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Abstract

The complex [Ni(L*)(H,03IC1 - H,O (1) (L’=3,14-dimethyl-2.6,13,1 7-tetraazatieyelo [14.4,0' 50712
docosane-N-acetic acid) has been synthesized and characterized by X-ray crystallography. 1 crystal-
lizes in the triclinic system, space group P1. with a=[1.274¢1), b=13.851(1), c=17.519(6) A, o=
90.24(2), P=101.10¢2), v=92.11(1)° V=2682.5(11) A°, Z=4, R1=0.042 and wR,=0.11] for 9437
observed reflections with [I > 2a(I)]. The central nickel{II) jon is six-coordinated octahedral geom-
etry with bonds 1o the four amine nitrogen aloms and the carboxylic oxygen atom of the macrocyclic

ligand and 1o the waler molecule occupying a position trans 1o the pendant anm,
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1. Introduction

The synthesis of transition metal complexes of N-
functionalized letraaz macrocycles is of growing
importance to various field of coordination chemistry
because of their chemical properties and struchrres.”
Recently. the fully N-pyridylmethylated cyclam
{1.4.8.11-tetraazacyclotetradecane) complexes have
been synthesized.™ Tt has been proved that the corm-
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plexes have a dinuclear structure with the chair coor-
dination mode of the ligand. However, the four N-
hydroxyethylated cyclam forms 1:1 metal complexes
incorporating a metal ion in the ring centre to form an
essentially square-planar coordumation, or distorted
octahedral coordination by lFurther donating two of
the pendant group.™® On the other hand, partially N-
functionalized tetraaza macrocycles and their com-
plexes have been studied less extensively than fully
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N-functionalized analogues.”” This may be due to
the fact thai the synthesis of partially N-substituted
macrocycles is complicated and requires several steps.”
Tn this study, we report the synthesis and crystal
structure of a nickel(Il) complex of 3.14-dimethyl-
2.6,13,17-tetraazatricyclaf 14.,4.0' .07 *]docosane-N-
acetic acid (L.

N N
H)\)\—COOH
-LI

2. Experimental Section

Materials and Physical Measurements. The
macrocycle 3,14-dimethyl-2.6,13,17-letraazatricyclo
[16,4,0' 507 Pldocosane (LY and 3.14-dimethyl-2,6,
13.17-tetraazatricyclo] 14.4,0" ¥,07 *ldocosane-N-acetic
acid (L*) were synthesized by the literature me-
thods.”"™ All chemicals used were of analytical grade
and were used without further purification. IR spectra
were recorded as KBr pellets on a Perkin-Elmer Paragon
1000 FI-IR spectrophotorneter, electronic spectra with
a Jasco Uvidec-610 spectrophotometer. FAB mass
specltra were performed by using a Jeol JMS-HA
110A/110A instrument. Elemental analyses were car-
ried oul by the Korea Basic Science Institute, Taejon,
Korea. Magnetic susceptibilities were mea-sured with
a Johnson Matthey MK-II magnetic susceptibilily
balance. The diamagnetic corrections were calculated
from Pascal's constants.

Synthesis of [Ni(L)HB,MICI-H,0 (1). 1* (197
mg, 0.5 mmol) and NiCl,* 6H,0 (119 mg, 0.5 mmol)
were dissolved in 20 ml of water, and the pH was
adjusted to 5.0 with NaOH {2 M). The mixture was
heated to reflux for 2 h and then concentrated to 10
ml under vacunm. The solution was filtered and left
al Toom temperature unlil the pink crystals formed.
These were collected and air-dried to give 191 mg
(73%) of product. Found: C, 50.38. H. 8.57; N, 10.82.

Cale. for CH,CINNIO,; C. 50.45; H. 8.66: N.
(0.70%. IR (KBr, cm™y: 3178 (vWH) and 1675
(VCOOH). Electronic spectra (water): X, nm (g, M
cm™): 528 (6.8), 340 (17). ty: 2.82 g at 25°C. FAB
mass (CH.CL,, m/zy: 523 (M)

X-ray Crystallography. The crystal was mounted
on an Enraf-Nonius CAD4 diffractometer. X-ray data
were collected using graphite-monochromated Mo-Ko
radiation (A=0.71073 A) at room temperatore. Accu-
rale cell parameters and an orientation matrix were
determined by leasl-squares fit of 25 reflections. An
asymmetric nnit of intensity dala were collected in
the @-26 scan mode. The intensity data were cor-
recled for Loventz and polarization effects and empir-
ical absorption corrections were also applied. The
crystallographic dala. conditions used for Lhe inlensity

Table L. Crystal Data and Struciure Refinement for
[NHLYH,OMICL - H0 (1)

Empirical formuia C,H;CIN,NiQ,
Formula weight 523.78
Temperalure 203{(2y K
Wavelength 0.71073 A
Crystal system Triclinic,

Space group Pl

Umt cell dunensions a=11274 DA o=9024(2)°
b=I3851{1JA P=101.10(2)"

c=17519(6)A =92.11(1)

Volume 2682.5(11) A’
Z 4

Density (calculated) 1.207 Mg m™
Absorption coefficient  0.856 mm™'

F(000} 1128

Crystal size (.38x033x0.23 mm

@ range for data collechon  2.31 10 24.97°

Index ranges S13=h=13, -16=Zk=16, 0=
=20

Reflections collected/umgue 9432/9432 (R ,=0.0000)

Absorption correction sermi-empirical from psi-scan

T T 0.8083, 0.7274

Refinement method Full-matrx least-squares on F*

Dalafrestramls/parameters 9432/11/578

Gondness-of-fit on F'2 0.908

Fmal R indices [B>20(1)] R1'=0.042. wR,"=0 111

R indices (all data) R1°=0.063, wR,"=0.116

Extinction coelficient 0.030(18)

Largest diff. peak and hole 0.629 and —0.5371 eA

"RI=EIF) — IR E TR,

PwRy=[E[w(F, -F. )]/ Z[wi(l, 7"
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Table 2. Atomic Coordinates (x10") and Equivalent Table 2, Continued
Isotropic Displacement Paramelers (A*<10%) for

[Ni(L2NH,0)1C1 - FLO (1) * Y 2 Uteq)
: CR4)  6090(14) 12220011)  2240(7)  90(5)
x y Z Uled)  cas)  5330013) 12080(12)  283009)  90(5)
Ni(l)  9533(16) 8492(12)  2345(9)  36(6)  C(36)  6040(13) 11890(10)  3590(9)  90(S)
Ni(2)  9647(16) 1351112) 25310 576 CG7)  7030012) 12640(10)  3890(8) 805

Cl(1) 11690¢3)  0408(19) 3973(1h 38(8) C(38) FE20(12) 12680(10) 329007) 60()
Cl(2) 11900¢3) 11407¢18)y 1499{14) 33(7} C(3% 3410013) 144209 369007 70(4)
N(I) 8830010) 8460(6) 1170(6) 60(3} CAm 28460014) 15100(10) 3040(9) T70{4)
N(2) 7840(8) T960(7} 2440(3) 30(3) Cidl) 9760(12)  13160(M 422007) 60{4)
N(3) 10180010y 8640(7) 3510(6) TO(3) Crd2y  10860(12) 13780(9) 4400(7) 60(4)
Ni) 1126009) 8970(TY 22770(6) 60(3) C(43) 118500135 13670(12) 3910(8) 90(6)
N(35) 2890010y 13450{7 351003 303} Ciddy  12280(13) 12630(10) 3900(8) 80(5}
N(6) 795009)  13010{7" 1950(3) 30(3) oW1 10090(7) 6970(6) 2390(5) 70{3)
N7 10400¢(%  13670(7) 157005 30(3) Oow2 10190(8)  11950(6) 2610(4) 603}
N(®) 1138009y  14030(D 3L105) 60(3) OwW3 6150(9)  11010(8) 30006y  10044)
ol 8280(8) 10980{7) 1380(6) 80(3) OwW4 4290(8)  10150(6) 102004) 60(3)
0(2) 9110(3) 9920(6) 2276(3) 60(2) Ufey) is defined as ane third of the race of the ortho-
O3} 8030(10)  15940(7)  3040(6)  100(4} gonalized Uij tensor

O 9110¢9)  14930{6) 2470(3) 7003y
C(ly 11270(12) 9300(9) 362007) 3004}
C(2) 11970(13)  9310(11)  3420(10) 100{G)

data collection. and some features ol the structure

O3y 13080(14)  9980(10)  4480(8) 80(5) refinement are listed in Table 1. The siructure was
Oy  13890(13)  9680(10)  3970(7)  70(H solved direct methods'" and refined™ on F* by full-
C(5) 13160012y 9620(10) J100(8) T0{4,) matrix least squares wilh anisotropic displacement

C(6y  11970(12)  9000(%)  3040(7)  50(4) parameters for the non-hydrogen aloms. All hydrogen

Ce7y - 1185001 ]? 8680(9)  1610(6) 60(+ atoms excepl for water hydrogen atoms were placed in
C{8y  12350012)  7700(10) 1630(R) 30(4)

) 10930(9)  8780(8) 860(61 60(4) calculated positions with isotropic displacement para-
Co10) 9840(10)  8090(10) 750(7) 7004} meters. Final atomic coordinates and equiva]ent iso-

C{11)  8400(12)  9420(9) 04007y 60(4) tropic displacement parameters are given m Table 2.
C(12)  8610(11) 1012009  1570(8)  50(3)
C(13) FEOOCLO) 772009} 1070G(7) 30(3)
C(14) 7100014y 76200175 260(8) B0(5)
C{13) 6060013) 684010 1809 80(5)
C(16) 3270013y 7070(12) T90(8) 20(5)
Ch S990014)  7180(11y 1630(10) 100{6)
C18)  7040(10)  7920(8)  1660(3)  50(4)
C(19y  7290(12)  8280(11;  3090(7)  90(5)
C205  6760(12) 93000103  29508)  80(5)
C21} 8170¢11) 8260(9) 3850(6) 50¢4)
C22) 0360014) 8950(12) 4000(10) 100:6)
C(23)y [2160010)  13970(9) 232007) 50(3)
C(24y  13290(14) 14660(10) 2790(8) B0
C(25y 14110014 14680(12) 2160{9) 90(3)
C(26)  13350014) 14980010y  1390(10) 80(5)
C(27) 12260014) 14400{11) L150{73 80(5)
C(28) 11440(11) 14330(9) 1770{T 6004)
C(29) 9510(12) 11000010) B30(8) 7004}
C(30) 8430013) 13280{11) T10(8) 90(5)
CG31 TAS0(12) 1334009 L1907} 7004} 03

(32 6830013)  143000)  11508)  9065) g | A0 ORTEP drawing of NLH,0)CI -
€G3 7080(12) 12960(11) 2480(7) 0 H,O (1) with the atomic labelling scheme. -
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3. Results and Discussion

The ligand skeleton of the complex 1 takes the
most stable frans-IIl configuration with chair form
six-membered and two gauche five-membered che-
late rings. The complex also shows that one car-
boxylate group is attached to the less sterically
hindered nitrogen atom of the macrocyclic ligand.
The N-Ni-N angles ol the six-membered chelate
rings are larger than those of the five-membered che-
late ring. An ORTEP drawing of [Ni(L*)(H,0)]Cl -
H-0 (1) with the alomic labelling scheme is shown in
Fig. 1. Selected bond lengths and angles of 1 are
listed in Table 3. There are two crystallographically
independent  [Ni(L*YH,O)]C1- H,0 complexes. in
each of which consists of a [Ni(L*H,O)]" cation, a
chloride anion and a water moleculs. The central
nickel{II} ion is six-coordinated octahadral geomelry

with bonds to the four amine nitrogen atoms and the
carboxylic oxygen atom of the macrocyclic ligand
and to the water molecule occupying a position trans
to the pendant arm. Each nickel{Il) ion is slightly
deviated from the N, basal planes by 0.025(2) and
0.033(2) A, shifted toward axially coordinated oxy-
gen atoms. The lwo axial Ni-O(w) distances of
2.221(4) and 2.270(3) A are longer than the average
distance of Ni(1)-N, and Ni(2)-N, planes [2.051(2)
and 2.074(2) Al, giving an axially elongated octa-
hedral geometry. Furlhermore, the axial Ni(1)-O(w1)
and Ni(2)-0{w2) bonds are hent slightly off the per-
pendicular to the NiN, plane by 0.1-5.0" and 0.7-2.8°,
respectively. 11 is interested that the average Ni-O(w)
distance of 2.246(3) A is much longer than that of
Ni-O (carboxylatz group. 2.066(3) A). This may be
due 1o the fact that CH,COO™ group has a much
stronger coordination ability than H,O. The two Ni-

Table 3. Selected Bond Lengths (A) and Angles () for[Ni(L*{H,0)1CJ - H,O (1)

Ni{1)-N(1) 2.057(4)
Ni(1)-N(2) 2.054{4)
Ni(1)-N(@3) 2031(5)
Ni(1)-N(4) 2.062(4}
Ni(1)-O(2) 2.055(3)
Ni(1-O(wl) 2.221{4)
N(LI-C(11) 1.458(3)
C(11)-C(12) 1.452(6)
C{12)-0(1) 1.268(3)
C{12)-0(2) 1.271(5)
N{L)-Ni{1)-N(2) 83.9(2)
N{1-NI(L)-N(3) 175.1(2)
N{1)-N({ [}-N(4) 97.3(2)
N(Z)-Ni(1}-N(3) 96.2(2)
N(23-Ni(1)-N(4) 177.6(2)
N(33-Ni{1)-N(4) 82.8(2)
N(1}-Ni{1)-0(2) 84.1(D)
N(23-Ni(1)-0(2) 96 4(1)
N(3)-Ni(1)-0(2} 91.1(2)
N@)-N1(1)-0(2) 85.8(2)
N(1-Ni( [-O(wT} 95.0(1)
N(2)Ni(1)-O(w1} 86.9(1)
N(3)-Ni(1)-O¢w1} 89.0(2)
N(-Ni(1-O¢w1} 90.9(1)
O(2)-Ni(1)-O{w1) 176.5(1)
N 1)-0(2)-C(12) 110 1(3)
Ni-C(11)-C(12) 113.6(4)
O(1)-C(12)-0(2) 121.9(5)
O(1)-C(12)-C(1 1) 114.4(5)
O(2)-C(12)-C(11) 123.6(5)

N(2)-N(5) 2.062{4)
Ni{2)-N(6) 2.080{4)
Ni(23-N(7) 2.032(4)
Ni{2}-N(8) 2.121{4)
Ni(23-01d) 2.076{4)
Ni(2)-0{w2) 2.270(3)
N(5)-C(39) 1.530(6)
C(39)-C(40) 1.548(6)
C{40)-0(3) 1.265(2)
C40)-0(4) 1.300(6)
N(3)-N1(2)-N(6} 54.8(2)
N(5)-Ni(2)-N{7} 176 3(2)
N(3)-Ni(2)-N(8} 05 8(2)
N(6)-Ni(2)-N{7} 96.5(2)
N(6)-N1(2)-N(8) 179.3(2)
N(7)-N1(2)-N(8) 82.9(2)
N(5)-Ni(2)-0(4) 84.4(7)
N(6)-Ni(2)-0(4) 92.2(2)
N(7)-Ni(2)-0(4) 92.1¢2)
N(8)-Ni(2)-0(4) §7.7(2)
N(3)-Ni(2)-Ow2) 92.8(1)
N(6)-Ni(23-O(w2) 87.7(1)
N(7)-Ni(23-O(w?2) 90.7(1)
N(8)-NI(2}-O(w2) 92.4(1;
OA}-NI(2)-0(w2) 177.2(1}
Ni(2)-0(4)-C40) 111.2(4)
N(5)-C3N-C0) 108.2(4)
O(3)-C(40)-0(4) 121.7(5)
0(3)-C(A0)-C(39) 113.8(4)
O4)-C(40)-C(39) 124.4(5)
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Owd’
Fig. 2. Packing arrangement of molecules in the
unit cell. The c-axis is vertical and b-axishorizonial.

Fig. 3. Hydrogen bonding scheme showing an in-
finite chain. The c-axis is vertical and b-axis hori-
zontal.

0-C angles related to the carboxylate groups are
Ni(1)-O¢2)-C(12) [110.1 {3)"] and Ni(2)-O(4)-C40)
[111.2¢4)"], respectively.

The hydrogen bonds are shown in Figs 2 and 3,
and the hydrogen bonding geometry is described in
Table 4. As shown m Fig. 2, The O(1) and O(2)
atoms ol the pendant carboxylate group are hydro-
gen-bonded 1o O{w2). The O(w2) and O(1) atoms
are also hydrogen-bended to CI(2) and N(6), respec-
tively. Sunilatly O(wl) atom is tiply hydrogen-
bonded to O(3) and O(4) translated by one unit cell
along b-axis and CI1} in an asymmetric umt. The
N(2) atom as a donor is hydrogen-bonded to O(3)

INI(LA(HL0)]CL HyO (L2: 3,14-chmethyl-2,6.13,17-tetraazatricyclo [14,4.0' %07 7] «eee- 37

Table 4. Hydrogen Bonding Geometry (A, %) for
[NI(LA(ELO)CL - H;0 (1)

D-H--A D-H H-A DA DH-A

N(6)-H(NGy--O() 091 215 3.04(2) 1670(4)
N{@)-H(N2y--O(3) 0.91 2,10 3.0002) 164.5(3)

O(w3) - O(wd) 2.87(2)
O(wlyCI(L) 3.12(1)
O(w2) - CL(2) 31401
O(w2)-0(2) 3.03(2)
O(wd) - O{w3)" 27N
O(w2yO(1) 304(2)
Ocdy - Ofw1y*" 2.9%2)
O3y O@w 1™ 3.08(2)
O(w3y - Ofwd}" 2.77(2)

Symmetry codes: (1) x. y-1, % (0} I-x. 2-y, -z; (i) x,
l+y, z.

alom. Thus, two molecules in an asymmetric unit
have similar hydrogen bonding features. This hydro-
gen bond scheme makes an infinite molecular chain
along b-axis, The O¢w3) atom of the non-coordinated
water molecule is hydrogen-bonded to O(1) and
O{w4) (1-x, 2-y, -z} with an nversion center. There-
fore, the hydrogen bonds by O(w3) and O({w4) atoms
interconnect two infinite molecular chains as shown
in Fig. 3. The molecular chains are held together by
van der Waals forces with the closest interatomic dis-
tance of H(41A)..-CI(1) (2-x, 2-y, l-=z): 2.031 A.

IR spectra of the complex show v(N-H) of the
coordinated secondary amines and v(COOH) of the
pendant arm at 3178 and 1675 cm™. respectively.
The magnetic moment of 1 1n the solid state is 2.82
I at 25°C, which is consistent with a d® clectronic
configuration in an octahedral peometry. Visible
spectra of 1 in water solution show d-d bands at 340
and 528 nm, indicating (hat the nickel(I) ion is an
octahedral environment.

Supplementary Material
Atomic coordinates, bond lengths and angles and

thermal parameters are availahle from author K.-Y.
Choi on request,
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