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Calcd for C;H,3CLNO,S: C, 52.64; H, 3.82; N, 4.09. Found: C,
52.38; H, 3.34; N, 3.88.

2-(Ethylthio)-6-chloro-4-(3-(trifluoromethyl)phenyl)-1,4-
dihydropyridine-3,5-dicarboxaldehyde (9d, R! = Et): eluant,
hexane—ethyl acetate (7:3); 77% yield; solid foam; IR (KBr) 3200,
2705, 1657, 1612 ecm™; UV 248, 269, 360, 450 nm (e 14 100, 12 300,
5880, 3470); 'H NMR (300) 6 1.31 (t, 3 H, J = 7.4 Hz), 2.83-2.98
(m, 2 H), 7.36-7.54 (m, 4 H), 9.85 (s, 1 H), 10.10 (s, 1 H). Anal.
Caled for CygH;;CIF;NO,S: C, 51.13; H, 3.48; N, 3.72. Found:
C, 51.19; H, 3.83; N, 3.72.

2,6-Bis(phenylthio)-4-(3-(trifluoromethyl)phenyl)-1,4-di-
hydropyridine-3,5-dicarboxaldehyde (10d, R! = Ph). Thio-
phenol (0.25 mL, 0.24 g, 2.2 mmol) dissolved in dry THF (5 mL)
was added dropwise to a stirred suspension of sodium hydride
(0.210 g, 2.2 mmol; 50% in mineral oil) in the same solvent (5 mL)
maintained in a dry nitrogen atmosphere. After 10 min, a solution
of 4d (0.350 g, 1 mmol) in THF (5 mL) was added, and the solution
was stirred for 3 h. The reaction mixture was worked up as
described above for the mono(ethylthio)compounds. The crude
product was purified by column chromatography on silica gel (20
g) using hexane—ethyl acetate (3:1) as the eluant. The bis(phe-
nylthio) compound was obtained as a yellow solid (0.348 g, 75%
yield) which, after crystallization from dichloromethane-hexane,
had mp 144-145 °C: IR 3441, 1651, 1633, 1597 cm™}; 'H NMR
(300) 6 5.34 (s, 1 H), 7.18-7.56 (m, 14 H), 10.08 (s, 2 H). Anal.
Caled for CygH sF 30,8, C, 62.76; H, 3.64; N, 2.81. Found: C,
62.56; H, 4.01: N, 2.52.
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The isokinetic {enthalpy—-entropy) relationship defined
by the linear equation for organic reactions has been
discussed in detail by Leffler.! About 100 organic reac-
tions have been classified on the basis of the correlation
between the isokinetic temperature (8) and the average
value of the experimental temperature (7).

We have attempted to clarify the interrelation between
the 8 value and the reaction field for the hydrolytic
cleavages of p-nitrophenyl esters. In the course of our
study on isokinetic discrimination in relation to the 8 value
the following interesting results were obtained: (a) In the
hydrolysis of various phenyl esters catalyzed by L-histidine
derivatives and hydroxamic acids, the correlation between

(1) Leffler, J. E. J. Org. Chem. 1955, 20, 1202.
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Figure 1. Temperature dependence of enantioselectivity for the
hydrolysis of D(L)-S,; catalyzed by Z-PheHisLeu (0) and My-
rHisLeu (@) in the coaggregate composed of 59 mol % 2C,Br/41
mol % CTAB at pH 7.6 (0.2 M Tris-KCl buffer) in 3% (v/v)
CH,;CN-H,0; [catalyst] = 2 X 10 M, [substrate] = 1 X 10° M,
[2CBr] =1 x 10° M, [CTAB] =7 X 104 M.

8 and T could be grouped into 8 > T for the micellar
system, 3 < T for the vesicular system, and 8 > T for the
macromolecular system.23 (b) The enantioselective hy-
drolysis of the long-chain substrate was governed by the
entropy of activation, and this was different from the en-
thalpy-driven hydrolysis of the short-chain substrates.* (c)
The entropy-driven vesicular systems were changed to be
enthalpy driven by the addition of cholesterol®® or micellar
surfactants.%’

In this paper, we demonstrate the discrimination of the
reaction field of micelles, vesicles, and coaggregates com-
posed of 59 mol % ditetradecyldimethylammonium
bromide (4, 2C,Br)/41 mol % hexadecyltrimethyl-
ammonium bromide (5, CTAB) on the basis of 8 in the
enantioselective hydrolysis of p-nitrophenyl N-(benzyl-
oxycarbonyl)-D(L)-phenylalaninates (la, D(L)-ZS) and
N-dodecanoyl-D(L)-phenylalaninates (1b, D(L)-S;,) cata-
lyzed by L-histidine derivatives (IN-(benzyloxycarbonyl)-
L-phenylalanyl-L-histidyl-L-leucine (2a, Z-PheHisLeu),
N-(benzyloxycarbonyl)-L-phenylalanyl-L-histidine (2b,
Z-PheHis), N-tetradecanoyl-L-histidyl-L-leucine (3a, My-
rHisLeu), and N-tetradecanoyl-L-histidine (3b, MyrHis)).
Moreover, the interrelation between the 8 values and the
molecular location of catalysts in the coaggregates com-
posed of 59 mol % 2C;,Br/41 mol % CTAB will be dis-
cussed.

Results and Discussion

Temperature Dependence of Enantioselectivity.
The morphology of the coaggregates composed of 59 mol
% 2C.,Br/41 mol % CTAB was found to be spherical
single- and double-walled vesicles by electron microscopy
and light-scattering measurements.? The temperature
dependence of enantioselectivity (reflected in kL, jpeq/

kP, ohea) for the hydrolysis of D(L)-Sj, catalyzed by Z-
PheHisLeu and MyrHisLeu in the coaggregates is shown
in Figure 1. It is noteworthy that the pronounced maxima

(2) Ueoka, R.; Matsumoto, Y.; Furuya, Y.; Shiraishi, M. Nippon Ka-
gaku Kaishi 1983, 1412,

(3) Matsumoto, Y.; Ueoka, R. Bull. Chem. Soc. Jpn. 1983, 56, 3370.

(4) Ueoka, R.; Matsumoto, Y.; Kikuno, T.; Okada, K. J. Mol. Catal.
1983, 18, 267.

(5) Ueoka, R.; Matsumoto, Y. J. Org. Chem. 1984, 49, 3774.

(6) Ueoka, R.; Matsumoto, Y.; Nagamatsu, T.; Hirohata, S. Tetrahe-
dron Lett. 1984, 1363.

(7) Ueoka, R.; Matsumoto, Y. J. Synth. Org. Chem., Jpn. 1984, 42,
1088.

(8) Ueoka, R.; Matsumoto, Y. Moss, A. R.; Swarup, S.; Harada, K.;
Sugii, A.; Kikuchi, J.; Murakami, Y. J. Am. Chem. Soc. 1988, 110, 1588,
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of enantioselectivity were observed (Y, gpsq/ % s obsa = 37
and 9 in the case of Z-PheHisLeu and MyrHisLeu, re-
spectively) at 15 °C. On the other hand, the crystalline
gel-liquid crystalline phase transition temperature (7T) of
the 59 mol % 2C,,Br/41 mol % CTAB coaggregates in the
0.2 M Tris-KCI buffer solution was determined to be 14
°C by using a differential scanning calorimetry (DSC).
That is, the optimum temperature for the enhancement
of enantioselectivity was in good harmony with the
phase-transition temperature of the reaction field.

Figure 2 shows the temperature dependence of enan-
tioselectivity for the hydrolysis of D(L)-S;, catalyzed by
Z-PheHisLeu and MyrHisLeu® in the 2C,,Br vesicular
systems. Interestingly, the optimum temperature (25-30
°C) for the highest enantioselectivity in both catalytic
systems (kY, opea/kPaobea = 27 at 30 °C and 11 at 25 °C in
the 2C,,Br + Z-PheHisLeu and 2C,,Br + MyrHisLeu
systems, respectively) was observed to be somewhat higher
than the T, (16 °C)!0 of the 2C,,Br vesicles. It is obvious
from Figures 1 and 2 that the enhancement of enantiose-
lectivity for the hydrolysis of enantiomeric substrates
should be more sensitive to T of the coaggregates com-
posed of 59 mol % 2C,,Br/41 mol % CTAB as compared
with that of 2C,,Br vesicles.

Isokinetic Temperatures. The activation parameters
(AG*, AH?, and AS*) were calculated according to eq 1.

AG* = 2.303RT(ET /hkoopet) = AH* - TAS* (1)

where k and h stand for the Boltzmann and Plank con-
stants, respectively. The linear relationships between the
free energy of activation (AG*) and the absolute temper-
ature (7) obtained in this study are shown in Figure 3.

Isokinetic relationships appear to hold for the hydrolysis
of D(L)-ZS and D(L)-S;; in the coaggregates composed of
59 mol % 2C,,Br/41 mol % CTAB. For example, Figure
3 also shows the linear relationship between AH* and AS*
for the hydrolysis of D(L)-ZS and D(L)-S;, catalyzed by
MyrHis. The correlation coefficients in the relationships
between AH* and AS* were estimated to be more than 0.99
for the hydrolysis in all the catalytic systems employed.
The isokinetic temperature (3) was evaluated by eq 2.

AH* = AH,* + BAS* 2)

where AH,* is simply the intercept of AH* corresponding
to AS* = 0. The T, of 2C,,Br vesicles and coaggregates
composed of 59 mol % 2C,,Br/41 mol % CTAB was de-
termined to be 16 and 14 °C, respectively, by DSC. Here,
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Figure 2. Temperature dependence of enantioselectivity for the
hydrolysis of D(L)-S,, catalyzed by Z-PheHisLeu (0) and My-
rHisLeu (®) in the 2C,,Br vesicular systems at pH 7.6 (0.2 M
Tris-KCl buffer) in 3% (v ! v) CHyCN-H,0; [catalyst] = 3 X 107
M, [substrate] = 1 X 10> M, [2C,,Br] =1 X 10 M.
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Figure 3. Linear correlations between AG* and absolute tem-
perature and isokinetic relationship for the hydrolysis of L-S;,

(0), D-S;; (@), L-ZS (0), and D-ZS (@) catalyzed by MyrHis in
the coaggregate composed of 59 mol % 2C,,Br/41 mol % CTAB.
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Table I. Isokinetic Temperature®

catalytic system 8, K T, K

2C,Br Z-PheHisLeu 3521 306
MyrHisLeu® 287 + 2 303

59 mol % 2C,,Br Z-PheHisLeu 443 + 20 296
41 mol % CTAB Z-PheHis 426 + 13 296
MyrHis 440 £ 9 296

MyrHisLeu 384 £ 4 296

CTAB Z-PheHisLeu 419+ 19 298
MyrHis® 363 + 14 300

¢The error limits were obtained by the standard error treat-
ment. Conditions: pH 7.6, 0.2 M Tris-KCl buffer, 3% (v/v) CH,-
CN-H,0. ®See ref 6.

we would like to discuss the hydrophobic microenviron-
ment of the reaction field in relation to the 8 value on the
basis of k, e values for the hydrolysis in the liquid-
crystalline states, that is, at temperatures above the T,
values. The 8 values obtained are summarized in Table
L.

It is known that hydrophobic interactions are mainly
entropy driven while lyophobic ones are mainly enthalpy
driven.!"2  On the basis of the 8 value in connection with
T (average value of experimental temperature), it can be
presumed that the hydrolysis catalyzed by MyrHisLeu in
the 2C,,Br vesicular system may be governed by the en-

(9) Ueoka, R.; Matsumoto, Y.; Nagamatsu, T.; Hirohata, S. Chem.
Lett. 1984, 583.

(10) Okahata, Y.; Ando, R.; Kunitake, T. Ber. Bunsenges. Phys. Chem.
1981, 85, 789.

(11) Nemethy, G. Angew. Chem., Int. Ed. Engl. 1967, 6, 195; Ann. N.
Y. Acad. Sci. 1969, 155, 492.

(12) Overberger, C. G.; Glowaky, R. C.; Vendewyer, P.-H. J. Am.
Chem. Soc. 1973, 95, 6008,
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Figure 4. Schematic representation of molecular location of
reactants in the coaggregates composed of 59 mol % 2C,,Br/41
mol % CTAB.

tropy of activation, that is, T (303 K) exceeded 3 (287 K).
On the other hand, the hydrolysis in the coaggregates
composed of 59 mol % 2C,,Br/41 mol % CTAB may be
governed by the enthalpy of activation, that is, 8 (384-443
K) exceeded T (296 K). These results suggest that the
hydrophobic microenvironment of the coaggregates com-
posed of 59 mol % 2C,,Br/41 mol % CTAB might be
softer than that of the pure 2C,Br vesicles.

Furthermore, interestingly, the correlation between g8
and T was 8 > T and 8 > T for the catalytic system of
MyrHisLeu and the others (Z-PheHisLeu, Z-PheHis, and
MyrHis), respectively. This difference in 8 values between
the catalysts of MyrHisLeu and the others would be at-
tributed to the difference in the location of a His unit (an
active site) in the catalysts. The location of catalysts
including a His unit in the coaggregates can be drawn
schematically as shown in Figure 4. It is deduced that
the location of a His unit in MyrHisLeu would be deeper
from the surface of coaggregates than that in Z-PheHisLeu,
Z-PheHis, or MyrHis. Thus, the first examples of phys-
icochemical discrimination of the molecular location in the
reaction field on the basis of isokinetic parameters were
proposed.

In conclusion, (a) the pronounced maximum of enan-
tioselectivity was attained at T, for the hydrolysis of the
long-chain substrates (D(L)-S;) in the coaggregates com-
posed of 59 mol % 2C,Br/41 mol % CTAB; (b) on the
basis of the 8 value, the hydrophobic microenvironment
of coaggregates composed of 59 mol % 2C;Br/41 mol %
CTAB was suggested to be fairly soft, and furthermore,
the location of a His unit in the catalysts employed could
be established to depend on the catalysts’ frameworks.

Experimental Section

Materials. p-Nitrophenyl N-(benzyloxycarbonyl)-D(L)-
phenylalaninate (D(L)-ZS (1a)), p-nitrophenyl N-dodecanoyl-b-
(L)-phenylalaninate (D(L)-S;, (1b)), N-tetradecanoyl-L-histidyl-
L-leucine (MyrHisLeu (3a)), N-tetradecanoyl-L-histidine (MyrHis
(3b)), and ditetradecyldimethylammonium bromide (2C,,Br (4))
were prepared by the reported procedure.® N-(Benzyloxy-
carbonyl)-L-phenylalanyl-L-histidine (Z-PheHis (2b)) was prepared
by reactions of N-hydroxysuccinimide esters of N-(benzyloxy-
carbonyl)-L-phenylalanine with histidine.!®>  N-(Benzyloxy-
carbonyl)-L-phenylalanyl-L-histidyl-L-leucine (Z-PheHisLeu (2a))
was obtained from Bachem and was used without purification.
Commercially available hexadecyltrimethylammonium bromide
(CTAB (5)) was recrystallized from an anhydrous ethanol-ether
mixture.

(13) Thara, Y.; Kunikiyo, N.; Kunimasa, T.; Kimura, Y.; Nango, M,;
Kuroki, N. J. Chem. Soc., Perkin Trans. 2 1983, 1741,

0022-3263/90/1955-5799802.50/0

Kinetic Measurements. Rates of p-nitrophenol liberation
from p-nitrophenyl esters were measured at 400 nm with a Hitachi
150-20 UV spectrophotometer. The reaction obeyed the usual
pseudo-first-order rate law, and the apparent second-order rate
constant (k, qpeq) for the hydrolysis of an ester substrate was
evaluated by eq 3. where k, and k, refer, respectively, to the

ks,obsd = (kt - ks)/[nUdeOphile]O (3)

oberved first-order rate constants for the hydrolytic cleavage
(hydrolysis) of D(L)-ZS and D(L)-S;; with and without an nu-
cleophile and [nucleophile], indicates the initial nucleophile
concentration.

The clear stock solutions were prepared by dissolving both
nucleophile and surfactant in Tris-KCl buffer with sonication
(Braun Sonic Model B 3200 apparatus, 90 W) at 50 °C for 1 h.
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Selective reduction of one carbonyl group in the presence
of other such groups with a minimum of damage to the
sensitive portions of a molecule is an important synthetic
operation.! This frequent requirement has stimulated
considerable interest, leading to the development of new
reagents and new methods for such selective reductions.?
The selectivity is generally achieved by the use of modified
hydride reagents which are formed by the replacement of
hydride with sterically bulky substituents or electron-
withdrawing groups in order to discriminate between the
structural or electronic environments of the carbonyl
groups.'’> We describe herein a convenient and efficient
methodology for the selective reduction of saturated ke-
tones and conjugated aldehydes over conjugated enones
using zinc borohydride without any modification. Al-
though zinc¢ borohydride has been used for the specific
reduction of carbonyl groups in a number of cases,’ to the

(1) (a) House, H. O. Modern Synthetic Reactions, 2nd ed.; W. A.
Benjamin, Inc.: New York, 1972. (b) Brown, H. C. Boranes in Organic
Chemistry; Cornell University Press: Ithaca, NY, 1972. (c) Walker, E.
R. H. Chem. Soc. Rev. 1976, 5, 23. (d) Hudlicky, M. Reductions in
Organic Chemistry; Ellis Horwood Limited: Chichester, England, 1984.

(2) (a) Ward, D. E; Rhee, C. K.; Zoghaib, W. M. Tetrahedron Lett.
1988, 29, 517. (b) Maruoka, K.; Araki, Y.; Yamamoto, H. J. Am. Chem.
Soc. 1988, 110, 2650. (c) Yoon, N. M,; Park, K. B.; Gyoung, Y. S. Tet-
rahedron Lett. 1983, 24, 5367. (d) Gemal, A. L.; Luche, J. L. Tetrahedron
Lett. 1981, 22, 4077. (e) Andrews, G. C. Tetrahedron Lett. 1980, 21, 697.
(f) Fung, N. Y. M.; de Mayo, P.; Schauble, J. H.; Weedon, A. C. J. Org.
Chem. 1978, 43, 3977. (g) Posner, G. H.; Runquist, A. W.; Chapdelaine,
M. d. J. Org. Chem. 1977, 42, 1202. (h) Maki, Y.; Kikuchi, K. Tetrahe-
dron Lett. 1977, 263. (i) Krishnamurthy, S.; Brown, H. C. J. Org. Chem.
1977, 42, 1197. (j) Yamamoto, Y.; Toi, H.; Sonoda, A.; Murahashi, S.-I.
J. Am. Chem. Soc. 1976, 98, 1965. (k) Gribble, G. W.; Ferguson, D. C.
J. Chem. Soc., Chem. Commun. 1975, 535. (1) Sell, C. S. Aust. J. Chem.
1975, 28, 1383. (m) Hutchins, R. O.; Kandasamy, D. J. Am. Chem. Soc.
1973, 95, 6131. (n) Haubenstock, H.; Quezada, P. J. Org. Chem. 1972, 37,
4067. (o) Haubenstock, H. . Org. Chem. 1972, 37, 656. (p) Wilson, K.
E.; Seidner, R. T'.; Masamune, S. J. Chem. Soc., Chem. Commun. 1970,
213. (q) Zderic, J. A.; Iriarte, J. J. Org. Chem. 1962, 27, 1756. (r) Cocker,
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