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Woodward, R. B.; Heusler, K.; Gosteli. J.; Naegeli, P.; Oppolzer, W.; Ramage, R.; Ranganathan, S.; Vorbrüggen, H. J. Am. Chem. Soc. 1966, 88, 852.
For transformation from penicillin to cephalosporin (Morin rearrangement), see: Morin, R. B. et al. JACS, 1963, 85, 1896.
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Review:  Oppolzer, W.; Snieckus, V. Angew. Chem. Int. Ed. 1978, 17, 476.
Oppolzer, W. Pure & Appl. Chem. 1981, 53, 1181.
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For another elegant synthesis, see: Pirrung, M. C. J. Am. Chem. Soc. 1981, 103, 82.
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Grieco, P. A. JOC, 1976, 41, 1485.
Sharpless, K. B. JOC, 1975, 40, 947.
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Metallo-Ene reaction
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Reviews:  Oppolzer, W. Angew. Chem. Int. Ed. 1989, 28, 38.
Oppolzer, W. Pure & Appl. Chem. 1988, 60, 39.
Oppolzer, W. Pure & Appl. Chem. 1990, 62, 1941.
Oppolzer, W. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I. Eds.; 
Pergamon Press: Oxford, 1991; Vol 5, p 29.

M = Li, Mg, Zn stoichoimetric

M = Pt, Ni, Pd, Rh catalytic

1) predominantly cis products
2) new handle for further reactions
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Corey, E. J. TL, 1972, 13, 4339.
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Reviews:  Oppolzer, W. Angew. Chem. Int. Ed. 1977, 16, 10.
Oppolzer, W. Synthesis 1978, 793.
Oppolzer, W. Heterocycles 1980, 14, 1615.
Oppolzer, W. Pure & Appl. Chem. 1981, 53, 1181.
Oppolzer, W. Angew. Chem. Int. Ed. 1984, 23, 876.
Oppolzer, W. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I. Eds.; 
Pergamon Press: Oxford, 1991; Vol 5, p 315.

Diels-Alder reaction [4+2]

+

R1

R2

R3

R4

R6

R5

R1

R2

R3

R4

R6

R5* *
*

*

Intramolecular Diels-Alder reaction

Type I

Type II



Wolfgang Oppolzer (1937-1996)
Shengping Zheng

(Breslow Group)

N
H

O
O

NH NH
O

H

H

Oppolzer, W. J. Am. Chem. Soc. 1971, 93, 3833.

Intramolecular Quinodimethide Diels-Alder Reaction

N
Me

O
O

O

N
O

H

H

Me

O

N
O

H

H

Me

+
155 oC

  25%

N
H

O
NOMe

N

N
O

H

H

Me

N

N
O

H

H

Me

+
155 oC

  68%
OMe OMe

O

NH

N
O

NH

N
O

+
155 oC

87%

N

N

Oppolzer, W. Angew. Chem. Int. Ed. 1972, 11, 1031.
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O

O

CN
1) hydrolysis

2) Curtis rearrangement

O

O

NHCbz

O

O

NH
O

O

CHO
1) Hofmann elimination

2) von Braun reaction

O

O

Br

O

O

N
Cbz O

O

1) Br2

2) KOtBu

    DBU, 30%

O

O

N
Cbz O

O

o-xylene

120 oC, 73%

NaH

NaI
77%

N

O

O

O
O

Cbz
BTHF, H2O2

68% 1:1

N

O

O

O
O

Cbz

H

H

OH

1) Jones oxidation
2) NaBH4

N

O

O

O
O

Cbz

H

H

OH

1) hydrogenation

2) methylation

N

O

O

O
O

Me

H

H

OH

(±)-Chelidonine

Oppolzer, W.; Keller, K. J. Am. Chem. Soc. 1971, 93, 3836.
Oppolzer, W.; Robbiani, C. Helv. Chim. Acta 1983, 66, 1119.

O

O

CN
Br

O

O

CN

Me

Cl
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O

O

N
Cbz O

O

N

O

O

O
O

Cbz

H

H

O

N

O

O

O
O

Me

H

H

OH

(±)-Chelidonine

Oppolzer, W.; Keller, K. J. Am. Chem. Soc. 1971, 93, 3836.
Oppolzer, W.; Robbiani, C. Helv. Chim. Acta 1983, 66, 1119.

AgNO2, I2

    74%

O

O

N
Cbz O

O

O2N

120 oC

  92%

N

O

O

O
O

Cbz

H

H

NO2

TiCl3

AlH3

48% for 2 steps



Wolfgang Oppolzer (1937-1996)
Shengping Zheng

(Breslow Group)

SO2

Ag2SO4, I2, 
conc. H2SO4

     70%
SO2

I

Pd(PPh3)4, NaCN

         68%
SO2

NC

Me
O OMe

MeO2C

OTBSMe
I

1) NaBH4
2) TBSCl

3) LAH
4) TsCl, NaI
77% overall yield

S

NC

Me OTBS

O

ONaH

82%

213 oC

 80%

Me OTBS

NC

HH

H
1) MeLi
2) Baeyer-Villiger

3) HCl, MeOH / THF

Me OH

HO

HH

H

(+)-estradiol

Oppolzer, W.; Roberts, D. A. Helv. Chim. Acta 1980, 63, 1703.
For another elegant synthesis of steroid using similar strategy, 
see: Funk, R.; Vollhardt, K. P. C. J. Am. Chem. Soc. 1977, 99, 5483.
Funk, R.; Vollhardt, K. P. C. J. Am. Chem. Soc. 1979, 101, 215.

Me OTBS

NC

H
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Br
Me

H2N Me

Me

N MeMe

Me

N Me

CO2Me

N

Me
H

H
Me

CO2Me

Me

1) Mg, butyronitrile
     62%

2) NH2OH, 52%
3) LAH, 70%

crotonaldehyde

      80%

NaHMDS
ClCO2Me
    49%

Tol, 215 oC, 20 h

25%N
H

Me
H

H
Me

1) H2, Pd/C

2) HCl / HOAc / H2O

(±)-pumiliotoxin C

Oppolzer, W.; Froestl, W.; Weber, H.P. Helv. Chim. Acta 1975, 58, 533.

CO2H

H2N
H

Me

1) LAH, TsCl, Py
2) KOH, MeOH

          68%

NTs
Me

H

Me
MgCl

HN

Ts

Me

H
Me         32%

+ 41%  allene isomer

Na, NH3
89%

Me

H2N Me
H

crotonaldehyde

NaH, Me2CHCOCl

Me

N Me

Me

MeO

N
H

Me
H

H
Me

ent-pumiliotoxin C

1) 230 oC

2) H2, DIBAL

Oppolzer, W.; Flaskamp, E. Helv. Chim. Acta 1977, 60, 204.
Oppolzer, W.; Flaskamp, E.; Bieber, L. W. Helv. Chim. Acta 2001, 84, 141.
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Me

Me

Me

O OTES

Li

TMSCl

Me

Me

Me

OTES
OTMS

KF, MeOH

47%

Me

Me
Me
OR

O

230 oC

  76%

Me

O

OTMS

Me
Me

HOAc
H2O
THF

95%

Me

O

OH

Me
Me

Me

O

OH

Me
Me

H2, PtO2

     92%

Me

OH

Me
Me

1) TsNHNH2, HOAc
2) MeLi

           66%
(±)- Norpatchoulenol

Oppolzer, W.; Snowden, R. L. Tet. Lett. 1978, 19, 3505.

Curtin, D. Y. JACS, 1958, 80, 4339.
Curtin, D. Y. JACS, 1956, 78, 2611.
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Oppolzer, W.; Snowden, R. L. Helv. Chim. Acta 1981, 64, 2592.

Me

Me O

CO2Et

Me Me

72%

Me

Me

OH

Me

CO2Et

Me

TsOH

 90%
Me

CO2Et

Me Me

Me
CHO

Me Me

OTEs

1)

2) ClPO(OEt)2

85%

Me Me

R3SiO

Me OP(OEt)2

O

KF, MeOH

   84%

Me Me
Me OP(OEt)2

O

O

Me

O

Me Me
OP(OEt)2

H

H

O

Me

Me Me
OP(OEt)2

H

H

O

MeOH

80 oC

90%

MeLi82%

1) Li, EtNH2
2) SOCl2, Py

   50%

MeMe

Me

H

H

(±)-!- Himachalene

1) LAH
2) PCC

    79%
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N

OH

Ts

1) CBr4, PPh3, DMF
2) PBu3, C6H6

           96% N

PPh3

Ts

CO2Me

OHC

NaH

62%
N

Ts

CO2Me

MeOH, NaOH

    95%

N
H

CO2Me

1) CH2O, Me2NH
2) MeNO2, DMAD48%

N
H

CO2Me
NO2

1) NaOMe, MeOH
2) TiCl3, NH4OAc
     MeONH2

           64%

N
H

CO2Me
N

OMe

trichlorobenzene, 200 oC

              67%

N
H

MeO2C
N

OMe

N
H

MeO2C
N

OMe 1) MeOSO2F
2) Al / Hg, THF-H2O
3) KOH, EtOH

           33%

N
H

HO2C
N

Me

H

(±)- Lysergic acid

Oppolzer, W.; Francotte, E.; Bãttig, K. Helv. Chim. Acta 1981, 64, 478.

Cf: Grieco, P. A. JACS, 1993, 115, 1164.
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Reviews:  Oppolzer, W. Angew. Chem. Int. Ed. 1977, 16, 10.
Oppolzer, W. Heterocycles 1980, 14, 1615.
Oppolzer, W. Pure & Appl. Chem. 1981, 53, 1181.
Oppolzer, W.; Siles, S.; Snowden, R. L.; Bakker, B. H.; Petrzilka, M. Tetrahedron 1985, 41, 3497.

Nitrone cycloaddition [3+2]

N

O
+

R2

R3

Intramolecular [3+2] addition

O

N

O

N

R1

N

O

R1

R3

R2

N
O

+

R RR
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OMe

Me

Me

(+)-Pulegone

Me

O

PhS

O

Me

+
SnCl4

67% Me

O
H

H

trans major

NH2OH, pH = 13
Dynamic kinetic 
resolution, 60%

Me

NOH
H

H

NaBH3CN,

  98%
Me

NHOH
H

H

CH2O
Me

N
O

H

H

H

115 oC

87%

Me
N

H

H

H

O

Me
N

H

H

H

O

MeOSO2F
  96%

Me
N

HO

H

Me

Me

H

H

LAH, 98% Jones oxidation, 99%

N

O
H

Me

Me

H

H
(+)- Luciduline

Oppolzer, W.; Petrzilka, M. J. Am. Chem. Soc. 1976, 98, 6722.
Oppolzer, W.; Petrzilka, M. Helv. Chim. Acta 1978, 61, 2755.
For another elegant synthesis, see: Scott, W. L.; Evans, D. A. J. Am. Chem. Soc. 1974, 94, 4779.
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N
H

N
H

CHO

N
H

CO2Me

N
H

CO2Me

CN

N
H

CO2Me

CHO

N
H

MeO
P

O
MeO

O

OMe

95%

1) NHMe2, CH2O
2) MeI, KCN

           74%

Ni, NaH2PO2

MeNHOH

NO N
O

E

MeMe

MeO2C

H

H

57% from nitrile

N
H

NO
Me

H

H
HO

LAH

!100%

N
H

BocN
Me

H

H

HO
1) H2, Ni
2) Boc2O

    67%

HO

N
H

N
Me

H

H
O
Boc

NaIO4~100%

1) DIPEA

2)

CO2Me

Ph3P Me

68%

N
H

N
Me

H

H

Boc

MeO2C

Me
1) TFA
2) DIBAL

   77%

N
H

NHMe

H

H

MeHO

(±)- Chanoclavine I

Oppolzer, W.; Grayson, J. I. Helv. Chim. Acta 1980, 63, 1706.
Oppolzer, W.; Grayson, J. I.; Wegmann, H.; Urrea, M. Tetrahedron 1983, 39, 3695.
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MeO2C

Me3Al

72%
O

1) NaHMDS,
2) aq. HCl

Cl N=O

N

OO

X* H

N

OO

X* H H

Oppolzer, W.; Deerberg, J.; Tamura, O. Helv. Chim. Acta 1994, 77, 554.

O

O

O O

styrene
70% + 1.5% isomer

Ph

O2
S

NH

O2
S

N

1) LiOH

2) iBuOCOCl, NH3

3) TFAA, Py

   

           66%

N

O

NC

H H

Ph

1) MeOTf
2) Zn, HCl
   HOAc-THF-H2O 
 
           87%

N

H
OH

Me

(-)- Allosedamine
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Reviews:  Oppolzer, W. Pure & Appl. Chem. 1981, 53, 1181.
Oppolzer, W. Acc. Chem. Res. 1982, 15, 135.

Photoaddition [2+2]

+

R3

R4

Intramolecular de Mayo-retro aldol reaction

R2

O

R1 R1

O

R2

R3

R4

O

OR1 R2

O

O
R1

R2

O

O
R2
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Cl

O

N

O

+
O

O

O

Cbz

O

CbzCl

CbzO

O

O

O

O

Me
Me

Me

82% 88%

h!
83%

H2, Pd/C

   83%

1) Ph3P=CH2, 88%
2) Zn/Ag, CH2I2, 78%
3) H2, PtO2, 96%

Me
Me

1) LCIA, MeI
2) MeLi
3) SOCl2, Py

       75%

(±)-Longifolene

Oppolzer, W.; Godel, T. J. Am. Chem. Soc. 1978, 100, 2583.
Oppolzer, W.; Godel, T. Helv. Chim. Acta 1984, 67, 1154.
For a landmark paper on the synthesis of longifolene, see:
Corey, E. J.; Ohno, M.; Mitra, R. B.; Vatakencherry, P. A. J. Am. Chem. Soc. 1964,86, 478.

O

O 1) MeMgI
2) I2
3) LCIA, MeI

    77%

O

Me

O O

Me

O

Me
Me

H

Me
Me

H

MeMe MeMe

Tl(NO3)3
CH(OMe)3

    37%

1) MeMgI
2) I2
3) H2, Pt

     72%

1) MeLi
2) SOCl2, Py

      89%

(±)- Sativene
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Br

Me

S

MeS

O Me

+

78% S

MeS

O Me

Me

(EtO)3CH, EtOH, H+

      89%
EtO

Me

OEt

OTMS

OTMS

BF3•Et2O

78%

O

O Me

OAc

O Me
AcCl, Py

   79%
h!, 3 h, 76%

de Mayo rxn

OAc

O Me

H

"/# 1:3.3

OAc

HO

Me

H

MeMgI
  96%

Me

OH

RO

Me

H

Me
KOH

70%

MsCl, Et3N

  67%
H Me

Me

O

Ph3P=CHMe2

     72% H Me

Me

Me

Me

#- Bulnesene

+ epimer

O

Me3SiO

R

OEt

Nakamura, E.; Kuwajima, I. 
JACS, 1977, 99, 961.

Oppolzer, W.; Wylie, R. D. Helv. Chim. Acta 1980, 63, 1198.

R = H
R = Ms
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O

OMe Me Me

MeLi
1)

2) H3O+

                 39%

O

Me

Me

Me

tBuOOH, cat. SeO2

           

           48%

O

Me

Me

OH

NCS, DMS

     85%

O

Me

Me

Cl

Me

Me
O

Cl

Me

Me
O

Cl

Me

O
Me

Me

O
Me

++

h!

Li, NH3

   59%

LTMP
MeI
82%

Me

O
Me

Me

1) LDA, 0.1 eq tBuOH

2) ClPO(OEt)3

         80%

Me

(EtO)3OPO
Me

Me

Me

Me

Me
Li, MeNH2

22%

+ isomer

(±)-"- Acoradiene

Oppolzer, W.; Zutterman, F.; Bãttig, K. Helv. Chim. Acta 1983, 66, 522.
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Camphor derivatives as chiral auxiliaries

O

Ac2O, H2SO4

O
SO3H

SOCl2, CHCl3

O
SO2Cl

NH4OH

O
SO2NH2

N
S
O2

NH

S
O2

Camphor CSA

cat. EtONaLAH

Oppolzer, W.; Chapuis, C.; Bernardinelli, G. Helv. Chim. Acta 1984, 67, 1397.

Reviews:  Oppolzer, W. Tetrahedron 1987, 43, 1969.
Oppolzer, W. Pure & Appl. Chem. 1988, 60, 39.
Oppolzer, W. Pure & Appl. Chem. 1990, 62, 1241.

Reychler reaction

OH

OH

OH

O
+

O

OH

40% 35%

NaH, DMF

Br

Oppolzer, W.; Chapuis, C.; Dao, G. M.; Reichlin, D.; Godel, T. Tet. Lett. 1982, 23, 4781.
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O

O
O

•

O

O
O

TiCl2(OIPr)2

    96% CO2R*

99.3% d.e.
endo/exo = 96/4

Oppolzer, W.; Chapuis, C.; Guo, M. D.; Reichlin, D.; Godel, T.Tet. Lett. 1982, 23, 5019.

OH

O

1)BrCH2COBr
2) PPh3
3) MeCOCl, Et3N
   
         53%

TiCl2(OIPr)2

    98% CO2R*
99% d.e.
endo/exo = 98/2

H

NaBH4
Ni(OAc)2
H2

CO2R*

H

I

LDA

82%CO2R*

1) LAH
2) PCC
3) NH2NH2

     68%

(-)-!- Santalene

Oppolzer, W.; Chapuis, C. Tet. Lett. 1983, 24, 4665.
Oppolzer, W.; Chapuis, C.; Dupuis, D.; Guo, M. Helv. Chim. Acta 1985, 68, 2100.
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N

O2S

Me Me

O

Me
N

O2S

Me Me

O

Me

Ti
Ln

Me

X* O

Me

OH

TiCl4, C5H6

   56%

       LAH

98%, > 97% ee

Me

O

OHMe

O

O
Me

O

OH

Me

OMeMeO

O

O

CO2Me

OMe

OMe

Me

HO

H

H
CO2Me

OMe

OMe

Me

BzO

H

H

O

H

HMe

BzO

CO2Me

OMe

MCPBA85%

Swern

  87%

Al-Hg

 93%

1) Swern
2) MeOTMS, TMSOTf
3) MCPBA

             65%

MeONa
MeOH

95%

DEAD, PhCO2H
PPh3

          76%

1) KOtBu, LICA

    HCO2Me

2) BF3•Et2O

55% !/" 5:1

O

H

HMe

HO

CO2Me

OMe

MeOH
MeONa

  98%

(-)-1-O-methyl-loganin aglycone

Vandewalle, M.; Van der Eycken, J.; Oppolzer, W.; Vullioud, C. Tetrahedron 1986, 42, 4035.
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N

S
R1

OO O

O
O

B

R

R H

R2

R1

N

SO2

R2BOTf, DIPEA

 R2CHO

O

X* R2

OH

R1

N

S
R1

OO O

BuLi, Bu3SnCl

R2CHO

N

S
O O O

R1

H

Sn

O

Bu

Bu Bu

O

X* R2

OH

R1

Oppolzer, W.; Blagg, J.; Rodriguez, I.; Walther, E. J. Am. Chem. Soc. 1990, 112, 2767.

R2H

maximal coordination number of B is 4
C=O is more Lewis-basic than SO2 group
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N

S
O2

TBSO H

O

(EtO)2P CO2Et

O

LDA, 47%

TBSO
CO2Et

1) DIBAL
2) Ac2O, Py

        94%

TBSO OAc

BrMg O

O

Li2CuCl4
62%

TBSO

1) HCl
2) TBSCl

      63%

O

TBSO

O

O
P(OEt)2

OO

+

DBU
LiCl
89%

TBSO

N

S
O2 O

H

H

TBSO

OX*
1) BF3•Et2O
2) LiH

        89%

H

H

OO

   Me2AlCl

      63%
(93% d.e. 71%)

H

H

OMeNC
1) MeLi
2) TsCl
3) NaI
4) TBACN

   69%

DIBAL
75%

H

O

H

Me

HO
1) Ph3P=CHCO2Me
2) DIBAL
3) Ac2O, Py

          79%

H

H

OHMe

AcO

1) 2-Br-Py, BuLi
    CuI-PBu3
2) (COCl)2, DMSO

          81%

H

H

OMe

N

(-)- Pulo'upone

Oppolzer, W.; Dupuis, D.; Poli, G.; Raynham, T. M.; Bernardinelli, G. Tet. Lett. 1988, 29, 5885.
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O

H

(CH2)12

1)

2) Et2Zn, 1%  (+)-DAIB
3) NH4Cl

BH
2 N

Zn

O

Zn

O
H

Et

Et
L

OH
1) Et2Zn, ClCH2I
     Cl(CH2)2Cl
2) Swern
3) Li, NH3

       75%

O

Me

(R)- Muscone

Oppolzer, W.; Radinov, R. N. Helv. Chim. Acta 1992, 75, 170.
Oppolzer, W.; Radinov, R. N. J. Am. Chem. Soc. 1993, 115, 1593.

92% e.e.
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NH

S
O2

MeO2C Me

O O Me3Al

83% N

S
O2

O O

Me

O

1) NaHMDS,
2) aq. HCl

Cl N=O

80%
N

O

Me

O

X*
H

H2, Pd / C
EtOH
92%

N

OH
Me

O

X* H HBOMCl, DIPEA

         78%
N

OBOM
Me

O

X*
H H

1) DIBAL
2) DMSO, (COCl)2
3) CrCl2, MeCHI2

        62%
N

OBOM
Me

H H

MeN
H

Me

H H

Me

Zn, HOAc

      71%

(-)- Pinidine

Oppolzer, W.; Merifield, E. Helv. Chim. Acta 1993, 76, 957.

Miscellaneous alkaloid syntheses

Review: Oppolzer, W. Pure & Appl. Chem. 1994, 66, 2127.

N

S
O2 O

N C11H23

OH

NaH, Tol

N C11H23

OO
N C11H23

MeCeCl2

54% overall
N
H

C11H23Me

(-)- Solenopsin

Oppolzer, W.; Bochet, C. G.; Merifield, E. Tet. Lett. 1994, 35, 7015.
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CO2Et

OHC
Me

1) allyl bromide, DIPEA

2) 210 oC, 84%

CO2Et

OHC

Me

TsOH

(EtO)3CH
  96%

CO2Et

MeOEt

EtO
KOH

88%

CO2H

MeOEt

EtO

(±)
(±)

resolution with
(+)-pseudoephedrine

CO2H

MeOEt

EtO

(-)

Et2SO4
K2CO3

88%

CO2Et

MeOEt

EtO
BTHF

H2O2
70%

CO2Et

MeOEt

EtO OH
CO2Et

MeOEt

EtO OTs
TsCl, Py

91%

DMSO
tryptamine
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