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Hetisine-Type Diterpenoid Alkaloids

1) Muratake, H.; Natsume, M. Angew. Chem., Int. Ed. 2004, 43, 4646-4649
2) Peese, K. M.; Gin, D. Y. J. Am. Chem. Soc. 2006, 128, 8734-8735.
3) Zhang, Q.; Zhang, Z.; Huang, Z.; Zhang, C.; Xi, S.; Zhang, M.; Angew. Chem., Int. Ed. 2018, 57, 937-941. 5
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cossonidine and (+)-Davisinol

1) Reina, M.; Gavin, J. A.; Madinaveitia, A.; Acosta, R. D.; de la Fuente, G. J. Nat. Prod. 1996, 59, 145-147.
2) Ulubelen, A.; Desai, H. K.; Srivastava, S. K.; Hart, B. P.; Park, J.-C.; Joshi, B. S.; Pelletier, S. W.; Mericli, A. H.; Mericli, F.; Ilarslan, R. J. Nat. Prod. 

1996, 59, 360-366.
3) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 

140, 8105-8109.
4) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 

6

N

H

H
H

HO OH

N

H HO

H
H

OH

(+)-Davisinolcossonidine

Isolation:

Structual features:

Total synthesis:

Delphinium davisii (1996) 2)Delphinium cossonianum (1996) 1)

hetisine skeleton
C-15 and C-18 hydroxy group

hetisine skeleton
C-1 and C-11 hydroxy group

Sarpong (2018 (23 steps, racemic)) 3) Ding (2021 (17 steps, enantioselective)) 4)

A
B C

D
E F G

A
B C

D
E F G

1

15
11

18



1. Introduction

1. Total synthesis of Cossonidine
(by Sarpong Group)

3. Total synthesis of (+)-Davisinol
(by Ding Group)

4. Summary

Contents

7



Retrosynthetic Analysis

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109. 8
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Construction of A-ring

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109.

2) Lebel, H.; Paquet, V. J. Am. Chem. Soc. 2004, 126, 320-328.
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Regioselective Benzyne acyl-alkylation

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109.

2) Medina, J. M.; Mackey, J. L.; Garg, N. K.; Houk, K. N. J. Am. Chem. Soc. 2014, 136, 15798-15805.
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Installation of N atom

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109.

2) Kulbitski, K.; Nisnevich, G.; Gandelman, M. Adv. Synth. Catal. 2011, 353, 1438-1442.
11

MeO

H

TBSO

O
Br

OMe

O

OR

Pd(PPh3)4, PhSiH3
CH2Cl2
(98%)

MeO

H

TBSO

O
Br

OMe
(1) n-Bu4NF, THF

(95%)

(2) TEMPO, PhI(OAc)2
NH4OAc

CH3CN/H2O
(96%)

CN

MeO

H

O
Br

OMe

MeO

H

O
Br

OMe

R = Allyl

R = H

N
N

O

I

I O
(DIH)

hν, (CH2Cl)2

7

LiN(TMS)2,
THF;
MeI

(58%)

N
O

TEMPO

(74%)

from
convex face

CN



Formation of Cyclic Amine

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109.

2) Heinzman, S. W.; Genem, B. J. Am. Chem. Soc. 1982, 104, 6801-6802.
3) Osby, J. O.; Heinzman, S. W.; Genem, B. J. Am. Chem. Soc. 1986, 108, 67-72. 12
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Construction of E, F-rings

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109.

2) Newcomb, M.; Burchill, M. T.; Deeb, T. M. J. Am. Chem. Soc. 1988, 110, 6528-6535.
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Intramolecular Diels-Alder reaction

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109. 14
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Installation of C1-hydroxy group

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109. 15
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Total Synthesis of cossonidine

1) Kou, K. G. M.; Pflueger, J. J.; Kiho, T.; Morrill, L. C.; Fisher, E. L.; Clagg, K.; Lebold, T. P.; Kisunzu, J. K.; Sarpong, R. J. Am. Chem. Soc. 2018, 
140, 8105-8109.

2) Steves, J. E.; Stahl, S. S. J. Am. Chem. Soc. 2013, 135, 15742-15745.
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Previous Observation

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 18
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Retrosynthesis Analysis

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 19
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Aldol reaction

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 20
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Enantioselective Acylation

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 21
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Proposed Mechanism of Chiral Recognition

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581.
2) Birman, V. B.; Li, X. Org. Lett. 2008, 10, 1115-1118.
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Intramolecular Diels-Alder reaction

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 23
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Diastereoselectivity of Diels-Alder reaction(I)

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 
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Diastereoselectivity of Diels-Alder reaction(II)

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 
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Attempted Epoxidation

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 

26

O O

O

H

OAc

H

O

O O

O

H

OAc

H

O

O

(1) NaBH4, CeCl3 7H2O, 0 ºC
(2) SmI2, THF/MeOH, 0 to 25 ºC
(3) TPAP, NMO, 0 ºC

12% (3 steps)

m-CPBA, DMDO,
a urea-hydrogen peroxide complex,
CF3CO3H and alkali metal peroxides

O O

O

H

OAc

H

O
OMe

OMe



New synthetic plan of cyclization 

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 27
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Optimization of the Radical Cyclization

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 
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Transformation toward E,F-rings construction

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581.
2) Holy, A.; Soucek, M. Tetrahedron Lett. 1971, 12, 185-188.
3) Einhorn, J.; Einhorn, C.; Ratajczak, F.; Pierre, J.-L. J. Org. Chem. 1996, 61, 7452-7454. 
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Construction of E-ring

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 30
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Total Synthesis of (+)-davisinol

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 31
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Summary

1) Yu, K.; Yao, F.; Zeng, Q.; Xie, H.; Ding, H. J. Am. Chem. Soc. 2021, 143, 10576-10581. 32
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Mechanism of Sm reduction 
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Mechanism of B-ring construction
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