
Problem Session (8) Haruka Fujino2022.9.17

Please propose your synthetic route to one of grayane diterpenoids (GD1-GD4) from a commercial compound.
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Problem Session (8) - Answer - Haruka Fujino2022.9.17

Topic: Synthetic Plan of Grayanotoxin III and more oxygenated congeners

1. Introdution
1-1 Grayanane diterpenaoids

pierisformosoid B (GD1)

[analgesic]

Tetrahedron 2018, 74, 375.
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grayanane skeleton

pierisformosoid D (GD2)

[analgesic]

Tetrahedron 2018, 74, 375.

grayanotoxin III (GD4)

[sodium channel activation

and cell depolarization]

J. Am. Chem. Soc. 1954, 79, 4548.

comprehensive reviews:

Li, S.-H. and Gao, J.-M. et al. Eur. J. Med. Chem. 2019, 166, 400.

Yu, S.-S. et al. Phytochem Rev. 2013, 13, 305.

- isolated from Ericaeae family

- a unique 5/7/6/5 tetracyclic system containing bicyclo-[3,2,1]-octane system

- a broad range of bioactivities

(toxic, analgesic, antitumor, antiviral, amtinociceptive, anti-inflammatory, etc...)

- More than 290 grayanoids has been isolated.

1-2 Grayanotoxin III and more oxygenated congeners (GD1-GD4)

pieristoxin C (GD3)

[antifeedant, analgesic]

Chem. Pharm. Bull. 1980, 28, 3124.

Tetrahedron 2018, 74, 375.

total syntheses (See section 2):

grayanotoxin III

Shirahama (J. Org. Chem. 1994, 59, 5532.)

Luo (J. Am. Chem. Soc. 2022, 144, 5268.)

grayanotoxin II
Matsumoto

(racemic, Tetrahedron Lett. 1972, 13, 3087.)

principinol D

Newhouse (J. Am. Chem. Soc. 2019, 141, 8088.)

GD1-GD3

no examples

1-3 Related natural products

*PTP1B: protein tyrosine phosphatase 1B

principinol D (= 1-epi-Δ10,20-GD4)

(grayanane diterpenoids)

[weak PTP1B* inhibitory]

Tetrahedron 2014, 70, 4317.
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Phytochem. Rev. 2013, 12, 305.

1-4 SAR study
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grayanotoxin II (= Δ10,20-GD4)

[weaker activity than GD4]

J. Am. Chem. Soc. 1954, 79, 4548.
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1-5 Proposed biosynthesis of carboskeletons

OPP

geranylgeranyl PP (−)-copalyl PP
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A B 1,2-alkyl shift*

Details are underexplored.*

1-6 Chemical skeletal trasformations of grayanane skeletons (Yields are not mentioned.)
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Kaiya, T.; Shirai, N.; Sakaibara, J. J. Chem. Soc., Chem. Commun. 1981, 22.
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grayanotoxin II diacetate (Chem-5)

(grayanane)

OH

H
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no name (Chem-3)
(1,5-seco-grayanane)

Ac2O

pyridine

Chem-4 : Chem-5

= 7 : 3

Katai, M.; Terai, T.; Meguri, H. Chem. Lett. 1985, 443.
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(1,5-seco-grayanane)

OAc
O
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1
6

+

Prins-type cyclization

■ "forward" biosynthetic pathway

■ "reverse" biosynthetic pathway

CDCl3

sluggish reaction

Kaiya, T.; Shirai, N.; Sakaibara, J. J. Chem. Soc., Chem. Commun. 1979, 431.

*

*

not good conversion efficacy
<- The conformation of Chem-3 might be flexible.
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2. Past Total Syntheses of Grayanotoxin III and Related Analogs

Gasa, S.; Hamanaka, N.; Matsunaga, S.; Okuno, T.; Takeda, N.; Matsumoto, T. Tetrahedron Lett. 1976, 17, 553.

OMe

O

rac-TM-3

OMe

TM-1

O

1. MeI, pyrrolidine

88%
2.

O

Cl

TM-2, 58%

3. Li, NH3
4. HI, AcOH

5. H+, (CH2OH)2
70% (3 steps)

6. Raney-Ni, 80%

7. HCl

8. DDQ, 65% (3 steps)
OH

O
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H

H

OH

O

rac-TM-A

H

H9. hν

AcOH

80%

10. DHP
11. HCO2Et
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85% (2 steps)

12. n-BuSH
OH

O
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H

H

For related PSs on photo-santonin rearrangement, see:

(a) 100918_PS_Shoko_Matsutaka (b) 170729_PS_Takahiro_Kawamata (c) 201024_PS_Yuuki_Watanabe.
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(+ rac-TM-(E)-6: 45%)

H

OH
H

O

OTHPH

rac-TM-7

15. H+, H2O

16. acetylation

17. OsO4
85% (3 steps)

H

OH
H

O

OAcH

rac-TM-8
O
OHH

18. Br2, 90%

19. LiCl, 75%

20. Ar3B, Na

t-BuOH

H

OH
H

O

OAcH

rac-TM-9

O
OHH

(Ar = 2,4,6-(i-Pr)3-C6H2)
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Matumoto Group (grayanotoxin II, racemic)
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Shirahama Group (grayanotoxin III)

Kan, T.; Hosokawa, S.; Nara, S.; Oikawa, M.; Ito, S.; Matsuda, F.; Shirahama, H. J. Org. Chem. 1994, 59, 5532.

OEt
HO

ethyl L-lactate

1. TsCl, 99%

2. LiAlH4, 84%

3. NaSPh, 93% HO

SPh

HS-1

4. BnCl
5. NaIO4
6. (CF3CO2)O

67% (3 steps) BnO

O

HS-2
Pummerer

rearrangement

7. Ph3P=CHCO2Me

80%
8. HS-3

9. HF, 100% (2 steps)

10. PDC, 97%

Diels-Alder

reaction

H

H

MeO

O

BnO

O

HS-4
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11.

72%

12. FeCl3, 84%

13. NaBH4, 63%

H
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O
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87%
O
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15. SmI2, 86%
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H

O
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OMOM

H

MOMSmI2-mediated
cyclization

17. KOH

18. CH2N2
19. H2SO4, CrO3

79% (4 steps)

H
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O
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94% (2 steps)
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Newhouse Group (principinol D)

Turlik, A.; Chen, Y.; Scruse, A. C.; Newhouse, T. R. J. Am. Chem. Soc. 2019, 141, 8088.
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O
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I
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A

1. CBS [H]

72%, 86% ee

2. TBSCl, 95%

3. IBX, 84%
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O
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4. 1,3-dithiane

n-BuLi, 69%

5. MOMCl, 87%

6. NBS, H2O

91%
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9. t-BuLi, 26%

10. MOMCl, 88%

+
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12. Dess–Martin [O]

79%

13. OsO4, NaIO4, 84%

O
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O

O
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O
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HO
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H
H
OH
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OH

H
H

HO OH
OH

H

HO principinol D

17. Mn(dpm)3
O2, PhSiH3

18. LiEt3BH

52% (2 steps)

19. H2SO4, 78%

B

O O

O O

MOM

MOM MOM

Kong, L.; Yu, H.; Deng, M.; Wu, F.; Jiang, Z.; Luo, T. J. Am. Chem. Soc. 2022, 144, 5268.

(cf. See also 220514_PS_Jaejoong_Han.)
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51%, 83% ee
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O
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3. PBr3, DMF

4. p-TsOH

HC(OMe)3
54% (2 steps)

TL-3

5. TMSOTf

; Et2AlCl, 58%

TL-4

Mukaiyama aldol reaction

Hosomi-Sakurai reaction
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Our original synthetic plans are closed to the public.
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