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Abstract: This paper describes the use of carbohydrate prolein conjugates of proteases [CPC(proteases)] for the
catalytic formation of peptide bonds. We have found that CPC(proteases) are stable in organic solvents and perform at

truly catalytic lcvels and have demonstrated a basis set of transformations that allow for convergent peptide synthesis.

The discovery of catalysts that can selectively couple unprotected peptide fragments would revolutionize protein
chemistty by allowing convergent polypeptide synthesis.!4  Barriers that limit the use of proteases as catalysts for
convergent peptide synthesis include (i) the stability of proteolytic enzymes in organic solvent systems;3-10 (ii) a simple
and effective C-terminal and N-terminal protecting group strategy; and (iii) the isolation of the polypeptide product from
the reaction mixture.3 In the previous paper we reported the stabilization of enzymes by the covalent attachment of
proteins through their e-lysine residues to a series of carbohydrate-based macromolecules.!! In this paper we report the
use of carbohydrate protein conjugates of proteases [CPC(proteases)] as catalysts for peptide bond synthesis and a
general strategy for convergent oligopeptide synthesis.

We have prepared carbohydrate protein conjugates of a-chymotrypsin [1-CPC(CT)], thermolysin [1 -CPC(Th)l,
and subtilisin BPN' {1-CPC(BPN"] to evaluate the use of these materials as catalysts for the synthesis of peptide bonds
in organic solvents.2 3, 9-12 We choose to use acetonitrile, dioxane and letrahydrofuran as solvents for this chemistry to
demonstrate the catalytic efficiency and generality of the use of CPC(proteases) in organic media and because
oligopeptides are soluble in these solvents or mixtures of these solvents with water (Table I).9m. 13 Entries 1, 2 and 3 of

Table I show that 1-CPC(CT) is catalytically active in these solvents and that high yields of dipeptide can be
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synthesized using 90% acetonitrile containing 5% water and 5% triethylamine. The Vp,,, for the formation of peptide
bonds in acetonitrile is approximately 0.1 - 1 pmol/min/mg of 1-CPC(CT) which is of the same order of catalytic
efficiency as that for the cleavage of peptide bonds in aqueous systems.!4 The other immobilized enzymes, 1-CPC(Th)
and 1-CPC(BPN", could also be used in acetonitrile and acetonitrile-water mixtures with high catalytic efficicncy (Table
1, Entries 4-8).
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Table 1. Peptide Bond Formation Using Carbohydrate Protein Conjugates of o-Chymotrypsin [1e-CPC(CT)], Subtilisin

BPN' [1c-CPC(BPN"], and Thermolysin [ 1¢-CPC(Th)] in Organic Solvenis,

Time Acceptor Donor

Entry Enzyme Solventa  (h)  Amino Acid Aminp Acidb Producte Yield (%)
1 1c-CPC(CT) THF 24  Ac-Phe-OEt Ala-NH, Ac-PheAla-NH, 98
2 1c-CPC(CY) Dioxanc 24 Ac-Phe-OFEtL Ala-NH, Ac-PheAla-NH, 98
3 1e-CPC(CT) CH,CN 12 Ac-Phe-CEt Ala-NH, Ac-PheAla-NH, 100
4 1c-CPC(BPN") CH,CN 24 Chz-I.cuLeu-OMe Pheleu-OBu Cbz-LeuLeuPheLeu-OBu 95
5 1¢-CPC(BPN) CH,CN 24 Cbz-ValLeu-OMe PheLeu-OBu Cbz-ValLeuPheLeu-O:By 90
6 1e-CPC(Th) CH,CN 48  Cbz-Phe-OH Leu-OMe Cbz-PheLeu-OMe 95
7  1e-CPC(Thy  CH,CN 48  Cbz-Phe-OI Leu-OBu Chz-PheLeu-O/Bu 90
8

1¢-CPC(Th) CH,CN 48 Boc-Mctl.cuPhe-OMe  Pheleu-NH, Boc-MetleuPhePhelLeu-NH, 70

{a) Reactions were carried out at 37°C. Eachsolvent, unless nated, contains 5% (v/v) triethylamine and <5% (v/v) water.
{b) Two equivalents of donor amino acid, relative to the acceptor aming acid, were used in each reaction.

(¢) All compounds were fuily characterized by TH and 13C NMR and high resoiution mass spectrometry.
(d) The solvent was distilled from calcium hydride.

The use of CPC-proteases allows for the simple synthesis of dipeptides and their rapid isolation. The coupling of
100 mg (0.42 mmol) of Ac-Phe-OF( and 113 mg (0.90 mmol) of Ala-NH; with 30 mg of 1-CPC(CT) in 10 mL of
acctonitrile with 5% (v/v) of triethylamine and 5% water was carried out at 37 °C in a shaker bath (Table I, entry 3).
The reaction was monitored by HPLC analysis on a Cyy column using a 25% aqueous solution of acetonitrile and 0.1%
trifluoroacetic acid as the mobile phase. After 12 h, the coupling was greater than 99% complete. The solution was
filtered through a 0.2 p membrane filter, the solvent was removed in vacuo, and then redissolved in ethyl acetate. The
organic solution was washed with 0.1 & hydrochloric acid, dried with anhydrous magnesium sulfate, and the solvent
removed in vacuo to give a 97% isolated yield of Ac-PheAla-NH,.15 Entries 6 and 7 of Table I demonstrate the use of
1-CPC(Th) and acceptor groups in the form of a free acid for the synthesis of the peptides Chz-PheLeu-OMe and
Chz-Pheleu-O/Bu.

In order to preparc oligopeptides using convergent methodology, we required a protecting group strategy for the
C-terminus of the peptide fragments.6 We found that rers-butyl esters, which are available directly from solid-phase
peptide synthesis,16 are not substrates for 1-CPC(Th) or 1-CPC(BPN') (Entries 4, 5, and 7).'7 Conversion of the
tert-butyl esters Lo cither the methyl ester (for 1-CPC(BPN") or the {ree acid (for 1-CPC(Th)) provides a simple method
for activation of the peptide for further reaction. We synthesized a tetrapeptide, Cbz-ValLeuPheLeu-O/Bu, to
demonstrate this strategy. One of the required dipeptide fragments was synthesized by the chemical coupling of
Cbz-Val-OH with Leu-OBu using the EDC-HOB1 method 1o give Chz-Vali.eu-OBu in a 50% isolated yicid.1® The

tert-butyl cster was converted quantitatively to the methyl ester, Cbz-ValLeu-OMe, using a catalytic amount of

3 - I.. i

hydrochiotic acid in methanol. The sccond dipepiide fragmeni was syniliesized by i



Cbz-Phe-OH with Leu-OrBu in acetonitrile to give, after hydrogenation, a 92% isolated yield of H;N-PheLeu-O'Bu.
The coupling of these dipeptide fragments using 1-CPC(BPN') as the catalyst in acetonitrile gave the desired tetrapeptide

in a 85% isolated yield for an overall yield of 70% for this convergent synthesis.

Cbz-Val-OH Leu-O'Bu Cbz-Phe-OH Leu-0'Bu
1) HOBT/EDC 1) 1-CPC(Th)
2) H*, MeOH 2) H,,PHC
Cbz-ValLeu-OCH, PhelLeu-OBu
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i 1-CPC(BPN})

Cbz-ValLeuPheleu-O'Bu
We have found that CPC-proteases are stable in organic solvents and catalyze the formation of peptide bonds.

These materials perform at truly catalytic levels, retain their specificity in organic solvents, and allow for the simple
isolation of the product and recovery of the enzyme., We have also demonstrated a basis set of transformations that
allow for convergent peptide synthesis. We are corrently investigating the use of CPC-proteases for the synthesis of

other peptides and proteins,
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