
Acta Cryst. (2004). E60, o703±o705 DOI: 10.1107/S1600536804007305 Cem CuÈneyt Ersanlõ et al. � C14H12Br2 o703

organic papers

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

(1RS,8SR,9RS,10RS,11RS,12RS)-10,11-Dibromo-
tetracyclo[6.4.2.02,7.09,12]tetradeca-2,4,6,13-
tetraene

Cem CuÈneyt Ersanlõ,a Ufuk

CËoruh,b Tuncer HoÈkelek,c*

Ezequiel M. VaÂzquez-LoÂpez,d

Arif DasËtane and Ahmet

ErdoÈnmeza

aOndokuz Mayõs University, Faculty of Art and

Science, Department of Physics, 55139

Kurupelit, Samsun, Turkey, bOndokuz Mayõs

University, Faculty of Education, Department of

Computer Education and Instructional

Technology, 55200 Samsun, Turkey, cHacettepe

University, Department of Physics, 06800

Beytepe, Ankara, Turkey, dDepartamento de

QuõÂmica InorgaÂnica, Facultade de Ciencias-

QuõÂmica, Universidade de Vigo, 36200-Vigo,

Galicia, Spain, and eAtatuÈ rk University, Faculty

of Art and Sciences, Department of Chemistry,

25240 Erzurum, Turkey

Correspondence e-mail:

merzifon@hacettepe.edu.tr

Key indicators

Single-crystal X-ray study

T = 293 K

Mean �(C±C) = 0.005 AÊ

R factor = 0.036

wR factor = 0.082

Data-to-parameter ratio = 18.9

For details of how these key indicators were

automatically derived from the article, see

http://journals.iucr.org/e.

# 2004 International Union of Crystallography

Printed in Great Britain ± all rights reserved

The title compound, C14H12Br2, consists of two central non-

coplanar six-membered carbon rings constituting a bicyclic

system, having a benzene ring fused on one side and a

brominated cyclobutane ring fused on the other side at the

bridging atoms of the bicyclic system. The bicyclic system has

approximate D3 symmetry and all three six-membered rings

adopt boat conformations.

Comment

Benzobarrelene systems afford the possibility of several

mechanistically interesting investigations. These compounds

are intriguing in view of the di-�-methane rearrangement

(Zimmerman, 1980; Zimmerman et al., 1968), solvolytic reac-

tivity (Barkhash, 1984; Menzek, 2000) and versatile applica-

tions (Hales et al., 1995; Erden & de Meijere, 1983; Adam et

al., 1980; Paquette & Volz, 1976). In view of these factors,

substituted benzobarrelene derivatives are important

compounds that can provide information about how substit-

uents will in¯uence the reaction modes (AltundasË & Balcõ,

1997).

Bromination of hydrocarbons is an important process

because it leads to useful intermediates for the synthesis of a

large variety of bromoorganic compounds (Hileman, 1993;

Chambers & James, 1979; Ruasse, 1993). These compounds

have numerous industrial applications as pesticides, plastics,

®re retardants and pharmaceutical chemicals.

Bromine derivatives of a compound are valuable in the

synthesis of other derivatives; for example, the title

compound, (I), is a starting compound for substituted

benzobasketene derivatives (Aydõnlõ et al., 2003). Compound

(I) is of interest to us from the following points of view: it has a

strained benzobarrelene unit, a small ring (cyclobutane) fused

to a strained ring system and Br atoms, one of which is in an

endo (syn) orientation.

The structures of [3.2.1]- and [2.2.2]bicyclic systems having

different substituents at different positions of the bicyclic

framework have been the subject of much interest in our

laboratory; examples are: exo,endo,endo-9,9,10,11,12-penta-

bromotricyclo[6.2.2.02,7]dodeca-2 (7),3,5- triene [(II); HoÈ kelek

et al., 1990]; exo,exo-9,10,12-tribromotricyclo[6.3.1.02,7]-

dodeca-2 (7),3,5,10-tetraene [(III); HoÈ kelek et al., 1991];

exo,exo,2,4,8-tribromo-6,7-benzobicyclo[3.2.1]octa-2,6-diene,

(IV), endo,exo-2,3,8-tribromo-6,7-benzobicyclo[3.2.1]octa-

Received 18 March 2004

Accepted 26 March 2004

Online 31 March 2004



organic papers

o704 Cem CuÈneyt Ersanlõ et al. � C14H12Br2 Acta Cryst. (2004). E60, o703±o705

3,6-diene, (V), and exo,endo-2,5,6-tribromo-6,7-benzotri-

cyclo[2.2.2]octa-2,6-diene, (VI) (Balcõ et al., 1992); exo,anti-

4-hydroxy-8-bromo-6,7-benzobicyclo[3.2.1]octa-2,6-diene,

(VII), exo,anti-4,8-dibromo-2,3-benzobicyclo[3.2.1]octa-2,6-

diene, (VIII), and endo,endo-7,8-dibromo-5,6-benzobi-

cyclo[2.2.2]octa-2,5-ene, (IX) (DasËtan et al., 1994); exo,exo-

2,3-endo,endo-5,6-tetrabromobicycloheptane [(X); HoÈ kelek et

al., 1998]; 2,2-exo-3,5,6-pentabromobicycloheptane [(XI);

HoÈ kelek et al., 2001]; and exo-(1RS,8SR,9RS,11SR)-10-

chloromethyltetracyclo[6.3.2.02,709,11]undecane-2,4,6,12-tetra-

ene [(XII); CË oruh et al., 2004].

The structure determination of the title compound, (I), was

undertaken in order to con®rm the formation of the bromin-

ated cyclobutane ring.

The title compound, (I), contains two central non-coplanar

six-membered carbon rings constituting a bicyclic system,

which has a benzene C1±C6 ring (A) on one side and a

brominated cyclobutane ring fused on the other side at the

bridging atoms of the bicyclic system (Fig. 1). One of the Br

atoms is in a syn orientation. As can be seen from the torsion

angles (Table 1) and the puckering parameters (Cremer &

Pople, 1975), the bicyclic system has approximate D3

symmetry.

In the bicyclic fragment, all three six-membered rings adopt

boat conformations: QT = 0.79 (2) AÊ , '2 = ÿ1.88 (15) and �2 =

89.19 (15)� for the C7±C14 ring; QT = 0.767 (2) AÊ , '2 =

ÿ58.85 (14) and �2 = 90.11 (12)� for the C1/C6±C10 ring; QT =

0.884 (2) AÊ , '2 = 118.31 (13) and �2 = 91.33 (13)� for the C1/

C6/C7/C14/C11/C10 ring.

Bond angles about the central bicyclic system deviate

substantially from ideal values. The external angles C2ÐC1Ð

C10 [126.6 (3)�] and C5ÐC6ÐC7 [126.6 (2)�] are larger than

the internal angles C12ÐC11ÐC10 [122.2 (3)�] and C13Ð

C14ÐC7 [116.7 (3)�] [average 119.5�]. The tetrahedral angles

also exhibit signi®cant distortion: C6ÐC7ÐC14 [104.4 (3)�]
and C1ÐC10ÐC11 [103.3 (2)�] [average 103.9�], and C6Ð

C7ÐC8 [106.1 (3)�], C14ÐC7ÐC8 [107.1 (3)�], C1ÐC10ÐC9

[106.6 (3)�] and C11ÐC10ÐC9 [108.6 (3)�] [average 107.1�].
The average values of the corresponding external and tetra-

hedral angles in the similar [2.2.2]bicyclic systems are 126.1,

107.1 and 107.9� in (II), 126.6, 108.5 and 105.6� in (VI), 126.5,

107.1 and 106.5� in (IX), and 126.9, 103.2 and 107.8� in (XII),

respectively. The angles C7ÐC8Ð9 [115.1 (3)�] and C10Ð

C9ÐC8 [115.2 (3)�] about the double bond have an average

value of 115.2�. These results indicate the presence of signif-

icant strain in the bicyclic framework. The degree of the strain

is manifest most obviously in the deviations from ideality of

the bond angles in the bicyclic ring system. However, the

strain in the [3.2.1]bicyclic system is more predominant than in

the [2.2.2]bicyclooctane skeleton (HoÈ kelek et al., 1991).

The dihedral angles between planes A, B (C1/C6/C7/C10), C

(C7±C10), D (C7,C10/C11/C14) and E (C11±C14) are as

follows: A/B = 0.76 (7), B/C = 57.34 (8), B/D = 64.58 (9), C/D =

58.08 (10) and D/E = 59.30 (11)�.
As can be seen from the packing diagram (Fig. 2), the

molecules are aligned approximately parallel to the b axis and

stacked parallel to the (101) plane. Dipole±dipole and van der

Waals interactions are effective in the packing of molecules in

the crystal structure.

Experimental

A solution of anthranilic acid (11.45 g, 83.6 mmol) in acetone (50 ml)

was added, over a period of 3 h, to a re¯uxing solution of trans-7,8-

dibromobicyclo[4.2.0]octa-2,4-diene (5.52 g, 20.9 mmol) and iso-

pentyl nitrite (9.78 g, 89.6 mmol) in dichloromethane (100 ml). The

mixture was then re¯uxed for an additional 1 h and evaporated to

give a black residue of tarry appearance. The residue was subjected to

column chromatography (silica gel, 50 g), eluting with n-hexane

(yield 2.84 g, 40%), and crystallized from dichloromethane±n-hexane

(1:3).

Crystal data

C14H12Br2

Mr = 340.06
Monoclinic, P21=c
a = 11.7056 (9) AÊ

b = 6.9920 (5) AÊ

c = 14.6897 (11) AÊ

� = 92.052 (1)�

V = 1201.52 (15) AÊ 3

Z = 4

Dx = 1.880 Mg mÿ3

Mo K� radiation
Cell parameters from 3489

re¯ections
� = 2.3±26.0�

� = 6.71 mmÿ1

T = 293 (2) K
Prism, colourless
0.35 � 0.19 � 0.17 mm

Figure 1
An ORTEP-3 (Farrugia, 1997) drawing of the title molecule, with the
atom-numbering scheme. The displacement ellipsoids are drawn at the
50% probability level.

Figure 2
Packing diagram, viewed approximately down the a axis. H atoms have
been omitted.



Data collection

Nonius KappaCCD diffractometer
' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.236, Tmax = 0.319

6990 measured re¯ections
2758 independent re¯ections

1916 re¯ections with I > 2�(I)
Rint = 0.048
�max = 28.0�

h = ÿ11! 15
k = ÿ9! 9
l = ÿ19! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.082
S = 0.91
2758 re¯ections
146 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0408P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.70 e AÊ ÿ3

��min = ÿ0.67 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0176 (7)

Table 1
Selected geometric parameters (AÊ , �).

Br1ÐC13 1.952 (3)
Br2ÐC12 1.954 (3)
C8ÐC9 1.310 (5)
C8ÐC7 1.514 (5)
C9ÐC10 1.504 (5)
C12ÐC13 1.515 (5)
C12ÐC11 1.534 (4)
C1ÐC2 1.371 (5)
C1ÐC6 1.392 (5)
C1ÐC10 1.531 (4)

C6ÐC5 1.388 (4)
C6ÐC7 1.518 (5)
C13ÐC14 1.550 (4)
C14ÐC11 1.545 (4)
C14ÐC7 1.550 (4)
C10ÐC11 1.561 (4)
C2ÐC3 1.392 (5)
C5ÐC4 1.395 (5)
C4ÐC3 1.373 (5)

C9ÐC8ÐC7 115.1 (3)
C8ÐC9ÐC10 115.2 (3)
C13ÐC12ÐC11 90.6 (2)
C13ÐC12ÐBr2 116.3 (2)
C11ÐC12ÐBr2 119.7 (2)
C2ÐC1ÐC6 120.8 (3)
C2ÐC1ÐC10 126.6 (3)
C6ÐC1ÐC10 112.6 (3)
C5ÐC6ÐC1 119.7 (3)
C5ÐC6ÐC7 126.6 (3)
C1ÐC6ÐC7 113.8 (3)
C12ÐC13ÐC14 89.7 (3)
C12ÐC13ÐBr1 115.6 (2)
C14ÐC13ÐBr1 117.0 (2)
C11ÐC14ÐC7 110.4 (3)

C11ÐC14ÐC13 88.9 (2)
C7ÐC14ÐC13 116.7 (3)
C8ÐC7ÐC6 106.1 (3)
C8ÐC7ÐC14 107.1 (3)
C6ÐC7ÐC14 104.4 (3)
C9ÐC10ÐC1 106.6 (3)
C9ÐC10ÐC11 108.6 (3)
C1ÐC10ÐC11 103.3 (2)
C1ÐC2ÐC3 119.5 (3)
C6ÐC5ÐC4 119.2 (3)
C3ÐC4ÐC5 120.5 (3)
C12ÐC11ÐC14 89.2 (2)
C12ÐC11ÐC10 122.2 (3)
C14ÐC11ÐC10 108.9 (3)
C4ÐC3ÐC2 120.2 (3)

C7ÐC8ÐC9ÐC10 ÿ1.4 (4)
C10ÐC1ÐC6ÐC7 ÿ0.6 (4)
C9ÐC8ÐC7ÐC6 54.6 (4)
C9ÐC8ÐC7ÐC14 ÿ56.5 (4)
C1ÐC6ÐC7ÐC8 ÿ52.1 (4)
C1ÐC6ÐC7ÐC14 60.9 (4)
C11ÐC14ÐC7ÐC8 56.1 (3)
C11ÐC14ÐC7ÐC6 ÿ56.1 (3)

C8ÐC9ÐC10ÐC1 ÿ52.9 (4)
C8ÐC9ÐC10ÐC11 57.8 (4)
C6ÐC1ÐC10ÐC9 53.0 (4)
C6ÐC1ÐC10ÐC11 ÿ61.4 (3)
C7ÐC14ÐC11ÐC10 ÿ3.5 (3)
C9ÐC10ÐC11ÐC14 ÿ51.6 (3)
C1ÐC10ÐC11ÐC14 61.3 (3)

H atoms were positioned geometrically at distances of Csp2ÐH =

0.93 AÊ and Csp3ÐH = 0.98 AÊ , and re®ned using a riding model. The

Uiso(H) values were constrained to be 1.2Ueq of the carrier atom.

Data collection: SMART (Bruker, 1999); cell re®nement: SMART;

data reduction: SAINT (Bruker, 1999); program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 for Windows (Farrugia, 1997); software used to prepare

material for publication: WinGX (Farrugia, 1999).
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