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1. General information

Unless otherwise noted, all solvents and reagents were purchased from commercial 

suppliers and used without further purification. The light source used for illuminating the 

reaction vessel consists of purple LEDs (λmax = 380-385 nm) were purchased from Taobao 

(https://gpiled.taobao.com/, manufacture: Shenzhen Star Sources Lighting Technology 

Co., Ltd.). The reaction is carried out in a sealed tube. 1H NMR spectra were recorded with 

Bruker AVANCE III 400 or 500 MHz spectrometer. The chemical shifts were recorded in 

ppm with reference to tetramethyl silane and with the solvent resonance as the internal 

standard. Data were reported as follows: chemical shift, multiplicity (s = singlet, d = 

doublet, t = triplet, q = quartet, p = quintet, m = multiplet, dd = double doublet, dt = double 

triplet, td = triple doublet), coupling constants (Hz), integration. 13C{1H} NMR at 101 or 

126 MHz and 19F{1H} NMR at 376 or 471 MHz were collected with complete proton 

decoupling. Infrared spectra (IR) were measured by FT-IR apparatus. High resolution mass 

spectroscopy (HRMS) was recorded on TOF MS ES+ mass spectrometer and acetonitrile 

was used to dissolve the sample. Column chromatography was carried out on silica gel 

(200 - 300 mesh). All fluorescence measurements were recorded using a Hitachi FL-7000 

Fluorometer. Melting points (m.p.) were measured by Büchi 510 melting point apparatus 

and uncorrected.
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2. Procedures for the synthesis of bifunctional reagents 1a-1c, 1d and alkenes 2 

(Scheme S1-S3).

O

EtOH/H2O (v/v 4:1), overnight

N
HO

CH3COONa (2.0 equiv.)
NH2OH HCl (1.1 equiv.)

Dissolve aromatic ketone (50.0 mmol, 1.0 equiv.) in the mixed solvent of 

EtOH/H2O (v/v, 4:1, 125 mL) in a 250 mL round bottom flask equipped with a 

condenser. Then, add hydroxylamine hydrochloride (55.0 mmol, 1.1 equiv.) and 

NaOAc (100.0 mmol, 2.0 equiv.) in one portion. Reflux the reaction mixture overnight 

and monitor the consumption of the starting material by TLC. Cool the reaction solution 

to room temperature and concentrate under reduced pressure to remove ethanol. Dilute 

the solid with water (100.0 mL) and extract with ethyl acetate (80×3 mL). Dry over 

anhydrous MgSO4. And obtain benzophenone oxime by evaporating the solvent.

BrNBS

CHCl3, 14 h,
80 °C reflux

The synthesis of this compound was adapted from a literature procedure for a similar 

substrate.[1] 

A mixture of α-methylstyrene (30.00 mmol, 1.0 equiv.) and N-bromosuccinimide 

(33 mmol, 1.15 equiv.) in chloroform ( 4.5 mL) was stirred at reflux for 16 hours. Then, 

Dilute the solid with water (10.0 mL) and extract with ethyl acetate (10×3 mL). The 

filtrate was concentrated at reduced pressure and purified by flash  chromatography 

on silica gel (100% hexanes) to obtain 4.76 g of product as a colorless oil (81% yield)

O

O

Br

Ph
OH

O

LDA, dry THF
-78 oC, overnight

N
HO

Ph
O

O
N

EDCI (2.5 equiv.)
DMAP (0.1 equiv)

1a-1c

(1.0 equiv.)
i.

ii. LiOH H2O (1.8 equiv.)
H2O/THF/CH3OH (v/v/v 1:1:1)

DCM (0.2 M)

(1.0 equiv.)

Scheme S1. synthesis of bifunctional reagents 1a-1c

The synthesis of this compound was adapted from a literature procedure for a similar 

substrate.[2-3]
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To a flame-dried 250 mL round bottom flask stir-bar was added anhydrous THF 

(20 mL) under an atmosphere of Ar. The flask was cooled to -78 ˚C and LDA (20 mL, 

2.0 M in THF/ethylbenzene/heptane, 50 mmol) was added. To the LDA solution was 

then added dropwise methyl isobutyrate (5 mL, 43.5 mmol). The reaction was stirred 

for 1.5 h at –78 ˚C, then warmed to –40 ˚C and maintained for 1 h. To the reaction was 

then added dropwise a solution of (3- bromoprop-1-en-2-yl)benzene (5.75 mL, 39.95 

mmol) in anhydrous THF (7.5 mL). The reaction was then allowed warm to room 

temperature overnight with stirring. The reaction was then concentrated in vacuo. To 

the resulting oily solid was added lithium hydroxide monohydrate (3 g, 71.5 mmol), 

methanol (30 mL), THF (30 mL), and H2O (30 mL). The hydrolysis reaction was stirred 

for 48 h at room temperature. The reaction was then transferred to a 500 mL separatory 

funnel, washing the flask with ethyl acetate, and diluted with 75 mL 2 N NaOH solution 

and 75 mL of additional ethyl acetate. The funnel was shaken and the layers were 

separated. The aqueous layer was washed twice with 75 mL ethyl acetate. The aqueous 

layer was then acidified with 75 mL 4 N HCl solution and extracted twice with 75 mL 

ethyl acetate. The organic extracts were then combined and dried over Na2SO4, filtered, 

and concentrated in vacuo to afford the carboxylic acid as an off-white crystalline solid 

(8.15 g, 85%).

Ketoxime from previous step (30 mmol) and aliphatic carboxylic acid (30 mmol) 

were dissolved in CH2Cl2 (150 mL). The reaction bath is lowered to 0 °C in a low-

temperature stirring reaction bath. Then, EDCI (2.5 equiv.) and DMAP (10 mol%, 3 

mmol) was added sequentially. The mixture was stirred at room temperature under 

argon atmosphere until the reaction was complete as monitored by TLC analysis. The 

mixture was diluted with distilled water and the CH2Cl2 layer was separated, dried over 

anhydrous Na2SO4 and concentrated. The crude mass was purified by flash column 

chromatography using petroleum ether/ethyl acetate (EtOAc) (v/v, 24:1) as eluent to 

afford the desired products (65%-80% yield).
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O
O

O

OH

O

N

PhPh

HO

Ph
O

O
N Ph

Ph
EDCI (2.5 equiv.)
DMAP (0.1 equiv)

1d

(1.0 equiv.)

DCM (0.2 M)

PPh3CH3 Br

n-BuLi (1.05 equiv.)
(1.1 equiv.)

THF (0.2 M)

1.

2. NaOH,
MeOH/H2O

Scheme S2. synthesis of bifunctional reagents 1d

The synthesis of this compound was adapted from a literature procedure for a similar 

substrate.[4] 

Methyl triphenylphosphonium bromide (980 mg, 2.8 mmol) was suspended in 

THF (15 mL) at -5 °C, n-BuLi (1 M in THF, 2.7 mL, 2.7 mmol) was added, and after 

30 min the ylide sokution was lowered to -78 °C. 4-Oxo-4-phenylbutyric acid methyl 

ester (500 mg, 2.6 mmol) was added and the reaction mixture allowed to warm to room 

temperature and heated to reflux for 40 h. The reaction was quenched with saturated 

aqueous NH4Cl solution (20 mL) and extracted with EtOAc (2 × 50 mL). The combined 

extracts were washed with water (2 × 60 mL), brine (80 mL), dried over MgSO4 and 

concentrated to give a light brown oil oil. The oil was purified by chromatography (8 : 

2, PE : CH2Cl2) to give the desired olefin (460 mg, 93%) as a pale yellow oil.

To a stirred solution of the above ester (528 mg, 2.8 mmol) in MeOH (20 mL) at 

0 °C was added NaOH (560 mg, 14.0 mmol) in water (20 mL). The reaction mixture 

was allowed to warm to room temperature and stirred for a further 18 h. The solution 

was acidified aqueous HCl solution (1 M) and extracted with Et2O (2 × 20 mL). The 

organic layers were combined, washed with water (30 mL), brine (30 mL), dried over 

MgSO4 and concentrated to give acid (450 mg, 92%) as off white crystals:

Ketoxime from previous step (3 mmol) and aliphatic carboxylic acid (3 mmol) 

were dissolved in DCM (15 mL). The reaction bath is lowered to 0 °C in a low-

temperature stirring reaction bath. Then, EDCI (2.5 equiv.) and DMAP (10 mol%, 0.3 

mmol) was added sequentially. The mixture was stirred at room temperature under 

argon atmosphere until the reaction was complete as monitored by TLC analysis. The 

mixture was diluted with distilled water and the DCM layer was separated, dried over 

anhydrous Na2SO4 and concentrated. The crude mass was purified by flash column 

chromatography using petroleum ether/ethyl acetate (EtOAc) (v/v, 24:1) as eluent to 
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afford the desired products (75% yield).

2a R=H
2b R=CH3
2c R=OMe
2d R=Cl
2e R=Br
2f R=CF3

2g R=Cl
2h R=OMe

2i R=Cl
2j R=OMe

alkenes 2

CN

CN
CN

CN

CN

CN

R
R

R CN

CN
Cl

Cl

2k

N

CN

CN

2l R=H
2m R=CH3
2n R=Cl

CN

CN
S

2m

CNNC

2n

SO2Ph

SO2Ph
SO2Ph COOEt CN

COOMe

MeOOC

COOMe COOEt

CN

CN

O

O

2o 2p 2q 2r 2s 2t

2u 2v

CN

COOEt

2w

R
CN

COOEt

Cl

2o

Scheme S3. Alkene substrates in this work
Alkene 2a-2n, 2w[5]  and alkene 2p[6] were synthesized according to reported 

literature procedures. And other alkenes 2o and 2q – 2v were purchased from 

commercial suppliers (https://www.energy-chemical.com/front/index.htm) and used 

without further purification. 

All alkenes 2a -2e and 2g – 2w shown in Scheme S2 are known compounds.

 

CN

CN

F3C

2f

1H NMR (500 MHz, Chloroform-d) δ 8.02 (d, J = 8.2 Hz, 2H), 7.85 (s, 1H), 7.81 (d, J 

= 8.2 Hz, 2H).
19F NMR (471 MHz, Chloroform-d) δ -63.45.
13C NMR (126 MHz, Chloroform-d) δ 158.1, 135.3 (q, 2JC-F = 33.3 Hz), 133.7, 130.8, 

126.6 (q, 4JC-F = 3.7 Hz), 123.1 (q, 1JC-F = 273.0 Hz), 113.0, 111.9, 86.0.
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1H NMR (500 MHz, CDCl3) spectrum of product 2f
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13C NMR (100 MHz, CDCl3) spectrum of product 2f

-100102030405060708090100110120130140150160170180190
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3. Experimental details for the preparation of compounds 3-31

3.1 Photoreaction set-up (Figure S1)

Figure S1. The set-up for the reaction (photographed by Mei Xiang)

The light source used for illuminating the reaction vessel (commercial supplier: 

Synthware) consists of purple LEDs (λmax= 380-385 nm) purchased from Taobao 

(https://gpiled.taobao.com). The whole process of the reaction and the measured 

reaction temperature varied between 25 - 37 °C.

3.2 Detailed optimization of reaction conditions

Table S1. Optimization of reaction conditions Ia

O

O N
Ph

Ph

Ph

+

1a

Ph CN

CN

2a

TXT (10 mol%)

solvent, Ar, r.t.
30 W purple LEDs, 24h

CNCN

N
Ph

Me
Me

Ph Ph
3

Ph

Entry PC (10mol%) Solvent (0.1M) LEDs Yield (%)

1 TXT EtOAc 405 nm 79

2 TXT MeCN 405 nm 65

3 TXT DMF 405 nm 31

4 TXT DMSO 405 nm 57

5 TXT DCM 405 nm 57

6 TXT MeOH 405 nm trace

https://gpiled.taobao.com/
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Table S2. Optimization of reaction conditions IIa

Table S3. Optimization of reaction conditions IIIa 

7 TXT Acetone 405 nm 54

8 TXT THF 405 nm 41

9 TXT DCE 405 nm 74
aReaction conditions: 1a (0.15 mmol, 1.5 equiv.), 2a (0.1 mmol, 1.0 equiv.), TXT (2 mg, 10 

mol%), Solvent (1.0 mL) under Ar at r.t. for 24 h, 405 nm LEDs, isolated yield.

O

O N
Ph

Ph

Ph

+

1a

Ph CN

CN

2a

Photocatalyst (10 mol%)

EA, Ar, r.t.
30 W purple LEDs, 24h

CNCN

N
Ph

Me
Me

Ph Ph
3

Ph

Entry PC Solvent 

(0.1M)

LEDs Yield (%)

1 [Ir(dF(CF2)ppy)2(dtbbpy)](PF6) EA 405 nm 58

2 Ir(ppy)3 EA 405 nm N.R.

3 Ir(ppy)2dtbbpyPF6 EA 405 nm N.R.

4 4CZIPN EA 405 nm Trace

5 Benzophenone EA 365 nm 60

6 - EA 365 nm 49

7 TXT EA - N.R.

b8 TXT EA 405 nm Trace

9 - EA 405 nm N.R.

aReaction conditions: 1a (0.15 mmol, 1.5 equiv.), 2a (0.1 mmol, 1.0 equiv.), EA (1.0 mL), PC 

(10mol%) under Ar at r.t. for 24 h, 405 nm or 365 nm LEDs, isolated yield. bin air.

O

O N
Ph

Ph

Ph

+

1a

Ph CN

CN

2a

TXT (10 mol%)

EA, Ar, r.t.
30 W purple LEDs, 24h

CNCN

N
Ph

Me
Me

Ph Ph
3

Ph

Entry PC Solvent 1a (equiv.) 2a (equiv.) Yield (%)

1 TXT EA 2.0 1.0 63
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Table S4. Optimization of reaction conditions IVa

Table S5. Optimization of reaction conditions Va

2 TXT EA 3.0 1.0 70

3 TXT EA 1.0 1.5 74

4 TXT EA 1.0 2.0 79

5 TXT EA 1.0 3.0 42

aReaction conditions: 1a, 2a, TXT (2 mg, 10mol%), Solvent (1.0 mL) under Ar at r.t. for 24 h, 

405 nm LEDs, EA (2 mL) isolated yield.

O

O N
Ph

Ph

Ph

+

1a

Ph CN

CN

2a

TXT (10 mol%)

EA, Ar, r.t.
30 W purple LEDs, 24h

CNCN

N
Ph

Me
Me

Ph Ph
3

Ph

Entry PC Solvent LEDs Yield (%)

1 TXT EA (0.5 mL) 405 nm Trace

2 TXT EA (1.5 mL) 405 nm 50

3 TXT EA (2.0 mL) 405 nm 71

aReaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), TXT (2 mg, 10 

mol%), EA (2 mL) under Ar at r.t. for 24 h, 405 nm LEDs, isolated yield.

O

O N
Ph

Ph

Ph

+

1a

Ph CN

CN

2a

TXT (10 mol%)

EA, Ar, r.t.
30 W purple LEDs, 24h

CNCN

N
Ph

Me
Me

Ph Ph
3

Ph

Entry PC (10mol%) Solvent (0.1M) LEDs Yield (%)

1 TXT EA 365 nm 70

2 TXT EA 395 nm 75

3 TXT EA 380~385 nm 60

aReaction conditions: 1a (0.15 mmol, 1.5 equiv.) 2a (0.1 mmol, 1.0 equiv.), TXT (2 mg, 

10mol%), EA (2 mL) under Ar at r.t. for 24 h, 365 nm or 395 nm LEDs, isolated yield.
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3.3 General procedure for the preparation of compounds 3-31

O

O N
Ph

Ph

R
R

Ph
+

1 2

TXT (10 mol%)

EA (0.1M), Ar,
380~385 nm or 405 nm,

r.t., 24 h

N
Ph

Me
Me

Ph Ph

3-31

or

To an oven-dried 20 mL quartz flask equipped with a magnetic stirring bar was 

added bifunctional reagent 1 (0.2 mmol, 1.0 equiv.), alkene 2 (0.4 mmol, 2.0 equiv.), 

EA (2.0 mL), and TXT (10 mol%). The reaction tube was evacuated and backfilled 

with argon three times before light irradiation. The reaction mixture was stirred at 

ambient temperature (note: the reaction temperature ranges from 25 to 37°C) under 

irradiation of 30 W purple LEDs (distance app. 3 cm) for specific time. After 

completion, the solvent was removed under reduced pressure, and the resulting residue 

was then purified by flash chromatography on silica gel with a mixture of petroleum 

ether and ethyl acetate (9:1 to 1:1) as the eluent to afford the desired products 3-31.

 

n.d. n.d. n.d. n.d.

F
O

O

O
O

OH

COOMe

COOMePh Ph

O

trace

Ph

COOMe

O

N
H

n.d.

n.d.

OO
O NO

O

Ph

COO2Me

CH3
Br

O

O
n.d. n.d. n.d. n.d.

OBoc

O

O
n.d.

F
F

F
F

F

n.d.

O

O
CN

CN CN

CN
n.d.

CN

CN
complex

OMe

OMe

MeO Ph

O

O
n.d.

Unsuccessful alkyne/alkene
O

MeO F3C

n.d. n.d.

complex

Ph
COOMe

N
Ph

Ph

Ph
34
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-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0

f1 (ppm)

xm-hh-127.1.fid
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1H NMR of product 34

※ Notes:

For the reaction between alkenes and the bifunctional reagents, benzophenone was 

consistently observed as a main by-product. n.d. means the desired product was not 

detected. Complex means only rendered fairly complex reaction, and the corresponding 

desired products was unable to be isolated.

3.2 Scale-up reaction
O

O N
Ph

Ph

Ph

+

1a

Ph CN

CN

2a

Ar, EA (20mL), r.t.
380~385 nm LEDs, 36h

CNCN

N
Ph

Me
Me

Ph Ph
3

PhTXT (10 mol%)

(2.0 mmol, 767 mg) (4.0 mmol, 616 mg) (1.23 mmol, 606 mg)

Figure S2. Process of scale-up reaction for the synthesis of compound 3 

(Photographed by Mei Xiang)

34

Standard conditions

1a

O

O
Me Me

Ph

Me
Me

Ph

N

PhPh

+
CO2Me

Ph

Ph
CO2Me

N
Ph

Ph

methyl 2-phenylacrylate
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To an oven-dried 120 mL schlenk flask equipped with a magnetic stirring bar was 

charged with bifunctional reagent 1a (2.0 mmol, 1.0 equiv.), alkenes 2a (4.0 mmol, 2.0 

equiv.), EA (20 mL, 0.1 M) and TXT (10 mol%). The flask was evacuated and 

backfilled with Ar three times before light irradiation. After that, the tube was stirred at 

ambient temperature (note: the reaction temperature ranges from 25 to 40°C) under 

irradiation of 380~385 nm LEDs for 36 h. The solvent was removed under reduced 

pressure, and then the resulting residue was purified by flash chromatography on silica 

gel with a mixture of ethyl acetate and petroleum ether (PE/EA=99:1) as the eluent to 

afford the desired product 3 of 606 mg in 62% yield.
3.3 Procedure for further transformations of product 3, 16

NC CN

N
Ph
Ph Ph

3

Ph
NC CN

NH2
Ph

Ph

THF/H2O (v/v 1:1)

NH2OH HCl (3.0 equiv.)

32

Charge an oven-dried 25 mL round bottomed flask equipped with a stir bar with 

vicinal diamines 3 (0.2 mmol, 1.0 equiv., 98.6 mg). Take up 6 mL of 50 percent aqueous 

tetrahydrofuran by syringe. Add the mixture to the reaction flask under air. Add 

NH2OH·HCl (0.6 mmol, 3.0 equiv., 41.7 mg) to the solution. Stir the reaction mixture 

for 12 hours at room temperature. After the reaction was completed (monitored by 

TLC), evaporate the THF under reduced pressure to leave an aqueous solution. Treat 

the remaining residue with 1N aqueous HCl until pH = 1 is reached. Extract the aqueous 

phase with ether, then adjust the water phase to pH = 10 with 1N aqueous NaOH. 

Extract the aqueous phase with ethyl acetate (3  5 mL). Concentrate the combined 

organic layers in vacuo afforded the product (27.0 mg, 41% yield). This product was 

sufficiently pure as determined by NMR without further purification.

16 33, 72%

CO2Et
CN

Ph

MeMe

N

Ph

Ph
b) a drop 1N HCl,

CHCl3, RT, overnight

a) NH2OH.HCl (3.0 eq.)
THF/H2O, RT

CN

Ph
Me
MeN

O

H

Charge an oven-dried 25 mL round bottomed flask equipped with a stir bar with 

vicinal diamines 16 (0.2 mmol, 1.0 equiv., 98.6 mg). Take up 6 mL of 50 percent 

aqueous tetrahydrofuran by syringe. Add the mixture to the reaction flask under air. 

Add NH2OH·HCl (0.6 mmol, 3.0 equiv., 41.7 mg) to the solution. Stir the reaction 
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mixture for 24 hours at room temperature. After the reaction was completed (monitored 

by TLC), evaporate the THF under reduced pressure to leave an aqueous solution. Treat 

the remaining residue with 1N aqueous HCl until pH = 1 is reached. Extract the aqueous 

phase with ether, then adjust the water phase to pH = 10 with 1N aqueous NaOH. 

Extract the aqueous phase with ethyl acetate (3  5 mL). Concentrate the combined 

organic layers in vacuo afforded white solid. Then chloroform (1 mL) and one drop of 

1 M aqueous HCl were added, and the mixture was stirred at ambient temperature 

overnight; reaction progress was monitored periodically by TLC. Extract the aqueous 

phase with ethyl acetate (3  5 mL), Concentrate the combined organic layers in vacuo, 

and then the resulting residue was purified by flash chromatography on silica gel with 

a mixture of ethyl acetate and petroleum ether (PE/EA=79:21) as the eluent to afford 

the desired product 33 of 47.3 mg in 72% yield.

4 Mechanistic studies

4.1 Trapping experiment

Radical trapping experiments between 1a and 2a were conducted under standard 

conditions with trapping agents (BHT or TEMPO) to catch the possible radicals. 

Interestingly, the yield of product 3 was effectively suppressed when BHT or TEMPO 

was employed as the radical scavenger. ESI-MS analysis of the crude reaction mixture 

was performed, and the corresponding radical captured products were supported by 

HRMS (Figure S3). HRMS (EI): C21H34NO+, [M+H]+ calcd: 316.2635, found: 

316.2650 (TEMPO-adduct); C31H39N3NaO+, [M+Na]+ calcd: 492.2985 found: 

492.2985 (TEMPO-adduct); C28H34NO+, [M+H]+ calcd: 400.2635, found: 400.2642 

(BHT-adduct); C37H44N2NaO+, [M+Na]+ calcd: 555.3346, found: 555.3345 (BHT-

adduct).
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1a 2a

+
TXT (10 mol%)
EA (0.1 M)

Ar, 30 W purple LEDs, 24 h

1.0 equiv. 2.0 equiv.

detected by ESI-HRMS

adding TEMPO (3.0 equiv) trace

adding BHT (3.0 equiv) trace

standard conditions

deviation from standard conditions yield 3

NC

[M+H+] calcd: 400.2635
found: 400.2642

[M+Na+] calcd: 316.2635
found: 316.2650

[M+Na+] calcd: 555.3346
found: 555.3345

[M+Na+] calcd: 492.2985
found: 492.2985

Ph
O

O
N

Ph

Ph CN
Ph

CNNC
Ph

Ph
N

Ph

Ph

OH

N Ph

Ph

N
O

Ph

OH

CN
CN

Ph
Ph

OH

Ph

NC CN
Ph

NC
Ph

CN
Ph

O
N N

O
Ph

NC CN
Ph

or or

400.2642
XM-BHT.d: +MS, 0.2min #11

0

1

2

3

4

5x10
Intens.

400.24 400.28 m/z

316.2650

XM-TEMPO.d: +MS, 0.0min #1

0

1

2

3

4x10
Intens.

316.1 316.2 316.3 m/z

492.2985
XM-TEMPO.d: +MS, 0.3min #15

0

1000

2000

3000

4000

Intens.

492.20 492.30 m/z

OH

N Ph

Ph

H

Chemical Formula: C28H34NO+

Exact Mass: 400.2635

Chemical Formula: C21H34NO+

Exact Mass: 316.2635
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Figure S3. Crude ESI-MS analysis of the radical trapping experiments

4.2 Time profile of the transformation with the light on/off over time

General procedure was set up with 1a (0.5 mmol, 1.0 equiv.) in a 1.0 mmol scale 

according to General procedure 3.2, and 2a (1.0 mmol) was added as an internal 

standard to determine the NMR yield. The reaction was placed in light or dark in every 

alternative 2 h. After being irradiated with 30 W purple LEDs for 2 h, an aliquot (0.9 

mL) from the reaction mixture was transferred into an oven-dried 25 mL round bottom 

flask. The solvent was removed under reduced pressure and the resulting residue was 

dissolved by 0.5 mL CDCl3, and the yield of the product 3 was determined by 1H NMR. 

Then, the reaction mixture was stirred with light-off for 2 h. All of the following yields 

were analyzed at the identical way after a 2 h light-on or light-off. 

Figure S4. Time profile with the light On/Off over time
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4.3 Emission quenching experiments (Stern-Volmer Studies) (Figure S5)

All fluorescence measurements were recorded using a Hitachi FL-7000 

Fluorometer. Quenching studies were conducted in EtOAc. All [Ir(dF(CF3)ppy)2dtbpy] 

PF6 solutions (concentration of 1×10-4 M) were excited at 368 nm and the emission 

intensity was collected at 483 nm. Five measurements were made at different 

concentrations using the corresponding quenching agent. (Note: Ir-F was used in place 

of TXT in this analysis, due to similarity in their region of emission/absorption, and the 

emission spectra of TXT having secondary emission peaks.)

Figure S5. Stern-Volmer fluorescence quenching studies
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5. Characterization Data of Compounds 1a, 1b, 1c, 1d, and 3-33

Ph

O

O
N

Ph

Ph

1a

1a: white solid; 
1H NMR (400 MHz, Chloroform-d) δ 7.58 (d, J = 7.9 Hz, 2H), 7.46 – 7.42 (m, 4H), 

7.34 (t, J = 7.6 Hz, 3H), 7.26 – 7.21 (m, 6H), 5.22 (s, 1H), 4.98 (s, 1H), 2.66 (s, 2H), 

0.98 (s, 6H);
13C NMR (100 MHz, Chloroform-d) δ 174.1, 165.0, 145.4, 142.4, 134.6, 132.9, 130.9, 

129.4, 129.0, 128.6, 128.4, 128.2, 128.1, 127.3, 126.5, 117.1, 44.8, 42.8, 25.1;

HRMS (ESI): C26H25KNO2
+, [M+K] +, Calcd 422.1517, Found 422.1518.

Ph

O

O
N

1b

1b: white solid; 
1H NMR (400 MHz, Chloroform-d) δ 7.46 (d, J = 8.2 Hz, 2H), 7.26 – 7.21 (m, 7H), 

7.18 – 7.14 (m, 4H), 5.22 (d, J = 1.6 Hz, 1H), 4.99 (d, J = 1.5 Hz, 1H), 2.68 (s, 2H), 

2.42 (s, 3H), 2.36 (s, 3H), 1.00 (s, 6H);
13C NMR (100 MHz, Chloroform-d) δ 174.3, 165.1, 145.4, 142.4, 141.1, 139.4, 132.1, 

130.0, 129.1, 129.0, 128.8, 128.7, 128.2, 127.2, 126.5, 117.1, 44.8, 42.8, 25.2, 21.5, 

21.5;

HRMS (ESI): C28H30NO2
+, [M+H] +, Calcd 412.2271, Found 412.2279.

Ph

O

O
N

F

F

1c

1c: white solid; 
1H NMR (400 MHz, Chloroform-d) δ 7.58 – 7.52 (m, 2H), 7.29 – 7.21 (m, 7H), 7.14 

(t, J = 8.5 Hz, 2H), 7.05 (t, J = 8.5 Hz, 2H), 5.24 (s, 1H), 5.00 (s, 1H), 2.69 (s, 2H), 1.01 



S19

(s, 6H);
19F NMR (376 MHz, Chloroform-d) δ -108.85, -110.06;
13C NMR (100 MHz, Chloroform-d) δ 174.0, 164.5 (d, 1JC-F = 252.2 Hz), 163.2 (d, 
1JC-F = 250.4 Hz), 162.8, 145.3, 142.2, 131.1 (d, 3JC-F = 8.8 Hz), 130.9 (d, 3JC-F = 8.4 

Hz), 130.7 (d, 4JC-F = 3.2 Hz), 128.4 (d, 4JC-F = 3.7 Hz), 128.2, 127.4, 126.5, 115.6 (d, 
2JC-F = 21.9 Hz), 115.4 (d, 2JC-F = 21.8 Hz), 45.0, 42.8, 25.2;

HRMS (ESI): C26H23F2KNO2
+, [M+K] +, Calcd 458.1328, Found 458.1339.

Ph

O

O
N

Ph

Ph

1d

1d, white solid;
1H NMR (500 MHz, Chloroform-d) δ 7.60 – 7.56 (m, 2H), 7.47 – 7.39 (m, 4H), 7.38 

– 7.25 (m, 9H), 5.29 (d, J = 0.9 Hz, 1H), 5.04 (d, J = 1.2 Hz, 1H), 2.83 – 2.76 (m, 2H), 

2.53 – 2.46 (m, 2H);
13C NMR (126 MHz, Chloroform-d) δ 170.5, 165.0, 146.4, 140.3, 134.7, 132.6, 130.9, 

129.6, 129.1, 128.8, 128.4, 128.4, 128.2, 127.6, 126.1, 113.0, 32.0, 30.2;

HRMS (ESI): C24H21NNaO2
+, [M+Na] +, Calcd 378.1465, Found 378.1473.

CN
CN

Me N
PhMe

Ph Ph3

3 yellow oil, 77.9 mg, 79% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.62 (d, J = 7.4 Hz, 2H), 7.43 – 7.39 (m, 2H), 

7.38 – 7.29 (m, 6H), 7.17 – 7.08 (m, 4H), 7.07 – 7.01 (m, 4H), 6.49 (d, J = 7.3 Hz, 2H), 

3.62 (s, 1H), 3.31 (d, J = 14.5 Hz, 1H), 2.89 (d, J = 14.5 Hz, 1H), 2.50 – 2.39 (m, 2H), 

1.30 (s, 3H), 0.99 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.6, 160.0, 146.6, 140.7, 137.9, 136.8, 134.7, 

130.8, 130.4, 129.7, 128.8, 128.6, 128.3, 128.1, 127.5, 127.3, 127.3, 127.1, 126.1, 

117.8, 117.1, 61.9, 55.9, 47.3, 46.0, 35.6, 34.9, 32.8.

HRMS (ESI): C35H32N3
+, [M+H] +, Calcd 494.2591, Found 494.2597;
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CN
CN

Me N
PhMe

Ph Ph4

4 yellow oil, 50 mg, 49% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.62 (d, J = 7.6 Hz, 2H), 7.53 – 7.43 (m, 1H), 

7.40 – 7.37 (m, 1H), 7.35 – 7.30 (m, 2H), 7.30 – 7.26 (m, 2H), 7.19 – 7.13 (m, 4H), 

7.11 – 7.08 (m, 1H), 7.07 – 6.99 (m, 4H), 6.49 (d, J = 7.5 Hz, 2H), 3.56 (s, 1H), 3.35 – 

3.26 (m, 1H), 2.95 – 2.84 (m, 1H), 2.54 – 2.41 (m, 2H), 2.33 (s, 3H), 1.30 (s, 3H), 0.97 

(s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 138.3, 130.1, 129.5, 128.3, 128.1, 127.4, 127.4, 

127.1, 126.2, 117.9, 117.1, 55.7, 35.8, 34.9, 32.8, 21.1;

HRMS (ESI): C36H34N3
+, [M+H] +, Calcd 508.2747, Found 508.2754.

CN
CN

Me N
PhMe

Ph Ph5

MeO

5 yellow oil, 66.8 mg, 64% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.64 – 7.58 (m, 2H), 7.38 – 7.35 (m, 1H), 7.36 – 

7.28 (m, 4H), 7.17 – 7.08 (m, 4H), 7.06 – 7.01 (m, 4H), 6.89 – 6.85 (m, 2H), 6.52 – 

6.46 (m, 2H), 3.79 (s, 3H), 3.58 (s, 1H), 3.28 (dd, J = 14.5, 1.3 Hz, 1H), 2.87 (d, J = 

14.5 Hz, 1H), 2.46 – 2.39 (m, 2H), 1.28 (s, 3H), 0.98 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.5, 159.6, 140.7, 137.9, 130.4, 128.6, 128.3, 

128.1, 127.4, 127.3, 127.2, 127.0, 126.1, 117.9, 117.2, 114.1, 61.9, 55.2, 55.2, 35.9, 

35.0, 32.8, 29.7;

HRMS (ESI): C36H33KN3O+, [M+K] +, Calcd 562.2255, Found 562.2258.

CN
CN

Me N
PhMe

Ph Ph6

F3C

6 yellow oil, 57.3 mg, 51% yield (EA/PE = 1%);
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1H NMR (500 MHz, Chloroform-d) δ 7.64 – 7.61 (m, 4H), 7.60 – 7.55 (m, 2H), 7.41 – 

7.36 (m, 1H), 7.34 – 7.30 (m, 2H), 7.18 – 7.13 (m, 2H), 7.11 – 7.08 (m, 2H), 7.06 – 

7.00 (m, 4H), 6.52 – 6.47 (m, 2H), 3.78 (s, 1H), 3.35 (d, J = 14.6 Hz, 1H), 2.93 (d, J = 

14.6 Hz, 1H), 2.48 (s, 2H), 1.25 (s, 3H), 1.02 (s, 3H);
13C NMR (126 MHz, Chloroform-d) δ 191.1, 168.8, 158.1, 146.1, 140.6, 137.8, 132.5, 

130.6, 130.1, 130.0, 128.6, 128.4, 128.2, 127.5, 127.4, 127.2, 127.2, 126.2, 125.7 (q, 

JC-F = 3.7 Hz), 125.0, 122.9, 117.3, 117.0, 86.1, 62.0, 55.5, 47.9, 46.5, 35.2, 35.0, 32.8;
19F NMR (376 MHz, Chloroform-d) δ -62.77;

HRMS (ESI): C36H31F3N3
+, [M+H] +, Calcd 562.2465, Found 562.2467.

CN
CN

Me N
PhMe

Ph Ph7

Cl

7 yellow oil, 82.3 mg, 78% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.63 – 7.58 (m, 2H), 7.40 – 7.30 (m, 7H), 7.19 – 

7.12 (m, 2H), 7.12 – 7.07 (m, 2H), 7.07 – 6.99 (m, 4H), 6.49 (d, J = 7.1 Hz, 2H), 3.65 

(s, 1H), 3.32 (d, J = 14.5 Hz, 1H), 2.89 (d, J = 14.5 Hz, 1H), 2.45 (s, 2H), 1.25 (s, 3H), 

1.00 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.7, 140.5, 137.8, 135.1, 134. 7, 130.5, 129.0, 

128.6, 128.3, 128.2, 127.5, 127.3, 127.2, 127.1, 126.1, 117.5, 117.0, 61.9, 55.2, 47.7, 

46.2, 35.4, 34.9, 32.8;

HRMS (ESI): C35H31ClN3
+, [M+H] +, Calcd 528.2201, Found 528.2214.

CN
CN

Me N
PhMe

Ph Ph8

Br

8 white solid, 97.1 mg, 85% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.78 – 7.73 (m, 1H), 7.71 – 7.67 (m, 1H), 7.60 

(d, J = 7.2 Hz, 2H), 7.49 (d, J = 8.2 Hz, 2H), 7.40 – 7.36 (m, 1H), 7.35 – 7.30 (m, 3H), 

7.15 – 7.08 (m, 3H), 7.06 – 6.99 (m, 4H), 6.49 (d, J = 7.5 Hz, 2H), 3.64 (s, 1H), 3.31 

(d, J = 14.6 Hz, 1H), 2.89 (d, J = 14.5 Hz, 1H), 2.44 (s, 2H), 1.24 (s, 3H), 1.00 (s, 3H);
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13C NMR (100 MHz, Chloroform-d) δ 168.7, 158.4, 146.2, 140.6, 137.8, 135.6, 133.1, 

132.0, 131.8, 130.5, 129.9, 129.7, 128.5, 128.3, 128.1, 127.5, 127.3, 127.3, 127.1, 

126.1, 122.9, 117.4, 117.0, 113.5, 112.4, 83.6, 61.9, 55.3, 47.8, 46.3, 35.4, 34.9, 32.8;

HRMS (ESI): C35H31BrN3
+, [M+H] +, Calcd 572.1696, Found 572.1697.

CN
CN

Me N
PhMe

Ph Ph9

Cl

9 yellow solid, 52.5 mg, 50% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.83 – 7.80 (m, 1H), 7.70 (s, 1H), 7.63 – 7.56 

(m, 3H), 7.50 – 7.46 (m, 1H), 7.41 – 7.36 (m, 2H), 7.34 – 7.31 (m, 3H), 7.15 – 7.09 (m, 

3H), 7.04 – 7.00 (m, 3H), 6.49 (d, J = 7.5 Hz, 2H), 3.63 (s, 1H), 3.32 (d, J = 14.6 Hz, 

1H), 2.89 (d, J = 14.3 Hz, 1H), 2.45 (s, 2H), 1.27 (s, 3H), 1.01 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.7, 158.3, 146.3, 140.6, 138.7, 137.8, 135.8, 

134.6, 134.4, 132.4, 130.9, 130.5, 130.5, 130.0, 128.9, 128.6, 128.4, 128.2, 127.5, 

127.3, 127.3, 127.1, 126.1, 117.4, 116.9, 113.2, 112.1, 84.7, 61.9, 55.5, 47.6, 46.3, 35.3, 

34.9, 32.8;

HRMS (ESI): C35H31ClN3
+, [M+H] +, Calcd 528.2201, Found 528.2201.

CN
CN

Me N
PhMe

Ph Ph10

OMe

10 yellow oil, 45.1 mg, 43% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.63 – 7.59 (m, 2H), 7.46 – 7.40 (m, 2H), 7.35 – 

7.31 (m, 2H), 7.19 – 7.11 (m, 3H), 7.11 – 7.09 (m, 1H), 7.07 – 7.02 (m, 4H), 6.99 – 

6.94 (m, 2H), 6.90 – 6.87 (m, 1H), 6.49 (d, J = 7.5 Hz, 2H), 3.78 (s, 3H), 3.57 (s, 1H), 

3.31 (d, J = 14.6 Hz, 1H), 2.91 (d, J = 14.5 Hz, 1H), 2.51 – 2.41 (m, 2H), 1.30 (s, 3H), 

1.00 (s, 3H);
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13C NMR (100 MHz, Chloroform-d) δ 168.5, 159.6, 146.6, 140.7, 138.2, 137.9, 130.4, 

129.7, 128.6, 128.3, 128.1, 127.4, 127.3, 127.2, 127.0, 126.1, 117.8, 117.1, 113.6, 82.2, 

61.9, 55.9, 55.2, 47.3, 46.0, 35.5, 34.9, 32.8;

HRMS (ESI): C36H33KN3O+, [M+K] +, Calcd 562.2255, Found 562.2258.

CN
CN

Me N
PhMe

Ph Ph

Cl

11

11 yellow oil, 45.2 mg, 43% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.62 (m, 1H), 7.58 (d, J = 7.7 Hz, 2H), 

7.41 – 7.36 (m, 3H), 7.31 – 7.27 (m, 1H), 7.21 – 7.19 (m, 2H), 7.11 – 7.05 (m, 2H), 

7.04 – 7.00 (m, 2H), 6.99 – 6.93 (m, 4H), 6.43 (d, J = 7.5 Hz, 2H), 4.67 (s, 1H), 3.29 

(d, J = 14.6 Hz, 1H), 2.85 (d, J = 14.4 Hz, 1H), 2.41 (s, 2H), 1.19 (s, 3H), 0.99 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 174.8, 168.5, 146.0, 140.3, 137.7, 136.3, 135.9, 

134.2, 132.5, 130.3, 130.2, 130.2, 129.3, 129.1, 128.7, 128.5, 128.1, 127.7, 127.2, 

127.0, 126.8, 126.7, 125.9, 116.9, 116.9, 113.7, 81.5, 61.8, 47.8, 46.6, 35.3, 34.9, 31.9, 

27.7;

HRMS (ESI): C35H31ClN3
+, [M+H] +, Calcd 528.2201, Found 528.2208.

CN
CN

Me N
PhMe

Ph Ph

OMe

12

12 yellow oil, 45 mg, 43% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.68 – 7.64 (m, 2H), 7.59 – 7.55 (m, 1H), 7.37 

– 7.30 (m, 4H), 7.17 – 7.09 (m, 4H), 7.06 – 7.01 (m, 4H), 6.97 – 6.92 (m, 2H), 6.51 – 

6.47 (m, 2H), 4.69 (s, 1H), 3.82 (s, 3H), 3.32 (d, J = 14.5 Hz, 1H), 2.87 (d, J = 14.4 

Hz, 1H), 2.45 (s, 2H), 1.24 (s, 3H), 1.03 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.3, 158.1, 140.7, 137.9, 130.3, 129.3, 128.7, 

128.2, 128.0, 127.4, 127.3, 127.2, 126.9, 126.2, 125.5, 120.5, 117.9, 117.6, 111.3, 62.0, 

55.8, 43.0, 35.4, 35.0, 32.3, 29.7;
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HRMS (ESI): C36H33KN3O+, [M+K] +, Calcd 562.2255, Found 562.2256.

CN
CN

Me N
PhMe

Ph Ph

Cl

13

Cl

13 white solid, 42.8 mg, 38% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.70 (d, J = 8.5 Hz, 1H), 7.64 (d, J = 7.7 Hz, 

2H), 7.52 – 7.50 (m, 1H), 7.45 (dd, J = 14.1, 7.4 Hz, 2H), 7.39 – 7.35 (m, 1H), 7.32 – 

7.29 (m, 2H), 7.16 – 7.13 (m, 1H), 7.12 – 7.10 (m, 1H), 7.09 – 7.04 (m, 3H), 7.03 – 

6.99 (m, 2H), 6.51 (d, J = 7.5 Hz, 2H), 4.75 (s, 1H), 3.37 (d, J = 14.5 Hz, 1H), 2.92 (d, 

J = 14.4 Hz, 1H), 2.53 – 2.43 (m, 2H), 1.21 (s, 3H), 1.08 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 175.0, 168.9, 146.0, 140.4, 137.8, 137.3, 136.1, 

134.9, 132.9, 132.7, 130.6, 130.4, 130.3, 130.2, 128.9, 128.7, 128.3, 128.0, 127.5, 

127.4, 127.3, 127.3, 127.1, 126.1, 117.1, 116.8, 113.9, 62.0, 47.6, 47.1, 35.6, 35.0, 32.1, 

27.6;

HRMS (ESI): C35H30Cl2N3
+, [M+H] +, Calcd 562.1811, Found 562.1810.

CN
CN

Me N
PhMe

Ph Ph

N

14

14 yellow oil, 49.9 mg, 51% yield (EA/PE = 15%);
1H NMR (400 MHz, Chloroform-d) δ 8.65 (s, 2H), 7.89 (d, J = 7.8 Hz, 1H), 7.63 – 

7.58 (m, 2H), 7.39 – 7.36 (m, 1H), 7.35 – 7.30 (m, 3H), 7.18 – 7.09 (m, 4H), 7.06 – 

7.00 (m, 4H), 6.50 (d, J = 7.5 Hz, 2H), 3.75 (s, 1H), 3.35 (d, J = 14.4 Hz, 1H), 2.88 (d, 

J = 14.6 Hz, 1H), 2.52 – 2.41 (m, 2H), 1.26 (s, 3H), 1.03 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.9, 145.0, 146.1, 140.5, 137.7, 130.6, 128.5, 

128.4, 128.2, 127.5, 127.3, 127.2, 127.2, 126.1, 117.2, 116.9, 61.9, 53.3, 47.8, 46.1, 

35.3, 34.9, 32.7;

HRMS (ESI): C34H31N4
+, [M+H] +, Calcd 495.2543, Found 495.2543.



S25

CN
CN

Me N
PhMe

Ph Ph
15

S

15 yellow oil, 19.8 mg, 20% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.63 (m, 2H), 7.50 – 7.42 (m, 3H), 7.37 – 

7.30 (m, 3H), 7.16 – 7.12 (m, 3H), 7.09 – 7.04 (m, 3H), 7.03 – 7.01 (m, 2H), 6.45 (d, J 

= 7.5 Hz, 2H), 3.95 (s, 1H), 3.30 – 3.23 (m, 1H), 2.72 (d, J = 14.5 Hz, 1H), 2.44 – 2.32 

(m, 2H), 1.53 (s, 3H), 0.92 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 169.0, 140.7, 138.1, 137.9, 136.1, 132.7, 130.4, 

128.9, 128.8, 128.4, 128.0, 127.5, 127.4, 127.3, 127.1, 125.8, 125.7, 117.9, 116.3, 

113.9, 61.5, 51.9, 43.7, 36.1, 35.0, 31.6, 29.7;

HRMS (ESI): C33H30N3S+, [M+H] +, Calcd 500.2155, Found 500.2160.

NC COOEt
Ph

Me
Me

Ph
N

Ph

Ph

16

16 yellow oil, 43.2 mg, 40% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.58 (d, J = 7.5 Hz, 2H), 7.53 – 7.43 (m, 2H), 

7.38 – 7.26 (m, 6H), 7.18 – 7.14 (m, 1H), 7.11 – 7.02 (m, 7H), 6.52 (d, J = 7.4 Hz, 2H), 

3.97 – 3.90 (m, 2H), 3.63 (s, 1H), 3.19 (d, J = 14.5 Hz, 1H), 2.94 (d, J = 14.4 Hz, 1H), 

2.73 (d, J = 14.1 Hz, 1H), 2.41 (d, J = 14.3 Hz, 1H), 1.08 (s, 3H), 1.01 (s, 3H), 0.90 (t, 

J = 7.0 Hz, 3H);
13C NMR (100 MHz, Chloroform-d) δ 169.4, 166.7, 138.3, 136.73, 130.1, 128.3, 128.0, 

127.9, 127.8, 127.5, 127.4, 127.4, 127.1, 127.0, 126.6, 121.4, 62.7, 55.4, 50.2, 48.1, 

47.3, 34.9, 32.9, 29.7, 25.4, 13.5;

HRMS (ESI): C37H37N2O2
+, [M+H] +, Calcd 541.2850, Found 541.2849.

NC COOEt

Me
Me

Ph
N

Ph

Ph

17

17 yellow oil, 45.9 mg, 41% yield (EA/PE = 3%);
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1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.55 (m, 2H), 7.36 – 7.28 (m, 4H), 7.17 – 

7.02 (m, 11H), 6.57 – 6.43 (m, 2H), 3.99 – 3.91 (m, 2H), 3.57 (s, 1H), 3.16 (d, J = 14.5 

Hz, 1H), 2.94 (d, J = 14.5 Hz, 1H), 2.72 (d, J = 14.3 Hz, 1H), 2.44 – 2.37 (m, 1H), 2.30 

(s, 3H), 1.06 (s, 3H), 0.99 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H);
13C NMR (100 MHz, Chloroform-d) δ 169.4, 166.6, 137.1, 133.6, 130.1, 128.5, 128.3, 

128.0, 127.7, 127.4, 127.1, 127.0, 126.5, 121.4, 62.7, 55.0, 50.3, 48.2, 47.1, 34.9, 33.0, 

25.4, 21.0, 13.6;

HRMS (ESI): C38H39N2O2
+, [M+H] +, Calcd 555.3006, Found 555.3013.

NC COOEt

Me
Me

Ph
N

Ph

Ph

Cl

18

18 yellow oil, 58.1 mg, 51% yield (EA/PE = 3%);
1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.55 (m, 2H), 7.39 – 7.24 (m, 7H), 7.18 – 

7.14 (m, 1H), 7.09 – 7.02 (m, 7H), 6.55 – 6.49 (m, 2H), 4.01 – 3.95 (m, 2H), 3.64 (s, 

1H), 3.15 (d, J = 14.5 Hz, 1H), 2.93 (d, J = 14.5 Hz, 1H), 2.71 (d, J = 14.3 Hz, 1H), 

2.45 – 2.38 (m, 1H), 1.05 (s, 3H), 1.01 – 0.96 (m, 6H);
13C NMR (100 MHz, Chloroform-d) δ 169.2, 166.8, 135.3, 133.5, 130.1, 128.2, 128.1, 

127.8, 127.4, 127.3, 126.9, 126.6, 121.2, 62.9, 54.5, 50.1, 47.9, 34.8, 32.9, 25.3, 13.6;

HRMS (ESI): C37H36ClN2O2
+, [M+H] +, Calcd 575.2460, Found 575.2466.

NC COOEt

Me
Me

Ph
N

Ph

Ph
19

Cl

19 yellow oil, 49.7 mg, 43% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.98 (d, J = 7.8 Hz, 1H), 7.64 (d, J = 7.6 Hz, 2H), 

7.38 – 7.34 (m, 2H), 7.31 – 7.27 (m, 2H), 7.21 – 7.12 (m, 3H), 7.08 – 7.00 (m, 7H), 

6.54 (d, J = 7.4 Hz, 2H), 4.70 (s, 1H), 4.04 – 3.91 (m, 2H), 3.37 (d, J = 14.4 Hz, 1H), 

2.91 (d, J = 14.3 Hz, 1H), 2.72 (d, J = 14.2 Hz, 1H), 2.45 (d, J = 14.1 Hz, 1H), 1.14 (s, 

3H), 1.08 (s, 3H), 0.97 (t, J = 7.0 Hz, 3H);
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13C NMR (100 MHz, Chloroform-d) δ 168.9, 166.8, 146.3, 140.9, 138.3, 136.4, 135.1, 

130.6, 130.1, 129.9, 128.54, 128.47, 127.89, 127.85, 127.3, 127.1, 126.7, 126.5, 126.3, 

121.6, 62.9, 62.8, 49.1, 48.6, 48.3, 47.4, 36.0, 32.1, 26.0, 13.5;

HRMS (ESI): C37H36ClN2O2
+, [M+H] +, Calcd 575.2460, Found 575.2466.

CNNCO

O

Me
Me

Ph
N

Ph Ph20

20 yellow oil, 63.6 mg, 47% yield (EA/PE = 2%);
1H NMR (400 MHz, CDCl3) δ 8.07 – 8.00 (m, 2H), 7.65 – 7.58 (m, 2H), 7.55 – 7.47 

(m, 2H), 7.42 – 7.36 (m, 1H), 7.35 – 7.29 (m, 2H), 7.18 – 7.09 (m, 4H), 7.07 – 7.00 (m, 

4H), 6.49 (d, J = 7.4 Hz, 2H), 4.97 – 4.89 (m, 1H), 3.74 (d, J = 4.4 Hz, 1H), 3.40 – 3.30 

(m, 1H), 2.91 (d, J = 14.4 Hz, 1H), 2.46 (s, 2H), 2.14 – 2.09 (m, 1H), 2.00 – 1.94 (m, 

1H), 1.78 – 1.68 (m, 3H), 1.60 – 1.49 (m, 3H), 1.27 (d, J = 11.6 Hz, 4H), 1.01 (d, J = 

2.6 Hz, 3H), 0.93 – 0.91 (m, 6H), 0.79 (d, J = 6.9 Hz, 3H);
13C NMR (100 MHz, CDCl3) δ 168.7, 165.5, 158.7, 146.3, 141.5, 140.6, 137.8, 131.1, 

130.5, 130.4, 129.9, 128.6, 128.4, 128.1, 127.5, 127.3, 127.3, 127.1, 126.1, 117.5, 

117.0, 116.9, 85.2, 75.1, 61.9, 55.7, 55.7, 47.3, 47.2, 41.0, 35.2, 35.0, 34.3, 32.7, 31.5, 

29.7, 26.4, 23.6, 23.5, 22.1, 22.0, 20.9, 20.8, 16.6, 16.4;

HRMS (ESI): C46H49KN3O2
+, [M+K] +, Calcd 714.3456, Found 714.3477.

Me N
PhMe

Ph Ph

CN
NC

21

21 yellow oil, 15.8 mg, 19% yield (EA/PE = 3%);
1H NMR (400 MHz, Chloroform-d) δ 7.59 – 7.54 (m, 2H), 7.54 – 7.41 (m, 1H), 7.37 – 

7.33 (m, 1H), 7.31 – 7.26 (m, 2H), 7.22 – 7.17 (m, 1H), 7.16 – 7.02 (m, 5H), 6.94 (s, 

2H), 6.44 (s, 1H), 3.38 – 3.24 (m, 1H), 2.70 (d, J = 4.3 Hz, 1H), 2.59 – 2.45 (m, 2H), 

2.31 (d, J = 14.5 Hz, 1H), 1.68 – 1.55 (m, 1H), 1.40 (s, 3H), 0.67 (s, 3H);
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13C NMR (100 MHz, Chloroform-d) δ 138.0, 132.5, 130.3, 130.1, 128.5, 128.4, 128.3, 

128.0, 127.5, 127.4, 126.9, 126.1, 119.2, 117.4, 61.2, 49.9, 41.7, 34.3, 29.7, 26.5;

HRMS (ESI): C29H28N3
+, [M+H] +, Calcd 418.2278, Found 418.2277.

Me

N
Ph

Me

Ph

Ph
PhO2S
PhO2S

22

22 yellow solid, 75.2 mg, 58% yield (EA/PE = 8%);
1H NMR (400 MHz, Chloroform-d) δ 8.19 – 8.12 (m, 2H), 7.83 – 7.75 (m, 3H), 7.65 – 

7.59 (m, 3H), 7.50 – 7.43 (m, 3H), 7.29 – 7.25 (m, 1H), 7.21 – 7.17 (m, 3H), 7.11 – 

7.02 (m, 4H), 7.00 – 6.93 (m, 4H), 6.44 – 6.31 (m, 2H), 3.70 (d, J = 16.5 Hz, 1H), 2.92 

(d, J = 16.6 Hz, 1H), 2.63 (d, J = 2.6 Hz, 2H), 2.41 (d, J = 13.8 Hz, 1H), 2.15 – 2.07 

(m, 1H), 1.23 (s, 3H), 1.06 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 166.5, 149.7, 141.0, 138.3, 137.8, 136.8, 134.5, 

134.2, 132.5, 132.2, 131.8, 130.1, 129.7, 128.8, 128.4, 128.4, 128.0, 127.9, 127.4, 

127.1, 126.8, 126.4, 126.3, 92.2, 63.7, 42.5, 41.8, 36.4, 33.2, 32.8, 30.5;

HRMS (ESI): C39H38NO4S2
+, [M+H] +, Calcd 648.2237, Found 648.2257.

Me N
PhMe

Ph Ph

SO2Ph

23

23 yellow oil, 62.1 mg, 62% yield (EA/PE = 4%); 
1H NMR (400 MHz, Chloroform-d) δ 7.98 – 7.75 (m, 3H), 7.75 – 7.69 (m, 1H), 7.64 – 

7.58 (m, 2H), 7.46 – 7.42 (m, 2H), 7.34 – 7.19 (m, 4H), 7.17 – 6.88 (m, 6H), 6.75 (s, 

2H), 3.37 (tt, J = 13.0, 3.0 Hz, 1H), 2.74 – 2.60 (m, 2H), 2.18 (d, J = 14.2 Hz, 1H), 1.84 

– 1.78 (m, 1H), 1.61 (t, 1H), 1.42 (t, J = 12.7 Hz, 1H), 1.02 (s, 3H), 0.20 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 166.7, 144.3, 141.4, 138.4, 137.3, 133.7, 129.9, 

129.2, 129.0, 128.0, 128.0, 127.9, 127.4, 127.2, 127.1, 126.9, 126.2, 63.0, 58.9, 55.3, 

37.0, 33.9, 33.2, 31.9, 25.7;

HRMS (ESI): C33H33KNO2S+, [M+K] +, Calcd 546.1864, Found 546.1868.



S29

Me N
PhMe

Ph Ph

COOEt

24

24 yellow oil, 20.8 mg, 24% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.89 – 7.75 (m, 2H), 7.62 – 7.57 (m, 1H), 7.55 – 

7.44 (m, 4H), 7.32 – 7.27 (m, 1H), 7.25 – 7.22 (m, 1H), 7.18 – 7.12 (m, 1H), 7.05 – 

6.99 (m, 5H), 4.18 – 4.09 (m, 2H), 2.81 – 2.55 (m, 3H), 2.24 (d, J = 13.9 Hz, 1H), 1.71 

(t, J = 13.3 Hz, 1H), 1.61 – 1.52 (m, 1H), 1.40 (t, J = 12.7 Hz, 1H), 1.27 – 1.24 (m, 3H), 

0.99 (s, 3H), 0.23 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 175.9, 166.3, 145.4, 141.8, 138.8, 137.6, 132.5, 

130.1, 129.6, 128.3, 128.0, 127.9, 127.7, 127.5, 127.3, 127.2, 126.8, 125.9, 63.0, 60.3, 

55.6, 41.4, 38.0, 35.9, 34.1, 31.6, 29.7, 25.7, 14.3;

HRMS (ESI): C30H34NO2
+, [M+H] +, Calcd 440.2584, Found 440.2598.

CN

Me N
PhMe

Ph Ph
25

25 yellow oil, 18.6 mg, 24% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.54 – 7.49 (m, 2H), 7.34 – 7.30 (m, 1H), 7.29 – 

7.21 (m, 3H), 7.19 – 7.14 (m, 1H), 7.08 – 7.00 (m, 4H), 6.97 – 6.90 (m, 2H), 6.44 (s, 

2H), 2.96 – 2.87 (m, 1H), 2.64 – 2.49 (m, 2H), 2.31 – 2.21 (m, 1H), 2.06 – 1.93 (m, 

1H), 1.66 – 1.59 (m, 2H), 1.07 (s, 3H), 0.32 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 167.4, 145.0, 141.3, 138.4, 132.5, 130.1, 123.0, 

128.3, 128.2, 128.1, 128.0, 127.4, 127.4, 127.1, 126.7, 126.4, 122.9, 62.1, 54.0, 41.7, 

37.1, 32.9, 31.5, 26.6, 23.4;

HRMS (ESI): C28H28N2Na+, [M+Na] +, Calcd 415.2145, Found 415.2147.
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N
Ph

Ph Ph

COOMe
MeOOC

26

26 yellow oil, 26.1 mg, 27% yield (EA/PE = 5%);
1H NMR (400 MHz, CDCl3) δ 7.57 – 7.53 (m, 2H), 7.30 – 7.25 (m, 3H), 7.17 – 7.14 

(m, 1H), 7.10 – 6.99 (m, 7H), 6.53 (d, J = 7.5 Hz, 2H), 3.74 (s, 3H), 3.71 (s, 3H), 2.79 

(s, 2H), 2.51 (d, J = 13.5 Hz, 1H), 2.36 (d, J = 13.6 Hz, 1H), 1.30 (s, 3H), 0.75 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 169.5, 167.2, 148.8, 147.0, 141.1, 138.6, 132.4, 130.1, 

129.9, 128.3, 128.0, 127.9, 127.5, 127.2, 127.2, 126.6, 126.4, 126.2, 61.5, 52.8, 52.1, 

51.8, 36.6, 35.9, 29.8, 28.6;

HRMS (ESI): C31H32NO4
+, [M+H] +, Calcd 482.2326, Found 482.2330.

Me N
PhMe

Ph Ph

COMe

27

27 yellow oil, 25.6 mg, 32% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.55 – 7.49 (m, 2H), 7.35 – 7.24 (m, 4H), 7.17 – 

7.11 (m, 1H), 7.08 – 6.95 (m, 5H), 6.93 – 6.84 (m, 2H), 6.55 – 6.48 (m, 2H), 2.82 (d, J 

= 17.2 Hz, 1H), 2.59 (d, J = 17.2 Hz, 1H), 2.46 (d, J = 13.5 Hz, 1H), 2.37 (d, J = 14.6 

Hz, 1H), 2.32 (s, 3H), 1.23 (s, 3H), 0.59 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 199.4, 149.6, 134.8, 132.5, 130.1, 128.3, 128.2, 127.9, 

127.7, 127.5, 127.2, 127.0, 126.1, 51.8, 34.4, 33.4, 31.3, 29.7, 29.0, 25.7;

HRMS (ESI): C29H29KNO+, [M+K] +, Calcd 446.1881, Found 446.1883.

COOEt

Me
Me

N
Ph
Ph Ph
28

28 yellow oil, 13.1 mg, 15% yield (EA/PE = 2%);
1H NMR (400 MHz, Chloroform-d) δ 7.86 – 7.74 (m, 1H), 7.58 – 7.52 (m, 2H), 7.52 – 

7.46 (m, 1H), 7.34 – 7.30 (m, 1H), 7.29 – 7.27 (m, 1H), 7.15 (t, J = 7.4 Hz, 1H), 7.09 – 
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7.00 (m, 5H), 6.98 – 6.93 (m, 2H), 6.68 (s, 1H), 6.51 (s, 1H), 4.26 – 4.13 (m, 2H), 2.80 

(d, J = 17.3 Hz, 1H), 2.64 – 2.56 (m, 1H), 2.40 (q, J = 13.6 Hz, 2H), 1.31 (t, J = 7.1 Hz, 

3H), 1.18 (s, 3H), 0.55 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 167.7, 167.0, 148.3, 147.3, 141.4, 138.7, 137.6, 132.5, 

130.1, 129.7, 128.3, 128.2, 127.9, 127.7, 127.6, 127.2, 127.0, 127.0, 126.1, 125.6, 62.5, 

60.5, 51.9, 34.6, 34.1, 31.1, 28.8, 14.3;

HRMS (ESI): C30H32NO2
+, [M+H] +, Calcd 438.2428, Found 438.2428.

NC CN

N
Ph

29

29 yellow solid, 51.6 mg, 50% yield (EA/PE = 1%);
1H NMR (400 MHz, Chloroform-d) δ 7.54 – 7.50 (m, 2H), 7.42 – 7.37 (m, 2H), 7.36 – 

7.32 (m, 3H), 7.14 – 7.08 (m, 5H), 7.07 – 7.02 (m, 2H), 6.86 – 6.80 (m, 2H), 6.35 (d, J 

= 7.6 Hz, 2H), 3.61 (s, 1H), 3.29 (d, J = 14.5 Hz, 1H), 2.86 (d, J = 14.6 Hz, 1H), 2.43 

(s, 2H), 2.34 (s, 3H), 2.29 (s, 3H), 1.29 (s, 3H), 0.98 (s, 3H);
13C NMR (100 MHz, Chloroform-d) δ 168.7, 147.1, 140.6, 138.4, 136.9, 135.1, 128.8, 

128.7, 128.6, 128.5, 128.2, 128.0, 127.3, 126.9, 126.1, 117.8, 117.2, 61.8, 55.9, 47.5, 

45.9, 35.6, 34.9, 32.8, 21.3, 21.2;

HRMS (ESI): C37H36N3
+, [M+H] +, Calcd 522.2904, Found 522.2928.

NC CN

N
Ph

F F
30

30 yellow solid, 55.7 mg, 53% yield (EA/PE = 4%);
1H NMR (400 MHz, CDCl3) δ 7.64 – 7.57 (m, 2H), 7.40 – 7.33 (m, 5H), 7.20 – 7.12 

(m, 3H), 7.07 – 6.97 (m, 4H), 6.75 (t, J = 8.5 Hz, 2H), 6.50 – 6.39 (m, 2H), 3.61 (s, 

1H), 3.30 (d, J = 14.5 Hz, 1H), 2.88 – 2.81 (m, 1H), 2.49 – 2.33 (m, 2H), 1.32 (s, 3H), 

0.98 (s, 3H);
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19F NMR (376 MHz, CDCl3) δ -110.13, -113.16;
13C NMR (100 MHz, CDCl3) δ 166.7, 164.5 (d, 1J C-F= 251.6 Hz), 161.8 (d, 1J C-F = 

248.4 Hz), 146.7, 136.7 (d, 4J C-F = 3.0 Hz), 133.5 (d, 4J C-F = 3.8 Hz), 130.7 (d, 3J C-F 

= 8.6 Hz), 129.1 (d, 3J C-F = 8.0 Hz), 128.8, 128.7, 128.5, 127.3, 126.0, 117.9, 116.9, 

115.1 (d, 2J C-F = 21.6 Hz), 114.7 (d, 2J C-F = 21.5 Hz), 61.9, 55.9, 47.1, 45.7, 35.5, 34.9, 

32.7;

HRMS (ESI): C35H29F2N3Na+, [M+Na] +, Calcd 552.2222, Found 552.2221.

CN
CNH2N

Ph
31

31 white solid, 36 mg, 39% yield (EA/PE = 5%);
1H NMR (400 MHz, Chloroform-d) δ 7.62 – 7.39 (m, 3H), 7.38 – 7.27 (m, 8H), 7.21 

– 7.12 (m, 4H), 7.11 – 7.03 (m, 3H), 6.46 (s, 2H), 3.69 – 3.56 (m, 1H), 3.25 – 3.08 (m, 

2H), 2.75 – 2.62 (m, 1H), 2.48 – 2.36 (m, 1H), 2.05 – 1.90 (m, 2H);
13C NMR (100 MHz, Chloroform-d) δ 168.2, 141.7, 140.8, 138.0, 137.1, 130.3, 128.9, 

128.8, 128.4, 128.4, 128.2, 128.0, 127.7, 127.5, 127.4, 127.4, 127.4, 116.0, 112.3, 61.5, 

50.4, 49.9, 39.0, 33.0, 26.1;

HRMS (ESI): C33H28N3
+, [M+H] +, Calcd 466.2278, Found 466.2285.

CN
CNH2N

Ph

Me Me

32

32 white solid, 26.8 mg, 41% yield; 
1H NMR (500 MHz, Chloroform-d) δ 7.54 – 7.50 (m, 2H), 7.42 – 7.36 (m, 5H), 7.36 – 

7.33 (m, 1H), 7.33 – 7.28 (m, 1H), 7.27 – 7.25 (m, 1H), 5.92 (s, 2H), 3.07 – 2.98 (m, 

2H), 2.36 – 2.30 (m, 1H), 2.04 – 2.00 (m, 1H), 1.92 – 1.87 (m, 1H), 1.38 (s, 3H), 0.86 

(s, 3H);
13C NMR (126 MHz, Chloroform-d) δ 144.9, 138.6, 132.9, 128.9, 128.8, 128.6, 127.8, 

127.3, 125.3, 118.8, 71.0, 53.4, 52.4, 46.2, 44.6, 36.2, 34.1, 33.2;

HRMS (ESI): C22H24N3
+, [M+H] +, Calcd 330.1965, Found 330.1968.
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N

O
NC

Ph

Me
Me

33

H

33 white solid, 47.3 mg, 72% yield (EA/PE = 21%);
1H NMR (400 MHz, DMSO-d6) δ 9.11 (s, 1H), 7.76 – 7.68 (m, 1H), 7.64 – 7.57 (m, 

2H), 7.47 – 7.25 (m, 7H), 3.11 (s, 1H), 3.08 – 3.00 (m, 1H), 2.32 – 2.23 (m, 2H), 1.84 

– 1.75 (m, 1H), 1.34 (s, 3H), 0.78 (s, 3H);
13C NMR (100 MHz, DMSO-d6) δ 171.8, 143.0, 139.3, 133.1, 129.6, 128.9, 128.7, 

128.3, 128.0, 127.8, 125.7, 119.1, 61.9, 53.2, 50.7, 46.1, 42.0, 36.1, 33.8, 33.0;

HRMS (ESI): C22H22N2NaO+, [M+Na] +, Calcd 353.1624, Found 353.1633.
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6. NMR Spectra of Compounds 1a, 1b, 1c, 1d and 3-33.

1H NMR (400 MHz, CDCl3) spectrum of product 1a
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1H NMR (400 MHz, CDCl3) spectrum of product 1b
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1H NMR (400 MHz, CDCl3) spectrum of product 1c
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13C NMR (100 MHz, CDCl3) spectrum of product 1c
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1H NMR (500 MHz, CDCl3) spectrum of product 1d
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1H NMR (400 MHz, CDCl3) spectrum of product 3
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1H NMR (400 MHz, CDCl3) spectrum of product 4
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1H NMR (400 MHz, CDCl3) spectrum of product 5
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1H NMR (400 MHz, CDCl3) spectrum of product 6
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1H NMR (500 MHz, CDCl3) spectrum of product 7
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19F NMR (376 MHz, CDCl3) spectrum of product 7
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1H NMR (400 MHz, CDCl3) spectrum of product 8
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1H NMR (400 MHz, CDCl3) spectrum of product 9
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1H NMR (400 MHz, CDCl3) spectrum of product 10
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1H NMR (400 MHz, CDCl3) spectrum of product 11
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1H NMR (400 MHz, CDCl3) spectrum of product 12
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1H NMR (400 MHz, CDCl3) spectrum of product 13
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1H NMR (400 MHz, CDCl3) spectrum of product 14
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1H NMR (400 MHz, CDCl3) spectrum of product 15
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1H NMR (400 MHz, CDCl3) spectrum of product 16
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1H NMR (400 MHz, CDCl3) spectrum of product 17
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1H NMR (400 MHz, CDCl3) spectrum of product 18
 

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

XM-HH-165-20250928.1.fid

6.
02

3.
04

1.
04

1.
01

1.
03

1.
00

1.
01

2.
08

2.
00

7.
04

1.
09

7.
05

2.
08

0.
96

0.
98

0.
99

1.
00

1.
05

1.
05

2.
39

2.
41

2.
42

2.
43

2.
69

2.
73

2.
91

2.
95

3.
13

3.
17

3.
64

3.
96

3.
97

3.
97

3.
99

3.
99

4.
00

6.
51

6.
51

6.
53

7.
02

7.
04

7.
06

7.
07

7.
08

7.
08

7.
09

7.
14

7.
16

7.
24

7.
25

7.
26

7.
26

7.
28

7.
28

7.
29

7.
30

7.
30

7.
32

7.
34

7.
35

7.
36

7.
36

7.
38

7.
40

7.
42

7.
55

7.
56

7.
57

7.
57

13C NMR (100 MHz, CDCl3) spectrum of product 18

-100102030405060708090100110120130140150160170180190200

f1 (ppm)

XM-HH-165-20250928.2.fid

13
.6

2

25
.3

1

32
.8

6
34

.8
1

47
.9

1
50

.0
8

54
.5

3

62
.8

9

12
1.

16
12

6.
61

12
6.

89
12

7.
31

12
7.

39
12

7.
79

12
8.

05
12

8.
23

13
0.

09
13

3.
52

13
5.

34

16
6.

78
16

9.
15

NC COOEt

Me
Me

Ph
N

Ph

Ph

18

Cl



S56

1H NMR (400 MHz, CDCl3) spectrum of product 19
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1H NMR (400 MHz, CDCl3) spectrum of product 20
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1H NMR (400 MHz, CDCl3) spectrum of product 21
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1H NMR (400 MHz, CDCl3) spectrum of product 22
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1H NMR (400 MHz, CDCl3) spectrum of product 23
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1H NMR (400 MHz, CDCl3) spectrum of product 24
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1H NMR (400 MHz, CDCl3) spectrum of product 25
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1H NMR (400 MHz, CDCl3) spectrum of product 26
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1H NMR (400 MHz, CDCl3) spectrum of product 27
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1H NMR (400 MHz, CDCl3) spectrum of product 28
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1H NMR (400 MHz, CDCl3) spectrum of product 29

-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

XM-HH-152-0703.1.fid

3.
04

3.
08

3.
00

3.
01

2.
02

1.
01

1.
01

1.
00

2.
01

2.
08

2.
09

5.
03

3.
05

2.
25

2.
07

0.
97

6

1.
29

5

2.
28

8
2.

33
9

2.
43

0

2.
84

3
2.

87
3

2.
88

0

3.
26

9
3.

30
5

3.
61

5
6.

33
8

6.
35

7
6.

81
9

6.
83

8
7.

03
2

7.
03

7
7.

04
9

7.
05

3
7.

05
7

7.
08

3
7.

08
8

7.
10

4
7.

10
7

7.
12

3
7.

12
8

7.
13

3
7.

13
7

7.
14

2
7.

14
9

7.
15

8
7.

16
3

7.
16

7
7.

32
7

7.
33

2
7.

33
7

7.
34

0
7.

34
4

7.
34

8
7.

35
5

7.
37

4
7.

38
9

7.
39

6
7.

40
7

7.
41

5
7.

42
0

7.
42

9
7.

50
9

7.
51

4
7.

52
5

7.
53

0

13C NMR (100 MHz, CDCl3) spectrum of product 29

0102030405060708090100110120130140150160170180190200

f1 (ppm)

XM-HH-152-C-0704.1.fid

21
.2

36
21

.3
28

32
.7

48
34

.9
08

35
.6

13

45
.9

26
47

.4
83

55
.9

02

61
.7

57

11
7.

23
1

11
7.

82
5

12
6.

12
2

12
6.

90
2

12
7.

28
2

12
8.

00
4

12
8.

18
8

12
8.

52
6

12
8.

60
7

12
8.

73
4

12
8.

80
6

13
5.

09
9

13
6.

91
9

13
8.

39
1

14
0.

61
1

14
7.

05
7

16
8.

74
1

NC CN

N
Ph

29



S67

1H NMR (400 MHz, CDCl3) spectrum of product 30
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19F NMR (376 MHz, CDCl3) spectrum of product 30

-210-200-190-180-170-160-150-140-130-120-110-100-90-80-70-60-50-40-30-20-10010

f1 (ppm)

XM-HH-153-0704.2.fid

-1
13

.1
58

-1
10

.1
35



S69

1H NMR (400 MHz, CDCl3) spectrum of product 31

-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.5

f1 (ppm)

XM-HH-163-1-X-20250925.1.fid

2.
10

1.
09

1.
03

1.
98

1.
00

1.
96

3.
05

4.
02

8.
04

2.
95

1.
90

1.
91

1.
93

1.
94

1.
97

1.
98

1.
99

2.
00

2.
01

2.
02

2.
03

2.
04

2.
05

2.
06

2.
37

2.
40

2.
41

2.
44

2.
44

2.
65

2.
66

2.
66

2.
67

2.
68

2.
69

2.
70

3.
11

3.
15

3.
16

3.
17

3.
19

3.
20

3.
60

3.
61

3.
64

3.
65

7.
05

7.
07

7.
08

7.
10

7.
13

7.
13

7.
15

7.
17

7.
17

7.
17

7.
18

7.
19

7.
21

7.
27

7.
27

7.
27

7.
29

7.
29

7.
31

7.
32

7.
32

7.
33

7.
34

7.
35

7.
36

7.
36

7.
37

7.
38

7.
38

7.
38

7.
50

7.
52

7.
52

7.
53

7.
54

7.
54

13C NMR (100 MHz, CDCl3) spectrum of product 31

-100102030405060708090100110120130140150160170180190200210

f1 (ppm)

XM-HH-163-1-X-20250925.2.fid

26
.0

6

32
.9

7

38
.9

8

49
.9

3
50

.4
0

61
.5

4

11
2.

33
11

5.
97

12
7.

35
12

7.
38

12
7.

44
12

7.
51

12
7.

73
12

8.
04

12
8.

17
12

8.
41

12
8.

44
12

8.
75

12
8.

86
13

0.
34

13
7.

08
13

8.
03

14
0.

78
14

1.
69

16
8.

19

CN
CNPh

N
Ph

Ph 31



S70

1H NMR (500 MHz, CDCl3) spectrum of product 32
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1H NMR (400 MHz, DMSO-d6) spectrum of product 33
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7. X-ray Crystallographic Data of Compounds 

7.1 Data of Compound 8 (CCDC: 2480481)

Crystal sample preparation and crystal structure determination
To a 10 mL vial, the corresponding samples (25.0 mg) were dissolved in 2.0 mL 

CH2Cl2, and then 1.0 mL n-hexane was slowly dropwise into the above solution. The 

vial, which was not screwed down, was carefully set in a clean place at room 

temperature, and wait for the crystals to precipitate. The crystals were confirmed by X-

ray crystallographic.

All the measurements were obtained on a BRUKER Single Crystal X-Ray 

Diffractometer, Germany (model of the instrument –AXS D8 Quest System).

Specification: D8 QUEST, Photon 100 CMOS Detector, Horizontal Goniometer, Fixed 

Chi stage, Goniometer head manual, Ceramic Tube KFF Mo-2K-90c, two pinhole 

collimator (0.3/17 m rad, 0.6/17 m rad), Head turned by 90°, APEX2 w. SHELXTL 

S/W, Video microscope SCD, Cryostream-700plus extended range low temperature.

X-ray crystallographic analysis of compound 8 (CCDC:2480481) showing the 

thermal ellipsoids at 50% probability level.
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7.2 Data of Compound 22 (CCDC: 2480483)

Crystal sample preparation and crystal structure determination
To a 10 mL vial, the corresponding samples (25.0 mg) were dissolved in 2.0 mL 

CH2Cl2, and then 1.0 mL n-hexane was slowly dropwise into the above solution. The 

vial, which was not screwed down, was carefully set in a clean place at room 

temperature, and wait for the crystals to precipitate. The crystals were confirmed by X-

ray crystallographic.

All the measurements were obtained on a BRUKER Single Crystal X-Ray 

Diffractometer, Germany (model of the instrument –AXS D8 Quest System).

Specification: D8 QUEST, Photon 100 CMOS Detector, Horizontal Goniometer, Fixed 

Chi stage, Goniometer head manual, Ceramic Tube KFF Mo-2K-90c, two pinhole 

collimator (0.3/17 m rad, 0.6/17 m rad), Head turned by 90°, APEX2 w. SHELXTL 

S/W, Video microscope SCD, Cryostream-700plus extended range low temperature.
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X-ray crystallographic analysis of compound 22 (CCDC:2480483) showing the 

thermal ellipsoids at 50% probability level.
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