[4.3.0]

2005



Abbreviation

Ac
AIBN
BHT

Bz

CSA
DBU
DDQ
DHP
DIBAL-H
DMF
DMSO
IBX
Imid
LDA
LIHMDS
mCPBA
MPM

Ms
NaHMDS
NBS
NCS
NMO
PCC
PDC
PPTS
pTsOH
TBAF
TBAI

acetyl
2,2’-azobisisobutyronitrile
2,6-di-t-butyl-4-methylphenol
benzoyl

10-camphorsulfonic acid
1,8-diazabicyclo[5.4.0]undec-7-ene
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
dihydropyran
diisobutylaluminum hydride
N,N-dimethylformamide
dimethyl sulfoxide
o-iodoxybenzoic acid
imidazole

lithium diisopropylamide
lithium hexamethyldisilazane
m-chloroperbenzoic acid
p-methoxybenzyl
methanesulfonyl

sodium hexamethyldisilazane
N-bromosuccinimide
N-chlorosuccinimide
N-methylmorphorine-N-oxide
pyridinium chlorochromate
pyridinium dichromate
pyridinium p-toluenesulfonate
p-toluenesulfonic acid
tetrabutylammonium fluoride

tetrabutylammonium iodide



TBDPS
TBHP
TBS
TFAA
THF
THP
TIPS
™S
TPAP

t-butyldiphenylsilyl
t-butylhydroperoxide
t-butyldimethylsilyl
trifluoroacetic anhydride
tetrahydrofuran
tetrahydropyranyl
triisopropylsilyl
trimethylsilyl

tetrapropylammonium perruthenate
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Chiloscyphone (1)

Chiloscyphone (1) 1969 Chiloscyphus polyanthus (L.) Corda
4 1982 5)
chiloscyphone Scheme 1 Wolf TT
6 Tori
7 Piers

8)

Wolf's method
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A 70%
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(@] (0]
/

22%
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xo
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Scheme 1



Pinguisenol (3)

Pinguisenol (3) 1976 Porella vernicosa Lindb.
9.10)  Pinguisenol (3)
Scheme 2 Schinzer

1) Srikrishna 12) Sha

Schinzer's method

T™MS
\,
| | o Amberlyst 15 O/>
[\ O
OYO
OMe
76%

Srikrishna's method

N, CuSO,
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24%
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Scheme 2
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Diels-Alder 7

7
7 Scheme 3
8
8 9 Diels-Alder
[4.3.0]
10
10 11 butadienyl lithium
0P o °
isomerization
O HO
7 8
intramolecular
Diels-Alder reaction
OTBDPS OH
aldol reaction
X AN ———— X AN =
O
10 O OMe 9 o
coupling
O
H)WOTBS
Scheme 3
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Butadienyl stannane (15)

Diels-Alder

butadienyl stannane (15)

15 Scheme 4  Wittig 18)  nBuLi
Table 1, entry 1
NaHMDS
(entries 2, 3
nBusSnH SOz py
= AIBN Bu3SnWOH DMSO, Et3N
OH 95°C, 3 h CH,Cl,
12 56% 13 0 °C, 30 min
quant.
BusSn 0]
3 W PhsPCH3Br BUsSN_~
H Table 1
14 15
Scheme 4
Table 1
Entry Reagents and conditions Yield (%)
1 nBulLi, THF, -78 °C 48
2 CH3S(0)CH,Na, DMSO, THF, -78 °C 77
3 NaHMDS, THF, -78 °C 77
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15 16 or 18, Scheme 5
O O 15, nBuLi OH @)
HWOMe THF, -78 °C, 5 min WJ\OMe
16 26% 17
(0] OH
H Z 15, nBuLi NN =
- o i
o THF, -78 °C, 5 min o
(@) dec. O
18 9
Scheme 5
1,5-pentanediol 1119
Scheme 6 11 15
19 TBDPS
21
23 10



TBDPSCI

o 15, nBuLi OH Imid.
H)W\OTBS THF, -78 °C, 10 min M)\/\/\OTBS DMF, rt, 12 h
93% 100%
11 0 19
SOz py
OTBDPS PPTS OTBDPS DMSO, Et;N
X X OTBS EtOH,rt, 18 h X XX OH CH,Cl,
95% 0 °C, 30 min
20 21
OTBDPS O PDC OTBDPS O K,CO3, Mel
NN H DMF, rt, 8 h X OH DMF,0°C,2h
82% in 2 steps 99%
22 23
OTBDPS O
NN OMe
10 Scheme 6
10
27 cis-2-butene-1,4-diol (24)

Scheme 7 20)

pTsOH, DHP cat.0sOy4, Me3NO
NN NN
HO OH ) THPO OTHP
CH,Cly, rt, 40 min CH3CN, H,O
24 25 r,2h

70%

THPO OTHP NalO4, NaH,PO,4
Sat THPO™ >CHO
HO OH CH3CN, H,0
0°C,1h 27
26 56% in 2 steps
Scheme 7



THP
30 DBU OAcC
Diels-Alder
32 32 TBDPS
9 Scheme 8
OTBDPS OH
OTBDPS O 27,LDA NN OTHP PPTS
NN OMe THF,-78°C,3h MeOH
95% conv. 0O~ OMe r, 12 h
10
28
OTBDPS OH OTBDPS OH
X OH EN NP Ac,0
MeOH, rt, 1 day o pyridine
O OMe e rt, 12 h
29 30
X DBU AN _ AcOH, TBAF
0 PhMe, 0°C, 2 h 3 THF, rt, 15 h
o 87% in 4 steps o] 92%
31 32
OH
NN =

Scheme 8
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Diels-Alder

(R = H, MPM, TIPS, TBDPS) Diels-Alder
(IMDA) Scheme 9
OR e} 0O
X = IMDA
5 0] Lewis acid (see Table 2)
or A (in a sealed tube) RO
R =H, MPM, TIPS, TBDPS (see Table 3) 8
Scheme 9
Diels-Alder Lewis LUMO
Table 2 Lewis
MPM TBDPS
Table 2
Entry R Reagents and conditions Result
1 MPM Et,AICI, CH,Cl,, rt no reaction
2 EtAICl,, PhMe, -78 °C dec.
3 TBDPS MgBr, Et,O, PhMe, 100 °C dec.
4 ZnCl,, PhMe, 70 °C no reaction
5 LiClO,4, CH3NO,, 80 °C no reaction
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R MPM Lewis EtAICI
(entry 1 Lewis
MPM
(entry 2
MPM EtAICI2 EtAICI
Lewis
Lewis MgBr2 100
TBDPS
3 Lewis ZnClz LiClO4
(entries 4,5
Lewis
Diels-Alder Lewis
Table 3
BHT methylene blue
10 mol%

Diels-Alder

0.1M

12

CH2Cl>

EtAICI:

TBDPS

Lewis

(entry

0.1M



OR e)
NN Z IMDA -
5 9] Lewis acid (see Table 2)
or A (in a sealed tube) RO
R = H, MPM, TIPS, TBDPS (see Table 3) 8
Scheme 9
Table 3
Entry R Reagents and conditions Yield (%)
1 MPM BHT, PhMe, 170 °C, 48 h 67
2 TIPS BHT, PhMe, 170 °C, 48 h 30
3 TBDPS BHT, PhMe, 180 °C, 48 h 13
4 MeOH, H,0, 110 °C, 24 h 0
5 H BHT, PhMe, 180 °C, 48 h 83
6 BHT, PhH, 180 °C, 48 h 72
7 BHT, xylene, 180 °C, 48 h 50
8 methylene blue, PhMe, 180 °C, 48 h 24

R MPM TIPS TBDPS H
Diels-Alder Table 3 170 180

Diels-Alder

R 1:1.1:0.6 MPM
TIPS TBDPS
(entries 1-3 R H
83% (entry 5
R=H entry 5

(entries 6-8
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O @] @]
O O O
Oxid. DBU
Table 4 PhMe, 0°C, 2 h
HO o 87% in 2 steps o
8 33 7
Scheme 10
8 Table
TPAP SOs py (COCI):
(entries 1-3
DMSO TFAA
33 33
DBU 7
Scheme 10
Table 4
Entry Reagents and conditions Result
1 TPAP, NMO, MS4A, CH,Cl,, 1t, 3 h no reaction
2 (COCly,, DMSO, Et3N, CH,Cl,, -60 °C, 1 h 33:8=1:1
3 SO; py, DMSO, EtzN, CH,Cly, 0°C, 1 h 33:8=2:1
4 TFAA, DMSO, Et3N, CH,Cl,, -60 °C, 1 h only 33
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2 chiloscyphone (1) isochiloscyphone (2)

Chiloscyphone (1) isochiloscyphone (2)
Scheme 11
Chiloscyphone (1) isochiloscyphone (2) C-3
34
35 MPM
34 35 C-8
TBDPS
36 37
37 7 Michael
deoxygenation
'6%&3]\355' """

N N . O 36
Michael addition —".. ~--7-/

— dehydroxylation

Scheme 11
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C-3

7 38 Pd(OACc)2
39 21) Michael
37 37
37
NOE Scheme 12
@] @]
@) TMSOTf @)
EtsN Pd(OAcC),
CH,Cl,, 0 °C, 30 min CH4;CN, 1t, 1 h
98% in 2 steps
(0] TMSO
7 38
@] O
(@) CH,=CHMgBr (@]
CUI ey

THF, -78 °C, 30 min
75%

39 37
Scheme 12
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36

37 Scheme 13 1,2-
Luche Table 5, entry 1 22 1,2-1,4-
1,2- (entries 2-4
1,2-1,4- 40
1,2- 1,2-1,4- 40
O O @]
@) @) @]
1 redUCtiOn g .,
_ +
Table 5
0] HO HO
37 40 41
Scheme 13 undesired desired
Table 5
Entry Reagents and conditions 40: 41
1 NaBH,, CeCl; 7H,0, MeOH, 0 °C 16:1
2 LiAIH(OtBu)3, THF, 0 °C only 40
3 NaCNBH3, BF; OEt,, THF, rt only 40
4 Zn(BH,),, THF, 0 °C only 40
5 NaBH,, MeOH, 0 °C only 40
40
AcOK Scheme 14
Saytzeff 43
C-3 43
44
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46

(@]
o
_"' _ MmsCl =", AcOK
pyrldlne DMF, H,0
M, 4h 80°C, 24 h
MsO ’
42
O
Ho HO
_0s0, _ SN 0
Ho OH
43 44 undesired 45 desired
o @]
mCPBA .
(o]
46
Scheme 14
43 47 Scheme 15
TBDPS

50
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0 o OH TBDPSCI OTBDPS
., DIBAL-H Imid.
X —_— i _— i,
CH,Cl, DMF, 0°C, 3 h
0°C,1h 97%
75% in 4 steps
43 0 P 47 48
OTBDPS OTBDPS
NaH,PO, OTBDPS OTBDPS
mCPBA — LiEt;BH —
CH,Cly, -20 °C, 2 h THF, 1t, 3 h
74% in 2 steps
(0) OH
49 50
Scheme 15
50 Scheme 16
51
52 MPM 36
OTBDPS cat.0sO,, MesNO
OTBDPS acetone, H,O
rt, 12 h NaBH,
then NalOy4 MeOH
it, 1 h 0 °C, 20 min
58% in 2 steps
50 51
OTBDPS
OTBDPS MPMCI
NaH, TBAI

OH OTBDPS

DMF, 0 °C, 20 min
70%

Scheme 16
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TBDPS

Scheme 17
6 54 chiloscyphone (1) 5
53 isochiloscyphone (2)
Table 6-entry 1
10: 5 53

OTBDPS

MPMO OTBDPS OTBDPS

MPMO

dehydroxylation 3
Table 6 +
53 54
36
TBAF, THF
50°C,3h
94% in 2 steps
memo PR L
+
Scheme 17
separable 56
53 Scheme 18 53
48 53 MPM
57 58 Wittig
48 53 5
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DDQ IBX
CH,Cl,, H,0 DMSO, THF
0°C, 30 min 0°C,2h
53
OTBDPS
_/H OTBDPS  Ph3PCH,Br
0=~ NaHMDS

THF, -78 °C, 1 h

58 48
Scheme 18
5 53
Table 6
Entry 2 4
6 54
Wilkinson
TBDPS
55 56 Scheme 17
Table 6
Entry Reagents and conditions 53:54

1 POClj3, pyridine, 50 °C 10:1

2 SOCI,, pyridine, rt 7:1

3 SOCl,, pyridine, 0°C 5:1

4 SOCl,, pyridine, -30 °C 35:1
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55 Scheme 19
LiAlIH4 LiEtsBH

60 Table 7, entries

0O-S

(entry 3
(entry 4

MPMO

deoxygenation 2
—_— _—
Table 7 Table 7
55 35
Scheme 19
Table 7
Entry R Reagents and conditions Results
1) MsCl, pyridine, rt
1 OMs 2) LiAIH,, THF, reflux 60
1) MsCl, pyridine, rt
2 OMs 2) LiEt;BH, THF, reflux 60
1) SOCI,, pyridine, rt .
3 Cl 2) nBusSnH, AIBN, PhMe, reflux no reaction
(o]
4 OC(S)SME 1) NaH, CSz, Mel, THF, 0°C unknown
2) nBuzSnH, AIBN, PhMe, reflux products
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Scheme 20
55
61 23)
35

MPMO MPMO

Na,S 9H,0 Raney Ni W-4 -~
-
DMF, 50 °C, 12 h THF, rt, 3 h
60% in 3 steps
59 (R=OMs) 61 35

Scheme 20
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Chiloscyphone (1) isochiloscyphone (2)

MPM 62 IBX 24)
63 Grignard
isochiloscyphone (2) 25)
MPMO
DDQ IBX
_—
CH,Cly, H,0 DMSO, THF
0 °C, 10 min 85% r,1h
62
CH,=C(Me)MgBr HC)}// IBX
0 —_—
THF, 0 °C, 30 min THF, DMSO
rt, 12 h

73% in 3 steps

64
Scheme 21
6 56
1) Scheme 22 25
4)
MPMO OH _OH MPMO  OMs OMs
- MsCI
pyridine
rt,1h
56 65
MPMO
Raney Ni W-4 L DDQ
THF, rt, 3 h CH2C|2, Hzo

0 °C, 10 min, 92%

66% in 3 steps
34

CH,=C(Me)MgBr HO>/

-
-

THF, 0 °C, 30 min

68 69
Scheme 22

24

Na,S 9H,0

chiloscyphone

DMF, 50 °C, 12 h

66

IBX

DMSO, THF
rt,1h

67

IBX

DMSO, THF
rt,12 h
75% in 3 steps




Acutifolone A (4)

Acutifolone 2000 Porella acutifolia subsp. tosana

26,27)  Acutifolone A (4)

C-8
C-1 70
path 71
(o 70
71 73
75
C-1 74
74 75 path
75 7
C-8
76
C-1 B
C-9
Michael 77 7
Scheme 23

25

77



A

0 0
O™ >ome , O™ Some 4

hydrogenation/ \deoxygenation

OTBS o OTBS
O™ >oMe H OTBS
71 72
dehydroxylation ﬂ ﬂ isomerization

alkylation

O
reduction 0
—> ——
0 0
77 7
Scheme 23
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C-1

7 Luche 1,2- 78
78 TIPS 79
chiloscyphone DIBAL-H
80 82
83
77 Scheme 24
O O O
o NaBH, O TIPSOTY o
CeCl3 7H,0 2,6-lutidine
MeOH CH,Cl,, 0°C, 2 h
o .
0] -70°C, 50 min HO 99% in 2 steps TIPSO
78 79
OH _oH OMS owms
DIBAL-H MsCl Na,S
CH,ClI, pyridine DME
0°C, 20 min 0°C,1h rt, 8 h
TIPSO TIPSO
81
BH3 THF
Raney Ni w-4 THF, rt, 12 h
NaOH, H202
rt, 1h TIP
TIPSO - , ih TIPSO SO OH
t
b in 4 steps 83 84
TFAA, DMSO
Et;N DBU
CH,Cl,, -60 °C, 1 h PhMe, 0°C, 1 h
TIPSO o) 60% in 3 steps 0]
85 77

Scheme 24
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77 C-1

86-ax 86-3

methylation

77 86-B 86-a

Scheme 25

C-1
Scheme 26
76
a

NOE Figure 2

CH,=CHMgBr, Cul

THF, -78 °C, 5 min
o) 79%

77 76
Scheme 26

p-addition é Ho| H 1%
\*\ 7%<
H
/ °

o-addition / 0
Figure 2

—:NOE
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Scheme 25
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C-8

C-8 Scheme 27 77
(@ ¢
76 C-8
76
76
NaH
CH,=CHMgBr, Cul
g’ THF, -78 °C, 10 min
1 then HCO,Et or (HCHO), N
o) — R O
77 R = CHO or CH,OH
NaH
Mel or (MeO),CO
THF, 1t )
dec. _— R O
76 R = Me or CO,Me
Scheme 27
o
76 Scheme 28
b
a TMSI
HN(TMS)2 a b 50 50 Table

29



8 entries 1,2
TMSOTf b
(entries 3-5 entry 6 TES
HN(TMS): TMS

a
TMSI TESCI (entry 7
a b
a
TMS TES
a (entries 8, 9
enolization
- +
Table 8
_ OSiR3 - OSiR3
76 Scheme 28 a b
Table 8
Entry Reagents Temp. (°C) Time R ratioofato b
1 TMSI, HN(TMS)z, CH2C|2 50 2h Me 50:50
2 0 2h Me 50:50
3 TMSOTf, EtzN, CH,Cl, -25 20 min Me 14 : 86
4 -50 20 min Me 8:92
5 -70 20 min Me 0:100
6 TESCI, Lil, HN(TMS),, CH,Cl, 50 24 h Me 72 :28
7 HN(TMS),, Lil, CH,Cl, 23 24 h Me 40 : 60
8 TESCI, Lil, EtzN, CH,CI, 40 1lh Et 60 : 40
9 40 24 h Et 72 :28
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Table 9 TMS
entry 1-3
(entry 4
TMS
TES
TMS
Lewis
45 (entry 8
88

(entries 10,11

Table 8 a
Scheme 29 28) a b
Lewis Yb(OTf)3
TBAF
(entry 5
(entry 6 TES
TES
THF
36 (entry 7
Sc(OTf)3
50mM
(entry 9
CSA CaClz 29)
entry 9
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Mukaiyama aldol reaction

Table 9
OSi(Me or Et), THF, 65 °C
Scheme 29
Table 9
Entry Si Reagents and conditions R Yield (%)
1 T™MS Yb(OTf)3, (MeO),CO CO,Me 0
2 Yb(OTf)3, CICO,Me 0
3 Yb(OTf)3, HCO,EL CHO 0
4 TBAF, HCO,Et 0
5 Yb(OTf)3, (HCHO), CH,OH 0
6 TES Yb(OTf)3, (HCHO), S
7 Yb(OTf)3, HCHOaq 36
8 Sc(OTf)3, HCHOaq, 0.1M 45
9 Sc(OTf)3, HCHOaq, 0.05M 88
10 CSA, HCHOaq 0
11 CacCl,, HCHOaq 0
75
convex €]
75 NOE
Figure 3
i 6%
H H 0
H OH
A\
o
= é SsiT N y
\ " —: NOE
Figure 3
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75 PDC

87 87
88 89
76
TMS
89 Scheme 30
NaH2P04
2-methyl-2-butene
PDC NaClO,
DMF, 1t, 12 h tBUOH, H,0
rt, 30 min
\ TMSCHN,
MeOH, rt, 1 h
55% in 3 steps
OMe 89

Scheme 30

Scheme 31
90
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cat.0sOy4, NalOy

acetone, H,O

rt, 3h HO\/E\O OH
90
OMe O3 MeOH,-78°C_
89 then Me,S
Scheme 31
Scheme 32
89 LIAIH(OBu)s - 91
LiAIH(O Bu)s 91 TBS
93
73
LIAIH(OtBU)3 25 utidine
THF,0°C,1h CH,ClI,, 0 °C, 20 min

OH
OMe

88% in 2 steps

91

cat.0sOy4, Me3NO
NalO4

—_—m
acetone, H,0 g H MeOH, 0 °C, 30 min  Ho—""
0°C,3h o OTBS 90% O
85% OMe OMe

93 73

NaBH,

Scheme 32
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73 71

Scheme 33

O
Table 10-entry 1
(entry 2
B 94 (entry 3
(entry
TBS
94
Chugaev
71 (entry 5
dehydroxylation
HO—" H Table 10 H
(o) OTBS o OTBS
OMe OMe
73 Scheme 33 71 94
Table 10
Entry Reagents and conditions Results
1 PPh3z, oNO,PhSeCN, THF, rt, 1 h no reaction
5 1) MsCl, pyridine, 0 °C, 20 min dec
2) PhSeSePh, NaBH,, EtOH, 65°C, 1 h '
3 1) MsCl, pyridine, 0 °C, 20 min 94
2) DBU, PhMe, 100 °C, 1 h
4 SOCI,, pyridine, rt, 1 h 94
5 1) DBU, CS,, Mel, THF, rt, 30 min unknown
2) NaHCOg, Ph,0, 180°C, 1 h products
6 1) DBU, CS,, Mel, THF, rt, 30 min unknown
2) nBugSnH, AIBN, PhH, reflux, 1 h products
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Scheme 23 path B

75 C-12
75 95 TBS
96 (o 74 Scheme 34
(o { 74 B 72 Table 11
TBS LiIHMDS
(entry 1
DBU
€] (entries 2-4
. 2,6-lutidine
LIAIH(OtBu)3 TBSOTf
—_—
THF,0°C, 1h CH,Cly, 0°C, 20 min  __ H
96% in 2 steps OTBS
OTBS
cat.0sOy4, MesNO
0°C,6h isomerization
then NalOy, rt H Table 11 z
2days OTBS o OTBS
acetone, BB _, H OTBS 7> H otBs
71%
Scheme 34
Table 11
Entry Reagents and conditions ratio of 74 to 72
1 LIHMDS, THF, -78 °C, 1 h 100:0
2 DBU, PhH, rt, 2 days 10:90
3 DBU, PhH, 40 °C, 2 days 9:91
4 DBU, PhH, 50 °C, 2 days 0:100
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Scheme 35

72 97
C-12 TBS
98 C-13
72
99 Wolff-Kishner 30) Table 12
NaBH, MsCI
: MeOH, 0 °C, 5 min : pyridine, 0 °C, 20 min :
O=—13 [125 ’ ' HO = ’ ’ :
OTBS OTBS o OTBS
H oTBS oTBS 98
72 97
H,NNHTSs Wolff-Kishner
ACOH Reduction
____________ -
CH,Cl,, rt, 1 h Table 12 K
OTBS
99 OTBS 100 OTBS
Scheme 35
Table 12
Entry Reagents and conditions Results
1 NaBH,4, MeOH, 70 °C, 1 h no reaction
2 NaBH,, dioxane, 80 °C, 30 min dec.
3 NaBH3CN, AcOH, 70°C, 1 h dec.
4 NaBH3CN, pTsOH, DMF, sulfolane, 100 °C, 1 h dec.
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Wolff-Kishner TBS

100
Scheme 36
72
TBS 102 101
TBS Lewis
TBS
103 103
104
HS(CH,)3SH
MgBr, Et,O

(o}
CHyClL, 0°C, 1h o

o OTBS S OTBS S OTBS
H oTBS < > OTBS < > OH

101 102
72 1 . 1
HS(CH,)3SH )
BF3 Etzo Raney Ni W-4
CH,Cl,, 0 °C,2h S - THF, reflux, 3 h K
OH OH

93% S 78%

OH OH

103 104

Scheme 36

38



Acutifolone A (4)

C-12 70 Scheme 37
104 PDC 105 70
Scheme 30 TMS
; % 3 : NaH,PO,
2-methyl-2-butene
NaClO,
12° DMF, rt, 18 h tBUOH, H,0
0 °C, 30 min
TMSCHN, j
g;b MeOH,0°C,1h
54% in 3 steps
70
Scheme 37
a,pBy,.o-
Michael C-5 Scheme 38
107 108 Nicolaou
IBX 31) lto-Saegusa Pd(OAc)2 21)
107 Nicolaou Ito-Saegusa 108
Michael
a,B,y,o- 110
70 IBX 111
Michael 112
Nicolaou Ito-Saegusa
Scheme

39

39



40

H
P
—_—
/\ O;V )
OH HO\I(/:E) ol
/
O 107 o
O
TMSOTf O
EtsN path A
PA(OAC), path B
O - .
- *
A
OTMS OL3[-OAC O 108
A
X path B X111
6
O 110 0] 109
Scheme 38
CH,=CHMgCI
IBX cul g
PhMe, DMSO THF, -78 °C, 10 min
o OMe 80% o OMe
70 111
\\\
IBX
________________________ -
PhMe, DMSO
o) 90 °C, 12 h
o OMe
112
Et3N ,'
TMSOTf “ " Pd(OAc),
CH,Cl,, 0 °C, 10 min TN - CH4CN, 75°C, 12 h
OTMS
0 OMe
113
Scheme 39




114

Scheme 40

Scheme 41

41

o, 3-
110
32) 111
115 NCS 116
111 Scheme 41
(\/\Cu
SPh tSPh
AN X
O
) 114 QV) 110
Scheme 40
PhSH
Et3N ____________
CHCl3 PhH, rt, 12 h
o) 0 °C, 30 min
o OMe OMe OMe
111



Scheme 42 121
Scheme 43 70 118
120
121
Table 13

(Z vmylatlon i _Croy
(} :
_ Cr o -
0O

Cr\
>0 110
(@]

Scheme 42

THF, 0°C, 30 min pyridine
O 0°C,1h
O™ >oMe
70
O
DBU allylic oxidation
St U S R -
DMF Table 13
120°C,12h
O™ >ome O™ >ome
120 121
Scheme 43
Table 13
Entry Reagents and conditions Results
1 CrOg, 3,5-dimethylpyrazole, CH,ClI,, rt, 20 min dec.
2 CrO3, AcOH, Ac,0, PhH, 0 °C, 10 min dec.
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Corey

33)

Scheme 44 123 124
110
70 TIPS 125 Corey
126
126 1,2- Table 14 127
TIPS 4
Grignard THF 1,2-
(entry 1 B Grignard
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Pd(OH),-C

2,6-lutidine Cs,CO3 o
TIPSOTf TBHP, O,
CHZCIZ, rt, 2 h CH,Cl,,0°C, 3h
o OTIPS 7505 in 2 steps 1) OTIPS
OMe OMe OMe
70 125 126
OH
CH,=CHMgClI — CSA N
—_—
0°C,2h MeOH, rt, 10 min
Table 14 OTIPS @)
0= OMe O™ >oMme
127 4
Scheme 45
Table 14
Entry additive solvent Yield of 4 (%)
1 none THF 0
2 LiBr THF 5
3 LiBr Et,0 55
4 CeCly THF 82

44



Acutifolone B (5) bisacutifolone C (6)

127 acutifolone B (5) Scheme 46
Scheme 45
127
TIPS 5
128
OH
SO
— TBAF 0 A
THF, rt
OTIPS | o
O™ >ome 0
127 5
iPr,NEt o= A
PhMe, 80 °C =
| oTiPs
Scheme 46 128
Acutifolone A (4) bisacutifolone C (6) Scheme 47

bisacutifolone C (6)

X
neat
————————— >
150 °C
(@]
O™ >oMe
4 Scheme 47 6

45

TBAF
127

Acutifolone A (4)



4 Pinguisenol (3)

Pinguisenol (3) Schinzer 1) Sha 130
13) Acutifolone 104 130
130 pinguisenol (3)
OH
X Ref.11 S
3 129
ﬂRef. 13
deoxygenation
R —
on®" 0
104 130
Scheme 48
104 130
Scheme 49
Ts 131
S-0
104
104 PhOC(S)CI, or
Imid2C=S

46



135

130

TsCl LiAlH,, Et,0
e i N U >
Y pyr Y or LIEtzBH, THF
OH OH i, 12h OTSOH reflux
104 \ 131
nBusSnH, AIBN
_____________ -
H PhH, reflux
OR
OR
R = C(S)OPh
C(S)imid
133
Scheme 49
Scheme 50 105
134
135 135
pinguisenol (3)
PDC Reduction
i N S R >
Y DMF
OH o
OH O H
104 105
HS(CH,)3;SH
BF; Et,0
CH,Cl,
-78 °C, 10 min
Raney Ni W-4 Ref. 11, 13
THF, reflux, 1 h
65% in 2 steps
sA o P 0
S
v 135 130
Scheme 50

a7

OH
134

3

130

105



Roush

136

Diels-Alder
Diels-Alder
1,3,8-
Diels-Alder
37, 38)
Scheme 51

48

Diels-Alder



OBn

_ / N 115°C
I-Pr 110 h, 64%
EtO,C
136
H OBn H ©OBn H ©OBn H OBn
+ (I& + +
i-Pr i-Pr Y i i-Pr™" -Prv Y i
CO,Et CO,Et COzEt CO,Et
30 53 13 4
H é OBn H H
— --|H S -|H
EtO,C U EtOZC COLEt—~]|.~0Bn
y Et0,d]| -~
o - -Pr N H
i-Pr i-Pr |Pr
Scheme 51
Roush
1
137 138

49



Scheme 52 137 138

Diels-Alder 139 140
141  Diels-Alder 141
Wittig Peterson 142
Bestmann
142 D-mannitol 143
e) O
(@) OTIPS
IMDA
137 S “ _ 5
) (0]
,/ \:\é 141 O
§;© Wittig
(@) H Peterson Reaction
138 TIPSO J
140

O
D-mannitol <——= O ———— O
o] WO
143 07L 0

Scheme 52

50



141

D-Mannitol 39-42) 143 Scheme 48
D-mannitol 144
146 143
147
OH OH on 740 OH
- pls B MsCI
HO O e
\/'\i/Y\OH acetone z pyridine
OH OH rt, 12 h, 55% OH O7L 0°C,1h
D-mannitol 144 85%

740 OMs Nal, Zn 740
- NaHCO3 Pd/C, H2
O\)\-/Y\O O\)\/Y\O
z DMF MeOH
OMs O7L 130 °C, 24 h O7L rt, 30 min
145 45% 146 quant.

740
O\)\/Y\ pTsOH 740
(e}
: o CHClz, MeOH \)\/\‘AOH
7L i, 15 h, 74% oH
143 147

Scheme 53
147 NBS
148 43) 148
Bestmann 44-46)
149 149
TIPS
151 Scheme 54

51



nBu,SnO
PhMe
740 reflux, 21 h 740 PhyP=C=C=0
@) (0]
\)\/Y\OH then NBS \)\/\[(\OH THF, reflux, 9 h
CHCl,

OH ; O
147 rt, 30 min, 96% 148
\74\0 OH 2,6-lutidine
AcOH HO TIPSOTf
(@] 4 (0]
Z =0  H,0, THF CICH,CH,CI
3 rt, 36 h O 0°C,1.5h
142 149 50% in 3 steps
OTIPS OTIPS
HCI
TIPSO = . HO = o
EtOH, rt, 5 h
O 88% (o)
150 151
Scheme 54
151 Swern 152
Wittig 47) 153
153 Peterson Diels-Alder
141 Scheme 55
(COCl),
OTIPS DMSO OTIPS
HO EtsN 0 PhsPCHCHO
= =
\)\/\(\FO CHC5 (@] ) THEZ i
(o) 60 ° H O retlux,
151 60°C, 1h 152 72% in 2 steps
OTIPS OTIPS
o TMSCH,MgC
X = O ELO TMS X = (@]
2
o )
H 153 (o) 0 °C, 20 min OH 154 ®)
OTIPS
1M HCI A
=
THF N O
0°C,35h (@]

. 141
53% in 2 steps

Scheme 55

52



141

Scheme 56 TIPS 155
Table 15 TBS Ac Bz
156-158
OTIPS OH
3M HCI
AN AN
= =
N O THF, rt,8 h N o
O 100% 0]
141 155
protection
Table 15
OoP
NN Z )
0]
156 : P =TBS
157 :P =Ac
158 : P =Bz
Scheme 56
Table 15
Entry P Reagents and conditions Yield (%)
1 TBS TBSCI, Imid., DMF, rt, 6 h 52
2 Ac Ac,0, pyridine, rt, 16 h 94
3 Bz BzCl, pyridine, rt, 12 h 56
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Diels-Alder

141, 155-158 Diels-Alder Scheme
57 1 Lewis
Diels-Alder
165 139 140 159
NOESY Figure 4 139
(P=TIPS) Figure 5
139
140 Table 16
0.0 0.0
oP / \é
IMDA = =
N N0 + T +
165 °C
o in a sealed tube |i| A )
PO PO PO
141, 155-158 Table 16
139 140 159
Scheme 57
Table 16
Entry P Yield (%) Ratio 139 : 140 : 159

1 TBS 73 25:1:0.7

2 TIPS 90 21:1:0.7

3 H 72 20:1:0.6

4 Bz 73 1.8:1:0.8

5 Ac 90 1.2:1:0.6
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Hr : Hugjl\r; \
Tipso H Tipso M
<« : NOESY
139 140 159
Figure 4

Figure 5

139 140: 159 =51 - 3.5:1
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1,3- 1,3-
160 Figure 6
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(Figure 7)
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endo adducts exo adducts

TipsO  H TIPSO H Tipso  H Tipso  H
139 140 159 160

Figure 6

TS for 139 (0L

TS for 140 (010 TS for 160 (+0.9)

Transition states for the intramolecular Diels-Alder reaction. Values in parentheses
are the energy relative to "TS for 1397 in kcal/mol. Values in figures are the lengths
of forming bonds in angstrom.

Figure 7
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137 138

139 or 159 TIPS 161 SOs pyr
137 Scheme 58
140 138 48)
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Bacillus
subtilis PCl 219 Staphylococcus aureus FDA 209P methicillin-resistant Staphylococcus
aureus K-24 (a clinica isolate, MRSA)  Micrococcus luteus PCl1 1001 Escherichia coliNIHJ
Escherichia coliNIHJJ-2 IFO 12734 Pseudomonas aeruginosaP-3 Xanthomonas campestris
pv. oryzae KB 88 Bacteroides fragilis ATCC 23745 Acholeplasma laidlawiiPG 8 Pyricularia

oryzae KF 180 Aspergillus niger ATCC 6275 Mucor racemosus |\FO 4581 Candida albicans

ATCC 64548 Saccharomyeces cerevisiae Mycobacterium smegmatis ATCC 607 49)
39 MRSA methicillin-resistant Staphyrococcus aureus
Table 17 7 37 39 MRSA
9
47
MRSA

39  Bacillus subtilis
Staphylococcus aureus Micrococcus luteus Escherichia coliNIHJ  Xanthomonas campestris

pv. oryzae Acholeplasma laidlawii
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Table 17

9 7 39 37
Bacillus subtilis - 11 44 -
Staphylococcus aureus - - 19 -
Micrococcus luteus - - 23 -
Esherichia colia - - 15 -
Esherichia col - 14 - 12
Pseudomonas aeruginosa - - - -
Xanthomonas Campestris pv. oryzae - 25 22 -
Bacteroides fragilis - - - -
Acholeplasma laidlawii 10 - 21 -
Pyricularia oryzae - - - -
Aspergillus niger - - - -
Mucor racemosus - - - -
Candida albicans - - - -
Saccharomyces cerevisiae - - - -
Mycobacterium smegmatis - - - -
Methicillin-resistant Staphylococcus aureus - - 16 -
Potentiation of imipenem - 15 30 20

The values indicate diameters in mm of the inhibitory zone on the plates.
a. Escherichia coliNIHJ

b.  Escherichia coliNIHJJ-2 IFO 12734

0 0 0
OH 0 o} 0
\ \ —_— I, _,
o}
o 3 0 0
9 7 39 37
Fugure 8
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Diels-Alder [4.3.0]

7
7
chiloscyphone (1) isochiloscyphone (2)
chiloscyphone
acutifolone A (4) pinguisenol (3)
D-Mannitol 137 138
MRSA
7 37
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Experimental

'H NMR spectra were recorded at 400 MHz, and >C NMR spectra were recorded at
100 MHz on a JEOL JNM-GX 400. Deuteriochloroform was used as a solvent unless
otherwise stated. Chemical shifts (O) are expressed in ppm from Me4Si as an internal
standard. Mass spectra were recorded in the EI mode with a HITACHI M-80B Mass
Spectrometer. Infrared spectra were recorded on a JASCO A-202 Infrared Spectrometer.
Only the strongest and/or structurally most important peaks are reported for the IR spectra.
Optical rotations were recorded at the sodium D line and ambient temperatures with a JASCO
DIP-360. Melting points were measured on a Yanaco MP-S3 and uncorrected. Silica gel
column chromatography was carried out using Kanto Chemical silica 60N (spherical, neutral,
63-210 um). Thin-layer chromatography (TLC) was carried out on 0.25 mm precoated silica
gel plates of Silica gel 60 F254 (E. Merck, Darmstadt). Reaction progress was monitored by
either UV (254 nm) or stained with 5% phosphomolybdic acid in ethanol as developing agent,
followed in the latter case by heating on an electric plate. Reactions were carried out under
an argon atmosphere unless otherwise stated. Reaction temperatures were measured

externally. Yields refer to chromatographycally and spectroscopically pure compounds.
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(2E)-4,4-Dibutyl-4-stannaoct-2-en-1-ol (13).

BU3SHV/\/OH

To a solution of 12 (9.5 mL, 160 mmol) in nBu3SnH (50.0 g, 170 mmol) was added
AIBN (0.50 g, 3 mmol) at 95 °C; the resulting solution was stirred at the same temperature for
3 h. The mixture was cooled to room temperature and purified by silica gel column
chromatography (hexane-EtOAc, 50:1) to give 13 (31.7 g, 56%) as a colorless oil: oy
6.20-6.14 (2H, complex), 4.21-4.14 (2H, complex), 1.75-1.07 (18H, complex), 0.97-0.80
(10H, complex).

(3E)-5,5-Dibutyl-5-stannanona-1,3-diene (15).

BU3SHW

A mixture of 13 (32.1 g, 92 mmol) and SOs py (45 g, 280 mmol) in CH,Cl, (80 mL),
DMSO (80 mL), and Et;N (80 mL) was stirred at 0 °C for 30 min. The mixture was
quenched by the addition of 1M HCI, the resulting slurry was partitioned between EtOAc and
H,0. The combined organic layer was washed with saturated aqueous NaHCOs, brine, dried
over Na,SO4 and concentrated in vacuo. The crude oil was used directly for the next

reaction without further purification.

To a mixture of Ph;PCH;Br (86g, 240 mmol) in THF (200 mL) was added NaHMDS
(1.0M solution in THF, 200 mL, 200 mmol) at -30 °C; the resulting mixture was stirred at -10
°C for 1 h. To this mixture was added a solution of the aldehyde in THF (100 mL) at -78 °C;
the resulting mixture was stirred at the same temperature for another 2 h. The mixture was
quenched by the addition of H,O, and the resulting slurry was partitioned between EtOAc and
H,0. The combined organic layer was washed with brine, dried over Na,SO4 and
concentrated in vacuo. Purification by silica gel column chromatography (hexane) gave 15
(24.4 g, 77% in two steps) as a colorless oil: 6y 7.00-5.75 (3H, complex), 5.30-4.80 (2H,
complex), 1.70-0.50 (27H, complex).
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(3E)-9-tert-Butyldimethylsiloxy-nona-1,3-diene-5-ol (19).
OH
NN oTBS
To a solution of 15 (11.7 g, 34 mmol) in THF (40 mL) was added nBuLi (1.58M
solution in hexane, 21 mL, 33 mmol) dropwise at -78 °C; the resulting solution was stirred at
the same temperature for 20 min. To this solution was added a solution of 11 (8.09 g, 37
mmol) in THF (10 mL) dropwise at the same temperature. The mixture was stirred at the
same temperature for another 10 min. The mixture was quenched by the addition of
saturated aqueous NH4Cl, and the resulting slurry was partitioned between EtOAc and H,O.
The combined organic layer was washed with brine, dried over Na,SO4 and concentrated in
vacuo. Purification by silica gel column chromatography (hexane-EtOAc, 20:1 - 10:1) gave
19 (8.33 g, 93%) as a colorless oil: IR (film) 3359, 2931, 2858 cm™'; &y 6.40-6.17 (2H,
complex), 5.71 (1H, dd, J = 6.8, 14.6 Hz), 5.20 (1H, d, J=15.7 Hz), 5.09 (1H, d, J = 9.2 Hz),
4.15 (1H, m), 3.61 (2H, t, J= 6.1 Hz), 1.61-1.36 (6H, complex), 0.89 (9H, s), 0.05 (6H, s); d¢c
136.4, 136.2, 130.9, 117.4, 72.5, 63.1, 48.7, 37.0, 32.7, 26.1, 21.8, -5.1. HRMS calcd for
C15H300,Si ([M]") m/z 270.2015, found 270.2033.

(3E)-5-tert-Butyldimethylsiloxy-9-tert-butyldiphenylsiloxy-nona-1,3-diene (20).
OTBDPS

X N OTBS

To a solution of 19 (7.89 g, 29 mmol) in DMF (50 mL) were added imidazole (5.20 g,
76 mmol) and TBDPSCI (10 mL, 38 mmol) at 0 °C; the resulting solution was stirred at room
temperature for 12 h. The mixture was quenched by the addition of 1M HCI, and the
resulting slurry was partitioned between EtOAc-hexane (1:1) and H,O. The combined
organic layer was washed with saturated aqueous NaHCOs, brine, dried over Na,SO4 and
concentrated in vacuo. Purification by silica gel column chromatography (hexane-EtOAc,
30:1) gave 20 (14.8 g, 100%) as a colorless oil: IR (film) 2931, 2864 cm’'; 8y 7.68-7.63 (4H,
complex), 7.41-7.32 (6H, complex), 6.21 (1H, m), 5.87 (1H, dd, J = 10.0, 15.4 Hz), 5.61 (1H,

dd, J=17.0, 15.4 Hz), 5.03 (1H, d, J = 16.8 Hz), 4.99 (1H, d, J = 10.0 Hz), 4.17 (1H, m), 3.50
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(2H, t,J= 6.6 Hz), 1.55-1.27 (6H, complex), 1.06 (9H, s), 0.88 (9H, s), 0.02 (6H, s); d¢ 136.5,
135.9, 135.8, 134.4, 134.2, 130.6, 129.4, 127.4, 127.3, 116.4, 73.9, 63.1, 37.7, 32.8, 27.1, 26.0,
21.0, 19.4, 18.4, -5.2. HRMS calcd for C3;H430,Si, ([M]") m/z 508.3193, found 508.3186.

(6E)-5-tert-Butyldiphenylsiloxy-nona-6,8-dien-1-ol (21).
OTBDPS

NN OH

A mixture of 20 (28.6 g, 56 mmol) and PPTS (697 mg, 2.8 mmol) in EtOH (100 mL)
was stirred at room temperature for 18 h. The mixture was quenched by the addition of
pyridine (1 mL), and the resulting mixture was concentrated in vacuo. Purification by silica
gel column chromatography (hexane-EtOAc, 5:1) gave 21 (21.1 g, 95%) as a colorless oil: IR
(film) 3340, 2933, 2858 cm’'; 8y 7.69-7.62 (4H, complex), 7.44-7.33 (6H, complex), 6.23 (1H,
m), 5.90 (1H, dd, J = 10.6, 15.2 Hz), 5.63 (1H, dd, J = 6.8, 15.2 Hz), 5.05 (1H, d, J = 16.8
Hz), 5.00 (1H, d, J = 10.0 Hz), 4.18 (1H, m), 3.51 (2H, t, J = 6.4 Hz), 1.55-1.37 (6H,
complex), 1.07 (9H, s); o¢c 136.5, 136.3, 135.9, 135.8, 134.4, 134.0, 130.7, 129.5, 129.4, 127 4,

127.3, 116.6, 73.8, 62.8, 37.6, 32.7, 27.1, 20.8, 19.4. HRMS calced for CoHas05Si ([M -
C4Ho]") m/z 337.1624, found 337.1654.

(6E)-5-tert-Butyldiphenylsiloxy-nona-6,8-dienoic acid (23).
OTBDPS O
NN OH
A mixture of 21 (20.7 g, 53 mmol) and SO; py (25.0 g, 160 mmol) in DMSO (50
mL), CH,Cl, (50 mL), and Et;N (50 mL) was stirred at 0 °C for 30 min. The mixture was
quenched by the addition of 1M HCI, and the resulting slurry was partitioned between EtOAc
and H,O. The combined organic layer was washed with saturated aqueous NaHCOs, brine,

dried over Na,SO,4 and concentrated in vacuo. The crude oil was used directly for the next

reaction without further purification.

A mixture of the aldehyde and PDC (40.0 g, 110 mmol) in DMF (110 mL) was
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stirred at room temperature for 8 h. The mixture was quenched by the addition of H,O, and
the resulting slurry was partitioned between EtOAc-hexane (1:1) and H;O. The combined
organic layer was dried over Na,SO4 and concentrated in vacuo. Purification by silica gel
column chromatography (hexane-EtOAc, 20:1 - 1:1) gave 23 (17.6 g, 82% in two steps) as a
colorless oil: IR (film) 2931, 2858, 1709 cem'; 8y 7.68-7.62 (4H, complex), 7.42-7.33 (6H,
complex), 6.21 (1H, m), 5.89 (1H, m), 5.61 (1H, dd, J = 6.6, 15.3 Hz), 5.05 (1H, d, J = 16.2
Hz), 5.02 (1H, d, J=9.7 Hz), 4.19 (1H, m), 2.21 (2H, t, J = 6.6 Hz), 1.63-1.49 (4H, complex),
1.06 (9H, s); d¢ 180.8, 136.3, 135.8, 134.1, 133.9, 130.9, 129.5, 129.4, 127.4, 127.3, 116.8,
73.4,37.0, 33.7, 27.1, 19.8, 19.4. HRMS caled for C,5H3,05Si ([M]") m/z 408.2121, found
408.2110.

Methyl (6E)-5-tert-butyldiphenylsiloxy-nona-6,8-dienoate (10).

OTBDPS O
NN OMe

To a solution of 23 (11.5 g, 28 mmol) in DMF (100 mL) was added K,COs(15.6 g,
110 mmol) at 0 °C; the resulting mixture was stirred at the same temperature for 5 min. To
this mixture was added Mel (5.3 mL, 85 mmol) dropwise at the same temperature. The
mixture was stirred at the same temperature for another 2 h. The mixture was quenched by
the addition of 1M HCI, and the resulting slurry was partitioned between EtOAc-hexane (1:1)
and H,O. The combined organic layer was washed with saturated aqueous Na,S,0s,
saturated aqueous NaHCOs;, brine, dried over Na,SO, and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 15:1) gave 10 (11.8 g,
99%) as a colorless oil: IR (film) 2952, 2858, 1741 cm™; &y 7.67-7.62 (4H, complex),
7.44-7.33 (6H complex), 6.21 (1H, m), 5.88 (1H, dd, J=10.6, 15.2 Hz), 5.61 (1H, dd, J = 6.8,
15.2 Hz), 5.05 (1H, d, J = 16.8 Hz), 5.00 (1H, d, J = 10.0 Hz), 4.19 (1H, m), 3.63 (3H, s),
2.17 (2H, t,J=17.0 Hz), 1.62-1.46 (4H, complex), 1.05 (9H, s); 6¢c 173.8, 136.4, 135.9, 135.8,
134.2, 134.0, 130.9, 129.5, 129.4, 127.4, 127.3, 116.8, 73.5, 51.4, 37.2, 34.0, 27.1, 20.1, 19.4.

HRMS calcd for CoH3403Si ([M]") m/z 422.2277, found 422.2297.
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Methyl (6E)-2-(2-(2H-3,4,5,6-tetrahydropyran-2-yloxy)-1-hydroxyethyl)-5-(2,2-
dimethyl-1,1-diphenyl-1-silapropoxy)nona-6,8-dienoate (28).

OTBDPS OH
X OTHP

O~ OMe

To a solution of diisopropylamine (6.0 mL, 43 mmol) in THF (50 mL) was added
nBuLi (1.58M solution in hexane, 24 mL, 38 mmol) dropwise at -10 °C; the resulting solution
was stirred at the same temperature for 30 min. To this solution was added a solution of 10
(14.6 g, 35 mmol) in THF (20 mL) dropwise at -78 °C; the resulting solution was stirred at the
same temperature for another 30 min. To this solution was added a solution of aldehyde 27
(5.70 g, 40 mmol) in THF (3 mL) dropwise at -78 °C; the resulting solution was stirred at the
same temperature for another 3 h. The mixture was quenched by the addition of 1M HCI,
and the resulting slurry was partitioned between EtOAc and H,O. The combined organic
layer was washed with saturated aqueous NaHCO;, brine, dried over Na,SO; and
concentrated in vacuo. Purification by silica gel column chromatography (hexane-EtOAc,
15:1-1:1) gave 10 (5.11 g, 35% recovery) and 28 (12.0 g, 95% conv.) as diastereomeric

mixture.

2-[(4E)-3-tert-Butyldiphenylsiloxy-4,6-heptadienyl]-2-buten-4-olide (32).

OTBDPS

SN _

O
O

A mixture of 28 (12.0 g, 21 mmol) and PPTS (504 mg, 2.0 mmol) in MeOH (60 mL)
was stirred at room temperature for 12 h. The mixture was quenched by the addition of
saturated aqueous NaHCOs, and the resulting slurry was partitioned between EtOAc and H,O.
The combined organic layer was washed with brine, dried over Na,SO4 and concentrated in

vacuo. The crude oil was used directly for the next reaction without further purification.
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A mixture of the diol and Et;N (40 mL) in MeOH (400 mL) was stirred at room
temperature for 24 h. The mixture was concentrated in vacuo. The crude oil was used

directly for the next reaction without further purification.

A mixture of the alcohol in pyridine (20 mL) and Ac,O (10 mL) was stirred at room
temperature for 12 h. The mixture was diluted with PhMe, and this mixture was
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

To a solution of the lactone and in PhMe (200 mL) was added a solution of DBU (6.4
mL, 43 mmol) in PhMe (10 mL) dropwise at 0 °C. The mixture was stirred at the same
temperature for 2 h. The mixture was quenched by the addition of 1M HCI, and the
resulting slurry was partitioned between EtOAc and HO. The combined organic layer was
washed with saturated aqueous NaHCO3, brine, dried over Na,SO4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 5:1) gave 32 (7.98 g, 87%
in four steps) as a colorless oil: IR (film) 2931, 2858, 1759 cm™; 8y 7.69-7.62 (4H, complex),
7.44-7.33 (6H, complex), 6.79 (1H, t, J = 1.6 Hz), 6.23 (1H, m), 5.93 (1H, dd, J = 10.4, 15.2
Hz), 5.63 (1H, dd, J=6.8, 15.2 Hz), 5.08 (1H, d, J = 17.2 Hz), 5.03 (1H, d, J = 10.4 Hz), 4.65
(2H, d, J = 1.6 Hz), 4.23 (1H, m), 2.28-2.20 (2H, complex), 1.77-1.70 (2H, complex), 1.07
(9H, s); oc 173.9, 143.7, 136.1, 135.9, 135.8, 135.3, 134.1, 134.0, 133.7, 131.3, 129.6, 129.5,
127.5, 127.3, 117.2, 73.0, 70.0, 35.2, 27.1, 20.6, 19.4. HRMS calcd for C3H»303Si ([M -
C4Ho]") m/z 375.1416, found 375.1391.

2-[4,6-Heptadienyl-3-hydroxy]-2-buten-4-olide (9).
OH
NN _
0

o

To a solution of 32 (2.34 g, 5.4 mmol) in THF (15 mL) was added a solution of
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AcOH (0.80 mL, 14 mmol) and TBAF (1.0M solution in THF, 16 mL, 16 mmol) dropwise at
0 °C; the resulting solution was stirred at room temperature for 15 h. The mixture was
quenched by the addition of saturated aqueous NaHCOs;, and the resulting slurry was
partitioned between EtOAc and H,O. The combined organic layer was washed with brine,
dried over Na,SO4 and concentrated in vacuo. Purification by silica gel column
chromatography (hexane-EtOAc, 3:1 - 1:1) gave 9 (966 mg, 92%) as a colorless oil: IR (film)
3421, 2931, 1747 cm'l; ou 7.15 (1H, t, J = 1.6 Hz), 6.39-6.19 (3H, complex), 5.71 (1H, dd, J
=6.5,14.3 Hz), 5.21 (1H, d, J = 15.7 Hz), 5.11 (1H, d, J = 10.0 Hz), 4.78 (2H, d, J = 1.6 Hz),
4.19 (1H, m), 2.46-2.38 (2H, complex), 1.85-1.77 (2H, complex); oc 174.3, 144.6, 136.0,
135.5, 133.8, 131.4, 117.9, 71.4, 70.2, 34.9, 21.5. HRMS calcd for C;;H403 ([M]") m/z
194.0943, found 194.0915.

(1S,5S)-10-Hydroxy-3-oxatricyclo[7.3.0.0**]dodec-7-en-2-one (8).

O
@)

HO

A solution of 9 (874 mg, 4.5 mmol) and BHT (99 mg, 0.45 mmol) in dry PhMe (45
mL) was heated at 180 °C for 48 h in a sealed tube. After being cooled to room temperature,
the tube was opened, and mixture was concentrated in vacuo. The crude products were
purified by silica gel column chromatography (hexane-EtOAc, 1:1) to give 8 (725 mg, 83%)
as diastereomeric mixture: IR (film) 3419, 2939, 1747 cm™; HRMS calcd for C; H 1405 (IM]")
m/z 194.0943, found 194.0917.

(1S,5S)-3-Oxatricyclo[7.3.0.0"°]dodec-8-ene-2,10-dione (7).

O
@)
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To a solution of TFAA (2.0 mL, 14 mmol) in CH,Cl, (35 mL) was added a solution
of DMSO (2.0 mL, 28 mmol) in CH,Cl, (2 mL) dropwise at -60 °C; the resulting solution was
stirred at the same temperature for 15 min. To this mixture was added a solution of 8 (917
mg, 4.7 mmol) in CH,Cl, (8 mL) dropwise at the same temperature. The mixture was stirred
at the same temperature for another 1 h. To this reaction mixture was added Et;N (8.0 mL,
58 mmol) and stirred at 0 °C for another 15 min. The mixture was quenched by the addition
of 1M HCI, and the resulting slurry was partitioned between EtOAc and H,O. The
combined organic layer was washed with saturated aqueous NaHCO;, brine, dried over
Na,SO,4 and concentrated in vacuo. The crude oil was used directly for the next reaction

without further purification.

To a solution of the ketone in PhMe (90 mL) was added a solution of DBU (1.2 mL,
8.0 mmol) in PhMe (2 mL) at 0 °C; the resulting solution was stirred at 0 °C for 2 h. The
mixture was quenched by the addition of 1M HCI, and the resulting slurry was partitioned
between EtOAc and H,O. The combined organic layer was washed with saturated aqueous
NaHCO:s, brine, dried over Na,SO4 and concentrated in vacuo. Purification by silica gel
column chromatography (hexane-EtOAc, 1:1) gave 7 (790 mg, 87% in two steps) as a
colorless oil: IR (film) 2912, 1761, 1722, 1651 cm™; 8y 6.84 (1H, t, J = 3.8 Hz), 4.56 (1H, dd,
J=15.0,9.2 Hz), 4.09 (1H, d, J = 9.2 Hz), 2.80-2.71 (1H, m), 2.49 (1H, dd, J = 8.8, 12.4 Hz),
2.39-2.22 (4H, complex), 1.96-1.90 (1H, m), 1.84-1.78 (1H, m), 1.66-1.56 (1H, m); d¢ 203.1,
177.6, 136.1, 134.4, 70.9, 49.2, 39.1, 35.2, 31.1, 24.4, 24.0. HRMS caled for C;;H;,03
(IM]) m/z 192.0786, found 192.0766.

(1S,5S)-3-Oxatricyclo[7.3.0.0"°]dodec-8,11-diene-2,10-dione (39).

O]
O

O
To a solution of 7 (523 mg, 2.7 mmol) in CH,Cl, (25 mL) was added Et;N (2.5 mL,

18 mmol) dropwise at 0 °C; the resulting solution was stirred at the same temperature for 5
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min. To this solution was added a solution of TMSOTTf (1.5 mL, 8.3 mmol) in CH,Cl, (1
mL) dropwise at the same temperature. The mixture was stirred at the same temperature for
another 30 min. The mixture was quenched by the addition of saturated aqueous NaHCOs,
and the resulting slurry was partitioned between CHCl; and H,O. The combined organic
layer was dried over Na,SO, and concentrated in vacuo. The crude oil was used directly for

the next reaction without further purification.

A mixture of the enol ether and Pd(OAc); (702 mg, 3.1 mmol) in CH3CN (50 mL)
was stirred at room temperature for 1 h. The reaction mixture was filtered through Celite
pad, and washed with EtOAc. The filtrate was concentrated in vacuo. Purification by
silica gel column chromatography (hexane-EtOAc, 1:1) gave 39 (508 mg, 98% in two steps)
as a colorless powder: IR (KBr) 2916, 1761, 1703, 1658 em’'; &y 7.41 (1H, d, J = 5.8 Hz),
6.83 (1H, t, J=4.2 Hz), 6.56 (1H, d, J = 5.8 Hz), 4.69 (1H, dd, J = 5.2, 9.6 Hz), 4.22 (1H, d, J
=9.6 Hz), 2.60-2.55 (1H, m), 2.40-2.28 (2H, complex), 2.04-1.96 (1H, m), 1.84-1.74 (1H, m);
oc 193.4, 174.2, 151.7, 138.1, 135.9, 133.4, 71.4, 55.1, 36.4, 26.2, 23.8. HRMS calcd for
C11H;005 ([M]) m/z 190.0630, found 190.0656.

(1S,5S,12R)-12-Vinyl-3-oxatricyclo[7.3.0.0"*]dodec-8-ene-2,10-dione (37).

O
O

jp— ]

o

To a suspension of Cul (216 mg, 1.1 mmol) in THF (6 mL) was added
CH,=CHMgBr (1.32M solution in THF, 4.3 mL, 5.7 mmol) dropwise at -25 °C; the resulting
mixture was stirred at -20 °C for 30 min. To this mixture was added a solution of 39 (359
mg, 1.9 mmol) in THF (7 mL) dropwise at -78 °C. The mixture was stirred at the same
temperature for another 30 min. The mixture was quenched by the addition of saturated
aqueous NH4Cl, and the resulting slurry was partitioned between EtOAc and H,O. The
combined organic layer was washed with brine, dried over Na,SO,4 and concentrated in vacuo.

Purification by silica gel column chromatography (hexane-EtOAc, 2:1) gave 37 (309 mg,
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75%) as a colorless powder: IR (KBr) 2939, 1759, 1724, 1651 cm'l; op6.94 (1H, t, J = 3.8
Hz), 5.47 (1H, m), 5.19-5.14 (2H, complex), 4.45 (1H, dd, J = 5.2, 9.2 Hz), 4.04 (1H, dd, J =
0.8, 5.2 Hz), 3.16-3.09 (2H, complex), 2.46-2.18 (3H, complex), 1.91-1.65 (3H, complex); oc
202.3, 177.3, 135.9, 134.3, 118.0, 114.5, 70.3, 44.6, 41.9, 40.6, 35.2, 24.1, 23.9. HRMS
caled for Cj3H 1403 ([M]") m/z 218.0943, found 218.0928.

[(1S,2S,9R)-1-Hydroxymethyl-9-vinyl-bicyclo[4.3.0]non-6-en-2-ylJmethan-1-ol
47).

OH OH

e ]

A mixture of 37 (259 mg, 1.2 mmol) and NaBH4 (151 mg, 4.0 mmol) in MeOH (10
mL) was stirred at 0 °C for 10 min. The mixture was quenched by the addition of 1M HCI,
and the resulting slurry was partitioned between EtOAc and H,O. The combined organic
layer was washed with saturated aqueous NaHCO;, brine, dried over Na,SO, and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

A mixture of the alcohol and MsCl (0.50 mL, 6.5 mmol) in pyridine (3 mL) was
stirred at room temperature for 4 h. The mixture was quenched by the addition of 1M HCI,
and the resulting slurry was partitioned between EtOAc and H,O. The combined organic
layer was washed with saturated aqueous NaHCO;, brine, dried over Na,SO; and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

To a solution of the mesylate in DMF(14 mL) and H,O (7 mL) was added AcOK
(1.17 g, 12 mmol) at room temperature. The mixture was stirred at 80 °C for 24 h. The
mixture was quenched by the addition of 1M HCI, and the resulting slurry was partitioned

between EtOAc-hexane (1:1) and H,O. The combined organic layer was washed with
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saturated aqueous NaHCOs, brine, dried over Na,SO4 and concentrated in vacuo. The crude

oil was used directly for the next reaction without further purification.

To a solution of the lactone in CH,Cl, (6 mL) was added DIBAL-H (1.0M solution in
PhMe, 12 mL, 12 mmol) at 0 °C. The mixture was stirred at the same temperature for 1 h.
The mixture was quenched by the addition of 3M HCI, and the resulting slurry was
partitioned between EtOAc and H,O. The combined organic layer was washed with
saturated aqueous NaHCOs;, brine, dried over Na,SO, and concentrated in vacuo.
Purification by silica gel column chromatography (CHCl3-MeOH, 40:1) gave 47 (185 mg,
75% in four steps) as a colorless oil: IR (film) 3296, 2927, 2856 em™; 8y 5.78 (1H, m), 5.34
(1H, bs), 5.05-4.93 (2H, complex), 3.74 (1H, d, J = 11.6 Hz), 3.69 (1H, dd, J =4.4, 11.2 Hz),
3.60 (1H, dd, J =4.8, 11.2 Hz), 3.33 (IH, d, J = 11.6 Hz), 3.10 (1H, m), 2.67 (1H, m), 2.38
(1H, m), 1.93-1.76 (3H, complex), 1.62-1.55 (3H, complex), 1.27 (1H, m); o6c 144.4, 141.4,
121.7, 113.6, 64.2, 63.3, 56.4, 48.1, 42.6, 37.2, 27.1, 26.3, 25.5. HRMS calcd for C;3H0>
(IM]") m/z 208.1463, found 208.1452.

(1S,5S,6R,7R)-5,6-bis[tert-Butyldiphenylsiloxy)methyl]-7-vinylbicyclo[4.3.0]
nonan-1-ol (48).

OTBDPS
OTBDPS

]

A mixture of 47 (162 mg, 0.78 mmol), imidazole (0.52 g, 7.6 mmol), and TBDPSCI
(1.0 mL, 3.85 mmol) in DMF (4 mL) was stirred at 0 °C for 3 h. The mixture was quenched
by the addition of 1M HCI, and the resulting slurry was partitioned between EtOAc-hexane
(1:1) and H,O. The combined organic layer was washed with saturated aqueous NaHCO;,
brine, dried over Na,SO4 and concentrated in vacuo. Purification by silica gel column
chromatography (hexane-EtOAc, 50:1) gave 48 (516 mg, 97%) as a colorless oil: IR (film)
2929, 2856 cm’'; 8y 7.72-7.24 (20H, complex), 5.78 (1H, m), 5.22 (1H, bs), 4.85-4.79 (2H,
complex), 3.87 (1H, dd, J = 3.0, 9.8 Hz), 3.72-3.55 (2H, complex), 3.24 (1H, dd, J = 3.0, 9.8
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Hz), 2.82 (1H, m), 2.36-2.32 (2H, complex), 2.21 (1H, m), 1.90-1.78 (5H, complex), 1.38 (1H,
m), 1.00 (9H, s), 0.88 (9H, s); d¢ 145.2, 140.8, 135.7, 135.6, 135.5, 134.0, 133.4, 133.3, 129.4,
129.3, 129.2, 127.5, 127.4, 127.3, 120.7, 113.3, 65.3, 65.1, 55.8, 55.2, 48.3, 44.4, 37.1, 27.8,
26.9,26.8,26.4,26.1,19.3,19.1. HRMS calcd for C4sHs60,Si> ([IM]) m/z 684.3819, found
684.3811.

(1S,5S,6R,7R)-5,6-bis[(1,1,2,2-Tetramethyl-1-silapropoxy)methyl]-7-vinylbicyclo
[4.3.0]nonan-1-ol (50).

OTBDPS
OTBDPS

jrm ]

OH

A mixture of 48 (474 mg, 0.69 mmol), NaH,PO, (610 mg), and mMCPBA (601 mg, 2.3
mmol) in CH,Cl, (7 mL) was stirred at -20 °C for 2 h. The mixture was quenched by the
addition of saturated aqueous Na,S,0s, and the resulting slurry was partitioned between
CHCI; and H,O. The combined organic layer was washed with saturated aqueous NaHCOs3,
brine, dried over Na,SO,4 and concentrated in vacuo. The crude oil was used directly for the

next reaction without further purification.

To a solution of the epoxide in THF (3.5 mL) was added LiEt;BH (1.0M solution in
THF, 3.5 mL, 3.5 mmol) dropwise at 0 °C. The mixture was stirred at room temperature for
3 h. The mixture was quenched by the addition of 1M HCI, and the resulting slurry was
partitioned between EtOAc and H»O. The combined organic layer was washed with
saturated aqueous NaHCOs;, brine, dried over Na,SOs and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 40:1) gave 50 (361 mg,
74% in two steps) as a colorless oil: IR (film) 3585, 2931, 2856 cm™'; &y 7.68-7.25 (20H,
complex), 6.18 (1H, m), 4.87-4.83 (2H, complex), 4.06 (1H, dd, J =2.4, 10.4 Hz), 3.78 (1H, d,
J=10.4 Hz), 3.73 (1H, d, J=10.4 Hz), 3.71 (1H, d, J = 10.4 Hz), 2.96 (1H, m), 2.83 (1H, m),
2.31-2.27 (2H, complex), 1.71-1.43 (5H, complex), 1.31-1.17 (3H, complex), 1.03 (9H, s),
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0.80 (9H, s); 8¢ 143.7, 136.0, 135.7, 135.6, 135.5, 134.2, 133.1, 132.7, 129.6, 129.5, 129 .2,
127.7, 127.5, 127.4, 127.3, 113.9, 82.7, 66.5, 63.2, 54.6, 53.2, 44.6, 40.0, 37.0, 30.9, 27.0,
26.9, 26.6,24.9,20.5, 19.3, 19.0. HRMS calcd for C4sHss05Si: ([M]") m/z 702.3924, found
702.3919.

(1S,5S,6R,7S)-5,6-bis[(tert-Butyldiphenylsiloxy)methyl]-7-(hydroxymethyl)
bicyclo[4.3.0]nonan-1-ol (52).
OTBDPS

To a solution of 50 (361 mg, 0.51 mmol) and Me;NO (170 mg, 1.5 mmol) in acetone
(5.0 mL) and H,O (1.5 mL) was added OsO4 (0.04M solution in tBuOH, 0.65 mL, 0.026
mmol) at 0 °C. The mixture was stirred at room temperature for 12 h.  To this mixture were
added NaH,PO4 (310 mg, 2.6 mmol) and NalO4 (551 mg, 2.6 mmol) at 0 °C. The mixture
was stirred at room temperature for 1 h. The mixture was quenched by the addition of
saturated aqueous Na,SOs, and the resulting slurry was partitioned between EtOAc and H,O.
The combined organic layer was washed with saturated aqueous Na,S,0s3, brine, dried over
Na,SO, and concentrated in vacuo. The crude oil was used directly for the next reaction

without further purification.

A mixture of the aldehyde and NaBH, (101 mg, 2.6 mmol) in MeOH (5.0 mL) was
stirred at 0 °C for 20 min. The mixture was quenched by the addition of 1M HCI, and the
resulting slurry was partitioned between EtOAc and H,O. The combined organic layer was
washed with saturated aqueous NaHCOj3, brine, dried over Na,SO,4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 3:1) gave 52 (212 mg,
58% in two steps) as a colorless oil: IR (film) 3221, 2931, 2858 cm™'; &y 7.72-7.24 (20H,
complex), 3.95 (1H, d, J = 9.2 Hz), 3.83-3.77 (2H, complex), 3.54 (1H, dd, J = 2.0, 11.2 Hz),
3.39 (2H, dd, J = 44, 11.2 Hz), 2.81 (1H, d, J = 10.8 Hz), 2.51 (1H, m), 2.31-2.23 (2H,
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complex), 1.80-1.68 (3H, complex), 1.55-1.34 (3H, complex), 1.22-1.16 (2H, complex), 1.05
(9H, s), 0.83 (9H, s); 6¢ 135.7, 135.6, 135.5, 134.2, 133.9, 133.0, 132.7, 129.6, 129.4, 129.3,
127.7, 127.6, 127.5, 80.3, 67.8, 63.7, 62.2, 60.4, 54.4, 41.2, 40.0, 37.2, 30.2, 27.0, 26.9, 25.6,
21.8, 20.4, 19.3, 19.0, 14.3. HRMS calcd for Cy4Hss04Si> ([M]) m/z 706.3874, found
706.3871.

(1S,5S,6R,7S)-5,6-bis[(tert-Butyldiphenylsiloxy)methyl]-7-[(4-methoxyphenyl)

methoxy]bicyclo[4.3.0]nonan-1-ol (36).
OTBDPS

To a solution of 52 (212 mg, 0.30 mmol) in DMF (5 mL) was added NaH (60%
dispersion in oil, 250 mg, 6.3 mmol) at 0 °C. The mixture was stirred at the same
temperature for 10 min. To this mixture were added MPMCI (0.40 mL, 3.0 mmol) and
TBAI (11 mg, 0.03 mmol) at 0 °C. The mixture was stirred at the same temperature for
another 20 min. The mixture was quenched by the addition of MeOH, and the resulting
slurry was partitioned between EtOAc-hexane (1:1) and HO. The combined organic layer
was washed with 1M HCI, saturated aqueous NaHCOs;, brine, dried over Na,SO4 and
concentrated in vacuo. Purification by silica gel column chromatography (hexane-EtOAc,
20:1 - 5:1) gave 36 (174 mg, 70%) as a colorless powder: IR (KBr) 3396, 2931, 2858 cm™;
ou 7.71-7.24 (22H, complex), 6.89-6.86 (2H, complex), 4.79 (1H, bs), 4.51 (1H, d, J =11.6
Hz),4.36 (1H, d, J=11.6 Hz), 3.98 (1H, d, J = 9.7 Hz), 3.88-3.73 (2H, complex), 3.78 (3H, s),
3.53 (1H, dd, J = 2.2, 9.7 Hz), 3.37 (1H, dd, J = 4.5, 9.7 Hz), 2.82 (1H, d, J = 9.7 Hz), 2.61
(1H, m), 2.43 (1H, m), 2.23 (1H, m), 1.92-1.38 (9H, complex), 1.09 (9H, s), 0.78 (9H, s); oc¢
159.1, 135.6, 135.5, 135.4, 134.2, 133.9, 133.0, 132.7, 129.5, 129.4, 129.3, 129.2, 127.6,
127.5, 127.4, 113.8, 79.5, 73.1, 70.3, 68.0, 63.9, 60.4, 55.2, 54.5, 40.2, 39.8, 37.2, 29.9, 27.1,
26.9, 26.1, 22.7, 20.5, 19.4, 19.0, 14.3.  HRMS calcd for Cs;Hss05Si> ([M]") m/z 826.4449,
found 826.4440.

76



{(1S,7S,7aS)-7,7a-bis[(1,1,2,2- Tetramethyl-1-silapropoxy)methyl](2,4,5,6,7,7a-
hexahydroindenyl)}[(4-methoxyphenyl)methoxy]methane (53).

{(1S,7S,7aS)-7,7a-bis[(1,1,2,2- Tetramethyl-1-silapropoxy)methyl](2,3,5,6,7,7a-
hexahydroindenyl)}[(4-methoxyphenyl)methoxy]methane (54).

MPM?

-
>

53 54

To a solution of 36 (108 mg, 0.13 mmol) in pyridine (1.2 mL) was added SOCI,
(0.20 mL, 2.7 mmol) at -30 °C. The mixture was stirred at the same temperature for 20 min.
The mixture was quenched by the addition of MeOH, and the resulting slurry was partitioned
between EtOAc and H,O. The combined organic layer was washed with 1M HCI, saturated
aqueous NaHCO;, brine, dried over Na,SO4 and concentrated in vacuo to give 53 and 54
(53:54=3.5:1) as stereoisomeric mixture. 53: dy 5.23 (1H, m). 54: 6y 5.40 (1H, m). The

crude oil was used directly for the next reaction without further purification.

((2S,9S,1R)-1-(Hydroxymethyl)-9-{[(4-methoxyphenyl)methoxy]methyl}bicyclo
[4.3.0]non-6-en-2-yl)methane-1-ol (55).
((3S,4S,3aR)-3a-(Hydroxymethyl)-3-{[ (4-methoxyphenyl)methoxy]methyl}-2,3,4,

5,6,3a-hexahydroinden-4-yl)methan-1-ol (56).
OH

OH
MPM? OH MPM?

-
-
”, <

55 56

To a solution of 53 and 54 in THF (1.5 mL) was added TBAF (1.0M solution in THF,
1.5 mL, 1.5 mmol) at 0 °C. The mixture was stirred at 50 °C for 3 h. The mixture was

quenched by the addition of H,O, and the resulting slurry was partitioned between EtOAc and
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H,O. The combined organic layer was washed with brine, dried over Na,SO4 and
concentrated in vacuo. Purification by silica gel column chromatography (hexane-EtOAc,
1:1) gave 55 (33.0 mg, 76% in two steps) and 56 (8.0 mg, 18% in two steps) as a colorless oil:
55: IR (film) 3348, 2929, 2856 cm'l; On 7.25-7.23 (2H, complex), 6.89-6.87 (2H, complex),
5.31 (1H, m), 4.43 (2H, s), 3.93 (1H, d, J = 10.8 Hz), 3.80 (3H, s), 3.67 (1H, dd, J = 5.2, 10.8
Hz), 3.61 (1H, m), 3.43 (1H, m), 3.33 (1H, dd, J = 4.0, 10.8 Hz), 3.22 (1H, d, J = 10.8 Hz),
2.87 (1H, m), 2.56 (1H, m), 2.32 (1H, m), 1.84-1.80 (3H, complex), 1.49-1.11 (4H, complex);
oc 1594, 145.2, 129.6, 129.0, 121.9, 121.8, 113.9, 73.0, 71.9, 65.4, 64.0, 55.7, 55.3, 44.0,
41.1, 34.5, 27.6, 26.1, 25.9. HRMS caled for CyHyO4 ([M]) m/z 332.1988, found
332.1986. 56: IR (film) 3330, 2929, 2856 cm™; &y 7.22 (2H, d, J = 8.8 Hz), 6.88 (2H, d, J =
8.8 Hz), 5.57 (1H, m), 4.40 (2H, complex), 3.80 (3H, s), 3.72 (2H, dd, J = 5.4, 11.8 Hz), 3.40
(1H, m), 3.34 (1H, m), 3.24 (2H, complex), 2.91 (1H, m), 2.33 (1H, m), 2.12-1.99 (4H,
complex), 1.83 (1H, m), 1.40-1.35 (3H, complex); d¢ 159.4, 141.9, 129.5, 129.1, 122.5, 122.4,
113.8, 72.9, 72.3, 66.0, 61.8, 55.3, 51.7, 42.1, 38.9, 27.3, 25.2, 25.1, 21.6. HRMS calcd for
C0H2304 (IM]") m/z 332.1988, found 332.1984.

[((1S,7S,7aS)-7,7a-Dimethyl(2,4,5,6,7,7a-hexahydroindenyl))methoxy]

(4-methoxyphenyl)methane (35).
MPM?

-
-

A mixture of 55 (12.0 mg, 0.036 mmol) and MsCl (0.10 mL) in pyridine (0.5 mL)
was stirred at room temperature for 1 h. The mixture was quenched by the addition of 1M
HCI, and the resulting slurry was partitioned between EtOAc and H,O. The combined
organic layer was washed with saturated aqueous NaHCOs, brine, dried over Na,SO4 and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

A mixture of the mesylate and Na,S 9H,O (120 mg, 0.50 mmol) in DMF (3.6 mL)
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was stirred at 50 °C for 12 h. The mixture was quenched by the addition of H,O, and the
resulting slurry was partitioned between EtOAc-hexane (1:1) and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The

crude oil was used directly for the next reaction without further purification.

A mixture of the sulfide and Raney Ni W-4 (ca.100 mg) in THF (3.6 mL) was stirred
at room temperature for 3 h. The reaction mixture was filtered through Celite pad, and
washed with EtOAc. The filtrate was concentrated in vacuo. Purification by silica gel
column chromatography (hexane-EtOAc, 10:1) gave 35 (6.5 mg, 60% in three steps) as a
colorless oil: IR (film) 2924, 2852 cm'l; ou 7.26 (2H, d, J = 8.6 Hz), 6.87 (2H, d, J = 8.6 Hz),
5.09 (1H, m), 4.45 (1H, d, J=11.2 Hz), 4.39 (1H, d, J = 11.2 Hz), 3.81 (3H, s), 3.51 (1H, dd,
J=44,8.8 Hz), 3.20 (1H, dd, J = 8.8, 10.2 Hz), 2.43 (1H, m), 2.30-2.17 (2H, complex), 1.93
(1H, m), 1.68 (1H, m), 1.45-1.12 (5H, complex), 0.91 (3H, s), 0.85 (3H, d, J = 6.4 Hz); oc
158.9, 149.0, 130.8, 129.1, 128.9, 118.2, 118.1, 113.6, 72.7, 71.1, 55.3, 50.2, 47.3, 35.1, 33.0,
30.8, 26.4, 26.2, 18.0, 17.9. HRMS calcd for CyH0, ([M]") m/z 300.2089, found
300.2085.

((1S,7S,7aS)-7,7a-Dimethyl-2,4,5,6,7,7a-hexahydroindenyl)methan-1-ol (62).

A mixture of 35 (15.0 mg, 0.050 mmol) and DDQ (28 mg, 0.12 mmol) in CH,Cl,
(1.0 mL) and H,O (0.05 mL) was stirred at 0 °C for 10 min. The mixture was quenched by
the addition of saturated aqueous NaHCOs, and the resulting slurry was partitioned between
CHCIl; and H,O. The combined organic layer was washed with brine, dried over Na,SO4
and concentrated in vacuo. Purification by silica gel column chromatography (PhMe-EtOAc,
10:1) gave 62 (7.7 mg, 85%) as a colorless oil: IR (film) 3334, 2956, 2925, 2852 em’; 8y 5.15
(1H, m), 3.70 (1H, dd, J = 4.0, 10.0 Hz), 3.49 (1H, dd, J = 8.0, 10.0 Hz), 2.50 (1H, m), 2.30
(1H, m), 2.18 (1H, m), 2.05-1.91 (2H, complex), 1.73-1.15 (5H, complex), 0.92 (3H, s), 0.89
(3H, d, J = 6.8 Hz); 6¢ 150.2, 118.2, 64.1, 50.1, 49.6, 34.9, 32.5, 30.7, 26.4, 26.2, 18.0, 17.8.

79



HRMS calcd for C;,H,,0 ([M]+) m/z 180.1514, found 180.1514.

Isochiloscyphone (2).

oy

-‘\

A mixture of 62 (3.6 mg, 0.020 mmol) and IBX (21 mg, 0.073 mmol) in DMSO (0.3
mL) and THF (0.6 mL) was stirred at room temperature for 1 h. The mixture was
concentrated and through a short column, and washed with EtOAc-hexane (1:1). The filtrate
was concentrated in vacuo. The crude oil was used directly for the next reaction without

further purification.

To a solution of the aldehyde in THF (0.5 mL) was added isopropenylmagnesium
bromide (0.5 M solution in THF, 0.5 mL, 0.25 mmol) at 0 °C. The mixture was stirred at the
same temperature for 30 min. The mixture was quenched by the addition of 1M HCI, and
the resulting slurry was partitioned between EtOAc and H,O. The combined organic layer
was washed with saturated aqueous NaHCO3, brine, dried over Na,SO4 and concentrated in

vacuo. The crude oil was used directly for the next reaction without further purification.

A mixture of the alcohol and IBX (20 mg, 0.073 mmol) in THF (0.6 mL) and DMSO
(0.3 mL) was stirred at room temperature for 12 h. The mixture was concentrated and
purified by silica gel column chromatography (hexane-EtOAc, 20:1) to give 2 (3.2 mg, 73%
in three steps) as a colorless oil: IR (film) 2925, 2854, 1662 cm™; 8y 6.02 (1H, bs), 5.77 (1H,
bs), 5.19 (1H, m), 3.71 (1H, m), 2.45 (2H, complex), 2.31 (1H, m), 1.90 (3H, bs), 1.68-1.25
(6H, complex), 1.10 (3H, s), 0.60 (3H, d, J = 6.8 Hz), d¢c 205.1, 149.1, 140.5, 124.0, 118.0,
52.3,35.4, 35.3, 31.3, 29.7, 27.1, 26.2, 19.9, 18.2, 17.9. HRMS calcd for C;5H»0 ([M])
m/z 218.1671, found 218.1677.

80



[((1S,7S,7aS)-7,7a-Dimethyl(2,3,5,6,7,7a-hexahydroindenyl))methoxy](4-

methoxyphenyl)methane (34).
MPMO

-

A mixture of 56 (10.0 mg, 0.030 mmol) and MsCl (0.10 mL) in pyridine (0.5 mL)
was stirred at room temperature for 1 h. The mixture was quenched by the addition of 1M
HCIl, and the resulting slurry was partitioned between EtOAc and H,O. The combined
organic layer was washed with saturated aqueous NaHCOs, brine, dried over Na;SO4 and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

A mixture of the mesylate and Na,S 9H,0 (71 mg, 0.50 mmol) in DMF (3.0 mL)
was stirred at 50 °C for 12 h. The mixture was quenched by the addition of H,O, and the
resulting slurry was partitioned between EtOAc-hexane (1:1) and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The

crude oil was used directly for the next reaction without further purification.

A mixture of the sulfide and Raney Ni W-4 (ca.100 mg) in THF (3.0 mL) was stirred
at room temperature for 3 h. The reaction mixture was filtered through Celite pad, and
washed with EtOAc. The filtrate was concentrated in vacuo. Purification by silica gel
column chromatography (hexane-EtOAc, 10:1) gave 34 (6.0 mg, 66% in three steps) as a
colorless oil: IR (film) 2954, 2922, 2852 cm‘l; ou 7.25 (2H, d, J = 8.8 Hz), 6.87 (2H, d, J =
8.8 Hz), 5.31 (1H, m), 4.39 (2H, complex), 3.80 (3H, s), 3.43 (1H, dd, J = 5.2, 9.2 Hz), 2.96
(1H, t,J=9.2 Hz), 2.41 (1H, m), 2.22-1.42 (9H, complex), 0.90 (3H, d, J = 7.6 Hz), 0.89 (3H,
s); 0c 159.0, 147.2, 130.9, 129.1, 129.0, 117.4, 116.3, 113.7, 72.6, 70.8, 55.3, 47.0, 46.2, 32.4,
27.4, 26.6, 25.7, 23.4, 20.2, 17.0. HRMS calcd for CHa0, ([M]") m/z 300.2089, found
300.2081.
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((1S,7S,7aS)-7,7a-Dimethyl-2,3,5,6,7,7a-hexahydroindenyl)methan-1-ol (67).

A mixture of 34 (6.0 mg, 0.020 mmol) and DDQ (21 mg, 0.090 mmol) in CH,Cl,
(0.5 mL) and H,O (0.025 mL) was stirred at 0 °C for 10 min. The mixture was quenched by
the addition of saturated aqueous NaHCOs, and the resulting slurry was partitioned between
CHCIl; and H,O. The combined organic layer was washed with brine, dried over Na,SO4
and concentrated in vacuo. Purification by silica gel column chromatography (PhMe-EtOAc,
10:1) gave 67 (3.3 mg, 92%) as a colorless oil: IR (film) 3334, 2954, 2922, 2852 em’; 8y 5.34
(1H, m), 3.63 (1H, dd, J = 4.8, 10.0 Hz), 3.32 (1H, dd, J = 7.2, 10.0 Hz), 2.47 (1H, m), 2.30
(1H, m), 2.04-1.42 (8H, complex), 0.94 (3H, d, J = 6.4 Hz), 0.91 (3H, s); o¢c 147.5, 117.3,
63.8, 49.3, 46.0, 32.6, 27.8, 26.6, 25.7, 23.1, 20.2, 16.9. HRMS calcd for C;,H»00 ([M])
m/z 180.1514, found 180.1518.

Chiloscyphone (1).

o

\‘\

A mixture of 67 (3.3 mg, 0.018 mmol) and IBX (20 mg, 0.073 mmol) in DMSO (0.3
mL) and THF (0.6 mL) was stirred at room temperature for 1 h. The mixture was
concentrated and through a short column, and washed with EtOAc-hexane (1:1). The filtrate
was concentrated in vacuo. The crude oil was used directly for the next reaction without

further purification.

To a solution of the aldehyde in THF (0.5 mL) was added isopropenylmagnesium
bromide (0.5 M solution in THF, 0.5 mL, 0.25 mmol) at 0 °C. The mixture was stirred at the
same temperature for 30 min. The mixture was quenched by the addition of 1M HCI, and

the resulting slurry was partitioned between EtOAc and H,O. The combined organic layer
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was washed with saturated aqueous NaHCOs, brine, dried over Na,SO, and concentrated in

vacuo. The crude oil was used directly for the next reaction without further purification.

A mixture of the alcohol and IBX (21 mg, 0.073 mmol) in THF (0.6 mL) and DMSO
(0.3 mL) was stirred at room temperature for 12 h. The mixture was concentrated and
purified by silica gel column chromatography (hexane-EtOAc, 20:1) to give 1 (3.0 mg, 75%
in three steps) as a colorless oil: IR (film) 2952, 2856, 1665 cm™; 8y 5.94 (1H, bs), 5.73 (1H,
bs), 5.42 (1H, m), 3.58 (1H, dd, J = 7.6, 1.6 Hz), 2.53 (2H, m), 2.10-1.84 (6H, complex),
1.70-1.25 (4H, complex), 0.98 (3H, s), 0.85 (3H, d, J = 6.4 Hz); 3¢ 206.5, 146.5, 146.0, 123.7,
117.1, 52.6, 49.8, 33.1, 29.1, 27.1, 26.1, 25.5, 20.6, 17.8, 17.5. HRMS calcd for C;sH»,0
(IM]") m/z 218.1671, found 218.1666.

83



(1S,5S5,10R)-10-[1,1-bis(Methylethyl)-2-methyl-1-silapropoxy]-3-oxatricyclo
[7.3.0.0"°]dodec-8-en-2-one (79).
0.9

TIPSO

To a solution of 7 (1.35 g, 7.0 mmol) and CeCl; 7H,0O (3.90 g, 11 mmol) in MeOH
(70 mL) was added NaBH, (390 mg, 10 mmol) at -70 °C; the resulting solution was stirred at
the same temperature for 50 min. The mixture was quenched by the addition of 1M HCI,
and the resulting slurry was partitioned between EtOAc and H,O. The combined organic
layer was washed with saturated aqueous NaHCO;, brine, dried over Na,SO, and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

To a solution of the alcohol in CH,ClI, (70 mL) were added 2,6-lutidine (1.22 mL, 11
mmol) and TIPSOTf (2.10 mL, 7.8 mmol) at 0 °C; the resulting solution was stirred at the
same temperature for 2 h. The mixture was quenched by the addition of 1M HCI, and the
resulting slurry was partitioned between EtOAc and HO. The combined organic layer was
washed with saturated aqueous NaHCOs, brine, dried over Na,SO,4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 10:1) gave 79 (2.44 g,
99% in two steps) as a colorless oil: IR (film) 2941, 2864, 1774 cm™; 8y 5.94 (1H, m), 4.74
(1H, m), 4.41 (1H, dd, J = 5.6, 8.8 Hz), 3.99 (1H, d, J = 8.8 Hz), 2.25 (1H, m), 2.15-2.05 (5H,
complex), 1.74 (1H, m), 1.65 (1H, m), 1.47 (1H, m), 1.04 (21H, s); d¢c 177.5, 141.4, 126.1,
74.3, 70.7, 50.8, 40.3, 34.1, 33.3, 24.8, 23.7, 18.2, 18.1, 17.7, 12.5, 12.3.  HRMS calcd for
C0H3405Si ([M]") m/z 350.2277, found 350.2266.

1-((4S,1R,3aR)-4,3a-Dimethyl(2,3,4,5,6,3a-hexahydroindenyloxy))-1,1,-bis
(methylethyl)-2-methyl-1-silapropane (83).
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TIPSO

To a solution of 79 (2.31 g, 6.6 mmol) in CH,Cl, (25 mL) was added DIBAL (1.0M
solution in PhMe, 25 mL, 25 mmol) at 0 °C; the resulting solution was stirred at the same
temperature for 20 min. The mixture was quenched by the addition of 3M HCI, and the
resulting slurry was partitioned between EtOAc and H;O. The combined organic layer was
washed with saturated aqueous NaHCO3, brine, dried over Na,SO,4 and concentrated in vacuo.

The crude oil was used directly for the next reaction without further purification.

A mixture of the alcohol and MsCl (2.00 mL, 26 mmol) in pyridine (10 mL) was
stirred at 0 °C for 1 h. The mixture was quenched by the addition of 1M HCI, and the
resulting slurry was partitioned between EtOAc and H;O. The combined organic layer was
washed with saturated aqueous NaHCO3, brine, dried over Na,SO4 and concentrated in vacuo.

The crude oil was used directly for the next reaction without further purification.

A mixture of the mesylate and Na,S (5.15 g, 66 mmol) in DMF (66 mL) was stirred
at room temperature for 8§ h. The mixture was quenched by the addition of H,O, and the
resulting slurry was partitioned between EtOAc-hexane (1:1) and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The

crude oil was used directly for the next reaction without further purification.

A mixture of the sulfide and Raney Ni W-4 (ca.5 g) in THF (25 mL) was stirred at
room temperature for 1 h. The reaction mixture was filtered through Celite pad, and washed
with EtOAc. The filtrate was concentrated in vacuo. Purification by silica gel column
chromatography (hexane) gave 83 (1.38 g, 65% in four steps) as a colorless oil: IR (film)
2925, 2866 cm™'; 8y 5.55 (1H, m), 4.56 (1H, m), 2.07-1.77 (8H, complex), 1.42 (1H, m), 1.06
(21H, s), 1.02 (3H, s), 0.89 (3H, d, J = 6.8 Hz); 6¢ 151.4, 120.8, 76.0, 39.4, 38.1, 33.6, 29.7,
26.7, 25.6, 25.5, 19.4, 18.1, 16.7, 12.3.  HRMS calcd for C50H3308Si ([M]") m/z 322.2692,
found 322.2699.
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(7S,7aR)-7,7a-Dimethyl-2,5,6,7,7a-pentahydroinden-4-one (77).

@)

To a solution of 83 (1.25 g, 3.9 mmol) in THF (7 mL) was added BH; THF (1.0M
solution in THF, 11 mL, 11 mmol) at 0 °C; the resulting solution was stirred at room
temperature for 12 h. To this mixture was added 3M NaOH (5 mL) and 35% H,O; solution
(5 mL) at 0 °C; the resulting mixture was stirred at room temperature for 1 h. The reaction
was quenched by the addition of H,O, and the resulting slurry was partitioned between EtOAc
and H,O. The combined organic layer was washed with brine, dried over Na,SO4 and
concentrated in vacuo. The crude alcohol was used directly for the next reaction without

further purification.

To a solution of TFAA (1.10 mL, 7.8 mmol) in CH,Cl, (60 mL) was added a solution
of DMSO (1.10 mL, 16 mmol) in CH,Cl, (5 mL) at -60 °C; the resulting mixture was stirred
at the same temperature for 10 min. To this reaction mixture was added a solution of the
crude product in CH,Cl, (5 mL) at -65 °C; the resulting solution was stirred at the same
temperature for another 1 h. To this reaction mixture was added Et;N (2 mL); the resulting
mixture was stirred at 0 °C for another 15 min. The mixture was quenched by the addition
of 1M HCI, and the resulting slurry was partitioned between EtOAc and H,O. The
combined organic layer was washed with saturated aqueous NaHCO;, brine, dried over
Na,SO,4 and concentrated in vacuo. The crude oil was used directly for the next reaction

without further purification.

A mixture of the ketone and DBU (1.20 mL, 8.0 mmol) in PhMe (75 mL) was added
at 0 °C; the resulting mixture was stirred at the same temperature for 1 h. The mixture was
quenched by the addition of 1M HCI, and the resulting slurry was partitioned between EtOAc

and H,O. The combined organic layer was washed with saturated aqueous NaHCOs, brine,
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dried over Na,SO4 and concentrated in vacuo. Purification by silica gel column
chromatography (hexane-EtOAc, 15:1) gave 77 (380 mg, 60% in three steps) as a colorless
oil: IR (film) 2956, 2875, 1684, 1618 cm™; &y 6.43 (1H, t, J = 2.4 Hz), 2.49-2.42 (2H,
complex), 2.39-2.23 (2H, complex), 1.93 (1H, dd, J =7.0, 11.8 Hz), 1.79-1.71 (4H, complex),
0.95 (3H, d, J=6.0 Hz), 0.91 (3H, s); o¢c 200.2, 149.8, 136.0, 50.3, 41.2, 40.8, 40.2, 29.8, 28.9,
17.3,15.9. HRMS caled for C;1H ;60 (IM]") m/z 164.1201, found 164.1212.

(5S,9S,1R,6R)-5,6-Dimethyl-9-vinylbicyclo[4.3.0]nonan-2-one (76).

To a mixture of Cul (211 mg, 1.1 mmol) in THF (15 mL) was added CH,=CHMgBr
(1.32M solution in THF, 8.4 mL, 11 mmol) at -20 °C; the resulting mixture was stirred at the
same temperature for 30 min. To this reaction mixture was added a solution of 77 (720 mg,
4.4 mmol) in THF (3 mL) at -78 °C; the resulting mixture was stirred at the same temperature
for another 5 min. The mixture was quenched by the addition of saturated aqueous NH4Cl
and NH4OH, and the resulting slurry was partitioned between EtOAc and H>O. The
combined organic layer was washed with saturated aqueous NH4Cl, brine, dried over Na,SO4
and concentrated In vacuo. Purification by silica gel column chromatography
(hexane-EtOAc, 20:1) gave 76 (670 mg, 79%) as a colorless oil: IR (film) 2956, 2873, 1701
cm'l; ou 5.78 (1H, m), 5.00-4.94 (2H, complex), 3.07 (1H, m), 2.53 (1H, d, J = 10.8 Hz), 2.37
(1H, m), 2.14 (1H, m), 1.91-1.86 (2H, complex), 1.81-1.56 (4H, complex), 1.44 (1H, m), 0.94
(3H, s), 0.93 (3H, d, J = 6.0 Hz); 6c 214.0, 139.7, 115.3, 65.5, 47.7, 47.1, 42.2, 39.3, 35.8,
30.0,29.4,21.5,16.3. HRMS calcd for C13H00 ([M]") m/z 192.1514, found 192.1502.

(5S,9S,1R,6R)-1-(Hydroxymethyl)-5,6-dimethyl-9-vinylbicyclo[4.3.0]nonan-2-
one (75).
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To a mixture of 76 (520 mg, 2.7 mmol) in CH,Cl, (27 mL) were added Et;N (0.70
mL, 5.0 mmol) and Lil (610 mg, 4.6 mmol) at room temperature. To this reaction mixture
was added TESCI (0.70 mL, 4.2 mmol) at 40 °C; the resulting mixture was stirred at the same
temperature for 24 h.  The mixture was quenched by the addition of saturated aqueous
NaHCOs3, and the resulting slurry was partitioned between CHCIl; and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The

crude oil was used directly for the next reaction without further purification.

To a mixture of the enol ether in THF (42 mL) and 35% formaldehyde (14 mL) was
added Sc(OTf); (66.1 mg, 0.13 mmol) at 65 °C; the resulting mixture was stirred at the same
temperature for 2 h. The mixture was quenched by the addition of saturated aqueous
NaHCO3, and the resulting slurry was partitioned between EtOAc and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 20:1 - 10:1) gave 75 (325
mg, 88% conv. in two steps) and 76 (200 mg, 38% recovery) as a colorless oil: IR (film) 3483,
2956, 2875, 1678 cm™; 8y 5.78 (1H, m), 5.04 (1H, d, J = 16.8 Hz), 4.98 (1H, d, J = 10.4 Hz),
3.94 (1H, dd, J = 3.2, 10.8 Hz), 3.38-3.28 (3H, complex), 2.35 (1H, m), 2.25 (1H, m),
1.98-1.47 (7H, complex), 0.93 (3H, d, J = 6.8 Hz), 0.84 (3H, s); 6c 219.3, 141.2, 115.3, 66.0,
65.9, 51.8, 48.2, 42.4, 36.6, 34.2, 28.9, 28.4, 16.1, 14.7. HRMS calcd for C14H»0, ([M]")
m/z 222.1620, found 222.1618.

1-{[(2S,5S,9S,1R,6R)-5,6-Dimethyl-2-(1,1,2,2-tetramethyl-1-silapropoxy)-9-vinyl
bicyclo[4.3.0]nonyl]methoxy}-1,1,2,2-tetramethyl-1-silapropane (96).
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OTBS

A mixture of 75 (202 mg, 0.91 mmol) and LiAIH(OtBu); (670 mg, 2.9 mmol) in THF
(9.0 mL) was stirred at 0 °C for 1 h. The mixture was quenched by the addition of 1M HCI,
and the resulting slurry was partitioned between EtOAc and H,O. The combined organic
layer was washed with saturated aqueous NaHCO;, brine, dried over Na,SO, and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

To a solution of the diol in CH,Cl, (4.5 mL) were added 2,6-lutidine (0.60 mL, 5.2
mmol) and TBSOTf (0.60 mL, 2.6 mmol) at 0 °C; the resulting mixture was stirred at the
same temperature for 20 min. The mixture was quenched by the addition of 1M HCI, and
the resulting slurry was partitioned between EtOAc and H,O. The combined organic layer
was washed with saturated aqueous NaHCO3, brine, dried over Na,SO4 and concentrated in
vacuo. Purification by silica gel column chromatography (hexane) gave 96 (394 mg, 96% in
two steps) as a colorless oil: IR (film) 2954, 2927, 2883, 2858, 1631 em’™; 8y 6.54 (1H, m),
492 (1H, dd, J = 1.8, 17.4 Hz), 4.84 (1H, dd, J = 1.8, 11.0 Hz), 3.84 (1H, d, J = 10.0 Hz),
3.62 (1H, dd, J = 5.2, 11.4 Hz), 3.50 (1H, d, J = 10.0 Hz), 2.74 (1H, m), 1.88-1.15 (9H,
complex), 0.90 (9H, s), 0.88 (9H, s), 0.83 (3H, s), 0.78 (3H, d, J = 6.8 Hz), 0.04 (6H, s), 0.03
(6H, s); oc 144.6, 110.6, 73.3, 70.7, 56.5, 48.6, 48.2, 36.6, 34.7, 32.6, 29.0, 26.7, 26.0, 25.8,
18.2,18.1, 16.8, 15.0, -2.8, -3.5, -4.9, -5.5.  HRMS calcd for C,H430,Si, (M — C4Ho]") m/z
395.2802, found 395.2782.

(2S,55,1R,6R,7R)-1,2-Dimethyl-5-(1,1,2,2-tetramethyl-1-silapropoxy)-6-[(1,1,2,2-
tetramethyl-1-silapropoxy)methyl]bicyclo[4.3.0]nonane-7-carbaldehyde (74).
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H oTBS

To a mixture of 96 (394 mg, 0.87 mmol) and Me;NO (300 mg, 2.7 mmol) in acetone
(4.5 mL) and H,O (1.5 mL) was added OsOy4 (0.04M solution in tBuOH, 1.0 mL, 0.04 mmol)
at 0 °C; the resulting mixture was stirred at the same temperature for 6 h. To this mixture
was added NalO4 (600 mg, 2.8 mmol) at 0 °C; the resulting mixture was stirred at room
temperature for 2 days. The mixture was quenched by the addition of saturated aqueous
Na,S0s, and the resulting slurry was partitioned between EtOAc and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 20:1 -4:1) gave 74 (281
mg, 71%) as a colorless oil: IR (film) 2954, 2929, 2881, 2858, 1712 em’™; 8y 10.32 (1H, s),
3.98 (1H, d, J=10.0 Hz), 3.66 (1H, dd, J =5.2, 11.2 Hz), 3.62 (1H, d, J = 10.0 Hz), 2.85 (1H,
t, J =8.2 Hz), 2.28 (1H, m), 1.87-1.12 (8H, complex), 0.90 (9H, s), 0.89 (9H, s), 0.85 (3H, s),
0.78 (3H, d, J = 6.8 Hz), 0.07 (6H, s), 0.06 (6H, s); dc 206.4, 72.5, 70.4, 59.9, 58.2, 48.9, 36.1,
34.2,33.2, 284,259, 20.2, 18.1, 16.6, 14.9, -3.4, -4.9, -5.5.  HRMS calcd for C,5sHs50O3Si,
(IM]") m/z 454.3298, found 454.3296.

(2S,55,7S,1R,6R)-1,2-Dimethyl-5-(1,1,2,2-tetramethyl-1-silapropoxy)-6-[(1,1,2,2-
tetramethyl-1-silapropoxy)methyl]bicyclo[4.3.0]nonane-7-carbaldehyde (72).

o OTBS
H oTBS

A mixture of 74 (159 mg, 0.35 mmol) and DBU (1.0 mL, 6.7 mmol) in PhH (30 mL)
was stirred at 50 °C for 2 days. The mixture was quenched by the addition of 1M HCI, and
the resulting slurry was partitioned between EtOAc and H,O. The combined organic layer

was washed with saturated aqueous NaHCOs, brine, dried over Na,SO, and concentrated in
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vacuo. Purification by silica gel column chromatography (hexane-EtOAc, 20:1) gave 72
(157 mg, 99%) as a colorless powder: IR (KBr) 2954, 2927, 2856, 1711 cm™; 8y 9.95 (1H, d,
J=1.6 Hz), 4.16 (1H, d, J = 10.8 Hz), 3.61 (1H, d, J = 10.8 Hz), 3.51 (1H, dd, J = 5.6, 11.2
Hz), 3.12 (1H, t,J=9.2 Hz), 2.12-2.04 (2H, complex), 1.83-1.13 (7H, complex), 0.88 (3H, s),
0.87 (9H, s), 0.85 (9H, s), 0.81 (3H, d, J = 6.8 Hz), 0.04 (6H, s), 0.01 (6H, s); d¢c 206.1, 72.3,
65.1,57.4,52.7,50.1, 36.4, 35.3, 31.8, 29.1, 25.9, 22.3, 18.1, 18.0, 16.9, 13.9, -3.9, -4.7, -5.8.
HRMS calcd for C,5Hs5003S1, ([M]+) m/z 454.3298, found 454.3294.

(2S,55,9S,1R,6R)-9-(1,3-Dithian-2-yl)-1-(hydroxymethyl)-5,6-dimethylbicyclo
[4.3.0]nonan-2-ol (103).

Cs L OH

To a solution of 72 (157 mg, 0.35 mmol) in CH,Cl, (3.5 mL) were added BF; OEt,
(0.25 mL, 2.0 mmol) and 1,3-propanedithiol (0.10 mL, 1.0 mmol) at 0 °C; the resulting
mixture was stirred at the same temperature for 2 h. The mixture was quenched by the
addition of 5% NaOH, and the resulting slurry was partitioned between Et,O and H,O. The
combined organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 1:1) gave 103 (101 mg,
93%) as a colorless oil: IR (film) 3375, 2933 cm™; 8y (DMSO-d®, 70 °C) 5.00 (1H, d, J = 2.0
Hz),4.22 (1H,d,J=4.4 Hz), 3.92 (1H, d, J=4.4 Hz), 3.89 (1H, d, J=4.0 Hz), 3.80 (1H, t, J
=4.8 Hz), 3.74 (1H, dd, J = 4.8, 11.2 Hz), 2.97 (1H, m), 2.86-2.73 (4H, complex), 2.04-1.15
(11H, complex), 0.86 (3H, s), 0.75 (3H, d, J = 6.4 Hz); 8c (DMSO-d®, 70 °C) 69.2, 61.8, 54.7,
50.2, 47.7, 45.2, 34.2, 33.3, 31.3, 30.0, 29.6, 28.9, 25.1, 22.4, 16.3, 14.5. HRMS calcd for
C16H230,S, (IM]") m/z 316.1531, found 316.1518.

(2S,5S,9S,1R,6R)-1-(Hydroxymethyl)-5,6,9-trimethylbicyclo[4.3.0]nonan-2-ol
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(104).

OH
OH

A mixture of 103 (101 mg, 0.32 mmol) and Raney Ni W-4 (ca. 500 mg) in THF (15
mL) was stirred at refluxing temperature for 3 h. The reaction mixture was filtered through
Celite pad, and washed with EtOAc. The filtrate was concentrated in vacuo. Purification
by silica gel column chromatography (hexane-EtOAc, 2:1) gave 104 (52.9 mg, 78%) as a
colorless oil: IR (film) 3429, 2956, 2875 cm™; &y (DMSO-d®, 100 °C) 4.08-3.96 (1H, m),
3.88-3.61 (2H, complex), 2.72-2.52 (1H, m), 2.01-1.81 (1H, m), 1.71-1.19 (7H, complex),
1.14, 1.08 (3H, d><2,J =7.0 Hz), 0.82, 0.72 (3H, s><2), 0.74-0.73 (3H, d><2, J = 6.6 Hz); dc
(DMSO-d®, 100 °C) 73.3, 70.8, 65.2, 62.9, 48.4, 47.9, 36.9, 34.5, 34.1, 33.3, 33.2, 32.7, 30.2,
29.1, 29.0, 28.7, 27.7, 17.7, 16.0, 15.5, 13.9, 13.0. HRMS calcd for C;3H240, (M + H])
m/z 213.1849, found 213.1875.

Methyl (1S,5S,9S,6R)-5,6,9-trimethyl-2-oxabicyclo[4.3.0]nonanecarboxylate
(70).

o (0]
OMe

A mixture of 104 (52.9 mg, 0.25 mmol) and PDC (500 mg, 1.3 mmol) in DMF (2.5
mL) was stirred at room temperature for 18 h. The mixture was quenched by the addition of
H,O, and the resulting slurry was partitioned between EtOAc-hexane (1:1) and H,O. The
combined organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.

The crude oil was used directly for the next reaction without further purification.

To a mixture of the aldehyde and NaH,PO, (400 mg, 2.6 mmol) in tBuOH (2.0 mL),
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H,0 (0.50 mL), and 2-methyl-2-butene (0.30 mL, 2.8 mmol) was added NaClO; (120 mg, 1.1
mmol) at 0 °C; the resulting mixture was stirred at the same temperature for 30 min. The
mixture was quenched by the addition of 1M HCI, and the resulting slurry was partitioned
between CHCl; and H,O. The combined organic layer was dried over Na,SO, and
concentrated in vacuo. The crude oil was used directly for the next reaction without further

purification.

To a solution of the carboxylic acid in MeOH (2 mL) was added TMSCHN, (2M
solution in Et,0, 1.0 mL, 2.0 mmol) at 0 °C; the resulting solution was stirred at the same
temperature for 1 h. The mixture was concentrated in vacuo, and purification by silica gel
column chromatography (hexane-EtOAc, 10:1) gave 70 (31.9 mg, 54% in three steps) as a
colorless oil: IR (film) 2952, 2877, 1730, 1703 em™; 8y 3.67 (3H, s), 2.60 (1H, m), 2.46-2.35
(2H, complex), 1.84-1.58 (7H, complex), 1.09 (3H, d, J = 6.8 Hz), 0.98 (3H, s), 0.95 (3H, d, J
= 6.4 Hz); 8¢ 209.9, 170.9, 72.5, 52.4, 51.0, 41.6, 38.0, 37.3, 36.2, 30.9, 28.2, 18.2, 16.4, 15.5.
HRMS calcd for C4H,,0; ([M]") m/z 238.1569, found 238.1556.

Methyl (1S,7aS,4R,3aR)-7-[1,1-bis(methylethyl)-2-methyl-1-silapropoxy]-1,4,3a-
trimethyl-5-0x0-2,3,4,3a,7a-pentahydroinden-7a-carboxylate (126).

o

OTIPS
O™ >oMme

To a mixture of 70 (10.0 mg, 0.040 mmol) in CH,Cl, (1.5 mL) were added
2,6-lutidine (0.050 mL, 0.43 mmol) and TIPSOTf (0.050 mL, 0.19 mmol) at 0 °C; the
resulting mixture was stirred at room temperature for 2 h. The mixture was quenched by the
addition of saturated aqueous NaHCOs, and the resulting slurry was partitioned between
CHCI; and H,O. The combined organic layer was washed with brine, and filtered through a

short column (hexane-EtOAc, 20:1) to give a colorless oil.
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To a mixture of the enol ether and Cs,CO3 (40.2 mg, 0.12 mmol) in CH,Cl, (1.5 mL)
were added 20% Pd(OH),-C (10 mg) and TBHP (5.1M solution in isooctane, 0.15 mL, 0.77
mmol) at 0 °C under Ar atmosphere; the resulting mixture was stirred vigorously at the same
temperature for 3 h under O, atmosphere. The mixture was filtered through a short column
(CHCl3). The filtrate was concentrated in vacuo, and purification by silica gel column
chromatography (hexane-EtOAc, 10:1) gave 126 (12.8 mg, 75% in two steps) as a colorless
oil: IR (film) 2947, 2870, 1732, 1662, 1610 cm™; 8 5.35 (1H, s), 3.65 (3H, s), 2.67 (1H, m),
2.55 (1H, q, J = 6.8 Hz), 2.04 (1H, m), 1.88 (1H, m), 1.81-1.62 (2H, complex), 1.30 (3H, d, J
= 6.8 Hz), 1.10-1.07 (21H, complex), 1.06 (3H, d, J = 6.8 Hz), 0.81 (3H, s); 6c 199.9, 172.2,
171.1, 106.8, 66.7, 53.6, 50.7, 45.2, 42.3, 34.7, 31.1, 18.5, 18.0, 17.9, 17.8, 16.6, 12.7, 9.0.
HRMS calcd for Co3H4004Si (IM]") m/z 408.2696, found 408.2683.

Acutifolone A (4).

X

o)
0™ >oMme

CeCl; 7H,0 (135 mg, 0.36 mmol) was placed in a round-bottomed flask. The flask
was evacuated and heated at 140 °C for 2 h. The resulting solid was dissolved in THF (1.0
mL) and the mixture was stirred at room temperature for 30 min. To this mixture was added
a solution of 126 (14.5 mg, 0.036 mmol) in THF (1.0 mL) at 0 °C; the resulting mixture was
stirred at the same temperature for another 10 min. To this mixture was added
CH,=CHMgClI (1.3M solution in THF, 1.00 mL, 1.3 mmol) at 0 °C; the resulting mixture was
stirred at the same temperature for another 2 h. The mixture was quenched by the addition
of saturated aqueous NH4Cl, and the resulting slurry was partitioned between EtOAc and H,O.
The combined organic layer was washed with brine, dried over Na,SO4 and concentrated in

vacuo. The crude oil was used directly for the next reaction without further purification.

A mixture of the alcohol and CSA (8.4 mg, 0.036 mmol) in MeOH (1.0 mL) was
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stirred at room temperature for 10 min. The mixture was quenched by the addition of
saturated aqueous NaHCOs, and the resulting slurry was partitioned between EtOAc and H,O.
The combined organic layer was washed with brine, dried over Na,SO4 and concentrated in
vacuo. Purification by silica gel column chromatography (hexane-EtOAc, 15:1) gave 4 (7.6
mg, 82% in two steps) as a colorless powder: IR (KBr) 2927, 1736, 1662 cm™'; 8;6.45 (1H,
dd,J=10.4, 17.6 Hz), 5.98 (1H, s), 5.68 (1H, d, J=17.6 Hz), 5.45 (1H, d, J = 10.4 Hz), 3.67
(3H, s), 2.62 (1H, q, J = 6.8 Hz), 2.21 (1H, m), 1.73-1.51 (4H, complex), 1.25 (3H, d, J=6.8
Hz), 1.18 (3H, d, J = 6.8 Hz), 1.10 (3H, s); 8¢ 196.9, 171.1, 160.2, 136.7, 124.3, 120.0, 67.4,
51.2, 49.9, 45.8, 41.0, 38.5, 31.5, 23.4, 18.1, 15.7. HRMS calcd for C;sH,0;3 ([M]") m/z
262.1569, found 262.1596.

(5S,9S,1R,6R)-1,5,6,9-Tetramethylbicyclo[4.3.0]nonan-2-one (130).

O

To a solution of 105 (10.3 mg, 0.050 mmol) in CH,Cl, (0.5 mL) were added BF;
OEt, (0.050 mL, 0.40 mmol) and 1,3-propanedithiol (0.020 mL, 0.20 mmol) at -78 °C; the
resulting mixture was stirred at the same temperature for 10 min. The mixture was quenched
by the addition of 5% NaOH, and the resulting slurry was partitioned between Et,O and H,O.
The combined organic layer was washed with brine, dried over Na,SO4 and concentrated in

vacuo. The crude oil was used directly for the next reaction without further purification.

A mixture of the ketone and Raney Ni W-4 (ca. 50 mg) in THF (1 mL) was stirred at
refluxing temperature for 1 h. The reaction mixture was filtered through Celite pad, and
washed with EtOAc. The filtrate was concentrated in vacuo. Purification by silica gel
column chromatography (hexane-EtOAc, 15:1) gave 130 (6.2 mg, 65% in two steps) as a
colorless oil: IR (film) 2957, 1699 cm™; 8 2.81-2.58 (2H, complex), 2.19 (1H, m), 2.18-1.90
(2H, complex), 1.82-1.77 (2H, complex), 1.62-1.23 (3H, complex), 0.90 (3H, d, J = 6.4 Hz),
0.85 (3H, s), 0.78 (3H, s), 0.77 (3H, d, J = 8.0 Hz); 60 216.4, 61.5, 54.2, 41.0, 37.6, 35.7, 34.2,
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31.3, 30.8, 16.7, 14.8, 11.7. HRMS caled for C;3H»O (IM]) m/z 194.1671, found
194.1681.
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(1R,2R)-1,2-bis((4R)-2,2-Dimethyl(1,3-dioxolan-4-yl))-2-(methoxysulfonyloxy)
ethyl methanesulfonate (145).

(@)
(0]

C:)Ms O7Z/

A mixture of 144 (64.4 g, 250 mmol) and MsCl (50.0 mL, 650 mmol) in pyridine
(500 mL) was stirred at 0 °C for 1 h. The mixture was poured into water to afford crude
crystals. The crude crystals were recrystallized from MeOH to give 145 (87.6 g, 85 %) as
colorless plates: 6y 4.97 (1H, d, J = 6.5 Hz), 4.26 (1H, m), 4.20-4.18 (2H, complex), 3.18 (3H,
s), 1.44 (3H, s), 1.37 (3H, s).

4-[(1E)-2-((4S)-2,2-Dimethyl(1,3-dioxolan-4-yl))vinyl](4S)-2,2-dimethyl-1,3-
dioxolane (146).

To a solution of 145 (73.6 g, 180 mmol) in DMF (800 mL) were added Nal (180 g,
1.2 mol), NaHCO; (150 g, 1.8 mol), and Zn powder (65.0 g, 0.99 mol) at 70 °C. The
mixture was stirred at 130 °C for 24 h. The resulting mixture was cooled to room
temperature and water was added. The slurry was filtered through Celite pad; the filtrate
was washed with saturated aqueous Na,S,03, saturated aqueous NaHCOs, brine, dried over
Na,SO,4 and concentrated in vacuo. The crystalline residue was recrystallized from Et,O to
give 146 (18.1 g, 45 %) as colorless needles: 6y 5.80 (1H, dd, J = 2.0, 4.0 Hz), 4.53 (1H, m),
4.08 (1H, m), 3.59 (1H, dd, J=8.2 Hz), 1.42 (3H, s), 1.38 (3H, s).

(4S)-4-[2-((4S)-2,2-Dimethyl(1,3-dioxolan-4-yl))ethyl]-2,2-dimethyl-1,3-
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dioxolane (143).

A mixture of 146 (19.9 g, 87 mmol) and Pd/C (1.5 g) in MeOH (150 mL) was stirred
at room temperature for 30 min under H, atmosphere. The catalyst was filtered and the
filtrate was concentrated in vacuo to give 143 (20.2 g, quant.) as a colorless oil: [&(]*'p +20.8
(c 1.00, CHCL), 1it."™® [ax]*p +17.5 (c 5.78, CHCls); 8y 4.12 (1H, m), 4.05 (1H, dd, J = 6.0,
7.6 Hz), 3.53 (1H, t, J=7.6 Hz), 1.73 (1H, m), 1.59 (1H, m), 1.41 (3H, s), 1.35 (3H, s).

(2S)-4-((4S)-2,2-Dimethyl(1,3-dioxolan-4-yl))butane-1,2-diol (147).

O

OH

A mixture of 143 (18.1 g, 78.4 mmol) and pTsOH (0.75 g, 3.9 mmol) in CHCl; (600
mL) and MeOH (60 mL) was stirred at room temperature for 15 h. After the addition of
NaHCO; (5 g), the solvent was concentrated in vacuo. Purification by silica gel column
chromatography (CHCIl3-MeOH, 20:1—5:1) gave 147 (4.20 g, 74% conv.) as a colorless oil
and unreacted 143 (11.2 g, 62% recovery): [0]*’p -11.2 (¢ 1.00, MeOH); IR (film) 3357, 2935
em™; 8y 4.13 (1H, m), 4.06 (1H, dd, J = 5.9, 8.1 Hz), 3.73 (1H, m), 3.63 (1H, dd, J=3.4, 11.2
Hz), 3.53 (IH, t, J = 7.3 Hz), 3.45 (1H, dd, J = 7.3, 11.2 Hz), 1.72-1.67 (2H, complex),
1.59-1.52 (2H, complex), 1.41 (3H, s), 1.35 (3H, s); 6c 109.1, 76.1, 72.0, 69.4, 66.8, 30.1,
29.9,26.9,25.7. HRMS caled for CgH;504 ([M — CH3]") m/z 175.0970, found 175.0987.

4-((45)-2,2-Dimethyl(1,3-dioxolan-4-yl))-1-hydroxybutan-2-one (148).
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A mixture of 147 (8.23 g, 43 mmol) and dibutyltin oxide (11.3 g, 45 mmol) in PhMe
(300 mL) was stirred at 110 °C for 21 h in an apparatus equipped with Dean-Stark trap. The
reaction mixture was cooled to room temperature and concentrated in vacuo, and the residue
was dissolved in CHCls (200 mL). To this mixture was added NBS (8.18 g, 45 mmol).
The mixture was stirred at room temperature for 30 min. The reaction mixture was
concentrated in vacuo, and the resulting slurry was filtered through Celite pad. The filtrate
was concentrated in vacuo. Purification by silica gel column chromatography
(hexane-EtOAc, 1:1) gave 148 (7.84 g, 96%) as a colorless oil: [a]*’p -8.0 (¢ 1.00, CHCl); IR
(film) 3408, 2935, 1709 cm™'; 8y 4.27 (2H, s), 4.11 (1H, m), 4.04 (1H, dd, J = 6.0, 7.8 Hz),
3.54 (1H, dd, J = 6.6, 7.8 Hz), 2.75-2.48 (2H, complex), 1.95 (1H, m), 1.82 (1H, m), 1.38 (3H,
s), 1.32 (3H, s); 6c 208.9, 109.1, 74.7, 69.0, 68.1, 34.4, 27.4, 26.9, 25.5. HRMS calcd for
CgH;304 ([M — CH3]") m/z 173.0814, found 173.0785.

4-{(3S)-3,4-bis[1,1-bis(Methylethyl)-2-methyl-1-silapropoxy]butyl}-5-

hydrofuran-2-one (150).
OTIPS

TIPSO Pz o

o

A mixture of 148 (11.5 g, 61 mmol) and Bestmann’s Ylide (20.5 g, 68 mmol) in THF
(200 mL) was stirred at refluxing temperature for 9 h. The resulting mixture was
concentrated in vacuo, and the residue was partitioned between EtOAc and H,O. The
combined organic layer was washed with brine, dried over Na,SO,4 and concentrated in vacuo.

The crude oil was used directly for the next reaction without further purification.

A mixture of the lactone in water (30 mL), THF (30 mL), and AcOH (90 mL) was

stirred at room temperature for 36 h. The mixture was concentrated to a half volume, and
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passed through on silica gel (CHCl;-MeOH, 5:1), and the eluent was concentrated in vacuo.

The crude oil was used directly for the next reaction without further purification.

To a solution of the diol in 1,2-dichloroethane (100 mL) were added 2,6-lutidine
(17.9 mL, 150 mmol) and TIPSOTf (20.6 mL, 77 mmol) at 0 °C; the resulting mixture was
stirred at the same temperature for 1.5 h. The mixture was quenched by the addition of 1M
HCI, and the resulting slurry was partitioned between EtOAc and H,O. The combined
organic layer was washed with saturated aqueous NaHCOs, brine, dried over Na,SO4 and
concentrated in vacuo. Purification by silica gel column chromatography (hexane-EtOAc,
10:1) gave 150 (14.9 g, 50% in four steps) as a colorless oil: [a]*'p -15.5 (¢ 1.00, CHCls); IR
(film) 2943, 2866, 1782, 1751 cm™'; &y 5.84 (1H, t, J = 1.4 Hz), 4.74 2H, d, J = 1.4 Hz), 3.95
(1H, m), 3.77 (1H, dd, J = 4.8, 9.0 Hz), 3.47 (1H, dd, J = 9.0 Hz), 2.57-2.52 (2H, complex),
1.99- 1.83 (2H, complex), 1.05 (42H, bs); 6¢ 170.9, 115.1, 73.1, 71.5, 66.0, 31.7, 23.1, 18.2,
18.1, 18.0, 17.8, 12.6, 12.4, 11.9. HRMS calcd for C23H4504Si, ([M — C3H;]") m/z 441.2856,
found 441.2842.

4-{(3S)-3-[1,1-bis(Methylethyl)-2-methyl-1-silapropoxy]-4-hydroxybutyl}-5-

hydrofuran-2-one (151).
OTIPS

HO pZ o

O

A mixture of 150 (6.76 g, 14 mmol) and conc. HCI (1 mL) in EtOH (50 mL) was
stirred at room temperature for 5 h. The reaction mixture was concentrated in vacuo,
purification by silica gel column chromatography (hexane-EtOAc, 1:1) gave 151 (1.01 g, 88%
conv.) as a colorless oil and unreacted 150 (5.08 g, 75% recovery): [0]*'p +7.6 (¢ 1.00,
CHCl); IR (film) 3454, 2943, 2866, 1780, 1747 cm™; 8y 5.85 (1H, t, J = 1.6 Hz), 4.75 (2H,
d, J=1.6 Hz), 3.98 (1H, m), 3.68-3.55 (2H, complex), 2.50 (2H, t, J = 8.1 Hz), 2.02-1.78 (2H,
complex), 1.08 (21H, bs); 6¢ 169.9, 115.3, 73.0, 71.5, 65.4, 31.6, 24.1, 18.1, 12.6. HRMS
caled for C14H»504Si ([M — C3H7]") m/z 285.1522, found 285.1559.
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(2E)(4S)-4-[1,1-bis(Methylethyl)-2-methyl-1-silapropoxy]-6-(5-oxo(3-2-

hydrofuryl))hex-2-enal (153).
OTIPS
0

X = @]
H o

To a solution of oxalyl chloride (0.41 mL, 4.7 mmol) in CHCl; (10 mL) was added a
solution of DMSO (0.67 mL, 9.5 mmol) in CHCI; (2 mL) dropwise at -60 °C; the resulting
solution was stirred at the same temperature for 15 min. To this solution was added a
solution of the 151 (778 mg, 2.4 mmol) in CHCI; (5 mL) dropwise at the same temperature.
The mixture was stirred at the same temperature for another 1 h. To this reaction mixture
was added Et;N (2.6 mL, 19 mmol) and stirred at 0 °C for another 15 min. The mixture was
quenched by the addition of saturated aqueous NH4Cl, and the resulting slurry was partitioned
between EtOAc and H,O. The combined organic layer was washed with brine, dried over

Na,SO4 and concentrated in vacuo. The crude oil was used directly for the next reaction

without further purification.

A mixture of the aldehyde and PhsPCHCHO (1.45 g, 4.8 mmol) in THF (20 mL) was
stirred at refluxing temperature for 12 h. The reaction mixture was concentrated in vacuo
and filtered through Celite pad. The filtrate was concentrated in vacuo. Purification by
silica gel column chromatography (hexane-EtOAc, 3:1—1:1) gave 153 (605 mg, 72% in two
steps) as a colorless oil: [0]*'p +22.8 (¢ 1.00, CHCI3); IR (film) 2943, 2866, 1780, 1749, 1691
em™; 8 (CsDe) 9.46 (1H, d, J = 7.8 Hz), 6.27 (1H, ddd, J = 1.2, 7.8, 15.6 Hz), 6.06 (1H, dd, J
=4.8, 15.6 Hz), 5.47 (1H, t,J = 1.4 Hz), 4.17 (1H, m), 3.87 (2H, d, J = 1.4 Hz), 1.81 (1H, m),
1.53 (1H, m), 1.38 (1H, m), 1.20 (1H, m), 1.02-0.96 (21H, bs); d¢c (CsDs) 191.7, 168.4, 156.5,
132.0, 115.6, 72.2, 70.7, 34.0, 22.3, 18.2, 12.6. HRMS calcd for CisH,504Si (M — C3H;]")
m/z 309.1522, found 309.1472.

4-{(4E)(3S)-3-[1,1-bis(Methylethyl)-2-methyl-1-silapropoxy]hepta-4,6-dienyl}-5-
hydrofuran-2-one (141).
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To a solution of 153 (219 mg, 0.62 mmol) in Et,O (2 mL) was added TMSCH,MgCl
(1.0M solution in Et,O, 1.2 mL, 1.2 mmol) dropwise at 0 °C. The mixture was stirred at the
same temperature for 20 min. The mixture was quenched by the addition of saturated
aqueous NH4Cl, and the resulting slurry was partitioned between EtOAc and H,O. The
combined organic layer was washed with brine, dried over Na,SO,4 and concentrated in vacuo.

The crude oil was used directly for the next reaction without further purification.

A mixture of the alcohol and 1M HCI (1.5 mL) in THF (3 mL) was stirred at the
same temperature for 3.5 h. The mixture was quenched by the addition of saturated aqueous
NaHCO;3, and the resulting slurry was partitioned between EtOAc and H,O. The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 4:1) gave 141 (116 mg,
53% in two steps) as a colorless oil: [a]*p +3.4 (¢ 1.00, CHCIs); IR (film) 2943, 2866, 1782,
1751, 1637 cm™; 8y 6.33 (1H, m), 6.18 (1H, dd, J = 10.7, 15.2 Hz), 5.83 (1H, t, J = 1.5 Hz),
5.65 (1H, dd, J=6.8, 15.2 Hz), 5.20 (1H, d, J = 16.6 Hz), 5.11 (1H, d, J=10.3 Hz), 4.73 (2H,
d, J = 1.5 Hz), 4.41 (1H, m), 2.53-2.38 (2H, complex), 1.89-1.84 (2H, complex), 1.05 (21H,
bs); 6c 170.4, 136.0, 135.7, 131.1, 117.5, 115.2, 73.1, 71.9, 35.6, 23.5, 18.1, 12.4. HRMS
caled for CaoH3405Si ([M]") m/z 350.2277, found 350.2254.

4-((4E)(3S)-3-Hydroxyhepta-4,6-dienyl)-5-hydrofuran-2-one (155).
OH

NN AN_0

O

A mixture of 141 (68.3 mg, 0.20 mmol) and 3M HCI (1 mL) in THF (1 mL) was
stirred at room temperature for 8 h. The mixture was quenched by the addition of saturated
aqueous NaHCOs3, and the resulting slurry was partitioned between EtOAc and H,O. The

combined organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.
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Purification by silica gel column chromatography (hexane-EtOAc, 1:1) gave 155 (19.3 mg,
100% conv.) as a colorless oil and unreacted 141 (34.1 mg, 50% recovery): [a]**p -1.7 (¢ 1.00,
CHCl3); IR (film) 3419, 2927, 1780, 1745, 1635 cm™'; 8 6.37-6.21 (2H, complex), 5.84 (1H,
t,J=1.6 Hz), 5.70 (1H, dd, J = 7.0, 15.2 Hz), 5.24 (1H, d, J = 15.2 Hz), 5.14 (1H, d, J = 8.8
Hz), 475 (2H, d, J = 1.6 Hz), 422 (1H, m), 2.55-2.48 (2H, complex), 1.86-1.80 (2H,
complex); d¢ 170.0, 135.7, 135.0, 131.8, 118.4, 115.4, 73.1, 71.3, 34.2, 24.5. HRMS calcd
for C;1H 1403 (IM]") m/z 194.0943, found 194.0906.

4-[(4E)(39)-3-(1,1,2,2-Tetramethyl-1-silapropoxy)hepta-4,6-dienyl]-5-

hydrofuran-2-one (156).
OTBS

A SN AN\_0

O

A mixture of 155 (16.2 mg, 0.083 mmol), imidazole (35.0 mg, 0.51 mmol) and
TBSCI (35.0 mg, 0.23 mmol) in DMF (0.8 mL) was stirred at room temperature for 6 h. The
mixture was purified by silica gel column chromatography (hexane-EtOAc, 10:1) to give 156
(13.3 mg, 52%) as a colorless oil: [a]*p +1.0 (¢ 1.00, CHCI3); IR (film) 2929, 2856, 1780,
1751, 1637 em™; 8y 6.32 (1H, m), 6.16 (1H, m), 5.82 (1H, t, J = 1.6 Hz), 5.62 (1H, dd, J = 6.4,
15.2 Hz), 5.20 (1H, d, J = 17.2 Hz), 5.10 (1H, d, J = 9.6 Hz), 4.73 (2H, d, J = 1.6 Hz), 4.25
(1H, m), 2.46-2.42 (2H, complex), 1.81-1.76 (2H, complex), 0.89 (9H, s), 0.04 (3H, s), 0.03
(3H, s); &¢ 170.3, 136.0, 135.7, 130.9, 117.5, 115.2, 73.1, 71.8, 35.3, 25.9, 24.1, 18.2, -4.2,
-4.8. HRMS calcd for C;7H305Si ([M]") m/z 308.1808, found 308.1785.

(2E)(1S)-1-[2-(5-Oxo0(3-2-hydrofuryl))ethyl]penta-2,4-dienyl acetate (157).
OAc

A SN AN\_0
0

A mixture of 155 (19.3 mg, 0.099 mmol) in pyridine (1.0 mL) and Ac,O (1.0 mL)

was stirred at 0 °C for 16 h. This reaction mixture was concentrated in vacuo, purification
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by silica gel column chromatography (hexane-EtOAc, 2:1) gave 157 (22.0 mg, 94%) as a
colorless oil: [0]**p -6.3 (¢ 1.00, CHCL3); IR (film) 2931, 1780, 1747, 1637, 1238 cm™; &y
6.35-6.20 (2H, complex), 5.86 (1H, t, J = 1.8 Hz), 5.60 (1H, dd, J = 7.2, 14.4 Hz), 5.34-5.25
(2H, complex), 5.17 (1H, m), 4.74 (2H, d, J = 1.8 Hz), 2.46-2.42 (2H, complex), 2.06 (3H, s),
2.03-1.87 (2H, complex); d¢ 170.0, 168.9, 135.4, 134.0, 129.9, 119.4, 115.6, 73.1, 72.9, 31.7,
24.5,21.2. HRMS calcd for C13H;404 ([M]") m/z 236.1049, found 236.1031.

(2E)(1S)-1-[2-(5-Oxo0(3-2-hydrofuryl))ethyl]penta-2,4-dienyl benzoate (158).
OBz

A SN AN\_0

O

A mixture of 155 (10.3 mg, 0.053 mmol) and BzCl (0.20 mL, 1.7 mmol) in pyridine
(1 mL) was stirred at room temperature for 12 h. To this reaction mixture was added MeOH
(0.1 mL) at room temperature, and then stirred at the same temperature for another 30 min.
The mixture was quenched by the addition of 1M HCI, and the resulting slurry was
partitioned between EtOAc and H»O. The combined organic layer was washed with
saturated aqueous NaHCOs;, brine, dried over Na,SOs and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 3:1) gave 158 (8.8 mg,
56%) as a colorless oil: [0]*°p +28.5 (¢ 0.77, CHCLs); IR (film) 2927, 1780, 1749, 1714, 1639
em™; 8y 8.04 (2H, d, J = 8.3 Hz), 7.59 (1H, m), 7.46 (2H, dd, J = 7.8 Hz), 6.40-6.28 (2H,
complex), 5.89 (1H, d, J=1.5 Hz), 5.74 (1H, dd, J = 6.8, 14.2 Hz), 5.61 (1H, dd, J=6.8, 13.2
Hz), 5.30 (1H, m), 5.19 (1H, d, J = 10.3 Hz), 4.75 (2H, d, J = 1.5 Hz), 2.54-2.50 (2H,
complex), 2.18-2.01 (2H, complex); dc 168.8, 165.5, 135.4, 134.0, 133.2, 130.0, 129.8,
129.5, 128.4, 119.4, 115.7, 73.5, 73.0, 31.9, 24.5. HRMS calcd for CigsH;304 ([M]") m/z
298.1205, found 298.1187.

(5S,10S,1R,9R)-10-[1,1-bis(Methylethyl)-2-methyl-1-silapropoxy]-3-oxatricyclo
[7.3.0.0"°]dodec-7-en-4-one (139), (5S,9S,10S,1R)-10-[1,1-bis(Methylethyl)-2-methyl-1-
silapropoxy]-3-oxatricyclo[7.3.0.0"°]dodec-7-en-4-one (159), (1S,9S,10S,5R)-10-[1,1-
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bis(Methylethyl)-2-methyl-1-silapropoxy]-3-oxatricyclo[7.3.0.0**]dodec-7-en-4-one (140).

020 020 /o\%O
TIPSO H TIPSO H TIPSO H
139 159 140

A solution of 141 (372 mg, 1.1 mmol) in dry PhMe (7 mL) was heated at 165 °C for
32 h in a sealed tube. After being cooled to room temperature, the tube was opened, and
mixture was concentrated in vacuo. Analysis of the crude product by 'H NMR spectroscopy
indicated that the TIPS ether 139, 159, 140 were present in the ratio of 55:19:26. The crude
products were purified by silica gel column chromatography (hexane-EtOAc, 10:1) to give
139, 159, and 140 (334 mg, 90%) as diastereomeric mixture. A part of the mixture was
submitted to chromatographic separation to obtain the following data: 139: [a]**p +9.1 (¢ 1.00,
CHCls); m.p.104-105 °C (toluene-MeOH); IR (disk) 2943, 2866, 1755 cm™; 8y 6.20 (1H, m),
5.97 (1H, m), 4.53 (1H, t, J = 5.0 Hz), 4.22 (1H, dd, J = 2.0, 9.9 Hz), 3.98 (1H, d, J = 9.9 Hz),
2.67 (1H, dd, J = 3.0, 10.2 Hz), 2.43 (1H, m), 2.36-2.30 (2H, complex), 2.16 (1H, m), 2.07
(1H, bs), 1.83 (1H, m), 1.53 (1H, m), 1.06 (21H, bs); 6¢ 180.9, 129.0, 127.7, 76.5, 71.7, 51.6,
49.0, 43.7, 36.4, 35.6, 26.4, 18.2, 18.1, 12.3. HRMS calcd for C;7H,;,03Si (M — C3H7])
m/z 307.1729, found 307.1727. 159: oy 5.73 (1H, m), 5.58 (1H, m), 4.45 (1H, d, J = 8.2 Hz),
4.14 (1H, bs), 4.01 (1H, d, J = 8.2 Hz), 2.55-2.54 (2H, complex), 2.45 (1H, bs), 2.25 (1H, m),
2.04 (1H, m), 1.79-1.68 (3H, complex), 1.06 (21H, bs); 6¢c 180.0, 127.8, 125.1, 80.0, 78.6,
50.7,46.7,43.1, 33.7, 31.5, 20.6, 18.1, 12.1.  140: 8y 6.13 (1H, m), 5.98 (1H, m), 4.03 (1H,
m), 3.92 (1H, d, J = 8.8 Hz), 3.82 (1H, d, J = 8.8 Hz), 2.70 (1H, dd, J = 3.4, 9.4 Hz),
2.44-2.41 (2H, complex), 2.26 (1H, m), 1.92 (1H, m), 1.86-1.75 (2H, complex), 1.07 (21H,
bs); 6c 180.5, 129.6, 128.3, 75.4, 73.2, 51.0, 49.5, 43.8, 34.3, 32.6, 26.4, 18.1, 12.3.

(5S,10S,1R,9R)-10-Hydroxy-3-oxatricyclo[7.3.0.0"*]dodec-7-en-4-one (161).
o) O
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A mixture of 139 (9.3 mg, 0.027 mmol) and 6M HCI (0.5 mL) in THF (0.5 mL) was
stirred at room temperature for 12 h. The mixture was quenched by the addition of saturated
aqueous NaHCOs, and the resulting slurry was partitioned between EtOAc and H;O.  The
combined organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo.
Purification by silica gel column chromatography (hexane-EtOAc, 1:2) gave 161 (4.9 mg,
95%) as a colorless oil: oy 6.13 (1H, dt, J = 2.8, 9.6 Hz), 6.02 (1H, m), 4.47 (1H, t, J =5.2
Hz), 4.20 (1H, dd, J= 1.8, 10.0 Hz), 4.01 (1H, d, J = 10.0 Hz), 2.69 (1H, dd, J = 3.8, 9.4 Hz),
2.45 (1H, m), 2.35 (1H, m), 2.19 (1H, m), 2.15 (1H, bs), 1.86-1.70 (2H, complex), 1.51 (1H,

m).

(1S,9S)-11-Oxatricyclo[7.3.0.0°]dodec-5-ene-4,10-dione (137).
e} O

0]

To a solution of 161 (4.9 mg, 0.025 mmol) in DMSO (0.2 mL) and Et;N (0.2 mL)
was added SOs-py (50.0 mg, 0.31 mmol) at 0 °C; the resulting solution was stirred at room
temperature for 4 h. The mixture was quenched by the addition of saturated aqueous NH4Cl,
and the resulting slurry was partitioned between EtOAc and H,O. The combined organic
layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. Purification by
silica gel column chromatography (hexane-EtOAc, 1:2) gave 137 (4.6 mg, 95%) as a colorless
oil: [0]*'p -5.4 (¢ 0.26, CHCl3); IR (film) 2950, 1772, 1720, 1651 cm™; 8:16.90 (1H, t, J=4.4
Hz), 4.28 (1H, d, J =9.2 Hz), 4.13 (1H, dd, J = 1.0, 9.2 Hz), 2.54 (1H, dd, J = 5.2, 8.8 Hz),
2.43-2.40 (2H, complex), 2.39-2.31 (3H, complex), 2.02 (1H, m), 1.92 (1H, m), 1.69 (1H, m);
d¢ 203.2, 177.9, 139.2, 134.5, 76.3, 46.3, 43.6, 35.6, 32.8, 23.7, 21.4. HRMS calcd for
C11H1,0;5 ([M]) m/z 192.0786, found 192.0781.

(1R,9R)-11-Oxatricyclo[7.3.0.0**]dodec-5-ene-4,10-dione (138)
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: [a]**p +4.6 (CHCls), its spectroscopic data was super imposable to those of 137.

Antimicrobial activity against 15 species of microorganisms.*”

Antimicrobial activity against 15 species of microorganisms was measured by the
agar diffusion method using paper disks (i.d 6 mm, ADVANTEC). The microorganisms
were as follows; Bacillus subtilis PCI 219, Staphylococcus aureus FDA 209P,
methicillin-resistant Staphylococcus aureus K-24 (a clinica isolate, MRSA), Micrococcus
luteus PCI 1001, Mycobacterium smegmatis ATCC 607, Escherichia coli NIHJ, Escherichia
coli NIHJJ-2 IFO 12734, Pseudomonas aeruginosa P-3, Xanthomonas campestris pv. oryzae
KB 88, Bacteroides fragilis ATCC 23745, Acholeplasma laidlawii PG 8, Pyricularia oryzae
KF 180, Aspergillus niger ATCC 6275, Mucor racemosus IFO 4581, Candida albicans ATCC
64548 and Saccharomyces cerevisiae. Media for microorganisms were as follows: GAM
agar (Nissui Seiyaku Co.) for B. fragilis; Bacto PPLO agar (Difco) supplemented with 15%
horse serum, 0.1% glucose, 0.25% phenol red (5 mg/ml) and 1.5% agar for A. laidlawii,
Mueller-Hinton broth (Difico) and 1.5% agar (Shimizu Shokuhin Co.) for MRSA; Taiyo agar
(Shimizu Syokuhin Kaisya Ltd.) for the other bacteria; a medium composed of 1.0% yeast
extract, and 0.8% agar for fungi and yeasts. A paper disk containing 10 pug of a sample was
placed on an agar plate. Bacteria except X. oryzae were incubated at 37 °C for 24 h.  Yeasts
and X. oryzae were incubated at 27 °C for 24 h. Fungi were incubated at 27 °C for 48 h.

Antimicrobial activity was expressed as diameter (mm) of the inhibitory zone.

In vitro assay for potential of imipenem activity against methicillin-resistant
Staphylococcus aureus.

MRSA (2.0 x 10’CFU) was spread on the HMA medium in a plastic plate (10 x 14
cm, Eikiken Kizai Co) containing Mueller-Hinton broth and 1.5% agar plate with or without

imipenem at 10 pg/ml (HMA+IMP plate or HMA plate, respectively), which concentration
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has no effect on MRSA growth. Paper disks (Advantec) containing a sample (10 pg) were
placed on the HMA+IMP and HMA plate, and incubated at 37 °C for 20 hours. Anti-MRSA
activity was expressed as diameter (mm) of the inhibitory zone on the plates. If the sample
potentiates the imipenem activity, larger inhibitory zone is observed on the HMA+IMP plate

than on the HMA plate.

108



References

a > DN

© o N o

17.

18.

19.
20.

21.

Asakawa, Y., “Progress in the Chemistry of Organic Natural Product Vol.65, * ed. By
Herz W., Kirby, G. W., Moore, R. E., Steglich W., Tamm, Ch., Springer, Vienna, 1995,
pp.1-562.

Asakawa Y. FARUMASHIA 2003, 39, 743-745.

Asakawa Y. FARUMASHIA 1987, 23, 455-458.

Hayashi, S.; Matsuo, A.; Matsuura, T. Tetrahedron Lett. 1969, 10, 1599-1600.

Connolly, J. D.; Harrison, L. J.; Rycroft, D. S. J. Chem. Soc., Chem. Commun. 1982,
1236-1238.

Gerling, K.-G.; Wolf, H. Tetrahedron Lett. 1985, 26, 1293-1294.

Tori, M.; Hasebe, T.; Asakawa, Y. Chem. Lett. 1988, 2059-2060.

Piers, E.; Tse, H. L. A. Can. J. Chem. 1993, 71, 983-994.

Asakawa, Y.; Toyota, M.; Aratani, T. Tetrahedron Lett. 1976, 17, 3619-3622.

. Asakawa, Y.; Toyota, M.; Takemoto, T. Phytochemistry 1978, 17, 457-460.
11.
12.
13.
14.
15.
16.

Schinzer, D.; Ringe, K. Tetrahedron 1996, 52, 7475-7485.

Srikrishna, A.; Vijaykumar, D. J. Chem. Soc., Perkin Trans 1 1997, 3295-3296.

Sha, C.-K.; Liao, H.-W.; Cheng, P.-C.; Yen, S.-C. J. Org. Chem. 2003, 68, 8704-8707.
Toyota, M. YAKUGAKU ZASSHI 2000, 120, 1359-1372.

Huneck, S.; Klein, E. Phytochemistry 1967, 6, 383-390.

Schmidt, C. O.; Bouwmeester, H. J.; Franke, S.; Konig, W. A. Chirality 1999, 11,
353-362.

Scmidt, C. O.; Bouwmeester, H. J.; Kraker, J.- W.; Konig, W. A. Angew. Chem. Int. Ed.
Engl. 1998, 37, 1400-1402.

Wender, P. A.; Sieburth, S. M.; Petraitis, J. J.; Singh, S. K. Tetrahedron 1981, 37,
3967-3975.

Danishefsky, S. J.; Pearson, W. H. J. Org. Chem. 1983, 48, 3865-3866.

Nicolaou, K. C.; Liu, J.-J.; Yang, Z.; Ueno, H.; Sorensen, E. J.; Claiborne, C. F.; Guy, R.
K.; Hwang, C.-K.; Nakada, M.; Nantermet, P. G. J. Am. Chem. Soc. 1995, 117, 634-644.
Ito, Y.; Hirao, T.; Saegusa, T. J. Org. Chem. 1978, 43, 1011-1013.

109



22.
23.
24.
25.
26.

217.

28.
29.
30.

31.

32.
33.
34.

35.

36.
37.
38.
39.
40.
41,

42.
43.
44,

Luche, J.-L. J. Am. Chem. Soc. 1978, 100, 2226-2227.

Pavlic, A. A.; Adkins, H. J. Am. Chem. Soc. 1946, 68, 1471.

Dess, D. B. Martin, J. C. J. Org. Chem. 1983, 48, 4155-4156.

Shiina, J.; Nishiyama, S. Tetrahedron Lett. 2004, 45, 9033-9036.

Hashimoto, T.; Irita, H.; Tanaka, M.; Takaoka, S.; Asakawa, Y. Tetrahedron Lett. 1998, 39,
2977-2980.

Hashimoto, T.; Irita, H.; Tanaka, M.; Takaoka, S.; Asakawa, Y. Phytochemistry 2000, 53,
593-604.

Kobayashi, S. Chem. Lett. 1991, 2187-2190.

Miura, K.; Nakagawa, T.; Hosomi, A. J. Am. Chem. Soc. 2002, 124, 536-537.

Hutchins, R. O.; Milewski, C. A.; Maryanoff, B. E. J. Am. Chem. Soc. 1973, 95,
3662-3668.

Nicolaou, K. C.; Montagnon, T.; Baran, P. S.; Zhong, Y.-L. J. Am. Chem. Soc. 2002, 124,
2245-2258.

Bakuzis, P.; Bakuzis, M. L. F. J. Org. Chem. 1981, 46, 235-239.

Yu, J.-Q.; Wu, H.-C.; Corey, E. J. Org. Lett. 2005, 7, 1415-1417.

Boyer, F.-D.; Descoins, C. L.; Thanh, G. V.; Descoins, C.; Prange, T.; Ducrot, P.-H. Eur. J.
Org. Chem. 2003, 1172-1183.

Imamoto, T.; Takiyama, N.; Nakamura, K.; Hatajima, T.; Kamiya, Y. J. Am. Chem. Soc.
1989, 111, 4392-4398.

Shiina, J.; Nishiyama, S. Tetrahedron Lett. 2005, 46, 7683-7686.

Roush, W. R. J. Org. Chem. 1979, 44, 4008-4010.

Roush, W. R. J. Am. Chem. Soc. 1980, 102, 1390-1404.

Baer, E. J. Am. Chem. Soc. 1945, 67, 338-339.

Kuszmann, J.; Sohar, P. Carbohydr. Res. 1979, 74, 187-197.

Koell, P.; Kopf, J.; Metzger, J. O.; Schwarting, W.; Oelting, M. Liebigs Ann. Chem. 1987,
199-204.

Machinaga, N.; Kibayashi, C. J. Org. Chem. 1992, 57, 5178-5189.

Kong, X.; Grindley, T. B. J. Carbohydr. Chem. 1993, 12, 557-571.

Bestmann, H. J.: Schmid, G.; Sandmeier, D. Angew. Chem. Int. Ed. Engl. 1976, 15,

110



45.
46.
47.
48.
49.

50.

115-116.

Bestmann, H. J. Angew. Chem. Int. Ed. Engl. 1977, 16, 349-364.

Bestmann, H. J.; Schmidt, M.; Schobert, R. Synthesis 1988, 49-53.

Trippett, S.; Walker, D. M. Chemistry & Industry 1960, 202-203.

Shiina, J.; Nishiyama, S. Tetrahedron 2003, 59, 6039-6044.

Kim, Y.-P.; Tomoda, H.; lizima, K.; Fukuda, T.; Matsumoto, A.; Takahashi, Y.; Omura, S.
J. Antibiot. 2003, 56, 448-453.

Shiina, J.; Obata, R.; Tomoda, H.; Nishiyama, S. Eur. J. Org. Chem. in press.

111



Diels-Alder

112



