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89:11

79:21

35; Yield [%]

35a; 95

35b; 85

35c; 94

35d; 97

35e; 93

36; Yield [%]

36a; 63

36b; 66

36c; 60

36d; 68

36e; 64

R

OTBSMe

O2N

36

R

OMe

O2NTBAF

THF
R

OHMe

O2N

37

DMP

CH2Cl2

38

entry

1

2

3

4

5

R

Bu

nPr

nPen

cHex

iPr

37; Yield [%]

37a; 90

37b; 90

37c; 75

37d; 79

37e; 73

38; Yield [%]

38a; 88

38b; 83

38c; 79

38d; 75

38e; 84

38; ee [%ee]

99

99

99

99

99

29 38 99%ee

-2H- -[b]

[4.1.0] 29

[4.1.0] 29 [5.1.0]

I1

I2

8 1 5

28)



29)

(Figure. 15)
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[4.1.0] [5.1.0] 5/5

8 1 5

[4.1.0] 29 Bayear-Villiger

 (Scheme 35)30)

R

OMe

O2N

29

O

O2N
R

Me O

mCPBA

CH2Cl2
reflux

39a; R = Bu, 73%
39b; R = nPr, 76%
39c; R = nPen, 64%
39e; R = iPr, 77%

R

OMe

O2N

38

O

O2N
R

Me O

mCPBA

CH2Cl2
reflux

40a; R = Bu, 80%
40b; R = nPr, 73%
40c; R = nPen, 68%
40d;  R = cHex, 76%
40e; R = iPr, 70%

Scheme 35 

39 40 80%

R n- 73%



77% 39 40d

/  (Scheme 36)

O

O2N
c-Hex

Me O

TMSOTf(1.2 eq)
Et3N(1.7 eq)

CH2Cl2, 0 O
OTMS

c-Hex

Me

NO2

42d; 95%40d

Scheme 36 

40d 0

2

42d 95%

(Scheme 37)

O

O2N
R
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R

Me

NO2

39 41a; R = Bu, 87%
41b; R = nPr, 48%
41c; R = nPen, 93%

O

O2N
R

Me O
42a; R = Bu, 93%
42b; R = nPr, 77%
42c; R = nPen, 98%
42e; R = iPr, 74%

O
OTMS

R

Me

NO2

40

TMSOTf(1.2 eq)
Et3N(1.7 eq)

CH2Cl2, 0

TMSOTf(1.2 eq)
Et3N(1.7 eq)

CH2Cl2, 0

Scheme 37
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41a 87%
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H4 H3

(Scheme 38 )
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-

-

30)

31)

Charette 6b)

[3.1.0]

[3.1.0] 3b Charette

(Scheme 39)

Scheme 39 

[3.1.0] 3b

1H-NMR 5-6 ppm

13C-NMR 80 ppm

FT-IR

2230 cm-1

43b

- 32)

O2N

n-Pr
R2O2C CO2R2

Zn, HCl

MeOH n-Pr
R2O2C CO2R2

N

3b 43b; 67%

H2N

n-Pr
R2O2C CO2R2

not observed



- [3.1.0] 3 (Table 3)

Table 3. -

43 70%

43 64%

- pH

-

pH [3.1.0]

43b 44b (Scheme 40)

Scheme 40

44b 1H-NMR 8.8 13C-NMR 160ppm

-

O2N

R1

R2O2C CO2R2

Zn, HCl

MeOH R1

R2O2C CO2R2

N

entry

1

2

3

4

5

6

7

8

9

R1

iPr

Et

nBu

nPen

nHex

cHex

Et

iPr

nPen

R2

Me

Me

Me

Me

Me

Me

Et

Et

Et

Time[h]

2

2

2

2

2

2

2

2

2

Yield[%]

64

75

70

66

66

67

69

67

73

3 43

O2N

n-Pr
MeO2C CO2Me

MeOH n-Pr
MeO2C CO2Me

N

3b 43b; 45%

N
OH

R2O2C
CO2R2

n-Pr

44b; 18%

+

Zn

NH4Cl aq, 
pH = 4.5



- pH pH

(Table 4)

Table. 4 - pH

pH 43b 3b

(entry 1-3) pH = 5.7 3b 19% (entry 2)

pH = 6.1 43b 3b 66%

44b 19% (enry 3)

(entry 4)

- 44b -

(Scheme 41) 

44b 96

Scheme 41

O2N

n-Pr
MeO2C CO2Me

NH4Cl aq 
buffer

n-Pr
MeO2C CO2Me

N

3b 43b; 45%

N
OH

MeO2C
CO2Me

n-Pr

44b; 18%

+

Zn

MeOH

entry

1
2
3
4

pH

4.5
5.7
6.1
6.1

Time[min]

5
5
5
15

Yield[%]

3b 43b 44b
0 45 18
19 18 27
66 0 19
64 0 6

MeOH

N
OH

MeO2C
CO2Me

n-Pr
Zn, 1NHCl

no reaction
recovery of 44b, 96%

44b



44b 43b 43b

-

(Figure. 16)

Figure. 16 
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[3.1.0] 3

2 - 70

43 -

44

-

O- 43

44



2b (Table 5)15,16)

Table 5. 
DBU

metallic salt
(2-4 eq)

I2

THF

n-Pr
MeO2C CO2Me

2b

O2N

n-Pr
MeO2C CO2Me

3b

O2N

entry 

1

2

3

4

5

6

7

Metallic solt

Ce(NO3)3 6H2O

Cu(OTf)2
CuCl

PdCl2
Fe2O3

FeCl3
MnO2

Time [h]

4

3

4

4

10

3

6

Yield [%]

13

1

81

81

81

70

74

[3.1.0] 3b 13% (entry 1)

( ) ( ) [3.1.0] 3b 81%

(entry3,4) [3.1.0] 3b

(entry5, 6) [3.1.0] 3b

(entry 7)



(Table 6)

Table 6.

DBU (1 eq)
Fe2O3(2 eq)

I2(2 eq)

THF

R
R1O2C CO2R1

2

O2N

R
R1O2C CO2R1

3

O2N

entry 

1

2

3

4

5

6

R

nBu

iPr

cHex

Ph

Et

nPen

R1

Me

Me

Me

Me

Et

Et

R
R1O2C CO2R1

4

3; Yield [%]

62

18

19

59

60

63

3; dr

95:5

90:10

90:10

97:3

95:5

92:8

4; Yield [%]

20

81

76

0

6

29

4; dr

95:5

nd

98:2

-

90:10

86:14

O
NO

+

[3.1.0] 3 -N- 4

R [3.1.0] 3 62% 95:5

-N- 4 20%

95:5 (entry 1) R

-N- 4

81% 76% [3.1.0]

3 18% 19% (entry 2, 3)

[3.1.0] 3

-N- 





KAIST





Dimethyl 2-Allyl-2-(1-nitrobutan-2-yl)-malonate 2a 
NO2

MeO2C
CO2Me

1H NMR (500 MHz, CDCl3): = 5.75 (dddd, J = 18.8, 9.1, 6.6, 1.2 Hz, 1 H), 5.14 (d, J = 10.5 Hz, 1 

H), 5.13 (d, J = 17.6 Hz, 1 H), 4.74 (ddd, J = 14.4, 3.2, 0.6 Hz, 1 H), 4.35 (ddd, J = 14.4, 7.0, 1.1 Hz, 

1 H), 3.74 (s, 3 H), 3.71 (s, 3 H), 2.95 (dtd, J = 6.7, 3.2, 2.3 Hz, 1 H), 2.78 (ddd, J = 14.5, 6.6, 1.2 

Hz, 1 H), 2.65 (ddd, J = 14.6 ppm 

(td, J = 7.5, 1.1 Hz, 3 H);  

13C NMR (26 MHz, CDCl3): = 170.2, 170.1, 170.0, 169.9, 132.0, 119.3, 119.3, 77.3, 60.5, 52.4, 52.4, 

52.4, 52.3, 41.0, 37.8, 37.8, 22.3, 22.3, 11.0, 11.0.ppm 

Anal. Calcd. for C12H19NO6: C, 52.74; H, 7.01; N, 5.13. Found: C, 52.54; H, 6.92; N, 5.23. 



Di

NO2

MeO2C
CO2Me

1H NMR (500 MHz, CDCl3): J = 10.7 Hz, 2 H), 5.13 (d, J = 17.5 Hz, 

2 H), 4.75 (dd, J = 14.5, 3.4 Hz, 1 H), 4.32 (dd, J = 14.4, 6.6 Hz, 1 H), 3.75 (s, 3 H), 3.71 (s, 3 H), 

3.01 (dd, J = 9.3, 5.9 Hz, 1 H), 2.78 (dd, J = 14.5, 6.5 Hz, 1 H), 2.64 (dd, J = 14.5, 8.1 Hz, 1 H), 

 0.90ppm (t, J = 7.1 Hz, 3 H);   

13C NMR (26 MHz, CDCl3): = 170.5, 170.3, 132.2, 119.6, 78.1, 61.0, 52.7, 52.6, 39.8, 38.2, 32.1, 

20.2, 14.1.ppm 

HRMS (FAB M + H) m/z 288.1448. Calcd for C13H22NO6 288.1447. 



NO2

MeO2C
CO2Me

1H NMR (500 MHz, CDCl3 5.75 (dddd, J = 17.0, 10.7, 8.1, 6.6 Hz, 1 H), 5.13 (d, J = 10.3 Hz, 1 

H), 5.13 (d, J = 17.0 Hz, 1 H), 4.75 (dd, J = 14.4, 3.5 Hz, 1 H), 4.33 (dd, J = 14.4, 6.6 Hz, 1 H), 3.74 

(s, 3 H), 3.71 (s, 3 H), 3.00 (ddd, J = 9.7, 6.6, 3.4 Hz, 1 H), 2.77 (dd, J = 14.5, 6.5 Hz, 1 H), 2.64 

(dd, J  (m, 8 H), 0.86 ppm (t, J = 6.9 Hz, 3 H);  

13C NMR (26 MHz, CDCl3  170.6, 170.4, 132.2, 119.7, 78.1, 61.0, 52.6, 52.6, 40.1, 38.2, 31.8, 

29.8, 26.6, 22.3, 13.9. ppm 

HRMS (FAB M + H) m/z 316.1755. Calcd for C15H26NO6 316.1760. 



NO2
MeO2C

CO2Me

1H NMR (500 MHz, CDCl3): = 0.76 (d, 3 H, J = 7.3 Hz), 0.96 (d, 3 H, J = 6.9 Hz), 2.04  2.16 (m, 

1 H), 2.62  2.71 (m, 1 H), 2.84 (dd, 1 H, J = 6.6, 14.5 Hz), 3.16  3.19 (m, 1 H), 3.71  3.77 (m, 6 

H), 4.48 (dd, 1 H, J = 6.9, 14.8 Hz), 4.72 (dd, 1 H, J = 3.0, 14.8 Hz), 5.10  5.17 (m, 1 H), 5.65 

5.83ppm (m, 1 H). 

13C NMR (26 MHz, CDCl3): = 16.4, 22.6, 26.5, 38.3, 44.4, 52.5, 52.5, 60.6, 119.6, 132.1, 170.5, 

170.7. ppm 

Anal. Calcd. for C13H21NO6: C, 54.35; H, 7.37; N, 4.88. Found: C, 54.02; H, 7.15; N, 4.93. 



NO2

MeO2C
CO2Me

1H NMR (500 MHz, CDCl3): = 5.74 (dddd, J = 12.2, 9.8, 7.2, 1.3 Hz, 1 H), 5.14 (d, J = 9.9 Hz, 

1H), 5.13 (d, J = 17.8 Hz, 1 H), 4.65 (dd, J = 14.8, 2.7 Hz, 1 H), 4.55 (ddd, J = 14.9, 7.5, 1.3 Hz, 1 

H), 3.74 (s, 3 H), 3.70 (s, 3 H), 3.10 (d, J = 7.4 Hz, 1 H), 2.83 (ddd, J = 14.4, 6.3, 1.2 Hz, 1 H), 2.66 

(dd, J  ppm (m, 6 H);  

13C NMR (26 MHz, CDCl3): = 170.9, 170.7, 132.2, 119.7, 75.0, 60.1, 52.7, 52.7, 44.8, 38.6, 37.4, 

33.0, 27.4, 7.1, 26.6, 26.0. ppm



(1R*,2S*,5R*)-Dimethyl 2-Ethyl-1-nitrobicyclo[3.1.0]hexane-3,3- dicarboxylate 3a

Dimethyl 6-Ethyl-3a,4-dihydro-3H-cyclopenta[c]isoxazole-5,5(6H)-dicarboxylate-N 

-oxide

O2N

MeO2C CO2Me

1H NMR (500 MHz, CDCl3): = 3.74 (s, 3 H), 3.73 (s, 3 H), 3.58 (dd, J = 5.6, 3.4 Hz, 1 H), 2.93 (ddd, 

J = 14.1, 5.3, 0.9 Hz, 1 H), 2.64 (ddd, J = 10.1, 5.4, 5.0 Hz, 1 H), 2.23 (d, J = 14.2 Hz, 1 H), 1.95 (dqd,

J = 15.2, 7.6, 5.7 Hz, 1 H), 1.67 (ddd, J = 9.8, 6.7, 1.1 Hz, 1 H), 1.48 (dqd, J = 15.1, 7.5, 3.4 Hz, 1 H), 

1.13 (dd, J = 6.6, 5.7 Hz, 1 H), 0.86ppm (t, J = 7.6 Hz, 3 H);  

13C NMR (26 MHz, CDCl3): = 172.3, 168.8, 71.9, 63.6, 53.4, 53.1, 45.3, 33.5, 27.5, 24.6, 21.1, 

10.7ppm 

1;  

HRMS (ESI M + H) m/z 272.1135. Calcd for C12H18NO6 272.1134. 



O
NO

MeO2C CO2Me

1H NMR (500 MHz, CDCl3 4.64 (dd, J , 4.10 (dd, J = 

9.9, 7.6 Hz, 1 H), 3.74 (s, 3 H), 3.71 (s, 3 H), 3.53 (ddd, J = 10.5, 5.1, 2.2 Hz, 1 H), 2.67 (dd, J = 

13.4, 7.9 Hz, 1 H), 1.86 (dd, J = 13.5, 8.8 Hz, 1 H), 1.62 (dqd, J = 14.9, 7.5, 5.2 Hz, 1 H), 1.39 (ddq, 

J = 14.5, 10.5, 7.3 Hz, 1 H), 1.03ppm (t, J = 7.4 Hz, 3 H);  

13C NMR (26 MHz, CDCl3  170.8, 170.1, 122.0, 72.4, 67.3, 53.2, 52.8, 47.6, 44.1, 37.0, 23.0, 

12.8ppm 

1;  

r C12H16NO6 270.097 



Dimethyl 6-Propyl-3a,4-dihydro-3H-cyclopenta[c]isoxazole-5,5(6H)-dicarboxylate- 

N-oxide 4b 

3b 

O2N

MeO2C CO2Me

1H NMR (500 MHz, CDCl3 3.74 (s, 3 H), 3.73 (s, 3 H), 3.54 (dd, J = 5.8, 3.6 Hz, 1 H), 2.90 

(ddd, J = 14.1, 5.3, 0.7 Hz, 1 H), 2.60 (dt, J = 10.1, 5.2 Hz, 1 H), 2.20 (d, J = 14.1 Hz, 1 H), 

J =  J = 13.6, 6.6 

Hz, 1 H), 1.13 (dd, J = 6.6, 5.7 Hz, 1 H), 0.84ppm (t, J = 7.2 Hz, 3 H);

13C NMR (26 MHz, CDCl3  172.2, 169.0, 72.3, 63.9, 53.3, 53.0, 44.9, 33.5, 30.3, 27.7, 25.0, 

20.0, 14.5ppm 

1; 

HRMS (ESI M + H) m/z 286.1315. Calcd for C13H20NO6 286.1291. 



4b
O

NO

MeO2C CO2Me

1H NMR (500 MHz, CDCl3 4.66 (dd, J  H), 4.12 (dd, J = 

9.8, 7.5 Hz, 1 H), 3.77 (s, 3 H), 3.75 (s, 3 H), 3.64 (d, J = 10.7 Hz, 1 H), 2.70 (dd, J = 13.2, 7.8 Hz, 1 

H), 1.89 (dd, J = ppm (t, J = 7.1 Hz, 

3 H);  

13C NMR (26 MHz, CDCl3  170.9, 170.1, 122.1, 72.3, 67.3, 53.3, 52.8, 47.6, 42.3, 37.0, 31.8, 

21.4, 14.0ppm 

IR 1;  

13H18NO6 284.1134



Dimethyl 6-Pentyl-3a,4-dihydro-3H-cyclopenta[c]isoxazole-5,5(6H)-dicarboxylate- 

N-oxide

O2N

MeO2C CO2Me

1H NMR (500 MHz, CDCl3 3.74 (s, 3 H), 3.72 (s, 3 H), 3.54 (dd, J = 5.8, 3.7 Hz, 1 H), 

J = 6.2, 5.5 Hz, 1 H), 2.20 (d, J = 14.1 Hz, 1 H), 1.77 (dddd, J = 14.7, 

11.6, 5.8, 4.4 Hz, 1 H), 1.69 (ddd, J = 9.8, 6.7, 1.0 Hz, 1 H), 1.43 (dddd, J = 14.9, 11.3, 5.1, 3.8 Hz, 

1 H), J = 6.7, 5.6 Hz, 1 H), 0.84ppm (t, J = 7.1 

Hz, 3 H);  

13C NMR (26 MHz, CDCl3  172.2, 168.9, 72.2, 63.7, 53.4, 53.0, 44.7, 33.4, 32.1, 28.0, 27.6, 

26.1, 24.9, 22.3, 14.0.ppm 

1;  

HRMS (ESI M + H) m/z 314.1588. Calcd for C15H24NO6 314.1604 



4c
O

NO

MeO2C CO2Me

1H NMR (500 MHz, CDCl3 4.66 (dd, J = 9.2, 7.6 Hz, 1 H), 4.34 (tdd, J = 10.2, 8.9, 2.2 Hz, 1 

H), 4.12 (dd, J = 9.9, 7.7 Hz, 1 H), 3.77 (s, 3 H), 3.75 (s, 3 H), 3.63 (ddd, J = 10.4, 5.0, 2.0 Hz, 1 H), 

2.71 (ddd, J = 13.4, 8.0, 0.4 Hz, 1 H), 1.89 (dd, J ppm 

(t, J = 6.1 Hz, 3H);  

13C NMR (26 MHz, CDCl3  170.9, 170.0, 122.0, 72.3, 67.3, 53.3, 52.8, 47.5, 42.5, 36.9, 31.7, 

29.6, 27.7, 22.5, 14.1.ppm 

1; 

15H22NO6 312.144



Dimethyl 6-Isopropyl-3a,4-dihydro-3H-cyclopenta[c]-isoxazole-5,5(6H)- 

dicarboxylate-N-oxide 

O2N

MeO2C CO2Me

1H NMR (500 MHz, CDCl3): = 3.78 (s, 3 H), 3.70 (s, 3 H), 2.97 (ddd, J = 13.5, 6.6, 1.5 Hz, 1 H), 

2.85 (d, J J = 8.1, 7.3 Hz, 1 H), 1.77 (ddd, J = 13.6, 

2.7, 2.0 Hz, 1 H), 1.29 (td, J = 6.3, 1.6 Hz, 1 H), 0.98 (dd, J = 6.8, 2.0 Hz, 3 H), 0.89 ppm (dd, J = 

6.7, 2.2 Hz, 3 H);  

13C NMR (26 MHz, CDCl3): = 171.3, 169.4, 73.3, 68.3, 58.6, 53.0, 52.9, 37.9, 31.5, 30.8, 27.9, 

21.4, 21.2. ppm 

1;  

HRMS (ESI M + H) m/z 286.1315. Calcd for C13H20NO6 286.129 



O
NO

MeO2C CO2Me

1H NMR (500 MHz, CDCl3): = 4.65 (dd, J = 9.2, 7.6 Hz, 1 H), 4.29 (dtd, J = 17.3, 8.2, 2.2 Hz, 1 

H), 4.09 (dd, J = 9.9, 7.6 Hz, 1 H), 3.74 (s, 6 H), 3.52 (dd, J = 5.3, 2.2 Hz, 1 H), 2.72 (dd, J = 13.5, 

8.2 Hz, 1 H), 1.94 (tt, J = 13.4, 6.7 Hz, 1 H), 1.86 (dd, J = 13.5, 8.4 Hz, 1 H), 1.08 (d, J = 6.7 Hz, 3 

H), 0.89 ppm (d, J = 6.8 Hz, 3 H);  

13C NMR (26 MHz, CDCl3): = 171.2, 170.1, 121.4, 72.3, 67.0, 53.3, 53.0, 49.6, 48.5, 37.5, 29.7, 

23.1, 20.1. ppm 

IR (CH2Cl2 654 cm 1;  

13H18NO6 284.1134.



Dimethyl 6-Cyclohexyl-3a,4-dihydro-3H-cyclopenta[c]-isoxazole-5,5(6H) 

-dicarboxylate-N-oxide 4e 

O2N

MeO2C CO2Me

107.4 108.0 °C 

CDCl3): =

CDCl3): =



4e
O

NO

MeO2C CO2Me

1H NMR (500 MHz, CDCl3  4.64 (ddd, J = 7.9, 7.0, 1.8 Hz, 1 H), 4.29 (p, J = 8.5 Hz, 1 H), 

13C NMR (126 MHz, CDCl3  171.2, 170.3, 121.6, 72.2, 67.0, 53.3, 52.9, 48.9, 48.7, 39.6, 37.7, 

33.5, 30.7, 26.6, 26.4, 25.9;  

IR (CH2Cl2 1;  

16H22NO6 324.1447. 



O
N

H

MeO2C CO2Me

Ph

O

mp 142.2 143.0 °C; 

1H NMR (500 MHz, CDCl3 8.19 (dd, J = 8.2, 1.5 Hz, 2 H), 7.59 (td, J = 7.2, 1.3 Hz, 1 H), 7.48 

(t, J = 7.0 Hz, 2 H), 4.13 (t, J  3 H), 3.76 (s, 3 H), 2.93 

(ddd, J = 14.4, 9.5, 1.8 Hz, 1 H), 2.87 (s, 1 H), 2.38 (d, J

 ppm (m, 5 H);  

13C NMR (26 MHz, CDCl3  192.3, 171.5, 169.8, 136.6, 134.0, 129.1, 128.8, 82.2, 68.0, 64.3, 

55.3, 53.3, 53.2, 52.9, 43.2, 39.8, 37.2, 33.6, 30.1, 27.3, 26.9, 26.1. ppm



O
N

HPh

O

MeO2C CO2Me

1H NMR (500 MHz, CDCl3  8.17 (d, J = 8.3 Hz, 2 H), 7.57 (t, J = 7.4 Hz, 1 H), 7.46 (dd, J = 11.1, 

4.3 Hz, 2 H), 4.13 (t, J = 8.3 Hz, 1 H), 3.86 (dt, J = 9.5, 4.7 Hz, 1 H), 3.79 (s, 3 H), 3.74 (s, 3 H), 3.71 

14.6, 2.0 Hz, 1 H), 1.78 (dtd, J = 13.9, 7.0, 3.6 Hz, 1 H), 1.07 (d, J = 6.9 Hz, 3 H), 1.00 (d, J  

= 7.0 Hz, 3 H).  

13C NMR (126 MHz, CDCl3  192.3,171.6, 169.8, 136.6, 134.0, 129.1, 128.8, 82.2, 67.9, 64.2, 55.2, 

53.3, 53.2, 52.9, 43.2, 36.8, 29.1, 23.2, 19.4.  

Anal. Calcd. for C21H25NO6: C, 65.10; H, 6.50; N, 3.62. Found: C, 65.16; H, 6.60; N, 3.66. 



CDCl3

CDCl3

O
N

Ht-BuO2C

O

MeO2C CO2Me



(6aS*,9S*,9aR*)-Trimethyl-9-Isopropyldihydro-1H-cyclopenta[c]isoxazolo[2,3-b]isoxazole-

2,8,8(2H,6H,9H)-tricarboxylate 6a 

O
NO

H

MeO2C CO2Me

MeO2C

6aA

CDCl3

CDCl3



O
NO

H

MeO2C CO2Me

MeO2C

6aA

CDCl3

CDCl3



O
NO

H

MeO2C CO2Me

t-BuO2C

6bA

CDCl3

CDCl3



O
NO

H

MeO2C CO2Me

t-BuO2C

6bB

CDCl3

CDCl3



 (6aS*,9S*,9aR*)-Trimethyl9-Cyclohexyldihydro-1Hcyclopenta[c]isoxazolo[2,3-b]-isoxazole-

2,8,8(2H,6H,9H)-tricarboxylate 6c 

O
NO

H

CO2Me
CO2Me

MeO2C

6cA

1H NMR (500 MHz, CDCl3 4.72 (ddd, J = 10.5, 5.7, 1.9 Hz, 1 H), 4.17 (t, J = 8.8 Hz, 1 H), 3.84 

(d, J = 9.4 Hz, 1 H), 3.79 (s, 3 H), 3.76 (s, 3 H), 3.70 (s, 3 H), 2.80 (dd, J = 11.4, 9.3 Hz, 1 H), 2.70 

(dd, J = 16.3, 7.9 Hz, 1 H), 2.63 (d, J = 11.0 Hz, 1 H), 2.53 (t, J = 11.4 Hz, 1 H), 2.25 (dd, J = 12.0, 

13C NMR (126 MHz, CDCl3 171.6, 170.7, 170.2, 89.5, 77.6, 75.4, 62.9, 56.0, 52.9, 52.8, 52.7, 

51.4, 41.3, 38.2, 37.7, 32.1, 31.5, 26.9, 26.3, 26.2.  

Anal. Calcd. for C20H29NO8: C, 58.38; H, 7.10; N, 3.40. Found: C, 58.21; H, 7.17; N, 3.41.



O
NO

H

CO2Me
CO2Me

MeO2C

6cB

CDCl3

CDCl3



O
NO

H

CO2Me
CO2Me

t-BuO2C

6dA

CDCl3

CDCl3



O
NO

H

CO2Me
CO2Me

t-BuO2C

6dB

CDCl3

CDCl3



NH

i-Pr

H

MeO2C CO2Me

OH

O

HO

CDCl3

CDCl3



(2R,3R)-2-methyl-3-(nitromethyl)heptanal 8a 
O2N

CHO

Me
8a

100 mL3  1- (2.7852 g,21.6 mmol) (20 mL)

(21.0 mL,292 mmol) 5 (S)- -

-2- (0.4 M in tolune, 5 mL, 

2.0 mmol) 72 (1 N, 50 mL)

(15 mL 3)

(5.9623 g, dr= 90:10)

(Hex  Hex:AcOEt= 6  40  20:1) (2R,3R)-2- -3-( )

8a (2.4410 g, 13.0 mmol) 60 HPLC

99%ee

HPLC : CHIRALPAK IC (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 98/2, 0.70mL/min, 230 nm, 40

tR 23.1 min (minor) 

tR 29.3 min (major) 

99%ee 

[ ]D 3.9 (CHCl3, c 3.06) 

1H NMR (500 MHz, CDCl3): = 9.68 (s,1 H), 4.50 (dd, J = 12.8, 6.1 Hz, 1 H), 4.40 (dd, J = 8.0, 12.6 

Hz, 1 H), 2.89 2.71 (m, 1 H), 2.55 (dq, J = 7.47, 3.98 Hz, 1 H), 1.46 1.21 (m, 6 H), 1.11 (d, J = 

8.06 Hz, 3 H), 0.89 (t, J = 7.33 Hz, 3 H); 

13C NMR (26 MHz, CDCl3): = 202.9, 47.1, 37.3, 29.2, 28.1, 22.7, 13.9, 9.0; 



(2R,3R)-2-methyl-3-(nitromethyl)hexanal 8b

O2N

CHO

Me

Rf (Hexane:AcOEt = 5: 1): 0.40 

D 7.9 (CHCl3, c 0.98) 

1H NMR (500 MHz, CDCl3  9.67 (s,1 H), 4.48 (dd, J = 5.9, 7.3 Hz, 1 H), 4.39 (dd, J = 8.0, 4.8 

Hz, 1 H), 2.81 2.76 (m, 1 H), 2.53 (dd, J = 4.6, 11.4 Hz, 1 H), 1.37 1.26 (m, 4 H), 1.13 (d, J = 7.4 

Hz, 3 H), 0.91ppm (t, J = 9.8, 3 H); 

13C NMR (26 MHz, CDCl3  202.6, 46.7, 36.7, 30.1, 19.9, 13.7, 8.54 



(2R,3R)-3-cyclohexyl-2-methyl-4-nitrobutanal 8d 

O2N

CHO

Me

D 9.3 (CHCl3, c 1.01) 

1H NMR (500 MHz, CDCl3  9.69 (s,1 H), 4.60 (dd, J =6.0, 8.4 Hz, 1 H), 4.39 (dd, J = 6.8, 7.7 

Hz, 1 H), 2.61 2.55 (m, 2 H), 1.78 0.95ppm (m, 14 H); 

13C NMR (26 MHz, CDCl3  203.1, 75.9, 46.7, 43.6, 38.1, 31.7, 30.1, 26.5, 26.3, 26.1, 10.8ppm; 



(3R,4R,5R)-5-cyclohexyl-4-methyl-6-nitrohex-1-en-3-ol 10 major 

(3S,4R,5R)-5-cyclohexyl-4-methyl-6-nitrohex-1-en-3-ol 10 minor 

-20 3 100 mL (1.0 M in THF, 

6.0 mL, 6.0 mmol) (2R,3R)-3- -2- -4-

8d (0.4848 g, 2.27mol) THF(23 mL) 1

(30 mL) THF (20 mL×3)

(dr = 60:40)

(3R,4R,5R)-5- -4- -6- -1- -3- 10 major

(3S,4R,5R)-5- -4- -6- -1- -3- 10 minor(0.3919 g, 1.62 

mmol) 72%

10 major;  

O2N

Me
OH

D +13.8 (CHCl3 c 0.97) 

1H NMR (500 MHz, CDCl3 91 5.82 (m, 1 H), 5.26  5.15 (m, 2H),  4.59 (dd, J = 13.1, 5.1 

Hz, 1 H), 4.43 (dd, J = 13.7, 5.6 Hz, 1 H), 4.24 (s, 1H), 2.25 (q, J = 5.1 Hz, 1 H), 1.90 1.41 (m, 

8H), 1.30  1.02 (m, 4H), 0.97 (d, J = 5.3 Hz, 3 H), 0.96 0.85(m, 1H) 

13C NMR (26 MHz, CDCl3 140.2, 115.2, 76.5, 73.1, 45.7, 39.0, 37.8, 31.7, 29.3, 26.7, 26.5, 

26.4, 11.8 

HRMS (ESI-TOF): calcd for C13H23NNaO3, 264.1576 [M+Na+], found 264.1561. 



10 minor;  

O2N

Me
OH

10 minor

1H NMR (500 MHz, CDCl3 5.87  5.75 (m, 1H), 5.24 (d, J = 17.1 Hz, 1 H), 5.18 (d, J = 10.3 

Hz, 1 H), 4.45 (dd, J = 9.0, 2.2 Hz, 1 H), 4.44 (dd, J = 9.0, 3.5 Hz, 1 H), 3.98 (t, J = 7.9 Hz, 1H), 

2.47 - 2.41 (m, 1H), 1.79  1.56 (m, 8H), 1.33  0.96 (m, 4H), 0.91 (d, J = 6.9 Hz, 3 H), 0.89  0.79 

(m, 1H) 

13C NMR (26 MHz, CDCl3 139.5, 117.3, 76.6, 75.7, 43.8, 39.5, 37.7, 32.7, 29.3, 26.8, 26.6, 

26.4, 13.4 



 (3R,4R,5R)-3-tert-buthyldimethylsilyloxy-5-cyclohexyl-4-methyl-6-nitrohex-1-ene  

cyclohexyl-4-methyl-6-nitrohex-1-en-3-yloxy)dimethylsilane 11 

O2N

Me
OTBS

25 mL (3R,4R,5R)-5- -4- -6- -1- -3-

10 major (0.4532 g, 1.88 mmol) (4.5 mL) 0

2,6- (0.48mL, 4.16 mmo l) t- (0.90 mL, 3.92 

mmol) 2 (20 mL) (20 mL×3)

TBS

11(0.6064 g, 1.71 mmol) 91 

D +21.7 (CHCl3 c 0.84) 

1H NMR (500 MHz, CDCl3 5.78 (m, 1 H), 5.17  5.09 (m, 2H), 4.64 (dd, J = 13.1, 5.7 

Hz, 1H), 4.35 (dd, J = 13.3, 6.8 Hz, 1H), 4.14 4.07 (m, 1 H), 2.26 (p, J = 6.3 Hz, 1 H), 1.64 (t, J = 

12.7 Hz, 5 H), 1.55 1.44 (m, 1 H), 1.30 1.02 (m, 6H), 0.98 (d, J = 6.9 Hz, 3 H), 0.88 (s, 9 H), 

0.04 (s, 3 H), 0.01 (s, 3 H) 

13C NMR (26 MHz, CDCl3 9.8, 115.7, 76.6, 76.4, 44.5, 39.9, 38.6, 31.9, 29.0, 26.9, 26.6, 

26.4, 26.0 (3C), 18.2, 13.2, -3.8, -4.7 

HRMS (ESI-TOF): calcd for C19H37NNaO3Si, 378.2440 [M+Na+], found 378.2433 



(3S,4R,5R)-3-tert-buthyldimethylsilyloxy-5-cyclohexyl-4-methyl-6-nitrohex-1-ene  

cyclohexyl-4-methyl-6-nitrohex-1-en-3-yloxy)dimethylsilane 12 

O2N

Me
OTBS

25 mL (3S,4R,5R)-5- -4- -6- -1- -3-

10 minor (0.1245 g, 0.516 mmol) (1.5 mL) 0

2,6- (0.48mL, 4.16 mmo l) t- (0.90 mL, 

3.92 mmol) 2 (20 mL) (20 mL×3)

TBS

12(0.1462 g, 0.411 mmol) 80 

1H NMR (500 MHz, CDCl3 5.70 (ddd, J = 17.4, 10.3, 6.7 Hz, 1 H), 5.19 5.10 (m, 2 H), 4.41 

(dd, J = 12.4, 5.3 Hz, 1 H), 4.35 (dd, J = 12.6, 7.7 Hz, 1 H), 4.04 (t, J = 6.2 Hz, 1 H), 2.42  2.36 (m,  

1 H), 1.78 1.62 (m, 4H), 1.30 0.95 (m, 7H), 0.92 (d, J = 7.1 Hz, 3H), 0.90 (s, 9H), 0.89  0.80 

(m, 1H), 0.05 (s, 3H), 0.01 (s, 3H), 0.01 (s, 3H) 

13C NMR (26 MHz, CDCl3 9.7, 116.3, 76.8, 76.5, 43.3, 40.4, 37.3, 32.8, 29.3, 26.9, 26.6, 

26.4, 26.0 (3C), 18.2, 13.1, -3.8, -4.8 



t- ((3R,4R,5R)-5- -4- -6-

-1- -3- ) 11

t- ((2S,3R,4R)-4- -3- -5-

[3.1.0] -2- )

13 major;  

OTBS

Me

O2N

D -59.0 (CHCl3 c 0.30) 

1H NMR (500 MHz, CDCl3): J = 10.7, 5.6 Hz, 1H), 2.21  2.10 (m, 2H), 

1.79  0.99 (m, 13H), 0.96 (d, J = 7.8 Hz, 3H), 0.89 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H) 

13C NMR (26 MHz, CDCl3  79.1, 73.8, 53.5, 45.5, 37.5, 36.9, 31.2, 27.9, 26.7, 26.7, 26.2, 25.8 

(3C), 23.3, 22.2, 18.0, -4.7, -4.7 

HRMS (ESI-TOF): calcd for C19H35NNaO3Si, 376.2284 [M+Na+], found 376.2266 

13 minor;  



OTBS

Me

O2N

, mp: 81.3  82.0 

D -77.5 (CHCl3 c 0.26) 

1H NMR (500 MHz, CDCl3):  3.94 (m, 1H), 2.60 (dd, J = 9.9, 4.6 Hz, 1H), 2.24  2.20 (m, 

2H), 1.82  1.47 (m, 8H), 1.41  1.30 (m, 1H), 1.29  1.13 (m, 4H), 1.10 (d, J = 6.6 Hz, 3H), 0.89 (s, 

9H), 0.08 (s, 3H), 0.07 (s, 3H) 

13C NMR (26 MHz, CDCl3  78.0, 70.2, 49.3, 42.8, 40.5, 36.7, 31.7, 31.2, 26.9, 26.8, 26.4, 25.8 

(3C), 18.5, 18.1, 15.8, -4.7, -4.4 

HRMS (ESI-TOF): calcd for C19H35NNaO3Si, 376.2284 [M+Na+], found 376.2266 



14:  

OTBS

Me

O
NO

D -16.1 (CHCl3 c 0.35) 

1H NMR (500 MHz, CDCl3 4.60 (ddd, J = 9.2, 7.7, 1.1 Hz, 1H), 4.24 (ddd, J = 8.8, 7.6, 1.0 Hz, 

1H), 3.72 (qd, J =8.7, 2.9 Hz, 1H), 3.51 (t, J =8.6 Hz, 1H), 2.23 2.09 (m, 2H), 184 1.68 (m, 5H 

), 1.67 1.48 (m, 2H), 1.31  1.12 (m, 4H), 1.10 (dd, J = 6.3, 1.0 Hz, 3H), 0.92  0.80 (m, 9H), 0.04 

(d, J = 1.0 Hz, 3H), -0.02 (d, J = 1.0 Hz, 3H) 

13C NMR (26 MHz, CDCl3 120.4, 81.5, 70.6, 57.0, 50.1, 48.3, 41.6, 32.0, 31.2, 26.5, 26.4, 26.2, 

25.7 (3C), 18.4, 17.9, -4.3, -4.6 

HRMS (ESI-TOF): calcd for C19H35NNaO3Si, 376.2284 [M+Na+], found 376.2287



t- ((2S,3R,4R)-4- -3- -5- [3.1.0]

-2- )

0 (1.0 M in THF, 1.1 mL, 1.1 

mmol) 2 (20 mL) THF

(20 mL×3)

(dr = 59:41) (Hex 

(0.0537 g, 0.183 mmol)

15 minor(0.0660 g, 

0.234 mmol) 79%

15 major:  

OH

Me

O2N

15 major

D -64.7 (CHCl3 c 0.59) 

1H NMR (500 MHz, CDCl3 3.74 (s, 1 H), 2.73  2.66 (m, 1H), 2.25  2.16 (m, 2H), 1.92 (s, 

1H), 1.78  1.62 (m, 4H), 1.58 (dd, J = 10.6, 6.0 Hz, 1 H), 1.49 (d, J = 13.0, 1 H), 1.42 1.04 (m, 

8H), 1.00 (d, J = 7.8, 3 H) 

13C NMR (26 MHz, CDCl3 78.9, 73.6, 53.7, 44.9, 37.4, 36.7, 31.2, 27.9, 26.6, 26.5, 26.2, 23.5, 

22.2 

HRMS (ESI-TOF): calcd for C13H21NNaO3, 262.1419 [M+Na+], found 262.1417



15 minor:  

OH

Me

O2N

, mp: 101.1  102.0 

D -92.3 (CHCl3 c 0.39) 

1H NMR (500 MHz, CDCl3 4.05 (t, J = 7.8, 4.8, 1 H), 2.65 (dd, J = 9.6, 5.5 Hz, 1H), 2.31 (dt, J

= 9.9, 5.3 Hz, 1H), 2.25 (dd, J = 9.6, 5.9 Hz, 1H), 1.84  1.58 (m, 8H), 1.54 (t, J = 5.9 Hz, 1 H), 1.52 

 1.47 (m, 1 H), 1.37 1.28 (m, 1H), 1.16 (d, J = 6.8, 3 H), 1.25  1.07 (m, 3H) 

13C NMR (26 MHz, CDCl3 77.7, 70.0, 44.9, 42.5, 40.5, 36.0, 31.7, 31.2, 26.9, 26.8, 26.3, 18.5, 

15.5 

HRMS (ESI-TOF): calcd for C13H21NNaO3, 262.1419 [M+Na+], found 262.1410 



(1S,2S,3R,4R,5R)-2-aceroxy-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexane 

Me

OAc

O2N

(0.05 mL, 0.529 mmo) N,N- -4- (0.0204 g, 

0.167 mmol) 3.5 (20 mL)

(20 mL×2)

16(0.0731 g, 0.260 mmol) 88%

, mp: 84.2  84.9 

D -48.4 (CHCl3 c 1.70) 

1H NMR (500 MHz, CDCl3 4.53 (s, 1 H), 2.76 (t, J = 10.1, 6.2 Hz, 2H), 2.27 2.16 (m, 2H), 

2.08 (s, 3 H), 1.78 1.63 (m, 4H), 1.49 (d, J = 12.8 Hz, 1 H), 1.43 1.09 (m, 6H), 1.09 (d, J = 5.8 

Hz, 1H), 1.05 (d, J = 7.8 Hz, 3H) 

13C NMR (26 MHz, CDCl3 170.6, 80.3, 73.3, 53.4, 42.1, 37.5, 33.6, 31.2, 27.5, 26.6, 26.5, 26.3, 

23.1, 21.7, 21.3 

HRMS (ESI-TOF): calcd for C15H23NNaO4, 304.1525 [M+Na+], found 304.1530 



t- ((3S,4R,5R)-5- -4- -6-

-1- -3- ) 12

t- ((1R,2R,3R,4R,5S)-4-

-3- -5- [3.1.0] -2- )

OTBS

Me

O2N

1H NMR (500 MHz, CDCl3): = 3.90 (d, J = 4.4Hz, 1 H), 2.88 (dd, J = 10.6, 4.4 Hz, 1 H), 2.29 (dd, 

J = 9.8, 5.8 Hz, 1 H), 2.02 (dd, J = 10.1, 6.1 Hz, 1 H), 1.80 1.47 (m, 6H), 1.36  1.07 (m, 6H), 1.01  

(d, J = 7.0 H, 3 H), 0.88 (d, J = 6.6 H, 1H), 0.87 (s, 9H), 0.04 (s, 3H), 0.04 (s, 3H) 

13C NMR (26 MHz, CDCl3): = 74.9, 71.8, 48.7, 40.7, 39.6, 39.5, 32.4, 31.0, 27.1, 27.0, 26.4, 25.8 

(3C), 18.2, 18.1, 14.2, -4.6, -4.9 



17:  

OTBS

Me

O
NO

1H NMR (500 MHz, CDCl3 4.42 (td, J = 7.4, 1.8 Hz, 2 H), 4.37 (td, J = 6.9, 1.6 Hz, 1 H), 3.87 

(td, J = 3.3, 2.9, 0.9 Hz, 2H), 3.81 (tdd, J = 8.2, 3.5, 1.6 Hz,1H), 2.35 2.23 (m, 2H), 1.77  1.66 (m, 

3H), 1.05 (td, J = 6.3Hz, 3H), 0.91 (s, 9 H), 0.05 (s, 3 H), -0.01 (s, 3 H) 

13C NMR (26 MHz, CDCl3 123.2, 72.4, 65.2, 56.5, 48.2, 47.5, 40.4, 32.7, 30.6, 26.6, 26.5, 26.3, 

25.9, 18.2, 15.1, -4.1, -4.5. 



c-Hex OH

Me

O2N

t- ((1R,2R,3R,4R,5S)-4- -3- -5-

[3.1.0] -2- )

0 (1.0 M in THF, 0.25 

mL, 0.25 mmol) 12 (20 mL)

THF (20 mL×3)

0:1)

19 (0.0277 g, 0.116 mmol) 81%

1H NMR (500 MHz, CDCl3 3.95  3.90 (m, 1H), 2.87 (dd, J = 11.5, 4.5 Hz, 1H), 2.34 (ddd, J = 

10.0, 6.8, 1.3 Hz, 1H), 2.19 (t, J = 10.0, 6.1 Hz, 1H), 1.85 1.50 (m, 8H), 1.28 (t, J = 6.3 Hz, 1 H), 

1.22 1.14 (m, 4 H), 1.11 (d, J = 6.8 Hz, 3 H), 1.00 (d, J = 7.5 Hz, 1H) 

13C NMR (26 MHz, CDCl3 74.7, 71.9, 48.7, 40.1, 39.6, 38.6, 32.2, 31.1, 27.0 26.9, 26.4, 17.9, 

13.5. 



(1R,3R,4R,5S)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexan-2-one (20) 

c-Hex

Me

O2N

O

25

19

Dess-Martin-Periodinane (0.1641 g, 0.387 mmo) 24

15:1)

(1R,3R,4R,5S)-4- -3- -5- [3.1.0] -2-

20(0.0143 g, 0.0603 mmol) 52%

D -79.6 (CHCl3 c 0.08) 

1H NMR (500 MHz, CDCl3 2.96 (td, J = 7.9, 1.7 Hz, 1 H), 2.80 (dd, J = 10.6, 6.2 Hz, 1 H), 2.65 

(dd, J = 12.0, 5.2 Hz, 1 H), 1.98 (p, J = 7.4 Hz, 1 H), 1.84 1.71 (m, 4H), 1.71 1.64 (m, 3H), 1.48 

(t, J = 10.6 Hz, 2H), 1.23 (d, J = 7.0 Hz, 3H), 1.21  1.11 (m, 3H) 

13C NMR (26 MHz, CDCl3) 208.5, 71.5, 49.01, 45.3, 41.9, 39.8, 31.6, 31.1, 264, 26.4, 26.1, 

19.3, 16.4. 

HRMS (ESI-TOF): calcd for C13H20NO3, 238.1443 [M+H+], found 238.1451. 



(1R,3R,4R,5S)-4-cyclohexyl-3-methyl-5-nitrobicyclo[3.1.0]hexan-2-one 20

25

15 minor

Dess-Martin-Periodinane (0.0464 g, 0.109 mmo) 24

15:1)

(1R,3R,4R,5S)-4- -3- -5- [3.1.0] -2- 20

(0.0128 g, 0.0539 mmol) 75%



 (4R,5R,6R)-5-Methyl-6-(nitromethyl)decane-1-ene-ol 21a major

(4S,5R,6R)-5-Methyl-6-(nitromethyl)decane-1-ene-ol 21a minor 

3 50 mL (2R,3R)-2- -3-( ) 8a 

(0.6812 g, 3.64 mmol) (3.0 L) 20

(0.88 mL,5.47 mmol) - (0.7 mL, 5.57 

mol) 14 (NH3: NH4Cl = 1:2, 30 

mL) (20 mL×3)

3 7:1) (4R,5R,6R)-5- -6-( ) -

1- -4- 21a (0.6612 g, 2.89 mmol)  80

21a major:  

O2N

Me
n-Bu OH

D 3, c 1.04);  

1H NMR (500 MHz, CDCl3  5.77 (dddd, J = 16.7, 10.4, 8.2, 6.2 Hz, 1H), 5.17 (d, J = 10.6 Hz, 

1H), 5.14 (d, J = 17.1 Hz, 1H), 4.52 (dd, J = 12.6, 5.7 Hz, 1H), 4.41 (dd, J = 12.6, 7.8 Hz, 1H), 

0.98 (d, J = 7.0 Hz, 3H), 0.88 (t, J = 7.2 Hz, 3H);  

13C NMR (126 MHz, CDCl3  134.6, 119.1, 78.3, 70.1, 41.5, 40.5, 37.6, 29.2, 28.9, 22.8, 14.0, 

10.7;  

HRMS (ESI-TOF): calcd for C12H23NNaO3, 252.1576 [M + Na+], found 252.1574. 



21a minor:  

O2N

Me
n-Bu OH

D +30.4 (CHCl3, c 1.00);  

1H NMR (500 MHz, CDCl3

= 9.2, 5.8, 2.9 Hz, 1H), 2.44 (dddt, J = 11.5, 5.7, 2.5, 1.2 Hz, 1H), 2.1

0.84 (d, J = 7.1 Hz, 3H);  

13C NMR (126 MHz, CDCl3  134.3, 119.6, 78.4, 71.5, 39.9, 39.3, 37.9, 29.7, 26.5, 22.9, 14.1, 

11.2;  

HRMS (ESI-TOF): calcd for C12H23NNaO3, 252.1576 [M + Na+], found 252.1569. 



(5R,6R)-5-Methyl-6-(nitromethyl)non-1-en-4-ol 21b 

O2N

Me
n-Pr OH

21b major

O2N

Me
n-Pr OH

21b minor

;  

D 3, c 1.00 for major), +20.5 (CHCl3, c 1.00 for minor);  

1H NMR (500 MHz, CDCl3): 

Hz, 1H for major), 4.42 (dd, J = 7.0, 5.9 Hz, 1H for minor), 4.39 (dd, J = 12.3, 8.0 Hz, 1H for 

major), 4.32 (ddd, J = 12.0, 9.4, 0.6 Hz, 1H for minor), 3.70 (dt, J = 8.1, 3.9 Hz, 1H for major), 3.45 

(td, J = 8.7, 2.9 Hz, 1H for minor), 2.79 (tdt, J = 9.2, 5.8, 3.1 Hz, 1H for minor), 2.44 (dddt, J = 13.8, 

6.0, 2.8, 1.4 Hz, 1H for minor major major), 

major , 5H), 1.09 (dtd, J = 13.4, 10.0, 4.9 Hz, 1H for major), 

0.98 (dd, J = 7.0, 0.6 Hz, 3H for major), 0.93 (t, J = 7.0 Hz, 3H for minor), 0.90 (d, J = 7.0 Hz, 3H 

for major), 0.84 (dd, J = 7.0, 0.6 Hz, 3H for minor);  

13C NMR (126 MHz, CDCl3):  

for minor 34.3, 119.6, 78.4, 71.4, 39.9, 39.3, 37.7, 28.9, 20.7, 14.3, 11.1;  

for major

 HRMS (ESI-TOF): calcd for C11H22NO3, 216.1600 [M + H+], found 216.1593.  



(5R,6R)-5-Methyl-6-(nitromethyl)undec-1-en-4-ol 21c 

O2N

Me
n-Pen OH

21c major

O2N

Me
n-Pen OH

21c minor

D 3, c 1.00 for major), +34.0 (CHCl3, c 1.07 for minor);  

1H NMR (500 MHz, CDCl3

1H for major), 4.43 (dd, J = 10.4, 5.6 Hz, 1H for minor), 4.39 (dd, J = 14.0, 11.5 Hz, 1H for major), 

4.32 (dd, J = 11.9, 9.5 Hz, 1H for minor), 3.70 (dq, J = 7.9, 3.8 Hz, 1H for major

for minor minor minor

major), 2.05 (dt, J = 14.0, 8.5 Hz, 1H for minor major

minor), 0.98 (d, J = 7.0 Hz, 3H for major), 0.87 (t, J = 6.7 Hz, 3H), 0.84 (d, J = 

7.0 Hz, 3H for minor);  

13C NMR (126 MHz, CDCl3):  

for minor 

for major

 HRMS (ESI-TOF): calcd for C13H25NNaO3, 266.1732 [M + Na+], found 266.1732.  



(5R,6R)-5,7-Dimethyl-6-(nitromethyl)oct-1-en-4-ol 21e 

O2N

Me
i-Pr OH

21e major

O2N

Me
i-Pr OH

21e minor

D 3, c 1.04);  

1H NMR (500 MHz, CDCl3

1H for major , J = 14.3, 7.0 Hz, 1H for minor

major), 3.51 (d, J = 8.8 Hz, 1H for minor), 2.47 (t, J = 5.8 Hz, 1H for minor), 2.41 (dd, J = 14.3, 5.9 

Hz, 1H for minor major minor .8 

Hz, 1H), 1.81 (p, J = 7.0 Hz, 1H), 1.50 (d, J = 3.6 Hz, 1H), 1.04 (d, J = 7.1 Hz, 3H for minor), 1.00 

(d, J = 7.1 Hz, 3H for major), 0.97 (d, J = 6.8 Hz, 3H for major), 0.95 (d, J = 7.0 Hz, 3H for minor), 

0.88 (d, J = 6.9 Hz, 3H for major), 0.85 (d, J = 7.0 Hz, 3H for minor);  

13C NMR (126 MHz, CDCl3):  

for minor: 134.5, 119.5, 76.1, 71.8, 44.3, 39.9, 39.4, 27.1, 22.6, 18.5, 13.2; 

for major: 134.7, 118.9, 76.4, 70.0, 47.1, 40.6, 37.2, 29.0, 21.3, 18.9, 11.7; 

HRMS (ESI-TOF): calcd for C11H21NNaO3, 238.1419 [M + Na+], found 238.1413.  



(4R,5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-decene 22

O2N

n-Bu OTBS

25 mL (4R,5R,6R)-5- -6-( ) -1- -4-

21 major(0.2934 g, 1.28 mmol) (3.0 mL) 0

2,6- ((0.17 mL, 1.54 mmol) t- (0.34 mL, 1.48 

mmo) 40 (20 mL)

(20 mL×3)

(0.3899 g) (Hex 

60:1)  t- ((4R,5R,6R)-5- -6- -( ) -

1- -4- ) 22(0.3905 g, 1.14 mmol) 89%

D 3, c 1.10);  

1H NMR (500 MHz, CDCl3 5.71 (ddt, J = 17.3, 10.2, 7.2 Hz, 1H), 5.07 (d, J = 17.2 Hz, 1H), 

5.04 (d, J = 10.6 Hz, 1H), 4.50 (dd, J = 12.2, 6.1 Hz, 1H), 4.32 (dd, J = 12.2, 7.7 Hz, 1H), 3.73 (td, J 

= 6.2, 4.0 Hz, 1H), 2.27 (t, J = 10.3 Hz, 2H), 1.70 (qdd, J = 7.0, 5.4, 4.0 Hz, 1H), 1.42 (dddd, J = 

Hz, 3H), 0.07 (s, 3H), 0.06 (s, 3H);  

13C NMR (126 MHz, CDCl3  134.3, 117.6, 78.4, 73.3, 39.9, 39.4, 37.1, 28.6, 28.2, 26.0 (3C), 

HRMS (ESI-TOF): calcd for C18H37NNaO3Si, 366.2440 [M + Na+], found 366.2432.



(4S,5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-decene 23 

O2N

n-Bu OTBS

25 mL (4S,5R,6R)-5- -6-( ) -1- -4-

21minor (0.1612 g, 0.703 mmol) (3.0 mL) 0

2,6- (0.10 mL, 0.87 mmol) t- (0.20 mL, 0.87 

mmol) 40 (20 mL)

(20 mL×3)

60:1) t- ((4S,5R,6R)-5- -6- -( ) -1- -4- )

23(0.2318 g, 0.675 mmol) 96 %

D +45.8 (CHCl3, c 1.16); 

1H NMR (500 MHz, CDCl3

4.38 (ddd, J = 11.8, 5.2, 0.9 Hz, 1H), 4.27 (ddd, J = 11.7, 9.0, 0.9 Hz, 1H), 3.63 (td, J = 6.1, 4.5 Hz, 

1H), 2.58 (dtt, J = 9.3, 5.4, 2.4 Hz, 1H), 2.30 (dt, J = 14.4, 6.3 Hz, 1H), 2.23 (dddt, J = 14.5, 7.9, 4.5, 

9H), 0.81 (dd, J = 6.9, 0.9 Hz, 3H), 0.06 (s, 3H), 0.04 (s, 3H);  

13C NMR (126 MHz, CDCl3  134.0, 117.5, 78.6, 73.8, 38.9, 37.9, 37.7, 29.6, 26.9, 25.9 (3C), 

HRMS (ESI-TOF): calcd for C18H37NNaO3Si, 366.2440 [M + Na+], found 366.2445. 



(1S,3S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-butyl-4methyl- 

6-nitrobicyclo-[4.1.0]heptane 24 

(3aS,5S,6R,7R)-7-Butyl-5-((tert-butyldimethylsilyl)oxy)-6methyl-3,3a,4,5,6,7-

hexahydrobenzo[c]isoxazol-N-oxide 25 

25 mL t- ((4S,5R,6R)-5- -6-( )

-1- -4- ) 23 (0.1313 g, 0.382 mmol) THF(7.5 mL)

DBU(0.08 mL, 0.62 mmol) (0.1880 g, 0.811 mmol) (0.1910 g, 

0.753 mmol) 2

5 5:1) t-

((1R,3S,4R,5R,6R)-5- -4- -6- [4.1.0] -3- )

24 (0.0866 g, 0.254 mmol) 66 % (3aS,5R, 6R,7R)-7- -5-(t-

)-6- -3,3a,4,5,6,7- [c]

1- 25 (0.0056 g, 0.02 mmol) 5%

24:  

n-Bu

OTBS

O2N

, mp: 

D + 14.7 (CHCl3, c 0.58)  

1H NMR (500 MHz, CDCl3): = 

(m, 1H), 2.09 (ddd, J = 12.6, 8.3, 5.4 Hz, 1H), 1.99 (dtd, J = 10.9, 8.2, 2.5 H

J = 6.0 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H), 0.85 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H);  

13C NMR (126 MHz, CDCl3): =  68.9, 68.1, 38.0, 35.3, 32.9, 31.7, 29.1, 25.8 (3C), 23.3, 20.6, 

IR (CHCl3 1;  

HRMS (ESI-TOF): calcd for C18H35NNaO3Si, 364.2284 [M + Na+], found 364.2279. 



25:  

n-Bu

OTBS

O
NO

27

D 3, c 0.19) 

1H NMR (500 MHz, CDCl3): = 4.46 (t, J = 8.1 Hz, 1H), 3.97 (p, J = 7.8 Hz, 1H), 3.87 (dd, J = 16.8, 

6.7 Hz, 3H), 0.91 (t, J = 6.3 Hz, 3H), 0.89 

(s, 9H), 0.06 (s, 3H), 0.05 (s, 3H);  

13C NMR (126 MHz, CDCl3): = 118.3, 72.5, 69.4, 40.3, 39.8, 36.9, 34.5, 33.3, 30.4, 25.9 (3C), 

1;  

HRMS (ESI-TOF): calcd for C18H36NO3Si, 342.2464 [M + H+], found 342.2465. 



(1S,3R,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-butyl-4methyl 

-6-nitrobicyclo-[4.1.0]heptane 26 

(3aS,5R,6R,7R)-7-Butyl-5-((tert-butyldimethylsilyl)oxy)-6methyl-3,3a,4,5,6,7- 

hexahydrobenzo[c]isoxazol-N-oxide 27 

25 mL t- ((4S,5R,6R)-5- -6-( )

-1- -4- ) 22 (0.1616 g, 0.470 mmol) THF(10.0 mL)

DBU(0.10 mL, 0.67 mmol) (0.2178 g, 0.940 mmol) 0.2341 

g, 0.922 mmol) 3

t-

((1R,3S,4R,5R,6R)-5- -4- -6- [4.1.0] -3- )

26 (0.0821 g, 0.240 mmol) 51% (3aS,5R, 6R,7R)-7- -5-(t-

)-6- -3,3a,4,5,6,7- [c]

 1- 27 (0.050 g, 0.146 mmol) 31%

26:  

n-Bu

OTBS

O2N

D 3, c 0.73);  

1H NMR (500 MHz, CDCl3  3.43 (td, J = 7.7, 5.2 Hz, 1H), 2.95 (tdd, J = 7.3, 5.1, 1.3 Hz, 1H), 

2.21 (ddd, J = 13.7, 8.2, 5.2 Hz, 1H), 2.10 (ddd, J = 11.0, 5.4, 1.2 Hz, 1H), 1.95 (dtd, J = 10.6, 8.0, 

J = 7.8, 5.4 Hz, 1H), 0.98 (d, J = 6.7 Hz, 3H), 0.87 (s, 9H), 0.86 (t, J = 6.8 Hz, 3H), 0.03 (s, 6H);  

13C NMR (126 MHz, CDCl3  72.0, 67.7, 38.8, 33.7, 31.0, 29.1, 25.9, 25.4 (3C), 23.2, 20.6, 18.1, 

 IR (CHCl3 1;  

HRMS (ESI-TOF): calcd for C18H36NO3Si, 342.2464 [M + H+], found 342.2456.  



27:  

n-Bu

OTBS

O
NO

[ D 3, c 0.90);  

1H NMR (500 MHz, CDCl3  4.59 (t, J = 8.5 Hz, 1H), 3.95 (t, J = 8.1 Hz, 1H), 3.82 (s, 1H), 

1.21 (m, 4H), 0.90 (d, J = 7.5 Hz, 3H), 0.87 (s, 9H), 0.85 (t, J = 

7.4 Hz, 3H), 0.04 (s, 3H), 0.04 (s, 3H);  

13C NMR (126 MHz, CDCl3  18.3, 72.5, 69.4, 40.3, 39.8, 36.9, 34.5, 33.3, 30.4, 25.8 (3C), 22.8, 

643 cm 1;  

HRMS (ESITOF): calcd for C18H36NO3Si, 342.2464 [M + H+], found 342.2456.   



(1S,3R,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol 28 

n-Bu

OH

O2N

25 t- ((1S,3R,4R,5R,6R)-5- -4- -6-  [4.1.0]

-3- ) 28 72.1 mg, 0.212 mmol

0 (1.0 M in THF, 1.4 mL, 1.4 mmol)

12 (20 mL) THF

(20 mL×3)

(Hex 

20:1 6:1)  (1S,3R,4R,5R,6R)-5- -4- -6-

[4.1.0] -3- 30(28.2 mg, 0.124 mmol) 58%

; 

D 3, c 0.63);  

1H NMR (500 MHz, CDCl3  3.42 (q, J = 7.8 Hz, 1H), 2.91 (td, J = 7.3, 4.7 Hz, 1H), 2.40 (ddd, J 

= 13.8, 9.4, 5.

Hz, 1H), 0.87 (t, J = 6.5 Hz, 3H);  

13C NMR (126 MHz, CDCl3)  71.5, 67.9, 39.5, 39.3, 33.2, 32.4, 29.0, 25.3, 23.3, 20.8, 16.0, 14.1;  

HRMS (ESI-TOF): calcd for C12H21NNaO3, 250.1419 [M + Na+], found 250.1408. 



(1S,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-one 29 from 28 

n-Bu

O

O2N

25 (1S,3R,4R,5R,6R)-5- -4- -6-  [4.1.0] -3-

30 0.0190 g, 0.084 mmol Dess-Martin-

Periodinane (0.050 g, 0.118 mmol) 12

10:1 6:1)

(1S,3R,4R,5R,6R)-5- -4- -6-  [4.1.0] -3- 31 (0.0116 g, 

0.051 mmol) 61%

HPLC : CHIRALPAK IC (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 98/2, 0.70mL/min, 237 nm, 40 °C

tR 32.0 min (minor) tR 39.7 min (major) 

99%ee 

[ ]D CHCl3, c 1.00);  

1H NMR (500 MHz, CDCl3): = 3.36 (dt, J = 7.4, 6.0 Hz, 1H), 2.88 (dd, J = 17.7, 6.9 Hz, 1H), 2.43 

(m, 5H), 1.22 (d, J = 6.9 Hz, 3H), 1.15 (t, J = 6.5, 5.5 Hz, 1H), 0.88 (t, J = 6.1 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 210.6, 66.2, 45.6, 40.3, 36.2, 32.5, 28.1, 25.3, 22.9, 19.6, 15.1, 14.0;  

1;  

HRMS (ESI-TOF): calcd for C12H19NNaO3, 248.1263 [M + Na+], found 248.1268. 



(1S,3S,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol 30 

n-Bu

OH

O2N

25 t- ((1S,3R,4R,5R,6R)-5- -4- -6-  [4.1.0]

-3- ) 26 69.6 mg, 0.204 mmol

0 (1.0 M in THF, 1.0 mL, 1.0 mmol)

14 (30 mL) THF

(50 mL×2)

(Hex 

20 7:1)  (1S,3S,4R,5R,6R)-5- -4- -6-

[4.1.0] -3- 32(35.0 mg, 0.154 mmol) 75%

D 3, c 1.07);  

1H NMR (500 MHz, CDCl3): = 3.62 (dt, J = 5.7, 2.9 Hz, 1H), 3.19 (td, J = 6.9, 4.8 Hz, 1H), 

 J 

13C NMR (126 MHz, CDCl3): = 67.9, 67.8, 37.2, 35.8, 33.0, 30.2, 29.2, 25.6, 23.2, 19.9, 15.5, 14.1;  

HRMS (ESITOF): calcd for C12H21NNaO3, 250.1419 [M + Na+], found 250.1404.  



(1S,4R,5R,6R)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-one 29 from 30 

25 (1S,3R,4R,5R,6R)-5- -4- -6-  [4.1.0] -3-

32 0.0150 g, 0.066 mmol Dess-Martin-

Periodinane (0.0322 g, 0.076 mmol) 2

10:1 5:1)

(1S,3R,4R,5R,6R)-5- -4- -6-  [4.1.0] -3- 31 (0.0127 g, 

0.0564 mmol) 85%



 (5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-nonene 31b 

O2N

n-Pr OTBS

31b major

O2N

n-Pr OTBS

31b minor

D (CHCl3, c 0.59);  

1H NMR (500 MHz, CDCl3

Hz, 1H for major), 4.37 (ddd, J = 11.8, 5.2, 1.1 Hz, 1H for minor), 4.32 (ddd, J = 12.2, 7.7, 1.0 Hz, 

1H for major), 4.26 (ddd, J = 11.8, 9.1, 1.1 Hz, 1H for minor), 3.73 (tdd, J = 6.2, 4.5, 1.0 Hz, 1H for 

major), 3.63 (td, J = 5.4, 5.0 Hz, 1H for minor minor

syn-4b and 2H for minor major minor .18 

(m, 4H for syn-4b and 3H for minor minor

for major), 0.06 (s, 3H for minor), 0.06 (s, 3H for major), 0.04 (d, J = 1.0 Hz, 3H for minor),  

13C NMR (126 MHz, CDCl3):  

for minor; 134.0, 117.5, 78.6

4.8; 

for major

4.3;  

HRMS (ESI-TOF): calcd for C17H35NNaO3Si, 352.2284 [M + Na+], found 352.2290.



(5R,6R)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-undecene 31c 

31c major 31c minor

O2N

n-Pen OTBS

O2N

n-Pen OTBS

D +9.97 (CHCl3, c 1.04);  

1H NMR (500 MHz, CDCl3

Hz, 1H for major), 4.32 (m, 1H for major and 2H for minor), 3.72 (dq, J = 9.8, 6.0 Hz, 1H for 

major minor), 2.57 (ddt, J = 8.8, 6.0, 3.1 Hz, 1H for minor

3H for major and 2H for minor major , 1H for minor), 

-4c and 7H for minor minor

13C NMR (126 MHz, CDCl3):  

for minor; 134.0, 117.5, 78.5, 73.7, 38.9, 37.9, 37.7, 32.3, 28.5, 27.1, 26.2 (3C), 22.6, 18.1, 14.1, 

for major; 134.3, 117.6, 78.4, 73.3, 39.9, 39.4, 37.1, 32.0, 28.5, 27.1, 26.0 (3C), 22.6, 18.2, 14.1, 

HRMS (ESI-TOF): calcd for C19H39NNaO3Si, 380.2597 [M + Na+], found 380.2596. 



(5R,6R)-5,7-Dimethyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-octene 31e 

O2N

i-Pr OTBS

31e major

O2N

i-Pr OTBS

31e minor

D +3.75 (CHCl3, c 1.07);  

1H NMR (500 MHz, CDCl3

Hz, 1H for major), 4.37 (ddd, J = 13.6, 4.4, 1.3 Hz, 1H for minor), 4.31 (ddd, J = 13.2, 6.9, 1.7 Hz, 

1H for major), 4.27 (ddd, J = 12.8, 6.9, 2.1 Hz, 1H for minor), 3.78 (tdd, J = 6.1, 3.2, 1.6 Hz, 1H for 

major), 3.68 (q, J = 4.8 Hz, 1H for minor

0.07 (s, 3H for major), 0.06 (s, 3H for major), 0.04 (s, 6H for minor);  

13C NMR (126 MHz, CDCl3): = 

for minor

4.5;  

for major; 134.6, 117.6, 76.2, 73.3, 45.7, 39.7

4.5;  

HRMS (ESI-TOF): calcd for C17H36NO3Si, 330.2464 [M + H+], found 330.2452. 



(1S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-propyl-4methyl-6-nitrobicyclo-[4.1.0]heptane 

32b 

n-Pr

OTBS

O2N

32b major

n-Pr

OTBS

O2N

32b minor

;  

D 3, c 1.19);  

1H NMR (500 MHz, CDCl3): = 3.54 (ddd, J = 5.4, 3.6, 1.8 Hz, 1H for minor

major), 3.18 (dq, J = 8.1, 4.4, 3.9 Hz, 1H for minor), 2.96 (dddd, J = 7.7, 6.7, 5.3, 3.5 Hz, 1H for 

major

13C NMR (126 MHz, CDCl3): for minor; 68.9, 68.1, 38.0, 35.6, 31.7, 26.0, 25.9 (3C), 25.8, 20.6, 

20.2, 18.1, 16.5 major; 71.9, 67.8, 38.7, 36.2, 31.2, 25.8, 25.7, 25.4, 20.6, 20.2, 

 HRMS (ESI-TOF): calcd for C17H33NNaO3Si, 350.2127 [M + Na+], found 350.2123. 



(1S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-pentyl-4methyl-6-nitrobicyclo-[4.1.0]heptane 

32c 

n-Pen

OTBS

O2N

32c major

n-Pen

OTBS

O2N

32c minor

D 3, c 1.05);  

1H NMR (500 MHz, CDCl3 minor), 3.42 (td, J = 7.0, 5.2 Hz, 1H for 

major), 3.16 (dt, J = 11.9, 7.0 Hz, 1H for minor), 2.93 (q, J = 6.4 Hz, 1H for major

minor), 

0.97 (d, J = 6.6 Hz, 3H for major minor), 0.84 (s, 9H for major), 

0.02 (s, 6H for major), 0.01 (s, 3H for minor), 0.00 (s, 3H for minor);  

13C NMR (126 MHz, CDCl3):  

for minor; 68.9, 68.0, 38.0, 35.4, 33.2, 32.5, 31.7, 26.6, 25.7 (3C), 25.7, 22.7, 20.5, 18.0, 16.4, 14.2, 

for major; 71.9, 67.6, 38.8, 33.9, 32.4, 31.7, 31.0, 26.6, 25.9 (3C), 25.2, 22.6, 20.4, 18.1, 17.3, 14.1, 

HRMS (ESI-TOF): calcd for C19H38NO3Si, 356.2621 [M + H+], found 356.2621. 



(1S,4R,5R,6R)-3-(tert-Butyldimethylsilyl)oxy-5-isopropyl-4methyl-6-nitrobicyclo- 

[4.1.0]heptane 32e 

i-Pr

OTBS

O2N

32e major

i-Pr

OTBS

O2N

32e minor

D 3, c 0.70);  

1H NMR (500 MHz, CDCl3  3.65 (q, J = 4.2 Hz, 1H for major minor), 

3.06 (dd, J = 9.1, 2.5 Hz, 1H for minor), 2.86 (dd, J = 9.8, 3.2 Hz, 1H for major

1.02 (d, J = 6.9 Hz, 3H for minor), 0.99 (d, J = 7.1 Hz, 3H for major), 0.97 (d, J 

= 6.9 Hz, 3H for minor), 0.93 (d, J = 6.9 Hz, 3H for major

minor), 0.85 (s, 9H for major),0.03 (s, 3H for major), 0.01 (s, 3H for major), 0.01 (s, 3H for minor), 

0.00 (s, 3H for minor);  

13C NMR (126 MHz, CDCl3):  

for major

for minor; 66.6, 66.2, 44.8, 34.5, 29.9, 26.0, 25.9, 25.8 (3C), 21.1, 2

HRMS (ESI-TOF): calcd for C17H34NO3Si, 328.2308 [M + H+], found 328.2300. 



(1S,4R,5R,6R)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (33b) 

33b major 33b minor

n-Pr

OH

O2N

n-Pr

OH

O2N

D 3, c 1.05);  

1H NMR (500 MHz, CDCl3): = minor), 3.43 (q, J = 8.3 Hz, 1H for major), 

3.20 (q, J = 6.8 Hz, 1H for minor), 2.93 (q, J = 7.4 Hz, 1H for major), 2.41 (ddd, J = 14.1, 9.0, 5.6 

Hz, 1H for major), 2.21 (dd, J = 11.0, 5.8 Hz, 1H for major  3H for minor), 1.94 (qd, 

J = 10.5, 2.8 Hz, 1H for major 6 (m, 

major), 0.92 (t, J = 6.7 Hz, 3H for minor), 0.89 (t, J = 6.9 Hz, 3H for 

major minor); 

13C NMR (126 MHz, CDCl3):  

for major; 71.3, 68.0, 39.4, 39.3, 35.8, 32.4, 25.5, 20.7, 20.1, 16.0, 14.6;  

for minor; 68.1, 67.8, 37.1, 35.6, 35.6, 30.1, 25.8, 20.3, 20.0, 15.4, 14.5; 

 HRMS (ESI-TOF): calcd for C11H19NNaO3, 236.1263 [M + Na+], found 236.1271.  



(1S,4R,5R,6R)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (33c) 

n-Pen

OH

O2N

n-Pen

OH

O2N

33c major 33c minor

D 3, c 1.07) 

1H NMR (500 MHz, CDCl3): = 3.60 (ddd, J = 6.5, 4.2, 2.0 Hz, 1H for minor), 3.40 (td, J = 9.2, 5.7 

Hz, 1H for major) minor), 2.90 (dddd, J = 8.6, 7.2, 4.3, 1.3 Hz, 1H for major), 

2.39 (dddd, J = 14.8, 9.1, 5.6, 1.1 Hz, 1H for major major

for minor), 1.92 (dddd, J = 10.8, 9.2, 7.8, 2.7 Hz, 1H for major), 1.7

13C NMR (126 MHz, CDCl3):  

for major; 71.4, 67.9, 39.5, 37.1, 33.4, 32.4, 32.3, 26.7, 25.3, 22.6, 20.7, 16.0, 14.1;  

for minor; 68.0, 67.8, 39.4, 35.8, 33.3, 32.4, 30.1, 26.5, 25.6, 22.6, 19.9, 15.4, 14.1;  

HRMS (ESI-TOF): calcd for C13H23NNaO3, 264.1576 [M + Na+], found 264.1569. 



(1S,4R,5R,6R)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (29a) 

i-Pr

OH

O2N

D 3, c 1.36);  

1H NMR (500 MHz, CDCl3): = 

1.62 (dd, J = 14.7, 5.4 Hz, 1H), 1.39 (dd, J = 7.7, 5.6 Hz, 1H), 1.30 (d, J = 3.3 Hz, 1H), 1.01 (d, J = 

6.8 Hz, 6H), 0.91 (d, J = 6.9 Hz, 3H); 

13C NMR (126 MHz, CDCl3): = 71.5, 66.5, 43.9, 34.7, 31.3, 28.2, 25.2, 20.8, 20.8, 20.5, 18.2;  

HRMS (ESI-TOF): calcd for C11H19NNaO3, 236.1263 [M + Na +], found 236.1277.  



(1S,4R,5R,6R)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (29b). 

n-Pr

O

O2N

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 17.3 min (major); tR 

18.7 min (minor) [YMC CHIRAL Amylose-SA (0.46 cm × 25 cm) hexane/i-PrOH, 98/ 2, 0.70 

mL/min] as 99% ee. 

D 3, c 1.20);  

1H NMR (500 MHz, CDCl3): = 3.38 (q, J = 6.2 Hz, 1H), 2.88 (dd, J = 17.7, 6.7 Hz, 1H), 2.42 (d, J 

, 4H), 1.23 (dd, J = 6.8, 

0.6 Hz, 3H), 1.15 (t, J = 6.2 Hz, 1H), 0.89 (t, J = 7.5 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 210.6, 66.2, 45.6, 40.2, 36.1, 35.1, 25.3, 19.6, 19.3, 15.1, 14.3;  

1;  

HRMS (ESI-TOF): calcd for C11H18NO3, 212.1287 [M + H+], found 212.1290. 



(1S,4R,5R,6R)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (29c). 

n-Pen

O

O2N

.  

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.3 min (minor); tR 

15.1 min (major) [YMC Chiral Cellulose-C (0.46 cm × 25 cm) hexane/i-PrOH, 98/2, 0.70 mL/min] 

as 99% ee.  

D 3, c 0.92);  

1H NMR (500 MHz, CDCl3): = 3.34 (q, J = 5.5 Hz, 1H), 2.87 (dd, J = 17.7, 6.7 Hz, 1H), 2.40 (d, J 

1.20 (d, J = 7.1 Hz, 3H), 1.14 (dd, J = 6.8, 5.7 Hz, 1H), 0.85 (t, J = 6.7 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 210.6, 66.2, 45.6, 40.3, 36.1, 32.8, 32.0, 25.7, 25.3, 22.6, 19.6, 

15.1, 14.1; 

1;  

HRMS (ESI-TOF): calcd for C13H22NO3, 240.1600 [M + H+], found 240.1599. 



(1S,4R,5R,6R)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (29e) 

i-Pr

O

O2N

.  

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.4 min (major); tR 

17.2 min (minor) [YMC CHIRAL Amylose-SA (0.46 cm × 25 cm) hexane/i-PrOH, 98/ 2, 0.70 

mL/min] as 98% ee.  

D 3, c 0.49);  

1H NMR (500 MHz, CDCl3): = 3.34 (dd, J = 10.0, 3.1 Hz, 1H), 2.91 (ddd, J = 16.9, 7.7, 0.8 Hz, 

1H), 2.59 (dtd, J = 10.8, 7.7, 1.5 Hz, 1H), 2.50 (qd, J = 7.0, 3.1 Hz, 1H), 2.36 (dd, J = 10.8, 6.5 Hz, 

1H), 2.29 (d, J = 17.0 Hz, 1H), 1.35 (dtd, J = 13.2, 6.6, 3.4 Hz, 1H), 1.30 (d, J = 7.1 Hz, 3H), 1.02 (t, 

J = 6.6 Hz, 1H), 1.00 (d, J = 6.5 Hz, 3H), 0.95 (d, J = 6.6 Hz, 3H); 

13C NMR (126 MHz, CDCl3): = 212.7, 65.3, 48.4, 43.9, 35.1, 30.8, 27.6, 21.6, 20.9, 20.2, 17.5;  

HRMS (ESI-TOF): calcd for C11H18NO3, 212.1287 [M + H+], found 212.1271. 



(5S,6S)-5-Methyl-6-(nitromethyl)dec-1-en-4-ol 34 

34a major :  

O2N

Me
n-Bu OH

34a major

D +19.9 (CHCl3, c 1.00);  

1H NMR (500 MHz, CDCl3): = 

12.9, 5.8, 4.0 Hz, 1H), 4.31 (ddd, J = 11.3, 7.2, 3.2 Hz, 1H), 

Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 134.7, 118.3, 78.3, 70.2, 41.3, 40.4, 37.4, 29.0, 28.8, 22.7, 13.9, 

10.6;  

HRMS (ESI-TOF): calcd for C12H23NNaO3, 252.1576 [M + Na+], found 252.1581. 



34a minor : 

O2N

Me
n-Bu OH

34a minor

D 3, c 1.01);  

1H NMR (500 MHz, CDCl3): = 

11.7, 5.5 Hz, 1H), 4.41 (dd, J = 11.9, 9.6 Hz, 1H), 3.54 (d, J = 17.8 Hz, 1H), 2.85 (dtd, J = 9.5, 6.2, 

2.9 Hz, 1H), 2.53 (dd, J = 14.6, 5.6 Hz, 1H), 2.14 (dt, J = 14.5, 9.3 Hz, 1H), 1.69 (d, J = 5.1 Hz, 1H), 

z, 1H), 0.98 (t, J = 6.1 Hz, 3H), 0.93 

(d, J = 7.0 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 134.4, 119.6, 78.5, 71.6, 40.0, 39.4, 38.0, 29.8, 26.6, 23.0, 14.1, 

11.3;  

HRMS (ESI-TOF): calcd for C12H23NNaO3, 252.1576 [M + Na+], found 252.1577. 



(5S,6S)-5-Methyl-6-(nitromethyl)non-1-en-4-ol 34b 

34b major : 

O2N

Me
n-Pr OH

34b major

D +17.5 (CHCl3, c 1.01);  

1H NMR (500 MHz, CDCl3): = 

12.5, 6.2 Hz, 1H), 4.41 (dd, J = 12.3, 7.6 Hz, 1H), 3.

= 7.0 Hz, 3H), 0.91 (t, J = 7.1 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 134.6, 119.0, 78.3, 70.1, 41.3, 40.5, 37.6, 31.4, 20.2, 14.2, 10.7;  

HRMS (ESI-TOF): calcd for C11H21NNaO3, 238.1419 [M + Na+], found 238.1426. anti-13b.  



34b minor: 

O2N

Me
n-Pr OH

34b minor

D 3, c 0.98);  

1H NMR (500 MHz, CDCl3): =  J = 11.3, 5.7 Hz, 

1H), 4.33 (dd, J = 11.3, 9.1 Hz, 1H), 3.45 (td, J = 8.2, 3.4 Hz, 1H), 2.79 (dtd, J = 9.4, 6.0, 2.7 Hz, 

 3H), 0.84 (d, J = 7.0 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 134.3, 119.5, 78.5, 71.5, 39.9, 39.4, 37.7, 29.0, 20.7, 14.3, 11.2;  

HRMS (ESI-TOF): calcd for C11H21NNaO3, 238.1419 [M + Na+], found 238.1426.  



(5S,6S)-5-Methyl-6-(nitromethyl)undec-1-en-4-ol (34c) 

O2N

Me
n-Pen OH

34c major

O2N

Me
n-Pen OH

34c minor

D +5.14 (CHCl3, c 1.05);  

1H NMR (500 MHz, CDCl3

1H for major), 4.40 (d, J = 7.4 Hz, 1H for minor), 4.39 (dd, J = 12.6, 7.6 Hz, 1H for major), 4.31 (t, J 

= 10.6 Hz, 1H for minor  major), 3.44 (t, J = 8.7 Hz, 1H for minor), 2.75 (q, J 

= 8.4 Hz, 1H for minor), 2.42 (dd, J = 14.6, 5.7 Hz, 1H for minor major), 

minor r major

0.96 (d, J = 7.3 Hz, 3H for major), 0.86 (t, J = 6.8 Hz, 3H), 0.82 (d, J = 6.9 Hz, 3H for minor);  

13C NMR (126 MHz, CDCl3  for minor; 134.3, 119.4, 78.4, 71.5, 39.9, 39.3, 37.9, 32.0, 27.2, 

26.7, 22.6, 14.1, 11.1; for major; 134.6, 119.0, 78.3, 70.1, 41.5, 40.5, 37.5, 31.9, 29.1, 26.6, 22.6, 

14.1, 10.7;  

HRMS (ESI-TOF): calcd for C13H25NNaO3, 266.1732 [M + Na+], found 266.1735.  



(5S,6S)-6-Cyclohexyl-5-methyl-7-nitrohept-1-en-4-ol (34d) 

O2N

Me
c-Hex OH

34d major

O2N

Me
c-Hex OH

34d minor

D +19.3 (CHCl3, c 0.86);  

1H NMR (500 MHz, CDCl3

1H for major), 4.46 (d, J = 5.1 Hz, 1H for minor

major), 3.51 (t, J = 8.5 Hz, 1H for minor minor), 2.42 (dd, J = 15.4, 6.3 Hz, 

1H for minor major), 2.03 (m, 1H for minor

(m, 5H), 1.00 (d, J = 7.0 Hz, 3H for major), 0.93 (d, J = 7.2 Hz, 3H for minor

13C NMR (126 MHz, CDCl3): = 

for minor: 134.5, 119.5, 76.7, 71.8, 44.0, 39.7, 39.5, 37.5, 33.0, 29.4, 26.9, 26.5, 26.4, 13.3;  

for major: 134.7, 118.9, 76.5, 70.0, 46.6, 40.7, 39.3, 36.6, 31.5, 29.5, 26.6, 26.5, 26.4, 11.8;  

HRMS (ESI-TOF): calcd for C14H25NNaO3, 278.1732 [M + Na+], found 278.1724.  



(5S,6S)-5,7-Dimethyl-6-(nitromethyl)oct-1-en-4-ol (34e) 

34e major 34e minor

O2N

Me
i-Pr OH

O2N

Me
i-Pr OH

D +20.1 (CHCl3, c 0.63);  

1H NMR (500 MHz, CDCl3 60 (ddd, J = 14.2, 4.4, 1.6 

Hz, 1H for major), 4.42 (ddd, J = 8.2, 6.4, 1.6 Hz, 1H), 4.38 (ddd, J = 15.1, 6.6, 1.5 Hz, 1H for 

minor major minor minor), 

major .97 (m, 1H for minor

1.50 (d, J = 3.9 Hz, 1H), 1.03 (dd, J = 8.7, 1.5 Hz, 3H for minor), 1.00 (dd, J = 7.0, 1.6 Hz, 3H for 

major), 0.97 (dd, J = 6.8, 1.5 Hz, 3H for major), 0.94 (dd, J = 7.0, 1.6 Hz, 3H for minor), 0.87 (dd, J 

= 6.9, 1.6 Hz, 3H for major), 0.85 (dd, J = 6.9, 1.6 Hz, 3H for minor);  

13C NMR (126 MHz, CDCl3): = for  

minor: 134.5, 119.5, 76.1, 71.8, 44.3, 39.9, 39.4, 27.1, 22.6, 18.5, 13.2;  

major: 134.7, 118.9, 76.4, 70.0, 47.1, 40.6, 37.2, 29.0, 21.3, 18.9, 11.7; 

 HRMS (ESI-TOF): calcd for C11H22NO3, 216.1600 [M + H+], found 216.1599.  



(5S,6S)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-decene (35a). 

35a major 35a minor

O2N

Me
n-Bu OTBS

O2N

Me
n-Bu OTBS

;  

D 3, c 1.07);  

1H NMR (500 MHz, CDCl3 = 

Hz, 1H for major), 4.38 (ddd, J = 11.8, 5.2, 1.1 Hz, 1H for minor), 4.32 (ddd, J = 12.2, 7.8, 1.1 Hz, 

1H for major), 4.27 (ddd, J = 11.9, 9.0, 1.1 Hz, 1H for minor), 3.73 (tdd, J = 6.3, 4.6, 1.1 Hz, 1H for 

major), 3.63 (dt, J = 6.4, 5.8 Hz, 1H for minor minor

major and 2H for minor major minor

1H for major 1.00 (m, 1H for minor major and 

12H for minor), 0.82 (dd, J = 7.0, 1.1 Hz, 3H for minor), 0.07 (s, 3H for major), 0.06 (s, 3H), 0.04 (s, 

3H for minor);  

13C NMR (126 MHz, CDCl3  for minor; 134.0, 117.5, 78.6, 73.7, 38.9, 37.9, 37.7, 29.6, 26.9, 

 major; 134.4, 117.6, 78.4, 73.3, 39.9, 39.4, 37.1, 

 HRMS (ESI-TOF): calcd for C18H38NO3Si, 344.2621 [M + H+], found 344.2626. 



(5S,6S)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-nonene (35b). 

35b major 35b minor

O2N

Me
n-Pr OTBS

O2N

Me
n-Pr OTBS

;  

D +1.01 (CHCl3, c 0.99);  

1H NMR (500 MHz, CDCl3

Hz, 1H for major), 4.37 (ddd, J = 11.7, 5.2, 1.3 Hz, 1H for minor), 4.32 (ddd, J = 12.3, 7.7, 1.3 Hz, 

1H for major), 4.26 (ddd, J = 11.9, 8.9, 1.3 Hz, 1H for minor major), 3.64 (td, 

J = 6.1, 5.3 Hz, 1H for minor minor (m, 3H for major and 2H for 

minor), 1.69 (tdd, J = 6.8, 3.7, 1.7 Hz, 1H for major minor

4H for major and 3H for minor minor

6H);  

13C NMR (126 MHz, CDCl3): =  

for major

4.3;  

for minor

4.8;  

HRMS (ESI-TOF): calcd for C17H35NNaO3Si, 352.2284 [M + Na+], found 352.2288. 



(5S,6S)-5-Methyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-undecene (35c). 

35c major 35c minor

O2N

Me
n-Pen OTBS

O2N

Me
n-Pen OTBS

; 

D 3, c 1.21);  

1H NMR (500 MHz, CDCl3  (dd, J = 12.2, 6.1 Hz, 

1H for major), 4.38 (dd, J = 11.9, 5.5 Hz, 1H for minor), 4.32 (dd, J = 12.0, 7.5 Hz, 1H for minor), 

4.27 (dd, J = 11.7, 9.3 Hz, 1H for minor), 3.74 (td, J = 5.9, 4.0 Hz, 1H for major), 3.63 (td, J = 6.2, 

4.5 Hz, 1H for minor), 2.62 2.54 (m, 1H for minor  major and 2H for 

minor major minor major), 

minor), 0.91 (d, J = 6.4 Hz, 3H for major), 0.90 (s, 9H for 

minor), 0.89 (s, 9H for major minor), 0.08 (s, 3H for 

major), 0.07 (s, 3H for major), 0.07 (s, 3H for minor), 0.05 (s, 3H for minor);  

13C NMR (126 MHz, CDCl3): = 

 for minor; 133.8, 117.2, 78.3, 73.5, 38.7, 37.6, 37.5, 32.0, 31.4, 26.9, 25.7 (3C), 22.5, 17.9, 14.0, 

for major; 134.1, 117.3, 78.1, 73.1, 39.7, 39.2, 36.8, 31.8, 28.2, 25.9 (3C), 25.7, 22.3, 17.9, 13.8, 

HRMS (ESI-TOF): calcd for C19H40NO3Si, 358.2777 [M +H +], found 358.2786. 



(5S,6S)-6-Cyclohexyl-5-methyl-7-nitro-4-(tert-butyldimethylsilyl)oxy-1-heptene (35d). 

35d major 35d minor

O2N

Me
c-Hex OTBS

O2N

Me
c-Hex OTBS

;  

D +0.45 (CHCl3, c 0.89);  

1H NMR (500 MHz, CDCl3): = .1 Hz, 

Hz, 3H), 0.88 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H);  

13C NMR (126 MHz, CDCl3): = 

 minor; 134.8, 117.3, 76.8, 74.2, 43.3, 39.3, 38.0, 37.2, 32.8, 28.6, 26.9, 26.6, 26.4, 26.0 (3C), 14.2, 

major; 134.6, 117.6, 76.5, 73.3, 45.2, 39.7, 38.9, 36.1, 31.7, 28.7, 26.8, 26.6, 26.4, 26.0 (3C), 18.2, 

HRMS (ESI-TOF): calcd for C20H39NNaO3Si, 392.2597 [M + Na+], found 392.2593. 



(5S,6S)-5,7-Dimethyl-6-(nitromethyl)-4-(tert-butyldimethylsilyl)oxy-1-octene (35e). 

O2N

Me
i-Pr OTBS

O2N

Me
i-Pr OTBS

35e major 35e minor

;  

D +1.16 (CHCl3, c 0.95); 

1H NMR (500 MHz, CDCl3

1H for major), 4.36 (dd, J = 12.4, 5.4 Hz, 1H for minor), 4.32 (dd, J = 13.9, 7.2 Hz, 1H for major), 

minor), 3.78 (t, J = 6.6 Hz, 1H for major), 3.68 (dd, J = 10.2, 5.5 Hz, 1H for 

minor major), 0.06 (s, 

3H for major), 0.05 (s, 6H for minor);  

13C NMR (126 MHz, CDCl3): =  

for minor: 135.0, 117.2, 76.1, 73.9, 43.5, 40.0, 3

4.5;  

for major

4.2;  

HRMS (ESI-TOF): calcd for C17H35NNaO3Si, 352.2284 [M + Na+], found 352.2285. 



(1R,4S,5S,6S)-3-(tert-Butyldimethylsilyl)oxy-5-butyl-4-methyl-6-nitrobicyclo-[4.1.0]heptane

(36a) 

n-Bu

OTBS

O2N

36a major

n-Bu

OTBS

O2N

36a minor

; 

D +38.5 (CHCl3, c 0.81)  

1H NMR (500 MHz, CDCl3  3.54 (ddt, J = 5.6, 3.6, 1.8 Hz, 1H for major), 3.43 (tdd, J = 7.4, 5.0, 

1.9 Hz, 1H for minor), 3.17 (dt, J = 7.8, 5.9 Hz, 1H for minor), 2.95 (dtt, J = 9.4, 6.8, 1.6 Hz, 1H for 

major -

cis-15a), 0.98 (dd, J = 6.8, 2.0 Hz, 3H for major

13C NMR (126 MHz, CDCl3): =  

for major; 76.9, 71.9, 67.7, 38.8, 33.6, 31.1, 29.1, 25.9 (3C), 25.4, 23.2, 20.6, 18.0, 17.3, 14.1, 0.2, 

for minor; 68.8, 68.1, 38.0, 35.3, 32.9, 31.7, 29.1, 25.8 (3C), 23.3, 20.6, 

4.8; 

 HRMS (ESI-TOF): calcd for C18H35NNaO3Si, 364.2284 [M + Na+], found 364.2283. 



(1R,4S,5S,6S)-3-(tert-Butyldimethylsilyl)oxy-5-propyl-4methyl-6-nitrobicyclo-[4.1.0]heptane

(36b) 

n-Pr

OTBS

O2N

36b major

n-Pr

OTBS

O2N

36b minor

;  

D +46.4 (CHCl3, c 1.03);  

1H NMR (500 MHz, CDCl3 minor), 3.43 (tdd, J = 7.7, 5.1, 1.2 Hz, 1H for 

major major minor

(m, 7H), 1.02 (d, J = 5.9 Hz, 3H for 3,4-cis-15b), 0.98 (dd, J = 6.8, 1.2 Hz, 3H for major

13C NMR (126 MHz, CDCl3  for major; 71.9, 67.7, 38.8, 33.6, 31.1, 29.1, 25.9 (3C), 25.4, 23.2, 

minor; 68.8, 68.1, 38.0, 35.3, 32.9, 31.7, 29.1, 25.7 (3C), 23.3, 

HRMS (ESI-TOF): calcd for C17H34NO3Si, 328.2308 [M + H+], found 328.2300. 



(1R,4S,5S,6S)-3-(tert-Butyldimethylsilyl)oxy-5-pentyl-4methyl-6-nitrobicyclo-[4.1.0]heptane

(36c) 

n-Pen

OTBS

O2N

36c major

n-Pen

OTBS

O2N

36c minor

;  

D +28.9 (CHCl3, c 1.00);  

1H NMR (500 MHz, CDCl3 minor), 3.42 (q, J = 7.0 Hz, 1H for major), 

minor), 2.94 (q, J = 6.8 Hz, 1H for major

minor), 

0.97 (d, J = 6.8 Hz, 3H for major), 0.86 (s, 9H for major minor), 

0.03 (s, 6H for major), 0.02 (s, 3H for minor), 0.00 (s, 3H for minor);  

13C NMR (126 MHz, CDCl3): = 

for minor; 68.8, 68.0, 38.0, 35.4, 33.2, 32.5, 31.7, 26.6, 25.8, 25.7 (3C), 22.7, 20.5, 18.0, 16.5, 14.2, 

for major; 71.9, 67.7, 38.8, 33.9, 32.4, 31.7, 31.0, 26.6, 25.9 (3C), 25.3, 22.6, 20.5, 18.1, 17.3, 14.1, 

HRMS (ESI-TOF): calcd for C19H38NO3Si, 356.2621 [M + H+], found 356.2613. 



(1R,4S,5S,6S)-3-(tert-Butyldimethylsilyl)oxy-5-cyclohexyl-4methyl-6-nitrobicyclo-

[4.1.0]heptane (36d). 

c-Hex

OTBS

O2N

;  

D +53.6 (CHCl3, c 1.10);  

1H NMR (500 MHz, CDCl3): =3.64 (dd, J = 5.5, 4.8 Hz, 1H), 2.91 (d, J = 9.7 Hz, 1H), 2.15 (dd, J = 

1.15 (m, 11H), 0.98 (dd, J = 13.4, 7.6 Hz, 1H), 0.91 (d, J = 7.1 Hz, 3H), 0.87 (s, 9H), 0.03 (s, 3H), 

0.02 (s, 3H); 

13C NMR (126 MHz, CDCl3): = 71.7, 66.8, 43.5, 39.7, 33.5, 31.5, 31.0, 28.3, 28.1, 26.6, 26.5, 

HRMS (ESI-TOF): calcd for C20H37NNaO3Si, 390.2440 [M + Na+], found 390.2448. 



(1R,4S,5S,6S)-3-(tert-Butyldimethylsilyl)oxy-5-isopropyl-4methyl-6-nitrobicyclo-[4.1.0]heptane 

(36e). 

i-Pr

OTBS

O2N

;  

D +83.6 (CHCl3, c 0.41);  

1H NMR (500 MHz, CDCl3): =3.65 (q, J = 3.6 Hz, 1H), 2.86 (d, J = 9.8 Hz, 1H), 2.15 (dd, J = 11.1, 

1H), 1.51 (dd, J = 8.6, 5.6 Hz, 1H), 0.99 (d, J = 6.6 Hz, 3H), 0.92 (d, J = 7.0 Hz, 3H), 0.87 (d, J = 6.5 

Hz, 3H), 0.85 (s, 9H), 0.03 (s, 3H), 0.02 (s, 3H);  

13C NMR (126 MHz, CDCl3): = 71.8, 66.4, 43.9, 33.7, 31.2, 26.4, 26.1, 25.8 (3C), 20.9, 20.8, 20.0, 

HRMS (ESI-TOF): calcd for C17H34NO3Si, 328.2308 [M + H+], found 328.2310. 



(1R,4S,5S,6S)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-ol (37a). 

n-Bu

OH

O2N

37a major

n-Bu

OH

O2N

37a minor

; 

D +64.4 (CHCl3, c 1.37); 

1H NMR (500 MHz, CDCl3 minor), 3.42 (q, J = 8.5, 7.9 Hz, 1H for 

major), 3.18 (q, J = 6.6 Hz, 1H for minor), 2.91 (q, J = 7.1 Hz, 1H for major), 2.40 (dt, J = 14.6, 7.4 

Hz, 1H for major), 2.21 (dd, J = 11.0, 6.0 Hz, 1H for major minor), 1.94 (q, J 

= 9.3 Hz, 1H for major

1.04 (t, J = 7.3 Hz, 1H for major), 0.88 (t, J = 6.7 Hz, 3H for major), 0.86 (t, J = 5.0 Hz, 3H for 

minor minor); 

13C NMR (126 MHz, CDCl3): = 

for major; 71.5, 67.9, 39.5, 39.3, 33.2, 32.4, 29.0, 25.2, 23.3, 20.7, 16.0, 14.1;  

for minor; 67.9, 67.8, 37.2, 35.8, 33.0, 30.2, 29.2, 25.6, 23.2, 19.8, 15.4, 14.1;  

HRMS (ESI-TOF): calcd for C12H21NNaO3, 250.1419 [M + Na+], found 250.1418.  



(1R,4S,5S,6S)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37b) 

n-Pr

OH

O2N

37b major

n-Pr

OH

O2N

37b minor

; 

D +35.9 (CHCl3, c 1.37);  

1H NMR (500 MHz, CDCl3 minor), 3.41 (q, J = 8.4 Hz, 1H for major), 

3.18 (dd, J = 13.8, 6.8 Hz, 1H for minor major), 2.39 (dt, J = 14.8, 7.4 Hz, 1H 

for major), 2.20 (t, J = 10.6, 4.8 Hz, 1H for major minor), 1.93 (q, J = 9.2 

Hz, 1H for major

1.03 (t, J = 7.1 Hz, 1H for major), 0.90 (t, J = 7.2 Hz, 3H for minor), 0.87 (t, J = 6.8 Hz, major), 

minor);  

13C NMR (126 MHz, CDCl3): =  

for minor; 71.4, 67.9, 39.5, 39.3, 35.8, 32.4, 25.3, 20.7, 20.1, 16.0, 14.7; 

for major; 68.0, 67.8, 37.2, 35.7, 35.6, 30.2, 25.6, 20.3, 19.9, 15.5, 14.6;  

HRMS (ESI-TOF): calcd for C11H19NNaO3, 236.1263 [M + Na+], found 236.1262.  



(1R,4S,5S,6S)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37c). 

n-Pen

OH

O2N

37c major

n-Pen

OH

O2N

37c minor

; 

D +61.6 (CHCl3, c 1.12);  

1H NMR (500 MHz, CDCl3  3.62 (ddt, J = 6.4, 5.0, 2.1 Hz, 1H for minor), 3.46 3.38 (m, 1H for 

major), 3.19 (dq, J = 7.2, 4.7 Hz, 1H for minor), 2.92 (ddt, J = 8.4, 7.0, 2.7 Hz, 1H for major), 

 major), 2.21 (ddt, J = 10.9, 5.8, 1.5 Hz, 1H for major

minor), 1.94 (dtdd, J = 11.9, 9.1, 2.8, 1.3 Hz, 1H for major

13C NMR (126 MHz, CDCl3): =  

for major; 71.4, 67.9, 39.4, 39.4, 33.4, 32.4, 32.4, 26.5, 25.3, 22.6, 20.8, 16.0, 14.2;  

for minor; 67.9, 67.8, 37.1, 35.8, 33.3, 32.3, 30.1, 26.7, 25.7, 22.6, 19.9, 15.5, 14.2;  

HRMS (ESI-TOF): calcd for C13H23NNaO3, 264.1576 [M + Na+], found 264.1573.  



(1R,4S,5S,6S)-5-Ethyl-4-cyclohexyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37d). 

c-Hex

OH

O2N

; 

D +78.8 (CHCl3, c 0.38);  

1H NMR (500 MHz, CDCl3): = 3.63 (q, J = 5.7 Hz, 1H), 2.92 (dd, J = 8.0, 5.1 Hz, 1H), 2.24 (dt, J = 

8.1, 5.6 Hz, 1H), 

13C NMR (126 MHz, CDCl3): = 71.5, 66.5, 43.2, 41.4, 34.0, 31.3, 30.9, 28.6, 26.8, 26.7, 26.6, 

25.2, 20.6, 18.1;  

HRMS (ESI-TOF): calcd for C14H23NNaO3, 276.1576 [M + Na+], found 276.1584. 



(1R,4S,5S,6S)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-ol (37e). 

i-Pr

OH

O2N

; 

D +99.6 (CHCl3, c 0.90);  

1H NMR (500 MHz, CDCl3): = 3.61 (dq, J = 5.8, 5.4 Hz, 1H), 2.85 (dt, J = 8.2, 4.1 Hz, 1H), 

0.99 (d, J = 6.9 Hz, 6H), 0.87 (d, J = 5.0 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 71.5, 66.5, 43.9, 34.7, 31.3, 28.1, 25.2, 20.8, 20.8, 20.5, 18.2;  

HRMS (ESITOF): calcd for C11H19NNaO3, 236.1263 [M + Na+], found 236.1270.  



(1R,4S,5S,6S)-5-Butyl-4-methyl-6-nitrobicyclo[4.1.0]heptan3-one (38a) 

n-Bu

O

O2N

.  

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 37.6 min (minor); tR 

31.5 min (major) [CHIRALPAK IC (0.46 cm × 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 98/2, 0.70 mL/min] as 98% ee.  

D +128.3 (CHCl3, c 1.10); 

1H NMR (500 MHz, CDCl3): = 3.36 (dt, J = 7.3, 5.9 Hz, 1H), 2.88 (dd, J = 17.5, 6.8 Hz, 1H), 2.42 

(dt, J = 17.6, 1.

= 6.9 Hz, 3H), 1.15 (ddd, J = 7.4, 5.7, 1.4 Hz, 1H), 0.91 (t, J = 6.9 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 210.5, 66.2, 45.6, 40.3, 36.1, 32.5, 28.1, 25.3, 22.9, 19.5, 15.1, 

1;  

HRMS (ESI-TOF): calcd for C12H19NNaO3, 248.1263 [M + Na +], found 248.1276.  



(1R,4S,5S,6S)-5-Propyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38b) 

n-Pr

O

O2N

.  

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 18.9 min (minor); tR 

19.3 min (major) [YMC CHIRAL Amylose-SA (0.46 cm × 25 cm) hexane/i-PrOH, 98/ 2, 0.70 

mL/min] as 99% ee.  

D +152.2 (CHCl3, c 1.10); 

1H NMR (500 MHz, CDCl3): = 3.38 (q, J = 5.7 Hz, 1H), 2.89 (ddd, J = 17.7, 7.0, 2.6 Hz, 1H), 

J = 7.0, 2.3 Hz, 3H), 1.15 (ddd, J = 6.9, 5.7, 2.3 Hz, 1H), 0.90 (t, J = 6.3 Hz, 3H); 

13C NMR (126 MHz, CDCl3): = 210.5, 66.2, 45.6, 40.2, 36.1, 35.1, 25.3, 19.5, 19.3, 15.1, 14.3; IR 

1;  

HRMS (ESITOF): calcd for C11H18NO3, 212.1287 [M + H+], found 212.1286.  



(1R,4S,5S,6S)-5-Pentyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38c) 

n-Pen

O

O2N

.  

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.5 min (major); tR 

14.8 min (minor) [YMC Chiral Cellulose-C (0.46 cm × 25 cm) hexane/i-PrOH, 98/2, 0.70 mL/min] 

as 99% ee. 

D +136.0 (CHCl3, c 1.05); 

1H NMR (500 MHz, CDCl3): = 3.36 (ddd, J = 7.1, 5.9, 4.9 Hz, 1H), 2.87 (dd, J = 18.7, 6.9 Hz, 

5.7 Hz, 1H), 0.85 (t, J = 6.5 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 210.6, 66.2, 45.6, 40.3, 36.1, 32.8, 32.0, 25.7, 25.3, 22.6, 19.6, 

15.1, 14.1;  

1;  

HRMS (ESI-TOF): calcd for C13H21NNaO3, 262.1419 [M + Na+], found 262.1416.  



(1R,4S,5S,6S)-5-Cyclohexyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38d) 

c-Hex

O

O2N

.  

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 13.7 min (minor); tR 

16.7 min (major) [YMC CHIRAL Amylose-SA (0.46 cm × 25 cm) hexane/i-PrOH, 98/ 2, 0.70 

mL/min] as 99% ee. 

D +128.3 (CHCl3, c 1.10);  

1H NMR (500 MHz, CDCl3): = 

2H), 2.34 (dd, J = 10.8, 6.5 Hz, 1H), 2.28 (d, J = 16.9 Hz, 1H), 1.89 (ddd, J = 10.6, 4.9, 2.8 Hz, 1H), 

13C NMR (126 MHz, CDCl3): = 212.8, 65.1, 47.2, 43.0, 40.3, 35.3, 31.1, 30.4, 27.6, 26.3, 26.2, 

26.2, 21.6, 17.5; 

1533, 1342 cm 1;  

HRMS (ESI-TOF): calcd for C14H21NNaO3, 274.1419 [M + Na+], found 274.1422. 



(1R,4S,5S,6S)-5-Isopropyl-4-methyl-6-nitrobicyclo[4.1.0]heptan-3-one (38e) 

i-Pr

O

O2N

The enantiomeric purity was determined by HPLC analysis (237 nm, 40 °C) tR 14.0 min (minor); tR 

17.8 min (major) [YMC CHIRAL Amylose-SA (0.46 cm × 25 cm) hexane/i-PrOH, 98/2, 0.70 

mL/min] as 99% ee. 

D +143.9 (CHCl3, c 0.98);  

1H NMR (500 MHz, CDCl3): = 3.22 (tt, J = 8.6, 3.6 Hz, 1H), 2.82 (dt, J = 15.1, 7.1 Hz, 1H), 

3H), 0.94 (t, J = 6.6 Hz, 1H), 0.89 (d, J = 5.7 Hz, 3H), 0.84 (d, J = 6.2 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 212.4, 65.3, 48.2, 43.8, 35.1, 30.7, 27.5, 21.5, 20.8, 20.1, 17.3; 

1;  

HRMS (ESI-TOF): calcd for C11H18NO3, 212.1287 [M + H+], found 212.1280. 



(1S,5R,6S,7R)-6-Butyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39a). 

O

O2N
n-Bu

Me O

25 30 (0.4166 g, 1.85 mmol)

mCPBA (0.5148 g, 80%, 1.83 mmol) 15

(1:4, 20 mL)

(Hex:AcOEt= 2:1) 31 (0.326 g, 1.35 

mmol) 73% . 

D +92.2 (CHCl3, c 1.10);  

1H NMR (500 MHz, CDCl3): = 3.85 (dq, J = 6.0, 10.4 Hz, 1H), 3.53 (dddd, J = 1.0, 4.7, 8.4, 10.3 

Hz, 1H), 3.09 (dd, J = 8.4, 14.7 Hz, 1H), 2.49 (dd, J = 8.2, 14.8 Hz, 1H), 2.40 (ddt, J = 0.9, 6.3, 10.6 

Hz, 1H), 2.32 (dq, J 

5H), 1.05 (dd, J = 6.4, 7.7 Hz, 1H), 0.88 (t, J = 7.1 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 170.6, 75.2, 68.8, 41.3, 32.5, 31.7, 28.7, 25.5, 23.2, 20.4, 20.2, 

13.9; 

 IR (CHCl3 1;  

HRMS (ESI-TOF): calcd for C12H19NNaO4, 264.1212 [M + Na+], found 264.1212.  



(1S,5R,6S,7R)-6-Propyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39b). 

O

O2N
n-Pr

Me O

D +80.9 (CHCl3, c 1.08);  

1H NMR (500 MHz, CDCl3): = 3.87 (dq, J = 10.8, 6.2 Hz, 1H), 3.44 (td, J = 9.3, 4.6 Hz, 1H), 2.97 

(dd, J = 14.7, 8.4 Hz, 1H), 2.50 (dd, J = 14.7, 8.8 Hz, 1H), 2.33 (dd, J = 10.7, 6.3 Hz, 1H), 2.22 (dq, J 

= 10.6, 8.4 Hz, 1H), 1.48 (ddt, J = 13.5, 11.2, 5.

3H), 1.06 (dd, J = 8.0, 6.4 Hz, 1H), 0.85 (t, J = 7.3 Hz, 3H); 

 13C NMR (126 MHz, CDCl3): = 170.9, 75.0, 69.0, 41.3, 34.0, 32.3, 25.7, 20.2, 20.1, 19.9, 14.5; 

 IR (CHCl3 1; 

 HRMS (ESI-TOF): calcd for C11H18NO4, 228.1236 [M + H+], found 228.1216.  



(1S,5R,6S,7R)-6-Pentyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39c). 

O

O2N
n-Pen

Me O

D +86.7 (CHCl3, c 1.00);  

1H NMR (500 MHz, CDCl3): = 3.86 (dq, J = 11.9, 6.2 Hz, 1H), 3.44 (td, J = 9.4, 4.8 Hz, 1H), 2.98 

(dd, J = 14.7, 8.4 Hz, 1H), 2.50 (dd, J = 14.7, 8.7 Hz, 1H), 2.33 (dd, J = 10.6, 6.3 Hz, 1H), 2.23 (dq, J 

6 (dd, J = 

8.0, 6.3 Hz, 1H), 0.81 (t, J = 6.5 Hz, 3H); 

13C NMR (126 MHz, CDCl3): = 170.9, 75.1, 68.9, 41.4, 32.4, 32.2, 31.8, 26.2, 25.7, 22.4, 20.3, 

20.2, 14.0;  

IR (CHCl3 1;  

HRMS (ESI-TOF): calcd for C13H21NNaO4, 278.1368 [M + Na+], found 278.1372.  



(1S,5R,6S,7R)-6-Isopropyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (39e). 

O

O2N
i-Pr

Me O

D +31.9 (CHCl3, c 0.29);  

1H NMR (500 MHz, CDCl3): = 4.19 (dt, J = 14.2, 6.4 Hz, 1H), 3.54 (dd, J = 9.5, 5.3 Hz, 1H), 3.09 

1H), 1.54 (d, J = 6.3 Hz, 3H), 1.26 (t, J = 7.2 Hz, 1H), 1.00 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 7.0 Hz, 

3H);  

13C NMR (126 MHz, CDCl3): = 170.2, 74.3, 67.4, 45.1, 33.2, 30.0, 23.4, 20.2, 20.1, 19.5, 18.7;  

HRMS (ESI-TOF): calcd for C11H17NNaO4 250.1055 [M + Na+], found 250.1045. 



(1R,5S,6R,7S)-6-Butyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40a). 

O

O2N
n-Bu

Me O

; 

D 3, c 1.08);  

1H NMR (500 MHz, CDCl3): = 3.86 (dq, J = 12.0, 6.1 Hz, 1H), 3.43 (td, J = 7.6, 4.2 Hz, 1H), 2.99 

(dd, J = 14.7, 8.3 Hz, 1H), 2.50 (dd, J = 14.7, 8.8 Hz, 1H), 2.33 (dd, J = 10.5, 5.8 Hz, 1H), 2.22 (dq, J 

= 10.8, 

Hz, 1H), 0.83 (t, J = 7.1 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 170.9, 75.0, 69.0, 41.3, 32.4, 31.5, 28.7, 25.7, 23.1, 20.3, 20.2, 

13.9;  

IR (CHCl3 35, 1346 cm 1;  

HRMS (ESI-TOF): calcd for C12H19NNaO4, 264.1212 [M + Na+], found 264.1191.  



(1R,5S,6R,7S)-6-Propyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40b). 

O

O2N
n-Pr

Me O

D 3, c 1.03);  

1H NMR (500 MHz, CDCl3): = 3.86 (dq, J = 10.3, 6.1 Hz, 1H), 3.48 (dddd, J = 9.7, 8.8, 4.4, 2.0 Hz, 

1H), 3.02 (dd, J = 14.7, 8.4 Hz, 1H), 2.49 (dd, J = 14.6, 8.7 Hz, 1H), 2.36 (ddd, J = 10.6, 6.4, 1.0 Hz, 

1.06 (dd, J = 8.0, 6.3 Hz, 1H), 0.88 (t, J = 7.2 Hz, 3H);  

13C NMR (126 MHz, CDCl3): = 170.7, 75.1, 68.9, 41.3, 34.1, 32.4, 25.6, 20.3, 20.2, 19.9, 14.5; 

 IR (CHCl3 1;  

HRMS (ESI-TOF): calcd for C11H18NO4, 228.1236 [M + H+], found 228.1242.  



(1R,5S,6R,7S)-6-Pentyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40c). 

O

O2N
n-Pen

Me O

D 3, c 1.11); 

1H NMR (500 MHz, CDCl3): = 3.86 (pd, J = 6.0, 1.9 Hz, 1H), 3.42 (dtt, J = 9.8, 6.6, 2.9 Hz, 1H), 

2.96 (ddd, J = 14.6, 8.4, 2.2 Hz, 1H), 2.49 (ddd, J = 14.7, 8.7, 2.1 Hz, 1H), 2.32 (dd, J = 10.8, 6.5 Hz, 

(t, J = 6.1 Hz, 1H), 0.80 (d, J = 6.8 Hz, 3H).  

13C NMR (126 MHz, CDCl3): = 170.9, 75.0, 69.0, 41.4, 32.3, 32.2, 31.8, 26.2, 25.8, 22.4, 20.3, 

20.2, 14.0;  

IR (CHCl3 1;  

HRMS (ESI-TOF): calcd for C13H21NNaO4, 278.1368 [M + Na+], found 278.1362.  



(1R,5S,6R,7S)-6-Cyclohexyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40d). 

O

O2N
c-Hex

Me O

; 

D 3, c 1.09); 

1H NMR (500 MHz, CDCl3): = 4.22 (dq, J = 9.3, 6.3 Hz, 1H), 3.53 (ddd, J = 9.3, 5.4, 1.0 Hz, 1H), 

3.09 (dd, J = 14.9, 7.7 Hz, 1H), 2.61 (ddd, J = 10.6, 6.9, 0.8 Hz, 1H), 2.57 (dd, J = 15.1, 7.8 Hz, 1H), 

3H), 1.26 (ddd, J = 8.5, 7.0, 3.9 Hz, 1H), 1.24 1.11 (m, 3H), 1.06 (ddd, J = 23.7, 12.1, 3.2 Hz, 1H);  

13C NMR (126 MHz, CDCl3): = 170.5, 73.9, 67.6, 45.1, 41.0, 33.0, 30.5, 28.7, 26.9, 26.8, 26.3, 

23.6, 20.2, 19.7; 

 IR (CHCl3 1; 

 HRMS (ESITOF): calcd for C14H21NNaO4, 290.1368 [M + Na+], found 290.1366. 



(1R,5S,6R,7S)-6-Isopropyl-5-methyl-7-nitro-4-oxabicyclo[5.1.0]octan-3-one (40e). 

O

O2N
i-Pr

Me O

D 3, c 1.15);  

1H NMR (500 MHz, CDCl3): = 4.14 (dq, J = 9.7, 6.2 Hz, 1H), 3.44 (dd, J = 9.9, 5.0 Hz, 1H), 2.95 

(dd, J = 14.9, 8.1 Hz, 1H), 2.55 (dd, J = 14.9, 8.4 Hz, 1H), 2.50 (dd, J = 10.9, 6.4 Hz, 1H), 2.00 

6.8 Hz, 1H), 0.89 (t, J = 7.2 Hz, 6H); 

13C NMR (126 MHz, CDCl3): = 170.6, 74.3, 67.4, 45.0, 32.7, 29.9, 23.4, 20.1, 20.0, 19.4, 18.4;  

IR (CHCl3) 1; 

 HRMS (ESI-TOF): calcd for C11H17NNaO4 250.1055 [M + Na+], found 250.1059.  



(2R,3S,3aS,6aS)-3-Butyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (41a). 

O
OTMS

n-Bu

Me

NO2

3 50 mL 39a (0.1761 g, 0.7298 mmol)  (2.5 mL)

0 TMSOTf (0.16 mL, 0.884 mmol) Et3N (0.18 mL, 1.291 mmol)

3  (5 mL)

(30 mL×3)

5:1) 41a(0.1983 g, 0.6326 mmol)

87

; 

D +43.5 (CHCl3, c 1.19);  

1H NMR (500 MHz, CDCl3): = 5.95 (dt, J = 5.4, 2.4 Hz, 1H), 5.50 (dt, J = 5.8, 2.3 Hz, 1H),3.41 (dt, 

J = 18.5, 2.4 Hz, 1H), 3.30 (dq, J = 10.4, 6.0 Hz, 1H), 3.09 (td, J = 10.1, 4.9 Hz, 1H), 2.58 (dt, J = 

0.84 (t, J = 7.1 Hz, 3H), 0.12 (s, 9H);  

13C NMR (126 MHz, CDCl3): = 131.6, 130.5, 116.8, 102.2, 76.8, 50.6, 35.2, 29.3, 27.0, 23.0, 18.4, 

13.8, 1.5 (3C); 

1; 

 HRMS (ESI-TOF): calcd for C15H27NNaO4Si, 336.1607 [M + Na+], found 336.1610.  



(2R,3S,3aS,6aS)-3-Propyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (41b) 

O
OTMS

n-Pr

Me

NO2

D +36.4 (CHCl3, c 1.00);  

1H NMR (500 MHz, CDCl3): = 5.97 (dt, J = 5.9, 2.5 Hz, 1H), 5.53 (dt, J = 5.9, 2.3 Hz, 1H), 3.42 

(dt, J = 19.2, 2.8 Hz, 1H), 3.32 (dq, J = 10.5, 6.0 Hz, 1H), 3.12 (td, J = 10.0, 4.9 Hz, 1H), 2.59 (dt, J 

2H), 0.88 (t, J = 7.1 Hz, 3H), 0.13 (s, 9H);  

13C NMR (126 MHz, CDCl3): = 131.7, 130.6, 116.8, 102.2, 76.8, 50.5, 35.3, 29.6, 20.6, 18.4, 14.5, 

1.5 (3C);  

1; 

 HRMS (ESITOF): calcd for C14H26NO4Si, 300.1631 [M + H+], found 300.1631.  



(2R,3S,3aS,6aS)-3-Pentyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (41c). 

O
OTMS

n-Pen

Me

NO2

. 

D +38.6 (CHCl3, c 2.06);  

1H NMR (500 MHz, CDCl3): = 5.98 (dt, J = 5.8, 2.4 Hz, 1H), 5.53 (dt, J = 5.9, 2.3 Hz, 1H), 3.43 

(dt, J = 19.3, 1.7 Hz, 1H), 3.31 (dq, J = 10.3, 6.0 Hz, 1H), 3.11 (td, J = 10.2, 4.9 Hz, 1H), 2.59 (dt, J 

Hz, 3H), 0.13 (s, 9H); 

13C NMR (126 MHz, CDCl3): =131.7, 130.6, 116.8, 102.2, 76.8, 50.6, 35.2, 32.2, 27.3, 26.9, 22.4, 

18.4, 14.1, 1.6 (3C);  

1;  

HRMS (ESI-TOF): calcd for C16H29NNaO4Si, 350.1764 [M + Na+], found 350.1780. 



(2S,3R,3aR,6aR)-3-Butyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42a). 

O
OTMS

n-Bu

Me

NO2

;  

D 3, c 1.10);  

1H NMR (500 MHz, CDCl3): = 5.95 (dt, J = 5.1, 2.4 Hz, 1H), 5.50 (dt, J = 5.8, 2.3 Hz, 1H), 3.41 

(dt, J = 18.9, 2.6 Hz, 1H), 3.30 (dq, J = 11.0, 5.7 Hz, 1H), 3.09 (td, J = 10.2, 4.9 Hz, 1H), 2.58 (dt, J 

13C NMR (126 MHz, CDCl3): = 131.7, 130.5, 116.8, 102.1, 76.7, 50.6, 35.1, 29.2, 26.9, 22.9, 18.3, 

13.7, 1.4 (3C);  

1;  

HRMS (ESI-TOF): calcd for C15H27NNaO4Si, 336.1607 [M + Na+], found 336.1605.  



(2S,3R,3aR,6aR)-3-Propyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42b). 

O
OTMS

n-Pr

Me

NO2

; 

D 3, c 1.49);  

1H NMR (500 MHz, CDCl3): = 5.83 (q, J = 5.2, 2.5 Hz, 1H), 5.40 (dt, J = 6.0, 2.4 Hz, 1H), 3.29 

(dt, J = 18.9, 2.6 Hz, 1H), 3.18 (dq, J = 10.2, 5.9 Hz, 1H), 2.99 (td, J = 9.8, 4.9 Hz, 1H), 2.46 (dt, J = 

13C NMR (126 MHz, CDCl3): = 131.7, 130.7, 116.9, 102.3, 76.9, 50.5, 35.3, 29.6, 20.6, 18.4, 14.5, 

1.5 (3C);  

HRMS (ESI-TOF): calcd for C14H26NO4Si, 300.1631 [M + H+], found 300.1629.  



(2S,3R,3aR,6aR)-3-Pentyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42c). 

O
OTMS

n-Pen

Me

NO2

;  

D 3, c 1.34);  

1H NMR (500 MHz, CDCl3): = 5.97 (d, J = 5.8 Hz, 1H), 5.52 (d, J = 5.8 Hz, 1H), 3.43 (d, J = 18.2 

 13C NMR (126 MHz, CDCl3): = 131.7, 130.6, 116.8, 102.2, 76.8, 50.6, 35.2, 32.2, 27.3, 26.9, 22.4, 

18.4, 14.0, 1.6 (3C); 

1; 

 HRMS (ESI-TOF): calcd for C16H29NNaO4Si, 350.1764 [M + Na+], found 350.1760.  



(2S,3R,3aR,6aR)-3-Cyclohexyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-

2H-cyclopenta[b]furan (42d). 

O
OTMS

c-Hex

Me

NO2

[ ]D 3, c 1.24);  

1H NMR (500 MHz, CDCl3): = 5.96 (dt, J = 6.1, 2.3 Hz, 1H), 5.53 (dt, J = 5.9, 2.4 Hz, 1H), 3.57 

(dq, J = 10.0, 5.8 Hz, 1H), 3.51 (dt, J = 18.5, 2.4 Hz, 1H), 2.98 (t, J = 9.6 Hz, 1H), 2.69 (dt, J = 18.5, 

7H), 0.13 (s, 9H); 

13C NMR (126 MHz, CDCl3): = 131.5, 130.7, 115.7, 103.4, 76.7, 56.1, 37.4, 36.3, 31.8, 31.7, 

26.4, 26.3, 26.0, 21.6, 1.5 (3C);  

1; 

 HRMS (ESITOF): calcd for C17H29NNaO4Si 362.1764 [M + Na+], found 362.1760. 



(2S,3R,3aR,6aR)-3-Isopropyl-2-methyl-3a-nitro-6a-trimethylsilyloxy-3,3a,4,6a-tetrahydro-2H-

cyclopenta[b]furan (42e). 

O
OTMS

i-Pr

Me

NO2

D 3, c 1.27);  

1H NMR (500 MHz, CDCl3): = 

= 6.3 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H), 0.13 (s, 9H);  

13C NMR (126 MHz, CDCl3): = 131.5, 130.7, 115.7, 103.4, 76.9, 56.9, 36.2, 27.4, 21.9, 21.8, 21.1, 

1.5 (3C); 

1;  

HRMS (ESI-TOF): calcd for C14H26NO4Si, 300.1631 [M + H+], found 300.1627.  



dimethyl 2-allyl-2-(1-cyano-2-methylpropyl)malonate 

MeO2C CO2Me

N

1H NMR (500 MHz, CDCl3): = 5.66  5.52 (m, 1H), 5.21 (d, J = 16.5 Hz, 1H), 5.19 (d, J = 9.2 Hz, 

1H), 3.78 (s, 6H), 3.20 (d, J = 2.5 Hz, 1H), 2.88 (dd, J = 14.6, 7.0 Hz, 1H), 2.75 (dd, J = 14.6, 8.0 

Hz, 1H), 2.11 (qd, J = 6.7, 2.5 Hz, 1H), 1.11 (d, J = 6.8 Hz, 3H), 0.94 (d, J = 6.7 Hz, 3H)  

13C NMR (126 MHz, CDCl3): = 169.55, 169.25, 130.71, 121.01, 117.89, 58.34, 53.20, 52.98, 

41.98, 37.93, 26.31, 23.45, 18.23 

HRMS (FAB M + H) m/z 254.1387. Calcd for C13H20NO4 254.1392 



dimethyl 2-allyl-2-(1-cyanobutyl)malonate 

MeO2C CO2Me

N

(1.4610g, 22.3 mmol) 1M (5 mL) (5 mL) (2 10 mL)

50mL 1b (0.3068 g, 1.08 mmol) 1 M (10 mL)

(20 mL) 10 2

(10 mL)

(3 30 mL)

( :  = 10:1 v/v) (0.1842 g, 0.727 mmol) 62%

1H NMR (500 MHz, CDCl3): = 5.65 (dq, J = 9.9, 7.4 Hz, 1H), 5.20 (d, J = 17.0 Hz, 1H), 5.16 (d, J 

= 10.1 Hz, 1H), 3.77 (s, 6H), 3.13 (dd, J = 11.3, 3.3 Hz, 1H), 2.82 (dd, J = 14.5, 7.4 Hz, 1H), 2.76 

(dd, J = 14.5, 7.5 Hz, 1H), 1.70  1.36 (m, 4H), 0.93 (t, J = 7.1 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 168.99, 168.96, 130.95, 120.79, 119.42, 59.03, 53.08, 53.05, 

37.74, 35.24, 30.16, 21.02, 13.40 

HRMS (ESI M + H) m/z 254.1389. Calcd for C13H20NO4 254.1392 



dimethyl 2-allyl-2-(1-cyanopropyl)malonate 

MeO2C CO2Me

N

1H NMR (500 MHz, CDCl3): = 5.67 (ddt, J = 17.4, 10.1, 7.4 Hz, 1H), 5.22 (ddd, J = 17.1, 2.6, 1.2 

Hz, 1H), 5.18 (d, J = 10.1 Hz, 1H), 3.78 (s, 3H), 3.78 (s, 3H), 3.06 (dd, 11.8, 3.5 Hz, 1H), 2.85 (ddd, 

J =14.5, 7.4, 0.9 Hz, 1H), 2.79 (dddd, J = 14.5, 7.4, 0.9 Hz, 1H), 1.77  1.66 (m, 1H), 1.55  1.44 (m, 

1H), 1.13 (t J = 7.3 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 169.03, 168.97,  130.95, 120.84, 119.28, 59.09, 53.11, 53.09, 

37.82, 37.46, 21.88, 12.49 

HRMS (ESI M + Na) m/z 262.1066. Calcd for C12H17NNaO4 262.1055 



dimethyl 2-allyl-2-(1-cyanopentyl)malonate 

MeO2C CO2Me

N

1H NMR (500 MHz, CDCl3): = 5.67 (ddt, J = 17.4, 10.0, 7.4 Hz), 5.22 (dd, J =17.0, 1.2 Hz, 1H), 

5.18 (d, J = 10.2 Hz, 1H), 3.79 (d, J = 0.7 Hz, 6H), 3.13 (dd, J = 11.6, 2.7 Hz, 1H), 2.84(dd, J = 10.2 

Hz, 1H), 2.79 (dd, J = 14.6, 7.5 Hz, 1H), 1.65  1.24 (m, 6H), 0.91 (t, J = 7.2, Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 169.03, 168.99, 130.96, 120.82, 119.50, 59.09, 53.11, 53.09, 37.78, 

35.50, 29.90, 27.90, 22.04, 13.84 

HRMS (ESI M + Na) m/z 290.1358. Calcd for C14H21NNaO4 290.1368 



dimethyl 2-allyl-2-(1-cyanohexyl)malonate 

MeO2C CO2Me

N

1H NMR (500 MHz, CDCl3): = 5.67 8ddt, J = 17.4, 10.0, 7.4 Hz, 1H), 5.22 (dd, J = 17.0, 1.2 Hz, 

1H), 5.18 (d, J =10.3 Hz, 1H), 3.79 (s, 3H), 3.79 (s, 3H), 3.13 (dd, J = 11.5, 3.0 Hz, 1H), 2.84 (dd, J 

= 14.5, 7.4, 1H), 2.79 (dd, J = 14.5, 7.5 Hz, 1H), 1.69  1.22 (m, 8H), 0.89 (J = 6.9 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 169.04, 168.99, 130.97, 120.82, 119.50, 59.10, 53.10, 53.09, 

37.78, 35.54, 31.04, 28.16, 27.48, 22.44, 13.99 

HRMS (ESI M + Na) m/z 304.1519. Calcd for C15H23NNaO4 304.1525 



MeO2C CO2Me

N

1H NMR (500 MHz, CDCl3): = 5.66 (dd, J = 17.4, 10.0, 7.4 Hz, 1H), 5.22 (dd, J = 17.0, 1.0 Hz, 

1H), 5.18 (d, J =10.3 Hz, 1H), 3.79 (s, 6H), 3.13 (dd, J = 11.6, 2.8 Hz, 1H), 2.84 (dd, J = 14.5, 7.4, 

1H), 2.78 (dd, J = 14.5, 7.5 Hz, 1H), 1.69  1.21 (m, 10H), 0.87 (t, J = 6.7 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 169.06, 169.03, 130.93, 120.90, 119.55, 59.06, 53.17, 53.15, 

37.77, 35.50, 31.57, 28.61, 28.18, 27.78, 22.60, 14.14 

HRMS (FAB M + H) m/z 296.1861. Calcd for C16H26NO4 296.1862 



dimethyl 2-allyl-2-(cyano(cyclohexyl)methyl)malonate 

MeO2C CO2Me

N

1H NMR (500 MHz, CDCl3): = 5.65  5.53 (m, 1H), 5.20 (dd, J = 17.0, 1.4 Hz, 1H), 5.18 (dd, J 

=6.5, 5.8 Hz, 1H), 3.78 (s, 3H) , 3.77 (s, 3H), 3.14 (dd, J = 2.3 Hz, 1H), 2.87 (ddd, J = 14.6, 7.1 1.1 

Hz, 1H), 2.75 (ddd, J = 14.6, 7.8, 0.9  Hz, 1H), 1.80  1.57 (m, 5H), 1.51 (d, J = 12.6 Hz, 1H), 1.37 

(ddd, J = 24.2, 12.2, 3.2 Hz, 1H), 1.32  1.07 (m, 4H) 

13C NMR (126 MHz, CDCl3): = 169.65, 169.27, 130.80, 120.93, 118.33, 58.25, 53.15, 52.98, 

41.67, 38.12, 35.75, 33.41, 29.29, 26.55, 26.00, 25.59 

HRMS (ESI M + Na) m/z 316.1524. Calcd for C16H23NNaO4 316.1525 



diethyl 2-allyl-2-(1-cyanopropyl)malonate 

EtO2C CO2Et

N

1H NMR (500 MHz, CDCl3): = 5.68 (ddt, J = 17.3, 10.1, 7.4 Hz, 1H), 5.22 (dd, J = 16.9, 1.1 Hz, 

1H), 5.18 (dd, J =10.1, 0.8 Hz, 1H), 4.25 (q, J = 7.1 Hz, 4H), 3.05 (dd, J = 11.8, 3.4 Hz, 1H), 2.84 

(dd, J = 14.6, 7.4, 1H), 2.78 (dd, J = 14.6, 7.5 Hz, 1H), 1.73 (dqd, J = 14.9, 7.4, 3.5 Hz, 1H), 1.57 

1.46 (m, 1H), 1.29 (t, J = 7.1 Hz, 6H), 1.13 (t, J = 7.3 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 168.57, 168.53, 131.08, 120.72, 119.44, 62.28, 62.26, 58.73, 

37.63, 37.34, 21.82, 14.13, 14.09, 12.54 

HRMS (FAB M + H) m/z 268.1541. Calcd for C14H22NO4 268.1549 



diethyl 2-allyl-2-(1-cyano-2-methylpropyl)malonate 

EtO2C CO2Et

N

1H NMR (500 MHz, CDCl3): = 5.59 (dddd, J = 17.0, 10.1, 8.0, 6.9 Hz, 1H), 5.21 (dd, J = 18.4, 1.2 

Hz, 1H), 5.18 (d, J =10.0 Hz, 1H), 4.24 (q, J = 7.1 Hz, 4H), 3.18 (d, J = 2.5 Hz, 1H), 2.86 (ddt, J = 

14.6, 6.9, 1.1 Hz, 1H), 2.74 (dd, J = 14.7, 8.0 Hz, 1H), 2.14  2.06 (m, 1H), 1.30 (t, J = 7.1 Hz, 3H), 

1.28 (t J = 7.1 Hz, 3H), 1.10 (d, J = 6.8 Hz, 3H), 0.96 (d, J = 6.7 Hz, 3H)1.13 (t, J = 7.3 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 169.12, 168.85, 130.84, 120.86, 117.99, 62.33, 62.26, 58.02, 

41.82, 37.69, 26.24, 18.30, 14.09, 13.98 

HRMS (FAB M + H) m/z 282.1710. Calcd for C15H24NO4 282.1705. 



diethyl 2-allyl-2-(1-cyanohexyl)malonate 

EtO2C CO2Et

N

1H NMR (500 MHz, CDCl3): = 5.69 (ddt, J = 17.5, 10.1, 8.0, 7.4 Hz, 1H), 5.22 (dq, J = 17.0, 1.4 

Hz, 1H), 5.17 (dd, J =10.1, 1.7 Hz, 1H), 4.25 (q, J = 7.1 Hz, 4H), 3.12 (dd, J = 11.6, 3.1 Hz, 1H), 

2.83 (ddt, J = 14.6, 7.3, 1.1 Hz, 1H), 2.78 (ddt, J = 14.7, 7.5, 1.1 Hz, 1H), 1.69  1.31 (m, 8H), 1.29 

(td, J = 7.1, 1.9 Hz, 6H), 0.89 (t J = 7.0 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 168.58, 168.55, 131.11, 120.68, 119.64, 62.26, 62.24, 58.74, 37.60, 

35.42, 31.07, 28.12, 27.51, 22.44, 14.13, 14.09, 13.09 

HRMS (ESI M + Na) m/z 332.1837. Calcd for C17H27NNaO4 332.1838 



dimethyl -3-(hydroxyimino)-2-propylcyclohexane-1,1-dicarboxylate 

N
OH

MeO2C CO2Me

1H NMR (500 MHz, CDCl3): = 8.71 (s, 1H), 3.70 (s, 3H), 3.69 (s, 3H), 3.16 (d, J = 11.9 Hz, 1H), 

3.09 (dd, J = 11.6, 3.2 Hz, 1H), 2.21 (d, J = 14.3 Hz, 1H), 1.53 (dddd, J = 13.8, 3.8 Hz, 1H), 1.85 

1.77 (m, 1H), 1.73 (dd, J = 14.7, 5.8, 1H), 1.53 (dddd, J = 13.4, 11.7, 9.7, 4.8 Hz, 1H), 1.35  1.13 

(m, 3H), 1.08  0.99 (m, 1H), 0.84(t, J = 7.3 Hz, 3H) 

13C NMR (126 MHz, CDCl3): = 170.78, 170.65, 158.07, 59.86, 52.78, 52.66, 43.93, 30.77, 26.70, 

21.08, 20.22, 19.79, 13.83 

HRMS (ESI M + H) m/z 272.1496. Calcd for C13H22NO5 272.1498 
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