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The molecules of the title compound, C20H15BrClNO, are

linked into chains by a C—H� � ��(arene) hydrogen bond, in

which the acceptor is the brominated ring of the naphthalene

unit, and these chains are linked by an aromatic �–� stacking

interaction, again involving the naphthalene unit, into a sheet

structure.

Comment

We report here the molecular and supramolecular structure of

7-bromo-2-exo-(2-chlorophenyl)-2,3,4,5-tetrahydro-1,4-epoxy-

naphtho[1,2-b]azepine, (I) (Fig. 1), which we compare with the

2-(4-chlorophenyl)- positional isomer, (II) (see Scheme), the

structure of which was reported recently (Palma et al., 2009).

The synthetic route involves the oxidation of the corre-

sponding 2-allyl-N-arylmethyl-1-naphthylamine with an

excess of aqueous hydrogen peroxide in the presence of

catalytic quantities of sodium tungstate, followed by a ther-

mally induced intramolecular 1,3-dipolar cycloaddition of the

intermediate nitrone (cf. Acosta et al., 2008).

The molecule of (I) contains two stereogenic centres, at

atoms C2 and C4 (Fig. 1), and the reference molecule was

selected to have the R configuration at C2; on this basis, the

configuration at C4 is S. Since (I) crystallizes in the centro-

symmetric space group P21/c, the unit cell accommodates

equal numbers of the two enantiomers, so that the compound

crystallizes as a true racemate with configuration 2RS,4SR.

The isomeric compound (II) also crystallizes as a racemate,

with the configuration 2RS,4SR, but in a different centro-

symmetric space group, viz. Pbca.

The conformations of the fused heterocyclic ring systems in

(I) and (II) are very similar, as shown by the values (Table 2)

of the ring-puckering parameters (Cremer & Pople, 1975). The

five-membered rings are twisted about a line between atom C3

and the mid-point of the N1—O14 bond. The six-membered

rings have conformations intermediate between envelope and

half-chair forms. For a six-membered ring with equal bond

lengths, the idealized values of the ring-puckering parameters

are � = 54.7� and ’ = (60k)� for an envelope conformation, and

� = 50.8� and ’ = (60k + 30)� for a half-chair form, where k

represents an integer in both cases. The specification of the

molecular conformation can be completed by the torsion

angle N1—C2—C21—C22, defining the orientation of the
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Figure 1
The molecular structure of (I), showing the atom-labelling scheme.
Displacement ellipsoids are drawn at the 30% probability level.

http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=sf3167&bbid=BB10


pendant aryl ring relative to the fused ring system; the values

of this angle in (I) and (II) are fairly similar, viz.�173.87 (19)�

in (I) and 172.4 (3)� in (II).

Thus, despite the different crystallization behaviour, as

shown by the different space groups, the molecular confor-

mations of (I) and (II) are very similar. However, the supra-

molecular assembly in these two compounds is significantly

different.

The crystal structure of (I) contains no C—H� � �O or C—

H� � �N hydrogen bonds, and the supramolecular assembly is

determined by a combination of a C—H� � ��(arene) hydrogen

bond (Table 1) and an aromatic �–� stacking interaction. The

C—H� � ��(arene) hydrogen bond utilizes the brominated ring

of the naphthalene unit as the acceptor, and it links molecules

related by the 21 screw axis along (1
2, y, 3

4) into a chain running

parallel to the [010] direction (Fig. 2).

Within the naphthalene unit, the two rings are not quite

parallel and the angle between the normals of the two six-

membered rings is 2.76 (11)�. In the aromatic �–� stacking

interaction (Fig. 3), the distance between the centroid of the

brominated ring C5a/C6/C7/C7a/C11a/C11b of the molecule at

(x, y, z) and that of the unsubstituted ring C7a/C8/C9/C10/

C11/C11a in the molecule at (�x, �y + 1, �z + 1) is

3.816 (2) Å. These rings make a dihedral angle of 2.76 (11)�

and the shortest mean perpendicular distance between the

ring planes is ca 3.46 Å. Thus, the molecules at (x, y, z) and

(�x + 1, y � 1
2, �z + 3

2), which form parts of the hydrogen-

bonded chain along (1
2, y, 3

4), form �–� stacking interactions

with the molecules at (�x, �y + 1, �z + 1) and (x + 1, �y + 1
2,

z + 1
2), respectively, which form parts of the hydrogen-bonded

chains along (�1
2, y, 1

4) and (3
2, y, 5

4), respectively. Hence, the

action of the �–� stacking interaction is to link the hydrogen-

bonded chains which run parallel to [010] into a sheet lying

parallel to (102) (Fig. 4). Both faces of the naphthalene unit

are involved in the sheet formation, with one face acting as the

hydrogen-bond acceptor and the other participating in the

�–� stacking interaction (Fig. 4).

By contrast, there are no C—H� � �� hydrogen bonds in the

structure of (II). Instead, the assembly in (II) is determined by

a combination of a C—H� � �O hydrogen bond and an aromatic

�–� stacking interaction involving the pendant 4-chlorophenyl

rings of inversion-related pairs of molecules (Palma et al.,

2009). The C—H� � �O hydrogen bond links molecules related

by a b-glide plane in the space group Pbca into a chain running

parallel to [010], and these chains are linked by the �–�
stacking interaction into a sheet lying parallel to (001).

It is of interest to note here that, although the structures of

(I) and (II) contain �–� stacking interactions, these involve

only the naphthalene unit in (I) and only the pendant phenyl

ring in (II).
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Figure 2
Part of the crystal structure of (I), showing the formation of a hydrogen-
bonded chain parallel to [010]. For the sake of clarity, H atoms not
involved in the motif shown have been omitted. Atoms marked with an
asterisk (*), a hash (#), a dollar sign ($) or an ampersand (&) are at the
symmetry positions (�x + 1, y � 1

2, �z + 3
2), (x, y � 1, z), (�x + 1, y + 1

2,
�z + 3

2) and (x, y + 1, z), respectively.

Figure 3
Part of the crystal structure of (I), showing the �–� stacking interaction
which links the hydrogen-bonded chains. For the sake of clarity, H atoms
have been omitted. The atom marked with an asterisk (*) is at the
symmetry position (�x, �y + 1, �z + 1).

Figure 4
A stereoview of part of the crystal structure of (I), showing the formation
of a sheet parallel to (102) formed by the �-stacking of hydrogen-bonded
chains. For the sake of clarity, H atoms not involved in the motifs shown
have been omitted.



Experimental

Sodium tungstate dihydrate (5–10 mol%), followed by 30% aqueous

hydrogen peroxide solution (30 mmol), were added to a stirred and

cooled (ice bath) solution of 2-allyl-4-bromo-N-(2-chlorobenzyl)-1-

naphthylamine (10 mmol) in acetone–water (30 ml, 10:1 v/v). The

resulting mixture was stirred at 273 K for 2 h and then at ambient

temperature for an additional 72 h. The reaction mixture was filtered

and then extracted with ethyl acetate, and the organic fraction was

dried over anhydrous sodium sulfate. The solvent was removed under

reduced pressure, and then toluene (30 ml) was added to the solid

residue. The resulting solution was heated at 363–373 K for 12 h. The

solution was then cooled to ambient temperature and the solvent

removed under reduced pressure, before the crude product was

purified by silica-gel column chromatography using heptane–ethyl

acetate (from 30:1 to 10:1 v/v) as eluent; evaporation of the eluted

solution, at ambient temperature and exposed to air, gave the

product, (I), as pale-yellow crystals suitable for single-crystal X-ray

diffraction (yield 48%, m.p. 464–465 K). MS (70 eV) m/z (%): 399

(M+, 35Cl, 79Br, 1), 365 (100), 348 (6), 322 (2), 335 (4), 257 (3), 231 (1).

Crystal data

C20H15BrClNO
Mr = 400.68
Monoclinic, P21=c
a = 11.5083 (8) Å
b = 8.1027 (6) Å
c = 18.3210 (16) Å
� = 110.505 (5)�

V = 1600.2 (2) Å3

Z = 4
Mo K� radiation
� = 2.74 mm�1

T = 120 K
0.38 � 0.30 � 0.10 mm

Data collection

Bruker–Nonius KappaCCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 2003)
Tmin = 0.422, Tmax = 0.771

22802 measured reflections
3672 independent reflections
2969 reflections with I > 2�(I)
Rint = 0.041

Refinement

R[F 2 > 2�(F 2)] = 0.034
wR(F 2) = 0.069
S = 1.12
3672 reflections

217 parameters
H-atom parameters constrained
��max = 0.39 e Å�3

��min = �0.37 e Å�3

All H atoms were located in difference maps and then treated as

riding atoms in geometrically idealized positions, with C—H = 0.95

(aromatic), 0.99 (CH2) or 1.00 Å (aliphatic CH), and with Uiso(H) =

1.2Ueq(C).

Data collection: COLLECT (Nonius, 1999); cell refinement:

DIRAX/LSQ (Duisenberg et al., 2000); data reduction: EVALCCD

(Duisenberg et al., 2003); program(s) used to solve structure: SIR2004

(Burla et al., 2005); program(s) used to refine structure: SHELXL97

(Sheldrick, 2008); molecular graphics: PLATON (Spek, 2009); soft-

ware used to prepare material for publication: SHELXL97 and

PLATON.
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Table 2
Ring-puckering parameters (Å, �) for (I) and (II).

Puckering parameters for five-membered rings are defined for the atom
sequence O14—N1—C2—C3—C4, those for six-membered rings for the atom
sequence O14—N1—C11b—C5a—C5—C4 and those for seven-membered
rings for the atom sequence N1—C2—C3—C4—C5—C5a—C11b.

Parameter (I) (II)†

(a) Five-membered rings
Q2 0.444 (2) 0.442 (3)
’2 12.9 (3) 16.2 (4)

(b) Six-membered rings
Q 0.620 (2) 0.617 (3)
� 127.21 (18) 128.3 (3)
’ 165.5 (3) 165.1 (4)

(c) Seven-membered rings
Q 1.085 (2) 1.101 (3)
’2 16.58 (14) 15.80 (17)
’3 300.9 (4) 298.8 (6)

† Data for (II) are taken from Palma et al. (2009).

Table 1
Hydrogen-bond geometry (Å, �).

Cg represents the centroid of the C5a/C6/C7/C7a/C11a/C11b ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C23—H23� � �Cgi 0.95 2.62 3.494 (3) 153

Symmetry code: (i) �x þ 1; y� 1
2;�zþ 3

2.
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