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Abstract—The chelation-controlled asymmetric aminohalogenation of o,f-unsaturated 3-aryl-/N-acyl-N-4-phenyl-2-oxazolidinones
have been established by using palladium(II) acetate as the catalyst and as the chelation metal. The reaction is very convenient
to perform by simply mixing the three reactants, cinnamates, N,N-dichloro-p-toluenesulfonamide and catalyst together with 4 A
molecular sieves at rt in any convenient vial of appropriate size without special protection from inert gases. Unlike the previous
asymmetric aminohalogenation, the ionic liquid, [BMIM]NTTf,], was found to be superior to [BMIM]BF,] as the reaction media.
It was also found that palladium(II) acetate has to be used together with 1 equiv of MeCN to achieve the opposite chelation control.

The resulting absolute stereochemistry of the product was unambiguously determined by X-ray structural analysis.

© 2007 Elsevier Ltd. All rights reserved.

The aminohalogenation reaction is an important tool
for functionalizing unsaturated carbon—carbon bonds,
and has long been a challenging topic in modern organic
and medicinal chemistry.! The resulting vicinal halo-
amines are versatile building blocks which can be further
converted into other precursors, such as aziridines,*
dehydroamino acids,’ and many other important organ-
ic products.!3

In the past few years, we® and others’ have developed a
series of catalytic aminohalogenation processes to
approach the vicinal haloamine functionality. More
importantly, we have established the first asymmetric
aminohalogenation reaction by using an ionic liquid,
[BMIM]BF,], as the reaction medium in the presence
of Cu(I)OTf as the catalyst (Scheme 1).°¢ The reaction
is among the very rare cases in which common organic
solvents failed to give any product, but ionic liquids
proved to be efficient reaction media. The asymmetric
induction was controlled by dipole-dipole interaction
of the two carbonyl groups of the substrate for the for-
mation of the most stable conformation (Scheme 1, B).
The reaction is believed to go through the formation
of aziridinium ion intermediate at the initial key step,®®
which is next subjected to regio- and stereoselective ring
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openings. The ionic liquid media®!%1%!3 can accelerate

the formation of this polar intermediate by solvation ef-
fect to make this species and the resulting chlorine anion
more stable. At the same time, the polar ionic liquid can
help the chlorine atom of TsNCl, to leave the nitrogen
source.

During our continuing effort on this work, we antici-
pated that if suitable Lewis acid catalysts can be found,
they can not only facilitate the reaction but also coordi-
nate with the two carbonyl groups of the substrate to
form a chelation complex prior to aminohalogenation;
this would result in the opposite control of asymmetric
induction. In this Letter, we would like to report our
preliminary results of the asymmetric aminohalogen-
ation with the opposite asymmetric control (Scheme
2). This will indeed be the second asymmetric amino-
halogenation report to appear in the literature.

Initially, a series of typical Lewis acids, such as ZnCl,,
TiCly, Ti(OPr-i)4, AICl; and SnCl, were screened under
the previous asymmetric aminohalogenation condition,
but no satisfactory results were obtained in terms of
chemical yields and diastereoselectivity. This work was
put away for a while until recently when two findings
were made in our laboratories: (1) Pd(OAc), was found
to be an efficient catalyst for the aminohalogenation
reaction,*>!! for example, a nearly quantitative yield
and complete regioselectivity were achieved when the
reaction of styrene (1 equiv) with TsNCl, (1.5 equiv)
was performed in DMF at rt in the presence of as low
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as Pd(OAc); (2.0 mol %). (2) The ionic liquid, [BMIM]-
[NTf,] (1-n-butyl-3-methylimidazolium bis(trifluoro-
methanesulfonyl)imide), was found to be superior to
[BMIM]BF,] for the aminochlorination of o,f-unsatu-
rated ketones.®* The combination of the above two find-
ings played an important role for the present success.'

o,B-Unsaturated 3-phenyl-N-acyl-N-4-phenyl-2-oxazo-
lidinone'® was first subjected to the aminohalogenation
reaction with 4-TsNClI, (1.5 equiv) in [BMIM]NTf,] in
the presence of Pd(OAc), as the catalyst. However, after
stirring for 48 h at room temperature, only a small
amount of starting material was converted into the halo-
amine product. Adding another portion of 4-TsNCl,
(1.5 equiv) did not show any significant improvement.
Pleasingly, when 1 equiv of acetonitrile was added into
the catalytic system, and at the same time, to keep excess
nitrogen source (TsNCl,, 3.0 equiv), the starting mate-
rial of alkene was consumed within 24 h, and a single
aminohalogenation product was isolated in a chemical
yield of 54% and in excellent diastereoselectivity (>20:1).

The next optimization was to increase the reaction tem-
perature to 40 and 60 °C, respectively, but there was no
improvement in both yield and diastereoselectivity.

Even though the reaction time was shortened under
higher temperature, the complex products were
obtained, which made the purification very difficult.
Increasing the amount of acetonitrile led to a diminished
yield. Obviously, the increased loading of MeCN caused
the polarity of the reaction media to become less polar,
which is unfavorable for the formation of aziridinium
intermediate. However, MeCN can be reduced to
20 mol % without much loss of diastereoselectivity and
chemical yield, but 1 equiv of acetonitrile was needed
to achieve the optimized outcomes.

As shown in Table 1, the substituents on the aromatic
ring showed notable effects on chemical yields and dia-
stereoselectivities. These results indicated that the chela-
tion-controlled aziridinium ion intermediate behaved
differently from the previous non-chelation-controlled
ones. As compared with our first asymmetric amino-
halogenation, a similar range of yields and diastereo-
selectivities were observed for all cases in this new
system except for case 1 in Table 1 in which the diaste-
reoselectivity was improved substantially from 3:1 to
>20:1. At this moment, it is not clear about how much
non-chelated starting material remained, which is par-
tially responsible for the formation of minor isomers.
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Table 1. Results of asymmetric aminochlorination reactions in [BMIM]NTf,]'®

0 (0]

1) PA(OAc), (10 mol %), 4 AMS
[BMIM][NTf,]/MeCN, rt, 48 h

ArA\)J\N)J\O + 4-TsNCl,

=
//”u,

2) Na,SO;5 (aq.)

>

Entry Ar Yield® (%) Diastereoselectivity®
1 4-H-C4H; 54 >20:1°
2 2-F-C¢Hy 51 6.8:1.0
3 2-Cl-CeHy 58 3.6:1.0
4 4-Cl-CgH,4 62 3.2:1.0
5 2,4-C1-C¢Hj; 60 2.6:1.0
6 2-Br-C¢H, 69 1.9:1.0
7 4-Br-C¢Hy 58 2.4:1.0
8 2-Me-CgHy 64 3.6:1.0
9 4-MeO-C¢Hy 60 2.9:1.0
10 3-CF3-CeH, 34 2.9:1.0

#The combined yields of two diastereomers separated by column chromatography.

® Determined after column chromatography.

°It means only one diastereomer was observed as revealed by crude '"H NMR analysis.

When an electron-withdrawing group was present on
the aromatic ring of the substrate (Table 1, entries 10),
poor chemical yields were obtained (34%). However, in
the previous asymmetric aminohalogenation, the sub-
strates with electron-donating groups on their aromatic
rings (Table 1, entries 8-9) failed to give any product.
However, they worked well under this new condition.

The absolute structure was unambiguously confirmed
by X-ray structural analysis for product 6 of Table 1
(Fig. 1). This structure revealed that the stereoselectivity
of the resulting product is anti, and the resulting chiral-
ity of a,B-positions as 2S5,3R’ which is opposite to the
previously observed chirality of ‘2R,3S’. These results
confirmed what we exactly designed at the beginning
of this project.

The mechanism of this asymmetric reaction process
is shown in Scheme 2. The nitrogen electrophile
approaches the C=C bond for the less hindered side
of the chiral auxiliary. The palladium metal acts as the
coordination center, and is responsible for the formation
of a chelation complex. At this stage, the state of the pal-
ladium center was not clear. It seems that ligands such
as acetonitrile or triphenyl phosphine can help to stabi-

Figure 1. X-ray structure of the product (Table 1, entry 6).

lize the chelation palladium complex. We have observed
that with the addition of 0.2 equiv triphenyl phosphine,
similar chemical yields and diastereoselectivities can be
obtained. Further study of this reaction will be con-
ducted in our laboratories in due course.

In summary, the chelation-controlled asymmetric
aminohalogenation has been achieved under a new com-
binational condition consisting of Pd(OAc), catalyst,
[BMIM]NT{,], and MeCN. The reaction can be conve-
niently carried out in a one-pot operation without the
use of inert gas protection. Moderate to good chemical
yields and excellent diastercoselectivity have been ob-
tained. The absolute configuration of the resulting prod-
ucts was ambiguously determined by X-ray structural
analysis.

Crystallographic data (excluding structure factors) for
the structures in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplemen-
tary publication no. CCDC 648718. Copies of the data
can be obtained, free of charge, on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK, (fax: +44-
(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).
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Experimental section: All reactions were performed in
oven-dried vials. Flash chromatography was performed
using silica gel (Merck 60, 230-400 mesh). Ionic liquid,
[BMIM]NT{,], was readily prepared by reacting 1-meth-
ylimidazole with n-butyl bromide,'? followed by the anion
metathesis using N-lithiotrifluoromethanesulfonimide in
acetone  solution. The resulting ionic liquid,
[BMIM]NTf,], was carefully dried by heating at 60 °C
in vacuum, and then confirmed by "H NMR analysis.'
Typical experimental procedure: Into an oven-dried vial
were loaded a,B-unsaturated 3-phenyl-N-acyl-N-4-phenyl-
2-oxazolidinone (88 mg, 0.3 mmol, 1.0 equiv), 4 A molec-
ular sieves (100 mg), 4-TsNCl, (108 mg, 0.45 mmol,
1.5 equiv), [BMIM]NTT,] (600 mg), palladium(II) acetate
(6.7 mg, 10 mol %), and acetonitrile (16 pL, 0.3 mmol,
1.0 equiv). The resulting mixture was stirred at room
temperature for 24 h, and then another portion of 4-
TsNCl, (108 mg, 0.45 mmol, 1.5equiv) was added. The
reaction was stirred at room temperature for a further
24 h, and finally quenched with saturated aqueous solu-
tion of Na,SO;. The product was extracted with ethyl
acetate (5 mL x 3) and the combined organic phases were
washed with brine and dried over anhydrous Na,SOy. The
crude product was subjected to flash column chromatog-
raphy (EtOAc/hexane, v/v=1/3) to yield 80 mg of the
products as white solids (54%). Analytical data: Com-
pound 1 (Table 1, entry 1) isolated as a white solid (80 mg,
54% vyield); 'H NMR (CDCl;, 500 MHz): 0 = 7.45-7.43
(d, J=8.5Hz, 2H), 7.40-7.32 (m, 3H), 7.26-7.21 (m, 3H),
7.16-7.12 (m, 4H), 7.07-7.05 (d, J = 8.5 Hz, 2H), 6.07 (s,
1H), 5.48-546 (d, J=10.0Hz, 1H), 5.42-5.40 (dd,
J=4.0,9.0 Hz, 1H), 4.80-4.78 (d, J=9.0 Hz, 1H), 4.67-
4.63 (t, 1H), 4.26-4.24 (dd, J=4.0, 9.0 Hz, 1H), 2.39 (s,
3H) ppm; °C NMR (CDCls, 125 MHz): § = 170.5, 153 .4,
143.5,137.8, 136.2, 135.4, 129.5, 129.2, 128.8, 128.7, 128.6,
128.4, 127.9, 127.5, 125.6, 70.4, 61.4, 58.0, 21.6 ppm.
Compound 2 (Table 1, entry 2) isolated as a white solid
(79mg, 51% yield; "H NMR (CDCl;, 500 MHz):
0=17.52-7.51 (d, J=28.0Hz, 2H), 7.39-7.33 (m, 4H),
7.26-7.22 (m, 1H), 7.20-7.19 (m, 2H), 7.09-7.08 (d,
J=28.0 Hz, 2H), 7.00-6.97 (m, 1H), 6.96-6.92 (m, 1H),
6.03 (s,1H), 5.38-5.36 (dd, J = 3.5, 8. 5 Hz, 1H), 5.32-5.31
(d, J=8.0Hz, 2H), 4.72-4.68 (t, 2 4.29-4.26 (dd,
J=4.0,9.0 Hz, 1H), 2.39 (s, 3H) ppm; "C NMR (CDCl;,
125 MHz): 6 =169.6, 160.7, 158.7, 153.3, 143.6, 137.6,
135.7, 130.6, 130.5, 129.6, 129.5,129.2, 128.8, 127.4, 125.6,
124.6, 124.5, 123.3, 123.2, 115.2, 115.0, 70.6, 58.0, 53.2,
21.6 ppm. Compound 3 (Table 1, entry 3) isolated as a
white solid (92mg, 358% yield); 'H NMR (CDCls,
500 MHz): 6 =7.52-7.51 (d, J=8.0 Hz, 2H), 7.41-7.35
(m, 4H), 7.28-7.26 (m, 1H), 7.23-7.16 (m, 3H), 7.10-7.05
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(m, 3H), 6.06 (s, 1H), 5.56-5.55 (d, J = 7.0 Hz, 1H), 5.40—
5.35 (m, 2H), 4.70-4.66 (t, 1H), 4.29-4.26 (dd, J=4.0,
9.0 Hz, 1H), 2.39 (s, 3H) ppm; *C NMR (CDCls,
125 MHz): 6 =169.7, 153.3, 143.6, 137.6, 135.7, 133.9,
133.3,129.9, 129.7, 129.5, 129.3, 129.2, 129.0, 128.9, 128.8,
127.8, 127.5, 127.3, 125.7, 125.6, 70.5, 58.1, 57.6, 56.1,
21.6 ppm. Compound 4 (Table 1, entry 4) isolated as a
white solid (99 mg, 62% yield); 'H NMR (CDCls,
500 MHz): 6 =7.42-7.37 (m, 4H), 7.35-7.31 (m, 3H),
7.09-7.07 (d, J = 8.0 Hz, 2H), 7.00-6.96 (m, 4H), 6.00 (s,
1H), 5.73-5.71 (d, J=10.5Hz, 1H), 5.51-5.48 (dd,
J=4.5, 9.0Hz, 1H), 4.754.72 (t, 1H), 4.64-4.62 (d,
J=9.5Hz, IHP, 4.30-4.27 (dd, J=4.5, 9.0 Hz, 1H), 2.44
(s, 3H) ppm; *C NMR (CDCl;, 125 MHz): § = 171.0,
153.6, 143.9, 137.8, 135.0, 134.7, 129.4, 129.3, 129.2, 128.8,
128.4, 127.5, 125.6, 70.4, 59.9, 58.0, 57.1, 21.6 ppm.
Compound 5 (Table 1, entry 5) isolated as white solids
(102 mg, 60% yield); 'H NMR (CDCl;, 500 MHz):
0="1747-145 (d, J=8.5Hz, 2H), 7.42-7.34 (m, 3H),
7.30-7.23 (m, 4H), 7.12-7.10 (d, J= 8.0 Hz, 2H), 6.92—
6.90 (m, 1H), 6.04 (s, 1H), 5.46-5.44 (dd, J =4.5, 8.5 Hz,
1H), 5.39 (s, 2H), 4.75-4.72 (t, 1H), 4.33-4.29 (dd, J = 4.5,
9.0 Hz, 1H), 2.43 (s, 3H) ppm; '*C NMR (CDCls, 125
MHz): 6 =170.1, 153.5, 144.0, 137.5, 135.4, 135.3, 133.9,
133.0, 130.4, 129.5, 129.3, 128.9, 128.7, 127.6, 127.4,
125.7, 70.5, 58.1, 57.8, 55.1, 21.6 ppm. Compound 6
(Table 1, entry 6) isolated as white solids (119 mg, 69%
yield); "H NMR (CDCl;, 500 MHz):6 = 7.52-7.51 (d,
J=28.5Hz, 2H), 7.46-7.44 (m, 1H), 7.40-7.35 (m, 4H),
7.23-7.22 (m, 2H), 7.11-7.08 (m, 4H), 6.08 (s, 1H), 5.54—
5.53 (d, J=7.0Hz, 1H), 5.41-5.38 (dd, J=4.5, 9.0 Hz,
2H), 4.70-4.66 (t, 1H), 4.28-4.25 (dd, J =4.5,9.0 Hz, 1H),
239 (s, 3H) ppm; *C NMR (CDCl;, 125MHz):
0=169.9, 153.3, 143.6, 137.6, 135.7, 132.5, 130.2, 129.8,
129.5, 129.2, 128.8, 127.9, 127.5, 125.7, 70.5, 58.7, 58.1,
57.7, 21.6 ppm. Compound 7 (Table 1, entry 7) isolated as
white solids (101 mg, 58% yield); '"H NMR (CDCls,
500 MHz): 6=7.42-731 (m, 7H), 7.15-7.13 (d,
J=28.5Hz, 2H), 7.10-7.09 (d, J = 8.5 Hz, 2H), 6.91-6.89

(d, J=85Hz, 2H), 599 (s, 1H), 576-5.74 (d,
J=10.5Hz, 1H), 5.51-5.48 (dd, J=4.5, 9.0 Hz, 1H),
4.75-4.72 (t, 1H), 4.62-4.60 (d, J = 9.5 Hz, 2H), 4.30-4.27
(dd, J=4.5, 9.0 Hz, 1H), 2.45 (s, 3H) ppm; '*C NMR
(CDCl3, 125 MHz): 6 = 171.2, 153.6, 143.9, 137.8, 135.5,
134.9, 131.3, 129.4, 129.3, 128.8, 127.5, 125.6, 123.0, 70.4,
59.9, 58.0, 57.3, 21.7 ppm. Compound 8 (Table 1, entry 8)
isolated as a white solid (99 mg, 64% yield); '"H NMR
(CDCl;, 500 MHz): 6 =7.53-7.51 (d, J=28.0 Hz, 2H),
7.38-7.34 (m, 3H), 7.23-7.07 (m, 7H), 6.99-6.96 (t, 1H),
6.20 (s, 1H), 5.45 (s, 1H), 5.34-5.32 (dd, J = 3.5, 8.5 Hz,
1H), 5.22 (s, 1H), 4.54-4.50 (t, 1H), 4.20-4.18 (dd, J = 3.5,
8.5 Hz, 1H), 2.40 (s, 3H), 2.32 (s, 3H) ppm; '*C NMR
(CDCls, 125 MHz): 6 = 170.0, 153.1, 143.7, 137.8, 136.3,
135.6, 134.3, 130.6, 129.6, 129.2, 128.7, 128.6, 127.5, 126.2,
125.5, 70.4, 58.9, 58.0, 55.9, 21.6, 19.2 ppm. Compound 9
(Table 1, entry 9) isolated as white solids (95 mg, 60%
yield); 'H NMR (CDCls, 500 MHz): 6 = 7.53-7.52 (m,
2H), 7.42-7.34 (m, 3H), 7.29-7.27 (m, 2H), 7.13-7.11 (d,
J=8.0Hz, 2H), 7.02-6.99 (m, 2H), 6.71-6.68 (m, 2H),
6.10-6.08 (d, J=8.0 Hz, 1H), 5.85-5.83 (d, J=9.0 Hz,
1H), 5.41-5.39 (dd, J = 4.0, 8.5 Hz, 1H), 4.77-4.74 (t, 1H),
4.72-4.68 (t, 1H), 4.25-4.22 (dd, J=4.0, 8.5Hz, 1H),
3.75 (s, 3H), 2.35 (s, 3H) ppm; *C NMR (CDCls,
125 MHz): 6 =167.1, 159.5, 153.4, 143.2, 137.8, 137.2,
129.3, 129.2, 128.9, 128.5, 128.3, 127.2, 125.7, 114.0,
70.4,60.2, 57.8, 55.2, 54.8, 21.4 ppm. Compound 10 (Table
1, entry 10) isolated as a white solid (59 mg, 34% yield); 'H
NMR (CDCls, 500 MHz): 6 = 7.47-7.46 (d, J = 8.0 Hz,
1H), 7.41-7.38 (m, 5H), 7.36-7.32 (m, 2H), 7.30-7.24 (m,
3H), 7.05-7.03 (d, J = 8.0 Hz, 1H), 6.03 (s, 1H), 5.64-5.62
(d, J=11.0 Hz, 1H), 5.47-5.45 (dd, J = 4.0, 8.5 Hz, 1H),
4.78-4.76 (d, J=9.5Hz, 1H), 4.73-4.69 (t, 1H), 4.30-
427 (dd, J=4.0, 8.5Hz, 1H), 2.37 (s, 3H) ppm; *C
NMR (CDCls, 125 MHz): 6 = 170.5, 153.5, 143.9, 137.7,
137.6, 135.0, 131.5, 130.8, 130.6, 129.5, 129.3, 129.0, 128.9,
127.4, 125.6, 125.5, 124.8, 124.7, 70.5, 60.3, 58.0, 57.4,
21.5 ppm.
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