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The compleses [Ni(LYINT):]-5H20 (1) and [Cu(LYH-O](CHAINTY3H-0 (2) (1. = 3, 14-dimethy]-2.6,13,17-
tetraazatricyelof 14,4 01 ¥ 07 docosane. INT = isonicotinate) have been prepared and characterized by X-ray
ervstallography. clectronic absorption. and cyelic voltammetry. The erystal structure of 1 reveals an axially
clongated octahedral geometry with two axial sonmicotinate hgands. The cleetronic speetra, magnetic moment,
and redox potentials of 1 also show a high-spin octahedral geometry. However, 2 shows that the coordination
environment around the copper atom 1s a distorted square-pyramid with an axial water moleeule. The speetra

and clectrochenncal behaviors of 2 are also discussed.
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Introduction

There has been considerable interest in structural. thermo-
dvnamic. and kinctic studies of (he metal complexes with
polvaza macrocveles because of their significant impli-
cations in analytical. biological. and other application.”” The
structurcs of metal complexces with ihese ligands are allccied
by scveral [actors. including (he metal ion size and ligand
topology. such as the cavity sizc. (vpe and number of donor
atoms. and stcrcochemical rigidity.™ The coordination
environments around (he metal ion in (hese macrocyclic
complexes are squarc-planar or octahcdral. In a previous
papet. we reported (he synthesis and X-ray crystal structures
of [Ni(L)X:] (X = N3. NCS . ONO . NCO )™ [Cu(L)
(H-0)-1C1-."* and [Cu(LXSCH3)-]2H-0.* in which the
metal ion reveals an axially clongated octahedral gecometry
with (wo axial ligands. The compound [Cu(L)N3)(H-O)C103)
has a distoricd squarc-pyvramidal gcomeiry. with four nitro-
gen atoms of the macrocycele and onc nitrogen atom of the
axial azido group.”' However. a intra- and intermolccular
two-dimensional chain compound [Ni(LYXBDC)]-2H-0 (BDC
= 1.4-benzenedicarboxylaie) ' reveals a distorted octaliedral
coordination cnvironment. in which the macrocycle. water
molccules. and BDC anions have asscmbled around the
nickel center. The BDC anion is a good candidate for a
molccular building block because of its rigidity and stability
in the resulting porous framework., However. the complex
[{Ni(DL-Mcrcvclam)} ~((4-OCN)2)(C104): (Megevelam = DL-
3.3.7.12.12. 14-hexamethyl-1 4.8 11 -tetraazacy clotctradecanc)
shows that (he cvanate group acts as cnd-to-cnd bridge with
the nickel(TT) ions in an NiN<O octahedral geometry ' The
samc svnthetic strategy with the azido group Icads 10 a trans-

“Author to whom correspondence should be addressed. Tel: +82-41-
830-8341: Fax: +82-41-830-8341: e-manl: kvchoiig'kongju.ac kr

monobridged onc-dimensional network with Megseyclam[13]
and cyvclam.! The different molecular topologics in the
complexes may be duc to the anionic cffects such as sterco-
chemical rigidity and difTerent coordination modes of the
anions,

In (he present work. we report the synthesis and characteri-
zation of [Ni(L)(INT)]-3H-O (1) and [Cu(L)YH-O)[(CD)
(INT)3H-O (2) (L = 3.14-dimcthyl-2.6.13.17-tctraazatri-
cvclo[ 14, 4.0 07" |docosanc. INT = isonicotinatc). To
cvaluate the cffect of the anionic groups. we have investi-
gated the X-ray crystal structurcs. spectroscopic. and ¢lectro-
chemical propertics of these complexcs.

NH NH

NH NH

A

L

Experimental Section

Materials and Physical Mcthods. All chemicals used in
the synthesis were of rcagent grade and were used withoul
further purification. The macrocyele L was prepared
according 1o the literature method.”™ Solid state clectronic
spectra were measured by the diffuse reflectance method on
a Varian Cary 300 UV-Vis spectrophotometer. Solution
spectra were obtained on a Jasco Uvidec-010 spectromeer,
Infrarcd spectra were recorded as KBr disks on a Perkin-
Elmer Paragon 1000 FT-IR spectrometer. Room-temperature
magnetic susceptibility wase mcasured with a Johnson
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Matthey MK-11 magnetic balance. The diamagnetic correc-
tions were evaluated from Pascal’s constants. Electro-
chemical measurements were carried out with a BAS 100
BW electrochemical analyzer. using Pt auxiliary Ag/AgCl
reference electrodes. A hanging mercury dropping electrode
was used as the working electrode. All measurements were
made on 0.01 M tetraethvlammonium perchlorate (TEAP)-
DMSO solution at 20.0 £ 0.1 °C. Elemental analyses were
carried out on a Perkin-Elmer 240C analvzer. FAB mass
spectra were obtained using a Jeol IMS-HA 100A/100A
spectrometer.

Synthesis of [Ni(L)(INT):]-SH.0 (1). To a methanol
solution (20 mL) of [Ni(L)|Cl::2H:O (251 mg, 0.5 mmol)
was added sodium isonicotinate (143 mg, 1.0 mmol). The
mixture was heated to reflux for 1 h and then cooled to room
temperature. The solution was allowed to stand for a few
davs. and a quantity of violet crystals formed. The product
was filtered and recrystallized from a hot water-acetonitrile
(1: 1, 10 mL) mixture. Yield: 277 mg (76 %). Anal. Calcd
for C3:HsyNaNiQy: C. 532,68 H. 8.01: N. 11.57. Found: C.
52.76: H. 8.12: N. 11.63. IR (KBr. cm™): 3302. 3229, 3143,
2930, 1638, 1600, 1548, 1449, 1375, 1310, 1273, 1171,
1154, 1114, 1071, 1032, 1000, 967. 899. 842, 774. 711. 684.
UV-Vis in CH:CN [Apex. nm (. M™ cm™)]: 325 (7.7): in
CH:NO- 326 (7.6): in diffuse reflectance (A, nm): 522
nm. FAB mass (CH-Clz. m/z): 730 (M)'. g 2.82 piz at 23
OC,

Synthesis of [Cu(L)(H:0)](CI}INT)-3H:0 (2). This
compound was prepared as violet crystals in a reaction
similar to that of 1. except for the use of |Cu(L)|Cl-2H-O
(254 mg. 0.5 mmol) instead of [Ni(L)|Cl--2H:0. Yield: 220
mg (72%). Anal. Calcd for CosHs:CICuN:Oyg: C. 49.59: H,
8.32.N. 11.12. Found: C. 49.48: H. 8.23: N, 11.24. IR (KBr.
cm™): 3358, 3291. 3133. 2931, 1637. 1596. 1346, 1432.
1373, 1309, 1225, 1177. 1093, 1057, 1006, 992. 967. 904,
838, 776. 714. 669. UV-Vis in CH3CN |Ags. nm (& M~ cm™)):
343 (98). in CH3NO: 342 (96): in diffuse reflectance (A
nm): 341 mm. FAB mass (CH-Clz. m/z): 630 (M)'. gt 1.84
Hieat 25 °C.

X-ray Crystallography. The X-rayv single cryvstal data for
the compounds were collected on an Enraf-Nonius CAD4
diffractometer equipped with a graphite-monochromated
Mo-Kex radiation (A = 0.71073 A). The crystallographic
data. conditions for the collection of intensity data. and some
features of the structure refinements are listed in Table 1.
Accurate cell parameters and an orientation matrix were
determined by least-squares fit of 235 reflections. The inten-
sity data were corrected for Lorentz and polarization effects.
No absorption correction was made during processing. The
structure was solved by direct method'® and refined by the
full-matrix least-squares method with use of the SHELXL97
package program.™ All non-hvdrogen atoms were refined
anisotropically. Hvdrogen atoms were located in calculated
positions. allowing them to ride on their parent C atoms,
with Uiw(H) = 1.2 U.(C). whereas the methy] groups were
treated as rotating rigid groups with U, (H) = 1.3 Ue(C).
For 1. the hydrogen atoms of four water molecules were not

Bull. Korean Chem. Soc. 2002, Vol. 23, No. 8

Table 1. Crystallographic data
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1

2

empirical formula
formular weight
temperature (K)
crystal system
space group
a(A)

b(A)

¢ (A)

o (%)

B

7()

(A%

7.

Deaed (Mg m™ )
absorption coctlicient
(mm ')

FO00)

crystal size (mm)
#range ()
limiting indices

reflection collected?
unigue

dataTestraints/parameters

goodness ol liton £
tinal R indices [7:2a()]

R indices (all data)

largest difference peak
and hole (cA %)

CazHasNeNIOu
72955

293(2)
monoelinic
C2c¢
12.460(5)
16.441(5)
17.71N%3)

91.30(1)

3629(2)
4
1.3

15
93

v )

(

4

1368
0.30x0.15x0.135
205102497

D= 14,
19 < k0,
21 {2

3352 3195
[Rin—0.0273]
31930220
1.044
R0.0478.
wR=0, 1142

R —0.0938.
wRy—(0,1293
0.402 and -0.251

Cga\.l lf-gClClle.()(‘
62972
293(2)
triclinic
P-1
11.322(3)
17.230(5)
8.060(3)
98.84(1)
100.12(1)
98.31(1)
1504.3(12)
2

1.390
0.862

674
{0.30x0.20x0. 10
1.22t0 24.97
S13E hE (A
220 =k 20,
0= <9
570375286
[Rua=0.0957]
5286354
0.997
Ri—0.0733.
wR:—0.1376
R—0.2031.
wRy—0.1732
0.377 and -0.623

Ry = SLF - e S Ry = (SR SR

found. For 2. the two hydrogen atoms of Ow(l) molecule
were found from difference Fourier map and their positions
were fixed and refined isotropically. The hydrogen atoms of
Ow(2). Ow(3) and Ow(4) were not found. Crystallographic
data for the structures reported here have been deposited
with the Cambridge Crystallographic Data Centre (Deposi-
tion Nos. CCDC 175427 for 1 and CCDC 175428 for 2).
The data can be obtained free via www.ccde.cam.ac.uk -perl
catreq.cgi (or from the CCDC. 12 Union Road. Cambridge
CB2 |EZ. UK: fax: +44 1223 336033: e-mail: deposit?.
cede.cam.ac uk).

Results and Discussion

Crvstal Structures. An ORTEP drawing of 1 with the
atomic labelling scheme is shown in Figure 1. The selected
bond distances and angles are listed in Table 2. The ligand
skeleton of the present compound takes the frans-III(R.R,
S.8) configuration with two chair six-membered and two
gauche five-membered chelate rings. An inversion center of
complex 1 exists on the central nickel(Il) ion. The structure
of 1 shows that the nickel(II) ion is coordinated by the
secondarv amines of the macrocvcle and that the axial
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Figure 1. An ORTEP drawmg of [Ni(T. X INT)]-3H-0 (1) with the
atomic labelling scheme (30% probability ellipsoids shown). The
dotted lines indicate (he hvdrogen bonds.

Table 2. Selected bond lenaths { A ) and angles (°) for 1#

Figure 2. An ORTLEP drawing of [Cw(LYILO)CHINT)-311:0 (2)
with the atomic labelling scheme (0% probability ellipsoids
shown). The dotted lines indicate the hvdrogen bonds.

Table 3. Sclected bond lengths (A) and angles (™) for 2

Ni-N(1) 2.084(3) Ni-N(2) 2.052(3)
Ni-O(1) 2.126(2) O(D-C(LD 1.255(4)
O2-C(11) 1.240(4) C1)-C(12) 1.531(5)
N(3)-C(14) 1.328(4) N(3)-C(15) 1.326(5)
N(1-Ni-N(2) 84.3(1) NCD-Ni-NE2Y 95,71
O(1)-Ni-N(1} 85.0(1) O(1)-Ni-N(2) 87.9(1)
O(1)-Ni-N(17 95.1(1) O(-NI-NGY  92.1(1)
Ni-O(1)-C(11) 134.0(2) Ni-N(1)-C(3) 121.1(2)
Ni-N(1)-C(5) 107.3(2) Ni-N(2)-C(1) 114.32)
Ni-N(2)-C(10) 108.0(2) O(M-COTOR)  127.2(3)
O(D-CID-C(12)  115.2(3) ORFC-CI2) 117.7(3)
C14)-N@R)-C(15)  116.6(3)

Cu-N(1) 20235)  Cu-N() 2.051(5)
Cu-N(3) 2012(6) CuN(D 2.028(5)
Cu-Ow(l) 2332(3)  O(-C2) 1.236(9)
OR)-C21) 12649)  NGHC24) 132111
N(5)-C(23) 1.322(11)

N(D-Cu-N(2) 96.4(2) N(1)-Cu-N(3) 171.7(2)
N(D-Cu-NH 84.5(2) N(2)-Cu-N(3) 84.4(2)
N(2)-Cu-N(4) 1702(2)  N()}Cu-N() 93.3(2)
N(-Cu-On(1)  95.42) NE2}Cu-On(l)  88.5(2)
NGRCu-On(1)  92.8(2) NERCu-On(l)  101.2(2)
O(-CRND-OR)  12558)  O(1-CRL-CR2) 11707
O@CRND-CR2) N7 CRHNGRCERS)  116.78)

“Symmelry code: (1) -X132 -v11:2, 2 1.

positions are bonded by the two carboxylate oxygen atoms
of the isonicotinate ligands. which is a six-coordinated
octahedral environment. The nickel atom and the four nitro-
gen atoms of the macrocvele (N(1). N(2). N(1). N(2)") are
exactly in a plane. The average Ni-N (secondary amine)
distance of 2.068(2) A is tvpical for high-spin octahedral
nickel(Il) complexes with I4-membered tetraaza macro-
cvelic ligands.”' The N-Ni-N angles of the six-membered
chelate rings (953.7(1)") are larger than those of the five-
membered chelate rings (84.3(1)"). The plane of the
carboxylate group is nearly perpendicular to the NiN; plane.
with a dihedral angle of 88.8(4)°. Furthermore. the dihedral
angle between the plane of the carboxylate group and the
aryl plane of the isoniconitate ligand is 84.9(1)°. The
secondary amines of the macrocvcele are hvdrogen bonded to
the carboxylate oxygen atom (N(1)---OQ) 2.891(4) A.
155.6% and the water molecule (N(1)---Ow(1)' 3.173(4) A.

150.0% the symmetry code (i) is -x+3/2. -v+1/2. -z+1).
Compound 1 was not assembled in the solid state to form
multi-dimensional coordination polymer, even though the
isonicotinate has a stereochemical rigidity as well as a BDC
anion. This may be attributed to the different donor atoms on
the para site of the isonicotinate anion.

An ORTEP drawing of 2 with the atomic labelling scheme
is shown in Figure 2, and the selected bond lengths and
angles are listed in Table 3. The molecular structure of 2
consists of a [Cu(L)(H-0)|~" cation. isonicotinate anion and
water molecnles. Compound 2 also takes on a thermo-
dyvnamically. most stable rans-1II{R.R.S.S) configuration in
the solid state. The geometry of the copper center is effec-
tively square pyramidal, with all equatorial Cu-N (secondary
amine) bonds in the expected range (2.012(6)-2.051¢(3) A).
whereas the axially bound water oxvgen is less strongly
bound (2.332(5) A). The long apical Cu-Ow(1) bond reflects
a weak axial interaction. as expected for Jahn-Teller sensi-
tive copper(ll) complexes. The copper atom is displaced
0.126(2) A from the least-squares plane defined by the N,
basal plane toward the water molecule. and a slight
distortion |deviation N(1) 0.017(3). N(2) 0.047(3). N(3)
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Table 4. Hvdrogen bonding parameters (A, ©) for 2

D-H~A DH H+-A DA DH-A
(A) (A) (A) )

N(D-11(27) (2) 0.9] 2.19 3091y 169.6
N(-H(30)---Ow(d) 0.91 205 2981) 1496
Ow({[)-H(31A)--O(1Yy Loy L7 2721 17234
Ow(1)-H(31B)--CI' 0.75(1) 2.36(1)  3.08(1) lod 1
Ow(2)--Ow(3) 277(1)
Ow(2)--N(3)" 2.99(1)
Ow(3) - Own(2) 2.98(1)
Ow(3) - ((2) 2.79(1)
Ow(d) - (O(2) 2.79(1)
Ow(dy-Cl 3.15(1)

Svmmetry codes: (1) x v z- 1 (1) -x+ L v z-20 (i) x+1. v 7

0.016(3). N(4) 0.047(3) A from the least-squares plane] of
the macrocyclic donor atoms is observed. Average N-Cu-N
angles of 84.5(1) and 94.9(1)" observed in this complex for
the five- and six-membered chelate rings. respectively. are
similar to those found in the 14-membered tetraaza macro-
cyelic complexes.'*=* The srans-basal angles (N(1)-Cu-
N(3) = 171.7(2) and N(2)-Cu-N(4) = 170.2(2)") are similar
to those expected for square-py ramidal copper(I[) complex-
es.” The axial Cu-Ow(1) bond is not perfectly perpendicular
to the CulN, plane. with the four N-Cu-Ow(1) angles ranging
from 88.3(2) to 101.2(2)". The coordinated water molecule
Ow(1) forms hydrogen bonds with the carboxylate oxygen
atom of the isonicotinate and chloride anion. The water
molecules found in the lattice also form hydrogen bonds

DY
NC N

L r\""PO S
@] O—C—’z’o' @)

Figure 3. The molecular packing diagram of |Cu(L)(11:0))(C1)
(INT)3H-0 (2). The hvdrogen bonds are mdicated by dotted hnes.
The hydrogen atoms other than those participatimg m hvdrogen
bonding arc omilled lor clarity.
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with the secondary amine of the macrocycle, with the
carboxylate oxyvgen and nitrogen atom of the isonicotinate,
with the chloride anion, and with other water inclusions.
Furthermore, the secondary amine of the macrocycle forms a
hydrogen bond with the carboxylate oxy gen of the isonicoti-
nate. Consequently. the copper atom occupies a distorted
square-pyramid coordination enviromment in which the
secondary amines of the macrocycle, coordinated and lattice
water molecules, the isonicotinate. and chloride anions have
assembled around each copper center. This interaction gives
rise to a one-dimensional hydrogen-bonded network (Table
4 and Figure 3). Under this situation. the self-organization
by the hydrogen bonding interaction seems to be stabilized
although the isonicotinate anion is not coordinated to the
central copper(ll) ion.

Characterization of the Nickel(I) and Copper(II)
Complexes. Compound 1 exhibits two v (N-H) infrared
bands at 3229 and 3145 cm™' associated with the coordi-
nated secondary amines of the macrocycle and two strong v
(COO) bands at 1600 and 1548 cm™' consistent with the
coordinated isonicotinate ligand at nickel center. 2 reveals
two v (N-H) bands at 3291 and 3133 em™ associated with
the coordinated secondary amines. Two v (COO) bands, at
1596 and 1546 cm™, confirm the lattice isonicotinate group.
An absorption band at 1637 cm™ in 2 was assigned to the
HOH bending vibration of the coordinated water molecule.™
which is in agreement with the crystal structure of 2. The
effective magnetic moment (¢.) of 1 in the solid state is
2.82 yy at room temperature. which is consistent with a d
electron configuration in an octahedral geometry. The UV-
visible spectra of the complexes in the solid state and various
solutions are listed in Table 3. The visible absorption spectra
of 1 are found at 522 nm in the solid. and at 525 and 526 nm
respectively in acetonitrile and nitromethane solutions, con-
sistent with the six-coordinate octahedral geometry. This
band is at substantially lower energy than in [Ni(L)[(ClO4)»
(465 nm)."® which has a square-planar nickel(1l) center. The
visible spectra of 2 in the solid and solutions show that the
d-d bands (dy.. d,. — dy2.2) oceur at 341 (solid). 543 {aceto-
nitrile). and 542 mm (nitromethane). which are tyvpical for
copper(11) complexes with the square-pyramidal geometry.™

Cyclic voltammetric data for the Ni(Il) and Cu(II) com-
plexes in 0.01 M TEAP-DMSQO solution are given in Table
6. A typical cvclic voltammogram of 1 is shown in Figure +.
The complexes 1 and 2 exhibit two one-electron waves
corresponding to M(ID/M(IIL) and M(II)/M(I) processes. It
is of interest to compare the redox potentials for the nickel

Table 5. Electromc spectral data®

Complex Anax (M) (€=M "em D
MNIDYCION-® 463(66). 463(73)
[Ni(LYINT):-]3H-O (1) 325(7.7). 526(7.6). 522¢

[Cu(LYKCIO):®
[CULYH:O)N(CIXINT)-3H20 (2)

516(118). 318(128)
543(98). 342(96). 3417

9In acetonitrile solution. *Ref. 18, “In nitramethane solution. “In diffuse
retlectance.
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Table 6. Cyclic voltammetric data for the nickel(IT) and copper(IT)
complexes”

Potentials (Voltvs. Ag ApCl)

Complex -
M(11) M(111) M(ILM(D)
MNi(L)(C1O. ) +).73 -1.63
Ni(LYINT):]-5SH:0 (1) +).38 -LOOGY
[Cu(1))(CIO):" 11.06 -1.27GY
[Cuf YO (CHNTY 3110 (2) 10.55 -0.8331)

“Measured in 0.01 M TEAP-DMSO solution at 20.0 = 0.1 “C. 'Ref. 18.
These values arc reduced trom those of AgiAgCl reference electrodes. <4
- irreversible.

+2.4 1 . \ L L . ; ) . L

+0.8 r

-0.84 -

Current, uA

-2.4-]

-4.04 L

5.6 T T T T T T i T 7 T
+1.0 +0.6 +0.2 -0.2 -0.6 -1.0

Potential, V

Figure 4. Cyclic vollammogram of [Ni(LYIN1T):|-31LO (1) in 0.01
M TEAP-DMSQ solution at 20.0 £ ().1 “C. The scan rate is 30 mV/s.

(I1) and copper(11) complexes with the isonicotinate ligand.
The oxidation and reduction potentials for 1 are considerably
more negative and positive than those for the square-planar
[Ni(L)](C10,)=."¥ indicating that this complex makes the
oxidation of Ni(II) to Ni(LIl) easier and the reduction to Ni(1)
difficult. This fact may be attributed to the coordination of
the axial isonicotinate group. A similar result is also
observed for tetraaza macrocyclic nickel(Il) complexes with
the axial groups." On the other hand. the oxidation and
reduction potentials of 2 are also considerably more cathodic
and anodic than those of |Cu(L)](Cl0y)~."" This may result
from the structural geometry (square-pyramidal vs square-
plane). This is consistent with the cryvstal structures and
spectroscopic data discussed previously.

KNi-Young Choi et al.
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