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Regio- and Stereoselective Synthesis of anti-1,3-Diaryl-3-chloro-
2-(o-nitrophenylsulfonylamino)-3-propan-1-ones through Catalytic
Aminohalogenation Reaction of a,B-Unsaturated Ketones
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The synthesis of anti-1,3-diaryl-3-chloro-2-(2-nitrophenylsul-
fonylamino)-3-propan-1-ones has been achieved. The ami-
nohalogenation of o,f-unsaturated ketones resulted in the
vicinal haloamine products in high regio- and stereoselectiv-
ity and modest to good chemical yields. The reaction can be
conducted under convenient conditions by using the com-
bination of 2-NsNCl,/2-NsNHNa (2-Ns = 2-nosyl = 2-ni-

trophenylsulfonyl) as the nitrogen/chlorine source and by
using copper(l) triflate as the catalyst. An N-(2-nosyl)-N-H-
aziridinium intermediate was proposed to exist in the amino-
halogenation process.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

The vicinal haloamine functionalities present a very use-
ful structural moiety in synthetic organic chemistry.l!-¢]
They have potentials to be converted into dehydroamino
acids, aziridines and many other important organic prod-
ucts through intramolecular or intermolecular nucleophilic
displacements of the B-chlorine atom.[”! Although great
progress has been made in developing efficient synthetic ap-
proaches to this functionality, it continuously provides both
academic and industrial challenges.”-")

In the past several years, a regio- and stereoselective ami-
nohalogenation of o,B-unsaturated esters has been devel-
oped by the use of several different nitrogen/chlorine
sources such as 4-TsNCl,, 2-NsNNaCl, or the combination
of 2-NsNCl, and 2-NsNHNa in the presence of metal cata-
lysts (Scheme 1).7-°1 However, the aminohalogenation of
o,B-unsaturated ketones has not been developed until very
recently when our group reported the aminohalogenation
of o,B-unsaturated ketones by using easily available 4-
TsNCl, as the nitrogen/chlorine source (Scheme 2).’! In
the continuing study, 2-nitrophenylsulfonyl was designed as
the protecting group for the resulting haloamino products
in place of their 4-tolylsulfonyl-protected counterparts. The
advantage of such a modification is the easier cleavage of
the nitrophenylsulfonyl group by using PhSH and K,CO;
in DMF at room temperature.l'®!3] In addition, 2-NsNCl,
is much more stable than 4-TsNCl,. Essentially, the former
can be stored at room temperature without special gas pro-
tection for several months.
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Results and Discussion

Due to the structural similarity of o,B-unsaturated
ketones to their ester counterparts, as well as their similar
behaviors in our previous work,[”-8] the catalytic aminochlo-
rination was conducted by utilizing 2-NsNNaCl and the
combination of 2-NsNCl, and 2-NsNHNa as the nitrogen/
halogen sources. For the initial study, chalcone was chosen
as the substrate. The first attempt to treat chalcone with 2-
NsNNacCl as the nitrogen/chlorine source in the presence
of copper(I) triflate catalysts gave poor results in terms of
chemical yield and stereoselectivity. However, a good result
was obtained when the combination of the nitrogen/chlo-
rine source of 2-NsNHNa/2-NsNCl, was utilized with the
same catalytic system. The reaction reached completion at
room temperature in about 36 h, and the haloamine prod-
uct was obtained in a chemical yield of 50% and high stereo-
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selectivity (antilsyn = 7:1) (Scheme 3). On the basis of these
encouraging results, a series of common o,B-unsaturated
ketones were then systematically investigated. Under these
conditions, good to excellent yields and stereoselectivities
were obtained (Table 1).

cl 0
0 1) CuOTH (10 mol-%) /'\/[]\
CH;CN, rt, 36 h
+ 2-NsNCl,/2-NsNHNz 2 ! - 2
R]/\)I\Rz S N S NS0, (aq.) R H R
2-NsNH

Scheme 3.

For each of these cases, there is no minor regioisomer
detected; therefore, the regioselectivity can be completely
controlled. Meanwhile, good to excellent stereoselectivities
(7:1 to 20:1) have been achieved for all of these substrates.
The chemical yields of these o,B-unsaturated ketones are
lower than those of a,B-unsaturated esters as reported by
our group previously.®! For the new process both 2-
NsNHNa and Cu'OTf are crucial to inhibit the competing
diamination reaction.

This reaction is suggested to proceed through the forma-
tion of an aziridinium intermediate at its initial step, which
is similar to that of the previous a,B-unsaturated ester sys-
tem.[%14 Besides 2-NsNCl, as the direct electrophilic

Table 1. Results of the aminohalogenation reaction of a,B-unsaturated ketones.

) Yield  Stereoselectivity!”
E R' R’ Product (+
ntry roduct (+) %) (antilsyn)
o
1 Cels CeHs CG”SMC()HS 50 7:1
2-NsNH 1
cl o
2 3-NO,-CeH, CeHs 3-NO,-C 6HMC oH; 74 20:1
2NsNH )
c o
3 4-NO,-C¢Hy CeHs 4-NO,-CH Mccﬂs 7 10:1
2-NsNH 3
¢l 0
4 4-Cl-CeHy CeHs 4-CL CH MCGHS 52 9:1
2-NsNH 4
c o
s 4-CF3-C¢Ha CeHs 4-CFy-CoHj MC Hs 75t] 7:1
2-NsNH 5
cl 0
6 4-Br-C¢H, CeHs 4-Br-CH 4/k;)J\C Hs 51 20:1
2-NsNH p
cl 0
7 CeHs 4-F-C¢Hy C(,HsMC(,H4-F 4 58 15:1
2-NsNH 7
o
gl CeHs 4-Cl-CgHy CH 5)\.)1\(“  H,-Cl-d 44 71
Z-NSNH 3
o )
9 CeHs 4-MeO-CHs (,HsMC H,-OMe-4 41 15:1
2-NsNH 9

[a] Yields after purification by flash chromatography. [b] Estimated by 'H NMR determinationof the crude product. [c] Decomposed
during purification, the yield was estimated by '"H NMR determination of the crude product by comparison with a standard. [d] The

reaction was conducted on a 0.5 mmol scale.
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amination species to give an N-chloro-N-(2-nosyl)aziridin-
ium intermediate [Figure 1 (a)], its monochloro counterpart
2-NsNHCI, which could be generated from the reaction of
2-NsNCl, with 2-NsNHNa, can also act as the electrophilic
amination species to give protonated an N-nosyl-N-H-azir-
idinium intermediate [Figure 1 (b)]. The above two aziridin-
ium intermediates can be opened by Cl" in an Sy2 manner
which is responsible for the excellent anti stereoselectivity.
The regioselectivity can be explained by the fact that the B-
position of the aziridinium intermediates (a) and (b) has
more positive charge than the a-position because of the sta-
bilization effect from the phenyl ring. 2-NsNHNa could be
benefitial to the reaction in two manners, to control the
ionic strength and to generate the CI-N source as men-
tioned previously.

2-Ns 2-Ns
Cl H
\ / 0 \ / O
R ]
/q \\\\\k /q ‘\\\\‘\
Ph Q Ph PH L Ph
cr c1”
(a) (b)

Figure 1. Two possible aziridinium intermediates.

This aziridinium-based hypothesis is strongly supported
by the electrophilic diamination reaction in the absence of
any catalyst where the diamines were produced predomi-
nantly.'"" Very recently, the Hammet effect of the amino-
halogenation reaction has been studied by using methylene-
cyclopropanes as the substrate.l'3] A set of parallel amino-
halogenation experiments of a variety of methylenecyclo-
propanes bearing various substituents on their benzene
rings were performed under consistent conditions. The lin-
ear free-energy relationship of the reaction was plotted, and
a straight line was obtained with a p value of —1.35, which
strongly implies the existence of a positive ion intermediate
during the aminohalogenation reaction process. In ad-
dition, when the aminohalogenation was carreid out with
an 2-NsNCly/Nal mixture as the nitrogen and halogen
source, the vicinal aminoiodination product was exclusively
produced. The above evidence cannot support the possibil-
ity of a bridged chloronium ion mechanism.

In conclusion, a highly regio- and stereoselective amino-
halogenation of enones has been developed by using the
combination of 2-NsNCl,/2-NsNHNa as the nitrogen/chlo-
rine source and copper(]) triflate as the catalyst. The reac-
tion is very convenient to perform in acetonitrile at room
temperature. This process provides a first synthetic ap-
proach to N-(2-nosyl)haloamino ketones in which the pro-
tecting group can be readily cleaved under mild conditions.

Experimental Section

General Procedure: All reactions were performed in oven-dried vials.
Acetonitrile was dried and freshly distilled immediately prior to use.
Flash chromatography was performed using silica gel (Merck 60,
230-400 mesh). 'H and '3C NMR spectra were obstained with Var-
ian Inova 500 MHz and Varian Mercury Plus 300 MHz spectrome-
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ters using deuterated chloroform as solvent. Internal TMS (0 =
0.0 ppm) was used as the reference for 'TH NMR, while the deuter-
ated chloroform solvent (0 = 77.0 ppm) was used as the reference
for 13C NMR. Melting points are reported uncorrected. FT-IR spec-
tra were obtained with Nicolet IR 100 or Perkin—Elmer Series 1600
spectrometers. High-resolution mass spectrometry was performed at
the Scripps Center for Mass Spectrometry.

Typical Procedure for Aminohalogenation of a,p-Unsaturated
Ketones: Into a dry vial was added chalcone (208 mg, 1.0 mmol)
and freshly distilled acetonitrile (3.0 mL). Under stirring, 2-NsNCl,
(407 mg, 1.5 mmol), 2-NsNHNa (672 mg, 3.0 mmol), and cop-
per(I) trifluoromethanesulfonate-benzene complex (50 mg,
0.1 mmol, 10 mol-%) were added. The resulting dark brown solu-
tion in the capped vial was stirred at room temperature for 36 h.
As the reaction proceeded to completion over 36 h, the reaction
was quenched by addition of saturated aqueous Na,SO; solution
(4 mL). The phases were separated, and the aqueous phase was
extracted with ethyl acetate (three times). The combined organic
layers were washed with water and brine, dried with anhydrous
magnesium sulfate, and concentrated to dryness. Purification by
flash chromatography (EtOAc/hexane, 3:7, v/v) provided the prod-
uct.

3-Chloro-1,3-diphenyl-2-(2-nosylamino)propan-1-one (1): Isolated as
yellow oil (223 mg, 50% yield). IR (deposit from CH,Cl, solution
on a NaCl plate): ¥ = 3312 (N-H), 1681 (C=0) cm™'. '"H NMR
(CDCl3, 500 MHz): 0 = 7.90-7.84 (m, 2 H), 7.82-7.74 (m, 2 H),
7.66-7.52 (m, 2 H), 7.50-7.39 (m, 3 H), 7.31-7.24 (m, 2 H), 7.22—
7.16 (m, 3 H), 6.46-6.35 (d, J = 9.5Hz, 1 H), 5.77-5.67 (dd, J =
7.0, 9.5Hz, 1 H), 5.27-5.19 (d, J = 7.0 Hz, 1 H) ppm. 3C NMR
(CDCls, 125MHz): ¢ = 195.20, 147.11, 135.78, 135.22, 134.35,
134.31, 133.40, 132.80, 129.97, 129.26, 128.94, 128.81, 128.55,
127.93, 125.46, 62.20, 61.42, 31.56 ppm. HRMS: calcd. for [MH™]
445.0619, found 445.0623.

3-Chloro-3-(3-nitrophenyl)-2-(2-nosylamino)-1-phenylpropan-1-one
(2): Isolated as white solid (360 mg, 74% yield); m.p. 103-105 °C.
IR (deposit from CH,Cl, solution on a NaCl plate): ¥ = 3303 (N—
H), 1684 (C=0) cm™!. '"H NMR (CDCls, 500 MHz): 6 = 8.13-8.067
(m, 2 H), 7.92-7.85 (m, 2 H), 7.84-7.76(m, 2 H), 7.75-7.70 (m, 1
H), 7.68-7.61 (m, 1 H), 7.61-7.55 (m, 1 H), 7.54-7.41(m, 4 H),
6.47-6.36 (d, J = 9.5Hz, 1 H), 5.77-5.67 (dd, J = 7.5, 9.5 Hz, 1
H), 5.35-5.25(d, J = 7.5 Hz, 1 H) ppm. '*C NMR (CDCls;,
125 MHz): 6 = 194.90, 147.98, 147.14, 138.23, 134.97, 134.74,
134.31, 133.99, 133.77, 132.76, 129.91, 129.62, 129.11, 128.89,
125.58, 124.13, 123.20, 109.88, 61.71 ppm. HRMS: calcd. for
[MH™"] 490.047, found 490.0490.

3-Chloro-3-(4-nitrophenyl)-2-(2-nosylamino)-1-phenylpropan-1-one
(3): Isolated as white solid (351 mg, 72% yield); m.p. 180-182 °C.
IR (deposit from CH,Cl, solution on a NaCl plate): ¥ = 3305 (N—
H), 1686 (C=0) cm!. '"H NMR (CDCl;, 500 MHz): 6 = 8.08-8.02
(m, 2 H), 7.94-7.89 (m, 2 H), 7.81-7.72 (m, 2 H), 7.68-7.62 (m, 1
H), 7.59-7.51 (m, 3 H), 7.51-7.45 (t, 2 H), 7.45-7.36 (m, 1 H),
6.52-6.43 (d, J = 10.0 Hz, 1 H), 5.76-5.66 (dd, J = 8.0, 9.5 Hz, 1
H), 5.34-5.26 (d, J = 8.0 Hz, 1 H) ppm. '3C NMR (CDCl;,
125 MHz): 0 = 194.99, 148.09, 147.07, 143.11, 134.93, 134.77,
133.94, 133.71, 132.70, 129.92, 129.27, 129.07, 128.92, 125.44,
123.64, 61.44, 59.80 ppm. HRMS: calcd. for [MH™] 490.047, found
490.0478.

3-Chloro-3-(4-chlorophenyl)-2-(2-nosylamino)-1-phenylpropan-1-one
(4): Isolated as white solid (249 mg, 52% yield); m.p. 158-160 °C.
IR (deposit from CH,Cl, solution on a NaCl plate): ¥ = 3316 (N—
H), 1692 (C=0) cm!. '"H NMR (CDCl;, 500 MHz): 6 = 7.98-7.90
(m, 2 H), 7.83-7.76 (m, 1 H), 7.75-7.68 (m, 1 H), 7.68-7.57 (m, 2
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H), 7.54-7.43 (m, 3 H), 7.25-7.19 (m, 2 H), 7.15-7.08 (m, 2 H),
6.36-6.26 (d, J = 10.0 Hz, 1 H), 5.72-5.64 (dd, J = 8.0, 9.5 Hz, 1
H), 5.20-5.11 (d, J = 8.0 Hz, 1 H) ppm. '*C NMR (CDCls;,
125 MHz): 0 = 195.31, 147.02, 135.16, 135.11, 134.66, 134.54,
134.27, 133.43, 132.90, 129.84, 129.43, 129.03, 128.94, 128.76,
125.43, 61.69, 60.42 ppm. HRMS: caled. for [MH*]479.023, found
479.0250.

3-Chloro--2-(2-nosylamino)-1-phenyl-3-[4-(trifluoromethyl)phenyl]-
propan-1-one (5): Isolated as white solid; m.p. 128-130 °C. IR (de-
posit from CH,Cl, solution on a NaCl plate): ¥ = 3304 (N-H),
1685 (C=0) cm™!. 'TH NMR (CDCls, 500 MHz): 6 = 7.91-7.86 (m,
2 H), 7.80-7.73 (m, 2 H), 7.66-7.60 (m, 1 H), 7.60-7.54 (m, 1 H),
7.50-7.40 (m, 7 H), 6.48-6.36 (d, J = 9.5 Hz, 1 H), 5.79-5.68 (dd,
J =8.0,9.5Hz, 1 H), 5.33-5.15 (d, J = 8.0Hz, 1 H) ppm. 13C
NMR (CDCls, 125 MHz): 6 = 195.08, 147.09, 140.02, 135.08,
134.59, 134.10, 133.72, 132.81, 131.33, 131.07, 129.80, 129.02,
128.87, 128.56, 125.50, 125.47, 125.43, 61.62 ppm. HRMS: calcd.
for [MH™] 513.0493, found 513.0508.

3-(4-Bromophenyl)-3-chloro-2-(2-nosylamino)1-phenylpropan-1-one
(6): Isolated as white solid (133 mg, 51% yield); m.p. 178-180 °C.
IR (deposit from CH,Cl, solution on a NaCl plate): ¥ = 3303 (N—
H), 1682 (C=0) cm!. '"H NMR (CDCl;, 500 MHz): 6 = 7.99-7.91
(m, 2 H), 7.84-7.77 (m, 1 H), 7.75-7.69 (m, 1 H), 7.68-7.60 (m, 2
H), 7.54-7.44 (m, 3 H), 7.30-7.22 (m, 2 H), 7.20-7.12 (m, 2 H),
6.39-6.27 (d, J = 10.0 Hz, 1 H), 5.75-5.61 (dd, J = 8.0, 10.0 Hz, 1
H), 5.18-5.10 (d, J = 8.0 Hz, 1 H) ppm. '*C NMR (CDCl;,
125 MHz): 0 = 195.33, 146.99, 135.20, 135.10, 134.55, 134.24,
133.46, 132.95, 131.68, 129.82, 129.71, 129.03, 128.96, 125.44,
123.48, 61.58, 60.46 ppm. HRMS: caled. for [MH*] 522.9725,
found 522.9717.

3-Chloro-1-(4-fluorophenyl)-2-(2-nosylamino)-3-phenylpropan-1-one
(7): Isolated as white solid (268 mg, 58 % yield); m.p. 52-54 °C. IR
(deposit from CH,Cl, solution on a NaCl plate): ¥ = 3315 (N-H),
1681 (C=0) cm™!. 'TH NMR (CDCls, 500 MHz): 6 = 7.95-7.89 (m,
2 H), 7.82-7.73 (m, 2 H), 7.61-7.558 (m, 1 H), 7.49-7.43 (m, 1 H),
7.30-7.24 (m, 2 H), 7.20-7.15 (m, 3 H), 7.15-7.09 (m, 2 H), 6.42—
6.33 (d, / = 9.5Hz, 1 H), 5.72-5.63 (dd, J = 7.5, 9.5Hz, 1 H),
5.23-5.16 (d, J = 7.5 Hz, 1 H) ppm. '*C NMR (CDCl;, 125 MHz):
0 =193.81, 147.07, 135.83, 134.33, 133.43, 132.87, 131.70, 131.62,
129.91, 129.31, 128.56, 127.92, 125.49, 116.26, 116.09, 61.88, 61.49
ppm. HRMS: calcd. for [MH*] 463.0525, found 463.0524.

3-Chloro-1-(4-chlorophenyl)-2-(2-nosylamino)-3-phenylpropan-1-one
(8): Isolated as white solid (104 mg, 44 % yield); m.p. 156-158 °C.
IR (deposit from CH,Cl, solution on a NaCl plate): ¥ = 3311 (N—
H), 1685 (C=0) cm!. '"H NMR (CDCls, 500 MHz): 6 = 7.87-7.78
(m, 3 H), 7.78-7.72 (m, 1 H), 7.63-7.55 (m, 1 H), 7.52-7.45 (m, 1
H), 7.45-7.39 (m, 2 H), 7.31-7.23 (m, 2 H), 7.23-7.14 (m, 3 H),
6.43-6.33 (d, J = 9.5Hz, 1 H), 5.70-5.60 (dd, J = 7.5, 9.5Hz, 1
H), 5.24-5.15(d, J = 7.5 Hz, 1 H) ppm. '3C NMR (CDCls;,
125 MHz): 6 = 194.34, 147.07, 141.03, 135.78, 134.33, 133.64,
133.45, 132.89, 130.20, 129.92, 129.34, 129.27, 128.60, 127.91,
125.51, 61.95, 61.44 ppm. HRMS: calcd. for [MH*] 479.023, found
479.0229.

3-Chloro-1-(4-methoxyphenyl)-2-(2-nosylamino)-3-phenylpropan-1-
one (9): Isolated as white solid (196 mg, 41% yield); m.p. 100—
102 °C. IR (deposit from CH,Cl, solution on a NaCl plate): v =
3313 (N-H), 1673 (C=0) cm™!. '"H NMR (CDCl;, 500 MHz): J =
7.89-7.84 (m, 2 H), 7.81-7.73 (m, 3 H), 7.60-7.52 (m, 1 H), 7.47—
7.40 (m, 1 H), 7.32-7.25 (m, 5 H), 7.25-7.15 (m, 3 H), 6.99-6.91
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(m, 2 H), 6.41-6.31 (d, J = 9.5Hz, 1 H), 5.70-5.63 (dd, J = 8.0,
9.5Hz, 1 H), 5.24-5.16 (d, J = 7.0 Hz, 1 H), 3.90 (s, 3 H) ppm.
13C NMR (CDCl;, 125 MHz): 6 = 193.21, 147.14, 136.00, 134.43,
133.30, 132.72, 131.34, 129.96, 129.21, 128.52, 128.09, 128.00,
127.69, 125.44, 114.20, 61.86, 61.55, 55.65 ppm. HRMS: calcd.
[MH*] 475.0725, found 475.0730.
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