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A: General method

The reactions and manipulations were performed under an atmosphere of argon
by using standard Schlenk techniques and Drybox (Mikrouna, Supper 1220/750).
Anhydrous toluene, DME (Dimethoxyethane), THF (Tetrahydrofuran), MTBE
(Methyl tert-butyl ether), ether and dioxane were distilled from sodium benzophenone
ketyl prior to use. Anhydrous DCE (sym-Dichloroethane), CH;CN (acetonitrile) and
DMAc (Dimethylacetamide) were distilled from calcium hydride and stored under
argon. '"H NMR and '3C NMR spectra were recorded on Bruker-Avance 400 MHz
spectrometer. CDCl; was used as solvent. Chemical shifts (6) 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. OD-H chiral columns eluted with a mixture of isopropyl alcohol and hexane..

Column chromatography was performed with silica gel (200-300 mesh).

B: Typical procedure for the reaction
[Ir(COD)CI]; (3.4 mg, 0.005 mmol), (R)-Difluorphos (8.2 mg, 0.012 mmol) and

1.0 mL toluene were added to a Schlenk tube in argon atmosphere. The resulting
solution was stirred at room temperature for 30 min, then CuBr (5.8 mg, 0.04mmol)
was added and stirred for additional 10 min, then a solution of N-Boc-
azabenzonorbornadiene 1a (48.6 mg, 0.2mmol) in toluene(l mL) was added, and
the mixture was stirred for additional 10 min. After the addition of aminobenzene 2a
(55.8 mg, 0.6mmol) and 1.0mL toluene, the mixture was stirred at 70 °C under argon
atmosphere with TLC monitoring until the complete consumption of 1a. The reaction
mixture was concentrated. The residue was purified by chromatography on a silica gel
column to afford the desired product 3aa (65.2mg, 97% yield). The enantioselective
excess value of the product was determined by HPLC on a chiral stationary phase (95%

ee).
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C: Characterization Data of Products

2-(Phenylamino)-1,2-dihydronaphthalen-1-yl-carbamic acid zert-butyl ester
(3aa)

White solid, 97% yield, 95% ee. 'H NMR (400 MHz, CDCl;): § 7.24-7.04 (m, 6H),
6.64-6.62 (d, J = 7.2Hz, 3H), 6.49-6.47 (d, J = 9.6Hz, 1H), 6.20-5.98 (dd, J =
9.6,4.4Hz, 1H), 4.98-4.96 (t, J = 8Hz, 1H), 4.67-4.65 (d, J = 8.4Hz, 1H), 4.19 (s, 1H),
3.78 (s, 1H), 1.38 (s, 9H). The ee of 3aa was determined by HPLC analysis using
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
90/10, 1.0 mL/min, 254 nm; tyinor = 7.1 Min, f50r = 11.5 min.

2-(4-Bromophenylamino)-1,2-dihydro-naphthalen-1-yl-carbamic acid ferz-butyl

ester (3ac)

White solid,96% yield, 95% ee. 'H NMR (400 MHz, CDCls): 6 7.31-7.21 (m, 5H),
7.15-7.13 (d, J = 7.2Hz, 1H), 6.64-6.57 (dd, J = 17.6,8.4Hz, 3H), 6.07-6.04 (dd, J =
14.0,4.4Hz, 1H), 5.01-4.97 (t, J = 14.4Hz, 1H), 4.72-4.69 (d, J = 9.2Hz, 1H), 4.24 (s,
1H), 3.67 (s, 1H), 1.45 (s, 9H). The ee of 3ab was determined by HPLC analysis
using Daicel Chiralcel AD-H column (25 cm X 0.46 cm ID), conditions: n-hexane/i-
PrOH = 85/15, 1.0 mL/min, 254 nm; #yinor = 6.3 MiN, fy0r = 11.5 min.

2-(3-Bromophenylamino)-1,2-dihydro-naphthalen-1-yl-carbamic acid ferz-butyl

ester (3ab)

_Boc

Y
~_ 2N

o

White solid, 95% yield, 91% ee. 'H NMR (400 MHz, CDCL3) § 7.33-7.21 (m, 3H),
7.15-7.13 (d, J = 7.2Hz, 1H), 7.05-7.01 (t, J = 8Hz, 1H), 6.82-6.80 (d, J = 8Hz, 2H),
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6.70-6.68 (d,J = 7.6Hz, 1H), 6.58-6.56 (d, J = 9.6Hz, 1H), 6.06-6.02 (dd, J=
9.6,4.0Hz, 1H), 5.03-5.00 (t, J = 8Hz, 1H), 4.73 (d, J = 8.8Hz, 1H), 4.24 (d, J =
5.2Hz, 1H), 3.95 (s, 1H), 1.46 (s, 9H). *C NMR (CDCl;, 100MHz): 8 156.02, 148.11,
133.63, 132.41, 130.74, 128.94, 128.61, 128.39, 127.89, 127.76, 127.03, 123.33,
120.27, 115.86, 111.68, 80.06, 53.63, 52.33, 28.39. HRMS (EI*): caled for
Cy1H3BrN,O, [M]*: 414.0943, Found: 414.0938. The ee of 3ac was determined by
HPLC analysis using Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID),
conditions: n-hexane/i-PrOH = 90/10, 1.0 mL/min, 254 nm; fyiner = 6.5 min, fmajor =

13.8 min.

2-(4-Chlorophenylamino)-1,2-dihydro-naphthalen-1-yl-carbamic acid #erz-butyl
ester (3ad)

Boc

HY
N

L,

White solid, 96% yield, 94% ee. '"H NMR (400 MHz, CDCl;) 8 7.31-7.21 (m, 3H),
7.15-7.11 (t, J = 14.0Hz, 3H), 6.67-6.56 (dd,J = 32.0,8.0Hz, 3H), 6.07-6.04 (dd, J =
9.6,4.4Hz, 1H), 5.01-4.97 (t, J = 14.4Hz, 1H), 4.71 (d, J = 8.8Hz, 1H), 4.23 (s, 1H),
3.85 (s,1H), 1.45 (s, 9H), The ee of 3ad was determined by HPLC analysis using
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
85/15, 1.0 mL/min, 254 nm; #y,jor = 6.4 Min, fyiner = 11.6 min.

2-(p-Tolylamino)-1,2-dihydro-naphthalen-1-yl-carbamic acid tert-butyl ester
(3ae)

_Boc
H

sonol

White solid,97% yield, 93% ee. 'H NMR (400 MHz, CDCls) 6 7.29-7.17 (m, 3H),
7.11-7.10 (d, J = 7.2Hz, 1H), 7.00-6.98 (d, J = 6.8Hz, 2H), 6.63-6.61 (d, J = 7.2Hz,
2H), 6.54-6.51 (d, J=9.6Hz, 1H), 6.08-6.04 (dd, J=9.2,3.2Hz, 1H), 5.01-5.00 (d, J =
6.4Hz, 1H), 4.78-4.76 (d, J = 8.8Hz, 1H), 4.22 (s, 1H), 3.64 (s, 1H), 2.22 (s, 3H),
1.44(s, 9H). The ee of 3ae was determined by HPLC analysis using Daicel Chiralcel

nZ
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AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 90/10, 1.0

mL/min, 254 nm; finer = 7.9Min, fiygior = 10.1 min.

2-(4-Methoxyphenylamino)-1,2-dihydro-naphthalen-1-yl-carbamic  acid tert-
butyl ester (3af)

Boc
Ny

White solid, 97% yield, 94% ee. '"H NMR (400 MHz, CDCl;) 6 7.22-7.11 (m, 3H),
7.05 (d, J=7.6Hz, 1H), 6.71-6.69 (d,J = 8.8Hz, 2H), 6.61-6.59 (d, J = 8.8, 2H), 6.47-
6.45 (d, J = 9.6Hz, 1H), 6.01-5.98 (dd, J = 9.6,4.8Hz, 1H), 4.94-4.91 (t, J = 14.8Hz,
1H), 4.69-4.67(d, J = 8.8 Hz, 1H), 4.12-4.10 (t, J = 4.8Hz, 1H), 3.65 (s, 3H), 3.55

(s, 1H) , 1.37 (s, 9H). The ee of 3ai was determined by HPLC analysis using
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
85/15, 1 mL/min, 254 nm; #yinor = 8.3 Min, fyajor =10.8 min.

i Zz

2-[(4-Bromophenyl)methylamino]-1,2-dihydronaphthalen-1-yl-carbamic acid
tert-butyl ester (3ai)

_Boc
HN Me

T,

White solid, 83% yield, 94% ee. '"H NMR (400 MHz, CDCl5) é 7.32-7.21 (m, 5H),
7.11-7.09 (d, 1H), 6.73-6.71 (d,J=9.2Hz, 2H), 6.63-6.60 (dd,J=2.0, 8.0Hz, 1H), 5.90-
5.86 (dd,J=2.8, 10.0Hz, 1H),5.18-5.13 (t, J = 10.0Hz, 1H), 4.74-4.72 (d, J = 10.0Hz,
1H), 4.51-4.49 (d, J=9.6, 1H), 2.79(s, 3H), 1.34(s, 9H). The ee of 3ag was determined
by HPLC analysis using Daicel Chiralcel AD-H column (25 cm X% 0.46 cm ID),
conditions: n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm; tyinor = 7.9 min, fajor = 8.8

min.

2-(Methylphenylamino)-1,2-dihydronaphthalen-1-yl-carbamic acid tert-butyl

ester (3ah)
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,Boc
HN

O

White solid,94% yield, 95% ee. '"H NMR (400 MHz, CDCl3) & 7.34 (d, J = 6.4Hz,
1H), 7.33-7.20 (m, 4H), 7.11 (d, J =7.2Hz, 1H), 6.86-6.84 (d, J = 8.0Hz, 2H), 6.74-
6.70 (t, J = 14.4Hz, 1H), 6.62-6.60 (d, J = 7.6Hz, 1H), 5.95-5.91 (dd, J = 9.6,2.4Hz,
1H), 5.23-5.18 (t, J = 10.4Hz, 1H), 4.81-4.78 (d, J = 10.8Hz, 1H), 4.50-4.48 (d, J =
9.2Hz, 1H), 2.84 (s, 1H), 1.34(s,9H). The ee of 3ah was determined by HPLC
analysis using Daicel Chiralcel OD-H column (25 cm x 0.46 cm ID), conditions: n-

hexane/i-PrOH = 95/5, ImL/min, 254 nm; fyiner = 7.8 min, fpjor = 9.1 min.

2-[(4-Methoxyphenyl)methylamino]-1,2-dihydronaphthalen-1-yl-carbamic  acid
tert-butyl ester (3aj)

Boc
H Me

White solid, 96% yield, 95% ee. '"H NMR (400 MHz, CDCl;) & 7.32-7.30 (d, J =
6.8Hz, 1H), 7.24-7.18 (m, 2H), 7.09-7.07 (d, J = 7.2Hz, 1H), 6.81 (s, 4H), 6.60-6.57
(dd, /=10.0,2.0Hz, 1H), 5.94-5.91 (dd, J = 10.0,2.8Hz, 1H), 5.19-5.14 (t, J = 10.0Hz,
1H), 4.61-4.58 (d, J=10.0Hz, 2H), 4.53 (s, 1H),3.75 (s, 3H), 2.75 (s, 3H), 1.38 (s, 9H).
The ee of 3af was determined by HPLC analysis using Daicel Chiralcel OD-H
column (25 cm X 0.46 cm ID), conditions: n-hexane/i-PrOH = 85/15, 1.0 mL/min,

254 nm; tajor = 17.0 min, fyine = 19.0 min.

iz

2-(Ethylphenylamino)-1,2-dihydronaphthalen-1-yl-carbamic acid tert-butyl ester
(3ak)

_Boc
HN

o0

White solid,96% vyield, 94% ee. '"H NMR (400 MHz, CDCly) & 7.31-7.30 (d, J =
6.4Hz, 1H), 7.24-7.20 (m, 4H), 7.11-7.09 (d, J = 6.4, 1H), 6.88-6.86 (d, J = 8.0Hz,
2H), 6.73-6.69 (t, J = 7.2Hz, 1H), 6.62-6.60 (d, J = 10.0Hz, 1H), 5.97-5.94 (t, J =
1.6Hz, 1H), 5.18-5.13 (t, J = 8.8Hz, 1H), 4.72-4.70 (d, J = 8.8HZ, 1H), 4.60 (s, 1H)
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3.29-3.28 (d, J = 6.8Hz, 2H) 1.39 (s, 9H), 1.09-1.06 (t, J = 12.8Hz, 3H). The ee of 3aj
was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm X
0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5,1mL/min, 254 nm; #yinor = 6.9 min, t

major =10.1min.

2-Dibenzylamino-1,2-dihydro-naphthalen-1-yl-carbamic acid zert-butyl ester (3al)

_Boc
HN

o™

White solid, 90% yield, 93% ee. '"H NMR (400 MHz, CDCl;) 6 7.38-7.37 (d, J =
7.2Hz, 4H), 7.29-7.25 (m, 4H), 7.22-7.19 (m, 4H), 7.05-7.03 (t, J = 4.8Hz, 1H), 6.61-
6.58 (dd, J = 10.0, 1.6Hz, 1H), 6.07-6.04 (dd, J = 10.0, 3.6Hz, 1H), 5.27-5.23 (t, J =
8.4Hz, 1H), 4.50-4.48 (d, J = 8.8Hz, 1H),3.76-3.73 (d, J = 13.6Hz, 1H), 3.56-3.53 (d,
J=13.6Hz, 1H), 3.47 (s, 1H), 1.53 (s, 9H). The ee of 3ak was determined by HPLC
analysis using Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-

hexane/i-PrOH = 95/5, ImL/min, 254 nm; tyiner = 7.7 Min, fygjor = 10.7 min.

2-(Naphthalen-1-yl-amino)-1,2-dihydro-naphthalen-1-yl-carbamic acid zerz-butyl
ester (3ag)

White solid,80% yield, 93% ee. 'H NMR (400 MHz, CDCl5) 6 7.79-7.75 (t, J = 16Hz,
2H), 7.44-7.34(m, 4H), 7.31-7.21 (m, 3H),7.17-7.15 (d, J = 7.2Hz, 1H), 6.75-6.73 (d,
J=17.6Hz, 1H), 6.59-6.57(d, J = 9.6Hz, 1H), 6.20-6.17 (dd, J = 9.6,3.2Hz, 1H), 5.34-
5.29 (t, J = 9.6Hz, 1H), 5.00 (s, 1H), 4.86-4.84 (d, J = 9.6Hz, 1H),4.45-4.43 (d, J.=
8.8Hz, 1H), 1.44 (s, 9Hz). The ee of 3al was determined by HPLC analysis using
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
90/10, 1 mL/min, 254 nm; tyinor = 6.4 MiN, fyai0r = 10.5 min.

2-(Naphthalen-1-yl-amino)-6,7-dibromo-1,2-dihydro-naphthalen-1-yl-carbamic

acid zert-butyl ester (3ga)
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_Boc
H: H

BOOAS

Br

White solid, 93% yield, 94% ee. 'H NMR (400 MHz, CDCl;) 6 7.57 (s, 1H), 7.38 (s,
1H), 7.22-7.18 (t, J = 8.0Hz, 2H), 6.75-6.71 (t, J = 7.2Hz, 1H), 6.69-6.67 (d, J =
7.6Hz, 1H), 6.48-6.46 (d, J=9.6Hz, 1H),6.18-6.15 (dd, J = 9.6,4.0Hz, 1H), 5.02-4.98
(t, J = 8.4Hz, 1H), 4.71-4.69 (d, J = 9.2Hz, 1H), 4.25 (s, 1H), 3.83 (s, 1H), 1.46 (s,
9H). 3C NMR (CDCl;, 100MHz): 6 155.88, 146.35, 134.94, 133.20, 132.71, 131.46,
130.63, 129.53, 126.76, 124.54, 123.79,117.89, 113.13, 80.39, 53.45, 51.76, 28.35).
HRMS (EI): calcd for C,1H,,BroN,O, [M]*: 492.0048; Found: 492.0074. The ee

of 3ea was determined by HPLC analysis using Daicel Chiralcel AD-H column (25
cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95/5, 1 mL/min, 254 nm; tyinor =

nwz

10.6min, #ygjor = 12.6 min.

2-(Naphthalen-1-yl-amino)-6,7-dimethyl-1,2-dihydro-naphthalen-1-yl-carbamic

acid zert-butyl ester (3ea)

,Boc
H

peOhs

White solid, 93% yield, 93% ee. '"H NMR (400 MHz, CDCl;) 6 7.20-7.17 (t, J =
15.6Hz, 2H), 7.07(s, 1H), 6.92 (s, 1H), 6.74-6.68 (m, 3H), 6.53-6.51 (d, J = 9.6Hz,
1H), 6.04-6.00 (dd, J = 9.6,4.4Hz, 1H), 4.98-4.95 (t, J = 8.0Hz, 1H), 4.68-4.66 (d, J
= 8.8Hz, 1H), 4.25-4.22 (t, J = 4.8Hz, 1H), 3.82 (s, 1H), 2.24-2.23 (s, 6H), 1.46(s,
9H). 3C NMR (CDCl3, 100MHz): 6 155.86, 146.50, 136.85, 136.76, 131.17, 129.96,
129.67, 129.43, 128.66, 128.35, 126.90, 117.68, 113.44, 79.72, 53.45, 51.71, 28.44,
19.69, 19.48. HRMS (EI"): calcd for C,3HsN,O, [M]: 364.2151, Found: 364.2159.
The ee of 3fa was determined by HPLC analysis using Daicel Chiralcel AD-H
column (25 cm % 0.46 cm ID), conditions: n-hexane/i-PrOH = 98/2, 1 mL/min, 254

NM; minor = 31.8 MiN, fyaior = 34.4 min.

wz

2-(Naphthalen-1-yl-amino)-6,7-dimethoxy-1,2-dihydro-naphthalen-1-yl-

carbamic acid zert-butyl ester (3fa)

S8



Supporting information

,Boc
H

MeO H

AT O
White solid, 94% yield, 93% ee. 'H NMR (400 MHz, CDCl3) & 7.21-7.19 (t, J =
17.2Hz, 2H), 6.83 (s, 1H), 6.77-6.75 (d, J = 8.0Hz, 2H), 6.72-6.68 (t, J = 7.2Hz,1H),
6.66(s, 1H), 6.51-6.48 (d, J = 9.6Hz, 1H), 6.00-5.96 (dd, J = 8.0,4.0Hz, 1H), 4.95-
4.93 (dd, J=8.0,4.0Hz, 1H), 4.75-4.73 (d, J = 8.8Hz, 1H), 4.24 (s, 1H), 3.98-3.97 (d, J
=2.4Hz, 1H), 3.87 (s, 1H), 3.83 (s, 3H), 1.46 (s, 9H). 13C NMR (CDCl;, 100MHz):
155.72, 148.72, 148.70, 146.65, 129.45, 128.48, 126.29, 125.53, 124.94, 117.50,
113.22, 112.23, 110.15, 79.75, 56.06, 56.03, 52.48, 51.47, 28.42. HRMS (EI"): calcd
for Cp3HsN,O4 [M]™: 396.2049; Found: 396.2039. The ee of 3ga was determined
by HPLC analysis using Daicel Chiralcel AD-H column (25 cm % 0.46 cm ID),

conditions: n-hexane/i-PrOH = 95/5, 1 mL/min, 254 nm; fyjor = 26.9 min, t yiner =
29.1 min.

nwz

2-(Naphthalen-1-yl-amino)-1,2-dihydro-naphthalen|[2,3-b][1,4]dioxin-1-yl-
carbamic acid zert-butyl ester (3ha)

Boc

’

H

OO0

White solid, 95% yield, 94% ee. '"H NMR (400 MHz, CDCl;) 6 7.21-7.17 (t, J =
8.0Hz, 2H), 6.84 (s, 1H), 6.75-6.69 (m, 3H), 6.67 (s, 1H), 6.45-6.43 (d, J = 9.2Hz,
1H), 6.00-5.96 (dd, J = 9.6,4.4Hz, 1H), 4.93-4.89 (t, J = 8.4Hz, 1H), 4.69-4.67 (d, J
= 8.8Hz, 1H), 4.35-4.33 (t, J = 2.8Hz, 1H), 4.24 (s, 5H), 1.45 (s, 9H), 3C NMR
(CDCl;, 100MHz): 6 155.74, 143.23,129.38, 129.28, 128.24, 127.23, 126.03, 125.92,
118.30, 117.28, 115.83,114.03, 113.35, 79.77, 64.40, 64.35, 53.83, 51.56, 28.35.
HRMS (EI"): caled for Co3Ho6N,O4 [M]*: 394.1893; Found: 394.1909. The ee of
3fa was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm %
0.46 cm ID), conditions: n-hexane/i-PrOH = 85/15, 1 mL/min, 254 nm; #piner = 11.3

nwz

min, fmgjor = 14.3min.

2-(Naphthalen-1-yl-amino)-1,2-dihydro-naphthalen|2,3-d][1,3]dioxol-1-yl-

carbamic acid zert-butyl ester (3ia)
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_Boc

SO0

White solid, 95% yield, 94% ee. '"H NMR (400 MHz, CDCl;) 6 7.21-7.17 (t, J =
8.0Hz, 2H), 6.82 (s, 1H), 6.74-6.68 (m, 3H), 6.63 (s, 1H), 6.46-6.44 (d, J = 9.6Hz,
1H), 6.01-5.97 (dd, J = 9.6,4.8Hz, 1H), 5.94-5.93 (d, J = 3.2Hz, 1H), 4.93-4.90 (m,
1H), 4.70-4.68 (d, J = 8.8Hz, 1H), 4.21 (s, 1H), 3.74 (s, 1H), 1.45 (s, 9H), 3C NMR
(CDCl;, 100MHz): 6 155.71, 143.53,147.29, 146.56, 129.45, 128.53, 127.98, 126.46,
125.91, 117.68, 113.32,109.44,107.49,101.23, 79.83, 52.91, 52.03, 28.41. HRMS
(EI"): caled for C5oHp4N,O4 [M]*: 380.1736, Found: 380.1748. The ee of 3fa was
determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm x 0.46 cm
ID), conditions: n-hexane/i-PrOH = 90/10, 1 mL/min, 254 nm; fyiner = 12.1 min, fyajor
= 14.7min.

N-[2-(Phenylamino)-1,2-dihydro-naphthalen-1-yl]-4-methyl-benzenesulfonamide
(3ba)

White solid, 90% yield, 88% ee. 'H NMR (400 MHz, CDCl3) & 7.76-7.74 (d, J =
8.0Hz, 2H), 7.32-7.30 (d, J = 8.0Hz, 1H), 7.24 (d, J = 1.2Hz, 1H), 7.18-7.11 (m, 3H),
7.04-7.00 (dt, J = 7.6, 0.8Hz, 1H), 6.74-6.71 (t, J = 14.4Hz, 1H), 6.62-6.54 (m, 4H),
6.10-6.06 (dd, J=9.6,5.6Hz, 1H), 4.80-4.78 (d, /= 8.0Hz, 1H), 4.45-4.43 (dd, J= 7.6,
3.2Hz, 1H), 4.36 (s, 1H), 3.47 (s, 1H), 2.46 (s, 3H). The ee of 3fa was determined by
HPLC analysis using Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID),
conditions: n-hexane/i-PrOH = 70/30, 1 mL/min, 254 nm; fpiner = 8.4 MmN, fygi0r =
10.2min.

4-nitro-N-[2-(Phenylamino)-1,2-dihydro-naphthalen-1-yl]-4-methyl-

benzenesulfonamide (3ca)
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Ns

/

HY

sone

White solid, 86% yield, 84% ee. '"H NMR (400 MHz, CDCl;) & 8.29-8.27 (d, J =
8.4Hz, 2H), 7.98-7.96(d, J = 8.4Hz, 2H), 7.28-7.24 (t, J = 6.8Hz, 2H), 7.19-7.13(m,
3H), 7.05-7.01 (t, J = 7.6Hz, 1H), 6.77-6.73(t, J = 7.2Hz, 1H), 6.64-6.59 (dd, J = 14.0,
6.4Hz, 4H), 6.10=6.06 (dd, J = 9.2, 5.2Hz, 1H), 5.12-5.10 (d, J = 8.0Hz, 1H), 4.58-
4.55 (dd, J = 8.0,3.2Hz, 1H), 4.36 (s, 1H), 3.47 (s,1H). 3C NMR (CDCl;, 100MHz):
0 149.84, 146.37, 145.52 , 131.66, 131.32, 129.51, 129.46, 129.35, 128.88, 128.49,
128.33, 127.49 , 126.38, 124.29, 118.22 , 113.23, 54.13, 52.39. HRMS (EI"): calcd
for Cy,H 9N304S [M]*: 421.1096, Found: 421.1103. The ee of 3fa was determined
by HPLC analysis using Daicel Chiralcel AD-H column (25 cm % 0.46 cm ID),
conditions: n-hexane/i-PrOH = 60/40, 1 mL/min, 254 nm; fminer = 12.8 min, #mgjor =
17.7min.

2-(Phenylamino)-1,2-dihydronaphthalen-1-yl-carbamic acid methyl ester (3da)

HI:I/COOMS

sons

White solid, 88% yield, 83% ee. '"H NMR (400 MHz, CDCl;) 6 7.30-7.28 (d, J =
7.2Hz, 2H), 7.22-7.13(m, 4H), 6.76-6.69(m, 3H), 6.59-6.56(d, J = 9.6, 1H), 6.08-6.04
(dd, J = 9.6,5.2Hz, 1H), 5.05-5.02(t, J = 5.6Hz, 1H), 4.96-4.94(d, J = 8.4Hz,
1H),4.32-4.30 (t, J = 4.8, 1H), 3.79 (s, 1H), 3.65(s, 1H), 13C NMR (CDCl;, 100MHz):
0 156.88, 146.35, 133.27 , 132.13, 129.40, 129.34, 128.85, 128.73, 128.39, 127.50,
127.04, 117.75 , 113.34, 52.50, 52.27. HRMS (EI"): calcd for C;gH;sN,O, [M]":
294.1368, Found:294.1367. The ee of 3fa was determined by HPLC analysis using
Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH =
90/10, 1 mL/min, 254 nm; tyinor = 8.7mMinN, #mgjor = 13.1min.
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D. HPLC Spectra

Boc

’

H

C O

nzZ

WD A Wavelenoth=254 nm (YFUF-2-54004359 .00
mALl ] m
350—_

300 Z
250—: :
200—:

1509

100

a0 4

04 .

T T T T T A A T R
Peak RetTime Type Width Area Height Area
# [tin] [roin] [mAT* =] [mATr] %

- [-——— === [-=——————- [-=——=———= [——————= |
1 7.11% EBE O.1l888 4795.,83789 391.80380 49,7952

2 11.4ed4d EEBA 0.3033 4835.27930 2Z46.00044 50,2048

WD 8 Wavelenoth=254 nm (YFIVF-2-1 940049390
mALl [
?DD—_
BDD—-
500
400
SDD—-
200—:
100 5
0 ]
4 6 5 ' 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*=] [mat] %
il Rttt [-——= === |====————- | === | —==—===- |
1 7.1Z7 BE 0.1939 419.46720 33.304383 2.734¢

2 11.487 EBA 0.30e5 1.49200e4 T45.52228 97,2654
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Boc
H

o Z

H
N

L,

WD A Wavelenoth= 254 nm (YFWF-2-31 4005067 0
maLl g
700
500
500 -
2
400 9 =
300 E
200
100 E
.
T T T T T T T T
] 5] T g g 10 11 12 min
Peak RetTime Type Width Area Height Area
H [min] [min] [mAT* =] [mi1T] %

1 6,220 Wy O.1e47 7854.530732 734,91833 49,7733

& 11.499 VE 0.3483 7924 . 46631  344,.57745 50,2217
WD A Wavelength=254 nm (vFivF-2-304005066.0)
maALl o
500
400 5
300—-
200
100 o §
o
4 ' ' ' g ' ' ' g ' ' C b ' ' R ' " min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mi1r] %
- = [-=——— === [-=————=—- |[———————— [——————= |
1 £.32Z8 BB 0.1e07 339.55743 IZ.28323 2.50689

2 11.49% BEBA 0.34458 1.3Z2054=4 S86.16656 97,4931
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,Boc

I
o Z
ZT

WD A Wavelenoth=254 nm (vFF-2-4 5B005314.0)
mall 7] -

1750
1500
1250

1000 o

13.788

750
500 -

250

4 6 g 10 12 14 min
Peak RetTime Tvpe Width Area Height Area
# [min] [min] [mAT* =] [matT] %

1 6,477 BV 0.1889 2.34417e4 1927.71423 49,8774
2 13.788 BEA 0.4276 2.355609e4 831.43274  50.122¢

YWD &, Wavelenoth=234 nm (WFivF-2-55800531:50)
-
?DD—:
BDD—:
SDD—:
400—:
SDD—:
200 S
100 4 o
: i
1 8 g 10 1 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [1AT* =] [mATT] %
=== e [—==—————== |—==——=——== | ——===——= I
1 6.488 BV O.1878 1067.1652% 87.81960 4,2769
2 13.800 EBE 0.4290 2.38844e4 2390.23438 95,7231

S14



Supporting information

Boc
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H
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H
N

L,

WD A Wavelenoth=254 nm (YFIYF-2-35B005114.0)

Al ] 2

300 —:

250

200 §

150

100 —:

504

0 ] T T T T
4 5] g 10 12 min

Peak RetTime Type Width Area Height Area
# [min] [toin] [AT* =] [mATT] %

1 6.423 BV 0.1661 3770.54053 354.52911 50,3211
2 11.635 BEBE 0.3320 3722.31470 172.30028 49,6732

D A Wavelenogth=254 nm (YFUWF-2-34B005115.0)

mal _| =

400

300

200

100 =

o]
T T T T
4 5] g 10 12 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mATT] %

1 &.400 BV 0.17592 341.2901%6 209.28971 3.04z22
2 11.55% BBA 0.3389 1.08773e4d 403.98364 96,9578
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WD A Wavelength=254 nm (YFivF-2-31C005112 D)
maAl E &
175 4 =
150 4 é
125
100
75 4
a0 —:
25 —:
03
4 :':Iv BI ?} BI 9I 1 ID min
Peak RetTime Type Width Area Height Area
# [win] [min] [tAT* =] [mATr] %
- |- [-—— |- l--—-———- |-——————— |[-——————=- |
1 T.869 VE 0.2089 2776.30347  Z03.88681 51.Z753
2 10.120 BV 0.2887 238 .20459 139.4cd4Z6 48,7247
VDT &, Wavelengthe258 nm (YF W2 345005113 D)
mal ] =
500 —
500
400
300
200 —-
100 — £
.
4 SI b'l' ?: SI 9I 1 ID 1 I‘l min
Peak RetTime Type Width Area Height Area
# [toim] [toin] [mATT* =] [toa1r] %

1 7.874 BV 0.2063 420.42463 30.92048 3.2688
2 10.084 EBA 0.2850 1.24412Ze4 669.035316 96,7312
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WD A Wavelength=254 nm (YFWWF-2-31B005664.0)

mall ] =

400 =

300 —

200

100

07
4 SI b'l' ?1 8‘ Ell 1 ID 1 I‘1 1 I2 min

Peak RetTime Type Width Area Height Area

# [min] [min] [maT* =] [maT] %

1 8.324 BB 0.2254 7540.50293 316.28625 50,3038
& 10.7Z3 BE 0.2803 7449.41846 387.38812 49,8962

WD A Wavelenoth=254 nm (YFYWF-2-30B005070.0)

mAL @
250
200—-
150—_
100
50 .
0 = T
SI BI ?l BI QI ‘1ID 1!1 1|2 min
Peak RetTime Type Width Area Height Area
# [toim] [min] [mAT* =] [mATT] %
=== e |[—======—== [———————== | ——===——= |
1 2.295 BE 0.2512 156.647328 0.31397 2.77313
Z 10.809 EE 0.3074 5491.80029 274.45465 97.2267
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WD A, Wavelenath=234 nm (YFIOYF-2-41B00527 200
mALl - P
100 7
60
40 -
20
0 t
g 8‘5 EII 9‘5 1ID 10‘5 1I1 11|5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT*s] [maT] %
Il Rttt -l | === | —==——===== | —===—=== |
1 9.257 BB 0.2468 1883.45215 117.64974 50.2377

& 11.139 BV 0.4Z05 1865.63000 68.56197 49,7623

WD A Wavelenogth=254 nm (YFUWwF-2-47B005273.00)
mall ] -
200—_ 7
150 o
100
50 -
. =
g 8‘5 EII 9‘5 1ID 10‘5 1|1 11‘5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mATT] %
el R [-———— === |[-———————- |- [ ——————- |
1 9.277 BE 0.2454 3682.23413 Z320.45601 97.0462
2 11.217 BV 0.4157 112.07603 4.,20805 2.8538
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Boc

’

H

nZ

OO

VDT &, Wavelength=254 nm (vF WF-2-35C005106 D)
maAll - jar}
175 3 .
150 4 5
125
100—:
?5—_
50 4
25 9
07
7 ?IS BI 8‘5 EII 9_‘5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mA1T] %
-——= |- e [-=—=———=——- [—=———————- [-—=—===- I
1 7.613 VE 0.2342 2994 .43335 196.09740 50.5089
2 8.918 BE 0.3266 2934.09644 139.37543 49,4911
VDT &, Wavelenglh=254 nm (F P2 320005109 0)
mall ] -
500 r-
500
400 4
300
200 4
100—_ 8
; =
7 ?'IS SI 8‘5 QI 9_‘5 min
Peak RetTime Type Width Area Height Area
# [win] [min] [mATT* =] [ 1o Tr] %
e [-——— |- [ |- [-———————~ I
1 7.811 BB 0.2223 9376.7324Z E53.78461 97.5175
2 9.133 EEB o.3137 Z38.70103 11.86453 Z.4825
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WD A, Wavelength=254 nm (YFIYF-2-38C005273 D)

mAU_: 2 o
) :
150
100
.
3 T T T T T T
15 16 17 18 13 0 2 min
Peak RetTime Type Width Area Height Area
# [roin] [toin] [maU* =] [na 1] %
1I 16.9EIEIIBV | D.4599|?445.46924| 249.66118| 49,8226

2 18.88Z VBA 0.5587 7493.5045883

206.95987  50.1774

WD A, Wavelenogth=234 nm (YFWF-2-48D003276 D)
AL =
200 t
150
100 -
50 -
. Ed
13 1 ;3 1 I?' 1|8 1 IS 2‘0 2‘1 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [matT] %

1 17.030 EE 0.449¢ 6736.91260 230.08426 97,5035
4.861213 2.4965

2 19.031 BE 0.5620 172.409542
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YWD A Wavelength=2354 nm (YFUWF-2-35E005110.00)
mall =
160
140 4
120—_ o
100 “;’
80 A
EO
40
20—:
04
5 g 7 8 5 10 11 min
Peak RetTime Type Width Area Height Area
# [min] [roin] [mAT* =] [mATT] %
- [-——= - [-———————- |- [-———————~ I
1 6.881 VE 0.1973 2300.47705 179.81374 50.930Z2
Z 10.140 EBE 0.4088 Z216.43994 g4.84193 49.06598
WD A Wavelength=254 nm (YFWF-2-36B005111.0)
maALl o
?DU—-
500
500
400 3
300
200
100 4 E
04 =
s 8 7 g g 10 11 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [mATT] %
- |- |- [-———————- [-————————= [-——————- I
1 G.881 VB 0.1898 9587.42383 777.81891 97,1087
2 10.141 EE 0.3999 Z85.45468 11.10435 Z2.8913
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WD A Wavelength=254 nm (YFWF-2-410005277 0

mALl =
1UU—_

80—: -

B0 ‘D_

40

20—_

04

Evl' ?l SI EII 1ID 1|1 1|2 min
Peak RetTime Tvpe Width Area Height Area
H [min] [min] [mdT* =] [md1T] %
e e it [-——— |- [-————————- |[-————=———- | === I
1 7.680 EBE 0.2553 1764.58057 107.06245 49,9669
Z 10.769 EE 0.4662Z 1766.91930 59.04038 50,0331

WD A Wavelenoth=254 nm (YFIYF-249C005278 D)

- :

500 —-

400 —

300 —

200

100 £

°7 T T - T T T
2 4 5] g 10 12 min

Peak RetTime Type Width Area Height Area
# [toin] [toin] [taT* =] [ma1] g

1 7.686 BB 0.2593 66E6.73I62T 40.024486 3.3348
2 10.706 EEBA 0.4663 1.932Zc3e4 £43.59265 O96.6652
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Boc
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|IIZ\
ZT

WD A Wavelength=254 nm (YFWWF-2-42C005316 D)
mAU_: w
1200 o 8
1000 =
500
g00
400
200
a
4 E!I' BI 1ID 1I2 ‘1I4 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mATU* =] [1aA1T] %
-——= |- [-===|=-===—- [-=—=——————- e et [—————=—- I
1 6.375 EE 0.2237 2.0762% =4 1436.1192Z6 49.8100
Z 10.505 BB 0.3428 2.09213e=4 Q4p.82690 50.1500
WD A Wavelenogth=254 nm (YFWF-2-53C005313 D)
mall =
300
250
200 4
150—-
100—-
a0 4 %
]
BI' BI ‘1ID 1I2 1|4 min
Peak RetTime Type Width Area Height Area
H [min] [min] [AT* =] [mi1T] %
- [-——= |- |-——————- |- [-———————~ I
1 6.393 EE 0.2177 267.24817 189.28623 3.5220
Z2 10.504 EBE 0.3330 7320.75684 340.32135 96.4780
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_Boc
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nwz

YWD A Wavelength=254 nm (YFWF-263C005421 .0)
maALl =
300 + - g
250 4
200 H
150 o
100—_
so—f
o
9.5 1IEI 1D|5 1|1 11‘.5 1‘2 12|5 1|3 min
Peak RetTime Type Width Area Height Area
# [min] [tin] [maU* =] [tmaT] %
-——= |- [-===|=-====- [-=—=——————- [ === [———————-
1 10.681 VE 0.3132 7240.88379 353.17575 51.3Z30
2 12.72% BV 0.3811 e867.57715 277.1c6e41 48.6770
WD A Wavelength=254 nm (vFYF-2628005399.0)
mALl oW
250 B
200
150
100
50 Z
. S
4 b'l' SI 1ID 1I2 min
Peak RetTime Type Width Area Height Area
# [toim] [min] [mATT* =] [mATT] %
- |- [-——— === [-———————— = |- |-~
1 10.e47 EE 0.3201 234.78267 11.17488 3.0072

2 1Z.648 BV 0.3837 7572.55127 303.94971 96.00218

S24




Supporting information

_Boc
H

0

iz

Ja0
300
250
200
150
100

a0

mal g
400 3

YWD &, Wavelenoth=254 nm (vFWF-2-538003419.0)

34 614

26 25 30 32 34 36 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [maT] %
- e |——=——==——- |—=====——- |——=—=——-
1 3z.087 BV 0.7610 Z.0598300e4d 422 .72424 50,3079
2 34.614 VEBA 0.8825 2.07232e4d 362.74377 49,6921
SNDT A Wavelenath=254 nm (YFOWF-2-61 400542000
mAU_ =
SDD—-
400
300—:
200
100 4 3
o o
15 1?‘.5 2ID 22|5 2‘5 2?‘5 3|D 32:.5 3‘5 min
Peak RetTime Type Width Area Height Area
# [toin] [min] [maAT* 5] [maT] %
il e [———= === [——=——====- [—==—==——=- [—====——= I
1 31.781 BV 0.7693 3.08527ed 616.035389 95,3048
2 34.413 VE 0.9000 1183.80273 20.07495 3.6952
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D A, Wavelength=254 nm (vFWwF-2-600003554 D)
mall @ z
160 =
140
1204
100
0 3
BD-:
40—-
20—-
iE : :
S 1ID 1I5 2‘0 2‘5 3‘0 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mi1T] %
=== |- === |- | === | ——=—=——- I
1 26.959 BV 0.8206 9176.57520 170.86055 50.3042
2 Z9.404 VB 0.8204 9065.57813 159.67296 49,6953

WD A Wavelenogth=254 nm (YFWF-2-62C005563 D)

mall =

70

=) E

a0 E

40 —

30 E

20 g o

10 %

04 .
] 1IU 1 ‘5 2‘0 2|5 3‘0 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [ma1T] %

1 Z26.916 BE O.8127 4279.49756 21.61360 96.3328
& 29.090 EEB o.7043  162.91208 3.44143 3.6672
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,Boc
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iz

WD A Wavelenoth=254 nm (YFWF-2-604005377 .00
mAL ] «o
BD—: :
70 o
50 2
50
403
30
20
10 4
L N ,

10 1I2 ‘1‘4 1IB 1I8 min
Peak RetTime Type Width Area Height Area
H [min] [min] [1AT* =] [mi1T] %

- |- [-—— |- |- |- |-~ |

1 11.293 EBE 0O.e401 3714.93018 87.5389: 49,8053

& 14.848 EBE 0.9935 3743.97510 55.89447 50,1947

D A Wavelength=254 nm (YFWF-257C003375.0)
maLl -] o
500 i
500
400
300—-
200
100 9 %
5
4 b'l' BI 1IU 1I2 1I4 1;3 min
Peak RetTime Type Width Area Height Area
# [toin] [toin] [mATT* =] [mATT] %
- [-=—— === [-=—————— [ |[-———————- |
1 11.2Z82 EBE 0.36536 1295.53935 34, 69836 3.2179

2 14.345 EEBA 0.8576 3.89655e4 £78.94775 96,7821
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nwz

DT A, Wavelenogth=254 nm (YFIWYF-2634005432.0)
mall ] & ~
600 —- §
500 5
400
300 o
200 —-
100
o
g 1ID 1I2 1I4 1;3 min
Peak RetTime Type Width Area Height Area
# [min] [min] [maT* =] [mAaTT] %
il Rttt === === [-—=———=—=- [——=——=——=- [ ——==——=- |
1 1Z.0Z¢ EE 0.3827 1.60808e4 £49.78937 40,7183

2 14.657 BBA 0.4632 1.62630e4 S543.33582  50.Z817

D A Wavelenath=254 nm (YFYWF-2-594005396.00)
mALl
200 bl
175
150
125—_
100 3
?S—E
a0 .
25 §
o
g EII 1ID 1|1 1|2 1|3 1|4 1|5 min
Peak RetTime Type Width Area Height Area
# [min] [toin] [mATT* =] [ral1r] %
=== === |- === |[—======—== === | ——===——= |
1 1Z.085 BE 0.3707 194.87715 g2.15831 3.12Z59

2 14.683 BV 0.4382 6039.41992 Z14.00836 96.83741
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o
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WD A Wavelenoth=254 nm (YFWF-2-60B8005394 .0
mALl 1 o
8] %
B0 —_
40 1
20 7]
0
5 b'l' ?l SI Ell 1 ID 1 I‘1 1 I2 1 I3 min
Peak RetTime Type Width Area Height Area
# [min] [toin] [mAT* =] [mi1T] %
e [-——— |- [-———————- [-————————= [-——————- I
1 8.538 BV 0.2513 1g93.56653 103.:29844 53.7654
£ 10.404 VE 0.31e0 1456.354Z5 TO.80702 4d4e.Z346
WD A Wavelength=254 nm (YFWF-2-598005395.0D)
mAlLl E [=]
70
B0 E
=0 3
40
30
20 —: -
10 g
04
[ SI 1 ID 1 I2 1 I4 1 ;3 min
# [min] [min] [mATT* 5] [mi1T] %
———= |- [-===|=-===——- [-==—=——=——- [-==—===——= |——=——==-- I
1 8.437 BB 0.2506 102 .68Z209 6.31761 6.0303

2 10.Z40 EE 0.30e7 1600.09607 80.58021 93.9697
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nZ

H
N
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WD A, Wavelength=254 nm (vFWF-2-630003652 0

"o 2 :

60 " E

s0 4

40—%

30

20

10

04 . : : : : ; - ; .

5] g 10 12 14 16 18 20 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT* =] [rna1T] %
- - === - |- [———————~ |
1 1z.8530 EBE 1.0121 4814.90283 TZ.Z8268 49.411Z

2 17.673 BBA 1.2917 4929.65332 57.9932Z0 50.588%8

WD A Wavelength=254 nm (YFWF-2-628005651.00
ma o
30—: ﬁ
25—_
20—:
15
10 -
e ; —
5] g 10 12 14 16 18 20 min
Peak RetTime Type Width Area Height Area
H [min] [min] [1AT* =] [mi1T] %
il el [-=== === [-==———=—=- [—==—===—- | === |
1 12.848 BB 1.0272 2311.25781 33.82497 91.8013
2 17.688 EBE 0.8936 Z06.41635 2.70096 g.1987
H';I,COF?Me
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WD A Wavelength=254 nm (YFWF-260C005565 00

1740 3 -
1500—- g
1250

1000

?SD—;

SUD—:

250
1]

7 8 g 10 1 15 15 14 13 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mat] %

-—— = [-——= - [-———————- |- [-———————~ I
1 8.633 BE 0.2474 3.3876d4ed4 2108.69263 49,7333

2 1Z.854 BV 0.3901 53.42398=4 1358.12964 50.2667

VWD A, Wavelength=254 nm (vF W F-2 540005425.0)
Ml =
250 4
200
150

100

50

4 5} i 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mATT* =] [mi1T] %

1 8.711 BV 0.2155 560.50543 39.98707 g8.3019
2 13.110 BE 0.3481 6191.01465 273.51895 91.65381

E: Copies of NMR spectra
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