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Abstract- Condensation of 3-phenylsulfonyl-4-chlorocoumarin with t e r t -  

butyl L-pyroglutamate potassium s a l t  followed by desulfonylation and 

ester-cleavage yielded the  novel c r y s t a l l i n e  N-(coumarin-4-yl)-L-pyro- 

glutamic acidCCPYR0-OH], which being evidenced t o  be a v e r s a t i l e  and 

r e l i a b l e  ' H  nmr o p t i c a l  pur i ty  determination agent f o r  c h i r a l  a lcohols  

and amines. 

W i t h  t h e  recent explosive progress i n  the  diverse  protocols f o r  asymmetric synthesis ,  t h e  

design and development of new c h i r a l  der ivat iz ing agents(CDAs) f o r  an accurate,  r e l i a b l e ,  

and convenient ' H  NMR enantiomeric excess(e.e.1 determination remain a constant need de: 

s p i t e  a number of methods, e.g., polarimeter, GLC, and HPLC.3 During our s tud ies  on th.e 

coumarin c h e m i s t r y , h e  f requent ly  experienced tha t ,  i n  addition t o  remarkable s o l i d i t y  

enhancement by coumarin nucle i ,  a sharp s i n g l e t  proton s igna l  of coumarin C-3 always ap- 

pears a t  q u i t e  lower f i e l d s .  6.0-7.0 ~ p m , ~  than One protons(a quar te t )  i n  nosher's acid ,6  

the  most well-known CDA, which makes a t t r a c t i v e  i n  the ' H  NMR e.e. determination due t o  

the l e s s e r  overlap disturbance by other  protons present i n  the  subs t ra te .  Thus, it appears 

t o  u s  t h a t  the coumarin-containing amino acid night prove t o  be a promising candidate a s  a 

c h i r a l  der ivat iz ing agent f o r  ' H  NMR e . e .  determination f o r  c h i r a l  alcohols and amines. 

Our envisagement was rea l i zed  and we repor t  here our prel ia inary r e s u l t s .  

In  con t ras t  to  the preparation of 4-piperidinocoumarin from piper idine  and 4-chlorocoum- 

a r i n  by Zagorevskii7 and of 4-pyrrolidinocoumarin from pyrrol idine  and 4-hydroxycoumarin 

by Badran,' attempts t o  condense pyroglutamic acid and its e s t e r s  with both coumarins 

above have all fa i l ed  t o  produce any desired coumarino-amino acid .  However, according t o  

the l i t e r a t u r e g a  and our own r e s u l t s , g b  an electron-withdrawing group a t  the  C-3 posi t ion 

of 4-chlorocoumarin makes the  condensation proceed extremely e a s i l y  and considering 'H N N R  
e.e.  determination of coumarino-amino acids,  a se lect ion of sulfonyl  group replaceable 
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by hydrogen is e s s e n t i a l .  As seen i n  Scheme 1, following t h e  preparation of 3-phenylsul-  

fonyl-4-hydroxycoumarin from a s p i r i n  chlor ide  and methyl p h e n ~ l s u l f o n ~ l a c e t a t e  via a modi- 

f i c a t i o n  of t h e  Anschitz method,1° condensation of 3-phenylsulfonyl-4-chlorocoumarin with 

t e r t - b u t y l  L-pyroglutamate potassium s a l t  gave an 85% y i e l d  of the  desired t e r t - b u t y l  N-(3- 

phenylsulfonylcoumarin-4-~1)-L-pyroglutamate Removal of phenylsulfonyl group by Zinc 

dust  and sa tura ted  aq. ammonium chlor ide  followed by es ter -c leavage with CP3COOH furnished 

t h e  new o p t i c a l l y  pure N -  (coumarin-4-yl) -L-pyroglutamic acidCCPYR0-OH1 i n  high yie ld .  

Results  of the  observed d ia s t e reo top ic  nonequivalence(A 6 p p m )  of the  typ ica l  sharp s i n -  

g l e t  proton(-6.3 ppm) a t  coumarin C-3 of CPYRO-OH a r e  shown i n  Table 1, wherein appear- 

ance of o t h e r  proton s i g n a l s  i n  many organic compounds except f o r  t h e  a c t i v e  methylenic 

and the  non-subst i tu ted  v i n y l i c  compounds e t c .  is r a r e l y  sca rce .  Ei ther  racemization o r  

k i n e t i c  d iscr iminat ion was not  induced throughout de r iva t i za t ion ,  a s  depicted i n  Table 2, 

by comparing t h e  known enant ioner ic  ra t ios( le .e .1  of t h e  weighed compositions of the  two 

representa t ive  enantiopure methyl mandelates and methyl l euc ina tes  with diastereomeric 

ra t ios(%d.e . )  from t h e  ' H  NHR i n t eg ra t ion  of t h e i r  r e s u l t a n t  e s t e r  and amide derived by 

CPYRO-OH." 

The following remarkable observat ions  a r e  noteworthy. 1) An irksome op t i ca l  resolut ion is 

not absolute ly  required .  2) A sharp-s ingle t  proton always used f o r  the  ana lys i s  o r i g i n a t -  

ed from CPYRO-OH, which being independent of t h e  spect roscopic  p rope r t i e s  of t h e  subs t r a t e .  

3) CPYRO-OH is a s t a b l e  c r y s t a l l i n e  solid: it showed no change a f t e r  a two-year s to rage  

without any precaution.  4) Generally, base- l ine  r e so lu t ion  was ascer ta ined f o r  racemic 

subs t r a t e s  i n  Table 1. 5)  In some racemic s u b s t r a t e s  l i k e  e n t r i e s  1, 4, 15, 19, and 24, 
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Table I I H  NMR Chemical S h i f t  Difference, As( in  ppm)of Diastereomeric  E s t e r s  and 
h i d e s  with CPYRO-OHR) 

Racemic Racemic Racemic 
Entry s u b s t r a t e  Entry s u b s t r a t e  Entry s u b s t r a t e  

1 P~ &OH 0.017 9 4 0.m 17 r o. 017 b, c )  

OH 
O H  N"2 

Me (CH2)5CHMe Me (CH2)5CHMe 
2 I 0.010 10 ph ACOOMe 0.089 18 I 0.029 

OH 
OH 

NH2 

3 Ph< 
11 

0.020 /ICOOMe 0.034 19 vMe 0.019 
H 

OH 
b , c )  12 0.069 N H Z  

4 & O H  0.036 i-PrdCOOMe 20 Ph ACOOMe 0.054 

13 P h y N H 2  0.068 NH2 
5 PhAOH 0.034 2 1 A COOMe 

0.034 

7 ph 0.040 l 4  
n8ur~~Z b, C)  

6 E t  
NH2 

OH O. 005 22 i-pr .J, C O O M ~  0.044 

7 7 0 . 0 3 7 ~ ' ~ )  15 6 ) v N ~ ~  0.031 23 
OH pCooMe a ~ 4 9  

8 0T 
OH 

a 0 2 4  16 p h A , H 2  0.029 24 ~ ~ ~ O O ~ ' o . 1 2 8  
H 

a )  Measured i n  CDC13 on a JEOL FX-100 spec t romete r  un less  o the rwise  s p e c i f i e d .  
b) BY JEOL CX-27O(CDCI?). 
c j  N O  base- l ine  r i so lu i ' ion  was observed. 

c h i r a l  recognition did perform e f f i c i e n t l y  wherein the  c h i r a l  center  is 9 atoms d i s t a n t  

from the observed nucleus. 6) Qui te  congested secondary alcohol l i k e  2,Z-dimethyl-l- 

phenyl-l-propanol and t e r t i a r y  alcohols, unfortunately, e i t h e r  do not r e a c t  with CPYRO- 

OH or do so i n  extremely low y ie ld .  

Further invest igat ions ,  i n  order t o  accomplish the  wider app l icab i l i ty ,  a r e  on going i n  

our laboratory.  
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