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Abstract. Novel chiral glycinate derivatives (S5)-6 and (S)-7 contain-
ing the a-phenylethyl group, were prepared and studied as potential
precursors of enantiopure a-substituted-a-amino acids. In particu-
lar, the alkylation of enolate (S)-7-Li showed substantial (78:22 dr)
stereoinduction by the N-(1-phenylethyl)benzamide chiral auxiliary.
Addition of DMPU showed no appreciable effect upon the diastere-
oselectivity.

Keywords: Alkylation; diastereoselective; enantioselective; lithium
enolates; glycinate; amino acids.

Resumen. Derivados quirales novedosos de glicinato (S)-6 y (S)-7
conteniendo el grupo o-feniletil fueron preparados y estudiados como
precursores potenciales de a-aminoacidos a-sustituidos. En particular
el auxiliar quiral N-(1-feniletil)benzamida mostrd estereoinduccion
sustancial (78:22 dr) en la alquilacién del enolato (S)-7-Li. La adi-
cion de DMPU no mostr6 un efecto apreciable en la diastereoselec-
tividad.

Palabras clave: Alquilacion, diastereoselectiva, enantioselectiva,
enolatos de litio, glicinato, amino acidos.

Introduction

The preparation of enantiopure a-substituted o-amino acids has
received substantial attention in recent years due to the impor-
tant biological properties of these compounds [1]. For example,
a-substituted o-amino acids are used in pharmaceuticals such
as L-DOPA (1) [2], fungicides such as polyoxin (2) [3] and
food additives such as glutamic acid (3) [4]. Furthermore, a-
substituted o-amino acids are essential peptide precursors [5].
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At present, a number of methodologies are available for
the enantioselective synthesis of a-substituted a-amino acids
[4]. We decided to study the alkylation of enolates derived
from glycinate bearing the chiral auxiliary a-phenylethylamino
group, namely (S5)-6 and (S)-7, as an alternative method to
achieve enantioselective synthesis of a-substituted a-amino
acids. Both (R)- and (S)-o-phenylethylamines are simple, hith-
erto efficient chiral auxiliaries in asymmetric synthesis [6], and
have been used for the preparation of enantiopure o-substituted
[-amino acids [7].

Results and Discussion
Stereoselectivity of alkylation of (S5)-6

At the beginning of this work, we set up to prepare N-substitut-
ed glycinate bearing the chiral auxiliary o-phenylethylamine.
Thus, as outlined in Scheme 1, (S) a-phenylethylamine 4 was
treated with ethyl bromoacetate to give the corresponding opti-
cally pure ethyl glycinate derivative (S)-5, which in turn was
converted into the benzyl derivative (5)-6 [8] and the benzoyl
derivative (S)-7.

Alkylation experiments started with the generation of the
lithium enolate of ethyl N-a-methylbenzylglycinate (S)-6 by
treatment with LIHMDS in THF at low temperature followed
by addition of several alkyl halides at low temperature. The
chemical yields of alkylated glycinates under these conditions
were 88-92% and modest diastereoselectivities were obtained.
The diastereomeric excess was calculated by integration of
signals in 'H NMR spectra of crude products as % of the major
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Scheme 1.
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diastereomer-% of minor diastereomer. The results are sum-
marized in Table 1.

Since the addition of DMPU has been found to affect
the stercoselectivity of alkylation reactions [7] several experi-
ments were performed in the presence of DMPU in order to
improve diastereoselectivity (see Table I). Disappointingly, the
diastereomeric excess did not improve (see entries 2-6) and the
chemical yields were substantially lower (see Table I).

Although modestly, the a-phenylethyl chiral auxiliary in-
duced alkylation on the Si face of enolate (S)-6-Li, i.e. ste-
reoinduction favored the /ike stereoisomer. To rationalize this
stereoselection, we resorted to molecular modeling studies
(Becke3LYP/6-311G (2d,2p) DFT level with Gaussian 98) [9]
of the lithium enolate (S)-6-Li and Figure 2 shows its calculated
minimum energy conformation.

According to this calculated model, the lithium cation is
coordinated preferentially to the (Re) face of the enolate, be-
cause it interacts with the benzene ring of the N-benzyl group
and with all three (C-C-O) atoms of the enolate system. This set
of interactions overcomes allylic A3 strain of the phenylethyl
group. These interactions of lithium leave the (S7) face (top face
in Figure 2) of the enolate less hindered to approach of electro-
philes and induce the “/ike” stereochemistry of alkylation that is
observed. A similar interaction of lithium on the (Re) face of the
enolate (not shown) lacks a favorable interaction with the ben-
zene ring but suffers from a non-bonding interaction of lithium
with the methyl group on the chiral auxiliary. Thus, it is the Si
face of the reactive enolate that is preferentially alkylated.

Stereoselectivity of alkylation of (S)-7

N-Benzoyl glycinate (S)-7 was prepared to study the effect of
a more rigid chiral auxiliary on alkylation diastereoselectivity.

Fig. 2. Calculated minimum energy conformation of enolate (S)-6-Li.

Thus, treatment of (S)-7 with LIHMDS was followed by addi-
tion of alkyl halides at low temperature. (Table 1) N-benzoyl
glycinate (S)-7 shows the same direction and magnitude of
stereo induction as in the case of its less rigid analog, N-benzyl
glycinate (5)-6, favoring the “like” alkylated stereoisomer. Al-
kylation experiments using Mel were conducted with different
amounts of DMPU which showed no effect upon diastereose-
lection; again the only effect of DMPU was to slightly decrease
the chemical yield of the alkylation (compare entries 1 vs 2-6
on Table II).

Molecular modeling studies of enolate (S)-7-Li by means
of Becke3LYP/6-311G (2d,2p) DFT level with Gaussian 98 [9]
gave the minimum energy conformation calculated for enolate
(S)-7-Li Figure 3. The global energy minimum of (S)-7-Li
shows that lithium is bridged to both oxygen atoms on the
enolate and the carbonyl oxygen of the benzamide moiety. As
a result of these interactions, the (Si) face of the enolate is less

Table 1. Diastereoselectivity of Enolate (S)-6-Li Alkylations.

CHg . CHz R CHsz R
: 0 1) LIHMDS, THF /:\ z 0 /\ 0
Ph N ' S ~
) 0 2) RX, -78°C ) 0 ) 0
Ph Ph
(u) (1)
(S)-6 8-12
Entry RX DMPU Products Diastereomer yield®

ratio (u:/)? (%)
1 CH;l — 8 33:67 92
2 CH;l 1 Equiv. 8 32:68 78
3 CH,1 2 Equiv. 8 48:52 80
4 CH;l 3 Equiv. 8 25:75 63
5 CH;l 6 Equiv. 8 33:67 70
6 CH,1 7 Equiv. 8 28:72 62
7 PhCH,Br — 9 26:74 88
8 CH,=CHCH,Br — 10 35:65 92
9 BrCH,CO,CH,CH, — 11 30:70 91
10 CH,CH,Br — 12 33:67 92

3(1) means like, (u) means unlike configuration, taking the configuration of the initial stereogenic C as reference.

bCombined yield after purification.
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Table II. Diastereoselectivity of Enolate (S)-7-Li Alkylations.

CHg ) CH; R CHs R
: o 1) LIHMDS, THF B B4 o
PN T 2) RX, -78°C PRNT T e e ~
Ph/&o ° ' /&o © Ph/go °
(u) (1)
(8)-7 13-15
Entry RX DMPU Product Diastereomer yield®

ratio (u:l) (%)
1 CH;l — 13 23:77 95
2 CH;il 1 Equiv. 13 25:75 86
3 CH;l 2 Equiv. 13 24:76 85
4 CH;l 3 Equiv. 13 24:76 86
5 CH;l 6 Equiv. 13 22:78 87
6 CH;l 7 Equiv. 13 22:78 89
7 PhCH,Br — 14 22:78 90
8 BrCH,CO,CH,CHj — 15 34:66 92

2Combined yield after purification.

hindered to react with alkylating agents. Overall, the sense and
magnitude of stereoinduction is essentially the same as in the
case of (S5)-6-Li.

Assignment of configuration of diastereoisomeric products

The diastereomeric ratios reported on Table I and Table II were
determined by integration of the signals in the 'H NMR spectra
of crude products 8-15 and assignment of absolute configura-
tion of the major diastereomer 8(/) was established by chemical
correlation with known (S)-16 obtained by hydrogenolysis of
both benzyl and methylbenzyl groups followed by hydrolysis
of ethyl ester functionality (Scheme 2).

In summary, chiral glycinate derivatives (S)-6 and (S)-
7 containing the a-phenylethyl group were prepared in good
yields from benzyl bromide or benzoyl chloride and (S)-ethyl-
2-(1-phenylethylamino)acetate (S)-5, respectively. Enolates
(5)-6-Li and (S)-7-Li were alkylated in high yields and moder-

Fig. 3. Calculated minimum energy conformation of enolate (S)-7-Li.

ate diastereoselectivity with various electrophiles. Addition of
DMPU did not improve diastereoselection of alkylation.

Experimental section

The glassware used for the generation and reactions of or-
ganolithium compounds were oven-dried ca. 12 h at 120°C.
Anhydrous solvents were obtained by distillation from benzo-
phenone ketyl. TLC was performed on Merck-DC-F,s,4 plates;
detection was made by UV light. Flash column chromatography
was performed using Merck silica gel (230-240 mesh). All
melting points are uncorrected. 'H NMR spectra were recorded
on a JEOL Eclipse+400 (400 MHz) spectrometer. '3C NMR
spectra were recorded on a JEOL Eclipse+400 (100 MHz) spec-
trometer. Chemical shifts () are indicated in ppm downfield
from internal TMS used as reference; the coupling constants (J)
are given in Hz. Optical rotations were measured in a Perkin-
Elmer Model 341 Polarimeter, using the sodium D-line (586
nm). Elemental analyses were performed on a Perkin-Elmer
Serie II CHNS/O Analyzer 2400.

Ethyl N-[(S)-o-phenylethyl] glycinate (S-5)

To a solution of (S)-a-phenylethylamine (4) (1.0 g, 8.25 mmol)
and triethylamine (1.38 mL, 9.90 mmol) in dry CH,Cl, (15 mL)

CHs CHj CHy

: 1) Hp, Pd(OH),
SN o
]

(S)-16

Ph

g4 2) HCI

Ph
8 (ratio 25:75 u/l)

Scheme 2.
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under nitrogen, was added ethyl bromoacetate (0.915 mL, 8.25
mmol) in CH,Cl, (15 mL) at 0°C. The resulting mixture was
allowed to warm to room temperature and stirred for 24 h. After
the addition of 2M HCI (5§ mL), the product was extracted with
CH,CI, (3 x 100 mL). The combined organic extracts were
dried over anh. Na,SOy, filtered and concentrated to give the
crude product, which was purified by flash chromatography
(hexane-EtOAc, 9:1). Colorless oil, yield (1.52 g, 89%); [ot]é0
=-64.1 (¢ = 1, CHCl;); 'H NMR (CDCl;, 400 MHz) § 1.22
(t, J = 7.0 Hz, 3H), 1.36 (d, J = 6.6 Hz, 3H), 1.98 (b, 1H),
3.20 (d, J=17.4 Hz, 1H), 3.26 (d, J = 17.4 Hz, 1H), 3.77 (q,
J=6.6 Hz, 1H), 4.13 (q, J = 7.0 Hz, 2H), 7.20-7.33 (m, 5H);
13C NMR (CDCl;, 100 MHz) § 14.2, 24.3, 48.9, 57.8, 60.7,
126.8, 127.2, 128.6, 144.7, 172.6. Anal. Calcd for C;,H;;NO,:
C, 69.54; H, 8.27; N, 6.76. Found: C, 69.40; H, 8.30; N,
6.74%.

(S)-Ethyl 2-[benzyl (1-phenylethyl) amino] acetate (S-6)

A suspension of chiral amine (S5)-5 (1.0 g, 4.83 mmol) and
NaHCO; (0.52 g, 4.83 mmol) in acetonitrile (15 mL), under
nitrogen was cooled at 0°C; then benzyl bromide (0.69 mL,
5.80 mmol) was added dropwise. The reaction mixture was
stirred at room temperature for 4 h. The solvent was evaporated
and the residue suspended in water (50 mL) and extracted with
ethyl acetate (2 X 100 mL). The combined organic extracts were
dried over anh. Na,SOy,, filtered and concentrated to give the
crude product, which was purified by flash chromatography
(hexane-EtOAc, 9:1). White solid, yield (0.86 g, 60%), mp 61-
63 °C; [a]X) = =37 (c = 0.785, MeOH). (Lit [8b]. [a]2 = —37
(c =0.785, MeORH)).

'"H NMR (CDCls, 400 MHz) & 1.25 (t, J = 7.1 Hz, 3H),
1.40 (d,J=6.8 Hz),3.21 (d,J=17.4 Hz, 1H), 3.42 (d,J=17.4
Hz, 1H), 3.73 (d, /= 13.9 Hz, 1H), 3.76 (d, J = 13.9 Hz, 1H),
4.12 (q, J = 6.8 Hz, 1H), 4.14 (q, J = 7.1 Hz, 2H), 7.20-7.47
(m, 10H); *C NMR (CDCl;, 100 MHz) & 14.4, 18.9, 50.6, 54.9,
59.9, 60.2, 127.0, 127.7, 128.3, 128.4, 128.8, 139.8, 144.7,
172.1. Anal. Calcd for C19H»3NO,: C, 76.74; H, 7.80; N, 4.71.
Found: C, 76.77; H, 7.96; N, 4.60%.

(S)-Ethyl 2-[N-(1-phenylethyl)benzamido]acetate (S-7)

A solution of the chiral amine (S)-5 (1.0 g, 4.83 mmol) and
NaHCO; (2.03 g, 24.15 mmol) in acetonitrile (50 mL) was
cooled to 0°C under nitrogen. Then benzoyl chloride (1.68
mL, 14.49 mmol) was added dropwise and the reaction mixture
stirred at room temperature for 48 h. The solvent was removed
in a rotary evaporator and the residue suspended in water (50
mL) and extracted with ethyl acetate (2 X 100 mL). The com-
bined organic extracts were dried over anh. Na,SO,, filtered
and concentrated to give the crude product, which was puri-
fied by flash chromatography (hexane-EtOAc, 9:1). Yellow oil,
yield (1.081 g, 72% yield); [a]2 = —42.9 (c = 2.1, CHCl;). 'H
NMR (CDCl;, 400 MHz) 6 1.15 (t, J=7. 3 Hz, 3H), 1.57 (d, J
=17.0 Hz, 3H), 3.76 (d, /= 17.6 Hz, 1H), 4.00 (d, /= 17.6 Hz,
1H), 4.05 (q,J="7.3 Hz, 2H), 5.23 (q, /= 7.0 Hz, 1H) 7.20-7.97

(m, 10H). '3C NMR (CDCl,, 100 MHz) § 14.4, 17.8,49.2, 55.8,
61.0, 126.8, 127.0, 127.5, 128.3, 128.8, 129.0, 137.3, 141.0,
169.5, 171.78. Anal. Caled for CoH,NO5: C, 73.29; H, 6.80;
N, 4.50. Found: C, 73.47; H, 6.75; N, 4.60%.

General procedure for the reaction of glicine enolates
[($)-6-Li or (S)-7-Li] with electrophiles

A mixture of (S)-6 or (S)-7 (1.0 eq.) in dry THF (30 mL) was
stirred at —78 °C under nitrogen and 1.0 M LiHMDS (1.0 eq.)
added. The resulting solution was allowed to react for 30 min.
then the electrophile was added. The reaction mixture was
stirred at —78 °C for additional 2 h, then allowed to warm to
room temperature and stirring continued overnight. The reac-
tion was quenched with saturated aq. NH4Cl1 (5.0 mL), and the
product extracted with ethyl acetate (3 x 50 mL). The combined
extracts were dried over anhydrous Na,SO,, and concentrated.
Final purification was accomplished by flash chromatography.
In all cases, the diastereomeric mixture could not be separated
by chromatography but NMR spectroscopic analysis of the
major product was feasible.

Ethyl 2-(benzyl ((S)-1-phenylethyl)amino)propanoate (8)

The general procedure was followed using (5)-6 (0.2 g, 0.67
mmol), 1.0 M LiHMDS (0.67 mL, 0.67 mmol) and methyl
iodide (0.05 mL, 0.81 mmol). 'H NMR analysis of the crude
product showed a mixture of two diastereomeric products in a
33:67 ratio. The major product was assigned the (S) configura-
tion by chemical correlation with (S)-16 (see text). '"H NMR
(CDCl3, 400 MHz) 6 1.25 (t, J= 7.2 Hz, 3H), 1.32 (d, J = 6.8
Hz, 3H), 1.37 (d, J = 7.0 Hz, 3H), 3.54 (q, J = 6.8 Hz, 1H),
3.56 (d, J = 14.5 Hz, 1H), 3.95 (d, J = 14.5 Hz, 1H), 4.06 (q,
J=17.0Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 7.25-7.42 (m, 10H).
13C NMR (CDCl;, 100 MHz) & 14.4, 15.8, 21.4, 51.5, 54.7,
60.1, 126.8, 126.9, 127.0, 127.7, 128.3, 128.4, 141.34, 174.6.
Anal. Calcd for C,,H,5NO,: C, 77.14; H, 8.09; N, 4.50. Found:
C, 77.12; H, 8.15; N, 4.60%.

Ethyl 2-(benzyl ((S)-1-phenylethyl) amino)-3-
phenylpropanoate (9)

The general procedure was followed using (S5)-6 (0.2 g, 0.67
mmol), 1.0 M LiHMDS (0.67 mL, 0.67 mmol) and benzyl
bromide (0.10 mL, 0.81 mmol). '"H NMR analysis of the crude
product showed a mixture of two diastereomeric products in
a 26:74 ratio. 'H NMR (CDCl;, 400 MHz) 6 1.19 (t, J = 7.1
Hz), 1.42 (d, J = 7.0 Hz, 3H), 3.14 (dd, J = 13.6 Hz, J = 8.8
Hz, 1H), 3.17 (dd, J=13.6 Hz, J= 8.1 Hz, 1H), 3.54 (d, , J =
13.7 Hz, 1H), 3.68 (d , J=13.7 Hz, 1H), 3.82 (dd, J = 7.6 Hz,
J=17.4Hz, 1H), 4.07 (q, J = 7. Hz, 2H), 4.28 (q, J = 7.0 Hz,
2H), 7.22-7.49 (m, 15H). 13C NMR (CDCls, 100 MHz) § 14.3,
21.2, 37.6, 56.3, 58.1, 60.7, 62.9, 126.3, 126.9, 127.0, 128.0,
128.3, 128.9, 129.5, 138.6, 140.6, 144.0, 173.3. Anal. Calcd
for CyHyoNO,: C, 80.59; H, 7.54; N, 3.61. Found: C, 80.68;
H, 7.31; N, 3.68%.
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Ethyl 2-(benzyl ((S)-1-phenylethyl)amino)pent-4-enoate
(10)

The general procedure was followed using (S)-6 (0.2 g, 0.67
mmol), 1.0 M LiHMDS (0.67 mL, 0.67 mmol) and allyl bro-
mide (0.07 mL, 0.81 mmol). 'H NMR analysis showed a mix-
ture of two diastereomeric products in a 35:65 ratio. '"H NMR
(CDCls3, 400 MHz) 6 1.17 (t,J=7.1 Hz, 3H), 1.34 (d, /= 7.0
Hz, 3H); 2.27-2.52 (m, 2H), 3.49 (dd, J= 7.7 Hz, J= 7.3 Hz,
1H), 3.95(q,J=7.1 Hz, 2H), 4.03 (d, /= 13.5 Hz, 1H), 4.09 (d,
J=13.5Hz, 1H), 4.14 (q, J = 7.0 Hz, 1H), 4.95-5.01 (m, 2H),
5.51-5.78 (m, 1H), 7.17-7.47 (m, 10H). '3C NMR (CDCl;, 100
MHz) 6 14.5, 21.4, 35.7, 51.7, 56.4, 60.1, 61.2, 117.1, 127.0,
127.2, 128.0, 128.2, 128.3, 128.9, 135.6, 142.5, 144.2, 173.4.
Anal. Calcd for C,,H,7NO,: C, 78.30; H, 8.06; N, 4.15. Found:
C, 78.54; H, 8.05; N, 4.12%.

Diethyl 2-(benzyl ((S)-1-phenylethyl) amino) succinate (11)

The general procedure was followed using (S)-6 (0.2 g, 0.67
mmol), 1.0 M LiHMDS (0.67 mL, 0.67 mmol) and ethyl bro-
moacetate (0.09 mL, 0.81 mmol). "H NMR analysis showed
a mixture of two diastereomeric products in a 30:70 ratio. 'H
NMR (CDCl;, 400 MHz) 6 1.18 (t, /= 7.3 Hz, 3H), 1.27 (t, J
=7.1 Hz, 3H), 1.39 (d, /= 6.6 Hz, 3H), 2.78 (dd, /= 15.9 Hz,
J =189 Hz, 1H), 2.80 (dd, J = 15.8 Hz, J = 7.7 Hz, 1H), 3.81
(d, J=14.6 Hz, 1H), 3.85 (d, J = 14.6 Hz, 1H), 3.94-3.99 (m,
1H), 4.02 (q, J = 6.6 Hz, 1H), 4.12 (q, J = 7.3 Hz, 2H), 4.17
(g, J = 7.1 Hz, 2H), 7.20-7.41 (m, 10H). 3C NMR (CDCl,,
100 MHz) 6 14.2, 14.3, 21.0, 36.5, 51.9, 56.4, 58.1, 60.6, 60.7,
127.2, 127.8, 127.9, 128.0, 128.3, 128.8, 141.5, 143.7, 171.3,
172.7. Anal. Calcd for C,3H,9NO,4: C, 72.04; H, 7.62; N, 3.65.
Found: C, 72.37; H, 7. 52; N, 3.55%.

Ethyl 2-(benzyl ((S)-1-phenylethyl) amino) butanoate (12)

The general procedure was followed using (S)-6 (0.2 g, 0.67
mmol), 1.0 M LiHMDS (0.67 mL, 0.67 mmol) and ethyl bro-
mide (0.09 mL, 0.81 mmol). 'H NMR analysis showed a mix-
ture of two diastereomeric products in a 33:67 ratio.

'"H NMR (CDCls, 400 MHz) 6 0.91 (t, J = 7.3 Hz, 3H),
1.24 (t, J=7.00 Hz, 3H), 1.27-1.29 (m, 2H), 1.40 (d, J= 7.0
Hz, 3H), 3.12 (d, /= 13.5 Hz, 1H), 3.47 (d, J= 13.5 Hz, 1H),
3.73 (dd, J = 7.2 Hz, J = 7.2 Hz, 1H), 3.95 (q, J = 7.0 Hz,
1H), 4.20 (q, J = 7.0 Hz, 2H), 7.14-7.34 (m, 10H). 13C NMR
(CDCl;, 100 MHz) 6 13.6, 14.0, 18.7, 29.8, 50.0, 51.4, 56.0,
59.8, 126.8, 127.8, 127.9, 128.1, 128.5, 140.9, 142.8, 172.6.
Anal. Calcd for C,;H,7NO;,: C, 77.50; H, 8.36; N, 4.30. Found:
C, 77.30; H, 8.66; N, 4.55%.

Ethyl 2(NV-((S)-1-phenylethyl) benzamido) propanoate (13)

The general procedure was followed using (S)-7 (0.2 g, 0.64
mmol), 1.0 M LiHMDS (0.64 mL, 0.64 mmol) and methyl
iodide (0.05 mL, 0.77 mmol). 'H NMR analysis showed a
mixture of two diastereomeric products in a 23:77 ratio. The
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major product was assigned the S configuration by chemical
correlation with (S)-16 (see text). 'H NMR (CDCls, 400 MHz)
61.12 (d, J = 7.0 Hz, 3H), 1.29 (t, J = 7.3 Hz, 3H), 1.59 (d,
J=6.8 Hz, 3H),3.62 (q, /= 7.0 Hz, 1H), 4.20 (q, J = 7.3 Hz,
2H), 5.06 (q, J = 6.8 Hz, 1H); 7.25-7.50 (m, 10H). 13C NMR
(CDCl3, 100 MHz) 6 14.3, 16.8, 29.8, 52.2, 56.8, 61.2, 126.0,
127.6, 128.0, 128.2, 128.7, 129.3, 137.0, 139.3, 170.6, 171.6.
Anal. Calcd. for C,0H,3NO;5: C, 73.82; H, 7.12; N, 4.30. Found:
C, 73.92; H, 7.15; N, 4.41%.

Ethyl 3-phenyl-2-(/V-((S)-1-phenylethyl) benzamido)
propanoate (14)

The general procedure was followed using (S)-7 (0.2 g, 0.64
mmol), 1.0 M LiHMDS (0.64 mL, 0.64 mmol) and benzyl
bromide (0.09 mL, 0.77 mmol). 'H NMR analysis showed a
mixture of two diastereomeric products in a 22:78 ratio. 'H
NMR (CDCl;, 400 MHz) 6 1.05 (t, J= 7.1 Hz, 3H), 1.58 (d, J
= 7.0 Hz, 3H), 2.48-2.77 (m, 1H), 3.52-3.82 (m, 1H), 4.07 (q,
J=17.1 Hz, 2H), 5.00 (dd, J = 7.4 Hz, J = 7.0 Hz, 1H), 5.25
(g, J = 7.0 Hz, 1H), 7.07-7.80 (m, 15H). '3C NMR (CDCl;,
100 MHz) 6 14.1, 17.4, 35.7, 50.0, 57.3, 60.9, 126.3, 128.2,
128.6, 128.9, 131.4 137.2, 139.5, 170.0, 171.5. Anal. Calcd.
for C,yH3NO5: C, 77.78; H, 6.78; N, 3.49. Found: C, 77.57;
H, 6.77; N, 3.47%.

Diethyl 2-(N-((S)-1-phenylethyl) benzamido) succinate (15)

The general procedure was followed using (S)-7 (0.2 g, 0.64
mmol), 1.0 M LiHMDS (0.64 mL, 0.64 mmol) and ethyl bro-
moacetate (0.09 mL, 0.77 mmol). 'H NMR analysis showed
a mixture of two diastereomeric products in a 34:66 ratio.
"H NMR (CDCl;, 400 MHz) & 1.25 (t, J = 7.0 Hz, 6H), 1.60
(d, J=17.0 Hz, 3H), 2.76 (dd, J = 16.3 Hz, J = 5.6 Hz, 1H),
3.04 (dd, J = 16.3 Hz, J = 5.6 Hz, 1H), 4.17 (q, J = 7.0 Hz,
4H), 5.13 (g, J = 7.0 Hz, 1H), 5.33 (dd, /=73 Hz, J =173
Hz, 1H), 7.25-7.77 (m, 10H). 13C NMR (CDCl;, 100 MHz) §
14.2, 21.8, 29.8, 44.1, 49.3, 61.2, 126.4, 127.2, 127.4, 127.9,
128.5, 128.7, 134.6, 143.2, 166.7, 169.2, 172.2. Anal. Calcd.
for C53H,7NOs: C, 69.50; H, 6.85; N, 3.53. Found: C, 69.61;
H, 6.63; N, 3.59%.

2-Amino-propionic acid (16)

The hydrogenation of 8 (25:75 w/l ratio) (0.1 g, 0.32 mmol) was
carried out under H, pressure 60 psi., using 10% Pd(OH), over
charcoal (0.01 g) water (2.0 mL) and trifluoroacetic acid (1.0
mL). The mixture was shaked for 8 h then filtered over Celite
and concentrated to afford the deprotected amine. This product
was dissolved in 6 N HCI (10 mL) and heated to 95°C for 5 h.
The crude product was washed with CH,Cl, (3 x 20 mL), the
aqueous phase was concentrated, and the residue adsorbed into
acid ion-exchange resin Dowex 50W X4. The resin was washed
with distilled water until the washings came out neutral. Then
the free amino acid was recovered with 0.1 N aqueous NH,OH.
Evaporation or the solution afforded the chiral a-amino acid
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()-16. Yield (0.022 g, 62%). [a]X = +7.25 (c = 6, 6 M HCI;
for this rotation [oz]é0 value an ee of 67% can be calculated),
Lit[10]. [o]2 = +14.5 (c = 6 M HCI). "H NMR (D,0, 400 MHz)
8 3.81 (d, J = 7.0 Hz, 3H), 6.12 (q, J = 7.0 Hz, 1H). 3C NMR
(D,0, 100 MHz) & 16.3, 50.8, 176.0.
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