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K6nig and Geiger' established that 1-hydroxybenzotriazole(HOBt) is an efficient catalyst 

of peptide bond formation with either dicyclohexylcarbodiimide or the active ester method. 

They also observed that some active HOBt esters of N-protected amino acids, except that of 

threonine, exist in the N-acyl form (2~) in the crystalline state in contrast to the 0-acyl 

form (&) in dioxane. 

We successfully isolated both isomeric acetates (_l_a and _2_a)3 and phenyl acetates (,l,b and 

2,b) as crystals. As a preliminary experiment on the kinetics of the hydrolysis reaction, each 

isomer (& and _2?) was allowed to stand in aqueous acetone with various amounts of water at 

room temperature to obtain an equilibrium mixture accompanying the simultaneous hydrolysis 

shown in Table 1. 

Fig. 1 . Table 1. Equilibrium using each acetate (!_a and ?_a) 

B 
in aqueous acetone 

Acetone, % (v/v)~ 
Ratit (_l_a/2a)b 

Using _l_a (min.) Us?iig _2_a (min.)c 

0.41 (10) 
1.17 (40) 

80 2.37 (216) 2.40 (186) 

1 ? 

a: R= CH,CO- 
a To the sample in a 25-ml volumetric flask, an appro- 

b: R= +CH,CO- 
priate volume of acetone was added and the flask was 
filled to the mark with water. b Determined by in- 

c: R= N-protected amino acid tegration of each methyl signal in the nmr in CDC13.4 
d: R = N-protected dipeptide c The values in parentheses are the approximate time 

needed for equilibration. 

Note that the isomeric ratio and equilibrium rates are influenced by the nature of solvent 

polarity, which causes the polar N-acetyl derivative (2a) to increase as it increases (Table __ 
1). This behavior is similar to that found by Boyle and Jones5 who investigated the solvent 

effects on the tautomerism of HOBt itself in aqueous and organic solutions. Although it is not 

known whether this acetyl migration takes place via an intramolecular or intermolecular path- 

way, the former seems likely based on the results of the alternative synthesis of the acylated 

HOBt derivative reported by Huisgen and Webernd6rfer.6 The dependence of equilibrium rates on 

solvent polarity for the acyl migration suggests an ionic process. 

The structural differences of HOBt esters of N-protected amino acids in either solid or 

solution state prompted us to prepare several other esters in addition to those reported by 

K6nig and Geiger, as shown in Table 2; the structures were readily confirmed by ir spectra. 
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Fig. 2 
,______ ______, 

‘,d 
I----________________, 0 

correspond to the alkoxycarbonylaminomethyl moiety because the other carbonyl parts outside 

the circle are the same for both the acetates and HOBt esters of N-protected amino acid. 

Since we observed that the equilibrium ratio of 0- and N-acetates in aqueous acetone 

depends on the medium polarity (the N-acetyl isomer increases with increasing medium polarity), 

the structure of HOBt esters of M-protected amino acids in the solid state may be strongly 

affected by the polarized protecting group, assuming that this group plays a role similar to 

that of a polar solvent. HOBt esters of Z- or tBoc-protected amino acids would therefore 

take the polar N-acyl form (25) due to the polarization effects of the protecting group 

(dipole-induced dipole), except when R in Fig. 2 contains a polar substituent, such as a 

hydroxyl or benzyloxy group in threonine. The effects of the protecting group may occur 

either intramolecularly or intermolecularly in the crystal lattice. The exception could be 

considered to occur when a polar hydroxyl group involved in the substituent R (as in the case 

of Z-Thr-HOBt ester) takes a conformation to compensate for the dipole of the polarized 

urethane group. To extend these considerations, we synthesized a dipeptide ester (Z-Gly-Gly- 

HOBt ester) in which the two dipoles in the protecting group and the amide bond face opposite 

directions, compensating each other, to give the nonpolar 0-acyl form (Id) in Fig. 2. We also _" 
synthesized Z-e-Ala-Gly-HOBt ester which was expected to have both dipoles in the same direc- 

tion and thus the N-acyl structure (&I). The results agreed with our hypothesis shown in Fig. 

2 and Table 2. As already mentioned, Z-Gly-HOBt ester in dioxane, which is in an equilibrium 

mixture, is interpreted as being a result of a perturbation of the dipole in the protecting 

group due to solvation which may partially neutralize the polarized group. Even after Z-Gly- 

HOBt ester was dissolved inTHF for equilibration,' evaporation of the solvent without heating 

gave only the original N-acyl isomer, indicating that acyl migration is quite rapid on 

crystallization, probably due to the polar Z group. On the other hand, the successful isola- 

tion of both isomeric acetates can be best explained by a slow isomerization due to lack of a 

polar group in the side chain. 
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In conclusion, the most important factor which governs acylated HOBt structure is whether 

an apparent dipole exists in the protected amino acids and dipeptides as discussed above. 

Situations are complicated for 5- or 6-chloro-HOBt esters of Z-amino acids which involve 

another dipole of a chlorine atom on the benzene nucleus, in which the above hypothesis can 

not be simply applied. 
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