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Summary : Act/vat/on of N-protected amlnoacids by lsopropenyl chloroformate leads to esters of primary, 

secondary and tertiary alcohols wlth 4-dlmethylamlno-pyrldine as catalyst. 

Esters of N-protected a-aminoacids are commonly prepared from aikyi halides. i Although numerous 

methods are available for the activation of N-protected aminoacids. 2 only few simple processes allow 

esterification of aminoacids from alcohol under mild conditions. )* 4 in the course of our investlgation on 

isopropenyi chloroformate (IPCF) 2b reactivity. we now report an efficient one-pot esterification of N- 

protected aminoacids with alcohols. by using IPCF for the acid activation. 

isopropenyi chiororoformate Lb has already been used for the aminoacid activation in peptide synthesis. s 

it was reasonably postulated that the reactive species was the mixed anhydride Intermediate Sb. as it has 

been demonstrated in other respects when utiiising the isobutyi or other usual aikyi chloroformates. 0 

During the course of the coupling step. the mixed anhydride obtained by aikyl chloroformate 2a activation. 

liberates the corresponding alcohol 5 as a by-product. 0 This alcohol could react with the activated acid 3a 

to give the corresponding ester 3a. S. Kim et al. recently took advantage of this side reaction for the 

preparation of esters using 4-dimethyiamino-pyridine (OMAP) as catalyst 3 (Scheme. route A) : the 

catalytic ability of OMAP to produce esters from activated amino acids was previously noticed in the case of 

carbodiimide activation. 2 However. the procedure utiiising aikyi chioroformates is restricted to available 

chioroformates. and is often inappropriate to laboratory applications unless common commercial 

chioroformates are used. in contrast. the mixed anhydride Sb prepared from isopropenyi chloroformate 

liberated acetone and did not led to the corresponding isopropenyi ester in similar conditions, 7 but the 

addition of one equlvaient of an alcohol 5 to the reaction mixture led exclusively to the formation of the 

corresponding ester 5a In good yleids (Scheme. route 8). 
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Scheme : Synthesis of a-amlnoesters vle chloroformate ectlvatlon. 
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1 2a : Ri = alkyl 3a : RI - a&y1 

2b : RI = isopropenyl 3b : RI = isopropenyl 

ROUTE A: 

3a + DMAP -+ + CO:-XNb+ DMAP 

A 0 

4 6a : RI - alkyl 

6b : RS = ieopropenyl 

ROUTE B: 

3btDMAP +@H+&DMAP: @] +IH3'fH3+ CO: +Xtffij) + 1CH312C0 

5 4 6 

Esters of N-protected amlnoaclds were prepared from IPCF addltlon (1. 1 eq.) to the N-protected 

amlnoacld In the presence of trlethylamlne ( 1 eq. 1 and DMAP (0. 1 eq. ) . and an equivalent of alcohol, In 

methylene chloride solution at 00 C (method I). The esters formed were easily purlfled by aqueous acid 

and basic washings of the organic solution. Thls one-pot preparatlon of esters from N-protected 

amlnoaclds has been exempllfled to a variety of structurally different residues lncludlng primary and 

secondary alcohols whose corresponding chloroformates were not commercially available (Table. entrles 

4. 6. 8. 9. 10) or not accessible llke 2.3-0-lsopropylldene glycerol (Table. entries 5. 11) or 4- 

methoxybenzyl alcohol (Table, entry 7) due to their acldlc sensltlvlty. Thls strategy was extended to 

tertlobutanol (Table) : In thls later case. addltlonal quanlltles of tertlobutanol was needed (method II : 

Table entrles 14. 18. 19) and the use of tertlobutanol as solvent at 35 0C was even necessary to 

enhance the yield In few glvlng examples (method Ill : Table. entrles 15, 16. 17. 20). As expected. 

lhls method of esterlflcatlon felled with amlnoaclds with non-protected side chain fonctlons such as 

hydroxyl or amlne : thus. the presence of the free hydroxyl group In Ser or Thr dld not allowed the 

preparatlon of the corresponding esters by thls procedure. 
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Table : Synthesis of a-amlnoestersi by IPCF actlvatlon of N-protected a-aminoacids 

entry a-aminoester method yield t mp oc (lit) CalD Cl MsOEt (lit) 

from prlmary alcohol 

1 Z-Ala-OCfiL-pNo,C,Fl, 

2 Boc-As~(OBzl)-OMe 

3 BocP?ke+BZl 

4 Boc-phe-o-(CB,),,-cB, 

5 BoC%?-OIpGii 

6 Bo0Val-OCx,-o,pC1,C,B~ 

7 Boc-Val-OCIi,-pOMeC,B, 

6 Bo+Val+CB,-3-pyridyl 

9 Boc-ValKCB,-Antiii 

10 B=-Val+(~I,),,*, 

11 Pnloc-Trp-oIpGii 

from secondary alcohol 

12 Bee-Val-O(+)Bornyl 

13 Boc-Val-OCholesteryl 

from tertlobutanol 

14 Z-Ala-otBu 

15 Z-Cys-(Bzl)+tBu 

16 z-Lys-(CBcc)-OtBU 

17 Z-Met-OtBu 

16 Z-Phe-OtBu 

19 z-Pru-otBu 

20 Z+rpOtBu 

1 

1 

1 

11 

111 

111 

111 

11 

11 

111 

78 99-100 (98-99) -16.3 (-16.6 cl MeOK)e 

74 61-62 -7 (-7.1 cl acetone)2 

92 64-65 -6.3 (-12.8 ~2 MeOH)z 

96 38-39 -2.6 

60 65-86 -2 

85 110-111 -10.5 

91 oil -46 

72 oil -30.7 

68 98-99 -27.6 

96 oil -13.9 

65 61-62 -12 

60 56-57 -75 

80 133-134 -40 

60 oil -19.5 (-15.e c2.1 moK)L 

75 oil -30 

70 oil -90 

68 oil -22.9 (-27 ~5.7 EtOX)e 

88 91-82 (60.5-61.5) -9.9 (4.6 ~2 EtOH)e 

90 (44-45) -51 (-52.5 ~2.2 EtOH)O 

60 70-71 -5.2 

I All new compounds gave satisfactory enalytlcel date. 

II IpG I 2,3-O-(Isopropylldene)qlyceryl ; Ill Ant I 9- tmethylene) enthracyl. 

It was necessary to establish that the use of IPCF for amlnoacld actlvatlon dld not Induced unacceptable 

racemlzatlon wlthln the experimental condltlonsr, 8. Due to the rather low optlcal rotations generally 

observed. these data were inaccurate to estimate the racemlzatlon of the process : we choosed to detect 

by n. m. r. study. the amount of racemlzatlon produced In the more drastic condltlons used for the tert- 

butylatlon reaction. The tert-butyl ester from Z-L-Phe-OH and Z-D-Phe-OH were prepared according to 

method C. and the aminoesters H-L-Phe-Ot6u and H-D-Phe-OtBu. obtalned after hydrogenolysls. were 

respectively coupled to Z-L-Ala-OH using standard active ester methodology : n. m. r. study showed the 

absence of signals due to the non-expected enantiomer In the spectrum of eaoh dlpeptlde. thus lndloating 
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the absence of evaluable racemlzatlon during the esterlflcatlon step. However. when this method of 

esterlflcatlon was applied to non-carbamate N-protected aminoacld (e. g. N-acyl amlnoacld), a 

dramatlc enhancement In the racemlzatlon was observed. This was tested for dlpeptlde esterlflcatlon. 

When the dlpeptlde Z-Ala-Phe-OH was submltted to standard condltlons utlllzlng IPCF and methanol. 

n. m. r. measurements showed the presence of at least 25% of the wrong enantlomer Z-Ala-D-Phe-OMe 

with the Isolated Z-Ala-L-Phe-OMe. 

lsopropenyl chloroformate appeared to be the most versatll chloroformate for acid actlvatlon. which was 

able In any case to replace other chloroformates and to provlde addltlonnal appllcatlons. For thls 

purpose. In addltlon wlth peptlde synthesis and esterlflcatlons of N-protected amino acids. numerous 

IPCF promoted coupling reaotlons between N-protected amino acids and nucleophlles are In progress. 
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