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Chboxyl-protedug Groups ComertIMe into Activating Groups. 
Carbamatiof o-AmluoauWea arePrecursora of 

Reactive N-Acylureas 

Robert Paad,* Des& Chauvey and R&he So& 

We recently dcscribcd a new linka for solid-phase pcptide synthesis [Dpr(phoc) linker]. which is 
compatible with Boc-chanisny and particularly suitable for the use of qteous pmcsaing.’ The rckasc of the 
peptide is carried out under expa+ental conditions similar to those rcquimd for hasc-labik cstcr 1inltrJ. by 
clenvage of a cyclic N-acylurea which is ganarated by activation of the amide anchaage under tier akdine 
conditions (Scheme 1). 
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Scheme 1. Activation and cleavage of the Dpr@hoc) linker (Dpr = L-2,3-diaminopropionic acid, 
Phoc = phcnyloxycarbonyl, Pep = 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-pttmzting groups readily convatiblc into activating groups, with 
various applications particularly in liquid- 01 solid-phase pcpti& syntikesis. e.g. segment ccmdalmtion (or any 
nucleophilic reaction), linkers that are cleavable at pH cu. 9-10 and thus nmre suited to base-sensitive 
peptides, side-chain protections for aspattic acid potentially useful for glycopeptide syntksis. 

As a first advance in this area. we report here a substantial enhanccatcnt of reactivity with 
1-acylbcnzimidazolin-2-ones. such as 2 fcx example, and their ready and selective formation as intermcdiaas 
in the anilide bond hydrolysis of o-phcnylenaliamine derivatives 1 sclcctai as models of pmcctai peptides. 
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Thechoiceofslachstrwauw twaltcd ibal an analysis ofthc accqtal mechaD.ism forN-xylluea hydldysis2 
wMchimolvtstbcratc-dncmdning~ulsionofanurcidcanionfrom~~in~(Schclm 
2). Illus an imaseinnttwrscxpccted.~tothcluviag~~tyoftbcrnioaof~-2- 
one,whichmuBbebetmthanthatofnoaconjng~~accordiagtothcacidititsofthtoasponding 
ureas : pK s = 12.0 3 and pK s - 18 4 respectively. Moreover, as for N-acylimidaz,oles and 
N-acylb5 the msonamX in I-acylhenzimidazolin-2-oned must markedly activate the caltloayl 
group, and am.lequeMly, the farmation of the tctmhcdml intamdiatc must also be facilitated. 
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Scheme 2. Mechanism ofiV-acylurea hydrolysis. 

The mactivity of I-acy1t - ‘%zolin-24 was studied using the derivative of zglycine 2’ Its 
hydtolysiss&ctivelyyiekkdZglycincand~ - ‘4 lin-2-oneatanypH,ushownbyHPLCa~lysi4 
indicatingnosidaproductf,fn~noaminensultingftomtherePcdonofthturca~~.Tbe 
pH-rate profile (Fig.1) mainly shows two mechanisms with a aansidoo at pH 7 : a pH-indcpcndcnt water 
rcectionandthereactionofH~withtheneuaalsubs~(pK,R9.89)orlrineticaquivalents.Thcsignificlrnt 
rate increases obsetved 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 sccond-ordtr rate constant for the hydmxide ion 
rcacd~thatprcdominatcsinmodcra~ly~mcdium(~O_~50f10s-tmot*dm~at#).O~C),iSOffht 
same order of magnitude as that dctnmined for Zglycinc p-niaophenylester (ho- = 130 s-t m&l dm3 at 
2 1 .O “C ‘9. and three OFdas of magniadc higher than that observed for the cleavage of a C-terminal glycine 
peptide anchoral with the Dp@hoc) linker to a polyaczylamide suppo4t.” ‘l-he aminolysis of N-acylurca 2 
(1 mol dm-3) was also examined : a quantitative conversion Q 99.5%) was observed after a 20 h trearment 
with ltucinc methyl ester (1.5 mol &3) in DMF at 25 “C. giving selectively Z-Cly-Lcu-OMe and 
benzimidazolinonc, as shown by HPLC analyskt* l-Acylbc~lin-2-0~~ are thaufom new examples 
of amides activated towa& nucleophilic attack. 

The models la and lb 13 were used to check (i) the stability of the protection system unda acidic 
conditions, even around neutrality for lb, (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 
la. or benzoyl-glycine from lb (2.2.2~trichlamthanol is not detectable by UV). and benzimidazolin-2ane. 
An in-ate was transiently observed and wss identified as N-acylurea 2 in the case of model la. since it 
showed the same HPL.C. UV, and kinetical features. In addition. Z- or bcnpoyl-glycinc wcxe very slowly 
fomzd below pH 3 with rates (h+ cu. lo-6 st m&t dm3 at 20 “C) compatible with a direct hydrolysis of the 
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Fig. 1. pH-rate profdes for the mactions of the anilides la (*) and lb (o), and of the N-acylurca 2 (A) in 12% 

(v/v) dioxane-water at 20 Oc : substrate 2.5x10-5 mol dm-3 : p = 0.2 mol dm-3, KCI ; ktmmination by HPLC 
analysis h < 3x104 s-l) or UV spcctromctry (& > 3x104 s-1) at 240 run for 2. or at the isobesdc wave- 

length (269 to 279 nm dqxndlng on pH) of 2 hydrolysls for la aud lb. At pH 2.8, only the upper limit of & 
could be dctexmined for la and lb, owing to the very slow reaction of each. 

anilidc bond.l4 For the basccaEalyscd cyclization of anilides la arxi lb, the pH-tare profihx (Fig. 1) show 
linear plotsls with unit slopes ; the second order rate constants, &HO- = 250 and 0.4 s-1 mol-1 dm3 
respectively, are in agreement with those reported for the hydrolysis of unsubstitutcd phenyl and 
trichlorocthyl N-phenyl c a&ama&x at 25 ‘C, AHO- = 54 and 0.32 s-l mol-1 d& respcctively.~6 and tkir 
higher values can easily be accounted for by the cffcct of tk orlho-substituent. Consequently. the cyclization 
into N-acyluren very probably occurs through the sanx elimination-addition pathway involving an isocyanate 
inme fortned by an A& + DN (ElcB) elimination mechanism, with the same predictable structural 
effects n&d by the pKa of the leaving alcohol. 16 A careful selection of that alcohol must therefore allow a 
fine tuning of the pavtection. 

In addition, model lb was shown to be stable in organic or aqueous strongly acidic media since it was 
reeoverodwitha%%purityafter4h ttuaumrnts in TFA/C&Cl2 1: 1 or in aqueous 6 N HCl containing 40% 
(v/v) P&H. Carbamates la and lb arc also stable in many organic solvents with the important exception of 
dissociating solvents such as (CH3hSO or DMF in which a spontaneous conversion into the l-acyl- 
benximidaxolin-2-one occurs within a few minutes for la and more slowly for lb (1112 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 proteotion in 
dissociating organic solvents, though the latter feature can be useful for activation uuder very mild conditions. 
Work is in progmss to determine whether such limitations can be circumvented by structural adjustments. 
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