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Synthesis of compound 5 (Scheme 1) 

 
To a solution of tert-butyl 1-(2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)-1-hydroxyethyl)-2- 

oxabicyclo[2.2.2]octan-4-ylcarbamate (+)-26 (300 mg) in dichloromethane (6.7 mL) was added 

Dess-Martin periodinane (313 mg) at room temperature, the mixture was stirred at the same temperature 

for 18 h. The mixture was washed with saturated sodium hydrogen carbonate solution, saturated sodium 

sulfite solution and brine. The organic extracts were dried over anhydrous sodium sulfate, filtered, and 

then concentrated in vacuo. Flash chromatography (silica, toluene : ethyl acetate = 2:1) of the residue gave 

27 (264 mg).1H NMR (CDCl3): δH 1.83–1.90 (m, 2H), 1.99–2.10 (m, 2H), 2.11–2.24 (m, 4H), 4.01 (s, 3H), 

4.15 (s, 2H), 4.35 (brs, 1H), 4.54 (s, 2H), 7.05 (d, J = 8.6 Hz, 1H), 8.17 (d, J = 8.6 Hz, 1H), 8.65 (s, 1H). 

MS (ESI+) m/z: 446 (MH+). HRMS (ESI+) for C23H29FN3O5 (MH+): calcd, 446.20912; found, 446.20918. 

To a solution of 27 (30.0 mg) in dichloromethane (0.306 mL) was added trifluoroacetic acid (0.30 mL) 

at 0 ºC, the mixture was stirred at the same temperature for 1 hr and then concentrated in vacuo. After 

dilution of the residue with water, the mixture was adjusted to pH 11 by adding 1 N sodium hydroxide 

solution. The aqueous mixture was extracted with dichloromethane/methanol (10:1). The organic extracts 

were washed with 1 N sodium hydroxide solution and brine, dried over anhydrous sodium sulfate, filtered, 
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and then concentrated in vacuo to give 28 (23.2 mg). 1H NMR (CDCl3): δH 1.22 (brs, 2H), 1.66–1.84 (m, 

4H), 1.98–2.18 (m, 4H), 3.81 (s, 2H), 3.99 (s, 3H), 4.55 (s, 2H), 7.05 (d, J = 9.2 Hz, 1H), 8.18 (d, J = 9.2 

Hz, 1H), 8.65 (s, 1H). MS (ESI+) m/z: 346 (MH+). HRMS (ESI+) for C18H21FN3O3 (MH+): calcd, 

346.15669; found, 346.15730. 

A mixture of 28 (20.0 mg), 29 (10.8 mg) and acetic acid (66 uL) in dimethylformamide (0.46 mL) was 

stirred at room temperature for 30 minute. Sodium triacetoxyborohydride (17.2 mg) was added to the 

mixture at 0 ºC, the mixture was stirred at room temperature for overnight. After dilution of the mixture 

with sodium carbonate solution, the mixture was extracted with dichloromethane. The organic extracts 

were washed with brine, dried over anhydrous sodium sulfate, filtered, and then concentrated in vacuo. 

Flash chromatography (silica, chloroform: methanol = 10:1) of the residue gave 5 (28.3 mg). mp 183-184 
oC, 1H NMR (DMSO-d6): δH 1.65–1.82 (m, 4H), 1.84–1.95 (m, 2H), 1.98–2.09 (m, 3H), 3.65 (d, J = 6.1 

Hz, 2H), 3.79 (s, 2H), 3.96 (s, 3H), 4.50 (s, 2H), 4.59 (s, 2H), 7.02 (d, J = 8.0 Hz, 1H), 7.23 (d, J = 9.2 Hz, 

1H), 7.29 (d, J = 8.0 Hz, 1H), 8.29 (d, J = 9.2 Hz, 1H), 8.81 (s, 1H), 11.16 (s, 1H). MS (ESI+) m/z: 508 

(MH+). HRMS (ESI+) for C26H27FN5O5 (MH+): calcd, 508.19962; found, 508.19896.  

Anal. calcd for C26H26FN5O5·1.2H2O, C 59.02, H 5.41, N 13.24%. Found: C 59.15, H 5.13, N 12.91%.  

 

Synthesis of compounds 13 and 14 (Scheme 1) 

 
A mixture of 5 (65.0 mg) and hydroxylamine hydrochloride (35.6 mg) in pyridine (7.4 mL) was 

heated at 80 ºC for 51 h and then concentrated in vacuo. After dilution of the residue with 

dichloromethane, the mixture was washed with water and brine, dried over anhydrous sodium sulfate, 

filtered, and then concentrated in vacuo. Preparative thin layer chromatography (silica, chloroform : 

methanol = 10:1) of the residue gave 13 (17.4 mg, 33%) and 14 (31.1 mg, 58%). 13: mp 191 oC, 1H NMR 

(DMSO-d6): δH 1.55–2.13 (m, 7H), 2.59–2.71 (m, 2H), 3.64 (s, 2H), 3.71 (s, 2H), 3.99 (s, 3H), 4.07 (s, 

2H), 4.59 (s, 2H), 7.01 (d, J = 8.0 Hz, 1H), 7.20 (d, J = 9.2 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 8.24 (d, J = 

8.6 Hz, 1H), 8.73 (s, 1H), 10.55 (s, 1H), 11.15 (s, 1H). MS (ESI+) m/z: 523 (MH+). HRMS (ESI+) for 

C26H28FN6O5 (MH+): calcd, 523.21052; found, 523.21148. Anal. calcd for C26H27FN6O5, C 59.76, H 5.21, 

N 16.08%. Found: C 59.04, H 5.19, N 15.78%. 14: mp 248 oC, 1H NMR (DMSO-d6): δH 1.47–1.58 (m, 

2H), 1.61–1.72 (m, 2H), 1.75–1.91 (m, 3H), 1.96–2.09 (m, 2H), 3.36 (s, 2H), 3.55 (d, J = 6.1 Hz, 2H), 4.03 

(s, 3H), 4.18 (s, 2H), 4.57 (s, 2H), 6.95 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 9.2 Hz, 1H), 7.25 (d, J = 8.0 Hz, 

1H), 8.25 (d, J = 9.2 Hz, 1H), 8.66 (s, 1H), 10.75 (s, 1H), 11.12 (s, 1H). MS (ESI+) m/z: 523 (MH+). 

HRMS (ESI+) for C26H28FN6O5 (MH+): calcd, 523.21052; found, 523.21114. Anal. Calcd for 

C26H27FN6O5, C 59.76, H 5.21, N 16.08%. Found: C 59.20, H 5.26, N 15.70%. 



 3 

 

Synthesis of compound 15 (Scheme 1) 

 

A mixture of 5 (150 mg) and O-methylhydroxylamine hydrochloride (98.7 mg) in pyridine (7.4 mL) 

was heated at 80 ºC for 51 h and then concentrated in vacuo. After dilution of the residue with 

dichloromethane, the mixture was washed with water and brine, dried over anhydrous sodium sulfate, 

filtered, and then concentrated in vacuo. Preparative thin layer chromatography (silica, chloroform: 

methanol = 10:1) of the residue gave 15 (65.3 mg, 52%). 1H NMR (DMSO-d6): δH 1.46–1.56 (m, 2H), 

1.60–1.72 (m, 2H), 1.76–1.91 (m, 3H), 1.92–2.02 (m, 2H), 3.35 (s, 2H), 3.54 (d, J = 4.9 Hz, 2H), 3.63 (s, 

3H), 4.02 (s, 3H), 4.16 (s, 2H), 4.57 (s, 2H), 6.95 (d, J = 8.0 Hz, 1H), 7.22 (d, J = 8.6 Hz, 1H), 7.24 (d, J = 

8.6 Hz, 1H), 8.26 (d, J = 9.2 Hz, 1H), 8.69 (d, J = 1.2 Hz, 1H), 11.13 (s, 1H). MS (ESI+) m/z: 537 (MH+). 

HRMS (ESI+) for C27H30FN6O5 (MH+): calcd, 537.22617; found, 537.22663. Anal. Calcd for 

C27H29FN6O5, C 60.44, H 5.45, N 15.66%. Found: C 60.29, H 5.44, N 15.73%. 

 

Synthesis of compound (-)-6 (Scheme 2) 

 

To a suspension of sodium hydride (42.9 mg, 55% in mineral oil) in N,N-dimethylformamide (3.5 mL) 

was added a solution of tert-butyl 1-(2-(3-fluoro-6-methoxy-1,5-naphthyridin-4-yl)-1- 

hydroxyethyl)-2-oxabicyclo[2.2.2]octan-4-ylcarbamate (-)-26 (200 mg) in N,N-dimethylformamide (0.6 

mL) at -40 ºC, the mixture was stirred at -20 ºC for 2 h. Methyl benzenesulfonate (66.7 mL) was added to 

the mixture. The mixture was stirred under cooling with ice for 2.5 h. After dilution of the mixture with 

water, the mixture was extracted with ethyl acetate. The organic extracts were washed with brine, dried 

over anhydrous sodium sulfate, filtered, and then concentrated in vacuo. Preparative thin layer 

chromatography (silica, toluene: methanol = 7:1) of the residue gave 30 (125 mg). 1H NMR (CDCl3): δH 

1.42 (s, 9H), 1.78−1.94 (m, 4H), 1.97−2.23 (m, 4H), 3.08 (s, 3H), 3.28 (dd, J = 12.7, 3.6 Hz, 1H), 3.42 

(ddd, J = 12.7, 4.2, 1.8 Hz, 1H), 3.61 (dd, J = 9.1, 3.6 Hz, 1H), 3.86−3.94 (m, 2H), 4.09 (s, 3H), 4.28 (brs, 

1H), 7.07 (d, J = 9.1 Hz, 1H), 8.17 (d, J = 9.1 Hz, 1H), 8.62 (s, 1H). MS (ESI+) m/z: 462 (MH+). HRMS 

(ESI+) for C24H33FN3O5 (MH+): calcd, 462.24042; found, 462.23972. 

To a solution of 30 (80.0 mg) in dichloromethane (0.79 mL) was added trifluoroacetic acid (0.77 mL) 

at 0 ºC, the mixture was stirred at the same temperature for 30 minutes and then concentrated in vacuo. 

After dilution of the residue with water, the mixture was adjusted to pH 11 by adding 1 N sodium 
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hydroxide solution. The aqueous mixture was extracted with dichloromethane/methanol (10:1). The 

organic extracts were washed with 1 N sodium hydroxide solution and brine, dried over anhydrous sodium 

sulfate, filtered, and then concentrated in vacuo to give deprotected amine (52.2 mg). 1H NMR (CDCl3): 

δH 1.60−1.93 (m, 6H), 1.98−2.06 (m, 1H), 2.13−2.22 (m, 1H), 3.07 (s, 3H), 3.29 (dd, J = 12.7, 9.1 Hz, 

1H), 3.42 (ddd, J = 12.7, 4.2, 1.8 Hz, 1H), 3.57 (s, 2H), 3.61 (dd, J = 9.1, 4.2 Hz, 1H), 4.09 (s, 3H), 7.07 

(d, J = 9.1 Hz, 1H), 8.18 (d, J = 9.1 Hz, 1H), 8.62 (s, 1H). MS (ESI+) m/z: 362 (MH+). HRMS (ESI+) for 

C19H25FN3O3 (MH+): calcd, 362.18799; found, 362.18769. 

A mixture of the aforementioned amine (50.0 mg), 29 (25.9 mg) and acetic acid (158 uL) in 

dimethylformamide (1.1 mL) was stirred at room temperature for 30 minutes. Sodium 

triacetoxyborohydride (41.0 mg) was added to the mixture at 0 ºC, the mixture was stirred at room 

temperature for overnight. After dilution of the mixture with sodium carbonate solution, the mixture was 

extracted with dichloromethane. The organic extracts were washed with brine, dried over anhydrous 

sodium sulfate, filtered, and then concentrated in vacuo. Flash chromatography (silica, chloroform: 

methanol = 10:1) of the residue gave (-)-6 (55.7 mg). mp 219-220 oC, 1H NMR (DMSO-d6): δH 1.55−1.92 

(m, 8H), 1.95−2.07 (m, 1H), 2.94 (s, 3H), 3.15 (dd, J = 12.2, 9.2 Hz, 1H), 3.29−3.38 (m, 1H), 3.50 (s, 2H), 

3.55 (dd, J = 9.2, 4.3 Hz, 1H), 3.60 (s, 2H), 4.04 (s, 3H), 4.58 (s, 2H), 6.99 (d, J = 7.9 Hz, 1H), 7.23 (d, J = 

9.2 Hz, 1H), 7.27 (d, J = 7.9 Hz, 1H), 8.27 (d, J = 9.2 Hz, 1H), 8.75 (s, 1H), 11.15 (s, 1H). MS (ESI+) m/z: 

524 (MH+). HRMS (ESI+) for C27H31FN5O5 (MH+): calcd, 524.23092; found, 524.23153. Anal. Calcd for 

C27H30FN5O5·HCl·0.6H2O, C 56.81, H 5.69, N 12.27%. Found: C 56.55, H 5.50, N 12.18%. 

 

Synthesis of compound ((±)-7) (Scheme 2)  

 

To a cooled (0 oC) solution of (±)-26 (250 mg, 0.56 mmol, 1.0 eq) in dried THF (25 mL) was added 

NaH (89 mg, 60% in mineral, 2.24 mmol, 4.0 eq) portion wise.  Then the mixture was stirred at the same 

temperature for 30 min, and ethyl bromoacetate (93 mg, 0.56 mmol, 1.0 eq) were added.  The resulting 

mixture was stirred at room temperature overnight, and partitioned between water and EtOAc.  The 

organic layers were washed by brine, dried over sodium sulfate and concentrated.  The residue was 

purified by preparative TLC to give 31a (52 mg, 17.4 %). MS (ESI)+ m/z 534 (M+H)+.  

A solution of 31a (52 mg, 0.10 mmol, 1.0 eq) in dried THF (20 mL) was added LiBH4 (9 mg, 0.39 

mmol, 4.0 eq), and the resulting mixture was stirred at room temperature for 30 min.  The residue was 

concentrated under reduced pressure and partitioned between water and EtOAc.  The organic layers were 

washed with brine, dried over sodium sulfate and concentrated to give the primary alcohol (40 mg, 83.3 %). 

MS (ESI)+ m/z 492 (M+H)+. 
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A solution of the primary alcohol (40 mg, 0.08 mmol) in dichloromethane (5 mL) was added TFA (5 

mL) and the mixture was stirred at room temperature for 1h and then concentrated under reduced pressure.  

The residue was basified by aqueous solution of sodium carbonate (pH = 8 ~ 9) and extracted with EtOAc.  

The organic layers were washed by brine, dried over sodium sulfate, concentrated to give free amine (25 

mg, 78.1 %). MS (ESI)+ m/z 392 (M+H)+.  

A solution of the free amine (25 mg, 0.06 mmol, 1.0 eq) and aldehyde 29 (23 mg, 0.13 mmol, 2.0 eq) 

in DMF:AcOH = 7:1 (5 mL) was stirred at room temperature for 30 min and then NaBH(OAc)3 (39 mg, 

0.19 mmol, 3.0 eq) was added.  The mixture was stirred at room temperature for 1h, and purified by 

preparative HPLC to give (±)-7 (11 mg, 31.4 %).  1H-NMR (CD3OD, 400 MHz) δH 8.64 (s, 1H), 8.18 ~ 

8.20 (d, J = 9.39 Hz, 1H), 7.33 ~ 7.35 (d, J = 7.83 Hz, 1H), 7.15 ~ 7.17 (d, J = 9.39 Hz, 1H), 7.07 ~ 7.09 (d, 

J = 7.83 Hz, 1H), 4.67 (s, 2H), 4.19 (s, 2H), 4.09 (s, 3H), 3.84 ~ 3.89 (m, 3H), 3.35 ~ 3.47 (m, 2H), 3.03 ~ 

3.08 (m, 1H), 2.03 ~ 2.31 (m, 8H).  MS (ESI)+ m/z 554 (MH)+. 

 

Synthesis of compound (±)-8 (Scheme 2) 

 

To a cooled (0 oC) solution of (±)-26 (150 mg, 0.34 mmol, 1.0 eq) in dried THF (15 mL) was added 

NaH (54 mg, 60 % in mineral, 1.36 mmol, 4.0 eq) portion wise, and stirred at the same temperature for 30 

min.  Then 2-bromo-tert-butyl-acetate (65 mg, 0.34 mmol, 1.0 eq) was added and the resulting mixture 

was stirred at room temperature overnight.  Partitioned between water and EtOAc, the organic layers 

were washed with brine, dried over sodium sulfate, concentrated, and purified by preparative TLC to give 

compound alkylated ester 31b (120 mg, 63.8 %). MS (ESI)+ m/z 562 (MH)+.  

A solution of the ester (120 mg, 0.21 mmol, 1.0 eq) in dichloromethane (5 mL) was added TFA (5 

mL), stirred at room temperature for 30 min and concentrated.  The residue was treated by saturated 

aqueous sodium carbonate solution to pH = 8 ~ 9, and then by diluted by aqueous HCl until pH reached 6.  

The reaction mixture was extracted with EtOAc, the organic layers were washed with brine, dried over 

sodium sulfate and concentrated to give deprotected free amine (75 mg, 86.2 %), which was used for the 

next step directly.  

A solution of the free amine (75 mg, 0.19mmol, 1.0 eq) and aldehyde 29 (66 mg, 0.37 mmol, 2.0 eq) 

in DMF: AcOH = 7:1 (5 mL) was stirred at room temperature for 30 min and then NaBH(OAc)3 (118 mg, 

0.57 mmol, 3.0 eq) was added.  The mixture was stirred at room temperature for 1h, and purified by 

preparative HPLC to give (±)-8 (27 mg, 25.7 %).  1H-NMR (CD3OD, 400 MHz,) δH 8.61 (s, 1H), 8.18 ~ 

8.20 (d, J = 9.39 Hz, 1H), 7.34 ~ 7.36 (d, J = 7.83 Hz, 1H), 7.15 ~ 7.17 (d, J = 8.61 Hz, 1H), 7.06 ~ 7.08 (d, 

J = 8.61 Hz, 1H), 4.68 (s, 2H), 4.19 (s, 2H), 4.09 (s, 3H), 4.00 ~ 4.06 (m, 2H), 3.84 ~ 3.89 (m, 3H), 3.33 ~ 
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3.44 (m, 2H), 2.01 ~ 2.30 (m, 8H). MS (ESI)+ m/z 568 (MH)+. 

 

Synthesis of compound (±)-9 (Scheme 3) 

 

A mixture of (±)-26 (0.1 g, 0.223 mmol) in anhydrous dichloromethane (6 mL) was added DAST (36 

mg, 0.223 mmol) drop wise at -78 oC.  The reaction was stirred overnight at room temperature and then 

diluted with 20 mL of dichloromethane, washed with saturated Na2CO3 and brine and was concentrated to 

dryness. The residue was purified by preparative TLC (25 % EtOAc in petroleum ether) to give pure 32 

(0.06 g, yield 60 %). MS (ESI)+ m/z 450 (MH)+.  

To a solution of 32 (0.06 g, 0.134mmol) in dichloromethane (2 mL) was added TFA (2 mL) and the 

mixture was stirred at room temperature for 30 min and concentrated under reduced pressure.  After 

dilution of the residue with water, the mixture was washed with methyl tert-butbyl ether twice.  The 

aqueous layer was adjusted to pH 13 by addition of aqueous Na2CO3 solution and extract twice with 

EtOAc.  The combined EtOAc layer was washed with brine, dried over anhydrous Na2SO4 and 

concentrated to give free amine. MS (ESI)+ m/z 350 (MH)+. 

A mixture of just prepared free amine (30 mg, 0.086mmol) and the aldehyde 29 (23 mg, 0.129 mmol) 

in anhydrous DMF (3.5 mL) was added acetic acid (0.5 mL) and stirred at room temperature for 30 min.  

The resulting solution was added three times of sodium triacetoxyborohydride (36 mg, 0.172 mmol) and 

stirred at room temperature for overnight.  The mixture was concentrated under reduced pressure. After 

dilution of the residue with dichloromethane, the mixture was washed with saturated sodium carbonate 

solution, water and brine.  The organic extracts were dried over anhydrous Na2SO4 then concentrated 

under reduced pressure. The residue was purified by preparative TLC (dichloromethane/methanol = 10: 1) 

to give a solid.  To a solution of this solid (10 mg, 0.02 mmol) in dichloromethane (2 mL) and ethanol 

(0.5 mL) was added a solution of hydrogen chloride (5 uL, 0.02 mmol, 4 M in dioxane) under cooling with 

ice, the mixture was stirred at room temperature for 2 h and concentrated under reduced pressure.  

Treatment of the residue with ethanol gave (±)-9.HCl. 1H-NMR (400 MHz, CD3OD) δH 8.94 (s, 1 H), 8.31 

(d, J = 8.4 Hz, 1H), 7.34-7.36 (m, 2H), 7.12 (d, J = 7.2 Hz, 1H), 4.68 (s, 2 H), 4.05-4.36 (m, 8 H), 

3.62-3.66 (m, 1 H), 3.44-3.51 (m, 1 H), 2.71-2.77 (m, 1 H), 2.46-2.53 (m, 1 H), 1.97-2.31 (m, 6 H). MS 

(ESI)+ m/z 511(MH)+.  

 

Synthesis of (+)-10 and (-)-10 (Scheme 4) 
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A mixture of 27 (40.0 mg), ammonium acetate (173.0 mg) and sodium cyanoborohydride (81.75 mg) 

in methanol (640 mL) and dichloromethane (260 mL) was stirred at room temperature for 6 days and then 

concentrated in vacuo. After dilution of the residue with dichloromethane, the mixture was washed with 

saturated sodium hydrogencarbonate solution and brine. The organic extracts were dried over anhydrous 

sodium sulfate, filtered, and then concentrated in vacuo. Preparative thin layer chromatography (silica, 

dichloromethane : methanol = 10:1) of the residue gave 33 (26.0 mg, 65%). 1H NMR (DMSO-d6): δH 1.36 

(s, 9H), 1.74–2.00 (m, 8H), 2.83–2.96 (m, 2H), 3.30 (s, 3H), 3.78 (s, 2H), 4.02 (s, 3H), 6.59 (s, 1H), 7.21 

(d, J = 8.6 Hz, 1H), 8.25 (d, J = 9.2 Hz, 1H), 8.73 (s, 1H), MS (ESI+) m/z 447 (MH+), HRMS (ESI+) for 

C23H32FN4O4 (MH+): calcd, 447.24076; found, 447.24086. 

To a suspension of 33 (350 mg) in ethyl acetate (12 mL) and sodium hydrogencarbonate solution (316 

mg in 3.7 mL of water) was added benzyl chloroformate (134 mL) under cooling with ice, the mixture was 

stirred at the same temperature for 10 minutes. After dilution of the mixture with water, the mixture was 

extracted with ethyl acetate. The organic extracts were washed with brine, dried over anhydrous sodium 

sulfate, filtered, and then concentrated in vacuo. Treatment of the residue with hexane/ethyl acetate (2:1) 

gave 34 (398 mg). 1H NMR (CDCl3): δH 1.44 (s, 9H), 1.62–1.71 (m, 1H), 1.73–1.94 (m, 3H), 1.98–2.33 

(m, 4H), 3.32 (t, J = 12.2 Hz, 1H), 3.40–3.53 (m, 1H), 3.90–4.03, (m, 3H), 4.07 (s, 3H), 4.23–4.39 (m, 

1H), 4.70 (d, J = 12.2 Hz, 1H), 4.76 (d, J = 12.8 Hz, 1H), 4.89 (d, J = 10.4 Hz, 0.2H), 5.24 (d, J = 10.4 Hz, 

0.8H), 6.72 (d, J = 7.3 Hz, 0.3H), 6.95–7.01 (m, 1.7H), 7.03 (d, J = 9.2 Hz, 1H), 7.16–7.30 (m, 3H), 8.09 

(d, J = 9.2 Hz, 0.1H), 8.14 (d, J = 8.6 Hz, 0.9H), 8.53 (s, 1H). MS (ESI+) m/z 581 (MH+). HRMS (ESI+) 

for C29H32FN4O4 (MH+): calcd, 581.27754; found, 581.27665. Optical resolution (CHIRALPAK IA, 

hexane: IPA:MTBE = 85:10:5) of the racemate (380 mg) gave (+)-34 (183 mg, [a]24
D +102.2 (c 0.3, 

MeOH)) and (-)-34 (186 mg, [a]27
D -107.7 (c 0.3, MeOH) 

The title compound (+)-35 (131 mg) was prepared from (+)-34 (170 mg) in the same manner as 

described for the synthesis of 28. (+)-35 1H NMR (DMSO-d6): δH 0.94–1.08 (brs, 2H), 1.46–1.89 (m, 6H), 

2.04–2.14 (m, 1H), 2.21–2.31 (m, 1H), 3.26–3.36 (m, 1H), 3.46–3.54 (m, 1H), 3.61–3.71 (m, 2H), 3.97–

4.06 (m, 1H), 4.08 (s, 3H), 4.70 (d, J = 12.9 Hz, 1H), 4.76 (d, J = 12.2 Hz, 1H), 5.25 (d, J = 9.8 Hz, 1H), 

6.71 (d, J = 6.7 Hz, 0.2H), 6.94–7.02 (m, 1.8H), 7.03 (d, J = 9.2 Hz, 1H), 7.16–7.33 (m, 3H), 8.09 (d, J = 

9.2 Hz, 0.2H), 8.14 (d, J = 9.2 Hz, 0.8H), 8.53 (s, 1H), MS (ESI+) m/z 481 (MH+), HRMS (ESI+) for 

C26H30FN4O4 (MH+): calcd, 481.22511; found, 481.22500. 

The title compound (-)-35 (132 mg) was prepared in the same manner from (-)-34 (170 mg). (-)-35 1H 

NMR (DMSO-d6): δH 0.93–1.13 (brs, 2H), 1.46–1.88 (m, 6H), 2.05–2.14 (m, 1H), 2.20–2.32 (m, 1H), 

3.26–3.36 (m, 1H), 3.46–3.54 (m, 1H), 3.61–3.71 (m, 2H), 3.97–4.14 (m, 1H), 4.08 (s, 3H), 4.70 (d, J = 
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12.2 Hz, 1H), 4.76 (d, J = 12.2 Hz, 1H), 5.25 (d, J = 9.8 Hz, 1H), 6.71 (d, J = 6.7 Hz, 0.3H), 6.94–7.01 (m, 

1.7H), 7.03 (d, J = 8.6 Hz, 1H), 7.16–7.33 (m, 3H), 8.09 (d, J = 9.2 Hz, 0.2H), 8.14 (d, J = 9.2 Hz, 0.8H), 

8.53 (s, 1H), MS (ESI+) m/z 481 (MH+), HRMS (ESI+) for C26H30FN4O4 (MH+): calcd, 481.22511; found, 

481.22522. 

Compound (+)-36 (121 mg) was prepared from (+)-35 (100 mg) and 29 (36.9 mg) in the same manner 

as described for the synthesis of 5. (+)-36 1H NMR (CDCl3): δH 1.58–1.91 (m, 6H), 2.12–2.34 (m, 2H), 

3.27–3.37 (m, 1H), 3.44–3.55 (m, 1H), 3.73–3.81 (m, 4H), 3.98–4.06 (m, 1H), 4.07 (s, 3H), 4.64 (s, 2H), 

4.73 (q, J = 12.6 Hz, 2H), 5.27 (d, J = 9.8 Hz, 1H), 6.71 (d, J = 7.3 Hz, 0.3H), 6.93–7.29 (m, 9H), 8.08–

8.16 (m, 1.7H), 8.54 (s, 1H), MS (ESI+) m/z 643 (MH+), HRMS (ESI+) for C34H36FN6O6 (MH+): calcd, 

643.26803; found, 643.26717. 

The enantiomeric compound (-)-36 (117 mg) was prepared in the same manner from (-)-35 (100 mg) 

and 29 (36.9 mg). (-)-36 1H NMR (CDCl3): δH 1.63–1.90 (m, 6H), 2.07–2.35 (m, 2H), 3.26–3.37 (m, 1H), 

3.46–3.55 (m, 1H), 3.72–3.82 (m, 4H), 3.98–4.06 (m, 1H), 4.08 (s, 3H), 4.64 (s, 2H), 4.73 (q, J = 12.9 Hz, 

2H), 5.26 (d, J = 10.3 Hz, 1H), 6.71 (d, J = 6.1 Hz, 0.3H), 6.93–7.30 (m, 9H), 7.94–8.16 (m, 1.7H), 8.54 

(s, 1H), MS (ESI+) m/z: 643 (MH+), HRMS (ESI+) for C34H36FN6O6 (MH+): calcd, 643.26803; found, 

643.26728. 

A suspension of (+)-36 (100 mg) and 10% Pd–C (36.0 mg) in acetic acid (3.1 mL) was stirred at room 

temperature for 3 h under H2 atmosphere (1 kg/cm2).  After the insoluble materials were filtered off, the 

filtrate was concentrated in vacuo to give (+)-10 (70.0 mg). 1H NMR (DMSO-d6): δH 1.14 (brs, 2H), 1.57–

1.99 (m, 9H), 2.85–2.96 (m, 2H), 3.22–3.41 (m, 1H), 3.58 (s, 2H), 3.63 (s, 2H), 4.02 (s, 3H), 4.59 (s, 2H), 

7.01 (d, J = 8.6 Hz, 1H), 7.21 (d, J = 9.2 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 8.25 (d, J = 8.6 Hz, 1H), 8.73 

(s, 1H), 11.15 (s, 1H), MS (ESI+) m/z 509 (MH+), HRMS (ESI+) for C26H30FN6O4 (MH+): calcd, 

509.23126; found, 509.23213. 

To a solution of the free base (60.0 mg) in dichloromethane (0.30 mL) and ethanol (0.59 mL) was 

added a solution of hydrochloric acid (0.236 mL, 1 M), the mixture was stirred at room temperature for 4 h 

and then concentrated in vacuo to give (+)-10.HCl (63.0 mg). mp 234-235 oC, 1H NMR (DMSO-d6): d 

1.92–2.14 (m, 8H), 3.12–3.21 (m, 1H), 3.42–3.54 (m, 1H), 3.63–3.72 (m, 1H), 3.95–4.03 (m, 2H), 4.06 (s, 

3H), 4.03–4.14 (m, 2H), 4.69 (s, 2H), 7.28 (d, J = 8.6 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.45 (d, J = 8.0 

Hz, 1H), 8.00 (brs, 3H), 8.33 (d, J = 9.2 Hz, 1H), 8.83 (s, 1H), 9.68 (brs, 2H), 11.32 (s, 1H). MS (ESI+) m/z 

509 (MH+) (as free base). HRMS (ESI+) for C26H30FN6O4 (MH+) (as free base): calcd, 509.23126; found, 

509.23204. Anal. calcd for C26H29FN6O4·3HCl·0.5H2O, C 49.81, H 5.31, N 13.40%. Found: C 50.18, H 

5.41, N 13.31%. 

The free base of (-)-10 (71.5 mg) was prepared from (-)-36 (100 mg) in the same manner as described 

above. 1H NMR (DMSO-d6): δH 1.56–1.99 (m, 9H), 2.85–2.98 (m, 2H), 3.27–3.36 (m, 1H), 3.59 (s, 2H), 

3.63 (s, 2H), 4.02 (s, 3H), 4.59 (s, 2H), 7.01 (d, J = 8.6 Hz, 1H), 7.21 (d, J = 9.2 Hz, 1H), 7.28 (d, J = 7.9 
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Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.74 (s, 1H), 11.16 (s, 1H), MS (ESI+) m/z: 509 (MH+), HRMS (ESI+) 

for C26H30FN6O4 (MH+): calcd, 509.23126; found, 509.23207. Anal. calcd for C26H29FN6O4·3HCl·1.5H2O, 

C 48.42, H 5.47, N 13.03%. Found: C 48.36, H 5.41, N 12.88%. 

The hydrochloride salt (-)-10.HCl (57.8 mg) was prepared in the same manner from the free base (60.0 

mg). 1H NMR (DMSO-d6): δH 1.93–2.25 (m, 8H), 3.12–3.21 (m, 1H), 3.48–3.56 (m, 1H), 3.63–3.71 (m, 

1H), 3.96–4.04 (m, 2H), 4.06 (s, 3H), 4.05–4.14 (m, 2H), 4.69 (s, 2H), 7.28 (d, J = 9.2 Hz, 1H), 7.30 (d, J 

= 8.6 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.99 (brs, 3H), 8.33 (d, J = 9.2 Hz, 1H), 8.83 (s, 1H), 9.67 (brs, 

2H), 11.31 (s, 1H), MS (ESI+) m/z: 509 (MH+) (as free base), HRMS (ESI+) for C26H30FN6O4 (MH+) (as 

free base): calcd, 509.23126; found, 509.23115. 

 

Synthesis of compound (±)-11 (Scheme 5) 

 

To a solution of (±)-33 (105 mg crude, 0.24 mmol, 1.0 eq) in dichloromethane (10 mL) was added 

Et3N (71 mg, 0.71 mmol, 3.0 eq) and DMAP (10 mg, cat.) and then Ac2O (29 mg, 0.28 mmol, 1.2 eq), and 

the resulting mixture was stirred at room temperature for 2h.  Partitioned between water and 

dichloromethane, the organic layers were washed by brine, dried over sodium sulfate and concentrated, 

purified by prep-TLC to give N-acetyl-33  (48 mg, 41.7 %). 1H-NMR (CDCl3, 400 MHz): δH 8.58 (s, 1H), 

8.18 ~ 8.20 (d, J = 9.39 Hz, 1H), 7.04 ~ 7.06 (d, J = 8.61 Hz, 1H), 5.82 ~ 5.84 (d, J = 10.17 Hz, 1H), 3.94 

~ 4.28 (m, 7H), 3.24 ~ 3.54 (m, 4H), 1.77 ~ 2.33 (m, 8H), 1.61 (s, 3H), 1.42 (s, 9H).  

A solution of N-acetyl-33 (48 mg, 0.10 mmol) in dichloromethane (5 mL) was added TFA (5 mL) was 

stirred at room temperature for 1h and then concentrated. The residue was basified by sodium carbonate 

solution until pH = 8 ~ 9, and extracted by EtOAc.  The organic layers were washed with brine, dried 

over sodium sulfate, concentrated to give free amine (35 mg, 89.7 %). MS (ESI)+ m/z 389 (MH)+.   

A solution of aforementioned free amine (35 mg, 0.09mmol, 1.0 eq ) and aldehyde 29 (32 mg, 0.18 

mmol, 2.0 eq) in DMF:AcOH = 7:1 (5 mL) was stirred at room temperature for 30 min and then 

NaBH(OAc)3 (57 mg, 0.27 mmol, 3.0 eq) was added and the reaction mixture was stirred at room 

temperature for 1h.  The mixture was purified by prep-HPLC to give (±)-11 (19 mg, 38.0 %). 1H-NMR 

(400 MHz, CD3OD) δH 8.59 (s, 1H), 8.14 ~ 8.16 (d, J = 8.61 Hz, 1H), 7.34 ~ 7.36 (d, J = 7.83 Hz, 1H), 

7.14 ~ 7.16 (d, J = 8.61 Hz, 1H), 7.08 ~ 7.10 (d, J = 7.83 Hz, 1H), 4.68 (s, 2H), 4.43 ~ 4.46 (m, 1H), 4.21 

(s, 2H), 4.11 (s, 3H), 4.06 (s, 2H), 3.60 ~ 3.68 (m, 1H), 3.14 ~ 3.20 (m, 1H), 1.85 ~ 2.30 (m, 9H), 1.69 (s, 

3H). MS (ESI)+ m/z 550 (MH)+. 
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Synthesis of compound (±)-12 (Scheme 5) 

 

To a solution of (±)-33 (110 mg crude, 0.25 mmol, 1.0 eq) in dichloromethane (10 mL) was added 

Et3N (75 mg, 0.75 mmol, 3.0 eq) and then MsCl (35 mg, 0.30 mmol, 1.2 eq), and the resulting mixture was 

stirred at room temperature for 2h.  Water was added and partitioned between water and dichloromethane, 

the organic layers were washed with brine, dried over sodium sulfate and concentrated.  The residue was 

purified by prep-TLC to give 33-methane sulfonamide (72 mg, 55.8 %). MS (ESI)+ m/z 525 (MH)+.  

A solution of methane sulfonamide (72 mg, 0.14 mmol) in dichloromethane (5 mL) was added TFA (5 

mL) and stirred at room temperature for 1h and then concentrated.  The residue was basified by sodium 

carbonate solution until pH = 8 ~ 9, and extracted by EtOAc.  The organic layers were washed with brine, 

dried over sodium sulfate, and concentrated to give methane sulfonamide free amine (43 mg, 74.1 %). MS 

(ESI)+ m/z 425 (MH)+. 

A solution of the free amine (43 mg, 0.10 mmol, 1.0 eq) and the aldehyde 29 (35 mg, 0.20 mmol, 2.0 

eq) in DMF: AcOH = 7:1 (5 mL) was stirred at room temperature for 30 min then NaBH(OAc)3 (64 mg, 

0.30 mmol, 3.0 eq) was added.  The mixture was stirred at room temperature for 1h and purified by 

prep-HPLC to give (±)-12 (23 mg, 39.9 %).  1H-NMR 400 MHz, CD3OD): δH 8.64 (s, 1H), 8.18 ~ 8.20 (d, 

J = 8.61 Hz, 1H), 7.35 ~ 7.37 (d, J = 7.83 Hz, 1H), 7.16 ~ 7.18 (d, J = 8.61 Hz, 1H), 7.07 ~ 7.09 (d, J = 

7.83 Hz, 1H), 4.68 (s, 2H), 4.21 (s, 2H), 4.11 (s, 3H), 4.05 ~ 4.08 (m, 1H), 3.98 (s, 2H), 3.50 ~ 3.58 (m, 

1H), 3.21 ~ 3.28 (m, 2H), 2.30 (s, 3H), 2.00 ~ 2.26 (m, 8H), MS (ESI)+ m/z 587 (MH)+. 

 

Synthesis of compound (±)-16 (Scheme 6) 

  
A solution of 37 (383 mg, 1.5 mmol) in 5 mL of THF was added CH3MgBr (1 mL, 3.0 M in ether, 3 

mmol) at -70 oC.  The mixture was stirred at -70 oC for 30 minutes then warmed to room temperature.  

To the reaction mixture was added saturated NH4Cl and extracted with EtOAc twice.  The organic layer 

was concentrated and the residue was purified by prep-TLC (PE: EtOAc= 5:1) to afford a white solid 38 

(R=Me) (120 mg, yield 30 %). 1H-NMR (400 MHz, CDCl3) δH 4.23 (s, 1H), 3.93 (s, 2 H), 3.57 (d, J = 6.4 

Hz, 1 H), 1.92-2.07 (m, 4 H), 1.69-1.78 (m, 4 H), 1.36 (s, 9 H), 0.98 (d, J = 6.4 Hz, 3 H). 

A suspension of 38 (R = Me) (120 mg, 0.44 mmol) and Dess-Martin periodinane (940 mg, 2.2 mmol) 

in 10 mL dichloromethane was stirred overnight at room temperature.  Reaction was filtered and the solid 
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was washed with dichloromethane.  The filtrate was concentrated and the residue was purified by 

prep-TLC (PE: EtOAc= 3:1) to afford a white solid 39 (R = Me) (54 mg, yield 45 %). 1H-NMR (400 MHz, 

CDCl3) δH 4.00 (s, 2 H), 2.17 (s, 3 H), 2.04-2.11 (m, 2 H), 1.90-1.98 (m, 2 H), 1.79-1.86 (m, 2 H), 1.40 (s, 

9 H). 

A solution of 40 (77 mg, 0.4 mmol) in 3 mL of THF was added LDA (0.2 mL, 2.0 M in THF, 0.4 

mmol) drop wise to at -78 oC and stirred for 15 min.  To this mixture was added drop wise a solution of 

39 (R = Me) (54 mg, 0.2 mmol, in 1 mL of THF).  The resulting mixture was stirred at -78 oC for 30 min 

then warmed to room temperature.  The reaction was quenched by addition of saturated NH4Cl and 

extracted with EtOAc twice.  The organic layer was concentrated and the residue was purified by 

prep-TLC (PE: EtOAc= 3:1) to afford a white solid 41 (R = Me) (37 mg, yield 40 %).  MS (ESI)+ m/z 

462 (MH)+. 

To a solution of 41 (R = Me) (37 mg, 0.08 mmol) in dichloromethane (1 mL) was added 

trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 30 min and concentrated 

under reduced pressure.  After dilution of the residue with water, the mixture was washed with methyl 

t-butyl ether twice.  The aqueous layer was adjusted to pH= 13 by addition of aqueous Na2CO3 solution 

and extracted twice with EtOAc.  The combined organic layer was washed with brine, dried over 

anhydrous Na2SO4 and concentrated to give pure 42 (R = Me) (25 mg, yield 86 %). MS (ESI)+ m/z 362 

(MH)+. 

A mixture of 42 (R = Me) (25 mg, 0.07 mmol) and pyridoxazinecarbaldehyde 29 (20 mg, 0.11 mmol) 

in anhydrous DMF (3.5 mL) was added acetic acid (0.5 mL) was stirred at room temperature for 30 min.  

The resulting solution was added three times of sodium triacetoxyborohydride (42 mg, 0.2 mmol) and 

stirred at room temperature overnight.  The mixture was concentrated under reduced pressure. After 

dilution of the residue with dichloromethane, the mixture was washed with saturated sodium carbonate 

solution, water and brine.  The organic extracts were dried over anhydrous Na2SO4 then concentrated 

under reduced pressure. The residue was purified by prep-TLC (dichloromethane/methanol = 10: 1) to give 

(±)-16 (R = Me) (21 mg, yield 55 %). MS (ESI)+ m/z 524 (MH)+.  

To a solution of (±)-16 (R = Me) (21 mg, 0.04 mmol) in dichloromethane (2 mL) and ethanol (0.5 

mL) was added a solution of hydrogen chloride (10 uL, 0.1 mmol, 4 M in dioxane) under cooling with ice, 

the mixture was stirred at room temperature for 2 h and concentrated under reduced pressure. Treatment of 

the residue with ethanol gave (±)-16.HCl (R = Me).  1H-NMR (400 MHz, CD3OD) δH 9.05 (s, 1H), 8.37 

(d, J = 7.2 Hz, 1H), 7.42 (d, J = 7.2 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.12 (d, J = 8.0 Hz, 1H), 4.68 (s, 2 

H), 4.24 (s, 2 H), 4.16 (s, 3 H), 4.08 (s, 2 H), 3.80 (d, J = 12.8 Hz, 1H), 3.60 (d, J = 12.8 Hz, 1H), 

2.37-2.42 (m, 2 H), 2.01-2.29 (m, 6 H), 1.02 (s, 3 H). MS (ESI)+ m/z 524 (MH)+. 

 

Synthesis of compound (±)-17 (Scheme 6) 
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A solution of 37 (762 mg, 3 mol) and CF3TMS (1.14 g, 8 mmol) in 20 mL of DMF was cooled to 0 oC 

with ice-water. To this solution was added powdered CsF (1.3 g, 8 mmol) in small batches.  The mixture 

was stirred overnight at room temperature, diluted with 50 mL of EtOAc, washed with water and brine, 

condensed.  The residue was purified by column chromatography (25 % EtOAc in PE) to give pure 38 (R 

= CF3) (230 mg, yield 24 %). MS (ESI)+ m/z 326 (MH)+.  

A suspension of 38 (R = CF3) (230 mg, 0.71 mmol) and Dess-Martin periodinane (452 mg, 1.06 

mmol) in dichloromethane was stirred overnight at room temperature.  The reaction was filtered and the 

solid was washed with dichloromethane.  The filtrate was concentrated and the residue was purified by 

prep-TLC (PE: EtOAc= 3:1) to afford a white solid 39 (R = CF3) (160 mg, yield 69 %).  1H-NMR (400 

MHz, CDCl3) δH 4.00 (s, 2 H), 1.95-2.21 (m, 6 H), 1.84-1.92 (m, 2 H), 1.76-1.83 (m, 2 H), 1.39 (s, 9 H).  

A solution of 40 (192 mg, 1.0 mmol, in 4 mL of THF) was added LDA (0.5 mL, 2.0 M in THF, 1.0 

mmol) drop wise at -78 oC and stirred for 15 minutes.  To this mixture was added drop wise a solution of 

39 (R = CF3) (160 mg, 0.49 mmol, in 1 mL of THF).  The resulting mixture was stirred at -78 oC for 30 

min then warmed to room temperature and stirred overnight.  Saturated NH4Cl was added to quench the 

reaction followed by extraction with EtOAc twice.  The organic layer was concentrated and the residue 

was purified by prep-TLC (PE: EtOAc= 3:1) to afford a white solid 41 (R = CF3) (37 mg, yield 18 %).  

MS (ESI)+ m/z 516 (MH)+. 

To a solution of 41 (R = CF3) (37 mg, 0.072 mmol) in dichloromethane (1 mL) was added 

trifluoroacetic acid (1 mL) and the mixture was stirred at room temperature for 30 minutes and 

concentrated under reduced pressure.  After dilution of the residue with water, the mixture was washed 

with methyl tert-butyl ether twice.  The aqueous layer was adjusted to pH= 13 by addition of aqueous 

Na2CO3 solution and extracted twice with EtOAc.  The combined EtOAc layer was washed with brine, 

dried over anhydrous Na2SO4 and concentrated to give pure 42 (R = CF3) (20 mg, yield 67 %).  MS 

(ESI)+ m/z 416 (MH)+.  

A mixture of 42 (R = CF3) (20 mg, 0.048 mmol) and pyridoxazinecarbaldehyde 29 (13 mg, 0.072 

mmol) in anhydrous DMF (3.5 mL) was added acetic acid (0.5 mL) was stirred at room temperature for 30 

min.  The resulting solution was added three times of sodium triacetoxyborohydride (21 mg, 0.1 mmol) 

and stirred at room temperature for overnight.  The mixture was concentrated under reduced pressure. 

After dilution of the residue with dichloromethane, the mixture was washed with saturated sodium 

carbonate solution, water and brine.  The organic extracts were dried over anhydrous Na2SO4 then 

concentrated under reduced pressure. The residue was purified by prep-TLC (dichloromethane/methanol = 

10: 1) to give a solid.  To a solution of this solid (17 mg, 0.029 mmol) in dichloromethane (2 mL) and 
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ethanol (0.5 mL) was added a solution of hydrogen chloride (7.3 uL, 0.029 mmol, 4 M in dioxane) under 

cooling with ice, the mixture was stirred at room temperature for 2 hours and concentrated in vacumm.  

Treatment of the residue with ethanol gave (±)-17.HCl (R = CF3).  1H-NMR (400 MHz, CD3OD) δH ppm 

8.77 (s, 1 H), 8.30 (d, J = 9.2 Hz, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.27 (d, J = 9.2 Hz, 1H), 7.10 (d, J = 7.6 

Hz, 1H), 4.68 (s, 2 H), 4.21 (s, 2 H), 4.12 (s, 3 H), 3.95-4.01 (m, 2 H), 3.85 (d, J= 14.8 Hz, 1 H), 3.74 (d, 

J= 14.4 Hz, 1 H), 2.42-2.54 (m, 2 H), 2.05-2.16 (m, 6 H), MS (ESI)+ m/z 578 (MH)+. 

 

Synthesis of compounds (+)-19 and (-)-19 (Scheme 7) 

 

To a solution of 43 (5.78 g) in tetrahydrofuran (225 mL) was added n-butyl lithium (7.21 mL, 2.6 M in hexane) at -78 
oC, the mixture was stirred at the same temperature for 30 minutes. A solution of 44 (2.02 g) was added to the mixture at -78 
oC, the mixture was stirred at the same temperature for 2 h. After quenching the reaction by adding of a citric acid solution 

(36.0 mL, 0.5 M in water), the aqueous solution was extracted with dichloromethane followed by diluting with water. The 

organic extracts were washed with brine, dried over anhydrous sodium sulfate, filtered, and then concentrated in vacuo. 

Flash chromatography (hexane/ethyl acetate = 3:1) of the residue gave the racemate 45 (2.64 g). Optical resolution of the 

racemate 45 (CHIRALPAK IC, TBME : hexane : ethanol = 5 : 3 : 2) gave (+)-45 and (-)-45. (+)-45 [α]D
27 +13.7 (c 0.2, 

MeOH), IR (ATR) 3333, 1710, 1614, 1161 cm-1, 1H NMR (400 MHz, CDCl3) δH 1.43 (s, 9H), 1.79–1.95 (m, 5H), 2.04–

2.21 (m, 4H), 2.34 (dd, J = 14.7, 9.2 Hz, 1H), 3.91–3.99 (m, 2H), 4.06 (s, 3H), 4.28 (s, 1H), 5.51 (d, J = 8.6 Hz, 1H), 5.77 

(ddd, J = 9.2, 8.6, 3.0 Hz, 1H), 7.09 (d, J = 9.2 Hz, 1H), 8.21 (d, J = 9.2 Hz, 1H), 8.62 (d, J = 1.2 Hz, 1H), MS (ESI+) m/z 

448 (MH+), HRMS (ESI+) for C23H31FN3O5 (MH+): calcd, 448.22477; found, 448.22560. (-)-45 [α]D
27 -10.4 (c 0.2, MeOH), 

IR (ATR) 3324, 1710, 1614, 1161 cm-1. 1H NMR (400 MHz, CDCl3) d 1.43 (s, 9H), 1.80–1.95 (m, 5H), 2.03–2.21 (m, 4H), 

2.34 (dd, J = 14.7, 9.2 Hz, 1H), 3.91–3.99 (m, 2H), 4.06 (s, 3H), 4.28 (s, 1H), 5.51 (d, J = 8.6 Hz, 1H), 5.77 (ddd, J = 9.2, 8.6, 

3.0 Hz, 1H), 7.09 (d, J = 9.2 Hz, 1H), 8.21 (d, J = 9.2 Hz, 1H), 8.62 (d, J = 1.2 Hz, 1H), MS (ESI+) m/z 448 (MH+), HRMS 

(ESI+) for C23H31FN3O5 (MH+): calcd, 448.22477; found, 448.22543. 

Deprotection of (+)-45 (125 mg) by treatment with TFA in a manner similar to the synthesis of (-)-6 gave free amine 

(91.4 mg). [α]D
25 +25.2 (c 0.1, CHCl3), IR (ATR) 3415, 1613, 1202 cm-1, 1H NMR (400 MHz, DMSO-d6) δH 1.38 (s, 2H), 

1.62–1.95 (m, 7H), 2.04–2.19 (m, 2H), 2.35 (dd, J = 14.7, 9.8 Hz, 1H), 3.60–3.67 (m, 2H), 4.06 (s, 3H), 5.47–5.58 (m, 1H), 

5.77–5.85 (m, 1H), 7.09 (d, J = 9.2 Hz, 1H), 8.21 (d, J = 9.2 Hz, 1H), 8.63 (d, J = 1.2 Hz, 1H). MS (ESI+) m/z: 348 (MH+). 

HRMS (ESI+) for C18H23FN3O3 (MH+): calcd, 348.17234; found, 348.17286. 

Reductive amination of the aldehyde 29 (41.2 mg) with the amine (76.4 mg) just prepared from (+)-45 in the same 

manner as described for the synthesis of (-)-6 gave (+)-19 (95.9 mg) as a power from ethanol. mp 125 oC,  [α]D
27 +26.3 (c 

0.1, DMF), IR (ATR) 1696, 1614, 1185 cm-1, 1H NMR (400 MHz, DMSO-d6) δH 1.49–1.84 (m, 8H), 1.90 (dd, J = 14.0, 

5.5 Hz, 1H), 1.96–2.02 (m, 1H), 2.13 (dd, J = 14.0, 7.3 Hz, 1H), 3.36–3.48 (m, 2H), 3.57 (d, J = 5.5 Hz, 2H), 4.04 (s, 1H), 
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4.58 (s, 2H), 5.23 (d, J = 5.5 Hz, 1H), 5.90–5.99 (m, 1H), 6.97 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 9.2 Hz, 2H), 7.25 (d, J = 8.0 

Hz, 2H), 8.27 (d, J = 9.2 Hz, 1H), 8.74 (d, J = 1.8 Hz, 1H), MS (ESI+) m/z 510 (MH+), HRMS (ESI+) for C26H29FN5O5 

(MH+): calcd, 510.21527; found, 510.21575. 

Anal. Calcd for C26H28FN5O5•0.8 H2O, C 59.60, H 5.69, N 13.37%. Found C 59.56, H 5.50, N 

13.20%. 

Deprotection of (-)-45 (125 mg) with TFA gave enantiomeric free amine (85.5 mg). [α]D
25 -25.3 (c 0.1, CHCl3), IR 

(ATR) 3414, 1613, 1202 cm-1, 1H NMR (400 MHz, DMSO-d6) δH 1.61–1.95 (m, 7H), 2.04–2.19 (m, 2H), 2.35 (dd, J = 

14.7, 9.2 Hz, 1H), 3.60–3.67 (m, 2H), 4.06 (s, 3H), 5.48–5.56 (m, 1H), 5.78–5.84 (m, 1H), 7.09 (d, J = 9.2 Hz, 1H), 8.21 (d, 

J = 9.2 Hz, 1H), 8.63 (d, J = 1.2 Hz, 1H), MS (ESI+) m/z: 348 (MH+), HRMS (ESI+) for C18H23FN3O3 (MH+): calcd, 

348.17234; found, 348.17189. 

A similar reductive amination of 29 (41.2 mg) with the free amine (76.4 mg) from (-)-45 as described earlier produced 

enantiomer (-)-19 (97.3 mg) as powder from ethanol. mp 125 oC, [α]D
24 -27.0 (c 0.1, DMF),  IR (ATR) 1695, 1614, 1185 

cm-1, 1H NMR (400 MHz, DMSO-d6) δH 1.49–1.84 (m, 8H), 1.90 (dd, J = 14.0, 5.5 Hz, 1H), 1.96–2.02 (m, 1H), 2.13 (dd, J 

= 14.0, 7.3 Hz, 1H), 3.36–3.48 (m, 2H), 3.57 (d, J = 5.5 Hz, 2H), 4.04 (s, 1H), 4.58 (s, 2H), 5.23 (d, J = 5.5 Hz, 1H), 5.90–

5.99 (m, 1H), 6.97 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 9.2 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 8.27 (d, J = 9.2 Hz, 1H), 8.74 (d, J 

= 1.8 Hz, 1H), MS (ESI+) m/z 510 (MH+), HRMS (ESI+) for C26H29FN5O5 (MH+): calcd, 510.21527; found, 510.21576. 

Anal. calcd for C26H28FN5O5•H2O, C 59.19, H 5.73, N 13.28%. Found C 59.37, H 5.50, N 13.14%. 

 

Synthesis of compound (±)-20 (Scheme 8) 

 

A solution of 44 (810 mg, 3 mmol) in THF (10 mL) was added MeMgCl (2.1 mL, 6.3 mmol) at 

-78 °C under N2 and then stirred at -78 °C for 1.5 hours.  After quenching with saturated ammonium 

chloride solution, the mixture was extracted with EtOAc twice.  The organic layers were dried and 

concentrated.  The residue was purified by column chromatography (PE:EtOAc=4:1) to give 46 (800 mg, 

93.7 %).  

To a solution of 46 (800 mg, 2.8 mmol) in dichloromethane (70 mL) was added Dess-Martin (2.0 g, 

4.7 mmol). The mixture was stirred at room temperature for 1.5 hours. The reaction was filered and the 

filtrate was concentrated in vacuo. The residue was purified by column chromatography (PE:EtOAc=4:1) 

to give 47 (450 mg, 56.7%).   

A solution of 48 (570 mg, 3.2 mmol) in THF at -78 oC was added LDA (1.75 mL, 3.5 mmol) drop 

wise and stirred for 20 minutes.  A solution of 47 (450 mg, 1.6 mmol) in THF was added drop wise to 

the mixture for 15 minute at -78 oC.  The mixture was stirred at 0 oC for 30 min.  After quenching the 

reaction by addition of saturated NH4Cl it was extracted with EtOAc twice.  The organic layer was 
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concentrated and the residue was purified by column chromatography (PE:EtOAc=4:1) to give 49 (370 

mg, 25 %). MS (ESI)+ m/z 462 (MH)+.  

To a solution of 49 (370 mg, 0.8mmol) in dichloromethane (5 mL) was added TFA (15 mL).  The 

mixture was stirred at room temperature overnight.  The reaction mixture was concentrated and then the 

NaHCO3 solution was added. The mixture was extracted with dichloromethane/MeOH (10:1). The organic 

extracts were dried over anhydrous sodium sulfate, filtered, and then concentrated under reduced pressure 

to give the crude free amine (220 mg, 76.5%). MS (ESI)+ m/z 362 (MH)+.  

A mixture of the free amine (30 mg, 0.08 mmol) and pyridoxazinecarbaldehyde 29 (50 mg, 0.28mmol) 

in anhydrous DMF (3.5 mL) was added acetic acid (0.5 mL) was stirred at room temperature for 30 min.  

The resulting solution was added three times of sodium triacetoxyborohydride (50 mg, 0.25 mmol) and 

stirred at room temperature for overnight.  The mixture was concentrated under reduced pressure. After 

dilution of the residue with dichloromethane, the mixture was washed with saturated sodium carbonate 

solution, water and brine.  The organic extracts were dried over anhydrous Na2SO4 then concentrated in 

vacuo. The residue was purified by prep-TLC (DCM/MeOH = 10: 1) to afford a solid (±)-20.  1H-NMR 

(400 MHz, CD3OD) δH 8.65 (s, 1 H), 8.25 (d, J = 8.8 Hz ,1 H), 7.45 (d, J = 9.6 Hz, 1H), 7.2 (d, J = 8.0 Hz, 

1H), 7.16 (d, J = 8.0 Hz, 1H), 4.64 (s, 2 H), 4.19 (s, 3 H), 4.05 (m, 2 H), 3.65 (m, 1H), 3.45 (m, 1H), 2.61 

(d, J = 8.0 Hz, 1H), 2.25 (m, 1 H), 1.75-2.1 (m, 8 H), 1.65 (s, 3 H), MS (ESI)+ m/z 524 (MH)+.  

 

Synthesis of compound (±)-22, (±)-23 and (±)-21 (Scheme 9) 

 

 
 

To a solution of 50 (215 mg, 0.43 mmol) in EtOAc (20 mL) was added Pd/C (100 mg, 10 %) and the 

mixture was stirred at 40 °C for 1.5 h.  After filtration, the mixture was concentrated in vacuo to give the 

crude 51 (210 mg, 96.8%). MS (ESI)+ m/z 504.5 (MH)+.  

To a solution of 51 (210 mg, 0.432 mmol) in dichloromethane (2 mL) was added TFA (10 mL).  The 

mixture was stirred at room temperature overnight.  The reaction solution was concentrated and then the 

aqueous NaHCO3 solution was added.  The mixture was extracted with ethyl acetate. The organic extracts 

were washed with water, dried over anhydrous sodium sulfate, filtered, and then concentrated under 

reduced pressure to give the crude free amine (120 mg, 69.2%).  MS (ESI)+ m/z 404.5 (MH)+.   

A mixture of the aforementioned free amine (120 mg, 0.3 mmol) and pyridoxazinecarbaldehyde 29 

(150 mg, 0.83 mmol) in anhydrous DMF (3.5 mL) was added acetic acid (0.5 mL) and stirred at room 

temperature for 30 min.  The resulting solution was added to three fold excess of sodium 
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triacetoxyborohydride (210 mg, 1 mmol) and stirred at room temperature overnight.  The mixture was 

concentrated under reduced pressure. After dilution of the residue with dichloromethane, the mixture was 

washed with saturated sodium carbonate solution, water and brine.  The organic extracts were dried over 

anhydrous Na2SO4 then concentrated in vacuo. The residue was purified by prep-TLC (DCM/MeOH = 10: 

1) to afford (±)-22 as a solid.  1H-NMR (400 MHz, CD3OD) δH 8.65 (s, 1 H), 8.25 (d, J = 8.8 Hz, 1 H), 

7.45 (d, J = 9.6 Hz, 1H), 7.2 (d, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 5.7 (d, J = 9.6 Hz, 1H), 4.64 (s, 2 

H), 4.19 (s, 3 H), 4.00 (s, 2 H), 3.85 ( s, 2H ), 2.25 (m, 2 H), 1.75-2.1 (m, 8 H), 1.05-1.1 (m, 2 H), MS 

(ESI)+ m/z 566.5 (MH)+. 

A solution of 22 (100 mg, 0.177 mmol) in 10 mL of THF/MeOH/H2O (2:2:1) was added LiOH.H2O 

(84 mg, 2 mmol) at room temperature.  The mixture was stirred overnight, diluted with water and washed 

with MTBE twice.  The water layer was acidified to pH= 5 with hydrochloric acid then extracted with 

EtOAc twice.  The EtOAc layer was washed with brine, dried over anhydrous Na2SO4 and condensed.  

The residue was purified by prep-TLC (DCM/MeOH = 8: 1) to give (±)-23 as a white solid. 1H-NMR (400 

MHz, CD3OD) δH 8.65 (s, 1 H), 8.25 (d, J = 8.8 Hz, 1H), 7.45 (d, J = 9.6 Hz, 1H), 7.2 (d, J = 8.0 Hz, 1H), 

6.85 (d, J = 8.4 Hz, 1H), 4.78 (d, J = 8.0 Hz, 1H), 4.65 (s, 2H), 4.15 (s, 3 H), 3.8 (s, 2 H), 3.5 (m, 2 H), 

2.65 (d, J = 9 Hz,1H ), 2.25 (m, 1 H), 1.65-1.9 (m, 8 H), MS (ESI)+ m/z 538.5 (MH)+. 

To a solution of 51 (150 mg, 0.3 mmol) in THF (10 mL) was added LiAlH4 (20 mg, 0.53 mmol). The 

mixture was stirred at room temperature for 1.5 h. After quenching the reaction with saturated ammonium 

chloride solution, the mixture was extracted with EtOAc twice.  The organic layers were dried and 

concentrated to give the crude 52 (50 mg, 36.2%). MS (ESI)+ m/z 462 (MH)+.  

To a solution of 52 (50 mg, 0.11mmol) in dichloromethane (2 mL) was added TFA (5 mL).  The 

mixture was stirred at room temperature for overnight.  The reaction solution was concentrated and then 

the NaHCO3 solution was added.  The mixture was extracted with dichloromethane/MeOH (10:1). The 

organic extracts were dried over anhydrous sodium sulfate, filtered, and then concentrated in vacuo to give 

the crude free amine (30 mg, 76.5%). MS (ESI)+ m/z 362 (MH)+.  

A mixture of the aforementioned free amine (30 mg, 0.08 mmol) and pyridoxazinecarbaldehyde 29 

(50 mg, 0.28mmol) in anhydrous DMF (3.5 mL) was added acetic acid (0.5 mL) was stirred at room 

temperature for 30 min.  The resulting solution was added three times of sodium triacetoxyborohydride 

(50 mg, 0.25 mmol) and stirred at room temperature for overnight.  The mixture was concentrated under 

reduced pressure.  After dilution with dichloromethane, the mixture was washed with saturated sodium 

carbonate solution, water and brine.  The organic extracts were dried over anhydrous Na2SO4 then 

concentrated in vacuo. The residue was purified by prep-TLC (DCM/MeOH = 10: 1) to afford (±)-21 as a 

solid. 1H-NMR (400 MHz, CD3OD) δH 8.65 (s, 1 H), 8.25 (d, J = 8.8 Hz, 1H), 7.45 (d, J = 9.6 Hz, 1H), 7.2 

(d, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 4.64 (s, 2 H), 4.19 (s, 3 H), 4.00 (m, 1 H), 3.65 (s, 2H), 3.35 

(s, 1H), 3.25 (s, 1H), 1.95 (m, 2 H), 1.75-2.1 (m, 8 H), MS (ESI)+ m/z 524 (M+1)+. 
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Synthesis of compounds (+)-24 and (-)-24 (Scheme 10) 

 
A mixture of 53 (800 mg), osmium tetroxide solution (0.95 mL, 2.5 wt% in tert-butanol) and 

4-methylmorpholine N-oxide solution (146 mL, 50 wt% in water) in tert-butanol (13.6 mL) and water 

(1.36 mL) was stirred at room temperature for 5 h. After dilution of the mixture with water, the mixture 

was added sodium hydrogen sulfite (1.12 g). The mixture was extracted with ethyl acetate.  The organic 

extracts were dried over anhydrous sodium sulfate, filtered, and then concentrated in vacuo. Flash 

chromatography of the residue gave the racemate 54 (844.1 mg). 1H NMR (CDCl3): δH 1.42 (s, 9H), 1.77–

2.30 (m, 8H), 3.68–3.73 (m, 2H), 3.82–3.98 (m, 2H), 4.06 (s, 3H), 4.28 (brs, 1H), 5.68 (dd, J = 8.6, 3.1 Hz, 

1H), 5.78 (d, J = 7.9 Hz, 1H), 7.10 (d, J = 8.6 Hz, 1H), 8.23 (d, J = 9.2 Hz, 1H), 8.65 (d, J = 1.2 Hz, 1H), 

MS (ESI+) m/z: 464 (MH+), HRMS (ESI+) for C23H31FN3O6 (MH+): calcd, 464.21969; found, 464.22023. 

Optical resolution of the racemate 54 with CHIRALPAK IA (hexane-ethanol = 30:70) gave (+)-54 

(473 mg, [α]27
D +61.7 (c 0.3, CHCl3)) and (-)-54 (461.5 mg, [α]27

D -47.9 (c 0.3, CHCl3)). 

Deprotection of (+)-54 (195 mg) in the same manner as described earlier gave free amine (140 mg). 1H 

NMR (CDCl3): δH 1.40–2.27 (m, 8H), 3.51–3.63 (m, 2H), 3.65–3.82 (m, 2H), 4.06 (s, 3H), 5.73 (q, J = 3.5 

Hz, 1H), 5.79 (d, J = 7.9 Hz, 1H), 7.11 (d, J = 9.2 Hz, 1H), 8.23 (d, J = 9.2 Hz, 1H), 8.65 (d, J = 1.2 Hz, 

1H), MS (ESI+) m/z 364 (MH+), HRMS (ESI+) for C18H23FN3O4 (MH+): calcd, 364.16726; found, 

364.16631.  

Usual reductive amination of aldehyde 29 (66.9 mg) with the amine (130 mg) prepared 

above afforded (+)-24 as a powder. [α]D25 +16.0 (c 0.2, MeOH), 1H NMR (DMSO-d6): δH 1.36–

2.00 (m, 8H), 2.14 (brs, 1H), 2.88–3.25 (m, 2H), 3.51 (brs, 2H), 3.64 (t, J = 5.8 Hz, 1H), 4.03 (s, 

3H), 4.57 (s, 2H), 5.00 (d, J = 5.5 Hz, 1H), 5.39 (d, J = 6.7 Hz, 1H), 5.78 (d, J = 6.1 Hz, 1H), 

6.93 (d, J = 8.6 Hz, 1H), 7.22 (d, J = 9.2 Hz, 1H), 7.23 (d, J = 9.2 Hz, 1H), 8.26 (d, J = 9.2 Hz, 

1H), 8.70 (d, J = 1.8 Hz, 1H), 11.11 (s, 1H), MS (ESI+) m/z: 526 (MH+), HRMS (ESI+) for 

C26H29FN5O6 (MH+): calcd, 526.21019; found, 526.21096. Anal. calcd for 

C26H28FN5O6·HCl·0.7H2O, C 54.35, H 5.33, N 12.19%. Found C 54.57, H 5.44, N 11.85%. 

 

Similar TFA deprotection of (-)-54 (195 mg) gave the enantiomeric free amine (142 mg). 1H NMR 

(CDCl3): δH 1.40–2.27 (m, 8H), 3.51–3.63 (m, 2H), 3.65–3.82 (m, 2H), 4.06 (s, 3H), 5.73 (q, J = 3.5 Hz, 

1H), 5.79 (d, J = 7.9 Hz, 1H), 7.11 (d, J = 9.2 Hz, 1H), 8.23 (d, J = 9.2 Hz, 1H), 8.65 (d, J = 1.2 Hz, 1H), 

MS (ESI+) m/z: 364 (MH+), HRMS (ESI+) for C18H23FN3O4 (MH+): calcd, 364.16726; found, 364.16759. 
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(-)-24 (138 mg) was prepared in the similar manner from the enatiomeric free amine (130 mg) by 

reductive amination. [α]D
25 -22.3 (c 0.2, MeOH), 1H NMR (DMSO-d6): δH 1.36–2.00 (m, 8H), 2.14 (brs, 

1H), 2.95–3.26 (m, 2H), 3.51 (s, 2H), 3.64 (t, J = 5.5 Hz, 1H), 4.03 (s, 3H), 4.57 (s, 2H), 5.01 (d, J = 6.1 

Hz, 1H), 5.39 (d, J = 6.7 Hz, 1H), 5.78 (t, J = 6.1 Hz, 1H), 6.93 (d, J = 7.9 Hz, 1H), 7.22 (d, J = 9.2 Hz, 

1H), 7.23 (d, J = 8.6 Hz, 1H), 8.26 (d, J = 9.2 Hz, 1H), 8.70 (d, J = 1.8 Hz, 1H), 11.11 (s, 1H), MS (ESI+) 

m/z: 526 (MH+), HRMS (ESI+) for C26H29FN5O6 (MH+): calcd, 526.21019; found, 526.20961. Anal. calcd 

for C26H28FN5O6·HCl·0.5H2O, C 54.69, H 5.30, N 12.27%. Found C 54.80, H 5.33, N 12.11%. 

 

Synthesis of compound (+)-25 and (-)-25 (Scheme 10) 

 

To a solution of (+)-54 (270 mg) in dichloromethane (3.0 mL) was added triethylamine (146 mL) and 

triphosgene (176 mg) under cooling with ice, the mixture was stirred at the same temperature for 3 h, and 

then concentrated in vacuo. Flash chromatography (silica, hexane : ethyl acetate = 1:1) of the residue gave 

(+)-55 (222 mg). 1H NMR (CDCl3): δH 1.43 (s, 9H), 1.48–2.34 (m, 8H), 3.96–4.08 (m, 2H), 4.10 (s, 3H), 

4.32 (brs, 1H), 4.73 (d, J = 6.1 Hz, 1H), 6.39 (d, J = 5.5 Hz, 1H), 7.13 (d, J = 9.2 Hz, 1H), 8.23 (d, J = 9.2 

Hz, 1H), 8.71 (s, 1H), MS (ESI+) m/z: 490 (MH+), HRMS (ESI+) for C24H29FN3O7 (MH+): calcd, 

490.19895; found, 490.19921. 

Usual Boc deprotection of (+)-55 (110 mg) with TFA gave the free amine (84.5 mg). 1H NMR 

(CDCl3): δH 1.35–2.33 (m, 8H), 3.64–3.75 (m, 2H), 4.10 (s, 3H), 4.73 (d, J = 5.5 Hz, 1H), 6.40 (d, J = 5.5 

Hz, 1H), 7.13 (d, J = 9.2 Hz, 1H), 8.22 (d, J = 9.2 Hz, 1H), 8.71 (s, 1H), MS (ESI+) m/z: 390 (MH+), 

HRMS (ESI+) for C19H21FN3O5 (MH+): calcd, 390.14652; found, 390.14627. 

The free amine (80 mg) was reductively aminated with aldehyde 29 (38.4 mg) following usual 

protocol to give (+)-25 (103 mg) as a powder. [α]D
23 +102 (c 0.2, MeOH), 1H NMR (DMSO-d6): δH 1.44–

1.81 (m, 6H), 1.98–2.10 (m, 2H), 3.62 (brs, 2H), 3.70 (s, 2H), 4.03 (s, 3H), 4.59 (s, 2H), 4.97 (d, J = 5.5 

Hz, 1H), 6.45 (d, J = 5.5 Hz, 1H), 7.00 (d, J = 7.9 Hz, 1H), 7.28 (d, J = 7.9 Hz, 1H), 7.33 (d, J = 9.2 Hz, 

1H), 8.37 (d, J = 9.2 Hz, 1H), 8.96 (s, 1H), 11.15 (s, 1H), MS (ESI+) m/z: 552 (MH+), HRMS (ESI+) for 

C27H27FN5O7 (MH+): calcd, 552.18945; found, 552.18865. Anal. calcd for C27H26FN5O7·HCl, C 55.15, H 

4.63, N 11.91%. Found C 55.01, H 4.64, N 11.83%. 

The enantiomer (-)-55 (164 mg) was prepared in the similar manner from (-)-54 (260 mg). 1H NMR 

(CDCl3): δH 1.43 (s, 9H), 1.58–1.99 (m, 6H), 2.08–2.35 (m, 2H), 3.96–4.10 (m, 2H), 4.10 (s, 3H), 4.32 

(brs, 1H), 4.73 (d, J = 6.1 Hz, 1H), 6.39 (d, J = 5.5 Hz, 1H), 7.13 (d, J = 9.2 Hz, 1H), 8.22 (d, J = 9.2 Hz, 
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1H), 8.71 (s, 1H), MS (ESI+) m/z 490 (MH+), HRMS (ESI+) for C24H29FN3O7 (MH+): calcd, 490.19895; 

found, 490.19983. 

TFA catalyzed deprotection of (-)-55 (150 mg) produced the free amine (119 mg). 1H NMR (CDCl3): 

δH 1.38–2.31 (m, 8H), 3.64–3.76 (m, 2H), 4.10 (s, 3H), 4.73 (d, J = 6.1 Hz, 1H), 6.40 (d, J = 6.1 Hz, 1H), 

7.13 (d, J = 9.2 Hz, 1H), 8.22 (d, J = 9.2 Hz, 1H), 8.71 (s, 1H), MS (ESI+) m/z 390 (MH+), HRMS (ESI+) 

for C19H21FN3O5 (MH+): calcd, 390.14652; found, 390.14601. 

The aforementioned free amine (110 mg) was reacted with aldehyde 29 (52.8 mg) in a standard 

manner to yield (-)-25 (159 mg) as a powder. mp 211 oC, [α]D
24 -88 (c 0.2, MeOH), 1H NMR (DMSO-d6): 

δH 1.42–1.81 (m, 6H), 1.98–2.10 (m, 2H), 3.63 (d, J = 5.5 Hz, 1H), 3.70 (brs, 2H), 4.03 (s, 3H), 4.59 (s, 

2H), 4.97 (d, J = 5.5 Hz, 1H), 6.45 (d, J = 5.5 Hz, 1H), 7.00 (d, J = 7.9 Hz, 1H), 7.28 (d, J = 7.9 Hz, 1H), 

7.33 (d, J = 9.2 Hz, 1H), 8.37 (d, J = 9.2 Hz, 1H), 8.96 (s, 1H), 11.15 (s, 1H), MS (ESI+) m/z 552 (MH+), 

HRMS (ESI+) for C27H27FN5O7 (MH+): calcd, 552.18945; found, 552.18940. Anal. calcd for 

C27H26FN5O7·HCl, C 55.15, H 4.63, N 11.91%. Found C 54.89, H 4.35, N 11.76%. 
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(±)-7 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 0% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
0% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50mm, 5μm. 
Flow rate: 0.6 ml/min 
Temperature: 40 ℃ 
 

 
 
 
 
 
 
 
 
 
 
 



 (±)-8 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50 ℃ 

 
 
 
 
 
 
 
 
 
 



 (±)-9 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50 ℃ 
 

 

 
 
 
 
 



 (±)-11 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 0% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
0% B in 0.01min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.6 ml/min 
Temperature: 40 ℃ 
 

 
 
 
 
 
 
 
 
 



 (±)-12 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 0% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
0% B in 0.01min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.6 ml/min 
Temperature: 40 ℃ 
 

 
 
 
 
 
 
 
 



 (±)-16 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 0% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
0% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.6 ml/min 
Temperature: 40 ℃ 
 

 

 
 
 
 
 
 
 
 
 



 (±)-17 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50 ℃ 
 

 

 
 
 
 
 
 
 
 



18 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50 ℃ 
 

 

 
 
 
 
 
 
 



 (±)-20 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50℃ 
 

 
 
 
 
 
 
 
 
 
 
 



 (±)-21 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 0% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
0% B in 0.01 min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.6 ml/min 
Temperature: 40 ℃ 
 

 

 
 
 
 



 (±)-22 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50 ℃ 
 

 
 
 
 
 



 (±)-23 LC Chart 
Mobile phase: A: 0.04% TFA in water. B: 0.02% TFA in acetonitrile. 
Gradient: 1% B to 100% B in 3.4 minutes and holding at 100% B for 0.6 minutes, then drop back to 
1% B in 0.01min and keep for 0.49 minutes. 
Column: Agilent TC-C18, 2.1*50 mm, 5 μm. 
Flow rate: 0.8 ml/min 
Temperature: 50 ℃ 
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