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BY CHLOPOFOFtMATE ACTIVATION. 
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J. P. Senet. S. Lecolier. G. Sennyey. 
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Summary : Mono-esters of N-protected dl-acids aspartlc end glutemic ere prepered by a one-pot 

ectlvetlon with elkyl chloroformates or isopropenyl chloroformate end en eddltfonnel elcohol. This process 

Involves the lntermedlete lnternel enhydrlde formetion. 

With respect to the mono-esterlflcatlon of N-protected aspartlc 1 or glutamlc dlacld 2. the most sultable 

reactlon already described was a multi-steps procedure that involved the partlally regioselectlve openlng 

of the preformed Internal anhydrlde 3 or 4, ieadlng predomlnantly to the a-isomer 7a or 8a I. The Internal 

anhydrlde was mostly prepared from acetlc enhydrlde 2 or oarbodllmlde b actlvatlon of the N-protected dl- 

acid. The use of chloroformates for dl-acids activation has not been lnvestlgated so far, although 

actlvatlon of N-protected amino acids with chloroformates has been extensively studled 4, Including 

esterlflcatlon reactlons s. We report In thls paper the one-pot preparation of mono-esters of N-protected 

aspartlc and glutamlc acids. by alkyl-chloroformate actlvatlon. In thls process, the ester formed 

corresponds to the chloroformate used and Is llmlted by the accesslbillty of the reagent 5. We 

demonstrated in a previous communlcatlon. the efflclency of lsopropenyl chloroformate actlvatlon for the 

esterlflcation of N-protected amlnoaclds by alcohols 0. We show hereln that the lsopropenyl 

chloroformate actlvatlon In the presence of an alcohol also prouved to be sultable for mono-esterlflcatlon 

of dl-acids. 

The mono-esterlflcatlon was obtalned by addlng one equivalent of the chloroformate to the dl-acid 1 or 2 

neutralized wlth two equivalents of base fpyrldlne, trlethylamine wlth or wlthout a catalytic amount of 

DMAP) In dlchloromethane solution. at 00 C. The mono-esterlflcatlon occured directly from alkyl- 

ohloroformates (method A) or wlth an addltlonal equivalent of alcohol In the case of IPCF activation 

(method 8). The mono-esters 7 or 8 were purlfled by aqueous basic extractlon of the methylene chloride 

soiutlon after aqueous acidic washlng : the mlxture of mono-esters was then extracted from acidified 
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aqueous solution. The lsomeric ratlo was quantlfled by n. m. r.. 

The a-isomer of aspartlc ester 7 was Isolated. either as Its dl-cyclohexylamlne salt preclpltated from the 

crude mixture. or by column chromatography. The a and y-isomers of glutamlc esters 8 were separated 

on a slllcagel column. The results of these experlments are llsted in the table. 

The followlng polnts emerged from these data : flrst. both methods (A and 6) were comparable In terms 

of reactlon time, total and relative yields of mono-esters formed (table. compare entries 1 and 2 : 5 and 

6 ; 9 and 10 : 11 and 12). Moreover, the use of lsopropenyl chloroformate was of particular Interest when 

an unusual ester has to be prepared. thus preventlng the preparatlon of the corresponding 

chloroformate. To Illustrate thls point. IPCF actlvatlon has been successfully used for the preparatlon of 

mono-esters wlth llpophlllc properties (table. entrles 7 and 13) as well as mono tertlobutyl ester (table. 

entry 6). Secondly. addltlon of DMAP largely favoured the mono-esterlflcatlon of glutamlc acid to the y- 

posltlon (table. entrles 11, 12 and 13) whereas the general regloselectlvlty leadlng to the (7al -ester was 

observed for the aspartlc acid In the same condltlons (entries 4 and 8). 

The actlvatlon of the N-protected di-acids wlth chloroformates was supposed to provlde mono- 

esterlflcatlon v/a the Internal anhydrlde formatlon. 

Scheme : Mono-esterlflcatlon of N-protected Asp and Glu. 

0 0 0 
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(CH4n KH$°Ko 
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I) DCC or Ac,O ; II) CICOOR, base ; III) - CO1. - ROH tfl = alkyl) or - acetone (R = IsopropenylI ; Iv) 

ROH. 
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The Internal anhydride arises from decomposition of &her or both mixed anhydrides 5a and 8@ 

(respectively 8a and 8yI which could not be Isolated In our reactlon condltlons. The alcohol llberated 

reacted wlth the so formed Internal anhydrlde. However. when lsopropenyl chloroformate was used, the 

mlxed anhydrldes decomposed wlth llberatlon of acetone Instead of alcohol : thus addltlon of an alcohol 

led to the expected corresponding esters 7 or 8. 

To support thls pathway, we have been able to Isolate Internal anhydrlde 3 from N-Z-aspartlc acid. In 

moderated yield. when actlvatlon with IPCF was performed In the absence of alcohol. To ascertaln the 

formatlon of this Intermediate 3 or 4 we relnvestlgated the reactlvlty of the Internal anhydrlde towards 

alcohol In our experimental condltlons. We prepared respectively the Internal anhydrlde of N-Z-glutamlc 

acid and N-Z-aspartlc acid by the usual DCC actlvatlon. We examlnated by n. m. r. the ratlo of 7a or ~II 

versus 78 or 8y mono-ester formed when thls Internal anhydrlde was opened In the presence of methanol. 

according to the nature of the base added (table. entries 14. 15. 16 and 17). The observed 

regloselectlvlty In these condltlons was Identical to the one obtained when N-protected Asp or Glu was 

reacted with methyl chloroformate as well as wlth IPCF and methanol (table. entrles 3. 4. 9. 10. 11 and 

12) : we notlced the hlgh proportlon of Glu-y-ester 8y formed when the anhydrlde 3 was open In the 

presence of DMAP (table. entry 17) , as well as by direct chloroformate activation wlth DMAP catalysis 

(table. entrles 11. 12 and 13) : these results support also the Internal anhydrlde formatlon In this latter 

process. 
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