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A Novel  Approach to Oligocyclopropane Structural Units. 
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Abstract: A fundamentally novel approach to the synthesis of oligocyclopropane structural 
units based on the iterative formation and trapping of homo-allyl cationic intermediates has 
been accomplished. This methodology provides practical access to the diastereomieally related 
trans-syn-trans and trans-ant/-trans bis-cyclopropanes and higher homologues. 
© 1997 Elsevier Science Ltd. 

Recently, two biologically active natural products (Figure 1) have been isolated which contain 

remarkable contiguous cyclopropane units. FR-900848 is a nucleoside isolated from the fermentation broth of 

Streptoverticilliurafervens which shows potent, selective activity against filamentous fungi, za More recently, 

a cholesteryl ester transfer protein inhibitor, U-106305, was isolated which has a similar oligocyclopropane 

lipid sidechain. 2b Their unusual structures and potent biological activities make FR-900848, U-106305 and 

their stereoisomeric analogues attractive synthetic targets. Several groups have approached the synthesis of 

these novel targets by developing strategies for the stereospecific cyclopropanation of olefins using modified 

Simmons-Smith type methodology.3, 4 Herein we wish to present a preliminary account of our approach to 

these interesting structural units based on the iterative generation, and trapping of homo-allyl cationic 

intermediates. 

Figure 1. Oligo-cyelopropane Natural Products o=~-- ~ 
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In addition to being a part of the classic discussions of carbonium ions, 5 the homo-allylic cation has 

been postulated as a reactive intermediate in the biosynthetic pathway to a number of cyclopropane-containing 

natural products. 6 However, it has only been recently that this intermediate has been utilized by synthetic 

chemists.7, 8 In order to exploit a homo-allyl cationic intermediate for the preparation of oligo-cyclopropanes it 

would be necessary to trap the cyclopropyl carbinyl and subsequently provide functionality capable of 

regeneration of the reactive intermediate in as few steps as possible. Our initial system is described below, 

Scheme I. Allylsilane 1 is our choice as the direct precursor to the cyclopropyl carbinyl cation. The leaving 

group ability of X could be attenuated to insure efficient stereospecific cyclization with inversion, while the 

presence of the silicon trap should stabilize the cyclopropyl carbinyl through hyperconjugation (B-silicon 

effect) and subsequently eliminate to provide a terminal olefin. The cyclization should provide exclusively the 

t rans- isomer  through a transition state that minimizes repulsive interactions of the carbon backbone. 

Moreover, elaboration of the resulting terminal olefin would provide the opportunity to reiterate the cyclization 

step and allow for the preparation of oligo-cyclopropane structural units. 
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Scheme I 
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Protected glycidols have been chosen as our starting material because these epoxides of allylic alcohols 

are excellent sources of chirality. Several derivatives are commercially available with high enantiomeric purity, 

while more functionalized substrates are readily available using the Sharpless asymmetric epoxidation method) 

The homopropargylie alcohols have been prepared easily from glycidol derivatives through oxirane ring cleavage 

by the boron acetylide 10 derived from commercially available propargyltrimethylsilane, Scheme II. 

Propargyltrimethylsilane was metallated with n-butyllithium at -78 °C. However, it was determined to be 

necessary to allow the mixture to warm to -20 °C in order to achieve high levels of deprotonation. After cooling 

back to -78 °C, an equivalent of boron trifluoride-diethyl etherate was added followed by 1,2-epoxy-3- 

phenoxypropane. After 30 minutes at -78 °C the reaction was quenched with saturated ammonium chloride 

solution and allowed to warm to room temperature. Alcohol 2 was isolated via flash chromatography in 85% 

yield. Reduction of the alkyne was accomplished with Lindlar catalyst under an atmosphere of hydrogen to 

provide the aUylsilane 3 in quantitative yield. 

Scheme II 
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Exposure of alcohol 3 to triflouromethansulfonic anhydride in methylene chloride and 2,6-1utidine 

followed by a triethylamine quench provided exclusively the trans- vinylcyclopropane 4 in 89% yield, Scheme 

III. No other by-products were observed in the 1H NMR spectrum of the crude reaction mixture. Using this 

three step protocol, several protected glycidols have been converted to their corresponding vinyl cyclopropane in 

excellent yield. In addition, enantiomerically pure benzyl-(S)-glycidyl ether, which is commercially available, 

provides access to non-racemic vinyl cyclopropane 6 in 72% yield. Loss of enantiomeric purity under the 

reaction conditions was potentially a concern but has been precluded by the evidence presented below. 

Scheme III 
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At this point we can exploit the synthetic potential of this strategy by iteration of the sequence already 

developed. Epoxidation of vinylcyclopropane 4 was accomplished with m-ehloroperbenzoic acid providing a 

1:1 mixture of diastereomeric cyclopropyl epoxides in good yield, Scheme IV. The crude epoxides were 

immediately subjected to the boron acetylide of propargyltrimethyl silane as previously described which 

cleanly provided the diastereomeric alcohols 7a and '/lb. In this particular case, (protecting group = Ph) the 

diastereomeric alcohols were separable by flash chromatography and the combined yield for the two step 

sequence, epoxidation and fragmentation, was 65 %. The lack of diastereoselectivity in the epoxidation is 

disappointing but may be Circumvented by other catalytic epoxidation (or dihydroxylation) methods. In fact, 

Jacobsen has reported 11 the epoxidation of a simple vinylcyclopropane with racem/c manganese salen complex 

to provide exclusively one diastereomer. However, the relative stereochemistry of the product was not 

Scheme IV 

reported. 
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4 3) BF#,OEt20, -78 °C- 
4) then epoxide, -78 oC; 

30 minutes; 65% 2 steps 

p h ~ S l ( C H z h  

7e 
OH p h ~  SllCH~): 

7b 

Hydrogenation of the propargylic alcohols 7a and 7b proceeded without difficulty to provide in each 

case the Z-allylsilane quantitately, Scheme V. Individual activation of each homo-aUylic alcohol with triflic 

anhydride under the conditions discussed above cleanly produced exclusively a single diastereomeric 

dicyclopropane (8a/8b) in excellent yield. 12 Proton NMR spectra of the crude reaction mixture showed no 

fragmentation of the initial cyclopropane ring suggesting an SN2 type mechanism and precluding a cyclopropyl 

carbinyl intermediate. Moreover, this information fully supports the conservation of enantiomeric purity in the 

three step conversion of epoxide 5 to vinyl cyclopropane 6 discussed above. 

Scheme V 
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In summary, we have developed a practical method for the preparation of oligocyclopropanes based 

upon a novel reactive intermediate. 13 These structural units should find utility in a variety of applications 

including precursors to new materials, ligands for asymmetric catalyst design, and conformational control 

elements for the preparation of analogues of biologically active natural products. In addition, we have begun 

investigating multiple cyclopropane generation via a tandem cationic cyclization mechanism. The results of 

this effort as well as further synthetic exploitation of the iterative process presented here will be reported in due 

course. 
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