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dimethylbicyclo[4.1.0]heptane

fused cyclohexyl-gem-dimethylcyclopropanes

- 115 substance hits for natural product isolations in Reaxys search for this structural motif
- 30 of which have pharmacological data
- 15-20 of which have appreciable synthetic complexity (enough to interest a synthetic chemist!)
- but, the cyclohexyl unit is a smaller subclass: many cycloheptane derivatives, and medium sized rings



Proposed	  common	  biosyntheCc	  pathway	  for	  
sesquiterpenes	  containing	  a	  gem-‐dimethylcyclopropane	  



CO2Et

Common strategy: to buy in gem-dimethylcyclopropane from starting point of synthesis

Ethyl chrysanthemate

mix of cis/trans
£160/kg

CO2H

Natural (+)-trans-chrysanthemic acid

£260/1g

problem...

no physical method to
separate cis/ trans

chiral pool not an option
for diastereoselective synthesis

Other gem-dimethylcyclopropane chiral pool precursers

(+)-3-carene (+)-2-carene cis-4-carene
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then  hydrolysis

HO2C

J. Econ. Entomol. 1953, 46, 999
J. Econ. Entomol.  1958, 51, 181

mix of cis/trans

Has received considerable synthetic interest (1970s to 1980s) due to the insecticides pyrethrins which have a very 
low toxicity to mammals and birds
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A chemical solution to cis/ trans mix...

CO2Et

H H

For a discussion of exact mechanism see: J. Org. Chem., 1978, 43, 4323-4328. For original synthetic work: 
Tetrahedron Lett. 1976, 3911; Tetrahedron Lett. 1976, 3915; J. Org. Chem. 1976, 41, 885; J. Org. Chem. 1977, 
42, 2108.
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H H

CO2H
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1) L-Lysine.HCl or quinine

2) Fractional crystallization
3) HCl

CO2H

(+)-trans
with L-Lysine

CO2H

(−)-trans
with quinine

1) {L-Lysine.HCl or quinine}
or {D-Lysine.HCl or

(+)-α-phenylethylamine}

2) Fractional crystallization
3) HCl

or

CO2H CO2Hor

(+)-cis
with L-Lysine or quinine

(−)-cis
with D-Lysine or (+)-α-

phenylethylamine

But how to separate cis- from trans-ethyl chrysanthemate?
Chemical synthesis via aldehyde and basic transesterification.

Agr. Biol. Chem. 1971, 35, 1984-1985

A recent solution for trans-isomers...
Chem Eur. J. 2010, 16 , 9789-9795

N2
EtO

O
+ CO2H

5 mol% [Cu(BTC)3]
heterogenous catalyst

DCM, 20h, r.t.

60%
1 diastereoisomer

no enantiopure compound avalible from purely synthetic methods: a resolution with chiral amine is always needed



This method was applied to the total synthesis of the tigliane skeleton

Dauben, W. G.; Dinges, J.; Smith, T. C. J. Org. Chem., 1993, 53, 7635-7637.
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PhMe, 100 °C, 1h

Tigliane ring system
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via [2+3] dipolar cycloaddition
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JOC, 1984, 49, 2682-2687
JOC, 1986, 51, 5429-5433
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OMeerwein-Eschenmoser
Claisen rearrangment
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OH OEt

EtO OEt

xylene, reflux

OEt

O
[Claisen]

1) H2O/ H+

2) SO2Cl
3) oxazolidinone
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57%

75-87%
not work with Cu(I)
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Cl3C

cis: trans
85:15
89%

+
NaH



From cis-enolate
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JACS, 1989. 111, 4125-4126
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JOC, 2013, 78, 3342
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Conclusions	  

•  May	  install	  gem-‐dimethylcyclopropane	  via	  SM	  
purchase	  or	  syntheCc	  method	  
– Methods:	  
•  rely	  on	  inherent	  diastereoselecCvity	  (not	  enanCo)	  
•  Numerous	  operaCons	  
•  For	  cyclohexyl,	  may	  use	  an	  elegant	  D-‐A	  approach	  

– StarCng	  material	  
•  Carene	  derivaCves	  expensive	  
•  Chysenthamate	  derivaCves	  tedious	  but	  well	  described	  


