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REACTION OF l,l-DIFLUOROCYCLOPROPANES WITH ORGANOLITHIUM COMPOUNDS 
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Substituted l,l-difluorocyclopropanes react with organolithium reagents to provide 
either cyclopropenes or mono-substituted acetylenes depending upon the substitution 
patterns. 

Dichloro- and dibromocyclopropanes, which 

addition of dihalocarbenes on olefins, are now 

upon treatment with organolithium compounds 1) , 

are easily available by the 

well known to be lithiated 

and have been used as the key 

intermediate in the syntheses of natural products 2) . On the other hand, 

the reactivity of the corresponding difluorocyclopropanes has scarcely been 

examined so far, although some reactions of functionalized difluorocyclo- 

propanes have been reported 3) . We thought that difluorocyclopropanes would 

behave differently toward lithium compounds from dichloro- and dibromo-analogs, 

since the halogen-lithium exchange is not likely to occur. Here we report 

that l,l-difluorocyclopropanes react with lithium reagents in completely 

different ways producing either cyclopropenes or mono-substituted acetylenes 

depending upon the substitution patterns. 

First we examined the reaction of l,l-difluoro-2-phenylcyclopropane 1 

with butyllithium 2a in THF at -7OOC. More than two equivalents of 2a was - - 

required for the complete disappearance of 1. Subsequent work-up afforded - 
1-butyl-2-phenylcyclopropene 3a. The product was thermally unstable and - 
polymerized easily upon standing at room temperature. Thus the yield of 3a - 

was calculated by NMR assay of the crude product using tetrachloroethane as 

the internal standard. Similarly, treatment of 1 with methyllithium 2b and - - 

phenyllithium 2c produced cyclopropenes 3b and 3c 4) respectively. - - -I 
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The same 
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transformation took place with 2,3-dialkyl-substituted difluoro- 

Thus, 9,9-difluorobicyclo[6.l.OJnonane 4 gave, upon treatment 
r> 

with 2a,b, g-substituted bicyclo[6.l.O]non-l(9)-enes 5a,b". The results are 

summarized in Table together with some spectroscopic features of the products. 

Table. Cyclopropenes from difluorocyclopropanes, and characteristic 
absorptions in IR and NMR spectra of the products. 

Difluoro- R in RLi Cyclopropane Yield NMR(G) 
cyclopropane (8) 

III1 
(cm 1 ring CH2 H at Ca 

BU Ph 91a) 1850 1.17 2.63 

Ph D F2 Me k R 68a) 1855 1.20 2.30 

Ph - 3 63b) 1820 1.53 1 
- 

c\ / CF2 Bu Me 85b) 2gb) 1860 1870 2.2-2.7 1.95 
4 

0 R 5 
- 2.4-2.7 - 

a) Yields based on NMR assay of crude product using tetrachloroethane as 
internal standard. b) Isolated yields. 

Spectroscopic properties 6) unambiguously support the sturcture of the 

products. The IR spectra of cyclopropenes exhibit an absorption at 1820-1880 
-1 

cm , and in NMR spectra ring protons on C-3 appear as a sharp singlet, and 

those on carbon(s) a to ring C-l and C-2 have absorptions at a fairly low field 

Formation of cyclopropenes can be explained as follows. First, difluoro- 

cyclopropane is dehydrofluorinated to form an intermediate fluorocyclopropene, 

which is quite reactive and reacts instantly with lithium compound at fluorine- 

carrying carbon. And subsequent F- elimination produces the cyclopropene. 

We then examined the reaction of l,l-difluoro-2-methyl-2-phenylcyclo- 

propane 5 with butyllithium s(three equivalents) 
7) in THF. No cyclopropene 

derivative was formed; instead, 3-methyl-3-phenyl-1-heptyne 1 8) was obtained 

in 33% yield as the sole isolable product. Similarly, 3,3-diphenyl-l-heptyne 

8') was isolated in 38% yield when l,l-difluoro-2,2-diphenylcyclopropane S was - 

treated similarly. Mechanistically, several pathways seem to explain the 

formation of acetylene derivatives. Dehydrofluorination of 2 produces a 

fluorocyclopropene 10. - In the cases of 1 and 4, which carry no hydrogen 

on the ring double bond, lithium reagent attacks on fluorine-carrying carbon 
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of the intermediate fluorocyclopropene. On the other hand, in this case, a 

hydrogen on the double bond, which is expected to be quite acidic 6) , is 

preferentially abstracted by lithium reagent to give a lithium compound 11. - 
The fate of 11 to provide the final product 8 seems to have three possibilities - 
a) Elimination of LiF affords cyclopropyne 12, which is then attacked by 

butyllithium at C-2 (bond l-2 or 2-3 fission). b) Butyllithium attacks C-2 

of 11, and subsequent (or concerted) F- elimination gives rise to lithium 

salt of S (bond 2-3 fission). And c) butyllithium adds on bond 1-2 to give 

dilithium intermediate 13. Subsequent elimination of LiF produces the lithium - 
salt of 8 (bond l-2 fission). 
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In order to distinguish these possibilities, 
13 C-labelling experiments 

were performed. Thus, 2 having about 40% l3 C- at C-3 was prepared from acetic 

acid-Z-l3 C by 1) diazomethane, 2) phenylmagnesium bromide, 3) dehydration, 

and 4) sodium chlorodifluoroacetate, and treated similarly with butyllithium. 

The l3 C-NMR spectrum of produced 8 exhibited only one strong absorption at 

6 73.6 [J(13C-H)=248Hz]. This result clearly supports that bond 2-3 fission 

occurred (mechanism b). 

Formation of cyclopropyne, which has been the target of theoretical 
10) calculations , seems to be thermodynamically unfavorable, since LiF elimi- 

nation cannot take place prior to the attack of butyllithium. 

In summary, substituted l,l-difluorocyclopropanes react with lithium 

reagents in two different manners depending upon the substitution pattern, 

and either cyclopropene or mono-substituted acetylene is formed. In the 

latter transformation, intermediacy of cyclopropyne was excluded by 13C_ 

labelling experiments. Observed reactivity of difluorocyclopropanes is 

completely different from that of dichloro- and dibromo-analogs. 
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