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1. General Information 

Reactions with anhydrous solvents were carried out under N2 atmosphere in oven-dried 

glassware. TLC plates were stained using potassium permanganate or ninhydrin 

solutions. Flash column chromatography was performed with silica gel (200-300 mesh). 

Petroleum ether (PE, b.p. 60-90 °C), ethyl acetate (EA) and methanol (MeOH) are used 

for column purification. All the N-heterocyclic compounds were purified by silica gel 

column chromatography with appropriate eluents with 0.1% NEt3 v/v. 

Commercial grade reagents and solvents were used without further purification except 

as indicated below. Anhydrous acetonitrile (MeCN), dichloromethane (DCM) and 

tetrahydrofuran (THF) were dried and purified by passing through a neutral alumina 

column under N2 (solvent purification system). Cu(OTf)2 was purchased from STREM 

Chemicals Inc. 
1H NMR, 13C NMR and 19F NMR spectra were recorded on a Bruker Avance 

spectrometers (400 MHz or 600 MHz for 1H NMR, and 101 MHz or 151 MHz for 13C 

NMR). 1H NMR chemical shifts are expressed in parts per million (δ) downfield from 

tetramethylsilane (with the CDCl3 peak at 7.26 ppm used as a standard). 13C NMR 

chemical shifts are expressed in parts per million (δ) downfield from tetramethylsilane 

(with the central peak of CDCl3 at 77.16 ppm used as a standard). All 13C spectra were 

measured with complete proton decoupling. NMR coupling constants (J) are reported 

in Hertz (Hz), and splitting patterns are indicated as follows: br, broad; s, singlet; d, 

doublet; dd, doublet of doublet; ddd, double of doublet of doublet; dt, doublet of triplet; 

td, triplet of doublet; t, triplet; q, quartet; m, multiplet. High Resolution Mass 

Spectrometric data was recorded on Bruker 1290 UPLC / microTOF-Q II and Q 

Exactive HF (Q Exactive™ HF/UltiMate™ 3000 RSLCnano). Low Resolution Mass 

Spectrometric data were recorded on Shimadzu LCMS-8040 (ESI). 
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2. Optimization of Reaction Conditions 

For optimization studies, we selected seleno-SLAP 1 and 4-

(trifluoromethyl)benzaldehyde as a substrate. Condensation of seleno-SLAP 1 with the 

above-mentioned aldehyde in the presence of 4 Å molecular sieves produced the 

corresponding imine (Table S1). The reaction was filtered and concentrated, and then 

the crude mixture was used directly without any further purification for optimization of 

the photo-mediated selenomorpholine formation reaction. 1H NMR measurements of 

the crude reaction mixtures were used to calculate the yields from the optimization 

studies. Initially, we tried the standard reaction conditions, i.e. using 1 mol% of 

Ir[(ppy)2dtbbpy]PF6, in acetonitrile (0.1 M) at room temperature under blue light.9a 

However, no product was formed, suggesting that the oxidation potential of the Ir(III) 

photoredox catalyst was not sufficient enough for seleno-SLAP 1 to form the 

challenging selenomorpholine from a-silyl selenide. Rest of the conditions were 

discussed in the article. 

 

 

Table S1: Screening and optimization of reaction conditions with imine. 

 

Entry[a]  Lewis acids  Yield[b] 

(%) 

1 Without Lewis acids N.R. 

2 2 Equiv of Fe(OTf)3 N.R. 

3 2 Equiv of Lewis acids, such as Sc(OTf)3, In(OTf)3, 

Er(OTf)3, Yb(OTf)3 or Bi(OTf)3 

<10% 

4 2 Equiv of other Ni or Cu source, such as NiCl2·6H2O, 

Ni(cod)2, Cu(acac)2, Cu(OAc)2, Cu(NO3)2 , CuCl or 

CuI 

NR 

5 Cu(OTf)2 (2.0 equiv) 52 

6 Cu(OTf)2 (1.0 equiv) 35 

7 Cu(OTf)2 (1.5 equiv) 41 

8 Cu(OTf)2 (1.0 equiv) + In(OTf)3 (0.5 equiv) 65 (56)[c] 

9 Cu(OTf)2 (1.0 equiv) + Gd(OTf)3 (0.5 equiv) <10 

10 Cu(OTf)2 (1.0 equiv) + Er(OTf)3 (0.5 equiv) 22 

11 Cu(OTf)2 (1.0 equiv) + Yb(OTf)3 (0.5 equiv) 27 

12 Cu(OTf)2 (1.0 equiv) + Bi(OTf)3 (0.5 equiv) 45 

13[d] Cu(OTf)2 (1.0 equiv) + In(OTf)3 (0.5 equiv) 57 

[a] All reactions were performed on a 0.1 mmol scale; [b] Yield determined 

by 1H NMR spectroscopy with benzyl methyl ether as an internal standard; [c] 

Isolated yield; [d] Reaction performed for 36 h. N.R. = no reaction.  
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Table S2: Optimization of reaction conditions for 1,4-selenazepanes.  

 

Entry[a]  Lewis acids  Yield[b] (%) 

1 2 Equiv of Lewis acids, such as Ce(OTf)3, 

La(OTf)3, Nd(OTf)3, InCl3 

N.R. 

2 2 Equiv of non-metallic Lewis acids, such as 

BF3∙MeCN, BBr3, TMSOTf  

N.R. 

3 Cu(OTf)2 (1.0 equiv) + Ce(OTf)3 (1.0 equiv) N.R. 

4 Cu(OTf)2 (1.0 equiv) + La(OTf)3 (1.0 equiv) N.R. 

5 Cu(OTf)2 (1.0 equiv) + Nd(OTf)3 (1.0 equiv) N.R. 

6 Cu(OTf)2 (1.0 equiv) + InCl3 (1.0 equiv) N.R. 

7 Cu(OTf)2 (1.0 equiv) + In(OTf)3 (0.5 equiv) 32%  

8 Cu(OTf)2 (1.0 equiv) + In(OTf)3 (1.0 equiv) 35% 

9 Cu(OTf)2 (1.0 equiv) + In(OTf)3 (2.0 equiv) 48% 

10 Cu(OTf)2 (1.0 equiv) + In(OTf)3 (2.5 equiv) 40% 

[a] All reactions were performed on a 0.1 mmol scale; [b] Yield determined 

by 1H NMR spectroscopy with 1,3,5-Trimethoxybenzene as an internal 

standard; NR = no reaction. 
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3. Synthesis of Seleno-SLAP reagents 

 

Synthesis of Seleno-SLAP 1 

 

 
 

Di-tert-butyl (diselanediylbis(ethane-2,1-diyl))dicarbamate (10). 

To an ice-cooled solution of Na2Se2
1 (1 N, 18 mL, 18 mmol, 0.6 equiv) 

was added tert-butyl (2-chloroethyl)carbamate 9 (5.39 g, 30 mmol, 

1.0 equiv) in THF (40 mL) dropwise. Then the reaction was stirred at room temperature 

overnight. The reaction was removed to a separating funnel and extracted with EA. The 

organic layer was then dried over Na2SO4. The solvent was evaporated in vacuo and 

purification of the crude compound by column chromatography (PE/EA, 4:1) to yield 

10 as yellow solid (6.16 g, 92%). 1H NMR (400 MHz, CDCl3) δ 5.07 (br s, 2H), 3.47 

(q, J = 6.1 Hz, 4H), 2.99 (t, J = 6.6 Hz, 4H), 1.44 (s, 18H). 13C NMR (101 MHz, CDCl3) 

δ 155.9, 79.7, 41.1, 29.6, 28.5. Spectral data matches with the literature data.2 

 

2-(((Trimethylsilyl)methyl)selanyl)ethan-1-amine (Seleno-SLAP 1). To 

an ice-cooled solution of diselenide 10 (9.00 g, 20 mmol, 1.0 equiv) in 

DCM (72 mL) was slowly added a mixture of DCM/TFA (3:1, v/v, 72 mL) 

and then the mixture was stirred for 4 h at room temperature. After the reaction, the 

solvent was evaporated under vacuum and most TFA was removed. Then deprotected 

diselenide was dissolved in EtOH (100 mL) and triethylamine was used to neutralize 

the remaining TFA. The yellow solution was degassed for 15 min and then cooled to 

0 °C. NaBH4 (1.68 g, 44 mmol, 2.2 equiv) was added slowly under N2 and the mixture 

was stirred at 0 °C for 20 min. (Chloromethyl)trimethylsilane (5.4 g, 44 mmol, 2.2 

equiv) and K2CO3 (2.76 g, 20 mmol, 1.0 equiv) were added and the reaction was heated 

to 50 °C for 4 h. Then the reaction was filtered and concentrated in vacuo. The resulting 

mixture was purified by column chromatography (PE/EA, 1:1) to give Seleno-SLAP 1 

as white solid (7.57 g, 90%). 1H NMR (400 MHz, CDCl3) δ 7.75 (s, 2H), 3.17 (t, J = 

7.3 Hz, 2H), 2.75 (t, J = 7.2 Hz, 2H), 1.73 (s, 2H), 0.09 (s, 9H). 13C NMR (101 MHz, 

CDCl3) δ 39.3, 22.7, 9.0, -1.3. ESI-HRMS calcd for C6H18NSeSi [M + H] 212.0368, 

found 212.0374.  
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Synthesis of Seleno-SLAP 2 

 

 

 

 (9H-fluoren-9-yl)methyl (S)-(1-bromo-3-(tert-butoxy)propan-2-

yl)carbamate (12). To a solution of alcohol (prepared as reported 

methods)3 (3.69 g, 10 mmol, 1.0 equiv) in DCM (30 mL) was added 

methanesulfonyl chloride (0.85 mL, 11 mmol, 1.1 equiv) dropwise at 

0 °C in an ice bath and then triethylamine (1.66 mL, 12 mmol, 1.2 equiv) was added. 

The resulting solution was stirred for 2 h, lithium bromide (8.7 g, 100 mmol, 10.0 equiv) 

and acetone (15 mL) were added to the solution at 0 °C and then left to stir at room 

temperature overnight. The solvents were removed and the residue was dissolved in EA 

and poured into a separation funnel. The organic layer was washed with H2O, saturated 

NaHCO3 and brine. The organic layer was then dried over Na2SO4. The solvent was 

evaporated in vacuo and directly used for next step.  

 

Bis((9H-fluoren-9-yl)methyl) ((2S,2'S)-diselanediylbis(3-(tert-

butoxy)propane-1,2-diyl))dicarbamate (13). To an ice-cooled 

solution of Na2Se2 (1 N, 10 mL) was added bromide in THF (30 mL) 

dropwise. Then the reaction was stirred at room temperature 

overnight. The reaction was removed to a separating funnel and extracted with DCM. 

The organic layer was then dried over Na2SO4. The solvent was evaporated in vacuo 

and flush through a pad of silica. The solvent was then concentrated and directly used 

for next step. ESI-HRMS calcd for C44H52N2O6Se2Na [M + Na] 887.2048, found 

887.2083. 

 

(R)-1-(tert-Butoxy)-3-(((trimethylsilyl)methyl)selanyl)propan-

2-amine (Seleno-SLAP 2). To an ice-cooled solution of diselenide  

in MeCN (20 mL) was added diethylamine (5 mL) and then the 

mixture was stirred for 3 h at room temperature. After the reaction 

was completed, the solvent was evaporated under vacuum. Then deprotected diselenide 

was dissolved in EtOH (50 mL), the yellow solution was degassed for 15 min and then 

cooled to 0 °C. NaBH4 (0.42 g, 11 mmol, 2.2 equiv) was added slowly under N2 and the 

mixture was stirred at 0 °C for 20 min. (Chloromethyl)trimethylsilane (1.35 g, 11 mmol, 

2.2 equiv) and K2CO3 (1.38 g, 10 mmol, 1.0 equiv) were added and the reaction was 

heated to 50 °C for 4 h. Then the reaction was filtered and concentrated in vacuo. The 
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resulting mixture was purified by column chromatography (PE/EA, 4:1 to 2:1) to give 

Seleno-SLAP 2 as colorless oil (1.92 g, 65%, calculated from alcohol). 1H NMR (400 

MHz, CDCl3) δ 3.30 (dd, J = 8.6, 4.4 Hz, 1H), 3.16 (dd, J = 8.5, 6.7 Hz, 1H), 3.01 – 

2.92 (m, 1H), 2.65 (dd, J = 12.3, 4.7 Hz, 1H), 2.42 (dd, J = 12.3, 8.1 Hz, 1H), 1.66 (q, J 

= 12.2 Hz, 4H), 1.11 (s, 9H), 0.02 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 72.8, 66.1, 

50.9, 32.6, 27.6, 9.3, -1.3. ESI-HRMS calcd for C11H28NOSeSi [M + H] 298.1100, 

found 298.1107.  

 

Synthesis of Seleno-SLAP 3 

 

 

 

Methyl (R)-2-amino-3-(((trimethylsilyl)methyl)selanyl)propano 

ate (Seleno-SLAP 3). To an ice-cooled solution of diselenide 142  

(2.82 g, 5 mmol, 1.0 equiv) in DCM (12 mL) was slowly added a 

mixture of DCM/TFA (3:1, v/v, 12 mL) and then the mixture was 

stirred for 4 h at room temperature. After the reaction, the solvent was evaporated under 

vacuum and most TFA was removed. Then deprotected diselenide was dissolved in 

EtOH (25 mL) and triethylamine was used to neutralize the remaining TFA. The yellow 

solution was degassed for 15 min and then cooled to 0 °C. NaBH4 (0.42 g, 11 mmol, 2.2 

equiv) was added slowly under N2 and the mixture was stirred at 0 °C for 20 min. 

(Chloromethyl)trimethylsilane (1.35 g, 11 mmol, 2.2 equiv) and K2CO3 (0.69 g, 5 mmol, 

1.0 equiv) were added and the reaction was heated to 50 °C for 4 h. Then the reaction 

was filtered and concentrated in vacuo. The resulting mixture was purified by column 

chromatography (PE/EA, 5:1 to 2:1) to give Seleno-SLAP 3 as yellow oil (2.2 g, 82%). 
1H NMR (600 MHz, CDCl3) δ 3.70 (s, 3H), 3.66 (dd, J = 7.5, 4.8 Hz, 1H), 2.89 (dd, J = 

12.5, 4.8 Hz, 1H), 2.79 (dd, J = 12.5, 7.5 Hz, 1H), 1.80 – 1.70 (m, 4H), 0.06 (s, 9H). 13C 

NMR (151 MHz, CDCl3) δ 174.7, 54.4, 52.2, 32.1, 9.8, -1.3. ESI-HRMS calcd for 

C8H20NO2SeSi [M + H] 270.0423, found 270.0431.  

 

Synthesis of Seleno-SLAP 4 
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Di-tert-butyl (diselanediylbis(propane-3,1-diyl))dicarbamate 

(16). To an ice-cooled solution of Na2Se2 (1 N, 18 mL, 18 mmol, 

0.6 equiv) was added tert-butyl (3-chloropropyl)carbamate 15 

(5.81 g, 30 mmol, 1.0 equiv) in THF (40 mL) dropwise. Then the reaction was stirred 

at room temperature overnight. The reaction was removed to a separating funnel and 

extracted with EA. The organic layer was then dried over Na2SO4. The solvent was 

evaporated in vacuo and purification of the crude compound by column 

chromatography (PE/EA, 4:1) to yield 16 as yellow solid (6.64 g, 93%). 1H NMR (400 

MHz, CDCl3) δ 4.73 (s, 2H), 3.20 (q, J = 6.6 Hz, 4H), 2.90 (t, J = 7.3 Hz, 4H), 1.91 (p, 

J = 7.0 Hz, 4H), 1.42 (s, 18H). 13C NMR (101 MHz, CDCl3) δ 156.1, 79.3, 40.2, 31.5, 

28.5, 26.8. ESI-HRMS calcd for C16H32N2NaO4Se2 [M + Na] 499.0588, found 

499.0596. 

 

3-(((Trimethylsilyl)methyl)selanyl)propan-1-amine (Seleno-SLAP 4). 

To an ice-cooled solution of diselenide 16 (4.76 g, 10 mmol, 1.0 equiv) in 

DCM (36 mL) was slowly added a mixture of DCM/TFA (3:1, v/v, 36 mL) 

and then the mixture was stirred for 4 h at room temperature. After the reaction, the 

solvent was evaporated under vacuum and most TFA was removed. Then deprotected 

diselenide was dissolved in EtOH (50 mL) and triethylamine was used to neutralize the 

remaining TFA. The yellow solution was degassed for 15 min and then cooled to 0 °C. 

NaBH4 (0.84 g, 22 mmol, 2.2 equiv) was added slowly under N2 and the mixture was 

stirred at 0 °C for 20 min. (Chloromethyl)trimethylsilane (2.70 g, 22 mmol, 2.2 equiv) 

and K2CO3 (1.38 g, 10 mmol, 1.0 equiv) were added and the reaction was heated to 

50 °C for 4 h. Then the reaction was filtered and concentrated in vacuo. The resulting 

mixture was purified by column chromatography (PE/EA, 1:1) to give Seleno-SLAP 4 

as brown solid (3.81 g, 85%). 1H NMR (400 MHz, CDCl3) δ 6.18 (s, 2H), 3.04 – 2.98 

(m, 2H), 2.58 (t, J = 7.1 Hz, 2H), 1.99 (p, J = 7.1 Hz, 2H), 1.71 (s, 2H), 0.08 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 40.2, 28.2, 22.6, 8.9, -1.2. ESI-HRMS calcd for 

C7H20NSeSi [M + H] 226.0525, found 226.0533. 

 

Synthesis of Seleno-SLAP 5 

 

 

 

Methyl (S)-2-amino-4-(((trimethylsilyl)methyl)selanyl)butane 

ate (Seleno-SLAP 5). To an ice-cooled solution of diselenide 172  

(2.96 g, 5 mmol, 1.0 equiv) in DCM (12 mL) was slowly added a 

mixture of DCM/TFA (3:1, v/v, 12 mL) and then the mixture was 

stirred for 4 h at room temperature. After the reaction, the solvent was evaporated under 

vacuum and most TFA was removed. Then deprotected diselenide was dissolved in 

EtOH (25 mL) and triethylamine was used to neutralize the remaining TFA. The yellow 
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solution was degassed for 15 min and then cooled to 0 °C. NaBH4 (0.42 g, 11 mmol, 2.2 

equiv) was added slowly under N2 and the mixture was stirred at 0 °C for 20 min. 

(Chloromethyl)trimethylsilane (1.35 g, 11 mmol, 2.2 equiv) and K2CO3 (0.69 g, 5 mmol, 

1.0 equiv) were added and the reaction was heated to 50 °C for 4 h. Then the reaction 

was filtered and concentrated in vacuo. The resulting mixture was purified by column 

chromatography (PE/EA, 5:1 to 2:1) to give Seleno-SLAP 5 as yellow oil (1.92 g, 68%). 
1H NMR (400 MHz, CDCl3) δ 3.70 (s, 3H), 3.56 (dd, J = 8.1, 5.0 Hz, 1H), 2.69 – 2.56 

(m, 2H), 2.12 – 2.01 (m, 1H), 1.90 – 1.80 (m, 1H), 1.70 (d, J = 1.1 Hz, 2H), 1.54 (s, 2H), 

0.07 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 176.3, 54.4, 52.2, 35.1, 22.6, 8.8, -1.2. ESI-

HRMS calcd for C9H22NO2SeSi [M + H] 284.0580, found 284.0587.  

4. Synthesis of aldehydes 

Synthesis of 20 

 

 

4-(Prop-2-yn-1-yloxy)benzaldehyde (20). To a solution of 4-

hydroxybenzaldehyde (0.25 g, 2 mmol, 1.0 equiv) and anhydrous 

K2CO3 (0.28 g, 2 mmol, 1.0 equiv) in 10 mL acetone was added 

propargyl bromide (0.36 g, 3 mmol, 1.5 equiv). The resulting mixture was heated under 

reflux for 6 h, then the remaining solution was filtered and washed with acetone. After 

concentration, the residue was purified by column chromatography (PE/EA, 10:1) to 

give 20 as a white solid (0.27 g, 85%). 1H NMR (400 MHz, CDCl3) δ 9.91 (s, 1H), 7.90 

– 7.83 (m, 2H), 7.12 – 7.06 (m, 2H), 4.78 (d, J = 2.4 Hz, 2H), 2.57 (t, J = 2.4 Hz, 1H). 
13C NMR (101 MHz, CDCl3) δ 190.9, 162.5, 132.0, 130.7, 115.3, 77.7, 76.5, 56.1. 

Spectral data matches with the literature data.4 

 

 

Synthesis of 22 

 

 

Aryl Fluorosulfonates are synthesized followed the reported method.  

General procedure: In a 25 mL flask equipped with a stirring bar, phenol 21 (2 mmol, 

1.0 equiv) and triethylamine were dissolved in 10 mL DCM. SO2F2 was introduced by 

bubbling through the solution. The reaction was stirred for 4-12 h at room temperature 

before concentrating under vacuum. The residue was purified by column 

chromatography to give pure products. 
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4-Formylphenyl sulfurofluoridate (22a). Colorless yellow oil, 

0.39 g, 95%. 1H NMR (600 MHz, CDCl3) δ 10.05 (s, 1H), 8.05 – 

8.00 (m, 2H), 7.55 – 7.50 (m, 2H). 13C NMR (151 MHz, CDCl3) δ 

190.2, 153.6, 136.2, 132.0, 121.9. 19F NMR (376 MHz, CDCl3) δ 39.1. 

 

3-Formylphenyl sulfurofluoridate (22b). Light yellow oil, 0.37 g, 90%. 
1H NMR (400 MHz, CDCl3) δ 10.04 (s, 1H), 7.95 (dt, J = 7.5, 1.3 Hz, 1H), 

7.86 (dt, J = 2.4, 1.1 Hz, 1H), 7.70 (t, J = 7.9 Hz, 1H), 7.61 (ddt, J = 8.2, 

2.2, 1.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 189.9, 150.6, 138.6, 131.5, 

130.2, 126.8, 121.3. 19F NMR (376 MHz, CDCl3) δ 38.5.  

 

4-Formyl-2-methoxyphenyl sulfurofluoridate (22c). White solid, 

0.38 g, 82%.1H NMR (400 MHz, CDCl3) δ 9.99 (s, 1H), 7.58 (d, J 

= 1.5 Hz, 1H), 7.55 – 7.49 (m, 2H), 4.00 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 190.4, 152.2, 142.9, 137.2, 124.1, 123.3, 112.2, 56.7. 
19F NMR (376 MHz, CDCl3) δ 41.0. Spectral data matches with the literature data.5   

 

 

Synthesis of 24 

 

 

 

(2R,3R,4R,5R,6S)-2-(acetoxymethyl)-6-(4-formylphen 

oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (24). To a 

solution of helicid 23 (1.0 g, 3.5 mmol, 1.0 equiv) in dry 

DMF (8 mL) were added acetic anhydride (1.79 g, 17.5 

mmol, 5.0 equiv) and triethylamine (1.48 g, 14.7 mmol, 4.2 equiv) under stirring at 

0 °C. The resulting mixture was stirred for 2 h at 0 °C, then for 12 h at room temperature. 

The reaction mixture was diluted with water and extracted with EA. The combined 

organic phase was washed with brine, dried over Na2SO4 and the solvent was removed 

under reduced pressure to give light yellow solid. The crude product was recrystallized 

in ethanol to yield 24 as white solid (1.03 g, 65%). 1H NMR (400 MHz, CDCl3) δ 9.92 

(s, 1H), 7.89 – 7.81 (m, 2H), 7.16 – 7.09 (m, 2H), 5.75 (t, J = 3.0 Hz, 1H), 5.47 (d, J = 

8.1 Hz, 1H), 5.19 (dd, J = 8.1, 3.1 Hz, 1H), 5.05 (dd, J = 9.8, 2.8 Hz, 1H), 4.33 – 4.19 

(m, 3H), 2.17 (s, 3H), 2.07 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H). 13C NMR (101 MHz, 

CDCl3) δ 191.2, 170.8, 170.6, 170.5, 169.8, 161.7, 132.3, 117.2, 99.0, 71.8, 71.1, 68.8, 

67.2, 61.8, 21.2, 21.1, 21.0. Spectral data matches with the literature data.6  
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Synthesis of 27 

 

 

(2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-bromotetrahydro-2H-

pyran-3,4,5-triyl triacetate(26). To the solution of β-D-Glucose 

pentaacetate (3.90 g, 10 mmol, 1.0 equiv) in anhydrous DCM (30 mL) 

was added HBr (33% w/w in acetic acid, 20 mL) dropwise under N2 

at 0 °C. The reaction was warmed to room temperature and stirred overnight. The 

reaction mixture was neutralized by saturated NaHCO3 solution and product was 

extracted with EA, dried over Na2SO4, filtered and concentrated. The residue was 

purified by column chromatography (PE/EA 3:1) to give pure product 26 (3.08 g, 75%) 

as white solid. 1H NMR (400 MHz, CDCl3) δ 6.60 (d, J = 4.2 Hz, 1H), 5.56 (t, J = 9.9 

Hz, 1H), 5.16 (t, J = 9.9 Hz, 1H), 4.84 (dd, J = 10.0, 4.2 Hz, 1H), 4.34 – 4.29 (m, 2H), 

4.14 – 4.10 (m, 1H), 2.10 (s, 3H), 2.09 (s, 3H), 2.05 (s, 3H), 2.03 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 170.7, 170.0, 169.9, 169.6, 86.7, 72.3, 70.7, 70.3, 67.3, 61.1, 20.8, 20.8, 

20.8, 20.7. Spectral data matches with the literature data.7  

 

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(4-formyl-2-meth 

oxyphenoxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate 

(27). Vanillin (0.46 g, 3 mmol, 1.0 equiv), bromide 26 (1.85 

g, 4.5 mmol, 1.5 equiv) and tetrabutylammonium bromide 

(0.48 g, 1.5 mmol, 0.5 equiv) were dissolved in dichloromethane (10 mL). Potassium 

carbonate solution (0.5 N, 10 mL) was added and the mixture was stirred vigorously for 

3h at 45 °C. Ethyl acetate (30 mL) was added, and the organic phase was washed 

subsequently three times with water, brine, dried over Na2SO4, filtered and concentrated. 

The residue was purified twice by crystallization from ethanol to yield 27 as a white 

solid (0.90 g, 62%). 1H NMR (400 MHz, CDCl3) δ 9.89 (s, 1H), 7.45 – 7.39 (m, 2H), 

7.21 (d, J = 7.9 Hz, 1H), 5.33 – 5.29 (m, 2H), 5.20 – 5.14 (m, 1H), 5.12 – 5.09 (m, 1H), 

4.27 (dd, J = 12.3, 5.2 Hz, 1H), 4.18 (dd, J = 12.3, 2.6 Hz, 1H), 3.89 (s, 3H), 3.85 (ddd, 

J = 10.0, 5.1, 2.6 Hz, 1H), 2.07 (s, 3H), 2.07 (s, 3H), 2.04 (s, 3H), 2.04 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 191.0, 170.6, 170.4, 169.5, 169.4, 151.2, 151.1, 133.0, 125.5, 118.3, 

110.9, 99.9, 72.5, 72.4, 71.2, 68.4, 62.0, 56.3, 20.8, 20.8, 20.7, 20.7. Spectral data 

matches with the literature data.8  
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Synthesis of 30 

 

 

4-((8R,9S,13S,14S)-13-methyl-17-oxo-7,8,9,11,12,13,14, 

15,16,17-decahydro-6H-cyclopenta[a]phenanthren-3-yl) 

benzaldehyde (30). To a 35 mL of sealed tube were added 

estrone boronic ester9 (1.14 g, 3 mmol, 1.0 equiv), 4-

bromobenzaldehyde (0.56 g, 3 mmol, 1.0 equiv), NaOAc 

(0.74 g, 9 mmol, 3.0 equiv), and Pd(dppf)Cl2 (88 mg, 0.12 

mmol, 0.04 equiv) under N2, followed by 

toluene:EtOH:H2O (15 mL) with stirring. The sealed tube was screw capped and heated 

to 100 °C (oil bath). After stirring for 8 h, the reaction mixture was cooled to room 

temperature, filtered through a pad of celite and concentrated. The residue was purified 

by column chromatography to give 30 as yellow solid (0.73 g, 68%). 1H NMR (400 

MHz, CDCl3) δ 10.04 (s, 1H), 7.94 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 7.47 – 

7.37 (m, 3H), 3.05 – 2.98 (m, 2H), 2.58 – 2.45 (m, 2H), 2.37 (td, J = 10.9, 3.8 Hz, 1H), 

2.23 – 1.97 (m, 4H), 1.72 – 1.63 (m, 2H), 1.61 – 1.47 (m, 4H), 0.93 (s, 3H). 13C NMR 

(101 MHz, CDCl3) δ 220.8, 192.0, 147.2, 140.5, 137.4, 137.3, 135.2, 130.4, 128.1, 127.6, 

126.3, 124.9, 50.7, 48.1, 44.6, 38.3, 36.0, 31.7, 29.7, 26.6, 25.9, 21.7, 14.0. ESI-HRMS 

calcd for C25H26NaO2 [M + Na] 381.1825, found 381.1829.  

 

 

Synthesis of 34 

 

 

 

(R)-2,5,7,8-tetramethyl-2-

((4R,8R)-4,8,12-

trimethyltridecyl)chroman-6-yl 

5-bromonicotinate (33). To a 

solution of vitamin E 31 (2.15 g, 5 mmol, 1.0 equiv) in dry THF (25 mL) were added 5-
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bromo-nicotinic acid (1.11 g, 5.5 mmol, 1.1 equiv), DCC (1.24 g, 6.0 mmol, 1.2 equiv) 

and DMAP (0.06 g, 0.5 mmol, 0.1 equiv). The resulting mixture was filtered and washed 

with THF. The solvent was removed under reduced pressure and the residue was 

purified by column chromatography to give 33 as yellow oil (2.92 g, 95%). 1H NMR 

(400 MHz, CDCl3) δ 9.35 (d, J = 1.8 Hz, 1H), 8.93 (d, J = 2.3 Hz, 1H), 8.62 (t, J = 2.1 

Hz, 1H), 2.63 (t, J = 6.8 Hz, 2H), 2.13 (s, 3H), 2.06 (s, 3H), 2.01 (s, 3H), 1.83 (dq, J = 

14.4, 6.9 Hz, 2H), 1.59 – 1.10 (m, 24H), 0.87 (t, J = 6.6 Hz, 12H). 13C NMR (101 MHz, 

CDCl3) δ 162.8, 155.1, 150.0, 149.4, 140.3, 140.1, 127.1, 126.7, 125.0, 123.5, 121.0, 

117.8, 75.4, 37.7 – 37.4 (m), 33.0 – 32.8 (m), 28.1, 25.0, 25.0, 24.6, 22.9, 22.8, 21.2, 

20.8, 20.0 – 19.7 (m), 13.2, 12.4, 12.0. ESI-HRMS calcd for C35H52BrNNaO3 [M + Na] 

636.3023, found 636.3025. 

 

(R)-2,5,7,8-tetramethyl-2-

((4R,8R)-4,8,12-

trimethyltridecyl)chroman-6-yl 

5-formylnicotinate (34). To a 

solution of 33 (1.85 g, 3 mmol, 1.0 equiv) in dry THF (30 mL) at -110 °C was added 
nBuLi 1.6 M in hexanes (1.97 mL, 3.15 mmol, 1.05 equiv) dropwise. After 5 min, dry 

DMF (0.47 mL, 6 mmol, 2 equiv) was added and stirred for another 30 min. The 

resulting mixture was quenched and extracted with EA. The solvent was removed under 

reduced pressure and the residue was purified by column chromatography to give 34 as 

yellow solid (0.85 g, 50%). 1H NMR (400 MHz, CDCl3) δ 10.24 (s, 1H), 9.64 (d, J = 

2.1 Hz, 1H), 9.33 (d, J = 2.1 Hz, 1H), 8.93 (t, J = 2.1 Hz, 1H), 2.63 (t, J = 6.8 Hz, 2H), 

2.13 (s, 3H), 2.06 (s, 3H), 2.02 (s, 3H), 1.83 (dd, J = 14.2, 7.1 Hz, 2H), 1.45 – 1.11 (m, 

24H), 0.86 (t, J = 6.6 Hz, 12H). 13C NMR (101 MHz, CDCl3) δ 189.9, 163.0, 155.8, 

155.1, 150.0, 140.3, 137.9, 131.4, 126.7, 126.5, 125.0, 123.6, 117.9, 75.4, 39.5, 37.7 – 

37.4 (m), 33.0 – 32.8 (m), 28.1, 25.0, 25.0, 24.6, 22.9, 22.8, 21.2, 20.8, 20.0 – 19.7 (m), 

13.3, 12.4, 12.0. ESI-HRMS calcd for C36H53NNaO4 [M + Na] 586.3867, found 

586.3846. 
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5. Synthesis of Selenomorpholines and 1,4-selenazepanes 

General procedure for imine formation: 

To a 10 mL oven-dried tube were added SLAP reagent (0.25 mmol, 1.00 equiv), the 

corresponding aldehyde (0.25 mmol, 1.00 equiv) and MS 4Å (ca. 100 mg/mmol). The 

tube was sealed with rubber stopper, exchanged the gas using N2 for 3 times and then 

dry DCM (1.5 mL) was added. The reaction mixture was stirred at room temperature 

for 12 h and filtered through a HPLC filter. The filtrate was concentrated under reduced 

pressure to afford the imine and used directly for photo-cyclization.  

 

General procedure for ketimine formation: 

To a 10 mL oven-dried tube were added SLAP reagent (0.25 mmol, 1.00 equiv), the 

corresponding ketone (0.25 mmol, 1.00 equiv) and titanium(IV) isopropoxide (0.11 mL, 

1.50 equiv). The tube was sealed with rubber stopper, exchanged the gas using N2 for 

3 times and then dry DCM (1.0 mL) was added. The reaction mixture was stirred at 

room temperature for 12 h and concentrated under reduced pressure to afford the 

ketimine and used directly for photo-cyclization. 

 

General procedure for photo-cyclization: 

To a solution of the corresponding imine or ketimine (0.25 mmol, 1.00 equiv) in dry 

MeCN (2.5 mL, 0.05 M), Cu(OTf)2 (90.4 mg, 0.25 mmol, 1.00 equiv), In(OTf)3 (0.5 

equiv or 2.0 equiv), and Ir[(ppy)2dtbbpy]PF6 (2.3 mg, 2.50 μmol, 0.01 equiv) were 

added. For the N-containing heterocyclic aldehydes, additional BF3•MeCN (0.2 

mL/equiv, N+1 equiv) was added to the reaction. The reaction was stirred for 24 (for 

selenomorpholines synthesis) or 48 h (for 1,4-selenazepanes synthesis) at room 

temperature under the exposure of blue LEDs (30 W) with a cooling fan to maintain 

the temperature. NH4OH (2 mL) was added and the mixture was extracted with DCM 

(10 mL x 3). The combined organic layers were washed with brine (5 mL), dried over 

Na2SO4, filtered and concentrated. The residue was purified by flash column 

chromatography to afford the desired product. 

 

3-(4-(Trifluoromethyl)phenyl)selenomorpholine (3a). Purification 

by flash column chromatography (PE/EA, 2:1) afforded 3a (41 mg, 

56% yield) as white solid. 1H NMR (400 MHz, CDCl3) δ 7.59 (d, J = 

8.1 Hz, 2H), 7.48 (d, J = 8.1 Hz, 2H), 4.08 (d, J = 10.6 Hz, 1H), 3.63 

(dt, J = 12.6, 3.4 Hz, 1H), 3.28 (td, J = 12.4, 2.1 Hz, 1H), 3.05 – 2.87 (m, 2H), 2.44 (d, 

J = 12.2 Hz, 2H), 1.73 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 149.0, 130.0 (q, J = 32.4 

Hz), 126.9, 125.8 (q, J = 3.8 Hz), 124.2 (q, J = 272.0 Hz), 63.2, 50.0, 24.7, 18.3. 19F 

NMR (376 MHz, CDCl3) δ -62.5. Spectral data matches with the literature data.2  

 

3-(4-Fluoro-2-methylphenyl)selenomorpholine (3b). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3b (27 mg, 41% 

yield) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.42 (dd, J = 8.5, 

6.0 Hz, 1H), 6.96 – 6.81 (m, 2H), 4.16 (dd, J = 10.8, 2.1 Hz, 1H), 3.63 
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(dt, J = 12.6, 3.1 Hz, 1H), 3.27 (td, J = 12.3, 2.3 Hz, 1H), 2.99 (td, J = 12.1, 3.1 Hz, 

1H), 2.89 (dd, J = 12.0, 10.7 Hz, 1H), 2.50 – 2.32 (m, 5H), 1.64 (s, 1H). 13C NMR (101 

MHz, CDCl3) δ 161.7 (d, J = 245.3 Hz), 139.1 (d, J = 3.2 Hz), 137.2 (d, J = 7.6 Hz), 

127.2 (d, J = 8.3 Hz), 117.1 (d, J = 20.9 Hz), 113.1 (d, J = 20.6 Hz), 58.9, 50.5, 23.9, 

19.5 (d, J = 1.7 Hz), 18.4. 19F NMR (376 MHz, CDCl3) δ -116.0. ESI-HRMS calcd for 

C11H15FNSe [M + H] 260.0348, found 260.0351. 

 

3-(3-(Trifluoromethyl)phenyl)selenomorpholine (3c). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3c (38 mg, 52% yield) 

as light yellow oil. 1H NMR (600 MHz, CDCl3) δ 7.64 (s, 1H), 7.54 (t, J 

= 8.0 Hz, 2H), 7.45 (t, J = 7.7 Hz, 1H), 4.09 (dd, J = 10.9, 2.2 Hz, 1H), 

3.63 (dt, J = 12.5, 3.2 Hz, 1H), 3.28 (td, J = 12.4, 2.2 Hz, 1H), 3.00 (td, J 

= 12.1, 3.1 Hz, 1H), 2.95 (dd, J = 12.1, 10.9 Hz, 1H), 2.48 – 2.42 (m, 2H), 1.77 (s, 1H). 
13C NMR (151 MHz, CDCl3) δ 146.1, 131.2 (q, J = 32.3 Hz), 130.1, 129.3, 124.7 (q, J 

= 3.8 Hz), 124.2 (q, J = 271.6 Hz), 123.4 (q, J = 3.8 Hz), 63.2, 50.0, 24.8, 18.3. 19F 

NMR (376 MHz, CDCl3) δ -62.6. ESI-HRMS calcd for C11H13F3NSe [M + H] 296.0160, 

found 296.0169. 

 

3-(3-Methoxyphenyl)selenomorpholine (3d). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 3d (27 mg, 42% yield) as 

light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.26 – 7.21 (m, 1H), 6.97 

– 6.89 (m, 2H), 6.81 (ddd, J = 8.3, 2.5, 1.0 Hz, 1H), 3.99 (dd, J = 10.9, 2.0 

Hz, 1H), 3.80 (s, 3H), 3.61 (dt, J = 12.5, 3.3 Hz, 1H), 3.26 (td, J = 12.3, 

2.2 Hz, 1H), 3.04 – 2.93 (m, 2H), 2.49 – 2.39 (m, 2H), 1.78 (s, 1H). 13C NMR (101 

MHz, CDCl3) δ 160.0, 146.8, 129.8, 118.9, 113.3, 111.9, 63.7, 55.4, 50.2, 24.9, 18.3. 

ESI-HRMS calcd for C11H16NOSe [M + H] 258.0392, found 258.0400. 

 

3-(2-Fluoro-6-methoxyphenyl)selenomorpholine (3e). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3e (14 mg, 20% yield) 

as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.18 – 7.11 (m, 1H), 

6.69 – 6.63 (m, 2H), 4.65 (dd, J = 11.4, 2.5 Hz, 1H), 3.84 (s, 3H), 3.70 – 

3.63 (m, 1H), 3.32 – 3.21 (m, 2H), 2.81 (td, J = 12.4, 3.2 Hz, 1H), 2.38 – 2.29 (m, 2H), 

2.04 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 161.0 (d, J = 244.1 Hz), 158.0 (d, J = 8.5 

Hz), 128.7 (d, J = 11.1 Hz), 119.9 (d, J = 17.1 Hz), 108.8 (d, J = 24.2 Hz), 106.9 (d, J 

= 2.7 Hz), 56.0, 53.8 (d, J = 2.9 Hz), 49.3, 20.3 (d, J = 1.7 Hz), 17.7. 19F NMR (376 

MHz, CDCl3) δ -115.3. ESI-HRMS calcd for C11H14FNNaOSe [M + Na] 298.0117, 

found 298.0127. 

 

3-(2-(Difluoromethoxy)phenyl)selenomorpholine (3f). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3f (26 mg, 36% yield) 

as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.51 (dd, J = 7.6, 1.9 Hz, 

1H), 7.29 – 7.24 (m, 1H), 7.21 (td, J = 7.5, 1.4 Hz, 1H), 7.10 (dd, J = 8.0, 

1.3 Hz, 1H), 6.57 (t, J = 73.7 Hz, 1H), 4.40 (dd, J = 10.9, 2.2 Hz, 1H), 

3.61 (dt, J = 12.8, 3.0 Hz, 1H), 3.29 (td, J = 12.5, 2.2 Hz, 1H), 3.02 – 2.89 (m, 2H), 
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2.51 – 2.39 (m, 2H), 1.69 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 148.1, 136.4, 128.7, 

127.6, 126.1, 119.1, 116.3 (t, J = 260.2 Hz), 56.4, 50.1, 23.3, 18.3. 19F NMR (376 MHz, 

CDCl3) δ -80.3 (d, J = 6.8 Hz). ESI-HRMS calcd for C11H14F2NOSe [M + H] 294.0203, 

found 294.0214. 

 

3-(4-(Trifluoromethoxy)phenyl)selenomorpholine (3g). 

Purification by flash column chromatography (PE/EA, 2:1) afforded 

3g (46 mg, 59% yield) as colorless oil. 1H NMR (400 MHz, CDCl3) 

δ 7.41 – 7.36 (m, 2H), 7.21 – 7.14 (m, 2H), 4.02 (dd, J = 10.9, 1.9 

Hz, 1H), 3.61 (dt, J = 12.7, 3.3 Hz, 1H), 3.26 (td, J = 12.4, 2.1 Hz, 1H), 3.03 – 2.89 (m, 

2H), 2.50 – 2.37 (m, 2H), 1.75 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 148.6 (q, J = 1.8 

Hz), 143.9, 127.9, 121.3, 120.6 (q, J = 257.0 Hz), 62.9, 50.1, 24.8, 18.3. 19F NMR (376 

MHz, CDCl3) δ -57.9. Spectral data matches with the literature data.2  

 

3-(2-(Trifluoromethoxy)phenyl)selenomorpholine (3h). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3h (30 mg, 39% 

yield) as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.59 – 7.54 (m, 

1H), 7.31 – 7.27 (m, 2H), 7.25 – 7.20 (m, 1H), 4.39 (dd, J = 10.9, 2.1 Hz, 

1H), 3.64 – 3.57 (m, 1H), 3.29 (td, J = 12.4, 2.2 Hz, 1H), 3.04 – 2.89 (m, 2H), 2.48 – 

2.38 (m, 2H), 1.71 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 146.1 (q, J = 1.6 Hz), 137.2, 

128.8, 127.9, 127.5, 120.8 (q, J = 1.6 Hz), 120.6 (q, J = 257.6 Hz), 56.1, 50.2, 23.5, 

18.3. 19F NMR (376 MHz, CDCl3) δ -57.1. ESI-HRMS calcd for C11H13F3NOSe [M + 

H] 312.0109, found 312.0112. 

 

3-(4-Fluorophenyl)selenomorpholine (3i). Purification by flash 

column chromatography (PE/EA, 2:1) afforded 3i (34 mg, 55% yield) 

as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.35 – 7.29 (m, 2H), 7.04 

– 6.97 (m, 2H), 3.99 (dd, J = 10.9, 2.0 Hz, 1H), 3.61 (dt, J = 12.0, 3.2 

Hz, 1H), 3.26 (td, J = 12.3, 2.2 Hz, 1H), 3.02 – 2.89 (m, 2H), 2.48 – 2.35 (m, 2H), 1.75 

(s, 1H). 13C NMR (101 MHz, CDCl3) δ 162.2 (d, J = 245.8 Hz), 141.0 (d, J = 3.0 Hz), 

128.1 (d, J = 8.0 Hz), 115.5 (d, J = 21.1 Hz), 62.9, 50.2, 25.0, 18.3. 19F NMR (376 MHz, 

CDCl3) δ -114.7. Spectral data matches with the literature data.2  

 

3-(2-Chlorophenyl)selenomorpholine (3j). Purification by flash column 

chromatography (PE/EA, 3:1) afforded 3j (26 mg, 40% yield) as colorless 

oil. 1H NMR (400 MHz, CDCl3) δ 7.53 (dd, J = 7.8, 1.8 Hz, 1H), 7.35 (dd, 

J = 7.9, 1.5 Hz, 1H), 7.26 (td, J = 7.5, 1.4 Hz, 1H), 7.20 (td, J = 7.6, 1.8 

Hz, 1H), 4.47 (dd, J = 10.7, 2.2 Hz, 1H), 3.64 (dt, J = 12.6, 3.2 Hz, 1H), 3.32 (td, J = 

12.3, 2.2 Hz, 1H), 3.00 (td, J = 12.1, 3.1 Hz, 1H), 2.91 – 2.81 (m, 1H), 2.57 (d, J = 11.9 

Hz, 1H), 2.48 – 2.42 (m, 1H), 1.73 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 142.1, 132.7, 

129.8, 128.6, 127.5, 127.2, 59.3, 50.3, 23.2, 18.4. ESI-HRMS calcd for C10H13ClNSe 

[M + H] 261.9894, found 261.9873.  
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4-(Selenomorpholin-3-yl)benzaldehyde (3k). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 3k (32 mg, 50% 

yield) as light yellow solid. 1H NMR (400 MHz, CDCl3) δ 9.99 (s, 

1H), 7.85 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 8.2 Hz, 2H), 4.11 (dd, J = 

10.9, 2.0 Hz, 1H), 3.64 (dt, J = 12.9, 3.1 Hz, 1H), 3.28 (td, J = 12.3, 2.2 Hz, 1H), 3.06 

– 2.90 (m, 2H), 2.50 – 2.41 (m, 2H), 1.76 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 192.0, 

151.7, 136.0, 130.4, 127.3, 63.4, 49.9, 24.6, 18.3. ESI-HRMS calcd for C11H14NOSe 

[M + H] 256.0235, found 256.0240. 

 

3-(4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)seleno 

morpholine (3l). Purification by flash column chromatography 

(PE/EA, 4:1) afforded 3l (35 mg, 40% yield) as white solid. 1H NMR 

(400 MHz, CDCl3) δ 7.78 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 

2H), 4.02 (dd, J = 10.9, 1.9 Hz, 1H), 3.61 (dt, J = 12.6, 3.0 Hz, 1H), 3.26 (td, J = 12.3, 

2.2 Hz, 1H), 3.04 – 2.91 (m, 2H), 2.47 – 2.37 (m, 2H), 1.88 (s, 1H), 1.33 (s, 12H). 13C 

NMR (101 MHz, CDCl3) δ 148.1, 135.3, 125.9, 83.9, 63.7, 50.1, 25.0, 25.0, 24.8, 18.2. 

ESI-HRMS calcd for C16H25BNO2Se [M + H] 354.1142, found 354.1156. 

 

3-(4-(Prop-2-yn-1-yloxy)phenyl)selenomorpholine (3m). 

Purification by flash column chromatography (PE/EA, 3:1) 

afforded 3m (25 mg, 35% yield) as light yellow oil. 1H NMR (400 

MHz, CDCl3) δ 7.28 (d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 

4.68 (d, J = 2.4 Hz, 2H), 3.96 (dd, J = 11.0, 2.1 Hz, 1H), 3.61 (dt, J = 12.6, 3.2 Hz, 1H), 

3.26 (td, J = 12.3, 2.2 Hz, 1H), 3.04 – 2.91 (m, 2H), 2.51 (t, J = 2.4 Hz, 1H), 2.45 – 

2.38 (m, 2H), 1.85 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 157.1, 138.5, 127.7, 115.1, 

78.7, 75.7, 63.0, 56.0, 50.3, 25.0, 18.3. ESI-HRMS calcd for C13H16NOSe [M + H] 

282.0392, found 282.0403. 

 

4-(Selenomorpholin-3-yl)phenyl sulfurofluoridate (3n). 

Purification by flash column chromatography (PE/EA, 3:1) afforded 

3n (46 mg, 56% yield) as light yellow oil. 1H NMR (400 MHz, 

CDCl3) δ 7.51 – 7.46 (m, 2H), 7.33 – 7.28 (m, 2H), 4.06 (dd, J = 11.0, 

2.1 Hz, 1H), 3.62 (dt, J = 12.4, 3.3 Hz, 1H), 3.27 (td, J = 12.3, 2.2 Hz, 1H), 2.99 (td, J 

= 12.1, 3.1 Hz, 1H), 2.91 (dd, J = 12.1, 10.9 Hz, 1H), 2.50 – 2.37 (m, 2H), 1.71 (s, 1H). 
13C NMR (101 MHz, CDCl3) δ 149.3, 146.0, 128.6, 121.2, 62.8, 50.0, 24.8, 18.3. 19F 

NMR (376 MHz, CDCl3) δ 37.6. ESI-HRMS calcd for C10H13FNO3SSe [M + H] 

325.9760, found 325.9745.  

 

2-Methoxy-4-(selenomorpholin-3-yl)phenyl sulfurofluoridate 

(3o). Purification by flash column chromatography (PE/EA, 3:1) 

afforded 3o (36 mg, 40% yield) as light yellow oil. 1H NMR (400 

MHz, CDCl3) δ 7.27 – 7.24 (m, 1H), 7.09 (d, J = 1.8 Hz, 1H), 6.96 

(dd, J = 8.4, 2.0 Hz, 1H), 4.03 (dd, J = 10.9, 2.1 Hz, 1H), 3.92 (s, 

3H), 3.62 (dt, J = 12.6, 3.3 Hz, 1H), 3.26 (td, J = 12.3, 2.2 Hz, 1H), 2.99 (td, J = 12.2, 
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3.1 Hz, 1H), 2.91 (dd, J = 12.2, 10.9 Hz, 1H), 2.49 – 2.38 (m, 2H), 1.77 (s, 1H). 13C 

NMR (101 MHz, CDCl3) δ 151.4, 147.2, 138.2, 122.5, 118.9, 111.5, 63.3, 56.4, 50.0, 

24.9, 18.2. 19F NMR (376 MHz, CDCl3) δ 39.7. ESI-HRMS calcd for C11H15FNO4SSe 

[M + H] 355.9865, found 355.9874. 

 

3-(Selenomorpholin-3-yl)phenyl sulfurofluoridate (3p). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3p (41 mg, 50% 

yield) as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.37 (m, 

3H), 7.26 – 7.23 (m, 1H), 4.08 (dd, J = 10.9, 2.0 Hz, 1H), 3.63 (dt, J = 

12.6, 3.1 Hz, 1H), 3.27 (td, J = 12.4, 2.2 Hz, 1H), 2.99 (td, J = 12.1, 3.1 

Hz, 1H), 2.94 – 2.87 (m, 1H), 2.51 – 2.38 (m, 2H), 1.74 (s, 1H). 13C NMR (101 MHz, 

CDCl3) δ 150.4, 148.4, 130.7, 126.9, 120.1, 119.0, 62.8, 49.9, 24.7, 18.3. 19F NMR (376 

MHz, CDCl3) δ 37.9. ESI-HRMS calcd for C10H13FNO3SSe [M + H] 325.9760, found 

325.9745. 

 

3-([1,1'-Biphenyl]-4-yl)selenomorpholine (3q). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 3q (46 mg, 61% 

yield) as white solid. 1H NMR (400 MHz, CDCl3) δ 7.61 – 7.54 (m, 

4H), 7.47 – 7.40 (m, 4H), 7.39 – 7.31 (m, 1H), 4.06 (dd, J = 11.0, 

2.2 Hz, 1H), 3.64 (dt, J = 12.6, 3.2 Hz, 1H), 3.30 (td, J = 12.3, 2.3 

Hz, 1H), 3.02 (td, J = 12.2, 11.7, 2.5 Hz, 2H), 2.55 – 2.39 (m, 2H), 1.84 (s, 1H). 13C 

NMR (101 MHz, CDCl3) δ 144.2, 140.8, 140.7, 128.9, 127.5, 127.4, 127.2, 127.0, 63.3, 

50.2, 24.9, 18.3. ESI-HRMS calcd for C16H18NSe [M + H] 304.0599, found 304.0606. 

 

3-(Pyren-1-yl)selenomorpholine (3r). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 3r (32 mg, 36% 

yield) as yellow solid. 1H NMR (400 MHz, CDCl3) δ 8.46 (d, J = 

9.4 Hz, 1H), 8.25 – 8.12 (m, 5H), 8.08 – 7.98 (m, 3H), 5.11 (dd, J = 

10.8, 2.2 Hz, 1H), 3.79 (dt, J = 12.5, 3.1 Hz, 1H), 3.51 (td, J = 12.3, 2.3 Hz, 1H), 3.26 

(dd, J = 12.0, 10.9 Hz, 1H), 3.17 (td, J = 12.1, 3.2 Hz, 1H), 2.72 (d, J = 12.1 Hz, 1H), 

2.57 (dt, J = 12.4, 3.3 Hz, 1H), 1.91 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 138.6, 

131.5, 130.8, 130.8, 128.0, 127.7, 127.6, 127.4, 126.1, 125.4, 125.4, 125.2, 125.1, 123.5, 

122.5, 59.9, 50.8, 24.8, 18.7. Spectral data matches with the literature data.2  

 

3-(Quinolin-4-yl)selenomorpholine (3s). Purification by flash column 

chromatography (DCM/EA/MeOH, 10:10:1) afforded 3s (40 mg, 57% 

yield) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.89 (d, J = 4.5 Hz, 

1H), 8.15 (t, J = 8.8 Hz, 2H), 7.73 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.59 

(ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.55 (d, J = 4.5 Hz, 1H), 4.82 (dd, J = 10.7, 1.8 Hz, 1H), 

3.73 (dt, J = 12.7, 3.1 Hz, 1H), 3.40 (td, J = 12.4, 2.3 Hz, 1H), 3.08 (td, J = 12.1, 3.2 

Hz, 1H), 3.00 (dd, J = 12.2, 10.8 Hz, 1H), 2.65 (dt, J = 12.3, 1.8 Hz, 1H), 2.55 – 2.49 

(m, 1H), 1.86 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 150.8, 150.0, 148.7, 130.7, 129.4, 

126.9, 125.7, 122.9, 117.4, 58.5, 50.3, 24.1, 18.7. ESI-LRMS: [M+H]+ 279.15. 
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1-(3-(Selenomorpholin-3-yl)-1H-indol-1-yl)ethan-1-one (3t). 

Purification by flash column chromatography (PE/EA, 3:1) afforded 

3t (46 mg, 60% yield) as brown oil. 1H NMR (400 MHz, CDCl3) δ 

8.43 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 7.5 Hz, 1H), 7.41 – 7.33 (m, 2H), 

7.29 (td, J = 7.6, 1.1 Hz, 1H), 4.34 (dd, J = 10.8, 1.7 Hz, 1H), 3.65 (dt, 

J = 12.6, 3.1 Hz, 1H), 3.32 (td, J = 12.4, 2.2 Hz, 1H), 3.07 – 2.94 (m, 2H), 2.67 (dt, J = 

12.1, 1.7 Hz, 1H), 2.59 (s, 3H), 2.52 – 2.46 (m, 1H), 1.95 (s, 1H). 13C NMR (101 MHz, 

CDCl3) δ 168.7, 136.0, 128.6, 126.6, 125.7, 123.7, 121.1, 119.2, 117.0, 55.2, 50.1, 24.1, 

18.6. ESI-HRMS calcd for C14H17N2OSe [M + H] 309.0501, found 309.0487.  

 

3-(4-(1H-imidazol-1-yl)phenyl)selenomorpholine (3u). 

Purification by flash column chromatography (DCM/EA/MeOH, 

5:5:1) afforded 3u (45 mg, 62% yield) as white solid. 1H NMR (400 

MHz, CDCl3) δ 7.83 (t, J = 1.1 Hz, 1H), 7.51 – 7.44 (m, 2H), 7.39 – 

7.32 (m, 2H), 7.27 – 7.25 (m, 1H), 7.20 (t, J = 1.2 Hz, 1H), 4.07 (dd, 

J = 10.9, 2.2 Hz, 1H), 3.64 (dt, J = 12.8, 3.2 Hz, 1H), 3.29 (td, J = 12.3, 2.3 Hz, 1H), 

3.04 – 2.92 (m, 2H), 2.51 – 2.41 (m, 2H), 1.83 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 

144.6, 136.8, 135.7, 130.6, 128.1, 121.8, 118.3, 62.9, 50.1, 24.8, 18.3. ESI-HRMS calcd 

for C13H16N3Se [M + H] 294.0504, found 294.0517.  

 

2-Methyl-5-(selenomorpholin-3-yl)thiazole (3v). Purification by flash 

column chromatography (DCM/EA/MeOH, 10:10:1) afforded 3v (40 mg, 

65% yield) as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.48 (s, 

1H), 4.31 (dd, J = 10.6, 2.2 Hz, 1H), 3.59 (dt, J = 12.9, 3.2 Hz, 1H), 3.30 

– 3.20 (m, 1H), 2.92 (td, J = 12.0, 3.6 Hz, 2H), 2.66 (s, 3H), 2.61 – 2.55 (m, 1H), 2.45 

– 2.38 (m, 1H), 1.79 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 165.5, 142.6, 138.2, 56.1, 

49.6, 25.1, 19.5, 18.2. ESI-LRMS: [M+H]+ 249.15. 

 

3-(5-Bromofuran-2-yl)selenomorpholine (3w). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 3w (39 mg, 53% yield) 

as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 6.23 (d, J = 3.3 Hz, 

1H), 6.17 (dd, J = 3.3, 0.8 Hz, 1H), 4.12 (dd, J = 10.6, 2.1 Hz, 1H), 3.58 

(dt, J = 13.0, 3.3 Hz, 1H), 3.28 – 3.18 (m, 1H), 2.98 – 2.83 (m, 2H), 2.68 – 2.61 (m, 

1H), 2.45 – 2.39 (m, 1H), 1.74 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 158.7, 120.9, 

111.9, 107.7, 55.8, 48.9, 21.2, 18.3. ESI-HRMS calcd for C8H11BrNOSe [M + H] 

295.9180, found 295.9181. 

 

3-(Thiophen-3-yl)selenomorpholine (3x). Purification by flash column 

chromatography (PE/EA, 3:1) afforded 3x (26 mg, 45% yield) as light 

yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.28 (dd, J = 5.0, 3.0 Hz, 1H), 

7.21 – 7.16 (m, 1H), 7.07 (dd, J = 5.0, 1.1 Hz, 1H), 4.15 (dd, J = 10.9, 2.2 

Hz, 1H), 3.61 (dt, J = 12.7, 3.2 Hz, 1H), 3.25 (td, J = 12.4, 2.3 Hz, 1H), 3.01 – 2.88 (m, 

2H), 2.53 (d, J = 12.0 Hz, 1H), 2.42 (d, J = 12.1 Hz, 1H), 1.76 (s, 1H). 13C NMR (101 
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MHz, CDCl3) δ 146.2, 126.1, 126.0, 120.5, 58.9, 50.0, 24.5, 18.3. Spectral data matches 

with the literature data.2  

 

3-(5-Chlorothiophen-2-yl)selenomorpholine (3y). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 3y (34 mg, 51% yield) as 

light yellow oil. 1H NMR (400 MHz, CDCl3) δ 6.78 – 6.68 (m, 2H), 4.21 

(dd, J = 10.6, 2.1 Hz, 1H), 3.59 (dt, J = 12.9, 3.2 Hz, 1H), 3.29 – 3.18 (m, 

1H), 2.95 – 2.83 (m, 2H), 2.63 – 2.52 (m, 1H), 2.45 – 2.34 (m, 1H), 1.81 (s, 1H). 13C 

NMR (101 MHz, CDCl3) δ 147.5, 128.8, 125.6, 122.5, 58.5, 49.6, 25.0, 18.2. ESI-

HRMS calcd for C8H11ClNSSe 44 267.9457, found 267.9448. 

 

9-Phenyl-4-selena-1-azaspiro[5.5]undecane (3z). Purification by 

flash column chromatography (PE/EA, 4:1) afforded 3z (13 mg, 18% 

yield) as light yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.32 – 7.27 

(m, 2H), 7.24 (d, J = 7.0 Hz, 2H), 7.18 (t, J = 7.1 Hz, 1H), 3.22 – 3.16 

(m, 2H), 2.53 (q, J = 7.5, 6.4 Hz, 5H), 2.33 – 2.24 (m, 2H), 1.76 – 1.63 

(m, 4H), 1.49 (s, 1H), 1.34 (td, J = 13.6, 5.7 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 

147.0, 128.5, 127.0, 126.1, 48.4, 44.6, 41.6, 35.8, 31.5, 28.7, 19.0. ESI-HRMS calcd 

for C15H22NSe [M + H] 296.0912, found 296.0906.  

 

Methyl 4-((3S,5R)-5-(hydroxymethyl)selenomorpholin-

3-yl)benzoate (4a). Purification by flash column 

chromatography (PE/EA, 3:1) afforded 4a (47 mg, 60% 

yield, d.r. > 20:1) as colorless oil. 1H NMR (400 MHz, 

CDCl3) δ 7.97 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 4.11 (dd, J = 11.0, 2.0 Hz, 

1H), 3.89 (s, 3H), 3.65 (dd, J = 10.5, 3.9 Hz, 1H), 3.48 – 3.40 (m, 1H), 3.29 – 3.21 (m, 

1H), 2.88 – 2.80 (m, 1H), 2.59 (t, J = 11.5 Hz, 1H), 2.45 (d, J = 12.1 Hz, 1H), 2.31 (d, 

J = 11.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 167.0, 149.7, 130.1, 129.6, 126.6, 

66.9, 63.4, 60.7, 52.2, 24.7, 18.8. ESI-HRMS calcd for C13H18NO3Se [M + H] 316.0446, 

found 316.0454.   

 

((3R,5S)-5-(3-Methoxyphenyl)selenomorpholin-3-yl)methanol 

(4b).  Purification by flash column chromatography (PE/EA, 3:1) 

afforded 4b (40 mg, 55% yield, d.r. > 20:1) as white solid. 1H NMR 

(400 MHz, CDCl3) δ 7.26 – 7.22 (m, 1H), 6.95 – 6.90 (m, 2H), 6.81 

(ddd, J = 8.3, 2.5, 0.9 Hz, 1H), 4.05 (dd, J = 11.0, 2.2 Hz, 1H), 3.80 

(s, 3H), 3.65 (dd, J = 10.6, 3.9 Hz, 1H), 3.49 – 3.42 (m, 1H), 3.30 – 3.21 (m, 1H), 2.93 

– 2.84 (m, 1H), 2.62 (t, J = 11.5 Hz, 1H), 2.49 (dt, J = 12.0, 1.6 Hz, 1H), 2.32 (d, J = 

11.9 Hz, 1H), 2.10 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 160.0, 146.5, 129.8, 118.9, 

113.2, 112.3, 67.1, 63.8, 60.9, 55.4, 24.9, 18.9. ESI-HRMS calcd for C12H18NO2Se [M 

+ H] 288.0497, found 288.0504.  
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 ((3R,5S)-5-(4-Fluoro-3-methoxyphenyl)selenomorpholin-3-

yl)methanol (4c). Purification by flash column chromatography 

(PE/EA, 3:1) afforded 4c (47 mg, 62% yield, d.r. > 20:1) as white 

solid. 1H NMR (400 MHz, CDCl3) δ 7.05 – 6.96 (m, 2H), 6.87 

(ddd, J = 8.3, 4.4, 2.1 Hz, 1H), 4.03 (dd, J = 11.0, 2.2 Hz, 1H), 

3.89 (s, 3H), 3.68 (dd, J = 10.5, 3.9 Hz, 1H), 3.47 (dd, J = 10.5, 7.9 Hz, 1H), 3.31 – 

3.22 (m, 1H), 2.85 (dd, J = 12.0, 11.0 Hz, 1H), 2.61 (dd, J = 11.9, 11.0 Hz, 1H), 2.45 

(ddd, J = 12.0, 2.3, 1.3 Hz, 1H), 2.32 (dt, J = 11.9, 1.7 Hz, 1H), 1.92 (s, 2H). 13C NMR 

(101 MHz, CDCl3) δ 151.9 (d, J = 245.7 Hz), 147.8 (d, J = 10.7 Hz), 141.4 (d, J = 3.8 

Hz), 118.9 (d, J = 6.9 Hz), 116.1 (d, J = 18.3 Hz), 111.8 (d, J = 2.1 Hz), 67.1, 63.5, 

61.0, 56.5, 25.1 (d, J = 1.4 Hz), 18.8. 19F NMR (376 MHz, CDCl3) δ -136.4. ESI-HRMS 

calcd for C12H17FNO2Se [M + H] 306.0403, found 306.0412.  

 

((3R,5S)-5-(Benzo[b]thiophen-3-yl)selenomorpholin-3-

yl)methanol (4d). Purification by flash column chromatography 

(PE/EA, 3:1) afforded 4d (27 mg, 35% yield, d.r. > 20:1) as 

colorless oil. 1H NMR (600 MHz, CDCl3) δ 7.88 (dd, J = 15.9, 

7.8 Hz, 2H), 7.42 – 7.33 (m, 3H), 4.56 – 4.52 (m, 1H), 3.69 (dd, J = 10.6, 3.9 Hz, 1H), 

3.47 (dd, J = 10.5, 8.0 Hz, 1H), 3.36 (ddt, J = 11.8, 5.8, 3.0 Hz, 1H), 3.01 – 2.96 (m, 

1H), 2.71 (d, J = 12.1 Hz, 1H), 2.66 (t, J = 11.5 Hz, 1H), 2.38 (d, J = 12.0 Hz, 1H), 2.06 

(s, 2H). 13C NMR (151 MHz, CDCl3) δ 140.8, 139.8, 137.4, 124.7, 124.3, 123.2, 122.0, 

122.0, 67.1, 61.2, 57.9, 23.9, 19.2. ESI-HRMS calcd for C13H16NOSSe [M + H] 

314.0112, found 314.0117.  

 

Methyl (3R,5S)-5-(3-iodophenyl)selenomorpholine-3-

carboxylate (5a). Purification by flash column chromatography 

(PE/EA, 30:1) afforded 5a (45 mg, 44% yield, d.r. > 20:1) as 

colorless oil. 1H NMR (600 MHz, CDCl3) δ 7.75 (t, J = 1.5 Hz, 

1H), 7.62 (dt, J = 7.8, 1.3 Hz, 1H), 7.33 (d, J = 7.7 Hz, 1H), 7.07 

(t, J = 7.8 Hz, 1H), 4.01 (d, J = 10.9 Hz, 1H), 3.87 (dd, J = 10.3, 2.3 Hz, 1H), 3.75 (s, 

3H), 2.89 – 2.81 (m, 3H), 2.47 – 2.40 (m, 2H). 13C NMR (151 MHz, CDCl3) δ 171.6, 

146.6, 137.2, 135.7, 130.6, 126.0, 94.8, 63.8, 61.7, 52.6, 24.6, 18.8. ESI-HRMS calcd 

for C12H15INO2Se [M + H] 411.9307, found 411.9315.  

 

Methyl (3R,5S)-5-(5-bromofuran-2-yl)selenomorpholine-3-

carboxylate (5b). Purification by flash column chromatography 

(PE/EA, 30:1) afforded 5b (36 mg, 41% yield, d.r. > 20:1) as 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 6.24 (d, J = 3.3 Hz, 

1H), 6.21 (d, J = 3.3 Hz, 1H), 4.17 (d, J = 11.0 Hz, 1H), 3.92 – 3.85 (m, 1H), 3.76 (s, 

3H), 2.93 – 2.86 (m, 1H), 2.86 – 2.75 (m, 2H), 2.59 (dd, J = 12.1, 1.9 Hz, 1H), 2.44 (s, 

1H). 13C NMR (101 MHz, CDCl3) δ 171.5, 158.0, 121.2, 112.0, 108.1, 61.1, 56.8, 52.6, 

21.2, 19.0. ESI-HRMS calcd for C10H13BrNO3Se [M + H] 353.9239, found 353.9243.  

 

 



 22 / 230 

 

 

3-(1,4-Selenazepan-3-yl)benzonitrile (6a). Purification by flash column 

chromatography (PE/EA, 2:1) afforded 6a (30 mg, 45% yield) as 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.71 (t, J = 1.7 Hz, 1H), 7.61 

(dt, J = 7.8, 1.5 Hz, 1H), 7.53 (dt, J = 7.7, 1.4 Hz, 1H), 7.41 (t, J = 7.7 

Hz, 1H), 4.08 (dd, J = 8.6, 4.1 Hz, 1H), 3.15 (dt, J = 14.4, 4.6 Hz, 1H), 

3.08 – 2.96 (m, 2H), 2.95 – 2.78 (m, 3H), 2.20 – 2.09 (m, 1H), 2.07 – 1.97 (m, 1H), 

1.78 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 146.7, 131.3, 131.0, 130.4, 129.4, 118.9, 

112.7, 65.1, 47.3, 33.8, 33.8, 24.4. ESI-HRMS calcd for C12H15N2Se [M + H] 267.0395, 

found 267.0392. 

 

3-(2-(Difluoromethoxy)phenyl)-1,4-selenazepane (6b). Purification by 

flash column chromatography (PE/EA, 2:1) afforded 6b (18 mg, 23% 

yield) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.52 (dd, J = 7.5, 

1.9 Hz, 1H), 7.28 – 7.17 (m, 2H), 7.08 (dq, J = 7.9, 1.2 Hz, 1H), 6.56 (t, 

J = 73.9 Hz, 1H), 4.40 (dd, J = 8.8, 3.9 Hz, 1H), 3.24 (dt, J = 14.4, 4.4 

Hz, 1H), 3.10 – 2.81 (m, 5H), 2.20 – 2.09 (m, 1H), 2.08 – 1.98 (m, 1H), 1.74 (s, 1H). 
13C NMR (101 MHz, CDCl3) δ 147.9, 136.8, 128.4, 127.7, 125.9, 118.9, 116.4 (t, J = 

259.6 Hz), 59.4, 48.1, 33.7, 32.9, 24.0. 19F NMR (376 MHz, CDCl3) δ -80.0 (d, J = 27.6 

Hz). ESI-HRMS calcd for C12H16F2NOSe [M + H] 308.0360, found 308.0360. 

 

3-(4-Fluoro-3-methoxyphenyl)-1,4-selenazepane (6c). Purification 

by flash column chromatography (PE/EA, 1:1) afforded 6c (24 mg, 33% 

yield) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.04 – 6.96 (m, 

2H), 6.86 (ddd, J = 8.3, 4.4, 2.1 Hz, 1H), 3.98 (dd, J = 8.7, 4.1 Hz, 1H), 

3.89 (s, 3H), 3.21 (ddd, J = 14.3, 4.9, 3.9 Hz, 1H), 3.09 – 2.80 (m, 5H), 

2.20 – 2.08 (m, 1H), 2.03 – 1.93 (m, 1H), 1.75 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 

151.7 (d, J = 245.1 Hz), 147.7 (d, J = 10.6 Hz), 141.9 (d, J = 3.8 Hz), 118.7 (d, J = 6.7 

Hz), 116.0 (d, J = 18.1 Hz), 111.8 (d, J = 1.9 Hz), 66.7, 56.4, 48.0, 34.3, 33.4, 24.2. 19F 

NMR (376 MHz, CDCl3) δ -137.2. ESI-HRMS calcd for C12H16FNNaOSe [M + Na] 

312.0274, found 312.0272. 

 

3-(4-(Methylthio)phenyl)-1,4-selenazepane (6d). Purification by 

flash column chromatography (PE/EA, 1:1) afforded 6d (30 mg, 41% 

yield) as light yellow solid. 1H NMR (400 MHz, CDCl3) δ 7.31 – 

7.26 (m, 2H), 7.24 – 7.18 (m, 2H), 3.98 (dd, J = 8.6, 4.3 Hz, 1H), 

3.23 – 3.16 (m, 1H), 3.10 – 2.81 (m, 5H), 2.46 (s, 3H), 2.18 – 2.08 (m, 1H), 2.02 – 1.91 

(m, 1H), 1.80 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 142.4, 137.4, 127.1, 127.0, 66.7, 

47.9, 34.2, 33.4, 24.2, 16.1. ESI-HRMS calcd for C12H17NNaSSe [M + Na] 310.0139, 

found 310.0133. 
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3-(4-(Trifluoromethyl)phenyl)-1,4-selenazepane (6e). Purification 

by flash column chromatography (PE/EA, 4:1) afforded 6e (32 mg, 

41% yield) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.57 (d, J 

= 8.2 Hz, 2H), 7.49 (d, J = 8.3 Hz, 2H), 4.10 (dd, J = 8.8, 4.0 Hz, 

1H), 3.19 (dt, J = 14.4, 4.5 Hz, 1H), 3.06 (ddd, J = 14.3, 9.9, 3.9 Hz, 1H), 3.01 – 2.91 

(m, 2H), 2.91 – 2.81 (m, 2H), 2.16 (ddq, J = 15.0, 10.0, 5.0 Hz, 1H), 2.01 (dtd, J = 13.9, 

9.5, 4.2 Hz, 1H), 1.71 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 149.2 (d, J = 1.0 Hz), 

129.6 (q, J = 32.5 Hz), 127.0, 125.7 (q, J = 3.7 Hz), 124.3 (q, J = 272.0 Hz), 66.1, 47.7, 

34.0, 33.7, 24.3. 19F NMR (376 MHz, CDCl3) δ -62.5. ESI-HRMS calcd for 

C12H15F3NSe [M + H] 310.0316, found 310.0314.  

 

3-(4-Bromophenyl)-1,4-selenazepane (6f). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 6f (28 mg, 35% yield) 

as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.41 (m, 2H), 

7.26 – 7.22 (m, 2H), 3.99 (dd, J = 8.9, 4.0 Hz, 1H), 3.19 (dt, J = 14.4, 

4.5 Hz, 1H), 3.08 – 3.00 (m, 1H), 2.98 – 2.80 (m, 4H), 2.18 – 2.08 (m, 1H), 2.03 – 1.92 

(m, 1H), 1.78 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 144.4, 131.8, 128.4, 121.1, 66.2, 

47.8, 34.1, 33.5, 24.3. ESI-HRMS calcd for C11H15BrNSe [M + H] 319.9544, found 

319.9555. 

 

3-(2-Bromophenyl)-1,4-selenazepane (6g). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 6g (16 mg, 20% yield) as 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.53 (dt, J = 7.8, 1.1 Hz, 2H), 

7.30 (td, J = 7.6, 1.3 Hz, 1H), 7.13 – 7.07 (m, 1H), 4.44 (dd, J = 8.7, 3.7 

Hz, 1H), 3.27 (ddd, J = 14.4, 4.9, 3.8 Hz, 1H), 3.14 – 2.93 (m, 3H), 2.89 – 2.77 (m, 2H), 

2.20 – 2.09 (m, 1H), 2.08 – 1.98 (m, 1H), 1.65 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 

144.2, 133.0, 128.7, 127.9, 127.8, 123.0, 65.0, 48.3, 33.6, 32.6, 24.0. ESI-HRMS calcd 

for C11H15BrNSe [M + H] 319.9544, found 319.9555.  

 

3-(2-Bromopyridin-4-yl)-1,4-selenazepane (6h). Purification by flash 

column chromatography (PE/EA, 2:1) afforded 6h (25 mg, 31% yield) 

as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 8.29 (d, J = 5.1 Hz, 

1H), 7.53 (d, J = 1.4 Hz, 1H), 7.27 – 7.25 (m, 1H), 4.03 (dd, J = 8.7, 4.3 

Hz, 1H), 3.12 – 2.97 (m, 3H), 2.89 – 2.78 (m, 3H), 2.24 – 2.12 (m, 1H), 

2.09 – 1.96 (m, 1H), 1.65 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 156.9, 150.4, 142.8, 

126.2, 121.1, 63.9, 46.9, 34.1, 33.2, 24.5. ESI-HRMS calcd for C10H14BrN2Se [M + H] 

320.9497, found 320.9482. 

 

3-(5-Bromofuran-2-yl)-1,4-selenazepane (6i). Purification by flash 

column chromatography (PE/EA, 3:1) afforded 6i (19 mg, 25% yield) 

as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 6.22 (d, J = 3.3 Hz, 

1H), 6.18 (dd, J = 3.2, 0.9 Hz, 1H), 4.12 (dd, J = 8.8, 4.7 Hz, 1H), 3.10 

(dd, J = 13.6, 4.7 Hz, 1H), 3.06 – 2.91 (m, 3H), 2.79 (dd, J = 7.3, 5.2 Hz, 

2H), 2.19 – 2.09 (m, 1H), 2.04 – 1.94 (m, 1H), 1.66 (s, 1H). 13C NMR (101 MHz, CDCl3) 
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δ 159.1, 120.7, 111.9, 108.2, 58.1, 45.6, 34.0, 30.7, 24.6. ESI-HRMS calcd for 

C9H12BrNNaOSe [M + Na] 331.9156, found 331.9170. 

 

3-(Thiophen-3-yl)-1,4-selenazepane (6j). Purification by flash column 

chromatography (PE/EA, 3:1) afforded 6j (18 mg, 29% yield) as light 

yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.28 (dd, J = 5.0, 3.0 Hz, 1H), 

7.18 (dt, J = 2.9, 1.0 Hz, 1H), 7.09 (dd, J = 5.0, 1.3 Hz, 1H), 4.16 (dd, J 

= 8.8, 4.1 Hz, 1H), 3.14 (dt, J = 14.4, 4.7 Hz, 1H), 3.07 – 2.98 (m, 2H), 2.97 – 2.79 (m, 

3H), 2.19 – 2.08 (m, 1H), 2.03 – 1.91 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 146.1, 

126.5, 126.0, 120.4, 61.9, 47.1, 33.9, 33.6, 24.4. ESI-LRMS: [M+H]+ 248.15. 

 

Methyl (3S,5S)-3-(4-fluoro-2-methylphenyl)-1,4-

selenazepane-5-carboxylate (7a). Purification by flash column 

chromatography (PE/EA, 30:1) afforded 7a (50 mg, 61% yield, 

d.r. > 20:1) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.43 

(dd, J = 8.6, 6.0 Hz, 1H), 6.91 – 6.80 (m, 2H), 4.16 (dd, J = 11.3, 4.9 Hz, 1H), 4.09 (dd, 

J = 10.2, 2.9 Hz, 1H), 3.72 (s, 3H), 3.07 (ddd, J = 13.2, 11.6, 5.9 Hz, 1H), 2.94 (ddd, J 

= 13.2, 6.3, 2.4 Hz, 1H), 2.82 (dd, J = 12.9, 10.2 Hz, 1H), 2.68 (dd, J = 13.0, 2.8 Hz, 

1H), 2.43 (s, 1H), 2.37 – 2.26 (m, 4H), 2.11 – 2.00 (m, 1H). 13C NMR (101 MHz, CDCl3) 

δ 175.7, 161.7 (d, J = 245.4 Hz), 138.8 (d, J = 3.3 Hz), 136.8 (d, J = 7.6 Hz), 127.5 (d, 

J = 8.4 Hz), 117.1 (d, J = 21.0 Hz), 113.2 (d, J = 20.8 Hz), 63.6, 61.7, 52.5, 35.4, 34.0, 

23.3, 19.5 (d, J = 1.5 Hz). 19F NMR (376 MHz, CDCl3) δ -115.9. ESI-HRMS calcd for 

C14H19FNO2Se [M + H] 332.0560, found 332.0566.  

 

Methyl (3S,5S)-3-(3-methoxyphenyl)-1,4-selenazepane-5-

carboxylate (7b). Purification by flash column chromatography 

(PE/EA, 30:1) afforded 7b (52 mg, 63% yield, d.r. > 20:1) as 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.23 (t, J = 7.9 Hz, 

1H), 6.96 – 6.89 (m, 2H), 6.81 (ddd, J = 8.2, 2.6, 1.0 Hz, 1H), 4.16 

(dd, J = 11.3, 4.9 Hz, 1H), 3.92 (dd, J = 10.3, 3.0 Hz, 1H), 3.81 (s, 3H), 3.72 (s, 3H), 

3.08 (ddd, J = 13.3, 11.6, 5.9 Hz, 1H), 2.94 (ddd, J = 13.3, 6.3, 2.3 Hz, 1H), 2.87 (dd, 

J = 12.9, 10.4 Hz, 1H), 2.75 (dd, J = 12.9, 2.8 Hz, 1H), 2.59 (s, 1H), 2.38 – 2.26 (m, 

1H), 2.13 – 2.02 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 175.7, 160.0, 146.4, 129.8, 

118.9, 113.2, 112.1, 68.7, 61.5, 55.4, 52.5, 35.5, 35.4, 23.1. ESI-HRMS calcd for 

C14H19NO3SeNa [M + Na] 352.0422, found 352.0423. 

 

Methyl (3S,5S)-3-(4-bromophenyl)-1,4-selenazepane-5-

carboxylate (7c). Purification by flash column 

chromatography 7c (PE/EA, 30:1) afforded (38 mg, 40% yield, 

d.r. > 20:1) as colorless oil. 1H NMR (400 MHz, CDCl3) δ 7.48 

– 7.42 (m, 2H), 7.26 – 7.21 (m, 2H), 4.14 (dd, J = 11.3, 4.8 Hz, 1H), 3.91 (dd, J = 10.1, 

3.0 Hz, 1H), 3.72 (s, 3H), 3.05 (ddd, J = 13.3, 11.5, 5.8 Hz, 1H), 2.93 (ddd, J = 13.2, 

6.3, 2.6 Hz, 1H), 2.81 (dd, J = 12.9, 10.1 Hz, 1H), 2.71 (dd, J = 13.0, 3.0 Hz, 1H), 2.54 

(s, 1H), 2.33 (dddd, J = 13.6, 11.3, 6.4, 4.8 Hz, 1H), 2.05 (dddd, J = 13.8, 11.4, 5.9, 2.8 
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Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 175.7, 143.8, 131.9, 128.3, 121.5, 67.7, 61.3, 

52.5, 35.5, 35.2, 23.2. ESI-HRMS calcd for C13H17BrNO2Se [M + H] 377.9602, found 

377.9610.  

 

Methyl (3S,5S)-3-(2-bromopyridin-4-yl)-1,4-selenazepane-5-

carboxylate (7d). Purification by flash column chromatography 

(PE/EA, 10:1) afforded 7d (43 mg, 46% yield, d.r. > 20:1) as 

colorless oil. 1H NMR (400 MHz, CDCl3) δ 8.32 (dd, J = 5.1, 0.7 

Hz, 1H), 7.51 (dd, J = 1.4, 0.7 Hz, 1H), 7.25 (dd, J = 5.1, 1.4 Hz, 

1H), 4.08 (dd, J = 11.2, 4.6 Hz, 1H), 3.93 (t, J = 6.5 Hz, 1H), 3.75 (s, 3H), 3.03 (ddd, J 

= 13.4, 10.9, 5.7 Hz, 1H), 2.97 – 2.90 (m, 1H), 2.76 (d, J = 6.8 Hz, 2H), 2.58 (s, 1H), 

2.43 – 2.33 (m, 1H), 2.11 – 2.01 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 175.4, 156.0, 

150.7, 142.9, 126.1, 120.9, 66.0, 60.9, 52.7, 35.6, 34.6, 23.4. ESI-HRMS calcd for 

C12H16BrN2O2Se [M + H] 378.9555, found 378.9562.  

 

(2R,3R,4R,5R,6S)-2-(acetoxymethyl)-6-(4-(selenomor 

pholin-3-yl)phenoxy)tetrahydro-2H-pyran-3,4,5-triyl 

triacetate (8a). Purification by flash column 

chromatography (PE/EA, 4:1) afforded 8a (53 mg, 37% 

yield) as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.32 – 7.27 (m, 2H), 7.01 – 

6.96 (m, 2H), 5.73 (t, J = 3.0 Hz, 1H), 5.34 (dd, J = 8.2, 1.3 Hz, 1H), 5.14 (dd, J = 8.2, 

3.1 Hz, 1H), 5.09 – 5.01 (m, 1H), 4.24 (q, J = 2.7, 2.1 Hz, 3H), 3.97 (dd, J = 10.9, 2.1 

Hz, 1H), 3.61 (dt, J = 12.6, 3.2 Hz, 1H), 3.26 (td, J = 12.3, 2.3 Hz, 1H), 3.03 – 2.90 (m, 

2H), 2.45 – 2.38 (m, 2H), 2.15 (s, 3H), 2.08 (s, 3H), 2.04 (s, 3H), 2.02 (s, 3H), 1.69 (s, 

1H). 13C NMR (101 MHz, CDCl3) δ 170.8, 169.9, 169.2, 156.6, 156.6, 140.2, 140.2, 

127.7, 117.2, 97.4, 97.4, 70.6, 68.9, 68.6, 66.3, 63.0, 62.5, 50.3, 25.0, 20.9, 20.8, 20.7, 

20.7, 18.2. ESI-HRMS calcd for C24H32NO10Se [M + H] 574.1188, found 574.1205.  

 

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(2-methoxy-4-

(selenomorpholin-3-yl)phenoxy)tetrahydro-2H-pyran-

3,4,5-triyl triacetate (8b). Purification by flash column 

chromatography (PE/EA, 4:1) afforded 8b (45 mg, 30% 

yield) as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 

7.04 (dd, J = 8.2, 1.5 Hz, 1H), 6.91 (dd, J = 7.8, 2.0 Hz, 1H), 6.83 (td, J = 8.1, 2.0 Hz, 

1H), 5.30 – 5.23 (m, 2H), 5.18 – 5.11 (m, 1H), 4.95 – 4.90 (m, 1H), 4.26 (dd, J = 12.2, 

5.1 Hz, 1H), 4.15 (dd, J = 12.2, 2.5 Hz, 1H), 3.94 (dd, J = 10.9, 2.1 Hz, 1H), 3.81 (s, 

3H), 3.78 – 3.72 (m, 1H), 3.60 (dt, J = 12.6, 3.3 Hz, 1H), 3.25 (td, J = 12.3, 2.1 Hz, 

1H), 3.02 – 2.88 (m, 2H), 2.41 (d, J = 12.2 Hz, 2H), 2.07 (s, 3H), 2.06 (s, 3H), 2.02 (s, 

3H), 2.02 (s, 3H), 1.78 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 170.7, 170.4, 169.5, 

169.5, 150.9, 150.8, 145.5, 145.5, 142.0, 142.0, 120.2, 120.1, 118.8, 118.7, 110.9, 110.8, 

100.9, 100.9, 72.7, 72.1, 71.3, 68.6, 63.4, 62.1, 56.2, 50.2, 25.0, 20.9, 20.8, 20.8, 20.7, 

18.2. ESI-HRMS calcd for C25H34NO11Se [M + H] 604.1294, found 604.1289.  
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(8R,9S,13S,14S)-13-methyl-3-(4-(selenomorpholin-3-

yl)phenyl)-6,7,8,9,11,12,13,14,15,16-decahydro-17H-

cyclopenta[a]phenanthren-17-one (8c). Purification by 

flash column chromatography (PE/EA, 3:1) afforded 8c 

(49 mg, 41% yield) as light yellow oil. 1H NMR (400 

MHz, CDCl3) δ 7.54 (d, J = 8.3 Hz, 2H), 7.40 (d, J = 8.2 

Hz, 2H), 7.37 (s, 2H), 7.32 (s, 1H), 4.05 (dd, J = 11.0, 2.2 

Hz, 1H), 3.64 (dt, J = 12.6, 3.2 Hz, 1H), 3.29 (td, J = 12.3, 2.2 Hz, 1H), 3.06 – 2.96 (m, 

4H), 2.56 – 2.41 (m, 4H), 2.36 (td, J = 10.8, 4.1 Hz, 1H), 2.21 – 1.96 (m, 4H), 1.71 (s, 

1H), 1.68 – 1.46 (m, 6H), 0.93 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 220.9, 144.0, 

140.5, 139.1, 138.5, 137.0, 127.8, 127.3, 126.9, 126.0, 124.6, 63.4, 50.7, 50.2, 48.1, 

44.5, 38.3, 36.0, 31.8, 29.7, 26.7, 25.9, 24.9, 21.8, 18.3, 14.0. ESI-HRMS calcd for 

C28H34NOSe [M + H] 480.1802, found 480.1808.  

 

(R)-2,5,7,8-tetramethyl-2-

((4R,8R)-4,8,12-

trimethyltridecyl)chroman-6-

yl 5-(selenomorpholin-3-

yl)nicotinate (8d). Purification by flash column chromatography (PE/EA, 10:1) 

afforded 8d (86 mg, 50% yield) as light yellow oil. 1H NMR (400 MHz, CDCl3) δ 9.34 

(d, J = 2.0 Hz, 1H), 8.86 (d, J = 2.2 Hz, 1H), 8.47 (t, J = 2.1 Hz, 1H), 4.19 (dd, J = 10.9, 

2.2 Hz, 1H), 3.65 (dt, J = 12.7, 3.2 Hz, 1H), 3.29 (td, J = 12.3, 2.2 Hz, 1H), 3.06 – 2.95 

(m, 2H), 2.62 (t, J = 6.8 Hz, 2H), 2.54 – 2.42 (m, 2H), 2.12 (s, 3H), 2.04 (s, 3H), 2.00 

(s, 3H), 1.82 (dt, J = 14.8, 7.3 Hz, 3H), 1.56 – 1.11 (m, 24H), 0.86 (t, J = 6.5 Hz, 12H). 
13C NMR (101 MHz, CDCl3) δ 163.9, 152.7, 150.6, 149.8, 140.6, 140.4, 135.6, 126.8, 

125.8, 125.0, 123.4, 117.7, 75.3, 60.6, 49.8, 39.5, 37.8 – 37.1 (m), 33.1 – 32.4 (m), 28.1, 

24.9, 24.9, 24.6, 24.3, 22.8, 22.8, 21.2, 20.7, 20.1 – 19.3 (m), 18.2, 13.2, 12.4, 12.0. 

ESI-HRMS calcd for C39H61N2O3Se [M + H] 685.3845, found 685.3844.  

6. Scale-up Reaction of 7a 

 

  

 

The reaction was conducted as following procedures. To a 25 mL oven-dried flask 

were added the Seleno-SLAP reagent 5 (0.85 g, 3 mmol, 1.0 equiv), 4-fluoro-2-

methylbenzaldehyde (0.41 g, 3 mmol, 1.0 equiv) and MS 4Å. The flask was sealed with 

rubber stopper, exchanged the gas using N2 for 3 times and then dry DCM (10.0 mL) 
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was added. The reaction mixture was stirred at room temperature for 4 h and filtered 

through a short layer of Celite (DCM rinse). The filtrate was concentrated under 

reduced pressure to afford the imine and used directly for photo-cyclization. Then 

Cu(OTf)2 (1.08 g, 3 mmol, 1.0 equiv), In(OTf)3 (3.37 g, 6 mmol, 2.0 equiv), and 

Ir[(ppy)2dtbbpy]PF6 (27.6 mg, 1 mol%) were added to a solution of the corresponding 

imine (3 mmol, 1.0 equiv) in dry MeCN (30 mL, 0.1 M). The reaction was stirred for 

48 h at room temperature under the exposure of blue LEDs (30 W) with a cooling fan 

to maintain the temperature. NH4OH (25 mL) was added and the mixture was extracted 

with DCM (50 mL x 3). The combined organic layers were washed with brine (25 mL), 

dried over Na2SO4, filtered and concentrated. The residue was purified by flash column 

chromatography to afford 7a (0.51 g, 52% yield). 

 

7. Antifungal screening/Determination of MIC 

Determination of minimal inhibitory concentrations (MICs) 

Yeast culture (Candida albicans ATCC 10231) was grown overnight on SDA plates 

and adjusted in Sabaroud’s Dextrose broth (SDB) to a final inoculumn of 105 – 106 

CFU/ml. 100 L of two-fold serial dilution of the compounds in SDB were added to an 

equal volume of broth containing the yeast culture in a 96-well plate. The final 

concentration of the compounds ranged from 3.125 – 400 M. Positive and negative 

controls contained 200 l of inoculum without any compounds and SDB broth alone 

respectively. The 96 well plates were then incubated at 37 °C for 24 h. All the 

experiments were performed in duplicates and the MIC was determined as the lowest 

concentration where no visible growth was observed. 
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Table S3. Antifungal properties of selected Selenomorpholines and 1,4-selenazapanes 

against C. albicans strains. 

 

 

Compound ID MIC against C. albicans 

ATCC 10231 (μM) 

3b >400 

3c 400 

3d >400 

3e >400 

3f >400 

3h >400 

3j >400 

3k >400 

3m >400 

3n >400 

3o >400 

3p >400 

3q >400 

3s >400 

3t >400 

3u 400 

3v >400 

3w >400 

3y >400 

3z >400 

6a >400 

6b 400 

6c >400 

6d >400 

6e >400 

6f >400 

6g >400 

6h >400 

6i >400 
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8. Proposed mechanism 

 

Possibly, the photocatalytic cyclization is undergoing the Ir(III)*/Ir(IV) 

mechanistic pathway in the presence of Lewis acid (LA) as suggested by Bode et al. for 

the formation of thiomorpholines from the reaction between aldehydes and SLAP 

reagents pioneered by their group.10 The possible mechanism is depicted above, which 

is mechanistically same as the one described by Bode for the synthesis of 

thiomorpholines.  
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10. NMR Spectra 

Compound Seleno-SLAP 1 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound Seleno-SLAP 2 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 
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Compound Seleno-SLAP 3 
1H NMR (600 MHz, CDCl3) 

 
13C NMR (151 MHz, CDCl3) 
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Compound 16 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound Seleno-SLAP 4  
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound Seleno-SLAP 5 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 
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Compound 22b  
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 30 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 33 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 34 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3b 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3c 
1H NMR (600 MHz, CDCl3)  

 
13C NMR (151 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3d 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3e 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3f 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 50 / 230 

 

 
19F NMR (376 MHz, CDCl3) 
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Compound 3h 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3j 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3k 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3l 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3m 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3n 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3o 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3p 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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19F NMR (376 MHz, CDCl3) 
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Compound 3q 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3s 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3t 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 
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Compound 3u 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 67 / 230 

 

Compound 3v 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 68 / 230 

 

Compound 3w 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 69 / 230 

 

Compound 3y 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 70 / 230 

 

Compound 3z 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 71 / 230 

 

 

Compound 4a  
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

 

 



 72 / 230 

 

 

NOESY 

 

DEPT90 

 

 

 

 



 73 / 230 

 

 

HSQC 

 

HMBC 

 

 

  



 74 / 230 

 

 

Compound 4b 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3)  

 

 

  



 75 / 230 

 

 

Compound 4c 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

  



 76 / 230 

 

 
19F NMR (376 MHz, CDCl3)  

 

 

  



 77 / 230 

 

 

Compound 4d 
1H NMR (600 MHz, CDCl3) 

 
13C NMR (151 MHz, CDCl3) 

 

  



 78 / 230 

 

 

Compound 5a 
1H NMR (600 MHz, CDCl3) 

 
13C NMR (151 MHz, CDCl3) 

 

  



 79 / 230 

 

 

NOESY  

 

  



 80 / 230 

 

 

Compound 5b 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

 

  



 81 / 230 

 

 

Compound 6a 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 82 / 230 

 

Compound 6b 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 83 / 230 

 

 
19F NMR (376 MHz, CDCl3) 

 

  



 84 / 230 

 

Compound 6c 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 85 / 230 

 

 
19F NMR (376 MHz, CDCl3) 

 

  



 86 / 230 

 

Compound 6d 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 87 / 230 

 

 

Compound 6e 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

 

 



 88 / 230 

 

 
19F NMR (376 MHz, CDCl3) 

 

 

  



 89 / 230 

 

 

Compound 6f 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 90 / 230 

 

Compound 6g 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 91 / 230 

 

Compound 6h 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 92 / 230 

 

Compound 6i 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 93 / 230 

 

Compound 6j 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 94 / 230 

 

 

Compound 7a 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

  



 95 / 230 

 

 
19F NMR (376 MHz, CDCl3) 

 

 

  



 96 / 230 

 

 

Compound 7b 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

  



 97 / 230 

 

 

Compound 7c 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3)  

 

  



 98 / 230 

 

 

NOESY  

 

  



 99 / 230 

 

 

Compound 7d 
1H NMR (400 MHz, CDCl3) 

 
13C NMR (101 MHz, CDCl3) 

 

 

  



 100 / 230 

 

 

Compound 8a 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 101 / 230 

 

Compound 8b 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 102 / 230 

 

Compound 8c 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

  



 103 / 230 

 

Compound 8d 
1H NMR (400 MHz, CDCl3)  

 
13C NMR (101 MHz, CDCl3) 

 

 

  



 104 / 230 

 

11. HRMS Data 

Compound Seleno-SLAP 1 



 105 / 230 

 

 

 

 

  



 106 / 230 

 

 

Compound 13 

 

 

  



 107 / 230 

 

 

Compound Seleno-SLAP 2 

 

 

  



 108 / 230 

 

 

Compound Seleno-SLAP 3 

 

 

  



 109 / 230 

 

 

Compound 16  



 110 / 230 

 



 111 / 230 

 

 

 

  



 112 / 230 

 

 

Compound Seleno-SLAP 4  



 113 / 230 

 



 114 / 230 

 

 

 

  



 115 / 230 

 

 

Compound Seleno-SLAP 5 

 

  



 116 / 230 

 

 

Compound 30 



 117 / 230 

 

 

 

  



 118 / 230 

 

Compound 33  



 119 / 230 

 



 120 / 230 

 

 

 

  



 121 / 230 

 

Compound 34  



 122 / 230 

 



 123 / 230 

 

 

  



 124 / 230 

 

Compound 3b 



 125 / 230 

 



 126 / 230 

 

 

 

 

 

 

 

 

  



 127 / 230 

 

Compound 3c  



 128 / 230 

 



 129 / 230 

 

 

 

 

 

 

 

 

  



 130 / 230 

 

Compound 3d  



 131 / 230 

 



 132 / 230 

 

 

 

 

 

 

 

 

 

 

  



 133 / 230 

 

Compound 3e  



 134 / 230 

 



 135 / 230 

 

 

 

 

 

 

 

 

 

 

  



 136 / 230 

 

Compound 3f 



 137 / 230 

 



 138 / 230 

 

 

 

 

 

 

 

 

 

 

  



 139 / 230 

 

Compound 3h  



 140 / 230 

 



 141 / 230 

 

 

 

 

 

 

 

 

 

 

  



 142 / 230 

 

Compound 3j 



 143 / 230 

 



 144 / 230 

 

 

 

 

 

 

 

 

 

 

  



 145 / 230 

 

Compound 3k   



 146 / 230 

 



 147 / 230 

 

 

 

 

 

 

 

  



 148 / 230 

 

Compound 3l   



 149 / 230 

 



 150 / 230 

 

 

 

 

 

 

 

 

 

 

  



 151 / 230 

 

Compound 3m   



 152 / 230 

 



 153 / 230 

 

 

 

 

 

 

 

 

 

 

  



 154 / 230 

 

Compound 3n   



 155 / 230 

 



 156 / 230 

 

 

 

 

 

 

 

 

 

 

  



 157 / 230 

 

Compound 3o  



 158 / 230 

 



 159 / 230 

 

 

 

 

 

 

 

 

 

 

  



 160 / 230 

 

Compound 3p  



 161 / 230 

 



 162 / 230 

 

 

 

 

 

 

 

 

 

 

  



 163 / 230 

 

Compound 3q  



 164 / 230 

 



 165 / 230 

 

 

 

 

 

 

 

 

 

 

  



 166 / 230 

 

Compound 3s  



 167 / 230 

 



 168 / 230 

 

 

 

 

 

 

 

 

 

 

  



 169 / 230 

 

Compound 3t  



 170 / 230 

 



 171 / 230 

 

 

 

 

 

 

 

 

 

 

  



 172 / 230 

 

Compound 3u   



 173 / 230 

 



 174 / 230 

 

 

 

 

 

 

 

 

 

 

  



 175 / 230 

 

Compound 3w 



 176 / 230 

 



 177 / 230 

 

 

 

 

 

 

 

 

 

 

  



 178 / 230 

 

Compound 3y  



 179 / 230 

 



 180 / 230 

 

 

 

 

 

 

 

 

 

 

  



 181 / 230 

 

Compound 3z 



 182 / 230 

 



 183 / 230 

 

 

 

 

 

 

 

 

 

 

  



 184 / 230 

 

Compound 4a 

 

 

  



 185 / 230 

 

Compound 4b 

 

 

  



 186 / 230 

 

 

Compound 4c 

 

 

  



 187 / 230 

 

 

Compound 4d 

 

 

  



 188 / 230 

 

 

Compound 5a 

 

 

  



 189 / 230 

 

 

Compound 5b 

 

 

 

  



 190 / 230 

 

Compound 6a  



 191 / 230 

 



 192 / 230 

 

 

 

 

 

 

 

 

 

 

  



 193 / 230 

 

Compound 6b 



 194 / 230 

 



 195 / 230 

 

 

 

 

 

 

 

 

 

 

  



 196 / 230 

 

Compound 6c 



 197 / 230 

 



 198 / 230 

 

 

 

 

 

 

 

 

 

 

  



 199 / 230 

 

Compound 6d  



 200 / 230 

 



 201 / 230 

 

 

 

 

 

 

 

 

 

 

  



 202 / 230 

 

Compound 6e 

 

  



 203 / 230 

 

 

Compound 6f  



 204 / 230 

 



 205 / 230 

 

 

 

 

 

 

 

 

 

 

  



 206 / 230 

 

Compound 6g 



 207 / 230 

 



 208 / 230 

 

 

 

 

 

 

 

 

 

 

  



 209 / 230 

 

Compound 6h   



 210 / 230 

 



 211 / 230 

 

 

 

 

 

 

 

 

 

 

  



 212 / 230 

 

Compound 6i  



 213 / 230 

 



 214 / 230 

 

 

 

 

 

 

 

 

 

 

  



 215 / 230 

 

Compound 7a 

 

 

  



 216 / 230 

 

 

Compound 7b 

 

  



 217 / 230 

 

 

Compound 7c 

 

 

  



 218 / 230 

 

 

Compound 7d 

 

  



 219 / 230 

 

 

Compound 8a  



 220 / 230 

 



 221 / 230 

 

 

 

 

 

 

 

 

 

 

  



 222 / 230 

 

Compound 8b  



 223 / 230 

 



 224 / 230 

 

 

 

 

 

 

 

 

 

 

  



 225 / 230 

 

Compound 8c  



 226 / 230 

 



 227 / 230 

 

 

 

 

 

 

 

 

 

 

  



 228 / 230 

 

Compound 8d 



 229 / 230 

 



 230 / 230 

 

 

 

 

 


