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Abstract

The complex [Ni(L)](ClOy,), (1) (L=2.13-bis(2-pyridylmethyl)-3,14-dimethy]-2.6,13,1/-tetraaz-

tricyclo[14,4,0' .07 *ldocosane) has been synthesized and characterized by X-ray crystallography.
(1) erystallizes wn the triclinic, space group F1. with a=10.948(2). 5=10.948(2}, e=14911(4) A, a=
93.73(2), B=93.77(2), y= 99.29(2)", ¥=1754.8(7} Al 7=2. R1(wR2) for 5217 observed reflections
of [7>26(I)] was 0.048(0.099). The coordination enviromment around nickel(ID) ion shows a dis-
torted octahedron with four secondary and tertially amines of the macrocycle and two nitrogen
aloms of pyridylmethyl groups.

NIL)NCW), (1) (L=2,13-bis(2-pyridylmethyl)-3,14-dimethyl-2,6,13,17-tetraaztdcyclo] 14.4,0' 5,07 ]
docosane) #¥rs AmSIIl HEEE MEsteTh o) b =RAF. =M PT, 0=10.948(2),
b=10.948(2), c=14.911(4} A, 0=93.73(2), f=93.77(2), y=99.29(2)°, V=1754.8(7) A’ Z=2=. {hiE
=i, of fine] Hihe R HRESR REbIsler, K% EHE RIwWR) Zh2 52174
2] [EHEERke] o] 0.048 = 0.009019ie}. Hls nickel(I) o|- & Ehwia] g)zkse) —Z o =
K o3} pyridylmethyl #9] 7 8l EX HTol| oale] AR FT A=A SR AEHS
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1. Introduction

Vanous fully N-functionalized macrocycles con-
taining pendant arms and their metal complexes
have attracted considerable aulention because of
their specific structures and chemical properties,
which are often quite different from thase of the
unsubstituied macrocyclic compounds. Recently, a
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number of nickelIT) and copper(Il} complexes of
the [ully N-aminoethyl and N-pyridylmethylated
cyclam (1.4,8,11-tetraazacycloletradecane) have been
synthesized."® For example, [Ni,(taec)CLH,0] (tasc
=tetrakis(2-aminoethyl) cyclam) reveals a mixed-
spin binuclear complex containing a low-spin Ni(Il)
on lhe basis of the spectral, X-ray analysis and
magnetic data.'” To date, however, only a few par-
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tially N-functionalized tetraaza macrocycles and
their complexes have been isolated and structurally
characterized,”"" because of steric hinderance by
C-alkyl substituents on the macrocyclic ring, Thus,
the partially N-pyndylmethylated macrocyclic com-
plexes are of inlerest.

In this study, we report berein the synthesis and
crystal structures of [ND))(ClOL). (1) (L=2,13-
bis(2-pyridylmethyi}-3.14-dimethyl-2, 6,13.17-tetraa-
zatricyclo[ 14.3,0' "% 0" ¥ldocosane).

2. Experimental

2-1. Materials and Physical Methods

The macrocyclic ligand L was prepared as des-
cribed previously.” TR spectra were recorded as KBr
pellets on a Perkin-Elmer Paragon 1000 FI-IR spec-
wopholometer. Flectronic spectra were obtained by
using a Jasco Uwidec-610 spectrometer. Magnetic
moments were calculated from magnefic suscepti-
bilily data obtained using a Johnson Marthey MK-1I
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magnetic susceptibility balance. The diamagnetic
correclions were evalualed from Pascal’s constants.
Elemental analyses and FAB mass spectra were per-
formed by the Korea Basic Science Institute, Tae-
jon, Korea.

2-2, Synthesis of [Ni(L)J(CIQy), (1)

A methanol solution (20 mL) of NiCl, - 6H,0
(119 mg, 0.5 mmol) and L (259 mg, 0.5 mmaol) was
heated 1o reflux for | hour and then cooled 1o room
temperature. The solution was filtered and left al
room iemperature until the violet crystals formed.
The produci was filtered and recrystallized from a
hot water-acetonitrile {1:1. 10 mL) mixture. Yield:
290 mg (75%). Found: C, 49.44: H, 6.42; N, 10.73.
Cale. for CpHCLNNIO,: C, 49.50; H, 6.49; N,
10.82%. IR (KBr, cm™): 3443, 3248, 2940. 28364,
1612, 1587, 1445, 1309, 1093, (008, 900, 768, 623.
Elecironic spectra (H,O): A, nm (&, M cm™): 525
(7.5). FAB mass {CH,Cl, m/z): 776 (M)', W, 2.88
ug at 25 °C.

Table 1. Crystal Data and Structure Refinement for [Ni{L)]{CIO,). (1)

Empirical formula
Formula weight
Temperature
Wavelength

Crysial sysiem
Space group

Unit cell dimensiong

Yolume

Z

Density (calculated)
Absorption coelficient
F(000)

Crystal size

B range [or data collection
Index ranges

Reflections collected/unique
Max. and min. transmission
Refinement method
Data/restrainis/parameters
Goodness-of-fit on FA2
Final R indices [F>26(D)]

R indices (all data)

Largest dufl. peak and hole

CauHCLN NI,

776.39

202 K

0.71069

Tr_iclimc,

Pl )

a=10.948(2) A 0=93.73(2°
b=10.948(2) A B=93.77(2)"
e=14.911(4) A v=59.29(2)°
1754.8(7) A’

)

1.469 Mg m™

0.764 mm™

820

0.36%0 30%0 17 mm

225 to 24 97°

S13<h<12, -135k312, 017
5450/5217 (R,,=00312)
0.884 and 0.769
Full-matrix least-squares on F°
5217//457

1.024

R1°=0 048, wR2"=0.099
R1"=0.074. wR2"=0,104
0.659 and -0.597 eA”

RI=Z||F-IFVELF,
wR2=[Ew(F - VEIwFE ™
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Table 2, Atomic Coordinates (x10™ and Equivalent Isotropic Displacement Parameters (A%:10%) for [Ni(L)]
(C10y), (1)

< v k4 Uleq)
Ni(1) 5000 5000 5000 37(1)
N(1) 3144(3) 5039(4) 5314(3) 40(1)
N(2) 4908(4) 3088(4) 5004(3) 48(1)
N(3) 5222(3) 5076(4) 6332(3) 42¢1)
(1) 2850(4) 6190(4) 4908(3) 43(1)
C(2) (SS1¢4) 6523(3) 5111(3) 5002
C(3) 1363(5) 7689(3) 4677(4) 59(2)
C(4) 2340(5) 8746(3) 4950(5) 83(2)
C(s) 6380(3) 1562(5) 5262(4) 73(2)
C(6) 5118(5) 2738(5) A4831(4) 51(2)
C(7) 2324(4) 3913(4) 4882(4) 51(2)
C(8) 2662(5) 2697(5) 5190(4) 65(2)
(o) 3777(3) 2215(5) 1792(4) 61(2)
C{10) 3594(3) 1942(5) 3766(4) 62(2)
Cil 3026(4) 5150(5) 6291(3) 54(1)
Ci12) 4095(4) 4910(4) 65869(3) 44(1)
C(13) 3967(5) 4702(5) 7767(3) 67(2)
(i) 4955(6) 4625(7) 8339 90(2)
o(15) 6126(5) 4815(5) 7996(3) 65(2)
C(16) 6183(5) 4908(4) 7112(3) 511
Ni(2) 0 0 0 370
N 22(4) 1862(3) -296(3) 39(1)
N(5) 1897(4) 71(3) 119(3) 45(1)
N(6) “78(4) -220(4) -1533(3) 45(1)
C(17) -1192(5) 2153(4) 89(3) 42(1)
C(18) “1526(5) 3416(4) -106(3) 51(2)
C(19) -2685(5) 3642(5) 321(4) 54(2)
C(20) ~3739(3) 2646(5; 39(5) 79(2)
c(21) 3446(5) -1363(5) 253(4) TA(2)
C22) 2266(3) L1764 170¢4) A9¢1)
c3) 1086(5) 2676(4) 126(4) 54(2;
C(24) 2316(5) 2349(4) -170(4) 61(2;
C25) 2796(5) 1234¢5) 2244 58(2)
C(26) 3062(5) 1407¢5) 123004) 85(2)
o) -142(5) 1975¢4) -1299(3) 56(1)
C(28) 90() 899(4) -1867(3) 45(1)
C(29) 302(6) 1051(5) 2750(4) 71(2)
C(30) 363(7) SHE) -3331(4) 93(2)
C(31) 176(5) -1124(5) -3010(3) 60(2)
C(32) -2(4) L1774 2112(3) 511
Cll) 4201(2) 807(2) 7502(11 97(1)
o1y 5319(9) B74(8) 7930(6) 247(5)
02 4004¢8) -338(8) 7075(6) 24004)
03 4310020) 1985(14) T048(10) 138(5)
o3 3810(20) 1207014 6698(10) 138(5)
04 37635(16) 1070(20) 8299(11) 144(6)
0(4) 3032(16) 1200203 7952(11) 14:(6)
Cl1(2) -108(2) 5108(23 7500(1) 72(1)
0(5) -484(6) 5536(6) 6743(4) 162(2)
046) -551(6) 5464(6) 8251(3) 164(3)
0(7) 1077(6) 6236(7) 7602(6) 90(2)
07 911(7) 4571{8) 7761(7) 90(2)
0(8) 124207 3922(6) 7383(6) 93(2)
o8 411(9) 4085(7) 7201(7) 93(2)

Uleq) is defined as one third of the trace of the orthogonalized Uy tensor.
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2-3. Crystallography

All measurements were carried out with an Enral-
Nonius CAD4  diffractometer. Crystal parameters
and details of the data collection and refincment
are summarized in Table 1. The crystal (1) was
mounted on the diffractometer. and used for dala
collections at room lemperature with graphite-
monochromated Mo-Ko radiation (A=0.71069 A).
Accurate cell parameters and a crystal orientation
matrix were determined by least-squares fit of 25
reflections. An asymmetric unit of intensity data
were collected 1n the ©-26 scan mode. The intensity
data were corrected for Lorentz and polarization
effects. Hmpirical absorplion correction (¢-scan)
was applied. The structures were solved by direct
methods' and refined'™ on F* by full-matnx least
squares with anisotropic displacement parameters
for the non-hydrogen atoms. Hydrogen aloms wetre
placed in calculated positions with isotropic displa-
cement parameters. Final atomic coordinates and equi-
valent displacement parameters are given i Table 2.

3. Results and Discussion

An ORTEP diagram of 1 with the atomic label-
ling scheme is shown in Fig. | and the selected
bond lengths and angles are presented in Table 3.
There are (wo crystallographically independent
[NI(L)](CIO,),. 11 each of which resides at a cen-
ter of inversion. The structure of 1 consists of
[Ni(LY]** cation and two CIO," 1ons, which are dis-
ordered over two sites. The complex cation
[Ni(L)]** shows that the two pyridylmethyl groups
are attached to the less sterically lindered nitrogen
atoms of the macrocycle. The macrocyclic ligand
adopts a thermodynamically the most stable trans-
IOI configuration. The pyridylmethyl pendantl arms
and the methyl groups in a six-membered chelate
ring are anti with respect to the plane. The coor-
dinalion environment around nickel{I1) ion shows
a distorted octahedron with four secondary and
tertially amines of the ma-crocycle and two nitro-
gen atoms of pyridylmethyl groups. The average
Ni-N bond distance (2.162(2) A) of six Ni-N
bonds is simifar to that observed for the octahedral
nickel(JI} complexes with 14-membered tetraaza
macrocyclic  ligands.'"'® However, the average
Ni(1}-N, and Ni(2)-N, bond distances of 2.108(3}
and 2.102(3) A are longer than those of the axial
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Fig. 1. An ORTEP drawing of [Ni(L)](Cl0O,), (1}
showing the atom-labelling scheme. Hydrogen bonds
are indicated by dotted lines.

N1(1)-N(3) and Ni(2)-N(6) (pyridylmethyly (2.276
(4) and 2.278(4) A), indicating an axially elon-
gated octahedral geometry. The N-Ni-N angles of
the six-membered chelate rings wre longer than
those of the five-membered chelate rings. Further-
more, the axial Ni(l)-N(3) and Ni(2)-N{6) link-
ages are not perpendicular to the NiN, planes as
the N, Ni-N, ., angles by 79.3(1)-83.6(2)° and
80.0(1)-82.6(2), respectively. The secondary amines
N(2)} and N{5) are hydrogen bonded 1o the per-
chlorate oxygen atoms O(3) and O(4) (symmetry
cade i: %, y. z-1) (Table 4).

The IR spectra of 1 show two vibration bands at
1587 and 1612 cm’, which corresponds to the
characteristic of v(C=N) and v(C=C) of the pen-
dant pyridylmethyl groups.” The maximum
absorplion band of 1 appears al 525 nm (e=7.5
M’ cm™) in water, which is 62 mm longer wave-
length compared with that of square-planar [Ni
{(DTTDH](CIO.), (DTTD=3.14-dimethyl-2,6,13,17-
letranzatricyclo[ 14.4,0' ¥, 7 ¥ldocosane) (463 nm,
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Table 3. Selected Bond Lengths (A) and Angles (%) for [Ni(L)](CIO,), (1)

Ni1(1)-N{1) 21213 Ni(2)-N(4) 2.117(3)
Ni(1)-N{2} 2.004(4) Ni(2}-N(3) 2.086(4)
Ni(1)-IN{3) 2276a{4y N1(2)-N(6) 2.278(4)
N(L3-C(1) 1.50445) N{D-C(17) 1.508(3)
N(1)-C(7 1.484(6) N{-C{2D 1.463(6)
N(1)-C(11) 1.470(5} N(-C(27) 1.508(5)
N{2)-C(6) 1.505¢5) N{3}-C(22) 1.504(5)
N(2)-C(9) 1.463(6) N(5)-C(25) 1.515(6)
N(3)-C(12y 1.3532(5) Ni5)-C(28) 1.341(3)
N(3)-C(16) 1.335(6) N(6)-C(32) 1.330(6)
N(D-Ni(1)-N(2) 95.4(2) N{4)-Ni{2}-N(5) 05.3(2)
NCL)-Ni(1-N(2) 84.6(2) N(4)-Ni(2}-N(5)" 8442
N(D-Ni( N3 79.3(D) N(43)-Ni(2)-N(6) 80.0(1)
N(2)-Ni(1)-N(3) 83 6(2) N(5)-Ni(2)-N(6) B2.6(2)
Ni{(1)-N(D-C(L) 103.3(3) Ni(2)-N(D-C(17) 103.5(3)
Nif 1)-N(1-C(7) 109.6(3) Ni(2)-N(4)-C(23) 110.6(3)
Ni{1)-N(L)C(11) 112.3(3} Ni(2)-Ni4)-C(27) 111.2(3)
Ni(1}-N(2)»-C(11) 108.3(3) Ni(2)-N(5)-C(22) 109.0(3)
Ni{ )-N(2)-C(22) 121.1(3) Ni(2)-N(5)-C(25}) 119.7(3)
Ni(D-N(3-C(12) 110.1(3) Ni(2)-N(6)-C(28) 110.1(3)
Ni([}-N(3)-C(16) 13243 Ni{2)-N(6)-C(32) 132.43)
Symmetry codes: (i) -x+1. -y+l. -z+1; (i) -x. -y, -z,
Table 4. Hydrogen-Bonding Parameters (Aqx, "y for [NI{L)(CLOD,), (1)
D-H---A D-H H---A DA D-H---A
N{2-H(N2)---0O{3) 0.91(2) 2.4603) 3.291(18) 151405
N{5) H(NS)---O4Y 0.91(2) 2.46(3) 3.280(20) 150.4(5)

Symmetrylcode: 1) x, v, z-1.

e=73 M em™).'"” This fact indicates that the pres-
ence of two coordinaled pyridylmethyl groups
affects the ligand field strength of the complex.
The effective magnetic moment (M) of 1 in the
solid state is 2.88 Ly at room temperature, which is
consisteni with a d* electron configuration in an
oclahedral geomelry.

Supplementary Material

Adomic coordinates. bond lengths and angles and
thermal parameters are available from author K.-Y.
Choi on request.
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