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Abstract

The synthesis and characterization of [Cu(L)1(NCS), (1) (L: 2,5,9,12-tetramethyl-1,4,8,
11-tetraazacyclotetradecane) are described. Crystal structure of 1 crystallizes in the monoc-
linic system, space group P2,/a, a=7.622(2) A, b=17.645(2) A, c=8.223(3) A, P=109.99(2)°,
Z=2. Least-squares refinement of 1 led to a R(R,) factor of 0.087 (0.158) for 1535 ob-
served reflections of F,>46(F,). The complex 1 has a square planar geometry with average
Cu-N (secondary amines) bond distance of 2.030(4) A. The axially disposed thiocyanate an-
ions are not coordinated with Cu-N distances of 2.842(7) A.
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1. Introduction

Polyaza macrocyclic ligands possess cavities
capable of providing a favorable environment
for transition metal ions.” The strength of the
ion binding is determined by ion size, ma-
crocyclic cavity size and ligand conformation.”
Typically, the 14-membered tetraamine macro-
cycles cyclam (1,4,8,11-tetraazacyclotetrade-
cane) and methylcyclam incorporate metal ions
into their cavities and form a stable square
planar complex with several configurations.® Be-
cause of their important biological functions and
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some unusual properties, cyclam derivatives have
been extensively studied, and structural features
for biological significance are well recognized.*®
Recently, X-ray crystal analysis of [Cu(DTAD)
(SCHs),]-2H,0 (DTAD: 3,14-dimethyl-2,6,13,17-
tetraazatricyclo[14,4,0"",0"%ldocosane) showed
that the copper(I) ion adopts a tetragonally
elongated octahedral geometry with two apical
thiolate sulfur atoms.'” We also reported the
crystal structure of [Ni(L)(NCS),] (2,5,9,12-
tetramethyl-1,4,8,11-tetraazacyclotetradecane),"”
in which the nickel(Il) ion reveals a octahedral
geometry with two apical thiocyanate nitrogen a-
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toms. Table 1. Experimental details

We report herein the synthesis and crystal
structure of the copper(Il) complex of L with
thiocyanate ligands.

2. Experimental Section

2-1. General

All solvents were reagent grade and purified
as described elsewhere prior to use.’ All the
reagents used for the synthesis of the complex
were of analytical grade. The macrocyclic ligand
L was synthesized as described previously.lg)
High-resolution fast atom bombardment mass
spectrometry (FAB mass) were performed by
using a Jeol JMS-HA 110A/110A instrument.
Elemental analysis were carried out by the
Korea Basic Science Institute, Seoul, Korea.

2-2. Synthesis of [Cu(L)}(NCS). (1)

To a methanol solution (10 ml) of CuCl,-2H:0
(170 mg, 1 mmol) was added L (256 mg, 1 mmol)
and then the mixture was heated at reflux for 1
hr. Solution of KSCN (194 mg, 2 mmol) in wat-
er (5ml) was then added consecutively. The
resulting solution was filtered to remove any im-
purity and left to evaporate slowly at room tem-
perature. Violet single crystals suitable for X-
ray determinations were collected after 1 week
(yield ca. 72%). Anal. Calcd for CisHaCuNeSz: C,
44.1; H, 7.4; N, 19.3. Found: C, 44.0; H, 7.3; N,
19.4%. FAB mass (CHClz, m/z): 436.1 (M)".

2-3. X-ray Structural Determination

Data collection, cell refinement and data
reduction were carried out using CAD4
software SDP.™ The structure was solved
direct methods using SHELX86." Refinement
was performed with SHELXL97' using an-
isotropic displacement parameters for all non-hy-

drogen atoms. Hydrogen atoms were included at -

calculated positions using riding model and fixed.
Molecular graphics were prepared using ORTEP
' in NRCVAX.® Table 1 shows the ex-

Crystal data

ClgngCuNGSQ MOKa radiaotion
M.=436.14 A=0.71069 A
Monoclinic Cell parameters from 25
P2)/a . reflections
a=7.622(2)A° 0=11.37-14.19°
b=17.645(2)A n=1.263 mm "
c=8.223(3)A T=2838 K
B=109.99(2)" Violet
V=1039.3(5) A’ Plate
=2 0.33X0.26 X0.13 mm
D.=1.394 Mgm™
D.. not measured
Data collection
Enraf-Nonius CAD-4 R:.=0.0286
Diffractometer h=-10—10
w/20 scans k=0—24
Absorption correction: 1=0—11
none 3 standard reflections
7353 independent frequency: 300 min
reflections intensity decay: 1.1%
1804 reflections with
F.>30(F,)
8,:=30.0°
Refinement
Refinement on F (A/6)1x=0.000 _
R(F)=0.0873 (Ap)nx=1.055 eA;3
®R(F)=0.1583 (AP)mn=—0.565eA®
S=1.613 Extinction correction:

3022 reflections
115 parameters
H atoms constrained

w=1/[c*(F.)+(0.03000P)

+0.5000P]

where P=(F4+2F.)/3

none

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

perimental details and final atomic coordinates

are given in Table 2.

3. Results and Discussion

Fig. 1 shows an ORTEP drawing of [Cu(L)]

(NCS); (1) with the atomic numbering scheme.
Interatomic bond distance and angles are listed
in Table 3. In the present complex 1, two al-
ternating five- and six-membered chelate rings
are in the gauche and chair form with most
stable trans-III conformation. An inversion cent-
er of 1 exists on the central copper(ID) ion. The
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Table 2. Atomic coordinates (x10% and equivalent Table 3. Interatomic bond distances (A) and angles
isotropic displacement parameters (Z\ZX103) for [Cu () for [Cu(L)](NCS), (1)
(LIINCS), (1) .

, Cu-N(1) 2.031(4) N(2)-C(7) 1.471(6)

X y z Uleq) Cu-NEI;‘ 2.03IE4§ Cglg-cg?‘ 1.52157;

Cu-N(2 2.028(4) C(1)-C(2 1.527(7

Cu 5000 5000 5000 B CeN@ 2084) CRCW  1493(8)

N(l) 3725(6) 5446(2) 2608(5) 44(1) Cu_N 2 842(7) C(4)'C(5) 1 532(8)

Cc() 4951(8) 6051(3) 2350(7) 54(1) N(1)-C(1) 1'481(7) C(M-C(1) 1'521(7)
C(S) 3150(8) 4891(3) 1189(6) 59(2) N(Z)'C(S) 1:502(6) N'C 0:912(10)

C(4)  1824(9)  4318(4) 1441(7)  73(2) N(D-Cu-N(2)  94.2(2) C()-N@)-C(7) 112.1(4)
C(5)  2720(10)  3708(4)  2794(7)  74(2) N\ .CuN@) 858(2) N(D-CD-C2 113805
€6 1594(14)  3043()  2616(11) 1394 N(1Y.Cu-N(2) 85.8(2) N(D-C()-C(7)' 106.9(4)
C(7)  4248(8)  3530(3) 5038(7)  59(2) N(1)-Cu-N(2)  94.2(2) N(1)-C(3)-C(4) 111.9(4)

S 19663 6396(L) 34603 1061 N(1)CuN(Y 1800 N@-CE)-CW) 1081(5)
N 230509 5658(3)  6254(6)  60(2)  NG).Cu-N(2Y 1800  N(2)-C(5)-C(6) 1153(6)
U(eq) iS defined as one thlrd Of the trace Of the Cu'N(l)'C(l) 1075(3) C(7)1'C(1)'C(2) 1110(5)
orthogonalized Uij tensor. Cu'N(l)_C(3) 1151(3) C(S)'C(4)'C(5) 1150(5)
C(1)-N(1)-C(3) 113.4(4) C(4)-C(5)-C(6) 113.5(6)
Cu-N(2)-C(5) 119.4(3) N-C-S 178.4(9)

N-Cu-N angles of the six-membered chelate  Cu-N(2)-C(7) 106.3(3)
rings (94.2(2)°) are larger than those of the five-
membered chelate rings (85.8(2)°). The cation :
of complex 1 is characterized by an essentially  copper(Il) center, formed by secondary amine
square planar coordination geometry around the  nitrogens. The average Cu-N (secondary amines)

Symmetry code: (i) —x+1, —y+1, —z+1.

;

Fig. 1. An ORTEP drawing of [Cu(L)](NCS), (1) with the atomic numbering scheme. The displacement ellipsoids
are drawn at the 40% probability level. Hydrogen atoms are drawn as small circles of arbitrary radii.
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distance of 2.030(4) A is similar to that re-
ported for the tetra-coordinated complex [Cu
(DTAD) L 2H.0 (2.029(11) A).* The axial Cu-
N (thiocyanate) bond distance of 2.842(7) A is
much longer than the Cu-N (secondary amine)
bond distance. This indicates that the nitrogen
of thiocyanate is not coordinated to the copper
(IN ion. The N-C-S angle related to the
thiocyanate ligand is linear within the ex-
perimental error [N-C-S angle=178.4(9)"].
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