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Two-step syntheses of 2,4,6-triisopropylbenzenesulfonyl aziridines
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Abstract—In a continuing study on the a-lithiation of N-tosyl aziridines, it is reported that ortho-lithiation of the N-tosyl group is
occurring under typical a-lithiation conditions (s-BuLi/PMDETA). Thus, a simple, two-step synthesis of N-2,4,6-tri-
isopropylbenzenesulfonyl aziridines was optimised. The route involves epoxide ring opening using a sulfonamide, mesylation and
base-mediated ring closure. The scope and limitations of this route were assessed and five new N-2,4,6-triisopropylbenzenesulfonyl
aziridines were prepared in good yields. Since this method was unsuitable for the preparation of cyclooctene aziridine, an alternative
two-step method was developed. This method involved aminobromination of cyclooctene using NBS/2,4,6-triisopropyl-
benzenesulfonamide.
� 2005 Elsevier Ltd. All rights reserved.
Recent work in our group has focused on the alkyl-
lithium-mediated a-lithiation of N-tosyl aziridines such
as 1 and 3.1–3 Suspecting that lithiation ortho to the sul-
fonamide of the N-tosyl group4–6 may be occurring
under the reaction conditions, we decided to trap any
intermediate organolithiums with Me3SiCl. Thus, lithia-
tion of N-tosyl aziridine 1 using s-BuLi in the pre-
sence of pentamethyldiethylenetriamine (PMDETA) at
�78 �C for 4 h and subsequent trapping with Me3SiCl
gave substituted aziridine 27 in 19% yield together with
recovered starting aziridine 1 (25% yield). Under compa-
rable conditions, aziridine 3 gave 48 in 39% yield (with
35% recovered starting material). In contrast to cyclooc-
tene oxide,9 no trapping at the a-position of the azir-
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idine was observed. Clearly, the N-tosyl-aziridino
protecting group is not an innocent bystander in alkyl-
lithium reactions and this is probably why an excess of
alkyllithium is typically employed for lithiation of
N-tosyl aziridines.1–3

With a view to developing aziridine a-lithiation condi-
tions that avoid excess alkyllithium as the base, we
considered using N-2,4,6-triisopropylbenzenesulfonyl
aziridines 5. The 2,4,6-triisopropylbenzenesulfonyl
group is of course well known from its use in the Shap-
iro reaction.4a,10 To our surprise, N-sulfonyl aziridines 5
have never previously been prepared and so a conve-
nient route to these compounds needed to be devised.
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Despite extensive studies on aziridination methodol-
ogy,11 there are in fact few synthetic methods for the
synthesis of �non-tosyl� N-sulfonyl aziridines. The most
obvious approach is sulfonylation of the parent NH azir-
idine (normally prepared by Staudinger reduction of
the corresponding azido alcohol,12 itself synthesised
from the epoxide and sodium azide). We have utilised
such an approach for proof of stereochemistry in some
of our previous studies (e.g. 6 ! 7 and 8 ! 9)13,14 but
these reactions have always proved low yielding in our
hands (24% yield of 7 and 41% yield of 9 are
representative).
Alternative and popular approaches for the direct syn-
thesis of aziridines from alkenes involve use of iodinanes
PhI = NSO2R

15,16 (which can also be prepared in situ17)
and N-chloramine sulfonamide salts RSO2NCl�-
Na+,18,19 both of which we have used in other stud-
ies.1,13,20 With iodinanes, Andersson et al. have
reported the preparation of a few N-sulfonyl aziridines16

and the synthesis of N-SES-protected aziridines, pio-
neered by Dauban and Dodd, is well docu-
mented.11a,17,21 For N-chloramine sulfonamide salts,
commercially available Chloramine-T is almost always
used18 although Sharpless and co-workers have also
had success with tBuSO2NCl�Na+.19 Thus, these
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Conditio
Step (i) 1.2 eq 2,4,6-triisopropylbenzenesulfonamide or TsNH2,

Step (ii) (a) 5 eq pyridine/MsCl, CH2Cl2, reflux, 5

(i) 86% (96 h)
(ii) 80% (a: 16 h, b: 

Ts: (i) 79% (72 h)
(ii) 77% (a: 16 h, b: 16 h)

Ts: (i) 75% (72 
(ii) 74% (a: 16 h, b: 
commonly employed methods each have their own
limitations.

Due to the lack of widespread syntheses of different N-
sulfonyl aziridines, we were attracted to a report by Alb-
anese et al. on the three-step synthesis of N-tosyl azir-
idines starting from epoxides.22,23 The epoxides were
ring opened with p-toluenesulfonamide and the resulting
amino alcohols were tosylated and cyclised using
K2CO3. In one example, another sulfonamide (p-
NO2C6H4SO2NH2) was used. By slightly modifying
Albanese�s original methods,22a we have now success-
fully synthesised a range of N-2,4,6-triisopropyl-
benzenesulfonyl aziridines 5 using a simple two-step
protocol. In addition, we also developed a two-step syn-
thesis of N-2,4,6-triisopropylbenzenesulfonyl cyclooc-
tene aziridine using an aminobromination approach.24

Herein, we describe our results.

To start with, we optimised conditions for the synthesis
of N-tosyl aziridine 1, culminating in a two-step
approach that delivered 1 in 75% overall yield. Thus,
cyclohexene oxide was ring-opened using p-toluenesul-
fonamide in refluxing dioxane in the presence of
K2CO3 and BnNEtþ3 Cl

� to give amino alcohol 10 in
91% yield after chromatography. An extended reaction
time (72 h) was necessary for a high conversion to 10.
In an improvement to Albanese�s route, we mesylated
10 and the crude mesylate was then directly cyclised to
N-tosyl aziridine 1. In this way, 1 was produced in
82% yield after chromatography. Our approach to 1
benefits from use of less equivalents of sulfonamide, a
shorter mesylation reaction time and the need for only
two chromatographic purifications; in addition, our
overall yield of 1 is higher.

When p-toluenesulfonamide was replaced with N-2,4,6-
triisopropylbenzenesulfonamide, some of the reaction
times for step (i) were increased to 96 h to optimise the
yields. Using this two-step approach, aziridines 11–15
were prepared in satisfactory yields over the two steps
(29–69%).25 Despite N-2,4,6-triisopropylbenzenesulfon-
amide being more sterically hindered, the results ob-
tained compared well with p-toluenesulfonamide for
each of 11–15. Notably, the synthesis of the N-tosyl ana-
logue of dihydrofuran aziridine 13 using our protocol
(56% yield over two steps) is more efficient (in terms
of yield and overall reaction time) than a recently
N S

O
O

BocN

N
S

O
O

Ph

14 15

ns:
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-16 h; (b) 4 eq K2CO3, MeCN, 45 ˚C, 4-16 h
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Ts: (i) 59% (72 h)
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reported approach.26 We briefly explored the scope of
the approach and have identified some limitations. For
example, ring opening of the five epoxides shown below
using p-toluenesulfonamide were unsuccessful.
For our planned lithiation studies, the preparation of N-
2,4,6-triisopropylbenzenesulfonyl cyclooctene aziridine
was of particular importance. Therefore, since ring
opening of cyclooctene oxide was unsuccessful we inves-
tigated another route to this aziridine based on amino-
bromination, as reported by Sudalai and co-workers.24

Thus, reaction of cyclooctene with N-2,4,6-triisopropyl-
benzenesulfonamide in the presence of NBS and manga-
nese sulfate gave amino bromide 16 in 78% yield after
chromatography. In contrast to Sudalai�s observation,
we found that the yield of 16 was only moderately
reduced (to 69%) if the manganese sulfate catalyst was
omitted. Cyclisation of amino bromide 16 to aziridine
17 was readily accomplished in near-quantitative yield
using K2CO3. Hence, this approach also represents a
simple two-step synthesis of N-sulfonyl aziridines.
In summary, two straightforward routes to previously
unknown N-2,4,6-triisopropylbenzenesulfonyl aziridines
11–15 and 17 have been developed. These approaches
have utility for the preparation of �non-tosyl� N-sulfonyl
aziridines. The usefulness of such aziridines in alkylli-
thium-mediated reactions will be reported in due course.
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16. Södergren, M. J.; Alonso, D. A.; Bedekar, A. V.;
Andersson, P. G. Tetrahedron Lett. 1997, 38, 6897; See
also: Meprathu, B. V.; Diltz, S.; Walsh, P. J.; Protasiewicz,
J. D. Tetrahedron Lett. 1999, 40, 5459.

17. Dauban, P.; Sanière, L.; Tarrade, A.; Dodd, R. H. J. Am.
Chem. Soc. 2001, 123, 7707.

18. (a) Jeong, J. U.; Tao, B.; Sagasser, I.; Henniges, H.;
Sharpless, K. B. J. Am. Chem. Soc. 1998, 120, 6844; (b)
Ando, T.; Kano, D.; Minakata, S.; Ryu, I.; Komatsu, M.
Tetrahedron 1998, 54, 13485; (c) Ali, S. I.; Nikalje, M. D.;
Sudalai, A. Org. Lett. 1999, 1, 705; (d) Kano, D.;
Minakata, S.; Komatsu, M. J. Chem. Soc., Perkin Trans.
1 2001, 3186; (e) Thakur, V. V.; Sudalai, A. Tetrahedron
Lett. 2003, 44, 989.

19. Gontcharov, A. V.; Liu, H.; Sharpless, K. B. Org. Lett.
1999, 1, 783.

20. Baron, E.; O�Brien, P.; Towers, T. D. Tetrahedron Lett.
2002, 43, 723.

21. Dauban, P.; Dodd, R. H. J. Org. Chem. 1999, 64, 5304.
22. (a) Albanese, D.; Landini, D.; Penso, M.; Petricci, S.

Tetrahedron 1999, 55, 6387; (b) Lupi, V.; Albanese, D.;
Landini, D.; Scaletti, D.; Penso, M. Tetrahedron 2004, 60,
11709.

23. For an alternative approach to aziridines from epoxides,
see: Tsuchiya, Y.; Kumamoto, T.; Ishikawa, T. J. Org.
Chem. 2004, 69, 8504.

24. Thakur, V. V.; Talluri, S. K.; Sudalai, A. Org. Lett. 2003,
5, 861.

25. Representative procedure for two-step synthesis of aziridines
from epoxides. 6-(2,4,6-Triisopropyl)-3-oxo-6-azabicyclo-
[3.1.0]hexane 13: a stirred mixture of 2,5-dihydrofuran
epoxide (200 mg, 2.33 mmol), K2CO3 (32 mg, 0.23 mmol),
BnEt3N

+Cl� (52 mg, 0.23 mmol) and 2,4,6-triisopropyl-
benzenesulfonamide (784 mg, 2.80 mmol) in dioxane
(1 mL) was heated at 90 �C under N2 for 96 h. After
cooling, CH2Cl2 (5 mL) was added and the solids were
removed by filtration through Celite. The filtrate was dried
(MgSO4) and evaporated under reduced pressure to give
the crude product. Purification by flash chromatography
on silica with petrol–EtOAc (4:1) as eluent gave hydroxy
sulfonamide (737 mg, 86%) as a white solid, mp 141–
143 �C; Rf (1:1 petrol–Et2O) 0.2; IR (CH2Cl2): 3496, 3250,
1314, 1150 cm�1; 1H NMR (400 MHz, CDCl3): 7.17 (s,
2H), 4.83 (d, J = 8.0, 1H), 4.41 (td, J = 5.0, 3.0, 1H), 4.11
(sept, J = 7.0, 2H), 4.04 (dd, J = 10.0, 5.0, 1H), 3.96 (dd,
J = 10.0, 5.0, 1H), 3.75–3.66 (m, 1H), 3.65 (dd, J = 10.0,
3.0, 1H), 3.52 (dd, J = 10.0, 3.0, 1H), 2.91 (sept, J = 7.0,
1H), 2.35 (br s, 1H), 1.29–1.25 (m, 18H); 13C NMR
(67.9 MHz, CDCl3): 153.3, 150.3, 132.3, 124.0, 73.6, 71.3,
61.1, 34.1, 29.7, 24.84, 24.76, 23.5; MS (CI, NH3) m/z 387
[25% (M+NH4)

+], 370 [100 (M+H)+]; HRMS (CI, NH3)
m/z calcd for C19H31NO4S (M+H)+ 370.2058, found
370.2052. A solution of hydroxy sulfonamide (500 mg,
1.36 mmol) in CH2Cl2 (7.5 mL) was added dropwise to a
stirred solution of pyridine (0.47 mL, 6.78 mmol) and
mesyl chloride (0.45 mL, 6.78 mmol) in CH2Cl2 (7.5 mL)
at 0 �C under N2. After 20 min, the solution was heated at
reflux for 16 h. After cooling, the solution was washed
with brine (15 mL), dried (MgSO4) and evaporated under
reduced pressure to give the crude mesylate. Then, a
stirred mixture of the crude mesylate and K2CO3 (750 mg,
5.44 mmol) in MeCN (15 mL) was heated at 45 �C under
N2 for 16 h. After cooling, CH2Cl2 (15 mL) was added and
the organic solution was washed with water (20 mL) and
brine (20 mL), dried (MgSO4) and evaporated under
reduced pressure. Purification by flash chromatography
on silica with petrol–EtOAc (9:1) as eluent gave aziridine
13 (380 mg, 80%) as a white solid, mp 177–180 �C; Rf (1:1
petrol–Et2O) 0.6; IR(CH2Cl2): 3089, 2955, 1313,
1152 cm�1; 1H NMR (400 MHz, CDCl3): 7.18 (s, 2H),
4.33 (sept, J = 7.0, 2H), 3.99 (d, J = 10.0, 1H), 3.71 (d,
J = 10.0, 1H), 3.68 (s, 2H), 2.91 (sept, J = 7.0, 1H), 1.26 (d,
J = 7.0, 18H); 13C NMR (100.6 MHz, CDCl3): 153.5,
150.9, 130.8, 123.8, 68.0, 44.6, 34.2, 29.6, 24.8, 23.5; MS
(CI, NH3) m/z 352 [100, (M+H)+]; HRMS (CI, NH3) m/z
calcd for C19H29NO3S (M+H)+ 352.1952, found 352.1946.

26. Hodgson, D. M.; Bogdan, S.; Miles, T. J.; Witherington,
J. Chem. Commun. 2004, 2234.


	Two-step syntheses of 2,4,6-triisopropylbenzenesulfonyl aziridines
	Acknowledgements
	References and notes


