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Total synthesis of (±)-jiadifenin by Danishefsky’s group 
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Retrosynthetic analysis for jiadifenin 
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Preparation of 1,1-dibromo-1-alkene 
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1) TBDPSCl, imid.
    CH2Cl2; 56%
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Effect of solvent on Mizoroki-Heck reaction 
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CO2Et CO2Et

OTBDPSOTBDPS
table

10 11

entry! Pd(OAc)2! (o-tol)3P! base! solvent! c (mol/L)! time (h)! yield!
1! 10 mol%! 20 mol%! Et3N! toluene! 0.02! 8! 17%!
2! 10 mol%! 20 mol%! Et3N! CH3CN! 0.02! 8! 14%!
3! 10 mol%! 20 mol%! Et3N! dioxane! 0.02! 8! 18%!
4! 10 mol%! 20 mol%! Et3N! DMF! 0.02! 8! 39%!
5! 10 mol%! 20 mol%! Et3N! MeOH! 0.02! 1! 99%!
6! 10 mol%! 20 mol%! Et3N! MeOH! 0.1! 1! 98%!
7! 5 mol%! 10 mol%! Et3N! MeOH! 0.02! 1! 99%!
8! 5 mol%! 10 mol%! Et3N! EtOH! 0.02! 1! 88%!
9! 5 mol%! 10 mol%! Et3N! t-BuOH! 0.02! 2! 99%!



Preparation of allyl carbonate (No.1) 
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OROR
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Preparation of cyclic carbonate (No.2) 
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Effect of solvent on Pd-catalyzed cyclization of carbonate 

entry! solvent! 22! 23! 24! 25!
1! toluene! -! -! -! -!
2! THF! -! -! -! -!
3! dioxane! -! -! -! -!
4! CH3CN! -! -! -! -!
5! DMSO! trace! -! -! 12%!
6! DMF! 8%! -! trace! 56%!
7! EtOH! 48%! -! 32%! -!
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Mechanism of O-alkylation in aprotic solvent 
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Mechanism of C-alkylation in protic solvent 
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Difference between 21a and stereoisomer 21b 
in Pd-catalyzed reaction 
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Mechanism of successive Tsuji-Trost reaction and lactonization  
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Mechanism of construction of seven-membered ring from 21b 

from 
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Effect of ligand on Pd-catalyzed cyclization of carbonate 

M.P.= main product 

entry! catalyst! ligand! solvent! temp.! 23! 24! 26!
1! Pd(OAc)2! n-Bu3P! EtOH! reflux! -! M. P.! -!
2! Pd(OAc)2! t-Bu3P! EtOH! reflux! -! M. P.! -!
3! Pd(OAc)2! Cy3P! EtOH! reflux! -! M. P.! -!
4! Pd(OAc)2! DPPB! EtOH! reflux! 22%! 28%! -!
5! Pd(OAc)2! DPPF! EtOH! reflux! -! 40%! -!
6! Pd(OAc)2! (R)-BINAP! EtOH! reflux! 27%! -! 23%!
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Effects of solvent and base on Pd-catalyzed cyclization of carbonate 

aNo reaction was observed at lower temperature (eg. 65 oC)!

entry! ligand! base! solvent! temp.! 23! 26! 27! 28!
1! (R)-BINAP! -! t-BuOH! 80 oCa! 38%! 14%! 13%! -!
２! (R)-BINAP! LiOAc (1.2 eq)! t-BuOH! 80 oC! 48%! -! 20%! 7%!
３! (R)-BINAP! LiOAc (0.5 eq)! t-BuOH! 80 oC! 45%! -! 13%! 16%!
４! (R)-BINAP! LiOAc (2.4 eq)! t-BuOH! 80 oC! 57%! -! 9%! trace!
５! (±)-BINAP! LiOAc (2.4 eq)! t-BuOH! 80 oC! 55%! -! 9%! 9%!
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Conclusion 
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The role of protic solvent 
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Difference between polar solvent and non-polar solvent!
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Using Pd2dba3 as a catalyst for cyclization of carbonate 

Difference between Pd2dba3 and Pd(OAc)2 as precatalyst!

Pd2dba3 + nPPh3 Pd(PPh3)n Pd(PPh3)2 +  n-2PPh3
neutral Pd species

Pd(OAc)2 + nPPh3 [Pd(PPh3)3(OAc)]− [Pd(PPh3)2(OAc)]− + PPh3
active anionic Pd species
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entry! catalyst! ligand! solvent! temp.! 23! 24! 28!
1! Pd2dba3! n-Bu3P! EtOH! 80 oC! -! -! -!
2! Pd2dba3! t-Bu3P! EtOH! 80 oC! -! -! -!
3! Pd2dba3! Cy3P! EtOH! 80 oC! -! 30%! -!
4! Pd2dba3! (S,S)-Trost ligand! EtOH! 80 oC! -! -! -!
5! Pd2dba3! (R)-BINAP! EtOH! 80 oC! -! -! -!



stereoselectivity 
Boltzmann Distribution (%)*!

A:B = 99 : 1!
   A: dihedral angle = 10-170o!

   B: dihedral angle = 190-350o!

Boltzmann Distribution (%)*!
C:D = 76 : 24!

   C: dihedral angle = 190-350o !
D: dihedral angle = 10-170o!

*The ratio was calculated with spartane ʻ08!
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The role of LiOAc* in tandem cyclization 

1.  Formation of lithium enolate!
2.  Promoting the epimerization at C6!

*Using K+ as a counter ion, O-alkylation was preference.!
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crystal data 
crystal: monoclinic, space group: P2(1) 
dimensions: a = 8.0156(14) Å 
b = 8.0900(15) Å, c = 42.519(8) Å 
V = 2757.2(9) Å, Z = 4, final R: 0.0704 

Desired isomer 23 

Relative stereochemistry of compound 22 
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 Neurite outgrowth promoting activity of jiadifenin 
in primary cultured rat cortical neurons 

control 0.1 µM

1.0 µM 10 µM


