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Synthesis of Oxazolidinones using Carbon Dioxide as a C-1

Building Block and an Aluminium-based Catalyst.

Mani Sengoden,®@ Michael North,*® and Adrian C. Whitwood®

Abstract: Oxazolidinone synthesis by the coupling of carbon dioxide
and aziridines is catalysed by an aluminium(salphen) complex at 50-
100 °C and 1-10 bar pressure under solvent-free conditions. The
process is applicable to a variety of substituted aziridines, giving
products with high regioselectivity. It involves the use of a
sustainable and reusable aluminium-based catalyst, uses carbon
dioxide as a C-1 source and provides access to pharmaceutically
important oxazolidinones as illustrated by a total synthesis of
toloxatone. This protocol is scalable and the catalyst can be
recovered and reused. A catalytic cycle is proposed based on
stereochemical, kinetic and Hammett studies.

Introduction

Utilization of carbon dioxide as a chemical feedstock is currently
attracting much interest!'l in both industry and academia, since it
is a safe, inexpensive and ubiquitous C-1 resource as well as
being the main greenhouse gas. The commercially viable
exploitation of carbon dioxide as a feedstock requires both the
production of large volume, low value chemicals and the
production of lower volume, high value products.?! The reaction
of carbon dioxide with aziridines falls into the latter category and
is an efficient, atom-economic route for the preparation of
oxazolidinones which are important heterocyclic motifs found in
commercial pharmaceuticals®! and which have a range of other
synthetic applications.[4] For example, antimicrobials such as
radezolid,®>9 linezolid®! and eperezolid®? and the
antidepressant, toloxatonel®? all contain an oxazolidinone
scaffold (Figure 1). Hence, the development of an
environmentally friendly approach for the synthesis of

oxazolidinones under mild reaction conditions is highly desirable.

The uncatalysed reaction of carbon dioxide with aziridines
requires specialized conditions (ball milling!3! or supercritical
carbon dioxidel®l) and is only applicable to a small number of
substrates. The reaction can be induced by catalytic or
stoichiometric amounts of metal salts,! metal complexes,® solid
metal phosphonates,®’ MOFs,[!%1 onium salts,[!!! iodine,'] o-
amino acids,!'31 N-heterocyclic carbenes!'*] or polymers.[15]
However, all these systems have deficiencies with respect to
catalyst loading, carbon dioxide pressure, substrate scope
and/or need for toxic solvents.!' Building on our experience in
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the development of catalysts for the synthesis of cyclic
carbonates from epoxides and carbon dioxide,!'”! the conversion
of aziridines to oxazolidinones presented a new challenge with
additional complications due to the presence of a substituent on
the nitrogen atom of the aziridine and the possibility of forming
regioisomeric products. Herein we present an aluminium-based
catalyst for the coupling of aziridines with carbon dioxide at
moderate temperature under solvent-free conditions. The
reactions efficiently gave the corresponding oxazolidinones in
high yields.
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Figure 1. Examples of medicinally important oxazolidinones.

Results and Discussion

Initial  reactions were carried out using 1-benzyl-2-
phenylaziridinel>¥ (1a) as substrate (Table 1). Pleasingly, 3-
benzyl-5-phenyloxazolidin-2-one (2a) was obtained as a single
regioisomer with 100% conversion when substrate la and
carbon dioxide (10 bar) were stirred with 2.5 mol% of aluminium
complex 38 (Figure 2) for 24 hours at 50 °C (entry 1). A similar
result was obtained, when the carbon dioxide pressure was
reduced to 5 bar (entry 2), though the conversion dropped
significantly when the carbon dioxide pressure was reduced to 1
bar (entry 3). The conditions of Table 1, entry 3 were then used
to screen the catalytic activity of complexes 4 and 5% (entries
4,5) and complex 5 was found to restore the complete
conversion of l1a into 2a (entry 5). Use of 1.5 mol% of catalyst 5
still gave 97% conversion (entry 6), but a significant reduction in
conversion to 77% was apparent when the catalyst loading was
further reduced to 1 mol% (entry 7). At room temperature, no
reaction occurred (entry 8) and a control experiment confirmed
that no reaction occurred in the absence of catalyst (entry 9).
Despite its rather complex looking structure, catalyst 5 is readily
available in just two steps from commercially available
chemicals.[6:20
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Table 1. Optimization of the reaction conditions.

Bn
N XN’B”
S\ + CO, ——

Ph

1a Ph  2a
Entry CO:[bar]  Catalyst [mol %] T[°C] t[n] Conv. (%)@
1 10 3(2.5) 50 24 100
2 5 3(2.5) 50 24 100
3 1 3(2.5) 50 65 41
4 1 4(2.5) 50 24 59
5 1 5 (2.5) 50 24 100
6 1 5 (1.5) 50 24 97
7 1 5 (1.0) 50 24 77
8 1 5 (1.5) 23 24 n.r.
9 1 - 50 24 n.r.
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Scheme 1. Substrate scope of the coupling of CO2 with aziridines catalysed
by complex 5.

Table 2. Synthesis of oxazolidinones 2a-r.

[a] Determined by *H NMR spectroscopy. n.r. = no reaction.
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Figure 2. Structures of complexes 3-5.

The generality of the reaction under the conditions of Table 1,
entry 6 was examined using 17 aziridines4c15216.211 15.q
(Scheme 1) and the results are presented in Table 2. Variously
N-substituted 2-phenylaziridines la-f underwent coupling with
CO; to give products 2a-f in 72-91% isolated yields and with
regioselectivities of 95-100%. Substrates 1e,f with a secondary
alkyl group on the nitrogen atom required longer reaction times
to give complete conversions and substrate 1g with a tert-butyl
group on its nitrogen atom failed to react. These results are
clearly indicative of a mechanism in which complex 5
coordinates to the nitrogen atom of the aziridine. 2-Alkyl
aziridines, 1h,i were also good substrates, giving oxazolidinones
2h-i in 89-94% isolated yields with regioselectivities of at least

Substrate CO2 T t[h] Conv. Regioselectivty Yield
[oar] [°C] (%)™ (2:2) (%)
la 1 50 24 97 100:0 89
1b 1 50 24 100 95:5 84
1c 1 50 24 99 94:6 91
1d | 4 50 24 100 96:4 89
le 1 50 44 100 95:5 72
1f 1 50 32 100 100:0 83
1g 1 50 24 0
1h 1 50 24 100 80:20 89
1i 1 50 24 100 86:14 94
1j 1 50 24 100 100:0 78
1k 1 50 24 100 98:2 88
1l 1 50 24 100 94:6 91
im 1 50 24 100 94:6 93
1n 1 50 40 100 90:10 86
1o 1 50 24 100 72
1p 10 100 24 100 72
1q 10 100 24 100 86

[a] Determined by 'H NMR spectroscopy of the reaction mixture before
purification. n.r. = no reaction. [b] Total isolated yield of 2 and 2’ (when
present).

80%. N-Butyl 2-arylaziridines 1j-n with either electron-donating
or electron-withdrawing substituents on the aryl group gave
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oxazolidinones 2j-n in 78-93% yields and with at least 90%
regioselectivity. Notably, however, substrate 1n with a 4-
nitrophenyl substituent required a reaction time of 40 hours,
suggestive of a mechanism which involves a build-up of positive
charge at the benzylic position of the aziridine during the
mechanism. Bicyclic 2,3-disubstituted aziridines 10-q were also
suitable substrates, giving oxazolidinones 20-q. Cyclopentyl
aziridine 20 was highly reactive under the standard reaction
conditions (50 °C, 1 bar CO, 24 hours), whilst cyclohexyl
aziridines 2p,q were less reactive and required a temperature of
100 °C with 10 bar CO; pressure for 24 hours. The
stereochemistry of products 2p,q provides useful mechanistic
information and for both products, *H and C NMR
spectroscopy indicated the formation of a single diastereomer. In
the case of 2q, this was unambiguously determined to be cis by
single crystal X-ray analysis (Figure 3).116.22]

Figure 3. Ellipsoid diagram of the X-ray structure of compound 2q.

The above reactions were all carried out on a 0.5 mmol (ca
100 mg) scale. However, the reaction was found to be scalable
without difficulty. Thus, a reaction at 50 °C and 1 bar CO;
pressure using 4.18 g (20 mmol) of aziridine l1a gave 99%
conversion to oxazolidinone 2a which was isolated in 96% vyield.
Catalyst 5 could be recovered in 95% yield simply by adding
acetonitrile to the reaction mixture and was then used to convert
aziridine 1d into oxazolidinone 2d with 100% conversion (87%
isolated yield) and 95% regioselectivity under the conditions of
Table 1, entry 6. Thus, complex 5 can be recovered and reused
without loss of catalytic activity.

To illustrate the applicability of the methodology, a total
synthesis of toloxatonel?*] 2r was undertaken as shown in
Scheme 2. Thus, glycidyl acetate was converted in two steps
into aziridine 1r. Compound 1r could then be converted into
toloxatone 2r in 70% isolated yield by treatment with carbon
dioxide in the presence of catalyst 5. The optimal conditions for
this conversion were found to be 100 °C and 10 bar of carbon
dioxide pressure.

The regiochemistry observed in reactions using substrates
la-n and the slower rate of reaction of substrate 1n are
indicative of a mechanism that involves cleavage of the more
substituted C-N bond of the aziridine and at least partial
cleavage of this bond during the rate determining step of the
catalytic cycle. In contrast, the complete retention of
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stereochemistry observed with bicyclic substrates 1p,q is the
result found in related reactions between carbon dioxide and
epoxides when the reaction occurs at the less substituted end of
the heterocycle.[?*! To investigate this further, reactions were
carried out wusing deuterated trans-li (90% deuterium
incorporation). As shown in Scheme 3, both regioisomeric
products: deuterated 2i and deuterated 2i° were formed
exclusively as the trans-isomer. Deuterated 2i was again the
major product and arises from insertion of carbon dioxide into
the more substituted C-N bond of the aziridine. Hence,
whichever C-N bond of the aziridine carbon dioxide inserts into,
the reaction occurs with complete retention of the

stereochemistry of the aziridine.
Q/Me
N

L\\/OAC

1) 3-Me-aniline, 50 °C, 2 days
\>\/OAC 2) PPh3/Br, (1 equiv.), Et3N (2 equiv.),
MeCN, 0°C-RT, 24 h

80%
NaOH (2 equiv.) o
H,O,RT, 16h | 91%
Me Me
(¢}
M 5 (1.5 mol%), CO, (10 bar),
N~ O o
\_«/ 100°C, 24 h N
or OH 70% %OH
toloxatone 1r
Scheme 2. Total synthesis of toloxatone.
+ CO,
M’u ‘D (1 bar)
(£) 1i (90% D)
5 (1.5 mol%), 50 °C, 24 hl
(0] (0] O
J\N,Bn Bn\N)kO OJ\N,BH
(£) D- 2| (81%) (#) D-2i' (9%) (%) 2i (10%

Scheme 3. Reaction with deuterated trans-aziridine 1i.

To further probe the reaction mechanism, a Hammett plot
was constructed using kinetic data obtained using substrates
la,j-n from reactions carried out at 50 °C and 1 bar carbon
dioxide pressure with dichloroethane as solvent.'®l The general
rate equation for the reaction is: rate = k[aziridine])[CO,]°[5]°.
Since species 5 is a catalyst, and a large excess of carbon
dioxide was present, this simplifies to: rate = Kkgps[aziridine]?
where Kobs = K[CO,]P[5]°. The disappearance of the aziridine was
monitored by *H NMR spectroscopy and all reactions were found
to show a good fit to first order kinetics implying that a=1. The
resulting first order rate constants are given in Table 3.

This article is protected by copyright. All rights reserved.



ChemSusChem

Table 3. Kinetic data for the reaction of substrates 1a,j-n.

Substrate Aromatic Kobs X 10% mint 1@ G 10g[(KobsX)/(KobsH)]
substituent
la H -3.630 + 0.000 0.00 0.00
1j 4-OMe -29.365 + 1.145 -0.27 0.91
1k 4-Me -9.930 + 0.540 -0.17 0.44
1l 4-Cl -1.084 +0.185 0.23 -0.55
im 4-Br -0.606 + 0.022 0.23 -0.78
1n 4-NO2 -0.179 £ 0.001 0.78 -1.31

[a] Average of two, mutually consistent, separate experiments.

The Hammett plot constructed from the relative rate data in
Table 3 is shown in Figure 4 and has a negative slope, indicative
of a build-up of positive charge at the more hindered carbon
atom of the aziridine during the catalytic cycle. However, the
magnitude of the reaction constant (-2.1) is considerably smaller
than the -4 to -5 which is characteristic of reactions which
involve formation of a full positive charge at a benzylic position
during the rate determining step of the reaction.’!

.
4-MeO y =-2.07x + 0.07
R2 =0.91
0.5 4 0.9
4-Me
04 02 H 02 © 04 0.6 0.8
-0.5 1 E 4-Cle
e *
14 :z 4-Br
< 4-NO,
S *
-15 -

Figure 4. Hammett plot for the synthesis of oxazolidinones 2a,j-n catalysed by
complex 5.

On the basis of the stereochemical, regiochemical and
kinetic evidence, the catalytic cycle shown in Scheme 4 is
proposed as the simplest mechanism that fits all of the data.
Chelation of aziridines 1 to complex 5 results in formation of
intermediate A in which the aziridine C—N bond best able to
support a partial positive charge is preferentially lengthened.
Intermediate A then undergoes aziridine ring-opening selectively
at the lengthened C-N bond to give intermediate B. Reaction of
intermediate B with carbon dioxide forms intermediate C which
can cyclize to form oxazolidinone 2 and regenerate catalyst 5.
Overall the catalytic cycle involves two substitution reactions,
each of which occurs with inversion of configuration, at the more
hindered carbon atom of the aziridine ring, explaining both the
regio- and stereochemistry. The build-up of partial positive
charge in intermediate A correctly accounts for the observed
kinetic data.
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Conclusions

An efficient procedure for the synthesis of oxazolidinones by the
reaction of carbon dioxide with aziridines under mild reaction
conditions has been developed. The reaction is regioselective,
scalable and gives oxazolidinones in good to high yields. The
homogeneous catalyst can be recovered and reused and the
methodology has been used to prepare the antidepressant,
toloxatone. Mechanistic studies involving studies of the reaction
stereochemistry and kinetics suggested that the reaction occurs
at the more substituted carbon of the aziridine with overall
retention of configuration at this position. A catalytic cycle is
proposed which accounts for all of the experimentally observed
features. Compared to previously reported systems, the reaction
has wide substrate scope, requires a low catalyst loading, low
carbon dioxide pressure and occurs under solvent-free
conditions.

Experimental Section

General Information. All chemicals were purchased from Sigma-Aldrich
and used as received. Aziridines la—g and 1j—-n were prepared by the
method of Du et al.l'5d Aziridines 1h,l,0-q and 1-(3-methylphenyl)-2-
(acetoxymethyl)aziridine were prepared by the method of Anaya de
Parrodi et al.?®! Metal complexes were prepared as previously
reported.[81920 Reactions were monitored by analytical TLC on Merck
silica gel 60 Fzss4 plates. Column chromatography was performed with
Aldrich silica gel (220-440 mesh). *H and *3C NMR spectra were
recorded on a JEOL-400 spectrometer Chemical shifts (5) are reported
relative to solvent signals (CHCls, 7.26 ppm for *H NMR and CDCls 77.23
ppm for 3C NMR). Melting points were determined with a Stuart SMP20
apparatus and are uncorrected. FT-IR spectra were recorded using
PerkinElmer 400 spectrometer.

X-Ray Crystallography. Diffraction data were collected at 110 K on an
Oxford Diffraction SuperNova diffractometer with Cu-Ka radiation (A=
1.54184 A) using a EOS CCD camera. The crystal was cooled with an
Oxford Instruments Cryojet. Diffractometer control, data collection, initial
unit cell determination, frame integration and unit-cell refinement was
carried out with “Crysalis”.?8! Face-indexed absorption corrections were
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applied using spherical harmonics, implemented in SCALE3 ABSPACK
scaling algorithm.?”l  OLEX2[?® was used for overall structure solution,
refinement and preparation of computer graphics and publication data.
Within OLEX2, the algorithms used for structure solution were “ShelXT
dual-space”.l 21 Refinement by full-matrix least-squares used the
SHELXL-97% algorithm within OLEX2.[28 All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were placed by difference map
and allowed to refine.

General procedure for the coupling of aziridines with CO, at
atmospheric pressure. A mixture of aziridine (0.5 mmol), and catalyst 5
(0.015 mmol) was stirred at 50 °C under COz (1 atm) for the appropriate
time, then the reaction was allowed to cool to room temperature. The
conversion of aziridine to oxazolidinones and the regioselectivity were
determined by *H NMR analysis. The residue was purified by silica gel
column chromatography using EtOAc and petroleum ether as eluents to
give the corresponding oxazolidinones.

General procedure for the synthesis of oxazolidinones under
pressure. A mixture of aziridine (0.5 mmol), and catalyst 5 (0.015 mmol)
was placed in a stainless steel autoclave and the reactor was heated to
the desired temperature, then pressurised with CO2 to the required
pressure. The reaction mixture was stirred for 24 h, then the autoclave
was cooled in liquid nitrogen and excess CO:2 vented. Conversion of
aziridine to oxazolidinones was determined by 'H NMR analysis. The
residue was purified by silica gel column chromatography using EtOAc
and petroleum ether as eluents to give the corresponding oxazolidinones.

Synthesis of 1-(3-Methylphenyl)-2-(hydroxymethyl)aziridine (1r). A
mixture of 1-(3-methylphenyl)-2-(acetoxymethyl)aziridine (1 equiv.) and
NaOH (2 equiv.) in H20 was stirred at room temperature overnight. Then,
the reaction mixture was extracted with EtOAc (3x10 mL). The combined
organic extracts were dried (Na2SO4) and concentrated in vacuo. The
residue was purified by silica gel column chromatography using EtOAc
and petroleum ether (2:3) as eluent to give 1-(3-Methylphenyl)-2-
(hydroxymethyl)aziridine (1r) as a colourless liquid in 91% vyield.

Reaction kinetics. Catalyst 5 (0.015 mmol) was added to a 1M solution
of aziridine (0.5 mmol) in dichloroethane. The resulting solution was
stirred at 50 °C under CO2 (1 atm) and at appropriate time intervals,
samples were removed and analysed by 'H NMR spectroscopy to
determine the relative amounts of aziridine and oxazolidinones present.
All kinetic experiments were carried out in duplicate and gave consistent
results.

Characterizing data for previously unreported aziridines.

1-Butyl-2-(4-methoxyphenyl)aziridine (1j). *H NMR (400 MHz, CDCl3) &
=7.17(d J = 8.8 Hz, 2H, ArH), 6.84 (d J = 8.8 Hz, 2H, ArH), 3.78 (s, 3H,
OCHzg), 2.51-2.45 (m, 1H, NCH2CH2), 2.32-2.23 (m, 2H, NCH2CH> +
CHN), 1.85 (d J = 3.6 Hz, 1H, CHoN), 1.61-1.55 (m, 3H, CH:N,
NCH2CHy), 1.42-1.33 (m, 2H, CH2Me), 0.91 (t J = 7.2 Hz, 3H, CHs) ppm;
3C NMR (100 MHz, CDCls) § = 158.7, 132.7, 127.4, 113.9, 61.7, 55.5,
41.0, 37.5, 32.2, 20.8, 14.3 ppm. IR (neat): vmax = 2932 and 2869 cm;
MS (ESI): calcd. for C1sH20NO (MH*) 206.1539, found 206.1540, 411.307
[2M+H]*.

1-Butyl-2-(4-chlorophenyl)aziridine (1l). *H NMR (400 MHz, CDCls) & =
7.25 (d J = 8.4 Hz, 2H, ArH), 7.17 (d J = 8.8 Hz, 2H, ArH), 2.50-2.44 (m,
1H, NCH2CH>), 2.33-2.27 (m, 1H, NCH2CH>), 2.25 (dd J = 6.4, 3.2 Hz,
1H, CHN), 1.82 (d J = 4.0 Hz, 1H, CH2N), 1.65 (d J = 6.8 Hz, 1H, CH:zN),
1.60-1.53 (m, 2H, NCH2CH?2), 1.42-1.32 (m, 2H, CH2Me), 0.90 (t, J = 7.2
Hz, 3H, CHs) ppm; 3C NMR (100 MHz, CDCls) & = 139.3, 132.5, 128.5,
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127.7, 61.6, 40.7, 38.1, 32.1, 20.7, 14.3 ppm. IR (neat): vmax = 3038,
2962, 2931, 2859 and 2817 cmt; MS (ESI): calcd. for C12H17N3Cl (MH*)
210.1044, found 210.1043, 419.2011 [2M+H]*.

1-Butyl-2-(4-bromophenyl)aziridine (1m). *H NMR (400 MHz, CDCls) §
=7.40 (d J = 8.4 Hz, 2H, ArH), 7.12 (d J = 8.4 Hz, 2H, ArH), 2.51-2.45 (m,
1H, NCH2CHz2), 2.34-2.27 (m, 1H, NCH2CHz), 2.24 (dd J = 6.4, 3.2 Hz,
1H, CHN), 1.82 (d J = 3.6 Hz, 1H, CHzN), 1.66 (d J = 6.4 Hz, 1H, CH2N),
1.61-1.54 (m, 2H, NCH2CHz), 1.42-1.33 (m, 2H, CHzMe), 0.90 (t J = 7.6
Hz, 3H, CHs) ppm; 13C NMR (100 MHz, CDCls) & = 139.8, 131.4, 128.0,
120.5, 61.5, 40.7, 38.1, 32.1, 20.7, 14.3 ppm. IR (neat): vmax = 3045,
2957, 2930, 2867 and 2821 cm™; MS (ESI): calcd. for C12H17N"Br (MH*)
254.0539, found 254.0536.

1-Butyl-2-(4-nitrophenyl)aziridine (1n). *H NMR (400 MHz, CDCls) & =
8.13 (d J = 8.8 Hz, 2H, ArH), 7.39 (d J = 8.8 Hz, 2H, ArH), 2.52-2.45 (m,
1H, NCH2CHz), 2.40-2.33 (m, 2H, NCH2CHz, CHN), 1.87 (d J = 2.8 Hz,
1H, CH2N), 1.78 (d J = 6.4 Hz, 1H, CH:N), 1.61-1.53 (m, 2H, NCH2CHy),
1.42-1.33 (m, 2H, CH2Me), 0.90 (t J = 7.2 Hz, 3H, CHs) ppm; 13C NMR
(100 MHz, CDCls) 6 = 148.9, 146.9, 126.9, 123.7, 61.3, 40.6, 39.2, 32.0,
20.7, 14.2 ppm. IR (neat): vmax = 2958, 2932, 2871 and 1601 cm’; MS
(ESI): calcd. for C12H17N202 (MH*) 221.1285, found 221.1288.

7-(4-Nitrobenzyl)-7-azabicyclo[4.1.0]heptane (1q). *H NMR (400 MHz,
CDCl3) 6 = 8.17 (d J = 8.8 Hz, 2H, ArH), 7.53 (d J = 8.8 Hz, 2H, ArH),
3.54 (s, 2H, NCH), 1.89-1.76 (m, 4H, 2 x CH), 1.66-1.64 (m, 2H,
2xNCH), 1.44-1.35 (m, 2H, CHy), 1.25-1.16 (m, 2H, CH2) ppm; 3C NMR
(100 MHz, CDCls) & = 148.0, 146.9, 128.1, 123.6, 63.7, 38.9, 24.5, 20.6
ppm. IR (neat): vmax = 2933, 2855 and 1601 cm; MS (ESI): calcd. for
Ci13H17N202 (MH*) 233.1285, found 233.1284.

1-(3-Methylphenyl)-2-(hydroxymethyl)aziridine (1r). *H NMR (400
MHz, CDClg) 3 = 7.10 (t J = 7.6 Hz, 1H, ArH), 6.84-6.80 (m, 3H, ArH),
3.99-3.94 (m, 1H, CH20), 3.59-3.50 (m, 2H, CH20 + OH), 2.39-2.34 (m,
1H, CHN), 2.30-2.28 (m, 4H, CHs, CH2zN), 2.08 (d, J = 6.4 Hz, 1H, CH2N)
ppm; *3C NMR (100 MHz, CDCls) § = 153.8, 139.0, 128.9, 123.8, 121.7,
118.1, 63.0, 41.0, 31.4, 21.5 ppm. IR (neat): vmax = 3339 and 2920 cm?,;
MS (ESI): caled for CioH14aNO (MH*) 164.1070, found 164.1068,
186.0887 [M+Na]*, 327.2062 [2M+H]*, 349.1881 [2M+Na]*.

Characterizing data for oxazolidinones 2a-r.

3-Benzyl-5-phenyloxazolidin-2-one (2a).1*%d Analytical TLC on silica gel,
1:4 EtOAc/petroleum ether, R = 0.33; colourless solid; yield 89% (112
mg); M.p 68-69 °C (lit.*5a 60-64 °C); 'H NMR (400 MHz, CDCl3) & =
7.40-7.34 (m, 5H, ArH), 7.32-7.28 (m, 5H, ArH), 5.47 (t J = 8.4 Hz, 1H,
CHO), 457 (d J = 15.2 Hz, 1H, NCHzPh), 4.42 (d J = 15.2 Hz, 1H,
NCHzPh), 3.77 (t J = 8.8 Hz, 1H, CHzN), 3.31 (dd J = 8.8, 7.6 Hz, 1H,
CH2N) ppm; *3C NMR (100 MHz, CDCls) & = 158.1, 138.7, 135.7, 129.0,
128.9, 128.3, 128.2, 125.6, 74.7, 51.7, 48.5 ppm; IR (neat): vmax = 1739
cm; MS (ESI): caled. for Ci6H1sNO2 (MH*) 254.1176, found 254.1163,
276.0981 [M+Na]*.

3-Allyl-5-phenyloxazolidin-2-one (2b).BY Analytical TLC on silica gel,
1:4 EtOAc/petroleum ether, R = 0.23; pale yellow liquid; yield 84% (86
mg); *H NMR (400 MHz, CDCls) § = 7.40-7.32 (m, 5H, ArH), 5.82-5.72
(m, 1H, =CHy), 5.48 (t J = 7.6 Hz, 1H, CHO), 5.25-5.20 (m, 2H, CH=CHy>),
3.96-3.82 (m, 3H, CHzN, CH2), 3.39 (t J = 7.6 Hz, 1H, CH2N) ppm; 3C
NMR (100 MHz, CDCls) & = 157.8, 138.8, 131.9, 129.0, 128.9, 125.6,
118.9, 74.6, 51.9, 47.0 ppm; IR (neat): vmax = 1739 cm; MS (ESI): calcd.
for C12H1aNO2 (MH*) 204.1019, found 204.1019, 226.0840 [M+Na]*.
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3-Ethyl-5-phenyloxazolidin-2-one (2c).[Y Analytical TLC on silica gel,
3:7 EtOAc/petroleum ether, Rt = 0.40; colourless liquid; yield 91% (87
mg); *H NMR (400 MHz, CDCls) § = 7.40-7.33 (m, 5H, ArH), 5.47 (t J =
8.4 Hz, 1H, CHO), 3.91 (t J = 8.8 Hz, 1H, CH2N), 3.44-3.29 (m, 3H, CHzN,
CHy), 1.16 (t J = 7.2 Hz, 3H, CHs) ppm; *3C NMR (100 MHz, CDCls) § =
157.8, 138.9, 129.0, 128.9, 125.6, 74.4, 51.7, 39.0, 12.7 ppm; IR (neat):
vmax = 1738 cm™%; MS (ESI): calcd. for C11H14aNO2 (MH*) 192.1019, found
192.1018, 214.0839 [M+Na]*.

3-Butyl-5-phenyloxazolidin-2-one (2d).1*° Analytical TLC on silica gel,
1:4 EtOAc/petroleum ether, Rf = 0.29; colourless liquid; yield 89% (98
mg); *H NMR (400 MHz, CDCls) & = 7.41-7.33 (m, 5H, ArH), 5.47 (t J =
8.0 Hz, 1H, CHO), 3.90 (t J = 8.8 Hz, 1H, CH2N), 3.41 (dd J = 8.4, 7.6 Hz,
1H, CH:N), 3.37-3.22 (m, 2H, CHp), 1.57-1.49 (m, 2H, CHy), 1.39-1.30 (m,
2H, CHy), 0.93 (t J = 7.2 Hz, 3H, CHs) ppm; $3C NMR (100 MHz, CDCls)
6 = 158.0, 139.0, 129.0, 128.9, 125.6, 74.4, 52.3, 44.0, 29.5, 20.0, 13.8
ppm; IR (neat): vmax = 1740 cm*; MS (ESI): calcd. for C13H1sNO2 (MH*)
220.1332, found 220.1332, 242.1152 [M+Na]*.

3-Cyclopropyl-5-phenyloxazolidin-2-one (2e).1!53 Analytical TLC on
silica gel, 1:4 EtOAc/petroleum ether, Rr = 0.25; colourless solid; yield
72% (73 mg); M.p 60-61 °C (lit.'54 52-55 °C); *H NMR (400 MHz,
CDCls) 8 = 7.41-7.31 (m, 5H, ArH), 5.42 (t J = 8.0 Hz, 1H, CHO), 3.88 (t J
= 8.4 Hz, 1H, CH2N), 3.43 (dd J = 8.4, 7.6 Hz, 1H, CH2N), 2.59-2.54 (m,
1H, NCH), 0.85-0.68 (m, 4H, 2xCH2) ppm; *3C NMR (100 MHz, CDCls) §
= 158.2, 138.7, 129.0, 128.9, 125.6, 74.6, 53.6, 26.0, 6.2, 5.7 ppm; IR
(neat): vmax = 1734 cm™*; MS (ESI): calcd. for C12H1aNO2 (MH*) 204.1019,
found 204.1022, 226.0841 [M+Na]*.

3-Isopropyl-5-phenyloxazolidin-2-one (2f).[*%a Analytical TLC on silica
gel, 3:7 EtOAc/petroleum ether, Rt = 0.35; colourless liquid; yield 83%
(85 mg); *H NMR (400 MHz, CDClz) § = 7.41-7.33 (m, 5H, ArH), 5.46 (t J
= 8.4 Hz, 1H, CHO), 4.16 (septet J = 6.8 Hz, 1H, NCH), 3.85 (t J = 8.8 Hz,
1H, CH2N), 3.36 (dd J = 8.4, 7.6 Hz, 1H, CH2N), 1.22 (d J = 7.2 Hz, 3H,
CHz), 1.16 (d J = 6.8 Hz, 3H, CH3) ppm; 3C NMR (100 MHz, CDCls) § =
157.3, 139.1, 129.0, 128.9, 125.6, 74.6, 47.5, 45.0, 20.2, 19.7 ppm; IR
(neat): vmax = 1736 cm™*; MS (ESI): calcd. for C12H1sNO2 (MH*) 206.1176,
found 206.1179, 228.1000 [M+Na]*.

3-Benzyl-5-butyloxazolidin-2-one (2h).33 Analytical TLC on silica gel,
1:4 EtOAc/petroleum ether, Rt = 0.29; colourless liquid; yield 89% (104
mg); *H NMR (400 MHz, CDClg) & = 7.37-7.27 (m, 5H, ArH), 4.49-4.35 (m,
3H, CHO, NCH2Ph), 3.45 (t J = 8.4 Hz, 1H, CH2N), 3.00 (dd J = 8.4, 7.2
Hz, 1H, CH2N), 1.76-1.64 (m, 1H, CH2), 1.60-1.52 (m, 1H CHy), 1.41-
1.24 (m, 4H, 2xCH>), 0.88 (t J = 6.8 Hz, 3H, CHs) ppm; 13C NMR (100
MHz, CDCls) & = 158.3, 135.9, 128.9, 128.2, 127.9, 73.7, 49.3, 48.3, 34.7,
26.6, 22.4, 13.9 ppm; IR (neat): vmax = 1738 cm™; MS (ESI): calcd. for
C14H20NO2 (MH)* 234.1489, found 234.1479, 256.1297 [M+Na]*.

3-Benzyl-5-octyloxazolidin-2-one (2i). Analytical TLC on silica gel, 1:4
EtOAc/petroleum ether, Rf = 0.33; colourless liquid; yield 94% (136 mg);
14 NMR (400 MHz, CDCls) = 7.37-7.25 (m, 5H, ArH), 4.49-4.36 (m, 3H,
CHO, NCH2Ph), 3.45 (t J = 8.8 Hz, 1H, CHzN ), 3.00 (dd J = 8.4, 7.2 Hz,
1H, CH2N), 1.74-1.66 (m, 1H, CHa), 1.58-1.51 (m, 1H, CHy), 1.42-1.24 (m,
12H, 6XCHy), 0.86 (t J = 6.8 Hz, 3H, CHs) ppm; 3C NMR (100 MHz,
CDCl3) 6 = 158.3, 136.0, 128.9, 128.2, 128.0, 73.8, 49.4, 48.4, 35.1, 31.9,
29.5, 29.4, 29.3, 24.6, 22.8, 14.2 ppm; IR (neat): vmax = 1741 cm™; MS
(ESI): calcd. for CigsH2sNO2 (MH)* 290.2115, found 290.2113, 312.1931
[M+Na]*.

3-Butyl-5-(4-methoxyphenyl)oxazolidin-2-one (2]). Analytical TLC on
silica gel, 1:3 EtOAc/petroleum ether, Rf = 0.27; colourless solid; yield
78% (98 mg); M.p 58-59 °C; 'H NMR (400 MHz, CDCl3) § =7.29 (d J =
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8.8 Hz, 2H, ArH), 6.92 (d J = 8.8 Hz, 2H, ArH), 5.42 (t J = 8.4 Hz, 1H,
CHO), 3.85 (t J = 8.4 Hz, 1H, CH2N), 3.81 (s, 3H, OCHs), 3.41 (dd J = 8.4,
7.6 Hz, 1H, CHzN), 3.39-3.22 (m, 2H, NCH2), 1.58-1.50 (m, 2H, CH>),
1.40-1.31 (m, 2H, CHy), 0.94 (t J = 7.6 Hz, 3H, CHs) ppm; *C NMR (100
MHz, CDCl3) § = 160.1, 158.1, 130.9, 127.3, 114.4, 74.5, 55.5, 52.3, 44.1,
29.6, 20.0, 13.9 ppm; IR (neat): vmax = 1728 cm'; MS (ESI): calcd. for
C14H20NO3 (MH)* 250.1438, found 250.1435, 272.1258 [M+Na]*.

3-Butyl-5-(4-methylphenyl)oxazolidin-2-one (2k).[*4cl Analytical TLC on
silica gel, 1:3 EtOAc/petroleum ether, Rf = 0.40; colourless solid; yield
88% (103 mg); M.p 46—47 °C; *H NMR (400 MHz, CDCl3) § = 7.25 (d J =
8.4 Hz, 2H, ArH), 7.20 (d J = 8.0 Hz, 2H, ArH), 5.44 (t J = 8.0 Hz, 1H,
CHO), 3.87 (t J = 8.8 Hz, 1H, CH2N), 3.40 (dd J = 8.4, 7.2 Hz, 1H, CHzN),
3.37-3.22 (M, 2H, NCH2), 2.35 (s, 3H, CHa), 1.57-1.49 (m, 2H, CHy),
1.40-1.30 (m, 2H, CH), 0.93 (t J = 7.2 Hz, 3H, CHs) ppm; 1*C NMR (100
MHz, CDCls) & = 158.1, 138.8, 136.0, 129.7, 125.7, 74.5, 52.3, 44.1, 29.6,
21.3, 20.0, 13.9 ppm; IR (neat): vmax = 1728 cm:; MS (ESI): calcd. for
C14H20NO2 (MH)* 234.1489, found 234.1484, 256.1306 [M+Na]*.

3-Butyl-5-(4-chlorophenyl)oxazolidin-2-one (2l). Analytical TLC on
silica gel, 3:7 EtOAc /petroleum ether, Rr = 0.33; colourless solid; yield
91% (115 mg); M.p 53-55 °C; *H NMR (400 MHz, CDCl3) § =7.38 (d J =
8.8 Hz, 2H, ArH), 7.29 (d J = 8.8 Hz, 2H, ArH), 5.45 (t J = 8.8 Hz, 1H,
CHO), 3.90 (t J = 8.8 Hz, 1H, CH2N), 3.39-3.22 (m, 3H, CHzN, NCH>),
1.56-1.49 (m, 2H, CH2), 1.38-1.29 (m, 2H, CH), 0.93 (t J = 7.2 Hz, 3H,
CHz) ppm; ¥C NMR (100 MHz, CDCls) § = 157.8, 137.6, 134.8, 129.3,
127.0, 73.7,52.2, 44.1, 29.5, 20.0, 13.8 ppm; IR (neat): vmax = 1727 cm'%;
MS (ESI): calcd. for Ci3H17%°CINO2 (MH)* 254.0942, found 254.0940,
276.0761 [M+Na]*.

5-(4-Bromophenyl)-3-butyloxazolidin-2-one (2m). Analytical TLC on
silica gel, 1:3 EtOAc/petroleum ether, Rf = 0.22; colourless solid; yield
93% (139 mg); M.p 80-81 °C; *H NMR (400 MHz, CDCl3) § =7.53 (d J =
8.4 Hz, 2H, ArH), 7.23 (d J = 8.4 Hz, 2H, ArH), 5.43 (t J = 8.4 Hz, 1H,
CHO), 3.90 (t J = 8.8 Hz, 1H, CH2N), 3.38-3.21 (m, 3H, CH2N, NCH),
1.56-1.48 (m, 2H, CH2), 1.38-1.29 (m, 2H, CH2), 0.92 (t J = 7.6 Hz, 3H,
CHs) ppm; ¥C NMR (100 MHz, CDCls) § = 157.8, 138.1, 132.2, 127.3,
122.9, 73.7,52.2, 44.1, 29.5, 20.0, 13.8 ppm; IR (neat): vmax = 1724 cm™;
MS (ESI): calcd. for CisH17"°BrNO2 (MH)* 298.0437, found 298.0435,
320.0258 [M+Na]*.

3-Butyl-5-(4-bromophenyl)oxazolidin-2-one (2n). Analytical TLC on
silica gel, 2:3 EtOAc/petroleum ether, Rt = 0.24; yellow liquid; yield 86%
(114 mg); 'H NMR (400 MHz, CDCls) & = 8.25 (d J = 8.8 Hz, 2H, ArH),
7.54 (d J = 8.8 Hz, 2H, ArH), 5.59 (dd J = 8.8, 7.6 Hz, 1H, CHO), 4.00 (t J
= 8.8 Hz, 1H, CH2N), 3.38 (dd J = 8.8, 7.2 Hz, 1H, CH2N), 3.37-3.21 (m,
2H, CH2), 1.55-1.47 (m, 2H, CH3), 1.34-1.28 (m, 2H, CH2), 0.90 (t J = 7.2
Hz, 3H, CHs) ppm; 3C NMR (100 MHz, CDCls) § = 157.4, 148.1, 146.2,
126.3, 124.3, 73.1, 51.9, 44.1, 29.4, 19.9, 13.7 ppm; IR (neat): vmax =
1743 cm*; MS (ESI): calcd. for CisH17N20s4 (MH)* 265.1183, found
265.1181, 287.1004 [M+Na]*.

3-Benzylhexahydro-2H-cyclopenta[d]oxazol-2-one (20).133] Analytical
TLC on silica gel, 2:3 EtOAc/petroleum ether, Rs = 0.38; colourless liquid;
yield 72% (78 mg); *H NMR (400 MHz, CDCls) § = 7.36-7.27 (m, 5H,
ArH), 4.87-4.84 (m, 1H, CHO), 4.76 (d J = 15.2 Hz, 1H, NCH2Ph), 4.06 (d
J = 15.2 Hz, 1H, NCH2Ph), 3.96 (t J = 6.8 Hz, 1H, CHN), 2.08-2.04 (m,
1H, CHy), 1.87-1.83 (m, 1H, CH), 1.70-1.60 (m, 3H, CH2CH2), 1.43-1.33
(m, 1H, CH2) ppm; *C NMR (100 MHz, CDCl3) § = 158.5, 136.2, 128.9,
128.3, 128.0, 79.2, 59.6, 46.7, 34.0, 30.5, 22.2 ppm; IR (neat): vmax =
1731 cm; MS (ESI): calcd. for CisHieNO2 (MH)* 218.1176, found
218.1175, 240.0993 [M+Na]*.
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3-Benzylhexahydrobenzo[d]oxazol-2(3H)-one (2p).B1 Analytical TLC
on silica gel, 2:3 EtOAc/petroleum ether, Rt = 0.40; pale yellow liquid;
yield 72% (83 mg); 'H NMR (400 MHz, CDCls) § = 7.34-7.27 (m, 5H,
ArH), 4.77 (d J = 14.8 Hz, 1H, NCHy), 4.45 (g J = 5.2 Hz, 1H, CHO), 4.05
(d J = 15.2 Hz, 1H, NCH), 3.48 (9 J = 5.6 Hz, 1H, CHN), 1.94-1.86 (m,
1H, CHy), 1.77-1.69 (m, 2H, CH2), 1.57-1.37 (m, 4H, 2xCH), 1.24-1.18
(m, 1H, CH2) ppm; 3C NMR (100 MHz, CDCls) § = 159.0, 136.4, 128.8,
128.2, 127.9, 73.5, 53.6, 45.8, 27.0, 25.4, 19.7, 19.6 ppm; IR (neat): vmax
= 1741 cm’}; MS (ESI): calcd. for Ci1aH1sNO2 (MH)* 232.1332, found
232.1332, 254.1150 [M+Na]*.

3-(4-Nitrobenzylhexahydrobenzo[d]oxazol-2(3H)-one (2q). Analytical
TLC on silica gel, 2:3 EtOAc/petroleum ether, Rs = 0.25; colourless solid;
yield 86% (119 mg); M.p 68-69 °C; *H NMR (400 MHz, CDCls) § = 8.19
(d J =8.8 Hz, 2H, ArH), 7.48 (d J = 8.8 Hz, 2H, ArH), 4.77 (d J = 16.0 Hz,
1H, NCH2), 4.52 (q J = 5.6 Hz, 1H, CHO), 4.24 (d J = 16.0 Hz, 1H, NCHy),
3.54 (9 J = 6.4 Hz, 1H, CHN), 1.95-1.89 (m, 1H, CH>), 1.82-1.74 (m, 2H,
CH2), 1.57-1.40 (m, 4H, 2xCHy), 1.28-1.22 (m, 1H, CH2) ppm; *C NMR
(100 MHz, CDCls) 6 = 159.1, 147.7, 144.2, 128.8, 124.1, 73.8, 54.3, 45.5,
27.0, 25.6, 19.8, 19.6 ppm; IR (neat): vmax = 1742 cm™*; MS (ESI): calcd.
for [C1aH17N204]* 277.1183, found 277.1180, 299.1001 [M+Na]*.

5-(Hydroxymethyl)-3-(3-methylphenyl)oxazolidin-2-one (toloxatone)
(2r).34 Analytical TLC on silica gel, 3:2 EtOAc/petroleum ether, Rt = 0.09;
white solid; yield 70% (72 mg); M.p 78-79 °C (lit.3¥ 75-76 °C); *H NMR
(400 MHz, CDCls) & = 7.37 (s, 1H, ArH), 7.31 (d J = 8.4 Hz, 1H, ArH),
7.24 (t J = 8.0 Hz, 1H, ArH), 6.96 (d J = 7.6 Hz, 1H, ArH), 4.74-4.68 (m,
1H, CHN), 4.03-3.92 (m, 3H, CHzN, CH20H), 3.76-3.70 (m, 1H, CH20H),
2.80 (t J = 6.8 Hz, 1H, OH), 2.35 (s, 3H, CHs) ppm; 13C NMR (100 MHz,
CDCls) 6 = 155.1, 139.2, 138.1, 129.0, 125.2, 119.3, 115.6, 73.1, 62.9,
46.6, 21.8 ppm; IR (neat): vmax = 3481, 2912, 1722, 1419, 1233 cm'; MS
(ESI): calcd. for C11H14NO3z (MH)* 208.0968, found 208.0968, 230.0788
[M+Na]*.
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