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Proton Isotropic Shifts in Pseudo-tetrahedral Nickel(i1) and Cobalt(ii) 
Co m pl exes with Sa I icy1 a Id i mi nes 

By C. Benelli, 1. Bertini," and D. Gatteschi, Laboratorio C.N.R. and lstituto di Chimica Generate ed lnorganica 
dell'llniversith di Firenze, 501 32 Florence, Italy 

l H  N.m.r. spectra of pseudo-tetrahedral bis(N-alkyl-salicylaldiminato)cobalt(ll) complexes have been recorded. 
Both Fermi-contact shifts and dipolar shifts have been found, by comparison with the analogous nickel(l1) com- 
plexes, to contribute to the total isotropic shifts. For the latter complexes l H  n.m.r. spectra have been reinterpreted 
on the basis of magnetic anisotropy data. 
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The 1H n.m.r. spectra of the analogous nickel com- 

plexes have been reported and discussed,6 however, 
anisotropic magnetic data on the bis(N-isopropylsali- 
cylaldiminato)nickel(n) complex 7 have allowed us to 
estimate the contact and dipolar components of the 
isotropic shifts of this nickel(@ complex. A compari- 
son between the contact shifts of nickel(I1) and the iso- 
tropic shifts of cobalt(r1) complexes has provided some 
information on the dipolar shift contributions to the 
total shifts of the latter complexes and on the spin- 
delocalization mechanisms. 

EXPERIMENTAL 

The complexes were prepared by the literature method 6 

and analysed satisfactorily for C, H, and N. 
1H N.m.r. spectra were recorded with a Varian DA-60-IL 

spectrometer a t  60 MHz and 26 "C. Shifts were calibrated 
from internal tetramethylsilane. The spectra were re- 
corded both in the HR mode (side-band technique used 
for calibration) and in the HA mode in internal lock. 
CDCl, was used as solvent. 

RESULTS AND DISCUSSION 

The 1H n.m.r. spectra of the bis(N-ethylsalicyl- 
aldiminat 0) cobalt (11) and bis(N-isopropylsalicylaldimin- 
ato)cobalt(II) complexes in CDC1, at 26 "C are shown 
in the Figure, together with the spectrum of the bis- 
(N-isopropylsalicyaldiminato)nickel(II) complex for 
comparison. Aromatic protons have been assigned by 
recording the spectra of the 3-, 4-, 5-, and 6-chloro- 
and 5-methyl-substituted complexes. Assignment of 
the aliphatic protons is obtained from the isotropic 
shift directions and intensity consideration~.6~8*~ The 
5-methyl signal of the cobalt N-ethyl-derivative is 
located at -31.1 p.p.m. whereas the 5-H signal is at  
+4.5 p.p.m. from internal tetramethylsilane. This 
indicates : (i) Fermi contact interactions are 
strongly operative, (ii) the unpaired-spin density is 
mostly delocalized into the x-orbital system, as has been 
suggested for the analogous nickel complexes. The 
spectrum of the t-butyl-derivative differs from that 
of the isopropyl-analogue in the position of the aliphatic 
methyl group, which is at +6.5 p.p.m. and overlaps 
the 3-H and 5-H peaks, the other aromatic peaks being 
at the same position as in the other N-alkyl-derivatives 
to within 3 p.p.m. 

The bis(N-isopropylsalicylaldiminato)nickel(II) com- 
plex, is only 50% tetrahedral in solution.6J3 The 
1H n.m.r. spectra of all the other cc-branched alkyl- 
amine nickel complexes, which also give rise to planar- 
tetrahedral equilibria, are quite similar to that of the 
isopropyl-derivative save for corrections due to the 
different percentages of diamagnetic species.6~~3 Gerloch 
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and Slade7 recently published the three molar sus- 
ceptibilities of the bis(N-isopropylsalicyla1dirninato)- 
nickel@) complex which is fully paramagnetic in the 
solid state. 

The principal molecular susceptibility values, along the 
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lH N.m.r. spectra of bis(N-alkylsalicylaldiminato)metal(IIj 
complexes in CDCl, at 26 "C (p.p.m. from internal tetra- 
methylsilane) 
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the susceptibility values, using equations (1) and 
(2), the dipolar shifts have been calculated for the 
limit situations of tumbling rates lower and higher 

10 A. D. McLachlan, MoZ. Phys., 1968, 1, 233. 
11 W. De W. Horrocks, R. C. Taylor, and G. N. La Mar, J .  

12 L. Sacconi, Transition Metal Chem., 1968, 4, 199. 
13 I. Bertini and F. Mani, Inow. Chem., 1970, 9, 248. 

Amer. Chem. Soc., 1964, 86, 3031. 

http://dx.doi.org/10.1039/DT9720000661


1972 663 

than Igi - gjl PHh-l, respectively; 14-18 the molecular 
tumbling time being much larger than the electronic 
relaxation time.l6, l8 

where: D, = &(2xzz - hx - xyy), B, = fig - b, D, = 
'h - %(& + &v) + *&z'(hx' + xm') - ( b & / ) ' J  B2 = 
3(%y - x ~ z )  + &z'(~yy' - hi), Gi(e, r )  = (1 - 3 c0s2%)/ 
Y , ~ ,  Hi(8, #, r) = (sin20i cos Z+J/ri3. In these formulae r 
is the modulus of the vector joining the metal atom to 
the i-th nucleus, 8 is the angle made by this vector with 
the x axis and y5 is the angle between the x axis and 
the projection of r on the xy plane. 

Calculated dipolar and contact shifts for the bis- 
(N-isopropylsalicylaldiminat o) nickel(@ complex are 
shown in the Table. These figures show that: (i) a 

Isotropic, contact, and dipolar shifts a for the bis(N-iso- 
propylsalicylaldiminato)nickel(n) complex 

3 23.7 -1.4 25.1 2.6 21.1 
4 -19.0 2.3 -21.3 2.2 -21.2 
5 23.7 4.5 19.2 3.2 20-5 
6 - 3.7 8.4 - 12.1 6.1 - 9.8 

H Aviao Avdip b , c  Avcon A,,dip b,d Avcon 

0 All the shifts are expressed in p.p.m. a t  26 "C in CDCl,. 
Isotropic shifts are determined relative to the reported shifts 
of the bis(N-alkyl-salicylaldiminato) zinc (11) complexes : 8 

aromatic protons, - 7.0 p.p.m. b Geometrical factors were 
calculated using structural data reported in M. R. Fox, P. L. 
Orioli, E. C. Lingafelter, and L. Sacconi, Acta Cryst., 1964, 

Dipolar shifts calculated with equation 

17, 1169: G ,  = -0.00166, H ,  = 0.00683, G4 = -0.00401, 
H4 = 0.00010, G ,  = -0.00663, H ,  = 0.00012, G6 7 -0.01244, 

= 0.00019 A-3. 
(1). Dipolar shifts calculated with equation (2). 

dipolar contribution drastically affects the 6-H isotropic 
shift, (ii) corrected contact shifts are better alternating 
than isotropic shifts. 

Until now, for these and other pseudo-tetrahedral 

* Dzd. symmetry requires xzz = xgv, that is B = 0. The 
negligibility of the term B H  of equations (1) and (2) is justified 
also from the small H values in comparison with the G values 
for protons 4, 5, and 6. If the nickel complex is treated as 
having axial symmetry, k., xzz = xslr = &(5004 + 4651) f 
4-7%, the dipolar shifts calculated through equation (2) are: 
0.8 (3-H), 1-9 (4-H), 3.1 (6-H), and 5.9 (6-H), p.p.m., in good 
agreement with the figures obtained without the assumption of 
axial symmetry. 

nickel complexe~,~56,~~ dipolar shifts have been considered 
negligible and spin densities calculated according to 
VB or MO theories have been directly compared to 
those expected from the isotropic shift ~ a l u e s . l ~ ~ ,  1 9 y 2 0  

The isotropic shift pattern of the cobalt complexes is 
different from the contact shift pattern of the nickel 
analogues (see Figure and Table) in that all of the 
aromatic proton signals of the former complexes are 
shifted downfield (the 3-H signal to a smaller extent) 
with respect to the corresponding contact shift values 
of the latter complexes. Since the Gi factors for 
protons 4, 5, and 6 have the same sign (the Hi's being 
negligible; see footnote to  the Table), we conclude that 
the cobalt(11) complexes show evidence of a sizable 
dipolar shift similar to that shown to be present for other 
cobalt c ~ m p l e x e s . l ~ * ~ ~  

Anisotropic magnetic measurements are not available 
for these complexes, however, assuming that the con- 
tact shifts of nickel [e.g. those derived from equation 
(l)] and cobalt are in proportion and applying the ratio 
method 16-18s21s22 for the idealized axial D,, symmetry," 
an estimate of -3, -8, -13, and -24 p.p.m. for the 
3-, 4-, 5-, and 6-H dipolar shifts for the cobalt complexes 
is obtained, leading to recalculated contact shifts of 
+21.5, -38.8, +22.8, and -14-2 p.p.m. for these 
protons. The pattern and magnitude of these contact 
shift values compare quite well with those of nickel; 
however, the ratios of shifts for nickel and cobalt 
agree only moderately owing to discrepancy in the 4-H 
contact shifts. This suggests that: (i) there is a rel- 
atively large error in the above calculated figures; 
(ii) the spin delocalization mechanisms for the two metal 
complexes are not quite identical. 
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