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Abs t rac t  
a l a t t i c e  enc los ing  a series of  p a r a l l e l  h e l i c a l  c a n a l s  which 
t r a p  a wide range of gues t  molecules.  Typical  s t r u c t u r e s  of t h e s e  
h e l i c a l  t u b u l a t e  compounds are p resen ted .  The cana l  s i z e s  and 
geometries va ry  considerably depending on t h e  a c t u a l  d i o l  
u t i l i s e d .  L a t t i c e s  with smaller c a n a l s  r e t a i n  t h e  h e l i c a l  
tubuland s t r u c t u r e  i n  t h e  absence of  g u e s t s ,  whereas those  with 
l a r g e r  c a n a l s  c o l l a p s e  t o  a close-packed s t r u c t u r e .  

A l i c y c l i c  dio1.s of s p e c i f i c  design c r y s t a l l i s e  w i th  

Keywords: inclusion compounds, crystal structures, host-guest chemistry, helical 
tubuland hosts, helical tubulate compounds, hydrogen bonding 

THE HELICAL TUBULAND LATTICE 

The a l i c y c l i c  compounds (1-3) are members of a family of h o s t s ,  t h e  
h e l i c a l  tubulands,  whose c r y s t a l  s t r u c t u r e s  f e a t u r e  p a r a l l e l  c a n a l s  
con ta in ing  t rapped guest  molecules” ’. A s  i l l u s t r a t e d  i n  Figure 1, 
v a r i a t i o n  i n  t h e  molecular s t r u c t u r e  of t h e  h o s t  d i o l  r e s u l t s  i n  
cons ide rab le  mod i f i ca t ion  of t h e  cana l  topology and dimensions 
observed i n  t h e  c r y s t a l l i n e  material. 

The h e l i c a l  tubulands c r y s t a l l i s e  a s  conglomerates i n  space 
group P3121 and i t s  enantiomorph P3221  as  long t r i g o n a l  needles  with 
the  cana l s  p a r a l l e l  t o  t h e  needle  a x i s  c .  Tight  s p i r a l  sp ines  of 
hydrogen bonds ... 0-H. . .O-H. . .O-H. .  . ( c i r c l e d  i n  Figures  1 and 2) 
form t h e  s t r u c t u r a l  co re  of t h e  c r y s t a l  l a t t i c e .  Diol  molecules 
r a d i a t e  from and in t e rconnec t  t h e s e  s p i n e s  such t h a t  a hexagonal 
arrangement of  s i x  s p i n e s  enc loses  each cana l  which i s  l i n e d  on ly  by 
hydrocarbon hydrogen atoms. The cana l  w a l l s  i nvo lve  a double h e l i c a l  
a r r ay  of d i o l  molecules hydrogen bonded i n  t h e  sequence: ... HOC----COH...OC----CO...HOC----COH. .. OC----CO... 

H H H H 
(where C----C r e p r e s e n t s  t h e  d i o l  molecule as a t i e - l i n e  j o i n i n g  t h e  
two hydroxy groups) .  

network of d i o l  ( 2 )  with s i g n i f i c a n t  hydrogen atoms drawn wi th  t h e i r  
van d e r  Waals r a d i i .  The r e s u l t i n g  t r e fo i l - shaped  cana l s  have a 
maximum diameter of  8.3 a and an unobstructed c ros s - sec t iona l  area 
of 30.2 a 
a c r o s s  t h e  need le  a x i s  of each c r y s t a l  and t h e r e f o r e  t h e  h e l i c a l  
c h a r a c t e r i s t i c s  of  t h e  canal  cons t ruc t ion  are l o s t  i n  t h e s e  
r e p r e s e n t a t i o n s  3 ’  ‘. 

Figure 2 shows a p r o j e c t i o n  view i n  t h e  ab p lane  of t h e  h o s t  

. It should be noted t h a t  Figures  1 and 2 r ep resen t  s l i c e s  
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FIGURE 1 Molecular s t r u c t u r e s  of d i o l s  (1-3) showing f o r  
each h e l i c a l  tubuland  l a t t i c e  a p r o j e c t i o n  view of one  cana l  
on ly  i n  t h e  ab p lane .  

HELICAL TUBULATE COMPOUNDS 

Dio l s  (1-3) are a l l  p o t e n t  i n c l u s i o n  h o s t s ,  t r a p p i n g  a wide range  of 
gues t  molecules when t h e  d i o l  i s  c r y s t a l l i s e d  from l i q u i d  g u e s t .  
Confirmation of format ion  of t h e  h e l i c a l  tubuland  l a t t i c e  is 
convenient ly  monitored by X-ray powder d i f f r a c t i o n ,  wh i l e  conf i rma t ion  
of i n c l u s i o n  is a v a i l a b l e  from I . R .  spec t roscopy  and combustion d a t a .  

h e l i c a l  t u b u l a t e  compounds can be  d i f f i c u l t  t o  o b t a i n  because  o f  t h e  
incongruent  symmetry of t h e  h o s t  and gues t  components. F i g u r e s  3 and 
4 show t y p i c a l  arrangements of g u e s t  i n  t h e  (1 - Thiophene) and 
( 2  - Carbon t e t r a c h l o r i d e )  h e l i c a l  t u b u l a t e s  as de r ived  from s i n g l e  
c r y s t a l  X-ray d a t a .  The l a t t e r  compound is a good i l l u s t r a t i o n  of 
t h e  p o s s i b l e  complexity of hos t -gues t  r e l a t i o n s h i p s  i n  such  mater ia ls .  
S ix  d i f f e r e n t  carbon t e t r a c h l o r i d e  o r i e n t a t i o n s  are r epea ted  eve ry  

De ta i l ed  in fo rma t ion  on t h e  behaviour  of gues t  molecules i n  

€ive h o s t  u n i t  cel ls  r e s u l t i n g  i n  an  o v e r a l l  s t o i c h i o m e t r y  of 
(2 )  15. ( c c I 4 I 6  ; o r  (2) 3.  ( c c I 4 )  .2 p e r  u n i t  c e l l 5 ,  
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FIGURE 2 
i n  c r y s t a l l i n e  ( 2 ) .  Dashed l i n e s  i n d i c a t e  QH hydrogen bonds 
comprising t h e  sp ines  ( c i r c l e d )  , and t h e  f i l l e d  circles 
r ep resen t  s i g n i f i c a n t  hydrogen atoms d e f i n i n g  t h e  cana l s .  

P r o j e c t i o n  view looking along c of t h e  d i o l  network 

FIGURE 3 S p a c e - f i l l i n g  
r e p r e s e n t a t i o n  of host-guest  
i n t e r a c t i o n s  i n  t h e  h e l i c a l  
t u b u l a t e  (1) 3. (C4H4S) . 

FIGURE 4 Typical  
arrangement of h o s t  and gues t  
i n  t h e  h e l i c a l  t u b u l a t e  
(2) 3. ( C C 1 4 )  1.2 . 
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STABILITY OF THE HELICAL TUBULAND STRUCTURE 

I n c l u s i o n  compounds formed by d i o l s  (1) and (3) are i n v a r i a b l y  of 
t h e  h e l i c a l  t u b u l a t e  t y p e .  I n  c o n t r a s t ,  d i o l  ( 2 )  commonly forms 
e i t h e r  h e l i c a l  t u b u l a t e  compounds o r  an a l t e r n a t i v e  t e t r a g o n a l  
i n c l u s i o n  system ( space  group I41lacd) which invo lves  bo th  
enantiomers of t h e  d i ~ l ~ ' ~ .  Guest molecules are now enc losed  i n  
e l l i p s o i d a l  c a v i t i e s  w i t h i n  t h e  h o s t  l a t t i c e .  C l e a r l y  b o t h  c l a s s e s  
of i n c l u s i o n  compound are ext remely  c l o s e  i n  energy .  However i t  i s  
no t  known why t h e  behaviour  of (2)  is s o  d i f f e r e n t  from d i o l  (1) 
which has  smaller c a n a l s ,  and d i o l  (3) which h a s  l a r g e r  h e l i c a l  
tubuland c a n a l s .  

Ce r t a in  p a t t e r n s  of i n c l u s i o n  behaviour  are appa ren t  f o r  d i o l  
( 2 ) .  The h e l i c a l  tubuland  h o s t  l a t t i c e  is g e n e r a l l y  p r e f e r r e d  when 
t h e  g u e s t s  a r e  a l i p h a t i c  o r  a lkylbenzenes  more a l k y l a t e d  than  t o l u e n e .  
The a l t e r n a t i v e  e l l i p s o i d a l  c l a t h r a t e  l a t t i c e  i s  u s u a l l y  adopted  
when t h e  g u e s t s  are small  molecules ,  monosubs t i tu ted  benzenes ,  o r  
non-a lkyla ted  d i s u b s t i t u t e d  benzenes.  A few g u e s t s  form both 
i n c l u s i o n  types  depending on t h e  e x a c t  expe r imen ta l  c o n d i t i o n s  
employed. 

FIGURE 5 The hydrogen bonding network of g u e s t - f r e e  ( 2 ) .  
For c l a r i t y ,  d i o l  molecules  are d rawn ,as  as s o l i d  s p a c e r  rods 
connec t ing  t h e  two hydcoxy groups.  Hydrogen bonds a r e  shown 
as dashed l i n e s .  

Guest-free samples of d i o l s  (1-3) have been prepared  by 
c r y s t a l l i s a t i o n  from mes i ty l ene  ( a  s o l v e n t  t o o  bulky  t o  b e  i n c l u d e d ) ,  
by sub l ima t ion ,  and by h e a t i n g  t h e  i n c l u s i o n  compounds under  reduced 
p r e s s u r e 7 .  We f i n d  t h a t  i n  a l l  c a s e s  (1) r e t a i n s  i t s  h e l i c a l  tubuland  
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l a t t i c e  d e s p i t e  i t s  gues t - f r ee  c a n a l s  compr is ing  about  17% of i t s  
c r y s t a l  volume. This  s t r u c t u r e  is remin i scen t  of z e o l i t e s  such as 
l aumont i t e  and z e o l i t e  L which have c a n a l s  a long  on ly  one a x i s  of t h e  
s o l i d ' .  However z e o l i t e s  r e q u i r e  gues t  t empla t e s  f o r  t h e i r  format ion ,  
whereas t h e  sub l ima t ion  r e s u l t  r e v e a l s  t h a t  d i o l  (1) i t s e l f  c o n t a i n s  
i n b u i l t  f e a t u r e s  c o n t r o l l i n g  development of t h e  h e l i c a l  tubuland  
l a t t i c e .  

gues t - f r ee  material no longe r  h a s  t h e  h e l i c a l  tubuland  l a t t i c e ? .  
F igure  5 shows, i n  diagrammatic form, t h e  close-packed l a t t i c e  of 
gues t - f r ee  ( 2 ) .  The asymmetric u n i t  c o n t a i n s  t h r e e  independent  
d i o l  molecules  (A-C), of which A and C each  are one hydrogen bond 
s h o r t  of t h e  normal maximum (i .e.  two donors and two a c c e p t o r s  p e r  
d i o l ) .  The r e s u l t i n g  hydrogen bonding network l i n k s  molecules  as 
l a y e r s  i n  t h e  ac plane .  

cana l  s i z e  of t h e  h e l i c a l  tubuland  l a t t i c e s  and t h e  s t r e n g t h  of 
t h e i r  hydrogen bonding (Table 1). 

h e l i c a l  tubuland  forms of ( 2 )  and (3) r e q u i r e  t h e  p re sence  of g u e s t  
molecules  t o  form and ma in ta in  t h i s  cana l  l a t t i c e  type .  

Cont rary  behaviour  is e x h i b i t e d  by d i o l s  (2)  and (3) where the 

The swi t ch  i n  gues t - f r ee  s t r u c t u r e s  c o r r e l a t e s  w e l l  w i t h  t h e  

The l a r g e r  c a n a l s  and weaker hydrogen bonding p r e s e n t  i n  t h e  

TABLE 1 Data f o r  t h e  h e l i c a l  tubuland  forms of d i o l s  (1-3) .  

Mel t ing  p o i n t  Canal unobs t ruc t ed  I n t e r m o l e c u l a r  
(OC) c r o s s - s e c t i o n a l  hydrogen bond 

area (A 2, 0 .  . . .O d i s t a n c e  
( 8) 

(1) 189-191 22.4 

(2)  146-148 30.2 

(3) 146.5-147 34.7 

2.81 

2.98 

3.08 
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