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A b s t r a c t  

The crystal structure of the title compound, [Cu(CI8H37- 
N402)]Br.H20, shows the CuII ion to be five-coordinate 
in a distorted square-pyramidal environment, with the 
four N atoms equatorial and the O atom axial. The C u ~  
O and average Cu--N bond lengths are 2.157 (3) and 
2.050 (4) A, respectively. 

C o m m e n t  

The coordination chemistry of macrocyclic ligands with 
pendant functional groups has attracted growing in- 
terest because of their potential biomedical applica- 
tions (Bernhardt & Lawrance, 1990; Btinzli & Choppin, 
1986; Kaden, 1984, 1993; Parker, 1990). However, 
the synthesis of these macrocyclic ligands is gener- 
ally more complicated and necessitates several steps 
(Kaden, 1984). Previously, Xu, Ni & Lin (1986, 1988) 
presented a simple stereospecific synthesis of C-meso- 
5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclotetra- 
decane-N-acetic acid and discussed the crystal structures 
of its nickel(II) complexes. The crystal structure of the 
title complex, (I), has been determined and is presented 
here to expand the studies in this area. 
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The C-meso-5,5,7,12,12,14-hexamethyl- 1,4,8,11-tetra- 
azacyclotetradecane-N-acetate group coordinates the 
Cu n ion as a pentadentate ligand. The complex cation 
has a distorted square-pyramidal environment around 

the CU II ion with the four N atoms equatorial and 
the O atom axial. The four N atoms of the macro- 
cyclic ligand form a square plane [mean deviation 
0.072(2)A], with the Cu n ion lying 0.148(2),~, out 
of this plane towards the carboxyl group. The macro- 
cyclic moiety adopts the stable conformation with the 
two six-membered rings in chair conformations and the 
two five-membered rings in gauche conformations. The 
Cu--N distances range from 2.029 (4) to 2.088 (4),~ 
and the average Cu--N distance [2.050 (4)A] in the 
title complex is longer than average Cu--N distances 
in the literature (2.03 A) (Lu, Chung & Ashida, 1993). 
The bond distance of Cu--N(tertiary) [2.088 (4),~] is 
longer than Cu--N(secondary) [2.029 (4)-2.046 (4) ,~,]. 
The four chiral N-atom centers have configurations 1RS, 
4SR, 8RS and l lRS. The Cu--N(secondary) distance 
is shorter than that in the copper(H) complex with C- 
meso-5,5,7,12,12,14-hexamethyl- 1,4,8,11 -tetraazacyclo- 
tetradecane-N,N"-diacetic acid (2.070A; Belsky et al., 
1993). The axial Cu--O bond length [2.157(3)A] is 
shorter than those observed in copper(H) alkylcarboxyl- 
ates (2.30-2.40]~) (Orpen et al., 1989). This arrange- 
ment of the four chiral N-atom centers is in the trans-III 
configuration according to the nomenclature of Bosnich, 
Poon & Tobe (1965), the same configuration found 
in the red isomer of copper(II) complexes of C-meso- 
5,5,7,12,12,14-hexamethyl-1,4,8,11-tetraazacyclotetra- 
decane (Clay, Murray-Rust & Murray-Rust, 1979). The 
crystal structure is stabilized by a three-dimensional net- 
work of N--H. . .Br ,  N ~ H . . . O  and O---H...Br hydro- 
gen bonds (Table 2). 
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Fig. 1. The structure of the title compound showing 30% probability 
displacement ellipsoids. H atoms have been omitted, except those 
on N2, N3 and N4. 

Experimental 

The ligand C-meso-5,5,7,12,12,14-hexamethyl- 1,4,8,11 -tetra- 
azacyclotetradecane-N-acetic acid and the title complex were 
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26  [Cu(C 18H37N402) ]Br .H20  

prepared according to literature methods (Xu, Ni & Lin, 
1986, 1988). The complex was recrystallized from a methanol-  
n-butanol mixture by slow evaporation. 

Crystal data 

[ C u ( C 1 8 H 3 7 N 4 0 2 ) ] B r . H 2 0  

Mr = 502.98  
Triclinic 
/ff 
a = 8.815 (1) ,~ 
b = 10.905 (1) ,~ 
c = 13.210 (2) ,4, 
a = 95.46 (1) ° 
/3 = 108.26 (1) ° 
7 = 107.74 (1) ° 
V = 1122.8 (2) ,~3 
Z = 2  
Dx = 1.488 Mg m -3 
Om not measured 

Mo Ka radiation 
A = 0 .71073 ,4 ,  
Cell parameters from 25 

reflections 
0 = 1 0 . 4 2 - 2 5 . 1 3  ° 
# = 2 .777 m m - 1  

T = 293 (2) K 
Pillar 
0.49 x 0.32 × 0.14 mm 
Blue 

Rint = 0 . 0 4 6  

0max = 25 .00  ° 
h = - 1 0  ----, 10 
k = - 1 2  ~ 12 
I = 0 ----~ 15 
3 standard reflections 

every 197 reflections 
intensity decay: 2% 

Data collection 
Siemens P4 diffractometer 
w120 scans 
Absorption correction: 

~b scans (North, Phillips 
& Mathews, 1968) 
Zmin = 0.257, Tmax = 0.678 

4729 measured reflections 
3888 independent reflections 
2738 reflections with 

I > 2o'(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2o-(F2)1 = 0.048 
wR(F 2) = 0.123 
S = 1.024 
3888 reflections 
361 parameters 
Only coordinates of  H atoms 

refined 

w = 1/[O.2(F 2 )  + (0 .0646P)  2] 
where P = (Fo 2 + 2 F 2 ) / 3  

( A / o ' ) m a x  "- - - 0 . 0 6 0  
Apmax - 0 .557  e .~-3  
Apmin = - 0 . 8 4 9  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C)  

N3---~uI--Ol  100.5 (2) CI 3---C3---C4 107.8 (5) 
N2---CuI--OI 96.01 (15) C5---C4--C3 119.0 (5) 
N4--Cu 1---O 1 96.30 (15) N3---C5--C4 109.0 (4) 
N1---Cul---OI 83.71 (14) N3---C5--C15 111.1 (5) 
CI I - - N I - - C 1  110.3 (4) C4-----<25----C 15 109.9 (5) 
CI I - -N  I---CI0 111.8 (4) N3---C6------C7 106.2 (4) 
C1--NI-- -CI0  109.1 (4) N4----C7--C6 109.1 (4) 
CI I - -NI---Cul  106.5 (3) N4---C8--C9 108.5 (4) 
C I - - N I - - C u l  104.1 (3) N4---C8---C17 109.8 (4) 
C10---N 1---Cul 114.8 (3) C9---C8---C 17 110.8 (5) 
C2--N2---C3 114.0 (4) N4--C8---C16 109.7 (4) 
C2- -N2--Cul  105.7 (3) C9---C8---C16 108.0 (5) 
C3--N2---Cu I 123.2 (3) C 17---C8---C16 109.9 (5) 
C6---N 3--C5 113.6 (4) C I 0--C9---C8 118.6 (4) 
C6---N3---Cu I 103.2 (3) C9---CI0---N 1 114.2 (4) 
C5--N3------Cu I 117.4 (3) C9--CI0---CI 8 110.2 (5) 
C7--N4---C8 114.5 (4) NI--C10---CI8 t12.1 (5) 
C7--N4---Cul 107.1 (3) NI---C11--C12 115.1 (4) 
C8--N4---Cul 119.7 (3) O2---C12---O1 126.6 (5) 
CI 2---O l - -Cu I 111.5 (3) O2---C 12----4211 116.0(5) 
N 1---C 1--C2 111.1 (4) OI--C12--C11 117.3(4) 

N2---CuI--NI------CI 10.1 (3) CuI--N4----C7--C6 30.5 (5) 
Cu l - -N  I---C1---C2 -37 .2  (5) N3---Cu I--N4----427 -0 .8  (3) 
N 1--C1---C2--N2 55.8 (6) N I - - -CuI--N4--C8 42.6 (3) 
CuI- -N2--C2-- -CI  -42 .9  (5) CuI--N4---C8--<?9 -56 .9  (5) 
N1- -Cu l - -N2- -C2  17.8 (3) N4----C8----C9---4310 66.8 (6) 
N3--Cul--N2---C3 -32 .9  (4) C8--C9--4210--N 1 -68 .3  (6) 
CuI--N2---C3----424 45.9 (5) CuI--NI-----<710----C9 53.5 (5) 
N2---C3---C4--425 -65 .8  (6) N4----CuI--N I---CI0 -38 .2  (3) 
C3---C4----C5--N3 74.9 (6) OI---CuI--NI---C11 - 10.0 (3) 
Cu 1--N3---C5----424 -58.5  (5) NI-- -Cul- - -OI--CI2  - 4 . 8  (3) 
N2--Cul--N3---C5 37.7 (4) Cul-- -OI---CI2--CI  1 18.8 (5) 
N4---Cu 1--N3--C6 -28 .9  (3) NI--C11---C12---O1 -29.3  (7) 
CuI--N3----C6---C7 52.7 (5) CuI--N1---CI1------C12 22.t (5) 
N3---C6---C7--N4 -57 .0  (6) 

Table  2. Hydrogen-bonding geometry (,4, o) 
D - - H .  • .A D - - H  H. • .A D. • .A D - - H .  • .A 

N2--H1N2. • .Brl 0.84 (6) 2.62 (6) 3.440 (4) 166 (6) 
N3--HIN3.  • .OWl ~ 0.89 (6) 2.10 (6) 2.976 (7) 167 (6) 
N4---HIN4. • -02" 0.92 (6) 2.00 (6) 2.885 (5) 159 (5) 
OWI--HIOW. • -Brl i 0.69 (7) 2.65 (7) 3.338 (5) 172 (8) 
OWI--H2OW. • .Brl 0.83 (7) 2.51 (7) 3.337 (5) 173 (6) 

Symmet ry  codes:  (i) - x ,  1 - y, 1 - z; (ii) - x ,  - y ,  - z .  

Data collection: XSCANS (Siemens, 1994). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXS86 (Sheldrick, 1990). Program(s) used to 
refine structure: SHELXL93 (Sheldrick, 1993). Molecular 
graphics: NRCVAX (Gabe et al., 1989). Software used to 
prepare material for publication: SHELXL93. 

Table  1. Selected geometric parameters (,4, o) 
Cu l - -N3 
Cul - -N2  
Cu l - -N4  
Cu 1--N 1 
C u l - - O l  
N1---CII 
N1---C1 
NI----CI0 
N2---C2 
N2---C3 
N3---C6 
N3----C5 
N4---C7 
N4-----C8 
OI----4212 

N3---Cu I - -N2 
N3--<3u l - -N4 
N2---Cu I - -N4 
N3--Cu 1--N 1 
N2---Cu I - - N  ! 
N4----Cu 1--N ! 

2.029 (4) O2---C 12 
2.038 (4) C1---C2 
2.046 (4) C3---C 14 
2.088 (4) C3----C 13 
2.157 (3) C3--C4 
!.487 (6) C4---C5 
1.493 (6) C5---~ 15 
1.511 (6) C6----C7 
1.484 (6) C8---C9 
1.511 (6) C8---C17 
1.483 (7) C8---C 16 
1.489 (7) C9----C 10 
1.480 (6) C 10---C 18 
1.499 (6) CI 1---C12 
1.266 (6) 

93.8 (2) N2---422----C 1 
85.5 (2) N2--C3---C 14 

167.6 (2) N2---C3--4213 
175.7 (2) C 14---C3--C13 
86.6 (2) N2--C3---C4 
93.2 (2) C 14----C3---C4 

1.231 (6) 
1.499 (8) 
1.513 (8) 
1.514(8) 
1.540 (7) 
1.524 (8) 
1.545 (8) 
1.519(8) 
1.523 (8) 
1.533 (7) 
1.537 (8) 
1.508 (8) 
1.531 (8) 
1.543 (7) 

108.6 (4) 
110.1 (4) 
109.7 (4) 
111.0 (5) 
107.6 (4) 
110.6 (5) 
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Supplementary data for this paper are available from the IUCr  
electronic archives (Reference: T A I l  76). Services for accessing these 
data are described at the back of the journal.  

R e f e r e n c e s  
Belsky, V. K., Streltsova, N. R., Kuzmina,  E. N. & Nazarenko,  A. Y. 

(1993). Polyhedron, 12, 831-834.  
Bernhardt, P. V. & Lawrance,  G. A. (1990). Coord. Chem. Rev. 104, 

297-3343.  
Bosnich, B., Poon, C. K. & Tobe, M. L. (1965). Inorg. Chem. 4, 

1102-1108. 
Biinzli, J.-C. G. & Choppin,  G. R. (1986). In Lanthanide Probes in 

Life, Chemical and Earth Sciences, Theory and Practice. Elsevier: 
Amsterdam. 



KALIYAMOORTHY PANNEERSELVAM et aL 27 

Clay, R., Murray-Rust, P. & Murray-Rust, J. (1979). J. Chem. Soc. 
Dalton Trans. pp. 1135-1139. 

Gabe, E. J., Le Page, Y., Charland, J.-P., Lee, F. L. & White, P. S. 
(1989). J. Appl. Cryst. 22, 384-387. 

Kaden, T. A. (1984). Top. Curr. Chem. 121, 157-19. 
Kaden, T. A. (1993). Pure Appl. Chem. 65, 1477-1483. 
Lu, T. H., Chung, C. S. & Ashida, T. (1991). J. Chin. Chem. Soc. 

(Taipei), 38, 147-153. 
North, A. C. T., Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst. 

A24, 351-359. 
Orpen, A. G., Brammer, L., Allen, F. H., Kennard, O., Watson, D. G. 

& Taylor, R. (1989). J. Chem. Soc. Dalton Trans. pp. SI-83. 
Parker, D. (1990). Chem. Br. pp. 942-945. 
Sheldrick, G. M. (1990). Acta Cryst. A46, 467-473. 
Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of 

Crystal Structures. University of Grttingen, Germany. 
Siemens (1994). XSCANS. X-ray Single-Crystal Analysis System. 

Version 2.1. Siemens Analytical X-ray Instruments Inc., Madison, 
Wisconsin, USA. 

Xu, J., Ni, S. & Lin, Y. (1986). Inorg. Chim. Acta, 111, 61-65. 
Xu, J., Ni, S. & Lin, Y. (1988). Inorg. Chem. 27, 4651--4657. 

A c t a  Cryst. (1998). C54, 27-29 

Platinum(II) Complexes of Piperazine (and 
Derivatives): trans-Dichlorobis(N-methyl- 
piperazine-N')platinum(II) 

ARMANDO MARZOTrO, a DORE AUGUSTO CLEMENTE b AND 

GIOVANNI VALLE c 

aDipartimento di Chimica Inorganica, Metallorganica ed 
Analitica, Universitgl degli Studi di Padova, Via Loredan 
n. 4, 1-35131 Padova, Italy, bDipartimento di Ingegneria 
dei Materiali e Chimica Applicata, Universitgt degli Studi di 
Trieste, Via Valerio n. 2, 1-34127 Trieste, Italy, and CCentro 
di Studio sui BiopolimerL CNR, Universit& degli Studi di 
Padova, Via Marzolo n. 2, 1-35131 Padova, Italy. E-mail: 
marzotto @ chim02, chin. unipd, it 

(Received 15 May 1997; accepted 18 September 1997) 

Abstract 
The neutral title complex, trans-[PtC12(CsH12N2)2], has 
been synthesized in the course of our studies on 
piperazine derivative complexes with platinum(II). This 
complex is square planar and isomorphous with the 
analogous palladium(II) complex, and exhibits the same 
molecular, but not crystallographic, structure as trans- 
[PtC12(CsH13N2)2]C12.2H20, [(C5HIaN2) is N-methyl- 
piperazinium(l+)]. The six-membered ring is in the 
chair conformation and binds platinum(II) through the 
unmethylated N1- -H nitrogen, which is sterically less 
hindered than the methylated one. The molecule has 
a local pseudo-mirror plane nearly coincident with the 
square-planar coordination plane and nearly bisecting 
the piperazine ring. 

Comment 
The cyclic diamine piperazine (H2ppz) contains a 
non-planar six-membered ring formed by four C 
and two basic N atoms. Piperazine and its deriva- 
tives, N-methylpiperazine (HMeppz) and N,N'-di-  
methylpiperazine (Me2ppz), can act as monoden- 
tate, bidentate or bidentate chelate ligands. The six- 
membered ring commonly displays a chair and less 
frequently a boat conformation, the former conforma- 
tion being 17.2 kJ mol- l  more stable (Niemeyer, 1979). 
However, the boat conformation occurs when N-methyl- 
piperazine forms a bidentate chelate complex with one 
platinum(II) ion (Marzotto, Clemente & Valle, 1998), 
when N,N'-dimethylpiperazine forms a chelate complex 
with one palladium(II) ion (Hassel & Pedersen, 1959) or 
when the piperazine ring is forced to form a macrocyclic 
ligand capable of chelating selectively one metal ion 
(Wade et al., 1990). Other interesting platinum(II) co- 
ordination compounds of N-methylpiperazine and N,N' -  
dimethylpiperazine, with potential antitumoral activity, 
will be published soon (Ciccarese et al., 1998). 

The X-ray analysis of the title complex, (I), shows 
that the platinum(II) ion has a distorted square-planar 
coordination geometry (Table 1), with the two C1 and 
the two N-methylpiperazine ligands each in trans po- 
sitions, as found in trans-[PdC12(HMeppz)2] (Ivanova 
et al., 1991) and in trans-[PtCl2(H2Meppz)2]C12.2H20 
(Ciccarese et al., 1998) [H2Meppz is N-methyl- 
piperazinium(l+), i.e. a cationic ligand]. The piperazine 
ring possesses a chair conformation and is coordinated 
through the secondary amine N1 atom which is steri- 
cally less hindered than the methylated N2 atom. The 
Pt--N1 and N2--CH3 bonds lie in equatorial positions, 
while the N1--H1 bond is in an axial position for steric 
reasons. In this way, N1 can form a strong intramolec- 
ular hydrogen bond with the Cll atom (Table 2). In 
fact, the decrease of the N 1--Pt---C11 angle from 90 to 
87.84 (11) ° indicates that this hydrogen bond stabilizes 
the molecule. The angle between the Pt, Cll,  N1 plane 
and the C1, C2, C3, C4 plane is 89.06 (16) °, very near 
to 90 ° . This angle is very likely imposed by the above- 
mentioned strong intramolecular N 1--H 1. • -C11 hydro- 
gen bond. In fact, only if this angle is 90 ° does the 
H1 atom lie exactly in the square-planar coordination 
plane which favours the formation of a strong hydro- 
gen bond. The entire molecule possess a pseudo-mirror 
plane, practically coincident with the square-planar co- 
ordination plane [the dihedral angle is 0.49 (7)°], and 
bisects the piperazine ring passing through the N1, N2 
and C5 atoms. 

H 3 C - - N ~  CI.. H 

"- IC '~Z: ~ •. N_CH 3 

(I) 
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