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Hydrogenolytic asymmetric transaminations between (R)-2-amino-2-phenylethanol and 2-keto acids were
carried out over Pd catalyst in the absence or presence of various amount of sodium hydroxide in water or

alcohols.
in the reaction mixture.

The stereoselectivity of the reaction was significantly influenced by the amount of sodium hydroxide

When pyruvic acid was used in water the optical purity of alanine was 22% ee (R) and
in 1 M (1 M=1 moldm~-3) sodium hydroxide solution it was 62% ee (S).

When 2-oxobutyric acid was used in

ethanol in the absence and presence of sodium hydroxide (1M), the optical yields of 2-aminobutyric acid were 2%

ee (R) and 81% ee (S), respectively.

In contrast, the addition of sodium hydroxide had little or no effect on the

stereochemistry of the reaction using (S)-a-methylbenzylamine as a chiral source in aqueous or ethanolic

solution.
examined in aqueous or ethanolic alkaline solution.

The substituent, additive, temperature, and solvent effects on the asymmetric reactions were
Based on these experimental results, a possible explana-

tion for the change in stereoselectivity by using sodium hydroxide is discussed.

There have been many studies on the hydrogeno-
lytic asymmetric transamination between chiral
amines or amino acid derivatives and 2-keto acids or
their esters, and some of them have been explained by
the chelation mechanism.1-#

In the previous study,® a hydrogenolytic asymmet-
ric transamination between pyruvate and (R)-2-
amino-2-phenylethanol (la) in organic solvent was
carried out. The configuration of the resulting
amino acid was (S), and its optical purity increased
with the decrease of the polarity of the solvent used.
Such an effect and also substituent effect on the ster-
eoselectivity were explained by the chelation
mechanism.

In the present study, hydrogenolytic asymmetric
transaminations between 2-keto acids and la were
carried out in aqueous and alcoholic alkaline solu-
tions (Scheme 1). As a result, we found that (S)-
selectivity increased by the addition of sodium hydrox-
ide. This result could not be explained by the chela-
tion mechanism, because (S)-selectivity should be
decreased with the increase of the solvent polarity.

Figure 1 shows the results of the preliminary experi-
ments of hydrogenolytic asymmetric transamination
between pyruvic acid and la in the mixtures of
methanol or ethanol and 1 M of aqueous NaOH (1
M=1 moldm=3). With the increase of the content of
1 M NaON, the optical purites of the products (52,
57%) decreased and reached a minimum (8,13%) with a
33% content of 1 M NaOH and then increased (61,

62%).

Figure 2 shows the result of the experiments carried
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Fig. 1. Asymmetric hydrogenation in a mixture of
alcohol and 1M NaOH agq.

out in the mixtures of water and methanol in various
ratios at certain alkali concentrations. It was found
that the addition of sodium hydroxide increased the
optical yeild of the product, while an increase of water
content decreased the optical purity. It was therefore
concluded that the increase of (S)-selectivity in the
reaction was mainly due to sodium hydroxide.
Catalytic Hydrogenation in Aqueuous Solution.
Asymmetric transaminations between la and pyruvic
acid or 2-oxobutyric acid were carried out in aqueous
solution containing various amounts of sodium
hydroxide (Fig. 3). The optical yield of the products
increased considerably by the addition of sodium
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Fig. 2. Asymmetric hydrogenation in a mixture of
MeOH and water in the presence of different
amount of NaOH.

hydroxide. When the amount of sodium hydroxide
was zero or small, (R)-product was obtained in excess.
With an increase of sodium hydroxide, the configura-
tion of the product inverted from (R) to (S), and the
optical purity of the product increased to 62% ee
(alanine) or 54% ee (2-aminobutyric acid) at 1 mmol of
sodium hydroxide. By further increasing the amount
of sodium hydroxide, the optical yield decreased
slightly.

In order to examine whether the hydroxyl group of
the chiral source was involved or not in the improve-
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Fig. 3. Effect of NaOH on the optical yield of the

asymmetric transamination in aqueous solution.

ment of the optical yield in alkaline solution, (S)-a-
methylbenzylamine (1b) was used as a chiral source, in
which the hydroxymethyl group of 1a is replaced with
a methyl group. The addition of sodium hydroxide
had no significant effect on the stereochemistry of the
catalytic hydrogenation with 1b (Table 1, Fig. 3).
This result suggested that the hydroxyl group plays an
important role in determining the steric course of the
reaction in the presence of sodium hydroxide.

Table 2 shows the effect of various additives on the
optical purity of the product obtained in aqueous
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Table 1. Effect of NaOH on Asymmetric Hydrogenation in Aqueous Solution
R in Asymmetric NaOH Amino acid Chem.y. Opt.y.
RCOCOOH moiety (mmol) formed (%) (% ee)
R=CHs3 la 0 Ala 41 22 (R)
0¥ 35 33 (R)
0.37 36 11 (S)
0.5 37 40 (S)
0.73 35 54 (S)
1.0 34 62 (S)
1.46 27 61 (S)
1.0” 29 61 (S)
1b 0.1 Ala 49 11(S)
0.37 43 9(S)
A 1.0 47 3(S)
R=CH:CH3 la 0 But 54 28 (R)
0.37 48 10 (R)
0.73 34 29 (R)
1.0 34 54 (S)
1.46 29 47 (S)

a) Pd-C was washed well with water before use. b) The starting mixture was stirred without
NaOH, and NaOH was added just before hydrogenation reaction.
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Fig. 4. Temperature effect on the optical yield of
asymmetric transamination in aqueous alkaline
solution.

solution. When alkali halides or triethylamine were
added to the reaction mixture, the (S)-product was
obtained in a small excess. The effects of potassium
hydroxide and lithium hydroxide were similar to that
of sodium hydroxide. When NaCl or urea was added
together with sodium hydroxide, the optical yield was
lower than that with sodium hydroxide alone. These
results indicated that the effect of sodium hydroxide
on optical yield is mainly caused by hydroxide ion.

The temperature effect was examined by the use of
pyruvic acid (Fig. 4). The temperature dependence
on the optical yield was not high. This result was
apparently different from that with phenylglycine,
in which the optical yield decreased with increase of
the temperature.

Table 2. Effect of Additives on Asymmetric
Hydrogenation in Aqueous Solution®

Additives Chem.y.” Opty.” .

(1 mmol) %) (% ce) ~ Confign
— 41 14 (R)
NaCl 17 2 (S)
KBr 19 19 (S)
Triethylamine® 46 2 (S)
Triethylamine 36 11 (S)
NaOH 34 62 (S)
LiOH 36 55 (S)
KOH 37 63 (S)
NaOH+NaCl 22 23 (S)
NaOH+Urea? 24 29 (S)

a) The reaction was carried out with la and pyruvic
acid. The asymmetric hydrogenation was performed
with various additives. b) Chemical yields of alanine
were starting from pyruvic acid. c¢) Optical yields
were determined by GLC-method. d) 0.36 mmol of
additives were used.

Table 3. Asymmetric Transamination Using Several «-
Keto Acids® in Aqueous Alkaline Solution

a-keto acids ~ Amino acids Chem.y. Opt.y.” Confign

formed (%) (% ee)
CH3CCO:H Ala 38 64 (S)
CH:CH:CCOH  But 29 54 (S)
e}
@gCHZCOZH Phe? 10 10 (S)
@—gcozﬂ Ph-Gly? 18 19 (R

a) Asymmetric hydrogenation was carried out in aque-
ous alkaline solution (NaOH, 1 mmol). b) Optical
yields were determined by GLC-method. c¢) Trace
amount of hexahydrophenylalanine or a-cyclo-
hexylglycine was also formed.
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Table 4. Effect of NaOH on the Asymmetric Hydrogenation in Ethanolic Solution

Rin Asymmetric NaOH Amino acid Chem.y. Opt.y.(% ee)
RCOCOOH moiety (mmol) formed (%) GLC-method DNP-method
R=CHj la - Ala 44 48 (S)

0.37 43 51 (S)” 49 (S)
0.73 42 76 (S)
1.0 40 85 (S)” 82 (S)
1.5 41 84 (S)
R=CH>CH3s la S But 69 2(R)
0.37 58 6(R)" 5 (R)
0.73 38 70(S)
1.0 35 87(S)” 87 (S)
1.5 30 82(S)
1.07 19 81(S)
1b 0.37 But 40 35 (R)
0.73 31 28 (R)
1.1 16 21 (R)

a) EsN (1 equiv mol, 0.37 mmol) was added to the reaction mixture.
the averages of the results from independent experiments.

b) These values were
¢) The reaction was carried out in

the presence of NaOH (1 mmol) and NaCl (0.5 mmol).

The substituent effect was examined by the use of
several 2-keto acids in the presence of sodium hydrox-
ide (Table 3). When pyruvic acid, 2-oxobutyric acid,
and phenylpyruvic acid were used, the optical purities
were 62, 54, and 11% ee (S), respectively. When ben-
zoylformic acid was used, the configuration of the
product was inverted. The selectivity of (S)-product
decreased in the order of CH3->CH3CHz->PhCH2-
>Ph-. This order agreed with the effective bulkiness
of R group of 2-keto acids.?

Catalytic Hydrogenation in Ethanolic Solution.
In order to examine the alkali effect in ethanol, the
reaction was performed in ethanol containing various
amounts of sodium hydroxide using pyruvic acid and
2-oxobutyric acid (Table 4, Fig. 5). When pyruvic
acid was used in the absence of sodium hydroxide (1
equiv mol of triethylamine was used in the reaction),
the optical yield of alanine was 48% ee (S). With the
increase of the amount of sodium hydroxide, the opti-
cal purity increased to 85% ee (S). When 2-oxobutyric
acid was used in the absence of sodium hydroxide, (R)-
2-aminobutyric acid was favored slightly. Addition
of sodium hydroxide resulted in the inversion of con-
figuration of the product, and a sudden increase in the
selectivity of (S)-configuration was observed. When
1 mmol of sodium hydroxide was used, (S)-2-amino-
butyric acid was obtained in an optical yield of 87% ee.
In the reaction with 2-oxobutyric acid, the chemical
yields decreased with increasing amount of sodium
hydroxide.

When (S)-a-methylbenzylamine was used in the
reaction with 2-oxobutyric acid, the configuration of
the product was (R). The addition of sodium
hydroxide had little effect on the optical yield in
contrast to the result with la. These results clearly
indicate that the hydroxyl group in the substrate is
involved in the stereochemistry of the reaction.
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Fig. 5. Effect of NaOH on the optical yield of the

asymmetric hydrogenation in ethanolic solution.

In Table 4, the optical yield of the products were
further confirmed by DNP method. The optical
yields determined by GLC method were in good agree-
ment with those by DNP method.

The effect of substituents in 2-keto acids was exam-
ined. The reaction was carried out using several 2-
keto acids in the presence of 1 mmol of sodium
hydroxide in ethanol. The results are shown in
Table 5. When 2-oxobutyric acid was used, the opti-
cal yield of the resulting 2-aminobutyric acid was
similar to that with pyruvic acid. The selectivity of
(S)-product was as follows CH3->C2Hs->PhCHz2-
>Ph-.
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Table 5. Asymmetric Transamination with Several a-Keto
Acids in Ethanolic Alkaline Solution®
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Table 6. Effect of Triethylamine on the Asymmetric
Hydrogenation in Ethanolic Solution

: . Amino acids Chem.y. Opt.y.” . Rin EtsN® Amino acid Chem.y. Opt.y.
a-Keto acid formed (%) (% ee) Confign RCOCOOH  (mmol) formed (%) (% ee)
CH;CCO:H Ala 42 85 (S) R=CHj3 0.37 (1.0) Ala 4 48(S)
I 0.73 (2.0) 40 47(S)
CHsCH:CCO:H  But 33 86 (S) 11 (3.0) 38 519
I R=CH;CHs 0.37 (1.0) But 69 2 (R)

0.73 (2.0) 50 4(R)

O- Ciiyge0zH Phe 17 17 (S) 11 (3.0) 49 1(R)

@-gCOZH

a) The asymmetric hydrogenation was carried out in
ethanolic alkaline solution (NaOH, 1 mmol). b) The
optical yields were determined by GLC-method.
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Fig. 6. Effect of solvent on the optical yield of asym-
metric hydrogenation in the presence of NaOH.

The solvent effect on the asymmetric transamina-
tion in the presence of 1 mmol of sodium hydroxide is
shown in Fig. 6. When methanol was used as the
solvent, the optical purity of the (S)-product was
slightly lower than that with ethanol. When iso-
propyl alcohol or s-butyl alcohol was used, the optical
yield of the reaction was much lower than that with
ethanol. The order of the optical purity with these
alcohols is: EEOH>MeOH>:-PrOH>s-BuOH. And
this order was not consistent with the order of the
polarity of the solvent.

The temperature effect on the optical yield of the
reaction of 2-oxobutyric acid with 1a is shown in Fig.
7. The plots of the optical yield versus temperature
gave a bell-shape profile with a maximum at 30 °C.

In order to examine whether the optical yield was
influenced by bases other than sodium hydroxide, the
reactions were carried out in the presence of different
amounts of triethylamine (Table 6). The change of
the amount of triethylamine had no effect on the
optical yield with pyruvic acid or 2-oxobutyric acid in
the range of 0.37 to 1.1 mmol, although chemical

a) The values in parentheses were equivalent mol of
triethylamine to starting 2-keto acids.
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Fig. 7. Temperature effect on the optical yield of the
asymmetric hydrogenation in ethanolic alkaline
solution.

yields decreased with the increase of triethylamine.

Experimental

The amino acid analyses were performed with a Yanagi-
moto LC-5S and Durrum model 500. The gas chromato-
graphic analyses were carried out with a Hitachi 163 type
gas chromatograph. Chirasil-Val glass capillary column
was purchased from Applied Science Laboratories, Inc.,
U.S.A. The specific rotations were measured with a
JASCO DIP-181 type polarimeter using a 50 mm cell. (S)-
Methylbenzylamine (1b) was purchased from Aldrich Chem-
ical Co., Inc. and distilled under nitrogen before use (1b;
[a]p —42.6, benzene).”? (R)-2-Amino-2-phenylethanol (la)
was synthesized from (R)-phenylglycine as described pre-
viously® (la; [a]p —26.4, benzene). Palladium on charcoal
(5% Pd-C) was obtained from Nippon Engelhard, Inc. Pal-
ladium hydroxide on charcoal was prepared according to
the method of Hiskey and Northrop.®) Pyruvic acid and 2-
oxobutyric acid were distilled before use.

General procedure of the hydrogenolytic asymmetric trans-
amination was as follows: Compound la (50 mg, 0.365
mmol) and 2-keto acid (0.365 mmol) were dissolved in 1 ml
of water or alcohol containing a given amount of sodium
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hydroxide. The mixture was stirred under nitrogen for 12
h to form corresponding Schiff base. Asymmetric hydroge-
nation was carried out by using 5% Pd-C (100 mg) at 30°C
under 1 atm of hydrogen for 3 days. The catalyst was
removed by filtration and washed with a small volume of 3
M HClL. The solution was evaporated to dryness, and the
residue was dissolved in about 3 ml of water. After the pH
of the solution was adjusted to 4.5 with sodium hydrogen-
carbonate, hydrogenolysis was performed with Pd(OH)z on
charcoal (200 mg) at room temperature under 3 atm of
hydrogen for 12 h or under 1 atm for 4 days. The catalyst
was removed by filtration and washed with a small volume
of 3 M HCIL. The solution was evaporated to dryness and a
small portion of the aqueous solution was applied to an
amino acid analyzer to determine the chemical yield of the
resulting amino acid. The optical purities of amino acids
were determined by gas chromatographic analysis with a
chiral column (GLC-method). Some of the values (Table
4) were confirmed by polarimetry after DNP-ylation.

Determination of Optical Purity. 1) GLC-method—The
synthesized amino acid, not isolated, was esterified by reflux
with isopropyl alcohol saturated with HCI gas and then
trifluoroacetylated with trifluoroacetic anhydride in dichlo-
romethane. The derivatives were applied to gas chromato-
graph equipped with Chirasil-Val,® (0.3 mm 1i.d.X25 m).
The column temperature was raised from 90 to 150°C at a
rate of 4°Cmin-1. The gas chromatographic analysis was
repeated three times each and the peaks were integrated with
a Hitachi 834-30 chromato-processor.

i1) DNP-method—The dinitrophenylation of amino acids
was carried out as described in the earlier paper. The DNP-
derivatives of the amino acids were purified with thin layer
chromatography. The specific rotations of the purified
DNP-amino acids were measured in 1 M NaOH. The
following values were used as the specific rotations of opti-
cally pure DNP-amino acids; DNP-(S)-alanine, [a]p—143.9
(1 M NaOH); DNP-2-aminobutyric acid, [«]p—98.8 (1 M
NaOH).” When the DNP-method was used for determin-
ing the optical yield, the reaction was carried out in ten-fold
scale of the standard procedure described above.

Discussion

There have been many studies on the asymmetric
transamination, but few dealing with the effect of
alkali.® Alkali effects on the stereoselectivity have
been studied on the hydrogenation of C=C or C=0
double bond over Pd,10-16) although the mechanism of
the effect have not been fully clarified. It was also
reported that the hydroxide ion has strong affinity to
Pd surface,!” and that hydroxide ion adsorbed on the
Pd catalyst.1V

Based on the experimental results and the examina-
tion with molecular model, a possible steric course for
the catalytic hydrogenation in the absence or presence
of sodium hydroxide are discussed below. Possible
mechanism for the hydrogenation in aqueous and
alcoholic solutions.

In the absence of sodium hydroxide, the hydroxyl
group of the substrate could have low affinity with the
catalyst. Under these conditions, the preferred con-
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formation of the substrate on the catalyst in aqueous
solution was thought to be A, which would lead to
(R)-configuration (Fig. 8). In the presence of alkali,
the hydroxyl group of the substrate could interact
with hydroxide ion adsorbed on the catalyst, presuma-
bly by the formation of hydrogen bond. Conse-
quently, the prefered conformation in the adsorption
step was assumed to be B, in which the carboxyl group
would be placed away from hydroxymethyl group
owing to steric repulsion. (S)-Product is expected to
form through structure B. This hypothetical mecha-
nism is supported by the fact that the selectivity of the
(S)-product of the reaction decreased with the increase
of the bulkiness of the alkyl group of 2-keto acids
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HOCHz'-;L NaOH Ph----‘---~CH20H
N
o N
/ R _ _
(R) 0 NaOH o—~o > (s)
(A) (B)
I
H
~00C
e
HE 2
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Fig. 8. Possible conformation in the catalytic
hydrogenation in aqueous solution in the absence
and presence of NaOH.
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Fig. 9. Possible conformations of the substrate in
the absence and presence of NaOH in alcoholic
solvent.
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(Table 3). The decrease of the optical yield by addi-
tion of NaCl together with sodium hydroxide could be
caused by the replacement of hydroxide ion with
chloride ion on the catalyst surface (Table 2).

When the amount of sodium hydroxide was none or
small in alcoholic solution, the experimental results
could be interpreted by the chelation mechanism (Fig.
9).127  When pyruvic acid was used, conformation C
was thought to be preferable,® which would lead to
the (S)-product.

In the presence of alkali, the preferred conformation
of the substrate was thought tobe D. This conforma-
tion is similar to the conformation B except that the
proton of hydroxyl group in asymmetric moiety is
dissociated and that the distance between the substrate
and the catalyst surface is shorter. In this conforma-
tion, the carboxyl group is apart from the alkoxide
anion by steric and electrostatic repulsion. When 2-
oxobutyric acid was used, the relative bulkiness of the
R group increase compared with that of pyruvic acid.
However, the carboxyl group is thought to be placed
away from alkoxide anion as in the conformation D
owing to the electrostatic repulsion. That may be a
reason why the optical yield with 2-oxobutyric acid
was similar to that with pyruricacid. When benzoyl-
formic acid was used, the (R)-product was preferably
obtained. The inversion of the configuration was
explained by the dominant steric repulsion between R
and alkoxide anion over the electrostatic repulsion
between carboxylate and alkoxide anion.

It was also shown that the optical yield was lower in
less polar solvent such as :-PrOH and s-BuOH than
that in more polar solvents. This result may be due
to the difference of the solvation ability of these alco-
hols to the alkoxide anion. The stabilization of
alkoxide ion by the solvation may not be sufficient in
less polar solvents.

The examination of the temperature effect showed
that the peak of the optical yield was at around 30 °C.
This result might related to the fact that the dissocia-
tion is generally accelerated by a rise of the tempera-
ture to some extent and decrease at higher tempera-
ture.1®

In summary, it was found that the preferred confor-
mation of the substrate in aqueous or alcoholic solu-
tion changed by the modification of the Pd catalyst
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surface with hydroxide ion. The hydroxyl group of
the substrate also played an important role on the
adsorbed stage on the catalyst-in the hydrogenation
process. The alkali concentration effect, additive
effect, temperature effect, substituent effect in the
hydrogenolytic asymmetric transaminations in both
aqueous and alcoholic solutions support the possible
mechanism presented for the hydrogenation in the
presence of sodium hydroxide.

References

1) K. Harada and Y. Kataoka, Tetrahedron Lett., 1978,
2103, and the references cited therein.

2) K. Harada, T. Munegumi, and S. Nomoto, Tetrahed-
ron Lett., 22, 111 (1981).

3) J. D. Morrison and H. S. Mosher, “Asymmetric
Organic Reactions,” Prentice-Hall, Inc., New Jersey (1971),
Chap. 7.

4) D. Valentine, Jr., and J. W. Scott, Synthesis, 1978,
329.

5) S. Mitsui and Y. Imai, Nippon Kagaku Zasshi, 87, 183
(1966).

6) K. Harada and M. Tamura, Bull. Chem. Soc. Jpn., 52,
1227 (1979).

7) K. Harada and K. Matsumoto, J. Org. Chem., 33, 4467
(1968).

8) R. G. Hiskey and R. C. Northrop, Proc. Natl. Acad.
Sci. U.S.A., 83,4798 (1961).

9) H. Fank, G. J. Nicolson, and E. Bayer, J. Chroma-
togr., 146, 197 (1978).

10) R. L. Augustine, J. Org. Chem., 23, 1853 (1958).

11) R. L. Augustine, J. Org. Chem., 28, 152 (1963).

12) R. L. Augustine, D. C. Migliorini, R. E. Fascante, C.
S. Sodano, and M. J. Sisbarro, J. Org. Chem., 34, 1075
(1969).

13) I Jardine, R. W. Howsam, and F. J. Mcquillin, J.
Chem. Soc. C, 1969, 260.

14) F. J. Mcquillin, W. O. Ord, and P. L. Simpson, J.
Chem. Soc., 1963, 5996.

15) S. Nishimura, M. Shimahara, and M. Shiota, J. Org.
Chem., 31, 2394 (1966).

16) S. Mitsui, H. Saito, Y. Yamashita, M. Kaminaga, and
Y. Senda, Tetrahedron, 29, 1531 (1973).

17) A. P. G. Kieboom and F. van Rantwijk “Hydrogena-
tion and Hydrogenolysis in Synthetic Organic Chemistry,”
Delft University Press (1977) pp. 71 and 133.

18) D. H. Everett and W. F. K. Wynne-Jones, Trans.
Faraday Soc., 35, 1395 (1939).






