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3

Winstein, S. et. al. J. Am. Chem. Soc. 1952, 74, 5, 1154.

von RaguéSchleyer, P. J. Am. Chem. Soc. 1958, 80, 1700.

Skell, P. S. J. Am. Chem. Soc. 1960, 82, 2971.

Beaton, J. M. et. al. J. Chem. Soc. 1955, 3992.

(Questioned structure?)

Godin, P. J.; Thain, E. M. Proc. Chem. Soc. 1961, 9, 452.

Poulter, C. D. Acc. Chem. Res. 1990, 23, 70.



Intermediate as Carbenium 1,2 Migration?
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Clues from Protonation of Cyclopropane
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Understanding PCP+ Structure
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a. PCP+ = Cyclopropane + H+

Face PCP+ is disfavored.

b. PCP+ = Alkene + CH3
+

Corner PCP+ has a C-C-C 3c-2e bond.

Edge PCP+ has a C-H-C 3c-2e bond.

Electron sufficient alkenes prefer corner structure.

Symmetric alkenes prefer corner structure. 



Understanding PCP+ Structure

8
+ 2.89 kcal by M06-2X(D3)/def2TZVP

Electron sufficient alkenes prefer corner structure.

Symmetric alkenes prefer corner structure. 

Avoid tertiary carbocation.



PCP+ Elimination Problem
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Edge PCP+ or corner PCP+ as TS of cyclopropane protonation?

Could one of the PCP+ become an ambimodal transition state?

A plausible tendency:

Symmetric alkenes prefer corner structure.

“Protonation” of “Cyclopropane” prefer edge structure.  



Learning from Nature…
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Deprotonation probably via an edge protonated cyclopropane!

However, in an enzyme, the orientation of base is fixed.

Thus Corner PCP+ as TS could not be excluded.



Learning from Science…
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Learning from Science…
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Comparison with Sn Elimination

14
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“Concerted” formation of carbenium ion and leaving of SnBu3.

“SnCP+” not formed, orbital instead of charge control?
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Biomimetic Cationic Cyclopropanation
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Mechanistic Insight
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Concerted Formation of PCP+ is Essential
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Early TS is Beneficial?
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Intramolecular Hydride Shift
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Hydrido-Bridged Cycloalkyl Cations
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C-B conformation with two nonequivalent CH2



cis- or trans-Fused?

24

ΔE < 0.2 kcal by M06-2X(D3)/def2TZVP 

d(C-H)=124.0 pm

∠C-H-C = 133°
Mulliken Charge on H: +0.158 

d(C-H)=125.0 pm

∠C-H-C = 147°
Mulliken Charge on H: +0.145 



6+6 or 5+7?

25

The latter is more stable for 1.5 kcal by M06-2X(D3)/def2TZVP

The result is in agreement with Grant, P. S. et al. Science 2024, 384, 815.

d(C-H)=124.0 pm

∠C-H-C = 133°
Mulliken Charge on H: +0.158 

d(C-H)=125.0 pm

∠C-H-C = 144°
Mulliken Charge on H: +0.033 



A Stable Hydrido-Bridged Cycloalkyl Cation 
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Remote Proton Elimination
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Key Problems: 6+6 or 5+7, Cis or Trans?
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Regioselectivity?
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Substrate Scope and Epimerization
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Conclusion

32

Protonated Cyclopropane and 

Cationic Cyclopropanation

Hydrido-Bridged Cycloalkyl Cation and 

Remote Elimination



PCP+ Elimination for 6 fused 3?
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Proposed Biosynthesis of Laevinane A



Construction of 6 fused 3?
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Similarly,

Moreover: Utilizing biomacromolecule to limit the structure of SM for a better 

cyclopropanation configuration? Molecular evolution to obtain those desired 

biomacromolecules?



Remote Elimination for 6 fused 5?

35

cis structure is more stable by 6.4 kcal/mol

Concern:

Murata S. et. al. J. Am. Chem. Soc. 1979, 101, 2738–2739.
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