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The cobait(II)-Schiff base complexes [Co(nbsal)2] and [Co(tbsal)2] [nbsal = N-n-butylsalicyl- 
ideneiminate and tbsal = N-tert-butysalicylideneiminat6, o-OC6H4CH=NR, R = Bu" and Bu t, 
respectively] both have distorted tetrahedral structures, but the presence of the tert-butyl groups 
in [Co(tbsal)2] causes much greater angular distortion of the coordination tetrahedron. Although 
[Co(nbsal)2] will react with nitric oxide and oxygen, [Co(tbsal)2] reacts with neither and this 
appears to be due to the shielding of the cobalt by the ten-butyl groups. The reactive complex 
[Co(nbsal)2] crystallizes in the tetragonal system, a = 14.244, c = 5.395 A,, Z = 2 and space 
group P4. The structure was determined by the heavy-atom method, using MoKc~ diffractometer 
data, and refined by full matrix least-squares to R = 0.035 for 777 reflections. The unreactive 
complex [Co(tbsal)2] crystallizes in the orthorhombic system Pbc21, a = 10.977, b = 20.037, 
c = 9.866 A,, Z = 4. The structure was determined as above to R = 0.051 for 1458 reflections. 

Introduction 

Cobalt(II) complexes (I) of  Schiff bases derived from 
salicylaldehyde and alkylamines have been reported 
from their electronic spectra to have tetrahedral config- 
urations in solution in non-donor-solvents (Nishikawa 

R _%0 
o, iN__/--" 

R 

(!) 

and Yamada, 1964). Irrespective of  R the solution spec- 
tra are all very similar and different from the spectra of  
related planar complexes. However,  whereas (I), R = 
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Me, bis(N-methylsalicylideneiminato)cobalt(II), forms 
brown crystals; the other bis(N-alkylsalicylidenei~ai- 
nato)cobalt(II) complexes are red. It has been found that 
the N-methyl complex is isomorphous with the corre- 
sponding zinc(II) complex which is a dimer with five- 
coordinate zinc (Orioli et al., 1965). Consequently, it 
was of  interest to determine by single crystal methods 
whether the red complexes truly contain tetrahedral co- 
balt(II). It was earlier observed that the cobalt(II) 
complexes are red whether R is an n-alkyl group or 
an a-branched alkyl group, and that the n-alkyl series 
are subject to atmospheric oxidation in solutions Or as 
solids whereas the t~-branched series are indefinitely sta- 
ble. From the oxidation reaction mixtures tris(N-n-al- 
kylsalicylideneiminato)cobalt(IIl') complexes can be 
isolated (Nishikawa and Yamada, 1964). Cobalt(II) 
complexes which react with oxygen usually react with 
nitric oxide, and from this reaction a series o f  tetragonal 
pyramidal mononitrosyls (R = Me, Et, Bu", Bz, and 
Ph) has been isolated (Groombridge et al., 1992). How- 
ever, the tert-butyl derivative, tested as a typical 
a-branched complex, did not react as the solid or in so- 
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lution in methanol with nitric oxide paralleling the fail- 
ure to react with oxygen.  The structures of  one example 
of  the n-alkyl series, bis(N-n-butylsal icylidene- 
iminato)cobalt(II),  [Co(nbsal)2l, and one member  of  
the s -branched  series, bis(N-tert-butylsalicylidene- 
iminato)cobalt(II),  [Co(tbsal)2], have been determined.  

E X P E R I M E N T A L  

Preparation of eobalt(ll) completes 

Bis(N-n-butylsal icylideneiminato)cobalt(I  I) was 
prepared as before by the addition under nitrogen of  an 
excess of  n-butylamine (2.5 g, 34 mmol) to a solution 
of  bis(sal icylaldehydato)cobalt(II)  dihydrate (3.0 g, 8.9 
mmol) in methanol (80 cm 3) containing 2 cm 3 of  37 % 
aqueous formaldehyde. The solution was stirred at 60~ 
for fifteen minutes, al lowed to cool and then placed in 
a refrigerator overnight. The red needles which sepa- 
rated were quickly filtered off and washed with cold 
methanol (3 cm 3) in the air, dried in vacuum and stored 

under nitrogen (1.35 g, 37%). 
The tert-butyl analogue was similarly prepared 

from the same quantities of  reactants in methanol (60 
cm 3) in the air and the red product was recrystallized 

from ethanol (2.6 g, 72%) to give red crystals.  
Analyses for the complexes are given in Table 1. 

The effective magnetic moments of  4.19 (289 K) and 
4.23 (289 K) for the n-butyl- and tert-butyl-derivatives 
are as expected for tetrahedral cobalt(II) complexes.  

Data collection and processing 
[Co(nbsal)2]. A needle crystal of  approximate di- 

mensions 0.13 • 0.15 • 0.45 mm obtained as above 
was mounted on a glass fiber and examined on an Enraf- 
Nonius CAD4 four-circle diffractometer, using graoPh- 
i te-monochromated MoK~ radiation (~, = 0.71073 A) .  
The unit cell dimensions were obtained by least-squares 
refinement of  a set of  25 reflections in the 0 range 13 to 
15 ~ Intensity data were collected in a ~0-20 scan mode 
from one octant of  the reciprocal lattice; 0 range 1 to 
26 ~ , 0 < h < 17, 0 < k < 17, 0 < l < 6. After  
correction for the Lorentz and polarization effects, the 
data set yielded 1298 independent reflections of  which 
777 were used (I > 3 o(1)). The 020 reflection, which 

Table 1. Analytical data (calculated values in parentheses) 

Compound %C %H %N 

[Co(C6H4(O)CHNBun)2] 64.4 (64.2) 7. l (6.9) 7.0 (6.8) 
[Co(C6H4(O)CHNBun)21 63.95 (64.2) 7.0 (6.9) 7.5 (6.8) 

was monitored hourly throughout the data collection, 
showed negligible decay (0.1%) in spite of  the slight 
sensitivity of  the complex to aerial oxidation. Psi-re- 
flections were not available for the application of  an em- 
pirical absorption correction. Crystal data are given in 

Table 2. 
[Co(tbsal)21. A crystal of  approximate dimensions 

0.4 • 0.8 • 0.15 mm was examined as above. Intensity 
data were collected in the 0 range 1 - 24 ~ , and the 
index r a n g e 0  < h < 12, 0 < k < 23, 0 < / < I1. 
Of the 2304 reflections measured 1819 had non-zero in- 
tensity and 1458 had / > 3o(1). Correction was made 
for the Lorentz and polarization effects and analysis of  
the standard reflection showed negligible decay of  in- 
tensity throughout the data collection period. Crystal 
data are given in Table 2. 

Structure deterntination and refinement 
[CoOlbsal)2]. Examination of  the intensity data re- 

vealed that the Laue Group was 4/m (hkl --/= khl). The 
N(z) statistical test gave a distribution line between the 
centric and noncentric cases. Further examination of  the 
intensity data showed no systematic absences but the 
hk0 reflections (h + k odd) were systematical ly weak. 
The choice of  space group was therefore restricted to 
P4, P4, P4/m or possibly P4/n. 

The choice for two molecules in the unit cell was 

made from the knowledge that the approximate atomic 
volume per atom is 20 ]k 3, leading to 54 atoms in the 
cell. Therefore, the Co atom must be sited on a special 
position in the space group. 

The Patterson map was computed and the C o - C o  
vector was identified and found to be 1/2, 1/2, 0.332. 
Inspection of  the space groups showed that a vector of  
this type could only occur in space group P4 although a 
similar vector occurs in P4/n;  there are eight general 

Table 2. Crystal data for [Co(CrH.~(O)CHNR)21 

R=Bu" R=Bu t 

Molecular formula C22H28CoN20 2 C22H28CoN20 2 
Mr 41 1.41 411.41 
Crystal system Tetragonal Orthorhombic 
Space group P4 Pbc2, (29) [Pca2,] 
a 14.244(4) ,~ 10.977(2) ]k 
b 14.244(4) 20.037(7) 
c 5.395( 1 ) 9.866(3) 
Vc 1094.6 ,~3 2170.0 /k~ 
Z 2 4 
D~ 1.248 g cm -3 1.259 g cm -3 
F(000) 434 868 
#(Mo Ks) 7.97 cm- i 8.04 cm- i 
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Table 3. Final positional and thermal parameters for 
ICo(C~,H~(O)CHNBu"),] and B~.q thermal parameters (A2) '' 

Atom x y Z Beq 

Co 0.000 0.500 0.1724(2) 5.86(2) 
O 0.0746(3) 0.5828(3) 0.3641(8) 7.3(1) 
N 0.1042(3) 0.4468(3) -0.0215(9) 5.7(1) 
CI 0.1663(4) 0.5901(4) 0.360(1) 5.7(I) 
C2 0.2236(3) 0.5395(3) 0.192(1) 5.0(1) 
C3 0.3216(3) 0.5524(4) 0.205(1) 5.9(1) 
C4 0.3610(4) 0.6114(4) 0.372(1) 7.3(2) 
C5 0.3054(4) 0.6597(4) 0.535(I) 7.2(2) 
C6 0.2110(4) 0.6500(4) 0.532( 1 ) 6.9(2) 
C7 0.1900(4) 0.4734(4) 0.015( 1 ) 5,7( I ) 
C8 0.0881(4) 0.3736(5) -0.206(1) 7.8(2) 
C9 0.0438(5) 0.288t(5) -0.090(1) 9.0(2) 
CI0 0.1021(7) 0.2404(6) 0.101(2) 12.6(3) 
CI 1 0.0658(9) 0.1563(7) 0.208(3) 18.9(5) 

"The B~, values are calculated according to the equation B~,~ = 
EiEjB,j a,aj 

posit ions for this space group,  but as there are only four  

l igands in the unit cell  P4 was accepted as the correct  

space group and the Co  a tomic  coordinates  set at 

0, 1/2, 0 .166.  

Structure factors were  calcula ted on these coordi-  

nates and a phased Four ie r  map calculated.  The  map 

revealed the Co  atom surrounded by 4 phenyl  groups 

together  with the O and N a toms but did not reveal  the 

butyl chain.  This  result arises because  the Co  is sited on 

the two-fo ld  special  posi t ion and by i tself  does  not phase 

correct ly  all the parity groups ,  result ing in a double  im- 

age o f  the structure.  One  group of  9 a toms was selected 

and put into the a toms list for ref inement .  
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After  four  cycles  o f  ref inement  o f  structure ampl i -  

tudes, the R value fell to 0 .207  and a difference Four ie r  

revealed the presence  o f  the first two atoms o f  the butyl 

chain attached to the N atom. These  two atoms were  

added to the atoms list and further  ref inement  caused R 

to decrease to 0. 149. A second difference Four ie r  then 

revealed the last two atoms o f  the butyl chain.  On add- 

ing these two atoms to the a tom list, further ref inement  

caused R to decrease  to 0 .089.  

Hydrogen  atoms were  calculated in fixed posi t ions 

using a C - - H  dis tance o f  1 A .  When  the hydrogens  

were included R decreased to 0 .080.  Appl ica t ion  o f  a 

pseudo empir ical  absorpt ion correct ion by D I F A B S  

(Walker  and Stuart,  1983) reduced R to 0 .075.  Aniso-  

tropic ref inement was appl ied to all non-hydrogen  atoms 

which caused R to converge  at 0 .038,  Rw = 0 .045 ,  S = 

1.073. Final positional and thermal parameters  are g iven 

in Table  3, and bond lengths and bond angles  in Table  

4. 

[Co(tbsal)2]. Inspect ion o f  the hkO, h01 and 001 

zones revealed the presence o f  a b gl ide perpendicu lar  

to a ,  and a c gl ide perpendicular  to b leading to the 

choice  o f  space groups Pbc21 (29) or  Pbcm (57). Inten- 

sity statistics favoured the cen t rosymmetr ic  space group,  

reflecting the pseudo-symmet r i c  nature o f  the molecu le  

itself, and would  have required the cobalt  a tom to be 

sited on a special  posi t ion.  The  intensities o f  the hk0 

reflections showed a sys temat ic  weakness  for those with 

(h + k) odd. Examina t ion  o f  the Patterson map vectors  

revealed that it could not be space group Pbcm but could  

be satisfied by Pbc2~ with the cobal t  a tom in approxi-  

mate posit ion 0 .25,  0 .03 ,  0 .50  where  the x-coord ina te  

fixes the origin.  

Table 4. Bond lengths/,~ and bond angles/deg for [CotC~,H~(O)CHNBu")z] 

Atom 1 Atom 2 Distance Atom I Atom 2 Distance Atom 1 Atom 2 Distance 

Co O 1.894(4) C l C2 1.418(8) C4 C5 1.368(9) 
Co N 1.968(4) C 1 C6 1.411 (9) C5 C6 1.352(9) 
O C1 1.311(6) C2 C3 1.410(7) C8 C9 1.507(10) 
N C7 1.295(7) C2 C7 1.422(8) C9 C 10 1.488(12) 
N C8 1.458(8) C3 C4 1.353(9) CI0 CI 1 1.426(15) 

Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle 

O Co O 113.8(2) O CI C2 123.0(5) C3 C4 C5 119.9(5) 
O Co N 96.1(2) O CI C6 119.1(5) C4 C5 C6 121.1(6) 
O Co N 118.3(2) C2 CI C6 117.9(5) CI C6 C5 121.2(6) 
N Co N 115.7(2) CI C2 C3 118.1(5) N C7 C2 127.8(5) 
Co O CI 126.8(4) CI C2 C7 124.9(5) N C8 C9 I 11.2(6) 
Co N C7 121.2(4) C3 C2 C7 117.0(5) C8 C9 CI0 114.9(6) 
Co N C8 121.3(3) C2 C3 C4 121.8(5) C9 CI0 CII 117.4(9) 
C7 N C8 117.5(5) 
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Table 5. Final positional and thennal parameters fi~r [Co(Cr and B~q themml parameters (~,21. The B~, values arc calculated 
according to the equation Bcq = ~ EiEjB, aia~ 

Atom x y z B,.,i Atom x y = B,., 

Co 0.24668(7) 0.03024(4) 0.500 3.32(2) C18 0.052(11 0.0103(71 0.721(2) 13.5(31 
Ol 0.3027(5) 0.0760(3) 0.3434(6) 4.5(11 C19 -0.026(2)  0.1181(61 I).714(I) 25.0(5) 
02 0.2258(4) -0.0629(3) 0.4716(61 4.8(11 C20 -0 .116( I )  0.040(I) 0.585(2) 18.7(6) 
N I 0.0893(4) 0.0791(2) 0.5220(6) 3.3( I ) C21 0.2682(6) -0.1091 (4) 0.5504(9) 4.1 (2) 
N2 0.3700(5) 0.0241(31 0.6486(7) 3.6(I) C22 0.2375(7) -0.1757(4) 0.521(11 6.4(3) 
CI 0.0582(6) 0.1215(31 0.4318(91 4.0(1) C23 0.2765(9) -0.2271(41 0.601(2) 7.2(3) 
C2 0.3972(7) -0.0332(4) 0.6982(8) 4.4(2) C24 0.347( I ) -0.2153(4) 0.714( I ) 7.5(3) 
C I I 0.2406(6) 0.1195(41 0.2750(9) 3.7(11 C25 0.3822(9) - 0 .  1530(41 0.742(I) 6.2(2) 
C12 0.2905(9) 0.1467(51 0.1550(91 5.2(2) C26 0.3455(7) -0.0985(4) 0.6646(8) 4.2(2) 
C13 0.2310(91 0.1911(51 0.079(11 5.8(2) C27 0.4419(71 0.0825(3) 0.6992(8) 4.1(I) 
C14 0.113(11 0.2109(41 0.112(I) 7.0(2) C28 0.377(11 0.1440(4) 0.651(11 8.2(3) 
C 15 0.0626(9) 0.1880(4) 0.227( 1 ) 5.9(21 C29 0.447( 1 ) 0.0832(5) 0. 853( 1 ) 7.8(3) 
CI6 0.1231(61 0.1430(31 0.3132(81 3.8(1) C30 0.568(11 0.0782(5) 0.642(11 7.8(3) 
C17 0.0029(7) 0.0646(4/ 0.6356(9) 4.7(2) 

With the addition of two oxygen positions, ex- 
tracted from its Patterson, as input to the first structure 
factor/Fourier calculation, R converged at 0.32. Two 
further cycles of isotropic refinement revealed the re- 

maining atoms of the molecule with R converging to 
0.10; hydrogen atoms were included at geometrically 
calculated positions, dH = 1.0 ,~,. 

In the absence of PSI data for an empirical absorp- 

Table 6. Bond lengths/,~ and bond angles/deg lbr [Co(C,,H.dO)CHNBut)z] 

Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance Atom I Atom 2 Distance 

Co O1 
Co 02 
Co N I 
Co N2 
O1 CII 
02  C21 
NI CI 
NI CI7 
N2 C2 
N2 C27 
CI C16 

Atom 1 Atom 2 

O1 Co 
O1 Co 
O1 Co 
02 Co 
02  Co 
N 1 Co 
CI NI 
C2 N2 
N1 CI 
N2 C2 
O1 CII  
Ol CII  
Cl2 C l l  
C l l  Cl2 
C12 C13 

1.899(5) C2 C26 1.464(10) C21 C22 1.407( 1 I ) 
1.901(51 CII  C12 1.414(12) C21 C26 1.427(1 I) 
1.998(5) C I I C 16 1.425(9) C22 C23 1.37(2) 
1.999(6) C 12 C 13 1.336(13) C23 C24 1.37(2) 
1.296(91 C 13 C14 1.393(15) C24 C25 1.337(12) 
.296( 101 C 14 C 15 1.349(15) C25 C26 1.394( 121 
.276(9) C15 C16 1.405(121 C27 C28 1.499(121 
.497(10) C17 C18 1.48(21 C27 C29 1.522(13) 
.283(9) C17 C19 1.36(21 C27 C30 1.491(14) 
.499(9) C 17 C20 1.49(2) 
.437( 11 ) 

Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle Atom I Atom 2 Atom 3 Angle 

02 113.2(21 C13 C14 C15 118.9(91 C22 C23 C24 121.0(9) 
NI 97.5(2) C14 C15 C16 122.3(91 C23 C24 C25 119.7(9) 
N2 114.0(21 C1 C16 CII  124.4(71 C24 C25 C26 122(11 
NI 113.1(2) CI C16 C15 116.8(71 C2 C26 C21 122.9(71 
N2 97.4(2) CI 1 C16 C15 118.7(71 C2 C26 C25 117.6(71 
N2 122.4(21 NI C17 C18 109.7(71 C21 C26 C25 119.2(71 
C17 118.8(6) N1 C17 C19 114.8(91 N2 C27 C28 106.7(71 
C27 116.7(61 NI C17 C20 112(1) N2 C27 C29 111.0(7) 
C16 129.4(61 C18 C17 C19 110(1) N2 C27 C30 108.5(71 
C26 128.5(71 C18 C17 C20 105(11 C28 C27 C29 109.2(81 
C12 119.5(7) C19 C17 C20 105(11 C28 C27 C30 111.4(81 
C16 124.1(7) 02  C21 C22 117.9(8) C29 C27 C30 110.1(9) 
C16 116.4(71 02 C21 C26 125.5(71 
C13 122.7(91 C22 C21 C26 116.6(81 
CI4 120.8(91 C21 C22 C23 121(11 
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tion correction DIFABS was applied and this reduced R 
to 0.093, rain/max correction 0�9 165, average cor- 
rection 0.98. 

Anisotropic refinement, initially Co alone, then all 
nonhydrogen atoms, caused R to converge at 0.051, R,, 
= 0.073; S = 1. 179. Hydrogen atom positions were re- 
calculated during these last refinement cycles. The 
weighting scheme was that due to Killean and Lawrence 
(1969), with w -t  = [a(F 2) + 0 .5F + 5.01. In the final 
difference Fourier map, the highest peak was 0.48 elec- 
trons. Final positional and thermal parameters are given 
in Table 5, and bond lengths and bond angles in Table 
6. 

Discussion 

Both [Co(nbsal)2] and [Co(tbsal)2] have tetrahedral 
configurations in the solid (Figs. I and 2) as predicted 
from the earlier spectroscopic data, but the bond angles 
a t the  cobalt atoms are unequal and very different from 
the ideal tetrahedral angle (109.5~ particularly in the 
tert-butyl substituted compound. This is partly due to 
the restriction by the chelate rings which form similar 
angles at cobalt [Co(nbsall2, 96. I~ [Co(tbsal)2l, 97. I~ 
However, the tert-butyl groups lead to an opening out 
of  the NCoN angle from 115.7 ~ to 122.4 ~ and an in- 
crease of  the C o - - N  bond distances from 1.968 to 1.998 
,~,. The C o - - O  bond distances are the same within ex- 

CS C5 

~ cle 

�9 ~C11 

Fig. t. Atom numbering scheme and molecular structure of 
ICo(nbsalL,1. 

perimental error in both compounds�9 The O - - C o - - O  
angles are similar in both compounds (113.8 ~ and 
113.2~ although the O - - C o - - N  angle is smaller in 
[Co(tbsal)2] (I 14.0 as opposed to 118.3~ 

In [Co(nbsal)2] the n-butyl chains lie away from the 
CoN2 plane leaving regions where NO could attack the 
cobalt ion to form a mononitrosyl derivative. On the 

CI7 , f f f f~  \ C  

c 

cE3 

14 

Fig. 2. Atom numbering scheme and molecular structure of 
ICo(tbsal)_,l. 
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other hand, in [Co(tbsal)2] the Me groups of the ter t -  

butyl substituent block the CoN2 angle as well as lying 
over the chelate rings and so prevent the attack of NO 
(and 02). The t e r t -bu ty l  methyl groups also show con- 
siderable disorder which manifests itself in very large 
thermal ellipsoids and a foreshortening of the bond dis- 

tances, particularly that for C17-C19. There are no short 
contacts below the normally expected Van der Waals 
distances in the structure of either cobalt complex. 
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