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Active Esters and Resins in Peptide Synthesis: 
the Role of Steric Hindrance 

By MIKLOS BODANSZKY* and RAYMOND J. BATH 
(Department of Chemistry, Case Westevn Resevve Univenitj j ,  Cleveland, Ohio 44106) 

Sz.tni?mwy In solid-phase peptide synthesis, because of the 
steric hindrance caused by the polymeric support the 
choice of activating groups should be directed by experi- 
ments carried out on the resin and not by the relative 
reactivities measured in solution. 

THI, significance of steric hindrance is not unknown in 
peptide synthesis; e.g., the use of the easily removable 
triphenylmethyl (trityl) amino-protecting group is greatly 
limited by its bulkiness, yet it can be applied for the 
protection of the amino-group of glycine, where at  least the 
side-chain of the amino-acid does not increase the hindrance. 
Concerns about steric hindrance were raised by the intro- 
duction of solid-phase peptide synthesis,lJ especially since 
Merrifield reported1 that active esters cannot be used with 
his technique. The error in this observation could be 
demonstrated3 by the application of p-nitrophenyl esters4y5 
and it became obvious that active esters are not only 
applicable in the solid-phase approach, but in the case of 
certain amino-acids, particularly asparagine and glutamine, 
only by the use of active esters can a single product be 
obtained, while with condensing agents such as dicyclo- 
hexylcarbodi-imide6 formation of nitrile derivatives’ from 
the carboxamides results in undesirable mixtures. An 
additional advantage of active esters is derived from the 
conveniently simple determination of the leaving com- 
ponent (e.g., p-nitrophenol) : monitoring of the acylation 
reaction by U.V. spectra of the filtrates provides evidence 
for the completion of the reaction.* 

The exclusive use of fi-nitrophenyl esters for acylation in 
solid-phase peptide synthesis was adopted with good 

results by some laboratorie~.~J~ On the other hand, 
unsatisfactory rate+ requiring the addition of catalysts 
were reported in connection with otherwise highly reactive 
esters, and in one case12 complete lack of success was found 
when acylamino-acid esters of hydroxys~ccinimide1~ were 
applied. This discrepancy prompted a comparison of the 
reaction rates of different active esters toward nucleophiles 
which are attached to a polymcric support. 

The results of these comparisons are summarized in the 
Table, which clearly demonstrates the not unexpected1* 

Half reaction times (min. active esters of t-butyloxycarbonyl-L-leucine 

Nucleophile -ON0 -0NM -0NP -PCP 
Benzylamine . . 3 120 15 <1 
Gly-O-But . . 12 500 60 4 

Gly-resin . . . . 150 - 840 1100 
Val-O-But . . 90 10,000 840 60 

Val-resin . . . .  600 - 2400 1800 

The reactions were carried out in ethyl acetate a t  room 
temperature with 0 . 0 2 ~  concentration of the reactants. Rates 
were measured by the U.V. absorption of the liberated phenols. 
Abbreviations : -ON0 : o-nitrophenyl ester; -0” : m-nitro- 
phenyl ester ; -0NP : P-nitrophenyl ester; -PCP : pentachloro- 
phenyl ester. 

differences in reaction rates of different active esters and 
the influence of the side-chain of the nucleophile. However, 
the hindrance by the matrix of the polymeric support is a 
factor sufficient to change even the order of relative reactivi- 
ties ; e.g., the penta~hlorophenyll~ ester of t-butyloxy- 
carbonyl-L-leucine which in solution reacts by an order of 
magnitude faster than the corresponding p-nitrophenyl 
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ester, is only about as active as the latter when the nucleo- 
phile (the amino-group of glycine) is attached to the Merri- 
field resin. Furthermore, while in solution the o-nitro- 
phenyl ester of protected leucine is less reactive (e.g. ,  
towards glycine t-butyl ester) than the pentachlorophenyl 
ester of the same acid, with glycyl resin the same o-nitro- 
phenyl ester reacts faster than the pentachlorophenyl ester. 

In addition to the combined hindering effect of the 

activating groups, amino-acid side-chains and the resin- 
matrix, the influence of the growing peptide chain has also 
to be considered. The observations here presented suggest 
that in solid-phase synthesis with active esters the choice of 
activating groups should not be directed by relative 
reactivities measured in solution. More valid information 
can be obtained from acylation reactions carried out on the 
resin to be used in the actual synthesis. 
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