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Synthesis and characterisation Qf some biphenyl bridged complexes of a newclass of binucleatin~ ligands containing amide groups
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A series of biphenyl bridged polynuc ear complexes, (Mz~'xHZO)n' has been synthesized from a
new class of binucleating ligands (HzL) containing amide group, where M = Fe(II), Co(II), Ni(II),
Cu(I1)and Zn(II), and HzL are ligands 0 tained by reacting succinic (succi), phthalic (phthal) or ma­
leic (male) anhydride with biphenyl brid ed primary diarnines such as 4,4'-diarninodiphenylmethane
(dadpm), benzidine (benzi), o-tolidine (o-toli) and o-dianisidine (o-dianisi). The complexes
(Mz~'xHzO)n have been characterized y elemental, spectral, magnetic and thermal stUdies. For
M = Coz+, NiH and ZnH, x = 4 with tw water molecules coordinated at ~ch metal centre giving
M06 weak field octahedral chromophore . For M=Cuz+ and FeH, x=O giving only M04 chromo­
phores. Only normal magnetic moment alues are observed at room and liquid nitrogen tempera­
tures suggesting the absence of any stron antiferromagnetic interaction. Based on the elemental an­
alysis, solubilityand spectral data, a polym ric stlUcture is tentatively suggested for the complexes.

The C, H and N analyses for the complexes
were obtained using Perkin Elmer CHN analyser
whereas the metal contents were determined fol­

lowing well known9 methods after digesting the

Ligands containing 3-carboxyamide chain (1) and
their metal chelates have been stated t have
noteworthy pharmacological activities 1-4. Only
mono nucleating carboxyamide ligands (1 ) and
their chelates had been reported so farS-? ecent­
ly8, the corresponding binucleating ligand (1b)
have been prepared by direct miJing of h t ben­
zene -solutions of aromatic' biphenyl bridg' d ..pri­
mary diamines and a cyclic -ailhydride in!:2 molar
ratio. Here we present the synthesis and arac­
terisation of a few chelates of MzLz type using
·this (1b) new ligand series.

Miltetilils and Methods
The ligands, HzL (lb), were prepared as eport­

ed8 and purified by dissolving in sodium c rbon­
ate solution and regenerating by acidificati n fol­
lowed by repeated washings. Bivalent met satls
were commercial samples of AR grade an were
used without further purification. In a typic I pre­
paration 2 mmol of the ligand was suspen ed in
50 ml of water to which was added a calc lated
volume of standard sodium carbonate soluti n ( ­
2 mmol), while stirring. To the clear NazL solu­
tion thus obtained was added 2 mmol of t e me··
tal salt in 40 ml of water when a coloured metal

complex immediately precipitated. The co plex
was filtered by suction, washed with warm dilute
sodium carbonate solution followed by war wa··
ter and air-dried (yield 96-99%).
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complexes with conc. HN03. The infrared spectra
of the complexes were recorded in KBr on a Per­
kin Elmer Model 283 spectrophotometer. Room
temperature magnetic susceptibility data were col­
lected on a Gouy balance using Hg[Co(CNS )4] as
the calibrant. The diamagnetic corrections were
applied using Pascal's constants. The ESR spectra
were recorded on a JEOL JES FE 3X ESR spec­
trometer. The differential scanning calorigrams
were recorded on PerkinElmer DSC-4 instrument

whereas the thermogravimetric data were ob­
tained using a fabricated TGA apparatus. The sol­
id state electronic spectra of these complexes
were obtained using either a PARC photoacoustic
spectrometer or a Cary 17D spectrophotometer
by reflectance or nujol mull method.

Results and Discussion
All the complexes were found to be high melt­

ing (m.p. not less than 300°C) and insoluble in
most of the organic solvents and water. However,
in strong acidic and basic media they dispropor­
tionated reversibly as shown in Eq. (1 ),

2nV - +2nM( OH)2 +nxH20 Iba~
aCId

... (1)

The disproportionation products were identified
by comparison with the authentic samples of
compounds.

A comparison of the infrared spectra of the li­
gands H2L and their complexes revealed that the
ligand coordinated through the deprotonated car­
boxylic oxygen and the carbonyl oxygen of the
amide group. The IR band due to vNH mode ob­
served in the H2L ligands at 3200 cm -I remained
unshifted in the spectra of the complexes whereas
the strong vC = 0 band of the amide group ob­
served in the ligands at 1650 cm - I was lowered by
10-15 cm - 1in the spectra of the complexes. Simi­
lar observations were reported for the mononuc­
lear analogues, obtained from the ligand series
(la) also 10.Normally, OCH2 and dH20modes in­
terfere in the assignment of ve: = 0 mode, making
this assignment somewhat ambiguous. However,
in the present case this problem has been over­
come by comparing the spectra with those of
complexes where CH2 and H20 groups do not
exist, e.g., [Cu2(benz. maleh]n. The free ligand ex­
hibits vas(COO-) and vs(COO-) at -1540 and
- 1420 cm - 1 respectively. The corresponding fre­
quencies in the complexes occur at -1555 and
1398 cm - 1 indicating an enhancement in ~ v va'"
lue· upon cOmplexation where ~ v is the difference

betweenvaiCOO-) and v.(COO-). Thisfact sug­
gests that the carboxylate moiety of the present li­
gand system coordinates to the mend centre in a
monodentate fashion 11.12.The stabilization of such
seven-membered chelate rings, even though· un-
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A'o
(cm-l)xlO"

69.25

79.53

80.62

73.38

72.35

79.5

A~
(cm - I) X 10"

31.00

40.30

49.61

43.40

37.21

49.61

Magnetic data
The room and liquid nitrogen temperature

magnetic moment data obtained for the com­
plexes are also given in Table 1. The )J.df. values
per metal centre were found to be normal both at
room and liquid nitrogen temperatures indicating
the absence of any strong intra- and inter-molecu­
lar anti-ferromagnetic interactions. This is not sur­

prising because of the large length of the bridgingbiphenyl moiety (- 11 A). Even the super ex­
change mechanism due to the JT-electron delocali­
zation suffers from the discontinuity at the 1,1'­
positions of the bridging biphenyl rings as the two
phenyl rings are non-coplanar with the dihedral
angle of more than30°. The magnetic moment va­
lues for Co2 + and Ni2 + complexes are suggestive
of weak field octahedral geometry around the me­
tal centres and that for the Fe2 + is suggestive of
weak field tetrahedral geometry. The fact that
Fe2 + is in a tetrahedral geometry is supported by
the MOssbauer spectral parameters (for
[Fe2(dadpm.male)2Jn 0= 0.4390 mm S-l and
~eq;= 0.5866 mm s ~1).

ESR data

The ESR spectra of Cu(II) complexes showed
well resolved parallel and perpendicular parts.
The &1' g l' All and A 1 values for Cu(II) com­
plexes are given in Table 2. The forbidden
~M, = ± 2 transition is not observed at room as
well as at liquid nitrogen temperatures further
suggesting the absence of antiferromagnetic inter­
action. The &1 and A.l values indicate a distorted
Cu04 square-planar site. The resolution of the
parallel and perpendicular parts of ESR spectrum
of Cu(II) complexes may be attributed to the fact

These are closdy related to the absorptions ob­
served for the corresponding mononuclear ana­
logues.

2.06 2.12

2.06 2.13

2.08 2.15

2.09 2.16

2.06 2.13

2.07 2.13

= 1/3[~+ 2A~]

Table 2 - ESf spectral data of(Cu2~)n complexesg" g~ g, A"

(cm-I)x 10"

145.74

151.94

142.64

133.34

142.64

139.28

Complex

[Cu2(dadpm male)21 2.25

[Cu2(dadpm phthalhJn 2.28

[Cu2( o-Dianisi malehJn 2.30

[Cu2(Benzi male)2]n 2.30

[Cu2(dadpm succilzJn 2.27

[Cu2(o-Toli malehln 2.29

'Calculated from the equations &1= 1/3[gll + 2g~J and

usual, is not unknown. In the case of monqnuclearanalogues also the formation of seven-membered
chelate rings was concluded 10,13.

The C, H, N and metal analysis data Ibtained

for some representative compoun s of
(M2~ x H20)0 are collected in Table 1. T e~e da­
ta are in agreement with the formulae of t e com­
plexes.

Electronic spectral data
Due to insolubility of the complexes in queous

and most of the organic solvents, only so id state
electronic spectra in nujol mull, reflecta ce and
photo acoustic modes could be record . The
copper complexes absorbed in the range 0,580­
10,640 cm - I, in the near infrared region. he re­
ported mononuclear analogues were foun to ab­
sorb in the range 14,500-15,100 cm-I and a
square-planar geometry was assigned to them 13.

When square-planar Cu(II) complex is t trahed­
rally distorted, it is well known that a re shift is
observed in its d-d transitionsI4• The fact that the
present binuclear complexes absorb at 10 er t:n­
ergies than the corresponding mononucl ar ana­
logues is suggestive of a distorted squar -planar
geometry around the Cu(II) centres in the present
complexes. The Co(II) complexes exhibit d three
transitions at - 8,500, - 17,700 and 21,500
cm - I. These transitions, which may be ssigned
to 412x+-4~~F)(vl)' 4E2x+-4~~F) ( ) and
4~iP)+-4~~F)(V3) respectively are indi ative of
octahedral geometry around the Co(II) centres.
This assignment is further supported by the ob­
served value of 2.08 for the ratio v/ VI as expect­
ed for octahedral Co(II). These observat ons are
also in agreement with those for the mon nuclear
analogues 13. The Ni(II) complexes too xhibited
three bands at - 9,000, - 15,200 and 22,400
cm - I, generally expected for octahedr Ni(II)
complexes due to .11; +-3~JF) (VI)' 3~g 3~g(F)

(v2) and .1 ~x +- 3~x( F) (vJ), transitions resp ctively.
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that there is considerable magnetic dilution owing
to the large size of the ligand frame work. This is
expected to keep the metal centres considerably
separated in the solid state lattice structure thus
avoiding any dipolar broadening.

Thermal data
A concrete support for the presence of M06

moiety in the Coz +, Nil + and Znz + complexes
due to involvement of two water molecules at
each metal centre emerges from the thermal stud­
ies on the complexes. The differential scanning
calorigrams of Co2+, Nil + and Zn2+ complexes
indicated endothermic peaks at 128, 115 and
131°C respectively. The thermogravimetric analy­
sis on these complexes also indicated weight loss
equivalent to that of two water molecules per me­
tal centre. Peak area calculations of the differen­
tial scanning calorigrams assuming two water
molecules per metal centre resulted in the values
of the bond energies of Coz + - OHz, Nil + - OHz
and Zn2+ -OHz as 14.02, 13.76 and 15.45 kcal
per mol respectively. These va'l.ues are very close
to the usual metal-water bond enthalpies for
corresponding metal-aquo complexes. Siffiilar
thermal studies on the Cuz + and FeZ + complexes
did not indicate any such water loss even upto
250°C. The thermal studies, the insolubility of the
complexes and the steric factors suggest the po­
lymeric chain structure for all the complexes as
represented in structure 2.
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