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Abstract: Procedures have been developed for alcalase-catalyzed 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 protoco! 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 L-amino
acid was added to the above reaction mixture. The 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 incorporation 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, aspartic acid; Leu, leucine;
Me, rlrjlhcm))'ll ester; Pr*, n-propyl ester; Bzl, benzyl ester; Moz, p-methoxylbenzyloxycarbonyl.
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The substrates were simply prepared by the established method.* In a prelimanary reaction, when DL-Phe-
OMe.HCI' (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 column* 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.

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

Substrate L-amino acid D-amino acid ester
yield ee yield ee

Ala-OPr" 91 100 89 93
Va-OMe 89 99 8 90
Phe-OMe 92 82 89 89
TyrOMe 9 100 92 97
Leu-OMe 89 95 87 9l

8
D-Tyr-OMe
/

Figure 1.Measurement of enantiomeric excess of
resolved L-Tyr (Fig 1-b) and DL-tyr-OMe
(Fig 1-a) by hplc. The hplc consisted of an
Alcott 760-hplc pump, a Soma S-3702 UV

Relative concentration (%)
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Detector and the data was collected on a Mac. g

LCII with a Rainin Chrompic™ sofeware. C

Column: CrownPak CR(+). 0 s e —

eluent: HCIO,/water, pH 1.5. 0 4 8 12 16 20

flow rate: 1 mL/min. Retention time (min) Retention time (min}

UV wavelength: 200 nm.

The alcalase was obtained as a brown liquid®. 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.’ A preliminary test,
using Moz-Phe-OMe (0.69 g, 2 mmol) in t-butanol (15 mL), containing alcalase 2.5L (2 mL, prewashed with t-
butanol), and resolved D-Ala-OPr" (5 mmol, resovled from DL-Ala-OPr” 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-OPr" 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-OPr”, Moz-Tyr-D-Ala-OPr*,
Moz-Phe-D-Leu-OMe, and Moz-Asp(Bzl)-Tyr-OMe were synthesized. The results are summarized in Table 2. The
yield of products was between 50%-81%. All the products conformed with the authentic samples and with "H-NMR
and FAB Mass spectra.

Figure 2. Time courses for alcalase catalyzed Moz- B Moz-Phe-D-Ala-OPr
Phe-D-Ala-OPr” formation in t-butanol.
The hplc consisted of an Alcott 760-hplc
pump, a Soma S-3702 UV Detector and
the data was collected on a Mac. LCHI with
a Rainin Chrompic™ sofeware.
Column: RP-18, 4.6 x 150 mm.
eluent: 40% CH,CN in 0.1% TFA.
flow rate: 1 ‘min.

UV wavelength: 254 nm. —f— Moz-Phe-OMe

Relative Concentration (%)
&

Table 2. Kinetically controlled peptide bond formation 0 2 4 6 s

Reaction Time (hours)
catalyzed by alcalase.
Acyl donor nucleophile  product* ;ield [alp: l‘é’: m mass
Moz-Tyr-OMe Ala-OPr° Moz-Tyr-D-Ala-OPr*(1) 48  +4.45 125-126 481
Moz-Asp(Bzl)}-Bzl  Ala-OPr* Moz-Asp(Bz)-D-Ala-OPr*(2) 65  +1.69 92-93 523.2
Moz-Asp(Bzl)}-Bzd  Tyr-OMe Moz-Asp(Bzl)-D-Tyr-OMe(3) 63  -0.69 111-112 587.2
Moz-Phe-OMe Leu-OMe Moz-Phe-D-Leu-OMe(4) 59  +7.50 134-135 4573
Moz-Phe-OMe Ala-OPr* Moz-Phe-D-Ala-OPr'(§) 81 -0.84 120-121 465

a. 'H-nmr (CD,0D) of products for: (1) §, 0.92 (1 3H), 1.25 (d 2H), 1.62 (m 2H), 2.75 (dd 1H), 2.95 (dd 1H), 3,77 (s 3H), 4.05 (m 2H),
4.32 (q 2H), 4.94 (s 2H), 6.68 (d 2H), 6.85 (d 2H), 7.01 (d 2H), 7.18 (d 2H); (2) §, 0.91 (¢ 3H), 1.34 (d 3H), 1.57-1.68 (m 2H), 2.70 (dd
1H), 2.88 (dd 1H), 3.76 (s, 3H), 3.99-4.08 (m 2H), 4.35 (q 1H), 4.58 (q, 1H), 5.00 (s, 2H), 5.08 (s 2H), 6.86 (d 2H), 7.26-7.33 (m TH);
(3) 8, 2.61 (dd 1H), 2.75 (dd 1H), 2.86 (dd 1H), 2.99 (dd 1H), 3.75 (s 3H), 4.56 (q 2H), 4.83 (s 3H), 4.98 (s 2H), 5.05 (s 2H), 6.67 (d
2H), 6.86 (d 2H), 6.93 (d 2H), 7.25-7.32 (m TH); {4) 3, 1.19 (d 6H), 1.44 (m 1H), 1.61 (m 2H), 2.85 (dd 1H), 3.05 (dd 1H), 3.76 (s 3H),
430 (q 1H), 4.35 (g 1H), 4.83 (s 3H), 4.93 (s 2H), 6.85 (d 2H), 7.16-7.27 (m TH); (5) §, 0.92 (t 3H), 1.23 (d 3H), 1.60-1.67 (m 2H),
2.85 (dd 1H), 3.05 (dd 1H), 3.77 (s 3H), 4.02-4.04 (m 2H), 4.28 (q 1H), 4.37 (q 1H), 4.94 (s 2H), 6.85 (d 2H), 7.16-7.27 (m TH).

The alcalase 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 alcalase catalyzed
resolution 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 alcalase 2.SL (10 mL) were incubated in a
mixture of t-butanol (200 mL) and water (10 mL), L-Tyr (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 resolution and selective peptide bond
formation. The resolution of N-terminal-free amino acid derivatives in high concentration 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-Pr" is a precusor of a reported artificial sweetmer®. In conclusion, the alcalase-catalyzed peptide bond formation is

regioselective for the ai-carboxyl of Asp residues, and enantioselective for the L-amino acid substrates at the enzyme's

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

make enzyme immobilization 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. Thus1 AU=1000U, 1U= 1 mmol
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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