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(3E, 5E, 7E, 9E)-2-Ethylidene-11-[(1R, 4S, 

5R)-4-(2-hydroxy-ethyl)-4-methoxy-2-oxo-6-oxa-3-azabicyclo[3.1.0] 

hex-1-yl]-4,10-dimethyl-11-oxo-undeca-3,5,7,9-tetraenoic acid methyl ester (7) 

O

O

O NH

O

OHMeO HO O

O

O NH

O

OMeMeO HO

NG-391 (2)

TsOH!H2O

7

MeOH, 45 " 
1.5 h

 
 

To a MeOH (25 mL) solution of NG391 (2) (358 mg, 0.857 mmol) was added TsOH•H2O (110 mg, 

0.578 mmol), and the reaction mixture was stirred for 1.5 h at 45 °C. After addition of a saturated 

NaHCO3 solution, the organic materials were extracted with CHCl3 three times, dried over 

anhydrous Na2SO4, concentrated in vacuo after filtration to give 360 mg of crude methylether 7, 

which was used in the next reaction without purification. 

 

(3E, 5E, 7E, 9E) (1R, 4S, 

5R)-4-(2-tert-Butoxycarbonyloxy-ethyl)-4-methoxy-1-(10-methoxycarbonyl-2,8-dimethyl-dodeca-2,

4,6,8,10-pentaenoyl)-2-oxo-6-oxa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid tert-butyl ester (8) 
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CH2Cl2, 0 !, 30 min
O
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OMeMeO BocO

(Boc)2O, Et3N, cat.DMAP

7 869% (2 steps)  

 

To a CH2Cl2 (20 mL) solution of crude methylether 7 (360 mg) was added triethylamine (0.50 mL), 

Boc2O (0.7 mL), and dimethylaminopyridine (5.0 mg) at 0 °C, and the reaction mixture was stirred 

for 30 min at that temperature.  The reaction was quenched with pH 7 phosphate buffer solution 

and the organic materials were extracted with ethyl acetate three times, the combined organic 

extracts were washed with brine, dried over anhydrous Na2SO4, and concentrated in vacuo after 
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filtration  Purification by flash column chromatography (ethyl acetate/hexane= 1/5-1/3) gave 

epoxylactam 8 (373 mg, 0.591 mmol) in 69% yield. 

 
1H NMR (CDCl3): d 1.44 (9H, s), 1.50 (9H, s), 1.65 (3H, s), 1.70 (3H, d, J=7.3 Hz), 1.93 (3H, s), 

2.25-2.41 (1H, m), 2.70-2.83 (1H, m), 3.40 (3H, s), 3.72 (3H, s), 3.96 (1H, s), 4.18-4.28 (1H, m), 

4.30-4.42 (1H, m), 6.20 (1H, s), 6.42 (1H, dd, J=15.1, 10.6 Hz), 6.58 (1H, d, J=15.1 Hz), 6.65 (1H, 

dd, J=14.5, 11.2 Hz), 6.75 (1H, dd, J=14.5, 10.6 Hz), 6.97 (1H, q, J=7.3 Hz), 7.42 (1H, d, J= 11.2 

Hz); 
13C NMR (CDCl3): d 11.1, 14.2, 15.9, 27.7, 27.9, 33.1, 51.0, 51.9, 60.8, 61.6, 62.3, 82.2, 84.4, 91.2, 

127.9, 128.0, 128.4, 130.4, 133.7, 138.0, 140.4, 142.2, 143.5, 145.9, 149.3 153.3, 167.0, 167.4, 

188.9; 

IR (neat) 2923, 2854, 1741, 1722, 1650, 1587, 1097, 862, 836, 802 cm-1; 
[a]D

22 -85.2 (c = 0.2, MeOH); 

HRMS (FAB) calced for [C33H45NO10+H]; 616.3122, found: 616.3141. 

 

(3E, 5E, 7E, 9E, 12 

E)-(2R)-2-(2-tert-Butoxycarbonyloxy-ethyl)-2-methoxy-4-(10-methoxycarbonyl-2,8-dimethyl-dodec

a-2,4,6,8,10-pentaenoyl)-5-oxo-2,5-dihydro-pyrrole-1-carboxylic acid tert-butyl ester (9) 

O
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To a THF (3.0 mL) solution of epoxylactam 8 (96.0 mg, 0.152 mmol) was added 0.1 M THF 

solution of SmI2 (15.0 mL) at -78 °C, and the reaction mixture was stirred for 40 min at -78 °C.  

After addition of a buffer solution, the organic materials were extracted with ethyl acetate three 

times, the combined organic extracts were washed with brine, dried over anhydrous Na2SO4, 

concentrated in vacuo after filtration.  Crude lactam 9 was purified by thin layer chromatography 

(ethyl acetate/hexane 1/1) to give 70.6 mg lactam 9 in 75%. 

 

(3E, 5E, 7E, 

9E)-2-Ethylidene-11-(3a-methoxy-5-oxo-hexahydro-furo[3,2-b]pyrrol-6-yl)-4,10-dimethyl-11-oxo-u

ndeca-3,5,7,9-tetraenoic acid methyl ester (10), lucilactaene (1) 
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To a CH2Cl2 (8.0 mL) and H2O (0.2 mL) solution of lactam 10 (70.6 mg, 0.111 mmol) was added 

CF3COOH (2.0 mL) at 0 °C and the reaction mixture was stirred for 2.5 h at room temperature.  

After the solvent and CF3COOH were removed in vacuo, purification by preparative thin layer 

chromatography (Et2O) gave methylether 10 (25.3 mg, 0.063 mmol) in 55% yield and lucilactaene 

(1) (11.3 mg, 0.027 mmol) in 28% yield over 2 steps. 

 

Methylether 10 
1H NMR (CDCl3): d 1.70 (3H, s), 1.73 (3H, d, J=7.2 Hz), 1.95 (3H, s), 2.08-2.20 (1H, m), 2.28-2.38 

(1H, m), 3.34 (3H, s), 3.72 (3H, m), 3.88-4.00 (1H, m), 4.01-4.09 (1H, m), 4.18 (1H, d, J=2.3 Hz), 

4.75 (1H, d, J=2.3 Hz), 6.18 (1H, s), 6.27 (1H, brs), 6.40-6.76 (4H, m), 6.98 (1H, q, J=7.2 Hz), 7.26 

(1H, d, J=11.2 Hz);  
13C NMR (CDCl3): d 11.8, 14.3, 15.9, 40.0, 51.9, 52.0, 56.6, 67.3, 83.4, 99.6, 127.5, 128.3, 128.5, 

130.4, 134.8, 138.1, 140.4, 141.3, 142.1, 142.8, 167.5, 171.4, 194.6; 

IR (neat) 2950, 2925, 1716, 1648, 1585, 1241, 1056, 732 cm-1; 
[a]D

17+36.6 (c=0.17, MeOH); 

HRMS (FAB) calced for [C23H29NO6+H]; 416.2073, found: 416.2054. 

 

lucilactaene (1) 
1H NMR (CDCl3): d 1.70 (3H, s), 1.73 (1H, d, J=7.2 Hz), 1.93 (3H, s), 2.21-2.29 (1H, m), 2.37-2.46 

(1H, m), 3.72 (3H, s), 4.21 (1H, brs), 4.30 (1H, brs), 4.97 (1H, brs), 6.20 (1H, s), 6.45 (1H, dd, J= 

15.2, 10.9 Hz), 6.62 (1H, d, J= 15.2 Hz), 6.66 (1H, dd, J= 14.7, 11.5 Hz), 6.82 (1H, dd, J= 14.7, 11.0 

Hz), 6.99 (1H, q, J=7.2 Hz), 7.45 (1H, d, J=11.5 Hz);  
13C NMR (CDCl3): d 11.5, 14.2, 15.9, 37.4, 51.9, 56.6, 68.5, 85.7, 94.5, 128.0, 128.1, 128.3, 130.3, 

134.1, 137.9, 140.6, 142.3, 143.6, 145.5, 167.5, 170.7, 197.0; 

IR (neat) 2948, 1716, 1652, 1585, 1436, 1243, 1118, 1243, 991, 734 cm-1; 

HRMS (FAB): calced for [C22H27NO6]; 401.1838, found; 401.1838. 

 

(3E, 5E, 7E, 9E)-2-Ethylidene-11-[(1R, 4S, 

5R)-4-(2-hydroxy-ethyl)-2-oxo-4-(2-phenylselanyl-ethoxy)-6-oxa-3-aza-bicyclo[3.1.0]hex-1-yl]-4,1

0-dimethyl-11-oxo-undeca-3,5,7,9-tetraenoic acid methyl ester (11) 
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To a CH2Cl2 (4.0 mL) solution of NG391 (2) (170.0 mg, 0.405 mmol) was added PhSeCH2CH2OH 

(97.8 mg, 0.496 mmol) and TsOH•H2O (15.4 mg, 0.081 mmol) at room temperature, and the 

reaction mixture was stirred for 3 h at that temperature.  After addition of a saturated NaHCO3 

solution, the organic materials were extracted with CHCl3 three times, dried over anhydrous Na2SO4, 

and concentrated in vacuo after filtration.  Purification by flash column chromatography (ethyl 

acetate/hexane=1/3 - MeOH/ CHCl3=1/10) gave selenoethylether 11 (74.8 mg 0.124 mmol) in 31% 

yield.  NG-391 (2) (110 mg, 0.26 mmol) was recovered in 65 % yield. 
  
1H NMR (CDCl3): d 1.69 (3H, s), 1.72 (3H, d, J=7.2 Hz), 1.92 (3H, s), 2.03-2.05 (2H, m), 2.07 (1H, 

brs), 3.09 (2H, t, J=6.2 Hz), 3.72 (3H, s), 3.78-3.83 (1H, m), 3.85 (1H, brd), 3.87 (2H, t, J=6.2 Hz), 

3.93-3.99 (1H, m), 6.18 (1H, s), 6.42 (1H, dd, J=10.4, 4.5 Hz), 6.50-6.67 (3H, m), 6.75 (1H, dd, J= 

14.6, 10.7 Hz), 6.96 (1H, q, J=7.2 Hz), 7.16-7.28 (3H, m), 7.44 (1H, d, J=10.7 Hz), 7.51 (2H, brd); 
13C NMR (CDCl3): d 11.2, 14.2, 15.9, 27.7, 36.2, 51.9, 56.9, 61.7, 61.9, 62.5, 77.2, 88.2, 127.2, 

127.9, 128.0, 128.4, 129.2, 130.3, 132.9, 133.9, 138.0, 140.5, 142.1, 143.2, 145.4, 167.4, 169.7, 

189.4; 

IR (neat) 3291, 1720, 1641, 1581, 1436, 1261, 1130, 1089, 877, 736 cm-1; 
[a]D

25 =+3.7 (c=0.441, MeOH); 

HRMS (FAB): calced for [C30H35NO7Se]; 601.1581, found: 601.1575. 

 

(3E, 5E, 7E, 9E) -(1R, 4S, 

5R)-4-(2-tert-Butoxycarbonyloxy-ethyl)-1-(10-methoxycarbonyl-2,8-dimethyl-dodeca-2,4,6,8,10-pe

ntaenoyl)-2-oxo-4-(2-phenylselanyl-ethoxy)-6-oxa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid 

tert-butyl ester (12) 
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(Boc)2O, Et3N, cat.DMAP
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To a CH2Cl2 (2.1 mL) solution of selenoethylether 11 (42.0 mg, 0.070 mmol) was added Et3N (29 mL, 

0.21 mmol), Boc2O (40 mL, 0.175 mmol) and DMAP (2 mg) at 0 °C, and the reaction mixture was 

stirred for 30 min at that temperature.  After addition of a buffer solution, the organic materials 

were extracted with ethyl acetate three times, the combined organic extracts were washed with brine, 

dried over anhydrous Na2SO4, concentrated in vacuo after filtration.  Purification by preparative 

thin layer chromatography (ethyl acetate/hexane=1/3) gave epoxylactam 12 (40.8 mg, 0.051 mmol) 

in 73% yield. 

 
1H NMR (CDCl3): d 1.45 (9H, s), 1.48 (9H, s), 1.69 (3H, s), 1.73 (3H, d, J=7.2 Hz), 2.33 (1H, dt, J= 
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14.4, 7.1 Hz), 2.77 (1H, dt, J=14.4, 5.5 Hz), 3.06 (2H, t, J=6.3 Hz), 3.73 (3H, s), 3.77-3.83 (1H, m), 

3.94 (1H, brs), 3.94-3.40 (1H, m), 4.18-4.24 (1H, m), 4.29-4.35 (1H, m), 6.19 (1H, s), 6.42 (1H, dd, 

J=15.4 Hz), 6.57 (1H, d, J=15.4 Hz), 6.64 (1H, dd, J= 14.5, 11.3 Hz), 6.76 (1H, dd, J=14.5,10.4 Hz), 

6.98 (1H, q, J=7.2 Hz), 7.16-7.24 (3H, m), 7.39 (1H, d, J=11.3 Hz), 7.50 (1H, brd); 
13C NMR (CDCl3): d 11.1, 14.2, 15.9, 27.1, 27.8, 27.9, 33.1, 51.9. 60.9, 61.7, 62.3, 63.3, 82.2, 84.5, 

90.9, 127.1, 127.9, 128.0, 128.4, 129.1, 129.8, 130.3, 132.9, 133.7, 138.0, 140.4, 142.1, 143.4, 145.7, 

149.1, 153.2, 166.8, 167.4, 188.6; 

IR (neat) 2981, 1789, 1741, 1716, 1644, 1581, 1338, 1278, 1255, 1155, 993, 846 cm-1; 
[a]D

24 -54.8 (c=1.03, MeOH); 

HRMS (FAB): calced for [C40H51NO11Se+H]; 802.2710, found: 802.2730. 

 

(3E, 5E, 7E, 9E)-2-((1R, 4S, 

5R)-2-tert-Butoxycarbonyloxy-ethyl)-4-(10-methoxycarbonyl-2,8-dimethyl-dodeca-2,4,6,8,10-penta

enoyl)-5-oxo-2-(2-phenylselanyl-ethoxy)-2,5-dihydro-pyrrole-1-carboxylic acid tert-butyl ester (13) 

O

O

O NBoc

O

OMeO BocO
SePh

2 SmI2

O

O

NBoc

O

OMeO BocO SePh

12 13

THF
-78 !, 40 min

 
 

To a THF (0.4 mL) solution of epoxylactam 12 (22.3 mg, 0.02 mmol) was added 0.1 M THF 

solution of SmI2 (0.6 mL) at -78 °C, and the reaction mixture was stirred for 40 min at that 

temperature.  After addition of a buffer solution, the organic materials were extracted with ethyl 

acetate three times, the combined organic extracts were washed with brine, dried over anhydrous 

Na2SO4, concentrated in vacuo after filtration.  Crude lactam 13 was purified by thin layer 

chromatography (ethyl acetate/hexane 1/1) to afford 14.5 mg lactam 13. 
 

(3E, 5E, 7E, 9E)- 2-Ethylidene-4,10-dimethyl-11-oxo-11-[(1R, 4S, 

5R)-5-oxo-3a-(2-phenylselanyl-ethoxy)-hexahydro-furo[3,2-b]pyrrol-6-yl]-undeca-3,5,7,9-tetraenoic 

acid methyl ester (14) 
O

O SePhO

O

NBoc
MeO BocO

O

OMeO O

SePhH

H

O

O

NH

TFA/CH2Cl2
=1/10

13 14

0!,1 h

36%  
 

To a CH2Cl2 (1.0 mL) solution of lactam 13 (14.5 mg) was added CF3COOH (1.0 mL) at 0 °C and 

the reaction mixture was stirred for 2.5 h at room temperature.  After solvent and CF3COOH were 

removed in vacuo, purification by preparative thin layer chromatography (Et2O/Hexane= 5/1) gave 
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selenoethylether 14 (5.8 mg, 0.049 mmol) in 36 % yield over 2 steps. 

 
1H NMR (CDCl3): d 1.64 (3H, s), 1.68 (3H, d, J= 7.2 Hz), 1.88 (3H, s), 1.96 (2H, d, J=6.1 Hz), 

1.97-2.03 (1H, m), 2.19-2.26 (1H, m), 3.00 (2H, t, J= 6.1 Hz), 3.74 (3H, s), 3.75-3.94 (2H, m), 4.10 

(1H, brs), 4.64 (1H, brs), 4.64 (1H, brs), 6.12 (1H, s), 6.30-6.72 (4H, m), 6.91 (1H, d, J= 7.1 Hz), 

7.16-7.18 (3H, m), 7.41-7.46 (2H, m); 
13C NMR (CDCl3): d 11.8, 14.3, 15.9, 27.7, 40.3, 51.9, 56.5, 64.1, 67.2, 83.7, 99.2, 127.0, 127.5, 

128.3, 128.5, 129.1, 130.1, 130.4, 132.0, 134.8, 140.4, 141.3, 142.1, 142.9, 167.5, 171.1, 194.7 ; 

IR (neat) 2948, 1716, 1652, 1585, 1436, 1243, 1118, 1243, 991, 734 cm-1 ; 
[a]D

26 +28.0 (c=0.26, MeOH); 

HRMS (FAB): calced for [C30H36NO6Se+H]; 586.1710, found: 586.1712. 

 

lucilactaene (1) 

 

O

O

NH

O

OMeO O

SePhH

H

O

O

NH

O

OHMeO O
H

H1) DMD
     -78!, 40 min

2)DABCO 
    THF
    60!, 3 h  
3)DMD
     -78!, 40 min

lucilactaene (1)14

46% 3 steps

 

 

To a CH2Cl2 (0.2 mL) solution of selenoethylether 14 (3.9 mg, 0.0067 mmol) was added 0.1 M 

acetone solution of dimethyldioxirane (0.13 mL) at -78 °C, and the reaction mixture was stirred for 

40 min at that temperature.  The reaction was quenched with Me2S (0.1 mL), and the mixture was 

stirred for 10 min at 0 °C.  After solvent was removed in vacuo, purification by preparative thin 

layer chromatography (MeOH/ CHCl3= 1/ 10) gave selenoxide (3.2 mg, 0.0055 mmol) in 82 % 

yield. 

To a THF (0.5 mL) solution of the selenoxide was added DABCO (2.5 mg, 0.023 mmol) at room 

temperature, and the reaction mixture was stirred for 3 h at 60 °C.  The reaction was quenched with 

pH 7 phosphate buffer solution and the organic materials were extracted with ethyl acetate three 

times, and the combined organic extracts were washed with brine, dried over anhydrous Na2SO4, and 

concentrated in vacuo after filtration to give 3.3 mg of crude vinylether, which was used in the next 

reaction without purification. 

To a CH2Cl2 (0.2 mL) solution of crude vinylether was added 0.1 M acetone solution of 

dimethyldioxirane (0.10 mL) at -78 °C, and the reaction mixture was stirred for 40 min at that 

temperature.  The reaction was quenched with Me2S (0.1 mL), and the mixture was stirred for 10 

min at 0 °C.  After the solvent was removed in vacuo, purification by preparative thin layer 

chromatography (Et2O) gave lucilactaene (1) (1.2 mg, 0.003 mmol) in 56 % yield over 2 steps. 
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The optical purify of lucilactaene was determined by HPLC analysis with a Chiralcel OD-RH 

column (CH3CN/H2O= 45/100), 1.0 mL/min major enantiomer tr = 40.5 min, minor enantiomer tr = 

28.7 min. 
[a]D

21 +39.5 (c=0.1, MeOH). 

 

Production and isolation experiment of lucilactaene (Table 2). 
The fungal strain Fusarium sp. RK-9794 was inoculated into the medium (70 ml) consisting of 2% 

glucose, 1% soluble starch, 0.3% meat extract, 2.5% yeast extract, 0.05% NaCl, 0.005% K2HPO4, 

0.05% CaCO3, and 0.05% MgSO4•7H2O (adjusted at pH 7.2 before sterilization), and cultured on a 

rotary shaker (150rpm) at 28 °C. At the indicated times, the fermentation broth (supernatant) and 

mycelia were separated by centrifugation. The broth was immediately adjusted at pH 7.0 and 

extracted with ethyl acetate. The organic layer was dried over Na2SO4 and concentrated in vacuo. 

The residue was dissolved in methanol and analyzed by the chiral HPLC system. The chiral HPLC 

conditions as follows: column; CHIRALCEL OD-RH column (150 x 4.6 mm i.d., Daicel Chemical 

Ind., Tokyo), mobile phase; CH3CN:H2O=45:55, flow rate; 0.6 ml/min, detection; 360nm. The 

mycelia were extracted with acetone, which was concentrated in vacuo. The ethyl acetate extract 

from the mycelia was prepared as described above and analyzed. 

 

Typical procedure of the racemization of lucilactaene-model 17 (Table 1, entry 11). 
O

O

NH

O

OH

Ph
H

H

17  
 

To model 17 (0.7 mg, 0.002 mmol) was added culture medium (2.0 mL) which consists of 2% 

glucose, 1% soluble starch, 0.3% meat extract, 2.5% yeast extract, 0.05% NaCl, 0.005% K2HPO4, 

0.05% CaCO3, and 0.05% MgSO4•H2O adjusted pH 7.2.  The reaction mixture was for 10 h or 48 h 

at 28 °C.  The organic materials were extracted with ethyl acetate three times, the combined 

organic extracts were dried over anhydrous Na2SO4, and concentrated in vacuo after filtration.  

Purification by preparative thin layer chromatography gave model 17, and the optical purify of 

model 17 was determined to be >99% ee by HPLC analysis with a Chiralpak AD-H column. 

 

3a-Hydroxy-6-(2-methyl-5-phenyl-pent-2-enoyl)-hexahydro-furo[3,2-b]pyrrol-5-one (17) 
1H NMR (CDCl3): d 1.73 (3H, s), 2.20-2.25 (1H, m), 2.65 (1H, q, J=7.5Hz), 2.80-2.86 (1H, m), 

3.95-4.04 (1H, m), 4.06-4.14 (1H, m), 4.20 (1H, s), 4.26 (1H, s), 4.81 (1H, s), 6.03 (1H, brs), 7.08 

(1H, t, J=7.2Hz), 7.18-7.30 (5H, m); 
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13C NMR (CDCl3): d 11.1, 31.8, 34.5, 56.7, 68.5, 85.7, 94.4, 126.3, 128.4, 128.6, 136.9, 140.7, 149.9, 

170.1, 197.6; 

IR (neat) 2925, 2857, 1716, 1658, 1112, 1072, 742, 701 cm-1; 

HRMS (FAB): calced for [C18H21NO4]; 315.1471, found: 315.1481. 
[a]D

28 +66.0 (c=0.05, MeOH). 

HPLC conditions: Chiralpak AD-H column, i-propanol/Hexane = 1/3, 1.0 mL/min, major 

enantiomer tr = 13.14 min, minor enantiomer tr = 7.7 min.  

 

Determination of relative stereochemistry of 7.  
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O
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CH3 1.2%

2.2%
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SI- Figure 1single isomer
22

 
 

The relative stereochemistry of methyl ether 7 was determined as follows by analogy of the 

model 20.  When 

(3R,4R)-5-hydroxy-5-methyl-3-(2-methyl-2-undecenoyl)-3,4-epoxy-2-pyrrolidone 20 was treated 

with MeI and Ag2O, both isomers 

(3R,4R,5R)-5-methoxy-5-methyl-2-(2-methyl-2-undecenoyl)-2,3-epoxy-2-pyrrolidone 21a and 

(3R,4R,5S)-isomer 21b were obtained in 48% and 48% yield, respectively.  By the careful 

comparison between the difference NOEs of the both diastereomers 21a and 21b, the compound in 

which larger difference NOE between 4-H and 5-Me is assigned to possess syn configuration 

between 4-H and 5-Me.  When 20 was treated with TsOH•H2O in MeOH, followed by MeI and 

Ag2O, a single isomer 21b was obtained stereoselectively, which indicates that the intermediate 

methyl ether is (3R,4R,5S)-5-hydroxy-5-methyl-3-(2-methyl-2-undecenoyl)-3,4-epoxy-2-pyrrolidone 
22.  Under the basic reaction conditions, both a- and b-methoxy derivatives are formed, while only 

b-methoxy derivative is obtained stereoselectively under the acidic conditions, in which methanol 

attacks acyliminiun ion intermediate from the opposite side of epoxide.  The same sense of attack is 

expected in the case of NG-391 and the stereochemistry of 7 should be as shown in the above figure. 
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