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Experimental procedure and compound characterization for 12, 13-anti, 14, 15, and 13-syn

(E)-2-(((28*,35*)-3-((Benzyloxy)methyl)oxiran-2-yl)methylene)cyclohexanone (12): To a freshly
prepared THF solution of lithium diisopropylamide, which was prepared from i-Pr,NH (614 uL, 4.38
mmol) and #-BuLi (2.69 M in hexane, 1.6 mL, 4.38 mmol) in THF (12 mL) was added a solution of
cyclohexanone (432 uL, 4.17 mmol) in THF (1 mL) slowly at —78 °C and the stirring was continued at
this temperature for 2 h. Then, a solution of ZnBr, (freshly dried, 939 mg, 4.17 mmol) in THF (4 mL)
was added, and the mixture was stirred at —78 °C for 2 h. A solution of aldehyde 10 (842 mg, 4.38
mmol) in THF (2 mL) was added at —78 °C, and the mixture was stirred at this temperature for an
additional 1 h. After a saturated aqueous solution of NH4Cl was added, the mixture was filtered through
a pad of Celite by the aid of EtOAc. The organic layer was separated and the aqueous layer was
extracted with EtOAc. The combined organic layers were washed with water and brine, dried over
MgSO,, and concentrated under reduced pressure. The crude aldol product 11 was used for next step
without further purification.

To a solution of the crude aldol product 11 in CH,Cl, (14 mL) were added Et;N (1.4 mL, 10.0 mmol)
and MsCl (389 uL, 5.00 mmol) at 0 °C. After the solution was stirred at room temperature for 40 min,
DBU (1.5 mL, 10.0 mmol) wad added, and the mixture was stirred at room temperature for 45 min. The
reaction was quenched with saturated aqueous NaHCOj; solution. After the layers were separated, the
aqueous layer was extracted with EtOAc. The combined organic layers were washed with brine, dried
over MgSQO,, and concentrated under reduced pressure. The residue was purified by flash column
chromatography (SiO,, hexane/EtOAc = 5:1) twice to give trans-epoxide 12 (556 mg, 2.04 mmol, 49%
for 2 steps): Yellow oil; IR (neat) v 2939, 2863, 1729, 1690, 1622, 1497, 1454, 1301, 1232, 1141, 1100,
880, 740 cm™'; "H NMR (500 MHz, CDCl;) § 7.38-7.27 (m, 5H), 6.09 (dt, /= 9.2, 1.7 Hz, 1H), 4.59 (d,
J=12.1 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 3.77 (dd, J=11.5, 2.9 Hz, 1H), 3.58 (dd, J=11.5, 5.2 Hz,
1H), 3.51 (dd, J = 9.2, 3.2 Hz, 1H), 3.22 (quintet, J = 2.3 Hz, 1H), 2.77-2.65 (m, 1H), 2.58-2.39 (m,
3H), 1.94-1.74 (m, 4H); °C NMR (125.8 MHz, CDCls) § 200.1, 141.3, 137.6, 133.2, 128.4, 127.8,
127.7,73.4, 69.2, 58.6, 51.2, 40.2, 27.2, 23.4, 23.3; MS (FI) m/z 272 (M", 100%); HRHS (FI) calcd for
C17H,003 (M"): 272.1412, found: 272.1405.

Sn2” methylation reaction of 12: To a mixture of frans-epoxide 12 (38.0 mg, 0.140 mmol) and CuCN
(26.3 mg, 0.294 mmol) in DMF (350 uL) was added Me,Zn (2.0 M in toluene, 147 uL, 0.294 mmol) at
—50 °C. After the reaction mixture was stirred at this temperature for 1 h, it was quenched by the
addition of a mixture of saturated aqueous NH4Cl and 35% aqueous NH4OH (9:1) and extracted with

Et;0. The combined organic layers were washed with water and brine, dried over MgSQOy4, and
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concentrated under reduced pressure to give 48.6 mg of the crude methylation products 13-anti and 14.
Yields of 13-anti and 14 were determined by 'H NMR using pyrazine as an internal standard. For
characterization, the mixture of the crude products was purified by preparative thin layer

chromatography (hexane/EtOAc = 1.2:1) to afford analytically pure samples.

(R*)-2-((3R*,1E)-4-(Benzyloxy)-3-hydroxybut-1-en-1-yl)-2-methylcyclohexanone (13-anti):
Colorless oil; IR (neat) v 3446, 2931, 2861, 1706, 1452, 1117, 974, 907, 739, 699 cm'; '"H NMR (500
MHz, CDCls) § 7.37-7.27 (m, 5H), 5.98 (dd, J= 16.1, 1.2 Hz, 1H), 5.40 (dd, J = 16.0, 5.7 Hz, 1H), 4.56
(s, 2H), 4.37-4.31 (m, 1H), 3.50 (dd, J=9.8, 3.5 Hz, 1H), 3.34 (dd, J=9.7, 8.1 Hz, 1H), 2.53 (d, J=3.5
Hz, 1H), 2.48 (ddd, J = 14.4, 10.9, 5.8 Hz, 1H), 2.35-2.27 (m, 1H), 2.00-1.90 (m, 2H), 1.83-1.57 (m,
4H), 1.15 (s, 3H); °C NMR (125.8 MHz, CDCl3) 8 213.2, 137.7, 136.7, 128.5, 128.4, 127.8, 127.7, 74.1,
73.3, 71.1, 51.1, 40.0, 39.2, 27.5, 24.0, 21.6; MS (FI) m/z 289 (IM+H]", 100%); HRHS (FI) calcd for
C15H2405 (M"): 288.1725, found: 288.1700.

(E)-2-(4-(Benzyloxy)-3-hydroxy-2-methylbutylidene)cyclohexanone (14): Colorless oil; IR (neat) v
3444, 2932, 2867, 1684, 1614, 1143, 1100, 997, 817, 738, 699 cm'; 'H NMR (500 MHz, CDCl;) &
7.38=7.27 (m, 5H), 6.56 (brd, J = 9.8 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.53 (d, J = 12.0 Hz, 1H),
3.81-3.75 (m, 1H), 3.53 (dd, /=9.2, 3.5 Hz, 1H), 3.40 (dd, /= 9.2, 7.4 Hz, 1H) 2.68-2.41 (m, 5H), 2.33
(d, J=3.4 Hz, 1H), 1.88-1.68 (m, 4H), 1.01 (d, J = 6.9 Hz, 3H); °C NMR (125.8 MHz, CDCl5) § 201.2,
140.0, 137.8, 136.8, 128.4, 127.8, 127.7, 73.6, 73.4, 72.3, 40.2, 35.1, 26.9, 23.3, 23.3, 15.8; MS (FI) m/z
288 (M", 100%); HRHS (FI) calcd for CgH»403 (M"): 288.1725, found: 288.1730.

(E)-2-((2R *,35 *)-4-(Benzyloxy)-2-chloro-3-hydroxybutylidene)cyclohexanone (15): A mixture of
trans-epoxide 12 (150 mg, 0.550 mmol) and MgCl, (262 mg, 2.75 mmol) in MeCN (2.8 mL) was stirred
at 50 °C for 12 h. After the mixture was cooled to room temperature, water was added, and the mixture
was extracted with EtOAc. The combined organic extracts were washed with water and brine, dried over
MgSO,, and concentrated under reduced pressure. The residue was quickly purified by flash column
chromatography (SiO,, hexane/EtOAc = 5:3) to afford chlorohydrin 15 (170 mg, 0.550 mmol, quant.):
Yellow oil; IR (neat) v 3434, 2939, 2866, 1686, 1618, 1454, 1114, 916, 816, 738 cm™'; 'H NMR (500
MHz, CDCls) & 7.38-7.28 (m, 5H), 6.59 (dt, J=10.3, 2.3 Hz, 1H), 4.72 (dd, /= 10.3, 6.3 Hz, 1H), 4.56
(s, 2H), 3.99 (quintet, J = 5.5 Hz, /H), 3.69 (dd, /=9.7, 5.7 Hz, 1H), 3.61 (dd, J=9.7, 4.6 Hz, 1H), 2.71
(d, J=5.2 Hz, 1H), 2.63 (dtd, /= 16.7, 5.7, 1.7 Hz, 1H), 2.53 (dtd, J = 16.1, 6.3, 1.7 Hz, 1H), 2.47 (t,J
= 6.3 Hz, 2H), 1.93-1.73 (m, 4H); C NMR (125.8 MHz, CDCl3) § 200.6, 139.9, 137.5, 132.1, 128.5,
127.9, 127.8, 73.6, 73.2, 70.3, 55.8, 40.4, 27.2, 23.3, 23.2; MS (FD) m/z 308 (M', 60%); HRHS (FD)
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caled for Ci7H,,°ClOs; (MY): 308.1179, found: 308,1183.

(8%)-2-((3R*,1E)-4-(Benzyloxy)-3-hydroxybut-1-en-1-yl)-2-methylcyclohexanone (13-syn): To a
mixture of chlorohydrin 15 (170 mg, 0.550 mmol) and CuCN (98.7 mmol, 1.10 mmol) in MeCN (3.7
mL) was added Me;Al (2.0 M in hexane, 1.1 mL, 2.20 mmol) at 0 °C. After the reaction mixture was
stirred at this temperature for 1 h, it was quenched by the addition of water, diluted with EtOAc, and
filtered through a pad of Celite, which was rinsed with EtOAc. The aqueous layer was extracted with
EtOAc, and the combined organic layers were washed with brine, dried over MgSOs, and concentrated
under reduced pressure. The residue was purified by flash column chromatography (SiO,,
hexane/EtOAc = 5:2) to afford methylation product 13-syn (123 mg, 0.425 mmol, 77% for 2 steps):
Colorless oil; IR (neat) v 3443, 2929, 2861, 1707, 1497, 1453, 1117, 975, 907, 738, 699 cm '; '"H NMR
(500 MHz, CDCl3) 6 7.32—-7.27 (m, 5H), 5.96 (dd, J=16.0, 1.2 Hz, 1H), 5.38 (dd, J = 16.1, 5.7 Hz, 1H),
4.55 (s, 2H), 4.36-4.31 (m, 1H), 3.50 (dd, /=9.8, 3.5 Hz, 1H), 3.33 (dd, /=9.2, 8.0 Hz, 1H), 2.55 (d, J
= 3.5 Hz, 1H), 2.50 (ddd, J = 14.3, 10.9, 5.2 Hz, 1H), 2.35-2.28 (m, 1H), 1.99-1.89 (m, 2H), 1.83-1.57
(m, 4H), 1.15 (s, 3H); °C NMR (125.8 MHz, CDCl3) § 213.3, 137.7, 136.9, 128.5, 128.4, 127.8, 127.7,
74.0, 73.3, 71.1, 51.1, 40.0, 39.2, 27.6, 24.3, 21.6; MS (FI) m/z 289 ([M+H]", 100%); HRHS (FI) calcd
for C1gH2403 (M"): 288.1725, found: 288.1722.
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NOE data for structural assignments of 16a, 17a-anti, and 17a-syn

16a NOE

Figure S1. The key NOE for the determination of the configuration of 16a

Scheme S1. Determinations of the stereochemistries of 17a-anti and 17a-syn
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CH

0
HO/\I>\
OBn
(%)-26
12968
13356
24,0
28,0
8,0
3Q, o
22, o
CALCULATION REPORT s+ :
PKNO  TIME AREA HEIGHT MK IDNO  CONC NAME
1 3.637 95 12 0.0511
2 4119 185 21 8. 856
3 4.431 237 27 0.1268
4 519 2 5 5.0127
5 5815 n 5 0.9115
g 9.395 11189 301 5. 9989
9 10.132 4624 177 ¥ 2.1543
16 10.867 2042 9% v 1.0933
11 12.225 10391 313 5.5636
12 12.968 77203 2473V 11. 3359
13 14.49 81192 237 sV 3. 4717
14 16.958 12 2T 8. 8062
15 17,392 65 i ™ 0. 9349
16 17.625 47 5 TV 9.0253
17 17.858 57 4TV 9. 8305
18 18.792 56 3 TV 9.0354
" TOTAL 18677 5577 168

C-R8A CHROMATOPAC CH=1 Report No.=7

DATA=1:@CHIMI.CO6  10/62/27 12:45:12
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0
OBn
(+)-26
- Cc. 0 .
20 .
- 4, O z:g;é 3.830 4.114 ‘ .
>5, 167 4917 9
. > 5,420
S 016,075 6.150
< o] ¥ g0
8.387 .
Toa, 0
ERRTIrS N )
, ;:’ 12.566
TOT0h 14338
Toe, 0
< oenQ
o0, 0
T og2.0
- N
*% CALCULATION REPORT *=
CH PENO  TIME AREA HEIGHT MK IDNO  CONC NAME
1 1 3.631 133 .20 9.0719
2 3.83 234 35 v 9.1264
3 4114 63 11 8.0343
4 4.452 94 13 0.0508
8  4.917 27 4 0.0145
9 5.167 32 g v 0.0171
16 5.42 5909 434 sV 3.1933
13 6.075 26 6 TV 0.0142
14 6.15 13 5 TV 8.0068
16 7.228 1362 74 8 0.7363
17 7.725 12 2 T 8.0062
19  8.387 86 TV 0. 0466
20 12.566 169587 5372 91.6553
21 14.338 7450 207 sV 4.0264
TOTAL 185627 6198 100

C-Rk8A CHROMATOPAC CH=1 Report No.=10 DATA=1:€CHRM1.C08  10/02/27 14:09:

S73




Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistr
This journal is © The Royal Society of Chemistry 2012 Y

I P

160

Tos.0

CH PKNO
1 1
51

52
53
54
55
56

MK IDNO

e L X B

EtO ]
(%)-17a-anti
3.800 7
£42 4o
-2 . 5.333 T
5722 2481 2.358 2:38% s5.875
6.413 -1
7.035 6.874 6.958 7. 181 7.342
7.650 7.700 7,868 8.032 .
8:267 g560 g ean o o0 8187
8.958 971z0 9.108
9.646 9.808 g 032
10.912 i?-zzf 16.883 10.958 11.042
12.200
3.28
1328313 812
) 14,598
152216
;;;E;::::IZ:::=> 16.799 -
_——— " 18.832
20.367
22.272
23.716
*+ CALCULATION REPORT #*
TIME AREA HE 1GHT
AN 82 O
15.216 41231 1575
16.799 261359 56305
18.882 2494240 74121
20.367 4813 128
22.272 5498 14
23.716 13114 431
TOTAL 5185520 133518

CONC
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6.
58.
48.

8.
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8.

ant

7951
4018
1601
0928
1686

2529

109

DATA=1:@CHRM1.C21

16/03/08 21:

oz
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EtO
: (+)-17a-anti
R A
-2
N 3.817 7
40 i %69 3.979
T 6.0
6.390
80| 7.867 8.017
8'46.6 8.9%60
T
- 12,0
_ 13.350
14,01 14,017
15.163
TN &
17.945
- 180 f;;"‘ﬂ-_-_
18.540
- 20,0
20.686
- g0
22.650
- 24,0 23.781
" 26,0
#% CALCULATION REPORT *x
CH PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 1 3.817 1597 161 0.1589
2 3.979 . 2893 150 v 9.2879
3 4.409 4436 153V 0.4415
4 6.39 50 7 9. 0049
5 7.867 104 11 9.0103
6 8.017 189 17 Vv 0.0108
7 8.466 1133 0 Vv 6.1128
8 8.9 595 22 v 8.8592
9 13.35 31 3 - 6.6631
16 | 14.017 679 32 Vv 0.0675
11 15.163 5427 95 v 6.5402
12 17.045 940470 2773V 93,6098
13 18.94 39296 1167 ¥ 3.9113
14 26.606 6857 157 V¥ 0.6825
15 22.65 322 7V 0.6321
16 23.781 674 9 Vv 8.067
TOTAL 1004671 22793 106

C;R8A CHROMATOPAC CH=1 Report No.=30 DATA=1:€CHRM1.C22  10/63/08 21:53:
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=% CALCULATION REPORT ==

CH PKNO TIME AREA HEIGHT MK 1DNO CONC NAME
1 1 3.543 54 14 0.0094
2 3.93 66 11 0.0115
4 4.269 30888 4307 S 5.3529
6 5.005 77 13 7 0.6134
7 5.547 10 4 0.0018
39 13.708 10 6 v 0.0018
42 14.175 28 4 0. 0048
43 15.176 266029 10143 V¥ 46,1033
44 16.749 270863 9478 Vv 46.9365
45  18.292 1084 30V 0.1878
46 19.256 3799 81 Vv 0. 6584
47 21,727 240 9 0.0415
18 22.658 38 3 0. 0066
4% 22.892 82 & v 0.0142
50  23.125 85 8 Vv 0.0147
51 23.343 56 100V 0. 0086
52 23.592 182 9 v 0.0316
TOTAL -577030 24563 100
C-E8A CHHOMATOPAC CH=]1 Report No.=3 DATA=1:€CHRM1.CO3  10.03/10 11:34
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#x CALCULATION REPORT #*#
CH PKNG  TIME AREA HEIGHT MK 1DNO  CONC NAME
1 1 3.782 25288 3192 S 6.0269
9 6.09 13 4 0.0031
35 14,567 31 7 Vv 9. 9075
36 15.219 367991 14219V 87.7037 7,
37 16.737 24091 598 V 5.7416
38 18.332 518 13 Vv 0.1235
39 21.276 54 1 0.8129
16 22.433 58 4 0.0138
41 22.683 24 3 v 0. 0056
43 23.383 35 2 v 0. 0083
44 24.124 187 6 V 0. 0446
45 25.432 1013 19 Vv 0.2414
46 26,617 48 3 v 0.6114
Qo 419584 18042 108
10,03,10

C-R8A QHﬁbMATOPAC CH=1 Report No.=4
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