44 41 55
Pd(GsHeN.),Sio(Ph)y]Cl, 50 66 55 78
[PA(CsHeN2)2Zro(Cp)iClo 32 40 38 43
[Pt(CeHgNo),]Cl» 22 31 23 30
Pt(CsHgN2)>Sn(Ph)]Cl, 34 40 37 50
Pt(CsHgN>)»Si>(Ph)]Cl» 49 63 54 74
[Pt(CsHgNL)»Zro(Cp)]Cl, 31 39 35 47

* Resultsaspercentages.

in the cytoplasmand partly in the mitochondria.
Inhibition of suchprocesseswvill eventuallyhavea
fungicidal andbacterialeffect.

On the basis of the above studies,it may be
concludedhatfungitoxicity andbacteriotoxicityof
a compoundmay be significantly enhancedon
chelationwith the metal ion. Data for fungicidal
andbacterialactivitiesarerecordedn Tables2 and
3.

RESULTS AND DISCUSSION

Elementalanalysisandspectralstudiesshowedthe
formation of [M(C6H8N§)ﬂCI2 as well asthe bi-
metallic complexe$™™3 [M(CgHgN2)2(M")2(R)4]
Cly,. Thereactiongroceededsshownin Eqn[2].

[M (CeHgNz)z]Clz + 2R2M/C|2Me—>OH

[M(CeHeN2),(M'),(R),ICl>  [2]

where,M =PtandPd; M’ =Si andSnandR =Ph
andMe.

Similar reactionswere also carried out with
CpoM"Cl, (M” =Ti andZr). All thecomplexesare
stable at room temperatureand are non-hygro-
scopicin nature.The resultingcolouredsolids are
sparinglysolublein cold organicsolvents,suchas
MeOH, EtOH, CCl,, and benzenebut are com-
pletely solublein hot solvents,aswell asin cold
DMF andDMSO. Molecularweightdeterminations

Copyright© 2001JohnWiley & Sons,Ltd.

showedhattheyaremonomeridn nature Theyare
diamagnetic,as indicated by magnetic measure-
ments.The hlgh valuesof the molar conductivities
(180-2600 *mol*cm?) of the complexesin
anhydrousDMF showedthat they behaveas 1:2
electrolytes.

IR spectra

The IR spectraof the ligandsandtheir complexes
wererecordedand a comparativestudy confirmed
the formation of heterobimetalliccomplexeswith
the proposedcoordination pattern. The primary
amine exhibits a band at higher frequencythan
that of the correspondingsecondaryamine. A
strongbandappearedh therange3214-3252m*
and was assignedto v(N—H) in the case of
[Pd(QHgNz)iICIZ and [Pt(CGHgNz)Z.ICIZ and this
shiftedto thelower frequencysidein the bimetallic
complexesmdlcatlngtheformatlon of aGroup14
metal— nltrogercoordlnatlorbond 4 Aromaticring
stretchesgc —C)'° appearedat 1643, 1528 and
1451cm™~ andaromaticC—H andC—N stretches
wereassignedat 3057cm ! and843cm ™ respec-
tively. IR bandsoccurringat ~3000for v(C—H),
~1430for v(C—C), ~1020for §(C—H) and~810
1 for 6(C—H) in the relevant complexes

|nd|cate the presenceof the cyclopentadienyl
rlng Y Theappearancef thesecyclopentadienyl
ring bondsindicatesthatthis groupremainsassuch
in the complexes.

Two new weak bandsalso appearin the lower
intensity regionat 586cm* and 420cm™* of the

Appl. OrganometalChem.2001;15: 221-226
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Table 3 Antibacterial Activity of Ligandsandtheir Complexes

Diameterof inhibition zoneafter 36 h (mm)

Escherichiacoli (—)

Staphylococcuaureus(+)

Compound 500ppm

1000ppm 500ppm 1000ppm

[Pd(CsHgN2)2ICl
Pd(CsHeN2)2Sm(Ph)]Cl,
Pd(CsHeN2)2Smp(Me),]Cl 2
Pd(CsHeN2)2Sio(Ph)ICl,
Pd(CsHgN2)2Tiz(Cp)]Cl
[Pd(CsHeN2)2Zro(Cp)]Cl
[Pt(CsHgN2)-]Cl>
Pt(CeHgN2)2Sn(Ph)Cl»
Pt(CsHsN2)2Smp(Me)4]Cl 2
Pt(CsHoN2)2Sio(Ph)]Cl>
Pt(CeHgN2)2Tiz(Cpl]Clo
[Pt(CsHgN2)-Zro(CplICla

NNOOWNDMMOOTA~AW

[EE
AUINNDAWOUIO 0O U
WWORAWNWNNAWN
AWOOWNDMWUIO AW

* Resultsin mm.

relevantcomplexes.Thesebandsare attributedto
v(Si—N)*® and v(Sn—N) vibrations respec-
tively.

TH NMR spectra

The proposedcoordinationpatternwas evidenced
by *H NMR spectraof the ligands,as well as of
their corresponding bimetallic complexes in
DMSO-ds. The spectraof the ligands showeda
signal due to primary amine protons. The disap-
pearanceof the amine proton signal and the
appearanceof a secondaryamine proton signal
aroundd 8ppmt+*°in the spectraof complexes
suggestsheformationof the proposednacrocyclic

framework. A singlet appearingin the spectraof
complexesat ¢ 1.04-1.68pm is due to methyl
protons.In addition,a singletanda multipletin the
regiond 6.32—6.7&pmands 7.01-7.9pmwere
observedin the spectra of complexes having
cyclopentadienybnd phenylrings respectively.lt
wasalsonotedthatamineandaromaticprotonsare
observed in an average 1:2 integrated ratio.
Chemical shift valuesrelative to TMS are listed
in Table4.

Electronic spectra

Theaboveconclusionsarefurthersupportedy the
electronic spectraof the ligands and their metal

Table 4 'H NMR spectraldata(s, ppm) of ligandsandtheir complexe8

Compound —NH- —NH Me andCp Ph

[Pd(CsHgN2)2ICl, 4.56 — — 7.01-7.36
[PA(CsHeN2)2Sm(Ph)Clo — 8.14 — 7.32-7.96
Pd(CsHeN2)2Sn(Me),Cl, — 8.04 1.68 7.04-7.60
Pd(GsHeN>),Sio(Ph)]Cl, — 8.16 — 7.12-7.92
[Pd(CsHeN2)2Tix(CplClo — 8.00 6.78 7.24-7.46
[PA(CsHeN2)2Zro(Cp)Clo — 8.01 6.32 7.12-7.28
Pt(CeHgN2)2IClo 4.54 — — 7.04-7.39
Pt(CsHeN2)2Sn(Ph)]Cl, — 8.00 — 7.12-7.76
[Pt(CeHeN2)2Smp(Me)4]Clo — 8.03 1.04 7.26-7.30
Pt(CsHgN>),Si(Ph)]Cl» — — — 7.02-7.43
[Pt(CsHgN2)2Zro(Cp)Cl, — 8.08 6.56 7.04-7.84

2 Integratedareasshow1:2 ratiosbetweenRNH and aromaticprotons.

Copyright© 2001JohnWiley & Sons,Ltd.
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complexes.Palladium(ll) and platinum(ll) com-
plexesdisplay d—d spin-allowedtransitionsdue to
thethreelower lying ‘d’ levelsto the empty dy—y?
orbitals. Transitionsare assignedrom the ground
state’A, 4 to the excitedstates'A,, 'B;gand'Eg in
order of increasingenergy. Three d—d bandsare
observedin the range 519-525nm, 455-480nm
and 440-451nm in the presentpalladium com-
plexes and 519-525nm, 440-467m and 339—
372nm in the case of the platinum complexes.
These bands are attributed to *Ajq—'Ay,
'A1g—'Bigand’A, 4 'Eq transitionsrespectively.
These spectral values support a square-planar
geometry around palladium(ll) and platinum(ll)
ionsandarein closeagreementvith thosereported
previously for square-planacomplexesof these
two metals®® Bandsobservedin the range 269—
276nm maybeassignedo a n—r* transitionin the
ligands.Further,bandsappearingn the range300—
314nm may be tentatively assignedto charge
transferin the complexes?!

Me_())H

MClz + 2C6H8N2 [M (CGHBNZ)z]CIZ

Hot

N, NH,
M(LOH
[M (CGHgNz)Z]Clz + 2R2M/C|2 Hot
R = Me, PhandCp
— —
H\N/:\N/H
NN e
AN
2N >

CONCLUSIONS

The foregoing evidencesupportsthe synthesisof
heterobimetallic complexes. Scheme 1l may be

Copyright© 2001JohnWiley & Sons,Ltd.

proposedfor the formation and structureof these
complexes
Similar reactionswere also carried out with

Cp,M"Cl,. Relatedwork hasalsobeenreportedby
other workers*?? The microbial activity of the
complexesand ligands showedthat the tin com-
poundsare moreactive thansilicon. In the caseof
PhSiCl, and Me,SnCh, silicon compoundsare
more active than tin compoundsdue to the
attachmenof phenylgroupsto the silicon atom.
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