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HEACTIOII OF UIIivlIDE-DIACIUS THI~~ELLITII.IIEE DERIVATIVES WITh 1-CHLORO-2,;- 

EPOXYPhOPANE 

* 
pedro-Alber ta  I d a r t i n e z ,  V i r g i n i a  C i a i z  , A n g e l s  S e r r a ,  ana Ana ihantechn 

Departamento de Ouimica O r g i n i c a ,  F a c u l t a o  d c  qu imica  be T a r r a g m a ,  

U n i v e r s i d a d  de B a r c e l o n a ,  P1. I m p e r i a l  l a r r a c o  s l n ,  T a r r i g o n a ,  S;>ain 

A b s t r a c t  - The s y n t h e s i s  of v a r l o u s  e s t e r s  c o n t a i n i n g  i la lde  and o x l r a n e  

c y c l e s  h a s  been impravea from potass ium s a l t s  of s e v e r a l  c i i l i l~ lde-a iac lus  

i n s t e a d  of t h e i r  f r e e  c a r b o x y l i c  d i a c i d s  u s i n g  I -c t l loro-2.3-epoxypropane 

i n  excess and a q u a t e r n a r y  amlmnillm h a l i d e  a s  c a t a l y s t .  The s i l e c t r a l  d a t h  

arid >hy.-i;al and chemica l  c h a r a c t e r i s t i c s  h e r e  discussed. 

I n  t h i s  p a p e r  we wish t o  r e p o r t  i n  detail tile c o n v e n i e n t  way f o r  tire s y n t l i e s i s  o f  

new ox i r ane  compounds, t r i r , l e l l l t l m l d e  d e r i v a t i v e s .  

The o x i r a n e  r i n g  may be i n t r o d u c e d  as g i y c i d y l  derivative w i l e n  an epl i ;a lol , )~drir?  

s p e c i e s  is  used  t o  r e a c t  w i t h  a n o t h e r  s e v e r a l  f i inc t lo r l s ,  suct; as p i e n o l s  and 

a l c o h o l s ,  amines and i in ides ,  t h i o l s ,  a rm a c i d  groups .  'SI!esc p roces ses  ~ ~ u i l l y  t & k e  

p l a c e  i n  t h e  p r e s e n c e  of a l k a l i .  yielci ini ;  a r c a c t l o n  p r o d u c t  c o r l s i s t l r ~ g  a i l  0: 

a  law m o l e c u l a r  g l y c i d y l  conlpouna, as i t  can  be s e e n  in tire s c i . e ; k  I :  
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The o b t e n t i a n  of g l y c l d y l  e s t e r s  h a s  b e e n  w i d e l y  s t u d i e d  a n d  t h e  number o f  

n e w  f o r m u l a t i o n s  as s t a r t i n g  p r o d u c t s  is  v e r y  h i g h .  But  a l t h o u g h  a number o f  ne- 

t l m d s  for t h e  s y n t l l e s i s  of g l y c i d y l  e s t e r s  h a s  b e e n  a t t e m p t e d ,  many of t h e  

p r o c e d u r e s  t i v e  t i le ~ i e s i r e a  p r o d u c t  i n  low y i e l d .  I n  o r d e r  t o  overcome t h i s  i n c o n -  

v e n i e n c e  t h e  u s e  of a l h a l r  as c y c l i z i n g  a g e n t  has been  i l l - a d v l s e d  by s e v e r a l  

a u t h o r s 1 ,  owing t o  e v e n t u a l  d e c o m p o s i t i o n s  o f  e s t e r  g r o u p s ,  a l t h o u g h  v e r y  d i f f e -  

2 
r e n t  r e s u l t s  were  founa  a c c o r d i n 8  t o  s t a r t l n g  p r o d u c t s  and  r e a c t i o n  c o n d i t i o n s  . 
L i k e w i s e  i t  h a s  b r e n  c o n s i d e r e d  t h a t  t h e  g l y c i d y l  e s t e r  g r o u p  c o u l d  be  o b t a i n e d  

d i r e c t l y  i f  1-chloro-2,3-epoxypropane ( e p i c h l o r o h y d r i n ,  EPC) w a s  i n  l a r g e  excess 

3 
anti a q u a t e r n a r y  ammonium h a l i d e  was u s e d  as c a t a l y s t  . T h i s  t e c h n i q u e  h a s  

been d e v e l o p e d  t o  o b t a i n  b l y c i d y l  e s t e r  compounds f rom s e v e r a l  a l i p h a t i c  and  aro- 

rmatlc c a r b o x y l i c  a c i d s ,  b e i n g  p o s s i b l e  t o  e s t a b l i s h  t h e  b e s t  r e a c t i o n  c o n d i t i o n s  

i n  o r d e r  t o  a c h i e v e  good y i e l u s  o f  c r u d e  r e s i d u e .  P lo reaver ,  t h e  u se  o f  sod ium 

s a l t s  iias bren  r e p o r t e d  t o  i n c r e a s e  t h e  p u r i t y  o f  t h e  r e a c t i o n  p r o d u c t s 1  . Never- 

t h e l e s s ,  it c o u l d  be a 'bscrved t h a t  t h e  p u r i t y  i n  ox i r ane  r i n g  s t r o n g l y  d e c r e a s e d  

when d i c a r b o x y l i c  a c i d s  o r  t h e i r  sa l ts  were employed as s t a r t i n g  p r o d u c t s ,  a l-  

thougt ;  t h e s e  co:;lpoun"s were a l i 9 i l a t l c  and l i n e a r  s t r u c t u r e s .  

I n  o u r  case ,  t h e  s t a r t i n g  p r o d u c t s  were  d i i r n i d e - d i a c i d s  t r i m e l l i t i m i d e  d e r i v a t i -  

v e s ,  wilose o b t e n t l o n  was c a r r l e d  " i t  as shown i n  t h e  f o l l o w i n g  scheme:  

Scheme 2 



HETEROCYCLES, Val 23, No 12, 1985 

As 2 r e s u l t  of t i l i s  hict ler  s t r u c t u r a l  c o m p l e x i t y ,  i t  "lay be s u p p o s e d  t h a t  i t  is 

n e c e s s a r y  a t h o r o u @ ~  ano s y s t e m a t i c  s t u d y  of  t h e  b e s t  r e a c t i o n  c o n d i t i o n s ,  

? n  o r d e r  t o  o b t a i n  t i e  p r o d u c t s  of h i g h  epoxy p u r i t y .  T h u s ,  a p r e v i o u s  t e s t  w i t h  

n o n o f u n c t i o n a l  derivatives seeirrs d e s i r a b l e  and i t  h a s  been c a r r i e d  o u t  a c c o r d i n g  

to t i le  f o l l o w i r i g  r e a c t i o n s  sciienre: 

N - R EPC 

0 
I I 

EPC 

\ 
0 

HO-C 
I I 

0 0 
CH2-CH-CH2-0-C 

I I I I 

0 0 

0 

BTEA 
0 1 R Q 
I I 

I b : R = -(CH2I2CH3 

H2C-CH-CH2-0 -C 
\ I  I I I I 

I C  : R -(CH215-CH3 
0 0 0 

BTEA 

! 
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i s  w a s  r e p o r t e d ,  t h e  t r e a t m e n t  as t h e  r e a c t i o n  c r u a e  w i t h  a n  i n o r g a n i c  b a s e  w a s  

2 r e g o r t t d  i n  s e v e r a l  p a t e n t s  . I n  o u r  c a s e ,  we have  p a i d  a t t e n t i o n  t o  t h e  r e a c t i o n  

of d i f f e r e n t  r e a c t i o n  c r u d e s  w i t h  a q u e o u s  NaOH ( 4 % ) .  The r e s u l t s  whicn a r e  shown 

111 'Table 1 ,  p r o v e  tire r n s u i t a b ~ l ~ t y  of  t h i s  t r e a t m e n t ,  b e c a u s e  t h e  f i n a l  p r o d u c t s  

have  a n  epoxy c o n t e n t  l o w e r  tirarr t i l e  s t a r t i n k  p r o d u c t s .  The e x i s t e n c e  of  an irnide 

r i n g  t r o u p  mst te p r o u a b l y  t h e  p r i n c i p a l  c a u s e  of d e c r e a s i n g  i n  t h e  p u r i t y  

of o x l r a n e  e s t e r ,  as t h i s  r l r r s  is n o t  s t a b l e  i n  bas ic  c u n a i t i o n s .  

T a b l e  1.-  T r e a t m e n t  of t n e  r e a c t l o n  c r u d e  of l a  w i t h  N a O H .  

i n l t l a l  E . E . "  Mola r  r a t i o  F l n a l  E . E .  
Tlme h Temp. OC 

( g / e q u i v )  Na0H:subst .  ( g i e q u i v )  

- - 

a 
Theoretical v a l u e  f o r  la :  323 g / e q u l v .  

T l re re fo re  ire have  t r i e o  t h e  eluploy of  a q u a t e r r l h r y  arlinloniual h a l i d e ,  namely b e n z y l -  

t r i e t h y l a m m o n i u n  c h l o r i d e  (ETEA), as c y c l i z i n g  a g e n t  ( s e e  scheme 3 ) ,  e i t h e r  from 

t h e  Sree h c i d s  01. frm! t h e i r  ~ o t i s s i u n i  sa l t s .  The s y n t h e s i s  of potass iur i l  s a l t s  w a s  

a c h l e v e a  :ram ppotsisiuril c a r b o n a t e  b e t t e r  t h a n  XOH i n  h v o l d  t o  b r e a k i n g  t h e  h i d e  

rill&, as repor te"  i n  tihe e x p e r i m e n t a l  p a r t .  

l'ke o e t e n , r i r r a t i o i i  o S  ol)timuil reaction c o n d ~ t i a n s  was founa  t o  be a v e r y  i m p o r t a n t  

s u b j e c t .  Tt,ey kere c a l c u l a t e d  c a r r y i n g  o u t  t h e  p r o c e s s  a t  d i f f e r e n t  t i m e s  f o r  

eaclt  s a l . q l e  ( s c c  TaLle  2 ) ,  and  u s i n &  s e v e r a l  q u a n t i t i e s  o f  FPC i n  e x c e s s ;  ~t c o u l d  

bc o'bherved t1 , a t  z m l a r  S r a c t l o n s  L P C : s u b s t r a c t  h i g h e r  t l m n  7 5 : l  g a v e  t h e  b e s t  re- 

s u l t s  of y i e l a  anL epoxy c o n t e n t  i n  t t je  p r o d u c t s .  

On tihe c t h e r  iii-:16, :, s u t s t a i r c i t l  i ; , ,provemertt  was a c l ~ i e v e a  witen potass iurm sal ts  we- 

re  u s e d  i ' r n i l e  b ) .  l i l e s i  r e s u l t s  ;;lay be  r x p l e i r l e d  on t h e  basls of a c o n s i d e r a b l e  

i n c r e a s e  in the n u c l e o p i i ~ l i c  c h a r a c t e r  oi a r o m a t i c  ca rLoxy  g r o u p s  when t h e y  a r e  
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c o n v e r t e d  i n t o  t h e i r  c o r r e s p o n d i n g  c a r b o x y l a t e  f u n c t i o n s .  L i k e w i s e ,  n o  K C 1  xo lecu-  

1 e s  which  c o u l d  r e a c t  w i t h  g rowing  o x i r a n e  b r o u p s  are p r o i u c e d ,  b u t  potass iu~rn 

c h l o r i d e  is  p r o d u c e d  a n d  p r e c i p i t a t e b .  The  y i e l d s ,  rrtelt ing p o i n t s ,  an" p i i y ~ i c ; ~ l  

c o n s t a n t s  of  1 are summarized i n  Table 4 .  

T a b l e  2 . -  Reac t lo"  of p o t a s s i u m  

s a l t  of N - p h e n y l t r i m e l l i t l m i d e  w i t h  

EPC a t  d i f f e r e n t  r e a c t l a "  t i m e s .  

Y i e l d  E . E . a  
Time h 

% ( g l e q u i v )  

'Theoretical v a l u e  f o r  l a :  323 p l e q u i v .  

Table 3.-  Comparison of  g l y c l d y l  e s t e r s  from c a r b o n y -  

l i c  a c i d  and  l t s  p o t a s s l u m  s a l t .  

Compound Y i e l d  E . E .  

( % I  ( g l e q u i v )  

a c i d  9 0  577.6  
1 a ( 3 2 3 )  

sa l t  sa 383 .2  

a c i d  6 1 353.2  
I  b ( 2 8 9 )  

sal t 76 298.2  



T a b l e  4 . -  C h a r a c t e r i s t i c s  of model compounds. 

Corn- mp IS s p e c t r a  E l e m e n t a l  A n a l y s i s  ( % I  C  1 

pound epoxy band 

( " C )  ( cm-I ) C H N ( % I  

l a *  121-123 900 c a l c .  66.87 4 .02  4 .33  1 . 4  

found 65.95 4 . 2 1  4 . 2 2  

l b '  49-51 910 c a l c .  62.28 5 . 1 9  4 . 8 4  0  

found  60.80 5 .10  4 .67  

I c *  39-41 910 ca lc .  6 5 . 2 5  6 . 3 4  4 . 2 3  0  

found 64 .90  6 . 4 7  4 . 0 4  

* A l l  t h e s e  p r o d u c t s  were  r e c r y s t a l l i z e d  f rom e t h a n o l .  

'The s ) n t t , e s i s  of d i ~ l y c l d y l  d e r i v a t i v e s  was a c h i e v e d  an  t h e  b a s i s  of tire p r e c e d i n g  

s t u d y  ( s e e  scheme 4 ) .  So t i le  r e a c t i o n  c o n d i t i o n s  d e s c r i b e d  above were a p p l i e d  and 

t h e  r e s u l t s  o b t a i n e d  -re skiown i n  T a b l e  5 ,  where i t  is  p o s s i b l e  t o  c o n c l u d e  t h a t  

f r e e  d i i m i d e - t i i u c l d s  are n o t  s u i t a b l e  m a t e r i a l s  as s t a r t i n g  p r o d u c t s  f o r  p r o v i d i n g  

d i i l y c i d y l  d e r i v a t i v e s  wit i !  h igi l  epoxy p u r l t y .  N e v e r t i l e l e s s ,  t h e i r  p o t a s s i u m  sal ts  

g a v e  e x c e l l e n t  y i e l d s  or p r o d u c t s  wit11 a n  a p p r o p r i a t e  p u r i t y .  

T h e s e  co~i+ount i s  viere C h a r a c t e r i z e d  as & S c r i b e d  below f o r  model compounds. A l l  

t h e i r  more i r i i u a r t i n t  p r o p e r t i e s  are l i s t e d  i n  T a b l e  6 .  

liii ir s p e c t r a  of a11 cor~qmunds stlowed a b s o r p t i o n s  due t o  t h e  o x i r a n e  r i n g  d e f o r -  

; a t i o n  ( 9 0 0  c r l - l )  a,,, no a b s o r p t i o n  peaks  a t t r i b u t e d  t o  -OH g r o u p s  t h e r e b y  i n d i c a -  

t i n g  t1.e ~ L s t n c e  o f  u n r e a c t e d  t la lokiydrin .  The nnlr s p e c t r a l  d a t a  ( H  and 13C) a l s o  

s u p 3 o r t  t h e  s t r u c t u r a l  a s s i g n m e n t s .  The west c h a r a c t e r i s t i c  f e a t u r e  i n  t h e  

11 r m r -  s p e c t r a  is  trle e x i s t e n c e  of the g l y c i d y l  g r o u p ,  which f u r n i s h e s  f i v e  g r o u p s  

of s i g n a l s  c o r r c s ; , o n d i n g  t o  e v e r y o n e  o f  g l y c i d y l  p r o t o n s ;  as i t  was e x p e c t e d ,  me- 

t h y l c n e  iprotons  are n o t  e q u i v a l e n t  owing t o  t h e  p r e s e n c e  of a n e i g h b o u r i n g  asymme- 

t r i c a l  c a r b o n  and tl:e r r e i d i t y  o f  t i le epoxy rink4-'. A l l  t l lrse p u r p o s e s  were con- 

e o r  e "C ~ m r  d a t a  ( s e e  T a b l e s  7 a and L ) .  
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belting p o i n t s  w e r e  d e t e r m i n a t e d  u s i n g  a  T a t t o l y  c z p i l l a r y  m e l t i n g  p o l n t  a p p a r a t u s  

and a  Perk in-Elmer  USC-2 therrnlc a n a l y z e r ,  and a r e  u n c o r r e c t e d .  The i r  s p e c t r a  w e -  

15 
r e  recorded on a Heckmann ,nodel 4260 s p e c t r o m t e r  ( K B r  p e l l e t ) ,  '19 arm C nmr 

s p e c t r a  were Obta ined  a t  200 MHz anti 5 0 , 3  :..Hz r e s p e c t i v e l y  w i t h  i V a r i a n  XL-260 

p u l s e d  F o u r i e r  t r a n s f o r m  s p e c t r o m e t e r  u s l n E  C U C 1 .  o r  tl1.1SO-d6 a s  s o l v e n t s .  'The in -  

t e r n a l  s tanclar i i  f o r  nrnr s p e c t r a  was TliS. E l e m e n t a l  m a l y s e s  were c a r r i e d  o u t  i n  z 

Pcrkin-Elmer 240 6 d e v i c c .  

The epoxy c o n t e n t  ( E . E . )  was e x p r e s s e d  i n  g l e q u i v n l e n t  arid u e t e r ~ o l n z t r d  i n  two 

ways: p y r i d i n i u m  c h l o r i d e - p y r i d i n e  r # e t h o d 6 ,  b u t  broinott.yi,iol b l u r  was used  as iriui- 



T a b l e  5 . -  Comparison of d l g l y c i d y l  e s t e r s  from d i i m i d e - d i a c i d s  and 

t h e l r  p o t a s s i u m  sal ts .  

Compound Y i e l d  % E . E .  ( g l e q u i v )  

a c i d  91  356.9 
2 a  ( 2 6 0  I 

s a l t  96 295 .3  

a c i d  90 403.9 
2  b  ( 2 6 7 )  

sa l t  93  3 0 9 . 1  

a c i d  93  471 .8  
2 c ( 2 8 8 )  

s a l t  94  338.7 

a c i d  6 7  3 7 7 . 9  
2e (3291 

s a l t  8 3  339 .3  

a c i d  70 418.1 
2  f (2841 

S a l t  * -- -- 

a c i d  92 431.8 
2  g ( 2 8 4 )  

s a l t  94 401 .1  

* 
I n s o l u b l e  i n  EPC. 

c ~ t o r ,  all" j l i y -L i l j i~ t rh -Dah l i~e11  r e t t ~ o d ,  v a r l a t i o r r  ciljd7 C h l o r i n e  c o n t e n t  was d e t e r -  

m i n a t e d  Ly Tct,6i?iber m t i m u .  Or'kanic s o l v e n t s  were  d r i e d  a n d l o r  u i s t i l l e d  as ne- 

c e s s a r y  iicl'ore u s e .  I n l o t - x i d s  and c i i i r , , i d e - d i a c i d s  were  o b t a i n e d  i n  80-95% y i e l d  

U as i e s c i ' i l e i  i n  t i le  l i t e r a t u r e  . 1~oti.ssiuril S a l t s  were o L t a i n e d  i n  a c e t o n e ,  N-me- 

t i ;y l ; ,yrrolydinurle  and i u , l ! - d i r , l e t - i ; y l f ~ r ~ . ? ~ ~ i d e ,  u s l n g  e q u i n o l e c u l a r  amounts of s t a r -  

t i n g  p r o d u c t s  and  2 o t a s s i u n  c a r b o n a t e .  F o r  c i i i ru ide -d lac ids  tile u s e  of m e c h a n i c a l  

5 t l r r e r  a n 2  t e m p e r a t u r e  was n e c e s s a r y .  

Genera l  s y n t i ~ e s i s  for model compouixis. i'hc f o l l o w i n g  d e t a i l e d  p r o c e d u r e  i l l u s t r u -  

t e s  t h e  g e n e r a l  method useu t o  p r e p a r e  c r u d e  g l y c i d y l  e s t e r s .  A m i x t u r e  of EPC ana 

P ! - p r o p y l t r i ~ ~ i e l l i t i l l l i d e  o r  i t s  potasaiur , l  s a l t  ( lno la r  r a t i o  7 5 : l )  was h e a t e d  arru 
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T a b l e  6 . -  D i g l y c i d y l  e s t e r s  characteristics. 

Com- mp I R  s p e c t r a  L lc rnen ta l  Analysis ( % )  C1 

pound epoxy band 

( " C )  (cm-' C H N ( % )  

9 0 0 , 8 6 5  CUIC.  

f o u n d  

9 0 0 , 8 7 0  c a l c .  

found  

9 0 5 , 8 7 0  c a l c .  

found  

9 0 0 , 8 6 0  c a l c .  

found  

9 0 5 , 8 6 0  c a l c .  

f o u n d  

9 0 5 , 8 3 5  c a l c .  

f o u n d  

9 0 0 , 8 6 0  c a l c .  

found  

Compounds 2a and 2g were r e c r y s t a l l i z e d  from n - b u t a n o l ,  2c and  2d from 

e t h a n o l ,  2 b ,  2e and 2 f  c o u l d  n o t  b e  r e c r y s t a l l i z e d .  

* 
D e t e r m i n a t e d  bv DSC measurement s .  

v i g o r o u s l y  a g i t a t e d  a t  l l O 0 C  and  s o l i d  benzyl t r ie t l ' aylar : t r lon~uin c t . l o r i d e  (LTiH) ( 0 . 5  

e l  ( 0 . 0 0 1 3  mole) was adoed  i n  a b a t c h .  The m i x t u r e  was h e a t e d  a t  r e f l u x  f o r  50 

min ,  c o o l e d  t o  roonl t e m p e r a t u r e ,  and  washed t w i c e  x l t h  w a t e r  ( 7 5  i n 1 1  i n  a separa- 

t o r  f d n n e l .  The  w a s h i n g  w a t e r s  were  d i s c a r a e d ,  anti unci iangrd t p i c h l ~ r o l ~ y d r i n  w a s  

removed from t h e  o r g a n i c  p h a s e  by d l s t l l l a t i o n  u n d e r  n i t r o ~ t r !  and a t  reouced  

pressure u n t i l  t h e  termperature  o f  t t ie  r e s i d u e  rcaciteo S 5 T  a t  1 . ' i o l u e n e  ( 7 5  

m l )  was added t o  t he  r e s i d u e ,  and  r e m a i n i n g  ep lch1oroh)yur in  was rrrmoveu as 

t h e  t o l u e n e  a z e a t r o p e  by d i s t i l l a t i o n  u n t i l  t i le  t e m p e r a t u r e  of t h e  r e s i a u e  a g a i n  

r e a c h e d  35'C a t  1 msw. Tile o b t a i n e d  p r o o u c t  ( I t )  was r e c r y s t a l l i z e d  Sroi, e t i r a n o l .  

S y n t h e s i s  o f  d i g l y c i d y l  e s t e r s  . 'Tile f o l l o w i n &  p r a c t c l u r c  V+YS i i # . . l l h r  to t h e  lho- 

d e l  compounds. E p i c h l o r o h y d r i n  w a s  r:,ixed iiitll d i i n l i d r - i i a c l a s  o r  t h e i r  potasslu;, ' ,  

S a l t s  i n  !molar r a t i o  1 5 0 : l .  The r e a c t i o r r  t ir l les were  be tween  35-55 m i n .  



T a b l e  7 a . -  Chemica l  s r r u c t u r e  and  s p e c t r o s c u p r c  9arameter .s  i n  l i i  nmr of : 

g l y c l d y l  g r o u p  i n  model compounds and d l g l y c i d y l  e s t e r  d e r l v a t l v e s .  

Com- 

pound Chemlca l  s h i f t s a  C o u p l l n g  c o n s t a n t s  
b 

a ~ h e m i c a l  s h i f t s  i n  ppm from TMS. b ~ o u p l i n g  c o n s t a n t s  i n  Ha 

T h i s  s h i f t  r e m a i n s  o v e r l a p p e d  by t h e  s l g n a l  o f  solveni. 
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T a b l e  7b.- Chemlcal  s h i f t s  o f  l i n e s  o b s e r v e d  in t he  l3 C nmr s p e c t r a  of  n o d e l  

compounds and d i g l y c i d y l  derivatives. 

0 
" 3 

0 

g l y c l d y l  c a r b o n s  c a r b o n y l  a r o m a t i c  c a r b o n s  

a b c c a r b o n s  1 2  3  4  5  6  

l a  44 .7  49. 2  66 .6  imide  1 6 6 . 2  135 .2  135 .9  123 .9  1 3 5 . 5  1 3 1 . 3  124 .9  

e s t e r  1 6 4 . 3  

l b  44 .6  4 9 . 1  6 6 . 4  imlde  167 .3  1 3 4 . 9  1 3 5 . 4  123 .2  1 3 5 . 6  1 3 2 . 3  124 .2  

e s t e r  1 6 4 . 3  

l c  '44.6 4 9 . 1  6 6 . 4  l m i d e  1 6 7 . 2  1 3 4 . 9  1 3 5 . 3  123 .1  1 3 5 . 7  132 .4  124.2 

e s t e r  1 6 4 . 3  

2a  43 .9  48 .8  6 6 . 3  l m l d e  166 .8  134 .7  135 .4  123 .0  1 3 4 . 9  1 3 1 . 8  123.6 

e s t e r  163 .9  

2b 44.7 4 9 . 2  6 6 . 5  l m l d e 1 6 7 . 2  1 3 5 . 1  135 .6  1 2 3 . 1  1 3 5 . 5  1 3 2 . 3  124 .5  

e s t e r  164.4 

2c 44 .7  49. 2 66 .4  ~ m l d e  1 6 7 . 3  135 .3  1 3 5 . 5  1 2 3 . 3  1 3 5 . 7  132 .4  124 .4  

e s t e r  164 .4  

2d 44 .7  49 .  2  6 6 . 4  lmlde  1 6 7 . 3  135 .0  135 .4  123 .2  1 3 5 . 7  132 .4  1 2 4 . 3  

e s t c r  164 .4  

2g 44 .5  4 9 . 0  66 .4  l m l d e  165 .7  1 3 4 . 9  135 .9  124 .9  1 3 5 . 5  1 3 1 . 6  125.4 

e s t e r  1 6 4 . 1  

I 3 c  nmr s p e c t r a  o f  2e and 2f  have n o t  been done b e c a u s e  of t h e  insolubility of 

: h e s e  p r o d ~ ~ c t s .  
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