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Abstract - By r e a c t i o n  o f  a r o m a t i c  K - c a r b o x y l a t e s  h a v i n g  n u c l e o p h i l i c  N-atom i n  s o l i d -  

l i q u i d  p h a s e t r a n s f e r  c a t a l y s i s  ( P I C )  c o n d i t i o n s  w i t h o u t  added s o l v e n t  ( c a t a l y s t  : 

te t raa lky lammon ium h a l i d e )  w i t h  a l k y l a t i n g  r e a y e n t s ,  t h e  c o r r e s p o n d i n g  e s t e r s  a r e  

p repared .  By a  j u d i c i o u s  c h o i c e  o f  e x p e r i m e n t a l  c o n d i t i o n s ,  t h e  amounts o f  N - a l k y l a t e d  

p r o d u c t s  can be lowered .  From 2 - p y r r o l e c a r b o x y l i c  a c i d ,  t h e  t h r e e  isomers o f  p y r i d i n e -  

c a r b o x y l i c  a c i d  and o-aminobenzoic  a c i d ,  c o r r e s p o n d i n g  e s t e r s  o f  e t h y l ,  benzy l .  n - o c t y l  

and n - c e t y l ,  g e n e r a l l y  a r e  o b t a i n e d  w i t h  good y i e l d s .  

1 We have r e c e n t l y  p u b l i s h e d  s y n t h e s i s  of e s t e r s  of a c e t i c  and v a r i o u s  a romat i c  a c i d s 2  i n  v e r y  easy  

and m i l d  c o n d i t i o n s  by r e a c t i o n  o f  a r o m a t i c  K -ca rboxy la tes  w i t h  s t o i c h i o m t r i c  amounts o f  a1 k y l a -  

t i n g  compounds i n  s o l i d - l i q u i d  PTC c o n d i t i o n s  u s i n g  te t rabu ty lammon ium bromide (TBAB) o r  A l i q u a t  

336 = tricaprylylrethylammonium c h l o r i d e  (TFIAC!. We now r e p o r t  t h a t  t h e  S a m  procedure  can be used 

f o r  d i f f e r e n t  a r o m a t i c  c a r b o x y l a t e  s a l t s  b e a r i n a  n u c l e o p h i l i c  N-atom f o r  wh ich  N - a l k y l a t i o n  would 

be p o s s i b l e .  We can q u o t e  t h a t  t h e  s y n t h e s i s  o f  these e s t e r s  was n o t  d e s c r i b e d  i n  any PTC cond i -  

t i o n s .  

ArC02K + R X  PTC c o n d i t i o n  
n o  s o l v e n t  ' K X  + ArC02R 

1. Synthese o f  e s t e r s  f r o m  p o t a s s i u m  2 - p y r r o l e c a r b o x y l a t e  ( T a b l e  I )  

To o u r  knowledge, o n l y  e t h y l  2 - p y r r o l e c a r b o x y l a t e  i s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  by r e a c t i o n  o f  t h e  
3 s i l v e r  c a r b o x y l a t e  w i t h  e t h y l a t i n g  r e a g e n t  . We have p r e p a r e d  e t h y l ,  benzy l  and n - o c t y l  e s t e r s  i n  - 90% y i e l d s  w i t h o u t  N - a l k y l a t e d  p r o d u c t s .  

Tab le  I : S y n t h e s i s  o f  a l k y l  2 - p y r r o l e  c a r b o x y l a t e s  b y  PTC c o n d i t i o n  w i t h  TCMAC-catalysis, - 
24h a t  T" C. 

e x p e r i m e n t a l  c o n d i t i o n s  e s t e r  y i e l d s  ( % )  

a l k y l a t i n g  r e a g e n t  j T  ( "C)  a )  j b, 

( C 2 ~ 5 0 ) 2 ~ 0 2  j r t ( c )  92 ; 87 

C,H,CH,Br r t  ( c )  93  87 

nC8H1,Br \ 85 100 ; 93 

a)  b y  FLC w i t h  i n t e r n 3 1  s t a n d a r d  

b )  i s o l a t e d  b y  column chrornatooraphy on s i l i c a  q e l  

c )  rt = room tempera tu re  

8 7 5 -  



2. Es ters  from the  t h r e e  i s o m r s  o f  potassium py r i d i neca rboxy la te  (Table 11) 

C lass i ca l  syntheses of these es te r s  by r e a c t i o n  of the ac i ds4  o r  i t s  a c i d  ch lo r ides5- '  WI t h  the 

corresponding a lcoho ls  a i ve  poor o r  moderate y i e l d s .  Food y i e l d s  can be ob ta i ned  on ly  by the reac- 
4 t i o n  o f  s i l v e r  carboxy la tes  w i t h  a l k y l  i od i des  o r  by a  s o p h i s t i c a t e d  e s t e r i f i c a t i o n  

Table - I 1  : E s t e r  y i e l d s  f o r  B 2 R  and ( @C9)2(CH2)n by PTC c o n d i t i o n  

a )  by GLC w i t h  i n t e r n a l  s tandard  

b )  i s o l a t e d  

e x p e r i m n t a l  cond i t i ons  

a l k y l a t i n g  reanent I c a t a l y s t  t ( h )  T  ('C) 

24 (C2H50)2S02 1 TBAB r t 

43 C2H5Br TBAB rt 

24 C6H5CH2Br 1 TEA8 rt 

C6H5CH2C1 1 TBAB 24 rt 

nC8H17Br 1 TCMAC 24 85 

24 nC8H178r 1 TCMAC 60 

nc16H33Br 1 TCMAC 40 85 

"~16~33" 1 TCMAC 72 60 

Br(CH2)3Br I TBAB 48 60 

Br(CH2),,Br TCFlAC 30 60 

(Tab le  111). Under the s o l i d - l i q u i d  PTC cond i t i on  , N-a1 k y l a t i o n  i s  a  t r o u b l e s o m  s i de  r e a c t i o n  ; 

never the less  t h e  work-up procedure e a s i l y  a l l ows  the  removal of  qua te rn i r ed  produc ts  (see expe r i -  

m n t a l  p a r t ) .  

e s t e r  y i e l d s  ( % )  

2-C02R 1 3-C02R 1 4-C02R 

a)  b )  1 a )  b l  I a) b )  

5 1  49 1 24 1 29 

32 I 80 82 1 93 87 

23 1 6  1 7  

66 62 1 82 80 70 65 

100 92 1 8 1  I 79 

1 93 89 1 93 90 

96 90 I 75 I 77 

1 90 90 / 96 96 

54 1 

50 1 
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N i c o t i n a t e  and i s o n i c o t i n a t e  are t he  most suscep t i b l e  t o  be concerned f o r  N -a l ky l a t i on  reac t ion ,  

e s p e c i a l l y  w i t h  more r e a c t i v e  reagents (C2H5X o r  C6H5CH2X). For those compounds, b e t t e r  r esu l t s  are 

obtained b y t h e  reac t i on  w i t h  l ess  r e a c t i v e  a l k y l a t i n g  reagents ( e t h y l  bromide o r  benzyl ch lo r i de  

r a t h e r  than d i e t h y l  su l f a te  o r  benzyl bromide) ; a t  room temperature f o r  example benzyl  n i c o t i n a t e  

o r  i s o n i c o t i n a t e  was obtained w i t h  < 10%yie lds  us ing  benzyl  bromide w h i l e  i n  > 7 0 V i e l d  from 

benzyl c h l o r i d e .  The case of e thy l  p i c o l i n a t e  i s  an except ion  ; d i e t h y l  s u l f a t e  gave 50% y i e l d  

w h i l e  e t h y l  bromide gave lower y i e l d .  

With l e s s  r e a c t i v e  a l k y l a t i n g  reagents (nC8H17X and nC16H33X) w;rming i s  necessary. A l ky l  bromides, 

the  most r e a c t i v e  ha l i des  i n  these s o l i d - l i q u i d  cond i t i ons  (see ) are the  bes t  and can be ra ised 

up t o  > 90:: e s t e r  y i e l d s ,  provided t h a t  f o r  n i c o t i n a t e  and i s o n i c o t i n a t e  isomers, t he  reac t i on  

temperature i s  60DC ( a t  85"C, N - a l k y l a t i o n  increases) .  F i n a l l y ,  we have tes ted  our method w i th  

a ,  w -dibromoalkanes : moderate e s t e r  y i e l d s  are observed i n  con t ras t  t o  very low y i e l d s  by ac id  

ch lo r ide-a lcoho l  m t h ~ d ~ ' ~ .  

1 - 2  - 
Comparison between PTC cond i t i on  and l i t e r a t u r e  r e s u l t s  

A s o l i d - l i q u i d  PTC cond i t i on  

B ArC02H + ROH ( a c i d  c a t a l y s t )  

C ArCOCl + ROH 

D ArC02H + R I  t Ag20 (xy lene - r e f l u x )  
9 E ArC02H t ROH t 2-ch loro  I -methyl  p y r i d i n i u m  i o d i d e  t (C2H5)3N 
10 E ArC02H + ROH + 2-ch loro  I - m t h y l  p y r i d i n i u m  i o d i d e  t pyrimidone de r i va te  



3.  Es ters  f r o v  the th ree i s o m r s  of potassium aminobenzoate 

Only the  o r t ho  isomer p ives  s i g n i f i c a n t  arrounts o f  es te r s ,  according t o  t he  f a c t  t h a t  r e a c t i v i t y  of  

o r t ho -subs t i t u ted  benzoate8 i s  nore  pronounced than t h a t  o f  the  o the r  two isomers i n  s o l i d - l i q u i d  

P I C  c o n d i t i o n  '. l ln fo r tunate ly  from a n t h r a n i l a t e  s a l t ,  a1thou"h quatern ized N-products can be 

rewoved i n  t he  f i n a l  work-up, a m i x tu re  o f  amino e s t e r  and N-a lky la ted  amino e s t e r  i s  always 

obtained. Ra t i o  of 0 - a l k y l a t e d l  0 + N a l k y l a t e d  compounds f l u c t u a t e s  w i t h  temperature, na ture  of  

the  c a t a l y s t  (TBAB b e t t e r  than TCMAC), na ture  o f  the a l k y l a t i n g  reapent ( e t h y l  bromide o r  benzyl 

c h l o r i d e  gave a  h i phe r  value of the r a t i o  than d i e t h y l  su l f a te  o r  benzyl b rov ide ) ,  s t o i c h i o m t r y  

o f  the two reac tants  (excess o f  p o t a s s i u ~  carboxy la te  increases the r a t i o  ~ o n o - l d i - a l k y l a t e d  

products ) .  The r e s u l t s  are i n d i c a t e d  i n  Table 1V. 

P r a c t i c a l  app l i ca t i ons  

Ester  syn thes is  by reac t i on  w i t h  carboxy la te  K -sa l t s  i n  s o l i d - l i q u i d  PIC cond i t i on  i s  an e f f i c i e n t  

rrethod f o r  many p o i n t s  o f  view : pood y i e l d s ,  m i l d  cond i t i ons  and an easy work-up. Success of t h i s  

e x p e r i m n t a l  procedure occurs w i t h  n u c l e o p h i l i c  N-subst i tu ted  carboxy la tes  : 2 -py r ro l e  o r  isomers 

of  p y r i d i n e  compounds. Only w i t h  t es ted  exarp les ,  f a i l u r e  o r  smal l  i n t e r e s t  occurs w i t h  arninobenzo- 

ate s a l t s  f o r  which the ca ta lysed BF3 e s t e r i f i c a t i o n  descr ibed by Kadaba appears t o  be more conve- 
11 n i e n t  . 

Table I V  : Yie lds  o f  O R  and @-cC12R by reac t i on  o f  - C02K w i t h  R X  

NH2 NHR 3 - 4 - 
NH2 

i n  PTC cond i t i on  w i t h  TEAS-catalysis 
~ - 

I 
I 

RX r eac t i on  cond i t i ons  r a t i o  % conversion rappor ted  t o  R X  ( a )  

ArC0,KlRX 3 4 

a)  by GLC ana lys is  w i t h  i n t e r n a l  standard b )  impor tan t  N-quaternized products 
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EXPERIMENTAL PROCEDURE 

I n  t h e  f i r s t  s t e p ,  t h e  p o t a s s i u m  s a l t  o f  c a r b o x y l i c  a c i d  i s  o b t a i n e d  by d i s s o l u t i o n  o f  t h e  a c i d  i n  

aqueous KOH s o l u t i o n  ( s t o i c h i o m t r i c  amounts) ; w a t e r  i s  then  evancra ted  ( 1 0  t o r r  f o l l o w d  by 

0 . 1  t o r r  vacuum 2h 60"C)and f i n a l l y  t h e  s a l t  i s  m e c h a n i c a l l y  prounded i n t o  a  f i n e  powder. Potas- 

s i u m  c a r b o x y l a t e  ( lOmmoles), a l k y l a t i n p  r e a g e n t  ( g e n e r a l l y  i n  s t o i c h i o m t r i c  amounts, u n l e s s  o t h e r  

i n d i c a t i o n s  i n  t h e  t a b l e s )  and t e t r a a l k y l a m n o n i u m  h a l i d e  (TBAB o r  TCMAC lmmole) a r e  added i n  a  

25ml f l a s k .  The m i x t u r e  i s  shaken 15min a t  rt, t h e n  l e f t  f o r  a p p r o p r i a t e  t im and tempera tu re  ; 

f i n a l l y  i t  i s  d i l u t e d  t w i c e  w i t h  20ml e t h e r  (warm e t h y l  a c e t a t e  f o r  n - c e t y l  e s t e r s ) ,  c a t a l y s t ,  

p o t a s s i u m  s a l t s  o r  q u a t e r n i z e d  p r o d u c t s  a r e  f i l t e r e d  t h r o u g h  a  s h o r t  column o f  F l o r i s i l  ( 5 9 ) .  The 

c rude  p r o d u c t s  a r e  ana lyzed  by GLC w i t h  i n t e r n a l  s t a n d a r d  and f i n a l l y  p u r i f i e d  b y  column chroma- 

t o g r a p h y  on s i l i c a  g e l .  IR .  NMR, m e l t i n g  p o i n t s  and e l e m n t a r y  ana lyses  a r e  i n  agreement w i t h  the 

ass igned  s t r u c t u r e  o r  w i t h  t h e  a u t h e n t i c  sample. 

1 
M e l t i n g  p o i n t s  and H  NElR s p e c t r a  (90NHz. i . s .  = TMS) f o r  new compounds : 

Benzyl  2 - p y r r o l e c a r b o x y l a t e  : mp 54-55'C ; (CC14) 10.4 ppm (m) NH ; 7.35 ppm (m) C6H5 ; 

6.95  ppm (m) H-3, H-5 ; 6.15 ppm (m) H-4 ; 5.3  ppm ( 8 )  CH2. 

N-Oc ty l  2 - p y r r o l e c a r b o x y l a t e  : o i l  ; (CC14) 10.4 ppm ( m )  NH ; 6.9-6.7 pprn (m) H-3, H-5 ; 

6.2-6.05 ppm (m) H-4 ; 4.25 ppm ( t )  CH20 ; 1.65 pprr (m) Cb2CH20 ; 1.3 ppm (m) (CH2)5 ; 

0 .9  ppm (m) CHy 

N-Oc ty l  i s o n i c o t i n a t e  : o i l  ; (CC14) 8.75 ppm ( d d )  2(H-2)  ; 7.75 pprr ( d d )  2 (H-3 )  ; 4.3 ppm ( t )  

CH20 ; 1.65 ppv  ( m )  $CH20 ; 1.3 ppm (w) (CH2)5 ; 0 . 9  ppm (m) CH3. 

N-Cety l  i s o n i c o t i n a t e  ; mp 49.5-50°C ; (CC14) 8.75 ppm ( d d )  2 (H-2 )  ; 7.75 ppe ( d d )  2(H-3)  ; 

4 . 3  pprn ( t )  CH20 ; 1.6 ppm (m) CE2CH20 ; 1.3 pprnjm) (CH2)13 ; 0.9  ppm (m) CH3. 

B e n r y l  a n t h r a n i l a t e  : o i l  ; (CDC13) 7.95 ppm ( d d )  H-3 ; 7 .5 -7 .1  ppm ( s e v e r a l  m) H-6, C6H5 ; 

6 .7  ppm ( m )  H-4, H-5 ; 5.65 ppm ( m )  NH2 ; 5.3 ppm ( 8 )  CH2. 

Benzyl  N - b e n z y l a n t h r a n i l a t e  : o i l  ; (CDC13) 8 .2  ppm (m) NH ; 8 ppm ( d d )  H-3 ; 7.5-7.1 ppm 

( s e v e r a l  m) H-6, 2 C  H ; 6.7-6.5 pprn ( m )  H-4,  H-5 ; 5.3 ppm ( 8 )  CH20 ; 4,4 ppm ( d )  NH-CE2. 
G 5 

N-Octy l  a n t h r a n i l a t e  : o i l  ; (CC14) 7.8 ppm ( d d )  H-3 ; 7.15 ppm (I?) I!-6 ; 6.65-6.4 ppm (m) H-4, 

9-5 ; 5.65 ppm (m) NH2 ; 4.2 ppm ( t )  CH20 ; 1.65 ppm (m) %CH20 ; 1.3 ppm (m) (CH2)5 ; 0.9  pprn (m) 

CH3 

N-Oc ty l  N - n - ~ c t ~ l a n t h r a n i l a t e  : o i l  ; (CC14) 7.85 ppm ( d d )  H-3 ; 7.75 ppm (m) NH ; 7.4-7 ppm (m) 

H-6 ; 6.65-6.4 ppm (m) H-4, H-5 ; 4.25 ppm ( t )  CH20 ; 3 .2  ppm (m) NHCli2 ; 1.9-1.2 ppm ( s e v e r a l  m) 

2(CH2)6 ; 0.95 ppm (m) 2CH3. 
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