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Abstract- Various methods o f  s e l e c t i v e  a l k y l a t i o n  of t h e  

N(Z) - and  N ( x ) - n i t r o g e n  a toms  o f  ( E )  - u r o c a n i c  a c i d  

d e r i v a t i v e s  a r e  r e p o r t e d .  S o l i d - l i q u i d  phase  t r a n s f e r  

c a t a l y s i s  gave t h e  b e s t  r e s u l t s  f o r  N ( T ) - a l k y l a t i o n  of 

u r o c a n i c  a c i d  a l k y l  e s t e r s .  L iqu id - l i qu id  phase t r a n s f e r  

c a t a l y s i s  a l lowed d i r e c t  N(T) - a lky l a t i on  of u r o c a n i c  a c i d  

i t s e l f .  The N ( n ) - n i t r o g e n  atom was a l k y l a t e d  a f t e r  

p r o t e c t i o n  of t h e  N(T)-n i t rogen  w i th  a  phenacyl  g roup .  

INTRODUCTION - (E)  -3- (1H-Imidazol-4-yl)  -2-propenoic  a c i d  o r  (E) - u r o c a n i c  

a c i d  i s  a  m e t a b o l i t e  of h i s t i d i n e  found i n  t h e  s k i n  and e x c r e t e d  i n  sweat .  

Th i s  compound has  i n t e r e s t i n g  b i o l o g i c a l  p r o p e r t i e s :  

-it a c t s  a s  a  n a t u r a l  p h o t o p r o t e c t i n g  agent,1-3 

- t h e  ( Z ) - i s o m e r  h a s  been  found  t o  have  immunosuppress ive  a c t i ~ i t y , ~ - ~  

a l t hough  t h e  mechanism h a s  y e t  t o  be  e l u c i d a t e d .  

t The authors dedicate this paper to Professor Alan R. Katritzky (University o f  Florida) on the 

occasion of  his 65th birthday. 
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IE) 
F i g u r e  I 

The s t u d y  o f  t h e  r e l a t i o n s h i p  between s t r u c t u r e  and a c t i v i t y  h i n g e s  on t h e  

s y n t h e s i s  o f  numerous d e r i v a t i v e s  o f  u r o c a n i c  a c i d  i n  o r d e r  t o  : 

- improve t h e  s o l u b i l i t y  and s o  f a c i l i t a t e  t h e  formula t ion ;  

- s tudy  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  i n  immunology; 

- i n v e s t i g a t e  c y c l o a d d i t i o n  r e a c t i o n s  i n  o r g a n i z e d  media u sed  a s  models o f  

b i o l o g i c a l  sy s t ems .  

A s  u r o c a n i c  a c i d  e x i s t s  i n  two t a u t o m e r i c  forms (F igu re  I), N-alkyla t ion  can  

occur  a t  two s i tes  : t h e  N(Z)  and N(n) n i t r o g e n  atoms . ' ( ~ i g u r e  2 )  . 

F i g u r e  2 

Th i s  q u e s t i o n  i s  r e l a t e d  t o  t h e  g e n e r a l  p roblem conce rn ing  t h e  N-a lky l a t i on  

of i m i d a z o l e  d e r i v a t i v e s  s u b s t i t u t e d  i n  p o s i t i o n  4 ( 5 ) .  Accord ing  t o  t h e  

l i t e r a t u r e ,  when t h e  s u b s t i t u e n t  i n  p o s i t i o n  4 ( 5 )  i s  a  wi thdrawing  group,  

N-a lkyla t ion  o c c u r s  e s s e n t i a l l y  on t h e  N(T)  n i t r o g e n  atom.8 Th i s  i s  observed  

f o r  h i s t i d i n e ,  t h e  b i o l o g i c a l  p r e c u r s o r  of  u r o c a n i c  a c i d ,  s p e c i a l l y  when t h e  

s u b s t i t u e n t  i s  s t e r i c a l l y  h i n d e r e d . 9  A p r e l i m i n a r y  s t u d y  i n  o u r  l a b o r a t o r y  

has  demons t ra ted  s e l e c t i v e  N-a lkyla t ion  o f  u r o c a n i c  a c i d  a l k y l  esters t o  be  

p ~ s s i b l e . l O - ~ ~  We r e p o r t  h e r e  a  s t u d y  of  s e v e r a l  N - a l k y l a t i o n  methods i n  
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o r d e r  t o  d e t e r m i n e  a  f a c i l e  way t o  s e l e c t i v e l y  o b t a i n  N ( r )  o r  N ( 7 I -  

s u b s t i t u t e d  u r o c a n i c  a c i d .  

I .  - N(z)-ALKYLATION 

F i r s t  we s t u d i e d  t h e  a l k y l a t i o n  r e a c t i o n  i n  a  homogeneous phase  and  t h e n  i n  

a  he te rogeneous  phase .  

1. -  A l k y l a t i o n  i n  a  homogeneous phase  

Urocan i c  a c i d  i s  i n s o l u b l e  i n  o r g a n i c  s o l v e n t s ,  s o  t h e  r e a c t i o n  i n  a  

homogeneous phase u t i l i z e d  u r o c a n i c  a l k y l  e s t e r s  a s  s t a r t i n g  m a t e r i a l .  

To o u r  knowledge, t h e r e  have  been no d e s c r i p t i o n s  of  t h e  s e l e c t i v e  N- 

a l k y l a t i o n  of u r o c a n i c  a c i d  a l k y l  e s t e r s  by n o n - a c t i v a t e d  h a l i d e s ,  a p a r t  

from m e t h y l a t i o n  which g e n e r a l l y  g i v e s  r i se  t o  m i x t u ~ e s . l ~ - ~ ~ . ~ i ~ e c t  N- 

a l k y l a t i o n  was n o t  p o s s i b l e  and  a  m o d i f i c a t i o n  o f  a  method p r e v i o u s l y  

d e s c r i b e d  by I e n a g a  e t  a 1 . 1 6  w a s  d e v e l o p p e d l 0  : R 8 X = a l k y l  b romide  

solvent=dimethylformarnide, temperature=20°C, r e a c t i o n  d u r a t i o n = l  h  ( F i g u r e  

3)  .The y i e l d s  were e x c e l l e n t  

i-"ry +" H 

+ R/NvN NvNv 

major product < 5% 

F igu re  3 

I n  a l l  t h e s e  r e a c t i o n s  a  s i n g l e  N-a lkyla ted  p r o d u c t  was i s o l a t e d  and on ly  

sma l l  amounts of a  second one were d e t e c t e d  by t h i n  l a y e r  chromatography.  

A s t r u c t u r a l  s t u d y  showed t h a t  t h e  N-alkylated esters s y n t h e s i z e d  u s ing  

t h i s  method had a  l , 4 - d i s u b s t i t u t e d  imidazole  r i n g .  T h i s  N - a l k y l a t i o n  was 

r e g i o s e l e c t i v e  f o r  t h e  a l k y l  bromides examined. 
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When t h e  r e a c t i o n  was c a r r i e d  o u t  w i t h  a l l y l  b romide  o r  me thy l  i o d i d e ,  

mix tures  o f  p r o d u c t s  w e r e  o b t a i n e d ,  due t o  t h e  s u b s t i t u t i o n  a t  e i t h e r  N(T)- 

o r  N(?t)-nitrogen atoms and  t o  d i s u b s t i t u t i o n  ( F i g u r e  4 ) .  

Figu re  4 

I n  o r d e r  t o  o b t a i n  a  good r e g i o s e l e c t i v i t y  w i t h  a l l  a l k y l  h a l i d e s ,  m i ld  

r e a c t i o n  c o n d i t i o n s  i n  he te rogeneous  systems w e r e  examined. 

2- A lky l a t i on  i n  s o l i d - l i q u i d  systems 

In  t h e  p r e s e n c e  of anhydrous  po t a s s ium c a r b o n a t e  i n  a  he t e rogeneous  phase ,  

we s t u d i e d  t h e  a c t i o n  o f  a l l y l  bromide on u r o c a n i c  a c i d  e t h y l  ester i n  

d i f f e r e n t  expe r imen ta l  c o n d i t i o n s  (Table  1 ) .  

Table 1.- Reac t i on  o f  a l l y l  bromide w i th  u r o c a n i c  a c i d  e t h y l  ester 

Solvent temperature duration yield 10 yield 11 yield 12 

(OC)  lh) 1%)  ( % )  1 % )  

toluene 20 18 30 - - 

toluene 110 18 50 - - 

acetone 20 18 80 - - 

acetone 40 18 70 10 10 

acetone l a )  4 0 18 100 

acetonitrile 2 0 18 70 

ethanol/water,l/l vlv 2 0 18 40 

(a )  Excess of allyl bromide. 
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The r e s u l t s  d e s c r i b e d  i n  t h e  Table  1 show t h a t  t h e  b e s t  y i e l d s  and 

s e l e c t i v i t i e s  were ob ta ined  i n  p o l a r  a p r o t i c  s o l v e n t s  a t  room tempera ture .  

A t  40°C, t h e  r e a c t i o n  was no t  s e l e c t i v e ,  and when t h e  r e a c t i o n  was c a r r i e d  

ou t  w i t h  an e x c e s s  of  a l l y 1  bromide, t h e  N(T) , N ( X ) - d i a l l y l  compound was 

ob ta ined  i n  a  1 0 0 %  y i e l d .  A s  t h e  N(T)-a l ly1  d e r i v a t i v e  d i d  not  r ea r r ange  i n  

t h e  r e a c t i o n  c o n d i t i o n s ,  it seems t h a t  t h e r e  i s  a compet i t ion  between t h e  

t h r e e  r e a c t i o n s  o b s e r v e d  and t h a t  d i a l k y l a t i o n  i s  f a s t e r  t han  N(n )  - 

m o n o a l k y l a t i o n .  The r e a c t i o n  i n  a c e t o n e  ( o r  a c e t o n i t r i l e )  a t  room 

temperature l e d  t o  t h e  N(T)-al ly1 urocanic  a c i d  e t h y l  e s t e r  wi th  an 8 0 %  y i e l d  

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

r e s u l t s  recorded i n  Table 2 show t h a t  t h e s e  c o n d i t i o n s  gave good y i e l d s  only 

with r e a c t i v e  a l k y l  h a l i d e s .  

Table 2 . -  A lky la t ion  of urocanic  a c i d  a l k y l  e s t e r s  i n  s o l i d - l i q u i d  systems 

R R ' X  solvent temperature duration yield compound 

lac) lh) 1 % )  

CH2CH3 CH3I  acetone 20 18 8 0 1 3  

CHzCH3 C H j I  acetonitrile 2 0 18 90 1 3  

CH2CH3 CsHsCOCH2Cl acetonitrile 2 0 1 8  90 1 6  

CH2CH1 I C S H S ) ~ C C I  acetonitrile 20 18 90 1 7  

CH3 CuH2sBr acetone reflux 2 4 0  2 2  6 

CH3 C12H25Br DMF 1 0 0  7 3 9 6 

CH3 C I Z H Z S B ~  THE* 20 3 9 6 6 

* w i t h  18-crown-6 ether 

For t h e  long  c h a i n  bromide w e  dec ided  t o  u s e  so l id- l iquid  phase transfer 

cata lys is  conditions. The s o l v e n t  chosen  was t e t r a h y d r o f u r a n  ( T H E )  which 

a l lows  a  good s o l u b i l i s a t i o n  of  u rocan ic  a c i d  methyl  e s t e r  and of t h e  N- 

dodecyl d e r i v a t i v e .  Potassium carbonate  was used a s  s o l i a  phase and t h e  18-  
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crown-6 as catalyst. The reaction at 20°C was fast, regiospecific, facile 

and gave quantitative yields. 

Solid-liquid phase tranfer catalysis proved to be an excellent method for 

the N(T)-alkylation of urocanic acid alkyl esters, but it cannot be used for 

urocanic acid itself, insoluble in organic solvents. Liquid-liquid phase 

transfer conditions were then considered. 

3- Alkylation by liquid-liquid phase transfer catalysis 

The use of liquid-liquid phase transfer catalysis in the N-alkylation 

of heterocycles has already proved its value. Good yields of N-alkylated 

pyrroles or indoles have been obtained with aqueous potassium hydroxide 

solution as base, a crown ether or a tetraalkylammonium salt as phase 

transfer catalyst. Dou et al. l9 used these reaction conditions for N- 

alkylation of imidazole, the yields obtained were very low for lonq chain 

halides. Using different experimental conditions, Lattes et al. 20 succeeded 

in alkylating imidazole with lonq chain alkyl halides. They used an 1 8 M  

aqueous sodium hydroxide solution, benzene and tetraethylammonium bromide. 

Imidazole and benzimidazole have also been alkylated by liquid-liquid phase 

transfer catalysis with various polyethylene glycols.21 

We report here a study concerning the reaction of dodecyl bromide and 

ur0CaniC acid in liquid-liquid phase transfer conditions. Many ealkylations 

of carboxylate anions using liquid-liquid phase transfer catalysis have been 

d e s ~ r i b e d . ~ ~  SO, in the case of urocanic acid, N- and 0-alkylations might be 

expected. Five phase transfer catalysts were used : polyethylene glycol 600 

(PEG 600), 18-crown-6 (18-CR-6), tetrabutylammonium bromide (TBuAB) , 

benzyldimethyldodecylammonium bromide (BDMAB) and polyoxyethylene 23 lauryl 

ether (BRIJ 35). Only long chain catalysts gave good alkylation yields 

(Table 3) and, depending on the conditions, one or two compounds were 

obtained. 

- compound (18) corresponding to an N(T)-alkylation; 

- compound (9) corresponding to a N,C-dialkylation (Figure 5). 
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Figu re  5 

Table 3 .-  L iqu id - l i qu id  phase t r a n s f e r  c a t a l y z e d  r e a c t i o n  of dodecyl  bromide 

on u rocan ic  a c i d  

Entry 
R ' X  inlxl catalyst solvent 

tempera- duration to ta l  18 9 

NO I U . A . 1  t u r e D C  h yie ld  % y i e l d  % yield % 

BDMAB 

BDMAB 

BDMAB 

BDMAB 

BDMAB 

BDMAB 

B R I J  35 

TBuAB 

18-CR-6 

PEG 600 

toluene 

toluene 

toluene 

toluene 

toluene 

C2HqClz 

toluene 

toluene 

toluene 

toluene 

a : f ina l  value of R ' X  which was added in  three parts at t = 0 h, t = 24 h, t = 36 h 
U.A. : urocanic acid 

D i s c u s s i o n  : According  t o  t h e  r e a c t i o n  c o n d i t i o n s  a  m i x t u r e  o f  t h e  two 

compounds ( 1 8  and 9 )  was o b t a i n e d  (Table  3, E n t r i e s  No 1 t o  2) o r  on ly  t h e  

N,O-dia lkyla ted  compound ( 9 )  (Table  3, E n t r i e s  No fi t o  8). The r e s u l t s  can 

p r o b a b l y  b e  e x p l a i n e d  by t h e  b e h a v i o u r  of t h e  d i a n i o n  i n v o l v e d  i n  t h e  

r e a c t i o n .  T h i s  d i a n i o n  i s  l i k e l y  t o  b e  anchored  a t  t h e  i n t e r f a c e  ( u s e  of 

c o n c e n t r a t e d  sodium hydroxide s o l u t i o n )  by t h e  ca rboxy la t e  f u n c t i o n  r a t h e r  

t h a n  by t h e  imidazoyl  group ( F i g u r e  6 ) .  The anchor ing  of  t h e  c a r b o x y l a t e  

f u n c t i o n  a t  t h e  i n t e r f a c e  f a v o r s  N ( T ) - a l k y l a t i o n  a t  t h e  l e s s  h inde red  
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n i t r o g e n  atom. Th i s  a l k y l a t i o n  i n c r e a s e s  t h e  s o l u b i l i t y  i n  t h e  o r g a n i c  phase 

and O - a l k y l a t i o n  can then  occu r .  

aqueous phase HO ; ~ a +  

organic phase 

Figu re  6 

The s o l v e n t  and t h e  c a t a l y s t  a r e  l i k e l y  t o  have an  e q u a l  i n f l u e n c e  on t h e  

i n i t i a l  a n c h o r i n g  a t  t h e  i n t e r f a c e  and on t h e  subsequent  s o l u b i l i s a t i o n  i n  

t h e  o r g a n i c  phase .  So, t h e  r e l a t i v e  rates of  t h e  h e t e r o a l k y l a t i o n s  depend on 

t h e  n a t u r e  o f  t h e  s o l v e n t  and of  t h e  c a t a l y s t .  I t  i s  impor t an t  t o  n o t e  t h a t  

t h e  b e s t  r e s u l t s  are ob ta ined  wi th  t h e  long-chain c a t a l y s t s  : 

- t h e  c a t i o n i c  c a t a l y s t  (BDMAB) f a v o r s  N ( 0 - a l k y l a t i o n  (Table  3, E n t r i e s  No 1 

t o  5 ) ;  

- t h e  non i o n i c  c a t a l y s t  (BRIJ 35) f a v o r s  N,O-dia lkyla t ion  (Table  3, E n t r i e s  

NO 6 t o  8 ) .  

These hypotheses  were confirmed by two a d d i t i o n a l  exper iments  u s i n g  l i q u 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  : u r o c a n i c  a c i d  methyl  e s t e r  was no t  

a l k y l a t e d  a n d  N(T)-dodecyl  u r o c a n i c  a c i d  (18) was 0 - a l k y l a t e d  by  b u t y l  

bromide t o  g i v e  compound ( 2 1 ) .  

11- N(X) -ALKYLATION 

The r e s u l t s  d e s c r i b e d  above i n d i c a t e  t h a t  t h e  N - s u b s t i t u t i o n  o c c u r s  

e s s e n t i a l l y  on t h e  N ( T )  n i t r o g e n .  Thus,  i n  o r d e r  t o  a l k y l a t e  t h e  N ( x )  

n i t r o g e n ,  t h e  N(T) n i t r o g e n  must b e  p r o t e c t e d .  
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The t r i p h e n y l m e t h y l  o r  p h e n a c y l  g roups ,  which a r e  commonly employed a s  

p r o t e c t i v e  g roups  on h i s t i d i n e  were t h e r e f o r e  t e s t e d  f o r  t h e  p r e p a r a t i o n  

of N(n)-methyl  and N ( n ) - a l l y 1  u r o c a n i c  a c i d  e t h y l  e s t e r .  

The a c t i o n  o f  t h e  t r i p h e n y l m e t h y l  c h l o r i d e  on u r o c a n i c  a c i d  e t h y l  ester l e d  

t o  t h e  N ( T ) - s u b s t i t u t e d  compound w i t h  an  e x c e l l e n t  y i e l d  ( p a r a g r a p h 1 ) .  

However, d u r i n g  t h e  subsequen t  s u b s t i t u t i o n  r e a c t i o n ,  t h e  p r o t e c t i v e  group 

t e n d e d  t o  be  e l i m i n a t e d  g i v i n g  a  m i x t u r e  of  t h e  N ( . T ) - s u b s t i t u t e d  and  

N(7) , N(n) - d i s u b s t i t u t e d  p r o d u c t s .  

R = CH,CH=CH, 1 9  11 
R = CH, 2 0  1 4  

F i g u r e  7 

The phenacyl  g roup  appea red  less l a b i l e  and t h e  r e a c t i o n  o f  N(n ) -phenacy l  

u r o c a n i c  a c i d  e t h y l  e s t e r  ( 1 6 )  w i t h  a l l y 1  i o d i d e  o r  methyl  bromide l e d  t o  

t h e  co r r e spond ing  N(7) ,N(n)  - d i s u b s t i t u t e d  p roduc t s  (19 )  and (20)  . 

D e p r o t e c t i o n  w i t h  Zn i n  a c i d  medium a t  O°C l e d  t o  t h e  N ( n ) - a l k y l a t e d  

p r o d u c t s  (11) and ( 1 4 )  ( F i g u r e  7 )  i n  good y i e l d s .  When t h e  r e a c t i o n  was 

c a r r i e d  ou t  a t  25Y, hydrogena t ion  o f  t h e  e t h y l e n i c  c h a i n  was a l s o  obseryed .  

CONCLUSION - S e l e c t i v e  N - a l k y l a t i o n s  o f  u r o c a n i c  a c i d  were o b t a i n e d  i n  

d i f f e r e n t  ways. 
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Solid-liquid phase transfer catalysis appeared to be the best method for 

alkylation of the urocanic acid alkyl esters. 

Liquid-liquid phase transfer catalysis allowed direct N-alkylation of 

urocanic acid and also one-pot synthesis of long chain N-alkyl urocanic acid 

alkyl esters. 

EXPERIMENTAL PART 

Urocanic acid, methyl iodide, alkyl bromides and phenacyl chloride were 

obtained from Aldrich. 

The IH nmr spectra were recorded on Bruker AC 80 spectrometer. The uv 

spectra were recorded on a HP 8451 A spectrophotometer, and the ir spectra 

were recorded on a Perkin Elmer 683 instrument. 

The structure of products was determined according to  reference^.^^-^^ 

Urocanic Acid Alkyl Esters (1 and 2) 

A solution of urocanic acid (3 g, 21.7 mmol) in dry corresponding alcohol 

(100 ml) was saturated by HCl gas and refluxed through a Soxhlet thimble 

containing activated 3A sieves for 2.5 h. The solvent was removed under 

reduced pressure giving the ester hydrochloride . The residue was 

neutralized by a saturated aqueous NaHC03 solution, extracted with ethyl 

acetate and dried over sodium sulfate . Evaporation of ethyl acetate left 
urocanic acid alkyl ester (1 or 2)  in a 85% yield. 

Compound (1) : mp 95-96°C; ir (potassium bromide) V l72O(C=O), 1650(C=C) , 

2800-3400(broad band NH) cm-l; IH nmr (DMSO-d6) 6 3.68 (s, 3H, CH3), 6.34 

(AB, J=16 Hz, lH, H a  7.55 (AB, J=16 Hz, lH, Hb), 7.53 (s, lH, Hd), 7.77 (s, 
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lH, H,) ppm ; m/z=153, MHf(lOO%) . Anal. Calcd for C~HeN202 : C, 55.26; H, 
5.30; N, 18.41. Found : C, 55.10; H, 5.19; N, 18.38. 

Compound 12) : mp 7g°C; ir (potassium bromide) V 1730(C=0), 1618 (C=C), 

3100(broad band NH) cm-l; uv (ethanol) hmax 288 nm (E 18945); IH nmr (CDC13) 

6 1.30 (t, J=7.1 Hz, 3H, C&-CHZ), 4.16 (q, J=7.1 Hz, 2H, OCH*), 6.50 (AB, 

J=16 Hz, lH, H a  7.50 (AB, J=16 Hz, lH, Hb), 7.20 (s, lH, H ,  7.67 (s, lH, 

Hd) ppm . Anal. Calcd for CSHIONZO~ : C, 57.83; H, 6.02; N, 16.86. Found : C, 

57.90, H, 5.95; N, 16.7. 

Compound (3) was prepared from the p-toluenesulfonate of urocanic acid.23 

ALIPILATION ON N (7) -NITROGEN ATOM 

General Pzocedure for N(7)-Alkylation in Homogeneous Phase 

A solution of alkylurocanate (3.26 mmol) in dry dimethylformamide (40 rnl) 

was added dropwise to a stirred suspension of 95% sodium hydride (0.123 q, 

4.89 mmol) in dry dimethylformamide (10 ml) under a dry and inert 

atmosphere. Alkyl bromide (3.26 mmol) was added to the mixture. The reaction 

was followed by thin-layer chromatography on 2.5 x 7.5 crn silica gel 60 A 

plates (250 p layer, Whatman) with uv detection at 254 nm. The solvent was 

a chloroform-ethanol mixture (95:5, v/v). The reaction was stopped on the 

disappearance of the starting ester, only small amounts of secondary 

products were detected. The reaction mixture was filtered through celite 545 

(Fluka) and the filtrate was evaporated to dryness. The residue was purified 

on a 20 x 2 cm I.D. column of silicagel (250-400 mesh, Fluka) using 

chloroform-ethanol (90:10, v/v) as eluent affording the N(7)-alkylated 

urocanic acid alkyl esters. 

Nff -Ethyl Urocanic Acid Methyl Ester (4) : 90% yield (0.530 g) ; mp 52'C ; 

Rf(CHC13/EtOH:9/1) 0.67; uv (CHC13) hmax 290 nm (E 21476) ; ir u l7lO(C=O), 

1650(C=C) cm'l; IH nmr (CDC13) 8 3.66 (s, 3H, OCH3). 3.85 (q, J=7.3 Hz, 2H, 

NCHZ), 6.40 (AB, J=l6 Hz, lH, H a  7.38 (AB, J=16 Hz, lH, Hb), 7.36 (s, lH, 
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H ,  7.05 (s, lH, Hd) ppm . Anal. Calcd for CgH12N202 : C, 59.99; H, 6.71 ; 
N, 15.55. Found : C, 60.10; H, 7.00; N, 15.71. 

N(Z)-Heptyl Urocanic Acid Methyl Ester ( 5 )  : 88% yield (0.72 g) ; mp 75'C; 

Rf(CHC13/EtOH:9/1) 0.66; uv (CHC13) h a x  290 nrn (E 21319) ; ir U l7lO(C=O), 

1650(C=C) crn-1 ; IH nmr (CDC13) 8 3.75 (s, 3H, OCH3), 3.85 (t, J=6.7 Hz, 2H, 

NCHz), 6.48 (AB, J=16 Hz, lH, H a  7.53 (AB, J=16 Hz, lH, Hb), 7.04 ( s ,  lH, 

Hd), 7.42 (s, lH, Hc) . Anal. Calcd for ClaH22N202 : C, 67.17; H, 8.86; N, 

11.19. Found : C, 67.12; H,8.90; N, 11.09. 

N(Z)-Dodecyl Urocanic Acid Methyl Ester (6 )  : 90% yield (0.94 g) ; mp 74'C; 

Rf(CHC13/EtOH:9/1) 0.67 ; uv (CHC13) hmax 290 nm (E 19973); ir V l7lO(C=O), 

1650(C=C) crn-l; IH nmr (CDC13) 8 0.87 (m, 3H, C K -  (CH2)ll), 3.78 (s, 3H, 

OCH3), 3.81 (t, J=6.3 Hz, 2H, NCH*), 6.51 (AB, J=16 Hz, lH, Ha), 7.55 (AB, 

J=16 Hz, lH, Hb), 7.48 (s, lH, He), 7.05 (s, lH, Hd) . Anal. Calcd for 
ClgH32N202 : C; 71.21; H, 10.06; N, 8.74. Found : C, 71.08; H, 10.10; 

N,8.75. 

N(Z)-Ethyl Urocanic Acid Dodecyl Ester ( 7 )  : 81% yield ( 0.88 g )  ; mp 55'C; 

Rf(CHC13/EtOH:9/1) 0.68 ; uv (CHC13) hmax 290 nm ( E  18708) ; ir V 

1710(C=0), 1650(C=C) cm-I ; l~ nmr (CDCl3) 6 4.14 (t, J=7 Hz, 2H, OCH2) , 

3.97 (q, J=7.3 Hz, ZH, NCHz), 6.50 (AB, J=16 Hz, lH, Ha) , 7.43 ( AB, J=16 

Hz, lH, Hb), 7.49 ( s ,  lH, H ,  7.06 (s, lH, Hd). Anal. Calcd for C ~ O H ~ ~ N Z O Z  : 

C, 71.60; H, 10.51; N, 8.35 . Found : C, 71.77; H, 10.74; N, 8.25. 
N(Z1 -Heptyl Urocanic Acid Dodecyl Ester ( 8 )  : 70% yield (0.93 g) ; mp 57'C ; 

Rf(CHC13/EtOH: 9/11 0.65 ; uv (CHC13) L a x  290 nm ( E  19480) ; ir V l7lO(C=O), 

1650(C=C) cm-l; IH nmr ( CDC13) 8 4.14 (t, J=6.7 Hz, 2H, OCH2), 3.92 (t, J= 

Hz, 2H, NCHz), 6.55 (AB, J=16 Hz, lH, H a ,  7.48 (AB, J=16 Hz, lH, Hb), 7.57 

(s, lH, Hc), 7.03 (st 1H. Hd). Anal. Calcd for C25HqqN202 : C, 74.21; H, 

10.96; N, 6.92 . Found : C, 74.30; H, 10.92; N, 6.87. 

N(Z)-Dodecyl Urocanic Acid Dodecyl Ester (9) : 92% yield ( 1.43 g) ; mp 7Z°C 

; Rf(CHC13/EtOH:9/11 0.66; uv (CHC131 h a x  290nm (E 255171 ; ir U 1710(C=0), 

1650(C=C) cm-l; IH nmr (CDC13) 8 4.13 (t, J=6.7 Hz, 2H, OCHz), 3.90 (t, J= 
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7 . 2  H z ,  2 H ,  N C H Z ) ,  6 . 5 3  (AB, J = 1 6  H z ,  I H ,  H a ) ,  7 . 4 6  (AB, J = 1 6  H z ,  I H ,  H b ) ,  

7 . 5 5  ( s ,  l H ,  H,), 7 . 0 3  ( s ,  l H ,  Hd)  . A n a l .  C a l c d  f o r  C30H54N202 : C .  7 5 . 9 0 ;  

H, 1 1 . 4 6 ;  N,  5 . 9 0 .  F o u n d  : C,  7 5 . 9 2 ;  H, 1 1 . 4 3 ;  N, 5 . 7 0 .  

G e n e r a l  Procedure f o r  S o l i d - L i q u i d  N ( Z ) - A l k y l a t i o n  

P o t a s s i u m  c a r b o n a t e  ( 0 . 8 3  g, 6  m m o l )  w a s  added t o  c o m p o u n d  (2) (1 g, 6  m m o l )  

i n  1 0  m l  of a c e t o n i t r i l e .  A l k y l  ha l ide  ( 5 . 8  m m o l )  w a s  added d r o p w i s e  t o  t h i s  

s u s p e n s i o n .  T h e  m i x t u r e  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  18 h,  f i l t e r e d  

a n d  t h e  f i l t r a t e  w a s  evaporated. T h e  appropr ia te  w o r k i n g  of t he  v a r i o u s  

r e s i d u e s  t h e n  yie lded t h e  N - a l k y l a t e d  p r o d u c t s .  

N ( r J - A l l y 1  U r o c a n i c  A c i d  E t h y l  Ester (101 : T h e  r e s i d u e  w a s  r e c r i s t a l l i z e d  

i n  C C 1 4  t o  a f f o r d  c o m p o u n d  ( 1 0 )  i n  8 0 %  y i e l d  ( 0 . 9 6  q )  ; m p  76'C; 

u v ( e t h a n o 1 )  h m a x  2 9 0 n m  (& 2 0 8 0 0 )  ; 'H n m r  ( C D C l 3 )  6 1.31 ( t ,  J = 7 . 1  H z ,  3 H ,  

CH2-CE3) ,  4 . 2 1  (q,  J = 7 . 1  H z ,  2H,  C K Z - C H ~ ) ,  6 . 5 3  (AB, J = 1 6  H z ,  I H ,  H a  7 . 5 3  

(AB, J = 1 6  H z ,  l H ,  H b ) ,  7 . 4 8  ( s ,  I H ,  H ,  7 . 0 8  (s, l H ,  H d ) ,  5 . 2 1  (m, ZH, =CHz 

, 4 . 5 0  (m, 2 H ,  NCH2 , 5 . 9 1  (m, I H ,  CB=CHz ) p p m  ; n m r  ( C D C 1 3 )  6 1 6 7 . 6  

( C I ) ,  1 1 6 . 3  ( C 2 ) ,  135.8 ( C 3 ) ,  1 3 8 . 4  ( C 4 - ) ,  1 2 1 . 3  ( C s - ) ,  138.3 ( C z - ) ,  4 9 . 6  

( N G H z ) ,  1 3 2 . 1  ( G H z = ) ,  1 1 9 . 3  ( = C H ) ,  6 0 . 3  ( O C H z ) ,  1 4 . 3  (GH3)  p p m  . A n a l .  C a l c d  

f o r  C i i H 1 4 N 2 0 2  : C, 6 4 . 0 7 ;  H, 6 . 7 9 ;  N, 1 3 . 5 9 .  F o u n d  : C,  6 3 . 9 1 ;  H, 6 . 7 9 ;  N ,  

1 3 . 4 0  

N ( Z J - M e t h y l  U r o c a n i c  A c i d  E t h y l  E s t e r  (13): T h e  r e s i d u e  w a s  t a k e n  up i n  

c h l o r o f o r m .  T h e  c h l o r o f o r m  phase w a s  w a s h e d  w i t h  w a t e r ,  d r ied  over s o d i u m  

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

c o l u m n  e l u t e d  w i t h  c h l o r o f o r m / e t h a n o l  ( 9 / 1 ,  v/v) a f f o r d i n g  p r o d u c t  (13) i n  

9 0 %  y i e l d  ( 0 . 9 4  g )  ; m p  9 8 T ,  i r  ( p o t a s s i u m  b r o m i d e )  v 1 7 3 0 ( C = O ) ,  1 6 1 0  

( C = C ) ,  3 1 0 0 ( N H ) ;  u v  ( e t h a n o l )  h m a x  2 8 8  n m  ( E  1 7 9 9 1 )  ; 1~ n m r  ( C D C 1 3 )  6 1 . 3 1  

(t,  J = 7 . 1  H z ,  3H, CH2-CB3),  4 . 2 1  ( q ,  J = 7 . 1  H z ,  2 H ,  O C H Z ) ,  3 . 6 0  (s,  3 H ,  N C H 3 ) ,  

6 . 5 0  (AB, J = 1 6  H z ,  l H ,  H a ) ,  7 . 5 1  (AB, J-16 H z ,  I H ,  H b ) ,  7 . 0 3  ( s ,  l H ,  H d ) ,  

7 . 4 0  (s, I H ,  H,) p p m  ; l 3 ~  n m r  (CDC13)  S 1 6 7 . 5  ( c I ) ,  1 3 9  ( ~ 2 . 1 ,  138.3  ( ~ 4 ! ) ,  

1 3 5 . 6  ( C 3 ) ,  1 2 2 . 3  ( C s . ) ,  1 1 6 . 4  ( C z ) ,  6 1 . 2  ( O C H z ) ,  3 3 . 6  ( N C H 3 ) ,  1 4 . 2  ( C H 3 )  p p m .  



HETEROCYCLES, VOI. 37, No. 3,1994 

Anal .  C a l c d  f o r  CgH12N202 : C, 59 .98 ;  H, 6 .71 ;  N, 1 5 . 5 5 .  Found : C, 60.22;  H, 

6 .67;  N, 1 5 . 5 8 .  

N ( 7 ) - P h e n a c y l  U r o c a n i c  A c i d  E t h y l  E s t e r  ( 1 6 )  : T h e  r e s i d u e  was  

r e c r y s t a l l i z e d  i n  e t h e r  t o  a f f o r d  compound ( 1 6 )  i n  90% y i e l d  ( 1 . 4 9  g )  ; mp 

124'C, i r  V 1730(C=O),  1680(C=C) cm-l; IH nmr (CDC13) 8 1 . 3 1  (t, J = 7 . 1  Hz, 

3H, CB~-CHZ),  4 . 3 1  (q, J = 7 . 1  Hz, 2H, OCHZ), 5 . 3 9  (s, 2H, NCHZ), 6 . 5 0  (AB, 

J=16 Hz 1 H a  , 7 . 5 5  (AB, J=16  Hz, 1 H ,  Hb ) ,  7 . 9 1  (s,  l H ,  H ,  7 . 1 2  (s,  

l H ,  Hd) , 7.5-7 .6  (m, 5H, p h e n y l )  ppm ; 13c nmr (CDC13) 6 1 9 0 . 9  (CO) , 1 6 7 . 7  

( C l ) ,  1 3 9 . 3  ( C ~ W ) ,  1 3 8 . 5  ( C 4 s ) ,  1 3 5 . 8  (C3) ,  134.6-129.22-128.0  (CgHg), 1 2 2 . 5  

(Cgv), 1 1 6 . 4  (Cz) ,  6 0 . 3  (OCHz), 1 4 . 3  (CH3) ppm . Anal. C a l c d  for C16H16N203 : 

C, 67 .59 ;  H ,  5 . 6 7 ;  N ,  9 . 8 5 .  Found : C, 67.23,  H, 5 .60 ;  N, 9 . 6 0 .  

N ( 7 ) - T r i p h e n y l m e t h y l  U r o c a n i c  A c i d  E t h y l  E s t e r  (17) : The r e s i d u e  w a s  

r e c r y s t a l l i z e d  i n  e t h e r  a f f o r d i n g  compound (17) i n  90% y i e l d  ( 2 . 1 3  g )  ; mp 

13E°C, i r  V 1730(C=O),  1680  (C=C) cm-l; IH nmr (CDC13) 8 1 . 3 1  ( t ,  J = 7 . 1  Hz, 

3H, CI&CHz), 4 . 2 1  (q, J = 7 . 1  Hz, 2H, OCHZ), 6 . 5 1  (AB, J=16 Hz, l H ,  H a  7 . 5 0  

(AB, J = 1 6  Hz, l H ,  Hb) ,  7 . 0 1  (s ,  lH,  Hd) ,  7 . 2 - 7 . 3  (m,  15H, p h e n y l ) ,  7 . 4 6  (s ,  

1 H ,  Hc)  ppm . Anal .  C a l c d  f o r  C ~ ~ H Z ~ N Z O ~  : C, 79 .39 ;  H, 5 . 9 2 ;  N, 6 . 8 6 .  Found 

: C, 79 .16 ,  H, 5 .81;  N, 5 . 9 0 .  

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 e d  N ( T ) - A l k y l a t i o n  

N(z) -Dodecyl U r o c a n i c  A c i d  Methy l  E s t e r  (6) 

P o t a s s i u m  c a r b o n a t e  ( 2 1 . 6  g ,  1 5 7 . 6  mmol) a n d  18-crown-6 ( 0 . 5 7  g ,  1 . 9 7  m o l )  

was a d d e d  t o  ( 3  g ,  1 9 . 7  -01) o f  compound (1) i n  50 m l  o f  d r y  THE. Dodecyl  

b r o m i d e  ( 9 . 8 2  g ,  3 9 . 4  mmol) i n  1 0  ml  o f  THE w a s  a d d e d  d r o p w i s e  t o  t h i s  

s u s p e n s i o n .  The m i x t u r e  was r e f l u x e d  u n d e r  s t i r r i n g  for  2  h ,  f i l t e r e d  a n d  

t h e  f i l t r a t e  was e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was r e c r y s t a l l i s e d  i n  n- 

h e x a n e  a n d  s t o r e d  a t  4'C o v e r n i g h t  t o  a f f o r d  compound ( 6 )  w i t h  a 96% y i e l d  

( 6 . 0 0  g ) .  

L i q u 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 e d  N ( T ) - A l k y l a t i o n  

The p r o c e d u r e  c o r r e s p o n d i n g  t o  E n t r y  No1  o n l y  w i l l  b e  d e s c r i b e d  h e r e .  A 

s o l u t i o n  o f  NaOH ( 4  g ,  0 . 1  mol )  a n d  o f  u r o c a n i c  a c i d  ( 1 . 3 8  g ,  0 . 0 1  m o l )  i n  
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30 ml of water was mixed with a solution of benzyldodecyldimethylammonium 

bromide (0.385 g, 0.001 mol) and of dodecyl bromide (7.5 g, 0.03 mol) in 30 

ml of toluene. The mixture was stirred for 45 h at llO°C. After cooling the 

two phases were separated. The organic phase was washed with water, then 

dried over sodium sulfate and evaporated. The residue was partially 

dissolved in boiling n-hexane (60 ml). The n-hexane solution was separated 

from the remaining solid and purified on a silica gel Kieselgel Riedel de 

Haen 31612 (70-230 mesh) column eluted first with ether and after with 

chloroform/ethanol (95/5, v/v) affording product (9) with a 30% yield (1.42 

9) . 
The aqueous phases were neutralized with formic acid giving a precipite 

which was filtered. The solid was extracted with 40 ml of chloroform. The 

extract was dried over sodium sulfate and evapored. The solid obtained and 

the solid remaining after the above n-hexane treatment were recrystallized 

from an acetone/petroleum ether (l/l,v/v mixture, affording compound (18) 

with a 45% yield (1.38 g) ; mp 116OC, ir V 1710 (C=O), 1645 (C=C) cm-l, 

uv(CHC13) hmax 290 nm (E 21335) ; IH nmr (CDC13) 8 0.87 (t, J= 6.5 Hz, 3H, 

CHZ-CH~), 1.0-1.5 (m, 18H, (CH2)9CH3), 1.5-1.9 (m, 2H, NCH2-Cb), 3.87 (t, 

J=7 Hz, 2H, NCHz), 6.56 (AB, J=16 Hz, lH, Ha), 7.09 (s, lH, Hd), 7.60 (s, lH, 

H,), 7.62 (AB, J=16 Hz, Hb) . Anal. Calcd for ClaH30N202 : C, 70.55; H, 9.87; 
N, 9.14 . Found : C, 70.31; H, 10.05; N, 9.02. 

The same conditions applied to the reaction of compound (18) with butyl 

bromide afforded N(Z)-dodecyl urocanic acid butyl ester (21) in a 15% yield, 

mp 45-46"C, Rf(CHC13/ethanol:95/5, v/v) 0.48, ir V 1700(C=0), 1640(C=C) cm-'; 

uv(CHC13) 290 nm (E 22618) ; IH nmr (CDC13) 8 0.86 (t, J=7.2 Hz, 3H, 

(CH2)11CH3), 0.94 (t, J-5 Hz, 3H, (CH2)3CH3), 1.2-1.4 (m, 20H, (CHz)gCH3 and 

(CHZ)ZCH~CH~), 1.6-1.9 (m, 4H, NCH2-CH2 and OCHZ-CHz), 3.90 (t, J=7 Hz, 2H, 

NCHz), 4.16 (t, J=7 Hz, ZH, OCHz), 6.52 (AB, J=16 Hz, lH, Ha), 7.07 (s, lH, 

Hd), 7.45 (s, lH, H,), 7.53 (AB, J=16 Hz, lH, Hb) ppm . Anal. Calcd for 
C22H38N202: C, 72.88; H, 10.56; N, 7.73. Found : C, 72.99; H, 10.87; N, 7.65. 
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ALKYLATION ON N ( K ) -NITROGEN ATOM 

N(n) - A l l y 1  Urocanic  Acid  E t h y l  E s t e r  (11) 

- An e x c e s s  o f  a l l y 1  bromide (2 .12  g ,  1 7 . 5  mmol) was added t o  a s o l u t i o n  of  

(1 g,  3 . 5  mmol) o f  compound (16) i n  30 m l  of  d r y  a c e t o n i t r i l e .  The m i x t u r e  

was s t i r r e d  f o r  2  days  a t  40°C. The r e s i d u e ,  o b t a i n e d  a f t e r  e v a p o r a t i o n  o f  

t h e  s o l v e n t ,  was washed w i th  e t h e r  g i v i n g  compound (19) w i t h  a n  80% y i e l d  

( 1.1 9) ; IH nmr (CDC13) 8 1 . 3  (t, J=7 .1  Hz, 3H, CHZ-CB3), 4.17 (q ,  J = 7 . 1  

H Z ,  2H, OCHz), 4 . 9 1  (m, 2H, N&Hz) ,  5 .35  (m,  2H, CH2=), 5 . 91  (m, l H ,  CU=CH2), 

6 . 21  (s,  2H, NTCH2), 6 .32 (AB, J=16 Hz, l H ,  Ha ) 7 . 3 - 7 . 9  ( m  ,1H+5H, 

Hb+phenyl , 8 . 3 1  (s, l H ,  Hd), 9 .92 (s,  l H ,  Hc) ppm. 

- An e x c e s s  o f  Zn (0 .64  g,  9.84 mmol) was added a t  0°C t o  a  s o l u t i o n  of 

( 0 .56  g,  1 . 4  mmol) o f  compound ( 1 9 )  i n  20 ml o f  acetic a c i d .  The m i x t u r e  

was s t i r r e d  f o r  1 0  min a n d  f i l t e r e d  o v e r  c e l i t e .  The s o l u t i o n  was 

c o n c e n t r a t e d ,  n e u t r a l i z e d  w i t h  HNaC03 and  e x t r a c t e d  w i th  e t h y l  a c e t a t e .  The 

o r g a n i c  s o l u t i o n  was d r i e d  oversodium s u l f a t e .  Compound (11) was o b t a i n e d  

w i th  a  98% y i e l d  (0.283 g )  a f t e r  e v a p o r a t i o n  o f  e t h y l  a c e t a t e ;  mp 120°C ; IH 

nmr (CDC13) 8 1 . 2 7  (t, J=7 .1  Hz, 3H, C&-CHz), 4.24 (q,  J=7 .1  Hz, 2H, O C H z ) ,  

4 .51 (m, 2H, N Z C H Z ) ,  5 .18 (m, 2H, CHz=), 5 . 8 3  (m, l H ,  -CE=CH2 , '6.21 (AB,  

J=16 Hz, l H ,  H a  7 . 4 1  (AB, J=16 Hz, l H ,  Hb), 7.45 (s, l H ,  Hd), 7 . 6 1  (s ,  l H ,  

H,) ppm ; 13c nmr (CDC13) 8 166.2  ( C l ) ,  1 2 9 . 1  ( C q v ) ,  1 3 1 . 1  (C3), 121.4 ( C s r ) ,  

140.5 ( C z . ) ,  119.4 ( C z ) ,  51.4 (NCHz), 60.3 (OCHz), 1 4 . 3  (CH3) ppm. 

N(n)-Methyl Urocanic  Acid  E t h y l  E s t e r  (14) 

- An e x c e s s  o f  methy l  i o d i d e  ( 1 . 9 9  g,  14 mmol) was added t o  a  s o l u t i o n  of  

(0 .40 g ,  1 . 4  mmol) of  compound (16) i n  10 m l  o f  d r y  a c e t o n e .  The m i x t u r e  was 

s t i r r e d  f o r  3  d a y s  a t  room t e m p e r a t u r e .  E v a p o r a t i o n  of  a c e t o n e  l e f t  an 

o r ange  o i l ,  compound (20)  p r e c i p i t e d  a s  a  y e l l o w  powder w i t h  a  70% y i e l d  

(0.42 g )  by  a d d i n g  e t h e r ;  mp 202OC; nmr (DMSO-d6) 8 1 .31  (t, J = 7 . 1  Hz, 3H. 

CHz-CH3), 4 . 2 1  (q ,  J = 7 . 1  Hz, 2H, OCHz), 6 . 1 1  (s,  2H, N C H z ) ,  4 .04  (s,  3H, 

NCH3), 6 .69  (AB, J=16 Hz, l H ,  H a ) ,  7 . 7 1  (AB, J=16 Hz, l H ,  Hb), 7 .6-8.1 (m, 
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5H, phenyl), 8.31 (s, lH, Hd), 9.21 (s, lH, H,) ppm . Anal. Calcd for 
C17H1gNz031 : C, 47.90; H, 6.57; N, 4.49. Found : C, 47.54, H, 6.49; N, 4.38. 

- Deprotection was carried out as for compound (19) affording product (14) 

with a 98% yield ; ir V 1700(C=0), 1680(C=C) cm-l; uv (CH30H) h a x  300nm (E 

20875) ; 'H nmr (CDC13) 8 1.31 (t, J=7.1 Hz, 3H, CI13-CHZ), 4.30 (q, J=7.1 

Hz, 2H, OCHz), 3.71 (s, 3H, NCH3), 6.32 (AB, J=15 Hz, lH, H a )  7.48 (AB, J=15 

Hz, 1H, Hb), 7.41 (s, lH, Hd), 7.51 (s, lH, H,) ppm ; 13c nmr (CDC13) 8 166.4 

(Cl), 140.1 (Cz*), 129.0 (Cs-1, 128.5 (C3), 118.5 (C2). 61.4 (CHz), 32.9 

(NCH3), 14.2 (CH3) ppm . Anal. Calcd for C9H12Nz02 : C, 59.99; H, 6.71; N, 
15.55 . Found : C, 60.16, H, 6.75; N, 15.68. 
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