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The combination of N,N-dibromo-p-tolunesulfonamide (4-TsNBr,) and TsNH, was found to be an efficient
halogen/nitrogen source for the aminohalogenation of p-methyl-B-nitrostyrenes with manganese (II) ace-
tate as the catalyst in the presence of 4 A molecular sieves. The reaction results in vicinal bromoamino
nitroalkanes with the opposite regioselectivity comparing with those reported, which was also confirmed
by X-ray structural analysis.

© 2010 Elsevier Ltd. All rights reserved.

Vicinal haloamines are important building blocks in organic and
medicinal chemistry,! because they can be easily converted into
numerous useful functional groups by replacement of the halogen
in both intramolecular and intermolecular reactions.? Aminohalo-
genation of functionalized olefins provides an easy route to vicinal
haloamines.?~® Inrecent years, the catalytic aminohalogenation of al-
kenes has received many attentions. A variety of nitrogen/halogen
sources such as N,N-dichloro-2-nitrobenzenesulfonamide, 2’
TsNCl,,® N,N-dichlorobenzenesulfonamide,’® 4-TsNBr,,'° N,N-dib-
romobenzenesulfonamide,'*¢ chloramine-T''¢!1¢162 and 4-TsNH,/
NBS'? have been used in the reactions. Some of the reactions gave the
corresponding haloamines with good chemical yields and stereose-
lectivities. Although several functionalized olefins, including
o,B-unsaturated carboxylic esters8¢ o,B-unsaturated ketones,'3
vinylidenecyclopropanes'4, and o, 3-unsaturated nitriles,'> have been
used in the aminohalogenation reactions,'®'° the reaction of nitro-
substituted olefins receives little attention until we reported that
the reaction of B-nitrostyrenes with TsNCI, offers a specific 1,2-vicinal
dichloroamino products.?°

As the formed vicinal dihaloamino nitroalkanes could be con-
verted into diamine and other useful compounds,?! we continued
our investigations on the aminohalogenation reaction of nitro-
substituted olefins. Herein, we reported our preliminary results
on the aminohalogenation reaction of B-methyl-B-nitrostyrenes.
We found that the reaction of B-methyl-B-nitrostyrenes with
TsNBr, and TsNH, as halo/nitrogen source catalyzed by Mn(OAc),
proceeds smoothly offering new vicinal mono-bromoamination
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products with opposite regioselectivity comparing with amino-
halogenation of regular electron-deficient olefins(Scheme 1).16-1°

Initially, the reaction of B-methyl-B-nitrostyrene (1a) with
TsNBr, was conducted under previous catalytic conditions with
dichloromethane as solvent, DMAP as the catalyst in the presence
of 4 A molecular sieves at room temperature.?° No desired dibro-
moamino product was observed and most of the starting materials
remained even after the reaction time was extended to 72 h and
the temperature was increased to 50°C. We next investigated
the reaction by using TsNH, as a co-additive. Pleasingly, a new
product was observed with 30% yield after 48 h. The new product
was carefully isolated and characterized. 'H NMR analysis of the
compound (2a) revealed that the product was not the expected
dibromoamine product. X-ray crystal structure analysis revealed
that the product is monohaloamine with bromo moiety attached
to the o-carbon atom of nitro group, and not to B-position
(Fig. 1). This regioselectivity was opposite to that of previously re-
ported.'5-1°

In order to improve the chemical yield, a series of metal salts
were tried (Table 1). As shown in Table 1, Mn(OAc), was found
to be the best catalyst and can catalyze the reaction to complete
within 48 h resulting in the vicinal haloamine 2a with 78% chem-
ical yield (Table 1, entry 6). DMAP, the most effective catalyst for
B-nitrostyrenes,® was not a good catalyst for the current system

NO, Mn(OAc),, CH,Cl,  TSHN  NO,
/—< + TsNBr, + TsNH "/
A’ CH, 2 ? 4Awmsn A g
1 (;)

Scheme 1. Reaction of B-methyl-B-nitrostyrenes with TsNBr,/TsNH,.
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Figure 1. ORTEP diagram showing 2a.

Table 1
Aminohalogenation reaction of B-methyl-p-nitrostyrene with TsNBr,/TsNH;*
NO, cat., CH,Cl, TSH'\% NO,
/=< + TsNBro+ TsNH, ——————— /_(/’CH
Ph CHj 4 AMS, rt Ph Bro 3
1a )
2a
Entry Catalysts Yield® (%)
1 DMAP 30
2 MnSO4 40
3 Cu(OAc), 56
4 AgOAc 30
5 Ni(OAc); 61
6 Mn(OAc), 78
7 AgOTs 45
8 Cul <5
9 CuCl <5
10 CuOTf <5
11 CuCl, <5

¢ Condition: 1a (1.0 mmol), TsNBr, (2.0 mmol), TsNH, (2.0 mmol), catalysts
(20 mol %), and 4 A molecular sieves (500 mg) in CH,Cl, (5.0 mL) at room temper-
ature under N,.

b Isolated yields.

(Table 1, entry 1). MnSOg4, Cu(OAc),, AgOAc, Ni(OAc),, and AgOTs
can also catalyze the reaction but offer lower chemical yields (Ta-
ble 1, entries 2-5 and 7). Almost no desired product was detected
when Cul, CuCl, CuOTf, or CuCl, was employed as catalysts in the
reactions (Table 1, entries 8-11), and most of the starting materials
remained.

Effect of solvents on the reaction was also checked (Table 2). As
revealed in Table 2, CH,Cl, was the best choice for this reaction and
the highest chemical yield was obtained (Table 2, entry 1). Other
solvents such as CH3CN, CHCls, toluene, and CCly, gave lower yields
(Table 2, entries 2-5). No desired product was obtained at all when
the reaction was performed in THF or DMF (Table 2, entries 6 and
7). Interdiction effect of THF or DMF to the reaction may be due to
their coordinative capability to the metal center, lowering catalytic
activity of the catalyst. The reaction completed usually within 48 h
(Table 2, entry 8). Extending the reaction time to 72 h did not give
any improvement on the chemical yield (79%, Table 2, entry 9), and

Table 2
Optimization of reaction conditions for p-methyl-B-nitrostyrenes®
NO, Mn(OAc), TsHN — NO,
/=< + TsNBro+ TsNH, — /_(”CH
PR CHs 4 AMS, rt PR B3
1a (*)
2a
Entry Solvents Time (h) Cat. (mol %) Yield® (%)
1 CH,Cl, 48 20 78
2 CH3CN 48 20 45
3 CHCl5 48 20 40
4 PhMe 48 20 55
5 CCly 48 20 30
6 THF 48 20 <5
7 DMF 48 20 <5
8 CH,Cl, 24 20 75
9 CH,Cl, 72 20 79
10 CH,Cl, 48 10 30

2 Condition: 1a (1.0 mmol), TsNBr, (2.0 mmol), TsNH, (2.0 mmol), Mn(OAc),, and
4 A molecular sieves (500 mg) in solvent (5.0 mL) under N,.
b Isolated yields.

a slightly lower yield would be found when the reaction was
stopped at 24 h (75%, Table 2, entry 8). Meanwhile, 20 mol % load-
ing amount of Mn(OAc), was necessary for the catalytic system.
The yield will decrease to 30% when 10 mol % of Mn(OAc), was
used in the reaction (Table 2, entry 10).

After optimizing the reaction conditions, a series of -methyl-B-
nitrostyrene derivatives were employed to examine the substrate
scope of the current catalytic system (Table 3).22 As shown in Table
3, several B-methyl-B-nitrostyrenes were suitable olefin substrates
for this reaction to give moderate to good yields (40-79%). For the
substrate with para-MeO, a strong electron-donating group, on the
aromatic ring, the highest yield was observed (79%, Table 3, entry
3). Nitro substitution on the aromatic ring lowers the yield sub-
stantially even after the reaction time was extended to 72 h (Table
3, entry 7). All the reactions showed good to excellent stereoselec-
tivities with ratios ranging from 10:1 to 20:1, and all the reactions
gave only one regioisomer.

For aminohalogenation, the reaction mechanism should involve
the formation of aziridinium intermediates”®!3-152! or chloroni-
um intermediate.2® Based on the resulting regio- and stereochem-
istry of the current aminohalogenation system, a mechanism
involving predominant formation of bromonium intermediates
was suggested (Scheme 2). As shown in Scheme 2, the first step
involves that the catalyst Mn(OAc), activates the N-Br bond of

Table 3
Results of the reaction between p-methyl-g-nitrostyrenes and TsNBr,/TsNH,?
NO, Mn(OAc),, CH,Cl, 1518 NO,
/—< + TsNBro+ TsNHy — (> '/,
A’ CH, 2 Z 4AWMS, 1t A’ BCHs
1 (+)
2
Entry Ar Products  Stereoselectivity (anti:syn)®  Yield® (%)
1 Ph 2a 1:15 78
2 4-CH3-CgHg4 2b 1:12 75
3 4-CH;0-CgHs  2¢ 1:12 79
4 4-Cl-CgH4 2d 1:15 72
5 4-F-CgH4 2e 1:10 45
6 2-Cl-CgHy 2f 1:20 54
7 4-NO,-CgHy 2g 1:18 40

¢ Condition: 1 (1.0 mmol), TsNBr, (2.0 mmol), TsNH, (2.0 mmol), Mn(OAc),
(20 mol %) and 4 A molecular sieves (500 mg) in CH,Cl, (5.0 mL) under N,.

b The selectivity of anti:syn was detected by crude 'H NMR.

¢ Isolated yields.
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Scheme 2. Suggested mechanism for the reaction.

TsNBr, to generate a new intermediate A. At the second step, ‘Br*”
is delivered from intermediate A to the C=C double bond of B-
methyl-B-nitrostyrene to give the bromonium intermediate B.
The positively charged bromonium intermediate B is opened by
p-toluenesulfonamide on its a-position which is more positively
charged than its p-position, giving the final vicinal bromoamine
product C. The regio- and stereoselectivity of this reaction can be
explained well on the basis of this mechanistic hypothesis involv-
ing the key halonium intermediate.

In conclusion, a novel regio- and stereoselective aminobromin-
ation of pB-methyl-B-nitrostyrenes using TsSNBr,/TsNH; as a halo/
nitrogen source catalyzed by Mn(OAc), has been developed. The
reaction was carried out at room temperature, and the new meth-
od provides an easy route to vicinal bromoamino nitroalkanes with
opposite regioselectivity compared to that of previously reported.
Moderate to good chemical yields and excellent regio- and stere-
oselectivity have been obtained. The structure and stereochemistry
of the product were confirmed by X-ray analysis.
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General procedure for aminohalogenation (Table 3). Into a dry vial were added
B-methyl-B-nitrostyrenes (1 mmol), TsNH; (2.0 mmol), Mn(OAc), (0.20 mmol),
4 A molecular sieves (500 mg), then was added dichloromethane (5.0 mL)
under nitrogen atmosphere. The mixture was stirred for 10 min before TsNBr,
(2.0 mmol) was added. The resulting mixture was stirred at room temperature
for 48 h. The reaction was then quenched with saturated aqueous Na,SO3
(5.0 mL). All the solid precipitates were filtered off and washed with CH,Cl,
(3 x 10 mL). The combined organic phases were washed with brine and dried
with anhydrous sodium sulfate. Purification by TLC (EtOAc/petroleum ether,
1:4 v/v) provided the pure product. Characterized data for 2a: White solid. Mp
175-176 °C. IR (KBr): v = 3270, 1598, 1564, 1334, 1161, 895,816 cm~'. "TH NMR
(300 MHz, CDCl3): 6=7.49-7.51 (m, 2H), 7.02-7.20 (m, 7H), 6.43 (d,
J=10.8 Hz, 1H), 5.19 (d, J = 10.8 Hz, 1H), 2.30 (s, 3H), 2.31 (s, 3H) ppm. *C
NMR (75 MHz, CD3COCDs3): § = 143.4, 137.9, 133.9, 129.6, 129.4, 128.8, 128.3,
127.2, 97.9, 65.7, 26.4, 20.7 ppm. MS (EI) m/z: 434.8 [M+Na]*; Anal. Calcd for
Cy6H17BrN;0,4S: C, 46.50; H, 4.15; N, 6.78. Found: C, 46.48; H, 4.11; N, 6.75;
CCDC number: 686202.



	The combination of TsNBr2/TsNH2 as the nitrogen/
	Acknowledgments
	References and notes


