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The perfect enantioselective catalysis was observed for the
hydrolytic cleavage of p-nitrophenyl N-dodecanoyl-D(L)-phenyl-
alaninates by N-benzyloxycarbonyl-L-phenylalanyl-L-histidyl-L-
leucine in specific co-aggregates composed of a cationic double-
chain surfactant and a cationic, an anionic, or a nonionic single-

chain surfactant.

The stereoselective cleavages of p-nitrophenyl esters derived from N-protected
amino acidsl) 2)
examined to probe the physico-chemical origins of stereoselectivity demonstrated

and oligopeptides in various surfactant aggregates have been
by proteolytic enzymes. From the viewpoint of enantioselectivity, reaction sites
porvided by bilayer membranes are subjected to modification by added choles-
terol3'4) and micellar surfactants3’5) and by temperature regulation6) as well as
by the amino acid sequence of peptide catalysts.s) Very recently, a remarkable
correlation was observed between enantioselectivity or diastereoselectivity and
the apparent mean hydrodynamic diameter of co-aggregates formed with a cationic
double-chain surfactant and a cationic single-chain surfactant, and fairly high
stereoselectivity was attained by adjusting the composition of co-aggregates.7'8)
We have clarified previously the microenvironmental effect of cationic co-
aggregates formed with a double-chain surfactant, ditetradecyldimethylammonium
bromide (2014Br), and a single-chain one, hexadecyltrimethylammonium bromide
(CTABr) , on the enantioselective cleavage of p-nitrophenyl N-dodecanoyl-D(L)-
phenylalaninates [D(L)-Slzl as catalysed by N-benzyloxycarbonyl-L-phenylalanyl-L-
histidyl-L-leucigf (Z-PheHisLeu) . The enantioselectivity (eL/D =
kg,obsd/kg,obsd) reached a maximum value (eL/D = 71) in large rod-shaped
aggregates formed at the composition of 33 mol$% 2C14Br/67 mol% CTABr in 0.08 M
(1 M=1 mol dm™>) Tris buffer (u = 0.08),°’ ) and a smaller but still large
enantioselectivity (eL/D = 52) was observed in large vesicular aggregates formed
at the composition of 59 mol% 2C14Br/41 mol% CTABr under the same medium

conditions. However, the ©1/D value was dramatically raised to 1000 by



1744 Chemistry Letters, 1986

-1 -1
Table 1. Rate Constants (ka,obsd‘/M s 7)
for the Cleavage of L- and D—S12 oo F
in Co-aggregates Composed of
2C14Br and CTABr as Catalysed by j
z-PheHisLeu? Q T
)
(]
[CTABr]+[2Cl4Br] ka,obsd ka,obsd 1000}
(mol%)
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[CTABr] /Mol
a) 25 °C, pH 7.6, 0.02 M Tris buffer(0.02 M (2G,,Br] + ICTABr]
KCl), 3% (v/v) CH,CN-H,0, [subl=1x107> M,  Fig. 1. Enantioselectivity vs. co-
[cat]=5x10-5 M, [2C143r]=lxlO"3 M. aggregate composition:
The rate constants were reproducible O, w=20.02; @, u= 0.08.
within an accuracy of +3%.
b) [CTABr]=3x107> M.
S i
o, N
\!)( >/“\N 7, OH
H
Z-PheHisLeu
CH, (CH.)
3 2 l3~.ﬁ ~
—N(CH,) ,Br
CH3(CH2)13 372
2C14Br
CH, (CH,) | N (CHy) yBr™  CTABr CH3C (CH3) ,CH,C (CHy) z‘O'O*C“zc“zo*9. 57H

Triton X-100

-+
CH3 (CH2) 11504Na SDS

decreasing the ionic strength from 0.08 to 0.02 at pH 7.6 and 25 °C with the

10) Now, our work is directed toward attainment of

latter surfactant composition.
perfectly enantioselective catalysis in various co-aggregate systems.
In the present work, we firstly carried out systematic experiments on the Z-

PheHisLeu-catalysed cleavage of D- and L--S12 by varying the composition of 2C14Br
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Table 2. Rate Constants (ka,obs

/M_ls—l) for the Cleavage of L- and D-S
d

1745

12 in

Co-aggregates Composed of 2C14Br and SDS, or Triton X-100 as Catalysed

by Z-PheHisLeua)

[SDS] L D [Triton X-100] L D
[SDS]+[2C14Br] ka,obsd ka,ObSd [Triton X-100]+[2C14Br] ka,obsd ka,obsd
(mol%) (mol%)
1300 48 0 1300 48
1900 0 20 1300 17
15 1600 0 30 1000 6.4
20 1400 0 40 840 9
25 940 6.2 50 720 g
90 2.6 . 60 630 6.8
100®) 2.7 1.5 80 ) 370 9.3
100° 19 2.2
a) 25 °Cc, pH 7.6, 0.02 M Tris buffer (0.02 M KC1l), 3% (v/v) CH3CN-H20, [sub]l=
1x10”° M, [cat]=5x10—5 M, [2Cl4Br]=lxlO‘ M. The rate constants were

reproducible within an accuracy of +2%.

b) [SDS]=lxlO_2 M.
2

c) [Triton X-100]=3x10"° M.

and CTABr in 0.02 M Tris buffer (p = 0.02 with KCl) at pH 7.6 and 25 °C.
Sonication of co-aggregates was performed before each kinetic run with a Bransonic
12 apparatus for 1 h at 80 W and 50 °C. The kinetic results were summarized in

Table 1. Remarkably enantioselective
catalysis was observed at compositions of
50 mol% 2C14Br/50 mol% CTABr and 33 mol%
2C14Br/67 mol% CTABr, although the
general correlation of enantioselectivity
with the surfactant composition is common
to both reactions carried out at different
ionic strength, 0.02 and 0.087) (Fig. 1).
We further examined the enantioselec-
tive cleavage of D- and L-S,, by Z-PheHis-
Leu in the co-aggregates composed of 2C14Br
and an anionic micellar surfactant, sodium
dodecyl sulfate (SDS) and those of 2C14Br
and a nonionic micellar surfactant, a-[4-
(1,1,3,3-tetramethylbutyl)phenyl]-o-
hydroxypolyoxyethylene (Triton X-100), as
shown in Table 2 and Fig. 2. The note-
worthy aspects with respect to the 2C14Br/
SDS co-aggregate systems are as follows:
(i) the perfect enantioselective catalysis
was observed in the co-aggregate systems
composed of 7-20 mol% SDS. In particular,
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Fig. 2. Enantioselectivity vs. co-

aggregate composition:

o, 2C
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Br and SDS;

®, 2C,,Br and Triton X-100.
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the highest rate enhancement (ki,obSd = 1900 M 1s71) for the cleavage of L-S;, and
no cleavage of D-S12 were observed in the co-aggregate system of 93 mol% 2C14Br/

7 mol% SDS; (ii) both catalytic activity and enantioselectivity were much reduced
in the anionic micellar systems (100 mol% SDS and 10 mol$% 2Cl4Br/90 mol% SDS);
(iii) clear solutions were not obtained in a wide composition range from 26 to

89 mol% with respect to SDS. As for the 2C14Br/Triton X-100 co-aggregate system,
the following facts need to be pointed out: (i) clear solutions were obtained in

a wide composition range except for a limited range, 81-99 mol% with respect to
Triton X-100; (ii) the exclusively preferential cleavage of the L-isomer, kg,obsd
= 840 and 720 M_ls_l, without detectable cleavage of the D-isomer was observed in
the co-aggregate compositions of 40 and 50 mol% with respect to Triton X-100.

It is of interest that the correlation between enantioselectivity and composition
of co-aggregates in the 2C14Br/Triton X-100 system (Fig. 2(@®)) was very similar
to that in the 2C14Br/CTABr system (Fig. 1(0)) and was fairly different from that
in the 2C14Br/SDS system (Fig. 2(0)) under the same reaction conditions of pH 7.6
(0.02 M Tris-KCl buffer) and 25 °C.

In conclusion, it needs to be noted that the perfect enantioselective cataly-
sis by the tripeptide catalyst, Z-PheHisLeu, was observed for the hydrolytic
cleavage of the long-~chained enantiomers, D- and L—Slz, in the specific co-aggre-
gate systems composed of 2C14Br (cationic vesicular surfactant) and one of the
micellar surfactants; cationic CTABr, anionic SDS, and nonionic Triton X-100.

The perfectly steric controlled catalysis in this study is one of beautiful enzyme
models from the point of view of the optimum regulation of hydrophobic reaction

fields in order to discriminate the hydrophobic L-form substrate from the D-isomer.

References
1) R. Ueoka, Y. Matsumoto, Y. Ninomiya, Y. Nakagawa, K. Inoue, and K. Ohkubo,
Chem. Lett., 1981, 785; Y. Ihara, N. Kunikiyo, T. Kunimasa, M. Nango, and
N. Kuroki, Chem. Lett., 1981, 667; Y. Murakami, A. Nakano, A. Yoshimatsu,
and K. Fukuya, J. Am. Chem. Soc., 103, 728 (1981); K. Ohkubo, N. Matsumoto,
and H. Ohta, J. Chem. Soc., Chem. Commun., 1982, 739; K. Kawaguchi,

M. Tanihara, and Y. Imanishi, Polym. J., 15, , 97 (1983).

2) R. A. Moss, T. Taguchi, and G. O. B1221gott1, Tetrahedron Lett., 1982, 1985;
R. A. Moss, Y. -C. P. Chiang, and Y. Hui, J. Am. Chem. Soc., 106, ~7506 (1984).

3) R. Ueoka, Y. Matsumoto, T. Nagamatsu, and S. Hirohata, Tetrahedron Lett.,
1984, 1363.

4) R. Ueoka and Y. Matsumoto, J. Org. Chem., 49, 3774 (1984).

5) R. Ueoka, Y. Matsumoto, and Y. Ihara, Chem. . Lett., 1984, 1807.

6) R. Ueoka, Y. Matsumoto, T. Nagamatsu, and S. Hirohata, Chem. Lett., 1984, 583.

7) R. Ueoka, R. A. Moss, S. Swarup, Y. Matsumoto, G. Strauss, and Y. Murakami,
J. Am. Chem. Soc., 107, 2185 (1985).

8) R. Ueoka, Y. Matsumoto, T. Yoshino, T. Hirose, R. A. Moss, K. Y. Kim, and
S. Swarup, Tetrahedron Lett., 1986, 1183. -1 -1

9) The k, ,pgq Values were evaluated from (ky - k g)/[Cat]  and given in M s 7,
where k and kg denote the first-order rate constants with and without
catalyst, respectively, and [Cat] stands for the initial concentration of
Z-PheHisLeu.

10) R. Ueoka, Y. Matsumoto, T. Yoshino, T. Hirose, J. Kikuchi, and Y. Murakami,
Chem. Lett., 1986, 127.

(Received July 18, 1986)



