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The crystal structure of the � isomer of trans-4-bromoazoxy-

benzene [systematic name: trans-1-(bromophenyl)-2-phenyl-

diazene 2-oxide], C12H9BrN2O, has been determined by X-ray

diffraction. The geometries of the two molecules in the

asymmetric unit are slightly different and are within �0.02 AÊ

for bond lengths, �2� for angles and �3� for torsion angles.

The azoxy bridges in both molecules have the typical

geometry observed for trans-azoxybenzenes. The crystal

network contains two types of planar molecules arranged in

columns. The torsion angles along the ArÐN bonds are only

7 (2)�, on either side of the azoxy group.

Comment

The commonly used methods for the preparation of unsym-

metrical azoxybenzenes suffer from a lack of selectivity.

Condensation and oxidation reactions provide, in every case,

mixtures of isomers differing in the position of the O atom

with respect to the substituents bound to the benzene rings. It

has been claimed (Angeli & Valori, 1912) that bromination of

azoxybenzene provides only one isomer, viz. the title

compound �-4-bromoazoxybenzene, (I); this result was

important evidence for the unsymmetrical structure of the

azoxy bridge. Since then, the reaction has played an important

role in mechanistic investigations of the Wallach rearrange-

ment, since it was the only tool for recognizing the distribution

of tracers with 15N- and 14C-labelled substrates (Shemyakin et

al., 1958; Behr & Hendley, 1966). We now con®rm the Angeli

& Valori (1912) statement; bromination of azoxybenzene

occurs with dif®culty but selectively; another (�) isomer is not

formed at all. �-4-Bromoazoxybenzene seems to be a good

model compound for investigations of the structure of the

azoxy bridge.

There are two independent molecules of the title compound

in the unit cell (A and B; Fig. 1). The geometries of the mol-

ecules are similar; differences do not exceed 0.02 AÊ for bond

lengths (e.g. N1AÐC1A0 and N1BÐC1B0), 2� for valence

angles (e.g. O1AÐN1AÐC1A0 and O1BÐN1BÐC1B0) and

3� for torsion angles (e.g. N1AÐN2AÐC1AÐC2A and

N1BÐN2BÐC1BÐC2B; Table 1). Both molecules are almost

planar; this is the preferential conformation of the azoxy-

benzene molecules. However, the rotation energy barrier is

only 13 kJ molÿ1 on the unoxidized side and 23 kJ molÿ1 on

the other (Tsuji et al., 2000). In solution, the rotation is fast

enough to make the C atoms at, for example, the C2A- and

C6A-atom positions magnetically equivalent (DomanÂ ski &

Kyzioø, 2001). The twist angles along the CarylÐN bonds are

ÿ7.3 (4) and 5.9 (5)� for A, and 5.2 (4) and ÿ8.7 (5)� for B.

The planarity of the molecules can also be described by the

dihedral angles of three planar fragments, viz. the benzene

ring, I, connected to the oxidized N atom (N1A and N1B), the

azoxy group, II, and the other benzene ring, III. The dihedral

angles between these groups are 7.7 (5) (I/II), 5.2 (6) (II/III)

and 2.5 (2)� (I/III) for A, and 6.2 (5), 7.3 (5) and 1.7 (2)� for B.

Atom C1A (or C1B) lies in plane II. The CÐN bond lengths

on the oxidized side of the bridge are�0.03 (for A) and 0.07 AÊ

(for B) longer than the CÐN bond lengths on the unoxidized

side. The valence angles of the bridge are typical for trigonal

hybridization of the C and N atoms. Some deviations are

observed for both molecules in the CÐCÐN angles on the

unoxidized side of the azoxy group, as a result of steric

hindrance around the azoxy group. Analogously, the NÐNÐ

O valence angles are widened to nearly 130� in order to keep

atom O1A (O1B) far from the H atom bound to atom C2A
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Figure 1
The molecular structures of (a) molecule A and (b) molecule B of trans-4-
bromoazoxybenzene. Displacement ellipsoids are shown at the 50%
probability level and H atoms are drawn as small spheres of arbitrary
radii.



(C2B). The non-valence O� � �H distances are 2.34 (to H20) and

2.15 (2) AÊ (to H2) in A, and 2.38 (to H220) and 2.19 AÊ (to H22)

in B (Table 2). These distances are shorter than the sum of the

van der Waals radii (2.6 AÊ ) given by Pauling (1967). These

features are typical of those reported for the molecular

structures of trans-azoxybenzenes (Krigbaum & Barber, 1971;

Krigbaum & Taga, 1974; Hoesch & Weber, 1977; Ejsmont et

al., 2000, 2002; DomanÂ ski et al., 2001). All atoms bonded to

atom N1A (N1B) are coplanar to within 0.017 (5) AÊ for C1A0

and 0.038 (6) AÊ for C1B0. The CÐBr bond lengths are

comparable to that found in 4,40-dibromoazobenzene

(Howard et al., 1994).

It is well known that isomerization of cis-azoxybenzenes

occurs with great ease, e.g. cis-4-methylazoxybenzenes are

spontaneously transformed into the trans isomers in the dark

at room temperature (Webb & JaffeÂ, 1964). This fact should be

easily explicable if the NÐN bond order is signi®cantly lower

than it is in azobenzenes. Such a difference should be re¯ected

in the NÐN bond lengths, but the estimation of this distance

appears to be dif®cult. Symmetrically 4,40-disubstituted

azoxybenzenes have been examined several times: the

reported NÐN distances lie in the range 1.155 (6)±1.276 (6) AÊ

(Krigbaum & Barber, 1971; Sciau et al., 1988), indicating high

bond order, but the large differences make a comparison with

azobenzenes unreliable. The results of measurements are

in¯uenced by the orientational disorder in the crystal

networks, but librations within the azoxy bridge may also play

a role, as observed in the case of trans-stilbenes. In mono-

substituted azoxybenzenes, the NÐN bond lengths do not

differ signi®cantly from those observed in molecules A and B

(e.g. Ejsmont et al., 2002). However, repeated measurements

at room temperature gave lower values [1.221 (6) and

1.248 (5) AÊ ] for 4-bromo-NNO-azoxybenzene. The apparent

shortening of the NÐN bond at higher temperature probably

results from molecular motions. Restricted rotation along the

ArÐN bond in the crystal network may cause torsion vibra-

tions within the azoxy group. In the crystal network, the

molecules of compound (I) are arranged in columns (Fig. 2).

The distance between neighbouring molecules in the column is

3.939 (4) AÊ . Strong intermolecular interactions were not

found in the crystals, and this fact may in¯uence the planar

conformation of trans-4-bromoazoxybenzene molecules.

Experimental

Elemental bromine (2.14 ml, 0.04 mol) was added slowly to a stirred

solution of azoxybenzene (3.96 g, 0.02 mol) in acetic acid (50 ml). The

mixture was stirred for 4 h at 323 K and left to stand overnight at

room temperature. The solution was poured into cold water (250 ml).

Sodium hydrogen sul®te (40% aqueous solution) was added dropwise

until the colour changed from brown. A yellow precipitate was

collected by ®ltration and crystallized twice from methanol. 4-Bromo-

ONN-azoxybenzene (3.88 g, 70%) was obtained as colourless needles

(m.p. 346±347 K) suitable for X-ray diffraction studies. MS, m/z (int.):

278 (49), 276 (M+, 50), 249 (6), 247 (6), 169 (38), 157 (23), 155 (24),

145 (8), 143 (8), 91 (22), 90 (29), 77 (100); IR (KBr, cmÿ1): 1480, 1324

(stretching vibrations of the azoxy group); 1H NMR (CDCl3): � 8.23±

8.32 (m, 2H, aromatic H atoms of the monosubstituted ring), 8.07

(d3J = 8.5 Hz, 2H, 3,5-H atoms), 7.58 (d3J = 8.5 Hz, 2H, 2,6-H atoms),

7.24±7.49 (m, 3H, remaining aromatic H atoms); 13C NMR (DMSO-

d6): � 147.6 (C10), 142.5 (C1), 132.4 (C20, C60), 131.9 (C3, C5), 129.3

(C30, C50), 127.0 (C2, C6), 122.3 (C4), 122.0 (C40).

Crystal data

C12H9BrN2O
Mr = 277.12
Orthorhombic, Pna21

a = 23.987 (2) AÊ

b = 3.9394 (5) AÊ

c = 22.965 (2) AÊ

V = 2170.1 (4) AÊ 3

Z = 8
Dx = 1.696 Mg mÿ3

Mo K� radiation
Cell parameters from 11 971

re¯ections
� = 3.4±25.0�

� = 3.77 mmÿ1

T = 90.0 (1) K
Prisms, yellow
0.40 � 0.25 � 0.13 mm

Data collection

Oxford Diffraction Xcalibur
diffractometer

! scans
Absorption correction: empirical

(CrysAlis RED; Oxford
Diffraction, 2002)
Tmin = 0.336, Tmax = 0.613

11 971 measured re¯ections
3773 independent re¯ections

3634 re¯ections with I > 2�(I )
Rint = 0.054
�max = 25.0�

h = ÿ28! 28
k = ÿ4! 3
l = ÿ27! 27

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.027
wR(F 2) = 0.062
S = 1.04
3773 re¯ections
289 parameters
H-atom parameters constrained
w = 1/[�2(F 2

o) + (0.0385P)2]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.49 e AÊ ÿ3

��min = ÿ0.50 e AÊ ÿ3

Absolute structure: Flack (1983),
1806 Friedel pairs

Flack parameter = ÿ0.004 (7)
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Figure 2
The columns formed in the ac plane by molecules of trans-4-bromo-ONN-
azoxybenzene.
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Data collection: CrysAlis CCD (Oxford Diffraction, 2002); cell

re®nement: CrysAlis RED (Oxford Diffraction, 2002); data reduc-

tion: CrysAlis RED; program(s) used to solve structure: SHELXS97

(Sheldrick, 1990); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: SHELXTL (Sheldrick, 1990);

software used to prepare material for publication: SHELXL97.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: GG1208). Services for accessing these data are
described at the back of the journal.
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Table 2
Intramolecular hydrogen-bonding and short-contact geometry (AÊ , �).

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

C2AÐH2A� � �O1A 0.93 2.15 2.718 (4) 119
C2A0ÐH2A0� � �O1A 0.93 2.34 2.661 (4) 100
C2BÐH2B� � �O1B 0.93 2.19 2.747 (4) 118
C2B0ÐH2B0 � � �O1B 0.93 2.38 2.688 (5) 99

Table 1
Selected geometric parameters (AÊ , �).

Br1AÐC4A 1.899 (3)
O1AÐN1A 1.258 (4)
N1AÐN2A 1.274 (4)
N1AÐC1A0 1.475 (4)
N2AÐC1A 1.409 (4)

Br1BÐC4B 1.892 (3)
O1BÐN1B 1.250 (4)
N1BÐN2B 1.290 (4)
N1BÐC1B0 1.455 (4)
N2BÐC1B 1.421 (5)

O1AÐN1AÐN2A 127.7 (3)
O1AÐN1AÐC1A0 116.1 (3)
N2AÐN1AÐC1A0 116.1 (3)
N1AÐN2AÐC1A 119.5 (3)
C2AÐC1AÐN2A 129.5 (3)
C6AÐC1AÐN2A 112.2 (3)
C2A0ÐC1A0ÐN1A 117.1 (3)
C6A0ÐC1A0ÐN1A 120.3 (3)

O1BÐN1BÐN2B 127.5 (3)
O1BÐN1BÐC1B0 117.9 (3)
N2BÐN1BÐC1B0 114.6 (3)
N1BÐN2BÐC1B 119.4 (3)
C2BÐC1BÐN2B 130.0 (3)
C6BÐC1BÐN2B 111.2 (3)
C2B0ÐC1B0ÐN1B 117.5 (3)
C6B0ÐC1B0ÐN1B 121.1 (3)

N1AÐN2AÐC1AÐC2A 5.9 (5)
N1AÐN2AÐC1AÐC6A ÿ174.6 (3)
O1AÐN1AÐC1A0ÐC2A0 ÿ8.0 (4)

N1BÐN2BÐC1BÐC2B ÿ8.7 (5)
N1BÐN2BÐC1BÐC6B 172.5 (3)
O1BÐN1BÐC1B0ÐC2B0 6.7 (4)


