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may  constitute evidence for what  may be considered 
a weak hydrogen bond (Sutor, 1962). In  this sense 
a certain measure of weak but not very~.specific 
interaction due to the tactone group may be considered 
to operate. However there is no clear distinction 
between the behaviour of the two oxygen atoms, 
O(1) and 0(2), so that  neither the lone pair:of electrons 
or the part ial  charge appears to exert ' :a  specific 
bonding effect. The comparison of molecular packing 
in the two compounds therefore fails to reveal any 
direct evidence of the special states of 0(1) and 0(2) 
which would correlate with that  suggested by the 
evidence of p lanar i ty  of the lactone group and the 
dissymmetry of the C-O bond lengths. 

We are grateful to Prof. G . W . K .  Cavill of the 
University of New South Wales for his kindness in 
supplying a sample of iridomyrmecin. We also wish 
to thank Mr P. Jennings of the Universi ty of Western 
Australia for his assistance in constructing ball-on- 
spike models of the crystal structures of ir idomyrmecin 
and isoiridomyrmecin. 
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X-ray Studies of the Bis -N-alkylsa l icy la ldiminates  'of Bivalent Metals. 
III. Structure of Bis -N-buty lsa l icy la ld imine-pal ladium 
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Following the examination of the metal complexes of N-alkylsalieylaldimines the crystal structure of 
bis-N-butylsalicylaldimine-palladium was determined by two-dimensional: Fourier methods. 

The unit cell is monoclinic with lattice constants 

a=10.99, b=7.25, c=14 .72A;  fl=120°; Z = 2 .  

The space group is P21/c. The metal atoms are required to be at symmetry centers and the coordina- 
tion bonds in a trans-planar arrangement. The form of the chelate ring in this compound will be 
discussed. The results of the structure determination of complexes of this series are compared. 

I n t r o d u c t i o n  

As a part  of th~ study of the structures of complexes 
of _N-alkylsalicylaldimines of bivalent metals with the 
general formula 

c / \ I 
\\ 

\ c/c 

the crystal structure of the pal ladium complex of the 
butyl  derivative Will' be described in this paper. 

The earlier studies of this series of complexes showed 
some curious features not only in the geometry of the 
coordination, but  also in the shape of the chelate 
ring, exhibiting sensivity to steric hindrance. 

Complexes of the butyl  derivative with nickel, 
copper and pal ladium have been previously described 
(Frasson & Panattoni,  1962). The crystals are prac- 
t ically isometric and hence the differences in the radii  
of the coordinating metals can have no influence on 
the volume occupied by the different molecules. These 
have vir tual ly  identical volumes. 
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Exper imenta l  and crystal  data 

Bis-N-butylsalicylaldimine-palladium was prepared 
according to Sacconi, Ciampolini, Maggio & Del Re 
(1960). Single crystals of the complex were obtained 
by crystallization from chloroform. 

From precession camera photographs it has been 
found that the crystal belongs to the space group 
P21/c. The unit cell has the following lattice con- 
stants" 

a = 10.99 _+ 0-04, b = 7"25 _+ 0 . 0 3 / l ,  
c = 14-72 + 0 .05 / l ;  ~ = 120 ° + 30' . 

The pycnometrie density is 1.492 g.cm-8; the density 
determined by X-rays is 1.48 with two molecules in 
the unit cell. Owing to the space group symmetry 
the two palladium atoms are located at crystallo- 
graphic symmetry centers, in 0, 0, 0 and 0, ½, ½ posi- 
tions; the entire molecule is centrosymmetrical with 
respect to the palladium, and the four coordinate 
bonds from the palladium must lie in the same plane. 

Weissenberg equatorial photographs were taken 
with Cu K s  radiation, monodimensional integration 
of the diffraction and multiple-film technique being 

used. The intensities were estimated by means of a 
photometric recorder and corrected by means of the 
usual Lorentz and polarization factors. 

The form of the used crystal was a parallelepiped. 
Considering the dimensions of the diagonals of the 
base, the absorption coefficient of the crystal varies 
from ~ 1 = 2 . 8  to #1=5 .0 .  The third dimension is 
intermediate. For the correction of the intensities we 
have used the graphical method described by Frasson 
& Bezzi (1959). 

Electron density projections and ref inement  
of the a tomic  coordinates  

The projections on (010) and (100) were chosen for 
successive refinement. The positions of the light atoms 
were determined from the electron density projections 
calculated with the signs due to the contribution of 
the heavy atom. The signs of the reflexions to which 
the heavy atom do not contribute were in the first 
instance determined with the coordinates of the light 
atoms found on the (010) projection and the y/b 
coordinates calculated on the basis of both the bond 

Table 1. Comparison of observed and calculated structure factors for bis.N-butylsalicylaldimine-palladium 
hOl reflexions 

h 0 1 Pc Fc h 0 1 

1 0 0 156,5 154,0 7 0 4 
2 0 0 18,3 20,3 8 0 4 
5 0 0 41,2 46,2 9 0 4 
4 0 0 43,0 "51,3 i0 0 4 
5 0 0 49,2 59,1 1 0 6 
6 0 0 55,6 65,1 2 0 6 
7 0 0 29,7 20,7 3 0 6 
8 0 0 6,8 6,8 4 0 6 
9 0 0 59,1 75,6 5 0 6 

I0 0 0 52,3 52,3 6 0 6 
ii 0 0 48,8 37,3 7 0 6 
12 0 0 50,7 35,8 8 0 6 
1 0 2 54,5 67,5 9 0 6 
2 0 2 22,9 25,7 I 0 8 
3 0 2 37,0 30,2 2 0 8 
4 0 ~ 62,8 73,3 3 0 8 
5 0 2 55,0 53,1 4 0 8 
6 0 2 74,9 81,0 5 0 8 
7 0 2 66,7 64,6 6 0 8 
8 02 40,3 38,0 7 0 8 
9 0 2 5,4 3,9 8 0 8 

I0 0 2 19,4 19,4 1 0 i0 
II 0 2 49,2 37,4 2 0 i0 
1 0 4 70,2 54,7 3 0 i0 
2 0 4 45,1 40,4 4 0 i0 
3 0 4 33,9 37,2 5 0 i0 
4 0 4 46,2 36,5 6 0 i0 
5 0'4 76,5 79,8 1 0 12 
6 0 4 64,8 57,3 2 0 12 

Fo Fc h 0 1 FO 

56,3 48,6 3 0 12 43,4 
70,1 79,0 4 0 12 20,1 
40,0 36,1 5 0 12 28,0 
29,5 29,5 I 0 14 60,2 
75,5 63,6 2 0 14 45,9 
90,8" 91,0 3 0 14 14,0 
74,2 74,1 
47,6 44,6 - 1 0 2 84,0 
63,0 73,0 ~ 2 0 2. 56,9 
50,3 41,1 - ] 0 2 64,8 
29,0 21,1 - 4 0 2 29,0 
12,8 12,8 - 5 0 2 118,2 
33,1 23,6 - 6 0 2 112,8 
55,6 41,0 - 7 0 2 36,9 
54,1 46,3 - 8 0 2 26,2 
25,1 25,1 - 9 0 2 46,4 
56,1 60;3 -I0 0 2 57,0 
41,8 45,6 -ll 0 2 "52,5 
9,7 9,7 -12 0 2 49,4 

11,5 9,2 - 1 0 4 105,6 
41,i 35,8 - 2 0 4 44,4 
31,5 26,5 - 3 0 4 68,5 
48,5 40,2 -- 4 0 4 73,5 
46,2 33,7 - 5 0 4 67,5 
30,4 30,4 - 6 0 4 75,0 
50,1 40,7 - 7 0 4 25,1 
54,3 51,9 - 8 0 4 27,0 
61,4 61,4 - 9 0 4 30,7 
23,1" 23,1 -lO 0 4 48,7 

Fc h 0 I Fo Fc h 0 1 Fo Fc h 0 1 Fo Fc 

33,9 -ii 0 4 41,1 41,6 -14 0 8 21,8 24,4 - 3 0 14 41,1 39,5 
20,1 -12 0 4 45,9 49,7 - i 0 I0 81,0 85,6 - 4 0 14 47,0 51,7 
20,3 -13 0 4 32,7 36,6 - 2 0 I0 29,6 29,6 - 5 0 14 65,4 65,4 
58,7 - 1 0 6 62,9 66,1 - 5 0 I0 36,5 28,4 - 6 0 14 55,5 45,9 
49,4 - 2 0 6 78,5 77,2 - 4 0 I0 52,1 38,8 - 7 0 14 52,5 62,5 
14,0 - ] 0 6 80,7 6),2 - 5 0 I0 54,7 44,9 - 8 0 14 64,6 66,1 

- 4 0 6 84,8 81,1 - 6 0 lO 65,8 74,1 - 9 0 14 27,3 39,9 
72,3 - 5 0 6 58,7 49,1 - 7 0 lO 74,9 89,5 -I0 0 14 25,6 I1,6 
57,0 - 6 0 6 76,4 95,7 - 8 0 I0 27,5 21,9 -ii 0 14 40,2 50,8 
b0,2 - 7 0 6 65,1 80,i - 9 0 i0 3,6 -3,6 -12 0 14 33,9 42,9 
29,0 - 8 0 6 33,0 33,9 -I0 0 I0 ~6,8 66,8 - 1 0 16 36,1 34,9 

124,6 - 9 0 6 18,6 18,6 -Ii 0 I0 59,7 47,2 - 2 0 16 29,9 25,3 
112,9 -I0 0 6 3,3 3,3 -12 0 i0 39,8 42,0 - 3 0 16 27,7 22,5 
46,9 -Ii 0 6 36,2 26,7 -13 0 i0 36,6 34,3 - 4 0 16 41,7 39,6 
22,9 -12 0 6 44,4 50,0 - 1 0 12 70,9 67,1 - 5 0 16 63,2 63,2 
53,0 -13 0 6 38,5 38,5 - 2 0 12 55,3 67,7 - 6 0 16 29,9 19,4 
62,6 - i 0 8 91,0 102,9 - 3 0 12 55,9 54,7 - 7 0 16 35,5 34,3 
53,5 - 2 0 8 59,9 37,4 - 4 0 12 48,9 48,2 - 8 0 16 37,1 44,8 
52,6 - 3 0 8 6,9 -6,9 - 5 0 12 44,3 31,2 - 9 0 16 41,9 32,6 

I17,3 - 4 0 8 54,8 39,9 - 6 0 12 52,1 54,3 -I0 0 16 34,8 31,3 
53,2 - 5 0 8 77,0 82,5 - 7 0 12 16,6 16,6 -II 0 16 31,0 22,3 
61,0 - 6 0 8 59,4 59,9 - 8 0 12 4,3 4,3 -12 0 16 25,2 27,3 
88,6 - 7 0 8 72,1 89,4 - 9 0 12 18,8 22,4 - 3 0 18 37,5 28,7 
73,3 - 8 0 8 57,9 59,7 -I0 0 12 47,6 52,5 - 4 0 18 14,8 14,8 
78,4 - 9 0 8 53,4 58,0 -ii 0 12 54,3 54,3 - 5 0 18 35,3 24,3 
30,2 -i0 0 8 58,7 60,3 -12 0 12 46,7 56,1 - 6 0 18 38,8 38,8 
25,4 -ll 0 8 49,5 57,8 -13 0 12 40,0 49,8 - 7 0 18 35,0 33,8 
27,8 -12 0 8 38,6 40,7 - I 0 14 9,9 -9,9 - 8 0 18 38,9 48,1 
51,8 -lJ 0 8 28,6 31,5 - 2 0 14 39,7 48,8 

O/el reflexions 

0 k l To Pc 0 k i 

0 2 0 41,6 35,6 0 2 4 
0 4 0 65,3 58,8 0 4 4 
0 6 0 18,1 23,2 0 6 4 
0 8 0 22,5 19,2 0 8 4 
Ol I 109,1 i09,i 0 1 5 
0 3 1 79,7 79,7 0 3 5 
0 5 1 46,4 58,4 0 5 5 
0 7 1 28,9 26,1 0 7 5 
0 9 i 16,9 15,0 0 0 6 
0 0 2 93,9 97,0 0 2 6 
0 2 2 153,5 153,5 0 4 6 
0 4 2 40,6 38,9 0 6 6 
0 6 2 38,4 33,6 0 8 6 
0 8 2 17,Z 18,5 0 1 7 
0 1 3 74,5 78,6 0 3 7 
0 3 3 86,3 84,0 0 5 7 
0 5 3 46,3 48,7 0 7 7 

.0 7 3 28,5 28,1 0 0 8 
0 9 3 15,4 15,4 0 2 8 
O 0 4 51,8 51,8 0 4 8 

FO Fe 0kl Fo Fo 0 k 1 Fo 

83,6 88,6 0 6 8 27,3 27,0 
62,5 63,3 0 8 8 14,2 12,4 
37,5 34,1 0 1 9 46,1 54,0 
25,2 23,4 0 3 9 48,8 46,5 
61,3 59,0 0 5 9 30,6 20,3 
69,0 64,3 0 7 9 18,3 14,6 
43,9 45,9 0 0 lO 33,5 
33,4 33,5 0 2 I0 46,5 
71,7 68,4 0 4 I0 26,7 
6516 60,7 0 6 i0 28,0 
50,3 43,6 0 I Ii 51,0 
36,6 34,2 0 3 ii 26,0 
22,0 24,3 0 5 Ii 22,4 
57,2 50,7 0 0 12 38,4 
46,6 52,0 0 2 12 22,5 
47,2 44,0 0 4 12 28,4 
28,5 22,8 0 6 12 14,0 
75,7 72,4 0 1 13 33,5 
35,4 38,2 0 3 13 26,3 
51,5 42,4 0 5 13 13,7 

0 0 14 12,5 
0 2 14 26,9 
0 4 14 13,9 
0 1 15 20,1 
0 3 15 17,9 
0 0 16 Ii,2 

30,0 0 2 16 I0,~ 
48,1 0 2 1 29,0 
27,5 0 4 1 4,9 
23,5 0 6 1 8,1 
57,5 0 1 2 99,9 
18,6 0 5 2 19,5 
19,0 0 5 2 8,1 
42,2 0 7 2 2,2 
19,2 0 9 2 4,6 
30,1 0 2 ] 31,4 
12,7 0 4 J 7,3 
31,9 0 6 3 8,6 
23,4 0 8 3 8,6 
11,8 

Fo 0 X i Fo Yo 

9,0 0 1 4 14,1 - 7,5 
26,9 0 3 4 38,4 40,3 
15,7 0 5 4 1,5 1,4 
15,6 0 7 4 3,8 - 3,5 
20,1 0 2 5 31,5 -38,0 
9,4 0 4 5 2,6 2,5 

12,0 0 6 5 0,6 - 0,6 
25,8 0 8 5 6,0 6,0 
I0,2 0 1 6 6,4 - 0,6 

- 8,0 0 3 6 24,9 17,3 
108,5 0 5 6 0,7 0,7 
-10,9 0 7 6 9,0 - 9,0 

7,0 0 2 7 18,8 -13,1 
2,2 0 4 7 19,4 -20,5 

- 4,5 0 6 7 4,0 3,8 
26,5 0 8 7 4,0 3,8 

- 6,1 0 1 8 2,0 1,9 
8,6 0 3 8 6,0 - 6,3 

- 8,4 0 5 8 3,0 - 9,7 

0 M I Fo Fe 

0 7 8 2,0 - 1,7 
0 2 9 15,7 -19,4 
0 4 9 1,5 1,5 
0 6 9 6,5 - 6,5 
0 1 I0 0 0 
0 3 I0 2,5 - 2,6 
0 5 I0 2,0 2,2 
0 2 ll 5,0 - 5,1 
0 4 II 3,0 - 3,2 
0 6 ii 5,0 4,8 
0 1 12 4,0 3,8 
0 3 12 i0,0 10,3 
0 5 12 .2,5 - 2,5 
0 2 13 6,5 6,3 
0 4 13 1,5 - 1,4 
0 1 14 6,7 ii,0 
0 ] 14 2,0 - 1,9 
0 2 15 6,0 5,5 
0 1 16 5,7 -ll,~ 
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Fig. 1. Electron density projection 

/ 
on (010). Contours at 2, 4, 6, 8 e.A -z. 

lengths  and  the  supposed incl inat ion of the  molecule. 
Expe r imen ta l  da ta  were pu t  on an  absolute scale 

b y  comparison of the  exper imenta l  and  calculated 
s t ructure  factors Fo and  $'c. The the rma l  factor was 
calculated wi th  the same procedure. This calculat ion 
was repeated at  successive re f inement  steps. The f inal  
value  for the  Debye -Wal l e r  factor is B = 2 . 8 8  for al l  
a tomic  species. For  the re f inement  of the atomic 
coordinates Cochran's method of difference synthesis  
(1951) was followed. The ref inement  procedure yie lded 
the  following values  for the  re l i ab i l i ty  indices:  R = 0.11 
for the  hO1 reflexions and  R =0.08  for the Okl reflex- 
ions. Observed and  calculated s t ructure  factors for 
b i s -N-buty l sa l i cy la ld imine-pa l lad ium are l i s ted  in  
Table  1. The f ina l  a tomic coordinates are l is ted in  
Table  2. The project ion of electron dens i ty  on (010) 
is shown in  Fig. 1. 

The corrections of the  intensi t ies  and  the calculat ion 

Table  2. Atomic coordinates for 
bis-N-butylsalicylaldimine-palladium 

x/a y/b z/c 
Pd 0.0000 0.5000 0.5000 
O 0.1808 0.5153 0.4980 
N -0.1077 0-2999 0.3944 
C(1) 0.1828 0.4026 0.4069 
C(2) 0.3090 0.4306 0.4080 
C(3) 0.3253 0.3500 0.3303 
C(4) 0.2246 0.2341 0.2585 
C(5) 0.1008 0.2016 0-2600 
C(6) 0.0800 0.2838 0.3360 
C(7) - 0.0457 0.2414 0.3350 
C(8) -0-2228 0.1863 0.3722 
C(9) -0-2000 0-1166 0.4667 
C(10) -0.3365 0.0741 0.4584 
C(ll) -0.4451 -0.0051 0.3589 

of s t ructure  factors and  Fourier  series were made  on 
the  Ol ive t t i -Elea  9000 electronic computer  with 
programs elaborated by  Panat toni ,  Frasson & Mammi  
(1960a, b) and  Pana t ton i  & Frasson (1961). 

Estimation of a c c u r a c y  

The accuracy of the  proposed coordinates has  been 
calculated by  the  method  of Cruickshank (1949). The 
values of the s tandard  error have been calculated for 
the well resolved m a x i m a  neglecting some overlapped 
atoms on the  project ion on (100). The values of the 
s t andard  deviat ions along x, y, and  z for the  oxygen 
and  ni t rogen atoms do not  exceed 0.015/~, while t ha t  
for the carbon atoms has  a mean  value of 0 .02/~ wi th  
a m a x i m u m  of 0.05 /~. 

Description of the  s t r u c t u r e  

As has been done for the  other complexes of this  
series, the mean  plane of this  molecule has been cal- 
culated wi th  the  exclusion from the least-squares 
equat ion of the  atoms of the  a lkyl  chain and  of the  
atoms of the  ad jacent  side of the  chelate ring, which 
are not  coplanar wi th  the other par t  of the  molecule. 

The equat ion  of the  mean  plane  is: 

0.14701x-- 1.22583y + z = 0 .  

Atomic coordinates have been calculated wi th  
respect to three orthogonal axes ~, ~, ~ wi th  origin 
on the pa l l ad ium a tom;  s e and  ~ lie in  the  mean  plane 
of the  molecule, ~ being normal  to this  plane. 

Table  3 lists the  atomic coordinates of the atoms 
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Table 3. Atomic coordinates referred to the 
orthogonal axes ~, 7, and $ 

P d  0.0000 A 0.0000 A 0.0000 
O 2.0007 - 0-1005 0.0836 
N -- 0-5762 -- 1-9222 0.2344 
C(1) 2.5909 -- 1.5664 0-0471 
C(2) 3-9841 -- 1.5311 0.0269 
C(3) 4.6602 -- 2.7221 -- 0.0761 
C(4) 3-9861 -- 3.9152 -- 0.0574 
C(5) 2.5962 -- 3.9448 0-0095 
C(6) 1.8848 -- 2.7605 0.0864 
C(7) 0.4839 -- 2-8595 0.1885 
C(8) - 1.7681 --2.5743 0.5898 
C(9) -- 2.2700 -- 1.9206 1.6967 
C(10) -- 3.7355 -- 2.08~7 1.7348 
C( l l )  --4-2617 --3.3974 1.3368 

Table 4. Bond lengths and angles 
B o n d  
P d - O  2.00_+ 0.02 h 
P d - N  2.01 _+ 0.02 
O-C( l )  1.58_+0.03 
C(1)-C(2) 1-39_+0.o3 
C(2)-C(3) 1-38 _+ 0"03 
C(3)-C(4) 1.38 _+ 0-05 
c(4)-c(5) 1.39_+ o.04 
C(5)-C(6) 1.38 _+ 0.04 

Angle 
O - P d - N  104 ° 
C( 1 ) - O - P d  115 
C(6 ) -C( i ) -O  127 
C(1)-C(6)-C(7) 124.5 
C(6) -C(7) -N 134 
C(7)-N-Pd 115 
c(1)-c(2)-c(3) 118 
C(2)-C(3)-C(4) 121 

B o n d  
C(6)-C(1) 1.39_+0.04 A 
C(6)-C(7) 1.40_+0.03 
1~-C(7) 1.42 _+ 0.03 
N-C(8) 1.41 _+ 0.02 
C(8)-C(9) 1.39 + 0.03 
C(9)-C(10) 1.48_+0.04 
C(10-C(11) 1-47_+0.04 

Angle 
C(3)-C(4)-C(5) 120 ° 
C(4)-C(5)-C(6) 120 
C(5)-C(6)-0(1)  119 
C(6)-C(1)-C(2) 122 
lq-C(8)-C(9)  106 
C(8)-C(9)-C(10) 105.5 
C(9)-C(10)-(ll) 116 

referred to the axes ~, U, $" Bond lengths and angles 
in bis-/Y-butylsalieylaldimine-palladium are shown in 

c(4_ _)-:e~-e-c(5) 
/._120 120~ COl ) 

C 3 / -  119~C(6" C(7) / 

~'--11~ 17,.2 Z',, . 11$J ' 
• C ( 2 1 " a - - - " ~ ' l ' l H 2 7 " ~ ~ ~ /  " 

/ = ° - \  
/,- ~ \  

C111) : ' . .  (~(511:39 C [ 4 )  

Fig.  2. B o n d  lengths  and  angles in 
b is -N-buty lsa l iey la ld imine-pal lad ium.  

Fig. 2. In  Table 4 bond lengths and angles are listed, 
together with the s tandard errors. 

D i s c u s s i o n  of the  s t r u c t u r e  

This complex, like the others, shown the non-planari ty 
of the six-membered chelate ring. I t  is therefore con- 
eluded tha t  the normal alkyl group bonded to the 
nitrogen is able to move a par t  of the chelate ring out 
of the mean plane of the molecule in its direction. 

But  this is not the only noteworthy characteristic 
of this structure. Table 5 shows the bond lengths and 
angles of the chelate rings of similar compounds tha t  
we have found in the literature. The values of the 
bond lengths of the complexes (a), (b), (c), and (d) are 
almost the same, t h e  differences being of the same 
order as the s tandard errors. The second group of 
complexes (e and f )  shows almost identical values for 
the N-C(7) and C(7)-C(6) bond distances. In  both 
complexes (e and f )  we note a little shortening of the 
C(7)-C(6) distance in comparison with the previous 
group (a), (b), (c) and (d), and a relatively great in- 
crease (0.1 ~) in the N-C(7) distance. The O-C(1) 
distances in (e) and (f) are both greater than those 
found in the other group of complexes. In  the other 
structures the shortening of the O-C(1) bonds has 
been interpreted as a contribution of the chelate ring 
to the aromatic character of the benzene ring (Merrit, 
Guare & Lessor, 1956). • In  this butyl  complex the 
oxygen side of the chelate ring does not show aromatic 
character. However, the bond distances on the nitro- 
gen side of the chelate ring may  be influenced by the 
aromatic ring. The sequence of atoms departing from 
the benzene ring, viz. C(6)-C(7)-N-C(8)-C(9)-C(10)7 
C(ll) ,  shows the bond distances 1.40, 1.42, 1.41, 
1.39, 1.48, 1.47 /~. The values for the most distant  
bonds in the butyl  group approach the normal value 
for a single bond, but  a noticeable shortening is present 

q11) C(5) 

C(3) (6) .... $(7) '\ / 
/ \ 

/ "\ 
............. / 

Pd 

Fig.  3. Compar ison  of the  form of the  molecules  of b is -N-  
e thylsa l iey la ld lmine-Pd (dashed lines) and  b i s -N-bu ty l -  
sa l ieyla ld imine-Pd (full lines). Alkyl  chains omi t ted .  
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Table 5. Interatomic distances and angles in the chelate ring of some metal (M) 
complexes of salicylaldimine and salicylaldoxime 

(a) (b) (c) (d) (e) (f) 
M-O 1.94 A 1.80 A 1.90 A 1.84 /~ 1-83 A 2.00 /~ 
M-N 1.86 1.90 1.99 1.84 1-86 2.01 
N-C(7) 1.31 1-30 1.31 1.29 1.40 1.42 
C(7)-C(6) 1.49 1-46 1.44 1.44 1-40 1-42 
C(1)-O 1.32 1.28 1.32 1-32 1.40 1-58 

N-lV[-0 91 ° 96 ° 91 ° 94 ° 96 ° 104 ° 
M-N-C(7) 133 125 126 130.3 124 115 
N-C(7)-C(6) 121 122 126 121.5 126 134 
C(7)-C(6)-C(1) 122.5 124 123 122.8 121 124.5 
C(6)-C(1)-O 123 126 119 124 127 127 
C(1)-O-hI 129 127 131 127.5 126 115 

(a) Bis-N-ethylsalicylaldimine-palladium (Frasson, Panattoni & Sacconi, 1964). 
(b) Bis-N-methylsalicylaldimine-nickel (Frasson, Panattoni & Sacconi, 1959). 
(c) Bis-N-methylsalicylaldimine-copper (Lingafelter, Simmons, Morosin, Scheringer & Freiburg, 1961). 
(d) Bis-salieylaldimine-nickel (Stewart & Lingafelter, 1959). 
(e) Bis-salicylaldoxime-nickel (Merrit et al., 1956). 
(f) Bis-N-butylsalicylaldimine-palladium (Frasson et al., present work). 

in the  distances of the  bonds neares t  to the  benzene 
ring. 

I n  Table 5 bond angles are also listed, bu t  i t  is 
difficult  to f ind any  regulari t ies in their  variat ions.  
Wi th  respect  to bond angles the  bu ty l  complex of 
pa l ladium presents  an  addi t ional  odd fea ture :  the  
smallness of the  bond angles a t  the  ni t rogen and  oxy- 
gen. Fig. 3 compares  the  forms of the  molecules of the  
e thyl  and  bu ty l  complexes. The coordination bonds in 
the  l a t t e r  complex are signif icantly about  0.1 A longer 
t h a n  in the  e thyl  complex. A casual convergence of 
errors increased the C - 0  bond, bu t  in any  case it  is 
a single bond. Never theless  we can note  t h a t  
both benzene rings are in the  same posit ion with  
respect  to the  meta l  a tom.  In  other  words the  increase 
in the  P d - N ,  P d - O  and  O-C bonds t h a t  occurs in 
this  s t ruc ture  does not  influence the  length of the  
molecule, bu t  the  N - 0  dis tance in the  chelate ring. 
Almost  certainJy this is a steric phenomenon due to 
the  possibili ty of expansion of the  molecule within the  
crysta l .  
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