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The title compound, C11H8Br4, comprises a norbornane

skeleton with four Br atoms, having a benzene ring fused on

one side. The structure is stabilized by weak C—H� � �Br

intramolecular hydrogen-bonding interactions in addition to

van der Waals forces.

Comment

Polymeric materials and synthetic fibres are extensively used

in many areas. The demand for non-burning or flame-retar-

dant polymers is strong in various industries. Some of these

flame retardant products contain brominated organic

compounds (Burleigh et al., 1980). Besides industrial appli-

cations for these highly brominated compounds, such as

pesticides, plastics, fire-retardants and pharmaceutical chemi-

cals, they also play an important role as key compounds for the

synthesis of other derivatives (Altundaş et al., 2002; Altundaş

& Balcı, 1993). In this connection, great interest has been

focused on the halogenation of benzonorbornadiene

(Daştan et al., 1994, 2002; Altundaş et al., 2000; Cristol &

Nachtigall, 1967). As a continuation of our interest in this

area, the structure of tetrabromide (3), which was prepared by

published methods (Daştan & Balcı, 2005) starting from 2,9-

dibromobenzonorbornadiene, (1), by high-temperature

bromination, is reported.

Compound (3) comprises a norbornane skeleton with four

Br atoms, having a benzene ring fused on one side (Fig. 1). The

average values of the Br—C bonds and the Br—C—C angles

are 1.944 (3) Å and 114.7 (2)�, respectively (see Table 1).

These values are within the ranges obtained for similar bonds

in [1R(S),2S(R),3S(R),4S(R),9R(S)]-1,2,3,9-tetrabromo-

1,2,3,4-tetrahydro-1,4-methanonaphthalene (Çelik et al.,

2006), which is one of a racemic pair of diastereomers with (3),

and for those in similar compounds (Allen et al., 1987; Çelik et

al., 2004; Akkurt et al., 2004; Ersanlı et al., 2005). The puck-

ering parameters (Cremer & Pople, 1975) of the five-

membered rings A (C1/C2/C5–C7) and B (C2–C5/C7) are Q2 =

0.597 (4) Å and ’2 = 70.93 (34)�, and Q2 = 0.586 (3) Å and ’2 =

132.31 (33)�, respectively. Ring A adopts an envelope

conformation with atom C7 as the flap. However, owing to the

repulsive interactions between the Br atoms in (3), ring B

http://crossmark.crossref.org/dialog/?doi=10.1107/S1600536806027723&domain=pdf&date_stamp=2006-07-26


exhibits a conformation twisted about the C5—C7 bond. Plane

C (C1/C2/C5/C6/C8–C11) has maximum deviations at C1, C2

and C9 of 0.020 (4),�0.017 (4) and�0.016 (5) Å, respectively.

The dihedral angle between planes D (C2/C5/C7) and C is

56.64 (19)�, and that between planes E (C2–C5) [maximum

deviation from planarity of 0.077 (4) Å for C2] and C is

68.69 (13)�, while that between planes D and E is 54.76 (22)�

(Nardelli, 1999).

The crystal structure of (3) is stabilized by weak C—H� � �Br

intramolecular hydrogen-bonding interactions in addition to

van der Waals forces (Table 2).

Experimental

To a magnetically stirred solution of (1) (2.0 g, 6.67 mmol) (Daştan &

Balcı, 2005) in refluxing CCl4 (20 ml) was added dropwise a hot

solution of bromine (1.52 g, 9.50 mmol) in CCl4 (3 ml) over a period

of 5 min. The resulting reaction mixture was heated for 1 min at

reflux temperature. The solvent was evaporated, the residue was

crystallized from CH2Cl2–n-pentane (1:2) and pure tetrabromide (3)

was obtained (700 mg). After separation of the majority of (3), the

residue was chromatographed on silica gel (100 g) using n-hexane as

eluant. The first fraction was a mixture of tetrabromides (2) and (3).

The solution was allowed to stand for 2 h in a refrigerator and the

resulting crystals were identified as tetrabromide (2). After separa-

tion of the crystals, the residue was analysed by NMR. Tetrabromide

(2) (Daştan & Balcı, 2005): 600 mg, crystals, 750 mg mixture, total

44% yield. Tetrabromide (3) (Daştan & Balcı, 2005): 700 mg, crystals,

555 mg mixture, total 41% yield. The second fraction (from a silica-

gel column) was identified as tetrabromide (4) (Daştan & Balcı, 2005)

(61 mg, 2% yield; m.p. 446–447 K). Spectroscopic analysis for (3):
1H NMR (200 MHz, CDCl3): � 7.51–7.24 (m, 4H, H-aryl), 5.12 (d, J2,3

= 4.2 Hz, 1H, H2), 4.37 (t, J4,9 = J3,9 = 1.9 Hz, 1H, H9), 3.80 (m, 2H, H3

and H4). Analysis calculated for C11H8Br4: C 28.73, H 1.75%; found:

C 28.34, H 1.66%. Crystals of (3) suitable for X-ray analysis were

obtained by slow evaporation of a CH2Cl2–n-pentane (1:3) solution at

room temperature.

Crystal data

C11H8Br4

Mr = 459.77
Monoclinic, P21=n
a = 6.62230 (10) Å
b = 13.6489 (3) Å
c = 13.7353 (3) Å
� = 92.079 (1)�

V = 1240.68 (4) Å3

Z = 4
Dx = 2.462 Mg m�3

Mo K� radiation
� = 12.94 mm�1

T = 294 (2) K
Prism, colourless
0.13 � 0.10 � 0.09 mm

Data collection

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

(SORTAV; Blessing, 1995)
Tmin = 0.284, Tmax = 0.389
(expected range = 0.228–0.312)

2200 measured reflections
2200 independent reflections
2163 reflections with I > 2�(I)
�max = 25.3�

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.089
S = 1.10
2200 reflections
137 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0436P)2

+ 1.8439P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.68 e Å�3

��min = �0.64 e Å�3

Extinction correction: SHELXL97
Extinction coefficient: 0.0193 (14)

Table 1
Selected geometric parameters (Å, �).

Br1—C3 1.964 (3)
Br2—C4 1.946 (3)

Br3—C5 1.917 (3)
Br4—C7 1.949 (3)

Br1—C3—C2 114.23 (19)
Br1—C3—C4 112.8 (2)
Br2—C4—C3 112.9 (2)
Br2—C4—C5 113.08 (19)
Br3—C5—C4 113.6 (2)

Br3—C5—C6 116.8 (2)
Br3—C5—C7 116.2 (2)
Br4—C7—C2 116.8 (2)
Br4—C7—C5 115.5 (3)

Table 2
Hydrogen-bond geometry (Å, �).

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

C4—H4� � �Br4 0.98 2.79 3.199 (3) 106

All H atoms were positioned geometrically and allowed to ride on

their parent atoms, with C—H = 0.93 and 0.98 Å for aromatic and

methine H atoms, respectively, and with Uiso(H) = 1.2Ueq(C).

Data collection: COLLECT (Bruker, 2004); cell refinement:

SCALEPACK (Otwinowski & Minor, 1997); data reduction:

SCALEPACK and DENZO (Otwinowski & Minor, 1997);

program(s) used to solve structure: SIR97 (Altomare et al., 1999);

program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: ORTEP-3 (Farrugia, 1997); software used to

prepare material for publication: PLATON (Spek, 2003).
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Figure 1
A view of (3), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 30% probability level.
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(1RS,2RS,3SR,4SR,9RS)-1,2,3,9-Tetrabromo-1,2,3,4-tetrahydro-1,4-methano-

naphthalene

Ísmail Çelik, Cem Cüneyt Ersanlı, Mehmet Akkurt, Arif Daştan and Santiago García-Granda

(1RS,2RS,3SR,4SR,9RS)-1,2,3,9-Tetrabromo-1,2,3,4-tetrahydro- 1,4-methanonaphthalene 

Crystal data 

C11H8Br4

Mr = 459.77
Monoclinic, P21/n
Hall symbol: -P 2yn
a = 6.6220 (1) Å
b = 13.6490 (3) Å
c = 13.7350 (3) Å
β = 92.079 (1)°
V = 1240.60 (4) Å3

Z = 4

F(000) = 856
Dx = 2.462 Mg m−3

Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 2168 reflections
θ = 2.2–68.3°
µ = 12.94 mm−1

T = 294 K
Prism, colourless
0.13 × 0.10 × 0.09 mm

Data collection 

Nonius KappaCCD 
diffractometer

Horizonally mounted graphite crystal 
monochromator

Detector resolution: 9 pixels mm-1

CCD scans
Absorption correction: multi-scan 

(SORTAV; Blessing, 1995)
Tmin = 0.284, Tmax = 0.389

2200 measured reflections
2200 independent reflections
2163 reflections with I > 2σ(I)
Rint = 0.000
θmax = 25.3°, θmin = 2.1°
h = 0→7
k = 0→16
l = −16→16

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.035
wR(F2) = 0.089
S = 1.10
2200 reflections
137 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods
Secondary atom site location: difference Fourier 

map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0436P)2 + 1.8439P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max = 0.001
Δρmax = 0.68 e Å−3

Δρmin = −0.64 e Å−3

Extinction correction: SHELXL97, 
fc*=kfc[1+0.001xfc2λ3/sin(2θ)]-1/4

Extinction coefficient: 0.0193 (14)
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Special details 

Experimental. 13 C NMR (50 MHz, CDCl3): δ 142.6, 142.0, 131.5, 130.6, 127.5, 122.7, 71,7, 62.8, 62.5, 56.3, 53.6. IR 
(KBr, cm-1): ν 3055, 3030, 2979, 1447, 1421, 1396, 1294, 1268, 1242, 1165, 1140, 1012, 859.
Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are 
estimated from the variances of the (full) variance-covariance matrix. The cell e.s.d.'s are taken into account in the 
estimation of distances, angles and torsion angles
Refinement. Refinement on F2 for ALL reflections except those flagged by the user for potential systematic errors. 
Weighted R-factors wR and all goodnesses of fit S are based on F2, conventional R-factors R are based on F, with F set to 
zero for negative F2. The observed criterion of F2 > σ(F2) is used only for calculating -R-factor-obs etc. and is not relevant 
to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large as those based on F, 
and R-factors based on ALL data will be even larger.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

Br1 0.92821 (7) 0.23070 (3) 0.53920 (3) 0.0464 (2)
Br2 0.92029 (7) 0.23801 (3) 0.84157 (3) 0.0421 (2)
Br3 0.43778 (7) 0.10350 (4) 0.83537 (3) 0.0525 (2)
Br4 0.43941 (6) 0.11631 (3) 0.57020 (3) 0.0411 (2)
C1 0.9261 (5) −0.0217 (3) 0.7118 (3) 0.0317 (10)
C2 0.8455 (5) 0.0377 (3) 0.6273 (2) 0.0317 (10)
C3 0.9231 (6) 0.1422 (3) 0.6518 (2) 0.0302 (10)
C4 0.7788 (5) 0.1775 (2) 0.7304 (2) 0.0264 (9)
C5 0.6674 (5) 0.0822 (3) 0.7570 (2) 0.0287 (10)
C6 0.8192 (6) 0.0064 (2) 0.7932 (3) 0.0332 (10)
C7 0.6227 (5) 0.0394 (3) 0.6540 (2) 0.0298 (10)
C8 0.8600 (8) −0.0332 (3) 0.8834 (3) 0.0475 (14)
C9 1.0176 (9) −0.1020 (3) 0.8910 (4) 0.0571 (16)
C10 1.1242 (8) −0.1294 (3) 0.8113 (4) 0.0536 (16)
C11 1.0815 (6) −0.0902 (3) 0.7200 (3) 0.0428 (11)
H2 0.87420 0.01290 0.56230 0.0380*
H3 1.06000 0.13740 0.68100 0.0360*
H4 0.68170 0.22420 0.70140 0.0320*
H7 0.57190 −0.02780 0.65930 0.0360*
H8 0.78680 −0.01530 0.93720 0.0570*
H9 1.05070 −0.12970 0.95140 0.0690*
H10 1.22730 −0.17530 0.81900 0.0650*
H11 1.15380 −0.10890 0.66630 0.0510*

Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

Br1 0.0546 (3) 0.0522 (3) 0.0328 (3) −0.0001 (2) 0.0056 (2) 0.0137 (2)
Br2 0.0542 (3) 0.0390 (3) 0.0328 (3) −0.0080 (2) −0.0030 (2) −0.0094 (2)
Br3 0.0512 (3) 0.0631 (3) 0.0446 (3) −0.0122 (2) 0.0213 (2) −0.0167 (2)
Br4 0.0396 (3) 0.0451 (3) 0.0380 (3) 0.0074 (2) −0.0085 (2) −0.0076 (2)
C1 0.0385 (19) 0.0258 (17) 0.0302 (18) −0.0015 (13) −0.0063 (14) −0.0021 (14)
C2 0.0396 (19) 0.0331 (18) 0.0225 (17) 0.0074 (15) 0.0011 (14) −0.0048 (14)
C3 0.0373 (18) 0.0319 (17) 0.0215 (16) 0.0039 (14) 0.0008 (13) 0.0044 (13)
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C4 0.0304 (16) 0.0285 (16) 0.0200 (15) 0.0006 (13) −0.0023 (13) −0.0020 (12)
C5 0.0345 (17) 0.0338 (18) 0.0179 (15) −0.0051 (14) 0.0029 (13) −0.0049 (13)
C6 0.049 (2) 0.0246 (16) 0.0256 (17) −0.0037 (15) −0.0050 (15) −0.0001 (13)
C7 0.0375 (18) 0.0282 (17) 0.0235 (16) 0.0030 (14) −0.0021 (13) −0.0052 (13)
C8 0.077 (3) 0.036 (2) 0.029 (2) −0.016 (2) −0.0063 (19) 0.0069 (16)
C9 0.086 (3) 0.033 (2) 0.050 (3) −0.014 (2) −0.031 (3) 0.0186 (19)
C10 0.068 (3) 0.029 (2) 0.062 (3) 0.0022 (19) −0.023 (2) 0.0063 (19)
C11 0.046 (2) 0.0294 (19) 0.052 (2) 0.0030 (16) −0.0105 (19) −0.0019 (17)

Geometric parameters (Å, º) 

Br1—C3 1.964 (3) C6—C8 1.370 (6)
Br2—C4 1.946 (3) C8—C9 1.405 (7)
Br3—C5 1.917 (3) C9—C10 1.376 (8)
Br4—C7 1.949 (3) C10—C11 1.383 (7)
C1—C2 1.498 (5) C2—H2 0.9800
C1—C6 1.398 (6) C3—H3 0.9800
C1—C11 1.392 (5) C4—H4 0.9800
C2—C3 1.549 (6) C7—H7 0.9800
C2—C7 1.533 (5) C8—H8 0.9300
C3—C4 1.545 (5) C9—H9 0.9300
C4—C5 1.546 (5) C10—H10 0.9300
C5—C6 1.514 (5) C11—H11 0.9300
C5—C7 1.549 (4)

Br1···Br4 3.6326 (6) Br4···H3v 3.0000
Br1···Br4i 3.7382 (6) Br4···H2vii 3.2300
Br1···Br3ii 3.6022 (6) Br4···H4 2.7900
Br2···Br3i 3.8913 (7) C3···Br4i 3.654 (4)
Br2···Br3 3.6834 (7) C6···H3 2.8800
Br2···Br4iii 3.7151 (6) C9···H4xi 2.9800
Br3···Br1iv 3.6022 (6) C9···H8ix 3.1000
Br3···Br2 3.6834 (7) C10···H4xi 2.8500
Br3···Br2v 3.8913 (7) H2···Br4vii 3.2300
Br3···Br4 3.6467 (6) H2···H2xii 2.4600
Br4···C3v 3.654 (4) H3···Br4i 3.0000
Br4···Br2vi 3.7151 (6) H3···C6 2.8800
Br4···Br1 3.6326 (6) H4···Br4 2.7900
Br4···Br4vii 3.8152 (6) H4···C9x 2.9800
Br4···Br1v 3.7382 (6) H4···C10x 2.8500
Br4···Br3 3.6467 (6) H7···Br2xi 3.2000
Br1···H10viii 3.2100 H8···Br3 3.1100
Br2···H9ix 3.2000 H8···C9ix 3.1000
Br2···H7x 3.2000 H9···Br2ix 3.2000
Br3···H8 3.1100 H10···Br1xiii 3.2100

C2—C1—C6 107.1 (3) C6—C8—C9 116.9 (4)
C2—C1—C11 131.9 (4) C8—C9—C10 121.6 (5)
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C6—C1—C11 120.9 (4) C9—C10—C11 121.5 (4)
C1—C2—C3 102.9 (3) C1—C11—C10 117.4 (4)
C1—C2—C7 98.2 (3) C1—C2—H2 116.00
C3—C2—C7 104.4 (3) C3—C2—H2 116.00
Br1—C3—C2 114.23 (19) C7—C2—H2 116.00
Br1—C3—C4 112.8 (2) Br1—C3—H3 109.00
C2—C3—C4 103.3 (3) C2—C3—H3 109.00
Br2—C4—C3 112.9 (2) C4—C3—H3 109.00
Br2—C4—C5 113.08 (19) Br2—C4—H4 109.00
C3—C4—C5 102.4 (3) C3—C4—H4 109.00
Br3—C5—C4 113.6 (2) C5—C4—H4 109.00
Br3—C5—C6 116.8 (2) Br4—C7—H7 110.00
Br3—C5—C7 116.2 (2) C2—C7—H7 110.00
C4—C5—C6 109.6 (3) C5—C7—H7 110.00
C4—C5—C7 100.3 (2) C6—C8—H8 122.00
C6—C5—C7 98.3 (3) C9—C8—H8 122.00
C1—C6—C5 105.9 (3) C8—C9—H9 119.00
C1—C6—C8 121.7 (4) C10—C9—H9 119.00
C5—C6—C8 132.4 (4) C9—C10—H10 119.00
Br4—C7—C2 116.8 (2) C11—C10—H10 119.00
Br4—C7—C5 115.5 (3) C1—C11—H11 121.00
C2—C7—C5 94.0 (2) C10—C11—H11 121.00

C6—C1—C2—C3 70.0 (3) Br2—C4—C5—C6 −62.9 (3)
C6—C1—C2—C7 −36.9 (4) Br2—C4—C5—C7 −165.7 (2)
C11—C1—C2—C3 −107.1 (5) C3—C4—C5—Br3 −168.6 (2)
C11—C1—C2—C7 146.0 (4) C3—C4—C5—C6 58.8 (3)
C2—C1—C6—C5 1.5 (4) C3—C4—C5—C7 −43.9 (3)
C2—C1—C6—C8 −178.6 (4) Br3—C5—C6—C1 159.1 (3)
C11—C1—C6—C5 178.9 (3) Br3—C5—C6—C8 −20.8 (6)
C11—C1—C6—C8 −1.2 (6) C4—C5—C6—C1 −70.0 (3)
C2—C1—C11—C10 177.2 (4) C4—C5—C6—C8 110.1 (4)
C6—C1—C11—C10 0.4 (6) C7—C5—C6—C1 34.1 (3)
C1—C2—C3—Br1 160.0 (2) C7—C5—C6—C8 −145.8 (4)
C1—C2—C3—C4 −77.1 (3) Br3—C5—C7—Br4 58.0 (3)
C7—C2—C3—Br1 −97.9 (3) Br3—C5—C7—C2 −179.7 (3)
C7—C2—C3—C4 25.0 (3) C4—C5—C7—Br4 −64.9 (3)
C1—C2—C7—Br4 176.4 (3) C4—C5—C7—C2 57.5 (3)
C1—C2—C7—C5 55.2 (3) C6—C5—C7—Br4 −176.7 (2)
C3—C2—C7—Br4 70.7 (3) C6—C5—C7—C2 −54.4 (3)
C3—C2—C7—C5 −50.5 (3) C1—C6—C8—C9 1.4 (6)
Br1—C3—C4—Br2 −102.6 (2) C5—C6—C8—C9 −178.8 (4)
Br1—C3—C4—C5 135.5 (2) C6—C8—C9—C10 −0.9 (7)
C2—C3—C4—Br2 133.6 (2) C8—C9—C10—C11 0.2 (7)
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C2—C3—C4—C5 11.7 (3) C9—C10—C11—C1 0.0 (7)
Br2—C4—C5—Br3 69.7 (3)

Symmetry codes: (i) x+1, y, z; (ii) x+1/2, −y+1/2, z−1/2; (iii) x+1/2, −y+1/2, z+1/2; (iv) x−1/2, −y+1/2, z+1/2; (v) x−1, y, z; (vi) x−1/2, −y+1/2, z−1/2; (vii) 
−x+1, −y, −z+1; (viii) −x+5/2, y+1/2, −z+3/2; (ix) −x+2, −y, −z+2; (x) −x+3/2, y+1/2, −z+3/2; (xi) −x+3/2, y−1/2, −z+3/2; (xii) −x+2, −y, −z+1; (xiii) 
−x+5/2, y−1/2, −z+3/2.

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C4—H4···Br4 0.98 2.79 3.199 (3) 106


