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Fig. 1. Vues sttr+ographiques des mol+cules A e t  B, donnant la 
numtrotation des atomes d'oxygtne. Les atomes de carbone sont 
num+rot+s suivant la convention habitueUe dans les sttroi'des. 

7,3 (6) ° et ~0 = 246 (5) ° (moltcule B). Les cycles D et E 
sont intermtdiaires entre enveloppe et demi-chaise: D: 
Q = 0,435 (6)A et q~ = 188,5 (8) ° (moltcule A) et 
Q = 0,454 (6) A e t  ~0 = 189,1 (9) ° (moltcule B); E: 
Q = 0 , 2 6 2 ( 6 )  A et ~0=26(1) ° (moltcule A) et Q 
= 0,256 (6) Ae t  ~0 = 33 (1) ° (moltcule B). La cohtsion 
du cristal est assurte par les liaisons de van der Waals 
et deux liaisons hydrog~ne: O ( 6 ) [ - 2 - x ,  0,5 +y ,  
-1 ,5  - z]-O(7)  = 2,814 (6)/~, et 0(56)[0,5 + x, 0,5 - 
y , - 1  - z ] - O ( 5 7 ) =  2,783 (6) A. 

Les auteurs remercient M. M. Vermeire pour son 
assistance technique au niveau des mesures 
diffractom&riques. 

L'atome 0(6) est en position axiale fl par rapport au 
cycle B, tandis que 0(7) est en position quasi- 
6quatoriale, ce qui explique les difficultts rencontrtes 
lors de l'analyse par RMN: la conformation du cycle 
A est du type enveloppe. Les param&res de Cremer & 
Pople (1975) calcults avec le programme PUCK2 
(Luger & Billow, 1983) sont en effet les suivants: 
a = 0,448 (6) A, 0 = 5 2 , 6 ( 8 )  ° et e =  18(1) ° 
(molecule A) et Q = 0,447 (8) A, 0 = 54,6 (10) ° et 
¢ =  18 (1) ° (moltcule B). Le cycle B e s t  chaise: 
Q = 0,561 (6) A, 0 =  10,9 (6) ° et ~0= 162 (3) ° 
(moltcule A) et Q = 0,550 (6) A, 0 =  13,1 (6) ° et 
~0 = 187 (3) ° (moltcule B). Le cycle C a une confor- 
mation similaire: Q=0 ,571  (6)A, 0 = 9 , 8  (6) ° et ~o 
=266(3 )  ° (molecule A) et Q = 0 , 5 4 7 ( 6 )  A, 0 =  
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Abstract. C~IHTBrO, Mr=235 .09 ,  triclinic, Pi ,  a 
=7 .027(3) ,  b=7 .430 (2 ) ,  c = 9 . 0 1 9 ( 1 )  A, a =  
79.14 (2), f l=  76-93 (2), y =  78.32 (3) °, V =  
444.2 (2)/k 3, Z = 2, D x = 1.758 (1) g cm -3, 2(Mo Kct) 
=0 .71069A,  ~ = 4 5 . 3 c m  -~, F(000)=232,  T =  

0108-2701/86/111612-03501.50 

296 K, R(F)= 0.032 for 1508 independent observed 
reflections. The molecule is planar within experimental 
error, except for the Br atom, which deviates 
0.013 (1)/k from the molecular plane. The aldehyde 
group is involved in a C - H . . . B r  contact with a H. . .Br  
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distance of 2.65 (4)A, but not in any non-bonding 
C = O . . . B r  interaction. The planar molecules form 
stacks along a. 

Introduction. Attractive, non-bonding interactions be- 
tween hetero atoms have attracted the attention of 
scientists in various fields of interest. Alcock (1972) has 
reviewed the crystallographic literature up to 1971. 
More recently Murray-Rust & Motherwell (1979) have 
searched the Cambridge Crystallographic Database 
for structures containing C--X. . .O intermolecular 
interactions (X = C1, Br, I). It has been pointed out by 
Cody & Murray-Rust (1984) that iodine can form 
intermolecular interactions of the type C - I . . . X  (X 
= O ,  N, S) which play a role in the binding of 
thyroid hormones to their specific binding proteins. 
These effects are not just a consequence of crystal 
packing forces since similar interactions were found in 
gas-phase ab initio calculations (Kollman, Dearing & 
Kochanski, 1982) and electron diffraction studies 
(Steines, Shen & Hagen, 1980) of 2-bromo-carbonyl 
compounds. Possible conformations of ortho-bromo- 
aroyl compounds are shown below. In most of these 
compounds (i.e. ketones, carboxylic acids and their 
derivatives) the residues X are comparable in size or 
larger than the carbonyl oxygen atom. In this case 
structures (I) and (II) are preferred according to a search 
in the Cambridge Crystallographic Database (Kop- 
penhoefer, 1984). We wondered whether the striking 
preference of conformation (I) over (II) and (III) would 
be maintained in the sterically less favourable case of 
aldehyde (X = H). As no structure of this type has yet 
been published we decided to determine the crystal 
structure of the title compound. 

(I) (II) (llI) 

Experimental. Synthesis as described by Hall & Turner 
(1955), colourless transparent crystals by recrystal- 
lization from methanol/acetone. Crystal dimension 
0.17 × 0.22 x 0.70 mm, cell parameters from setting 
angles of 25 reflections with 15 < 0 < 19°. Enraf-  
Nonius CAD-4 diffractometer, graphite mono- 
chromator, sphere up to 2 0 = 5 0  °, (sin0/2)max= 
0 .591t  -1, range of hkl +8, +8, +10, to-scan. Total 
number of reflections 3120; 1560 independent. Three 
standard reflections every 5500 s decreased 4%, data 
rescaling with respect to standards, empiricalabsorp- 
tion correction based on ~, scans, correction range 
1 .0-1 .08 .  Averaging of equivalent reflections, 
Rin t = 0.014. 1508 reflections with I >  0.5tr(I) used. 
Weighting scheme w ( I ) =  [32(I)+ (0.031)2] -1. Struc- 
ture determination by Patterson and difference Fourier 

syntheses. All H atoms from difference synthesis, 
included in refinement with fixed isotropic thermal 
parameters. Refinement on F, extinction negligible. 
Final R = 0 . 0 3 2 ,  wR = 0 . 0 3 4 ,  S =  1.58, (A/tr)max= 
0" 1. Final difference Fourier map 0.59 e A -3 at Br, but 
otherwise featureless. Atomic scattering factors and 
anomalous-dispersion factors from International 
Tables for X-ray Crystallography (1974). Calculations 
with SDP program system (Enraf-Nonius, 1982). 

Discussion. The positional parameters are reported in 
Table 1 ;* Fig. 1 shows the molecular geometry with the 
bond lengths and angles. The C - C  bond lengths in the 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 43105 (16 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 

Table 1. Positional parameters and equivalent values of 
the anisotropic thermal pararneters 

.~ 2 * * 
Beq = 3~  LZjUuat aj a l . a j .  

x y z Beq(/~, 2) 
Br 0.36696 (4) 0.29421 (4) 0.24209 (3) 3-924 (6) 
O(1) 0.2648 (5) 0-8941 (4) 0.1068 (3) 6.87 (7) 
C(1) 0.2889 (3) 0.4728 (4) 0.3796 (3) 2.55 (5) 
C(2) 0.2616 (4) 0.6602 (4) 0.3226 (3) 2.99 (6) 
C(3) 0.2022 (4) 0.7884 (4) 0.4278 (4) 3.52 (6) 
C(4) 0.1732 (4) 0.7313 (4) 0.5811 (3) 3.43 (6) 
C(5) 0.2022 (4) 0.5397 (4) 0.6418 (3) 2.67 (5) 
C(6) 0.2616 (3) 0.4062 (3) 0.5398 (3) 2.40 (5) 
C(7) 0.2888 (4) 0.2154 (4) 0.6037 (3) 3.11 (6) 
C(8) 0.2580 (4) 0.1608 (4) 0.7590 (3) 3.69 (7) 
C(9) 0.2005 (4) 0.2938 (4) 0.8586 (3) 3.76 (7) 
C(10) 0.1735 (4) 0.4776 (4) 0.8016 (3) 3.48 (6) 
C(I 1) 0.2905 (5) 0.7327 (5) 0.1563 (4) 4.49 (7) 
H(3) 0.181 (5) 0.898 (4) 0.397 (4) 4 
H(4) 0.135 (5) 0.824 (4) 0.641 (4) 4 
H(7) 0.329 (4) 0.126 (4) 0.540 (3) 4 
H(8) 0.282 (5) 0.023 (4) 0.803 (4) 5 
H(9) 0.177 (5) 0.246 (4) 0.967 (4) 5 
n(10) 0.135 (5) 0.572 (4) 0.867 (3) 4 
H(11) 0.330 (6) 0.634 (5) 0.083 (5) 7 

2 7 2  i 3 )  . - " " r " "  - - . 2 . 6 5  (4 }  

H ( ~ 3 ~  ) 

I ~  131 

Fig. 1. View of the molecule showing the numbering scheme, bond 
distances (A) and bond angles (o). 
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Fig. 2. View of the structure along a. 

naphthalene molecule are unequal, the C(1)-C(2),  
C(3)-C(4),  C(7)-C(8) and C(9)-C(10) bonds being 
shorter than all others. Similar bond,length variations 
have been observed in unsubstituted naphthalene 
(Cruickshank, 1957; Pawley & Yeats, 1969) and are 
thus typical for naphthalene. The molecule is planar 
within the experimental limits except for the Br atom 
which deviates 0.013 (1)A from the plane of the other 
atoms. 

The aldehyde group points with its H atom towards 
the Br atom (conformation III). Thus the dispersion 

• forces between the Br atom and the carbonyl O atom 
are not sufficient to stabilize conformation (I), which was 
found for o-bromobenzoic acid (Ferguson & Sim, 1962). 
However, electronic forces may still play a role, as 
indicated by the preference of the almost planar 
c0nformation (III). Stabilization of conformation (III) 
is achieved by two short intramolecular H. . .  Br contacts: 

H( l l ) . . .B r  [2.65(4)] and H(7)...Br [2.72(3)/t,]. 
These contacts are considerably shorter than the sum of 
the van der Waals radii of H and Br (3.15/k according 
to Pauling, 1960). The planar molecules form stacks 
along a (Fig. 2). There are no intermolecular contact 
distances shorter than the sum of the van der Waals 
radii. 

We thank Dr U. Leyrer for a sample of the title 
compound. 
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Structure d'un d6riv6 de la Saccharine: le Tribromure de Bis(di6thylamino)-1,3 
Dim6thyl-2,4 (Trioxo- 1,1,3 2H-benzothiazol- 126,3 yl-2)-2 Cyclobut6nium. 

La G6om&rie de I'lon Tribromure 

PAR JACQUES ESTIENNE 

Laboratoire de Chimie Organique Structurale, Universitd de Provence, Centre de Saint-Jdr6me, 
13397 Marseille CEDEX 13, France 

(Regu le 28 mai 1985, accept6 le 22 avril 1986) 

Abstract. Bromination of a cyclobutenyl saccharinate 
with N-bromosuccinimide in CCI4-CHCI 3 and benzoyl 
peroxide as catalyst gave the N-(cyclobutenyl cation) 
saccharin tribromide derivative C21H30N303S+.Br~. M r 
=644.28,  monoclinic, P21/c, Z = 4 ,  a = 8 . 8 9 5  (2), 
b=15 .125(9 ) ,  c = 1 9 . 9 8 5 ( 9 )  A, f l=99 .42 (3 )  ° , v 
= 2652.5 (3.9)A 3, D m = 1.59, Dx= 1.61 Mg m -3, 

0108-2701/86/111614-05501.50 

= 46.2 cm -1, Mo K~ radiation, 2 = 0.71069 .A, F(000) 
= 1288, room temperature, R = 0.035 for 1385 unique 
diffractometer data. The discrete perhalide counterion is 
almost linear [Br -Br-Br  = 178.53 (7) °] and sym- 
metrical with Br-Br distances of 2.4923 (19) and 
2.5625 (19)A. The organic cation can be viewed as 
composed of a two-zr system, a quasi-planar N- 
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