
Bioorgmk & Medicinal Chemistry Letters, Vo1.3, No.4. pp. 539-542, 1993 0960-894X,93 $6.00 + .OO 
F’riiti in Great Britain @ 1993 P‘X8amOn hesS Ltd 

SELECTIVE INCORPORATION OF D-AMINO ACID ESTERS INTO PEPTIDES 
CATALYZED BY ALCALASE IN T-BUTANOL 

Shui-Tein Chen”. Chen-Chen Tu”, and Kung-Tsung War@‘.’ 

Z 
ImXhute of Biological Chemistry, Academia Sinica. 
Department of Chemistry, National Taiwan University. 

c. Graduate Institute of Biochemical Sciences, National Taiwan University. 

(Received in USA 16 December 1992) 

Abstract: FWcedures have been developed for alcalase-catalymd selective incorporation of esters of D-amino 

acid into peptides in t-butanol via a selective hydrolysis of esters of DL-amino acid, followed by using the 

unhydrolyzed D-esters as a nucleophile in a kinetically controlled peptide bond formation. 

Recently, the search for proteases that are stable in organic solvents for peptide synthesis has been the subject 

of extensive investigation.‘** Here we report a two-step one-pot synthesis procedure, by which esters of D-amino acid 

can selectively incorporate into peptides using a kinetically controlled approach in t-butanol. The protocol of this 

synthesis is a sequential reaction starting with a kinetic resolution of esters of DL-amino acid and followed by a 

kinetically controlled approach. As shown in Scheme I, the ester of DL-amino acid was resolved in t-butanol containing 

5% of water and after half of the ester of DL-amino acid was hydrolyzed, a solution of esters of N-protected Lamino 

acid was added to the above reaction mixture. Tbe esters of N-protected L-amino acid were reacted with the enzyme to 

form an intermediate “acyl-enzyme”, and the intermediate in turn was attacked by the nucleophile, here the resolved 

ester of D-amino acid, to produce a peptide which contained D-amino acid residue. 

Scheme L Selective incorpomtion of esters of D-amino acid into peptides 
catalyzed by alcalase in t-butanol. 
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# abbreviations: Phe, phenylalanine; Ala, alanine; Val, valine; Tyr, tyrosine, Asp, as artic acid; Leu, leucine; 
L Me, methyl ester, Pp. n-propyl ester; Bzl, benzyl ester, Moz, p-me oxylbenzyloxycarbonyl. 
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The substrates were simply prepared by the established method.’ In a prelimanary reaction, when DL-Phe- 

OMe.HCl’ (10 mmol, 2.15 g) was incubated at 35°C for 1 h in a mixture of t-butanol (45 mL), water (5 mL), and 

triethylamine (1.4 mL, 10 mmol) with alcalase (2 mL), L-Phe (0.76 g, 4.6 mmol, 92% yield, 82% ee) and D-Phe-OMe 

(0.96 g, 4.45 mmol, 89% yield, 89% ee) were obtained after a simple isolation. During the course of hydrolysis, 

L-Phe was precipitated from the reaction solution. This may have been due to the low solubility of free amino acid in 

high a concentration of t-butanol. In a similar manner, DL-Ala-OPr”, DL-Val-OMe, and DL-Tyr-OMe were 

enantioselectively hydrolysed and isolated. The results are summarized in Table 1. The optical purity of the amino acid 

was determined by using a chiral column4 and by measuring the optical rotation. Figure 1 shows a typical measurement 

of D-Tyr-OMe and L-Tyr. For further reaction, the above solution was evaporated to dryness for a kinetically 

controlled synthesis. 
ld” ., *- 1-a 0) 

Table 1 Resolution of esters of DL-amino acid in 8 
t-butanol/water catalyzed by alcalase. 120 I & 

Substrate L-amino acid D-ammo acid ester 
yield ee yield ee 8 100 I 

9 

Ala-OPT 91 loo 89 93 8 
Val-OMe ._ 

Phe-OMe E :; if E E 00 
Tyr-OMe 100 92 8 
Leu-OMe 

E 
95 87 

;; 
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Figure 1 .Measurement of enantiomeric excess of ‘3 
resolved L-Tyr(Fig l-b) and DLtyr-OMe 3 4o 
(Fig l-a) by hplc. The hplc consisted of an 
Alcott 760-hplc pump, a Soma S-3702 UV 
Detector and the data was collected on a Mac. za 
LCII with a Rainin Chrompic? sofeware. 
Column: CrownPak CR(+). 0 __^._ , __ . _ 
eluenr HL‘KJ,/Water, pH 1.3. 
flow rate: 1 mL/min. 
LJV wavelength: 200 nm. 
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The alcalase was obtained as a brown liquid5. The enzyme did not dissolve in t-butanol, but it did disperse well 

in alcoholic solvents to make a transparent solution. Since water can compete with the amine nucleophile in kinetically 

controlled amide bond formation, the concentration of water in the reaction solution will affect the yield of the reaction. 

The water can be removed from the alcalase solution by repeated washing with anhydrous alcohol.6 A preliminary test, 

using Moz-Phe-OMe (0.69 g, 2 mmol) in t-butanol(l5 mL), containing alcalase 2.5L (2 mL, prewashed with t- 

butanol), and resolved D-Ala-OW (5 mmol, resovled from DL-Ala-Oh” 10 mmol), was reacted for 12 hours. 

Moz-Phe-D-Ala-OPr” (0.71 g, 1.62 mmol, 81% yield) was obtained. For following the reaction course, hplc was used 

to monitor the concentration decrease of Moz-Phe-OMe. Figure 2 shows the time courses of the reaction. The Moz- 

Phe-D-Ala-OPf was increased to a concentration of 85%. and a small amount of the hydrolysis byproduct Moz-Phe- 

OH was observed during the reaction. This may have been due to the water molecules that associated with the enzyme 
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and were put into the reaction solution. In a similar manner, Moz-Asp(Bzl)-D-Ala-OFY’, Moz-Tyr-D-Ala-OW, 

Moz-Phe-D-I&u-OMe, and Moz-Asp(Bzl)-Tyr-OMe were synthesized The results are summar&d in Table 2. The 

yield of products was between W&81%. All the products conformed with the authentic samples and with ‘H-NMR 

and FAB Mass spectra. 

Figum2Timecourses for akalase catalyzed Moz- 
PheD-Ala-OFY formation in t-butanoL 
The hpk consisted of an Akott 76Ghplc 
pump, a Soma S-3702 W Detector and 

the data was collected on a Mac. LCII with 
a Rainii Chrompicm sofeware. 
Column: RR-18.4.6 x 150 mm. 
eluent: 40% C CN in 0.1 %I TFA. 
flowrate: 1 rnEJ min. 
W wavelength: 254 nm. 

Table 2. Kim&ally controlled peptide bond formation 

z 

0 2 4 6 8 

Reaction Tii (hours) 
catalm ny alcalase. 

Acyl donor nucleophile product’ y$d [al,: q 

Mo&Tyr-OMe Ali-OW MozTyr-D-Ali-OPf U) 48 +4.45 125-126 481 

Moz-Asp(Bzl)-Bzl Ala-OW Moz-Asp(Bzl)-D-Ala-OPpO 65 +1.69 92-93 523.2 

Moi+As&Bzl)-BzI TyPOMe Mozi&p(Bzl)-D-Tyr-OMe.0 63 -0.69 111-112 587.2 

lvlozPhe-oMe Leu-OMe Moz-PheD-L.eu-OMe(4) 59 +7.50 134-135 457.3 

Moz-Phe-OMe Ala-OW MozrpheD-Ala-OR”&) 81 -0.84 120-121 465 

a. ‘H-nmr (CD,OD) ofprnducts fan IJJ 6.0.92 (t 3Hh 1.25 (d 2X-D. 1.62 (m 2H), 2.75 (dd 1Hh 2.95 (dd 1IQ 3.77 (s 3I-b 4.05 (m 2H), 
4.32 (q 2W, 4.94 (s 2Hj, 6.68 (d 2HJ. 6.85 (d 2H), 7.01 (d 2H), 7.18 (d 2H): m 6.0.91 (t 3HJ. 1.34 (d 3Hj. 157-1.68 (m 2l-i). 2.70 (dd 
lH), 2.88 (dd 1X-l), 3.76 (s, 3H), 3.99-4.08 (m 2H), 435 (q 1Hh 4.58 (q, lH), 5.00 (s. 2.H). 5.08 (s 2HJ.6.86 (d 2H). 7.26-733 (m 7H); 
LQ &2.61 (dd lH), 2.75 (dd 1X-l). 2.86 (dd IH), 2.99 (dd lH), 3.75 (s 3HL4.56 (q 2H), 4.83 (s 3I-I). 4.98 (s 2H). 5.05 (8 2Ii), 6.67 (d 
2?Q, 6.86 Cd 2H). 6.93 (d 2IQ, 7.25-7.32 (m 7HI; f,&) 6.1.19 (d 6Hh 1.44 (m lHJ.l.61 (m 2H). 2.85 (dd lH), 3.05 (dd 1X-0.3.76 (s 3Hk 
4.30 (q 1Hh 4.35 (q lH), 4.83 (s 3H). 4.93 (s 2HJ, 6.85 (d 2X-0.7.16-7.27 (m 7Hk B.) 8.0.92 (t 3Hh 1.23 (d 3HJ, 1.60-1.67 (m 2J-0, 
2.85 (dd lH), 3.05 (dd 1H). 3.77 (s 3H). 4.02-4.04 (m 2Hj, 4.28 (q lH), 4.37 (q lHj, 4.94 (s 2.H). 6.85 (d 2H), 7.16-7.27 (m 7H). 

The akakse with enantioselectivity has been used for resolution of DL-amino acid in aqueous solution ’ 

and of N-protecied DL-amino acid in t-butanol containing 5% buffer: The enantioselectivity of akalase catalyzed 

msohnion of N-free amino acid derivatives was high also. In a representative preparative scale reaction, when 

DL-Tyr-OMe.HCl(46 g, 0.20 mol), triethylamine (28 mL), and akalase 2.5L (10 mL) were incubated in a 

mixture of tbutanol(200 mL) and water (10 mL), LTyr (16.47 g, 90% yield, 98% ee) and D-Tyr-OMe.HCl 

(21.25 g, 92% yield, 97% ee) was obtained. 

In conclusion, this procedure provided a new method for both amino acid resohrtion and selective peptide bond 

fnrmatkn. The resolution of N-terminal-free amino acid derivatives in high concentratinu organic solvent has not been 

report before. Most of the amino acid is insoluble in organic solvent. The precipitated amino acid can easily be 

separated by centrifugation. This is better than traditional resolution in aqueous solution. Using an inexpensive 
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industrial enzyme as a catalyst makes the process potentially useful for large scale synthesis. The Moz-Asp(Bzl)-D- 

Ala-w is a precusor of a reported artificial sweemef. In conclusion, the alcalase-catalyzed peptide bond formation is 

regioselective for the a-carboxyl of Asp residues, and enantioselective for the Lamino acid substrates at the enzyme’s 

p-l sub-site. This new enzymatic process has several advantages: 1) the high turnover rate and low cost of the enzyme 

make enzyme immobiiion unnecessary: 2) the enzyme is stable in alcoholic solvent, thus allowing operation at high 

substrate concentration; and 3) product isolation is simple. 
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The CrownPak CR(+) chiral column was obtained from Diacel company, USA. 
The RP-18 column was packed in this lab. 

Alcalase was purchased from NOVO industrial (Denmark) as a brown liquid with a specific activity of 2.5 
AU.mL’ (According to NOVO, one Anson-unit (AU) is the amount of enzyme which, under standard 
conditions, digests haemoglobin at an initial rate liberating per min an amount of TCA-soluble product 
which gives the same color of phenol reagents as 1 mequiv of tyrosine. ThuslAU=1OOOU, lU= 1 mm01 
of L-Tyr-OMe hydrolyzed per min). It was used without further purification. 

A typical procedure for removing water from the alcalase solution was as follows: the enzyme solution 
was suspended in an anhydrous t-butanol by agitation, the resulting mixture was centrifuged to separate 
the enzyme from the solvent, and the t-butanol was removed by decantation. The procedure was repeated 
several times, and the enzyme was then transferred to a reaction flask for peptide synthesis. 
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