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The following complexes of N-(2-benzothia.zole)-2- 
pyridinaldimine (L) with Co” and Nil1 salts have been 
isolated: 
Co(L)2(ClO&2HzO, CO(L)~(NOJ)ZHZO, Co(L)iSOJW, 
Ni2(L)&.1.J120, Ni(L)z(CHX00)2Hz0, Ni(L)3(CIO,h- 
2Hz0, Ni(L)z(N03)2H20. The ligand acts as a bi- 
dentate chelating agent trough both nitrogen atoms 
of the 2-pyridinaldimine system. The electronic spectra 
and magnetic properties are consistent with an octahe- 
dral coordination for all the complexes. The infrared 
spectra (4000-250 cm-‘) of the ligand as well as those 
of Co” and Ni” complexes are also discussed. 

Introduction 

A large number of metal complexes containing the 
a-diimine grouping -N = C-C =N- in the ligand mo- 
lecule have been prepared in recent years and their 
properties were studied using several physical meth- 
ods.1,2,3,4 Examples of this type of ligand include ex- 
pecially 22’-bipyridyl and l,lO-phenanthroline. It is 
also known that heterocyclic nitrogen atoms in five- 
membered rings, such as benzothiazole, have coordin 
ating properties, although they are less favourably po- 
sitioned for coordination to a metal ion than are the do- 
nor nitrogens in, e.g., 2,2’-bipyridyl. The coordination 
behavicur of benzothiazole and some 2substituted 
benzothiazoles in several complexes has been extensi- 
vely reviewed in recent publications.2,3,4,5,6 

We have synthesized the N-(2-benzothiazole)-2-pyri- 
dinaldimine, 

a 0 ~>-N=CH~ 

which was prepared by the reaction of 2-aminoben- 
zothiazole with 2-pyridinaldehyde. This molecule has 
several potential sites for coordination. Foremost is 
the methine linkage -N =C-C=N- associated with 
the pyridinaldimine moiety; there is, in addition, 

(1) L.F. Lindoy and S.E. Livingstone, Coord. Chew Reviews, 2, 
173 (1967). 

(2) L.F. Lindoy and S.E. Livingstone, Znorg. Chim. Acln, 2, 119 
(1968). 

(3) P.S.K. Chia and S.E. Livingstone, Znorg. Chim. Acta, 2, 427 
(1968). 

(4) P.S.K. Chia, L.F. Lindoy, and S.E. Livingstone, Znorg. Chim. 
AU, 2, 459 (1968). 

(5) M.I.M. Campbell, D.W. Card, and R. Grzeskowiek. znorg. Mid. 

Chem. Lerfers, 5, 39 (1969). 
(6) E.I. Duff. M.N. Hughes, and K.J. Rutt, 1. Chem. Sot. (A), 

2101 (1969). 
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the sulphur or nitrogen atom of the benzothiazole 
ring. 

The present investigation concerns the synthesis 
and characterisation of some Co” and Ni” complexes 
formed by N-(2-benzothiazole)-2-pyridinaldimine who- 
se spectral and magnetic properties have also been 
determined. In addition, it is our intent to extend 
this investigation to coordinating properties of N-(2- 
benzothiazole)-6-methyl-2-pyridinaldimine 

in metal chelates in order to examine the effect of a 
methyl group in the a-position of the pyridyl ring; 
this substituent should alter the steric requirements 
and the donor properties of the ligand. 

Experimental Section 

Analyses. Carbon, hydrogen, and nitrogen analy- 
ses were carried out by the Laboratorio di Microana- 
lisi dell’Istituto di Chimica Farmaceutica dell’llniver- 
sita di Parma. Metals were determined gravimetri- 
tally using standard methods. The water determi- 
nation was carried out by Karl Fischer method for all 
the complexes, except Ni2(L)X14HzO. 

Physical Measurements. The infrared spectra were 
determined using the KBr discs technique, in the 4000- 
250 cm-’ region, using a Perkin-Elmer Mod. 457 dou- 
ble-beam instrument. The electronic spectra were 
recorded in methanol solutions from 400 to 1100 rnp 
using a DK-2 Beckman spectrophotometer. The ma- 
gnetic susceptibility data were obtained at 25” C on 
solid powdered samples by a Gouy balance (Newport 
Instruments). 

N-(2-benzothiazole)-2-pyridinaldimine. This com- 
pound was prepared by adding 2-pyridinaldehyde 
(10.7g) to 2-aminobenzothiazole (15g), dissolved in 
methanol. The solution was refluxed for two hours, 
after which the solvent was removed by vacuum eva- 
poration. The crude solid remaining was washed se- 
veral times with benzene and recrystallized from this 
solvent. The cream coloured crystalline product 
(m.p. 159-160°C) is soluble in chloroform, dimethyl 
sulphoxide, methanol, and benzene. 



Preparation of the complexes. All the complexes 
were prepared by the same general method: a metha- 
nol solution of the ligand was added slowly to a solu- 
tion of the transition metal salt, in the same solvent. 
The reaction mixture was then heated on a water-bath 
(70-80” C) for an hour and allowed to stand at room 
temperature until complete precipitation of the product, 
which was then filtered and washed with cold metha- 
nol and ether and dried in air. The following com- 
plexes with the ligand (L = N-(2-benzothiazole)-2- 
pyridinaldimine) have been isolated: Co( L)J ClO& 
2H20; Co(L)2(N0j)2H20; Co(L)$0,H20; Ni2(L)G- 
HzO; Ni(L)z( CHXOO)zHzO; Ni( L)x(C104)22HzO; Ni- 
(L)2(NOMIzO. 

The complexes can also be isolated from a meth- 
anol solution in which the formation of the ligand 
from 2-pyridinaldehyde and 2-aminobenzothiazole oc- 
curs in the presence of the transition metal salt. The 
analytical data are as follows: 

Bis[-(2-benzothiazole)-2-pyridinaldimine]cobalt(II) 
Perchlorate Dihydrate. Anal. Calcd for CX,HX+XJO- 
N60,oSz: C, 40.4; H, 2.9; Co, 7.6: N, 10.9; HsO, 
4.7. Found: C, 40.5; H, 2.8; Co, 7.6; N, 11.3: HzO, 
4.4. 

Bis[ N-(2-benzothiazole)-2-pyridinaldiminelcobalt(~I) 
Nitrate Monohydrate. Anal. Calcd for GH2&oNg 
07% C, 46.0; H, 3.0; Co, 8.7; N, 16.5; HzO, 2.6. 
Found: C, 46.4; H, 3.3; Co, 8.5; N, 16.8; H20, 2.9. 

Bis[-(2-benzothiazole)-2-pyridinaldimine]cobalt(II) 
Sulphate Monohydrate. Anal Calcd for CZH2&oN6- 
O&: C, 47.9; H, 3.1; Co, 9.0; N, 12.9; HzO, 2.8. 
Found: C, 47.6; H, 3.3; Co, 8.8; N, 13.2; H20, 3.0. 

Diacetatobis[N-(2-benzothiazole)-2-pyridinaldimine]- 
nicivel(lZ) Monohydrate. Anal. Calcd for CJoH~nNs- 
NiO&: C, 53,5; H, 4.0; N, 12.5; Ni, 8.7; H20, 2.7. 
Found: C, 52.8; H, 3.7; N, 12.6; Ni, 8.4: H20, 3.1. 

Tris[N-(2-benzothiazole)-2-pyridinaldiminelnicke~(II) 
PerchZorate Dihydrate. Anal. Calcd for CJ9HK12N9- 
NiO& C, 46.3; H, 3.1; N, 12.5; Ni, 5.8: H20, 3.6. 
Found: C, 45.7; H, 2.9; N, 12.9; Ni, 5.2; H20, 3.7. 

Bis[ N-(2-benzothiazole)-2-pyridinaldiminelnickel(~I) 
Nitrate Monohydrate. Anal. Calcd for GHmNBNi07- 
S2: C, 46.0; H, 3.0; N, 16.5; Ni, 8.6; HzO, 2.7. 
Found: C, 46.4; H, 3.2; N, 16.8; Ni, 8.4; HzO, 2.2. 

Tetrachlorotetrakis[N-(2-benzothiazole)-2-pyridinald- 
imineldinickel(ll) Monohydrate. Anal. Calcd for 
CsH&4N12Ni20% C, 50.6; H, 3.1; N, 13.6; Ni, 
9.5. Found: C, 50.2; H, 3.7; N, 13.5; Ni, 8.8.* 

Results and Discussion 

All the complexes are insoluble in water, as well 
as in all common organic solvents except for hot meth- 
anol, from which they recrystallized. The Co” com- 

* The direct determination of water was impossible as the quanti- 
ty of the compound, remained after the other determinations, was too 
small. The corresponding per cent was deduced indirectly from the 
other data; the presence of water is supported also by the infrared 
spectrum. 
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plexes are orange or pink, while the Ni” compounds 
are blue or mauve. Attempts to obtain cupric com- 
plexes of N-(2-benzothiazole)-2-pyridinaldimine have 
not met with success. The complex with Co” chlor- 
ide also has not yet been isolated; the corresponding 
complex of the 2-aminobenzothiazole, which is form- 
ed from the hydrolysis of the Schiff base, has always 
precipitated from the reaction of the ligand with 
CoCl26HzO. 

Infrared Spectra. Table I and II list the infrared 
spectra (in the 4000-250 cm-’ region) of the N-(Zben- 
zothiazole)-2-pyridinaldimine as well as those of Co” 
and NP complexes. All the spectra are complicated 
by the presence in the ligand molecule of two six- 
membered aromatic rings in different environments 
and of a thiazole system. This is particularly evident 
in the frequency range 1600-1400 cm-’ where the 
vibrations of pyridine and benzene rings occur. 

The infrared spectrum of the ligand confirms that 
the Schiff base condensation has occurred, since the 
spectrum contains no bands in the region above 3080 
cm-‘. 

The vibrations of interest are the v(C= C), v(C= 
N) bands observed between 1450 and 1600 cm-’ 
(1600, 1590, 1560, 1550, 1520, 1470, 1450 cm-‘); 
the ring-breathing mode near 1000 cm-‘; the Hydro- 
gen deformation modes at 750-740 cm-’ and 720-715 
cm-’ for phenyl and pyridyl rings; an out-of-plane 
C-C deformation at 400 cm-‘. The strong broad 
band between 1540 and 1505 cm-’ (with maximum 
at 1520 cm-‘) can be assigned to different vibrational 
stretching modes (v(C=N) of the thiazole ring; a 
vibrational mode of the a-monosubstituted pyridine; 
v(C =N) of the Schiff base). A similar, but less in- 
tense band does appear at 1520 cm-‘, in the spectrum 
of 2-aminobenzothiazole, which was assigned to the 
C=N stretching vibration of the thiazole ring. 

The infrared spectra of all the complexes are clo- 
sely similar except for the presence in the spectrum 
of bands which have been attributed to anions; the 
only significant differences concern the pyridine ring 
vibrational bands with respect to the values found for 
the ligand and a decrease of 1520 cm-’ band inten-. 
sity. In particular, a strong broad band is observed 
at 1620-1590 cm-‘, which can be assigned to the 
pyridine ring. This increase in frequency from the 
free-ligand is indicative of the coordination of pyri- 
dine nitrogen to a metal atom, as well as the other 
bands: 1570, 1530, 1470, 1450, 1020, 750, 640, 420 
cm-‘. 
The decreased C =N stretching intensity (at 1520 
cm-‘) is probably due to a coordination effect of the 
ligand, which decreases the electron delocalisation 
of the conjugated system. 

All the complexes exhibit two broad bands, at 3400 
cm-’ and N 3 160 cm-‘, which can be assigned to 
the OH stretching of the water molecules. 

Below 600 cm-’ it is not possible to positively as- 
sign bands to metal-nitrogen stretching vibration. 

Concerning the anions (Table II), the following 
assumptions can be made: the infrared spectrum of 
Co(L)$O.+H20 displays v3 of the sulphate group as 
a single broad band at about 11120 cm-’ and VI at 
about 615 cm-‘. No definite absorptions attributable 
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Table I. Infrared Absorption Bands in the 4000-250 cm-’ Region of Pyridine and Benzothiazole Rings. 

L A B C D E F G 

3060~ 
303ovw 
2970br 

1600s 
1590s 
1560s 
1550s 
1520~s 
- 
1470s 
1450s 
1440vs 
1320m 
1285m 
1220m 
1OOOm 
880m 
750s 
740s 
720m 
715s 
620~ 
4oow 

3060m 
- 
2980m 
2960sh 
1620~s 
1590sh 
1570s 
1560sh 
1530s 

1470s 
1453s 

1320m 
1280m 
1225m 
1020m 
875m 
75ovs 
- 
720m 

640m 
420m 

3060m 
- 

2950br 
- 

1610~s 
15:Ssh 
1570s 
1560~11 
1530s 
- 

1470s 
1450s 
- 

1320m 
1280m 
1225m 
1020m 
870m 
750s 
- 
725~ 
- 
- 
420~ 

3060m 
- 

2960m 

1610~s 
1585sh 
1570s 
1560sh 
1530s 
1505sh 
1470s 
1450s 

1330m 
1280m 
1225m 
1020s 
870~ 
750s 
- 
730w 

630~ 
420~ 

3060m 
- 

2970m 
- 

1610sh 
1585~s 
1560s 
- 

1530s 

1470m 
1445s 

1320m 
1280m 
1225m 
1020m 
870m 
750s 
740s 
720m 
- 
640m 
420~ 

3060m 
- 

2960m 
- 

1605~s 
1585sh 
157ovs 
1560sh 
1530s 
1505sh 
1470s 
1450s 
- 

1325m 
1280m 
1225m 
1020m 
870m 
750s 
- 
725~ 

420~ 

3060m 
- 

2960m 
- 

1605~s 
1585sh 
1570s 

1530s 
1505sh 
1470s 
1450s 
- 

1320m 
1280m 
1225sh 
1020m 
870m 
750s 
- 
720~ 
- 
630~ 
420~ 

3060m 
- 

2960m 
- 

1605s 
1585sh 
1570s 
- 

1530s 
1505sh 
1470s 
1450s 
- 

1320m 
1280m 
1225sh 
1020m 
870m 
750s 
- 
720~ 
- 
G55m 
420~ 

L = N-(2-benzothiazole)-2-pyridinaldimine; A = Ni,(L),Cl,H,O; B = Ni(L),(C10,),2H20; C = Ni(L),(NO,),H,O; D = Ni(L),- 
(CH,COO),H,O; E = Co(Lh(C10&2H~0; F = CO(L)~(NO&H,O; G = Co(L)S0,H20; w = weak; VW = very weak; m = me- 
dium; br = broad; sh = shoulder; s = strong; vs = very strong. 

Table II. Selected Infrared Assignments for Ni” and Co” Complexes of N-(2-benzothiazole)-2_pyridinaldimine(L). 

complex band (cm-‘) assignment 

1140sh. 11 lOvs, 1085sh 
940w 

630-620s 
1380~s 

Co(L),S04H,O 
820~ 
1115s 
615s 

1140sh, 11 lOvs, 1085sh 
940w 

630-620s 
1620~s 
1410s 

1380~s 
825~ 

v(Cl-0) 
v(Cl-0) 
6(o-cl-o) 
v( N-O) 
6(NO,) 
v(S-0) 
S(O-S-O) 
v(Cl-0) 
v(Cl-0) 
6(0-c1-0) 
VdC-0) 
vs(C-0) 
v( N-O) 
&NO,) 

s = strong; vs = very strong; m = medium; w = weak; sh = shoulder. 

Table Ill. Magnetic Data of Metal Complexes of N-(2-benzothiazole)-2-pyridinaldimine (L) 

Compound Color 
Molar magnetic 

susceptibility 
lobx’M* 

Magnetic 
moment 
u(B.M.) 

Co(L),(C10,),2H,O orange 8267.5 4.46 
Co(L),(NO,hH,O pink 6101.0 3.83 
CO(L),SO,HIO pink 11242.9 5.19 
Ni(L),(ClO,)~ZH,O mauve 4047.3 3.12 
NiZ(L),ClrHZO blue 4279.7 3.20 
Ni(L)I(CH1COO)ZH20 mauve 4802.1 3.39 
Ni(Lh(NCQH20 mauve 3193.6 2.77 

* Corrected for diamagnetism’. 

to VI and vz appear. This data indicates that the sul- 
phate group is ionic. The complex Ni(L)2(CHsCOO)z- 
Hz0 exhibits bands at 1620 and 1410 cm-’ attribu- 
ted to the antisymmetric and symmetric carboxyl 
stretching frequencies, respectively. The difference 
of 210 cm-’ between the positions of these two bands 

is consistent with monodentate acetate groups. The 
infrared spectra of Co” and Ni” perchlorates consist 
of a strong broad band with a poorly defined maxi- 
mum at 1110 cm-‘, a very weak absorption at 940 
cm-‘, and a double peak at 630-620 cm-‘; this sug- 
gest that the perchlorate group in these complexes is 
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Table IV. Electronic Absorption Bands o! Co” and Nil* Complexes. 

Compnud 

‘T,,+‘T,,(F) 
Co(L)z(ClO,)22H,O 490 
CO(LMNOI)IHIO 485 
Co(L),SO,H,O 480 

‘T,,(F)+‘AI, 
Ni(L),(C10,)12H20 540 
Ni2(L),CLH20 540 
Ni(L),(CH,COO)lH,O 580 
Ni(LMNO&H,O 540 

L = N-(2-benzothiazole)-2-pyridinaldimine. 

Gw) 

‘To+‘T,,(F) 
950 
940 
930 

‘T.(F)+‘A, 
900 
870 
950 
930 

present as an ionic species. 
The Ni(L)2(N0&H20 and CO(L)~(NO~)ZHZO com- 

plexes, which have infrared spectra characteristic of 
ionic nitrate, show two bands: v2 (out-of-plane de- 
formation) and vj (doubly degenerate stretch) at 825 
and 1380 cm-’ respectively. For the chloride com- 
pound, no conclusive evidence for Ni-Cl vibrations 
could be found. 

Magnetic Properties. The magnetic moments (see 
Table III) were calculated from the expression kft= 
2.84\/x’~T B.M. where X’M is the molar susceptibility 
corrected using Pascal’s constants.’ 

All the nickel complexes are paramagnetic and ex- 
hibit magnetic moments near 3 B.M., which are within 

Figure 1. Electronic spectra of nickel complexes. A, Ni(L)J- 
(C10,),2H,O; B, Nh(L)XLH20; C, Ni(L),(NO,),H-,O; D, Ni- 
(L),(CHICOO)IHIO. 

(7) J. Lewis and R.G. Wilkins, ti Modern Coordination Chemistryr, 
Interscience Publ. Inc., New York (1964). 

the range expected for high-spin octahedral Ni”. The 
cobalt complexes also are paramagnetic, their magne- 
tic moments ranging from 3.8 to 5.2 B.M. The lower 
values are probably related to the distorsion of the 
octahedral environment or to an equilibrium between 
a high-spin octahedral state and a low-spin state; 
diamagnetic impurities would not be present, because 
several determinations were made on the samples af- 
ter successive purifications. On the other hand, ano- 
malously low values are sometimes observed in Con 
and Ni” six-coordinated complexes: e.g. : Ni(en)S04’ 
= 2.82 B.M.; Ni(en)SO~HzOB = 2.82 B.M.; Co(bipy)r 
(CNh’ = 3.65 B.M.; Co(terpy)zIj = 3.97 B.M.; Co- 
(PMH)& = 4.21” B.M. 

Electronic Spectra. The absorption spectra )350- 
1100 rnp) of the Ni’t compounds, in methanol, are 
given in Figure 1; they show two absorption bands 
with maxima at about 500 rnp and 900 rnp-, which 
are typical of high-spin octahedrally coordinated nic- 
kel. Table IV lists the absorption values with their 
relative assignments. The band observed near 900 
my in each complex can safely be attributed to the 
3T~&-3Azp transition of an octahedral nicekl ion.’ 

The electronic spectra of the Con complexes (Table 
IV) display bands of very weak intensity. The band 
near 940 cm-’ is assigned to the 4T~,~4Ti, transition 
of a six-coordinate cobalt atom.9 

The diffuse reflectance spectra, which exhibit ab- 
sorption bands at essentially the same positions, con- 
firm the assignment of octahedral structure for the 
whole series. 

Conclusions 

As a result of the investigations described in this 
paper, the following conclusions may be drawn: the 
N-(2-benzothiazole)-2-pyridinaldimine forms complexes 
with some Co” and Ni” salts. The ligand acts prob- 
ably as a bidentate chelating agent through the 

-N = CH- system (trichelation to the same 

metal would impose a considerable angular strain 
on the ligand); the possibility that the thiazole nitro- 

(8) F. Cotton, ( Progress in Inorganic Chemistry Y, 6, Interscience 
Publ. (1964). 

(9) J.S. Judge and W.A. Baker, Jr., Inorg. Chim. Acta, 1, 68 
(1962). 

(10) M.A. Robinson and D.H. Busch, Inorg. Chem., 2, 1171 (1963). 
(11) A.B.P. Lever, ( Inorganic Electronic Spectroscopy ., Elsevier 

Publ. Company, (1968). 
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gen coordinate to a metal atom of a neighboring mole- 
cule, giving a polymeric structure, must be consider- 
ed. This latter structure might explain the lack of 
solubility of the complexes in all solvents except 
methanol; in this solvent the complexes could break 
down to monomeric species with cordinated CHsOH 
molecules. But this hypothesis is not supported by any 
shift of the C=N stretching to higher frequencies as 
must be expected.‘**13 

In the infrared spectra of all the complexes a shift 
of the pyridine ring vibrations to higher frequencies 
is observed, which is indicative of the coordination 

(12) R.C. Stoufer and D.H. Busch, I. Am. Chem. Sot.. 82, 3491 
(1960). 

(13) T. Ito and N. Tanaka, J. Inorg. Nucl. Chem., 32, 155 (1970). 
RICE 

of the pyridine nitrogen to a metal ion. The anions 
are all ionic, except for the acetate group, which is 
monodentate. 

The electronic spectra and magnetic moments, de- 
termined at room temperature, agree with an octa- 
hedral coordination for all the Con and Ni” com- 
plexes. 

Complexes of the same series with other transition 
metals are being prepared at present in our laboratory. 
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