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Oligopeptides are becoming increasingly important in view of
their biological activities, which include antibiotic, hormonal,
enzyme inhibitory, immunomodulating, and sensory properties.'
Enzyme-catalyzed peptide synthesis, with its well-documented
advantages,? has attracted much interest as an alternative to
conventional chemical methodologies.> However, in spite of
significant advances made through the application of enzymes in
aqueous organic solvent and especially low-water organic-solvent-
based media* and the successful synthesis of a number of
oligopeptides,® the synthetic usefulness of this approach still
remains rather limited. To a large extent this is due to the low
solubility of many amino acid (AA) derivatives in those organic
solvents which are regarded as being most suitable for the
application of enzymes,® resulting in significantly lower produc-
tivities as compared to solution-phase chemical methodologies.
This communication demonstrates that this inherent limitation
can largely be avoided by performing the reaction in a hetero-
geneous substrate mixture,

Initially, the subtilisin Carlsberg-catalyzed syntheses of the
model dipeptides L-Phe:AANH, from L-PheOEt and L-AANH;
were studied in organic solvents in which the acyl acceptors
L-AANH; were only sparingly soluble. Thus, using equimolar
substrate concentrations of 0.25 M, dipeptide yields of 32 and
33%, 30 and 29%, and 24 and 27% were obtained in dichlor-
omethane and ethyl acetate using L-LeuNH,, L-MetNH,;, and
GlyNH, as acyl acceptors, respectively. It was found that neither
the kinetics nor the yields were significantly affected when the
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Figure 1. Enzymaticsynthesis of L-Phe:-LeuNH;catalyzed by immobilized
subtilisin (Table I, note a). Homogeneous: A, 15 mM substrates in
dichloromethane containing 0.25% v/v water: ®, 100 mM substrates in
acetonitrile containing 3.5% v/v water. Heterogeneous: O, 250 mM
substrates indichloromethane containing 0.5%v /v water, with L-LeuNH,
largely suspended:; A, equimolar mixture of substrates, no solvent added:
O, equimolar mixture of substrates containing 10% w/w of triethyle-
neglycol dimethyl ether (TGDME).

syntheses were performed in heterogeneous suspensions as
compared to homogeneous solutions (Figure 1).” Furthermore,
it was possible to totally dispense with the requirement for a bulk
solvent and to perform the reactions in equimolar mixtures of
substates consisting of solid L-AANH), dispersed in liquid L-Phe-
OEt. Under these conditions, immobilized subtilisin catalyzed
the above reactions, and dipeptide yields of 83, 75, and 36% were
obtained using L-LeuNH;, L-MetNH;, and GlyNH; as acyl
acceptors, respectively. Using this methodology, productivities
of 0,.36~0.81 g/g of reaction mixture were obtained for these
dipeptides, as compared to 0.015-0.030 g/g typically obtained
in solution or suspension, even at substrate concentrations as high
as 0.25 M,

We then investigated the more general situation where both
substrates were solids in the pure state. It was found once again
that immobilized proteases catalyzed the required reactions in
equimolar mixtures of the substrates, provided that the substrates
formed eutectic mixtures® or that small amounts of organic
adjuvants® were added, A wide range of inert organic liquids
could be used as adjuvants, including hydrocarbons, alcohols,
ketones, alkyl and aryl esters, linear polyethers, alkoxyalkyl esters,
and polyols. In order to establish whether catalysis took place
in the liquid or the solid state, the subtilisin- and a-chymo-
trypsin-catalyzed synthesis of N-TFAc-L-Tyr-GlyNH, from
N-TFAc-L-TyrOEt and GlyNH; was studied. Both of these
substrates were solids, and mixtures of these did not form eutectics.
In the absence of adjuvant, no reaction was observed, whereas
upon the addition of 30% w/w of 2-methoxyethyl acetate,
dipeptide yields of 36 and 55% were obtained for subtilisin and
a-chymotrypsin, respectively, indicating that liquid-phase catalysis
was involved.’

Finally, the synthetic utility of this methodology was confirmed
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Table I. Protease-Catalyzed Synthesis of Oligopeptides
scale yield mp FAB-MS FAB-MS
acyl donor acyl acceptor product? (mmol) (%) °O) [a]200 (M + H)opevd (M + H)cared

PheOEt L-LeuNH; 1 2.6 73 125-126 =229 278.1870 278.1868
PheOEt D-LeuNH, 2 2.6 77 116-118 +43.0 278.1867 278.1868
PheOEt L-MetNH,; 3 2.6 64 148-149 -12.8 296.1421 296.1433
N-CBZ-TyrOEt L-LeuNH,; 44 1.46 56 195-197 -15.0 428.2196 428.2185
N-CBZ-TyrOEt D-LeuNH, 54 1.46 61 120-122 +23.5 428.2191 428.2185
N-CBZ-TyrOEt L-AlaOBn 64 1.46 52 159-161 -13.5 477.2010 477.2025
N-Bnd-PheOEt L-LeuNH; 7 1.42 43 (semisolid) -14.0 366.2216 366.2181
N-Ac-TyrOEt Gly-GlyOEt 8 3.10 44 195-196 +31.9 366.1693 366.1665
N-TFAc-TyrOEt Gly-GlyOEt v 3.10 38 173-175 +21.8 420.1396 420.1382
N-CBZ-TyrOEt Gly-GlyOEt 10/ 3.10 45 169-171 +8.3 458.1941 458.1927

9 Preparations: equimolar quantities of acyl donor and free base of acyl acceptor (1-7) or hydrochloride of acyl acceptor (8—10) were mixed together.
N.N-Diisopropylethylamine, adjuvant, and water were then added to the substrate mixture as required (see below). a-Chymotrypsin (6, 8-10) or
subtilisin Carlsberg (1-5, 7) adsorbed on Celite at a loading of 40 mg/g and 50 mg/g. respectively, as previously described,!? was added to a final
concentration of 200 mg/g, and the mixture was incubated in an open vial at 37 °C for 60 h. Products were purified by reverse-phase low-pressure
liquid chromatography on Sorbsil RP18/C200 using a methanol-water gradient. Satisfactory elemental analyses (£0.6% for C, H, N) were obtained
for all products. In addition, all products were fully characterized by 400-MHz 'H NMR and 100-MHz 3C NMR spectroscopy. ® ¢ = 1.0, MeOH.
<8 keV Xe, glycerol matrix. 4 10% w/w of TGDME was added to the reaction mixture. In the absence of adjuvant, yields of 47, 53, and 44% were
obtained for 4, 8. and 6. respectively. ¢ 5% w/w of TGDME was added to the reaction mixture. A yield of 35% was obtained in the absence of adjuvant.
/15% w/w of TGDME, 6% w/w of water, and 1 equiv of N,N-diisopropylethylamine was added to the reaction mixture. In the absence of adjuvant,
yields of 38, 30. and 33% were obtained for 8, 9, and 10, respectively. In the absence of water, yields were below 10%. Full experimental details are

available in the supplementary material.

by the preparation of a range of di- and tripeptides, including the
N-terminal and C-terminal fragments of enkephalin, in overall
yields of 38-77% (Table I). In conclusion, this work clearly
demonstrates that subtilisin and a-chymotrypsin can be suc-
cessfully used for synthetic purposes in heterogeneous mixtures
of substrates, This methodology offers a high productivity,
approaching the theoretical maximum, together with the high
specificity associated with biocatalysis.

Supplementary Material Available: Experimental procedures
and characterization data for compounds 1-10; photographs
showing equimolar mixtures of N-TFAc-L-TyrOEt and GlyNH,
(Plate A) and N-TFAc-L-TyrOEt and GlyNH; with 30% w/w
2-methoxyethyl acetate (Plate B); Figure 1, showing the ratioed
absorbance spectra of the eutectic liquid phase at selected time
intervals (12 pages). Ordering information is givenonany current
masthead page,



