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An at tempt to determine the crystal structure of ximenynic acid is described. The main findings are: 
The crystals are triclinic (P1).Z -- 2. 
There is a tendency for the molecule to form a straight carbon chain, as in other simpler fat ty 

acids, but the presence of the triple and double bonds prevents this to a certain extent. 
The double bond carries its at tachments in the trans position. The spatial arrangement of the 

double-bond group presents an unexpected feature. 

X imenyn ic  acid is a conjugated unsa tura ted  monobasic  
f a t ty  acid with the bulk formula  ClsH3002 isolated by  
Ligthelm & Schwartz (1950) from kernels of Ximenia 
Caffra. According to Ligthelm, Schwartz & yon Holdt  
(1952), the s t ructural  formula  of the acid is 

C 0 0 H .  (CH2) ~. C i C. CH :CH. (CH3) 5. CH 3 

and  examina t ion  of the infra-red absorpt ion of m e t h y l  
x imena te  by  Ahlers & Ligthelm (1952) indicates the 
possibi l i ty of a trans configuration of the double bond. 

An X- ray  examina t ion  of crystals of the acid was 
under taken  to determine (a) whether  the molecule of 
the  acid is s t ra ight  or whether  i t  bends back on itself 
at  the double bond, and (b), whether the bond is of 
the cis or trans type, the two questions being of course 
related. I t  has not been possible in the t ime avai lable  
to make  a complete de terminat ion  of the structure,  
but  its general na ture  is clear and a definite answer 
can be given to the stereochemical questions. 

The crystals avai lable  were very  th in  white plates, 
oblong in shape and showing no definite faces except 
those of the plates themselves.  X- ray  examina t ion  
showed one impor tan t  ax i s - - l a t e r  called the b a x i s - -  
to lie parallel  to the long axis of the plates. A second 
axis, a, was found to lie in the plate. Oscillation photo- 
graphs gave the axial  lengths 

a = 4.634±0.032 A, b = 5.572±0.004/~ , 

wi th  y = 84 ° 51'. 

The de te rmina t ion  of the c axis is less easy owing to 
the thinness of the plates. The area ab sin y is 25.7 •2, 
which is greater t han  the  cross-sections of the known 
fa t ty  acids, which are of the order of 18 A 2. On the 
other hand,  i t  is not  large enough for a chain doubled 
back on itself. The figures suggest tha t  the c axis will 
be a long one, incl ined at a considerable angle to the 
plane of the  plates. 

The (001) spacing can be de termined at once from an 
oscillation photograph.  I t  is 34-20+0.13 A, and the 
uni t  cell has a volume 879 /~3. The molecular  weight 
of the cell is 278.2 and  the  densi ty  1.04 g.cm. -3. 
There are two molecules in the uni t  cell. 

Oscillation photographs taken  about  an axis per- 
pendicular  to the plate, and therefore parallel  to the 
c* reciprocal axis, show row-lines, closely set with 
points. By  taking such photographs with the  rays 
t ravel l ing along the a and the b axes it is possible to 
es t imate  the directions of val id a* and b* axes and 
so to determine the direction of a possible c axis. 
The c axis first de termined was tha t  lying most  
near ly  perpendicular  to the ab face. I t  was 34-4 A in 
length with a cross-section of 25.7 A 2, and was there- 
fore probably  not  the s t ructural  uni t  cell. Photographs  
showed the 016 spect rum referred to the cell to be very  
strong and to be accompanied by very well marked,  
near ly  circular, the rmal  diffuse spots. This indicates 
tha t  the plane (016) is p robably  parallel  to the direc- 
tion of the acid chains, and, as a result  of considerations 
of this  kind, a cell 
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T a b l e  1. Observed and calculated values 

okz Fo Fc 
0 0 1  - 1 5 . 9  - 14.9 
002 Nfl -- 1-5 
003 --12.1 --10.8 
004 4-7 + 1.2 
005 -- 7.5 -- 6.1 
006 -- 3.0 -- 3.2 
007 -- 7-6 -- 6.8 
008 -- 4.7 -- 3.9 
009 Nil -- 0" 1 

0,0,10 - -  2 . 9  - -  3.1 
0,0,11 Nil + 5.0 
0,0,12 -- 5.5 -- 2-9 
0 , 0 ~ , : 1 3  N i l  - -  2.5 
0,0,14 -- 1.7 -- 2.5 
0,0,15 Nil + 0.7 
0,0,16 -- 2.1 + 5"9 
0,0,17 -- 3"2 -- 8"3 
0,0,18 Nil -- 1.5 
0 , 0 , 1 9  - -  3 . 6  - -  1.8 
0,0,20 3.7 + 5.1 
0,0,21 -- 3.9 -- 0.4 
0,0,22 2.8 + 2.0 
0,0,23 -- 2.9 -- 7.8 
0,0,24 2.8 + 10.5 
0,0,25 -- 1.6 -- 0.4 
0,0,26 1.3 -- 2.8 
0,0,27 -- 2-2 -- 4-8 
0,0,33 -- 2.4 -- 2.0 
0,0,35 -- 1.7 + 2.3 
0,0,36 2.0 + 3.5 
0,0,37 -- 1.9 -- 0"7 
0,0,38 -- 1.7 + 0.3 
0,0,39 -- 1.2 + 0"5 
0,0,41 -- 3.9 -- 0.8 

Okl Fo 
0,1,27 2-7 
0,1,26 -- 1.6 
0,1,25 1.7 
0,1,24 -- 3-3 
0,1,23 3.1 
0,1,21 2.6 
0,1,18 2-5 
0,1,17 1.5 
0,1,1_6 5.0 
0,1,15 -- 1.7 
0,1,14 6.6 
0,1,13 -- 1.2 
0,1,12 3.2 
0,1,11 Nil 
0,1,10 3-0 

0,1,6 1.1 
018 -- 1.4 
017 Nil 
016 1.1 
015 2.9 
01~ - -  2.8 
013 Nil 
01~ 3.6 
0 1 1  2.3 
010 --40-0 
011 4.1 
012 -- 9.5 
013 Nil 
014 Nil 
015 -- 2.4 
016 6.4 
017 2.3 
018 3"0 
019 -- 4-2 

0,1,10 2"7 

of structure factors, 
Fc 

+ 2.1 
+ 5.6 
- -  2 . 0  

- -  7.5 
+ 5.1 
+ 3.0 
+ 4.4 
+ 8.8 
- -  9 . 1  

- -  3.1 
+ 9.9 
+ 1.1 
+ 4.3 
- -  5.2 
+ 8.0 
+ 9.6 
- -  1.5 
- -  0-5 
+ 0-1 
+ 12.4 
- -  0.6 
- -  3.0 
+ 4.7 
+ 4.8 
--68.4 
+ ~.6 
- -  5"2 

0.0 
- -  1.2 
- -  0.4 
+ 5"1 
+ 7.2 
+ 1.2 
- -  0.5 
+ 3.7 

F(Okl) 

Okl $'o 2"c 
0,2,40 -- 4.8 -- 5.4 
0,2,39 3.4 + 5-1 
0,2,3._88 2.4 -- 1-1 
0,2,36 5.6 + 4.8 
0,2,22 -- 3.7 -- 4.9 
0,2,21 3-6 + 1.0 
0,2,20 -- 3-7 ~ 1.4 
0,2,19 3.7 + 9-9 
0,2,1_88 -- 4-6 -- 7-7 
0,2,17 3-2 + 5.5 
0,2,16 -- 4.2 "--  2.9 
0,2,15 1.9 +10 .6  
0,2,1_44 -- 2.8 -- 6-5 
o,2A3 2.1 + 2.2 
0,2,1__22 1.7 -- 1-6 
0,2,10 -- 2.0 -- 8.6 

0,2,6 -- 3.3 -- 3-4 
024 -- 3.4 -- 3.7 
023 3-1 + 4.9 
020 8-6 +23 .2  
022 7-1 + 4-1 

0,3,40 10.4 + 6"9 
0,3,39 -- 4"8 -- 8-3 
0,3,36 -- 6"0 -- 6-0 
0,3,23 -- 2-2 -- 2.1 
0,3,22 2-2 + 8-6 
0,3,21 -- 2.2 -- 2.3 
0,3,20 2"2 + 6-9 
0,3,19 -- 2-2 -- 9.1 

M 

0,4,40 -- 3-7 -- 5.1 
0,4,39 3.0 + 9-8 

_ _  

0,4,38 2.1 -- 2-1 
0,4,36 -- 2.9 + 4-8 

a = 4 . 6 3 4 A ,  b = 5 . 5 7 2 / ~ ,  c = 4 9 . 0 3 A ,  
= 135 ° 2 9 ' , / 5  = 89 ° 39 ' ,  y = 84 ° 51 '  

w a s  c h o s e n .  T h i s  cel l  h a s  t h e  s a m e  a a n d  b £xes  as  t h e  
f i r s t ,  a n d  t h e  s a m e  (001)  s p a c i n g ,  b u t  a l o n g e r  a n d  
m o r e  o b l i q u e  c ax i s .  I t s  r e l a t i o n  t o  t h e  cell  f i r s t  d e t e r -  
m i n e d  is g i v e n  b y  t h e  m a t r i x  1 0 0 / 0 1 0 / 0 6 1 ,  b y  m e a n s  
of  w h i c h  i n d i c e s  r e f e r r e d  t o  t h e  f i r s t  s e t  of  a x e s  c a n  
b e  t r a n s f o r m e d  t o  t h o s e  a p p r o p r i a t e  t o  t h e  s e c o n d .  
F o r  e x a m p l e ,  t h e  s t r o n g  s p e c t r u m  016  r e f e r r e d  t o  t h e  
o l d  cell  n o w  b e c o m e s  010.  T h e  n e w  cell  h a s  a cross-  
s e c t i o n  of  18 /~2 ,  a n d  a l e n g t h  p a r a l l e l  t o  t h e  c a x i s  of  
49 .03  A ,  c o n s i s t e n t  w i t h  t h e  a s s u m p t i o n  t h a t  t h e  cel l  

c o n t a i n s  t w o  m o l e c u l e s  s e t  e n d  t o  e n d .  
T h e  cel l  is t r i c l i n i c ,  a n d  of  t h e  t w o  p o s s i b l e  s p a c e  

g r o u p s  P 1  w a s  t e n t a t i v e l y  c h o s e n ,  s i nce  i t  is r e a s o n a b l e  
t o  s u p p o s e  t h e  t w o  m o l e c u l e s  t o  be  r e l a t e d  b y  a c e n t r e  

of  s y m m e t r y  b e t w e e n  t h e  c a r b o x y l  g r o u p s .  T h e  
e x i s t e n c e  of  a c e n t r e  of  s y m m e t r y  is a l so  i n d i c a t e d  b y  
W i l s o n ' s  (1950)  m e t h o d  of  s t a t i s t i c a l  i n t e n s i t y  d i s t r i -  

b u t i o n .  
A se r i e s  of  W e i s s e n b e r g  p h o t o g r a p h s  w a s  t a k e n  

a b o u t  t h e  a ax i s ,  t o  d e t e r m i n e  t h e  i n t e n s i t i e s  of  t h e  
s p e c t r a  Okl n e c e s s a r y  fo r  a n  e l e c t r o n - d e n s i t y  p r o j e c -  
t i o n  o n  t h e  bc p l a n e .  T h e  i n t e n s i t i e s  w e r e  d e t e r m i n e d  
v isua l ly . ,  b y  c o m p a r i s o n  w i t h  a se t  of  s p o t s  of  g r a d e d  
i n t e n s i t y ;  a n d  a f t e r  c o r r e c t i o n  fo r  t h e  L o r e n t z  f a c t o r ,  
f o r  d i f f e r e n t i a l  a b s o r p t i o n ,  a n d  a l so  as  f a r  as  p o s s i b l e  

fo r  t h e  n o n - i s o t r o p i c  n a t u r e  of  t h e  t e m p e r a t u r e  f a c t o r ,  
t h e  r e s u l t i n g  F f a c t o r s  w e r e  p u t  o n  a n  a p p r o x i m a t e l y  
a b s o l u t e  s ca l e  b y  a m e t h o d  s i m i l a r  t o  t h a t  of  W i l s o n .  
T h e  r e s u l t i n g  v a l u e s  of  F(Okl) a r e  s h o w n  i n  t h e  c o l u m n  
h e a d e d  Fo  in  T a b l e  1. M a n y  of  t h e  s p e c t r a  w e r e  t o o  
w e a k  t o  o b s e r v e ,  b u t  s o m e  of  t h e  s p e c t r a  o f  h i g h  o r d e r ,  
fo r  e x a m p l e  0 ,3 ,40 ,  a r e  s t i l l  q u i t e  s t r o n g .  C o n d i t i o n s  
a r e  n o t  t h e r e f o r e  v e r y  f a v o u r a b l e  f o r  a g o o d  p r o j e c t i o n .  

T h e  s i g n s  of  t h e  F f a c t o r s  u s e d  fo r  t h e  p r o j e c t i o n  
w e r e  o b t a i n e d  m a i n l y  b y  a m e t h o d  g i v e n  b y  t h e  a u t h o r  
(Tesche ,  1953).  I f  t h e  l o n g  m o l e c u l e  l ies  e n t i r e l y  
w i t h i n  t h e  u n i t  cell,  t h e  e l e c t r o n  d e n s i t y  o v e r  t h e  w a l l s  
of  t h e  cel l  is low,  a n d  n e a r l y  u n i f o r m .  C o n s i d e r i n g  t h e  
p r o j e c t i o n  o n  t h e  bc p l a n e ,  t h i s  h a s  t h e  c o n s e q u e n c e  
t h a t  t h e  v a l u e s  of  s u m m a t i o n s  of  t h e  t y p e s  

1 l 

 (ooz), 
1 1 

k 
a n d  F ( 0 0 I )  + ~ {F(Okl)+ F ( 0 k l ) }  

1 

s h o u l d  b e  s m a l l .  I f  t h e  s i gns  of  s o m e  of  t h e  s t r o n g e r  
s p e c t r a  c a n  b e  o t h e r w i s e  d e t e r m i n e d ,  i t  m a y  t h e r e f o r e  
be  p o s s i b l e  t o  f i n d  t h e  s i gns  of  a n u m b e r  of  o t h e r s .  
T h e  s igns  of  s p e c t r a  of  t h e  t y p e  001 w e r e  f i r s t  d e t e r -  
m i n e d  b y  m a k i n g  a l i n e a r  p r o j e c t i o n  of  the"  d e n s i t y  
p a r a l l e l  t o  c. T h i s  d e n s i t y  s h o u l d  be  l o w  fo r  r e g i o n s  n e a r  
z/c = O, b e t w e e n  t h e  t w o  m o l e c u l e s ,  a n d  t h e n  f a i r l y  
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Fig. 1. Electron-density projection along a axis on to the (100) plane. 

uniform over most of the chain, rising to higher values 
near z/c = ½, as the carboxyl groups are approached. 
Only if the stronger 00l spectra have certain signs is 
such a distribution of density possible, and, assuming 
these signs, it is possible to use the summations given 
above to determine the signs of enough of the spectra 
F(Okl) to give a projection. The signs used in making 
the projections are shown in Table 1, in the column 
headed Fo. 

The projection obtained from these figures is shown 
in Fig. 1. I t  is by no means perfect, but  nevertheless 
yields a certain amount of information. Peaks occur 
for the 18 carbon atoms in the structure, although 
these are not of equal height and there is some false 
detail. Estimates were made of the position of the 
atoms from this projection, and from these a set of 
structure factors was calculated. These" factors, with 
the appropriate signs, are shown in the column headed 
Fc in Table 1. A few of the signs are different from 
those used in making the projection, but  no further 
refinement was at tempted.  

In interpreting the projection it is necessary some- 
times to use chemical evidence to decide between 
possibilities. The carboxyl group shows up clearly. 
Atoms C 1 to C 7 form an ordinary aliphatic chain, and 
the apparent displacement of C4 from its position in 
the zigzag is probably due to false detail. The group 
of atoms C s to C~I contains the triple bond, between 
C9 and Ci0, and for the stereochemical reasons we 
should expect these atoms to lie in a straight line. 
Unfortunately Cio is not very clearly resolved. 

The distance Cs-Cxl should be 4.28 A and the mea- 
sured distance is  about 3-75 A, which indicates tha t  
the line CsCll deviates from the direction of the c 
axis of the cell. There is some evidence, which cannot 

be given in detail, tha t  Cll is higher than C 8 in the 
projection as shown. 

The atoms Cll and C12 are joined by the double bond, 
and the distance between them is normal, 1.35 /~. 
The bonds from Cll to C10 and from Cle to C13 are 
nearly parallel, as would be expected, but, rather 
surprisingly, C12 is bent out of the main direction of 
the chain. 

The remaining atoms C12 to Cls must be considered 
as a possibly somewhat distorted, zigzag carbon chain. 

The whole projection requires greater refinement, 
and too much reliance must not be based on it in its 
present form, but  it is clear tha t  the chain is not bent 
back on itself and tha t  the configuration at  the double 
bond is the tran8 one. 
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