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Abstract
The complex [Ni(L)II(1) (L: 3,5,10,12-Tetramethyl-1,4,8,11-tetraazacyclotetradecane)

has been prepared and characterized by X-ray diffraction methods. The complex 1 crys-
tallized in the orthorhombic system, space group Pcab with cell parameters a=13.293(1) A,
b=28.550(7) A, ¢=10.804(1) A, Z=8. Least-squares refinement of 1 led to a R (Rw) factor
of 0.043 (0.046) for 1851 observed reflections of Fo>30 (Fo). The crystal structure of 1

has a slightly distorted square-planar geometry and adopts the trans-III conformation.
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1. Introduction

The 14-membered tetraamine macrocycle cy-
clam (1,4,8,11-tetraazacyclotetradecane) is one
of the best studied macrocyclic ligands in coor-
dination chemistry, inorganic and biomimetic,
and catalysis." Since the physical and chemical
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properties of the metal complexes are closely re-
lated to the structural features of the corres-
ponding macrocyclic ligands, numerous efforts
in this area have been directed toward the syn-
thesis of new types of cyclam analogs. Among
the previously reported scope of cyclam analogs,
relatively few examples are known which pos-
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sess additional C-alkyl groups of the macrocyclic
ring.? Recently, the nontemplate condensation
reaction of methyl vinyl ketone, 1,2-diamino-
propane, and perchloric acid followed by reduc-
tion with NaBHs, resulting 3,5,10,12-tetrame-
thyl-1,4,8,11-tetraazacyclotetradecane (L) whi-
ch contains four anti methyl groups on the ma-
crocyclic ring has been described.” Of much in-
terest with this ligand is the effect on struc-
tures of metal complexes, oxidation states of the
inserted metal ions, and stabilities of metal com-
plexes.

In this paper, we report the synthesis and
crystal structure of [Ni(L)]L,(1) (L: 3,5,10,12-
tetramethyl-1,4,8,11-tetraazacyclotetradecane)
complex.

2. Experimental Section

All solvents were reagent grade and purified
according to the literature.* Distilled water was
used for all reactions. Reagent grade NiCls-
6H:0, methyl vinyl ketone, 1,2-diaminopropane,
perchloric acid, and NaBH4 were purchased
from Aldrich. All other chemicals were reagent
grade and used without further purification.

High-resolution fast atom bombardment mass
spectrometry (FAB MS) was performed by us-
ing a Jeol J]MS-HA 110A/110A instrument. Ele-
mental analyses were carried out by the Korea
Research Institute of Chemical Technology, Tae-
jon, Korea.

Preparation of Ligand (L). The ligand L
was prepared according to the previously pub-
lished procedures.’ Anal. Calcd for CiHzNg: C,
65.6; H, 12.6; N, 21.9. Found: C, 65.7; H, 12.6;
N, 21.7%. FAB MS (CH:Cl,, m/z): 256.4 (M)™.

Preparation of [Ni(L)]I2(1). A methanol so-
lution (20 ml) of L (256 mg, 1 mmol) and NiCl; -
6H,0 (238 mg, 1 mmol) was heated at reflux for
1hr. The solution was cooled to room tem-
perature. Excess KI was added to the solution
and then the solution was placed in a re-
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frigerator for crystallization. The brown cry-
stals were filtered off, washed with diethyl eth-
er and dried in vacuo (yield: 302 mg, 53%).
Anal. Caled for NiC1sHN4ls: C, 29.6; H, 5.7; N,
9.9. Found: C, 29.7; H, 5.6; N, 9.8%. FAB MS
(CHLClz, m/z): 568.9 (M)™.

X-ray Structural Determination. A brown
crystal of 1 (0.17%0.17x0.17 mm®) was mount-
ed on an Enraf-Nonius CAD4 diffractometer wi-
th graphite monochromated Mo Ko (A=0.71069
R) radiation. Unit cell parameters and an orien-
tation matrix were determined from the least-
squares fit of 25 accurately centered reflections
with 20 range of 22.76 to 25.36°. An asymmetric
unit of intensity data were collected in the ®-28
scan mode to a maximum 26 of 50.4°. A total of
3676 unique reflections were measured, of which
1851 with (Fo>30 (Fo)) were used in the struc-
tural analysis. Data were corrected for Lorentz
and polarization effects. No absorption correction
was applied. The structure was solved by use of

Table 1. Crystallographic Data for [Ni(L)JI, (1)

Formula NiC14H32N4Iz
Formula weight 568.95

Crystal system Orthorhombic
Space group Pcab

a (A) 13.293(1)

b (A) 28.550(7)

c (A) 10.804(1)

V (A3) 4100.3(11)

A 8

F (000) 2224

Dc (Mg m®) 1.843
Diffractometer Enraf-Nonius CAD4
A (Mo Ka) (A) 0.71069

i (mm™) 3.93

26 range (°) 50.4

Data collection method ®/20

Scan width 0.8+0.34 tan®

h, k, | range 015 0 34, 012
No. of unique reflections 3676

No. of observed reflections 1851
[Fo>30 (Fo))

R* 0.043
Rw" 0.046
GoF° 0.55

‘R=X (F,F)/Z (F), "Rw=[Ew (F-F)/T (wFH],
‘GoF=[Zw (F,-F.)/(no. of rflns - no. of params]”.
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Table 2. Atomic Coordinates and Biso for [Ni(L)]I, (1)

[Ni(D]L, (L : 3,5,10,12-Tetramethyl-1,4,8,11-tetraazacyclo-tetradecane) ------

X y z Biso

Ni 0.50453(12) 0.62570(5) 0.14761(15) 2.29(6)
N(1) 0.6006(7) 0.6092(4) 0.0210(10) 3.0(5)
N(2) 0.4370(7) 0.6610(4) 0.0184(10) 2.8(4)
N(3) 0.4057(8) 0.6445(4) 0.2680(10) 2.8(4)
N(4) 05668(7) 0.5893(4) 0.2799(9) 2.5(4)
I(1)  0.27139(7) 0.56205(3) 0.07430(10) 4.19(4)
I(2)  0.72099(7) 0.68723(3) 0.36766(10) 4.59(5)
C(1) 0.5467(10) 0.6103(5) -0.0986(12) 3.6(6)
C(2) 0.4898(9) 0.6552(4) -0.1036(12) 3.2(6)
C(3) 0.4179(13) 0.6578(7) -0.2132(16) 5.6(9)
C(4) 0.4071(12) 0.7098(5) 0.0469(13) 4.0(7)
C(5) 0.4996(15) 0.7386(5) 0.0775(15) 5.5(9)
C(6) 0.3284(12) 0.7089(5) 0.1483(14) 4.8(8)
C(7)  0.3672(11) 0.6930(5) 0.2705(15) 4.4(7)
C(8) 0.4392(10) 0.6312(5) 0.3939(12) 3.5(6)
C(9) 0.4906(10) 0.5845(5) 0.3832(12) 3.7(6)
C(10) 0.5377(12) 0.5688(6) 0.5036(13) 4.6(8)
C(11) 0.6222(10) 0.5463(5) 0.2500(13) 3.1(6)
C(12) 0.5516(11) 0.5069(5) 0.2098(14) 3.9(7)
C(13) 0.7021(9)  0.5564(5) 0.1569(16) 4.1(7)
C(14) 0.6643(10) 0.5664(5) 0.0250(13) 3.6(6)
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heavy atom methods. All remaining non-hy-
drogen atoms were found by iterative cycles of
ful-matrix least-squares refinement and dif-
ference-Fourier synthesis using NRCVAX.® All
non-hydrogen atoms were refined anisotropically.
All hydrogen atoms were included at calculated
positions and refined isotropically at the final cy-
cle. The refinement gave R (Rw)=0.043 (0.046)
and (A/6)max was 0.000. The maximum residual
electron density was 0.66 eA™. Crystallographic
data and refinement details are summarized in
Table 1. Atomic coordinates and bond distances
and angles for 1 are listed in Table 2 and 3.

Results and Discussion

An ORTEP drawing of [Ni(L)]I(1) with the a-
tomic numbering scheme is shown in Figure 1.
The structure of the complex 1 consists of the

Table 3. Bond Distances (A) and Angles (deg) for [Ni(L)]L, (1)

Ni-N(1) 1.929(10)
Ni-N(2) 1.941(10)
Ni-N(3) 1.925(10)
Ni-N(4) 1.951(10)
N(1)-C(1) 1.478(18)
N(1)-C(14) 1.487(17)
N(2)-C(2) 1.502(17)
N(2)-C(4) 1.482(18)
N(3)-C(7) 1.479(18)
N(3)-C(8) 1.480(18)
N(4)-C(9) 1.513(17)
Ni-I(1) 3.679(2)
N(1)-Ni-N(2) 85.6(4)
N(1)-Ni-N(3) 177.0(5)
N(1)-Ni-N(4) 96.3(4)
N(2)-Ni-N(3) 91.5(4)
N(2)-Ni-N(4) 177.5(4)
N(3)-Ni-N(4) 86.7(5)
Ni-N(1)-C(1) 107.1(8)
Ni-N(1)-C(14) 123.8(8)
C(1)-N(1)-C(14) 108.6(10)
Ni-N(2)-C(2) 111.0(7)
Ni-N(2)-C(4) 117.5(8)
C(2)-N(2)-C(4) 114.2(10)
Ni-N(3)-C(7) 120.6(9)
Ni-N(3)-C(8) 110.1(8)
C(7)-N(3)-C(8) 109.2(10)
Ni-N(4)-C(9) 107.8(7)
Ni-N(4)-C(11) 119.8(8)
C(9)-N(4)-c(1D) 115.0(10)

I(1)-Ni-1(2) 157.2(1)

N(4)-C(11) 1.469(17)
C(1)-C(2) 1.490(19)
C(2)-C(3) 1.523(21)
C(4)-C(5) 1.517(24)
C(4)-C(6) 1.515(22)
C(6)-C(7) 1.488(22)
C(8)-C(9) 1.501(20)
C(9)-C(10) 1.511(20)
C(1D-c(12) 1.528(19)
Can-C(13) 1.491(21)
C(13)-C(19) 1.538(22)
Ni-I(2) 4.125(2)

N(1)-C(1)-C(2) 107.2(11)
N(2)-C(2)-C(1) 107.4(10)
N(2)-C(2)-C(3) 112.6(11)
C(1)-C(2)-C(3) 112.9(12)
N(2)-C(4)-C(5) 109.7(12)
N(2)-C(4)-C(6) 108.6(11)
C(5)-C(4)-C(6) 114.3(13)
C(4)-C(6)-C(7) 114.1(13)
N(3)-C(7)-C(6) 112.8(11)
N(3)-C(8)-C(9) 107.1(10)
N(4)-C(9)-C(8) 106.3(10)
N(4)-C(9)-C(10) 112.6(11)
C(8)-C(9)-C(10) 112.7(12)
N(4)-C(11)-C(12) 111.7(10)
N(4)-C(11)-C(13) 110.2(10)
C(12)-C(11)-C(13) 112.9(12)
C(11)-C(13)-C(14) 115.3(10)
N(1)-C(14)-C(13) 111.5(11)




122 # A9 1120

e R L EEE

1)

Fig. 1. An ORTEP drawing of [Ni(L)]I, (1) with the atomic numbering scheme. Displacement ellipsoids are plott-
ed at the 50% probability level. For clarity, H atoms are drawn as small circles.

complex cation and two iodide anions. The coor-
dination of the nickel ion is a slightly distorted
square-plane with four nitrogens of the macro-
cycle. The basal plane is slightly distorted [de-
viations N(1) 0.008(14), N(2) -0.028(13), N(3)
0.009(13), and N(4) -0.026(13) A from the least-
squares plane through these basal donor atomsl,
while the nickel (ID) ion is 0.001(2) A apart from
this plane. Two iodide ions are located 3.679(2)
and 4.125(2) A from the nickel ion. The average
bond distance of 1.937(10) A between the nickel
ion and secondary amine nitrogens (N(1), N(2),
N(3), N(4)) is similar to those observed in other
nickel(Il) saturated tetraaza complexes, indica-
ting a low-spin nickel(I)-N, environment in this
complex.” ¢ However, the Ni-N bond distance is
considerably shorter than those in high-spin oc-
tahedral complexes.”™” As expected in complexes
of cyclam-like ligands, the N-Ni-N bite angles of
the six-membered chelate rings (96.3(4) and
91.5(4) A) are larger than those of the five-
membered chelate rings (85.6(4) and 86.7(5) A).

The methy! groups on the five- and six-memb-
ered chelate rings are anti with respect to the Ny
plane. The complex 1 adopts a thermodynami-
cally most stable trans-Il conformation with the
hydrogens on the nitrogen atoms N(1), N(4),
and N(2), N(3) lain-below and above the mi-
crocyclic plane, respectively.
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