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Detailed Syntheses
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1. Rh-catalyzed Bamford-Stevens/Claisen rearrangement
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M. L. Snapper: Cacospongionolide B

- Structural Features: 
- γ-hydroxybutenolide 
- trans-decalin system with a quaternary stereo center

- 6 stereocenters: 
- 2 quaternary stereocenter

J. Am. Chem.  Soc. 2002, 124, 11584.
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- Key step:  
- three-step coupling sequence

Me

Me
Me

O
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Michael Additon

Metathesis

O-Alkylation
Grignard

O

O O Me
O

HO

Br CO2Et MgBr

O
HO

1. NaH, THF, 0°C to rt
    BrCH2CO2C2H5, 0°C
    84% brsm

2. LiOH, MeOH/H2O 
    (3:1), rt
3. Weinreb amide, 86%
4. vinyl-MgBr, THF, 83%
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O
+

1. Et3N, EtOAc
2. S(-) Phenylalanine
    HOAc, 120°C, 2h

3. CSA
O

O

R. Uma Tet. Lett. 1984, 25, 5825.
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M. L. Snapper: Cacospongionolide B
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5. Li/NH3, t-BuOH, -33°C
    then Et2O, -78°C, 70%O

O O Me
O

O O Me

Me

O

O
O

O

6. Ph3P=CH2, DMSO, 
    75°C, 60%
7. Cy3P(iMes)(Cl)2Ru=CHPh,
    CH2Cl2, rt, 91%

8. [(COD)RhCl]2, (R)-BINAP,
    H2 (3 atm), CH2Cl2, 30°C
    91%, dr = 3.3:1 O O Me

Me
Me

O

O

9.   1 M HCl/THF (1:2)
      rt, 90%
10. Ph3P=CH2, DMSO
      75°C, 84%

11. O2, rose bengal,
      D iPEA, 150 W tungsten
      filament lamp, CH2Cl2,
      -78°C, 69%
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(-) Morphine

- Structural Features: 
- pentacyclic ring system 
- bridged piperidine ring 
- compact array of functionality 
- 5 contiguous stereocenters: 

- 1 quaternary stereocenter 
- Landmark synthesis was in 1952 by Gates (today: at least 18 TS)

Heck
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B.M. Trost: 7 (13) steps, 15.4 %
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D. F. Taber: 23 (27) steps, 0.77 %
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B. M. Trost: (-) Morphine

J. Am. Chem.  Soc. 2002, 124, 14542.
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CO2Me
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MeO
1. {[η3-CH3PdCl]2} (1%)
    chiral Ligand      (3%)
    Et3N, CH2Cl2, rt

72%, 89% ee

O
Br

O

MeO

CO2Me

2. TsOH (5 %), CH(OMe)3 , 
    MeOH
3. DIBAL-H/toluene,
    -78°C, 85% O

Br

OMe

MeO

OMe

OH

Tsuji Trost reaction 
[Trost Ligand]
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Br CN
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O CN
B. M. Trost 

ACIE 2002, 41, 2795.

6 steps

CO2Me
TrocO

+

OH
Br

O

MeO

OH
OH

12 13 14 15



B. M. Trost: (-) Morphine
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Heck coupling

4.  Ph3P, acetonecyanohydrin, 
     DIAD, Et2O
5. TsOH (20 %), THF, H2O, 
     76%, 96% ee O

BrMeO

O

CN 6. Pd(OAc)2 (15 %), dppp (15 %), 
    Ag2CO3 , PhCH3 , 107°C, 24 h

O
MeO

CN

O

7. CBr4, Ph3P, CH2Cl2, 91%
8. Pd(PPh3)4 (5%) nBu3SnH,
    PhMe, 88%

H

O
MeO

CN

H

Br

9. 6. Pd(OAc)2 (15 %), dppp (15 %), 
    Ag2CO3 , PhCH3 , 65% NC

O
A

B
C

10. SeO2, dioxane, sand, 75°C,
      then DMP, rt
11. DiBALH, CH2Cl2/Et2O
 
     then NH4Br, MeNH2
     then NaBH4

O
A

B
C OHMeHN

12. LDA, THF, tungsten bulb
13.BBr3, CH2Cl2, 57%
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E. J. Corey: (+) Austamide

J. Am. Chem.  Soc. 2002, 124, 7904.
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- Structural Features: 
- indoloazocine tricyclic subunit 
- diketopiperazine 

- 2 stereocenters: 
- 1 heteroatom-based spiro stereocenter

- Key steps:  
- Pd-mediated cyclization 

- Previous Synthesis: Kishi Group, racemic, 29 steps
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    54%
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E. J. Corey: (+) Austamide
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Studies towards the key step: 

1. in absence of acetic acid: no cyclization occurs 
2. in absence of water: major product is dihydroindoloazepine xxx (4:1) 
3. similiar results are obtained starting from performed chloromercury derivative but the rate is faster!

4. Additional significant mechanistic details are missing:  
    the methoxycarbonyl of the tryptophan subunit is crucial for the cyclization
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P. Wipf: (-) Tuberostemonine

J. Am. Chem.  Soc. 2002, 124,14848.
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- Structural Features: 
- pentacyclic ring system 
- azepane ring 
- γ-butyrolactone 

- 10 stereocenters:  
- 6-membered ring with only stereogenic  

carbon centers

- Key steps:  
- 1,2 addition of a lithiated ortho-ester 
- RCM to form the azepane 
- Eschenmoser-Claisen rearrangement
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1. Pd2(dba)3CHCl3,
    NEt3, HCOOH, PBn3,
    THF, 65 °C, 93%

2. TBDMSCl, imid., DMAP, 
    CH2Cl2 , 97%
3. Et3SiH, Pd(OAc)2, NEt3, 
    CH2Cl2 , rt

NH
H

CO2Me

H
TBDMSO

H
4. cinnamyl bromide, K2CO3 , 
    K2CO3, toluene, 60°C, 96%
5. TBAF, THF, rt, 96%

6. TPAP, NMO, CH2Cl2, 88%
7. KHMDS, allyl iodide, 
    -90°C, 66%
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P. Wipf: (-) Tuberostemonine
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18. N,N-Dimethylacetamide 
      dimethyl acetal, xylenes, 
      135°C, 78%
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      0°C, 67%

N H
H

O

H
O

H

O

Me

Me2NEschenmoser-Claisen N H
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PhSe Cl

Seleno-lactonization

8.  A, CH2Cl2, reflux, 92%
9.  PhSH, NEt3, CH2Cl2
10. (PPh3)3RhCl, H2, 
       EtOH/CH2Cl2 , rt

11. DBU, CH2Cl2, rt 89%

12. CeCl*7H2O, NaBH4, 
      THF/MeOH
13. TBDSMCl, imid., DMAP
       CH2Cl2, rt, 79%N

H
CO2Me

H
O

H

N
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CO2Me

H
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H

14. MeNH(OMe)*HCl, Me2AlCl
      CH2Cl2, rt
15. B, LiDBB, 93%

N
H

H
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H O
Me O

O
O 16. L-Selectride, THF, -78°C

17. TsOH, MeOH, 70%
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P. Wipf: (-) Tuberostemonine
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20. AIBN, allyltriphenyltin (neat), 
      95°C, 70%
21. LDA, HMPA, THF, -78°C;
      MeI, 76% brsm
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22. A, allyltritylamine, DIEA, 
      110°C, 85%
23. TsOH, C, CH2Cl2 reflux, ethylene,81%
24. Pd/C, H2 (1 atm), MeOH, 97%
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S. Denmark: (+) Brasilenyne

J. Am. Chem.  Soc. 2002, 124, 15196.
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- Structural Features: 
- nine-membered cyclic ether skeleton 
- 1,3-cis,cis-diene unit 
- 3 Stereocenters

- Key steps:  
- intramolecular cross-coupling

O
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(ipc)2B HO2C CO2H

OH

TiPS
TiPS

TMS

TMS

O

intramolecular 
cross-coupling

Brown
allylation

condensation
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ring opening

HO2C CO2H

OH

1. Propanal, BF3*Et2O,Et2O,
    -30°C to rt, 2h, 85%
2. BH3*THF, THF, 0°C, 3h, 82%
3. TBSCl, pyr., CH2Cl2, rt,
    4h, 85%

O

OO

OTBS

H

4a. bis(TMS)acetylene, TiCl4
     CH2Cl2, -73°C, 3h
  b. pTSA (1mol%), PhH,
      1h, 86%
5. NIS, AgNO3 (10mol%),
    DMF, rt, 10min, 95%

O

O

O
I

6. KO2CN=NCO2K, AcOH,
    THF/i-PrOH, rt, 6h, 80%
7. MeOMeNH*HCl, AlMe3 , 
    CH2Cl2, 0°C to rt, 1h, 93%
8. PMBCl, Ag2O, CH2Cl2, 
    rt, 24h, 82% N

O
O

OPMB

I

OMe

L-(S)-malic acid
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S. Denmark: (+) Brasilenyne
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9.  DIBAL-H, CH2Cl2, 
     -73°C, 3h, 87%
10. allylB(Ipc)2, Et2O,
      -100°C, 2h, 89% O

OPMB

I

HO

11. chlorodimethylvinylsilane,
      Et3N, CH2Cl2, 0°C to rt,
      30min, 91%

12. Schrock's catalyst (5mol%),
      PhH, rt, 1h, 92%

O

PMBO

HO

14. TBSOTf, pyr., DMAP (10%mol),
       CH2Cl2, 0°C to rt, 2h., 88%
15. DDQ, CH2Cl2/H2O (19/1), rt.,
      30min, 84%
16. DMP, CH2Cl2, rt, 2h, 83% O

O

TBSO

17. 1,3-bis(triisopropylsilyl)propyne,
      nBuLi, THF, -74°C to rt, 8h, 83%
      (Z/E = 6/1)
18. TBAF, THF, 0°C, 1.5h, 93%

19. CCl4, (n-Oct)3P, toluene, 65°C,
      12h, 92%

O
Cl

(+)-brasilenyne

O

OPMB

I

O
Si

13. [allylPdCl]2 (7.5 mol%), 
      TBAF, rt, 60h, 61%

N

O
O

OPMB

I

OMe Brown Allylation
silicon-assisted 
intramolecular 
cross-coupling

Peterson-Olefination
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B. M. Trost: Furaquinocin E

J. Am. Chem.  Soc. 2002, 124, 16116.
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- Structural Features: 
- nine-membered cyclic ether skeleton 
- 1,3-cis,cis-diene unit 
- 3 Stereocenters

- Key steps:  
- intramolecular cross-coupling

O
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MeO

O

O
Furaquinocin E

MeO

O

NPh
CN

OCO2Me

HO
I

OH
CO2Me

P
O

MeO
OMe

1,2 addition

6 π electro -
cyclization

reductive
Heck

AAA
HWE

A:

HO
I

OH

B:

PPh2

N
H

O Ph
Ph

HN O

Ph2P

CN
OCO2Me

1. A, Pd2(dba)3*CHCl3 (1 mol%)
    ligand(R,R)-B (2.65mol%), 
    CH2Cl2, rt, 97%, dr 92/8

O O
I CNCN 2. a) PdCl2(CH3CN)2 (10mol%)

        HCOOH, PMP, DMP, 50°C

b) Ac2O, TEA, DMAP, CH2Cl2, 
    rt, 81%, 87% ee

O
CN

OAc

Triple AAA

Reductive Heck55 56
57



B. M. Trost: Furaquinocin E
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O
CN

OTIPS

Br

6. a) DIBAL-H, CH2Cl2, -78°C
    b) C, LiHMDS, THF, 
        0°C, 89% O

OTIPS

Br

MeO2C 7. a) DIBAL-H, CH2Cl2, -78°C
    b) TBDMSCl, imid., CH2Cl2,
         reflux, 89%

8. a) nBuLi, THF, -78°c
    b) D,THF, -78°C
    c) oxalic acid, THF/H2O, 50%

O

OTIPS

OTBDMS
O

MeO
OH

9. a) PhMe, 110°C

O

OH

OH

MeO

O

O

C:

CO2Me

P
O

MeO
OMe

D:
MeO

MeO

O

O

1. a) MeLi, THF, -100°C
    b) TFAA, -78°C, 
    c)  aniline, -78°C to -15°C

53%

MeO NPh

O

Furaquinocin E

10. TBAF, THF, 
       0°C, 65%

O

OTIPS

TBDMSO

OH

O
MeO

b) air, rt, 64%

4 π ring opening

O

OTIPS

TBDMSO

OH

MeO
OH

6 π ring
closure

O
CN

OAc

3. NaOMe, MeOH, rt, 94%
4. TIPSOTf, TEA, CH2Cl2, 96%
5. NBS, THF, rt, 92%

Moore-Liebeskind naphtoquinone synthesis

57 58 59

59
60 61



L. A. Paquette: Hypnophilin

J. Am. Chem.  Soc. 2002, 124, 9199.
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- Structural Features: 
- linear fused triquinane system 
- uncommon Michael acceptor  
- 6 stereocenters: 

- 5 contiguous stereocenters 
- 1 quaternary stereocenter

- Key steps:  
- cascade cyclization with diisopropyl squarate

O

H

OH

H

O

Hypnophilin

O

Oi-PrO

i-PrO

Li

O

cascade 
cyclization

1,2 addition

1,2 addition

O
1. Br2, CH2Cl2, 0°C
    40min; Et3N, 20°C,
    3h, 77%

2. Ethylene glycol, Dowex,
    PhH, reflux 3 days, 80%
    brsm

O
O

Br

3. t-BuLi, THF, 
    -78°C

O
O

Li

O

Oi-PrO

i-PrO
O

O

Li

4.

in THF, -78°C
then CH2=CHLi
then NH4Cl (degassed)

O

i-PrO

i-PrO
OH

H

O OH

62 63 64 65

66

67



L. A. Paquette: Hypnophilin
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A closer look at the key step: 

O

Oi-PrO

i-PrO
O

O

Li

4.

in THF, -78°C
then CH2=CHLi
then NH4Cl (degassed)

O

i-PrO

i-PrO
OH

H

O OH

i-PrO

Oi-PrO
O
O

O

O

O
O

i-PrO O-iPr

i-PrO
O

i-PrO
O
O

OH

i-PrO
O

i-PrO
O
O

OH

i-PrO
O

i-PrO
O

OH

O
i-PrO

O

i-PrO
O

OH

O
H

4 π 
ring opening

O
8 π 

ring closure

dianionic 
oxy-Cope

elimination

transannular
Aldol rxn

65

66

67

68 69

70 71

7273



L. A. Paquette: Hypnophilin
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O

i-PrO

i-PrO
OH

H

O OH

5. 10% H2SO4, o/n, rt,
    24% over two steps
6. MsCl, Et3N, DMAP,
    rt, o/n, 72%

O

i-PrO

i-PrO
Cl

H

O

7. Li, NH3, THF, -78°C, 1.5h, 
    Li benzoate, -78°C, 72%

O

i-PrO

i-PrO

H

OH

H

8. LAH, THF, -10°C, 5min
   then 1 M HCl, 76%
9. MOMCl, DiPEA, CH2Cl2
   rt, o/n, quant. yield

O

i-PrO

H

OMOM

10. LDA, HMPA, THF, MeI,
      rt, o/n, 95%
11. MeLi, Et2O, 0°C, 2h,
     
      then 30% H2SO4, THF, 
      reflux, 10h, 85%

O

H

OH
H

H

12. LDA, DMPU, THF, TMSCl,
      Pd(OAc)2, MeCN, rt, 
      o/n, 60%

13. K2CO3, 30% H2O2, H2O, 
      CH2Cl2, rt, 3h, 80% brsm

O

H

OH

H

Hypnophilin

O

O

H

OH

H

13. KOtBu, DME, -78°C
      to rt, 10% aq HOAc

14. mCPBA, CH2Cl2, 
      DBU, PhH,
      48% over two steps

O

H

OH

H

OH
15. Ac2O, DMAP, pyr. , 98%
16. LiOH, THF, 30% H2O2

O

H

OH

H

OH

O

O

Coriolin

67 74 75

76 77

78 79



7-Epicylindrospermopsin

- Structural Features: 
- polycyclic ring skeleton 
- unusual enolic uracil D-Ring 
- guanidine C-Ring 
- 7 stereocenters

20

N
Me

NH
OH

H
N

HN

O
O

H H

NH

-O3S

7-Epicylindrospermopsin

N-sulfinylurea 
Diels Alder cascade

intramolecular
nitrone CA

N

N

OMe

OMe

Br

A

B

C

D
D

N

MeO
A

intramolecular
nitrone CA

N-sulfinylurea 
Diels Alder cascade

J. D. White

S. M. Weinreb



S. M. Weinreb: 7-Epicylindrospermopsin

21

N
Me

NH
OH

H
N

HN

O
O

H H

NH

-O3S

7-Epicylindrospermopsin

N

HO
MgBr

P CO2Me
EtO

O

OEt

O Cl

O

Si MgCl

Grignard

HWE

N-sulfinylurea 
Diels Alder

J. Am. Chem.  Soc. 2002, 124, 3939.

N

MeO 1. CbzCl, THF, -20°C
2. Et2O, 94%

Si

MgCl

N

O

Si

Cbz MgBr
CuI, THF

4.

3. NaHMDS, THF
    MeI, 88%

N

O

Me

Si

Cbz

5. L-Selectride, THF, 80%
6. NaH, THF, TBAI, 
    BnBr, 95%
7. KHF2, CHCl3, TFA
8. MeOH, NaHCO3,
    THF, 30% H2O2 , 88%

N

O
OMe

BnO

80

81
82 83
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S. M. Weinreb: 7-Epicylindrospermopsin
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[2,3] sigmatropic  
rearrangement

9. Sia2BH, THF, H2O2 , 
    NaOH, 97%
10. Swern, 84%
11. LiOH*H2O, THF, 
      80%

P CO2Me
EtO

O

OEt

N

O
OMe

BnO

CO2Me

12. DiBAL-H, BF3*OEt2
      CH2Cl2, 83%
13. NaH, THF, TBAI, 
      PMBCl, 96%

14. NaOH, H2O, EtOH
      100%

NH

OH
Me

BnO

OPMB

15. NaH, THF, TBAI,
      BnBr, 65%

16. KOCN, HOAc,
      pyr, Et3N, 85%

N
Me

BnO

OPMB

BnO
NH2

O
17. SOCl2, imid., CH2Cl2
      -78°C - rt N

Me

BnO

OPMB

BnO
O

N
S
O

N
Me

BnO

OPMB

BnO
O

N
S
O

18. PhMgBr, THF/CH2Cl2
19. (MeO)3P, MeOH, 84% N

Me

BnO

OPMB

BnO
O

NH

OH
23. Me2C(OMe)2, Me2CO, 
      CSA, 93%
24. DDQ, H2O, CH2Cl2, 78%

N
Me

BnO

BnO
O

N
O

OH
25. DMP
26. NaClO2, tBuOH, H2O
27. iPr2NEt, MeI,
      DMF, 81%

N
Me

BnO

BnO
O

N
O

CO2Me

28. TMSONHTMS, THF, 
       EtOH, 82%

N
Me

BnO

BnO
O

N
O

CO2MeHN
OH

H H H H H H

N

O
OMe

BnO

84
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86 87

88 89
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S. M. Weinreb: 7-Epicylindrospermopsin
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29. PhOCOCl, NEt3, THF
30. NH4OH, iPrOH, 65%

N
Me

BnO

BnO
O

N
O

H
N

NHO

O
O

31. Tf2O, pyr, CH2Cl2
       73%
32. TMSCl, MOMCl,
      DIPEA

33. Pd(OH)2, EtOH,
      H2, 100%

H H

N
Me

HO

HO
O

N
O

MOM
N

MOMN

O
O

H H

33. triphosgene, THF

N
Me

HO

N
O

MOM
N

MOMN

O
O

H H

O Cl

NH4OAc
or

NaN3, DMF,
86%

N
Me

HO

N
O

H
N

HN

O
O

H H

O
Nu

N
Me

HO

N
O

MOM
N

MOMN

O
O

H H

O
N3

34. HCl, H2O, THF
35. MeOTf,
      2,6-di-t-butylpyridine
then 10% Pd/C, EtOH, H2

N
Me

HO

NH
OH

MOM
N

MOMN

O
O

H H

NH
HCO2

-

36. 12 M HCl, reflux
37. SO3*DMF, DMF, 
      pyr, Na2SO4

N
Me

NH
OH

H
N

HN

O
O

H H

NH

-O3S

7-Epicylindrospermopsin

N
Me

BnO

BnO
O

N
O

CO2MeHN
OH

H H
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Key steps in Total 
Synthesis

JACS 2002
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N
H

N

H

H

(+) Aspidospermidine

N
Bn

O
HO

N

H
MeN

H
N

H

H

Strychnofoline

N
N
H

O
H

NH

H

VM55599



Williams Group: (-)VM55599

- Key step:  
Intramolecular Diels Alder cycloaddition J. Am. Chem.  Soc. 2002, 124, 2556.
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N
N
H

O
H

NH

H

VM55599

H2N CO2H

(S)

(S)

(S)-Ile
N
H

O

+

intramolecular 
Diels Alder

N

HN
OO

N
H

AcCl, rt

14 days

N

N
OAcO

N
H

H

H+

N

N
OAcO

N
H

N
N
H

O

O
H

NH

H

35%

+

N
N
H

O

O
H

NH

H

15%

intramolecular 

Diels-Alder 
reaction

102 103 104

105

106



Marino Group: (+) Apsidospermidine

- Key step:  
[3,3]-sigmatropic rearrangement with of chiral vinyl sulfoxid with a ketene J. Am. Chem.  Soc. 2002, 124,13398.
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N
H

N

H

H O

H NHBoc
+

[3,3] sigmatropic 
rearrangement

OO

O

Cl
Cl

NBoc2

Op-TolS

OO S
pTolO

NBoc2

Zn(Cu), Cl3CCOCl, 
THF, -45°C, 78%

OO S
pTolO

NBoc2

O
Cl

Cl

OO
S

pTolO

NBoc2

O
Cl

Cl
OO

O

Cl
Cl

NBoc2

Op-TolS
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Careirra Group: Strychnofoline

- Key step:  
Ring expansion reaction J. Am. Chem.  Soc. 2002, 124,14826.
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N
Bn

O
HO

N

H
MeN

H
N

H

H

N

TBDPSO

N
Bn

O+

BnO

Strychnofoline

Ring expansion

Proposed pathways:

N
Bn

O

N
Bn

OMg

N

I
N
Bn

O

N

N
Bn

OMg

I

I
N
Bn

O

IN

A

B C

R'

R''

R'

R''

N

R'
R''

N

R'
R''

N

R'
R''

R'

R''
111
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Methodology

JACS 2002
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O
N

N Ph ORh2(Oac)4 , 
ClCH2CH2Cl
80°C, 75% yield

R R

Eschenmoser hydrazone dr = 3:1 up to > 20:1

α

β

γ

O

R

BF3*OEt2, 0°C
CH2Cl2, 30min

NO TMS

O

R

OKHF2, H2O,
MeCN, 30min



JACS 2002: Methodology
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1) Oxazaborolidines in enantioselective Diels-Alder reactions: 

- broad substrate scope 
- high ee values

2) Wender 
- [5+2+1] Cycloaddition 
- Aza-[5+2] Cycloaddition

+
O

N+

B O

Ph
Ph

H

H
o-Tol TfO-

-78°C, 13h

CHO

96% yield
97% ee

3) Allenoate-Claise Rearrangement 
- addition across H —> (E) - enamine favored 
- depending on (E) vs. (Z) in the starting: anti vs. syn 

O

O

O
+

[][Rh(CO)2Cl]2 5mol%
dioxane, conc., temp.,

CO (pressure), H3O+

O

OH

O

R'
R''[5+2+1]

NR
CO2Me

CO2Me

+

5mol% [RhCO)2Cl]2
PhMe, 60°C NR

CO2MeMeO2C

X

N Y

CO2R

LA

+

X

N

Y
RO

O
LA

+
H

N

Y X

H

LAO

OR

N

Y

X

[3,3]

J. Am. Chem.  Soc. 2002, 124, 2876.

J. Am. Chem.  Soc. 2002, 124, 9992.

J. Am. Chem.  Soc. 2002, 124, 13646.
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Tandem Rh-catalyzed Bamford-Stevens/Claisen rearrangement sequence 
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Synthesis of α, γ − unsatured aldehydes 

- modification of the Claisen rearrangement 
- improvement: stereoselective preparation of (Z)-isomer 
- utilization of non-carbonyl stabilized diazo compounds 
- works in high dr, good yields and a broad range of substrates 

(R = H, Ar, alkyl, acyclic, cyclic) 
- Retron: Eschenmoser hydrazone J. Am. Chem.  Soc. 2002, 124, 12426.

O
N

N Ph ORh2(Oac)4 , 
ClCH2CH2Cl
80°C, 75% yield

R R

Eschenmoser hydrazone dr = 3:1 up to > 20:1

α

β

γ

O
N2 R

thermal 
decomposition

non-carbonyl stabilized diazo-compound

Rh2(OAc)4Rh-mediated
de-diazotization

O
RhL2 R

H

1,2-hydride
migration

O
R

allylic enol ether
(> 20:1, Z:E)

Claisen 
rerrangement

Proposed mechanism:

O
N

N Ph ORh2(Oac)4 , 
ClCH2CH2Cl
80°C, 75% yield

R R

Eschenmoser hydrazone dr = 3:1 up to > 20:1

α

β

γ

Nice feature:

O
N

N Ph
1. Rh2(Oac)4 , 
    ClCH2CH2Cl
    80°C, 75% yield

2. Me2AlCl, -40°C

Ph
HO

O

Ph

O

H

LA

Prins-cyclization/
Alder-en reaction

130 131

130 131

132
134

133

135

136 137

138



Conversion of terminal epoxides into γ-butanolides
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J. Am. Chem.  Soc. 2002, 124, 2457

- single step: Lewis acid-mediated epoxide opening of 1-morpholino-2-trimethylsilyl acetylene 
- mild reaction conditions  
- enantiomerically enriched epoxides can be converted into enantiomer pure γ-butanolides without loss of optical purity

O

R

BF3*OEt2, 0°C
CH2Cl2, 30min

N

O

TMS

O

R
TMS

N

O

KHF2, H2O,
MeCN, 30min O

R

O R = allyl, -OPh, different alcohols,  
       alkylhalides, esters, ….

Modification:

O

R

BF3*OEt2, 0°C
CH2Cl2, 30min

N

O

TMS

O

R
TMS

N

O

O

R

O

O

R

O

Br
Br

Br

NBS, 0 - 23°C

NBS, 0 - 23°C;
LiCl, Li2CO3, DMF
DMF, 70°C, 15min

139

140

141 142

139

140

141

142

143



32

Thank you for your kind attention!



D. F. Taber: (-) Morphine
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(-) Morphine

O

CNO

OMe

A

C

D. F. Taber: 23 (27) steps, 0.77 %

N OH

O
A

B
CD

intramolecular 
bis-cyclization

OMe
MeO

N SO2Ph

OOMe
MeO

N
Br

SO2Ph

O

O
K2CO3, TBAB
PhMe, reflux

OMe
MeO

N SO2Ph

O

O

- Key step: 
intramolecular bis-cyclization J. Am. Chem.  Soc. 2002, 124, 12416.


