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5-Funtionalized enantiomerically pure oxazolidin-2-ones were prepared in one pot from commercially
available chiral aziridines bearing an electron-withdrawing group at C-2 with retention of the
configuration in high yields by regioselective aziridine ring-opening followed by intramolecular
cyclization.

The importance of functionalized enantiomerically pure
oxazolidin-2-ones has been emphasized in organic syn-
thesis. They have been used as not only multipurpose
chiral synthons in asymmetric syntheses of biologically
active compounds or their synthetic intermediates,1 but
also chiral auxiliaries in many asymmetric transforma-
tions.2,3 Moreover, some suitably substituted chiral ox-
azolidinones are also being used as biologically active
compounds.4 Although they have been known for their
great variety of applicability, merely a few preparative
methods exist for the target compounds from L- and
D-serine,5 N-sulfonylated allylic carbamates,6 amino al-
cohols,7 chiral aziridines,8 and allylic amines.9 Conse-
quently, the development of a new efficient method for
the functionalized chiral oxazolidin-2-ones represents a

challenging issue. Especially when the C-5 position is
functionalized, chiral oxazolidin-2-ones become signifi-
cantly useful in organic and medicinal chemistry. For
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instance, Linezolid, having a 5-functionalized chiral
oxazolidin-2-one10 as a key structural unit, has become
a new important orally active antibiotic.11 As its various
biological activities and characteristics have been actively
tested so far,12 it is now considered to be even more
efficacious than vancomycin used as an antibiotic of last
resort. In addition, various isoserine derivatives from
chiral oxazolidin-2-ones are highly regarded as protease
inhibitors since the hydroxyl group serves as a mimic for
the tetrahedral intermediate of proteolysis and is bound
tightly to the active site.13 Unfortunately, toxic reagents
(e.g., phosgene, diphosgene, triphosgene, isocyanates)
have been usually used with the preparative methods of
oxazolidinones from the corresponding amino alcohols;3
sometimes even very low or high reaction temperatures
were needed.3,14 With those difficulties in mind we
developed a novel efficient stereospecific one-pot trans-
formation of 2-functionalized enantiomerically pure aziri-
dines to the corresponding 5-functionalized oxazolidin-
2-ones with retention of the configuration at C-2 of the
aziridine.

We recently reported the possibilities of the chiral
aziridine 1 as a three-carbon chiral building block for the
preparation of various biologically active compounds.15

We found that the aziridine nitrogen was quite basic and
also nucleophilic; therefore, ring-opening reactions were
initiated by the formation of the aziridinium ion inter-
mediate. We therefore envisaged a regioselective aziri-
dine ring-opening initiated by the acylation of the azir-
idine nitrogen to produce an activated aziridinium species.
The reaction of the enantiomerically pure aziridine-2-
carboxylic acid ethyl ester 1 with 1.5 equiv of methyl
chloroformate in refluxing CH3CN proceeded smoothly
to provide a 92% yield of the 2-oxazolidinone-5-carboxylic
acid ethyl ester 4.16 We monitored the reaction carefully
and found that the reaction proceeded via two steps with

the formation of the R-chlorocarboxylate 3, and we
proposed a plausible mechanism in Scheme 1. We iso-
lated the intermediate 3 as an oil and obtained all the
characterization data including HRMS to support the
proposed structure.

There are two possible pathways to form the oxazoli-
din-2-one from the C-2-substituted aziridine with reten-
tion of the configuration: direct CO2 insertion between
the ring nitrogen and C-2 position of the aziridine17 and
a double SN2 inversion process at C-2. However, the
presence of the intermediate 3 suggests that the reaction
is going through an SN2-type double inversion process.
Therefore, after acylation on the nucleophilic aziridine
nitrogen to form the activated aziridinium species 2, the
C(2)-N bond is regioselectively cleaved by the chloride
ion via an SN2 process, and then following intramolecular
cyclization by the carbamate oxygen, the oxazolidinone
is obtained with the retention of the configuration at C-2
of the aziridine 1.18 Moreover, while screening a suitable
reaction solvent, we found that the reaction did not
proceed further at the intermediate stage 3 in toluene.
Therefore, we isolated and fully characterized the inter-
mediate 2(R)-chloro-3-[N-methoxycarbonyl-N-1(R)-phe-
nylethyl]aminopropionic acid ethyl ester (3). We also
successfully transformed the intermediate 3 to the cor-
responding oxazolidinone 4 by refluxing in CH3CN in 95%
yield. The above-mentioned stereospecific one-pot trans-
formation of aziridine-2(R)-carboxylic acid menthol ester
5a equally well proceeded to give the corresponding
enantiomerically pure oxazolidin-2-one-5(R)-carboxylic
acid menthol ester 6a as a white solid in 93% yield
(Scheme 2). To confirm the absolute configuration at C-5
of the oxazolidinone 6a, we obtained the X-ray crystal-
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SCHEME 1a

a Reagents and conditions: (a) 1.5 equiv of ClCO2CH3, CH3CN,
reflux, 7 h, 92%. (a′) 1.5 equiv of ClCO2CH3, toluene, reflux, 2 h,
97%. (a′′) CH3CN, reflux, 7 h, 95%.

SCHEME 2
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lographic data.19 We also confirmed the retention of the
configuration at C-2 of the aziridine by using 2(S)-
stereoisomer 5b20 to obtain the corresponding 5(S)-
oxazolidinone 6b in the same reaction conditions. There-
fore, the present transformations show that the absolute
configuration at C-5 of the oxazolidinones is controlled
by that of the chiral aziridines at the C-2 position
(Scheme 3).

The above results show that 5-functionalized chiral
oxazolidin-2-ones are available very efficiently from chiral
aziridines bearing an electron-withdrawing group at the
C-2 position with retention of the configuration. To
extend the scope of the reaction, we used various C-2-
substituted aziridines which have vinyl or acyl groups
to provide more 5-functionalized chiral oxazolidin-2-ones
in excellent yields (Table 1). 2-Acylaziridines 7 were
prepared from the oxidation of the corresponding second-
ary alcohols obtained by organometallic addition to the
aziridine-2-carboxaldehyde 9.21-23 Starting from the 2-acyl-
substituted aziridines 7, we obtained 5-acyl-substituted
chiral 2-oxazolidinones 8 in high yields (Scheme 4).
Furthermore, aziridine-2-carboxaldehyde 9 was reacted
with an ylide to give the coupling product 10 as a trans
isomer in 96% yield. While the reaction of 10 with methyl
chloroformate under the previously described conditions
afforded oxazolidinone 11 in 94% yield after purification
by silica gel flash chromatography, the formation of the
5-vinyloxazolidin-2-one 13 proceeded without isolation of
the 2-vinylaziridine 12 due to the volatility of the
compound to give an 85% yield of the vinyloxazolidinone
13 from the aldehyde 9 (Scheme 5).

In summary, we developed a novel one-pot pathway
to 5-functionalized enantiomerically pure oxazolidinones
from the corresponding aziridines bearing an electron-
withdrawing group such as ester, vinyl, or acyl at C-2
with retention of the configuration in high yields.

Experimental Section

General Procedures. Flash chromatography was per-
formed with 230-400 mesh silica gel. Melting points were
determined on a capillary melting point apparatus and are
uncorrected. 1H NMR spectra were obtained on 200, 300, and

500 MHz spectrometers. NMR spectra were recorded in parts
per million (δ) relative to the peak for tetramethylsilane (δ )
0.00) as an internal standard unless stated otherwise and are
reported as follows: chemical shift, multiplicity (br ) broad,
s ) singlet, t ) triplet, q ) quartet, m ) multiplet), coupling
constant, and integration. Elemental analyses were performed
using an elemental analyzer. Optical rotations were obtained
on a digital polarimeter. Data are reported as follows: [R]25

D

(concentration (g/100 mL), solvent). Solvents and liquid re-
agents were transferred using hypodermic syringes. All other
reagents and solvents used were reagent grade. All glassware
was dried in an oven at 150 °C prior to use. Methylene chloride
and triethylamine were dried over calcium hydride prior to
use. Small- and medium-scale purifications were performed
using flash chromatography. Enantiomerically pure N-(R)-R-
methylbenzylaziridine-2(R)-carboxylic acid menthol ester (5a)
and its 2(S)-stereoisomer (5b) were obtained commercially.

Representative Example of the Formation of Oxazo-
lidin-2-one-5-carboxylates. Preparation of 2-Oxo-3-[1(R)-

(19) The ORTEP drawings and crystal data of 6a and 6b are in the
Supporting Information.
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SCHEME 3 TABLE 1. Preparation of 5-Functionalized Chiral
Oxazolidin-2-ones

SCHEME 4a

a Reagents and conditions: (a) 1.5 equiv of ClCO2CH3, CH3CN,
reflux, 7 h.

Sim et al.
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phenylethyl]oxazolidine-5(S)-carboxylic Acid Ethyl Es-
ter (4). To a solution of 1 (100 mg, 0.46 mmol) in 1.50 mL of
CH3CN was added methyl chloroformate (50 µL, 0.68 mmol),
and the mixture was stirred for 7 h in refluxing CH3CN. The
mixture was cooled to room temperature and concentrated in
vacuo. Purification by silica gel flash chromatography (EtOAc/
n-hexane, 30:70) provided 110 mg (92%) of 4 as a colorless oil:
[R]22

D ) +68.6 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ
7.37-7.27 (m, 5H), 5.21 (q, J ) 7.08 Hz, 1H), 4.87 (dd, J )
9.58, 5.19 Hz, 1H), 4.19 (q, J ) 7.14 Hz, 2H), 3.75 (t, J ) 9.34
Hz, 1H), 3.21 (dd, J ) 9.28, 5.19 Hz, 1H), 1.59 (d, J ) 7.14
Hz, 3H), 1.23 (t, J ) 7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3)
δ 168.8, 156.2, 139.0, 128.7, 127.9, 126.8, 69.9, 62.1, 51.5, 43.3,
16.2, 13.9. Anal. Calcd for C14H17NO4: C, 63.87; H, 6.51; N,
5.32. Found: C, 63.77; H, 6.77; N, 5.45.

Data for 6a: mp 65-66 °C; [R]24
D ) -57.1 (c 1.0, CHCl3);

1H NMR (200 MHz, CDCl3) δ 7.25-7.39 (m, 5H), 5.20 (q, J )
7.0 Hz, 1H), 4.72-4.84 (m, 2H), 3.49 (dd, J ) 8.8, 5.0 Hz, 1H),
3.37 (t, J ) 9.2 Hz, 1H), 1.54 (d, J ) 7.0 Hz, 3H), 1.24-2.05
(m, 7H), 0.76-1.18 (m, 8H), 0.73 (d, J ) 7.0 Hz, 3H); 13C NMR
(50.3 MHz, CDCl3) δ 168.4, 156.2, 138.6, 128.7, 128.0, 126.9,
76.3, 70.0, 51.4, 46.6, 43.1, 40.4, 33.8, 31.2, 26.0, 23.0, 21.8,
20.6, 16.1, 15.9. Anal. Calcd for C22H31NO4: C, 70.75; H, 8.37;
N, 3.75. Found: C, 70.6; H, 8.42; N, 3.66.

Data for 6b: mp 97-98 °C; [R]24
D ) -1.6 (c 1.0, CHCl3);

1H NMR (200 MHz, CDCl3) δ 7.24-7.39 (m, 5H), 5.20 (q, J )
7.0 Hz, 1H), 4.85 (dd, J ) 9.6, 5.0 Hz, 1H), 4.71 (td, J ) 10.8,
4.4 Hz, 1H), 3.74 (t, J ) 9.6 Hz, 1H), 3.16 (dd, J ) 9.6, 5.0 Hz,
1H), 1.57 (d, J ) 7.0 Hz, 3H), 1.29-1.83 (m, 7H), 0.84 (d, J )
7.4 Hz, 6H), 0.73-1.09 (m, 2H), 0.65 (d, J ) 7.0 Hz, 3H); 13C
NMR (50.3 MHz, CDCl3) δ 191.5, 167.3, 165.2, 156.0, 138.9,
132.1, 132.0, 128.7, 127.9, 126.8, 116.1, 115.9, 73.2, 51.8, 41.4,
16.6; IR (cm-1) 1762, 1742. Anal. Calcd for C22H31NO4: C,
70.75; H, 8.37; N, 3.75. Found: C, 70.7; H, 8.35; N, 3.59.

Preparation of 2(R)-Chloro-3-[N-methoxycarbonyl-N-
1(R)-phenylethyl]aminopropionic Acid Ethyl Ester (3).
To a solution of 1 (100 mg, 0.46 mmol) in 1.50 mL of CH3CN
was added methyl chloroformate (50 µL, 0.68 mmol), and the
mixture was stirred for 7 h in refluxing toluene. The mixture
was cooled to room temperature and concentrated in vacuo.
Purification by silica gel flash chromatography (EtOAc/n-
hexane, 20:80) gave 140 mg (97%) of 3 as a colorless oil: [R]25

D

) +51.0 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.37-
7.24 (m, 5H), 5.39 (br, 1H), 4.16-4.08 (m, 2H), 3.74-3.70 (m,
5H), 3.34 (dd, J ) 14.83, 7.26 Hz, 1H), 1.64 (d, J ) 7.14 Hz,
3H), 1.25 (t, J ) 7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ
168.3, 156.7, 140.4, 128.3, 127.3, 126.7, 61.9, 61.4, 54.7, 52.6,
47.8, 17.6, 13.7. HRMS (EI) m/z calcd for C15H20ClNO4

313.1081, found 313.1064.
Preparation of N-(R)-Phenylethylaziridin-2(S)-yl

Pyren-2-yl Ketone (7f). To a solution of oxalyl chloride (70
µL, 0.80 mmol) in 1.65 mL of CH2Cl2 under nitrogen at -78
°C was added DMSO (80 µL, 1.06 mmol). The solution was
stirred for 30 min at -78 °C and treated with a solution of a

mixture of [N-(R)-phenylethylaziridin-2(S)-yl]pyren-2-ylmetha-
nol (200 mg, 0.53 mmol) in 1.00 mL of CH2Cl2. The mixture
was stirred for 30 min at -78 °C and treated with Et3N (0.30
mL, 2.12 mmol) at -78 °C. The mixture was stirred for 15
min and warmed to room temperature. To the mixture was
added 2.00 mL of water, and the organic layer was separated.
The aqueous layer was extracted with CH2Cl2 (3 mL × 5), and
the combined organic extracts were dried, filtered, and con-
centrated in vacuo. Purification by silica gel flash chromatog-
raphy (EtOAc/n-hexane, 30:70) provided 183 mg (92%) of 7f
as a brown solid: mp 161-162 °C; [R]22

D ) -210.8 (c 1.0,
CHCl3); 1H NMR (500 MHz, CDCl3) δ 8.50-7.23 (m, 14H), 2.95
(q, J ) 3.05 Hz, 1H), 2.74-2.70 (m, 2H), 1.99 (dd, J ) 6.23,
1.53 Hz, 1H), 1.55 (d, J ) 6.53 Hz, 3H); 13C NMR (125 MHz,
CDCl3) δ 200.5, 144.2, 133.5, 132.4, 131.0, 130.4, 129.4, 129.4,
129.3, 129.0, 128.6, 127.5, 127.0, 126.3, 126.2, 126.1, 126.0,
124.6, 124.5, 124.2, 123.8, 70.8, 43.5, 37.9, 23.5. Anal. Calcd
for C27H21NO: C, 86.37; H, 5.64; N, 3.73. Found: C, 86.35; H,
5.82; N, 3.81.

Representative Example of the Preparation of 5-Acy-
loxazolidin-2-ones. Preparation of 5(S)-Benzoyl-3-[1′(R)-
phenylethyl]oxazolidin-2-one (8a). To a solution of 7a (166
mg, 0.66 mmol) in 2.20 mL of CH3CN was added methyl
chloroformate (80 µL, 0.99 mmol), and the mixture was stirred
for 7 h in refluxing CH3CN. The mixture was cooled to room
temperature and concentrated in vacuo. Purification by silica
gel flash chromatography (EtOAc/CH2Cl2, 10:90) gave 179 mg
(92%) of 8a as a white solid: mp 88-89 °C; [R]24

D ) +167.2 (c
1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.96-7.26 (m, 10H),
5.59 (dd, J ) 9.46, 6.04 Hz, 1H), 5.21 (q, J ) 7.14 Hz, 1H),
3.75 (t, J ) 9.22 Hz, 1H), 3.59 (dd, J ) 9.03, 6.04 Hz, 1H),
1.62 (d, J ) 7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 192.9,
156.2, 138.9, 134.2, 133.6, 129.1, 128.8, 128.7, 127.9, 126.8,
73.1, 51.7, 41.6, 16.6. Anal. Calcd for C18H17NO3: C, 73.20; H,
5.80; N, 4.74. Found: C, 73.38; H, 6.03; N, 4.85.

Data for 8b: mp 81-83 °C; [R]23
D ) +162.3 (c 1.0, CHCl3);

1H NMR (500 MHz, CDCl3) δ 8.02-7.11 (m, 9H), 5.30 (dd, J
) 9.34, 6.04 Hz, 1H), 5.19 (q, J ) 7.14 Hz, 1H), 3.73 (t, J )
9.22 Hz, 1H), 3.63 (dd, J ) 9.03, 5.98 Hz, 1H), 1.62 (d, J )
7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 191.5, 167.3, 165.2,
156.0, 138.9, 132.1, 132.0, 128.7, 127.9, 126.8, 116.1, 115.9,
73.2, 51.8, 41.4, 16.6. Anal. Calcd for C18H16FNO3: C, 69.00;
H, 5.15; N, 4.47. Found: C, 69.10; H, 5.08; N, 4.51.

Data for 8c: mp 126-127 °C; [R]22
D ) +209.6 (c 1.0, CHCl3);

1H NMR (500 MHz, CDCl3) δ 7.87-7.24 (m, 9H), 5.70 (dd, J
) 9.40, 5.80 Hz, 1H), 5.15 (q, J ) 7.08 Hz, 1H), 3.75 (t, J )
9.28 Hz, 1H), 3.56 (dd, J ) 8.97, 5.86 Hz, 1H), 1.59 (d, J )
7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 191.8, 155.9, 140.5,
138.8, 131.8, 130.4, 129.0, 128.5, 127.7, 126.5, 72.9, 51.6, 41.4,
16.5. Anal. Calcd for C18H16ClNO3: C, 65.56; H, 4.89; N, 4.25.
Found: C, 65.56; H, 4.92; N, 4.18.

Data for 8d: mp 70-71 °C; [R]22
D ) +163.3 (c 1.0, CHCl3);

1H NMR (500 MHz, CDCl3) δ 7.73-1.24 (m, 9H), 5.60 (dd, J
) 9.52, 5.92 Hz, 1H), 5.19 (q, J ) 7.08 Hz, 1H), 3.75 (t, J )
9.22 Hz, 1H), 3.53 (dd, J ) 8.97, 5.92 Hz, 1H), 2.37 (s, 3H),
1.60 (d, J ) 7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 192.9,
156.2, 138.9, 138.6, 134.9, 133.6, 129.4, 128.6, 127.7, 126.6,
126.1, 72.9, 51.6, 41.7, 21.1, 16.5. Anal. Calcd for C19H19NO3:
C, 73.77; H, 6.19; N, 4.53. Found: C, 73.76; H, 6.23; N, 4.54.

Data for 8e: [R]23
D ) +12.2 (c 1.0, CHCl3); 1H NMR (500

MHz, CDCl3) δ 7.78-6.93 (m, 9H), 5.68 (dd, J ) 9.83, 4.52
Hz, 1H), 5.18 (q, J ) 7.02 Hz, 1H), 3.87-3.84 (m, 4H), 3.20
(dd, J ) 8.92, 4.52 Hz, 1H), 1.59 (d, J ) 7.14 Hz, 3H); 13C NMR
(125 MHz, CDCl3) δ 194.5, 158.7, 157.1, 139.2, 135.1, 131.0,
128.4, 127.4, 126.4, 123.4, 121.0, 111.5, 75.3, 55.6, 51.0, 42.7,
16.2. Anal. Calcd for C19H19NO4: C, 70.14; H, 5.89; N, 4.31.
Found: C, 70.15; H, 5.71; N, 4.27.

Data for 8f: mp 161-162 °C; [R]22
D ) +210.8 (c 1.0, CHCl3);

1H NMR (500 MHz, CDCl3) δ 8.64-7.22 (m, 14H), 5.79 (dd, J
) 9.58, 5.43 Hz, 1H), 5.24 (q, J ) 7.02 Hz, 1H), 3.80 (t, J )
9.34 Hz, 1H), 3.54 (dd, J ) 9.22, 5.49 Hz, 1H), 1.59 (d, J )
7.14 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 196.9, 156.4, 139.1,

SCHEME 5a

a Reagents and conditions: (a) 1.2 equiv of (EtO)2POCH2CO2Et,
1.2 equiv of LiHMDS, THF, at rt, 2 h, 96%. (b) 1.5 equiv of
ClCO2CH3, CH3CN, reflux, 7 h, 97%. (a′) 2 equiv of CH3PPh3

+I-,
1.5 equiv of n-BuLi, THF, -78 °C. (b′) 1.5 equiv of ClCO2CH3,
CH3CN, reflux, 7 h, 85%.
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134.5, 130.8, 130.6, 130.2, 130.2, 128.7, 127.8, 127.4, 126.9,
126.9, 126.8, 126.7, 126.5, 126.4, 124.7, 124.0, 123.8, 74.3, 51.6,
42.4, 16.4. Anal. Calcd for C28H21NO3: C, 80.17; H, 5.05; N,
3.34. Found: C, 80.04; H, 5.05; N, 3.48.

Preparation of 3-[1-(1′R)-Phenylethylaziridin-2(R)-yl]-
acrylic Acid Ethyl Ester (10). To a solution of (EtO)2POCH2-
CO2Et (0.14 mL, 0.68 mmol) in 1.89 mL of THF under nitrogen
with stirring at room temperature was added LiHMDS (1.0
M, 0.69 mL, 0.69 mmol) in THF. The mixture was treated with
9 (100 mg, 0.57 mmol) in 1.00 mL of THF via cannula, stirred
for 2 h at room temperature, and then treated with 0.5 mL of
aqueous NH4Cl. The organic layer was separated, and the
aqueous layer was extracted with EtOAc (3 mL × 5). The
combined organic extracts were washed with brine, dried over
anhydrous MgSO4, filtered, and concentrated in vacuo. Puri-
fication by silica gel flash chromatography (EtOAc/n-hexane,
30:70) provided 136 mg (97%) of 10 as a yellow oil: [R]23

D )
-116.7 (c 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.33-
7.19 (m, 5H), 6.69-6.64 (m, 1H), 5.91 (d, J ) 15.63 Hz, 1H),
4.12 (q, J ) 7.14 Hz, 2H), 2.55 (q, J ) 6.53 Hz, 1H), 1.20-
1.96 (m, 2H), 1.77 (dd, J ) 5.80, 1.28 Hz, 1H), 1.41 (d, J )
6.53 Hz, 3H), 1.22 (t, J ) 7.14 Hz, 3H); 13C NMR (125 MHz,
CDCl3) δ 165.9, 147.9, 143.9, 128.1, 126.8, 126.2, 121.4, 69.6,
59.9, 38.3, 36.7, 23.2, 14.0. Anal. Calcd for C15H19NO2: C,
73.44; H, 7.81; N, 5.71. Found: C, 73.50; H, 7.87; N, 5.79.

Data for 11: [R]25
D ) +108.0 (c 1.0, CHCl3); 1H NMR (500

MHz, CDCl3) δ 7.28-7.19 (m, 5H), 6.67 (dd, J ) 15.63, 5.13
Hz, 1H), 6.01 (dd, J ) 15.63, 1.53 Hz, 1H), 5.11 (q, J ) 7.08
Hz, 1H), 5.03-4.98 (m, 1H), 4.09 (q, J ) 7.14 Hz, 2H), 3.64 (t,
J ) 8.91 Hz, 1H), 2.82 (dd, J ) 8.73, 6.78 Hz, 1H), 1.50 (d, J
) 7.14 Hz, 3H), 1.18 (t, J ) 7.14 Hz, 3H); 13C NMR (125 MHz,
CDCl3) δ 165.0, 156.4, 142.0, 138.7, 128.4, 127.7, 126.6, 122.8,
71.2, 60.4, 51.3, 44.7, 16.1, 13.8. Anal. Calcd for C16H19NO4:
C, 66.42; H, 6.62; N, 4.84. Found: C, 66.43; H, 6.74; N, 4.52.

Preparation of 3-[1(R)-Phenylethyl]-5(R)-vinyloxazo-
lidin-2-one (13). To a solution of the phosphonium salt
CH3PPh3

+I- (922 mg, 2.28 mmol) in 3.71 mL of THF under

nitrogen with stirring and cooling at -78 °C was added n-BuLi
(1.6 M, 1.07 mL, 1.71 mmol) in hexane. The mixture was
stirred for 30 min and treated with 9 (200 mg, 1.14 mmol) in
2.00 mL of THF via cannula at -78 °C. The mixture was
stirred for 2 h at -78 °C, warmed to room temperature, and
treated with 1 mL of water. The organic layer was separated,
and the aqueous layer was extracted with EtOAc (5 mL × 5).
The combined organic extracts were washed with brine, dried
over anhydrous MgSO4, and filtered, and the solvent was
evaporated by air flow to obtain the crude mixture 12. To a
solution of 12 in 3.80 mL of CH3CN was added methyl
chloroformate (0.13 mL, 1.71 mmol), and the mixture was
stirred for 7 h in refluxing CH3CN. The mixture was cooled to
room temperature and concentrated in vacuo. Purification by
silica gel flash chromatography (EtOAc/n-hexane, 30:70) gave
210 mg (overall 85%) of 13 as a yellow oil: [R]22

D ) +93.3 (c
1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ 7.37-7.27 (m, 5H),
5.79-5.72 (m, 1H), 5.35 (td, J ) 17.09, 1.04 Hz, 1H), 5.24-
5.19 (m, 2H), 4.89 (q, J ) 6.78 Hz, 1H), 3.62 (t, J ) 8.67 Hz,
1H), 2.85 (dd, J ) 8.67, 6.84 Hz, 1H), 1.58 (d, J ) 7.08 Hz,
3H); 13C NMR (125 MHz, CDCl3) δ 157.2, 139.3, 134.4, 128.6,
127.7, 126.8, 118.5, 73.9, 51.2, 45.3, 16.4. Anal. Calcd for
C13H15NO2: C, 71.87; H, 6.96; N, 6.45. Found: C, 71.80; H,
7.05; N, 6.56.
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