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Preparation of 8a-8r

tert-Butyl (2-hydroxyphenyl)carbamate (8a) 

NHBoc

OH

To a suspension of 2-aminophenol (7.63 g, 70 mmol) in DCM (80 mL) was added a 

solution of Boc2O (15.3 g, 70 mmol) in DCM (20 mL). The mixture was stirred at room 

temperature overnight. After concentration, the residue was purified by column 

chromatography (10-20% EtOAc in PE) to give 8a (13.8 g, 95%) as an off-white solid. 

1H NMR (400 MHz, CDCl3) δ: 8.12 (brs, 1 H), 7.10-7.01 (m, 2 H), 6.97 (dd, J = 1.2, 8.4 

Hz, 1 H), 6.89-6.81 (m, 1 H), 6.63 (brs, 1 H), 1.53 (s, 9 H). Its analytical data are 

identical to those previously reported.1

Benzyl (2-hydroxyphenyl)carbamate (8b)

NHCbz

OH

A mixture of 2-aminophenol (578 mg, 5.3 mmol), sodium bicarbonate (580 mg, 6.9 

mmol), tetrahydrofuran (9 mL) and water (3 mL) was cooled in an ice bath under the 

protection of argon. A solution of benzyl chloroformate (0.73 mL, 5.3 mmol) in 

tetrahydrofuran (3 mL) was added dropwise to the above reaction mixture. After 

completion monitored by TLC, dichloromethane was added, and the organic phase was 

washed with water and brine, dried over anhydrous Na2SO4, filtered and concentrated. 

The crude product was purified by column chromatography (10-20% EtOAc in PE) to 

give 8b (1.26 g, 98% yield). Off-white solid. 1H NMR (400 MHz, DMSO-d6) δ: 9.67 (s, 

1 H), 8.40 (s, 1 H), 7.55 (d, J = 7.6 Hz, 1 H), 7.45-7.28 (m, 5 H), 6.96-6.72 (m, 3 H), 

5.13 (s, 2 H). HR-MS (ESI): m/z [M+H]+ calcd for C14H14NO3: 244.0968; found: 

244.0968.

Benzyl (2-hydroxy-5-methoxyphenyl)carbamate (8c)

NHCbz

OHMeO

Compound 8c was prepared from 2-amino-4-methoxyphenol following the preparation 
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method of 8b. Pink solid (78% yield). Flash column chromatography was performed eluting 

with DCM. 1H NMR (400 MHz, DMSO-d6) δ: 9.21 (s, 1 H), 8.36 (s, 1 H), 7.48-7.21 (m, 6 H), 

6.74 (d, J = 8.8 Hz, 1 H), 6.49 (dd, J = 2.8, 8.8 Hz, 1 H), 5.14 (s, 2 H), 3.65 (s, 3 H). HR-MS 

(ESI): m/z [M+H]+ calcd for C15H16NO4: 274.1074; found: 274.1070.

Benzyl (2-hydroxy-4-methoxyphenyl)carbamate (8d)
NHCbz

OH

MeO

A mixture of 5-methoxy-2-nitrophenol (1 g, 5.9 mmol), Raney nickel (0.3 g) and 

tetrahydrofuran (10 mL) was hydrogenated at 20-50 psi for 3 hours. The reaction mixture was 

filtered into a flask containing sodium bicarbonate (0.64 g, 7.67 mmol) and water (8 mL) 

under ice bath, protected by argon. Benzyl chloroformate (0.83 mL, 5.9 mmol) was added 

dropwise, and the mixture was stirred for 30 minutes. Ethyl acetate was added, and then the 

organic phase was washed with water and brine, dried over anhydrous sodium sulfate, filtered 

and concentrated to give a yellow solid. The crude product was stirred with hexane and 

filtered to give 8d (1.2 g, 75%) as a yellow solid. 1H NMR (400 MHz, DMSO-d6) δ: 9.60 (s, 

1 H), 8.33 (s, 1 H), 7.46-7.18 (m, 6 H), 6.41 (d, J = 2.4 Hz, 1 H), 6.35 (dd, J = 2.8, 8.8 Hz, 1 

H), 5.09 (s, 2 H), 3.67 (s, 3 H). MS (ESI) m/z: 272 ([M-H]-).

Benzyl (2-hydroxy-5-methylphenyl)carbamate (8e)

NHCbz

OH

Compound 8e was prepared from 2-amino-4-methylphenol following the preparation 

method of 8b. Yellow solid (87% yield). Flash column chromatography was performed 

eluting with 15% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 9.40 (s, 1 H), 8.33 (s, 1 H), 

7.49-7.27 (m, 6 H), 6.71 (d, J = 0.8 Hz, 2 H), 5.13 (s, 2 H), 2.18 (s, 3 H). HR-MS (ESI): m/z 

[M+H]+ calcd for C15H16NO3: 258.1125; found: 258.1123.

Benzyl (2-hydroxy-4-methylphenyl)carbamate (8f)

NHCbz

OH

Compound 8f was prepared from 2-amino-5-methylphenol following the preparation method 
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of 8b. Pink solid (94% yield). Flash column chromatography was performed eluting with 15% 

EtOAc in PE. 1H NMR (500 MHz, DMSO-d6) δ: 9.51 (s, 1 H), 8.33 (s, 1 H), 7.51-7.25 (m, 6 

H), 6.65 (s, 1 H), 6.57 (d, J = 8.0 Hz, 1 H), 5.11 (s, 2 H), 2.18 (s, 3 H). HR-MS (ESI): m/z 

[M+H]+ calcd for C15H16NO3: 258.1125; found: 258.1124.

Benzyl (2-bromo-6-hydroxyphenyl)carbamate (8g)

NHCbz

OH

Br

To a mixture of 2-amino-3-bromophenol (1 g, 5.3 mmol) and calcium carbonate 

powder (330 mg, 3.3 mmol) in 1,4-dioxane (6 mL) was added benzyl chloroformate 

(0.73 mL, 5.3 mmol). The reaction mixture was heated at 70oC. After completion 

monitored by TLC, water was added. The resulting mixture was extracted with ethyl 

acetate, and then the organic phase was washed with brine, dried over anhydrous Na2SO4, 

filtered and concentrated. The crude product was purified by column chromatography 

(10% EtOAc in PE) to give 8g (1.45 g, 85%). Brown solid. 1H NMR (400 MHz, DMSO-

d6) δ: 9.91 (s, 1 H), 8.74 (s, 1 H), 7.49-7.22 (m, 5 H), 7.10-6.97 (m, 2 H), 6.87 (dd, J = 

1.6, 7.6 Hz, 1 H), 5.09 (s, 2 H). HR-MS (ESI): m/z [M+H]+ calcd for C14H13BrNO3: 

322.0073; found: 322.0072.

Benzyl (5-bromo-2-hydroxyphenyl)carbamate (8h)

NHCbz

OHBr

Compound 8h was prepared from 2-amino-4-bromophenol following the preparation method 

of 8b. Red solid (84% yield). Flash column chromatography was performed eluting with 15% 

EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 10.10 (s, 1 H), 8.61 (s, 1 H), 7.80 (s, 1 H), 

7.53-7.25 (m, 5 H), 7.07 (dd, J = 2.4, 8.4 Hz, 1 H), 6.79 (d, J = 8.4 Hz, 1 H), 5.15 (s, 2 H). 

HR-MS (ESI): m/z [M+H]+ calcd for C14H13BrNO3: 322.0073; found: 322.0072.

Benzyl (4-bromo-2-hydroxyphenyl)carbamate (8i)
NHCbz

OH

Br

Compound 8i was prepared from 2-amino-5-bromophenol following the preparation method 
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of 8b. Yellow solid (98% yield). Flash column chromatography was performed eluting with 

10-20% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 10.24 (s, 1 H), 8.53 (s, 1 H), 7.52 

(d, J = 8.4 Hz, 1 H), 7.46-7.27 (m, 5 H), 7.00-6.91 (m, 2 H), 5.13 (s, 2 H). HR-MS (ESI): m/z 

[M+H]+ calcd for C14H13BrNO3: 322.0073; found: 322.0072.

Benzyl (3-bromo-2-hydroxyphenyl)carbamate (8j)
NHCbz

OH

Br

Compound 8j was prepared from 2-amino-6-bromophenol following the preparation method 

of 8b. Pink solid (96% yield). Flash column chromatography was performed eluting with 10-

20% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 9.49 (s, 1 H), 8.89 (s, 1 H), 7.59-7.18 

(m, 7 H), 6.77 (t, J = 8.0 Hz, 1 H), 5.15 (s, 2 H). HR-MS (ESI): m/z [M+H]+ calcd for 

C14H13BrNO3: 322.0073; found: 322.0071.

Benzyl (5-fluoro-2-hydroxyphenyl)carbamate (8k)

NHCbz

OHF

Compound 8k was prepared from 2-amino-4-fluorophenol following the preparation 

method of 8b. Off-white solid (87% yield). Flash column chromatography was performed 

eluting with 15% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 9.75 (s, 1 H), 8.55 (s, 1 H), 

7.51 (dd, J = 2.8, 10.8 Hz, 1 H), 7.47-7.28 (m, 5 H), 6.80 (dd, J = 5.6, 9.2 Hz, 1 H), 6.76-6.67 

(m, 1 H), 5.16 (s, 2 H). HR-MS (ESI): m/z [M+H]+ calcd for C14H13FNO3: 262.0874; found: 

262.0875.

Benzyl (4-fluoro-2-hydroxyphenyl)carbamate (8l)
NHCbz

OH

F

Compound 8l was prepared from 2-amino-5-fluorophenol following the preparation 

method of 8b. Off-white solid (88% yield). Flash column chromatography was performed 

eluting with 15% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 10.15 (s, 1 H), 8.48 (s, 1 

H), 7.53-7.28 (m, 6 H), 6.68-6.54 (m, 2 H), 5.12 (s, 2 H). HR-MS (ESI): m/z [M+H]+ calcd 

for C14H13FNO3: 262.0874; found: 262.0874.



S6

Benzyl (2,4-dichloro-6-hydroxyphenyl)carbamate (8m)
NHCbz

OH

Cl

Cl

Compound 8m was prepared from 2-amino-3,5-dichlorophenol following the preparation 

method of 8b. Red solid (59% yield). Flash column chromatography was performed eluting 

with 10% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 9.91 (s, 1 H), 8.99 (s, 1 H), 7.62 

(d, J = 2.8 Hz, 1 H), 7.47-7.29 (m, 5 H), 7.23 (d, J = 2.8 Hz, 1 H), 5.15 (s, 2 H). HR-MS 

(ESI): m/z [M+H]+ calcd for C14H12Cl2NO3: 312.0189; found: 312.0189.

Benzyl (4,5-difluoro-2-hydroxyphenyl)carbamate (8n)
NHCbz

OH

F

F

Compound 8n was prepared from 4,5-difluoro-2-nitrophenol following the preparation 

method of 8d. Pale-yellow solid (54% yield). Flash column chromatography was performed 

eluting with 15% EtOAc in PE. 1H NMR (400 MHz, DMSO-d6) δ: 10.16 (s, 1 H), 8.66 (s, 1 

H), 7.61 (dd, J = 9.6, 12.0 Hz, 1 H), 7.46-7.29 (m, 5 H), 6.81 (dd, J = 8.0, 12.0 Hz, 1 H), 5.14 

(s, 2 H). MS (ESI) m/z: 278 ([M-H]-).

Benzyl (4-bromo-5-fluoro-2-hydroxyphenyl)carbamate (8o)
NHCbz

OH

Br

F

 To a mixture of 5-bromo-4-fluoro-2-nitrophenol (1 g, 4.24 mmol) and Zn dust (1.1 g, 17 

mmol) in DCM (20 mL) was added AcOH (1.2 mL, 34 mmol). The reaction mixture was 

stirred at room temperature for 4 h. After filtration and concentration in vacuo, the brown 

residue was used directly without further purification. Then compound 8o (138 mg, 10% 

yield) was prepared according to the preparation method of 8g. Pale-yellow solid. Flash 

column chromatography was performed eluting with 15% EtOAc in PE. 1H NMR (400 MHz, 

DMSO-d6) δ: 10.22 (s, 1 H), 8.74 (s, 1 H), 7.69 (d, J = 10.4 Hz, 1 H), 7.47-7.29 (m, 5 H), 

7.02 (d, J = 6.8 Hz, 1 H), 5.16 (s, 2 H). MS (ESI) m/z: 338 ([M-H]-).

Benzyl (2-hydroxy-5-nitrophenyl)carbamate (8p)
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NHCbz

OHO2N

Compound 8p was prepared from 2-amino-4-nitrophenol following the preparation method 

of 8g. Yellow solid (94% yield). The desired product was obtained by triturating with hexane. 

1H NMR (400 MHz, DMSO-d6) δ: 11.53 (s, 1 H), 8.92 (s, 1 H), 8.64 (d, J = 2.8 Hz, 1 H), 

7.89 (dd, J = 2.8, 8.8 Hz, 1 H), 7.48-7.30 (m, 5 H), 7.00 (d, J = 8.8 Hz, 1 H), 5.19 (s, 2 H). 

MS (ESI) m/z: 287 ([M-H]-).

Benzyl (2-hydroxy-4-nitrophenyl)carbamate (8q)

NHCbz

OH

O2N

Compound 8q was prepared from 2-amino-5-nitrophenol following the preparation method 

of 8g. Yellow solid (93% yield). The desired product was obtained by triturating with hexane. 

1H NMR (400 MHz, DMSO-d6) δ: 10.96 (s, 1 H), 8.97 (s, 1 H), 8.03 (d, J = 9.2 Hz, 1 H), 

7.75 (dd, J = 2.8, 9.2 Hz, 1 H), 7.64 (d, J = 2.4 Hz, 1 H), 7.48-7.30 (m, 5 H), 5.20 (s, 2 H). 

HR-MS (ESI): m/z [M+Na]+ calcd for C14H13N2O5: 289.0819; found: 289.0828.

Benzyl (2-hydroxy-4-(3-oxomorpholino)phenyl)carbamate (8r)

N

OH

NHO

O
Cbz

  To a cooled solution of 2,4-difluoro-1-nitrobenzene (6.4 g, 40 mmol) in anhydrous toluene 

(60 mL) was added t-BuOK (4.5 g, 22 mmol) in portions. The reaction mixture was stirred 

for 2 h. Water was added, and the organic layer was washed with water and brine, dried over 

anhydrous Na2SO4 and concentrated in vacuum. The brown residue was purified by column 

chromatography (1-2% EtOAc in PE) to give 2-(tert-butoxy)-4-fluoro-1-nitrobenzene (7 g, 

82%) as a yellow oil. 1H NMR (400 MHz, CDCl3) δ: 7.80 (dd, J = 6.0, 8.8 Hz, 1 H), 6.92 (dd, 

J = 2.4, 10.0 Hz, 1 H), 6.87-6.78 (m, 1 H), 1.46 (s, 9 H). Its analytical data are identical with 

those previously reported.2,3

To a cooled mixture of morpholin-3-one (1.7 g, 16.9 mmol) and anhydrous THF (30 mL) 

was added NaH (60%, 676 mg, 16.9 mmol) in portions. After stirring for 30 min, a solution 
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of 2-(tert-butoxy)-4-fluoro-1-nitrobenzene (3 g, 14.1 mmol) in THF (3 mL) was added and 

followed by DMSO (15 mL). The mixture was heated at 60oC for 4.5 h and cooled to room 

temperature. Water (15 mL) and EtOAc (30 mL) were added. The organic layer was 

separated and washed with brine, dried over anhydrous Na2SO4 and concentrated. The 

residue was purified by column chromatography (20-50% EtOAc in PE) to give 4-(3-(tert-

butoxy)-4-nitrophenyl)morpholin-3-one (1.9 g, 46%) as a yellow solid. 1H NMR (400 MHz, 

CDCl3) δ: 7.80 (d, J = 8.8 Hz, 1 H), 7.43 (d, J = 2.4 Hz, 1 H), 7.10 (dd, J = 2.0, 8.8 Hz, 1 H), 

4.36 (s, 2 H), 4.06 (dd, J = 4.8, 6.4 Hz, 2 H), 3.82 (dd, J = 3.6, 5.2 Hz, 2 H), 1.45 (s, 9 H). 

HR-MS (ESI): m/z [M+H]+ calcd for C14H19N2O5: 295.1288; found: 295.1299. Its analytical 

data are identical with those previously reported.2

  To a solution of 4-(3-(tert-butoxy)-4-nitrophenyl)morpholin-3-one (1.6 g, 5.4mmol) in 

THF (10 mL) was added concentrated hydrochloric acid (5 mL). The mixture was stirred at 

room temperature for 1 h. EtOH was added to the reaction mixture. The resulting solid was 

filtered, the filter cake was washed with EtOH, and dried to give 4-(3-hydroxy-4-

nitrophenyl)morpholin-3-one (1.05 g, 82%) as a yellow solid. 1H NMR (400 MHz, DMSO-d6) 

δ: 11.06 (s, 1 H), 7.96 (d, J = 9.2 Hz, 1 H), 7.31 (d, J = 2.4 Hz, 1 H), 7.11 (dd, J = 2.4, 9.2 Hz, 

1 H), 4.25 (s, 2 H), 3.98 (dd, J = 4.8, 6.8 Hz, 2 H), 3.79 (dd, J = 3.6, 5.2 Hz, 2 H). HR-MS 

(ESI): m/z [M+H]+ calcd for C10H11N2O5: 239.0662; found: 239.0674. Its analytical data are 

identical with those previously reported.2

A mixture of 4-(3-hydroxy-4-nitrophenyl)morpholin-3-one (1.25 g, 5.25 mmol), Raney 

nickel (0.5 g) and tetrahydrofuran (30 mL) was hydrogenated at 20-50 psi for 3.5 h. The 

reaction mixture was filtered into a flask containing sodium bicarbonate (0.82 g, 10.5 mmol) 

and water (20 mL) under ice bath, protected by argon. Benzyl chloroformate (0.75 mL, 5.25 

mmol) was added dropwise. The mixture was stirred for 2 h and filtered. The filtrate was 

concentrated to give a solid. EtOH (70%, 30 mL) was added to give a slurry which was 

filtered, and dried to afford 8r (1.38 g, 77%) as a pink solid. 1H NMR (400 MHz, DMSO-d6) 

δ: 9.89 (s, 1 H), 8.50 (s, 1 H), 7.54 (d, J = 8.4 Hz, 1 H), 7.48-7.29 (m, 5 H), 6.89 (d, J = 2.4 

Hz, 1 H), 6.77 (dd, J = 2.4, 8.4 Hz, 1 H), 5.14 (s, 2 H), 4.17 (s, 2 H), 3.94 (dd, J = 4.8, 6.4 Hz, 

2 H), 3.66 (t, J = 5.2 Hz, 2 H). HR-MS (ESI): m/z [M+H]+ calcd for C18H19N2O5: 343.1288; 

found: 343.1301. Its analytical data are identical with those previously reported.2

Preparation of 9a-9d
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(2R,3S)-(3-((Trityloxy)methyl)oxiran-2-yl)methanol (9a)

HO OTr
O

To a four-necked flask were added 4Å molecular sieve (12 g) and anhydrous 

dichloromethane (330 mL). The mixture was cooled to -40oC under the protection of argon. 

D-(-)-diethyl tartrate (13.6 mL, 79.2 mmol) was added, followed by titanium 

tetraisopropanolate (18.8 mL, 63.4 mmol), and the reaction mixture turned to yellow. After 

stirring for 0.5 h, a solution of (Z)-4-(trityloxy)but-2-en-1-ol (26.1 g, 79.2 mmol) in 

dichloromethane (120 mL) was added to the mixture and stirred for 0.5 h. A solution of tert-

butyl hydroperoxide in toluene (3.8 M, 50 mL, 190 mmol) was added and stirred overnight at 

-20oC. After the reaction completed monitored by TLC, tartaric acid solution (10%, 200 mL) 

containing FeSO4·7H2O (30 g) was added and stirred at 0oC for 1 h before layering. The 

organic layer was separated, and the water layer was extracted with dichloromethane for 

twice. The organic phase was combined and washed with saturated brine for twice, filtered, 

and evaporated to give a solid, which was stirred in n-hexane and filtered, followed by 

recrystallizing with petroleum ether/ethyl acetate to obtain 9a (15 g, 58%) as an off-white 

solid. The corresponding alcohol was analyzed by Chiral HPLC (OD-H, 5 μm, 4.6 

mm×250mmL; eluent: hexane/ethanol, 90/10; flow rate: 1 mL/min; λ = 215 nm; T = 20oC): 

tR = 6.46 min (96.49%), 12.58 min (3.51%). The enantiomeric purity of 9a was determined to 

be 93.0% ee. [α] D
24 = +31.9 (c = 1, CHCl3). 1H NMR (400 MHz, CDCl3) δ: 7.47-7.19 (m, 15 

H), 3.63-3.50 (m, 3 H), 3.29-3.17 (m, 2 H), 3.07 (dd, J = 5.6, 10.4 Hz, 1 H), 1.90 (brs, 1 H). 

HR-MS (ESI): m/z [M+Na]+ calcd for C23H22NaO3: 369.1461, found: 369.1427.

(2S,3R)-(3-((Trityloxy)methyl)oxiran-2-yl)methanol (9b)

HO OTr
O

Compound 9b (6 g, 51%) was prepared from (Z)-4-(trityloxy)but-2-en-1-ol in the same 

manner as described for 9a by replacing D-(-)-diethyl tartrate with L-(+)-diethyl tartrate. The 

enantiomeric purity of 9b was determined to be 96.8% ee. [α] D
24 = -31.1 (c = 1, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ: 7.49-7.20 (m, 15 H) 3.65-3.50 (m, 3 H), 3.28-3.17 (m, 2 H), 3.06 

(dd, J = 5.6, 10.8 Hz, 1 H), 1.85 (t, J = 6.4 Hz, 1 H). HR-MS (ESI): m/z [M+Na]+ calcd for 

C23H22NaO3: 369.1461, found: 369.1448.

((2S,3S)-3-((Trityloxy)methyl)oxiran-2-yl)methanol (9c) 
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OTr

HO

O

Compound 9c (3.1 g, 98%) was prepared from (E)-4-(trityloxy)but-2-en-1-ol in the same 

manner as described for 9a by replacing D-(-)-diethyl tartrate with L-(+)-diethyl tartrate. The 

corresponding alcohol was analyzed by Chiral HPLC (OZ-H, 5 μm, 4.6 mm×250mmL; 

eluent: hexane/ isopropanol, 97/3; flow rate: 1 mL/min; λ = 220 nm; T = 20oC): tR = 18.62 

min (1.72%), 21.26 min (98.28%).The enantiomeric purity of 9c was determined to be 96.6% 

ee. [α] D
25 = -10.5 (c = 1, EtOAc). 1H NMR (400 MHz, DMSO-d6) δ: 7.45-7.22 (m, 15 H), 

4.83 (t, J = 6.0 Hz, 1 H), 3.64-3.54 (m, 1 H), 3.42-3.33 (m, 1 H), 3.27 (dd, J = 2.0, 10.8 Hz, 1 

H), 3.13-3.04 (m, 1 H), 3.00-2.94 (m, 1 H), 2.94-2.87 (m, 1 H). HR-MS (ESI): m/z [M+Na]+ 

calcd for C23H22NaO3: 369.1461, found: 369.1476.

((2R,3R)-3-((Trityloxy)methyl)oxiran-2-yl)methanol (9d) 

OTr

HO

O

Compound 9d (2.7 g, 87%) was prepared from (E)-4-(trityloxy)but-2-en-1-ol (3 g, 9.1 

mmol) in the same manner as described for 9a. The enantiomeric purity of 9d was 

determined to be 98.1% ee. [α] D
25 = +9.4 (c = 1, EtOAc). 1H NMR (400 MHz, DMSO-d6) δ: 

7.43-7.21 (m, 15 H), 4.82 (t, J = 6.0 Hz, 1 H), 3.64-3.53 (m, 1 H), 3.41-3.33 (m, 1 H), 3.27 

(dd, J = 2.0, 11.2 Hz, 1 H), 3.12-3.05 (m, 1 H), 3.00–2.94 (m, 1 H), 2.94-2.86 (m, 1 H). HR-

MS (ESI): m/z [M+Na]+ calcd for C23H22NaO3: 369.1461, found: 369.1460.

Preparation of (±)-9a and (±)-9c

cis-(3-((Trityloxy)methyl)oxiran-2-yl)methanol ((±)-9a)

HO OTr
O

To a solution of (Z)-4-(trityloxy)but-2-en-1-ol (10 g, 30.4 mmol) in dichloromethane (80 

mL) was added m-CPBA (6.4 g, 31.8 mmol). The reaction mixture was stirred overnight. 

After filtration, the filtrate is washed with saturated sodium bicarbonate solution and brine, 

dried over anhydrous sodium sulfate, filtered and concentrated. To the residue was added 

diethyl ether and stirred for 3 h. After filtration, the filter cake was washed with diethyl ether 

and dried to afford (±)-9a (7.3 g, 69%) as a white solid. 1H NMR (400 MHz, CDCl3) δ: 7.48-

7.42 (m, 6 H), 7.35-7.28 (m, 6 H), 7.28-7.20 (m, 3 H), 3.64-3.49 (m, 3 H), 3.29-3.17 (m, 2 H), 
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3.07 (dd, J = 5.6 Hz, 10.4 Hz, 1 H), 1.87 (brs, 1 H). HR-MS (ESI): m/z [M+Na]+ calcd for 

C23H22NaO3: 369.1461, found: 369.1445.

trans-(3-((Trityloxy)methyl)oxiran-2-yl)methanol ((±)-9c)

OTr

HO

O

To a solution of (E)-4-(trityloxy)but-2-en-1-ol (2.2 g, 6.7 mmol) in dichloromethane (25 

mL) was added m-CPBA (75%, 1.7 g, 7 mmol) in batches. The reaction mixture was stirred 

overnight. After filtration, the filtrate is washed with saturated sodium bicarbonate solution 

and brine, dried over anhydrous sodium sulfate, filtered and concentrated. To the residue was 

added EtOAc/PE (1/5, 10 mL) and stirred for 2.5 h. After filtration, the filter cake was 

washed with the mixture solution of EtOAc/PE and dried to afford (±)-9c (1.1 g, 47%) as a 

white solid. 1H NMR (400 MHz, CDCl3) δ: 7.48-7.42 (m, 6 H), 7.34-7.28 (m, 6 H), 7.26-7.21 

(m, 3 H), 3.94 (dd, J = 2.4, 12.8 Hz, 1 H), 3.64 (dd, J = 4.0, 12.4 Hz, 1 H), 3.38 (dd, J = 2.4, 

10.4 Hz, 1 H), 3.25-3.15 (m, 2 H), 3.12-3.11 (m, 1 H). HR-MS (ESI): m/z [M+Na]+ calcd for 

C23H22NaO3: 369.1461, found: 369.1455.

Preparation of 10a and 10b

To a solution of phenol (1 mmol), alcohol (1.35 mmol), PPh3 (1.5 mmol) in anhydrous 

THF (8 mL) at 0oC was added dropwise a solution of coupling agent (1.5 mmol) in 

anhydrous THF (0.3 mL). The reaction mixture was stirred at 0oC for 30 min. Then, the 

reaction was allowed to warm to room temperature and monitored by TLC. After the reaction 

was completed, the reaction mixture was purified by column chromatography to give the 

desired products 10a or 10b.

tert-Butyl(2-(((2R,3S)-3-((trityloxy)methyl)oxiran-2-yl)methoxy)phenyl)carbamate (10a)

NHBoc

O OTr
O

Off-white solid. 1H NMR (400 MHz, CDCl3) δ: 8.08 (d, J = 7.6 Hz, 1 H), 7.50-7.17 (m, 15 

H), 7.04 (brs, 1 H), 6.99-6.85 (m, 2 H), 6.71 (dd, J = 1.2, 7.6 Hz, 1 H), 4.15 (dd, J = 3.2, 11.2 

Hz, 1 H), 3.83 (dd, J = 6.8, 11.2 Hz, 1 H), 3.48 (dd, J = 5.6, 10.8 Hz, 1 H), 3.45-3.38 (m, 1 H), 

3.38-3.29 (m, 1 H), 3.17 (dd, J = 5.2, 10.8 Hz, 1 H), 1.52 (s, 9 H). HR-MS (ESI): m/z 

[M+Na]+ calcd for C34H35NNaO5: 560.2407; found: 560.2425.
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Benzyl(2-(((2R,3S)-3-((trityloxy)methyl)oxiran-2-yl)methoxy)phenyl)carbamate (10b)

NHCbz

O OTr
O

Off-white solid. 1H NMR (400 MHz, CDCl3) δ: 8.12 (d, J = 6.4 Hz, 1 H), 7.51-7.17 (m, 21 

H), 7.03-6.88 (m, 2 H), 6.72 (dd, J = 1.6, 7.6 Hz, 1 H), 5.20 (s, 2 H), 4.12 (dd, J = 3.2, 11.2 

Hz, 1 H), 3.84 (dd, J = 6.4, 11.2 Hz, 1 H), 3.47 (dd, J = 5.6, 10.4 Hz, 1 H), 3.41-3.28 (m, 2 H), 

3.15 (dd, J = 5.2, 10.8 Hz, 1 H). HR-MS (ESI): m/z [M+Na]+ calcd for C37H33NNaO5: 

594.2251; found: 594.2264.

Preparation of (±)-11aa and (±)-11c

trans-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-

one  ((±)-11aa).

N O

OTr

O

O ±

Compound (±)-11aa (342 mg, 74%) was prepared from (±)-9a and 8b using the standard 

one-pot procedure. White solid. mp: 138-140oC. 1H NMR (400 MHz, acetone-d6) δ: 7.96 (dd, 

J = 2.0, 7.6 Hz, 1 H), 7.54-7.46 (m, 6 H), 7.39-7.32 (m, 6 H), 7.32-7.24 (m, 3 H), 7.08-6.97 

(m, 2 H), 6.95-6.91 (m, 1 H), 4.65-4.59 (m, 1 H), 4.53 (dd, J = 2.8, 10.0 Hz, 1 H), 4.15-4.07 

(m, 1 H), 4.02 (t, J = 10.4 Hz, 1 H), 3.61 (dd, J = 4.0, 10.8 Hz, 1 H), 3.46 (dd, J = 4.4, 10.4 

Hz, 1 H); 13C NMR (100 MHz, acetone-d6) δ: 154.8, 145.8, 144.7, 129.5, 128.9, 128.2, 125.2, 

124.9, 122.1, 120.4, 117.7, 87.8, 75.5, 67.2, 64.9, 53.8; HR-MS (ESI): m/z [M+Na]+ calcd for 

C30H25NNaO4: 486.1676; found: 486.1663.

cis-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one  

((±)-11c)

N O

OTr

O

O ±

Compound (±)-11c (357 mg, 77%) was prepared from (±)-9c and 8b using the standard one-

pot procedure. White solid. mp: 228-230oC. 1H NMR (400 MHz, acetone-d6) δ: 8.26 (dd, J = 



S13

2.0, 7.6 Hz, 1 H), 7.51-7.39 (m, 6 H), 7.36-7.21 (m, 9 H), 7.09-6.96 (m, 2 H), 6.92 (dd, J = 

2.0, 7.6 Hz, 1 H), 5.08-4.97 (m, 1 H), 4.59-4.47 (m, 1 H), 4.40 (dd, J = 3.2, 10.4 Hz, 1 H), 

4.11 (t, J = 10.0 Hz, 1 H), 3.60 (dd, J = 4.0, 10.8 Hz, 1 H), 3.09 (dd, J = 2.8, 10.8 Hz, 1 H). 
13C NMR (100 MHz, acetone-d6) δ: 154.3, 145.2, 144.4, 129.4, 128.9, 128.2, 125.6, 124.5, 

122.5, 118.5, 117.9, 88.1, 74.6, 64.3, 63.0, 54.2. HR-MS (ESI): m/z [M+Na]+ calcd for 

C30H25NNaO4: 486.1676; found: 486.1664.
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1H NMR and 13C NMR Spectra

tert-Butyl (2-hydroxyphenyl)carbamate (8a)

Benzyl (2-hydroxyphenyl)carbamate (8b)

NHBoc

OH

NHCbz

OH
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Benzyl (2-hydroxy-5-methoxyphenyl)carbamate (8c)

Benzyl (2-hydroxy-4-methoxyphenyl)carbamate (8d)

NHCbz

OHMeO

NHCbz

OH

MeO
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Benzyl (2-hydroxy-5-methylphenyl)carbamate (8e)

Benzyl (2-hydroxy-4-methylphenyl)carbamate (8f)

NHCbz

OH

NHCbz

OH
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Benzyl (2-bromo-6-hydroxyphenyl)carbamate (8g)

Benzyl (5-bromo-2-hydroxyphenyl)carbamate (8h)

NHCbz

OH

Br

NHCbz

OHBr
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Benzyl (4-bromo-2-hydroxyphenyl)carbamate (8i)

Benzyl (3-bromo-2-hydroxyphenyl)carbamate (8j)

NHCbz

OH

Br

NHCbz

OH

Br
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Benzyl (5-fluoro-2-hydroxyphenyl)carbamate (8k)

Benzyl (4-fluoro-2-hydroxyphenyl)carbamate (8l)

NHCbz

OHF

NHCbz

OH

F
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Benzyl (2,4-dichloro-6-hydroxyphenyl)carbamate (8m)

Benzyl (4,5-difluoro-2-hydroxyphenyl)carbamate (8n)

NHCbz

OH

Cl

Cl

NHCbz

OH

F

F
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Benzyl (4-bromo-5-fluoro-2-hydroxyphenyl)carbamate (8o)

Benzyl (2-hydroxy-5-nitrophenyl)carbamate (8p)

NHCbz

OH

Br

F

NHCbz

OHO2N
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Benzyl (2-hydroxy-4-nitrophenyl)carbamate (8q)

2-(tert-Butoxy)-4-fluoro-1-nitrobenzene

NHCbz

OH

O2N

F O

NO2
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4-(3-(tert-Butoxy)-4-nitrophenyl)morpholin-3-one

4-(3-Hydroxy-4-nitrophenyl)morpholin-3-one

N O

NO2

O
O

N OH

NO2

O
O
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Benzyl (2-hydroxy-4-(3-oxomorpholino)phenyl)carbamate (8r)

cis-(3-((Trityloxy)methyl)oxiran-2-yl)methanol ((±)-9a)

HO OTr
O

N OH

H
N

O
O

Cbz
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trans-(3-((Trityloxy)methyl)oxiran-2-yl)methanol ((±)-9c)

(2R,3S)-(3-((Trityloxy)methyl)oxiran-2-yl)methanol (9a)

OTr
O

HO

HO OTr
O
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(2S,3R)-(3-((Trityloxy)methyl)oxiran-2-yl)methanol (9b) 

((2S,3S)-3-((trityloxy)methyl)oxiran-2-yl)methanol (9c)

HO OTr
O

HO
O OTr
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((2R,3R)-3-((trityloxy)methyl)oxiran-2-yl)methanol (9d)

tert-Butyl(2-(((2R,3S)-3-((trityloxy)methyl)oxiran-2-yl)methoxy)phenyl)carbamate (10a)

HO
O OTr

NHBoc

O OTr
O
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Benzyl(2-(((2R,3S)-3-((trityloxy)methyl)oxiran-2-yl)methoxy)phenyl)carbamate (10b)

NHCbz

O OTr
O
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trans-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-
one  ((±)-11aa).

trans-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-
one  ((±)-11aa).

N O

OTr

O

O ±
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cis-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one  

((±)-11c)

cis-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one  

((±)-11c)

N O

OTr

O

O ±
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(3R,3aS)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11aa)

(3R,3aS)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11aa)

N O

OTr

O

O
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(3S,3aR)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11b)

(3S,3aR)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11b)

N O

OTr

O

O
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(3R,3aR)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11c)

(3R,3aR)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11c)

N O

OTr

O

O
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(3S,3aS)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11d)

(3S,3aS)-3-((Trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-

1-one (11d)

N O

OTr

O

O
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(3R,3aS)-8-Methoxy-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ab)

(3R,3aS)-8-Methoxy-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ab)

N O

OTr

O

O

O
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(3R,3aS)-7-Methoxy-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ac)

(3R,3aS)-7-Methoxy-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ac)

N O

OTr

O

O

O
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(3R,3aS)-8-methyl-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ad)

(3R,3aS)-8-methyl-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ad)

N O

OTr

O

O
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(3R,3aS)-7-Methyl-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ae)

(3R,3aS)-7-Methyl-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ae)

N O

OTr

O

O
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(3R,3aS)-9-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11af)

(3R,3aS)-9-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11af)

N O

OTr

O

O

Br
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(3R,3aS)-8-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ag)

(3R,3aS)-8-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ag)

N O

OTr

O

O

Br
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(3R,3aS)-7-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ah)

(3R,3aS)-7-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ah)

N O

OTr

O

O

Br
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(3R,3aS)-6-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ai)

(3R,3aS)-6-Bromo-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ai)

N O

OTr

O

OBr
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(3R,3aS)-8-Fluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11aj)

(3R,3aS)-8-Fluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11aj)

N O

OTr

O

O

F
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(3R,3aS)-7-Fluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ak)

(3R,3aS)-7-Fluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ak)

N O

OTr

O

O

F
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(3R,3aS)-6,8-Dichloro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11al)

(3R,3aS)-6,8-Dichloro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11al)

N O

OTr

O

OCl

Cl
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(3R,3aS)-7,8-Difluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11am)

(3R,3aS)-7,8-Difluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11am)

N O

OTr

O

O

F

F
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(3R,3aS)-7-Bromo-8-fluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-

benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one (11an)

(3R,3aS)-7-Bromo-8-fluoro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-

benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one (11an)

N O

OTr

O

O

F

Br
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(3R,3aS)-8-Nitro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ao)

(3R,3aS)-8-Nitro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ao)

N O

OTr

O

O

O2N
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(3R,3aS)-7-Nitro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ap)

(3R,3aS)-7-Nitro-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (11ap)

N O

OTr

O

O

O2N
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(3R,3aS)-7-(3-Oxomorpholino)-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-

benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one (11aq)

(3R,3aS)-7-(3-Oxomorpholino)-3-((trityloxy)methyl)-3a,4-dihydro-1H,3H-

benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one (11aq)

N O

OTr

O

O

NO

O
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(3R,3aS)-7-Bromo-3-(hydroxymethyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (12)

(3R,3aS)-7-Bromo-3-(hydroxymethyl)-3a,4-dihydro-1H,3H-benzo[b]oxazolo[3,4-

d][1,4]oxazin-1-one (12)

N O

OH

O

O

Br
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(3R,3aS)-3-(Hydroxymethyl)-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3a,4-

dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one (13)

(3R,3aS)-3-(Hydroxymethyl)-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3a,4-

dihydro-1H,3H-benzo[b]oxazolo[3,4-d][1,4]oxazin-1-one (13)

N O

OH

O

O

B
O

O
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Chiral HPLC chromatograms
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