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Abstract 
In the title compound, { 2 ,2 '  - [ 1,3 - pentanediyl- 
bis (nitrilomethylidyne) ] diphenolato } copper(II)-ethanol 
(2/1), 2[Cu(C19H20N202)].C2H60, the Cu atom is co- 
ordinated by an N202 donor set from the imine-phenol 
ligand in a distorted tetrahedral coordination geometry, 
with the two phenol O atoms being deprotonated. There 
are two 'unsolvated' copper complexes and two ethanol- 
solvated copper complexes in the triclinic unit cell. The 
Cu--O and Cu--N distances are 1.891 (4)-1.897(4) 
and 1.943 (5)-1.978(5),A,, respectively. The angle be- 
tween the two coordination planes defined by the lig- 
ating atoms of one complex (Oll ,  O12, N11 and N12) 
and those of the other independent complex (021 ,022 ,  
N21 and N22) is 49.4 (2) °. 

Comment 
Radioactive copper-labelled compounds have been stud- 
ied extensively because of their diagnostic and/or thera- 
peutic potential. Thus, we have been interested in the 
development of suitable ligands that can form stable 
complexes with this metal. The chemistry of Schiff base 
ligands has aroused considerable attention, mainly be- 
cause of preparative accessibility, diversity and struc- 

tural variability. Although tetradentate imine-phenol 
ligands can readily form complexes with copper (John et 
al., 1994), very few have been characterized. The solid- 
state structures of monomeric Cu 11 imine-phenol com- 
plexes have been determined so far for the complexes 
shown schematically below: (I) (Baker et al., 1970), (II) 
(Cheeseman et al., 1966) and (III) (Yao et al., 1997). 
We report here the synthesis and characterization of the 
title compound, (IV). 

Cu 

o / \ o  

(I) R = CH2-CH 2 
(II) R = C6H4-C6H4 
(IIl) R = CH2-CH2-CH2-CH2 
(IV) R = CH2-CH2-CHCH2CH 3 

In the title compound, the coordination about the 
Cu atom forms a 6-6-6 chelate ring structure and a 
distorted tetrahedron with two imine N atoms and two 
phenol O atoms. There are two 'unsolvated' copper 
[Cu(CIgH20N202)] complex molecules, A, and two 
ethanol-solvated molecules, B, in the centrosymmetric 
unit cell. The ethanol solvate is hydrogen bonded to a 
phenolate O atom [ 0 5 0 . . . O l l  - 2.851 (8),~,] of B. The 
angle between the two coordination planes, defined by 
atoms Ol l ,  O12, Ni l  and N12, and atoms O21, 022, 
N21 and N22, is 49.4 (2) °. 

The N - - C u l - - N  and O----Cul--O angles in B are 
92.2 (2) and 89.6 (2) ° , respectively. The distortion of 
the coordination geometry in A is evident in the ex- 
pansion of the N---Cu2--N angle [94.4 (2) °] and in the 
compression of the O---Cu2--O angle [82.4 (2) °] from 
90 °. Inversely, the two t r a n s - O - - C u - - N  angles in B, 
O l l - - C u l - - N 1 2  and O12-- -Cul - -Nl l ,  are 155.9(2) 
and 156.1(2) °, respectively, while the O - - C u - - N  
angles in A, O21--Cu2--N22 and O22--Cu2--N21,  
are 170.1 (2) and 172.6(2)*, respectively. As a result, 
the dihedral angle between the two chelate rings defined 
by Cul, Ol l  and Ni l ,  and Cul, O12 and N12, in B is 
33.0 (2) ° , which is much larger than the corresponding 
angle in A [8.8 (2)°]. 

Steric interactions of the propyl, butyl and biphenyl 
backbones affect the copper coordination geometry sig- 
nificantly in many respects (see Table 1). In the five- 
membered-ring system with a two-C-atom backbone 
[complex (I)], the Cu--N distances are short (average 
1.916 A), and the N - - C u - - N  angle (82.7 °) and the di- 
hedral angle (5.3 °) are small. Adding a third C atom to 
the backbone to make a six-membered chelate ring (A 
and B) results in increased Cu--N lengths, N---Cu--N 
angles and dihedral angles. Further increasing the back- 
bone size to give a seven-membered ring [complexes (II) 
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a n d  (III)] m a k e s  it m o r e  d i f f icu l t  to m a i n t a i n  the  con -  

f igura t ion  w i t h o u t  c o n s i d e r a b l e  p u c k e r i n g  o f  the  r ing.  It 
s e e m s  that  ' t u n i n g '  o f  the  C u - - N  l eng ths ,  N - - - C u - - N  
ang l e  and  d ihed ra l  ang le  c o n t r i b u t e s  to the  f lexib i l i ty  o f  
the  c o o r d i n a t i o n  o f  c o p p e r  by  t e t r aden ta t e  i m i n e - p h e n o l  
l igands .  

O21 ~ C31 

022 ~ C32 

" C36 
~ C34 

C35 

C15 
C16 

~ k C  14A 13 C12 

o1 / 
050 011 ~ ~ CIO 

CI C6 

C3 ~ C4 

Fig. !. Perspective view of the molecules of (IV) with the atom- 
numbering scheme, excluding H atoms. Displacement ellipsoids are 
drawn at 30% probability. 

Experimental 

For the preparation of  the title compound,  1,3-bis(2-hydroxy- 
benzylimino)pentane was prepared by mixing salicylaldehyde 
(60 retool) and 1,3-pentanediamine (30 mmol)  in 100 ml of  
ethanol. The reaction mixture was stirred for 6 h and then 
placed in a freezer for 24 h. The lower oil layer was collected 
by decanting the upper ethanol layer. After repeating this 
procedure, a yellow oil with high purity was harvested 
and dried in vacuo. Copper(II) nitrate trihydrate (3 mmol)  
in 95% ethanol (20 ml) and 1,3-bis(2-hydroxybenzylimino)- 
pentane (3 mmol)  in ethanol (100 ml) were mixed and heated 
at 333 K for 1 h. The solution was filtered and the filtrate kept 
in a beaker at 277 K for crystallization. Dark-blue crystals 
began to appear after 1-2 d, and were collected by filtration. 
Crystals suitable for X-ray diffraction were obtained by slow 
evaporation from a saturated ethanolic solution. 

Crystal data 

2[Cu(fl9H20N202)].C2 H60 
Mr = 789.91 
Triclinic 
p]- 

a = 12.1159(16) A 
b = 12.7354 (19) ~, 
c = 13.824 (3) A 
a = 112.98 (2) ° 
f3 = 93.55 (2) ° 
3, = 104.94 (2) ° 
V = 1865.4 (5) ~3 
Z = 2  
Dx = 1.406 Mg m -3 
D,, not measured 

Mo Ko~ radiation 
A = 0.71073 
Cell parameters from 25 

reflections 
0 = 7 .02-14.49 ° 
# - 1.19 mm -~ 
T = 293 K 
Hexagonal 
0.41 x 0.34 x 0.25 mm 
Dark blue 

Data collection 
Nonius CAD-4 diffractom- 

eter 
0/20 scan 
Absorption correction: 

z/, scan (North et al., 
1968) 
Tmm = 0.600, Tm~x = 0.743 

6878 measured reflections 
6555 independent  reflections 

Refinement 

Refinement on F 
R = 0.051 
wR = 0.041 
S = 2.07 
4554 reflections 
460 parameters 
Only H-atom U's refined 
w = l/cr2(F) 

4555 reflections with 
I > 2.5cr(/) 

Rint = 0.014 
0max = 25 ° 
h = - 1 4  ~ 13 
k = 0 ---, 15 
1 = - 1 6 - - ~  15 
3 standard reflections 

frequency: 60 min 
intensity decay: 1.0% 

(A/cr)m,x < 0.001 
Apmax = 0.82 e ~ - 3  
Apmin = - 0 . 7 7  e ,~-3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

Tab le  1. Comparison o f  copper(ll)  coordination (it, o) and 
the dihedral angle between chelate rings (o) in imine-  

phenol  complexes 

(I) a (II) b (lily (IV) a 
A B 

Cu--O 1.906 1.90 1.898 (3) 1.891 (4) 1.894 (4) 
1.886 1.90 1.903 (3) 1.897 (4) 1.893 (4) 

Cu--N 1.928 1.94 2.000 (3) 1.978 (5) 1.951 (5) 
1.904 1.96 1.941 (3) 1.950 (5) 1.943 (5) 

O----Cu~O' 87.8 88.9 87.4 ( 1 ) 82.4 (2) 89.6 (2) 
O ~ u - - N  94.2 93.6 94.3 ( I ) 92.3 (2) 93.9 (2) 
O--Cu--N' 176.5 154.6 144.0(I) 170.1 (2) 155.9(2) 
ot--Cu--N 174.5 151.4 153.3(I) 172.6(2) 156.1 (2) 
O'ICu--N ' 95.5 93.6 93.9(1) 91.5(2) 94.1 (2) 
N ~ u - - N  82.7 96.1 100.1 (I) 94.4(2) 92.2(2) 
Dihedral angle 5.3 37.0 42.7 ( 1 ) 8.8 (2) 33.0 (2) 

References: (a) Baker et al. ( 1970); (b) Cheeseman et al. ( 1966); (c) Yao 
et al. (1997); (d) this work. 

H atoms were located by calculations based on geometric 
considerations. H-atom positions were fixed in the refinement. 

Data collection: CAD-4 Software (Enraf-Nonius,  1989). 
Cell refinement: CAD-4 Sofm'are. Data reduction: NRCVAX 
(Gabe et al., 1989). Program(s) used to solve structure: 
NRCVAX. Program(s) used to refine structure: NRCVAX. 
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Molecular graphics: ORTEPII (Johnson, 1976). Software used manner by the four N atoms of the aza-macrocycle, with 
to prepare material for publication: NRCVAX. the chloride anion in an apical position. 

The authors thank Mr Shyh-Ming Chen for helping 
to plot the figure. They are also indebted to the National 
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of a postdoctoral fellowship for Bor-Hann Chen, who 
assisted this work and thanks the National Science 
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Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1071). Services for accessing these 
data are described at the back of the journal. 
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Comment 
The syntheses of structurally reinforced macrocyclic 
polyamines and their metal complexes have been stud- 
ied recently in areas such as molecular recognition and 
bio-inorganic chemistry (Mitewa & Bontchev, 1994). 
Although numerous structurally reinforced macrocyclic 
polyamines have been analyzed in many studies, carbon- 
backbone functionalized versions are less common 
(Aston et al., 1994). Recently, we synthesized novel 
chiral and structurally reinforced 15-, 18- and 20- 
membered-ring polyamines, and their copper(II) com- 
plexes (Seki et al., 1996; Yoshiki et al., 1996). This 
paper describes the crystal structure of a copper(II) 
complex of a new chiral and structurally reinforced 14- 
membered polyamine, (2S, 13S)-2,13-diisobutyl- 1,4,8,12- 
tetraazabicyclo[ 10.2.2]tetradecane, ( 1 ). 

'2 
(1) [CuCl(1)] + 
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Abstract 

The structure of a copper(II) complex cation of a 
reinforced chiral 14-membered aza-macrocycle, namely, 
chloro[(2S, 13S)-2,13-diisobutyl- 1,4,8,12-tetraazabicyclo- 
[10.2.2]tetradecane-naN]copper(II), which crystallizes 
as a perchlorate hydrate, [CuCl(C20H42Na)]C1Oa.H20, 
has been determined. The copper(II) cation lies in the 
macrocyclic cavity coordinated in a square-pyramidal 

A view of the complex is shown in Fig. 1. The 
copper complex cation is five-coordinate, bound to four 
N atoms of the macrocycle and to a chloride anion. 
The coordination geometry around the copper cation 
is best described as square pyramidal with the apical 
position being occupied by the chloride anion. The four 
N atoms of the macrocjclic ligand are approximately 
planar (within 0.0979A), with the copper(II) cation 
located in the direction of the chloride ligand, 0.310,4, 
from the N4 plane. Both six-membered chelate rings in 
the complex (Cu 1, N9, C 10, C 11, C 12, N 13 and Cu 1, 
N13, C14, C15, C16, N3) have pseudo-chair forms. The 
absolute configurations of the N9 and N13 atoms are 
R and S, respectively, while the piperazine ring (C1, 
C2, N3, C4, C5, N6) is in a boat form. The Cu- -  
N bond lengths are in the range 1.998 (7)-2.05 l l)A,, 
comparable to the strain-free M--N length (2.03 A) for 
[Cu(1,4,8,11-tetraazacyclotetradecane)] (Hancock, 1989), 
and the average M--N lengths of 2.03 (2), 2.030 (7) 
and 2.033(8)A for [Cu2(1,4,7,10,13,16,19,22,25,28- 
decaazacyclotriacontane)HC12] 3÷ or [Cu2([30]-aneNi0)- 
HC12] 3+ (Bencini et al., 1987), [Cu{(2R,5R,8R,11R)-  
1,4,7,10-tetrabenzyl-2,5,8,11-tetraethyl-1,4,7,10-tetra- 
azacyclododecane}C1] ÷ or [Cu(tecyclen)C1] + (Sakurai 
et al., 1982), and [Cu(1,3,6,9,11,14-hexaazatricyclo- 
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