
 

Catalytic Asymmetric Formal [4+1] Annulation Leading to 

Optically Active cis-Isoxazoline N-Oxides 

 

SUPPORTING INFORMATION 

Zugui Shi, Bin Tan, Wendy Wen Yi Leong, Xiaofei Zeng, Min Lu, and Guofu Zhong* 

Division of Chemistry and Biological Chemistry, School of Physical and Mathematical Sciences, Nanyang 
Technological University, 21 Nanyang Link, Singapore 637371, Singapore 

 

INDEX 

I. General Information …………………………………………………….…………....S2 

II. Optimization and general procedure of catalytic [4+1] annulation reaction …….....S2 

III. NMR and HPLC data ………………………………………………………………S6 

IV. Absolute configuration assignments…………………………..………....................S18 

V. References…………………………..………………………………….…………....S19 

VI. 
1
H and 

13
C NMR spectra…………..……..……………….. .. .. …………………...S20 

VII. HPLC spectra of products………………………..……….... ..…………………...S44 



 S-2 

I. General Information 

Analytical thin layer chromatography (TLC) was performed using Merck 60 F254 precoated silica gel 

plate (0.2 mm thickness). Subsequent to elution, plates were visualized using UV radiation (254 nm) on 

Spectroline Model ENF-24061/F 254 nm. Further visualization was possible by staining with basic 

solution of potassium permanganate or acidic solution of ceric molybdate. 

Flash column chromatography was performed using Merck silica gel 60 with freshly distilled solvents. 

Columns were typically packed as slurry and equilibrated with the appropriate solvent system prior to 

use. Proton nuclear magnetic resonance spectra (
1
H-NMR) were recorded on Bruker AMX 400 

spectrophotometer (CDCl3 as solvent). Chemical shifts for 
1
H NMR spectra are reported as δ  in units 

of parts per million (ppm) downfield from SiMe4 (δ  0.0) and relative to the signal of chloroform-d (δ  

7.26, singlet). Multiplicities were given as: s (singlet), d (doublet), t (triplet), dd (doublets of doublet) or 

m (multiplets). The number of protons (n) for a given resonance is indicated by nH. Coupling constants 

are reported as a J value in Hz. Carbon nuclear magnetic resonance spectra (
13

C-NMR) are reportedas 

δ  in units of parts per million (ppm) downfield from SiMe4 (δ  0.0) and relative to the signal of 

chloroform-d (δ  77.0, triplet). 

Enantioselectivities were determined by High Performance Liquid Chromatography (HPLC) analysis 

(Shimadzu, LC-20AD) employing a Chiralcel OD-H or AD-H. Optical rotations were measured in 

CHCl3 on a Schmidt + Haensdch polarimeter (Polartronic MH8) with a 10 cm cell (c given in g/100 mL). 

High resolution mass spectrometry (HRMS) was recorded on Finnigan MAT 95 × P spectrometer. 

α-Iodoaldehyde
1
 and 2-nitroacrylate

2
 substrates were prepared according to the procedure of literatures, 

catalyst  4a,
3
 4b,

3
 4c,

3
 4d

4
 and 4f

5
 were synthesized following documented methods. Catalyst 4e,

6
 4g,

6
 

4h
7
 and 4i

5
 were prepared with modified method of literatures.  

 

II.  General procedure of catalytic [4+1] annulation reaction 

α-Iodoaldehyde (0.8 mmol, 4.0 equivalent), (S)-2-(azidodiphenylmethyl)pyrrolidine (4e, 0.04 

mmol, 0.2 equivalent) were dissolved in 2.0 mL toluene at room temperature (23 
o
C), then 2-

Nitroacrylate derivatives (0.2 mmol) and triethyl amine (0.22 mmol) were added successively. 

The reaction progress was monitored by TLC analysis. Upon consumption of 2-nitroacrylate 
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derivatives, the crude reaction mixture was applied to silica gel and the desired products were 

obtained by flash chromatography (hexane/ethyl acetate, 10:1 to 2:1). 

Racemic adducts were synthesized using 2-(diphenyl(trimethylsilyloxy)methyl)pyrrolidine as 

catalyst. 

Optimization of reaction conditions 

1) Catalyst screening 

 

 

 

 

entry 4 Lg solvent additive t (h) yield (%)
b
 cis/trans

c
 ee (%)

d
 

1 4a Cl TBME DIPEA 48 50 1:1.4 70 
2 4b Cl TBME DIPEA 96 18 n.d. 0 
3 4a Br TBME DIPEA 24 90 1.3:1 99 
4 4a I TBME DIPEA 5 79 1.8:1 96 
5 4a I toluene DIPEA 5 77 4.5:1 96 
6 4c I toluene DIPEA 5 78 2.2:1 95 
7 4d I toluene DIPEA 3 60 6:1 95 
8 4e I toluene DIPEA 7 83 9:1 98 
9 4f I toluene DIPEA 24 20 3:1 n.d. 
10 4g I toluene DIPEA 24 n.d. n.d. n.d. 
11 4h I toluene DIPEA 24 n.d. n.d. n.d. 
12 4i I toluene DIPEA 24 n.d. n.d. n.d. 

a
 Unless  noted, reactions were performed at rt on a 0.1 mmol scale, in 0.5 mL toluene, with a molar ratio of  α-iodohexanal/2-

nitroacyrate/DIPEA/4 = 4:1:1.1:0.2. 
b
 The sum of both isomers. 

c
 Analysis of crude 

1
H NMR. 

d
 Determined by HPLC for cis-isomer. n.r.= no 

reaction, n.d.= no determination. 

N
H

Ar

R

Ar

4a R = OTMS, Ar = Ph
4b R = OTMS, Ar = 3,5-CF3-Ph
4c R = OTMS, Ar = 4-MePh
4d R = OMe, Ar = Ph
4e R = N3, Ar = Ph
4g R = NHAc, Ar = Ph

N
H

HN

HN

S CF3

CF3

4f

N

Cat. 4

conditions O
N

CO2Me

O
O

N

CO2Me

O

OHC

1c 2 cis-3c trans-3c

CO2MeO

Lg

Ph

O

O
OHC

N
H

Ph

OTMS

Ph

4h

N
H

HN

HN

S CF3

CF3

4i

Ph

Ph
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2) Survey of additive  

entry additive t (h) yield (%)
b
 cis/trans

c
 ee (%) 

d
 

1 DIPEA 7 83 9:1 98 
2 TEA 8 89 11:1 >99 
3 2,6-lutidine 48 85 7:1 96 
4 NaOAc 48 n.r. n.d. n.d. 
5 Pyridine 48 47 8:1 96 
6 DABCO 48 20 11:1 97 
7

e
 TEA 10 80 11:1 >99 

a
 Unless  noted, reactions were performed at rt on a 0.1 mmol scale, in 0.5 mL toluene, with a molar ratio of  α-iodohexanal/2-

nitroacyrate/additive/4 = 4:1:1.1:0.2. 
b
 The sum of both isomers. 

c
 Analysis of crude 

1
H NMR. 

d
 Determined by HPLC for cis-isomer. 

e
 1.0 

equivalent TEA was employed. n.r.= no reaction, n.d.= no determination. 

 

3) Concentration effect  

 

 

 

entry M 2 t (h) yield (%)
b
 cis/trans

c
 ee (%)

d
 

1 0.5 8 89 11:1 >99 
2  0.2 14 94 11:1 >99 

a
 Unless  noted, reactions were performed at rt on a 0.1mmol scale, in  toluene, with a molar ratio of  α-iodohexanal/2-nitroacyrate/TEA/4 = 

4:1:1.1:0.2. 
b
 The sum of both isomers. 

c
 Analysis of crude 

1
H NMR. 

d
 Determined by HPLC for cis-isomer. 

N

Cat. 4e

conditions O
N

CO2Me

O
O

N

CO2Me

O

OHC

1c 2 cis-3c trans-3c

CO2MeO

I

Ph

O

O
OHC

N
Cat. 4e

TEA, rt O
N

CO2Me

O
O

N

CO2Me

O

OHC

1c 2 cis-3c trans-3c

CO2MeO

I

Ph

O

O
OHC
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4) Solvent effect  

 

 

 

entry solvent t (h) yield (%)
b
 cis/trans

c
 ee (%)

d
 

1 toluene 14 94 11:1 >99 
2  benzene 14 82 11:1 >99 
3 m-xylene 21 72 13:1 98 
4 TBME 14 61 9:1 99 

a
 Unless  noted, reactions were performed at rt on a 0.1 mmol scale, at 0.1 M concentration, with a molar ratio of  α-iodohexanal/2-

nitroacyrate/TEA/4 = 4:1:1.1:0.2. 
b
 The sum of both isomers. 

c
 Analysis of crude 

1
H NMR. 

d
 Determined by HPLC for cis-isomer. 

5) Catalyst loading and temperature effect 

 

entry mol % of 4e T (℃) t (h) yield (%)
b
 cis/trans

c
 ee (%)

d
 

1 20 23 14 94 11:1 >99 
2 10 23 23 69 9:1 99 
3 20 0 48 n.r. n.d. n.d. 
4 20 30 24 92 7:1 95 
5 10 30 24 62 10:1 95 

a
 Unless  noted, reactions were performed at rt on a 0.1 mmol scale, at 0.1 M concentration, with a molar ratio of  α-iodohexanal/2-

nitroacyrate/TEA/4 = 4:1:1.1:0.2. 
b
 The sum of both isomers. 

c
 Analysis of crude 

1
H NMR. 

d
 Determined by HPLC for cis-isomer. n.r.= no reaction, 

n.d.= no determination. 

 

 

N
Cat. 4e

TEA, rt O
N

CO2Me

O
O

N

CO2Me

O

OHC

1c 2 cis-3c trans-3c

CO2MeO

I

Ph

O

O
OHC

N
Cat. 4e

TEA, toluene O
N

CO2Me

O
O

N

CO2Me

O

OHC

1c 2 cis-3c trans-3c

CO2MeO

I

Ph

O

O
OHC
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 III. NMR and HPLC data  

(S)-2-(Azidodiphenylmethyl)pyrrolidine (4e)  

 

 

Catalyst 4e was synthesized using modified method of literature:
6
 (S)-Diphenyl(pyrrolidin-2-yl)methanol 

(0.81 g, 3.2 mmol)  was dissolved in 20 mL TFA, then cooled with ice bath. NaN3 (1.25 g, 19.2 mmol) was 

potionwise added, then stirred at room temperature for 24 h. Reaction was quenched with saturated aquous 

Na2CO3 solution, extracted with dichloromethane, dried over Na2SO4, concentrated under vacco, then the 

residue was applied to column chromatography, gave 0.73 g solid product (Mp: 70-71 o
C), with 82% yield.  

1
H NMR (400 MHz, CDCl3): δ 1.61-1.75 (m, 5H), 2.98 (t, J = 8 Hz, 2H), 4.35 (t, J = 8 Hz, 1H), 7.22-7.49 

(m, 8H), 7.52 (d, J = 7.5 Hz, 2H). 
13

C NMR (100 MHz, CDCl3): δ 26.1, 28.0, 47.3, 65.3, 75.2, 127.0, 127.2, 

127.5, 128.0, 128.2, 128.5, 142.3, 142.7. 

(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-ethyl-4,5-dihydroisoxazole 2-oxide (3a) 

O
N

CO2Me

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 36 mg (Mp: 126-128 o
C), 64% yield, 10:1 dr,  

95% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 11.66 min, tR 

(minor) 16.57 min [α]
22

D= +119.2° (c = 3.17, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 1.03 (t, J = 7.4 Hz, 

3H), 2.07-2.17 (m, 2H), 3.72 (s, 3H), 4.55 (s, 1H), 7.14-7.16 (m, J = 6.8 Hz, 2H), 7.32-7.38 (m, 3H), 9.13 (s, 

1H). 
13

C NMR (100 MHz, CDCl3): δ 7.2, 28.9, 52.8, 57.0, 88.6, 110.4, 127.9, 129.1, 129.6, 133.1, 158.7, 

196.7, HRMS (ESI) Calcd for C14H16NO5 ([M+H]
+
) 278.1028, found 278.1032.

N
H

OH

Ph

Ph

N
H

N3

Ph

Ph
1) NaN3, TFA, 0¡æ, 1h

2) rt, 24h

82% yield
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(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3b) 

O
N

CO2Me

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 39 mg (Mp: 149-152 o
C), 68% yield, 11:1 dr,  

94% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 9.35 min, tR 

(minor) 18.61 min [α]
22

D= +92.3° (c =1.65, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.97 (t, J = 7.3 Hz, 3H), 

1.30-1.39 (m, 1H), 1.53-1.59 (m, 1H), 2.01-2.10 (m, 2H), 3.73 (s, 3H), 4.54 (s, 1H), 7.14-7.15 (m, J = 6.9 

Hz, 2H), 7.32-7.36 (m, 3H), 9.13 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 14.2, 16.3, 38.1, 52.8, 57.4, 88.4, 

110.4, 127.9, 129.2, 129.6, 133.3, 158.1, 196.8, HRMS (ESI) Calcd for C15H18NO5 ([M+H]
+
) 292.1185, 

found 292.1179. 

 

(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-butyl-4,5-dihydroisoxazole 2-oxide (3c) 

O
N

CO2Me

OOHC

 

According to general procedure: 14 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 57 mg (Mp: 145-147 o
C ), 94% yield, 11:1 dr, 

>99% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.48 min, tR 

(minor) 17.81 min [α]
22

D= +108.3° (c =1.70, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.91 (t, J = 7.2 Hz, 3H), 

1.33-1.38 (m, 3H), 1.45-1.54 (m, 1H), 2.02-2.12 (m, 2H), 3.73 (s, 3H), 4.55 (s, 1H), 7.14-7.15 (m, J = 6.6 

Hz, 2H), 7.34-7.36 (m, 3H), 9.13 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 13.7, 22.8, 24.8, 35.8, 52.8, 57.3, 

88.5, 110.4, 127.9, 129.2, 129.6, 133.3, 158.7, 196.8, HRMS (ESI) Calcd for C16H20NO5 ([M+H]
+
) 306.1341, 

found 306.1343. 
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(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-heptyl-4,5-dihydroisoxazole 2-oxide (3d) 

O
N

CO2Me

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 58 mg (Mp: 82-85 o
C), 84% yield, 9:1 dr, 

92% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.96 min, tR 

(minor) 23.50 min [α]
22

D= +94.9° (c =4.00, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.87 (t, J = 7.0 Hz, 3H), 

1.26-1.29 (m, 9H), 1.51-1.54 (m, 1H), 2.02-2.11 (m, 2H), 3.72 (s, 3H), 4.55 (s, 1H), 7.13-7.15 (m, J = 6.6 

Hz, 2H), 7.31-7.35 (m, 3H), 9.12 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 14.1, 22.6, 22.8, 28.9, 29.6, 31.6, 

36.0, 52.8, 57.3, 88.5, 110.4, 127.9, 129.2, 129.6, 133.1, 158.7, 196.8, HRMS (ESI) Calcd for C19H26NO5 

([M+H]
+
) 348.1811, found 348.1811. 

 

(4S,5S)- 5-(Benzyloxymethyl)- 5-formyl -3-(Methoxycarbonyl)-4-phenyl-4,5-dihydroisoxazole 2-oxide 
(3e) 

O
N

CO2Me

OOHC

O
Bn  

According to general procedure: 14 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as sticky oil 55 mg, 75% yield, 18:1 dr,  99% ee. HPLC 

analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 22.48 min, tR (minor) 29.62 min 

[α]
22

D= +44.6° (c = 2.60, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 3.72 (s, 3H), 3.82-3.94 (dd, J = 8, 36 Hz, 

2H), 4.65-4.66 (m, J = 4 Hz, 2H), 7.13-7.15 (m, J = 8.0 Hz, 2H), 7.32-7.38 (m, 8H), 9.14 (s, 1H). 
13

C NMR 

(100 MHz, CDCl3): δ 52.8, 53.9, 70.6, 74.1, 86.7, 110.1, 127.8, 128.0, 128.2, 128.6, 129.2, 129.7, 132.9, 

136.9, 158.6, 195.1, HRMS (ESI) Calcd for C20H20NO6 ([M+H]
+
) 370.1291, found 370.1299. 
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(4S,5R)-5-Benzyl-4-phenyl)-5-formyl-3-(methoxycarbonyl)-4,5-dihydroisoxazole 2-oxide (3f) 

O
N

CO2Me

OOHC

 

According to general procedure: 24 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 4:1 to 2:1), as sticky oil 47 mg, 70% yield, 8:1 dr, 99% ee. HPLC 

analysis: Chiralcel OD-H (hexane/i-PrOH = 95/05, 1.0 mL/min), tR (major) 25.77 min, tR (minor) 43.81 min. 

[α]
21

D= +60.8° (c = 1.40, CHCl3). 
1
H NMR (400 MHz, 

1
H CDCl3): δ 3.28 (s, 2H), 3.63 (s, 3H), 4.63 (s, 1H), 

7.15-7.16 (d, J = 2.7 Hz, 2H), 7.31-7.35 (m, 8H), 9.14 (s, 1H).  
13

C NMR (100 MHz, CDCl3): δ 40.9, 52.7, 

56.3, 87.6, 110.0, 127.8, 128.0, 128.7, 129.2, 129.2, 129.7, 130.3, 132.5, 132.9, 158.2, 196.6.  HRMS (ESI) 

Calcd for C19H18NO5 ([M+H]
+
) 340.1185, found 340.1179. 

  

(4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-phenyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3g) 

O
N

CO2Et

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 38 mg (Mp: 113-114 o
C), 87% yield, 9:1 dr,  

91% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.44 min, tR 

(minor) 19.44 min [α]
22

D= +90.1° (c = 3.80, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.97 (t, J = 7.2 Hz, 3H), 

1.11 (t, J = 7.2 Hz, 3H), 1.31-1.39 (m, 1H), 1.52-1.61 (m, 1H), 1.99-2.14 (m, 2H), 4.12-4.22 (m, 2H), 4.54 (s, 

1H), 7.14 (t, J = 6.4 Hz, 2H), 7.31-7.37 (m, 3H), 9.16 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 13.9, 14.2, 

16.3, 38.1, 57.6, 62.0, 88.3, 110.4, 127.9, 129.1, 133.3, 158.1, 196.9, HRMS (ESI) Calcd for C16H20NO5 

([M+H]
+
) 306.1341, found 306.1344. 
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 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-5-propyl-4-o-tolyl-4,5-dihydroisoxazole 2-oxide (3h) 

O
N

CO2Et

OOHC

 

According to general procedure: 24 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 52 mg (Mp: 75-77 o
C), 81% yield, 11:1 dr,  

97% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 6.37 min, tR 

(minor) 22.00 min. [α]
22

D= +59.9° (c = 4.50, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.97 (t, J = 7.2 Hz, 3H), 

1.12 (t, J = 7.2 Hz, 3H), 1.29-1.38 (m, 1H), 1.53-1.62 (m, 1H), 2.00-2.236 (m, 2H), 2.32 (s, 3H), 4.13-4.21 

(m, 2H),4.77 (s, 1H),  7.10-7.13 (q, J = 1.6 Hz, 1H), 7.19 (d, J = 5.2 Hz, 3H), 9.11 (s, 1H).  
13

C NMR (100 

MHz, CDCl3): δ 13.9, 14.2, 16.4, 38.5, 52.9, 62.0, 88.2, 110.8, 126.6, 127.0, 128.9, 131.5, 131.8, 158.0, 

197.3.  HRMS (ESI) Calcd for C17H22NO5 ([M+H]
+
) 320.1498, found 320.1494. 

 

(4S,5R)-4-(2-Chlorophenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide  (3i) 

O
N

CO2Et

OOHC

Cl

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 43 mg (Mp: 78-79 o
C), 64% yield, >20:1 dr, 

96% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.78 min, tR 

(minor) 30.14 min. [α]
22

D= +46.1° (c = 3.507, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.99 (t, J = 7.2 Hz, 

3H), 1.12 (t, J = 7.3 Hz, 3H), 1.33-1.41 (m, 1H), 1.55-1.62 (m, 1H), 2.07-2.24 (m, 2H), 4.13-4.22 (m, 2H), 

5.24 (s, 1H),  7.16-7.18 (m, 1H), 7.27 (t, J = 3.0 Hz, 2H), 7.41-7.44 (m, 1H), 9.13 (d, J = 0.5 Hz, 1H). 
13

C 

NMR (100 MHz, CDCl3): δ 13.8, 14.2, 16.3, 38.0, 52.8, 62.1, 88.0, 109.8, 127.8, 128.4, 130.3, 130.6, 131.5, 

133.8, 157.9, 195.5.  HRMS (ESI) Calcd for C16H19NO5Cl ([M+H]
+
) 340.0952, found 340.0956. 
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(4S,5R)-3-(Ethoxycarbonyl)-5-formyl-5-propyl-4-m-tolyl-4,5-dihydroisoxazole 2-oxide  (3j) 

O
N

CO2Et

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 51 mg  (Mp: 111-113 o
C), 80% yield,  11:1 dr, 

92% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 6.39 min, tR 

(minor) 15.20 min. [α]
22

D= +66.9° (c = 4.80, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.97 (t, J = 7.2 Hz, 3H), 

1.14 (t, J = 7.2 Hz, 3H), 1.33-1.35 (m, 1H), 1.54-1.58 (m, 1H), 1.98-2.13 (m, 2H), 2.32 (s, 3H),  4.13-4.23 

(m, 2H), 4.49 (s, 1H),  6.94 (s, 2H), 7.11 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 8.0 Hz, 1H), 9.15 (s, 1H). 
13

C NMR 

(100 MHz, CDCl3): δ 13.9, 14.2, 16.3, 21.4, 38.1, 57.5, 62.0, 88.2, 110.5, 125.0, 128.4, 129.4, 129.9, 133.2, 

139.5, 158.2, 196.9. HRMS (ESI) Calcd for C17H22NO5 ([M+H]
+
) 320.1498, found 320.1496. 

 

 (4S,5R)-4-(3-Chlorophenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide  (3k) 

O
N

CO2Et

OOHC

Cl

 

According to general procedure: 9 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 43 mg  (Mp: 106-108 o
C), 63% yield, >20:1 

dr,  > 96% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.30 min, 

tR (minor) 21.12 min. [α]
22

D= +40.7° (c = 1.70, CHCl3). 
1
H NMR ( 400 MHz, CDCl3): δ 0.97 (t, J = 7.3 Hz, 

3H), 1.15 (t, J = 7.1 Hz, 3H), 1.33-1.36 (m, 1H), 1.54-1.60 (m, 1H), 1.98-2.12 (m, 2H), 4.14-4.24 (m, 2H), 

4.50 (s, 1H), 7.03 (d, J = 3.4 Hz, 1H), 7.15 (s, 1H), 7.29 (d, J = 4.8 Hz, 2H), 9.22 (s, 1H).  
13

C NMR (100 

MHz, CDCl3): δ 13.9, 14.2, 16.3, 38.3, 57.1, 62.2, 88.2, 110.0, 126.0, 128.1, 129.4, 130.8, 135.5, 135.6, 

157.9, 196.8.  HRMS (ESI) Calcd for C16H19NO5Cl ([M+H]
+
) 340.0952, found 340.0956. 
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(4S,5R)-4-(4-Bromophenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide  (3l) 

O
N

CO2Et

OOHC

Br

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid  60 mg  (Mp: 99-101 o
C), 78% yield,  14:1 dr,  

94% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.58 min, tR 

(minor) 26.68 min. [α]
24

D= +44.4° (c =2.40, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.96 (t, J = 7.2 Hz, 3H), 

1.14 (t, J = 7.2 Hz, 3H), 1.25-1.36 (m, 1H), 1.52-1.59 (m, 1H), 1.97-2.13 (m, 2H), 4.14-4.22 (m, 2H), 4.50 (s, 

1H),  7.03 (d, J = 8.4 Hz, 2H), 7.48 (t, J = 8.4 Hz, 2H), 9.18 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 13.9, 

14.2, 16.3, 38.2, 57.0, 62.2, 88.2, 110.1, 123.3, 129.5, 132.5, 132.7, 158.0, 196.9. HRMS (ESI) Calcd for 

C16H19NO5Br ([M+H]
+
) 384.0447, found 384.0446. 

 

 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-5-propyl-4-p-tolyl-4,5-dihydroisoxazole 2-oxide  (3m) 

O
N

CO2Et

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 52 mg (Mp: 93-96 o
C), 81% yield, 10:1 dr, 

92% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 6.73 min, tR 

(minor) 15.74 min. [α]
22

D = +69.8° (c =4.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.96 (t, J = 7.2 Hz, 3H), 

1.13 (t, J = 7.2 Hz, 3H), 1.33-1.39 (m, 1H), 1.53-1.63 (m, 1H), 1.98-2.15 (m, 2H), 2.34 (s, 3H), 4.16-4.24 (m, 

2H), 4.53 (s, 1H), 7.03-7.05 (q, J = 7.6 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 9.17 (s, 1H).  
13

C NMR (100 MHz, 

CDCl3): δ 13.9, 14.2, 16.3, 38.0, 57.2, 62.0, 88.3, 110.5, 127.7, 130.1, 130.2, 139.0, 158.2, 197.1.  HRMS 

(ESI) Calcd for C17H22NO5  ([M+H]
+
) 320.1498, found 320.1495. 
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 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(4-methoxyphenyl)-5-propyl-4,5-dihydroisoxazole 2-oxide  

(3n) 

O
N

CO2Et

OOHC

MeO

 

According to general procedure: 24 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 49 mg (Mp: 88-89 o
C), 73% yield, 13:1 dr,  

91% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 11.31 min, tR 

(minor) 27.46 min. [α]
22

D = +69.1° (c = 4.50, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.96 (t, J = 7.2 Hz, 

3H), 1.13 (t, J = 7.2 Hz, 3H), 1.30-1.36 (m, 1H), 1.51-1.58 (m, 1H), 1.95-2.12 (m, 2H), 3.78 (s, 3H), 4.13-

4.22 (m, 2H), 4.49 (s, 1H),  6.85 (d, J = 8.8 Hz, 2H), 7.05 (d, J = 8.8 Hz, 2H), 9.15 (d, J = 0.4 Hz, 1H).  
13

C 

NMR (100 MHz, CDCl3): δ 13.9, 14.2, 16.3, 38.0, 55.3, 56.8, 62.0, 88.3, 110.5, 114.9, 125.0, 129.1, 158.2, 

160.0, 197.1.  HRMS (ESI) Calcd for C17H22NO6 ([M+H]
+
) 336.1447, found 336.1443. 

 

 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(naphthalen-1-yl)-5-propyl-4,5-dihydroisoxazole 2-oxide  (3o) 

O
N

CO2Et

OOHC

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 2:1), as white solid 44 mg (Mp: 114-115 o
C), 62% yield, 12:1 dr,  

94% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 10.47 min, tR 

(minor) 31.92 min. [α]
22

D= +5.7° (c = 3.20, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.97-1.04 (m, 6H), 1.36-

1.43 (m, 1H), 1.60-1.68 (m, 1H), 2.17-2.33 (m, 2H), 4.08-4.14 (m, 2H), 5.43 (s, 1H),  7.37 (d, J = 7.2 Hz, 

1H), 7.45 (t, J = 7.2Hz, 1H), 7.56 (t, J = 7.6 Hz, 1H), 7.64 (t, J = 8.0 Hz, 1H ), 7.83-7.92 (m, 3H), 8.98(s, 

1H). 
13

C NMR (100 MHz, CDCl3): δ 13.8, 14.2, 16.4, 38.0, 51.8, 62.0, 88.0, 110.5, 122.3, 125.30, 125.33, 

126.5, 127.3, 129.3, 129.9, 130.9, 134.2, 158.1, 195.5.  HRMS (ESI) Calcd for C20H22NO5 ([M+H]
+
)  

356.1498, found 356.1496. 
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(4S,5R)-5-Formyl-3-(methoxycarbonyl)-4-(naphthalen-2-yl)-5-propyl-4,5-dihydroisoxazole 2-oxide  

(3p) 

O
N

CO2Et

OOHC

 

According to general procedure: 12 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 8:1 to 2:1), as white solid 50 mg (Mp: 164-165 o
C), 74% yield, 11:1 dr,  

87% ee. After recrystallization, >99% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 

mL/min), tR (major) 11.68 min, tR (minor) 33.67 min. [α]
23

D= +126.7° (c = 2.00, CHCl3). 
1
H NMR ( 400 

MHz,
1
H CDCl3): δ 0.99 (t, J = 7.4 Hz, 3H), 1.34-1.40 (m, 1H), 1.55-1.63 (m, 1H), 2.07-2.16 (m, 2H), 3.71 

(s, 3H), 4.71 (s, 1H), 7.23 (d, J = 8.4 Hz, 1H), 7.52 (t, J = 4.5 Hz, 2H), 7.64 (s, 1H), 7.81-7.86 (m, 3H), 9.15 

(s, 1H).  
13

C NMR (100 MHz, CDCl3): δ 14.2, 16.3, 38.2, 52.9, 57.5, 88.6, 110.4, 125.0, 126.9, 127.0, 127.3, 

127.8, 128.0, 129.8, 130.5, 133.3, 133.4, 158.7, 196.7.  HRMS (ESI) Calcd for C19H20NO5 ([M+H]
+
) 

342.1341, found 342.1344. 

 

 

 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(furan-3-yl)-5-butyl-4,5-dihydroisoxazole 2-oxide  (3q) 

O
N

CO2Et

OOHC

O

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 10:1 to 6:1), as white solid 41 mg (Mp: 68-69 o
C), 67% yield, >20:1 dr, 

85% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 8.38 min, tR 

(minor) 18.39 min. [α]
22

D= +30.8° (c = 1.70, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.91 (t, J = 7.2 Hz, 3H), 

1.27 (t, J = 7.2 Hz, 3H), 1.30-1.41 (m, 3H), 1.47-1.51 (m, 1H), 1.98-2.08 (m, 2H), 4.22-4.26 (m, 2H), 4.53 (s, 

1H),  6.25 (s, 1H), 7.37 (s 1H), 7.41(s, 1H), 9.34 (s, 1H). 
13

C NMR (400 MHz, CDCl3): δ 13.7, 14.0, 22.8, 

24.8, 35.0, 48.1, 62.1, 87.9, 109.4, 109.5, 117.9, 140.9, 144.7, 158.0, 196.8, HRMS (ESI) Calcd for 

C15H20NO6 ([M+H]
+
) 309.1230, found 309.1228. 
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(4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(furan-2-yl)-5-propyl-4,5-dihydroisoxazole 2-oxide  (3r) 

O
N

CO2Et

OOHC
O

 

According to general procedure: 16 h, at room temperature, the product was obtained from flash 

chromatography (hexane/EtOAc = 8:1 to 2:1), as white solid 36 mg (Mp: 103-105 o
C), 61% yield, 11:1 dr, 

84% ee. HPLC analysis: Chiralcel OD-H (hexane/i-PrOH = 90/10, 1.0 mL/min), tR (major) 9.18 min, tR 

(minor) 15.85 min. [α]
22

D= +12.5° (c = 2.50, CHCl3). 
1
H NMR (400 MHz, CDCl3): δ 0.96 (t, J = 7.6 Hz, 

3H), 1.19 (t, J = 6.8 Hz, 3H), 1.35-1.40 (m, 1H), 1.48-1.59 (m, 1H), 1.92-2.11 (m, 2H), 4.17-4.29 (m, 2H), 

4.70 (s, 1H),  6.28 (d, J = 3.2 Hz, 1H), 6.33-6.35 (dd, J1 = 3.2 Hz, J2 = 22.0 Hz, 1H), 7.36 (d, J = 1.2 Hz, 1H), 

9.35 (s, 1H). 
13

C NMR (100 MHz, CDCl3): δ 14.0, 14.2, 16.2, 37.4, 50.7, 62.1, 87.6, 107.7, 110.1, 111.2, 

143.5, 145.9, 157.9, 196.2, HRMS (ESI) Calcd for C14H18NO6 ([M+H]
+
) 296.1134, found 296.1135. 
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Tansformation of cis-isoxazoline N-oxides into densely functionalized 2-amino-γ-
lactone 

 

 

 

 

 

 

 

 

 

 (4S,5R)-5-Butyl-5-((tert-butyldimethylsilyloxy)methyl)-3-(methoxycarbonyl)-4-phenyl-4,5-

dihydroisoxazole 2-oxide (5)  

To the solution of 3c (100 mg, 0.33 mmol) in MeOH/DCM 2 mL (1:3) under -10 
o
C, was added NaBH4 (25 

mg, 0.66 mmol) portionwise. Reaction completed in 10 minutes, then quenched with 5 mL saturated 

aqueous ammonium chloride. After separation, and dry on anhydrous magnesium sulfate, the solvent was 

removed under reduced pressure. Obtained residue and imidazole (45 mg, 0.66 mmol) dissolved in 1.0 mL 

anhydrous DMF, then TBDMSCl (99 mg, 0.66 mmol) was added in one portion. Reaction finished in 5 h, 

with TLC monitor. Subsequent chromatography purification on silicon gel gave colorless oil in 77% yield 

for two steps.  

1
H NMR (400 MHz, CDCl3): δ -0.29 (s, 3H), -0.16 (s, 3H), 0.78 (s, 9H), 0.93 (t, J = 7.2 Hz, 3H), 1.33-1.52 

(m, 4H), 1.94-1.96 (m, 2H), 3,23 (d, J = 10.5 Hz, 1H), 3,35 (d, J = 10.5 Hz, 1H), 3.68 (s, 3H), 4.40 (s, 1H), 

7.14-7.17 (m, 2H), 7.30-7.32 (m, 3H). 
13

C NMR (100 MHz, CDCl3): δ -6.1, -6.0, 14.0, 18.0, 22.9, 24.9, 25.7, 

35.5, 52.5, 55.9, 61.3, 86.7, 113.0, 128.2, 128.7, 135.1, 159.4. 

 

 

 

O

N

CO2Me

O

Ph

OHC
1) NaBH4, MeOH/DCM (1:3), -10 oC

O

N

CO2Me

O

Ph

TBSO

O
N

CO2Me
Ph

TBSO

NiCl2.6H2O, NaBH4, Boc2O

MeOH/THF (3:1) -30 oC, 24 h

2 steps, 77% yield

99% yield

> 99% ee

3c 5

67

O

NHBoc
Ph

O

60% yield, 96% ee

TBSO

2) TBSCl, imidazole, DMF, rt, 3 h

P(OMe)3, 100 oC, 16 h
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(4S,5R)-Methyl 5-butyl-5-((tert-butyldimethylsilyloxy)methyl)-4-phenyl-4,5-dihydroisoxazole-3-

carboxylate (6) 

A solution of 4 (82 mg, 0.2 mmol) in 1.0 mL P(OMe)3 was stirred at 100 
o
C for 16 h, with N2 protection, 

hereafter diluted with Et2O (5 mL), then 5 mL 1 M HCl was added at -10 
o
C. After separation, dried over 

magnesium sulfate, solution was concentrated in vacuo, then applied to silicon gel to give colorless oil in 

quantitative yield.  

1
H NMR (400 MHz, CDCl3): δ -0.33 (s, 3H), -0.17 (s, 3H), 0.77 (s, 9H), 0.93 (t, J = 7.2 Hz, 3H), 1.25-1.48 

(m, 4H), 1.80-1.83 (m, 2H), 3,25 (d, J = 10.5 Hz, 1H), 3.46 (d, J = 10.5 Hz, 1H), 3.76 (s, 3H), 4.30 (s, 1H), 

7.03 (d, J = 6.6 Hz, 2H), 7.26 -7.32 (m, 3H). 
13

CH NMR (100 MHz, CDCl3): δ -6.1, -6.0, 14.0, 18.0, 23.0, 

25.1, 25.7, 36.0, 52.6, 58.9, 61.6, 94.7, 127.9, 128.6, 128.8, 133.8, 154.0, 160.8. 

 

tert-Butyl (3R,4S,5R)-5-butyl-5-((tert-butyldimethylsilyloxy)methyl)-2-oxo-4-phenyltetrahydrofuran-

3-ylcarbamate (7) 

NiCl2.6H2O (0.33 mmol, 3 equiv), Boc2O (0.33 mmol, 3 equiv) and 5 (0.11 mmol, 1 equiv) were suspended 

in a 3:1 mixture of MeOH/THF (0.8 mL) at -30 
o
C. After 10 min of stirring, NaBH4 (1.1 mmol, 10 equiv) 

was added portionwise. The stirring was maintained at -30 
o
C for 24 h. After the reaction was completed, it 

was quenched with conc. NH4OH (2 mL), extracted with dichloromethane, dried over magnesium sulfate 

and concentrated in vacuo. Silicon gel chromatography purification gave 31 mg colorless oil in 60% yield.  

96% ee. HPLC analysis: Chiralcel IA-H (hexane/i-PrOH = 98/2, 1.0 mL/min), tR (major) 6.87 min, tR (minor) 

8.36 min. [α]
21

D= +52.8° (c = 2.30, CHCl3). 

1
H NMR (400 MHz, CDCl3): δ -0.25 (s, 3H), -0.11 (s, 3H), 0.80 (s, 9H), 0.92 (t, J = 7.2 Hz, 3H), 1.29 (s, 

9H), 1.35-1.41 (m, 4H), 1.87-1.92 (m, 2H), 3.33 (d, J =12.0 Hz, 1H), 3.56 (d, J =12.0 Hz, 1H), 3.72 (d, J = 

12.0 Hz, 1H), 4.89 (d, J = 8.0 Hz, 1H), 5.05 (t, J = 8.0 Hz, 1H), 7.07 (d, J =8.0 Hz, 2H), 7.26 -7.31 (m, 3H). 

13
CH NMR (100 MHz, CDCl3): δ -6.1, 14.0, 18.1, 23.0, 25.6, 25.7, 25.7, 28.1, 35.2, 52.5, 53.3, 62.7, 80.2, 

88.8, 127.8, 128.6, 129.6, 133.9, 155.1, 174.9. HRMS (ESI) Calcd for C26H43NO5SiNa ([M+Na]
+
) 500.2808, 

found 500.2805. 
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IV. Absolute configuration assignments of (4S,5R)-4-(4-Bromophenyl)-3-

(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3l) 
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VI. 
1
H NMR and 

13
C NMR spectra 

(S)-2-(Azidodiphenylmethyl)pyrrolidine (4e) 
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(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-ethyl-4,5-dihydroisoxazole 2-oxide (3a) 
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(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3b) 
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(4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-butyl-4,5-dihydroisoxazole 2-oxide (3c) 
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 (4S,5R)-3-(Methoxycarbonyl)-5-formyl-4-phenyl-5-heptyl-4,5-dihydroisoxazole 2-oxide (3d) 
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(4S,5S)-5-(Benzyloxymethyl)-5-formyl-3-(Methoxycarbonyl)-4-phenyl-4,5-dihydroisoxazole 2-oxide 
(3e) 
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(4S,5R)-5-Benzyl-4-(4-chlorophenyl)-5-formyl-3-(methoxycarbonyl)-4,5-dihydroisoxazole 2-oxide (3f) 
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(4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-phenyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3g) 
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 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-5-propyl-4-o-tolyl-4,5-dihydroisoxazole 2-oxide (3h) 
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 (4S,5R)-4-(2-Chlorophenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3i)  
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 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-5-propyl-4-m-tolyl-4,5-dihydroisoxazole 2-oxide (3j) 
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 (4S,5R)-4-(3-Chlorophenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3k) 
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  (4S,5R)-4-(4-Bromophenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3l) 
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 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-5-propyl-4-p-tolyl-4,5-dihydroisoxazole 2-oxide (3m) 
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(4S,5R)-4-(4-Methoxyphenyl)-3-(ethoxycarbonyl)-5-formyl-5-propyl-4,5-dihydroisoxazole 2-oxide (3n) 
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(4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(naphthalen-1-yl)-5-propyl-4,5-dihydroisoxazole 2-oxide (3o) 
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(4S,5R)-5-Formyl-3-(methoxycarbonyl)-4-(naphthalen-2-yl)-5-propyl-4,5-dihydroisoxazole 2-oxide (3p) 
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(4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(furan-3-yl)-5-butyl-4,5-dihydroisoxazole-2-oxide (3q) 
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 (4S,5R)-3-(Ethoxycarbonyl)-5-formyl-4-(furan-2-yl)-5-propyl-4,5-dihydroisoxazole 2-oxide (3r) 
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(4S,5R)-5-Butyl-5-((tert-butyldimethylsilyloxy)methyl)-3-(methoxycarbonyl)-4-phenyl-4,5-

dihydroisoxazole 2-oxide (5) 
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(4S,5R)-Methyl 5-butyl-5-((tert-butyldimethylsilyloxy)methyl)-4-phenyl-4,5-dihydroisoxazole-3-

carboxylate (6) 
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tert-Butyl (3R,4S,5R)-5-butyl-5-((tert-butyldimethylsilyloxy)methyl)-2-oxo-4-phenyltetrahydrofuran-3-

ylcarbamate (7) 
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COSY spectrum of tert-butyl (3R,4S,5R)-5-butyl-5-((tert-butyldimethylsilyloxy)methyl)-2-oxo-4-

phenyltetrahydrofuran-3-ylcarbamate (7) 

O

NHBoc
Ph

O
TBSO
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NOESY spectrum of tert-butyl (3R,4S,5R)-5-butyl-5-((tert-butyldimethylsilyloxy)methyl)-2-oxo-4-

phenyltetrahydrofuran-3-ylcarbamate (7) 

O

NHBoc
Ph

O
TBSO
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 VII. HPLC spectra 
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