
CHAPTER I1 

SYNTHESIS AND MESOMORPHIC PROPERTIES OF [S]-2-METHYLBUTYL 

~-[~'-(~~~~~-~"-~-ALKOXY-~-METHYLCINNAMOYLOXY)BENZOYLOXY] 

BENZOATES AND RELATED COMPOUNDS 



11.1 BRIEF ACCOUNT OF MESOMORPHIC PROPERTIES OF DIESTERS 

CONTAINING TWO AND THREE PHENYL RINGS 

Many organic compounds exhibiting liquid crystalline 

properties contain two phenyl rings with substituents in the para 

positions. On moving from two ring mesogens with one linking unit 

to three ring mesogens with two linking units, mesophase thermal 

stabilities are greatly enhanced. In a three ring system when two 

rings are linked by a unit which preserves conjugative interac- 

tion and molecular rigidity, e.g., -CH=N-, -CH=CH-, etc., the 

second linking unit can be more flexible, e.g., -CH2-CH -, 0-CH2- 2 

etc. This implies that if a considerable portion of a lath-like 

molecule is rigid and packs parallel to similar portions of 

neighbouring molecules, more flexible parts of the molecules may 

be constrained to lie in line with more rigid parts. However, a 

combination of a rigid and a flexible linking unit in three ring 

mesogens gives less thermalp,?table mesophases than those that 
'4 w 

occur with two rigid linking units. 1 .  

The changes in the mesomorphic properties on extension of 

the core in a molecule is illustrated by considering the two 

series of compounds I1 (i) and 11 (ii) .* A comparison between the 
two series shows that because of the longer core of the molecules 

of series II(ii), both the melting points and the clearing tempe- 

ratures are higher and the temperature ranges of mesophases are 

widened. All the homologues of series II(ii) (n=l to n=10) show 

enantiotropic mesophases. The lower homologues (n=1 to n=3) 

exhibit only a chiral nematic phase. However, this phase exists 

over a wide range of temperature (about 1 2 5 ~ ~ )  for these homo- 
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logues. When n 2 4 a smectic A phase is observed in addition to 

the chiral nematic phase. In series II(i) the chiral nematic 

phase is exhibited by only two homologues (n=6 and n=7). The 

smectic A phase is observed for compounds with n 2 8. Although 

the SC, phase exists for the homologues with n L 8 in both 

series, their temperature ranges are different. 

The decyloxy compound of series II(i) has a thermal range 

0 
for the SC, phase equal to 7.5 C, whereas the corresponding homo- 

logue of series I1 (ii) has a range of 36 .~OC. Thus, temperature 

ranges of Sc* phase have indeed been widened by increasing the 

length of the core of the molecule. 

Similar conclusions can be drawn by considering series 

I1 (iii) and 11(iv) . 3  There is no chiral nematic phase in both 

the series of compounds. It can be seen that the additional 

benzoyloxy group has increased the clearing temperature by about 

1 ~ O O C  and the SC, - SA transition temperature by about 90°c in 

the decyloxy homologue. In Series II(ii) the additional third 

ring induced a chiral nematic phase in the homologue n = 10. In 

the present case the more ordered smectic phases below the SC, 

phase observed in the higher homologues (n = 11,12) ' of Series 

II(iii) are eliminated in the corresponding homologues of Series 

II(iv). 

Dewar and ~ o l d b e r ~ l  synthesised two isomeric homologous 

series of esters, viz., the p-phenylene bis-p-alkoxybenzoates 

II(v) [X = OR] and the di-p-alkoxyphenyl terephthalates II(vi) 

[X = OR]. The observed higher N-I transition temperatures of the 
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quinol esters (II(v)] than those of the terephthalic esters 

[II(vi)] have been explained by associating the thermal stabili- 

ties with the mutual conjugation between the alkoxy group and the 

carbonyl of the ester linkage. This conjugation is present in the 

former compounds [II(v)] but absent in the latter [ I I v i ]  The 

extent to which the N  - I temperatures of the quinol esters 

exceed those of the corresponding terephthalic esters were 

greatest when the substituent X donated electrons readily by 

conjugation with the ring. For example, when X = OCH3 conjugation 

can extend up to the -CO.O- function in quinol esters but not so 

in the terephthalic esters where the ester function is -0.OC-. 

Thus, the p-phenylene ring can promote the liquid crystal forma- 

tion by permitting conjugative interactions between substituents. 

However, the difference in the N- I  transition temperature was 

much more than expected when X = N O 2  (strongly electron with- 

drawing group), resulting in a monotropic phase in terephthalic 

esters. 

Bristol and schroeder5 synthesised p-phenylene bis- 

methoxycinnamate and observed that the N-I transition temperature 

increased by more than 3 7 O ~  when compared to the transition 

temperature of p-phenylene bis-methoxybenzoate The additional 

vinyl group increases molecular length and polarisability. An 

introduction of a methyl group at or-position of a cinnamate will 

be discussed later. 

Byron et al. 6,7 , 8  have demonstrated that a lateral dipolar 

substituent has different effects on the thermal stability of the 

nematic and the smectic phases.. Several series of compounds 



containing halogen as a lateral substituent have been studied. In 

these series of compounds as the aromatic hydrogen is replaced by 

chlorine, bromine or iodine respectively, the N-I transition 

temperature decreases monotonically. This has been attributed to 

a regular decrease in the intermolecular forces with increasing 

size of the substituent leading to a corresponding increase in 

the mean intermolecular separations. The effect of lateral 

dipolar substituents on SC, phase has already been discussed in 

Chapter I. Arora et alS9 have introduced a methyl group in the 

central phenyl ring of p-phenylene bis-alkoxybenzoates [II(V) 1 .  

The diminished thermal stabilities of the mesophases as compared 

to the unsubstituted compound have been attributed to the 

decrease in the anisotropy of polarisability. This is a 

consequence of a decrease in the coplanarity of the conjugated 

groups in the molecule. An increase in the breadth of a molecule 

also reduces the thermal stability. schroeder1° has reported a 

few homologous series with laterally substituted chloro and 

methyl groups in the central phenyl ring. In the dodecyloxy 

homologue of p-phenylene bis-alkoxybenzoate [II(v), X = OC,2H251, 

the methyl group reduces the clearing temperature by 34OC and the 

0 S - N transition temperature by 66 C. The melting point is also 

depressed by 28Oc. The unsubstituted parent octyloxy homologue 

exhibits Sc phase which disappears in the corresponding methyl 

substituted compound. The change from a lateral methyl group to a 

lateral chloro group involves only a dipolar or a polarisability 

change, the size of chloro and methyl groups being more or less 

the same. The mesophase transition temperatures are not much 

affected with this change. 



11-2. RESULTS AND DISCUSSION 

In an effort to obtain SC, phase at relatively low tempera- 

tures and study its properties upon changes in the molecular 

structure, a number of compounds were synthesised. These include 

[SI-2-methylbutyl 4-[4'-(trans-4"-n-aIkoxycinnamoyloxy)benzoyloxy] 

benzoates and [S]-2-methylbutyl 4-[4'-(trans-4"-n-alkoxy-a-methyl 

cinnamoyloxy)benzoyloxy]benzoates. $n these compounds the central 

phenyl ring was also substituted with a methyl or a chloro group'. 

The transition temperatures of these compounds are given in table 

1. An examination of this table indicates that three compounds 

exhibit the SC, phase. Out of these, two are enantiotropic while 

the other exhibits a monotropic SC, phase. Compound 2.d.6 exhibits 

the SC, phase at a relatively low temperature-Hence an investiga- 

tion of the homologous series containing this compound was under- 

taken. 

All the compounds were prepared according to the schemes 

shown in figures 1,2 and 3. The trans-p-n-alkoxycinnamic acids 

were prepared following a procedure described by Gray and Jones. 12 

The trans-p-n-alkoxy-a-methylcinnamic acids were prepared accor- 

ding to the method described by Johnson. ' 4-Hydorxy-3- methyl- 

acetophenone was obtained by a Friedel-Craft's acylation reaction 

with acetyl chloride on 0-cresol. However, 3-chloro-4-hydroxy- 

acet~phenone was obtained by a Fries rearrangement of 2-chloro- 

phenyl acetate. The 'chloro and methyl substituted aryl methyl 

ketones were oxidised to their corresponding carboxylic acids 

'P using ice-cold sodium hypobromite solution in 1,4-dioxan. The 

benzylation reactions were carried out using sodium ethoxide as a 
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0 
Transition temperatures ( C) of 

Compound X Y C 
S ~ *  S~ 

N * I 
number 
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CH 3  
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b a s e  i n  e t h a n o l  s o l u t i o n s .  Hydrogeno lyses  w e r e  p e r f o r m e d  i n  1 ,4- 

d i o x a n  s o l u t i o n s  u s i n g  5% p a l l a d i u m  on  c a r b o n  c a t a l y s t  a t  room 

t e m p e r a t u r e .  A l l  t h e  es t e r i f i c a  t i o n  r e a c t i o n s  w e r e  c a r r i e d  o u t  by 

c o n d e n s i n g  t h e  a p p r o p r i a t e  c a r b o x y l i c  a c i d  c h l o r i d e s  w i t h  sub-  

s ti t u  t e d  p h e n o l s  i n  p y r i d i n e  s o l u t i o n  a t  room t e m p e r a t u r e .  

A s  ment ioned  e a r l i e r ,  a l l  t h e  s i x  compounds i n  t a b l e  1 

e x h i b i t  c h i r a l  n e m a t i c  and  smectic A p h a s e s  e x c e p t  the compound 

2 . d .6 .  However, o n l y  t h r e e  compounds show a  c h i r a l  smectic C 

p h a s e .  When X=H r a n g e  o f  S  phase  i s  maximum f o r  Y = H (compound 
A 

2  . a . 6 ) .  S i m i l a r l y ,  when X = CH t h e  r a n g e  of  SA p h a s e  i s  w i d e s t  3 

f o r  Y = H (compound 2 . d . 6 ) .  The r ange  o f  t h e  N *  p h a s e  f o l l o w s  a n  

a s c e n d i n g  o r d e r  on  g o i n g  f rom compound 2  . a .6  to 2 .  f . 6 .  Amongst 

a l l  t h e  s i x  compounds t h e  m e l t i n g  p o i n t  i s  h i g h e s t  Eor compound 

2 .b .6  and l e a s t  f o r  compound 2 . f . 6 .  

L e s l i e  l 4  h a s  s y n t h e s i s e d  a  homologous series o f  compounds 

I1 ( v i i )  . The d e c y l o x y  homologue of  t h i s  series c a n  b e  compared 

w i  t h  [ S  I- 2- me t h y l b u  t y 1  4-[ 4 ' - ( t r ans- 4  " -n -decy loxyc innamoy loxy  ) 

benzoy loxy  Ibenzoa te ( 2 .  a .  6  ) . The compound 2 .  a .  6  h a s  a n  a d d i  t i o n a l  

benzoy loxy  g r o u p  compared t o  t he  d e c y l o x y  homologue o f  ser ies  

I1 ( v i i )  . T h i s  r e s u l t s  i n  a n  enhancement  o f  t h e  mesophase  t r a n s i -  

t i o n  t e m p e r a t u r e s  t o  a  c o n s i d e r a b l e  e x  t e n  t. The t h e r m a l  s t a b i l i -  

0 t i es  o f  SA and  SC, p h a s e s  i n c r e a s e  by a b o u t  1 0 8 ~ ~  a n d  96 C r e s p e c -  

t i v e l y .  The r a n g e  o f  S * p h a s e  h a s  i n c r e a s e d  b y  a b o u t  50°c. A 
C 

c h i r a l  n e m a t i c  p h a s e  w i t h  a  r a n g e  o f  ~ O C  h a s  a l s o  b e e n  i n d u c e d  i n  

compound 2 .  a .  6  . [ S  I-2-Me t h y l b u  t y l  4-[ 4 ' - ( t r a n s- 4  " -n-decyloxy-  

c innamoyloxy  ) - 3  ' - m e  t h y l b e n z o y l o x y  Ibenzoa te ( 2 .  b .  6 ) h a s  a l a t e r a l  





methyl group in the central phenyl ring. A comparison with the 

unsubstitued compound shows that in the methyl substituted 

compound the clearing temperature is reduced by 52Oc and the SA - 

N* transition temperature by 5 4 .  ~ O C .  The melting point however, 

has increased by 27'~ and the SC, phase has been eliminated. A 

Drieding model of this compound with a lateral substituent in the 

central ring shows an increase in its breadth. [S]-2-Methylbutyl 

4-[3'-chloro-4'-(trans-4"-n-decyloxycinnamoyloxybenzoate (2.c.6) 

has a chlorine in the central ring in place of methyl group of 

compound 2.b.6. Enhancement in the lateral dipole of the molecule 

can be expected without an increase in the breadth of the 

molecule when a chloro group replaces a lateral methyl group. The 

SA - N* and N* - I transition temperatures of compound 2.c.6 are 

only slightly affected compared to the corresponding transition 

temperatures of compound 2.b.6. However, the SC, phase present in 

the unsubstituted compound 2.a.6 persists as a monotropic phase in 

the chloro substituted compound 2.c.6. This phase, as was seen 

earlier, is absent in the methyl substituted compound 2.b.6. 

A detailed comparison of transition temperatures of trans-p- 

n-alkoxycinnamic acids and trans-p-n-alkoxy-a-methylcinnamic acids 

has been reported. ' The a-methyl group of the central linkage has 

a pronounced effect on the types as well as the transition tempe- 

ratures of the mesophases when compared with those of the unsub- 

stituted compounds. The melting points are reduced by about 40- 

50°c and the smectic phases are eliminated in the a-methyl substi- 

tuted compounds. The a-methyl group fills the space within the 

molecule without any substantial broadening. This thickening 



e f f e c t  i s  c o n s i d e r a b l y  e n h a n c e d  d u e  t o  s ter ic  i n t e r a c t i o n  b e  tween 

t h e  m e t h y l  g r o u p  and  t h e  o r t h o  r i n g  p r o  t o n s .  16 

A c o m p a r i s o n  o f  [ S  I - 2 - m e t h y l b u t y l  4 - [4  ' - (  t r a n s - 4  " -n -decy loxy-  

a-me t h y l c i n n a m o y l o x y  ) b e n z o y l o x y  Ibenzoa  te ( 2 .  d .  6  ) a n d  t h e  compound 

w i t h o u t  t h e  m e t h y l  g r o u p  a t  t h e  a - p o s i t i o n  ( 2 . a . 6  b r i n g s  o u t  t h e  

f o l l o w i n g  f e a t u r e s .  The i n t r o d u c t i o n  o f  t h e  m e  t h y l  g r o u p  r e s u l t s  

i n  a  l o w e r i n g  o f  t h e  m e l t i n g  p o i n t s  by  a b o u t  40°c ,  a n d  

e l i m i n a t i o n  o f  t h e  c h i r a l  n e m a t i c  p h a s e .  The  SC, - SA t r a n s i t i o n  

t e m p e r a t u r e  however i s  d e c r e a s e d  by a b o u t  I O O ~ C ,  t h u s  r e d u c i n g  

0 t h e  r a n g e  o f  Sc, p h a s e  f r o m  62 C i n  compound 2  . a . 6  t o  4 O c  i n  

compound 2 .  d .  6 . 

[ S  1 - 2 - ~ e  t h y l b u  t y 1  4-[ 4 ' - ( t r a n s- 4  "-n-decyloxy-a-me t h y l c i n n a -  

moyloxy)  3  ' - m e  t h y l b e n z o y l o x y  ] b e n z o a t e  ( 2  . e . 6  a n d  [ S  I-2-me t h y l  

bu t y 1  4 - [ 3  ' - c h l o r o - 4  ' - (  trans-4"-n-decyloxy-a-me t h y l c i n n a m o y l o x y  ) 

b e n z o y l o x y  lbenzoa  te ( 2 .  f  . 6  1 show a  s i m i l a r  d e c r e a s e  i n  t h e  t r a n s i -  

t i o n  t e m p e r a t u r e s  compared t o  t h e  c o r r e s p o n d i n g  c i n n a m a  tes w i t h o u t  

t h e  m e  t h y l  g r o u p  a t  t h e  a p o s i t i o n  ( 2 .  b . 6  a n d  2 .  c . 6  1 .  Thus  t h e  

m e l t i n g  p o i n t  o f  compound 2 . e . 6  i s  l o w e r e d  by 64OC when compared 

t o  t h a t  o f  compound 2 .  b .  6 w h i l e  t h e  SA-N* a n d  t h e  N*-I t r a n s i t i o n  

t e m p e r a t u r e s  show a  d e c r e a s e  o f  47Oc a n d  40°C r e s p e c t i v e l y .  So 

a l s o ,  t h e  m e 1  t i n g  p o i n t  of. corrpound 2 .  f .  6  i s  less b y  47 .5Oc w h i l e  

SA-N* a n d  N *- I  t r a n s i t i o n  t e m p e r a t u r e s  a r e  r e d u c e d  b y  5 2 ' ~  a n d  

43 .5Ot  r e s p e c t i v e l y  t h a n  the c o r r e s p o n d i n g  t r a n s i  t i o n  t e m p e r a t u r e s  

o f  compound 2 . c . 5 .  

An i n t r o d u c t i o n  o f  a  m e t h y l  (compound 2  .e .6 1 o r  a  c h l o r o  



(compound 2 . f . 6 )  group in the central phenyl ring of the trans-p- 

n-alkoxy-a-methylcinnamates results in lowering the mesophase 

transition temperatures. The extent of decrease is about the same 

as observed upon introduction of the lateral groups in trans-p-n- 

alkoxycinnamates (compounds 2.a.6, 2.b.6 and 2.c.6). However, the 

SC* phase present in the unsubstituted compound 2.d.6 is 

eliminated in the methyl as well as the chloro substituted 

compounds (2.e.6 and 2.f.6). 

As was observed, the thermal stability of SC, phase of 

compound 2 .a.6 is depressed by 74'~ in the corresponding chloro 

substituted compound 2.c.6. Considering this, an absence of SC, 

phase in compound 2.f.6 is not entirely unexpected. A very small 

deviation in the N*-I transition temperatures of compounds 2.e.6 

and 2.f.6 compares well with the observations made by Gray "I7 and 

Schroeder about the substituted 4.4 ' -di- (p-n-alkoxybenzylidene 

aminolbiphenyls and the substituted p-phenylene bis-alkoxy- 

benzoates respectively. 

A combined effect of introduction of a methyl group on the 

double bond and a chloro group on the central phenyl ring is seen 

by comparison of compounds 2.a.6 and 2.f.6. The addition of these 

0 groups lower the SA-N* and N*-I transition temperatures by 107 C 

and 9 1. 5Oc respectively. Also an SC, phase having a range of 6 2 O ~  

in compound 2.a.6 is totally suppressed in compound 2.f.6. 

The transition temperatures along with their enthalpies for 

the homologous series of IS]-2-methylbutyl 4-[4'-(trans-4"-n- 



alkoxy-a-methylcinnamoyloxy)benzoyloxy]benzoate are given in 

table 2. All the eight compounds (n=5 to n=12) have a fairly large 

range of S~ phase ( ~ 7 5 ~ ~ ) .  Compounds 2.d. 1, 2.d.2 and 2.d.3 

exhibit SA and N* phases only. The SC, phase is injected into the 

series from the octyloxy homologue onwards. A monotropic SC, phase 

is observed for compounds 2.d.4 and 2.d.5, while the remaining 

homologues (compounds 2.d.6, 2.d.7, 2.d.8) are enantiotropic. A 

plot of the number of carbon atoms in the alkoxy chain versus the 

transition temperatures is shown in figure 4. It is seen that N*-I 

transition temperatures decrease gradually on increasing the 

carbon chain length. A slow rise is seen for the S -N* transition A 

temperatures. The SC,-SA transition temperatures also show a 

general increase with increasing carbon chain length. 

The mesophase textures were observed using samples sandwiched 

between a glass slide and a cover slip, under a polarising micro- 

scope. A focal-conic fan texture of SA phase and a banded focal- 

conic fan texture of S * phase of compound 2.d.8, obtained on slow 
C 

cooling of isotropic liquid are shown in plates 11.1 and 11.2 . 

respectively. 

The temperature variations of the spontaneous polarisation 

(ps) for compound 2.d.7 and 2.d.8 are shown in figure 5. The 

0 values of Ps at T-Tc =-5 C are: 17 uc/m2 for compound 2.d.7 and 14 

uwm2 for compound 2 .d. 8. 

In 1988, Nakauchi and ~ a g e ~ a m a ~  synthesised a homologous 

series of compounds II(viii1. The molecular structure of these 



Plate  1 1 . 1 :  The focal-conic texture of SA phase of the 

compound 2.d.8 a t  145DC. ( ~ 3 5 0 )  

Plate  11.2: The banded focal-conic texture of SC* phase of 
the compound 2.t1.8 a t  71°C. (~350). 



Table 2 

0 
 rans sit ion t empera tu re s  ( C )  and h e a t s  of t r a n s i t i o n  (Kcals /mole)of  

Compound n  C Sc* S~ 
N* I 

number 



Figure 4: A p l o t  of t r a n s i t i o n  tempera tures  ve r sus  t h e  number of 

carbon atoms i n  t h e  a lkoxy cha in  f o r  t h e  homologous series 2(d). 



Figure 5: A plot of P as a function of relative 
S 

temperature for compounds 2.d.7 ( 0 )  and 2.d.8 ( A )  





Table 3 

0 
Transition temperatures ( C )  for series II(viii) 



compounds d i f f e r  f rom t h a t  o f  compound i n  t a b l e  2 ( shown i n  f i g u r e  

6 ) ,  w i t h  r e s p e c t  t o  t h e  p o s i t i o n  o f  - c H = c ( c H ~ ) -  g r o u p .  I n  t h e  

homologous series d i s c u s s e d  e a r l i e r  t h i s  g r o u p  l i e s  i n  t h e  c e n t r a l  

p a r t  o f  t h e  c o r e  whereas  i n  t h i s  series I I ( v i i i 1  it i s  a t  t h e  e n d  

o f  t h e  c o r e .  The t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  series I I ( v i i i )  

a re  shown i n  t a b l e  3 .  A l l  t h e  t r a n s i t i o n  t e m p e r a t u r e s  a r e  h i g h e r  

t h a n  t h e  c o r r e s p o n d i n g  t e m p e r a t u r e s  o f  t h e  homologues o f  t h e  

f o r m e r  series.  The SC,-SA t r a n s i t i o n  t e m p e r a t u r e s  a re  h i g h e r  by 

0 a b o u t  45-60 C a n d  t h e  t e m p e r a t u r e  r a n g e  o f  SC, i s  a l s o  l a r g e r  by 

35-45OC. W i t h i n  t h e  homologous series,  r a n g e  o f  SC, p h a s e  

0 
i n c r e a s e s  w i t h  i n c r e a s i n g  c a r b o n  c h a i n  f rom a b o u t  15 C  f o r  n  = 9 

t o  a b o u t  70°C f o r  n  = 16.  



EXPERIMENTAL 

11-3 GENERAL METHODS OF INVESTIGATION 

Anhydrous s o l v e n t s  u s e d  were p r e p a r e d  f r o m  commerc i a l  

s o l v e n t s  f o l l o w i n g  t h e  s t a n d a r d  p r o c e d u r e s .  A l l  s o l i d  s t a r t i n g  

m a t e r i a l s  w e r e  c r y s t a l l i s e d  b e f o r e  u s e .  The m e l t i n g  a n d  b o i l i n g  

p o i n t s  r e p o r t e d  h e r e i n  a r e  a l l  c o r r e c t e d  a n d  are  i n  d e g r e e  

C e l s i u s .  A n a l y t i c a l  t l c  were c a r r i e d  o u t  u s i n g  s i l i c a  g e l  s u p p l i e d  

b y  BDH I n d i a  L t d .  and  t h e  s p o t s  r e n d e r e d  v i s i b l e  by  b r i e f  e x p o s u r e  

t o  i o d i n e  v a p o u r .  Readymade t l c  a lumin ium c a r d s  c o a t e d  w i t h  s i l i c a  

g e l  w i t h  a  f l u o r e s c e n t  i n d i c a t o r  m a n u f a c t u r e d  by F l u k a  A G ,  

S w i t z e r l a n d ,  w e r e  a l s o  u sed .  The s p o t s  on  t h e s e  p l a t e s  were 

r e n d e r e d  v i s i b l e  by e x p o s i n g  them t o  a  DESAGA HP-UVIS lamps  a t  254 

and  366 nm. S i l i c a  g e l  (60- 120 mesh,  ACME, I n d i a )  w a s  u sed  f o r  

column ch roma tog raphy .  

I n f r a r e d  a b s o r p t i o n  s p e c t r a  were r e c o r d e d  on  Shimadzu  IR-435 

s p e c t r o p h o t o m e t e r .  The u l t r a v i o l e t  a n d  v i s i b l e  a b s o r p t i o n  s p e c t r a  

w e r e  o b t a i n e d  o n  a  H i t a c h i  U-3200 s p e c t r o p h o t o m e t e r .  The p r o t o n  

m a g n e t i c  r e s o n a n c e  s p e c t r a  were t a k e n  on  a  B r u k e r  WP80SY FT NMR 

s p e c t r o m e t e r  u s i n g  t e t r a m e t h y l s i l a n e  a s  a n  i n t e r n a l  r e f e r e n c e  

s t a n d a r d .  The c h e m i c a l  s h i f t s  are  q u o t e d  a s  6 ( p a r t s  p e r  m i l l i o n )  

d o w n f i e l d  f rom t h e  r e f e r e n c e .  CDC13 w a s  u s e d  as  a s o l v e n t  f o r  a.11 

t h e  compounds u n l e s s  o t h e r w i s e  s t a t e d .  E l e m e n t a l  a n a l y s e s  were 

c a r r i e d  o u t  o n  a  CARLO-ERBA 1106 e l e m e n t a l  a n a l y s e r .  S p e c i f i c  

r o t a t i o n s  w e r e  measu red  e i t h e r  on a ROUSSEL J O U A N  d i g i t a l  p o l a r i -  

meter TYPE 71 o r  on a n  o p t i c a l  a c t i v i t y  AA-1000 p o l a r i m e t e r  a t  

5 8 9 0 ~ ~  sod ium l i n e .  



The transition temperatures were.measured under a Leitz 

Laborlux 12 POL polarising microscope equipped with a Mettler 

FP52 heating stage and a FP5 controller, by sandwiching samples 

between a glass slide and a cover slip. Simultaneously the 

mesophase textures were also observed. The enthalpies of 

transitions were determined from thermograms obtained on a 

Perkin-Elmer, Model DSC-2 or DSC-4 differential scanning 

calorimeter and are reported in kcals/mole. The heating and 

cooling rates were 5O/min. The calorimeters were calibrated using 

pure indium as a standard. 



A s o l u t i o n  o f  s o d i u m  e t h o x i d e  w a s  p r e p a r e d  b y  d i s s o l v i n g  

s o d i u m  ( 2 . 3  g  , 0.1  g  a tom) i n  a b s o l u t e  e t h a n 0 1  ( 100 m l )  . 4-Hydroxy-  

b e n z a l d e h y d e  ( 1 2 . 2  g ,  0 . 1  m o l )  was  a d d e d  t o  i t .  T h i s  m i x t u r e  w a s  

s t i r r e d  a n d  r e f  l u x e d  f o r  t h i r t y  m i n u t e s .  1 -Bromodecane  ( 2 4 . 3  g , 

0 . 1  1 mol l  w a s  t h e n  a d d e d  t o  i t .  The r e f  l u x i n g  a n d  s t i r r i n g  w a s  

c o n t i n u e d  f o r  a f u r t h e r  p e r i o d  o f  s i x  h o u r s .  E t h a n o l  w a s  removed 

by  d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  w a s  p o u r e d  

i n  t o  i ce  c o l d  water. T h i s  w a s  e x t r a c t e d  w i t h  e t h e r  ( 3 0 0  m l )  , 

washed  w i t h  10% a q u e o u s  s o d i u m  h y d r o x i d e  ( 3 x 1 0 0  m l )  , w a t e r  ( 3 x 1 0 0  

m l )  a n d  d r i e d  (Na2S04  ) . Removal o f  t h e  s o l v e n t  a f  f o r d e d  a l i q u i d  

w h i c h  was  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  p u r e  4-n- 

d e c y l o x y b e n z a l d c h y d e  ( 2 4 . 0  g ,  7 0 % ) .  b . p .  1 3 5 - 1 4 0 " ~ / 0 . 1  mm. 

( Repor  t c d  l 2  b . p .  185Oc/4 rnrn ) .  

The  p h y s i c a l  d a t a  o f  t h e  c o g n a t e  p r e p a r a t i o n s  o f  o t h e r  4-n- 

a l k o x y b e n z a l d e h y d e s  a r e  g i v e n  i n  t a b l e  4 .  

trans-4-n-Decyloxycinnamic acid 

T h i s  w a s  p r e p a r e d  f o l l o w i n g  t h e  p r o c e d u r e  o f  Gray  a n d  

J o n e s .  ' T h u s ,  a  m i x t u r e  o f  4  - n- d e c y l o x y b e n z a l d e h y d e  ( 1 5 . 7  g  , 0 .06  

m o l ) ,  r n a l o n i c  a c i d  ( 1 2 . 5  g ,  0 .12  m o l l ,  p y r i d i n e  ( 2 5  m l )  a n d  a f e w  

d r o p s  o f  p i p e r i d i n e  w a s  h e a t e d  a t  1 O O O C  i n  a n  o i l  b a t h  f o r  t h r e e  

h o u r s .  T h e  m i x t u r e  w a s  t h e n  p o u r e d  o n  t o  i ce  a n d  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d .  The p r e c i p i  ta te s o  o b t a i n e d  w a s  f  il t e r e d  , 

w a s h e d  w i t h  water a n d  d r i e d .  T h i s  w a s  c r y s t a l l i s e d  a l t e r n a t e l y  

f r o m  ace t i c  a c i d  a n d  e t h a n o l  u n t i l  t h e  m e 1  t i n g  p o i n t  w a s  c o n s t a n t .  

12 ( 1 6 . 4 9 ,  9 0 % ) .  m.p. 1 3 6 . 0 ~ ~  ( R e p o r t e d  m.p. 1 3 6 . 0 ~ ~ ) .  



Table 4 

Physical constants of 4-n-alkoxybenzaldehydes 

RO - C6H4 - CHO 

R 
n-alkyl 

Observed 
b.p.  Oc/mm 

Reported Reference 
b . p .  O ~ / m m  



T h e  p h y s i c a l  d a t a  o f  t h e  c o g n a t e  p r e p a r a t i o n s  of o t h e r  t r a n s - 4 -  -- 

n- a l k o x y c i n n a m i c  a c i d s  are g i v e n  i n  t a b l e  5 .  

trans-4-n-Decyloxy-a-methylcinnamic a c i d  

T h i s  w a s  p r e p a r e d  f o l l o w i n g  t h e  p r o c e d u r e  o f  J o h n s o n .  l 3  T h u s  

a m i x t u r e  o f  4-n-decyloxybenzaldehyde ( 1 5 . 7 9 ,  0 . 0 6  m o l l ,  p r o p i o n i c  

a n h y d r i d e  ( 9 . 7 5 9 ,  0 . 0 7 5  m o l )  a n d  p o t a s s i u m  p r o p i o n a t e  6 . 7 2 9 ,  0 . 0 6  

m o l l  w a s  h e a t e d  i n  a n  o i l  b a t h  a t  1 3 0 ~ ~  f o r  t h i r t y  h o u r s .  The  warm 

r e a c t i o n  m i x t u r e  w a s  p o u r e d  o n  t o  a s t i r r e d  m i x t u r e  o f  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d  a n d  i ce  c o l d  water.  T h e  p a l e  b rown s e m i - s o l i d  

h a r d e n e d  a f t e r  a b o u t  t h i r t y  m i n u t e s .  I t  w a s  f i l t e r e d  o f f ,  washed  

w i t h  w a t e r ,  d r i e d  a n d  r e c r y s t a l l i s e d  f r o m  p e t r o l e u m  e t h e r  ( b . p .  

60-80°c)  ( 1 5 . 4 9 ,  8 1 % ) .  m.p. 7 9 . 0 ~ ~  ( I ? e p o r t e d 1 5  m.p. 7 9 . 5 O C ) .  

The  p h y s i c a l  d a t a  o f  t h e  c o g n a t e  p r e p a r a t i o n s  o f  o t h e r  t r a n s -  

4-n-alkoxy-a-methylcinnamic a c i d s  a r e  g i v e n  i n  t a b l e  6 .  

E t h y l  4- b e n z y l o x y b e n z o a t e  

A s o l u t i o n  o f  s o d i u m  e t h o x i d e  was  p r e p a r e d  b y  d i s s o l v i n g  

s o d i u m  ( 4 . 6  g ,  0 . 2  g  a t o m )  i n  a b s o l u t e  e t h a n o l  ( 1 5 0  m l ) .  E t h y l  4-  

h y d r o x y b e n z o a t e  ( 3 3 . 2  g ,  0 . 2  m o l l  w a s  a d d e d  t o  it. T h e  r e s u l t i n g  

m i x t u r e  w a s  s t i r r e d  a n d  r e f l u x e d  f o r  t h i r t y  m i n u t e s .  B e n z y l  

c h l o r i d e  ( 2 7 . 8  g ,  0 . 2 2  m o l )  was  t h e n  a d d e d  t o  it. T h e  s t i r r i n g  a n d  

r e f l u x i n g  w a s  c o n t i n u e d  f o r  a f u r t h e r  p e r i o d  o f  t w e l v e  h o u r s .  

E x c e s s  e t h a n o l  w a s  d i s t i l l e d  o f f ,  t h e  r e s i d u e  p o u r e d  i n t o  c o l d  

w a t e r  a n d  e x t r a c t e d  w i t h  e t h e r  ( 3 x 1 0 0  m l ) .  T h e  c o m b i n e d  e t h e r e a l  



Table 5 

Physical constants of trans-4-n-alkoxycinnamic acids 

RO - C H -CH = CH - COOH 
6 4 

R 
n-alkyl 

Observed 
0 

m-p. c 
Reported 

0 
m.p. C 

Reference 



Table 6 

Physical constants of trans-4-n-alkoxy-a-methylcinnamic acids 

RO - C6H4 - CH = C(CH3)COOH 

R 
n-alkyl 

Observed 
0 

m-p. c 
Reported Reference 

0 
m.p. C 



s o l u t i o n  w a s  washed  w i t h  10% a q u e o u s  sod ium h y d r o x i d e  ( 2 x 7 5  m l )  

a n d  water ( 2 x 6 0  m l ) .  The  e t h e r e a l  s o l u t i o n  w a s  d r i e d  ( N a 2 S 0 4 )  a n d  

t h e  s o l v e n t  removed.  The  s o l i d  r e s i d u e  w a s  c r y s t a l l i s e d  f r o m  

19 e t h a n o l  ( 4 0 . 0  g ,  7 8 % ) .  m.p. 4 6 . 0 ' ~  ( R e p o r t e d  m.p. 4 6 . 0 ~ ~ ) .  

4-Benzyloxybenzoic acid 

A m i x t u r e  o f  e t h y l  4- b e n z y l o x y b e n z o a t e  ( 3 0 . 0  g ,  0 . 1 2  m o l ) ,  

p o t a s s i u m  h y d r o x i d e  ( 8 . 6  g ,  0 . 15  m o l ) ,  water ( 1 0  m l )  a n d  e t h a n o l  

( 5 0  m l )  w a s  r e f l u x e d  f o r  s i x  h o u r s .  E t h a n o l  w a s  r emoved  by 

d i s t i l l a t i o n  a n d  t h e  r e s i d u e  p o u r e d  i n t o  c o l d  water. T h i s  w a s  

a c i d i f i e d  by a d d i n g  c o l d ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The  

w h i t e  p r e c i p i t a t e  s o  o b t a i n e d  w a s  f i l t e r e d  o f f ,  w a s h e d  w i t h  

water and  d r i e d .  T h i s  w a s  t h e n  c r y s t a l l i s e d  f rom e t h a n o l  ( 2 5 . 0  

g ,  9 0 % )  m.p.  1 9 1 . 2 ° ~  ( R e p o r t e d  20 m.p. 1 8 8 . 0 ~ ~ ) .  

A m i x t u r e  o f  4- b e n z y l o x y b e n z o i c  a c i d  ( 1 5 . 0  g ,  0 . 0 6 5  m o l l  a n d  

t h i o n y l  c h l o r i d e  ( 5 0  m l )  w a s  r e f l u x e d  f o r  s i x  h o u r s .  E x c e s s  

t h i o n y l  c h l o r i d e  w a s  removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  

p r e s s u r e .  A s o l u t i o n  o f  ( S ) - 2 - m e t h y l b u t a n o l  ( 6 . 3  g ,  0 . 0 7  m o l l  i n  

a n h y d r o u s  p y r i d i n e  ( 4 0  m l )  w a s  a d d e d  t o  t h e  c r u d e  a c i d  c h l o r i d e .  

T h i s  m i x t u r e  w a s  s t i r r e d  a t  room t e m p e r a t u r e  f o r  s i x t e e n  h o u r s  

a n d  t h e n  p o u r e d  o n  t o  a m i x t u r e  o f  ice  a n d  c o n c e n t r a t e d  

h y d r o c h l o r i c  a c i d .  T h i s  w a s  e x t r a c t e d  w i t h  e t h e r  ( 2 x 1 0 0  m l ) .  T h e  

combined  e t h e r e a l  s o l u t i o n  w a s  washed s u c c e s s i v e l y  w i t h  w a t e r  

( 2 x 5 0  m l ) ,  10% a q u e o u s  sod ium h y d r o x i d e  ( 2 x 6 0  m l )  a n d  w a t e r  ( 2 x 5 0  



ml). It was then dried (Na2S04) and the solvent removed. The 

crude product was chromatographed on silica gel and eluted with 

50% chloroform-petroleum ether (b. p. 60-80°c) mixture. Removal of 

solvent from the eluate afforded a viscous liquid. (13.5 g, 69%). 

D neat 3000,1710,1610,1580, 1280,1250 [a]25 = +3.3(c=2 in CHC13). vmax 

and 1150 cm-I. 6:0.63-2.3(mP9H,2x-Cg3,Cg2 and Cg),4.15(dd,2H, 

COOCg2),5.12(s,2H,PhCg20Ar),6.91-8.15(m,9H,ArIj). 

[Found: C,76.15;H,7.63% C19H2203 requires 

C,76.50;H,7.38%]. 

A mixture of [S]-2-methylbutyl 4-benzyloxybenzoate (12.0 g, 

0.04 moll dissolved in 1,4-dioxan (100 ml) and 5% Pd/C catalyst 

(6.0 g) was stirred in an atmosphere of hydrogen till the cal- 

culated quantity of hydrogen was absorbed. The reaction mixture 

was filtered and dioxan removed by distillation under reduced 

pressure. The residual product obtained was chromatographed on 

silica gel and eluted with chloroform. Removal of solvent from the 

'eluate afforded a viscous liquid (7.59. 90%). [a]k5 = +4.69(c=2 

in CHC13). v neat 3375,2940,1710,1605,1510 and 1290 cm-l. 6:0.78- 
max 

2.0(m,9H,2xCH3,CF12 - and CH),4.2(d,2H,COOCg2),6.9(d,2H,ArH),7.2(s, - 

lH,OH),7.9(d,2H,ArH). - . 

[Found: C,69.54;H,7.50% C H 0 requires 12 16 3 

CV69.23;H,7.69%]. 



A m i x t u r e  o f  4- b e n z y l o x y b e n z o i c  a c i d  ( 6 . 8 5  g ,  0 . 0 3  m o l )  a n d  

t h i o n y l  c h l o r i d e  ( 3 0  m l )  w a s  r e f l u x e d  f o r  s i x  h o u r s .  T h i o n y l  

c h l o r i d e  w a s  t h e n  removed by  d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  

A s o l u t i o n  o f  [ S ] - 2 - m e t h y l b u t y l  4- h y d r o x y b e n z o a t e  ( 6 . 8 6  g ,  0 . 033  

mo l l  i n  a n h y d r o u s  p r y i d i n e  ( 2 5  m l )  w a s  a d d e d  t o  t h e  c r u d e  a c i d  

c h l o r i d e .  T h i s  m i x t u r e ,  p r o t e c t e d  f rom m o i s t u r e  t h r o u g h  a n h y d r o u s  

c a l c i u m  c h l o r i d e  g u a r d  t u b e ,  w a s  s t i r r e d  a t  room t e m p e r a t u r e  f o r  

s i x t e e n  h o u r s  a n d  t h e n  p o u r e d  o n  t o  a m i x t u r e  o f  i ce  a n d  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h i s  w a s  e x t r a c t e d  w i t h  e t h e r  

( 2 x 1 0 0  m l )  a n d  t h e  combined  e t h e r e a l  s o l u t i o n  w a s  washed  

s u c c e s s i v e l y  w i t h  water ( 2 x 4 0  m l ) ,  10% a q u e o u s  s o d i u m  h y d r o x i d e  

( 2 x 6 0  m l )  a n d  water (2x50  m l ) .  I t  w a s  t h e n  d r i e d  (Na2S04)  a n d  t h e  

s o l v e n t  removed.  The  c r u d e  p r o d u c t  o b t a i n e d  w a s  c r y s t a l l i s c d  f r o m  

a c e t o n i t r i l e  ( 8 . 0  g ,  6 4 % ) .  m.p. 9 9 . 0 ~ ~ .  D = +2 .64  ( c = 2  i n  

C H C L ~ ) .  v n u J o l  2 9 4 0 , 1 7 2 5 , 1 7 0 0 , 1 6 1 0 , 1 5 2 0 , 1 4 6 0  a n d  1275  c m - l .  6 :  
max 

0.94-2.28(m,9H,2xCg3,Cg2 a n d  C H ) ,  4 . 3 5 ( d d . 2 ~ , ~ 0 0 ~ ~ ~ ) ,  5 - 1 8 ( ~ , 2 H ~  

[Found:  C , 7 4 . 6 0 ; H , 6 . 5 2 %  '26 H 26 0 5  r e q u i r e s  

A m i x t u r e  o f  [ S ] - 2 - m e t h y l b u t y l  4-(4'-benzyloxybenzoyloxy) 

b e n z o a t e  ( 6 . 0  g ,  0 .014  m o l )  d i s s o l v e d  i n  1 , 4 - d i o x a n  ( 1 0 0  m l )  a n d  

5% Pd/C c a t a l y s t  ( 3 . 0  g )  w a s  s t i r r e d  i n  a n  a t m o s p h e r e  o f  h y d r o g e n  



1 

till t h e  c a l c u l a t e d  q u a n t i t y  o f  hydrogen!  M a s  a b s o r b e d .  T h e  

r e a c t i o n  m i x t u r e  was  t h e n  f i l t e r e d  a n d  d i o x a n  r e m o v e d  b y  d i s t i -  

l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  T h e  r e s i d u a l  l i q u i d  was  c h r o m a t o-  

g r a p h e d  o n  s i l i c a  g e l  a n d  e l u t e d  w i t h  c h l o r o f o r m .  Remova l  o f  t h e  

s o l v e n t  f r o m  t h e  e l u a t e  a f f o r d e d  a v i s c o u s  l i q u i d .  ( 4 . 0  g ,  8 7 % ) .  

2 5  = + 2 . 8 6 ( c = 2  i n  CHC13 1 v [ a I D  nuJO1 3 3 1 0 , 2 9 5 0 , 1 7 4 0 , 1 6 9 0 ,  
max 

1 6 0 0 , 1 5 1 0 , 1 4 5 0 , 1 2 7 5  a n d  1070 cm-l .  6:0.75-2.0(m,9H,2xCg3,CE12 a n d  

CH),4.1(d,2H,COOCH2),6.5-8.l(m,8H,ArIj) - - 

[ ~ o u n d : C , 6 9 . 1  ; H , 6 . 3 %  C19H2005 r e q u i r e s  

C P 6 9 . 5 ; H , 6 . 1 % ]  

[ S ] - 2 - ~ e t h y l b u t y l  4-[4'-(trans-4"-n-decyloxy-a-methyl c i n n a m o y l o x y )  

b e n z o y l o x y ] b e n z o a t e  ( 2 - d . 6 )  

A m i x t u r e  o f  t r a n s - 4 - n - d e c y l o x y - c ~ - m e t h y l c i n n a m i c  a c i d  ( 0 . 3 2  

g ,  0 . 0 0 1  m o l )  a n d  t h i o n y l  c h l o r i d e  ( 1 0  m l )  was r e f l u x e d  f o r  s i x  

h o u r s .  E x c e s s  t h i o n y l  c h l o r i d e  was  removed by d i s t i l l a t i o n  u n d e r  

r e d u c e d  p r e s s u r e .  A s o l u t i o n  o f  [ S ] - 2 - m e t h y l b u t y l  4 - ( 4 ' - h y d r o x y  

b e n z o y 1 o x y ) b e n z o a t e  ( 0 . 3 6  g ,  0 . 0 0 1 1  m o l )  i n  p y r i d i n e  ( 1 0  m l )  w a s  

a d d e d  t o  t h e  c r u d e  a c i d  c h l o r i d e .  T h i s  m i x t u r e ,  p r o t e c t e d  f r o m  

m o i s t u r e  t h r o u g h  a n h y d r o u s  c a l c i u m  c h l o r i d e  g u a r d  t u b e ,  w a s  

s t i r r e d  a t  room t e m p e r a t u r e  f o r  s i x t e e n  h o u r s  a n d  p o u r e d  on t o  a 

m i x t u r e  o f  i c e  a n d  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h i s  w a s  

e x t r a c t e d  w i t h  e t h e r  ( 3 x 5 0  m l )  a n d  t h e  combined  e t h e r  e x t r a c t s  

was  washed  s u c c e s s i v e l y  w i t h  w a t e r  ( 2 x 1 0 0  m l ) ,  1 0 %  a q u e o u s  s o d i u m  

h y d r o x i d e  ( 3 x 1 0 0  m l )  a n d  water ( 3 x 1 0 0  m l ) .  T h e  e t h e r e a l  s o l u t i o n  

was  t h e n  d r i e d  ( N a 2 S 0 4 )  a n d  t h e  s o l v e n t  r emoved .  T h e  c r u d e  
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product thus obtained was chromatographed on silica gel and 

eluted with 60% chloroform-petroleum ether (b.p. 60-80°c). 

Removal of solvent from the eluate gave a solid residue which was 

crystallised repeatedly from ethanol (0.43 g, 68%). m.p. 

64.5'~. [a]25 = +0.77(c=2 in CHC13). v",~,?~ 2950,1740,1730,1720, 
D 

1605,1490, 1270,1080 and 890 cm-l. 6:0.75-1 .95(m.28H.3xCg3,9xCE2 

and C H ) , 2 . 2 7 ( d , 3 H P - C = C ( C H 3 ) - ) , 4 . O ( t , 2 H , ~ r 0 ~ H 2 ) ,  - - 

6.85-8.39(mP13H,ArH - and vinyl g). 

[Found: C,74.53;H,7.62% C H 0 requires 
C,74.52;HP7.64%] 

39 48 7 

The physical data of the cognate preparations of other 

benzoyloxy]benzoates (table 2) are given below. 

nu jol 
Yield,70%; m.p. 71 . ~ O C ;  = +0.78(c=2 in C H C ~ ~ ) ;  vmax : D 

2950, 1740,1730, 1725,1605, 1490 and 1280 cm-I; 6 :0.75-1 .95(m, 1 8 ~ ,  

3xCH3,4xCg2 and Cg),2.28(d93H,-C=C(CH3)-),4.0(t,2H,ArOCg2),4.1.9 - 

(d,2H.-COOCH2-),6.7-8.5(m,13H,ArH and vinyl HI. 

[Found: CP72.85;H,6.90% C34H3807 requires 

C,73.12;H,6.81%] 



nu jol 
25 = +0.8(c=2 in CHC13); vmax Yield176%; m.p. 7 6 . 0 ~ ~ ;  [ alD 

2950,1720(br),1605,149011280 and 1080 cm-I; 6:0.8-1.9(m,20~, 

3xCH3,5xCg2 and CH),2.25(d,3HI-C=C(CI-I3-),4.0(t,ZH.~r0Cg2),4.19 - 

(d12HI-COOCg2-)16.8-8.4(m113H,ArH - and vinyl g ) .  

[Found: C,73.62;H17.12% C H 0 requires 35 40 7 

CI73.43;H,6.99%] 

nu jol 
Yield,75%; m.p. 81 . ~ O C ;  [a]: = +0.77(c-2 in CHC13); "max 

- I 
2950,1720(br),1605,149011280 and 1080 cm ; 6:0.7-1.95(mP22H, 

3xCH3,6xCF12 and CH),2.22(d,3HI-C=C(C~3)-)13397(t,2HIArOC~2)14.17 - 

d.2H.-COOCH2-),6.8-8.4(m,13H,ArH - and vinyl HI. 

[Found: C,73.76;H,7.28% H 0 requires '36 42 7 

nu jol 
Yield170%; m.p. 7 7 . 0 ~ ~ ;  = +0.74(c=2 in CHC13); v 

D max 

295oI1720(br) , 1605, 1500, 1280 and 1080 cm-' ; d:0-7-1 .9(m124~, 



3xCH3,7xCH2 and CH), 2.25(d.3HP-C=C(CH3)-),4.0(t.2H,ArOCH2).4.19 - 

(d,2H,-COOCg2-),6.75-8.4(m,13H,~r~ - and vinyl g). 

[Found: C,73.67;H,7.39% H 0 requires C37 44 7 

Yield,68%; m.p. 71 .oOc; [a 125 = +0.72(c=2 in CHC13 1 ;  v nu jol 
D max 

2950,1720(br),1605.1490,1280,1080 and 890 cm-l; 6:0.7-1.9(mP26H, 

3xCH3,8xCg2 and CH),2.25(d.3Hv-C=C(CH3)-),4.0(t.2H.ArOCH2),4.17 - - 

(d,2H.-COOCg2-).6.8-8.4(mt13H~ and vinyl HI. 

[Found: CV74.74;H,7.52% C38H4607 requires 

C,74.27;Hr7.4983 

Yield,70%; m.p. 6 7 . 0 ~ ~ ;  = +0.74(c=2 in CHC13); v nu jol 
D max 

2950,1750,1730, 1720, 1605, 1490, 1270, 1080 and 890 cm-' ; 6 :0.8-2.0 

(m,30H,3xCHj,10xCg2 and CHlP2.25(d.3H,-C=C(CH3)-),4.0(t,2H,ArOCg2), - - 

4.18(df2H,-COOCH2-),6.8-8.4(mP13H,ArH - - and vinyl - H). 

[Found: C,74.88;H,7.99% C40H5007 requires 

C974.77;H,7.79%] 



25 = +0.71(c=2 in CHC13); v Yield,74%; m.p. 6 5 . 0 ~ ~ ;  [aID nu jol 
max 

2950,1740,1725,1715,1605,1490,1260 and 1075 cm-';6:0.6-1.8(m,32~, 

3~CH~,llx~I3~'and CH),2.4(d,3Hf-C=C(CH3)-),3.92(t,2H,ArOCH2),4.11 - - 

(d,2H,-COOCli2-),6.8-8.4(m,13H,ArH - and vinyl - H). 

[Found: C,74.94;H,7.92% C41H5207 requires 

C,75.00;H,7.93%] 

A mixture of trans-4-n-decyloxycinnamic acid (0.30 g, 0.001 

moll and thionyl chloride (10 ml) was refluxed for six hours. Excess 

thionyl chloride was removed by distillation under reduced pressure. 

A solution of [SI-2-methylbutyl 4-(4'-hydroxybenzoyloxy)benzoate 

(0.36 g, 0.0011 moll in pyridine (10 ml) was added to the crude 

acid chloride. This mixture, protected from moisture through 

anhydrous calcium chloride guard tube, was stirred at room 

temperature for sixteen hours and poured on to a mixture of ice 

and concentrated hydrochloric acid. This was extracted with ether 

(3x50 ml) and the combined ether extracts was washed successively 

with water (2x100 ml), 10% aqueous sodium hydroxide (3x100 ml) 

and water (3x100 ml). The ethereal solution was then dried 

(Na2S04) and the solvent removed. The crude product thus obtained 

was chromatographed on silica gel and eluted with 40% chlroform- 

petroleum ether (b.p. 60-80°c) mixture. Removal of solvent from 



t h e  e l u a t e  g a v e  a s o l i d  r e s i d u e  w h i c h  w a s  c r y s t a l l i s e d  r e p e a t e d l y  

0 f r o m  e t h a n o l  ( 0 . 4 5  g ,  7 3 % ) ;  m.p. 105 .0  C; [a];' = +1 . 5 5 ( c  = 2  i n  

CHC13 ) ; v nUJO1 2950,1720(br),1630,1600,1510,1460,1270 a n d  1160  
max 

c m - ' ;  6:0.7-2.0(m,28H,3~CI3~,9xCg~ a n d  CH) ,  - 4 . 0 ( t , 2 H , A r O C g 2 )  , 4 - 1 9  

(d,2H,-COOCg2-) , 6 . 26 -8 .46 (mv14H,ArH - a n d  v i n y l  g ) .  

[Found:  C , 7 4 . 3 8 ; H P 7 . 1 8 %  C38H4607 r e q u i r e s  

C P 7 4 . 2 7 ; H , 7 . 4 9 % ]  

2-Chlorophenyl acetate 

To a n  i c e - c o l d  s o l u t i o n  o f  2 - c h l o r o p h e n o l  ( 3 2 . 1  g ,  0 . 2 5  m o l )  

i n  p y r i d i n e  ( 7 5  m l ) ,  a c e t y l  c h l o r i d e  ( 1 9 . 6  g ,  0 . 2 5  m o l l  was a d d e d  

d r o p w i s e  o v e r  a p e r i o d  o f  o n e  h o u r .  T h i s  m i x t u r e  w a s  s t i r r e d  a t  

room t e m p e r a t u r e  f o r  f o u r  h o u r s  a n d  t h e n  p o u r e d  o n  t o  a m i x t u r e  

o f  ice  a n d  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h i s  w a s  e x t r a c t e d  

w i t h  c h l o r o f o r m  (2x150  m l )  a n d  t h e  combined  c h l o r o f o r m  e x t r a c t s  

w a s  washed w i t h  w a t e r  ( 3x200  m l ) .  The c h l o r o f o r m  s o l u t i o n  w a s  

d r i e d  ( N a 2 S 0 4 )  a n d  t h e  s o l v e n t  removed.  The  c r u d e  p r o d u c t  so 

o b t a i n e d  w a s  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  ( 3 7 . 6  g ,  8 8 % ) .  

2 1 b . p .  6 5 O ~ / 2 - 3  mm. ( R e p o r t e d  b . p .  1 0 3 ~ ~ / 1 5  m m ) .  

A m i x t u r e  o f  2 - c h l o r o p h e n y l  ace ta te  ( 3 7 . 6  9 ,  0 . 2  m o l )  a n d  

a n h y d r o u s  a l u m i n i u m  c h l o r i d e  ( 5 8 . 8  g ,  0 . 4  m o l l  w a s  h e a t e d  f o r  t w o  

h o u r s  a t  1 2 0 ~ ~  i n  a n  o i l  b a t h .  I t  was t h e n  p o u r e d  o n  t o  a m i x t u r e  

of i ce  and  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h e  p r e c i p i t a t e  f o rmed  



was  f i l t e r e d  o f f ,  washed  w i t h  w a t e r  u n t i l  t h e  w a s h i n g s  w e r e  

n e u t r a l  a n d  t h e n  d r i e d .  T h e  c r u d e  p r o d u c t  t h u s  o b t a i n e d  was  

c r y s t a l l i s e d  f r o m  b e n z e n e .  ( 2 4 . 0  g ,  6 4 % ) .  m.  p. 9 9 . 0 ~ ~ .  

2  1 r t e d  m.p. 1 0 0 . 0 - 1 0 0 . 5 ° ~ . )  

i 
i 

I n t o  a o n e  l i t e r  t h r e e - n e c k e d  f l a s k  f i t t e d  w i t h  a m e r c u r y-  

s e a l e d  s t i r r e r ,  a r e f l u x  c o n d e n s e r  a n d  a p r e s s u r e  e q u a l i s i n g  

s e p a r a t o r y  f u n n e l  was i n t r o d u c e d  d r y  c a r b o n  d i s u l p h i d e  ( 3 0 0  m l ) ,  

a n h y d r o u s  a l u m i n i u m  c h l o r i d e  ( 1 4 6 . 8  g ,  1 . 1  m o l )  a n d  0-cresol 

( 5 4 . 0  g ,  0 . 5  m o l l .  To t h i s  s t i r r e d  m i x t u r e  w a s  a d d e d  f r e s h l y  

d i s t i l l e d  a c e t y l  c h l o r i d e  ( 3 9 . 2 5  g ,  0 . 5  m o l )  d r o p w i s e  o v e r  a  

p e r i o d  o f  f o r t y  m i n u t e s .  T h e  r e a c t i o n  m i x t u r e  w a s  r e f l u x e d  f o r  

f o u r  h o u r s  a n d  l e f t  o v e r n i g h t  a t  room t e m p e r a t u r e .  C a r b o n  

d i s u l p h i d e  w a s  t h e n  removed a n d  t h e  d a r k  brown c o m p l e x  w a s  

decomposed  by a c a r e f u l  a d d i t i o n  i ce  a n d  c o n c e n t r a t e d  h y d r o-  

c h l o r i c  a c i d .  T h e  m i x t u r e  w a s  e x t r a c t e d  w i t h  e t h e r  ( 2 x 2 0 0  m l )  a n d  

t h e  combined  e t h e r  e x t r a c t s  w a s  washed  w i t h  water ( 3 x 2 5 0  m l )  a n d  

d r i e d  ( N a 2 S 0 4 ) .  Removal o f  s o l v e n t  g a v e  a p a l e  b rown . mater ia l  

w h i c h  w a s  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  T h e  c o l o u r l e s s  

p r o d u c t  w a s  c r y s t a l l i s e d  f r o m  b e n z e n e  ( 6 5 . 0  g ,  8 7 % ) .  b . p .  175-  

2  2  1 8 0 ~ ~ / 1  mm; m.p. 110.0- 1 1 2 . 0 ~ ~ .  ( R e p o r t e d  m.p. 1 0 4 . 0 ~ ~ ) .  

A s o l u t i o n  o f  s o d i u m  e t h o x i d e  w a s  p r e p a r e d  b y  d i s s o l v i n g  

s o d i u m  ( 4 . 6  g ,  0 .2  g  atom) i n  a b s o l u t e  e t h a n o l  ( 1 0 0  m l ) .  3- 



Chloro- 4- hydroxyacetophenone ( 3 4 . 1  g ,  0.2 mol)  was added t o  it. 

T h i s  m i x t u r e  was s t i r r e d  and r e f l u x e d  f o r  t h i r t y  m i n u t e s .  Benzyl  , 

c h l o r i d e  ( 2 7 . 8  g ,  0.22 moll was t h e n  added and t h e  s t i r r i n g  and  

r e f l u x i n g  were c o n t i n u e d  f o r  a  f u r t h e r  e i g h t  h o u r s .  E t h a n o l  was 

d i s t i l l e d  o f f  and t h e  r e s i d u e  poured i n t o  c o l d  w a t e r .  T h i s  was 

e x t r a c t e d  w i t h  e t h e r  (3x150 m l ) .  The combined e t h e r e a l  s o l u t i o n  

was washed w i t h  wa te r  (2x250 m l )  and d r i e d  ( N a 2 S 0 4 ) .  Removal of  

s o l v e n t  gave  a  r e s i d u e  which was chromatographed on s i l i c a  g e l  

and e l u t e d  w i t h  30% chloroform- petro leum e t h e r  ( b .  p .  60-80°c 

m i x t u r e .  Removal of s o l v e n t  from t h e  e l u a t e  gave  a  c o l o u r l e s s  

p r o d u c t  which was c r y s t a l l i s e d  from methanol  (41 .6  g ,  8 0 % ) .  m.p. 

111.5Oc. v nuJO1 2925,2875,1670,1595,1500,1480.1)60,1275,1170,1060 
max 

and 820 cm-l;  6:2.53(s,3H,COCg3) ,5.2(s,2H,0CH2Ph),6.88-8.13(rn,8Hr - 

[Found:  C169.26;H,4.50% C15H13C102 r e q u i r e s  

Fo l lowing  a  p r o c e d u r e  s i m i l a r  t o  t h e  one d e s c r i b e d  a b o v e ,  

3-methyl-4-hydroxyacetophenone was b e n z y l a t e d  u s i n g  b e n z y l  

c h l o r i d e  i n  t h e  p r e s e n c e  of sodium e t h o x i d e  i n  e t h a n o l .  The 

c r u d e  p r o d u c t  s o  o b t a i n e d  was c r y s t a l l i s e d  from p e t r o l e u m  e t h e r  

( b . p .  6 0 - 8 0 ~ ~ 1 .  

Y i e l d ,  8 5 % ;  m.p. 7 7 . 7 O ~ .  



4-Benzyloxy-3-chlorobenzoic a c i d  

A solution of sodium hypobromite was prepared by adding 

bromine (64.0 g, 0.4 mol) to a solution of sodium hydroxide (32.0 

g, 0.8 mol) in water (400 ml) at OOC. This was added to a vigo- 

rously stirred solution of 4-benzyloxy-3-chloroacetophenone 

(26.05 g, 0.1 mol) in 1,4-dioxan (200 ml). The addition was 

carried out at 30-35'~ during thirty minutes. Stirring was conti- 

nued and the temperature was raised to 50°c and held there for 

one hour to ensure the completion of the reaction. Enough aqueous 

sodium metabisulphite was added to destroy the excess of hypo- 

bromite. Water (500 ml) was added and about 200 ml of the liquid 

was distilled. The residual clear solution was cooled and acidi- 

fied with concentrated hydrochloric acid. The white precipitate 

obtained was filtered, washed thoroughly with water and dried. 

This was crystallised from ethanol (20.4 g, 78%). m.p. 2 0 9 . 0 ~ ~ .  

v nUJol 2 9 0 0 ( b r ) , 2 7 0 0 , 1 6 8 0 , 1 6 0 0 , 1 5 0 0 , 1 4 6 0 , 1 3 8 0 ~ 1 2 7 0 1 1 6 0  and 1060 max 

C14H1 1C103 requires 

4-Benzyloxy-3-methylbenzoic acid 

Following a procedure similar to the one described above, 4- 

benzyloxy-3-methylacetophenone was oxidised to the corresponding 

carboxylic acid. The crude product' so obtained was crystallised 

from ethanol. Yield,83%. m.p.183-5°~. ( ~ e ~ o r t e d ' ~  Insp. 183-184~~). 



A m i x t u r e  o f  4-benzyloxy-3-chlorobenzoic a c i d  ( 7 . 8 7  g ,  0 . 0 3  

mo l l  a n d  t h i o n y l  c h l o r i d e  ( 3 0  m l )  w a s  r e f l u x e d  f o r  s i x  h o u r s .  

E x c e s s  t h i o n y l  c h l o r i d e  w a s  removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  

p r e s s u r e .  A s o l u t i o n  o f  [ S ] - 2 - m e t h y l b u t y l  4- h y d r o x y b e n z o a t e  ( 6 . 8 6  

g , 0 . 0 3 3  m o l l  i n  a n h y d r o u s  p y r i d i n e  ( 2 5  m l )  was a d d e d  t o  t h e  c r u d e  

a c i d  c h l o r i d e .  T h i s  m i x t u r e ,  p r o t e c t e d  f rom m o i s t u r e  t h r o u g h  

a n h y d r o u s  c a l c i u m  c h l o r i d e  g u a r d  t u b e ,  w a s  s t i r r e d  a t  room tempe-  

r a t u r e  f o r  s i x t e e n  h o u r s  a n d  p o u r e d  o n  t o  a m i x t u r e  o f  i ce  a n d  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  T h i s  w a s  e x t r a c t e d  w i t h  e t h e r  

( 2x100  m l )  a n d  t h e  combined  e t h e r e a l  s o l u t i o n  w a s  w a s h e d  s u c c e -  

s s i v e l y  w i t h  w a t e r  ( 2 x 5 0  m l ) ,  10% a q u e o u s  sod ium h y d r o x i d e  ( 2 x 5 0  

m l ) ,  w a t e r  ( 3 x 5 0  m l )  a n d  d r i e d  (Na2SOq) .  The  s o l v e n t  w a s  removed 

a n d  t h e  c r u d e  p r o d u c t  t h u s  o b t a i n e d  w a s  c h r o m a t o g r a p h e d  on  s i l i c a  

g e l  a n d  e l u t e d  w i t h  25% c h l o r o f o r m- p e t r o l e u m  e t h e r  ( b . p .  60-80°c)  

m i x t u r e .  Removal o f  s o l v e n t  f r om t h e  e l u a t e  g a v e  a s o l i d  r e s i d u e  

w h i c h  w a s  c r y s t a l l i s e d  f rom e t h a n o l .  ( 9 . 5  g ,  7 0 % ) .  m.p.  1 0 2 . 7 ~ ~ .  

= + 2 . 0 6 ( c = 2  i n  CHC13); vmax 
D 

nUJO1  2 9 5 0 , 1 7 4 0 , 1 7 2 0 , 1 5 8 0 , 1 4 6 0 , 1 2 7 0  

a n d  1210 c m - I .  6 : 0.80-2.12(m,9H,2xCH ,CH2 a n d  ~ ~ ) , 4 . 4 9 ( d , 2 ~ ,  
-3 - - 

-COOCH ) , 5 . 0 6 ( s f 2 H ,  PhCH20-),6.63-7.70(m,l2~,~rH). -2 - 

[ ~ o u n d :  C f 6 8 . 6 6 ; H , 5 . 4 7 %  H C105 r e q u i r e s  '26 25 

C , 6 8 . 9 5 ; H f 5 . 5 2 % ]  

F o l l o w i n g  a p r o c e d u r e  s imi la r  t o  t h e  o n e  d e s c r i b e d  a b o v e ,  4  -A, 
benzyloxy-3-methylbenzoic a c i d  was  e s t e r i f i e d  w i t h  [ S ] - 2 - m e t h y l -  



butyl 4-hydroxybenzoate. The chromatographed product was crysta- 

0 
llised from ethanol. Yield, 81%; m.p.68.0 C; [a]: = +2.02 (c=2 

in CHC13); v",":,"' 2950,1720,1610,1510,1460,1280,1130 and 1110 

- 1 cm . 6:0.78-2.0(m,9H,2xCH3,CH2 and CH),2.34(s,3H,ArCH3),4.18(d, - - 

[Found: C,74.86;H,6.66% C27H2805 requires 

C,75.O;H,6.48%] 

A mixture of [S]-2-methylbutyl 4-(4'-benzyloxy-3'-chloro) 

benzoyloxybenzoate (4.53 g, 0.01 moll dissolved in 1,4-dioxan (30 

m l )  and 5% Pd/C catalyst (2.3 g) was stirred in an atmosphere of 

hydrogen till the calculated quantity of hydrogen was absorbed. 

The reaction mixture was filtered and dioxan removed by 

distillation under reduced pressure. The residual product so 

obtained was chromatographed on silica gel and eluted with 

chloroform. Removal of solvent from the eluate gave a white solid 

which was crystallised from cyclohexane (3.3 g, 91%), m.p. 

nuJO1 3350,2950,1720,1700, 9 8 . 0 ~ ~ ;  [a]g5 = +2.6(c=2 in CHC13); Vmax 

~~0~,1580,1510,1460,1300,1270,1120,1110 and 760 cm-'; 6:0.82-2.08 

(m,9~,2xcH~,CH and CH),4.18(d,2H,-COOC$),6.31(s,1H,oH),7-0-8-33 
-2 - - 

(m,7H,Arg). 

[Found: C,63.03;H,5.11% H C105 requires '19 19 

C,62.89;H,5.24%] 



Following a procedure similar to the one described above, 

[S]-2-methylbutyl-4-(4'-benzyloxy-3'-methyl)benzoyloxybenzoate 

was subjected to hydrogenolysis in 1,4-dioxan using 5% Pd/C as a 

catalyst. The product was crystallised from n-heptane. 

nu jol. 
Yield, 90%; m.p. 95.5'~; [a]i5 = +2.32(c = 2 in C H C ~ ~ ) ;  urnax . 
3440,2875,1710,1700,1605,1500,1460 and 1290 cm-l; 6 :0.7-2.0(rn,9Hp 

2xCH3,CI12 - and CH),2.28(~,3H,ArC~~),4.2(d,2H,-COOC~~).6-31(~,1H, - 

OH) - ,6.69-8.26(mp7H,ArH). 

[Found: C,70.23;H,6.02% C20H2205 requires 

C,70.17;H,6.43%] 

A mixture of trans-4-n-decyloxy-a-methylcinnamic acid (0.32 

g, 0.001 mol) and thionyl chloride (10 ml) was refluxed for six 

hours. Excess thionyl chloride was removed by distillation under 

reduced pressure. A solution of [SI-2-methylbutyl 4-(3'-chloro- 

4'-hydroxy)benzoyloxybenzoate (0.40 g, 0.0011 moll in pyridine 

(10 ml) was added to the crude acid chloride. This mixture, 

protected from moisture through anhydrous calcium chloride guard 

tube, was stirred at room temperature for sixteen hours and 

poured on to a mixture of ice and concentrated hydrochloric acid. 

This was extracted with ether (2x50 ml) and the combined ethereal 

solution was washed successively with water (2x75 ml), 10% 

aqueous sodium hydroxide (3x75 ml) water (3x75 ml) and dried 



(Na2S04). The solvent was removed and the residue obtained was 

chromatographed on silica gel and eluted with 50% chloroform- 

petroleum ether (b. p. 60-80°c) mixture. Removal of solvent from 

the eluate afforded a white material which was crystallised 

25 - repeatedly from ethanol (0.48 g, 72.5%). m. p.56.5Oc; [alD - 

+1.14(c = 2 in CHC13); v nuJO1 2 9 1 0 , 1 7 4 0 ~ 1 7 2 0 , 1 6 0 0 , 1 5 1 0 , 1 4 6 0 , 1 3 7 0  
max 

and 1080 crn-' ; 6:0.72-2.1 (m,28H,3xCX3,9xCH2 and CHI - ,2.22(d,3H, 

ArH - and vinyl - H) 

[Found: C,70.64;H,7.00% C39H43C107 requires 

Following a procedure similar to the one described above, 

trans-4-n-decyloxycinnamic acid was esterified with [S]-2-methyl 

butyl 4-(3'-chloro-4'-hydroxy)benzoyloxybenzoate. 

25 = +1.14(c = 2 in C H C ~ ~ ) ;  v nu jol Yield, 74%; [aID max 2950,1740, 

1720(br),1630,1600,1510,1460,1270 and 1120 crn-l; 6:0.7-2.0(mr28H, 

3xCg3,9xCH2 - and CH), - 4.02(t,2H,ArOCH2), 4.19(d,2H,-COOCg2),6.39- 

8.52(m,13H,ArH - and vinyl g) 

[Found: C,70.12;H,7.03% C38H45C107 requires 

C,70.31;H,6.94%] 



A mixture of t rans-4-n-decyloxy-~1-methy1cinnamic acid (0.32 

g, 0.0'1 mol) and thionyl chloride (15 ml) was refluxed for six 

hours. Excess thionyl chloride was removed by distillation under 

reduced pressure. A solution of [S]-2-methylbutyl 4-(4'-hydroxy- 

3'-methyl)benzoyloxybenzoate (0.38 g, 0.0011 moll in anhydrous 

pyridine (10 ml) was added to the crude acid chloride. This 

mixture, protected from moisture through an anhydrous calcium 

chloride guard tube, was stirred at room temperature for sixteen 

hours and poured on to a mixture of ice and concentrated hydro- 

chloric acid. This was extracted with ether (2x50 ml) and the 

combined ethereal solution was washed successively with water 

(2x60 ml), 108 aqueous sodium hydroxide (3x75 ml) and water (3x75 

ml). The ether solution was then dried (Na2S04) and the solvent 

removed. The residue obtained was chromatographed on silica gel 

and eluted with 50% chloroform-petroleum ether (b.p. 60-80'~ 1 .  

Removal of solvent from the eluate afforded a white material 

which was crystallised repeatedly from ethanol. (0.48 g, 75% ) . 
nUJO1 2900,1730(br), m.p. 6 8 . 0 ~ ~ ;  [al2; = +1 .36(c=2 in CHC13); vmax 

- 1 
1710,1600,1490,1460 and 1260 cm ; 6:0.71-2.1(m,31H,4~Cg~,9xC~~ 

and CH),4.0(t,2H,OCH - -2 ),4.17(d,2H,-COOCg2),6.83-8.33(m,12H,Arg - and 

vinyl g) 

[Found: C,74.56;H,7.88% 

C,74.76;H,7.79%1 

H 0 requires '40 50 7 



Following a procedure similar to the one described above, 

trans-4-n-decyloxycinnamic acid was esterified with [s]-2- 

methylbutyl 4-(4'-hydroxy-3'-methyl)benzoyloxybenzoate. Yield, 

nuJO1 2950, 72%. m. p. 1 3 2 . 0 ~ ~ ;  [ a 1 2  = + 1  .53(c = 2 in CHC13); v max 

1740,1720(br),1630,1600,1510,1460 and 1260 cm-l; 6:0.7-2.0(m,28HP 

3 xCH3 , 9xCH2 and CH),2.33(s,3H,ArCg3),4.0(t,2H,ArOCg2),4.19(d,2H? - 

-COOCH2),6.35-8.26(m,13HrArH and vinyl H )  

[Found: C,74.26;H,7.75% H 0 requires '39 48 7 

C,74.52;H,7.64%]. 
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