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Bis(N-n-butylsalicylaldiminato)nickel(II) (I, M = 
Nil R = C4H9, n = 2) has been reported to form 
a dibromide upon interaction with N-bromosuccini- 
mide12 but some question exists as to whether the sub- 
stitution occurs at the azomethine carbona or at  a ring 
phenyl p~si t ion.~ This substitution is now shown to 
occur on the ring, principally at  the 5 position in agree- 
ment with the reactivity of salicylaldehyde6 and with 
the observed reactivity of the chelated 2,4pentanedio- 
nates.2p6 Further interaction of the dibromide with 
N-bromosuccinimide also produces a tetrabromide 
which is bis(N-n-butyl-3,Sdibromosalicylaldiminato)- 
nickel(I1). These reactions have also been extended 
to the bromination of the kinetically inert complex 
tris(N-methylsalicylaldiminato)cobalt(III) (I, M = 
Co, R = CHI, n = 31. 

The structure of these chelates was demonstrated 
by analysis, independent synthesis, and by infrared, 
near infrared-visible, and nmr spectroscopy. The 
infrared data are in agreement with the indicated sub- 
stitution with characteristic phenyl hydrogen out-of- 
plane deformation absorptions of proper intensity 
found at  750-760 em-’ for the unsubstituted .imine 
chelates, at  815-820 cm-* for the Sbromo chelates, 
and at 860 cm-’ for the 3,5-dibromo chelates.’ In 
each case a strong absorption attributable to the 
imine C=N stretching frequency was observed at 
1615-1630 em-’.‘ The spectra of chelates prepared 
by alternate methods were in each case identical. The 
visible-near infrared spectra of these chelates also were 
in each case similar to those previously reported for 
such c ~ b a l t ( I I I ) ~ ~ ~  and nickel(1I)lO complexes. 

The nmr data support the assigned structures with 
the resonances due to the protons ortho and para to the 
oxygen having the proper intensity and, where de- 
finable, the proper splitting for the indicated sub- 
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stitution. The nickel chelate spectra were all con- 
centration dependent in agreement with the known 
association of these materials in solution to produce 
mixtures of diamagnetic monomers having a square 
planar configuration around the nickel ion and para- 
magnetic polymeric species.”J2 This phenomenon is 
particularly evident in the case of the &bromo chelate 
in which the azomethine proton resonance is shifted 
0.58 ppm downfield. Such large shifts are attributable 
to spin delocalization in a paramagnetic complex and 
are in agreement with shifts previously observed for 
paramagnetic salicylaldimine complexes. 13-15 The ef- 
fect of concentration on the spectra of the unsubsti- 
tuted and 3,54ibromonickel chelates is considerably 
less pronounced with the azomethine proton resonance 
being shifted downfield only 0.11 and 0.35 ppm over 
the same concentration range. The large effect found 
for the &bromo derivative is probably due to the elec- 
tron-withdrawing effect of the bromo group which 
leaves the chelated nickel(I1) ion more electrophilic. 
The smaller effect noted for the 3,Sdibromo deriva- 
tive may be due to compensating effects of increased 
electrophilicity of the nickel ion and steric inhibition of 
association by the 3 substituentll and/or decreased 
nucleophilicity of the oxygen atoms due to electron 
withdrawal. Increasing the temperature of a 0.05 
M deuteriochloroform solution of the 5-bromo deriv- 
ative from 38 to 58” also shifts the position of the proton 
resonances, e.g., the azomethine resonance is shifted 
from -670 to -702 cps, suggesting the additional 
presence of paramagnetic “tetrahedral” nickel(I1) 
species in these s o l u t i ~ n s . ~ ~ J ~  Some spectral evidence 
was found for both associated and “tetrahedral” 
species in concentrated benzene solutions of the 5- 
bromo chelate in the form of a very broad but weak 
absorption in the near-infrared region which could be 
resolved into at least two broad peaks with maxima 
centered approximately at 9500 and 7000 cm-’ 14,1‘f 

characteristic of “octahedral1’ and “tetrahedral” 
species. 

Nmr studies on the brominated cobalt(II1) com- 
plexes showed that in solution, both are diamagnetic 
indicating that no Co(I1) species are present and both 
are present only in the sterically favorable trans 
stereochemistry around the octahedral cobalt(II1) 
ion.18 Both of these chelates crystalize as solvates 
which are only desolvated with difficulty. 

Experimental Section 

Bromides of Bis(N-n-butylsalicylaldiminato)nickel(II).-Bis- 
(N-n-butyl-5-bromosalicylaldiminato)nickel(II) was prepared by 
mixing together an alcoholic solution of 10 g (0.05 mol) of 
5-bromosalicylaldehyde and 12 g (0.16 mol) of n-butylamine and 
an aqueous solution of 6 g (0.025 mol) of nickel chloride hexa- 
hydrate. The product, after isolation by filtration and drying, 
was recrystallized from carbon tetrachloride-petroleum ether 
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(30-60'). The green needles thus obtained,lg mp 193-195' 
[A,.,, 620 mp (e 95 cm-1 M - I ) ,  benzene, 25', nmr resonances 
(CDCla, 38', 0.025 M ) ,  -N=CH (-626), -NCHp, (-257), O-CH 
(-376), m,m-CH, (--433), CHaCHz (-loo), -CHI (-58 
cps)] were identical in all respects with the dibromides prepared 
by the N-bromosuccinimide bromination of bis(N-n-butylsali- 
cyaldiminato)nickel(II). This starting chelate had the following 
resonances (CDCla, 38', 0.02 M ) :  -N=CH (-579), NCHz 
(-241), 0-CH (-386), p-CH (-380), m,m-CH (-422, -430), 
CHzCHz (-loo), CHI, (-58 CPS). 

Bis(N -n  -butyl- 3,5 - dibromosalicylaldiminato)nickel(II) was 
prepared by the reaction of 4.1 g (0.01 mol) of bis(N-n-butyl- 
salicylaldiminato)nickel(II) in 30 ml of chloroform with 7.1 g 
(0.04 mol) of powdered N-bromosuccinimide. After 1 hr the 
product was isolated by precipitation with petroleum ether, 
removal of the succininiide by vacuum sublimation a t  l l O o ,  and 
recrystallization of the crude product from carbon tetrachloride. 
The green tetrabromide, mp 214-216' [A,.,, 620 mp (E  107 
crn-lM-I), benzene, 25"; nmr resonances (38', CDCla, 0.025 M ) .  

CHzCHz (IOO),  -CH, ( -60 cps)] was identical with a chelate 
prepared as in the above paragraph using 7 g of 3,5-dibromo- 
salicylaldehyde, 8 g of n-butylamine, and 3 g of nickel chloride 
hexahydrate. 

Anal. Calcd for CBHxBr4NzNi02: C, 36.36; H, 3.33; N, 
3.86; Ni,8.08. Found: C, 36.54; H, 3.43; N, 3.72; Ni, 7.63. 

Bromination of Tris(N-methylsalicylaldiminato)cobalt(III).- 
To 1.54 g (0.0032 mol) of tris(N-methylsalicyla1diminato)- 
cobalt(III),lB recrystallized from xylene [A,.,, 387, 572 sh, 637 
mp sh, (e 8900,275, -cm-l M-I ) ,  benzene, 25'1 in 15 ml of chloro- 
form was added 1.8 g (0.01 mol) of powdered N-bromosuccin- 
imide. After 2 hr of stirring, the chloroform was removed by 
distillation and the succinimide was removed by sublimation 
a t  110' under vacuum to yield 2.34 g (100%) of crude tribromo 
chelate. This was purified by recrystallization from approxi- 
mately 30 ml of xylene to yield 1.20 g (54% yield) of tris(N- 

-NCH, (-556), -NCHz (-246), m,m-CH, (-430, -454), 
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methyl-5-bromosalicylaldiminato)cobalt(III), mp 279-281 ', 
identical with an authentic sample,m mp 283-285" [A,,., 396, 
575 sh, 648 sh mp (e 8900, 355, -crn-lM-I), benzene, 25'1. 
The brominated chelate forms a 1 : l  solvate with xylene, as 
evidenced by elemental, infrared, and nmr analysis, which was 
only slowly desolvated at 140' under vacuum. 

Anal. Calcd for Ca*HalBr&oNaOa: C, 47.79; H ,  3.88; N, 
5.22; Co, 7.33. Found: C,48.26; H,4.18; N,5.25; Co, 7.36. 

A hexabromide was prepared by the above procedure using 
1.54 g of unbrominated cobalt(II1) complex and 3.6 g of N- 
bromosuccinimide. Isolation of the very insoluble product 
as above yielded 2.96 g of crude material and 2.24 g (71%) 
of pure tris(N-methyl-3,5-dibromosalicylaldiminato)cobalt(III) 
recrystallized from xylene and dried a t  140' under vacuum. 
Under these conditions the solvent was removed only with great 
difficulty. The chelate also was found to be rather insoluble in 
most common solvents except a t  high temperatures, and the nmr 
spectrum of this chelate was obtained in a nitrobenzene solution. 
An authentic sample of this material was prepared from 3,5- 
dibromosalicylaldehyde by the method of WestZ1 and melted at 
302-303" dec [A,,,, 395, 590, 654 sh mp (e 9400, 430, . . . cm-1 
benzene, 25 '1. 

Anal. Calcd for CtrHtgBr&oNaOs: C, 30.84; H, 1.94; 
N,  4.50; Co, 6.30. Found: C, 31.39; H ,  2.16; N, 4.60; 
M-I)  Co, 5.80. 

Spectra.-The infrared spectra were obtained using the Nujol 
mull technique, sodium chloride plates, and a Beckman Model 
10 grating instrument. The near-infrared spectra and the visible 
spectra were obtained using a Cary Model 14 spectrometer using 
benzene solutions or Nujol mulls mounted on filter paper. Nmr 
spectra were obtained using deuteriochloroform solutions with 
tetramethylsilane as an internal standard. All spectra were 
recorded using a Varian 60 Mc/sec fixed-frequency instrument 
with the downfield direction being considered as the negative 
direction. Melting points were recorded using a Mel-Temp 
apparatus. 
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