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A: General Information 

The reactions and manipulations were performed under an atmosphere of argon by 

using standard Schlenk techniques and Drybox (Mikrouna, Supper 1220/750). 

Anhydrous 1,4-dioxane was distilled from calcium hydride and stored under argon. 

1H NMR, 13C NMR spectra were recorded on Bruker-Avance 400 MHz spectrometer. 

CDCl3 was used as solvent. Chemical shifts (δ) were reported in ppm with 

tetramethylsilane as internal standard, and J values were given in Hz. The 

enantioselective excesses were determined by Agilent 1260 Series HPLC using Daicel 

AD-H, AS-H, OJ-H or OD-H chiral columns eluted with a mixture of isopropyl 

alcohol and hexane. Column chromatography was performed with silica gel (200-300 

mesh) with petroleum ether and ethyl acetate as eluents. 

 

B: Procedure for the reactions 

Typical procedure for the asymmetric transfer hydrogenation of 

azabenzonorbornadiene: Pd(OAc)2 (11.5 mg, 0.05 mmol), (R)-SEGPHOS (36.5 mg, 

0.06 mmol) and 5.0 mL 1,4-dioxane were added to a Schlenk tube under argon 

atmosphere. The resulting solution was stirred at room temperature for 30 min, then 

Zn(OTf)2 (36.5 mg, 0.1 mmol) was added and stirred for additional 10 min. 

Azabenzonorbornadiene 1a (243 mg, 1 mmol) in 1,4-dioxane (5.0 mL) was added to 

the above mixture and stirred for additional 10 min, zinc powder (195 mg, 3 mmol) 

was added to the above mixture. After the addition of H2O (90 μL, 5 mmol), the 

mixture was stirred at 60 °C under argon atmosphere with TLC monitoring until the 

complete consumption of 1a. The residue was purified by chromatography on a silica 

gel column to afford the desired product 2a (233 mg, 95% yield). 

 

C: Characterization Data of Products  

 
 

(S)-tert-butyl (1,2-dihydronaphthalen-1-yl)carbamate (2a) [1] 

Colorless oil, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/10), 46.6 mg, 95% yield, 96% ee. [α]D
20 = -54.5 (c = 0.88, CH2Cl2). 1H NMR 
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(400 MHz, CDCl3) δ 7.26 – 7.24 (m, 1H), 7.19 – 7.11 (m, 2H), 7.00 (dd, J = 7.1, 1.5 

Hz, 1H), 6.44 (d, J = 9.6 Hz, 1H), 5.92 – 5.87 (m, 1H), 4.82 – 4.60 (m, 2H), 2.53 – 

2.38 (m, 2H), 1.36 (s, 9H).The ee of 2a was determined by HPLC analysis using a 

Daicel Chiralcel OJ-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 

98/2, 1.0 mL/min, 254 nm; tminor = 6.6 min, tmajor = 7.5 min. 

 

 

 

(S)-tert-butyl (6,7-dimethyl-1,2-dihydronaphthalen-1-yl)carbamate (2b)[1] 

Colorless oil, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/10), 51.9 mg, 95% yield, 94% ee. [α]D
20 = -21.2 (c = 0.66, CH2Cl2). 1H NMR 

(400 MHz, CDCl3) δ 7.10 (s, 1H), 6.87 (s, 1H), 6.47 (d, J = 9.6 Hz, 1H), 5.92 – 

5.87(m, 1H), 4.88 – 4.61 (m, 2H), 2.57 – 2.42 (m, 2H), 2.24 (d, J = 6.3 Hz, 6H), 1.44 

(s, 9H). The ee of 2b was determined by HPLC analysis using Daicel Chiralcel AD-H 

columns (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 

nm; tminor = 11.1 min, tmajor = 12.3min. 

 

 

(S)-tert-butyl (6,7-dimethoxy-1,2-dihydronaphthalen-1-yl)carbamate (2c)[1] 

Colorless oil,  purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/5), 55.6 mg, 91% yield, 92% ee. [α]D
22 = -44.3 (c =0.70, CH2Cl2).1H NMR 

(400 MHz, CDCl3) δ 6.88 (s, 1H), 6.61 (s, 1H), 6.42 (d, J = 9.6 Hz, 1H), 5.87 - 5.83 

(m, 1H), 4.90 (d, J = 8.9 Hz, 1H), 4.80 - 4.75 (m, 1H), 3.87 (d, J = 6.0 Hz, 6H), 2.58 - 

2.43 (m, 2H), 1.42 (s, 9H). The ee of 2c was determined by HPLC analysis using 

Daicel Chiralcel OD-H columns (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH 

= 90/10, 0.5 mL/min, 254 nm; tminor = 15.2 min, tmajor = 17.6 min. 
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(S)-tert-butyl (5,6-dihydronaphtho[2,3-d][1,3]dioxol-5-yl)carbamate (2d)[1] 

White solid,  purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/8), 54.4 mg, 94% yield, 94% ee, mp 86 – 89 ℃. [α]D
22 = -34.6 (c = 0.78, 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 6.83 (s, 1H), 6.57 (s, 1H), 6.38 (d, J = 9.6 Hz, 

1H), 5.92 - 5.91 (m, 2H), 5.87 - 5.82 (m, 1H), 4.89 (d, J = 8.8 Hz, 1H), 4.77 - 4.71 (m, 

1H), 2.54 - 2.40 (m, 2H), 1.42 (s, 9H). The ee of 2d was determined by HPLC 

analysis using Daicel Chiralcel AS-H columns (25 cm × 0.46 cm ID), conditions: 

n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm; tmajor = 21.6 min, tminor = 27.6 min. 

 

 

(S)-tert-butyl (2,3,6,7-tetrahydronaphtho[2,3-b][1,4]dioxin-6-yl)carbamate (2e)[1] 

Colorless oil, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/8), 55.2 mg, 91% yield, 99% ee. [α]D
22 = -14.8 (c = 0.54, CH2Cl2). 1H NMR 

(400 MHz, CDCl3) δ 6.84 (s, 1H), 6.60 (s, 1H), 6.38 (d, J = 9.7 Hz, 1H), 5.87 - 5.82 

(m, 1H), 4.84 - 4.74 (m, 2H), 4.23 (s, 4H), 2.55 - 2.37 (m, 2H), 1.43 (s, 9H). The ee of 

2e was determined by HPLC analysis using Daicel Chiralcel AS-H columns (25 cm × 

0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 17.5 

min, tminor = 19.6 min. 

 

(S)-tert-butyl (6,7-dibromo-1,2-dihydronaphthalen-1-yl)carbamate (2f)[1] 

Colorless oil, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/10), 61.3 mg, 76% yield, 89% ee. [α] D
20 = -17.4 (c = 0.46, CH2Cl2). 1H NMR 

(400 MHz, CDCl3) δ 7.56 (s, 1H), 7.32 (s, 1H), 6.42 (d, J = 9.7 Hz, 1H), 6.08 – 6.03 

(m, 1H), 4.84 (s, 2H), 2.58 – 2.40 (m, 2H), 1.45 (s, 9H). The ee of 2f was determined 

by HPLC analysis using Daicel Chiralcel OD-H columns (25 cm × 0.46 cm ID), 
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conditions: n-hexane/i-PrOH = 98/2, 0.8 mL/min, 254 nm; tminor = 40.3 min, tmajor = 

43.0 min. 

 

 
 

(S)-benzyl (1,2-dihydronaphthalen-1-yl)carbamate (2g)[2] 

White solid, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/10), 52.5 mg, 94% yield, 91% ee. mp 75 - 77℃.[α]D
22 = -31.6 (c = 0.76, 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.41 - 7.34 (m, 6H), 7.32 - 7.23 (m, 2H), 7.13 

(dd, J = 7.2, 1.0 Hz, 1H), 6.57 (d, J = 9.6 Hz, 1H), 6.02 - 5.98 (m, 1H), 5.53 - 5.09 (m, 

3H), 5.00 - 4.96 (m, 1H), 2.68 - 2.51 (m, 2H). The ee of 2g was determined by HPLC 

analysis using Daicel Chiralcel OJ - H columns (25 cm × 0.46 cm ID), conditions: 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tminor = 23.2 min, tmajor = 28.6 min. 

 

 
 

(S)-N-(1,2-dihydronaphthalen-1-yl)-4-methylbenzenesulfonamide (2h)[3] 

White solid, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/5), 35.9 mg, 60% yield, 86% ee. mp 163 – 165 ℃. [α]D
20 = -97.5 (c = 0.4, 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 8.3 Hz, 2H), 7.32 - 7.29 (m, 2H), 

7.25 – 7.21 (m, 1H), 7.09 (dd, J = 12.1, 4.5 Hz, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.53 (d, 

J = 9.6 Hz, 1H), 5.93 - 5.89 (m, 1H), 4.91 (d, J = 8.6 Hz, 1H), 4.52 – 4.47 (m, 1H), 

2.54 – 2.41 (m, 5H). The ee of 2h was determined by HPLC analysis using Daicel 

Chiralcel AD - H columns (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 

90/10, 1.0 mL/min, 254 nm; tminor = 20.0 min, tmajor = 21.2 min. 

 

 

(S)-1,2-dihydronaphthalen-1-ol (2i)[4] 

White solid, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/5), 21.1 mg, 72% yield, 84% ee. mp 52 – 55 ℃. [α]22
D= -42.9 (c =+0.42, 
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CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 7.2 Hz, 1H), 7.23 - 7.15 (m, 2H), 

7.05 (d, J = 7.2 Hz, 1H), 6.48 (d, J = 9.6 Hz, 1H), 5.94 - 5.90 (m, 1H), 4.71 (t, J = 5.4 

Hz, 1H), 2.59 - 2.47 (m, 2H), 1.77 (s, 1H). The ee of 2i was determined by HPLC 

analysis using Daicel Chiralcel OD-H columns (25 cm × 0.46 cm ID), conditions: 

n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; tmajor = 29.7 min, tminor = 33.5 min. 

 

 
(S)-6,7-dimethyl-1,2-dihydronaphthalen-1-ol (2j)[4] 

White solid, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/5), 10.5 mg, 30% yield, 82% ee. mp 89 - 92℃. [α]D
20 = -10.9 (c = 0.46, 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.14 (s, 1H), 6.92 (s, 1H), 6.52 (d, J = 9.6 Hz, 

1H), 5.93 (t, J = 4.8 Hz, 1H), 4.72 (d, J = 4.0 Hz, 1H), 2.64 – 2.54 (m, 2H), 2.26 (d, J 

= 6.4 Hz, 6H), 1.70 (d, J = 6.0 Hz, 1H). The ee of 2j was determined by HPLC 

analysis using Daicel Chiralcel As-H columns (25 cm × 0.46 cm ID), conditions: 

n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; tmajorr = 8.8 min, tminor = 12.8 min. 

 

 

 

 

(S)-6,7-dibromo-1,2-dihydronaphthalen-1-ol (2k)[4] 

White solid, purified by silica gel column chromatography (ethyl acetate/petroleum 

ether, 1/5), 51.7 mg,85% yield, 84% ee. mp 83-85℃. [α]D
22 = +28.8 (c = 1.04, 

CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.64 (s, 1H), 7.36 (s, 1H), 6.44 (d, J = 9.6 Hz, 

1H), 6.09 – 6.05 (m, 1H), 4.76 (q, J = 6.0 Hz, 1H), 2.58 – 2.56 (m, 2H), 1.86 (s, 1H). 

The ee of 2k was determined by HPLC analysis using Daicel Chiralcel OJ-H columns 

(25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; 

tminor = 15.2 min, tmajor = 20.4 min. 
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E: NMR Spectra of Products 
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NAME          SGL-5-74B
EXPNO                 1

PROCNO                1
Date_          20181205

Time              11.52
INSTRUM           spect

PROBHD   5 mm PABBO BB-
PULPROG            zg30

TD                65536
SOLVENT           CDCl3

NS                   16
DS                    2

SWH            8223.685 Hz
FIDRES         0.125483 Hz

AQ            3.9846387 sec
RG                  101

DW               60.800 usec
DE                 6.50 usec

TE                289.8 K

D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========

NUC1                 1H
P1                12.50 usec

PL1               -3.00 dB
PL1W        22.05223846 W

SFO1        400.1324710 MHz
SI                32768

SF          400.1300406 MHz
WDW                  EM

SSB                   0
LB                 0.30 Hz

GB                    0
PC                 1.00

N H
B oc

2a
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NAME          SGL-5-41A
EXPNO                 1
PROCNO                1
Date_          20181205

Time              11.47
INSTRUM           spect

PROBHD   5 mm PABBO BB-

PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16

DS                    2
SWH            8223.685 Hz
FIDRES         0.125483 Hz

AQ            3.9846387 sec
RG                  128
DW               60.800 usec

DE                 6.50 usec
TE                289.8 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H

P1                12.50 usec
PL1               -3.00 dB
PL1W        22.05223846 W

SFO1        400.1324710 MHz
SI                32768
SF          400.1300101 MHz
WDW                  EM

SSB                   0
LB                 0.30 Hz
GB                    0

PC                 1.00

M e

M e
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NAME          SGL-5-38B
EXPNO                 1

PROCNO                1
Date_          20181106

Time              14.16
INSTRUM           spect

PROBHD   5 mm PABBO BB-
PULPROG            zg30

TD                65536
SOLVENT           CDCl3

NS                   16

DS                    2
SWH            8223.685 Hz

FIDRES         0.125483 Hz
AQ            3.9846387 sec

RG                  101
DW               60.800 usec

DE                 6.50 usec
TE                291.8 K

D1           1.00000000 sec

TD0                   1

======== CHANNEL f1 ========
NUC1                 1H

P1                12.50 usec
PL1               -3.00 dB

PL1W        22.05223846 W
SFO1        400.1324710 MHz

SI                32768

SF          400.1300099 MHz
WDW                  EM

SSB                   0
LB                 0.30 Hz

GB                    0
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NAME          SGL-5-52A
EXPNO                 1
PROCNO                1
Date_          20181106
Time              13.40

INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536

SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8223.685 Hz

FIDRES         0.125483 Hz
AQ            3.9846387 sec
RG                 90.5
DW               60.800 usec
DE                 6.50 usec

TE                292.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                12.50 usec
PL1               -3.00 dB

PL1W        22.05223846 W
SFO1        400.1324710 MHz
SI                32768
SF          400.1300101 MHz

WDW                  EM

SSB                   0
LB                 0.30 Hz
GB                    0
PC                 1.00
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NAME          SGL-5-38A
EXPNO                 1

PROCNO                1

Date_          20181106

Time              14.06

INSTRUM           spect

PROBHD   5 mm PABBO BB-

PULPROG            zg30
TD                65536

SOLVENT           CDCl3

NS                   16

DS                    2

SWH            8223.685 Hz

FIDRES         0.125483 Hz

AQ            3.9846387 sec
RG                  144

DW               60.800 usec

DE                 6.50 usec

TE                291.8 K

D1           1.00000000 sec

TD0                   1

======== CHANNEL f1 ========
NUC1                 1H

P1                12.50 usec

PL1               -3.00 dB

PL1W        22.05223846 W

SFO1        400.1324710 MHz

SI                32768

SF          400.1300100 MHz
WDW                  EM

SSB                   0

LB                 0.30 Hz

GB                    0

PC                 1.00
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NAME          SGL-5-52B
EXPNO                 2

PROCNO                1
Date_          20181211

Time               9.59
INSTRUM           spect

PROBHD   5 mm PABBO BB-
PULPROG            zg30

TD                65536

SOLVENT           CDCl3
NS                   16

DS                    2
SWH            8223.685 Hz

FIDRES         0.125483 Hz
AQ            3.9846387 sec

RG                  203
DW               60.800 usec

DE                 6.50 usec

TE                289.8 K

D1           1.00000000 sec

TD0                   1

======== CHANNEL f1 ========
NUC1                 1H

P1                12.50 usec

PL1               -3.00 dB
PL1W        22.05223846 W

SFO1        400.1324710 MHz
SI                32768

SF          400.1300102 MHz
WDW                  EM

SSB                   0
LB                 0.30 Hz

GB                    0

PC                 1.00

N H
B oc

2f

B r

B r
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NAME          SGL-5-52C
EXPNO                 2
PROCNO                1
Date_          20181106

Time              14.11
INSTRUM           spect
PROBHD   5 mm PABBO BB-

PULPROG            zg30
TD                65536
SOLVENT           CDCl3

NS                   16
DS                    2
SWH            8223.685 Hz

FIDRES         0.125483 Hz
AQ            3.9846387 sec
RG                  114

DW               60.800 usec
DE                 6.50 usec
TE                291.8 K

D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                12.50 usec
PL1               -3.00 dB

PL1W        22.05223846 W
SFO1        400.1324710 MHz
SI                32768

SF          400.1300000 MHz
WDW                  EM
SSB                   0

LB                 0.30 Hz
GB                    0

PC                 1.00

N H
C b z

2 g
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NAME          SGL-5-54D
EXPNO                 1
PROCNO                1

Date_          20181106
Time              14.28

INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30

TD                65536
SOLVENT           CDCl3

NS                   16
DS                    2

SWH            8223.685 Hz
FIDRES         0.125483 Hz
AQ            3.9846387 sec

RG                  181
DW               60.800 usec

DE                 6.50 usec
TE                291.8 K

D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H

P1                12.50 usec
PL1               -3.00 dB

PL1W        22.05223846 W
SFO1        400.1324710 MHz
SI                32768

SF          400.1300000 MHz
WDW                  EM

SSB                   0

LB                 0.30 Hz

GB                    0
PC                 1.00

N H
T s

2 h
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NAME          SGL-5-41B
EXPNO                10
PROCNO                1
Date_          20181109
Time              13.45 h

INSTRUM           spect
PROBHD   Z116098_0447 (
PULPROG            zg30
TD                65536

SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz

FIDRES         0.122266 Hz
AQ            4.0894966 sec
RG                48.69
DW               62.400 usec

DE                 6.50 usec

TE                293.2 K
D1           1.00000000 sec
TD0                   1
SFO1        400.1324708 MHz

NUC1                 1H
P1                10.00 usec
SI                65536
SF          400.1300417 MHz

WDW                  EM
SSB                   0
LB                 0.30 Hz

GB                    0
PC                 1.00
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1H-NMR of 2a-D (67% D) with 1,3-benzodioxole as internal standard: 
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NAME          SGL-5-45C
EXPNO                 1

PROCNO                1

Date_          20181025

Time              13.06

INSTRUM           spect
PROBHD   5 mm PABBO BB-

PULPROG            zg30

TD                65536

SOLVENT           CDCl3

NS                   16
DS                    2

SWH            8223.685 Hz

FIDRES         0.125483 Hz

AQ            3.9846387 sec

RG                  203
DW               60.800 usec

DE                 6.50 usec

TE                294.2 K

D1           1.00000000 sec

TD0                   1

======== CHANNEL f1 ========

NUC1                 1H

P1                12.50 usec

PL1               -3.00 dB
PL1W        22.05223846 W

SFO1        400.1324710 MHz

SI                32768

SF          400.1300101 MHz

WDW                  EM
SSB                   0

LB                 0.30 Hz

GB                    0

PC                 1.00

O H

2k

B r

B r
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NAME          SGL-5-35D
EXPNO                 1

PROCNO                1

Date_          20181015

Time              11.32

INSTRUM           spect

PROBHD   5 mm PABBO BB-

PULPROG            zg30

TD                65536

SOLVENT           CDCl3

NS                   16

DS                    2

SWH            8223.685 Hz

FIDRES         0.125483 Hz

AQ            3.9846387 sec

RG                 45.2

DW               60.800 usec
DE                 6.50 usec

TE                292.6 K

D1           1.00000000 sec

TD0                   1

======== CHANNEL f1 ========

NUC1                 1H

P1                12.50 usec

PL1               -3.00 dB

PL1W        22.05223846 W

SFO1        400.1324710 MHz

SI                32768

SF          400.1300000 MHz

WDW                  EM

SSB                   0

LB                 0.30 Hz

GB                    0
PC                 1.00
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F: HPLC Spectra of Products 
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