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General methods:

'H and *C NMR spectra were recorded with the an instrument operated at 300
and 75 MHz, respectively, in CDCl;. Chemical shift (3) are given in parts per million
(ppm) with the residual peak of CHCls at 7.260 ppm or TMS at 0.000 ppm as the
internal standard. Infrared spectra were recorded with a Perkin—Elmer 983G
instrument. Elemental analyses were recorded with a Carlo-Erba EA1110 elementary
analysis instrument. Mass spectra were performed with an HP 5989A system.
High-resolution mass spectra were recorded with a Finnigan MAT 8430 or Bruker
APEXIII instrument. Flash column chromatography was performed on silica gel

(10-40 p). Toluene was refluxed over sodium wire using diphenyl ketone as indicator

and distilled.
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Part 1. Optimization of reaction conditions
All reactions in Tables S1-6 were carried out with 0.1 mmol of la unless
otherwise noted. And the % ees of product 3a were determined with the following

HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm.

Table S1. The effect of temperature

OO

O‘ toluene toluene, 0.5h toluene (0.05 M)
Ph 05h,N,, T Ny, T Ny, T, t
R-4c
20 mol%
Isolated yield ee of R-3a
Entry T (°C) t (h) No.
of R-3a (%) (%)
1“ -78 24 ~30 30 7-37
20 b -78 24 ~25 43 7-73
3 -30 25 ~75 53 7-38
4¢ 0 13 90 65 6-196
5¢ 10 11 87 67 7-11
6° 15 3 84 68 7-13
7° 20 11.5 83 69 7-23
8 24 10.7 85 74 7-12
9 28 2.8 ~83 68 7-39
10 40 2.4 79 59 7-78
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14 24 (1t) 11 85 69 7-24

12¢ 23 (rt) 12 36 53 7-47
13 23 (rt) 12.3 80 72 7-46
14¢ 24 5 80 68 7-25
15" 23 16 80 65 7-28

“ Starting material 1a was not completely converted. ® The solution of quinidine and R-4C in 1 mL
of toluene was stirred at rt for 0.5 h, 2 was then added and the resulting mixture was stirred for
another 0.5 h at rt; then allenol 1a and 1 mL of toluene were added; the resulting mixture was
stirred at -78 °C; “ The solution of quinidine and 2 in 1 mL of toluene was stirred for 0.5 h, R-4c
was then added and the resulting mixture was stirred for another 0.5 h; then allenol 1a and 1 mL
of toluene were added; ¢ 2 (0.2 equiv) was added every 1.5 h; “ The solution of 1a in 1 mL of
toluene was added by syringe pump within 10 h;/ The concentration was 0.025 M;$4A MS (40

mg) was added; " H,O (3.0 equiv) of was added.
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Table S2.The effect of solvent

//
OH _20mol% mol%

Cf?

I&@/
HO 1a

1.2 equw
_ Ph slglr;/erpt, 05h sol2\’/?{1t, 0.5h solvent, No, rt, t
20 mol% R-3a
Isolated yield
Entry Solvent t (h) ce of R-3a (%) No.
of R-3a (%)

1 DCE 1.8 92 27 7-31
2 CHCl, 1.7 92 18 7-32
3 THF 21.7 88 0 7-33
4 MeCN 1.7 98 23 7-35
5¢ MeNO, 18 0 - 7-36
6 DMF 4.7 77 0 7-60
7 Et,0 5 75 29 7-40
8¢ n-hexane 24 ~39 5 7-41
9 c-hexane 24 ~67 10 7-44
10 benzene 11 ~77 70 7-42
11 xylenes 4.3 ~81 61 7-43
12 toluene 12.3 ~80 72 7-46
13 /@\ 11.3 76 52 7-93
14° @Pr-i 39.5 - 6 7-94
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“ Starting material 1a was not completely converted.
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Table S3. The effect of quinidine derivatives

Ph Bu-n
OO ) OO :-:3_@0/
O. 4
P 2 HO 1a

catalyst (20 mol%)

0" on 7 T 12equiv
OO toluene, 0.5 h tﬁluene, 0.5h toluene, Ny, rt, t
Ny, 1t o 1t
R-4c Ph 2 2
20 mol%
Catalyst Isolated yield
Entry t (h) ee of R-3a (%) No.
(20 mol%) of R-3a (%)

1 12.3 80 72 7-46
/O x
-
2 Ho % 1.5 75 -13 7-18
/O X
P
3 HO-. % 11 ~76 2 7-49
X
N/
4 % 7 ~88 0 7-58
/O X
P
5 °% 11 79 0 7-80
HO N
-
6 ] % 11.5 92 4 7-87
T
Ph
7 [ e 12.7 ~85 0 9-23
N OH
8 quinoline 11 80 -5 11-189
9 PPh; 12 80 0 11-188

“ 15 mol% of catalyst and 5 mol% of R-4¢ were used.
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Table S4. The effect of additives

- Br
(e} ILI O
N
Ph HO.,
DO R O
- AN /
O\ //O N/ 2 :l:§_©70
HO 1a

O OH 20 moi% L2equiv
OO additive (10 mol%) toluene, 0.5 h
R-do Ph toluene, 0.5 h N2, 1t toluene, No, rt, t
20 mol% N, 1t
Additive Isolated yield
Entry t (h) ee of R-3a (%) No.
(10 mol%) of R-3a (%)
1 - 11 73 71 8-38
24 MeOH 3 82 74 8-95
3 EtOH 14 78 72 8-41
4 i-PrOH 6.5 75 72 8-49
5 t-BuOH 5.4 77 70 8-50
6 s-Butanol 3 79 73 8-101
7¢ CH,OHCH,OH 3 78 69 8-102
OH
8 ©/\ 5 82 70 8-63
9 ) /O\ 12 80 72 8-79
HO
HO  NH,
10 /—\ 15.3 84 -2 8-78
Ph Ph

Ph
11° [ N>‘$Of|h 3.6 ~69 72 8-183
H

“5 mol% of R-4¢ and 15 mol% of quinidine were used.
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Table S5. The effect of the ratio of each component in the catalyst

Bu-n
OO O ()
(0]

Y mol% _ 1.2 equiv. 1a
toluene, 0.5 h toluene, 0.5 h tol No 1t t
o No, rt N,, rt oluene, Ny, rt,
R-4c
X mol%
Isolated yield
Entry X (mol%) Y (mol%) t (h) ee of R-3a (%) No.
of R-3a (%)
1 30 30 1.3 83 70 7-48
2 20 20 12.3 80 72 7-46
3 15 20 3 79 72 7-66
4 10 20 3 79 71 7-67
5 5 20 3 81 68 7-68
6 5 15 1.3 ~84 69 7-79
7¢ 5 15 3 82 74 8-95
8 5 10 43 79 61 6-179

“MeOH (10 mol%) was added.
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Table S6. The effect of X' sources

%
o HO,, BUn
OO o - > Ig_@o/
0.7 N7 X* (1.2 equiv) Ha 1a

0" “oH g
15mol% toluene, 0.5h o
OO MeOH (10 mol%) N, 1t toluene, N, 24 °C, t
R-4c Ph toluene, 0.5 h
No, 1t
5 mol% 2

Isolated yield of R-3 ee of R-3

Entry X" t(h) No.
(%) (%)
o)
1 E‘éN—Br 2.7 73 (R-3a) 27 8-107
o)
@]
2 \CEéN—Br 2.6 76 (R-3a) 39 8-108
O
0
3 \)J\N,Br 2.8 78 (R-3a) 28 8-110
H
o)

4 N “N—Br 1 68 (R-3a) 8 8-111
o//l%

@) N O
5 3 82 (R-3a) 74 8-95
Ph
6 | N-Br 13 ~79 (R-3a) 32 8-112
Ph

(0]
(@}
Br Br
7 1 ~84 (R-3a) 0 8-119
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8 Br—N;/E'i:E‘éN—Br 11 ~67 (R-3a) 28 8-117

(0] (e}
o)
9 PIS 2.3 ~61 (R-33) 43 9-9
t-BuO NBr,
10 NIS 25 ~50 (R-3a’, X=1)" 11 8-123
11 NCS 49  ~45(R-3a”,X = Cl)* 0 8-125

“ These two compounds have not been fully characterized due to the issue of purity.
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Part 2. Synthesis of racmic products rac-3a~3q

1. Synthesis of 3-bromo-2-butyl-2-(4-methoxyphenyl)-3-butenal rac-3a (Gbj-8-165)

Br
Bu-n CHO
CH3CN/H,O =15/1
d  +nNBs 2 n-Bu
HO rt, 4.3 h
1.2 i —
1a equiv rac.3a O
79%

Typical Procedure I: To a solution of 1a (116.3 mg, 0.5 mmol) in MeCN (4.5
mL) and H,O (0.3 mL) was added NBS (106.9 mg, 0.6 mmol). The resulting mixture
was stirred at room temperature. After the reaction was complete as monitored by
TLC, the mixture was then quenched with a saturated aqueous solution of Na,;S,0; (4
mL), which was followed by the addition of 10 mL of water. This resulting mixture
was extracted with diethyl ether (3x15 mL), washed with a saturated aqueous solution
of NaCl, and dried over Na,SOys. Filtration, evaporation, and column chromatography
on silica gel (petroleum ether/ethyl acetate = 50:1) afforded rac-3a!"! (123.2 mg, 79%):
Liquid; 'H NMR (300 MHz, CDCl3) 6 9.60 (s, 1H, CHO), 7.25 (d, J = 8.1 Hz, 2H,
ArH), 6.93 (d, J = 8.4 Hz, 2H, ArH), 6.02 (d, /= 1.8 Hz, 1H, =CH), 5.94 (d, J = 2.1
Hz, 1H =CH), 3.81 (s, 3H, OCH3), 2.28-2.14 (m, 1H, one proton of CH,), 2.13-1.97
(m, 1H one proton of CHy), 1.50-1.09 (m, 4H, 2 X CHa), 0.94 (t, /= 7.4 Hz, 3H, CH3);
*C NMR (75 MHz, CDCls) & 195.8, 159.2, 134.3, 129.3, 128.5, 121.1, 114.2, 65.0,
55.2, 31.4, 26.9, 23.1, 13.9; IR (neat) v (cm™) 2957, 2933, 2871, 2837, 2719, 1728,
1607, 1580, 1511, 1464, 1442, 1417, 1380, 1298, 1254, 1184, 1094, 1037; MS (70 eV,
EI) m/z (%): 312 (M"(*'Br), 2.48), 310 (M"("Br), 3.31), 160 (100).

The following compounds (rac-3b~3q) were prepared according to Typical
512



Procedure I.

2. Synthesis of 3-bromo-2-ethyl-2-(4-methoxyphenyl)-3-butenal rac-3b (gbj-8-181)

Br
Et CHO
CH3CN/H,O =15/1
d 4+ nNBs 2 Et
HO rt, 2.3 h
1b 1.2 equiv rac-3b o—

87%
The reaction of 1b (102.6 mg, 0.5 mmol) and NBS (106.3 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 2.3 h afforded rac-3b!"! (123.3 mg, 87%):
Liquid; 'H NMR (300 MHz, CDCl3) 6 9.60 (s, 1H, CHO), 7.25 (d, J = 9.0 Hz, 2H,
ArH), 6.93 (d, J = 9.3 Hz, 2H, ArH), 6.02 (d, J= 2.7 Hz, 1H, =CH), 5.96 (d, J = 3.0
Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.40-2.22 (m, 1H, one proton of CH,), 2.19-2.01
(m, 1H one proton of CHy), 0.93 (t, J = 7.4 Hz, 3H, CHs); °C NMR (75 MHz, CDCls)
o 195.6, 159.1, 133.9, 129.3, 128.3, 121.3, 114.2, 65.4, 55.1, 24.4, 9.2; IR (neat) v
(cm™) 2971, 2936, 2881, 2837, 2723, 1728, 1608, 1580, 1511, 1463, 1442, 1416,
1383, 1299, 1255, 1185, 1153, 1086, 1034; MS (70 eV, EI) m/z (%): 284 (M'(*'Br),

3.51), 282 (M*(”Br), 2.54), 174 (100).

3. Synthesis of 3-bromo-2-propyl-2-(4-methoxyphenyl)-3-butenal rac-3c (gbj-8-179)

Br
CgH7-n CHO

CH3CN/H,0 = 15/1
d 4+ nNBs 22 >~ n-CgHy
rt, 3.2 h

HO

1c 1.2 equiv rac-3c o—

92%
The reaction of 1c¢ (109.4 mg, 0.5 mmol) and NBS (107.2 mg, 0.6 mmol) in 4.5
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mL of MeCN and 0.3 mL of H,O at rt for 3.2 h afforded rac-3c (136.9 mg, 92%):
Liquid; 'H NMR (300 MHz, CDCl3) 6 9.60 (s, 1H, CHO), 7.24 (d, J = 8.7 Hz, 2H,
ArH), 6.92 (d, J = 8.7 Hz, 2H, ArH), 6.01 (d, J= 2.7 Hz, 1H, =CH), 5.93 (d, /= 2.4
Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.27-2.12 (m, 1H, one proton of CH,), 2.11-1.95
(m, 1H, one proton of CH,), 1.45-1.12 (m, 2H, CH,), 1.00 (t, J = 7.4 Hz, 3H, CH3);
*C NMR (75 MHz, CDCl) & 195.7, 159.1, 134.2, 129.3, 128.5, 121.0, 114.2, 65.1,
55.1, 33.8, 18.2, 14.5; IR (neat) v (cm™) 3000, 2960, 2933, 2873, 2837, 2719, 1726,
1608, 1580, 1511, 1464, 1442, 1417, 1380, 1302, 1255, 1184, 1091, 1035; MS (70 eV,
EI) m/z (%): 298 (M"(*'Br), 3.76), 296 (M"("Br), 4.68), 188 (100); HRMS calcd for

C14H;70,°Br (MY): 296.0412. Found: 296.0408.

4. Synthesis of 3-bromo-2-pentyl-2-(4-methoxyphenyl)-3-butenal rac-3d (Gbj-8-176)

Br
CgHji-n CHO
:.:S—Q—O/ . NS CHyCNH,0 =151
HO rt, 1.5h
1d 1.2 equiv rac-ad O~

98%
The reaction of 1d (123.1 mg, 0.5 mmol) and NBS (107.2 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 1.5 h afforded rac-3d (158.9 mg, 98%):
Liquid; 'H NMR (300 MHz, CDCl;) 6 9.60 (s, 1H, CHO), 7.24 (d, J = 8.7 Hz, 2H,
ArH), 6.92 (d, J = 8.7 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, =CH), 5.93 (d, J = 2.7
Hz, 1H, =CH), 3.79 (s, 3H, OCH3), 2.28-2.13 (m, 1H, one proton of CH,), 2.12-1.95
(m, 1H, one proton of CH,), 1.47-1.12 (m, 6H, 3 X CHy), 0.90 (t, /= 6.6 Hz, 3H, CH,);

C NMR (75 MHz, CDCl3) & 195.7, 159.1, 134.3, 129.3, 128.5, 121.0, 114.2, 65.0,
14



55.1, 32.1, 31.6, 24.4, 22.4, 14.0; IR (neat) v (cm™) 3000, 2955, 2929, 2870, 2834,
2719, 1732, 1607, 1580, 1514, 1463, 1438, 1417, 1379, 1299, 1255, 1184, 1096, 1036;
MS (70 eV, EI) m/z (%): 326 (M'(*'Br), 5.28), 324 (M'(”Br), 5.51), 160 (100);

HRMS calcd for C16H210279Br (M+): 324.0725. Found: 324.0728.

5. Synthesis of 3-bromo-2-hexyl-2-(4-methoxyphenyl)-3-butenal rac-3e (gbj-8-184)

Br
CgHign CHO

CHsCN/H,0 = 15/1
d o+ nBs 2 > NCeHis
HO ry, 3h

1e 1.2 equiv rac-3e o—
96%

The reaction of 1e (130.5 mg, 0.5 mmol) and NBS (107.5 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 3 h afforded rac-3e (163.8 mg, 96%):
Liquid; '"H NMR (300 MHz, CDCl3) & 9.60 (s, 1H, CHO), 7.24 (d, J = 8.4 Hz, 2H,
ArH), 6.92 (d, J = 8.7 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, =CH), 5.93 (d, J = 2.7
Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.29-2.14 (m, 1H, one proton of CH;), 2.13-1.97
(m, 1H, one proton of CH,), 1.48-1.10 (m, 8H, 4 X CHy), 0.89 (t, /= 6.3 Hz, 3H, CH,);
BC NMR (75 MHz, CDCl3) & 195.7, 159.1, 134.3, 129.3, 128.5, 121.0, 114.2, 65.0,
55.1, 31.6, 31.5, 29.6, 24.7, 22.6, 14.0; IR (neat) v (cm™) 2997, 2953, 2929, 2856,
2719, 1727, 1607, 1580, 1511, 1464, 1442, 1417, 1378, 1299, 1255, 1184, 1144, 1097,
1035; MS (70 eV, EI) m/z (%): 340 (M"(*'Br), 4.69), 338 (M"("’Br), 4.50), 160 (100);

HRMS calcd for Ci7H,30,”Br (M"): 338.0881. Found: 338.0887.

6. Synthesis of 3-bromo-2-decyl-2-(4-methoxyphenyl)-3-butenal rac-3f (Gbj-8-174)
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Br

CioH21-n CHO
CH;CN/H,O =15/1
o/ + NBS — 2 > N-CyoHz1
rt, 4 h

HO

1f 1.2 equiv rac-3f o—

95%

The reaction of 1f (158.6 mg, 0.5 mmol) and NBS (107.4 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 4 h afforded rac-3f (187.8 mg, 95%):
Liquid; 'H NMR (300 MHz, CDCls) 6 9.60 (s, 1H CHO), 7.24 (d, J = 8.7 Hz, 2H,
ArH), 6.92 (d, J = 8.7 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, =CH), 5.93 (d, /= 2.4
Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.28-2.13 (m, 1H, one proton of CH), 2.13-1.96
(m, 1H, one proton of CH;), 1.46-1.12 (m, 16H, 8 XCH,), 0.88 (t, J = 6.6 Hz, 3H,
CH3); >C NMR (75 MHz, CDCls) § 195.8, 159.2, 134.3, 129.3, 128.6, 121.1, 114.2,
65.1,55.2,31.9,31.7, 30.0, 29.6, 29.4, 29.3, 24.8, 22.7, 14.1; IR (neat) v (cm™) 3000,
2953, 2925, 2853, 2718, 1731, 1608, 1580, 1512, 1464, 1442, 1417, 1378, 1299, 1255,
1184, 1142, 1101, 1037; MS (70 eV, EI) m/z (%): 396 (M"(*'Br), 2.29), 394 (M"("Br),

2.63), 160 (100); HRMS calcd for C21H310279Br (M+): 394.1507. Found: 394.1517.

7. Synthesis of 3-bromo-2-isopropyl-2-(4-methoxyphenyl)-3-butenal  rac-3g

(gbj-9-16)

Br
CHO

CHsCN/H,0 = 15/1
d o+ nBs 2 -
rt, 3.8 h

HO

1g 1.2 equiv

rac-3g O
64%

The reaction of 1g (109.2 mg, 0.5 mmol) and NBS (106.7 mg, 0.6 mmol) in 4.5
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mL of MeCN and 0.3 mL of H,O at rt for 3.8 h afforded rac-3g (95.4 mg, 64%):
Liquid; '"H NMR (300 MHz, CDCl3) & 9.60 (s, 1H, CHO), 7.17 (d, J = 8.7 Hz, 2H,
ArH), 6.93 (d, J = 9.0 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, =CH), 5.98 (d, J = 2.4
Hz, 1H, =CH), 3.82 (s, 3H, OCHj3), 2.92 (heptet, J = 6.8 Hz, 1H, CH), 0.97 (d, /= 6.9
Hz, 3H, CHs), 0.92 (d, J = 6.9 Hz, 3H, CH;); °C NMR (75 MHz, CDCls) & 196.8,
158.8, 133.0, 130.7, 127.3, 123.4, 113.6, 69.2, 55.2, 30.4, 18.5, 18.2; IR (neat) v (cm™)
3036, 2967, 2936, 2877, 2837, 2720, 1727, 1610, 1579, 1513, 1490, 1464, 1442, 1389,
1370, 1296, 1255, 1186, 1124, 1097, 1073, 1035; MS (70 eV, EI) m/z (%): 298
(M'(*'Br), 14.21), 296 (M"("Br), 13.37), 188 (100); HRMS calcd for C4H;70,” Br

(M"): 296.0412. Found: 296.0422.

8. Synthesis of 3-bromo-2-cyclohexyl-2-(4-methoxyphenyl)-3-butenal rac-3h

(gbj-9-14)
Br
CHO
CH3CN/H,O =15/1
d o+ NBs 2
HO rt, 3.3 h
1h 1.2 equiv rac-3h O
99.6%

The reaction of 1h (129.1 mg, 0.5 mmol) and NBS (107.4 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 3.3 h afforded rac-3h (167.9 mg, 99.6%):
Liquid; 'H NMR (300 MHz, CDCl3) & 9.57 (s, 1H, CHO), 7.14 (d, J = 8.7 Hz, 2H,
ArH), 6.92 (d, J = 9.0 Hz, 2H, ArH), 6.00 (d, J = 2.4 Hz, 1H, =CH), 5.96 (d, J = 2.4
Hz, 1H, =CH), 3.82 (s, 3H, OCH3), 2.51 (t, J=11.7 Hz, 1H, CH), 1.92-1.53 (m, 5H, 2

X CH; and one proton of CH,), 1.47-1.22 (m, 2H, CH;), 1.16-0.74 (m, 3H, CH, and
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one proton of CHy); *C NMR (75 MHz, CDCls) & 196.6, 158.7, 133.1, 130.7, 127.5,
123.3, 113.6, 69.2, 55.1, 41.2, 28.9, 28.6, 26.8, 26.7, 26.4; IR (neat) v (cm™) 3001,
2932, 2853, 2714, 1727, 1609, 1579, 1512, 1462, 1453, 1417, 1296, 1255, 1185, 1154,
1123, 1037; MS (70 eV, EI) m/z (%): 338 (M'(*'Br), 10.28), 336 (M*("’Br), 10.30),

307 (100); HRMS calcd for C17H210279Br (M+): 336.0725. Found: 336.0728.

9. Synthesis of 2-allyl-3-bromo-2-(4-methoxyphenyl)-3-butenal rac-3i (gbj-8-198)

Br
CHO

/

/ CH3CN/H,0 =15/1
o + NBS >
rt, 3h =

HO

1i 1.2 equiv rac3i  H—

78%

The reaction of 1i (107.9 mg, 0.5 mmol) and NBS (107.1 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 3 h afforded rac-3i'" (114.4 mg, 78%):
Liquid; 'H NMR (300 MHz, CDCl;) 6 9.64 (s, 1H, CHO), 7.24 (d, J = 8.7 Hz, 2H,
ArH), 6.93 (d, J = 9.0 Hz, 2H, ArH), 6.06-5.85 (m, 2H, =CHy), 5.82-5.60 (m, 1H,
=CH), 5.19 (dd, J = 17.1 Hz and 0.9 Hz, 1H, one proton of =CH), 5.11 (d, J = 10.2
Hz, 1H, one proton of =CHy), 3.80 (s, 3H, OCH3), 3.05 (dd, J = 14.1 and 6.6 Hz, 1H,
one proton of CHy), 2.86 (dd, J = 14.3 and 7.4 Hz, 1H, one proton of CH); BC NMR
(75 MHz, CDCls) 6 195.7, 159.2, 133.6, 132.7, 129.4, 127.9, 121.5, 118.8, 114.2, 64.7,
55.2, 36.4; IR (neat) v (cm™) 3078, 3036, 3005, 2977, 2957, 2934, 2911, 2837, 2720,
1727, 1640, 1608, 1580, 1512, 1463, 1442, 1417, 1299, 1255, 1185, 1098, 1033; MS
(70 eV, EI) m/z (%): 296 (M*(*'Br), 14.33), 294 (M"("Br), 15.50), 145 (100).

10. Synthesis of 2-benzyl-3-bromo-2-(4-methoxyphenyl)-3-butenal rac-3j (gbj-10-78)
518



Br

Bn CHO
CH3CN/H,O =15/1 Bn
:l:>/_®70/ + NBS 3 2
HO _ rt, 12 h
1] 1.2 equiv rac-3; o—

65%

The reaction of 1j (133.2 mg, 0.5 mmol) and NBS (107.3 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 12 h afforded rac-3j (112.3 mg, 65%): Oil;
'H NMR (300 MHz, CDCl5) & 9.66 (s, 1H, CHO), 7.34-7.05 (m, 7H, ArH), 6.91 (d, J
=9.0 Hz, 2H, ArH), 5.82 (s, 2H, =CH,), 3.81 (s, 3H, OCH3), 3.65 (d, /= 13.2 Hz, 1H,
one proton of ArCH»), 3.42 (d, J = 13.2 Hz, 1H, one proton of ArCHy); BC NMR (75
MHz, CDCls) & 195.4, 159.3, 136.2, 133.3, 130.7, 129.6, 128.5, 127.8, 126.7, 122.2,
114.2, 66.7, 55.2, 38.3; IR (neat) v (cm™) 3060, 3032, 3006, 2956, 2931, 2838, 2722,
1722, 1620, 1604, 1581, 1511, 1455, 1438, 1418, 1294, 1259, 1185, 1123, 1078, 1033;
MS (70 eV, EI) m/z (%): 346 (M'(*'Br), 13.11), 344 (M"("Br), 11.84), 174 (100);

HRMS calcd for C18H170279Br (M+): 344.0412. Found: 344.0410.

11. Synthesis of 3-bromo-2-(3-phenylpropyl)-2-(4-methoxyphenyl)-3-butenal rac-3k

(gbj-9-1)

Br
CHO

Ph

/ CH3;CN/H,0 =15/1
0 + NBS
ry, 3.6 h o) Ph
1k 1.2 equiv |

HO
rac-3k
93%

The reaction of 1k (147.5 mg, 0.5 mmol) and NBS (107.3 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 3.6 h afforded rac-3k (173.6 mg, 93%):
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solid; mp. 68.7~71.0 °C (Et,0/n-hexane); 'H NMR (300 MHz, CDCl3) & 9.58 (s, 1H,
CHO), 7.38-7.08 (m, 7H, ArH), 6.90 (d, J= 9.0 Hz, 2H, ArH), 5.95 (d, J=2.7 Hz, 1H,
=CH), 5.91 (d, J = 2.4 Hz, 1H, =CH), 3.79 (s, 3H, OCHj3), 2.84-2.60 (m, 2H, CH,),
2.37-2.19 (m, 1H, one proton of CH;), 2.17-1.98 (m, 1H, one proton of CH,),
1.74-1.46 (m, 2H, CH,); >C NMR (75 MHz, CDCls) & 195.4, 159.1, 141.7, 134.0,
129.2, 128.3, 128.2, 128.1, 125.8, 121.2, 114.2, 64.9, 55.1, 36.0, 31.0, 26.5; IR (KBr)
v (cm™) 3084, 3061, 3026, 3002, 2950, 2935, 2836, 2721, 1727, 1606, 1580, 1511,
1454, 1442, 1417, 1299, 1256, 1185, 1122, 1082, 1034; MS (70 eV, EI) m/z (%): 374
(M'(*'Br), 2.25), 372 (M'("Br), 2.48), 160 (100); Anal. calcd. for CaoHy BrO,. C

64.35, H 5.67; found: C 64.42, H 5.70.

12.  Synthesis of  3-bromo-2-phenyl-2-(4-methoxyphenyl)-3-butenal  rac-3l

(gbj-11-144)

Br
Ph CHO
CH3CN/H,0 = 15/1
d o+ nBs 2 ~ Ph
HO rt, 2.5 h
1 1.2 equiv tac3l O~

66%
The reaction of 11 (125.3 mg, 0.5 mmol) and NBS (107.4 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 2.5 h afforded rac-3l (108.5 mg, 66%):
Liquid; "H NMR (300 MHz, CDCls) & 10.11 (s, 1H, CHO), 7.44-7.30 (m, 3H, ArH),
7.28-7.19 (m, 2H, ArH), 7.17-7.08 (m, 2H, ArH), 6.94-6.87 (m, 2H, ArH), 6.00 (d, J=
2.4 Hz, 1H, one proton of =CHs), 5.69 (d, J = 2.4 Hz, 1H, one proton of =CH>), 3.82

(s, 3H, CHz); *C NMR (75 MHz, CDCl3) & 196.4, 159.2, 137.2, 133.4, 131.4, 130.1,
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128.6, 128.5, 128.0, 124.4, 113.9, 71.0, 55.3; IR (neat) v (cm™) 3059, 3033, 3003,
2956, 2932, 2837, 2729, 1732, 1608, 1580, 1505, 1463, 1446, 1417, 1299, 1255, 1185,
1116, 1088, 1035; MS (70 eV, EI) m/z (%): 332 (M"(*'Br), 0.51), 330 (M"("Br), 0.66),
303 (M'(*'Br)-CHO, 35.54), 301 (M"("Br)-CHO, 37.30), 222 (100); HRMS calcd

for C17H150279Br (M+): 330.0255. Found: 330.0264.

13. Synthesis of 3-bromo-2-butyl-2-(4-ethoxyphenyl)-3-butenal rac-3m (gbj-9-29)

Br
Bu-n CHO
CH3CN/H,O =15/1
HO . rt, 1.3h
1m 1.2 equiv rac.3m OEt

78%

The reaction of 1m (123.4 mg, 0.5 mmol) and NBS (106.5 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 1.3 h afforded rac-3m (126.5 mg, 78%):
Liquid; 'H NMR (300 MHz, CDCl3) § 9.59 (s, 1H, CHO), 7.23 (d, J = 8.7 Hz, 2H,
ArH), 6.91 (d, J = 8.7 Hz, 2H, ArH), 6.01 (d, J= 2.4 Hz, 1H, =CH), 5.92 (d, J = 2.7
Hz, 1H, =CH), 4.02 (q, J = 6.9 Hz, 2H, CH,), 2.30-2.13 (m, 1H, one proton of CHa),
2.13-1.93 (m, 1H, one proton of CH,), 1.52-1.06 (m, 7H, CH3 and 2 X CH,), 0.93 (t, J
= 7.2 Hz, 3H, CH3); >*C NMR (75 MHz, CDCl3) § 195.7, 158.5, 134.3, 129.3, 128.3,
121.0, 114.7, 65.0, 63.3, 31.3, 26.9, 23.1, 14.7, 13.9; IR (neat) v (cm™) 2957, 2931,
2872,2819,2719, 1727, 1608, 1579, 1511, 1477, 1393, 1296, 1253, 1185, 1117, 1093,
1047, 1011; MS (70 eV, EI) m/z (%): 326 (M"(*'Br), 2.78), 324 (M"("Br), 2.77), 174

(100); HRMS calcd for C16H210279Br (M+): 324.0725. Found: 324.0726.
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14. Synthesis of 3-bromo-2-butyl-2-(3,4-methylenedioxyphenyl)-3-butenal rac-3n

(gbj-8-190)
Br
Bun 0O CHO
Z NBS CH3CN/H,0 =15/1
+
rt, 1 h n-Bu S
HO . p
1n 1.2 equiv rac-3n (@)

89%

The reaction of 1n (122.6 mg, 0.5 mmol) and NBS (107.4 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 1 h afforded rac-3n" (144.8 mg, 89%):
Liquid; 'H NMR (300 MHz, CDCl;) 6 9.58 (s, 1H, CHO), 6.88-6.73 (m, 3H, ArH),
6.04 (d, J = 2.4 Hz, 1H, =CH), 5.97 (s, 2H, OCH,0), 5.93 (d, J = 2.7 Hz, 1H, =CH),
2.26-2.10 (m, 1H, one proton of CH;), 2.10-1.93 (m, 1H one proton of CHa),
1.50-1.08 (m, 4H, 2X CH,), 0.93 (t, J = 7.2 Hz, 3H, CH;); >C NMR (75 MHz, CDCl5)
0 195.4,148.2, 147.3, 134.0, 130.4, 121.7, 121.1, 108.4, 108.3, 101.3, 65.1, 31.5, 26.9,
23.0, 13.9; IR (neat) v (cm™) 2957, 2931, 2872, 2774, 2716, 1727, 1618, 1504, 1487,
1438, 1380, 1351, 1243, 1166, 1112, 1094, 1040; MS (70 eV, EI) m/z (%): 326

M"(*'Br), 25.41), 324 (M"(”Br), 24.65), 115 (100).

15. Synthesis of 3-bromo-2-butyl-2-thienyl-3-butenal rac-30 (gbj-9-51)

Br
Bu-n CHO
CH5CN/H,O =15/1
:.:g_@ + NBS 3 2 n-Bu —
HO S rt, 3h S 7
1.2 i
10 equiv rac.30

92%
The reaction of 10 (103.5 mg, 0.5 mmol) and NBS (106.9 mg, 0.6 mmol) in 4.5
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mL of MeCN and 0.3 mL of H,O at rt for 3 h afforded rac-30 (132.0 mg, 92%):
Liquid; 'H NMR (300 MHz, CDCls) & 9.58 (s, 1H, CHO), 7.36 (dd, J = 5.0 Hz and
1.4 Hz, 1H, ArH), 7.12-6.96 (m, 2H, ArH), 6.03 (d, J= 3.0 Hz, 1H, =CH), 5.93 (d, J =
2.7 Hz, 1H, =CH), 2.32-2.07 (m, 2H, CH,), 1.52-1.17 (m, 4H, 2X CH,), 0.93 (t, J =
7.1 Hz, 3H, CH3); °C NMR (75 MHz, CDCls) & 193.8, 140.5, 133.1, 127.2, 127.1,
126.4, 121.1, 63.6, 33.4, 26.6, 22.9, 13.9; IR (neat) v (cm™) 3108, 3069, 2957, 2931,
2871, 2816, 2714, 1732, 1619, 1466, 1429, 1380, 1238, 1156, 1095, 1047; MS (70 eV,
EI) m/z (%): 288 (M"(*'Br), 3.43), 286 (M'("Br), 2.48), 257 (100); HRMS calcd for

C1,H;50,87Br (M"): 286.0027. Found: 286.0023.

16. Synthesis of 3-bromo-2-ethyl-2-(3,4,5-trimethoxyphenyl)-3-butenal rac-3p

(gbj-11-84)
Br
Et OMe CHO
CH5;CN/H,O = 15/1
OMe + NBS ———2 ~  Et OMe
HO rt, 2.7 h
1p OMe 1.2 equiv OMe
MeO
rac-3p

88%

The reaction of 1p (132.1 mg, 0.5 mmol) and NBS (107.3 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 2.7 h afforded rac-3p (150.6 mg, 88%)
(petroleum ether/ethyl acetate = 10/1): Liquid; 'H NMR (300 MHz, CDCl5) & 9.62 (s,
1H, CHO), 6.53 (s, 2H, ArH), 6.06 (d, J = 1.8 Hz, 1H, =CH), 6.01 (d, /= 2.4 Hz, 1H,
=CH), 3.86 (s, 9H, 3 X OCH3;), 2.40-2.22 (m, 1H, one proton of CH;), 2.20-2.02 (m,
1H, one proton of CH,), 0.94 (t, J = 7.2 Hz, 3H, CH3); °C NMR (75 MHz, CDCl3) &

195.3, 153.3, 137.8, 133.3, 131.9, 121.7, 105.4, 66.1, 60.8, 56.1, 24.6, 9.3; IR (neat) v
s23



(cm™) 2970, 2938, 2881, 2835, 2724, 1727, 1620, 1588, 1510, 1455, 1416, 1382,
1321, 1247, 1187, 1128, 1007; MS (70 eV, EI) m/z (%): 344 (M"(*'Br), 3.02), 342
(M (™Br), 3.58), 195 (100); HRMS calcd for C;sH904"°Br (M"): 342.0467. Found:

342.0473.

17. Synthesis of 3-bromo-2-butyl-2-(4-methylphenyl)-3-butenal rac-3q (gbj-11-198)

Br
Bu-n CHO
CH3CN/H,0 =15/1
:l:>’/_©7 + NBS 3 2 - n-Bu
HO _ rt, 6 h
1q 1.2 equiv rac-3q

84%

The reaction of 1g (107.5 mg, 0.5 mmol) and NBS (107.1 mg, 0.6 mmol) in 4.5
mL of MeCN and 0.3 mL of H,O at rt for 6 h afforded rac-3q" (124.0 mg, 84%):
Liquid; "H NMR (300 MHz, CDCl3) 6 9.63 (s, 1H, CHO), 7.21 (s, 4H, ArH), 6.03 (d,
J = 2.7 Hz, 1H, one proton of =CH,), 5.95 (d, J = 2.7 Hz, 1H, one proton of =CH,),
2.35 (s, 3H, CH3), 2.29-2.16 (m, 1H, one proton of CH,), 2.15-2.00 (m, 1H one proton
of CH,), 1.48-1.08 (m, 4H, 2X CH,), 0.93 (t, J = 7.2 Hz, 3H, CH3); °C NMR (75
MHz, CDCls) 6 196.1, 137.9, 134.1, 133.7, 129.6, 128.0, 121.2, 65.4, 31.5, 26.9, 23.1,
21.1, 13.9; IR (neat) v (cm™) 3024, 2957, 2930, 2871, 2718, 1729, 1619, 1510, 1466,
1412, 1376, 1160, 1093, 1019; MS (70 eV, EI) m/z (%): 296 (M*(*'Br), 1.55), 294

M"(”Br), 1.68), 143 (100).

Part 3. Synthesis of optically active product R-3a~3n, S-30 and R-3p~3(Q
1. Synthesis of (+)-3-bromo-2-butyl-2-(4-methoxyphenyl)-3-butenal R-3a (gbj-8-170)
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Os_N._O

Ph OO Bu-n

O e} Br
(ONI7 uinidine (15 mol% 2
o P\O q ( 0) 1.2 equiv HO la .

H
OO toluene, 0.5h  toluene, 0.5h toluene, Ny, 24 °C B
Ph MeOH (10 mol%) N, 24 °C 32h
R-4c Nz, 24 °C R-3a o~

5 mol% 75 %, 75% ee

Typical procedure 11: To a dried 50 mL rubber-capped round bottomed Schlenk
vessel were added quinidine (24.5 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol),
MeOH (2.0 uL, 0.05 mmol), and 5 mL of toluene. After being stirred at 24 °C for 0.5
h, N-bromo-1,8-naphthalimide 2 (165.5 mg, 0.6 mmol) was added and the resulting
mixture was stirred at 24 °C for another 0.5 h, which was followed by the squential
addition of allenol la (116.5 mg, 0.5 mmol) and 5 mL of toluene. The resulting
mixture was stirred at 24 °C until the reaction was complete as monitored by TLC
after 3.2 h. A saturated aqueous solution of Na,S,03 (4 mL) and 10 mL of H,O were
added to quench the reaction. This resulting mixture was extracted with diethyl ether
(3x15 mL), washed with a saturated aqueous solution of NaCl and dried over
anhydrous Na,SOy. Filtration, evaporation and purification by chromatography
(petroleum ether/ethyl acetate = 50/1) on silica gel afforded R-3a (117.5 mg, 75%,
75% ee, HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A=
230 nm, #g (major) = 8.5 min, g (minor) = 15.3 min) as a liquid: [a]*p = +76.6 ° (c =
1.00, CHCI3); '"H NMR (300 MHz, CDCl3) & 9.60 (s, 1H, CHO), 7.24 (d, J = 8.7 Hz,
2H, ArH), 6.92 (d, J = 8.7 Hz, 2H, ArH), 6.02 (d, J = 2.4 Hz, 1H, =CH), 5.94 (d, J =
2.4 Hz, 1H, =CH), 3.81 (s, 3H, OCHs;), 2.29-2.13 (m, 1H, one proton of CHa),
2.13-1.97 (m, 1H, one proton of CH;), 1.50-1.08 (m, 4H, 2 X CHy), 0.94 (t, /= 7.4 Hz,
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3H, CHs); >C NMR (75 MHz, CDCls) & 195.8, 159.2, 134.3, 129.3, 128.6, 121.1,
114.2, 65.0, 55.2, 31.4, 26.9, 23.1, 13.9; IR (neat) v (cm™) 2957, 2933, 2871, 2837,
2719, 1728, 1607, 1580, 1511, 1464, 1442, 1417, 1380, 1298, 1254, 1184, 1094, 1037,
MS (70 eV, EI) m/z (%): 312 (M'(*'Br), 3.45), 310 (M'("Br), 3.31), 160 (100);
HRMS calcd for C15H190279Br (M+): 310.0568. Found: 310.0565.

The following compounds (R-3b~3n, S-30 and R-3p~3Q) were prepared

according to Typical Procedure I1.

2. Synthesis of (+)-3-bromo-2-ethyl-2-(4-methoxyphenyl)-3-butenal R-3b (gbj-8-182)

OsN.__O
o 90 )
/
Br
O. /O inidi 0, 2 :.:3_@0
o P\/ quinidine (15 mol%) 1.2 equiv HO 1b .CHO
OH ‘
O‘ toluene, 0.5 h toluene, 0.5 h toluene, N,, 24 °C Et
Ph MeOH (10 mol%) N, 24 °C 25h
- 0 ’
R-4c Ny, 24 °C R-3b o
5 mol% 77%, 77% ee

The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.4 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.5 mg, 0.6 mmol), and allenol 1b (101.1 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 2.5 h afforded R-3b (107.9 mg, 77%, 77% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A= 230 nm,
tr (major) = 22.7 min, fz (minor) = 19.1 min) as a liquid: [a]*’p = +94.5 ° (¢ = 1.00,
CHCl;); 'H NMR (300 MHz, CDCl3) & 9.60 (s, 1H, CHO), 7.25 (d, J = 9.0 Hz, 2H,
ArH), 6.93 (d, J = 8.7 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, =CH), 5.96 (d, J = 2.7
Hz, 1H, =CH), 3.81 (s, 3H, OCH3), 2.42-2.22 (m, 1H, one proton of CH;), 2.20-2.02
(m, 1H, one proton of CH,), 0.93 (t, J= 7.4 Hz, 3H, CHs); °C NMR (75 MHz, CDCl;)

0 195.7, 159.2, 133.9, 129.4, 128.4, 121.4, 114.2, 65.5, 55.2, 24.5, 9.2; IR (neat) v
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(cm™) 2971, 2936, 2881, 2836, 2723, 1728, 1608, 1580, 1511, 1462, 1442, 1416,
1383, 1299, 1255, 1185, 1153, 1086, 1034; MS (70 eV, EI) m/z (%): 284 (M'(*'Br),
2.68), 282 (M"(”Br), 2.53), 174 (100); HRMS calcd for C3H,50,”Br (M"): 282.0255.

Found: 282.0259.

3.  Synthesis of (+)-3-bromo-2-propyl-2-(4-methoxyphenyl)-3-butenal  R-3c

(gbj-8-180)
I?r
OxN._O
Y O :%Q
/
Br
O\ /O .y 0 2 o
o P\/ quinidine (15 mol%) 1.2 equiv HO 1c .CHO
OH ‘
O‘ toluene, 0.5 h toluene, 0.5 h toluene, Ny, 24 °C n-CzHy
Ph MeOH (10 mol%) N, 24 °C 3h
R-4c N», 24 °C R-3c o~
5 mol% 83%, 77% ee

The reaction of quinidine (24.2 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.5 mg, 0.6 mmol), and allenol 1c (109.5 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3 h afforded R-3c (124.4 mg, 83%, 77% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 8.7 min, fg (minor) = 12.8 min) as a liquid: [0]*’p = +82.9 ° (¢ = 1.00,
CHCl;); 'H NMR (300 MHz, CDCl3) & 9.60 (s, 1H, CHO), 7.24 (d, J = 9.3 Hz, 2H,
ArH), 6.93 (d, /= 9.0 Hz, 2H, ArH), 6.01 (d, /= 2.4 Hz, 1H, =CH), 5.93 (d, J = 2.7
Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.28-2.12 (m, 1H, one proton of CH;), 2.03 (td, J
= 12.5 Hz and 5.0 Hz, 1H, one proton of CH,), 1.42-1.13 (m, 2H, CH,), 1.00 (t, J =
7.2 Hz, 3H, CH3); °C NMR (75 MHz, CDCl3) § 195.7, 159.2, 134.2, 129.3, 128.5,

121.0, 114.2, 65.1, 55.2, 33.8, 18.2, 14.5; IR (neat) v (cm™) 2994, 2960, 2933, 2873,
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2836, 2719, 1726, 1608, 1580, 1511, 1464, 1442, 1417, 1302, 1255, 1184, 1090, 1035;
MS (70 eV, ESI) m/z: 501 [M(*'Br) + Na]", 499[M("°Br) + Na]", 479 [M(*'Br) + H]",
477 M(”Br) + H]"; HRMS caled for Ci4H;;0,”°Br (M"): 296.0412. Found:

296.04009.

Synthesis of R-3c in 98% ee:

(1) A gram scale reaction of R-3c (gbj-10-17)

O N O
oY % :%/Q
/
o 0 Br
O uinidine (15 mol% 2
o P\O q ( 0 17 equiv HO 1 ~CHO
H

OO toluene, 05h toluene, 0.5 toluene, N, 24°C  n-CsHy

Ph MeOH (10 mol%) Ny, 24 °C 17h

0,
R-4c N», 24 °C R-3c o
5 mol% T7%, 74% ee

The reaction of quinidine (243.3 mg, 0.75 mmol), R-4c (125.1 mg, 0.25 mmol),
MeOH (16.1 mg, 0.5 mmol), 2 (1.6562 g, 6 mmol), and allenol 1c¢ (1.0908 g, 5 mmol)
in 100 mL of toluene at 24 °C for 17 h afforded R-3c (1.1428 g, 77%, 74% ee, HPLC
conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A= 230 nm, g
(major) = 7.3 min, fg (minor) = 9.7 min) as a liquid: 'H NMR (300 MHz, CDCl5) &
9.61 (s, 1H, CHO), 7.24 (d, /= 9.0 Hz, 2H, ArH), 6.92 (d, /= 9.0 Hz, 2H, ArH), 6.01
(d, J = 2.4 Hz, 1H, =CH), 593 (d, J = 2.7 Hz, 1H, =CH), 3.80 (s, 3H, OCHs),
2.27-2.12 (m, 1H, one proton of CH,), 2.04 (td, J = 12.6 Hz and 4.8 Hz, 1H, one
proton of CHy), 1.45-1.13 (m, 2H, CH,), 1.00 (t, J = 7.1 Hz, 3H, CH;); *C NMR (75
MHz, CDCls) 6 195.8, 159.2, 134.3, 129.3, 128.6, 121.0, 114.3, 65.1, 55.2, 34.0, 18.2,

14.5.

(2) Synthesis of hydrazone R-5C (gbj-10-23)
528



Br

O,N C3H7-n
H2NHNONOZ N="] crvstal
) HN v
1 equiv o~ L
recrystallization from 19%, 7% ee
H2S0O4, EtOH/H0 O,N +
nt,5h CH,Cly/n-hexane -
o) mother liquid
NO
R-3c 2
74% ee R-5¢: 92%, 75% ee 72%, 99% ee

To a 100 mL round bottomed flask were added 2,4-dinitrophenylhydrazine (198.2
mg, 1 mmol) and concentrated H>SO4 (1.5 mL). After dissolution of hydrazine, EtOH
(15 mL), H,O (35 mL), R-3c (297.0 mg, 1 mmol, 74% ee), and EtOH (5 mL) were
added with stirring and the resluting mixture was stirred at rt until the reaction was
complete after 5 h as monitored by TLC. This resulting mixture was extracted with
ethyl acetate (3x30 mL), washed with a saturated aqueous solution of NaCl and dried
over anhydrous Na,SOs. Filtration, evaporation and purification by chromatography
(petroleum ether/ethyl acetate = 10/1) on silica gel afforded R-5C (437.8 mg, 92%,
75% ee). After recrystalization from the solution of CH,Cl, and n-hexane, the crystal
(92.5 mg, 19%, 7% ee) was obtained leaving the mother liquid containing R-5C (345.2
mg, 72%, 99% ee).

R-5c: 75% ee (HPLC conditions: OD-H column, n-hexane/i-PrOH = 95/5, 1.0
mL/min, A = 254 nm, fg (major) = 40.6 min, #g (minor) = 47.6 min); 'H NMR (300
MHz, CDCl;) § 11.11 (s, 1H, NH), 9.15-9.06 (m, 1H, ArH), 8.33 (dd, /=9.6 Hz and
2.4 Hz, 1H, ArH), 7.86 (d, J=9.6 Hz, 1H, ArH), 7.75 (s, 1H, N=CH), 7.23 (d, J = 8.7
Hz, 2H, ArH), 6.92 (d, J = 9.0 Hz, 2H, ArH), 5.90 (d, J = 2.7 Hz, 1H, one proton of
=CH,), 5.88 (d, J = 2.4 Hz, 1H, one proton of =CHy), 3.82 (s, 3H, OCH3), 2.27 (t, J =
8.3 Hz, 2H, CH,), 1.50-1.20 (m, 2H, CH,), 1.03 (t, J = 7.4 Hz, 3H, CH3); °C NMR

(75 MHz, CDCl3) & 158.8, 152.3, 145.0, 138.2, 137.5, 132.3, 130.1, 129.1, 128.6,
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123.3, 120.0, 116.5, 114.0, 57.7, 55.2, 37.3, 18.4, 14.7; IR (neat) v (cm™) 3298, 3107,
2961, 2932, 2872, 2838, 1614, 1590, 1505, 1462, 1426, 1335, 1284, 1254, 1223, 1184,
1139, 1081, 1035; MS (70 eV, ESI) m/z (%): 501 [M"(*'Br) + Na]", 499 [M"("Br) +
Nal, 479 [M'®'Br) + H]", 477 [M'(Br) + H]; Elemental analysis calcd for

Cy0H21BrN4Os: C, 50.33; H, 4.43; N, 11.74. Found: C, 50.40; H, 4.50; N, 11.35.

R-5¢: 7% ee (HPLC conditions: OD-H column, n-hexane/i-PrOH = 95/5, 1.0 mL/min,
A = 254 nm, tg (major) = 39.9 min, #z (minor) = 45.2 min); Solid, mp. 143.8~145.5 °C;
'H NMR (300 MHz, CDCls) & 11.11 (s, 1H, NH), 9.09 (d, J= 2.4 Hz, 1H, ArH), 8.32
(dd, J = 9.6 Hz and 2.4 Hz, 1H, ArH), 7.86 (d, J = 9.6 Hz, 1H, ArH), 7.77 (s, 1H,
N=CH), 7.24 (d, J = 8.7 Hz, 2H, ArH), 6.91 (d, J = 8.7 Hz, 2H, ArH), 5.90 (d, /= 2.4
Hz, 1H, one proton of =CH,), 5.88 (d, J = 2.4 Hz, 1H, one proton of =CHy), 3.81 (s,
3H, OCH3), 2.28 (t,J= 8.0 Hz, 2H, CH), 1.52-1.13 (m, 2H, CH,), 1.03 (t, J = 7.2 Hz,
3H, CHs); >C NMR (75 MHz, CDCls) & 158.7, 152.4, 145.0, 138.0, 137.5, 132.3,

130.0, 129.1, 128.5, 123.3, 120.0, 116.4, 113.9, 57.7, 55.2, 37.3, 18.4, 14.6.

R-5C: 99% ee (HPLC conditions: OD-H column, n-hexane/i-PrOH = 95/5, 1.0
mL/min, A = 254 nm, g (major) = 40.8 min, g (minor) = 48.7 min) [a]*’p = +58.1° (¢
= 1.00, CHCl3); '"H NMR (300 MHz, CDCl3) & 11.10 (s, 1H, NH), 9.10 (d, J= 2.4 Hz,
1H, ArH), 8.33 (dd, J = 9.5 Hz and 2.3 Hz, 1H, ArH), 7.86 (d, /= 9.6 Hz, 1H, ArH),
7.75 (s, 1H, N=CH), 7.23 (d, J = 8.7 Hz, 2H, ArH), 6.92 (d, J = 9.0 Hz, 2H, ArH),

5.90 (d, J = 2.4 Hz, 1H, one proton of =CHy), 5.88 (d, J = 2.7 Hz, 1H, one proton of
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=CH,), 3.82 (s, 3H, OCH3), 2.27 (t, J = 8.1 Hz, 2H, CH,), 1.55-1.18 (m, 2H, CH>),
1.03 (t, J = 7.2 Hz, 3H, CH3); °C NMR (75 MHz, CDCl;) & 158.8, 152.3, 145.0,
138.1, 137.5, 132.3, 130.1, 129.1, 128.6, 123.3, 120.0, 116.5, 114.0, 57.7, 55.2, 37.4,
18.4, 14.7.

(3) Synthesis of hydrazone rac-5c¢ (gbj-10-10)

O,N
Br H,oNHN
CHO 2 NO:
1 equiv
n-CzH; 98% H,SOy, EtOH/Hzo O,N
rt,6 h
(@]
rac-3c 2

rac-5c: 72%

According to the above procedure for the synthesis of R-5c, the reaction of
2,4-dinitrophenylhydrazine (198.2 mg, 1 mmol), HySO4 (98%, 1.5 mL), EtOH (15 mL
+ 5 mL), HO (35 mL), and rac-3c (297.5 mg, 1 mmol) at rt for 6 h afforded rac-5c
(344.4 mg, 72%): Solid, mp. 145.6~146.8 °C; '"H NMR (300 MHz, CDCl3) & 11.11 (s,
1H, NH), 9.09 (d, J = 2.4 Hz, 1H, ArH), 8.32 (dd, J = 9.6 Hz and 2.1 Hz, 1H, ArH),
7.86 (d, J = 9.6 Hz, 1H, ArH), 7.76 (s, 1H, N=CH), 7.24 (d, J = 8.4 Hz, 2H, ArH),
6.91 (d, J = 8.4 Hz, 2H, ArH), 5.90 (s, 1H, one proton of =CH,), 5.88 (s, 1H, one
proton of =CH), 3.82 (s, 3H, OCH3), 2.28 (t, J = 8.0 Hz, 2H, CH,), 1.52-1.18 (m, 2H,
CH,), 1.03 (t, J = 7.2 Hz, 3H, CH3); °C NMR (75 MHz, CDCl;) & 158.7, 152.3,
145.0, 138.1, 137.5, 132.3, 130.1, 129.1, 128.6, 123.3, 120.0, 116.4, 114.0, 57.7, 55.2,
37.3, 18.4, 14.7; IR (KBr) v (cm™) 3308, 3110, 3003, 2957, 2927, 2865, 2838, 1618,
1590, 1511, 1421, 1332, 1249, 1218, 1185, 1134, 1073, 1053, 1029; MS (70 eV, ESI)

m/z: 501 [M(*'Br) + Na]", 499 [M(”Br) + Na]*, 479 [M(*'Br) + H]", 477 [M(”Br) +
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H]+; Elemental analysis calcd for C,0H,;BrN4Os: C, 50.33; H, 4.43; N, 11.74. Found:

C, 50.56; H, 4.53; N, 11.50.

(4) The hydrolysis of hydrazone R-5C to form R-3c (gbj-10-53)

Br

C3H7-n
/N—f / Br
HN HCI (12 M)
—

5 .
O,N dioxane n-CsH7
50°C, 17.7h o~

R-5C, 99% ee R-3c: 81% yield, 98% ee

To a round bottomed flask were added R-5c (238.1 mg, 0.5 mmol), 10 mL of
dioxane, and 5 mL of HCI (12 M). The resulting mixture was stirred at 50 °C until the
reaction was complete after 17.7 h as monitored by TLC. After the reaction mixture
cooled to rt, a saturated aqueous solution of NaHCO; was added to quench the
reaction. This mixture was extracted with ethyl acetate (3%x15 mL), washed with a
saturated aqueous solution of NaCl and dried over anhydrous Na,SOs. Filtration,
evaporation and purification by chromatography (petroleum ether/ethyl acetate = 50/1)
on silica gel afforded R-3c (120.7 mg, 81%, 98% ee, HPLC conditions: OJ-H column,
n-hexane/i-PrOH = 80/20, 1.2 mL/min, A= 230 nm, #g (major) = 7.6 min, fg (minor) =
10.3 min) as a liquid: [a]*’p = +108.1 ° (¢ = 1.00, CHCls); "H NMR (300 MHz, CDCl5)
0 9.60 (s, 1H, CHO), 7.24 (d, J = 9.0 Hz, 2H, ArH), 6.92 (d, J = 9.0 Hz, 2H, ArH),
6.01 (d, J = 2.7 Hz, 1H, one proton of =CH>), 5.93 (d, J = 2.7 Hz, 1H, one proton of
=CH), 3.80 (s, 3H, OCHs), 2.27-2.12 (m, 1H, one proton of CH), 2.04 (td, J = 12.6
Hz and 4.8 Hz, 1H, one proton of CHy), 1.45-1.14 (m, 2H, CH), 1.00 (t, J = 7.2 Hz,
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3H, CH;); °C NMR (75 MHz, CDCls) & 195.8, 159.2, 134.3, 129.3, 128.6, 121.0,

114.2,65.1,55.2,33.9, 18.2, 14.4.

4. Synthesis of (+)-3-bromo-2-pentyl-2-(4-methoxyphenyl)-3-butenal ~ R-3d
(Gbj-8-177)

Ph CsHii-n
OO OO IS_@O/ B

o. ° R o
,P\/ quinidine (15 mol%) 1.2 equiv HO 1d

© oH | 05h toluene, 0.5 h |
toluene, 0. ' Y toluene, Ny, 24 °C n-CgHyg
MeOH (10 molo) Ny, 24 °C
Ph 4.2 h

R-4c Np, 24 °C R-3d

5 mol% 87%, 73% ee

The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.3 mg, 0.6 mmol), and allenol 1d (123.2 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 4.2 h afforded R-3d (142.5 mg, 87%, 73% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 8.8 min, g (minor) = 13.7 min) as a liquid: [0]*’p = +72.3 ° (¢ = 1.00,
CHCl;); 'H NMR (300 MHz, CDCl3) & 9.59 (s, 1H, CHO), 7.24 (d, J = 8.7 Hz, 2H,
ArH), 6.91 (d, J = 9.0 Hz, 2H, ArH), 6.01 (d, J = 2.4 Hz, 1H, one proton of =CH,),
5.92 (d, J= 2.7 Hz, 1H, one proton of =CH,), 3.79 (s, 3H, OCH3), 2.32-2.13 (m, 1H,
one proton of CH,), 2.13-1.97 (m, 1H, one proton of CH;), 1.48-1.06 (m, 6H, 3 X
CH>), 0.90 (t, J = 6.3 Hz, 3H, CHs); °C NMR (75 MHz, CDCl;) & 195.6, 159.1,
134.3, 129.3, 128.4, 121.0, 114.2, 65.0, 55.1, 32.1, 31.5, 24.4, 22.4, 14.0; IR (neat) v
(cm™) 3003, 2955, 2931, 2870, 2837, 2719, 1728, 1608, 1580, 1511, 1464, 1442,
1417, 1379, 1299, 1255, 1184, 1096, 1036; MS (70 eV, EI) m/z (%): 326 (M (*'Br),

4.52), 324 (M'("Br), 4.86), 160 (100); HRMS calcd for C1H,,0,"Br (M"): 324.0725.

S33



Found: 324.0732.

5. Synthesis of (+)-3-bromo-2-hexyl-2-(4-methoxyphenyl)-3-butenal R-3e (gbj-8-185)

I?r
O N (@]
Ph OO CeHizn
o 0 Br
O .y uinidine (15 mol% 2
O/P\O d ( 0) 1.2 equiv HO 1le ‘
H
OO toluene, 0.5 h toluene, 0.5 h toluene, N,, 24 °C n-CgHi1s
Ph MeOH (10 mol%) N, 24 °C 25h
5 )
R-4c Ny, 24 °C R-3e o
5 mol% 85%, 72% ee

The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.8 mg, 0.6 mmol), and allenol 1e (130.8 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 2.5 h afforded R-3e (145.4 mg, 85%, 72% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 6.4 min, fg (minor) = 8.6 min) as a liquid: [a]*p = +69.6 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCl5) & 9.59 (s, 1H, CHO), 7.24 (d, J = 9.0 Hz, 2H,
ArH), 6.92 (d, J = 9.0 Hz, 2H, ArH), 6.02 (d, J = 2.4 Hz, 1H, one proton of =CH,),
5.93 (d, J=2.7 Hz, 1H, one proton of =CH,), 3.79 (s, 3H, OCHs), 2.31-2.14 (m, 1H,
one proton of CHy), 2.13-1.96 (m, 1H, one proton of CH;), 1.48-1.10 (m, 8H, 4 X
CH,), 0.89 (t, J = 6.5 Hz, 3H, CH3); °C NMR (75 MHz, CDCl;) & 195.7, 159.1,
134.3, 129.3, 128.5, 121.0, 114.2, 65.0, 55.1, 31.6, 31.5, 29.6, 24.7, 22.6, 14.0; IR
(neat) v (cm™) 3000, 2954, 2930, 2856, 2719, 1727, 1607, 1580, 1511, 1464, 1442,
1417, 1378, 1299, 1255, 1184, 1144, 1097, 1035; MS (70 eV, EI) m/z (%): 340
(M'(*'Br), 4.15), 338 (M"("Br), 4.55), 160 (100); HRMS calcd for C,7H30,” Br

(M"): 338.0881. Found: 338.0877.
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6. Synthesis of  (+)-3-bromo-2-decyl-2-(4-methoxyphenyl)-3-butenal ~ R-3f

(Gbj-8-175)
I?r
O N O
Ph OO CioH21-n
o 0 Br
O.y inidine (15 mol% 2
o’P\O quinidine (15 mol%) 1.2 equiv HO 1f .
H
OO toluene, 0.5 h toluene, 0.5 toluene, Ny, 24 °C  n-CygHpg
Ph MeOH (10 mol%) N, 24 °C ah
R-4c Nz, 24 °C R-3f o~
5 mol% 83%, 73% ee

The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.4 mg, 0.025 mmol),
MeOH (2.0 uL, 0.05 mmol), 2 (165.7 mg, 0.6 mmol), and allenol 1f (158.1 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 4 h afforded R-3f (163.4 mg, 83%, 73% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 5.2 min, #g (minor) = 8.7 min) as a liquid: [a]*p = +62.8 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCl3) & 9.60 (s, 1H, CHO), 7.24 (d, J = 8.7 Hz, 2H,
ArH), 6.92 (d, J = 9.0 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, one proton of =CH»),
5.93 (d, J=2.7 Hz, 1H, one proton of =CH,), 3.80 (s, 3H, OCH3), 2.28-2.13 (m, 1H,
one proton of CHj), 2.13-1.96 (m, 1H, one proton of CH;), 1.46-1.06 (m, 16H, 8 X
CH,), 0.88 (t, J = 6.8 Hz, 3H, CH3); °C NMR (75 MHz, CDCl;) & 195.8, 159.2,
134.3, 129.3, 128.6, 121.1, 114.2, 65.1, 55.2, 31.9, 31.7, 30.0, 29.6, 29.4, 29.3, 24.8,
22.7, 14.1; IR (neat) v (cm™") 2997, 2953, 2925, 2853, 2718, 1728, 1608, 1580, 1511,
1464, 1441, 1378, 1299, 1255, 1184, 1142, 1101, 1037; MS (70 eV, EI) m/z (%): 396
M'(*'Br), 2.53), 394 (M"("Br), 2.92), 160 (100); HRMS calcd for C,;H3,0,” Br

(M"): 394.1507. Found: 394.1516.
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7. Synthesis of (+)-3-bromo-2-isopropyl-2-(4-methoxyphenyl)-3-butenal R-3g

(gbj-9-17)
I?r
O N O
oo 9@
/
o 0 Br
O\ 7 .y o 2
o/P\O quinidine (15 mol%) 1.2 equiv HO 1g CHO
H
OO toluene,0.5h  toluene, 0.5 h toluene, Ny, 24 °C
Ph MeOH (10 mol%) N, 24 °C 3h
R-4c N, 24 °C R-3g o~
5 mol% 70%, 66% ee

The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.9 mg, 0.6 mmol), and allenol 1g (109.3 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3 h afforded R-3g (104.1 mg, 70%, 66% e,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 25.0 min, fr (minor) = 17.9 min) as a liquid: [a]p = +18.1 ° (¢ = 1.03,
CHCl); 'H NMR (300 MHz, CDCls) & 9.60 (s, 1H, CHO), 7.17 (d, J = 9.0 Hz, 2H,
ArH), 6.93 (d, J = 9.0 Hz, 2H, ArH), 6.01 (d, J = 2.4 Hz, 1H, one proton of =CH,),
5.98 (d, J = 2.4 Hz, 1H, one proton of =CHy), 3.81 (s, 3H, OCHs), 2.91 (heptet, J =
6.8 Hz, 1H, CH), 0.97 (d, J = 6.9 Hz, 3H, CH3), 0.92 (d, J = 6.6 Hz, 3H, CH;); "°C
NMR (75 MHz, CDCls) 6 196.7, 158.8, 133.0, 130.7, 127.2, 123.4, 113.6, 69.2, 55.1,
30.4, 18.4, 18.2; IR (neat) v (cm™) 2967, 2936, 2877, 2837, 2720, 1727, 1609, 1579,
1512, 1464, 1442, 1417, 1389, 1370, 1296, 1255, 1186, 1124, 1097, 1074, 1036; MS
(70 eV, EI) m/z (%): 298 (M (*'Br), 15.75), 296 (M"("’Br), 14.24), 188 (100); HRMS

calcd for C14H170279Br (M+): 296.0412. Found: 296.0413.

8. Synthesis of (+)-3-bromo-2-cyclohexyl-2-(4-methoxyphenyl)-3-butenal R-3h
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(gbj-9-15)

Os_N._0O
Ph

DO RS A
O .y uinidine (15 mol% 2 ~CHO
o P § q ( %) 5 equiv HO 1h

H

OO toluene, 0.5 h toluene;O.S h toluene, N, 24 °C

Ph MeOH (010 mol%) No, 24°C 3h o
R-4c Ny, 24 °C R-3h
5 mol% 98%, 64% ee

The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (166.1 mg, 0.6 mmol), and allenol 1h (129.5 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3 h afforded R-3h (166.0 mg, 98%, 64% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 95/5, 0.6 mL/min, A = 230 nm,
fr (major) = 18.6 min, fr (minor) = 21.7 min) as a liquid: [a]p = +12.2 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCls) & 9.57 (s, 1H, CHO), 7.14 (d, J = 9.3 Hz, 2H,
ArH), 6.92 (d, J = 8.7 Hz, 2H, ArH), 6.00 (d, J = 2.1 Hz, 1H, one proton of =CH,),
5.96 (d, J= 2.4 Hz, 1H, one proton of =CH,), 3.81 (s, 3H, OCH3), 2.51 (t, /= 11.9 Hz,
1H, CH), 1.92-1.52 (m, 5H, 2 X CH, and one proton of CH,), 1.48-1.22 (m, 2H, CH,),
1.14-0.74 (m, 3H, CH; and one proton of CH); BC NMR (75 MHz, CDCl;) & 196.5,
158.7, 133.0, 130.6, 127.4, 123.3, 113.5, 69.2, 55.1, 41.2, 28.8, 28.6, 26.8, 26.7, 26.3;
IR (neat) v (cm™) 3000, 2932, 2853, 2714, 1727, 1609, 1579, 1512, 1462, 1453, 1416,
1296, 1255, 1185, 1154, 1123, 1037; MS (70 eV, EI) m/z (%): 338 (M"(*'Br), 11.50),
336 (M(™Br), 12.17), 307 (100); HRMS caled for C,7H,0,”Br (M"): 336.0725.

Found: 336.0725.

9. Synthesis of (+)-2-allyl-3-bromo-2-(4-methoxyphenyl)-3-butenal R-3i (gbj-8-199)
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Ph
e e /
2 o

O
O.y uinidine (15 mol%
P q ( L) 1.2 equiv HO 1j

© o | 0.5h toluene, 0.5 h
toluene, 0. » O toluene, Ny, 24 °C
MeOH (10 mol%) N,, 24 °C
Ph 0 3h
R-4c Np, 24 °C i
5 mol% o

78%, 76% ee

The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol),
MeOH (2.0 uL, 0.05 mmol), 2 (165.1 mg, 0.6 mmol), and allenol 1i (107.8 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3 h afforded R-3i (114.3 mg, 78%, 76% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 98/2, 1.2 mL/min, A = 230 nm,
fr (major) = 25.0 min, f (minor) = 22.9 min) as a liquid: [a]*p = +88.5 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCls) & 9.64 (s, 1H, CHO), 7.24 (d, J = 9.0 Hz, 2H,
ArH), 6.93 (d, J=9.0 Hz, 2H, ArH), 5.94 (d, J = 2.7 Hz, one proton of =CH,), 5.92 (d,
J = 3.0 Hz, one proton of =CH3), 5.82-5.60 (m, 1H, =CH), 5.19 (dd, J = 17.0 Hz and
1.1 Hz, 1H, one proton of =CHy), 5.11 (d, J = 10.2 Hz, 1H, one proton of =CH>), 3.80
(s, 3H, OCHs), 3.05 (dd, J = 14.1 and 6.6 Hz, 1H, one proton of CH,), 2.86 (dd, J =
14.1 and 7.5 Hz, 1H, one proton of CH,); *C NMR (75 MHz, CDCls) & 195.7, 159.2,
133.6, 132.7, 129.4, 127.9, 121.5, 118.8, 114.2, 64.7, 55.2, 36.4; IR (neat) v (cm™)
3078, 3036, 3005, 2957, 2935, 2911, 2837, 2720, 1731, 1640, 1608, 1580, 1511, 1463,
1442, 1417, 1299, 1255, 1185, 1098, 1033; MS (70 eV, EI) m/z (%): 296 (M"(*'Br),
14.66), 294 (M"("Br), 16.82), 145 (100); HRMS calcd for C14H;s O,”Br (M'):

294.0255. Found: 294.0251.

10.  Synthesis of (+)-2-benzyl-3-bromo-2-(4-methoxyphenyl)-3-butenal ~ R-3]
538



(gbj-10-77)

OsN._O
Y Lo =~
/
o 0 Br
O.y inidine (15 mol% 2 i
o/P\O quinidine ( mo‘o) 1.2 equiv HO 1 .
H

OO toluene, 05h tﬁluene.OO-S h toluene, Ny, 24 °C

Ph MeOH (010 mol%) 2 24°C 115h

R-4c No, 24 °C R-3 -
5 mol% 75%, 78% ee

The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol),
MeOH (2.0 uL, 0.05 mmol), 2 (165.4 mg, 0.6 mmol), and allenol 1j (133.6 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 11.5 h afforded R-3j (129.1 mg, 75%, 78% ee,
HPLC conditions: AD-H column, n-hexane/i-PrOH = 80/20, 0.5 mL/min, A = 230 nm,
fr (major) = 12.2 min, fg (minor) = 10.2 min) as a liquid: [a]*p = +68.6 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCls) § 9.66 (s, 1H, CHO), 7.28-7.04 (m, 7H, ArH),
6.91 (d, J=9.0 Hz, 2H, ArH), 5.82 (s, 2H, =CH,), 3.80 (s, 3H, OCHs), 3.64 (d, J =
13.2 Hz, 1H, one proton of ArCH>), 3.42 (d, J = 13.2 Hz, 1H, one proton of ArCH,);
BC NMR (75 MHz, CDCls) & 195.4, 159.3, 136.2, 133.3, 130.7, 129.6, 128.5, 127.9,
126.7, 122.2, 114.2, 66.7, 55.2, 38.3; IR (neat) v (cm™) 3061, 3032, 3003, 2954, 2931,
2838, 2726, 1723, 1620, 1605, 1581, 1510, 1455, 1443, 1417, 1314, 1293, 1255, 1207,
1184, 1123, 1078, 1032; MS (70 eV, EI) m/z (%): 346 (M'(*'Br), 12.25), 344
(M'(™Br), 14.04), 174 (100); HRMS calcd for CigH,70,”°Br (M"): 344.0412. Found:

344.0413.

11. Synthesis of (+)-3-bromo-2-(3-phenylpropyl)-2-(4-methoxyphenyl)-3-butenal
R-3K (gbj-9-6)
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PO

R-4c
5 mol%

O. P//o

AN
™
Ph

quinidine (15 mol%) 2
1.2 equiv

Ph

toluene, 0.5 h toluene, 0.5 h
MeOH (10 mol%) N,, 24 °C
N,, 24 °C

toluene, N, 24 °C

e

R-3k
80%, 71% ee

The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (166.1 mg, 0.6 mmol), and allenol 1k (147.8 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3 h afforded R-3k (150.1 mg, 80%, 72% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 17.4 min, fg (minor) = 23.2 min; [a]p = +77.5 ° (¢ = 1.00, CHCIy)).
After recrystlization from the solution of CH,Cl, and n-hexane for three times, R-3k
was obtained in 99% ee (31.2 mg, 17%), HPLC conditions: OJ-H column,
n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm, #g (major) = 12.1 min, ¢z (minor)
= 159 min; [a]*p = +1102 ° (¢ = 0.83, CHCL); solid; mp. 84.0~85.1 °C
(CH,Cly/n-hexane); '"H NMR (300 MHz, CDCls) 6 9.57 (s, 1H, CHO), 7.38-7.07 (m,
7H, ArH), 6.90 (d, J = 8.7 Hz, 2H, ArH), 5.94 (d, /= 2.4 Hz, 1H, one proton of =CH,),
5.90 (d, J = 2.4 Hz, 1H, one proton of =CH,), 3.77 (s, 3H, OCH3), 2.83-2.57 (m, 2H,
CH,), 2.37-2.18 (m, 1H, one proton of CH3), 2.17-1.98 (m, 1H, one proton of CH,),
1.76-1.44 (m, 2H, CH,); >C NMR (75 MHz, CDCls) & 195.5, 159.1, 141.7, 134.0,
129.2, 128.3, 128.23, 128.19, 125.8, 121.2, 114.2, 65.0, 55.1, 36.0, 31.0, 26.5; IR
(KBr) v (cm™) 3081, 3061, 3026, 3002, 2953, 2935, 2837, 2721, 1727, 1606, 1581,
1511, 1454, 1417, 1299, 1256, 1185, 1122, 1082, 1034; MS (70 eV, EI) m/z (%): 374

M'(*'Br), 2.37), 372 M"(”Br), 2.31), 160 (100); Anal. calcd. for CyoH,,0,Br: C
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64.35, H 5.67; found: C 64.62, H 5.71. The absolute configuration of 3k was

determined by the X-ray diffraction study (Figure 1).

Figure 1. ORTEP Representation of R-3k

Synthesis of R-3k on a 3 mmol scale (gbj-11-4)

l|3r
O N O
Ph

Ph
DO Y

oLy uinidine (15 mol% 2

O/P\o d ( ‘0) 1.2 equiv HO 1k

H

OO toluene, 0.5 h toluene, 0.5 h toluene, Ny, 24°C g

Ph MeOH (10 mol%) Ny, 24 °C 11h

0,
R-4c N>, 24 °C R-3k
5 mol% 78%, 73% ee

The reaction of quinidine (145.5 mg, 0.45 mmol), R-4c (75.1 mg, 0.15 mmol),
MeOH (12.5 uL, 0.3 mmol), 2 (993.2 mg, 3.6 mmol), and allenol 1k (882.5 mg, 3.0
mmol) in 60 mL of toluene at 24 °C for 11 h afforded R-3k (872.2 mg, 78%, 73% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A= 230 nm,
fr (major) = 13.0 min, #g (minor) = 16.4 min). Recrystlization from the solution of
CH,Cl, and n-hexane for twice afforded R-3k (451.3 mg, 40% in total yield) with
94% ee (HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A =
230 nm, tg (major) = 13.6 min, tg (minor) = 17.6 min)); [a]*p = +105.1 ° (¢ = 1.00,
CHCl5); solid; mp. 82.7~83.9 °C (CH,Cly/n-hexane); 'H NMR (300 MHz, CDCl3) &
9.58 (s, 1H, CHO), 7.38-7.23 (m, 2H, ArH), 7.23-7.08 (m, 5H, ArH), 6.89 (d, J = 8.7

Hz, 2H, ArH), 5.95 (d, J = 2.7 Hz, 1H, one proton of =CH,), 5.90 (d, J = 2.7 Hz, 1H,
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one proton of =CH,), 3.78 (s, 3H, OCH3), 2.82-2.58 (m, 2H, CH3), 2.34-2.18 (m, 1H,
one proton of CHy), 2.17-2.02 (m, 1H, one proton of CH3), 1.74-1.46 (m, 2H, CH,);
BC NMR (75 MHz, CDCls) 6 195.6, 159.2, 141.7, 134.1, 129.3, 128.41, 128.36,

128.29, 125.8,121.2, 114.3, 65.1, 55.2, 36.1, 31.3, 26.5.

12.  Synthesis of  (+)-3-bromo-2-phenyl-2-(4-ethoxyphenyl)-3-butenal ~ R-3lI

(gbj-11-192)

O N O
Y 0 =
/
o o) Br
O\ , C . o 2
o’P\/o quinidine (15 moIf;) 1.2 equiv HO 1 CHO
H
OO toluene, 0.5 h toluene, 0.5 h toluene, N,, 24 °C PH
Ph MeOH (10 mol%) N, 24 °C 3h
R-4c N,, 24 °C R-3l
5 mol% 59%, 8% ee

The reaction of quinidine (9.8 mg, 0.03 mmol), R-4¢ (5.0 mg, 0.01 mmol), MeOH
(0.8 uL, 0.02 mmol), 2 (66.0 mg, 0.24 mmol), and allenol 1l (50.0 mg, 0.2 mmol) in 4
mL of toluene at 24 °C for 3 h afforded R-3I (38.7 mg, 59%, 8% ee, HPLC conditions:
AS-H column, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 230 nm, & (major) = 6.1
min, fg (minor) = 5.5 min) as a liquid; [a]*’p = +0.2 ° (¢ = 0.86, CHCl;); 'H NMR
(300 MHz, CDCl3) 6 10.12 (s, 1H, CHO), 7.45-7.32 (m, 3H, ArH), 7.27-7.19 (m, 2H,
ArH), 7.16-7.08 (m, 2H, ArH), 6.95-6.87 (m, 2H, ArH), 6.00 (d, J = 2.4 Hz, 1H, one
proton of =CH>), 5.69 (d, J = 2.4 Hz, 1H, one proton of =CH), 3.82 (s, 3H, CH3); B
NMR (75 MHz, CDCls) 6 196.3, 159.1, 137.2, 133.3, 131.4, 130.1, 128.6, 128.5,
128.0, 124.4, 113.9, 70.9, 55.3; IR (neat) v (cm™) 3059, 3033, 3002, 2959, 2930, 2838,
2729, 1732, 1608, 1580, 1505, 1462, 1446, 1417, 1299, 1256, 1185, 1116, 1088, 1035;
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MS (70 eV, EI) m/z (%): 332 (M'(*Br), 1.90), 330 (M'("Br), 1.89), 303
(M'(*'Br)-CHO, 37.15), 301 (M("Br)-CHO, 36.80), 222 (100); HRMS calcd for

C17H150279Br (M+): 330.0255. Found: 330.0261.

13. Synthesis of (+)-3-bromo-2-butyl-2-(4-ethoxyphenyl)-3-butenal R-3m (gbj-9-30)

I?r
(@) N (0]
Ph OO Bu-n
OO >—< >—OEt Br
O. //O uinidine (15 mol% 2
O/P\O q ( 0) 1.2 equiv HO 1m
H
OO toluene, 0.5 h toluene, 0.5h toluene, Np, 24 °C n-Bu
Ph MeOH (10 mol%) N, 24 °C 33h
R-4c Ny, 24 °C R-3m OEt

5 mol% 80 %, 73% ee

The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (166.1 mg, 0.6 mmol), and allenol 1m (122.3 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3.3 h afforded R-3m (129.9 mg, 80%, 73% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 5.2 min, fg (minor) = 6.0 min) as a liquid; [a]*p = +79.3 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCls) & 9.60 (s, 1H, CHO), 7.23 (d, J = 9.0 Hz, 2H,
ArH), 6.91 (d, J = 9.0 Hz, 2H, ArH), 6.02 (d, J = 2.7 Hz, 1H, one proton of =CH»),
5.93 (d, J=2.7 Hz, 1H, one proton of =CH,), 4.02 (q, /= 7.0 Hz, 2H, CH,), 2.30-2.13
(m, 1H, one proton of CH,), 2.13-1.94 (m, 1H, one proton of CH,), 1.52-1.08 (m, 7H,
CH; and 2X CHa), 0.93 (t, J = 7.2 Hz, 3H, CH3); *C NMR (75 MHz, CDCl5) § 195.7,
158.6, 134.3, 129.3, 128.3, 121.0, 114.7, 65.0, 63.4, 31.4, 26.9, 23.1, 14.8, 13.9; IR
(neat) v (cm™) 2957, 2931, 2872, 2822, 2719, 1727, 1608, 1580, 1511, 1477, 1393,

1296, 1253, 1185, 1117, 1093, 1047, 1011; MS (70 €V, EI) m/z (%): 326 (M'(*'Br),
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4.80), 324 (M"("Br), 2.90), 174 (100); HRMS calcd for CH,0,”Br (M"): 324.0725.

Found: 324.0728.

14. Synthesis of (+)-3-bromo-2-butyl-2-(3,4-methylenedioxyphenyl)-3-butenal R-3n

(gbj-8-191)

Ph Bu-n OW
OO B
OO o) 5 :-:3_6/0 r

O\ T
o PZOH quinidine (15 mol%) 1.2 equiv HO 1n “CHO
O‘ toluene,0.5h  toluene, 0.5 h toluene, N, 24 °C n-Bu 0
oh MeOH (10 mol%) N, 24 °C 33h D
R-4c N2, 24 °C R3n O

5 mol% 65%, 62% ee

The reaction of quinidine (24.6 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.8 mg, 0.6 mmol), and allenol 1n (123.8 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3.3 h afforded R-3n (105.6 mg, 65%, 62% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 6.0 min, #g (minor) = 8.3 min) as a liquid: [a]*p = +61.6 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCls) § 9.59 (s, 1H, CHO), 6.88-6.74 (m, 3H, ArH),
6.04 (d, J = 2.7 Hz, 1H, one proton of =CH>), 5.99 (s, 2H, OCH;0), 5.94 (d, /= 3.0
Hz, 1H, one proton of =CH;), 2.24-2.10 (m, 1H, one proton of CH,), 2.10-1.96 (m,
1H one proton of CHy), 1.48-1.07 (m, 4H, 2 X CH,), 0.93 (t, J = 7.4 Hz, 3H, CH3); "°C
NMR (75 MHz, CDCls) 6 195.4, 148.2, 147.3, 134.1, 130.4, 121.8, 121.1, 108.42,
108.36, 101.3, 65.1, 31.6, 26.9, 23.0, 13.9; IR (neat) v (cm™") 2957, 2931, 2872, 2774,
2716, 1728, 1618, 1505, 1487, 1438, 1380, 1351, 1243, 1166, 1112, 1094, 1040; MS

(70 eV, EI) m/z (%): 326 (M'(*'Br), 22.72), 324 (M"("’Br), 25.66), 115 (100); HRMS
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calcd for C15H17O379Br (M+): 324.0361. Found: 324.0368.

15. Synthesis of (+)-3-bromo-2-butyl-2-thienyl-3-butenal S§-30 (gbj-9-44)

Br
Osx_N._O
Ph Bu-n
co,, D
O:PO quinidine (15 mol%) 1.2 equiv HO 10 S
H
OO toluene, 0.5h  toluene, 0.5 h toluene, Ny, 24 °C
Ph MeOH (10 mol%) N,, 24 °C 3h
R-4c Nz, 24 °C S-30
5 mol% 73 %, 68% ee

The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (166.2 mg, 0.6 mmol), and allenol 10 (103.4 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 3 h afforded S-30 (104.1 mg, 73%, 68% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 5.1 min, #g (minor) = 8.3 min) as a liquid: [a]*p = +56.6 ° (¢ = 1.00,
CHCl); 'H NMR (300 MHz, CDCls) & 9.58 (s, 1H, CHO), 7.35 (dd, J = 4.8 Hz and
1.5 Hz, 1H, ArH), 7.12-6.94 (m, 2H, ArH), 6.03 (d, J = 2.7 Hz, 1H, one proton of
=CH,), 5.93 (d, J = 2.7 Hz, 1H, one proton of =CH,), 2.32-2.07 (m, 2H, CHa,),
1.50-1.17 (m, 4H, 2X CH,), 0.93 (t, J = 7.1 Hz, 3H, CH;); >C NMR (75 MHz, CDCl5)
0 193.7, 140.5, 133.1, 127.2, 127.1, 126.4, 121.1, 63.6, 33.4, 26.6, 22.9, 13.9; IR (neat)
v (ecm™) 3108, 3069, 2957, 2932, 2871, 2816, 2714, 1732, 1619, 1466, 1429, 1380,
1238, 1156, 1095, 1047; MS (70 eV, EI) m/z (%): 288 (M"(*'Br), 1.27), 286 (M"("’Br),

1.37), 259 (100); HRMS calcd for C1,H;s0S”Br (M"): 286.0027. Found: 286.0030.

16. Synthesis of (+)-3-bromo-2-butyl-2-(3,4,5-trimethoxylphenyl)-3-butenal R-3p
$45



(gbj-11-85)

Os N _O Et OMe
Ph OMe Br
o) "

6]
O\ o 2 OMe
O’P/\/ quinidine (15 mol%) 1.2 equiv 1p Et OMe
OH
OO toluene, 0.5 h . t(;llueneBOE h toluene, Ny, 24 °C OMe
Ph MeOH (010 mol%) Ny, 24°C 16.7 h MeO
R-4c Ny, 24 °C R-3p

5 mol% 61%, 61% ee

The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.4 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.5mg, 0.6 mmol), and allenol 1p (132.2 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 16.7 h afforded R-3p (104.1 mg, 61%, 61% ee,
HPLC conditions: OD-H column, n-hexane/i-PrOH = 95/5, 0.8 mL/min, A = 230 nm,
fr (major) = 12.2 min, fr (minor) = 14.9 min) as a liquid: [a]*p = +42.5 ° (¢ = 1.00,
CHCls); '"H NMR (300 MHz, CDCl3) 8 9.62 (s, 1 H, CHO), 6.53 (s, 2H, ArH), 6.06 (d,
J = 2.4 Hz, 1H, one proton of =CH>), 6.01 (d, J = 2.7 Hz, 1H, one proton of =CH,),
3.87 (s, 9H, 3 X OCH3), 2.40-2.22 (m, 1H, one proton of CH;), 2.20-2.01 (m, 1H, one
proton of CHz), 0.94 (t, J = 7.2 Hz, 3H, CHs); °*C NMR (75 MHz, CDCls) & 195.3,
153.3, 137.7, 133.3, 131.9, 121.7, 105.4, 66.0, 60.7, 56.1, 24.6, 9.2; IR (neat) v (cm™)
2974, 2937, 2881, 2835, 2724, 1726, 1619, 1588, 1510, 1461, 1415, 1321, 1247, 1187,
1128, 1007; MS (70 eV, EI) m/z (%): 344 (M'(*'Br), 44.67), 342 (M"("Br), 48.93),

234 (100); HRMS calcd for C15H190479Br (M+): 342.0467. Found: 324.0473.

17.  Synthesis of  (+)-3-bromo-2-butyl-2-(4-methylphenyl)-3-butenal ~ R-3q

(gbj-11-199)
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o N O

Ph OO Bu-n

Oe fe) Br
O .y inidine (15 mol% 2 5 < >
o/P\OH quinidine ( mo‘o) 1.2 equiv HO 1q

O‘ toluene, 0.5 h toluene, 0.5 h toluene, Ny, 24 °C n-Bu
Ph MeOH (10 mol%) Ny, 24 °C 55h

3 .
R-4c Ny, 24 °C R-3q
5 mol% 54%, 54% ee

The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol),
MeOH (2.0 pL, 0.05 mmol), 2 (165.5 mg, 0.6 mmol), and allenol 1q (108.0 mg, 0.5
mmol) in 10 mL of toluene at 24 °C for 5.5 h afforded R-3q (79.7 mg, 54%, 54% ee,
HPLC conditions: OJ-H column, n-hexane/i-PrOH = 80/20, 1.2 mL/min, A = 230 nm,
fr (major) = 4.5 min, fg (minor) = 5.8 min) as a liquid: [a]*b = +50.3 ° (¢ = 0.99,
CHCls); 'H NMR (300 MHz, CDCls) 8 9.63 (s, 1H, CHO), 7.21 (s, 4H, ArH), 6.02 (d,
J = 3.0 Hz, 1H, one proton of =CH>), 5.94 (d, J = 2.4 Hz, 1H, one proton of =CH,),
2.35 (s, 3H, CH3), 2.28-2.15 (m, 1H, one proton of CH,), 2.14-2.00 (m, 1H one proton
of CH,), 1.49-1.08 (m, 4H, 2 X CH,), 0.93 (t, J = 7.2 Hz, 3H, CHs); °C NMR (75
MHz, CDCls) 6 196.0, 137.8, 134.1, 133.7, 129.6, 128.0, 121.2, 65.4, 31.4, 26.9, 23.1,
21.0, 13.9; IR (neat) v (cm™) 3026, 2957, 2930, 2871, 2718, 1729, 1619, 1511, 1466,
1409, 1380, 1195, 1160, 1093, 1020; MS (70 eV, EI) m/z (%): 296 (M'(*'Br), 1.42),
294 (M*(™Br), 1.65), 143 (100). HRMS calcd for CisHjsO”’Br (M"): 294.0619.

Found: 294.0622.

Reference:

1) C.Fu,J.Li, S. Ma, Chem. Commun. 2005, 4119-4121.
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'H and *C NMR spectra of all these compounds
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8112.D Sample Name: gbj-8-17

0J-H, n-Hexane:i-PrOH =80/20, 1.20 mL/min, 230 nm

Injection Date : 12/14/2012 1:14:31 AM

Sample Name : gbj-8-170 Location : -
Acq. Operator ¢ gbj

Acq. Method : D: \HPCHEM\l\METHODS\XFX_LC.M

Last changed : 12/14/2012 1:13:20 AM by gbj

(modified after loading)
Analysis Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed : 12/14/2012 1:38:16 AM by gbj

(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8112.D)
Norm. ®
1000 —
800
600.—
400
200+
&
e
D St S N L .
0 T T
T T T T T T T T T T T T
0 25 5 75 10 12,5 15 17.5 20 mi
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Br
Signal 1: VWDl A, Wavelength=230 nm - ,>;, Bu-n
Peak RetTime Type Width Area Height Area OHC
# [min] [min] mAU *s [mAU ) 3 _
e | m———— | === === |mmmmm == m——— | = ! ]
1 8.478 VB 0.4440 2.95991e4 1036.00488 87.4298 R-3a
2 15.284 BB 0.9656 4255.60498 68.85917 12.5702
Totals : 3.38547e4 1104.86405
Results obtained with enhanced integrator!
*** End of Report ***
LS . 1,.12/14/2012 1:38 BAM gbj . Page 1 of 1
BISE #9735 pdfi—'actory Ho"l'?'.;‘??%s? wwW.fineprint.com.cn
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8110.D Sample Name: gbj-8-16¢

OJ-H, n-Hexane:i-PrOH =80/20, 1.20 mL/min, 230 nm

Injection Date : 12/14/2012 12:17:21 AM

Sample Name : gbj-8-165 Location : -
Acq. Operator : gbj

Method ¢ D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed : 12/14/2012 12:14:19 AM by gbj

(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8110.D)
Norm. 2
350
300
250
200
] 2
h e
150 -
100
50
0 ____\__J'\_,J\/\.,\_z_/\/\h L T 1 -
T T T T T T T T T N M T T T T T N
0 2 4 6 8 10 12 14 16 18 mi
Area Percent Report
Sorted By : Signal Br
Multiplier : 1.0000
Dilution : 1.0000 Bu-n
Use Multiplier & Dilution Factor with ISTDs
OHC
Signal 1: VWDl A, Wavelength=230 nm o~
rac-3a
Peak RetTime Type Width Area Height Area
# [min] (min] mAU *s [mAU ] %
il Rttty [m=me | e | === jmmmmm————— fmmm———— |
1 8.649 VB 0.4209 9830.75879 362.88113 50.1633
2 15.601 BB 1.0416 9766.77148 147.28003 49.8367
Totals : 1.95975e4 510.16116
Results obtained with enhanced integrator!
*** End of Report ***
1. 12/14/2012 12:37:;01 AM gbj . Page 1 of 1
PBE#95% t—"pdfi-'actory fo #3953 W, ineprint.com.cn
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He A D:\Chem32\1\DATA\GBJ\GBJ-8000153.D

BESA&: gbj-8-182

0J-H, n-hexane/i-PrOH =80/20, 1.2 ml/min; 230 nm

HERE LY : 2004-1-1 0:49:47

B2 : gbj-8-182 '\ . -

P : gbj

{X%& e
: D:\CHEM32\1\METHODS\JJS.M

Es'z};ﬂ/dil : 2004-1-1 0:03:08 : gbj-8-182
CGAHEEZ)

VWD1 A, 7 1K=230 nm (GBJ\GBJ-8000153.D)
mAU

5

400 R
350 /
300
250

] P
200 [ \

1 | \

] ! \
150

100

N

[4] &L: 1‘0 1[5 2|0 2i5 ' 3|0 I 3% mirl1
HRE 5 LhIRE
Hy : =5
RN TF : 1.0000 Br
MRE T - : 1.0000
PR RS TH SR AL I T AR R (A T </ JEt
OHC ]
1% 1: vwpl A, PIL=230 nm _
(o}
i RPFIE 2T IgdE U T AR e iy e T AN R-3b
# [min] (min] mAU *sg [mAU 1 %
———— el [ mmmmm——m [ == | === |
1 19.056 vV 0.7636 6094.59521 120.15231 11.5248
2 22.657 BV 1.5022 4.67878e4  425.68427 88.4752
5% 5.28824e4  545.83657
*k ok ?&%%;ﬁ * ok ke
A% 1 =12-19 2:27:17 W o1/1
%ﬁajﬂ%%%ﬁ 2pdfFactory Prgbjﬁﬂiﬁiﬂiﬁdﬁ www. fineprint. cn o
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LR LY
¥4 gbj-8-181

0J-H, n-hexane/i-PrOH =80/20,

1.2 ml/min;

D:\Chem32\1\DATA\GBJ\GBJ-8000152.D

230 nm

BERE L : 2004-1-1 0:19:43
FER B R : gbj-8-181 L& -
e : gbj
& : AXEE 1
ik : D:\CHEM32\1\METHODS\JJS.M
BE1E S : 2004-1-1 0:03:08 gbj-8-182
CAHE B0
VWD1 A, 7% k=230 nm (GBJ\GBJ-8000152.0)
mAU ] [}
400 §
] I
350 h
| .
300 / l p
| o~
] . N
[ I
250 -| P i
f i / \
o \
200 Do Loy
bl o
150 i / \
. o
100 i *
- o \
50 - | ‘
| J \\ | \
0t e NN N ¥, \ \5 ) |
T T T T T
0 10 15 20 25 mi
MR E LR E
Eildag (ER=2 Br
FeRA M+ 1.0000
B ] 1.0000 Et
PR AR A T) SRA Rl T AR R I8l
OHC
% 1: vwpl A, ¥ K=230 nm o~
N N L rac-3b
I CREAISTE] A IR U T AN [ £=1 T AR
# [min] [min] mAU *s [mAU ] %
e R Rt it | =mm e [mmmmmmmm e f=mmmmmme |
1 19.513 BV 0.7972 2.13492e4  418.72253 50.0655
2 23.273 BB 1.1222 2.12933e4  296.34747 49.9345
B 4,26425e4  715.07001
** x ?a?_l:giu:ﬁi * %k
W o1/ 1

BOE L E A patrac iy ped

gb3

R AENE www. fineprint. cn
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gbj-8-180

C3H7-n
: Nold

8¢6'S
LE6°G

800'9
009 —

/
i

.05
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szL —

212
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1.000 sec

Pulse length = 14.000 usec

8
=32768
F1 = 300.131866 MHz
F2 = 1.000000 MHz

Thu Dec 20 08:00:08 2012

USER: nmr

spect, CDCI3,
SOLVENT:
Experiment
Recycle delay
NA
PTS1d
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8122.D

OJ-H, n-Hexane:i-PrOH = 80/20, 1.2 mL/min, 230 nm

Sample Name: gbj-8-180

Injection Date 12/19/2012 12:34:46 AM

Sample Name : gbj-8-180
Acqg. Operator : gbj
Method + D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed 12/19/2012 12:03:18 AM by WG

(modified after loading)

Location

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8122.D)
Norm. ]
800
700
600
5004
400
300
200
] 3
b ~
100 o
ot__—,\l_J\_NM i . T
A A N A | AR S T T T T T
1] 2 4 6 8 10 12 14 16 18 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000 Br
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s {mAU ] %

e === ]==mmemn f=-ommmaaee |=-=mmmooe- [=mmmmme |
850.23608 88.3018
68.71005 11.6982

1 8.670 MM
2 12.794 BB

0.4215 2.15025e4
0.6468 2848.64990

Totals 2.43512e4 918.94614

Results obtained with enhanced integrator!

*** End of Report ***

Bﬁl‘fr’%%phﬂ}%&gl{f ?911%“ %?‘?’?%’ESWAﬁwgﬁrjieprint.com.cn
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8121.D Sample Name: gbj-8-179

OJ-H, n-Hexane:i-PrOH = 80/20, 1.2 mL/min, 230 nm

Injection Date : 12/19/2012 12:17:40 AM

Sample Name : gbj-8-179 Location : -
Acq. Operator : gbj

Method : D:\HPCHEM\l\METHODS\XFX_LC.M

Last changed : 12/19/2012 12:03:18 AM by WG

(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8121.D)
Norm. 4 e
800
700
Ts)
3
600 ¢
500
400
300
200
100
0_:_—_4\_‘/¥J\Jk . . L .
T A R S T T T T T T T
0 2 4 6 8 10 12 14 min
Area Percent Report
Sorted By : Signal Br
Multiplier : 1.0000 CHon
Dilution : 1.0000 a7
Use Multiplier & Dilution Factor with ISTDs OHC
Signal 1: VWDl A, Wavelength=230 nm -
rac-3c
Peak RetTime Type Width Area Height Area
# [min] [min} mAU *s [mAU ] %
nintaidl ittt | === | ——— | === | Rttntataintutntntnd Ratttnitatalel |
1 8.874 BP 0.3980 2.28660e4 892.22607 50.0165
2 12.845 BB 0.6121 2.28509e4 582.39941 49.9835
Totals : 4.57169%9e4 1474.62549
Results obtained with enhanced integrator!
*** End of Report ***
1.12/19/2Q12 :32:48 AM j oo, Page 1 of 1
PE#3 E.s)?ﬁ'pdfi:actory %’ro“ %3»'3»;% www[.;ﬁneprmt.com.cn
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3.22
| >

gbj-10-17

=8B;
OHC
R-3¢

5 mmol scale reaction

1.000 sec

Mon May 27 05:15:15 2013
=2g30
Pulse length = 14.000 usec
8
PTS1d = 32768
1.06

USER: nmr
F1 = 300.131866 MHz
= 1.000000 MHz

spect, CDCI3,
F2

SOLVENT:
Experiment
Recycle delay
NA =

G09'6
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B
L% gbj-10-17

D:\Chem32\1\DATA\GBJ\GBJ-10000001.D

OJ-H; n-Hexane/i-PrOH =80/20; 1.2 ml/min; 230nm
HFEEH : 2013-5-27 10:53:17
PEELAZ K : gbj-10-17 A - » -
BR{EE : gbj
[VE - : X881
ik : D:\CHEM32\1\METHODS\ZYY LC.M
RSB : 2013-5-27 10:38:38 cd
QGG T
VWOT A, % K=230 nm (GBJ\GBJ-10000001.D)
Norm. 7] 2
o
1600 -]
1400 -
1200
1000 4
800
500 -
400 H
o
]
200 P
0 A
0 2 4 é 8 10 mi
HRESRE
HERF ES
FFAE T 1.0000
AREET 1.0000 Br
AR 1 SR RO (B T :S/C3H-,-n
oHC ]
% 1: vwpl A, =230 mm
O/
L ﬁ%ﬁl’ﬁl PR W I E AR e B TR R-3c
¢ I (min] fuin] mAy *a (oAl ) s 5 mmol scale reaction
----------- R B el e B | s
1 7.270 VB 0.2735 3.04862e4 1722.31641 86.9986
2 9.672 BB 0.3318 4555.99414 209.91898 13.0014
B o 3.50422e4 1932.23538
e e ﬁﬁ-gﬁ ek
# 1 2013-5-27 11:05:50 gbj W o1/1

S9%6



S8 S D:\Chem32\1\DATA\GBJ\GBJ-10000002.D
¥&:4&: gbj-10-17-rac

0J-H; n-Hexane/i~PrOH =80/20; 1.2 ml/min; 230nm

HEEEH# : 2013-5-27 11:07:53
B S 2 FR : gbj-10-17-rac LA o : -
BeiEE ¢ gbj
Ve T
Tk : D:\CHEM32\1\METHODS\ZYY LC.M
B/EE : 2013-5-27 10:38:38 : cd
CARBEES
[ VWDI1 A, %K=230 nm (GBJ\GBJ-10000002.D)
Norm. ?
500 -1
§
400 | o
300
200
100
[} J\_—j\_—/\JL.‘/\/\_/\ \
T T T T T
0 2 4 6 8 10
EHRES RS
HEFF : =5
FIRETF : 1.0000 Br
WEET : 1.0000
AR RIAE T REE T CsHz-n
OHC
1B% 1: vWDl A, =230 nm _
e REERTE] R SR i AR it T rac-3c
# [min] [min] mAU *s [mAU ] %
e e ! -=| O |
1 7.148 Vv 0.2222 8204.66016 559.11871 50.3720
2 9.272 VWV 0.3088 8083.48535 397.21329 49.6280
BE 1.62881e4  956.33200
*kok ?ﬁ%%;ﬁ rran
X8% 1 2013-5-27 11:19:16 gbj | 1/ 1
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3 D:\Chem32\1\DATA\GBJ\GBJ-10000047.D
fu4: gbj-10-23

OD~H, n-Hexane/i-PrOH =95/5, 1.0 ml/min; 254 nm

HFEEH : 2013-6-11 20:03:23
FE A AZFR : gbj-10-23 SR -
BieE : gbj
152 T 1
J7ik : D:\CHEM32\1\METHODS\2ZYY LC.M
BEB%R : 2013-6~11 19:05:21 :  gbj
CAREEEZ3
VWD A, %16=254 nm (GBJ\GBJ-10000047 D)
Norm
Bo_
so..
40
20_
0_
A Y AN
T U U T T
0 10 20 36 40 50
HRE 5Lk
HeF : 1B Br
AT : 1.0000 CH
MEEET : 1.0000 e hal
AIPR{EF RIE F R EF N "
HN
. o
1% 1: vwpl A, =254 nm o N@
2
i {REFNE KR ERw 1 7 £ 5 T
# [rmin] [min] mAU *g [mAU 1 $ NO,
e R |===mmmmmme | ===mmmmmee Rt [ Sc (5% ec
1 40.596 MF  3.0456 1.71197e4  93.68555 87.4430 e (Ta%ies)
2 47.609 MM 3.4650 2458.42285 11.82493 12.5570
I=5 1.95781ed  105.51049
*i: mﬁgﬁﬂi e e -
@ 1 2013-6-11 21:03:38 gbj : W o1/1

$100



RS
FEf#%: gbj-10-23-rac

OD-H,n-Hexane/i-PrOH =70/30,

D:\CHEM32\1\DATA\GBJ\GBJ-10000040.D

1.0 ml/min; 254 nm
BAEF B : 2013-6-11 13:56:47
¥ Ah 2R : gbj-10-23-rac fE -
f%fFi? : gbj
%A% : (%R 1
RELTTIE : D:\CHEM32\1\METHODS\ZYY LC.M
BRBN 2013-6-11 13:50:34 : gbj
. (ﬁﬁﬁF%E&)
ST I : D:\CHEM32\1\METHODS\ZYY_LC.M
Beism i 2004-1-1 0:06:54 : wdx
(i FH S B2 .
VWD1 A, % K=254 nm (GBJ\GBJ-10000040.D)
Norm. 1 ©
ormj - ,b',g' o_,?;\
1 48;‘ ,"JQ\
Loos] #? 3@@“
| |1 R
] / s A
15 il \ x \\
3 | [
i ! I
[ 125 . F
|
B
104 ' ‘y { \\
f \\ b
75 | \ ; \\
I
5 Vo \
RV
25 Y \
| Y \
|
L Y V) S J | \,/\
L 0. R 30 40 - 50 min
N ﬁﬂﬁﬁtm&
Hrr [Eacs
FREF 1.0000
AT 1.0000
PR E R SRR F R B B
Br
&% 1: VWDl A, =254 nm CsHz-n
o 1%@51;51 HKE R i T A W WA N
[min] {min] mAU *s [mAU ] %
--——r ——————— [ === | == | == [ moomm—m e R I o]t
1 40.178 MF 2.3927 2943,32153  20.50200 49.3628 ON
2 45.091 FM 2.9376 3019.30957 17.13020 50.6372
S 5962.63110  37.63220 NO,
rac-5c¢
= ek }En_nﬁ W S S =
{X8% 12013-6-11 14:48:57 gbj o1/ 1
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Q
el
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i D:\Chem32\ 1\DATA\GBJ\GBJ-10000041.D
1% : gbj-10-23 jiejin

OD-H, n-Hexane/i-PrOH =95/5, 1.0 ml/min; 254 nm

HEER : 2013-6-10 15:46:06 i
SRR : gbj-10-23 jiejin : ;@ﬁ: . -
HBiEE : gbj .
(€3 : iXE% 1
ik : D:\CHEM32\1\METHODS\ZYY_LC.M
BISBH : 2013-6-10 14:50:34 :  gbj
GAREEEB 20
VWD A, B16=254 nm (GBJGBJ-10000041.0)
Norm.

16

14 -

12

10 -]

6_.

64

4

2_.

S

0 2 40 50 mit
HRE LR

Her : 1ES Br
FRETF : 1.0000
mRAET : 1.0000 CaH7n
AR RFERFARERT ’

&2 1: vwpl A, FHEH=254 nm
W REETE M MR EER i

# [min] [min] mAU *3 [mAU bl
L) kieiieet oy | ====1 | o] =

1 39.889 MF 2.4175 2484.27271 17.12708 53.4781

2 45.235 ™ 2.9932—2161.13184 12.03362

B 4645.40454 29.160869

R-5¢ (7% ee)

wnk I LEEE ++x

5% 1 2013-6-10 16:41:50 gbj
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i34 D:\Chem32\1\DATA\GBJ\GBJ-10000040.D
14 : gbj-10-23-rac

OD-H, n-Hexane/i-ProH =70/30, 1.0 ml/min; 254 nm

priz g =k | : 2013-6-10 14:51:47
eSS : gbj-10-23-rac IOk A -
HVEE : gbj
1 8% : {NE% 1
I3 : D:\CHEM32\1\METHODS\ZYY LC.M
BEBH : 2013-6-10 14:50:34 :  gbj
CRABEBH)

VWD1 A, %1=254 nm (GBI\GBJ-10000040.D)

Nom.

175
15 4
125
10

7.5

0 10 20 30 40 50
ERE SRS

HeFF : =g

RIRET : 1.0000

FRERET : 1.0000

AR {E A RRE T AmEE T

{£%8 1: VWDl A, =254 nm

O.N
W IRETATE R W W T AR W ¥ W TE AR z
# [rmin] [min] mAU *g [mAU ] $
e e | ==me | mmmmmmm o |-=mmmmmmmn | =mmmmmme 1 Ma
1 39.718 MF 2.3709 2899.51367 20.38296 49.9532 rac-5¢

2 44.901 FM 2.8643 2904.94263 16.90300 50.0468

BR 5804.45630 37.28596

wnr I LEEHT *as

2% 1 2013-6-10 16:40:14 gbj
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b D:\Chem32\ 1\DATA\GBJ\GBJ-10000044.D
#: gbj-10-23muye

OD-H, n-Hexane/i-PrOH =95/5, 1.0 ml/mih; 254 nm

Fid g a=p. : 2013-6-11 15:02:24
PSR ER : gbj-10-23muye W i -
HBRIEE : gbj o
LVE: 2 I VE Il
: D:\CHEM32\1\METHODS\2YY ILC.M
BEBH : 2013-6-11 14:01:37 :  gbj
GAAEEB%0
M UWD1 A, %=254 nm (GBJ\GBJ-10000044.0)
Norm. 7] 2 1
(\&
&

80..

60 -

40

20..

,f@‘f
0 10 20 20 P ) M
HRE SRS

Herr : a2
FBRETF : 1.0000
AEET : 1.0000 ~
AR A RAETFARERT Br

/5% 1: VWDl A, ¥HEH&=254 nm

. N—~
W OREATE M MR MEM - WK GER AN ©\ _
#  [min] (min] mAU *s  [mAU ] % o

Bl P ! -— | | O:N
1 40.848 MM 3,0004 1.478034e4 0p.B89624 99.5476
2 48.689 MM 2.3683 \ho.sosaa 5.69382e-1  0.4524 NO;

Io% 1.78843e4 99.46562 R-5¢ (99% ce)

wkk FRETLEER www

B2 1 2013-6-11 15:58:23 gbj . W 1/1
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RS
FEf#%: gbj-10-23-rac

OD-H,n-Hexane/i-PrOH =70/30,

D:\CHEM32\1\DATA\GBJ\GBJ-10000040.D

1.0 ml/min; 254 nm
BAEF B : 2013-6-11 13:56:47
¥ Ah 2R : gbj-10-23-rac fE -
f%fFi? : gbj
%A% : (%R 1
RELTTIE : D:\CHEM32\1\METHODS\ZYY LC.M
BRBN 2013-6-11 13:50:34 : gbj
. (ﬁﬁﬁF%E&)
ST I : D:\CHEM32\1\METHODS\ZYY_LC.M
Beism i 2004-1-1 0:06:54 : wdx
(i FH S B2 .
VWD1 A, % K=254 nm (GBJ\GBJ-10000040.D)
Norm. 1 ©
ormj - ,b',g' o_,?;\
1 48;‘ ,"JQ\
Loos] #? 3@@“
| |1 R
] / s A
15 il \ x \\
3 | [
i ! I
[ 125 . F
|
B
104 ' ‘y { \\
f \\ b
75 | \ ; \\
I
5 Vo \
RV
25 Y \
| Y \
|
L Y V) S J | \,/\
L 0. R 30 40 - 50 min
N ﬁﬂﬁﬁtm&
Hrr [Eacs
FREF 1.0000
AT 1.0000
PR E R SRR F R B B
Br
&% 1: VWDl A, =254 nm CsHz-n
o 1%@51;51 HKE R i T A W WA N
[min] {min] mAU *s [mAU ] %
--——r ——————— [ === | == | == [ moomm—m e R I o]t
1 40.178 MF 2.3927 2943,32153  20.50200 49.3628 ON
2 45.091 FM 2.9376 3019.30957 17.13020 50.6372
S 5962.63110  37.63220 NO,
rac-5c¢
= ek }En_nﬁ W S S =
{X8% 12013-6-11 14:48:57 gbj o1/ 1

$109



0000

$.6°0 j\
8660

(44002

JAZ "
69171
8171
1%
0eeL
€521
LT
2621
el
oge’l

r///

3.14

PPM

Ja

v
.4

7

M AJL

gee't
08g'L
966"
186')
€002
2602
8v0Z
1202
1807
g8z
stz
VLT
812
881z
812 ©

Uz <

86L°€ o\

S

i

€eTT

Br
:S,C 3H n
OHC I:il
0/
R-3c
98% ce
gbj-10-53

¥26's
££6°S 8

A

o
9009 — e —
clLo'e o -

~
. o
G069 ——v-—— ~
586'9 N
€L —— o
gszL —
(43
o 38
o o8 N
iy g2 =¢
S 8" g=
g B8 1 33
gt nc® KO8
QUELEDZwmgs
0":50’:‘ 82
U:”mfﬂ% o™
3L >3588 = ua
SoHz828 0
sa38BdcezhE

3
@
o
1.03

S110

10




ool

" Los e

oSt

Shy'pl —

¥ol'8lL

€V6'EE

8L1°'6S

¥01°G9

WP s ﬁ«:i ) a1

2-¢5-01-la6
20 9486

ey

8eTvil

620'121

1198 ———
goeeeL —

162°velL

ZHN 000000t = 24

ZHN L089.¥'SL = Ld
89/2€ =PILS1d

Sl = VN

095 0002 = Aejop 9j0koay
23sn 005’6 = Ybus| asind
0¢bdbz = Juswuadx3zy
JAIN3AT0S

Jwu y3sn

€102 L}:9L 1L GL unrjeg
‘€100 ‘weds

g81'651

19.°961

S111



8 4E S D:\Chem32\1\DATA\GBJ\GBJ-10000052.D
¥4 gbj-10-53

O0J=-H, n-Hexane/i~-PrOH =80/20, 1.20 ml/min; 230 nm

S112

HRE R 1 2013-6-15 15:43:59
LR TR : gbj-10-53 TR -
HR{EHE : gbj
INE EVE S
& : D:\CHEM32\1\METHODS\ZYY LC.M
BEBN : 2013-6-15 15:33:23 :  1x3
(AREEB®%
VWDT A, & ¥=230 nm (GBINGBJ-10000052.0)
Norm. %
] 66\4,\
3000 &
&
2500 -
2000—-
1500
10004 .
500 &
] K
] § ;f\‘b
] 3@;@
0- : — . :
0 2 4 6 8 10 12
EHIRE 5 thi &
Herr 8 R
RIRA T : 1.0000
WRET : 1.0000
AR RAETHHREERF B
r
{52 1: VWDl A, =230 nm %C3H7-n
\ HC
W RERE RN MR RER E  EER OHC Q
# (min] [min] mAU *g (AU ] % -
———— |- el R R L EEE PR | R-3¢
1 7.608 MM 0.3646 6.87273e4 3141.51123 98.9481
2 10.301 MM 0.3568 730.65613  34.12573 1.0519 98% ec
B 6.94580ed 3175.63696
v LR wen N i
18% 1 2013~6-15 16:01:19 gb3 ) o1/



WE S
EfL4Z: gbj-10-53-rac

OJ-H, n-Hexane/i~-PrOH =80/20,

1.20 ml/min;

D:\Chem32\1\DATA\GBJ\GBJ~10000055.D

230 nm

R H : 2013-6~15 16:31:13
LR E : gbj-10-53-rac VA » -
BIEE : gbj
128 : XA 1
TTiE ¢ D:\CHEM32\1\METHODS\ZYY_LC.M
BEEHN : 2013-6-15 15:33:23 :  1xj
CRAREEER)
VWDT A, % ¥=230 nm (GBJ\GBJ-10000055.D)
Norm. <
800 -
3
]
600
400 -
200
0 F—mmm—— e e ™ TN —
0 2 4 6 8 10 12 14
[Ap =l L
Her =%
IR F 1.0000 Br
WEET 1.0000 CHoen
AR LRI R F HHRRBE T &7
OHC
f&% 1: vwpl A, =230 nm o—
-3
i {RBFETIE] A WSFE g T A i I T A rac-S
% [min) [min] mAU  *s  [mAU ] %
e o Aty | =mmmmmmmem | === | === e |
1 7.828 VB 0.2708 1.66321ed  945.34326 49,9513
2 10.441 VB 0.3613 1.66645e4  705,97638 50.0487
BE 3.32966e4 1651.31964

wxx FREPLETRT wxx

8% 1 2013-6-15 16:47:34 gbi
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Gl8'e

SOV b —

Br

Mon May 27 11:35:11 2013

spect, CDCI3,
USER: nmr

3.06

CgH?-n

SOLVENT:

Experiment = 2930
Pulse length = 14.000 usec

HN
oN— N

1.000 sec

8
= 32768

F1 = 300.131866 MHz

F2 = 1.000000 MHz

Recycle delay

NA
PTS1d

NO,
rac-5¢

S114
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8119.D Sample Name: gbj-8-177
OJ-H, n-Hexane:i-PrOH = 80/20, 1.2 mL/min, 230 nm
Injection Date : 12/17/2012 12:52:55 AM
Sample Name : gbj-8-177 Location : -
Acq. Operator gbj
Method : D: \HPCHEM\I\METHODS\XFX_LC.M
Last changed 12/17/2012 12:02:59 AM by zyy
(modified after loading)
VWD1 A, Wavelength=230 nm (GBJ\GBJ-8119.D)
Norm. e C)
800 -
600.‘
400
i <
_ @
200 B &
] S%fp
T | R T T | T T T T T T — 1 T T
0 2 4 6 8 10 12 14 16 _min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000 Br
Dilution : 1.0000 CeH
Use Multiplier & Dilution Factor with ISTDs posinn
OHC 7
Signal 1: VWDl A, Wavelength=230 nm
o/
Peak RetTime Type Width Area Height Area R-3d
# [min] [min] mAU *s [mAU ] %
e mm———— | === = | === | == | === |
1 8.818 MM 0.6727 3.91499%¢4 970.00580 86.2372
2 13.667 MM 1.2618 6248.00537 82.53072 13.7628
Totals 4.53979e4 1052.53651
Results obtained with enhanced integrator!
**% End of Report **x
Page 1 of 1

BUBF #9585 part actory
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8120.D Sample Name: gbj~8-176

O0J-H, n-Hexane:i-PrOH = 80/20, 1.2 mL/min, 230 nm

Injection Date : 12/17/2012 1:12:09 AM

Sample Name : gbj-8-176 Location : -
Acq. Operator : gbj

Method : D: \HPCHEM\l\METHODS\XFX_LC.M

Last changed : 12/17/2012 12:02:59 AM by zyy

(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8120.D)
Norm. N
1000
800
«©
600 8
foc]
400+
200
1 ,.v/v\\_/\ AN
P —— i -
A A A T T T T T T T T T
[4] 2 4 6 8 10 12 14 16 mi
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000 Br
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs ; CgH11n
OHC
Signal 1: VWDl A, Wavelength=230 nm
-
Peak RetTime Type Width Area Height Area rac-3d
# [min] [min] mAU *s [mAU ] %
mmmm | mmm——— |==== == fommmmmm | == | == |
1 8.727 VB 0.6163 4.29738e4 1071.87573 50.2843
2 13.558 BB 1.3078 4.24879%e4 518.81262 49.7157
Totals : 8.54618e4 1590.68835
Results obtained with enhanced integrator!
*** End of Report ***
AM gb Page 1 of 1

Bﬁﬁwgqpﬁﬂ%/c%gr/f ?Dlr%]’?;'%%% www.t?neprint.com.cn
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Pulse length = 14.000 usec
Recycle delay = 1.000 sec

Sun Dec 23 07:07:12 2012

spect, CDCI3,
USER: nmr
SOLVENT:
Experiment = zg30

Br

8

8.65

\
S [}
< (Y
A 8

Teg °

I
o
E

als

=

fro
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Sample Name:

Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8129.D gbj-8-185
OJ-H, n-Hexane:i-PrOH= 80/20, 1.2 mL/min, 230 nm
Injection Date : 12/25/2012 9:47:08 AM
Sample Name : gbj-8-185 Location : -
Acq. Operator : gbj
Method H D:\HPCHEM\l\METHODS\XFX_LC.M
Last changed 12/25/2012 9:09:59 AM by ghj
(modified after loading)
VWD1 A, Wavelength=230 nm (GBJ\GBJ-8129.D)
Norm. ©
1200 -1
1000
800 ~
600 —
400 -
200 8
©
«©
. BN VAN
v~ T T
T T T L L A A T T
0 2 4 6 8 10 12 14 min
Area Percent Report
Sorted By Signal
Multiplier : 1.0000 Br
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A,

Peak RetTime Type
# [min]

Wavelength=230 nm

el R R e |=m=mmmmme- J=mommmmoe |=mmmmmnn |

1 6.376 VB
2 8.625 BV

Totals :

Width Area Height
[min] mAU *s [mAU ]
0.3437 2.75027e4 1237.72107
0.6495 4477.56201 107.39820
3.19803e4 1345.11927

Results obtained with enhanced integrator!

OHC @
O/
Area R-3e
%
85.9990
14.0010

*** End of Report ***

Bﬁlsrw’%tphﬂ%ggl{f lr%"%9?8‘3?%3W§A/Mwﬁﬂegrint.com.cn
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8128.D Sample Name: gbj-8~184

OJ-H, n-Hexane:i-PrOH= 80/20, 1.2 mL/min, 230 nm

Injection Date : 12/25/2012 9:30:27 AM

Sample Name : gbj-8-184 Location : ~
Acq. Operator : gbj

Method : D: \HPCHEM\l\METHODS\XE’X_LC.M

Last changed : 12/25/2012 9:09:59 AM by ghj

(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8128.D)
Norm. &
600 1
500 —
400-]
] 8
L]
300
200
\
o] s —
T T T T T T T T A R T T
0 2 4 6 8 10 12 14 min
Area Percent Report
Sorted By : Signal Br
Multiplier : 1.0000
Dilution : 1.0000 CeH1gn
Use Multiplier & Dilution Factor with ISTDs
OHC
Signal 1: VWDl A, Wavelength=230 nm (ol
rac-3e
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

—mme e |~=== == |=m=m——— e | === === |
1 6.625 VB 0.3825 1.51787e4 618.35791 50.1408
2 9.136 BB 0.7606 1.50935e4 311.39893 49.8592
Totals : 3.02723e4 929.75684

Results obtained with enhanced integrator!

*** End of Report ***

Page 1 of 1

Bﬁﬁwgqpﬁf&%{:%gr/yz %%%49’»3‘3 \?vav%l.)f?negrint.com.cn
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8117.D

0J-H, n-Hexane:i-PrOH = 80/20, 1.2 mL/min, 230 nm

Injection Date 12/17/2012 12:18:18 AM

Sample Name: gbj-8-175

P #953 part actory Pro™ #3799% waw’

Sample Name gbj-8-175 Location : -
Acq. Operator : gbj
Method : D:\HPCHEM\1\METHODS\XFX_LC.M
Last changed 12/17/2012 12:02:59 AM by zyy
(modified after loading)
VWD1 A, Wavelength=230 nm (GBJ\GBJ-8117.D)
Norm. 8 e?
)
N
700 1 @{b
600
500
400
300
200+
>
o
100 @ ,'56\
&
o IV T
v T T
T T T T T T 4 M T T T T T T T
0 2 4 6 8 10 12 14 16 min
Area Percent Report
Sorted By : Signal B
Multiplier : 1.0000 r
Dilution : 1.0000 C1oHa4-n
Use Multiplier & Dilution Factor with ISTDs ",
=
Signal 1: VWDl A, Wavelength=230 nm o~
R-3f
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
it et etalobl [ === o | == | mmmmmm |======-= |
1 5.206 MM 0.4307 1.93134e4 747.31372 86.2718
2 8.668 MM 1.3875 3073.29663 36.91563 13.7282
Totals : 2.23867e4 784.22935

Results obtained with enhanced integrator!

*** End of Report ***

j o Page 1 of 1
ineprint.com.cn
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:a File D:\HPCHEM\1\DATA\GBJ\GBJ-8118.D Sample Name: gbj-8-1

0J-H, n-Hexane:i-PrOH = 80/20, 1.2 mL/min, 230 nm

Injection Date : 12/17/2012 12:38:18 AM
Sample Name : gbj-8-174 Location : -
Acg. Operator : gbj
Method : D:\HPCHEM\1\METHODS\XFX_ LC.M
Last changed : 12/17/2012 12:02:59 AM by zyy
(modified after loading)
VWD1 A, Wavelength=230 nm (GBJ\GBJ-8118.D)
Nomm{ ®
400
350
300
250
200
] 2
160 <
100
50 -
e\
04 y —
T T T T T T T
0 2 4 6 8 10 12 n
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000 Br
Dilution : 1.0000 CioHoq-n
Use Multiplier & Dilution Factor with ISTDs
OHC
Signal 1: VWDl A, Wavelength=230 nm o
rac-3f
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
| m—————— | === == |=mm—————— | ===
1 5.214 VB 0.4028 1.12661le4 436.91611 50.1087
2 8.745 BB 1.3375 1.12173e4 131.67439 49.8913
Totals : 2.24834e4 568.59050
Results obtained with enhanced integrator!
*** End of Report ***
1.12/17/2012 12:54:03 AM j oo, Page 1 of 1
5 %’F’%t—"pdfi—“actory Bro %5335 www tineprint.com.cn
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A D:\Chem32\1\DATA\ GBJ\GBJ-9000017.D
fE: gbi-9-17

OJ-H; Hexane/iPrOH=80/20; 1.2 ml/min, 230nm

A ¢ 2013-1-9 16:46:47
=R : gbj-9-17 R B
HEES : gbi
e E ]
ik : D:\CHEM32\1\METHODS\ZYY LC.M
BEBX : 2013-1-9 15:54:18 :  gbj
=T
VWDT A, #%=230 nm (GBJGBJ-9000017.D)
mAU ] 5
250
200
150
100 g
50;
|
0 MWLN\M\ ./ \‘ ,/ \ .
0 5 10 15 20 25 30 35 40
HREH & i &
Hr &S B
FAHEF 1.0000 r
WEET 1.0000 :</ ,CaHri
AR RRAETFARERF onc @\
1% 1: vwpl A, =230 nm R-3g o~
g fREFRTE) R B iR % iy 5 T 2
# [min] [min] mAU *g [mAU ] %
e ey [====| e -- R !
1 17.860 BB 0.9649 4987.16650 81.11022 16.8176
2 24.997 BV 1.3828 2.46672e4  266.83478 83.1824
AR 2.96544ed4  347.94500

de ok ok fﬁ%%m * ks

% 1 2013-1-9 17:30:06 gbj

$130
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B3t D:\Chem32\1\DATA\GBJ\GBJ-8000016.D
#f4: gbj-9-16

OJ-H; Hexane/iPrOH=80/20; 1.2 ml/min, 230nm

R : 2013-1-9 16:10:46
FERL AR : gbj=-9-16 v/ S . 1A
e : gbkj
1028 - I
ik : D:\CHEM32\1\METHODS\2ZYY LC.M
BEB®R : 2013-1-9 15:54:18 :  gbj
(FEH BB %)
VWDT A, %&=230 nm (GBJ\GBJ-3000016.0)
mAU 8
200
175
] &
©
-
150 &
125
100
75
50 -]
25
] |
ol sl J _\ / \
¢ 5 10 15 20 25 30
HRE SR
HePy : a1
FFREF : 1.0000 Br
MEET : 1.0000 )
AR R E FRRMER T CaHyz-i
OHC
&S 1: vwpl A, =230 nm _
i {RETATIN) A R W E AR i 5 TR rac-3g
# [min] [min] mAU *3 [mAU 1 %
————| e —— |===-1 === I | |
1 18.096 BB 0.9174 1.3186%4  220.54422 49.8509
2 24.317 BB 1.3449 1.32658e4  148.73380 50.1491
155 S 2.64526e4  369.27802
ke ?ﬂﬁ-ggm ok T
2% 1 2013-1-9 16:45:37 gbj W1
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HE LA D:\Chem32\1\DATA\GBJ\GBJ-9000015.D
fh&: gbj-9-15

OJ-H; Hexane/iPrOH=95/5; 0.6 ml/min, 230nm

iz =] : 2013-1-9 15:25:52
= P2 S : gbj-9-15 (4 : B
BmIEH : gbj
128 : 2R 1
KIEAT R : D:\CHEM32\1\METHODS\ZYY LC.M
BIEBH : 2013-1-9 14:55:27 :  gbj
CGAREB%)
STAIE : D:\CHEM32\1\METHODS\ZYY LC.M
BEE®R : 2013-1-9 15:54:18 :  gbj
(A EEB)
VWD1 A, %1=230 nm (GBJNGEJ-0000015 D)
mAU
1200
oo
800_.
600 -|
400 -|
g
] 8
200._.
0 _MKM
o 5 10 - 15 ’ 20 %
EHRE S E
HEF : %5
RIREF : 1.0000
mEET : 1.0000 Br
P bR FE SRR R 7 FOR R B T
&% 1: vwpl A, #4+=230 nm OHc @
i REEN M BE BER 4% GER Ran O
# [min] [min] mAU *g [mAU ] 3
e e " [ |===mmmmm |
1 18.609 VV 0,9005 7.16974e4 1231.50586 81.8310
2 21.728 VB 1.0061 1.59190ed4  244.34642 18.1690
BE 8.76164e4 1475.85228
Fode e ?ﬁﬁ%ﬁ ke ke
28 1 2013-1-9 15:54:56 gbj W o171
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kB atd D:\Chem32\ 1\ DATA\GBJ\GBJ-9000014.D
#h4: gbj-9-14

OJ-H; Hexane/iPrOH=95/5; 0.6 ml/min, 230nm

B : 2013-1-9 14:56:12
PR PR : gbj~9-14 AR BEEHEL
ek : gbj
X2 T I
FE : D:\CHEMSZ\I\METHODS\ZYY_LC.M
BIEB® 2013-1-9 14:55:27 :  gbj
(IHFEF%BAU
[ VWD A %&=230 nm (GBJ\GBJ-9000014.0)
mAU o
8
500 - &
400 -
m-
200_
100 -
T T M T T U
5 10 15 20 25
HRBE SR
Her : =%
REETF : 1.0000
mERET 1.0000
IR ERBPETORERF Br
{E% 1: vwpl A, =230 mm OHC
W {REFRTE A B WE T AR 145 Pl R E -
# [min] [min] mAU *g [mAU ] % rac-3h
e [====1 --1-- ! ===
1 19.052 VvV 0.8955 3.20997e4  551.88623 49.9449
2 21.980 VB 1.0276 3.21706e4  486.57935 50.0551
AR . 6.42703e4 1038.46558
dekk *Eﬁ-ggm * %k
#% 1 2013-1-9 15:24:33 gbij W o1/1
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8140.D Sample Name: gbj—8—199,

0J-H, n-Hexane:i-PrOH=98/2, 1.2 mL/min, 230 nm

Injection Date : 12/28/2012 9:10:16 PM

Sample Name : gbj-8-199 Location : -
Acqg. Operator : gbj
Method : D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed : 12/28/2012 8:00:12 PM by gbj
(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8140.D)
Norm. >
300 1
250
200
150
100 +
2
-]
50 N
0 A - - N,
T T T T T T U T T T T T
0 5 10 15 20 25 30 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000 Br

Dilution : 1.0000 Y
Use Multiplier & Dilution Factor with ISTDs

OHC @
Signal 1: VWDl A, Wavelength=230 nm _

[¢)
Peak RetTime Type Width Area Height’ Area R-3i
# [min] [min] mAU *s [mAU ] %
iuintdl Rttty [t Rttt | mmmm - |—m—mm o | === |
1 22.856 BV 0.6228 2431.37769 59.08436 12.0708
2 24.991 VB 0.8526 1.77112e4 321.40039 87.9292
Totals : 2.01426e4 380.48475
Results obtained with enhanced integrator!
**% End of Report ***
L1 .12/28/2012 9:45; PM gbj X Page 1 of 1
PISE 573" pdfil-‘actory ro" #7937 W fineprint.com.cn

5138



Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8139.D Sample Name: gbj-8-198 .

OJ-H, n-Hexane:i-PrOH=98/2, 1.2 mL/min, 230 nm

Injection Date : 12/28/2012 8:36:39 PM

Sample Name : gbj-8-198 Location : -
Acq. Operator : gbj .

Method ¢ D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed : 12/28/2012 8:00:12 PM by gbj

(modified after loading)
VWD1 A, Wavelength=230 nm (GBJ\GBJ-8139.D)

Norm. ] 8

2
o
1
25.351

n
o
P I P |

o
o
s
o
-
&
N
g
(2]
(3

min

Area Percent Report

Br

Sorted By : Signal //
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs OHC
-
Signal 1: VWDl A, Wavelength=230 nm rac-3i
Peak RetTime Type Width Area Height -~ Area
# [min] [min] mAU *s [mAU ] %
il ettt e | | === |mm=m—————— |==mmm—— |
1 22.965 BV 0.6883 9544.05078 212.00467 50.0101
2 25.351 VB 0.8402 9540.18652 172.53101 49.9899
Totals : 1.90842e4 384.53568
Results obtained with enhanced integrator!
*** End of Report ***
1.12/28/2012,9:08. PM gbj A Page 1 of 1
PESE#9% %‘pdfi—‘actory ro" F9903% WwW.fineprint.com.cn
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N2000 #XiBT1F38

gbj—-10-77
SoaGEd ] 2014-01-23, 19:24:56 SIS
P SO < D2\ R 14 \N2000\ B 7 \B0OS0. org i rﬂ 2014 01-23, 19:42:41

L
Tk ARA— ik

SEIS A WA
AD-H, n-hexane/iPrOH = 80/20, 230 nm, 0.50 ml/min

1% B (B0050. org)

1,200
1,100 A
1,000
900 \
800 ‘
__ 700 ‘
\j; 600 3 l
£ 500 \
400 \
300 \
200 \
100 o
: .
0 2 4 6 ) 10 12 14
it 8] (min)
SIERE
&5 [c: 271 {R Bt E Uy W TH R 5B
1 10. 180 175589. 984 2535402. 500 10. 9289
2 12.223 1172402. 375 20663656. 000 89.0711
Bt 1347992. 359 23199058. 500 100. 0000
Br

2014-01-23
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N2000 # 38 TTEss

SEIGHTIE: 2014-01-23, 19:44: 14
WP SO D2 \ WK B A \N2000\ B #4 \BOO5 1. org

HLE (mv)

56

gbj—10-78

LHE

i

32 & (B0051. org)

: gbj
%Hﬁ‘fﬁl:g 5014—01—23, 20:09:02
Ry BRIE—E

Ul

012
Fif 1] (min)

AFERR
T

14

407719. 344
335074. 781

&t

2014-01-23

742794. 125

Br
Bn
OHC

rac-3j

5143
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Eop el D\Chem32\ 1\ DATA\GBJI\GBI-8000002. D
A gbj-9-6

OJ-H; Hexane/iPrOH=80/20; 1.2 ml/min, 230nm

S146

BEEES : 2013-1-8 10:49:37 S
PE L B FR i gbj-9-6 R i
HiEE : gbj
[VE: s {UER 1
HiE : D:\Chem32\1\METHODS\DEF_LC.M
BIEEH : 2013-1-8 10:56:20 :  gbj
(I8 S8 30
7 A, % =230 om D)
o 3 3
140
120 4
100 -
80 -
60 4
40 4
8
20-] g
, e JoN N
0 H 10 15 2 25 30
HRE 5 Lt
Herr : ®S
FIHEF : 1.0000
mEET : 1.0000 BT g
AR HERBRERFARER T
oHc
1% 1: VWDl A, =230 m O\
—
% CRETETE) A W L Jisip o i L= Jiak o R-3k
# (min] [min] mAU *g [mAU 1 ]
e | === fmmmmmm [=======me [ I- |
1 17.399 BB 0.8770 8966.60059 157.45175 85,7440
2 23,239 BB 1.0974 1490.81042 18.35784 14.2560
I=% 1.04574e4  175.80960
ke *Rﬁ»gg* Jedede
BE 1 2013-1-8 11:22:51 gbj W 171



EAE Dr\CHEMSZAIADATA\ 8BI\GBJI-9000001. B
B%&: gbj-9-1

0J-H; Hexane/iPrOH=80/15; 1.2 ml/min, 230nm

ﬁﬁzg : 2013-1-8 10:17:12 ,
: : gbj=9-1 M" + PEdhEL
i : gbl PR
%22 s 3R 1
KM : D:\Chem32\1\METHODS\DEF_LC.M
BIEBH : 2013~1-8 10:09:09 : Igk
& 1= e
ST A ¢ D:\Chem32\1\METHODS\DEF_LC.M
BfEEH : 2013-1-8 10:56:20 : gbj
(EAEEEH)
[ VWD A, =230 nm (GBNGBJ-8000001.D)
mAU | 4
80 - -
8
g
80 -
404
20
0 p\__l\/\ L ./ L
0 5 10 15 20 - 2
R E S5 thit &
HiF : it
Al : 1.0000 Br g,
W& T : 1.0000
AR AR A T RRRERT
OHC
&5 1: vWpl A, PEH=230 nm o~
, rac-3k
i {RERTE] 4B R L g % g BE R
# [min] [min] mAU  *s [mAU ] ]
il Ity [==== [ [ | t
1 18.074 BB 0.9349 6076.61914  98.14552 50.0421
2 23.931 BB 1.3125 6066.39941  70.71217 49.9579
Bl 1.21430ed4  168.85770
sk HR P EETE wwen
8 1 2013-1-8 11:25:55 gbj W 1/1
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N2000 238 tE3S

gbj—9—6—re’ ’

o Muﬂtﬂ 2013-09-29, 15:16:24 LIS,

BB D \ KR4 \N2O0O\BE 54 \AO155. org ?ﬁ’ﬁlﬁéj 2013~09 29, 15:40:08
By —¥%

LI A

0J-H, n-Hexane:i-PrOH=80/20, 1.2 mL/min, 230 nm

i (A0155. org)
N

1,500
1,400
1,300
1,200
1,100
1,000
900 i
T 800
W 700
# 600
500 - ' - . — - - —
400
300 S S | -
200 - I
100 ! . . - I k ?;
0 ‘ =
0 2 4 6 8 10 12 14 16 18 20 22
I (8] (min)
PG RE
5 i 42 R B B i) R i T #R 3 8
1 12. 082 1433178. 500 54565620. 000 99. 3426
2 15. 877 8745. 838 361062. 563 0.6574
Bit 1441924. 338 54926682, 563 100. 0000
==§i;FH/Bn
OHC @\
O/
R-3k
Recrystallization from
CH.Cly/n-hexane for three

times

2013-09-29
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N2000 # I8 T1Ess

TR

gbj-9-6-re’’ -rac
SCRT(E]: 2013-09-29, 15:41:32 THRE: ¢b

gbj
W B SO D2\ A B IA \N2000\BE 5 \AO156. org WA HE: 2013-09-29, 16:02:54
ok - mRE—

PR RPN
0J-H, n-Hexane:i-PrOH=80/20, 1.2 mL/min, 230 nm

300 ‘ -
280 o - :“ - - - - T - j' 1‘ e '
260} - - - - - - - _ -+ - — - R
240 e : : A ~ o
220 - - — - ~ =
200
180
E160 .
H 140 | i
120
100
80 e L
60 R
40 [
o )
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
B 18] (min)
FERE
i W4, {REIR 1] W5 MR o
1 13. 025 296638. 094 9749461. 000 50. 4013
2 16. 517 217890. 938 9594220. 000 49. 5987
Bit 514529. 031 19343681. 000 100. 0000
Br Bn
OHC
O/
rac-3k

2013-09-29
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Fri Oct 11 07:01:56 2013

USER: nmr
F1 = 300.131866 MHz
F2 = 1.000000 MHz

Experiment = zg30
Ioo

Recycle delay =
PTS1d = 32768

spect, CDCI3,
NA =

SOLVENT:

N

6.5'6

$150

gbj-11-4
3 mmol scale reaction

2.1

.08
2.36

10
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N2000 #xi8 T 1Es&

%EK‘HTIEJ 2013-10-12, 9:46:12
RIS :D: \ WK 14 \N2000\BE R \AO172. org

LI YA A

0J-H, anexaﬁe:i*PrOHr80/20, 1.2 mL/min, 230 nm

-11-4
LR E: gbj
T
Bahk: |

[8: 2013-10-12, 10:07:48
BR—&

i (40172, org)

200}
190
180
170
160 -
150
140
130 -
__ 120
E110 i
1 100
90
80
70
60 ©
50 - :
40 - ‘ © -
30 -
20 ; '
00 2 4 6 8 10 12 14 16 18 20
I 18] (min)
SFERE
L= i 47 {RE M 8] - 7- L Jicip A £F-
1 12.975 184242, 047 5814136. 000 86. 5628
2 16. 428 21283. 324 902530. 063 13. 4372
St 205525. 371 6716666. 063 100. 0000
:sBr/~/Bn
OHC @\
O/
R-3k
2013-10-12
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N2000 #xi8 T 1E38

gbj~11—4—rac

J\Lﬂﬂﬂ 2013-10-12, 10:08:53 LA
WP SO D \HT KB 15 \N2000\ A 5 \A0173. org ?ﬁ*ﬁlé] 2013 10-12, 10:30:40
R E - mRE—%
LR AARAN

0J-H, n-Hexane:i-PrOH=80/20, 1.2 mL/min, 230 nm

&3 & (A0173. org)

190 - — e
180
170
160
150
140 ; - -
130 -
120 -
z 110
o 100
s
80
70
60
50
40
30 ; '
20 ' - -
10 i S ‘
0 2 4 6 8 10 12 14 16 18 20
B 18] (min)
DERE
e S e 47 {RBIR ] I L Giap GRS
1 12. 852 178652. 641 5448835. 000 50.1216
2 16. 192 130059. 906 5422397. 500 49, 8784
Bt 308712. 547 10871232. 500 100. 0000
Br Bn
OHC
-
rac-3k
2013-10-12
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N2000 #i& T eSS

gbj—11-4jiejing2

FZEOHT(E]: 2013-11-06, 9:40:05
WP SO D \ BT 1% \N2000\ B 5, \A0184. org

TIAEFE
0J-H, n-Hexane:i-PrOH=80/20, 1.2 nmL/min, 230 nm

L E. gbj
WEATE: 2013-11-06, 10:01:42
Moy mg: BRIE—%

i A (A0184. org)

360 ;
340 -
320
300 -
280
260 -
240
220
= 200 ;
i 180 - -
ol 160, 1 ! —d -
140
120
100 -t
60
%
i N N =
0 B e
0 2 4 6 8 10 12 14 16 18 20
I 1) (min)
DERR
%5 47 RE RS L34 U T aR
1 13. 585 357801. 625 14014994. 000 96. 7883
2 17. 582 9261. 667 465058. 344 3.2117
st 367063. 292 14480052, 344 100. 0000
=¢__/Bn
OHC' O\
0/
R-3k
Recrystallization from
CH,Cly/n-hexane for twice
2013-11-06
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N2000 #%igx1EXS

Yy

gbj—11—4—rac

IEF"HTItﬂ 2013-11-06, 10:03:0 LR E
D \wm%‘ﬁ\NzoOO\ﬁuu\Amss org g;ﬁ-}ﬂgjﬁ] 2013 11;‘2?6 10:28:20
A ' -

TR A A
0J-H, n-Hexane:i-PrOH=80/20, 1.2 mL/min, 230 nm

1%’ (A0185. org)
wn

220
200} - -
180
160 i
140
E 120
E 100
80
60
40
20
0 P
0 2 4 6 8 10 12 14 16 18 20 22 24
i} f&) (min)
TIEERE
e 5 e 47, LR B Bt ] e 75 e T AR =8
1 13. 325 228785. 078 8396188. 000 50. 0590
2 17. 047 163688. 422 8376411. 000 49. 9410
Bt 392473. 500 16772599. 000 100. 0000
Br Bn
OHC
—
rac-3k

2013-11-06
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N2000 #k3i8 I 1E3S

LRGN (] 2014-02~15, 19:09:08
b S D\ K BIIE \N2000\ B & \BOO56. org

LI AT

AS-H, n-~hexane/iPrOH = 80/20, 230 nm, 1.0 ml/min

gbj—-11-192

LHE: gb

gbj
RERTE: 2014-02-23, 13:15:43

MO TrE: R —&

1% (B0056. org)

700
650
600
550
500
450
< 400
= 350
o
# 300
250
200
150 !
100 \J
50
0 NN — L . -_—
0 1 2 3 4 5 6 7 8 9 10
i} 18] (min)
SRR
5 W44 4R B B ) e TR B
1 5. 452 687774. 875 6036592. 000 45. 8403
2 6.072 650860. 063 7132147. 000 54. 1597
Bt 1338634. 938 13168739. 000 100. 0000
<0
OHC Q
R-3l
2014-02-23
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N2000 #kiBILTEI&

gbj—11—144

gt%H’N'ﬂ 2014-02-15, 18:5 LG
TP D\ IR *\hzooo\ff‘ruu\Boo% org ?E%Hj“m 2014 02-23,13:17:14
Mo Tk A%

S E
AS-H, nrhexane/iPrOH = 80/20, 230 nm, 1.0 ml/min

£ & (B0055. org)

\
550 |
500
450
400
350
=
= 300
=
2 250
200
150
100
50
N
0
0 1 2 3 5 7 8 9 10
Fit 8] (min)
OTERE
%5 W4 AR B e} 1) L 321 Ve T R 58
1 5. 453 556580. 688 4727065. 500 50. 0557
2 6.075 425159.719 4716546. 000 49. 9443
it 981740. 406 9443611. 500 100. 0000

e
g

o—
rac-3|

2014-02-23
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Wt

D:\Chem32\1\DATA\GBJ\GBJ-9000027.D
BER4&: gbj-9-30

0J-H; Hexane/iPrOH=80/20; 1.2 ml/min, 230 nm

HE A ; 2013-1-17 19:50:24
B : gbj~9-30 ok o -
ik + gbj
1038 t ?5(# 1
A :+ D:\CHEM32\1\METHODS\ZYY_LC.M
BiEEN : 2013-1-17 19:25:35 :  1xj
GRS g8
=230 270

mAU 2

2500 -

2000

1500 -{

1000 -

%007 ]

2 4 8 H 10_mir
ERE RS

ki axid He
RUEAT 1.0000
mREET 1.0000
APRE R RRAE FHRRE T Br

A% 1: vwpl A, BHK=230 mm

g REOTE R BR B 1] G EER
#  [min] {min] *s  [mAU ] %
---= 1==-= I |
1 5.164 W 0.1978 3.45495ed 2665.43726 86.3428
2  6.024 VB 0.2672 5464.83545 316.11801 13.6572
s - 4.00144e4 2981.55527

1%8% 1 2013-1-17 20:01:23 gbj

wone HAPTGEBR wxx
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. Epeid D:\Chem32\1\DATA\GBJ\GBJ~-9000026.D
PR gbi-9-29

OJ-H; Hexane/iPrOH=80/20; 1.2 ml/min, 230 nm

BREE M 1 2013-1-17 19:37:40
Led e : gbj-9-29
wiEE gbj
188 : B8 1
HiE ¢ D:\CHEM32\1\METHODS\2YY_LC.M
B SSE R : 2013-1-17 19:25:35 : 1xj
UM e )
" VWDT A, BK=230  (GBJYGBJ-9000026.0)
mAU 8
1600 1
1400 -
g8
©
1200 4
1000 4
800 4
600
400
200 +
0
7 i s 3 mid
ERES LIRS Br
sy ) Bu-n
RINE T : 1.0000
MRET : 1.0000 OHC
AR AR E T HREER T
OE
8 1: vwpl A, =230 nm rac-3m t
G REEE RE GR T £ [ 1.7 B ER
#  (min] [min) mAU *s [mAU ] s
-1 |====] | I ! ]
1  5.180 VWV 0.1954 2.09622e4 1643.35706 49.7885
2 6.020 VV 0.2671 2.11403e4 1223.74927 50,2115
aE 4.21024e4 2867.10632
wrx AR wrr
{¢8% 1 2013-1-17 19:48:12 gbj | o1/1
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File D:\HPCHEM\1\DATA\GBJ\GBJ-8134.D Sample Name: gbj-8-1¢

0J-H, n-Hexane:i-PrOH= 80/20, 1.2 mL/min, 230 nm

Injection Date : 12/25/2012 1:19:20 PM

Sample Name : gbj-8-191 Location @ -
Acq. Operator bj

Method : D:\HPCHEM\l\METHODS\XFX_LC.M

Last changed . 12/25/2012 12:47:49 PM by gbj

(modified after loading)
VWD1 A, Wavelength=230 nm (GBJ\GBJ-8134.D)

Norm. S
b
2000
1750
1500
1250
1000
750
4§y
500 g A
N QP
R
250 /\
] Jo
1
| T T T T T T T
0 2 4 6 8 10 12 140
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000 Br
Dilution : 1.0000 - Bu-n
Use Multiplier & Dilution Factor with ISTDs .,
OHC Qo
Signal 1: VWDl A, Wavelength=230 nm ) O>
R-3n
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
- el e | === | ==m==m—— |==m=——=- |
1 6.021 VvV 0.2237 3.3273led 2266.35791 81.0637
2 8.282 MM 0.4118 7772.53711 314.56506 18.9363
Totals : 4.10456e4 2580.92297
Results obtained with enhanced integrator!
%% End of Report ***
o o1 .12/25/2012 15384 PM gb] . page 1 of 1
’rﬁfE '}l'g"?%n pdfi:actory ?:'I'O ]77';3')%% www.fjlne rint.com.cn
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Data File D:\HPCHEM\1\DATA\GBJ\GBJ-8133.D

Sample Name: gbj-8-190

0J-H, n-Hexane:i-PrOH= 80/20, 1.2 mL/min, 230 nm

Injection Date 12/25/2012 1:04:30 PM

Sample Name ¢ gbj-8-190 Location : -
Acg. Operator : gbj

Method : D:\HPCHEM\1\METHODS\XFX_LC.M

Last changed 12/25/2012 12:47:49 PM by gbj

(modified after loading)

VWD1 A, Wavelength=230 nm (GBJ\GBJ-8133.D)
Norm. j
1400 +
1200
1000 | ®
)
o &
8o
800 P
600
400
200
0 N
T T T T T T T T T
0 2 4 10 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000 Br
Dilution : 1.0000 Bu-n
Use Multiplier & Dilution Factor with ISTDs
OHC (o]
Signal 1: VWDl A, Wavelength=230 nm o
Peak RetTime Type Width Area Height Area rac-3n
# [min] [min] mAU *s [mAU ] %
mmm— | mm———— === == | ===mmmm——— fmmmm - | == [
1 5.946 MM 0.2371 2.04941ed4 1440.64673 50.6126
2 8.238 MM 0.4241 1.99980e4 785.84131 49.3874
Totals 4.04921e4 2226.48804

Results obtained with enhanced integrator!

*** End of Report ***

ﬁﬁﬁ%ﬁ?t’pldfi:zaggr/f ?’1%]’7’}’;7% \/Pv%vv(gvk.)t?negrint.com.cn
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[ cgipeid D: \Chem32\1\DATA\GBJ\GBJ-9000031.D
PR E: gbj-9-44

0J-H; Hexane/iPrOH =80/20; 1.2 ml/min, 230 nm

BEREH 8 : 2013-1-28 9:33:42
i B R : gbj-9-44 (U4 o -
iEE 1 gbj
8% s AXER 1
? : D:\CHEM32\1\METHODS\ZYY_LC.M
»SE : 2013-1-28 9:06:37 :  lgk
(€L = 1)
22240 nn 31D)
mAY e
1750 ] {
1500
1250 4
1000 ]
750 4
500 ]
= ;
0 —— - /\
2 ‘ [ 8 10 mir
ERE S S
e : k-0
RBET : 1.0000
WRE T : 1.0000
AR R SRR T MR E F Br
Bu-n
&5 1: vwDl A, #&=240 mm .,
OHC [—
g {RETRE) RE SR IR (1.7 R ETR Y
¥ [min) [min] mAU *s (AU ] s S
----1 J==== I I
1 5.113 v 0.2029 2.39923e4 1824.04106 83.7636 5-30
2 ©.267 BB 0.3799 4650.55B11 189.21135 16.2364
sk 2,8642%94 2014.05241
ses JAMERE <4+
{X5% 1 2013-1-28 9:46:37 gbj W 171
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YB3
P& : gbj-9-51

D: \Chem32\1\DATA\GBJ\GBJ-9000030.D

OJ-H; Hexane/iPrOH =80/20; 1.2 ml/min, 230 nm
AN 1 2013-1-28 9:19:43
BB + gbj-9-51 [4 o -
BieE : ?;J'
{3k : {XE% 1
Ik ¢ D:\CHEM32\1\METHODS\ZYY_LC.M
EI=1 T4 : 2013-1-28 9:06:37 1qk
(A EBH)
=240 nen ( 1))
mAU ]
2000 -
1500 -
8
<
1000
5004
0 N
T T y T y T
2 4 ] 8 10 m)
ERESLRE
ks i ki
RBEAT 1.0000 Br
MERT 1.0000 B
AR SRR T AU B T u-n
OHC |—
&% 1: vwpl A, P#=240 nn S/
W RETETE RA GR G R % g R
#  [min] [min] mAU  *s  [mAU ) % rac-30
---=1 1===~1 [ | |
1 5.285 VB 0.2356 3.56210e4 2342.70557 50.0802
2 8.722 VB 0.4808 3.55069e4 1150.91724 49,9198
AR 7.11279%4  3493.62280

wor BB vrr

X588 1 2013-1-28 9:32:23 gbj

S171
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#
L2

S D:\Chem32\1\DATA\GBJ\GBJ~11000018.D
WA gbj-11-85

OD-H, n-hexane/i-PrOH =95/5, 0.8 ml/min; 230nm

BEAE 3 : 2013-11-29 15:08:35
B Z TR : gbj-11-85 g -
BER 1 gbj
1 2% I E:
WARzA : D:\CHEM32\1\METHODS\JJS.M
BE BT : 2013-11-29 14:30:25 : gbj
CRAABEEBER)
VWD A, % =230 nm (GBN\GBJ-11000018.D)
mAU .
‘.
2500 | ]
2000 \
1500
1000 \hog,
8 T
] &
500 K
o] | N_J |
1 T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min
MARE 7R
;5 =5 B
RREF 1.0000 r
REE T 1.0000 Et
RRAE SRR F R R T [
OHC o
{55 1: vwDl A, #HK=230 nm 0—
N (o)
I {REETE] ERY R U T A8 e IE TR R-3p ™\
# [min] [min] mAU *s [mAU 1 %
B el Sy |==mmmmmmas et |===mmmme [
1 12.217 WV 0.4437 8.85860e4 2712.18286 80.7332
2 14.882 MM 0.7156 2.11408e4  492.38663 19.2668

B :

1.09727e5 3204.56949

*kk ?ﬁ%?&ﬁ *k Kk

S174

?ﬁl?g;%#?—?é?ﬁ1lﬁﬁ%Fégég%ofﬁrogb%ﬁﬁimziﬁU@ www. fineprint.cn
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3L
LREE

D:\Chem32\1\DATA\GBJ\GBJ-11000017.D
gbj-11-84

OD-H, n-hexane/i-PrOH =95/5, 0.8 ml/min; 230nm

BEEEER : 2013-11-29 14:47:38
¥ ZFR : gbj-11-84 & -
HBIER : gbj
1X 2§ : AXEE 1
Jrik : D:\CHEM32\1\METHODS\JJS.M
BE1EE : 2013-11-29 14:30:25 :  gbj
AR EER)
‘ VWD1 A, #% =230 nm (GBJ\GBJ-11000017.D)
I mAU ] K
5
700—: ;
600
500
400 ‘
A
200 /
100 "
S S (e b
T T T T T T T T T T T T
0 2 4 [ 8 10 12 14 16 18 min
HRE SRS
Hr =5
RIS T 1.0000 Br
MR- 1.0000 E
PRAR {5 F SR AR B R R B t /
OHC o
f£5 1: vwDl A, =230 nm
O/
i (REETE] B MR TR iR TR rac3p o
# [min} [min] mAU *s [mAU ] %
e i B | === [ (=== |
1 12.077 WV 0.5046 2.83377e4  803.48798 49.8169
2 14.497 VB 0.6269 2.85459e4  654.33990 50.1831
BE 5.68836e4 1457.82788
* %k ?ﬁ%‘—%;ﬁ * %k
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