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Abstract

The complex [CuL]Cl,

-3H,0 (1) (1.=2,13-bis(2-hydroxyethyl)-5,16-dimethyl-2,6,13,17-tet-

raazatricyclo[14,4,0' ' 07 *]docosane) has been synthesized and characterized by X-ray crystallog-
raphy. 1 crystallized in the monoclinic, space group C2/c, with a=21.647(6) A, b=8.549(1) A, c=
18.132(5) A, P=118.58(2)°, V=2946.8(12) A%, Z=4, R,(wR,) for 2374 observed reflections of [I>
20(I)] was 0.052(0.187). The centrosymmetric complex 1 has an axially elongated octahedral
geometry with four secondary and tertially amines of the macrocycle and two oxygen atoms of the

pendant hydroxyethyl groups
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1. Introduction

Successful applications of several cyclam (1,4,8,11-
tetraazacyclotetradecane) derived mainly from their
use as models for protein-metal binding sites in bio-
logical systems'™ and as selective reagents of metal-
lic ions.*® We have been interested in the synthesis
of the macrocyclic ligands through the functional-
ization of 5,16-dimethyl-2,6,13,17-tetraazatricyclo
[14,4,0""®,0"*]docosane (DTTD) with pendant donor
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groups of different nature, in order to improve the
selectivity of the ligands and the stability of the
complexes.™¥ To that purpose, di-functionalized de-
rivatives of DTTD have to be readily available in
high yields. However, partially N-functionalized tet-
raazamacrocycles are relatively rare.”'” This may
be due to the difficulties encountered for the attach-
ment of only one or two pendant groups to the tet-
raazamacrocycle according to several steps in low
yields. The purpose of this work is to investigate
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the coordination behaviors of the di-N-hydroxyeth-
ylated macrocycle.

In this paper, we report the synthesis and crystal
structure of [CuL]CL, - 3H,O (1) (L.=2,13-bis(2-hy-
droxyethyl)-5,16-dimethyl-2,6,13,17-tetraazatricyclo
[14,4,0"'%,0""*]docosane)

2. Experimental Section

Materials and physical methods. The di-N-hy-
droxyethylated tetraazamacrocycle 1. was prepared
as described previously.'” IR spectra were recorded
with a Perkin-Elmer Paragon 1000 FI-IR spectro-
photometer. Electronic spectra were obtained with a
Jasco Uvidec-610 spectrometer. Elemental analyses
and FAB mass spectra were performed by the Korea
Basic Science Institute, Taejon, Korea.

Synthesis of [Cul]CL, - 3H,O (1). A methanol
solution (20 m{) of CuCl, - 2H,0 (85 mg, 0.5 mmol)
and L (212 mg, 0.5 mmol) was heated at reflux for
1 h and then cooled to room temperature. The solu-
tion was filtered and left at room temperature until
dark violet crystals formed. The product was filtered
and recrystallized from a hot water-acetonitrile (1 : 1,
10 m/) mixture. Yield: 248 mg (81%). Found: C,
47.12; H, 8.82; N, 9.06. Calc. for C,,H;,Cl,CuN,Os:
C, 47.01; H, 8.88; N, 9.14%. IR (KBr, cm™): 3238
[v(N-H)] and 3358 [v(O-H)]. Electronic spectra
(H,0): Ao nm (g, M cm™): 566 (76). FAB mass
(CH,Cl,, m/z): 613 (M").

X-ray Crystallography. Dark violet crystals of
1 were grown from water-acetonitrile. A crystal was
mounted on an Enraf-Nonius CAD4 diffractometer.
X-ray data were collected using graphite-monochro-
mated Mo-Kot radiation (A=0.71069 A), by the ®-
20 scan technique. The accurate unit-cell parameters
and an orientation matrix for data collection were
obtained by least-squares refinement of the setting
angles of 25 reflections. The intensity data were
corrected for Lorentz and polarization effects. An
empirical absorption correction based on @-scan was
applied. The structure was solved by direct methods
and refined by full-matrix least-squares on F* with
anisotropic factors for all non-hydrogen atoms.'>™
All hydrogen atoms except for the water hydrogen
atoms were placed in calculated positions with iso-
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Table 1. Crystal Data and Structure Refinement for 1

Color/shape
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

0 range for data
collection

Index ranges

Reflection collected/
unique

Absorption correction

Max. and min.
transmission

Refinement method

Data/restraints/parameters

Goodness-of-fit on F?

Final R indices [I>20(])]

R indices (all data)
Weight

Largest diff.
peak and hole

Dark violet/block
C,H,.CLCuN,O;
613.15

293(2) K

0.71069 A
Monoclinic

C2c

a=21.647(6) A 0=90°
p=8.549(1) A P=118.58(2)°
c=18.132(5) A y=90°
2946.8(12) A®

4

1.382 Mg/m’

0.962 mm™

1316

0.50%0.46x0.30 mm
2.14 to 24.97°

25<h<05, -10<k<S,
21<I<12
2442/2374 (R,,=0.0360)

Empirical (p-scan)
0.999 and 0.571

Full-matrix least-squares
on F*

2374/0/166

1.027

R,*=0.0524, wR,’=0.1874

R,*=0.0668, wR,"=0.1970

w=1/[6*(F,2)+(0.1356P)*
+0.0000P]

where P=(F2+2F /3

0.842 and -0.479 eA”

‘R=2NF-FENZEIF,.

WR=[EW(F,-F 2V IE[w(F, 1]

tropic displaced parameters. A summary of the data
collection and details of the structure refinement is
listed in Table 1. Final atomic coordinates and equi-
valent isotropic displacement parameters are given
in Table 2.

3. Results and Discussion

An ORTEP diagram of 1 with the atomic label-
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Table 2. Atomic Coordinates (x10%) and Equivalent
Isotropic Displacement Parameters (A’x10") for 1

Di-N-hydroxyethylated Tetraaza Fi-k32] Copper(Il) $&4 149

Table 3. Selected Bond Distances ([&) and Angles
) for 1

x y z Uleq)
Cu 2500 7500 5000 37(1)
Cl 1223(1) 11687(2) 5776(1)  57(1)
N(1) 3523(2) 7879(5) 5303(3)  46(1)
N(2) 2310(3) 8263(5) 3894(3)  49(1)
(0} 2188(2) 10238(4) 5057(2)  51(1)
C() 3538(3) 8597(7) 4569(4)  50(1)
C(2) 4327(3) 8242(7) 4659(4)  52(2)
C(3) 4192(3) 8849(7) 3718(4)  50(1)
C(4) 3628(3) 7995(7) 3006(4)  49(1)
C(5) 2965(3) 8498(6) 3077(4)  50(2)
C(6) 2953(3) T960(7) 3804(4)  45(1)
C(7) 1740(3) 7242(7) 3235(4)  49(1)
C(8) 981(3) 7297(7) 3158(4)  52(2)
C(9) 971(3) 6429(7) 3861(4) 49(1)
C(10) 1021(3) 4737(7) 3712(4)  49Q1)
C(11) 2074(3) 9902(7) 3630(4) 52(2)
C(12) 1800(3) 10709(7) 4251(4)  53(2)
Ow(l) 0 11570(9) 2500 87(2)
Ow(2) 143(3) 9881(6) 3914(3)  79(1)

Uleq) is defined as one-third of the trace of the
orthogonalized Uy tensor.

ling scheme is shown in Fig. 1, and the selected
bond lengths and angles are presented in Table 3.
The molecule is centrosymmetrical. The complex
shows that the two hydroxyethyl groups are attached
to the sterically less hindered nitrogen atoms of the
macrocycle. The structure of 1 reveals an axially
elongated octahedral geometry with bonds from the
copper(Il) ion to the secondary and tertiary amines
of the macrocycle and two oxygen atoms of the
pendant hydroxyethyl groups. The Cu atom and the
four nitrogen atoms [N(1), N(2), N(1a), N(2a)] are
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Fig. 1. An ORTEP drawmg (30% probability ellip-
soids) of 1 with the atomic numbering scheme.

Cu-N(1) 2.037(5) Cu-N(2) . 1.956(5)
Cu-0 2.452(4) N(2)-C(11) 1.490(7)
C(11)-C(12) 1.654(8) O-C(12) 1.352(7)
N(1)-Cu-N(2)  83.8(2) N(1)-Cu-N(2)' 96.2(2)
N()-Cu-N(1Y 180.0 O-Cu-N(D) 97.0(2)
O-Cu-N(1)' 83.0(2) O-Cu-N(2) 78.3(2)
O-Cu-N(2)! 101.7(2) 0O-Cu-O' 180.0
Cu-0-C(12) 106.2(3) N(2)-C(11)-C(12) 110.6(5)

0-C(12)-C(11) 111.9(5)
Symmetry code: () -x+1/2, -y+3/2, -z+1.

exactly on the same plane. The Cu-N(1) (secondary
amine) distance of 2.037(5) A is slightly longer
than that of Cu-N(2) (tertiary amine) [1.956(5) Al
As expected from the Jahn-Teller effect, the axial
Cu-O distance (hydroxyethyl group) of 2.452(4) A
is considerably longer than the average Cu-N dis-
tance. Interestingly, the axial Cu-O distance is longer
than the axial Cu-O (carboxylate group) distance
(2.369(3) A) of [CuL'}[ClO,], 2H,0 (L'=1,8-bis
(catboxymethyl)-4,11-dimethyl-1,4,8,11-tetraazacy-

clotetradecane).” The long Cu-O distance may be
due to the steric hindrance between the oxygen
atom and methyl group at the six-membered chelate
ring. The N-Cu-N angles of the six-membered che-
late rings are larger than those of the five-membered
chelate rings. Also, the Cu-O (hydroxyethyl group)
bond is not perpendicular to the square plane as the
0,.-Cu-N,,,;, angles tange from 78.3(2)-101.7(2)".
The oxygen atom of the hydroxyethyl group forms

Fig. 2. Packing diagram of 1, showing the hydro-
gen bonds as dotted lines. The hydrogen atoms are
omitted for clarity.
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Table 4. Hydrogen Bonding Parameters (A, °) for 1

D-H--A D-H (A) H-A (A) D--A (A) D-H-A ()
O-HO-Cl 0.98(1) 2.25(1) 3.193(4) 161.5(2)
N()-HN(1)--O' 0.91(1) 2.49(1) 2.990(6) 114.8(2)
Ow(1)-Ow(2) 2.828(7)

Ow(1)--Ow(2)" 2.828(7)

Symmetry codes: (i) -x+1/2, -y+3/2, -z+1; (ii) -x, y, -z+1/2.

hydrogen bonds with the chloride ion and secondary
amine N(1) of the macrocycle (Fig. 2 and Table 4).

The infrared spectra of the complex shows v(N-
H) of the coordinated secondary amines and v(O-H)
of the pendant arms at ca. 3238 and 3358 cm’,
respectively. The visible spectrum of 1 in water
appears at 566 nm, which is ca. 80 nm longer com-
pared with that of the square-planar [Cu(DTTD)]
(C10,),.'® This is attributed to the coordination of
the pendant hydroxyethyl groups to the copper(II)
ion.

4. Supplementary Material

All spectral data and X-ray crystallographic file
in CIF format for 1 are available from author K.-Y.
Choi on request.
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