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DMAD (2 eq)
PPh3 (1 eq)

CH2Cl2, rt, 24 h

95%
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(10 eq)
cat. hydroquinone

80 °C, 24 h
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185 °C
60%
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77%

THF, –78 °C

76%
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THF, reflux
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C. -C. Liao et. al., Org. Lett., 5, 4741 (2003)
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CO2Me
DMAD (1 eq)

benzene, reflux

60%

EtO
OMe

O

1) 1M HCl, THF
    rt, 3 h
    43% (2 steps)

2) 5% NaOH
    reflux, 6 h
    74%

C8H10O

O
NO2 O

O
1) acrolein, PPh3, MeOH, rt, 30 min;
    NaBH4, 0 °C, 30 min;

    NaOH, 0 °C, 30 min;
    3 M HCl, 0 °C, 20 min

    72%

2) Zn, HCl

    toluene
    0 °C

    84%

J. Warkentin et al. Tetrahedron Lett. 40, 1483 (1999)

I. Yavari et al., J. Chem. Res. (S), 166 (1998)

S. Stanchev et al., Tetrahedron Lett., 34, 6107 (1993)

J. B. Stothers et al., Can. J. Chem., 55, 4184 (1977)
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OH NHBn
O

P
O

Cl1) 

    Et3N, ether;

    benzylazide
    xylene, reflux
    70%

2) EtSH (3 eq*)
    NaH (3 eq*)
    DMF, reflux;

    aq.HCl
    MeOH, rt
    90% *theoretical amount 2 eq

Cl
Me

O

CO2EtH

1. xs EtONa
    Et2O, reflux
          then
    
    solvent exchange
    to benzene and reflux
2. 10% HCl, reflux

Me O

H

1) dichloroacetyl chloride
    Et3N, hexane, 85%

2) Zn dust, AcOH
    70 °C, 95%

3) N-bromoacetamide
    BnOH, 85-95%

4) sat. KCN in MeOH
    NaOMe (cat.), 85-90%

O
NC

S. M. Roberts et al., J. Chem. Soc. Chem. Commun., 948 (1974)

BnO

N
Ac

O

N

O
sealed tube

toluene
200 °C

77%

tetracyclic
compound

1) NaBH4, EtOH, rt

2) TBSOTf, 2,6-lutidine
    CH2Cl2, 0 °C to rt

      60% (2 steps)

3) NBS, CH2Cl2
    rt, 66%

4) n-Bu3SnH, AIBN
    benzene, reflux
    91%

N
Ac

N
O

OTBS

EtO2C CO2Et
Na ( 4.0 eq);

TMSCl(4.0 eq)

Et2O
reflux

70 %

CNBnHN

MeOH
rt

75 %

(1.1 eq) Ph Li
(2.5 eq)

THF
-78 °C

58 %

AgNO3 (1.1 eq)

50 °C

93 %

N
Bn

PhO

H

Org. Synth., Coll. Vol. V1 1988, 167
L. E. Overman et al., J. Org. Chem., 50, 2403 (1985)

A. K. Mapp et al., J. Am. Chem. Soc., 126, 5364 (2004)

A. Padwa et al., J. Org. Chem., 69, 3735 (2004)

G. Stork et al., J. Am. Chem. Soc., 82, 4315 (1960)



Fukuyama Group - Group Meeting Problems

1

5

2

3

4

06/23/2004

O

Me

MeH
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BF3·OEt2

Et2O
–10 °C

S
O Ph

O

1) cyclopentadiene
    hν, CH2Cl2
    20 °C, 76%

2) H2, Pd-C
    EtOH, rt, 84%

C15H22OS = catalyst A

Ph N N Ts

Na

Ph H

O
+

1 eq 2 eq

catalyst A (5 mol%)
BnNEt3Cl (5 mol%)
Rh2(OAc)4 (1 mol%)

CH3CN
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O
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S

N
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N
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N
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N
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p-TsOH (0.1 eq)

benzene
reflux

10 hours, 73%

as above

3 days, 34%

O
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P
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O
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HBr

AcOH

64%

HCHO
BF3•OEt2

CHCl3

90%
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O

T. Matsumoto et al., Tetrahedron Lett., 26, 873 (1985)

V. K. Aggarwal et al., Angew. Chem., Int. Ed., 40, 1430 (2001)

Z. Guo et al., Org. Lett., 6, 1365 (2004)

A. Garcia et al., Tetrahedron Lett., 42, 665 (2001)

H. Shimizu et al., Heterocycles, 22, 1025 (1984)
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N 1) NaNH2, liq. NH3, 46%

2) MeI, MeCN-Et2O, 93%
3) NaNH2, liq. NH3, 66%

NI–

N
H

NH2
O

OMe

COOH

AcOH, 6 d;
evaporation;

NaOH, MeOH
84%

TfOH

110 °C
45 min

46%
N

N

H

O

O

O

i-PrO

i-PrO Oi-PrO
Oi-Pr

O
H

THF, –78 ºC, 5 min;
xs. vinyl lithium, 0 ºC, 2 h;

rt, 16 h;
degassed NH4Cl aq.

O O
Li

10% H2SO4

overnight
rt

24% (2 steps)

H

HOH

(2 eq)

Ph

OH

Ph

H2N

1) 

    Et3N

2) SeO2

OEt
NH •HCl

6-membered
ring

1) phenol, TFA

2) H2, Pd(OH)2
    TFA

CO2H

NH2HO

(mixture of o- and p-)

4

MeO

N
H

COPh

1) NaH, 
    DMF, 95%                          
2) LiAlH4-AlCl3 (1 : 1), Et2O, 
    0 °C, 92% 

3) MCPBA, CH2Cl2, 0 °C;
    evaporation;
    xs. KCN, DMF, 50 °C
    50-70%

CH3C C CH2Br

MeO

N
CH2Ph

CN

CH3

M. Node et al., J. Am. Chem. Soc., 109, 7901 (1987)

J. Am. Chem. Soc., 124, 9199 (2002)

F. Lei et al., Synlett., 1160 (2003)

D. Barbry et al., Tetrahedron, 47, 47 (1991)
B. Hasiak et al., Tetrahedron Lett., 31, 5769 (1990)

Y. Makisumi et al., Chem. Pharm. Bull., 24, 770 (1976)


