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Total	synthesis	of	Highly	Strained	4β-Acetoxyprobotryane-9β,15α-diol	
	

	

	4β-Acetoxyprobotryane-9β,15α-diol	(6)	
	was	isolated	from	a	culture	of	Botrytis	cinerea.	

•  Here	is	the	first	and	asymmetric	total	synthesis.	
•  This	work	represents	the	first	example	of	a	benzilic	acid		
type	rearrangement	to	construct	the	highly	strained	
trans-fused	bicyclo[3.3.0]	octane	ring	system.		

	

	
	

	
	

1	

J.	Am.	Chem.	Soc.	2020,	142,	19868–19873		



Retrosynthetic	analysis	

2	



3	

O

Me Me

TBSO

Me

P
OEt

OEt
O

Me

n-BuLi, THF Me Me

OTBS

Me

Me11

12

13

N2CHCO2Et
CuI, MeCN

Me Me

OTBS

Me

Me
10

EtO3C

[RhCl(C2H4)2]2
L4, DCM, AgSbF6 H Me

Me

Me

O
EtO OH

Me

18

R H
Cu (I)

R Cu(I)
N2CHCO2Et

EtO3C Cu

R

EtO3C
R

Cu
H

EtO3C
R

P
OEt

OEt
O

Me
12 Base

P
OEt

OEt
O

Me R

O

H
R

O

P OEt
OEt

O

Me

O P
R

O OR
OR

Me

M

M

R

Me

Me Me

TBSO

Me
R



4	

O

Me Me

TBSO

Me

P
OEt

OEt
O

Me

n-BuLi, THF Me Me

OTBS

Me

Me11

12

13

N2CHCO2Et
CuI, MeCN

Me Me

OTBS

Me

Me
10

EtO3C

[RhCl(C2H4)2]2
L4, DCM, AgSbF6 H Me

Me

Me

O
EtO OH

Me

18

Ph

Ph
Ligand L4

Intramolecular [4+2] cycloaddition

Me
Me

Rh(I)Ln

Me
Me

Me

EtO2C

Me

EtO2C

(III)RhLn
(III)Rh

EtO2C

Me

Me

EtO2C

Rh(I)Ln

(S,S)-Ph-Bod (L4)

Me
Me

Me

EtO2C Rh
Me

Me

Me
Me

Rh
Cl

Cl
Rh

[Rh(ethylene)2Cl]2



5	

H Me

Me

Me

O
EtO OH

Me

18

BH3*THF

  NaOH
  H2O2 H Me

Me

Me

OH
OH
Me

19 OH

Py., Ac2O
DMAP, DCM

K2CO3, MeOH
H Me

Me

Me

OH
OH
Me

20 OAc

(COCl)2
DMSO, NEt3

H Me

Me

Me

H
Me

21 OAc

O
O

H

R R BH3 R R

BH2

R R

B
R

R

R

R

O O
H

R R

B
R

R

R

R

O O H R R

B
R

R

O

R

R

repeat two times

  repeat 

two times

O
B

O

R
R

O

R

R

R
R

H2OOH

R R

B(OH)3

H R

O

H
R

OHH
R

O
EtO

B
HH

H

Reduction of ethyl ester with BH3



6	

H Me

Me

Me

O
EtO OH

Me

18

BH3*THF

  NaOH
  H2O2 H Me

Me

Me

OH
OH
Me

19 OH

Py., Ac2O
DMAP, DCM

K2CO3, MeOH
H Me

Me

Me

OH
OH
Me

20 OAc

(COCl)2
DMSO, NEt3

H Me

Me

Me

H
Me

21 OAc

O
O

H

triacetylation	followed	by	selective	deacetylation	in	a	one-
pot	sequence	

O

O O

N

N

N

N

O
O

O

R
O

H
R
O

O

N

N

+
N

N

O

S
O

S
O Cl Cl

O O
Oxalyl Chloride

S
O

Cl

O
O

S
Cl Cl

CO
CO2

Cholorosulfonium
           Salt

S
Cl Cl

OH HCl

O H
S

Base

O H
S O

+ Me2S
H

Cl



7	

H Me

Me

Me

H
Me

21 OAc

O
O

H
SmI2, THF

H Me

Me

Me

Me

22 OAc

OH
OH

H Me

Me

Me

Me

24 OAc

OTES
O

O

NMe
Me

Me
Me

O

NHAc
a. PTSA
b. TESOTF, NEt3
mCPBA, NaHCO3

a. LHMDS, THF

b. Pd/C EtOAc
            H2 H Me

Me

Me

Me

25 OAc

OTES
O

OHH1.5eq2.0eq

Reductive pinacol coupling

O
Sm(II)

O Sm(III) O Sm(III) O

R

O

R

Sm(III)Sm(III) HO

R

OH

RH2O/H+

Oxidation of less hindered hydroxy group

4-acetamido-TEMPO

N
O

NHAc

[O]
N
O

NHAc

N

NHAc

RCH2OH

O O
H

H
R

RCHO
N
OH

NHAc

O
O
H

Cl
O

Cl

O
O
HO

Cl

Butterfly transition state

OH

O

+ O

mCPBA	



8	

H Me

Me

Me

H
Me

21 OAc

O
O

H
SmI2, THF

H Me

Me

Me

Me

22 OAc

OH
OH

H Me

Me

Me

Me

24 OAc

OTES
O

O

NMe
Me

Me
Me

O

NHAc
a. PTSA
b. TESOTF, NEt3
mCPBA, NaHCO3

a. LHMDS, THF

b. Pd/C EtOAc
            H2 H Me

Me

Me

Me

25 OAc

OTES
O

OHH1.5eq2.0eq

H Me

Me

Me

Me

24 OAc

OTES
O

O

H Me

Me

Me

Me

OAc

OTES
OH

O

H Me

Me

Me

Me

OAc

OTES
O

OH Pd/C

H Me

Me

Me

Me

25 OAc

OTES
O

OHH
H

Base

H



9	

H Me

Me

Me

Me

25 OAc

OTES
O

OHH
TBAF (4eq)
      O2

     THF

H Me

Me

Me

Me

27 OAc

OH
OH

O

Red-Al
Pb(OAc)4

K2CO3
MeOH H Me

Me

Me

Me

28 OAc

OHH
O

BH3SMe2

    THF

H Me

Me

Me

Me

6 OAc

OHH
OH

H Me

Me

Me

Me

25 OAc

OTES
O

OHH
TBAF

H Me

Me

Me

Me

OAc

OH
O

OHH
TBAF
  
  O2

H Me

Me

Me

Me

OAc

O

OHH
O

H Me

Me

Me

Me

OAc

OH

OH
O

H Me

Me

Me

Me

27 OAc

OH
OH

O

Benzillic acid-type reaarangement

H Me

Me

Me

Me

27 OAc

OH
OH

OH

H Me

Me

Me

Me

OAc

OH
OH

H

OH

Formaion of Hemiacetal

Pb(OAc)4

H Me

Me

Me

Me

OAc

OH
O

OH

removal of fromyl group with K2CO3

K2CO3

H Me

Me

Me

Me

OAc

OHH
O

28

B HH
H

S

H Me

Me

Me

Me

28 OAc

OHH
O

H Me

Me

Me

Me

28 OAc

OH
OB

H HH

H

H Me

Me

Me

Me

6 OAc

OHH
OHOxidative cleavge with Pb(OAc)4

HO OH Pb(OAc)4 O O

Pb
AcO OAC

O O
+



10	



11	

O O

O

a)LDA, MeI
b)DBU, HCHO
c) TBSCl, Im.

O

O OTBS

O

Me Me

TBSO

Me
11

NaOAc,EtOH

Pb(OAc)4

[14-2TFA]

     H2O2
1,4-dioxane

H2N
H
N NH2

O
Formation of SM 11

N

OMe

NH2N

14

Eschenmoser fragmentation (Synthesis of acyclic alkynals)

O

O OTBS

H2N
H
N NH2

O

N

O OTBS

NH

NH2
O

H
N

O
OTBS

N
NH2

O

H


