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Abstract 
The structures of bis[2,6-bis(aminomethyl)pyridine]iron 
dichloride hydrate [(I), Febamp], bis[2,6-bis(aminometh- 
yl)pyridine]nickel dichloride hydrate [O/), Nibamp], bis- 
[2,6-bis(aminomethyl)pyridine]zinc dichloride hydrate 
[O/I), Znbamp], bis[2,6-bis(aminomethyl)pyridine]man- 
ganese dichloride hydrate [(IV), Mnbamp], bis[2,6- 
bis(aminomethyl)pyridine]cobalt trichloride hemihydrate 
[(V), Cobamp] and chloro[2,6-bis(aminomethyl)pyri- 
dine]copper perchlorate [(VI), Cubamp] are reported. The 
bamp ligand complexes in a tridentate manner and ex- 
cept in the case of Cu n, which is mono-tridentate coordi- 
nated, the complexes are all bis-tridentate. The Fe H, Ni n 
and Zn n complexes are isomorphous. In general, the Mm 
N(pyridine) distances are shorter than normal, while the 
M--N(amino) distances are slightly longer than normal. 

Comment 
In our search for ligands that will coordinate in a bis- 
tridentate fashion to 3d metals and Zn, we investigated 
the structural features of the title compounds. The 2,6- 
bis(aminomethyl)pyridine (bamp) ligand was originally 

i Deceased. 
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synthesized by Lions & Martin (1957) starting from 2,6- 
dimethylpyridine. They also synthesized the Fe I and Ni n 
bis-complexes [M(bamp)2] z+. Schwarzenbach, Boesch & 
Egli (1971) synthesized the same ligand starting from 
2,6-pyridinedicarbonitrile and prepared compounds of the 
form [Co(bamp)X3] 3+, where X = H20, C1, NO2. Tinner 
& Marty (1977) used bamp to selectively produce merid- 
ional coordination in Co rn complexes when other ligands 
were present, however, [Co(bamp)2] 3+ was a major re- 
action product. Here, we describe the systematic inves- 
tigation of the crystal structures of complexes of bamp 
with FeII, Ni n, Zn rl, Mn u, Corn and CuII [(I)-(VI), re- 
spectively]. With the exception of the bis-complexes of 
Mn II (IV) and Zn n 0/I), the syntheses of these complexes 
have been described previously (Lions & Martin, 1957; 
Schwarzenbach et al., 1971; Tinner & Mart-y, 1977; Cou- 
turier & Petiffaux, 1975), but their crystal structures have 
not been reported, bamp behaves as a tridentate ligand 
in all six complexes and except in the case of Cun (VI), 
which is mono-tridentate coordinated, the complexes are 
all bis-tridentate. The Fe n, Ni n and Zn n complexes [(I), 
O/) and (III)] are isomorphous, with two molecules per 
asymmetric unit. The unit cell contains eight molecules 
with approximate C2 symmetry and four with crystallo- 
graphic C2 symmetry (Fig. 1). The geometry of the metal 
centres is distorted octahedral in all three complexes. The 
Mn II complex (IV) crystallizes in the same space group, 
is also a bis-tridentate complex, but is not isomorphons 
with the previous three complexes. The cation has crys- 
tallographic C2 symmetry (Fig. 2) and the geometry of 
the metal centre is distorted octahedral. In the case of 
the Corn complex (V), the geometry of the metal cen- 
tre is also distorted octahedral and the complex has only 
approximate C2 symmetry (Fig. 3). In the Cun complex 
(VI), the coordination is best described as square pyrami- 
dal (Fig. 4). The Cu atom is displaced by 0.118 (2) .A, from 
the best plane through atoms N1, N2, N3 and Cll [planar 
to within 0.014 (2) A]. The apical position is occupied by 
atom Cll i of a molecule related by the twofold screw axis 
in the c direction. The Cu. . .Cll  i distance is 2.936 (1) A, 
while Cu. . .Cll  ii (atom Cll ii is displaced by one unit cell 
in the c direction) is 3.695 (1) .&. The Cu.. .Cu i distance 
is 4.079 (1) A. This situation is illustrated in Fig. 5. 

A search of the January 1992 release of the Cam- 
bridge Structural Database (Allen, Ken_nard & Taylor, 
1983) revealed a number of structures with the ligand 
2-aminomethylpyridine. In Table 4 we compare the ge- 
ometry of the various metal centres in the two series 
of compounds. While the N m M - - N  bond angles are 
similar, it can be seen that in general the M--N(py) 
distances in the title compounds are shorter than those 
in the 2-aminomethylpyridine complexes. Likewise, the 
M--N(amine) distances are generally longer. This could 
be an indication of a higher degree of delocalization in 
the M--N(py) bond for the bamp complexes. The con- 
formations of the chelate rings in the bamp complexes 
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Fig. 1. Perspective views of (a) the first [Fe(bamp)] 2* cation which has 
only approximate C2 symmetry, and (b), the second [Fe(bamp)] 2. 
cation, viewed perpendicular to the twofold axis, which possesses 
crystallographic C2 symmetry. 
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Fig. 2. Perspective view of the [Mn(bamp)] 2÷ cation, which possess 
crystallographic C2 symmetry, viewed perpendicular to the crystal- 
lographic twofold axis. 

indicate that one of each pair is generally more puck- 
ered than the other. However, the chelate ring of the 2- 
aminomethylpyridine complexes is even more puckered 
as indicated by the absolute magnitude of the largest 
chelate-ring torsion angles. This may be due to hydrogen 
bonding as in the case of the Cu complex DUJREF (some 
H.. .O distances of about 2.1 ,~,). Considering non-bonded 

Fig. 3. Perspective view of the [Co(bamp)] 3. cation. 

N3 N2 

Cl l  

Fig. 4. Perspective view of the [CuCl(bamp)] ÷ cation. 

-4 

Fig. 5. Packing diagram of the [Cu(bamp)Cl](C104) complex. 
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d is tances  less  than  3.2 A ,  h y d r o g e n  b o n d i n g  does  no t  ap- 
pear  to p l ay  a s ign i f ican t  role  in  the case  o f  the  b a m p  com-  
plexes .  In  the  i s o m o r p h o u s  c o m p l e x e s  ( I ) - ( I I I ) ,  there  are 
on ly  w e a k  hoYdrogen bonds  i nvo lv ing  the wa te r  mo lecu le s  

(2 .21-2 .31  A) and  the amino  protons.  The  s t ronger  hy-  
d rogen  bonds  are those  b e t w e e n  the C1 an ions  and  the 

wate r  mo lecu le s  (2 .04-2 .44  ,~). Th is  pa t tern  is repea ted  
in  the M n  c o m p l e x  (IV) w i th  a s l igh t ly  s t ronger  hydro -  
gen  b o n d  b e t w e e n  the N2  pro ton  and  the wate r  mo lecu l e  

(2.11 ,/~) and  a s t rong h y d r o g e n  b o n d  l ink ing  the  wate r  

mo lecu le  and  the  C1 an ion  (2.27 ,~). In  the Co  c o m p l e x  

(V),  the  N m H  ..  .C1 bonds  are s t rong (2 .01-2 .15  ]k), wh i l e  

a tom O W l  is c lose  to C12 (3 .16,~) ,  C14 .(3.04 ,~) and  
a s y m m e t r y - r e l a t e d  O W l  mo lecu l e  (2.78 A). In  the Cu  
c o m p l e x  (VI),  there  are no  shor t  i n t e rmolecu la r  contac ts  

less  than  3.2 ,~ b e t w e e n  he te roa toms.  Ful l  deta i ls  o f  bo th  
the to rs ion  angles  and the h y d r o g e n  b o n d i n g  are g iven  in 
the  s u p p l e m e n t a r y  tables.  

E x p e r i m e n t a l  

Compound (I) 
Crystal data 

[Fe(C7HllN3)2]CI2.1.67H20 
Mr = 431.14 
Monoclinic 
12/a 
a = 16.562 (1) ,& 
b = 9.704 (1) ,4, 
c = 36.591 (2) ,& 
'8 = 92.21 (1) ° 
V = 5876.4 (8) ,~3 
Z =  12 
Dx = 1.462 Mg m -s  

Data collection 
Stoe AED-2 four-circle 

diffractometer 
w/O s c a n s  

Absorption correction: 
none 

5741 measured reflections 
4993 independent reflections 
3548 observed reflections 

[/net > 2.5o'(Inet)] 

Refinement 

Refinement on F 
R = 0.029 
wR = 0.049 
S --- 0.74 
3548 reflections 
487 parameters 
All H-atom parameters re- 

fined 
w = 1/[Or2(F) + 0.0034F 2] 

Mo Ka radiation 
), = 0.71073 ,~ 
Cell parameters from 27 

reflections 
0 = 9-15  ° 
/z = 1.07 mm -1 
T = 294 (1) K 
Rods 
0.46 x 0.27 x 0.19 mm 
Dark brown 

Rint = 0.015 
0n~x = 25 ° 
h = - 19 ---+ 19 
k = 0 ---~ 11 
I = 0 ---, 43 
3 standard reflections 

frequency: 60 min 
intensity variation: 1.0% 

(A/Or)max = 0 .091 

Apmax = 0.40 e ,~-3 
Apmin = --0.24 e ,~-3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Compound (II) 

Crystal data 

[Ni(C7H11 N3)2]C12.1.67H20 
Mr = 434.00 
Monoclinic 
I2/a 
a = 16.477 (2) ,~, 
b = 9.677 (1) A 
c = 36.534 (5) ,& 
/3 = 91.90 (1) ° 
V = 5822.1 (12) ~3 
Z =  12 

Data collection 
Stoe AED-2 four-circle 

diffractometer 
w/O s c a n s  

Absorption correction: 
none 

5106 measured reflections 
5024 independent reflections 
3761 observed reflections 

[/net > 3.5o'(Inet)] 

Refinement 

Refinement on F 
R = 0.036 
wR = 0.051 
S = 0.94 
3761 reflections 
487 parameters 
All H-atom parameters re- 

fined 
w = 1/[orE(F) + 0.0025F 2] 

Compound (l id 
Crystal data 

[Zn(C7HI 1 N3)2 ]C12.1.67H20 
Mr = 440.67 
Monoclinic 
I2/a 
a -- 16.540 (1) ,~ 
b = 9.709 (1) ,~, 
c = 36.607 (2) ,~ 
,8 = 92.01 (1) ° 
V = 5878.2 (8) ,/~3 
Z =  12 
Dx = 1.494 Mg m -3 

Data collection 
Stoe AED-2 four-circle 

diffractometer 
w/O scans 
Absorption correction: 

empirical (EMPIR; Stoe 
& Cie, 1985) 
Train = 0.358, Tmax = 
0.475 

9991 measured reflections 
5104 independent reflections 

Dx --- 1.485 Mg m -3 
Mo Ka radiation 
A = 0.71073 ,A, 
Cell parameters from 45 

reflections 
0 = 12.5-19.0 ° 
# = 1.30 mm -~ 
T = 294 (1) K 
Plates 
0.34 × 0.30 × 0.19 mm 
Violet 

Rtnt = 0.017 
0max = 25 ° 
h = - 19 -0 19 
k = 0 - -  11 
I =0- - -+43  
4 standard reflections 

frequency: 60 min 
intensity variation: 3.0% 

(A/or)max -- 0 .068  

Apmax = 0.45 e ,~-3 
Apmin -- --0.81 e ~ - 3  
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Mo K a  radiation 
A = 0.71073,4, 
Cell parameters from 50 

reflections 
0 = 10.0-22.5 ° 
# = 1.58 mm - l  
T = 294 (1) K 
Blocks 
0.65 × 0.61 × 0.53 mm 
Transparent pale yellow 

5066 observed reflections 
[/net > 3.5or(l, et)l 

Rint = 0.021 
0max = 25 ° 
h = - 1 9  --0 19 
k = - 1 1  ~ 11 
l =0- - -043  
4 standard reflections 

frequency: 60 min 
intensity variation: 1.0% 
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Refinement 

Refinement on F 
R = 0.036 
wR = 0.091 
S--- 1.73 
5066 reflections 
487 parameters 
All H-atom parameters re- 

fined 
W = l/[tr2(F) + 0 .0025F 2] 

Compound (IV) 

Crystal data 

[Mn(C7HI1N3)2]C12.H20 
Mr = 418.22 
Monoclinic 
12/a 
a = 13.010 (1) ,~ 
b = 9.162 (1) ,~, 
c = 15.669 (2) ~, 
/3 = 93.25 (1) ° 
V = 1864.7 (3) ,~3 
Z = 4  
Dx = 1.490 Mg m -3 

Data collection 
Stoe AED-2 four-circle 

diffractometer 
w/O scans 
Absorption correction: 

none 
3231 measured reflections 
1638 independent  reflections 
1489 observed reflections 

[/net > 3.0tT(Inet)] 

Refinement 

Refinement on F 
R = 0.034 
wR = 0.064 
S = 0.60 
1489 reflections 
158 parameters 
All H-atom parameters re- 

fined 
w = l/[o-2(F) + 0 .0020F 2] 

Compound (V) 
Crystal data 

[ C o ( C 7 H l l N 3 ) 2 ] C 1 3 . 0 . 5 H 2 0  
Mr = 447.66 
Orthorhombic 
Pccn 
a -- 8.758 (2) ,/k 
b = 26.749 (5) ,~, 
c = 17.320 (3) * 
V--- 4057.5 (14) ~3  

Z = 8  
Dx = 1.466 Mg m -3 

(A/cr)max = 0.014 

Apmax = 0.46 e ,~-3 
Apmin = - 0 . 3 7  e ,~-3 
Atomic scattering factors 

f rom International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Mo K a  radiation 
A -- 0.71073 
Cell parameters from 49 

reflections 
0 = 7.5-  20.0 ° 
# = 0.98 m m - 1  
T = 294 (1) K 
Rods 
0.46 × 0.42 × 0.34 m m  
Pale yellow 

Rint = 0.022 
0max = 2 5  ° 

h = - 15 ~ 15 
k --- - 10 ~ 10 
l = 0---, 18 
4 standard reflections 

frequency: 60 min 
intensity variation: 2.0% 

(A/i f )max = 0.053 
Apmax = 0.26 e A, -3 
Apmin = - 0 . 3 6  e ,~-3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

Mo K a  radiation 
A = 0.71073 
Cell parameters from 20 

reflections 
0 = 9 - 1 4  ° 
# = 1.26 m m -  l 
T--- 294 (1) K 
Blocks 
0.46 x 0.23 × 0.15 m m  
Orange 

Data collection 
Stoe AED-2 four-circle 

diffractometer 
w/O scans 
Absorption correction: 

none 
4835 measured reflections 
4667 independent  reflections 
2679 observed reflections 

[/net > 4.0cr(lnet)] 

Rint -- 0.05 
0max = 27.5 ° 
h = 0 ----~ 11 
k = 0 ~ 3 4  
l = 0 ---~ 22 
3 standard reflections 

frequency: 60 min 
intensity variation: 6.0% 

Refinement 

Refinement on F 
R = 0.072 
wR = 0.117 
S = 1.83 
2679 reflections 
231 parameters 
H-atom parameters not re- 

fined 
W = l / [o '2(F)  + 0.0030F 2] 

(A/cr)m,x -- 0.007 

Apmax = 1.23 e ,~-3 
Aprnin = - 0 . 8 0  e ,~-3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.2B) 

The H atoms were included in calculated positions [ C - - H  = 
1.08 ,~, U ~  = U~q(C, N + 0.01) A 2 ] and renormalized after ev- 
ery second refinement cycle. In this complex,  the third C1 anion 
is divided between two sites. One is in a special position and the 
other in a general position, which must  have an occupancy of  0.5 
to satisfy the charges in the complex. The region of  high residual 
density in the final difference map is found near this second site, 
C14. 

Compound (Vl) 
Crystal data 

[CuCI(CTH11N3)].C104 Mo Kc~ radiation 
Mr = 335.63 A = 0.71073 
Orthorhombic Cell parameters from 46 
Pna21 reflections 
a = 17.628 (4) ~, 0 = 10.5-19.5 ° 
b = 10.168 (1) A, # -- 2.35 m m  -1 
c = 6.496 (1) ,~, T-- 294 (1) K 
V-- 1164.4 (3) ~3 Plates 
Z - - 4  0.38 x 0.30 x 0.19 m m  
Dx = 1.915 Mg m -3 Blue 

Data collection 
Stoe AED-2 four-circle 

diffractometer 
w/O scans 
Absorption correction: 

by integration from crys- 
tal shape (SHELX76; 
Sheldrick, 1976) 
Tmi~ = 0.455, Tm,~x = 
0.689 

2779 measured reflections 
2674 independent  reflections 

Refinement 
Refinement on F 
R = 0.032 
wR = 0.049 

2493 observed reflections 
(1033 Friedel pairs) 
[/net > 2.5cr(Inet)] 

Rint = 0.02 
0max = 27.5 ° 
h = 0 ---~ 22 
k = 0 ---, 13 
l = - 8 - - , 8  
4 standard reflections 

frequency: 60 min 
intensity variation: 1.0% 

(A/O')max = 0 . 1 1 5  

Apmax = 0.32 e A-3  
Apmin = - 0 . 7 2  e A-3  
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S = 0.84 Atomic scattering factors 
1354 reflections from International Tables 
198 parameters for X-ray Crystallogra- 
All H-atom parameters re- phy (1974, Vol. IV, Table 

fined 2.2B) 
w -- l / [ c r2 (F)  + 0 . 0 0 3 0 F  2] 

The E statistics indicated a non-centrosymmetric space group 
and this was confirmed by the successful refinement. When 
treated in space group Pnma (with the appropriate matrix trans- 
formation), where both the cation and the anion must have Cs 
symmetry, the lowest R factor achieved was 0.147, with poor 
distances and angles and high thermal parameters for atoms C11, 
N3, O1, 02 and 03. 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (~2) for compounds 

fl), (IV), (V) and (VI) 

Beq = (87r2/3)~i~jUo.a~afai.aj. Atomic  parameters  for  compounds  

(11) and (HI) are available as supplementary  material.  

x y z Beq 
(I) 
Fe2 0.75000 0.85584 (6) 0.50000 
N21 0.8773 (1) 0.8383 (3) 0.5109 (1) 
N22 0.7793 (2) 1.0219 (3) 0.5413 (1) 
N23 0.7913 (2) 0.7133 (3) 0.4575 (1) 
C21 0.9151 (2) 0.9186 (3) 0.5358 (1) 
C22 0.9979 (2) 0.9115 (4) 0.5424 (1) 
C23 1.0409 (2) 0.8186 (5). 0.5227 (1) 
C24 1.0021 (2) 0.7336 (4) 0.4978 (1) 
C25 0.9199 (2) 0.7461 (3) 0.4921 (1) 
C26 0.8616 (2) 1.0142 (5) 0.5569 (1) 
C27 0.8713 (2) 0.6549 (4) 0.4665 (1) 
Fel 1.08020 (2) 0.55595 (4) 0.3253 (1) 
NI 0.9695 (1) 0.5018 (2) 0.3470 (1) 
N2 0.9926 (2) 0.6992 (3) 0.2976 (1) 
N3 1.1132 (2) 0.3856 (3) 0.3631 (1) 
N4 1.1911 (1) 0.6235 (2) 0.3057 (1) 
N5 1.0981 (2) 0.4250 (3) 0.2762 (1) 
N6 1.1174 (2) 0.7164 (3) 0.3647 (1) 
C1 0.9052 (2) 0.5825 (3) 0.3412 (1) 
C2 0.8357 (2) 0.5635 (4) 0.3601 (1) 
C3 0.8327 (2) 0.4583 (4) 0.3849 (1) 
C4 0.8983 (2) 0.3725 (4) 0.3905 (1) 
C5 0.9669 (2) 0.3976 (3) 0.3712 (1) 
C6 0.9133 (2) 0.6965 (4) 0.3136 (1) 
C7 1.0418 (2) 0.3101 (4) 0.3740 (1) 
C8 1.2262 (2) 0.5552 (3) 0.2790 (1) 
C9 1.3021 (2) 0.5934 (4) 0.2677 (1) 
C10 1.3409 (2) 0.7020 (4) 0.2846 (1) 
Cl l  1.3042 (2) 0.7728 (4) 0.3121 (1) 
C12 1.2289 (3) 0.7304 (3) 0.3222 (1) 
C13 1.1804 (3) 0.4342 (4) 0.2632 (1) 
C14 1.1823 (2) 0.8023 (4) 0.3512 (1) 
C11 0.96375 (5) 0.93418 (9) 0.71281 (2) 
C12 0.15262 (6) 0.54013 (10) 0.44236 (2) 
C13 1.17632 (6) 0.06169 (10) 0.61285 (3) 
OWl 0.9950 (2) 0.0463 (3) 0.63257 (10) 
OW'2 0.7883 (2) 0.8316 (3) 0.67895 (10) 
OW3 0.75000 0.2103 (5) 0.00000 

2.89 (2) 
3.12 (10) 
3.57 (12) 
3.80 (12) 
3.30 (12) 
4.39 (16) 
4.89 (18) 
4.66 (16) 
3.63 (12) 
4.57 (17) 
4.63 (16) 
2.53 (2) 
2.79 (9) 
3.41 (II) 
3.37 (11) 
2.90 (9) 
3.71 (12) 
3.29 (11) 
3.13 (12) 
4.20 (15) 
4.77 (17) 
4.45 (15) 
3.34 (12) 
4.19 (15) 
4.76 (18) 
3.35 (12) 
4.40 (15) 
4.73 (16) 
4.46 (15) 
3.30 (12) 
4.57 (16) 
4.41 (15) 
4.34 (4) 
4.79 (4) 
5.34 (4) 
5.48 (14) 
6.04 (16) 

10.5 (4) 

(Iv) 
Mn 0.25000 0.66041 (6) 0.00000 2.84 (3) 
NI 0.2896 (2) 0.6209 (3) --0.1338 (1) 3.05 (8) 
N2 0.3704 (2) 0.8332 (3) --0.0299 (2) 3.78 (11) 
N3 0.1280 (2) 0.5058 (3) --0.0595 (1) 3.59 (10) 
C1 0.3669 (2) 0.6953 (3) -0 .1656 (2) 3.16 (9) 
C2 0.3993 (3) 0.6647 (4) -0 .2470 (2) 4.34 (12) 
C3 0.3500 (3) 0.5565 (4) -0.2938 (2) 5.17 (15) 
C4 0.2709 (3) 0.4794 (4) -0 .2604 (2) 4.37 (13) 
C5 0.2424 (2) 0.5152 (3) -0 .1799 (I) 3.35 (9) 
C6 0.4184 (2) 0.8123 (4) -0.1111 (2) 4.13 (12) 

C7 0.1585 (2) 0.4337 (4) -0.1377 (2) 4.15 (11) 
C1 0.57586 (5) 0.74351 (9) 0.09174 (4) 4.43 (3) 
OW 1.0000 0.8926 (5) 0.0000 9.9 (4) 

(v) 
Co 0.70161 (10) 0.39578 (3) 0.15779 (6) 2.00 (4) 
N1 0.7626 (7) 0.3656 (2) 0.2505 (3) 2.1 (2) 
N2 0.5479 (7) 0.4288 (2) 0.2228 (4) 2.9 (3) 
N3 0.8712 (7) 0.3568 (2) 0.1135 (4) 2.3 (2) 
N4 0.6424 (7) 0.4237 (2) 0.0625 (4) 2.2 (2) 
N5 0.8374 (7) 0.4544 (2) 0.1635 (4) 2.4 (3) 
N6 0.5537 (7) 0.3429 (3) 0.1321 (4) 2.8 (3) 
C1 0.6731 (9) 0.3688 (3) 0.3121 (5) 2.6 (3) 
C2 0.7009 (10) 0.3420 (3) 0.3777 (5) 3.4 (4) 
C3 0.8257 (12) 0.3106 (4) 0.3785 (5) 4.1 (4) 
C4 0.9203 (11) 0.3072 (3) 0.3142 (5) 3.5 (4) 
C5 0.8862 (9) 0.3360 (3) 0.2499 (5) 2.7 (3) 
C6 0.5397 (11) 0.4039 (4) 0.3022 (5) 3.6 (4) 
C7 0.9760 (10) 0.3385 (3) 0.1749 (5) 3.1 (3) 
C8 0.7228 (8) 0.4625 (3) 0.0340 (5) 2.5 (3) 
C9 0.6911 (10) 0.4799 (3) -0 .0396 (5) 3.1 (3) 
C10 0.5785 (12) 0.4578 (4) -0.0818 (5) 4.0 (4) 
Cl l  0.4950 (10) 0.4172 (3) -0 .0500 (5) 3.3 (4) 
C12 0.5291 (9) 0.4013 (3) 0.0219 (5) 2.7 (3) 
C13 0.8429 (10) 0.4814 (3) 0.0880 (5) 3.1 (3) 
C14 0.4529 (10) 0.3593 (3) 0.0675 (6) 3.7 (4) 
Cll 0.6843 (2) 0.53909 (8) 0.27205 (14) 3.57 (9) 
C12 0.1022 (3) 0.40091 (9) 0.99556 (13) 3.70 (9) 
C13 0.75000 0.25000 0.0608 (2) 4.11 (15) 
Cl4 0.3283 (5) 0.2958 (2) 0.2419 (3) 4.5 (2) 
OWl 0.710 (2) 0.8003 (7) 0.0835 (9) 7.4 (9) 

(vI) 
Cu 0.99403 (2) 0.37910 (3) 1.00000 2.509 (16) 
Cll 0.97211 (6) 0.59259 (8) 0.6536 (2) 3.58 (3) 
N1 1.0115 (1) 0.1920 (2) 0.5737 (5) 2.08 (8) 
N2 0.8850 (2) 0.3204 (3) 0.5703 (7) 3.28(11) 
N3 1.1064 (2) 0.3797 (2) 0.6487 (6) 3.09 (11) 
C 1 0.9524 (2) 0.1090 (3) 0.5742 (5) 2.18 (9) 
C2 0.9640 (2) -0.0252 (3) 0.5718 (5) 2.66 (10) 
C3 1.0376 (2) --0.0714 (3) 0.5719 (6) 2.78 (11) 
C4 1.0991 (2) 0.0159 (3) 0.5710 (6) 2.76 (10) 
C5 1.0836 (2) 0.1490 (3) 0.5724 (5) 2.33 (10) 
C6 0.8758 (2) 0.1757 (3) 0.5779 (7) 2.96 (11) 
C7 1.1412 (2) 0.2578 (3) 0.5640 (6) 2.81 (11) 
C12 0.73967 (4) 0.84714 (7) 0.56688 (17) 2.93 (3) 
O1 0.7364 (3) 0.9346 (5) 0.3944 (7) 6.9 (2) 
02  0.6679 (3) 0.7921 (7) 0.5796 (11) 10.7 (3) 
03 0.7969 (3) 0.7551 (7) 0.5397 (9) 10.6 (3) 
04  0.7535 (3) 0.9196 (4) 0.7510 (7) 6.5 (2) 

Table 2. Corresponding distances 
about the metal centres in the three 

Fe2 Fel 
M--N1 2.137 2.092 
M--N4 2.103 
M--N2 2.249 2.226 
M--N5 2.230 
M--N3 2.210 2.210 
M--N6 2.193 
Average e.s.d. 0.003 0.003 

N1--M--NIA/N4 170.84 175.94 
N 1--M--N2 75.30 76.34 
N4--M--N5 75.94 
NI - -M--N3  75.60 76.97 
N4--M--N6 77.05 
N1--M--N2A/N5 111.61 107.95 
N4--M--N2 102.25 
N1--M--N3A/N6 98.55 99.07 
N4--M--N3 104.41 
N2--M--N3 148.94 153.30 
N5--M--N6 152.98 
N2--M--N2A/N5 88.44 95.38 

(,~) and angles (o) 
isomorphous bamp 

complexes (I)-(III) 
(ii) 

Ni2 Nil 
2.025 2.001 

2.004 
2.168 2.161 

2.157 
2.147 2.151 

2.128 
0.003 0.003 

173.37 177.20 
79.00 79.51 

79.11 
79.16 79.25 

80.02 
105.87 103.69 

100.61 
96.45 97.18 

100.61 
157.14 158.76 

159.13 
88.70 93.32 

fin) 
zn2 Znl 

2.106 2.081 
2.085 

2.235 2.237 
2.232 

2.203 2.208 
2.192 

0.003 0.003 

171.40 176.69 
76.33 76.66 

77.07 
76.39 77.76 

77.90 
110.05 105.85 

101.73 
98.05 99.19 

103.89 
151.26 154.38 

154.98 
89.47 93.90 



R E G U L A R  S T R U C T U R A L  P A P E R S  2 1 0 7  

N2--M--N3A/N6 92.31 91.00 90.80 90.76 91.46 91.61 
N5--M--N3 92.28 91.36 91.77 
N3--M--N3A/N6 102.52 93.69 98.31 92.20 101.15 93.74 
Average e.s.d. 0.11 0.10 0.12 0.11 0.11 0.11 

Table 3. Corresponding distances (A) and angles (o) 
about the metal centres in the bamp complexes (IV), 

(V) and (VI) 
(iv) (v) 

2.218 1.875,1.883 
2.294 1.965,1.969 
2.286 1.970,1.971 

M-- N 1,N4 
M--N2,N5 
M--N3,N6 
Cu--CII 
Cu--C1 li 
Cu--C11 ii 
Average e.s.d. 

N 1 --M--N IA,N4 
N I--M--N2 
N4--M--N5 
N1--M--N3 
N4--M--N6 
N I--M--N2A,N5 
N4--M--N2 
N 1 --M--N3A,N6 
N4--M--N3 
N2--M--N3 
N5--M--N6 
N2--M--N2A,N5 
N2--M--N3A,N6 
N5--M--N3 
N3--M--N3A,N6 
N I--Cu--CI 1 
N2--Cu--CI 1 
N3--Cu--C11 
Average e.s.d. 

0.002 0.006 

161.21 177.68 
73.84 84.1 

84.6 
72.94 83.7 

84.0 
120.25 94.1 

97.8 
95.23 97.4 

94.4 
144.16 167.8 

168.5 
92.7 90.1 
92.56 91.6 

91.6 
103.43 89.2 

(VI) 
1.932 
2.019 
2.012 
2.239 
2.936 
3.695 
0.002 

81.69 

81.84 

162.10 

173.88 
97.77 
97.85 
0.10 0.09 0.3 

Symmetry codes: (i) 2 - x,  1 - y ,  z - ½; (i i)  2 - x,  1 - y ,  z + ½. 

Co m (ENPCCO10), and four entries for CU lI (BA_IVIPCU, DUJREF, 
GEVMOJ, SITBUS). The standard average bond distances are from 
Orpen et al. (1989). 

The ligand bamp was prepared according the the method of 
Schwarzenbach et aI. (1971). For the complexes of Fe H, Ni n, 
Zn H and Mn H, two equivalents of (bamp).3HC1 dissolved in wa- 
ter were first neutralized on a DOWEX- 1 resin column and then 
added to an aqueous solution of one equivalent of the metal 
chloride. The solutions were heated to 333-353 K and filtered; 
crystals formed on slow cooling and evaporation. In the case of 
Fe II and Mn n the reactions were carded out under nitrogen to 
avoid oxidation. Co m complexes are generally obtained by oxi- 
dation of a solution containing a Co II salt and the free ligand. 
As the ligand is sensitive to oxidation, a Co In complex carry- 
ing easily substituted ligands was used from the start, that is 
Na3[Co(CO3)3].3H20 (Bauer & Drinkard, 1960). In the case 
of the Cu II complex, a solution of Cu(ClO4)2 was treated with 
(bamp).3HC1 then neutralized with 3 equivalents of base to pro- 
duce the crystalline complex of [Cu(bamp)C1](C104). The crys- 
tal of the Zn n complex was sealed in a Lindemann glass capil- 
lary. 

The structures were solved by direct methods using SHELX76 
(Sheldrick, 1976). The program system NRCVAX (Gabe, Le 
Page, Charland, Lee & White, 1989) was used for all further cal- 
culations. The H atoms were located from difference maps and 
refined isotropically, except for the Co m complex (V). The num- 
bering schemes used are illustrated in the PLUTO plots (Moth- 
erwell & Clegg, 1978) of the cations (Figs. 1-4). 

We wish to thank the Swiss National Science Founda- 
t ion for financial support. 

Table 4. A comparison of average M--N bond dis- 
tances (A) a n d  N - - M - - N  bond angles (o) in complexes 
of 2,6-bis(aminomethyl)pyridine (first row) and 2-amino- 
methylpyridine (second row), with the standard average 

bond distances (third row) 
M--N(py) M--N(amine) N(py)--M--N(amine) 

Fe(II)* 2.112 2.222 76.01 
2.195 2.192 75.84 
2.224 2.035 

Lists of structure factors, anisotropic thermal parameters, atomic pa- 
rameters for compounds (II) and (III), H-atom coordinates, hydrogen- 
bonding details, complete geometry, least-squares-planes data, torsion 
angles, CCSD codes and references, and best measurable Bijvoet differ- 
ences have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 71429 (174 pp.). Copies 
may be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. [CIF ref- 
erence: MU1032] 

Ni(II) 2.014 2.153 79.28 
2.140 2.065 78.44 
2.122 2.097 

Zn(II) 2.095 2.218 76.85 
2.143 2.215 76.39 
2.111 2.152 

Mn(ll) 2.2 i 8 2.290 73.39 
2.266 2.266 74.74 

2.192 

Co(IlI) 1.879 1.969 84.10 
1.955 1.960 84.14 
2.034 1.965 

Cu(II) 1.932 2.016 81.77 
2.005 2.024 81.87 
2.024 2.011 

* The list of CCSD codes and references has been added to the supple- 
mentary material. It includes four entries (high-spin room-temperature 
analyses only, APAFEM, FEPICA, FEPICC02, FEPICC20) for FeII, 
one entry each for Ni n (APNIFB), Zn II (BAZBEJ), Mn u (JIJKAO) and 
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