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The regio- and stereoselective aminobromination of R,�-
unsaturated ketones catalyzed by copper powder has been
established with 4-TsNH2 and NBS as the nitrogen/bromine
sources, respectively. This method provides an easy access
for preparation of vicinal aminohalo derivatives in the
presence of 1 mol % catalyst. Electron-rich R,�-unsaturated
ketones afforded the corresponding aminobrominated prod-
ucts in excellent yields (up to 99.8%), revealing that the
addition has an electrophilic feature.

The functionalization of carbon-carbon double bonds with
amine and halogen groups in R,�-unsaturated ketones has long
been an important topic in organic and medicinal chemistry.1-3

Although many synthetic approaches to the vicinal aminohalo
functionality have been developed,4-6 the study of efficient and
highly regio- and stereoselective methods still remains chal-
lenging.7 The catalysts are currently believed to play a key role
in the aminohalogenation of R,�-unsaturated ketones and many
efficient catalysts have been reported in the literature in the past

two decades, such as CuI, CuCl2 ·2H2O, CuCN, Cu(OAc)2,
CuOTf, V2O5, MnSO4, Mn(III)-salen, Co(OAc)2 ·4H2O, FeCl3,
NiCl2 ·6H2O, ZnCl2, dichloro(1,10-phenanthroline)palladium(II),
and so on.7b,8 However, these catalysts still appeared to have
several shortcomings, such as high molecular weight (Mn(II)-
salen), hygroscopicity (e.g., CuOTf, FeCl3), high cost (e.g.,
dichloro(1,10-phenanthroline)palladium(II)), and high catalyst
loadings (5-10 mol %).

Considering that copper powder (Cu0) can be oxidized by
NBS into Cu+ or Cu2+, we employed copper powder to displace
Cu(I)- or Cu(II)-containing compounds as catalyst in the
aminohalogenation of R,�-unsaturated ketones with NBS and
p-toluenesulfonamide (4-TsNH2) as halogen and nitrogen sources.
The results showed that the reactions were carried out smoothly
at room temperature to afford the desired aminobrominated
products in good yields. We herein wish to report, for the first
time, a practical process for the regio- and stereoselective
aminobromination of R,�-unsaturated ketones catalyzed by
elemental copper powder with TsNH2 and NBS as the nitrogen/
bromine sources, respectively.

The catalytic activity of copper powder in aminobromination
of R,�-unsaturated ketone was initially investigated by using
chalcone (1,3-diphenyl-propen-1-one, 9a) as the substrate under
the common conditions reported in the literature7b except for
protection of inert gaseous atmosphere. The results are listed
in Table 1.

It can be seen from Table 1 that copper powder was an
efficient catalyst for the aminobromination of chalcone. Even
though a 1 mol % amount of copper powder was used, the
reaction proceeded smoothly at ambient conditions and com-
pleted within 9 h, affording the desired product in a higher yield
compared with previous reports in which Cu(I) or Cu(II) salts
were used as the catalyst.7b,c It was worthy to note that the
reactions were carried out under aerial conditions with use of
commercial reagents.

To explore the scope and the limitation of copper powder-
catalyzed aminobromination of R,�-unsaturated ketones and gain
an insight into the mechanism of the reaction, a series of enones
bearing electron-donating groups and/or electron-withdrawing
groups on the carbon-carbon bond have been investigated. The
results are summarized in Table 2.
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TABLE 1. The Catalytic Activity of Copper Powder in
Aminobromination of Chalcone 9aa

entry cat. (amt., mol %) time, h temp, °C atmosphere yield,b %

1 Cu (10) 4 25 air 83
2 Cu (5) 6 25 air 82
3 Cu (1) 9 25 air 82
4 CuI (5) 10 25 N2 68c

5 CuOTf (10) 8 0 to r.t. N2 71c

a Conditions: chalcone (5 mmol), TsNH2 (5 mmol), NBS (6 mmol),
amount of catalyst in paratheses, CH2Cl2 (10 mL), at 25 °C and aerial
condition. b Isolated yield after chromatographic separation. c Yield
reported in refs 7b and 7c.
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As can be seen in Table 2, the reactivity of the substituted
chalcones depends greatly on the substituents of both benzene
rings, especially those on the 4-position of the phenyl attached
directly to the double bond. The chalcones bearing a strong
electron-donating group (e.g., OCH3) on the 4-position of the
benzene ring afforded the trans isomer as the sole adductive
products in nearly quantitative yields, no matter what substituent
was on another benzene ring that links to the carbonyl group
(1a-4a). On the contrary, no reaction occurred for the chalcones
which have a strong electron-withdrawing group (NO2) on the
4-positon of the benzene ring (5a-8a), even with prolonged
reaction time up to 48 h.

For the chalcones without a substituent on the 4-position of
the benzene ring but with a strong electron-donating group or
a poor electron-withdrawing group such as CH3O or Cl on the
4′-position of the benzene ring (10a and 11a), the addition
reaction occurred in a lower yield than that of chalcone (9a).
However, the reaction cannot be carried out with a strong
electron-withdrawing group (NO2) on the 4′-position of the
benzene ring (12a). For the chalcones bearing a poor electron-
withdrawing group (F) on the 4-position of the benzene ring, a
strong electron-donating group (CH3O) on the 4′-position
increased the yield from 15.7% to 58.0% (13a and 14a).
However, an electron-withdrawing group such as a chlorine or

nitro group on the 4′-position could completely inhibit the
reaction (15a and 16a).

3,4,5-Trimethoxy chalcone and its 4′-NO2 analogue (17a and
18a), which has a strong electron-donating group (e.g., OCH3)
on the 4-position of the benzene ring, afforded the desired
aminobrominatedproducts in71.2%and85.2%yield, respectively.

The 3-methoxy chalcones (19a, 21a) underwent the electro-
philic substitution of the phenyl ring rather than the desired
aminobromination of the carbon-carbon double bond, affording
the corresponding 4-bromo chalcones as the sole products in
excellent yields under the same condition (19d and 21d).
Similarly, the 3,5-dimethoxy chalcone (22a) produced the
substituted product in excellent yield (22d, 99.4%). However,
its 3,4′-dimethoxy isomer gave the expected addition product
in a nearly quantitative yield (20a, 94.5%). This means that the
double bond is activated by 4′-methoxy in this case.

To compare the effectiveness of copper powder with CuI and
the influence of the substituents on the reaction yields, the
aminobromination of some chalcones was carried out with CuI
as catalyst under the same condition except for the protection
of nitrogen gas. In the cases with CuI as catalyst, the amino-
bromination of activated chalcones (1a, 3a, 4a, 20a) afforded
the expected addition products, but the yields were slightly lower
than those with copper powder as catalyst. Notably, the CuI-
catalyzed reactions were carried out under harsher conditions
such as more catalyst (5 mol %), longer reaction time (g24 h),
and protection with inert atmosphere. For the deactivated
chalcones (5a and 6a), no product was observed in the CuI-
catalyzed aminobromination until 48 h, similar to the copper
powder-catalyzed reactions.

The above observations indicate that the catalytic activity of
copper powder is better than that of CuI and, more importantly,
the reactivity of chalcones catalyzed by either copper powder
or CuI depends significantly on the electron density on the
double bond of the substrate. Strong electron-donating substit-
uents on the benzene ring attaching to the double bond can
activate the chalcones remarkably toward aminohalogenation
addition, whereas strong electron-withdrawing substituents
deactivate them. Such experimental evidence reinforces that
aminobromination of chalcones catalyzed by transition metal
powder is an electrophilic addition, as the literature reported
previously.9-14

Further investigation revealed that the aromatic enones
underwent the copper powder-catalyzed aminobromination
readily and gave the aminobromo products in good to excellent
yields under the same condition (23b-25b). The reaction of
aromatic enones was much faster and the enones were com-
pletely consumed within 3 h. In the case of aliphatic enone,
3-hepten-2-one (26a), the reaction was found to be complete
within 4 h by detecting the starting material. However, the pure
product has not been obtained due to its easy decomposition
during purification by column chromatography, similar to the
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TABLE 2. Copper Powder-Catalyzed Aminobromiation of Varies
r,�-Unsaturated Ketonesa

substituted
chalcones R1 R2 product t (h) yield,d %

1a 4-MeOC6H4 C6H5 1b 24 (24)c 98.0 (92.5)c

2a 4-MeOC6H4 4′-MeOC6H4 2b 1 97.5
3a 4-MeOC6H4 4′-ClC6H4 3b 2 (24)c 98.9 (95.5)c

4a 4-MeOC6H4 4′-NO2C6H4 4b 1 (24)c 99.8 (96.0)c

5a 4-NO2C6H4 C6H5 48 (48)c NR (NR)c

6a 4-NO2C6H4 4′-MeOC6H4 48 (48)c NR (NR)c

7a 4-NO2C6H4 4′-ClC6H4 48 NR
8a 4-NO2C6H4 4′-NO2C6H4 48 NR
9a C6H5 C6H5 9c 9 82.0
10a C6H5 4′-MeOC6H4 10c 24 69.8
11a C6H5 4′-ClC6H4 11c 48 40.0
12a C6H5 4′-NO2C6H4 48 NR
13a 4-FC6H4 C6H5 13c 48 15.7
14a 4-FC6H4 4′-MeOC6H4 14c 24 58.0
15a 4-FC6H4 4′-ClC6H4 48 NR
16a 4-FC6H4 4′-NO2C6H4 48 NR
17a 3,4,5-(MeO)3C6H2 C6H5 17b 1 71.2
18a 3,4,5-(MeO)3C6H2 4′-NO2C6H4 18b 2 85.2
19a 3-MeOC6H4 C6H5 19de 24 99.2
20a 3-MeOC6H4 4′-MeOC6H4 20c 13 (24)c 94.5 (94.5)c

21a 3-MeOC6H4 4′-NO2C6H4 21de 12 78.0
22a 3,5-(MeO)2C6H3 C6H5 22de 1 99.4
23a 4-MeOC6H4 Me 23b 1 98.1
24a 2-Br-4,5-(MeO)2

C6H2

Me 24b 3 82.3

25a 3,4,5-(MeO)3C6H2 Me 25b 0.5 85.4
26a C3H7 Me 26b 4 90f

a Conditions: R,�-unsaturated ketone (5.0 mmol), TsNH2 (5.0 mmol),
NBS (6.0 mmol), catalyst (1 mol % Cu powder or 5 mol % CuI),
CH2Cl2 10 mL, 25 °C. b The ratio of anti:syn products, >95% means no
syn-isomer was detected by 1H NMR. c Data of CuI as catalyst in
parentheses. NR: no reaction. d Isolated yield after chromatography
separation, data of CuI as catalyst in parentheses. e 4-Bromo-substituted
products. f Decomposed during purification by column chromatography,
the yield was estimated by crude 1H NMR spectroscopic determination.
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aminochlorination of aliphatic enone with TsNCl2.
7c Thus, the

exact structure of the product was not confirmed. 1H NMR
analysis of both starting material and crude product showed that
the absorption peaks of hydrogen atoms on the carbon-carbon
double bond of 3-hepten-2-one [δ 6.81-6.73 (m, 1H), 6.08-6.03
(m, 1H)] disappeared and the new absorption peaks [δ 7.71 (d,
J ) 6.0 Hz, 2H), 7.21 (d, J ) 6.0 Hz, 2H), 5.45 (s, 1H),
4.44-4.41 (m, 1H), 2.67 (s, 3H)] belonging to the addition
product appeared, indicating that the addition reaction has taken
place indeed.

The absolute stereochemistry of a typical addition product,
3-bromo-1,3-diphenyl-2-(p-toluenesulfonamido)propan-1-one,
was confirmed by X-ray crystallographic analysis (Figure 1).
The result showed that the bromine atom was added to the
�-carbon while the nitrogen atom was added to the R-carbon
of chalcone, and the reaction proceeded with anti-stereochem-
istry.

The regio- and stereoselectivity of the other aminohalo
products were confirmed by 1H NMR in accordance with the
coupling constants of protons on both carbon atoms of bonding
a N-hydrogen-N-toluenesulfonamide group and a bromine atom.
Interestingly, for the 4-position of the benzene ring bearing an
OCH3 group, the aminobromination afforded reversed products
(1b-4b, 17b-18b, 23b-25b) in regioselectivity, as confirmed
by their corresponding MS analysis. Wherein two prominent
fragmented ions, [R1CHNHTs]+ and [R2CO]+, were clearly
identified.

The exact mechanism of the copper powder-catalyzed ami-
nobromination of R,�-unsaturated ketone is not clear now.
However, we consider that Cu(II) formed via an oxidation of
copper (Cu0) by NBS might be the actual catalytic species in
this reaction. Indeed, the water washings of the reaction mixture
showed the light blue typical color of Cu2+ in all cases. The
existence of Cu2+ has been confirmed by the visible spectrum
of water washings containing Cu2+ in which the maximum
absorption appeared at 800 nm, in agreement with the CuBr2

aqueous solution (see Figure 2 in the Supporting Information).
Actually, the aminohalogenation of the carbon-carbon double
bond catalyzed by Cu(II)-containing compound has been
reported recently.15

In conclusion, we have found that copper powder is an
efficient catalyst toward the aminobromination of R,�-unsatur-
ated ketones with high regio- and stereoselectivities. The nearly
quantitative yields were obtained under mild conditions and
without the protection of an inert gaseous atmosphere. This

method provides an easy access for preparation of vicinal
aminohalo derivatives. Strong electron-donating substituents
activated the double bond of R,�-unsaturated ketones remarkably
to the addition reactions, whereas strong electron-withdrawing
substituents deactivated them, revealing that the addition reaction
has an electrophilic feature.

Experimental Section

General Experimental Procedure. Unless otherwise stated, all
reagents were purchased from commercial sources and used without
further purification. A mixture of a chalcone (5 mmol), Cu powder
catalyst (1 mol %), TsNH2 (855 mg, 5 mmol), and NBS (1068 mg,
6 mmol) was put into a dried convenience vessel. Then, 10 mL of
commercial and not degassed CH2Cl2 was added to the vessel with
stirring at room temperature without protection with inert gas. The
reaction was monitored by TLC. After completion of the reaction,
the reaction mixture was diluted with EtOAc (20 mL) and washed
with water (3 × 15 mL) and brine (3 × 15 mL). The organic layer
was dried by anhydrous Na2SO4 and concentrated under reduced
pressure to give crude product, which was purified by column
chromatography packed with silica gel with petroleum ether and
EtOAc as eluent to afford pure product.

Preparation of 3-Bromo-1,3-diphenyl-2-(p-toluenesulfonami-
do)propan-1-one (9c) Catalyzed by Copper Powder. A mixture of
chalcone 9a (1040 mg, 5 mmol), Cu powder catalyst (3.2 mg, 1
mol %), TsNH2 (855 mg, 5 mmol), and NBS (1068 mg, 6 mmol)
was put into a dried convenience vessel. Then, 10 mL of CH2Cl2

was added to the vessel with stirring at room temperature and under
aerial condition. The reaction was monitored by TLC. After
completion of the reaction (9 h), the reaction mixture was diluted
with EtOAc (20 mL) and washed with water (3 × 15 mL) and
brine (3 × 15 mL). The organic layer was dried by anhydrous
Na2SO4 and concentrated under reduced pressure to give crude
product, which was purified by column chromatography packed
with silica gel with petroleum ether and EtOAc as eluent to afford
the pure product (white solid 1878 mg, 82% yield). Analytical data
for 9c: mp 124-126 °C (recrystallized in EtOH); 1H NMR (300
MHz, CDCl3) δ 7.78 (d, J ) 7.50 Hz, 2H), 7.59-7.40 (m, 10H),
7.00 (d, J ) 8.10 Hz, 2H), 5.50 (d, J ) 3.60 Hz, 1H), 5.12-5.10
(dd, J ) 3.00 Hz, 1H), 2.26 (s, 3H). 13C NMR (75.45 MHz, CDCl3)
δ 196.3, 143.6, 136.7, 136.4, 135.2, 134.1(2), 129.0(2), 129.5(2),
128.9(2), 128.7(2), 128.6(2), 127.1(2), 60.8, 51.7, 21.4. Anal. Calcd
for C22H20BrNO3S: C, 57.64; H, 4.37; N, 3.06. Found: C, 57.62;
H, 4.36; N, 3.05.
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FIGURE 1. X-ray crystal structure of product 9c.

J. Org. Chem. Vol. 74, No. 3, 2009 1373


