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In the title compound, C18H13BrClNO3, the heterocyclic ring

of the indole is distorted from planarity towards an envelope

conformation. The orientations of the indole, oxetane, chloro

and bromophenyl substituents are conditioned by the sp3

states of the spiro-junction and the Cl-attached C atoms.

Comment

1-Acetylisatin undergoes photoinduced cycloaddition reac-

tions with a wide range of alkenes. These reactions have

become one of the synthetic routes to obtain the corre-

sponding spiroxetane derivatives (Xue et al., 2001; Zhang et

al., 2002). The asymmetric alkenes in these reactions give syn-

and anticlinal spiroxetanes as a separable mixture by column

chromatography. The structure analyses of these spiroxetanes

have been reported by us in previous studies (Usman et al.,

2001, 2002). As an extension of our systematic study into these

photoinduced reactions, we have isolated the title compound,

(I), which was one of the spiroxetanes resulting from such a

photoinduced reaction between 1-acetylisatin and �-chloro-4-

bromostyrene. An X-ray crystal structure analysis has been

undertaken to elucidate its steric con®guration and confor-

mation, and the results are presented here.

The bond lengths and angles in (I) (Fig. 1) are within

normal ranges (Allen et al., 1987). The C8ÐC9 bond length of

the spiroxetane (C8/C9/C10/O2) is slightly longer than the

typical value for Csp3ÐCsp3, due to the bulky substituents

attached to atoms C8 and C9. The spiroxetane is not planar,

with atoms O2, C8, C9, and C10 deviating by 0.085 (2),

ÿ0.078 (3), 0.074 (3), and ÿ0.080 (3) AÊ , respectively, from the

mean plane, and the dihedral angle between the O2/C8/C10

and C8/C9/C10 planes is 163.0 (3)�.

The orientations of the indole (C1/N1/C2±C8), bromo-

phenyl (C11±C16/Br1) and chloro (Cl1) substituents are

conditioned by the Csp3 state of atoms C8 and C9, while the

relative distribution of the indole and bromophenyl substi-

tuents is described by the torsion angles C7ÐC8ÐC9ÐCl1 of

ÿ25.4 (1)� and C1ÐC8ÐC9ÐC11 of ÿ20.8 (3). These indi-

cate the staggered arrangement of atoms C8 and C9 joining

the two substituents. The bond angles subtended at atoms C8

and C9 are in the ranges 89.7 (2)±123.7 (3)� and 84.1 (2)±

121.1 (2)�, respectively. The oxetane ring and the indole

moiety are approximately orthogonal, corresponding to an

angle of 81.1 (2)� between their mean planes, and the planar

bromophenyl substituent makes a dihedral angle of 42.9 (2)�

with respect to the mean plane of the oxetane ring.

The indole moiety is not planar, with the heterocyclic ring

being distorted from planarity towards an envelope confor-

mation. Atom C1 is displaced by 0.216 (3) AÊ from the N1/C2/

C7/C8 plane, and the ketone atom O1 attached to C1 deviates

by 0.331 (2) AÊ from the mean plane of the heterocyclic ring.

The mean plane of the heterocyclic ring makes an angle of

7.1 (2)� with the benzene ring (C2±C7).

In (I), the acetyl group (O3/C17/C18) attached at N1 is

twisted by an angle of 5.1 (1)� from the mean plane of the

indole moiety. This indicates that the acetyl group tends to be

coplanar with the indole moiety, as observed in 1-acetylindole

(Usman et al., 2002), due to the interactions of the �-conju-

gation of the acetyl group. The intramolecular C3ÐH3� � �O3

interaction (Table 2), which forms a six-membered closed ring,

O3/C17/N1/C2/C3/H3, also participates in the �-conjugation.
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Figure 1
The structure of (I) showing 50% probability displacement ellipsoids and
the atom-numbering scheme. H atoms are drawn as small spheres of
arbitrary radii and the intramolecular hydrogen bond is shown as a
dashed line.
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As seen in Fig. 1, in the molecule chosen for the asymmetric

unit, atom C8 is the S chiral centre and atom C9 is the R chiral

centre. However, the centrosymmetric crystal space group

indicates that the photoinduced cycloaddition reaction of both

achiral 1-acetylisatin and �-chloro-4-bromostyrene gives the

racemate spiroxetane mixture of (I).

The molecules of (I) pack into columns along the b direc-

tion (Fig. 2). Weak intermolecular �� � �� interactions are

observed in the crystal, involving the centroid of the indole

benzene ring. The �� � ��i [symmetry code: (i) x, ÿ 1
2 ÿ y, z ÿ 1

2]

and �� � ��ii [symmetry code: (ii) x, ÿ 1
2 ÿ y, 1

2 + z] distances are

3.825 (5) AÊ for both interactions, and the perpendicular

distances are 3.392 (5) and 3.535 (5) AÊ , respectively.

Experimental

A solution of 1-acetylisatin (0.05 M) in the presence of an excess of

�-chloro-4-bromostyrene in benzene solution was irradiated with

light of wavelength longer than 400 nm. After completion of the

reaction, the solvent was removed in vacuo and the residue was

separated using silica-gel column chromatography to afford (I).

Single crystals suitable for X-ray diffraction analysis were obtained

by slow evaporation of an acetone±petroleum ether (3:1, v/v) solu-

tion.

Crystal data

C18H13BrClNO3

Mr = 406.65
Monoclinic, P21=c
a = 18.5810 (5) AÊ

b = 12.5906 (4) AÊ

c = 7.4709 (2) AÊ

� = 94.645 (1)�

V = 1742.05 (9) AÊ 3

Z = 4

Dx = 1.551 Mg mÿ3

Mo K� radiation
Cell parameters from 4889

re¯ections
� = 2.7±28.4�

� = 2.53 mmÿ1

T = 233 (2) K
Slab, colourless
0.36 � 0.28 � 0.16 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.463, Tmax = 0.688

10 113 measured re¯ections

4173 independent re¯ections
2016 re¯ections with I > 2�(I)
Rint = 0.080
�max = 28.3�

h = ÿ23! 24
k = ÿ16! 13
l = ÿ9! 9

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.050
wR(F 2) = 0.120
S = 0.81
4173 re¯ections
219 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0153P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.45 e AÊ ÿ3

��min = ÿ0.76 e AÊ ÿ3

Extinction correction: SHELXTL
(Sheldrick, 1997)

Extinction coef®cient: 0.0091 (10)

The H atoms were ®xed geometrically and treated as riding on

their parent C atoms, with CÐH = 0.93±0.97 AÊ and Uiso(H) = 1.2

Ueq(C). The highest peak and deepest hole were found near atom

Br1, at distances of 0.94 and 0.86 AÊ , respectively.

Data collection: SMART (Siemens, 1996); cell re®nement: SAINT

(Siemens, 1996); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL, PARST (Nardelli,

1995) and PLATON (Spek, 1990).
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Figure 2
A packing diagram for (I) viewed down the b axis.

Table 1
Selected interatomic distances (AÊ ).

Br1ÐC14 1.900 (3)
Cl1ÐC9 1.805 (3)
C1ÐC8 1.526 (4)
C7ÐC8 1.479 (4)

C8ÐC9 1.587 (4)
C9ÐC11 1.505 (4)
C9ÐC10 1.535 (4)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

C3ÐH3� � �O3 0.93 2.36 2.890 (4) 116


