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Crys ta l s  of p - b r o m o b e n z o i c  a n h y d r i d e ,  o b t a i n e d  b y  
h y d r o l y s i s  of t h e  ac id  ch lor ide  a n d  c rys ta l l i zed  f r o m  
e t h a n o l ,  a re  colour less  p l a t e s  w i t h  (100) d e v e l o p e d  a n d  
sma l l e r  (010) a n d  (001) faces.  C rys t a l  d a t a  were  de te r -  
m i n e d  f r o m  v a r i o u s  r o t a t i o n ,  We i s senbe rg ,  a n d  p recess ion  
f i lms  (2(Cu K a ) = 1 . 5 4 1 8  /~, 2(Mo K a ) = 0 . 7 1 0 7  /i,): 

(Br.C~H4.CO)20; M.W.  384.0;  m . p .  220 °C. 
Monocl in ic ,  a = 2 8 - 0 4 ,  b = 5 - 9 1 ,  c = 3 . 9 7  ~ ;  f l = 9 4 . 8  °. 
U = 655.6 h a. Dm ( f lo ta t ion  in a q u e o u s  A g N O a ) =  1.9, 

Z = 2, Dx -- 1.94 g . c m  -a. 
A b s o r p t i o n  coef f ic ien ts  for  X - r a y s  : # (Cu  Ka) = 87 c m  -1, 

/~(Mo Ka) = 65 c m  -1. 
2'(000) = 3 7 2 .  

sinfi 

b 

C(8) 

c 

o 0 ~  
0 1 2 3 4 h  
L i i l l l  1 I I 

Fig. 1. Electron-densi ty  projections along c and b. 

A b s e n t  s p e c t r a :  hkl w h e n  h + k  is odd .  Space  g r o u p  is 
C2, Cm or C2/m. C2 was  c o n f i r m e d  b y  t h e  s t r u c t u r e  
ana lys i s .  

T h e  i n t ens i t i e s  of t h e  hO1 a n d  hkO re f l ex ions  were  
m e a s u r e d  v i sua l l y  f r o m  W e i s s e n b e r g  f i lms  of c rys t a l s  
h a v i n g  c ross -sec t ions  0.3 x 0.05 m m  p e r p e n d i c u l a r  to  t h e  
r o t a t i o n  axes .  N o  co r r ec t ions  for  a b s o r p t i o n  were  app l i ed ,  
so t h a t  t h e r e  are  s o m e  inaccu rac i e s  in t h e  m e a s u r e d  
s t r u c t u r e  a m p l i t u d e s .  T h e  s t r u c t u r e  was  d e t e r m i n e d  f r o m  
P a t t e r s o n ,  e l e c t r o n - d e n s i t y  (Fig.  1), a n d  d i f f e rence  
p r o j e c t i o n s  a long  b a n d  c, all  of w h i c h  i n d i c a t e d  space  
g r o u p  C2. T h e  f inal  pos i t i ona l  p a r a m e t e r s  a re  l i s ted  in  
Tab l e  1, t o g e t h e r  w i t h  d i s p l a c e m e n t s  of t h e  a t o m s  f r o m  
t h e  p l a n e  t h r o u g h  all t h e  c a r b o n  a n d  b r o m i n e  a t o m s ,  
w h i c h  has  e q u a t i o n :  

0 .098X '  - 0.348 Y + 0-932Z'  - 2.712 = 0 (1) 

(X' ,  Y, Z '  a re  c o o r d i n a t e s  in ~ r e fe r red  to  o r t h o g o n a l  
axes  a, b, a n d  c*), a n d  d i s p l a c e m e n t s  f r o m  t h e  p l a n e  
t h r o u g h  C(5), C(8), 0 (9) ,  O(10), w h i c h  has  e q u a t i o n :  

O.024X'-O.464Y 4 .0 .885Z ' -2 .056=O.  (2) 

Tab l e  1. Positional parameters (fractional) and 
deviations (t~) from planes (1) and (2) 

Atom x y z A]I /]2 
Br(1) 0.209 0.000 0.585 0 - -  
C(2) 0-162 0-173 0.715 +0.01 - -  
C(3) 0-167 0-401 0.843 --0.01 - -  
C(4) 0.128 0.540 0.949 0 - -  
C(5) 0-084 0.458 0.934 4- 0.01 -- 0-01 
C(6) 0.079 0.229 0.817 -- 0.02 - -  
C(7) 0.166 0.089 0.700 4-0-02 
C(8) 0.048 0.591 1.036 + 0.01 + 0.03 
O(9) 0.049 0.784 1.197 - -  --0.01 
O(10) 0 0.522 1 - -  -- 0.01 

T h e  f inal  R ind ices  a re  0-25 for  134 hO1 re f lex ions ,  
a n d  0-23 for  93 hkO r e f l ex ions ;  a large p a r t  of t h e s e  
r e s idua l s  is a resu l t  of a b s o r p t i o n  a n d  e x t i n c t i o n  errors ,  
Fo for  t h e  i n t ense  re f l ex ions  be ing  u sua l l y  c o n s i d e r a b l y  
sma l l e r  t h a n  Fc, a n d  Fo for  t h e  h i g h - a n g l e  r e f l ex ions  
be ing  l a rge r  t h a n  Fc (Table  2). S ince  ou r  i n t e r e s t  was  
in  t h e  gene ra l  s h a p e  of t h e  molecu le ,  a n d  n o t  in d e t a i l e d  
v a l u e s  of t h e  b o n d  d i s t a n c e s  a n d  angles ,  no  co r r ec t i ons  
were  m a d e  for  t h e s e  ef fec ts  a n d  no  t h r e e - d i m e n s i o n a l  
w o r k  was  ca r r i ed  ou t .  

T h e  m o l e c u l e  ha s  s y m m e t r y  C 2, t h e  t w o f o l d  m o l e c u l a r  
axis  co inc id ing  w i t h  t h e  d i a d  axis  of t h e  space  g r o u p .  
T h e  ang le  b e t w e e n  t h e  p l a n e s  of t h e  c a r b o x y l  g r o u p s  is 
55 °, so t h a t  t h e  g r o u p s  are  each  t w i s t e d  a b o u t  28 ° , 
in  o p p o s i t e  d i r ec t ions ,  f r o m  a p l a n a r  a r r a n g e m e n t ;  
t h i s  t w i s t i n g  increases  t h e  O • • • O i n t r a m o l e c u l a r  separa -  
t i o n  of a b o u t  2.4 • w h i c h  w o u l d  p e r t a i n  in  a p l a n a r  
m o l e c u l e  to  3.04 A. I n  a d d i t i o n  t h e  s i x - m e m b e r e d  r ings  
are  t w i s t e d  8 ° o u t  of t h e  p l anes  of t h e i r  r e s p e c t i v e  
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Table 2. Measured and calculated structure amplitudes 

H K L F 065 

2 0 0 49.9 
0 0 10.4 

6 0 0 0.0 
S 0 0 5 1 . 9  

I0 0 0 38.7 
12 0 0 63.1 
14 0 0 53.7 
16 0 0 32,I 
18 0 0 24.4 
20 0 0 19,7 
22 0 0 2 4 . 7  
24 0 0 43.6 
26 O 0 13.0 
28 0 0 14.1 
~0 0 0 4,9 
32 0 0 9.1 
34 0 0 3.5 

-34 0 i 12.2 

-32 6 1 10.2 
- 3 0  0 I 4 . 2  
-28 0 i 5.b 
- 2 6  0 I 23.1 
-24 0 I 1.8 
-22 0 1 50.2 
-20 0 I 40.1 
-18 0 I ii.! 
-16 0 I 14.~ 
-14 0 I 51.7 
-12 0 I 92.9 
-i0 0 I 65.5 
- 8 0 I 6 1 . 6  
- 6 0 1 5.D 

4 0 I 15 .d  
- 2 0 1 35.~ 

0 0 i 13.7 
2 0 I 154.6 
4 0 i i10.3 
6 0 i 25.2 
8 0 i 18.5 

I0 0 i 39,6 
12 0 1 54,6 
14 0 / _ 17.9 
16 0 i 56,3 
18 0 I Z O . ~  
20 0 I 21.d 

22 0 i 23.0 
24 0 i 23.4 
2 6  0 i 30.6 
28 0 i 2 5 . 6  
30 0 i 10.8 
32 0 i 1.8 
34 0 I 5.1 

.32 0 2 17,7 
-30 0 2 21,8 
- 2 8  0 2 2 . 8  
-26 0 2 5.5 
-24 0 2 18.2 
- 2 2  0 2 8.0 
-20 0 2 2 ~ . 6  
-18 0 2 28,0 
-16 0 2 8.9 
-14 0 2 8.9 
-!2 0 2 25.6 
-i0 0 2 74.0 

8 0 2 25.7 
- 6 0 2 60.3 
- 4 0 2 12 .5  
- 2 0 2 7.1 

0 0 2 23.9 
2 0 2 3 6 . 6  
4 0 2 54.9 
6 0 2 5 6 . 7  
8 0 2 27.1 

i0 0 2 8.5 
12 0 2 22.2 
14 0 2 39,8 
16 0 2 o.3 
18 0 2 18.5 
20 0 2 10 .8  
22 0 2 4.8 

24 0 ~ I0,7 
26 0 2 9.8 

F CALC 28 0 2 4.4 6.5 20 
:0 0 2 7.3 4.4 22 

55.3 -30 G 3 13.5 4.1 24 
13.0 -28 0 3 18.5 9,0 26 
5,5 -26 0 3 4,5 2,9 28 

68,9 -24 0 5 2.7 3.1 B0 
54.S -22 0 3 9,6 8.2 32 
71,3 -20 0 3 I0,0 6.5 34 
59.8 -18 0 3 ~5.3 17.8 1 
26,0 -16 0 5 17,5 17,1 3 
20.5 - 1 4  0 3 7,B 12.0 5 
14.6 -12 0 3 5,7 3,2 7 
20,6 -!0 0 S 9.9 10.Z 9 
44.7 - 8 0 3 92,6 41,9 !! 
11.7 - 6 0 5 29.2 28.5 !3 
1.5 - 4 0 3 2d,9 23.2 15 
4.1 -- 2 0 3 17,0 17,7 17 
5.6 0 0 3 5,4 4.0 !9 
3,0 2 0 3 15.Z 17,d 21 
4,6 4 0 3 26,1 24.2 23 

4 .1  ~ 0 ~ 22 .&  ~ 1 . 6  25 
3 . 9  8 0 3 18 .8  i~.8 27 
4,9 I0  0 3 18.8 17.7 29 
6,8 12 0 3 1.8 b.2 3! 
0.0 14 0 3 4.5 8.4 0 

55.2 16 0 3 9.8 18.7 2 
37.3 18 0 3 B.6 9.1 4 
10.3 20 0 3 11.4 6.9 6 
4,3 22 0 3 ii,6 6.0 S 

49,2 24 0 3 4,4 3.3 I0 
60,8 Z6 0 3 6.3 3,6 12 
68.9 -24 0 4 3.6 !.0 14 
80.4 - 2 2  0 4 0.0 0.8 16 
13.5  -20 0 4 ~.4 4.6 18 
2 2 . 6  - 1 8  0 4 6 , ~  5 . 6  20 
42,4 -16 0 4 7.7 Ii.I 22 
i~.8 -14 0 4 7 . 6  5,7 24 

200.0 -12 0 4 4.8 3.2 26 
119,5 -i0 0 4 0.0 4.2 28 

6 . 6  - 8 0 4 5,1 4.2 30 
20,1 - 6 0 4 17.~ 16.5 1 
56,2 -- 4 0 4 17,7 14.1 3 

65,6 - 2 0 4 9.9 i0.0 5 
26.i 0 0 4 7.8 ~.~ 7 
93,1 2 0 4 7.8 7.D 9 
13.3 4 0 4 7.9 6,8 Ii 
10.6 6 0 4 13.D 12.6 13 
8,0 8 0 # 13,0 11,9 15 

14,0 i0 0 4 12.0 5.7 17 
19,3 12 0 4 ~.l 4.0 19 
12,7 14 0 4 0.0 2.2 21 
4.0 16 0 4 0.0 2.0 23 
0.9 18 0 a 3.9 D.5 25 
3,5 -- 6 0 5 l,b 0,9 0 
4,8 -- 4 0 5 4,1 5.8 2 
7,0 -- 2 0 5 4,1 3,5 4 
1.8 0 0 5 2,2 4.1 6 
4,7 i 1 0 19.8 12,3 8 

I0.3 3 1 0 88,0 107.5 I0 
1,5 5 i 0 80.3 105.3 12 

31,7 7 1 0 90.2 105.5 14 
39,3 9 1 0 77,1 71.1 16 
11,6 Ii 1 0 56,0 48,6 18 
d,7 1~ 1 0 31.I 38.5 20 

28.4 15 1 0 31.0 32.1 1 
70.4 17 1 0 40.6 47.1 5 
36,3 19 1 0 44,2 43.7 5 
63.0 21 I 0 41.7 34.2 7 
16.9 23 1 0 7.9 4,6 
1.0 25 1 0 5.2 6.b 

24,9 27 1 0 9.4 5,6 
39.3 29 1 0 15.9 ~0.4 
68.6 31 l 0 18,0 9,9 
60.3 33 1 0 12,0 5,7 
31.4 0 2 0 96,8 109,2 
5.4 2 2 0 84.6 83.4 

20.1 4 2 0 30.1 38.8 
47,2 6 2 0 10,3 7,5 
14,3 8 2 0 6.0 18.0 
21,9 i0 2 0 62.9 79.1 
13,9 12 Z 0 64,0 0i.7 
2.6 14 Z 0 56,7 50.0 

5,4 16 Z 0 Z0,~ 17,5 
7.7 18 Z 0 4.7 5.2 

2 0 9.2 9.5 
2 O ~7.0 17.0 
; 0 30.7 22.4 
2 3 !7.8 14,5 
2 0 12.5 0.4 
2 0 o.2 1.3 
2 0 5.0 0.9 
2 0 8 . 6  5 . 4  
5 0 ! 9 . 8  12.4 
3 0 37.4 4b.2 
3 0 63.1 64,2 
3 0 65,D 59,7 
5 0 58,2 40.3 
5 0 7.9 16,2 
3 0 11.8 16.5 
3 0 12,7 22,5 
5 0 14.8 30.I 
3 0 16.1 24,3 
3 0 i5,> 19,9 

3 0 9.4 1.7 

0 2.8 9.2 
3 0 12.0 9.1 
3 0 13.5 8.9 
3 0 12.2 6.1 
4 0 45.9 48.6 
4 0 ~4,5 27,7 
4 0 25.1 25.4 
4 0 5.4 9,6 
4 0 15,7 19.1 
W 0 16,7 32.0 
4 0 50.5 33.8 
4 0 28.3 51.4 
4 0 4.3 15.7 
4 0 3.0 6 . 5  
4 0 6.0 b.9 
4 0 9.0 6.5 
4 0 15,2 ]1,2 
4 0 11,2 5,7 
4 0 6.4 4.0 
4 0 2.8 1.5 
5 0 9.4 11.5 
5 0 16,7 17.9 

5' 0 28.1 27.0 
5 0 28,8 27,5 
5 0 15,2 Z.0 
5 0 5.2 9.9 
5 0 ]4,4 3,2 
5 0 5.2 4.6 
5 0 13.7 12.7 
5 0 13,3 13,2 
5 0 13,3 6,1 
5 0 3,9 4.0 
5 0 9 . 0  1 .5  
6 0 8 . 8  9 . 0  
6 0 16.5 15.8 
6 0 4.1 9.0 
o 0 4.9 5.0 
6 0 4,1 4,8 
0 0 13,3 9,4 
6 0 i0,i 7.4 
6 0 10,5 9,3 
6 0 3 . 2  5.0 
6 0 2.1 0,4 

0 6,7 3,7 
7 0 0.0 0.7 
7 0 0 . 0  5 . 5  
7 0 10.3 7,1 
7 0 8.2 5.2 

carboxyl groups, these displacements being in the 
opposite sense to the carboxyl-group twists. The bond 
distances, valency angles and intermolecular separations 
have not been accurately determined, but all apppear 
to be normal. 
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