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General Methods

All reactions and manipulations were performed using standard Schlenk techniques.
All amino alcohols were commercially available and used without further purification.
All the allyl alcohols were prepared according to the literature procedures. Flash
column chromatography was performed over silica (200-300 mesh). L1, 2-L6,
L8 and L9®! were prepared according to literature method or under the modified
reaction conditions. *HNMR, *CNMR and *FNMR were respectively recorded at
400 or 500 MHz, 101 or 126 MHz, and 376 or 471 MHz respectively, and *'P NMR
were respectively recorded at 202 MHz respectively on Advance (Brucker). HPLC
was carried out with a Agilent Technologies 1260 Infinity system equipped with a
photodiode array detector. High Resolution Mass Spectra (ESI-HRMS) were operated
on a micro TOF-Q Il (Bruker). IR spectra were recorded using a FTIR apparatus
(Nicolot 5700). Melting point was recorded by X-4 Optimelt (Shanghai optical
instrument factory). Optical rotation was determined by SGW-3 Digital Automatic

Polarimeter.



Preparation and Characterization of Ligands
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Aldehyde or its analogues (3.0 mmol) was added to a solution of commercial
available amino alcohol (3.0 mmol) in MeOH (20 mL), and the solution was heated to
70 <C with stirring for 5 min. Then the solution was cooled to room temperature and
stirred overnight. The mixture was washed with water and extracted with DCM, and
the combined organic layers were dried over anhydrous Na,SO4 and was
concentrated in vacuo and purified by flash column chromatography (silica gel,

hexanes:EtOAc = 6:1) to afford a brittle yellow solid.

L-B1, yield: 76%; Orange solid; HRMS (ESI) Calcd for [CoH3sNO,, M+H],
430.2741; Found: 430.2750 ;

'"H NMR (400 MHz, CDCls): 8(ppm) = 13.39 (s, 1H), 8.15 (s, 1H), 7.42-7.18 (m,
13H), 6.93 (d, J = 2.3 Hz, 1H), 5.08 (d, J = 6.6 Hz, 1H), 4.52 (d, J = 6.7 Hz, 1H), 2.13
(s, 1H), 1.45 (d, J = 1.5 Hz, 9H), 1.25 (d, J = 1.5 Hz, 9H).

B3C NMR (101 MHz, CDCI3) §(ppm) = 167.1, 157.9, 140.3, 128.6, 128.2,127.8,
127.2,126.3, 117.9, 80.0, 77.3, 76.7, 35.1, 34.1, 31.4, 29.4.

L7, yield: 76%; Orange solid; HRMS (ESI) Calcd for [CasHo7CINO,, M+H],
408.1725; Found: 408.1718;

'H NMR (400 MHz, CDCls): 8(ppm) =13.68 (s, 1H), 7.94 (s, 1H), 7.34 (d, J = 4.1 Hz,
4H), 7.29 (dd, J = 8.8, 4.6 Hz, 1H), 7.22 (dd, J = 7.2, 2.0 Hz, 4H), 7.18 (dd, J = 6.3,
3.5 Hz, 2H), 6.87 (d, J = 2.5 Hz, 1H), 4.97 (d, J = 6.8 Hz, 1H), 4.45 (d, J = 6.8 Hz,
1H), 2.20 (s, 1H), 1.41 (s, 9H).

3C NMR (101 MHz, CDCls): &(ppm) = 165.5, 159.0, 140.1, 139.7, 139.2, 129.9,
128.8,128.2, 127.3, 122.7, 119.3, 80.2, 78.4, 35.2, 29.2.

L13, yield: 75%; Orange solid; HRMS (ESI) Calcd for [CsiHgoNO4Si, M+H]",
778.4281; Found:778.4286;

IH NMR (400 MHz, CDCls): &(ppm) = 8.23 (d, J = 8.1 Hz, 1H), 8.06 (s, 1H), 7.75
(dd, J = 21.1, 8.5 Hz, 2H), 7.51 (dd, J = 23.6, 7.4 Hz, 5H), 7.42 — 7.27 (m, 11H), 7.21

(dt, J = 18.7, 7.1 Hz, 6H), 6.94 (s, 1H), 6.05 (t, J = 6.5 Hz, 1H), 5.13 (dd, J = 35.3,
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12.1 Hz, 2H), 3.96 (s, 1H), 3.89 (s, 1H), 3.75 (dd, J = 9.8, 6.4 Hz, 1H), 1.45 (s, 9H),
1.30 (s, 9H), 1.01 (s, 9H);

3C NMR (101 MHz, CDCls): &(ppm) = 168.3, 158.2, 154.8, 136.8, 135.7, 133.3,
132.2, 130.1, 129.7, 128.9, 128.2, 127.7, 127.5, 127.1, 126.9, 124.0, 121.4, 118.3,
114.6, 75.5, 71.5, 69.5, 64.7, 35.2, 34.3, 31.6, 29.7, 26.9, 19.3.

L14, yield: 76%; Orange solid; HRMS (ESI) Calcd for [CasH2sNNaO,, M+Na]®,
530.2062; Found: 530.2091,

'H NMR (400 MHz, CDCls): 8(ppm) = 12.72 (s, 1H), 8.73 (s, 1H), 8.08 (s, 1H), 7.89
(t, J = 8.0 Hz, 3H), 7.48 (d, J = 8.5 Hz, 1H), 7.37 — 7.18 (m, 12H), 7.10 — 7.04 (m,
2H), 7.01 (d, J = 7.9 Hz, 2H), 6.91 (d, J = 6.2 Hz, 3H), 4.56 (s, 1H), 3.88 (t, J = 7.6
Hz, 2H), 3.82 (s, 1H), 3.75 (s, 1H), 2.03 (s, 1H).

¥C NMR (101 MHz, CDCl3) 6:166.4, 154.4, 141.1, 139.1, 138.4, 135.6, 133.9, 133.2,
132.7, 132.1, 129.4, 128.9, 128.7, 128.5, 127.9, 127.4, 126.3, 125.6, 125.4, 125.0,
123.6, 120.8, 119.8, 76.3, 67.7, 40.1.

L15, vyield: 78%; Orange solid; HRMS (ESI) Calcd for [CsH3sNOs, M+H]",
580.2846; Found: 580.2841,

'H NMR (400 MHz, CDCls): 8(ppm) =12.90 (s, 1H), 8.70 (d, J = 7.0 Hz, 1H), 7.95 —
7.89 (m, 2H), 7.85 (d, J = 7.9 Hz, 2H), 7.48 (d, J = 5.7 Hz, 1H), 7.39 — 7.19 (m, 12H),
7.16 — 7.09 (m, 3H), 6.92 (dd, J = 16.4, 5.5 Hz, 2H), 5.06 (d, J = 5.7 Hz, 2H), 4.48
(dd, J=11.6, 5.1 Hz, 1H), 3.83 (dd, J = 11.7, 6.5 Hz, 2H), 1.27 — 1.18 (m, 9H).

3C NMR (101 MHz, CDCls): &(ppm) = 166.7, 154.5, 150.5, 139.2, 135.9, 134.6,
134.0, 129.8, 129.0, 128.2, 127.6, 127.4, 126.9, 126.6, 125.7, 125.0, 124.0, 123.5,
120.9, 120.2, 117.7, 116.3, 76.5, 71.4, 67.7, 34.5, 31.4 .

L16, yield: 78%; Orange solid; HRMS (ESI) Calcd for [CaH3NO,, M+H],
366.2428; Found: 366.2439;
'"H NMR (400 MHz, CDCl3): 8(ppm) = 13.13 (s, 1H), 8.60 (s, 1H), 7.42 (d, J = 2.3 Hz,

1H), 7.28 (d, J = 6.9 Hz, 2H), 7.24 — 7.12 (m, 3H), 4.78 (d, J = 5.3 Hz, 1H), 4.66 (q,
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J=5.3 Hz, 1H), 3.16 (ddd, J = 20.8, 15.9, 5.4 Hz, 2H), 2.22 (s, 1H), 1.41 (s, 9H), 1.32
(s, 9H).

3C NMR (101 MHz, CDCl3): 8(ppm) =168.4, 158.2, 141.0, 140.6, 137.1, 128.6,
127.8,127.2,126.6, 125.6, 125.1, 118.0, 75.8, 75.3, 39.8, 35.2, 34.3, 31.6, 29.6.

L17, vyield: 71%; Orange solid; HRMS (ESI) Calcd for [CsH3sNOz, M+H],
584.2590; Found: 584.2653,;

IH NMR (400 MHz, CDCls): 8(ppm) = 12.80 (d, J = 2.0 Hz, 1H), 8.21 (s, 1H), 7.89
(dd, J = 8.5, 2.8 Hz, 2H), 7.76 (d, J = 7.8 Hz, 1H), 7.72 (s, 1H), 7.49 — 7.16 (m, 17H),
7.05 — 6.97 (m, 3H), 6.92 (dd, J = 13.8, 7.5 Hz, 3H), 4.94 (dd, J = 7.3, 1.9 Hz, 1H),
4.44 (d, = 7.3 Hz, 1H), 3.73 (s, 2H), 2.06 (s, 1H).

13C NMR (101 MHz, CDCly): (ppm) = 165.7, 154.4, 141.0, 140.4, 139.4, 138.6,
135.6, 133.8, 133.2, 132.7, 132.1, 129.3, 128.9, 128.6, 128.5, 128.0, 127.4, 127.2,
126.2, 125.7, 125.4, 124.9, 123.5, 120.7, 119.6, 81.3, 78.5, 77.5, 77.2, 76.8, 40.0.

L18, vyield: 76%; Orange solid; HRMS (ESI) Calcd for [CasHzsNOs, M+H]",
510.2064; Found: 510.2073 ;

'H NMR (400 MHz, CDCl3): §(ppm) =13.19 (s, 1H), 8.30 (s, 1H), 7.95 (d, J = 8.9 Hz,
1H), 7.89 (d, J = 8.2 Hz, 1H), 7.85 — 7.77 (m, 2H), 7.48 — 7.39 (m, 3H), 7.35 — 7.17
(m, 12H), 7.06 (d, J = 8.5 Hz, 1H), 5.25 (s, 1H), 5.02 (d, J = 7.2 Hz, 1H), 4.54 (d, J =
7.2 Hz, 1H), 2.19 (s, 1H).

B3C NMR (101 MHz, CDCls): §(ppm) = 165.7, 155.4, 151.7, 140.2, 139.2, 135.6,
135.0, 133.7, 130.2, 129.4, 129.3,128.7, 128.5, 128.1, 127.8, 127.2, 126.6, 125.0,
124.1,123.4, 120.9, 117.9, 114.6, 113.8, 81.1, 78.4.

L19, vyield: 72%; Orange solid; HRMS (ESI) Calcd for [CsHsiNOs, M+H]",
656.3165; Found: 656.3258;

'H NMR (400 MHz, CDCl3): §(ppm) =12.87 (s, 1H), 8.23 (s, 1H), 7.93 (d, J = 9.0 Hz,
1H), 7.87 (d, 3 = 7.9 Hz, 1H), 7.75 (d, J = 7.3 Hz, 1H), 7.69 (s, 1H), 7.43 (dd, J = 16.1,

8.3 Hz, 3H), 7.37 — 7.15 (m, 14H), 7.13 (s, 1H), 7.04 — 6.97 (m, 2H), 6.89 (d, J = 8.2
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Hz, 2H), 5.00 (s, 2H), 4.96 (d, J = 6.7 Hz, 1H), 4.45 (d, J = 7.3 Hz, 1H), 2.08 (s, 1H),
1.17 (d, J = 3.2 Hz, 9H).

3C NMR (101 MHz, CDCl3): 5(ppm) = 165.98, 154.5, 150.2, 140.4, 139.4, 135.7,
134.5, 134.0, 133.7, 129.7, 128.8, 128.2, 127.4, 127.2, 126.8, 126.4, 125.5, 125.1,
123.9, 123.3, 120.7, 120.0, 117.5, 116.3, 81.3, 78.4, 71.3, 34.4, 31.4 .

L20, yield: 70 %; Orange thick liquid; HRMS (ESI) Calcd for [Ca3H3oNO,, M+H]",
354.2428; Found: 354.2437 ;

'H NMR (400 MHz, CDCls): 8(ppm) =13.50 (s, 1H), 8.50 (s, 1H), 7.45 — 7.24 (m,
6H), 7.12 (s, 1H), 4.45 (dd, J = 7.6, 5.4 Hz, 1H), 4.03 — 3.84 (m, 2H), 1.89 (s, 1H),
1.46 (d, J = 1.7 Hz, 9H), 1.30 (d, J = 1.8 Hz, 9H).

3C NMR (101 MHz, CDCls): 5(ppm) =167.8, 158.1, 140.6, 136.9, 128.9, 128.0,
127.6,127.3, 126.6, 118.0, 76. , 67.9, 35.2, 34.3, 31.6, 29.6.

L21, vyield: 73%; Orange solid;, HRMS (ESI) Calcd for [CasHosNOs, M+H]",
488.2979; Found: 488.2980 ;

'H NMR (400 MHz, CDCls): 5(ppm) =12.83 (s, 1H), 8.07 (s, 1H), 7.40 — 7.26 (m,
5H), 7.22 (d, J = 10.1 Hz, 6H), 6.91 (s, 1H), 5.06 (d, J = 6.6 Hz, 1H), 4.50 (d, J = 6.7
Hz, 1H), 2.22 (s, 3H), 1.18 — 1.07 (m, 18H).

B3C NMR (101 MHz, CDCls): §(ppm) = 166.5, 164.2, 140.3, 133.2, 128.8, 128.2,
127.3,117.5, 80.1, 78.4, 20.6, 19.2, 11.8.

L22, yield: 71%; Orange solid; HRMS (ESI) Calcd for [C3sHxsNOs, M+H]",
446.2510; Found: 446.2501,;

'H NMR (400 MHz, CDCls) &: 12.84 (s, 1H), 8.05 (s, 1H), 7.46 — 7.13 (m, 12H), 6.89
(s, 1H), 5.04 (d, J = 6.7 Hz, 1H), 4.49 (d, J = 6.7 Hz, 1H), 2.21 (s, 3H), 0.93 (s, 9H),
0.33(dd, J=4.4, 2.2 Hz, 6H).

BC NMR (101 MHz, CDCls): &(ppm) =166.5, 163.9, 140.3, 133.4, 128.8, 128.1,
127.3,127.0, 125.1, 117.5, 80.0, 78.4, 27.3, 20.5, 17.8, -4.6.



L23, yield: 71 %; Orange thick liquid; HRMS (ESI) Calcd for [Co5H30NO,Si, M+H]",
404.2040; Found: 404.2049;

'H NMR (400 MHz, CDCls): 8(ppm) =13.21 (s, 1H), 7.99 (s, 1H), 7.43 — 7.09 (m,
10H), 7.02 — 6.89 (m, 1H), 6.78 (dd, J = 7.6, 1.2 Hz, 1H), 6.65 (t, J = 7.5 Hz, 1H),
4.96 (d, J = 7.0 Hz, 1H), 4.42 (d, J = 7.0 Hz, 1H), 2.33 — 1.95 (m, 3H), -0.00 (s, 9H).
3C NMR (101 MHz, CDClg): &(ppm) =166.3 , 158.0, 140.3, 139.8, 132.4, 128.8,
128.1,127.3, 118.1, 80.4, 78.6, 19.9, -1.4.

L24, yield: 71%; Orange solid; HRMS (ESI) Calcd for [CyH1o0FNO,, M+H]",
336.1394; Found: 336.1418;

'H NMR (400 MHz, CDCls): 8(ppm) =12.85 (s, 1H), 7.97 (s, 1H), 7.37 (d, J = 4.0 Hz,
4H), 7.30 — 7.20 (m, 6H), 7.02 — 6.92 (m, 1H), 6.87 (dd, J = 9.0, 4.5 Hz, 1H), 6.76 (dd,
J=8.4,3.1Hz, 1H), 5.03 (d, J = 7.1 Hz, 1H), 4.51 (d, J = 7.1 Hz, 1H), 2.06 (s, 1H).
3C NMR (101 MHz, CDCls): &(ppm) =165.0, 157.2, 156.7, 154.3, 140.2, 139.3,
129.0,128.3, 127.3, 119.8, 119.6, 118.5, 118.1, 116.9, 116.7, 80.4, 78.5, 77.4.

L25, vyield: 71%; Orange solid; HRMS (ESI) Calcd for [CyH2NO, M+H],
332.1645; Found: 332.1655;

'H NMR (400 MHz, CDCls): §(ppm) =13.34 (s, 1H), 8.02 (s, 1H), 7.37 (dt, J = 14.9,
7.5 Hz, 4H), 7.32 — 7.21 (m, 6H), 7.14 (d, J = 7.3 Hz, 1H), 6.90 (d, J = 7.5 Hz, 1H),
6.71 (t, J = 7.5 Hz, 1H), 5.02 (d, J = 7.1 Hz, 1H), 4.47 (d, J = 7.1 Hz, 1H), 2.27 (s,
3H), 2.07 (s, 1H).

3C NMR (101 MHz, CDCls): &(ppm) =166.3, 159.3, 140.4, 139.7, 133.7, 129.5,
128.9, 128.5, 128.1, 127.3, 126.0, 118.3, 118.1, 80.5, 78.5, 15.6.

L26, yield: 71%; Orange solid; HRMS (ESI) Calcd for [CyHoiFNO,, M+H],
350.1551; Found: 350.1569;

'H NMR (400 MHz, CDCls): 8(ppm) =13.11 (s, 1H), 7.92 (s, 1H), 7.50 — 7.17 (m,
11H), 6.87 (dd, J = 9.0, 3.0 Hz, 1H), 6.58 (dd, J = 8.3, 3.0 Hz, 1H), 4.99 (d, J = 7.1

Hz, 1H), 4.46 (d, J = 7.1 Hz, 1H), 2.25 (s, 3H), 2.12 (s, 1H).
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3C NMR (101 MHz, CDCl3): 8(ppm) =165.2, 156.2, 155.5, 153.8, 140.2, 139.4,
128.9, 128.5, 128.1, 127.9, 127.3, 120.8, 120.5, 117.5, 114.1, 113.9, 80.5, 78.4, 15.7.

L27, yield: 70%; Orange thick liquid; HRMS (ESI) Calcd for [C,1H1sBrFNO,,
M+H]", 414.0499; Found: 414.0524;

'"H NMR (400 MHz, CDCls): 8(ppm) =13.92 (s, 1H), 7.89 (s, 1H), 7.46 — 7.20 (m,
12H), 6.75 (dd, J = 8.0, 2.9 Hz, 1H), 5.01 (d, J = 7.2 Hz, 1H), 4.50 (d, J = 7.2 Hz, 1H),
2.08 (s, 1H).

3C NMR (101 MHz, CDCls): &(ppm) = 164.1, 154.5, 153.3, 139.8, 138.7, 128.9,
128.3,128.0, 127.1, 123.3, 123.0, 118.4, 116.2, 116.0,115.8, 110.7, 80.1, 76.7 .

L28, vyield: 72%; Orange solid; HRMS (ESI) Calcd for [CyiHoNOz, M+H],
318.1489; Found: 318.1500 ;

'H NMR (400 MHz, CDCls): 8(ppm) =13.14 (s, 1H), 8.06 (s, 1H), 7.48 — 7.24 (m,
11H), 7.06 (s, 1H), 6.92 (s, 1H), 6.80 (t, J = 6.9 Hz, 1H), 5.03 (d, J = 6.9 Hz, 1H),
451 (d, J=7.0 Hz, 1H), 2.11 (s, 1H).

3C NMR (101 MHz, CDCl3): &(ppm) =166.1, 161.0, 140.3, 132.7, 131.8, 128.9,
128.4,128.0, 127.3,118.8, 117.1, 80.3, 78.5 .

L29, yield: 75%; Orange solid; HRMS (ESI) Calcd for [C,;H19CINO,, M+H],
352.1099; Found: 352.1091;

'"H NMR (400 MHz, CDCls): 8(ppm) =13.11 (s, 1H), 7.93 (s, 1H), 7.36 — 7.16 (m,
11H), 7.00 (d, J = 2.4 Hz, 1H), 6.84 (d, J = 8.8 Hz, 1H), 4.98 (d, J = 7.0 Hz, 1H), 4.48
(d, J=7.1Hz, 1H), 2.18 (s, 1H).

3C NMR (101 MHz, CDCls): &(ppm) = 164.8, 159.6, 140.1, 139.2, 132.4, 130.8,
128.9, 128.2, 127.2, 123.3,119.5, 118.6, 80.1, 78.3 .

L30, vyield: 73%; Orangesolid;, HRMS (ESI) Calcd for [CxH26BrNO,
M-+H]",452.1147; Found: 452.1239 ;



'H NMR (400 MHz, CDCls): 8(ppm) =13.72 (s, 1H), 7.95 (s, 1H), 7.40 — 7.15 (m,
12H), 7.02 (d, J = 2.4 Hz, 1H), 5.00 (d, J = 6.9 Hz, 1H), 4.46 (d, J = 6.9 Hz, 1H), 2.30
—1.95 (m, 1H), 1.41 (s, 9H).

3C NMR (101 MHz, CDCls): 8(ppm) = 165.4, 159.5, 140.1, 139.2, 132.6, 131.9,
128.9, 128.2, 127.3, 119.9, 109.9, 80.2, 78.4, 35.2 .
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General Procedure for the Preparation of allyl alcohols!!

Xy No

0
DIBAL-H X
R PPh; X e XX OH
.\ Ry | AN ') . W
NaHCO, X DCM, 0°C XX
0 o R
BI’QJ\O/

To a solution of triphenylphosphine (1.97g 7.5 mmol) in saturated NaHCO3; (10 mL)

X

at room temperature were added methyl bromacetate (737ul) and aldehyde (5.0
mmol) stirred 3h. The phases were separated and extracted with EtOAc (2 x 10 mL).
The combined organic extracts were washed with brine (5 mL), dried over anhydrous
Na,SO,, and concentrated in vacuo. The crude product was dissolved in DCM (10 mL)
in a 100 mL round-bottom flask and cooled to 0 € Neat diisobutylaluminum hydride
(10 mmol) was added dropwise and the reaction mixture was stirred for 3 h. an
aqueous saturated solution of Rochelle’s salt (20 mL) was slowly added followed by
water (15 mL) and diethyl ether (20 mL). The emulsion was stirred vigorously
overnight. The phases were separated and the aqueous phase was extracted with
diethyl ether (2 x 20 mL). The combined organic extracts were washed with brine (10
mL), dried over anhydrous Na,SQ,, filtered, and concentrated in vacuo. The crude
product was then purified by flash chromatography to provide the desired allylic

alcohol.
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General Procedure for the Preparation of
Bromochloroalcohols/Synthesis and Characterization of the

Products™

General Procedure for the Preparation of Racemic Bromochlorides:

To an allylic alcohol substrate (0.1 mmol) in n-hexane (1 mL) is added CITi(Oi-Pr)3
(0.11 mmol, 1.10 equiv). To this solution is added solid N-bromosuccinimide (18.7
mg, 0.105 mmol, 1.05 equiv). The solution is stirred at room temperature and
monitored by TLC. When judged complete, the reaction is quenched with saturation
Na,SO3 solution (0.5 mL), and stirred vigorously for 15 min., then added 1M HCI (1
mL), the organic layer is separated and the aqueous layer is extracted with EtOAc (2 x
0.5 mL). The combine organic layers were dried over Na,SO,, filtered, and
concentrated in vacuo to provide crude material, which is purified by flash column
chromatography to provide the desired racemic bromochloride.

Synthesis and Characterization of Dihalide Products:

(Method A): To a solution of allylic alcohol substrate (0.5 mmol) in hexanes (3.0 mL)
in reaction tube is added CITi(Oi-Pr); (0.55 mmol, 1.1 equiv) under nitrogen in at
room temperature. To this solution is added a solution of L-B1 (0.05mmol, 0.1 equiv)
in hexanes (2 mL) dropwise over 1 min. then the solution is cooled to -20 °C. To this
solution is added all at once solid N-bromosuccinimide (0.55 mmol,1.1 equiv). The
reaction is stirred vigorously (700 rpm) over night. Reactions are monitored by TLC.
The reaction mixture is quenched with saturation Na,SOs3 solution (5 mL), diluted
with 1M HCI (10 mL), and allowed to warm to room temperature with vigorous
stirring for 10 min. The layers are separated and the aqueous layer is extracted with
EtOAc (2 x 10 mL). The combined organic layers are washed with saturated aqueous
NaCl (20 mL), dried over Na,SO,, filtered, and concentrated in vacuo to provide
crude material, which is purified by flash column chromatography (EtOAc : hexane
17:1to 10:1 )to provide the desired bromochloride.

(Method B): To a solution of allylic alcohol substrate (0.5 mmol) and t-BuOH(0.5

12



mmol) in hexanes (3.0 mL) in reaction tube is cooled to -20 °C for 5 min then
CITi(Oi-Pr)3 (0.55 mmol, 1.1 equiv) was added under nitrogen at -20 °C for 5 min. To
this solution is added a solution ofL.30 (0.05mmol, 0.1 equiv) in hexanes (2 mL)
dropwise over 1 min at -20 °C for 30 min. To this solution is added all at once solid
N-bromosuccinimide (0.55 mmol, 1.1 equiv). The reaction is stirred vigorously (700
rpm) over night. Reactions are monitored by TLC. The reaction mixture is quenched
with saturation Na,SOj3 solution (5 mL), diluted with 1M HCI (10 mL), and allowed
to warm to room temperature with vigorous stirring for 15 min. The layers are
separated and the aqueous layer is extracted with EtOAc (2 x 10 mL). The combined
organic layers are washed with saturated aqueous NaCl (20 mL), dried over Na,SO,,
filtered, and concentrated in vacuo to provide crude material, which is purified by
flash column chromatography (EtOAc : hexane = 17:1 to 10:1 )to provide the desired
bromochloride.

If there is no special noted, the bromochlorides 2 was obtained from method A.

Cl

N eaa.

White waxy solid, m.p.= 69-70 <C; method A, yield: 80%; cr: 33: 1; 86% ee; method
B, yield: 75%; cr: 25:1; 92% ee; [HPLC condition: Chiralcel AS-H column,
n-hexane/i-PrOH = 95:5,flow rate = 1.0 mL/min, tg = 11.52 min, tg = 13.68 min];
[a]p?°= —17.3(c = 3.7, CHCly);

'H NMR (400 MHz, CDCls) 8: 7.46-7.34 (m, 5H), 5.21 (d, J = 10.1 Hz, 1H), 4.55
(ddd, J = 10.0, 4.7, 3.0 Hz, 1H), 4.27 (dd, J = 12, 4.0 Hz, 1H), 4.15 (dd, J
=12.0,4.0Hz,1H), 2.42 (s, 1H) ppm;

BC NMR (101 MHz, CDCls) 6: 139.0, 129.1, 128.7, 127.8, 64.7, 61.6, 59.7 ppm;

IR (KBr)vmax: 3418.8, 3067.2, 2930.9, 1955.4, 1618.0, 1495.8, 1455.6, 1388.5, 1280.0,
1232.6, 1167.5, 1071.3, 954.1, 824.9, 771.12, 700.5, 608.1cm™.

Nens

White waxy solid , m.p.= 89-90 <C; method A, yield: 71% ; cr: 13:1; 70% ee;
13



method B, yield: 70% ; cr: 13: 1; 48% ee; [HPLC condition: Chiralcel OJ-H column,
n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg = 26.23 min, tg = 37.90 min];
[0]o™= —5.90 (c = 4.5, CHCIs);

'H NMR (400 MHz, CDCls) 8:7.44-7.37 (m, 1H), 7.25 — 7.18 (m, 2H), 7.16 (s, 1H),
5.48 (d, J = 10.7 Hz, 1H), 4.58 (ddd, J = 10.7, 4.5, 2.6 Hz, 1H), 4.28 (dd, J = 12.0, 4.0
Hz, 1H), 4.19 (dd, J = 12.0, 4.0 Hz, 1H), 2.40 (d, J = 9.6 Hz, 3H), 2.31 (s, 1H) ppm ;
3¢ NMR (101 MHz, CDCls) 8:137.6, 136.0, 130.7, 128.8, 126.8, 126.8, 64.8, 59.3,
57.2,19.4 ppm

IR (KBr)vmax: 3409.1, 3067.4, 2930.8, 2876.9, 1924.7, 1810.5, 1617.6, 1492.0, 1453.3,
1372.5, 12915, 1256.4, 1224.2, 1159.1, 1114.6, 1088.0, 1063.9, 969.9, 904.0, 866.5,
844.6, 764.5, 730.0, 704.2, 650.2cm™.

Cl

(2c)\©)\*3fﬂOH

White waxy solid , m.p.= 49-50 <C; method A, vyield: 74% ; cr: 19:1; 85% ee;
method B, yield: 72% ; cr: 17:1; 79% ee; [HPLC condition: Chiralcel OJ-H column,
n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg = 25.15 min, tg = 31.82 min];
[a]p?° = -13.3(c = 3.7, CHCls);

'H NMR (400 MHz, CDCls) 8: 7.25 — 7.21 (m, 1H), 7.15 (dd, J = 11.4, 8.1 Hz, 3H),
5.13 (d, J = 10.0 Hz, 1H), 4.51 (ddd, J = 10.0, 4.7, 3.0 Hz, 1H), 4.26 (dd, J = 12.0.,
4.0 Hz, 1H), 4.16 (dd, J = 12.0, 4.0 Hz, 1H), 2.37 (s, 1H), 2.35 (s, 3H) ppm ;

3C NMR (101 MHz, CDCls) 6:138.9, 138.4, 129.8, 128.5, 128.5, 124.8, 64.7, 61.8,
59.7, 21.5 ppm ;

IR (KBr)vmax: 3409.1, 3087.4, 2930.8, 2876.9, 1924.7, 1830.5, 1617.6, 1493.0, 1463.3,
1374.5, 1159.4, 1064.6, 790.9, 730.4, 699.2, 607.3cm™.

Cl

o T

White waxy solid , m.p.= 96-97 <C; method A, yield: 81%; cr: 24:1; 86% ee; method

B, yield: 78%; cr: 24:1; 93% ee; [HPLC condition: Chiralcel 1A-H column,
14



n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg = 14.83 min, tg = 17.66 min];
[a]p®= -15.3 (c = 3.3, CHCl);

'H NMR (400 MHz, CDCls) §: 7.31 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 5.19
(d, J = 10.0 Hz, 1H), 4.55 (ddd, J = 10.0, 4.7, 3.0 Hz, 1H),4.26 (dd, J = 12.0,4.0 Hz,
1H), 4.16 (dd, J = 12.0, 4.0 Hz, 1H), 2.45 (s, 1H), 2.38 (s, 3H) ppm;

13C NMR (101 MHz, CDCl3) &: 139.0, 136.2, 129.4, 127.7, 64.7, 61.7, 59.8, 21.3
ppm;

IR (KBrVmax: 3550.2, 3414.3, 2925.5, 1637.5, 1617.2, 1555.4, 1159.4, 1064.6, 780.9,
730.4, 689.2, 609.1 cm™.

Cl

o T

Colorless viscous liquid; method B, yield: 74%; cr: 8.2:1; 78% ee; method B, yield:
74%; cr: 13:1; 80% ee; [HPLC condition: Chiralcel OJ-H column, n-hexane/i-PrOH =
95:5,flow rate = 1.0 mL/min, tg = 14.83min, tg = 17.66 min]; [a]p*°= —7.85 (c = 3.2,
CHCly);

'H NMR (400 MHz, CDCl3) &: 7.36 (td, J = 8.0, 5.8 Hz, 1H), 7.23 — 7.13 (m, 2H),
7.07 (td, J = 8.4, 2.4 Hz, 1H), 5.20 (.d, J = 100 Hz, 1H), 4.49 (ddd, J = 10.0, 4.5, 3.1
Hz, 1H), 4.28 (dd, J =12.0, 4.0 Hz, 1H), 4.14 (dd, J = 12.0, 4.0 Hz, 1H), 2.48 (s, 1H)
ppm;

BC NMR (101 MHz, CDCls) &: 163.9, 161.5, 141.4, 130.2, 123.7, 116.2, 116.0, 115.0,
114.8, 64.5, 60.6, 59.1 ppm;

IR (KBr)vmax: 3415.6, 2931.1, 2879.1, 1616.2, 1593.2, 1489.8, 1451.4, 1376.9, 1230.5,
1158.9, 1105.3,1058.5, 1014.1, 953.8, 904.3, 839.5, 787.5, 737.4, 696.2, 642.0,
613cm™.
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White waxy solid, m.p.= 64-65 <T ; method A, yield: 77% ; cr: 24:1; 80% ee;
method B, yield: 78% ; cr: 18:1; 88% ee; [HPLC condition: Chiralcel OJ-H column,
n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg = 32.84 min, tg = 34.81 min];
[a]p?°=-9.89 (c = 4.1, CHCly);

'H NMR (400 MHz, CDCls) &: 7.41-7.32 (m, 2H), 7.06 (t, J = 8.6 Hz, 2H), 5.18 (d, J
= 10.0 Hz, 1H), 4.47 (ddd, J = 10.0, 4.5, 3.1 Hz, 1H), 4.24 (dd, J =12, 4.0 Hz, 1H),
4.11(dd, J =12, 4.0 Hz, 1H), 2.44 (s, 1H) ppm;

B3¢ NMR (101 MHz, CDCls) 6: 164.1, 161.6, 135.0, 129.7, 115.8, 115.6, 64.6, 60.8,
59.7 ppm;

IR (KBr)Vmax: 3416.6, 2931.4, 1903.5, 1604.4, 1510.7, 1453.1, 1422.2, 1369.5, 1299.0,
1231.5, 1159.9, 1105.4,1058.7, 1014.5, 955.8, 904.4, 839.0, 787.8, 737.8, 696.4,
643.0, 623.1cm™.

Br

w (29)

White waxy solid, m.p.= 86-87 <C; method A, yield: 72%); cr: 13:1; 80% ee; method
B, vyield: 78% ; cr: 10:1; 74% ee; [HPLC condition: Chiralcel OJ-H column,
n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg = 25.71 min, tg = 31.21 min];
[a]p?°= —6.89 (c = 2.3, CHCl5);

'H NMR (400 MHz, CDCls) &: 7.53 (dd, J = 7.7, 1.6 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H),
7.36-7.27 (m, 2H), 5.77 (d, J = 10.1 Hz, 1H), 4.62 (ddd, J = 10.0, 4.7, 2.8 Hz, 1H),
4.25 (dd, J =12.0, 4.0 Hz, 1H), 4.18 (dd, J =12.0, 4.0 Hz, 1H), 2.33 (s, 1H) ppm ;

3C NMR (101 MHz, CDCls) &: 136.8, 133.6, 130.0, 128.9, 127.5, 64.5, 58.5, 57.1
ppm ;

IR (KBr)Vmax: 3699.8, 3553.6, 3477.7, 3413.7, 3234.4, 2932.1, 1616.8, 1446.2, 1094.1,
741.1,621.1cm™.

Cl

White waxy solid, m.p.= 86-87 <C; method A, yield: 72%; cr: 10:1; 80% ee; method
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B, yield: 83% ; cr: 14:1; 80% ee, [HPLC condition: Chiralcel 1A-H column,
n-hexane/i-PrOH = 95:5, low rate = 1.0 mL/min, tg = 14.15 min, tg = 17.89 min];
[0]o™= —5.69 (c = 3.6, CHCls);

'H NMR (400 MHz, CDCls) &: 7.38-7.31 (m, 4H), 5.17 (d, J = 10.0 Hz, 1H),
4.50-4.44 (m, 1H), 4.35 (dd, J =88.0, 4.0 Hz,1H), 4.11 (dd, J =16.0, 4.0 Hz,1H), 2.60
(s, 1H) ppm;

3C NMR (101 MHz, CDCl3) &: 137.6, 134.9, 129.2, 128.9, 64.5, 60.6, 59.2 ppm ;

IR (KBr)vmax: 3416.0, 2933.2, 1637.6, 1493.1, 1413.1, 1157.7, 1092.0,1013.8, 829.7,
733.2,614.3cm™.

Br CI

OH

(2i) Br
yield: 75%; White waxy solid, m.p.= 78-79 <C; cr: 9:1; 82% ee [HPLC condition:
Chiralcel OJ-H column, n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg =
29.11min, tg = 39.41 min]; [a]p*°=-7.36 (c = 3.1, CHCls);

'H NMR (400 MHz, CDCl5) §: 7.58 (dd, J = 8.1, 1.1 Hz, 1H), 7.52 (dd, J = 7.9, 1.5
Hz, 1H), 7.41-7.32 (m, 1H), 7.22 — 7.15 (m, 1H), 5.77 (d, J = 10.0 Hz, 1H), 4.60 (ddd,
J=9.9,4.7,2.8 Hz, 1H), 4.21 (qd, J = 12.7, 3.9 Hz, 2H), 2.42 (s, 1H) ppm;

3C NMR (101 MHz, CDCls) 8: 138.4, 133.2, 130.3, 128.9, 128.2, 124.1, 64.4, 59.6,
58.6 ppm;

IR (KBr)vmax: 3551.7, 3414.1, 1637.5, 1617.6, 1091.8, 737.6, 621.0 cm™.

Cl

(2j)5rm

White waxy solid, m.p.= 69-70 <C; method A, yield: 70% ; cr: 10:1; 75% ee; method
B, yield: 75% ; cr: 11:1; 72% ee; [HPLC condition: Chiralcel IA-H column,
n-hexane/i-PrOH = 95:5, flow rate = 1.0 mL/min, tg = 15.06min, tg = 20.17 min];
[]p?°= —6.26 (c = 5.4, CHCly);
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'H NMR (400 MHz, CDCls) 8:7.47-7.39 (m, 2H), 7.17 (d, J = 8.5 Hz, 2H), 5.07 (d, J
=10.0 Hz, 1H), 4.37 (ddd, J = 10.0, 4.4, 3.1 Hz, 1H), 4.03 (dd, J = 16.0, 4.0 Hz, 1H),
3.88 (dd, J =12.0, 4.0 Hz, 1H), 2.57 (s, 1H) ppm;

BC NMR (101 MHz, CDCl3) 6:138.0, 131.8, 129.5, 123.0, 64.4, 60.6, 59.1 ppm;

IR (KBr)Vmax: 3414.3, 2927.6, 1618.1, 1590.6, 1489.2, 1409.7, 1158.6, 1073.5,
1009.7,958.8, 826.4, 732.5, 676.8, 611.5 cm™.

(¢]]

et

yield: 22%; White waxy solid, m.p.= 53-54 <C; cr: 12:1; 81% ee [HPLC condition:
Chiralcel OJ-H column, n-hexane/i-PrOH = 85:15, flow rate = 1.0 mL/min, tr = 24.05
min, tg = 29.39 min]; [a]o’°= —7.26 (c = 2.4, CHCl5);

'H NMR (400 MHz, CDCl3) 8: 7.30 (t, J = 7.9 Hz, 1H), 7.01-6.87 (m, 3H), 5.14 (d, J
= 10.0 Hz, 1H), 4.51 (ddd, J = 10.0, 4.7, 3.0 Hz, 1H), 4.24 (dd, J =12.0, 4.0 Hz, 1H),
4.13 (dd, J =12.0, 4.0 Hz, 1H), 3.83 (s, 3H), 2.14 (s, 1H) ppm;

B3¢ NMR (101 MHz, CDCls) 6: 159.8, 140.5, 129.8, 120.2, 114.5, 113.8, 64.7, 61.5,
59.7, 55.5 ppm;

IR (KBr)Vmax: 3414.7, 3001.7, 2925.0, 2868.7, 1600.1, 1494.3, 1465.1, 1436.4, 1353.4,
1324.1, 1264.4, 1168.2, 1084.6, 1036.8, 995.7, 975.2, 855.8, 788.8, 751.0, 719.9,
691.0, 662.1, 629.5cm™.

Cl

. XW

White waxy solid , m.p.= 57-58 <C ; method A, yield: 69% ; cr: 32:1; 86% ee;
method B, yield: 74 % ; cr: 50: 1; 90 % ee, [HPLC condition: Chiralcel OJ-H column,
n-hexane/i-PrOH = 98:2, flow rate = 0.7 mL/min, tr = 17.50 min, tg = 20.02 min];
[a]p?°=—9.26 (c = 4.3, CHCl5);
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'H NMR (400 MHz, CDCl3) §: 7.33-7.27 (m, 2H), 7.25-7.20 (m, 2H), 5.10 (d, J = 9.8
Hz, 1H), 4.45 (ddd, J = 9.8, 4.8, 3.1 Hz, 1H), 4.24 (dd, J = 12.0,4.0 Hz, 1H), 4.13 (dd,
J=12.0,4.0 Hz, 1H), 2.32 (s, 1H), 1.23 (s, 9H) ppm;

B3¢ NMR (101 MHz, CDCls) o: 152.1, 135.9, 127.4, 125.6, 64.7, 61.7, 59.8, 34.7,
31.4 ppm;

IR (KBr)vmax: 409.1, 3087.4, 2930.8, 2876.9, 1924.5, 1820.5, 1616.6, 14935, 1463.2,
1373.5, 1159.4, 1064.6, 7919, 720.4, 698.2, 606.3cm™.

Cl CI

OH

(2m) o
yield: 60 % ; White waxy solid , m.p.= 45-46 <C; cr: 3.2:1; 80% ee [HPLC condition:
Chiralcel OD-H column, n-hexane/i-PrOH = 98:2, flow rate = 1.0 mL/min, tg =
23.41min, tg = 32.02 min]; [a]p?° = -8.33 (c = 2.1, CHCl5);
'H NMR (400 MHz, CDCls) &: 7.35 (ddd, J = 10.0, 5.4, 2.1 Hz, 2H), 7.20 (td, J = 8.1,
5.1 Hz, 1H), 6.25 (d, J = 11.6 Hz, 1H), 6.17 (d, J = 11.3 Hz, 1H), 5.49 (ddd, J = 11.6,
3.7, 2.4 Hz, 1H), 5.37 (ddd, J = 11.3, 3.8, 2.4 Hz, 1H), 4.27 (dd, J = 12.0,4.0 Hz, 1H),
4.18 (dd, J =16.0,4.0 Hz, 1H), 2.19 (s, 1H) ppm ;
3C NMR (101 MHz, CDCl5) &: 130.6, 130.3, 128.7, 64.3, 55.8, 55.2 ppm;
IR (KBr)Vmax: 3412.7, 2926.8, 2874.4, 1617.6, 1580.1, 1562.0, 1437.2, 1347.8, 1210.5,
1186.2, 1149.8, 1092.2, 1071.8, 958.2, 907.4, 845.7, 781.2, 754.3, 713.5, 678.3, 615.5
cm™,
Cl
BrWOH
Br
(2n) Br
yield: 74 % ; White waxy solid , m.p. = 101-102 <C; cr: 6.3:1; method A, 82% ee;
method B, 14% ee, [HPLC condition: Chiralcel OD-H column, n-hexane/i-PrOH =
98:2, flow rate = 1.0 mL/min, tg =24.37 min, tz = 26.89 min]; [a]p*’= —7.33 (c = 4.2,
CHCly);
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'H NMR (400 MHz, CDClg) §8: 7.65 (s, 1H), 7.48 (d, J = 1.6 Hz, 2H), 5.08 (d, J =
10.1 Hz, 1H), 4.48-4.36 (m, 1H), 4.24 (dd, J = 12.0, 4.0 Hz, 1H), 4.08 (dd, J = 12.0,
4.0 Hz, 1H), 2.23 (s, 1H) ppm;

BC NMR (101 MHz, CDCl3) 6: 142.8, 134.8, 129.9, 123.1, 64.4, 59.6, 58.6 ppm;

IR (KBr)Vmax: 3414.2, 2925.4, 2854.2, 1730.1, 1638.0, 1617.7, 1585.3, 1560.7, 1430.8,
1351.0, 1197.6, 1157.4, 1099.2, 1065.7, 972.2, 919.5, 874.9, 855.9, 746.7, 687.1,
605.3 cm™.

Cl

Neoaa

White waxy solid, m.p.= 88-89 <C ; method A yield: 74%; cr: 11:1; 76% ee; method
B, vyield: 76%; cr: 10:1; 78% ee;[HPLC condition: Chiralcel AD-H column,
n-hexane/i-PrOH = 98:2 flow rate = 0.8 mL/min, tg = 53.8 min, tg = 61.1 min];
[a]p?°= —18.33 (c = 4.2, CHCl,);

'H NMR (400 MHz, CDCl5) §: 7.94-7.86 (m, 4H), 7.60-7.52 (m, 3H), 5.43 (d, J =
10.1 Hz, 1H), 4.69 (ddd, J = 10.1, 4.6, 3.0 Hz, 1H), 4.35 (dd, J = 12.0,4.0Hz, 1H),
4.25 (dd, J = 12.0,4.0Hz, 1H), 2.43 (s, 1H) ppm ;

BC NMR (101 MHz, CDCl3) 6: 136.2, 133.5, 132.9, 128.9, 128.3, 127.8, 126.8, 124.5,
64.7, 62.0, 59.5 ppm ;

IR (KBr)vmax: 3415.6, 2931.1, 2879.1, 1616.2, 1593.1, 1489.8, 1451.4, 1376.9, 1261.7,
1144.4, 1064.0, 973.5, 947.0, 867.8, 786.7, 691.0, 658.5, 620.4 cm™.
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Table S1. Frontier orbital energy (in eV) calculated at
B3LYP/6-31G(d,p) level of theory
/ R o
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L29:R'=R?=Ph, R®=R*=R0=H,R%=ClI ! NRY
L30: R'=R%?=Ph, R*=R0=H,R®=Br,R3= veu” on M
L-B1:R'=R2=pPh, R*=R6=H,R®=R3=tBu <~~~ L-Bl gy
Ligand | LUMO HOMO A ee% of | R! RYR®
product 2a
L20 -1.030 -5.807 4.777 ND H t-Bu/t-Bu
L21 -0.939 -5.725 4.786 18 Ph Si(i-Pr)s/Me
L22 -0.947 -5.731 4.784 66 Ph TBS/Me
L23 -0.903 -5.788 4.885 55 Ph CH,TMS/H
L24 -1.215 -5.951 4.736 78 Ph H/F
L25 -1.220 -6.142 4.922 77 Ph Me/H
L26 -1.147 -5.877 4.73 77 Ph Me/F
L27 -1.450 -6.160 4.71 85 Ph Br/F
L-B1 | -0.862 -5.684 4.822 80 Ph t-Bu/t-Bu
L28 -1.025 -6.000 4.975 57 Ph H/H
L29 -1.308 -6.074 4.766 67 Ph H/Cl
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Figure S1. HOMO-LUMO structure of ligands L20-L30.
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Figure S2. Nonlinear effects in Schiff base L-B1 -promoted

bromochlorination of allylic alcohol 1a.
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Ee/% 0 35 55 70 86

Reaction conditions: 0.5 mmol ;n-hexane 5.0 mL ;Ti:0.55mmol ;L: 0.1 eq(0.05mmol) ;NBS:0.55
mmol; at -20°C.
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Figure S3. 'H NMR and *C NMR spectrum for the comparison of

dibromide, dichloride, and bromochloride.
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NMR spectra for Di-halide Products.
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HPLC spectra

Cl

WOH
2a Br

DAD1 C, Sig=210,4 Ref=240,50 (D:\EXAMPLE\HWS\DEF_LC 2015-12-28 14-50-33\HWS-YR.D)

. N
Ell D]
# HA EmEH -5 ME  AEAF EED %
[ ] 11677 | 186208 | 6033 | 04361 | 0323 | 49507 |
[ 2] 13528 | 1eg:m5 | 4342 | 05423 | 0284 [ 50493 |
Ret Time Area/mAU Area/%
11.68 1322 49.601
13.82 1343.5 50.399
method A
| LAl A, Sig=210,4 Ref=310,100 {DAEXAMPLE SAHWEABXF 2015-05-28 09-45-12%H S-505-HR .00
mal &
120—:
100—:
80—:
BU—:
o
g AN
8 10 12 18 18 min
] [+]
Ret Time Area/mAU Area/%
11.52 286.5 6.704
13.68 3989.1 93.296
method B
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DAD1 C, Sig=210,4 Ref=240 50 (DAEXAMPLE\HWS\DEF_LC 2015-12-28 12-43-1MHWS-YW.D)

M - o
80
50
"E
20—
20 _@‘5\
10 E@,@ﬁ“
D_,_f\_u_ e
Z A é 1l0 1'2 1'4 min
0 [+
1 HE i = e HEET Emid %
1 11.M5 1166 51 03835 0605 4.831
2 13193 2296.4 £33 04628 0.366 95169
Ret Time Area/mAU Area/%
11..01 116.6 4,831
13.19 2296.4 95.169

Cl
o
2b Br

| DADA A, Sig=2104 Ret=310,100 (LAEXAMPLE S\HWS\BAF 2015-06-25 18-43-533HuS-50625-LU.0

Ret Time Area/mAU Area/%
25.91 1669 50.185
37.14 1657 49.815
method A
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DADT A, Sig=210,4 Ref=210,100 (DAEXAMPLESWHWEABXF 2045-07-23 16-27-45\HS-50723-PH.I0

mal - §
30—
25—
20—
15—5
10—5 g
5
1|5 2‘5 3‘0 3‘5 4:3 min
[ I
Ret Time Area/mAU Area/%
26.23 355.5 15.047
37.90 1894.3 84.953
method B
| DAD1 C, Sig=210,4 Ref=240,50 (D)\EAMPLE\HWS\DEF_LC 2016-01-01 11-068-12\HWS-ZG.0)
"0~ i
25—2
20- 5
15—5 B
10—5
K] [+]
# HA L TiaE He g HEET Eeil X
[1 ] 28260 | 6911 [ 15.3 [IGES 0793 26,321
[ 2] =477 | 18761 | 307 | o7z | 1203 | 73079 |
Ret Time Area/mAU Area/%

25.26

691.1

26.921

36.48

1876.1

73.097

Cl

WOH
2C Br
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DAD1 A, Sig=210.4 Ref=210,100 (DAEXAMFLESWHUWEABXF 2015-06-25 18-42-58WHWS-50625- L. 0)

Ret Time Area/mAU Area/%
24.86 931.1 49.173
31.711 962.4 50.082
method A
[ — DADA A, 5ig=210 4 Ref=310,100 (DEXAMP LE S\HWSIBXF 2015-07-23 12-24 45\ HWS-60723-F1.0)
E N
0 : : E E E E | E mJ
Ret Time Area/mAU Area/%
25.15 1212.7 7.351
31.82 15285 92.649
method B
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DAD1 A, Sig=210.4 Ref=310.100 (D\EXAMPLE\HWS\DEF_LC 2016-01-05 12-02-02\HWS-Z0.D)

mal |
=
0
.
10—:
o- T T T T T T
10 15 20 25 30 a5 min
[ [ 2
# HE il = MR ARET MR %
[1 ] 25257 [ 4166 1.3 [ 0533 0.922 15493
[ 2| =8w | 29726 475 | o7 | o084 | s4E07 |
Ret Time Area/mAU Area/%
25.25 416.6 15.49
31.89 2272.6 84.50
Cl
OH
2d Br
| DAL A, Sig=210,4 Ref=310,100 (D AEXAMPLESWHWENBXF 2015-06-18 12-06-18WHWWES-506- KO- 1A, [0
140 —
120 .
100-— ;
80—
60—
a0—
20—
i
12 15 16 B 12 19 0 min
(] I | It
Ret Time Area/mAU Area/%
15.44 2658.2 50.01
17.89 2656.5 49.99
method A
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DADRT A, Sig=210.4 Ref=310,100 (D AEXAMPLESWHUWSA\BAXF 2015-07-23 17-44-45VHWS-50723-FJ.[)

mAl &
250
200—-
150—-
100—-
50—- o
] 8
0- _'_/x/\,_
a 2!5 5I ?!5 1ID 12‘.5 1|5 1'.-".5 2‘0 22‘_5 min
[« [+
Ret Time Area/mAU Area/%
14.825 6343.8 93.077
17.664 471.9 6.923
method B
| DAD1 C, Sig=210,4 Ref=360,100 (D\EXAMPLE\HWS\DEF_LC 2016-01-02 14-20-37\HWS-ZH.D)
maLl -| z
200—;
175—;
150—;
125—5
100—5
75—;
%
f
2!5 é 7!5 1|0 12;.5 1|5 17‘.5 2:3 22}_5 min
[ ]
# HE il 5 MR HEET Mm%
[[1] 14708 | 49478 [ 2091 [E=E 0,588 9E.415
[2] 17318 | 184 [ 6.4 | 04107 | oee1 | 35es |

Ret Time

Area/mAU

Area/%

14.708

4947.8

96.415

17.318

184

3.585

F
OH
LT
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DALY A, Sig=2104 Ref=310,100 (DAEXAMPLE S\HWSVBAF 2015-07-26 13-32-42HWS-50726-0G.[)

Ret Time Area/mAU Area/%

19.43 1200 50.82

21.04 1161 49.17
method A
| — DADA A, 5ig=210,4 Ref=310,100 (DAEAAMF LESWHWEIBAF 2015-08-06 18-67-20Wi5- 25 )
. 1 125 15 175 20 225 2 275 T|

Ret Time Area/mAU Area/%

19.608 1012.6 10.844

21.089 8325.5 89.156
method B
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DAD1 A, Sig=210,4 Ref=310,100 (D\EXAMFLE\HWS\DEF_LC 2016-01-05 14-42-20'HWS-ZR.0)

Oé /\L—Z\}
[
# i 2] {7 = Y HAEET EEil
[T 184 | #4174 | 14 04344 | 1084 | 10.256 |
[ 2] 20797 | 3es21 | 1198 04781 | 0861 | 89744 |
Ret Time Area/mAU Area/%
19.478 417.4 10.256
20.797 3652.1 89.744
Cl
o
2fF Br
| LAl A, Sig=210,4 Ref=210,100 (AEXAMPLES\HWESABXF 2015-07-04 16-52-50HW S-50704-NA-1.00
(]
Ret Time Area/mAU Area/%
28.95 1790 49.638
30.923 1816 50.362
method A
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DADY A, Sig=210,4 Ref=310,100 (DAEXARMP LESWHWS\BXF 2015-08-21 16-10-420HWS-FO. D)

30—
25—

20

32.840

34.810

Ret Time

Area/mAU

Area/%

32.84

184.1

9.82

34.81

1690.5

90.18

method B

| DAD1 A, Sig=210,4 Ref=210,100 (D EXAMPLE\HWS'\DEF_LC 2016-01-05 13-02-02\HWS-ZJ.0)

]

28.758

35 40 min

[+]

HA EmEi L)

#
[1 ] 2878 [ 2186 | 57
2

HEEF il %
0.4358 1.081 5.838

EEE 5 a1

083 | 94162 |

Ret Time

Area/mAU

Area/%

28.75

218.6

5.838

30.47

3525.7

94.162

Ccl clI

OH

Zg Br
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DAD1 A, Sig=210 4 Ref=310,100 (SHAPSHOT.L)

Ll il
s0- 3
w :
2 g
30—: b
20—:
10-
EI—_ -
2‘0 2‘5 3:3 3‘5 4:3 min
[ I IO
Ret Time Area/mAU Area/%
25.26 2058.2 49.796
30.25 2075 50.02
method A
| LAl A, Sig=2104 Ref=310,100 (LAEAAMPLESWHINSBXF 2015-08-22 10-249-185HWS-P M.
mAll- *
25—:
20—:
'15—5
10—3
D—: . /\
2‘5 27-".5 3‘0 32I bl 3‘5 37-".5 4‘0 42‘_5 n‘i||1
[ I IO
# i LTt LT 3 HERT ghmH %
[+ ] &7z [ 17 [ 36 [ oF1a | o7ea [ axs
[2] #:z14 [ 1em4s | 233 | oema | osx | a90eez |
Ret Time Area/mAU Area/%
25.712 173.1 9.318
31.214 1684.6 90.682
method B
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DAD1 A, Sig=210,.4 Ref=310,100 (DAEXAMPLEHWS\DEF_LG 2016-01-05 14-42-20HWS-Z5.0)

AN o
[ -]
L ip): | i 15 BN HdAEET eEmi x
[1] 25218 [ 8795 | 229 [ 05724 0.916 13315
[ 2] =208 | &8s [ 185 | o728 | 107 [ 86685 |
Ret Time Area/mAU Area/%
25.218 879.5 13.313
31.561 5725.8 86.685
Cl
WOH
2hai Br
| LADT A, Sig=210.4 Ref=210,100 (0AEXAMPLESWHWS\BAF 2015-06-18 12-06- 18%HWS-506- KP- 14,00
mALl 2 i
B0 E '\@;\'
&
50— i
5 10 18 20 25 in
[o] IO
Ret Time Area/mAU Area/%
144 1061.3 50.67
18.0 1033.2 49.33
method A
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DADT A, Sig=210,4 Ref=310,100 (D AEXAMPLE SYHWS\BXF 2015-07-25 15-57-11"HWS-S0725-F5.00

mall | o
175 -
150—5
125—5
100—2
?5—5
25— g
0_54,.__[\__\__,,_\___ |/\ ./\ .
5I ?!5 '1ID 12‘.5 1‘5 '17-".5 2‘0 22‘_5 n'inI
[+ [+]
Ret Time Area/mAU Area/%
14.152 4328.4 89.786
17.886 492.4 10.214
method B
| DAD1 A, Sig=210,4 Ref=310,100 (D:\EXAMPLE'\HWS\DEF_LC 2016-01-05 11-20-18'\HWS-ZP.D)
o g
. N
[ [ IO
# A i L HE  HERT Emil X
[1] 13952 | za059 [ 1245 [ 0333 0.727 89,765
[ 2] 174 | 3199 | 101 | o4ssa | o7i2 | 10235 |
Ret Time Area/mAU Area/%
13.952 2805.9 89.765
17.439 319.9 10.235
Br CI

WOH
2| Br
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DAD1 A, Sig=2104 Ref=310,100 (DAEXAMPLE SWHWS\BXF 2015-10-09 159-24-25HS- P07

00—
20—

G0~

20—

[=1
I

28442

min

[*]

Ret Time

Area/mAU

Area/%

28.62

5830.3

47.728

38.44

6385.3

52.272

DADA A, Sig=210.4 Ref=310,100 (D AEXAMPLES\HUWSA\BXF 2015-07-24 12- 16-45\HWS-5072-F b [)

00—
80—

60—

]

o

min

Ret Time

Area/mAU

Area/%

29.115

719.6

9.073

39.415

72119

90.927

Cl

o
2_] Rr Br
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DAD A, Sig=210,4 Ref=310,100 (DAEXAMP LES\HWSNVBXF 2015-07-05 20-12-01WHWNS-50705- WZ. [0

40— i _.@3’@@
<:'\<'§:
3 ! _ _ _ _ =
Ret Time Area/mAU Area/%
15.0 866.4 49.753
20.22 875 50.246
method A
| DAD A, 5ig=210,4 Ref=310,100 (D AEXAMEP LESWHWENEXF 2015-05-25 14-37-400HW'S-FF .0
= S KJLJ\,
[5] [+
Ret Time Area/mAU Area/%
15.057 8914.7 87.451
20.167 1279.3 12.549
method B
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DAD1 A, Sig=210.4 Ref=310,100 (D\EXAMPLE\HWS\DEF_LC 2016-01-05 11-20-19\HWS-ZQ.0)

mALl | [=]
120—:
100—5
80—5
g
“0-]
0| L;_L,_,—k—’\
4] [ i)
L ipf <] 0 5 g HEET e
[T ] 1443 [ 30764 [ 1257 [ 03635 0.65 36.311
21 193 ] 487.9 | 14.2 | 04977 | o073 | 13ees |
Ret Time Area/mAU Area/%
14.43 3076.4 86.311
19.35 487.9 13.689
Cl
-0 OH
2k Br
| DAD1 A, Sig=210,4 Ref=310,100 (D' EXAMPLEHWS\DEF_LC 2016-01-07 10-56 49'\HWS-3-CH30- D)
= =
80 b
50— &
40
20
10 —|
0
[l [+]
# Hl i [ gE  HAEET eEmil %
[T ] 23351 | 21467 | £0.4 [ 05484 0.846 51.184
[ 2] za021 | 2474 | 4.6 | ogres | oss2 | 4886 |
Ret Time Area/mAU Area/%
23.35 2146.7 51.184
29.02 2047.4 48.816
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DADRT A, Sig=2104 Ref=210,100 (D AEXAMPLES\HWSABXF 2015-00-12 14-50-07HWS- 5600

0

60—

Ret Time

Area/mAU

Area/%

24.048

421.1

9.03

29.385

4242 .4

90.97

Cl

OH
Br
2l

| DAL A, Sig=210,4 Ref=310,100 (0 AEXAMPLESVHUWSBAF 2015-09-18 11-35-500HWS-5C.00

o
e}

&

.
o &

5 - ) - - - "
Ret Time Area/mAU Area/%
17.56 3552.4 49.952
20.17 3559.3 50.048
method A
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DADT A, Sig=210.4 Ref=3210,100 (DAEXAMPLES\HWSABXF 2015-00-12 11-232-500HWS-SH. D)

140~
120
100
a0~

G0 —

@

o
K
o
S

il

o
20—:
12 1a 18 13 20 22 24 2 28 rin
[ I IO
Ret Time Area/mAU Area/%
17.509 693 7.073
20.018 9105.6 92.927
method B
| DAD1 A, Sig=210,4 Ref=310,100 (0:\EXAMPLEHWS\DEF_LC 2016-01-05 16-17-06\HWS-ZU.0)
2 g
[ [+]
# | il ) MR HEET i %
[1 ] 17e43 | 3901 [ 7.4 [ 0645 0.766 5.340
[ 2] 20733 | E361 | 1065 | 09335 | O0F42 | 94660 |
Ret Time Area/mAU Area/%
17.843 390 5.34
20.733 6916.1 94.66
cl cl
OH
2m a®
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DAD1 A, Sig=210.4 Ref=310,100 {D:\EXAMFLEHWS\DEF_LC 2016-01-06 12-38-48\HWS-2-6-CL-33{.0)

[+] [+
# HA e L) R HEET EEi
[t ] 23413 [ 99956 | 2246 | O0RE33 0.708 49.948
[2] 22oes | 1oz | 1667 | 09129 | 0E46 | 50052 |
Ret Time Area/mAU Area/%
23.413 9995.6 49.94
32.023 10016.2 50.05

DADT A, Sig=210.4 Ref=310,100 (D AEXAMPLE SAHWSLBXF 2015-00-16 16-47-02HWS- QE.[)

[=] [¥]
Ret Time Area/mAU Area/%
22.49 2538.9 9.794
30.882 23383.3 90.206
Cl
Br
OH
Br
2n Br
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DADRT A, Sig=210,4 Ret=310,100 (AEXAMP LESAHUWS\BAF 20115-07-26 17-17-38\HWS-50728-PT.0)
madl - o

o

&0

33.852

50—

26.807

B
|
36.017

20—

20—

Ret Time Area/mAU Area/%

24.13 5752 49.93

26.80 5766 50.06

method A

| DAD1 A, Sig=210.4 Ref=310,100 (DAEXAMFLESIHWS\BXF 2015-08-21 10-10-280HWS-5F. [0

M) o

120
00—
20—

GO

5]
o
I
24.274

(] [T

Ret Time Area/mAU Area/%

24.374 801.7 9.08

26.887 8027.6 90.92

method B
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DAD1 C, Sig=210.4 Ref=240,50 (D\EXAMPLE\HWS\DEF_LC 2016-01-01 12-01-45\HWS-Z1.0)

[«

# HE [ JiEN = 31 HERET il %

[1 ] 25305 [ e4938 [ 1384 [ 049038 0772 43194

[2 17 28195 [ 1707 [ 198 [ os&ss4 | 0767 | 56806 |
Ret Time Area/mAU Area/%
25.305 8493.8 43.194
28.195 11170.7 56.806

Cl

OH
20 Br

| DAD1 A, Sig=210.4 Ref=310,100 (DEXAMPLEXCODEF_LC 2016-01-08 10-44-Z9\HWS-ZT-X.0)

[ IO
# HA il [ g HEET Emil
[T ] ®s4521 [ &M72 | 856 [ 10518 0.862 49.328
[ 2] szn | e21s | 785 [ 11337 | ose [ s0e7e |
Ret Time Area/mAU Area/%
54.521 6047.2 49.328
61.271 6211.9 50.672
method A
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DADT A, Sig=210.4 Ref=210,100 (D AEXAMPLES\HVWEVBXF 2015-10-02 00-02-07 HWS-PO.0Y

%]
20—5 g
10—2 g
10 20 a0 a0 &0 &0 70 &0 rin
[ [*]
# LEHC ] R L= R HEERT i %
[ 1] 54622 [ 58694 | 21E [ 1713 | 0501 [ 87760 |
[2] sma [ 13765 | a7 [ 1rond | 0E | 12240 |
Ret Time Area/mAU Area/%
54.622 9869.4 87.76
62.014 1376.5 12.24
method B
I DAD1 D, Sig=230,4 Ref=360,100 (DAEXAMPLEHWSIDEF_LC 2016-01-07 13-12-22\HWS-ZT.0)
e
25
a:
P
. 8.@3‘@
Oé—_k _&_
10 20 B 40 ' o0 7omin
[T I
[ ‘1‘ | gg?ﬁ?s | ??g? | ?;53_ | 535 H?s?? &g%sz
[ 2] ®maz | 485 | 37 | 2mes | o532 | 11162 |
Ret Time Area/mAU Area/%
53.776 3728.7 88.838
61.13 468.5 11.162
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Mass spectrum of Di-halide Products.

Cl
OH

Za Br
5
Hi 1053 (9.674 43): HWS-1012-NW.D\data.ms

125.0
800000
700000
600000
500000
400000

300000 103.1 151.0

200000 7.0

100000 | 910

‘ 168. 0183.0

[ ion 0110
T

1l | [P 198.0 ]
L O S S L S R T S U

‘H\
60 80 100 120 140 160 180 200 220

(=)

m/z-->
Cl

OH

Zb Br
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H# 1122 (10.105 4 ): HWS-1012-PH.D\data.ms
360000 139.0

340000
320000
300000
280000
260000
240000
220000
200000
180000
160000
140000
120000
100000 91.0
80000
60000

264.0

40000 197 0
‘

65.1

229.0
20000 “ 165.0 ‘
Il M”lwh ‘M Jﬁ?ﬂi —

e
140 160 180 200 220 240 260

I,
0

60 80 100 12

0
m/z-->
Cl

OH
zc Br

£
H# 1137 (10.199 4p): HWS-1012-PI.D\data.ms
139.0
450000
400000
350000
300000
250000

200000
91.0

115.0
150000

100000

197.0 263.9

!
LH MJHW‘ ‘m 181.2 M‘ . 223-0

50000 65.0 ‘
‘\”“MH ;H\}Hm ! ‘1
60 80 100 120 140 160 180 200 220 240 260

o

m/z-->
C

OH
zd Br
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FE

% 1124 (10.118 43): HWS-1012-PJ.D\dat
920000 ki ( 139.63) J.D\data. ms

200000
180000
160000
140000
120000 5.1
100000
80000
60000
40000

65 0

20000 197.0 9.0

T

264.0

(=)

1

T
60 80 100 120 40 160 200 220 240 260

Hifh 1049 (9.649 7%): HWS-1012-QC.D\data. ms
143.0

400000

350000

300000

250000

200000

150000 169. 0

121.0
100000 101.0

50000 200. 9 967. 9

L dsin Il ]

\
60 180 220 240 260

\
00 120 140 1

(=)

m/z-—>
Cl

W°“
2f £ Br
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|

5000 5

i

10

1060 (9.

121.0

HWS-1012-P0.D\data.

169.0

187.

m

B

75.0
1o ‘
0 ‘ Ll M‘ \H‘\\“‘\i‘\‘ Lol
60 80
m/z-->
Cl cC

OH

Zg Br

A i

35000

30000

25000

20000

15000

10000

77.0

5000

(=}

60 80
m/z-->

C

OH
2h ¢ Br

101.

1196

o

100

1.1
I ‘
f T

100

120

120

(10.

137.0

568
15

1

202.9
'
I

60 180 200

HWS-1012-PN.D\data.ms

185.0
218.9
\‘m H‘\
} Tt

248.

9
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9

140

o ——

1

85

T 1
80 200 220 240

260
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4 1248 (10.894 4 ): HWS-1012-PS.D\data.ms
85000 159.0

80000
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PS.

X-ray structure of product2a

90



