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1. General information

Unless otherwise noted, all solvents and other reagents were commercially available and used 
without further purification. All reagents were weighed and handled under air at room 
temperature. Ir[dF(CF3)ppy]2(dtbbpy)PF6 was purchased from Bidepharm. The all commercial 
reagents were purchased from TCI, Sigma-Aldrich, Adamas-beta chemistry and Energy Chemical 
of the highest purity grade. Thin layer chromatography (TLC) employed glass 0.25 mm silica gel 
plates. The LED blue light, Kessil (PR160-440nm) was purchased from Kessil, NMR spectra were 
recorded on a Varian-MERCURY Plus-400 NMR spectrometer, a Brucker AVANCE III 500 NMR 
spectrometer, or a Brucker AVANCE III 600 NMR spectrometer and mass spectra (HRMS) were 
recorded on Micromass Ultra Q-TOF (ESI). The peaks were internally referenced to TMS (0.00 
ppm) or residual undeuterated solvent signal. The following abbreviations were used to explain 
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, and br = broad. 
Pyridinium salts and NHPI esters were prepared according to the previous literatures.

1.1 General procedure for the synthesis of NHPI esters 

O

OHR
+ N

O

O

5 mol % DMAP, 1.2 eq. DIC
HO

1.2 equiv. 1.0 equiv.

N

O

O

O
R

O

DCM or THF, r.t.

According to the reported literature1, the redox active esters can be synthesized by condensation 
of corresponding carboxylic acids with N-hydroxyphthalimide. The corresponding alkyl carboxylic 
acid (12 mmol, 1.2 equiv.), N-hydroxyphthalimide (1.63 g, 10 mmol, 1.0 equiv.), and 4-
dimethylaminopyridine (DMAP) (61mg, 0.5 mmol, 5 mol %) were mixed in a flask with a magnetic 
stirring bar. THF or DCM (40 mL) (according to the solubility of the carboxylic acids) was added. 
Then (Diisopropylcarbodiimide) DIC (1.51 g, 12 mmol, 1.2 equiv.) was added slowly at room 
temperature. The reaction mixture was stirred at room temperature for 6 h. After N-
hydroxyphthalimide was completely converted, the white precipitate was filtered off and the 
solution was concentrated under vacuum. Corresponding redox active esters were purified by 
column chromatography on silica gel (DCM/MeOH or PE/EA as eluent) or further recrystallization 
with (PE /EA).
All the redox active esters are reported and their spectral data are consistent with the literature 
data. 2-14
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1.2 General procedure for the synthesis of pyridinium salts 

General procedure A

N

R +
COOH

COOH
H2O, reflux, 2 h

then AcOH (1.2 equiv.
reflux, 24 h)

N

R

OOC
COOH

According to the reported literature15 , a solution of maleic acid (1.16 g, 10 mmol) and 
substituted pyridine (1 equiv., 10 mmol) in H2O (5 mL) was stirred at 90 °C for 2 h. After a 
crystalline solid appeared in reaction mixture, acetic acid (686 µL, 1.2 equiv. 12 mmol) was added. 
The solution was kept in suspension with stirring at the same temperature for 24 h. The crude 
reaction mixture was cooled down to room temperature, filtered, washed with small amount of 
MeOH and EtOAc. The resulting white solid was dried under reduced pressure by rotary 
evaporator and high vacuum for overnight. The product was obtained and used for next step 
without further purification.

N

OOC
COOH

N

OOC
COOH

N

OOC
COOH

N

OOC
COOH

N

OOC
COOH

N

OOC
COOH

N

OOC
COOH

COOEt

O
COOEt

1a 2a 3a 4a

5a 6a 7a

Figure S1. Synthesized pyridinium salts followed by general procedure A

General Procedure B
According to the reported literature15, a solution of pyridinium carboxylate salt (2.5 mmol, 1 
equiv.) in EtOH (12.5 mL, 0.2 M) with concentrated sulfuric acid (2 equiv., 5 mmol, 260 µL) was 
stirred at 90 °C for 18 h. Upon completion, the solvent (EtOH) was evaporated under reduced 
pressure. The concentrated crude mixture was diluted in dichloromethane (15 mL) and H2O (2 
mL) and extracted by dichloromethane monitoring by TLC both aqueous and organic phase until 
no desired product in the aqueous phase was observed. The combined organic phase was dried 
by Na2SO4, filtered, concentrated under reduced pressure. The resulting colorless liquid was used 
for next step without further purification.
All the pyridinium salts are reported and their spectral data are consistent with the literature 
data15. 
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N

EtOOC
COOEt
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EtOOC
COOEt

N
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COOEt

COOEt

O
COOEt

1b 2b 3b 4b

5b 6b 7b

Figure S2. Synthesized pyridinium salts according to the general procedure B, Counter-anion 

= ethyl sulfate (EtOSO3-).

1.3 General procedure for the photoredox-catalysed C-4 alkylation and 

deprotection reactions.

N

EtOOC
COOEt
OSO3Et

N

O

O

O

O
R1

1 (2.0 equiv.)

DCM, 25 °C
r.t 30 min N

R12 (1.0 equiv.)

DMA (0.2 M)
35 w blue LEDs, r.t, Ar

DBU

Ir[dF(CF3)ppy]2(dtbbpy)PF6 (2 mol%)

3

R

R

Pyridinium salts (2.0 equiv., 0.8 mmol), redox active ester (1.0 equiv., 0.4 mmol), 
Ir[dF(CF3)ppy]2(dtbbpy)PF6 (2.0 mol %, 8.8 mg), DMA (2 mL) were placed in a screwed vial 
equipped with a stirring bar. The vial was evacuated and backfilled with Ar for three times. The 
mixture was then irradiated by 36 W blue LEDs for 10 h. After 10 h, reaction mixture was diluted 
with DCM (3 mL) and the aqueous phase was extracted with DCM (3 x 3 mL) and the combined 
organic layers was added DBU (6.0 equiv., 358 µL), after stirred at room temperature for 30 min, 
the reaction mixture was transferred to a separatory funnel and washed with 1 N NaOH for 3 
times [Note: In case of base sensitive substrate, aq. NaOH could be changed by 1 N Na2CO3]. The 
organic phase was washed with brine for 3 times. The resulting organic layers were dried over 
Na2SO4, filtered, and concentrated in vacuum. The crude material was purified by silica gel 
chromatography to yield the desired product. (DCM/MeOH or PE/EA as eluent).
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1.4 General procedure for gram-scale

Pyridinium salts (2.0 equiv., 8 mmol), redox active ester (1.0 equiv., 4 mmol), 
Ir[dF(CF3)ppy]2(dtbbpy)PF6 (2.0 mol %, 88 mg), DMA (20 mL) were placed in a 50 mL two-necked 
flask equipped with a stirring bar. The flask was evacuated and backfilled with Ar for three times. 
The mixture was then irradiated by 36 W blue LEDs for 10 h. After 10 h, the reaction mixture was 
diluted with DCM (20 mL) and the aqueous phase was extracted with DCM (10 x 3 mL) and the 
combined organic layers was added DBU (6.0 equiv., 3580 µL) then stirred at room temperature 
for 30 min. The reaction mixture was transferred to a separatory funnel and washed with 1 N 
NaOH for 3 times. The organic phase was washed with brine for 3 times. And the resulting 
organic layers were dried over Na2SO4, filtered, and concentrated in vacuum. The crude material 
was purified by silica gel chromatography to yield the desired product. (PE/EA as eluent).

2. Characterization data of the products

Spectral Data

N

4-cyclohexylpyridine (3a1) orange liquid, 78% (50 mg) 1H NMR (500 MHz, Chloroform-d) δ 8.46 (d, J = 

6.0 Hz, 2H), 7.10 (d, J = 6.0 Hz, 2H), 2.51 – 2.42 (m, 1H), 1.89 – 1.79 (m, 4H), 1.78 – 1.71 (m, 1H), 1.43 – 

1.32 (m, 4H), 1.28 – 1.20 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 156.69, 149.74, 122.45, 43.92, 33.61, 

26.63, 26.04; HRMS (ESI) m/z: calcd for C11H16N+ (M+H)+ 162.1277, found 162.1275. Characterization 

data matched that reported in the literature15.

N

7

4-octylpyridine (3b) colourless oil, 71% (54 mg) 1H NMR (400 MHz, Chloroform-d) δ 8.46 (d, J = 5.2 Hz, 

2H), 7.09 (d, J = 5.8 Hz, 2H), 2.61 – 2.54 (t, J = 6.0 Hz, 2H), 1.60 (p, J = 7.2 Hz, 2H), 1.40 – 1.10 (m, 10H), 

0.86 (t, J = 6.8 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 151.34, 149.05, 123.42, 34.74, 31.32, 28.85, 28.67, 

22.13, 13.57; HRMS (ESI) m/z: calcd for C13H22N+ (M+H)+ 192.1747, found 192.1742. Characterization 

data matched that reported in the literature16.

N

COOMe
4

Methyl 5-(pyridin-4-yl)pentanoate (3c) colourless oil, 63% (49 mg) 1H NMR (400 MHz, Chloroform-d) δ 

8.48 (d, J = 5.9 Hz, 2H), 7.11 (d, J = 5.9 Hz, 2H), 3.65 (s, 3H), 2.73 – 2.51 (m, 2H), 2.40 – 2.20 (m, 2H), 1.82 

– 1.54 (m, 4H); 13C NMR (126 MHz, CDCl3) δ 173.91, 151.40, 149.73, 124.07, 51.68, 35.00, 33.85, 29.74, 
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24.54; HRMS (ESI) m/z: calcd for C11H16NO2
+ (M+H)+ 194.1176, found 194.1173. Characterization data 

matched that reported in the literature15.

N

Ph

4-(4-phenylbutyl)pyridine (3d) colourless oil, 83% (70 mg) 1H NMR (600 MHz, Chloroform-d) δ 8.50 (d, J 

= 5.9 Hz, 2H), 7.30 – 7.24 (m, 2H), 7.20 – 7.14 (m, 3H), 7.12 (d, J = 5.8 Hz, 2H), 2.66 – 2.61 (m, 4H), 1.66 

(m, 3.8 Hz, 4H); 13C NMR (151 MHz, CDCl3) δ 152.47, 149.45, 142.15, 128.43, 125.91, 124.30, 35.73, 

35.21, 30.98, 29.83; HRMS (ESI) m/z: calcd for C15H18N+ (M+H)+ 212.1434, found 212.1440. 

N

SPh

4-(3-(phenylthio)propyl)pyridine (3e) yellow oil, 50% (46 mg) 1H NMR (500 MHz, Chloroform-d) δ 8.49 

(d, J = 4.9 Hz, 2H), 7.34 – 7.23 (m, 4H), 7.18 (t, J = 7.2 Hz, 1H), 7.09 (d, J = 5.7 Hz, 2H), 2.91 (t, J = 7.1 Hz, 

2H), 2.80 – 2.68 (t, J = 7.1 Hz, 2H), 1.96 (p, J = 7.2 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 150.45, 149.84, 

136.10, 129.58, 129.05, 126.27, 124.05, 33.92, 33.07, 29.56; HRMS (ESI) m/z: calcd for C14H16NS+ (M+H)+ 

230.0998, found 230.0999. 

N

4-((adamantan-1-yl)methyl)pyridine (3f) orange solid, 44% (40 mg) 1H NMR (500 MHz, Chloroform-d) δ 

8.47 (d, J = 5.0 Hz, 2H), 7.00 (d, J = 5.4 Hz, 2H), 2.35 (s, 2H), 1.94 (t, J = 3.2 Hz, 3H), 1.71 – 1.60 (m, 3H), 

1.60 – 1.50 (m, 3H), 1.47 (d, J = 2.8 Hz, 6H).; 13C NMR (126 MHz, CDCl3) δ 149.09, 147.38, 126.13, 50.73, 

42.45, 36.95, 33.67, 28.74; HRMS (ESI) m/z: calcd for C16H22N+ (M+H)+ 228.1747, found 228.1744. 

N

NHBoc

Tert-butyl (pyridin-4-ylmethyl)carbamate (3g) pale yellow oil, 89% (74 mg) 1H NMR (600 MHz, 

Chloroform-d) δ 8.47 (d, J = 5.2 Hz, 2H), 7.15 (d, J = 5.4 Hz, 2H), 5.41 (t, J = 6.6 Hz, 1H), 4.27 (d, J = 6.4 Hz, 

2H), 1.42 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 156.10, 149.87, 148.39, 122.01, 79.93, 43.49, 28.42; HRMS 

(ESI) m/z: calcd for C11H17N2O2
+ (M+H)+ 209.1285, found 209.1280. Characterization data matched that 

reported in the literature17.

N

4-isopropylpyridine (3h) colourless oil, 60% (29 mg) 1H NMR (600 MHz, Chloroform-d) δ 8.47 (d, J = 6.2 

Hz, 2H), 7.11 (d, J = 6.2 Hz, 2H), 2.85 (hept, J = 6.9 Hz, 1H), 1.23 (d, J = 7.0 Hz, 6H); 13C NMR (151 MHz, 
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CDCl3) δ 157.58, 149.80, 122.06, 33.62, 23.17; HRMS (ESI) m/z: calcd for C8H12N+ (M+H)+ 122.0964, found 

122.0963. Characterization data matched that reported in the literature15.

N

4-cycloheptylpyridine (3i) colourless oil, 83% (58 mg) 1H NMR (600 MHz, Chloroform-d) δ 8.45 (d, J = 5.1 

Hz, 2H), 7.08 (d, J = 5.3 Hz, 2H), 2.63 (tt, J = 10.5, 3.7 Hz, 1H), 1.87 (m, 2H), 1.78 (m, 2H), 1.68 (m, 2H), 

1.65 – 1.47 (m, 6H); 13C NMR (151 MHz, CDCl3) δ 158.51, 149.79, 122.36, 46.35, 36.01, 27.95, 27.17; 

HRMS (ESI) m/z: calcd for C12H18N+ (M+H)+ 176.1434, found 176.1434. Characterization data matched 

that reported in the literature18.

. N

4-(2,3-dihydro-1H-inden-2-yl)pyridine (3j) brown solid, 73% (57 mg) 1H NMR (400 MHz, Chloroform-d) δ 

8.51 (d, J = 5.1 Hz, 2H), 7.30 – 7.16 (m, 6H), 3.66 (p, J = 8.2 Hz, 1H), 3.38 (dd, J = 15.6, 8.2 Hz, 2H), 3.06 

(dd, J = 15.6, 8.2 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 154.57, 149.83, 142.14, 126.77, 124.40, 122.47, 

44.46, 40.13; HRMS (ESI) m/z: calcd for C14H14N+ (M+H)+ 196.1121, found 196.1124. 

N

F F

4-(4,4-difluorocyclohexyl)pyridine (3k) colourless oil, 65% (51 mg) 1H NMR (600 MHz, Chloroform-d) δ 

8.59 (s, 2H), 7.16 (s, 2H), 2.59 (tt, J = 12.1, 3.4 Hz, 1H), 2.22 (m, 2H), 2.02 – 1.75 (m, 6H); 13C NMR (126 

MHz, Chloroform-d) δ 153.92, 150.02, 122.84 (dd, J = 242.7, 239.4 Hz), 122.48, 41.90, 33.89 (dd, J = 25.6, 

23.1 Hz), 29.55 (d, J = 10.1 Hz); HRMS (ESI) m/z: calcd for C11H14F2N+ (M+H)+ 198.1089, found 198.1083. 

Characterization data matched that reported in the literature15.

N

Boc
N

Tert-butyl 4-(pyridin-4-yl)piperidine-1-carboxylate (3l) white solid, 81% (84 mg) 1H NMR (500 MHz, 

Chloroform-d) δ 8.49 (d, J = 4.7 Hz, 2H), 7.10 (d, J = 5.0 Hz, 2), 4.31 – 4.14 (m, 2H), 2.82 – 2.73 (m, 2H), 

2.62 (tt, J = 12.2, 3.7 Hz, 1H), 1.80 (d, J = 12.8 Hz, 2H), 1.63 – 1.52 (m, 2H), 1.45 – 1.44 (m, 9H);  13C NMR 

(126 MHz, CDCl3) δ 154.80, 154.67, 149.94, 122.37, 79.72, 44.16, 42.05, 32.32, 28.53; HRMS (ESI) m/z: 

calcd for C15H23N2O2
+ (M+H)+ 263.1754, found 263.1754. 
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NBoc

N

Tert-butyl 2-(pyridin-4-yl)pyrrolidine-1-carboxylate (d.r) (3m) colorless oil, 88% (87 mg) owing to the 
presence of rotamers around the tertiary amide,the product gives two sets of NMR signals. 1H NMR (400 
MHz, Chloroform-d) δ 8.48 (d, J = 5.2 Hz, 2H), 7.06 (d, J = 6.0 Hz, 2H), 4.90 –4.65 (m, 1H), 3.63 – 3.44 (m, 
2H), 2.39 – 2.20 (m, 1H), 1.95 – 1.63 (m, 3H), 1.41 (s, 3H), 1.15 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 
154.52, 154.26, 153.27, 149.74, 120.80, 79.81, 60.54, 60.00, 47.39, 47.16, 35.55, 34.35, 28.50, 28.17, 
23.66, 23.27; HRMS (ESI) m/z: calcd for C14H21N2O2

+ (M+H)+ 249.1598, found 249.1594. Characterization 
data matched that reported in the literature19.

N

NHBoc

Tert-butyl (3-methyl-1-(pyridin-4-yl)butyl)carbamate (d.r) (3n) colorless oil, 85% (90 mg) 1H NMR (400 

MHz, Chloroform-d) δ 8.53 (d, J = 5.1 Hz, 2H), 7.18 (d, J = 5.0 Hz, 2H), 4.99 (s, 1H), 4.70 – 4.62 (m, 1H), 

1.65 – 1.25 (m, 12H), 0.97 – 0.90 (m, 6H); 13C NMR (151 MHz, CDCl3) δ 155.30, 152.94, 150.02, 121.45, 

79.91, 52.42, 45.87, 28.45, 25.03, 22.93, 22.19; HRMS (ESI) m/z: calcd for C15H25N2O2
+ (M+H)+ 265.1911, 

found 265.1909. 

N

NHBoc

Tert-butyl (2-methyl-1-(pyridin-4-yl)propyl)carbamate (d.r) (3o) colorless oil, 85% (85 mg) 1H NMR (400 

MHz, Chloroform-d) δ 8.54 (d, J = 6.0 Hz, 2H), 7.16 (d, J = 5.7 Hz, 2H), 5.26 – 5.03 (m, 1H), 4.49 – 4.38 (m, 

1H), 2.04 – 1.87 (m, 1H), 1.46 – 1.21 (m, 9H), 0.92 – 0.81 (m, 6H); 13C NMR (126 MHz, CDCl3) δ 155.55, 

151.83, 149.68, 122.24, 79.94, 59.68, 33.21, 28.43, 19.70, 18.04; HRMS (ESI) m/z: calcd for C14H23N2O2
+ 

(M+H)+ 251.1754, found 251.1758. Characterization data matched that reported in the literature20.

NHBoc

N

Bn

Tert-butyl (2-phenyl-1-(pyridin-4-yl)ethyl)carbamate (d.r) (3p) colorless oil, 80% (95 mg) 1H NMR (400 

MHz, Chloroform-d) δ 8.52 (d, J = 6.0 Hz, 2H), 7.30 – 7.20 (m, 3H), 7.12 (d, J = 6.0 Hz, 2H), 7.02 (dd, J = 7.3, 

2.0 Hz, 2H), 5.09 – 5.01 (m, 1H), 4.94 (s, 1H), 3.02 (d, J = 6.8 Hz, 2H), 1.37 (s, 9H); 13C NMR (126 MHz, 

CDCl3) δ 155.12, 151.68, 149.91, 136.34, 129.41, 128.69, 127.09, 121.68, 80.19, 55.10, 42.67, 28.37; 

HRMS (ESI) m/z: calcd for C18H23 N2O2
+ (M+H)+ 299.1754, found 299.1755. Characterization data 

matched that reported in the literature20.
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N

4-(tert-butyl)pyridine (3q) colorless oil, 71% (38 mg) 1H NMR (600 MHz, Chloroform-d) δ 8.48 (d, J = 6.2 

Hz, 2H), 7.24 (d, J = 6.3 Hz, 2H), 1.28 (s, 9H); 13C NMR (151 MHz, CDCl3) δ 159.97, 149.71, 120.78, 34.70, 

30.57; HRMS (ESI) m/z: calcd for C9H14N+ (M+H)+ 136.1121 found 136.1123. Characterization data 

matched that reported in the literature15.

N

4-(1-methylcyclohexyl)pyridine (3r) colorless oil, 94% (66 mg) 1H NMR (500 MHz, Chloroform-d) δ 8.52 

(d, J = 6.2 Hz, 2H), 7.27 (d, J = 6.3 Hz, 2H), 2.05 – 1.87 (m, 2H), 1.64 – 1.48 (m, 4H), 1.47 – 1.29 (m, 4H), 

1.17– 1.13 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 159.85, 149.69, 121.73, 38.26, 37.24, 30.02, 26.18, 22.56; 

HRMS (ESI) m/z: calcd for C12H18N+ (M+H)+ 176.1434 found 176.1434. Characterization data matched 

that reported in the literature15.

BocHN

N

Tert-butyl (2-(pyridin-4-yl)propan-2-yl)carbamate (3s) colorless oil, 62% (58 mg) 1H NMR (400 MHz, 

Chloroform-d) δ 8.53 (d, J = 6.2 Hz, 2H), 7.28 (d, J = 5.9 Hz, 2H), 5.11 (s, 1H), 1.73 – 1.14 (m, 15H); 13C 

NMR (126 MHz, CDCl3) δ 156.71, 154.13, 149.85, 120.25, 79.48, 54.53, 29.27, 28.39; HRMS (ESI) m/z: 

calcd for C13H21N2O2
+ (M+H)+ 237.1598 found 237.1601. 

N

4-(1-phenylcyclopropyl)pyridine (3t) pale brown liquid, 77% (60 mg) 1H NMR (500 MHz, Chloroform-d) 

δ 8.43 (d, J = 6.2 Hz, 2H), 7.37 – 7.23 (m, 5H), 6.94 (d, J = 6.3 Hz, 2H), 1.46 – 1.42 (m, 2H), 1.37 – 1.33 (m, 

2H); 13C NMR (126 MHz, CDCl3) δ 156.31, 149.36, 142.88, 129.92, 128.76, 127.13, 122.00, 29.28, 17.98; 

HRMS (ESI) m/z: calcd for C14H14N+ (M+H)+ 196.1121 found 196.1120. Characterization data matched 

that reported in the literature15.

N

COOMe

Methyl 4-(pyridin-4-yl)bicyclo[2.2.2]octane-1-carboxylate (3u) orange liquid, 83% (81 mg) 1H NMR (500 

MHz, Chloroform-d) δ 8.50 (d, J = 6.2 Hz, 2H), 7.20 (d, J = 6.3 Hz, 2H), 3.66 (s, 3H), 1.96 – 1.88 (m, 6H), 

1.86 – 1.76 (m, 6H); 13C NMR (126 MHz, CDCl3) δ 178.00, 158.56, 149.66, 121.19, 51.88, 39.12, 34.90, 
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31.17, 28.53; HRMS (ESI) m/z: calcd for C15H20NO2
+ (M+H)+ 246.1489 found 246.1489. Characterization 

data matched that reported in the literature15.

N

4-(adamantan-1-yl)pyridine (3v) yellow solid, 94% (80 mg) 1H NMR (500 MHz, Chloroform-d) δ 8.49 (d, J 

= 6.3 Hz, 2H), 7.22 (d, J = 6.3 Hz, 2H), 2.12 – 2.04 (m, 3H), 1.86 (d, J = 3.0 Hz, 6H), 1.81 – 1.69 (m, 6H); 13C 

NMR (126 MHz, CDCl3) δ 159.91, 149.76, 120.41, 42.43, 36.65, 36.29, 28.71; HRMS (ESI) m/z: calcd for 

C15H20N+ (M+H)+ 214.1590, found 214.1593. Characterization data matched that reported in the 

literature15.

N

O

4-(5-(2,5-dimethylphenoxy)-2-methylpentan-2-yl)pyridine (3w) white solid, 74% (84 mg) 1H NMR (600 

MHz, Chloroform-d) δ 8.57 (d, J = 5.8 Hz, 2H), 7.33 (d, J = 6.2 Hz, 2H), 7.00 (d, J = 7.5 Hz, 1H), 6.66 (d, J = 

7.5 Hz, 1H), 6.56 (s, 1H), 3.85 (t, J = 6.2 Hz, 2H), 2.29 (s, 3H), 2.17 (s, 3H), 1.87 – 1.81 (m, 2H), 1.59 – 1.52 

(m, 2H), 1.35 (s, 6H); 13C NMR (151 MHz, CDCl3) δ 159.58, 156.87, 149.43, 136.53, 130.37, 123.44, 121.80, 

120.79, 111.88, 67.78, 39.95, 37.83, 28.29, 24.91, 21.47, 15.89; HRMS (ESI) m/z: calcd for C19H26NO+ 

(M+H)+ 284.2009, found 284.2010. 

HO

H

H

H

N

OH

(3R,7R,8R,9S,10S,13R,14S,17R)-10,13-dimethyl-17-((R)-4-(pyridin-4-yl)butan-2-yl)hexadecahydro-1H-

cyclopenta[a]phenanthrene-3,7-diol (3x) white solid, 42% (71 mg) 1H NMR (500 MHz, Chloroform-d) δ 

8.46 (d, J = 4.9 Hz, 2H), 7.09 (d, J = 5.8 Hz, 2H), 5.29 (s, 1H), 3.87 – 3.80 (m, 1H), 3.63 (s, 1H), 3.46 (tt, J = 

11.1, 4.4 Hz, 1H), 2.66 (ddd, J = 13.7, 11.0, 4.8 Hz, 1H), 2.46 (ddd, J = 13.7, 10.7, 6.1 Hz, 1H), 2.20 (td, J = 

13.1, 11.2 Hz, 1H), 2.04 – 1.93 (m, 2H), 1.92 – 1.78 (m, 5H), 1.77 – 1.58 (m, 5H), 1.56 – 1.43 (m, 4H), 1.44 

– 1.32 (m, 4H), 1.32 – 1.16 (m, 3H), 1.01 (d, J = 6.5 Hz, 3H), 0.90 (s, 3H), 0.64 (s, 3H); 13C NMR (126 MHz, 

CDCl3) δ 152.49, 149.65, 124.06, 72.09, 68.62, 55.88, 50.62, 42.85, 41.62, 40.02, 39.80, 39.56, 36.99, 

35.66, 35.47, 35.19, 34.81, 32.99, 31.99, 30.81, 28.38, 23.83, 22.91, 20.72, 18.70, 11.91; HRMS (ESI) m/z: 

calcd for C28H44NO2
+ (M+H)+ 426.3367, found 426.3368. 
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N

4-cyclohexyl-3-methylpyridine (4a) yellow liquid, 84% (59 mg) 1H NMR (500 MHz, Chloroform-d) δ 8.42 

(d, J = 5.4 Hz, 1H), 8.39 (s, 1H), 7.18 (d, J = 5.3 Hz, 1H), 2.69 (tt, J = 11.4, 3.2 Hz, 1H), 2.34 – 2.28 (s, 3H), 

1.96 – 1.69 (m, 5H), 1.46 – 1.26 (m, 5H); 13C NMR (126 MHz, CDCl3) δ 156.83, 149.96, 147.26, 131.96, 

121.26, 40.06, 32.73, 26.76, 26.10, 16.22; HRMS (ESI) m/z: calcd for C12H18N+ (M+H)+ 176.1434, found 

176.1430. Characterization data matched that reported in the literature15.

N

4-cyclohexyl-3,5-dimethylpyridine (4b) yellowish liquid, 82% (62 mg) 1H NMR (500 MHz, Chloroform-d) 

δ 8.11 (s, 2H), 2.90 (tt, J = 12.2, 3.5 Hz, 1H), 2.32 (s, 6H), 1.88 – 1.72 (m, 5H), 1.66 – 1.59 (m, 2H), 1.40 – 

1.23 (m, 3H); 13C NMR (126 MHz, CDCl3) δ 151.40, 149.98, 130.74, 41.58, 29.72, 27.27, 26.19, 18.23; 

HRMS (ESI) m/z: calcd for C13H20N+ (M+H)+ 190.1590, found 190.1591. Characterization data matched 

that reported in the literature15.

O

N

4-cyclohexyl-3-methoxypyridine (4c) yellowish liquid, 83% (63 mg) 1H NMR (500 MHz, Chloroform-d) δ 

8.21 (s, 1H), 8.19 (d, J = 5.0 Hz, 1H), 7.11 (d, J = 4.9 Hz, 1H), 3.91 (s, 3H), 2.93 (tt, J = 11.6, 3.2 Hz, 1H), 1.91 

– 1.63 (m, 5H), 1.52 – 1.15 (m, 5H); 13C NMR (126 MHz, CDCl3) δ 153.55, 145.42, 142.84, 132.73, 121.55, 

56.17, 36.60, 32.41, 26.81, 26.29; HRMS (ESI) m/z: calcd for C12H18NO+ (M+H)+ 192.1383, found 192.1384. 

Characterization data matched that reported in the literature15.

N

4-cyclohexyl-3-phenylpyridine (4d) colorless liquid, 65% (62 mg) 1H NMR (400 MHz, Chloroform-d) δ 

8.52 (d, J = 5.3 Hz, 1H), 8.41 (s, 1H), 7.49 – 7.37 (m, 3H), 7.33 – 7.22 (m, 3H), 2.68 (tt, J = 12.0, 3.1 Hz, 1H), 

1.86 – 1.61 (m, 5H), 1.53 – 1.33 (m, 2H), 1.36 – 1.05 (m, 3H); 13C NMR (126 MHz, CDCl3) δ 154.37, 150.29, 

148.63, 137.95, 137.19, 129.47, 128.42, 127.63, 121.43, 39.73, 33.82, 26.44, 25.97; HRMS (ESI) m/z: 

calcd for C17H20N + (M+H)+ 238.1590, found 238.1592. Characterization data matched that reported in 

the literature15.
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EtOOC

N

Ethyl 2-(4-cyclohexylpyridin-3-yl)acetate (4e) yellowish liquid, 75% (74 mg) 1H NMR (500 MHz, 

Chloroform-d) δ 8.43 (d, J = 5.2 Hz, 1H), 8.38 (s, 1H), 7.17 (d, J = 5.2 Hz, 1H), 4.15 (q, J = 7.1 Hz, 2H), 3.66 

(s, 2H), 2.74 – 2.61 (m, 1H), 1.92 – 1.72 (m, 5H), 1.49 – 1.28 (m, 5H), 1.25 (t, J = 7.1 Hz, 3H); 13C NMR (126 

MHz, CDCl3) δ 171.07, 155.25, 151.40, 149.04, 127.79, 121.33, 61.25, 40.01, 36.26, 33.39, 26.77, 26.10, 

14.26; HRMS (ESI) m/z: calcd for C15H22NO2
+ (M+H)+ 248.1645, found 248.1644. Characterization data 

matched that reported in the literature15.

EtOOC

N

Ethyl 4-cyclohexylnicotinate (4f) yellowish liquid, 46% (43 mg) 1H NMR (500 MHz, Chloroform-d) δ 8.92 

(s, 1H), 8.58 (d, J = 5.3 Hz, 1H), 7.28 (d, J = 5.3 Hz, 1H), 4.39 (q, J = 7.1 Hz, 2H), 3.39 (tt, J = 11.4, 3.0 Hz, 

1H), 1.89 – 1.81 (m, 4H), 1.80 – 1.74 (m, 1H), 1.44 – 1.24 (m, 8H); 13C NMR (126 MHz, CDCl3) δ 166.80, 

157.67, 152.25, 151.21, 126.26, 121.68, 61.42, 39.91, 33.67, 26.76, 26.18, 14.38; HRMS (ESI) m/z: calcd 

for C14H20NO2
+ (M+H)+ 234.1489, found 234.1483. Characterization data matched that reported in the 

literature15. 
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1H NMR of compound 3c
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1H NMR of compound 3e
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1H NMR of compound 3f
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1H NMR of compound 3g
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1H NMR of compound 3h
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1H NMR of compound 3i
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1H NMR of compound 3j
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1H NMR of compound 3k
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