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Abstract
C20H48Cl2N4NiO10S2, monoclinic, P21/n (no. 14),
a = 8.657(2) Å, b = 15.233(4) Å, c = 11.956(3) Å,
β = 102.737(2)°, V = 1537.9(7) Å3, Z = 2, Rgt(F ) = 0.0237,
wRref (F

2) = 0.0655, T = 93(2) K.

CCDC no.: 2100053

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms includingatomic coordinates anddisplacement
parameters.

Source of material

Hexamethyl tetrazacyclotetradecane (tet-a) was synthe-
sized as per the literature procedure and exhibited the
expected spectroscopic characteristics [7]. The tet-a mac-
rocycle reacted with CH2=CH–CN to form the N-pendent
bis-cyanoethyl derivative, hereafter tet-ax. The nickel(II)
perchlorate salt of tet-ax, i.e. [Ni(tet-ax)](ClO4)2, was
synthesised from the reaction of tet-ax with Ni(CH3COO)2·
4H2O followed by the addition of NaClO4·6H2O. Then,
[Ni(tet-ax)](ClO4)2 was dissolved in a solvent mixture of

Table : Data collection and handling.

Crystal: Yellow block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Rigaku Saturn, ω
θmax, completeness: .°, %
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: REQAB [], CrystalClear [],
SHELX [, ], WinGX/ORTEP [],
Diamond []
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DMSO and H2O (1:1 v/v) followed by the addition of trie-
thylamine and HClO4 with the aim to prepare [Ni(tet-
am)](ClO4)2 (tet-am is the N-bound bis-carbamoylethyl
derivative of isomeric ligand tet-a) by converting the cya-
noethyl branches to carbamoylethyl branches, but a few
yellow crystals of the unexpected product, [Ni(tet-a)](ClO4)2·

2(CH3)2S=O, without any branches, was identified by X-ray
crystallography.

Experimental details

The C-bound H atoms were geometrically placed
(C–H=0.98–1.00Å) and refined as ridingwithUiso(H) = 1.2–
1.5Ueq(C). The N-bound atoms were located from a Fourier
difference map and refined with N–H = 0.88 ± 0.01 Å, and
with Uiso(H) = 1.2Ueq(N).

Comment

Some new N-pendent derivative macrocycles bearing
bis-cyanoethyl branches were recently synthesised by
combining certain macrocyclic ligands with an alkylat-
ing agent, acrylonitrile [8, 9]. In continuation of this
work, an attempt was made to prepare a new N-pendent
derivative containing N-bound bis-carbamoylethyl
branches employing a different procedure [10]. It was
observed during these investigations that a small quan-
tity of yellow crystals were obtained (see Source of ma-
terial) which were shown by X-ray crystallography to be
[Ni(C16H36N4)](ClO4)2·2(CH3)2S=O, hereafter (I).

The crystallographic asymmetric unit of (I) comprises
half a complex cation, as this is disposed about a centre of
inversion, a perchlorate anion and a molecule of DMSO of
crystallisation. The molecular structure of the complex
cation is shown in the upper part of the Figure (70%
probability displacement ellipsoids). The nickel(II) centre
is coordinated by four amine-nitrogen atoms with the two
independent Ni–N1, N2 bond lengths of 1.9548(10) and
1.9665(11) Å differing insignificantly. The resulting N4

donor set defines a square-planar geometry. The isomeric
form of the tet-a ligand in (I) is meso and this has been
characterised previously as the perchlorate salt [11] as
have other configurational isomeric forms of tet-a [12]. The
closest related structure to (I) is the isostructural cop-
per(II) salt [13].

In the crystal, the perchlorate-O4 atom forms a weak
contact with the nickel(II) atom [Ni⋯O4i = 3.0651(14) Å for
symmetry operation (i): 1 − x, 1 − y, 1 − z] leading to a
tetragonally distorted 4 + 2 coordination geometry. Further
links between the complex cation and the perchlorate anion
are mediated by amine-N–H⋯O(perchlorate) [N2–H2n⋯O3ii:
H2n⋯O3ii = 2.213(12) Å, N2⋯O3ii = 3.0897(17) Å with angle at
H2n = 171.9(13)° for (ii): 1 + x, y, 1 + z] hydrogen bonds. The
DMSOmolecules are also associatedwith the complex cation,

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Ni . . . . ()
N . () . () . () . ()
HN . () . () . () .*
N . () . () . () . ()
HN . () . () . () .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
Cl . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
S . () . () . () . ()
O . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
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via amine-N–H⋯O(DSMO) hydrogen bonds [N1–H1n⋯O5:
H1n⋯O5 = 2.014(11) Å, N1⋯O5 = 2.8529(16) Å with angle at
H1n = 160.5(12)°]. The aforementioned contacts lead to the
formation of a five-molecule aggregate, as represented in the
lower part of the figure (the Ni⋯O and N–H⋯O interactions
are shown as black and blue dashed lines, respectively, and
non-participating H atoms are omitted). The aggregates
are assembled into the crystal via a combination of
DMSO-methyl-, methylene-, methyl-C–H⋯O(perchlorate)
and methyl-C–H⋯O(DMSO) interactions.

Finally, the Hirshfeld surfaces and of the full and
delineated two-dimensional fingerprint plots were calcu-
lated with the program Crystal Explorer 17 [14] in accord
with literature methods [15]. For the complex cation, the
surface contacts are clearly dominated by H⋯H [62.8%]
andO⋯H/H⋯O [35.1%] contacts, withminor contributions
from S⋯H/H⋯S [1.5%] and Ni⋯O/O⋯Ni [0.5%] contacts.
For the DMSO molecule, H⋯H contacts also predominate,
contributing 51.1% followed by O⋯H/H⋯O [36.1%] and
S⋯H/H⋯S [9.5%] contacts. Minor contributions to the
Hirshfeld surface of DMSO are contributed by O⋯O [1.7%]
and S⋯O/O⋯S [1.6%] contacts. By contrast, the surface
contacts for the perchlorate anion are dominated by O⋯H/
H⋯O contacts, at 95.2%. This is followed by small contri-
butions from O⋯O [2.4%], S⋯O/O⋯S [1.3%] and Ni⋯O/
O⋯Ni [1.0%] contacts.
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