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THE L I Q U I D  CRYSTAL PROPERTIES OF SOME AROMATIC ESTERS 
DERIVED FROM NAF'HTHaENE 

D COATES and GW GRAY 
Department of Chemistry,  The U n i v e r s i t y ,  H u l l ,  HU6 7RX, 
England 

(Submit ted f o r  p u b l i c a t i o n :  10 th  February 1978) 

A b n a a o t  
used t o  r e p l a c e  each o f  t h e  1,4-phenylene r i n g s  i n  
v a r i o u s  4 - subs t i t u t ed -pheny l  4 - subs t i t u t ed -benzoa te s ,  
where t h e  s u b s t i t u e n t s  were a l k y l  and /o r  a lkoxy.  For 
t h e  d i a l k y l  es ters ,  t h e  N - I  t empera tu res  were 
i n c r e a s e d  by 60-80' compared w i t h  t h e  s i m p l e r ,  analogous 
phenyl b e n z o a t e s ,  i r r e s p e c t i v e  of  t he  p o s i t i o n  of the 
2,6-naphthylene r i n g .  For t h e  esters w i t h  one a l k y l  
and one alkoxy s u b s t i t u e n t ,  t h e  N - I  t empera tu res  were 
a g a i n  h i g h e r  t han  t h o s e  of t h e  co r re spond ing  phenyl  
benzoa te s  (~600) ; SA p r o p e r t i e s  were q u i t e  pronounced 
i n  t h e  6-alkyl-2-naphthyl 4-alkoxybenzoates.  When bo th  
s u b s t i t u e n t s  were alkoxy g roups ,  SC phases  of q u i t e  
wide the rma l  r ange  were e x h i b i t e d ,  u s u a l l y  preceded on 
c o o l i n g  by a nematic  and a SA phase.  

The 2,6-naphthylene r i n g  system h a s  been 

lnhoduot ion D i - s u b s t i t u t e d  phenyl  benzoa te  esters (I) 
are w e l l  known l i q u i d  c r y s t a l  mater ia l s . ly2  
t e r m i n a l  groups,  R and R1,  a r e  a l k y l  groups,  t h e  esters are 
p a r t i c u l a r l y  l o w  m e l t i n g  and some form e n a n t i o t r o p i c  nemat i c  
(N) phases .  

When bo th  

where R and /o r  R 1  = a l k y l  and/or  alkoxy 

The d i a lkoxy  esters e x h i b i t  smectic C ( S c )  p h a s e s ,  smectic A 
(SA) phases  and N phases .  When R = a l k y l  and R1 = a lkoxy ,  
N and Sc phases  a r e  e x h i b i t e d ,  and when R = alkoxy and 
R1 = a l k y l ,  N and SA phases  a r e  formed. The l i q u i d  c r y s t a l  
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198 D. COATES and G. W. GRAY 

phases of the  esters (I) a r e  however usua l ly  of s h o r t  
thermal range,  and indeed are, i n  many cases ,  monotropic. 

1,4-phenylene r i n g  i n  esters of type I ,  b u t  where R = a l k y l  
o r  alkoxy and R 1  = C N ,  wi th  a 2,6-naphthylene r ing .  
N - I  temperatures were g r e a t l y  increased ,  t he  inc rease  
depending on whether t h e  r i n g  system of t h e  a c i d  moiety 
( inc rease  of 65-75O) o r  the  phenol moiety ( inc rease  of 85-95O) 
was replaced.  The inc reases  i n  mel t ing  po in t  were much 
smal le r  (25-35O). We have now examined t h e  s i t u a t i o n  i n  the  
cases  where R and/or R1 = a l k y l  and/or alkoxy. 

In e a r l i e r  works3 we  showed t h e  e f f e c t  of r ep lac ing  a 

The 

Renu&% and V d c u s n i a n  
Di-alkyl esters: Two types of e s t e r  a r e  poss ib l e  - (11) 
and (111). 

'-CO. O@- R 

The di-n-pentyl ester (11) gives  C-N, 52.9'; N - I ,  93.2O 
and the  analogous es ter  (111) gives  C-N, 69.5O; N - I ,  91.6'. 
The N-I  va lues  a r e  the re fo re  s i m i l a r .  This was n o t  t he  case 
f o r  t h e  a lky l - subs t i t u t ed  cyano-esters , f o r  which the  N - I  
temperatures were about 20° h igher  f o r  t h e  cyanonaphthyl 
esters ((111) R 1  = CN) than f o r  t he  corresponding cyanophenyl 
e s t e r s  ((11) R1 = CN).  
extended conjugat ive i n t e r a c t i o n s  between t h e  oxygen of t h e  
es ter  l inkage and the  cyano group i n  the  case  of t he  
naphthyl ester.  In t he  p re sen t  ca se ,  however, t h e  s i t u a t i o n  
is  d i f f e r e n t  i n  t h a t  R 1  i s  a weakly e l e c t r o n  donat ing a l k y l  
group. 

considerably h igher  than t h a t  of the  analogous ester (11), 
and the  nematic thermal range w a s  t he re fo re  much narrower. 
We the re fo re  prepared more e s t e r s  of type (11), and t h e i r  
t r a n s i t i o n  temperatures a r e  l i s t e d  i n  Table 1. 

up t o  42.20, whereas the  corresponding phenyl benzoates  
usua l ly  e x h i b i t  monotropic nematic phases.  

AlkylJalkoxy esters:  When the  a l k y l  s u b s t i t u e n t  on the  
ac id  moiety i s  replaced by an alkoxy s u b s t i t u e n t ,  a l a rge  
d i f f e rence  i n  t h e  p r o p e r t i e s  of t he  two types of ester 

This was explained by the  more 

The mel t ing  po in t  of t he  di-n-pentyl ester (111) was 

These esters t h e r e f o r e  have nematic thermal ranges of 
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LIQUID CRYSTAL PROPERTIES OF NAPHTHALENE ESTERS 199 

TABLE 1 

Trans i t i on  temperatures  (OC) f o r  some 4-alkylphenyl 
6-alkyl-2-naphthoates (11) 

* 
R R 1  C-N N-I  Nematic range 

n-CkHg n-C5Hll 40.7 82.9 42.2 
n-Ct+Hq n-CgH13 47.8 72.0 24.2 
n-CsH 11 n-Ct+Hg 47.3 84.3 37.0 
n-CsH11 n-CsH11 52.9 93.2 40.3 
n-CsH11 n-CgH13 49.0 82.0 33.0 

n-CgH13 n-CsH11 47.8 84.4 36.6 
n-CgH13 n-CgH13 57.4 77.2 19.8 

n-CgH 1 3  n-CqHg 53.0 75 .2  22.2 

* 
Compared wi th  the  corresponding phenyl benzoates  , 

t he  N - I  va lues  a r e  h ighe r  by 60-80° 

((IV) and (V)) is found (see  Table 2 ) .  

Ro%CO. 0 @- R 

TABLE 2 

T r a n s i t i o n  temperatures (OC) f o r  some esters of types 
(IV) and (V) 

Type R R1 C-N SA-N N- I 

( Iv )  n-CgH13 n-CgH13 64.4 - 118+ 
(v) n-CgH13 n-CsH11 81.0 84.9 1 2 0  

* 

(v)  n-CgH17 n-C7H15 73.0 106.1 111.3 
* 

The analogous phenyl benzoate  has  C-N, 45O; N - I  590 
The analogous phenyl benzoate has  C-N, 50'; N - I  63O 

The N - I  temperatures f o r  t he  esters ( I V )  and (V) are 
the re fo re  s imi l a r ,  and about 600 h ighe r  than those  of t he  
corresponding phenyl benzoates .  The SA thermal s t a b i l i t i e s  
of t he  esters (V) are however very much enhanced compared 
wi th  the  e s t e r  (IV) and i t s  analogue i n  the  phenyl benzoate 
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200 D. COATES and G .  W. GRAY 

series. 

esters (V), t he  esters (VI) are obta ined  (see  Table 3) .  
When the  alkoxy and a l k y l  groups a r e  reversed i n  the  

TABLE 3 

Trans i t i on  temperatures (OC) f o r  esters of type (VI) 

R R1 C-N S C-N N- I 

n-CgH13 n-CgH13 76.1 - 109.7  
n-C7H15 n-C7H15 83.1 (-58) 109.5 

Compared wi th  t h e  e s t e r s  (V), t he  esters (VI) have 
much lower smect ic  tendencies ,  and the  type of smect ic  phase 
has  changed t o  Sc; t h i s  change a l s o  occurs  i n  t h e  case of the 
analogous phenyl benzoates.  The N - I  temperatures f o r  the  
esters (VI) a r e  a l i t t l e  lower than those of t h e  e s t e r s  (V) 
o r  the  esters (IV). This agrees  wi th  r e s u l t s  of our previous 
work3P4 which showed t h a t  a terminal  s u b s t i t u e n t  ( i n  the  ac id  
moiety) which i s  capable of conjugat ion wi th  the  carbonyl 
group of the ester func t ion  e l e v a t e s  the  N - I  temperatures.  

Di-alkoxv e s t e r s :  The phenyl benzoates of type (I) with 
R and R1 = alkoxy, e x h i b i t  Sc, SA and N phases. It is  the  
Sc prope r t i e s  of these  e s t e r s  which make them i n t e r e s t i n g ,  
and so w e  have prepared a range of naphthalene analogues 
having moderately long a l k y l  chains  , i e ,  5 t o  9 carbons.  
The chains of each alkoxy group have been chosen of s i m i l a r  
length ,  s ince  SC phases o f t e n  a t t a i n  a maximum i n  thermal 
s t a b i l i t y  when the  end groups a r e  of moderate and s i m i l a r  
lengths .  The t r a n s i t i o n  temperatures f o r  the  e s t e r s  (VII) 
a r e  given i n  Table 4 .  

These esters r ep resen t  a range of i n t e r e s t i n g  new 
ma te r i a l s  ranging from pure ly  nematic,  t o  nematic p lus  SC 
t o  nematic p lus  SA and SC.  
i nd iv idua l ly  f o r  about 20° i n  t he  temperature range 82-115', 
and the  esters and t h e i r  e u t e c t i c  mixtures  a r e  use fu l  i n  
s t u d i e s  of the SC phase,  p a r t i c u l a r l y  a s  they a r e  r a t h e r  
s t a b l e  compounds. The S c  phases of t he  analogous phenyl 
benzoates  ( I ,  where R and R1 = alkoxy) occur a t  longer 
chain lengths  and a r e  of s h o r t e r  thermal range (up t o  about 
15O), wi th  SC-SA temperatures  which a r e  some 20° lower than 

The SC phases pers i s t  
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LIQUID CRYSTAL PROPERTIES OF NAPHTHALENE ESTERS 201 

R 

n-C5H 11 
n-C6H 1 3 
n-C6H 1 3  
n-C7H 15 
n-C7H15 
n-C7H 15 
n-C8H 1 7  
n-C8H 17 
n-C8H17 

n-C9H 19 
n-C9H 19 

TABLE 4 

T rans i t i on  temperatures (OC) f o r  
4-alkoxyphenyl 6-alkoxy-2-naphthoates 

"%CO. O-@ OR1 

R1  
- 

88.4 
89.1 
94.7 

103.8 
103.0 
93.8 

101.8 
104.2 
106.3 
115.5 

- 
- 
- 

105.5 
110.7 
113.8 
115.7 
119.8 
122.4 
122.5 
125.7 

W I )  

N- I 
131.4 
133.4 
133.3 
129.8 
132.2 
128.0 
129.7 
131.0 
131.8 
129.8  
128.4 

those of the  esters (VII). The N - I  temperatures of t h e  
corresponding phenyl benzoates a r e  about 50-70° lower,  i n  
accordance wi th  the r e s u l t s  given e a r l i e r .  

Expehimentd Esters were prepared by s tandard  
experimental  methods and p u r i f i e d  by column chromatography 
and c r y s t a l l i s a t i o n .  Each product gave a s i n g l e  spot  on 
t h i n  layer  chromatography and i t s  s t r u c t u r e  was confirmed 
by mass spectrometry and inf ra - red  spectroscopy. 

and phenols:  

6-n-Alkyl-2-naphthoic ac ids  were prepared a s  descr ibed 
e a r  1 i e  r . 6  

6-n-Alkoxy-2-na h tho ic  ac ids  were prepared by t h e  methods of 

4-n-Alkylbenzoic ac ids .  These known ma te r i a l s  were prepared 
by a c e t y l a t i o n  of the  n-alkylbenzenes 
of the 4-n-alkylacetophenones t o  the corresponding ac ids .  

4-n-Alkoxybenzoic ac ids  were prepared7 from 4-hydroxybenzoic 
ac id .  

The fol lowing information r e l a t e s  t o  the  s t a r t i n g  ac ids  

Gray and Jones.  5 

followed by oxida t ion7  
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202 D. COATES and G. W. GRAY 

4-n-Alkylphenols were e i t h e r  commercially a v a i l a b l e  or  
prepared  by s t a n d a r d  methods. 

4-n-Alkoxyphenols were prepared  by t h e  method of Neubert  

6-n-Alkyl-2-naphthols were prepared  by t h e  method 
descr ibed6  f o r  6-n-pentyl-2-naphthol, mp 104'. 
2-naphthol had mp lolo.  

et al.9 

6-n-Heptyl- 
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