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Asymmetric catalytic hydrogenations of the entitled compounds were carried out over palladium on
charcoal in various solvents to afford N-[(S)-lactoyl]-(S)-proline esters with a d.e.(=diastereoisomeric excess) of
up to 59%. The stereochemistry of the catalytic hydrogenation was explained by the ““chelation mechanism.”
And the effects of temperature and bulkiness of the ester groups on the asymmetric induction were also described.

Many studies on homogeneous asymmetric reac-
tions have been reported!-? and the stereochemical
models of those asymmetric inductions have been
proposed. Prelog’s model? and Cram’s model? are
typical examples. However, there are few general
stereochemical models to explain the mechanism of
the asymmetric induction in the heterogeneous
hydrogenations. A hypothesis which explains the
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Fig. 1. Chelation mechanism in the catalytic hydro-
genations of pyruvamides. R, is bulkier than Rg.

stereochemistry of the heterogeneous catalytic hydro-
genations of a-keto acid derivatives was proposed.?
We speculated a five-membered cyclic intermediate
with the palladium catalyst as shown in Fig. 1. Many
experimental results have supported the hypothesis
which was named ‘“‘chelation mechanism’5:9 as a
general model for asymmetric induction in the
heterogeneous catalytic hydrogenations of a-keto acid
derivatives.

In the previous papers,-® the steric courses of
asymmetric catalytic hydrogenations of several chiral
pyruvamides over palladium on charcoal have been
explained by the “chelation mechanism.”’5:6 Of these
asymmetric catalytic hydrogenations, the pyruvam-
ides which contain amino acid esters as chiral sources
gave low asymmetric yields[diastereoisomeric excess
(d.e.)<24%).? Those low asymmetric yields seemed to
be caused by the free rotation around the N-C bond
between the amide nitrogen and chiral carbon (Fig. 1).
Thus, there would be several possible ‘“‘chelation
intermediates” which took different conformations,
and a mixture of these conformers was catalytically
hydrogenated to afford lower d.e.
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In this paper, we wish to report the catalytic Table 1. Solvent Effect on the Catalytic Hydrogenations

hydrogenations of pyruvamides having the N-C bond of Substrates 5a—d at 30 °C
which does not rotate. We chose N-pyruvoyl-(S)- 00 OH O

. _ _ . _ . “g Hz/Pd-C é I
proline esters (methyl=Me, ethyl=Et, isopropyl=Pr, CH4-C-C- CH;-CH-C-N
t-butyl=Bu?) as the substrates for the asymmetric (5) Neoor ) Yoor

catalytic hydrogenations. The N-pyruvoyl-(S)-proline
Chemical d.e.?)

esters?:19 were prepared by the manner as shown in R Confign.» Solvent(e)» 9% 19, Confign.®

Scheme 1. Substrates 5a—d were hydrogenated in %
various solvents (methanol=MeOH, ethanol=EtOH, Me S MeOH(33) 100 56 S
isopropyl alcohol=PriOH, t-butyl alcohol=Bu'OH, s EtOH(25) 99 50 S
ethyl acetate=AcOEt, and tetrahydrofuran=THF) at N PrtOH(20) 80 49 s
30 °C over palladium on charcoal. The hydrogena- s Bu*OH(12) 49 51 N
tions in MeOH, EtOH, PriOH were carried out at N THF(8) 5 49 N
different temperatures (—30, —10, +10, +30, 50 °C). S AcOE(6) 6 48 s
The diastereomeric mixtures of the hydrogenation Et S MeOH 100 58 S
products[N-lactoyl-(S)-proline esters] were separated ) EtOH 71 56 S
to each diastereomer by a gas chromatography S PriOH 75 50 s
equipped with a chiral glass capillary column S Bu'OH 18 51 S
(Chirasil-Val).1? Those diastereomers were identified S THF 6 55 §
by comparing the retention times with those of the N AcOEt 11 52 N
authentic lactamides which were prepared separately  pg¢ S MeOH 98 57 S
from (S)-lactic acid[or (R,S)-lactic acid] and corre- S EtOH 85 51 S
sponding proline esters with dicyclohexylcarbodi- S PriOH 92 49 s
imide as described in the literature.l? S Bu‘OH 89 47 S
S THF 75 48 S
Results and Discussion S AcOEt 76 45 S
Substrates 5a—d were hydrogenated over 5% pal- BY S MeOH 93 51 S
ladium on charcoal to give diastereomeric mixtures § Et?H 86 48 s
of lactamides 6a—d using various solvents at 30°C g gr‘gll-_ll gg g g
as shown in Scheme 1. The results of the catalytic e TIII-IF 15 43 pe

hydrogenations are shown in Table 1. All the cata-
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Fig. 2. Solvent effect on d.e. of hydrogenation products.
Solvent: A, AcOEt; B, THF; C, Bu*OH; D, Pr‘OH; E, EtOH; F, MeOH.
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The values of the d.e. of the asymmetric catalytic
hydrogenations in Table 1 were plotted against the
dielectric constants of the solvents used for the hy-
drogenations in Fig. 2. In most cases, the d.e. of the
hydrogenation products were slightly higher in the
solvents with higher dielectric constants than in the
solvents with lower dielectric constants. The values
of the d.e. were plotted against the bulkiness of
R(Me<Et<Pri<Bu!) as shown in Fig. 3. Substrate
5b gave higher d.e. than 5a. Substrate 5c¢ gave
slightly lower d.e. than 5b. Substrate 5d gave the
lowest d.e. In all solvents used, substrates 5a—d
gave (S,S)-lactamide in excess over (R,S)-lactamide
with rather higher d.e. (up to 58%) than N-pyruvoyl-
(S)-amino acid esters used in the previous study.®
These results suggested that the fixation of the
N-C bond gave stable conformers to make the d.e. of
the resulting (S,S)-lactamide higher.
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Fig. 3. Effect of bulkiness of substituent group on d.e.
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There are two possible steric courses (A and B)
through which substrates give (S,S)-lactamides in
excess in the catalytic hydrogenations (Fig. 4). In the
first step (A-1) of the steric course A, the two carbonyl
groups take a s-trans conformation owing to their
electrostatic repulsion, and the amide bond formed by
pyruvic acid and proline ester moieties take a cis!®
conformation as shown in Fig. 4. The substrate
molecule taking this conformation would be adsorbed
on the palladium surface at the less bulky side of the
molecule and be hydrogenated from the catalyst side
to give (S,S)-lactamide. Thus, in the steric course A,
the substrate molecule would be hydrogenated
through one step adsorption on the palladium surface
and then be hydrogenated. However, this steric course
A seemed to contribute little to the asymmetric
induction, because A-1 would be unstable due to the
steric repulsion between CH3C=0 and COOR group
binding to the chiral center.

The steric course B which is the ‘“‘chelation
mechanism’’ could explain the stereochemistry of the
catalytic hydrogenations as follows. In the first step
(B-1), the substrate molecule would stand on the
catalyst surface by the two carbonyl oxygens which
take a s-cis conformation, and the amide bond would
be trans!® as shown in Fig. 4. This is the “chelated
intermediate.” In the second step(B-2), the inter-
mediate would then be adsorbed at the less bulky side
of the substrate on the catalyst. And the substrate
molecule would be hydrogenated from the catalyst
side to give (S,S)-lactamide in excess. Thus, in the
steric course B, the ‘‘chelated intermediate’” would be
formed first between the substrate molecule and the
palladium catalyst and then hydrogenated. Thus, the
steric course B could explain the experimental results
that (S,S)-lactamide was obtained in excess over (R,S)-
lactamide with the fairly high d.e. (39—59%).

However, while the d.e. of the hydrogenation
products would increase with the increase of the
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Fig. 4. Possible steric cuorses in the hydrogenations of substrates 5a—d.
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bulkiness of the ester moiety, acturely the d.e.
decreased a little in the hydrogenations of substrates
5¢,d (R=Pr, Bu*) as shown in Fig. 3. This could be
due to the larger steric repulsion between the ester
moiety of substrate 5¢ or 5d and the catalyst surface.
Thus, the steric repulsion would inhibit the forma-
tion of the “chelated intermediate.”” And the molecu-
lar model of these substrate supported this possibil-
ity. Therefore, as the R group becomes larger, the
proportion of the substrate molecule which takes other
conformation as C-1 on the catalyst increased to give
(R,S)-lactamide.  And the d.e. of (S,S)-lactamide
in the hydrogenation of substrates 5¢,d might slightly
drcrease.

The hydrogenations of substrates 5a—d were per-
formed in MeOH, EtOH, and PriOH at various

[Vol. 60, No. 1

temperatures. The results of these hydrogenations
are shown in Table 2. Substrates 5a—c gave similar
d.e. at each temperature in each solvent. Substrate
5d gave slightly higher d.e. at lower temperatures.
The d.e. from 5d reached to 59% (S,S) at —30°C.
From the experimental results described above, we
could conclude that the asymmetric induction of
substrates 5a—d would be explained by the chela-
tion mechanism. And these experimental results
might be useful to speculate the steric course of other
heterogeneous asymmetric hydrogenation reactions.

Experimental

The melting points were uncorrected. Optical rotations
were measured with a Jasco DIP-181 Digital polarimeter.

Table 2. Temperature Effect on the Catalytic Hydrogenations of Substrates 5a—d

00 OH
H“Q IR u IY
(8) Neoor ($) Neoor
R Confign.» Solvent Tem;:zaturc 2::;:7;/:1 d‘z D Confign.®)
Me S MeOH —30 85 45 S
N MeOH +10 100 56 S
S EtOH —10 88 51 S
S EtOH +30 99 50 S
S PriOH —-30 50 49 M
N PriOH +10 87 50 S
S PriOH +30 80 49 S
Et S MeOH —10 84 51 S
S MeOH +30 100 58 S
S EtOH —-30 46 42 S
S EtOH +10 70 55 S
S EtOH +50 70 47 S
N PriOH —10 97 52 S
S PriOH +30 75 50 S
Prt S MeOH —30 97 34 S
S MeOH +10 100 47 S
N EtOH —30 100 42 N
N EtOH +10 100 44 S
S EtOH +50 99 46 S
S PriOH —30 93 41 S
N PriOH +30 92 49 S
S PriOH +50 73 34 N
Bu® N MeOH -30 94 58 S
S MeOH —10 100 53 N
S MeOH +30 93 51 A}
A EtOH —-30 94 59 S
N EtOH +10 100 48 S
S EtOH +50 60 45 S
N PriOH —-30 71 50 N
§ PriOH —10 78 45 S
N PriOH +30 68 42 S

a) Configuration of the chiral sources. b) Diastereoisomeric excess.

moiety.

c) Configuration of the newly formed chiral
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The gas chromatographic analyses were carried out with a
Hitachi 163 gas chromatograph, and the peaks on the
chromatograms were integrated with a Shimazu C-R3A
Chromatopac. NMR spectra were measured with a Hitachi
R-24 High Resolution NMR spectrometer. IR spectra were
measured with a Hitachi 260-50 infrared spectrometer.
Palladium on charcoal(5%) was purchased from Nippon
Engelhald.

Materials. N-Benzyloxycarbonyl-(S)-proline t-Butyl Es-
ter (2):14:1®  The compound 2 was prepared from N-benzyl-
oxycarbonyl-(S)-proline(Mp 73.5—74.5°C [a]® —38.0°
(¢ 1.09, MeOH)) and isobutene in dichloromethane in
the presence of H2SO4. Yield, 93%. Mp 40—41°C. [a]¥
—45.3° (¢ 1.00, AcOEu).

(S)-Proline Methyl, Ethyl, and Isopropyl Ester Hydro-
chloride (3a—c): These compounds 3a—c were prepared by
the esterification of 1 with HCI in the corresponding
alcohols (MeOH, EtOH, and PriOH).

(S)-Proline t-Butyl Ester (3d): N-Benzyloxycarbonyl-(S)-
proline t-butyl ester 2 (2.08 g, 6.8 mmol) was hydrogenated
in ethyl acetate in the presence of 5% palladium on charcoal.
After the catalyst was removed off, the filtrate was evap-
orated in vacuo to give an oily product. This oil was
redissolved in ethyl acetate and was used for preparation of 5d.

N-Pyruvoyl-(S)-proline Methyl Ester (5a):? (S)-Proline
methyl ester hydrochloride (3a) (3.03g, 20 mmol) was
liberated with triethylamine (1.76 g, 20 mmol) and was
coupled with pyruvic acid (4) by using dicyclohexyl-carbo-
diimide (4.54g, 22 mmol) in ethyl acetate in the presence
of N-hydroxysuccinimide (2.76 g, 24 mmol). The reaction
was carried out for two hours at 0°C and for 24h at
room temperature. After usual work-up, an oily crude
product was obtained and was purified with silica-gel
column chromatography (eluting solvent: benzene-ethyl
acetate (12:1)) to give 1.29 g oil (32%). [a]¥ —76.5° (¢ 1.25,
EtOH). 'HNMR (CCly) 6=1.50—2.50 (4H, br), 2.35 (3H,
d), 3.64 (3H, s), 3.50 (2H, t), 4.75 (1H, br). IR: 1630, 1700,
1730 cm=!. Found: C, 54.65; H, 6.83; N, 6.76%. Calcd for
CoH1sNOu4: C, 54.26; H, 6.57; N, 6.73%.

N-Pyruvoyl-(S)-proline Esters 5b—d.? Substrates 5b—d
were prepared by the similar method to prepare 5a. The
physical data are shown as follows: 5b. [@]] —75.5° (¢ 1.22,
EtOH). 'H NMR (CCls) 6=1.25 (3H, t), 1.50—2.50 (4H, br),
2.30 (3H, d), 3.60 (2H, br), 4.05 (2H, br), 4.70 (1H, br). IR,
1630, 1710, 1730 cm~!. Found: C, 56.02; H, 7.13; N, 6.47%.
Calcd for C10H1sNOu4: C, 56.32; H, 7.09; N, 6.56%. 5c. [a]Y
—65.5° (¢ 1.08, EtOH). 'HNMR (CDCls) 6=1.15—1.30
(6H, dd), 1.80—2.25 (4H, br), 2.32—2.38 (3H, d), 3.40—3.90
(2H, br), 4.20—4.50 (1H, br). IR, 1620, 1700, 1710 cm™!.
Found: C, 57.88; H, 7.60; N, 6.22%. Calcd for C12H19NOx:
C, 58,13; H, 7.54; N, 6.16%. 5d. [a]lf —71.4° (c 1.07, AcOEL).
'H NMR (CDCls) 6=1.44 (9H, s), 2.07 (4H, br), 2.40 (3H, d),
3.50—3.83 (2H, br), 4.60—4.83 (1H, br). IR, 1640, 1720—
1740 cm~!. Found: C, 59.81; H, 8.11; N, 6.08%. Calcd for
CisH21NOu«: C, 59.73; H, 7.93; N, 5.80%.

Catalytic Hydrogenations of Substrates 5a—d. Substrates
5a—d (0.10 mmol) were dissolved in 5 ml solvents (MeOH,
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EtOH, PriOH, BwwOH, THF, and AcOEt) in the presence
of 20mg of 5% palladium on charcoal and were hydro-
genated at 30°C. After 2—7d hydrogenations, the catalyst
was filtered off and the filtrate was evaporated in vacuo to
give an oily product. Chemical yields and d.e. (=diastereo-
isomeric excess) of the hydrogenation products were deter-
mined by using gas liquid chromatography. Catalytic hy-
drogenations of 5a—d at some different temperatures (—30,
—10, +10, and +50°C) were also carried out by the
same manner.

N-Lactoyl-(S)-Proline Ester 6a—d. Authentic N-lactoyl-
(S)-proline esters were prepared from (S)-lactic acid[or (R,S)-
lactic acid] and the corresponding (S)-proline esters as
described in the literatuere.1?

Gas Liquid Chromatographic Analyses. All the diaster-
eomer mixture of the hydrogenation products were not
derivatized and directly separated to each diastereomer by
using a Hitachi gas chromatograph with a fused glass
capillary column (Chirasil-Vall? 25mX0.25mm 1D.)
which was purchased from Alltech Associates, Inc. Applied
Science Labs. 1160015 U.S.A. Carrier gas was helium. The

column temperature during the analyses was 170°C
(constant). Flame thermionic detector was used for these
analyses.

References

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

2) D. Valentine, Jr. and J. W. Scot, Synthesis, 1978, 329.

3) V. Prelog, Helv. Chim. Acta, 36, 308 (1953).

4) D.]J. Cram and F. A. Abd. Elhafez, J. Am. Chem. Soc.,
74, 5828 (1950).

5) K. Harada and K. Matsumoto, J. Org. Chem., 32, 1794
(1967); K. Harada, Asymmetric Catalytic Hydrogenation,
“Asymmetric Synthesis,” ed by J. D. Morrison, Academic
Press, New York (1985), Vol. 5, pp. 345—383.

6) K. Harada and T. Munegumi, Bull. Chem. Soc. Jpn.,
57, 3203 (1984), cited therein.

7) K. Harada, T. Munegumi, and S. Nomoto, Tetra-
hedron Lett., 22, 111 (1981).

8) K. Harada and T. Munegumi, Bull. Chem. Soc. Jpn.,
56, 2774 (1983).

9) B. W. Bycroft and G. R. Lee, J. Chem. Soc., Chem.
Commun., 1975, 988. ) '

10) K. Soai, K. Komiyama, H. Hasegawa, and A. Ookawa,
J. Chem. Soc., Chem. Commun., 1982, 1282; K. Soai and H.
Hasegawa, J. Chem. Soc., Perkin Trans. 1, 1985, 769.

11) H. Frank, G. J. Nicholson, and E. Bayer, J.
Chromatogr., 146, 197 (1978).

12) T.Munegumi and K. Harada, J. Chromatogr., 291, 354
(1984).

13) D. E. Dorman and F. A. Bovey, J. Org. Chem., 38, 2379
(1973).

14) W. Brenner and W. Huber, Helv. Chim. Acta, 36, 1109
(1953).

15) R. W. Roeske, J. Org. Chem., 28, 1251 (1963).






