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General

'H NMR, *C NMR, *°F and *'P spectra were recorded at room temperature using 400 MHz Bruker spectrometer.
The data are reported as follows: chemical shift & in ppm (from internal tetramethylsilane on the & scale in case of
'H and CDCl, triplet in case of **C), multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz) and integration. High resolution mass spectra were obtained by peak matching
on BrukermaXis Spectrometer. Melting points are reported uncorrected and measured on Fukai-X-6 melting point
apparatus. HPLC data were recorded on Agilent 1260 with UV detector. Analytical thin layer chromatography was
performed on 0.25 mm silica gel plates with UV-254 fluorescent indicator. Flash column chromatography was
performed using indicated solvent system on 200~300 mesh silica gel (SiO;). All air- and water-sensitive reactions
were carried out under an inert atmosphere in glassware, which had been oven-dried as per standard procedure.
Unless otherwise noted, all reagents were commercially obtained and used without further purification. Benzyl
chloride and benzyl bromide were freshly distilled and used in following steps.

The synthesis of phase-transfer catalysts

1. Synthesis of chiral phase-transfer catalysts OC-1, OC-2 and OC-3
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1 and 2 were prepared from D-tartaric acid according to published literature’.
Typical procedure:

To 1.0 mmol of 1 (193 mg) in dry toluene (4.0 mL) was added by 1.05 mmol of BnBr (180 mg) in dry toluene
(1.0 mL) at room temperature (r.t.). The mixture was heated to 80 °C by an oil-bath and stirred for 12 h under inert
atmosphere. The reaction mixture was cooled to r.t. and the precipitate was collected and washed by dry Et,O for
three times. This precipitate was dried under a reduced pressure to give OC-1 as a pale powder which was used
directly without further purification. OC-2 was obtained by using the same procedure as OC-1.

OC-1 is an known compound? and prepared according to the reported procedure.
OC-2: pale powder, 93% yield; m.p. 34.8-35.5 °C; [a] ®5 0° (¢ = 1, CH,Cl,); *H NMR (400
MSOEN Bn MHz, CDCls) &: 7.69 (bs, 4 H), 7.49 (bs, 5H), 7.41-7.29 (m, 1H), 5.83 (bs, 2H), 5.69 (d, J =

Ve
o
\eo'| 8.4 Hz, 2H), 4.88 (d, J = 11.2 Hz, 2H), 452 (br, 2H), 4.03 (d, J = 12.08 Hz, 2H), 3.49 (bs,

1H), 3.34 (s, 5H); BC NMR (100 MHz, CDCls3) 6: 133.74, 131.37, 129.74, 129.02,128.79,
126.65, 79.51, 66.36, 60.12, 39.05; HRMS (ESI) m/z calcd. for C,oHsNOgS," [M-Br]":
440.1196, found 440.1210.

OC-3 was prepared in 92% yield according to reported process, and the *H and **C NMR

_Bn
/\6"@ cneH was in agreement with the published literature®.

MsO

0cC-2

2. Synthesis of chiral phase-transfer catalysts OC-4~OC-8
Amine 3 was prepared from (R)-Ugi’s amine according to our published literatures®. (R)-N-Benzyl-3-amino-
pyrrolidine was purchased and used directly.
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Typical procedure for preparation of chiral bifunctional phase-transfer catalysts with a (thio)urea moiety

Step 1: To 0.5 mmol of amine in dry DCM (4.0 mL) was added by 0.5 mmol of iso(thio)cyanate in dry DCM
(1.0 mL) at room temperature (r.t.). The mixture was stirred for 8 h under inert atmosphere (checked by TLC). The
solvent was evaporated to afford crude product as an orange glue which purified by a flash column
chromatography (petroether/EtOAc, 10/1 to 5/1, v/v) to provide pure product.

Step 2: To 0.4 mmol of (thio)urea in dry CHsCN (4.0 mL) was added by 0.5 mmol of BnBr in dry CH3CN (1.0
mL) at room temperature (r.t.). The mixture was stirred for 24 h under inert atmosphere (checked by TLC). The
solvent was evaporated to afford crude phase-transfer catalyst which purified by a flash column chromatography
(CHCI5/CH30H, 20/1~5/1, v/v) to provide pure product.
= 4: orange powder, 90% yield; m.p. 117.0-118.1 °C; [a] ®p +305° (c = 0.26, CH,Cl,); 'H

Nj’LN O NMR (400 MHz, CDCls) §: 7.50-7.47 (m, 4H), 7.40 (bs, 3H), 7.26-7.23 (m, 7H), 5.49 (s,
Nt 1H), 5.15 (t, J = 6.52 Hz, 1H), 4.76 (d, J = 6.92 Hz, 1H), 4.51 (s, 1H), 4.33 (s, 1H), 4.10
4 (s, 1H), 4.06 (s, 4H), 3.80 (s, 1H), 1.53 (d, J = 5.64 Hz, 3H); *C NMR (100 MHz,
CDCl3) 6: 152.86, 142.18, 140.27, 136.42, 135.01, 134.80, 132.77, 132.58, 129.28,
128.36, 128.30, 128.25, 128.17, 126.05, 126.01, 118.39, 95.06, 94.82, 75.06, 74.98, 72.14, 70.07, 69.94, 69.10,
45.77, 21.43; F NMR (376 MHz, CDCl,) § -61.76; *'P NMR (162 MHz, CDCl,) &: 24.90; HRMS (ESI) m/z
calcd. for C,H,oF3FeN,OP™ [M+H]™: 601.1314, found 601.1318.
- OC-4: golden powder, 72% yield; m.p. 174.6-175.3 °C; [a] *°p +220° (c = 0.24,
j\ /©/ CH,CL,); *H NMR (400 MHz, CDCls) &: 9.03 (bs, 1H), 7.82 (br, 1H), 7.74-7.69 (m,

= 4H), 7.61 (d, J = 9.08 Hz, 1H), 7.44-7.30 (m, 7H), 7.19 (d, J = 3.84 Hz, 4H), 6.98 (dd, J
Fe 112 go = 7.64, 4.2 Hz, 2H), 5.34 (t, J = 15.0 Hz, 1H), 5.13 (bs, 1H), 5.10 (br, 1H), 4.75 (br,

0C-4 1H), 4.67 (d, J = 14.72 Hz, 1H), 4.40 (bs, 5H), 3.70 (bs, 1H), 1.71 (br, 1H), 1.69 (s, 3H);
13C NMR (100 MHz, CDCly) 8: 154.42, 143.23, 135.01, 134.26 (d, J = 2.87 Hz), 133.97 (g, J = 8.96 Hz), 131.38
(d, J =5.35 Hz), 129.70 (t, J = 14.18 Hz), 129.02 (d, J = 2.74 Hz), 128.83 (d, J = 3.57 Hz), 127.54 (d, J = 8.43
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Hz), 125.99, 125.43, 122.83, 122.51, 120.29, 119.42, 117.45, 94.78 ( d, J = 11.83 Hz), 75.79 (d, J = 12.79 H2z),
74.41 (d, J = 9.81 Hz), 73.29 (d, J = 10.55 Hz), 71.38, 60.14, 59.18, 43.29, 31.25, 30.75, 21.27; “*F NMR (376
MHz, CDCl) &: -61.44; 3P NMR (162 MHz, CDCI3) &: 27.74; HRMS (ESI) m/z calcd. for CagHasFsN,OP*
[M-Br]": 691.1783, found 691.1789.
Ferrocene-based thiourea 5 is known compound, and prepared according to our published method”.
OC-5: golden powder, 80% vyield; m.p. 164.5-165.7 °C; [a] ®p +120° (c = 0.22,
s Q CH,Cl,); *H NMR (400 MHz, CDCl3) 8: 10.15 (s, 1H), 9.38 (d, J = 12.56 Hz, 1H), 7.83
o cr,| (bs, 3H), 7.70 (br, 4H), 7.51 (bs, 3H), 7.44 (d, J = 6.44 Hz, 1H), 7.34 (br, 1H), 7.25 (br,

CF3

H

v H
Fe FPha

ot
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4H), 7.10 (dd, J = 7.96, 3.24 Hz, 2H), 5.72 (br, 1H), 5.43 (t, J = 14.62 Hz, 1H), 5.19 (br,
1H), 4.81 (t, J = 13.92 Hz, 2H), 4.43 (s, 5H), 3.75 (bs, 1H), 1.74 (d, J = 5.84 Hz, 3H);

3C NMR (100 MHz, CDCly) &: 178.74, 140.77, 135.16 (d, J = 2.77 Hz), 134.42 (d, J =
9.68 Hz), 133.89 (d, J = 9.78 Hz), 131.37 (d, J = 5.53 Hz), 131.10, 130.77, 129.86 (dd, J = 8.35, 3.94 Hz), 129.15
(d, J = 2.65 Hz), 128.98 (d, J = 3.16 Hz), 127.43 (dd, J = 3.17, 1.65 Hz), 124.85, 123.47, 121.94, 119.85, 118.97,
117.72,117.18, 116.86, 92.84, 76.17 (d, J = 12.5 Hz), 74.87 (d, J = 9.49 Hz), 73.74 (d, J = 10.73 Hz), 71.50, 60.50,
59.54, 47.82, 31.86, 31.37, 20.14; °F NMR (376 MHz, CDCI3) &: -62.71; *'P NMR (162 MHz, CDCI3) &: 27.11;
HRMS (ESI) m/z calcd. for CyoHssFsFeN,PS* [M-Br]": 775.1428, found 775.1437.

H H

|
Bn 6

STQ,

3

6: white powder, 93% yield; m.p. 109.3-110.9 °C; [a] ®p -48.8° (c = 0.25, CH,Cl,); 'H
NMR (400 MHz, CDCls) §: 7.47 (d, J = 7.68 Hz, 2H), 7.38 (d, J = 7.48 Hz, 2H), 7.29 (br,
5H), 6.12 (d, J = 6.72 Hz, 1H), 4.07 (bs, 1H), 3.64 (s, 2H), 3.01 (bs, 1H), 2.82 (bs, 1H),

2.47 (t, J = 7.12 Hz, 1H), 2.31-2.20 (m, 2H), 2.12 (bs, 1H), 1.74 (bs, 1H); *C NMR (100
MHz, CDCl) &: 155.19, 142.51, 129.03, 128.48, 127.48, 126.14, 126.10, 118.91, 60.97, 60.02, 52.98, 49.71,
32.42; F NMR (376 MHz, CDCI3) &: -61.83; HRMS (ESI) m/z calcd. for CioH»FsNsO* [M+H]": 364.1631,
found 364.1643.

NN
BRAS
N BP CF,

B B

OC-6: pale powder, 81% vyield; m.p. 150.6-152.5 °C; [a] *°5 -21.7° (¢ = 0.24, CH,Cl,);
'H NMR (400 MHz, CDCl5) &: 8.79 (s, 1H), 8.20 (s, 1H), 7.63 (dd, J = 8.68, 2.60 Hz,
4H), 7.56-7.44 (m, 6H), 7.41 (t, J = 7.52 Hz, 1H), 7.33 (t, J = 7.64 Hz, 2H), 5.41 (d, J =
12.72 Hz, 1H), 5.06 (d, J = 12.32 Hz, 1H), 4.94 (d, J = 12.84 Hz, 1H), 4.45 (br, 1H),
4.36 (d, J =12.88 Hz, 1H), 4.25-4.19 (m, 1H), 3.91 (d, J = 12.84 Hz, 1H), 3.70-3.62 (m, 2H), 2.42-2.34 (m, 1H),
2.10 (m, 1H); BC NMR (100 MHz, CDCls) 6: 155.27, 142.58, 133.14 (d, Jc.r = 11.73 Hz), 131.05 (d, Jcr = 17.25
Hz), 129.57 (d, Jc.r = 14.56 Hz), 127.30, 126.88, 125.97(m), 125.74, 123.97, 123.65, 123.04, 117.96, 66.80, 64.11,
62.66, 58.58, 43.13, 28.99; F NMR (376 MHz, CDCls) &: -61.70; HRMS (ESI) m/z calcd. for CpgH,7FsN3;O*
[M-Br]*: 452.2101, found 454.2108.

Compounds 7°and 8’ are known, and prepared according to these literatures.

"oc-6

T 7: white crystal, 92% yield; m.p. 126.9-128.3 °C; [a] ®p -65.6° (¢ = 0.25, CH,Cl,); *H
(—XN\“/N CFsl NMR (400 MHz, CDCls) &: 7.79 (bs, 2H), 7.46(bs, 1H), 7.35-7.28 (m, 5H), 6.50 (s, 1H),
N © 3.67 (s, 2H), 3.09 (bs, 1H), 2.89 (bs, 1H), 2.52 (bs, 1H), 2.37-2.26 (m, 2H), 1.79 (br, 1H);
Bn . CF 3C NMR (100 MHz, CDCl3) &: 179.09, 155.09, 140.88, 136.83, 132.00 (q, Jc.r = 33 Hz),

129.12, 128. 60, 127.75, 127.27, 124.56, 121.85, 118.81, 115.67, 60.64, 59.97, 52.96, 49.62, 32.18; "°F NMR (376
MHz, CDCls) &: -63.05; HRMS (ESI) m/z calcd. for CyHzoFsNzO* [M+H]': 432.1505, found 432.1520.

T OC-7: white powder, 89% yield; m.p. 115.6-117.1 °C; [a] “°5 -20.6° (c = 0.28, CH,Cl,);
(_SN\"/N CF3 'H NMR (400 MHz, CDCly) &: 9.04 (s, 1H), 8.18 (d, J = 5.88 Hz, 1H), 7.99 (s, 2H),
“NBe° 7.61(d, J = 7.12 Hz, 2H), 7.54-7.41 (m, 7H), 7.36 (t, J = 7.64 Hz, 2H), 5.34 (d, J = 12.8
B BN e CF Hz, 1H), 5.04 (d, J = 12.88 Hz, 1H), 4.95 (d, J = 12.88 Hz, 1H), 4.46 (br, 1H), 4.43 (bs,

1H), 4.23-4.17 (m, 1H), 3.89 (dd, J = 9.64, 3.28 Hz, 1H), 3.76-3.69 (m, 1H), 3.68-3.62
S4



(m, 1H), 2.40-2.32 (m, 1H), 2.23-2.14 (m, 1H); *C NMR (100 MHz, CDCl5) &: 155.10, 140.95, 133.15, 131.91
(q, Jo.r = 33 Hz), 131.21, 131.03, 129.70, 129.51, 123.17, 126.71, 124.66, 118.05, 115.25, 66.72, 64.16, 62.28,
58.57, 48.15, 29.00; *F NMR (376 MHz, CDCls) &: -62.91; HRMS (ESI) m/z calcd. for Cp;H26FgN3;O* [M-Br]*:
522.1975, found 522.1983.

8: white crystal, 92% yield; m.p. 129.0-130.1 °C; [a] ®°p -89.1° (c = 0.24, CH.CI,); 'H

H H

L—SNTN@CFS NMR (400 MHz, CDCly) &: 12.07 (bs, 1H), 7.89 (bs, 2H), 7.72 (s, 1H), 7.36 (s, 1H),
N ° T 7.27-7.23 (m, 2H), 7.11 (br, 2H), 3.96 (br, 1H), 3.65 (m, 2H), 3.30 (br, 1H), 3.19 (br, 1H),
Bn g 7 2.47-2.45 (m, 1H), 2.43-2.37 (m, 1H), 2.25 (g, J = 8.4 Hz, 1H), 2.00 (br, 2H); *C NMR

(100 MHz, CDCls) &: 179.64, 141.28, 136.03, 131.73, 129.07, 128.61, 128.05, 127.15,
126.13, 124.46, 121.74, 119.03, 59.30, 58.73, 53.73, 53.29, 30.36; *°F NMR (376 MHz, CDCl;) &: -62.73; HRMS
(ESI) m/z calcd. for CyoHaoFgN3S* [M+H]": 448.1277, found 448.1288.
OC-8: pale powder, 90% yield; m.p. 102.0-103.4 °C; [a] ®°p +5.2° (¢ = 1, CH,Cl,); *H

H H
(_SN\"/N CFsl NMR (400 MHz, CDCly) &: 10.15 (s, 1H), 9.86 (d, J = 4.92 Hz, 1H), 8.29 (s, 2H),
: N BBpS 7.61-7.24 (m, 11H), 5.38 (d, J = 12.76 Hz, 1H), 5.08 (d, J = 12.76 Hz, 1H), 4.95 (d, J =
" s O 12.68 Hz, 1H), 4.32-4.27 (m, 2H), 4.09 (d, J = 13.2 Hz, 1H), 3.75-3.63 (m, 2H),

2.60-2.55 (m, 1H), 2.20-2.15 (m, 1H); *C NMR (100 MHz, CDCl5) &: 181.59, 140.68,
133.22, 131.75, 131.42, 131.28, 131.10, 129.77, 129.60, 124.55, 122.81, 121.84, 117.82, 67.18, 64.06, 61.98,
58.88, 51.84, 29.71, 28.29; F NMR (376 MHz, CDCl;) &: -62.80; HRMS (ESI) m/z calcd. for CyrHpsFsNsS*
[M-Br]": 538.1746, found 538.1754.

4. Synthesis of chiral phase-transfer catalysts OC-9~12
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(R)-N-Benzyl-3-aminopyrrolidine and quinuclidin-3-amine were purchased and used directly. Squaramides
9~12 were prepared according to reported procedures®. Squaramides 9° and 11*° are known compounds.
Typical procedure for preparation of chiral bifunctional phase-transfer catalysts with a squaramide moiety

Step 1: To a solution of 3-((3,5-bis(trifluoromethyl)phenyl)amino)-4-methoxycyclobut-3-ene-1,2-dione (1.0
mmol) in MeOH (3 mL) was added a solution of amine (1.0 mmol) in MeOH (2 mL) at r.t.. The mixture was
stirred for 24 h. The reaction mixture was filtered, and the precipitate was washed with cold MeOH (2x1.0 mL) to
afford pure squaramide.

Step 2: To 0.5 mmol of squaramide in anhydrous toluene (2.0 mL) was added by 1.0 mmol of BnBr in
anhydrous toluene (1.0 mL) at room temperature (r.t.). The mixture was stirred for 12 h under inert atmosphere

S5
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(checked by TLC) at 80 °C. The precipitate was collected and washed by anhydrous Et,O (3>1.0 mL) to afford
pure chiral phase-transfer catalysts.

— 9: light yellow powder, 85% yield; m.p. 169.8-171.0 °C; [a] ¥ -64.5° (c = 0.24,
L—SNKNQCFB CH,Cl,): *H NMR (400 MHz, MeOD) &: 8.05 (bs, 2H), 7.55 (bs, 1H), 7.34-7.26 (m, 5H),
N o o 4.78 (s, 1H), 3.70 (s, 1H), 3.33 (s, 1H), 2.94 (br, 1H), 2.77 (bs, 2H), 2.45 (bs, 2H), 1.84
Bn 5 (bs, 1H), 4.73 (g, J = 6.9 Hz, 1H), 4.38 — 4.26 (m, 2H), 3.82 (dd, J = 12.3, 6.8 Hz, 1H),
2.86 (t, J = 7.0 Hz, 1H), 2.71 (s, 3H), 1.95 (bs, 1H), 1.52 (s, 3H), 1.35 (s, 3H); *C NMR (100 MHz, MeOD) &:
168.97, 162.61, 140.90, 132.69, 128.75, 128.06, 127.06, 124.54, 121.84, 117.91, 115.23, 60.53, 59.51, 53.78,
52.21, 32.76; “°F NMR (376 MHz, MeOD) §: -64.51.
— OC-9: pale powder, 90% yield; m.p. 204.6-205.1 °C; [a] *°p +16.5° (¢ = 0.25, CH,Cl,);
@“;\(N@CFS 'H NMR (400 MHz, CDCls) &: 10.79 (bs, 1H), 9.78 (d, J = 5.84 Hz, 1H), 8.25 (s, 2H),
w0 I 7.76 (d, J = 5.96 Hz, 2H), 7.53-7.46 (m, 9H), 5.17 (d, J = 12.92 Hz, 1H), 5.04 (d, J =
0co 12.92 Hz, 1H), 4.88-4.85 (m, 2H), 4.58 (d, J = 12.08 Hz, 1H), 4.27-4.22 (m, 1H), 4.17
(d, J = 4.4 Hz, 2H), 3.67-3.60 (m, 1H), 2.61 (br, 1H), 2.34-2.25 (m, 1H); **C NMR (100 MHz, CDCl;) §: 183.86,
180.76, 168.60, 165.15, 140.54, 133.17-132.40 (dd, Jo.r = 33.04, 23.4 Hz), 131.42, 129.88, 127.05, 126.63,
124.47, 121.76, 118.32, 116.12, 68.23, 66.06, 65.11, 57.77, 52.36, 30.26; *°F NMR (376 MHz, CDCl5) &: -62.98;
HRMS (ESI) m/z calcd. for C3HasFsN3O," [M-Br]*: 574.1924, found 574.1930.
10: white powder, 92% yield; m.p. 178.5-179.2 °C; [a] ®p -48.9° (c = 0.28, CH,CL,);
™o 0 IH NMR (400 MHz, MeOD) 5: 8.13 (bs, 2H), 7.58 (s, 1H), 4.31 (br, 1H), 2.94 (t, J
f Nj:(Nj:,D = 11.44 Hz, 1H), 2.79 (br, 2H), 2.63 (br, 3H), 1.99-1.91 (m, 1H), 1.85 (br, 4H),
H o H 1.02 (dd, J = 6.72, 5.76 Hz, 6H); *C NMR (100 MHz, MeOD) &: 184.20, 180.83,
170.60, 162.78, 141.23, 132.68-132.35 (d, Jc.r = 33.36 Hz), 124.60, 121.89, 117.90,
115.05, 58.68; 53.98, 31.71, 22.84, 18.29, 15.78; *°F NMR (376 MHz, MeOD) & -63.67; HRMS (ESI) m/z calcd.
for Cp1H24FsN3O," [M+H]': 464.1767, found 464.1779.
OC-10: pale powder, 84% vyield; m.p. 204.9-206.6 °C; [[a] ®o +78.5° (c = 0.25,
o 0 CH,Cl,); *H NMR (400 MHz, MeOD) &: 8.24 (bs, 2H), 7.69-7.60 (m, 6H),
o QNJ:(N\/(A“@@ 7.55-7.47 (m, 1H), 5.02-5.01 (m, 1H), 4.70 (bs, 2H), 3.90-3.76 (m, 2H), 3.72-3.50
H H  BnBU Y (m 4H) 2.39-2.34 (m, 1H), 2.28-2.18 (m, 3H), 2.05-1.97 (m, 1H), 1.05 (t, J = 6.4
Hz, 6H); *C NMR (100 MHz, MeOD) §: 184.39, 180.38, 168.60, 165.29, 140.61,
132.58, 132.28, 131.39, 129.90, 129.82, 129.55, 128.34, 126.84, 124,54, 121.83, 118.50, 115.98, 63.02, 62.82,
62.39, 61.56, 54.67, 33.60, 21.90, 20.26, 19.39, 16.73; ’F NMR (376 MHz, MeOD) & -62.95; HRMS (ESI) m/z
calcd. for CogHaoFsN30," [M-Br]": 554.2237, found 554.2243.
i o l11: white powder, 80% vyield; discom. 174.5 °C; [a] ®p +6.49° (c = 0.23, MeOH);
Q j\;ﬁ \/t H NMR (400 MHz, MeOD) &: 8.13 (s, 2H), 7.59 (s, 1H), 4.20 (d, J = 10.6 Hz, 1H),
FiG NN D 2.85-2.72 (m, 3H), 2.66 (d, J = 11.96 Hz, 1H), 2.53 (br, 2H), 1.83 (bs, 4H), 1.04 (s,
S 9H); *C NMR (100 MHz, CDCl; + MeOD) §: 184.17, 180.67, 170.85, 162.46,
141.01, 133.24-132.56 (m), 124.51, 121.80, 117.81, 115.29, 62.27, 56.71, 54.01,
34.30, 25.41, 22.98; *°F NMR (376 MHz, CDCl; + MeOD) &: -59.89; HRMS (ESI) m/z calcd. for C,H,sFsN3O,"
[M+H]": 478.1924, found 478.1935.
o OC-11: white powder, 82% yield; m.p. 234.3-235.9 °C; [a] ®, +19.6° (c = 0.21,
on\;ﬁor MeOH): 'H NMR (400 MHz, CDCl; + MeOD) &: 8.26 (s, 2H), 7.82 (s, 1H),
FiC Nan™ '}@P 7.68-7.66 (m, 2H), 7.60-7.55 (m, 3H), 4.87 (s, 1H), 4.71 (d, J = 13.36 Hz, 1H),
H o BRET 5 (d, J = 13.44 Hz, 1H), 3.90-3.78 (m, 2H), 3.75 (s, 1H), 3.71-3.60 (M, 3H),
S6
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2.39-2.31 (m, 1H), 2.30-2.19 (m, 1H), 2.18-2.06 (m, 2H), 1.09 (s, 9H); *C NMR (100 MHz, CDCl; + MeOD) &:

184.47, 180.43, 168.61, 164.67, 140.62, 132.70-132.35 (m), 130.79, 129.32, 127.48, 121.78, 118.19, 62.79-61.56

(dd, Jc.r = 60.78, 32.67 Hz), 58.22, 36.68, 25.07, 21.64, 20.39; *°F NMR (376 MHz, CDCl; + MeOD) &: -62.96;
HRMS (ESI) m/z calcd. for CpgH3,FgN3O," [M-Br]": 568.2393, found 568.2405.

12: white powder, 80% yield; m.p. > 230 °C; [a] *p +5.3° (c = 0.22, CH,Cl,); *H

o 0 = NMR (400 MHz, MeOD) §: 8.14 (s, 2H), 7.59 (s, 1H), 4.18 (d, J = 10.28 Hz, 1H),

o QNﬁKI\IN—) 3.62 (br, 4H), 2.70-2.65 (m, 3H), 2.48 (t, J = 12.0 Hz, 1H), 2.37 (br, 2H), 1.05 (s,

H, H 9H); *C NMR (100 MHz, MeOD) &: 184.29, 180.54, 170.73, 161.93, 140.82, 132.80

(d, Jor = 33 Hz), 124.46, 121.75, 117.78, 115.46, 66.83, 60.43, 59.49, 53.89. 33.70,

25.74; *°F NMR (376 MHz, MeOD) &: -63.99; HRMS (ESI) m/z calcd. for CpHasFsNsOs* [M+H]": 494.1873,
found 494.1886.

oy OC-12: white powder, 86% yield; m.p. 227.6-228.5 °C; [a] *°p +23.1° (c = 0.26,
on\i"t(@ MeOH); *H NMR (400 MHz, CDCl; + MeOD) &: 8.22 (s, 2H), 7.63-7.53 (m, 5H),
FsC N NL ge| 7.50 (bs, 1H), 4.96-4.93 (d, J = 120 Hz, 1H), 4.81-4.79 (d, J = 8.0 Hz, 1H),
oc-12 4.63-4.60 (d, J = 12.0 Hz, 1H), 4.33-4.18 (m, 3H), 4.07-3.98 (m, 2H), 3.77-3.74 (d, J
= 12.0 Hz 1H), 3.65-3.50 (m, 3H), 3.40-3.36 (m, 1H), 1.13 (s, 9H); *C NMR (100 MHz, CDCl; + MeOD) &:
183.97, 180.15, 168.05, 165.02, 140.19, 133.53, 132.76-132.43 (d, Jc.r = 33 Hz), 131.41-131.10 (d, Jcr = 31
Hz), 129.62, 125.53, 124.39, 121.69, 66.38-60.35 (m), 60.12, 59.92, 57.51, 57.12, 55.50, 37.23, 30.41, 25.57,
19.04, 13.34; F NMR (376 MHz, CDCl; + MeOD) &: -63.68; HRMS (ESI) m/z calcd. for CpoHsFgN3O5*
[M-Br]": 584.2342, found 584.2355.
The direct enantioselective amination of nitroolefins by phase-transfer catalysts

Boc_ _OBn
BOC\N/OBn 1 mol% OC-11 or OC-12 N

H 0 °C or r.t., toluene-H,O (v/v = 1/10)' R/_\/Noz
3a-k

R/\/ N02 +
2a-k

General procedure for the neutral aminations
Bifunctional phase-transfer catalyst (OC-11 or OC-12, 1 mol%), nitroolefins (0.1 mmol) and amination reagent
(0.3 mmol) were added to a 10-mL vial equipped with a stirring bar, the mixed solvent of toluene (0.2 mL) and
H,0 (2.0 mL) was added subsequently. The mixture was stirred at 0 °C or room temperature for the indicated time
and then the mixture was extracted by EtOAc (3>5.0 mL), the combined organic layers were dried over anhydrous
Na,SO, and evaporated under reduced pressure to yield a light yellow glue which was purified by flash column
chromatography on silica gel, eluting with mixtures of petroether/EtOAc (50/1 to 10/1, v/v). The ee of products
3a-k were determined by HPLC using a chiral column (Daicel Chiralpak AS-H), and the absolute configurations
of products were assigned according to literature report™.
5o _osn | 3a: light yellow oil, [a] %5 -11.9° (¢ = 1.15, CH,Cl,); *H NMR (400 MHz, CDCl3) 3: 7.41 (br,
N no, | 10H), 5.91 (br, 1H), 5.15-5.10 (m, 1H), 4.82-4.70 (m, 3H), 1.50 (s, OH); 3C NMR (100 MHz,
©/\/ CDCl,) 6: 156.31, 135.13, 135.04, 129.56, 128.89, 128.78, 128.58, 128.08, 82.86, 78.59, 75.19,
3a 61.29, 28.16; HRMS (ESI) m/z calcd. for CyH,sN,NaOs™ [M+Na]™: 395.1577, found 395.1584.
HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 19.161 and
23.377 min.

Entry Cat. T Yield t.[minor]  t[major] ee[%] Entry Cat. T Yield t/[minor]  t.[major]  ee[%]
1 OC-11 0°C 91%  15.124 18.089 87 3 OC-12 0°C 92%  14.781 17.610 89
2 OoC-11 rt. 96%  15.302 18.318 84 4 OC-12 rt 96%  15.285 18.227 83
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Boc. .OBn
N

/@/\/Noz
F

3b: light yellow oil, [a]*°p -9.3° (c = 0.30, CH,Cl,); 'H NMR (400 MHz, CDCls) &: 7.39 (br,
= 7H), 7.06 (br, 2H), 5.85 (d, J = 4.4 Hz, 1H), 5.06 (m, 1H), 4.79 (m, 1H), 4.75-4.70 ( m, 2H),
1.50 (s, 9H); *C NMR (100 MHz, CDCly) §: 164.12, 161.65, 156.31, 134.91, 130.85, 130.03,
h 129.95, 129.50, 128.82, 128.59, 115.90, 115.69, 83.08, 78.64, 75.25, 60.60, 28.14; F NMR

(376 MHz, CDCls5) §: -112.41; HRMS (ESI) m/z calcd. for CoH,3FN,OsNa” [M+Na]™: 413.1483, found 413.1481.
HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 19.179 and

25.168 min.
Entry Cat. T Yield t[minor]  t.[major]  ee[%] Entry Cat. T Yield t[minor]  t/[major]  ee[%]
5 OC-11 0°C 94%  17.895 23.435 86 7 OC-12 0°C  92%  17.623 22.652 86
6 OC-11 rt. 95%  18.371 24.099 85 8 OC-12 rt. 96%  19.153 24.795 84
R H 20 0 - .1 .
Boc.,-OBn 3c: light yellow oil, [a] “p -22.7° (c = 0.22, CH,CI,); "H NMR (400 MHz, CDCl3) 6: 7.39

/@/\/NOZ
Cl

CaoH23CIN,OsNa [M+Na]": 429.1188, found 429.1195.

; (or, 6H), 7.34 (br, 3H), 5.83 (br, 1H), 5.05 (dd, J = 10.12, 2.44 Hz, 1H), 4.79-4.70 (m, 3H),
1.50 (s, 9H); *C NMR (100 MHz, CDCl3) &: 158.28, 134.90, 134.49, 129.48, 129.12,
3¢ 129.04, 128.83, 128.59, 83.17, 78.67, 75.10, 60.67, 28.15; HRMS (ESI) m/z calcd. for

HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 18.050 and

23.326 min.
Entry Cat. T Yield t/[minor]  t[major]  ee[%] Entry Cat. T Yield t[minor]  t/[major]  ee[%]
9 OC-11 0°C 92%  19.680 26.305 91 1 OC-12 0°C 92%  18.365 23.803 89
10 OC-11 rt. 96% 18.434 24.307 85 12 OC-12 rt. 95% 18.081 23.446 84
Soo._opn | 3d: light yellow oil, [a] 5 -0.144° (¢ = 0.045, CH,Cl,); *H NMR (400 MHz, CDCl3) &:
N

/@/\/NOZ
Br

28.15; HRMS (ESI) m/z calcd. for CyH,3BrN,NaOs™ [M+Na]": 473.0683, found 473.0688.
HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 19.619 and

7.51 (s, 1H), 7.49 (s, 1H), 7.39 (br, 4H), 7.28 (s, 1H), 7.26 (s, 1H), 5.83-5.79 (dd, J = 3.28,
5.84 Hz, 1H), 4.79-4.69 (m, 3H), 1.49 (s, 9H); *C NMR (100 MHz, CDCls) &: 156.29,
3d 134.82, 133.93, 132.02, 129.77, 129.51, 128.86, 128.61, 123.10, 83.22, 78.68, 75.01, 60.69,

26.223 min.

Entry Cat. T Yield t;[minor]  t[major] ee[%] Entry Cat. T Yield t/[minor]  t.[major]  ee[%]
13 OC-11 0°C 93%  20.971 28.186 90 15 0OC-12 0°C 96%  18.933 24.623 88

14 OC-11 rt. 96% 19.802 26.237 88 16 0C-12 rt. 96%  19.380 25.142 85

Boc.,  .OBn
N

C|\©/\/N02

3e: light yellow oil, [a] ®p -7.0° (¢ = 0.30, CH,Cl,); 'H NMR (400 MHz, CDCls) &:
7.39-7.31 (m, 9H), 5.83 (d, J = 3.92 Hz, 1H), 5.08-5.02 (m, 1H), 4.80 (br, 1H), 4.76-4.67
(m, 2H), 1.52-1.51 (d, J = 2.28 Hz, 9H); **C NMR (100 MHz, CDCl5) &: 158.20, 136.97,
3e 134.79, 134.71, 130.19, 129.56, 129.12, 128.86, 128.61, 128.33, 126.25, 83.25, 78.71,

74.90, 60.75, 28.14; HRMS (ESI) m/z calcd. for CyH23CIN,OsNa [M+Na]': 429.1188, found 429.1197.
HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 16.241 and

20.425 min.

Entry Cat. T Yield t[minor] t[major] ee[%] Entry Cat. T Yield t/[minor]  t[major] ee[%]
17 OC-11 0°C 82% 15.904 19.928 89 19 0OC-12 o0°C 81%  16.839 21.252 87

18 OC-11 rt. 90% 16.024 20.031 87 20 0OC-12 rt. 91%  17.131 21.706 82

Boc.,  .OB
ocN n

F30\©/\/ N02
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3f: light yellow oil, [a] ®p -5.06 (c = 1.01, CH.Cl,); 'H NMR (400 MHz, CDCls) &:
7.65-7.60 (m, 3H), 7.52-7.50 (m, 1H), 7.40 (br, 5H), 5.90 (d, J = 4.8 Hz, 1H), 5.12-5.05 (m,
1H), 4.80-4.75 (m, 3H), 1.29 (s, 9H); *C NMR (100 MHz, CDCl;) §: 156.28, 136.03,
3 134.77,131.42, 129.44, 128.87, 128.61, 125.77, 125.07, 83.41, 78.72, 74.91, 60.94, 29.73;



F NMR (376 MHz, CDCls) & -62.72; HRMS (ESI) m/z calcd. for CpyH,3FsN,OsNa [M+Na]*: 463.1451, found

463.1466.
HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 13.459 and
17.146 min.
Entry Cat. T Yield t[minor]  t[major]  ee[%] Entry Cat. T Yield t[minor]  t/[major]  ee[%]
21 OC-11 0°C 8%  13.560 17.489 91 23 OC-12 0°C 84% 13513 17.182 87
22 OC-11 rt. 86% 13314 17.048 88 24 0C-12  rt. 85%  13.567 17.316 85
Boc., OB 3g: light yellow oil, [] ®°p -0.87° (¢ = 0.90, CH,Cl,); "H NMR (400 MHz, CDCls) &: 7.41
2 __NO, (br, 5H), 7.31 (br, 2H), 7.20 (br, 2H), 5.89-5.87 (m, 1H), 5.11 (br, 1H), 4.83-4.68 (m, 3H),
/@N 2.38 (s, 3H), 1.53 (s, 9H); **C NMR (100 MHz, CDCls,) &: 156.31, 138.73, 135.12, 132.01,
HaC 32 129.52, 128.71, 128.54, 128.01, 82.76, 78.52, 75.27, 60.98, 28.18, 21.16; HRMS (ESI) m/z

calcd. for Co1H,6N,NaOs™ [M+Na]™: 409.1734, found 409.1743.

HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 16.585 and

19.123 min.
Entry Cat. T Yield t[minor]  t[major]  ee[%] Entry Cat. T Yield t[minor]  t/[major]  ee[%]
25 OC-11 0°C 90%  15.862 17.913 92 27 OC-12 0°C 91%  16.318 18.616 90
26 OC-11 rt. 91%  15.830 17.875 87 28 0C-12 rt 90%  16.452 18.899 82
o o] 3h: colorless oil, [a] *’p -8.16° (¢ = 2.5, CH,Cl,); the product 3h with BhONHBoc as 1:1
N

/@/_\/NOZ
MeO'

mixture, "H NMR (400 MHz, CDCl3) 8: 7.38 (br, 9H); 7.32 ( br, 2H), 7.29 (m, 1H), 7.12 (bs,
1H), 6.89 (br, 1H), 5.81 (d, J = 5.08 Hz, 1H), 5.10-5.03 (m, 1H), 4.89 ( br, 2H), 4.80-4.70
3h (m, 2H), 4.66 (br, 1H), 3.82 (s, 3H), 1.50 (s, 18H); *C NMR (100 MHz, CDCls) 5: 159.92,

156.72, 156.31, 135.75, 135.04, 129.48, 129.43, 128.70, 128.51, 126.92, 114.15, 82.81, 81.76, 78.50, 75.34, 60.65,
55.28, 28.21, 28.17; HRMS (ESI) m/z calcd. for CyHzsN,0gNa™ [M+H]": 425.1683, found 425.1696.

HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 24.326 and
33.528 min. ®The pure products 3h couldn’t be separated through a flash column chromatography, but the TLC

results indicated full conversion of substrate 2h.

Entry Cat. T Yield t;[minor] t[major] ee[%] Entry Cat. T Yield t/[minor]  t.[major]  ee[%]
29 OC-11 0°C -2 23.851 32.951 89 31 0oC-12 0°C -2 23.484 32.007 91
30 OC-11 rt. 2 23.589 32.578 75 32 OC-12 rt. -2 25.017 34.344 80
Boc.,-0Bn 3i: light yellow oil, [a]*’ -1.3° (¢ = 1.2, CH,Cl,); *H NMR (400 MHz, CDCly) §: 7.44-7.37
N0, | (M, 8H), 7.15 (s, 1H), 6.39 (s, 1H), 4.98-4.78 (m, 3H), 1.50 (s, 9H); 3C NMR (100 MHz,
\_d CDCly) 8: 156.74, 148.18, 142.80, 135.74, 134.92, 129.47, 129.15, 128.72, 128.52, 110.77,
3i 109.15, 83.16, 81.76, 78.47, 73.52, 55.19, 28.22; HRMS (ESI) m/z calcd. for C1gH,,N,NaOg"

[M+Na]": 385.1370, found 385.1384.

HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 15.769 and

20.060 min.
Entry Cat. T Yield t[minor] t[major] ee[%] Entry Cat. T Yield t/[minor]  t.[major] ee[%]
33 OC-11 0°C 93% 15.181 19.348 91 35 0OC-12 o0°C 92%  16.283 20.703 93
34 OC-11 rt. 92% 15.490 19.930 82 36 0C-12 rt. 95%  16.455 21.307 74
—— 3j: light yellow oil, [a] ®°p +15.6° (¢ = 0.25, CH.Cl,); the product 3j with BhONHBoc as 1:1
N

SOAe

3j

S9

mixture, “H NMR (400 MHz, CDCly) 8: 7.40 (br, 10H), 7.16 (br, 1H), 6.89 (br, 1H), 6.86 (br,
1H), 6.78 (m, 1H), 5.97 (br, 2H), 5.76 (d, J = 4.96 Hz, 1H), 5.05-5.01 (m, 1H), 4.88 (br, 2H),
4.81-4.65 (m, 3H), 1.51 (s, 18H); **C NMR (100 MHz, CDCl5) &: 156.74, 156.26, 148.02,



147.97, 135.76, 134.94, 129.55, 129.14, 128.77, 128.57, 128.51, 121.84, 108.57, 108.39, 101.32, 82.94, 81.74,
78.60, 78.46, 75.37, 60.90, 28.21; HRMS (ESI) m/z calcd. for CyHxN,0O;Na [M+Na]®: 439.1476, found

439.1495.

HPLC: Chiralpak AS-H (iPrOH/n—Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 31.435 and
36.199 min. *The pure products 3j couldn’t be separated through a flash column chromatography, but the TLC

results indicated full conversion of substrate 2j.

Entry Cat. T Yield t[minor]  t.[major]  ee[%] Entry Cat. T Yield t[minor]  t/[major]  ee[%]
37 OC-11 0°C 2 31.791 36.713 89 39 oc-12 o0°c & 31.003 35.892 89
38 OoC-11 rt. 2 31.478 36.327 84 40 OC-12 rt 2 31.430 35.927 83
— 3k: light yellow oil, [a] ®°p +1.88° (¢ = 0.40, CH,Cl,); *H NMR (400 MHz, CDCl;) &: 7.41 (m,
N 5H), 5.00 (d, J = 9.8 Hz, 1H), 4.83 (d, J = 9.8 Hz, 1H), 4.71 (dd, J = 1.56, 10.92 Hz, 1H),
j/'\/NOZ 4.57-4.45 (m, 2H), 2.08-1.99 (m, 1H), 1.54 (s, 9H), 1.02 (t, J = 6.40 Hz, 6H); *C NMR (100
3K MHz, CDCl3) &: 156.88, 135.44, 129.06, 128.55, 128.49, 82.29, 78.10, 75.29, 64.85, 29.06,

28.21, 19.83, 19.66; HRMS (ESI) m/z calcd. for C17H2sN;NaOs™ [M+Na]": 361.1734, found 361.1749.
HPLC: Chiralpak AS-H (‘PrOH/n-Hexane) = 1.5:98.5, flow rate = 0.5 mL/min, 210 nm; rac-form: t, = 13.353 and

14.337 min.

Entry Cat. T Yield t[minor]  t[major]  ee[%] Entry Cat. T Yield t[minor]  t/[major]  ee[%]
4 OC-11 0°C  92%  12.816 13.708 93 43 OC-12 0°C  92% 12619 13.456 92
42 OC-11  rt. 95%  11.955 12.708 92 44 0oC-12  rt 93%  14.484 16.478 90
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HRMS copies of all new compounds

Display Report
Analysis Info Acquisition Date  9/11/2017 10:07:53 AM
Analysis Name  D:\Data\FAN\data\2017\0911\lay-1.d
Method pos_low-20151116.m Operator Fan
Sample Name  livaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 100 m/iz Set End Plate Offset -500V Set Dry Gas 4.0 Vmin
Scan End 1000 mfz Set Collision Cell RF  200.0 Vpp Set Divert Valve Waste
Intens. in #(2-
":1"056 4401210 +MS. 0.0-0.1min #(2-3)
MsO,,,. Bn
7/
DN BrO
Bn
3 MsO
0C-2
+
HRMS (ESI) m/z calcd. for C20H26NO6SZ
+
[M-Br]": 440.1196, found 440.1210.
2.
441.1235
1 P
4421188
'\MM 4406484 220G
N W P N— I
4395 4400 4405 4410 a5 4420 4425 4430 4435 4440 miz
Bruker Compass DataAnalysis 4.0 printed:  9/11/2017 10:08:51 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:10:48 AM
Analysis Name  D:\Data\FAN\data\2017\091 1\lay-2.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000 Vv Set Dry Heater 180 °C
Scan Bagin 100 mfz Set End Plate Offset =500V Set Dry Gas 4.0 Umnin
Scan End 1000 mz Set Coliision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. 801.1318 +MS, 0.0<0. 1min #{2-3)
CF
i 1
: H H
Fe PPh,
4
HRMS (ESI) m/z caled. for C5,H,oF;FeN,OP*
6000 [M+H]+: 601.1314, found 601.1318.
502.1358
4000
G00.1240
2000
603.1383
599 800 &0 602 503 504 505 08 GOV miz
Bruker Compass DataAnalysis 4.0 printed: 911/2017 10:11:46 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  7/7/2017 9:28:30 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-2.d
Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500V Set Dry Gas 4.0 Umin
Scan End 1200 miz Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS. 0.1-0.1min #(3-6)|
x105 691.1789
CF
SO
@L NN
4 = \oH H
Fe FPh o
\==L LI
0C+4
HRMS (ESI) m/z calcd. for
C39H35F3N20P+ [M-Br]+:
s 691.1783, found 691.1789.
692.1822
2
1
693.1852
689.1838
6901572 L J 694.1883
0 T T ¢ ——J A S ¥ v A T
688 689 630 691 692 693 694 695 miz
Bruker Compass DataAnalysis 4.0 printed:  7/7/2017 9:29:33 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:15:12 AM
Analysis Name  D:\Data\FAN\data\2017091 1\ay-3a.d
Method pos_low-20151116.m Operator Fan
Sample Name  liuaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 miz Set End Plate Offset  -500V Set Dry Gas 4.0 Umin
Scan End 1000 miz Set Collision Cell RF 200.0 Vipp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #{2-3)
wiod
6850972
CF
15 s 3
NJLN
H H
!
Fe PPhy CF,
<
5
HRMS (ESI) m/z caled. for C33H,gFgFeN,PS*
[M+H]": 685.0959, found 685.0972
1.0
£86.0958
05
684.0903 687.0072
BA3 0953
0.0 - : : : -
883 584 635 586 687 688 miz

Bruker Compass DataAnalysis 4.0 printed:  9/11/2017 10:16:19 AM Page 1 of 1
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Display Report

Analysis Info
Analysis Name  D\Data\FAN\data\2017\0707\ckh-3a.d

Acquisition Date  7/7/2017 9:34:49 AM

Method pos_low-20151116.m Operator Fan
Sample Mame  caikaihua Instrument maxXis 10103
Comment
Acquisition Parameter
Sourca Type ESI lon Polarity Positive Sat Nebulizer 0.4 Bar
Focus Not active Sat Capillary 4000 V Sat Dry Heater 180 °C
Scan Bagin 50 mifz Set End Plate Offset ~ -500V Set Dry Gas 4.0 Umin
Sean End 1200 miz Set Collision Cell RF 200.0 Vpp Sat Divert Valve Waste
Intens. +MS, 0.0<0. Tmin #(2-4)
wiod 7751437
5
CF3
X
&4
N N CF3
—\® H H
Fe '?Ph2 o
\==L
0OC-5
5 HRMS (ESI) m/z calcd. for C4oH;,FcFeN,PS™
[M-Br]": 775.1428, found 775.1437.
7761469
2
1
TI71472
TT3.0476
Tr4.1528 TTE.1488
o ' poearitl Seirublf kw W
772 773 774 775 776 777 778 779 780 781 miz
Bruker Compass DataAnalysis 4.0 printed:  7/7/2017 9:35:30 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:19:23 AM
Analysis Name  D:\Data\FAN\data\20170911\lay-d4a.d
Method pos_low-20151116.m Operator Fan
Sample Mame  liuaiyun Instrument maxXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Sat Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000 v Set Dry Heater 180 °C
Scan Begin 100 miz Set End Plate Offset 500V Set Dry Gas 4.0 Vrmiry
Sean End 1000 miz Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0. 1min #{2-3)
Bl 364.1643
B
H H
N \n/ N
SRAGE
T CF3
Bn 6
8 HRMS (ESI) m/Z Calcd. for C19H21F3N30+

[M+H]": 364.1631, found 364.1643

4
2 3651672
J L‘ 3661704
5 L A it J'L b
3835 364.0 845 385.0 365.5 366.0 3865 miz
Bruker Compass DataAnalysis 4.0 printed:  9/11/2017 10:20:02 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  7/7/2017 9:42:07 AM
Analysis Name  D\Data\FAN\data\2017\070T\ckh-4.d
Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Sat Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset 500V Set Dry Gas 4.0 Umin
Secan End 1200 miz Set Collision Cell RF 200.0 Vipp Set Divert Valve Wasta
Intens. i -4)
n:;:ass 4542108 +MS, 0.0-0. 1min #{2-4)
8
<]
H H
N \ﬂ/ N
ORAGN
"N/BP CF,
Bn" Bn
0C-6

HRMS (ESI) m/z calcd. for C26H27F3N3O+
[M-Br]": 452.2101, found 454.2108

3382376
209.1074

0 Ill... Ll J Lu " “ Lk L

200 400 G600 800 1000 miz

Bruker Compass DataAnalysis 4.0 printed:  7/7/2017 9:48:14 AM Page 10of 1
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:20:59 AM
Analysis Name  D:\Data\FAN\data\2017\0911\lay-5.d

Method pos_low-20151116.m Operator Fan

Sample Name livaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-4)
%106 432.1520
2.5
H H
N Y N CFs
2.0 Z S O
|
Bn CF3
7

HRMS (ESI) m/z calcd. for C20H20F6N30Jr
[M+H]": 432.1505, found 432.1520

1.51
1.0
0.5
454.1335
470.1075
0.0+ T T o T | T T T T
400 420 440 460 480 500 520 540 m/z
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Display Report

Analysis Info
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-5a.d

Acquisition Date  7/7/2017 9:46:12 AM

Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 lI/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-5),
X105 5221983
H H
61 N e N CF;4
(®S o)
NBP ;
Bn" Bn
CF3
O0C-7
HRMS (ESI) m/z calcd. for Cp7H,gFgN;O*
[M-Br]": 522.1975, found 522.1983
4-
523.2015
-
524.2045
\\/\ 522.7707 L
0 T = — ey T y— T
521 522 523 524 525 526 miz

Bruker Compass DataAnalysis 4.0 printed: 7/7/2017 9:47:36 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:24:26 AM
Analysis Name  D:\Data\FAN\data\2017\0911\lay-6.d

Method pos_low-20151116.m Operator Fan

Sample Name  livaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. | +MS, 0.0-0.1min #(2-4)
x108 448.1288
1.0
H H
N e N CFs
( S S
0.8 ’Tl
8

HRMS (ESI) m/z calcd. for C,oH, F¢N5S*
[M+H]": 448.1277, found 448.1288

0.6
0.4
4491317
0.2
450.1279
_J LLAA_ A 451.1288
0.0 : — . ‘ . . —" . ‘
448.0 448.5 449.0 449.5 450.0 450.5 451.0 451.5 m/z
Bruker Compass DataAnalysis 4.0 printed: 9/11/2017 10:25:11 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  7/7/2017 9:50:56 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-6.d

Method pos_low-20151116.m Operator Fan

Sample Name  caikaihua Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180°C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
\ntenss. +MS, 0.0-0.1min #(2-3)
x10 538.1754
3.0
H H
N\n/ N CF;
(CDS S
254 N B®
' Bn” Bn
CF3
OC-8

HRMS (ESI) m/z caled. for C27H26F6N3S+
[M-Br]*: 538.1746, found 538.1754

2.01
1.51
539.1787
1.01
0.51
540.1767
00 . Lk*’\ . 2 AN : . —ﬂ‘ . A :
’ 538.0 538.5 539.0 539.5 540.0 540.5 541.0 m/z
Bruker Compass DataAnalysis 4.0 printed: 7/7/2017 9:52:48 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  7/7/2017 9:53:50 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-7.d
Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. X i X
n;rg)ss 2741930 +MS, 0.0-0.1min #(2-3)
8
H H
,N: :N CF3
ﬁ
(®] (0]
AN
6 Bn” Bn BP CFs
0C-9
HRMS (ESI) m/z calcd. for C30H26F6N302+
[M-Br]*: 574.1924, found 574.1930.
4
2.
274.2742
209.1072
\ l 437.1937 7751436 85,3962
oA Lo b Lol Ll Jlllln.. A \ n
200 400 600 800 1000 miz
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:35:30 AM
Analysis Name  D:\Data\FAN\data\2017\0911\lay-8.d

Method pos_low-20151116.m Operator Fan

Sample Name  liuaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset ~ -500 V Set Dry Gas 4.0 l/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.1-0.1min #(4-5)
x104 4641779
64
54

CF
o o)

FsC” t N Nj:/'o
H oo H

4
HRMS (ESI) m/z caled. for C, Hy FgN3O,"
[M+H]": 464.1767, found 464.1779
3
2_
465.1812
14
J 466.1853
. L b ot : : ; J\ x i
463.5 464.0 464.5 465.0 465.5 466.0 466.5 m/z
Bruker Compass DataAnalysis 4.0 printed: 9/11/2017 10:37:09 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date  7/7/2017 9:57:02 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-8.d

Method pos_low-20151116.m Operator Fan

Sample Name  caikaihua Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)
x105 5542243
1 CF
6 ‘o 0
I8¢
F N NI/ !
3C H H Bn Bp
0C-10
HRMS (ESI) m/z calcd. for C,gH;oFgN;0,"
[M-Br]": 554.2237, found 554.2243
4-
2
274.2742
2091073 t 437.1939 6442717
1107.4377
0 Ly \IL.;IIJJ Lll.lllu‘ll|llhllll .ul.nll . . L i
200 400 600 800 1000 m/z
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Display Report

Analysis Info Acquisition Date  9/11/2017 10:39:06 AM
Analysis Name  D:\Data\FAN\data\2017\091 1\lay-9.d

Method pos_low-20151116.m Operator Fan

Sample Name livaiyun Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.1-0.1min #(4-8
x10% 4781935 ' (48)
64

CF
50 Ot/
FoC” t N N D
H H

1
HRMS (ESI) m/z calcd. for Cp,HycFgN;O, "
[M+H]": 478.1924, found 478.1935

n
21 479.1967
J 480.1997
0 : : M — ; rL : : .
477 478 479 480 481 482 483 miz
Bruker Compass DataAnalysis 4.0 printed:  9/11/2017 10:42:21 AM Page 1 of 1
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Display Report

Analysis Info

Analysis Name  D:\Data\FAN\data\201M0707\ckh-9.d

Acquisition Date  7/7/2017 9:58:56 AM

Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maxis 10103
Comment
Acquisition Parameter
Source Type ESl lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Mot active Set Capillary 4000 v Set Dry Heater 180 *C
Scan Begin 50 mfz Set End Plate Offset 500V Set Dry Gas 4.0 Umin
Scan End 1200 miz Set Collision Cell RF  200.0 Vipp Set Divert Valve ‘Waste
Int i i 23]
nxelnoﬁ 568.2405 +MS, 0.0-0.1min #{1-3)
1.50
CF3
Je9:=0¢
=g @
F3C N N !
ks H H Bn Bp
0C-11
+
HRMS (ESI) m/Z Calcd. for C29H32F6N302
1.00 [M-Br]*: 568.2393, found 568.2405
075
0.50
0.25
2742743
4781932
208.1074 11354710
0.00 | | |l|.|.||| Ll 1 Lo i
200 400 600 800 1000 miz
Bruker Compass DataAnalysis 4.0 printed: 772017 9:59:18 AM Page 1 of 1
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Display Report

Analysis Info
Analysis Name

Acquisition Date

D:\Data\FAN\data\2017\0911\lay-10.d

9/11/2017 10:43:18 AM

Method pos_low-20151116.m Operator Fan
Sample Name livaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 100 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1000 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. - i -
n;r‘;ss 4941886 +MS, 0.1-0.1min #(3-4)
2.01
CF3
o 0] (—0
i /: t/ N—)
151 F3C N N
H H
12
HRMS (ESI) m/z caled. for C22H26F6N303+
[M+H]+: 494.1873, found 494.1886
1.01
0.51 4951918
J L_ \‘ 496.1950
0.0 T y ? ¥ T T T T T T
493.5 494.0 494.5 495.0 495.5 496.0 496.5 497.0 497.5 miz

Bruker Compass DataAnalysis 4.0 printed:  9/11/2017 10:44:49 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date ~ 7/7/2017 10:01:45 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-10.d

Method pos_low-20151116.m Operator Fan

Sample Name caikaihua Instrument maXis 10103
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(1-3)
%105 584.2355

Bn B®

CF3 o o
1.0 0
n @ &,
FsC NN I
H H

0C-12
HRMS (ESI) m/z caled. for C,gH3,FgN;O5"
081 [M-Br]": 584.2342, found 584.2355

0.6
0.4

585.2391

0.2

586.2423
0.0 W““-‘WJ L’*" A Abvmntrypead 'vuu—J P Y " JL e n M_'L‘M'___

584.0 584.5 585.0 585.5 586.0 586.5 587.0 5875 miz

Bruker Compass DataAnalysis 4.0 printed: 7/7/2017 10:02:21 AM Page 1 of 1
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Display Report

Analysis info Acquisition Date 122018 S:40:38 AM
Analysis Mame  DoADat20 1801 12ay=1.d
Method pos_low=20151116.m Operafor Fan
Sample Mame  luaiyun Instrurmest malis 10103
Comment
Acquisition Parameter
Sowne Type EEl lon Polarity Praitie Eaf Nabulizor 0.4 Bar
Focus Mot actwe St Capillary 000V Eat Dry Haater 180"C
Scan Bogin 100 miz Sl End Plate Oftsat 500V Eaf Dry Gas 4.0 ¥min
Span End 1000 miz Sei Collision Call RF 200.0 Vpp Eat Diver! Valwa Wasto
isrs, | A, 0, 0ein 27
xI0e | 365 1584
Boc., .OBn
) N
. X _NO,
| ©/\/
| 3a
HRMS (ESI) m/z calcd. for C,yH,4,N,NaOs"
[M+Na]+: 395.1577, found 395.1584
3.
?-
: 3. 1618
f L_ 3371648
) L I |
o4 ne 30 €.~ K] D miz
Bruker Compass CataAnalysis 4.0 prinbed: 1M1 22018 S42-20 AM Page 10f1
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Display Report

Analysis Info Acquisition Date  7/7/2017 10:24:17 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-16a.d
Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 Vv Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 v Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. | +MS, 0.0min #(2)
x105 413.1481
Boc. .OBn
N
F 3b
6 HRMS (ESI) m/z calcd. for C,yH,;FN,OsNa"
[M+Na]+: 413.1483, found 413.1481
4_
4141512
2.

415.1540
) M 413.6571 L ﬂ \
0 A

4120 24125 413.0 4135 414.0 4145 415.0 4155

416.0

Bruker Compass DataAnalysis 4.0 printed:  7/7/2017 10:24:56 AM
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Display Report

Analysis Info

Acquisition Date  7/7/2017 10:03:51 AM

Analysis Name  D:\Data\FAN\data\2017\0707\ckh-11.d

Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 lI/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3),
x10° 4291195
Boc., .OBn
N
1.5 cl 3¢
+
HRMS (ESI) m/z calcd. for C,yH,3CIN,OsNa
+
[M+Na]™: 429.1188, found 429.1195
1.0
431.1172
051 4301230
432.1198
0.0 - LLMM A . L . L ‘ A o : A
' 429 430 431 432 433 434 miz
Bruker Compass DataAnalysis 4.0 printed: ~ 7/7/2017 10:04:43 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date 1122018 5:43:58 AM
Analysis Mame  DODatav2018W01120ay-2.d
Method pos_low-20151116.m Operaton Fan
Sample Mame  Bualyun Insirument makis 10103
Comment
Acquisition Parameter
Source Type ESl lion Polarity Posifive Set Nebulirer 0.4 Bar
Focus Nol active: Sat Capillary 4000 W Set Dry Healer 180 *C
&31231 100 miz Set End Plate Offset  -500 W Set Dry Gas 4.0 Bmin
Scan 1000 miz Sat Collision Cell RF  200.0 Vpp Set Divert Valve ‘Waste
Irtens. +M S, 0.0min #2)
b 473.0586
B 4750672
Boc.,,.OBn
N

Br

3d
HRMS (ESI) m/z calcd. for C,gH,3BrN,OsNa*

[M+Na]*: 473.0683, found 473.0686

4740721 47606

M%WWWEMMWQL " ittt ]

o T
472 473 474 477 478 m'z

Bruker Compass DataAnalysi 4.0 printed: 1142018 Gd552 AM Fape 1 of 1
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Display Report

Analysis Info

Acquisition Date  7/7/2017 10:06:21 AM

Analysis Name  D:\Data\FAN\data\2017\0707\ckh-12.d

Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)
x105 4201197
2.59
Boc., .OBn
N
CI\©/_\/N02
3e
HRMS (ESI) m/z caled. for CyyH,;CIN,OsNa*
2.01
[M+Na]": 429.1188 found 429.1197
1.51
1.04
431.1173
430.1227
0.5
432.1198
0.0 kg IJ\A e \\ : JL . ‘ i -
428.5 429.0 429.5 430.0 430.5 431.0 431.5 432.0 4325 433.0 miz
Bruker Compass DataAnalysis 4.0 printed: ~ 7/7/2017 10:07:20 AM Page 10of 1
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Display Report

Analysis Info
Analysis Name

Acquisition Date

D:\Data\FAN\data\2017\0707\ckh-14.d

7/7/2017 10:11:04 AM

Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000 V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500V Set Dry Gas 4.0 I/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. +MS, 0.0-0.1min #(2-3)
x103 463.1466
1.2
Boc. .OBn
N
F3;C ~ NO,
1.0 \©/\/
3f
HRMS (ESI) m/z calcd. for C,;H,3F3N,05Na*
[M+Na]*: 463.1451, found 463.1466
0.8
0.6
0.4
464.1501
0.2
L‘ 465.1524
0.0 T J Fure et ¥ ¢ f e ;
463.0 463.5 464.0 464.5 465.0 465.5 m/z
Bruker Compass DataAnalysis 4.0 printed: 7/7/2017 10:12:54 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date 111212018 94748 AM
Analysls Mame  DADatah201 801 1 2%ay-3.d
hethod pos_low-20151116.m Operaion Fan
Sampls Mame  Bualyun Instrumsnt maXis 10103
Comrment
Acquisition Parameter
Source Type ESl lon Polarity Pomsifive Set Nebulrer 0.4 Bar
Focus Mot active: Sat Capillary 4000 W Set Dry Healer 180 *C
hm-. 100 miz Sat End Plate Oficet <500 W Set Dry Gas 4.0 Mmin
Scan 1000 mi'z Set Collision Cell RF 2000 Vpp Set Dwvert Valve ‘Washe
Irftens. +5, 0.0min #(2)
#10° 409,1743
B
Boc. .OB
0C N n
3g
HRMS (ESI) m/z caled. for C,,;H,,N,OsNa™
[M+Na]": 409.1734, found 409.1743
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1
4111807
5 i N LW L , ] . .
408 0 408 5 050 2065 400 410,58 411.0 4115 M0 mz

Bruker Compass DataAnalysis 4.0 printed: 1122018 G52 10 AM Fage 1 of 1
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Display Report

Analysis Info Acquisition Date  7/7/2017 10:08:47 AM
Analysis Name  D:\Data\FAN\data\2017\0707\ckh-13.d
Method pos_low-20151116.m Operator Fan
Sample Name caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 vV Set Dry Gas 4.0 l/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. ¥ X i K
n ;%55_ 4251696 MS, 0.0-0.1min #(2-3)
Boc.,,.OBn
N
~ NO
1.251 /@/\/ 2
MeO 3h
HRMS (ESI) m/z calcd. for (:21H26N206NajL
[M+H]*: 425.1683, found 425.1696

1.00

0.751

0.50

4261726
0.25
427.1754
L ,,,ﬂ_ 4281745
000 s ok e .*-’JL . . : ; e :
4245 425.0 4255 426.0 426.5 427.0 4275 428.0 428.5 miz

Bruker Compass DataAnalysis 4.0 printed:  7/7/2017 10:09:32 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date 11212018 9:53:09 AM
Analysis Mame  D\Data\2018011 2ay-4 d
hiethod pos_low-20151116.m Orparator Fan
Sampls Mame  Bualyun Imstrunment maXis 10103
Cioamrment
Acquisition Paramelter
Source Type ESl lan Polarity Positee Set Mebulrer 0.4 Bar
Foous Kol sctive Set Capillary 4000 W Set Dry Healer 1B0 *C
hml 100 miz Sat End Plate Offset 500V Set Dry Gas 4.0 ¥min
Scan 1000 miz Sat Collision Call RF  200.0 Vpp Set Divert Valve Waste
Irtens. +S, 0.0min #2)
105 385 1354
3.0
Boc. .OBn
N
O
3i
HRMS (ESI) m/z calcd. for CgH,,N,O4Na*

0 [M+H]": 385.1370, found 385.1384

1.5

1.0

385 1421
a5
IET 43T
0.0 : -J - : -l I-n_u_ ; ; _Jlll_ :
RERS 3MEQ psE M5 EA 3BT 0 76 miz

Bruker Compass DataAnalysss 4.0 printed: 17122018 O:55:11 AM Fapge 1of 1
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Display Report

Analysis Info

Acquisition Date  7/7/2017 10:13:54 AM

Analysis Name  D:\Data\FAN\data\2017\0707\ckh-15.d

Method pos_low-20151116.m Operator Fan
Sample Name  caikaihua Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4000V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset ~ -500 V Set Dry Gas 4.0 l/min
Scan End 1200 m/z Set Collision Cell RF 200.0 Vpp Set Divert Valve Waste
Intens. | +MS, 0.0-0.1min #(2-3)
x10% 439.1495
Boc. .OBn
N
o ~ NO,
154 <O:©/\/
3j
+
HRMS (ESI) m/z calcd. for C,;H,4N,O,Na
+
[M+Na]": 439.1476, found 439.1495
1.09
440.1528
0.51
L 4411553
0.0 ;i "‘J T S i J 7 i T ¥
439.0 439.5 440.0 440.5 441.0 4415 4420 miz

Bruker Compass DataAnalysis 4.0 printed: 71712017 10:14:35 AM Page 1 of 1
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Display Report

Analysis Info Acquisition Date 171272018 9-58:29 AM
Analysis Mame  DoDatah201801 1 24ay-5.d
Method pos_low-20151116.m Operaior Fan
Sampde Mame  Buaiyun Instrument maXis 10103
Comment
Acquisition Parameter
Source Type ESl lan Polarity Prmitive Set Nebulirer 0.4 Bar
Focus Mait active St Capillary 400V Set Dry Healer 180 °C
531231 100 miz Set End Plate Offzet  -500V Set Dry Gas 4.0 Mmin
Scan 1000 miz Zet Collision Cell RF  200.0 Vpp Set Divert Valve ‘Waste
Im,:r:;:.*: —— +M5, 0040 1min #2-3)
Boc. .OBn
N
B \l/-\/NOZ
3k
HRMS (ESI) m/z caled. for C;;H,,N,05Na"
[M+H]"361.1734 , found 361.1749

o]
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2

3e2.1TA2
363.1808
i} . . "‘|_.,|.-\. r - . _I I-u-\_'\— . 7 Ill.. T
605 1.0 518 0 el 310 Mas mz

Bruker Compass DataAnalysis 4.0 prnted: /122018 10:00:50 AM Fage 1.0of 1
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HPLC copies of all amination products 3a~3k

3a: HPLC: Chiralpak AS-H (‘PrOH/n-Hexane)

WIWID1 A, Wanelengih=210 nm

16112510}

3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

WIWD1 A Wavelengih=210 nm {ZICZIC- AN TOE18-5.0)

S80

Al o . s
g 160 4
0] Boc\N,OBn
Boc\N,OBn e s NO,
200 1204
NO,
1004
150 4 3a
rac-3a 1 with 1 mol% OC-11
100+ = at 0°C, 87% ee
o
50 a
£3 “
o D_.____________/\__,_

s ‘|‘ IIE |.B ﬁ zlz & ] 12 IIZ 1.4 1.5 é 1w 1% " 20 2" Lo
e fREFETIR] T R I TR U 5 R THI R W PRETEA) T bR LEJIIE) W 1y I A
# [min] [min] [mRU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %
=== | mmmm——— | === == | === | === | ===mm——— e [ [ [ | ===

1 19.161 BB 0.8973 1.53921e4 274.02924 49,2622 1 15.124 BV 0.4123 383.48282 14.,09812 6.3131
2 23.377 BB 0.9553 1.58531ed 250.83952 50.7378 2 18.089 VB 0.5130 5690.87549 172.43600 ©O93.6869
WWD1 A Wavalength=210 nm (ZICZMC- 201706 43-2.0) VWD1 A, Wavelengih=210 nm (ZICLZMC- 201706 13-6.0)
Al - Al =
Boc.,k .OBn 200
N Boc.  .OBn
=1 ~ NO, ms 4 ’:‘
NO,
1504
1504
3a 125
with 1 mol% OC-11 ] e
100+ atr.t., 84% ee - with 1 mol% OC-12
] at 0 °C, 89% ee
50 g =]
= g
o /\ o /\__

12 13 2 15 w5 7 1= M 2 1 mir « = as = s = - = n - -
I fRETEE T bR W T 5 W i ETE WE {REEE] R MR U T 5 W iy I T A5
# [min] [min] [mAU*s] [mAU] % ¥ [min] [min] [mAU*s] [mAU] %
im——|m————— |mmmm | m————— |mm——————— | mm——————— |mm————— T | === |====1-= | === === == ===

1 15.302 BV 0.3888 704.45618 27.497300 a.0264 1 14.781 BV 0.3987 395.55267 14.89901 5.50086
2 18.318 VB 0.5155 8072.25146 243.66042 91.9736 2 17.610 VB 0.5108 6795.50000 207.10387 94.4904
YWD1 A Wavelengih=2 10 nm (ZMCWZAC-20170613-3.0)
mAL
-]
Boc., .OBn
N
o] z
NO,
00 ©/\/
0
3a
o0 with 1 mol% OC-12
o] atr.t., 83% ee
- g
] /_\
o
g PRETETIR] W R LESTE W iy LES T B
# [min] [min] [mAU*s] [mAU] %
=== === | === === | === | === | ===
1 15.285 BV 0.3796 2671.31323 109.10512 8.3946
2 18.227 VB 0.5320 2.91507e4 856.71912 91.6054



3b: HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

WO AW 0 nm O1TOSA0-1.FPURE D) YWD1 A, Wavelengih=210 nm (ZJCZIC-20170418-3.0)
. A, Wavelength=z" (I ] AL ]
1 Boc., .OBn
Boc\N,OBn ™7 N
500 ~ NO;
NO; 5 150 /@/\/ 2
400+ 125+ F
F rac-3b oo . 3b
= with 1 mol% OC-11
204 ™1 at 0°C, 86% ee
0]
100 ] E
" A = P = p p " . 2 2 = =
b fRE e R g W TR W vy W2 T A W REIEtia) A uEYE g i 5L g 5 I [
# [min] [min] [mAU*=] [mau)] % # [min] [min] [mAU*=] [mau] %
e mm————— | === mm————— | ===mm————— | ==mm—————— | ===mm——— s=== |====] =|===ssssnas | |
1 19.173% BE 0.5447 2.44357e4 695.83325 48.2281 1 17.895 BB 0.5257 790.39105  22.39%944  7.0169
2 25.168 BB 0.8358 2.62312e4 482.10376 51.7719 2 23.435 BB 0.7856 1.04738e4 205.84108 92.9831
VWD A, Wavelengih=2 10 nm (ZICENC- 20170620-3-AGAIN.D)
01 A, Wawalengih=210 nm {ZICZAC- 201704 43-2.0) naL o -
’_’e—
—
BOC\N,OBn BOC\N,OBH
2 __NO, el /()/-\/No2
1 F
] 3 B ith 1 3II‘V 0C-12
. t -
with 1 mol% OC-11 o] Wi X mooo
atr.t., 85% ee at 0°C, 86% ee
100 -
5 §
=100 +
= a0 s A A w16 1'a 2 z 24 =
WE {REFETIE A I T R U 1y ETFS W {FEgeti R ek U TH A5 U U AR
L [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*s] [mAU] %

e R J=mmmmmmoes |=mmmmmmmme |===mmmmm e J=mmmmmm |====]====m- - -==1
1 18.371 BB 0.5040 1634.31909 50.03896 T.2398 1 17.623 VB 0.8859 3469.14136
2 24.099 BB 0.7963 2.09397e4  405.60080 92.7602 2 22.652 MM  1.1263 4.43141ed

YWD AW ansiangth=210 nm (ZMOZIC- 20170620-2-PURED)

mal
— Boc\N,OBn
p—
F 3b
with 1 mol% OC-12
00 atr.t., 84% ee
p—
2
o
" /\
1B P = 2 = -
i REgETiE Ry kg e i 4 W W [ S
# [min] [min] [mAU*s] [maU] %

—==|mmmmmme B |===mmmmmme R
1 19.153 BB 0.5218 5043.16895 149.42206 7.9812
2 24.795 BB 0.8675 5.81448e4 1047.62109 92.0188
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3c: HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8,

WWOT A Wiavelengii=Z 10 nm (ZFCLEAC-201T0515-1.0)

flow rate = 0.5 mL/min, 210 nm.

WD A, Wianelengh=Z 10 nm (ZICZIC-20170410-1-PURE-SECOND.0Y)

Boc. .OBn

N
cl 2e

with 1 mol% OC-11
at 0°C, 91% ee

e CREHETE ERY MR W i A W W [ A
# [min] [min] [mAT*s] [mAU] %
=== m—————— | === === | ===mm————— | === | ===
1 18.050 BB 0.4852 1073.40002 34.48182 49.5602

2 23.326 BB 0.6713 1092.45300  25.22215 50.4398

WD A, Wavelengii=210 nm (ZICIZIC-20170305-3-FURE D)

mAL
il 0
0 Boc\N,OBn .
~ NO,
0]
150 4
Cl 3

with 1 mol% OC-11
atr.t., 85% ee

184

20 24 26

I (REFETE FERY WERE W T AR U gy Ui T
# [min] [min] [mAU*=] [mAU] %

—==|=m———- |====]======= | =====m——— |====—m——— | ========
1 18.434 BB 0.5745 1173.34631 31.72623 7.3231
2 24,307 BB 0.8422 1.48491e4 274.02274 92.8769

'
'R

g CREFETA] T R W [ W U [ A
# [min] [min] [mAU*s] [mAU] %
il ettt |====]======= | ========= | ========— | ========
1 19.880 BE 0.5806 500.28012 13.27684 4.6443
2 26.305 EB 0.9381 1.02716e4 170.67894 95,3557
VWD A, Wavalengih=210 nm {ZJC\UZIC-20170615-3.0)
Boc. .OBn
N
Cl 3¢
with 1 mol% OC-12
at 0 °C, 89% ee
i {REFETE] FERY MR W T A I i LT E e
# [min] [min] [mAU*s] [mAU] %
—==| == |====]======= | ========= | === | =====——=
1 18.365% VB 0.5016 880.43073 27.13395 5.4289
2 23.803 EB 0.7291 1.53369%e4 330.08698 94.5711

VWD A, Wiavalengih=2 10 nm (ZHAZIC- 201T0515-2A5AN.0)

R BOC\N,OBn
]
Cl 3
“ with 1 mol% OC-12
&0 -

atr.t., 84% ee

i fREETE) T W Ui [ W W T R
# [min] [min] [mAU*s] [mAT] £

e |====] === | ====mmm——— | === | ===—————
1 18.081 BB 0.47e5 315.00906 10.33922 7.8B212
2 23.44¢e BB 0.6962 3712.61938 83.10224 92.178B8
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3d: HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8

WWDT A, Wanslengih=2 10 nm (ZMCZIC-20170613-1.0)

Al

, flow rate = 0.5 mL/min, 210 nm.

VWO A, ngif=210 nm [ZICWZIC- 201708 10-2 FURED)
nAl 2
E0 & Boc\N,OBn
Boc\N,OBn - & 0] ) NO.
5
1 /©)\/Noz & /@/\/ 2
20 Br 0 Br 3d
rac-3d .
with 1 mol% OC-11
B “ at 0°C, 90% ee
)
00 -
B _/ﬁ\\_
I 2 3 24 = = me an an 7 A A = an - o
b (ERTE ] MRS W e T W e i W {REatiE 5E bEdE W i 9 I i W T A
£ [mim] [min] [mAL*s] [maLr] L3 # [min] [min] [mAU*s] [mau] %
- | || S [ P O [ [P
1 19.230 BB 0.5182 4063.01514 121 47465 50.1920 1 20.971 BB 0.6573 364274731 86.14391 5.1675
2 25018 WM D.7ELT 4031.03M1  BS.DSB00  4°.80R0 2 28.186 BB 1.1275 6.68507ed  907.40930 94.8325
WO A ngi=210 nm (ZICIZIC- 201705 19-30)
VDT A, =210 nm (ZICIZIC- 201704055 FURED] -
o N
o] Boc. .OBn 1] Boc., -OBn
oo /@/_\/NOZ e /@/_\/NOZ
=00 Br 3d ol Br 3d
= with 1 mol% OC-11 with 1 mol% OC-12
0 atr.t., 88% ee a0 at 0 °C, 88% ee
0]
g " 2
1004 o o
/\ . yaN
0 2z 2 = — 28 = _ = _ B_m g 1 o z B 2 =
W REEE R SRS MR e TR U iy WEFERE b (REehE SRR aRd W TR W5 iy I TR
= [min] [min] [mAU*=] [mAU] % L [min] [min] [mAU*s] [mAU] %
e B e e e |=mmmmmmeee e J--m--m- J==== === |====mmmmm- | ==mmmmmmee J=mmmmmmm
1 159.802 EB 0.6027 3455.75952 88.87244 6.2202 1 18.9%33 BB 0.519% 33%.50070 10.20%e8 6.1821
2 26.237 BB 1.0188 5.21014e4 795.85242 93.7798 2 24.623 BB 0.6834 5152.15869 111.63903 93.8179
VWD1 A, Wavalengih=2 10 nim (ZMCZAC-20170643-2.0)
Al g
250+
Boc\N,OBn
b A _NO,
1504
Br 3d
1004 with 1 mol% OC-12
atr.t., 85% ee
]
B :
= AN
18 m z A P = il
I CRETER) T R W [T R W5 153 W T
# [min] [min] [mAU*=] [mAU] %
—mm e R | =mmmmmmmme J=mmmmmmmme ==
1 1%.380 BB 0.5257 1408.71777 41.11862 7.6582

2 25.142 BB 0.7713 1.69862e4 340.35352 92.3418
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3e: HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

VWD A Wavelengih=210 nm (ZMCZIC-20170603-1.0)

o] Boc\N,OBn

WINDT A, Wavelengii=z 10 nm (ZPCIZIC-20170620-3.0)

T
ol Boc\N,OBn
C|\©/_\,Noz
3e

with 1 mol% OC-11
at 0°C, 89% ee

U REF A T

e U T U i U T FH
# [min] [min] [mAU*s] [mAU) %
il Rt |====] == | =mmmmmmmee | mmmmm e | ===
1 16.241 VWV 0.4247 2.10995e4 770.07281 50.3327
2 20.425 BB 0.64le 2.08206e4 506.46207 49.6673
VWO A, g T
nAU =
o] Boc\N,OBn
Cl A _NO,
0] \©/\/
400 3e
with 1 mol% OC-11
0]

atr.t., 87% ee

20

g CREFEFA] R R

W [ W W TR

# [min] [min] [mAU*=] [mAU] %
i e |====1- |===== | === | ===
1 15.9%04 VB 0.4639% 156.47989 4.92197 5.6303

2 19.928 BB 0.5926 2622.77979 68.66443 94,3897

WIND A, Wanelengih=2 10 nm (ZICIZIC-20170603-3-AGAIN.0)

Boc. OB
ocN n

\\[:::I/i\v/NOZ

3e
with 1 mol% OC-12
at 0 °C, 87% ee

Cl

W fRE eI R W W i R W iy W T A

# [min] [min] [mAU*s] [mAU] %
pmmm | mm————— |====]=mm———— | ===m—————— | ===mm————— | =====——-
1 le.024 Vv 0.4111 1942.08838 72.35827 &.7515

2 20.031 VB 0.6308 2.68231e4 661.82819 93,2485

W CREFmFE) R MR LELIE =) I 1y U T 5
# [min] [min] [mAU*s] [mAU] %

il Rt [l Rttt | === | === | ==

1 16.839% VB 0.4825 505.43359 16.77800 6.5900

2 21.152 BB 0.7033 7164.24316 157.91637 93.4100

WIVDT A Wavelengiiez 10 nm [ZPCIZIC-20170603-2.0)

mAL -
1004 Boc\N,OBn
o] Cl\@/_\/NOZ
0] 3e

with 1 mol% OC-12
10

atr.t., 82% ee

W fREETE SR g e T 2 e sy e T A
# [min] [min] [mAU*=z] [mAU] %

el [l e | =mmmmmmm— | =mmmmmmm | =mmmmm—
1 17.131 VB 0.4851 625.55426 20.38276 9.1247

21.706 BB 0.7303 6230.07178 132.55443 90.8753
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3f: HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

WWD1 A Wavelengih=210 nm (ZICIZIC-20170623-1.0)

U 2 . VIWD1 A Wavalength=210 nm (ZMCWZAC-20170608-3.0) g
2004
] Boc\N,OBn ] Boc\N,OBn
FsC NO, g F3C A _NO,
200 = e \T::]/N\/
o] rac-3f o] 3f
with 1 mol% OC-11
s =0 @9‘: at 0°C, 91% ee
i s-\/\/%a:
o
12 IIZ 1.4 1.5 é IIJ' |.! 12 lll IIG 1’8 ZI) ZIZ mir|
i CREQIETTR] SERY MERE W T AR W U THT L P £ (1) i U R U T R U U THTFE
# [min] [min] [mAU*=] [mAU] % # [min] [min] [mAU*s] [mAU] %
===|===——= |====]======= |=====———— |====mm—— | === e | mm————— | == | mm————— | mmm—————— | mmmmmm———— | mm—————
1 13.459 BB 0.4011 8491.17090 323.58392 50.7&76 1 13.560 MM 0.3756 95.52453 4,.23871 4.3245
2 17.146 VB 0.6633 8234.40527 190.86440 49.2324 2 17.48% VB 0.5833 2113.39478 54.74968 95.6755
VWD AW Ll ZIC-20170623-3.0)
AL ]
=0
Boc\N,OBn o] Boc\N,OBn
F3C ~ NO, F3C A _NO,
\©/\/ o \@/\/
3f o] 3f
with 1 mol% OC-11 with 1 mol% OC-12
atr.t., 88% ee 100 at 0 °C, 87% ee
a2
= d
o
1w 15 18 P mir s 15 18 m z
i CREHRAE) R MR U TET A U U THITAH W {REIEE] SRS MR I T U iy U [T
# [min] [min] [mAU*s] [mAU] % # [min] [min] [maU*s] [mau] %
Bl B |====|======= | === | === | === === | ======= |====]======= | ======— | === | ===
1 13.314 MM 0.3977 509.85583 21.36546 6.0718 1 13.513 BB 0.441e 961.11700 32.26261 6.3588
2 17.048 VB 0.6152 7887.30566 194.05194 93,9282 2 17.182 VB 0.6886 1.41535e4 312.97992 93.6412
YWD A Wavalengih=Z10 nm (ZIC\ZIC-20170623-2.0)
mau 2
204
s Boc\N,OBn
FSC\©/\/N02
150+
1254
3f
bt with 1 mol% OC-12
] atr.t.,, 85% ee
1 g
A
o =

WE PRETIRE] GERY wETE

Lz 311 2 W W [ 5

# [min] [min] [mAU*=] [mAl] %
=== === |====] === | === | === | ===mmm—e
1 13.567 BB 0.4521 782.23608 25.55308 7.5379
2 17.316 VE 0.6899 9595.10645 211.25783 92.4621
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3g: HPLC: Chiralpak AS-H (‘PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

WWOT A, WavelengiieZ10 nm (ZICLZIC-20170630-1.0)

— VWD A, Wanvelength=210 nm (ZMOZIC-20170421-3.0)
maL ] -
200+ Boc. .OBn
a Boc. .OBn 0 N
g N ~__NO,
1004 Me 04 Me 3g
-3 .
e ] with 1 mol% OC-11
ol
at 0°C, 92% ee
o]
]
=100
" 16 18 ™ = A u 1 18 m = A f
g CREFEA) SR EEE 1 [ L e iy W i 4 e {REEEE ST R I [ 51 W 55 W i
# [min] [min] [mAU*=] [maU] % # [min] [min] [mAU*s] [mAU] %
=== [====1 -1 [ [ SO [P — —— [mmmmmmmmmm [
1 16.585 VB O.4661 9122.59%%61 302.24399% 47.4726 1 15.862 MM 0.4701 108.86800 3.85942 3.9337
2 19.123 BB 0.6435 1.0093%e4 238.64725 52.5274 2 17.913 VB 0.5903 2658.68335 70.61201 96.0663
WWD1 A, Wavelengih=210 nm (ZMCZIC-20170421-2.0) VWD AL Wavelengih=210 nm (ZMCZIC-20170630-3.0)
mAL mAL
ol
Boc. .OBn
&0 800 N
Boc\N,OBn /@/'\/Noz
40+ Z
N02 A
o &= Me 3
R Me' 3 with 1 mol% OC-12
. bl 0 0
n with 1 mol% OC-11 at 0 °C, 90% ee
atr.t., 87% ee
a0 04
= .§. i
] AN
A " e kS = 2 w " 1 m z =
W {REFETIE KR WETE W i I W TR R W CREFEE R W W W ity Wi £
§ [min] [min] [mAU*s] [mAU] & # [min] [min] [mAU*=] [mAU] %
Y P — [ P [ [ —mmmmmmmmm S I===-==- e I--= -1 e
1 15.830 BV 0.4336 388.43280 13.8341%  6.3812 1 1e.318 W 0.4349 1849.52295  66.205%6  5.03e6
2 17.875 VB 0.5849 5698.72070 153.23016 93.6188 2 18.81% BV 0.5865 3.4871%e4  923.60822 94.9634
VWD1 A, Wavelength=210 nm (ZICUZIC-20170630-2.0)
Al
1200+
_— Boc\N,OBn
~__NO,
00
Me’
B0 3g
with 1 mol% OC-12
400+ atr.t., 82% ee
)
200+ g
, /L
P 15 18 z z 2
W {REFER T i W T 5 e 32 e T
# [min] [min] [mAU*=s] [mAU] %

] e e e == |
1 16.452 BV 0.4623 4964.21289 166.26392 8.9308
2 18.899 BB 0.6496 5.06208e4 1199.00464 91.0682
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3h: HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

VWD A, Wavelengit=z 10 nm (ZHCEIC-201T0612-1-P.0)

Al VIWD1 A, Wanalangth=210 nm (Z)CZIC-20170411-3.0)
- -
0]
o]
Boc\N,OBn
00 5 1 ~ NO,
BOC\N,OBn % ) O/©/\/
4 e
150 N02 3h
] with 1 mol% OC-11
1 MeO™ ™ i at 0°C, 89% ee
504 o 5&#&#
o] 10 ,_/L
- = x s - s = = T z 2 z 2 2 = 2 =
W {RETEFE] ST W T W 55 W T AR e CREFmR] SR i I i B I W [ A
# [min] [min] [mAU*s] [mALT] % # [min] [min] [mAU*=] [mAU] %
——|m————— | == | m—————— | mmm———————— | m—m———————— |mmm———— === | === |====] === | === | === | ===
1 24.326 BB 0.7844 1.34022ed4  264.404%1 50.0759 1 23.851 BB 0.8013 294.26517 5.36154 5.7733
2 331.528 BB 1.2093 1.33616e4 172.57155 49,9241 2 32.951 BB 1.1330 4802.74902 65.15211 94.2287
VWD A Wavelengih=2 10 nm (ZICUZAC- 201T0612-3.0)
T A Waing TR oy ] .
mall e é“g:
=0 Boc. .OBn 4 =01 Boc OBn
N N
<325 ~ NO, _— ~ NO,
] - /@/\/
€ 3h ol MeO 3h
ATE . 0 _ .
with 1 mol% OC-11 with 1 mol% OC-12
-0 atr.t., 75% ee 1004
g at 0 °C, 91% ee
25 i@ o g
5 VAN
W {REFESA) AR bR [LE 11 g2 W 7 LEqERS e P SR MRS W i W W T A
# [min] [min] [mAU*s] [mAU] % # [min] [min] [mAU*=] [mAU] %
e i e [==mmmmmme [-=-mmmmme [-mmmmmm -mm I======- R [=====mm- [=====----- | =====-=-
1 23.58% BB 0.9114 180.17036 2.64608 12.35%4 1 23.484 BB 0.6805 977.93170 22.08734  4.3407
2 32.578 BB 1.0952 1277.59412  17.952985 87.6406 2 32.007 BB 1.1325 2.15514e4  293.90591 95.6593
VWD A Wawelengih=2 10 nm (ZIOZIC-2017T0612-2.0)
m“.l_
Boc., .OBn
1ms 4 N
/@/_\/NOZ
150 4
] M
125 eO 3h
100 with 1 mol% OC-12
] atr.t., 80% ee
w0 =
&
=] /\
D__f‘\_
b fREEEE SR bR e JTiTE o] 5 v L2 J1E S
# [min] [min] [mAU*=] [mAU] %
e B e [ b i B
1 25.017 BB 0.7665 1727.06628  34.47236 10.0310
2 34.344 BB 1.2215 1.54903e4  196.97749 89,9690
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3i: HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

VWD A Wavalengi=210 nm (ZICWZIC- 20170523- 3201 T0E02).0)

Boc.,,.OBn
N

2 u

VINDT A Wawelength=210 nm (ZICEIC-20170416-3.0)

®
Boc. N,OBn
S ~ NO,
\o

3i
with 1 mol% OC-11
at 0°C, 91% ee

15181

T T T
] z 24

g PREFEA] FERY MR I T B I U T2 I CREFER] SR bR I T AR 3 LEinEis
#  [min] [min] [MAU*s] [mAU] 3 #  [min] [min]  [mAU*s] [mAU] g
===l [====1 [==mmmmmmme | ==mmmmmeas Jmmmmmm=s —m- | =====-- [====l======= R [==mmmmm [===m--
1 15.769% BV 0.3668 6117.269%53 257.83551 48.7624 1 15.181 BV 0.3938 807.45898 30.40582 4.42606
2 20.080 BV 0.5286 6427.775%39%9 186.72919 51.2376 2 19.348 BB 0.5156 1.74338e4 523.44342 95.5734
WWD1 A, Wavelengih=210 nm (ZPCLZIC- 201704 96-2.0) WIWDH AW avelengit=210 nm (ZIOWZIC-20170623-3(201T0E02).09
Al o nAU
] Boc., .OBn
=1 Boc.  .OBn = N
N 004 ~ NO
100 NO, S 2
AN = \
] ] (0]
" \_o ) 3i
N 1 wi % 0C-12
- with 1 mol% OC-11 o] With 1 mol% OC-
2] atr.t., 82% ee at 0 °C, 93% ee
o]
o
=]
]
=S 8 0]
&0 <75
—
w u = " m = a0 P % i = =
W {REER) AR MR W T W5 iy W T A e (REE) M W e i U W T A
# [min] [min] [mAl*=] [mAT] S g [min] [min] [mAU*s] [mau] %
e e |====1 | e [ | ====== === === | === | === | ===
1 15.45%0 BV 0.3646 663.65045 27.99099 4.9398 1 16.283 BV 0.3942 275.86328 11.20533 3.4538
2 19.930 BB 0.5125% £759.88477 204.04015 91.0802 2 20.703 BV 0.524% 7711.48535 224 _.%38076 96.5462

WD A Wanelengih=2 10 nm (ZICZMC-20170623.2(201 TOS30). )

AL
Boc.,  .OBn
a0 N
\ NO,
a5
\
o 3i
=0 B
with 1 mol% OC-12
5] atr.t., 74% ee

au

W fRETETA AR Mg U T 5 U I T AR
# [min] [min] [mAU*s] [mAU] %

== mmm———— |====] === | ===mmmmmee [t | ==mm————
1 16.455 BV 0.4139 187.55701 7.05988 13.2585

2 21.307 BB 0.5456 1226.95618 35.03143 86.7405
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3j: HPLC: Chiralpak AS-H (PrOH/n-Hexane) = 3.2:96.8, flow rate = 0.5 mL/min, 210 nm.

WD A Wavelengii=2 10 nm (ZPCLLIC- 20170620- 1.0}

VWO A g ITAIEA0)
mal o
- 8
g 0] Boc\N,OBn
150 Boc\N,OBn p— o = NO,
o xo, L < ]@/\/
4 O
100 O 1254 3j
rac-3j 100 with 1 mol% OC-11
=0 = at 0 °C, 89% ee
o]
o] - E
o
= = B = A = = = = an = A *® = &
W BRI SR R WE T R I (5 I T 52 I fRETmA) R TR LESIE =) U ey U T
# [min] [min] [mAU*g] [mAU] % # [min] [min] [mAU*s] [mAU] %
el Bt |====]======= |====mm—— |====m——— [ | ======= | ====|====- | === | === | ===
1 31.435 EB 1.1008 1.68917ed 238.08201 49,9809 1 31.791 BB 1.0377 958.14807 13.68788 5.3969
2 36.199 BB 1.3022 1.69047ed 19%.37091 50.0191 2 36.713 BB 1.1555 1.67954e4 224.,84811 94.8031
VWD A Wavelengih=210 nm (ZMCUZIC-201704 84-2.0) VWD A, Wanvelength=210 nm (ZMCZIC-20170620-3.0)
Ao " ée!‘
Boc\N,OBn 0] Boc. .OBn
001 - N
<O]©/\/NOZ o ~NO:
]
150+ @] <
3 O 3
] ]
: 0 _ 150 .
- with T mol% OC-11 with 1 mol% OC-12
atr.t., 84% ee
1004 at0 OC, 89% ee
50
: . %
L] /\\ _/\\.._
= = E = FA = = a = = 2 = 2 x = 2
e fREHETE T R L= sl W i W T AH
#  [min] [min] [mAU*s] [maU] % e fREFEFE] R WER W T A W U TE AR
e B B R [==mmmmmmme R [ ===—== #  [min) [min]  [mAU*s] (mAU] 3
1 31.478 BB 0.9%02 1541.03894 23.71176  7.9736 e (Y P [mmmmmmeee [mmmmmmmmmem P
2 36.327 BB 1.1445 1.77858e4 241.13277 92.0264 1 31.003 BB 1.0525 1567.39282 22.42312 5.7274
VIWD1 AL Wavelength=210 nm (ZICWZIC-20170620-2.0)
ALY 2 35.892 MM 1.5588 2.5799%4e4 275.84027 94.2726
0
0] Boc\N,OBn
~ NO.
0] {3:1::1/“\/ 2
O
00 3j
o with 1 mol% OC-12
atr.t., 82% ee
-
§
B /\
P = 20 2w x5 =
g fRETEE] SR WER g iR I iy It i A
# [min] [min] [mAU*s] [mAU] %
il R |====] === |====mm—— |====mm—— | ===
1 31.430 EB 1.0834 680%.32813 47.42136 9.1306

2 35.927 BB 1.4145 6.77677e4 743.42853 90.B8694
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3k: HPLC: Chiralpak AS-H (iPrOH/n-Hexane) = 1.5:98.5, flow rate = 0.5 mL/min, 210 nm.

VWD A, W avelength=210 nm [ ZICWIC-2017 1120-1-AGAIN-AGAIN D}
Al

Boc., .OBn
N

VIV A, Wavelengih=Z10 nm (ZICIZIC-2017 11 29-2-AGAIN O)

100

Boc.,k .OB
oCs n

with 1 mol% OC-11
at 0 °C, 93.4% ee

NO,

18

o R E ER EER LIk E] L= LETTIE
# [min] [min] [mAD*=] [mAL] Y
| | ====] | | | ===
1 13.353 BV 0.4610 2.04078e4 692 _.08104 48.6137
2 14.337 W 0.5313 2.15718e4 £24.075%3 51.3863

WWD A Wanelengih=210 nm (ZICIZIC-2017 1138-LABAND)

b CREIE ] R W R W o
£ [min] [min] [matrs] [matr] ]
- - | - |
1 12.B1& BY 0.4134 703.70599  2E.70556  3.376S
2 13,708 wv 0.502% 2.01378ed4  &S20.0B466 96,6235
VWD A Wavelength=2 10 nm (ZMCOZAC- 2017 1128-3-AGAIN D)
Boc. _.OBn
NO,

with 1 mol% OC-12
at 0 °C, 92.1% ee

= Boc. .OBn

= Y:\/NOZ

ool with 1 mol% OC-11
atr.t., 92.5% ee

0]

11 1 13 M

b CEETEd ] MRS W W i L= o 1
] [min] [min] [malr*s] [matr] k
e L B L R

1 11.955 v 0.3572 766.23889 3302878 3.7421
2 12.708 W 0.4504 1.97100ed GEG_T1185 0&_25749
VWD A Wanvelengih=210 nm (ZICZIC-201T11255-AGAIN D)
mAL B
Boc., .OBn
1504 N
~ NO,
R \\T//\\v/

with 1 mol% OC-12
atr.t., 90.1% ee

b {ERTEm ERS bW e i W e i
] [min]) [min] [mati*s] [matr] &
e L Bl D L] EEER
1 12.619% BV 0.3973 821.14148 32.55119 3.59423
2 13.456 W 0.4557 2.00081led a73_ 22314 9&.0577

12

1

15

1w III |l2 III I.! & ! 1'8 mi
Wi (RETRS ] R MpwE e 1 L e 1

£ [=in] [min]  [maAUTs] [matr] &
e e P ] P B |

1 14.484 BE  0.5986 £095.31122 1E£.00083  4.09596

2 16.478 BE  0.BE3I¥ 1.33343ed  231_58372 050404
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