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Neurotrophic compounds isolated from lllicium species

jiadifenin
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from lllicium jiadifengpi
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tricycloillicinone® isodunnianine®
from lllicium tashiroi
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Total synthesis of (+)-jiadifenin by Danishefsky’s qgroup
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jiadifenin (1)

Retrosynthetic analysis for jiadifenin

Danishefsky's
intermediate
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Preparation of 1,1-dibromo-1-alkene

Bre/\
I i " \/\/</\/
+BuOK; 81% I
EtOQC/\)j\/\COQEt » MO OH
. - 2) LiAIH,
diethyl 4-oxopimelate (7) THF: 81% 8
1) TBDPSCI, imid.
CHQC|2, 56%
2) (COCl),, DMSO
Et3N, CHQCIQ, 85%
Y
(EtO) 9 i
o 2 P\)LCOQE’[ \/\/ﬂ/\
TBDPSO | MNcor = Naf TBDPSO CHO
2 Br,, KHMDS

10 DME: 82% 9



Effect of solvent on Mizoroki-Heck reaction

OTBDPS
table - o
4 "CO,Et
11
entry Pd(OAc), (o-tol)sP base solvent ¢ (mol/L) time (h) vyield
1 10 mol% 20 mol% EtsN toluene 0.02 8 17%
2 10 mol% 20 mol% EtsN CH3CN 0.02 8 14%
3 10 mol% 20 mol% EtsN dioxane 0.02 8 18%
4 10 mol% 20 mol% EtsN DMF 0.02 8 39%
5 10 mol% 20 mol% EtsN MeOH 0.02 1 99%
6 10 mol% 20 mol% EtsN MeOH 0.1 1 98%
7 5 mol% 10 mol% EtsN MeOH 0.02 1 99%
8 5 mol% 10 mol% EtsN EtOH 0.02 1 88%
9 5 mol% 10 mol% EtsN t-BuOH 0.02 2 99%




Preparation of allyl carbonate (No.1)

OR 1) EMCS)/C%EF OR OR
t |

N 98% N7 9-BBN, THF,» ~ L OH

5

CO,Et  2) MeONHMe - NOMe)Me - NaOH, H,0, N(OMe)Me

11 EDC, i-Pr,NEt 5 75% I
CHQC|2, 86% 12 13
R = TBDPS
1) TESCI, EtzN
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2) MeMgBr
THF; 73%
Y
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OR OR
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B S————
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Preparation of cyclic carbonate (No.2)

OR OR CDI, Et;N OR
OTES oL OTES  DMAP OTES
> 5 > 5 _0
OH THF OH CH,Cl =0
O 78% OH 92% ~0
16 17 18
R = TBDPS 1:1dratC5
ACOH-HQO
THF
99%
Y
OTBDPS OR OR
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ig COEt SnCl, ,CHO DMP 7
O = ho O A
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O 99% O 99% @)
21 20 19

1: 1 diastereomeric mixture



Effect of solvent on Pd-catalyzed cyclization of carbonate

OTBDPS OTBDPS ;
i 6 CO,Et PPh3 g
@) ‘
5 =0 solvent
@) 80 °C
21
entry solvent 22 23 24 25
1 toluene - - - -
2 THF - - - B}
3 dioxane - - - -
4 CH5CN - - - -
5 DMSO trace - - 12%
6 DMF 8% - trace 56%
7 EtOH 48% - 32% -

OTBDPS
O

— CO,Et

5

24
"B-elimination"

OTBDPS
23" CO,Et
e

OH

25
" O-alkylation"



Mechanism of O-alkylation in aprotic solvent

OTBDPS
CO,Et
O i
@) q
A 1o CO,
Pd: 0
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~ "CO,Et O-alkylation
5.0 €
OH

25

enolate form



Mechanism of C-alkylation in protic solvent

OTBDPS
CO,Et
S \
A 0 CO,
Pd: o)

21 enolate form
protonation
solvation
by EtOH
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OTBDPS OTBDPS
O C -alkylation
CL ks
5 O COQET
O
22
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Difference between 21a and stereoisomer 21b
in Pd-catalyzed reaction

OTBDPS

CO,Et

O
O

=0
O

21

1: 1 diastereomeric mixture

N\

separation

N

OTBDPS

CO,Et

“ron 00
reflux
66%
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EtOH 6 CO,Et
reflux
55% 5
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Mechanism of successive Tsuji-Trost reaction and lactonization

OTBDPS
CO,Et
o
Pd:* \%ﬁ@
from
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Mechanism of construction of seven-membered rinqg from 21b

OR k
i CO,Et :
SR A VAN i
° (=0 CO, :
from @)
[¥]-face 21b :
B-H elimination
8R |dol OR OR
aldo o tautomerization .
R\ ~ R\
CHO —
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Effect of ligand on Pd-catalyzed cyclization of carbonate

OTBDPS i OTBDPS OTBDPS
: O 0
O — ‘ CO,Et
O PN 2 CO,Et
al® : OH
O 24 26
21b ' desired
entry catalyst ligand solvent temp. 23 24 26
1 Pd(OAc), n-BusP EtOH reflux - M. P. -
2 Pd(OAc), t-BusP EtOH reflux - M. P. -
3 Pd(OAc), CysP EtOH reflux - M. P. -
4 Pd(OAc), DPPB EtOH reflux 22% 28% -
5 Pd(OAc), DPPF EtOH reflux - 40% -
6 Pd(OACc). (R)-BINAP EtOH reflux 27% - 23%

M.P.= main product



Effects of solvent and base on Pd-catalyzed cyclization of carbonate

OR
E @)
: H
: CO,Et
OH
26
OR
~ "CO,Et
21 O O o)
R = TBDPS OH
OH
27 28
entry ligand base solvent temp. 23 26 27 28
1 (R)-BINAP - -BuOH 80°C? 38% 14% 13% -
(R)-BINAP LiOAc (1.2eq) +BuOH 80°C 48% - 20% 7%
3 (R)-BINAP LiOAc (0.5eq) +BuOH 80°C 45% - 13% 16%
4 (R)-BINAP LiOAc (2.4eq) t+BuOH 80°C 57% - 9% trace
5 (x)-BINAP  LiOAc (24eq) t+BuOH 80°C 55% - 9% 9%

2No reaction was observed at lower temperature (eg. 65 °C)



Conclusion

Mizoroki-Heck reaction

y OR in protic solvent
Br >
— Pd(OAc),, (o-tol)sP
CO,Et Et;N, MeOH
R = TBDPS 2l

OR

‘,, % —

CO,Et

OR
‘\\‘ \/OT E S

OH

OR tar]dem
CO,Et cyclization
—> 5 Pd(OAc),, BINAP
“““ =0 LiOAc, +-BuOH
O 57%

jiadifenin skeleton

jiadifenin







The role of protic solvent

OTBDPS
\ OTBDPS Pd(OAc),, (o-tol)5P
__ _Br > 2
MeOH, reflux
CO,Et 99% CO,Et
10 11
oxidative addition ¢ T reductive elimination
L OTBDPS
/
N _ _PRd-Br slow -
EtO,C L insertion pg H
neutral intermediate e COEt
or anionic intermediate | H\
\ E . O—-Me E /fa;
= +P§ ..... . O/H insertion
: =7\ S
. E10,C - Me;

1) cationic palladium species
2) compact ligand



Difference between polar solvent and non-polar solvent

In non-polar solvent

IIDPhs FI’Ph3
PhsP—Pd—PPh; —= PhzP—Pd—-PPh;
FI’Ph3 16 electron
18 electron +
PPhs
In polar solvent
PPhs PPh,

| S |
Ph3P—F|’d—PPh3 —= PhsP—Pd—PPh,
PPh,

18 electron

)

16 electron

+

S = polar sovent PPh,

—~———

slow

S

——
—~—

fast

PPh

PhsP—Pd —> oxidative addition

14 electron

+
PPh,

TPh3
PhsP—Pd S —3= oxidative addition

S
14 electron

+
PPhj



Using Pd,dba; as a catalyst for cyclization of carbonate

OTBDPS OTBDPS OTBDPS OTBDPS
CO,Et Pd(PPhg), o ~ "CO,Et
\ é) —»80 o o CO,Et o)
"L =0 0 OH
02 1b 23 24 28
entry catalyst ligand solvent temp. 23 24 28
1 Pd.dbas n-BusP EtOH 80 °C - - -
2 Pd.dbas t-BusP EtOH 80 °C - - -
3 Pd.dbas CysP EtOH 80 °C - 30% -
4 Pd.dbas (S,S)-Trost ligand EtOH 80 °C - - -
5 Pd.dbas (R)-BINAP EtOH 80 °C - - -

Difference between Pd.,dba,; and Pd(OAc), as precatalyst

Pd2dba3 + nPPh3 ‘: Pd(PPhs)n —~—— Pd(PPh3)2 + n_2PPh3

neutral Pd species

Pd(OAc), + nPPh; <—= [Pd(PPh3)3(OAc)]” <~——= [Pd(PPh3)5(OAc)]"+PPh,

active anionic Pd species



Pd
/\WOTBDPS OTBDPS
o
O !

4 5 H

OTBDPS / A CO:Et 2;) Boltzmann Distribution (%)*
A:B =99 :1
A OTBDPS A: dihedral angle = 10-170°
o)

O, oTERrS o B: dihedral angle = 190-350°
) ’/ko CO,Et
Pd CO,Et

OTBDPS

0
X OTBDPS
O\_Cl)@(_/_ O
¢"$ 4 ﬁ

CO,Et
C 24 Boltzmann Distribution (%)*
OTBDPS CD=76:24

C: dihedral angle = 190-350°
D: dihedral angle = 10-170°

D jiadifenin skeleton 23
*The ratio was calculated with spartane ‘08



The role of LiOAc* in tandem cyclization

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

OTBDPS OTBDPS
COEt 9 o "N co.Et HOAC
S {BuOH -~ OH -
0
O/E ® Pd OH

enol form enolate form

*Using K+ as a counter ion, O-alkylation was preference.



Relative stereochemistry of compound 22

OTBDPS
O
H
O
O
22

crystal data

crystal: monoclinic, space group: P2(1)
dimensions: a = 8.0156(14) A

b =8.0900(15) A, c = 42.519(8) A

V =2757.2(9) A, Z = 4, final R: 0.0704

Desired isomer 23



Neurite outgrowth promoting activity of jiadifenin
in primary cultured rat cortical neurons

control 0.1 uM

1.0 uM 10 uM



