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Summary

Procedures have been developed to synthesize proline-containing peptides in good yields and high purities
via a kinetically controlled approach using an industrial alkaline protease, alcalase, as a catalyst in anhydrous
2-methyl-2-propanol. The yield of the reaction was dependent on the structure of the acyl-donor and the
water content in the solvent. Using tripcptide as an acyl donor, the yicld was higher than that using
dipeptide, and when amino acid derivatives were used the yield was the lowest. The yield was also
dependent on the concentration of water present in the solvent. The higher the water concentration in the
solvent, the lower was the yield in the reaction. Both L-proline or D-proline derivatives could be used as
nucleophiles in the reaction.

Recently, the search for proteases that are stable in organic solvents for peptide synthesis has been
extensive.! Several studies have demonstrated that it is possible to use proteases to catalyze peptide
synthesis in organic solvents.* That an alkaline protease, alcalase, can maintain activity, stability, and
catalyzed peptide bond formation in anhydrous alcohol has been documented.**# We have found that the
enzyme can accept proline as a nucleophile in kinetically controlled peptide bond formation in 2-methyl-2-
propanol. This report describes our study of the aicalase-catalyzed synthesis of proline containing peptides
in anhydrous 2-methyl-2-propanol.

Alcalase is a proteolytic enzyme prepared from the submerged formation of a selective strain of
Bacillus licheniformis . The major enzyme component of alcalase is the subtilisin Carisberg (alkaline protease

A), which is an extracellular protease* and is commercially available as a brown liquid.* The alcalase is
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obtained as a brown liquid, and the water can be removed from the alcalase solution by repeated washing
with anhydrous alcohol.® The kinetically controlled reaction was carried out in 2-methyl-2-propanol. In a
typical reaction, Moz-Phe-OMe (3.63 g, 10 mmol), Pro-NH, (3.93 g, 30 mmol) in 2-methyl-2-propanol
(20 mL) and alcalase 2.5L (2mL, pretreated with anhydrous 2-methyl-2-propanol) was stirred at 25°C.
After all the Moz-Phe-OMe disappeared (after about 48 hours, monitored by hplc), the mixture was diluted
with ethyl acetate (200 mL). The resulting solution was washed with 5% citric acid (3x 25 mL), water (3x
25), 5% sodium bicarbonate (3x25 mL), dried over anhydrous sodium sulfate, and evaporated to offer
crude Moz-Phe-Pro-NH,, which was purified via silica gel flash column chromatography eluted with
MeOH:CH,Cl, (4:1, v/v) to yield pure Moz-Phe-Pro-NH, (1.96g, 46% yield) mp:174-176°C. The results

of "H-NMR spectra and amino acid composition analysis are shown onTable 1.
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Scheme 1

The kinetically controlled synthesis catalyzed by serine and cysteine proteases is widely used due to
the short reaction times and low enzyme concentrations required.” Scheme 1 shows a typical scheme for
this approach. In the presence of nucleophiles, an acyl-enzyme intermediate [R-C(=0)-Ez] can be deacylated
competitively by water or by amino-nucleophile [:NH,-R"]. The yield of the reaction is determined by both
the relative rate of hydrolysis and aminolysis, and the ratio of the concentration of each nucleophile (i.e.,
water and amine). In order to study the effect of water concentration on the yield, a reaction of Moz-Phe-OMe
and Pro-NH, in 2-methyl-2-propanol containing 0-10% of water was carried out at room temperature, and
the conversion of the product was measured by hpic. Figure 1 shows the percentage of the product present
in solvent with various amounts of water. In anhydrous solvent, the yield was 59%, and in 0.5% of water
the yield wa still 52%. When the concentration of water in the reaction solution was increased to 1%, the

yield decreased to 18%, and in 10% of water the yield was 0%. The water present in the reaction solution
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affects the yield when the concentration of water is higher than 1%.
The substrates were simply prepared using the established method.® The solubility of the substrates
in 2-methyl-2-propanol was high. All the following reactions were carried out in anhydrous 2-methyl-2-

propanol. In the same manner,

many proline containing peptides
were prepared using esters of N-
protected amino acid esters or
peptide as acyl donors and L- or
D-Pro derivatives as nucleophiles.
Table 1 shows the reaction

conditions and the results of each

Yield of Moz-Phe-Pro-NH2 (%)

0-4

synthesis. The physical properties
0 0.5 1 25 10
of the products were confirmed by

mp, amino acid analysis of peptide Concentration of water present in reaction solution (%)

hydrolysate, and '"H-NMR spectra.
Figure 1. The yields of Moz-Phe-Pro-NH v.s. various concentration of
The yield of the reaction was water in an alcalase-catalyzed peptide-bond formation in 2-
methyl-2-propanol at 25 C.

dependent on the structure of the

acyl-donor. When the acyl donor had Phe at the S,-subsite, the yield of the product obtained was higher
than when the acyl donor had Ala at the S, -subsite. Using peptides as acyl donors the yield was higher than
when using amino acid derivatives. The reaction was not affected by the stereochemistry of the nucleophiles;
using either derivatives of L-proline or D-proline as a nucleophile in reaction, the yields of the products
were the same. The C-terminal protecting group of the proline could affect the reaction yield. The nucleophile
with OBzl as C-terminal protecting group, the yield was higher than the nucleophile with amide at C-terminal.
We reasoned that the hydrophobic substrate was more acceptable as a nucleophile than the hydrophilic
one. We also found that the contaminants in the alcalase solution would affect the yield of the reaction.
When the alcalase was prepared by pre-dialysis in phosphate buffer (pH 6.2) containing 0.1% of calcium

chloride for 48 hous and then precipitation with 2-methyl-2-propanol, most of the contaminants in the

nutrition broth were removed by this process. With the same substrates, using the prepared enzyme in the
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reaction, the yield was increased from 30-40% to 83-86%. (entry 8, & 10). Cbz-Ala-Pro-OBzl and

Cbz-Lys(TFA)-Pro-OBzl are precusors of the designed inhibitors of angiotensin converting enzyme that

currently widely used.’

In conclusion, proline derivatives have been used as acyl donors to synthesize proline containing

peptides catalyzed by thermolysin.'® This report is the first case that proline was used as a nucleophile to

synthesize proline containing peptides. Using alcalase that was pre-dialysised to removed contaminants

gave the best yield. The yield of the reaction was dependent on the concentration of the water present in the

solvent. The higher the water concentration was in the solvent, the lower was the yield. Both L-proline and

D-proline derivatives could be used as nucleophiles in the reaction. Using peptides as acyl donors gave

higher yields than using amino acids as acyl donors. The enzyme has high esterase activity in an organic

solvent and can be obtained inexpensively.
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