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1. TBAF
2. Comins' reagent, NaH
3. HSnBu3 , Pd(PPh3)4
4. DIBAL-H
5. Swern oxidation
6. BF3 ⋅ Et2O
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1. CuCN ⋅ 2LiCl, TMSCl
2. Pd(OAc)2 , O2 , DMSO
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3. CuI, then Comins' reagent
4. Pd(OAc)2 , CO, MeOH, Et3N
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TMS 1.             , BF3 ⋅ OEt2
2. PivCl, pyr.
3. HF ⋅ pyr., MeCN
4. DMP, DCM
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1.                        , MeOH
2. nBu3SnH, AIBN
3. TsOH, MeOH
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1. MeLi, Et2O
2. SOCl2 , pyr.
3. TsOH, DCM
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1. HONH3Cl, NaOH, EtOH, H2O, 80 °C
2. LiAlH4, HN(CHMe2)2 , THF, 60 °C
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1. 1-bromocyclohexene
1. tBuLi, then CeCl3
2. 0.1 eq. MeLi
2. Ph2O, 195 °C, 1 h O TMS O
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1. 2,2-DMP, PTSA
2. OsO4 , NMO
3. Bu3SnH, AIBN
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acidic workup

50%
O

OTBS
(Z)-enolate

H

(E)

H

(Z)

O
(Z)

H
(E)

H

O
TBS

H
(E)

Ireland-Claisen
rearrangement

H H
H

H

CO2TBS

CO2TBS

H
H

H
H

H

H

[4+2]
H

H

H

H

CO2TBS
HCl

H

H

H

H

CO2H

W. Roush Can. J. Chem. 2000,  78, 757.



S. Hashimoto OL 2007,  9, 873.

O

O

AcO
AcO

O

O (6.0 eq.)

Et3N, DCM, 25 °C, 16 h O

O

OAc

O
O

O

O

AcO

O

O

AcO

[5+2]

34%

O

O
O

OAc

O

O
O

OAc

OO

O
O

OH

OO

then aq. base (e.g. CsCO3)

–OH

O
O

O

O

OHOO

O

O

H

H

O

OMe
O

Ph

CO2EtH2N

Ph2C=C=O,
then 150 °C, O2

46%

MeO
O

Ph

CO2Et

N
•

Ph
Ph

6π
electrocycl. MeO

O

Ph

CO2Et

N

Ph Ph
H

[1,5]-H-shift MeO
O

Ph

CO2Et

NH

Ph Ph

Claisen
rearr.

MeO
O

CO2Et

NH

Ph Ph

PhCope
rearr.

MeO
O

CO2Et

NH

Ph Ph

Ph

MeO
OH

CO2Et

NH

Ph
Ph

[4+2]

MeO
OH

CO2Et

N

H
Ph

H
Ph

MeO
OH

CO2Et

N

H

Ph

Ph

O2

MeO
OH

CO2Et

N

H

Ph

Ph

P. Molina JOC 1991,  56, 4008.



OH

OH

(–)-limonene

OH

(–)-menthole

O

(+)-pulegone

O

(+)-perillaldehyde

H

O

(–)-α-thujone(–)-carvone

O

O

(–)-camphor

(+)-β-citronellene

(–)-citronellol

H

H

(+)-carene

(–)-linalool
(+)–α–pinene (–)-β-pinene

O

O
O

H

(–)–α–santonin

O

(+)-fenchone

O

1. Br2 , HOAc, 80 °, 80%
2. Br2 , ClSO3H, 5 h, 75%
3. Br2 , ClSO3H, 5 d
4. Zn, HOAc, Et2O, 60% (2 steps) O

BrBr
1. KOH, DMSO–H2O, 90 °C, 85%
2. K2CO3 , DMF, MeI, 94%
3. TBSCl, imid., DMF, 95%
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CO2Me

1. O3 , DCM–MeOH, –78 °C
1. then Me2S, –78 °C to rt., 92%
2. (CH2OH)2, TsOH, PhH, ∆, 92%
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1. H2O2 , NaOH, 90%
2. i) TMSCl, DMSO
2. ii) DHP, TsOH
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1. H2O2 , NaOH, MeOH
2. KOH, MeOH
3. Jones Oxidation
4. (PhO)2P(O)N3 , PhH, NEt3 ,
4. then PhCH2OH, ∆
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1. O3 , MeOH, –78 °C
2. NH2OH ⋅ HCl, pyr.
3. TsCl, pyr.
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1. NaNO2 , Ac2O
2. NaOMe (cat.), MeOH, 0 °C
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O O3 , MeOH, then
Cu(OAc)2 ⋅ H2O,
FeSO4 ⋅ 7H2O, MeOH

1. MeLi ⋅ LiBr, Et2O
2. PCC, DCM
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