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Fig.1 Asymmetric haloamination reaction

Wl (0.05 mol) BT BRLEH A, A H BER AR, =
TR PEFE SO 24 he SN S50 28 BRI, AR 200
(B4 BT BB, KB IEAZE 75 °C, TG IR
TEGIA LR O RS R, ERGER =
PR, WE L A AT R R UE, B2 mmol 45,
2 mmol Mn(OAc),*4H,0 & T DU L, inA 15 mL
HIZK, 30 mL ZBEA AR, P12 he 2 hJEITAC10
mmol SEALHR , IS <, ARSI S 3 h. S
G505, WE R IR R, S0 K AR B K
e, - B AP, FTOK @A T . o0k, Rk
WO ZE R 9], 453009 AR 10 mL Z 50 P e A
10 mL IEBEREIA i, For IR A v it i o PR 21, 2%
R oy 22— R e Pt ik, uE DR A0 CCRYiE
BEbEt i, BT 7 20 [T (A Bk il e A
1.2.2 TR A A 5R

10 °CR7E RN g A SRR aN, #E R — &
B4, 8 mLUCIRIRENVER , 14715 pHAE A 10.5~11 J5 Al
A 0.25 mmol JIEY) , 0.062 5 mmol Cat.3, 0.375 mmol 4
THEBAR L, 10 mL5OK, 10 C N4 h. [ R 4%
WE IZERK VRS, S BeA I, 43 B HLAR , I8
JEZEBRE ), 5k B W ad o wE AT 2, LA il Bk

LR CERIRAY (V0 V=20 = 1) N BEREHI 23 2545 2
HAsr=4, r= 4y ik s RO s i e 1, A%
44 : n-hexane/i-PrOH=80/20, #:1i& 35 °C, 1.0 mL/
min, A =220 nm, /=¥ 1 '"H NMR. “"C NMR . HPLC
T SRR A

(S)-2- TR H ik -4,4- R L - 1- R P S Y A ik
1% (2a): @ EA; [ o 1D =232 (¢ = 1 in CH,CL);
'H NMR (400 MHz, CDCL,) & 7.71~7.62 (m, 2H), 7.46
(t,J = 7.5 Hz, 1H), 7.36 (dd, J = 8.4, 7.1 Hz, 2H), 7.20
(d, ] = 5.6 Hz, 4H), 7.15~6.98 (m, 6H), 4.32 (d, J = 10.2
Hz, 1H), 3.96~3.80 (m, 1H), 3.78~3.62 (m, 2H), 2.89
(t, ] = 9.9 Hz, 1H), 2.69 (dd, J = 6.5, 4.0 Hz, 2H); "C
NMR (101 MHz, CDCl,) & 143.49, 136.03, 131.86,
128.13, 127.71, 127.66, 126.33, 125.81, 125.70,
125.53, 125.25, 58.98, 57.76, 51.25, 41.06, 34.65;
IR(KBr): 2 874, 2 361, 1 484, 1 445, 1 348, 1 090,
1 025, 866, 753, 697, 663, 610, 575, 451 em™'; HPLC:
CHIRALPAK IB N-5 column, t,,;,=9.3 min, t,;,,= 11.6
min.

(S)-2- 1R H JE -4,4- = R JE-1- 36 HY R G R
P SN % (2b): @ R [ @ ]7°D =244 (¢ =1 in
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CH,Cl,); '"H NMR (400 MHz, CDCl,) 8 7.54 (d, J =
8.0 Hz, 2H), 7.24~6.97 (m, 12H), 4.34 (d, J = 10.2
Hz, 1H), 3.85~3.87(m, 1H), 3.72 (dd, J = 9.8, 3.4 Hz,
1H), 3.63 (d, J = 10.2 Hz, 1H), 2.86 (1, ] = 9.9 Hz,
1H), 2.74~2.61 (m, 2H), 2.33 (s, 3H); "C NMR (101
MHz, CDCl;) & 144.45, 143.69, 133.84, 129.79,
128.73, 128.65, 127.43, 126.81, 126.58, 126.52,
126.32, 60.06, 58.80, 52.25, 42.04, 35.78, 21.54;
IR(KBr): 2 864, 1 595, 1 481, 1 448, 1 357, 1 300,
1170, 1 089, 1 023, 860, 821, 775, 747, 703, 665, 647,
604, 584, 544, 524, 503, 460, 434, 410 cm™'; HPLC:
CHI-RALPAK IB N-5 column, t = 10.4
min.

(S)-2- TR 3L -4,4- — IR -1- XPRUT LAt o Ik
PSS (2¢): P AR, Mop. 55~58 C;[ a 17D =
38.5 (c = 1 in CH,CL,); '"H NMR (400 MHz, CDCl,)
8 7.62~7.51 (m, 2H), 7.34 (s, 2H), 7.21 (d, J =
4.3 Hz, 4H), 7.13~7.00 (m, 6H), 4.36 (d, ] = 10.2
Hz, 1H), 3.83~3.90(m, 1H), 3.74 (dd, J =9.7, 3.4
Hz, 1H), 3.68 (d, ] = 10.2 Hz, 1H), 2.86 (1, ] =9.9
Hz, 1H), 2.68 (id, ] = 13.2, 12.7, 6.5 Hz, 2H), 1.26
(s, 9H); "C NMR (101 MHz, CDCl,) & 143.56,
143.45, 132.87, 127.69, 127.59, 126.28, 125.76,
125.67, 125.52, 125.29, 125.11, 58.88, 57.71, 51.16,
41.08, 34.76, 34.10, 30.03; IR (KBr): 3 853, 3 735,
3649, 2 360, 2 341, 1 698, 1 653, 1 558, 1 541, 1 507,
1457, 1 261, 1 088, 801, 668, 468, 419 cm™'; HPLC:
CHIRALPAK IB N-5 column, t,,;,=6.9 min, t,,,= 9.5
min.

(S)-2- TR ik -4,4- R - 1- X SR AR T 1 5
SN (2d): FEEAR, Mop. 144~146 C;[ « 1*D =
34.4(c = 0.05 in CH,Cl,); "H NMR (400 MHz, CDCI,)
8 7.54~7.45 (m, 2H), 7.23~7.15 (m, 4H), 7.14~6.95
(m, 8H), 4.28 (d, J = 10.5 Hz, 1H), 3.94~3.83 (m, 1H),
3.78 (ddd, J = 24.6, 10.2, 2.2 Hz, 2H), 3.07 (1, ] = 9.6
Hz, 1H), 2.86 (ddd, J = 13.3, 7.5, 1.2 Hz, 1H), 2.55 (dd,
J = 13.3, 6.4 Hz, 1H); "C NMR (101 MHz, CDCl;) &
143.58, 142.76, 138.27, 134.56, 128.32 , 127.70, 127 4,
125.8 , 125.60, 125.38, 125.25, 58.99, 58.34, 51.43,
41.20, 35.02; IR (KBr): 3 103, 2 919, 2 850, 2 360,
1903, 1588, 1497, 1396, 1 348, 1 124, 1 095, 1 056,
1 015, 926, 885, 780, 769, 708, 574, 507 em™'; HPLC:
CHIRALPAK IB N-5 column, t =13.5

> ‘major’

=8.2 min, t

major

=9.7 min, t

> ‘minor’

min.

(S)-2- TR F 3k -4,4- 2RI - 1- XPIROR A i 55 DU &
MM (2e): FIEEIA, Mop. 130~132 C:[ a 1D =24
(c = 1 in CH,CL); "H NMR (400 MHz, CDCl,) & 7.49 (q,
J = 8.8 Hz, 4H), 7.29~7.25 (m, 2H), 7.23~7.10 (m, 6H),
7.06 (dd, J = 7.7, 2.1 Hz, 2H), 4.36 (d, ] = 10.5 Hz, 1H),
3.95 (dddd, ] = 9.5, 7.4, 6.4, 3.2 Hz, 1H), 3.86 (ddd, J =
22.3,10.2, 2.2 Hz, 2H), 3.15 (t, ] = 9.7 Hz, 1H),
3.92~3.98(m, 1H), 2.63 (dd, J = 13.3, 6.4 Hz, 1H);
“C NMR (101 MHz, CDCl;) 6 144.63, 143.80,
136.11, 132.35, 128.77, 128.61, 126.87, 126.68,
126.44, 126.30, 60.08, 59.42, 52.49, 42.30, 36.03;
IR(KBr): 3 735, 2 361, 2 341, 1 574, 1 473, 1 392,
1 347, 1 166, 1 090, 1 068, 1 029, 1 010, 827, 759,
735, 701, 668, 609, 577, 556, 507, 485, 467, 446,
421 em™'; HPLC: CHIRALPAK IB N-5 column, Ergjor=
10.9 min, t;,,=16.8 min.

(S)-2- TR F Bk -4, 4- — I8 HE -1-(3- G - A B G O )-
DU 26): FIEEAR ;[ a ]*D =11.68 (¢ = 0.5 in
CH,CL,); "H NMR (400 MHz, CDCl,) 6 7.66 (1,J = 1.9
Hz, 1H), 7.57 (dt, J = 7.8, 1.4 Hz, 1H), 7.49~7.42 (m,
1H), 7.36~7.26 (m, 3H), 7.24~7.05 (m, 8H), 4.34 (d, ] =
10.5 Hz, 1H), 4.01 (dq, J = 7.5, 2.0, 1.0 Hz, 1H), 3.94
(dd, J = 10.4, 1.3 Hz, 1H), 3.82 (dd, J = 9.9, 3.2 Hz,
1H), 3.16 (t, J = 9.6 Hz, 1H), 2.95 (ddd, J = 13.3, 7.5,
1.3 Hz, 1H), 2.68 (dd, J = 13.3, 6.4 Hz, 1H); "C NMR
(101 MHz, CDCLy) 6 143.48, 142.66, 138.12, 134.31,
131.96, 129.28, 127.73, 127.65, 126.24, 125.91,
125.85, 125.41, 125.19, 124.27, 58.95, 58.18, 51.45,
41.25, 34.89; IR(KBr): 3 734, 3 648, 2 923, 2 360,
1 541, 1457, 1349, 1 165, 1 081, 1 030, 795, 749,
701, 669, 608, 576, 423 cm™'; HPLC: CHIRALPAK IB
N-5 column, t,,,,, =13.9 min.

(S)-2- TR H I -4, 4- R H - 1- ZER R 3 O SNk
g): A [ « 1D =11.6 (¢ =0.01 in CH,CL,); 'H
NMR (400 MHz, CDCl;) 8 8.30 (d, J = 1.8 Hz, 1H), 7.90
(dd, J =20.5, 8.0 Hz, 2H), 7.82 (d, J = 8.7 Hz, 1H), 7.65
(tt, ] = 9.8, 1.8 Hz, 2H), 7.33~7.15 (m, 6H), 7.05~7.00
(m, 2H), 6.95 (1, J = 7.6 Hz, 2H), 6.86 (t, ] = 7.2 Hz,
1H), 4.43 (d, J] = 10.3 Hz, 1H), 4.11~4.01 (m, 1H),
3.93~3.82 (m, 2H), 3.07 (1, J = 9.8 Hz, 1H), 2.85 (dd,
J =132, 7.7 Hz, 1H), 2.68 (dd, J = 13.2, 5.7 Hz, 1H);
“C NMR (101 MHz, CDCL,) 6 143.94, 132.14, 129.42,

=9.5 min, t

> ‘minor’
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129.38, 128.85, 128.72, 128.69, 128.46, 127.85,
127.46, 126.81, 126.52, 126.48, 126.16, 122.55, 60.09,
59.06, 52.39, 42.19, 35.99; IR(KBr): 3 738, 2 361,
2334, 1 740, 1 499, 1 340, 1 161, 1 078, 1 027, 819,
753, 697, 664, 548, 464 cm™'; HPLC: CHIRALPAK IB
major=10.9 min, t,.. . =14.4 min.

(S)-2- TRk -4,4- — R L -1- R 9 5 O A ik
1% (2h): M 0 E ;[ @ 17D =85 (c = 1 in CH,CLy);
'H NMR (400 MHz, CDCl;) 8 7.33 (d, J = 6.9 Hz, 2H),
7.30~7.20 (m, 4H), 7.18 ~7.10 (m, 4H), 4.23 (dd, J =
10.9, 1.9 Hz, 1H), 4.09 (d, J = 11.0 Hz, 1H), 4.04~3.89
(m, 1H), 3.68 (dd, J = 10.1, 2.9 Hz, 1H), 3.35 (dd, J =
10.1, 8.2 Hz, 1H), 3.16 (ddd, J = 13.4, 6.9, 1.9 Hz, 1H),
2.58~2.49 (m, 1H), 2.30 (s, 3H); "C NMR (101 MHz,
CDCly) & 143.54, 143.06, 127.97, 127.77, 126.19,
125.89, 125.80, 125.41, 58.82, 58.44, 52.20, 41.64,
35.64, 35.56; HPLC: CHIRALPAK AD-H, hexane/
ethanol/ ethylenediamine = 70/30/0.1, 1.0 mL/min, A =
254 nm, t,,,, = 16.6 min.

(S)-2- TR F Hk -4,4- — W1 R -1- %o FY A 1 5 1
LU 2i): I ER; [ a 1°D =224 (¢ = 0.05 in
CH,CL,); '"H NMR (400 MHz, CDCl,) 6 7.67 (d,J = 8.0
Hz, 2H), 7.25 (s, 2H), 3.87 (dd, J = 9.7, 3.0 Hz, 1H),
3.79 (qd, J = 8.2, 3.0 Hz, 1H), 3.45 (t, ] = 9.2 Hz, 1H),
3.17~2.98 (m, 2H), 2.37 (s, 3H), 1.86~1.74 (m, 1H),
1.63 (dd, J = 12.9, 8.3 Hz, 1H), 0.98 (s, 3H); "C NMR
(101 MHz, CDCLy) & 142.70, 133.73, 128.69, 126.48,
60.83, 58.98, 44.82, 36.49, 36.46, 25.05, 24.73, 20.55;
IR(KBr): 3 438, 2 922, 2 357, 1 597, 1 494, 1 451,
1342, 1189, 1 156, 1 111, 1 090, 1 032, 1 001, 920,
804, 742, 700, 664, 603, 570, 545, 506, 474, 426 cm™;
HPLC: CHIRALPAK IB N-5 column, t

> ‘major

N-5 column, t

‘minor’

=9.8 min, t

> ‘minor

=6.0 min,
Lyino= 0.4 min

(S)-2- VR HH 3L - 1- X6 FH RO gt i O S (25): 7Rl
R ;[ @ 17°D =38.4 (¢ =0.01 in CH,CL,); '"H NMR
(400 MHz, CDCly) & 7.78~7.69 (m, 2H), 7.34 (d, J =
8.0 Hz, 2H), 3.86~3.79 (m, 1H), 3.79~3.73 (m, 1H),
3.47 (ddd, J = 10.0, 6.6, 4.7 Hz, 1H), 3.36 (t, ] = 9.7
Hz, 1H), 3.15 (ddd, J = 10.0, 7.7, 6.7 Hz, 1H), 2.44 (s,
3H), 2.00~1.89 (m, 1H), 1.89~1.79 (m, 1H), 1.79~1.68
(m, 1H), 1.55 (dit, J = 11.3, 6.4, 4.5 Hz, 1H); "C NMR
(101 MHz, CDCLy) 6 143.83, 133.98, 129.85, 127.54,
60.38, 49.83, 36.08, 30.26, 23.81, 21.58; IR(KBr):

3 828, 3728,3623,2964, 2924, 2 861, 2 361, 2 334,
1741, 1596, 1497, 1459, 1 340, 1 260, 1 200, 1 095,
1 027,983, 925, 872, 810, 753, 666, 584, 548, 463 cm™’
HPLC: CHIRALPAK IB N-5 column, t
Lpino= 7-9 min.

(S)-3- 15 H ik -2- xof Y 25 i gt i -2- R HE [ 4,
4 1- Tkt (2k): B AR Mp. 72~75 C;[ a 17D =
12.9 (¢ = 0.02 in CH,CL); '"H NMR (400 MHz, CDCL,)
8 7.73 (d,J = 8.3 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 3.95
(dd, J = 9.7, 3.2 Hz, 1H), 3.76~3.83(m, 1H), 3.49 (t, ] =
9.6 Hz, 1H), 3.29 (d,J = 10.3 Hz, 1H), 3.11 (d, J = 10.3
Hz, 1H), 2.44 (s, 3H), 1.94 (ddd, J = 12.9, 7.5, 1.2 Hz,
1H), 1.83 (dd, J = 12.9, 7.1 Hz, 1H), 1.65~1.38 (m, 6H),
1.01 (ddd, J = 12.6, 8.0, 6.7 Hz, 1H), 0.88 (ddd, J =
12.9, 7.9, 5.8 Hz, 1H); °C NMR (101 MHz, CDCL,) &
143.80, 134.39, 129.75, 127.58, 60.36, 48.57, 43.51,
37.03, 36.50, 36.25, 24.50, 24.29, 21.60; IR(KBr):
2952,2 360, 1344, 1 161, 1 037, 664, 637, 599, 574,
550, 499, 465, 441, 425 em™'; HPLC: CHIRALPAK IB

N-5 column, t

> ‘major

(S)-2- TR P 3 - 1- XoF F 2R FE 356 U SNk (21): 1
A Mop. 132~134 °C;[ @ ]*D =125 (c =0.1 in
CH,CL,); 'H NMR (400 MHz, CDCl,) & 7.48 (d,J = 8.3
Hz, 2H), 7.31~7.25 (m, 2H), 7.19~7.12 (m, 7H), 6.97
(dd, J = 7.3, 2.4 Hz, 3H), 4.64 (t, ] = 7.3 Hz, 1H), 3.79
(t,] = 6.3 Hz, 1H), 3.42 (d, ] = 6.3 Hz, 2H), 2.72 (d, ] =
7.2 Hz, 2H), 2.33 (s, 3H), 1.47 (d, J] = 1.4 Hz, 3H),
1.30 (d, J = 1.3 Hz, 3H); "C NMR (101 MHz, CDCl)
5 143.68, 134.49, 128.60, 127.44, 127.25, 126.86,
126.51, 126.09, 125.56, 125.49, 117.40, 49.07, 48.63,
34.46, 24.91, 20.49, 16.84; IR(KBr): 3 438, 2 922,
1597, 1494, 1 451, 1 342, 1 156, 1 090, 1 032, 805,
742, 700, 664, 603, 570, 545, 474, 426 ¢m™'; HPLC:
CHIRALPAK IB N-5 column, t,,;,=6.7 min, t,,,=7.4

min.

=7.2 min,

major

=5.6min, t_. =5.9 min.

> ‘minor

‘minor’

(S)-2- 15 HH 35 - 1- %o FFY 2 i i 6 -5- AL T 3 -2,3-
A M RE (2u): B [ A 'TH NMR (400 MHz,
CDCly) & 7.55 (dd, J = 13.7, 8.4 Hz, 3H), 7.27~7.15
(m, 4H), 7.07 (d, J] = 1.4 Hz, 1H), 4.37~4.43(m,
1H), 3.83 (dd, J = 9.8, 3.8 Hz, 1H), 3.39 (1, J = 10.0
Hz, 1H), 2.98~2.81 (m, 2H), 2.37 (s, 3H), 1.27
(s, 9H).; "C NMR (101 MHz, CDCl;) & 148.21,
144.14, 138.5 , 134.57, 130.14, 129.72, 127.12,
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124.97, 122.22, 116.18, 62.37, 35.87, 34.49, 33.37,
31.48, 21.59; IR(KBr): 3 737, 2 955, 2 361, 2 334,
1596, 1489, 1352, 1305, 1215, 1121, 1091, 1 035,
968, 890, 821, 755, 705, 668, 586, 547, 430 cm™';
HPLC: CHIRALPAK IB N-5 column, t
L= -9 min.

(S)-2- S 3L -4,4- R - 1- AR I U SNk
(3a): A, Mp. 131~133 C;[ a 1D =70 (c =
0.5 in CH,CL,); '"H NMR (400 MHz, CDCl,) & 7.75 (d,
J=7.1Hz,2H),7.54 (t,] = 7.5 Hz, 1H), 7.43 (1, ] = 7.7
Hz, 2H), 7.28 (d, J = 5.2 Hz, 4H), 7.20~7.07 (m, 6H),
437 (d, J = 10.2 Hz, 1H), 3.98~3.84 (m, 2H), 3.75 (d,
J =10.2 Hz, 1H), 3.16~3.04 (m, 1H), 2.74 (dd, ] = 6.4,
3.4 Hz, 2H); "C NMR (101 MHz, CDCl,) & 144.57,
136.95, 132.94, 129.19, 128.76, 128.71, 127.40,
126.85, 126.76, 126.58, 126.31, 60.18, 58.61, 52.32,
46.44, 41.01; IR(KBr): 3 069, 3 002, 2 956, 2 920,
2850,2 361, 1597, 1481, 1354,1253,1172, 1092,
1 049, 1 020, 997, 895, 827, 777, 750, 736, 704, 692,
610, 588, 573, 546, 526 cm™'; HPLC: CHIRALPAK 1B
N-5 column, t,,,, =10.6 min.

(S)-2- 58 ik -4,4- O E -1 WY A T A Y
ZUME % (3b): @R[ @ J*D =452 (c=05in
CH,CL); '"H NMR (400 MHz, CDCL,) 8 7.64~7.43 (m,
2H), 7.19 (d, J = 4.3 Hz, 4H), 7.14~6.97 (m, 8H), 4.31
(d, J = 10.2 Hz, 1H), 3.88~3.72 (m, 2H), 3.60 (d, J =
10.2 Hz, 1H), 2.99 (1, J = 10.9 Hz, 1H), 2.65 (d, J =
6.2 Hz, 2H), 2.30 (s, 3H); °C NMR (100 MHz, CDCL)
& 143.61, 132.67, 128.74, 127.66, 127.59, 126.37,
125.72, 125.51, 125.46, 125.26, 59.13, 57.56, 51.23,
45.49, 39.90, 20.49; IR(KBr): 2 959, 2 866, 2 360,
2335, 1869, 1 684, 1596, 1490, 1449, 1358, 1 261,
1171, 1 089, 1 025, 821, 748, 703, 662, 606, 587, 542
em™'; HPLC: CHIRALPAK IB N-5 column, t,. = 8.6
min, t,;,,= 10.8 min.

(S)-2- S H S - 1- X6 P R ok 5 O S (35): 7
AR ;[ @ 1D =0.4 (c = 1 in CH,CL); 'H NMR (400
MHz, CDCLy) 8 7.73 (d, J = 6.4 Hz, 2H), 7.34 (d, ] =
8.0 Hz, 2H), 3.88 (dd, J = 10.6, 3.4 Hz, 1H), 3.84~3.73
(m, 1H), 3.55~3.40 (m, 2H), 3.13 (dd, J = 16.8, 7.9
Hz, 1H), 2.44 (s, 3H), 1.94 (dq, J = 12.0, 3.9, 3.2 Hz,
1H), 1.84 (dt, J = 12.2, 7.6 Hz, 1H), 1.76~1.64 (m,
1H), 1.64~1.50 (m, 1H); °C NMR (101 MHz, CDCL,)

=5.6 min,

major

= 8.6 min, t

> “minor

major’

5 143.83, 133.92, 129.84, 127.54, 60.51, 49.67,
47.02, 29.27, 23.80, 21.57; IR(KBr): 2 362, 2 336,
1 868, 1845, 1734, 1717,1684, 1636, 1559, 1541,
1521, 1507, 1457, 1419, 1339, 1 199, 1 160, 1 092,
1 038, 989, 831, 815, 766, 729, 667, 587, 550 ¢m™';
HPLC: CHIRALPAK IB N-5 column, t
Binor= 7-9 min.

(S)-2- 50 H 5 - 1- X P Rl g i -2,3- — & |
GBv): @K [ @ 1°D =385 (¢ = 1 in CH,CL);
'H NMR (400 MHz, CDCl;) & 7.66 (d, J = 8.1 Hz,
1H), 7.60~7.52 (m, 2H), 7.20 (dd, J = 10.7, 8.1 Hz,
3H), 7.10~7.01 (m, 2H), 4.41 (ddd, J = 9.2, 5.2, 3.8
Hz, 1H), 3.93 (dd, J = 10.7, 3.9 Hz, 1H), 3.55 (dd, J =
10.7, 9.6 Hz, 1H), 2.99~2.82 (m, 2H), 2.36 (s, 3H); "C
NMR (101 MHz, CDCly) & 144.29, 134.47, 129.75,
127.97, 127.06, 125.27, 124.98, 116.92, 62.30, 46.91,
32.23, 21.57; IR(KBr): 3 286, 2 919, 2 360, 1 917,
1844, 1749, 1 645, 1597, 1 580, 1 491, 1 457, 1 397,
1331, 1305, 1232, 1 158, 1090, 1 044, 993, 919,
814, 767, 669, 568, 532 cm™'; HPLC: CHIRALPAK IB
=5.5 min, t

> ‘minor’

=7.3 min,

major

N-5 column, t = 6.0 min.

> ‘major

2 HREIR

2.1 Rz HIHERIE RIS

B 1a Y, NaBrOAE IR, — 5
HBErE s, Al B T B, BB ECTPR I S
P A5 4 TR AR O AR BT PEAEAL RN A T OB, 7593
R AW S ST 7/ I Y 2 i W S W R VA N L DO SR S
SN, S5 AN 1B

P A 3 07 IBUFCI 4 2 T3 BELGS T A5 A A
FAA 2 A, 5 T A AR A i1
FRURE SRS B FEE AR (K 1, entry 1-3), 25
R R FANE RS R P B T S g X i P A A A
s, o Cat 375 2 e fE Y ee (E(26%). B4 T
BV BB RIS IR (3R 1, entry 4-6), 7ESEER HY
ZRPEEFAI, H T BOAR TP R REAE LU )
FRAFRNRMAL Y, (B W PR, IR AR
I AP AR PR, o SRR T et
SER, 15 36% 1 ee (L. il BEXS T BN 0T L4
PEAFAERZI | 8 I A T BN AT A T X e 4%
PERGERTE 2, DRI 58 1 AR [] 3 BE X T B 4%
ISR (32 1, entry 7-10), Z5RAE ee (AU AR AT
OUT, 0 CR BN R EEAIR, T ROMAR R A K
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Table 1 Optimization of reaction conditions’

SalenMn( Il )CI(10 %) Ph
NaBrO(8 mL)
TBABr(1.1 eq.)

Ph Ph

=

Br
Ph
N

|
|
|
|
|
|
|
|
| t-Bu o~ l 0
|
|
|
|
|
|
|
|
|
|

SO,Ph
la 2a
Catl R = &~ 3‘& Cat3 R =
Cat2 R =Me o
Entry Cat. Solvent T/C Yield / %" ee | %°
1 Cat.1 CH,CL, 25 78 4
2 Cat.2 CH,CL, 25 90 12
3 Cat.3 CH,CL, 25 90 26
4 Cat.3 MeCN 25 90 2
5 Cat.3 Toluene 25 90 18
6 Cat.3 PhCl 25 90 36
7 Cat.3 PhCl -20 62 39
8 Cat.3 PhCl 0 79 42
9 Cat.3 PhCl 10 89 45
10 Cat.3 PhCl 20 90 37
11 Cat.3 PhCl 10 89 84
12° Cat.3 PhCl 10 92 55

a. Reaction conditions unless otherwise noted: 1a (0.25 mmol), Cat (5%(Mole fraction)), PhCl (10 mL), NaBrO (8 mL), 4 h under air
atmosphere. pH=10.5~11; b. Isolated yields; c¢. Determined by chiral HPLC analysis; d. 10%(Mole fraction) Cat.3;

e. 20%(Mole fraction)Cat.3

AIAFTE , IR 23 52 ma S 7 48, SO R BEAE 0 °C LA
B TAR, PRI EETE 10 OCHTﬁkﬁﬁ‘TEi’fi
(1) ee {H (45%). 5 5% T A0 FH 0 B 0L 9 52 e (3R
1, 11-12), 45 R Bos 5 M 5% T+ 2 10%(FE IR
IYBONE, ee {l I TH5) 849%, HE— 48 AL 7] it 1
F 20%(FE IR 3 E) B, PRI ee (E T B, 56T X Bt
VEBRPEFIRAS | 16 S fF Sy SR A2 R
HEALFE ] Cat. 3USHINE: K 10%(BE/R5345), 10 CF
SR 4 h.
22 [ERYIERMSERR

W e LR N A e, AR AR FHRSE T %
N Z AR P38 R, 2 in . MR
IR P R PR % A 2 L R BT SR,

FEIRIET0% LA L, ee (ELAE 90% L) _L 5 X 3% 551
TFIEBIRLET , ee (EARFF T AEAK, 43510 67% il
53%. X 2 BEAEFEAE R B 1%@78%9@99@
M E A MERE R B AT B BARr=4 , 1A 2510
P L B 45 51 59% 11 ee {HL, ¥ A Y SR8 ok 3L o) a@J
91% W ee fl. ZJGHRIT T IRYIAY ELAEH 3 B CIEXT
SV 45 SR BRI, 5 4 AL A 2 R 4Ry s ) o7 BHL B
/N RSN AT, ee (E 535010 25% F1 14%. 4457
BRI ILRT | ee (H K 16%, W) 407 B ILA 7
BELXH 52 I ) 7= SRS M 4 /N . 2 S PRV TR 2R I IS
PIEAT I, LA 88% 1 7= A9 BN IR AR S| W= 4], ee
{HM 13%.

BEAh, X s IR HEAT Y, 2R I NaClO A g 147 5
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Table 2 Substrate scope

SalenMn( I )C1(10 %) Ph
NaBrO(8 mL)
TBABr(1.1 eq.)

Ph Ph

=

PhCl, 10 °C,4 h

la

2a

SO,Ph

2h 76%. 91% ee

Br
Ph

N
\
Ts

21 82%, 14% ee

_z )
a

Ts

31 97%, 5% ee

Ph
Br
Ph)E}_/
N
\
2b 92%, 97% ee
ﬂg '
‘q (0}
cA\Q

o
2{80%, 78% ee

%#B r
N

Ts

//\\

2i 32%, 24% ee"

-Bu Br
N
\
Ts

2u 88%, 13% ee”

Cl
@J
\
Ts

3v 76%, 95% ee

t-Bu
2¢ 72%, 90% ee

ﬂ#r
\0
N

oo

3¢ 80%, 59% ee

N

\
Ts

//\\

21 94%, 16% ee

Ph
ﬂ#cn
Ph-
N
\
SO,Ph

3a 90%, 92% ee

- 2
w

2k 95%, 14% ee

3h 89%, 85% ee"

a. Reaction conditions unless otherwise noted: 1a (0.25 mmol), Cat (0.062 5 mmol), PhCl (10 mL), NaBrO (8 mL), 4 h under air atmosphere.
Isolated yields. Determined by chiral HPLC analysis; b. At =20 °C; c¢. pH=8~9; d. Reaction conditions unless otherwise noted: 1a (0.25
mmol), Cat (0.062 5 mmol), PhCl (10 mL), NaClO (8 mL), at 10 °C for 12 h, pH=12~13
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PEAT M BN, A5 5 55 N S ST HAT FRBL AR 25
R, BBV 177 FM0 W £ A5 21 SO St ng b
PR, AR ARLUIE R/ MR BT RELL 97% 1Y)
PERFRI AT, (P e FEE AR .
P NSRRI 2R TR W) BEA T RSN, A LA e 14
FRE (R =B ) [R5 4 A X R R 1R R4S, ee
{E495%.
23 WEF RO ELTE

FETASE SR AN SRR A SR, 4R — AL,
W& 2 fis . JEEHIAE NaBrO FIVE T R 4330 ) 5%

Ph Ph NaBrO

Ph Ph R .
SalenMn( III S~
X w0 (XN Sulenhn) My-—T\\/><\V/<§>
/ / Br N 7 (0] R

AR AR A, A 5 SalenMn( 1) 4557155 — &
RGP RN, HXG#E A5 21 A 2L (el
B, HlliA B 54k kAR B — 7 1 B 40 A B SN
B, AR RR A C, X — R, TR
PR IS SRR EC A W 0 S A AE 2 [ RS | (675
N F B SO EA Dy ik, B0 EA T
T PUICH AR E P, SR A Y &, Tt
IS B R 22 A9 B I ik e b [l A D, P67 25 2%
Bt BG4 C Al 1E L far i N, JF R 15 2R AR
e .

(o,

Ph Ph
B ———
radical addition

+

R Br~

Y

H SalenMn(IIl )

P2 s pL

Fig.2 Possible mechanism

3 &it

4 T M SalenMn(TIT) 4 £k 551 FH T A 176 1k 4 1 1)
I3 F AR 0 e A RN, A2 IR B TR AN A AE T
BT — R G0 Tk AR IS e 7= 4, e i i i
5 Cat.3, FH A 10%(FE/R 350, FizfEfb I F
AR T RN, AR B 7= 3 A e A
FINERAL R AL IoE =, RN SR, ee fH 5
KFN97%, $EH T — R AHLER, & A A H
FEXT U 7 ) P A T e
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SalenMn(Ill) Catalyze Intramolecular Asymmetric Haloalamination
Reactions of Unactivated Olefin

DONG Qi, LI Hai-meng, SHANG Hui-jian *
(Hebei University of Science and Technology, School of Chemical and Pharmaceutical Engineering,

Shijiazhuang 050018, China)

Abstract: Nitrogen heterocycle is the composition and structure of many natural products and essential substances for
human body, which is widely used in the field of medicine and chemical industry. Intramolecular amination of olefins
has high reactivity and is an important method to synthesize nitrogen heterocycles. The method of asymmetric catalytic
reaction to obtain chiral products has the advantages of good enantioselectivity and avoiding waste. It is essential to
find appropriate chiral catalysts. However, many chiral catalysis need many steps and high cost. SalenMn(IIl) is an
excellent chiral catalyst with simple synthesis and high yield. In this paper, a intramolecular amination of inactivated
olefins which was catalyzed by SalenMn(III)Cl was developed. The effect of solvent, temperature, catalyst and catalyst
loading were investigated. React with substrates with different substituents in order to explore the scope and general
applicability of the reaction. The result is than a series of chiral pyrrolidine products were obtained in 70%~90%
yield, with the highest enantioselectivity of 97%. This catalyst is easy to synthesize, and use a small amount to get
good results. The reaction can be carried out under mild conditions. The reaction mechanism may be through free
radical addition. In this process, the product has chirality due to the steric exclusion of the ligand.

Key words: aminohalogenation; asymmetric synthesis; salenMn(I11); nitrogen heterocycles



