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Abstract : A complex [(J.L-CI)2Cu2{112-(pbox)hl (1) has been isolated by the reaction of copper(II) chloride (hydrated) 
with {2-(o-hydroxyphenyl)}benzoxazole (pboxH) in equimolar ratio [in ethanolic medium] and was found to be insoluble 
in most of the organic solvents; resulting product was treated with sodium salts of various Schiff bases, isopropoxide 
and aluminium tetraisopropoxide in presence of THF/pyridine produced the complexes of the type [(smab)Cu{n2-(pbox)] 
(2), [(sap)Cu{n2-(pbox)}] (3) and [(opr1)2Cu2{n2-(pbox)hl (4), [{AI(opr1)4}Cu{n2-(pbox)}J (5). These products have been 
characterized by elemental analysis (C, H, N), Volhard's method (for Cl) and AAS (for Cu), melting points, spectros­
copic (IR, UV-Visible, ESR, FAB-MS) and magnetic studies. 

Keywords : Copper(ll) complexes of benzoxazole, ESR, F AB-MS, magnetic studies. 

Introduction 

Schiff bases and substituted benzimidazole/benzoxazole 
complexes of transition metals are of great importance 
due to its biological, pharmacological, clinical and ana­
lytical applications1•2. During last decade different group 
of workers involved to study the photophysics and photo­
chemistry of Schiff bases (i) containing naphthalene or 
quinoline ring3, (ii) 2-(p-dimethlyamine styrylbenzoxazole) 
(DMASBO) and its benzothiozole analogue (DMASBT)4; 
whereas intramolecular proton transfer process in the 
photophysics of 2-(2' -hydroxyphenyl)benzoxazole and 2-
(2' -hydroxyphenyl)benzothiozole was studied by 
Purkayastha and Chattopadhyay5. The phosphorescence 
of related compounds, 2-(2'-deuteriooxyphenyl)­
benzoxazole (DBO) and 2-(2' -hydroxy-4' -methyl phenyl)­
benzoxazole (m-MeHBo)4 as well as synthesis of poly­
hydroxy benzoxazole6 based colorimetric chemosensor 
for anionic species were also studied. Keeping above facts 
in view, we have been interested to investigate the sy~­
thesis and spectroscopic characterizations of '3d' transi­
tion metal complexes7-9 containing these versatile ligands, 

which were not studied in detail so far. 

Therefore we report herein the synthesis, spectral (IR, 
UV-Visible, FAB-MS and ESR) and magnetic studies of 
copper(II) complexes containing {2-(o-hydroxyphenyl)­
benzoxazole} (pboxH) moieties. 

Results and discussion 

An ethanolic solution of {2-(o-hydroxyphenyl) }­
benzoxazole (pboxH) was added to a aqueous ethanolic 
solution of copper(n) chloride (hydrated) in equimolar 
ratio, a light green coloured precipitate was obtained. 
Further addition of sodium acetate afforded yellowish green 
colour solid product [(j.1.-CI)2Cu2{rt2-(pbox)hl (1). The 
product 1 was digested, filtered, washed with aqueous 
ethanol and finally dried at -100 °C under reduced pres­
sure. 

Attempt was made to purify the complex using a num­
ber of solvents such as benzene, isopropanol, ethanol etc. 
However, it has been realized that the complex is highly 
insoluble in most the common organic solvents as well as 
mixture of solvents. The complex has tendency to form 
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adducts, when treated with THF/pyridine. Due to insolu­

bility in the non-polar solvents, the molecular weight de­
termination could not be made possible either by 
cryoscopically or by ebullioscopically, though it is ex­
pected to be polymeric in nature. 

Attempts have been made during the course of present 
investigation to prepare soluble complex by the interac­
tion of sodmm salt of Schiff bases; which could throw 
light on structure of copper(II) complexes. The reactions 
of chloro complex of copper(II) containing benzoxazole 
moiety with sodmm salt of Schiff bases (sb) in the equimo­
lar ratio, m the presence of THF/pyridine, which can be 
represented as follow : 

THF/py 
[(J.t-Cl)Cu{1')2-(pbox)}) + Na(sb) -----+ 

refluxed 

{112-(pbox)}Cu(Sb)] + NaCl ..1. 

2 and 3 

THF/py 
((J.t-Cl)Cu{1')2-(pbox)}] + Na(opr1) --~ 

refluxed 

[{1')2-(pbox)}CU(J.t-opr1)] + NaCl ..1. 

4 

C6H6/THF 
[(J.t-Cl)Cu{1')2-(pbox)} ] + Na{Al(opr1) 4} ---~ 

refluxed 

[{Al{opr1) 4}Cu{1')2-(pbox)}] + NaCl ..1. 

5 

(where sb = s~nabH (2) and sapH (3)) 

These mixed ligand complexes are coloured solid and 

found to be soluble in common organic solvents like ben­
zene, n-hexane etc. and have been punfied by recrystal­
hzauon m the mixture of solvents such as THF and ben­

zene 

Further, the chloro complex of copper(II) was inter­

acted wtth sodtum Isopropoxide and tetraisopropoxtde alu­
m mate salt m equimolar ratio to produces (J.t-0Pr1)Cu{1')2-
(pbox)} (4) and a novel bimetallic complex [{Al(opr1k 
Cu{(ll2-(pbox)}] (5). 

Infrared spectral studies : 

The [(J.t-ClhCu2{1')2-{pboxh}1 (1) complex exhibit char­

acteristic IR frequencies at 280(s) cm-1 for "cu-CI bridg­
ing VIbrahon10, suggestive for chlorine bridging between 
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two copper(II) centers, 237(m)-234(s) cm-1 for ueu-N 

and 580(s)-559(m) cm-1 for ucu-O· The spectra of the 
ligands (smabH, sapH and pboxH) showed bands at 1647-
1618 cm-1 characteristic for uc=N whereas bands shifted 
to lower frequency region at 1640-1595 cm-1 in com­
plexes [(j.J.-CI)2Cu2{112-(pboxh}] (1) and [(smab)Cu{112-
(pbox)}] (2) suggesting coordination through the hetero 

nitrogen atom. 

The complexes 4 and 5 exhibit characteristic peak for 
bridging isopropoxy groupl3 at -1030-1050 cm-1 and 
at 960 cm-1 for and Vc-o respectively, whereas complex 
5 exhibit one more peak at -1150 cm-1 is possibly due 
to terminal isopropoxy groups13. Instead of these bands, 
band at 700 cm-1 has been assigned for v AI-O· 

Electronic spectral studies : 

The visible spectra (Table 2) of the complexes, [(Jl­
Clz)Cu2{112-(pbox)z}] (1) and [(smab)Cu{112-(pbox)}] (2) 

have been recorded in pyridine/THF mixture which ex­

hibits broad asymmetric band at -14903 and -15673 
cm-1 respectively attributed to 2E8 ~ 2r2g transition, due 
to Jahn-Teller distortion in Jl (Cu2+) systems as well as 
due to the presence of electronegative 'N' and '0' donor 
atom causes the broadening of the absorption band, sug­
gesting a distorted octahedral geometry (in D 4h symme­
try) for copper(II) complexes12. Besides above bands ad­
ditional intense bands have been observed at - 26882 
cm-1 assigned as ligand to metal charge transfer band 

(L ~ MCT) and at -34662 cm-1 assigned to intra ligand 

charge transfer band. 

ESR spectral studies : 

The ESR spectrum of {2-(o-hydroxyphenyl)­
benzoxazolato}copper(II) complex 1 in polycrystalline solid 
state at room temperature has been measured (Table 3). 
ESR spectrum indicates gil > gl. > 202 in dx2-y2 (or 
dxy) state whilst dz2 ground state term usually gives a 
spectrum withgl. >gil = 2.00. Copper(II) systems studied 
herein, shows a pronounced peak for which gil = 2.16. 
In an axial symmetry, the expression G = {gil- 2) (gl.-
2), which measures the exchange interaction between 
copper centers in polycrystalline solids14. The g8v = l/3 
{gil + 2gl.) gave values in the range 2.17 ± 0.03, which 
are in agreements with an orbitally non-degenerate ground 
state. It appears that g value obtained corresponds to mo­
lecular g value, which are characteristics of square pla­
nar geometry around copper(n), obtained as a result of 
coordination through nitrogen atom. These have been 
corroborated by IR and electronic spectral studies. 

Magnetic studies : 

The copper(II) complex of 3Jl configurations exhibits 
paramagnetism corresponding to one unpaired spin (s = 

1/2, Jls.o. = 1.73 B.M.). However, magnetic moment is 
usually observed to be slightly higher - 2. 0 B. M. 
Copper(II) complexes usually have a distorted octahedral 
stereochemistry, although a few are known to be square 
planar approaching towards a tetrahedral stereochemis­
try15. The observed magnetic moments at room tempera­
ture for monochloro {2-(o-hydroxyphenyl)benzoxazolato}­
copper(n) is 2.36 B.M. which is in agreement with re­
ported values (1.8-2.4 B.M.) for Cu11 Jl system. 

Table 2. UV-Visible spectral data ofcopper(n) complexes 

Sl. no. Complex 

1. [(1J.·Cl)zCu2{112-(pbox)hla (I) 

2. [(smab)Cu{n2-(pbox)}lb (2) 

3. [(1J.-opri)zC~{ll2·(pbox)}:ilb (4) 

aspectrum recorded in DMF. 

bspectrum recorded in THF solution. 

20920, 23256 
18692 

19608, 21276 

14903 
13889 

26882, 27472, 29940 

Table 3. ESR spectral data of benzoxazole complex of copper(II) 

Complex H11 (Gauss) 

({1J.-CI)zCu2{112-(pbox)hJb (I) 2740 
[(!1-CI)zCu2{112-(pbox) hJc (1) 2800 
[(11-cl)2Cu2{112-(pbox)hJb (I) 

aspectrum recorded in polycrystalline solid state. 

bESR spectrum recorded at room temperature. 

H1 (Gauss) 

3000 
3240 
3000 

CESR spectrum recorded at liquid nitrogen temperature ( -77 oq. 

J/CS-17 

gil B.L 

2.37 2.17 

2.32 2.15 
2.16 

31250, 33330. 35587 
34364 
34672 

Bav G 

2.14 2.56 
2.2 2.13 
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Note 

©:>--)0> 
+ Na {Al(OPi)d ·~ (S) 

/ ' F¥0 Of¥ 

©: +o=!Ja 
NHz HO~ 

X 
F¥0 OPII 

(o-aminophenol) (Salicylamide) 

(ii) Distilled at (·) NH3 f 
(i)A(I30°) l +Na(OPt) ~ / u' -23BOC (·)HzO 

©()-)G) 
H-Q 

(pboxH) 
(pboxH + CuClz.6H20 

()Pol 01'1' (4) 
'-c/ 
0/\ 

<05-<)0 

1 (i) Aq. EtOH 
• 6Hz0 (ii) CH3COONa 

+ N:a(sap) 
0 ~ 0 

-2NaCI (iii) Dried under reduced 
-CH3COOH pressure at I 00°C 

THF or~ 
+Na(smab) QC'-c9 (o (2) 

/\ 
ifc~iJ 

CH3 

(1) 

Scheme 1. Synthesis and reactions of monochloro-{2-(o-hydroxyphenyl)benzoxazolato}copper(n). 

FAB-MS studies : 

The FAB-mass spectrum7·9 (Fig. 1) of the copper(ll) 
complex [(!l-CihCu2{Tl2-(pboxh} (1) showed an impor­
tant peak at mlz 614, which correspond to the dimeric 
molecular association; the dimerization takes place through 
bridging chlorine atom between two copper(II) centers. 
Which dissociate in two fragments i.e. mlz at 307 (mono­
mer) (I) and at 522 (II) the important fragmentation peaks 
were observed, which are indicative for the fragmenta-

tion of parent molecule of the complex by the formation 
of various radical cations at different mlz for (I) 307. 
272, 209, 117 and for (II) 522, 430, 404, 390, 378, 288 
211, 198. The fragmentation pattern showing structural 
information is represented in Scheme 2. 

Experimental 

All chemicals used throughout the course of experi­
mental work were of G.R. or A.R. grade. Spectroscopic 
grade solvents were employed for recording the spectra. 
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Note 

Benzene (B.D.H.), isopropanol (B.D.H.) and tetrahydro­
furan (Loba) were dried according to standard literature 
procedure. Aluminium isopropoxide13 was prepared by 
dissolving aluminium foil in isopropanol, in the presence 
of HgCI as catalyst and refluxing it for - 6 h. Final prod­
uct was purified by distillation (b.p. 95 °C). The quanti­
tative determination of copper was carried out by Atomic 
Absorption Spectroscopy, GBC-92AA. Aluminium con­
tent present in the bimetallic complex was determined 
after precipitating aluminium as its oxinate16. Chloride 
content was estimated by Volhard's method16. 
Isopropoxide content in the corresponding isopropoxy 
derivative was estimated by an oxidimetric methodss. 
Infrared spectra (4000-400 cm-1) were recorded in Nujol; 
whereas 400-200 cm-1 spectrum was recorded in KBr 
solid, using Perkin-Elmer 1000 FTIR spectrophotometer 
eletronic spectra of the compounds were recorded in DMF 
and/or in C6H6/THF on a Hitachi-220 spectrophotometer. 
An ESR spectrum was recorded on E-112 ESR spectro­
meter. FAB-mass spectrum was recorded on Jeol SX 102/ 
AD-6000 mass spectrometer/data system using argon/xe­
non (6 kv, 10 rnA) as the FAB-gas. Magnetic susceptibi­
lity measurements were made at room temperature 
(23.5 °C) by Gouy method. 

Synthesis of Schiff bases : 

The ligand {2-(o-hydroxyphenyl)}benzoxazole (pboxH) 
was synthesized according to previously established lit­
erature methods 17. Salicylidine-2-methyl-1-aminobenzene 
(smabH)18 was prepared by refluxing ( -6 h) equimolar 
amounts of toluidine ( 10.7 g, 100 mmol) and salicylalde­
hyde (12.21 g, 100 mmol) in methanol (- 30 cm3). Fur­
ther, sodium salt of salicylidine-2-methyl-1-aminobenzene; 
Na(smab)I8 was prepared by dissolving equimolar amounts 
of sodium metals and salicylidine-2-methyl-1-aminobenzene 
in methanol. Salicylidine-2-aminopyridine (sapH) 19 and 
its sodium salts, Na(sap) were prepared by the indentical 
methods as given above. 

2-Aminosodium phenolate was prepared by refluxing 
( -1-2 h) equimolar amount of 2-aminophenol and so­
dium metal in THF and sodium tetraalkoxyaluminate was 
prepared by standard literature procedure13. 

Preparation of chloro (2- (o-hydroxyphenyl)­
benzoxazolato-copper(ll); [(Jl-Cl)2Cu2 {rf-(pbox)}~ (1) 

complex: 

A freshly prepared aqueous ethanolic solution (50% 

ethanolic -50 cm3) of copper(II) chloride (3.38 g, 14.2 
mmol) was added dropwise to a pre-stirred hot ethanol 
( -75 cm3) solution containing 2-(o-hydroxyphenyl)­
benzoxazole (3 g, 14.2 mmol), which produced a pinkish 
brown coloured precipitate; further, dropwise addition of 
dilute sodium acetate solution with stirring afforded pink 
coloured precipitate; [(Jl-ClhCu2{1l2-(pbox)hl (1). It was 
then digested (- 1 h), filtered, washed with aqueous etha­
nol and dried at -100 °C under reduced pressure to give 
yellowish pink powdered solid (4.13 g, 95%). The prod­
uct on analysis was found to have Cu (19.2%), Cl (11.4%) 
and Calcd. for Cu (19.3%), Cl (11.6%). 

Reaction of {(Jl-ClhCu2{rt-(pbox)}~ (1) with 
Na(smab): 

To a stirred hot yellowish green suspension of chloro­
{2-(o-hydroxyphenyl) }benzoxazole complex of copper(II) 
(0.3 g, 0.98 mmol) in tetrahydrofuran (- 30 cm3) was 
added sodium salts of salicylidene-2-methyl-1-
aminobenzene (0.23 g, 0.98 mmol) in equimolar ratio. 
The reaction mixture was allowed to reflux for - 1 h, 
during which time, colour of solution changed from yel­
lowish green to red; the precipitated NaCI (0.06 g, 0.99 
mmol) was removed by filtration. The solvent was re­
moved from the filtrate under reduced pressure to afford 
a reddish brown solid product [(smab)Cu{112-(pbox)}] (2) 

which was purified by recrystallization from benzene/ 
THF mixture to finally give reddish brown powdered 
solids (0.43 g, 93%). Analysis of this derivative was found 
to be Cu, 12.5% and Calcd. for Cu (12.3%). 

Similar procedure (Scheme 1) was adopted to isolate 
[(sap)Cu{112-(pbox)}] (3), [(Jl-oprihCu2{1l2-(pbox)h1 (4) 

and [{Al(opri)4}Cu{1l2-(pbox)}] (5). The analytical de­
tails are given in Table 1. 
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