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The crystal structure of p-bromoacetanilide has been determined. The space group is Pna21 and the 
cell has dimensions a =  9-70, b = 13.00, c = 6.67 A and contains 4 molecules. This compound is isostruc- 
tural with the p-chloro derivative. 

The  crystal  s t ruc ture  analys is  of  p -b romoace t an i l i de  
was in progress  in this  l abo ra to ry  when  the results  of  
the  s tudy  o fp -ch lo roace t an i l i de  were publ i shed  (Subra-  
m a n i a n ,  1966). These  c o m p o u n d s  are i sos t ruc tura l ;  
nevertheless ,  a compar i son  of  the co r r e spond ing  re- 
sults of  the two s t ructura l  de t e rmina t ions  is interest ing.  

Experimental 

The unit-cell  d imens ions  f rom ro ta t ion  and  Weissen-  
berg p h o t o g r a p h s  agree well wi th  those  given by Subra-  
m a n i a n  (1966) for the same c o m p o u n d  (values in 
bracke ts ) :  

Table  1. Final atomic fractional coordinates ( x 10 4) and thermal parameters ( x I0 A 2) with e.s.d.'s 

Br  
O 
N 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 

x/a y/b z/c BI 1 B22 B33 BI 2 Bj 3 B23 

2549+2 5415+1 - 3 0 7 5 + 3  46+1 52+1 50+2 0 + 2  0 + 2  0+3 
4389+19 2614+20 5511+37 49+9 65+13 59+19 2+17 3+19 2+25 
2230+29 2950+16 4688+34 41+8 40+9 48+17 1+13 0+16 1+20 
2449+12 4651+10 - 6 4 0 + 2 0  32+7 37+8 34+15 1+12 1+15 - 1 + 1 8  
1226+21 4299+19 71+34 46+10 54+12 53+23 - 6 + 1 7  0+21 0+27 
1196+21 3770+12 1883+44 45+10 58+14 59+24 - 1 + 1 9  0+22 - 2 + 2 9  
2387+ 15 3492+ 14 2820+25 35+7 37_+8 38_+ 16 -4_+ 12 - 1 + 15 - 1 + 18 
3609+14 3824+14 2057-+40 37-+8 45+10 43-+17 0-+14 0+17 - 1 + 2 1  
3637_+17 4428_+16 302_+36 38_+8 40+9 45+18 -2-+14 -1-+17 -1-+21 
3163-+18 2511+21 5784+35 34+7 43-+i0 44-+19 0_+14 0+17 1+22 
2688-+31 1911+23 7631+55 45+10 4 8 _ + 1 1  5 2 _ + 2 3  -I_+17 3+21 1_+26 
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Fig. 1. Diagrammatic projection of the structure ofp-bromoacetanilide along [001]. 
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BrONCsH8 M =  216.1 
a = 9.70 + 1(9.82), b = 13.00 + 2(13.02), c = 6.67 + 2 
(6 .72)  A 
V= 845.4 A 3, Z = 4 ,  Dz = 1.70 g.cm -3 
/z = 68.2 (Cu K~t) 

Space groups: Pna21 or Pnam (from systematic ab- 
Sences). 

The X-ray intensity data for Cu Kc< radiation were 
obtained photometrically from integrated multiple- 
film Weissenberg photographs taken around [001] u p  
to l =  6 and corrected for absorption, considering the 
sample as a cylinder with mean cross-section 0.016 cm. 
Corrections for the usual Lorentz, polarization and 
spot-shape effects were also applied. Approximate 
scaling was achieved first by Wilson's (1942) method 
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Table 2 .  Observed and calculated structure factors 

A minus sign for Fo means 'less than'. 
lOP o IC'F c d b k i lop ° Io~¢.  g¢ b k 
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Tab le  3. Comparison of bond distances and angles in p-bromoacetanilide and in p-chloroacetanilide (values in brackets) 

Br --C(1) 1.91 _+ 1 A Br --C(1)-C(2) 121.2_+ 1.2 ° 
C(1)-C(2) 1.36_+ 2 (1.40_+3 A) Br --C(1)-C(6) 117.7+_ 1.2 
C(2)-C(3) 1-39_+4 (1-36_+3) C(1)-C(2)-C(3) 119.1_+1.8 (117_+3 ° ) 
C(3)-C(4) 1.37 -+ 3 (1.48 _+ 3) C(2)-C(3)-C(4) 120.7 _+ 1-9 (122 _+ 3) 
C(4)-C(5) 1-37_+2 (1.45_+3) C(3)-C(4)-C(5) 119.2_+1.8 (116_+3) 
C(5)-C(6) 1.41 _+ 3 (1.41 _+ 3) C(4)-C(5)-C(6) 120.1 _+ 1.6 (122_+ 3) 
C(6)-C(1) 1.35_+2 (1.38_+3) C(5)-C(6)-C(1) 119.3+_1.5 (117_+3) 
C(4)-N 1.44+- 3 (1.34_+ 3) C(6)-C(1)-C(2) 121.8 _+ 1.6 (126 _+ 3) 
N---C(7) 1-30_+ 3 (1.43 _+ 3) C(5)-C(4)-N 124-7_+ 1.9 (126_+ 3) 
C(7)-O 1.22_+3 (1.22_+3) C(3)-C(4)-N 115.8+1.9 (117_+3) 
C(7)-C(8) 1.53 + 4 (1.60 _+ 3) C(4)-N---C(7) 128.9 _+ 2.3 (127 _+ 3) 

N---C(7)-O 123-8_+2-5 (121 +_3) 
N---C(7)-C(8) 117.7_+2.0 (114_+3) 
O---C(7)-C(8) 118.3+-2.3 (126_+3) 

C 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

S Q 
Fig. 2. Clinographic projection of the structure of p-bromoacetanilide. 
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applied to each layer. The disorder effects observed by 
Subramanian for his crystals were not apparent in the 
Weissenberg photographs of our crystals. The atomic 
coordinates and the Pna21 space group found for p- 
chloroacetanilide by Subramanian were used as 
starting parameters which were refined with the use of 
Booth's differential synthesis and anisotropic thermal 
parameters. At the end of the refinement the residual 
error factors (R, for observed reflexions only; R', as- 
suming Fo=½Fmin when Fc>_ Fmin for unobserved re- 
flexions; multiplicities not considered) were R =  8.2%, 
R '=14.8%.  The final coordinates and anisotropic 
thermal parameters with their e.s.d.'s are reported in 
Table 1. No attempt was made to locate the hydrogen 
atoms directly. In Table 2 observed and calculated 
structure factors are compared. The scattering fac- 
tors used are those of Thomas & Umeda (1957) for 
Br and of Berghuis, Haanappel, Potters, Loopstra, 
MacGiUavry & Veenendaal (1955) for O, N and C. 

Discussion 

The bond lengths and angles observed in the mole- 
cule are shown in Fig. 1 and compared in Table 3 with 
the corresponding values found by Subramanian in p- 
chloroacetanilide. 

Comparing these values it appears that the geometry 
of the molecule is not significantly changed by substi- 
tuting bromine for chlorine. The acetyl group in the 
Br derivative has dimensions which agree better with 
those generally found in N-substituted amides [e.g. 
acetanilide (Brown & Corbridge, 1954), N-acetyl-c~-D- 
glucosamide (Johnson, 1966)]. Nevertheless, the e.s.d.'s 
are not small enough to allow any sensible discussion 
of the nature of the bonds. As found in the chlorine 
derivative, the halogenobenzene group is planar, the 
least-squares plane being 

- 0.0633x + 0.8476y + 0.5269z = 4.7288. 

The acetyl group is also planar: 

0.0266x + 0-8248y + 0.5648z = 4.9814. 

The dihedral angle between these planes is 5.8 ° which 
agrees well with the value 5 ° found in p-chloroacetani- 
lide. The oxygen atom is 0.18 A out of the benzene 
plane. This distortion and the enlargement of the angle 
C(4)-N-C(7)=128.9°+2-3 ° from the trigonal value 
can be attributed to steric hindrance from the O and 
C(5) atoms (O-C(5)=2.89+ 3 A), as observed also in 
the C1 derivative (2-83 + 3 A). The packing (Fig. 2) is 
determined by the hydrogen bond NiiH . - .  O (2.87 + 
3/~) forming a chain almost parallel to the [100] axis. 
The Om. .  .C(3)=3.06 + 3 A distance is just a little 
longer than the sum of van der Waals radii (2-84 A). 
Other distances less than 3.5 A are as follows: 

B r . . . N  i =3 .47A i ½ - x ,  ½+y, 
Br . . .C(7  i) =3.34 ii ½+x, ½-y ,  1 - z  
O . . .C(4Ii)=3.44 iii x -½ ,  ½-y ,  1 - z .  

All the calculations were performed on the Olivetti 
Elea 6001/S computer of the Centro di Calcolo Elet- 
tronico dell'Universifft di Parma with the programs of 
Nardelli, Musatti, Domiano & Andreetti (1964, 1965). 
The authors are indebted to the Consiglio Nazionale 
delle Ricerche for financial support. 
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