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Abstract 

The infrared spectra of a number of bis- and mono-complexes of 8-amino-2- 
methylquinoline (maq) have been recorded and the possibility of a cis configuration 
of the two bidentate ligands in the bis-chelated complexes is discussed with respect 
to the complexity in the 850-700 cm-l region. 

Although the small differences in the infrared spectra of geometrical isomers 
do not provide a general method for the distinction of cis and trans isomers,l several 
workers have suggested that splitting of in-phase, out-of-plane, C-H bending modes 
for bis-bipyridyl c ~ m p l e x e s ~ , ~  and for bis-pyridine complexes4 can be used as a 
criterion for the presence of the cis isomer. McWhinnie5 has reported the absence of 
splitting of the in-phase, out-of-plane C-H deformation mode for bis-bipyridyl 
complexes of cobalt(11), nicke1(11), and rhodium(11) considered to contain the two 
bipyridyl ligands in a trans configuration. We now report observations on some 
transition metal complexes of 8-amino-2-methylquinoline. 

The ligand 8-amino-2-methylquinoline (maq) shows C-H out-of-plane deforma- 
tions a t  %is, 796m, and 746s cm-l. The spectrum in this region can be interpreted by 
considering separately the three adjacent ring hydrogen atoms (carbocyclic ring) 
and the two adjacent ring hyd.rogen atoms (heterocyclic ring).6a The presence of two 
adjacent free hydrogen atoms should produce a strong band in the 860-800 cm-l 
region.' No strong bands should be present in the 750-700 cm-l region although 
weak bands sometimes occur. The strong band at  831 om-l in the spectrum of maq 
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can therefore be assigned to the out-of-plane C-H deformation of the two adjacent 
hydrogen atoms. The related compounds, 2,6- and 2,7-dimethylquinoline, which 
have only two adjacent free hydrogen atoms in each of the two rings, absorb strongly 
a t  831 cm-I and 835 cm-l re~pectively.~~ 

The band of medium intensity at  796 cm-l is almost certainly associated with the 
presence of the three adjacent free hydrogens on the carbocyclic ring as aromatic 
rings with three adjacent hydrogen atoms show an absorption in the 810-750 cm-l 
regioms 8-Hydroxyquinoline, containing three adjacent hydrogen atoms in each ring, 
shows a strong band a t  780 cm-l. The strong band at 745 cm-l in the spectrum of 
maq is also most likely due to C-H deformations of the three adjacent hydrogen 
atoms. 

The data presented in Figure 1 show that, on coordination of maq, significant 
shifts occur for the out-of-plane C-H bending modes of the free ligand. The bands at  
831 and 745 cm-l are shifted to higher wave numbers, whilst the band at  796 cm-1 is 
shifted slightly to shorter wave numbers. 

Fig. 1 .-Splitting of 1 
infrared absorption bands. 

I 1  

I 

The complex [Ni(maq),(N03)](N03)9 has been shown by a three-dimensional X- 
ray analysis to have a highly distorted octahedral configuration.lO The two ligand mole- 
cules are arranged cis to each other, the heterocyclic nitrogen atoms being trans as 
shown in Figure 2. Infrared evidence had previously suggested the presence of a 
bidentate nitrato group.g The analogous cobalt(11) complex, Co(maq),(NO,), also 
contains a bidentate nitrato group (i.r. bands at  1493s, 1280s, 805m, and 743m em-1) 
and is, therefore, most probably octahedral with a cis configuration of the two ligand 
molecules. Both of these complexes show complexity in the infrared in the region of 
interest. 
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Models indicate that a trans-planar arrangement of the two maq molecules is 
impossible due to steric effects associated with the presence of the methyl groups in 
the 2-positions. One would expect that in all octahedral bis-maq complexes, the two 
ligand molecules would occupy similar positions about the metal as that found in 
[Ni(maq),(NO,)]NO,. If the splitting observed in the 850-750 cm-l region in the 
infrared for the nickel(11) and cobalt(11) nitrato complexes is diagnostic of the cis 
isomer of octahedral his-maq complexes, it should be observed in all of the bis octa- 
hedral complexes of maq. 

Figure 1 shows the results obtained for a series of complexes of nickel(11) 
and copper@).ll Some degree of splitting is observed in all of the bis octahedral 
complexes, with the exception of Ni(maq) ,(ClO ,), and in this respect complements the 
work of M~Whinnie.~ This evidence for cis configuration may not be conclusive, since 
it is not possible to obtain the corresponding trans complexes in order to check if 
the splitting is absent. The mono-chelated complexes of nickel(11) and c o p p e r ( ~ ~ ) l ~  
of type Ni(maq)X2,xH20 (X = C1, Br, I, x = 2, 712, 2 respectively) and Cu(maq)X, 
(X = C1, Br, NO,) do not show splitting of the in-phase, out-of-plane C-H deformation 
modes of the ligand molecule. 

Fig. 2.-cis configuration 
for bis-maq complexes. 

The complex Ni(maq),12,2H20 is thought to contain the tetrahedral anion 
[Ni(maq),12+ in the solid.g This compound also shows complexity in the region of in- 
terest, possibly indicating that splitting observed in the 850-750 cm-l region of the 
spectrum is due to a non-planar arrangement of the two maq molecules. The dis- 
position of the ligand molecules in a regular tetrahedral complex does not differ 
greatly from that in a cis-octahedral complex, so perhaps it is not surprising that 
splitting is observed in [Ni(maq),]I,,2H20. 

Several  worker^^-^ have attributed the greater complexity in the spectra of 
some complexes to the lower symmetry of the cis-isomer and Cotton12 has pointed out 
that a surrounding crystal field of symmetry lower than that of the complex may 
resolve degenerate modes or cause normally infrared-inactive vibrations to become 
active. For these maq complexes the reason for the absence of splitting of the highest 
wave-number band for some of the complexes is unknown. 

Infrared spectra were measured on a Perkin-Elmer 337 grating infrared spectrophoto- 
meter. The complexes were prepared as Nujol mulls or ground with potassium bromide to form 
disks. 
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