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1. General Information

Reagents were purchased from commercial sources and were used as received. 'H and '*C Nuclear
Magnetic Resonance (NMR) spectra were recorded on Bruker Avance 400 Ultrashield NMR
spectrometers. Chemical shifts (d) were given in parts per million (ppm) and were measured
downfield from internal tetramethylsilane. High-resolution mass spectrometry (HRMS) data were
obtained on an FTICR-MS instrument (Ionspec 7.0 T). The melting points were determined on an
X-4 microscope melting point apparatus and are uncorrected. Conversion was monitored by thin
layer chromatography (TLC). Flash column chromatography was performed over silica gel (100-
200 mesh). Blue LED (36 W, Ayax = 470 nm) purchased from JIADENG (LS) was used for blue
light irradiation. A fan attached to the apparatus was used to maintain the reaction temperature at

room temperature.

Figure S1 Photograph of the Photocatalytic reactor used for reactions conducted under blue
LED irradiation.



2. Preparation of Photocatalyst

The photocatalyst was synthesized according to literature report.! The spectral data of the
photocatalyst is consistent with the literature data. The other photocatalysts (Eosin Y, Fluorescein,
4CzIPN, [Ru(bpy);]Cl,:6H,0, Ru(bpy);(PFs),, Ir(ppy); and Mes-Acr) are commercially available.
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Figure 2 The structures of photocatalysts.
3. Investigation of the Key Reaction Parameters
Table S1: Screening of photocatalysts®
B(OH)2 1 mol % photocatalyst X
AN + 2.0 equiv TFA
=
N/ DCE (0.1 M), O, N
1, 1.0 equiv 2, 3.0 equiv 36 Whlue LED, rt, 24 h 3
entry photocatalyst yield (%)P
! [11(dtbbpy)(ppy):][PFs] 35
2 Jac-Ir(ppy)s NR
3 [Ru(bpy)s](PFs), 21
4 [Ru(bpy)s] 6H,0 10
5 4CZIPN NR
6° Eosin-Y 42



7C

Mes-Acr 45
8¢ Fluorescein NR
9 Ir[dF(CF dtbbpy)PF 94

r[dF(CF3)ppy].(dtbbpy)PFs

aGeneral conditions: 1 (0.3 mmol), 2 (0.9 mmol), photocatalyst (0.003 mmol), TFA (0.6 mmol),
DCE (3.0 mL), rt, O, atmosphere, 24 h. *Yields were determined by '"H NMR spectroscopy with

dibromomethane as an internal standard. °Photocatalyst (0.015 mmol). NR = no reaction.

Table S2: Screening of different solvents®

B(OH)2 1 mol % Ir[dF(CF3)ppyl,(dtbbpy)PFg

; X
N + 2.0 equiv TFA . )
NG solvent (0.1 M), O, N
1, 1.0 equiv 2.3.0 equiv 36 W blue LED, rt, 24 h s
entry solvent yield (%)P
1 CH;CN 90
2 DMSO 38
3 acetone 77
4 DCE 94

aGeneral conditions: 1 (0.3 mmol), 2 (0.9 mmol), Ir[dF(CF;)ppy].(dtbbpy)PF¢ (0.003 mmol), TFA
(0.6 mmol), solvent (3.0 mL), rt, O, atmosphere, 24 h. Yields were determined by 'H NMR

spectroscopy with dibromomethane as an internal standard.

Table S3: Screening of the amount of cyclohexylboronic acid (2)?

B(OH)2 1 mol % Ir[dF(CF3)ppyla(dtbbpy)PFg

B + 2.0 equiv TFA - t
Nz DCE (0.1 M), O, N
1, 1.0 equiv 2, x equiv 36 Whlue LED, rt, 24 h 3
entry X eq. 2 yield (%)P

1 1.0 48

2 1.5 69

3 2.0 83

4 3.0 94

5 5.0 94

aGeneral conditions: 1 (0.3 mmol), 2 (0.3x mmol), [rf[dF(CF;)ppy].(dtbbpy)PF¢ (0.003 mmol),
TFA (0.6 mmol), DCE (3.0 mL), rt, O, atmosphere, 24 h. ®Yields were determined by '"H NMR
spectroscopy with dibromomethane as an internal standard.

Table S4: Screening of the amount of TFA?



B(OH), 1 mol % Ir[dF(CF3)ppylo(dtbbpy)PFg

D + x equiv TFA - t
Nz DCE (0.1 M), O, N
1, 1.0 equiv 2, 3.0 equiv 36 Wblue LED, rt, 24 h 3
entry x eq. TFA yield (%)P

1 0.5 34

2 1.0 56

3 1.5 79

4 2.0 94

5 3.0 94

aGeneral conditions: 1 (0.3 mmol), 2 (0.9 mmol), Ir[dF(CF3)ppy].(dtbbpy)PF, (0.003 mmol), TFA
(0.3x mmol), DCE (3.0 mL), rt, O, atmosphere, 24 h. ®Yields were determined by '"H NMR
spectroscopy with dibromomethane as an internal standard.

4. Investigation of the Mechamism

4.1 Control experiments
Table S5

B(OH)2 1 mol % Ir[dF(CF3)ppyl,(dtbbpy)PFg

N + 2.0 equiv TFA \
r =
N/ DCE (0.1 M), O, N
1, 1.0 equiv 2, 3.0 equiv 36 Wblue LED, rt, 24 h 3
entry control conditions yield (%)
1 w/o photocatalyst NR
2 w/o light NR
3 w/o TFA NR
4 air 35
4 Ar <5
5 standard conditions, w/all 94

Yields were determined by '"H NMR spectroscopy with dibromomethane as an internal standard.

4.2 TEMPO, BHT and 1,1-diphenylethylene were used as radical scavengers

B(OH), 1 mol % Ir[dF(CF3)ppylx(dtbbpy)PFs A\
N . 2.0 equivTFA ‘ D
N DGE (0.1 M), O N

36 W blue LED, rt, 24 h

1, 1.0 equiv 2.3.0 equiv radical inhabitor (2.5 equiv) 3

radical inhabitor yield ﬂ Detected by HRMS
’}l Calc. 240.2322

TEMPO [N S — OU Found: 240.2328
46

Ph
29%

Ph Q
Detected by HRMS
Calc. 303.2682
BHT LT — Found: 303.2680



Scheme S1

To a 10 mL glass vial was added Ir[dF(CF;)ppy)]2(dtbbpy)PF¢ (3.36mg, 0.003 mmol, 1 mol %), 1
(0.3 mmol, 1.0 equiv), 2 (0.9 mmol, 3.0 equiv), TEMPO (117 mg, 0.75 mmol, 2.5 equiv), BHT
(165mg, 0.75 mmol, 2.5 equiv), or 1,1-diphenylethylene (135 mg, 0.75 mmol, 2.5 equiv), TFA (45
uL, 0.6 mmol, 2.0 equiv) and 3.0 mL of DCE. The reaction mixture was degassed by bubbling
with O, for 15 s with an outlet needle and the vial was sealed with PTFE cap. The mixture was
then stirred rapidly and irradiated with a 36 W Blue LED (approximately 2 cm away from the
light source) at room temperature for 24 h. The yields of corresponding alkylated product 3 were
determined by 'H NMR spectroscopy with dibromomethane as an internal standard. The
corresponding product of radical trapping, 1-(cyclohexyloxy)-2,2,6,6-tetramethylpiperidine (46)
and 3,5-di-tert-butyl-1-methyl-[1,1'-bi(cyclohexane)]-2,5-dien-4-one (47), were detected by HR-
MS (positive mode ESI).
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Figure S3. HR-ESI mass spectra of 1-(cyclohexyloxy)-2,2,6,6-tetramethylpiperidine (46).



Figure S4. HR-ESI mass spectra of 2,6-di-tert-butyl-4-(cyclohexylmethyl)phenol (47).



4.3 Emission Quenching Experiments (Stern—Volmer Studies)

Emission intensities were recorded using a CARY VARIAN luminescence spectrophotometer. All
Ir[dF(CF;3)ppy]l2(dtbbpy)PFs solutions were excited at 350 nm and the emission intensity was
collected at 475 nm. In a typical experiment, to a 3 x 10°® M solution of
Ir[dF(CF;3)ppyl2(dtbbpy)PFs in acetone was added the appropriate amount of a quencher in a
screw-top quartz cuvette. After degassing the sample with a stream of argon for 10 minutes, the

emission of the sample was collected.
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Figure S5. (a). UV-vis absorption spectra. (b). Irf[dF(CF;)ppy].(dtbbpy)PF¢ emission quenching
with 1 and 2. (c). Ir[dF(CF3)ppy].(dtbbpy)PF¢ emission quenching with O,.

4.4 Light/dark experiment

Eight standard reaction mixtures in 10 mL glass vials were charged with
Ir[dF(CF3)ppy)lo(dtbbpy)PFs (3.36mg, 0.003 mmol, 1 mol %), 1 (0.3 mmol, 1.0 equiv), 2
(0.9mmol, 3.0 equiv), TFA (45 pL, 0.6 mmol, 2.0 equiv) and 3.0 mL of DCE. The reaction
mixtures were degassed by bubbling with O, for 15 s with an outlet needle and the vials were
sealed with PTFE caps. The mixtures were then stirred rapidly and irradiated with a 36 W Blue
LED (approximately 2 cm away from the light source) at room temperature. After 2 h, the Blue
LED was turned off, and one vial was removed from the irradiation setup for analysis. The
remaining seven vials were stirred in the absence of light for an additional 2 h. Then, one vial was
removed for analysis, and the Blue LED was turned back on to irradiate the remaining six reaction
mixtures. After an additional 2 h of irradiation, the Blue LED was turned off, and one vial was
removed for analysis. The remaining five vials were stirred in the absence of light for an
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additional 2 h. Then, a vial was removed for analysis, and the Blue LED was turned back on to
irradiate the remaining four reaction mixtures. After 2 h, the Blue LED was turned off, and one
vial was removed for analysis. The remaining three vials were stirred in the absence of light for an
additional 2 h, then, a vial was removed for analysis and the Blue LED was turned back on to
irradiate the remaining two reaction mixtures. After 2 h, the Blue LED was turned off, and one
vial was removed for analysis. The last vial was stirred in the absence of light for an additional 2 h,

and then it was analyzed. The yield was determined by 'H NMR spectroscopy using
dibromomethane as the internal standard.
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Figure S6. Light/dark experiment.
4.5 Proposed mechanism
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Scheme S2. Proposed mechanism for direct C—H alkylation of heteroarenes.

5. Experimental Procedures and Product Characterization

5.1 General Procedure for the alkylation of N-heteroarenes.

To a 10 mL glass vial was added Ir[dF(CF;)ppy)].(dtbbpy)PF; (3.36mg, 0.003 mmol, 1 mol %),
N-heteroarene (0.3 mmol, 1.0 equiv), alkyl boronic acids (0.9 mmol, 3.0 equiv), TFA (45 pL, 0.6
mmol, 1.5 equiv) and 3.0 mL of DCE. The reaction mixture was degassed by bubbling with O, for
15 s with an outlet needle and the vial was sealed with PTFE cap. The mixture was then stirred
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rapidly and irradiated with a 36 W Blue LED (approximately 2 cm away from the light source) at
room temperature for 24 h. The reaction mixture was diluted with 10 mL of aqueous 1 M NaHCOs3
solution, and extracted with DCM (3 x 20 mL). The combined organic extracts were washed with
brine (40 mL), dried over Na,SO,, and concentrated in vacuo. Purification of the crude product by
flash chromatography on silica gel using the indicated solvent system afforded the desired product.

5.2. Product Characterization
2-cyclohexyl-4-methylquinoline (3).

X
P

N~ "Cy
According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (58.7 mg, 87%).
R¢0.50 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCI;) 6 8.05 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.64 (t, /= 7.6
Hz, 1H), 7.46 (t, J=17.6 Hz, 1H), 7.15 (s, 1H), 2.87 (t, /= 12.0 Hz, 1H), 2.65 (s, 3H), 2.01 (d, J =
12.4 Hz, 2H), 1.88 (d, J = 12.4 Hz, 2H), 1.78 (d, J = 12.4 Hz, 1H), 1.62 (dd, J = 25.2, 12.4 Hz,
2H), 1.46 (dd, J = 25.2, 12.8 Hz, 2H), 1.39 — 1.29 (m, 1H). 3C NMR (100 MHz, CDCI;) J 166.6,
147.8, 144.2, 129.6, 128.9, 127.1, 125.4, 123.6, 120.3, 47.7, 32.9, 26.7, 26.2, 18.9.
HRMS (ESI) calcd for CisHyoN [M + H]* 226.1590, found 226.1595.

2-cyclohexylquinoline (4a) and 2,4-dicyclohexylquinoline (4b).

\
_ + AN
N C =
y N C

1:0.64
According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (31.4 mg, 43%).
R¢0.40 (Petroleum ether/EtOAc, 40/1).
'H NMR (400 MHz, CDCl3) 6 8.10 — 7.99 (m, 3.27H), 7.76 (dd, J = 8.0, 1.2 Hz, 1H), 7.70 — 7.60
(m, 1.68H), 7.50 — 7.43 (m, 1.65H), 7.32 (d, J = 8.4 Hz, 1H), 7.20 (s, 0.64H), 3.31 — 3.26 (m,
0.66H), 2.99 — 2.81 (m, 1.68H), 2.02 (dd, J = 6.4, 5.2 Hz, 5.11H), 1.96 — 1.85 (m, 5.34H), 1.82 —
1.75 (m, 2.15H), 1.66 — 1.59 (m, 3.18H), 1.58 — 1.50 (m, 3.21H), 1.45 (ddd, J=12.8, 9.2, 2.8 Hz,
3.29H), 1.38 — 1.31 (m, 2.07H). 13C NMR (100 MHz, CDCIl;) J 166.9, 166.7, 153.5, 148.1, 147.9,
136.4, 129.9, 129.3, 129.0, 128.7, 127.5, 127.1, 125.8, 125.7, 125.3, 122.9, 119.7, 115.9, 47.9,
47.8,39.1, 33.7,33.0, 32.9, 27.1, 26.7, 26.6, 26.4, 26.3, 26.2.
HRMS (ESI) caled for CisHigN [M + H]* 212.1434, found 212.1433 and C,HysN [M + H]*
294.2216, found 294.2216.

y

4-chloro-2-cyclohexylquinoline (5).
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X
~

N~ "Cy
According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (52.9 mg, 72%).
R¢0.60 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl;) 6 8.16 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H), 7.71 (t, /= 7.6
Hz, 1H), 7.55 (t,J= 7.6 Hz, 1H), 7.41 (s, 1H), 2.88 (tt, J=12.0, 3.2 Hz, 1H), 2.02 (d, /= 11.6 Hz,
2H), 1.89 (d, J = 12.8 Hz, 2H), 1.78 (d, J = 12.4 Hz, 1H), 1.60 (ddd, J = 24.8, 12.4, 2.8 Hz, 2H),
1.52 = 1.39 (m, 2H), 1.38 — 1.29 (m, 1H). 3C NMR (100 MHz, CDCl;) ¢ 166.9, 148.8, 142.7,
130.2, 129.4, 126.7, 125.2, 123.9, 119.9, 47.5, 32.8, 26.5, 26.1.
HRMS (ESI) calcd for CysH;;CIN [M + H]* 246.1044, found 246.1046.

4-bromo-2-cyclohexylquinoline (6).
Br

\
~

N® "Cy
According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (59.8 mg, 69%).
R¢0.60 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl3) § 8.14 — 8.09 (m, 1H), 8.06 — 8.00 (m, 1H), 7.74 — 7.68 (m, 1H),
7.62 (s, 1H), 7.59 — 7.53 (m, 1H), 2.88 (tt, J = 12.0, 3.2 Hz, 1H), 2.02 (dd, J = 13.2, 1.6 Hz, 2H),
1.94 — 1.85 (m, 2H), 1.83 — 1.75 (m, 1H), 1.61 (qd, J = 12.4, 2.8 Hz, 2H), 1.51 — 1.39 (m, 2H),
1.38 — 1.28 (m, 1H). 13C NMR (100 MHz, CDCl;) ¢ 166.9, 148.6, 134.3, 130.3, 129.5, 126.9,
126.6, 126.5, 123.8, 47.4, 32.8, 26.5, 26.1.
HRMS (ESI) caled for Cy5H;7BrN [M + H]* 290.0539, found 290.0540.

7-chloro-4-cyclohexyl-2-methylquinoline (7).
Cy

m
s
Cl N

According to the general procedure.

Yellow oil (45.1 mg, 58%).

R¢0.60 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCl3) 6 8.00 (d, J= 2.0 Hz, 1H), 7.92 (d, J=9.2 Hz, 1H), 7.39 (dd, /=9.2,
2.1 Hz, 1H), 7.14 (s, 1H), 3.20 (t, J = 9.6 Hz, 1H), 2.69 (s, 3H), 1.99 — 1.88 (m, 4H), 1.84 (d, J =
14.0 Hz, 1H), 1.49 (d, J = 11.2 Hz, 4H), 1.32 (ddd, J = 12.6, 8.0, 3.6 Hz, 1H). '3C NMR (100
MHz, CDCl;) 6 160.1, 153.4, 148.8, 134.6, 128.5, 126.1, 124.3, 123.6, 118.6, 38.9, 33.6, 26.9,
26.3,25.6.

HRMS (ESI) caled for C¢H oCIN [M + H]* 260.1201, found 260.1200.
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1-cyclohexylisoquinoline (8).

AN
~-N

Cy

According to the general procedure. The spectral Data is consistent with the literature data.’
Yellow oil (26.6 mg, 42%).

R¢0.70 (Petroleum ether/EtOAc, 7/1).

'H NMR (400 MHz, CDCl;) ¢ 8.48 (d, J = 5.6 Hz, 1H), 8.22 (d, /= 8.4 Hz, 1H), 7.81 (d, /= 8.0
Hz, 1H), 7.65 (t, J = 7.6 Hz, 1H), 7.61 — 7.52 (m, 1H), 7.48 (d, J = 5.6 Hz, 1H), 3.56 (t, J=11.2
Hz, 1H), 1.96 (t, J = 15.6 Hz, 4H), 1.89 — 1.75 (m, 3H), 1.54 (dd, J=24.0, 11.6 Hz, 2H), 1.41 (dd,
J=17.6, 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl;) ¢ 165.9, 142.1, 136.5, 129.7, 127.7, 126.9,
126.4, 124.9, 119.0, 41.7, 32.7, 27.0, 26.4.

HRMS (ESI) calcd for CysH gN [M + H]* 212.1434, found 212.1434.

4-bromo-1-cyclohexylisoquinoline (9).
Br

\

N

Cy
According to the general procedure. The spectral Data is consistent with the literature data.’
Yellow oil (35.5 mg, 41%).
R¢0.50 (Petroleum ether/EtOAc, 60/1).
'H NMR (400 MHz, CDCl;) 6 8.66 (s, 1H), 8.21 (dd, J = 11.6, 8.8 Hz, 2H), 7.77 (t, /= 7.6 Hz,
1H), 7.65 (t,J= 7.6 Hz, 1H), 3.52 (t,J = 11.6 Hz, 1H), 1.95 (t, /= 12.0 Hz, 4H), 1.81 (t, J=11.2
Hz, 3H), 1.53 (dd, J = 25.6, 12.8 Hz, 2H), 1.44 — 1.35 (m, 1H). 3C NMR (100 MHz, CDCl;) 6
165.5, 143.8, 135.0, 130.9, 127.9, 127.8, 127.0, 125.2, 117.7, 41.6, 32.7, 26.9, 26.3.
HRMS (ESI) caled for Cy5H;7BrN [M + H]* 290.0539, found 290.0538.

6-cyclohexylphenanthridine (10).

oY

Cy
According to the general procedure. The spectral data is consistent with the literature data.
Colorless oil (72.8 mg, 93%).
R:0.70 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl;) ¢ 8.56 (d, J = 8.0 Hz, 1H), 8.46 (d, J= 8.0 Hz, 1H), 8.26 (d, /= 8.0
Hz, 1H), 8.13 (d, /= 8.0 Hz, 1H), 7.73 (t, J= 7.6 Hz, 1H), 7.64 (dt, J = 19.6, 7.6 Hz, 2H), 7.55 (4,
J=17.6 Hz, 1H), 3.57 (tt, /= 11.2, 3.0 Hz, 1H), 2.06 (d, J = 11.2 Hz, 2H), 2.01 — 1.88 (m, 4H),
1.82 (d, J = 12.4 Hz, 1H), 1.54 (qd, J=13.2, 6.8 Hz, 2H), 1.43 (ddd, J = 12.8, 5.6, 2.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) J 165.3, 143.9, 133.0, 130.0, 129.9, 128.4, 127.1, 126.2, 125.6,
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124.8, 123.4, 122.6, 121.9, 42.0, 32.4, 26.9, 26 4.
HRMS (ESI) caled for Ci9HyN [M + H]* 262.1590, found 262.1592.

4-cyclohexylquinazoline (11).

N

\j

P\

Cy
According to the general procedure. The spectral data is consistent with the literature data.
Yellow oil (42.6 mg, 67%).
R¢0.70 (Petroleum ether/EtOAc, 2/1).
'H NMR (400 MHz, CDCl;) 6 9.26 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.88 (t, J=17.6 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 3.57 (t, J = 11.6 Hz, 1H), 1.96 (s, 4H), 1.87 —
1.75 (m, 3H), 1.56 — 1.46 (m, 2H), 1.45 — 1.36 (m, 1H). 3C NMR (100 MHz, CDCl;) ¢ 175.2,

154.9, 150.2, 133.4, 129.5, 127.5, 124.3, 123.4, 41.4, 32.2, 26.7, 26.1.
HRMS (ESI) calcd for C4Hj7N, [M + H]* 213.1386, found 213.1384.

1-cyclohexylphthalazine (12).

SN
|
~-N

Cy

According to the general procedure. The spectral data is consistent with the literature data.’
Yellow oil (32.4 mg, 51%).

R;0.30 (CH,Cl,/MeOH, 2/1).

'H NMR (400 MHz, CDCl;) 6 9.39 (s, 1H), 8.17 (d, J = 7.6 Hz, 1H), 8.04 — 7.81 (m, 3H), 3.51 (,
J=11.2 Hz, 1H), 2.01 (dd, J = 33.6, 11.6 Hz, 6H), 1.83 (d, J=11.6 Hz, 1H), 1.54 (dd, J = 25.2,
12.8 Hz, 2H), 1.46 — 1.36 (m, 1H). 13C NMR (100 MHz, CDCl;) ¢ 163.6, 150.2, 132.3, 131.7,
127.2,126.7,125.1, 123.6, 40.8, 32.4, 26.9, 26.2.

HRMS (ESI) caled for Cy4H,7N, [M + H]" 213.1386, found 213.1386.

2-cyclohexyl-4-phenylpyridine (13).
Ph
A

l N/ Cy
According to the general procedure.
Yellow oil (39.1 mg, 55%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl;) 6 8.57 (d, J= 5.2 Hz, 1H), 7.62 (dd, J= 8.0, 1.2 Hz, 2H), 7.52 — 7.38
(m, 3H), 7.36 (d, J= 0.8 Hz, 1H), 7.30 (dd, J= 5.2, 1.6 Hz, 1H), 2.77 (tt, J = 11.6, 3.2 Hz, 1H),
2.07 — 1.94 (m, 2H), 1.88 (dd, J=9.6, 3.2 Hz, 2H), 1.81 — 1.71 (m, 1H), 1.59 (ddd, J=24.8, 12.4,
2.8 Hz, 2H), 1.50 — 1.38 (m, 2H), 1.36 — 1.26 (m, 1H). 3C NMR (100 MHz, CDCls) ¢ 167.1,
149.6, 148.9, 138.9, 129.1, 128.9, 127.1, 119.3, 119.2, 46.8, 33.1, 26.7, 26.2.
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HRMS (ESI) caled for Ci7HN [M + H]* 238.1590, found 238.1590.

4-(tert-butyl)-2-cyclohexylpyridine (14).

AN

~
N Cy

According to the general procedure. The spectral data is consistent with the literature data.
Yellow oil (41.0 mg, 63%).

R¢0.50 (Petroleum ether/EtOAc, 10/1).

'H NMR (400 MHz, CDCl;) 6 8.43 (d, J = 5.2 Hz, 1H), 7.12 (s, 1H), 7.09 (d, J = 5.2 Hz, 1H),
2.68 (tt, J=11.6, 3.2 Hz, 1H), 1.94 (d, J = 11.6 Hz, 2H), 1.86 (d, J = 12.8 Hz, 2H), 1.75 (d, J =
12.4 Hz, 1H), 1.55 (ddd, J = 24.4, 12.4, 2.4 Hz, 2H), 1.48 — 1.34 (m, 3H), 1.30 (s, 9H). 3C NMR
(100 MHz, CDCl;) 0 166.4, 160.4, 148.9, 118.3, 118.1, 46.9, 34.8, 33.2, 30.7, 26.8, 26.2.

HRMS (ESI) calcd for CysHyN [M + H]* 218.1903, found 218.1902.

2-cyclohexyl-6-phenylpyridine and 2,4-dicyclohexyl-6-phenylpyridine (15).

Cy
l\
_ + l\
Cy N Ph =
Cy N Ph
1:0.6

According to the general procedure. The spectral data is consistent with the literature data.*

Clear oil (38.5 mg, 48%).

R¢0.60 (Petroleum ether/EtOAc, 20/1).

H NMR (400 MHz, CDCl;) 6 8.01 (t, J= 8.0 Hz, 3.2H), 7.63 (t, /= 7.6 Hz, 1H), 7.51 (d, J= 7.6
Hz, 1.2H), 7.48 — 7.41 (m, 3.2H), 7.40 — 7.32 (m, 2H), 7.07 (d, J = 7.6 Hz, 1H), 6.93 (s, 0.6H),
2.87 —2.69 (m, 1.6H), 2.60 — 2.44 (m, 0.6H), 2.02 (d, J = 12.4 Hz, 3.4H), 1.87 (d, J = 13.2 Hz,
5.2H), 1.76 (d, J=12.8 Hz, 2.2H), 1.59 (ddd, J =24.8, 12.4, 2.8 Hz, 3.6H), 1.49 — 1.38 (m, 5.2H),
1.36 — 1.27 (m, 2.2H). 3C NMR (100 MHz, CDCl;) ¢ 166.5, 157.5, 156.6, 156.5, 140.5, 140.1,
136.9, 128.7, 128.7, 128.6, 128.5, 127.2, 127.1, 119.3, 118.1, 117.8, 116.8, 46.8, 46.7, 44.4, 33.84,
33.2,33.1, 26.8,26.7,26.4,26.3, 26.1.

HRMS (ESI) caled for Ci;HyoN [M + H]* 238.1590, found 238.1587 and Cy3;H;3N [M + H]*
320.2373, found 320.2369.

diethyl 4-cyclohexylpyridine-2,6-dicarboxylate (16).
Cy
!
z
EtO,C° N "CO,Et

According to the general procedure.
Yellow solid (69.5 mg, 76%). M.p. =72 — 73 °C.
R¢0.40 (Petroleum ether/EtOAc, 4/1).
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TH NMR (400 MHz, CDCLy) § 8.13 (s, 2H), 4.49 (q, J = 7.2 Hz, 4H), 2.68 (t, J = 11.6 Hz, 1H),
1.92 (t, J = 13.6 Hz, 4H), 1.79 (d, J = 12.8 Hz, 1H), 1.51 — 1.40 (m, 10H), 1.29 (d, J = 12.4 Hz,
1H). 3C NMR (100 MHz, CDCl3) § 165.1, 159.6, 148.7, 126.6, 62.3, 43.9, 33.4, 26.4, 25.8, 14.3.
HRMS (ESI) caled for Ci7H24NO, [M + HJ* 306.1700, found 306.1702.

2-cyclohexylbenzo|d]thiazole (17).

Crio

According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (35.2 mg, 54%).

R¢0.50 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCl;) 6 7.97 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.43 (t, /= 7.6
Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 3.10 (tt, /= 11.6, 3.6 Hz, 1H), 2.20 (dd, J = 13.6, 2.0 Hz, 2H),
1.92 — 1.84 (m, 2H), 1.76 (ddd, J = 12.8, 4.8, 2.4 Hz, 1H), 1.64 (ddd, J = 24.8, 12.4, 3.2 Hz, 2H),
1.44 (ddt, J=25.2, 12.4, 3.2 Hz, 2H), 1.37 — 1.27 (m, 1H). 3C NMR (100 MHz, CDCl;) 6 177.7,
153.2,134.7,125.9, 124.6, 122.7, 121.6, 43.6, 33.5, 26.2, 25.9.

HRMS (ESI) calcd for Ci3H NS [M + H]* 218.0998, found 218.0999.

2-cyclohexyl-5-methoxybenzo[d]thiazole (18).

MeO N
o
S

According to the general procedure.

Yellow oil (35.6 mg, 48%).

R¢0.45 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCls) 6 7.84 (d, J= 8.8 Hz, 1H), 7.30 (d, J = 2.4 Hz, 1H), 7.04 (dd, J= 8.8,
2.4 Hz, 1H), 3.86 (s, 3H), 3.05 (tt, /= 11.6, 3.6 Hz, 1H), 2.18 (dd, J = 13.6, 2.0 Hz, 2H), 1.92 —
1.84 (m, 2H), 1.76 (ddd, J = 12.4, 4.8, 2.4 Hz, 1H), 1.62 (ddd, J = 24.4, 12.4, 3.2 Hz, 2H), 1.49 —
1.37 (m, 2H), 1.36 — 1.28 (m, 1H). 3C NMR (100 MHz, CDCls) ¢ 175.2, 157.3, 147.7, 135.9,
123.1, 115.0, 104.4, 55.9, 43.4, 33.5, 26.2, 25.9.

HRMS (ESI) caled for C4HgNOS [M + H]* 248.1104, found 248.1104.

6-chloro-7-cyclohexylimidazo|[1,2-b]pyridazine (19).
Cy = N

s NS
Cl N

According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (52.2 mg, 74%).

R¢0.35 (Petroleum ether/EtOAc, 20/1).

TH NMR (400 MHz, CDCl3) J 7.89 (s, 1H), 7.72 (s, 1H), 6.86 (s, 1H), 3.36 (t, J = 9.6 Hz, 1H),
2.09 (d, J = 8.4 Hz, 2H), 1.90 (d, J = 6.4 Hz, 2H), 1.82 (d, /= 13.2 Hz, 1H), 1.51 (d, /= 11.2 Hz,
4H), 1.36 — 1.27 (m, 1H). 3C NMR (100 MHz, CDCl;) ¢ 148.2, 147.5, 138.1, 133.3, 117.3, 114.7,
38.9,32.2,26.4, 26.1.
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HRMS (ESI) caled for Cj,H,sCIN; [M + HJ* 236.0949, found 236.0948.

3-bromo-6-chloro-7-cyclohexylimidazo|[1,2-b|pyridazine (20).

Cys AN
S N
cl N\e
Br

According to the general procedure.

Yellow oil (62.0 mg, 66%).

R¢0.50 (Petroleum ether/EtOAc, 20/1).

H NMR (400 MHz, CDCl;) 6 7.72 (s, 1H), 6.92 (s, 1H), 3.35 (s, 1H), 2.06 (d, J = 7.2 Hz, 2H),
1.89 (s, 2H), 1.82 (d, J = 12.8 Hz, 1H), 1.52 (p, J = 12.0 Hz, 4H), 1.38 — 1.28 (m, 1H). 3C NMR
(100 MHz, CDCl;) o 148.6, 148.5, 138.7, 133.6, 115.1, 101.3, 38.5, 32.2, 26.3, 26.0.

HRMS (ESI) calcd for C,,H;4BrCIN; [M + H]" 314.0054, found 314.0056.

4-cyclohexyl-2,6-dimethylpyridine (21).
Cy

N)QN
AN
According to the general procedure.
Colorless oil (34.2 mg, 60%).
R¢0.30 (Petroleum ether/EtOAc, 7/1).
TH NMR (400 MHz, CDCl;) 6 6.83 (d, J= 5.2 Hz, 1H), 2.87 — 2.75 (m, 1H), 2.45 (d, /= 5.6 Hz,
6H), 1.95 (d, J=12.0 Hz, 2H), 1.84 (d, J = 8.8 Hz, 2H), 1.69 (dd, J = 29.2, 12.4 Hz, 3H), 1.44 —
1.31 (m, 3H). 3C NMR (100 MHz, CDCls) 6 174.0, 166.4, 117.4,47.7, 32.0, 26.4, 26.0, 24.1.
HRMS (ESI) calcd for C1,HgN, [M + H]* 191.1543, found 191.1543.

5-bromo-4,6-dicyclohexylpyrimidine (22).

NN

|

Br

According to the general procedure.

White solid (58.9 mg, 61%). M.p. = 108 — 109 °C.

R:0.70 (Petroleum ether/EtOAc, 20/1).

TH NMR (400 MHz, CDCI;) 6 8.91 (s, 1H), 3.21 (t,J = 11.6 Hz, 2H), 1.86 (t, J = 11.2 Hz, 8H),
1.76 (d, J = 12.0 Hz, 2H), 1.59 (d, J = 8.8 Hz, 4H), 1.48 — 1.38 (m, 4H), 1.36 — 1.31 (m, 2H). 3C
NMR (100 MHz, CDCl;) 6 172.0, 156.3, 121.4, 44.6, 31.1, 26.4, 26.0.

HRMS (ESI) caled for C¢HpBrN, [M + H]* 323.1117, found 323.1120.

2-cyclohexylquinazolin-4(3H)-one (23).
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0

NH

P
N Cy

According to the general procedure C. The spectral Data is consistent with the literature data.*
White solid (56.1 mg, 82%). M.p. = 189 — 190 °C.

R¢0.50 (Petroleum ether/EtOAc, 2/1).

TH NMR (400 MHz, CDCl3) 6 12.04 (s, 1H), 8.29 (d, /= 7.6 Hz, 1H), 7.81 — 7.68 (m, 2H), 7.47 (t,
J=17.2Hz, 1H), 2.75 (ddd, J=12.0, 7.6, 3.2 Hz, 1H), 2.06 (d, /= 12.0 Hz, 2H), 1.93 (d, J=11.6
Hz, 2H), 1.86 — 1.75 (m, 3H), 1.53 — 1.38 (m, 3H). 13C NMR (100 MHz, CDCl;) ¢ 164.5, 160.5,
149.7, 134.8, 127.5, 126.4, 126.3, 120.9, 45.0, 30.6, 26.2, 25.8.

HRMS (ESI) caled for C14H7N,O [M + H]* 229.1335, found 229.1335.

2-ethyl-4-methylquinoline (24).

N
pZ

N
According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.’
Yellow oil (27.7 mg, 54%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
H NMR (400 MHz, CDCl;) ¢ 8.04 (d, J = 8.4 Hz, 1H), 7.94 (d, J=7.6 Hz, 1H), 7.71 — 7.62 (m,
1H), 7.56 — 7.45 (m, 1H), 7.15 (s, 1H), 2.95 (q, J = 7.6 Hz, 2H), 2.67 (s, 3H), 1.38 (t, /= 7.6 Hz,
3H). 13C NMR (100 MHz, CDCl;) 6 163.7, 147.7, 144.3, 129.3, 129.0, 126.8, 125.4, 123.6, 121.6,
32.2,18.7, 14.1.
HRMS (ESI) calcd for C1,H 4N [M + H]" 172.1121, found 172.1122.

4-methyl-2-propylquinoline (25).

N
P

N
According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.”
Yellow oil (33.9 mg, 61%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
H NMR (400 MHz, CDCl;) ¢ 8.04 (d, J = 8.4 Hz, 1H), 7.94 (d, J= 8.0 Hz, 1H), 7.71 — 7.62 (m,
1H), 7.54 — 7.44 (m, 1H), 7.13 (s, 1H), 2.96 — 2.85 (m, 2H), 2.66 (s, 3H), 1.92 — 1.75 (m, 2H),
1.02 (t, J = 7.6 Hz, 3H). 3C NMR (100 MHz, CDCl;) 6 162.7, 147.8, 144.2, 129.4, 129.1, 126.9,
125.5,123.7,122.2,41.3,23.4, 18.8, 14.2.
HRMS (ESI) calcd for C3H gN [M + H]" 186.1277, found 186.1279.

2-butyl-4-methylquinoline (26).
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N
7

N
According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.”
Yellow oil (37.6 mg, 63%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl;) ¢ 8.04 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.70 — 7.61 (m,
1H), 7.53 — 7.45 (m, 1H), 7.14 (s, 1H), 2.98 — 2.87 (m, 2H), 2.67 (s, 3H), 1.78 (tt, /= 7.6, 6.8 Hz,
2H), 1.51 — 1.37 (m, 2H), 0.96 (t, J = 7.6 Hz, 3H). 3C NMR (100 MHz, CDCl;) ¢ 162.9, 147.9,
144.2,129.5,129.1, 126.9, 125.5, 123.7, 122.2, 39.1, 32.3, 22.9, 18.8, 14.1.
HRMS (ESI) calcd for C4H;sN [M + H]" 200.1434, found 200.1435.

4-methyl-2-pentylquinoline (27).

N
P

N
According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.’
Yellow oil (44.7 mg, 70%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl;) ¢ 8.04 (dd, J = 8.4, 0.8 Hz, 1H), 7.93 (dd, J = 8.4, 0.8 Hz, 1H), 7.66
(ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.48 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.13 (s, 1H), 3.21 — 2.84 (m,
2H), 2.66 (s, 3H), 1.91 — 1.70 (m, 2H), 1.47 — 1.26 (m, 4H), 0.90 (t, J = 7.2 Hz, 3H). 13C NMR
(100 MHz, CDCl;) ¢ 162.9, 147.8, 144.2, 129.4, 129.1, 126.9, 125.5, 123.7, 122.2, 39.4, 31.9,
29.9,22.7,18.8, 14.1.
HRMS (ESI) calcd for C;sHyoN [M + H]* 214.1590, found 214.1589.

2-hexyl-4-methylquinoline (28).

N
P

N
According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.”
Yellow oil (46.3 mg, 68%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCI;) 6 8.04 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.66 (t,J = 7.2
Hz, 1H), 7.49 (t,J=7.2 Hz, 1H), 7.14 (s, 1H), 3.00 — 2.85 (m, 2H), 2.67 (s, 3H), 1.79 (dt, J = 15.6,
7.6 Hz, 2H), 1.43 (d, J = 6.8 Hz, 2H), 1.35 — 1.27 (m, 4H), 0.88 (t, J = 6.8 Hz, 3H). 3C NMR
(100 MHz, CDCl;) ¢ 162.9, 147.9, 144.2, 129.5, 129.1, 126.9, 125.5, 123.7, 122.2, 39.5, 31.9,
30.2,29.4,22.7,18.8, 14.2.
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HRMS (ESI) caled for C1sH,N [M + H]* 228.1747, found 228.1747.

4-methyl-2-octylquinoline (29).

N
P

N
According to the general procedure. 3 mL DMSO was used as the solvent.
Yellow oil (55.8 mg, 73%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCl3) 6 7.96 (d, J = 8.4 Hz, 1H), 7.89 — 7.81 (m, 1H), 7.58 (ddd, J = 8.4,
6.9, 1.2 Hz, 1H), 7.46 — 7.36 (m, 1H), 7.05 (s, 1H), 2.90 — 2.75 (m, 2H), 2.58 (s, 3H), 1.71 (dt, J =
15.6, 7.6 Hz, 2H), 1.37 — 1.17 (m, 10H), 0.79 (t, J = 6.8 Hz, 3H). 3C NMR (100 MHz, CDCl;) 6
162.9, 147.8, 144.2, 129.4, 129.1, 126.9, 125.5, 123.7, 122.2, 39.4, 31.9, 30.2, 29.7, 29.6, 29.3,
22.8,18.8, 14.2.
HRMS (ESI) calcd for CgHy6N [M + H]* 256.2060, found 256.2060.

4-methyl-2-phenethylquinoline (30).

\
L,

T
According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.”
Yellow oil (55.6 mg, 75%).
R¢0.40 (Petroleum ether/EtOAc, 20/1).
'H NMR (400 MHz, CDCI;) 6 8.07 (d, J = 8.4 Hz, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.68 (t, /= 7.6
Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.34 — 7.24 (m, 4H), 7.20 (t, /= 6.4 Hz, 1H), 7.09 (s, 1H), 3.29
—3.19 (m, 2H), 3.17 — 3.09 (m, 2H), 2.65 (s, 3H). 3C NMR (100 MHz, CDCl;) 6 161.6, 147.9,
144.4, 141.8, 129.5, 129.2, 128.6, 128.5, 127.0, 126.1, 125.7, 123.7, 122.4, 41.1, 36.1, 18.8.
HRMS (ESI) calcd for CgH N [M + H]* 248.1434, found 248.1434.

2-isopentyl-4-methylquinoline (31).

\
=

N

According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.’

Yellow oil (25.6 mg, 40%).

R¢0.40 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCI;) 6 8.04 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.67 (t, /= 7.6
Hz, 1H), 7.50 (t, J = 7.6 Hz, 1H), 7.15 (s, 1H), 2.98 — 2.86 (m, 2H), 2.67 (s, 3H), 1.77 — 1.60 (m,
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3H), 0.98 (d, J = 5.2 Hz, 6H). 3C NMR (100 MHz, CDCL) J 163.1, 147.8, 144.3, 129.4, 129.1,
126.9, 125.5, 123.7, 122.2, 39.3, 37.4, 28.4, 22.7, 18.8.
HRMS (ESI) calcd for C;sHyoN [M + H]* 214.1590, found 214.1593.

2-cyclopropyl-4-methylquinoline (32).
A
~
N

According to the general procedure. 3 mL DMSO was used as the solvent. The spectral Data is
consistent with the literature data.?

Yellow oil (26.4 mg, 48%).

R¢0.40 (Petroleum ether/EtOAc, 20/1).

H NMR (400 MHz, CDCl3) 6 7.96 (d, J = 8.4 Hz, 1H), 7.90 (dd, J = 8.4, 1.2 Hz, 1H), 7.63 (ddd,
J=28.4,6.8,1.2 Hz, 1H), 7.45 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 6.99 (s, 1H), 2.65 (s, 3H), 2.20 (ddd,
J=9.6,84,52Hz, 1H), 1.16 — 1.10 (m, 2H), 1.10 — 1.03 (m, 2H). 3C NMR (100 MHz, CDCl;)
0163.1,147.9, 143.9, 129.3, 129.1, 126.9, 125.1, 123.7, 119.9, 18.8, 18.1, 10.1.

HRMS (ESI) calcd for C3H ;4N [M + H]* 184.1121, found 184.1122.

2-cyclobutyl-4-methylquinoline (33).
A
Z
N

According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (31.9 mg, 54%).

R¢0.40 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCI;) 6 8.06 (d, J = 8.4 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.65 (t, /= 7.6
Hz, 1H), 7.47 (t,J = 7.6 Hz, 1H), 7.17 (s, 1H), 3.82 (p, J = 8.8 Hz, 1H), 2.65 (s, 3H), 2.50 — 2.36
(m, 4H), 2.11 (tt, J=18.0, 9.2 Hz, 1H), 2.00 — 1.87 (m, 1H). 3C NMR (100 MHz, CDCl3) § 164.7,
147.7, 144.2, 129.6, 129.0, 126.9, 125.5, 123.6, 120.3, 42.7, 28.3, 18.8, 18.4.

HRMS (ESI) calcd for Ci4H ¢N [M + H]" 198.1277, found 198.1279.

2-cyclopentyl-4-methylquinoline (34).
A
pZ
N

According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (53.2 mg, 84%).

R¢0.40 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCl;) 6 8.04 (d, J = 8.4 Hz, 1H), 7.96 — 7.86 (m, 1H), 7.70 — 7.60 (m, 1H),
7.53 = 7.42 (m, 1H), 7.16 (s, 1H), 3.41 — 3.22 (m, 1H), 2.65 (s, 3H), 2.16 (ddd, J = 16.0, 9.6, 2.4
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Hz, 2H), 1.93 — 1.81 (m, 4H), 1.80 — 1.70 (m, 2H). 3C NMR (100 MHz, CDCl;) 6 165.9, 147.6,
144.2,129.5, 128.9, 127.0, 125.4, 123.6, 120.7, 48.9, 33.7, 26.1, 18.9.
HRMS (ESI) calcd for C;sH N [M + HJ* 212.1434, found 212.1435.

2-isopropyl-4-methylquinoline (35).

X
Z

N

According to the general procedure. The spectral data is consistent with the literature data.’
Yellow oil (50.0 mg, 90%).

R:0.70 (Petroleum ether/EtOAc, 20/1).

'H NMR (400 MHz, CDCI;) 6 8.05 (d, J = 8.4 Hz, 1H), 7.92 (d, J = 8.4 Hz, 1H), 7.65 (t, /= 7.6
Hz, 1H), 7.48 (t, J= 7.6 Hz, 1H), 7.16 (s, 1H), 3.29 — 3.13 (m, 1H), 2.67 (s, 3H), 1.38 (d, /= 7.2
Hz, 6H). 13C NMR (100 MHz, CDCl3) J 167.4, 147.6, 144.4, 129.6, 129.0, 127.1, 125.5, 123.6,
119.8,37.3,22.6, 18.9.

HRMS (ESI) caled for C3H gN [M + H]" 186.1277, found 186.1279.

(S)-2-(sec-butyl)-4-methylquinoline (36).

N

p
N

According to the general procedure. The spectral Data is consistent with the literature data.?
Yellow oil (49.0 mg, 82%).

R¢0.50 (Petroleum ether/EtOAc, 20/1).

H NMR (400 MHz, CDCl3) 6 8.06 (d, J = 8.4 Hz, 1H), 7.94 (dd, J = 8.4, 0.8 Hz, 1H), 7.66 (ddd,
J=284,6.8,1.2 Hz, 1H), 7.49 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.13 (s, 1H), 3.03 — 2.88 (m, 1H),
2.67 (s, 3H), 1.91 — 1.76 (m, 1H), 1.76 — 1.61 (m, 1H), 1.35 (d, /= 7.2 Hz, 3H), 0.89 (t, /="7.2 Hz,
3H). 13C NMR (100 MHz, CDCl;) d 166.8, 147.7, 144.3, 129.6, 129.0, 127.1, 125.5, 123.7, 120.3,
44.7,30.0, 20.5, 18.9, 12.4.

HRMS (ESI) calcd for C4H;sN [M + H]" 200.1434, found 200.1435.

5,7-dichloro-2-cyclohexyl-4-(4-fluorophenoxy)quinolone (39).

o
Cl O

\
Z
Cl N~ "Cy

According to the general procedure. The spectral Data is consistent with the literature data.?
White solid (49.0 mg, 42%). M.p. =92 — 93 °C.
R 0.60 (Petroleum ether/EtOAc, 40/1).
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TH NMR (400 MHz, CDCl3) 5 7.95 (t, J = 1.6 Hz, 1H), 7.49 (t, J = 1.6 Hz, 1H), 7.22 — 7.06 (m,
4H), 6.52 (s, 1H), 2.69 (t, J = 11.2 Hz, 1H), 1.85 (dd, J=23.6, 11.6 Hz, 4H), 1.72 (d, J= 12.4 Hz,
1H), 1.50 — 1.32 (m, 4H), 1.26 (t, J = 12.0 Hz, 1H). 3C NMR (100 MHz, CDCl;) 6 169.7, 162.4,
159.9 (d, J = 244 Hz), 151.5, 150.4, 134.8, 129.9, 128.7, 127.6, 122.1, 122.0, 117.1 (d, J = 24 Hz),
105.8, 47.4, 32.5, 26.4, 25.9.

HRMS (ESI) caled for C;H;eCLFNO [M + HJ* 390.0822, found 390.0821

(S)-11-cyclohexyl-4-ethyl-4-hydroxy-1,12-dihydro-14H-pyrano[3',4':6,7]indolizino[1,2-
b]quinoline-3,14(4H)-dione (40).

According to the general procedure. The spectral Data is consistent with the literature data.®
Yellow solid (52.9 mg, 41%).

R¢0.60 (DCM/MeOH, 20/1). M.p. =221-223 °C.

H NMR (400 MHz, CDCl3) 6 8.32 — 8.16 (m, 2H), 7.79 (t, J = 7.6 Hz, 1H), 7.72 — 7.61 (m, 2H),
5.76 (d, J = 16.4 Hz, 1H), 5.42 (s, 2H), 5.31 (d, J = 16.4 Hz, 1H), 3.83 (s, 1H), 3.66 (s, 1H), 2.00
(s, 4H), 1.95 — 1.84 (m, 4H), 1.58 (dd, J=25.2, 12.4 Hz, 3H), 1.51 — 1.42 (m, 1H), 1.04 (t, J=7.6
Hz, 3H). 3C NMR (100 MHz, CDCly) § 174.1, 157.7, 153.6, 152.5, 150.4, 148.7, 146.7, 130.9,
130.0, 127.8, 127.1, 123.8, 118.4, 97.8, 72.9, 66.5, 50.8, 31.9, 31.7,29.8, 27.1, 26.1, 7.9.

HRMS (ESI) calcd for Cp6H,7N,O4 [M + H]* 431.1965, found 431.1969.

5-((1,4-diazepan-1-yl)sulfonyl)-1-cyclohexylisoquinoline (41).

H
®
N
0=s=0

AN
~-N

Cy

According to the general procedure.

The spectral Data is consistent with the literature data.*

Brown solid (52.6 mg, 47%). M.p. = 110- 111 °C.

R¢0.30 (DCM/MeOH, 20/1).

'H NMR (400 MHz, CDCl;) 6 8.62 (d, J = 6.0 Hz, 1H), 8.48 (d, J = 8.8 Hz, 1H), 8.28 (dd, J =
14.4, 6.8 Hz, 2H), 7.65 (t, J = 8.0 Hz, 1H), 3.58 (dd, J = 11.6, 2.8 Hz, 1H), 3.54 — 3.44 (m, 4H),
3.31 (s, 1H), 3.12 — 2.92 (m, 4H), 2.00 — 1.77 (m, 9H), 1.62 — 1.46 (m, 2H), 1.46 — 1.34 (m, 1H).
13C NMR (100 MHz, CDCl3) 6 166.7, 143.9, 135.1, 132.3, 130.4, 126.9, 125.2, 115.5, 50.3, 50.0,
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47.4,47.3,42.1,32.8,30.6, 26.8, 26.2.
HRMS (ESI) caled for CoHasN;0,S [M + H]* 374.1897, found 374.1899.

2-((2-(4-chlorophenoxy)-2-methylpropanoyl)oxy)ethyl 2-cyclohexylnicotinate (42).

G
N/ Cy ©

According to the general procedure.

Yellow oil (86.8 mg, 65%).

R¢0.40 (Petroleum ether/EtOAc, 4/1).

TH NMR (400 MHz, CDCl3) 6 9.05 (d, J= 1.6 Hz, 1H), 8.03 (dd, J = 8.4, 2.4 Hz, 1H), 7.21 (d, J
= 8.0 Hz, 1H), 7.14 — 7.04 (m, 2H), 6.81 — 6.73 (m, 2H), 4.60 — 4.46 (m, 4H), 2.78 (tt, J = 11.6,
3.2 Hz, 1H), 2.01 — 1.93 (m, 2H), 1.88 (dd, J=9.2, 3.2 Hz, 2H), 1.79 — 1.73 (m, 1H), 1.59 (d, J =
3.2 Hz, 6H), 1.57 — 1.49 (m, 2H), 1.46 — 1.37 (m, 2H), 1.35 — 1.27 (m, 1H). 3C NMR (100 MHz,
CDCly) 0 174.0, 171.5, 165.2, 154.0, 150.5, 137.5, 129.2, 127.3, 123.0, 120.8, 120.3, 79.4, 63.2,
62.6,46.9, 32.7,26.5, 26.0, 25.4.

HRMS (ESI) calced for Cy4HpgCINOs [M + H]* 446.1729, found 446.1732.

ethyl 4-(8-chloro-2-cyclohexyl-5,6-dihydro-11H-benzo|[5,6]cyclohepta[1,2-b]pyridin-11-
ylidene)piperidine-1-carboxylate (43).

I
Cc / N

|NCy

N

O)\O

According to the general procedure. The spectral Data is consistent with the literature data.?
White solid (72.4 mg, 52%). M.p.=105-106 °C.

R¢0.50 (Petroleum ether/EtOAc, 4/1).

'H NMR (400 MHz, CDCl;) ¢ 7.34 (d, J = 8.0 Hz, 1H), 7.14 (dt, J/=9.2, 5.0 Hz, 3H), 6.96 (d, J =
8.0 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 3.84 (s, 2H), 3.32 (dddd, J = 16.8, 13.1, 9.6, 5.6 Hz, 2H),
3.10 (ddd, J=13.2, 9.6, 3.2 Hz, 2H), 2.86 — 2.73 (m, 2H), 2.68 (dd, J = 15.6, 7.2 Hz, 1H), 2.49 (s,
1H), 2.41 —2.28 (m, 3H), 1.96 — 1.88 (m, 2H), 1.82 (d, /= 12.4 Hz, 2H), 1.73 (d, /= 12.4 Hz, 1H),
1.48 — 1.34 (m, 4H), 1.26 (t, J = 7.2 Hz, 4H). 3C NMR (100 MHz, CDCl;) J 163.7, 155.8, 155.6,
140.0, 138.2, 138.1, 137.4, 134.6, 132.8, 130.6, 130.3, 128.9, 126.1, 118.9, 61.4, 46.1, 45.0, 34.0,
32.4,31.9,31.5,30.7,26.7, 26.5, 26.2, 14.8.

HRMS (ESI) caled for CpsH34CIN,O, [M + H]* 465.2303, found 465.2308.

8-cyclohexyl-1,3-dimethyl-3,7-dihydro-1H-purine-2,6-dione (44).
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H
\N N
)\in’)_cy
o) Iil N

According to the general procedure. The spectral Data is consistent with the literature data.”
White solid (33.8 mg, 43%). M.p. =299 — 300 °C.

R;0.30 (DCM/MeOH, 20/1).

TH NMR (400 MHz, CDCl;) J 3.64 (s, 3H), 3.48 (s, 3H), 2.90 (tt, J = 12.0, 3.6 Hz, 1H), 2.13 —
2.04 (m, 2H), 1.92 — 1.85 (m, 2H), 1.78 — 1.70 (m, 2H), 1.68 (d, /= 3.2 Hz, 1H), 1.48 — 1.37 (m,
2H), 1.34 — 1.29 (m, 1H). 13C NMR (100 MHz, CDCl;) ¢ 160.0, 155.8, 151.8, 149.3, 106.7, 39.0,
31.5,30.3, 28.4, 26.1, 25.8.

HRMS (ESI) calcd for C3H 9N4O, [M + H]* 263.1503, found 263.1502.

2-cyclohexyl-3-hydroxynaphthalene-1,4-dione (45)

0
T
Cy

o}

According to the general procedure. The spectral data is consistent with the literature data.*
Yellow solid (55.3 mg, 72%). M.p. =128 — 129 °C.

R¢0.50 (Petroleum ether/EtOAc, 10/1).

'H NMR (400 MHz, CDCl;) 6 8.11 (d, J= 7.6 Hz, 1H), 8.05 (d, J = 7.6 Hz, 1H), 7.75 (t, /= 7.6
Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.50 (s, 1H), 3.08 (tt, /= 12.4, 3.2 Hz, 1H), 2.05 — 1.92 (m, 2H),
1.81(d, J=12.4 Hz, 2H), 1.73 (d, /= 9.2 Hz, 1H), 1.61 (d, J = 12.4 Hz, 2H), 1.44 — 1.28 (m, 3H).
13C NMR (100 MHz, CDCl3) ¢ 184.7, 182.1, 153.0, 135.0, 133.3, 132.8, 129.3, 128.0, 127.0,
126.0, 35.2, 29.3, 26.8, 26.1.

HRMS (ESI) caled for CisH;;,05 [M + H]* 257.1172, found 257.1171.

6. Gram-scale Reaction

B(OH), 1 mol % Ir[dF(CF3)ppyl.(dtbbpy)PFg

X 4+ 2.0 equivTFA N
p
P DCE (0.1 M), O, N
N 36 W blue LED, rt, 24 h
1, 1.0 equiv 2.3.0 equiv 3 (81%, 1.1g)

Scheme S3

To an oven dried Schlenk tube was added Ir[dF(CF3)ppy)]2(dtbbpy)PF¢ (90 mg, 0.08 mmol, 1 mol
%), 1 (1.17 g, 8.0 mmol, 1.0 equiv), 2 (3.54 g, 12 mmol, 1.5 equiv), TFA (0.9 mL, 12 mmol, 1.5
equiv) and 80 mL of DMSO. The tube was evacuated and backfilled with O, (this process was
repeated three times). The mixture was then stirred rapidly and irradiated with two 36 W Blue
LEDs (approximately 2 cm away from the light source) at room temperature for 48 h. The reaction
mixture was diluted with 60 mL of aqueous 1 M NaHCO; solution, and extracted with DCM (3 x
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100 mL). The combined organic extracts were washed with brine (200 mL), dried over Na,SO,,
and concentrated in vacuo. After purification by flash column chromatography on silica gel, the
product was obtained in 81% yield.

References

[1] M. S. Lowry, J. I. Goldsmith, J. D. Slinker, R. Rohl, R. A. Pascal, G. G. Malliaras, S.
Bernhard, Chem. Mater.2005, 17, 5712.

[2] J. Dong, X. Lyu, Z. Wang, X. Wang, H. Song, Y. Liu, Q. Wang, Chem. Sci., 2019, 10, 976.

[3] R. A. Garza-Sanchez, A. Tlahuext-Aca, G. Tavakoli, F. Glorius, ACS Catal. 2017, 7, 4057.

[4] A. Gutierrez-Bonet, C. Remeur, J. K. Matsui, G. A. Molander, J. Am. Chem. Soc. 2017, 139,
12251.

[5] L.Zhang, Z.-Q. Liu, Org. Lett. 2017, 19, 6594.
[6] G.-X.Li, C. A. Morales-Rivera, Y. Wang, F. Gao, G. He, P. Liu, G. Chen, Chem. Sci. 2016,

7, 6407.
[7] R.-J. Tang, L. Kang and L. Yang, Adv. Synth. Catal. 2015, 357, 2055.

26



NMR Spectra

'H NMR spectrum of compound 3
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'H NMR spectrum of compound 4
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'"H NMR spectrum of compound 5
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'"H NMR spectrum of compound 6
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'"H NMR spectrum of compound 7
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'"H NMR spectrum of compound 8
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'H NMR spectrum of compound 9
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'H NMR spectrum of compound 10
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"H NMR spectrum of compound 11
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'H NMR spectrum of compound 12
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'H NMR spectrum of compound 13
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'H NMR spectrum of compound 14
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'H NMR spectrum of compound 15
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'H NMR spectrum of compound 16
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'H NMR spectrum of compound 17
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'H NMR spectrum of compound 18
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'H NMR spectrum of compound 19
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'H NMR spectrum of compound 20
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"H NMR spectrum of compound 21
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'H NMR spectrum of compound 22

— MO OODWOoO DWW OoW OO
a DDOF R OINT T T
] e e
| L

o

226 —=—

T T T T T T T T T

100 95 090 B85 80 75 70 65 60 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

13C NMR spectrum of compound 22

— o -
o @ A [ oo
o w — wy omo
~ "] o - — W00
L — = - ) ool
I | | I NN

T T T T T T T T T T

20 210 2t;JC| 190 180 170 160 150 140 130 120 ‘I}?I 101]3 9 80 70 60 S50 40 30 20 10
ppm

46




'H NMR spectrum of compound 23
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'H NMR spectrum of compound 24
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'H NMR spectrum of compound 25

00’k
pO'L
6Ly
LBl
€8l
pe'l
98'}”
88l
992
mmmw
_”_m.N“N
267

£kl
vl
vl
BY'L
b§2
152
PoLy
G9'L
99,
89'
89'L"
€6'L]
S6'L
€08
s0'g’

el

I

Foze

Friz

Fil'e
ke

660

Fou
kzo'L

c0'L
WS._

10 05 00

1.5

40 35 30 25 20

45
f1 (ppm)

75 70 65 60 55 50

80

85

9.0

9.5

13C NMR spectrum of compound 25

BlvL—
og8l—
ret~

pe L —

1ArAAS
%.QIM
BY'SZL
68'9ZL
0L'BZL
SPBZL

Tl —
peirl—

69Z9L—

i

-10

100 180 170 160 150 140 130 120 10, 100 o0 80 70 60 50 40 30 20 10
ppm

210 200

49



"H NMR spectrum of compound26
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'H NMR spectrum of compound 27
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'H NMR spectrum of compound 28
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'H NMR spectrum of compound 29
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'H NMR spectrum of compound 30
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"H NMR spectrum of compound 31
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'H NMR spectrum of compound 32
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'H NMR spectrum of compound 33

06t
L6l
Z6't
€6t
76l
5611
96} 1
L6
86t
5071
L0Z1
802
rANA
PLZ
Gz
e
LrZ-
P
SPZ
SHZ
Lz
592
LLEY
BLE
ZB'C
pa e
98¢/

L' Ly
Shly

Ll
BY'L
£9'L1

9L
w9’
0611
NmF%
508/
108

X
hgLL

g0'r
wmfm

IlJ_ Teso

.rrmm..o
Foo't
Foo'L

.w_.a_.—

35 30 25 20 15 1.0 05 00

80 75 70 65 60 55 50 45 40
f1 (ppm)

85

9.0

13C NMR spectrum of compound 33

el
£e8al

6282—

DINA4

62021+
LEZIL
9r'SZLL
€621~
zoezf
0962}

BLyrl—
Loivl—

9ival—

L

210 200

-10

180 170 160 150 140 130 120 110”!100] 90 80 70 60 50 40 30 20 10
ppm

190

57



'H NMR spectrum of compound 34
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'H NMR spectrum of compound 35
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'H NMR spectrum of compound 36
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'H NMR spectrum of compound 39
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'H NMR spectrum of compound 40
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"H NMR spectrum of compound 41
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'H NMR spectrum of compound 42
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'H NMR spectrum of compound 43
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'H NMR spectrum of compound 44
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'H NMR spectrum of compound 45
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