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The coordination chemistry of C-alky] sub-
stituted macrocyclic tetraamines has been of con-
13 When coor-
dinated as a tetradentate, the spectroscopic and

siderable interest in recent years.

structural characteristics of the macrocyclic tetraam-
ine complexes are often quite different from those
of the unsubstituted macrocyclic ligands. Steric ef-
fects exerted by substituents on the ligand may in-
fluence the oxidation of the metal center. Busch ef
al." reported that for complexes of C-methyl sub-
stituted cyclam (1,4,8,11-tetraazacyclotetradecane)
derivatives the Ni(I[)/Ni{(Ill) redox change oc-
curred at a more positive potential than for the cy-
clam analogue. This fact was ascribed to non-
bonding interactions between the methyl groups on
the carbon backbone and the axial ligands such as
solvent molecules bound to the Ni{ll} ion. More
recently, an analogous effect has been described
for the nickel(Il} complexes of 14-membered ma-
crocveles, in which one or two cyclohexane rings
are fused to cyclam framework.”” The azido group
is one of the bridging ligands which can coor-
dinated nickel(II) ions, giving binuclear complex
in end-to-end form.' In this chain structure, each
nickel{Il) ion is coordinated by one cyclam and

two azido ligands in an axially elongated oc-
tahedral arrangement. This result contrasts with the
monanuclear complex of [Ni(DTAD)(Ns),] (DTAD=
3,14-dimethyl-2,6,13,17-tetraazatricyclo[ 14,4, 0"'%,
0""?|docosane), in which the nickel(Il} ion adopts
an axially elongated octahedral geometry with two
axial azido groups.'®

In this paper we report the synthesis and charact-
erization of [NiL(Ns),] (1) (L=2,7.9,14-tetramethyl-
1,4,8,11-tetrazacyclotetradecane). We have inves-
tigated the spectroscopic and electrochemical pro-
perties of this complex. Furthermore to understand
the nature of the axial ligand the solid state X-ray
crystal structure of 1 is determined and compared
with their solution structure by electronic ab-
sarption spectroscopy and cyclic voltammetry.

EXPERIMENTAL

Materials. All solvents were reagent grade and
purified according to the literature."” Distilled wat-
er was used for all reactions. Reagent grade NiCl,-
6H,0, methyl vinyl ketone, 1,2-diaminopropane,
perchloric acid and NaBH, were purchased from
Aldrich. All other reagents were reagent grade.
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The ligand L and [NiL{H.0)]Cl: were prepared
according to the previously published procedures.'"!

Physical measurements, Infrared spectra were
recorded as KBr pellets on a Perkin-Elmer Par-
agon 1000 FT-IR spectrophotometer. Electronic ab-
sorption spectra were obtained on a Jasco Uvidec-
610 spectrophotometer. High-resolution fast atom
bombardment mass spectrometry (FAB mass) were
performed by using a Jeol JIMS-HA 110A/110A in-
strument. Elemental analyses were carried out by
the Korea Research Institute of Chemical Tech-
nology Taejon. Korea,

Cyclic voltammograms were obtained by using
a BAS 100BW electrochemical system. All meas-
on 001 M
lammonium  perchlorate-dichloromethane  solution

urements were made tetraethy-
at 20.0+0.1°C. A hanging mercury dropping elec-
trode for cathodic voltammetry and a platinum
disc electrode of about 2 mm diameter for anodic
voltammetry were used as the working electrode.
The counter electrode was a coiled platinum wire
and a saturated calomel electrode was used as a ref-
erence electrode. The solution was degassed with
high purity nitrogen prior to carring out the elec-
trochemical measurements.

Preparation of [NiL(Nj);] (1). To a methanol
solution (20 ml) of [NIL(H.0);|]Cl; (211 mg. 0.5
mmol) was added NaN: (65 mg, 1.0 mmol) and
the mixture was heated for 30 min on a steam bath.
The solution was filtered to remove the sodium
chloride, The solution was then evaporated to dry-
ness. The resulting solid was extracted into chioro-
form and recrystallized by adding 10 mL of ace-
tonitrile. The violet crystals were collected by fil-
tration and doed in vacue (vield: 142 mg, 71%).
Anal. Caled for NiC4HasNo: C, 42.12; H, 8.08; N,
35.10%. Found: C, 42.28; H, 8.01; N, 35.01%. IR
(KBr, cm ™ '): 3192 (vNH), 2964, 2910, 2870, 2032
(vNs), 1443, 1378, 1336, 1178, 1115, 1024, 988,
961, 942, 903, 836, 615. Electronic spectra (CHCl.):
Amae DI (€. M lem ') 528 (10.5), 341 (18.6),
and 245 (5265). FAB mass (CH,Cl;, m/z}: 399.2
(M)".

X-ray structure analysis. Analysis on single
crystal of [NiL{N3)] (1) was carried out with an En-

raf-Nonius CAD4 diffractometer. A violet single
crystal of size 0.26x0.20%0.13 mm’ was mount-
ed on the diffractometer, and used for data col-
lections at room temperature with graphite-mono-
chromated Mo-Ke radiation (A=0.71069 A). Ac-
curate cell parameters and a crystal orientation ma-
trix were determined from the least-squares fit of
25 reflections with 8 range of 11.42 to 14.11°. An
asymmetric unit of intensity data were collected in
the ®-20 scan mode to a maximum 28 of 50.34°
Intensity data were corrected for Lorentz and po-
lanization effects. No absarption correction was ap-
plied. Of the 1726 unique reflections measured,
1223 were considered observed (F,>406{F.)) and
used in subsequent structural analysis. The struc-
ture was solved by direct methods'” and successive
cycles of difference Fourier map followed by full
matrix  least-squares refinement.”  All non-hy-
drogen atoms were refined anisotropically. Hy-
drogen atoms were placed in calculated positions;

Table 1. Crystallographic data for [NiL(N):] (1)

Formula NiC, HaNyg
Formula weight 399.18
Crystal system Monaclinic
Space group P2i/a

a (A) 15.572(2)
b (A) 7.497(2)

c {A) 11.334(1)
B (") 133.58(1)
1708 958.6(3)

z 2

F (000) 386

D. {g cm ™) 1.383

A (Mo-Ka)(A) 0.71069

B (mm ™Y 1.034
T(K) 288(2)

h, k. 1 range 018 08, -13 9
28 range () 50.34

No. of unique reflections 1726

No. of observed reflections

[Fo>40 (F.)] 1223

R 0.038

Rw’ 0.076
GoF’ 1.094

“R=X(|F.|-|F|)/Z|Ful

s 1 2,12
Rw=[Zw (| Fo| = | Fe) )" 1 Zw (| Fol Y17 .
‘GOF ={ Zw (| F.| - | Fe| )’/ (no. of flns - no. of params)]'.
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those on the five- and six-membered chelate rings
were allowed to ride on their parent C and N
atoms with U (H)=1.2 U, {C), while the methyl
groups were treated as rotating rigid groups with
Uiw(H)=1.5 U(C). In the final refinement cycles
a unit weight was employed. The highest and
deepest peaks in the last difference map were 0.417
and -0.323 eA | respectively. A summary of cry-
stal data, data collection, and refinement for all
crystallographically characterized compound are
given in Table 1.

RESULTS AND DISCUSSION

Crystal structure of [NiL(Ni)] (1). An OR-
TEP diagram of [NiL(Ns):] (1) with atomic numb-
ering scheme is shown in Fig. 1. The final atomic
coordinates and interatomic bond distances and an-
gles are listed in Fables 2 and 3. The ligand skele-
ton of the present compound takes the most stable
trans-1If conformation with two chair six-memb-
ered and two gauche five-membered chelate rings.
Four methyl groups on both five- and six-memb-
ered chelate rings are anti with respect to the Ny
plane. An inversion center of complex 1 exists on
the central nickel(Il) ion. The N-Ni-N angles of
the six-membered chelate rings (95.4(1)°) are larg-
er than those (84.6(1)") of the five-membered che-
late rings. The crystal structure of 1 shows that the
nickel(I) ion is coordinated by the secondary am-

Fig. 1. ORTEP drawing of 1 showing the atom-la-
belling scheme and 40% probability thermal ellipsoids.
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Table 2. Atomic coordinates (% 10") and equivalent iso-
tropic displacement parameters (Az,\( 10'\) for [NiL{Ns)]
(1)

Atom X v z U (eq)
Ni 0 0 0 24(1)
N({1) -1765(2) -771(4) -2029(3) 29(1)
N(2) -2093)  16474) - 1622(3) 29(1)
N(3) - 62003)  2087(4) 608(4)  39(1)
N4) 273)  3266(4) 1449(4)  36(1)
N(5) 691(3)  4398(5) 2326(5)  65(1)
C(1) - 2248(3) 504(5)  -3380(4) 37(1)
C{2) -2779(3)  2181{5) - 3334(5) 4§(1)
C(3) - 1231(3) 944(5) - 3251{4) 38(1)
C(4) 857(3)  1862(5)  -1355(4) 38&1)
C(5) 1915(3)  2533(5) 34%4)  3%1)
C(6) 2536(3)  1203(5) 1747%4) 341}
C(7) 3730(3)  1981(6) 3264(5) 541

U(eq) is defined as one third of the trace of the ortho-
gonalized Uij tensor.

Table 3. Interatomic bond distances (A) and angles (7)
for [NiIL(N1):] (1)

Ni-N(1) 2.112(3) Ni-N(2) 2.046(3)
Ni-N(3) 2.184(3) N(3)-N(4) 1.175(4)
N(4)-N(5) 1.166(4) N(1)-C(1) 1.495(4)
N(1)-C(6)' 1.477(4) N(2)-C(3) 1.473(4)
N(2)-C(4) 1.476(4) C(1)-C(2) 1.525(5)
C(1)-CQ) 1.524(5) C(4)-C(5) 1.519(5)
C(5)-C(6) 1.527(5) C(6)-C(7) 1.532(5)
N(O-NiN(1Y 180.0  N(1)-Ni-N2) 84.6(1)

N(1)-Ni-N(2)' 95.4(1) N(2)-Ni-N(2)' 180.0

NE)-Ni-N@G3Y 1800 N(1)-Ni-N(3) 90.8(1)
N(1)-Ni-N(3)' 89.2(1) N(2)-Ni-N(3) 91.1(1)
N(2)-Ni-N(3)’ 88.9(1) Ni-N(3)-N@4)  118.5(2)
Ni-N(1)-C(1)  107.4(2) Ni-N(1)-C(6)'  117.8Q2)
Ni-N(2}-C(3)  106.0(2) Ni-N(2)-C(4}  114.9(2)
C-N(I6)  1169(3) CERN@R-CE) 112.7(3)
N(1)-C{1)>-C(2) 113.2(3) N(D-C(1)-C(3) 106.5(3)
C)-C(H-CB)  11173) N@2)-C3)-C(1)  110.6(3)
N(2)-C(4)-C(5)  1122(3) CEA»C(S»-C(6) 117.3(3)
N(1)-C(6)-C(5) 109.9(3) N(1)-C(6)-C(7) 112.3(3}
C(5)-C(6)-C(7)  109.1(3) N(3)-N(4)-N(5) 177.8(4)

Symmetry code: (i) - X, -y, -2

ine nitrogens of the macrocycle and that the axial
positions are bonded by the two nitrogen atoms of
the azido ligands, which is six-coordinated oc-
tahedral environment. The structure of 1 is similar
to that found in the mononuclear complex of
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[Ni{(DTAD)(Na).),'® but is contrast to that observed
for the binuclear complex of catena-(J1-N3)
[Ni(cyclam)](ClO,)- H,0."" This fact may be due
to the steric hinderance of the four methyl groups
on the ligand. The average bond distance of
2.075(3)A, between nickel and secondary ni-
trogens, which is similar to those found in #ans-
(Ni(cyclam)(H20),]Cly- 4H,0  (2.06% DAY and
[NiL(H:0)]Cl, (2.074(3)A)."" The axial Ni-N(3)
distance of 2.184(3);\ is fonger than the average
Ni-N distances in NiN, plane. indicating an axially
elongated octahedral geometry. The axial Ni-N(3)
bonds are bent slightly off from the perpendicular
axis to the NiNy plane by 0.8-1.1°. The axial Ni-N(3)
bond distance and Ni-N(3)-N{4)} angle {118.5(2)")
are similar to the observed for [Ni(DTAD)(I‘Ig}z].'0
Both azido groups which act monodentate ligands
are slightly asymmetnic [N{(3)-N(4)=1.175(4) and
N(4}-N(5)=1.166(4)A] and linear within the ex-
perimental error [N(3)-N(4)-N(5) angle=177.8(4)°].

Spectra and properties. The complex 1 is
soluble in water, methylene chloride, chloroform,
and acetonitrile. The infrared spectra of 1 shows a
strong band at 3192 cm ™', which is assigned to
the v(NH) of the coordinated secondary amines. A
single very strong band at 2032 cm ™! is associated
with the azide stretching frequency. Visible spectra
of 1 in CHCIl; solution shows d-d bands 341 and
528 nm, indicating that the nickel(Il) ion is in an
octahedral environment, However, the wavelength
of the d-d bands for the present compound is some-
what shorter than those found for [NiL{H.0):]Cl.
(352 and 534 nm).“ This fact can be explained by
the spectrochemical series (H;O < Ny ).21

In order to investigate the effect of the axial
azido group on the redox properties of 1, the po-
tentials vs. saturated calomel electrode (SCE) for
the Ni(II)/Ni(IIl) and Ni(I[}/Ni(I} processes were
measured in 0.01 M TEAP-CH,Cl, solution by cy-
clic voltammetry (Table 4). The oxidation potential
of 1 is quite similar to that of [NiL{H,0),]Cl; in
0.01 M TEAP-CH,Cl, solution."" However, the
reduction potential is slightly more positive than
that of [NiL(H.0),]Cl,, indicating that the complex
1 makes reduction more difficult and oxidation

Table 4. Cyclic voltammetric data for nickel(Il} com-
plexes”

Potentials(V) vs. SCE

Complex

Ni(ILyNi(lIT) Ni(IN/Ni(T)
1 +0.67 -1.47
[NiL(H.0),]CL," +0.66 -1.53

*Measured in 0.01 M TEAP-CH.Cl, solution at 20.0+
0.1°C. "Reference 11.

easier. This result can be reflected by the m-donor
ability of the axial ligands as observed in the visi-
ble spectra of nickel(II) complex.
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