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Abstract: Immobilized ficin catalyzed the synthesis of peptides between N-protected amino
acids and amino acid esters in ethyl acetate. Under similar conditions N,N-diBoc-L-cystine
was furnished the monopeptidation by controlling the duration of the reaction. The influence of
pH, reaction time and amount of triethylamine on mono-peptidation was also studied.

In recent years enzymatic methodology has been widely used for the synthesis of peptide bonds.!
Enzymatic formation of peptide bonds offers an attractive alternate method to their chemical synthesis.
Ficin a sulfhydryl protease has previously been shown to possess the ability for the hydrolysis of
esters?3 and the formation of peptides.# Recently, we have reported the papain catalyzed synthesis of
unsymmetric cystine peptides.> However, the ficin catalyzed synthesis of peptides in organic solvents
has not been reported. In this paper we disclose the results of our investigations on the immobilized
ficin catalyzed synthesis of peptides in organic solvents. A variety of N-protected amino acids were
incubated with L-tyrosine methyl ester in the presence of ficin immobilized on starch® and obtained the
corresponding dipeptides in reasonable yields (Eq. 1 and Table 1).

P-NH-CHR-CO2H + Et3N Ficin P-NH-CHR-CONHCHR'COOR"
—_— (Eq. 1)
EtOAc + EBNHClI + H20

+ HCI'NH2CHR'COOR™

In a typical experiment, ficin (1 g) was immobilized by mixing with starch (2 g) and a solution of 3M,
pH 5.5, citrate-potassium buffer (1 mL) in a vial and shaking in a incubator at 30°C for 30 min. The salt
of amino acid ester (2 mmole), triethylamine (0.6 mL), ethyl acetate (20 mL) and N-protected amino acid
(2 mmole) were added to a reaction vessel, followed by the above immobilized ficin. The reaction
mixture was incubated at 37°C for 24 hours. The residues were filtered and the filtrates were
concentrated and purified by column chromatography (silica gel, n-hexane:ethyl acetate = 1:1 to ethyl
acetate). All new compounds were characterized by IR, polarimeter and 1H NMR (200 MHz). The
hydrolysis of the newly formed peptide bonds was not observed under these reaction conditions. These
results led us to successfully couple Cbz-L-Asp with L-Phe-OMe to form the dipeptide, the precursor of
aspartame (Table 1, entry 13). The rates of formation of tripeptide or tetrapeptide were slower (Table 1,
entries 15 to 17). Interestingly, transacylation was occurred when Cbz-Gly-Gly was used as a substrate.
The yields of Cbz-Gly-L-Phe-OMe and Cbz-Gly-Gly-L-Phe-OMe amounted to 47 and 4%, respectively.
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Table 1: Immobilized ficin catalyzed formation of dipeptides.

No. | Substrate Nucleophile Time | Yield(%) Product

1 Cbz-L-Ala L-Tyr-OMe 24hr 45.3 Cbz-L-Ala-L-TyrOMe

2 Cbz-L-Asn 24hr 46.5 Cbz-L-Asn-L-TyrOMe

3 Cbz-L-Asp 24hr 82.2 Cbz-L-Asp-L-TyrOMe

4 Cbz-L-Glu 6hr 15 Cbz-L-Glu-L-TyrOMe

5 Cbz-Gly 24hr 61.4 Cbz-Gly-L-TyrOMe

6 Cbz-L-Pro 24hr 0

7 | Cbz-L-Met 24hr 40 Cbz-L-Met-L-TyrOMe

8 |Cbz-L-Ser 24hr 829 Cbz-L-Ser-L-TyrOMe

9 Cbz-L-Thr 24hr 20 Cbz-L-Thr-L-TyrOMe

10 | Cbz-L-Val 24hr 3 Cbz-L-Val-L-TyrOMe

11 JCbz-L-Leu 24hr 30 Cbz-L-Leu-L-TyrOMe

12 ]Cbz-L-Phe 24hr 97.9 Cbz-L-Phe-L-TyrOMe

13 {Cbz-L-Asp |L-Phe-OMe 24hr 84.8 Cbz-L-Asp-L-PheOMe

14 |Cbz-L-Glu ]1-Asn-O'Bu 24hr 26.7 Cbz-L-Glu-L-AsnO!'Bu

15 | Cbz-L-Glu L-Phe-L-LeuNH2 48hr 10.2 Cbz-L-Glu-L-Phe-L-LeuNH?2

16 |Cbz-Gly-Gly|L-Phe-OMe 48hr 46.9 Cbz-Gly-L-PheOMe +
39 Cbz-Gly-Gly-L-PheOMe

17 |Cbz-Gly-Gly|L-Phe-L-LeuNH2 48hr 55.6 Cbz-Gly-L-Phe-L-LeuNH2 +
21.6 Cbz-Gly-Gly-L-Phe-L-LeuNH2

The selective monomedification of a multifunctional molecule is a challenging task especially for a
symmetric one. Cystine-containing peptides are critical for controlling the structure and biological
activity of protein.” In this respect, the synthesis of glutathione analogous® and cystine containing cyclic
peptides? or proteins!? were promoted. However, chemical synthesis of the disulfide bond requires a
special environment and it is extremely difficult to join several disulfide bonds properly.!!-12 The yields
are usually low due to their random choice of partners!3-14 as well as the protection, deprotection and

oxidation of the thiol groups. Separation and purification are often required.

Scheme 1

BOC-C¥S—OH Ficin Boc-Cys-OH TFA/CH,Cl, Cys-OH
—_— ! 1

Boc-Cys-OH  E;N/AA-OR Salt  Boc-Cys-AA-OR Cys-AA-OR

To overcome these problems, preconnected disulfide bond obviously is a better approach. The disulfide
bond can be easily destroyed or oxidized during subsequent peptide coupling and deprotecting steps.
Therefore, the two cysteines need to be differentiated. Chemical synthesis by DCC method!5 generally
gives lower monoamide/diamide ratios than the enzymatic method. Upon coupling an equal molar of
N,N'-diBoc-L-cystine and L-tyrosine methyl ester with DCC for 2 hours resulted in a monoamide/
diamide ratio of 5 to 3. Enzymatic coupling of peptide bonds usually occurs in very mild conditions,
without racemization and with high selectivity. For the differentiation of two cysteines, enzymatic
monopeptidation is a promising alternative. Accordingly, we have studied the monopeptidation of N,N'-
diBoc-L-cystine with L-tyrosine methyl ester by using immobilized ficin as biocatalyst (Scheme I) and
obtained the unsymmetric cystine monopeptide and dipeptide in the ratio of 11:1 (Table 2, entry 1).
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.Previously, a lower ratio of monoarmide/diamide (3.5:1) was obtained by using papain as the catalyst.5
As shown in Table 2, unsymmetric cystine peptides were obtained by monocoupling of diBoc-L-cystine
with different nucleophiles. Most of the non-tyrosine nucleophiles can undergo only mono coupling,
the diamides were not detected. The only exception was tyrosine derivatives. Unlike other amino acid

esters, L-tyrosine esters have a lower monoamide/diamide ratio.

Table 2: Monopeptidation of diBoc-L-cystine with various nucleophiles.

No Substrate Nucleophile Time Yield(%) Products

1 (Boc-L-Cys)2 | L-Tyr-OMe 24hr 93.4 (Boc-L-Cys)2-L-TyrOMe +
(Boc-L-Cys-L-TyrOMe)2

2 L-Tyr-OBn 24hr 94.2 (Boc-L-Cys)2-L-TyrOBn +
(Boc-L-Cys-L-TyrOBn)2

3 L-Phe-OBn 24hr 59.8 (Boc-L-Cys)2-L-Phe-OBn

4 L-Pro-OBn 24hr 0

5 L-Phe-OMe 24hr 57.8 Boc-L-Cys)2-L-Phe-OMe

6 Gly-OMe 24hr 10.5 (Boc-L-Cys)2-Gly-OMe

7 Gly-NHp 24hr 0

8 L-Leu-NH» 24hr 56.3 (Boc-L-Cys)z-L-Leu-NH»

(L-Cysteine)s-L-tyrosine is an important part of the oxytocin-an oxytocic.10 Therefore, the enzymatic
coupling of tyrosine methyl ester with diBoc-L-cystine was studied. We checked the influences of pH,
reaction time and the amount of triethylamine on the yield of the coupling. Best results were obtained
around pH 5.0 to 6.5 and the yields were decreased with the increase in pH to 8.5 (Table 3).

Table 3: The effect of pH and reaction time on the yield and ratio of monoamide to diamide.

\ pH 4.5 5.0 5.5 6.0 6.5 7.5 8.5
Reaction Time

Monoamide 1.3 9.9 14.2 12.2 15.3 12.5 11.5

2hr Diamide
Yield 53.2 69.4 67.9 61.0 69.7 44.5 62.9
Monoamide 10.9 8.7 11.5 1.2 13.0 10.2 10.3

4hr Diamide
Yield 79.7 84.9 86.8 69.6 84.6 534 64.5
Monoamide 10.5 8.5 10.4 10.2 12.2 9.6 10.5

6hr Diamide
Yield 80.8 87.4 88.3 76.0 87.6 56.7 63.3
Monoamide 10.2 6.5 8.8 9.7 10.1 8.4 9.4

24hr Diamide
Yield 87.3 92.5 93.4 89.9 89.2 84.4 76.3

As the duration of the reaction increased. the monopeptidation also increased. Cystine derivatives
slowly decomposed on longer incubations at 37°C. As shown in Table 3, a decent yield was obtained
when the reaction had been operated for 6 hours. The ratio of monoamide to diamide was decreased,
when the yield of the peptide was increased. The monoamidation can be controlled kinetically by using
higher stoichiometric ratio of N.N'-diBoc-L-cystine. At the stoichiometric ratio of 1:1 (N,N-diBoc-L-
cystine to L-tvrosine methyl ester), the best time to stop the reaction is 24 hours.
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We have also observed that the amount of triethylamine has a propound influence on the yield and the
ratio of monoamide to diamide (Table 4). These results show that mono coupling can be achieved by
controlling the amount of triethylamine. At the stoichiometric ratio of 1:2 (L-tyrosine methyl ester to
triethylamine), the yield is significantly better. As the yield of the peptide was increased, the ratio of
monoamide to diamide decreased. By using this enzymatic method, we have differentiated the two
carboxylic groups in the cystine amino acid. Free cystine peptides!7 were obtained after removing the
t-butoxyl group by trifluoroacetic acid (Scheme I). Hydrolysis of benzyl ester or methyl ester by lipase
or esterase can generate free acid. Esterification or peptidation of the free carboxylic group in the cystine
monopeptide by enzymatic or chemical methods will produce a number of unsymmetric cystine
derivatives for the synthesis of cystine-containing peptides.

Table 4: The influence of triethylamine on the yield and ratio of monoamide to diamide.

Tyr-OMe-HCl (Et)sN Yield Monoamide/Diamide

(mmole) (mmole) (%)
2 2 44 .4 243
2 4 88.3 10.4
2 6 389 15.6
2 8 21.7 31.8

In summary, we have enzymatically synthesized dipeptides and disulfide-bridged peptides by using ficin
as a catalyst in organic solvent. Application of these ficin catalyzed reactions may be useful in the
synthesis of a number of biologically active peptides.
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