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Nazarov Cyclization

Classical Nazarov cyclization:
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Nazarov Cyclization

Interrupted Nazarov cyclization:

Followed by Wagner-Meerwein rearrangement:

Polarized model by Frontier et al.5):
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Nazarov Cyclization

Tu et al. (2022)1):

Reusch et al. (1993)6):
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Design of Reaction



Optimization of Conditions
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Table 1

entry substrate Lewis acid (equiv) solvent time (h) yield (%)

1 1a Cu(OTf)2 (0.2) CH2Cl2 24 71 (93 brsm)

2 1a BF3·Et2O (1.0) CH2Cl2 0.25 96

3 1a In(SbF6)3 (0.1) Et2O 0.25 97

4 1a In(SbF6)3 (0.1) CHCl3 0.5 95

5 1b Cu(OTf)2 (0.2) CH2Cl2 24 not detected

6 1b BF3·Et2O (1.0) CH2Cl2 24 75

7 1b In(SbF6)3 (0.2) Et2O 12 not detected

8 1b In(SbF6)3 (0.1) CHCl3 12 81

9 1b TiCl4 (1.0) CH2Cl2 48 49 (71 brsm)



Scope of Substrates
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Mechanism Study by DFT Calculation
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Proposed Mechanism
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In classical Nazarov cyclization:

Regioselectivity of ring expansion:



Scope of Substrates
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Proposed Mechanism
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Proposed Mechanism
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Scope of Substrates

17Conditions (unless noted): In(SbF6)3 (0.1 equiv), CHCl3 (0.1 M), rt, 12 h
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Waihoensene
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Isolation: plant Podocarpus totara var. waihoensis

Biological activity: not reported

Structural features:

• 6/5/5/5 tetracyclic core

• angularly fused A/B/C ring and B/C/D ring

• 4 quaternary centers

• 6 contiguous stereocenters

Total synthesis: (5 examples)

• Lee et al. (2017, racemic)7) ⇒ 200919_PS_Yuma_Komori

• Yang et al. (2020, asymmetric)8)  ⇒ 200919_PS_Yuma_Komori

• Snyder et al. (2020, asymmetric)9)

• Gaich et al. (2021, racemic & asymmetric)10)

• Tu et al. (2022, racemic)1)



Synthesis of Waihoensene

20a) Previous conditions: In(SbF6)3 (0.1 equiv), CHCl3 (0.1 M), rt, 12 h, 81%, dr = 4:1



Synthesis of Waihoensene
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Synthesis of Waihoensene
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Synthesis of Waihoensene

2311) Qu, Y.; Wang, Z.; Zhang, Z.; Zhang, W.; Huang, J.; Yang, Z. J. Am. Chem. Soc. 2020, 142, 6511.
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Phomopsene Diterpenes
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Isolation: fugus Phomopsis amygdali

Biological activity: not reported

Structural features:

• unique 5/5/6/5 tetracyclic core

• 3 quaternary centers

• 5-6 contiguous stereocenters

Total sythesis: (1 example)

• Tu et al. (2023, racemic and asymmetric)2)



Retrosynthetic Analysis
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Synthesis of Tetracyclic Core
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Synthesis of Tetracyclic Core
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Proposed Mechanism
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Proposed Mechanism
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Functionalization
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C-Ring Expansion
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Total Synthesis of iso-Phomopsene
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Total Synthesis of iso-Phomopsene
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Total Synthesis of Phomopsene
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Total Synthesis of Phomopsene
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Total Synthesis of Phomopsene
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Total Synthesis of Methyl Phomopsenonate
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Total Synthesis of Methyl Phomopsenonate
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Asymmetric Total Syntheses
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X-ray for 8b
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