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General Information

Unless stated otherwise, all reactions were carried out in oven-dried Schlenk Tube under an
inert atmosphere of dry argon or nitrogen atmosphere. All commercially available reagents
were used without further purification. All solvents were purified and dried according to
standard methods prior to use. For product purification by flash column chromatography,
silica gel (200-300 mesh) was used. '"H NMR spectra were recorded on a Bruker 400 MHz
NMR spectrometer. Chemical shifts were reported in parts per million (ppm) referenced to
the appropriate solvent peak or 0.0 ppm for tetramethylsilane. The following abbreviations
were used to designate chemical shift multiplicities: s = singlet, d = doublet, t = triplet, q =
quartet, sep = septet, dd = doublet of doublet, td = triplet of doublet, br = broad, m = multiplet.
Coupling constants, .J, were reported in hertz unit (Hz). 3C NMR spectra were recorded on a
101 MHz NMR spectrometer. Chemical shifts were reported in ppm referenced to the center
of a triplet at 77.0 ppm of chloroform-d. IR spectra were obtained on a FT-IR spectrometer
using KBr plates (thin film). Melting points were determined using an X-4 apparatus and are
uncorrected. GC-MS data were performed on Agilent 7890A. GC analyses were performed
on a Shimadzu GC-2014 equipped with a capillary column (HP-5 30 m % 0.25 um) using a

flame ionization detector. HRMS was performed on TOF LC-MS in ESI mode.

Procedures for the preparation of starting materials

Q H
. OHDCC (1.10 equw) o'
BocNHOH DCM, —15 °C I
1a

1.05 equiv

To a 250 mL flame-dried round bottom flask equipped with a stir bar, N-hydroxyl tert-butyl
carbamate Sla (2.66 g, 20 mmol), 2-iodobenzoic acid (5.11 g, 21 mmol) and anhydrous
CH,ClI, (80 mL) were added. The flask was cooled to =15 °C. DCC (4.53 g, 22 mmol,
dissolved in 20 mL anhydrous CH,Cl,) solution was then added dropwise. The reaction
mixture was stirred at the same temperature for additional 30 mins until the N-hydroxyl
carbamate was fully consumed (monitored by TLC). The white precipitate (N, N’-

dicyclohexylurea) was removed by filtration and the filtrate was concentrated in vacuo and

S2



dissolved again in Et,O (30 mL). The solution was cooled to =20 °C for 2 h and filtered again
to remove additional precipitate. The organic layer was then concentrated in vacuo and the
residue was recrystallized from hexanes and EtOAc to afford corresponding product 1a in 78%
yield as a white solid.

D.-F. Lu, C.-L. Zhu, Z.-X. Jia, H. Xu, J. Am. Chem. Soc., 2014, 136, 13186.

Boc,0, K,CO
NH,OH*HCI 2= 223> BocNHOH
EtzO/HQO, r.t. S1a

N-hydroxyl tert-butyl carbamate S1a was prepared from hydroxylamine hydrochloride with
(Boc),0, according to a known procedure. A suspension of NH,OH-HCI (9.6 g, 140 mmol)
and K,COs (7.2 g, 70 mmol) in Et,0O (60 mL) and H,O (2 mL) was stirred for about 1 h at
room temperature with evolution of CO, gas. A solution of Boc,0O (20 g, 92 mmol) in Et,O
(40 mL) was then added dropwise at 0 °C and the suspension was stirred at room temperature
for 12 h. The organic phase was decanted and the solid was washed with Et,0 (30 mL x 2)
and the organic layers were combined and concentrated. Recrystallization with a
cyclohexane/toluene mixture afforded the desired product S1a.

D.-F. Lu, C.-L. Zhu, Z.-X. Jia, H. Xu, J. Am. Chem. Soc., 2014, 136, 13186.

O

O
I NaOH.HO_ )J\N’OH

3
RO Cl 0°Ctor.t. R°O |
H
S1b: R=Me S1c: R=Bn

NH,OH+HCI *

N-hydroxyl carbamates were prepared from hydroxylamine with the corresponding
chloroformates according to a known procedure. Hydroxylamine hydrochloride (13.9 g, 200
mmol) was added to aqueous solution of NaOH (1.5 M, 160 mL, 240 mmol). The solution
was cooled to 0 °C and chloroformate (38 mmol) was added dropwise. Upon the completion
of addition, the mixture was warmed up to room temperature and stirred for additional 2 h.
The reaction was then acidified with aqueous HCI (6 M) till pH was around 4.5. Then the
mixture was extracted with Et,O (200 mL x 3) and the combined organic layers were washed
with brine and dried over anhydrous Na,SO,. After removal of the solvent in vacuo, the N-
hydroxyl carbamate was used directly without further purification.

D.-F. Lu, C.-L. Zhu, Z.-X. Jia, H. Xu, J. Am. Chem. Soc., 2014, 136, 13186.
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2) imidazole  Et
NH,OH+HCI
0°Ctor.t.

0
0
1) THE, 0 °C-r.t.
EtOH + fNJ\N/y ) = O)J\N,OH
NSy H

S1d

To a flame-dried 100 mL round bottom flask equipped with a stir bar was added CDI (1.78 g,
11 mmol) in anhydrous THF (30 mL). The flask was cooled to 0 °C and ethylalcohol (0.46 g,
10 mmol) was added dropwise. The mixture was stirred for additional 1 h at room
temperature and then NH,OH-HCI (1.04 g, 15 mmol) and imidazole (0.82 g, 12 mmol) were
added in one portion. The reaction was monitored by TLC, until the starting material
disappeared (about 1 h). Then the mixture was filtered and concentrated in vacuo. The
residue was dissolved in EtOAc (40 mL) and washed with aqueous HCI (1 M, 20 mL x 3).
The organic layer was dried over anhydrous Na,SO,4 and concentrated to afford the crude
product S1d in 85% yield, which can be used directly for next step.

D.-F. Lu, C.-L. Zhu, Z.-X. Jia, H. Xu, J. Am. Chem. Soc., 2014, 136, 13186.

Synthesis of 3a via path a

O Pd(OACc), (10 mol%)
O/NHBoc TTBP (20 mol%) mph
Cs,CO5 (2 equiv) N

A toluene (3 mL), 110 °C Boc
la Ph Ar, then TBAF 3a

To a solution of Ia (101.2 mg, 0.30 mmol), Pd(OAc), (6.7 mg, 10 mol%), TTBP (17.4 mg,
20 mol%) and Cs,CO; (195.5 mg, 0.60 mmol) in toluene (3 mL) in a Schlenk Pressure Tube
(10 mL) under a dry argon atmosphere. The reaction mixture was vigorously stirred at 110 °C
for 1.5 h, then we added TBAF (156.9 mg, 2 equiv) to the reaction system. After completion
of the reaction, the solvent was removed under pressure and the crude product was subjected
to silica gel column chromatography (eluent: petroleum ether / ethyl acetate = 100 / 1) to
afford the product 3a (57.2 mg, 65%).

A. Yasuhara, Y. Knamori, M. Kaneko, A. Numata, Y. Kondo, T. Sakamoto, J. Chem. Soc.,
Perkin Trans. 1 1999, 529.
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Table S1. Optimization of the reaction conditions of path a.”

o} catalyst (10 mol%)
O,NHBOC ligand (20 mol%) mph
N

base, solvent, 110 °C, Ar

% Ph then TBAF
la 3a
Entry Catalyst Ligand Time (h) Solvent Yield” (%)

1 PdCl, PPh; Cs,CO;s Toluene 30
2 Pd(OAc), PPh; Cs,COs Toluene 34
3 PdCl,(PPh;), No Cs,CO;s Toluene 28
4 Pd(TFA), PPh; Cs,CO;s Toluene 26
5 Pd(OAc), No No Toluene Trace
6 Pd(OAc), PPh; No Toluene Trace
7 No No Cs,CO; Toluene 18

8 Pd(OAc), BINAP Cs,CO;s Toluene 47
9 Pd(OAc), Xantphos Cs,CO3 Toluene 50
10 Pd(OAc), TTBP Cs,CO4 Toluene 56
11 Pd(OAc), P(o-tol); Cs,CO;s Toluene 48
12 Pd(OAc), 2,2'-Bipyridine Cs,CO3 Toluene 42
13 Pd(OAc), TTBP K,CO;3 Toluene 20
14 Pd(OAc), TTBP t-BuOK Toluene 17
15 Pd(OAc), TTBP -BuONa Toluene 18
16 Pd(OAc), TTBP Et;N Toluene 6
17 Pd(OAc), TTBP Cs,CO;4 CHCl; 29
18 Pd(OAc), TTBP Cs,COs DMF 0
19 Pd(OAc), TTBP Cs,COs Xylene 50
20 Pd(OAc); (10 mol%) TTBP (20 mol%) Cs,CO; Toluene 69 (65)°¢
21 Pd(OAc), (20 mol%) TTBP (40 mol%) Cs,CO3 Toluene 63

@ Reaction conditions: Ia (0.2 mmol), catalyst (5 mol%), ligand (10 mol%), base (0.4 mmol, 2 equiv),
TBAF (2 equiv) in solvent (1 mL) under argon atmosphere at 110 °C. ? The yields were determinded by
GC analysis using biphenyl as internal standard. ¢ Yield of the isolated product.
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Table S2. Synthesis of starting materials I via Sonogashira cross-coupling reaction.”

0]

1
NHBoo R PdCI,(PPha), (5 mol%) o NHBoc
o + >
/ Cul (10 mol%)
I H %
|

Et3N (6 mL), Ar, r.t.

R’
1a 2
Entry R! I Time (h) Yield? (%)
1 C¢Hs Ia L.5 78
2 4-FCeHy Ib 1 71
3 4-CIC¢H,4 Ic 2 69
4 4-BrCgHy Id 2.5 46
5 3-CIC¢H4 Ie 3 48
6 4-MeC¢H,4 If 2 85
7 4-EtCgH, Ig 4 86
8 4-MeOCgH,4 Ih 2 83

@ Reaction conditions: 1a (2.0 mmol), 2 (3.2 mmol), PdCI,(PPhs), (5 mol%), Cul (10 mol%) in Et;N (6

mL) at room temperature under argon atmosphere. ? Yield of the isolated product.

To a EtzN (6 mL) solution of 1a (726.3 mg, 2 mmol) and 2a (326.8 mg, 3.2 mmol) were
added PdCl,(PPh;), (70.2 mg, 0.1 mmol) and Cul (38.1 mg, 0.2 mmol) in a Schlenk Pressure
Tube (25 mL) under a dry argon atmosphere at room temperature. The resulting mixture was
monitored by TLC until 1a was consumed about 1.5 h. After completion of the reaction, the
solvent was removed under pressure and the crude product was subjected to silica gel column
chromatography (eluent: petroleum ether / ethyl acetate = 50 / 1) to afford the product Ia
(526.3 mg, 78%). We used the similar method to afford Ib-Ih (Table S2).

A. Yasuhara, Y. Knamori, M. Kaneko, A. Numata, Y. Kondo, T. Sakamoto, J. Chem.
Soc.,Perkin Trans. 1 1999, 529.

Synthesis of 3a via path b

0]

T

N Ph Pd(OAc), (5 mol%) NHBoc
©f‘\0/ “Boc + % BINAP (10 mol%) TBAF mPh
C32003 (2 equiv) N
' H toluene (3 mL), 110 °C A o boc
1a 2a Ar, then TBAF lla 3a

Se



To a toluene (3 mL) solution of #-buty[((2-iodinebenzoyl)oxy)]carbamate 1a (108.9 mg, 0.30
mmol), Pd(OAc), (3.4 mg, 5 mol%), BINAP (18.6 mg, 10 mol%), Cs,CO; (195.5 mg, 0.6
mmol) were added phenylaccetylene 2a (49.0 mg, 0.48 mmol) in a Schlenk Pressure Tube
(10 mL) under a dry argon atmosphere. The resulting mixture was vigorously stirred at 110
°C and monitored by TLC until the starting material 1a was transformed into Ila about 2
hours. Then we added the TBAF (156.9 mg, 2 equiv) to the reaction system. After
completion of the reaction, the solvent was removed under pressure and the crude product
was subjected to silica gel column chromatography (eluent: petroleum ether / ethyl acetate =
100 / 1) to afford the product 3a (52.8 mg, 60%).

Table S3. Synthesis of 11.#

1+ Pd(OAc), (5 mol%)

O
R o NHBoc
O,NHBoc . / BINAP (10 m°|./°l
H Cs,CO3 (2 equiv)
I

toluene (3 mL) %

R1
1a 2 Ar, 110 °C, 2h I
Entry R! II Yield? (%)
1 CeHy4 ITa 71
2 2-FCeHy ITb 88
3 3-FCe¢Hy e 87
4 4-FC¢H,4 IId 71
5 4-CIC¢H4 Ile 73
6 4-BrC¢Hy If 61
7 4-MeC¢Hy IIg 85
8 4-MeOCgHy4 ITh 83
9 thiophene IIi 67
10 cyclopropane Ij 59
11 (CH,)sCH3; ITk 65
12 T™S m 63

@ Reaction conditions: 1a (0.30 mmol), 2 (0.48 mmol, 1.6 equiv), Pd(OAc), (5 mol%), BINAP (10 mol%)
Cs,CO3 (0.6 mmol, 2 equiv) in toluene (3 mL) at 110 °C under argon atmosphere. ? Yield of the isolated
product.
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To a toluene (3 mL) solution of #-buty [((2-i0dinebenzoyl)oxy)]carbamate 1a (108.9 mg, 0.30
mmol), Pd(OAc), (3.4 mg, 5 mol%), BINAP (18.6 mg, 10 mol%), Cs,CO; (195.5 mg, 0.60
mmol) were added phenylaccetylene 2a (49.0 mg, 0.48 mmol) in a Schlenk Pressure Tube
(10 mL) under a dry argon atmosphere. The resulting mixture was vigorously stirred at 110
°C and monitored by TLC until the starting material 1a was consumed about 2 hours. After
completion of the reaction, the solvent was removed under pressure and the crude product
was subjected to silica gel column chromatography (eluent: petroleum ether / ethyl acetate =
40/ 1) to afford the product Ila (62.5 mg, 71%). We used this same method to afford ITb-I11
(Table S3).

Synthesis of 2, 3-disubstituted indole 3u

0 5 Pd(OAc), (10 mol%) Ph
PPh; (20 mol%)
o NHBoc | Vi T 2 N—pp
LiCl (1 equiv) N
| Ph K,COj3 (5 equiv) Boc

1a or toluene (3 mL), 110 °C, Ar

3u

To a toluene (3 mL) solutin of 1a (108.9 mg, 0.30 mmol), 2r (85.6 mg, 0.48 mmol),
Pd(OAc), (6.7 mg, 10 mol%), PPh; (15.7 mg, 20 mol%) and K,CO; (207.3 mg, 1.50 mmol),
LiCl (12.7 mg, 0.30 mmol) in a Schlenk Pressure Tube (10 mL) under a dry argon
atmosphere. The reaction mixture was vigorously stirred at 110 °C for overnight. After
completion of the reaction, the solvent was removed under pressure and the crude product
was subjected to silica gel column chromatography (eluent: petroleum ether / ethyl acetate =

50/ 1) to afford the product 3u (72 mg, 65%).
M. Somei and F. Yamada, Nat. Prod. Rep., 2004, 21, 278.

Synthesis of compound 6a

Ph
COONHBoc Ph. N,Boc
PdCI2 PPh3), (5 mol%), Cs,COj3 (1 equiv), Toluene
/ [Cp*RhCl,], (2.5 mol%), Ag,CO3 (2 equiv), DMF OO
110 °C, Ar, 12 h, 30% yield
6a

NHBoc
‘ PdCly(PPh3), (5 mol%) Ph——=

Ph
Cs,CO5 (1 equiv), toluene OO [Cp*RhCl,], (2.5 mol%) T
110 °C, 1 h, 75% yield Ag,CO3 (2 equiv), DMF

110 °C,10 h, 65% yield

5
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To a solution of 4 (90.4 mg, 0.3 mmol), Pd(PPh;),Cl, (10.5 mg, 0.015 mmol) and Cs,CO;
(97.7 mg, 0.3 mmol) in toluene (3 mL) in a Schlenk Pressure Tube (10 mL) under a dry argon
atmosphere. The reaction mixture was vigorously stirred at 110 °C and monitored by TLC
until the starting material 5 was consumed about 1 h. After removing the solvent by reduced
pressure distillation, we added the diphenylacetylene (85.6 mg, 0.48 mmol), [Cp*RhCl,],
(4.6 mg, 0.015 mmol), Ag,CO; (165.5 mg, 0.6 mmol) and DMF (3 mL) to the reaction
system. After completion of the reaction, the solvent was removed under pressure and the
crude product was subjected to silica gel column chromatography (eluent: petroleum ether /
ethyl acetate = 50 / 1) to afford the product 6 (39.0 mg, 30%).

(1) X. Zhang, W. Si, M. Bao, N. Asao, Y. Yamamoto and T. Jin, Org. Lett., 2014, 16, 4830.
(2) Q. Dai, P. Li, N. Ma and C. Hu, Org. Lett., 2016, 18, 5560.

Characterization data

Table S2, entry 1

0]

_NHBoc
0]

A
Ph

tert-butyl ((2-(phenylethynyl)benzoyl)oxy)carbamate Ia

Yellow solid (526.3 mg, 78%). mp: 84-85 °C. IR (film) 2943, 2834, 1451, 1012, 756 cm™!.

'H NMR (400 MHz, CDCl): ¢ 8.24 (s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 7.6 Hz,
1H), 7.61-7.53 (m, 3H), 7.41 (t, J = 8.0 Hz, 1H), 7.36-7.33 (m, 3H), 1.51 (s, 9H); *C NMR
(101 MHz, CDCl;): ¢ 165.5, 155.6, 133.9, 132.8, 131.8, 130.7, 128.7, 128.5, 128.3, 127.9,
124.5, 123.0, 95.3, 87.3, 83.3, 28.0. HRMS (ESI-TOF) m/z: [M + NH4]" Calcd for
CyoHsCINOy4 355.1652; Found 355.1663.

Table S2, entry 2

]

_NHB
o™

C
F

tert-butyl ((2-((4-fluorophenyl)ethynyl)benzoyl)oxy)carbamatecarbamate Ib
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Oil (503.0 mg, 71%). IR (film) 2976, 1733, 1227, 1012, 756 cm'!. 'TH NMR (400 MHz,
CDCls): 6 8.28 (s, 1H), 8.06 (d, /= 8.0 Hz, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.58-7.52 (m, 3H),
7.40 (t, J = 7.6 Hz, 1H), 7.06-7.02 (m, 2H), 1.51 (s, 9H); 13C NMR (101 MHz, CDCl;): 6
165.5,162.7 (d, J=251.2 Hz), 155.5, 133.8 (d, /= 1.6 Hz), 133.7, 132.8, 130.7, 128.4, 128.0,
124.3,119.1 (d, J=3.4 Hz), 115.6 (d, J =222.2 Hz), 94.2, 87.0, 83.3, 28.0. HRMS (ESI-TOF)
m/z: [M + NHy4]" Calcd for C,0HsFNO4 373.1558; Found 373.1563.

Table S2, entry 3

0]

_NHBoc
Cre

X
SN

tert-butyl ((2-((4-chlorophenyl)ethynyl)benzoyl)oxy)carbamate Ic
White solid (513.1 mg, 69%). mp: 59-60 °C. IR (film) 2952, 1660, 1451, 1053, 1012 cm™'.
'"H NMR (400 MHz, CDCls): ¢ 8.24 (s, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 7.6 Hz,
1H), 7.56 (t, J= 7.6 Hz, 1H), 7.51 (d, J = 8.4 Hz, 2H), 7.42 (t, J= 7.6 Hz, 1H), 7.32 (d, J =
8.4 Hz, 2H), 1.51 (s, 9H); 13C NMR (101 MHz, CDCl;): § 165.5, 155.5, 134.7, 133.9, 133.1,
132.8, 130.8, 128.7, 128.5, 128.2, 124.1, 121.5, 94.0, 88.2, 83.4, 28.0. HRMS (ESI-TOF) m/z:
[M + NHy4]* Caled for C,0H 13CINO4 389.1263; Found 389.1263.
Table S2, entry 4

Br
tert-butyl ((2-((4-bromophenyl)ethynyl)benzoyl)oxy)carbamate Id

Oil (383.0 mg, 46%). IR (film) 2979, 1733, 1224, 1006, 750 cm'!. '"H NMR (400 MHz,
CDCl): 0 8.26 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.65 (d, /= 8.0 Hz, 1H), 7.55 (t,J = 7.6 Hz,
1H), 7.49-7.40 (m, 5H), 1.51 (s, 9H); *C NMR (101 MHz, CDCl;): ¢ 165.4, 155.5, 133.9,
133.2, 132.8, 131.6, 130.8, 128.5, 128.2, 124.1, 123.0, 121.9, 94.1, 88.4, 83.4, 28.0. HRMS
(ESI-TOF) m/z: [M + NHy4]" Calcd for C,0H;sBrNO,4 435.0740; Found 435.0745.

Table S2, entry 5
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tert-butyl ((2-((3-chlorophenyl)ethynyl)benzoyl)oxy)carbamate Ie

White solid (357.0 mg, 48%). mp: 93-95 °C. IR (film) 2973, 1739, 1050, 1006, 750 cm-!.

'"H NMR (400 MHz, CDCl;): 6 8.23 (s, 1H), 8.09-8.07 (m, 1H), 7.68-7.66 (m, 1H), 7.59-7.55
(m, 2H), 7.47-7.41 (m, 2H), 7.34-7.28 (m, 2H), 1.51 (s, 9H); 3C NMR (101 MHz, CDCl;): 6
165.5, 155.5, 134.2, 134.1, 132.9, 131.7, 130.8, 130.0, 129.6, 129.0, 128.6, 128.4, 124.7,
124.0, 93.7, 88.4, 83.5, 28.1. HRMS (ESI-TOF) m/z: [M + NHy]" Calcd for C,0H gCINOy,
389.1263; Found 389.1263.

Table S2, entry 6

Me

tert-butyl ((2-(p-tolylethynyl)benzoyl)oxy)carbamate If

Oil (597.4 mg, 85%). IR (film) 2949, 2522, 1457, 1033, 756 cm'!. '"H NMR (400 MHz,
CDCl5): 0 8.21 (s 1H), 8.06 (d, J= 7.6 Hz, 1H), 7.66 (d, J= 7.6 Hz, 1H), 7.55 (t, /= 7.6 Hz,
1H), 7.48 (d, J = 8.0 Hz, 2H), 7.39 (t, /= 7.6 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 2.37 (s, 3H),
1.51 (s, 9H); *C NMR (101 MHz, CDCl;): 6 165.6, 155.6, 138.9, 133.9, 132.7, 131.8, 130.7,
129.1, 128.4, 127.7, 124.7, 119.9, 95.6, 86.7, 83.3, 28.0, 21.5. HRMS (ESI-TOF) m/z: [M +
H]*" Calcd for C,;H,NOy4 352.1543; Found 352.1551.

Table S2, entry 7

Et
tert-butyl ((2-((4-ethylphenyl)ethynyl)benzoyl)oxy)carbamate Ig

Oil (628.1 mg, 86%). IR (film) 2967, 1739, 1224, 1018, 750 cm''. 'H NMR (400 MHz,
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CDCl): 0 8.21 (s, 1H), 8.06 (dd, J = 7.6 Hz, 0.8 Hz, 1H), 7.66 (dd, J = 7.6 Hz, 0.8 Hz, 1H),
7.55 (td, J= 7.2 Hz, 1.2 Hz, 1H), 7.51 (d, J = 8.4 Hz, 2H), 7.39 (td, J = 8.0 Hz, 1.2 Hz, 1H),
7.18 (d, J = 8.0 Hz, 2H), 2.66 (q, J = 7.6 Hz, 2H), 1.51 (s, 9H), 1.24 (t, J = 8.4 Hz, 3H); 13C
NMR (101 MHz, CDCl): ¢ 165.6, 155.6, 145.2, 133.9, 132.7, 131.9, 130.7, 128.4, 127.9,
127.7, 124.8, 120.1, 95.6, 86.7, 83.3, 28.9, 28.0, 15.3. HRMS (ESI-TOF) m/z: [M + HJ*
Calcd for C,,H»3NO,4 366.1700; Found 366.1702.

Table S2, entry 8

OMe
tert-butyl ((2-((4-methoxyphenyl)ethynyl)benzoyl)oxy)carbamate Ih

Oil (609.9 mg, 83%). IR (film) 2976, 1742, 1249, 1059, 759 cm'!. 'TH NMR (400 MHz,
CDCl): ¢ 8.21 (s, 1H), 8.06 (dd, J = 8.0, 1.2 Hz, 1H), 7.65 (dd, J = 7.6, 0.8 Hz, 1H), 7.56-
7.51 (m, 3H), 7.38 (td, J= 7.8, 1.2 Hz, 1H), 6.90-6.86 (m, 2H), 3.83 (s, 3H), 1.51 (s, 9H); 13C
NMR (101 MHz, CDCly): 6 165.6, 160.0, 155.6, 133.7, 133.4, 132.7, 130.7, 128.2, 127.6,
124.9, 115.1, 114.0, 95.6, 86.2, 83.3, 55.3, 28.0. HRMS (ESI-TOF) m/z: [M + H]" Calcd for
C,1H21NOs 368.1492; Found 368.1503.

Table S3, entry 1

NHBoc
%

Ph
tert-butyl (2-(phenylethynyl)phenyl)carbamate Ila
White solid (62.5 mg, 71%). mp: 62-65 °C. 'H NMR (400 MHz, CDCl;): 6 8.16 (d, J = 8.4
Hz, 1H), 7.57-7.54 (m, 2H), 7.46 (dd, J= 7.6, 1.6 Hz, 1H), 7.41-7.37 (m, 3H), 7.35-7.30 (m,
2H), 6.99 (td, /= 7.6, 0.8 Hz, 1H), 1.55 (s, 9H); 13C NMR (101 MHz, CDCl3): ¢ 152.3, 139.4,
131.6, 131.4, 129.6, 128.6, 128.4, 122.5, 122.0, 117.5, 111.1, 96.0, 84.5, 80.7, 28.2.
T. Ishida, S. Kikuch, T. Tsubo and T. Yamada, Org. Lett., 2013, 15, 848.
Table S3, entry 2
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tert-butyl (2-((2-fluorophenyl)ethynyl)phenyl)carbamate I1b

Yellow solid (82.2 mg, 88%). mp: 68-70 °C. IR (film) 3408, 2967, 1733, 1056, 756 cm’!,

'H NMR (400 MHz, CDCl5): ¢ 8.19 (d, J = 8.4 Hz, 1H), 7.54-7.51 (m, 2H), 7.47 (d, J=17.6
Hz, 1H), 7.38-7.32 (m, 2H), 7.18-7.12 (m, 2H), 7.00 (t, J = 7.6 Hz, 1H), 1.56 (s, 9H); 13C
NMR (101 MHz, CDCly): 6 162.6 (d, J=252.5 Hz), 152.5, 139.9, 132.8, 131.4, 130.3 (d, J =
8.1 Hz), 130.0, 124.1 (d, J=3.7 Hz), 122.0, 117.5, 115.6 (d, J=209.1 Hz), 111.4 (d, J=15.6
Hz), 110.7, 90.0, 89.5, 80.7, 28.3. HRMS (ESI-TOF) m/z: [M + H]* Caled for C,9H;sNO,

312.1394; Found 312.1412.
Table S3, entry 3

! NHBoc

X
®
F

tert-butyl (2-((3-fluorophenyl)ethynyl)phenyl)carbamate Ilc

Yellow solid (81.3 mg, 87%). mp: 57-61 °C. IR (film) 3408, 2967, 1731, 1074, 873 cm’!.

'"H NMR (400 MHz, CDCl;): 6 8.16 (d, J = 8.4 Hz, 1H), 7.46 (dd, J= 7.8, 1.0 Hz, 1H), 7.38-
7.32 (m, 3H), 7.26-7.23 (m, 2H), 7.11-7.06 (m, 1H), 7.00 (t, J = 7.6 Hz, 1H), 1.55 (s, 9H);
13C NMR (101 MHz, CDCly): 6 162.4 (d, J = 248.1 Hz), 152.4, 139.6, 131.8, 130.1 (d, J =
8.7 Hz), 130.0, 127.4 (d, J=2.1 Hz), 124.4 (d, /= 9.6 Hz), 122.2, 118.3 (d, /=23 Hz), 117.7,
116.0 (d, J=21.2 Hz), 110.7, 94.7, 85.5, 81.0, 28.3. HRMS (ESI-TOF) m/z: [M + H]" Calcd

for C19H18N02 3121394, Found 312.1412.
Table S3, entry 4

l NHBoc

T
F
tert-butyl (2-((4-fluorophenyl)ethynyl)phenyl)carbamate I1d

Yellow solid (66.3 mg, 71%). mp: 69-71 °C. IR (film) 3405, 2973, 1383, 1048, 880 cm-".
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'H NMR (400 MHz, CDCLy): 6 8.16 (d, J = 8.4 Hz, 1H), 7.55-7.51 (m, 2H), 7.45 (d, J = 8.0
Hz, 1H), 7.33 (t, J = 7.6 Hz, 1H), 7.28 (br, 1H), 7.09 (t, J = 8.4 Hz, 2H), 6.99 (t, J = 7.2 Hz,
1H), 1.55 (s, 9H); '*C NMR (101 MHz, CDCLs): § 162.7 (d, J = 251.4 Hz), 152.4, 139.5,
133.5 (d, J=8.5 Hz), 131.7, 129.7, 122.2, 118.7 (d, J= 3.5 Hz), 117.7, 115.9 (d, J = 22.2 Hz),
111.0, 94.9, 84.3, 80.9, 28.3. HRMS (ESI-TOF) m/z: [M + HJ* Caled for C;oH;sFNO,

312.1394; Found 312.1412.
Table S3, entry 5

! NHBoc

C
Cl

tert-butyl (2-((4-chlorophenyl)ethynyl)phenyl)carbamate Ile

White solid (81.6 mg, 83%). mp: 87-90 °C. IR (film) 3405, 2976, 1380, 1056, 880 cm™!.

'H NMR (400 MHz, CDCl;): ¢ 8.16 (d, J = 8.4 Hz, 1H), 7.49-7.44 (m, 3H), 7.37-7.31 (m,
3H), 7.26 (s, 1H), 7.00 (t, J = 7.6 Hz, 1H), 1.55 (s, 9H); 3C NMR (101 MHz, CDCly): ¢
152.4, 139.5, 134.8, 132.7, 131.8, 129.9, 128.9, 122.1, 121.1, 117.7, 110.8, 94.8, 85.5, 80.9,

28.3. HRMS (ESI-TOF) m/z: [M + H]* Caled for C,9H;3CINO, 328.1099; Found 328.1105.
Table S3, entry 6

! NHBoc
O Br

X
tert-butyl (2-((4-bromophenyl)ethynyl)phenyl)carbamate IIf
Yellow solid(68.1 mg, 71%). mp: 92-95 °C. IR (film) 3402, 2973, 1386, 1051, 880 cm"!.
'"H NMR (400 MHz, CDCly): 6 8.15 (d, J= 8.4 Hz, 1H), 7.52 (d, /= 8.4 Hz, 2H), 7.45 (d, J =
6.8 Hz, 1H), 7.40 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 8.4 Hz, 1H), 7.26 (s, 1H), 7.00 (t, J = 7.6
Hz, 1H), 1.55 (s, 9H); *C NMR (101 MHz, CDCl;): ¢ 152.4, 139.5, 132.9, 131.8, 131.7,
129.9, 123.0, 122.2, 121.6, 117.7, 110.8, 94.9, 85.7, 80.9, 28.3. HRMS (ESI-TOF) m/z: [M +

H]* Calcd for C;9H;sBrNO, 372.0594; Found 372.0586.
Table S3, entry 7
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l NHBoc

X
L,

tert-butyl (2-(p-tolylethynyl)phenyl)carbamate IlIg

Yellow solid (78.4 mg, 85%). mp: 47-52 °C. IR (film) 3411, 2979, 1739, 1518, 815 cm’!.

'H NMR (400 MHz, CDCls): ¢ 8.15 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 8.4 Hz, 3H), 7.34 (s,
1H), 7.31 (t, J = 8.8 Hz, 1H), 7.20 (d, J = 8.0 Hz, 2H), 6.99 (t, J = 7.6 Hz, 1H), 2.39 (s, 3H),
1.55 (s, 9H); *C NMR (101 MHz, CDCl;): 6 152.4, 139.4, 139.0, 131.6, 131.4, 129.5, 129.3,
122.1, 119.5, 117.5, 111.3, 96.2, 83.9, 80.8, 28.3, 21.5. HRMS (ESI-TOF) m/z: [M + HJ*

Calcd for C,0H,1NO, 308.1645; Found 308.1648.
Table S3, entry 8

! NHBoc

X
O OMe

tert-butyl (2-((4-methoxyphenyl)ethynyl)phenyl)carbamate I1h
Yellow solid (79.6 mg, 82%). mp: 92-95 °C. IR (film) 3411, 2973, 1731, 1383, 1045 cm™'.
'"H NMR (400 MHz, CDCl3): 6 8.15 (d, J= 8.4 Hz, 1H), 7.48 (d, /= 8.4 Hz, 2H), 7.44 (d, J =
7.6 Hz, 1H), 7.34-7.28 (m, 2H), 6.98 (t, J = 7.6 Hz, 1H), 6.91 (d, J = 8.4 Hz, 2H), 3.85 (s,
3H), 1.55 (s, 9H); 13C NMR (101 MHz, CDCl;): ¢ 160.0, 152.4, 139.3, 133.0, 131.5, 129.3,
122.1, 117.5, 114.7, 114.1, 111.5, 96.1, 83.2, 80.7, 55.3, 28.3. HRMS (ESI-TOF) m/z: [M +
H]* Calcd for C,0H,NO5 324.1594; Found 308.1590.
Table S3, entry 9

NHBoc

X s

|
tert-butyl (2-(thiophen-3-ylethynyl)phenyl)carbamate 11i
Brown solid (60.2 mg, 67%). mp: 111-113 °C. IR (film) 3414, 1733, 1513, 1383, 1157 cm’!.
'"H NMR (400 MHz, CDCl;): ¢ 8.17 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.35-7.31
(m, 3H), 7.24 (br, 1H), 7.06-7.04 (m, 1H), 6.99 (t, J = 7.6 Hz, 1H), 1.55 (s, 9H); *C NMR
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(101 MHz, CDCly): ¢ 152.4, 139.4, 132.3, 131.7, 129.9, 127.8, 127.2, 122.5, 122.1, 117.7,
110.8, 89.0, 88.2, 80.9, 28.3. HRMS (ESI-TOF) m/z: [M + H]J" Caled for C;;H7;NO,S
300.1053; Found 300.1059.
Table S3, entry 10

NHBoc

X

tert-butyl (2-(cyclopropylethynyl)phenyl)carbamate I1j

Oil (45.5 mg, 59%). IR (film) 3400, 2973, 1733, 1515, 1053 cm'!. '"H NMR (400 MHz,
CDCl5): 6 8.10 (d, J = 8.4 Hz, 1H), 7.29 (d, J = 7.2 Hz, 1H), 7.26-7.22 (m, 2H), 6.91 (t, J =
7.6 Hz, 1H), 1.54 (s, 9H), 1.53-1.50 (m, 1H), 0.96-0.92 (m, 2H), 0.87-0.83 (m, 2H); 13C
NMR (101 MHz, CDCl;): 0 152.5, 139.6, 131.6, 128.7, 121.9, 117.2, 111.7, 100.5, 80.6, 70.9,
28.3, 9.0, 6.0. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C;sH;oNO, 258.1489; Found
258.1488.

Table S3, entry 11

w\/\/\
=

tert-butyl (2-(oct-1-yn-1-yl)phenyl)carbamate 11k

Oil (58.8 mg, 65%). IR (film) 3402, 2979, 1733, 1051, 756 cm’'. '"H NMR (400 MHz,
CDCl;): 0 8.11 (d, J= 8.4 Hz, 1H), 7.32 (d, J = 8 Hz, 1H), 7.30 (br, 1H), 7.27-7.23 (m, 1H),
6.92 (t, J=7.6 Hz, 1H), 2.50 (t, J = 6.8 Hz, 2H), 1.69-1.61 (m, 2H), 1.54 (s, 9H), 1.51-1.47
(m, 2H), 1.38-1.31 (m, 4H), 0.91 (t, J = 6.8 Hz, 3H); 13C NMR (101 MHz, CDCl3): ¢ 152.5,
139.4, 131.5, 128.7, 121.9, 117.2, 111.9, 97.5, 80.5, 76.0, 31.3, 28.6, 28.5, 28.3, 22.5, 19.6,
14.0. HRMS (ESI-TOF) m/z: [M + H]* Calcd for C9H»7NO, 302.2115; Found 302.2116.
Table S3, entry 12

NHBoc
©/\ )

SI\

|
tert-butyl (2-((trimethylsilyl)ethynyl)phenyl)carbamate 111

0il (54.7 mg, 63%). 'H NMR (400 MHz, CDCl;): 6 8.11 (d, J = 8.4 Hz, 1H), 7.36 (d, J = 7.2
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Hz, 2H), 7.30 (t, J = 8.0 Hz, 1H), 6.93 (t, J = 7.6 Hz, 1H), 1.53 (s, 9H), 0.29 (s, 9H); 13C
NMR (101 MHz, CDCL): 6 152.4, 140.3, 131.3, 129.9, 121.8, 117.2, 110.9, 102.0, 100.5,
80.6,28.3,0.1.
J. Neuhaus, S. Morrow, M. Brunavs and M. C. Willis, Org. Lett., 2016, 18, 1562.
Table 2, entry 1
O

N

\

Boc

tert-butyl 2-phenyl-1H-indene-1-carboxylate 3a

White solid (52.8 mg, 60%). mp: 76-78 °C. 'H NMR (400 MHz, CDCl;): 6 8.24 (d, J = 8.4
Hz, 1H), 7.57 (d, J= 7.6 Hz, 1H), 7.45-7.33 (m, 6H), 7.29-7.25 (m, 1H), 6.57 (s, 1H), 1.32 (s,
9H); 3*C NMR (101 MHz, CDCl3): 6 150.2, 140.5, 137.4, 135.0, 129.2, 128.7, 127.8, 127.5,
124.3,122.9,120.4, 115.2, 109.9, 83.3, 27.5.

R. Kuwano and M. Kashiwabara, Org. Lett., 2006, 8, 2653.

Table 2, entry 2

tert-butyl 2-(2-fluorophenyl)-1H-indene-1-carboxylate 3b

White solid (60.7 mg, 65%). mp: 85-86 °C. 'H NMR (400 MHz, CDCl): ¢ 8.21 (d, J = 8.0
Hz, 1H), 7.55 (d, J= 8.0 Hz, 1H), 7.36-7.32 (m, 2H), 7.27-7.24 (m, 1H), 7.20 (d, J= 7.6 Hz,
1H), 7.13 (d, J = 9.6 Hz, 1H), 7.08-7.03 (m, 1H), 6.57 (s, 1H), 1.34 (s, 9H); 3C NMR (101
MHz, CDCl;): 6 162.3 (d, J = 8.0 Hz), 150.0, 139.0 (d, J = 2.3 Hz), 137.5, 137.0 (d, J = 8.5
Hz), 129.2 (d, J = 8.5 Hz), 129.0, 124.6, 124.5 (d, J = 2.9 Hz), 123.0, 120.6, 115.8 (d, J =
22.4 Hz), 115.3,114.3 (d, J=21.3 Hz), 110.5, 83.6, 27.6.

P. Kassis, V. Bénéteau, J. Y. Mérour and S. Routier, Synthesis, 2009, 14, 2447.

Table 2, entry 3

tert-butyl 2-(3-fluorophenyl)-1H-indene-1-carboxylate 3¢

White solid (57.0 mg, 61%). mp: 89-91 °C. IR (film) 2979, 1733, 1327, 1021, 744 cm!.
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'"H NMR (400 MHz, CDCl3): 6 8.27 (d, J = 8.4 Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H), 7.45 (td, J
=7.6, 1.6 Hz, 1H), 7.41-7.35 (m, 2H), 7.29-7.25 (m, 1H), 7.21 (t, J= 9.2 Hz, 1H), 7.14-7.10
(m, 1H), 6.61 (s, 1H), 1.34 (s, 9H); '*C NMR (101 MHz, CDCl;): § 160.0 (d, J = 248.5 Hz),
149.9, 137.3, 134.1, 130.4 (d, J = 3.2 Hz), 129.6 (d, J = 8.1 Hz), 128.9, 124.6, 123.8 (d, J =
3.5Hz), 123.4, (d, J=15.5 Hz), 122.8, 120.5, 115.3, 115.0 (d, /= 21.6 Hz), 110.7, 83.4, 27.5.
HRMS (ESI-TOF) m/z: [M + H]" Calcd for C;oH;sFNO, 312.1394; Found 312.1395.

Table 2, entry 4

=
N

\
Boc Cl

tert-butyl 2-(3-chlorophenyl)-1H-indole-1-carboxylate 3d

Oil (47.2 mg, 48%). IR (film) 2979, 1736, 1321, 1030, 741 c¢cm''. '"H NMR (400 MHz,
CDCl): 6 8.22 (d, J= 8.4 Hz, 1H), 7.54 (d, J= 7.6 Hz, 1H), 7.42 (s, 1H), 7.37-7.31 (m, 4H),
7.28-7.24 (m, 1H), 6.58 (s, 1H), 1.34 (s, 9H); 3C NMR (101 MHz, CDCl3): 6 150.0, 138.8,
137.5, 136.7, 133.6, 129.1, 129.0, 128.9, 127.5, 126.8, 124.7, 123.1, 120.6, 115.3, 110.5, 83.7,
27.6. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C;oH3CINO, 328.1099; Found 328.1104.

Table 2, entry 5
N_ 73
N —
\

Boc
tert-butyl 2-(thiophen-3-yl)-1H-indole-1-carboxylate 3e
White solid (49.4 mg, 55%). mp: 61-62 °C. 'H NMR (400 MHz, CDCls): 6 8.20 (dd, J = 8.4,
0.8 Hz, 1H), 7.56-7.54 (m, 1H), 7.38-7.32 (m, 2H), 7.27-7.23 (m, 1H), 7.12-7.11 (s, 1H),
7.08-7.06 (m, 1H), 6.68 (s, 1H), 1.42 (s, 9H); 3*C NMR (101 MHz, CDCl5): § 150.0, 137.4,
135.5, 132.6, 128.7, 127.5, 126.5, 125.9, 124.7, 123.0, 120.5, 115.3, 111.9, 83.6, 27.7.
P. Kassis, V. Bénéteau, J. Y. Mérour and S. Routier, Synthesis, 2009, 14, 2447.

Table 2, entry 6

tert-butyl 2-cyclopropyl-1H-indole-1-carboxylate 3f
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Oil (40.1 mg, 52%). 'H NMR (400 MHz, CDCl;): ¢ 8.13 (d, J = 8.4 Hz, 1H), 7.42-7.40 (m,
1H), 7.26-7.22 (m, 1H), 7.18 (td, J = 7.6, 1.2 Hz, 1H), 6.24 (s, 1H), 2.41-2.34 (m, 1H), 1.70
(s, 9H), 0.99-0.94 (m, 2H), 0.77-0.73 (m, 2H); 3C NMR (101 MHz, CDCl;): ¢ 150.7, 144.0,
136.9, 129.1, 123.4, 122.6, 119.8, 115.4, 105.6, 83.4, 28.3, 11.2, 7.5.

Y. Wang, L. Liu, L. Zhang, Chem. Sci., 2013, 4, 739.

Table 2, entry 7

m(CHmCHs
N

\
Boc

tert-butyl 2-hexyl-1H-indole-1-carboxylate 3g

White solid (52.4 mg, 58%). mp: 39-40 °C. 'H NMR (400 MHz, CDCls): ¢ 8.09 (d, J = 8.0
Hz, 1H), 7.44 (d, J = 7.6 Hz, 1H), 7.24-7.16 (m, 2H), 6.34 (s, 1H), 2.99 (t, J = 7.2 Hz, 2H),
1.68 (s, 9H), 1.42-1.23 (m, 8H), 0.92-0.90 (m, 3H); 3*C NMR (101 MHz, CDCls): 6 150.6,
142.6, 136.6, 129.4, 123.1, 122.5, 119.6, 115.4, 106.9, 83.5, 31.8, 30.2, 29.1, 28.9, 28.2, 22.6,
14.1.

C. Mukai and Y. Takahashi, Org. Lett., 2005, 7, 5793.

Table 2, entry 8

tert-butyl 1H-indole-1-carboxylate 3h

Oil (35.8 mg, 55%). 'H NMR (400 MHz, CDCl;): ¢ 8.17 (d, J = 7.6 Hz, 1H), 7.62-7.57 (m,
2H), 7.33 (t, J = 7.6 Hz, 1H), 7.26-7.22 (m, 1H), 6.59-6.58 (m, 1H), 1.69 (s, 9H),; 13C NMR
(101 MHz, CDCl5): ¢ 149.8, 135.1, 130.5, 125.8, 124.1, 122.6, 120.9, 115.1, 107.2, 8§3.6,
28.2.

J. Malmgren, A. Nagendiran, C. W. Tai, J. E. Biackvall and B. Olofsson, Chem. Eur. J., 2014,
20, 13531.

Table 2, entry 9
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tert-butyl 2-(4-fluorophenyl)-1H-indene-1-carboxylate 3i

White solid (57.0 mg, 61%). mp: 113-115 °C. '"H NMR (400 MHz, CDCl;): 6 8.23 (dd, J =
8.0, 0.4 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 7.43-7.38 (m, 2H), 7.38-7.33 (m, 1H), 7.29-7.25
(m, 1H), 7.14-7.09 (m, 2H), 6.55 (s, 1H), 1.37 (s, 9H); 3C NMR (101 MHz, CDCl3): 6 162.4
(d, J = 248.1 Hz), 150.1, 139.3, 137.3, 131.0 (d, J = 3.5 Hz), 130.4 (d, J = 8.2 Hz), 129.1,
124.4,123.0, 120.4, 115.3, 114.7 (d, J=21.7 Hz), 110.1, 83.6, 27.6.

M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,
9603.

Table 2, entry 10

tert-butyl 2-(4-chlorophenyl)-1H-indole-1-carboxylate 3j

White solid (55.9 mg, 57%). mp: 86-88 °C. 'H NMR (400 MHz, CDCl;): 6 8.21 (d, J = 8.4
Hz, 1H), 7.56 (d, /= 7.6 Hz, 1H), 7.41-7.33 (m, 5H), 7.29-7.25 (m, 1H), 6.56 (s, 1H), 1.37 (s,
9H); '3C NMR (101 MHz, CDCl;): 6 150.0, 139.1, 137.4, 133.6, 133.4, 130.0, 129.1, 128.0,
124.5,123.0, 120.5, 115.3, 110.4, 83.7, 27.6.

M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,
9603.

Table 2, entry 11

tert-butyl 2-(4-bromophenyl)-1H-indole-1-carboxylate 3k

White solid (48.0 mg, 43%). mp: 89-90 °C. 'H NMR (400 MHz, CDCl;): 6 8.18 (d, J = 8.4
Hz, 1H), 7.53-7.49 (m, 3H), 7.34-7.30 (m, 1H), 7.28-7.21 (m, 3H), 6.53 (s, 1H), 1.34 (s, 9H);
I3C NMR (101 MHz, CDCly): 6 150.0, 139.2, 137.4, 133.9, 130.9, 130.3, 129.1, 124.6, 123.0,
121.7,120.5, 115.3, 110.4, 83.8, 27.6.

M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,
9603.

Table 2, entry 12
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tert-butyl 2-(p-tolyl)-1H-indole-1-carboxylate 31

White solid; mp: 120-122 °C; 61.8 g, 67% yield; 'H NMR (400 MHz, CDCl3): 6 8.11 (d, J =
8.0 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.26-7.23 (m, 3H), 7.18-7.12 (m, 3H), 6.45 (s, 1H),
2.33 (s, 3H), 1.27 (s, 9H); 3C NMR (101 MHz, CDCls): ¢ 150.3, 140.7, 137.4, 132.0, 129.3,
128.6, 128.4, 124.1, 122.8, 120.3, 115.1, 109.6, 83.3, 27.6, 21.3, 1.0.

M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,
9603.

Table 2, entry 13

tert-butyl 2-(4-ethylphenyl)-1H-indole-1-carboxylate 3m

White solid (46.3 mg, 48%). mp: 64-66 °C. IR (film) 2964, 1654, 1324, 1029, 744 cm!.

'H NMR (400 MHz, CDCI;): ¢ 8.20 (d, J = 8.4 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.33-7.29
(m, 3H), 7.25-7.21 (m, 3H), 6.52 (s, 1H), 2.69 (q, J = 7.6 Hz, 2H), 1.30 (s, 9H), 1.26 (t, J =
7.6 Hz, 3H); 3C NMR (101 MHz, CDCls): ¢ 150.2, 143.8, 140.6, 137.4, 132.2, 129.2, 128.7,
127.2, 124.1, 122.8, 120.3, 115.1, 109.5, 83.2, 28.7, 27.5, 15.7. HRMS (ESI-TOF) m/z: [M +
H]*" Calcd for C,;H,3NO, 322.1802; Found 322.1820.

Table 2, entry 14

N

Boc

tert-butyl 2-(4-methoxyphenyl)-1H-indole-1-carboxylate 3n

White solid (63.1 mg, 65%). mp: 94-95 °C. 'H NMR (400 MHz, CDCl;): ¢ 8.21 (d, J = 8.4
Hz, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.38-7.31 (m, 3H), 7.28-7.24 (m, 1H), 6.97-6.95 (m, 2H),
6.52 (s, 1H), 3.87 (s, 3H), 1.38 (s, 9H); 3C NMR (101 MHz, CDCl3): d 159.2, 150.3, 140.4,
137.3,129.9, 129.3, 127.4, 124.0, 122.8, 120.2, 115.2, 113.2, 109.5, 83.3, 55.3, 27.7.

M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,

9603.
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Table 2, entry 15

tert-butyl 5-fluoro-2-phenyl-1H-indole-1-carboxylate 30

Oil (49.50 mg, 53%). IR (film) 2923, 1727, 1463, 1321, 1156, 735 cm’'. '"H NMR (400 MHz,
CDCl;): 0 8.17 (dd, J = 8.8, 4.4 Hz, 1H), 7.40 (s, 5H), 7.20 (d, J = 8.8 Hz, 1H), 7.05 (t, J =
8.8 Hz, 1H), 6.51 (s, 1H), 1.29 (s, 9H); '*C NMR (101 MHz, CDCl;): ¢ 160.5, 158.2, 150.0,
142.0, 134.7, 133.7, 130.0, 129.9, 128.7, 127.8, 116.3, 116.2, 112.1, 111.8, 109.5, 105.9,
105.6, 83.6, 29.7, 27.5.

Table 2, entry 16

F N

Boc

tert-butyl 6-fluoro-2-phenyl-1H-indole-1-carboxylate 3p

Oil (64.44 mg, 69%). IR (film) 2920, 1733, 1327, 1157, 862, 694 cm’'. 'H NMR (400 MHz,
CDCl5): 0 7.96 (d, J=10.8 Hz, 1H), 7.48-7.44 (m, 1H), 7.40-7.36 (m, 5H), 7.01 (t, /= 8.8 Hz,
1H), 6.51 (s, 1H), 1.30 (s, 9H); 3C NMR (101 MHz, CDCl;): ¢ 150.0, 134.7, 128.7, 127.7,
125.5,121.0, 111.3,111.0, 109.4, 102.8, 102.6, 83.8, 29.7, 27.5.

Table 2, entry 17

O,N
)

N

\

Boc
tert-butyl S-nitro-2-phenyl-1H-indole-1-carboxylate 3q
Oil (51.31 mg, 69%). IR (film) 2920, 1740, 1521, 1322, 1154, 748 cm™'. '"H NMR (400 MHz,
CDCls): 6 8.48 (d, J=2.0 Hz, 1H), 8.32 (d, /= 9.2 Hz, 1H), 8.22 (dd, J = 9.2 Hz, 1H), 7.43
(s, 5H), 6.68 (s, 1H), 1.30 (s, 9H), 13C NMR (101 MHz, CDCls): 6 149.4, 143.9, 143.5, 140.5,
133.8, 128.9, 128.7, 128.3, 128.0, 119.4, 116.7, 115.3, 109.9, 84.8, 27.4; HRMS (ESI-TOF)
m/z: [M + NHy4]" Calcd for C,0HsCINO,4 339.1339; Found 339.1333.
Table 2, entry 18
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Boc

tert-butyl 4-methyl-2-phenyl-1H-indole-1-carboxylate 3r

Oil (37.8 mg, 41%). IR (film) 2923, 1731, 1328, 1140, 758, 697 cm™'. 'H NMR (400 MHz,
CDCl5): 0 8.05 (d, J= 8.4 Hz, 1H), 7.38-7.35 (m, 5H), 7.23 (d, /= 8 Hz, 1H), 7.06 (d, J=7.6
Hz, 1H), 6.60 (s, 1H), 2.53 (s, 3H), 1.30 (s, 9H); 13C NMR (101 MHz, CDCl;): § 150.3, 139.9,
137.2, 135.1, 129.9, 128.8, 128.7, 127.8, 127.5, 124.4, 123.3, 112.7, 108.4, 83.3, 27.5, 18.4;
HRMS (ESI-TOF) m/z: [M + NHy4]* Caled for C,oH;gCINO,4 308.1645; Found 308.1633.
Table 2, entry 19

Me
-0

N

\

Boc
tert-butyl S-methyl-2-phenyl-1H-indole-1-carboxylate 3s
Oil (43.4 mg, 47%). mp: 59-60 °C. IR (film) 3422, 2918, 1732, 1384, 1132, 767 cm’!.
'H NMR (400 MHz, CDCls): 6 8.08 (d, J = 8.4 Hz, 1H), 7.38-7.26 (m, 6H), 7.15 (d, J = 8.4
Hz, 1H), 6.48 (s, 1H) 2.45 (s, 3H), 1.31 (s, 9H); 3C NMR (101 MHz, CDCls): 6 150.2, 140.5,
135.7,135.1, 132.3, 129.4, 128.7, 127.7, 127.5, 125.6, 120.3, 114.8, 109.7, 83.2, 27.6, 21.3.
M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,
9603.
Table 2, entry 20

|O A\ O
N
Me \

Boc

tert-butyl 6-methyl-2-phenyl-1H-indole-1-carboxylate 3t

Oil (48.9 mg, 53%). mp: 59-60 °C. IR (film) 2977, 1732, 1328, 1157, 753 cm'; 'H NMR
(400 MHz, CDCls): 6 8.07 (s, 1H), 7.42 (dd, J = 13.2 Hz, 6H), 7.09 (d, J = 8.0 Hz, 1H), 6.51
(s, 1H), 2.51 (s, 3H), 1.28 (s, 9H); 13C NMR (101 MHz, CDCly): 6 150.3, 139.9, 137.9, 135.2,
134.3,128.7, 127.7, 127.4 126.9, 124.3, 120.0, 115.4, 109.8, 83.2, 27.5, 22.0.

M. T. Hovey, C. T. Check, A. F. Sipher and K. A. Scheidt, Angew. Chem. Int. Ed., 2006, 53,
9603.
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Table 3, entry 1

tert-butyl 2,3-diphenyl-1H-indole-1-carboxylate 3u

White solid (72.0 mg, 65%). mp: 115-117 °C. 'TH NMR (400 MHz, CDCl5): 6 8.30 (d, /= 8.4
Hz, 1H), 7.57 (d, J=7.6 Hz, 1H), 7.37 (t, J = 7.2 Hz, 1H), 7.26-7.19 (m, 11H), 1.24 (s, 9H),;
13C NMR (101 MHz, CDCl3): 6 150.3, 136.6, 135.7, 133.9, 133.4, 130.3, 130.1, 129.3, 128.1,
127.7,127.4, 126.6, 124.7, 123.0, 121.9, 119.6, 115.2, 83.3, 27.5.

Y. Hoshino, Y. Shibata and K. Tanaka. Adv. Synth. Catal., 2014, 356, 1577.

Table 3, entry 2

Ph

N

\
COOMe

methyl 2,3-diphenyl-1H-indole-1-carboxylate 3v

White solid (52.1 mg, 53%). mp: 171-174 °C. IR (film) 2946, 1645, 1321, 1050, 1015 cm™!.
'"H NMR (400 MHz, CDCl;): 6 8.23 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.6 Hz, 1H), 7.42-7.38
(m, 1H), 7.31-7.21 (m, 11H), 3.77 (s, 3H); 3C NMR (101 MHz, CDCl;): ¢ 152.3, 136.1,
135.9, 133.1, 133.0, 130.3, 130.1, 129.6, 128.2, 127.7, 127.6, 126.8, 124.9, 123.4, 122.7,
119.8, 115.5, 53.4. HRMS (ESI-TOF) m/z: [M + H]* Caled for C,,H7NO, 328.1332; Found
328.1335.

Table 3, entry 3

N

\
COOEt

ethyl 2,3-diphenyl-1H-indole-1-carboxylate 3w

Oil (56.3 mg, 55%). '"H NMR (400 MHz, CDCl5): ¢ 8.28 (d, J = 8.4 Hz, 1H), 7.60 (d, /= 8.0
Hz, 1H), 7.42-7.38 (m, 1H), 7.31-7.21 (m, 11H), 4.20 (q, J= 7.2 Hz, 2H), 1.03 (t, /= 7.2 Hz,
3H); BC NMR (101 MHz, CDCl;): § 151.8, 136.3, 135.8, 133.4, 133.2, 130.4, 130.1, 129.5,
128.1, 127.6, 127.5, 126.7, 124.9, 123.3, 122.5, 119.7, 115.4, 62.8, 13.6.

H. Minami, T. Kanayama, R. Tanaka, N. Okamoto and T. Sueda, Eur. J. Org. Chem., 2016,
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Table 3, entry 4

N

cooPr
isopropyl 2,3-diphenyl-1H-indole-1-carboxylate 3x
White solid (54.4 mg, 51%). mp: 160-162 °C. IR (film) 2973, 1648, 1324, 1053, 1006 cm™!.
'"H NMR (400 MHz, CDCl;): ¢ 8.31 (d, J = 8.0 Hz, 1H), 7.60 (d, J = 7.6 Hz, 1H), 7.42-7.38
(m, 1H), 7.31-7.22 (m, 11H), 5.04-4.98 (m, 1H), 1.05 (d, J = 6.4 Hz, 6H); 13C NMR (101
MHz, CDCl;): 0 151.1, 136.4, 135.8, 133.6, 130.5, 130.1, 129.4, 128.1, 127.6, 126.7, 124.8,
123.2, 122.3, 119.7, 1154, 71.1, 21.3. HRMS (ESI-TOF) m/z: [M + H]J" Calcd for
Cy4H,1NO; 356.1645; Found 356.1648.
Table 3, entry 5

Ph

N
H

2,3-diphenyl-1H-indole 3y

White solid (49.3 mg, 61%). mp: 121-123 °C. 'H NMR (400 MHz, CDCly): ¢ 8.11 (s, 1H),
7.64 (d, J = 8.0 Hz, 1H), 7.41-7.31 (m, 7H), 7.28-7.18 (m, 5H), 7.11 (t, J = 7.6 Hz, 1H); 13C
NMR (101 MHz, CDCl,): ¢ 135.9, 135.0, 134.1, 132.7, 130.1, 128.7, 128.6, 128.5, 128.1,
127.7,126.2, 122.7,120.4, 119.7, 115.0, 110.9.

Table 3, entry 6

tert-butyl 3-methyl-2-phenyl-1H-indole-1-carboxylate 3z

White solid (44.3 mg, 48%). mp: 97-100 °C.'"H NMR (400 MHz, CDCl;): ¢ 8.25 (d, J = 8.4
Hz, 1H), 7.53 (d, J= 7.6 Hz, 1H), 7.45-7.41 (m, 3H), 7.39-7.32 (m, 4H), 2.14 (s, 3H), 1.24 (s,
9H); 3C NMR (101 MHz, CDCls): § 150.3, 136.5, 135.6, 134.5, 130.4, 130.2, 129.8, 127.8,

127.3,124.5, 122.6, 118.6, 116.3, 115.1, 82.7, 27.5, 9.1.
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(1) K. Sun, S. Liu, P. B. Bec and T. G. Driver, Angew. Chem. Int. Ed., 2011, 50, 1702.

(2) M. Todd Hovey, Christopher T. Check, Alexandra F. Sipher and Karl A. Scheidt, Angew.
Chem. Int. Ed., 2014, 53, 9603.

Table 3, entry 7

tert-butyl S-methyl-2-phenyl-1H-indole-1-carboxylate 3aa

Oil (57.5 mg, 50%). '"H NMR (400 MHz, CDCls): ¢ 8.14 (s, 1H), 7.44 (d, J = 8.0 Hz, 1H),
7.25-7.19 (m, 9H), 7.09 (d, J= 8.0 Hz, 1H), 6.83 (s, 1H), 2.52 (s, 3H), 1.22 (s, 9H); 3C NMR
(101 MHz, CDCly): 6 150.4, 137.0, 135.0, 134.8, 134.1, 133.6, 130.3, 130.1, 128.1, 127.7,
127.3, 126.5, 124.4, 121.8, 119.2, 115.3, 83.1, 27.4. HRMS (ESI-TOF) m/z: [M + H]* Calcd
for C,sH,5NO, 384.1958; Found 384.1951.

Table 3, entry 8

Ph

MeO
N Ph
N

\
Boc

tert-butyl 5S-methoxy-2-phenyl-1H-indole-1-carboxylate 3ab

Oil (55.1 mg, 46%). '"H NMR (400 MHz, CDCl5): ¢ 7.85 (s, 1H), 7.57-7.53 (m, 1H), 7.35 (d,
J=28.0 Hz, 2H), 7.24-7.20 (m, 3H), 7.07-6.95 (m, 2H), 6.84 (s, 3H), 6.49 (d, J = 8.8 Hz, 1H),
3.80 (s, 3H), 1.54 (s, 9H); 3C NMR (101 MHz, CDCl;): 6 159.7, 152.3, 137.0, 132.3, 131.6,
131.5, 131.3, 131.2, 128.7, 128.3, 128.2, 127.6, 127.5, 126.5, 126.4, 110.5, 104.9, 81.1, 55.5,
28.3. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C,4H,5sNO3 400.1907; Found 400.1894.
Scheme 3

Ph

Ph _ N/BOC

tert-butyl 7-methyl-2,3-diphenyl-1H-benzo[de]quinoline-1-carboxylate 6a
White solid (39.0 mg, 30%). mp: 176-177 °C. IR (film) 2926, 2357, 1654, 1036, 1018 cm™!.
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'"H NMR (400 MHz, CDCl;): ¢ 7.88 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 8.4 Hz, 1H), 7.35-7.32
(m, 1H), 7.30-7.23 (m, 4H), 7.20-7.14 (m, 4H), 7.12-7.09 (m, 3H), 6.77 (d, J = 7.6 Hz, 1H),
2.57 (s, 3H), 1.06 (s, 9H); 13C NMR (101 MHz, CDCl3): § 152.9, 139.5, 137.1, 136.8, 135.2,
132.6, 131.2,129.3, 128.4, 127.9, 127.3, 127.0, 126.9, 126.8, 126.3, 121.4, 119.5, 114.1, 82.6,
27.3, 26.9, 19.0. HRMS (ESI-TOF) m/z: [M + H]" Calcd for C,0H,5sNO, 433.2036; Found
433.2033.

X. Zhang, W. Si, M. Bao. N. Asao, Y. Yamamoto and T. Jin, Org. Lett., 2014, 16, 4830.

Ph n-Pr
n-Pr pZ N,Boc Ph _ N,Boc

(3:1)

6b 6b’

Yellow oil; 43mg, isolated yield 38%; 'H NMR (400MHz, CDCl3) 6 7.77 (d, J = 8 Hz, 1H),
7.62-7.55 (m, 2H), 7.46-7.37 (m, 6H), 7.33 (d, J = 6.8 Hz, 1H), 7.29-7.21 (m, 3H), 6.50 (d, J
= 6.8 Hz, 0.33 H), 2.55 (s, 4H), 2.51-2.47 (m, 2.66H), 1.57-1.52 (m, 5.6H), 1.06 (s, 9H),
0.82-0.74 (m, 4.2H); 3C NMR (101 MHz, CDCl;) ¢ 153.0, 152.9, 139.7, 138.5, 138.0, 136.1,
135.0, 134.9, 133.0, 132.6, 132.1, 131.6, 130.9, 130.0, 129.6, 128.8, 128.2, 127.9, 127.6,
127.4, 127.4, 126.8, 126.6, 126.4, 126.2, 122.9, 121.3, 121.1, 119.7, 118.5, 117.4, 116.2,
113.5, 82.6, 82.5, 34.9, 30.8, 28.1, 27.4,22.7, 21.4, 19.1, 19.0, 14.2, 13.7. HRMS (ESI-TOF)
m/z: [M +H]" Caled for C,7HoNO, 400.2271; Found 400.2265.

Ph O

Ph /NJ\/

o)

methyl 7-methyl-2,3-diphenyl-1H-benzo|de]quinoline-1-carboxylate 6¢

Yellow solid; 56mg, isolated yield 48%; 'H NMR (400 MHz, CDCl;) 6 7.89 (d, J = 7.9 Hz,
1H), 7.61 (d, J= 8.5 Hz, 1H), 7.34 (d, /= 7.9 Hz, 1H), 7.29-7.24 (m, 4H), 7.17-7.08 (m, 7H),
6.80 (d, J = 7.2 Hz, 1H), 3.35 (s, 3H), 2.58 (s, 3H); 13C NMR (101 MHz, CDCl;) J 154.9,
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139.1, 136.8, 136.5, 134.6, 132.5, 132.2, 131.1, 128.7, 128.7, 128.4, 127.7, 127.4, 127.0,
126.9, 126.8, 126.7, 126.4, 121.9, 120.3, 115.4, 53.1, 19.1. HRMS (ESI-TOF) m/z: [M + H]*
Calcd for C,7H,1NO, 392.1645; Found 392.1654.
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7.542
7.396
7.393
7.385
7.379
1.0%
7.013
6.996
6.994
6.977
6.975

PN AINSS—

— 1.549



08T

0LT

091

0ST

ovT

0¢T

— 152. 306

— 139. 424

131. 637
— 131. 433
—129.588

(udd) 713
0g 09 0L 08 06 001 01T 0ct

[0)4

0¢

- 128. 630
128. 421

_-122.538
- 122,049

— 117.523

— 111. 067

ell

ud
90gHN

— 95.991

— 84. 486

—80. 706

02

0T

— 28. 224

S46



(udd) 13

01 61 0°¢ S 0°¢ G'¢ 0¥ (a4 0°9 Gg 09 S9 0°L G°L 0°8 6’8 06 G'6 0°0T

S0

N
=3

9.35-1

LU

qil
4
A
20gHN

V_}F

S47

. 200
179
. 542
. 525
. 505
. 480
461
. 378
. 362
. 343
. 324
. 183
. 165
. 145
.123
.016
. 997
. 978

T )

— 1.555



(udd) T3

081

0LT

091

0ST

ovl

0¢T

(4!

01T

00T

06

08

0L

09

09

ov

0¢

02

01

qail

4

00gHN

S48

— 163.
— 161.

— 152.

— 139.

132.
./131.

-/130

'§ 130,
130. 025
124.
124,
£000

™~ 122

117
115.
115.

i
111. 354

110.

840
340

511

763
355
355
275

148
111

536
668
461
508

696

_~90.021
™-89.478

— 80. 692

— 28.271



(udd) 13

§C 0°¢ G°¢ 0'v S 0°¢ Gg 09 g9 0°L S°L 0°8 68 0°6 6 0°0T1

0°¢

T T

g0

03—
i

all

YA

00gHN

LanTns

S49

173
152
469
467
450
447
383
363
349
343
338
320
260
227
112
108
091
085
074
068
062
022
003
984

e ——L S A

P NN NN NN NNNNN NN NN NN NN NN N0

— 1.552
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08T

0LT

091

0ST

0v1

0€T

021

01T

00T

06

08

0L

09

08

0y

0€

0%

0T

il

20gHN

S50

— 163.
— 161.

— 152,

— 139.

131.
/ 130.
Z 130.
130.
127.
127.
124.
< 124. 399
. 195

122

%118.
17,
116.

— Ha:

644

613

836
158
072
033
409
378
494

< 94. 705
94. 671

— 85. 497

— 80. 960

— 28.306
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ST 072 S 0°¢ G'¢ 0'v ST 0°¢g Gg 09 §'9 0°L gL 0°8 '8 06 S'6 0°0T1

0T

G0

mhommN
©

Pl

4

00gHN

9.23 L

S51

. 167
. 146
. 548
.534
. 527
.513
. 458
. 438
. 346
.327
.307
217
. 106
. 085
. 064
.013
. 995
. 976

T NTTIT )

— 1.548



(uldd) 1J

08T

0L1T

0971

0ST

0v1

0€T

031

0TI

00T

06

08

0.

09

09

[0l

0¢

0%

0T

SR

PRIl

S52

Y4

O0gHN

— 163.
— 161.

— 152.:

— 139.

133.
133.
724
™~ 129.

131

122.
< 1ls.

118.
—117.
115.
115.

—110.

979
490

466

497
413

748

161
758
723
668
962
742

981

—94.902

— 84. 286

— 80.893

—28.312
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61 02 §'C 0°¢ G°¢ 0¥ S¥ 0°¢ G°g 09 g9 0°L §°L 0°8 '8 0°6 6 0°0T1

0°T

G0

all

10

V4

S53

20gHN

. 168
. 147

. 485
. 463
. 458
. 442
. 439
.374
. 353
. 334

as
6. 980

ST

g

— 1.549



(wdd) 1J

08T

0LT

091

0GT

0vT

0€T

0381

0TT

00T

06

08

0L

09

08

[0i%

0€

0%

0T

ol

10

S54

Vi

00gHN

— 152. 357

—139.513

_~134.783
~132.703
2 131.759
— 129. 909
- 128. 869

~122.185
\-121. 108
——117.705

— 110. 827

— 94. 848

— 85. 542

—80. 931

— 28.307



(wdd) 13

0°T 61 0°¢ §'C 0°¢ g'¢g 0¥ a4 0°¢ GG 09 g9 0°L G°L 0'8 S8 0°6 66 0°0T1
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[SY S )
©

i

9.371
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Y

S55
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20gHN
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O = & O
s S W R
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08T

0LT
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0ST

[)a!

0€T

021

01T

00T

06

08

0L

09

0¢

[0}

0¢

02

0T

S

Hl

ig

S56

YA

00gHN

— 152

— 139.

132.
131.
131.
129.

123.
< 122,
121

— 117.

— 110.

. 355

516

897
801
755
942

000
195
574

718

816

—94.913

— 85. 731

— 80.943

— 28. 310



(mdd) 13

§'I 0% 54 0°¢ ¢ 0¥y Gy 0°¢ G°g 09 §9 0°L 6L 0°8 §'8 0°6 G'6 0°0T1
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2. 041
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9.34=x
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m

S57

00gHN

=)

. 164
143

A

. 456
. 436
. 340
. 332
. 310
.292
. 206
. 186
. 005
. 986
. 967

s cahnny!

— 2.392

— 1. 546



(wdd) T1F

081

0LT

091

0ST

ovl

0¢T1

0cl

01T

00T

06

08

0L

09

09

or

0¢

02

0T

-

By

SN

S58

Y4

00gHN

139
. 966

™~ 138

41314
131. 419
129.

129.

—~122.
— 119.
— 117.

— 111.

. 449

419

625

481
266

083
548
535

— 96. 237

— 83.892

—80.778

— 28.320

— 21. 540
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0°9
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T
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0
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Do —
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|
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S59
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143
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983
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ovl
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0L
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09
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01
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SNO

S60

Y4

J0gHN

— 152.

— 139.

— 133.
~131.
— 129.

— 122.

—~117.
114,
~114.
— 111

. 952

443

304

006
541
308

070

505
677
143
491

— 96. 063

— 83.223
— 80. 746

—55.333

— 28.313
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61 0°2 4 0°¢ G°¢ 0 S 0°9 Gg 09 g9 0°L gL 0°8 '8 06 6 0°0T1

0°T
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00gHN

T

Sé1
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4

457
438
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050
040
014
995
. 976

SO NNNNNNNNNNNS
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1

0L
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I
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A
O00gHN

S62

— 152. 359

—139. 434

132. 261
<131, 694
— 129. 859
— 127. 846
127233

_~122.508
122, 144

— 117.691

—110. 843

——89.023
™-88.152

— 80. 863

— 28.283
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§¢ 0°¢ g'e 0y Sy 0°g g'g 09 g9 0°L gL 0°8 g8 06 G'6 0°0T
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T
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111
2.22

1.00-T

9.17—=x

]

20gHN

i

Lo~

e S |

. 097
. 076

. 310
. 292
. 260
. 239
.219

. 927
a . 908
. 889

542
964
952
945
935
931
925

901
865
855
851
843
837
825



(udd) 13

081

0LT

091

0ST1

[0)ia!

0¢T

021

01T

00T

06

08

0L

09

0¢

[0)4

0¢

02

0T

S — 139,616
- — 131,625
- — 128.733
- — 121.878
S — 117.239
=
S = — 111,728
/A

v}
! o

bS]
S — 100. 507
S — 80,582
L
—_—
S —70.935
- - — 28.296
1
- —8.964
C —6.048
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1.00

2.3

:19——I

A
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A\

00gHN

S65

0

ANl

40}

L 122
. 101

.333
.313
. 298
.270
. 260
. 250
. 231
. 941
. 922
. 904

.513
. 496
479

. 667
. 647
. 627
. 537
. 508
. 492
472
. 358
. 349
. 340
. 332

837
. 915
. 898
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08T
|

0LT
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0¢ST

Vit

0€T

01T

00T

0L

0g

0¢

03

0T

— \\

Al

O0gHN

"ty

S66

— 152.

— 139.

— 131.
— 128.

— 121.

— 117.

— 111

—97.

— 80.

—75.

481

868

203

879

497

540

986

. 305
. 598
. 523
. 299



(mdd) 1J

§°g 09 §9 0°L §°L 0°8 6’8 0°6 S'6

61 02 §'C 0°¢ G°¢ 0¥ S¥ 0°¢9

0°T

S0

4

VAR

1.0l %
2.0

L. 1631

Loz =
9.08-T
9.01-T

-

S67

O0gHN

_-8.121
-8.100

7.373
7.355
=—7.316

N 7.296
7.276

6. 950
L6 931

6912

—1.531

—0.292



(Ludd) 13

08T

0LT

0971

0ST

0vT1

0€T

021

01T

00T

06

08

0L

09

08

)%

0¢

0%

0T

Y4

/ \

O0gHN

!

S68

— 152. 351

— 140. 252

— 131. 254
—129. 881

— 121. 816

— 117. 154

— 110. 909

—102.011
— 100. 542

—80.579

— 28. 256



(mdd) 17

g1 0% §'c 0°¢ G'¢ 07 gy 0°S §°g 09 g9 0°L gL 0°8 g8 06 6

0°T

g0

)70

1.01T

1.00=L

9.08—=

e¢
20g

=]

. 250
229

A

. 580
. 561
.432
. 428
L4112
. 393
. 385
. 370
. 368
. 352
. 349
. 268
. 267

139

o R N N N N N NP EX PPN

T

S69

—1.321



(mdd) 13

081

0LT

091

0ST

Vit

0€T

021

01T

00T

06

08

0L

09

0¢

0¥

0¢

02

0t

eg
oog

S70

— 150.

- 140

129
<128
127.
127.
:§:124A
122. 886
120

—115.

— 109.

L ATT
— 137.

134,

434
982

192
716
759
541
263

414

866

— 83. 346

— 27.526



(udd) 13

g8 06 G'6 00T

08

g1 0% ¢c 0°¢ G'¢ 0¥ [ 0°S §°¢ 09 g9 0°L G°L

0°T

S 0

)70

— e RO
owo
i

9.01

ag
20g

Z

T

S71

_~8.
. 204

!

| ——27INSS=s

— 1.

o R N N N N N N R EN NP

224

561
541
358
341
322
271
253
236
208
189
140
116
057

872

339



(udd) 13

08T

0LT

091

0ST

)28

0€T

021

0TT

00T

06

08

0L

09

09

[0i%

0¢

0%

0T

qe

S72

— 163.
— 161.

— 149.

138.
138.
— 137.
137.
136.

129.
.é 129.
128

.975
124.
\ 124.
123.
120.
- 115.
% 115.
— {14

476
036

971

990
967
481
006
922

269
185

636
492
046
589

894
263

450

— 83.643

— 27. 568



(udd) 13

61 02 [ 0°¢ g¢g 0¥ S 0°¢ Gg 09 §9 0°L 6L 0°8 G'8 0°6 6 0°01

0°T

G0

)70

o DO
o
=

9.22-T

og

209

E|

~

S73

8.283
. 262

A

598
579
453
450
385
374
367
347
287
268
260
230
211

611

| ——=2V NS

CHNNNNNNNNNNNNNN

— 1. 361



(udd) 13

08T

0LT

091

0GT

ovl

0€T

02T

01T

00T

06

08

0L

09

08

or

0¢

02

01

{

S74

— 161.
— 158.

— 149.

137.
134.
130.
130.
129.
129.
128.

% 124.
123.
122.
1%8;
{115.
114.

— 110.

AISSSSN

212

927

556
826
770
3%
131
917
743

—83.422

—27.512



(udd) 13

0°T 61 0°¢ §C 0°¢ Gg¢ 0% a4 0°¢ g 09 69 0°L G°L 08 G'8 0°6 S'6 0°0T1

S0

cokror

Mk

8.96—=

il

pg
o0g

0]

S75

T, )

— 1.

8.

6.

233
212

. 570
. 551
L 417
. 370
. 349
. 332
. 313
. 281
. 260
. 244

582

344



(udd) 13

081

0LT

091

0ST

0¥

0€T

021

01T

00T

06

08

0L

09

0¢

0¥

0¢

02

0T

209

10)

S76

— 149.

L1779

—83.724

— 27.595



(wdd) 13

=) 06 =) 0'm

0’8

=l 0g N

[

'y

0%

0°g g'g g S

R

=1

0

g0

0

loog

I on-T
FNH

1 ai-d
.00
1.6

[ R

4. -1

oL

S77

4. 414
d4. 21
4. 19
4,191

L
Ll
|
L
L b

T

i

i

T

i

T, 20
'{T. 264

A

T

3

T

E:m
i
il
—& B

— 1. 424



(udd) 13

081

0LT

091

0ST

[0)ia!

0€T

02T

01T

00T

06

08

0.

09

0¢

(014

0¢

02

071

— p—
& wZ s
(o]
o
\\
w
1

S78

— 149.

™~ 137.
~ 135.
_~132.

128.
<~ 127.
=— 126.
*1254
'\_1244

122.974
120.

— 115.
— 111.

970

415
495
592

737
532
540
897
677

489

301
899

— 83.594

— 27.650
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Gg

(mdd) 13
0°G

g1 02 §'c 0°¢ G°¢ 0 SN

0°T

S0

)70
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A
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=
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142
121
440
422
421
260
244
242
224
221
199
196
180
178
162
160

405
391
387
384
373
371
360
357
352
339
337

703

987
976
971
961
955
950
940
765
755
750
741
737
726



(mdd) 17

08T

0LT

091

0ST

0v1

0€T

031

0TT

00T

06

08

0L

09

08

[0l%

0€

0%

0T

— 150.

— 143.

— 136.

—129.

— 123.
571
— 119.

122

— 115. ¢

i€
o0g

N

N\

— 105.

685

979

857

064

385

816

626

— 83. 437

- — 28. 288

—11.152

—17.507

S80



(mdd) 1J

61 0°¢ 54 0°¢ g'¢ 0¥y ST 0°¢ Gg 09 g9 0°L Sl 08 6’8 0°6 G'6 0°0T1

0°T

g0
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1.00-

1.00-

0.96-]

9.27=

8. 01—]:

3119

.

bg
o0g

EHO(“HO)

S81

A

TS,

4o}

O

A

.103
. 083

. 453
. 434
. 236
.218
. 198
.194
175
. 156

. 342

.01l
.993
973

. 684

. 424
. 337
. 331
. 266

.918
901



(udd) T3

08T

0LT

091

0ST

it

0€T

0321

01T

00T

06

08

0L

09

0S

0¥

0¢

03

0T

B
oog

N
\

EHD%(HD)

S82

— 150.

— 142.

— 136.

—129. ¢

—123.
122,
—119.

—115.5

— 106.

— 83.

31.
/

.
28
s

—22.

545

783
162

138

883
241

618

. 083



(wdd) 13

0°¢ G°¢ 0'v §¥ 0°9 Gg 09 ¢9 0°L 6L 0°8 G'8 0°6 S'6 0°0T1

02 G'¢

T

S0

)0

——
oo

—

043
.00

—

S83

o

. 180
. 161

A

619
610
587
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348
329
309
260
241
223
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589
579
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—1.692
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0ST

ov1
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419
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L 137
. 115

847

7N~
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(udd) T1F

081

0LT

091

0ST

ovT

0¢T

021

01T

00T
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(014
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0%

0T

1€

oog

S86
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— 161.

— 150.

— 139.
— 137.

131.
131.
130.
130.
129.
—124.
™~122.¢
— 120.

115.
%114.
114.

— 110.
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307
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057
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419
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066
398
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— 83.554

—27.629
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. 267
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869
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081

0LT
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0ST
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0€T

021

0TT
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0T

S88
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133.
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1217.
— 124.
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407
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— 83. 741
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