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Synthesis of Chiral Oxazolidinone Derivatives throgh Lipase-
Catalyzed Kinetic Resolution

Yan zhand"', Yang Zhan@', Yansong Refiand Olof Ramstrorm®*

#KTH - Royal Institute of Technology, DepartmentGiiemistry, Teknikringen 30, S-10044, Stockholmge8ean.

Highlights:
- Chiral oxazolidinone derivatives were synthesingth excellent enantiopurities.
- Lipase-catalyzed kinetic resolution of two-step, cascade acylation was described.

- Carbonates were used as double acyl donors for lipase-catalyzed cyclizations.

Abstract:

The synthesis of enantioenriched oxazolidinonewvagities through lipase-catalyzed kinetic resolutisn
described. The synthesis comprised a two-step,adasacylation in one pot, resulting in a range of
oxazolidinone derivatives in good yields and examtlenantiopurities

Keywords:
Lipases; kinetic resolution; oxazolidinone; asymmcetynthesis

1. Introduction

Oxazolidinone derivatives represent a class ofoigmt structures in organic and medicinal chemjstor
example constituting the core structure of Evanililaries for asymmetric synthesis [1-3]. Thisusttural motif
exists in a variety of natural products and acphiarmaceutical species, such as the antidepredsantoloxatone,
the serotonin receptor agonist zolmitriptan, anel thuscle relaxant metaxalone (Figure 1) [4-6]. &stipular,
considerable attention has been put on the develnoprof compounds with antibacterial activity, whefe
oxazolidinone group of antibiotics has gained iasieg interest [7-10]. For example, linezolid itead antibiotic
against gram-positive bacteria that are resistanther antibiotics [11-13].

* Corresponding author. Tel. : +46 8 790 6915; fax : +46 8 7912333. E-mail address : ramstrom@kth.se

T These authors contributed equally to this study.
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Figure 1. Structures of antidepressant toloxatone and iatitHinezolid.

Owing to the importance of this heterocyclic staue, a variety of synthetic methods to enantiadved
oxazolidinones have been developed and studiedtheeyears [14-18]. In most of these approachesrebulting
enantiopurity emanates from chiral starting materiar through the action of transition metal castdy
Biocatalysis, however, one of the most efficienttes to enantiopure compounds, has not been applibé direct
synthesis of these core structures. One reasothi®has been the lack of identified enzymes tladalgze these
processes. Compared to other catalysts, enzymestheless possess several advantages, such asneneirtal
benignity, mild reaction conditions and high selldtt, making them attractive for synthetic procesg19-22].
Moreover, enzyme-catalyzed kinetic resolution (K&®hemes are commonly applied in asymmetric syrghesi
where high enantiopurities can be obtained [23-B6lhe present study, we have taken advantageesktfeatures
and present an efficient synthesis to chiral oxidawne derivatives through enzyme-catalyzed keetsolution.

Lipases [EC 3.1.1.3], have generally evolved talygae the hydrolysis of triglycerides, althoughmsolipases
are known to participate in other biological praes This family of enzymes is however also widebed in
organic synthesis owing to the commercial avaiighiktructural stability, solvent tolerance, brosubstrate scope
and good catalytic activity [27, 28]. In organidwmts, the enzymes generally catalyze differeptadion reactions
to provide esters, thiolesters and amides [26, @948 addition to intermolecular acylations, sofigases are
furthermore able to catalyze promiscuous [31-3B8fraimolecular reactions. We have thus preciousponted
different cyclization reactions catalyzed by lipsseesulting in facile synthesis of chiral 1,3-dxatan-5-one
derivatives [34, 35], substituted Thiolanes [36{athiazinanones [37], and thiazolidinones [38]. Exploration of
enzyme substrate- and reaction promiscuity forsgyrehesis of heterocycles is however an ongoingti39, 40],
where new, efficient transformations are evalualledhe present study, carbonate diesters were aselduble acyl
donors [41-42], enabling the possibility of a twefscascade acylation in one pot.

2. Results and discussion

At the outset, differenta-hydroxy, a-mercapto, anda-amino alcohols were tested for lipase-catalyzed
cyclizations, all of which successfully undergohguble acylation to the respective heterocyclidpis. Of these,
the reactions witho-amino alcohols provided the desired oxazolidingreducts, also showing promising
enantiomeric excessese§). Of thea-amino alcohols, 2-(methylamino)-1-phenylethanbd)(was chosen as the
model substrate for further evaluation of the lgaatalyzed transformation (Scheme 1).
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Scheme 1Synthesis of compourh through lipase-catalyzed kinetic resolution.

To identify the best catalyst for the transforrontidifferent lipase preparations were screenadiidting lipases
from Burkholderia (Pseudomonas) cepacia (PS-IM and PS),Pseudomonas fluorescens (PFL), and Candida
antarctica (CAL-B). Among these, PS and CAL-B did not produmsy products, while both PS-IM and PFL
catalyzed the reaction. PS-IM was subsequently eshder further evaluation owing to the faster stdist
transformation with this enzyme preparation comgdoePFL.

The impact of the solvent on the reaction was resluated. Between toluene atwdt-butyl methyl ether
(TBME), the two most commonly used solvents in ptevious studies, TBME was proven more efficientha
catalysis of the reaction, providing considerabdytér conversions within the same time scale. beffé carbonate
diesters 2), such as diphenyl carbonate and methyl phenyareate were furthermore tested in reactions with
compoundla The results showed that the reactions with dighearbonate proceeded smoothly, providing both
good yields anaes. Methyl phenyl carbonate, on the other handndidresult in any products, probably due to the
lipase inactivation effect of methanol releasethasside product.
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In order to elucidate the role of the enzyme ia tivo-step reaction process, control experiment® warried
out in the absence of lipase. Under the conditissed, acylation of the amine could be detectedimvidme hour,
after which the reaction stopped without any furtaeylation or cyclization. This is indicative ofralatively rapid
carbamation step between the carbonate diestethardamino alcohol, with no subsequent reaction enstriom
the resulting carbamate structure. Therefore, atikially controlled first-step carbamation followeg a lipase-
catalyzed second-step cyclization mechanism carproposed, leading to the enantioenriched oxazalitén
products (Scheme 2).

0
R'< )k _.R
0" N o
HO J<
Ez-OH o
o)
J\ 1 lipase 3
R'O” “OR' p

2
0O
HN’R Ez\OJ\N,R
HO

Scheme 2Lipase-catalyzed, double acylation process thnaagbamate intermediate.

With the identified reaction conditions, the dtauibcylation process catalyzed by PS-IM proceedeltl iy
TBME, providing producBa at good yield (46%) and excellegd (92%), with an absoluteS(-configuration of the
major enantiomer according to polarimetry data [48]addition, starting materidla was fully consumed, and the
carbamation intermediatdd’) from the kinetic resolution process was deteetétl a highee of 94%. However,
one drawback with these conditions was the leng#gction times to reach full conversion of the cild
enantiomer. Thus, several Lewis basic- and acidditaves were screened to improve the reactiorsré@fable 1).
The results showed that;Bt had almost no effect on the process, where bahyteld and these of the product
remained the same as without any additives. Theerotiwo organic bases: 4-methylmorpholine and 1-
methylimidazole, led to very low yields to the puati while maintaining higlees. On the other hand, two of the
Lewis acids tested, ZnBand SiQ, increased the reaction yield in solution (entyrl 6), although the presence of
ZnBr, resulted in substantially reduced prodwet during the process. Fortunately, $i@id not affect the
enantioselectivity of the lipase-catalysis procassl the reaction was considered accelerated. Jjpeased reaction
time was thus shortened from 4 d to 3 h, while rt@@iing a producee of 95%.

Table 1 Effect of additive$
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Entry Additive Time Yield (94) ee (%)

1 ; 4d 46 92
2 EtN 4d 47 93
3 - 4d 30 91
4 o 4d 21 93
5 SIO, 3h 47 95
6 ZnBr, 2d 52 9

@ Reactions were carried out with 0.05 mmolLaf 3 equiv. of2, 0.5 equiv. of additives, 20 mg of 4 A MS and 5@ ofi PS-
IM in 0.6 mL TBME at rt® Determined byH NMR spectroscopy: Determined by HPLC analysis using a Daicel Chadalp
OD-H column

Following identification of optimized reaction aditions with respect to lipase preparation, solyeatbonate
structure and additives, a range of substrates evatuated in the process (Table 2). Interestinghg, tested
substrates resulted in different solution distritms when the reactions reached full conversionthéoproducts.
Besides the cyclized oxazolidinone produché;substituted methyl, ethyl and butyl substrates eganly
intermediatedl’ in the solution, while more sterically hinderedstrates 1e, 1f and1g) mainly provided starting
materialsle-1g. The determinedes for all constituents are shown in Table 2, whiesunbalanced ratios between
the enantiomers can be attributed to the irrevkysitieractions between the substrates and, GOESI). On the
other hand, the benzyl-substituted substthat@vas not affected by the addition of $j@resenting a typical pattern
for kinetic resolution. In some cases, the enantiched intermediatel’ was not stable under the reaction
conditions, and partially reverted back to startimgteriall.

With respect to the enantioselective cyclizatithve, majority of the oxazolidinone products wereaattd with
good total yields and high enantiopurities. Chagdime phenyl group for p-chlorophenyl moiety 1b) led to a
slightly lower reaction rate, but resulted in gogeld and excellenee. Replacing the amine methyl group for an
ethyl functionality @c) showed only minor effects, and the reaction iate ee remained high. However, upon
increasing the size of the amine substituent furttyeapplying a butyl groupld), theee decreased to some extent,
likely due to less optimal fit of the longer aligltachain into the enzyme active site. Aliphatiags were also
applied as amine substituents, including cycloptoflyy) and cyclopentyl Xf) groups. The reaction process
proceeded well for the cyclopropyl group, resultinggood vyield (50 %) ande (92 %). However, increasing the
ring size to the larger cyclopentyl group, led emder reaction time and considerably loveer For the substrate
with atert-butyl group as amine substituedg), poor enantioselectivity and longer reaction twere recorded. In
addition to the aliphatic groups, a phenyl substituvas also probed on the amine sitl®.(Although longer time
was required for this reaction to reach good yialdjghee of the product was nevertheless obtained.
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Table 2 Kinetic resolution of different substrafes

0
OH QJ<
N 0__0 NR
I R' ©/ T \@ PS-IM X
R + o R—
Z TBME, rt =
1a-1h 2 3a-3h

Conversion Yield ee; eer ee;
(%)’ )° (W) (%) (%)
OH

n
1 ©/@N\ 3h > 99 47 nd. 14 95
la

OH

H
2 Q)VN\ 45h 58 45 A4 >099
cl 1b

OH

H
3 @NNV 35h > 99 50 nd. 12 97
1c

OH

H
4 @/@“W 15h > 99 42 nd. 58 88
1d
OH H
5 N 15h 50 50 44 nd. 92
S
OH H
6 @NN 3d 48 48 - nd 28
. O
OH H
7 N 3d 57 57 - nd. 10
S
OH H
8 @N“ 5d 96 46 3 99 90
s

2 Reactions were carried out with 0.05 mmolLpB equiv. of2, 0.5 equiv. of SiQ 20 mg of 4 A MS and 50 mg of PS-IM in
0.6 mL TBME at rt;” The total conversion of starting materialDetermined byH NMR spectroscopy: The vyield from
starting materiall to product3. ¢ ee of starting material when the reaction reached aforementioned conversi of
intermediatel’ when the reaction reached aforementioned conversidl ees were determined by HPLC analysis using a
Daicel Chiralpak OD-H columrf No corresponding compound was detected when theioeawvas quenched. No chiral
separation method was found.

Entry Substrate Time

3. Conclusions

A kinetic resolution protocol for the synthesis ehantioenriched oxazolidinone derivatives has been
successfully developed using carbonate donors ipadd catalysis. Following an initial carbamatideps lipase-
catalyzed cyclization provided the oxazolidinoneustures in good yields and with excellent enantigges. The
use of carbonates as double acyl donors for lipasglyzed cyclizations has been successfully et in a
cascade reaction process, representing an efficietitod for chiral oxazolidinone synthesis.

4. Experimental
4.1 General methods

Reagents were obtained from commercial suppliedsused as received. Lipase PS “Amano” IM [EC 33].1
was purchased from Amano Enzyme Inc. Lipases froseu®omonas fluorescens (PFL), Burkholderia
(Pseudomonas) cepacia (PS), Candida antarctica-®Aiere purchased from Sigma-Aldrich. 1H and 13KR
data were recorded on a Bruker Avance 400 (100) MHd/or a Bruker Avance 500 (125) MHz, respectively
Chemical shifts are reported &svalues (ppm) with CDCI3 (1H NMR 7.26, 13C NMRS 77.0) as an internal
standard. J values are given in Hertz (Hz). Anefjjthigh performance liquid chromatography (HPLGthvehiral
stationary phase was performed on an HP-AgilentO1$g&ries controller and a UV detector, using a Elaic
Chiralpak OD-H column (4.6 x 250 mm, 10 um). Sotgefor HPLC use were of spectrometric grade. Thiyet
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chromatography (TLC) was performed on precoategd?am® SIL G/UV 254 silica plates (0.20 mm, Machere
Nagel), visualized with UV-detection. Flash coluriiromatography was performed on silica gel 60, @®.0063
mm (SDS).

4.2 General procedure for the synthesis of a-amino alcohols (1a-1h)

Styrene oxide or 2-(4-chlorophenyl)oxiranenfghol), was added to a flask together with methyte({8 mmol, 40 %
aqueous solution) or other amines (8 mmol) in ethéhmL). Then the solution was stirred at 60 &€ 7 h. The solvent was
subsequently evaporated, and the crude product puesied using column chromatography (EtOAc, folkdv by
EtOAc:MeOH = 10:1).

2-(Methylamino)-1-phenylethanol (1a)f44]

Light yellow solid, yield: 34 %™H NMR (500 MHz, CDC}, 25°C) 6 2.48 (s, 3H, Ch), 2.73 (ddJ, = 12.1 Hz,J, = 8.9 Hz,
1H, CH,), 2.84 (ddJ, = 12.1 HzJ, = 3.7 Hz, 1H, CH), 4.73 (ddJ; = 8.9 Hz,J, = 3.7 Hz, 1H, CH), 7.25-7.30 (m, 1H, CH),
7.32-7.40 (m, 4H, 4CH);3C NMR (125 MHz, CDGJ, 25°C) § 36.1, 59.3, 71.5, 125.9, 127.7, 128.5, 142.6.

1-(4-Chlorophenyl)-2-(methylamino)ethanol (1b)}44]

Yellow oil, yield: 54 %."H NMR (500 MHz, CDC}, 25°C) & 2.44 (s, 3H, Ch), 2.66 (dd,J, = 12.1 Hz,J, = 9.2 Hz, 1H,
CH,), 2.76 (ddJ; = 12.1 HzJ, = 3.5 Hz, 1H, CH), 4.72 (ddJ; = 9.2 Hz,J, = 3.5 Hz, 1H, CH), 7.27-7.33 (m, 4H, 4CH);
13C NMR (125 MHz, CDG), 25°C) § 36.0, 59.1, 70.7, 127.4, 128.7, 133.3, 141.2.

2-(Ethylamino)-1-phenylethanol (1c)44]

White solid, yield: 47 %'H NMR (500 MHz, CDCJ, 25°C) 6 1.18 (t,J = 7.2 Hz, 3H, Ch), 3.30-3.46 (m, 3H, C}CH,),
3.92 (1,J = 8.4 Hz, 1H, CH), 5.49 (t,J = 8.4 Hz, 1H, CH), 7.34-7.43 (m, 5H, 5CHJC NMR (125 MHz, CDG), 25°C) §
12.7,39.1,51.8, 74.4, 125.6, 128.9, 129.1, 13%0,8.

2-(Butylamino)-1-phenylethanol (1d)[45]

White solid, yield 36 %™H NMR (500 MHz, CDC}, 25°C) § 0.93 (t,J = 7.3 Hz, 3H, Ch), 1.31-1.40 (m, 2H, C§), 1.44-
1.52 (m, 2H, CH), 2.58-2.75 (m, 3H, CHC}}, 2.88 (ddJ, = 12.1 Hz J, = 3.5 Hz, 1H, CH), 4.74 (ddJ; = 9.2 Hz,J, = 3.5
Hz, 1H, CH), 7.27-7.31 (m, 1H, CH), 7.34-7.41 (i, #4CH);*C NMR (125 MHz, CDGJ, 25°C) § 14.1, 20.4, 32.5, 49.3,
57.3,71.7,126.0, 127.5, 128.5, 142.9.

2-(Cyclopropylamino)-1-phenylethanol (1e]46]

Colorless oil, yield: 44 %'H NMR (500 MHz, CDC}, 25°C) & 0.32-0.53 (m, 4H, 2C}), 2.14-2.10 (m, 1H, CH), 2.80 (dd,
J; =12.1 Hz,J, = 9.1 Hz, 1H, Ch), 3.01 (ddJ; = 12.1 HzJ, = 3.7 Hz, 1H, CH), 4.73 (dd,J; = 9.1 Hz,J, = 3.7 Hz, 1H,
CH), 7.25-7.30 (m, 1H, CH), 7.32-7.39 (m, 4H, 4CHE NMR (125 MHz, CDG}, 25°C) § 6.3, 7.1, 30.4, 57.3, 71.9, 126.0,
127.6, 128.5, 142.7.

2-(Cyclopentylamino)-1-phenylethanol (1f{47]

White solid, yield: 56 %'H NMR (500 MHz, CDC}, 25°C) 6 1.12 (s, 9H, 3CH), 2.62 (dd,J; = 12.1 Hz,J, = 8.8 Hz, 1H,
CH,), 2.91 (ddJ; = 12.1 Hz,J, = 3.5 Hz, 1H, CH), 4.64 (ddJ, = 8.8 Hz,J, = 3.5 Hz, 1H, CH), 7.25-7.29 (m, 1H, CH),
7.33-7.40 (m, 4H, 4CH)?*C NMR (125 MHz, CDG), 25°C) § 24.0, 24.1, 33.2, 33.6, 56.0, 59.7, 72.2, 12529,8, 128.5,
142.9.

2-(tert-Butylamino)-1-phenylethanol (1g)[48]

Light yellow solid, yield: 9 %'H NMR (500 MHz, CDC}, 25°C) & 1.29-1.39 (m, 2H, C}J, 1.49-1.59 (m, 2H, C, 1.63-
1.73 (m, 2H, CH), 1.79-1.88 (m, 2H, C}), 2.67 (ddJ, = 12.4 HzJ, = 9.2 Hz, 1H, Ch), 2.92 (ddJ; = 12.4 HzJ, = 3.7 Hz,
1H, CH,), 3.08-3.15 (m, 1H, CH), 4.68 (dd&, = 9.2 Hz,J, = 3.7 Hz, 1H, CH), 7.24-7.30 (m, 1H, CH), 7.32&/ (4n, 4H,
4CH);*C NMR (125 MHz, CDGJ, 25°C) § 29.3, 50.4, 50.6, 72.3, 126.0, 127.5, 128.5, 143.1

1-Phenyl-2-(phenylamino)ethanol (1h}49]

Yellow oil, yield: 30.8 %H NMR (500 MHz, CDC}, 25°C) & 3.31 (dd,J, = 13.3 Hz,J, = 8.7 Hz, 1H, CH), 3.45 (ddJ; =
13.3 Hz,J, = 3.7 Hz, 1H, CH), 4.95 (ddJ, = 8.7 Hz,J, = 3.7 Hz, 1H, CH), 6.69 (dl = 8.1 Hz, 2H, 2CH), 6.75 (§ = 7.3
Hz, 1H, CH), 7.20 (tJ = 8.1 Hz, 2H, CH), 7.33 (1] = 7.1 Hz, 1H, CH), 7.37-7.45 (m, 4H, 4CHJC NMR (125 MHz,
CDCls, 25°C) § 52.0, 72.7, 113.6, 118.2, 126.0, 128.2, 128.8,5,21912.2, 148.0.

4.3. General procedure for the synthesis of racemic oxazolidinones (3a-3h)
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a-Amino alcoholla-1h (0.08 mmol), diphenyl carbonate (0.1 mmol), NaH.6mmol, 60% in oil) and THF (1 mL) were
added into a 5 mL flask. The solution was stirredtafor 6 h. TLC was used to monitor the reactwogress. Then Gi&l,
was subsequently added, and the aqueous layerxtrasted three times (3 mL GHI, each). The combined organic layer
was dried over MgSQ and removedin vacuo. The crude products were purified using columnootatography
(Hexane:EtOAc = 6:1).

4.4. General procedure for kinetic resolution of oxazolidinones (3a-3h)

a-Amino alcoholla-1h (0.05 mmol), diphenyl carbonate (0.15 mmol) and BBME (0.6 mL) were added into a 1.5 mL
sealed-cap vial containing PS-IM (50 mg), silicd @® mg) and 4A molecular sieves (20 mg). PS-IMsvasied under
vacuum for at least two days before use. The vim Wept at r.t. without stirring, artéh NMR was used to monitor the
reaction progress. After a certain time, the reactnixture was filtered through a cotton-stoppepguktte. CHCI, was
subsequently added, and the aqueous layer wastexrdnree times (3 mL GBI, each). The combined organic layer was
dried over MgS@and removedn vacuo. The crude products were purified using columrontatography (Hexane:EtOAc =
6:1).

(9)-3-Methyl-5-phenyloxazolidin-2-one (§)-3a) [50]

Yield: 47%, enantiomeric excesge]. 95%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex!ProH, 0.5 mL/min; g 38.0 min;  48.6 min.*H NMR (500 MHz, CDCY, 25°C) 6 2.93 (s, 3H, Ch), 3.45 (t,J= 7.9 Hz,
1H, CHp), 3.92 (tJ = 8.6 Hz, 1H, CH), 5.49 (t,J = 8.1 Hz, 1H, CH), 7.33-7.43 (m, 5H, 5CHJC NMR (125 MHz, CDGJ,
25°C)§31.2 54.6 74.3 121.9,125.7,128.9, 129.0, 138.8f, = +30 (c 1.0, CHG] ee: 87%).

(S)-5-(4-Chlorophenyl)-3-methyloxazolidin-2-one (§)-3b)

Yield: 45%, enantiomeric excessel: > 99%, determined by HPLC analysis (Daicel pa OD-H column) 90:10
Hex!ProH, 0.5 mL/min; g 41.3 min;  48.3 min.*H NMR (500 MHz, CDGCY, 25°C) 6 2.93 (s, 3H, Ch), 3.40 (t,J= 8.1 Hz,
1H, CHy), 3.91 (tJ = 8.8 Hz, 1H, CH), 5.46 (tJ = 8.1 Hz, 1H, CH), 7.28 (d, = 8.4 Hz, 2H, 2CH), 7.38 (d,= 8.4 Hz, 2H,
2CH); °C NMR (125 MHz, CDGJ, 25°C) 6 31.3, 54.5, 73.6, 127.1, 129.3, 134.9, 137.4,1t38]%°; = +34 (c 1.0, CHG|
ee: 92%); HRMS: found 212.04692, calc. forg8;,:C1N;0, [M+H'] 212.04728.

(9)-3-Ethyl-5-phenyloxazolidin-2-one (§)-3c)[50]

Yield: 50%, enantiomeric excesge]: 97%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex!ProH, 0.5 mL/min; ¢ 31.0 min;  38.1 min.*H NMR (500 MHz, CDC}J, 25°C) 6 1.18 (t,J = 7.2 Hz, 3H, CH), 3.29-

3.46 (m, 3H, CHCH,), 3.92 (t,J = 8.8 Hz, 1H, CH), 5.49 (t,J = 8.2 Hz, 1H, CH), 7.34-7.43 (m, 5H, 5CHJC NMR

(125 MHz, CDC}, 25°C) § 12.6, 38.9, 51.8, 74.3, 125.7, 128.9, 129.1, 13%0.9.

(S)-3-Butyl-5-phenyloxazolidin-2-one (§)-3d) [50]

Yield: 42%, enantiomeric excesge]: 88%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex!ProH, 0.5 mL/min; 4 25.0 min; & 29.8 min.*H NMR (500 MHz, CDC}J, 25°C) 6 0.94 (t,J = 7.5 Hz, 3H, CH), 1.31-
1.40 (m, 2H, CH), 1.50-1.59 (m, 2H, C}), 3.23-3.38 (m, 2H, C}), 3.40-3.45 (m, 1H, C§), 3.91 (t,J = 8.8 Hz, 1H, CH)),
5.48 (t,J= 8.1 Hz, 1H, CH), 7.33-7.43 (m, 5H, 5CHJC NMR (125 MHz, CDQ, 25°C) § 13.8, 19.9, 29.5, 44.1, 52.3, 74.5,
125.6, 128.9, 129.0, 139.0, 158.0.

(S)-3-Cyclopropyl-5-phenyloxazolidin-2-one (§)-3€e)[50]

Yield: 50%, enantiomeric excesgel: 92%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex!ProH, 0.5 mL/min; & 36.3 min;  46.0 min.*H NMR (500 MHz, CDC}, 25°C) 6 0.68-0.87 (m, 4H, 2C}), 2.55-2.60
(m, 1H, CH), 3.44 (t) = 8.5 Hz, 1H, CH), 3.89 (t,J = 8.7 Hz, 1H, CH), 5.43 (t,J = 8.1 Hz, 1H, CH), 7.31-7.43 (m, 5H,
5CH); *C NMR (125 MHz, CDGJ, 25°C) §5.7, 6.2, 26.0, 53.6, 74.6, 125.6, 128.9, 129.8,7,3158.2.

(S)-3-Cyclopentyl-5-phenyloxazolidin-2-one (§)-3f)

Yield: 48%, enantiomeric excesge]. 28%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex!ProH, 0.5 mL/min; ¢ 27.1 min; £ 32.6 min.*H NMR (500 MHz, CDCY, 25°C) § 1.49-1.67 (m, 6H, 3C}), 1.88(m,

2H, CH), 3.39 (t, 1H, CH), 3.88 (t, 1H, CH), 4.29(m, 1H, CH), 5.47 (t, 1H, CH), 7.26-7.41 (&H, 5CH);**C NMR

(125 MHz, CDC}, 25°C) § 24.0, 24.1, 28.8, 29.3, 48.7, 54.8, 74.6, 12528.9, 129.1, 139.1, 157.7]f% = +3 (c 1.0,
CHCI;, ee: 26%); HRMS: found 232.1332; calc. fof£,/,NO, [M+H] " 232.1338.

(9)-3-tert-Butyl-5-phenyloxazolidin-2-one (§)-3g)[50]

Yield: 57%, enantiomeric excesgel: 10%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex:iPrOH, 0.5 mL/min;¢ 19.2 min; § 26.8 min.*H NMR (500 MHz, CDCI3, 25 °Cy; 1.41 (s, 9H, 3CH3), 3.46 (t, J =8.3
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Hz, 1H, CH2), 3.96 (t, J = 8.6 Hz, 1H, CH2), 5.38)(= 8.3 Hz, 1H, CH), 7.33-7.43 (m, 5H, 5CIC-NMR (125 MHz,
CDCI3, 25 °C)5 27.5, 51.3, 53.8, 73.7, 125.8, 128.8, 129.1, 13%56.9.

(9)-3,5-Diphenyloxazolidin-2-one (§)-3h)[50]

Yield: 46%, enantiomeric excesgel: 90%, determined by HPLC analysis (Daicel Chia#tlpOD-H column) 90:10
Hex:iPrOH, 0.5 mL/min;# 25.5 min;  28.3 min.*H NMR (500 MHz, CDCI3, 25 °Cyp; 3.97 (t,J= 8.1 Hz, 1H, CH), 4.39
(t,J= 9.1 Hz, 1H, CH), 5.65 (tJ = 8.1 Hz, 1H, CH), 7.15 (] = 7.3 Hz, 1H, CH), 7.35-7.47 (m, 7H, 7CH), 7.561d; 7.7
Hz, 2H, 2CH);**C-NMR (125 MHz, CDCI3, 25 °C§ 52.9, 74.2, 118.4, 124.3, 125.8, 129.2, 129.3,2,388.3, 154.8.
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