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--A semiquantitative investigation was done on the catalytic effects of 

1-hydmxybenwtriazole (HOBt) (6) and the potassium salt 6 of HOBt (6) on 

peptide bond formation by the active ester method. HOBt (6) was found to 

catalyze the aminolysis reaction of two different types of active esters, benzyloxy- 

carbonyl-L-phenylalanine 2,4,5-trichlorophenyl ester (1) and benzyloxycarbonyl- 

Lphenylalanine 1-suceinimidyl ester (2), in tetrahydrofuran (THF) and in a 

dipolar aprotic dimethylformamide ( D m )  solvent. A large rate enhancement 

was also observed in the amindyeis reaction of 1 in THF when the potassium salt 

6 of HOBt (6) was added in the presence of dicyclohexyl-18-crown-6 (7). The rate 

acceleration in the aminolysis reaction of the active esters by 6 and 6 may 

reasonably be explained in terms of nucleophilic catalysis. 

Our continuing interest in the properties of N-hydroxy compounds in peptide synthesis and related 

reactions led us to investigate the mechanism of a catalytic effect of 1-hydmxybenu,triazole (HOBt) (6) on 

peptide bond formation by the active ester method, a phenomenon originally discovered by Konig and 

Geiger? They observed a pronounced rate enhancement by HOBt (6) for the aminolysis of active esters in a 

dipolar aprotic solvent, such as dimethylformamide (DMF) and dimethylacetamide ( D U )  but retardation 

of the reaction in a nonpolar tetrahydrofuran (THF) solvent. Although they3 also observed an ester 

exchange betweenp-nitrophenyl acetate and HOBt (6) in dimethyl sulfoxide (DMSO) by the addition of N- 

ethylmorpholine, this was not necessarily evidence for the nucleophilic catalysis of HOBt (6) in peptide 

synthesis. Furthermore, their proposed mechanism,z as shown in Figure 1, raises the question of what 

roles the solvent plays in the formation of complexes, because the solvent itself is not a part of the 

complexes. 

Rebek et  a1.4 have shown by their elegantly developed three-phase test that the aminolysis reaction of 

polymeric active ester proceeds through nucleophilic catalysis of HOBt (61, but the reaction usingpolymeric 



Complex in OMF Complex in THF 

Peptide 

Figure 1. Mechanism proposed by Konigand Geiger2 

reagents occasionally proceeds in a different manner from that using monomeric reagents.6 In addition, the 

three-phase test, although a very useful technique for detecting an unstable intermediate in the elucidation 

of reactionmechanisms in general, does not necessarily provide the quantitative catalytic effect of HOBt (6) 

on peptide bond formation. 

Since the finding of K6nig and Geiger23 seems interesting and very useful for peptide synthesis, we 

conducted semiquantitative kinetic studies on the effect of HOBt (5) on peptide bond formation according to 

a slightly modified procedure of Konig and Geiger3 Two kinds of active esters, such as benzyloxycarbonyl- 

L-phenylalanine 2,4,5-trichlorophenyl ester (116 and benzyloxycarhonyl-L-phenylalanine l-hydroxy- 

succiuimidyl ester (2),6 were prepared and the commercially available L-alanine p-nitroanilide (3)7 and L- 

valine o-nitroanilide (4)s synthesized in this laboratory were used as amino components. 

Figure 2. Structures of compounds describedin the present study 

Aminolysis%9 of trichlorophenyl ester (1) with the amine (3) in THF a t  25'C was carried out under pseudo- 

firstorder conditions with variation of the amine concentration from 20 to 50 times in excess and the 

results are shown in Table 1. 
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Table 1. Rate constants for aminolysis of 1 with 3 inTHF at 25.0°Ca 

Amine (3)X 102 [MI HOBt ( 6 ) X  103 [MI kobsdX 102 (min-1) 
3.0 ... 1.48 

1.7 1.87 

a Initinal concentration of the ester ( 1 )  = 1.5 X 10.3 M. I, Periurmed in the 
presence ofpotassium salt6of11OHt(5) 0.6X 10.3 M) anddicvclohexvl-18- 
crown-6 (7) (6.0 X 10.3 M), c Performed in the presence ofdicyclohexyl-1% 
crown-6(7) 16.0X 10.3 M), but without potassium salt 6ofHOnt ( 5 )  

When kobsd for the reaction of 1 with 3 in the absence of HOBt (5) was plotted against the amine eon- 

centration, a deviation from the straight line a t  a higher amine concentration (50-fold excess) was seen as 

shownin Figure 3, which suggests the second-order in amine rnightbe involved. 

Figure 3. Plot of k,b,d vs. m i n e  (3) concentration 
for the reaction of 1 with 3 in THF at 25.O"C 

The best fit equation was obtained as shown below by the method of least squares by forcing kobsd to pass 

the origin when the amine (3) was absent. 

k,b& = 0.316 [Aminel + 3.47 [AmineI2 

The pseudo-firstorder rate constant (k,bd) of aminolysis reaction in the presence of catalyst in aprotic 

solvents can he generally expressed by the following equation:10 

k,b& = kdAminel + ks[Amine]z + k,t[Catl[Aminel 

k,b&/[Aminel = kz + k s l h i n e l  + k,,t[Catl 



Under a constant amine concentration, the plot of the values of kobsd divided by the amine concentration 

against the concentration of catalyst would afford a straight line because the first two terms, (kz + 
kg[minel), should be given asan intercept. 

Rate enhancements, although small, were observed by increasing the HOBt (6) concentration from 1.7 to 

5.1 x 10-3 M when the m i n e  concentration was kept constant at  3 x 10-2 M (20 molar equivalents of the 

ester (I)), asshown in Table 1. A plot of b b S d /  [Aminel as a function of HOBt (6) concentration (not shown) 

afforded a fairly good straightline, which gave acatalytic rateconstant (kcat) of 58 M-zmin'l. 

The reaction of trichlorophenyl ester (1) with an equimolar amount of the amine (3) under second-order 

conditions in the absence and presence of 1.13 equimolar amounts of HOBt (6) in THF at 25°C was also 

carried out and the time-conversion profile is shown in Figure 4. Addition of HOBt (6) brought about a 

small rate enhancement and did not retard the reaction rate - results which are very different from those 

observed by KonigandGeiger.z.3 

Figure 4. Time-conversion profile in the reaction of 1 with 3 in THFat 25.0°C 
Initial concentration: 1 = 3 = 1.5 X 10-3 M 
--0-: presenceof 1.13 equiv. of 6, -a-: absence of 6 

The reaction of 1-succinimidyl ester (2) with an equimolar amount of amine (3) in THF a t  25°C was carried 

out but the reaction was not completed (yield: up to 67%). The time-conversion profile in the absence and 

presence of HOBt (6) is shown in Figure 5: the presence of 1.13 molar equivalents of HOBt (61 again 

increased the rate and these results sharply contrasted with those of Konig and Geiger.2.3 For comparison, 

we conducted the reaction of 1-sucunimidyl ester (2) with an equimolar amount of the same amine (4) that 

they used. However, the rate retardation was not observed in the presence of HOBt (6), although the rate 

wasslower compared to the reaction of 2 with alaninep-nitroanilide (3), probably due to the bulkinessof the 
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amine (4) (Figure 5). The reason for the discrepancy between the results of K6nig and Geiger and those of 

the present studies is not clear at  present and closer studies are required in order to elucidate the difference. 

Table 2 shows the second-order rate constants for 1-succinimidyl ester (2) and the roughly estimated rates 

of trichlorophenyl ester (1) in the reaction of an equimolar concentration of amine (3) in DMF at 25'C. A 

large rate acceleration for the reaction of 1 by HOBt (5) was observed, which was similar to that observed by 

Konig and Geiger.z.3 The dependence of the rates on the amount of HOBt (6) as seen in Table 1 suggests 

either bifunctional catalysis or a nucleophilic pathwayl1.12 as shown in Figure 6. 

1 .  min 

Figure 5. Time-conversion curve in the reaction of 2 with 3 or 4 a t  25.0-C 
Initial concentration: 2 = 3 = 1.5 X 1 0 3  M, 2 = 4 = 6 X 10-3 M 
-Ap: 3 in DMF, --9-: 3 and 1.13 equiv. of 6 inTHF, 
3- : 3 in THF, -: 4 and 1 equiv. of 6inTHF, 
U: 4inTHF 

Table 2. Rate constants for aminolysis of 1 or 
2 with 3 in DM3 at 25.0°C 

Estera HOBt l5)X 103 lM1 kvb (M-1 min-1) 

aInitial concentration of 1 = 2 = 3: 1.5X 10-3 M 
b Figures in parentheses were calculated on the 
assumption of 100% completion of the reaction 
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Figure 6. T w o  alternative possibilities of HOBt catalysis 

In order to discriminate the two pathways in Figure 6, the aminolysis reaction of 1 with 3 in THF was done 

in the presence of potassium salt 613 of HOBt (61, in which no hydroxyl proton exists, that was equivalent *, 

the amount of the ester together with a dicyclohexyl-18-crown-6 (7).14 Here, the crown ether 7 was used 

only for the dissolution ofthe potassium salt 6 of HOBt (6 )  in THF. A large rate enhancement (ca. 20-fold 

rate enhancement) was observed, as shown in Table 1. Gandour et al.15 reported that several kinds of 

crown ether containing 2.6-pyridine subunits linked by carbon-oxygen bonds have catalytic effects on the 

aminolysis reaction in chlorobenzene, but in the control experiment in the present studies, the crown ether 

7 had no effect as seen in Table 1. Thismigbt be attributed ta the difference in the crown ether from those of 

Gandour et  al. or the effect, if present, might be overshadowed by the THF solvent. Thus, the bifunctional 

pathway may be eliminated. 

Based on the above experiment with the potassium salt 6 of HOBt (5) and the very high reactivity of 

1-hydroxybenzotriazolyl ester,z the nucleopbilic pathway in Figure 6 [Bile seems to he the most plausible 

one for DMF and THF solutions. Therefore, the more effective catalysis of HOBt (5) in DMF than in THF in 

the reaction of trichlorophenyl ester (1) and m i n e  (3) as seen in Tables 1 and 2 may be ascribed to the 

higher concentration of the extremely reactive benzotriazolyl oxyanion ( -0Bt resulted from the 

dissociation of the ion pairlLl6 of HOBt (6) and amine (3) in such a polar DMF solvent. Studies are under- 

way to examine the usefulness of the potassium salt 6 of HOBt (5) as a catalyst or a mediator11 in the 

synthesis of more complicated peptides. 
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