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SummaFy 
Produc t s  from the ~e~action of acids  with g iyc idy l  e s t e r s  of o ther  acids  
were ana lyzed  b y - v C - N M R - s p e c t r o s c o p y  and HPLC. Besides the two 
isomeric s t r u c t u r e s  tha t  a re  normally formed d u r i n g  the r i n g - o p e n i n g  
of epoxides  b y  acids  (a -  and f i - h y d r o x y  e s t e r ) ,  a t h i rd  s t r u c t u r e  was 
o b s e r v e d .  This s t r u c t u r e  was ident i f ied  b y  comparat ive s tud ies  as 
"abnormal" I~-hydroxy e s t e r .  A mechanism for the reac t ion  of g lyc idy l  
e s t e r s  with acids  is pos tu l a t ed .  

Introduction 
The r i ng  opening  of epoxides  b y  acids  usua l ly  gives  two main p r o d u c t s  
acco rd ing  to which C-atom of the  oxirane  r i ng  is a t t acked  b y  the acid 
( 1 , 2 , 3 ) :  

R-CH. -CH-CH OOCR' a-hydroxy-ester 
/O\ ~ 2 OH 2 

R-CH2-CH-CH 2 + R'COOH ~ R-CH~-CH-OOCR' B-hydroxy-ester 

CH2OH 

The ratio of I~ to a-isomer depends on the structure of epoxide and 
acid (4) and on the ca ta lys t  used  (3) .  For  g lyc idy l  e t h e r s ,  
concent ra t ions  of 14-20 % of f - i s o m e r  were found (3) ,  for  g iyc idy l  
e s t e r s  of imide ac ids ,  the  values  a re  in the  r ange  of 15-33 % (2) .  
In addi t ion ,  severa l  s ide reac t ions  a re  obse rved  which include 
e ther i f ica t ion  b y  the reac t ion  of the  formed OH-groups  with epoxy  
g roups  (5) and t r anses t e r i f i c a t i on  of the h y d r o x y - e s t e r ,  g iv ing  a diol 
and a d i e s t e r  (5) .  In this  p a p e r  r e su l t s  of our  s tud ies  on the react ion 
of g iyc idy l  e s t e r s  with acids  a re  r e p o r t e d .  While the  reac t ion  of 
g lyc idy l  e s t e r s  with i ts  c o r r e s p o n d i n g  acids  y ie lds  the two isomeric a -  
and  13-hydroxy e s t e r s  (2) ,  it  was found tha t  t h r ee  main p r o d u c t s  a re  
formed when an acid r eac t s  with the g lyc idy l  e s t e r  of ano ther  acid.  A 
poss ib le  mechanism for  this  react ion will be d i s cus sed .  

Rxtmrimentsl  
Hexahydroph tha l i c  d ig lyc idy l  e s t e r  (HHDGE) was a d is t i l led  Ciba-Geigy  
p r o d u c t  with an epoxy  content  of 6.82 mol /kg  ( p u r i t y  98.5 % b y  GC).  
Cyclohexane carboxyl ic  acid g lyc idy l  e s t e r  (CHGE) and benzoic acid 
g iyc idy i  e s t e r  (BGE) were p r e p a r e d  as de sc r ibed  b y  Hao and Mleziva 
(6) and  dis t i l led  at  r educed  p r e s s u r e  ( p u r i t y  98.5 % b y  GC).  
Benzyldimethylamine (BDMA) was dis t i l led  at  r e d u c e d  p r e s s u r e  ( p u r i t y  
> 99.5 % b y  GC).  Dodecanoic acid ,  cyclohexane carboxyl ic  acid and 
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benzoic acid were obtained by Fluka (99 %) and used without further 
purification. For the model reactions, the acid was melted at 130~ in 
a flask with stirrer and thermometer under nitrogen. Then the catalyst 
(if any) and the epoxide were added. Samples were taken in regular 
intervals to determine the epoxy content by titration (with 0.1 N 
HCIO4Jacetic acid after addition of tetraethylammonium bromide) and to 
~alyze th~ products by HPLC. 
-vC- and-H-NMR-spectra were recorded on a Bruker SY 100 WP or 
AM-300 instrument. HPLC-measurements were performed on a Spectra- 
Physics HPLC-instrument with a Uu Lichrosorb C-18 was 
used as stationary phase. Eluent was an acetonitrile]water-mixture. A 
gradient of acetonitrile]water 40:60 to 100 % acetonitrile in 20 rain was 
used for the reaction products of CHGE with dodecanoic acid. Isocratic 
runs with 55 % acetonitrile]45 % water were applied to separate the 
products of the reaction of benzoic acid glycidyl ester with dodecanoic 
acid. 

Resul ts  

The  13C-NMR s p e c t r u m  of t h e  r e a c t i o n  p r o d u c t  of h e x a h y d r o p h t h a i i c  
d i g l y c i d y l  e s t e r  (HHDGE) wi th  dodeeano ic  ac id  is  shown in f ig .  1. 

I [ l I I 
8 0  6 0  ppm 4 0  

Fig 1 : 13C-NMR-spectrum of the reaction product of HHDGE with 

dodecanoic acid in CDCI 3. 

The  two p e a k s  a t  42.5 ( c i s )  a n d  45 ppm ( t r a n s )  i n d i c a t e  t h a t  t h e  
h e x a h y d r o p h t h a l i c  e s t e r  is  p r e s e n t  in i t s  two i somer ic  fo rms  (7 ) .  From 
t h e  r e l a t i v e  i n t e n s i t i e s  of  t h e  two p e a k s  i t  can  b e  e s t i m a t e d  t h a t  a b o u t  
66 % of t h e  t r a n s - f o r m  is  p r e s e n t ,  w h e r e a s  t h e  s t a r t i n g  p r o d u c t  
c o n s i s t e d  of  85 % of c i s -HHDGE.  The  t h r e e  p e a k s  of  h i g h e s t  i n t e n s i t y  
b e t w e e n  60 a n d  75 ppm can b e  a s s i g n e d  to t h e  a - h y d r o x y  e s t e r  
(2,3,8) (fig. 1). 

3 a i a 2 a 

~/COOCH.-CH-CH~OOC( 
H ) 10CH~ 

z OH z 2 o 

c cH 2-  -cH2ooc >i 0% 

The  o t h e r  p e a k s  a t  72, 63 a n d  61 ppm a r e  n o r m a l l y  a s s i g n e d  to  t h e  
B- i somer  ( 2 , 3 , 8 ) .  The  s p e c t r u m  of f ig .  1, h o w e v e r ,  shows  two p e a k s  
a t  72.2 a n d  72.8 ppm a n d  two o v e r l a p p i n g  p e a k s  a t  62.5 p p m ,  w h e r e a s  
t he  s p e c t r a  f o u n d  in t h e  l i t e r a t u r e  fo r  t h e  r e a c t i o n  of g l y c i d y l  e t h e r s  
wi th  a c i d s  o r  fo r  d i g l y c i d y l  e s t e r s  wi th  t h e i r  c o r r e s p o n d i n g  a c i d s  
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Fig. 2: 13C-NMR-spectra of the reaction products of CHGE with a) 
dodecanoic acid and b) cyclohexane carboxylic acid 

clear ly  show 1 peak  for  each of the  th ree  carbons of the  l~-product  
( 2 , 3 , 8 ) .  Signals  from the side react ions  ci ted above (e ther i f i ca t ion ,  
t r anses t e r i f i ca t ion )  a re  normally much smaller and the i r  chemical 
shi f ts  do not co r r e spond  to the addi t ional  peaks  obse rved  here .  
Similar s p e c t r a  were also obta ined for  the react ion p r o d u c t s  of HHDGE 
with o the r  ac ids .  
For f u r t h e r  i nves t i ga t i ons ,  the  monoepoxides cyclohexane carboxyl ic  
acid g lyc idy l  e s t e r  (CHGE) and benzoic acid g lyc idyl  e s t e r  (BGE) were 
syn thes i zed  and r eac t ed  with carboxyl ic  ac ids .  T t ~  react ion p r o d u c t  of 
CHGE with dodecanoic acid gives  a v e r y  similar C-NMR spec t rum as 
the HHDGE/dodecanoic acid p roduc t  ( f ig .  2a).  When CHGE reac t s  with 
cyclohexane ca rboxy l ic  acid ,  however ,  s ingle peaks  are  o b s e r v e d  at  
72, 63 and 61 ppm (f ig .  2b) ,  i . e .  a v e r y  similar spec t rum is obta ined 
as r e p o r t e d  b y  Se r r a  et  al for  the react ion of g lyc idyl  e s t e r s  of imide 
acids with t h e i r  c o r r e s p o n d i n g  acids  (8) .  HPLC-chromtography  shows 
tha t  th ree  main p r o d u c t s  (which can h a r d l y  he sepa ra t ed )  a re  formed 
in the  f i r s t  case,  b u t  only  two p r o d u c t s  a re  p r e s e n t  in the  react ion of 
CHGE with i ts  c o r r e s p o n d i n g  acid (f ig .  3a, 3b) .  

Fig. 3: HPLC-chromatograms of the reaction products of CHGE with a) 
dodecanoic acid and b) cyclohexane carboxylic acid 
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The  same is  t rue  for  the  ~eact ion of BGE with ac ids .  The  react ion  
p r o d u c t  with dodecanoic  acid shows  two p eak s  at 72 .4  and 73.3  ppm 
and at 62.7  and 63 .4  ppm. Three  react ion p r o d u c t s  can be  separated  
b y  HPLC. The  react ion  of BGE with b e n z o i c  ac id ,  h o w e v e r ,  y i e l d s  o n l y  
two react ion p r o d u c t s  and s ing le  peak s  at 73 .2  and 63.3  ppm are 
o b s e r v e d .  T h e s e  r e s u l t s  can on ly  be exp la in ed  b y  a s s u m i n g  that  the  
fo l lowing  th r ee  p r o d u c t s  are formed d u r i n g  the  react ion  of g l y c i d y i  
e s t e r s  with ac ids .  

3 a 2 a i a 
R-COOCH,-CH-CH,OOCR' 

z ~H z 

3 B 2 B 

R-COOCH2-CH-OOCR' 
CH.OH 
1 Bz 

2B'3 B' 

R-COOCH-CH~OOCR' 
CH~OH ~ 
IB + 

~-hydroxy ester 

S-hydroxy ester 

abnormal B-hydroxy ester (S') 

R: glycidyl ester rest 
R': acid rest 

64.99 

64.77 

64.98 

65.94 

64.99 

64.93 

65.52 

65.94 

68.48 

6&.18 

67.88 

68.13 

61.62 

61.31 
(?) 

61.11 

61.34 

62.18 

62.00 

62.9 

63.29 

72.12 

72.11 

72.18 

73.21 

61.38 
(7) 

61.11 

62.15 

62.55 

71.87 

72.83 

73.34 

m~ukm 

~"HGE/cyclohexane car- 
uoxylic acid 

~GE/dodecanoic acid 

~K~E/dodecanoic acid 

~E/benzoic acid 

BGE/dodecanoic acid 

I 13C-NMR assignments of =, B and B' hydroxy esters (solvent CDCI3) 

The two B - p r o d u c t s  are v e r y  similar so that  the ir  13C-NMR-spectra  
should  d i f fer  on ly  s l i g h t l y .  In the  case  of the  react ion  of a g l y c i d y l  
e s t e r  with i ts  c o r r e s p o n d i n g  acid R and R' are ident i ca l .  T h u s  5 -  and 
"abnormal" B-form coinc ide  and on ly  two p r o d u c t s  can be 
d i s t i n g u i s h e d ,  which  a g r e e s  with the  r e s u l t s  p r e s e n t e d  h e r e .  
By  comparing  the  spec tra  of the  model r e a c t i o n s ,  it  was tr ied  to make 
a s s i g n m e n t s  for the  d i f f e ren t  react ion  p r o d u c t s  ( table  1 ) .  
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But  how can  the  fo rma t ion  of  an  "abnormal"  8 - p r o d u c t  b e  e x p l a i n e d ?  
The  f i r s t  i dea  could  be  t h a t  an  i n t r a m o l e c u l a r  t r a n s e s t e r i f i c a t i o n  of  
t he  a a n d  B - i s o m e r  t a k e s  p l a c e  which  could  l ead  to e q u i l i b r i u m  
c o n c e n t r a t i o n s  of t h e  t h r e e  p r o d u c t ' s .  A n a l y s i s  of t h e  p r o d u c t s  d u r i n g  
the  r e a c t i o n  shows ,  t h a t  t h e  "abnorma l"  B- i somer  is  fo rmed  v e r y  
q u i c k l y  f rom the  b e g i n n i n g  of t h e  r e a c t i o n  ( f i g .  4) .  

2 .,.,,,,,,.,,,,.,.,,,,,,,.,.,...,,...,.,..,,, 

i.5 

o 

.5 

o ..~,~.. ~ 

50 I00 150 200 250 300 350 400 450 
t (rain] 

Fig. 4: Kinetics of the formation of a, 8 and 8'-hydroxy ester from 

BGE and dodecanoic acid 

A t r a n s e s t e r i f i c a t i o n  i s ,  h o w e v e r ,  o n l y  p o s s i b l e  when  some a -  a n d  
B - h y d r o x y  e s t e r  is  a l r e a d y  fo rmed  a n d  i t  s h o u l d  b e  a c c e l e r a t e d  wi th  
i n c r e a s i n g  c o n c e n t r a t i o n  of  h y d r o x y l  c o n t a i n i n g  p r o d u c t s .  Bu t  i t  can  
b e  a s s u m e d  t h a t  t h e  c a r b o x y l  g r o u p  p l a y s  an  i m p o r t a n t  ro le  as  a s o r t  
of n e i g h b o u r i n g  g r o u p  in t h e  r e a c t i o n .  The  h i g h  ac id  c o n c e n t r a t i o n  in 
t he  r e a c t i o n  m i x t u r e  l e a d s  to  t h e  fo rma t ion  of t h e  c o n j u g a t e d  ac id  of 
t h e  e p o x i d e .  In  t h i s  fo rm,  t he  C-a toms  ( e s p e c i a l l y  t he  s e c o n d a r y  
C-a tom)  of t he  o x i r a n e  r i n g  c a r r y  a p a r t i a l  p o s i t i v e  c h a r g e .  An 
i n t e r a c t i o n  of  t h e  c a r b o x y l  g r o u p  wi th  e i t h e r  of  t h e s e  a c t i v a t e d  C- 
a toms may g ive  two d i f f e r e n t  i n t e r m e d i a t e s ,  a 6 - m e m b e r e d  a n d  a 5-  
membered  r i n g  ( f i g .  5 ) .  In  t he  case  of t h e  a l i p h a t i c  g i y c i d y l  e s t e r ,  
t h e  i n t e r m e d i a t e s  can  b e  s t a b i l i z e d  b y  t h e  a b s t r a c t i o n  of a p r o t o n  
( c a t a l y z e d  b y  a b a s e  o r  a c a r b o x y i a t e  i o n ) ,  t h u s  f o rming  a doub le  
b o n d  a d j a c e n t  to  t h e  c y c l o h e x a n e  r i n g .  Ev idence  fo r  t h e  p r e s e n c e  of 
s u c h  a doub le  b o n d  is  g i v e n  b y  t h e  c i s - t r a n s  i somer iza t ion  o b s e r v e d  
d u r i n g  t h e  r e a c t i o n  of HHDGE wi th  a c i d s .  The  a roma t i c  g i y c i d y l  e s t e r  
can  s t a b i l i z e  t h e  p o s i t i v e  c h a r g e  b y  de loca l i za t ion  in t he  r i n g .  A d d i t i o n  
of a c a r b o x y l a t e  ion can  t h e n  o c c u r  a t  c a r b o n  atom 1 o r  2 of t h e  
i n t e r m e d i a t e .  In  t h e  case  of t he  6 -me mbe re d  r i n g ,  r e a c t i o n  a t  e i t h e r  of 
t he  C-a toms  y i e l d s  t h e  same p r o d u c t ,  t h e  a - h y d r o x y  e s t e r .  A t t a c k  a t  
C-a tom 1 of t he  5 - m e m b e r e d  r i n g  g i v e s  t h e  "normal"  B - p r o d u c t  a t t a c k  
a t  C-a tom 2 t h e  "abnormal"  S - p r o d u c t .  T h e  p o s t u l a t e d  r e a c t i o n  
s e q u e n c e  is shown in f i g .  5. 
The  p r e f e r r e d  fo rma t ion  of t h e  a b n o r m a l  B - p r o d u c t  a t  t h e  b e g i n n i n g  of  
t h e  r e a c t i o n  ( f i g .  4) is  p l a u s i b l e  b e c a u s e  t h e  s e c o n d a r y  C-a tom of  t h e  
o x i r a n e  r i n g  can  b e t t e r  s t a b i l i z e  t h e  ' p o s i t i v e  c h a r g e .  Th i s  f a v o r s  a 
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Fig. 5: Postulated mechanism for the reaction of glycidyl esters with 
acids 
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r ap id  in te rac t ion  with the  ca rboxy l  g roup ,  l ead ing  to the  5-membered 
r i ng  as in te rmedia te .  At tack  of the  acid must then  be f a s t e r  at the  
p r ima ry  C-atom because  of s te r ica l  r ea sons .  In the  course  of the  
reac t ion ,  formation of the a - i somer  becomes,  however ,  dominant.  I t  is 
poss ib le  tha t  the  formation of the 6-membered r i n g  (a l though slower) 
is formed in h ighe r  concent ra t ions  because  of i ts  h ighe r  s t ab i l i t y ,  thus  
g iv ing  more a - i somer .  Or i t  could be conceivable t ha t ,  as a para l le l  
r eac t ion ,  d i rec t  a t t ack  of the  acid occurs  at  the  oxi rane  r i ng  without  
the cyclic in te rmedia te .  This favors  the formation of the a- isomer  
(bes ides  some l~-isomer),  bu t  does not y ie ld  the 5 ' - i somer .  I t  i s ,  
however ,  not p robab le ,  tha t  only the 5- i somer  is formed via the  cyclic 
in te rmedia te ,  whereas  the  "normal" ct and 5 - h y d r o x y  e s t e r s  would 
exc lus ive ly  be p r o d u c t s  of the  normal r i ng  opening  of the  epoxide b y  
d i rec t  a t tack  of the acid.  In the case of the 1 , 2 - d i s u b s t i t u t e d  epoxide 
HHDGE more than 50 % convers ion to the t r ans - fo rm is obse rved ,  
which is even more than the sum of B and  J3 ' -concentrat ions (30 %). 

At about  60-65 % convers ion  of epoxy  g r oups ,  the  concentra t ion  of the  
B-p roduc t  reaches  a maximum, a f t e r  which i t  dec reases  slowly (f ig .  
4). Similar k ine t ics  (bu t  with a less marked maximum) were obse rved  
for  the a l lphat ic  CHGE/dodecanoic acid sys tem.  These  r e su l t s  ind ica te ,  
t ha t ,  as a s ide reac t ion ,  t r anses t e r i f i ca t ion  takes  p lace ,  l ead ing  to an 
equi l ibr ium between the th ree  p r o d u c t s :  

R-COOCH-CH2OOC ( CH 2 ) 10CH 3 . ' R-COOCH~-CH-CH~OOC ( �9 ' 
CH20 H . . . .  z (~H z CH2) 10CH3 

R-COO-CH2-CH-OOC(CH2)IoCH 3 R: ~ or 0 
CH20H 

Thus ,  two e f fec t s ,  the  mechanism involv ing  an in te rac t ion  of the  
ca rbonyl  g roup  with the epoxide ,  forming cyclic in te rmedia tes  and  the 
subsequen t  t r anses t e r i f i ca t i on  lead to the  final d i s t r ibu t ion  of the 
th ree  isomeric p r o d u c t s .  

A similar mechanism, involv ing  a ca rbonyl  as ne ighbour ing  group  in an 
epoxide  reac t ion ,  was pos tu l a t ed  b y  Wasserman and A u b r e y  (9) to 
expla in  the r i ng  opening  of cer ta in  epoxides  g iv ing  re ten t ion  of 
conf igura t ion :  

C1- 

+ C6H 5 f 
OH ". .H C1 H 

/ \ jc--c" .~.__~ ~oH 
C6H~2C - C---H ) CH_ i ,%OH ~ C H~" | i 

J 6--6+ cH 3 c-c~_~ 

CH 3 o~C_C6H5 XC6H5 ~ o u 
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Conclusions 
A new mechanism has been  found for  the react ion of giycidyl  e s t e r s  
with acids which involves the carbonyi  of the giycidyl  e s t e r  as 
ne ighbour ing  group.  In our  opinion, this mechanism gives a 
sa t i s fac to ry  explanation for  both  ef fec ts  obse rved  du r ing  the react ion 
of giycidyl  e s t e r s  with acids ,  i . e .  the formation of an abnormal 
B-produc t  and the c i s - t r ans  isomerization of the 1 ,2 -d i subs t i tu ted  
cyclohexane der iva t ive .  
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