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Diastereoselective Specificity for the Hydrolysis of Dipeptide Esters in Aqueous Media
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The diastereoselectivity for the hydrolysis of p-methoxy-
carbonylphenyl ~ N-(benzyloxycarbonyl)-D({L)-phenylalanyl-L-
leucinate in aqueous solution was inverted by changing
concentrations of the substrates or the reaction temperature. The
monomer-aggregate transition operated on the LL-substrate,
which was suggested by the spectroscopic measurements, seems
to be responsible for such behavior.

The stereochemical control has been recognized to be very
important subject and attracted considerable attention in
connection with, for example, understanding enzyme functions
and creating the corresponding artificial enzymes. In the course of
our study on the enantioselective hydrolysis of amino acid esters
catalyzed by active peptides in micellar, vesicular, and
coaggregate systems, we emphasized that the stereochemical
control could be established by changing amino acid residues
covalently introduced into substrates and catalysts (reactants), and
composition of coaggregates (reaction fields), and by regulating
temperature and ionic strength of reaction media.’

On the other hand, a markedly high stereoselectivity was also
attained for the diastereoselective hydrolysis of dipeptide esters in
aggregate systems™ and cyclodextrins.® Furthermore, we
observed a high DIL-diastereoselectivity for the hydrolysis of
dipeptide esters having two phenylalanines (Phe) without any
catalyst in aqueous solution.””’

In order to gain further insight into the diastereoselective
specificity for the hydrolysis of dipeptide esters, we examined the
effects of amino acid sequence, concentration of substrates, and
reaction tfemperature on the diastereoselective hydrolysis of
dipeptide p-methoxycarbonylphenyl esters (Z-D(L)-Leu-L-Phe-
PMCP and Z-D(L)-Phe-L-Leu-PMCP) having different amino
acid sequences (Phe and leucine : Leu) in aqueous media.?
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R=CH(CH,),, R’=Ph : Z-D(L)-Leu-L-Phe-PMCP
R=Ph, R’=CH(CH,), : Z-D(L)-Phe-L-Leu-PMCP

The concentration dependent hydrolysis of Z-D{L)-Leu-L-
Phe-PMCP and Z-I(L)-Phe-L-Leu-PMCP in an aqueous medium
(20 vol% CH,CN) at 25 °C are shown in Figure 1. The rate
constants (k) for the hydrolysis of Z-D(L)-Leu-L-Phe-PMCP
remained apparently constant, though those for the LL-substrate
were slightly larger than those for the DL-substrate over the
whole concentration range examined. On the other hand, in the
hydrolysis of Z-D{L)-Phe-L-Leu-PMCP, the rate constant for the
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Figure 1. Concentration effects of diastereomeric substrates on rate constant
(k) and diastereoselectivity (k,"*/k,°" or k,”'/k,*) in their hydrolysis studied in
20 vol% CH,CN-H;0 (0.02 mol-dm™ carbonate buffer (pH 9.5)) at 25 °C. Z-
D(L)-Leu-L-Phe-PMCP ; kPU:A, kA, kMDA, Z-D(LyPhe-L-Leu-
PMCP ; k4@, k1O, kPYk - ©.
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Figure 2. Temperature effects on free energy of activation (AG') and
diastereoselectivity (/™ or k. Y/k, ) for the hydrolysis diastereomeric
substrates of in 20 vol% CH,CN-H,0 (0.02 mo}-dm™ carbonate buffer (pH 9.5)).
[substrate]=5.0x10% mol-dm™. Z-D(LyLen-L-PhePMCP ; kA, k1A,
kMk PV A, Z-D(L)-Phe-L-Leu-PMCP ; k" @, kO, £k, VkM™©.
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Figure 3. CD spectra of (A) Z-D-Phe-L-Leu-PMCP and (B) Z-L-Phe-L-
Leu-PMCP in 20 vol% CH,CN-H,0 (0.02 mol-dm™ phosphate buffer (pH 7.4)).
{Z-D(L)-Phe-L-Leu-PMCP]=5.0x 10 mol-dm?.

LI -substrate decreased drastically in the concentration range from
2.7x10° to 3.5%10% mol-dm?, though that for the DL-substrate
remained nearly. As a result, the diastereoselectivity became
favorable for the DL-substrate over the LL-substrate (k,""<k,”") in
the concentration range above 3.5x10° mol-dm®. The result
suggests that the amino acid sequence in dipeptide substrates
must play an important role in governing the diastereospecificity.

The temperature effect on the hydrolysis of Z-D(L)-Leu-L-
Phe-PMCP and Z-D(L)-Phe-L-Leu-PMCP ([substrate]=5.0x10%
mol-dm?) in an aqueous medium is shown in Figure 2. As for the
hydrolysis of Z-D(L)-Phe-L-Leu-PMCP, the inflection range for
the plot of free emergy of activation (AG') versus reaction
temperature for the LL-substrate was observed between 30.0 °C
and 35.0 °C, though a linear relationship between AG* and
temperature was observed for the DL-substrate. Thus, the rate
constant for the hydrolysis of LL-substrate sharply increased and
the diastereoselectivity became favorable for the DL-substrate
over the LL-substrate above 35.0 °C.

In addition, we carmried out spectroscopic measurements to
explore the origin of diastereospecificity and obtained interesting
results. In UV measurements on Z-D(L)-Phe-L-Leu-PMCP in an
aqueous medium, an inflection for the plot of absorbance versus
concentration of the LL-substrate was observed in the
concentration range from 3.0x10° to 3.5x10° mol-dm>.® This
may be attributed to the aggregation of LL-substrates in aqueous
solution in a concentration range above 3.5x10° mol-dm?. As for
CD measurements on Z-D(L)-Phe-L-Leu-PMCP (5.0x10°
mol:dm?) in aqueous solution (Figure 3), the CD intensity for the
LL-substrate sharply changed at 35 °C, though such a specific
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change was not observed for the DL-substrate. This is in good
conformity with the temperature dependent behavior of free
energy of activation for the hydrolysis of Z-D(L)-Phe-L-Leu-
PMCP in aqueous solution. Plausibly, the diastereoseletivity in
the hydrolysis of Z-D{L)-Phe-L-Leu-PMCP must be inverted by
the monomer-aggregate transition for the LL-substrate by
controlling concentration of the substrate and the reaction
temperature.

In conclusion, the diastereoselectivity was observed for the
hydrolysis of Z-D(L)-Phe-L-Leu-PMCP without any catalyst in
aqueous media by controlling concentration of the substrate and
the reaction temperature. The spectroscopic measurments seems
to indicate that this stereospecificity is originated from the
monomer—aggregate transition for the LL-substrate.
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