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We report here the use of PPh3/halogenating agents as highly efficient reagents for the ring opening of
aziridines with halides. The method works effectively for both activated and non-activated aziridines,
and furnishes the products in excellent yields within a short period of time.
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Aziridines, small ring heterocycles, are attractive building
blocks for the synthesis of a variety of nitrogen containing biolog-
ically active compounds.1,2 The high ring strain energy endows
them with high reactivity and enables easy ring cleavage with var-
ious nucleophiles.3,4 The use of halides as nucleophiles leads to the
formation of b-haloamines, which serve as important precursors
for the synthesis of medicinally important compounds.5 However,
the reactivity of the ring is dependent on the substituent on the
nitrogen atom. The presence of electron withdrawing substituents
activates the ring, which then reacts easily with nucleophiles to
form ring-opened products. Several reports on ring opening of acti-
vated aziridines with halides have appeared in the literature.4b,6

Most suffer from several disadvantages such as long reaction times,
tedious work-up procedures and harsh reaction conditions. In con-
trast to activated aziridines, non-activated aziridines are relatively
inert towards nucleophiles and require prior activation. Therefore,
reports on ring opening of non-activated aziridines with halides
are relatively scarce. A strong protic acid such as HCl has been em-
ployed in some cases.7 Bu4NX and NH4X have been used for the
ring opening of sugar aziridines, but the reaction requires refluxing
conditions and works only when bromide is used as the halide.8

For the last one decade, we have been actively involved in the
study of ring cleavage reactions of activated and non-activated
aziridines with various nucleophiles.4

We had reported earlier the ring opening of activated aziri-
dines with halides using activated DMF complexes.4b Ph3PCl2 and
Ph3PBr2 activated DMF complexes worked well for the reaction.
ll rights reserved.
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We envisaged that the reaction would proceed well even in the ab-
sence of DMF. To our delight, excellent results were obtained when
the same reaction was carried out in acetonitrile. Gratifyingly, the
same reaction system has worked efficiently when non-activated
aziridines were used as the substrates. In this Letter, we report a
convenient and highly efficient procedure for the ring opening of
both activated and non-activated aziridines with halides.

Initially, the reaction of N-tosylcyclohexyl aziridine was studied
in the presence of PPh3 and a variety of halogenating agents
(Table 1).9,10 Almost all the halogenating agents gave good to
excellent yields of the ring-opened product. Among the chlorinat-
ing agents used, cyanogen chloride gave a moderate yield of prod-
uct (Table 1, entry 10). Carbon tetrachloride, hexachloroethane,
hexachloroacetone and triphosgene afforded the corresponding
product in good yield (Table 1, entries 4–6 and 8). Excellent yields
were obtained with all the other reagents (Table 1, entries 1–3, 7
and 9). PPh3Br2 and NBS/PPh3 furnished excellent yields of bro-
mide ring-opened adducts (Table 1, entries 12 and 13). Similarly,
both I2/PPh3 and NIS/PPh3 gave excellent yields of iodinated prod-
ucts (Table 1, entries 14 and 15). Being slightly superior to other
reagents, PPh3Cl2, PPh3Br2 and I2/PPh3 were used for further
studies.

The ring cleavage reaction was then extended to a variety of
cyclic and acyclic N-tosylaziridines. The results are summarized
in Table 2. Acyclic aziridines (Table 2, entries 1–9) gave only one
regioisomer of the product obtained via the nucleophilic attack
at the less hindered position. All the cyclic aziridines gave the trans
product. The reaction was also extended to cyclic aziridines
containing a double bond in the ring and satisfactory results were
obtained in all the cases (Table 2, entries 18–23).



Table 1
Screening of reagents for the ring opening of an aziridine

N Ts Reagent
CH3CN, rt NHTs

X=Cl, Br, I

+
X

Entry Reagenta X Time (h) Yield (%)b

1 Cl3CCN/PPh3 Cl 1 91
2c PPh3Cl2 Cl 1 99
3 Cl3CCONH2/PPh3 Cl 1 92
4 CCl4/PPh3 Cl 1 80
5 Cl3CCCl3/PPh3 Cl 1 80
6 Cl3CCOCCl3/PPh3 Cl 1 87
7 CCl3COOH/PPh3 Cl 1 97
8 Triphosgene/PPh3 Cl 1.5 85
9 NCS/PPh3 Cl 2 99

10 Cyanogen chloride/PPh3 Cl 1 70
11 CBr4/PPh3 Br 1 83
12c PPh3Br2 Br 1 99
13 NBS/PPh3 Br 1 95
14 I2/PPh3 I 1 93
15 NIS/PPh3 I 1 90

a Ratio of aziridine:halogenating agent:PPh3 was 1.0:2.1:2.0.
b Isolated yield.
c Ratio of aziridine:reagent was 1.0:2.1.

Table 3
Reaction of non-activated aziridines with halogenating agents

N +
CH3CN, rt

Reagent
X

NHR
R

Entry R Reagent X Product Time Yield (%)a

1 C6H5 PPh3Cl2 Cl 4a 5 min 96
2 C6H5 PPh3Br2 Br 5a 5 min 63
3 C6H5 PPh3/I2 I 6a 10 min 66
4 4-MeOC6H4 PPh3Cl2 Cl 4b 5 min 98
5 4-MeOC6H4 PPh3Br2 Br 5b 5 min 70
6 4-MeOC6H4 PPh3/I2 I 6b 5 min 97
7 4-ClC6H4 PPh3Cl2 Cl 4c 30 min 99
8 4-ClC6H4 PPh3Br2 Br 5c 30 min 99
9 4-ClC6H4 PPh3/I2 I 6c 30 min 98

10 3,4-(OCH2O)–C6H3 PPh3Cl2 Cl 4d 15 min 85
11 3,4-(OCH2O)–C6H3 PPh3Br2 Br 5d 30 min 67
12 3,4-(OCH2O)–C6H3 PPh3/I2 I 6d 10 min 90
13 2-Naphthyl PPh3Cl2 Cl 4e 2 h 97
14 2-Naphthyl PPh3Br2 Br 5e 30 min 71
15 2-Naphthyl PPh3/I2 I 6e 30 min 99
16 CH2C6H5 PPh3Cl2 Cl 4f 10 min 80

a Isolated yield.
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After successful application of the methodology to activated
aziridines, a variety of non-activated aziridines with different sub-
stituents at the N-atom were then explored using PPh3Cl2, PPh3Br2

and PPh3/I2 as reagents (Table 3). The reaction was smooth with
all the aziridines and the products were formed in moderate to
excellent yields. Variously substituted N-aryl aziridines were
studied and the products were obtained in short reaction times
Table 2
Reaction of activated aziridines with halogenating agents

NTs + Reagent

R1

R2

Entry R1 R2 Reagent

1 n-C4H9 H PPh3Cl2

2 n-C4H9 H PPh3Br2

3 n-C4H9 H PPh3/I2

4 n-C6H13 H PPh3Cl2

5 n-C6H13 H PPh3Br2

6 n-C6H13 H PPh3/I2

7 C6H5CH2 H PPh3Cl2

8 C6H5CH2 H PPh3Br2

9 C6H5CH2 H PPh3/I2

10 –(CH2)3– PPh3Cl2

11 –(CH2)3– PPh3Br2

12 –(CH2)3– PPh3/I2

13 –(CH2)4– PPh3Cl2

14 –(CH2)4– PPh3Br2

15 –(CH2)4– PPh3/I2

16 –(CH2)6– PPh3Br2

17 –(CH2)6– PPh3/I2

18 –CH2CH@CHCH2– PPh3Cl2

19 –CH2CH@CHCH2– PPh3Br2

20 –CH2CH@CHCH2– PPh3/I2

21 –CH2CH2CH@CHCH2CH2– PPh3Cl2

22 –CH2CH2CH@CHCH2CH2– PPh3Br2

23 –CH2CH2CH@CHCH2CH2– PPh3/I2

a Isolated yield.
(Table 3, entries 1–12). Even in the case of N-benzyl aziridine,
the product was obtained in 10 min and in good yield (Table 3,
entry 16).

In conclusion, we have developed a novel and a very efficient
method for the ring cleavage of aziridines with halides. The meth-
od provides a convenient procedure for the synthesis of b-haloam-
ines. Excellent results have been obtained with both activated and
non-activated aziridines and thus, the method can be generalized
to a large variety of substrates.
CH3CN, rt

R2 X

NHTsR1

X Product Time Yield (%)a

Cl 1a 30 min 75
Br 2a 15 min 84
I 3a 15 min 83
Cl 1b 30 min 75
Br 2b 15 min 82
I 3b 15 min 76
Cl 1c 1 h 91
Br 2c 1 h 97
I 3c 1 h 96
Cl 1d 1 h 76
Br 2d 30 min 92
I 3d 30 min 96
Cl 1e 1 h 99
Br 2e 1 h 99
I 3e 1 h 93
Br 2f 1 h 94
I 3f 30 min 83
Cl 1g 5 h 70
Br 2g 30 min 91
I 3g 30 min 79
Cl 1h 24 h 51
Br 2h 1 h 71
I 3h 1 h 47
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