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Evidences for the sustenance of ring current In metal biguanides and metal N -ami­
dinoisoureas have b~en reviewed. Electrophllic substitution reactions i.e. halogenation, 
sulphonation, nitration, have been successfully performed on Cu(Il), Ni(II), Cr(lll) and 
Co(III) complexes Diazotization reaction on acid stable complexes of Pt(II), Pd{II) and 
Au(l) has been reported. Preparation of robust water stable boron, carbon and silicon 
compounds with these ligands indicates electron delocalization in the ring system. The 
band (=200 nm) assigned to aromatic metal chelate ring systems bas been red·shifted in 
their halogen derivatives. X-ray investigation on copper(II) and nickel(II) biguanides 
indicate shortening of C-N bond. Stabilities of halogeno-substituted compounds are 
less than the unsuhstituted ones. For substituted and unsubstituted Cu(II) complexes, 

" lengthening of M- N bond nearer to halogen atom and shortening of -C- NH, bond has 
/ 

been attributed to drifting of delocalised electron cloud towards halogen. Nmr data on 
nickei(IIJ biguanide suggest sustenance of ring current. XPS data indicate absence of 
any quaternary nitrogen atom in metal biguanides. Pseudoaromatic behaviour as 
evtdeno:ed has been attributed to strong 'If' electron delocalizatlon over the entire complex 
molecule. 

M ETAL chelates constitute a very large portion of 
inorganic ring systems. Stability and properties 
of the,e compounds arc usu:~.lly viewed from a 

consider .ttion of the basic1ty of the donor atoms, 
chelate effect, stereochemistry of the complex molecule 
and overall electronic environment of the central metal 
atom. However, these considerations have n<?t always 
been found to be adequate in explaining the charac­
teristic properties of some metal chelates. Electron 
delocalisation over the whole metal ligand ring has been 
proposed in some cases as a probable stabilising factor. 
Several n-complexes and some metal chelate ring systems 
manifest chemical reactivity usually associated with 
aromatic substances However, the concept of aromati­
city is too broad for any unequivocal definition. 'An 
unsaturated cyclic or polycyclic molecule or ion may be 
classified as aromatic it' all the annular atoms participate 
in a conjugate system such that, in the ground state, 
all the n-electrons (which arc derived from atomic 
orbitals having axial orientation to the ringl are 
accommodated in bonding molecular orbitals in a closed 
(annular) shell' 1 . Or more precisely, Elvidge and 
Jackman have defined an aromatic compound as a 
compound which will sustain an induced ring current. 
Whatever may be the correct definition, the compounds 
classified as aromatic display some characteristic proper­
ties. The sustenance of ring current in any compound 
can very well be detected by pmr spectros.:opy. The 
pseudo-arom1tic character discu~sed here is based on 
reactivity, particularly in electrophilic substitution 
reactions and on the criterion of anisotropic magnetic 
ring current in metal chelates studied through pmr 
spectroscopy. 

Formation of inorganic heterocyclics through the 
alternation of two elements having different electrone­
gativities and possible electron delocalization over the 
whole ring system is a subject of much discussion. 
Classical examples are the cyclotriborazme (borazine) 
ring and its oxygen analogues. Search for potential 
aromatic ring system made up of second-row elements 
capable of forming sp 9 hybrid bonds which in turn can 
contribute n-electrons to form delocalised aromatic 
clouds of (4n + 2} ,..e'ectrons, has yielded quite a few 
system. A different situation, however, arises when 
third row elements, e.g. phosphorous, sulphur etc. 
capable of using d-orbitals in bonding are involved. 
Unlike aromatic rings where pn--p,. conjugation occurs 
by overlap of pn-orbitals in a plane perpendicular to 
the ring, overlap of dn-orbitals with p1T·Orbitals may 
occur either in a plane perpendicular to the ring or in 
the local plane of the ring involving d.,. d,a_Y. 
orbitals of one and sp hybrid orbitals of the other. An 
alternative interpretation was suggested by Dewar and 
coworkers' where non-interacting tricentric allylic 
?T·bonds are formed. With alternating d1r-pn- interac­
ting orbitals, comparison has been made for both 
allylic and cyclic delocalization and the energies were 
calculated for six and eight coordination system3 • 

However, with systems containing more than two 
alternating groups, the situation becomes more difficult 
for diagnosis, more so, when the system consists of 
pn--p?T and d?T-p7T interacting species. This system, on 
the other hand, sometimes can offer more Oexible situa­
tions for accommodation of 'IT-electrons. Ligands 
haviug the possibility of pn-pn or p11'·dn interaction 
can interact with metal ions to form cyclic delocalised 
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n-electron system. By changing the metal ion the 
delocalisation can be varied from almost zero involve­
ment to very high participation depending on the 
availability of d orbital with suitable symmetry. In 
mixed ligand complexes, electron density over the ring 
containing one ligand and the metal ion can be pushed 
or pulled depending on the electron attracting or 
electron repelling characteristic of the other ligand. 
Study of pseudo-aromatic characterist;cs in metal 
chelates has hence been considered a very worthwhile 
and interesting problem. 

Much work Ofl metal acetylacetonates as a probable 
system ·of this type has been reported • • •. The hydrogen 
at the central position in these chelate rings can be 
substituted by a variety of electrophilic reagents. 
However, nmr spectral stud1es with substituted and 
unsubstituted metal chelates do not unequivocally 
indicate sustenance of any ring current in these com­
plexes. Electrophilic substitution reactions have also 
been carried out on metal thioacetylacetonates8 with 
less success, but no pmr spectrum bas been reported 
for them. 

The other system under review in this paper e.g. 
the metal cbelates with biguanide and N' -amidi­
noisoureas have shown good evidences of 71"-electron 
delocalisation. The structure of these compounds had 
been suggested by various workers from time to time 
and the one suggested by Ray and Saba 1 was by far 
the most satisfactory one : 

[

.,_•s 12 l H>N - C • N ,HzN- C • NH 

I, "'- / I, 
HN M NH Xz 

I ,/ " I 
HN• C-NHz N C- ~. 

z I 0 

Fagure-1 

This explained most of the chemical behaviour of 
the metal biguanides except the observation of Slotta 
and Tschescbe that the biguanide with substitution at 
position 3 is not capable of any complex formation. 
Also, normal salt of biguanide and biguanide base are 
capable of complex formation whereas the acid salt of 
the ligand needs sufficient alkali to form the complexes. 
The main criterion of complex compound formation 
has, therefore, been thought of as an appropriate ligand 
field formation around the central metal ion. 

Let us consider symmetric triazines and other 
heterocyclics having similar ring systems as our model. 
Hirt and coworkers8 ' 9 correlated the u.v. absorption 
spectra and the structures of these oxygen containing 
triazines, their ions and their acyclic analogues. They 
assigned the weak transition occurring at 235 nm in 
melamine to a symmetry forbidden n-electron transition. 
The pH dependence of the u. v. absorption spectra of 
cyanuric acid and biguanide indicate the presence of 
three distinct forms. 
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The addition of a single proton to biguanide does 
not shift the position of the absorption band (230 nm) 
while the addition of another proton makes tbe 
absorption band disappear indicating the formation 
of a nonconjugated structure A simple LCAO-Huckel 
calculation on the skeleton : 

H,.N NH 
I II 

,.....c~ ,.....c, 
HzN N NH, 

Flgure-3 

had been done to ascertain the nature of 230 nm 
transition in biguanidei0 • The total number of orbitals 
was taken as seven and the number of :n:-electrons as 
ten (seven from the constituti11g atoms and three from 
three NH 2 groups). The coulomb integral parameterS 
of N were varied. The following general conclusions 
were arrived at. 

(a) The bond orders of various bonds are as 
follows : 

N(l)- C(2)-0.SO 
C(2)-N(3)=0.69 
C(2)- N(4)=0.4~. 

The corresponding calculated bond lengths are 
1.37, 1.3.:1 and 1.38. 

(b) The lowest unfilled orbital is antisymmetric 
with respect to the reflection through a plane passing , 
through N(4). The highest orbital is symmetric and 
there is one more antisymmetric and another symmetric 
level very close to it. The band at 230 nm may bo 
ascribed to transition from the symmetric level to the 
antisymmetric one. 

At this stage, it was thought interesting to study 
whether, in metal biguanides, similar consideration 
holds good or not and whether at least some metal 
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ion orbitals can help in 'l!'·electron delocalization over 
the whole chelate ring system. The u.v. spectral studies 
indicate that the band characteristics of biguanide base 
and monoprotonated biguanide in the complexes remain 
almost same with occasional spectral shifts. 

TABLE-1 

Compound Kk € •per(bg) 
(bg)HCI 43.0 
(bg)2HCI No band 

12,600 12,600 

Cu(bg)0 Cl. 38.4 sh 1,300 10,400 
43.0 19,500 

Ni(bg).ct. 43.0 27,500 13,750 
Pt(bs)1CI1 45.5 29,250 14,625 
Pd(bg)0 Cl, 33.4 395 

46.0 19,448 
Co(bg),CI, 37.5 sh 4,000 9,500 

45.8 sh 24,500 
Cr(bg),CI, 37.2 sh 1,550 9,416 

44.7 26,700 
Ru(bg),CI, 38.5 10,500 

48.0 sh 13,666 
Rh(bg),CI, 32.5 585 10,548 

47.5 sb 31,000 

bg=C1N 6Hi 

Blue shifts have been obsened for both square planar 
(Pt(II) and Pd(IIJ) and octahedral (Co'III), Cr(III), 
Ru(lll), Rh(Ill)) complexes. One weak band also 
appears in this region for octahedral complexes. 

The crucial point in this calculation is the energy 
of the 'li'·Orbitals in relation to the metal orbitals. 
Considering the most probable sequence of level in 
order of increasing energy, the model predicts data 
consistent with the blue shift experimentally observed 
for square planar complexes. The blue shift in octa­
hedral metal biguanides can also be explained by 
properly combining the symmetric and antisymmetric 
n-orbitals of the ligands to form orbitals belonging to 
a particular representation of D 8 group. 

From these observations, it is concluded that the 
biguanide, monoprotonated biguanide and their metal 
chelates may contain delocalized n·electron system over 
the whole molecule. 

1\H~, Ha\. 
/~·=- 1\Ha /: •• :- NH2 

" • ... f .. 
'-..'-··- ''···· C-NH C-NH ,.. /.•' 

H,N •' • · '"""• HaN • 

· etg-kle ···~ men~ • 
tllguenide 

\ "&~'••·" 
The protons in metal chelate salts are very loosely 

bound as can be verified by the preparation of 
anhydrobases from metal biguanide hydroxides with 
t~e loss of water by beating at 100.°C. X-ray investiga­
tton of ethyleneaibiguanide copper(U) complex indicates 
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considerable shortening of C-N single bond lengths 
(1.29-1.43 A) 11• This may be attributed partly to the 
shortening of the atomic radii of the carbon 
and nitrogen atoms, owing to their state of hybridiza­
tion and partly to the '11'-bond character of carbon 
nitrogen bond. The crystal structure determination 
of bis(biguanide)copper(II) chloride also indicates 
shortening of C-N single bond distances (1.2K-1.36 A)u. 
This may also be due to delocalization of n-electrons 
over the entire chelate ring. The M·N bond length 
in this case is found to be considerably shorter when 
compared to similar distances in· complexes having 
little or no possibility of n·electron delocalization over 
the entire chelate ring. 

With these observations it was first thought worth­
while to investigate chemically whether the '11'-electron 
delocalized system on biguanide can extend to available 
pn or d?T·orbitals of nonmetallic ions. Attempts to 
prepare chelate compounds of boron, carbon and 
silicon have resulted in isolation of robust complexes. 

N'-amidinoisoureas and biguanides react with 
trimethoxyborate and boric acid in methanol and water 
respectively giving rise to crystalline compounds1 8 •1"". 

These compounds are quite stable and hydrolyse very 
slowly in aqueous solution and rapidly in acid solution. 
They are stable upto 2oo•c and undergoes rapid 
decomposition at 250-300°C. They can be represented 
by the forpmla 

N 

"•t<::c -::'--~c:::·x 
I: :I 

HN, B;" NH 

CH,O..- "-ocHa 

The hydrolytic behaviour of these compounds in 
acid medium can be explained by considering the 
protonation of the nitrogen atom between the carbon 
atoms of the chelate ring disturbing the n-electron 
delocalization and consequent aromaticity. The 1T·bond 
between boon and nitrogen atom thus becomes prone 
to hydrolytic attack and eventual rupture. 

Cationic boron(III) chelates with these ligands 
having general composition BLjx- have also been 
synthesized by the transamination reaction between 
tris(diethylamino)borane and biguanides. The 
compounds have very stable B·N bonds and can be 
recrystallized from aqueous solutions. 
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It is interesting to note that the reaction between 
CI4/CH~l9 with biguanide base in dry alcohol produces 
2,4-diaminotriazine by simple mixing19 • The ease with 
which the carbon atom is converted to sp2 from spa 
hybridised state indicates preference of delocalized 
1r-electron system in biguanide to extend to the carbon 
atom producing an aromatic compound. 

Reaction between an electrophilic silicon compound 
and ligand biguanide leads to the formation of a number 
of heterocyclics in w~ich Si·N bonds have been found to 
be extremely stable towards hydrolysis15 • However, it is 
well known from the study of the chemistry of silazanes 
and silezenes that Si-N bonds are highly susceptible to 
hydrolysis. It may, hence, be presumed that anbydro 
biguanide base in alcoholic solution possesses sufficient 
1r-electrons to interact with some of the bonding 
,.-orbitals of the silicon a tom so that a stable silicon 
heterocyclic complex is formed. The compound, may 

[ HaN~ HalO .yNH• 
C-NH NH-C 

/ .-· ·-,' / .... ,, 
HN t 1 51 ~ I NH ,· ..... '/ ........... '/ 

.. {-"" I ""-<:~ 
HaN' H,O ..... 

be regarded as the only known water soluble cationic 
silicon (IV) complex having stable Si-N bonds. 

From these observations, it becomes apparent that 
biguanide and N'-amidinoisoureas are capable of 
extending the ,.-electron delocalisation in them to other 
ions having orbitals of suitable symmetry. The ligands 
form extremely stable robust complexes with many 
transition metal ions. Their behaviour sometimes can 
not be explained through consideration of usual 
parameters. Complete 1!'-electron delocalization in 
these metal ligand rings and the consequent develop­
ment of pseudoaromaticity in these systemg have been 
considered a possibility. Electrophilic substitution 
reactions were performed on these complexes to test 
any aromatic behaviour. Some of the complexes are 
unstable to reagents commonly used for electrophilic 
substitution reactions for benzene. 

Even with this limitation, a number of stable com­
plexes has undergone electrophilic substitution reactions. 
Halogenation reactions are possible only with chlorine 
and bromine. Chlorine, one of the strongest electro­
philic reagents, reacts most. 

When chlorine was passed through the suspension 
of [Ni{Il) (bg)9 ]CI 22H2 0 in carbontetrachlotide, a 
maroone red compound [Ni(IU) {bg)2CI 9 ] Cl which 
remain unchanged towards excess chlorine gas was 
rormedu. On adding one or two drops of water to 
this maroon red suspension in presence 1 of chlorine, a 
greenish blue compound was formed in moderate yields 
together with some amount of nickel chloride and 
biguanide acid chloride12• The greenish blue product 
was purified by repeated crystallization from water or 
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'methanol at room temperature. It is resistant to 
hydrolysis or alcoholysis below 60°C and is soluble in 
polar solvents. The paramagnetism of this compound 
(p 8 r 1 = 2.89 B M.) and the prese1ce of three absorption 
peaks in the visible region indica•e the octahedral coor· 
dimtion of nickel(II). 

Chloride e'itimations in neutral, aqueous or methano­
lic medium with silver nitrate, conducti:lmetric titratios 
with aqueous silver nitrate solution and conductance 
measurements in these solvents suggested the pre:~ence 
of two chloride ions per molecule. The compound 
was found to be an eight electron oxidizing agent 
towards acidified potassium iodide or ferrous sulphate 
solution. Total chloride estimations confirmed tbe 
presence of six chlorine atoms per molecule of tbe 
compound. The compound reacts with neutral pota· 
ssium iodide solution to produce the green polyhalide10• 

Th., physical and chemical properties of this complex 
suggest the presence of four chlorine atoms in the rinP 
bound to nitrogen atoms. The compound decomposes 
with explosion when heated alone or with concentrated 
sulphuric acid. It is stable in air and decomposes witb 
evolution of oxygen only when the aqueous solution of 
the compound is heated on a water bath. The aqueous 
solution of the compound can very easily be reduced 
to [Ni(II)(bg)2 ]i+ by alkali, ammonia or mild reducing 
agents like sodium nitrite, sodium sulphite, sulphur 
dioxide and hydrazine. The anion of the halosubsti· 
toted compound can be replaced by sulphate, nitrate or 
bicarbonate ion. Thermal analysis of this compleX 
indicated an exothermic decomposition peak at nearly 
150°::: with the loss of four chlorine atoms and the 
formation of [Ni'II) (bg),. 1 Cia together with some 
decomposed products. All these properties of this. 
compound can best be described considering tbe pre· 
sence of four > N- Cl bonds per molecule. 

boil 
>N- Cl + H 9 0---+NH+HOCI 

HOC1----.HCI+~02 
H+ 

>N- CI+H20+KI---NH+I2 + KCl 
KI 

[Ni(U)(bgC1 2XH 20) 2)CI 2 ---+[Ni(II)(bg) slls 
solution 

NaOH 
[Ni(II)(bgCI2 )2 (H2 0)2 )C19 ---+[Ni(bg) 2)(0H) 1 

or NH8 

heat 
lN~U)(bgCI2 h(H,0)2 ] CI 2--+[Ni(bg)11 )CI2 + 

decomposed products 
NaNO~ 

[Ni(II)(bgCI 2)s{H~"0) 91Cl 2 ---+[Ni(bg)2J'+. 
or Na 2 S08 

Following the same method of preparation, chloro· 
substituted trisbiguanide complexes of Co(III) and 
Cr(lll) were obtained. The final products were always 
the hexachlorosubstituted products. They are identical 
in all physical and chemi.:al propertie~ with the corre!l­
ponding halogeno·substituted nickel(II) complex, 
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showing oxidation values of 13 and 12 respectively. 
The former one is diamagnetic and the latter one 
parclmagnetic with /Let 1 value of 4.05 B.M. indicating 
the presence of Cr(Ill) species. The anions in these 
cases can also be replaced by sulphate, nitrate or bicar­
bonate. The action of chlorine on [Co(IU)(bg)2(H 20) 
(OH))CI2 produces always the tetrachloro-substituted 
products. The maximum number of chlorine atoms 
that can be introduced per metal biguanide ring is 
always two indicating the substitution at two equivalent 
nitrogen atoms in each ring. 

Similarly, the action of liquid bromine on [Co(lll)­
(bg)a) Br 3 in carbontetrachloride suspension produced 
hexabromo-substituted products in the presence of 
slight moisture. It is much less soluble in water or 
methanol than the corresponding chloro-substituted 
products and is prone to slow hydrolysis in aqueous 
solution. The action of chlorine or bromine on Cu(II) 
biguanide compounds, on the other hand, always 
produced monohalosubstitution per ring. The physical 
and chemical properties of the copper(II) compounds 
are almost the same as its nickei(Il) analogue. 

Attempted chlorination on Pt(II), Pd(II), Mn(IIl), 
Ag(I) and Au(I) biguanides in carbon tetrachloride 
suspen§ion resulted in the isolation of higher valent 
metal complexes17 ' 18 ' 19·•••21 • These complexes showed 
no sign of decomposition in presence of water. The 
action of chlorine on biguanide normal salt or base in 
carbon tetr-achloride suspension in presence of slight 
moisture produced the acid salt of the ligand without 
any chlorosubstitution or decomposition of the ligand. 
It may be noted that the hydrogen atom attached to 
central carbon atom of acetylacetone can be replaced 
by the electrophilic reagents even when it is not attached 
to any metal ion 2 2 • 

An effort was made to sulphonate the metal bigua­
nide complexes. Sulphur trioxide vapour, prepared by 
the action of concentrated sulphuric acid on phos­
phorous pentoxide, was pclSsed through the suspension 
of metal chelate for about 2 to 3 hours. Only Cr(IIl) 
and Co(III) biguanides underwent sulphonation, while 
others were decomposed under such conditions. Hexa­
sulphonated compounds were isolated in cases of Co(lll) 
and Cr(Ill) while trissulphonated products were obtained 
in case of Cr(III) complexes as intermediate one. This 
indicates that all the chelate rings in any complex 
molecule first undergo monosubstitution and then 
disnbstitution with excess reagent. The sulphonated 
compounds are hydrolysed readily in water producing 
acidic solutions. This can be explained in the following 
way 

The hexanitrosubstituted product of Co(III) bigua­
nide was obtained by the interaction of N 20 ~ with 
[Co(IIl) (bg)a) (N08 )s in dry carbon tetrachloride 
suspension, while tetrasubstituted product was obtained 
with [Co(III)(bg) 9 (H 20)(0H)](N0 8h. These compounds 
are diamagnetic and undergo rapid hydrolysis in aqueous 
solution producing acidic reaction. perhaps due to 

following type of hydrolysis. 

>N -N02 +H20-+>NH+HN03 • 

From the similarities in the behaviour of metal 
biguanides and metal N' -amidinoisoureas, the presence 
of pseudoaromatic ring currents in metal N' -amidino­
isoureas was predicted and on this basis similar electro­
philic substitution reactions were performed on these 
complexes. The action of chlorine and bromine on 
nickei(II) and copper (II) complexes under similar 
conditions as those of biguanides led to the isolation of 
chloro- and bromo-substituted complexes of nickel(II) 
and copper(ll). In case of nickel(Il), dihalosubstituted 
(per ring) products were obtained in aU case5, while 
the monosubstituted (per ring) complexes were isolated 
in case of copper compounds. The physical and 
chemical properties of these halogenosubstituted comp­
lexes were found to be comparable to those of 
biguanides. 

In these electrophilic substituted ligand complexes 
of metals, the position of substitution have been 
predicted to be at the nitrogen atoms of the chelate 
ring, coordinated to the metal ion and not at the side 
chain- NH 2 groups. It has been observed that each 
metal chelate ring can take up at least two halogen 
atoms or two electrophilic groups and in no case, 
compounds having more than two electrophilic groups 
per ring have been isolated. Cu(ll) complexes however, 
have always one halogen atom per metal-ligand ring. 
The preparation of -HgCl derivative of these halogeno­
substituted complexes confirms the presence of substi­
tuted group at the two coordinated nitrogen atoms and 
not at the side chain° 8 • The -HgCI derivatives, in the 
present case, can only be formed if there are free 
-NH, group'! at the side chain. The treatment of the 
HgCI 0 solution with the solution of nonsub~tituted 
complexes produced the insoluble -HgCI derivative. 
Similarly, the addition of HgCI 2 solution to the aqueous 
solutions of halogenosubstituted products produced 
similar -HgCI derivatives having almost identical proper­
ties. All these -HgCl derivatives are insoluble in water. 
Again the side chain >N- Cl groups should behave 
like NH 2CI and are expected to be more sensitive to 
hydrolytic attack. The present chlorosubstituted 
products show no sign of hydrolysis in aqueous solution 
below 4o•c and can be recrystallized from water. 

During electrophilic substitution reactions, decom­
position or substitution products of biguanide have 
never been produced, showing the stability of the coor­
dinated ligands towards these reagents. The stability of 
these complexes with substituted ligands may be due to 
presence of pseudoaromaticity in these compounds. 

Another test for the presence of delocalized ring 
current is positive diazotization reaction on some metal 
chelates of this group. In case of free ligands (biguanide 
and N'-amidinoisourea) no diazotized product has been 
isolated so far. The presence of delocalized ring 
current in these metal chelates will make each of the 
chelate ring behave like an aromatic amine. Only few 
acid stable metal bisuanides i. e. Pt(II), Pd(II) and 
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Au(l) bisuanides respond to this reaction. Brilliant red 
diazo-compounds are obtained from each of these white 
compounds. Their physico-chemical prorerties and 
infrared spectral studies confirm the presence of diazo· 
sroup in these complexes. 

The mechanism of these electrophilic substitution 
reactions can be visualized from the physical and 
chemical nature of the intermediate and final products. 
It has been observed that during halogenation, higher 
valent metal complexes are formed in many cases. Of 
these few complexes or the ions i.e. Ni(lll), Pd(IV), 
Pt(IV), Ag(lll) and Au(lll) have been isolated. The 
complexes. which are resistant to hydrolysis, do not 
undergo electropbilic substitution reactions. In case 
of CuCil). Co(lll) and Cr(lll) complexes, intermediate 
compounds having intense colouration are formed, 
which however, could not be isolated in the pure state. 
Physico-chemical properties indicate the presence of 
higher valent metal species in these intermediate 
products. These findings strongly suggest halogenation 
to be preceded by complex formation with higher valent 
metal ions and subsequent hydrolytic decomposition 
to give halogeno-substituted products of the metal ion 
in its usual oxidation state. In this process electron 
density momentarily increases at sites nearest to the 
metal ion i.e. coordinated nitrogen atoms then become 
the positions of attack by the electrophile. Where the 
higher valent complexes are reasonably stable to hydro­
lytic: decomposition process, there is no possibility of 
the above mechanism to operate and as such no subs­
tituted product with electrophile is obtained. It has 
been observed that Pd(IV), Pt(IV), Ag(III) and Au(lll) 
complexes with these ligands are not easily hydrolysable. 

On the basis of the above observations, the follow­
ing probable mechanism for chloro-substitution is 
suggested. 

lla -

•• -

~~~gure· a 

Stabilites of the complexes : 

lltN.. X 
"c -NH I ...... -... , -~~ 

HN 1 ~ M"' ... ,... 

''··-·'.1' c-ltl 
..j"' 

w.o -
I )(I -

The stability constants of the l::alogeno·sutstitutcd 
complexes could not be determined due to tl:eir slc.w 
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decomposition in aqueous or nonaqueous medium 
resulting in N·hal bond cleavage. These complexes ate 
far less stable than their parent compounds towards 
various chemical reagents. In most cases.> N- X bond 
undergoes rupture and the halogeno-substituted com· 
plexes revert back to the original ones. Hence, varia­
tion of stabilities of these halogeoo-substituted com• 
plexes towards different chemical agents is due mainly 
to difference of the> N -X bond strength. However, 
their stabilities are found to depend on the nature or 
the ligand, the halogen and the metal atom i. e. the 
overall electronic environment on the metal chelate 
ring. 

The halogeno-substituted biguanide complexes aro 
found to be more stable than the corresponding 
halogeno-substituted N' -amidinoisourea complexes. 
The same trend is also observed for their correspondioll 
nonsubstituted complexes. The extent of electron 
delocalisation in biguanide complexes should be more 
than the corresponding N' -amidinoisourea complexes, 
since in the latter case, more electronegative atom, 
oxygen, is attached to the rins in place of nitrogen in 
bigganides. 

In balogeno-substituted complexes, the metal iooa 
may be arranged as follows : 

(i) Cu(ll) >Co(III) >Cr(Ill) >Ni(ll). 

For nonsubstituted complexes the order is : 

(ii) Co(III) >Cr(IU) >Cu(II) > Nl(ll) 1 '-~ 1 • 

Decreased stability of halo-substituted complexes 
can be attributed to withdrawal of electron density from 
the chelate ring towards the electronegative baloaen 
atom. The decrease of stability. should, therefore, be 
proportional to the number of halogen atoms attached 
per ring. The highest stability of Cu(U) chelates in 
(i) may be due to monosubstitution per ring. Tile 
difference in stabilities of these halogeno-substituted 
complexes towards different chemical agents is reftec:tcd 
in the variation of>N-X bond strengths in these COlli' 

plexes and vice versa. The > N-X bond strensth is 
certainly influenced by the extent of electron delocaliza· 
lion in tho ring as it will extend to X through interao­
tion of X-pz orbital with the ring "~Mystem. The 
experimentaliy observed variation for >N-X boiiCI 
suength for disubstituted complexes are Co{ID)> 
Cr(lli)>Ni(ll) which is same as those for tbo uusubl­
tituted complexes. In case of sulphonated comptexes. 
tdsubstituted Cr(lll) bisuanides havo been found to bo 
more stable to hydrolytic attack than hexasubstituted 
products as sussested from conduetanco data. 

Infrared spectral studie& : 
The infra-red spectra of the halogeno-subatituted 

and simple complexes were taken in the rango 40011 
cm-1 to 400 cm-1. Significant differences were 
observed between the spectra of these two series of 
complexes for Co(lll), Cr(lii}, Cu(ll) and Ni(U~ 
Amorg the several bands observed for simple complexes 
in the re1ion from 3200 cm-1 to 3450 cm-J, the lowest 
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one (=3270 cm- 1 ) is found to be absent in the 
halogeno-substituted complexes and may therefore be 
due to v N-H (nitrogen coordinated to the metal). 
The asymmetric and symmetric band for v·N:c:N (ring) 
group (at =1670 cm- 1 and ;:::::1520 em- 1 ) in aonsubs­
tituted complexes show considerable red shift in the 
corresponding halogeno-substituted complexes (= 1630 
cm- 1 and = 1450 cm- 1 ). This may be due to How of 
electron density from the ring towards the halogen 
atom. The band at = 760 cm- 1 (N-H bending) 
present in the simple complexes is found to be absent 
in the corresponding halogeno-substituted complexes 
indicating the halo substitution at the ring nitrogen 
atoms. 

Electronic spectra : 
The electronic spectra of these complexes were 

taken in the range 170 nm to 1000 nm. In case 
of free ligand only one absorption bJnd at =230 
nm was observed for biguanide and biguanide 
normal salts. In case of metal bieuanides, the position 
of=230 nm peak remains almost unaltered, but another 
new peak in the range 190 nm to 204 nm appears in 
all complexes. This new peak may be due to the 
formation of a heterocyclic pseudoaromatic ring with 
the metal atom. In the halogeno-substituted complexes, 
the new peak shows a red shift probably due to exten­
sion of w-electron delocalization through the halogen 
atom. 

For Cr(Ill) complexes, Racah parameter was 
evaluated from the equatio:J B=(2vl+v~-3v1v 2)/ 
(15• 2 - z:v 1 ). In case of Co(III) complexes, no spin 
forbidden transition was observed and the parameters 
were evaluated with the aid of relations C=4B. The 
accuracy of the result is limited but sufficient for com­
parative study. 

A decrease of 10 Dq and an increase of B values 
are generally observed in the halogeno-substituted 
complexes compared to simple ones. The presence of 
halogen atom in the ligand weakens a- and w-donor 
capacities of the nitrogen atoms. The weaker u-bonds 
give rise to increase of M-N bond distances and which 
in turn decreases the w-overlap between the ligand and 
the mlltal orbitals. This observation has been amply 
substantiated by companson of X-ray structural data 
of halogeno substituted and unsubstituted bis(biguanide) 
copper(Il) chloride dihydrate16• A comparison of 
bond distances indicate bond lengthening of M-N bond 
in halogenated complexes (Fig. 9). 

It is of interest to note that the two water molecules 
in the halogeno-substituted Culll) complexes are 
situated in trans positions at distances 2.635 from the 
Cu8 i- ion, while in unsubstituted Cu(II) complexes 
their positions could not be ascertained near the complex 
molecule. 1r-electron cloud in unsubstituted complex 
seems to prevent the water molecules to approach the 
metal ion in the complex. But in halogeoo-substituted 
compounds the electron cloud may to some extent be 
localised towards electronegative chlorine making room 
for the approachin& water molecules. 

Bis(biguanide)COI)per(O) Chloride dihydrate 

Bls\Chlorob&guan&de) CopperOI) Cnlor&de d&hydrate 

It has been observed that nickel(II) alwa7s form 
square planar complexes with biguanides and N -amidi­
noisoureas, but it forms octahedral complexes with 
halogeno-substituted ligands, the trans posuions being 

TABLE 2-ELECTRONIC SPECTRAL DATA OP METAL COMPLExES 
AND THEIR CHLORODERIVAT!VES. 

Compound 
1. [Cu(bg).]CI, 
2. [Cu(aiu).)" 
3. [Cu(bgCI)o]Cl2 
4. [Cu(aiuCI),] 

.,(cm-1 ) 

18867 (·12.0) 
19525 (43.2) 
16129 (47.5) 
14084 (38.6) 

lODq (em-•) 
18867 
1952S 
16129 
14084 

Compound .,(cm·t) • 1(cm·{. 10 Dq B(cm-•) 
lAu-'T,a 'A1a- T,'a (em"') 

1. [Co(bg),]Cl8 20746(143.2) 27932(152.1) 22SOO 450 
2. [Co(maiu),]" 20500(175.6) 27350(192.7) 22200 428 
3. [Co(bgCI,)1]Cl, 18020(256) 25900(665) 20020 520 
4. [Co(maiuCI,),] 18050(285) 25860(760) 19980 490 

Compound 

1. (Cr(bg) ]Cl, 19841 
2. [Cr(bgCI,),1C.I, 18160 

26178 
25350 

14840 60S 
18160 750 

U.3 
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occupied by water molecules. It can be argued that 
the presence of strong 71"-bond between ligand 11 and 
metal n orbitals in the unsubstituted complexes prevents 
tbe formation of octahedral compounds. In the 
balogeno-sub!tituted complexes. the decrease of .,.. 
bonding character between the ligand and the metal 
favours the formation of octahedral complexes. 

Thermal analysis : 
The thermal analysis of the ligands, their unsubstitu­

ted anJ halogeno-sub.>tituted complexes were performed 
in the temperature range 30°C to 50v°C. In case of 
halogeno-substituted complexes, one extra highly exother­
mic peak is observed in the temperature range t40•c­
tso•c. It is found that N'-amidinoi!LOurea complexes 
decompose always at lower temperatures than the corres­
ponding biguanide complexes. This step is attributed to 
cleavage of >N-X bond as verified from mass loss. 
Thermal stabilities of the >N-X bond for metal bigua- · 
nides and metal N' -amidinoisourea complexes can 
be arranged in the following order : Co(lli)>Cr(lll)> 
Ni(ll), which corresponds to the genetal stability of 
unsubstituted complexes. Thus the thermal stabilities 
of the > N-X bond depend on the nature of the 
metal atom for the similarly substituted complexes. 
As mentioned earlier, the >N-X bond strength 
depends on the extent of n electron delocalization 
in the metal chelate ring in sub•tituted and unsub­
stituted complexes.· This variation in >N-X bond 
strength rel:lects the variation of the pseudoaromatic 
character of the different chelate ring with same ligand 
aild different metal ion. The >N-Br bond was always 
found to be thermally less stable than corresponding 
>N-CI bond which is attributed to decreased u bond 
strength as >N-Br bond distance must be greater than 
the corresponding > N-CI bond distances. 

Creitz et at.n have made X-ray studies and nmr 
spectral studies on bis'biguanide) nickel(l9 chloride. 
C-N bond distance is in the range 1.28-1.35 A consistent 
with our suggestion of "17"-electron delocalisation. 'Hnmr 
studies indicate -r values 0.12 for N(-(), 3.4 for 
N(tl) and 5.3S for N(,) (Fig 4). The downlield 
chemical shift of 0.12 for N(ot) has been attributed to 
ring current effect arising from the .,. cloud by P" 
ligand orbital and dn metal orbital. The chemical 
shift of 3.40 for N(/:1) has been ascribed to electron 
attracting >C=NH group which withdraws electron 
density from aminonitrogen and in tum from the pro­
tons. The high field position of the N(v) in respect to 
other two peaks may be attributed to shielding by the 
d,, orbital of the diamagnetic d 8 metal ion. The 
model emerging out of this study indicates clearly the 
sustenance of ring current over the metal biguanide 
ring. 

AMtber proof of the n electron dolo::alisation in 
this series of compounds comes from a study of N(l.) 
photoelectron spectra of transition metal biguanides by 
Swartz and Alfomoa •. Siegbahn et al9 9 have shown 
that XPS coin differentiate between nitrogen atoms in 
-NH1 and -NHt groups. Cox et a/80 reported N(l.) 
chemical shift ranging from 1.6 to 2.2 eV between 
protonaled and UDpl"otonated (-NH2) nitroaen atom in 
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a series of nitrogen bases. Studies on [Cr(bg)8]CI1 
indicated a rather broad spectrum which on Gaussian 
an~lysis c~n be split into two lines with FWHM ort.9 
t. V ~cp:uated by 1.5 eV with a relative intensity of 2;3. 
The ec~rly structure (Ray and Saba) bas a total cationic 

TABLE 3-N(Is) BINDING ENERGIES FOR. MI!TAJ. BIGUANIDB 
COMPLI!XEsts. 

Corn pound Nitrogen (ls) FWHM (eV) 
bind•ng energy 

(eV) 

399.4 :Z.8 
399.2 3.0 
400.0 2.4 
400.0 2.7 
399.2 2.7 
398.9 :Z.9 
400.2 2. 
398.9 2.1 
399.S 2.9 
399.5 2.S 

charge of + 1. But with the XPS data it should be at 
least + 2. With the lowest value of the chemical shift 
betwe.en NH3 and NH: i.e., 1.6 eV80 and with the 
separation of I.S eV as obtained from the spectrum of 
tris(biguanide) chromium(lll) complex, one would 
expect a spectrum with a FWHM of 3.8 eV which is 
broader at least by 0.9 eV from any spectra obtainod 
for biguanide complexes. It rules out the possibility of 
the presence of a quarternary nitrogen atom in tho 
complex molecule. Alternatively, the metal biguaoide 
structure can only be viewed as having extensive 
71"-electron delocalisation over the whole molecule. 

It can, hence, be concluded that the metal biguani­
des and metal N' -amidinoisoureas are having extensive 
1r-electron delocalisation over the whole molecule as 
evidenced through various chemical and physical 
properties of these compounds. This bas given rise to 
pseud.,aromatic behaviour in these metal cbelates. 

Experimental 
Stability of > N- X bonds in these balogeno· 

substituted complexes towards hydrolysis at differeD! 
temperatures (from 50°C to 90°C) was studied by recor· 
ding the pH change of aqueous or metbanolic solutions 
of these compounds. the chango or pH with time 
at different temperatures was measured by "CambridSO 
pH meter". 

Electronic spectra wore recorded in "Beckmallll 
DB-G,. spectrophotomer in aqueous solutions at 
ambident temperatures. 

Thermal analysis of these halogeno-substituted and 
unsubstituted complexes of Cu(II), Ni(II), Co(III) and 
Cr(RI) was performed in ''Dorivatograpb" system Paulik 
Paulik and Brdey with a temperature rise or S°Cjminuto. 
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I. r. spectra were taken in "Beckmann, IR-12" 
spectrophotometer in nujol mull and in KBr phase. 
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