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The flexibly-bridged tetraanionic hexadentate ligands
(LH 4 ),
methylenbis(salicylaldehyde-o-hydroxybenzylamine)
[CH 2(H 2sal-OHYBAh) and methylenebis(salicylaldehyde -oaminobenzylalcohol) [CH 2(H 2sal-OABAh] react with acetates of
copper(IJ ), nickel(ll), cobalt(IJ ), dioxouranium(VI) to give the
corresponding metal complexes of formula [Cu 2L] , [Ni 2L.4H 20),
[Co 2L.4H 20] and [(U0 2hL.2C H30H] , respectively. Reaction of
these ligands with [MOiacac) 2](M=Mo, W) in refluxing
methanol affords [(M0 2hL.nCH 30H] (n=O or 2). Thermogravimetric analyses confirm the coordination of H20/ CH 30H in
complexes. ·JH NMR spectral data of molybdenum, tungsten and
uranium complexes suggest coordinati on of the ligands throu gh
deprotonated phenolic/enolic oxygen and azomethine nitrogen
atoms. Electronic spectral data suggest square planar structure for
copper complexes while an octahedral structure for other
complexes.

Our interest in the coordination chemistry of flexiblybridged binucleating ligands where ligating units are
separated significantly apart, led us to synthesize
some ligands that resulted in dioxomolybdenum(VI)
and dioxotungsten(VI) complexes having two labile
binding sites, easily accessible within the molecule in
1
polar solvents • Such studies were important to
understand the bonding and displacement of various
substrate molecules . We now report two new
methylene-bridged hexadentate tetraanionic ligands I
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and II and their copper(II), nickel(II), cobalt(II),
dioxomolybdenum(VI),
dioxotungsten(VI)
and
dioxouranium(VI) complexes.

Experimental
All materials and solvents used were of analyti cal
grade. Salicylaldehyde and acetylacetone were
distilled under reduced pressure prior to use. W02Ch
and a-amino benzylalcohol (Aldrich) were used as
received. o-Hydroxybenzylamine2, 5,5' -methylene
3
bis( salicylaldehyde) ,
[Mo02(acac )2t
and
[W0 2(acac ) 2]5(acacH=acetylacetone) were synthesized by the methods described previously .
Elemental analyses of the ligands and complexes
were carried out by the micro analytical section of the
NCL, Pune. Metal contents were determined
6
gravimetrically/volumetrically as reported earlier .
Electronic spectra of the ligands, molybdenum,
tungsten and uranium complexes were recorded in
DMF. Other spectra were recorded in nujol by pl.!tting
nujol paste of the sample inside to one of the cuvette
and keeping reference cuvette layered with nujol. The
instrument used was UV - 1601 PC UV-visible
1
scanning spectrophotometer. H NMR spectra of the
ligands, ·molybdenum, tungsten and uranium
complexes were recorded on a Bruker WH-90
spectrometer in DMSO-d6 using TMS as an internal
standard. IR spectra were scanned as KBr pellet on a
Perkin-Elmer model 160 I FT -IR spectrophotometer.
The magnetic susceptibility measurement was
performed at ambient temperature by the University
Scientific Instrumentation Centre, Roorkee. Thermogravimetric analyses of the complexes were carried
out on a simple manually operated thermobalance
constructed in our laboratory . Instrument was
calibrated using crystallized copper(II) sulphate
pentahydrate. Samples were run under dynamic atr
atmosphere with the heating rate of 3 to 5°C min· 1•
Preparation ofCH2(H 2sal-OHYBAh (I) and
CH2(H 2 sal-OA BA h (II)

A hot methanolic solution (40 rnl) of 5,5'-methylenebis (salicylaldehyde) (2.56 g, 0 .0 I mol) was
added to a hot solution of o-hydro xybenzylamine or
o-aminobenzyl alcohol (2.46 g, 0.02 mol) in 70 ml
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methanol and the reaction mixture refluxed for 2 h on
a water bath. After reducing the solvent to ca. 20 ml
and cooling to 10°C for overnight, the separated solid
was filtered, washed with methanol and dried at
ambient temperature. Finally both ligands were
recrystallized
from
methanol.
Yield
-70%.
CH2(H2sal-OHYBAh: m.p.l65°C. [Found: C, 74.3;
H, 5.7; N, 5.7%. Calc. for C29 H2~ 2 04: C, 74.7; H,
5.6; N, 6.0%. 1H NMR: 3.85 (s, 2H), -CH 2-; 4.78 (s,
4H), -CHr (amine residue); 7.36 (s, 2H), -CH=N-;
6.78-7.18 (m, 14H), aryl; 8.76, 13.50 (b, 2H each),
-OH]. CH2(H2sal-OABA) 2: m.p.l69°C. [Found: C,
74.5; H, 5.8; N, 5.6%. Calc. for C2 9 H2~204: C, 74.7;
H, 5.6; N, 6.0%. 1H NMR: 3.92 (s, 2H), -CHr; 4.84
(s, 4H), -CHr(amine residue); 8.6l(s, 2H), -CH=N-;
6.89-7 .54 (m, 14H), aryl; 12.96(b, 2H), -OH].
Preparation of [CuiCH2{sal-OHYBA}z)] and
[CuJ(CH2 {sal-OABA}z)]

A solution of appropriate ligand (0.47 g, O.OD:I
mol) was prepared in 20 rnl of hot methanol and to
this was added a filtered solution of cupric acetate
monohydrate (0.44 g, 0.002 mol) in 20 rnl of
methanol while stirring. The reaction mixture was
refluxed on a water bath for 4 h. After concentrating
the solution to ca. 15 rnl, the flask was -cooled to I 0°C
for overnight. The separated solid was filtered,
washed with methanol and dried at l00°C in air oven .
Yield: 45-50%.
[ MiCH2{sal-OHYBA}z).4H20 ], [ MiCH2 { salOABA}2).4H20] {M=Ni(ll), Co(ll)]
[(U0 2 )z(CH2 {sal-OHYBA} 2 ).2CHJOH] and
[(U0 2 )z(CH2 {sal-OABA}2).2CHJOH]

These complexes were prepared following the
method reported above using appropriate ligand
(0.001 mol) and metal acetate (0.002 mol) in
methanol. Yield: 55-60%.
[(M0 2 )z(CH2 {sal-OHYBA}z).nCH3 0H] and
[(M0 2 )z(CH2{sal-OABA}z)] [M=Mo, W; n=O or 2]

The appropriate ligand (0.47 g, O.OOi mol) was
dissolved in 30 rnl of hot methanol and to this was
added solid [Mo02(acach] (0.68 g, 0.002 mol) or
[W02(acach] (0.88 g, 0.002 mol) in one portion with
vigorous shaking. The obtained reaction mixture ·was
refluxed for 6 h on a water bath . After reducing the
volume to ca . 20 rnl, the flask was kept at I 0°C for
overnight. The separated solid was filtered, washed
with methanol and dried in vacuo. Yield: 50-60%.

The analytical data of the complexes are reported
in Table I.

Results and discussion
The condensation of 5,5 ' -methylenebis (salicylaldehyde) with o-hydroxybenzylamine or o-aminobenzylalcohol in refluxing methanol gives flexibly
bridged binucleating tetraanionic haxadentate ligands
1
(LH4). Elemental analyses, IR and H NMR spectral
data confirm their expected structure. These ligands
react with metal acetates in I :2 molar ratio in
methanol according to Eqs. (l) to (3),
CH 30H
2 Cu(CH 3C00h+Lf-L. ______. [Cu 2L]+4 CH 3COOH
. .. (I)
CH30H
2 M(CH3C00)2+LH4 ____. [M2L.4H20]
+4 CH 3COOH . . . (2)
[M=Ni(II), Co(II)]
CH30H
2 U02(CH3C00)2+LH4 ____. [(U02hL.2CH30H]
+4CH 3COOH
... (3)
Dioxomolybdenum(VD and dioxotungsten(VD
complexes were prepared by reacting [M0 2(acac)2]
(M=Mo, W) with ligand (2: I molar ratio) in refluxing
methanol (Eq. 4).
CH30H
2 [M02(acac)2]+LH4 ____. [(M02hL.nCH30H]
+4 acacH
... (4)
(M=Mo, W; n=O or 2)
The analytical data support the formation of
complexes and metal analysis confirms the presence
of two equivalents of metal ions. Copper(II),
nickel(II) and cobalt(II) complexes are insoluble in
most common organic solvents. Only dioxomolybdenum(VI), dioxotungsten(VI) and dioxouranium(VI) complexes are soluble in DMF and DMSO.
Nickel(II) and cobalt(II) complexes are paramagnetic and show normal magnetic moment
expected for these complexes. However, copper(II)
complexes exhibit magnetic moment less than
expected for 3~ system which may be due to
antiferromagnetic interaction between two copper
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Table 1-Analytical data of complexes
S. No.

Compounds'

Colour
M

2

21.3
(21.6)

59.3
(59.1)

3.8
(3.7)

4.5
(4.8)

1.28

[Ni 2(CH 2{sal-OHYBA} 2).4H 20]

Yellow

17.8
(18.0)

53.1
(53.4)

4.9
(4.6)

4.1
(4.3)

3.05

Yellow

18.4
(18.1)

53.0
(53.4)

4.8
(4.6)

4.0
(4.3)

4.88

Yellow
Orange

24.3
(24.6)

47.4
(47.6)

3.9
(3.8)

3.8
(3.6)

diamag

[ (W02h(CH 2{sal-OHYBA h)]
C29H22N20sW2

Yellow

40.8
(41.1)

38.7
(38.9)

2.8
(2.5)

3.1
(3.1)

diamag

[ (U02h(CH 2{sal-OHYBA h).2CH 30H]

Reddish
Brown

44.9
(44.7)

34.7
(34.9)

3.0
(2.8)

2.4
(2.6)

diamag

[CuiCH 2{sal-OABAh)]
C29H22 N204Cu 2

Green

21.2
(21.6)

59.1
(59.1)

3.6
(3.7)

4.6
(4.8)

1.20

[NiiCH 2{sal-OABA} 2).4H 20]

Yellow

17.7
(18.0)

53.3
(53.4)

4.8
(4.6)

4.0
(4.3)

3.15

Brown

18.2
(18.1)

53.2
(53.4)

4.8
(4.6)

4.4
(4.3)

4.81

[Co 2(CH 2{sal-OHYBA h).4H 20]
[(Mo02h(CH 2{sal-OHYBA h).2CH 30H]
C 31 H~ 2 0 10Mo 2

5
6

C31H~2010U2

7
8

C29H~20sNi2

9

(B .M.)

Green

C29H~20sCo2

4

Jl efT
N

[Cu 2(CH 2{sal-OHYBAh)]
C29 H22 N20 4Cu 2
C29H~20sNi2

3

Found (Calc.)%
c
H

[Co 2(CH 2{sal-OABA} 2).4H 20]
C 29 H~ 2 0 8 Co 2

10

[(Mo0 2h(CH 2{sal-OABA} 2)]
C29H22N20sMo2

Orange
Yellow

26.3
(26.7)

48.2
(48.5)

3.3
(3.1)

3.8
(3.9)

diamag

II

[(W0 2h(CH 2{sal-OABAh)]
C29H22N20s W2

Yellow

41.5
(41.1)

38.8
(38.9)

2.6
(2.5)

3.0
(3.1)

diamag

[(U0 2h(CH 2{sal-OABAh).2CH 30H]

Orange

44.5
(44.7)

35.1
(34.9)

2.9
(2.8)

2.5
(2.6)

diamag

12

C31H~2010U2

"For abbreviations see structures I and II

centres due to polymerization of complexes. Other
complexes viz . dioxomolybdenum(VI), dioxotungsten(VI) and dioxouranium(VI) are diamagnetic.
The IR spectra of the ligands exhibit a medium
intensity band in the range 2500-2700 cm-1 due to
intramolecular hydrogen bonded hydroxyl group 7·8 .
Absence of this band in the metal complexes
indicates the breaking of the hydrogen bond and
coordination of oxygen atom to the metal after
deprotonation . CH2(H 2sal-OABAh exhibits a sharp
band at 1207 cm-1, which is assigned to the
v(C-O)(alcoholic) 7 . This band undergoes a positive
shift by 5-25 cm- 1, indicating the coordination of
alcoholic oxygen atom. This is further supported by
the absence of band at ca. 3400 cm- 1 in copper(II) and
other anhydrous complexes. A broad band at -3400
1
cm- in other complexes is probably due to v(OH) of
coordinated H 20/CH 30H. The band due to v(C=N)
stretch appears in the range 1620-1650 cm- 1. This

band is shifted to lower frequency by 5-25 cm- 1,
indicating the coordination of azomethine nitrogen to
9
the metal ion . The IR spectral data and valence
requirement of the metal ion indicate that each unit
behaves as tridentate dibasic ONO donor ligand in
these complexes.
The
[(Mo02h(CH2{sal-OHYBA}2).2CH 30H]
exhibits two sharp bands at 900 and 880 cm- 1 due to
V,ym((O=M=O)
and
Vasym(O=M=O)
stretches,
10
respectively . This data is indicative of the presence
of cis-Mo0 2 structure. However, other molybdenum
and both tungsten(VI) complexes display only one
1
band at 920-935 cm- due to v(O=M=O) stretch and a
strong but broad band at ca. 780 cm-1 due to
weakened v(M=O) stretch as a result of M=o~M
interaction. These observations suggest the presence
of oligomeric (pseudo-octahedral) 11 or dimeric 12
structure for these complexes while monomenc
octahedral structure for the former one 13 .
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The uranium complexes exhibit only one band at
1
904 cm· due to Yasym(O=U=O) stretch and this
indicates the trans-U0 2 structure for these
14
comp Iexes . The force constant, fu.o for these
15
complexes was computed using the relation , fu. 0 =4
2 2
2
).17t C [Yas;,(O=U=0)] while bond length with the
.
he Ip o f equat1on,
Ru.o= 1.08 fl/3 + 1.17 16 . The force
constant value of 6.79 mdyne/A and bond distance of
1.7404A, both agree well with the values of simi lar
14
dioxouranium(VI) complexes .
The electronic spectrum of nickei(m complex,
[Ni 2(CH2 {sal-OHYBA }2).4H20] exhibits two ligand
1
field bands at 17540 and 23050 cm· while
[Ni2(CH2{sal-OABA} 2).4H 20] displays these bands
1
at 18180 and 22420 cm- . These bands are assigned to
3
3
3
3
A2~: ~ T1K(F)(v2) and A28 ~ T1g(P)(v3) transitions,
17
respectively • The cobalt(IJ) complexes show similar
electronic spectral bands at ca. 20400 and at ca.
4
24800 cm-1 due to transitions 4 T1 8 (F) ~ A2K(F)(v2)
8
4
4
and T 18 (F) ~ T1 ~: (P)(v 3), respectivel/ . In
1
addition, one intra-ligand band at ca . 35000 cm- has
also been noticed. The electronic spectra of copper(m
complexes exhibit a high energy band at 23700-25700
cm· 1 which is assigned to ligand-metal charge transfer
band 19. Other two bands centered at 32800-35970 and
38000-40000 cm-1 are due to intra-ligand transitions.
The positions of the electronic spectral bands of
nickel and cobalt complexes are consistent with the
octahedral structure while data of copper complexes
20
are compatible with square planar complexes . But
insolubility of these complexes in common solvents
indicate their polymeric nature.
The dioxomolybdenum(VI) and dioxotungsten(VI)
1
complexes exhibit one band at ca . 24000 cm- due to
ligand to metal charge transfer (LMCT) transition
between the lowest empty d-orbital of the metal and
10
the highest occupied ligand molecular orbital . A
non-ligand band in dioxouranium(VI) complexes is
1
.
d to I~+
. .
f the UO 2 mOiety
. 14 .
ass1gne
£.., g ~ ·1ru trans1t10n o
Two to three intra-ligand bands have also been
recorded in these complexes. All these spectral data
are similar to the one recorded for the full range of
transition and inner-trans ition metal complexes of
1320
H2sai-OHYBA and H 2sai-OABA · .
1
The H NMR spectra of ligands and their
molybdenum, tungsten and uranium complexes were
recorded in DMSO-d6 . The ligand I exhibits two
broad signals at 8.76 and 13 .50 ppm due to the
phenolic protons while ligand 11 displays this signal at
12.96 ppm. On complexation, this band completely

disappears in these complexes, thereby indicating the
coordination of phenolic oxygen atom(s) to the metal
after proton replacement. The signal due to alcoholic
proton of the ligand CH 2(H 2sal-OABA) 2 could not be
located in the 0-15 ppm range. A sharp singlet at
7.63-8.61 ppm due to azomethine proton shifts
downfield, suggesting the coordination of azomethine
21
nitrogen . The methyl protons of methanol appears at
ca. 3.65 ppm. The presence of a singlet at 3.85-3.95
ppm due to -CHr group in the ligands as well as in
complexes indicates that two schiff base units are
attached through the methylene group. A sharp singlet
at 4.78-4.92 ppm is assignable to the methylene
protons of amine residue. The signal due to aromatic
protons are observed at nearly the same positions as
in the respective ligands. Thus, the NMR data
substantiate the conclusion drawn from the IR
spectral data.
The dynamic TGA with the % weight loss at
different steps have been recorded. Thermograrns of
nickel and cobalt complexes indicate the loss of two
equivalents of water per unit of metal complex in the
first step. After the total loss of water, the organic
moiety decomposes on further increment of
temperature. Although decomposed fragments of the
ligands could not be estimated due to continuous
weight loss, the complete decomposition of ligands
occur at -700°C. It is interesting to note that while
loss of coordinated water molecules occurs relatively
at lower temperature in the complexes having ohydroxybenzylamine
moiety,
the
complete
decomposition of ligand having th is moiety occurs
relatively at higher temperature in these complexes.
In fact, complete decomposition of ligand in
[Co 2(CH2{sal-OHYBA h).4H 20] did not occur even
at 750°C and hence the evaluation of the residue was
not possible in this complex due to limitations of the
instrument.
Copper, molybdenum and tungsten complexes
except [(Mo02)2(CH 2{sai-OHYBA}2). 2CH30H] are
stable up to 250°C which indicate the absence of any
coordinated solvent. However, a weight loss
corresponding to two methanol molecules was
observed between 180-250°C in [(Mo02)2(CH 2{salOHYBA h).2CH 30H]. The observed% residue
corresponds
to
the
anhydrous
species
[(Mo02)2(CH2{sal-OHYBAh)].
The
complete
decomposition of ligand occurs between 250-700°C
and the observed% residue corresponds to the
respective oxide. The uranium complexes also lose

NOTES

weight between 165-27 5°C corresponding to two
methanol molecules and complete decomposition of
ligand occurs at -675°C. The residue left at the end is
equivalent to U30 8 .
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