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1. General

All the photocatalytic reactions were performed in a flame-dried 10 mL glass Schenk test tube with a Teflon-coated
magnetic stirring bar unless otherwise noted. The two necked test tubes were equipped with a LED and rubber septum.
The reactions were run under Ar atmosphere. Air- and moisture-sensitive liquids were transferred via a gas-tight syringe
and a stainless-steel needle. All work-up and purification procedures were carried out with reagent-grade solvents under
ambient atmosphere. Flash column chromatography was performed using Biotage Isolera One system.

2. Instrumentation

Unless otherwise stated, all the NMR spectras were recorded in CDCls on Bruker AVANCE III HD400 or 500 NMR
spectrometer. Chemical shifts for proton are reported in parts per million downfield from tetramethylsilane and are
referenced to residual protium in the NMR solvent (CDCls: 6 7.26 ppm). For 3C NMR, chemical shifts were reported in
the scale relative to NMR solvent (CDCls: 6 77.16 ppm) as an internal reference. NMR data are reported as follows:
chemical shifts, multiplicity (s: singlet, d: doublet, t: triplet, q: quartet, m: multiplet, bs: broad signal), coupling constant
(Hz), and integration. Infrared (IR) spectra were recorded on a HORIBA FT210 Fourier transform infrared
spectrophotometer. Single-crystal X-ray data were collected on a Rigaku R-AXIS RAPID II imaging plate area detector
with graphite-monochromated Cu-Ka radiation. Optical rotation was measured using a 1 mL cell with a 1.0 dm path
length on a JASCO polarimeter P-1030. High-resolution mass spectra (ESI TOF (+)) were measured on Thermo Fisher
Scientific LTQ Orbitrap XL. Preparative HPLC was conducted on a JASCO HPLC system equipped with Daicel chiral-
stationary-phase columns (¢ 20 mm x 250 mm).

The photochemical reactions are performed either by using Micro Photochemical Reactor (purchased from Sigma-
Aldrich), blue LED lights AC / DC input 100 V /240 V AC (ALDKIT001-1EA:

Link: <https://www.sigmaaldrich.com/catalog/product/aldrich/aldkit001?lang=ja&region=JP>)

or by LEDus PER-AMP produced by Techno Sigma (Link: <http://www.techno-sigma.co.jp/ts2006/file_pdf/PER-
AMP.pdf>).

3. Materials

Unless otherwise noted, all the required materials and chemicals were purchased from commercial suppliers and were
used without further purification. DME was dried and purified by passing through a solvent purification system (Glass
Contour). Dry Ethanol was purchased from Wako chemicals Itd. Metals and Ligands were purchased from Tokyo
Chemical Industry (TCI) or Strem Chemical, Inc. or Sigma-Aldrich and used as received (opened and handled in the
glove box). All the 7-azaindolines are either purchased from the commercial sources (TCI/ Wako / Sigma-Aldrich-Merck)
or readily prepared from corresponding indoles by already known procedures.!

Column chromatography was performed with silica gel Merck 60 (230-400 mesh ASTM), silica gel 60 N (spherical,
neutral, 40-50 pm) from Kanto Chemical Co., Inc.

Preparative Thin Layer Chromatography (PTLC) plates (Silica gel 60, F2s4, 0.5 mm, 20 x 20 cm, 1.05744.0001) were
purchased from Merck, Germany.
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4. General procedures for the synthesis of starting materials

4.1. Preparation of amides from Crotonoyl chlorides (Procedure A)

0 0O
; \ NaHCO4 2
.R?
R.N,R2 + Cl Z Me ————————> Me/\)j\l}l N
H DCM, R ./
0°C-rt,6h

To a solution of the corresponding 2° amines (3 mmol, 1.0 equiv) and NaHCOs (9 mmol, 3 equiv) in dry DCM (30 mL)
was added Crotonyl chloride (193 pL, 6 mmol, 2.0 equiv) at 0 °C and the mixture was stirred at RT for 6 h. The reaction
mixture was diluted with water (50 mL) and the product was extracted into DCM (3 x 20 mL). Combined organic layers
were dried over Na:5Os and concetrated under reduced pressure. The crude residue was purified by automated flash
column chromatography (Biotage Isolera One) with pre-packed silica gel column using Ethyl acetate/Hexane (2/8)
eluents. All the products were subsequently recrystallized from DCM/Hexane.

(E)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)but-2-en-1-one (1a):
The reaction performed according to the general procedure A afforded 395 mg (70%).
Colorless solid (m.p. 65-67 °C).
/\)L 1H NMR (400 MHz, 300 K, CDCls): 8.12 (d, ] =5.2, 1.3 Hz, 1H), 7.79 (dq, ] = 15.3, 1.7 Hz, 1H), 7.44
Me™ S "N (dq,J=74,14Hz 1H), 7.17 - 7.04 (m, 1H), 6.85 (dd, ] = 7.3, 5.1 Hz, 1H), 4.19 — 4.09 (m, 2H), 3.08 —
N 3.00 (m, 2H), 1.97 (dd, ] =7.0, 1.7 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCls): d 165.6, 156.4, 146.4, 142.9, 133.7, 126.6, 124.8, 118.1, 46.1, 24.5,
18.6.
The obtained data is in accordance with the literature data.?

(E)-1-(6-methyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)but-2-en-1-one (1b):
The reaction performed according to the general procedure A afforded 406 mg (67%).
Colorless solid (m.p. 67-69 °C).

0 1H NMR (400 MHz, 300 K, CDCls): 6 7.90 (dq, ] = 15.3, 1.7 Hz, 1H), 7.32 (dd, ] = 7.6, 1.3 Hz, 1H), 7.17
Me/\)LN —7.04 (m, 1H), 6.71 (d, ] = 7.5 Hz, 1H), 4.17 — 4.09 (m, 2H), 3.03 — 2.94 (m, 2H), 2.47 (s, 3H), 1.97 (dd,
= J=6.9, 1.7 Hz, 3H).
\ 3C NMR (101 MHz, 300 K, CDCls): d 165.5, 155.8, 155.6, 142.3, 133.7, 125.0, 123.0, 117.2, 46.2, 24.3,
Me 24.1,18.5.

IR (thin film): % 2913, 1660, 1624, 1592, 1447, 1415, 1385, 1341, 1290, 1255, 1221, 1085, 974, 899, 771,
678, 640 cm-1.
HRMS (ESI): m/z calculated for Ci2H14aN2ONa [M+Na]*: 225.0998, found: 225.1003.

(E)-1-(6-phenyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)but-2-en-1-one (1c):
The reaction performed according to the general procedure A afforded 657 mg (83%).
Colorless solid (m.p. 161-163 °C).

o) H NMR (400 MHz, 300 K, CDCls):  8.06 (dd, ] = 15.3, 1.7 Hz, 1H), 8.04 — 7.97 (m, 2H), 7.55 - 7.43
Me/\)LN (m, 3H), 7.45 - 7.36 (m, 1H), 7.36 (d, ] = 7.7 Hz, 1H), 7.19 - 7.06 (m, 1H), 4.26 — 4.14 (m, 2H), 3.12 -
2.99 (m, 2H), 2.02 (dd, ] = 6.9, 1.7 Hz, 3H).

\ 13C NMR (101 MHz, 300 K, CDCl):  165.7, 156.2, 154.5, 142.0, 139.1, 134.2, 129.0, 128.9, 126.7, 125.5,
Ph 125.0, 114.5, 46.2, 24.2, 18.7.
IR (thin film): ¥ 2965, 1661, 1628, 1590, 1575, 1499, 1483, 1456, 1446, 1433, 1415, 1376, 1342, 1295,
1242, 1222, 1186, 1112, 1030, 976, 916, 870, 851, 838, 774, 743, 695, 671, 638 cm-.
HRMS (ESI): m/z calculated for Ci7HisN2ONa [M+Na]*: 287.1155, found: 287.1159.
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(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)but-2-en-1-one (1d):

The reaction performed according to the general procedure A afforded 405 mg (62%).

Colorless solid (m.p. 104-106 °C).

H NMR (400 MHz, 300 K, CDCls): 8 7.74 (dd, ] = 15.3, 1.7 Hz, 1H), 7.29 (dd, ] = 8.1, 1.0 Hz, 1H), 7.04
-6.92 (m, 1H), 6.26 (d, ] =8.1 Hz, 1H), 4.11 - 4.01 (m, 2H), 3.85 (s, 3H), 2.94 — 2.84 (m, 2H), 1.88 (dd, |
=6.9, 1.7 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCls): d 164.9, 162.9, 153.6, 141.3, 136.0, 125.0, 116.9, 103.4, 53.5, 46.5,
23.5,18.5.

IR (thin film): ¥ 2954, 1659, 1609, 1590, 1465, 1440, 1419, 1386, 1343, 1319, 12191, 1254, 1224, 1192,
1160, 1100, 1024, 962, 902, 822, 777, 668 cm-.

HRMS (ESI): m/z calculated for Ci2H1sN20:2Na [M+Na]*: 241.0947, found: 241.0951.

(E)-1-(6-chloro-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)but-2-en-1-one (1e):

The reaction performed according to the general procedure A afforded 425 mg (64%).

Colorless solid (m.p. 108-110 °C).

H NMR (400 MHz, 300 K, CDCls): & 7.61 (dd, ] = 15.2, 1.7 Hz, 1H), 7.45 - 7.24 (m, 1H), 7.22 - 6.92
(m, 1H), 6.80 (d, ] =7.7 Hz, 1H), 4.19 — 4.00 (m, 2H), 3.11 - 2.84 (m, 2H), 1.92 (dd, ] = 6.9, 1.7 Hz, 3H).
13C NMR (101 MHz, 300 K, CDCls): d 165.1, 155.7, 147.8, 143.3, 135.4, 124.7, 124.1, 1174, 46.4, 23.6,
18.4.

IR (thin film): § 2914, 1661, 1624, 1600, 1575, 1475, 1422, 1379, 1339, 1290, 1250, 1196, 1113, 1071,
970, 918, 875, 809, 772, 716, 677, 638 cm.

HRMS (ESI): m/z calculated for CtiH1iN2OCINa [M+Na]*: 245.0452, found: 245.0457.

(E)-1-(but-2-enoyl)-2,3-dihydro-1H-pyrrolol2,3-blpyridine-6-carbonitrile (1f):

The reaction performed according to the general procedure A afforded 492 mg (77%).

Colorless solid (m.p. 156158 °C).

H NMR (400 MHz, 300 K, CDCl:): 8 7.66 (dq, ] = 15.2, 1.7 Hz, 1H), 7.53 (dt, | = 7.4, 1.4 Hz, 1H), 7.28
(d, J=7.5Hz, 1H), 7.17 (dq, ] = 15.2, 6.9 Hz, 1H), 4.19 (dd, ] = 9.2, 8.0 Hz, 2H), 3.13 (ddd, ] =9.5, 7.9,
1.4 Hz, 2H), 2.00 (dd, ] = 6.9, 1.7 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCL): 8 165.6, 157.0, 144.7, 133.8, 132.0, 129.7, 124.1, 123.4, 117.6, 46.1,
24.5,18.6.

IR (thin film): § 3073, 2969, 2942, 2231, 1629, 1601, 1576, 1478, 1438, 1381, 1341, 1288, 1268, 1250,
1233, 1216, 1080, 1032, 975, 921, 893, 849, 832, 772, 749, 679, 655, 501 cm-'.

HRMS (ESI): m/z calculated for Ci2H12NsO [M+H]*: 214.0975, found: 214.0975.

(E)-1-(4-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)but-2-en-1-one (1g):

The reaction performed according to the general procedure A afforded 379 mg (58%).

Colorless solid (m.p. 131-133 °C).

H NMR (400 MHz, 300 K, CDCl:): 6 8.06 (d, ] =5.9 Hz, 1H), 7.80 (dd, ] = 15.3, 1.8 Hz, 1H), 7.18 -
7.02 (m, 1H), 6.48 (d, ] = 6.0, 0.8 Hz, 1H), 4.18 — 4.07 (m, 2H), 3.86 (s, 3H), 3.00 — 2.85 (m, 2H), 1.96
(dd, J=6.9, 0.9 Hz, 3H).

N\ o~ome “C NMR (101 MHz, 300 K, CDCls): o 165.4, 162.8, 157.8, 148.7, 142.4, 124.7, 112.5, 102.4, 55.6,

46.36,21.4, 18.5.

IR (thin film): v 2927, 2362, 1656, 1603, 1442, 1414, 1383, 1353, 1289, 1244, 1111, 1024, 981, 825,
678, 613 cm-1.

HRMS (ESI): m/z calculated for Ci2H1sN202 [M+H]*: 219.1128, found: 219.1131.
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(E)-1-(4-chloro-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)but-2-en-1-one (1h):

The reaction performed according to the general procedure A afforded 453 mg (68%).

Colorless solid (m.p. 124-126 °C).

1H NMR (400 MHz, 300 K, CDCls): © 7.98 (d, ] = 5.6 Hz, 1H), 7.72 - 7.65 (m, 1H), 7.14 — 7.03 (m,
1H), 6.82 (d, ] = 5.6 Hz, 1H), 4.17 - 4.05 (m, 2H), 3.11 - 2.95 (m, 2H), 1.93 (dd, ] = 7.0, 1.7 Hz, 3H).
13C NMR (101 MHz, 300 K, CDCL):  165.3, 157.1, 147.2, 143.3, 140.8, 125.1, 124.3, 118.2, 45.6, 23.5,
18.4.

IR (thin film): § 2907, 1661, 1624, 1597, 1484, 1434, 1409, 1349, 1240, 1081, 974, 804, 640 cm-1.
HRMS (ESI): m/z calculated for CiiH11N20OCINa [M+Na]*: 245.0452, found: 245.0457.

(E)-1-(3,3-dimethyl-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)but-2-en-1-one (1i):

The reaction performed according to the general procedure A afforded 382 mg (59%).

Colorless solid (m.p. 64-66 °C).

H NMR (400 MHz, 300 K, CDCls): 6 8.15 (dd, | =5.1, 1.6 Hz, 1H), 7.79 (dd, | = 15.3, 1.7 Hz, 1H),
7.41(dd, J=74,1.7 Hz, 1H), 7.20 - 7.06 (m, 1H), 6.90 (dd, ] =7.4, 5.1 Hz, 1H), 3.89 (s, 2H), 1.98 (dd,
J=6.9,1.7 Hz, 3H), 1.32 (s, 6H).

13C NMR (101 MHz, 300 K, CDCl): d 165.5, 154.9, 146.5, 142.9, 135.6, 131.1, 124.8, 118.4, 60.5, 36.7,
28.5,18.5.

IR (thin film): & 2960, 1663, 1624, 1598, 1418, 1377, 1349, 1294, 1221, 1138, 1065, 972, 916, 777, 694,
641 cm-.

HRMS (ESI): m/z calculated for CisHizN20 [M+H]*: 217.1335, found: 217.1338.

(E)-1-(1H-pyrrolo[2,3-b]lpyridin-1-yl)but-2-en-1-one (4):

The reaction performed according to the general procedure A afforded 424 mg (76%).

Colorless solid (m.p. 54-56 °C).

H NMR (400 MHz, 300 K, CDCl:): 6 8.35 (dd, ] = 4.8, 1.7 Hz, 1H), 8.25 (dq, ] = 15.3, 1.7 Hz, 1H),
8.03(d, J=4.1Hz, 1H), 7.84 (dt, ] =7.8, 1.2 Hz, 1H), 7.39 (dq, ] = 15.3, 7.0 Hz, 1H), 7.15 (ddd, ] = 7.8,
4.8,0.7 Hz, 1H), 6.57 (dd, ] =4.1, 0.7 Hz, 1H), 2.07 (dd, ] = 7.0, 1.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCls): © 163.9, 147.9, 147.4, 143.6, 129.3, 126.1, 124.6, 124.1, 118.6, 105.9,
18.9.

IR (thin film): ¢ 3073, 2971, 1692, 1643, 1595, 1579, 1530, 1471, 1443, 1406, 1373, 1331, 1294, 1282,
1262, 1210, 1129, 1114, 1100, 1060, 1045, 1024, 971, 925, 889, 832, 803, 777, 754, 735, 680, 661, 597, 501
cm-l,

HRMS (ESI): m/z calculated for C1iH11N20 [M+H]*: 187.0866, found: 187.0867.

(E)-1-(2,3-dihydro-1H-pyrrolol[3,2-b]pyridin-1-yl)but-2-en-1-one (5):

The reaction performed according to the general procedure A afforded 445 mg (79%).

Colorless solid (m.p. 65-67 °C).

H NMR (400 MHz, DMSO-de):  8.12 (dd, ] =5.2, 1.5 Hz, 1H), 7.79 (dd, ] = 15.3, 1.7 Hz, 1H), 7.63
(dd, J=7.4,1.5Hz, 1H), 6.97 (dd, ] =74, 5.1 Hz, 1H), 6.91 (dt, ] = 15.3, 6.9 Hz, 1H), 4.00 (dd, ] =9.1,
7.8 Hz, 2H), 3.08 - 2.99 (m, 2H), 1.91 (dd, ] = 6.9, 1.7 Hz, 3H).

3C NMR (101 MHz, DMSO-ds): d 163.8, 155.6, 145.7, 141.5, 134.0, 126.7, 124.6, 118.1, 45.7, 23.6,
18.0.

IR (thin film): # 2909, 1660, 1615, 1600, 1587, 1475, 1443, 1419, 1383, 1352, 1323, 1289, 1240, 1165,
972,916, 773, 692 cm-1.

HRMS (ESI): m/z calculated for CiiH1sN20 [M+H]*: 189.1022, found: 189.1025.
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(E)-1-(indolin-1-yl)but-2-en-1-one (6):

Me/\)LN

The reaction performed according to the general procedure A afforded 449 mg (80%).

Colorless solid.

H NMR (400 MHz, 300 K, CDCls):  8.27 (bs, 1H), 7.23 — 7.12 (m, 2H), 7.14 - 6.95 (m, 2H), 6.25 (d,
J=15.1 Hz, 1H), 4.13 (dd, ] =9.0, 8.0 Hz, 2H), 3.17 (s, 2H), 1.94 (dd, ] = 6.9, 1.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCls): 3C NMR (101 MHz, CDCls) & 164.4, 143.2, 142.8, 131.6, 127.6,
124.6,123.7,117.5, 48.1, 28.1, 18 4.

The obtained data is in accordance with the literature data.?

(E)-N-methyl-N-(pyridin-2-yl)but-2-enamide (7):

Me/\)LN'Me

N/
<

The reaction performed according to the general procedure A afforded 386 mg (73%).

Colorless oil.

H NMR (400 MHz, 300 K, CDCl):  8.51 (ddd, ] =4.7, 2.0, 1.0 Hz, 1H), 7.73 (ddd, ] = 8.0, 7.4, 2.0
Hz, 1H), 7.19 (ddd, ] = 7.4, 5.3, 1.0 Hz, 2H), 6.97 (dt, ] = 15.0, 6.9 Hz, 1H), 5.93 (dt, ] = 15.0, 1.7 Hz,
1H), 3.44 (s, 3H), 1.80 (dd, ] = 6.9, 1.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCls): d 166.6, 156.2, 149.2, 142.0, 138.1, 123.4, 121.6, 121.2, 35.4, 18.2.
The obtained data is in accordance with the literature data.?

(E)-N-methoxy-N-methylbut-2-enamide (8):

The reaction performed according to the general procedure A afforded 290 mg (75%).

Colorless oil.

H NMR (400 MHz, 300 K, CDCl3): 0 6.91 (ddt, | =15.5, 6.8, 3.1 Hz, 1H), 6.36 (dq, ] =15.4, 2.3, 1.8 Hz,
1H), 3.69 - 3.61 (m, 3H), 3.22 - 3.14 (m, 3H), 1.89 — 1.82 (m, 3H).

13C NMR (101 MHz, 300 K, CDCL): 8 167.0, 142.9, 120.2, 61.7, 32.3, 18.2.

IR (thin film): ¥ 2968, 2938, 2915, 1669, 1637, 1448, 1412, 1381, 1297, 1179, 1152, 1124, 1083, 1045,
1009, 966, 913, 826, 815, 675, 620, 516, 441 cm-.

HRMS (ESI): m/z calculated for CsH12NO2 [M+H]*: 130.0863, found: 130.0863.

(E)-N,N-dimethylbut-2-enamide (9):

The reaction performed according to the general procedure A afforded 227 mg (67%).

Colorless solid.

'H NMR (400 MHz, 300 K, CDCl:): 0 6.79 (dq, ] = 15.0, 6.8 Hz, 1H), 6.21 (dq, ] = 15.0, 1.7 Hz, 1H), 3.00
(s, 3H), 2.92 (s, 3H), 1.81 (dd, ] =6.9, 1.7 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCl): 8 166.8, 141.0, 121.8, 37.3, 35.6, 18.1.

The obtained data is in accordance with the literature data.?
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4.2. Preparation of amides from Cinnamoyl chlorides (Procedure B)

(0]

o HN . /\)L
/\)j\ NaHCO; (3.0 equiv) —  Ph"XX N
PPl N\\\,/\' DCM, 0°C - rt, 6 h N
R1 \ \'

\\'/R'I

Cinnamoyl chloride  2,3-dihydro-7-azaindolines 1

To a solution of the corresponding 2,3-dihydro-7-azaindole derivative (3 mmol, 1.0 equiv) and NaHCOs (9 mmol, 3 equiv
in dry DCM (30 mL) was added Cinnamoyl chloride (1.0 g, 6 mmol, 2.0 equiv) at 0 °C and the mixture was stirred at RT
for 6 h. The reaction mixture was diluted with water (50 mL) and the product was extracted into DCM (3 x 20 mL).
Combined organic layers were dried over Na2SOs and concetrated under reduced pressure. The crude residue was
purified by automated flash column chromatography (Biotage Isolera One) with pre-packed silica gel column using
Ethyl acetate/Hexane (2/8) eluents. All the products were subsequently recrystallized from DCM/Hexane.

(E)-1-(2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-phenylprop-2-en-1-one (1j):
The reaction performed according to the general procedure B afforded 622 mg (83%).
Colorless solid (m.p. 101-103 °C).
1H NMR (400 MHz, 300 K, CDCls): 0 8.57 (d, ] =15.7 Hz, 1H), 8.25 - 8.12 (m, 1H), 7.85 (d, ] = 15.8 Hz,
1H), 7.72-7.59 (m, 2H), 7.48 (dd, ] =7.3, 1.5 Hz, 1H), 7.46 - 7.31 (m, 3H), 6.89 (dd, | =7.3, 5.0 Hz, 1H),
Ph/\)LN 4.34 —4.05 (m, 2H), 3.16 — 2.98 (m, 2H).
N 13C NMR (101 MHz, 300 K, CDCls): 8 165.6, 156.4, 146.5, 142.9, 135.9, 133.7, 129.7, 128.8, 128.4, 126.5,
L7 121.0, 118.2, 46.2, 24 4.

IR (thin film): # 3080, 1650, 1600, 1587, 1476, 1442, 1419, 1381, 1355, 1300, 1240, 1222, 1020, 983,
763,703, 567 cm.
HRMS (ESI): m/z calculated for CisH1sN20 [M+H]*: 251.1179, found: 251.1180.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-phenylprop-2-en-1-one (11):
The reaction performed according to the general procedure B afforded 672 mg (80%).
Pale yellow solid (m.p. 126-128 °C).

o 1H NMR (400 MHz, 300 K, CDCL): & 8.52 (dd, ] = 15.7, 1.1 Hz, 1H), 7.82 (d, ] = 15.8 Hz, 1H), 7.63 —
NG 7.57 (m, 2H), 7.40 — 7.32 (m, 4H), 6.37 (d, ] = 8.1 Hz, 1H), 4.26 — 4.18 (m, 2H), 3.99 (s, 3H), 3.01 - 2.96
(m, 2H).
N ) CNMR (101 MHz, 300 K, CDCly): d 165.0, 163.2, 153.8, 142.3, 136.3, 135.9, 129.7, 128.9, 128.0, 120.9,
MeO 117.3,104.0, 53.8, 47.0, 23.7.

IR (thin film): % 2935, 2359, 1649, 1613, 1588, 1473, 1448, 1418, 1387, 1344, 1317, 1288, 1253, 1220,
1196, 1160, 1094, 1029, 980, 917, 807, 760, 702, 679, 569, 545 cm-!.
HRMS (ESI): m/z calculated for Ci7H1sN20O2Na [M+Na]*: 303.1104, found: 303.1112.
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4.3. Preparation of amides from Carboxylic acids (Procedure C)

To a solution of the corresponding carboxylic acid (3.6 mmol, 1.2 equiv.), 2,3-dihydro-7-azaindole (360 mg, 3 mmol, 1
equiv.) or 6-Methoxy-2,3-dihydro-7-azaindole (450 mg, 3 mmol, 1 equiv.) and DMAP (184 mg, 1.5 mmol, 50 mol %) in
dry DCM (30 mL) was added solid EDCI (695 mg, 3.6 mmol, 1.2 equiv) in one portion and the mixture was stirred at RT
24 h. The reaction mixture was diluted with saturated NaHCOs (50 mL) and the product was extracted into DCM (3 x
20 mL). Combined organic layers were dried over Na25Os and concetrated under reduced pressure. The crude residue

was purified by automated flash column chromatography (Biotage Isolera One) with pre-packed silica gel column using
Ethyl acetate/Hexane (2/8) eluents. All the products were subsequently recrystallized from DCM/Hexane.

o}
o HQ EDCI.HCI, DMAP RJLN
RJ\OH + N \, DCM,0°C-rt, 24 h g
X N)%
R X
R1
Carboxylic acid 2,3-dihydro-7-azaindolines 1

(E)-1-(2,3-dihydro-1H-pyrrolol2,3-b]pyridin-1-yl)-3-(pyridin-2-yl)prop-2-en-1-one (1k):

l\
-N

O

A N

N

\

-~

Y

The reaction performed according to the general procedure C afforded 640 mg (85%).

Colorless solid (m.p. 91-93 °C).

H NMR (400 MHz, 300 K, CDCl:): 0 8.86 (d, | =15.5 Hz, 1H), 8.67 (dd, ] = 4.8, 1.5 Hz, 1H), 8.21 (d,
J=49Hz, 1H),7.84 (d, ] =15.5Hz, 1H), 7.69 (td, ] =7.7, 1.8 Hz, 1H), 7.53 (dd, ] = 7.9, 1.1 Hz, 1H),
747 (dd, J=7.3, 1.5 Hz, 1H), 7.26 - 7.19 (m, 1H), 6.88 (dd, ] =7.3, 5.2 Hz, 1H), 4.22 (t, ] = 8.4 Hz,
2H), 3.09 (td, ] = 8.4, 8.0, 1.3 Hz, 2H).

3C NMR (101 MHz, 300 K, CDCls): d 165.2, 156.2, 154.4, 150.2, 146.7, 141.9, 136.7, 133.7, 126 .4,
124.8,124.1,123.7, 118.8, 46.2, 24.5.

IR (thin film): 3075, 2965, 1651, 1618, 1599, 1587, 1564, 1467, 1419, 1382, 1351, 1299, 1241, 1223,
1164, 1018, 991, 779, 745, 697, 597, 576 cm-".

HRMS (ESI): m/z calculated for CisH1sNsO [M+H]*: 252.1131, found: 252.1132.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-(pyridin-2-yl)prop-2-en-1-one (1m):

O
| N X
~-N
N
MeO

The reaction performed according to the general procedure C afforded 725 mg (86%).

Yellow solid (m.p. 150-152 °C).

H NMR (400 MHz, 300 K, CDCl): 8 9.06 (d, ] = 15.4 Hz, 1H), 8.58 - 8.55 (m, 1H), 7.74 (d, ] =154
Hz, 1H), 7.69 - 7.62 (m, 1H), 7.42 — 7.34 (m, 2H), 7.22 - 7.16 (m, 1H), 6.35 (dd, ] = 8.1, 0.9 Hz, 1H),
4.24 - 4.17 (m, 2H), 4.03 (s, 3H), 3.01 — 2.94 (m, 2H).

3C NMR (101 MHz, 300 K, CDCI): d 164.8, 163.3, 154.3, 153.6, 150.0, 140.6, 136.6, 136.3, 125.4,
124.2,123.8,116.9, 104.2, 54.1, 46.8, 23.8.

IR (thin film): 2931, 2862, 2360, 1650, 1613, 1589, 1563, 1476, 1461, 1418, 1395, 1346, 1320, 1291,
1258, 1224, 1198, 1165, 1101, 1031, 992, 916, 812, 780, 742, 584, 547 cm-L.

HRMS (ESI): m/z calculated for CisH1sN3O2Na [M+Na]*: 304.1056, found: 304.1059.
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(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-(p-tolyl) prop-2-en-1-one (1s):

The reaction performed according to the general procedure C afforded 767 mg (87%).

Pale yellow solid (m.p. 140-142 °C).

H NMR (400 MHz, 300 K, CDCl:): 6 8.49 (d, ] =15.8 Hz, 1H), 7.81 (d, ] = 15.7 Hz, 1H), 7.51 (d,
J=82Hz, 2H),7.40(d, ]=8.2Hz, 1H), 7.18 (d, | =7.9 Hz, 2H), 6.38 (d, ] =8.1 Hz, 1H), 429 -4.19
(m, 2H), 4.01 (s, 3H), 3.00 (td, | = 8.3, 1.1 Hz, 2H), 2.37 (s, 3H).

13C NMR (101 MHz, 300 K, CDCls): d 165.3, 163.2, 153.9, 142.4, 140.0, 136.3, 133.3, 129.7, 128.0,
119.9, 117.3, 104.0, 53.9, 47.0, 23.8, 21.6.

IR (thin film): ¥ 2970, 1645, 1604, 1590, 1514, 1472, 1420, 1389, 1342, 1319, 1287, 1259, 1245,
1220, 1198, 1161, 1093, 1031, 1000, 916, 810, 799, 772, 733, 694, 545, 519, 502 cm-1.

HRMS (ESI): m/z calculated for CisHisN202 [M+H]*: 295.1441, found: 295.1442.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-(o-tolyl) prop-2-en-1-one (1t):

The reaction performed according to the general procedure C afforded 794 mg (90%).

Pale yellow solid (m.p. 136-138 °C).

1H NMR (400 MHz, 300 K, CDCls): 8 8.49 (d, ] =15.6 Hz, 1H), 8.13 (d, ] = 15.6 Hz, 1H), 7.74 - 7.65
(m, 1H), 7.40 (dd, ] =8.2, 1.2 Hz, 1H), 7.27 - 7.12 (m, 3H), 6.38 (d, ] = 8.1 Hz, 1H), 4.32 — 4.22 (m,
2H), 3.96 (s, 3H), 3.06 — 2.97 (m, 2H), 2.48 (s, 3H).

13C NMR (101 MHz, 300 K, CDCls): d 165.2, 163.2, 153.9, 140.0, 137.9, 136.4, 135.0, 130.9, 129.5,
126.2,126.0, 121.9, 117.3, 104.1, 53.9, 47.1, 23.8, 20.0.

IR (thin film): ¥ 2963, 1648, 1612, 1591, 1474, 1448, 1419, 1389, 1342, 1291, 1254, 1219, 1196, 1161,
1094, 1028, 977, 918, 707, 771, 670, 550, 507, 483, cm-.

HRMS (ESI): m/z calculated for CisH1oN202 [M+H]*: 295.1441, found: 295.1440.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolol[2,3-blpyridin-1-yl)-3-(4-methoxyphenyl)prop-2-en-1-one (1u):

The reaction performed according to the general procedure C afforded 285 mg (92%).

Pale yellow solid (m.p. 153-155 °C).

H NMR (400 MHz, 300 K, CDCls): 5 8.41 (d, ] =15.7 Hz, 1H), 7.79 (d, ] = 15.7 Hz, 1H), 7.61 -
7.51 (m, 2H), 7.39 (dt, ] = 8.1, 1.0 Hz, 1H), 6.94 - 6.81 (m, 2H), 6.37 (d, ] = 8.0 Hz, 1H), 4.27 -
4.16 (m, 2H), 4.01 (s, 3H), 3.84 (s, 3H), 3.04 — 2.92 (m, 2H).

13C NMR (101 MHz, 300 K, CDCls): 8 165.4, 163.2, 161.0, 154.0, 142.1, 136.3, 129.6, 128.8, 118.6,
117.3,114.4, 103.8, 55.5, 53.9, 47.0, 23.8.

IR (thin film): ¥ 2936, 1648, 1601, 1511, 1473, 1445, 1419, 1386, 1344, 1303, 1290, 1253, 1196,
1171, 1094, 1029, 983, 919, 825, 808, 549 cm-.

HRMS (ESI): m/z calculated for CisHi1sN2OsNa [M+Na]*: 333.1210, found: 333.1215.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolol2,3-blpyridin-1-yl1)-3-(3-methoxyphenyl)prop-2-en-1-one (1v):

0O

MeO

The reaction performed according to the general procedure C afforded 827 mg (89%).

Pale yellow solid (m.p. 129-131 °C).

1H NMR (400 MHz, 300 K, CDCls): 0 8.51 (d, ] =15.7 Hz, 1H), 7.80 (d, ] = 15.8 Hz, 1H), 7.40 (dt,
J=8.1,1.0 Hz, 1H), 7.31 - 7.25 (m, 1H), 7.22 - 7.19 (m, 1H), 7.14 (t, ] = 2.0 Hz, 1H), 6.93 - 6.89
(m, 1H), 6.38 (dd, ] = 8.0, 0.7 Hz, 1H), 4.26 - 4.20 (m, 2H), 4.01 (s, 3H), 3.82 (s, 3H), 3.04 - 2.97
(m, 2H).

13C NMR (101 MHz, 300 K, CDCls): 8 165.0, 163.2, 160.0, 153.8, 142.4, 137.4, 136.4, 129.9, 121.2,
120.8, 117.3, 115.6, 113.1, 104.1, 55.3, 53.9, 47.1, 23.8.

IR (thin film): ¥ 2969, 2932, 1647, 1614, 1587, 1488, 1475, 1464, 1421, 1397, 1346, 1320, 1299,
1273, 1259, 1233, 1219, 1201, 1186, 1167, 1100, 1027, 983, 913, 842, 784, 773, 730, 698, 675, 647,
573, 543, 506 cm-1.

HRMS (ESI): m/z calculated for CisH1oN20Os [M+H]*: 311.1390, found: 311.1393.
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(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolol2,3-blpyridin-1-y1)-3-(4-(methylthio)phenyl) prop-2-en-1-one (1w):

The reaction performed according to the general procedure C afforded 309 mg (95%).
Yellow crystals (m.p. 147-149 °C).

H NMR (400 MHz, 300 K, CDCls):  8.47 (dd, J=15.7, 1.0 Hz, 1H), 7.77 (d, ] = 15.7 Hz, 1H),
7.51 (d, ] = 8.3 Hz, 2H), 7.38 (dq, ] = 8.2, 0.8 Hz, 1H), 7.24 - 7.17 (m, 2H), 6.37 (dd, ] = 8.1, 0.9
Hz, 1H), 4.28 — 4.16 (m, 2H), 3.99 (s, 3H), 3.04 — 2.95 (m, 2H), 2.50 (s, 3H).

13C NMR (101 MHz, 300 K, CDCls): 8 165.1, 163.2, 153.8, 141.8, 141.0, 136.3, 132.6, 128.4, 126.2,
120.0, 117.3, 104.0, 53.9, 47.0, 23.8, 15.4.

IR (thin film): % 2919, 1648, 1611, 1590, 1553, 1492, 1473, 1445, 1418, 1386, 1343, 1317, 1292,
1252, 1221, 1196, 1184, 1160, 1115, 1094, 1028, 983, 919, 809, 769, 751, 642, 546 cm-..

HRMS (ESI): m/z calculated for CisHi1sN202SNa [M+Na]*: 349.0981, found: 349.0982.

(E)-3-(4-fluorophenyl)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl) prop-2-en-1-one (1x):

The reaction performed according to the general procedure C afforded 840 mg (94%).

Pale yellow solid (m.p. 162-164 °C).

H NMR (400 MHz, 300 K, CDCls): 0 8.45 (d, ] =15.7 Hz, 1H), 7.79 (d, ] = 15.8 Hz, 1H), 7.58 (dd,
J=8.7,5.5Hz, 2H), 7.40 (dd, ] =8.1, 1.1 Hz, 1H), 7.06 (t, ] = 8.6 Hz, 2H), 6.39 (d, ] = 8.1 Hz, 1H),
4.28 —4.19 (m, 2H), 3.99 (s, 3H), 3.01 (td, | = 8.4, 1.0 Hz, 2H).

13C NMR (101 MHz, 300 K, CDCl): 6 164.9, 163.6 (d, ] =250.4 Hz), 163.2, 153.8, 141.1, 136.4,
132.3 (d, J=3.4 Hz), 129.8 (d, ] =8.4 Hz), 120.7 (d, ] = 2.3 Hz), 117.4, 116.0 (d, ] =21.9 Hz), 104.1,
53.8,47.1, 23.8.

1F NMR (376 MHz, CDCl:): d -110.82.

IR (thin film): 2962, 1645, 1611, 1590, 1510, 1473, 1422, 1392, 1343, 1318, 1294, 1259, 1219,
1197, 1162, 1028, 997, 833, 807, 772, 669, 545, 511 cm-..

HRMS (ESI): m/z calculated for CizH1sN202F [M+H]*: 299.1190, found: 299.1191.

(E)-3-(4-bromophenyl)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl) prop-2-en-1-one (1y):

The reaction performed according to the general procedure C afforded 945 mg (88%).

Pale yellow solid (m.p. 181-183 °C).

H NMR (400 MHz, 300 K, CDCls): 8 8.51 (d, ] = 15.7 Hz, 1H), 7.75 (d, ] = 15.8 Hz, 1H), 7.54 -
7.44 (m, 4H), 7.43 - 7.38 (m, 1H), 6.39 (d, ] = 8.1 Hz, 1H), 4.28 — 4.18 (m, 2H), 3.98 (s, 3H), 3.06 -
2.95 (m, 2H).

13C NMR (101 MHz, 300 K, CDCls): 5 164.8, 163.2, 153.8, 140.9, 136.5, 135.0, 132.1, 129.4, 123.8,
121.7,117.4, 104.2, 53.9, 47.1, 23.8.

IR (thin film): { 2938, 1645, 1609, 1587, 1563, 1487, 1472, 1445, 1417, 1386, 1342, 1318, 1295,
1257, 1246, 1218, 1197, 1161, 1093, 1069, 1030, 1008, 916, 813, 772, 668, 618, 545, 493 cm-1.
HRMS (ESI): m/z calculated for Ci7HisN202Br [M+H]*: 359.0390, found: 359.0391.

(E)-4-(3-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]lpyridin-1-yl)-3-oxoprop-1-en-1-yl)benzonitrile (1z):

The reaction performed according to the general procedure C afforded 823 mg (90%).

Yellow solid (m.p. 200-202 °C).

1H NMR (400 MHz, 300 K, CDCl): 8 8.61 (d, ] = 15.8 Hz, 1H), 7.79 (d, | = 15.8 Hz, 1H), 7.67 (d,
J=0.9 Hz, 4H), 7.43 (dt, ] = 8.1, 1.0 Hz, 1H), 6.42 (d, ] = 8.1 Hz, 1H), 4.28 — 4.21 (m, 2H), 3.97 (s,
3H), 3.03 (td, ] =8.3, 1.1 Hz, 2H).

13C NMR (101 MHz, 300 K, CDCls): 6 164.1, 163.3, 153.6, 140.4, 139.8, 136.6, 132.7, 128.3, 124.5,
118.7, 117.5, 112.8, 104.5, 53.9, 47.1, 23.8.

IR (thin film): & 2962, 2928, 2225, 1648, 1608, 1587, 1506, 1473, 1417, 1395, 1342, 1293, 1255,
1245, 1198, 1097, 1011, 957, 915, 825, 815, 772, 545, 509 cm-.

HRMS (ESI): m/z calculated for CisHisN3O2Na [M+Na]*: 328.1056, found: 328.1058.
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(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]lpyridin-1-yl)-2-methylbut-2-en-1-one (1ab):

The reaction performed according to the general procedure C afforded 507 mg (73%).

Colorless solid (m.p. 50-52 °C).

H NMR (400 MHz, 300 K, CDCl3): 0 7.33 (dd, ] = 8.1, 0.9 Hz, 1H), 6.30 (dd, ] =8.0, 0.8 Hz, 1H), 5.84
—5.75 (m, 1H), 4.14 - 4.02 (m, 2H), 3.80 (s, 3H), 3.03 - 2.92 (m, 2H), 1.95 (s, 3H), 1.73 (dd, ] = 6.9, 1.1
Hz, 3H).

13C NMR (101 MHz, 300 K, CDCl): 8 171.8, 163.1, 153.6, 135.8, 134.7, 126.5, 116.4, 103.9, 53.4, 47.2,
24.2,14.4,13.4.

IR (thin film): ¥ 2915, 1638, 1608, 1590, 1473, 1416, 1385, 1342, 1325, 1309, 1292, 1253, 1192, 1155,
1091, 1024, 917, 808, 742, 658, 565 cm-1.

HRMS (ESI): m/z calculated for CisHisN20:2Na* [M+Na]*: 255.1104, found: 255.1106.

Diethyl (2-(6-methoxy-2,3-dihydro-1H-pyrrolol2,3-blpyridin-1-yl)-2-oxoethyl)phosphonate (10):

The reaction performed according to the general procedure C (30 mmol scale, DCM: 300 mL)
afforded 8.06 g (82%).

Colorless solid (m.p. 4446 °C).

H NMR (400 MHz, 300 K, CDCls): 6 7.38 (dd, ] = 8.2, 1.0 Hz, 1H), 6.36 (dd, ] = 8.2, 1.0 Hz, 1H),
4.20 (s, 1H), 4.16 — 4.05 (m, 7H), 3.92 (s, 3H), 3.05 — 2.85 (m, 2H), 1.24 (t, ] = 7.1 Hz, 6H).

13C NMR (101 MHz, 300 K, CDCls): d 163.5 (d, ] = 6.8 Hz), 163.0, 153.0, 136.5, 116.8, 104.5, 62.3 (d,
J=6.3Hz),54.1,46.9,35.1 (d, ]=133.4 Hz), 23.5, 16.4 (d, ] = 6.3 Hz).

1P NMR (162 MHz, 300 K, CDCls): § 21.79.

IR (thin film): ¥ 3476, 2982, 2938, 1656, 1611, 1589, 1526, 1477, 1422, 1335, 1314, 1294, 1255, 1197,
1151, 1095, 1054, 1024, 967, 908, 810, 782, 670, 635, 603 cm-.

HRMS (ESI): m/z calculated for Ci1aH22N20sP [M+H]*: 329.1261, found: 329.1259.
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4.4. Preparation of amides from 10 using Horner—Wadsworth—-Emmons (HWE) reaction (Procedure D)

' 3 J
EtO” E’\)LN 0 KO™Bu R™TY N
OEt L (1 M solution in THF)
— + - -
N R H > N\
\ Dry THF, 0°C - rt, 3 h %
MeO MeO
S1 Aldehydes 1

Potassium tert-butoxide solution (1 M solution in THF, 1.0 mL, 1.0 mmol, 1.0 equiv.) was slowly added to diethyl (2-(6-
methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-2-oxoethyl)phosphonate 10 (1.0 mmol, 1.0 equiv) in anhydrous
THF (15 mL) under a positive argon atmosphere at 0 °C. The resulting mixture allowed stirring for 1 h, followed by slow
addition of desired aldehyde (1.5 mmol, 1.5 equiv) in 3 mL THF over 5 min, the resulting mixture stirred under an inert
atmosphere for 2 h at 0 °C. The progress of the reaction monitored by TLC analysis (staining with 2, 4-DNP / KMnOs);
after complete consumption of the starting material, the reaction was quenched by adding saturated ammonium chloride
solution (10 mL) and extracted with ethyl acetate (15 mL x 3). Combined organic layer was washed with brine (20 mL),
dried over anhydrous Na250s, and concentrated in vacuo. Purification of the crude product by automated flash column
chromatography using Hexanes/EtOAc (8/2) solvent system afforded pure a, f-unsaturated amides 1. All the products
were subsequently recrystallized from DCM/Hexane.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)pent-2-en-1-one (1n):
The reaction performed according to the general procedure D afforded 200 mg (86%).
Colorless solid (m.p. 80-82 °C).

Q 1H NMR (400 MHz, 300 K, CDCls): d 7.81 (dt, ] = 15.4, 1.8 Hz, 1H), 7.37 (dq, ] = 8.1, 0.9 Hz, 1H),

~xAy 7.16 (dt, ] =154, 6.1 Hz, 1H), 6.34 (dd, ] =8.1, 0.7 Hz, 1H), 4.22 - 4.12 (m, 2H), 3.93 (s, 3H), 2.97 (td,
N J=8.4,1.0 Hz, 2H), 2.31 (qdd, ] = 7.5, 6.0, 1.8 Hz, 2H), 1.13 (t, ] = 7.4 Hz, 3H).

- \_7 3C NMR (101 MHz, 300 K, CDCl3): 8 165.4, 163.2, 153.9, 148.2, 136.2, 122.5, 117.2, 103.7, 53.8, 46.9,

25.9,23.8, 12.6.

IR (thin film): ¥ 2971, 2942, 2905, 1659, 1610, 1590, 1479, 1469, 1455, 1419, 1388, 1375, 1335, 1292,
1253, 1221, 1194, 1163, 1103, 1027, 978, 914, 857, 829, 774, 732, 654, 548, 522 cm-L.

HRMS (ESI): m/z calculated for CisH17N202 [M+H]*: 233.1285, found: 233.1286.

(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)hept-2-en-1-one (10):

The reaction performed according to the general procedure D afforded 231 mg (89%).
Colorless solid (m.p. 37-39 °C).
H NMR (400 MHz, 300 K, CDCl:): 6 7.81 (dt, ] =15.4, 1.6 Hz, 1H), 7.36 (dt, ] =8.0, 1.0 Hz, 1H),

Q 7.14-7.03 (m, 1H), 6.33 (d, ] =8.1 Hz, 1H), 4.20 - 4.11 (m, 2H), 3.92 (s, 3H), 3.02 - 2.90 (m, 2H),

WLN 2.31-2.22 (m, 2H), 1.56 — 1.45 (m, 2H), 1.42 - 1.29 (m, 2H), 0.90 (t, ] =7.3 Hz, 3H).
N 3C NMR (101 MHz, 300 K, CDCls): o 165.3, 163.1, 153.9, 146.9, 136.2, 123.4, 117.1, 103.7, 53.8,
\_ 7 46.8,32.7,30.5,23.7,22.4, 14.0.

IR (thin film): 2955, 2929, 2860, 1659, 1624, 1590, 1473, 1418, 1387, 1345, 1292, 1253, 1196,
1160, 1093, 1025, 985, 808, 640 cm-!.
HRMS (ESI): m/z calculated for CisH20N20:2Na [M+Na]+*: 283.1417, found: 283.1427.
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(E)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-5-methylhex-2-en-1-one (1p):

283.1424.

The reaction performed according to the general procedure D afforded 234 mg (90%).

Colorless solid (m.p. 69-71 °C).

H NMR (400 MHz, 300 K, CDCL): 0 7.79 (dt, | = 15.3, 1.5 Hz, 1H), 7.36 (dt, ] = 8.2, 1.0 Hz, 1H),
7.16 - 6.99 (m, 1H), 6.34 (d, ] =8.1 Hz, 1H), 4.24 - 4.02 (m, 2H), 3.91 (s, 3H), 3.02 - 2.91 (m, 2H), 2.22
-2.09 (m, 2H), 1.88 - 1.74 (m, 1H), 0.94 (d, ] = 6.7 Hz, 6H).

13C NMR (101 MHz, 300 K, CDCls): 0 165.2, 163.1, 153.9, 145.6, 136.2, 124.6, 117.1, 103.7, 53.8, 46.8,
42.4,28.1,23.8,22.6.

IR (thin film): ¥ 2955, 1659, 1624, 1590, 1474, 1418, 1387, 1336, 1292, 1253, 1160, 1093, 1025, 983,
806 cm.

HRMS (ESI): m/z calculated for m/z calculated for CisH20N20:Na [M+Na]*: 283.1417, found:

(E)-3-cyclopropyl-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)prop-2-en-1-one (1q):

The reaction performed according to the general procedure D afforded 231 mg (95%).

Colorless solid (m.p. 117-119 °C).

H NMR (400 MHz, 300 K, CDCL:): 8 7.94 (d, | = 15.2 Hz, 1H), 7.37 (dt, | = 8.2, 1.1 Hz, 1H), 6.60 (dd,
J=15.2,9.9 Hz, 1H), 6.34 (d, ] = 8.1 Hz, 1H), 4.19 — 4.12 (m, 2H), 3.95 (s, 3H), 3.00 - 2.93 (m, 2H), 1.69
-1.57 (m, 1H), 0.97 — 0.90 (m, 2H), 0.71 - 0.65 (m, 2H).

3C NMR (101 MHz, CDCls): 6 165.5, 163.1, 154.0, 151.6, 136.2, 120.4, 117.2, 103.5, 53.82, 46.8, 23.8,
15.1, 8.8.

IR (thin film): § 2916, 1653, 1615, 1590, 1473, 1422, 1399, 1367, 1330, 1317, 1286, 1259, 1200, 1187,
1159, 1100, 1020, 982, 940, 871, 808, 792, 940, 871, 808, 792, 754, 703, 665, 643, 547 cm-.

HRMS (ESI): m/z calculated for m/z calculated for CisHieN20:Na [M+Na]*: 267.1104, found:
267.1110.

(E)-3-cyclohexyl-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl) prop-2-en-1-one (1r):

The reaction performed according to the general procedure D afforded 249 mg (87%).

Colorless solid (m.p. 87-89 °C).

H NMR (400 MHz, 300 K, CDCl3):  7.77 (dd, ] = 15.5, 1.6 Hz, 1H), 7.36 (dt, ] = 8.1, 1.0 Hz, 1H),
7.08 (dd, ] =15.5, 6.2 Hz, 1H), 6.34 (d, ] = 8.1 Hz, 1H), 4.22 - 4.10 (m, 2H), 3.93 (s, 3H), 3.00 - 2.91
(m, 2H), 2.25-2.14 (m, 1H), 1.91 - 1.81 (m, 2H), 1.80 - 1.73 (m, 2H), 1.71 - 1.64 (m, 1H), 1.38 - 1.11
(m, 5H).

13C NMR (101 MHz, 300 K, CDCls): 8 165.6, 163.1, 153.9, 152.1, 136.2, 120.9, 117.2, 103.7, 53.9, 46.9,
40.8,32.2,26.2,26.0,23.7.

IR (thin film): ¢ 2924, 2851, 1657, 1621, 1590, 1473, 1448, 1417, 1385, 1341, 1293, 1252, 1196, 1160,
1093, 1027, 986, 808, 640 cm-'.

HRMS (ESI): m/z calculated for Ci7H22N202Na [M+Na]*: 309.1573, found: 309.1578.
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(E)-3-(furan-2-yl)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl) prop-2-en-1-one (laa):
The reaction performed according to the general procedure D afforded 216 mg (80%).
Yellow solid (m.p. 108-110 °C).
H NMR (400 MHz, 300 K, CDCls): 0 8.50 (d, ] =15.5Hz, 1H), 7.56 (d, ] =15.6 Hz, 1H), 7.42 (d, ]
> =1.8 Hz, 1H), 7.38 (dd, ] = 8.2, 1.1 Hz, 1H), 6.58 (d, ] = 3.4 Hz, 1H), 6.48 — 6.44 (m, 1H), 6.37 (d, |
WN =8.1 Hz, 1H), 4.25 - 4.18 (m, 2H), 4.03 (s, 3H), 3.03 — 2.97 (m, 2H).
-0 = 13C NMR (101 MHz, 300 K, CDCls): d 165.0, 163.2, 153.8, 152.5, 144.0, 136.3, 128.8, 118.9, 117.0,
7 113.9, 112.3, 104.0, 54.0, 46.9, 23.8.
IR (thin film): § 2938, 2359, 1649, 1611, 1557, 1477, 1418, 1383, 1338, 1317, 1290, 1248, 1197,
1162, 1095, 1017, 977, 916, 882, 802, 751, 717, 670, 643, 594 cm-.
HRMS (ESI): m/z calculated for CisH14aN20OsNa [M+Na]*: 293.0897, found: 293.0899.
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4.5. Synthesis of Amine derivatives (Procedure E)

To a solution of amine (9.3 mmol, 1 equiv) in dry THF (0.3 M) under Argon at —78 °C was added a solution of "BuLi in
hexanes (2.6 M, 4 mL, 10.23 mmol, 1.1 equiv) over the period of ~3 min. The solution was then allowed to warm to room
temperature for 24 h. Then, (iodomethyl)trimethylsilane (10.2 mmol, 1.6 mL, 1.1 equiv) was added slowly, and the
resulting solution was stirred for additional 12 h. The reaction was then quenched by slow addition of a saturated
solution of NH4Cl (10 mL) and extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over Na2SOx
and concentrated in vacuo to afford a crude product. That was purified by automated flash column chromatography
(Biotage Isolera One) with pre-packed silica gel column using Hexane/EtOAc (99/01) as eluents.

N-methyl-N-((trimethylsilyl)methyl)aniline (2a):
The reaction performed according to the general procedure E afforded 1.40 g (78%).
Mesy“~1ms  Pale yellow oil.
1H NMR (400 MHz, CDCls): d 7.37 - 7.10 (m, 2H), 6.92 — 6.48 (m, 3H), 2.98 (s, 3H), 2.91 (s, 2H), 0.15 (s,
@ 9H).
13C NMR (101 MHz, CDCls): d 150.7, 129.1, 115.3, 112.0, 44.1, 40.3, -1.0.
The obtained data is in accordance with the literature data.?

N-benzyl-N-((trimethylsilyl)methyl)aniline (2b):
The reaction performed according to the general procedure E afforded 1.90 g (76%).
Bn.n"~T1ms  Pale yellow oil.
H NMR (400 MHz, CDCls): 6 7.36 — 7.29 (m, 2H), 7.27 - 7.15 (m, 5H), 6.77 — 6.51 (m, 3H), 4.56 (s, 2H),
@ 3.00 (s, 2H), 0.10 (s, 9H).
13C NMR (101 MHz, CDCl»): § 149.7, 138.8, 129.1, 128.7, 126.8, 126.8, 115.5, 112.2, 56.0, 42.4, -0.9.
The obtained data is in accordance with the literature data.?

N-isopropyl-N-((trimethylsilyl)methyl)aniline (2¢):

Pre. The reaction performed according to the general procedure E afforded 1.50 g (73%).

N° TMS  Pale yellow oil.
@ H NMR (400 MHz, CDCls): 6 7.27 - 7.18 (m, 2H), 6.83 - 6.76 (m, 2H), 6.75 - 6.67 (m, 1H), 4.11 - 3.99 (m,
1H), 2.62 (s, 2H), 1.15 (d, ] = 6.6 Hz, 6H), 0.05 (s, 9H).

13C NMR (101 MHz, CDCls): 8 150.6, 128.8, 116.6, 115.6, 51.3, 33.8, 19.7, -0.9.
The obtained data is in accordance with the literature data.?

N-((trimethylsilyl)methyl)aniline (2d):
The reaction performed according to the general procedure E afforded 1.16 g (70%).

HN">TMs  Pale yellow oil.
H NMR (400 MHz, CDCls): 0 7.26 — 7.15 (m, 2H), 6.80 — 6.62 (m, 3H), 3.49 (bs, 1H), 2.54 (s, 2H), 0.18 (d, ] =
1.1 Hz, 9H).

13C NMR (101 MHz, CDCls): 6 150.7, 129.3, 117.1, 112.5, 33.7, -2.6.
The obtained data is in accordance with the literature data.3

2-fluoro-N-methyl-N-((trimethylsilyl)methyl)aniline (2e):
The reaction performed according to the general procedure E afforded 1.45 g (74%).
Me.y“~tms Pale yellow oil.
F 1H NMR (400 MHz, CDCls): d 7.06 — 6.90 (m, 3H), 6.85 — 6.77 (m, 1H), 2.84 (s, 3H), 2.71 (s, 2H), 0.07 (s,
oy
13C NMR (101 MHz, CDCls): 6 155.4 (d, ] =244.7 Hz), 142.5 (d, ] = 8.4 Hz), 1242 (d, ] = 3.4 Hz), 120.7 (d, ]
=7.8 Hz), 119.0 (d, ] =3.5 Hz), 116.2 (d, ] =21.0 Hz), 47.3 (d, ] = 4.0 Hz), 43.5 (d, ] = 2.8 Hz), -1.12.
F NMR (376 MHz, CDCls): 6 -121.92.
The obtained data is in accordance with the literature data.?
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5. Photochemical reactions

5.1: Reaction optimization

I: Reaction optimization at room temperature / 5 °C (placed in a cold storage room):

A dry 4 mL tube was charged with a photocatalyst PC (0.01 equiv., 1.0 mol%), Metal salt (0.15 equiv., 15 mol%), Ligand
(0.20 equiv., 20 mol%) and TBACI (8.35 mg, 0.30 equiv., 30 mol%) in the Glove box. To the mixture was added anhydrous
solvent(s) (2 mL) via syringe with a stainless-steel needle at room temperature under positive Argon pressure. The
reaction mixture was charged with the acceptor 1a (18.8 mg, 1.0 equiv, 0.1 mmol) and stirred for 30 min. The reaction
was carefully degassed by 3 freeze/pump/thaw cycles under Argon in the dark. Then, the amine 2a (50 pL, 2.5 equiv.,
0.25 mmol) was added slowly to the reaction mixture and irradiated by blue light (Amax = 455 nm). The yield was
determined by 'H NMR spectroscopy of the crude product using 1,1,2,2-tetrachloroethane (100 pL, 1M solution in CDCls)
as an internal standard. The purification was done by using Preparative Thin Layer Chromatography (PTLC) using
Hexane/EtOAc (~85/15) eluents. The pure product 3 was obtained by filtering through glass frit funnel using DCM as an
eluent. The enantiomeric excess (e¢) was determined by chiral HPLC analysis.

II: Reaction optimization at -20 °C:
An oven dried 10 mL Schlenk tube was charged with Photocatalyst PC (0.01 equiv., 1.0 mol%), Metal salt (0.15 equiv.,
15 mol%), Ligand (0.20 equiv., 20 mol%) in the Glove box. To the mixture was added anhydrous solvent(s) (2 mL) via
syringe with a stainless-steel needle at room temperature under positive Argon pressure. The resulting solution was
stirred for 30 min and transferred to another Schlenk tube containing the acceptor 1a (18.8 mg, 1.0 equiv, 0.1 mmol). The
reaction was carefully degassed by 3 freeze/pump/thaw cycles under Argon in the dark. The resulting reaction mixture
was then allowed to stir for additional 30 min at room temperature before cooling down to -20 °C. Then, the amine 2a
(50 pL, 2.5 equiv., 0.25 mmol) was added slowly to the reaction mixture and allowed to equilibrate for 15 min at -20 °C.
This mixture was then irradiated by blue light (Amax = 448 nm). The yield was determined by 'H NMR spectroscopy of
the crude product using 1,1,2,2-tetrachloroethane (100 pL, 1M solution in CDCls) as an internal standard. The purification
was done by using Preparative Thin Layer Chromatography (PTLC) using Hexane/EtOAc (~85/15) eluents. The pure
product 3 was obtained by filtering through glass frit funnel using CHCls as an eluent. The enantiomeric excess (ee) was
determined by chiral HPLC analysis.

Fig. S1: Photochemical reaction set-up for room temperature / 5 °C (top (Amax =455 nm) and -20 °C (bottom (Amax = 448
nm).
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[A] Metal and Ligand optimization at room temperature (~23 °C)

Me Me (0]
Me\ At Photocatalyst (1 mol %)

e @
@ Metal salt (15 mol %)
Ligand (20 mol %)

Additive (30 mol%)
MeCN (0.05 M), rt (~23 °C),

\

455 nm, 84 h
Entry Metal salt Ligand Photocatalyst PTC (30 | NMR Yield | ee (%)*
mol %) (%)

01 None None [Ru(bpy)sCl2 (PC1) TBACI 28 ND
02 Sc(OTf)s (5,5)-Bu-PyBox (L1) none TBACI 10 0
03 none none [Ru(bpy)sCl2 (PC1) none 26 ND
04 Sc(OTf)s (S,5)-Bu-PyBox (L1) [Ru(bpy)sCLz (PC1) TBACI 85 0
05 Sc(OTf)s (S,5)-Bu-PyBox (L1) [Ru(bpy)sClz (PC1) none 83

06 none (S,5)-Bu-PyBox (L1) [Ru(bpy)sCLz (PC1) TBACI 27 ND
07 Sc(OTf)s none [Ru(bpy)sCL2 (PC1) TBACI 35 ND
08 [Cu(MeCN)4]PFs | (S,5)-Bu-PyBox (L1) [Ru(bpy)sCl2 (PC1) none traces ND
09 | [Cu(MeCN)4JPFs | (R)-DM-Segphos (L2) | [Ir(ppy-:dtb-bpylPFs (PC2) none 72 30

Unless otherwise stated, these are the common conditions maintained for all the optimizations:“1a: 0.1 mmol, 2a: 0.25
mmol, Metal salt (15 mol %), Ligand (20 mol %), Photocatalyst (1 mol %), MeCN (0.05 M), rt (~23 °C), 84 h. [b] Determined by
1H-NMR analysis of the crude reaction mixture with 1,1,2,2-tetrachloroethane as an internal standard. [c] Determined by chiral
stationary phase HPLC analysis. (Abbreviations: ee = enantiomeric excess; ND = Not determined; PTC = Phase Transfer Catalyst;
TBACI = Tetrabutyl Ammonium Chloride).

Biaryls
PyBox fary Phospholanes

l\/ <Z O PAr, OO PAr, Eh Ph R R ipr Pr, Q
N " N / (0 "-F’Afz O O PAr, C(P;\,? é/::\/P? éP/\/PQ C( \b

'Bu “Bu o} Pr

Me Mé
) L2: (R)-DM-Segphos; L3: (R)-DM-BINAP;
L1: (S,S)-BuPyBox Ar = 3,5-Me,-CgHs Ar = 3,5-Me,-CgH3 L4: (R,R)-Ph-BPE L5: R = Ph, (S,5)-Ph-BPE  L7: (S,S)-Pr-BPE L8: (R,R)-Me-Duphos

L6: R = Me, (S,5)-Me-BPE
Other Biaryls

% X1 I g8 ®
0 PAr, F o PPh, PAr, PPh, PPh, MeO PPh,
(o ‘--PAfz FXO «PPhy O e PAr, PPh, PPh, MeO PPh,
$ X1 (2 E ¢

L9: (R)-Segphos; Ar = Ph L11: (R)-Difluorphos L12: (R)-BINAP; Ar = Ph L14: (R)-H8-BINAP
L10: (R)-DTBM-Segphos; L13: (R)-Tol-BINAP; Ar = 4-Me-CgHj A L15: (R)-Synphos L16: (S)-MeO-Biphep
Ar = 3,5-tBu2-4-MeO-CgH,

OMe OMe
NTX Ferrocenes
@ @ ®
MeO PAr, MeO PArp <:o PPh, PAr, Q/ PPh,
PtB
MeO. PAr, MeO Z | PAr, fo) PPh, @%PAQ ArP” Fe Y Up (j/\/ = o
O N |O H Z\Me : e 2
) R MeoN >
OMe OMe
L17: (R)-Ph-Garphos; Ar: Ph L19: (S)-P-Phos; Ar: Ph L21: (R)-Cq-TunePhos L22: (R,Ap)-Walphos-type | 23: (R, Sp)-Josiphos-type . Taniaphos-
L18: (R)-DMM-Garphos L20: (S)-Xylyl-P-Phos; Ar = 3,5-Me,-CgHs Ar = 4-CFy-CqHs Y L24: (R, Rp)-Taniaphos-type
Ar: 3,5-Me,-4-OMe-CgH, Ar: 3,5-Mey-CgHs
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[B] Ligand optimization at low temperature (~5 °C)

Me/\)(iN Me‘N/\Tl\/IS [Ir(ppy)-dtb-bpy]PFg (1 mol %)‘ "\\‘I/Ii/l\fi)?\N
N + @ [Cu(MeCN),]PFg (15 mol %) ©/ NB
\ Ligand (20 mol %) \
MeCN (0.05 M), ~5 °C,
1a 2a 455 nm, 84 h 3aa
Entry Ligand NMR Yield (%) ee (%)
01 (R)-DM-Segphos (L2) 61 70
02 (R)-DM-BINAP (L3) 49 52
03 (R,R)-Ph-BPE (L4) 43 -44
04 (S,S)-Ph-BPE (L5) 40 50
05 (S,5)-Me-BPE (L6) 10 3
06 (S,5)-Pr-BPE (L7) 10 8
07 (R,R)-Me-Duphos (L8) 10 -5
08 (R)-Segphos (L9) 68 67
09 (R)-DTBM-Segphos (L10) 10 3
10 (R)-Difluorphos (L11) 40 38
11 (R)-BINAP (L12) 45 45
12 (R)-Tol-BINAP (L13) 28 63
13 (R)-H8-BINAP (L14) 25 4
14 (R)-Synphos (L15) 39 29
15 (5)-MeO-Biphep (L16) 49 -29
16 (R)-Ph-Garphos (L17) 63 42
17 (R)-DMM-Garphos (L18) 41 36
18 (S)-P-Phos (L19) 55 -39
19 (5)-Xylyl-P-Phos (L20) 53 -35
20 (R)-C3-Tunephos (L21) 48 31
21 (R,Rp)-Walphos-type (L22) 13 25
22 (R,Sp)-Josiphos-type (L23) traces ND
23 (R,Rp)-Taniaphos-type (L24) traces ND
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[C] Solvent optimization at low temperature (~5 °C)
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Me/\)?\N Me‘NATMS [Ir(ppy).dtb-bpy]PFg (1 mol %)‘ '\'Gi/'\fi)(i,\l
N\g + @ [Cu(MeCN)4]PFg (15 mol %) ©/ N
\N (R)-DM-Segphos L2 (20 mol %) \N
Solvent (0.05 M), ~5 °C,
1a 2a 455 nm, 84 h 3aa
Entry Solvent (0.05 M) NMR Yield (%) ee (%)
01 MeCN 61 70
02 DCM 10 ND
03 DCE 10 ND
04 CHCIs traces ND
05 1,4-Dioxane traces ND
06 DMSO traces ND
07 DMF traces ND
08 MeOH 10 ND
09 EtOH 73 74
10 Acetone 49 53
11 EtOAc 18 ND
12 PrOAc 22 ND
13 THF 68 20
14 Diethyl Ether 8 ND
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[D] Solvent mixture optimization at low temperature (~5 °C)

Me. .~ [Ir(ppy)2dtb-bpylPFg (1 mol %)
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I\I/Ie Me O

O
Me/\)LN L > ©/N\/*\)LN
N T + @ [Cu(MeCN)4]PFg (15 mol %) =
\ 7 (R)-DM-Segphos L2 (20 mol %) \
1a 2a

N
Solvent(s) (0.05 M), ~5 °C,
455nm, 84 h 3aa
Entry Solvent(s) (1/1, 0.05 M) NMR Yield (%) ee (%)
01 MeCN 62 89
02* EtOH traces ND
03 EtOH / MeCN 68 66
04 EtOH / MeOH 67 63
05 EtOH / THF 75 73
06 EtOH / DMF 44 46
07 EtOH / DME 77 76
08 EtOH / Diethyl Ether 65 77
09 EtOH / Water 10 71
10 EtOH / Acetone 80 74
11 EtOH / EtOAc 79 74
12 EtOH / DMSO 45 72

*Reaction mixture was turbid (solubility issues, Fig. 52)

Left: Clear reaction mixture in MeCN
at -20 °C (after 1 h)

Right: Turbid reaction mixture in EtOH
at-20 °C (after 1 h).

Fig. S2. Photochemical reaction in MeCN and EtOH at -20 °C (after 1 h)
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[E] Solvent mixture ratio optimization at low temperature (-20 °C)

(0] Me Me O
Me. -~ [Ir(ppy).dtb-bpy]PFg (1 mol %) ! H
Me/\)LN N TMS 2 6 N ©/N\/*\)LN
N * @ [Cu(MeCN),]PF (15 mol %) N
\N (R)-DM-Segphos L2 (20 mol %) \N
DME:EtOH (x:y, 0.05 M), -20 °C,
1a 2a 448 nm, 84 h 3aa
Entry EtOH / DME (x / y, 0.05 M) NMR Yield (%) ee (%)
01 1/3 80 89
02 3/1 49 85
[F] Photocatalyst optimization
0 Me Me O
Me. .~ Photocatalyst (1 mol %) \ :
W N> TS - ©/N\/*\)LN
N + @ [Cu(MeCN)4]PFg (15 mol %) =
\ (R)-DM-Segphos L2 (20 mol %) N\ P
DME:EtOH (3:1; 0.05 M), -20 °C,
1a 2a 448 nm, 84 h 3aa
Entry Photocatalyst NMR Yield (%) ee (%)
01 [Ru(bpy)sCL2 (PC1) 56 88
02 [Ir(ppyrdtb-bpylPFs (PC2) 83 89
03 [Ir{dF(CFs)ppy)2dtb-bpy]PFs (PC3) 67 88
04 fac-[Ir(ppy)s] (PC4) 78 89
05 Eosin Y (PC5) 0 ND
06 Acridinium dye (PC6) 0 ND
07 None 0 ND

Me

. .o 1O
Nz coo Me Me
o e
N \N/ Br X Br X
NZ | =~ | Ie) +
N [e) (e) N
Br

I o .
Br Me  ClOs
CFs PC6: Acridinium dye
| PC1:[Ru(bpy)sICl PC2: [Ir(ppy),(dtb-bpy)IPFs  PC3: [I{dF(CF3)ppy}s(dtb-bpy)]PFg PC4: fac-{Ir(ppy)s] PC5: Eosin Y (Fukuzumidye) )
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[G] Temperature optimization

ve 8 ME)

[Ir(ppy)-dtb-bpy]PFg (1 mol %)

L
Y

[Cu(MeCN),JPFg (15 mol %)
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(R)-DM-Segphos L2 (20 mol %) N\
DME:EtOH (3:1, 0.05 M), temperature,

448 nm, 84 h 3aa
Entry Temperature NMR Yield (%) ee (%)

01 -10 84 82

02 -20 83 89

03 -30 67 89

[H] Catalyst loading optimization

Me Me 0}

ve 8 ME)

[Ir(ppy)2dtb-bpy]PFg (1 mol %)

[Cu(MeCN)4]PFg (x mol %)
(R)-DM-Segphos L2 (y mol %)
DME:EtOH (3:1, 0.05 M), -20 °C,

e

448 nm, 84 h
Entry [Cu(MeCN)4]PFs (x mol%) (R)-DM-Segphos (y mol%) NMR Yield (%) ee (%)
01 5 6 66 51
02 10 12 75 82
03 15 18 83 89
04 20 24 83 90
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5.2: Standard Procedure 1: Variation of 7-azaindolines

General procedure for asymmetric a-amino radical addition: An oven dried 10 mL Schlenk tube was charged with
[Ir(ppy)2dtbbpy]PFs (0.92 mg, 0.01 equiv., 1.0 mol %), [Cu(MeCN)4]PFs (5.60 mg, 0.15 equiv., 15 mol %), (R)-DM-Segphos
(13 mg, 0.18 equiv., 18 mol %) in the Glove box. To the mixture was added anhydrous DME (1.5 mL) via syringe with a
stainless-steel needle at room temperature under positive Argon pressure. The resulting solution was stirred for 30 min
and transferred to another Schlenk tube containing the acceptor 1 (1.0 equiv, 0.1 mmol) in EtOH (0.5 mL). The reaction
was carefully degassed by 3 freeze/pump/thaw cycles under Argon in the dark. The resulting reaction mixture was then
allowed to stir for additional 30 min at room temperature before cooling down to -20 °C. Then, the amine 2a (~50 pL, 2.5
equiv., 0.25 mmol) was added slowly to the reaction mixture and allowed to equilibrate for 15 min at -20 °C. This mixture
was then irradiated by blue light (Amax = 448 nm) for 84 h. The crude residue loaded directly onto a Preparative Thin
Layer Chromatography (PTLC) and eluted using Hexane:EtOAc (~85:15) solvent system (>2 times). If rquired, the
isolated product was repurified by another PTLC with DCM. The UV-visible product band was scratched and filtered
through glass frit funnel using CHCls as an eluent to afford 3.

]

Ir dtb-bpy]PFg PC2 (1 mol %
Me/\)LN/\/w Me‘N/\TMS [Ir(ppy)2 pylPFeg ( ) . Me I\?/Ie 0 1
~ - oS
N T [Cu(MeCN),4]PFg (15 mol %)
\\\/,\’ (R)-DM-Segphos L2 (18 mol %) N)b{
R? DME:EtOH (3:1, 0.05 M), -20 °C, X
448 nm, 84 h 3 “"R2
1 2a

(R)-1-(2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-y1)-3-methyl-4-(methyl(phenyl)amino)butan-1-one (3aa):
The reaction performed according to the standard procedure 1 afforded 25 mg (82%).
Yellow oil.
H NMR (400 MHz, 300 K, CDCls): 5 8.06 (ddt, J=5.1, 1.8, 1.0 Hz, 1H), 7.42 (dq, | = 7.3, 1.4
Ve Me O Hz, 1H), 7.20 - 7.13 (m, 2H), 6.85 (dd, ] = 7.3, 5.1 Hz, 1H), 6.73 (dt, ] = 8.0, 1.0 Hz, 2H), 6.62 (it,
,Q\/\)LN J=72,11Hz, 1H), 4.14 - 3.99 (m, 2H), 3.47 (dd, ] = 14.5, 6.7 Hz, 1H), 3.43 — 3.37 (m, 1H), 3.10
©/ (dd, ] =14.5, 8.3 Hz, 1H), 3.01 — 2.95 (m, 5H), 2.85 (dd, ] = 15.0, 7.8 Hz, 1H), 2.69 — 2.58 (m,
N\g 1H), 1.04 (d, ] = 6.7 Hz, 3H).
13C NMR (101 MHz, 300 K, CDCl):  172.2, 156.16, 149.8, 146.2, 133.4, 129.1, 126.2, 117.9,
115.7, 112.0, 59.4, 45.8, 41.6, 39.5, 29.5, 24.3, 18.2.
IR (thin film): 7 2924, 1656, 1600, 1548, 1536, 1507, 1478, 1460, 1441, 1420, 1378, 1333, 1308,
1241, 1220, 1200, 1163, 1081, 1033, 991, 773, 747, 692, 565 cm-.
HRMS (ESI): m/z calculated for CioH24N3O [M+H]*: 310.1914, found: 310.1918.
[a]3° -189.8 (c 0.41, CHCls, 89% ee sample).
Enantiomeric excess was determined to be 89% ee (standard procedure 1, using L2) by chiral stationary phase HPLC
analysis (CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr =
27.8 min (major), 34.8 min (minor).

Enantiomeric excess was determined to be 82% ee (standard procedure 1, using L3 ) by chiral stationary phase HPLC

analysis (CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tr =
24.2 min (major), 29.7 min (minor).
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(R)-3-methyl-4-(methyl(phenyl)amino)-1-(6-methyl-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)butan-1-one (3ba):

Me Me O

N\/\)LN
@ 5
\

The reaction performed according to the standard procedure 1 afforded 23 mg (71%).

Yellow oil.

H NMR (400 MHz, 300 K, CDCl:): 6 7.31 (dt, ] = 7.6, 1.2 Hz, 1H), 7.20 — 7.13 (m, 2H), 6.74 -
6.69 (m, 3H), 6.65 - 6.59 (m, 1H), 4.11 — 4.02 (m, 2H), 3.46 (dd, ] = 14.5, 6.7 Hz, 1H), 3.41 - 3.32
(m, 1H), 3.12 (dd, ] = 14.5, 8.3 Hz, 1H), 2.97 (s, 3H), 2.96 - 2.91 (m, 3H), 2.65 — 2.53 (m, 1H), 2.45
(s, 3H), 1.05 (d, ] = 6.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCl): 6 172.3, 155.7, 155.4, 149.9, 133.6, 129.1, 122.8, 117.0, 115.8,
112.0, 59.4, 46.0, 41.5, 39.4, 29.7, 24.3, 24.0, 18.3.

IR (thin film): ¥ 2926, 1656, 1595, 1548, 1507, 1450, 1417, 1382, 1327, 1262, 1220, 1199, 991,
772,747, 692 cm.

HRMS (ESI): m/z calculated for C20H26NsO [M+H]*: 324.2070, found: 324.2073.

[a]P +49.9 (c 1.0, CHCls, 59% ee sample).

Enantiomeric excess was determined to be 59% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK IA (¢ 0.46 cm x 25 cm), n-hexane/iPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 9.4 min

(major), 10.1 min (minor).

500000

400000

300000

Intensity [uV]

200000

100000

9.000

5 800000 3
M Racemic Sample Reaction Sample
600000
information information
peak name | tR [min] | area% = peak name | IR [min] | area%
Unknown 9.575 47469 = Unknown 945 79.73§
Unknown 10.367] 52535 g 400000 Unknown 10.050 20.264]
Z
£
200000 2
I g/ v -
—— — . - - 0 = —= S——
T T
10.000 11.000 9.000 10.000 11.000

Retention Time [min] Retention Time [min]

S24



Supporting Information
Pagire, Kumagai, and Shibasaki

(R)-3-methyl-4-(methyl(phenyl)amino)-1-(6-phenyl-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)butan-1-one (3ca):

The reaction performed according to the standard procedure 1 afforded 29 mg (75%).

Yellow oil.

H NMR (400 MHz, 300 K, CDCl): 8 8.02 — 7.97 (m, 2H), 7.53 — 7.44 (m, 3H), 7.43 - 7.38 (m,
1H), 7.36 (d, ] = 7.7 Hz, 1H), 7.12 - 7.05 (m, 2H), 6.69 — 6.65 (m, 2H), 6.59 (tt, ] =7.1, 1.1 Hz,
1H), 4.12 (t, ] = 8.5 Hz, 2H), 3.48 (ddd, ] = 144, 11.0, 6.6 Hz, 2H), 3.22 (dd, ] =15.5, 7.5 Hz, 1H),
3.12 (dd, ] = 14.5, 8.3 Hz, 1H), 3.05 - 2.99 (m, 2H), 2.92 (s, 3H), 2.76 — 2.61 (m, 1H), 1.07 (d, | =
6.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCl):  172.3, 156.1, 154.4, 149.8, 139.2, 134.1, 129.1, 129.0, 128.9,
126.7,124.9, 115.8, 114.5, 112.15, 59.3, 46.1, 41.7, 39.4, 29.7, 24.1, 18.5.

IR (thin film): ¥ 2964, 1657, 1598, 1505, 1479, 1442, 1422, 1390, 1328, 1245, 1220, 991, 770,
747, 692 cm.

HRMS (ESI): m/z calculated for C2sH2sNsO [M+H]*: 386.2227, found: 386.2229.

[a]P -42.9 (c 0.6, CHCls, 49% ee sample).

Enantiomeric excess was determined to be 49% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/iPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 36.5 min

(minor), 39.6 min (major).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-methyl-4-(methyl(phenyl)amino)butan-1-one (3da):

The reaction performed according to the standard procedure 1 afforded 31 mg (91%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCls): 6 7.35 (dt, ] =8.1, 1.1 Hz, 1H), 7.21 - 7.13 (m, 2H), 6.76 —
6.68 (m, 2H), 6.63 (tt, [ =7.2, 1.1 Hz, 1H), 6.33 (d, ] = 8.1 Hz, 1H), 4.13 - 4.04 (m, 2H), 3.88 (s,
3H), 3.45 (dd, ] =144, 6.7 Hz, 1H), 3.30 — 3.05 (m, 3H), 2.96 (s, 3H), 2.94 - 2.87 (m, 2H), 2.73 -
2.61 (m, 1H), 1.05 (d, ] = 6.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCl):  171.6, 163.0, 153.8, 149.9, 136.1, 129.1, 117.0, 115.9, 112.1,
103.4, 59.1, 53.8, 46.7, 41.1, 39.3, 29.5, 23.7, 18.6.

IR (thin film): ¢ 2928, 1656, 1598, 1548, 1507, 1473, 1418, 1392, 1293, 1252, 1220, 1196, 1159,
1092, 1220, 1196, 1159, 1092, 1026, 991, 808, 772, 748, 692, 669, 534 cm-L.

HRMS (ESI): m/z calculated for C20H26N3O2 [M+H]*: 340.2020, found: 340.2024.

[a]P +53.9 (c 0.86, CHCls, 98% ee sample).

Enantiomeric excess was determined to be 98% ee (standard procedure 1, using L2) by chiral stationary phase HPLC
analysis (CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr =
24.1 min (major), 29.1 min (minor).
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Enantiomeric excess was determined to be 90% ee (standard procedure 1, using L3) by chiral stationary phase HPLC
analysis (CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tr =
21.4 min (major), 24.4 min (minor).
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(R)-1-(6-chloro-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-methyl-4-(methyl(phenyl)amino)butan-1-one (3ea):

I\I/Ie Me O

N\/\)LN
e
\

The reaction performed according to the standard procedure 1 afforded 30 mg (87%).

Yellow oil.

H NMR (400 MHz, 300 K, CDCl:): 6 7.93 (dt, ] =5.5, 1.0 Hz, 1H), 7.18 - 7.11 (m, 2H), 6.85 (d, |
=5.5Hz, 1H), 6.71 (dt, ] =7.8, 1.0 Hz, 2H), 6.65 - 6.59 (m, 1H), 4.13 — 4.00 (m, 2H), 3.46 - 3.36
(m, 2H), 3.10 (dd, ] = 14.5, 7.9 Hz, 1H), 3.01 - 2.97 (m, 2H), 2.96 (s, 3H), 2.80 (dd, ] =15.1, 7.7
Hz, 1H), 2.69 — 2.55 (m, 1H), 1.04 (d, ] = 6.7 Hz, 3H).

3C NMR (101 MHz, 300 K, CDCl):  172.1, 155.8, 149.7, 148.0, 135.4, 129.1, 124.6, 117.4, 115.8,
112.1, 59.3, 46.4, 41.5, 39.5, 29.6, 23.7, 18.2.

IR (thin film): ¥ 2962, 2927, 1664, 1600, 1578, 1507, 1480, 1442, 1423, 1377, 1327, 1253, 1220,
1195, 1114, 1081, 1032, 992, 869, 804, 749, 693 cm-.

HRMS (ESI): m/z calculated for CisH2sNsOCI [M+H]*: 344.1524, found: 344.1528.

[a]3 +136.5 (c 1.0, CHCls, 95% ee sample).

Enantiomeric excess was determined to be 95% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/iPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 26.3 min

(major), 34.4 min (minor).
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(R)-1-(3-methyl-4-(methyl(phenyl)amino)butanoyl)-2,3-dihydro-1H-pyrrolo[2,3-blpyridine-6-carbonitrile (3fa):
The reaction performed according to the standard procedure 1 afforded 19 mg (56%).

Yellow oil.
Me Me O H NMR (400 MHz, 300 K, CDCl3): d 7.51 — 7.42 (m, 1H), 7.28 — 7.24 (m, 1H), 7.19 - 7.13 (m,
phe N 2H), 6.75 - 6.67 (m, 2H), 6.60 (tt, ] = 7.2, 1.1 Hz, 1H), 4.06 (td, ] = 8.7, 1.5 Hz, 2H), 3.47 — 3.36 (m,
N 1H), 3.28 (dd, ] =15.9, 6.3 Hz, 1H), 3.13 (dd, ] = 14.5, 7.3 Hz, 1H), 3.04 — 2.98 (m, 2H), 2.96 (s, 3H),
\_7 2.89 (dd, J =15.9, 7.3 Hz, 1H), 2.63 (dq, ] = 13.9, 7.0 Hz, 1H), 1.07 (d, ] = 6.7 Hz, 3H).
NC 13C NMR (101 MHz, 300 K, CDCls):  172.3, 156.8, 149.7, 133.6, 131.8, 129.5, 129.1, 123.3, 117.7,

115.9,112.1,59.2, 45.9, 41.8, 39.4, 29.5, 24.4, 18 4.
IR (thin film): & 2959, 2870, 2231, 1654, 1596, 1576, 1505, 1479, 1437, 1418, 1373, 1317, 1295,
1263, 1218, 1190, 1082, 990, 833, 772, 746, 691, 670, 654, 506, 492 cm-.
HRMS (ESI): m/z calculated for C20H23N4O [M+H]*: 335.1866, found: 335.1871.
[a]P +16.3 (c 0.7, CHCls, 37% ee sample).
Enantiomeric excess was determined to be 37% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢0.46 cm x 25 cm), n-hexane/PPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 108.3 min

(major), 149.0 min (minor).
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(R)-1-(4-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-methyl-4-(methyl(phenyl)amino)butan-1-one (3ga):

I\I/Ie Me O

:::: .Pq~\"¢'\\\‘/,11\ N
Ng
\_/—OMe

The reaction performed according to the standard procedure 1 afforded 22 mg (65%).
Colorless sticky oil.

H NMR (400 MHz, 300 K, CDCls): § 8.00 (dt, ] =5.9, 1.0 Hz, 1H), 7.20 — 7.13 (m, 2H),
6.76 — 6.71 (m, 2H), 6.64 — 6.59 (m, 1H), 6.47 (d, ] =5.9 Hz, 1H), 4.14 - 3.99 (m, 2H), 3.87
(s, 3H), 3.46 (dd, ] =14.5, 6.5 Hz, 1H), 3.43 — 3.34 (m, 1H), 3.08 (dd, ] =14.5, 8.4 Hz, 1H),
2.97 (s, 3H), 2.93 - 2.78 (m, 3H), 2.61 (dq, ] = 14.4, 7.3 Hz, 1H), 1.03 (d, ] = 6.7 Hz, 3H).
13C NMR (101 MHz, 300 K, CDCL):  172.2, 162.7, 157.6, 149.8, 148.6, 129.1, 115.6, 112.3,
112.0, 102.4, 59.4, 55.6, 46.2, 41.4, 39.5, 29.6, 21.4, 18.2.

IR (thin film): ¥ 2922, 2358, 1656, 1588, 1508, 1417, 1376, 1288, 1200, 1114, 1014, 798,
747, 692, 658, 644, 618, 567, 551, 538 cm-.

HRMS (ESI): m/z calculated for C20H26N3O2 [M+H]*: 340.2020, found: 340.2020.

[a]3° -50.1 (c 0.1, CHCls, 86% ee sample).

Enantiomeric excess was determined to be 86% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/ethanol = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 37.0

min (major), 42.8 min (minor).
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(R)-1-(4-chloro-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-methyl-4-(methyl(phenyl)amino)butan-1-one (3ha):

The reaction performed according to the standard procedure 1 afforded 23 mg (65%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCl3): 0 7.93 (dt, ] =5.5, 1.0 Hz, 1H), 7.18 - 7.12 (m, 2H), 6.85
(d, J=5.5Hz, 1H), 6.71 (dt, ] = 7.8, 1.0 Hz, 2H), 6.65 — 6.59 (m, 1H), 4.13 - 4.00 (m, 2H), 3.41
(ddd, J=15.1, 10.9, 6.5 Hz, 2H), 3.10 (dd, ] = 14.5, 7.9 Hz, 1H), 3.02 - 2.97 (m, 2H), 2.96 (s,
3H), 2.80 (dd, J=15.1, 7.7 Hz, 1H), 2.71 — 2.55 (m, 1H), 1.04 (d, ] = 6.7 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCls):  172.3, 157.0, 149.7, 147.2, 140.7, 129.1, 125.0, 118.3,
115.8, 112.0, 59.3, 45.5, 41.5, 39.5, 29.5, 23.5, 18.2.

IR (thin film): ¥ 2956, 2916, 1662, 1598, 1571, 1507, 1440, 1410, 1375, 1357, 1330, 1244,
1200, 1161, 991, 815, 747, 692, 644, 593 cm-1.

HRMS (ESI): m/z calculated for CisH2sNsOCl [M+H]*: 344.1524, found: 344.1527.

[a]P +51.2 (¢ 1.0, CHCls, 83% ee sample).

Enantiomeric excess was determined to be 83% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/iPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 16.9 min

(major), 20.2 min (minor).
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(R)-1-(3,3-dimethyl-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-methyl-4-(methyl(phenyl)amino)butan-1-one (3ia):

The reaction performed according to the standard procedure 1 afforded 24 mg (71%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCls): 6 8.08 (dd, ] =5.1, 1.7 Hz, 1H), 7.39 (dd, ] = 7.3, 1.7
Hz, 1H), 7.22 - 7.15 (m, 2H), 6.89 (dd, | =7.4, 5.1 Hz, 1H), 6.75 (dt, | = 7.8, 1.0 Hz, 2H),
6.63 (tt, ] =7.2,1.0 Hz, 1H), 3.88 — 3.78 (m, 2H), 3.48 (dd, ] = 14.5, 6.4 Hz, 1H), 3.40 (dd, ] =
14.9, 5.8 Hz, 1H), 3.10 (dd, ] = 14.5, 8.5 Hz, 1H), 2.98 (s, 3H), 2.90 (dd, ] = 15.0, 8.0 Hz, 1H),
2.71-2.57 (m, 1H), 1.31 (s, 3H), 1.29 (s, 3H), 1.05 (d, | = 6.7 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCl): § 172.3, 154.7, 149.8, 146.4, 135.3, 130.9, 129.1, 118.3,
115.8, 112.1, 60.3, 59.5, 41.6, 39.6, 36.5, 29.6, 28.7, 28.6, 18.2.

IR (thin film): ¥ 2957, 2920, 2869, 1660, 1599, 1507, 1466, 1420, 1375, 1335, 1308, 1260,
1201, 992, 796, 747, 692, 644, 617, 566, 540 cm-L.

HRMS (ESI): m/z calculated for C21H2sNsO [M+H]*: 338.2227, found: 338.2225.

[a]P +18.9 (c 0.34, CHCls, 86% ee sample).

Enantiomeric excess was determined to be 86% ee (standard procedure 1) by chiral stationary phase HPLC analysis
(CHIRALPAK OJ-3 (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 12.5

min (major), 15.3 min (minor).
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5.3: Standard Procedure 2: Variation at the a,f3-positions

General procedure for asymmetric a-amino radical addition: An oven dried 10 mL Schlenk tube was charged with
[Ir(ppy)2dtbbpy]PFs (0.46 mg, 0.005 equiv., 0.5 mol %), [Cu(MeCN)4]PFs (4.48 mg, 0.12 equiv., 12 mol %), (R)-DM-Segphos
(10.8 mg, 0.15 equiv., 15 mol %) in the Glove box. To the mixture was added anhydrous DME (1.5 mL) via syringe with
a stainless-steel needle at room temperature under positive Argon pressure. The resulting solution was stirred for 30
min and transferred to another Schlenk tube containing the acceptor 1 (1.0 equiv, 0.1 mmol) in EtOH (0.5 mL). The
reaction was carefully degassed by 3 freeze/pump/thaw cycles under Argon in the dark. The resulting reaction mixture
was then allowed to stir for additional 30 min at room temperature before cooling down to -20 °C. Then, the amine 2a
(~25 pL, 1.2 equiv., 0.12 mmol) was added slowly to the reaction mixture and allowed to equilibrate for 15 min at -20 °C.
This mixture was then irradiated by blue light (Amax = 448 nm) for 48 h. The crude residue loaded directly onto a
Preparative Thin Layer Chromatography (PTLC) and eluted using Hexane:EtOAc (~85:15) solvent system (>2 times). If
rquired, the isolated product was repurified by another PTLC with DCM. The UV-visible product band was scratched
and filtered through glass frit funnel using CHCIs as an eluent to afford 3.

[Ir(ppy)2dtb-bpy]PFg PC2 (0.5 mol %) e

0
Me. 1
R*'\)LN N TMS N Me R' O
R2 > N\/X"}LN
N U [Cu(MeCN)4]PFg (12 mol %) ©/ ,
\ (R)-DM-Segphos L2 (15 mol %) R N
DME:EtOH (3:1, 0.05 M), -20 °C, \
R Y/
1 2a R

448 nm, 48 h
3
(R)-1-(2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-phenylbutan-1-one (3ja):
The reaction performed according to the standard procedure 2 afforded 27 mg (72%).
Yellow oil.
H NMR (400 MHz, 300 K, CDCls): 6 8.10 — 8.07 (m, 1H), 7.41 - 7.37 (m, 1H), 7.29 - 7.22 (m,
Me Ph O 4H), 7.21-7.12 (m, 3H), 6.84 (dd, ] =7.3, 5.1 Hz, 1H), 6.72 - 6.68 (m, 2H), 6.61 (tt, ]=7.2, 1.0
’{l\/?\)LN Hz, 1H), 4.00 — 3.94 (m, 2H), 3.86 - 3.77 (m, 2H), 3.72 — 3.49 (m, 2H), 3.38 — 3.29 (m, 1H), 2.96
©/ —2.87 (m, 2H), 2.64 (s, 3H).
N\g 13C NMR (101 MHz, 300 K, CDCls): 5 171.4, 156.1, 149.2, 146.2, 143.3, 133.4, 129.1, 128.5,
128.3, 126.6, 126.2, 118.0, 115.8, 112.0, 59.6, 45.8, 40.5, 40.0, 39.3, 24.3.
IR (thin film): ¥ 2925, 1657, 1599, 1548, 1529, 1504, 1480, 1441, 1421, 1391, 1346, 1305,
1241, 1218, 772, 748, 698 cm-.
HRMS (ESI): m/z calculated for C2aH26NsO [M+H]*: 372.2070, found: 372.2073.
[a]P -56.4 (c 0.43, CHCls, 84% ee sample).
Enantiomeric excess was determined to be 84% ee (standard procedure 2, using L2) by chiral stationary phase HPLC
analysis (CHIRALPAK IA (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tr =
10.1 min (major), 15.6 min (minor).

e

Enantiomeric excess was determined to be 78% ee (standard procedure 2, using L3) by chiral stationary phase HPLC
analysis (CHIRALPAK IA (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tr =
10.1 min (major), 15.6 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-phenylbutan-1-one (3la):

The reaction performed according to the standard procedure 2 afforded 38.5 mg (96%) from
11 [E-isomer/(R)-DM-Segphos].

Yellow oil.

H NMR (400 MHz, 300 K, CDCl): & 7.45 - 7.39 (m, 1H), 7.34 (dt, ] = 8.1, 1.1 Hz, 1H), 7.31 -
7.22 (m, 4H), 7.22 - 7.14 (m, 2H), 6.71 (dt, ] = 7.8, 1.0 Hz, 2H), 6.63 (tt, ] =7.2, 1.0 Hz, 1H), 6.33
(d, J=8.1Hz, 1H), 4.05 (td, ] = 8.8, 1.8 Hz, 2H), 3.90 (dd, ] = 14.2, 6.5 Hz, 1H), 3.84 (s, 3H), 3.83
-3.77 (m, 1H), 3.74 - 3.54 (m, 2H), 3.28 (dd, ] = 14.1, 8.1 Hz, 1H), 2.92 - 2.85 (m, 2H), 2.63 (s,
3H).

13C NMR (101 MHz, 300 K, CDCl):  170.9, 163.0, 153.8, 149.3, 143.8, 136.2, 129.8, 129.2,
128.5,128.1, 126.7, 122.5, 117.0, 115.9, 112.0, 103.6, 59.6, 53.8, 46.7, 40.1, 39.8, 39.3, 23.7.

IR (thin film): 7 2986, 2906, 1654, 1595, 1507, 1473, 1449, 1420, 1347, 1293, 1252, 1196, 1159,
1116, 1092, 1025, 992, 904, 865, 809, 749, 698, 670, 644 cm-.

HRMS (ESI): m/z calculated for C2sH2sNzO2 [M+H]*: 402.2176, found: 402.2178.

[a]BP -91.6 (c 1.0, CHCls, 95% ee sample).
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Enantiomeric excess was determined to be 95% ee (standard procedure 2, using L2) by chiral stationary phase HPLC
analysis (CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr =
32.5 min (major), 36.6 min (minor).
Enantiomeric excess was determined to be 84% ee (standard procedure 2, using L3) by chiral stationary phase HPLC
analysis (CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr =
33.4 min (major), 36.1 min (minor).

(5)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-phenylbutan-1-one (31a’):
The reaction performed according to the standard procedure 2 afforded 38 mg (95%) from 11
[E-isomer/(S)-DM-Segphos].

Yellow oil.
Me Ph O 1H NMR (400 MHz, 300 K, CDCl): 0 7.46 — 7.40 (m, 1H), 7.35 (dt, ] =8.1, 1.0 Hz, 1H), 7.32 -
l{l\)\/u\N 7.24 (m, 3H), 7.23 - 7.16 (m, 3H), 6.73 (dt, ] =7.8, 1.0 Hz, 2H), 6.65 (tt, ] = 7.2, 1.1 Hz, 1H), 6.35
©/ - (d, J=8.1Hz, 1H), 4.11 - 4.02 (m, 2H), 3.91 (dd, ] = 14.2, 6.5 Hz, 1H), 3.85 (s, 3H), 3.84 — 3.79

\ o (m,1H),3.76 - 3.56 (m, 2H), 3.30 (dd, ] = 14.2, 8.1 Hz, 1H), 2.90 (ddd, ] =9.8, 7.0, 1.1 Hz, 2H),
MeO 2.64 (s, 3H).

13C NMR (101 MHz, 300 K, CDCl):  170.9, 163.0, 153.8, 149.3, 143.8, 136.2, 129.8, 129.2,

128.5,128.0, 126.7, 122.5, 117.0, 115.9, 112.0, 103.6, 59.6, 53.8, 46.7, 40.1, 39.8, 39.3, 23.7.

IR (thin film): 7 3025, 2905, 1654, 1596, 1507, 1473, 1449, 1420, 1400, 1347, 1293, 1252, 1193,

1159, 1116, 1092, 1024, 992, 948, 904, 866, 809, 785, 748, 699, 670, 644 cm-.

HRMS (ESI): m/z calculated for C2sH2sNsO2 [M+H]*: 402.2176, found: 402.2178.

[a]P +92.5 (c 1.0, CHCls, 96% ee sample).

Enantiomeric excess was determined to be 96% ee (standard procedure 2, using L2’) by chiral
stationary phase HPLC analysis (CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min,
detection at 254 nm, tr = 34.7 min (minor), 37.0 min (major).
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(R)-1-(2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-(pyridin-2-yl)butan-1-one (3ka):
The reaction performed according to the standard procedure 2 afforded 26 mg crude product (71%).

G

ve Y 0
@NNLB
N\
\_y

Yellow oil. (Note: Very unstable compound, diificult to handle).

H NMR (500 MHz, 300 K, CDCl3): 5 8.58 (d, ] = 4.9 Hz, 1H), 8.11 (d, | = 5.2 Hz, 1H), 7.64 (s,
1H), 7.46 — 7.38 (m, 1H), 7.17 (dd, ] = 8.8, 7.2 Hz, 1H), 7.15 - 7.06 (m, 2H), 6.87 - 6.83 (m, 1H),
6.74 — 6.69 (m, 1H), 6.63 (t, ] = 7.2 Hz, 2H), 6.45 - 6.40 (m, 1H), 4.01 (t, ] = 8.5 Hz, 2H), 3.93 (d, ]
=7.7 Hz, 1H), 3.86 (dd, ] = 14.6, 6.1 Hz, 1H), 3.70 (s, 1H), 3.65 (t, ] = 11.6 Hz, 2H), 3.01 - 2.96 (m,
2H), 2.65 (s, 3H).

13C NMR (151 MHz, 300 K, CDCls):  171.3, 149.3, 146.2, 137.2, 133.2, 132.5, 131.9, 131.5, 129.0,

121.5,117.8, 115.7, 111.9, 107.7, 101.0, 58.1, 45.6, 41.9, 39.0, 29.7, 22.7, 21.1.
IR (thin film): ¥ 2960, 2923, 2853, 1655, 1598, 1507, 1461, 1421, 1377, 1260, 1104, 1011, 941,
845, 803, 747, 693, 665 cm-1.

HRMS (ESI): m/z calculated for C2sH2sN4O [M+H]*: 373.2023, found: 373.2028.
[a]3° +2.5 (c 0.1, CHCls, 57% ee sample).
Enantiomeric excess was determined to be 57% ee (standard procedure 2, using L2) by chiral

stationary phase HPLC analysis (CHIRALPAK IA (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min,
detection at 254 nm, tr = 15.8 min (major), 22.8 min (minor).

Enantiomeric excess was determined to be 49% ee (standard procedure 2, using L3) by chiral stationary phase HPLC
analysis (CHIRALPAK IA (¢0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tr = 15.8
min (major), 22.8 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-(pyridin-2-yl)butan-1-one

(3ma):

I\I/Ie
N

S

|\
7o

The reaction performed according to the standard procedure 2 afforded 34 mg (85%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCL):  8.54 (ddd, ] =4.8, 1.8, 0.9 Hz, 1H), 7.50 (td, ] =7.6, 1.9
Hz, 1H), 7.33 (dt, ] =8.1, 1.0 Hz, 1H), 7.22 - 7.13 (m, 2H), 7.12 (dt, ] = 7.7, 1.1 Hz, 1H), 7.12 -
7.04 (m, 1H), 6.74 - 6.67 (m, 2H), 6.64 (tt, ] =7.3, 1.0 Hz, 1H), 6.32 (d, ] =8.1 Hz, 1H), 4.13 -
3.99 (m, 2H), 3.96 - 3.88 (m, 2H), 3.87 (s, 3H), 3.81 — 3.64 (m, 2H), 3.62 — 3.52 (m, 1H), 2.95 -
2.88 (m, 2H), 2.62 (s, 3H).

13C NMR (101 MHz, 300 K, CDCl): 6 171.2, 163.1, 163.1, 153.9, 149.4, 149.3, 136.2, 136.0,
129.2,124.7, 121.6, 116.7, 116.0, 112.1, 103.5, 58.2, 54.0, 46.6, 41.8, 39.4, 39.0, 23.8.

IR (thin film): 7 2918, 2851, 1652, 1591, 1558, 1540, 1507, 1473, 1456, 1419, 1507, 1473, 1456,
1419, 1293, 1253, 1196, 1159, 1093, 1022, 907, 808, 748, 693, 507 cm-1.

HRMS (ESI): m/z calculated for C2aH2sN4O2 [M+H]*: 403.2129, found: 403.2136.

[a]3° 9.6 (¢ 0.1, CHCls, 88% ee sample).

Enantiomeric excess was determined to be 88% ee (standard procedure 2, using L2) by chiral stationary phase HPLC
analysis (CHIRALPAK IA (¢0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tz =10.6

min (major), 16.2 min (minor).

Enantiomeric excess was determined to be 62% ee (standard procedure 2, using L3) by chiral stationary phase HPLC
analysis (CHIRALPAK IA (¢0.46 cm x 25 cm), n-hexane/PrOH = 9/1, flow rate 1.0 mL/min, detection at 254 nm, tz =10.6

min (major), 15.5 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-y1)-3-((methyl(phenyl)amino)methyl)pentan-1-one (3na):

The reaction performed according to the standard procedure 2 afforded 33 mg (93%).
Colorless oil.

H NMR (400 MHz, 300 K, CDCl): © 7.33 (dt, ] =8.1, 1.1 Hz, 1H), 7.18 - 7.12 (m, 2H), 6.73
(dt, ]=7.9, 1.0 Hz, 2H), 6.63 — 6.58 (m, 1H), 6.32 (d, ] = 8.1 Hz, 1H), 4.10 — 4.02 (m, 2H), 3.88 (s,
3H), 3.42 (dd, J=14.4, 7.2 Hz, 1H), 3.32 - 3.12 (m, 3H), 2.93 (s, 3H), 2.88 (dddd, ] =9.0, 7.9, 4.0,
1.1 Hz, 1H), 2.56 (tt, ] = 7.4, 5.5 Hz, 1H), 1.62 - 1.49 (m, 2H), 1.42 (dt, ] = 14.1, 7.2 Hz, 1H), 0.97
(t, ]=7.5Hz, 3H).

13C NMR (101 MHz, 300 K, CDCL):  172.0, 163.0, 153.9, 150.1, 136.1, 129.1, 117.0, 115.9,
112.2,103.4, 56.9, 53.8, 46.8, 39.1, 38.2, 35.5, 25.4, 23.7, 11.3.

IR (thin film): § 2960, 2934, 2874, 1654, 1596, 1559, 1507, 1473, 1448, 1418, 1395, 292, 1251,
1219, 1195, 1159, 1092, 1027, 992, 808, 772, 747, 692, 670, 535, 506 cm-.

HRMS (ESI): m/z calculated for C2a1H2sNzO2 [M+H]*: 354.2176, found: 354.2182.

[a]3° +15.1 (c 0.4, CHCls, 99% ee sample).

Enantiomeric excess was determined to be 99% ee (standard procedure 2) by chiral stationary phase HPLC analysis

(CHIRALPAK IG3 (¢ 0.46
(major), 20.0 min (minor).

c¢m x 25 cm), n-hexane/IPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 17.1 min
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-((methyl(phenyl)amino)methyl) heptan-1-one (30a):

The reaction performed according to the standard procedure 2 afforded 35 mg (92%).
Colorless oil.

1H NMR (400 MHz, 300 K, CDCl:): © 7.33 (d, ] = 8.1 Hz, 1H), 7.15 (dd, ] = 8.9, 7.2 Hz, 2H),
6.72 (dt, ] =7.7, 1.1 Hz, 2H), 6.65 — 6.57 (m, 1H), 6.32 (d, ] = 8.1 Hz, 1H), 4.10 — 4.00 (m, 2H),
3.88 (s, 3H), 3.42 (dd, ] =144, 7.5 Hz, 1H), 3.28 (dd, | = 16.6, 7.7 Hz, 1H), 3.22 - 3.09 (m, 2H),
2.93 (s, 3H), 2.92 — 2.82 (m, 2H), 2.70 — 2.54 (m, 1H), 1.66 — 1.21 (m, 6H), 0.87 (t, ] = 7.1 Hz, 3H).
13C NMR (101 MHz, 300 K, CDCl): 6 171.9, 162.9, 153.9, 150.1, 136.1, 129.1, 117.0, 115.9,
112.2,103.3, 57.3, 53.8, 46.7, 39.1, 38.7, 34.1, 32.6,29.2, 23.7, 23.2, 14.2.

IR (thin film): § 2953, 2927, 2857, 1656, 1597, 1507, 1473, 1448, 1418, 1394, 1292, 1251, 1195,
1092, 1027, 990, 808, 747, 692 cm-L.

HRMS (ESI): m/z calculated for C2sH32N3O2 [M+H]*: 382.2489, found: 382.2491.

[a]P +53.8 (¢ 1.0, CHCls, 97% ee sample).

Enantiomeric excess was determined to be 97% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/iPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 14.1 min

(major), 20.6 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-5-methyl-3-((methyl(phenyl)amino)methyl)hexan-1-
one (3pa):

I\I/Ie
o

O
\/\)LN
v
\ g
(0]

iPr

-
M

e

The reaction performed according to the standard procedure 2 afforded 37 mg (96%).
Colorless oil.

H NMR (400 MHz, 300 K, CDCL): & 7.32 (dt, ] =8.1, 1.1 Hz, 1H), 7.17 - 7.10 (m, 2H), 6.71
(dt, /=7.9, 1.0 Hz, 2H), 6.60 (tt, ] =7.2, 1.0 Hz, 1H), 6.31 (d, ] = 8.1 Hz, 1H), 4.04 (ddd, ] =9.3,
8.1, 1.6 Hz, 2H), 3.87 (s, 3H), 3.43 — 3.28 (m, 2H), 3.21 - 3.06 (m, 2H), 2.92 (s, 3H), 2.85 (dddd, |
=9.1,8.0,59, 1.1 Hz, 2H), 2.72 - 2.59 (m, 1H), 1.70 (dt, ] =13.4, 6.7 Hz, 1H), 1.35 - 1.22 (m,
2H), 0.93 (d, ] = 6.6 Hz, 3H), 0.87 (d, ] = 6.6 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCl):  171.9, 162.9, 153.9, 150.3, 136.1, 129.1, 117.0, 115.9,
112.2,103.3, 57.7, 53.8, 46.7, 42.7, 39.0, 38.8, 32.1, 25.8, 23.7, 23.4, 22.8.

IR (thin film): § 2953, 2866, 1655, 1597, 1507, 1473, 1449, 1419, 1394, 1292, 1251, 1195, 1159,
1092, 1028, 990, 808, 747, 692, 670 cm.

HRMS (ESI): m/z calculated for C2sH3NzO2 [M+H]*: 382.2489, found: 382.2493.

[a]BP +25.6 (c 1.0, CHCls, 99% ee sample).

Enantiomeric excess was determined to be 99% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/'PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 10.6 min

(major), 12.8 min (minor).
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(R)-3-cyclopropyl-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)butan-1-one

(3qa):

The reaction performed according to the standard procedure 2 afforded 34 mg (94%).
Colorless oil.
H NMR (400 MHz, 300 K, CDCl:): & 7.34 (dt, ] =8.1, 1.1 Hz, 1H), 7.18 - 7.12 (m, 2H), 6.74 -
6.69 (m, 2H), 6.59 (tt, ] =7.2, 1.1 Hz, 1H), 6.33 (d, ] = 8.1 Hz, 1H), 4.07 (t, ] = 8.5 Hz, 2H), 3.89
\V/ (s, 3H), 3.65 (dd, | =14.7, 6.5 Hz, 1H), 3.35 (d, ] = 6.8 Hz, 2H), 3.29 (dd, ] =14.7, 7.6 Hz, 1H),
Me ¢ @ 2.97 (s, 3H), 2.90 (tdd, ] =8.3, 3.3, 1.1 Hz, 2H), 1.86 — 1.72 (m, 1H), 0.78 — 0.65 (m, 1H), 0.49 -

111.8,103.4, 57.7, 53.9, 46.8, 39.9, 39.4, 39.2, 23.7, 14.9, 4.5, 3.5.

N
©/ Ay 0.32 (m, 2H), 0.20 — 0.06 (m, 2H).
v ={ C NMR (101 MHz, 300 K, CDCL): d 171.8, 163.0, 153.9, 149.7, 136.2, 129.1, 117.1, 115.6,
\
MeO

IR (thin film): 72924, 1655, 1597, 1508, 1474, 1447, 1419, 1395, 1353, 1293, 1252, 1195, 1158,
1113, 1093, 1024, 992, 918, 896, 862, 809, 747, 693, 671, 535 cm-.
HRMS (ESI): m/z calculated for C22H2sNzO2 [M+H]*: 366.2182, found: 366.2175.
[a]° -7.9 (¢ 0.12, CHCls, 98% ee sample).
Enantiomeric excess was determined to be 98% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/'PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 20.2 min

(major), 30.7 min (minor).
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(R)-3-cyclohexyl-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-y1)-4-(methyl(phenyl)amino)butan-1-one

(3ra):

The reaction performed according to the standard procedure 2 afforded 38 mg (93%).
Colorless oil.
H NMR (400 MHz, 300 K, CDCl):  7.33 - 7.30 (m, 1H), 7.14 (dd, ] = 8.9, 7.2 Hz, 2H), 6.74

(dt, J=7.8, 1.0 Hz, 2H), 6.59 (tt, ] =7.2, 1.0 Hz, 1H), 6.31 (d, ] = 8.1 Hz, 1H), 4.03 (ddd, ] =9.5,
7.8,2.0 Hz, 2H), 3.92 (s, 3H), 3.48 — 3.38 (m, 1H), 3.31 - 3.06 (m, 3H), 2.91 (s, 3H), 2.89 - 2.77

13C NMR (101 MHz, 300 K, CDCls): 0 172.2, 162.9, 154.0, 150.2, 136.0, 129.0, 117.0, 115.8,
112.2,103.3, 54.6, 53.9, 46.8, 39.2, 38.7, 38.6, 35.5, 31.1, 29.2, 27.0, 27.0, 26.9, 23.6.

Me O o]
@NNIB (m, 2H), 2.66 — 2.55 (m, 1H), 1.86 — 1.48 (m, 6H), 1.32 — 1.04 (m, 5H).
N ha—
\
MeO

IR (thin film): § 2922, 2850, 1655, 1597, 1507, 1473, 1447, 1419, 1396, 1347, 1292, 1251, 1196,
1159, 1092, 1029, 998, 907, 808, 747, 693, 538 cm.
HRMS (ESI): m/z calculated for C2sH34N3O2 [M+H]*: 408.2646, found: 408.2646.
[a]3° +21.4 (c 1.0, CHCls, 96% ee sample).
Enantiomeric excess was determined to be 96% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IG3 (¢ 0.46 cm x 25 cm), n-hexane/'PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 15.9 min

(major), 25.8 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-(p-tolyl) butan-1-one (3sa):

M© 0
Ej/N\/\)B
N —_—
\N
MeO

The reaction performed according to the standard procedure 2 afforded 37 mg (90%).
Colorless oil.

H NMR (400 MHz, 300 K, CDCls): & 7.33 (dt, ] = 8.1, 1.1 Hz, 1H), 7.21 — 7.10 (m, 4H), 7.09 -
7.04 (m, 2H), 6.71 (dt, | =7.7, 1.0 Hz, 2H), 6.63 (tt, ] = 7.2, 1.0 Hz, 1H), 6.33 (d, ] = 8.1 Hz, 1H),
4.08 —4.01 (m, 2H), 3.91 - 3.85 (m, 1H), 3.84 (s, 3H), 3.83 - 3.74 (m, 1H), 3.69 — 3.54 (m, 2H), 3.25
(dd, J=14.0, 7.8 Hz, 1H), 2.92 - 2.82 (m, 2H), 2.64 (s, 3H), 2.30 (s, 3H).

13C NMR (101 MHz, 300 K, CDCl):  171.0, 163.0, 153.8, 149.3, 140.7, 136.1, 136.1, 129.2, 129.2,
127.9,117.0, 115.9, 112.0, 103.6, 59.6, 53.8, 46.7, 39.9, 39.7, 39.3, 23.7, 21.2.

IR (thin film): § 2935, 2905, 2862, 1653, 1591, 1507, 1473, 1419, 1394, 1375, 1347, 1294, 1251,
1219, 1195, 1159, 1118, 1092, 1031, 994, 948, 907, 865, 812, 771, 748, 693, 669, 539, 506 cm-1.
HRMS (ESI): m/z calculated for C2sH3oNsO2 [M+H]*: 416.2333, found: 416.2338.

[a]3P -32.2 (c 0.4, CHCls, 95% ee sample).

Enantiomeric excess was determined to be 95% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IC (¢ 0.46 cm x 25 cm), n-hexane/IPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 45.2 min
(major), 50.2 min (minor Racemic Sample

60000

50000

40000

30000

Intensity [pV]

20000

10000

5 M Reaction Sample
140000 - I\
information 120000 (A | information
peak name | tR [min] | area% 100000 \ peak name | tR [min] | area®
| [Mnknown 44 850) 49.568) I~ Unknown 45225 97429
\ Poknown 495000 50.432] _; 80000 Unknown 502000 2571
é 60000
40000
/ 20000 -
N\ / / \
Y./ i / N o
1 e s P I ok SO
T T T
50.000 55.000 40.000 45.000 50.000 55.000
Retention Time [min] Retention Time [min]

S38



Supporting Information
Pagire, Kumagai, and Shibasaki

(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)-3-(o-tolyl)butan-1-one (3ta):

The reaction performed according to the standard procedure 2 afforded 38 mg (93%).
Colorless oil.

H NMR (400 MHz, 300 K, CDCl):  7.37 — 7.28 (m, 2H), 7.21 - 7.11 (m, 3H), 7.11 - 7.05 (m,
2H), 6.75 — 6.68 (m, 2H), 6.67 — 6.58 (m, 1H), 6.33 (d, ] = 8.1 Hz, 1H), 4.19 - 4.07 (m, 1H), 4.03
(ddd, J =8.3, 7.0, 2.5 Hz, 2H), 3.90 (dd, | = 14.5, 6.5 Hz, 1H), 3.83 (s, 3H), 3.73 — 3.54 (m, 2H),
3.26 (dd, ] =14.5, 8.4 Hz, 1H), 2.88 (ddd, ] =9.8, 7.1, 1.1 Hz, 2H), 2.62 (s, 3H), 2.20 (s, 3H).

13C NMR (101 MHz, 300 K, CDCl): 6 171.1, 163.0, 153.8, 149.4, 142.5, 137.1, 136.2, 130.6, 129.2,
126.2,126.1, 117.0, 116.0, 111.9, 103.6, 59.5, 53.8, 46.7, 40.2, 39.1, 35.0, 23.7, 19.9.

IR (thin film): § 2926, 2855, 1653, 1593, 1558, 1507, 1489, 1473, 1456, 1418, 1395, 1374, 1362,
1339, 1292, 1250, 1217, 1193, 1159, 1092, 1031, 993, 906, 809, 773, 746, 727, 692, 670, 560, 530, 518,
506 cm-.

HRMS (ESI): m/z calculated for C2sH3oNsO2 [M+H]*: 416.2333, found: 416.2337.

[a]P -44.6 (c 0.6, CHCls, 89% ee sample).

Enantiomeric excess was determined to be 89% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IC (¢ 0.46 cm x 25 c¢m), n-hexane/IPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 29.6 min
(major), 39.5 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-(4-methoxyphenyl)-4-(methyl(phenyl)amino)butan-

1-one (3ua):

OMe

I\I/|e© 0]
EjN\/\)l\)B
N a——
\
MeO

The reaction performed according to the standard procedure 2 afforded 41 mg (96%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCL):  7.34 (dt, ] =8.1, 1.1 Hz, 1H), 7.21 - 7.13 (m, 4H), 6.82 -
6.78 (m, 2H), 6.72 - 6.69 (m, 2H), 6.67 — 6.60 (m, 1H), 6.33 (d, ] =8.1 Hz, 1H), 4.04 (td, ] = 8.5,
1.1 Hz, 2H), 3.90 - 3.82 (m, 1H), 3.84 (s, 3H), 3.77 (s, 3H), 3.80 — 3.72 (m, 1H), 3.71 - 3.51 (m,
2H), 3.23 (dd, ] =14.2, 8.2 Hz, 1H), 2.94 - 2.84 (m, 2H), 2.63 (s, 3H).

13C NMR (101 MHz, 300 K, CDCL): 5 171.0, 163.0, 158.4, 153.8, 149.3, 136.2, 135.8, 129.2, 128.9,
117.0,115.9, 113.9, 112.0, 103.6, 59.6, 55.4, 53.8, 46.8, 40.0, 39.3, 39.3, 23.7.

IR (thin film): 2922, 2853, 1653, 1607, 1509, 1473, 1419, 1396, 1294, 1251, 1177, 1093, 1032,
993, 907, 828, 809, 749, 694, 538 cm-1.

HRMS (ESI): m/z calculated for C2sH3oNsOs [M+H]*: 432.2282, found: 432.2284.

[a]3° -26.2 (c 0.1, CHCls, 96% ee sample).

Enantiomeric excess was determined to be 96% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IA (¢ 0.46 cm x 25 cm), n-hexane/IPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 20.4 min

(major), 37.3 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolol[2,3-b]lpyridin-1-y1)-3-(3-methoxyphenyl)-4-(methyl(phenyl)amino)butan-

1-one (3va):

The reaction performed according to the standard procedure 2 afforded 42 mg (97%).

Yellow oil.

H NMR (400 MHz, 300 K, CDCls): d 7.34 (dt, ] = 8.1, 1.1 Hz, 1H), 7.17 (ddd, ] = 8.1, 7.6, 1.7 Hz,
3H), 6.84 (dt, ] =7.6, 1.3 Hz, 1H), 6.78 (dd, | =2.6, 1.6 Hz, 1H), 6.76 — 6.69 (m, 3H), 6.66 — 6.60 (m,
1H), 6.33 (d, ] = 8.0 Hz, 1H), 4.05 (td, | = 8.4, 1.0 Hz, 2H), 3.91 — 3.86 (m, 1H), 3.85 (s, 3H), 3.84 -
3.75 (m, 1H), 3.73 (s, 3H), 3.72 - 3.52 (m, 2H), 3.34 — 3.24 (m, 1H), 2.91 — 2.85 (m, 2H), 2.66 (s, 3H).
13C NMR (101 MHz, 300 K, CDCls): o 170.9, 163.0, 159.8, 153.8, 149.3, 145.5, 136.2, 129.5, 129.2,
1204, 117.0, 116.0, 113.9, 112.1, 112.0, 103.6, 59.5, 55.3, 53.8, 46.8, 40.2, 39.7, 39.3, 23.7.

IR (thin film): ¥ 2962, 2933, 2903, 2865, 1653, 1595, 1568, 1558, 1541, 1508, 1473, 1419, 1396, 1375,
1292, 1257, 1219, 1196, 1159, 1093, 1016, 802, 773, 747, 698, 669, 518, 506 cm-..
HRMS (ESI): m/z calculated for C2sHzoNsOs [M+H]*: 432.2282, found: 432.2282.

[a]P -2.5 (¢ 0.1, CHCls, 98% ee sample).

Enantiomeric excess was determined to be 98% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 52.5 min

(major), 60.1 min (minor). Racemic Sample
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-4-(methyl(phenyl)amino)-3-(4-
(methylthio)phenyl)butan-1-one (3wa):

SMe

M© 0
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N a—
\
MeO

The reaction performed according to the standard procedure 2 afforded 44 mg (96%).

Yellow oil.

H NMR (400 MHz, 300 K, CDCL): & 7.34 (dt, ] =8.1, 1.0 Hz, 1H), 7.21 - 7.14 (m, 6H), 6.73 -
6.69 (m, 2H), 6.64 (tt, [ =7.2, 1.0 Hz, 1H), 6.34 (d, ] = 8.1 Hz, 1H), 4.08 - 4.01 (m, 2H), 3.90 — 3.85
(m, 1H), 3.84 (s, 3H), 3.79 (tt, ] = 8.1, 6.2 Hz, 1H), 3.72 — 3.50 (m, 2H), 3.26 (dd, ] = 14.1, 8.0 Hz,
1H), 2.89 (td, ] = 8.4, 1.0 Hz, 2H), 2.64 (s, 3H), 2.45 (s, 3H).

13C NMR (101 MHz, 300 K, CDCL): 5 170.8, 163.0, 153.7, 149.2, 140.8, 136.3, 136.2, 129.2, 128.6,
127.0,117.0, 116.0, 112.1, 103.6, 59.5, 53.8, 46.8, 39.7, 39.7, 39.4, 23.7, 16.2.

IR (thin film): 2987, 2954, 2907, 1653, 1596, 1540, 1507, 1473, 1447, 1396, 1293, 1251, 1219,
1196, 1159, 1093, 1024, 994, 813, 772, 749, 693, 670 cm-.

HRMS (ESI): m/z calculated for C2sH3oN3O2S [M+H]*: 448.2053, found: 448.2053.

[a]3° -174.0 (c 0.73, CHCls, 96% ee sample).

Enantiomeric excess was determined to be 96% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IC3 (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 60.9 min
(major), 79.9 min (minor).
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(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-4-(methyl(phenyl)amino)butan-1-

The reaction performed according to the standard procedure 2 afforded 39 mg (95%).
Colorless oil.

H NMR (400 MHz, 300 K, CDCls): & 7.35 (dt, ] = 8.1, 1.0 Hz, 1H), 7.22 — 7.14 (m, 4H), 6.99 -
6.91 (m, 2H), 6.70 (dt, ] = 7.9, 1.0 Hz, 2H), 6.65 (tt, ] =7.1, 1.0 Hz, 1H), 6.34 (d, ] = 8.1 Hz, 1H),
4.04 (ddt, ] =11.0, 8.0, 2.6 Hz, 2H), 3.87 (dd, ] = 14.0, 6.3 Hz, 1H), 3.84 (s, 3H), 3.85 - 3.75 (m,
1H), 3.74 — 3.48 (m, 2H), 3.25 (dd, ] = 14.0, 8.1 Hz, 1H), 2.90 (ddd, ] = 9.6, 6.9, 1.1 Hz, 2H), 2.63
(s, 3H).

13C NMR (101 MHz, 300 K, CDCl):  170.7, 163.0, 161.8 (d, ] = 244.3 Hz), 153.7, 149.2, 139.4
(d, J=3.1Hz), 136.3,129.4 (d, ] = 7.8 Hz), 129.2, 117.0, 116.1, 115.3 (d, ] = 21.0 Hz), 112.1, 103.7,

59.6, 53.8, 46.8, 39.9, 39.4, 39.3, 23.72.
F NMR (376 MHz, CDCl3): 5 -116.60.

IR (thin film): § 2926, 2904, 2858, 2833, 1652, 1597, 1558, 1507, 1473, 1418, 1394, 1373, 1348,
1292, 1250, 1218, 1194, 1158, 1092, 1031, 1023, 992, 947, 906, 832, 810, 773, 747, 692, 670, 529, 507,
491 cm-.

HRMS (ESI): m/z calculated for C2sH27NsO2F [M+H]*: 420.2082, found: 420.2089.

[a]P -33.5 (c 0.4, CHCls, 97% ee sample).

Enantiomeric excess was determined to be 97% ee (standard procedure 2) by chiral stationary

phase HPLC analysis (CHIRALPAK IC (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at
254 nm, tr = 32.6 min (major), 43.1 min (minor).
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(R)-3-(4-bromophenyl)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-y1)-4-(methyl(phenyl)amino)butan-1-
one (3ya):
The reaction performed according to the standard procedure 2 afforded 46 mg (96%).
Yellow oil.
Br H NMR (400 MHz, 300 K, CDCls): 8 7.41 — 7.34 (m, 3H), 7.22 - 7.16 (m, 2H), 7.14 - 7.10 (m,
@ 2H), 6.70 (dt, J=7.8, 1.0 Hz, 2H), 6.68 - 6.63 (m, 1H), 6.35 (d, ] =8.1 Hz, 1H), 4.08 — 4.00 (m, 2H),
Me Y~ 0O 3.91 - 3.85 (m, 1H), 3.84 (s, 3H), 3.80 (td, ] = 7.5, 1.5 Hz, 1H), 3.72 — 3.48 (m, 2H), 3.25 (dd, | =
’{‘\/:\)LN 14.1, 8.1 Hz, 1H), 2.90 (ddd, ] =9.9, 7.0, 1.1 Hz, 2H), 2.64 (s, 3H).
©/ — 13C NMR (101 MHz, 300 K, CDCl):  170.5, 163.1, 153.7, 149.2, 142.8, 136.3, 131.6, 129.8, 129.3,
\ o 1205,117.1,116.2, 112.1, 103.7, 59.5, 53.8, 46.7, 39.7, 39.6, 39.5, 23.7.
MeO IR (thin film): § 2925, 1653, 1590, 1559, 1507, 1487, 1473, 1419, 1396, 1292, 1250, 1219, 1195,
1054, 1032, 1008, 812, 772, 748, 693, 670, 529, 506 cm-1.
HRMS (ESI): m/z calculated for C2sH27NsO2Br [M+H]*: 480.1281, found: 480.1290.
[a]P -57.8 (c 0.6, CHCls, 96% ee sample).
Enantiomeric excess was determined to be 96% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IC (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 31.8 min

(major), 41.8 min (minor).
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(R)-4-(4-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-1-(methyl(phenyl)amino)-4-oxobutan-2-

yl)benzonitrile (3za):

CN

M© 0
(jN\/\)B
N _—~
\ N
MeO

The reaction performed according to the standard procedure 2 afforded 32 mg (75%).

Yellow oil.

H NMR (400 MHz, 300 K, CDCL): d 7.58 — 7.54 (m, 2H), 7.39 — 7.34 (m, 3H), 7.22 - 7.16 (m,
2H), 6.71 - 6.65 (m, 3H), 6.36 (d, ] = 8.1 Hz, 1H), 4.04 (ddd, ] =8.8, 7.4, 5.7 Hz, 2H), 3.95 - 3.86
(m, 2H), 3.85 (s, 3H), 3.77 - 3.50 (m, 2H), 3.36 — 3.26 (m, 1H), 2.96 — 2.88 (m, 2H), 2.65 (s, 3H).
13C NMR (101 MHz, 300 K, CDCls): © 170.0, 163.1, 153.6, 149.6, 149.0, 136.4, 132.4, 129.3, 128.9,
119.1,117.1, 116.6, 112.3, 110.6, 103.8, 59.4, 53.8, 46.7, 40.4, 39.5, 39.3, 23.7.

IR (thin film): ¥ 2936, 2864, 2832, 2225, 1652, 1594, 1558, 1507, 1473, 1447, 1420, 1397, 1340,
1293, 1252, 1218, 1194, 1158, 1115, 1092, 1023, 993, 947, 906, 833, 809, 772, 748, 693, 670, 565, 551,
520, 506, 491 cm-1.

HRMS (ESI): m/z calculated for C26H27N4O2 [M+H]*: 427.2129, found: 427.2134.

[a]3° -8.5 (¢ 0.12, CHCls, 88% ee sample).

Enantiomeric excess was determined to be 88% ee (standard procedure 2) by chiral stationary

phase HPLC analysis (CHIRALPAKIE (¢ 0.46 cm x 25 cm), n-hexane/ PrOH = 9/1, flow rate 1.0 mL/min, detection at 254
nm, tr = 72.4 min (minor), 80.3 min (major).
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(R)-3-(furan-2-yl)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-4-(methyl(phenyl)amino)butan-1-one

(3aaa):

Lo
I\I/Ie : (0]
N\/\)LN

S €

N
\

MeO

The reaction performed according to the standard procedure 2 afforded 33 mg (86%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCl): & 7.35 (dt, ] =8.1, 1.1 Hz, 1H), 7.30 (dd, ] = 1.9, 0.8 Hz,
1H), 7.21 - 7.12 (m, 2H), 6.73 — 6.66 (m, 2H), 6.66 — 6.58 (m, 1H), 6.33 (d, ] = 8.1 Hz, 1H), 6.24
(dd, J=3.2, 1.8 Hz, 1H), 6.02 (dt, ] = 3.1, 0.7 Hz, 1H), 4.11 — 4.04 (m, 2H), 3.95 - 3.88 (m, 1H),
3.87 (s, 3H), 3.81 (dd, ] =14.4, 6.2 Hz, 1H), 3.70 — 3.53 (m, 2H), 3.46 (dd, ] = 14.4, 8.4 Hz, 1H),
291 (ddd, J=9.8,7.3, 1.1 Hz, 2H), 2.71 (s, 3H).

13C NMR (101 MHz, 300 K, CDCl):  170.5, 163.1, 156.6, 153.7, 149.2, 141.2, 136.2, 129.2,
116.9, 116.0, 112.0, 110.5, 106.3, 103.7, 56.6, 53.8, 46.7, 38.7, 38.1, 34.0, 23.8.

IR (thin film): 2915, 2848, 1652, 1591, 1558, 1540, 1507, 1473, 1456, 1420, 1293, 1252, 1219,
772, 692, 644, 510 cm.

HRMS (ESI): m/z calculated for C2sH26N3Os [M+H]*: 392.1969, found: 392.1971.

[a]BP -26.7 (c 0.12, CHCls, 93% ee sample).

Enantiomeric excess was determined to be 93% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane/ PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 33.1 min

(major), 37.8 min (minor).
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(R,5)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-y1)-2,3-dimethyl-4-(methyl(phenyl)amino)butan-1-one

(3aba):

The reaction performed according to the standard procedure 2 afforded 23 mg (66%).
Colorless oil. (d.r. 81:19)

H NMR (400 MHz, 300 K, CDCls, major diastereomer): © 7.32 (dt, ] =8.1, 1.1 Hz, 1H), 7.13 -
7.07 (m, 2H), 6.68 — 6.64 (m, 2H), 6.60 — 6.55 (m, 1H), 6.34 (d, ] = 8.1 Hz, 1H), 4.25-4.17 (m,
1H), 4.01 (dd, ] =9.6, 7.5 Hz, 2H), 3.91 (s, 3H), 3.89 — 3.83 (m, 2H), 3.63 (t, ] = 8.6 Hz, 1H), 3.42
(dd, J=14.3, 5.5 Hz, 1H), 3.05 - 2.96 (m, 2H), 2.88 (s, 3H), 2.86 — 2.70 (m, 2H), 2.48 (p, ] = 8.0
Hz, 1H), 1.24 (d, ] = 6.9 Hz, 3H), 0.98 (d, ] = 6.8 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCls, major diastereomer): d 176.0, 163.0, 153.8, 149.8, 136.2,
129.0, 117.4, 115.8, 112.0, 103.3, 58.3, 53.9, 46.9, 41.6, 39.1, 34.9, 23.6, 15.3, 15.1.

IR (thin film): 2929, 1655, 1598, 1508, 1473, 1417, 1397, 1293, 1252, 1221, 1158, 1093, 1030,
992, 808, 772, 747, 692, 642 cm-.

HRMS (ESI): m/z calculated for C21H2sN3O2 [M+H]*: 354.2176, found: 354.2179.

[a]3P -18.9 (c 0.21, CHCls, 34% ee sample, major diastereomer). d.r. 81:19

Enantiomeric excess was determined to be 34% ee (major diastereomer) and 74% ee (minor diastereomer) by chiral stationary
phase HPLC analysis (CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane//PrOH = 95/05, flow rate 0.5 mL/min, detection at
254 nm, tr = 30.3 min (major, minor diatereomer), 32.1 min (minor, major diastereomer), 34.1 min (major, major
diatereomer), 37.7 min (minor, minor diastereomer).
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5.4: Standard Procedure 2: Variation of Amines

General procedure for asymmetric a-amino radical addition: An oven dried 10 mL Schlenk tube was charged with
[Ir(ppy)2dtbbpy]PFs (0.46 mg, 0.005 equiv., 0.5 mol%), [Cu(MeCN)4]PFs (4.48 mg, 0.12 equiv., 12 mol%), (R)-DM-Segphos
(10.8 mg, 0.15 equiv., 15 mol%) in the Glove box. To the mixture was added anhydrous DME (1.5 mL) via syringe with
a stainless-steel needle at room temperature under positive Argon pressure. The resulting solution was stirred for 30
min and transferred to another Schlenk tube containing the acceptor 1d (21.8 mg, 1.0 equiv, 0.1 mmol) in EtOH (0.5 mL).
The reaction was carefully degassed by 3 freeze/pump/thaw cycles under Argon in the dark. The resulting reaction
mixture was then allowed to stir for additional 30 min at room temperature before cooling down to -20 °C. Then, the
amine 2 (1.2 equiv., 0.12 mmol) was added slowly to the reaction mixture and allowed to equilibrate for 15 min at -20 °C.
This mixture was then irradiated by blue light (Amax = 448 nm) for 48 h. The crude residue loaded directly onto a PLC
(Silica gel 60, F2s4, 0.5 mm, 20 x 20 cm, produced by Merck, Germany) and eluted using Hexane:EtOAc (~85:15) solvent
system (2-4 times). The UV-visible product band was scratched and filtered through glass frit funnel using CHCls as an
eluent to afford 3.

[Ir(ppy).dtb-bpy]PFe PC2 (0.5 mol %) Rl Me O

o}
1
Me/\)LN R -N/\TMS . N\/\)l\
+ - f S * N
— Z 3 [Cu(MeCN)4]PFg (12 mol %) R2=
N _RZ P
\ S (R)-DM-Segphos L2 (15 mol %) N
MeO \N
1d 2 3 MeO

DME:EtOH (3:1, 0.05 M), -20 °C,
448 nm, 48 h

(R)-4-(benzyl(phenyl)amino)-1-(6-methoxy-2,3-dihydro-1H-pyrrolol2,3-blpyridin-1-yl)-3-methylbutan-1-one (3db):
The reaction performed according to the standard procedure 2 afforded 40 mg (96%).
Yellow oil.
1H NMR (400 MHz, 300 K, CDCl): o 7.35 (dt, ] = 8.1, 1.1 Hz, 1H), 7.29 — 7.23 (m, 2H), 7.22 -
7.09 (m, 5H), 6.74 (dt, ] =7.7, 1.0 Hz, 2H), 6.62 (tt, ] = 7.2, 1.0 Hz, 1H), 6.33 (d, ] = 8.1 Hz, 1H),

En I\?/Ie 1 4.63 (ABq, ] =17.3 Hz, 2H), 4.12 - 4.04 (m, 2H), 3.85 (s, 3H), 3.61 (dd, ] = 14.6, 6.4 Hz, 1H), 3.29
©/ d —-3.13 (m, 3H), 2.95 - 2.88 (m, 2H), 2.82 - 2.71 (m, 1H), 1.08 (d, ] = 6.6 Hz, 3H).
N\ \/ 13C NMR (101 MHz, 300 K, CDCls): 0 171.5, 163.0, 153.8, 148.9, 138.8, 136.2, 129.2, 128.6,
MeO 126.7,126.7, 117.0, 116.2, 112.7, 103.4, 57.7, 55.1, 53.8, 46.8, 41.3, 29.4, 23.7, 18.7.

IR (thin film): ¥ 2950, 1652, 1594, 1558, 1540, 1506, 1473, 1455, 1419, 1395, 1293, 1252, 1159,

1092, 1026, 808, 771, 748, 729, 694, 536, 512 cm-L.

HRMS (ESI): m/z calculated for C2sH30N3O2 [M+H]*: 416.2333, found: 416.2336.

[a]3® +53.3 (c 1.0, CHCls, >99% ee sample).
Enantiomeric excess was determined to be >99% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IE (¢ 0.46 cm x 25 cm), n-hexane/PrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 27.1 min
(major), 28.9 min (minor).
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(R)-4-(isopropyl(phenyl)amino)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]lpyridin-1-yl)-3-methylbutan-1-one
(3dc):
The reaction performed according to the standard procedure 2 afforded 33 mg (92%).

Yellow oil.
1H NMR (400 MHz, 300 K, CDCL): 5 7.37 (dt, ] = 8.1, 1.0 Hz, 1H), 7.20 - 7.14 (m, 2H), 6.90
Pr Me O (dt, J=7.8, 1.1 Hz, 2H), 6.70 (t, ] = 7.2, 1.0 Hz, 1H), 6.33 (d, ] = 8.1 Hz, 1H), 4.15 - 4.08 (m,
N A 2H), 4.02 - 3.90 (m, 1H), 3.88 (s, 3H), 3.26 — 3.16 (m, 3H), 2.98 — 2.92 (m, 2H), 2.88 (dd, ] = 14.1,
©/ _/  8.6Hz 1H), 2.56 - 2.42 (m, 1H), 1.18 (d, ] = 6.7 Hz, 3H), 1.11 (d, ] = 6.7 Hz, 3H), 0.99 (d, ] = 6.7
N\ ) Hz3H).
MeG 13C NMR (101 MHz, 300 K, CDCL): 0 172.0, 163.1, 153.9, 150.0, 136.1, 128.9, 117.8, 117.0,

103.4, 53.9, 52.3, 49.6, 46.8, 41.6, 28.6, 23.7, 20.6, 19.9, 18.7.

IR (thin film): 7 2958, 2919, 2867, 1653, 1636, 1594, 1558, 1540, 1520, 1506, 1498, 1473, 1456,

1418, 1395, 1293, 1252, 1218, 1179, 1158, 1092, 1027, 809, 771, 696 cm-.

HRMS (ESI): m/z calculated for C22H30NzO2 [M+H]*: 368.2333, found: 368.2332.

[a]B° +44.8 (c 0.57, CHCls, 95% ee sample).
Enantiomeric excess was determined to be 95% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IE (¢0.46 cm x 25 cm), n-hexane/ethanol = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 19.0 min
(major), 20.6 min (minor).
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(R)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-blpyridin-1-yl)-3-methyl-4-(phenylamino)butan-1-one (3dd):
The reaction performed according to the standard procedure 2 afforded 31 mg (95%).
Colorless solid (m.p. 110-112 °C).
H NMR (400 MHz, 300 K, CDCL): & 7.36 (dt, ] =8.1, 1.1 Hz, 1H), 7.17 - 7.09 (m, 2H), 6.64
(tt, J=7.3, 1.1 Hz, 1H), 6.61 — 6.55 (m, 2H), 6.34 (d, ] = 8.1 Hz, 1H), 4.11 (dd, ] =9.2, 7.9 Hz,
Me O 2H), 3.87 (s, 3H), 3.34 (dd, ] =15.4, 7.2 Hz, 1H), 3.20 — 3.12 (m, 2H), 3.06 (dd, ] = 12.2, 6.1 Hz,
H\/\)LN 1H), 2.98 — 2.88 (m, 2H), 2.60 - 2.45 (m, 1H), 1.11 (d, ] = 6.8 Hz, 3H).
©/ 13C NMR (101 MHz, 300 K, CDCL):  172.0, 163.1, 153.8, 148.7, 136.2, 129.3, 117.2, 116.9,
Ny ) 112.6,103.3,53.9, 50.4, 46.8, 41.8, 30.3, 23.7, 19.0.
MeO IR (thin film): ¥ 2908, 1629, 1602, 1585, 1558, 1540, 1523, 1507, 1498, 1467, 1418, 1397,
1316, 1290, 1248, 1194, 1094, 1018, 903, 819, 772, 749, 692, 671, 536 cm-L.
HRMS (ESI): m/z calculated for Ci1oH24N3O2 [M+H]*: 326.1863, found: 326.1866.
[a]3? +30.2 (c 1.0, CHCls, >99% ee sample).
Enantiomeric excess was determined to be >99% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IC (¢ 0.46 cm x 25 c¢cm), n-hexane/IPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 59.8 min
(major), 67.9 min (minor).
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(R)-4-((2-fluorophenyl)(methyl)amino)-1-(6-methoxy-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-1-yl)-3-methylbutan-1-

one (3de):
I\I/Ie Me O
L
F N -
\N
MeO

The reaction performed according to the standard procedure 2 afforded 33 mg (93%).
Yellow oil.

H NMR (400 MHz, 300 K, CDCL): 6 7.34 (dt, ] =8.1, 1.1 Hz, 1H), 6.98 (ddd, =84, 7.2, 1.6
Hz, 1H), 6.97 — 6.86 (m, 2H), 6.82 - 6.72 (m, 1H), 6.30 (d, ] =8.1 Hz, 1H), 4.11 (dd, / =9.1, 8.0
Hz, 2H), 3.82 (s, 3H), 3.29 (dd, ] = 16.0, 5.9 Hz, 1H), 3.15 (ddd, | = 14.0, 7.8, 4.8 Hz, 2H), 3.03
—-2.90 (m, 3H), 2.82 (s, 3H), 5 2.60 (h, ] =7.2 Hz, 1H), 1.03 (d, ] = 6.6 Hz, 3H).

13C NMR (101 MHz, 300 K, CDCls):  172.1, 163.0, 155.1 (d, ] = 244.3 Hz), 153.9, 140.8 (d, | =
8.2Hz), 136.1, 124.4 (d, ] = 3.5 Hz), 120.7 (d, ] =7.8 Hz), 119.2 (d, ] = 3.5 Hz), 116.9, 116.2 (d,
J=21.2 Hz), 103.5, 61.07 (d, ] =4.4 Hz), 53.8 (d, ] =2.0 Hz), 46.7, 41.1, 40.2 (d, ] = 2.7 Hz),
28.9,23.7,18.6.

F NMR (376 MHz, CDCls): 6 -122.15.

IR (thin film): ¥ 2956, 1656, 1609, 1590, 1504, 1474, 1450, 1419, 1394, 1327, 1252, 1215,
1196, 1159, 1093, 1025, 974, 900, 809, 749, 535 cm-".

HRMS (ESI): m/z calculated for C20H2sNsO2F [M+H]*: 358.1925, found: 358.1930.

[a]3 +39.2 (c 0.57, CHCls, 94% ee sample).

Enantiomeric excess was determined to be 94% ee (standard procedure 2) by chiral stationary phase HPLC analysis
(CHIRALPAK IC (¢ 0.46 cm x 25 c¢cm), n-hexane/IPrOH = 95/05, flow rate 1.0 mL/min, detection at 254 nm, tr = 25.7 min

(minor), 28.8 min (major).

Racemic Sample

\ Reaction Sample 2
information | | ) 200000 (
peak name | tR [min] | area%
15000 Unknown 25858 49991 “
9.058 50.00 . :
Unknown 29.058 5 9| 5B formaticn
- - peak name | tR [min] | aread
3 3 jUnk 25729 2759
E e ; Unkncwn 7;3';'1‘ 97"‘4;
£ Z 100000 Inknown 28.85! 2
= £
5000
50000
0 e e oo il o G ~3 s o o B e — / <
; g , ! —
25.0 30.000 25.000 30.000

Retention Time [min] Retention Time Tmini
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6. Gram-Scale Reaction

General procedure for asymmetric a-amino radical addition: An oven dried 200 mL three necked round bottomned flask
equipped with a magnetic stirrer bar and 3 x LED (Amax = 448 nm) was charged with [Ir(ppy)2dtbbpy]PFs (14 mg, 0.003
equiv., 0.3 mol%), [Cu(MeCN)4]PFs (187 mg, 0.10 equiv., 10 mol%), (R)-DM-Segphos (434 mg, 0.12 equiv., 12 mol%) under
inert atmosphere. To the mixture was added anhydrous DME (75 mL) via syringe with a stainless-steel needle at room
temperature under positive Argon pressure. The acceptor 1d (1.09 g, 1.0 equiv, 5.0 mmol) was dissolved in EtOH (25
mL) and the resulting solution was transferred to 200 mL three necked round bottomned flask containing
[Ir(ppy)2dtbbpy]PFs, [Cu(MeCN)sPFs, and (R)-DM-Segphos. The reaction was carefully degassed by 3
freeze/pump/thaw cycles under Argon in the dark. The resulting reaction mixture was then allowed to stir for additional
30 min at room temperature before cooling down to -20 °C. Then, the amine 2a (1.15 g, 1.2 equiv., 6.0 mmol) was added
slowly to the reaction mixture and allowed to equilibrate for 30 min at -20 °C. This mixture was then irradiated by blue
light (Amax = 448 nm x 3) for 96 h. Purification of the crude product by automated flash column chromatography using
Hexanes/EtOAc (9/1) solvent system afforded pure 3da.

Enantiomeric excess was determined to be 92% ee by chiral stationary phase HPLC analysis (CHIRALPAK IG3 (¢ 0.46
cm x 25 cm), n-hexane/PrOH 1= 9/1, flow rate 1.0 mL/min, detection at 254 nm, tz = 21.4 min (major), 24.1 min (minor).
[a]3° 50.8 (c 1.0, CHCls, 92% ee sample).

Gram scale synthesis:

O 300000
[Ir(ppy)2dtb-bpy]PFg (0.3 mol%) Me Me O
'V'e/\)LN Me. [Cu(MeCN)4]PFg (10 mol%) N o
N™ "TMS  (R)-DM-Segphos (12 mol%) Ph” * N 2 o | .
N = * Ph > — § 150000 posk name | R [min] | area |
\N DME:EtOH (3:1, 0.05 M) N = / \ nown ;::; 9:::?
MeO 3 X LED44g, -20°C, 96 h \W/ A — -
MeO 50000
1d 2a .
1.099 1.15g 13fza 5 et v
(5 mmol) (6 mmol) 424 20000 Y

84% yield; 92% ee

Fig. S3. Photochemical reaction set up for gram scale reaction at -20 °C

S48



7. Transformations of the products
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Me Me O 2M HCl in Li Me Me O
P~ ~ ] > b N A
HN 1 e R Me O Y g HE HN
93% Voo -78°C, 6 h, 85% 13
—/ + ph/N\/\)LN + .
N N
\_/ R=Me, 3da W
MeO Me Me O R=H, 3dd \ O  MeO
~ H 1)
>95% one N MeO KOBu Ph- >95%
B S -
recovered - N recovered
12 80°C,6h Dry THF
99% 0°C, 3 h, 94% 14 Me
R=H

7.1. Esterification af amide (Procedure

A solution of the amide (3da) (115 mg, 0.34 mmol) in 2 M MeOH in HCl (5 mL) was heated in a sealed pressure tube to
80 °C for 6 h. After cooling to RT the volatiles were removed under reduced pressure and the residue was basified using
saturated NaHCO:s (20 mL) and extracted by EtOAc (3 x 20 mL). The combined organic layers were dried over Na25SOs
and purified by flash chromatography eluting with Hexane/EtOAc (9/1) to afford 11. The 6-MeO-7-azaindoline was also
recovered in excellent yields.

methyl (R)-3-methyl-4-(methyl(phenyl)amino)butanoate (11):
The reaction performed according to the procedure 7.1 afforded 70 mg (93%).

Yellow oil.
1H NMR (400 MHz, 300 K, CDCls): 8 7.26 — 7.20 (m, 2H), 6.74 — 6.67 (m, 3H), 3.63 (s, 3H), 3.29 —
'\,{/lle '\?Ae O 3.07 (m, 2H), 2.94 (s, 3H), 2.54 — 2.43 (m, 1H), 2.42 - 2.15 (m, 2H), 0.99 (d, | = 6.6 Hz, 3H).
Ph”

13C NMR (101 MHz, 300 K, CDCls): 0 173.4, 149.8, 129.3, 116.4, 112.9, 59.1, 51.6, 39.5, 39.3, 29.9,
18.0.

IR (thin film): ¥ 2953, 2873, 1736, 1599, 1572, 1507, 1452, 1435, 1375, 1355, 1260, 1213, 1192,
1173, 1123, 1078, 1033, 1010, 992, 970, 862, 836, 800, 749, 693 cm-!.

HRMS (ESI): m/z calculated for CisH20NO2 [M+H]*: 222.1489, found: 222.1488.

7.2. Hydrolysis of amide

A solution of the amide (3da) (115 mg, 0.34 mmol) in 37% HCI (5 mL) was heated in a sealed pressure tube to 80 °C for
6 h. After cooling to RT the volatiles were removed under reduced pressure and the residue was purified by flash
chromatography eluting with Methanol/DCM (5/95) to afford 12. The 6-MeO-7-azaindoline was also recovered in
quantitative yields.

N-((R)-3-carboxy-2-methylpropyl)-N-methylbenzenaminium chloride (12):

The reaction performed according to the standard procedure 7.2 afforded 81 mg (99%).

Yellow sticky oil.

H NMR (400 MHz, 300 K, MeOD): 6 7.17 - 7.11 (m, 2H), 6.75 — 6.70 (m, 2H), 6.64 — 6.58 (m, 1H),
3.33 —3.28 (m, 1H), 3.29 - 3.04 (m, 2H), 2.92 (s, 3H), 2.46 — 2.29 (m, 2H), 2.18 —2.09 (m, 1H), 0.96 (d,
J=6.6 Hz, 3H).

3C NMR (101 MHz, 300 K, MeOD): 5 176.8, 151.1, 130.0, 117.3, 113.5, 59.9, 40.1, 39.8, 30.8, 18.1.
IR (thin film): ¥ 2962, 2931, 2874, 1706, 1599, 1507, 1461, 1451, 1429, 1408, 1375, 1344, 1295, 1259,
1221, 1191, 1120, 1077, 1033, 992, 970, 862, 770, 748, 693 cm-.

HRMS (ESI): m/z calculated for Ci2HizNO2Cl [M+H]*: 242.0942, found: 242.0945.

I\Ille Me O
Ph
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7.3. Addition of MeLi to amide

To a solution of the amide (3da) (115 mg, 0.34 mmol) in dry THF (5 mL) was added MeLi (0.34 mL of 1 M solution in
THF) at -78 °C and stirred for 6 h. Then, saturated NH4Cl (5 mL) was added and reaction was warmed to rt. The crude
product was extracted by EtOAc (3 x 20 mL) and the combined organic layers were dried over Na2SOs. The purification
was done by flash chromatography eluting with Hexane/EtOAc (9/1) to afford 13. The 6-MeO-7-azaindoline was also
recovered in excellent yields.

(R)-4-methyl-5-(methyl(phenyl)amino)pentan-2-one (13):
The reaction performed according to the standard procedure 7.3 afforded 59 mg (85%).
Yellow oil.
H NMR (400 MHz, 300 K, CDCls): 8 7.26 — 7.20 (m, 2H), 6.75 - 6.67 (m, 3H), 3.24 — 3.02 (m, 2H),

Me Me O 2.90 (s, 3H), 2.58 — 2.46 (m, 2H), 2.32 - 2.22 (m, 1H), 2.07 (s, 3H), 0.95 (d, ] = 6.6 Hz, 3H).

N \/\)L 13C NMR (101 MHz, 300 K, CDCl):  208.4, 149.9, 129.3, 116.4, 112.4, 59.2, 48.8, 39.4, 30.5, 29.0, 18.7.
IR (thin film): § 2959, 2928, 1711, 1599, 1572, 1548, 1505, 1496, 1462, 1451, 1373, 1355, 1260, 1219,
1168, 1124, 1079, 1033, 993, 966, 862, 771, 749, 693 cm-1.
HRMS (ESI): m/z calculated for CisH20NO [M+H]*: 206.1539, found: 206.1543.

Ph”

7.4. Lactam formation

To a solution of the amide (3dd) (100 mg, 0.3 mmol, 1.0 equiv.) in dry THF (5 mL) was added KO'Bu (50 mg, 0.45 mmol,
1.5 equiv.) at 0 °C and stirred for 3 h. Then, saturated NH4Cl (5 mL) was added and reaction was warmed to rt. The crude
product was extracted by EtOAc (3 x 20 mL) and the combined organic layers were dried over Na2SOs. The purification
was done by flash chromatography eluting with Hexane/EtOAc (9/1) to afford 14. The 6-MeO-7-azaindoline was also
recovered in excellent yields.

(R)-4-methyl-1-phenylpyrrolidin-2-one (14):
The reaction performed according to the standard procedure 7.4 afforded 50 mg (94%).
Yellow oil.
H NMR (400 MHz, 300 K, CDCl:): 6 7.61 — 7.56 (m, 2H), 7.38 — 7.31 (m, 2H), 7.15 - 7.09 (m, 1H),
3.91(dd, J=9.5,7.6 Hz, 1H), 3.42 (dd, ] =9.5, 6.4 Hz, 1H), 2.73 (dd, ] = 16.7, 8.3 Hz, 1H), 2.62 - 2.46

0 (m, 1H), 2.23 (dd, ] = 16.7, 7.4 Hz, 1H), 1.19 (d, ] = 6.8 Hz, 3H).
Ph~y 13C NMR (101 MHz, 300 K, CDCLs): d 173.8, 139.5, 128.8, 124.4, 119.9, 55.9, 41.0, 26.3, 19.5.
IR (thin film): & 2962, 2873, 1698, 1598, 1498, 1457, 1395, 1353, 1296, 1282, 1221, 1175, 1159, 1122,

Me 1100, 1067, 1031, 898, 759, 692, 667, 567 cm-".

HRMS (ESI): m/z calculated for C1iHisNONa [M+Na]*: 198.0889, found: 198.0889.
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8. Deuterium exchange experiment

Following the standard procedure 2, the deuterium exchange experiment was performed by using the EtOD instead of
EtOH. The HRMS (Fig. S4) and NMR spectra (Fig. S5) confirms the deuterium incorporation in the product 3da-d.

(a) Reaction with normal Ethanol:

9] [Ir(ppy)2dtb-bpy]PFg (0.5 mol %)
P [Cu(MeCN),]PF (12 mol %) Me Me O
Me™ X N (R)-DM-Segphos (15 mol %) N
= Me\N/\TMS > Ph” N
N + ! DME:EtOH (3:1, 0.05 M) H
\ 7/ Ph LED4g, -20 °C, 48 h N
MeO \N
1d 2a MeO
3da
m/z: (H); 340.2024 (M+H)*
C20H26N30;
(b) Reaction with deuterated Ethanol:
0] [Ir(ppy)2dtb-bpy]PFg (0.5 mol %)
P [Cu(MeCN),JPFg (12 mol %) Me Me O
Me” X~ °N (R)-DM-Segphos (15 mol %) N
= MesN>Tms > Ph” N
N + iljh DME:EtOD (3:1, 0.05 M) D
\W LEDg4g, 20 °C, 48 h N
MeO \N
1d 2a 3da-d MeO
m/z: (H); 341.2082 (M+H)"*
C20H25DN30;
SPECTRUM - simulation :m/z  Theo. Mass Deita (mmu)  RDB equiv. Composition SPECTRUM -simulation: m/z  Theo, Mass Delta (mmu)  RDB equiv Compasition
340.2024 340.2020 0.44 9.5 20 H26 02 N3 341.2082 341.2082 -0.01 95 C20 H25 [2]H 02 N3
100 02024 100, 341 ‘2082
e Me Me o a0~ Me Me o
Ph'N N Ph’N N
80 e 803 D )=
N N
o 709 \_ o 703 \
2 3 MeO g3 MeO
S 603 © bD;
o 505 § » 363.1900
§ <02 § 0]
£ 362,1841 € 303
20° 2280 20-] 2341347
107 326.1869 104 305.1572 1 401.2673
(1301501 il -l | 3822128 4502158 sestors eorazse o3, 1911289 | o711es0 441.1331 547 3814 607.1235
100 T w0 a0 00 600 100 200 300 400 500 600

miz

Fig S4: HRMS speétra of 3da (left) and 3da-d (right)

Fig S5: TH-NMR spectra of 3da (left) and 3da-d (right)
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9. Copper complexation experiments

The coordination aptitude of Cu(MeCN)sPFs towards the 7-azaindoline derivative (1j) and 6-MeO-7-azaindoline
derivative (1m) was separately checked by '"H-NMR in MeCN-d;in the presence of both chiral ligands [L2 = (R)-DM-
Segphos and L3 = (R)-DM-BINAP]. At first, the separate NMR spectras of 1j, 1m, L2, L3, and their respective copper
complexes were recorded. Later, a separate NMR spectras of copper/ligand complex and substrates (1j and 1m) were
recorded. Finally, the mixture of 1j (1 equiv) and Im (1 equiv) was mixed with the copper complex (1 equiv).
Surprisingly, the free substrate (either 1j or 1m) could not be detected, thus both the substrates were detected in a
complexed form. This confirms the fast-complex exchange between 1j and 1m. Apparantly, it also suggests that the -
OMe group is not affecting (sterically) towards the efficient complexation.

()

Cu
N = AN N N\ /
\N
1 equiv. CuL*
(1 equiv.)
+ > fast exchange
L* = (R)-DM-BINAP
or
0 (R)-DM-Segphos
L*
AR N
| -cu”  OMe
N — DN
N\ P OI N=
/
MeO @MN N
N
1 equiv.

H NMR: (R)-DM-BINAP in MeCN-ds

3358533988393 2:--283865888583 0588388
NNNNNNNNNNNNNNNNNNNNN ©©©OOOO©oo NN ===
e = SN
Me' Me
Ar--l? II’—Ar
Ar Ar
(R)-DM-BINAP
I
| A ety
I I
(W
T R R e ™
8 e 8 5 8 gR
< < A N oc
r T T T T T T T T T T T T T T T T T T T T T T
1.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15

1 (ppm)
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(R)-DM-BINAP (1 equiv) + Cu(MeCN)+PFs (1 equiv) in MeCN-ds
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H NMR: (R)-DM-BINAP (1 equiv) + Cu(MeCN)4PFs (1 equiv) + 1j (1 equiv) in MeCN-ds
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H NMR: (R)-DM-BINAP (1 equiv) + Cu(MeCN)4sPFs (1 equiv) + 1m (1 equiv) in MeCN-ds
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H NMR: (R)-DM-Segphos in MeCN-ds

(=]
L@
o
Lo
2
-
6l Le
61
6L
g6 9 r
o6l °
o J Lo
e g9l o a4 u
MMW, w Eoru L Bz — D) Foz
51z > Feea
12z L
12z o
e
Lo
™
Lw
o
[ Le
<
= 2
[le}
§ F< §
" o b >
— = .- " ©
<= 38 B T z 2 &
[© &2 o o —_—
sea> — a e — wwm/ [ | e
jo) A.m =2 [0 — SLs — © [=3 /61
a 10 o arg O - [=2}
D_. < 53 rPF e A_n 2 \M &
o] = 3 8v'9 — - y/ i F oot
cee> — M — EFoz = eve o ol 7 =
o 679 N [a]
MMN O “ [a) [© N 059 nw =
659 a-< 3 O i o -’ /N z
099 | x 1) €59 Qs N z
199 @] Z pee Voo | & // mnw
199 Lo M s e e 907
vee [ © 559 = o < ] b= ===
oL9 — v (=4 = s Ll
009 €6'€ 959 =1
ocof — - wmh\ oz s 288 O
oo /f —_— 8s'e o 869 L J =
ol — B0z | o + 859 —
ey Kooz [ mmw\w — = wﬂoa
20 ~ sl 8%
29 2 869 } > ot
Ngu 5 e —_— - v 6F
wap o Loz
eco] N ml 10¢]
89 0z
A A
089 2oL
159 - £02]
189 o 702
189 o 72] v0'L
189 Im VoL
1591 vO'L
2891 o, v
£8°9 o 50 6LL
£8'9 F o 6LL
€891 v 6LL
£8'9 wn 6lL
£8°9 1 ozL
069 ozL
069 FS M vEL
1691 D vEL
1691 T veL
169 —_— Se'L
1691 ot L
1691 e R LEL
-
869 o LEL
86'9 R LEL
869 gL
869 .
° M gL
T

3.0 25 20 16 1.0 0.5

3.5

6.5 6.0 55 5.0 4.5 4.0
1 (ppm)
S56

7.0



Supporting Information

Pagire, Kumagai, and Shibasaki

H NMR: (R)-DM-Segphos (1 equiv) + Cu(MeCN)4PFs (1 equiv) + 1j (1 equiv) in MeCN-ds
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H NMR: (R)-DM-Segphos (1 equiv) + Cu(MeCN)4PFs (1 equiv) + 1j (1 equiv) + 1m (1 equiv) in MeCN-ds
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10. Crystal Structures:

10.1. Solid state structure of Tw
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Single crystals of 1s were obtained by vapor diffusion from DCM/hexane at RT. A suitable crystal was selected and the
sample was measured on a Rigaku R-AXIS RAPIS II diffractometer using multi-layer mirror monochromated Cu-Ka

radiation (A =1.54184). The data were collected at 93 K. Refined structure and crystallographic parameters are
summarized in Table S1 and Fig. S6. CCDC 1985034 contains the supplementary crystallographic data for 1w.

Space group

Lattice Parameters

Figure S6. Structure of 1w in the solid state. Color

code: red: oxygen; light blue: nitrogen; gray:

carbon; white: hydrogen; yellow: sulfur Zvalue
R:
wRe2
Deale

Fooo

S59

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System

a

b
c
\Y%

Table S1. Selected crystal data of Tw.

C1sH1sN20:S

326.40

yellow, platelet

0.300 x 0.100 x 0.100 mm
monoclinic

P2i/n

6.60950(10) A
17.7870(2) A
14.05220(10) A
1609.03(3) A3
4

0.0667

0.1739

1.347 g/cm3
688.00
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10.2. Solid state structure of 3dd: (determination of absolute configuration)

Single crystals of 3dd were obtained by vapor diffusion from DCM/hexane at RT. A suitable crystal was selected and the
sample was measured on a Rigaku R-AXIS RAPIS II diffractometer using multi-layer mirror monochromated Cu-Ka
radiation (A = 1.54184). The data were collected at 93 K. Refined structure and crystallographic parameters are
summarized in Table S2 and Fig. S7. CCDC 1985035 contains the supplementary crystallographic data for 3dd.

Table S2. Selected crystal data of 3dd.

Empirical Formula CssHasN6Os

Formula Weight 650.81

Crystal Color, Habit colorless, needles
Crystal Dimensions ~ 0.300 x 0.100 x 0.008 mm

Crystal System triclinic
Space group P1
Lattice Parameters
a 6.05710(10) A
b 10.16470(10) A
c 14.3715(2) A
\Y 827.01(2) As
Figure S7. Structure of 3dd in the solid state. Color Z value 1
code: red: oxygeny; light blue: nitrogen; gray: carbon; R 0.0368
white: hydrogen. wRe2 0.0966
Deale 1.307 g/cm3
Fooo 348.00
Flack parameter -0.02(10)
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10.3. Solid state structure of C1

Single crystals of C1 were obtained by vapor diffusion from THF/hexane at RT. A suitable crystal was selected and the
sample was measured on a Rigaku R-AXIS RAPIS II diffractometer using multi-layer mirror monochromated Cu-Ka
radiation (A = 1.54184). The data were collected at 93 K. Refined structure and crystallographic parameters are
summarized in Table 53 and Fig. S8. CCDC 1985036 contains the supplementary crystallographic data for C1.

Table S3. Selected crystal data of C1.

Empirical Formula CsoHs7CuFesN3OsP3
Formula Weight 1440.97

Crystal Color, Habit  yellow, platelet

Crystal Dimensions ~ 0.200 x 0.100 x 0.008 mm

Crystal System monoclinic
w Space Group P2i/c
Lattice Parameters
a 21.7889(4) A
b 16.4491(4) A
c 24.0629(5) A
Figure S8. Structure of C1 in the solid state. Color Vv 8269.0(3) A3
code: red: oxygen; light blue: nitrogen; gray: 7 value 4
carbon; dark yellow: Phosphorous; orange: Ri 0.1027
copper; light green: fluorine. wR> 0.2118
Note: the crystal was surrounded by THF, which Deate 1.157 g/cm?
was used as a solvent for the crystallization. Fooo 3024.00
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12. NMR Spectra:
'H NMR: 1a (Note: unless otherwise stated, all the NMR spectras were recorded in CDCIs).

esog 883388 8588
N2 G v
o)
Me/\)LN
-~
N
\_/
|
i
) L (W J\_ JUL I .
U R T LR
8 8 8 8 3
- o - o -
T T T T T T T T T T T T T T T T T T T
0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 15 1.0 0.5 0.
1 (ppm)
BC NMR: 1a
8 5 3 8 g 88 e ° ° g
g 7w
o)
Me/\)LN
-~
N
\_/
.
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 10 100 90 80 70 60 50 40 30 20 10 0 -1C
1 (ppm)

S63



Supporting Information

Pagire, Kumagai, and Shibasaki

X

Me

1b

H NMR

e

F-coe

Foz

Feoz

F-ool

Feso

F-oou

Fee0

9.5 9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

.0

3C NMR

£58L—

80T~
ezve="

6Ly —

oLsL—

6622l —
662l —

69°€6L—

szzrl—

LGS~
oggsL~"

z5°g9L—

10

20

30

40

50

60

70

90 80

100
1 (ppm)

S64

110

X

120

Me

130

140

150

160

170

180

190

)0



Supporting Information

Pagire, Kumagai, and Shibasaki

1c

H NMR

N

J | o

Foe

M\BN

M\SN

Feeo

z0'1
WS(
€0

207
0oL

1 (ppm)

1c

3C NMR

ozgl—

e —

oLoy—

oryiL—

o5zl
AN

oL9zL—"
S8'87L—=
Ry

peL—

LeeL—
00zZyL—

1S5Sl —
1z9gL—

89'G9L—

N

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S65



Supporting Information

Pagire, Kumagai, and Shibasaki

1d

H NMR

z

MeO

Me

Fue

Feoz

Foe
F-e02

E o1

M\oo_

F-oo1

Foot

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1d

3C NMR

8y'8L—

256 —

£59r—

2585 —

8EEOL—

89—

00'5zL—

L0'9EL—

Zip—

L9esL—

68791 —
88Y9L—

z

MeO

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S66



Supporting Information

Pagire, Kumagai, and Shibasaki

le

H NMR

90t

807
quW
Ly

X

Me

Foe | o
= .

— M\oo« L

3.0

35

4.0

— Woou i

5.0 45

1 (ppm)

5.5

6.5

E-s60

— = wmmo [

7.0

7.5

F-ce0
m Feo

85

9.0

9.5

.0

le

3C NMR

Ty —

89ET—

880y —

98 LLL—

LWzl ~
eLveL—"

Zrsel—

Lespl—

08yl —

oLggL—

S0'59L—

N

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S67



Supporting Information

Pagire, Kumagai, and Shibasaki

1f

H NMR

66
007

w7

oe

oy
m_dw
oy

4 q\

N

S

=z

NC

M\Em r

M\SN

Foe

F oo

F-e0l

F201

660

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1f

3C NMR

vo'8L—

8yvz—

ooy —

£9LLL—

PrETL~
L0v2L—"

orezL—
861EL—
z8'eEl~

wrrl—

Lo'Lst—

Sg'59L—

N

=z

NC

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S68



Supporting Information

Pagire, Kumagai, and Shibasaki

1g

H NMR

o
Lw
(=]
Lo 8r'8L—
- Wwiz—
[ o
6L
S6'L
S6'L
S6'L -— Fooe | o
%61 LS
%61
6L
L1
9€E9Y —
0
B
18T —
_.mN/ EERE]
£6¢ _ _
set—F = Foz | o
96T ™
96T
0
[
ogs— E-80€
o Lo
:QH/ <
354 —_— F-s02
ELY
SLy
Sy
[ o
<
(] IO.W
02
W = LETOL—
N Lw
\ 0
ESTUL—
Z >
o =
o
[[©
\ L —
2 ()
—_— = Feol Fe
Lo
IN
/ = M\mmo wer—
0 oLsyL—
e
r/‘ wmma
SLLSL—
Le
E— U Foou || ®
LLT9L—
oL —
0
[
L2
o
0
Lo i
Le

3C NMR

10

20

30

40

50

60

70

90 80

100
1 (ppm)

S69

\_/—0OMe

120

X

130

140

150

160

170

180

190

)0



Supporting Information

Pagire, Kumagai, and Shibasaki

1h

H NMR

oLy
:«W
oy

Sq\

X

\_/ —Cl

B W

F-soe

Fwez [

F-soz

F-660

H\oor

E-s60

Foot |

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1h

3C NMR

evgL—

orez—

S5y —

orglL—

TP~
80'52L—"

SLopL—
8TEPL—

Zw—

80°L5L—

£g'99L—

N

\_/—Cl

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S70



H NMR: 1i

8.15
815
814
814
7.81
7.81
7.80
7.80
777
777
777
776
7.42
7.41
7.40
7.39

2

it

!

it

il

it

it

1

o
6.92
6.90
6.90
6.88
3.89

INNANE

Supporting Information
Pagire, Kumagai, and Shibasaki

2o o
8856 8

(¢]
/\)L Me
Me” X N
—( Me
N
\N
I
| I
1! thy
I L,\ S —
™ T T T T T
8 8 5 8 § 8 8 g
= S = S - o © ©
r T T T T T T T T T T T T T T T T T T T
.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0
1 (ppm)
13C NMR: 1i
B 8 5 5 3 e 2 < @ s o @
O
/\)L Me
Me” N
—( Me
N
\_/
. . . J
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 (
1 (ppm)

S71



Supporting Information

Pagire, Kumagai, and Shibasaki

1

H NMR

Fooz

Fse1

Es0

Feez
Fwo0 |

Feoz
Fe0

960

Fos0

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1j

3C NMR

rrye—

stop—

oLglL—
96°02L—

£5'9ZL~_
N
v8'8ZL—
erezL~"

19gEL—
06'56L—

9gzyL—

8r9rL—

or9sL—

Lo'goL—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S72



Supporting Information

Pagire, Kumagai, and Shibasaki

1k

H NMR

12y
e2r-\
€27
sz q\

_

N7 R N

~N

P4

0.5

1.0

15

20

25

3.0

35

4.0

5.5 50 45
1 (ppm)

6.0

6.5

7.0

7.5

8.0

85

9.0

1k

.0

3C NMR

l5re—

szor—

10

20

30

40

50

60

70

N
\

o z

N

N

8z8lL—

sLgTL
v

-
vevzL
o~

LoggL—
89°96L—

68LyL—

oLovL—

2z0gL—

orysL—
2z95L—

8rgoL—

90 80

100
1 (ppm)

S73

110

120

130

140

150

160

170

180

190

)0



Supporting Information

Pagire, Kumagai, and Shibasaki

11

H NMR

Fooz

F-soe
Fooz

Foov

Feov
Froz
Fuo

H\Er

1 (ppm)

11

3C NMR

eLez—

00—

r8EG—

20v0L— O

6z Ll —

06°0zL—

6622~

88'8ZL—

89'62L~"

PEGEL~
ze9eL—"

LeZrL—

8Le5L—

sLgoL—
£0'59L—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S74



Supporting Information

Pagire, Kumagai, and Shibasaki

Im

H NMR

v
888
——

ac
85
hih
P

<

3

>
—

Qo
888
WL
=i

Ny N

~.N

P4

MeO

Faz

Foae

Faz

Feon

Evou
Foe

vO'L
€0l

Feo

Foot

1 (ppm)

Im

3C NMR

lgez—

£8'9r—

ELys—

SLvoL—

6oL —

19°8ZL~_
8LyZL——
zrseL~"

STIEL~
659EL~"

L50pL—

$0'05L—

298G~
9T vsL—"

szE9L—
£879L—

Ny N

N

P4

MeO

1 (ppm)

S75



Supporting Information

Pagire, Kumagai, and Shibasaki

Me

:1n

H NMR

Foue

H\moN

Fue

e
Feo0z

oot

M\mmo

oL

Fes0

0.5

1.0

15

20

25

3.0

35

10

9gzL—

wee—

20

85—

989y —

£8'6G—

9.5 9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0
1 (ppm)
In

.0

3C NMR

zrg0L— \ QA

zZ -
z
o e}
(o)
oL — \ = —_—
SvzzL— -
Q
=
YTOEL—
zeerl—
leEsl— _—
9L'ggL — E—

8e'goL—

90 80 70 60 50 40 30

100
1 (ppm)

180 170 160 150 140 130 120 110
S76

190

)0



Supporting Information

Pagire, Kumagai, and Shibasaki

1o

H NMR

N

|

[ )]

Me
I}

Fsee

WQNN
Foe

H\o:

M\EN

Foere
Fe02

ot

Foou
Feou

H\oo,

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1o

3C NMR

00yL—

orzz—
vLEL—

vg0E—
9528 —

189y —

9Les—

£9°'80L—

eriL—

9gEzL—

1z9eL—

06'97L—

Me

1885l —

LgoL—
8z'g9L—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

ST



Supporting Information

Pagire, Kumagai, and Shibasaki

1p

H NMR

16e—
14

oLy
oLy
oLy
R

[/

MeO

Me
Me
|

Feeo

Feor
Foz

H\S

Foe

Foz

o

H\S.,

2o

Foov

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

1p

3C NMR

192z~
9re—

60'87—

8gTy—

8oy —

L85 —

99°€0L—

i —

15'veL—

1z9EL—

09'57L—

88'65L—

Me

N

Me

z

MeO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S78



Supporting Information

Pagire, Kumagai, and Shibasaki

1q

H NMR

Froz

Foz

M\o««

Feoz

Fae
Fue

F-e60

F o

F o

F oot

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1q

3C NMR

0g'8—

80'5L—

sLee—

z8oy—

285 —

15801 —

6lLlL—

ZrozL—
o =z

0z'9gL—

z9'15L—
16651 —

zgoL—
9l'goL—

T
90

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

)0

1 (ppm)

S79



Supporting Information

Pagire, Kumagai, and Shibasaki

1r

H NMR

=

——

[/

/

Foz

Feve
Foz

o

Foot

Feo1

o

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1r

3C NMR

vLeT—

€09z
feAN

olze—

V80—

269y —

1885 —

2re0L—

elsL—

S80zL—

Llz9gL—

20751 —
1685l —

pLEIL—

85'99L—

L

165 160 155 150 145 140 135 130 125 120 15 110 105 100 95 920 85 80 75 70 65 60 55 50 45 40 35 30 25

170

1 (ppm)

S80



Supporting Information

Pagire, Kumagai, and Shibasaki

THNMR: 1s

87—

L899~
6£9—"

we
m:%
SN
e8¢

AN
05t~
IS¢

25 N\
6L~
e~

1y~
58—

Me

Fsoe

Feoz

Fvoe

Froz

Fse60

F-ooz

o1
Fvoz

Fes0

F oo

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

BC NMR: 1s

95'1z—
ogEz—

YO —

685 —

96°€0L— \

eeLL—
266lL—

Me

v0'8ZL—
19621 —

e —

£e'9gL—

£0°0PL—
ererL—

£6'65L—

oz'goL—
0g'g9L—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S81



Supporting Information

Pagire, Kumagai, and Shibasaki

THNMR: 1t

syz—

mmw
Sm/
20t~

8«\‘
v0'e

96'e—

44
vz QW
szt

2 q\

Me

Foe

Froz

Fee
Feoz

Fe60

M\Qm
Feou

Feou

Fe60

Foou

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

3C NMR: 1t

86'6L—

18—

90'Ly—

£6'65—

80'0L—

eeLlL—
9glzL—

£09ZL—=
o
€5'6ZL—
€6°0EL—

88'EGL—

vZEIL—
8l'soL—

|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S82



Supporting Information

Pagire, Kumagai, and Shibasaki

THNMR: Tu

rgE—

L0y —
oz
ETAN

@y
a4
szv

Feoz

E-o0e
F-soe

Feoz

Fe60

e

F-ool
Froz

Foot

Foot

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

BC NMR: 1u

8L€—

YOLY—

88'EG—
6v'5G—

£8'E0L—

8evLL—"
PELLL~_
858LL~=

918z~
096zl —"

og'9gL—

[

86°ESL—

oo ="
g9l —
ZrgoL~

MeO

T
90

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

T
190

)0

1 (ppm)

S83



Supporting Information

Pagire, Kumagai, and Shibasaki

1v

H NMR

6r'8~
£58—"

MeO

E-s0z

F-80°€

E-80€

Fooz

Foot

H\No.r

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

1v

3C NMR

0g'ez—

10—

1665 —
ge'95—

60%0L—

80°ElL—"
8

180ZL~
avieL—"

68'67L—

68951~
8e'LEL—"

8T —

p8EGL—

s009L~"
22 eI~
P0'S9L~_

MeO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S84



Supporting Information

Pagire, Kumagai, and Shibasaki

Iw

H NMR

07—

66'€—
6Ly
ozt

w7
vz q\

Feo0e

Froz

F-soe
F-coz

F-s60

Feoz

Foou
Evoz

Feso

Foot

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

Iw

3C NMR

LgL—

oree—

20—

98EG—

96°€0L—

ee UL —
86'6lL—

oz9zL—

Le'8s—
6928L—
£e'98L—

6607L~ \ N

SLL—
z

v8ESL— \

oregL—
zgoL—

MeS

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S85



Supporting Information

Pagire, Kumagai, and Shibasaki

1x

H NMR

Feoz ||

Froe |
Feoe

F0

Fos

Fe60
Feoz
Fes0

H\mmo L

0.5

1.0

15

20

25

3.0

1 (ppm)

1x

3C NMR

0g'ez—

90'Lr—

9gEs—

60%0L—

£66lL~_
vron—>=
o\
mEN_
whow_v

z6zL
ogezL—>
YT TEL

seze
Zr9sL—

80'LrL—

£8'E5L—

6eZ9L
RS

8879L
vl

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S86



Supporting Information
Pagire, Kumagai, and Shibasaki

F NMR: 1x

-110.82

(o}
S N
F N\
\_/
MeO

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250 -260 -270 -280 -290 -3
1 (ppm)

S87



Supporting Information

Pagire, Kumagai, and Shibasaki

HNMR: 1y

667
mm.NH/.
0
l0e—F
£0°€

£0'e

86'€—
ozy

@y
724
€27
vy

6r'8~
£98—"

Br

Feoz

Foe |
Fvoz

E-s60

E-660

Foee |
Feso

Woor F

25 20 15 1.0 0.5

3.0

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50
1 (ppm)

9.5

.0

BC NMR: 1y

0gez—

90—

S8EG—

6Ly0L—

6eLlL—
69'1zL—

6L82L—

se6zL~"
SLZEL—
96'VEL

mvwmrw

z6'0vL—

SLegL—

2ze9L—
9Ly —

Br

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S88



Supporting Information

Pagire, Kumagai, and Shibasaki

THNMR: 1z

NC

Froz

F-soe

Froz

Fse0

w1

Frov
Feou

Foou

25 20 15 1.0 0.5

3.0

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50
1 (ppm)

9.5

.0

1BC NMR: 1z

zger—

wy—

98'e5—

05'v0L—

0gziL—

05—
1981L—

vgvZL—
LegzL—
eLzel—

29'98L—

E€8'6EL
EHAS

15'e51—

8289~
sLpoL—"

NC

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
1 (ppm)

T
190

)0

S89



Supporting Information

Pagire, Kumagai, and Shibasaki

TH NMR: 1aa

8r8—~—
58—

Foaz

Foze
Fuaz

Bso1
B-z01

Fvol

Foo1

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50
1 (ppm)

9.5

.0

13C NMR: 1aa

2ger—

68'97—

96EG—

96'80L—

vETUL—T
6gelL~"
S0~
LE8LL~_

sU8IL—

6298L—

£0YyL—

vG2GL—
0g'egl—

zze9—
L0'g9L—

XN

\_o

b4

MeO

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S90



Supporting Information

Pagire, Kumagai, and Shibasaki

1lab

H NMR

N
\

Me
MeO

Me

Feee
Foe

Feoz

Fere
Feoz

Fse0

Fse0

oot

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

lab

3C NMR

prEl—
eryL—"

Sive—

ww—

L85 —

88'E0L—

LE9L— \ /

@
67921 — =

SOVEL~ (]
6LgEL— =
0985 —

10°€9L—

seuL—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S91



Supporting Information

Pagire, Kumagai, and Shibasaki

4

H NMR

907
20

w7

N

N

e

F-s0e

oot

Feo
H‘mma

Foor
F-ool

Fe60
o

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

4

3C NMR

98'8L—

06'50L—

69°8LL—

80VZL—
i

lovzl-

9L'9zZL

g6zl —

09°erL—

W Ll~
e8LrL—"

889l —

N

N

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

S92



Supporting Information

Pagire, Kumagai, and Shibasaki

1H NMR: 5 (DMSO-ds)

06'L

061 -
L6l

26 ﬁ\

L0e
10 mH/
£0°€ —_—
ot

movm\
o

86

00 QW —
00

20 q\

Fae

M\ [1%4

Fe0z

€60
oLt

Fe60
Foot

Foou

0.5

1.0

15

2.0

25

3.0

1 (ppm)

3C NMR: 5 (DMSO-ds)

€08L—

65€C—

L9GY—

gl —

oviL—
wozL—

00veEL—

gL —

ELGYL—

19651 —

8L€9L—

4

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S93



Supporting Information

Pagire, Kumagai, and Shibasaki

6

H NMR

€6l
€61

&7

SUE~_
sre"

Ly
o QH/.
£Ly
cv—f
sy
siy

Ju

X

WN:

%wmw

M\o:

woof

M\_:

Foez

wmmo

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

6

3C NMR

90'87—

vigy—

£g L —

wee——
ooveL"
65zl —

9g'1EL—

6LTvL~
6LErL—"

eryoL—

X

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S94



Supporting Information

Pagire, Kumagai, and Shibasaki

7

H NMR

6L

6L _—
181
E_\.

vrE—

M
N-Me

Me

NZ

Fac

Feoe |

F o

Faou |
Feoz

H\qor

M\oof -

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

7

3C NMR

zzeL—

9g'ge—

slizl~
8s1eL—"
eyezL—"

90'8EL—

£0ZrL—

6leyL—

895l —

95991 —

N/

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S95



Supporting Information

Pagire, Kumagai, and Shibasaki

8

H NMR

e
tmv
sle

ot
qmmv
sot

M
NE e
OMe

Me

J

M\Em

M\m_m
Wam

Woof
Wmmo

1 (ppm)

8

3C NMR

6lgL—

leze—

S919—

N.Me

Me

OMe

1zozL—

gerL—

86'99L—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S96



HNMR: 9

—3.00
—292

Supporting Information

Pagire, Kumagai, and Shibasaki

182
182
180
180

£
X

BC NMR: 9

(¢]
/\)L .Me
Me” X l:l
Me

i

|

|

| M M J k J |
| A ]

T T s T

5 3 8o [

3 S 25 5

T T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0.0
1 (ppm)
g g 2 a8 =
8 H 8 58 s
/\)L .Me
Me” X l:l
Me
A )
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 60 50 40 30 20 10 0 10
1 (ppm)

S97



Supporting Information

Pagire, Kumagai, and Shibasaki

(44 _./
1"

sro)
&7

9zL
AN
LEL

8e'L
23 NN.

THNMR: 10

bl

i

Foeo

Feoz

F-80¢

Fee

Ev0L

M\oor

F o

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

3C NMR: 10

sg9l
troL >

6v'ez—

LyrE—
ogge—

269y —

90v5—

Le'Z9
1579

6701 —

8ol —

9r'9eL—

96251 —

86291
1% mﬁW
9g'col

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S98



Supporting Information
Pagire, Kumagai, and Shibasaki
3P NMR: 10

R
S
"\)L
_P.
EtO” 1 N
OEt
N
\N
MeO
)
Tr-rr - - r - — r-~r..r.~.r - r.r -~~~ -~r -r--rr-rr-rr - -r--r-~-r--r—T1 -1 °-~r 1 -~ Tr  ~Tr 1 o1 1 T 1 T T T T " T7°
140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240
1 (ppm)

S99



Supporting Information

Pagire, Kumagai, and Shibasaki

2a

TH NMR

SL0—

8T~
86C—

199
199
8991
699+
699
699+
109
L9
LL9

209

£L9—

94
€L'9
vTL
VL
YL
vZ'L)
sz'2
972
oz
9z
(zL
8z
8T
sz

L

Foe8

00T
B-o0¢

Woom
W@ON

1 (ppm)

2a

3C NMR

€0'L-—

€eor—

vy —

96'LLL—
0€'GLL—

so'6cL—

LL0GL—

Me

©/N\/TMS

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

)0

1 (ppm)

S100



Supporting Information

Pagire, Kumagai, and Shibasaki

2b

TH NMR

88°0-—

0.0

oLo— E-006

JL

1.5

20

vy —

86'G5—

00e— e J—— . A

3.0

35

4.0

4.5

1 (ppm)

9GS — — —_— Evoz

(2]
=
D
=z
Lo
[te}
2 O .
[t}

€999
v9'9
9 mL vzzn—
799y r 0S5l —
5994
999 Lo
999 ©
0] zg9zL
7 L
24 =
5o eoezt”
699 Froe
69 m% r
o9 )
oL Lo eg'8EL—
wa ~

y Fas|
6L 0t
ozL
oz e vLeYL—
o0z ~
0z
2z 1]
L
T L] L M
vz
0e'z]
oee]
Nm& o
zed] F2
veL

/
N

2b

3C NMR

10

20

30

40

50

60

70

80

90

1 (ppm)

Bn

: N._-TMS

S101

100

110

120

180 170 160 150 140 130

190

)0



Supporting Information

Pagire, Kumagai, and Shibasaki

2c

TH NMR

S00—

viL
ol FW
oLl

29—

w0
€0

SOv—F2
Bq\
80

699
699
0L'9
LL9
LL9
w9
€L'9
8L'9
8L'9
8L'9
089
08 m\
oz'L
e
L
L
€TL
€TL
vTL
sTL

'Pr

N _TMS

»“/\\ A

M\wwm

Fezo

Froz

woo._\

101
0

E 0

0.0

1 (ppm)

2c

3C NMR

76'0-—

L96L—

8LEE—

8T1G—

986~
Lol —"

£€8'87L—

89°05L—

'Pr

:: N_-TMS

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

)0

1 (ppm)

S102



Supporting Information
Pagire, Kumagai, and Shibasaki

THNMR: 2d
JUNQYQRRNRRES 2 3
NNNNNNOCOEOOG O o o
S W=
H
N\/TMS
|
|
» A L
T T L T T
8 S 5 3 8
N - 3 N >
r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -C
1 (ppm)
3C NMR: 2d
0 w0 <
@ & o3 0 0
[
H
N\/TMS
A
r T T T T T T T T T T T T T T T T T T T T
)0 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -1
1 (ppm)

S103



Supporting Information

Pagire, Kumagai, and Shibasaki

00—

we
73 NV.

8¢
8 NN

2e

TH NMR

Me

N._-TMS
F

L

Ancd

Eore

F807
E=rle

o

M\Qfm

0.0

0.5

1.0

1.5

20

25

3.0

35

4.0

4.5

5.0

55

6.0

6.5

7.0

75

8.0

8.5

9.0

9.5

1 (ppm)

2e

3C NMR

ol'l-—

EVEY
o m<v.
v
87 Duv

90'9LL
£Z9LL

86'8LL
061~
€9°0CL
(74 ON_.\.

ozveL
mw.qw_.\

wevl
514 Nﬁv

LLYSL—
L9965l —

Me

N._TMS
F

L

.

50

T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90

T
190

1 (ppm)

S104



Supporting Information
Pagire, Kumagai, and Shibasaki

19F NMR: 2e
I\IAe
N _-TMS
F
r T T T T T T T T T T T T T T T T T T T
50 100 50 0 -50 -100 -150 -200 -250 -300 -3

1 (ppm)

S105



Supporting Information

Pagire, Kumagai, and Shibasaki

3aa

TH NMR

|

|

Foee

Foov

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50
1 (ppm)

9.5

.0

3aa

3C NMR

vz8L—

0gvz—

£967—

L56E—
sl —

sy—

or'es—

2z9zl—

60'62L—

eeEEL—

oloyL—

SLerL—

or9sL—

vzziL—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S106



Supporting Information

Pagire, Kumagai, and Shibasaki

3ba

TH NMR

Foe [ <

F-so0e

H\mof

veL

Wmmom xw
90

B o

Foou
Frov |

H\mo«

50
1 (ppm)

5.5

6.5

F-o0l
F-voe

7.0

E-roe
o001

7.5

85

9.0

9.5

.0

3ba

3C NMR

1z —

E0VT~_
eeve—"

wec—

evee—
z5' Ll —

109y —

£76G—

€0zl —

s —

£0LLL—

oLzIL—

ez —

sgeEl—

S86rL—

Lrgsl~
99'g5L—"

UL—

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

S107



Supporting Information

Pagire, Kumagai, and Shibasaki

3ca

TH NMR

Me Me O

E-16T

M\«of

B-g6c
Fo61
Fol
Froot

Fesu

Fs61

Foor
Fsel

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 15 1.0 05
1 (ppm)

9.5

.0

3ca

3C NMR

or'gl—

2re—

89'67—

8866 —
oLty —

Loy —

0865 —

6L
ﬂmﬁ”

882
mommrv
6062l

L0vEL—

2zeeL—

£8'6rL—

erp5L—
Lol —

wur—

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S108



Supporting Information

Pagire, Kumagai, and Shibasaki

3da

TH NMR

—TT

Fsoe

F0
zo1
S0z

Feoz
E-oo1

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50
1 (ppm)

9.5

.0

3da

3C NMR

09'8L—

99°€T—

£560—

6768—
oLy —

2oy —

£8'EG—

€165 —

Lr'eoL—

PESLL—~—
0L —

zez—

£roeL—

68671 —

1g'e5l—

00'€9L—

g9l —

MeO

Me Me O

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

190

S109



Supporting Information

Pagire, Kumagai, and Shibasaki

3ea

TH NMR

Me Me O

Feoe

I
0oL
Eover

860

Fseu
ot

9.0 8.5 8.0 75 7.0 65 6.0 5.5 50
1 (ppm)

9.5

.0

3ea

3C NMR

8l'gL—

eree—

09'67—

0968 —
veI—

se'or—

8765 —

80ZLL—

1g'GLL—
vyL—

£9vZL—

erezL—

orgeL—

LogyL—
LerL—

6L95L—

wen—

1 (ppm)

S110



Supporting Information

Pagire, Kumagai, and Shibasaki

3fa

TH NMR

sze
@Ze
6Z°¢
lee
ov'e
ore
e
vre
vov
Qovvﬂ/
90

moqv
80

80v

|

Feee

F oo

eel
2
091
Eoun

ww_\.w

Fsoz

Fsol
Fuz

Fez
F-s8sL

Fool

0.5

1.0

1 (ppm)

3fa

3C NMR

9e'8l— —_—

8EVZ—

8y'6z— -

8E'6E— -

8L — S —

0667 — —

6L'65— —

80zl ~"
26'5LL~_
1911~

0€€ETL—

SL6ZL~

6v'6zL~"
18'leL—"
09'eeL~"

e — —

896l —

0€2UL— -

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S111



Supporting Information

Pagire, Kumagai, and Shibasaki

3ga

TH NMR

\_/—OMe

i

Fese

H/_.Gf
Fool
o6l

Foz

Foot

1 (ppm)

3ga

3C NMR

zzeL—

9glz—

2967 —
80'le—

2568 —
ory—

sLoy—

85'5G—

ores—

L870L—

L0z~
o=

p9GIL—

60'62L—

1581 —
ey —

vo'LSL—

89°79L—

siei—

Me Me O

\_/ —OMe

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S112



Supporting Information

Pagire, Kumagai, and Shibasaki

3ha

TH NMR

\_/—Cl

Fas

M\qo_
Koo

ele
51

m\mi
M\o:

M\o_m

F o

1 (ppm)

3ha

3C NMR

z8—

15ez—

6v'6z—

Sree—
£5'ly—

1rsy—

6265 —

zropL—

i —
L1961 —

p0'LSL—

eun—

\_/—C

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S113



Supporting Information

Pagire, Kumagai, and Shibasaki

ia

3

H NMR

[ v
0L (=]
90'1
6Z'L
LEL
mmN\(
652 Lo
097 — TFoece [=
toe] 1za—
192 we
43 <ig
2971
£97 o
€97 -
9z 0982
97 :RW
597 9567
s9z4
997 [ o
297 I
192 vg9e~"
89 856~
182 SO ~_
68
167 Le
£67-
867 S~ = Fso
80'€
ovs
LE
sre — Wuw_m, o
LEE ™
601
8E'E
we i F 1565~
e 2 ze00—
Sv'e €01
e ,N T |2
9;* o
05'€
6LE
lee\ —_— H\ e
qmmw
8% Lo
<
0
<
o mr
[w&
/ o
z = Mo
o =
o o
S S
()]
=-z | o
p= ©
B a _ — M/Qor vLeZL—
— - F-o0t se06t—
- _ ot 608!
o
[~ LZGEL—
— s Feoz
D J Fsou
[w
~ worl—
186yl —
o 2 sLvsL—
mmw — J F-o01
608
r
[
LETLL—
Lo
o
ol
Ir
Lo o
L2

3C NMR

S114

1 (ppm)




Supporting Information

Pagire, Kumagai, and Shibasaki

2
]
o

12}
©

2
8
<

g
i

ja

3

TH NMR

I

F-167

Foee

Fa

woi

Fooz
Fse1

Feo

15 1.0 0.5

20

35

5.0 45

1 (ppm)

5.5

7.0 6.5

7.5

9.0 85

9.5

.0

ja

3

3C NMR

ye—

856G —

Lz oL
09921\
928zl ~.
svazL

g

6eEEL—

ween "
SLopL—
[24 mvr/f

yL9SL—

e —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

)0

S115



"H NMR: 3ka (Note: this compound is very unstable and difficult to purify)
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'H NMR: 3la (from 11, E-isomer, and (R)-DM-Segphos)
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