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Asymmetric Hydrogenation Catalyzed by (Achiral Base)bis(dimethylgly-
oximato)cobalt(II)-Chiral Cocatalyst System?

Seiji TakeucHr* and Yoshiaki OHGO
Niigata College of Pharmacy, 5829 Kamishinei-cho, Niigata 950-21
(Received November 28, 1983)

Chiral tertiary amines with a secondary amide group at a- or B-carbon were prepared, and an asym-
metric hydrogenation of methyl 2-(acetylamino)acrylate and N,N’-dimethyl-5-benzylidenehydantoin catalyzed
by achiral base-coordinated bis(dimethylglyoximato)cobalt(II)-chiral cocatalyst system was examined by using
each of them as the cocatalyst. The enantiomeric excess of N,N’-dimethyl-5-benzylhydantoin reached 79.1%
with (S)-N-[(R)-1-phenylethyl]-2-quinuclidinecarboxamide as the cocatalyst. Remarkable differences were ob-
served in the enantioselectivities between the two substrates for the same cocatalysts. Discussion about the
conformations of the cocatalysts and substrates led to proposed models of chirality-recognizing transition states.

The authors have previously reported the asymmet-
ric hydrogenation catalyzed by the achiral base-
coordinated bis(dimethylglyoximato)cabalt(II)-chiral
base(cocatalyst) system(hereafter abbreviated as Co-
(dmgH)2- B-B*; B and B* are achiral and chiral bases
respectively). Co(dmgH)z-B-quinine resulted in high
optical yields (up to 78%) for a-diketones such as
benzil, but in low optical yields (up to 19%) for de-
hydro amino acid derivatives. A hydrogen bond be-
tween the hydroxyl group of cocatalyst(quinine) and
the carbonyl group of substrate(benzil) in the chirality-
recognizing transition state extremely enhances the
enantioselectivity of this system.?

In the preceding paper, the authors reported the
asymmetric hydrogenation of methyl 2-(acetylamino)-
acrylate with 34.5%ee(enantiomeric excess) using (2S,
3S)-2-acetoxy-3-dimethylamino-3-pheny-N-[(R)-1-phenyl-
ethyl]propionamide as the cocatalyst and deduced that
the hydrogen bond between the amide groups of the
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substrate and cocatalyst acts as an attractive force
to enhance the enantioselectivity.?

Here, we would like to describe the preparation of
other new cocatalysts and the asymmetric hydrogena-
tion of 2-(acetylamino)acrylate and N,N’-dimethyl-5-
benzylidenehydantoin using them as the cocatalysts.

Results and Discussion

Preparation of Cocatalysts. Four diastereoiso-
mers of 2-acetoxy-3-dimethylamino-3-phenyl-[(S)-1-
phenylethyl]propionamide [12(DHP-OAc-(2R,3R)S),
13(DHP-0A4c-(2S5,3S)S), 14(DHP-0OAc-(2R,3S)S), and
15(DHP-0Ac-(2S,3R)S)] were prepared from (S)-1-
phenylethylammonium 2,3-epoxy-3-phenylpropionate
by the route shown in Scheme 1. Four enantiomers
of them [12’(DHP-0OAc-(2S,3S)R), 13’(DHP-OAc-(2R,
3R)R), 14 (DHP-0Ac-(2S,3R)R), and 15’(DHP-OAc-
(2R,3S)R)] were prepared from (R)-1-phenylethyl-
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ammonium 2,3-epoxy-3-phenylpropionate by the same
procedures (each enantiomer of the compounds in
Scheme 1 is expressed as the same number with
prime). O-Benzoyl derivative DHP-OBz-(2S,3S)R was
obtained by benzoylation of 8’.

Two diastereoisomers of N-[(R)-1-phenylethyl]-2-
quinuclidinecarboxamide [18(QC-(S)R) and 19(QC-
(R)R)] were prepared from (S)- and (R)-2-quinucli-
dinecarboxylic acids (16 and 17, respectively) by the
route shown in Scheme 2.

(Details are described in the Experimental section).
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atmospheric pressure of hydrogen at room temperature.

The chiral a- and B-amino amides prepared above
were used as the cocatalysts(B*), and quinine and (S)-
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Asymmetric Hydrogenation of Methyl 2-(acetylamino )} TsOH
acrylate and N,N’-Dimethyl-5-Benzylidenehydantoin with o
Co(dmgH )2- B-chiral Amino Amudes. The asym- @ R 1) Recrystallization
metric hydrogenation of methyl 2-(acetylamino)acry- ,..°°N"'8:§“ 2) KpC04
late and N,N’-dimethyl-5-benzylidenehydantoin with 19
Co(dmgH)z-B-B* was carried out in benzene under an Scheme 2.

TaBLE 1. THE ASYMMETRIC HYDROGENATION OF 2-(ACETYLAMINO)ACRYLATE
witH Co(dmgH),-PPh;-CHIRAL AMINO AMIDES®
Methyl N-acetylalaninate
Run B*
Yield/9%, [«]n/° Config.» % e.e.®
1 DHP-04c-(25,3R)R 60.0 +2.4 R 2.6
2 DHP-04¢-(2R,3S5)S 45.5 —0.59 S 0.5
3 DHP-04c-(2R,38)R 59.3 —-0.9 s 1.0
4 DHP-0A4¢-(2S,3R)S 43.6 +0.6 R 0.7
5 DHP-04¢-(28,35)S 53.3 +31.3 R 34.1
6 DHP-04c-(2R,3R)R 48.6 —33.4 S 36.4
7 DHP-04¢-(25,35)R 45.5 +31.6 R 34.5
8 DHP-04¢-(2R,3R)S 40.7 —36.0 S 39.3
9 DHP-0Bz-(25,3S)R 45.5 +39.7 R 43.3
10 QC-(S)R 45.5 +38.0 R 41.4
11 QC-(R)R 65.3 —38.7 s 42.2

a) The molar ratio of substrate to cobalt was 10 :
chloride to cobalt were all 1: 1.
pure § isomer: [a]p —91.7° (¢ 2, water).

Solvent was benzene.

1, while those of PPh,, the chiral amino amide and its hydro-

b) Configuration. c) See Reference 4). d) Optically

TABLE 2. THE ASYMMETRIC HYDROGENATION OF N,N’-DIMETHYL-3-BENZYLIDENEHYDANTION
witH Co(dmgH),-B-CHIRAL BASES®

N,N’-dimethyl-5-benzylhydantoin

Run B B*
Yield/%, [¢]p/® Config.D % e.e.®)
1 BA Quinine 93.0 —12.7 S 14.8
2 PPh, Quinine 91.0 —49.4 S 57.4
3 PPh, Pha-S,RY 93.5 —0.8 S 0.9
4 PPh, Pha-S,S 93.5 —-2.0 S 2.3
5 PPh, DHP-04¢-(2R,35)S 94.4 —10.0 S 11.6
6 PPh, DHP-04¢-(2S,3R)S 95.0 +10.0 R 11.6
7 PPh, DHP-0A4¢-(2R,3R)R 91.5 +31.9 R 37.1
8 PPh, DHP-04¢-(2R,3R)S 93.5 +35.5 R 41.3
9 PPh, DHP-0Bz-(28,3S)R 91.0 —37.0 S 43.0
10 BA QC-(S)R 98.0 —15.6 S 18.1
11 PPh, QC-(S)R 93.0 —68.0 S 79.1
12 PPh, QC-(R)R 9.5 +60.7 R 70.6

a) The molar ratio of substrate to cobalt was 9.3 :
chlorides to cobalt were all 1: 1.

S R
CH(N(CH,),)-CONHCH (CH,)Ph.

Solvent was benzene.

1, while those of PPh,, BA, the chiral bases and their hydro-

b) Configuration. c¢) Optical purity. d) PhCH,-
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N¢ N°®-dimethyl-N-[(R)-1-phenylethyl]phenylalanin-
amide(Pha-S,R) were also used as B* for comparison
in the case of N,N’-dimethyl-5-benzylidenehydantoin.
Benzylamine(BA) and triphenylphosphine(PPhs) were
used as the achiral bases(B).

As the specific rotation of enantiomerically pure N,
N’-dimethyl-5-benzylhydantoin was unknown, the
enantiomeric excesses shown in Table 2 were deter-
mined by the method described in the Experimental
section.

The results of the asymmetric hydrogenation are
summarized in Table 1 and Table 2.

As can be seen in Table 1, the enantiomeric excesses?
in runs 5—9 are much higher than those in runs 1—4,
and the enantioselectivities are affected by the configu-
rations of the C-2 and C-3 chiral centers of DHP-OAc
and DHP-OBz (the cocatalysts are erythro isomers in
runs 5—9 and threo isomers in runs 1—4) but are little
affected by that of the chiral center of 1-phenylethyl-
amine moiety.

The most stable conformations of the erythro and the
threo isomers may exist as shown in Fig. 1.

In the chirality-recognizing step (i.e., the protona-
tion by the protonated chiral cocatalyst to the carban-
ion formed through the hydrogenation with
Co(dmgH)z-B?), a hydrogen bonding between the
amide group of cocatalyst and the functional group of
carbanion is possible in the erythro isomer but not in
the threo isomer, since in the threo isomer the proto-
nated dimethylamino group and the amide group exist
in anti position and cannot interact with the carbanion
simultaneously. This explains the difference between
enantioselectivity in runs 5—9 and runs 1—4.

As can be seen in Table 2, the enantiomeric excess of
N,N’-dimethyl-5-benzylhydantoin reached 79.1% (run
11), which is the highest value so far attained in the
asymmetric hydrogenation of olefinic compounds with
Co(dmgH)z-B-B* system. The configuration of the
predominant isomer in every case coincides with that of
the chiral center bearing a tertiary amino group of the
cocatalyst and the enantioselectivity is not so largely
affected by the configuration of the 1-phenylethyl-
amine moiety.

A comparison of Tables 1 and 2 shows that the con-
figurations of N,N’-dimethyl-5-benzylhydantoin in
runs 7, 8,9, 11 and 12 of Table 2 are opposite to those of
methyl N-acetylalaninate in runs 6, 8, 9, 10 and 11 of
Table 1, respectively, and the enantioselectivities are
remarkably increased in runs 11 and 12 of Table 2. The
reason for the difference in the enantioselectivity

DHP-0Ac-(2S,3S8)R DHP-0Ac-(2S,3R)R

Ph Ph
, (s N
H ’ 0AC PhCHNOC H
(CH3)oN .’ H H N(CH3),
R
CONHCHPh OAc
CHs
Erythro Threo

Fig. 1. Conformations of DHP-OAc.
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Fig. 2. Conformations of QC-(S)R.

between the two substrates will be discussed below in
the cases of run 10 of Table 1 and run 11 of Table 2.

As the enantioselective recognition is made through
the protonation to the carbanions formed from the
two substrates by the protonated QC-(S)R, it is nec-
essary to discuss the interactions between the con-
formers of the protonated QC-(S)R and the carban-
ions. The conformations of QC-(S)R and the carban-
ions were considered with CPK’s space-filling models.

As C=0 and N-H of amide group lie in coplanar
anti position, the possible conformers of QC-(S)R are
shown in Fig. 2.

The conformer III is very unstable because of a
large steric repulsion between the hydrogen atoms
attached to C-3 and C-6 of the quinuclidine (Hcs and
Hces, respectively) and that of N-H of amide group
(N-H). The conformer II and the protonated conformer
IV are stable because of intramolecular hydrogen
bonds (between N-H and the nitrogen atom of qui-
nuclidine, and between the carbonyl oxygen and the
hydrogen attached to the nitrogen atom of quinucli-
dine, respectively) and because of small steric repul-
sions between Hcs, Hce and the amide group.
Their stabilities, however, will decrease their proton-
accepting and proton-donating activities respec-
tively, and will moreover lower their abilities to make
an intermolecular hydrogen bond. The protonated
conformer I (HQC-(S)R-I) is relatively stable because
the steric repulsion between Hcs, Hce and the car-
bonyl oxygen is not so large, and thus can make an
intermolecular hydrogen bond between N-H of HQC-
(S)R-I and the carbonyl oxygen of the carbanions (the
intramolecular hydrogen bonding is impossible).

Therefore, HQC-(S)R-I is regarded as the best con-
former with which to determine the chirality of the
carbanions through the intermolecular hydrogen bond
in the protonation step.

The possible conformations of the carbanions of (S)-
N,N’-dimethyl-5-benzylhydantoin ((S)-DMBH. and
(S)-DMBH,.) and methyl (R)-N-acetylalaninate ((R)-
AA) are shown in Fig. 3.

The conformer (S)-DMBH, is more stable irrespective
of the relatively large steric repulsion between the
hydantoin and benzene rings and is more likely to react
with HQC-(S)R-I than (S)-DMBH,, because the elec-
trostatic repulsion between the lone pair on the asym-
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Fig. 3. Conformations of (R)-N-acetylalaninate and
(S)-N,N’-dimethyl-5-benzylhydantoin.

(R)>-AA

Fig. 4. Models of the protonation by HQC-(S)R-I to
(S)-DMBH, and (R)-AA.

metric carbon atom of (S)-DMBH, and the n-electron
on the benzene ring is more serious and/or the benzene
ring of (S)-DMBH, prevents HQC-(S)R-I from
approaching to the reaction center of (S)-DMBHs,.

As shown in Fig. 4, HQC-(S)R-I can approach (S)-
DMBH. to make the intermolecular hydrogen bond
between N-H of HQC-(S)R-I and the C-4 carbonyl
oxygen of (S)-DMBH, without any substantial overlap
of their substituents (in Fig. 4, the hydrogen atom
attached to the nitrogen atom of quinuclidine and the
lone pair on the asymmetric carbon atom of (S)-
DMBH. and (R)-AA are not depicted for convenience).

On the other hand, if HQC-(S)R-I approaches(R)-
DMBH. without the overlap of their substituents, the
intermolecular hydrogen bonding becomes impossible.

Consequently, HQC-(S)R-I can selectively protonate
(S)-DMBH. to give (S)-N,N’-dimethyl-5-benzylhydan-

Asymmetric Hydrogenation with Co(dmgH)z- B-New Chiral Cocatalyst System
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toin predominantly with relatively high enantioselec-
tivity.

As can be seen in Fig. 4, HQC-(S)R-I can approach
(R)-AA to make the intermolecular hydrogen bond
between N-H of HQC-(S)R-I and the carbonyl oxygen
of ester group of (R)-AA without any substantial over-
lap of their substituents (if HQC-(S)R-I in Fig. 4 is
shifted in the direction of the arrow and is so placed
as to make the hydrogen bond, a plausible model
of the transition state of protonation to (R)-AA by
HQC-(S)R-I1 will be made). HQC-(S)R-I can also
approach (S)-AA to make the hydrogen bond without
a significant overlap of their substituents. However,
the approach of HQC-(S)R-I may occur preferentially
to (R)-AA rather than to (S)-AA, since the space be-
tween COOCH3 and NHCOCH3; is larger than that
between CHs and COOCH3s.

This may explain the opposite and lower enantiose-
lectivity in run 10 of Table 1 in comparison with thatof
run 11 of Table 2.

Experimental

The melting points were determined by Yanagimoto mi-
cro-melting point apparatus and were uncorrected. The IR
spectra were recorded on a JASCO A-3 spectrometer. The
1H NMR spectra were obtained on JEOL-FX 200 spectrome-
ter. The optical rotations were measured with a Perkin Elmer
241 polarimeter.

Preparation of Stereoisomers of DHP-OAc and DHP-OBz.
As the preparations of 12 and 12’ were described in the preced-
ing paper,? the preparation procedures of the other three
diastereoisomers and their enantiomers are described below.

(2R,3S)-2,3-Epoxy-3-phenyl-N-[(R )-1-phenylethyl ] propion-
amide (3') and Its Enantiomer (3). Starting from 72.1 g of
ethyl 2,3-epoxy-3-phenylpropionate, 40.0 g of crystalline (R)-
1-phenylethylammonium  (2S,3R)-2,3-epoxy-3-phenylpro-
pionate was obtained by Harada’s method.® The filtrate
which contained (R)-1-phenylethylammonium (2R,3S)-2,3-
epoxy-3-phenylpropionate(1’) was concentrated to dryness
in vacuo to afford 34.0g of sirupy residue. This was
dissolved in DMF (200 ml) and to the solution was added a
solution of DCC (24.6g, 119 mmol) and 1-hydroxybenzo-
triazole (16.0 g, 119 mmol) in DMF (150 ml) during 1.5 h on
ice-cooling with stirring. Stirring was continued overnight
at room tempetature. After filtration of the precipitate,
the filtrate was concentrated in vacuo at 30—40°C. The
residue was dissolved in ethyl acetate (ca. 1300 ml), and the
solution was washed successively with a 10% citric acid
solution (200 ml), a 4% sodium hydrogencarbonate solution
(200 ml), and a sodium chloride solution (300 ml) and then
dried (NazSO4). The solution was concentrated to 150—
200 ml and the crystals which separated out were dis-
solved thoroughly on heating. To the solution petroleum
ether was added carefully. Crystals (prisms, 17.1 g) were
obtained: [a]}f-5 —2.1% [a]3L® +46.2° (¢ 0.999, CHCls).

Its enantiomer(3) was likewise prepared from the sirupy
residue (33.8 g) containing 1 to give 12.7 g of crystals (prisms):
[a]®® +1.6% [a]B:® —47.9° (c 0.988, CHCls).

(2S,3S)-3-Dimethylamino-2-hydroxy-3-phenyl-N-[(S)-1-phenyl-
ethyljpropionamide (9) and Its Enantiomer (). A
suspension of 3 (5.0g) in a 50% aqueous dimethylamine
solution (200 ml) was stirred for 2.5 h at room temperature.
The homogeneous solution obtained was evaporated in
vacuo. A crystalline mass was separated out when water
began to evaporate and then was filtered off after water was
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added to the solution. After drying, the crystals (5.7 g) were
recrystallized from benzene to give 4.2g of needles: [a]¥-°
—56.1° (c 1.016, CHCls).

Its enantiomer was likewise prepared from 3’ (7.0 g) to give
2.47 g (first crop) and 4.36 g (second crop) of crystals (nee-
dles): [a]®° +54.2° (¢ 0.994, CHCls) and [a]3® +56.1° (¢
1.007, CHCls), respectively.

(2S,3S)-2-Acetoxy-3-dimethylamino-3-phenyl-N-[(S )-1-phenyl-
ethyljpropionamide (13) and Its Enantiomer (13). To
a solution of 9 (3.8 g, 12.2 mmol) in dry ethyl acetate (200 ml)
was added acetyl chloride (1.0 g, 12.2 mmol). The solution
was allowed to stand overnight at room temperature. The
amorphous solid which separated out was dissolved in water
after ethyl acetate was decanted. The aqueous solution was
washed with ether, and the aqueous layer was made basic with
a sodium hydrogencarbonate solution. The solution was
extracted with ethyl acetate. The ethyl acetate layer was
dried(NazSO4) and concentrated to yield 3.7 g of crystalline
material. This was recrystallized from ethyl acetate-petro-
leum ether to give 3.23 g of needles: [a]F-5 —66.8° (c 1.003,
CHCls).

Its enantiomer was likewise prepared from 9’ (5.0 g) to
give 3.97 g of needles: [a]Z° +66.6° (¢ 0.998, CHCls).

(2S,3S)-3-Chloro-2-hydroxy-3-phenyl-N-[(S )-1-phenylethyl pro-
pionamide (4) and Its Enantiomer (¥). Into a solution of
2 (1.2g) in 1000 ml of dry benzene was bubbled dry hy-
drogen chloride gas for 30 min at room temperature with stir-
ring. Stirring was continued for 1 h and then concentrated
to dryness to yield 1.2 g of crystalline material.® 14.4 g of the
crystalline material thus obtained was recrystallized from
ethyl acetate (150 ml)- petroleum ether (158 ml) to give 7.7 g
of needles: [a]%-° +40.8° (¢ 0.500, CHCls).

Its enantiomer was likewise prepared from 2’ via 10.7 g of
crystalline material to give 6.1 g of needles: [a]F° —41.1° (¢
0.506, CHCls).

(2R ,3R )-2,3-Epoxy-3-phenyl-N-[(S)-1-phenylethyl [propion-
amide (6) and Its Enantiomer (6'). 6.45 g (21.2 mmol)
of 4 was dissolved in ethanol (200 ml) while heating. After
cooling, 2.12moldm~! sodium methoxide solution (10.0
ml) was added dropwise to the solution during 2—3 min
with stirring. The solution was allowed to stand for 1.5 h at
room temperature and then concentrated. The residue was
extracted with chloroform. The chloroform layer was dried
(Na2SOy4) and concentrated to yield 5.5 g of crystalline mate-
rial. This was recrystallized from ethyl acetate-petroleum
ether to give 4.3 g of needles: [a]¥° —59.7° (¢ 1.003, CHCl;).

Its enantiomer was likewise prepared from 4’ (5.0g) to
give 4.4 g of needles: [a]¥® +60.6° (¢ 1.019, CHCls).

(2R,3S )-3-Dimethylamino-2-hydroxy-3-phenyl-N{(S)-1-phenyl-
ethyljpropionamide (10) and Its Enantiomer (10). A
suspension of 4.2 g of 6 in a 50% aqueous dimethylamine
solution (140 ml) was stirred for 1.5h at room tempera-
ture. The homogeneous solution was treated and purified
by the same procedure as 9 to give 4.28 g of needles: [a]%°
—125.6° (¢ 1.022, CHCls).

Its enantiomer was likewise prepared from 6’ (3.5g) to
give 3.2 g of needles: [a]®-? +127.1° (¢ 1.036, CHCls).

(2R,3S )-2-Acetoxy-3-dimethylamino-3-phenyl-N{(S )-1-phenyl-
ethyllpropionamide (14) and Its Enantiomer (14'). These
were prepared from 10 (3.6 g) and 10’ (2.9 g) by the same
procedure as 13 to give needles (3.4g and 2.5g): [a]®°
—12.0° (¢ 1.002, CHCl3) and [a]¥® +11.9° (¢ 1.003,
CHCls), respectively.

(2R,3R)-3-Chloro-2-hydroxy-3-phenyl-N-{(S)-1-phenylethyl jpro-
pionamide (5) and Its Enantiomer (5). This was
prepared from 3 by the same procedure as 4. The
crystalline material (14.5 g) thus obtained was recrystallized
from ethyl acetate (100 ml)-petroleum ether (126 ml) to give
5.56 g of prisms. This was again recrystallized from ethyl
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acetate (25 ml)-petroleum ether (43 ml) to give 4.4g of
prisms: [a]¥:° —158.3° (¢ 0.504, CHCl3).

Its enantiomer was likewise prepared from 3’. The product
(12.5 g) was recrystallized from ethyl acetate-petroleum ether
to give 4.4 g of prisms: [a]¥° +156.6° (¢ 0.516, CHCls).

(2S,3S)-2,3-Epoxy-3-phenyl-N-[(S)-1-phenylethyl|propionamide
(7) and Its Enantiomer (7). These were prepared from
5 (4.1g) and 5’ (4.0g) by the same procedure as 6 to give
needles (2.5g and 2.5g): [a]®% —0.0°% [a]3%® —16.3° (¢
1.003, CHCls) and [a]¥-° +0.0° [« B%:® +15.8° (¢ 1.006, CHCl3),

respectively.

(2S,3R )-3-Dimethylamino-2-hydroxy-3-phenyl-N[(S)-1-phenyl-
ethyljpropionamide (11) and Its Enantiomer (1I’). These
were prepared from 7 (3.2g) and 7’ (3.0g) by the same
procedure as 10 except for recryatallization from ethyl ace-
tate-petroleum ether to give needles (1.82 g and 2.5 g): [a]&°
—81.6° (¢ 1.000, CHCl3) and [a]¥-° +81.6° (¢ 1.002, CHCl3),
respectively.

(25,3R )-2-Acetoxy-3-dimethylamino-3-phenyl-N-[(S)-1-phenyl-
ethyljpropionamide (15) and Its Enantiomer (15). These
were prepared from 11 (2.0g) and 11’ (2.1 g) by the same
procedure as 13 except for recrystallization from ether to
give needles (1.37g and 1.25g): [a]¥-° —109.8° (¢ 1.001,
CHCl3) and [a]®-° +110.0° (¢ 1.003, CHCls), respectively.

(2S,3S)-2-Benzoyloxy-3-dimethylamino-3-phenyl-N{(R }-1-phen-
ylethylpropionamide. To a solution of 8 (1.2g, 3.8
mmol) in dry ethyl actate (200 ml) was added benzoyl chlo-
ride (0.59 g, 4.2 mmol). The solution was allowed to stand
for 2 d and then concentrated. The residue was solidified
with ether. The solid material was filtered off and recrystal-
lized from methanol-ether to give 0.69 g of prisms: [a]¥-°
+103.3° (¢ 1.002, CHsOH); IR(KBr) 3500, 3200, 3100, 2800—
2400 (amide NH and N*-H), 1720 (ester C=0) and 1690 cm™!
(amide C=0). Found: C, 66.31; H, 6.63; N, 5.95%. Calcd for
C26H20N203Cl1-H:0: C, 66.17; H, 6.68; N, 5.80%.

Melting points, elemental analyses, IR spectra and
1H NMR spectra of the compounds 2—15 and their enantio-
mers 2’—15’ are summarized in Tables 3, 4, 5 and 6.

Preparation of QC(S)R and QC(R)R. 2-Quinuclidine-
carboxylic acid was prepared from 4-pyridinecarbaldehyde
and diethyl malonate by the method reported by L&ngstrém.?
Optical resolution of ethyl 2-quinuclidinecarboxylate was
caried out by the method reported by Pracejus and Kohl.®
(S)- and (R)- quinuclidinecarboxylic acid hydrochlorides,
whose optical rotations were [a]3-° —96.5° (1.073, water) and
[a]8-° +97.5° (c 1.012, water), respectivety (literature?: [a]p
—96.2° (¢ 1, water)) were obtained by hydrolysis of their
ethyl esters. QC-(S)R and QC-(R)R were prepared by a
condensation of 16 and 17 with (R)-1-phenylethylamine by
the following procedures.?

(S)-N-[(R)-1-Phenylethyl]-2-quinuclidinecarboxamide (18).19
Thionyl chloride (31.5 ml) and 16 (2.95 g, 15.4 mmol) were
refluxed for 20 min and the homogeneous solution was con-
centrated to remove the excess thionyl chloride. To the resi-
due was added dry ether (60 ml) and (R)-1-phenylethylamine
(8.0 ml, 62 mmol) on ice cooling with stirring. Stirring was
continued for 3 h and to the solution was added 50% aque-
ous potassium carbonate solution untill the water layer be-
came basic. The water layer was extracted with ether three
times (300 ml). The ether layer was dried(NazSO4) and
concentrated to remove also the excess (R)-1-phenylethylamine
and to give 3.1 g of oily material which soon crystallized.
This was recrystallized from petroleum ether to give 2.33 g of
plates: mp 97.0—99.0 °C; [a]#5 —3.5°, [«]2%:° +41.1° (c 1.004,
CHCl3); IR (KBr) 3350 (NH) and 1650 cm~! (amide C=0);
'H NMR (CDCls) 6=1.47 (3H, d, J=7.1 Hz, CHa), 1.47 (4H,
m), 1.82 (3H, m), 2.62 (2H, q), 2.88 (2H, m), 3.31 (1H, ¢, J=
8.8 Hz, C-2 methine proton), 5.14 (1H, quintet, J=7.1 Hz,
CH3-CH) and 7.30 (6H, m, Ph and NH). Found: C, 74.38;
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TasLe 3. 2,3-EPoxY-3-PHENYL-N-(1-PHENYLETHYL)PROPIONAMIDE
Found(Calcd)/% IR, »/cm™1 THNMR, ¢ in CDCI,
No»  mp/°C H N NH C-O CH,-CH CHCONH CHPh CH-CH,
(76.38) (6.41) (5.24)» (amide) (Juz) (Jim) (Jns)
2 169.0—170.0 76.36  6.54  5.57 3280 1670 1.53d 3.54d 3.80d 5.15q®
2" 168.0—169.0 76.12 6.66 5.83 (6.84) (1.96) (1.96)
3 165.0—166.0 76.27  6.42  5.61 3300 1660 1.52d 3.51d 3.91d 5.15q
3 166.0—167.0 76.12 6.65 5.71 (6.84) (1.96) (1.96)
6 97.0— 98.0 76.47  6.44  5.50 3340 1640 1.39d 3.80d 4.31d 4.83q
6 97.5— 98.0 76.44 6.40  5.32 (6.84) (4.90) (4.90)
7 124.0—126.0 76.37  6.46 5.36 3350 1640 0.81d 3.784d 4.35d 4.82q
7  125.0—127.0 76.35 6.44  5.39 (6.84) (4.90) (4.90)
a) Compound number. b) Calculated for C;;H;;NO,. c) Quintet.
TasLE 4. 3-CHLORO-2-HYDROXY-3-PHENYL-/V-(1-PHENYLETHYL)PROPIONAMIDE
Found(Calcd)/% IR, v/cm™! 1HNMR, ¢ in CDCl,
No»  mp/°C H N NH OH C-O CH,-CH CHCONH OH CHPh CH-CH,
(67.21) (5.97) (4.61)™ (amide)  (Jm) (Jm)  (Jma) (Jma)
4 166.0—168.0 67.40 6.30 4.99 3400 3280 1640 1.50d 4.40dd 3.00d 5.59d 5.13q9
4 164.5—166.5 67.42 6.28 4.96 (6.84) (6.86, (6.86) (2.44)
2.44)
5 127.0—130.0 67.44 6.02 4.62 3400 3250 1650 1.52d 4.29dd 3.10d 5.55d 5.13q
5 131.0—132.0 67.31 6.00 4.55 (6.84) (6.86, (6.86) (2.46)
2.46)
a) Compound number. b) Calculated for C;;H;NO,Cl. c¢) Quintet.
TaBLE 5. 3-DIMETHYLAMINO-2-HYDROXY-3-PHENYL-N-(1-PHENYLETHYL)PROPIONAMIDE
Found(Calcd)/9%, IR, »/cm— 1HNMR, ¢ in CDCI,
No® — mp/°C H N NH OH C-O CH,CH N(CH,), CHCONH CHPh CH-CH,
(73.04) (7.74) (8.97)» (amide) (/) (Jrs)  (Jma)
8 156.5—157.5 73.18 7.87 8.83 3400 3300 1650 1.40d 2.26s 3.59d 4.59d 4.89q®
8 157.0—157.5 73.23 7.77 8.97 (6.86) (5.62) (5.62)
9 100.5—102.0 71.28 8.05 8.649 3400 3300 1635 0.93d 2.26s 3.54d 4.56d 4.82q
9’ 100.0—101.0 71.12 8.01 8.639 (6.86) (5.40)  (5.40)
10 140.0—142.0  73.01 7.94 8.90 3380 3280 1650 1.46d 2.12s 3.60d 4.34d 5.05q
100 142.0—143.0 73.17 7.91 8.89 (6.96) (7.34) (7.34)
11  100.0—101.0 72.93 7.89 8.81 3280 1658 1.46d 2.18s 3.66d 4.32d 5.04q
11’ 100.0—101.0  73.10 7.84 8.84 (7.10) (7.76)  (7.76)
a) Compound number. b) Calculated for C,;yHyN;O,. c) Quintet. d) Calculated for C;,H,N,O,-1/2H,0: C,

71.00; H, 7.84; N, 8.72%.

TABLE 6. 2-ACETOXY-3-DIMETHYLAMINO-3-PHENYL-/N-(]1-PHENYLETHYL)PROPIONAMIDE

Found(Calcd) (%) IR, »jcm- IHNMR, 8 in CDCI,

No#  mpf°C C H N NH C-O C-O CH,CH N(CH,), COOCH, CHCONH CHPh CH-CH,
(71.16) (7.39) (7.90)®  (ester) (amide) (Jus) U U

12 78.0— 82.0 71.14 7.59 7.85 3400 1725 1675 1.44d 2.21s 2.02s 3.88d 5.79d 5.02q9

12 83.0— 84.0 71.28 7.61 7.78 (6.86) (7.58)  (7.58)

13 153.0—154.5 71.38 7.57 7.87 3300 1740 1660 1.25d 2.19s 1.99s 3.81d 5.76d 5.00q

13 152.0—153.5 71.34 7.54 7.86 (6.96) (1.58)  (7.58)

MO 144.0-145.0 7130 7.5 775 (3350 1750 1630 1.23d 2.6 2.14s 3.78d 5604 4.97

3300 1680

14 144.0—146.0 71.26 7.60 7.79 (6.86) (7.10)  (7.10)

15 127.5—129.0 71.22 7.57 7.86 3300 1740 1650 1.41d 2.28s 2.13s 3.73d 5.63d 5.00q

15 128.0—130.0 71.25 7.59 7.78 (6.98) (6.84)  (6.84)

a) Compound number. b) Calculated for C,HyeN,O;. ¢) Quintet.
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H. 8.58; N, 10.84%. Calcd for Ci16H22N20: C, 74.26; H, 8.81;
N, 10.76%.

(R)-N[(R)-1-Phenylethyl}-2-quinuclidinecarboxamide (19).19
This was prepared from 17 (2.3 g) by the procedure used for
20 to yield 2.6 g of oily material which did not crystallize.
p-Toluenesulfonic acid (1.54g, 8.1 mmol) and 2.1g (8.1
mmol) of the oily material were dissolved in methanol (20
ml) and then the solution was concentrated to dryness. To the
residue was added dry benzene and the mixture was concen-
trated (this was repeated 2—3 times). The crystalline material
obtained was recrystallized from ethyl acetate (1200 ml) to
give 2.2 g of thin plates, which were further recrystallized
from ethyl acetate (700 ml) to give 1.8 g of thin plates. These
crystals were dissolved in a small amount of water and to the
solution was added enough 50% potassium carbonate solu-
tion to make the water layer basic. The solution was
extracted with ether 2—3 times. The ether layer was dried
(NazSO4) and concentrated to give l.1g of oil: [a]¥5
+121.6° (¢ 1.017, CHCls); IR (NaCl) 3350 (NH) and 1770
cm~! (amide C=0); 'HNMR (CDCIls) 6=1.49 (3H, d, J=
6.84 Hz, CH3), 1.49 (4H, m), 1.78 (3H, m), 2.75 (2H, t), 2.88
(2H, q), 3.27 (1H, t, J=7.8 Hz, C-2 methine proton), 5.51
(1H, quintet, J=6.84 Hz, CH3s-CH), 7.30 (6H, m, Phand NH).

Asymmetric Hydrogenation of Methyl 2-(acetylamino)acrylate
and N,N’-Dimethyl-5-benzylidenehydantoin with Co(dmgH )s-
B-B*, As the procedures of the hydrogenation of methyl
2-(acetylamino)acrylate and the isolation of the hydrogenated
product were described in the preceding paper,® only those
of N,N’-dimethyl-5-benzylidenehydantoin in run 11 of
Table 2 are given below.

To a methanol solution (10 ml) of CoClz-6H20 (0.25g,
1.05 mmol) was added a hot solution of dimethylglyoxime
(0.24g, 1.05mmol) in methanol (15ml) under nitrogen
atmosphere with stirring. The solution was stirred for 2—
3 min and then 1.0 ml of 2.12 mol dm~! sodium methoxide
solution was added to the solution. After ] —2 min, triphenyl-
phosphine (0.275 g, 1.05 mmol) in hot methanol (15 ml)and a
methanol solution of equimolar mixture of 18 (0.27 g,
1.05 mmol) and its hydrochloride were added to the solution.

Methanol in the resulting catalyst solution was evaporated
in vacuo; stirring was continued untill the sample became a
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wet paste. To this paste 15 ml of degassed benzene was added
by a syringe under atmospheric pressure of hydrogen, and the
mixture was then evaporated again to wet paste in vacuo. To
the resulting catalyst was added a degassed benzene solution
(60 ml) of N,N’-dimethyl-5-benzylidenehydantoin (2.0g,
9.26 mmol) again with a syringe.

After a theoretical amount of hydrogen was absorbed (for
about 3 d), 100 ml of benzene was added to the reaction mix-
ture. Then the solution was washed successively with water,
sodium chloride solution, 3 mol dm~! hydrochloricacid solu-
tion (100 ml), sodium chloride solution and sodium hydro-
gencarbonate solution. The benzene layer was dried (NazSQOs4)
and concentrated to give an oily material.

The oily material was adsorbed on a silica-gel column
(Wako Gel C-300, 20 g, 1.8¢X23 cm), and eluted by benzene
(100—150 ml) and then by a mixture of benzene and ethyl
acetate (10:1, 200 ml; and then 5:1, 100 ml). Triphenylphos-
phine was eluted out with 100—150 m! of benzene and 1.89 g
of oily material was obtained from the eluates of the mixture
of benzene and ethyl acetete (10:1 and 5:1, 300 ml). The oily
material was soon crystallized.

When benzylamine was used as the achiral base, the purifi-
cation of the product through silica-gel column was not
necessary.

Determination of the Specific Rotation of an Enantiomerically
Pure (S )-N,N’-Dimethyl-5-benzylhydantoin. (S)-5-benzyl-
hydantoin[[a]3® —102.2° (¢ 0.508, 50% C:HsOH), litera-
tureld: [a]p —96.3° (50% C:HsOH)] prepared from (S)-phenyl-
alanine was dimethylated by Shin’s method!? as follows.

To a mixture of (S)-5-benzylhydantoin (6.0 g) and potas-
sium carbonate (43.8 g) in DMF (180 ml) was added methyl
iodide (33 ml) with vigorous stirring; the stirring was con-
tinued for 2 d at room temperature. The reaction mixture was
poured into water (200 ml) and the solution was extracted
with ethyl acetate twice (400 ml). The ethyl acetate layer was
washed with sodium chloride solution (200 ml) three times,
dried(Na2SO4) and then concentrated to give oily material.

The oily material was adsorbed on a silica-gel column
(Wako Gel C-300, 60 g, 3.5¢X20 cm), and eluted by benzene
(600 ml) and then by a mixture of benzene and ethyl acetate
(5:1, 700 ml). The eluate of the mixture of benzene and ethyl

TaBLE 7. RECRYSTALLIZATION OF N,N’-DIMETHYL-5-BENZYLHYDANTOIN OF [o]p —62.3°
5.5g: [«]3® —62.3° (¢ 1.002, CHCI,)

Recrystallization from ethyl
acetate-petroleum ether

Filtrate

Concentration and
Recrystallization

4
2.89¢g
(plates and needles):
[e]3° —52.3° (¢ 1.023, CHCI,)

0.68 g (plates):
[«]3® —85.3° (¢ 1.001, CHCI,)

Recrystallization

0.08 g(plates) :
[«]3° —86.0° (¢ 1.018, CHCI,)

— Filtrate

Concentration and
Recrystallization

y
0.15 g (plates):
[e]3* —84.4° (¢ 0.997, CHCL,)

—> Filtrate

Concentration and Recrystallization

Filtrate

Concentration and
Recrystallization
¢
053¢
(plates and needles):
[«]2° —64.0° (¢ 1.000, CHCI,)

— Filtrate

Concentration and
Recrystallization

y
0.1 g (plates):
[x]5" —85.1° (¢ 1.008, CHCI,)

0.17g (plates): [«]2" —85.3° (¢ 1.008, CHCI,)
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C: Mixture of D:[o(]D +60.7°
A and B

1H NMR spectra of N,N’-dimethyl-5-benzylhydantoin in the presence of chiral shift reagent.

In each case 45.0—46.0 mg of the sample was dissolved in 860—875 mg of CDCI; and to the solution
16.0—17.0 mg of the chiral shift reagent was added.

acetate was concentrated to give 5.78 g of oily material which
crystallized gradually: [a]5-5 —62.3° (¢ 1.022, CHCls).

This was recrystallized from ethyl acetate-petroleum ether
to give 2.89 g of crystals in which plates were covered with
needles: [a]®° —52.3° (¢ 1.004, CHCls). The filtrate was
concentrated and the crystals obtained were recrystallized
from ethyl acetate-petroleum ether to give 0.68 g of long
plates: [@]%-® —85.3° (¢ 1.001, CHCls). The long plates were
recrystallized repeatedly, as shown in Table 7.

The highest value thus obtained was [a]¥° —86.0° (c
1.018, CHCla).

N,N’-dimethyl-5-benzylhydantoin (1.5g) in run 12 of
Table 2 ([a]p?*:°+60.7° (¢ 1.004, CHCls)) was similarly re-
crystallized from ethyl acetate-petroleum ether to give 0.19
g of long plates as a second crop: [a]%° +84.9° (¢ 1.002,
CHCls).

The 'H NMR spectra of the samples of [a]p, +84.9° (A), [a]p
—85.3° (B), [a]p +60.7° (D; of run 12 in Table 2) and the
mixture (C) of (A, 39.1 mg) and (B, 6.6 mg) in the presence of
tris(3-trifluoroacetyl-d-camphorato)europium(III)!® are
shown in Fig. 5. These !H NMR spectra show that signals a
and b of each spectrum are those of S and R enantiomers
respectively and that the samples (A) and (B) are approxi-
mately enantiomerically pure.’¥ Therefore, the highest value
detected above ([a]p —86.0°) must be the one of the enantio-
merically pure sample; the enantiomeric excesses in Table 2
were thus calculated from this value.
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