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Abstract—A highly regioselective SN2-type ring opening of 2-aryl-N-tosylaziridines with carbonyl compounds in the presence of a
Lewis acid to afford various 1,3-oxazolidines and 1,2-amino alcohols in excellent yields and moderate to high enantioselectivity is
described. The formation of non-racemic products provides convincing evidence for the SN2-type ring opening mechanism.
� 2007 Elsevier Ltd. All rights reserved.
Aziridines are important as well as versatile building
blocks used in the synthesis of various natural products
and bioactive molecules.1 The synthetic importance of
these molecules is due to their ability to undergo nucleo-
philic ring opening reactions with a variety of nucleo-
philes.2 Nucleophilic ring opening of 2-alkyl-N-
activated aziridines3a,b and in situ generated aziridinium
ions from non-activated aziridines3c–e is known to pro-
ceed via an SN2 pathway. Aziridines can readily undergo
a formal [3+2] cycloaddition reaction with a range of
dipolarophiles leading to five-membered nitrogen-con-
taining heterocycles.4–6 BF3ÆOEt2-mediated nucleophilic
ring opening or [3+2] cycloaddition of 2-aryl-N-tosylaz-
iridines is known where the reaction is believed to pro-
ceed through a stable 1,3-dipolar intermediate.6 As a
result, the enantioselective version of this reaction is
not expected to be realized through nucleophilic ring
opening of chiral 2-aryl-N-tosylaziridines. In contrast
to the earlier reports, we have observed the formation
of non-racemic products via nucleophilic ring opening
of chiral 2-phenyl-N-tosyl aziridine with various nucleo-
philes.7 We have proposed a new mechanism and have
shown that the ring opening processes proceed through
an SN2-type pathway7 instead of a 1,3-dipole as invoked
earlier in the literature.6 In continuation of our mecha-
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nistic investigations in this area, herein, we report a
highly regioselective nucleophilic ring opening of 2-
aryl-N-tosylaziridines with a variety of aliphatic and
aromatic carbonyl compounds followed by a [3+2]
cycloaddition to afford non-racemic 1,3-oxazolidines.
These oxazolidines could easily be transformed into
the corresponding non-racemic 1,2-amino alcohols.
Syntheses of 1,3-oxazolidines are well documented in
the literature starting from amino alcohols8 or other
precursors.9 Surprisingly, there are only a few reports
where carbonyl compounds have been utilized as dipol-
arophiles for [3+2] cycloaddition with N-activated azir-
idines in the presence of a Lewis acid (LA) to construct
1,3-oxazolidine derivatives.5 1,3-Oxazolidines exhibit
biological activities such as antibacterial, antimicrobial
and antitumour.10 They can also be used as synthetic
intermediates,11 chiral auxilaries12 and as precursors
for synthetically and pharmaceutically important 1,2-
amino alcohols13 which are present in several natural
products.14 Very few methods are available in the litera-
ture for the synthesis of 2-amino-1-phenylethanol with
high enantiopurity.15 Most of these methods require
expensive catalysts or ligands for the chiral induction.
Utilizing our strategy,16a–c we synthesized 1-phenyl-2-
amino-ethanol in up to 68% ee starting from the corre-
sponding chiral aziridine.17 By choosing the appropriate
(R)- or (S)-aziridine, the corresponding (S)- or (R)-iso-
mer of the amino alcohol could be prepared.

In order to provide further evidence for our proposed
SN2-type mechanism, we have explored the nucleophilic
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ring opening of activated aziridines with carbonyl com-
pounds. When 2-phenyl-N-tosylaziridine 1 was treated
with acetone in the presence of Cu(OTf)2 as the Lewis
acid at 0 �C, the reaction proceeded very smoothly and
2,2-dimethyl-5-aryl-3-tosyloxazolidine 3a was obtained
in high yield within a very short period of time (5 min)
via a [3+2] cycloaddition reaction with acetone (Scheme
1). Similar results were obtained when the reaction was
performed in dichloromethane with 4–5 equiv of ace-
tone. This strategy was generalized with other aziridines
using aldehydes or ketones in dichloromethane. In all
the cases, the corresponding substituted oxazolidines 3
were produced in very high yields and the results are
shown in Scheme 2. When aldehydes were used the reac-
tion was found to be highly diastereoselective in favour
of the cis-1,3-oxazolidines in most of the cases. The cis/
trans stereochemistry was determined by NOE
experiments.

To investigate the mechanism of the cycloaddition we
carried out the reaction of enantiomerically pure (R)-2-
phenyl-N-tosylaziridine 1 with carbonyl compounds.
The enantioselectivity for the cycloaddition of (R)-1 with
acetone in CH2Cl2 or cyclopentane as the solvent was
found to be poor (ee 36%). However, when acetone
was used as the solvent the corresponding oxazolidine
3a was obtained in high ee (62%). A small enhancement
in the enantioselectivity was observed when BF3ÆOEt2 (ee
74%) or Zn(OTf)2 (ee 64%) was used as the Lewis acid
(Table 1). Similarly, when (R)-1 was subjected to our
reaction conditions16a,b with benzaldehyde, product 3f
was formed as a single diastereomer (dr > 99% cis:trans)
with moderate ee (Table 2). The reaction was generalized
with various aliphatic as well as aromatic carbonyl com-
pounds (Scheme 1) and in all the cases non-racemic 1,3-
oxazolidines 3 were obtained in good yields with moder-
ate to high ee (Tables 1 and 2). With aldehydes, the reac-
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Scheme 2. Cu(OTf)2 promoted [3+2] cycloaddition of racemic 2-aryl-N-tosy
tion was found to be highly diastereoselective in most of
the cases at 0 �C (Table 2). The cis/trans selectivity of the
product varies depending on the aldehyde and the reac-
tion conditions.18a These observations provide convinc-
ing evidence that the cycloaddition reaction proceeds
through an SN2-type pathway.7 The mechanism is illus-
trated in Scheme 3 where the reactive species 6 undergoes
an SN2-type nucleophilic ring opening reaction followed
by cyclization with the carbonyl compound to produce 3.
The reduced enantioselectivity in all the cases was ratio-
nalized through partial racemization of the starting aziri-
dine (R)-1 before the nucleophilic ring opening step
(Scheme 3).

These chiral 1,3-oxazolidines could easily be hydrolyzed
to the corresponding non-racemic 1,2-amino alcohols16c

in quantitative yields using PTSA in MeOH as shown in
Schemes 1 and 2. After work-up, slightly decreased
enantioselectivity (up to 68%) was observed compared
to the starting oxazolidine.18b Starting from (R)-1 we
obtained (S)-1-phenyl-2-(tosylamino)-ethanol (4) as the
major product. The absolute configuration of 4 was
assigned by comparing the optical rotation and chiral
HPLC analysis with an authentic sample prepared from
(S)-mandelic acid.16c The inverted stereochemistry of 4
further supports the SN2-type mechanism.

In conclusion, we have demonstrated that nucleophilic
ring opening of 2-aryl-N-tosylaziridines proceeds
through an SN2 pathway. We believe that the reaction
medium plays a key role in this type of nucleophilic
ring opening reaction. The non-racemic 1,3-oxazolidines
prepared via this method could easily be transformed
into the corresponding 1,2-amino alcohols. Further
applications of this methodology with chiral disubsti-
tuted aziridines is under active investigation in our
laboratory.
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Table 1. Lewis acid promoted [3+2] cycloaddition of (R)-2-phenyl-N-tosylaziridine (1) with ketonesa

Entry Carbonyl 2 Productb 3 Lewis acid Yieldc (%) ½a�25
D (c CHCl3) eed (%)

1 (CH3)2CO
O

N

Ph

Ts

3a

Cu(OTf)2 90 +17 (c 1.0) 62

2 (CH3)2CO O
N

Ph

Ts

3a

Zn(OTf)2 81 +18 (c 1.0) 64

3 (CH3)2CO O
N

Ph

Ts

3a

BF3ÆOEt2 80 +21 (c 0.21) 74

4 O
O

N
Ph

Ts

3b

Cu(OTf)2 65 +12 (c 1.0) 56

5
Ph Ph

O
O

N
Ph

Ph

Ts

Ph
3c

Cu(OTf)2 60 — 22e

a 1.0 equiv of Cu(OTf)2, in ketone, the reactions were conducted for 5–10 min at 0 �C.
b Absolute stereochemistry of the major enantiomer is shown.
c Yield of isolated products.
d ee Determined by chiral HPLC.
e 5.0 equiv of Benzophenone was used in dichloromethane.

Table 2. Cu(OTf)2 promoted [3+2] cycloaddition of (R)-2-phenyl-N-tosylaziridine (1) with aldehydes

Entry Carbonyl 2 Producta 3 eeb,c (%) Yieldd (%) dre,f cis:trans (%) ½a�25
D (c, CHCl3)g

1 EtCHO
O

NPh

Et

Ts

3d

56 78 95:5 �11.4 (c 0.70)

2 PrCHO

3e
O

N
Ph

Pr

Ts
54 82 93:7 �7.0 (c 1.0)

3 PhCHO O
N

Ph

Ph

Ts

3f

62h 88 >99 +23.6 (c 0.55)

4 PhCH2CHO O
N

Ph
Ts

Ph3g

50 68 94:6 +4.2 (c 0.95)

5 Ph
CHO

O

N
Ph

Ts

Ph3h

68 75 40:60 +21.43 (c 0.70)

6
O CHO O

N
Ph

Ts

O3i

72 78 40:60 +8.75 (c 0.80)

a Absolute stereochemistry of the major isomer is shown.
b 1.0 equiv of Cu(OTf)2, in aldehyde, the reactions were conducted for 5–10 min at 0 �C.
c ee Determined by chiral HPLC.
d Yields of isolated products.
e Stereochemistry was confirmed by NOE measurements and dr was determined by 1H NMR analysis of the crude reaction mixture.
f Diastereoselectivity is dependant on the temperature and solvent.
g ½a�25

D was measured from 3 as a mixture of diastereomers.
h The reaction was carried out at �25 �C (at 0 �C, ee 54%).
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Tellado, J. J.; Gracı́a-Tellado, F. J. Org. Chem. 2005, 70,
1042–1045; (d) He, P.; Zhu, S. Tetrahedron 2005, 61, 6088–
6096.

10. (a) Sriharsha, S. N.; Shashikanth, S. Heterocycl. Commun.
2006, 12, 213–218; (b) Li, Y. J.; Ye, F. Chin. Chem. Lett.
2006, 17, 891–894.

11. (a) Reddy, S. H. K.; Lee, S.; Datta, A.; Georg, G. I. J.
Org. Chem. 2001, 66, 8211–8214; (b) Yoo, D.; Oh, J. S.;
Kim, Y. G. Org. Lett. 2002, 4, 1213–1215; (c) Choi, W. J.;
Ahn, H. S.; Kim, H. O.; Kim, S.; Chun, M. W.; Jeong, L.
S. Tetrahedron Lett. 2002, 43, 6241–6243; (d) Huguenot,
F.; Brigaud, T. J. Org. Chem. 2006, 71, 2159–2162.

12. (a) Agami, C.; Couty, F. Eur. J. Org. Chem. 2004, 677–
685; (b) Pastor, A.; Adam, W.; Wirth, T.; Gabor, T. Eur.
J. Org. Chem. 2005, 3075–3084; (c) Wünnemann, S.;
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1216–1221; (b) Lohse, O.; Spöndlin, C. Org. Process Res.
Dev. 1997, 1, 247–249; (c) Andersson, M. A.; Epple, R.;
Fokin, V. V.; Sharpless, K. B. Angew. Chem., Int. Ed.
2002, 41, 472–475; (d) Watanabe, M.; Murata, K.; Ikariya,
T. J. Org. Chem. 2002, 67, 1712–1715.

16. (a) Experimental procedure for the Cu(OTf)2 mediated
[3+2] cycloaddition of (R)-2-phenyl-N-tosylaziridine with
carbonyl compounds: A solution of (R)-1 (0.091 mmol) in
aldehyde or ketone (0.5 mL) was added to a suspension of
anhydrous Cu(OTf)2 (0.091 mmol) in the same carbonyl
compound at 0 �C under an argon atmosphere. The
mixture was stirred for 5–10 min and then the reaction
was quenched with saturated NaHCO3 solution at the
same temperature. The aqueous layer was extracted with
CH2Cl2 (3 · 5.0 mL) and dried over anhydrous Na2SO4.
The crude product was purified by flash column chroma-
tography on silica gel (230–400 mesh) using a mixture of
ethyl acetate in petroleum ether to provide the corre-
sponding 1,3-oxazolidine. With solid carbonyl compounds
or racemic aziridines, the reaction was performed in dry
CH2Cl2 using 5 equiv of the carbonyl compound.

http://dx.doi.org/10.1021/jo062564c
http://dx.doi.org/10.1021/jo062564c
http://dx.doi.org/10.1021/jo062564c
http://dx.doi.org/10.1021/jo062564c
http://dx.doi.org/10.1021/jo062564c
http://dx.doi.org/10.1021/jo062564c


M. K. Ghorai, K. Ghosh / Tetrahedron Letters 48 (2007) 3191–3195 3195
Spectral data of 3a (R1, R2 = CH3): White solid; mp: 98–
101 �C; 1H NMR (400 MHz, CDCl3): d (ppm) 1.61 (s,
3H), 1.66 (s, 3H), 2.35 (s, 3H), 3.04–3.09 (m, 1H), 3.79 (dd,
J = 8.8, 5.6 Hz, 1H), 5.03 (dd, J = 9.5, 5.6 Hz, 1H), 7.19–
7.28 (m, 7H), 7.67 (d, J = 8.0 Hz, 2H); 13C NMR
(100 MHz, CDCl3): d (ppm) 21.5, 27.0, 27.5, 54.0, 76.2,
97.3, 126.2, 127.3, 128.5, 128.6, 129.6, 137.3, 137.4, 143.4;
IR mmax (KBr, cm�1) 3068, 3034, 2985, 2935, 2877, 1774,
1753, 1569, 1430, 1335, 1295, 1249, 1213, 1153, 1095, 1022,
951; FAB mass: m/z 332 (M++1). Anal. Calcd (%) for
C18H21NO3S: C, 65.23; H, 6.39; N, 4.23. Found (%): C,
65.25, H, 6.67, N, 4.28; ½a�25

D +21 (c 0.21, CHCl3); The
enantiomeric excess was determined by chiral HPLC
analysis (Chiralcel OD-H column, iPrOH/hexane, 3:97,
0.80 mL min�1), 74% (ee).
Spectral data of 3l (Ar = 4-MeC6H4; R1, R2 = CH3): 1H
NMR (400 MHz, CDCl3): d 1.59 (s, 3H), 1.66 (s, 3H), 2.25
(s, 3H), 2.35 (s, 3H), 3.03–3.07 (m, 1H), 3.76 (dd, J = 8.6,
5.6 Hz, 1H), 5.00 (dd, J = 9.5, 5.6 Hz, 1H), 7.05–7.23 (m,
6H), 7.67 (d, J = 8.3 Hz, 2H); 13C NMR (100 MHz,
CDCl3): d 21.2, 21.5, 27.1, 27.5, 54.0, 76.2, 97.3, 126.2,
127.3, 129.2, 129.6, 134.3, 137.3, 138.4, 143.4.; ES mass:
m/z 346 (M++1). Anal. Calcd (%) for C19H23NO3S: C,
66.06, H, 6.71, N, 4.05. Found (%): C, 66.18, H, 6.69, N,
4.25.; (b) The decreased yield of isolated 1,3-oxazolidine
was due to hydrolysis during work-up or column chro-
matographic purification which was necessary for prepar-
ing an analytical sample; (c) General experimental
procedure for the cleavage of 1,3-oxazolidines: The 1,3-
oxazolidines derived from (R)-1 with various carbonyl
compounds were hydrolyzed using PTSA in MeOH at
room temperature, to give 4 in quantitative yields.
Compound 3a (ee 74%) gave (S)-1-phenyl-2-(tosyla-
mino)-ethanol (4) in quantitative yield with 68% ee.
Spectral data of 4 (Ar = Ph): IR mmax (KBr, cm�1) 3429,
3276, 3175, 2922, 2856,1597, 1491, 1448, 1407, 1323, 1151,
1093, 1063, 1029, 925; 1H NMR (400 MHz, CDCl3): d
(ppm) 2.34 (s, 3H), 2.94 (dd, J = 13.2, 8.8 Hz, 1H), 3.16
(dd, J = 13.2, 3.4 Hz, 1H), 4.72 (dd, J = 8.7, 3.6 Hz, 1H),
5.1 (s, 1H) 7.18–7.27 (m, 7H), 7.65 (d, J = 8.3 Hz, 2H); 13C
NMR (100 MHz, CDCl3): d (ppm) 21.5, 50.2, 72.7, 125.8,
127.0, 128.2, 128.6, 129.7, 136.6, 140.7, 143.6; ES mass:
m/z 292 (M++1). Anal. Calcd (%) for C15H17NO3S: C,
61.83, H, 5.88, N, 4.81; Found (%): C, 61.80, H, 5.86,
N, 4.82, ½a�25

D +33.2 (c 0.50, CHCl3). The enantiomeric
excess was determined by chiral HPLC analysis (Chiralcel
OD-H column, iPrOH/hexane, 10:90, 1.0 mL min�1).

17. (a) McKennon, M. J.; Meyers, A. I. J. Org. Chem. 1993,
58, 3568–3571; (b) Cernerud, M.; Adolfsson, H.; Moberg,
C. Tetrahedron: Asymmetry 1997, 8, 2655–2662.

18. (a) As the reaction of 1 with benzaldehyde approaches rt,
the initially formed cis isomer was converted to the trans
isomer and the dr (cis:trans) changes to 72:38 (at �10 �C).
When the reaction was performed in aldehyde medium at
rt, the observed dr was 1.22:1.0 (cis:trans). The enantio-
selectivity of product 3f increased up to 62% when the
reaction was carried out at�25 �C. There was no change in
ee upon further lowering of the reaction temperature; (b)
Decrease in ee is probably due to partial racemization of
the product at the benzylic position in acidic medium.


	Lewis acid mediated nucleophilic ring opening followed by cycloaddition of 2-aryl-N-tosylaziridines with carbonyl compounds: further support towards an SN2-type mechanism
	Acknowledgements
	References and notes


