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Introduction
• Daphniphyllum alkaloids

2

Isolated from a genus of evergreen plants. >300 members
anticancer, antioxidant, and vasorelaxation properties as well as elevation of nerve growth factor.
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Retrosynthesis

3

N
H

Me

O O

Himalensine A

AB
C

D
E

N

H
H

O

MeO

O
H

R

Me

N

O

RO

O

N
H

Me

O

O

Diels-Alder
prototropic

shift

O
N

H
Me

H

O

R

O

O

1

2
4

3
key disconnections:

1 radical cyclisation

2 disatereoselective hydrogenation

3 O2
 
mediated C-H oxidation

4 chemoselective lactam reduction

catalytic, enantioselective, 2 C-C bonds, 5 stereocenters
Tricyclic core construction
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Synthesis of (5)

4

Trimethylsilyl 
trifluoromethanesulfonate 

(TMSOTf) 
Trimethylsilyl 

(TMS) 
2,4,6-trifluoro-1,3,5-triazine 

(Cyanuric fluoride) pyridine 

CF3S
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O
OSi
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N  
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CO2Et

CO2Me

NaH (1 equiv)
(1.4 equiv)

72%

HO
MeO2C

Me
EtO2C

O

Me
EtO2C

DMSO

1 M HCl

LiCl (5.0 equiv)

130 °C, 5 h
75 %

THF

60 °C, 3 h

O

Me
EtO2C

+ TMSOTf (0.04 equiv)

TMSO
OTMS

CH2Cl2

(4 equiv)

rt, 14 h

90 %
1 2a 2b

Me

3

2 M KOH

THF/MeOH (v:v = 5:1)

60 °C, 24 h

95 %
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4
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CH2Cl2

pyridine (1.09 equiv)

rt, 30 min
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Synthesis of (7)

5
Sodium bis(trimethylsilyl)amide 

(NaHMDS) 
p-Toluenesulfonic acid 

(p-TsOH) 
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NaHMDS (1.09 equiv)
THF
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75 % (for 2 steps)
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PTSA (0.15 equiv)

Acetone
rt, 5 d

86%
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O

DPPA (1.0 equiv)

O N
H

O

OO COOH
t-BuOH

Et3N

reflux, 18 h

92 %
Curtius Rearrangement

J. Am. Chem. Soc.,1972, 94, 6203
J. Org. Chem., 1999, 64, 3595

Tetrahedron Lett., 2007, 48, 1939
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• Intramolecular Diels-Alder furan reaction (IMDAF) core
Synthesis of (8)

6
6 pages for details

Put prime for the page number
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Mechanisms for Step (7) to (8)
• Prototropic shift then Intramolecular Diels-Alder furan 

reaction (IMDAF)
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More details About Prototropic Shift/BIMP

8’ 5 mol%, Good reactivity, Enantioselectivity, Easy and scalable, Metal free
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More details About Prototropic Shift/BIMP

9’
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Intramolecular Diels-Alder furan reaction (IMDAF)
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Bifunctional Iminophosphorane Organocatalysts

11’
(a) Arkivoc, 2010, 108. Ollivier, A.; Goubert, M.; Tursun, A.; Canet, I.; Sinibaldi, M. E. 
(b) Org. Synth., 2000, 77, 64. Dondoni, A.; Perrone, D.
(c) Tetrahedron: Asymmetry, 2006, 17, 388. Dave, R.; Sasaki, N. A. 
(d) J. Am. Chem. Soc., 2013, 135, 16348. Núñez, M. G.; Farley,  A. J.; Dixon, D. J.
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Bifunctional Iminophosphorane Organocatalysts
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 (d) J. Am. Chem. Soc., 2013, 135, 16348. Núñez, M. G.; Farley,  A. J.; Dixon, D. J.
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Synthesis of (10)
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Synthesis of (15)
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Mechanisms for Step (14) to (15)
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Synthesis of (17)
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Mechanisms for Step (16) to (17)
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Synthesis of (20)
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Synthesis of (24)
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Mechanisms for Step (23) to (24)
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Conclusion
• First total synthesis of (−)-Himalensine A in 23 steps.

(Highly efficient and scalable steps)

• First enantioselective IMDAF reaction.
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Thank You For Listening

22
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Mechanism for (1)
• An acid-catalyzed Dieckmann-type reaction

25Org. Lett., 2011, 13, 664



Mechanism for (2)
• Krapcho decarboxylation

26
https://en.wikipedia.org/wiki/Krapcho_decarboxylation



Mechanism for (5)

27Nat. Prod. Rep., 2015, 32, 605
https://en.wikipedia.org/wiki/Cyanuric_chloride



DPPA and Curtius Rearrangement

28

DPPA (1.0 equiv)

O N
H

O

OO COOH
t-BuOH

Et3N

reflux, 18 h

92 %
Curtius Rearrangement

J. Am. Chem. Soc.,1972, 94, 6203
J. Org. Chem., 1999, 64, 3595

Tetrahedron Lett., 2007, 48, 1939
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https://blogs.yahoo.co.jp/organicchem12/1373185.html



Details about Mechanisms for Step (7) to (8)
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Iridium-catalyzed

30Organometallics 2019, 38, 852

N

O

23

H
Me

O O

Vaska's catalyst (0.1 equiv)
TMDS (10.74 equiv)

toluene

formic acid

MeOH

60 °C, 10 h N

24

H
Me

O O

67%

N

O

23

H
Me

O O

Vaska's catalyst (0.1 equiv)
TMDS (10.74 equiv)

toluene

N
H

Me

O O

H OSiMe3

N
H

Me

O O

formic acid

MeOH

hemiaminal
intermediate

iminium
ion

HOSiMe3+

Mechamism:



Protodestannylation
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Chem. Soc. Rev., 2017, 46, 4329-4346
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J. Organomet. chem., 1980, 201, 233.



32



Mechanisms for Step (18) to (19)
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Plausible Mechanism: γ-radical combination with oxygen and Kornblum DeLaMare rearrangement

J. Am. Chem. Soc. 2017, 139, 14893. Li, J.; Zhang, W.; Zhang, F.; Chen, Y.; Li, A.

p-Toluenesulfonic acid 
(p-TsOH) 

1,4-diazabicyclo[2.2.2]octane  
(DABOC) 

S
O

O OH

 
N

N

 

 
https://en.wikipedia.org/wiki/Kornblum%E2%80%93DeLaMare_rearrangement

DeLaMare rearrangement
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