
1764 [Fe(C8 H1oN3 S)2 ]-H20 

N3---H2N3. • -N1 0.88 (3) 2.29 (3) 2.656 (3) 105 (2) 
N3--HIN3- • -$2 i 0.88 (3) 2.64 (3) 3.512 (2) 175 (2) 
N5--HIN5. • .S1 i 0.82 (3) 2.86 (3) 3.656 (2) 163 (2) 
N3--H3N3- • -N1 ~ 0.88 (3) 2.43 (2) 3.128 (2) 137 (2) 
N6---H2N6. • .O1W t i i  0.81 (3) 2.35 (3) 2.962 (3) 133 (3) 

Symmetry codes: ( i ) - x , - y ,  l - z ;  ( i i ) -x ,  v, ~ -z :  ( i i i )+-x,  {+v, 3 _ -  

All H atoms were  refined isotropically; the C - - H  distances 
are in the range 0.84 (5)--1.00 (3 )A.  

Data collection: SMART (Siemens,  1996). Cell refinement: 
SAINT (Siemens,  1996). Data reduction: SAINT. Program(s) 
used to solve structure: SHELXTL (Sheldrick, 1997). Pro- 
gram(s) used to refine structure: SHELXTL. Molecular  graph- 
ics: SHELXTL. Software used to prepare material for publica- 
tion: SHELXTL and PARST (Nardelli, 1995). 
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Abstract 

In the title compound, [Cu2(N3)2(C7H10N2)2(H20)2]- 
(CIO4)2,  the Cu atom is in a distorted square-pyramidal 
environment with the basal positions occupied by four 
N atoms, two from a bidentate 2-(2-aminoethyl)pyridine 
ligand and another two from a centrosymmetrically 
related azide bridge. The water molecule occupies 
the axial position. In the crystal, the molecules are 
in a stacked arrangement and form layers connected 
by hydrogen bonds involving water molecules and 
perchlorate ions. 

Comment  

Copper(II) complexes bridged by azide ligands are of 
interest because of their bonding mode and magnetic 
interactions, and also because they exhibit a rich variety 
of stereochemistries (Kahn, 1993; Hathaway, 1981, 
1982). In this paper, we report the synthesis and 
structure of di-#-azido-bis{[2-(2-aminoethyl)pyridine- 
N,N']aquacopper(II)} diperchlorate, (I). 

/ - - ~ \ 1 /~c~ " "  Y c~ \ .L / \ S  .=o,- 
f f ~ N  / I H 

(I) 

The asymmetric unit consists of one half of the 
[Cu(C7HIoN2)(H20)(N3)]~ ÷ cation and a perchlorate 
anion. The other half of the cation is generated by 
a crystallographic inversion centre. The coordination 
around the Cu atom is a distorted square pyramid, with 

t On leave from: Department of Physics, Anna University, Chennai 
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the basal plane occupied by N atoms. Two of the N 
atoms, N1 and N2, are f rom a bidentate 2-(2-amino- 
ethyl)pyridine ligand, while the other two, N3 and N3A, 
are from a centrosymmetr ical ly  related azide bridge. The 
C u - - N  bond lengths agree with reported values (Orpen 
et al., 1989). The Cu atom deviates from the basal 
plane by 0.0886 (3),4,. The axial position is occupied 
by the water molecule, with a C u - - O 1 W  distance of  
2.442 (2),4,. This distance is comparable  with another 
reported value (Shanmuga  Sundara Raj et al., 1999). 

The Cu.-  .Cu distance [3.1120 (4) A] is comparable 
to that found in a previous report (S6derquist,  1968). 
The C u ~ N - - - C u  angle [101.42(8)  °] is in the range 
observed in the bis(end-on #-azido)complexes  (Escuer 
et al., 1997). The end-on azido bridge is almost linear, 

with an N 3 - - N 4 - - - N 5  bond angle of  178.6(3)  °. The 
other C u . . . N  short contacts observed in the structure 
are C u l . . . N 4  2.837 ( 2 ) A  and C u l . . . N 4 ( - x ,  1 - y ,  - z )  
2.855 (2) ~,. The N 3 - - N 4  and N4---N5 bond lengths are 
1.237 (3) and 1.149 (3),~,  respectively, with the longer 
distance involving the N atom linked to the Cu atom. 

The water  molecule forms two hydrogen bonds, one 
( O - - H . . - O )  intramolecular and one ( O - - H . . . O )  inter- 
molecular, while the N2 atom forms an N - - H . - - O  hy- 
drogen bond (Table 2). The molecules are stacked to- 
gether with a distance of  3.695 ,~, between the cen- 
troids of  the pyridine rings. The stacking arrangement  
forms layers which are connected by O - - H . . - O  and 
N - - H . - - O  hydrogen bonds involving water molecules 
and perchlorate anions. 

C2 

,-, C C1 

Y I 

- -  N 
02 

Fig. 1. The structure of the title compound showing 30% probability 
displacement ellipsoids and the atom-numbering scheme. 

OlWii 

O1W 

0 2 "  ~ k  "~ ~ ~ ~ -  ', 

Fig. 2. A part of the layers formed by the stacking arrangement. 

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

Cu(C104)2.6H20 (370mg, 1 mmol) in water (30m l) was 
added to 2-(2-aminoethyl)pyridine (112.2 mg, 1 mmol) while 
stirring at room temperature. Upon slow addition of NaN3 
(65 mg, 1 mmol) dissolved in a minimum quantity of water, 
a dark-blue mixture was formed and then stirred for about 
30 min. Well formed dark-blue crystals of the title compound 
were obtained by allowing the filtrate of the final mixture to 
stand for several weeks. 

Crystal data 

[Cu2(N3)2(C7HIoN2)2- Mo/Ca radiation 
(H20)2](C104)2 z~ = 0.71073/k 

Mr = 690.41 Cell parameters from 6450 
Monoclinic reflections 
P21/c 0 = 3.02-33.17 ° 
a = 10.7817 (3) A, /,t = 1.954 mm -~ 
b = 7.4435 (2) ,~ T = 293 (2) K 
c = 15.9041 (4) ]k Slab 
fl = 95.405 (I)° 0.48 × 0.28 x 0.15 mm 
V = 1270.69 (6) ,~3 Dark blue 
Z = 2  
Dx = 1.804 Mg m -3 
Dr,, not measured 

Data collection 
Siemens SMART CCD area- 

detector diffractometer 
scans 

Absorption correction: 
empirical ( SADABS; 
Sheldrick, 1996) 
Train = 0.454, /"max = 0.758 

7931 measured reflections 
2909 independent reflections 

2537 reflections with 
I > 2o(/) 

Rim = 0.018 
0m,,x = 27.5 ° 
h = - 1 4  ---* 13 
k = 0 ---', 9 
l = 0 ---," 20 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)1 = 0.030 
wR(F 2) = 0 .082  

S = 1.10 

(Z~t/o.)max < 0.001 
Apmax = 0 .75 e ~-3 
x21pmin = - -0 .37  e ~1~ -3  
Extinction correction: none 



1 7 6 6  [Cu2 (-N3)2 (C7 HI  0N2)2 (H2 0 ) 2  ] (CIO4)2 

2909 reflections 
180 parameters 
H atoms: see below 
w = l/[o-2(F if) + (0.0371P) 2 

+ 0.8385P] 
where P = (Fo 2 + 2F~2)/3 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Siemens (1996). SMART and SAINT. Area Detector Control and 
Integration Software. Siemens Analytical X-ray Instruments Inc., 
Madison, Wisconsin, USA. 

S6derquist, R. (1968). Acta Cry'st. B24, 450-455. 
Spek, A. L. (1990). Acta Crvst. A46, C-34. 

Table 1. Selected geometric parameters (,4, °) 
CuI--N2 1.9880 (19) CuI--N3 2.0258 (17) 
CuI--N3 i 1.9951 (19) Cul---OIW 2.442 (2) 
CuI--N 1 2.0130 (17) 

N2--CuI--N3 i 163.07 (8) N2--CuI--N3 90.76 (8) 
N2---Cui--NI 95.52 (8) N3i--Cul--N3 78.58 (8) 
N3i----Cul--NI 95.72 (7) NI---CuI--N3 173.44 (7) 

Symmetry code: (i) - x ,  1 - y , - z .  

Table 2. Hydrogen-bonding geometry (A, o) 

D---H. . .A D--H H. . .A D. • .A D--H. • .A 
OIW--HI W- • -04 i 0.90 (3) 2.13 (3) 2.980 (3) t58 (3) 
N2--H2C-- .OIIM i 0.90 2.25 3.132 (3) 164 
O1W--H2W- • .O2 iii 0.90 (3) 2.05 (3) 2.930 (3) 167 (3) 

Symmetry codes: (i) - x ,  1 - y ,  - z ;  (ii) - x ,  - y ,  - z ;  (iii) x, ½ - y ,  z -  ½. 

After checking their presence in the difference map, the H 
atoms were fixed geometrically and allowed to ride on the 
atoms to which they were attached, except for the H atoms 
of the water molecules, which were located from a difference 
Fourier map and refined isotropically. 

Data collection: SMART (Siemens, 1996). Cell refinement: 
SA/NT (Siemens, 1996). Data reduction: SAINT. Program(s) 
used to solve structure: SHELXTL (Sheldrick, 1997). Pro- 
gram(s) used to refine structure: SHELXTL. Molecular graph- 
ics: SHELXTL. Software used to prepare material for publica- 
tion: SHELXTL and PLATON (Spek, 1990). 
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JAE WOONG YOON, a TAE-SUNO YOON, a SOON WON LEE b 
AND WHANCHUL SHIN a 

aDepartment of Chemistry and Center for Molecular 
Catalysis, Seoul National University, Seoul 151-742, Korea, 
and bDepartment of Chemistry, Sunglo, unkwan University, 
Natural Science Campus, Suwon 440-746, Korea. E-mail: 
nswcshin @plaza. snu. ac. kr 

(Received 6 May 1999; accepted 7July 1999) 

Abstract  

In the title compound, (-)-chloro{(1R,2R)-4,4',6,6'-tetra- 
tert- butyl - 2,2' - [ cyclohexane- 1,2- diylbis (nitrilomethyl- 
idyne)] diphenolato } manganese(III), [MnCl(C36H52N2- 
O2)], the Mn atom is pentacoordinated in a distorted 
square-pyramidal environment. Two independent mol- 
ecules have similar bent structures, with dihedral angles 
between the two planar salicylideneimine moieties of 
20.5 (1) and 27.7 (1) °. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK 1311). Services for accessing these 
data are described at the back of the journal. 
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Comment  

Optically pure amino alcohols are pharmaceutically im- 
portant and can be produced efficiently from the cor- 
responding chiral epoxides by acid- or base-catalysed 
epoxide ring-opening reactions. Cationic metal com- 
plexes of the salen ligand N, NI-ethylenebis(salicylidene - 
aminate) are effective catalysts for the epoxidation of 
various olefins, and their catalytic activities can be mod- 
ulated by substituents on the ligands (Srinivasan et al., 
1986). In particular, Jacobsen's catalyst, (I), a man- 
ganese(III) complex of a chiral salen ligand, cataly- 
ses highly enantioselective epoxidation of unfunctional- 
ized olefins (Chang et al., 1994). The crystal structures 
of several salen-metal complexes have been reported 
(Pahor et al., 1976; Srinivasan et al., 1986; Oki & Hodg- 
son, 1990), but reports of chiral salen ligands and their 
metal complexes are rare. Pospisil et al. (1996) reported 
the crystal structures of (I) and its analogue containing 
triisopropylsiloxyl groups instead of tert-butyl groups at 
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