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Abstract
C26H18N2O8, triclinic, P1̄ (no. 2), a = 8.41284(15) Å, b = 10.9410(2)
Å, c = 12.9659(2) Å, α = 114.567(1)°, β = 97.779(1)°, γ = 91.504(1)°,
V = 1070.90(3) Å3, Z = 2, Rgt(F ) = 0.0382, wRref(F 2) = 0.1083,
T = 193 K.

CCDC no.: 2393117

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of materials

Title compound was prepared via electrophilic aromatic
substitution of 2,7-dimethoxynaphthalene with reference to
literature.7 To a solution of 3-nitrobenzoyl chloride (223 mg,
1.2 mmol) in 1,2-dichloroethane (0.5 mL), TiCl4 (341 mg,
1.8 mmol) was added and stirred at 60 °C for 30 min. To the
resulting solution was added 2,7-dimethoxynaphthalene
(37.6 mg, 0.20 mmol) and stirred at 60 °C for 3 h. The reac-
tion mixture was poured into iced water (30 mL) and the
obtained mixture was extracted with chloroform for five
times (20 mL × 5). The combined extracts were washed with
2 M NaOH aq. for three times (20 mL × 3) to separate the
residual aroyl chloride and the organic layer was dried over
anhydrous magnesium sulfate. The solvent was removed
under reduced pressure followed by washing with acetone
to give a cake of the crude material (87 % yield). Yellow
platelet single crystals were obtained by crystallization from
acetone (14 %). 1H NMR δ (300 MHz, CDCl3): 3.71 (6H, s), 7.26
(2H, d, J = 9.0 Hz), 7.62 (2H, dd, J = 7.8, 7.8 Hz), 8.06 (2H, d,
J = 9.0 Hz), 8.07 (2H, d (broad), J = 8.1 Hz), 8.41 (2H, d (broad),
J = 9.3 Hz), 8.53 (2H, dd, J = 1.8, 1.8 Hz) ppm. 13C NMR δ
(125 MHz, CDCl3): 56.48, 111.26, 119.43, 124.06, 125.68, 127.21,
129.35, 133.52, 134.63, 138.75, 140.20, 148.78, 157.15, 196.10 ppm.
IR (KBr): 1672 (C=O), 1614, 1530, 1512 (Ar, naphthalene), 1350
(N=O), 1266 (O–Me) cm−1. Elemental analysis: Calcd. for
C26H18N2O8: C, 64.20 %; H, 3.73 % found: C, 64.17 %; H, 3.73 %.
m.p. = 292–294 °C.

Table : Data collection and handling.

Crystal: Yellow platelet
Size: . × . × .mm
Wavelength:
μ:

Cu Kα radiation (. Å)
.mm−

Diffractometer, scan mode:
θmax, completeness:

Rigaku R-AXIS RAPID, ω
.°, %

N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: Rigaku,, SIR, SHELXL-/,

ORTEPIII, PLATON
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2 Experimental details

All H atoms were found in a difference map and were sub-
sequently refined as riding atoms, with C–H=0.95 (aromatic)
and 0.98 (methyl) Å, and with Uiso (H) = 1.2Ueq (C).

3 Comment

Understanding the nature and effectiveness of non-covalent
bonding interactions in solid organic molecular substances
have gained profound recognition fromwide range of research
fields, pharmaceutical development and manufacturing,8

crystal structure prediction,9 and crystal engineering.10 Since
the intramolecular conjugation plane formation of aromatic
rings is extremely hindered, crystals of compounds of non-
coplanarly accumulated aromatic rings can be expected to
reveal distinguished contributions of rather weak non-
covalent bonding interactions11 other than π···π stacking
interactions or classical hydrogen bonds as spatial structure
determining factors.

In the molecular structure of the title compound, the
benzene rings of the 3-nitrobenzoyl groups at the 1,8-positions
are twisted away from the naphthalene ring (see the Figure).
Two 3-nitrobenzoyl groups are situated in anti-orientation
against the naphthalene ring. On the other hand, the two
benzene rings are situated in an almost parallel manner.
The dihedral angles between the benzene rings of the
3-nitrobenzoyl groups and the naphthalene ring system
are 72.41(6)° [C14–C19 ring, C9–C1–C13–O3 torsion
angle = 67.25(19)°] and 71.88(6)° [C21–C26 ring, C9–C8–C20–O4
torsion angle = 67.17(19)°], respectively. The dihedral angle
between the best planes of the two benzene rings is 1.18(7)°.
The nitro groups are bound to the benzene rings in a
twisted manner [dihedral angles between bridging NO2

plane and benzene ring: O5–O6–N1–C16 plane and C1–C19
ring = 18.67(9)°; O7–O8–N2–C23 plane and C21–C26
ring = 10.11(9)°]. On the other hand, the carbonylmoieties are
almost coplanar against the benzene rings [O3–C13–C14–C15
torsion angle = 179.49(14)°; O4–C20–C21–C22 torsion
angle = 176.42(14)°]. In the crystal packing, five types of
centrosymmetric dimeric aggregations connected by
non-covalent bonding interactions are observed: type I is
formed by three types of π···π stacking interactions between
the naphthalene rings [Cg1···Cg5, 3.5068(8) Å (slippage 0.807 Å),
Cg1···Cg1, 3.6337(9) Å (slippage 1.286 Å), and Cg1···Cg2, 3.7931(9)
Å (slippage 1.633 Å); Cg1 = C1–C2–C3–C4–C10–C9 ring, Cg5=C1–
C2–C3–C4–C10–C5–C6–C7–C8–C9 ring, Cg2 = C5–C6–C7–C8–
C9–C10 ring] and (naphthalene)C–H···O=N non-classical

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

Atom x y z Uiso*/Ueq

O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O −. () . () . () . ()
O −. () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
N −. () . () . () . ()
N . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
HA −. . . .*
HB −. . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H −. . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
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hydrogen bond [H3···O7, 2.58 Å](symmetry code: 1−x,
2−y, 2−z); type II is formed by π···π stacking interaction
between the naphthalene rings [Cg2···Cg2, 3.6383(9) Å
(slippage 0.958 Å)] and (methoxy) C–H···π (naphthalene)
non-classical hydrogen bond [H12B···Cg1, 2.83 Å] (symmetry
code: −x, 2−y, 2−z); type III is formed by (benzene)C–H···
O=C non-classical hydrogen bond [H26···O4, 2.43 Å] (symmetry
code: −x, 1−y, 2−z); type IV is formed by (benzene)C–H···O=C
and N=O···π(benzene) non-classical hydrogen bonds [H19···
O3, 2.55 Å; O8···Cg3, 3.7376(15) Å; Cg3 = C14–C19 ring] (symmetry
code: 1−x, 1−y, 2−z); type V is formed by (methoxy) C–H···O=N
non-classical hydrogen bond [H11A···O6, 2.46 Å] (symmetry
code: −x, 1−y, 1−z). Centrosymmetric dimeric aggregations
in types I and II are bult up with π···π stacking between
naphthalene rings, whereas those in types III, IV, and V include
non-classical hydrogen bonds. Interactions involving nitro
groups assist both π···π stacking and C–H···O=C non-classical
hydrogen bonds as shown in types I and IV.

The authors reported the crystal structure of the
homologous compound having mono(1-aroylated) structure,
(2,7-dimethoxynaphthalen-1-yl)(3-nitrophenyl)methanone
(space group P21/n, Z = 4).12 The monoaroylated homologue
shows similar spatial situation of the aroyl group on naph-
thalene ring [dihedral angle between benzene ring and
naphthalene ring: 69.59(5)°] with the title compound. In the
crystal of the monoaroylated homologue, (benzene)C–H···
O=N non-classical hydrogen bond (2.37 Å) and weak (naph-
thalene)C–H···O=C interactions (2.60 Å) link the molecules in
translational relationship (symmetry code: x−1, y, z) along
a-axis. The carbonyl group is connected intramolecularly to
C–H hydrogen atom at 8-position of the naphthalene ring (C–
H···O=C, 2.56 Å). Consequence of this, the nitro group plays a
role to interact with the neighbouringmolecule solely. On the
other hand, the dual 3-nitrobenzoyl groups at the 1,8-positions
on the naphthalene ring of the title compound can be used for
non-covalent bonding interactions with the naphthalene ring
and pairs of nitro groups, carbonyl groups, and benzene rings
intermolecularly. The symmetrical arrangements of the pairs
of these functional groups afford centrosymmetric dimeric
aggregation structures via complementary non-covalent
bonding interactions in multi-directions evenly well. As the
1,8-diaroylnaphthalene (peri-aroylnaphthalene) compounds
generally have characteristic molecular structures in which
aromatic rings of the molecules are situated non-coplanarly
and the dihedral angles between the arene and naphthalene
rings have satisfactory room to adjust the conformation of the
molecule and the contact shape minutely. So the title com-
pound, one of the peri-aroylnaphthalene compounds, can
intermolecularly arrange the π···π stackings of arene rings
and non-classical hydrogen bondings between Csp3–H

hydrogen atoms and aromatic π-systems/nitrogen atoms or
Csp2–H hydrogen atoms and oxygen/nitrogen atoms most
densely to achieve highly effective centrosymmetrical inter-
molecular network of non-covalent bonding interactions.
This structural advantage of the title compound probably
enables highly raised molecular proximity compared to the
monoaroylated homologue (crystalline density 1.508 g cm−3

for the title compound [P1̄]; 1.39 g cm−3 for the monoaroylated
homologue [P21/n]).
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