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Determination by asymmetric total synthesis of the absolute configuration of

lucilactaene, a cell cycle inhibitor in p53-transfected cancer cells
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Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan
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(BE.5E.TE, 9E)-2-Fthylidene-11-[(1R. 4S.
5R)-4-(2-hydroxy-ethyl)-4-methoxy-2-0x0-6-oxa-3-azabicyclo[3.1.0]

hex-1-y1]-4.10-dimethyl-11-ox0-undeca-3.5.7.9-tetraenoic acid methyl ester (7

TSOH: H:0 %:Y\
MeO ) ';"Z?}H B0 meoSo OMe

NG-391 (2) 7

To a MeOH (25 mL) solution of NG391 (2) (358 mg, 0.857 mmol) was added TsOH*H,O (110 mg,
0.578 mmol), and the reaction mixture was stirred for 1.5 h at 45 °C. After addition of a saturated
NaHCO; solution, the organic materials were extracted with CHCI; three times, dried over
anhydrous Na,SO,, concentrated in vacuo after filtration to give 360 mg of crude methylether 7,

which was used in the next reaction without purification.

(BE.SE.TE.9E) (1R. 4S.

5R)-4-(2-tert-Butoxycarbonyloxy-ethyl)-4-methoxy-1-(10-methoxycarbonyl-2.8-dimethyl-dodeca-2

4.,6.8.10-pentaenoyl)-2-0x0-6-0xa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid rert-butyl ester (8)

0O o O o
N . (Boc),0, Et;N, cat. DMAP X N e
JONH CH,Cly, 011 , 30 min ~ONBoc
oM MeO”™ ~O 3 YOMe

MeO™ O Ho_ e BocO.__+

7 69% (2 steps) 8

To a CH,CI, (20 mL) solution of crude methylether 7 (360 mg) was added triethylamine (0.50 mL),
Boc,0 (0.7 mL), and dimethylaminopyridine (5.0 mg) at O °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 Na,SO,, 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.

'H NMR (CDCly): 8 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);

*C NMR (CDCL,): 8 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™;

[a]p™* -85.2 (¢ = 0.2, MeOH);

HRMS (FAB) calced for [C4;H,sNO,+H]; 616.3122, found: 616.3141.

(BE,SE.TE.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)-5-0x0-2.5-dihydro-pyrrole-1-carboxylic acid tert-butyl ester (9)

O o o o
2Sml
S "0 NB: = N NBoc
SONBoc 1k 780 |
MeO™ O :YOMe 40 min MeO™ O SOMe
8

BocO.__# BocO.__*
9

To a THF (3.0 mL) solution of epoxylactam 8 (96.0 mg, 0.152 mmol) was added 0.1 M THF
solution of Sml, (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 Na,SO,,
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.7FE
9E)-2-Ethylidene-11-(3a-methoxy-5-oxo0-hexahydro-furo[3.2-b]pyrrol-6-y1)-4.10-dimethyl-11-0x0-u

ndeca-3,5,7.9-tetraenoic acid methyl ester (10), lucilactaene (1)

[o} o [o} H O o )
N N TFA/CH,Cly=1/4 NS AE
| NBoc ————— NH + NH
4 RT,25h H H
MeO” ~O Boco\/f OMe ’ MeO™ ~O o OMe MeO™ ~O o OH

9 10 55% lucilactaene (1) 28%
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To a CH,CI, (8.0 mL) and H,O (0.2 mL) solution of lactam 10 (70.6 mg, 0.111 mmol) was added
CF;COOH (2.0 mL) at 0 °C and the reaction mixture was stirred for 2.5 h at room temperature.
After the solvent and CF;COOH were removed in vacuo, purification by preparative thin layer
chromatography (Et,0) 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
'"H NMR (CDCL): § 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);

*C NMR (CDCl,): § 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™;

[a]p''+36.6 (¢=0.17, MeOH);

HRMS (FAB) calced for [Cy3H,)NOg+H]; 416.2073, found: 416.2054.

lucilactaene (1)
'"H NMR (CDCL): § 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);

*C NMR (CDCly): § 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™';

HRMS (FAB): calced for [C,,H,,NOq]; 401.1838, found; 401.1838.

(BE.5E.TE, 9E)-2-Fthylidene-11-[(1R. 4S.
5R)-4-(2-hydroxy-ethyl)-2-ox0-4-(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

Phse\/\OH
TsOH H,0 g P
S
(O NH — NN O NH
" CHZCIZ
eO o RT.3h Me0” Y0 g
NG-391(2) 31% (conv. 94%) 1
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To a CH,Cl, (4.0 mL) solution of NG391 (2) (170.0 mg, 0.405 mmol) was added PhSeCH,CH,OH
(97.8 mg, 0.496 mmol) and TsOH*H,O (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 NaHCO;
solution, the organic materials were extracted with CHCI; three times, dried over anhydrous Na,SO,,
and concentrated in vacuo after filtration. Purification by flash column chromatography (ethyl
acetate/hexane=1/3 - MeOH/ CHC1;=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.

'H NMR (CDCl,): 8 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, /=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);
*C NMR (CDClL,): & 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™;

[a]p® =43.7 (¢=0.441, MeOH);

HRMS (FAB): calced for [C;,H;sNO,Se]; 601.1581, found: 601.1575.

(BE.5E.7TE.9E) -(1R. 4S5,
5R)-4-(2-tert-Butoxycarbonyloxy-ethyl)-1-(10-methoxycarbonyl-2,8-dimethyl-dodeca-2.,4.6.8.10-pe

ntaenoyl)-2-0x0-4-(2-phenylselanyl-ethoxy)-6-oxa-3-aza-bicyclo[3.1.0]hexane-3-carboxylic acid

tert-butyl ester (12)

o o o o
(Boc),0, Et3N, cat. DMAP
%:W\%H CH,Clp, 011 , 30 min D ST ONBOC  sepn
Meo” S0 e o~

HO___< ©O7\—SePh MeO™ ~O BocO.__< ©

1 73% 12

To a CH,Cl, (2.1 mL) solution of selenoethylether 11 (42.0 mg, 0.070 mmol) was added Et;N (29 uL,
0.21 mmol), Boc,0O (40 uL, 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 Na,SO,, 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.

'H NMR (CDCl,): 8 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);

*C NMR (CDCl,): 8 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™';

[a]p™* -54.8 (c=1.03, MeOH);

HRMS (FAB): calced for [C,,Hs;NO,;Se+H]; 802.2710, found: 802.2730.

(BE,SE.TE.9E)-2-((1R, 4S.

O o O o
2 Sml,
iw%mc o — iw\%%c
= el
MeO” O NS0T o

BocO. 3 7801 ,40 min MeO BocO.__5 O  \—SePh

To a THF (0.4 mL) solution of epoxylactam 12 (22.3 mg, 0.02 mmol) was added 0.1 M THF
solution of Sml, (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
Na,SO,, 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,.SE, 7E, 9E)- 2-Ethylidene-4.10-dimethyl-11-oxo-11-[(1R, 4S

5R)-5-0x0-3a-(2-phenylselanyl-ethoxy)-hexahydro-furo[3.2-b]pyrrol-6-yl]-undeca-3.5.7.9-tetraenoic

acid methyl ester (14)

12 TFA/CH,CI OQn 9
2Vl12 i
%:YM | NBoc =110 >N T NH _SePh
— H
MeO™ YO 0l ,1h ~

BocO.__< ©O7 \-SePh d

13 36% 14

To a CH,Cl, (1.0 mL) solution of lactam 13 (14.5 mg) was added CF;COOH (1.0 mL) at O °C and
the reaction mixture was stirred for 2.5 h at room temperature. ~After solvent and CF;COOH were

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

'H NMR (CDCl,): & 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);

*C NMR (CDCly): 6 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™ ;

[o]p”® +28.0 (¢=0.26, MeOH);

HRMS (FAB): calced for [C;,H;,NO¢Se+H]; 586.1710, found: 586.1712.

lucilactaene (1)

On 9 1) DMD H
) N " NH SePh -780 , 40 min XX " NH
H /\/ E—— H
MeO” ~O o MeO” ~O g OH

0, 2)DABCO
THF
600 ,3h
3)DMD 46% 3 steps
-78 , 40 min

14 lucilactaene (1)

To a CH,Cl, (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 Me,S (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/ CHCl;= 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 Na,SO,, 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 CH,Cl, (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 Me,S (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 (Et,0) 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 (CH;CN/H,0= 45/100), 1.0 mL/min major enantiomer tr = 40.5 min, minor enantiomer tr =
28.7 min.

[a]p”! +39.5 (¢=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% K,HPO,,
0.05% CaCO;, and 0.05% MgS0O,*7H,0 (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 Na,SO, 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; CH;CN:H,0=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
H o

Ph
H NH

g [~oH

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% K,HPO,,
0.05% CaCOs, and 0.05% MgSO,*H,0 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 Na,SO,, 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)

'H NMR (CDCly): & 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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*C NMR (CDCly): 8 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’";

HRMS (FAB): calced for [C;sH,;NO,]; 315.1471, found: 315.1481.

[a]p™® +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.

MeO™ ~O HO OMe
7
CHj3
i P i 2 21a= R 0 1.2%
Mel, Ag,0 ) NN = —q 12%
@ e T Tope W =
CH5;CN OMe T OMe 2.2% d A
Me Me OCH,
CH,3
R o)
H
oN TsOH- Hzo _Mel, A0 WME ) OCH; 0
“MeOH, 45 A6 CHSCN 21b= ; N-
0% 0.7% O _/4
<
© 1.3%
smgle isomer SI- Figure 1

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 Mel and Ag,0, both isomers
(BR,AR,5R)-5-methoxy-5-methyl-2-(2-methyl-2-undecenoyl)-2,3-epoxy-2-pyrrolidone 21a and
(BR,AR,55)-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 TsOHeH,O in MeOH, followed by Mel and
Ag,0, a single isomer 21b was obtained stereoselectively, which indicates that the intermediate
methyl ether is (3R,4R,55)-5-hydroxy-5-methyl-3-(2-methyl-2-undecenoyl)-3,4-epoxy-2-pyrrolidone
22.  Under the basic reaction conditions, both a- and f-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.

S8



o o
N TsOHLEH,0
ONH —>
. MeOH, 45 [1Z
MeO™ ~O HO. OH 15nh MeO™ ~O

NG-391 (2) 7

(Boc),0, Et;N, cat. DMAP

X
CH,Cly, 0 71Z, 30 min
MeO™ ~O MeO™ “O
69% (2 steps) 8
2 Sml,
R
THF, -78 (17
MeO™ ~O 40 min MeO™ ~O
TFA/CH,Cl,=1/4
—_—
MeO” SO RT.25h  MeoSo Me0” Y0
9 10 55% lucilactaene (1) 28%
Ph
Se\/\OH
TsOH!EH,0
_—
CH,Cl,
Meo™ "0 RT,3h MeO™ "0 0\_-SePh
NG-391(2) 31% (conv. 94%) 11
0O o o o
"N CONH (Boc),0, Et3N, cat. DMAP A\ NN s
CH,Cl, 0 (12, 30 min L seph
MeO™ ~O HO__§ 0—\__SePh MeO™ ~O BocO.__ (o)
11 73% 12
o o o o
\/\ - 23m|2 \/\
‘{ONBoc SePh THE | NBoc
B NG E > ; <
MeO™ ~O Bocov:' (o) 78 11Z, 40 min MeO”™ ~O Boco\/f 0\__SePh
12 13
o o
TFA/CH,Cl,
>N =110
| NBoc
Me0” S0 BocO.__+ "0 \_SePh 00Z1h T
13 36%
1) DMD _
-7811Z, 40 min
SePh
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MeO™ ~O )THFCO MeO™ ~O
6001Z,3h
14 3)DMD lucilactaene (1)
-7811Z, 40 min

46% 3 steps
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Current Data Parameters
AR Movad-02-hayagh
EXPHO 11

FROCND 1

F2 - hequisition Paraseters
Date_ 20001139

Tiee 0.28

IHSTRIM - bl

PROBED 5 mm EBO 13C-

PULFROG 1930

™ 33768

SOLVINT £ocl3

L] (]

2] ]

) 823,685 Hz

FIDRES 0.2509€7 Hx

Ll 1.992344¢ sec

b 7.8

™ 60.800 usec

TE £.00 usec

T W0 K

n 1.00002000 pac
13 5.00 usec
§POL 400, 1324710 Motz

w1 1K

FLl 3.00 4B
F1 - Frocessing parameters
14 16384

§F 400.1300172 Moz

L M

558 (]

F:] .30 Kz

[-:] (]

e Lo

1D KR plot parameters

=] .00 @

ne 5.800 ppm
1 1921.27 Kz
Fir -0.200 ppm
F2 -80.03 £z
RN 950000 ppe/om

e} 100.06500 He/en

Current Data Parameters
OE Fovid -02- hayash
EXPHO 12

PROCNO 1

Fi - Acquisition Parameters

Date_ 0031138

Tiee 0.30

THETRON dpmd

PROBHD 5 mm BBO 13(-

PULPROG g0

™ 65536

S0LVENT [urnk]

L] a2

1] 1

f 847,130 Az

PIDRES 0. 485549 Hz

M 1.0289652 sec

G 4086

™ 15.700 usec

oK 6.00 usec

™ X R

d11 0.03000000 sec

diz 0.00002000 sec

Py 13,00 48

n 1.00000000 sec

CPOPRGI wvaltalé -

B0.00 usec

. i 400. 1316045 MHe

w2 1

P 3,00 &

PLLZ 33.00 dB

¥l 9.30 usec

sPol 100.6254350 MHe

N1 13

PL1 3.00 dB

F2 - Processing parameters

5T aves

3P 100.6127708 MHe

L] B

358 ]

] 1,00 Hz

] 0

e 1.40

1D R plot parameters

a 10.00 cm

ne 115.000

Ly 21631.75 Bz

HP ! -5.000 ppm

n -503.06 Hr

PN 1114000 pray/on

L] TI0K TEN4R Falem
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XTRANSMITTANCE

4000 2000 1000 400.0
Wavenumbers (cm)

IrINE €-2ER B (on) M -4 HMor) BAKWC SRS AMlor) AN NS (o) MlE (x
¥ r-»a : 0 365301 sr.iﬂz 1 23ULBT 622147 21 1261.22 45 6141  31° 763 673  59. 1283
NEEW 2uns:umzza ozms 02 WIT50 50306 12 174141 S2aT2 22 1249. 6 069 32 120175 63 3587

ﬁug : 5252 569173 13 172212 514731 23 1150.01 532435 33 898 105 61,
A%y AN m ‘B % 319.73 568530 14 1650.77 522042 24 1097.30 - 48 6785 34 663 393 66 5863
BEFLY 05 38888 S6.5760 15 1587.13 47.5433 25 1020.80 491455 35 584 325 69 5487
EX 06 MIL1T S465T2 16 1496. 43 557503 26 935.306 627880 36 512872 711102
o 329061 512175 17 1461.78 499200 27 912.165 615500 37 474 403 70. 9261

0 205441 389456 18 1455.95 49 9061 28 862025 507744 38 EEE]

09 2923.56 360689 19 1378.85 520382 29 836955 408847 39 35834 70 4565
10 285413 40.0250 20 1369.21 524751 30 802 242 524662 40 422334 69 5268
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Current Data Parameters

MG Jandd-03-hayash
EEmMO M S T O NN S ONO PPN MO S MONUOOE O wSMmenmo Mo n
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o M N -~ P O OB P IR AT A A SON - B MM Mo O S0 ® - - 000 e
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F2 - Acquisition Paraseters
Dal

e 2SS Wl

PROBED 5 mm BBO 13C-
POLFROG

030
™ Erali]
SOLVENT o1l
L] 41
1] L]
L 8223685 Hx
FIIRES 0.350967 Hx
1] 1.5923444 sec
L] 362
™ E0. 800 usec
o 5.00 usec
b1 ELL R 4
ol 100000000 sec
Pl 9,00 usec
SPOL 4001324710 Mz
W1 in
153 .00 @
Pl + Processing parameters
81 16364
¥ 400.1300172 Moz
L -]
358 0
. 5] 0.30 B2
L] L
4 1.00
- 10 WG plot parameters
Cx 0.0 @
. 4 Fip 9.800 pem
], . X f 921,27 B
— — ———de nr -0.200 pm
7] 80.03 Hz
PPN 4.50000 pomy/en
o 309.06500 Hz/om
= £ | e =
g [ b=} B 2 RS fR=
a s N1 O B M1 P N G

Currant Data Faransters
MWE  MavDG-2004-haya
143

:_-':‘ \rmVD‘thf_‘Ir"l Qo ™~ oow g [F=] LD~ o9 m o~ 0 @0 N o~ M EPN0
B B 8"6‘_2’-”-_83aqﬂ%§'.€8"6&3 IS SRRB8 B88 B RS PROCHD . 1
£ o i o ! ! L . i ! TN
& 3 _:E‘g%gw??ﬁ;ﬁgﬁgﬁ a BRERS BeR B aIz F2 - Acainition Purasaters
:“"TTJ"-:-'"“ | Date. 20041109
| |/ l Tim .13
i ( / TRSTAM 5400
| ] 1 PROBHD 0 e O T -
PLPACS 10
™ [
SOLVENT coc1y
1 L] S
L] 2
ol 847,133 Wr
FIDAES 0.4 K
» 1OMGEE2 vae
G R s
] 15,700 usec
3 £.00 vt
I3 %32 K
o 2.00008000 sac
an 03000000 sac
DELTA 1.99009608 sac
WCREST 000000000 34z
O 0. 01800000 mc
surenses CHARNEL 1{ sesscens
gt 13
Py L 9.30 uset
Ry 3.00 o8
SF04 100, 6354308 iz
wmmssece CHINMEL 17 sassssse
o2 witg
ez ™
P02 80,00 uint
L] 3.00 o8
i1z 22.00 a8
LX ] .00 a8
o W00, 1315005 Wz

F2 - Praceising prrassters
51 s

& 100.8427718 iz
L B

558 L]

LB 1.00 2

= L]

L9 1.40

10 WA plot coramtecs
e 00 cm

o . B.00 oo
FIP 215,000 pom
Fi asrmm
F® =5.000 pea
F2 -B43.06 Wr
PO 11.00000 ppadoe
HICW 1108, 74080 Hiftn
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1##‘/!!?10!] 04 205055 809949 14 130235 B3 14dd 24 106680 801898 34 869,178 804
FraaA L g5 20 44 857131 15 116150 84041 25 1020.80 82, 8943
A a8 234116 888672 18 183267 860189 - 28 991252 82 411
o7 25245 915280 17 132,00 86 8083 27 960734 45§58
a8 111441 520545 18 129786 034380 28 s 95 s
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lucilactaene (1)

Current Data Farsmeters
AKE Hov0§-2004-haye
EXPHO 116
PROCHD 1

pom
_~—5.06564
4 42204
4.39405
2. 47201
-2.33842
2.09916
= 02634
1.83306
1.81520
1.78878
1 77696
1.32706

_/-

——

[ a—

2371

s
EL

B

Integral
1.1034
1.2827
1.1970
1.0419
1.0703
1
1.2318
1.5461
3.9084

6.8143

-

197.023
67.455

145 514
143,607

142 289

141 076
140.582
———137 5956
~———134, 149
129.775
128324
128.298
128.082
128.029
77.316
76.998
76680
——— B0.508
56.619

- 51942
37.359
34,624

14 087
1.518

—

T—130.258

3

—1 T

— 94.517.
- HB5.659

/

F2 - Atouisition Parane

Date_

Time

INSTROM

PROBHD 5 ma ONP 1H/29
0¥
32788

SOLVENT Coci3

NS 8

03 I

SHH B273. 685 Hr

FIDRES 0. 258967 Hr

g 1. 6823444 wac

RG 0.5

oW E60.B00 usec

DE .00 unec

TE 3032k

D1 1.00000000 sac

WCREST 0.00000008 sz

HOWRK 0.0450000¢ sac

sawnasss CHANNEL ] wewssnns

WiC 1H

Pi 7.50 unec

X8 3.00 a8

5FD1 400, 1324710 Wiz

F2 - Processing parsseters

11 16384

SF 400, 1205782 Mz
WON "

558 L

] 0.30 W
=} L]

FC 1.00

1D W& plot pareseters

Cx 20.00 cw
cr 12.50 ca
Fip 9.B00 pow
Fi 321,27 Mz
Fae =0.200 pom
F2 =80.03 Wz
FPMCH 0.50000 powfcm
HICH 20008499 Mz/cn

Current Data Parameters
WAME  HvOB=2004-hays
Exrug 200

PROCHD 1
F2 - keouinition Parsssters
ke 20041107
Tine .47
INSTRM anz4d0
PROGHD 5w N IS
PLPROG g%
m L. ]
SOLVENT -]
N 840
] 2
St EILTLRE
FIORES 0485049 Wz
Ay 1.0289853 sac
G 2288
o 15.700 usec
1.3 5.00 usec
TE 8432 K
) 2.00000000 wec
A 0.33000000 sec
DELTA 1. 09090008 wec
MCREET 0.50000000 wec
oW 001500000 s4c
wessesea CHUMIEL f1 sesesaen
1 13
Pl 6.3 uemc
PLi 3.00 o8
01 100, 6294358 Wiz
mevasens CRAMEL (2 ssesrann
CPOIMG2 witzis
nca i
PCPOZ B9.00 uaee
[ 3.00 8
L2 22.00 o8
L] 22.00 @
502 4001246005 ML
F2 - Processing perasetecs
51 k™
¥ 100. 8127737 Wiz
L 4]
558 ]
Le 1.00 Wz
w o
e 1,40
10 WA plok parseatecy
cx .00 em
cr 5.00 cn
Fip 215.000 ppm
Fi 63178 mr?
i . 5,000 ppa
F2 -507.06 Wi
PPMCH T15.00000 pow/ee

HICH 1106, 7048 Hifce
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pom
1.50938
7.50380
7.49043
7.48704
7.44628
7.41961
7.23965
7.21961
6.97304
6.95506
§.72618
6.66955
6.64139
6.60495
6.58985
6.55168
6.50567
€.50163
6.46081
6.43438
6.17968
3.91919
3.90386
3.88831
3.86700
3.85498
3.84906
3.80133
3.72476
3.10564
3.09031
31,0798
2.08550
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2.05642
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Current Data Parameters
MAME Pebll-03-hayash
R0 91

PROCHD 1

F2 - Acquisition Parameters
Date_ 20030218

'N.- 19.03
™ dpad )
FRCEMD 5 mm QNP 1H/2

2930
™ 12768
SOLVENT el
L] 8
] ]
S 8223, 685 Hr
FITRES 9.250967 Rz
N 19523404 sec
RG 128
™ 60.800 vsec
oz 6,00 usec
™ - 0.0 x
o 100000000 sec
n 7.50 usec
SFOL 400, 1324710 Wz
NOC1 10
Pl 3.00 d8
Fl - Processing parameters
81 16384
SF 400.1300177 Mz
L) -]
fi1] [
LB 0.30 B2
GB L]
K 1.00

l.n R plot parameters
H.00 =

¥2.21 B2
vip +0.200 ppe
2] © 8003 Bz
PPN 0.50800 ppm/en
M 20006500 Ha/om

Current Data Parameters
MOE Feb18- 03~ bayash
BXPR0 L1}

FROCHD 1

F1 - Acquisition Parameters
8 w0308

Dati
Time 1945
THSTROM A0
FROBED 5 =m QNP 1H/2
PLFROG P30
™ 65536
0LVENT axn
L m
o5 1
f J1847.133 Hr
PIDRES 0.485349 Hz
M 1.0289652 sec
] 8137
™ 15,700 usec
Be 5.00 wec
T 00K
an 0,01000000 sec
a1z B,00002000 mec
FLAY 12.00 &8
mn 2,00000000 sec
CPDPREZ waltalf
FCA 80.00 usec
5F02 AB0. 1316005 Moty
M2 18
P 3.00 dB
FLl2 11.00 &
Mmoo 9.30 usec
SFOL 100.6254358 Wiz
HOCL 13
Ll 3.00 dB
Fi - Processing parameters
St Pyt
SF 100.6127708 MRz
L . B
558

L]
1.00 Hz
]

1.40

20.00 om
P 215.000 prm

LB
]
K
10 NG piot paraseters
a
I3
n . B H




XTRANSMI TTANCE

83. 70 e, .

T —
4000 3000 2000 . 1000 400.0
' Wavenumbers (cm?)

S T AT BRI AT RN An pase e
NEH D 003%E02A188  BMUKUB 2 3291.89 BL8204 1 15834 845831 20 116479 91.3425 29
NESWME 4 ow 03 201970 897742 12 1535.06 95 0055 21 1130.08  80.9830 30
Ay AN : 0 E . 04 250.27 916203 13 1511.92 96,1928 22 1088.58 884629 3
BESLL 01 05 234694 97950 14 1500.35 96 4248 23 102402 89.6714 32
EFPS 06 1720.19  85.0725 15 MIT.21 941116 24 991.232 89 6625

07 1654.62  90.0008 15 143671 90.5833 . 25 877.452 95 4303

08 164113 89.3021 17 1322.93  03.1651 2 765. 601  85. 5216

09 1631.48  89.7560 18 126122 89.1324 27 736674 927221



Boc

EO/\/

SePh

Boc =

Current Data Parameters
U Pebl9-03-bayash
P 11

el s e e s e B e e R Rl e el L R e e = LT 7

N e g R e o e R R e e e R PR

BF O M O SR ARG DN = A~ 0@ 0 0N Oh [ A0 LN 500 i D 0 D W D 0 O v of el ] S PRICND 1
g SOOI S RTINS NN IO MO NS Mo D in = o i 08 01 5 W0 40 v ot 04 0 64 h S0 1A o 4 .
= P e NI - WS Ui o = A M OO O DT D 0 6 0 On [~ = D " = ¢ = = 04

ol el el el el T b R R R B R e A i L B B B e R I e g g ¥1 - Aoquisiticn Parameter

w3y -
5.4

T Y PP (Y

IHSTRIM dpxd0d
TROBED S mm (NP 1H/2
PULFROG 130

™ 12968
SOLVENT oLl

] 3

1] ]

o 223,685 Hz
FIDRES 0. 259967 Hx
] 138244 sec
R 50.8

™ £0.800 usac
I £.00 usec
T ELL A 4
n 100000000 sec
mn 7.50 usec
SPOL 4001324710 wHx
L) 1

{31 1.0 d8

F2 - Precessing paraneters
5 16384
5F 4001300172 MEx
L] B

838
I3

4

L[]
0.30 e
L]

1.00

10 e plot parameter

i /I

=3 000 @
e 9,800 e
n 192137 Bx
4 -0, 300 pre
‘1 +89.03 e
I . 0] 0.58000 ppm/cm
~ AR A 1\ HICK 20006500 Ha/om
i SEREERRER 'fF‘.,'.".f%ﬁ ]| B PR
=3 [+
] (1 1 e 1 S PR
D.c,......g....,.u-l-.......,Ir...v...”‘nn-,...E....‘...,L-...—rn..g..,...---ﬁ. T |Bv
]Cnl‘m‘uthxmnna'|
19-03-hayash
u MO W AN OO MO NS 0N D0 e OB DD TN vt D v WD WY On v WD A0 OO On
5 $ R=ZREI3I-ISSR3ESRBREIIRASERRESE EEC8R33 o 4
« e e e e e L L I e e T T T i P P e
=2 SR LERIE Do anaOdgugeserereebah ARk F2 - Acquisition Parameters
NS\ W/ A\ B
Tiee 5,17
) THSTRON 80
PROBSD 5 mm QNP 1H/2
PILPROG qpgl0
™ 5536
SOLVERT cell
N5 153
" 2
o0 IMTIY K
PIDRES 0485509 Wz
M 1.0289652 sac
B s
™ 15,700 usec
I8 £.00 usac
™ 0.0 ©
an 0.03000000 sec
a 000002000 sec
LY 12,00 &8
. n 2,00000000 sac
CPOPRG2 valtzl§
] 80,00 usee
0 ADD. 1316005 W3
L] ]
P2 1.00 48
3Y] .00 &3
Pl 9.30 usec
5701 100.6254358 btz
s} 13
Bl 3.00 &8
F1 - Processing parametars
51 1768
s 100,6127718 ¥z
i £
[ []
8 1,00 Bz
@ []
14 1,40
10 MR plok parameters
[« 20.00
ne 215,000
n 26317 He
e ! 5,000 pom
b¢] -501.06 B
mOC 2000 e/
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soo b v aa

XTRANSMI TTANCE

v e b va v aa by

—
4000 3000 2000 1000 . 400. 0
Wavenumbers (cm*)
2710E i L 1) ?umt‘-mq AN (ow] AR XL -ER AN or!)  RAK (X)L -HEN
g4bL 0 2981. 41 56.5889 10 WIT21 58.7998 19 1155.15 ~47.9651 28
= B 2003%02A198 22M185H06H ui 25413 650075 11 - 1485.09 54 5672 20 1132.01 §5.0073 29
SRE 4o 0 1788.62 530915 12 143671  55. 8154 21 1101.15  57.4285 30
A¥¥ VM : 0@ 04 174141 46.6308 13 130428 §7.2174 22 - 107416 5B 9891 31
MEFLL 05 1716. 34 60.1972 - 14 1360.21 52.7648 23 102402 59.7367 32
EE L 08 164498 542324 15 133636 512212 24 993160 G5B 0745 33
o 161220 58335 18 121057 413281 25 mgrr 63.7509 - 34
0 158134 484237 17 1256543  AT.7692 26 B71. 667 65 8584
0 1508 06 67.2371 18 1216.86 58 8818 27 846507 63 7005
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z
N
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/
\

P T T TR e

akd

W oD e
o oo
e E-L
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— 56.508
— 51,913

—_ 40.342

— 2.7

15.900
14,260

=

T 11,814

Current Data Farameters
WOE  Febld-03-hayash
Lt ) T2

5. 1

Fi - hequisition Parameters
Date_ Fi

0030218
Time 21.03
INSTRIM dpzdol
PROBHD 5 em QNP 18/2
PULPROG 130
™ Erilt]
BOLVENT cocly
LE L]
b3 ]
o 6221, 685 Hz
PIDRES 0.250967 Rz
] 1,5923444 sec
B 2031
™ 60.800 ussc
oe £.00 usec
T Wt x
n 100000000 sec
M 7.90 usec
SFO1 AD0.13AT1Y MRz
NICL b
Pl 3.00 a8

FI - Frocessing parameters

51 16384

o 400.1300378 MRz
Ll ]
858 L]

1B 0.30
-] 0

K 1.00

10 W plot parametars

[+ N0
FIF 5,600 prm
[ 390,37 H
FIF <0300 pm
7] -80.03 §r
o] 0.50000
HEOH 20006502 He/om

Current Date Pareseters

HNE  Mar0l-03-hayash
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