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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. 
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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 ). 

(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),4,, 
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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[12.2.1.16,9]octadecane)C1]* or  [Cu(L)CI]  ÷ ( K i m  et al., 
1991), res]gectively. Also,  the Cu-- -CI  bond  length  
[ 2 . 4 7 8 ( 3 ) A ]  is s imi la r  to the lengths  o f  2 .43 (1 ) ,  
2.42 (2) and 2.483 (4),4, in [Cu2([30] -aneNlo)HCl2]  3+, 
[Cu( tecyc len )Cl ]  + and [Cu(L)CI]  ÷, respect ive ly .  

Ctj~ ) Cll ~.~) 
~ C 1 2  ~ , ~  C 14 

Fig. 1. ORTEPII drawing (Johnson, 1976) of the [CuCI(Cz0H42N4)] ÷ 
cation with the atom-numbering scheme. Ellipsoids for non-H atoms 
correspond to 50% probability. 

Experimental 

The cyclic ligand (I) was prepared by LiA1H4 reduction 
in boiling THF for 48 h under an argon atmosphere of the 
cyclic pseudo-peptide cyclo(eLL-fl-Ala-3-Ala), obtained by 
a method similar to that described in the literature [cyclic 
pseudo-peptide yield: 72% from Boc-eLL-f l -Ala-3-Ala-OH;  
reduction yield: 52%; eLL is (2S,3'S)-2-(3t-isobutyl-2'-oxo - 
piperazin- l '-yl)-4-methylpentanoic acid] (Yoshiki et al., 1996) 
and was purified by both basic silica-gel and activated 
alumina column chromatography (m.p. 445-452 K). Analysis: 
calculated for C2oH42Na.3.4HC1.3.25H20: C 46.1, H 10.0, N 
10.8, C1 23.1%; found: C 46.3, H 10.2, N 10.6, C1 23.1%; 
[(C20H42N4) + 1] + = 339; [a]o = +61 ° d m  - l  g - l  cm 3 (in 
CH3OH). [CuCI(Cz0Hn2N4)]CI was prepared by the reaction 
of (1) and CuClE.2H20 in methanol for 15h at room 
temperature, and recrystallized from ethyl acetate (yield 75%, 
m.p. 401-407 K). Analysis: calculated for [CuCI(C2oHn2Nn)]- 
C1.6.25H20: C 41.0, H 9.4, N 9.6%; found: C 41.3, H 9.1, 
N 9.3%; [CuCl(C2oH42N4)]  + = 436, [Cu(C20H42N4)] + = 401; 
[a]O = --80 ° d m  - l  g - i  cm 3 (in CH3OH). [CuCl(C2oH42N4)]-  

CIO4 was  prepared by the reaction of [CuCI(C2oH42N4)]CI 
and AgC104 in methanol for 15 h at room temperature and 
violet crystals were obtained from hot water (yield 67%, m.p. 
425-429 K). Analysis: calculated for [CuCI(C2oH42Nn)]CIOa.- 
H20: C 43.3, H 8.0, N 10.1%; found: C 43.3, H 8.0, N 
10.0%; [CH(CIOa)(C2oH42N4)] + = 500, [Cufl(C2on42N4)] + = 
436, [Cu(C2oH42N4)] + = 401; [a]o = +75 ° dm -I g-1 cm 3 (in 
CH3OH). 

Monoclinic 
P% 
a = 8.650 (4) ~, 
b = 14.309 (6) ,4, 
c = 11.042 (3) ~, 
3 = 105.83 (3) ° 
V = 1314.9 (8) ,~3 
Z = 2  
Dx = 1.402 Mg m -  
Om not measured 

Cell parameters from 25 
reflections 

0 = 14.8-15.0 ° 
# = 1.070 m m -  
T =  150.0 K 
Prism 
0.30 × 0.20 x 0.15 rnm 
Violet 

Data collection 
Rigaku AFC-7R diffractom- 

eter 
w-20 scans 
Absorption correction: 

0 scans (North et al., 
1968) 
Tmi, = 0.730, Tmax = 0.852 

4208 measured reflections 
3979 independent reflections 

Refinement 

Refinement on F 
R = 0.046 
wR = 0.053 
S = 1.367 
3414 reflections 
290 parameters 
H atoms not refined 
w = 1/[o'2(Fo) 

+ 0.000631Fol 2] 

3170 reflections with 
I > o(/) 

Rim = 0.059 
0max = 30 ° 
h = - 1 2  --+ 0 
k = 0 ---, 20 
1 = - 1 4 - - ~  15 
3 standard reflections 

every 150 reflections 
intensity decay: 2.51% 

(A/cr)ma~ = 0.011 
Apmax = 0.56 e ,~-3 
Apmin = - 0 . 5 2  e ~ - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Table  1. Selected geometric parameters  (7t, o) 
Cul~Cll 2.478 (3) CuI--N9 1.998 (7) 
Cu 1 --N3 2.04 ( 1 ) Cu 1 --N 13 2.006 ( I 0) 
Cu l--N6 2.05 ( I ) 
CI1--CuI--N3 95.9 (2) N3~Cul--N9 156.6 (5) 
CI I---Cul--N6 107.6 (2) N3---CuI--N 13 200.8 (3) 
CII--CuI--N9 98.1 (3) N6--CuI--N9 84.2 (3) 
CI1---CuI--NI3 95.4 ~3) N6--CuI--NI3 156.7 (2) 
N3--Cu I--N6 73.7 (4) N9~CuI--NI3 96.4 (4) 

H atoms were introduced in the structure-factor calculations 
as fixed contributors, except for those of the water molecule. 
The absolute configuration of the molecule is derived from 
that of the ligand. 

Data collection: Rigaku/AFC Diffractometer Control Soft- 
ware (Rigaku Corporation, 1988). Cell refinement: Rigaku/- 
AFC Diffractometer Control Software. Data reduction: 
TEXSAN (Molecular Structure Corporation, 1995). Program(s) 
used to solve structure: SIR88 (Burla et al., 1989) and 
DIRDIF94 (Beurskens et al., 1994). Program(s) used to re- 
fine structure: TEXSAN. Software used to prepare material for 
publication: TEXSAN. 

We are gra tefu l  to Ms  Rika  Tanaka  for  e l emen ta l  
ana lys is  and mass  spectra l  m e a s u r e m e n t s .  

Crystal data 

[CuCI(C20H42Na)]CIOa.H20 
Mr = 555.04 

Mo Ka radiation 
A = 0.7107 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: OA1052). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The CU 11 centre in the title compound, [ C u ( C 3 H 5 0 2 ) 2  - 

(C7H8N202)2].0.25H20, is situated on an inversion 
centre and has tetragonally distorted coordination. It 
is bonded in a trans-square-planar arrangement to the 
pyridyl N atoms of two me@yl 3-pyridylcarbamate 
molecules [Cu--N1 2.025 (2)A] and one carboxylate 
O atom from each of two propionate anions [Cu--  
O1 1.955 (2),a,]. The axial positions are occupied by 

the other propionate O atoms [Cu-- .02 2.653 (2),~]. 
The propionate groups exhibit very small O1-- -Cu. . .02  
chelate angles of 54.23 (8) ° . 

Comment  
While dimeric Cu2(propionate)4(substituted pyridine)2 
species have been reported previously (Borel & 
Leclaire, 1976a,b, 1978; Borel et al.. 1976, 1981; 
Smolander et al., 1992; Melnl'k et al., 1998), the 
monomeric analogues have not. We report here such 
a monomer, namely, bis(methyl 3-pyridylcarbamate)bis- 
(propionato)copper(II) 0.25-hydrate, (I). 

~ NHC(O)OMe 

E t - - C ~  O 

O - - C u - - O  

O~/C--Et // N 

McO(O)CNH ~ 

(I) 

.0.25H20 

The structure (Fig. 1) consists of discrete complex 
cations and H20 molecules linked by hydro ogen bonds 
[ O 4  i . .  .H8 2.520,~, and O 2  ii-. .H2 1.975 A; symmetry 

1 1 codes: (i) y, i - x ,  ~ - z ;  (ii) x, 3', l + z ]  and van 
der Waals forces. The stereochemistry around the Cu I1 
centre may be described as axially elongated octa- 
hedral. Molecules of the cation lie on a crystallo- 
graphic inversion centre, with the Cu II atom coordi- 
nated by the pyridyl N atoms of two different methyl 
3-pyridylcarbamate molecules and by an O atom from 
each of the two propionate anions to give a square- 
planar arrangement, with Cu--N1 and Cu--O1 bond 
lengths of 2.025 (2) and 1.955 (2),~,, respectively. The 
remaining carboxylate O atoms in each propionate an- 
ion participates in much longer axial bonding [Cu--O2 

C2 
CI 

Ol 

03 

Fig. 1. A view of the title compound, without the hydrate molecule. 
showing displacement ellipsoids drawn at the 50% probability level. 
H atoms are shown as spheres of arbitrary radii. 
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