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Abstract

Coupling reagents based on onium (aminium/uronium) salts based on HOBt and HOALt are more frequently used
in solid-phase peptide synthesis than the classical carbodiimide methods. The structure of the carbon skeleton
has a determining role in the efficiency of the reagent for the activation step. Simple theoretical calculations
using the AM1 semiempirical Hamiltonian as implemented in the MOPAC program provide a rational way to

correlate the reactivity of different aminium/uronium salts with the st-ucture of the carbon skeleton.
© 1999 Elsevier Science Ltd. All rights reserved.
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Peptide coupling methods derived from onium (aminium/uronium and phosphonium)
salts based on 1-hydroxybenzotriazole (HOBt)"?! and 1-hydroxy-7-azabenzotriazole (HOAt)?!
are becoming incorporated in synthetic strategies more frequently than the classical

carbodiimide methods.*!
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Figure 1. Structures of additives HOBt and HOAt

In a recent study, we have correlated the reactivity of various onium salts derived from
HOXt (X=A,B), with the structure of the reagents in question.”™ Thus, we have confirmed that
the aza derivatives are more reactive than the parent benzotriazole derivatives in both
activation and coupling. Furthermore, the structure of the carbon skeleton has a determining
role in the efficiency of the reagent for the activation step. Thus, pyrrolidino derivatives
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(HAPyU) appear to be reagents of choice relative to the piperidino (HAPipU) analogs or those
derived from trialkylamines (HATU), being both dihydroimidazole derivatives (HAMDU and
HBMDU), and HAMTU practically inefficient. These three reagents are clearly unstable in
DMF in the presence of base (DIEA) and they decompose before achieving the activation of
the carboxylic acid.
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Figure 2. Structures of reagents used in this study!®

In order to explain qualitatively the behavior of the activated species considered above
towards nucleophiles, some theoretical calculations were carried out using the AMI
semi-empirical Hamiltonian™#¥! for gas phase reacticns as implemented in the MOPAC
program.”)  Due to the large dimensions of the molecules studied, the calculations were
carried out on simplified systems corresponding to HXTU, HXPyU, and HXMDU which are
shown in Figure 3. The reaction studied was the addition of water to the three carbocation
models to give the corresponding alcohol and a proton.
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Figure 3. Structures of the models used for the theoretical calculations ("m" signifies model)

The AM1 model for the three cation patterns, HXTUm, HXPyUm and HXMDUm, gave
planar geometrical structures. The analysis of the wave function for these three molecules
revealed that the lone electron pairs associated with each nitrogen atom were delocalized
within the atoms N-C-N, giving an allyl radical anion character to these three molecules.
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In the reaction of a water molecule with these three cation patterns in the gas phase, the
corresponding transition state structures are presented in Figure 4. The calculated energy
barriers were 102.8 kcal mol™! for HXTUm, 56.9 kcal mol™! for HXPyUm, and 44.0 kcal
mol’! for HXMDUm. These calculations are consistent with the experimental results
presented above. What is the reason for these discrepancies in the energy barriers? For the
HXMDUm case in the transition state, both amino groups present strong pyramidalization
(126° and 127°); whereas for HXTUm case at the transition state, one amino function has a
pyramidalization of 138°, whereas the other was almost planar (178°). For the HXTUm and
due to this planarization, the electrons of the two nitrogen atoms of these amino functions
were delocalized between the nitrogen atoms and the carbocation. Consequently, the
cabocation, which is at the center of the reaction, contains some important electron density
which impedes nucleophilic attack. For the HXMDUm transition state, due to the strong
pyramidalization of both amino functions the two lone electron pairs are localized on each
nitrogen atom, and the carbocation comprises a very small electron density allowing rapid
nucleophilic attack at this position. HXPyUm stands between the two above models since both
amino functions present in the transition state give a pyramidalization of 123° and 135°. As
seen in Fig. 4, this transition state is much closer to that of HXMDUm than to the HXTUm
transition state. This explains that energy barriers of HXMDU and HXPyU are quite close.
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Figure 4. Transition state structures for the reaction of water with model onium-type molecules in the gas
phase (numbers signify pyramidalization angles)

In conclusion, the reactivity of aminium/uronium salts is governed by two opposing
effects namely: n-electron delocalization between the N—C-N atoms and the strain within the
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carbon skeleton.  Nucleophilic attack will be disfavoured by increasing =-electron
delocalization. On the other hand if the optimal disposition of the carbon skeleton causes a
reduction in this electronic delocalization, then nucleophilic attack will be favoured.

The use of theoretical methods has provided a reasonable explanation for the
experimental results. In the future, a combination of both theoretical and experimental
methods should lead to the rational design of more effective reagents.!'”
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