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Abstract
C32H28N4, monoclinic, P21/c (no. 14), a = 17.7218(4) Å,
b = 20.7769(5) Å, c = 14.9434(3) Å, β = 113.598(3)°,V = 5042.1(2) Å3,
Z = 8, Rgt(F) = 0.0519, wRref (F2) = 0.1544, T = 294 K.

CCDC no.: 2256334

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 brick-red free diphenyl macrocycle, (I), was prepared
employing the same procedure described in a recent study [5]
using benzoyl acetone (2.592 g) instead of 2,4-pentanedione.
Suitable crystals for the X-ray crystallographic study were
prepared by the slow evaporation of the solution of (I) in a

Table : Data collection and handling.

Crystal: Red 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 []
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

N . () . () . () . ()
HN . () . () . () .*
N . () . () . () . ()
N . () . () . () . ()
HN . () . () . () .*
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . −. . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HAa . . . .*
HBa

. . . .*
HCa . . . .*
HDa

. . . .*
HEa . . . .*
HFa . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HAa . . . .*
HBa

. . . .*
HCa . . . .*
HDa

. . . .*
HEa . . . .*
HFa . . . .*
N . () . () . () . ()
HN . () . () . () .*
N . () . () . () . ()
N . () . () . () . ()
HN . () . () . () .*
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . −. . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
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solvent mixture of chloroform and xylene in the ratio of 1:1.
X-ray crystallography proved the structure to be a known
compound [6, 7].

2 Experimental details

TheC-boundHatomsweregeometrically placed (C–H=0.93–0.96Å)
and refined as riding with Uiso(H) = 1.2–1.5 Ueq(C). The N-bound
H atom was located in a difference map and refined with
N–H = 0.86 ± 0.01 Å. The hydrogen atoms of three methyl
groups, i.e. the C19-, C32- and C64-methyl groups, were
modelled over two positions of equal weight and rotated
60° to each other. A number of reflections were omitted
from the final cycles of refinement owing to poor agree-
ment; see the CIF for details.

3 Comment

The crystal structure of the title macrocycle, (I), has been
reported previously [6]; the molecule has also been charac-
terised crystallographically as its 1:1 1,2-dichloroethane
solvate [7]. In a recent study, the crystal structure [8] of
the all methyl derivative of (I) was re-investigated [5]. The
new data allowed a definitive analysis of the nature of the

bonding in the N=C–C(H) = C–N(H) residue. The improved
data reported here for (I) has similarly allowed a resolution
of the bonding in the four N=C–C(H)–C–N(H) residues in the
two independent molecules of (I).

Two independent molecules comprise the crystallo-
graphic asymmetric-unit of (I); their molecular structures
are shown in the figure (35 % probability ellipsoids). To a
first approximation, the molecular conformations of the
independent molecules are equivalent (see below). The
four nitrogen atoms define an approximate plane and
feature intramolecular secondary-amine–N–H···N(imine)
hydrogen bonds [N1–H1n···N2: H1n···N2 = 1.94(2) Å, N1···
N2 = 2.680(3) Å with angle at H1n = 143(2)°; N3–H3n···N4:
H3n···N4 = 1.97(2) Å, N3···N4 = 2.698(3) Å with angle at
H3n = 142.3(18)°; N5–H5n···N6: H5n···N6 = 1.92(2) Å, N5···
N6 = 2.665(3) Å with angle at H5n = 145(2)°; and N7–H7n···N8:
H7n···N8 = 2.02(2) Å, N7···N8 = 2.708(3) Å with angle at
H7n = 136(2)°] which close six-membered {···NC3NH}
synthons. When viewed side-on through the N4 plane, the
N-bound phenyl rings and the two methyl substituents lie to
one side of the plane and the remaining chemistry lies to the
other side of the plane. Thus, the molecule has the shape of a
flattened bowl.

An overlay diagram of the N1-containing molecule
(red image) and the inverse of the N5-containing molecule
(blue image) is included as an insert in the figure. This
diagram illustrates the closeness in conformation between
the independent molecules. The differences between the
molecules are not chemically significant and are best
illustrated by the sequence of C4–C9/C13–C14 [44.06(12)° cf.
50.62(11)° for the equivalent angle in the N5-containing
molecule], C4–C9/C20–C25 [63.02(13)° cf. 59.86(11)°], C4–C9/
C26–C31 [64.99(14)° cf. 65.34(13)°], C13–C14/C20–C25
[21.56(13)° cf. 10.43(13)°], C13–C14/C26–C31 [28.54(14)° cf.
17.27(13)°] and C20–C25/C26–C31 [33.34(15)° cf. 15.73(13)°]
dihedral angles.

Considerable delocalisation of π-electron density is
noted in the formally N=C–C(H)=C–N(H) residues. Using the
C14–N1(H)–C1–C2–C3=N2–C4 sequence as an example for the
three remaining residues, the C3=N2 bond of 1.318(3) Å
is consistent with a formal double bond. However, the
experimentally equivalent C1–C2 and C2–C3 bond lengths, at
1.395(3) and 1.411(3) Å, respectively, are longer and shorter
than formal double and single bonds, respectively. Further,
the C1–N1 bond is shorter, at 1.337(3) Å, than that expected
for a C–N single bond. The delocalisation extends to the fused
six-membered rings as seen in the C4–N2 and C14–N1 bond
lengths of 1.412(3) and 1.408(3) Å, respectively. Thus, with the
possible exception of the C3=N2 bond, the bonding in the
remaining atoms of the C14–N1(H)–C1–C2–C3=N2–C4 sequence
more closely resembles the bonding, i.e. with extensive

Table : (continued)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HAa . . . .*
HBa

. . . .*
HCa . . . .*
HDa

. . . .*
HEa . . . .*
HFa . . . .*

aOccupancy: ..
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delocalisation of π-electron density over this residue, when
doubly-deprotonated (I) complexes to M = copper(II) [9] and
M = nickel(II) [10], defining square-planar MN4 geometries.

A search for directional interactions in the crystal of (I),
with the aid of PLATON [11], only revealed a weak N-bound-
phenyl–C–H···π(terminal phenyl) [C16–H16···Cg(C52–C57)i:
H16···Cg(C52–C57)i = 2.96 Å, C16···Cg(C52–C57)i = 3.723(3) Å
and angle at H16 = 140° for symmetry operation (i): x, 1/2 − y,
1/2 + z] contact. These interactions occur between the
independent molecules within a helical arrangement of
molecules along the b-axis. This conclusion is supported by
an analysis of the calculated Hirshfeld surfaces. Thus, with
the program suite CrystalExplorer [12] and following stan-
dard procedures [13], the surface contacts were evaluated.
Previous work [14] has shown how useful such an approach
can be in distinguishing independent molecules in a crystal
and how these results can confirm space group assignment.

The analysis of surface contacts in (I) indicates shows
that 64.1 % of all surface contacts are due to H···H contacts.
These are complimented by contributions by C···H/H···C
[29.9 %] and N···H/N···N [4.0 %] along with very small
contributions from C···C [1.5 %] and N···C/C···N [0.6 %] con-
tacts. In terms of the individual molecules, the nature of
the surface contacts closely resemble each other. The
greatest difference is noted for H···H contacts where, for
the N1-containing molecule, these account for 61.8 % of
contacts which is less than 63.1 % for the N5-containing
molecule. Smaller differences are noted for the C···H/H···C
[32.0 % cf. 31.0 %] and N···H/N···N [4.7 % cf. 3.0 % contacts].
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