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THE STRUCTURE OF TRANS-DICHLORO(1,4,8,11-TETRAAZACYCLOTETRADECANE)NICKEL(III)
PERCHLORATE
Tasuku ITO,* Masako SUGIMOTO, Koshiro TORIUMI, and Haruko ITOl)
Division of Applied Molecular Science
Institute for Molecular Science, Myodaiji, Okazaki 444

The Ni in the title compound, [NiIIIcl L](Clo ), has an octahedral
geometry of trans- N1C12N4 type and is in the trlvalent state.
The Ni-N and Ni-Cl distances average 1.970(4) and 2.452(4) A

respectively.

Trivalent nickel complexes with tetraaza macrocyclic ligands having saturated
nitrogen donors have been reported, and their chemical and physical properties

2,3) However, no structural study has been reported so far.

have been investigated.
In general, the title and analogous tetraazamacrocyclic Ni(III) complexes are excep-
tionally stable in solid state,2’3) but they decompose gradually in solution and
it is difficult to grow the crystals.

Crystals of [NiIIIC1 L](ClO ) suitable for the X-ray work were obtained by a

very slow reaction between an aqueous solution of oxidized [Nl L](C104)2

(NH 28208 and an excess of concentrated HC1.4) The crystal data are : orthorhombic,
o

P212121, a = 13.228(2), b = 19.804(3), ¢ = 6.468(1) A, U = 1694.4(6) A3 zZ =4, Dc

= 1.68, D_=1.68 g cm >, u(Mo Ko) = 1.63 nm ', R = 0.031 and R = 0.039 for 2023

5)

independent reflections (26, . < 60° and |Fo| > 30(|Fo])).
The Ni atom is surrounded octahedrally by a square-planar array of four
nitrogens and two Cl atoms occupying the axial positions (Figure). The macrocyclic
ligand adopts the most stable conformation6) : the two six-membered rings take the
chair form and the two five-membered rings adopt the gauche conformation. The
total stereochemistry is the same as that of the corresponding Ni(II) analog,
IIIC12L]+
are significantly shorter than those in the Ni(II) analog in which the average
NiII-N and NiII-Cl distances are 2.058 and 2.492 i, respectively (see Table). The
Ni and the four nitrognes are coplanar within 0.004 i. The Ni-Cl(1l) and Ni-Cl1(2)
bonds are tilted 3.6 and 2.9° from the normal to the NiN4 plane, respectively.

The Cl atoms move away from hydrogens attached to carbon and toward those bonded to
7)

trans-[NiIIC12L1.7) However, the coordination bond lengths of trans-[Ni

nitrogen, as are in the Ni (II) analog.
There have been some arguments on the authenticity of the Ni(III) state. It
has been reported that some of so-called Ni(III) complexes are more properly
described as a Ni(II) stabilized ligand radical, a mixed-valence complex of Ni(II)
and Ni(IV), or a partially oxidized Ni (II) complex.B) The Ni in the present
compound is in the trivalent state in view of the structural parameters around the

Ni and the normal bond lengths and angles within the organic ligand.
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o
Table Bond lengths (A) and angles
(°) around the Ni(III).

Ci(m
<}> Ni-Cl(1l) 2.456(1)

Ni-C1l(2) 2.447(1)
c Ni—Ngl; 1.979§3;
Yoo o A Ni-N(2 1.965(4
3 )\ Ni-N(3 1.973(4
C(Q)-/ — \C\(fi_r N(3) i) Ni-NE4; 1.96354;
' N(4) Ni g
/,/ \Cﬁ)/O Cl4) C1(1)-Ni-Cl(2) 179.2(1)
Ci0 NG AT O~ )J—‘)\Q CLD-WND - 92.3(0)
R _ C1(1)-Ni-N(4 92.3(1)
© N“’)’ DY /N(z) < / C1(1)-Ni-N(2)  87.5(1)
A& ci1) s~ C1(1)-Ni-N(3) 87.4(1)
o= C(3) Cl(2)-N--N(1) 87.9(1)
c2 A C1(2)-Ni-N(4) 88.5(1)
ciach C1(2)-Ni-N(2) 91.7(1)
O Cl(2)-Ni-N(3) 92.5(1)
N (1) -Ni-N(2) 86.5(2)
N(3)~Ni-N(4) 85.9(2)
Figure A perspective view of trans—[NiIIIclzL]+. EE%;-Ei-gégg 32:32%;
N(1)-Ni-N(3) 179.0(1)
N(2)-Ni-N(4) 179.7(2)
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