®

Tetrahedron Letters, Vol. 35, No. 34, pp. 6291-6294, 1994
Elsevier Science Ltd

Printed in Great Britain

0040-4039/94 $7.00+0.00

0040-4039(94)01309-8

Carboxyl-protecting Groups Convertible into Activating Groups.
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Abswact: Selected carbamates of o-aminoanilides of amino acid derivatives are stable under neatral
and acidic conditions but undergo a quantitative base-catalysed intramolecular conversion into
an 1-acylbenzimidazolin-2-one. The pH-rate profiles for this reaction and for the hydrolysis
of the N-acylurea were established. The N-acylurea displays a hydrolytic reactivity reaching that of
active esters and is shown $0 acylate leacine methyl ester.

We recently described a new linker for solid-phase peptide synthesis [Dpr(Phoc) linker], which is
compatible with Boc-chemistry and particularly suitable for the use of aqueous processing.! The release of the
peptide is carried out under experimental conditions similar to those required for basc-labile ester linkers, by
cleavage of a cyclic N-acylurea which is generated by activation of the amide anchorage under milder alkaline
conditions (Scheme 1).
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Scheme 1. Activation and cleavage of the Dpr(Phoc) linker (Dpr = L-2,3-diaminopropionic acid,
Phoc = phenyloxycarbonyl, PepN = amino terminal part of peptide).

We are currently searching for related systems in which the N-acylurea reactivity would be selectively
enhanced, as they may give rise to carboxyl-protecting groups readily convertible into activating groups, with
various applications particularly in liquid- or solid-phase peptide synthesis, e.g. segment condensation (or any
nucleophilic reaction), linkers that are cleavable at pH ca. 9-10 and thus more suited to base-sensitive
peptides, side-chain protections for aspartic acid potentially useful for glycopeptide synthesis.

As a first advance in this arca, we report here a substantial enhancement of reactivity with
1-acylbenzimidazolin-2-ones, such as 2 for example, and their ready and selective formation as intermediates
in the anilide bond hydrolysis of o-phenylenediamine derivatives 1 selected as models of protected peptides.
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The choice of such structures resulted from an analysis of the accepted mechanisin for N-acylurea hydrolysis2
which involves the rate-determining expulsion of an urcide anion from the tetrahedral intermediate (Scheme
2). Thus an increase in ratc was expected, owing to the leaving group ability of the anion of benzimidazolin-2-
one, which must be better than that of non-conjugated ureas according to the acidities of the corresponding
ureas :pKa=12.0 3 and pK, ~ 18 4 respectively. Moreover, as for N-acylimidazoles and
N-acylbenzimidazoles,5 the resonance in 1-acylbenzimidazolin-2-ones must markedly activate the carbonyl
group, and consequently, the formation of the tetrahedral intermediate must also be facilitated.
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Scheme 2. Mechanism of N-acylurea hydrolysis.

The reactivity of 1-acylbenzimidazolin-2-ones® was studied using the derivative of Z-glycine 2.7 Its
hydrolysis selectively yielded Z-glycine and benzimidazolin-2-one at any pH, as shown by HPLC analyses3
indicating no side-products, in particular no amine resulting from the reaction of the urca carbonyl group. The
pH-rate profile (Fig.1) mainly shows two mechanisms with a transition at pH 7 : a pH-independent water
reaction and the reaction of HO— with the neutral substrate (pKy = 9.8 ?) or kinetic equivalents. The significant
rate increases observed below pH 1 and above pH 12 may be attributed to an acid-catalysed hydrolysis and a
reaction of HO~ with an ionized species, respectively. The second-order rate constant for the hydroxide ion
reaction that predominates in moderately alkaline medium (Ao~ = 50 + 10 5! mot! dm3 at 20.0 °C), is of the
same order of magnitude as that determined for Z-glycine p-nitrophenylester (kyo- = 130 s°1 mot! dm3 at
21.0 °C 10), and three orders of magnitude higher than that observed for the cleavage of a C-terminal glycine
peptide anchored with the Dpr(Phoc) linker to a polyacrylamide support.!! The aminolysis of N-acylurea 2
(1 mol dm3) was also examined : a quantitative conversion (2 99.5%) was observed after a 20 h treatment
with leucine methyl ester (1.5 mol dm3) in DMF at 25 °C, giving sclectively Z-Gly-Leu-OMe and
benzimidazolinone, as shown by HPLC analysis.}2 1-Acylbenzimidazolin-2-ones are therefore new examples
of amides activated towards nucleophilic attack.

The models 1a and 1b 13 were used to check (i) the stability of the protection system under acidic
conditions, even around neutrality for 1b, (ii) the selectivity of the activation process at higher pH. Above
pH 4, HPLC analysis 8 showed the formation of the expected end-products only : phenol and Z-glycine from
12, or benzoyl-glycine from 1b (2,2,2-trichloroethanol is not detectable by UV), and benzimidazolin-2-one.
An intermediate was transiently observed and was identified as N-acylurea 2 in the case of model 1a, since it
showed the same HPLC, UV, and kinetical features. In addition, Z- or benzoyl-glycine were very slowly
formed below pH 3 with rates (ku* ca. 10-6 s°! mol-1 dm3 at 20 °C) compatible with a direct hydrolysis of the
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Fig. 1. pH-rate profiles for the reactions of the anilides 1a (®) and 1b (0), and of the N-acylurca 2 (A) in 12%
(v/v) dioxane-water at 20 °C : substrate 2.5x10"5 mol dm3 ; p = 0.2 mol dm-3, KCl ; determination by HPLC
analysis (kobs < 3x10~4 5-1) or UV spectrometry (kobs > 3x10 s-1) at 240 nm for 2, or at the isobestic wave-

length (269 to 279 nm depending on pH) of 2 hydrolysis for 1a and 1b. At pH 2.8, only the upper limit of kobs
could be determined for 1a and 1b, owing to the very slow reaction of each.

anilide bond.!4 For the base-catalysed cyclization of anilides 1a and 1b, the pH-rate profiles (Fig. 1) show

linear plots!S with unit slopes ; the second order rate constants, ko- = 250 and 0.4 s-1 mol-! dm3

respectively, arc in agreement with those reported for the hydrolysis of unsubstituted phenyl and
trichloroethyl N-phenyl carbamates at 25 °C, kyo- = 54 and 0.32 s-! mol-! dm3 respectively,16 and their

higher values can casily be accounted for by the effect of the ortho-substituent. Consequently, the cyclization
into N-acylurea very probably occurs through the same climination-addition pathway involving an isocyanate
intermediate formed by an AxpDy + DN (E1cB) elimination mechanism, with the same predictable structural
effects ruled by the pK, of the leaving alcohol.16 A careful selection of that alcohol must therefore allow a
fine tuning of the protection.

In addition, model 1b was shown to be stable in organic or aqueous strongly acidic media since it was
recovered with a 96% purity after 4 h treatments in TFA/CH2Cl3 1:1 or in aqueous 6 N HCI containing 40%
(v/v) PriOH. Carbamates 1a and 1b are also stable in many organic solvents with the important exception of
dissociating solvents such as (CH3)2SO or DMF in which a spontancous conversion into the 1-acyl-
benzimidazolin-2-one occurs within a few minutes for 1a and more slowly for 1b (t22 ca. 90 min in DMF).

In conclusion, o-aminoanilide carbamates derived from appropriate alcohols behave as carboxyl-
protecting groups in water and in some organic solvents, from neutral to strongly acidic conditions. Their
conversion into highly reactive N-acylureas in alkaline solution allows the easy recovery of the carboxylic
acid, with high selectivity at both stages of the transformation. Numerous applications can be considered but
may be nevertheless limited by the carcinogenic properties of o-phenylenediamine and a poor protection in
dissociating organic solvents, though the latter feawre can be useful for activation under very mild conditions.
Work is in progress to determine whether such limitations can be circumvented by structural adjustments.
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