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1. General methods and General procedure
General Methods. The reactions and manipulations were performed under an atmosphere 

of argon by using standard Schlenk techniques and Drybox (Mikrouna, Supper 1220/750). All 

solvents were purified and dried by using standard methods prior to use and stored under 

argon. 1H NMR and 13C NMR spectra were recorded on Bruker-Avance 400 MHz 

spectrometer. Chemical shifts (δ) were reported in ppm with tetramethylsilane as internal 

standard, and J values were given in Hz. 1H NMR spectra were recorded in CDCl3 and the 

chemical shifts were referenced to CDCl3 (δ 7.27) and that of 13C NMR spectra were 

referenced to CDCl3 (δ 77.00). The enantioselective excesses were determined by Agilent 

1260 Series HPLC using Daicel AD-H, AS-H, OJ-H and OD-H chiral columns eluted with a 

mixture of isopropyl alcohol and hexane. Melting points were measured on X-4 melting 

point apparatus and uncorrected. Column chromatography was performed with silica gel 

(200-300 mesh) with petroleum ether and ethyl acetate as eluents.
Experimental Procedures
(a) Typical procedure for the asymmetric transfer hydrogenation reaction of 
azabenzonorbornadienes: 

+
Pd(OAc)2, (R)-SEGPHOS

AgPF6, 1,4-dioxane, 90 oC

HN
Boc

+

N
Boc
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1. Pd(OAc)2 (2.3 mg, 0.01 mmol), (R)-SEGPHOS (7.3 mg, 0.012 mmol) and 1.0 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 AgPF6 (5.1 mg, 0.02 

mmol) was added and stirred for an additional 10 min, then a solution of N-Boc-

azabenzonorbornadiene 1a (48.6 mg, 0.2 mmol) in 1,4-dioxane (1.0 mL) was added, 

and the mixture was stirred for additional 10 min. After the addition of 

dibenzylamine 2a (115μL, 0.6 mmol), the mixture was stirred at 90 °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 

3a. The absolute configuration of the products were determined by comparing the 

characterization data such as 1H NMR and HPLC of the products with the one 

reported earlier.1

(b) Typical procedure for the asymmetric transfer hydrogenation reaction of 

azabenzonorbornadienes in presence of benzoic acid:

Pd(OAc)2 , (R)-SEGPHOS

AgOTf, PhCOOH,
Toluene, 90 oC
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Boc
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N
Boc

+
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Pd(OAc)2 (2.3 mg, 0.01 mmol), (R)-SEGPHOS (7.8 mg, 0.012 mmol) and 1.0 mL toluene were 
added to a Schlenk tube under argon atmosphere. The resulting solution was stirred at room 
temperature for 30 min, then AgOTf (5.1 mg, 0.02 mmol) was added and stirred for an 
additional 10 min, then a solution of N-Boc-azabenzonorbornadiene 1a (48.6 mg, 0.2 mmol) 
in toluene (1.0 mL) was added, and the mixture was stirred for additional 10 min, then 
benzoic acid (48.8 mg, 0.2 mmol) was added and stirred for an additional 10 minutes. After 
the addition of dibenzylamine 2a (115μL, 0.6 mmol), the mixture was stirred at 90 °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 3aˊ.

2. Characterization Data of the products

(S)-tert-butyl (1,2-dihydronaphthalen-1-yl)carbamate (3a)

HN
Boc

Colorless oil, 91% yield, 93% ee. [α]D
20 = -46.3 (c = 0.54, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.26-7.24 (m, 1H), 7.19-7.11 (m, 2H), 7.00 (dd, J = 7.2, 1.7 Hz, 1H), 6.44 (d, J = 9.6 Hz, 1H), 

5.91-5.87 (m, 1H), 4.83-4.65 (m, 2H), 2.52-2.37 (m, 2H), 1.36 (s, 9H). The ee of 3a was 

determined by HPLC analysis using Daicel Chiralcel OJ-H column (25 cm × 0.46 cm ID), 

conditions: n-hexane/i-PrOH = 98/2, 0.8 mL/min, 254 nm; tminor = 8.1 min, tmajor = 9.2 min.  

(S)-tert-butyl (6,7-dimethyl-1,2-dihydronaphthalen-1-yl) carbamate (3b)

HN
Boc

Colorless oil, 96% yield, 90% ee. [α]D
24= -22.8 (c = 0.78, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.10 (s,1H), 6.87 (s, 1H), 6.47 (d, J = 9.5 Hz, 1H), 5.89 (t, J = 4.8 Hz1H), 4.84-4.59 (m, 2H), 
2.57-2.44 (m, 2H), 2.24 (d, J = 6.2 Hz,6H), 1.44(s, 9H).The ee of 3b was determined by HPLC 
analysis using Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-
PrOH = 98/2, 0.3 mL/min, 254 nm; tminor =15.7 min, tmajor = 16.9 min.  

(S)-tert-butyl (5,6-dihydronaphtho[2,3-d][1,3]dioxol-5-yl) carbamate (3c)

HN
Boc

O

O
Colorless oil, 92% yield, 94% ee. [α]D

24 = -38.3 (c = 0.72, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 
6.84 (s,1H), 6.57 (s, 1H), 6.39 (d, J = 9.6 Hz, 1H), 5.92 (d, J = 2.2 Hz, 2H), 5.87-5.83 (m, 1H), 
4.87 (d, J = 8.4 Hz, 1H), 4.78-4.62 (m, 1H), 2.55-2.40 (m, 2H), 1.43 (s, 9H).The ee of 3c was 
determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 0.46 cm ID), 
conditions: n-hexane/i-PrOH = 95/5, 0.5 mL/min, 254 nm; tmajor = 13.8 min, tminor = 14.9 min.
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(S)-tert-butyl(2,3,6,7-tetrahydronaphtho[2,3-b][1,4]dioxin-6-yl) carbamate (3d)

HN
Boc

O

O

Colorless oil, 95% yield, 96% ee.[α]D
24 = -20.0 (c = 0.74, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

6.84 (s,1H), 6.59 (s, 1H), 6.38 (d, J = 9.7 Hz, 1H), 5.87-5.82 (m,1H), 4.84(d, J = 8.7 Hz, 1H), 
4.79-4.61 (m,1H), 4.23 (s, 4H), 2.54-2.37 (m, 2H), 1.43(s, 9H).The ee of 3d was determined by 
HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 0.46 cm ID), conditions: n-
hexane/i-PrOH = 98/2, 0.8mL/min, 254 nm; tmajor=22.7min, tminor = 25.3 min.

(S)-tert-butyl (6,7-dimethoxy-1,2-dihydronaphthalen-1-yl) carbamate (3e)

HN
Boc

MeO

MeO

Colorless oil, 78% yield, 94% ee.[α]D
25 = -43.1 (c = 0.64, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

6.87 (s,1H), 6.60 (s, 1H), 6.42 (d, J = 9.6 Hz, 1H), 5.86-5.82 (m,1H), 4.89 (d, J = 8.8 Hz, 1H), 
4.79-4.63 (m, 1H), 3.86 (d, J = 6.6Hz,6H), 2.57-2.42 (m, 2H), 1.41 (s, 9H).The ee of 3e was 
determined by HPLC analysis using Daicel Chiralcel OD-H column (25 cm × 0.46 cm ID), 
conditions: n-hexane/i-PrOH = 90/10, 0.5 mL/min, 254 nm; tminor = 10.7 min, tmajor =11.8 min.  

S)-tert-butyl (6,7-dibromo-1,2-dihydronaphthalen-1-yl) carbamate (3f)

HN
Boc

Br

Br

Colorless oil, 37% yield, 73% ee.1H NMR (400 MHz, CDCl3) δ 7.55 (s,1H), 7.30 (s, 1H), 6.40 (d, 
J = 9.6 Hz, 1H), 6.05-6.03 (m,1H), 4.87-4.71 (m, 2H), 2.56-2.39 (m, 2H), 1.44 (s,9H).The ee of 
3f was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm × 0.46 cm ID), 
conditions: n-hexane/i-PrOH = 98/2, 0.2mL/min, 254 nm; tminor = 15.3 min, tmajor = 16.3 min. 

(S)-benzyl (1,2-dihydronaphthalen-1-yl)carbamate (3g)

HN
Cbz

Colorless oil, 87% yield, 88% ee.[α]D
25 = -31.7 (c = 0.64, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 

7.37-7.23 (m, 8H), 7.12 (d, J = 7.2 Hz, 1H), 6.56 (d, J = 9.6 Hz, 1H), 6.02-5.98 (m,1H), 5.21-5.09 
(m, 3H), 4.98 (dd, J = 14.4 Hz, 6.0 Hz, 1H), 2.66-2.51 (m, 2H). 13C NMR (CDCl3, 100 MHz) δ 
154.54, 135.34, 133.48, 132.00, 127.49, 127.17, 127.11, 126.83, 126.70, 126.11, 125.51, 
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124.57, 65.71, 47.08, 29.38. The ee of 3g was determined by HPLC analysis using Daicel 
Chiralcel OJ-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 
1.2mL/min, 254 nm; tminor = 14.9 min, tmajor = 17.8min. 

(S)-1,2-dihydronaphthalen-1-ol（3h）

OH

Colorless oil, 40% yield, 66% ee. 1H NMR (400 MHz, CDCl3) δ 7.30 (dd, J = 7.2, 0.7 Hz, 1H), 

7.24-7.15 (m, 2H), 7.05 (dd, J = 8.0, 1.3 Hz, 1H),6.48 (d, J = 9.6 Hz,1H), 5.94-5.90 (m, 1H), 4.71 

(t, J = 5.3 Hz, 1H), 2.55-2.51 (m, 2H). The ee of 3h was determined by HPLC analysis using 

Daicel Chiralcel OD-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1.0 

mL/min, 254 nm; tminor = 9.8 min, tmajor =8.9min.

(R)-N-(1,2-dihydronaphthalen-1-yl)-4-methylbenzenesulfonamide (3i)

HN
Ts

White solid, 42% yield, 98% ee. [α]D
25=25.7(c = 0.44, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 7.73 

(d, J=8.4Hz, 2H), 7.28 (t, J = 8.4 Hz, 2H), 7.20 (t, J = 8.4 Hz, 1H), 7.11-7.04 (m, 2H), 6.91 (d, J = 

7.6Hz, 1H), 6.51 (d, J = 9.6 Hz, 1H), 5.91-5.87(m, 1H), 4.84 (d, J = 8.4 Hz, 1H), 4.50-4.45 (m, 

1H), 2.52-2.39 (m, 5H). 13C NMR (CDCl3, 100 MHz): δ 143.3, 138.1, 133.4, 133.1, 129.7, 128.5, 

127.9, 127.6, 127.1, 126.9, 126.6, 125.3, 50.9, 31.0, 21.6. The ee of 3i was determined by 

HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), conditions: n-

hexane/i-PrOH = 90/10, 1.0mL/min, 254nm; tmajor =16.7min, tminor =18.3min.
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3. NMR Spectra of products
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4. HPLC Spectra of Products
Note: All of the racemic products were prepared by using (±)-binap as ligand.

Racemic:

Peak RetTime Type Width Area Height Area

HN
Boc

3a

Enantioenriched:

Peak RetTime Type Width Area Height Area
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Peak RetTime Type Width Area Height Area

Enantioenriched:
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Peak RetTime Type Width Area Height Area

Enantioenriched:
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Peak RetTime Type Width Area Height Area

Enantioenriched:
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Peak RetTime Type Width Area Height Area

Enantioenriched:

Peak RetTime Type Width Area Height Area
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Peak RetTime Type Width Area Height Area

Enantioenriched:

Peak RetTime Type Width Area Height Area
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Peak RetTime Type Width Area Height Area

Enantioenriched:

Peak RetTime Type Width Area Height Area
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Peak RetTime Type Width Area Height Area

Enantioenriched:

Peak RetTime Type Width Area Height Area
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Peak RetTime Type Width Area Height Area

Enantioenriched:

Peak RetTime Type Width Area Height Area
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