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In an early publication, Merrifield1 described the use of a terminating agent - a mixture of
acetic anhydride and triethylemine in DMF - in the solid-phase synthesis of H-Leu-Ala-Gly-Val-OH.
The terminating agent was used to block any N-terminal amino groups which had not reacted in the
coupling steps. Blake and Li2 also employed this procedure to assure complete acylation of the
N-terminal amino group in the solid-phase synthesis of a heptapeptide. They reported that the
acetylation procedure consumed 97% of the free amine during the reaction time employed. Recently
Wieland3 reported the use of 3-nitrophthalic anhydride as a terminating agent.

A terminating agent for solid-phase peptide synthesis application should eliminate the for-
mation of difficultly separable peptide impurities without adversly affecting the desired pep-
tide being synthesized. Ideally, the terminating agent must (a) have a low steric requirement
for reaction at difficultly accessible resin sites, (b) have a high reactivity towards the amino
group being terminated, yet no affect on the peptide bond or other functionality on the peptide
being synthesized, (c) form a covalent bond with the amino group being terminated that will be
stable to all of the reaction conditions used in the synthetic procedure, (d) cause no racemiza-
tion of the peptide being synthesized, (e) be stable at room temperature while stored in a
suitable solvent, e.g. methylene chloride or dimethylformamide, and (f) facilitate separation of
terminated amino acid or peptide fragments from the desired peptide being synthesized.

A large number of amine reagents were examined. After preliminary experiments and evaluation
of these in light of the criteria set forth above, there remained two reagents worthy of further
study. These reagents were methanesulfonyl chloride-triethylamine, with in situ formation of
sulfene,h and N—acetylimidazole.5 Acetic anhydride-triethylamine, previously reported, was
utilized as a basis for comparison.

The solid-phase synthesis of the tetrapeptide, H-Lou-Ala-Gly-Val-OH, was chosen for the model
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system for the evaluation of these three terminating agents. The syntheses were conducted utili-
zing 1 mmole of BOC-Valine-OCH2 (~ 1 mmole Valine/gram). The coupling reactions were run
for 2 hours using dicyclchexylcarbodiimide as the coupling agent in methylene chloride. Inten-
tionally, only 0.8 equivalent of amino acids and DCCI were used so that considerable amounts of
uncoupled amino acids would remain after each coupling step. Following each coupling step, the
peptide-resin was washed with 1 ml of triethylamine dissolved in 15 ml of methylene chloride and
then with methylene chloride (three 15-ml portions). The peptide-resin was then treated with 10
mmoles (a ten-fold excess with respect to the BOC-valine resin ester) of the terminating agents
dissolved in methylene chloride for the length of time designated in Table I. Following the syn-
thesis, the tetrapeptide was cleaved from its resin support with hydrogen bromide in trifluoro-
acetic acid.l The crude peptide mixture remained after removal of volatile acids in vacuo was
subjected to analysis by an automatic amino acid analyzer which was adapted for analysis of
peptides of this model system.

As shown in Table I, N-acetylimidazole exhibited the most efficient termination of the three
termination reagents studied. To further test the terminating agents, sulfene and N-acetylimi-
dazole, the tripeptide resin BOC-Ala—Gly—Val—OCH2 was prepared and treated with 80% of the
equivalent amount of leucine and DCCI. The termination reactions were again run using a ten-fold
excess of terminating agent in methylene chloride. As shown in Table II, the best results were
again obtained with N-acetylimidazole, where less than 1% of unreacted tripeptide was found after
running the termination reaction for 1 hour. On the basis of this study, N-acetylimidazole is
concluded to be a very effective terminating agent in the solid-phase synthesis of peptides.

The authors would like to acknowledge the very helpful discussions and suggestions of Profes-
sor M. Calvin., We also wish to thank Messrs. Mapes, Contino and Frantz of the Special Services
Laboratory of The Dow Chemical Company for their help and cooperation in performing the peptide

analyses.
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