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General information 
All solvents and reagents were purchased from commercial sources and were used without 

purification. 1H NMR spectra were recorded on a BRUKER AV400 at 400 MHz, and 13C NMR 

spectra were recorded on a BRUKER AV400 at 100 MHz. Chemical shifts are reported in ppm 

relative to the residue solvent peaks as an internal standard (1H NMR: CDCl3 at 7.24 ppm, DMSO-d6 

at 2.50 ppm, 13C NMR: CDCl3 at 77.00 ppm, DMSO-d6 at 39.50 ppm). The following abbreviations 

are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q = quartet, sep = septet, m = 

multiplet, br = broad. IR spectra were recorded on a THERMO ELECTRON Nicolet Avatar 300 

FT-IR spectrometer. High-resolution mass spectra (HRMS) were obtained on a BRUKER 

DALTONICS micrOTOF (ESI) or a THERMO FISHER SCIENTIFIC Q-Exactive Orbitrap (ESI). 

Analytical thin layer chromatography (TLC) was performed on Merck precoated analytical plates, 

0.25 mm thick, silica gel 60 F254. Column chromatography separations were performed on FUJI 

SILYSIA CHEMICAL Silica Gel BW-80S or YAMAZEN Universal Column (Slica Gel). 
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Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine methyl ester (2a)   

 

 A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Ac-dehydroalanine methyl ester 

(2a) (662 mg, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 24 h. The mixture was cooled 

to ambient temperature, and toluene was removed under reduced pressure. CHCl3-MeOH (10:1) was 

added, and the precipitate was filtered to give 3-acetamido-1,5-benzodiazepine-2-one (3a) (94 mg, 

0.429 mmol, 9% yield) as a pale yellow solid. The filtrate was purified by flash silica gel column 

chromatography to give 3a (28 mg, 0.128 mmol, 3% yield) as a pale yellow solid, methyl 

2-acetamido-3-(2-aminophenylamino) propionate (4a) (172 mg, 0.684 mmol, 15% yield) as a pale 

purple solid, and 3-methyl-2(1H)-quinolinone (5) (29 mg, 0.181 mmol, 4% yield) as a pale yellow 

solid. 

Recovery starting materials: 1 (38%), 2a (27%). 

 

3-Acetamido-1,5-benzodiazepine-2-one (3a) 1H NMR (400 MHz, DMSO-d6): δ (ppm) 9.77 (1H, s), 
8.10 (1H, d, J = 7.7 Hz), 6.87–6.95 (2H, m), 6.83 (1H, d, J = 7.7 Hz), 6.71 (1H, td, J = 7.7, 1.3 Hz), 

5.70 (1H, d, J = 6.2 Hz), 4.46 (1H, ddd, J = 10.8, 7.7, 4.6 Hz), 3.48 (1H, ddd, J = 10.8, 6.2, 4.6 Hz) 

3.28 (1H, td, J = 10.8, 0.7 Hz), 1.87 (3H, s); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 170.89, 
168.91, 139.76, 125.86, 125.03, 122.51, 119.29, 118.97, 51.59, 50.43, 22.42; FTIR (KBr, cm-1): 

3362, 3225, 1671, 1634, 1535, 1510, 1445, 1333, 737; HRMS (ESI) calculated for C11H14N3O2 

(M+H)+ 220.1081; found 220.1079. 

Methyl 2-acetamido-3-(2-aminophenylamino) propionate (4a) 1H NMR (400 MHz, DMSO-d6): δ 
(ppm) 8.34 (1H, d, J = 7.4 Hz), 6.57 (1H, dd, J = 7.1, 1.6 Hz), 6.43–6.54 (3H, m), 4.40–4.56 (4H, m), 

3.62 (3H, s), 3.27–3.44 (2H, m), 1.87 (3H, s); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 171.66, 
169.56, 135.77, 134.92, 117.78, 117.64, 114.55, 110.49, 51.90, 51.57, 44.63, 22.37; FTIR (KBr, 

cm-1): 3414, 3372, 1728, 1667, 1598, 1518, 1275, 1228, 751; HRMS (ESI) calculated for 

C12H18N3O3 (M+H)+ 252.1343; found 252.1336. 

3-Methyl-2(1H)-quinolinone (5) 1H NMR (400 MHz, DMSO-d6): δ (ppm) 12.30 (1H, s), 7.69 (1H, 
dd, J = 8.0, 0.9 Hz), 7.46 (1H, td, J = 8.0, 1.4 Hz), 7.23–7.30 (2H, m), 2.40 (3H, s); 13C NMR (100 

MHz, DMSO-d6): δ (ppm) 159.18, 154.89, 131.90, 131.63, 129.26, 127.83, 122.98, 115.19, 20.49; 
FTIR (KBr, cm-1): 2841, 1664, 1608, 1568, 1433, 753, 600, 586; HRMS (ESI) calculated for 

C9H9N2O1 (M+H)+ 161.0709; found 161.0715. 
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Reaction of o-phenylenediamine (1) with N-Cbz-dehydroalanine methyl ester (2b) 

 
A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Cbz-dehydroalanine methyl ester 

(2b) (1.09 g, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 24 h. The mixture was cooled to 

ambient temperature, and toluene was removed under reduced pressure. The crude products were 

purified by flash silica gel column chromatography to give methyl 

2-benzyloxycarbonylamino-3-(2-aminophenylamino) propionate (4b) (109 mg, 0.317 mmol, 7% 

yield) as a white solid and 5 (35 mg, 0.219 mmol, 5% yield) as a pale yellow solid. 

Recovery of starting materials: 1 (65%), 2b (71%). 

Methyl 2-benzyloxycarbonylamino-3-(2-aminophenylamino) propionate (4b) 1H NMR (400 MHz, 

DMSO-d6, 80 °C): δ (ppm) 7.28–7.44 (5H, m), 6.61 (1H, d, J = 7.1 Hz), 6.47–6.57 (3H, m), 5.07 
(2H, s), 4.30–4.41 (2H, m), 4.23 (2H, br), 3.64 (3H, s), 3.36–3.51 (2H, m); 13C NMR (100 MHz, 

DMSO-d6): δ (ppm) 171.69, 156.10, 136.75, 135.79, 134.81, 128.36, 127.86, 127.80, 117.79, 117.64, 
114.59, 110.44, 65.66, 53.26, 51.99, 44.44; FTIR (KBr, cm-1): 3409, 3365, 1711, 1524, 1275, 1230, 

734, 693; HRMS (ESI) calculated for C18H22N3O4 (M+H)+ 344.1605; found 344.1611. 

 
Reaction of o-phenylenediamine (1) with N,N-Pht-dehydroalanine methyl ester (2c) 

 
A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N,N-Pht-dehydroalanine methyl 

ester (2c) (1.07 g, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 24 h. The mixture was 

cooled to ambient temperature, and toluene was removed under reduced pressure. The crude 

products were purified by flash silica gel column chromatography to give 

3-phthalimido-1,5-benzodiazepine-2-one (3c) (31 mg, 0.101 mmol, 2% yield) as a yellow solid and 

methyl 2-phthalimido-3-(2-aminophenylamino) propionate (4c) (626 mg, 1.84 mmol, 40% yield) as 

an orange solid. 

3-Phthalimido-1,5-benzodiazepine-2-one (3c) 1H NMR (400 MHz, DMSO-d6): δ (ppm) 10.04 (1H, 
s), 7.86–7.95 (4H, m), 7.04 (1H, dd, J = 8.0, 1.3 Hz), 6.88 (1H, ddd, J = 8.0, 7.1, 1.3 Hz), 6.81 (1H, 

dd, J = 8.0, 1.5 Hz), 6.67 (1H, ddd, J = 8.0, 7.1, 1.5 Hz), 6.21 (1H, dd, J = 7.2, 1.8 Hz), 4.81 (1H, dd, 

J = 9.8, 3.3 Hz), 3.84 (1H, ddd, J = 12.8, 9.8, 1.8 Hz), 3.62 (1H, ddd, J = 12.8, 7.2, 3.3 Hz); 13C 
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NMR (100 MHz, DMSO-d6): δ (ppm) 168.35, 167.29, 138.50, 134.75, 131.39, 124.74, 124.16, 
123.33, 121.53, 118.54, 118.51, 54.30, 44.35; FTIR (KBr, cm-1): 3373, 1715, 1663, 1600, 1417, 

1391, 1111, 889, 764, 722, 663; HRMS (ESI) calculated for C17H14N3O3 (M+H)+ 308.1030; found 

308.1023. 

Methyl 2-phthalimido-3-(2-aminophenylamino) propionate (4c) 1H NMR (400 MHz, CDCl3): δ 
(ppm) 7.81–7.87 (2H, m), 7.70–7.76 (2H, m), 6.73–6.80 (1H, m), 6.62–6.71 (3H, m), 5.15 (1H, t, J = 

7.0 Hz), 3.80–3.97 (3H, m), 3.76 (3H, s), 3.27 (2H, br); 13C NMR (100 MHz, CDCl3): δ (ppm) 
168.77, 167.69, 136.19, 134.81, 134.29, 131.72, 123.63, 120.55, 119.46, 116.68, 112.31, 52.86, 

51.32, 43.48; FTIR (KBr, cm-1): 3400, 1755, 1711, 1513, 1387, 1193, 1112, 885, 723, 712; HRMS 

(ESI) calculated for C18H18N3O4 (M+H)+ 340.1292; found 340.1292. 

 

Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine phenyl ester (2d) 

 
A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Ac-dehydroalanine phenyl ester 

(2d) (949 mg, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 10 h. The mixture was cooled 

to ambient temperature, and AcOEt (5 mL) was added. The precipitate was filtered and washed with 

an AcOEt:toluene (1:1) mixture to give 3a (711 mg, 3.24 mmol, 70% yield) as a pale yellow solid. 

 
Reaction of o-phenylenediamine (1) with N-Cbz-dehydroalanine phenyl ester (2e)  

 
A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Cbz-dehydroalanine phenyl ester 

(2e) (1.38 g, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 24 h. The mixture was cooled to 

ambient temperature, and toluene was removed under reduced pressure. AcOEt:Hexane (1:1) was 

added, and the precipitate was filtered and washed with AcOEt:Hexane (1:1) to give 

3-benzyloxycarbonylamino-1,5-benzodiazepine-2-one (3b) (648 mg, 2.08 mmol, 45% yield) as a 

pale yellow solid. The combined filtrate and washing solvents were evaporated away under reduced 

pressure. The residue was purified by flash silica gel column chromatography to give 3b (85 mg, 

0.273 mml, 6% yield) as a pale yellow solid and 5 (31 mg, 0.194 mmol, 4% yield) as a pale yellow 

solid. 
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Recovery of starting materials: 1 (10%), 2e (14%). 
3-Benzyloxycarbonylamino-1,5-benzodiazepine-2-one (3b) 1H NMR (400 MHz, DMSO-d6): δ 

(ppm) 9.75 (1H, s), 7.45 (1H, d, J = 8.2 Hz), 7.25–7.39 (5H, m), 6.89–6.96 (2H, m), 6.84 (1H, d, J = 

7.4 Hz), 6.74 (1H, td, J = 7.4, 1.2 Hz), 5.63 (1H, d, J = 5.5 Hz), 5.04 (1H, d, J =12.6 Hz), 5.01 (1H, 

d, J = 12.6 Hz), 4.21 (1H, ddd, J = 10.9, 8.2, 5.5 Hz), 3.52 (1H, dt, J = 10.9, 5.5 Hz), 3.36 (1H, td, J 

= 10.9, 1.0 Hz); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 170.92, 155.69, 139.73, 136.90, 128.32, 
127.79, 127.69, 126.52, 124.96, 122.35, 119.57, 119.37, 65.51, 52.33, 51.63; FTIR (KBr, cm-1): 

3299, 1707, 1664, 1534, 1437, 1264, 744, 694; HRMS (ESI) calculated for C17H18N3O3 (M+H)+ 

312.1343; found 312.1344. 

 

Reaction of o-phenylenediamine (1) with N,N-Pht-dehydroalanine phenyl ester (2f) 

 
A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N,N-Pht-dehydroalanine phenyl 

ester (2f) (1.36 g, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 10 h. The mixture was 

cooled to ambient temperature, and AcOEt (5 mL) was added. The precipitate was filtered and 

washed with an AcOEt:toluene (1:1) mixture to give 3c (1.02 g, 3.32 mmol, 72% yield) as a yellow 

solid. 

 

Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine (2g) 

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Ac-dehydroalanine (2g) (597 mg, 

4.62 mmol) in toluene (5 mL) was stirred at reflux for 2 h. The mixture was cooled to ambient 

temperature, and AcOEt (5 mL) was added. The precipitate was filtered and washed with an 

AcOEt:toluene (1:1) mixture to give 5 (645 mg, 4.03 mmol, 87% yield) as a pale yellow solid. 
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Reaction of o-phenylenediamine (1) with N-Cbz-dehydroalanine (2h) 

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Cbz-dehydroalanine (2h) (1.02 g, 

4.62 mmol) in toluene (5 mL) was stirred at reflux for 2 h. The mixture was cooled to ambient 

temperature, and AcOEt (5 mL) was added. The precipitate was filtered and washed with an 

AcOEt:toluene (1:1) mixture to give 5 (522 mg, 3.26 mmol, 70% yield) as a pale yellow solid.  

 
Reaction of o-phenylenediamine (1) with N,N-Pht-dehydroalanine (2i) 

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N,N-Pht-dehydroalanine (2i) (1.00 

g 4.62 mmol) in toluene (5 mL) was stirred at reflux for 24 h. The mixture was cooled to ambient 

temperature, and the precipitate was removed by filtration. The filtrate was purified by flash silica 

gel column chromatography to give 3c (154 mg, 0.501 mmol, 11% yield) as a yellow solid and 5 (19 

mg, 0.119 mmol, 3% yield) as a pale yellow solid. 

 
Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine methyl ester (2a) 

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol), N-Ac-dehydroalanine methyl ester (2a) 

(662 mg, 4.62 mmol), and acetic acid (265 μL, 4.62 mmol) in toluene (5 mL) was stirred at reflux 
for 16 h. The mixture was cooled to ambient temperature, and toluene was removed under reduced 

pressure. CHCl3-MeOH (5:1) was added, and the precipitate was filtered to give 3a (130 mg, 0.593 

mmol, 13% yield) as a pale yellow solid. The filtrate was purified by flash silica gel column 

chromatography to give 3a (118 mg, 0.538 mmol, 12% yield) as a pale yellow solid and 5 (129 mg, 

0.805 mmol, 17% yield) as a pale yellow solid. 
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Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine benzyl ester (2j) 

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Ac-dehydroalanine benzyl ester 

(2j) (1.01 g 4.62 mmol) in toluene (5 mL) was stirred at reflux for 24 h. The mixture was cooled to 

ambient temperature, and toluene was removed under reduced pressure. CHCl3 was added, and the 

precipitate was filtered to give 3a (33 mg, 0.151 mmol, 3% yield) as a pale yellow solid. The filtrate 

was purified by flash silica gel column chromatography to give 3a (39 mg, 0.178 mmol, 4% yield) as 

a pale yellow solid. 

 

Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine 2,2,2-trifluoroethyl ester (2k)  

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Ac-dehydroalanine 

2,2,2-trifluoroethyl ester (2k) (986 mg, 4.62 mmol) in toluene (5 mL) was stirred at reflux for 20 h. 

The mixture was cooled to ambient temperature and AcOEt (5 mL) was added. The precipitate was 

filtered and washed with an AcOEt:toluene (1:1) mixture to give 3a (705 mg, 3.22 mmol, 70% yield) 

as a pale yellow solid.  

 

Reaction of o-phenylenediamine (1) with N-Ac-dehydroalanine 1,1,1,3,3,3-hexafluoroisopropyl 
ester (2l) 

 

A mixture of o-phenylenediamine (1) (500 mg, 4.62 mmol) and N-Ac-dehydroalanine 

1,1,1,3,3,3-hexafluoroisopropyl ester (2l) (1.29 g, 4.62 mmol) in toluene (5 mL) was stirred at reflux 

for 2 h. The mixture was cooled to ambient temperature, and AcOEt (5 mL) was added. The 

precipitate was filtered and washed with an AcOEt:toluene (1:1) mixture to give 3a (768 mg, 3.50 

mmol, 76% yield) as a pale yellow solid. 
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Serine phenyl ester hydrochloride (7) 

 

To a solution of N-Boc-serine phenyl ester (6) (9.60 g, 34.1 mmol) in AcOEt (48 mL) was added 4 

N HCl-AcOEt (48 mL), and the mixture was stirred at room temperature. After 65 min, additional 4 

N HCl-AcOEt (36 mL) was added, and the mixture was stirred for 40 min. After the reaction mixture 

had been cooled to –15 °C, the precipitate was filtered and washed with hexane:AcOEt (3:1) to give 

serine phenyl ester hydrochloride (7) (6.18 g, 28.4 mmol, 83% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.79 (3H, br), 7.44–7.51 (2H, m), 7.32 (1H, td, J = 7.4, 

1.0 Hz), 7.17–7.23 (2H, m), 5.86 (1H, t, J = 4.4 Hz), 4.40 (1H, t, J = 4.4 Hz), 4.06 (1H, td, J = 11.7, 

4.4 Hz), 3.95 (1H, td, J = 11.7, 4.4 Hz); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 167.09, 149.90, 
129.72, 126.46, 121.48, 59.53, 54.61; FTIR (KCl, cm-1): 3325, 1771, 1494, 1207, 1082, 1025, 750; 

HRMS (ESI) calculated for C9H12N1O3 (M+H)+ 182.0812; found 182.0806. 

 

N-Ac-dehydroalanine phenyl ester (2d) 

 

To a solution of serine phenyl ester hydrochloride (7) (3.00 g, 13.8 mmol) in CH2Cl2 (30 mL) at 

2 °C under an argon atmosphere were added acetic acid (789 μL, 13.8 mmol) and triethylamine (2.11 
mL, 15.2 mmol). 1,3-Dicyclohexylcarbodiimide (3.13 g, 15.2 mmol) was added to the mixture at 

2 °C, followed by stirring at room temperature for 2 h. After filtration and washing with CH2Cl2 (10 

mL), methanesulfonyl chloride (1.33 mL, 17.2 mmol) and triethylamine (5.76 mL, 41.3 mmol) were 

added to the solution in an ice bath. The mixture was stirred at room temperature for 10 min. Water 

(200 mL) and CH2Cl2 (200 mL) were added, and an organic layer was washed with brine (200 mL). 

After drying with Na2SO4 and evaporating away the solvent, the residue was purified by flash silica 

gel column chromatography to give N-Ac-dehydroalanine phenyl ester (2d) (2.12 g, 10.3 mmol, 

75% yield) as a white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.73 (1H, br), 7.37–7.44 (2H, m), 7.27 (1H, tt, J = 7.5, 1.1 

Hz), 7.09–7.14 (2H, m), 6.77 (1H, s), 6.15 (1H, d, J = 1.5 Hz), 2.12 (3H, s); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 168.92, 162.96, 150.37, 130.65, 129.62, 126.37, 121.28, 110.36, 24.64; FTIR (KBr, 
cm-1): 3375, 1725, 1696, 1508, 1313, 1197, 1164, 913, 756, 711, 668; HRMS (ESI) calculated for 

C11H12N1O3 (M+H)+ 206.0812; found 206.0815. 
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N-Cbz-serine phenyl ester (9) 

 

To a solution of N-Cbz-serine (8) (5.00 g, 20.9 mmol) in DMF (50 mL) were added phenol (3.93 g, 

41.8 mmol) and triethylamine (5.83 mL, 41.8 mmol) at room temperature under an argon 

atmosphere. PyBOP (10.9 g, 20.9 mmol) was added, followed by stirring at room temperature for 3 h. 

Aqueous solutions of 1 N HCl (500 mL) and AcOEt (500 mL) were added, and the organic layer was 

washed with 1 N HCl (500 mL) and brine (500 mL). After drying with Na2SO4 and evaporating 

away the solvent, the residue was purified by flash silica gel column chromatography to give 

N-Cbz-serine phenyl ester (9) (4.72 g, 15.0 mmol, 72% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 7.77 (1H, d, J = 7.6 Hz), 7.24–7.47 (8H, m), 7.08 (2H, d, 

J = 7.6 Hz), 5.15 (1H, t, J = 5.8 Hz), 5.08 (2H, s), 4.39 (1H, dt, J = 7.6, 5.5 Hz), 3.77–3.89 (2H, m); 
13C NMR (100 MHz, DMSO-d6): δ (ppm) 169.78, 156.11, 150.40, 136.84, 129.53, 128.34, 127.85, 
127.76, 125.93, 121.55, 65.66, 61.17, 56.83; FTIR (KBr, cm-1): 3407, 1767, 1700, 1348, 1198, 1066, 

754, 692; HRMS (ESI) calculated for C17H17N1Na1O5 (M+Na)+ 338.0999; found 338.0993. 

 

N-Cbz-dehydroalanine phenyl ester (2e) 

 

To a solution of N-Cbz-serine phenyl ester (9) (4.00 g, 12.7 mmol) in CH2Cl2 (120 mL) under an 

argon atmosphere were added methanesulfonyl chloride (1.23 mL, 15.9 mmol) and triethylamine 

(5.30 mL, 38.1 mmol) at –9 °C. The mixture was stirred for 15 min at room temperature, and brine 

(600 mL) and AcOEt (600 mL) were added. After drying the organic layer with Na2SO4 and 

evaporating away the solvent, the residue was purified by flash silica gel column chromatography to 

give N-Cbz-dehydroalanine phenyl ester (2e) (2.76 g, 9.28 mmol, 73% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 9.34 (1H, s), 7.27–7.47 (8H, m), 7.16 (2H, d, J = 7.6 Hz), 

5.83 (1H, s), 5.81 (1H, s), 5.14 (2H, s); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 162.36, 153.82, 
150.27, 136.31, 133.46, 129.54, 128.39, 128.04, 127.97, 126.09, 121.56, 111.01, 66.16; FTIR (KBr, 

cm-1): 3416, 1721, 1517, 1319, 1205, 1059, 899, 753, 695, 571; HRMS (ESI) calculated for 

C17H15N1Na1O4 (M+Na)+ 320.0893; found 320.0898. 
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N,N-Pht-dehydroalanine phenyl ester (2f) 

 
To a solution of N,N-Pht-dehydroalanine (10) (4.00 g, 18.4 mmol) in CH2Cl2 (40 mL) at 2 °C under 

an argon atmosphere were added phenol (2.60 g, 27.6 mmol) and 4-dimethylaminopyridine (225 mg, 

1.84 mmol). 1-(3-Dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (5.30 g, 27.6 mmol) was 

added to the mixture at 2 °C, followed by stirring at room temperature for 30 min. After the addition 

of brine (400 mL) and AcOEt (400 mL), the organic layer was dried with Na2SO4, and the solvent 

was evaporated away. The residue was purified by flash silica gel column chromatography to give 

N,N-Pht-dehydroalanine phenyl ester (2f) (2.91 g, 9.92 mmol, 54% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 7.98–8.03 (2H, m), 7.91–7.96 (2H, m), 7.42–7.49 (2H, 

m), 7.31 (1H, tt, J = 7.5, 1.1 Hz), 7.16–7.21 (2H, m), 6.91 (1H, d, J = 0.7 Hz), 6.39 (1H, d, J = 0.7 

Hz); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 166.03, 161.06, 150.03, 135.22, 131.17, 130.78, 
129.73, 127.98, 126.38, 123.86, 121.39; FTIR (KBr, cm-1): 3475, 1722, 1635, 1490, 1373, 1286, 

1191, 1131, 885, 712; HRMS (ESI) calculated for C17H11N1Na1O4 (M+Na)+ 316.0580; found 

316.0588. 

 

N-Boc-serine 2,2,2-trifluoroethyl ester (12) 

 

To a solution of N-Boc-serine (11) (8.00 g, 39.0 mmol) in DMF (80 mL) were added 

2,2,2-trifluoroethanol (5.57 mL, 78.0 mmol) and triethylamine (10.9 mL, 78.0 mmol) at room 

temperature under an argon atmosphere. PyBOP (20.3 g, 39.0 mmol) was added to the mixture, 

followed by stirring at room temperature for 95 min. Aqueous solutions of 1 N HCl (500 mL) and 

AcOEt (500 mL) were added, and the organic layer was washed with brine (500 mL). After drying 

with Na2SO4 and evaporating away the solvent, the residue was purified by flash silica gel column 

chromatography to give N-Boc-serine 2,2,2-trifuluoroethyl ester (12) (9.27 g, 32.3 mmol, 83% yield) 

as a white solid. 
1H NMR (400 MHz, DMSO-d6, 80 °C): δ (ppm) 6.66 (1H, br), 4.66–4.79 (3H, m), 4.18 (1H, dt, J = 

7.7, 5.1 Hz), 3.70 (2H, t, J = 5.1 Hz), 1.40 (9H, s); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 169.83, 
155.28, 127.49, 124.73, 121.98, 119.22, 78.51, 61.01, 60.52, 60.17, 59.82, 59.47, 56.25, 28.06; FTIR 

(KBr, cm-1): 3426, 1778, 1681, 1519, 1287, 1212, 1161, 1085, 1067; HRMS (ESI) calculated for 

C10H16F3N1Na1O5 (M+Na)+ 310.0873; found 310.0878. 
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Serine 2,2,2-trifluoroethyl ester hydrochloride (13) 

 

To a solution of Boc-serine 2,2,2-trifuluoroethyl ester (12) (9.00 g, 31.3 mmol) in AcOEt (9 mL) 

was added 4 N HCl-AcOEt (36 mL), and the mixture was stirred at room temperature for 30 min. 

The reaction mixture was filtered and washed with AcOEt to give serine 2,2,2-trifluoroethyl ester 

hydrochloride (13) (5.69 g, 25.4 mmol, 81% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.62 (3H, br), 5.69 (1H, t, J = 4.7 Hz), 4.82–5.00 (2H, m), 

4.32 (1H, t, J = 3.4 Hz), 3.79–3.91 (2H, m); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 167.05, 
127.26, 124.50, 121.75, 118.99, 61.32, 60.97, 60.61, 60.26, 59.41, 54.22; FTIR (KCl, cm-1): 3414, 

2975, 1765, 1292, 1223, 1173; HRMS (ESI) calculated for C5H9F3N1O3 (M+Na)+ 118.0529; found 

188.0533. 
 
N-Ac-dehydroalanine 2,2,2-trifluoroethyl ester (2k) 

 

To a solution of serine 2,2,2-trifluoroethyl ester hydrochloride (13) (5.00 g, 22.4 mmol) in CH2Cl2 

(50 mL) maintained at 2 °C under an argon atmosphere were added acetic acid (1.28 mL, 22.4 

mmol) and triethylamine (3.43 mL, 24.6 mmol). 1,3-Dicyclohexylcarbodiimide (5.08 g, 24.6 mmol) 

was added to the mixture at 3 °C, followed by stirring at room temperature for 2.5 h. After filtration 

and washing with CH2Cl2 (15 mL), methanesulfonyl chloride (2.16 mL, 28.0 mmol) and 

triethylamine (9.35 mL, 67.1 mmol) were added in an ice bath, followed by stirring at room 

temperature for 30 min. After the addition of brine (500 mL) and AcOEt (500 mL), the organic layer 

was dried with Na2SO4 and the solvent was evaporated away, the residue was purified by flash silica 

gel column chromatography to give N-Ac-dehydroalanine 2,2,2-trifluoroethyl ester (2k) (3.19 g, 

15.1 mmol, 67%) as a pale yellow solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.59 (1H, br), 6.70 (1H, s), 5.99 (1H, d, J = 1.4 Hz), 4.58 

(2H, q, J = 8.2 Hz), 2.12 (3H, s); 13C NMR (100 MHz, CDCl3): δ (ppm) 168.83, 162.74, 129.76, 
126.68, 123.92, 121.17, 118.41, 110.98, 62.00, 61.63, 61.26, 60.89, 24.58; FTIR (KBr, cm-1): 3305, 

1741, 1672, 1543, 1269, 1160, 1034, 963, 932, 801, 652; HRMS (ESI) calculated for C7H9F3N1O3 

(M+H)+ 212.0529; found 212.0532. 
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N-Boc-serine 1,1,1,3,3,3-hexafluoroisopropyl ester (14) 

 

To a solution of N-Boc-serine (11) (8.00 g, 39.0 mmol) in DMF (80 mL) were added 

1,1,1,3,3,3-hexafluoroisopropanol (8.09 mL, 78.0 mmol) and triethylamine (10.9 mL, 78.0 mmol) at 

room temperature under an argon atmosphere. PyBOP (20.3 g, 39.0 mmol) was added to the mixture, 

followed by stirring at room temperature for 1 h. Aqueous solutions of 1 N HCl (400 mL) and 

AcOEt (400 mL) were added, and organic layer was washed with brine (400 mL). After drying with 

Na2SO4 and evaporating away the solvent, the residue was purified by flash silica gel column 

chromatography to give N-Boc-serine 1,1,1,3,3,3-hexafluoroisopropyl ester (14) (12.2 g, 34.3 mmol, 

88% yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6, 80 °C): δ (ppm) 6.89 (1H, br), 6.54 (1H, sep, J = 6.4 Hz), 4.83 (1H, 

t, J = 5.5 Hz), 4.27 (1H, dt, J = 7.5, 5.5 Hz), 3.74 (2H, t, J = 5.5 Hz), 1.40 (9H, s); 13C NMR (100 

MHz, DMSO-d6): δ (ppm) 168.46, 155.26, 124.80, 122.00, 119.19, 116.39, 78.75, 67.19, 66.85, 
66.52, 66.18, 65.85, 65.51, 65.17, 60.79, 56.33, 27.99; FTIR (KBr, cm-1): 3275, 1791, 1683, 1403, 

1286, 1255, 1137, 1115, 1082; HRMS (ESI) calculated for C11H16F6N1O5 (M+H)+ 356.0927; 

found 356.0937. 

 
Serine 1,1,1,3,3,3-hexafluoroisopropyl ester hydrochloride (15) 

 

To a solution of Boc-serine 1,1,1,3,3,3-hexafluoroisopropyl ester (14) (12.0 g, 33.8 mmol) in 

AcOEt (12 mL) was added 4 N HCl-AcOEt (48 mL), and the mixture was stirred at room 

temperature for 45 min. The reaction mixture was filtered at 2 °C and washed with AcOEt (10 mL) 

to give serine 1,1,1,3,3,3-hexafluoroisopropyl ester hydrochloride (15) (8.22 g, 28.2 mmol, 83% 

yield) as a white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.95 (3H, br), 6.99 (1H, sep, J = 6.2 Hz), 5.80 (1H, br), 

4.51 (1H, t, J = 3.1 Hz), 3.93 (1H, d, J = 11.4 Hz), 3.86 (1H, d, J = 11.4 Hz); 13C NMR (100 MHz, 

DMSO-d6): δ (ppm) 165.89, 124.62, 121.82, 119.01, 116.21, 67.83, 67.49, 67.15, 66.82, 66.48, 
66.14, 65.80, 59.42, 54.21; FTIR (KCl, cm-1): 3419, 3230, 2984, 1780, 1383, 1291, 1252, 1207, 

1110, 1014, 938, 693; HRMS (ESI) calculated for C6H8F6N1O3 (M+H)+ 256.0403; found 

256.0401. 
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N-Ac-dehydroalanine 1,1,1,3,3,3-hexafluoroisopropyl ester (2l) 

 

To a solution of serine 1,1,1,3,3,3-hexafluoroisopropyl ester hydrochloride (15) (4.00 g, 13.7 

mmol) in CH2Cl2 (40 mL) at 2 °C under an argon atmosphere were added acetic acid (785 μL, 13.7 
mmol) and triethylamine (2.10 mL, 15.1 mmol). 1,3-Dicyclohexylcarbodiimide (3.11 g, 15.1 mmol) 

was added to the mixture at 3 °C, followed by stirring at room temperature for 2 h. After filtration 

and washing with CH2Cl2 (8 mL), methanesulfonyl chloride (1.33 mL, 17.1 mmol) and triethylamine 

(5.74 mL, 41.2 mmol) were added to the filtrate in an ice bath, followed by stirring at room 

temperature for 20 min. After the addition of brine (350 mL) and AcOEt (350 mL), the organic layer 

was dried with Na2SO4, the solvent was evaporated away, and the residue was purified by flash silica 

gel column chromatography to give N-Ac-dehydroalanine 1,1,1,3,3,3-hexafluoroisopropyl ester (2l) 
(1.02 g, 3.65 mmol, 27% yield) as a white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.58 (1H, br), 6.80 (1H, s), 6.08 (1H, dd, J = 1.1, 0.8 Hz), 

5.80 (1H, sep, J = 5.9 Hz) 2.12 (3H, s); 13C NMR (100 MHz, CDCl3): δ (ppm) 168.97, 161.34, 
128.93, 124.38, 124.35, 124.32, 121.55, 121.52, 118.74, 118.72, 115.94, 115.91, 115.88, 113.07, 

68.72, 68.37, 68.02, 67.67, 67.32, 66.97, 66.62, 24.47; FTIR (KBr, cm-1): 3295, 1757, 1675, 1558, 

1388, 1204, 1157, 1109, 909, 690; HRMS (ESI) calculated for C8H8F6N1O3 (M+H)+ 280.0403; 

found 280.0406. 
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