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Abstract
C22H42N6, triclinic, P1 (no. 2), a = 8.3115(2) Å, b = 8.8263(2) Å,
c = 9.7688(2) Å, α = 111.490(2)°, β = 115.056(2)°, γ = 93.681(2)°,
V = 583.25(3) Å3, Z = 1, Rgt(F ) = 0.0465, wRref(F 2) = 0.1351,
T = 294 K.

CCDC no.: 2257384

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

1 Source of material

The precursor molecule, tet-a, was prepared following a
literature procedure [5]. Thus, the condensation of ethyl-
enediamine with acetone in the presence of a quantitative
amount of perchloric acid, yielded the hexamethyl deriv-
ative of the 14-membered tetraazamacrocycle, Me6[14]
diene·2HClO4. The diene ligand, on reduction with NaBH4,
followed by extraction with CHCl3 at pH above 12, resulted
in a mixture of isomeric macrocycles, the Me6[14]anes.
These were separated by fractional crystallisation from
xylene and designated as tet-a and tet-b. The reaction of
tet-a with excess acrylonitrile was stereoselective and
gave the N-pendent derivative, tet-ax, in which two ethyl-
cyano groups are attached to less crowded nitrogen
atom. Elemental analysis (Leco CHNS-932 elemental
analyzer; %) for C22H42N6: C, 67.65; H, 10.84; N, 21.51. Found:
C, 67.82; H, 10.95; N, 21.35. IR (Shimadzu IR 20 spectropho-
tometer, KBr, cm−1): 3227 (w) ν(N–H), 1361 (s) ν(CH3), 2965
(m) ν(C–H), 1141 (w) ν(C–C), 1177 (m) ν(N–C), 2241(s) ν(C–N).
1H NMR (Bruker AVANCE 400 NMR spectrometer, DMSO-
d6, ppm) δ: Mehtyl–H: 0.92 (d, e, 6H), 1.05 (s, e, 6H), 1.15 (s, a,

Table : Data collection and handling.

Crystal: Colourless block
Size: . × . × .mm
Wavelength: Cu Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: XtaLAB Synergy, ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: CrysAlisPRO [], SHELX [, ],
WinGX/ORTEP []

*Corresponding authors: Ismail M. M. Rahman, Institute of
Environmental Radioactivity, Fukushima University, 1 Kanayagawa,
Fukushima 960-1296, Japan, E-mail: immrahman@ipc.fukushima-u.ac.jp.
https://orcid.org/0000-0001-8084-5190 (I.M.M. Rahman); Edward R. T.
Tiekink, Research Centre for Crystalline Materials, School of Medical and
Life Sciences, Sunway University, 47500 Bandar Sunway, Selangor Darul
Ehsan, Malaysia, E-mail: edward.tiekink@gmail.com. https://orcid.org/
0000-0003-1401-1520 (E.R.T. Tiekink); and Tapashi GhoshRoy, Department
of Chemistry, Faculty of Science, University of Chittagong, Chattogram4331,
Bangladesh, E-mail: tapashir57@cu.ac.bd. https://orcid.org/0000-0002-
2192-1584 (T.G. Roy)
Saswata Rabi, Department of Chemistry, Faculty of Engineering &
Technology, Chittagong University of Engineering & Technology,
Chattogram 4349, Bangladesh, E-mail: rabichem07@gmail.com.
https://orcid.org/0000-0001-5911-1184
Lucky Dey, Department of Chemistry, Faculty of Science, University of
Chittagong, Chattogram 4331, Bangladesh, E-mail: luckydey22@gmail.com

Z. Kristallogr. - N. Cryst. Struct. 2023; 238(4): 599–601

Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/ncrs-2023-0103
mailto:immrahman@ipc.fukushima-u.ac.jp
https://orcid.org/0000-0001-8084-5190
mailto:edward.tiekink@gmail.com
https://orcid.org/0000-0003-1401-1520
https://orcid.org/0000-0003-1401-1520
mailto:tapashir57@cu.ac.bd
https://orcid.org/0000-0002-2192-1584
https://orcid.org/0000-0002-2192-1584
mailto:rabichem07@gmail.com
https://orcid.org/0000-0001-5911-1184
mailto:luckydey22@gmail.com


6H). Methylene–H: 1.19 (m), 2.55 (m), 2.75 (m), 2.98 (m).
Methine–H: 3.10 (m). Amine–H: 7.26 (s). 13C{1H} NMR
(Bruker AVANCE 400 NMR spectrometer, DMSO-d6, ppm)
δ: Methyl–C: 14.66, 18.69, 25.92. Ring–C: 28.73, 40.29, 45.64,
47.55, 49.55. Ethylcyano–C: 52.62, 54.31, 119.92.

2 Experimental details

The C–bond H atomswere geometrically placed (C–H = 0.93–
0.98 Å) and refined as riding with Uiso(H) = 1.2–1.5Ueq(C). The
N–bond H atomwas located in a difference map and refined
with N–H = 0.86 ± 0.01 Å, and with Uiso(H) = 1.2Ueq(N).

3 Comment

Cyclam (1,4,8,11-tetraazacyclotetradecane) is a 14-membered
macrocycle, is classified as an aza-crown ether and its ability
to complex metal ions is well known [6]. Being readily
substituted at practically all positions in the ring and being
flexible in its coordination potential, isomerism gives rise
to fascinating structural chemistry, e.g. for 2,5,5,7,9,12,12,
14-octamethyl-1,4,8,11-tetraazacyclotetradecane, 30 different
configurations may be envisaged when this molecule is
coordinated to nickel(II) [7]. The determination of pharma-
ceutical potential has motivated on-going interest in this
area, such as the recent report of the evaluation of the anti-
microbial activity of cadmium derivatives of the N-bond bis-
cyanoethyl derivative of a related octa-methyl macrocycle [8].
In continuation of this work, herein the crystal structure
determination of a related bis-cyanoethyl substituted macro-
cycle lacking methyl substituents in the ethylene link, (I), is
described.

The molecular structure is shown in the figure (35 %
probability ellipsoids). The unlabelled atoms in the figure are
related by the symmetry operation −x, 1 − y, 1 − z as the
molecule is disposed about an inversion centre. The four ni-
trogen atoms define a plane and participate in intramolecular
secondary-amine–N–H/N (teriary amine) hydrogen bonds
[N2–H2n/N1: H2n/N1 = 2.298(13) Å, N2/N1 = 2.9916(15) Å
with angle at H2n = 137.3(15)°]; this interaction serves to close
a slightly twisted, six-membered {/NC3NH} synthon. When
viewed side-on through the N4 plane, the ethylene bridges lie
to either side of the plane as do the N–bond ethylcyano sub-
stituents. Further, the four N–bond carbon atoms of the pro-
pylene links are close to co-planar with the N4 plane. This
latter configuration is in stark contrast to that observed in the
methanol solvate of the compound [9], where the C3 links are
kinked with respect to the N4 plane. This change in confor-
mation in the literature precedent is correlated with the
influence of methanol–O–H/N (secondary amine) hydrogen
bonding interactions.

In accord with an analysis of the molecular packing of
(I), employing PLATON [10], the crystal is largely devoid of
directional interactions between molecules, partially
owing to the intramolecular N–H/N hydrogen bonds,
precluding these atom from forming intermolecular con-
tacts. This conclusion is confirmed by an analysis of the
calculated Hirshfeld surfaces, employing CrystalExplorer
[11] and standard procedures [12]. This analysis shows that
77.5 % of all surface contacts are H/H contacts. The other
contributors are N/H/H/N [18.3 %] and N/C/C/N
[3.6 %] contacts.

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

Atom x y z Uiso*/Ueq

N . () . () . () . ()
N . () . () . () . ()
HN . () . () . () .*
N −. () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C −. () . () . () . ()
HA −. . . .*
HB −. . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
HA −. . . .*
HB . . . .*
C −. () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
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