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General methods: 

1H and 13C NMR spectra were recorded with the an instrument operated at 300 

and 75 MHz, respectively, in CDCl3. Chemical shift (δ) are given in parts per million 

(ppm) with the residual peak of CHCl3 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 μ). 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 1a 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, λ = 230 nm. 

 
Table S1. The effect of temperature 

NO O

Br

toluene, 0.5 h
N2, T

Bu-n

HO
O

toluene (0.05 M)
N2, T, t

Br

n-Bu

CHO

O

1a

R-3aR-4c

O

O
P

OH

O

20 mol%

toluene
0.5 h, N2, T

2
1.2 equiv

Ph

Ph

N

O

NHO

20 mol%  

Entry T (oC) t (h) 

Isolated yield  

of R-3a (%) 

ee of R-3a 

(%) 

No. 

1a -78 24 ~30 30 7-37 

2a, b -78 24 ~25 43 7-73 

3 -30 25 ~75 53 7-38 

4c 0 13 90 65 6-196 

5c 10 11 87 67 7-11 

6c 15 3 84 68 7-13 

7c 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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11d 24 (rt) 11 85 69 7-24 

12e 23 (rt) 12 36 53 7-47 

13f 23 (rt) 12.3 80 72 7-46 

14g 24 5 80 68 7-25 

15h 23 16 80 65 7-28 

a Starting material 1a was not completely converted. b 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 oC; 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; d 2 (0.2 equiv) was added every 1.5 h; e The solution of 1a in 1 mL of 

toluene was added by syringe pump within 10 h; f The concentration was 0.025 M; g 4Å MS (40 

mg) was added; h H2O (3.0 equiv) of was added.  
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Table S2.The effect of solvent  

NO O

Br

1.2 equiv

solvent, 0.5 h
N2, rt

Bu-n

HO

solvent, N2, rt, t

1a

R-3a
R-4c

O

O
P

OH

O

20 mol%

20 mol%

solvent, 0.5 h
N2, rt

2

Ph

Ph

N

O

NHO

O
Br

n-Bu

CHO

O

 

Entry Solvent t (h) 

Isolated yield 

of R-3a (%) 
ee of R-3a (%) 

No. 

1 DCE 1.8 92 27 7-31 

2 CHCl3 1.7 92 18 7-32 

3 THF 21.7 88 0 7-33 

4 MeCN 1.7 98 23 7-35 

5a MeNO2 18 0 - 7-36 

6 DMF 4.7 77 0 7-60 

7 Et2O 5 75 29 7-40 

8a 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 

14a Pr-i
 

39.5 - 6 7-94 
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15 NO2
 

11.2 87 19 7-95 

16 PhCl 11 77 55 7-104 

17 CCl4 3.5 85 56 7-97 

18 Et
 

11 75 3 7-126 

19 
 

5 73 60 7-128 

20 
 

5 74 51 7-129 

21 
 

11 75 64 7-127 

22 
Br

 
5.5 ~93 2 7-134 

23 
Cl

 
5.5 ~86 0 7-135 

24 CF3
 

2 ~77 2 7-136 

25 O
 

21.3 81 32 7-138 

26 
 

40.5 ~58 17 7-139 

27 
CN

 
21.3 ~74 0 7-140 

28 Cl
 

21.2 81 7 7-141 

29 
Cl  

11 69 39 7-142 

a Starting material 1a was not completely converted. 
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Table S3. The effect of quinidine derivatives 

NO O

toluene, 0.5 h
N2, rt

Bu-n

HO
O

toluene, N2, rt, t

1a

R-3a
R-4c

O

O
P

OH

O

20 mol%

catalyst (20 mol%)

toluene, 0.5 h
N2, rt

2

Ph

Ph

1.2 equiv

Br

Br

n-Bu

CHO

O

 

Entry 
Catalyst 

(20 mol%) 
t (h) 

Isolated yield 

of R-3a (%) 
ee of R-3a (%) No. 

1 

N

O

HO N

 

12.3 80 72 7-46 

2 

N

O

HO N

 

1.5 75 -13 7-18 

3 

N

HO N

 

11 ~76 2 7-49 

4 

N

BnO N

O

 

7 ~88 0 7-58 

5 

N

HO N

HO

 

11 79 0 7-80 

6 

N

HO N

O

 

11.5 92 4 7-87 

7 
N
H

Ph

OH
Ph

 
12.7 ~85 0 9-23 

8a quinoline 11 80 -5 11-189 

9a PPh3 12 80 0 11-188 

a 15 mol% of catalyst and 5 mol% of R-4c were used. 
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Table S4. The effect of additives 
Br

NO O

Br

toluene, 0.5 h
N2, rt

Bu-n

HO
O

toluene, N2, rt, t

1a

R-3a

R-4c

O

O
P

OH

O

20 mol%

additive (10 mol%)
toluene, 0.5 h
N2, rt

2

Ph

Ph

N

O

NHO

20 mol% 1.2 equiv

Br

n-Bu

CHO

O

 

Entry 

Additive  

(10 mol%) 

t (h) 

Isolated yield 

of R-3a (%) 

ee of R-3a (%) No. 

1 - 11 73 71 8-38 

2a 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 

6a s-Butanol 3 79 73 8-101 

7a CH2OHCH2OH 3 78 69 8-102 

8 

OH

 

5 82 70 8-63 

9 

HO  

12 80 72 8-79 

10 
PhPh

HO NH2

 
15.3 84 -2 8-78 

11a 
N
H

Ph

OH
Ph

 
3.6 ~69 72 8-183 

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

NO O

Br

toluene, 0.5 h
N2, rt

Bu-n

HO
O

1.2 equiv

toluene, N2, rt, t

1a

R-3a

R-4c

O

O
P

OH

O

X mol%

Y mol%

toluene, 0.5 h
N2, rt

2

Ph

Ph

N

O

NHO

Br

n-Bu

CHO

O

 

Entry X (mol%) Y (mol%) t (h) 

Isolated yield 

of R-3a (%) 

ee of R-3a (%) No. 

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 

7a 5 15 3 82 74 8-95 

8 5 10 4.3 79 61 6-179 

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

toluene, 0.5 h
N2, rt

Bu-n

HO
O

toluene, N2, 24 oC, t

1a

R-4c

O

O
P

OH

O

5 mol%

15mol%
MeOH (10 mol%)
toluene, 0.5 h
N2, rt

Ph

Ph

N

O

NHO

X+ (1.2 equiv)
X

n-Bu

CHO

OR-3

 

Entry X+ t (h)

Isolated yield of R-3 

(%) 

ee of R-3 

(%) 

No. 

1 N

O

O

Br

 

2.7 73 (R-3a) 27 8-107 

2 N

O

O

Br

 

2.6 76 (R-3a) 39 8-108 

3 
N
H

O

Br

 

2.8 78 (R-3a) 28 8-110 

4 N
Br

N

O

Br

O
 

1 68 (R-3a) 8 8-111 

5 
NO O

Br

 

3 82 (R-3a) 74 8-95 

6 N

O

O

Br

Ph

Ph
 

1.3 ~79 (R-3a) 32 8-112 

7 

O

Br Br

Br Br  

1 ~84 (R-3a) 0 8-119 
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8 NN

O

O

O

O

BrBr

 

11 ~67 (R-3a) 28 8-117 

9 
t-BuO NBr2

O

 
2.3 ~61 (R-3a) 43 9-9 

10 NIS 25 ~50 (R-3a’, X= I)a 11 8-123 

11 NCS 49 ~45(R-3a’’, X = Cl)a 0 8-125 

a 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

n-Bu

CHO

O

Bu-n

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 4.3 h

1.2 equiv

79%

1a rac-3a

 

Typical Procedure I: To a solution of 1a (116.3 mg, 0.5 mmol) in MeCN (4.5 

mL) and H2O (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 Na2S2O3 (4 

mL), which was followed by the addition of 10 mL of water. This resulting mixture 

was extracted with diethyl ether (3×15 mL), washed with a saturated aqueous solution 

of NaCl, and dried over Na2SO4. Filtration, evaporation, and column chromatography 

on silica gel (petroleum ether/ethyl acetate = 50:1) afforded rac-3a[1] (123.2 mg, 79%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, J = 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 CH2), 2.13-1.97 

(m, 1H one proton of CH2), 1.50-1.09 (m, 4H, 2×CH2), 0.94 (t, J = 7.4 Hz, 3H, CH3); 

13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 2.48), 310 (M+(79Br), 3.31), 160 (100). 

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



S13 
 

Procedure I. 

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

Br

Et

CHO

O

Et

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 2.3 h

1.2 equiv

87%

1b rac-3b

 

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 H2O at rt for 2.3 h afforded rac-3b[1] (123.3 mg, 87%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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 CH2), 2.19-2.01 

(m, 1H one proton of CH2), 0.93 (t, J = 7.4 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 195.6, 159.1, 133.9, 129.3, 128.3, 121.3, 114.2, 65.4, 55.1, 24.4, 9.2; IR (neat) ν 

(cm-1) 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+(81Br), 

3.51), 282 (M+(79Br), 2.54), 174 (100). 

 

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

Br

n-C3H7

CHO

O

C3H7-n

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 3.2 h

1.2 equiv

92%

1c rac-3c

 

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 H2O at rt for 3.2 h afforded rac-3c (136.9 mg, 92%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, J = 2.4 

Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.27-2.12 (m, 1H, one proton of CH2), 2.11-1.95 

(m, 1H, one proton of CH2), 1.45-1.12 (m, 2H, CH2), 1.00 (t, J = 7.4 Hz, 3H, CH3); 

13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 3.76), 296 (M+(79Br), 4.68), 188 (100); HRMS calcd for 

C14H17O2
79Br (M+): 296.0412. Found: 296.0408. 

 

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

Br

n-C5H11

CHO

O

C5H11-n

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 1.5 h

1.2 equiv

98%

1d rac-3d

 

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 H2O at rt for 1.5 h afforded rac-3d (158.9 mg, 98%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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 CH2), 2.12-1.95 

(m, 1H, one proton of CH2), 1.47-1.12 (m, 6H, 3×CH2), 0.90 (t, J = 6.6 Hz, 3H, CH3); 

13C NMR (75 MHz, CDCl3) δ 195.7, 159.1, 134.3, 129.3, 128.5, 121.0, 114.2, 65.0, 
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55.1, 32.1, 31.6, 24.4, 22.4, 14.0; IR (neat) ν (cm-1) 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+(81Br), 5.28), 324 (M+(79Br), 5.51), 160 (100); 

HRMS calcd for C16H21O2
79Br (M+): 324.0725. Found: 324.0728. 

 

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

Br

n-C6H13

CHO

O

C6H13-n

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 3 h

1.2 equiv

96%

1e rac-3e

 

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 H2O at rt for 3 h afforded rac-3e (163.8 mg, 96%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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 CH2), 2.13-1.97 

(m, 1H, one proton of CH2), 1.48-1.10 (m, 8H, 4×CH2), 0.89 (t, J = 6.3 Hz, 3H, CH3); 

13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 4.69), 338 (M+(79Br), 4.50), 160 (100); 

HRMS calcd for C17H23O2
79Br (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

n-C10H21

CHO

O

C10H21-n

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 4 h

1.2 equiv

95%

1f rac-3f

 

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 H2O at rt for 4 h afforded rac-3f (187.8 mg, 95%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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 = 2.4 

Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 2.28-2.13 (m, 1H, one proton of CH2), 2.13-1.96 

(m, 1H, one proton of CH2), 1.46-1.12 (m, 16H, 8×CH2), 0.88 (t, J = 6.6 Hz, 3H, 

CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 2.29), 394 (M+(79Br), 

2.63), 160 (100); HRMS calcd for C21H31O2
79Br (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

O
HO

O NBS
CH3CN/H2O = 15/1

+
rt, 3.8 h

1.2 equiv

64%

1g rac-3g

 

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 H2O at rt for 3.8 h afforded rac-3g (95.4 mg, 64%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, OCH3), 2.92 (heptet, J = 6.8 Hz, 1H, CH), 0.97 (d, J = 6.9 

Hz, 3H, CH3), 0.92 (d, J = 6.9 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 

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+(81Br), 14.21), 296 (M+(79Br), 13.37), 188 (100); HRMS calcd for C14H17O2
79Br 

(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

O
HO

O NBS
CH3CN/H2O = 15/1

+
rt, 3.3 h

1.2 equiv

99.6%

1h rac-3h

 

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 H2O at rt for 3.3 h afforded rac-3h (167.9 mg, 99.6%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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

×CH2 and one proton of CH2), 1.47-1.22 (m, 2H, CH2), 1.16-0.74 (m, 3H, CH2 and 
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one proton of CH2); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 10.28), 336 (M+(79Br), 10.30), 

307 (100); HRMS calcd for C17H21O2
79Br (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

O

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 3 h

1.2 equiv

78%

1i rac-3i

 

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 H2O at rt for 3 h afforded rac-3i[1] (114.4 mg, 78%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, =CH2), 5.82-5.60 (m, 1H, 

=CH), 5.19 (dd, J = 17.1 Hz and 0.9 Hz, 1H, one proton of =CH2), 5.11 (d, J = 10.2 

Hz, 1H, one proton of =CH2), 3.80 (s, 3H, OCH3), 3.05 (dd, J = 14.1 and 6.6 Hz, 1H, 

one proton of CH2), 2.86 (dd, J = 14.3 and 7.4 Hz, 1H, one proton of CH2); 
13C NMR 

(75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 14.33), 294 (M+(79Br), 15.50), 145 (100). 

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

Bn

CHO

O

Bn

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 12 h

1.2 equiv

65%

1j rac-3j

 

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 H2O at rt for 12 h afforded rac-3j (112.3 mg, 65%): Oil; 

1H NMR (300 MHz, CDCl3) δ 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, =CH2), 3.81 (s, 3H, OCH3), 3.65 (d, J = 13.2 Hz, 1H, 

one proton of ArCH2), 3.42 (d, J = 13.2 Hz, 1H, one proton of ArCH2); 
13C NMR (75 

MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 13.11), 344 (M+(79Br), 11.84), 174 (100); 

HRMS calcd for C18H17O2
79Br (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

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 3.6 h

1.2 equiv

93%
1k rac-3k

Ph

O Ph

 

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 H2O at rt for 3.6 h afforded rac-3k (173.6 mg, 93%): 
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solid; mp. 68.7~71.0 oC (Et2O/n-hexane); 1H NMR (300 MHz, CDCl3) δ 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, OCH3), 2.84-2.60 (m, 2H, CH2), 

2.37-2.19 (m, 1H, one proton of CH2), 2.17-1.98 (m, 1H, one proton of CH2), 

1.74-1.46 (m, 2H, CH2); 
13C NMR (75 MHz, CDCl3) δ 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) 

ν (cm-1) 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+(81Br), 2.25), 372 (M+(79Br), 2.48), 160 (100); Anal. calcd. for C20H21BrO2: 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

O

Ph

HO
O NBS

CH3CN/H2O = 15/1
+

rt, 2.5 h

1.2 equiv

66%

1l rac-3l

 

The reaction of 1l (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 H2O at rt for 2.5 h afforded rac-3l (108.5 mg, 66%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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 =CH2), 5.69 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.82 

(s, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 0.51), 330 (M+(79Br), 0.66), 

303 (M+(81Br)-CHO, 35.54), 301 ((M+(79Br)-CHO, 37.30), 222 (100); HRMS  calcd 

for C17H15O2
79Br (M+): 330.0255. Found: 330.0264. 

 

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

Br

n-Bu

CHO

OEt

Bu-n

HO
OEt NBS

CH3CN/H2O = 15/1
+

rt, 1.3 h

1.2 equiv

78%

1m rac-3m

 

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 H2O at rt for 1.3 h afforded rac-3m (126.5 mg, 78%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, CH2), 2.30-2.13 (m, 1H, one proton of CH2), 

2.13-1.93 (m, 1H, one proton of CH2), 1.52-1.06 (m, 7H, CH3 and 2×CH2), 0.93 (t, J 

= 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 2.78), 324 (M+(79Br), 2.77), 174 

(100); HRMS calcd for C16H21O2
79Br (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

n-Bu

CHO

O

Bu-n

HO

O NBS
CH3CN/H2O = 15/1

+
rt, 1 h

1.2 equiv

89%

1n rac-3n

O

O

 

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 H2O at rt for 1 h afforded rac-3n[1] (144.8 mg, 89%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, OCH2O), 5.93 (d, J = 2.7 Hz, 1H, =CH), 

2.26-2.10 (m, 1H, one proton of CH2), 2.10-1.93 (m, 1H one proton of CH2), 

1.50-1.08 (m, 4H, 2×CH2), 0.93 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 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) ν (cm-1) 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+(81Br), 25.41), 324 (M+(79Br), 24.65), 115 (100). 

 

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

Br

n-Bu

CHOBu-n

HO

NBS
CH3CN/H2O = 15/1

+
rt, 3 h

1.2 equiv

92%

1o rac-3o

S S

 

The reaction of 1o (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 H2O at rt for 3 h afforded rac-3o (132.0 mg, 92%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 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, CH2), 1.52-1.17 (m, 4H, 2×CH2), 0.93 (t, J = 

7.1 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 3108, 3069, 2957, 2931, 

2871, 2816, 2714, 1732, 1619, 1466, 1429, 1380, 1238, 1156, 1095, 1047; MS (70 eV, 

EI) m/z (%): 288 (M+(81Br), 3.43), 286 (M+(79Br), 2.48), 257 (100); HRMS calcd for 

C12H15O2S
79Br (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

CHOEt

HO
OMe NBS

CH3CN/H2O = 15/1
+

rt, 2.7 h

1.2 equiv

88%

1p

rac-3p

OMe

OMe
MeO

OMe

OMe

 

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 H2O at rt for 2.7 h afforded rac-3p (150.6 mg, 88%) 

(petroleum ether/ethyl acetate = 10/1): Liquid; 1H NMR (300 MHz, CDCl3) δ 9.62 (s, 

1H, CHO), 6.53 (s, 2H, ArH), 6.06 (d, J = 1.8 Hz, 1H, =CH), 6.01 (d, J = 2.4 Hz, 1H, 

=CH), 3.86 (s, 9H, 3×OCH3), 2.40-2.22 (m, 1H, one proton of CH2), 2.20-2.02 (m, 

1H, one proton of CH2), 0.94 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 

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) ν 
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(cm-1) 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+(81Br), 3.02), 342 

(M+(79Br), 3.58), 195 (100); HRMS calcd for C15H19O4
79Br (M+): 342.0467. Found: 

342.0473. 

 

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

Br

n-Bu

CHOBu-n

HO

NBS
CH3CN/H2O = 15/1

+
rt, 6 h

1.2 equiv

84%

1q rac-3q

 

The reaction of 1q (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 H2O at rt for 6 h afforded rac-3q[1] (124.0 mg, 84%): 

Liquid; 1H NMR (300 MHz, CDCl3) δ 9.63 (s, 1H, CHO), 7.21 (s, 4H, ArH), 6.03 (d, 

J = 2.7 Hz, 1H, one proton of =CH2), 5.95 (d, J = 2.7 Hz, 1H, one proton of =CH2), 

2.35 (s, 3H, CH3), 2.29-2.16 (m, 1H, one proton of CH2), 2.15-2.00 (m, 1H one proton 

of CH2), 1.48-1.08 (m, 4H, 2×CH2), 0.93 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 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) ν (cm-1) 3024, 2957, 2930, 2871, 2718, 1729, 1619, 1510, 1466, 

1412, 1376, 1160, 1093, 1019; MS (70 eV, EI) m/z (%): 296 (M+(81Br), 1.55), 294 

(M+(79Br), 1.68), 143 (100). 

 

Part 3. Synthesis of optically active product R-3a~3n, S-3o and R-3p~3q 

1. Synthesis of (+)-3-bromo-2-butyl-2-(4-methoxyphenyl)-3-butenal R-3a (gbj-8-170) 
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NO O

Br

toluene, 0.5 h
N2, 24 oC

Bu-n

HO1.2 equiv

toluene, N2, 24 oC
3.2 h

Br

n-Bu

CHO1a

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
75 %, 75% ee

2

R-3a

   

Typical procedure II: 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 μL, 0.05 mmol), and 5 mL of toluene. After being stirred at 24 oC 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 oC for another 0.5 h, which was followed by the squential 

addition of allenol 1a (116.5 mg, 0.5 mmol) and 5 mL of toluene. The resulting 

mixture was stirred at 24 oC until the reaction was complete as monitored by TLC 

after 3.2 h. A saturated aqueous solution of Na2S2O3 (4 mL) and 10 mL of H2O were 

added to quench the reaction. This resulting mixture was extracted with diethyl ether 

(3×15 mL), washed with a saturated aqueous solution of NaCl and dried over 

anhydrous Na2SO4. 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, λ= 

230 nm, tR (major) = 8.5 min, tR (minor) = 15.3 min) as a liquid: [α]20
D = +76.6 o (c = 

1.00, CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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, OCH3), 2.29-2.13 (m, 1H, one proton of CH2), 

2.13-1.97 (m, 1H, one proton of CH2), 1.50-1.08 (m, 4H, 2×CH2), 0.94 (t, J = 7.4 Hz, 
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3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 3.45), 310 (M+(79Br), 3.31), 160 (100); 

HRMS calcd for C15H19O2
79Br (M+): 310.0568. Found: 310.0565. 

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

according to Typical Procedure II. 

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

NO O

Br

toluene, 0.5 h
N2, 24 oC

Et

HO1.2 equiv

toluene, N2, 24 oC
2.5 h

Br

Et

CHO1b

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
77%, 77% ee

2

R-3b

 

        The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.4 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ= 230 nm, 

tR (major) = 22.7 min, tR (minor) = 19.1 min) as a liquid: [α]20
D = +94.5 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 CH2), 2.20-2.02 

(m, 1H, one proton of CH2), 0.93 (t, J = 7.4 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 195.7, 159.2, 133.9, 129.4, 128.4, 121.4, 114.2, 65.5, 55.2, 24.5, 9.2; IR (neat) ν 
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(cm-1) 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+(81Br), 

2.68), 282 (M+(79Br), 2.53), 174 (100); HRMS calcd for C13H15O2
79Br (M+): 282.0255. 

Found: 282.0259. 

 

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

(gbj-8-180) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

C3H7-n

HO1.2 equiv

toluene, N2, 24 oC
3 h

Br

n-C3H7

CHO1c

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
83%, 77% ee

2

R-3c

 

        The reaction of quinidine (24.2 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 8.7 min, tR (minor) = 12.8 min) as a liquid: [α]20
D = +82.9 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 9.60 (s, 1H, CHO), 7.24 (d, J = 9.3 Hz, 2H, 

ArH), 6.93 (d, J = 9.0 Hz, 2H, ArH), 6.01 (d, J = 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 CH2), 2.03 (td, J 

= 12.5 Hz and 5.0 Hz, 1H, one proton of CH2), 1.42-1.13 (m, 2H, CH2), 1.00 (t, J = 

7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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(81Br) + Na]+, 499[M(79Br) + Na]+, 479 [M(81Br) + H]+, 

477 [M(79Br) + H]+; HRMS  calcd for C14H17O2
79Br (M+): 296.0412. Found: 

296.0409. 

Synthesis of R-3c in 98% ee: 

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

NO O

Br

toluene, 0.5 h
N2, 24 oC

C3H7-n

HO1.2 equiv

toluene, N2, 24 oC
17 h

Br

n-C3H7

CHO1c

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
77%, 74% ee

2

R-3c

 

        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 oC 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, λ= 230 nm, tR 

(major) = 7.3 min, tR (minor) = 9.7 min) as a liquid: 1H NMR (300 MHz, CDCl3) δ 

9.61 (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 = 2.4 Hz, 1H, =CH), 5.93 (d, J = 2.7 Hz, 1H, =CH), 3.80 (s, 3H, OCH3), 

2.27-2.12 (m, 1H, one proton of CH2), 2.04 (td, J = 12.6 Hz and 4.8 Hz, 1H, one 

proton of CH2), 1.45-1.13 (m, 2H, CH2), 1.00 (t, J = 7.1 Hz, 3H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 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) 
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Br

n-C3H7

CHO

O

O2N

NO2H2NHN

1 equiv

H2SO4, EtOH/H2O
rt, 5 h

Br

C3H7-n

O

N
HN

O2N

NO2

R-5c: 92%, 75% ee

recrystallization from

CH2Cl2/n-hexane

crystal

19%, 7% ee

+

R-3c
74% ee

mother liquid

72%, 99% ee

  To a 100 mL round bottomed flask were added 2,4-dinitrophenylhydrazine (198.2 

mg, 1 mmol) and concentrated H2SO4 (1.5 mL). After dissolution of hydrazine, EtOH 

(15 mL), H2O (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 (3×30 mL), washed with a saturated aqueous solution of NaCl and dried 

over anhydrous Na2SO4. 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 CH2Cl2 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, λ = 254 nm, tR (major) = 40.6 min, tR (minor) = 47.6 min); 1H NMR (300 

MHz, CDCl3) δ 11.11 (s, 1H, NH), 9.15-9.06 (m, 1H, ArH), 8.33 (dd, J = 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 

=CH2), 5.88 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.82 (s, 3H, OCH3), 2.27 (t, J = 

8.3 Hz, 2H, CH2), 1.50-1.20 (m, 2H, CH2), 1.03 (t, J = 7.4 Hz, 3H, CH3); 
13C NMR 

(75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br) + Na]+, 499 [M+(79Br) + 

Na]+, 479 [M+(81Br) + H]+, 477 [M+(79Br) + H]+; Elemental analysis calcd for 

C20H21BrN4O5: C, 50.33; H, 4.43; N, 11.74. Found: C, 50.40; H, 4.50; N, 11.35. 

 

R-5c: 7% ee (HPLC conditions: OD-H column, n-hexane/i-PrOH = 95/5, 1.0 mL/min, 

λ = 254 nm, tR (major) = 39.9 min, tR (minor) = 45.2 min); Solid, mp. 143.8~145.5 oC; 

1H NMR (300 MHz, CDCl3) δ 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, J = 2.4 

Hz, 1H, one proton of =CH2), 5.88 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.81 (s, 

3H, OCH3), 2.28 (t, J = 8.0 Hz, 2H, CH2), 1.52-1.13 (m, 2H, CH2), 1.03 (t, J = 7.2 Hz, 

3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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, λ = 254 nm, tR (major) = 40.8 min, tR (minor) = 48.7 min) [α]20
D = +58.1 o (c 

= 1.00, CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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, 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 = 2.4 Hz, 1H, one proton of =CH2), 5.88 (d, J = 2.7 Hz, 1H, one proton of 
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=CH2), 3.82 (s, 3H, OCH3), 2.27 (t, J = 8.1 Hz, 2H, CH2), 1.55-1.18 (m, 2H, CH2), 

1.03 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) 

Br

n-C3H7

CHO

O

O2N

NO2H2NHN

1 equiv

98% H2SO4, EtOH/H2O
rt, 6 h

Br

C3H7-n

O

N
HN

O2N

NO2
rac-5c: 72%rac-3c

 

According to the above procedure for the synthesis of R-5c, the reaction of 

2,4-dinitrophenylhydrazine (198.2 mg, 1 mmol), H2SO4 (98%, 1.5 mL), EtOH (15 mL 

+ 5 mL), H2O (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 oC; 1H NMR (300 MHz, CDCl3) δ 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 =CH2), 5.88 (s, 1H, one 

proton of =CH2), 3.82 (s, 3H, OCH3), 2.28 (t, J = 8.0 Hz, 2H, CH2), 1.52-1.18 (m, 2H, 

CH2), 1.03 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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(81Br) + Na]+, 499 [M(79Br) + Na]+, 479 [M(81Br) + H]+, 477 [M(79Br) + 
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H]+; Elemental analysis calcd for C20H21BrN4O5: 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

n-C3H7

CHO

O

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

HCl (12 M)

dioxane
50 oC, 17.7 h

Br

C3H7-n

O

N
HN

O2N

NO2

 

To a round bottomed flask were added R-5c (238.1 mg, 0.5 mmol), 10 mL of 

dioxane, and 5 mL of HCl (12 M). The resulting mixture was stirred at 50 oC 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 NaHCO3 was added to quench the 

reaction. This mixture was extracted with ethyl acetate (3×15 mL), washed with a 

saturated aqueous solution of NaCl and dried over anhydrous Na2SO4. 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, λ= 230 nm, tR (major) = 7.6 min, tR (minor) = 

10.3 min) as a liquid: [α]20
D = +108.1 o (c = 1.00, CHCl3); 

1H NMR (300 MHz, CDCl3) 

δ 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 =CH2), 5.93 (d, J = 2.7 Hz, 1H, one proton of 

=CH2), 3.80 (s, 3H, OCH3), 2.27-2.12 (m, 1H, one proton of CH2), 2.04 (td, J = 12.6 

Hz and 4.8 Hz, 1H, one proton of CH2), 1.45-1.14 (m, 2H, CH2), 1.00 (t, J = 7.2 Hz, 
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3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

C5H11-n

HO1.2 equiv

toluene, N2, 24 oC
4.2 h

Br

n-C5H11

CHO1d

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
87%, 73% ee

2

R-3d

 

        The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 8.8 min, tR (minor) = 13.7 min) as a liquid: [α]20
D = +72.3 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 

5.92 (d, J = 2.7 Hz, 1H, one proton of =CH2), 3.79 (s, 3H, OCH3), 2.32-2.13 (m, 1H, 

one proton of CH2), 2.13-1.97 (m, 1H, one proton of CH2), 1.48-1.06 (m, 6H, 3×

CH2), 0.90 (t, J = 6.3 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν 

(cm-1) 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+(81Br), 

4.52), 324 (M+(79Br), 4.86), 160 (100); HRMS calcd for C16H21O2
79Br (M+): 324.0725. 
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Found: 324.0732. 

 

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

NO O

Br

toluene, 0.5 h
N2, 24 oC

C6H13-n

HO1.2 equiv

toluene, N2, 24 oC
2.5 h

Br

n-C6H13

CHO1e

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
85%, 72% ee

2

R-3e

 

        The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 6.4 min, tR (minor) = 8.6 min) as a liquid: [α]20
D = +69.6 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 

5.93 (d, J = 2.7 Hz, 1H, one proton of =CH2), 3.79 (s, 3H, OCH3), 2.31-2.14 (m, 1H, 

one proton of CH2), 2.13-1.96 (m, 1H, one proton of CH2), 1.48-1.10 (m, 8H, 4×

CH2), 0.89 (t, J = 6.5 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 4.15), 338 (M+(79Br), 4.55), 160 (100); HRMS  calcd for C17H23O2
79Br 

(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) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

C10H21-n

HO1.2 equiv

toluene, N2, 24 oC
4 h

Br

n-C10H21

CHO1f

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
83%, 73% ee

2

R-3f

 

        The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.4 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 5.2 min, tR (minor) = 8.7 min) as a liquid: [α]20
D = +62.8 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 

5.93 (d, J = 2.7 Hz, 1H, one proton of =CH2), 3.80 (s, 3H, OCH3), 2.28-2.13 (m, 1H, 

one proton of CH2), 2.13-1.96 (m, 1H, one proton of CH2), 1.46-1.06 (m, 16H, 8×

CH2), 0.88 (t, J = 6.8 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 2.53), 394 (M+(79Br), 2.92), 160 (100); HRMS  calcd for C21H31O2
79Br 

(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) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

HO1.2 equiv

toluene, N2, 24 oC
3 h

Br

CHO1g

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
70%, 66% ee

2

R-3g

 

        The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC for 3 h afforded R-3g (104.1 mg, 70%, 66% ee, 

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

tR (major) = 25.0 min, tR (minor) = 17.9 min) as a liquid: [α]20
D = +18.1 o (c = 1.03, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 

5.98 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.81 (s, 3H, OCH3), 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, CH3); 
13C 

NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 15.75), 296 (M+(79Br), 14.24), 188 (100); HRMS 

calcd for C14H17O2
79Br (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) 

Br

CHO

O

NO O

Br

toluene, 0.5 h
N2, 24 oC

HO1.2 equiv

toluene, N2, 24 oC
3 h

1h

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

98%, 64% ee

2

R-3h

 

        The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 18.6 min, tR (minor) = 21.7 min) as a liquid: [α]20
D = +12.2 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 

5.96 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.81 (s, 3H, OCH3), 2.51 (t, J = 11.9 Hz, 

1H, CH), 1.92-1.52 (m, 5H, 2×CH2 and one proton of CH2), 1.48-1.22 (m, 2H, CH2), 

1.14-0.74 (m, 3H, CH2 and one proton of CH2); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 11.50), 

336 (M+(79Br), 12.17), 307 (100); HRMS  calcd for C17H21O2
79Br (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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NO O

Br

toluene, 0.5 h
N2, 24 oC

HO1.2 equiv

toluene, N2, 24 oC
3 h

Br

CHO
1i

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O

78%, 76% ee

2

R-3i

 

        The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 25.0 min, tR (minor) = 22.9 min) as a liquid: [α]20
D = +88.5 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 5.92 (d, 

J = 3.0 Hz, one proton of =CH2), 5.82-5.60 (m, 1H, =CH), 5.19 (dd, J = 17.0 Hz and 

1.1 Hz, 1H, one proton of =CH2), 5.11 (d, J = 10.2 Hz, 1H, one proton of =CH2), 3.80 

(s, 3H, OCH3), 3.05 (dd, J = 14.1 and 6.6 Hz, 1H, one proton of CH2), 2.86 (dd, J = 

14.1 and 7.5 Hz, 1H, one proton of CH2); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 

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+(81Br), 

14.66), 294 (M+(79Br), 16.82), 145 (100); HRMS  calcd for C14H15 O2
79Br (M+): 

294.0255. Found: 294.0251. 

 

10. Synthesis of (+)-2-benzyl-3-bromo-2-(4-methoxyphenyl)-3-butenal R-3j 
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(gbj-10-77) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

Bn

HO1.2 equiv

toluene, N2, 24 oC
11.5 h

Br

Bn

CHO1j

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
75%, 78% ee

2

R-3j

 

        The reaction of quinidine (24.4 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 12.2 min, tR (minor) = 10.2 min) as a liquid: [α]20
D = +68.6 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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, =CH2), 3.80 (s, 3H, OCH3), 3.64 (d, J = 

13.2 Hz, 1H, one proton of ArCH2), 3.42 (d, J = 13.2 Hz, 1H, one proton of ArCH2); 

13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 12.25), 344 

(M+(79Br), 14.04), 174 (100); HRMS calcd for C18H17O2
79Br (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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NO O

Br

toluene, 0.5 h
N2, 24 oC

HO1.2 equiv

toluene, N2, 24 oC
3 h

Br

CHO1k

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

80%, 71% ee

2

R-3k

Ph

O Ph

        The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 17.4 min, tR (minor) = 23.2 min; [α]20
D = +77.5 o (c = 1.00, CHCl3)). 

After recrystlization from the solution of CH2Cl2 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, λ = 230 nm, tR (major) = 12.1 min, tR (minor) 

= 15.9 min; [α]20
D = +110.2 o (c = 0.83, CHCl3); solid; mp. 84.0~85.1 oC 

(CH2Cl2/n-hexane); 1H NMR (300 MHz, CDCl3) δ 9.57 (s, 1H, CHO), 7.38-7.07 (m, 

7H, ArH), 6.90 (d, J = 8.7 Hz, 2H, ArH), 5.94 (d, J = 2.4 Hz, 1H, one proton of =CH2), 

5.90 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.77 (s, 3H, OCH3), 2.83-2.57 (m, 2H, 

CH2), 2.37-2.18 (m, 1H, one proton of CH2), 2.17-1.98 (m, 1H, one proton of CH2), 

1.76-1.44 (m, 2H, CH2); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 2.37), 372 (M+(79Br), 2.31), 160 (100); Anal. calcd. for C20H21O2Br: 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) 

Br

O

NO O

Br

toluene, 0.5 h
N2, 24 oC

HO1.2 equiv

toluene, N2, 24 oC
11 h

1k

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

78%, 73% ee

2

R-3k

Ph

CHO

Ph

    The reaction of quinidine (145.5 mg, 0.45 mmol), R-4c (75.1 mg, 0.15 mmol), 

MeOH (12.5 μL, 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 oC 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, λ= 230 nm, 

tR (major) = 13.0 min, tR (minor) = 16.4 min). Recrystlization from the solution of 

CH2Cl2 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, λ = 

230 nm, tR (major) = 13.6 min, tR (minor) = 17.6 min)); [α]20
D = +105.1 o (c = 1.00, 

CHCl3); solid; mp. 82.7~83.9 oC (CH2Cl2/n-hexane); 1H NMR (300 MHz, CDCl3) δ 

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 =CH2), 5.90 (d, J = 2.7 Hz, 1H, 
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one proton of =CH2), 3.78 (s, 3H, OCH3), 2.82-2.58 (m, 2H, CH2), 2.34-2.18 (m, 1H, 

one proton of CH2), 2.17-2.02 (m, 1H, one proton of CH2), 1.74-1.46 (m, 2H, CH2); 

13C NMR (75 MHz, CDCl3) δ 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-3l 

(gbj-11-192) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

Ph

HO1.2 equiv

toluene, N2, 24 oC
3 h

Br

Ph

CHO1l

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O
59%, 8% ee

2

R-3l

        The reaction of quinidine (9.8 mg, 0.03 mmol), R-4c (5.0 mg, 0.01 mmol), MeOH 

(0.8 μL, 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 oC for 3 h afforded R-3l (38.7 mg, 59%, 8% ee, HPLC conditions: 

AS-H column, n-hexane/i-PrOH = 80/20, 1.0 mL/min, λ = 230 nm, tR (major) = 6.1 

min, tR (minor) = 5.5 min) as a liquid; [α]20
D = +0.2 o (c = 0.86, CHCl3); 

1H NMR 

(300 MHz, CDCl3) δ 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 =CH2), 5.69 (d, J = 2.4 Hz, 1H, one proton of =CH2), 3.82 (s, 3H, CH3); 
13C 

NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 1.90), 330 (M+(79Br), 1.89), 303 

(M+(81Br)-CHO, 37.15), 301 (M+(79Br)-CHO, 36.80), 222 (100); HRMS  calcd for 

C17H15O2
79Br (M+): 330.0255. Found: 330.0261. 

 

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

NO O

Br

toluene, 0.5 h
N2, 24 oC

Bu-n

HO1.2 equiv

toluene, N2, 24 oC
3.3 h

Br

n-Bu

CHO1m

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

OEt

OEt
80 %, 73% ee

2

R-3m

 

        The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 5.2 min, tR (minor) = 6.0 min) as a liquid; [α]20
D = +79.3 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 =CH2), 

5.93 (d, J = 2.7 Hz, 1H, one proton of =CH2), 4.02 (q, J = 7.0 Hz, 2H, CH2), 2.30-2.13 

(m, 1H, one proton of CH2), 2.13-1.94 (m, 1H, one proton of CH2), 1.52-1.08 (m, 7H, 

CH3 and 2×CH2), 0.93 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 2957, 2931, 2872, 2822, 2719, 1727, 1608, 1580, 1511, 1477, 1393, 

1296, 1253, 1185, 1117, 1093, 1047, 1011; MS (70 eV, EI) m/z (%): 326 (M+(81Br), 
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4.80), 324 (M+(79Br), 2.90), 174 (100); HRMS calcd for C16H21O2
79Br (M+): 324.0725. 

Found: 324.0728. 

 

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

(gbj-8-191) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

Bu-n

HO1.2 equiv

toluene, N2, 24 oC
3.3 h

Br

n-Bu

CHO1n

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

O

O

65%, 62% ee

2

R-3n

O

O

 

        The reaction of quinidine (24.6 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 6.0 min, tR (minor) = 8.3 min) as a liquid: [α]20
D = +61.6 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 9.59 (s, 1H, CHO), 6.88-6.74 (m, 3H, ArH), 

6.04 (d, J = 2.7 Hz, 1H, one proton of =CH2), 5.99 (s, 2H, OCH2O), 5.94 (d, J = 3.0 

Hz, 1H, one proton of =CH2), 2.24-2.10 (m, 1H, one proton of CH2), 2.10-1.96 (m, 

1H one proton of CH2), 1.48-1.07 (m, 4H, 2×CH2), 0.93 (t, J = 7.4 Hz, 3H, CH3); 
13C 

NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 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+(81Br), 22.72), 324 (M+(79Br), 25.66), 115 (100); HRMS 
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calcd for C15H17O3
79Br (M+): 324.0361. Found: 324.0368. 

 

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

NO O

Br

toluene, 0.5 h
N2, 24 oC

Bu-n

HO1.2 equiv

toluene, N2, 24 oC
3 h

Br

n-Bu

CHO1o

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

73 %, 68% ee

2

S-3o

S

S

 

The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.6 mg, 0.025 mmol), 

MeOH (2.0 μL, 0.05 mmol), 2 (166.2 mg, 0.6 mmol), and allenol 1o (103.4 mg, 0.5 

mmol) in 10 mL of toluene at 24 oC for 3 h afforded S-3o (104.1 mg, 73%, 68% ee, 

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

tR (major) = 5.1 min, tR (minor) = 8.3 min) as a liquid: [α]20
D = +56.6 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 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 

=CH2), 5.93 (d, J = 2.7 Hz, 1H, one proton of =CH2), 2.32-2.07 (m, 2H, CH2), 

1.50-1.17 (m, 4H, 2×CH2), 0.93 (t, J = 7.1 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) 

δ 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) 

ν (cm-1) 3108, 3069, 2957, 2932, 2871, 2816, 2714, 1732, 1619, 1466, 1429, 1380, 

1238, 1156, 1095, 1047; MS (70 eV, EI) m/z (%): 288 (M+(81Br), 1.27), 286 (M+(79Br), 

1.37), 259 (100); HRMS calcd for C12H15OS79Br (M+): 286.0027. Found: 286.0030. 

 

16. Synthesis of (+)-3-bromo-2-butyl-2-(3,4,5-trimethoxylphenyl)-3-butenal R-3p 
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(gbj-11-85) 

NO O

Br

toluene, 0.5 h
N2, 24 oC

Et

HO

1.2 equiv

toluene, N2, 24 oC
16.7 h

Br

Et

CHO

1p

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

OMe

OMe

61%, 61% ee

2

R-3p

OMe

OMeOMe

MeO

 

        The reaction of quinidine (24.5 mg, 0.075 mmol), R-4c (12.4 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 12.2 min, tR (minor) = 14.9 min) as a liquid: [α]20
D = +42.5 o (c = 1.00, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 9.62 (s, 1 H, CHO), 6.53 (s, 2H, ArH), 6.06 (d, 

J = 2.4 Hz, 1H, one proton of =CH2), 6.01 (d, J = 2.7 Hz, 1H, one proton of =CH2), 

3.87 (s, 9H, 3×OCH3), 2.40-2.22 (m, 1H, one proton of CH2), 2.20-2.01 (m, 1H, one 

proton of CH2), 0.94 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 MHz, CDCl3) δ 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) ν (cm-1) 

2974, 2937, 2881, 2835, 2724, 1726, 1619, 1588, 1510, 1461, 1415, 1321, 1247, 1187, 

1128, 1007; MS (70 eV, EI) m/z (%): 344 (M+(81Br), 44.67), 342 (M+(79Br), 48.93), 

234 (100); HRMS calcd for C15H19O4
79Br (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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NO O

Br

toluene, 0.5 h
N2, 24 oC

Bu-n

HO1.2 equiv

toluene, N2, 24 oC
5.5 h

Br

n-Bu

CHO1q

R-4c

O

O
P

OH

O

5 mol%

quinidine (15 mol%)

toluene, 0.5 h
MeOH (10 mol%)
N2, 24 oC

Ph

Ph

54%, 54% ee

2

R-3q

        The reaction of quinidine (24.3 mg, 0.075 mmol), R-4c (12.5 mg, 0.025 mmol), 

MeOH (2.0 μL, 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 oC 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, λ = 230 nm, 

tR (major) = 4.5 min, tR (minor) = 5.8 min) as a liquid: [α]20
D = +50.3 o (c = 0.99, 

CHCl3); 
1H NMR (300 MHz, CDCl3) δ 9.63 (s, 1H, CHO), 7.21 (s, 4H, ArH), 6.02 (d, 

J = 3.0 Hz, 1H, one proton of =CH2), 5.94 (d, J = 2.4 Hz, 1H, one proton of =CH2), 

2.35 (s, 3H, CH3), 2.28-2.15 (m, 1H, one proton of CH2), 2.14-2.00 (m, 1H one proton 

of CH2), 1.49-1.08 (m, 4H, 2×CH2), 0.93 (t, J = 7.2 Hz, 3H, CH3); 
13C NMR (75 

MHz, CDCl3) δ 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) ν (cm-1) 3026, 2957, 2930, 2871, 2718, 1729, 1619, 1511, 1466, 

1409, 1380, 1195, 1160, 1093, 1020; MS (70 eV, EI) m/z (%): 296 (M+(81Br), 1.42), 

294 (M+(79Br), 1.65), 143 (100). HRMS  calcd for C15H19O
79Br (M+): 294.0619. 

Found: 294.0622. 

 

 

Reference: 

1) C. Fu, J. Li, S. Ma, Chem. Commun. 2005, 4119-4121. 
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1H and 13C NMR spectra of all these compounds 
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