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Abstract: The 2-Ns-based aminohalogenation of
a,b-unsaturated ketones has been achieved in an
ionic liquid, 1-n-butyl-3-methylimidazolium bis(tri-
fluoromethanesulfonyl)imide {[bmim][NACHTUNGTRENNUNG(SO2CF3)2]}.
[Bmim][N ACHTUNGTRENNUNG(SO2CF3)2] was found to be superior not
only to classical organic solvents but also to its
counterpart, [bmim] ACHTUNGTRENNUNG[BF4], which was proven to be
successful in the TsNCl2-based aminohalogenation
but failed to give any product for this reaction. The
present process takes the advantage of 2-NsNCl2 as
the stable nitrogen/halogen source in a one-pot op-
eration without the use of any metal catalysts, it is
convenient to perform without special protection of
inert gases. Eight examples were examined with
good to excellent stereoselectivity (1:5 to one
isomer) and modest to good chemical yields (53–
72%).

Keywords: aminohalogenation; haloamines; ionic
liquids; a,b-unsaturated ketones

The functionalization of unsaturated carbon-carbon
bonds with haloamines has long been an important
topic in modern organic and medicinal chemistry.[1–3]

Although several synthetic approaches to the vicinal
haloamine functionality have been developed,[4–7] the
study of efficient and highly regio- and stereoselective
methods still remains very interesting and challeng-
ing.
In the past several years, we have successfully de-

veloped the catalytic aminohalogenation of a,b-unsa-
turated esters using various nitrogen/halogen sources,
such as 4-TsNCl2,

[6a] 2-NsNNaCl (2-Ns: 2-nitoben-
zenesulfonyl),[6b] or the combination of 2-NsNCl2 and
2-NsNHNa[6c] in the presence of metal catalysts[6d–h]

(Scheme 1). For the aminohalogenation of a,b-unsatu-

rated ketones only 4-TsNCl2 has been successfully
employed as the nitrogen/halogen source.[7a] In the
continuing study of this reaction, we turned our atten-
tion to the replacement of 4-TsNCl2 with 2-NsNCl2
which is much more stable and more convenient han-
dled. In fact, 2-NsNCl2 was found to be stable at
room temperature for several months. More impor-
tantly, the resulting haloamine products with 2-Ns
protecting group can be readily cleaved under mild
conditions by treating with PhSH/K2CO3 in DMF at
room temperature.[8] With the aminohalogenation of
a,b-unsaturated cinnamic esters in hand,[6c] we utilized
the combination of 2-NsNCl2 and 2-NsNHNa as the
nitrogen/halogen source, and the corresponding ami-
nohalogenation products were successfully synthe-
sized (Scheme 2).[7d] However, it turned out that an
excess amount of nitrogen/halogen source and pro-
longed reaction periods were required for the com-
plete consumption of a,b-unsaturated substrates. As a
result, further improvement is necessary.
Very recently, we reported that an ionic liquid (IL),

[bmim] ACHTUNGTRENNUNG[BF4], can be employed as the reaction media
for the Ts-based aminohalogenation of a,b-conjugat-
ed substrates, and the aminohalogenation reaction

Scheme 1.
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can be improved dramatically in terms of chemical
yields and stereoselectivity.[7b,c] Since the aminohalo-
genation is believed to proceed through the formation
of an ionic aziridinium intermediate, ionic liquid is
believed to play an important role on stabilizing this
intermediate through ionic solvation effect and on fa-
cilitating the chlorine atomNs leaving the nitrogen
source (2-NsNCl2) for the formation of electrophilic
species. In addition, as compared with normal organic
solvents, the use of ionic liquids as reaction media has
several other attractive properties for chemical trans-
formations, including their nonvolatility, noncombusti-
bility, and dissolvability of polar compounds.[10–12] Fur-
thermore, ionic liquids can be easily recycled, and
therefore, they are environmentally friendly. Surpris-
ingly, when [bmim] ACHTUNGTRENNUNG[BF4] was utilized as the reaction
media for this reaction under the similar condition as
described before,[7b,c] the anticipated haloamine prod-
ucts were not observed even in the presence of metal
catalysts. In this communication, we were pleased to
report that in the ionic liquid of [bmim][N ACHTUNGTRENNUNG(SO2CF3)2]
the aminohalogenation reaction of a,b-unsaturated
ketones can proceed smoothly in modest to good
yields and excellent regio- and stereoselectivity
(Scheme 3 and Table 1). More interestingly, this reac-
tion can proceed without the use of metal catalysts.
To our best knowledge, the present reaction could be
the first aminohalogenation of electron-deficient ole-
fins in the absence of metal catalysts (Scheme 3).
As compared with the results previously obtained

in our laboratories, it was surprised to find that in the
1H NMR spectra of resulting new compounds, the
splitting patterns are more complicated than we an-
ticipated in CDCl3 as the solvent. In order to deter-
mine the regio- and stereoselectivity, product 1 was
chosen as an example, and was converted into the cor-
responding aziridine. As a result, the same aziridine

was obtained exclusively compared with that derived
from compound A, which indicated that isomer B was
mainly formed in the present aminohalogenation
mediated by [bmim][N ACHTUNGTRENNUNG(SO2CF3)2] (Scheme 4). The re-
gioselectivity was further confirmed by mass spectros-
copy analysis, which showed prominent peak corre-
sponding to [PhCHNHNs]+ (m/z=291). We believe
that the hydrogen bonding existing between the hy-
drogen of nitrobenzensulfonyl amine and carbonyl
groups to form a stable six-membered ring could be
responsible (Figure 1) for the complex 1H NMR spec-
tra. The equilibrium of major conformers can coexist
in in CDCl3 solution. Then some hydrogens of nitro-
benzensulfonyl amine conformers can be shifted to
the lower field in their 1H NMR spectra.
The aminohalogenation reaction can be carried out

simply by mixing reactants in a one-pot operation
system. Since there are no sensitive catalysts involved,
the reaction can be performed without the special
protection by inert gases. To optimize the yields, 4 O
molecular sieves were also added, which is similar to
the situation of the previous systems. Meanwhile, in
order to improve the chemical yield, it is necessary to
increase the reaction temperature to 80 8C. The ionic
liquid employed in this reaction was readily prepared
by reacting 1-methylimidazole with 1-butyl bro-
mide,[10] followed by the anion metathesis using N-
lithiotrifluoromethanesulfonimide in acetone solution.
The resulting ionic liquid, [bmim][N ACHTUNGTRENNUNG(SO2CF3)2], was

Scheme 2.

Scheme 3.

Scheme 4.
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carefully dried by heating at 60 8C in vacuum, then
confirmed by 1H NMR anlysis.[13]

In summary, the ionic liquid, [bmim][N ACHTUNGTRENNUNG(SO2CF3)2],
makes the 2-Ns-based aminohalogenation of a,b-un-
saturated ketones to occur smoothly. The reaction can
be conducted under convenient conditions without
the special protection of inert gases. The present new
method represents the first aminohalogenation of
electron-deficient olefins in the absence of metal cata-
lysts.

Experimental Section

General Remarks

All reactions were performed in oven-dried vials. Flash
chromatography was performed using silica gel (Merck 60,
230–400 mesh).

Aminohalogenation of a,b-Unsaturated Ketones in
[bmim][N ACHTUNGTRENNUNG(SO2CF3)2]; Typical Procedure:

Into an oven-dried vial was loaded chalcone (104 mg,
0.5 mmol, 1.0 equiv.), 4 O molecular sieves (100 mg), 2-
NsNCl2 (163 mg, 0.6 mmol, 1.2 equivs.), [bmim][NACHTUNGTRENNUNG(SO2CF3)2]
(500 mg). The resulting mixture was stirred at 80 8C for 24 h.
The reaction was finally quenched with saturated aqueous
solution of Na2SO3. The product was extracted with diethyl
ether (5 mL P 3) and the combined ether extracts were
washed with brine and dried over anhydrous Na2SO4. The
crude product was subjected to flash chromatography
(EtOAc and hexane, v/v=1:3) to afford the product as a
white solid; yield: 146 mg (66%).

Figure 1. Possible hydrogen bonding conformation.

Table 1. Results of aminohalogenation of enones in [bmim][N ACHTUNGTRENNUNG(SO2CF3)2].

Entry R1 R2 Product (� ) Yield[a] [%] Regioselectivity[b] (A :B)

1[13] C6H5 C6H5 1 66 1:8

2 4-Cl-C6H4 C6H5 2 62 1:7

3 4-Br-C6H4 C6H5 3 53 1:5

4 4-Me-C6H4 C6H5 4 60 1:15

5 4-MeO-C6H4 C6H5 5 72 1:7

6 4-t-Bu-C6H4 C6H5 6 68 only B

7 C6H5 4-F-C6H4 7 68 1:10

8 C6H5 4-Cl-C6H4 8 66 1:8

[a] The combined yields of two isomers which were difficult to separate by column chromatography.
[b] Yields after column chromatography.
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