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1. Optimization of Reaction Conditions

Table S1. Optimization of reaction conditions”

Ph Ph
NHAc [Cp*RhCl5], (2.5 mol%) AcN \ H™ I:>hNHAc
N . /Ph Cu(OAc),"H,0 (20 mol%)' NN Ph N
N o th . solvent, ;1OAC 19h N X0 N0
I\I/Ie q. under Air I\I/Ie I\I/Ie
1b 2a 3ba 4ba
entry additive solvent 3ba (%) 4ba (%) 1b (%) memo
16 AgSbFg (10 mol%) DCE 43 n.d. n.d. Sba was obtained in 48% yield.
2b - DCE 63 n.d. n.d.
A B <Nt
4 - DCE 62 n.d. n.d. A trace amount of 5ba was obtained.
5 - DCE n.d. n.d. 91 Run at 100 °C
6 - t-AmOH 20 n.d. 67
7 - DMF n.d. n.d. 27 3ba’ was obtained in 54% vyield.
8 - DMA n.d. n.d. 21 3ba’ was obtained in 54% vyield.
9 - MeCN n.d. n.d. - complex mixture
10 - toluene n.d. n.d. 87
11 - PhCF3 68 n.d. n.d.
12 AgOAc (10 mol%)  PhCF; 25 35 n.d.
13 NaOAc (2 eq.) PhCF3 18 n.d. 40

@Reaction conditions: 1b (0.2 mmol), 2a (0.4 mmol), Cu(OAc)2-H20 (20 mol%), [Cp*RhCl2]2 (2.5 mol%), solvent (2 mL).
Isolated yields are reported. °Cu(OAc)2-H20 (2 eq.) were used under an Ar atmosphere. n.d. = not detected.

Ph Ph
Ph
Z“NAc HNT
.~ ~Ph
X
N0 e
Me Me

S5ba 3ba'
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Table S2. Effect of rhodium catalysts and temperature”

Ph Ph
NHAc Rh cat. AcN R
R Cu(OAc),-H,0 (20 mol%) \ H™™S NHAc

X + / - NN R

N Ph PhCFs, T°C, time o

Me 2 eq. under Air N~ "0 N~ 0

Me Me
1b 2 3ba 4ba
entry R Rh cat. (mol%) additive (eq.) T time 3ba (%)? 4ba (%)°

1 Ph [Cp*RhCly], (2.5) - 110 19 h (68) n.d.
2 Me [Cp*RhCly], (2.5) - 110 12 h 87(85) n.d.
3 Ph Cp*Rh(OAC),*H,0 (5) - 110 19 h 61(65) 6(5)
4 Me Cp*Rh(OAc),*H,0 (5) - 110 12 h 75(75) 8(8)
5¢ Ph [Cp*RhCly], (2.5) - 100 19 h n.d. n.d.
6° Ph Cp*Rh(OAC),*H,0 (5) - 100 19 h 23 10
7° Ph Cp*Rh(OAc),*H,0 (5) - 70 6 days 29(27) 23(24)
8¢ Me Cp*Rh(OAC),*H,0 (5) - 40 7 days 13 8
9 Me [CP*RNCl,], (2.5) AcOH (1) 110 19 h n.d. n.d.
10 Me [Cp*RhCly], (2.5) HFIP (1) 110 19 h 24 n.d.
11 Me Cp*Rh(OAc),"H,0 (5)  TBACI (0.2) 70 24 h n.d. n.d.
12 Ph [CpRhL,], (5) - 110 19 h n.d. n.d.
13 Ph [CPERNCI,], (5) - 110 19h 14 n.d.

@Reaction conditions: 1b (0.2 mmol), 2 (0.4 mmol), Cu(OAc)2-H20 (20 mol%), Rh cat. (2.5 or 5 mol%), PhCF3 (2 mL).
bYields were determined by 'H NMR analysis. Isolated yields are shown in parentheses. °DCE was used as a solvent. n.d.
= not detected.

Me
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2. General Information
General Considerations: All air- and moisture-sensitive reactions were performed under an argon (Ar)
atmosphere. Analytical thin layer chromatography was performed using 0.25 mm silica gel plate (Merck TLC
Silica gel 60 F,,,). Column chromatography was performed on silica gel (Cica silica gel 60N) with solvents
specified below. Melting points were recorded on SRS OptiMelt MPA100. NMR spectra were recorded on
JEOL ESC-400 spectrometer ('H/400 MHz,'>C/100 MHz and '"F/376 MHz,) for samples in CDCl; and
DMSO-ds, CD;0D solutions at 25 °C. '"H NMR chemical shifts are reported in terms of chemical shift (8, ppm)
relative to the singlet at (CDClz and CD3;OD & 0.00 ppm for tetramethylsilane, DMSO-ds 6 2.49 ppm for the
DMSO). *C NMR spectra were fully decoupled and are reported in terms of chemical shift (5, ppm) relative
to the solvent peak (CDCls, § 77.00 ppm, DMSO, & 39.52 ppm). '’F NMR spectra are reported in terms of
chemical shift (8, ppm) relative to the singlet at 3 —63.7 ppm for o, &, a-trifluorotoluene as an external standard.
Splitting patterns are designated as follows: s, singlet; d, doublet; t, triplet; q, quartet; quint, quintet; sext,
sextet; sept, septet; m, multiplet. Coupling constants are reported in Hz. Infrared spectra were recorded on
JASCO FT/IR-230 spectrometer. High-resolution mass spectra were recorded on JEOL JMS-T100LP mass

spectrometer.

Reagents and Solvents: Alkynes 2b-f>, 2h-j°, 2k*, 21*, 2m’, 2n*, 20°, 2p*, 215, 257, 2t%, Cp*Rh(OAc),-H,0’
and [Cp*RhCL,],'"° were prepared according to the literature. Unless otherwise noted below, commercial

reagents and solvents were purchased from Aldrich, Kanto Chemical, TCI, and Wako and used as received.

3. Representative Procedure for the Rhodium-Catalyzed C—H Functionalization of 1
A Schlenk tube was charged with [Cp*RhCl>]> (3.1 mg, 0.0050 mmol, 2.5 mol%), Cu(OAc),-H,O (7.9 mg,
0.040 mmol, 20 mol%), 1b (43.2 mg, 0.20 mmol), 2a (71.4 mg, 0.40 mmol) and PhCF; (2.0 mL). The reaction
mixture was stirred at 110 °C for 19 h under air atmosphere using an oil bath. Then, the mixture was cooled to
room temperature and filtered through a pad of Celite® with CHCI; to remove the metal salts. After
concentration in vacuo, the residue was purified by silica gel column chromatography (Hexane/EtOAc = 3:1)

to give 3ba.

4. Characterization of 3,4-Fused 2-Quinolone Derivatives 3
1-Acetyl-5-methyl-2,3-diphenyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3ba)
Ph Analytical data for 3ba: 68% yield; white solid. Colorless crystals (mp 230.5-230.9 °C)
AcN \ for X-ray crystallographic analysis were obtained by recrystallization from DCM and
X" Ph  hexane; '"HNMR (400 MHz, CDCl;) § 7.81 (dd, J=8.5, 1.4 Hz, 1H), 7.55-7.43 (m, 2H),
7.36-7.20 (m, 11H), 3.76 (s, 3H), 2.29 (s, 3H); *C NMR (100 MHz, CDCls) § 176.4,

N~ ~O
I\I/Ie 159.2, 138.3, 134.2, 132.8, 132.7, 131.0 (2C), 130.7 (2C), 128.59, 128.55 (2C), 128.3,
3ba 127.3 (20), 126.8, 124.0, 122.3, 121.7, 115.5, 115.3, 113.5, 29.6, 29.3, One Csp” signal

is missing due to overlapping; IR (neat) 3002, 1749, 1654 cm'; HRMS (DART) m/z: [M+H]" calcd for
C2H21N205 393.1603, found 393.1624.
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1-Acetyl-2,3-bis(4-chlorophenyl)-5-methyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3bb)

Cl

|
Me
3bb

3bb was prepared following the representative procedure and purified by flash
column chromatography on silica gel (Hexane/EtOAc = 4:1 to 3:1).

Analytical data for 3bb: 60% yield; yellow amorphous solid; 'H NMR (400
MHz, CDCl3) 6 7.76 (dd, J=8.2, 1.4 Hz, 1H), 7.56-7.43 (m, 2H), 7.34-7.30 (m,
2H), 7.25-7.16 (m, 7H), 3.76 (s, 3H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl;)
8 175.9, 159.1, 138.4, 135.1, 133.1, 133.04, 133.00, 132.8, 132.3 (2C), 132.0
(20), 131.0, 129.0 (2C), 128.6, 127.8 (2C), 123.1, 122.3, 121.9, 115.6, 115.0,
113.3,29.7,29.4; IR (KBr) 3061, 1751, 1655 cm™'; HRMS (ESI) m/z: [M+Na]"

calcd for C,6HsCIbN2NaO; 483.0643, found 483.0657.

1-Acetyl-2,3-bis(4-fluorophenyl)-5-methyl-1,5-dihydro-4 H-pyrrolo|[3,2-c]quinolin-4-one (3bc)

F

(D
AcN\\ O F

'Tl @]
Me
3bc

3bc was prepared following the representative procedure and purified by flash
column chromatography on silica gel (Hexane/EtOAc = 4:1).

Analytical data for 3bc: 63% yield; yellow amorphous solid; '"H NMR (400
MHz, CDCl3) 6 7.76 (dd, J= 8.0, 1.1 Hz, 1H), 7.55-7.47 (m, 2H), 7.26-7.21 (m,
5H), 7.08-7.00 (m, 2H), 7.00-6.93 (m, 2H), 3.76 (s, 3H), 2.33 (s, 3H); *C NMR
(100 MHz, CDCl3) § 176.0, 162.8 (d, 'Jer = 250.2 Hz), 162.0 (d, 'Jcr = 246.3
Hz), 159.2, 138.3, 133.2, 132.8, 132.7 (d, *Jcr = 8.6 Hz, 2C), 132.6 (d, *Jcr =
8.6 Hz, 2C), 128.5 (d, “Jcr = 3.8 Hz), 126.4 (d, *Jcr = 3.8 Hz), 123.2, 122.3,
121.9, 115.9 (d, 2Jcr = 22.0 Hz, 2C), 115.6, 115.1, 114.5 (d, 2Jcr = 21.1 Hz, 2C),

113.4, 29.6, 29.4, One Csp* signal is missing due to overlapping; '’F NMR (376 MHz, CDCl3): § —112.4, —

116.5; IR (KBr) 3005, 1760,
found 451.1216.

1656 cm™'; HRMS (ESI) m/z: [M+Na]" caled for CaHisFaN,NaO; 451.1234,

1-Acetyl-5-methyl-2,3-bis(4-(trifluoromethyl)phenyl)-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one

(3bf)

N
O CF,
N o

Me

3bf
=272.2 Hz), 123.7 (q, "Jcr =
MHz, CDCls): 8 —63.4, —63.7;
529.1351, found 529.1368.

3bf was prepared following the representative procedure and purified by flash
column chromatography on silica gel (Hexane/EtOAc = 4:1).
Analytical data for 3bf: 32% yield; yellow amorphous solid; 'H NMR (400
MHz, CDCl3) 6 7.77 (dd, J= 8.0, 1.1 Hz, 1H), 7.61 (d, /= 8.2 Hz, 2H), 7.57-
7.49 (m, 4H), 7.42-7.36 (m, 4H), 7.31-7.27 (m, 1H), 3.77 (s, 3H), 2.35 (s, 3H);
C NMR (100 MHz, CDCl3) § 175.6, 159.0, 138.5, 136.2, 133.7, 133.5, 132.8,
131.3, 131.1, 130.9 (q, *Jcr = 32.6 Hz, 2C), 129.2 (q, Jcr = 32.6 Hz, 20),
129.0, 125.7 (q, *Jcr = 3.8 Hz, 2C), 124.5 (q, *Jcr = 3.8 Hz, 2C), 124.2 (q, 'Jer
271.3 Hz), 123.5, 122.3, 122.1, 115.7, 114.9, 113.1, 29.7, 29.4; '°F NMR (376
IR (neat) 1654, 1612 cm™'; HRMS (DART) m/z: [M+H]" calcd for CosH 9FsN202
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(E)-1-Acetyl-9-(1,2-bis(4-(trifluoromethyl)phenyl)vinyl)-5-methyl-2,3-bis(4-(trifluoromethyl)phenyl)-
1,5-dihydro-4H-pyrrolo[3,2-c]quinolin-4-one (3bf”)
3bf’ was prepared following the representative procedure and
purified by flash column chromatography on silica gel
(Hexane/EtOAc = 1:1).
Analytical data for 3bf’: 21% yield; white solid. Colorless
crystals (mp 171.2-172.0 °C) for X-ray crystallographic
analysis were obtained by recrystallization from CHCI; and
hexane; 'H NMR (400 MHz, CDCl;) § 7.63-7.48 (m, 5H),
3bf' 7.48-7.39 (m, 6H), 7.25-7.15 (m, 6H), 7.11 (s, 1H), 6.99 (d, J
=7.8 Hz, 2H), 3.79 (s, 3H), 2.14 (s, 3H); '*C NMR (100 MHz,
CDCl3) 8 170.4, 158.6, 142.1, 141.4, 140.1, 140.0, 139.6, 136.2, 135.6, 135.5, 133.9, 132.9, 131.6, 130.9,
130.8 (q, *Jcr = 32.6 Hz, 2C), 130.6, 130.3 (q, *Jcr = 32.6 Hz, 2C), 129.8 (q, *Jcr = 32.6 Hz, 2C), 129.4, 129.2
(q, 2Jcr = 32.6 Hz, 2C), 128.7, 126.4, 125.6 (q, *Jcr = 3.8 Hz, 2C), 125.0, 124.9 (q, *Jcr = 3.8 Hz, 2C), 124.4
(q, *Jcr=3.8 Hz, 2C), 124.3, 124.1 (q, 'Jer = 272.2 Hz), 123.9 (q, 'Jer = 272.2 Hz), 123.8 (q, 'Jer = 272.2 Hz),
123.6 (q, 'Jer =277.0 Hz), 118.8, 115.6, 112.8, 29.9, 28.4, One Csp” signal is missing due to overlapping; '°F
NMR (376 MHz, CDCl3): & —63.5 (3F), —-63.6 (6F), —63.8 (3F); IR (neat) 1654 cm™; HRMS (ESI) m/z:
[M+Na]" calcd for CasHo6F12N2NaO, 865.1700, found 865.1687.

1-Acetyl-3,5-dimethyl-2-phenyl-1,5-dihydro-4 H-pyrrolo|3,2-c]quinolin-4-one (3bg)
Ph 3bg was prepared following the representative procedure and purified by flash column
AcN N chromatography on silica gel (Hexane/EtOAc = 4:1).
X~ Me Analytical data for 3bg: 85% yield; yellow amorphous solid; "H NMR (400 MHz,
CDCl3) 6 7.83 (dd, J= 8.2, 0.9 Hz, 1H), 7.53-7.36 (m, 7H), 7.20 (ddd, J=8.7,5.3, 2.5

N0
Me Hz, 1H), 3.80 (s, 3H), 2.45 (s, 3H), 2.20 (s, 3H); *C NMR (100 MHz, CDCls) § 176.1,
3bg 160.4, 138.3, 133.7, 132.9, 131.3, 130.3 (2C), 128.8 (2C), 128.6, 128.1, 122.6, 121.6,

119.5, 116.6, 115.4, 114.0, 29.3,29.2, 10.7; IR (neat) 1734, 1648 cm™; HRMS (DART) m/z: [M+H]" calcd for
C21H1oN202 331.1447, found 331.1429.
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The stereochemistry of 3bg was assigned by NOESY experiments. The arrows shown below indicate the

observed cross peaks.

) e
= |
L4
4 -
29
- # 2o
)\ I e
‘ e 735
-~ S—
& . (oo
8.0 70 6. 50 40 30 20 10 0 10 30 50 70
X : parts per Million : Proton abundance
1 \
jqu: ¢ M J
— E—d ?_f
b
D ———




Supporting Information S8
2,5-Dimethyl-3-phenyl-1-pivaloyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3b’g)
Me 3b’g was prepared following the representative procedure and purified by flash
PivN N column chromatography on silica gel (Hexane/EtOAc = 4:1).
O N O Analytical data for 3b’g: 95% yield; white amorphous solid; 'H NMR (400 MHz,
CDCl3) 6 7.71 (d, J= 8.2 Hz, 1H), 7.51-7.43 (m, 6H), 7.41-7.35 (m, 1H), 7.18 (ddd,
121.6, 121.3, 118.0, 115.4, 115.0, 114.2, 45.9, 29.0, 27.4, 10.9; IR (KBr) 1736, 1649 cm™'; HRMS (ESI) m/z:
[M+Na]" caled for C4H24N2NaO, 395.1736, found 395.1739. The stereochemistry of 3b’g was assigned by

NOE experiments. The arrows shown below indicate the observed cross peaks.

N0
Me J=8.0, 5.0, 3.0 Hz, 1H), 3.80 (s, 3H), 2.58 (s, 3H), 0.82 (s, 9H); *C NMR (100
3b'g MHz, CDCl3) § 189.4, 160.6, 138.0, 133.5, 132.0, 131.0, 130.7, 128.6, 128.2, 127.9,

78 77 76 75 74 73 72 71 7.0 69 68 6.7 66 65 64 63 62 6.1 6.0 59 58 57 56 55 54 53 52 5.1 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 3.5 34 33 32 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 L1 10 09 08 07
X : parts per Million : Proton

1-Acetyl-3,5-dimethyl-2-(p-tolyl)-1,5-dihydro-4 H-pyrrolo|3,2-c]quinolin-4-one (3bh)
Me 3bh was prepared following the representative procedure and purified by flash column
chromatography on silica gel (Hexane/EtOAc = 4:1).
Analytical data for 3bh: 79% yield; white solid (mp 206.7-208.8 °C); "H NMR (400
MHz, CDCl3) 6 7.82 (d, J= 7.8 Hz, 1H), 7.50-7.42 (m, 2H), 7.32-7.27 (m, 4H), 7.19
(ddd, J = 8.1, 5.6, 2.8 Hz, 1H), 3.80 (s, 3H), 2.44 (s, 3H), 2.43 (s, 3H), 2.21 (s, 3H);
C NMR (100 MHz, CDCls) & 176.2, 160.4, 138.6, 138.3, 133.8, 132.8, 130.2 (2C),
I\I/Ie 129.5 (2C), 128.3, 128.0, 122.6, 121.6, 119.2, 116.7, 115.3, 114.0, 29.4, 29.2, 21.4,
3bh 10.7; IR (KBr) 1743, 1647 cm’'; HRMS (ESI) m/z: [M+Na]" caled for Co2HaoN2NaO,
367.1422, found 367.1411.
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1-Acetyl-2-(4-methoxyphenyl)-3,5-dimethyl-1,5-dihydro-4 H-pyrrolo|3,2-c]quinolin-4-one (3bi)

OMe 3bi was prepared following the representative procedure and purified by flash
column chromatography on silica gel (Hexane/EtOAc = 2:1).
Analytical data for 3bi: 71% yield; white solid (mp 170.3—-173.2 °C); '"H NMR (400
MHz, CDCls) 6 7.81 (d, J=8.2 Hz, 1H), 7.48-7.44 (m, 2H), 7.34-7.29 (m, 2H), 7.19
(ddd, J=8.4,5.4,2.8 Hz, 1H), 7.04-6.99 (m, 2H), 3.88 (s, 3H), 3.80 (s, 3H), 2.43 (s,
3H), 2.22 (s, 3H); *C NMR (100 MHz, CDCl3) & 176.2, 160.4, 159.8, 138.2, 133.6,
132.6,131.6 (2C), 127.9,123.3,122.5,121.6, 119.0, 116.6, 115.3, 114.2 (2C), 114.0,
55.3,29.3,29.2, 10.7; IR (neat) 3003, 1739, 1648, 1250 cm™'; HRMS (DART) m/z:
[M+H]" caled for C2oH,iN2O3 361.1552, found 361.1543.

3bi

1-Acetyl-3,5-dimethyl-2-(4-(trifluoromethyl)phenyl)-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3bj)
CFs 3bj was prepared following the representative procedure and purified by flash column
chromatography on silica gel (Hexane/EtOAc = 4:1). The obtained solid was
reprecipitated from CHCI; and Et,O for melting point determination.
Analytical data for 3bj: 85% yield; white solid (mp 190.5-191.0 °C); 'H NMR (400
MHz, CDCl3) 6 7.80 (d, /= 7.8 Hz, 1H), 7.75 (d, /= 8.2 Hz, 2H), 7.58-7.44 (m, 4H),
7.22 (ddd, J=8.2, 6.6, 1.6 Hz, 1H), 3.80 (s, 3H), 2.47 (s, 3H), 2.26 (s, 3H); *C NMR
I\I/Ie (100 MHz, CDCl3) § 175.6, 160.2, 138.5, 134.9, 133.5, 132.1, 130.7, 130.5 (q, %Jcr =
3bj 32.6 Hz, 2C), 128.5, 125.7 (q, *Jcr = 2.9 Hz, 2C), 123.9 (q, "Jer = 272.2 Hz), 122.6,
121.8, 120.6, 116.6, 115.5, 113.7, 29.5, 29.2, 10.7; "°’F NMR (376 MHz, CDCls) § —63.6; IR (neat) 1739, 1653,
1325 cm™'; HRMS (DART) m/z: [M+H]" calcd for C22HsF3N>0, 399.1320, found 399.1309.

1-Acetyl-2-(4-bromophenyl)-3,5-dimethyl-1,5-dihydro-4 H-pyrrolo|3,2-c]quinolin-4-one (3bk)
Br 3bk was prepared following the representative procedure and purified by flash column

chromatography on silica gel (Hexane/EtOAc = 3:1).
Analytical data for 3bk: 83% yield; yellow amorphous solid; 'H NMR (400 MHz,
CDCl3) 6 7.79 (dd, J = 8.2, 0.9 Hz, 1H), 7.65-7.60 (m, 2H), 7.51-7.43 (m, 2H), 7.28-
7.25 (m, 2H), 7.21 (ddd, J = 8.2, 6.4, 1.8 Hz, 1H), 3.80 (s, 3H), 2.44 (s, 3H), 2.25 (s,
3H); *C NMR (100 MHz, CDCl3) & 175.7, 160.3, 138.4, 133.2, 132.4, 132.0 (2C),
131.9 (2C), 130.1, 128.3, 123.0, 122.6, 121.7, 119.9, 116.6, 115.4, 113.8, 29.4, 29.2,

3bk 10.7; IR (KBr) 1744, 1646 cm™'; HRMS (ESI) m/z: [M+Na]" calcd for C,;H;7BrN;NaO,
431.0371, found 431.0398.
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1-Acetyl-2-(4-fluorophenyl)-3,5-dimethyl-1,5-dihydro-4 H-pyrrolo|3,2-c]quinolin-4-one (3bl)

F

found 371.1142.

3bl was prepared following the representative procedure and purified by flash column
chromatography on silica gel (Hexane/EtOAc = 3:1).

Analytical data for 3bl: 80% yield; yellow amorphous solid; 'H NMR (400 MHz,
CDCl3) 6 7.78 (dd, J = 8.4, 1.4 Hz, 1H), 7.50-7.45 (m, 2H), 7.41-7.35 (m, 2H), 7.24-
7.16 (m, 3H), 3.80 (s, 3H), 2.43 (s, 3H), 2.24 (s, 3H); *C NMR (100 MHz, CDCl;) &
175.8, 162.8 (d, 'Jor = 250.2 Hz), 160.3, 138.3, 133.0, 132.6, 132.3 (d, *Jcr = 8.6 Hz,
20),128.2,127.2(d, *Jcr =2.9 Hz), 122.6, 121.7, 119.7, 116.6, 115.9 (d, *Jcr = 21.1 Hz,
20), 115.4, 113.9, 29.3, 29.2, 10.7; ’F NMR (376 MHz, CDCl3) § —112.9; IR (KBr)
2928, 1748, 1647 cm™'; HRMS (ESI) m/z: [M+Na]" calcd for C2;Hi7FN2NaO, 371.1172,

4-(1-Acetyl-3,5-dimethyl-4-0x0-4,5-dihydro-1H-pyrrolo[3,2-c]quinolin-2-yl)benzonitrile (3bm)

CN  3bm was prepared following the representative procedure and purified by flash

column chromatography on silica gel (Hexane/EtOAc = 2:1).

Analytical data for 3bm: 67% yield; white amorphous solid; '"H NMR (400 MHz,
CDCl3) 6 7.79 (d, J=8.2 Hz, 3H), 7.58-7.46 (m, 4H), 7.26-7.21 (m, 1H), 3.80 (s, 3H),
2.48 (s, 3H), 2.28 (s, 3H); '*C NMR (100 MHz, CDCl;) § 175.4, 160.2, 138.6, 135.8,
133.9,132.4 (2C), 131.7, 130.9 (2C), 128.7, 122.7, 121.9, 121.2, 118.4, 116.7, 115.6,
113.6, 112.2, 29.5, 29.3, 10.8; IR (KBr) 3066, 2226, 1739, 1651 cm™'; HRMS (ESI)
m/z: [M+Na]" calcd for C2H17N3NaO, 378.1219, found 378.1228.

1-Acetyl-2-(3-methoxyphenyl)-3,5-dimethyl-1,5-dihydro-4 H-pyrrolo|3,2-c|quinolin-4-one (3bn)

3bn was prepared following the representative procedure and purified by flash
column chromatography on silica gel (Hexane/EtOAc = 4:1 to 3:1).

Analytical data for 3bn: 78% yield; yellow solid (mp 139.7-142.1 °C); 'H NMR
(400 MHz, CDCl3) 6 7.84 (dd, J= 8.5, 1.4 Hz, 1H), 7.49-7.44 (m, 2H), 7.40 (m,
1H), 7.19 (ddd, /= 8.2, 6.0, 2.3 Hz, 1H), 7.00-6.92 (m, 3H), 3.86 (s, 3H), 3.80 (s,
3H), 2.47 (s, 3H), 2.23 (s, 3H); *C NMR (100 MHz, CDCl;) § 176.1, 160.3,
159.7,138.3,133.4,132.8,132.6, 129.9, 128.0, 122.6, 122.5, 121.6, 119.4, 116.5,
115.8, 115.3, 114.1, 113.9, 55.3, 29.3, 29.2, 10.7; IR (KBr) 3058, 1746, 1640 cm”

! HRMS (ESI) m/z: [M+Na]" calcd for C22H20N,NaOs 383.1372, found 383.1348.



Supporting Information S11

1-Acetyl-2-(3-chlorophenyl)-3,5-dimethyl-1,5-dihydro-4 H-pyrrolo|[3,2-c]quinolin-4-one (3bo)

3bo was prepared following the representative procedure and purified by flash
column chromatography on silica gel (Hexane/EtOAc = 4:1).

Analytical data for 3bo: 80% yield; yellow solid (mp 191.5-192.8 °C); 'H NMR
(400 MHz, CDCls3) 6 7.80 (dd, J = 8.7, 0.9 Hz, 1H), 7.52-7.44 (m, 3H), 7.44-7.39
(m, 4H), 7.23-7.18 (m, 1H), 3.80 (s, 3H), 2.45 (s, 3H), 2.26 (s, 3H); *C NMR (100
MHz, CDCl3) 6 175.5, 160.3, 138.4, 134.7,133.3, 133.0, 132.1, 130.3, 130.0, 128.8,
128.6, 128.3, 122.7, 121.7, 120.2, 116.6, 115.4, 113.8, 29.4, 29.2, 10.7; IR (KBr)
3049, 1749, 1642 cm™'; HRMS (ESI) m/z: [M+Na]" caled for CyH;7CIN;NaO,
387.0876, found 387.0857.

1-Acetyl-3,5-dimethyl-2-(naphthalen-2-yl)-1,5-dihydro-4 H-pyrrolo|[3,2-c]quinolin-4-one (3bp)

0 3bp was prepared following the representative procedure and purified by flash column
chromatography on silica gel (Hexane/EtOAc = 3:1).
O Analytical data for 3bp: 75% yield; white solid (mp 213.0-213.9 °C); '"H NMR (400
AcN MHz, CDCl3) 8 7.96 (d, J = 8.7 Hz, 1H), 7.94-7.89 (m, 2H), 7.87 (d, J = 8.2 Hz, 2H),
N ) Me 7.61-7.54 (m, 2H), 7.53-7.45 (m, 3H), 7.21 (ddd, /= 8.8, 4.9, 2.8 Hz, 1H), 3.82 (s, 3H),
O 2.50 (s, 3H), 2.20 (s, 3H); *C NMR (100 MHz, CDCl;) § 176.1, 160.4, 138.4, 133.7,
I\r}jIe ° 133.12, 133.10, 132.9, 129.7, 128.7, 128.6, 128.2, 128.1, 127.8, 127.5, 126.9, 126.8,
3bp 122.7,121.7,120.0, 116.7, 115.4, 114.0, 29.4, 29.2, 10.8; IR (KBr) 2928, 1743, 1645cm™
! HRMS (ESI) m/z: [M+Na]" calcd for C2sH20N,NaO, 403.1423, found 403.1397.

1-Acetyl-5-methyl-2-phenyl-3-propyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3bq)

Ph 3bq was prepared following the representative procedure and purified by flash column
AcN chromatography on silica gel (Hexane/EtOAc = 3:1).

X "Pr Analytical data for 3bq: 81% yield; yellow amorphous solid; '"H NMR (400 MHz,
CDCl3) 6 7.78 (d, J= 7.8 Hz, 1H), 7.50-7.44 (m, 5H), 7.40-7.36 (m, 2H), 7.19 (ddd, J =
I\IT/lIe © 8.1, 5.6, 2.8 Hz, 1H), 3.80 (s, 3H), 2.78-2.74 (m, 2H), 2.20 (s, 3H), 1.69-1.64 (m, 2H),
3bq 0.89 (t,J=17.3 Hz, 3H); >*C NMR (100 MHz, CDCl5) § 176.0, 159.9, 138.3,133.8, 133.2,
131.5,130.5 (2C), 128.7 (2C), 128.4, 128.0, 124.4, 122.6, 121.5, 116.2, 115.3, 113.8, 29.30, 29.26, 26.8, 24.7,
14.2; IR (neat) 2959, 1741, 1649, 1251 cm™; HRMS (DART) m/z: [M+H]" caled for C23H23N»>0 359.1760,

found 359.1730.
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1-Acetyl-3-(((tert-butyldimethylsilyl)oxy)methyl)-5-methyl-2-phenyl-1,5-dihydro-4 H-pyrrolo|[3,2-

c]quinolin-4-one (3br)

Ph 3br was prepared following the representative procedure and purified by flash

AcN N OoTBS ¢olumn chromatography on silica gel (Hexane/EtOAc = 10:1).
N Analytical data for 3br: 80% yield; colorless gum; 'H NMR (400 MHz, CDCl;)
N X0 6 7.77 (dd, J= 8.2, 0.9 Hz, 1H), 7.62-7.53 (m, 2H), 7.51-7.41 (m, 5H), 7.18 (ddd,
I\I/Ie J=28.2,6.2,2.1 Hz, 1H), 4.96 (s, 2H), 3.79 (s, 3H), 2.24 (s, 3H), 0.90 (s, 9H), 0.10
3br (s, 6H); *C NMR (100 MHz, CDCl;) & 176.4, 159.5, 138.3, 136.4, 132.7, 130.7,

130.4 (2C), 128.9, 128.5 (2C), 128.1, 122.2, 122.0, 121.6, 115.4, 115.3, 113.7, 55.5, 29.5, 29.4, 26.1 (3C),
18.6,-5.2 (2C); IR (neat) 2928, 1748, 1652, 1254 cmr'; HRMS (DART) m/z: [M+H]" caled for Co7H33N,05Si
461.2260, found 461.2283.

1-Acetyl-5-methyl-3-(phenoxymethyl)-2-phenyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3bs)

Ph 3bs was prepared following the representative procedure and purified by flash

AcN N oPh column chromatography on silica gel (Hexane/EtOAc = 4:1).
N Analytical data for 3bs: 76% yield; yellow solid (mp 209.5-211.3 °C); '"H NMR
N X0 (400 MHz, CDCl3) 6 7.81 (dd, J=8.7, 0.9 Hz, 1H), 7.54-7.48 (m, 4H), 7.47-7.42 (m,
I\I/Ie 3H), 7.29-7.18 (m, 3H), 7.03-6.98 (m, 2H), 6.93 (ddd, J="7.1, 7.1, 0.9 Hz, 1H), 5.31
3bs (s, 2H), 3.80 (s, 3H), 2.27 (s, 3H); *C NMR (100 MHz, CDCl3) § 176.2, 159.6, 158.8,

138.4, 137.3, 133.0, 130.2 (2C), 130.0, 129.3 (2C), 129.2, 128.9 (2C), 128.4, 122.3, 121.8, 120.7, 117.8, 115.6,
115.5, 115.1 (2C), 113.6, 60.7, 29.5, 29.3; IR (neat) 1749, 1653 cm’'; HRMS (DART) m/z: [M+H]" caled for
C27H23N,0; 423.1709, found 423.1712.

tert-Butyl((1-acetyl-5-methyl-4-0x0-2-phenyl-4,5-dihydro-1H-pyrrolo[3,2-c]quinolin-3-
yDmethyl)carbamate (3bt)

Ph 3bt was prepared following the representative procedure and purified by flash
AcN \ NHBoc column chromatography on silica gel (Hexane/EtOAc = 4:1).

N Analytical data for 3bt: 66% yield; white solid (mp 178.5-180.5 °C); '"H NMR
NS0 (400 MHz, CDCls) 6 7.82 (d, J= 7.8 Hz, 1H), 7.60-7.41 (m, 7H), 7.23 (ddd, J =
I\I/Ie 8.4,5.8,2.8 Hz, 1H), 6.60 (br s, 1H), 4.39 (d, J = 6.0 Hz, 2H), 3.84 (s, 3H), 2.20
3bt (s, 3H), 1.43 (s, 9H); *C NMR (100 MHz, CDCl;) § 176.2, 160.2, 155.7, 138.2,

134.2, 133.4, 130.5 (2C), 130.0, 129.2, 129.0 (2C), 128.5, 122.5, 122.0, 120.1, 116.1, 115.6, 113.7, 78.6, 35.3,
29.6, 29.4, 28.5 (3C); IR (neat) 3392, 2978, 1748, 1707, 1636 cm’'; HRMS (DART) m/z: [M+H]" calcd for
Ca6HasN304 446.2080, found 446.2108.
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1-Acetyl-2-(3,5-dichlorophenyl)-5-methyl-3-(p-tolyl)-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one with 1-
acetyl-3-(3,5-dichlorophenyl)-5-methyl-2-(p-tolyl)-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3bu)

Cl Me 3bu was prepared following the representative procedure

O cl Q and purified by flash column chromatography on silica

gel (Hexane/EtOAc = 3:1). Regioisomers (1:1) could be

Cl
ACN\ \ O ACN\ \ O separated by column chromatography.
O Me O Analytical data for 3bu: regioisomer-1 20 % yield;
’}l 0 '}‘ O Cl yellow amorphous solid; 'H NMR (400 MHz, CDCl3) &

3bu 7.77 (d,J=8.2 Hz, 1H), 7.58-7.42 (m, 2H), 7.25-7.20 (m,

2H), 7.20-7.10 (m, 6H), 3.76 (s, 3H),2.38 (s, 3H), 2.29 (s,

3H); 3C NMR (100 MHz, CDCl3) § 176.2, 159.0, 139.3, 138.3, 136.2, 134.9, 133.6, 132.6, 130.5 (C2), 129.6 (C4),

128.5, 127.0, 126.7, 122.3, 121.8, 120.9, 115.6, 114.9, 113.3, 29.6, 29.5, 21.4 One Csp? signals are missing due to

overlapping; IR (KBr) 1408, 1360 cm™; HRMS (ESI) m/z: [M+Na]" calcd for C27H20C12N2NaO, 497.0800, found

497.0812. regioisomer-2 20% yield; yellow amorphous solid; 'H NMR (400 MHz, CDCls) & 7.74 (d, J = 8.2 Hz,

1H), 7.57-7.45 (m, 2H), 7.33-7.25 (m, 2H), 7.20-7.05 (m, 6H), 3.74 (s, 3H),2.39 (s, 3H), 2.31 (s, 3H); *C NMR

(100 MHz, CDCl3) 6 175.5, 159.1, 138.6, 137.0, 135.1, 133.7, 133.5, 131.2, 130.6 (2C), 129.3 (2C), 128.9 (2C),

128.8, 128.5 (2C), 126.2, 125.6, 122.6, 122.0, 115.7, 115.5, 113.4, 29.8, 29.5, 21.4; IR (KBr) 1645, 1402, 1360;
HRMS (ESI) m/z: [M+Na]" calcd for C27H20C1:N2NaO, 497.0800, found 497.0783.

1-Acetyl-5,8-dimethyl-2,3-diphenyl-1,5-dihydro-4H-pyrrolo[3,2-c]quinolin-4-one (3ca)

3ca was prepared following the representative procedure and purified by flash

Ph
AcN column chromatography on silica gel (Hexane/EtOAc = 3:1).
Me \\ Ph Analytical data for 3ca: 69% yield; yellow solid (mp 177.5-179.4 °C); 'H NMR
(400 MHz, CDCl3) & 7.57 (s, 1H), 7.40-7.17 (m, 12H), 3.73 (s, 3H), 2.44 (s, 3H),
N~ ~O

I\I/Ie 2.29 (s, 3H); *C NMR (100 MHz, CDCl3) § 176.4, 159.1, 136.4, 134.1, 132.9,

3ca 132.6,131.1,131.0 (2C), 130.8 (2C), 129.5, 128.54, 128.52 (2C), 127.3 (2C), 126.8,

124.1, 122.3, 115.4, 113.5, 29.6, 29.3, 21.1, Two Csp® signals are missing due to

overlapping; IR (KBr) 2919, 1753, 1646 cm™'; HRMS (ESI) m/z: [M+Na]" calcd for C27H22N2NaO, 429.1579,
found 429.1573.
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1-Acetyl-5-methyl-2,3-diphenyl-8-(trifluoromethyl)-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3da)

oh 3da was prepared following the representative procedure and purified by flash

AcN column chromatography on silica gel (Hexane/EtOAc = 4:1).
FsC \\ Ph Analytical data for 3da: 74% yield; yellow solid (mp 210.3-211.4 °C); '"H NMR
(400 MHz, CDCl3) 6 8.16 (d, /= 0.9 Hz, 1H), 7.72 (dd, /= 8.9, 1.6 Hz, 1H), 7.55
N~ ~O

e (d, J=9.2 Hz, 1H), 7.37-7.30 (m, 3H), 7.28-7.23 (m, 7H), 3.77 (s, 3H), 2.27 (s,

3da 3H); *C NMR (100 MHz, CDCl3) § 175.9, 159.1, 140.2, 135.1, 132.4, 131.9, 130.9

(20), 130.6 (2C), 128.9, 128.7 (2C), 127.4 (2C), 127.0, 124.6, 124.4, 124.1 (q, "Jr

=272.2 Hz), 123.7 (q, YJcr = 32.6 Hz), 120.0, 119.9 (q, *Jer = 3.8 Hz), 116.1, 115.7, 113.5, 29.6, 29.5; "°F

NMR (376 MHz, CDCls) § -62.7; IR (KBr) 3059, 1750, 1659 cm’'; HRMS (ESI) m/z: [M+Na]" calcd for
Ca7H19F3N2NaO, 483.1296, found 483.1289.

1-Acetyl-8-fluoro-5-methyl-2,3-diphenyl-1,5-dihydro-4 H-pyrrolo|[3,2-c]quinolin-4-one (3ea)

Ph 3ea was prepared following the representative procedure and purified by flash
AcN \ column chromatography on silica gel (Hexane/EtOAc = 3:1).
F A Ph  Analytical data for 3ea: 57% yield; white amorphous solid; "H NMR (400 MHz,
N o CDCl3) 6 7.56 (dd, J=10.3, 6.0 Hz, 1H), 7.41 (dd, J = 9.2, 5.0 Hz, 1H), 7.36-7.30
I\I/Ie (m, 3H), 7.25-7.19 (m, 8H), 3.74 (s, 3H), 2.25 (s, 3H); *C NMR (100 MHz, CDCl;)
3ea 5 176.1, 158.8, 157.4 (d, 'Jcr = 240.6 Hz), 134.9, 134.7, 132.6, 131.8, 130.9 (2C),

130.6, 130.5 (2C), 128.8, 128.7 (2C), 127.4 (2C), 126.9, 124.3, 116.8 (d, *Jcr = 8.6 Hz), 116.1, 115.7 (d, *Jcr
=23.0 Hz), 114.4 (d, *Jcr = 8.6 Hz), 108.4 (d, 2Jcr = 25.9 Hz), 29.63, 29.56; '°F NMR (376 MHz, CDCl3) & —
121.1; IR (KBr) 3060, 1734, 1647 cm™'; HRMS (ESI) m/z: [M+Na]" caled for CasH19FN2NaO, 433.1328, found
433.1312.
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1-Acetyl-7-bromo-5-methyl-2,3-diphenyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3fa)

Ph 3fa was prepared following the representative procedure and purified by flash
AcN column chromatography on silica gel (Hexane/EtOAc = 3:1).

NN Ph  Analytical data for 3fa: 73% yield; yellow solid (mp 191.3-192.5 °C); 'H NMR
(400 MHz, CDCIl3) 6 7.95 (d, J= 2.3 Hz, 1H), 7.57 (dd, /=9.2, 2.3 Hz, 1H), 7.37-
o I\'T/lle ° 7.31 (m, 3H), 7.28-7.23 (m, 8H), 3.82 (s, 3H), 2.26 (s, 3H); *C NMR (100 MHz,
3fa CDCl3) 6 175.9, 158.8, 137.1, 134.9, 132.5, 131.3, 130.9 (2C), 130.7, 130.6 (2C),
128.8, 128.7, 128.6 (2C), 127.4 (2C), 126.9, 124.9, 124.2, 117.0, 116.0, 115.2, 114.7, 29.50, 29.46; IR (KBr)

3056, 1751, 1653 cm™; HRMS (ESI) m/z: [M+Na]" calcd for Co6H19BrN2NaO, 493.0528, found 493.0540.

1-Acetyl-7-methoxy-5-methyl-2,3-diphenyl-1,5-dihydro-4 H-pyrrolo[3,2-c]quinolin-4-one (3ga)
Ph 3ga was prepared following the representative procedure and purified by flash
AcN \ column chromatography on silica gel (Hexane/EtOAc = 3:1).
Xy~ Ph  Analytical data for 3ga: 72% yield; white solid (mp 183.8-184.9 °C); '"H NMR
(400 MHz, CDCl3) 6 7.78 (d, J = 8.7 Hz, 1H), 7.36-7.19 (m, 10H), 6.92 (d, J =

MeO N~ 0
Me 2.3 Hz, 1H), 6.83 (dd, J = 8.7, 2.3 Hz, 1H), 3.93 (s, 3H), 3.71 (s, 3H), 2.25 (s,
3ga 3H); *C NMR (100 MHz, CDCl;) § 176.5, 159.7, 159.4, 140.1, 133.33, 133.28,

133.0, 131.0 (2C), 130.6 (2C), 128.5 (2C), 128.4, 127.3 (2C), 126.7, 124.0, 123.8, 113.6, 108.4, 107.5, 100.4,
55.5,29.5,29.4, One Csp? signal is missing due to overlapping; IR (KBr) 3006, 1735, 1641 cm™'; HRMS (ESI)
m/z: [M+Na]" calcd for C27H22N,NaOs 445.1528, found 445.15009.

5-Methyl-2,3-diphenyl-1,5-dihydro-4 H-pyrrolo|3,2-c]quinolin-4-one (3ba’)
Ph A Schlenk tube was charged with [Cp*RhCly]> (3.1 mg, 0.0050 mmol, 2.5 mol%),

HN \ Cu(OAc),-H,0 (8.0 mg, 0.040 mmol, 20 mol%), 1b (43.2 mg, 0.20 mmol), 2a (71.3 mg,

N o 0.40 mmol), and DMF (2.0 mL). The reaction mixture was stirred at 110 °C for 19 h
N O under air atmosphere using an oil bath. Then, the mixture was cooled to room
3'\:1: temperature and filtered through a pad of Celite® with CHCl; to remove the metal salts.

After concentration in vacuo, the residue was purified by silica gel column
chromatography (Hexane/EtOAc = 3:1) to give 3ba’ (38.1 mg, 54%) as a yellow solid (mp 217.2-218.1 °C).
Analytical data for 3ba’: '"H NMR (400 MHz, CDCls) § 9.18 (br s, 1H), 7.84-7.77 (m, 1H), 7.51-7.40 (m,
4H), 7.31-7.20 (m, 9H), 3.72 (s, 3H); *C NMR (100 MHz, CDCl;) § 159.9, 137.6, 134.0, 133.9, 132.5, 131.9,
131.0 (2C), 128.4 (2C), 127.9 (2C), 127.6 (2C), 127.3, 126.6, 121.7, 121.2, 120.6, 115.2, 113.62, 113.58, 29.0,
One Csp? signal is missing due to overlapping; IR (neat) 3178, 1615, 1575 cm™'; HRMS (ESI) m/z: [M+Na]"
calcd for C,4HsN>NaO 373.1317, found 373.1303.
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5. Isolation and Characterization of C5-Functionalized 2-Quinolone Derivatives 4 and 5
(E)-N-(5-(1,2-Diphenylvinyl)-1-methyl-2-o0x0-1,2-dihydroquinolin-4-yl)acetamide (4ba)

Ph This product was observed when Cp*Rh(OAc),-H>O (3.7 mg, 0.010 mmol, 5 mol%) was

Ph used instead of [Cp*RhCL ], in the representative procedure (Table 1, entry 5). Purified

H™S NHAc
by silica gel column chromatography (Hexane/EtOAc = 3:1 to 1:1) afforded 4ba (3.9 mg,

X
5%) as a yellow solid along with 3ba (51.0 mg, 65%). Colorless crystals (mp 123.0—
’}l O 1236 °C) for X-ray crystallographic analysis were obtained by recrystallization from
M
4ba © toluene. Analytical data for 4ba: '"H NMR (400 MHz, CDCl;) & 9.32 (br s, 1H), 7.72

(brs, 1H), 7.54 (dd, J = 8.5, 7.6 Hz, 1H), 7.42 (dd, J = 8.5, 1.1 Hz, 1H), 7.30-7.22 (m,
8H), 7.19-7.15 (m, 2H), 7.01 (dd, J= 7.3, 0.9 Hz, 1H), 6.87 (s, 1H), 3.74 (s, 3H), 2.01 (s, 3H); *C NMR (100
MHz, CDCl) 6 168.1, 162.4, 142.3, 142.1, 141.5, 140.1, 138.1, 135.4, 132.2, 129.6, 129.3 (2C), 129.2 (2C),
128.8 (2C), 128.6 (2C), 128.3, 126.4, 114.8, 113.3, 109.9, 30.0, 25.5, One Csp’ signal is missing due to
overlapping; IR (KBr) 3378, 1712, 1650 cm™'; HRMS (ESI) m/z: [M+Na]" calcd for CasH22N2NaO, 417.1579,
found 417.1568.

tert-Butyl 1-methyl-2-0x0-5,6-diphenyl-1,2-dihydro-4H-benzo|de] [1,6|naphthyridine-4-carboxylate
(5aa)

Ph A Schlenk tube was charged with [Cp*RhCly], (3.1 mg, 0.0050 mmol, 2.5 mol%),

Ph NBoc Cu(OAc)2-H,0O (7.9 mg, 0.40 mmol, 20 mol%), 1a (55.1 mg, 0.20 mmol), 2a (71.2 mg,

0.40 mmol), and DCE (2.0 mL). The reaction mixture was stirred at 110 °C for 24 h under

h air atmosphere using an oil bath. Then, the mixture was cooled to room temperature and

N O filtered through a pad of Celite® with CHCI; to remove the metal salts. After concentration
Me

5aa in vacuo, the residue was purified by silica gel column chromatography (Hexane/EtOAc =

1:1) to give Saa (72.8 mg, 78%) as a yellow solid (mp 242.2-242.7 °C). Analytical data
for Saa: '"H NMR (400 MHz, CDCl3) § 7.38 (dd, J = 8.0, 8.0 Hz, 1H), 7.25-7.13 (m, 8H), 7.06 (dd, J = 7.8,
1.4 Hz, 2H), 7.0 (d, J= 8.2 Hz, 1H), 6.54 (d, J= 7.8 Hz, 1H), 6.29 (s, 1H), 3.60 (s, 3H), 1.08 (s, 9H); *C NMR
(100 MHz, CDCls) 8 163.2, 150.5, 144.9, 140.7, 136.8, 135.6, 135.1, 133.6, 131.7, 131.2 (2C), 130.2 (2C),
128.3 (2C), 127.7 (2C), 127.1, 120.0, 116.0, 113.5, 110.8, 93.4, 85.5, 29.2, 28.2, 26.8 (3C); IR (KBr) 2981,
1758, 1634 cm™'; HRMS (ESI) m/z: [M+Na]" calcd for CooH26N2NaO; 473.1841, found 473.1841.
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4-Acetyl-1-methyl-5,6-diphenyl-1H-benzo|de][1,6|naphthyridin-2(4H)-one (5ba)

Ph A Schlenk tube was charged with [Cp*RhCL]> (3.1 mg, 0.0050 mmol, 2.5 mol%), AgSbFs

PR NAe (7.1 mg, 0.020 mmol, 10 mol%), Cu(OAc),-H;0 (79.8 mg, 0.40 mmol), 1b (43.2 mg, 0.20
n mmol), 2a (71.3 mg, 0.40 mmol), and DCE (2.0 mL). The reaction mixture was stirred at

N o 110 °C for 19 h under Ar atmosphere using an oil bath. Then, the mixture was cooled to

|\'/| e room temperature and filtered through pad of Celite® with CHCls to remove the metal

Sba salts. After concentration in vacuo, the residue was purified by silica gel column

chromatography (Hexane/EtOAc = 4:1 to 2:1) to give Sba (37.2 mg, 47%) as a yellow solid (along with 3ba
(34.0 mg, 43%). The obtained solid was reprecipitated from CHCI3 and hexane for melting point determination
(mp 171.2-172.0 °C). Analytical data for Sba: '"H NMR (400 MHz, CDCl3) § 7.42 (t,J = 8.2 Hz, 1H), 7.34-
7.22 (m, 4H), 7.20-7.05 (m, 7H), 6.72 (s, 1H), 6.67 (d, J= 7.8 Hz, 1 H), 3.64 (s, 3H), 1.95 (s, 3H); *C NMR
(100 MHz, CDCls) 8 169.6, 161.6, 140.8, 139.2, 138.5, 136.2, 134.5, 132.8, 130.9, 129.5 (2C), 129.2 (2C),
128.5 (2C), 128.0 (2C), 127.7, 127.3, 126.2, 122.1, 118.1, 114.3, 30.0, 23.3, One Csp? signal is missing due to
overlapping; IR (neat) 3001, 1625, 1592 cm™'; HRMS (DART) m/z: [M+H]" calcd for CasH21N202 393.1603,
found 393.1615.

4-Acetyl-1,3-dimethyl-5,6-diphenyl-1H-benzo|de][1,6|naphthyridin-2(4H)-one (Sha)
Ph A Schlenk tube was charged with Cp*Rh(OAc),-H,O (3.7 mg, 0.010 mmol, 5 mol%),
Ph Cu(OAc):-H,0O (7.9 mg, 0.040 mmol), 1h (46.1 mg, 0.20 mmol), 2a (71.1 mg, 0.40

Z "NA
¢ mmol), and PhCF; (2.0 mL). The reaction mixture was stirred at 110 °C for 43 h under

\Me

Ar atmosphere using oil bath. Then, the mixture was cooled to room temperature and
l}l O filtered through pad of Celite® with CHCIs to remove the metal salts. After concentration
Me

5ha in vacuo, the residue was purified by silica gel column chromatography (Hexane/EtOAc

=2:1 to 1:1 to EtOAc only) to give Sha (29.4 mg, 36%) as a white solid along with 4ha
(6.5 mg, 8%). Colorless crystals (mp 213.1-213.5 °C) for X-ray crystallographic analysis were obtained by
recrystallization from CHCl; and hexane. Analytical data for Sha: '"H NMR (400 MHz, CDCl;) & 7.42-7.33
(m, 4H), 7.25-7.20 (m, 3H), 7.20-7.14 (m, 5H), 6.85 (d, J= 7.8 Hz, 1H), 3.76 (s, 3H), 2.31 (s, 3H), 1.87 (s,
3H); *C NMR (100 MHz, CDCl5) § 169.2, 162.9, 139.8, 138.0, 137.0, 136.2, 136.0, 131.2, 130.4 (2C), 130.2,
129.5,129.2 (2C), 128.7 (2C), 128.1 (2C), 127.9, 127.6, 124.9, 119.6, 116.7, 112.7, 30.0, 25.5, 15.6; IR (neat)
2922, 1695, 1641 cm™'; HRMS (ESI) m/z: [M+Na]" calcd for C27H2,NaNaO» 429.1579, found 429.1589.
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6. Synthesis and Characterization of 2-Quinolone substrates 1

Synthesis and Characterization of 1a and 1b

OH

Cl
d\l POCI; (2 eq.) d\l 15-crown-5 (1 eq.) m
NN Dioxane, 110 °C, 3 N"Ng DMF, 100°C,20h N6

NaNj; (5 eq.) N3

91% 98% '

I
Me Me Me

s1 s2 s3
NPPh; NH,
toluene, 100 °C, 3 h N™ "0 ACOH/H,0 (4:1) N™ "0
quant, Me 100 °C, 3 h Me
s4 64% S5

4-Chloro-1-methylquinolin-2(1H)-one (S2)"

Cl
X
'Tl (@]
Me
S2

To a dioxane suspension (20 mL) of S1 (3.50 g, 20.0 mmol) was added POCl; (6.13 g, 40.0
mmol) at room temperature in a 200 mL flask. The reaction mixture was stirred at 110 °C
for 2 h. After cooling to room temperature, the mixture was poured into 40 mL of iced water.
The resulting solution was neutralized with 0.5 M NaOH aq. The solution was extracted with
diethyl ether (3 x 40 mL). The combined organic layer was washed with water (2 x 60 mL)

and brine (40 mL), dried over MgSQOs, and concentrated in vacuo. Reprecipitation of the

product from ethanol to give S2 (3.53 g, 91%) as a white amorphous solid. Analytical data for S2: '"H NMR
(400 MHz, CDCls) 6 8.03 (dd, J = 8.2, 1.4 Hz, 1H), 7.65 (ddd, /= 8.6, 7.2, 1.4 Hz, 1H), 7.41 (d, /= 8.7 Hz,
1H), 7.33 (ddd, J = 7.6, 7.6, 0.9 Hz, 1H), 6.91 (s, 1H), 3.72 (s, 3H); *C NMR (100 MHz, CDCls) & 160.9,
144.2,139.7,131.8, 126.2, 122.6, 121.0, 119.2, 114.3, 29.5; IR (neat) 3085, 1644 cm™'; HRMS (DART) m/z:
[M+H]" caled for C1oHoCINO 194.0373, found 194.0390.

4-Azido-1-methylquinolin-2(1H)-one (S3)

@fi
N (@)
Me
S3

To a DMF suspension (50 mL) of S2 (3.87 g, 20.0 mmol) and NaN3 (6.61 g, 101.6 mmol)
was added 15-crown-5 (4.0 mL, 20.0 mmol) at room temperature in a 200 mL flask. The
reaction mixture was stirred at 100 °C for 20 h. After cooling to room temperature, the
mixture was poured into water (100 mL). The precipitated solid was filtered, washed with
water (50 ml) and hexane (20 ml). The product S3 (3.92 g, 98%) was obtained as a yellow
solid (mp 246.5-248.3 °C). Analytical data for S3: '"H NMR (400 MHz, CDCl;) § 7.85 (dd,

J=8.2,1.4 Hz, 1H),7.63 (ddd, J=8.5, 7.1, 1.4 Hz, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.25-7.23 (m, 1H), 6.48 (s,

1H), 3.71 (s, 3H);

C NMR (100 MHz, CDCl3) § 161.8, 148.4, 140.0, 131.9, 123.9, 122.0, 115.8, 114.2, 106.6,

29.3; IR (neat) 2128, 1639 cm™'; HRMS (DART) m/z: [M+H]" caled for C10HoN4O 201.0776, found 201.0775.
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1-Methyl-4-((triphenyl-I>-phosphaneylidene)amino)quinolin-2(1H)-one (S4)

NPPh,
X

N O

Me
S4

A suspension of S3 (2.00 g, 10.0 mmol) and PPhs (2.62 g, 10.0 mmol) in toluene (20 mL)
was stirred at 100 °C for 3 h. After cooling to room temperature, the mixture was
concentrated in vacuo. The residue was triturated with diethyl ether (50 mL) and filtered to
give S4 (4.34 g, quant.) as a white solid (mp 244.5-246.3 °C). Analytical data for S4: 'H
NMR (400 MHz, CDCls) & 8.68 (dd, J = 8.0, 1.8 Hz, 1H), 7.83-7.78 (m, 6H), 7.59-7.54 (m,
3H), 7.52-7.47 (m, 7H), 7.28-7.23 (m, 2H), 5.58 (d, J = 0.9 Hz, 1H), 3.60 (s, 3H); °C NMR

(100 MHz, CDCl3) § 163.9, 157.0, 140.3, 132.6 (d, J= 9.6 Hz, C6), 132.2 (d, J= 1.9 Hz, C3), 129.9, 129.0 (d,
J=100.6 Hz, C3), 128.9 (d, J = 12.5 Hz, C6), 126.2, 123.4 (d, J = 24.9 Hz), 120.6, 113.6, 103.2 (d, J = 11.5
Hz), 28.6; *'P NMR (162 MHz, CHCl;) § 10.02; IR (neat) 1614, 1278 cm™'; HRMS (ESI) m/z: [M+Na]" calcd
for CosHa3sNoNaOP 457.1446, found 457.1428.

4-Amino-1-methylquinolin-2(1H)-one (S5)

NH,
AN
l}l (@]
Me
S5

A solution of S4 (1.30 g, 3.00 mmol) in AcOH (22.5 mL) and H,O (7.5 mL) was stirred at
100 °C for 3 h. After cooling to room temperature, the mixture was neutralized with 0.5 M
NaOH aq. The mixture was extracted with DCM (3 x 20 mL). The combined organic layer
was washed with water (2 x 20 mL) and brine (20 mL), dried over Na;SOs, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (EtOAc/MeOH =
9:1) to furnish S5 (334.5 mg, 64%) as a white solid (mp 216.5-217.2 °C). Analytical data

for S5: '"H NMR (400 MHz, CDCl3) § 7.59 (td, J= 7.9, 1.1 Hz, 1H),7.55 (d, J= 7.8 Hz, 1H), 7.37 (d, J= 8.7
Hz, 1H), 7.23 (m, 1H), 5.93 (s, 1H), 4.48 (br s, 2H), 3.67 (s, 3H); *C NMR (100 MHz, DMSO-ds) & 162.1,
152.0, 140.1, 130.7, 123.0, 120.5, 114.72, 114.67, 93.3, 28.1; IR (neat) 3196, 2873, 1625 cm™'; HRMS (DART)
m/z: [M+H]" caled for C1o0H;1N,O 175.0871, found 175.0855.

During our study, we found that S5 can also be prepared from S3 as shown below.

N3 Pd(OH), (10 mol%) NH;
G e ry
N o MeOH, r.t., 15h l}l 0
Me 95%, Me
s3 S5

To a MeOH suspension (100 ml) of S3 (3.92 g, 19.6 mmol) was added Pd(OH) (280.8 mg, 2 mmol) under Ar

atmosphere. Subject the vessel twice to evacuation followed by purging with a hydrogen balloon. After the

reaction mixture was stirred at room temperature for 15 h, filtered through a pad of Celite® with MeOH to

remove the metal salts, and concentrated in vacuo to afford S5 (3.24 mg, 95%) as a yellow solid.
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tert-Butyl (1-methyl-2-0x0-1,2-dihydroquinolin-4-yl)carbamate (1a)

NH, 1) (Boc),0 (3 eq.) NHBoc
AN pyridine, 100 °C, 20 h AN
N X0 2) Cu(OTf), (20 mol%) N o
' DCM, r.t.,, 24 h |
Me o Me

S5 85% (2 step) 1a

NHBoc 10 a pyridine solution (1.5 mL) of S5 (541.5 mg, 3.11 mmol) was added Boc,O (2.1 mL,
9.00 mmol) in a 100 mL flask. The reaction mixture was stirred at 80 °C for 20 h. After

X
cooling to room temperature, the resulting mixture was concentrated in vacuo. The residue
I\'?/lle © was dissolved in DCM (6 ml), to which Cu(OTf), (228.0 mg, 0.630 mmol) was added, and

1a the mixture was stirred at room temperature for 24 h. The reaction mixture was quenched

with water (20 mL) and the whole mixture was extracted with DCM (3 x 20 mL). The

combined organic layer was washed with water (2 x 20 mL), brine (20 mL), and dried over MgSQOs, and

concentrated. The residue was purified by a silica gel column chromatography to furnish 1a (724.2 mg, 85%)

as a yellow amorphous solid. Analytical data for 1a: "H NMR (400 MHz, CDCl;) § 7.65-7.51 (m, 2H), 7.45-

7.36 (m, 2H), 7.30-7.22 (m, 1H), 6.93 (br s, 1H), 3.69 (s, 3H), 1.56 (s, 9H); *C NMR (100 MHz, CD;0D) §

162.9,151.9,142.1, 140.1, 131.0, 121.8, 121.0, 115.1, 106.7, 82.1, 29.3, 28.7, 28.3 (3C); IR (neat) 3234, 2980,

1736, 1637, 1618, 1583, 1537, 1152 cm™'; HRMS (DART) m/z [M+H]" calcd for C1sH19N2O4 275.1396, found
275.1403.

N-(1-Methyl-2-o0x0-1,2-dihydroquinolin-4-yl)acetamide (1b)

NH, NHAc
X . X
Ac,0,100°C, 2 h
N0 85% NoO
Me Me
S5 1b
An Ac,0 solution (5 mL) of S5 (334.5 g, 1.92 mmol) was stirred at 100 °C for 2 h. After

NHAG cooling to room temperature, the mixture was concentrated in vacuo. The residue was
X

purified by silica gel column chromatography (EtOAc/MeOH = 19:1) to furnish 1b (348.8

l}j O mg, 84%) as a white solid (mp 213.8-216.4 °C). Analytical data for 1b: '"H NMR (400

Me MHz, CDCl3) 6 7.66-7.46 (m, 4H), 7.42 (d, J=8.7 Hz, 1H), 7.32-7.27 (m, 1H), 3.71 (s, 3H),

1b 2.32 (s, 3H); *C NMR (100 MHz, CDCl3) § 171.7, 161.8, 146.7, 140.5, 131.9, 123.4, 123.0,

122.6, 118.4, 115.1, 29.7, 26.3; IR (neat) 3309, 1708, 1638, 1579 cm™'; HRMS (DART) m/z: [M+H]" calcd for
C12H13N20, 217.0977, found 217.0985.
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N-(1-Methyl-2-0x0-1,2-dihydroquinolin-4-yl)pivalamide (1b”)

1b’

NH, NHPiv
DMAP (0.3 eq.)
N 0 Etst (2.2 eq.) N
+
N"So CI)J\’< DCE, 60 °C N
Me Me
1.1 eq. 38%
S5 a ° 1b'

To a suspension of S5 (88.8 mg, 0.51 mmol), EtzN (153 uL, 1.10 mmol) and DMAP (18.4
mg, 0.15 mmol) in DCE (3 mL) was added pivaloyl chloride (67 pL, 0.55 mmol) at room
temperature under Ar atmosphere. The reaction mixture was stirred at 60 °C for 96 h. After
cooling to room temperature, the mixture was diluted with water and the aqueous layer was
extracted with DCM (3 x 20 mL). The combined organic layer was washed with water (2 x

40 mL) and brine (20 mL), dried over Na,SOs, and concentrated in vacuo. The residue was

purified by silica gel column chromatography (EtOAc only) to furnish 1b’ (50.4 mg, 38%) as a white solid
(mp 208.8-210.5 °C). Analytical data for 1b’: '"H NMR (400 MHz, CDCls) § 7.78 (br s, 1H), 7.64-7.59 (m,
2H), 7.48-7.41 (m, 2H), 7.31-7.26 (m, 1H), 3.71 (s, 3H), 1.41 (s, 9H); *C NMR (100 MHz, CDCls) & 176.7,
162.7,140.9, 140.2,131.0,121.8, 120.2, 115.6, 115.2, 109.9, 40.5, 29.3, 27.6 (3C); IR (neat) 3308, 1638, 1618,
1584 cm™'; HRMS (DART) m/z: [M+H]" calcd for C1sH;9N20, 259.1447, found 259.1417.

Synthesis and Characterization of 1c-g

@)

1.1 eq.
Cl)J\/( q.)

N N Mel (1.5 eq.)
Me\@\/// NaHCO; (1.2 eq.) Me\©\// o K,COs (2 eq.)
NH 2-butanone NJ\/ acetone, 40 °C, 16 h
2 100 °C, 24 h H
S7c
NH, NHAC

Me =~
\©\/O TBHP (2 eq.) Me X Me N
N

THF, 100 °C, 8 h I}l O Ac0,10°C,2h l}l O

Me Me
S9c 1c
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N-(2-Cyano-4-methylphenyl)acrylamide (S7c¢)
To a suspension of S6¢'?(1.18 g, 8.9 mmol) and NaHCO; (901.5 mg, 10.7 mmol) in

N
Me //O 2-butanone (30 mL) was added acryloyl chloride (792 pL, 9.8 mmol) at room
N )v temperature under Ar atmosphere. The reaction mixture was stirred at 100 °C for 24
H h. After cooling to room temperature, the mixture was diluted with water and the
S7c

aqueous layer was extracted with DCM (3 x 20 mL). The combined organic layer
was washed with water (2 x 40 mL) and brine (40 mL), dried over Na;SOs, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (Hexane/EtOAc = 8:1) to furnish S7¢ (1.30 g, 78%)
as a white solid. The obtained solid was reprecipitated from CHCl; and hexane for melting point determination
(mp 189.1-189.5 °C). Analytical data for S7¢: '"H NMR (400 MHz, CDCls) § 8.37 (d, J = 8.2 Hz, 1H), 7.63
(brs, 1H), 7.46-7.36 (m, 2H), 6.49 (dd, J=16.9, 0.9 Hz, 1H), 6.31 (ddd, /= 17.2, 10.3, 0.9 Hz, 1H), 5.87 (dd,
J=10.0, 0.9 Hz, 1H), 2.35 (s, 3H); >*C NMR (100 MHz, CDCls) § 163.5, 137.9, 135.1, 134.4, 132.2, 130.5,
129.2, 121.3, 116.5, 101.9, 20.5; IR (KBr) 3675, 2230, 1662 cm™'; HRMS (DART) m/z: [M+H]" calcd for
C1iHiNO 187.0871, found 187.0856.

N-(2-Cyano-4-methylphenyl)-/NV-methylacrylamide (S8c)
Ve ~ N To a suspension of S7¢(1.30 g, 7.0 mmol) and K»COs (2.13 g, 15.4 mmol) in acetone
@) (35 mL) was added Mel (654 pL, 10.5 mmol) at room temperature under Ar
\(XJ\/ atmosphere. The reaction mixture was stirred at 40 °C for 16 h. After cooling to room
S8cI\I/Ie temperature, the mixture was concentrated in vacuo. The residue was purified by
silica gel column chromatography (Hexane/EtOAc = 4:1) to give S8¢ (1.32 g, 94%)
as a white amorphous solid. Analytical data for S8c: '"H NMR (400 MHz, CDCls) § 7.55 (s, 1H), 7.47 (dd, J
=8.2, 1.4 Hz, 1H), 7.20 (d, /= 7.8 Hz, 1H), 6.42 (d, /= 16.9 Hz, 1H), 5.90 (dd, J=16.7, 10.3 Hz, 1H), 5.57
(d, J=10.1 Hz, 1H), 3.37 (s, 3H), 2.44 (s, 3H); *C NMR (100 MHz, CDCls) § 165.4, 143.4, 139.1, 135.0,
134.2, 129.2, 128.8, 127.4, 115.8, 112.2, 36.9, 20.8; IR (KBr) 3036, 2231, 1666 cm™; HRMS (DART) m/z:

[M+H]" caled for Ci2H13N>0 201.1028, found 201.1053.
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N-(1,6-Dimethyl-2-o0x0-1,2-dihydroquinolin-4-yl)acetamide (1c)
S8c (801 mg, 4.0 mmol), TBHP (70% aqueous solution, 769 pL, 8.0 mmol), and THF

(25 mL) were added in a sealed tube with a Teflon-lined cap. The mixture was stirred

NHAc

Me N

at 100 °C for 8 h. After cooling to room temperature, the reaction mixture was

f}l O concentrated in vacuo. The residue was purified by silica gel column chromatography

1c Me (EtOAc only) to give S9¢, which still contained a small amount of inseparable

impurities. This mixture was used for the next reaction without further purification. An
Ac,0 solution (2 mL) of S9¢ was stirred at 100 °C for 2 h. After cooling to room temperature, the mixture was
concentrated in vacuo. The residue was purified by silica gel column chromatography (EtOAc/MeOH = 19:1).
A white solid (mp 189.9-190.1 °C) was obtained by reprecipitation from CHCIl; and Et,O to furnish 1¢ (237
mg, 18%). Analytical data for 1c: 'H NMR (400 MHz, DMSO-ds) § 9.79 (br s, 1H), 7.92 (s, 1H), 7.50-7.41
(m, 2H), 7.24 (s, 1H) 3.55 (s, 3H), 2.41 (s, 3H), 2.22 (s, 3H); *C NMR (100 MHz, DMSO-ds) § 170.0, 162.1,
161.5, 142.6, 141.6, 124.9,109.1, 108.9, 106.0, 99.1, 55.6, 29.0, 24.3; IR (KBr) 3258, 2945, 1645 cm™'; HRMS
(DART) m/z: [M+H]" calcd for C3HsN>O, 231.1134, found 231.1123.

N-(2-Cyano-4-(trifluoromethyl)phenyl)acrylamide (S7d)

This compound was prepared from S6d"* in 71% yield in a similar manner to the
N

FsC //O synthesis of S7¢ from Sé6c. Analytical data for S7d: white solid (mp 148.9—
\(>\/)v 150.7 °C); 'H NMR (400 MHz, CDCls) § 8.77 (d, J = 8.2 Hz, 1H), 7.91 (br s, 1H),

” 7.88-7.82 (m, 2H), 6.55 (dd, /= 16.9, 0.9 Hz, 1H), 6.36 (dd, J=16.9, 11.0 Hz, 1H),

S7d 5.96 (dd, J=10.1, 0.9 Hz, 1H); *C NMR (100 MHz, CDCls) § 163.6, 143.2, 131.2

(q, *Jor = 3.8 Hz), 130.5, 130.0, 129.5 (q, *Jcr = 3.8 Hz), 126.4 (q, *Jcr = 34.5 Hz), 122.8 (q, 'Jcr = 272.2 Hz),
121.1, 115.1, 101.7; F NMR (376 MHz, CDCl;): § —63.6; IR (KBr) 3340, 2236, 1689 cm™'; HRMS (DART)
m/z: [M+H]" caled for C1iHsF3N,O 241.0559, found 241.0586.

N-(2-Cyano-4-(trifluoromethyl)phenyl)-NV-methylacrylamide (S8d)

_N This compound was prepared from S7d in 82% yield in a similar manner to the
F3C\©\//o synthesis of S8¢ from S7c¢. Analytical data for S8d: white amorphous solid; 'H
NJ\/ NMR (400 MHz, CDCls) 6 8.02 (d, /= 1.8 Hz, 1H), 7.93 (dd, J = 8.5, 2.0 Hz, 1H),
I\I/Ie 7.49 (d, J = 8.2 Hz, 1H), 6.75 (s, 1H), 6.49 (dd, J = 16.5, 1.4 Hz, 1H), 5.94 (br s,

Séd 1H), 5.70 (d, J = 10.1 Hz, 1H), 3.44 (s, 3H); °*C NMR (100 MHz, CDCl3) & 165.1,

149.2, 131.1 (q, *Jer = 2.8 Hz), 130.942 (q, *Jer = 2.8 Hz), 130.942 (q, 2Jcr = 35.5Hz), 130.2, 130.1, 126.9,
122.5 (q, "Jor =273.2 Hz), 114.6, 113.3, 37.2; '%F NMR (376 MHz, CDCL;): & —63.9; IR (KBr) 3079, 2233,
1668 cm™'; HRMS (DART) m/z: [M+H]" caled for C1,Hy F3N2O 255.0745, found 255.0771.
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N-(1-Methyl-2-0x0-6-(trifluoromethyl)-1,2-dihydroquinolin-4-yl)acetamide (1d)
NHAc This compound was prepared from S8d in 23% yield in a similar manner to the

FsC synthesis of 1¢ from S8c. Analytical data for 1d: yellow solid (mp 196.4-198.4 °C);

X
"H NMR (400 MHz, DMSO-de) & 10.06 (s, 1H), 8.52 (s, 1H), 7.96 (d, J=9.2 Hz, 1H),
I\'T/lle O 773, J=8.7Hz, 1H), 739 (s, 1H), 3.62 (s, 3H), 2.25 (s, 3H); *C NMR (100 MHz,

1d DMSO-de) 5 170.3, 161.6, 142.1 (q, *Jer = 3.8 Hz), 127.20, 127.17, 124.4 (q, 'Jer =
271.5 Hz), 121.9 (q, 2Jcr = 32.6 Hz), 120.9, 116.2, 115.1, 109.6, 29.2, 24.4; "°F NMR (376 MHz, DMSO-dj):
§ -62.6; IR (KBr) 3275, 2959, 1684 cm™'; HRMS (DART) m/z: [M+H]" caled for Ci3Hi,FsN,O, 285.0851,
found 285.0865.

N-(2-Cyano-4-fluorophenyl)acrylamide (S7e)

This compound was prepared from 2-amino-5-fluorobenzonitrile S6e'* ' in 75% yield

~
F /O in a similar manner to the synthesis of S7¢ from Sé6c¢. Analytical data for S7e: white
N)v solid (mp 161.0-162.3 °C); 'H NMR (400 MHz, CDCl;) & 8.49 (dd, J = 9.4, 4.8 Hz,
H 1H), 7.69 (br s, 1H), 7.39-7.28 (m, 2H), 6.51 (dd, J = 16.5, 0.9 Hz, 1H), 6.32 (dd, J =

16.9, 10.1 Hz, 1H), 5.90 (dd, J = 10.1, 0.9 Hz, 1H); '*C NMR (100 MHz, CDCl;) &
163.5, 158.0 (d, 'Jcr = 248.2 Hz), 136.9 (d, *Jcr = 2.9 Hz), 130.2, 129.7, 123.6 (q, *Jcr = 7.7 Hz), 121.8 (d,
ZJer = 22.0 Hz), 118.5 (d, *Jcr = 25.9 Hz), 115.2 (d, *Jcr = 2.9 Hz), 103.2 (d, *Jcr = 8.6 Hz); '’F NMR (376
MHz, CDCl3): 8 —116.4; IR (KBr) 3271, 2231, 1666 cm™'; HRMS (DART) m/z: [M+H]" calcd for C1oHsFN,O
191.0621, found 191.0629.

N-(2-Cyano-4-fluorophenyl)-/N-methylacrylamide (S8e)

This compound was prepared from S7e in 88% yield in a similar manner to the

F\(:(//g synthesis of S8¢ from S7c. Analytical data for S8e: brown solid (mp 91.2-93.5 °C);
N)v "H NMR (400 MHz, CDCl3) § 7.47 (dd, J = 7.3, 2.3 Hz, 1H), 7.43-7.36 (m, 1H), 7.36-
I\I/Ie 7.30 (m, 1H), 6.45 (d, J=16.9 Hz, 1H), 5.87 (dd, /= 16.5, 10.5 Hz, 1H), 5.62 (d, J =

S8e 10.5 Hz, 1H), 3.38 (s, 3H); *C NMR (100 MHz, CDCl;) § 165.3, 161.0 (d, 'Jcr =253.0

Hz), 142.4, 131.5 (d, *Jcr = 8.6 Hz), 129.5, 127.0, 121.8 (d, 2Jcr = 22.0 Hz), 120.7 (d, >Jcr = 25.9 Hz), 114.5,
114.1 (d, *Jer = 9.6 Hz), 37.0; "’F NMR (376 MHz, CDCls): 5 —110.6; IR (KBr) 3073, 2235, 1664 cm™; HRMS
(DART) m/z: [M+H]" caled for Ci1H;0FN,0 205.0777, found 205.0804.
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N-(6-Fluoro-1-methyl-2-oxo0-1,2-dihydroquinolin-4-yl)acetamide (1e)

This compound was prepared from S8e in 16% yield in a similar manner to the synthesis
NHAC of 1¢ from S8c. Analytical data for 1e: white solid (mp 225.1-227.5 °C); '"H NMR (400
N MHz, DMSO-dg) 6 9.92 (br s, 1H), 8.04 (dd, J = 10.3, 2.5 Hz, 1H), 7.58-7.48 (m, 2H),
N~ S0 7.31(s, 1H), 3.56 (s, 3H), 2.21 (s, 3H); *C NMR (100 MHz, DMSO-ds) § 170.2, 161.3,
Me 157.0 (d, "Jcr = 238.7 Hz), 141.8 (d, “Jor = 2.9 Hz), 136.5, 118.5 (d, “Jcr = 24.0 Hz),

117.1 (d, *Jcr = 7.7 Hz), 116.2 (d, *Jcr = 8.6 Hz), 109.5, 109.0 (d, %Jcr = 24.9 Hz), 29.1,
24.3; F NMR (376 MHz, DMSO-ds): § —122.6; IR (KBr) 3323, 3061, 1642 cm™; HRMS (DART) m/z:
[M+H]" caled for C12H;2FN,O, 235.0883, found 235.0861.

N-(5-Bromo-2-cyanophenyl)acrylamide (S7f)
This compound was prepared from S6f'> in 90% yield in a similar manner to the

//(,\)l synthesis of S7¢ from S6c. Analytical data for S7f: white amorphous solid; "H NMR

_ (400 MHz, CDCl3) 6 8.48 (d, J=9.6 Hz, 1H), 7.75-7.69 (m, 2H), 7.65 (br s, 1H), 6.51

Br ” (dd,/=16.9,0.9 Hz, 1H), 6.31 (dd, /= 16.9, 10.1 Hz, 1H), 5.91 (d, /= 10.5 Hz, 1H);
STf 3C NMR (100 MHz, CDCl3) § 163.5, 139.5, 137.4, 134.4,130.2, 129.9, 122.6, 116.4,

115.0, 103.4; IR (KBr) 3342, 2229, 1683 cm™'; HRMS (DART) m/z: [M+H]" calcd for C1oHsBrN,O 250.9820,
found 250.9829.

N-(5-Bromo-2-cyanophenyl)-V-methylacrylamide (S8f)
_N This compound was prepared from S7f in 83% yield in a similar manner to the
- 0 synthesis of S8c from S7c¢. Analytical data for S8f: white solid (mp 98.7-99.7 °C);
Brm)v "H NMR (400 MHz, CDCl3) § 7.87 (d, J= 2.3 Hz, 1H), 7.79 (dd, J= 8.2, 2.3 Hz, 1H),
I\I/Ie 7.20 (d, J=8.7 Hz, 1H), 6.45 (dd, J=16.9, 1.4 Hz, 1H), 5.89 (br s, 1H), 5.63 (d, J =
S8f 8.7 Hz, 1H), 3.38 (s, 3H); *C NMR (100 MHz, CDCl;) § 165.1, 145.0, 137.4, 136.4,
130.8, 129.6, 127.0, 121.9, 114.4, 114.2, 36.9; IR (KBr) 2236, 1664 cm™'; HRMS (DART) m/z: [M+H]" calcd

for C11H10BrN2O 264.9977, found 264.9962.

N-(7-Bromo-1-methyl-2-o0x0-1,2-dihydroquinolin-4-yl)acetamide (1f)
NHAC  This compound was prepared from S8f in 7% yield in a similar manner to the synthesis
N of 1¢ from S8c. Analytical data for 1f: white amorphous solid; '"H NMR (400 MHz,
Br N Yo DMSO-de)$9.82 (s, 1H), 8.31 (d, J=1.8 Hz, 1H), 7.75 (dd, /= 9.2, 2.3 Hz, 1H), 7.45
Me (d,J=8.7Hz, 1H), 7.27 (s, 1H), 3.51 (s, 3H), 2.17 (s, 3H); >*C NMR (100 MHz, DMSO-
ds) 6170.2,161.3,141.5, 138.9, 133.5, 125.3, 117.4, 116.8, 113.9, 109.4, 29.0, 24.4; IR
(KBr) 3060, 1635, 1612 cm™; HRMS (DART) m/z: [M+H]" calcd for C12H2BrN»0» 295.0082, found 295.0105.

1f
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N-(2-Cyano-5-methoxyphenyl)acrylamide (S7g)

This compound was prepared from S6g'* '*

/(j\/// 0 synthesis of S7c¢ from Sé6c. Analytical data for S7g: white solid (mp 141.5—
MeO N)v 143.7 °C); "H NMR (400 MHz, CDCl3) § 8.22 (d, J= 2.3 Hz, 1H), 7.69 (br s, 1H),
H 7.49 (d, J= 8.7 Hz, 1H), 6.71 (dd, J= 8.7, 2.8 Hz, 1H), 6.50 (dd, /= 16.9, 0.9 Hz,

1H), 6.31 (dd, J=16.9, 10.1 Hz, 1H), 5.89 (dd, /= 10.1, 0.9 Hz, 1H), 3.89 (s, 3H);

13C NMR (100 MHz, CDCls) & 164.1, 163.7, 142.3, 133.3, 130.5, 129.5, 116.8, 111.6, 105.5, 93.1, 55.7; IR
(KBr) 3240, 2222, 1672 cm™'; HRMS (DART) m/z: [M+H]" caled for Ci1H; N0, 203.0821, found 203.0848.

in 75% yield in a similar manner to the

N-(2-Cyano-5-methoxyphenyl)-/NV-methylacrylamide (S8g)
_N This compound was prepared from S7g in 95% yield in a similar manner to the
/©\// 0 synthesis of S8¢ from S7¢. Analytical data for S8g: white solid (mp 81.5-82.7 °C);
MeO NJ\/ 'H NMR (400 MHz, CDCls) § 7.66 (d, J = 8.7 Hz, 1H), 6.97 (dd, J = 8.7, 2.3 Hz,
I\I/Ie 1H), 6.80 (d, J = 2.3 Hz, 1H), 6.45 (dd, J=16.7, 1.6 Hz, 1H), 5.94 (dd, J = 16.3,
10.3 Hz, 1H), 5.61 (d, J = 10.1 Hz, 1H), 3.88 (s, 3H), 3.39 (s, 3H); *C NMR (100

MHz, CDCl3) § 165.1, 163.7, 147.6, 135.1, 128.8, 127.3, 116.0, 115.2, 114.2, 103.8, 55.9, 36.7; IR (KBr) 2228,
1664 cm™'; HRMS (DART) m/z: [M+H]" caled for C1,H3N20, 217.0977, found 217.0961.

S8g

N-(7-Methoxy-1-methyl-2-0x0-1,2-dihydroquinolin-4-yl)acetamide (1g)

This compound was prepared from S8g in 36% yield in a similar manner to the

TAC synthesis of 1¢ from S8c. Analytical data for 1g: white solid (mp 251.3-253.4 °C);

'H NMR (400 MHz, DMSO-ds) § 9.77 (s, 1H), 8.01 (d, J= 8.7 Hz, 1H), 7.10 (s, 1H),

MeO 'Tl O 6.96-6.89 (m, 2H), 3.90 (s, 3H), 3.56 (s, 3H), 2.20 (s, 3H); *C NMR (100 MHz,
19 Me DMSO-de) 6 170.0, 162.0, 161.5, 142.6, 141.6, 124.9, 109.1, 108.9, 106.0, 99.1, 55.6,

28.9, 24.3; IR (KBr) 2956, 1645, 1614 cm™'; HRMS (DART) m/z: [M+H]" caled for
C13H,5N,0; 247.1083, found 247.1076.
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Synthesis and Characterization of 1h

o o OH T,0 (1.2 eq.) oTf
EtO OEt o—’ A
NHMe Me 220°C,3h N o DCM, 0 °C to r.t. 'Tl e
69% Me 73% Me
S10 S11
X
HoN M . .
2 e (1.2eq.) NHAC
Pd,(dba)s CHCl3(2.5 mol%) Me
Xantphos (5 mol%) X
K2PO4 (2 eq) N 0]
Dioxane, 100 °C, 12 h Me
57% 1h
4-Hydroxy-1,3-dimethylquinolin-2(1H)-one (S10)'°
OH A mixture of diethyl methylmalonate (3.42 mL, 20.0 mmol) and N-methylaniline (2.16 mL,
~xcMe 20,0 mmol) was heated to 220 °C in a 10 mL round bottomed flask topped with a short path
N X0 distillation head. After finishing the generation of EtOH, the mixture solidified upon
I\I/Ie cooling to room temperature. The crude product was washed with H,O (40 mL) and DCM
$10 (40 mL) and dried in vacuo to afford S10 (2.59 g, 69%) as a white solid (mp 194.1-

195.4 °C). Analytical data for S10'": 'H NMR (400 MHz, DMSO-ds) & 10.08 (s, 1H), 7.95 (dd, J = 8.2, 1.4
Hz, 1H), 7.53 (t,J = 7.8 Hz, 1H), 7.42 (d, J = 8.2 Hz, 1H), 7.21 (t,J = 7.6 Hz, 1H), 3.56 (s, 3H), 2.03 (s, 3H);
3C NMR (100 MHz, DMSO-ds) & 163.0, 155.9, 138.1, 130.0, 122.8, 121.2, 116.2, 114.1, 106.4, 29.1, 10.3;
IR (KBr) 3165, 3090, 1644 cm™'; HRMS (DART) m/z: [M+H]" caled for C1;H12NO; 190.0868, found 190.0887.

1,3-Dimethyl-2-0xo0-1,2-dihydroquinolin-4-yl trifluoromethanesulfonate (S11)'®
oTf To a solution of S10 (1.89 g, 10.0 mmol) and Et;N (1.7 mL, 12.0 mmol) in dry DCM (100
X Me mL) was slowly added Tf,O (2.0 mL, 12.0 mmol) at 0 °C under Ar atmosphere. The
N0 reaction mixture was gradually warmed to room temperature and kept stirring for 5 h. After
|\I/|e concentration in vacuo, the residue was purified by silica gel column chromatography
s11 (Hexane/EtOAc = 1:1) to give S11 (2.36g, 73%) as a yellow amorphous solid. Analytical
data for S11'*: '"H NMR (400 MHz, CDCls) § 7.81 (dd, J = 8.0, 1.1 Hz, 1H), 7.65 (ddd, J = 8.5, 7.1, 1.4 Hz,
1H), 7.44 (d, J = 8.7 Hz, 1H), 7.35 (dd, J = 7.3, 0.9 Hz, 1H), 3.78 (s, 3H), 2.34 (s, 3H); *C NMR (100 MHz,
CDCl3) § 162.4, 149.6, 138.1, 131.3, 123.3, 122.9, 122.7, 118.5 (q, *Jcr = 320.1 Hz), 115.7, 114.3, 30.4, 12.3;
F NMR (376 MHz, CDCl;) & -73.7; IR (KBr) 1639 cm’; HRMS (DART) m/z: [M+H]" caled for

Ci2HiFsNO4S 322.0361, found 322.0337.
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N-(1,3-Dimethyl-2-o0x0-1,2-dihydroquinolin-4-yl)acetamide (1h)

NHAC A Schlenk tube was charged with Pda(dba);-CHCl; (14.1 mg, 0.025 mmol, 5.0 mol%),
Me

A Xantphos (14.2 mg, 0.025 mmol, 5.0 mol%), S11 (160.5 mg, 0.50 mmol), K3PO4 (212.5
N Yo mg 1.0 mmol), acetamide (36.1 mg, 0.60 mmol) and dry dioxane (8 mL) under Ar
l\l/le atmosphere. The mixture was stirred at 100 °C for 12 h. After cooling to room temperature,
1h

the mixture was diluted with water and the aqueous layer was extracted with DCM (3 x 20
mL). The combined organic layer was washed with water (2 x 40 mL), dried over MgSQ,, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (EtOAc only) to give 1h (65.9 mg,
57%) as a white amorphous solid; Analytical data for 1h: This compound was observed as a mixture of
rotamers (ratio 3.75:1) at 25 °C.'"H NMR (400 MHz, CDCl;) discernible data for major rotamer: § 7.60 (d, J =
8.2 Hz, 1H), 7.54 (t,J="7.8 Hz, 1H), 7.38 (d, /= 8.7 Hz, 1H), 7.26-7.21 (m, 1H), 7.05 (br s, 1H), 3.75 (s, 3H),
2.34 (s, 3H), 2.20 (s, 3H); discernable data for minor rotamer: 6 7.75 (d, /= 7.3 Hz, 1H), 7.43 (d, /= 8.7 Hz,
1H), 7.32 (t, J = 7.3 Hz, 1H), 6.80 (br s, 1H), 3.79 (s, 3H), 2.29 (s, 3H), 1.84 (s, 3H); *C NMR (100 MHz,
DMSO-de) 6 168.2, 161.9, 139.6, 138.0, 130.0, 125.2, 124.4, 121.7, 118.5, 114.5, 29.6, 22.8, 13.3; IR (KBr)
3258, 1638, 1597 cm™'; HRMS (DART) m/z: [M+H]" calcd for C13H;sN>0, 231.1134, found 231.1122.
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7. Mechanistic Studies
7-1. H/D Exchange Experiments
H/D exchange experiment with 1a in the presence of CD30D at 110 °C.

43% D  NHBoc
H NHBoc Bh [Cp*RhCl]5 (2.5 mol%) H
H Cu(OAc),*H,0 (20 mol%) X
N * Ph/ g
NS0 2eq PhCF3, 110 °C, 6 h N" "0
. .
Vo CD;0D (0.4 mL) Me
1a 2a 1a'd1

24% recovered

S29

Ph
~ “NBoc
D

ST 48%
ITI (@]
Me

5aa-d,

23%

A Schlenk tube was charged with [Cp*RhCl>], (3.0 mg, 0.0050 mmol, 2.5 mol%), Cu(OAc),-H,O (8.0 mg,
0.040 mmol, 20 mol%), 1a (54.7 mg, 0.20 mmol), and 2a (71.5 mg, 0.40 mmol) . PhCF3 (2.0 mL) and CD3OD

(0.40 mL) were added, and the mixture was stirred at 110 °C for 6 h under air atmosphere using an oil bath.

Then, the mixture was cooled to room temperature and filtered through a pad of Celite® with CHCl; to remove

the metal salts. After evaporation of the solvents under reduced pressure, the residue was purified by a silica

gel column chromatography (Hexane/EtOAc = 1:1) to afford a mixture of 1a-d, and 5aa-d,. This mixture was
further purified by preparative HPLC to give pure 1a-d; (24%) and 5aa-d; (23%). 'H NMR analysis (400 MHz,
CD3;0OD or CDCI3) showed that only 43% deuterium incorporation at the C5 position was observed in 1a. In

Saa, 48% deuterium incorporation at the C3 position was observed.

T T T T T T T T T T T T T
8.3 8.2 8.1 8.0 79 7.8 17 7.6 7.5 74 73 72 7.1
X : parts per Million : Proton

Figure S1. "H NMR spectrum (CD;OD) of 1a after the H/D exchange experiment.
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S30

C3-H

Figure S2. "H NMR spectrum (CDCls) of 5aa after the H/D exchange experiment.

H/D exchange experiment with 1b in the presence of D-O or AcOD at 80 °C.

H  NHAc [CP*RhCly], (2.5 mol%)

H Ph cu(0Ac),-H,0 (20 mol%)
o * Ph/ g
PhCFs, 80 °C, 19 h

N" 0
) 2eq. D,0 (0.4 mL)
© or CH;COOD (0.4 mL)
1b 2a

|
1b Me

D,0 89% recovered
CH;COO0D 93% recovered

A Schlenk tube was charged with [Cp*RhCl>]> (3.1 mg, 0.0050 mmol, 2.5 mol%), Cu(OAc),-H,O (8.0 mg,
0.040 mmol, 20 mol%), 1b (43.2 mg, 0.20 mmol), and 2a (71.3 mg, 0.40 mmol). PhCF;3 (2.0 mL) and D,O (or

AcOD) (0.40 mL) were added, and the mixture was stirred at 80 °C for 19 h under air atmosphere using an oil

bath. Then, the mixture was cooled to room temperature and filtered through a pad of Celite® with CHCI; to

remove the metal salts. After evaporation of the solvents under reduced pressure, the residue was purified by

silica gel column chromatography (EtOAc only) to recover 1b in 89% (or 93%) yield. '"H NMR analysis (400

MHz, CDs;0D) showed that the deuterium incorporation at the C3- and C5 positions was not observed.

H/D exchange experiment with 1b in the presence of CD30OD at 110 °C.

75% Ph
H NHAc D NHAc D AcN \
S H P Ph  [Cp*RhCl,], (2.5 mol%) 99 D X Ph
+ o / Cu(OAc), H,0 (20 mol%) 26%
N~ 0 N~ 0
N- 0 2 eq. PhCFs, 110 °C, 6 h o "
Me CD;0D (0.4 mL) © ©
1b 2a 1 b-dz 3ba-d1
77% recovered 13%
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A Schlenk tube was charged with [Cp*RhCl,]» (3.1 mg, 0.0050 mmol, 2.5 mol%), Cu(OAc),-H,O (8.0 mg,
0.040 mmol, 20 mol%), 1b (43.2 mg, 0.20 mmol), and 2a (71.3 mg, 0.40 mmol). PhCF3 (2.0 mL) and CD;OD
(0.40 mL) were added, and the mixture was stirred at 110 °C for 6 h under air atmosphere using an oil bath.
Then, the mixture was cooled to room temperature and filtered through a pad of Celite® with CHCl; to remove
the metal salts. After evaporation of the solvents under reduced pressure, the residue was purified by a silica
gel column chromatography (Hexane/EtOAc = 3:1 to EtOAc only) to afford 1b-d> in 77% yield and 3ba-d; in
13% yield. "H NMR analysis (400 MHz, CD;0D) showed that 26% deuterium incorporation at the C3 position
and 39% deuterium incorporation at the C5 position were observed in 1b. In 3ba, 75% deuterium incorporation

at the C5 position was observed.

C5-H J/ ;“ /

( / C3H | //

C5-H | I
|

\

Iy

AANAYAAARALY:

L

arts per Million : Proton

Figure S4. "H NMR spectrum of 3ba after the H/D exchange experiment.
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H/D exchange experiment with 1a in the presence of CD30D at 80 °C.

Ph
H NHAc D NHAc AcN N
H Ph  [Cp*RhCL], (2.5 mol%) 46% 5 o
N O 2 eq- PhCF3, 80 OC, 19 h ,}j O l?l O
Me CD;0D (0.2 mL) Me Me
" 2 1b-d; 3ba n.d.

84% recovered

A Schlenk tube was charged with [Cp*RhCl:], (1.5 mg, 0.0025 mmol, 2.5 mol%), Cu(OAc),-H,O (4.0 mg,
0.020 mmol, 20 mol%), 1b (21.3 mg, 0.10 mmol), and 2a (36.4 mg, 0.20 mmol). PhCF3 (1.0 mL) and CD;OD
(0.20 mL) were added, and the mixture was stirred at 80 °C for 19 h under air atmosphere using an oil bath.
Then, the mixture was cooled to room temperature and filtered through a pad of Celite® with CHCl; to remove
the metal salts. After evaporation of the solvents under reduced pressure, the residue was purified by silica gel
column chromatography (EtOAc only) to afford 1b-d; in 84% yield. 'H NMR analysis (400 MHz,
CD30OD)showed that the deuterium incorporation at both the C3 position (33%) and the C5 position (46%)

were observed.

C5-H | H |

Figure S5. '"H NMR spectrum of 1b after the H/D exchange experiment.
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7-2. '"H NMR Monitoring of the Reaction

Ph Me M Me
Ph H Me\/@Me E@Me
NHAc . AN\ p( NHAC M oMe PN Rh Me
oy CPRIOROHO (1eq) —p Rn pH! s
.0 €eq. A
SN . / 3 q N Aclﬂ\\ o Ph NAc
Ph CDCl3, 40 °C N” 0 N
N0 . NS0 N
| 2 eq. Me y | %
Me Me Me N0
1b 2a-d Me
10 3ba-dsg 4ba-dsg A-dyo B-dho

A J.Young. NMR tube was charged with Cp*Rh(OAc),-H,0 (3.8 mg, 0.010 mmol), 1b (2.1 mg, 0.010 mmol),
2a (3.7 mg, 0.020 mmol), EtsN (2.5 pL (1.8 mg), 0.18 mmol), and CDClI3 (0.50 mL) under Ar atmosphere. The

reaction mixture was stirred at 40 °C using an oil bath and the reaction was monitored by 'H NMR.

3ba-d,, 1b 4ba-d,, B-d, Ad,,
48 h
43h
33h
wAeil] M
29h
o~ N A
At hd ; 1
19h
A ot L
12h
_,\_—.__,h_m al
9h
Ak ;
7h
Y I 7Y W AL
4h
IS | 1%V W I L |
2h
I |V P |
1h
I ' 7Y ) )
30 min
I | 7Y W ]
5 min
IR ' N, . l
10 0
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Figure S6. Monitoring of the reaction.
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7-3. Isolation of Complex A

Me
Me Me
NHAC Me™ 1 CMe
) Rh P
SORNPRLS ) e
_ s,CO3 (2 eq. <5, ”—Ph
N =z -
. Ph CDCls, 40 °C, 12 h N0
Me 2 eq. ® ’ M
e
1b 2a A

A J. Young. NMR tube was charged with Cp*Rh(OAc),-H,O (11.2 mg, 0.030 mol), 1b (6.5 mg, 0.030 mmol),
2a (10.7 mg, 0.060 mmol), Cs,CO;3 (19.5 mg, 0.060 mmol), and CDCIl; (0.50 mL) under Ar atmosphere. The
reaction mixture was stirred at 40 °C using an oil bath and the reaction was monitored by '"H NMR. After 12
h, CDCIs was removed under reduced pressure. The residue was purified by silica gel column chromatography
(Hexane/EtOAc = 1:1). Red crystals were obtained by recrystallization from CHCIs and hexane. The structure
of complex A was determined by X-Ray diffraction analysis. Other than that, only '"H NMR analysis was
conducted using a mixture of A and 3ba because A was immediately converted to 3ba in CDCl;.

"H NMR (400 MHz, CDCls) § 7.77-7.65 (m, 3H), 7.53-7.37 (m, 3H), 7.35-7.28 (m, 3H), 7.20 (d, /= 7.8 Hz,
1H), 7.17-7.10 (m, 2H), 7.06-6.95 (m, 2H), 3.55 (s, 3H), 1.68 (s, 3H), 1.13 (s, 15H).

7-4. Preparation and Characterization of Complex B-Me

NHAc

d\lwle o P Cec0s Fe)
+ 3
/ Cs,CO; (2 €q.)
N 0 /
Ph
Me

[ °
200 CDCls, 40 °C, 18 h

1h 2a

A Schlenk tube was charged with Cp*Rh(OAc),-H>O (11.1 mg, 0.030 mmol), 1h (6.5 mg, 0.030 mmol), 2a
(10.7 mg, 0.060 mmol), Cs,COs (19.5 mg, 0.060 mmol), and CDCI; (0.50 mL) under Ar atmosphere. The
reaction mixture was stirred at 40 °C using an oil bath for 12 h. The solvent was removed under reduced
pressure. This crude product was treated with DCM and hexane at room temperature to form a reddish-orange
solid, which was collected by filtration (12.7 mg, 66%). The obtained solid was recrystallized from diethyl
ether/hexane. Analytical data for B-Me: 'H NMR (400 MHz, CDCls) § 7.31-7.26 (m, 1H), 7.14 (dd, J = 7.6,
6.2 Hz, 2H), 7.07-6.98 (m, 4H), 6.91-6.85 (m, 3H), 6.82-6.77(m, 1H), 6.74-6.70 (m, 2H), 3.80 (s, 3H), 2.28 (s,
3H), 1.89 (s, 3H), 1.29 (s, 15H); *C NMR data could not be obtained due to the instability of the complex over
the timescale required for the experiment; HRMS (ESI) m/z: [M+Na]" calcd for C37H37;N,NaO,Rh 667.1808,
found 667.1817.
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Comparison of 'H NMR spectra of B and B-Me.

S35

2a

1b + 2a (2 eq.) + Cp*Rh(OAc),-H,0 (1 eq.) in CDCl,
@40°C,1h
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Figure S7. "H NMR spectra of B (reaction mixture) and B-Me (purified).
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7-5. Catalytic Reaction with 1h

NHAC

Ph Cp*Rh(OAc),'H,0 (5 mol%)
/ Cu(OAc),-H,0 (20 mol%)

I
2 eq.

1h 2a

PhCF3, 110 °C, 43 h

S36
Ph
y . Ph
/ NHAc ZNAc
N Me XN Me
el N
Me Me
4ha 5ha
8% 36%

NHAc

X

N
Me

1h
35%

Me

0]

A Schlenk tube was charged with Cp*Rh(OAc),-H>O (3.7 mg, 0.010 mmol, 5 mol%), Cu(OAc)-H>O (7.9 mg,
0.040 mmol, 20 mol%), 1h (46.1 mg, 0.20 mmol), 2a (71.1 mg, 0.40 mmol), and PhCF3 (2.0 mL). The reaction

mixture was stirred at 110 °C for 43 h under air atmosphere using an oil bath. Then, the mixture was cooled to

room temperature and filtered through a pad of Celite® with CHCI; to remove the metal salts. After

concentration in vacuo, the residue was purified by silica gel column chromatography (Hexane/EtOAc = 2:1

to 1:1 to EtOAc only).

7-6. Experiments with B-Me

Table S3. Screening some additives to promote the f-carbon elimination.

Me Me
Me Me
\
P R " Ph i
A
NN NHAC b  NHAc 7 "NAc
additive
Ph N Me N Me N Me XN Me
condition
I}l (0] I}l (0] N O N (@)
Me Me |\I/|e Me
B-Me 1h 4ha 5ha
additive condition 1h 4ha 5ha
- PhCF3, 110 °C, 13 h n.d. n.d. major
AcOH-d, (1 eq.) CDCl3, 60 °C, 3 h n.d. major n.d.
MeOH-d, (1 eq.) CDClj3, 60 °C, 4 days n.d. trace major
1b (10 eq.) CDClj3, 60 °C, 4 days n.d. major (1: 1)
Cu(OAc),'H,0 (1 eq.) PhCF3, 110 °C, 13 h n.d. n.d. major
NaOAc (1 eq.) PhCF3;, 110 °C, 13 h n.d. n.d. major
3ba (1eq.) PhCF3, 110 °C, 13 h n.d. n.d. major
Cp*Rh(OAc),'H>,0 (1 eq.) PhCF3, 110 °C, 13 h major (1:1.2:1.2)
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Heating B-Me at 110 °C.

Ph
Ph 7 NAC NHAc
N Me N Me
PhCF3, 110 °C, 13 h

l}l O N O
Me Me

5ha 1h

major n.d.

A Schlenk tube was charged with B-Me (0.6 mg, 0.0010 mmol) and PhCF3 (1.0 mL) under Ar atmosphere.
The reaction mixture was stirred at 110 °C for 13 h under Ar atmosphere using an oil bath. The resulting
solution was concentrated. '"H NMR analysis of the crude product mixture showed that Sha was mainly

observed while 1h was not detected.

Addition of acetic acid (1 eq.) at 60 °C.

H
ph—  NHAc NHAc
AcOH-d4 (1 eq.) N Me N Me
CDCl3, 60 °C,3h
Iﬂ @) N @]
Me Me
4ha 1h
major n.d.

A crimp vial was loaded with AcOH-ds (6.4 mg, 0.010 mmol) and dissolved in 5 mL of CDClI; to obtain a
0.002 M AcOH-d}4 solution in CDCl;. A J. Young NMR tube was charged with B-Me (0.6 mg, 0.0010 mmol)
and the prepared solution (0.50 mL) under Ar atmosphere. The reaction mixture was stirred at 60 °C using an
oil bath and the reaction was monitored by '"H NMR. After 3h at this temperature, B-Me was completely

consumed and 4ha was mainly observed while 1h was not detected by 'H NMR.
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Addition of methanol (1 eq.) as a proton source at 60 °C.

Ph
Ph“NAc NHAC
MeOH-d,4 (1eq.)
4 N - Me o Me
CDCl3, 60 °C, 4 days
N o l}l @]
Me Me
5ha 1h
major n.d.

A crimp vial was loaded with MeOH-d, (3.6 mg, 0.010 mmol) and dissolved in 5 mL of CDCIl; to obtain a
0.002 M MeOH-ds solution in CDCl3. A J. Young NMR tube was charged with B-Me (0.6 mg, 0.0010 mmol)
and the prepared solution (0.50 mL) under Ar atmosphere. The reaction mixture was stirred at 60 °C using an
oil bath and the reaction was monitored by 'H NMR. After 4 days at this temperature, B-Me was completely

consumed and Sha was mainly observed while 1h was not detected by 'H NMR.

PR, o Ph
%
NHAG ph—(  NHAc NAC "
e
2 - N Me N
CDCl4, 60 °C, 4 d
3 ) ays 'Tl 0 I\f}/ll @]
Me ©

Addition of 1b (10 eq.) at 60 °C.
Me Me

Me_éMe

NI

Me

1b . 4h 5h

10eq a .1 @
, M Me Me
: e Me |
. Ph Me -
| Ph H Me Me oy Rh Me |
! NHAc AcN— ph—’  NHAc Me™ 2h pi1e o NAc
sousodiiools ool
: N" 0 N~ ~0 N~ ~0 N0 N"70
E Me Me Me Me Me
; 1h 3ba 4ba A B !
: n.d. '

A J. Young NMR tube was charged with B-Me (0.6 mg, 0.0010 mmol), 1b (2.2 mg, 0.010 mmol), CDCIl; (0.5
mL) under Ar atmosphere. The reaction mixture was stirred at 60 °C using an oil bath and the reaction was
monitored by '"H NMR. After 4 days at this temperature, 4ha and Sha were observed as the major products,

while other products such as 1h, 3ba, 4ba, A, and B were not detected in this experiment.
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Heating B-Me with Cu(OAc):H>O (1 eq) at 110 °C.

Ph
Me Ph NAC NHAc
Cu(OAc)>'H,0 (1 eq.
Me ( )2-H20 (1 eq.) N Me N Me
PhCF3, 110 °C, 13 h
'Tl (@] N O
Me Me
B-Me 5ha 1h
major n.d.

A Schlenk tube was charged with B-Me (0.6 mg, 0.0010 mmol), Cu(OAc),-H>O (0.2 mg, 0.0010 mmol) and
PhCF; (1.0 mL) under Ar atmosphere. The reaction mixture was stirred at 110 °C for 13 h under Ar atmosphere
using an oil bath. The resulting solution was concentrated, and the "H NMR analysis of the crude product

mixture showed that Sha was mainly observed while 1h was not detected.

Heating B-Me with NaOAc (1 eq) at 110 °C.

Ph
Ph 7 NAc NHAc
NaOAc (1 eq.
(1eq.) - Me - Me
PhCF3, 110 °C, 13 h
l}l O N O
Me Me
5ha 1h
major n.d.

A Schlenk tube was charged with B-Me (0.6 mg, 0.0010 mmol), NaOAc (0.08 mg, 0.0010 mmol) and PhCF3
(1.0 mL) under Ar atmosphere. The reaction mixture was stirred at 110 °C for 13 h under Ar atmosphere using
an oil bath. The resulting solution was concentrated, and the '"H NMR analysis of the crude product mixture

showed that Sha was mainly observed while 1h was not detected.
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Heating B-Me with 3ba (1 eq.) at 110 °C.

Ph
Ph 7 NAC NHAc
3ba (1 eq.
(1eq.) - Me N Me
PhCF3, 110 °C, 13 h
l}l O N O
Me Me
5ha 1h
major n.d.

A Schlenk tube was charged with B-Me (0.6 mg, 0.0010 mmol), 3ba (0.4 mg, 0.0010 mmol) and PhCF; (1.0
mL) under Ar atmosphere. The reaction mixture was stirred at 110 °C for 6 h under Ar atmosphere using an
oil bath. The resulting solution was concentrated, and the "H NMR analysis of the crude product mixture

showed that Sha was mainly observed while 1h was not detected.

Heating B-Me with Cp*Rh(OAc):-H0 (1 eq.) at 110 °C.

Ph Ph
H
/ Ph _
Cp*Rh(OAc),-H,0 Ph NHAc NAc NHAc
(1eq.) . - Me N Me Me
PhCF3, 110 °C, 13 h N o ’T‘ o ’?‘ o
I\I/Ie Me Me
4ha 5ha 1h
1.2 1.2 1

A Schlenk tube was charged with B-Me (0.6 mg, 0.0010 mmol), Rh(OAc),-H>O (0.4 mg, 0.0010 mmol) and
PhCF; (1.0 mL) under Ar atmosphere. The reaction mixture was stirred at 110 °C for 13 h under Ar atmosphere
using an oil bath. The resulting solution was concentrated, and the "H NMR analysis of the crude product
mixture showed that 4ha, Sha, and 1h were obtained (4ha/Sha/1h = 1.2:1.2:1).
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Figure S8. '"H NMR spectra of the crude product.

Isolated of 1h from the reaction of B-Me with Cp*Rh(OAc):-HO.

B-Me

A Schlenk tube was charged with B-Me (19.3 mg, 0.030 mmol), Rh(OAc),-H,O (11.2 mg, 0.030 mmol) and
PhCF; (30 mL) under Ar atmosphere. The reaction mixture was stirred at 110 °C for 19 h under Ar atmosphere
using an oil bath. The resulting solution was concentrated and the 'H NMR analysis of the crude product
mixture showed that 4ha, Sha, and 1h were obtained (4ha/Sha/lh =29%:38%:19%). The crude product

Cp*Rh(OAc),-H,0
(1eq.)

PhCF3;, 110 °C, 19 h

NHAc

1h 14%

purified by preparative TLC (Hexane/EtOAc = 1:1 to EtOAc only) to give 1h (0.50 mg, 14%).
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8. X-Ray Diffraction Analysis

X-Ray Diffraction Analysis of 3ba

Diffraction data were collected in 6 ranges specified in Table S4 at 123 K on a Rigaku R-AXIS Rapid
diffractometer with graphite monochromatized Cu-Ka radiation (A = 1.54187 A). The Lorenz polarization
absorption correction was applied. The structure was solved by direct methods and refined by the full-matrix
least-squares on F”. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were refined using the riding model. Final refinement details are compiled in Table S4. The
supplementary crystallographic data for this paper (CCDC2278040) can also be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Figure S9. ORTEP plot of 3ba
Table S4. Selected crystallographic data and collection parameters for 3ba.

formula Ca6H20N20, crystal size, mm 0.2x0.15x0.1

FW 392.46 maximum 26, deg 136.3

crystal system monoclinic reflections collected 22156

space group P21/n (#14) independent reflections [R(int)] 3536 [R(int) = 0.0272]

a, A 10.3174(4) max. and min. transmission 0.935/0.699

b, A 18.8450(7) goodness-of-fit on F* 1.044

c, A 10.3316(4) Ry [1>20(])] 0.0406

volume, A3 1956.84(14) R, wR> (all data) 0.0433, 0.1085

B,° 103.056(7) Weighting scheme Ry =X ||Fo| - |Fc|| / 2 |Fo|

Z 4 WR = [Z(w(Fo? -
Fc?)2)/Ew(Fo?)? ]

D (calcd), Mgm™ 1.332 largest diff. peak and hole, e A®  0.19 and —0.26

i, cm’ 6.763

F(000) 824.00
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X-Ray Diffraction Analysis of 3bf’-CHClI;

Diffraction data were collected in 8 ranges specified in Table S5 at 123 K on a Rigaku R-AXIS Rapid
diffractometer with graphite monochromatized Cu-Ka radiation (. = 1.54187 A). The Lorenz polarization
absorption correction was applied. The structure was solved by direct methods and refined by the full-matrix
least-squares on F”. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were refined using the riding model. Final refinement details are compiled in Table S5. The
supplementary crystallographic data for this paper (CCDC2278041) can also be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Figure S10. ORTEP plot of 3bf’-CHCl;
Table S5. Selected crystallographic data and collection parameters for 3bf’-CHCls.

formula C4sHy,ClL FoNOy | g, em’™ 29.459

FW 962.06 F(000) 972.00

crystal system triclinic crystal size, mm 0.3x0.1x0.05
maximum 20, deg 136.4

space group P-1 (#2) reflections collected 23137

a, A 10.1061(11) independent reflections [R(int)] 7190 [R(int) = 0.1528]

b, A 14.1090(14) max. and min. transmission 0.863/0.329

c, A 14.8443(15) goodness-of-fit on F* 1.072

volume, A® 2017.9(4) Ri [1>20(])] 0.1199

a, ° 85.453(6) R, wR; (all data) 0.2328, 0.4302

B,° 83.081(6) Weighting scheme Ri =X |[Fo| - |Fc|| / Z |Fo|

v, © 74.047(5) WR, = [Z(wW(Fo? -

Fc?)?)/Ew(Fo?) ]2
VA 2 largest diff. peak and hole, e A~ 0.52 and —0.40
D (calcd), Mgm™  1.583
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X-Ray Diffraction Analysis of 4ba

Diffraction data were collected in 8 ranges specified in Table S6 at 123 K on a Rigaku R-AXIS Rapid
diffractometer with graphite monochromatized Cu-Ka radiation (. = 1.54187 A). The Lorenz polarization
absorption correction was applied. The structure was solved by direct methods and refined by the full-matrix
least-squares on F”. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were refined using the riding model. Final refinement details are compiled in Table S6. The
supplementary crystallographic data for this paper (CCDC2278042) can also be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Figure S11. ORTEP plot of 4ba
Table S6. Selected crystallographic data and collection parameters for 4ba.

formula Ca6H2N20, crystal size, mm 0.1x0.1x0.1

FW 394.47 maximum 20, deg 136.3

crystal system monoclinic reflections collected 10978

space group P21 (#4) independent reflections [R(int)] 3580 [R(int) = 0.1214]

a, A 11.2867(14) max. and min. transmission 0.937/0.538

b, A 7.6954(9) goodness-of-fit on F* 0.991

c, A 11.8213(14) Ry [I>20(])] 0.0904

volume, A3 1014.9(2) R, wR> (all data) 0.1934, 0.2730

B,° 98.725(7) Weighting scheme R =X ||Fo| - |[Fc|| / Z [Fo|

Z 2 WR, = [Z(wW(Fo? -
Fc?)?)/Ew(Fo?) ]2

D (caled), Mgm™ 1.291 largest diff. peak and hole, e A~ 0.18 and —0.18

i, cm’ 6.523

F(000) 416.00
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X-Ray Diffraction Analysis of Sha

Diffraction data were collected in 8 ranges specified in Table S7 at 123 K on a Rigaku PILATUS200K
diffractometer with graphite monochromatized MoKa radiation (A =0.71075 A). The Lorenz polarization
absorption correction was applied. The structure was solved by direct methods and refined by the full-matrix
least-squares on F”. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were refined using the riding model. Final refinement details are compiled in Table S7. The
supplementary crystallographic data for this paper (CCDC2278043) can also be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Figure S12. ORTEP plot of Sha

Table S7. Selected crystallographic data and collection parameters for Sha.

formula C27H2N-0, crystal size, mm 0.15x 0.1 x0.075

FW 406.48 maximum 26, deg 55.0

crystal system monoclinic reflections collected 17132

space group P21/n (#14) independent reflections [R(int)] 4658 [R(int) = 0.1149]

a, A 9.0396(15) A max. and min. transmission 0.994/0.569

b, A 21.882(4) A goodness-of-fit on F* 0.824

c, A 10.4133(18) A Ry [I>20(])] 0.0524

volume, A3 2043.5(6) R, wR> (all data) 0.0706, 0.1152

B,° 97.221(4) Weighting scheme R =X ||Fo| - |[Fc|| / Z [Fo|

Z 4 WR, = [Z(wW(Fo? -
Fc?)?)/Ew(Fo?) ]2

D (caled), Mgm™ 1.321 largest diff. peak and hole, e A~ 0.26 and —0.27

i, cm’ 0.838

F(000) 856.00
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X-Ray Diffraction Analysis of A

Diffraction data were collected in 8 ranges specified in Table S8 at 123 K on a Rigaku R-AXIS Rapid
diffractometer with graphite monochromatized Cu-Ka radiation (. = 1.54187 A). The Lorenz polarization
absorption correction was applied. The structure was solved by direct methods and refined by the full-matrix
least-squares on F”. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were refined using the riding model. Final refinement details are compiled in Table S8. The
supplementary crystallographic data for this paper (CCDC2278044) can also be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Figure S13. ORTEP plot of A
Table S8. Selected crystallographic data and collection parameters for A.

formula C72H70N4OsRh, crystal size, mm 0.6x0.1x0.1

FW 1261.18 maximum 26, deg 136.3

crystal system orthorhombic reflections collected 51511

space group Pna21 (#33) independent reflections [R(int)] 10423 [R(int) = 0.0926]

a, A 21.2877(5) max. and min. transmission 0.600/0.262

b, A 9.8400(2) goodness-of-fit on F* 1.029

c, A 27.3069(6) Ry [I>20(])] 0.0570

volume, A3 5720.0(2) R, wR> (all data) 0.0728, 0.1341

Z 4 Weighting scheme Ri =X ||Fo| - |[Fc|| / Z [Fo|

D (calcd), Mgm™  1.464 WR, = [Z(W(Fo? -
Fc?)?)/Ew(Fo?) ]2

i, cm’ 51.065 largest diff. peak and hole, e A~ 1.22 and -0.68

F(000) 2608.00
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X-Ray Diffraction Analysis of B-Me

Diffraction data were collected in 8 ranges specified in Table S9 at 123 K on a Rigaku R-AXIS Rapid
diffractometer with graphite monochromatized Cu-Ka radiation (. = 1.54187 A). The Lorenz polarization
absorption correction was applied. The structure was solved by direct methods and refined by the full-matrix
least-squares on F”. All non-hydrogen atoms were refined with anisotropic displacement parameters. All
hydrogen atoms were refined using the riding model. Final refinement details are compiled in Table S9. The
supplementary crystallographic data for this paper (CCDC2278045) can also be obtained free of charge via
www.ccde.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK fax: +44 1223 336033; or deposit@ccdc.cam.ac.uk).

Figure S14. ORTEP plot of B-Me
Table S9. Selected crystallographic data and collection parameters for B-Me.

formula C37H37N>,0-.Rh crystal size, mm 0.3x0.1x0.1

FW 644.62 maximum 26, deg 136.5

crystal system orthorhombic reflections collected 63038

space group Pbca (#61) independent reflections [R(int)] 5468 [R(int) = 0.0759]

a, A 17.6227(4) max. and min. transmission 0.613/0.369

b, A 18.3009(4) goodness-of-fit on F* 1.115

c, A 18.5577(4) Ry [I>20(])] 0.0511

volume, A3 5985.1(2) R, wR> (all data) 0.0632, 0.1233

Z 8 Weighting scheme Ri =X ||Fo| - |[Fc|| / Z [Fo|

D (caled), Mgm™ 1.431 WR, = [Z(W(Fo? -
Fc?)?)/Ew(Fo?) ]2

i, cm’ 48.925 largest diff. peak and hole, e A~ 0.98 and —0.37

F(000) 2672.00
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9. DFT Calculations

The Gaussian 16 program package was used for all geometry optimizations.'” Geometry optimization and
energy calculations were performed with B3LYP?’ with GD3BJ?! empirical dispersion along with a combined
basis set. The Lanl2DZ basis set’* with ECP was used for Rh, and the 6-31G(d) basis set*® was used for other
atoms. Thermal correction to Gibbs free energy (TCGFE) including zero-point energy were calculated at the
same level of theory. Harmonic frequency calculations were performed at the same level for each stationary
point to ensure that it is either an energy minimum (no imaginary frequency) or a transition state (only one
imaginary frequency). The connectivity of each step was also confirmed using intrinsic reaction coordinate
(IRC)* calculation from the transition states, followed by optimization of the resultant geometries. Final
energies were obtained using the more extended 6-311+G(d,p)* basis set for all atoms except Rh for which
SDD?® was used. To examine the solvent effect, the above single-point energy calculations were performed
using the SMD model?” with dichloroethane as the solvent because the € value of DiChloroEthane (10.36) is
similar to that of CF3C¢Hs (9.18). The obtained energies, TCGFEs, and IF are summarized in Table S10.

Table S10. Summary of theoretical calculations.

Model TCGFE/au Energy/au imaginary frequency /cm™'
B 0.551908 -1764.175154
C 0.551336 -1764.166298
TScp 0.548677 -1764.126033 288.731
D 0.549077 -1764.148695
TSgE 0.550221 -1764.131682 302.52i
E 0.550802 -1764.135307

Cartesian coordinates

1.93549  4.15741  8.45946
391833  5.19347  9.00998
-0.41838  8.10964  13.09314
2.11672  5.26961  10.23063
-1.07716  5.92287  12.79251
2.55771  2.64536  9.65069
0.38702  4.35022  11.64007
2.82901 1.76246  11.96937
2.0679 2.48995 10.90322
3.57198  1.7773 9.02533
4.22257 -0.47351  8.34057
4.02813 -1.54285  8.33959
1.47134 487776  6.29133
0.5634 2.94099  7.23738
1.20603  5.48624  11.24449
4.23627 1.85121 11.9734
4.72838 243186  11.2026
2.22745 1.05781  13.02751
1.14862  0.99938  13.09614
0.40674  5.28731  7.10623

OEOEOOOOEOOOOOOZZOO?W
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-0.186
4.38729
4.98345
4.70457
4.88929
0.71212
5.00283
6.08556

-1.7806

-2.72498
1.61391
3.39194
4.21556
4.4614
5.15575
3.68953
2.99542
2.49689

-0.12147

-0.82945
3.35014
2.48469

-0.27478

-0.05365
5.34278
6.02398

-2.29308

-2.35541

-3.18219

-2.23829

-1.51267

-2.26268
5.58024
6.45469

-1.32956

-1.37209

-2.24263

-1.33712
2.58245
3.54824
2.20443
2.76643
0.23179

-0.22923
1.12695

-0.47187
2.39523

7.00401
0.4964
0.00727
2.27653
3.34437
3.00719
1.22042
1.30796

3.61728
3.82745
3.42167
5.58802
6.28123
7.29694
5.73639
6.33916
0.42886

-0.11455
4.09411
4.639

0.38555
0.01012
2.03014
1.01001
0.03613
0.63185
6.20134
5.55569
6.04703
7.24315
2.33716

1.55982

1.41326

1.81916

4.08808
3.19346
4.128

4.95508

2.5904

3.09445

2.39411

1.63076

1.51061

1.40314

0.88436

1.12568
5.73814

12.60591
13.97091
14.73612
8.353
8.36835
11.31253
12.94759
12.91483
12.50688
12.99061
6.39888
10.10638
11.15548
10.82593
11.2812
12.11083
14.0076
14.80609
7.76851
12.32005
9.00619
9.52852
11.4777
11.181
7.6809
7.16127
13.54943
14.43143
12.92826
13.85881
12.04903
12.16502
7.69875
7.19645
8.64959
9.27218
8.03963
9.31543
5.61676
5.52144
4.60375
6.10518
7.52264
8.50758
7.50096
6.77268
5.48906
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2.26817
3.43974
2.21848
-0.08645
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-1.08134
0.58649
0.93899
1.50789

0.57209
2.13739
3.12405
0.90246
0.36622
0.32454

-0.98651
1.19163
0.91164
2.34885
3.55881

-2.31079

-0.44955
2.61399
3.85418
3.66511
0.51606
0.88543

-0.70261

-1.57884

-1.5801

-0.83925

-0.13359

1.10358
1.53976
4.35105
3.95254
3.33271

-4.09504

-0.58423

-1.88623

-2.96072

-4.21081

-2.24721

-1.19424

-1.0934

-2.04882

5.54854
5.52436
6.80082
6.67712

6.87037

6.83368

7.42756
6.72928
7.59366

0.89394
2.275
2.12769
3.07274
3.64232
3.10122
3.69938
2.33094
2.1392
1.9179

1.22968
-0.17264
-1.35337

1.85741

1.3473

3.07332

2.93444

4.57508

3.85878
2.98917
3.98506
4.59517

1.86107

3.06755

1.35352

1.9599

0.49685

0.69942

0.89473

0.21381
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TH NMR (400 MHz, CDCL) of S8g
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