
 S1 

 

Supplementary Information 

 

Structural basis of vilazodone dual binding mode to the 

serotonin transporter 

Iris E. Kalenderoglou, Andreas Nygaard, Caleb D. Vogt, Anton Turaev, Tillmann Pape, 

Nathan B.P. Adams, Amy Hauck Newman, Claus J. Loland  



 S2 

General Information. Chemicals and solvents were purchased from commercial suppliers and 

used as received. Unless stated otherwise, reactions were performed under ambient conditions and 

monitored by thin-layer chromatography using Analtech silica gel GHLF (250 microns) coated glass plates, 

which were visualized with either phosphomolybdic acid, potassium permanganate, or vanillin stain. Normal 

phase column chromatography was conducted with a Teledyne Isco Combiflash Rf or EZ-Prep purification 

system. All nuclear magnetic resonance (NMR) spectra (1H and 13C) were acquired in deuterated solvents 

(CDCl3) on a Varian Mercury Plus 400 or JEOL JNM-ECLS 400S spectrometer. Chemical shifts are 

reported in parts per million (ppm) and were adjusted using the residual undertreated solvent (CHCl3: 7.26 

ppm for 1H NMR, 77.2 ppm for 13C NMR) as an internal reference. Coupling constants are reported in Hertz 

(Hz) and peak multiplicities as either a singlet (s), doublet (d), triplet (t), quartet (q), or multiplet (m). Infrared 

(IR) spectra were acquired on a Perkin Elmer Spectrum Two FT-IR spectrometer. Melting points were 

determined on an Optimelt MPA100 instrument and are uncorrected. High-resolution mass spectrometry 

(HRMS) data were collected on a Thermo Scientific LTQ-Orbitrap Velos spectrometer using electrospray 

ionization (ESI). Gas chromatography–mass spectrometry (GC–MS) data was acquired on an Agilent 

Technologies 7890B GC equipped with an HP-5MS column (cross-linked 5% PH ME siloxane, 30 m × 0.25 

mm i.d. × 0.25 μm film thickness) and a 5977B mass-selective ion detector in electron-impact mode. 

Ultrapure grade helium was used as the carrier gas at a flow rate of 1.2 mL/min. The injection port and 

transfer line temperatures were 250 and 280 °C, respectively. All samples were prepared at a concentration 

of ca. 4 mg/mL in DCM, and 1 μL of each solution was injected onto the column. The temperature gradient 

was as follows: the initial temperature (70 °C) was held for 1 min, then increased to 300 °C over 11.5 min, 

and finally held at 300 °C for 4 min. Compound purity was determined from the total ion chromatogram 

based on peak integration (area under the curve). Elemental analysis was performed by Robertson Microlit 

Laboratories (Ledgewood, NJ). All tested compounds were >95% pure by GC–MS or elemental analysis. 

General Procedure A for Reductive Amination.1 To a mixture of 5-(piperazin-1-yl)benzofuran-2-

carboxamide (0.200 g, 0.816 mmol) in anhydrous DCE (2.9 mL) was added the appropriate aldehyde (1.1 

equiv). The reaction was stirred for 30 min, and NaBH(OAc)3 (1.4 equiv) was added. After stirring overnight, 

the reaction mixture was washed with a saturated aq solution of NaHCO3 (15 mL), and the aq layer was 
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extracted with DCM (3 × 15 mL). The combined organic layers were dried over Na2SO4, filtered, and 

concentrated. The crude product was purified by chromatography as described. 

General Procedure B for Nucleophilic Displacement.2 In a pressure flask, a mixture of CDV-2-

94 (1.20 g, 3.11 mmol), the appropriate nucleophile (2.0 equiv), NEt3 (2.0 equiv), K2CO3 (2.0 equiv), and KI 

(0.1 equiv) in MeCN (14.5 mL) was heated to 100 °C. After stirring overnight, the reaction was allowed to 

cool to RT and concentrated. The resulting material was suspended in DCM (50 mL), washed with H2O (50 

mL), and the aq layer was extracted with DCM (2 × 50 mL). The combined organic layers were dried over 

Na2SO4, filtered, and concentrated. The crude product was purified by chromatography as described. 

General Procedure C for Tosyl Deprotection.2 In a pressure flask, a solution of the starting 

material (1.0 equiv), NaOH (4.0 equiv), and MeOH (0.1 M) was heated to 70 °C. After stirring for 4 h, the 

reaction was allowed to cool to RT and concentrated. The residue was suspended in DCM, washed with 

H2O, and the aq layer was extracted with DCM (2 ×). The combined organic layers were dried over Na2SO4, 

filtered, and concentrated. The crude product was purified by chromatography as described. 

 

5-(4-Methylpiperazin-1-yl)benzofuran-2-carboxamide (CDV-2-29). General procedure A was 

followed using a 37 wt% aq solution of formaldehyde (67 µL, 0.90 mmol). After work-up, the crude product 

was purified by chromatography (24 g of silica gel, 0–10% MeOH/DCM) to afford CDV-2-29 (82.7 mg, 0.319 

mmol, 39% yield) as a white, amorphous solid. Rf = 0.2 (10% MeOH/DCM); 1H NMR (400 MHz, CDCl3) δ 

7.47–7.35 (m, 2H), 7.20–7.08 (m, 2H), 6.50 (s, 1H), 5.92 (s, 1H), 3.27–3.13 (m, 4H), 2.69–2.56 (m, 4H), 

2.37 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 160.8, 150.3, 148.9, 148.6, 128.3, 119.5, 112.2, 111.6, 108.8, 

55.3 (2C), 50.9 (2C), 46.2; IR (film) 3158, 1675 cm−1; mp 232–234 °C (dec); HRMS (ESI) m/z [M + H]+ calcd 

for C14H18N3O2 260.1394, found 260.1389. Anal. calcd for C14H17N3O2•0.25H2O: C, 63.74; H, 6.69; N, 15.93. 

Found: C, 63.71; H, 6.56; N, 15.61. 
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5-(4-Butylpiperazin-1-yl)benzofuran-2-carboxamide (CDV-2-26). General procedure A was 

followed using butyraldehyde (81 µL, 0.90 mmol). After work-up, the crude product was purified by 

chromatography (24 g of silica gel, 0–5% MeOH/CHCl3) to afford CDV-2-26 (0.213 g, 0.707 mmol, 87% 

yield) as a white, amorphous solid. Rf = 0.1 (5% MeOH/DCM); 1H NMR (400 MHz, CDCl3) δ 7.45–7.35 (m, 

2H), 7.17–7.09 (m, 2H), 6.50 (s, 1H), 5.88 (s, 1H), 3.25–3.16 (m, 4H), 2.69–2.59 (m, 4H), 2.45–2.37 (m, 

2H), 1.57–1.47 (m, 2H), 1.41–1.30 (m, 2H), 0.97–0.90 (m, 3H); 13C NMR (101 MHz, CDCl3) δ 160.7, 150.3, 

149.0, 148.6, 128.3, 119.5, 112.1, 111.6, 108.7, 58.6, 53.5 (2C), 50.9 (2C), 29.2, 21.0, 14.2; IR (film) 3419, 

3184, 1657 cm−1; mp 185–186 °C (dec); HRMS (ESI) m/z [M + H]+ calcd for C17H24N3O2 302.1863, found 

302.1857. Anal. calcd for C17H23N3O2: C, 67.75; H, 7.69; N, 13.94. Found: C, 67.40; H, 7.76; N, 13.90. 

 

5-(4-(4-Phenylbutyl)piperazin-1-yl)benzofuran-2-carboxamide (CDV-2-32). General procedure 

A was followed using 4-phenylbutanal (0.135 g, 0.910 mmol). After work-up, the crude product was purified 

by normal phase flash chromatography (24 g of silica gel, 0–10% MeOH/DCM) to afford CDV-2-32 (0.156 

g, 0.413 mmol, 50% yield) as a yellow, amorphous solid. Rf = 0.5 (10% MeOH/DCM); 1H NMR (400 MHz, 
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CDCl3) δ 7.45–7.35 (m, 2H), 7.31–7.25 (m, 2H), 7.22–7.08 (m, 5H), 6.49 (s, 1H), 5.92 (s, 1H), 3.21–3.15 

(m, 4H), 2.69–2.58 (m, 6H), 2.46–2.39 (m, 2H), 1.72–1.63 (m, 2H), 1.62–1.52 (m, 2H); 13C NMR (101 MHz, 

CDCl3) δ 160.8, 150.3, 149.0, 148.6, 142.6, 128.5, 128.4, 128.3, 125.9, 119.4, 112.1, 111.6, 108.7, 58.7, 

53.5 (2C), 50.9 (2C), 36.0, 29.5, 26.7; IR (film) 3438, 3187, 1661 cm−1; mp 217–218 °C (dec); HRMS (ESI) 

m/z [M + H]+ calcd for C23H28N3O2 378.2176, found 378.2170. Anal. calcd for C23H27N3O2•0.25H2O: C, 

72.32; H, 7.26; N, 11.00. Found: C, 72.66; H, 7.12; N, 11.00. 

 

 1-Tosyl-1H-indole-5-carbonitrile (CDV-2-52).3 To a mixture of 1H-indole-5-carbonitrile (3.00 g, 

21.1 mmol), benzyltriethylammonium chloride (BTEAC) (0.483 g, 2.12 mmol), NaOH (1.55 g, 39 mmol), 

and anhydrous DCM (105 mL). Then, p-TsCl (4.83 g, 25.3 mmol) was added, and the reaction mixture was 

stirred for 2 h. H2O (200 mL) was added, and the aq layer was extracted with DCM (2 × 90 mL). The 

combined organic layers were dried over Na2SO4, filtered, and concentrated. The crude product was 

purified by recrystallization from EtOH (slow cooling of hot solvent) to afford CDV-2-52 (5.55 g, 18.7 mmol, 

89% yield) as a white, crystalline solid. Rf = 0.5 (30% EtOAc/hexanes); 1H NMR (400 MHz, CDCl3) δ 8.07 

(d, J = 8.6 Hz, 1H), 7.87 (dd, J = 1.4, 0.5 Hz, 1H), 7.77 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 3.7 Hz, 1H), 7.55 

(dd, J = 8.6, 1.6 Hz, 1H), 7.27 (d, J = 8.0 Hz, 2H), 6.71 (dd, J = 3.7, 0.7 Hz, 1H), 2.36 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 145.9, 136.5, 134.9, 130.8, 130.3 (2C), 128.6, 127.7, 127.0 (2C), 126.5, 119.5, 114.4, 

108.6, 107.0, 21.8; IR (neat) 2225, 1610, 1595 cm−1; mp 132–133 °C (EtOH), lit.4 130–131 °C; HRMS (ESI) 

m/z [M + H]+ calcd for C16H13N2O2S 297.0692, found 297.0686.
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 3-(4-Chlorobutanoyl)-1-tosyl-1H-indole-5-carbonitrile (CDV-2-56).2 To a mixture of AlCl3 (5.00 

g, 37.5 mmol) in anhydrous DCM (92 mL) was added 4-chlorobutanoyl chloride (2.5 mL, 22 mmol) followed 

by CDV-2-52 (5.55 g, 18.7 mmol). After stirring for 5 h, the reaction was poured into ice-cold H2O (100 mL), 

and the aq layer was extracted with DCM (3 × 100 mL). The combined organic layers were washed with a 

saturated aq solution of NaHCO3 (150 mL) followed by brine (150 mL), dried over Na2SO4, filtered, and 

concentrated. The crude product was purified by recrystallization from i-PrOH (slow cooling of hot solvent) 

to afford CDV-2-56 (6.22 g, 15.5 mmol, 83% yield) as a fluffy, white solid. Rf = 0.4 (30% EtOAc/hexanes); 

1H NMR (400 MHz, CDCl3) δ 8.71 (d, J = 1.6 Hz, 1H), 8.36 (s, 1H), 8.03 (d, J = 8.7 Hz, 1H), 7.85 (d, J = 8.4 

Hz, 2H), 7.62 (dd, J = 8.7, 1.6 Hz, 1H), 7.33 (d, J = 8.5 Hz, 2H), 3.69 (t, J = 6.1 Hz, 2H), 3.12 (t, J = 7.0 Hz, 

2H), 2.40 (s, 3H), 2.29–2.21 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 194.3, 146.9, 136.5, 134.0, 133.3, 130.7 

(2C), 128.9, 128.4, 127.8, 127.4 (2C), 120.6, 119.0, 114.2, 108.8, 44.6, 36.6, 26.7, 21.9; IR (neat) 2227, 

1661, 1608, 1597 cm−1; mp 164–165 °C (i-PrOH), lit.2 154–156 °C (i-PrOH); HRMS (ESI) m/z [M + H]+ calcd 

for C20H18ClN2O3S 401.0721, found 401.0713. 

 

 3-(4-Chlorobutyl)-1-tosyl-1H-indole-5-carbonitrile (CDV-2-94).2 TFA (120 mL, 1.57 mol) was 

cooled to 0 °C, and NaBH4 (8.86 g, 234 mmol) was added slowly portion wise. Caution: NaBH4 reacts 

violently with TFA! After stirring for 10 min, a solution of CDV-2-56 (6.22 g, 15.5 mmol) in DCM (150 mL) 

was added over 5 min. The reaction was allowed to warm to RT and stirred for 4 h. Afterward, ice-cold H2O 

(200 mL) was added slowly, and the aq layer was extracted with DCM (3 × 100 mL). The combined organic 
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layers were dried over Na2SO4, filtered, and concentrated. The crude product was purified by 

recrystallization from MeOH (slow cooling of hot solvent) to afford CDV-2-94 (4.12 g, 10.6 mmol, 69% yield) 

as a white, crystalline solid. Rf = 0.6 (30% EtOAc/hexanes); 1H NMR (400 MHz, CDCl3) δ 8.06 (d, J = 8.6 

Hz, 1H), 7.81 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.56 (dd, J = 8.6, 1.5 Hz, 1H), 7.45 (s, 1H), 7.26 (d, J = 8.1 

Hz, 2H), 3.60–3.52 (m, 2H), 2.75–2.64 (m, 2H), 2.36 (s, 3H), 1.89–1.78 (m, 4H); 13C NMR (101 MHz, CDCl3) 

δ 145.7, 137.1, 134.9, 131.0, 130.3 (2C), 127.8, 126.9 (2C), 124.9, 124.6, 122.4, 119.5, 114.7, 106.8, 44.7, 

32.2, 26.2, 24.1, 21.8; IR (neat) 2224, 1606, 1597 cm−1; mp 126–127 °C (MeOH), lit.2 110–112 °C (MeOH); 

HRMS (ESI) m/z [M + H]+ calcd for C20H20ClN2O2S 387.0929, found 387.0927. 

 

 3-(4-(Dimethylamino)butyl)-1-tosyl-1H-indole-5-carbonitrile (CDV-2-76). General procedure B 

was followed using dimethylamine•HCl (0.506 g, 6.21 mmol). After work-up, the crude product was purified 

by chromatography (80 g of silica gel, 0–10% MeOH containing 10% NH4OH/DCM) to afford CDV-2-76 

(0.890 g, 2.25 mmol, 72% yield) as a white, amorphous solid. Rf = 0.3 (10% MeOH containing 10% 

NH4OH/DCM); 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.6 Hz, 1H), 7.83, (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 

7.55 (d, J = 8.7 Hz, 1H), 7.44 (s, 1H), 7.25 (d, J = 7.9 Hz, 2H), 2.67 (t, J = 7.8 Hz, 2H), 2.36 (s, 3H), 2.30 (t, 

J = 7.3 Hz, 2H), 2.21 (s, 6H), 1.75–1.65 (m, 2H), 1.59–1.49 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 145.6, 

137.1, 135.1, 131.2, 130.2 (2C), 127.7, 126.9 (2C), 124.8, 124.7, 123.0, 119.5, 114.6, 106.7, 59.5, 45.6 

(2C), 27.6, 26.9, 24.7, 21.7; IR (film) 2226 cm−1; mp 93–94 °C; HRMS (ESI) m/z [M + H]+ calcd for 

C22H26N3O2S 396.1740, found 396.1735.
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 3-(4-(Diethylamino)butyl)-1-tosyl-1H-indole-5-carbonitrile (CDV-2-73). General procedure B 

was followed using diethylamine (0.64 mL, 6.2 mmol). After work-up, the crude product was purified by 

chromatography (80 g of silica gel, 0–10% MeOH containing 10% NH4OH/DCM) to afford CDV-2-73 (0.445 

g, 1.05 mmol, 34% yield) as a white, amorphous solid. Rf = 0.3 (10% MeOH containing 10% NH4OH/DCM); 

1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.3 Hz, 1H), 7.83 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.55 (d, J = 8.7 

Hz, 1H), 7.44 (s, 1H), 7.25 (d, J = 9.0 Hz, 2H), 2.67 (t, J = 7.6 Hz, 2H), 2.52 (q, J = 7.1 Hz, 4H), 2.45 (t, J = 

7.4 Hz, 2H), 2.36 (s, 3H), 1.73–1.63 (m, 2H), 1.58–1.47 (m, 2H), 1.02 (t, J = 7.1 Hz, 6H); 13C NMR (101 

MHz, CDCl3) δ 145.6, 137.2, 135.1, 131.3, 130.2 (2C), 127.7, 126.9 (2C), 124.8 (2C), 123.1, 119.5, 114.6, 

106.7, 52.7, 47.1 (2C), 27.1 (2C), 24.8, 21.7, 11.8 (2C); IR (film) 2226 cm−1; mp 71–72 °C; HRMS (ESI) m/z 

[M + H]+ calcd for C24H30N3O2S 424.2053, found 424.2048. 

 

tert-Butyl 4-(4-(5-cyano-1-tosyl-1H-indol-3-yl)butyl)piperazine-1-carboxylate (CDV-2-89). 

General procedure B was followed using tert-butyl piperazine-1-carboxylate (1.16 g, 6.21 mmol). After work-

up, the crude product was purified by chromatography (80 g of silica gel, 0–75% EtOAc/hexanes) to afford 

CDV-2-89 (0.894 g, 1.67 mmol, 54% yield) as a white, amorphous solid. Rf = 0.4 (75% EtOA/hexanes); 1H 

NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.4 Hz, 1H), 7.82 (s, 1H), 7.75 (d, J = 7.9 Hz, 2H), 7.55 (d, J = 8.3 

Hz, 1H), 7.44 (s, 1H), 7.26 (d, J = 8.4 Hz, 2H), 3.49–3.38 (m, 4H), 2.68 (t, J = 7.7 Hz, 2H), 2.41–2.31 (m, 

9H), 1.76–1.65 (m, 2H), 1.61–1.51 (m, 2H), 1.47 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 154.9, 145.7, 137.2, 

135.1, 131.2, 130.2 (2C), 127.7, 126.9 (2C), 124.8, 124.7, 122.9, 119.5, 114.6, 106.7, 79.7, 58.3, 53.2 (2C), 
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43.7 (2C), 28.6 (3C), 26.9, 26.6, 24.7, 21.8; IR (film) 2226, 1690 cm−1; mp 110–112 °C; HRMS (ESI) m/z 

[M + H]+ calcd for C29H37N4O4S 537.2530, found 537.2523. 

 

 3-(4-(Dimethylamino)butyl)-1H-indole-5-carbonitrile (CDV-2-81). General procedure C was 

followed using CDV-2-76 (0.866 g, 2.19 mmol) in MeOH (14.5 mL). After work-up, the crude product was 

purified by chromatography (24 g of silica gel, 0–10% MeOH containing 10% NH4OH/DCM) to afford CDV-

2-81 (0.288 g, 1.19 mmol, 54% yield) as a white, amorphous solid. Rf = 0.3 (10% MeOH containing 10% 

NH4OH/DCM); 1H NMR (400 MHz, CDCl3) δ 9.45 (s, 1H), 7.93 (s, 1H), 7.41–7.31 (m, 2H), 7.01 (s, 1H), 

2.76 (t, J = 7.6 Hz, 2H), 2.36 (t, J = 7.5 Hz, 2H), 2.26 (s, 6H), 1.78–1.67 (m, 2H), 1.63–1.53 (m, 2H); 13C 

NMR (101 MHz, CDCl3) δ 138.2, 127.6, 124.79, 124.76, 123.6, 121.1, 117.6, 112.1, 102.1, 59.8, 45.6 (2C), 

27.9, 27.7, 24.9; IR (film) 3327, 3118, 2217 cm−1; mp 100–102 °C; HRMS (ESI) m/z [M + H]+ calcd for 

C15H20N3 242.1652, found 242.1648; tR = 12.20 min (GC–MS, 98% pure). 

 

3-(4-(Diethylamino)butyl)-1H-indole-5-carbonitrile (CDV-3-2). General procedure C was 

followed using CDV-2-73 (0.438 g, 1.04 mmol) in MeOH (7.0 mL). After work-up, the crude product was 

purified by chromatography (24 g of silica gel, 0–10% MeOH containing 10% NH4OH/DCM) to afford CDV-

3-2 (0.243 g, 0.902 mmol, 87% yield) as a clear, colorless oil. Rf = 0.2 (10% MeOH containing 10% 

NH4OH/DCM); 1H NMR (400 MHz, CDCl3) δ 9.02 (s, 1H), 7.94 (s, 1H), 7.41–7.33 (m, 2H), 7.04 (s, 1H), 

2.76 (t, J = 7.4 Hz, 2H), 2.56 (q, J = 7.1 Hz, 4H), 2.51–2.45 (m, 2H), 1.75–1.65 (m, 2H), 1.60–1.50 (m, 2H), 

1.02 (t, J = 7.1 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 138.1, 127.6, 124.9, 124.8, 123.5, 121.1, 117.8, 
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112.0, 102.2, 53.0, 47.0 (2C), 28.2, 27.2, 25.0, 11.7 (2C); IR (film) 3331, 3117, 2218 cm−1; HRMS (ESI) m/z 

[M + H]+ calcd for C17H24N3 270.1965, found 270.1960; tR = 12.81 min (GC–MS, 96% pure). 

 

tert-Butyl 4-(4-(5-cyano-1H-indol-3-yl)butyl)piperazine-1-carboxylate (CDV-2-97). General 

procedure C was followed using CDV-2-89 (0.887 g, 1.65 mmol) in MeOH (15.5 mL). After work-up, the 

crude product was purified by chromatography (40 g of silica gel, 0–75% EtOAc/hexanes) to afford CDV-

2-97 (0.574 g, 1.50 mmol, 91% yield) as a clear, colorless oil. Rf = 0.3 (75% EtOA/hexanes); 1H NMR (400 

MHz, CDCl3) δ 8.59 (s, 1H), 7.94 (s, 1H), 7.43–7.36 (m, 2H), 7.09 (s, 1H), 3.48–3.38 (m, 4H), 2.76 (t, J = 

6.8 Hz, 2H), 2.42–2.32 (m, 6H), 1.77–1.66 (m, 2H), 1.63–1.52 (m, 2H), 1.46 (s, 9H); 13C NMR (101 MHz, 

CDCl3) δ 154.9, 138.1, 127.6, 124.9, 124.8, 123.4, 121.0, 117.7, 112.1, 102.3, 79.8, 58.6, 53.2 (2C), 43.8 

(2C), 28.6 (3C), 28.0, 26.7, 24.9; IR (film) 3300, 2218, 1670 cm−1; HRMS (ESI) m/z [M + H]+ calcd for 

C22H31N4O2 383.2442, found 383.2437. 

 

3-(4-(Piperazin-1-yl)butyl)-1H-indole-5-carbonitrile (CDV-3-1). To a solution of CDV-2-97 (0.562 

g, 1.47 mmol) in DCM (10 mL) was added TFA (4.5 mL, 59 mmol). The reaction was stirred for 4 h and 

then concentrated. After suspending the resulting residue in a 1.0 M aq solution of NaOH (30 mL), the aq 

layer was extracted with DCM (3 × 30 mL). The combined organic layers were dried over Na2SO4, filtered, 

and concentrated. The crude product was purified by chromatography (12 g of silica gel, 0–10% MeOH 

containing 10% NH4OH/DCM) to afford CDV-3-1 (0.375 g, 1.33 mmol, 90% yield) as a clear, colorless oil. 

Rf = 0.1 (10% MeOH containing 10% NH4OH/DCM); 1H NMR (400 MHz, CDCl3) δ 8.76 (s, 1H), 7.95 (s, 

NTs

NC

NBocN
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1H), 7.42–7.34 (m, 2H), 7.07 (s, 1H), 2.96–2.86 (m, 4H), 2.76 (t, J = 6.4 Hz, 2H), 2.60–2.28 (m, 6H), 1.90 

(s, 1H), 1.77–1.65 (m, 2H), 1.63–1.52 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 138.1, 127.6, 124.9 (2C), 

123.4, 121.0, 117.8, 112.0, 102.3, 59.2, 54.7 (2C), 46.2 (2C), 28.1, 26.6, 24.9; IR (film) 3120, 2217 cm−1; 

HRMS (ESI) m/z [M + H]+ calcd for C17H23N4 283.1917, found 283.1912; tR = 14.32 min (GC–MS, 97% 

pure).
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