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INTRODUCTION

Aziridines are three membered heterocyclic skeletons and
fall under the sub-class of azaheterocyclic compounds commonly
known as azacyclopropanes. They are the important scaffold
due to their diverse biological activity [1] and the different
synthetic approaches involved in their complexity in synthesis
due to ring strain. The presence of aziridines in the peptide
framework of many proteins helps in the area of chemotherapy
[2]. Aziridines are generally used as precursors for peptide
synthesis and serve as intermediates for nitrogen containing
compounds [3]. Due to the presence of Bayer′s strain in aziridine
ring, it easily undergoes ring opening in presence of nucleo-
philes and can be used as powerful alkylating agents [4]. They
exhibit a wide range activity towards antimicrobial [5], anti-
bacterial [6], anticancer [7] and antibiotic [8] activities. Besides
the biological activity, aziridines are useful as chiral auxiliaries
[9], act as ligands in some reactions and as monomers in peptide
synthesis [10]. Aziridines like madurastatin B1 act as a sidero-
phore, due to their high affinity towards ferric ions and used
as chelating agents [11]. In 1888, Gabriel [12] was the first
person to report the synthesis of aziridines, followed by several
scientists worked on the preparation of chiral aziridines from
chiral auxiliaries or by asymmetric catalysts. The wenker synth-
esis [13,14] is the most popular method for synthesis of
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aziridines from easily available 1,2-aminoalcohols [15,16].
Synthesis of aziridines generally requires the usage of non-
toxic chemicals [17,18], pyrophoric reagents [19-21] and
expensive catalysts [22].

In continuation of our studies towards synthesis of spiro-
cycles and heterocycles [23-31], a three component protocol
catalyzed by Lewis acid such as BF3·(OEt)2 to yield a easily
separable diastereomers i.e. syn- and anti-phenyl (2S,3R)-3-
phenyl-1-tosylaziridin-2-yl)methanone is reported in this article.
The present method was operationally simple with the use of
less expensive easily available chemicals and shorter reaction
time.

EXPERIMENTAL

Starting materials such as phenacyl bromide, 4-chloro-
phenacyl bromide, p-toluenesulfonamide and BF3·(OEt)2 were
procured from commercial vendors and aldehydes were freshly
distilled before the performance of reaction. TLC was performed
on aluminum plates with a fluorescent indicator. All the melting
point values were crosschecked. LC-MS and Mass spectra were
recorded in Agilent LC-MS 1100 instrument in the ESI positive
mode. 1H & 13C NMR spectra were recorded at Bruker 400 MHz
and 100 MHz, respectively, in CDCl3 as solvent and chemical
shifts are reported in ppm reference to TMS (δ) peak as internal
standard. FT-IR was done on solid phase KBr pellets.
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Synthesis of 4a and 5a: To a stirred solution of correspon-
ding aldehyde 1 (2.51 mmol), p-toluenesulfonamide (2) (2.51
mmol) and phenacyl bromide (3) (2.51mmol) in CH2Cl2 (20
mL) at 0 ºC was added BF3·(OEt)2, 46% in CH2Cl2 (0.502
mmol). The reaction mixture was stirred at room temperature
for 50 min. After completion, the reaction mixture was diluted
with cold water (20 mL), quenched with aq. 1N HCl (10 mL),
a organic layer was separated and dried over MgSO4, concentrated
under reduced pressure to get the crude compound (Scheme-I).
The crude obtained was purified by flash column chromato-
graphy to afford the syn:anti isomers in the ratio of 60:40.

Synthesis of ((2R,3R)-3-(4-chlorophenyl)-1-tosylaziri-
din-2-yl)(phenyl)methanone (6a): To a stirred solution of syn-
isomer (500 mg, 1.014 mmol) in CH2Cl2 (20mL) at 0 ºC was
added triethylamine (TEA) (2.53 mmol). Reaction was stirred
at room temperature for 30 min. After completion, the reaction
mixture was diluted with cold water (20 mL), organic layer
was separated, dried over MgSO4, concentrated under reduced
pressure to get crude compound. The crude obtained was purified
by flash column chromatography to afford ((2R,3R)-3-(4-chloro-
phenyl)-1-tosylaziridin-2-yl)(phenyl)methanone as off white
solid (yield: 342 mg, yield: ~82%), (eluent: 25% EtOAc+
hexane) (Scheme-III).

N-((1R,2S)-2-Bromo-1-(4-chlorophenyl)-3-oxo-3-phenyl-
propyl)-4-methylbenzenesulfonamide (4a): Off white solid;
yield: 742 mg (60%); m.p.: 102-105 ºC; IR (KBr, cm−1): 3213,
3072, 3058, 3045, 2890, 1705, 1336, 1157, 802. 1H NMR (400
MHz, CDCl3): δ 7.72-7.75 (m, 2H), 7.52-7.55 (m, 3H), 7.38 (t,
2H, J = 7.6 Hz), 7.05-7.14 (m, 6H), 5.85 (d, 1H, J = 5.6 Hz),
5.35 (d, 1H, J = 8.8 Hz), 4.94 (dd, 1H, J = 8.4 Hz, J = 5.6 Hz),
2.37 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 191.0, 143.6, 136.6,
135.0, 134.4, 134.2, 133.9, 129.5, 129.4, 129.3, 128.9, 128.7,
128.6, 128.6, 127.4, 127.1, 58.5, 49.5, 21.4. LC-MS: m/z 494

[M+1]+. Anal. calcd. (found) % for C22H19NO3SBrCl: C, 53.62
(53.78); H, 3.89 (3.97); N, 2.84 (2.66).

N-((1R,2S)-2-Bromo-1-(4-fluorophenyl)-3-oxo-3-
phenylpropyl)-4-methylbenzenesulfonamide(4b): Off white
solid; yield: 670 mg (56%); m.p.: 125-128 ºC; IR (KBr, cm−1):
3122, 3107, 3098, 3078, 2867, 1727, 1305, 1142, 1052. 1H NMR
(400 MHz, CDCl3): δ 7.73 (d, 2H, J = 7.6 Hz), 7.52-7.55 (m,
3H), 7.37 (d, 2H, J = 7.6 Hz), 7.13-7.19 (m, 4H), 6.78 (d, 2H, J
= 8.8 Hz), 5.78 (d, 1H, J = 5.2 Hz) 5.34 (d,1H, J = 8.8 Hz), 4.95
(dd, 1H, J = 8.8 Hz, J = 5.6 Hz), 2.36 (s, 3H). 13C NMR (100
MHz, DMSO-d6): δ 191.2, 163.7, 161.3, 143.6, 136.7, 134.1,
134.0, 132.3, 132.3, 130.0, 129.9, 129.4, 129.2, 128.8, 128.5,
127.4, 127.1, 115.5, 115.3, 58.4, 49.8, 21.4. ESI: m/z 476 [M+1]+.
Anal. calcd. (found) % for C22H19NO3SBrF: C, 55.47 (55.62);
H, 4.02 (4.22); N, 2.94 (2.81).

N-((1R,2S)-2-Bromo-3-oxo-3-phenyl-1-(p-tolyl)-
propyl)-4-methylbenzenesulfonamide (4c): Off white solid;
yield: 688 mg (58%); m.p.: 140-142 ºC; IR (KBr, cm−1): 3167,
3145, 3127, 3079, 2950, 2905, 2847, 1722, 1362, 1155.1H NMR
(400 MHz, CDCl3): δ 7.73 (d, 2H, J = 8.4 Hz), 7.50-7.55 (m,
3H), 7.30 (d, 2H, J = 7.6 Hz), 7.11 (d, 2H, J = 8.0 Hz), 7.06 (d,
2H, J = 8.0 Hz), 6.91 (d, 2H, J = 8.0 Hz), 5.57 (d, 1H, J = 5.2
Hz) 5.38 (d, 1H, J = 8.4 Hz), 4.90 (dd, 1H, J = 8.4 Hz, J = 5.6
Hz), 2.35 (s, 3H), 2.20 (s, 3H). 13C NMR (100 MHz, CDCl3): δ
191.2, 143.3, 138.2, 136.9, 134.2, 133.9, 133.5, 129.2, 129.1,
128.7, 128.6, 127.9, 127.4, 58.8, 50.5, 21.4, 21.0. ESI: m/z =
472 [M+1]+. Anal. calcd. (found) % for C23H22NO3SBr: C, 58.48
(58.33); H, 4.69 (4.75); N, 2.97 (3.06).

N-((1R,2S)-2-Bromo-3-oxo-3-phenyl-1-(o-tolyl)-
propyl)-4-methylbenzenesulfonamide (4d): Off white solid;
yield: 640 mg (54%); m.p.: 130-133 ºC; IR (KBr, cm−1): 3157,
3142, 3121, 3098, 2927, 2905, 2835, 1739, 1345, 1227. 1H NMR
(400 MHz, CDCl3): δ 7.71 (d, 2H, J = 8.4 Hz), 7.46-7.52 (m,
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Scheme-I: Three component reaction towards synthesis of N-2-bromo-3-oxo-1,3-diphenylpropyl)-4-methylbenzenesulfonamides
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3H), 7.32 (d, 2H, J = 8.0 Hz), 7.14 (d, 1H, J = 7.6 Hz), 7.05 (d,
2H, J = 8.0 Hz), 6.84-6.95 (m, 3H), 6.01 (d, 1H, J = 6.4 Hz)
5.56 (d, 1H, J = 9.2 Hz), 5.29 (dd, 1H, J = 9.6 Hz, J = 6.4Hz),
2.35 (s, 3H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 191.5,
143.1, 137.3, 136.8, 134.9, 134.3, 133.8, 130.8, 129.1, 128.7,
128.4, 128.2, 127.1, 126.8, 126.1, 55.2, 49.8, 21.4, 19.3. LC-
MS: m/z 472 [M+1]+. Anal. calcd. (found) % for C23H22NO3SBr:
C, 58.48 (58.56); H, 4.69 (4.77); N, 2.97 (3.11).

N-((1R,2S)-2-Bromo-3-(4-chlorophenyl)-3-oxo-1-
phenylpropyl)-4-methylbenzenesulfonamide (4e): Off white
solid; yield: 569.7 mg (54%); m.p.: 138-141 ºC; IR (KBr, cm−1):
3140, 3129, 3105, 3059, 2958, 2897, 2826, 1725, 1347, 670,
550. 1H NMR (400 MHz, CDCl3): δ 7.67 (d, 2H, J = 8.4 Hz),
7.34 (d, 2H, J = 8.4 Hz), 7.09-7.17 (m, 8H), 5.69 (d, 1H, J = 6.0
Hz), 5.34 (d, 2H, J = 8.8 Hz), 4.96 (dd, 1H, J = 8.4 Hz, J = 6.0
Hz), 2.35 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 190.1, 143.3,
140.6, 136.9, 136.3, 132.5, 130.1, 129.9, 129.3, 129.1, 128.5,
128.4, 127.9, 127.3, 59.0, 50.1, 21.4. LC-MS: m/z 492 [M+1]+.
Anal. calcd. (found) % for C22H19NO3SBrCl: C, 53.62 (53.44);
H, 3.89 (3.78); N, 2.84 (2.92).

N-((1R,2S)-2-Bromo-1-(2-chlorophenyl)-3-(4-chloro-
phenyl)-3-oxopropyl)-4-methylbenzenesulfonamide (4f):
Brown solid; yield: 654 mg (58%); m.p.: 137-141 ºC; IR (KBr,
cm−1): 3132, 3107, 3097, 3022, 2907, 2847, 2817, 1712, 1278,
720, 682, 530. 1H NMR (400 MHz, CDCl3): δ 7.75 (d, 2H, J =
8.4 Hz), 7.55 (d, 2H, J = 8.4 Hz), 7.37-7.7.39 (m, 3H), 7.1 (d,
2H, J = 4.4 Hz), 7.07 (d, 2H, J = 8.0 Hz), 5.97 (d, 1H, J = 6.4
Hz), 5.68 (d, 1H, J=6.4 Hz), 5.23 (t,1H, J = 6.8 Hz ), 4.23 (brs,
1H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 190.4, 143.3,
140.8, 136.6, 134.3, 132.1, 131.8, 130.0, 129.8, 129.5, 129.4,
129.2, 129.1, 127.3, 127.1, 126.9, 49.1, 33.9, 25.6, 24.9, 24.4,
21.4. LC-MS: m/z = 526 [M+1]+. Anal. calcd. (found) % for
C22H18NO3SBrCl2: C, 50.11 (50.42); H, 3.44 (3.77); N, 2.66 (2.45).

N-((1R,2R)-2-Bromo-3-(4-chlorophenyl)-1-(4-fluoro-
phenyl)-3-oxopropyl)-4-methylbenzenesulfonamide (4g):
Pale yellow solid; yield: 700 mg (64%); m.p.: 157-160 ºC; IR
(KBr, cm−1): 3208, 3197, 3112, 3047, 2897, 2843, 2745, 1777,
1257, 1221, 730, 512. 1H NMR (400 MHz, CDCl3): δ 7.67 (d,
2H, J = 8.8 Hz), 7.53 (d, 2H, J = 8.0 Hz), 7.35 (d, 2H, J = 8.4
Hz), 6.77 (t, 2H, J = 8.8 Hz), 7.13-7.17 (m, 4H), 5.27 (d, 1H, J
= 5.6 Hz), 5.28 (d, 1H, J = 8.8 Hz), 4.95 (dd, 1H, J = 8.4 Hz, J
= 5.6 Hz), 2.37 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 190.0,
143.6, 140.8, 136.8, 132.4, 132.1, 130.0, 129.9, 129.4, 129.2,
127.4, 115.6, 115.3, 58.4, 49.5, 21.4. LC-MS: m/z 510 [M+1]+.
Anal. calcd. (found) % for C22H18NO3SBrClF: C, 51.73 (51.44);
H, 3.55 (3.64); N, 3.72 (3.57).

N-((1R,2R)-2-Bromo-1-(4-chlorophenyl)-3-oxo-3-
phenylpropyl)-4-methylbenzenesulfonamide (5a): Off white
solid; yield: 371 mg (30%); m.p.: 143-145 ºC; IR (KBr, cm−1):
3200, 3045, 3011, 3022, 2878, 1722, 1313, 1142, 788. 1H NMR
(400 MHz, CDCl3): δ 7.7 (d, 2H, J = 7.6 Hz), 7.53-7.56 (m,
3H), 7.3 (d, 2H, J = 7.6 Hz), 7.08-7.13 (m, 6H), 6.72 (d, 1H, J =
9.2 Hz), 5.39 (d, 1H, J = 5.2 Hz), 5.0 (dd, 1H, J = 9.2 Hz, J = 5.2
Hz), 3.11 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 193.4, 143.3,
137.7, 137.0, 135.4, 134.9, 134.4, 134.2, 134.1, 129.7, 129.4,
129.2, 129.2, 128.9, 128.9, 128.7, 128.7, 127.1, 127.1, 60.1, 46.6,
21.5. LC-MS: m/z 494 [M+1]+. Anal. calcd. (found) % for
C22H19NO3SBrCl: C, 53.62 (53.57); H, 3.89 (3.78); N, 2.84 (2.62).

N-((1R,2R)-2-Bromo-1-(4-fluorophenyl)-3-oxo-3-
phenylpropyl)-4-methylbenzenesulfonamide (5b): Off white
solid; yield: 382 mg (32%); m.p.: 128-130 ºC; IR (KBr, cm−1):
3132, 3121, 3110, 3059, 2895, 1705, 1355, 1172, 1102. 1H NMR
(400 MHz, CDCl3): δ 7.78 (d, 2H, J = 8.0 Hz), 7.53-7.58 (m,
3H), 7.40 (d, 2H, J = 7.6 Hz), 7.09-7.17 (m, 4H), 6.82 (d, 2H, J
= 8.0 Hz), 6.73 (d, 1H, J = 9.2 Hz) 5.39 (d, 1H, J = 4.8 Hz), 5.08
(dd, 1H, J = 8.4 Hz, J = 4.8 Hz), 2.34 (s, 3H). 13C NMR (100
MHz, DMSO-d6): δ 193.6, 163.6, 161.1, 143.2, 137.8, 134.3,
134.2, 132.7, 132.7, 129.7, 129.3, 129.2, 128.8, 128.7, 127.1,
155.6, 155.4, 60.0, 46.0, 21.4. ESI: m/z 476.0 [M+1]+. Anal.
calcd. (found) % for C22H19NO3SBrF: C, 55.47 (55.59); H, 4.02
(3.92); N, 2.94 (3.05).

N-((1R,2R)-2-Bromo-3-oxo-3-phenyl-1-(p-tolyl)-
propyl)-4-methylbenzenesulfonamide (5c): Off white solid;
yield: 343 mg (29%); m.p.: 144-146 ºC; IR (KBr, cm−1): 3147,
3135, 3117, 3042, 2919, 2899, 2814, 1755, 1389, 1134. 1H NMR
(400 MHz, CDCl3): δ 7.70 (d, 2H, J = 8.4 Hz), 7.58 (d, 2H, J =
8.4 Hz), 7.39 (d, 1H, J = 8.0 Hz), 7.09 (d, 2H, J = 4.4 Hz), 7.04
(d, 2H, J = 8.0 Hz), 6.93 (d, 1H, J = 8.0 Hz), 6.69 (d, 1H, J = 4.8
Hz), 5.42(d, 1H, J = 4.8 Hz), 5.04 (dd, 1H, J = 9.2 Hz, J = 4.8
Hz), 2.33 (s, 3H), 2.21(s, 3H).13C NMR (100 MHz, CDCl3): δ
193.8, 142.9, 138.0, 137.9, 134.4, 134.1, 133.9, 129.2, 129.1,
128.8, 128.7, 127.2, 127.2, 60.5, 46.3, 21.4, 20.9. ESI: m/z 472.01
[M+1]+. Anal. calcd. (found) % for C23H22NO3SBr: C, 58.48
(58.29); H, 4.69 (4.47); N, 2.97 (3.07).

N-((1R,2R)-2-Bromo-3-oxo-3-phenyl-1-(o-tolyl)-
propyl)-4-methylbenzenesulfonamide (5d): Off white solid;
yield: 367 mg (31%); m.p.: 141-143 ºC; IR (KBr, cm−1): 3146,
3138, 3125, 3112, 2946, 2897, 2845, 1757, 1321, 1258. 1H NMR
(400 MHz, CDCl3): δ 7.76 (d, 2H, J = 7.2 Hz), 7.54 (d, 1H, J =
7.2 Hz), 7.49 (d, 2H, J = 8.4 Hz), 7.37 (d, 2H, J = 4.0 Hz), 7.13
(d, 1H, J = 7.6 Hz), 7.0-7.04 (m, 4H), 6.89-6.93 (m, 1H), 6.64
(t, 1H, J = 4.0 Hz), 5.30 (dd, 1H, J = 7.6 Hz, J = 5.6 Hz), 2.37 (s,
3H), 2.30 (s, 3H).13C NMR (100 MHz, CDCl3): δ 193.7, 142.8,
137.7, 135.2, 134.8, 134.6, 134.1, 130.5, 129.0, 128.7, 128.6,
128.0, 127.2, 126.9, 126.3, 56.7, 44.4, 21.3, 19.3. LC-MS: m/z
472.02 [M+1]+. Anal. calcd. (found) % for C23H22NO3SBr: C,
58.48 (58.57); H, 4.69 (4.42); N, 2.97 (2.78).

N-((1R,2R)-2-Bromo-3-(4-chlorophenyl)-3-oxo-1-
phenylpropyl)-4-methylbenzenesulfonamide (5e): Off white
solid; yield: 348 g (33%); m.p.: 146-148 ºC; IR (KBr, cm−1):
3147, 3117, 3109, 3032, 2927, 2874, 2846, 1721, 1307, 697,
582. 1H NMR (400 MHz, CDCl3): δ 7.74 (m, 5H), 7.17-7.29 (m,
8H), 4.87 (t, 1H, J = 6.0 Hz), 4.10 (d, 2H, J = 6.0 Hz), 2.42 (s,
3H).13C NMR (100 MHz, CDCl3): δ 190.1, 143.4, 137.0, 136.4,
130.1, 129.7, 129.1, 129.1, 128.6, 128.6, 127.8, 127,4, 127.2,
127.1, 47.2, 21.5. LC-MS: m/z 492 [M+1]+. Anal. calcd. (found)
% for C22H19NO3SBrCl: C, 53.62 (53.78); H, 3.89 (53.78); N,
2.84 (2.89).

N-((1R,2R)-2-Bromo-1-(2-chlorophenyl)-3-(4-chloro-
phenyl)-3-oxopropyl)-4-methylbenzenesulfonamide (5f):
Brown solid; yield: 372 mg (33%); m.p.: 154-158 ºC; IR (KBr,
cm−1): 3178, 3142, 3067, 3013, 2875, 2827, 2803, 1714, 1237,
715, 661, 548. 1H NMR (400 MHz, CDCl3): δ 7.71 (d, 2H, J =
8.0 Hz), 7.62 (d, 2H, J = 8.0 Hz), 7.00-7.36 (m, 8H), 6.78 (d,
1H, J = 9.2 Hz), 5.54 (d, 1H, J = 4.4 Hz), 5.38 (dd, 1H, J = 8.8
Hz , J = 4.4 Hz), 2.33 (s, 3H).13C NMR (100 MHz, CDCl3): δ
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192.4, 143.1, 141.0, 137.3, 134.0, 132.5, 132.4, 130.0, 128.8,
129.6, 129.4, 129.2, 129.2, 127.1, 57.7, 42.8, 21.4 . LC-MS: m/z
526.01 [M+1]+. Anal. calcd. (found) % for C22H18NO3SBrCl2:
C, 50.11 (50.22); H, 3.44 (3.82); N, 2.66 (2.52).

N-((1R,2R)-2-Bromo-3-(4-chlorophenyl)-1-(4-fluoro-
phenyl)-3-oxopropyl)-4-methylbenzene sulphonamide (5g):
Pale yellow solid; yield: 306 mg (28%); m.p.: 184-186 ºC; IR
(KBr, cm−1): 3214, 3177, 3159, 3028, 2844, 2821, 2717, 1748,
1222, 1201, 717, 545. 1H NMR (400 MHz, CDCl3): δ 7.73 (d,
2H, J = 8.0 Hz), 7.52 (d, 2H, J = 8.0 Hz), 7.34 (d, 2H, J = 8.4
Hz), 7.12-7.16 (m, 4H), 6.8 (d, 2H, J = 8.4 Hz), 6.68 (d, 2H, J =
9.2 Hz), 5.33 (d, 1H, J = 5.6 Hz), 4.07 (d, 1H, J = 6.4 Hz), 2.33
(s, 3H). 13C NMR (100 MHz, CDCl3): δ 192.2, 163.6, 161.1,
143.3, 141.0, 137.6, 132.6, 132.5, 130.1, 129.7, 129.3, 129.2,
127.1, 115.6, 115.4, 59.8, 46.5, 21.4. LC-MS: m/z 510.01 [M+1]+.
Anal. calcd. (found) % for C22H18NO3SBrClF: C, 51.73 (51.66);
H, 3.55 (3.72); N, 3.72 (3.65).

((2R,3R)-3-(4-Chlorophenyl)-1-tosylaziridin-2-yl)-
(phenyl)methanone (6a): Off white solid; yield: 342 mg
(82%); IR (KBr, cm−1): 3027, 2852, 1684, 1577, 1542, 1507,
1427, 1307, 1122, 822, 727. 1H NMR (400 MHz, CDCl3): δ
7.95 (d, 2H, J = 8.0 Hz), 7.84 (d, 2H, J = 8.0 Hz), 7.52-7.56 (m,
1H), 7.34-7.41 (m, 4H), 7.12-7.17 (m, 4H), 4.40 (d, 1H, J = 7.6
Hz), 4.30 (d, 1H, J = 7.6 Hz), 2.43 (s, 3H). 13C NMR (100 MHz,
CDCl3): δ 188.7, 145.2, 135.6, 134.5, 134.4, 133.9, 129.9, 129.8,
128.9, 128.8, 128.7, 128.5, 128.3, 128.0, 127.7, 48.1, 45.7, 21.6.
LC-MS: m/z 412.01 [M+1]+. Anal. calcd. (found) % for
C22H18NO3SCl: C, 64.15 (64.45); H, 4.40 (4.33); N, 3.40 (3.29).

((2R,3R)-3-(4-Fluorophenyl)-1-tosylaziridin-2-yl)-
(phenyl)methanone (6b): Off white solid; yield: 345 mg
(83%); IR (KBr, cm−1): 3042, 2837, 1632, 1547, 1517, 1487,
1421, 1322, 1077, 1011. 822 . 1H NMR (400 MHz, CDCl3): δ
7.96 (d, 2H, J = 8.4 Hz), 7.84 (d, 2H, J=8.4 Hz), 7.51 (t, 1H,
J=7.6 Hz), 7.34-7.41 (m, 4H), 7.19-7.25 (m, 2H), 6.84 (t, 2H, J
= 8.8 Hz), 4.39 (d, 1H, J = 7.6 Hz), 4.33 (d, 1H, J = 7.6 Hz),
2.43 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 188.8, 145.1, 135.6,
134.4, 133.8, 129.9, 129.2, 129.1, 128.7, 128.3, 128.0, 127.0,
115.4, 115.2, 48.1, 45.7, 21.6. LC-MS: m/z 396.1 [M+1]+. Anal.
calcd. (found) % for C22H18NO3SF: C, 66.82 (66.68); H, 4.59
(4.66); N, 3.54 (3.39).

Phenyl-((2R,3R)-3-(o-tolyl)-1-tosylaziridin-2-yl)-
methanone (6d): Off white solid; yield: 399 mg (77%); IR
(KBr, cm−1): 3039, 2824, 1617, 1533, 1503, 1422, 1397, 1276,
1059, 1077. 812. 1H NMR (400 MHz, CDCl3): δ 7.84 (d, 2H, J
= 7.2 Hz), 7.97 (d, 2H, J = 7.2 Hz), 7.50-7.53 (m, 1H), 7.34-
7.39 (m, 4H), 6.95-7.15 (m, 4H), 4.50 (d, 1H, J = 7.6 Hz), 4.34
(d, 1H, J = 7.6 Hz), 2.43 (s, 3H), 2.29 (s, 3H). 13C NMR (100
MHz, CDCl3): δ 189.2, 145.1, 136.1, 135.9, 134.5, 133.6, 129.9,
129.7, 129.2, 128.5, 128.3, 128.2, 128.1, 127.3, 125.7, 46.7, 45.6,
21.6, 19.0. LC-MS: m/z 392.1 [M+1]+. Anal. calcd. (found) %
for C23H21NO3S: C, 70.56 (70.66); H, 5.41 (5.33); N, 3.58 (3.41).

(4-Chlorophenyl)-((2R,3R)-3-phenyl-1-tosylaziridin-2-
yl)methanone (6e): Off white solid; yield: 367.7 mg (88%);
IR (KBr, cm−1): 3017, 2947, 1628, 1555, 1523, 1403, 1367, 1255,
997, 943. 722. 1H NMR (400 MHz, CDCl3): δ 7.97 (d, 2H, J =
8.40 Hz), 7.81 (d, 2H, J = 9.2 Hz), 7.36 (d, 4H, J = 8.8 Hz),
7.15-7.16 (m, 5H), 4.32 (d, 2H, J=7.2 Hz), 2.43 (s, 3H). 13C
NMR (100 MHz, CDCl3): δ 188.2, 145.2, 140.3, 134.4, 134.1,

131.1, 129.9, 129.8, 129.0, 128.5, 128.3, 128.0, 127.2, 47.9, 46.4,
21.67. LC-MS: m/z 412.0 [M+1]+. Anal. calcd. (found) % for
C22H18NO3SCl: C, 64.15 (64.22); H, 4.40 (4.55); N, 3.40 (3.28).

RESULTS AND DISCUSSION

The significance of this reaction was the formation of carbon-
carbon bond, followed by base catalyzed dehydrohalogenation
to give the corresponding aziridines. Tosylhydrazone formed
in situ undergoes Mannich reaction with aldehydes to yield
corresponding syn- and anti-products. For this study, 4-chloro
benzaldehyde, 4-methylbenzenesulfonamide and phenacyl
bromide were chosen as starting materials in presence of Lewis
acid viz. BF3·(OEt)2 for the corresponding transformation (Table-1).

TABLE-1 
OPTIMIZATION OF REACTION CONDITION TOWARDS THE 

SYNTHESIS OF N-2-BROMO-3-OXO-1,3-DIPHENYLPROPYL)- 
4-METHYLBENZENESULFONAMIDES 

Entry Lewis acid Solvent 
Temp. 
(°C) 

Yielda 
(%) 4a 

Yieldb 
(%) 5a 

1 AlCl3 CH3CN 25-80 NR NR 
2 AlCl3 CHCl3 25 22 12 
3 AlCl3 CH2Cl2 25 37 20 
4 FeCl3 CH3CN 25-80 NR NR 
5 FeCl3 CHCl3 25 15 9 
6 FeCl3 CH2Cl2 25 23 17 
7 BF3.(OEt)2 CHCl3 25 42 23 
8 BF3.(OEt)2 CH2Cl2 25 62 37 
9 Ti(iPrO)4 CHCl3 25 31 22 
10 Ti(iPrO)4 CH2Cl2 25 38 19 
11 ZnCl2 CH2Cl2 25 33 18 
12 SnCl4 CH2Cl2 25 29 23 

aIsolated yield of syn isomer; bIsolated yield of anti isomer 

 
Initially, the reaction conditions in the presence of AlCl3

in different solvent systems were optimized. Reaction in
dichloromethane gave a considerable yield of 37% for syn
and 20% for anti 4a (entries 1-3, Table-1). The change in Lewis
acid i.e. FeCl3 led to a decrease in the yield and regioselectivity
of compound 4a (entries 4-6, Table-1). The use of BF3·(OEt)2

gave the best regioselectivity in dichloromethane with 62%
for syn and 37% for anti (entry 8, Table-1). On the other hand,
other Lewis acids such as ZnCl4, Ti(iPrO)4 and SnCl4 could
not improve the regioselectivity (entries 9-12, Table-1).

For present studies, various Lewis acids in different solvent
systems were screened to judge the best optimized conditions.
From the results, it was clearly understood that BF3·(OEt)2

gives more prominent results when compared with other Lewis
acids catalyzed reactions. The optimum condition for synthesis
of diastereomers involves the use of BF3·(OEt)2 (20 mol%) in
dichloromethane as a solvent at 0 ºC to room temperature for
50 min. The scope of this protocol was applied to different subs-
tituted phenacyl bromides and carboxaldehydes (Scheme-II).

Reaction of 4-fluorobenzaldehyde, phenacyl bromide and
4-methylbenzenesulfonamide gave corresponding compounds
4b and 5b in 56 and 32% yield (entry 2, Table-2). Reaction of
4-methyl and 2-methyl benzaldehyde displayed similar results
on reaction with phenacyl bromide (entries 3-4, Table-2). The
presence of chloro substituent on the phenacyl bromide gave
corresponding product 4e and 5e with 54% and 33% yields
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respectively (entry 5, Table-2). The presence of electron with-
drawing groups such as -Cl and -F did not alter the regio-
selectivity towards the formation of products 4f/5f and 4g/5g
(entries 6 and 7, Table-2).

The syn-products formed were further synthetically utilized
towards formation of cis-aziridine derivatives (Scheme-III,
Table-3). The reaction tolerated the presence of electron donating
group as well as electron withdrawing group towards the form-
ation of cis-aziridines in high yields (entries 1-3, Table-3).
The syn-products 4a, 4b, 4d and 4e on treatment with base
TEA (2.5 eq) in DCM at 0 ºC, gave corresponding cis-aziridines
6a, 6b, 6d and 6e in over 77-88% yields [32].

4

TEA/ DCM

30 min 6

4 examples
Yield~88%

O

Br

NHTs

R1
R

O

Ts
N

R

R1

H H

Scheme-III: Synthesis of cis-aziridines catalyzed by TEA

TABLE-3 
SYNTHESIS OF PHENYL (2S,3S)-3-PHENYL- 

1-TOSYLAZIRIDIN-2-YL)METHANONE 

Entry Syn (4) Product Yields (%)a 
1 4a 6a 82 
2 4b 6b 83 
3 4d 6d 77 
4 4e 6e 88 

aIsolated yield of cis-aziridines 

 
Conclusion

An efficient synthesis of cis-aziridines from phenacyl
bromide, p-toluene sulfonamide and BF3·(OEt)2 in dichloro-
methane was reported. This protocol was applied to different
substituted phenacyl bromides and carboxaldehydes containing
electron withdrawing group as well as electron donating group.
The reaction proceeds via BF3·(OEt)2 mediated C-alkylation
of phenacyl bromide reacted with in situ formed tosylhydra-
zone in dichloromethane, followed by dehydrohalogenation
in presence of a base. The structures of isolated diastereomers
were characterized successfully. This method was opera-
tionally simple and minimizes the use of toxic reagents, higher
temperature and longer reaction hours when compared with
previous methods of synthesis. The advantage of this protocol
involves isolation of easily separable diastereomers by simple
flash column chromatography.
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