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Abstract : A complex of cobalt(II); ((J.L-Cl)2Co2{TJ2-(pbox)}2] (1), (where pbox = {2-(o-hydroxyphenyl)benzoxazole}, has 

been synthesized, and it was treated with sodium salts of Schiff bases, Na(sb) [sb = smab and sap], isopropoxo-aryloxo
Na(OR) [R = Pri and Ar] and tetraisopropoxyaluminate, Na{Al(0Pri)4} to produce hydrocarbon soluble complexes of 
the types : [(smab)Co{TJ2-(pbox)}] (2), [(sap)Co{TJ2·(pbox)}] (3), ((J.L-0Pri)2Co2{TJ2-(pbox)}2] (4), [(J.L-0Ar)2Co2{TJ2-(pbox)}z] 
(5) and [(J.L-0Pri)2{Al(0Pri)2}Co{TJ2-(pbox)}z] (6). These complexes have been characterized by elemental analysis, IR, 

electronic, F AB-mass and magnetic susceptibility measurements, which suggest tetrahedral geometry of the molecule before 
coordination of solvent (THF) molecules. 

Keywords : Cobalt(ll), benzoxazole, FAB-mass. 

Studies on benzoxazole complexes1 of '3d' transition 

metals are limited, probably due to their insolubility, poly

meric nature and non-volatile characteristics. A large 

number of metal complexes of benzoxazole with organic 

ligands such as; 2-methylbenzoxazole, isoxazole and 3,5-

dimethylisoxazole2, 2,5-diphenyloxazole and 2,5-

dimethyleneoxazole3, possess a wide range of medicinal 

applications2-4. The synthesis of chloroderivatives5 of '3d' 

transition metals containing benzoxazole and benzimida

zole ligands were successful but, even this complex was 

found to be insoluble. The synthesis of hydrocarbon soluble 

mixed ligand complexes was successful for the first time 

in our laboratory by the interactions of the above chloro 

complex with sodium salts of Schiff bases, salicylidene-

2-methyl-1-amirtobenzene (smabH) and salicylidene-2-

aminopyridine (sapH), alkoxo-, aryloxo- and tetra

alkoxyaluminate ligands. However, some hetero

polymetallic complexes6 of the later '3d' transition met

als containing alkoxo-, aryloxo-, acetylacetonato-moieties 

have already been reported7. 
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Results and discussion 

Synthesis : A hot ethanolic solution of {2-(a

hydroxyphenyl)}benzoxazole (Hpbox) was added to an 

aqueous ethanolic solution of cobalt(II) chloride in equimo

lar ratio, followed by the addition of dilute solution of 

sodium acetate, buff coloured solid precipitate, [(j.!

Cl)zCo2{112-(pbox)}z] was obtained which has been shown 

in Scheme 1. 

The complex has been found to be insoluble in most 

of the common organic solvents such as benzene, chloro

form, isopropanol etc. whereas soluble in DMF, DMSO, 

THF and pyridine. This new complex is coloured solid 

and has tendency to form adducts when treated with THF. 

The simple metathetic reactions of [(j..t-Cl)2Co2{112-

(pbox)}z] (1) with sodium salts of Schiff bases Na(smab) 

and Na(sap), isopropoxo-Na(OPri), aryloxo-Na(OAr) 

[where Ar = NH2C6H4] and tetraisopropoxyaluminate 

[Na{ Al(OPri)4}] in 1 : 1, stoichiometric ratio (in THF

C6H6 mixture), which have been represented by the fol

lowing chemical reactions : 
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. C6H6-THF 
+ Na{AI(0Pr')4} ----7 

stirred/a 

C6H6-THF 
+ Na(sb) -----7 

[(sb)Co(pbox)] + NaCI .l-

THF 
+ Na(OR) ----7 

[(OR)Co(pbox)] + NaCI .l-

(sb = sap and smab; R = Pri or Ar) 

These compounds are brown to yellow green pow
dered solids, soluble in common organic solvents like 

OH NH2 

OLNH2+o=~~ 

(i) Ll. (130o) (-) NH T 

C6H6, THF etc. and have been purified by recrystalliza
tion in the solution of benzene-THF mixture. 

IR spectral studies : Infrared spectrum of [(~J.
CI)zCo2{TJ2-(pbox) hl (1) showed characteristic IR ab
sorption bands8 in the range 280-329 cm-1 for Vco-CI• 

261-245 cm-1 for Vco-O• 234-220 cm-1 for Vco-N and 
1614-1481 cm-1 for Vc=N• which is observed at -1615 
cm-1 in the benzoxazole ligand. The shift of frequencies 
in the metal ligand complex from that of the free ligand 
reveals the coordination through hetero 'N' atom of 'C=N' 
group in the complex. TheIR frequencies of the phenolic 
-OH group is generally observed around 3465 cm-1 in 
benzoxazole ligand which was disappeared on complex
ation indicating that bonding is through phenolic oxygen 
atom after deprotonation of the -OH group of the ligand. 
It was further supported by upward shifting of v(C-O) 

(phenolic) observed at 1248 cm-1, which get shifted to 

(o-aminophenol) 1 HO (Salicylamide) 

· (ii) Distilled at (-)H ·~ 
-238°C 2 + Na(OR) (R = Pri/Ar) 

rat>--9 
H---0 

(pboxH) 
(pboxH + CoCI2.6H20 

- 6H20 + HCI fl (i) Aq. EtOH 
(ii) CH1C00Na 
(iii) Dried under reduced 
pressure at I oocc 

THF 
[(~-t-Cl)Co2 { (pbox) hl 

[Where X= Cl for (1), OP~ for (4) and OAr for (S)] 

+ Na(sap) 

Scheme I. Synthesis and reactions ofmonochloro-{2-(o-hydroxyphenyl)benzoxazolato}cobalt(II). 
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1257 cm-1. All these observations suggest a distorted tet
rahedral geometry through chlorine bridge around cen
tral metal, cobalt(II); which has been further supported 
by FAB mass spectrum showing dimeric form. 

Na(smab) and Na(sap) exhibit bands at - 1530 cm-1 
and - 1600 cm-1 respectively, which are characteristics 
of C = N group. The complexes 2 and 3 exhibited the 
frequencies at -1480 cm- 1 and 1540 cm- 1 respectively, 
thereby showing a lower shift of frequencies on complex
ation. This suggests the participation of 'N' ofC=N group 
of the ligand. The new absorption bands observed in the 
complexes in the range 455 cm- 1 and 570 cm-1 have 
been assigned for Vco-N and Vco-O respectively. 

The complex 5 showed shift in the absorption bands 
in the range 1285-1270 cm-1 which is indicative of chemi
cal bond formation between metal and phenolic oxygen9. 
The complexes, 4 and 6 exhibited frequencies in the range 
1030 cm-1 and 1150 cm-1 characteristics for v(C-O)Co 
respectively. The bands observed at -1150 cm-1 is pos
sibly due to terminal isopropoxy groups10 and the bands 
at 1040 and 950 cm-1 are characteristics for bridging 
isopropoxy groups. Instead of these bands; bands at 700 
cm-1 and 430 cm-1 have been assigned for v AI-O and 

Vco-O respectively. 

Electronic spectral studies : The visible spectrum (in 
DMF) of dimeric complex [(Jl-CihCo2{l12-(pbox)hJ (1) 

exhibits an absorption band at -16200 cm-1 which may 
v 

be due to transition 4A 2 (F)~ 4T1(P) characteristics for 

tetrahedral geometry II. Which has already been suggested 
by IR spectral studies. The spectrum (in THF) of com
plexes [(smab)Co{l12-(pbox)}] and [(sap )Co{l']2-(pbox)}], 

61639? 
100 

sa 

il 

Zll 

li!B ,136 ZIB 

the absorption bands were observed at -21505 cm-1 and 
at -22883 cm-1 respectively. Which showed that the 
coordination of solvent (THF) molecule is taking place 
and hence the absorption bands characteristics for octa-

v 
hedral geometry have been observed due to 4r 1g (F) -----4 
4T1g (P) as these spectra have been recorded in C6H6-

THF mixture for the sake of fair solubility. 

In addition to this band, other bands have also been 
observed at -24155 to 26200 cm-1 and can be assigned 
to intra ligand charge transfer transitions. 

Magnetic studies : For the high spin cobalt(ll) com
plexes, magnetic moment value, Jlerf is expected to be 
3.9 B.M. (theoretically); but generally it fall in the range 
of 4.4-5.3 B.M. due to orbital contributions 12 which may 
vary according to stereochemistry of the cobalt(ll) com
plexes (for example 4.4 to 4.8 B.M. for tetrahedral; 4.8 
to 5.4 B.M. for trigonal-bipyramidal and 4.7 to 5.3 B.M. 
for octahedral). Whereas low spin complexes, these val
ues generally lie in the range 1.7 to 2.9 B.M. (2.2 to 2.9 
for tetrahedral, 1. 7 to 2. 0 for trigonal bipyramidal and 
1.8 to 2.8 for octahedral geometry). However, the mag
netic moment of the newly synthesized cobalt(II) com
plexes containing benzoxazole moieties, [(Jl-CihCo2{TJ2-

(pbox)hJ at room temperature was found to be 3.8 B.M. 
which is not in agreement with the reported range for 
high spin octahedral or tetrahedral geometry. This lower 
value of magnetic moment can be understood on the basis 
of antiferromagnetic superexchange phenomenon, which 
occurs between the two cobalt(ll) metal centres, that might 
be through chlorine bridges. 

FAB-mass spectral studies : The FAB-mass spectrum 
(Fig. 1) of a representative compound of cobalt(ll), [(Jl-

Z69 

344 JS4 

IZII 140 160 lOB i!BB i!ZB i!49 c68 280 300 320 349 360 JBB 4ilZ •za 4411 

540 

61&39? 
100 
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e ~I 
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'1 ;4 ~ 
489 see 
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SS• 

I I I • I 
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'I 
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Fig. 1. FAD mass spectrum of [(J.t-CI)2Co{T)2-(pbox)hl· 
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~+ 
©(>--)Q> 
--)./0 

co'\ ~ mlz = 303 (monomer) 

+ 

~--
1/o 

mil= 607 
(Dimer) 

II 

l 

Co 

mlz = 494 

m/z = 177 

m/z = 440 m/z=322 

m/z = 402 m/z=289 m/z = 197 

Scheme 2. Mass fragmentation patterns of [(~-Cl)2Co2 {TJ2-(pbox)hl complex. 

ClhCo{TJ2-(pbox)}z] (Scheme 2), showed an important 
peak at mlz = 607, which correspond to the molecular 
weight of the compound supported for the dimeric struc
ture. Besides these peaks the complex showed fragmenta
tion ion peak at mlz = 303, indicated fragmentation of 
dimer molecule to monomers5. Other important peaks 
were observed as a result of fragmentation of ligand from 
complexes by the formation of radical cations such as 
Cl•, C6H4o•(l), C6H/. C7H4No•, NW (II) and C6H5o• 
and C7H5N2• (III) as shown 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. 
Benzene (B.D. H.), isopropanol (B.D. H.) and tetrahydro
furan (Loba) were dried according to standard literature 
procedure. Aluminium isopropoxide10 was prepared by 
dissolving aluminium foil in isopropanol, in the presence 
of HgCl as catalyst and retluxing it for -6 h. Final prod
uct was purified by distillation (b.p. 95 °C). The quanti-

tative determination of cobalt were carried out by Atomic 
Absorption Spectroscopy, GBC-932 AA. Aluminium con
tent present in the bimetallic complex was determined 
after precipitating aluminium as its oxinate 13. Chloride 
content was estimated by Volhard' s method 13. 

lsopropoxide content in the corresponding isopropoxy 
derivative was estimated by an oxidimetric methods 10. 

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. 

Electronic spectra of the compounds were recorded in 
DMF and/or in C6H6 tetrahydrofuran on a Hitachi-220 
spectrophotometer. Magnetic susceptibility measurements 
were made at room temperature (23.5 °C) by Gouy 
method. 

Synthesis of ligands : 

The ligand {2-(o-hydroxyphenyl)}benzoxazole (pboxH) 

was synthesized according to previously established lit
erature methods14• Salicylidine-2-methyl-1-amino benzene 

(smabH)l5 was prepared by retluxing (for -6 h) equimolar 
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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) 16 was prepared by dissolving equimolar amounts 

of sodium metals and salicylidine-2-methyl-1-aminobenzene 

in methanol. Salicylidine-2-aminopyridine (sapH) 16 and 

its sodium salts, Na(sap) were prepared by the identical 

methods as given above. 

2-Aminosodiumphenolate was prepared by refluxing 

(for - 12 h) equimol_ar amount of 2-aminophenol and 

sodium metal in THF and sodiumtetraalkoxyaluminate 

was prepared by standard literature procedure10. 

Preparation of chloro {2- (o-hydroxyphenyl) }benzi

midazolatocobalt(ll); {(J.L-ClhCo2 {TJ2-(pbox)}~ (1) com

plex: 

A freshly prepared aqueous ethanolic solution (50% 

ethanol, -50 cm3) of cobalt(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 precipitated [(J.1.-CihCo2{Tl2-(pbox) hl (1). 

It was then digested ( -1 h), filtered, washed with aque

ous ethanol and dried at -100 °C under reduced pres-

sure to give yellowish pink powdered solid (4.13 g, 95%). 

The product on analysis was found to have Co (19.2%), 

Cl (11.4%) and (Calcd.) for Co (19.3%), Cl (11.6%). 

Reactions of [(J.L-Cl) 2Co2 {TJ2-(pbox)}~ (1) with 

Na(smab): 

To a stirred hot yellowish green suspension of chloro

{2-(o-hydroxyphenyl) }benzoxazolato complex of cobalt( II) 

(0.30 g, 0.98 mmol) in tetrahydrofuran (- 30 cm3), was 

added sodium salt of salicylidine-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 

the colour of the solution changed from yellowish green 

to red. The precipitated NaCl (0.06 g, 0.99 mmol) was 

removed by filtration. The solvent was removed from the 

filtrate under reduced pressure to afford a reddish brown 

solid product [(smab)Co{Tl2-(pbox)}] (2), which was pu

rified by recrystallization from a benzene/THF mixture 

to finally give reddish brown powdered solid (0.43 g, 

93%). Analysis of this derivative was found to be Co 
(12.5%) and (Calcd.) for Co (12.3%). 

Similar procedure (Scheme 1) was adopted to isolate 

[(sap)Co{Tl2-(pbox)}] {3), [{J.1.-0PrihC~{Tl2-(pbox)hl (4), 

[(J.1.-0ArhCo2{Tl2-(pbox)hl (5) and [(J.1.-0Pri)2{Al(OPrih 

Co{Tl2-(pbox)}] (6). The analytical details are given in 

Table 1. 

Table 1. Synthesis, reactions and analytical details of monochlorocobalt(n) complex of benzoxazole 

Sl. Reactants Products Physical 
no. (g, mmol) (g, %yield) state 
l. CoCl2.6H20 + Hpbox [ (Jl-Cl)zCOz {1.!2-(pbox) }zl (1) Yellowish pink 

(3.38, 14.2) (3, 14.2) 4.13, 95 powdered solid 
2. 1 + Na(smab) [(smab)Co{TJ2-(pbox) hl (2) Reddish brown 

(0.30, 0.98) (0.23, 0.98) 0.43, 93 powdered solid 
3. 1 + Na(sap) [(sap)Co{TJ2-(pbox)}z] (3) Dark brown 

(0.30, 0.98) (0.25, 0.98) 0.43, 93 powdered solid 
4. 1 + Na(OPri) [(jl-0Pri)zCo2{ 1]2-(pbox) hi (4) Yellowish green 

(0.30, 0.98) (0.07. 0. 98) 0.28, 93 crystalline solid 
5. l + Na(OAr) [(Jl-0Ar)2Co2{TJ2-(pbox)}zl (5) Bright green 

(0.30, 0.98) (0.25, 0.98) 0.33, 89 crystalline solid 
6. 1 + Na{Al(0Pri)4} [(jl-0Pri)2{A1(0Pri)2Co{TJ2-(pbox)}z] (6) Yellowish brown 

(0.24, 0.79) (0.25, 0.79) 0.33, 89 crystalline solid 

%Found (Calcd.): Cl, 11.4 (11.66) for complex 1; Al4.95 (5.07) for complex 6. 

"Decomposed. 
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Melting Analysis % : Found (Calcd.) 
point (0 C) Co c H N 

350" 19.2 51.10 2.00 4.60 
(19.3) (51.23) (2.62) (4.59) 

340" . 12.1 67.40 4.20 5.74 
(12.3) (67.64) (4.18) (5.84) 

158-161 12.4 64.00 3.60 9.00 
(12.6) (64.38) (3.65) (9.01) 

320 19.1 57.90 4.50 4.20 
(18.0) (58.54) (4.57) (4.26) 

310 15.40 59.60 3.52 7.30 
(15.65) (60.47) (3.71) (7.42) 

305 10.90 56.40 6.62 2.60 
(11.09) (56.39) (6.77) (2.63) 
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