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NOVEL CUBAiVE MESOGENS 

GW GRAY, NA LANGLEY, and KJ  TOYPIE 
Department of C h e n r i s t z y ,  University of Hull, Hull, 
H U 6  7RX, England 

(Submitted for publication 4 t h  January 1981) 

Abstract: 
w e  are examining t h e  e f f e c t s  of i n t roduc ing  c e r t a i n  
novel  r i n g  types i n t o  the  core  s t r u c t u r e s  of s u i t a b l e  
mesogenic systems,  w e  now repor t ,  r e s u l t s  obtained us ing  
the  l Y 4 - d i s u b s t i t u t e d  cubane s t r u c t u r e .  From d a t a  on 
two types of ester,  l a r g e  decreases  i n  the  N-I 
t r a n s i t i o n  temperatures  have been observed compared 
wi th  those €or  analogous esters inco rpora t ing  more 
commonly used r i n g  types.  

A s  p a r t  of a research  programme i n  which 

A c h a r a c t e r i s t i c  of nematogens i s  the  l a t h - l i k e  n a t u r e  of 
t h e i r  molecular  s t r u c t u r e s ,  and a s u i t a b l e  geometry t h a t  
allows formation of rod- l ike  d i s u b s t i t u t e d  d e r i v a t i v e s ,  i n  
which the  bonds t o  the  s u b s t i t u e n t s  are co- l inear ,  i s  
provided i n  1 ,4 -d i subs t i t u t ed  benzenes ( I ) ,  t he  r e l a t e d  
4 ,4 ' -d i subs t i t u t ed  biphenyls  (11) ,' and l Y 4 - d i s u b s t i t u t e d  
bicyclo(2.2.2)octanes (111) Recently we have been 

i n v e s t i g a t i n g  the  p o t e n t i a l  l i q u i d  c r y s t a l l i n e  behaviour  of 
l Y 4 - d i s u b s t i t u t e d  cubanes (IV) which r ep resen t  another  
system which i s  a x i a l l y  symmetrical .  
I n t e r n a t i o n a l  Liquid C r y s t a l  Conference i n  Kyoto, Japan,  it 

A t  t h e  Eighth  
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was repor t ed3  t h a t  nematic  behaviour  had been observed i n  
c e r t a i n  cubane systems, and t h i s  induces us t o  r e p o r t  now 
work done du r ing  the  last f i f t e e n  months, t h e  r e s u l t s  of 
which provide  a comparison of t he  nematic  cha rac t e r  of 
1 ,4 -d i subs t i t u t ed  cubanes, b icyc lo(2 .2 .2)oc tanes ,  benzenes,  
and cyclohexanes.  
of t hese  compounds showed t h a t  cubane, b icyc lo(2 .2 .2)oc tane ,  
and benzene have similar molecular  dimensions and i t  w a s  of 
i n t e r e s t  t o  determine whether t he  s imi l a r  molecular s i z e s  
would be r e f l e c t e d  i n  similar p r o p e r t i e s  of t he  nematogens. 

We have prepared two systems conta in ing  the  cubane u n i t ,  i e ,  
t h e  1 ,4-d ies te rs  ( V ) ,  which a r e  analogous t o  the  Dewar  
d i e s t e r s ,  2b and the  4-a lkyl -subs t i tu ted  monoesters ( V I )  . 

G .  W. GRAY, N. A. LANGLEY and K. J. TOYNE 

I n  t h e  f i r s t  i n s t ance ,  molecular models 

R = C H 3 ,  n-ChH9 

R = C 3 H 7 ;  R' = o n - C s H 1 1 ,  

W C N ,  

w n - C  3H7 

The t r a n s i t i o n  temperatures  f o r  t he  d i e s t e r s  and monoesters 
are given i n  Tables  I and 11. It  i s  c l e a r  from these  r e s u l t s  
t h a t  t he  presence of t he  cubane nucleus g r e a t l y  decreases  
m-I i n  comparison wi th  the  va lues  f o r  t he  corresponding 
benzene, cyclohexane, and b icyc lo(2 .2 .2)oc tane  d e r i v a t i v e s .  
The va lues  i n  Table  I f o r  t he  methoxy compounds show t h a t  
f o r  the  s t r u c t u r a l  change benzene -t cubane, m-1 decreases  
by 101.3'C, whereas f o r  cyclohexane -+ cubane, TN-I decreases  
by 63.6OC, and f o r  b icyc lo(2 .2 .2)oc tane  + cubane, TN-I 
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NOVEL CUBANE MESOGENS 241 

decreases  by 89.1OC. 
i n  Table 11 shows t h a t  f o r  benzene + cubane, TN-I decreases  
by 8OoC, f o r  cyclohexane -f cubane, TN-I decreases  by 89OC, 
and 78.1°C,  and f o r  b icyc lo(2 .2 .2)oc tane  -t cubane, TN-I 
decreases  by 115.5OC, 118.6OCY and 104.6OC. 
presence of t he  cubane system reduces the  thermal s t a b i l 2 t y  
of t he  nematic phase very considerably.  

A s i m i l a r  comparison f o r  the  monoesters 

Clear ly  the  

TABLE I 

T r m s i t i o n  temperatures (OC) f o r  d i e s t e r s  

X R C - N / I  N- I 

CH 3 175.1 1 7 9 . 7  

C 4 H 9  150.0 (132.9)a 

CH 3 211.0 281.0 0 C4Hg 189 .O 235 .O 

CH 3 152 .O 268. gb -@ C 4 H 9  1 1 4 . 2  230.1 

a mono t rop  i c t r a n s  i t i  on 

MJS Dewar and AC G r i f f i n ,  J Amer Chem Soc, 9 7 ,  6662 
(1975). 

To compare the molecular dimensions of benzene, bicyclo(2.2.2)-  
oc tane ,  and cubane more accura te ly  than i s  p o s s i b l e  by 
cons t ruc t ing  molecular models, w e  have c a r r i e d  out  force- 
f i e l d  ca l cu la t ions  and have then ca l cu la t ed  the r e l evan t  
dimensions shown i n  Table 111. The ca l cu la t ions  f o r  the  
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242 G .  W. GRAY, N. A. LANGLEY and K. J. TOYNE 

TABLE 11 

0 Transition temperatures ( C) fo r  monoesters 

n-C 3H7-X-COpR 

X R C-N / I N- I 

-Q-C5H11 51.0 [-6O.OIa 

-Q-Q- CN 107.5 170.9 

*C~H-I 100.9 116.4 

+CSH11  32.5 (29. O)b 'd 

*CN 94.5 249 .Oe 

f 
e C 5 H i  I 29.5 55.5 

C3H7 156.0 221.Oh 

CN 142.0 289 .gf yg  

v i r t u a l  t r a n s i t i o n  

mono t r o p i  c t r a n s  i ti on 

R S t e i n s t r a s s e r ,  Z Naturforsch, B27, 774 (1972).  

D Demus, H - J  Deutscher ,  J Kushel ,  and H Schuber t ,  
DDR Patent, 105,701 (1974). 

GW Gray and DG McDonnell, M o Z  Crys t  Liq Cryst,  5 3 ,  147 
(1979).  

GW Gray and SM K e l l y ,  J Chem Soc, Chem C o m n ,  465 (1980).  

GW Gray and SM K e l l y ,  P r o c  E i g h t h  I n t  L iquid  C r y s t a l  
Conference,  Kyoto, Japan, June-July,  1980, t o  be 
publ i shed .  

SM K e l l y ,  unpubl ished r e s u l t s .  
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244 G. W. GRAY, N. A. LANGLEY and K. J .  TOYNE 

l ength  along the  molecular ax i s  show t h a t  t he  order  i s  
benzene > cubane > bicyclo(2.2.2)octane and f o r  the  width 
across  the  molecular axis, bicyclo(2.2.2)octane > cubane > 
benzene. For both  dimensions, cubane has  an in te rmedia te  
value,  and i t  i s  the re fo re  even more s u r p r i s i n g  t h a t  i t  has 
such a dramatic  e f f e c t  on t h e  N - I  value.  One marked 
d i f f e rence  between cubane and bicyclo(2.2.2)octane i s  t h a t  
the former po lycyc l i c  compound i s  much more r e s i s t a n t  t o  
molecular deformation by compression along o r  tw i s t ing  about 
t he  C 1 c 4  ax i s .  Such d i f f e rences  may be r e f l e c t e d  i n  r e s u l t s  
r e l a t i n g  t o  t h e  e l a s t i c  cons tan ts  o r  o the r  phys i ca l  
parameters f o r  t he  nematic phases of the  cubanes. Phys ica l  
s t u d i e s  aimed a t  producing such d a t a  a r e  now be ing  c a r r i e d  
out  and w i l l  form the  b a s i s  of a f u t u r e  pub l i ca t ion .  

ExperhentaZ: 
prepared by es t e r i f  i c a t i o n  of cubane-l ,4-dicarboxylic ac id  
(VI I) and 4-p r op y 1 cub ane- 1- c arb oxy 1 i c ac id  (VI I I )  

The cubane d i e s t e r s  and monoesters w e r e  

r e spec t ive ly ,  v i a  the  ac id  ch lo r ides .  

(VII) (VIII)  

x 

( X ) ,  X = C02CH3 
(XI) ,  X = CH20H 

Compound (VII) was 

prepared from (IX) 
which gave ( V I I )  by a double Favorsk i i  r i n g  cont rac t ion .  
Compound (VIII)  was prepared,  v i a  (X) ,6 from the  toluene-p- 

s 6  by hydro lys is  t o  the  diketone d ihydra te  
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NOVEL CUBANE MESOGENS 245 

s u l  honyl d e r i v a t i v e  of ( X I )  by r e a c t i o n  wi th  EtMgBr/LizCuClt+/ 
THF followed by hydro lys i s  of t he  a c e t a l  and a Favor sk i i  
r i n g  con t r ac t ion .  

t 
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