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As a p r e l i m i n a r y  to  the  c rys ta l  s t r u c t u r e  inves t iga t ion  
of t he  b i t t e r  pr inc ip le  l imon in  (C~6Ha008) , t he  uni t -ce l l  
parameters and space groups of that compound and a 
number of its derivatives were determined. 

Limonin, its acetic acid and methanol solvates all 
crystallise in the orthorhombic system, the first as large 
plates from methylene chloride, the second as prismatic 
needles from any solvent combination containing acetic 
acid, and the third as long prismatic needles from meth- 
anol-methylene chloride (but not from either pure sol- 
vent). These last crystals were unstable even in their 
mother-liquor and had a life-time of only a few days. 
Epi-limonol iodoacetate and chloroacetate both yield 
crystals in the monoclinic system from solutions in 
acetone-water; the former appears as plates, the latter 
as thin needles. For each compound precession photo- 
graphs, marked with fiducial spots, taken with IV[o Ks 
radiation (~ ----- 0.7107 A) were used to obtain the crys- 
tallographic data presented in Table I. In the case of the 
orthorhombic crystals the diffraction conditions in each 
case were that (h00) was present only for h -~ 2n, (0/c0) 
only for /c = 2n, and (00l) only for I = 2n; hence the 
space groups were each determined uniquely to be 
P212121-D ~. In the case of the monoclinic crystals (0/c0) 
was present only for /C ---- 2n; hence their space groups 
were  e i the r  P21-C ~ or P21/m---C~h. The  l a t t e r  was  r e j e c t e d  
as be ing  i ncompa t ib l e  w i t h  t he  fac t  t h a t  b o t h  c o m p o u n d s  
were  op t i ca l ly  ac t ive .  

The  c rys t a l log raph ic  d a t a  for  l imon in  a n d  its ace t ic  
ac id  so lva te  are  s imi lar  to those  r e p o r t e d  ear l ier  b y  J o n e s  
& P a l m e r  (1949). The i r  uni t -ce l l  p a r a m e t e r s  were :  

for  l imonin ,  14.53, 17.75, 8"88/~;  
for  the  ace t ic  ac id  so lva te ,  12.75, 16.85, 12.40 A. 

The  so lva te  f rom m e t h a n o l - m e t h y l e n e  chlor ide  was  
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p r e p a r e d  u n d e r  cond i t ions  p r ev ious ly  desc r ibed  for  t he  
p r e p a r a t i o n  of a m e t h y l e n e  chlor ide  so lva te  (Emerson ,  
1948). Chemica l  ana lys i s  of t he  c rys ta l s  o b t a i n e d  in th i s  
inves t iga t ion ,  t o g e t h e r  w i t h  t h e  a g r e e m e n t  b e t w e e n  the i r  
p y c n o m e t r i c a l l y  d e t e r m i n e d  dens i t y  a n d  t h a t  ca l cu l a t ed  
on the  a s s u m p t i o n  t h a t  t h e  i nc luded  m o l e c u l a r  species 
was  m e t h a n o l ,  suggests  a m e t h a n o l - s o l v a t e d  l imon in  
d e r i v a t i v e .  

The  on ly  su i t ab le  c o m p o u n d s  for de t a i l ed  s t r uc tu r a l  
i nves t i ga t i on  a p p e a r e d  to  be t he  chloro-  a n d  i odoace t a t e s  
of epi-limonol. Of these  t h e  fo rmer  has  t h e  m u c h  smal le r  
l inear  ab so rp t i on  coeff ic ient  for X - r a y s  (~), a n d  has  a 
smal le r  un i t  cell con t a in ing  on ly  two  chemica l  molecu les  
r e l a t ed  by  the  screw axis.  On the  o the r  h a n d  t h e  sym-  
m e t r y  re la t ionsh ip  b e t w e e n  the  two  p h a s e - d e t e r m i n i n g  
a t o m s  in  the  c h l o r o a c e t a t e  w o u l d  have  the  d i s a d v a n t a g e  
of i n t r o d u c i n g  the  a m b i g u i t y  of a false s y m m e t r y  cen t re  
in t h e  s u b s e q u e n t  ana lys i s .  D u e  cons ide ra t i on  of t he  
va r ious  fac tors  led to  t he  conc lus ion  t h a t  t h e  i o d o a c e t a t e  
offered m o r e  p romise  of success,  in  sp i te  of t he  fac t  t h a t  
th i s  s t r u c t u r e  is c o m p l i c a t e d  by  h a v i n g  four  molecu les  
in t h e  u n i t  cell a n d  two  in t he  a s y m m e t r i c  c rys t a l  un i t ,  
t hus  d o u b l i n g  t h e  n u m b e r  of a t o m i c  pos i t ions  to  be 
d e t e r m i n e d .  

A s t r u c t u r a l  i nves t iga t ion  based  on t h r e e - d i m e n s i o n a l  
d a t a  f r om the  i o d o a c e t a t e  is n o w  in progress .  

One of us (S. A.) is i n d e b t e d  to  t he  Gourock  R o p e w o r k  
Co. for a R e s e a r c h  Schola rsh ip ,  a n d  we wish  to  t h a n k  
Prof .  D.  H .  R.  B a r t o n  for  spec imens  of l i m o n i n  a n d  the  
epi-limonol esters .  
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Molecular formulae 
a (A) 
b (A) 
c (h) 

u (h~) 
z 
Dm (g.cm. -a) 
Dx (g.cm. -a) 
# (cm. -1) 
~t = 0.7107 A J" 
Mol.wt. 
Space group 

Tab le  1. Crystallographic data for limonin and its derivatives 

Limonin acetic Limonin methanol  epi-Limonol 
Limonha acid solvate solvate iodoacetate 

epi-Limonol 
chloroacetate 

C26H3008 C26Hs008 • CI-IaCOOI~ C26]=[3008 . CHaOH C26~-I310 s (COCI-I2I) C26H3108 (COCH2C1). H20 
14.52 ± 0.02 12.73 i 0.02 12.89 i 0.02 15.03 ± 0.02 12.26 ± 0.02 
17.74 ± 0.02 16.79 4- 0-02 16.59 i 0.02 12.36 i 0.02 10.92 ± 0.02 
8.87 =t= 0.02 12.42 4- 0.02 12.19 ± 0.02 15.93 ± 0.02 11.50 ± 0.02 

90 ° 0" 90 ° 0' 90 ° 0" 95 ° 12"4-15" 93 ° 1 5 ' i  15' 
2284- 8 2654.6 2606.8 2952.7 1836.4 

4 4 4 4 2 
1.366 1.313 1.260 1.426 1.220 
1.366 1.315 1.280 1.441 1.228 

1.2 1.2 1.2 2.0 12.3 

470.5 530.6 502.5 640.5 568.0 
P212~21-D ~ P212121-D ~ P212121-D ~ P21-C ~ P21- q 


