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C O N D E N S I N G  REAGENT IN THE SYNTHESIS OF AMIDES OF 

P R O T E C T E D  AMINO ACIDS AND PEPTIDES 

V l a d i m i r  F. P o z d n e v  

Institute o f  Biomedical Chemistry, Russian Academy of  Medical Sciences, Moscow 119832, Russia 

Abstract: Amides formation from protected amino acids and peptides was achieved in an 
easy and convenient one-pot procedure using di-tert-butyl pyrocarbonate as activating 
agent in the presence of pyridine and ammonium hydrogencarbonate. The method gave 
good yields and did not induce racemization during the amidation of urethane protected 
amino acids. 

Carboxyl ic  acid amides is a large class of natura l  and synthet ic  compounds ,  including,  

drugs and pept ide hormones .  Wide appl ica t ion  of  carboxamides  s t imula ted  an in tens ive  

search for methods  of  carboxyl ic  acids amidat ion.  Al though much has been done in this 

field of  synthet ic  organic  chemistry,  there is as yet no eff icient  method for carboxyl ic  acid 

amidat ion.  

The key problem of  amide synthesis  is the deve lopment  of an adequate  method for 

carboxyl  group ac t iva t ion .  Indeed,  it is the choice of  the carboxyl  group ac t iva t ing  

reagent  that de te rmines  a me thod ' s  eff iciency - in par t icular ,  its convenience ,  occurrence  

of  side reac t ions  and format ion  of by-products .  

As an ex tens ion  of  the previous  s tudies  on carboxyl ic  acids ac t iva t ion  by dialkyl 

pyroca rbona tes  1"3, we have a t tempted to employ these compounds  as condens ing  reagents  

in the synthesis  of  amides of  protec ted  amino acids and peptides.  The work was done with 

commercia l ly  avai lable  d i - t e r t -bu ty l  pyroca rbona te  (Boc20) ,  a reagent  widely used for the 

i n t roduc t ion  of  the Boc -p ro t ec t i ng  group. 
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Severa l  a p p l i c a t i o n s  o f  Boc20  are  poss ib l e  for  the syn thes i s  o f  c a rboxy l i c  acid amides.  

One a p p r o a c h  is to  syn thes ize  symmet r ica l  anhydr ides  or  ac t ive  es te r s  2 with thei r  

subsequen t  ammonolys i s .  H o w e v e r ,  app ly ing  Boc20  is more  e f f ic ien t  i f  i ts  i n t e r ac t i on  with 

the ca rboxy l i c  ac id  p r o c e e d s  in the p resence  o f  an ammonia  de r i va t i ve  wi th  which the 

p y r o c a r b o n a t e  r eac t s  much s lower  than it does  wi th  c a r b o x y l a t e - i o n .  Then the mixed 

anhydr ide ,  fo rmed  as an in t e rmed ia t e ,  r ead i ly  reac t s  with this  ammonia  de r iva t i ve  to give 

amide. Ammonium h y d r o g e n c a r b o n a t e  4 is most  su i tab le  for  th is  purpose .  I f  ammonium 

h y d r o g e n c a r b o n a t e  is added  to a mix ture  o f  ca rboxy l i c  acid,  Boc20  and py r id ine  in a 

su i tab le  so lvent ,  a c a r b o x a m i d e  is formed.  Since the o rde r  o f  r e a g e n t s '  add i t i on  was o f  no 

impor t ance  for  the yie ld  o f  the t a rge t  p roduc t ,  one -po t  p r o c e d u r e  a p p e a r e d  to be the most  

convenien t .  Pos s ib l e  pa thways  o f  ini t ia l  r e a g e n t s '  conve r s ion  to final  r eac t ion  p roduc t s  

are p r e sen t ed  in the  scheme.  

Scheme 1 

RCOOH'Py  + (ButOCO)20 IRCO-O-COOBu t] + ButOH + CO2 

l +(NH3) 

RCONH2 + ButOH + CO2 

Al though  the ac tua l  r eac t i on  p roces s  occurs  in a much more  c o m p l i c a t e d  way and its 

p rec i se  mechan i s t i c  de ta i l s  are not yet  c lear ,  the method is s imple  ~, conven ien t  and the 

y ie lds  o f  des i red  p r o d u c t s  are ra ther  h i g h  The resu l t s  ob ta ined  are  d i sp l ayed  in T a b l e l .  

Ea r l i e r  it was shown that  e s t e r i f i c a t i o n  o f  N - a l k y l o x y c a r b o n y l  de r iva t i ve s  o f  chiral  

amino ac ids  wi th  the Boc20  - pyr id ine  sys tem was not a ccompan ied  by the r acemiza t i on -  

induced  loss  o f  op t i ca l  ac t iv i ty  6. De ta i l ed  HPLC s tud ies  also conf i rmed  the absence  o f  

r a c e m i z a t i o n  upon  amida t ion  o f  N - p r o t e c t e d  amino ac ids  by the p r o p o s e d  p rocedure .  It 

appea r s  that  Z - P r o - P h e - N H 2  is well  s epa rab le  from Z - P r o - D - P h e N H 2  on RP HPLC C~8 in 

30% wa te r  a c e t o n i t r i l e  7. In pa r t i cu la r ,  HPLC of  L-L d ipep t ide ,  ob ta ined  by acy la t i on  o f  L- 

PheNH2 with Z - p r o l i n e  N - h y d r o x y s u c c i n i m i d e  es ter  (or  by the mixed anhydr ide  method) ,  

missed the p re sence  o f  any L-D d i a s t e r e o m e r  admix ture .  H o w e v e r ,  amida t ion  o f  Z-Pro-  

Phe-OH led to fo rma t ion  o f  up to 10% of  Z-Pro -D-PheNH2.  When Z - P r o - P h e O H  was 

amida ted  in the  p re sence  o f  c o p p e r ( I I )  ch lo r ide  ~, the r a c e miz a t i on  was as low as 0 .6% and 

it was supp re s sed  a l t o g e t h e r  by HOAt  9, however ,  amide yield was ra the r  low (30%).  
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Table  1. P r e p a r a t i o n  of  N - P r o t e c t e d  A m i n o  Ac id  and D i p e p t i d e  A m i d e s  
RCO-NH2 

entry RCO solvent yield M.p. °C ¢ [a]D. d Lit. data ref. 
%b M.p.°C [a]o 

1 Boc-Ala DO 83 126-127 -1,4 124-125 -2,7 4 
2 Z-AIa DO 78 136-137 -4,5* 130-131 -4,5" 10 
3 Boc-Asp(OBzl)  DO 95 158-160 +7,8 157-160 -2,6 4 
4 Glp DMF 92 152-160 -19.0 
5 Z-GIp MeCN 84 156-157 +1.4 
6 (Z-Cys):  DMF 87 193-194 -172 r 199-201 11 

7 Boc-Glu(OBzl)  DO 90 122-123 +4.1 120-122 +4.0 4 
8 Z-Gly DMF 80 134-135 138-139 
9 Boc-Leu DO 82 145-146 -11.1 144-146 -11.4 4 
10 Fmoc-Leu DO 70 138-139 -17.6 
11 Boc-Met DMF 88 120-121 -7.3 
12 Boc-Phe DO 80 142-144 +16.7 142-149 +16.7 4 
13 Boc-D-Phe MeCN 77 141-143 -14.5 
14 Z-Phe MeCN 92 163-164 -8.5 161-162 -2.6 4 
15 Fmoc-Phe DO 73 162-163 -18.2 
16 Boc-Pro DO 82 102-104 -49.4 104-106 -43.4 4 
17 Boc-Trp MeCN 93 137-138 +6.7 133-136 +7.7 4 

18 Boc-Tyr(Boc) MeCN 78 160-161 +9,8 
19 Boc-Tyr(Bzl)  DO 76 170-172 +13.6 170-171 +16.0 4 
20 Z-Val DO 78 205-208 +22.9 f 204-206 +25.5 f 10 

21 Z-Ala-Pro  DO 91 160-161 -40.2 
22 Z-Ile-Pro DO 83 114-115 -93.8 
23 Z-GIy-GIy DO 50 180-182 179-181 12 
24 Z-Gly-Pro DMF 90 145-146 -43.0 150-151 13 
25 Z-Pro-Phe TM DO 75 170-172 -54.6 
26 Z-Trp-Pro DMF 92 97-98 -16.3 
27 Z-Met-Pro DO 76 136-137 -65.5 

a) Each compound gave a s ingle spot on TLC. Sat isfactory data of microana lys i s  were obtained 
for each new compound within an error range of -+0.3%. b) Isolated yield;  c) Uncorrected 
capil lary mel t ing  points,  d) c 1, EtOH at 18 ° C. c) c 1, MeOH, f) c 1, DMF. 

A c k n o w l e d g m e n t :  T h i s  r e s e a r c h  w a s  s u p p o r t e d  by a g r a n t  f r o m  the  R u s s i a n  

F o u n d a t i o n  o f  F u n d a m e n t a l  I n v e s t i g a t i o n s ,  ( g r a n t  9 4 - 0 3 - 0 8 6 4 0 ) .  

R e f e r e n c e s  and N o t e s  

A b b r e v i a t i o n s  u s e d  are :  DO,  d i o x a n e ;  M e C N ,  a c e t o n i t r i l e ;  M e O H ,  m e t h a n o l ;  E t O H ,  

e t h a n o l ,  EA,  e thy l  a c e t a t e ;  D M F ,  d i m e t h y l f o r m a m i d e ;  B o c ,  t e r t - b u t y l o x y c a r b o n y l ;  
F m o c ,  9 - f l u o r e n y l m e t h y l o x y c a r b o n y l ;  Z,  b e n z y l o x y c a r b o n y l ;  H O A t ,  l - h y d r o x y - 7 -  

a z a b e n z o t r i a z o l e ;  RP  H P L C ,  r e v e r s e d  p h a s e  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y ;  
T L C ,  t h in  l i q u i d  c h r o m a t o g r a p h y .  All a m i n o  a c i d s  a re  o f  t he  L - c o n f i g u r a t i o n  ( u n l e s s  

o t h e r w i s e  s t a t e d ) .  
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