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153. The Synthesis of 7,7-Difluoronorbornene 
Preliminary Communication1) 

by C. W. Jefford and W. Broeckx 
DBpartement de Chimie Organiquc, Universitk de Genkve, 1211 Genkve 4 

(25. V. 71) 

Summary. The synthesis of 7,7-difluoronorborn-2-ene and its endo-5-phenyl derivative is 
described. 

7,7-Difluoronorbornene (1) and its derivatives should be excellent candidates for 
mechanistic studies, especially so in view of the versatility of the norbornene skeleton 
[l] and the particular spectroscopic visibility of the substituent fluorine [a] .  We report 
here an effective method for the synthesis of 1 and its endo-5-phenyl derivative 2. 

1 R = H  3 4 
2 R = C,H, 

The obvious approach to the synthesis of 1 and its derivatives is by the (4 + 2 )  
cyclo-addition of 5,5-difluorocyclopentadiene (3) to olefins. Unfortunately, compound 

l i  
~- 

X detailed article will be submitted later t o  Helv. 



1480 HELVKTICA CIIXMICA ACTA - Vol. 54, Fasc. 5 (1971) - Nr. 153 

3 is not known [ 3 ] .  However the tetrachloro derivative 4 is easily available [4] and 
its cyclo-addition affords a route to the desired derivatives of 1 provided that the chlo- 
rine atoms can he removed without disturbing the fluorines. By extension of a well- 
established procedure [5] some chlorinated 7,7-difluoronorbornenes (5-9) were pre- 
pared as candidates for trial experiments of selective reduction. 

5 R = C,H, 
6 R = H  
7 R = C 1  
8 R = B r  R 

The dehalogenation of bridged bicyclic halogen compounds by dissolving metals is 
an old reaction although the precise mechanism is not known 161. In our case a solu- 
tion of lithium or sodium in a mixture of t-butanol and tetrahydrofuran (THF) was 
chosen as being the most promising reducing agent as it works well for the reductive 
dechlorination of isodrin, aldrin and related compounds such as 7,7-dimethoxy- 
1,2,3,4-tetrachloronorborn-2-ene [7] [S]. Moreover, it shows some discrimination in 
the reduction of gem-fluorochlorocyclopropanes [9]. 

Heating a solution of 5 (29 g = 0.084 mol), sodium (20 g ;  0.87 g-atoms) in t-butanol 
(20 ml) and THF (140 ml) gave endo-2-phenyl-7,7-difluoronorborn-5-ene (2) (5.10 g, 
72% yield) as a colourless liquid, b. p. l10°/12 Torr, 92g.5 = 1.5240. No other product 
was formed. 

Similar treatment of 6 (1.44 g) gave 7,7-difluoronorborn-2-ene (1) as an extremely 
volatile colourless solid (200 mg) which had to be immediately stored in a closed 

“F - S p e c t r u m  

. A 6  8.66 Hd * 

b 

In - S p e c t r u m  

v 

1H-,VMR..SpeLtruvn oj 7,7-dzfluoronorborn-2-ene 1 1 2  CCl, at 100 1UHz wzlk anternal (CH,),Sa (bottom) 
and the ‘91;-AB-Quartet at 94.1 M H z  ( top)  
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bottle. Although the yield is small, this is undoubtedly due to loss during isolation, 
as gas-chromatography showed the reaction to be complete with 1 being the only 
product formed. 

The structures of 1 and 2 were confirmed by their NMR. spectra. The proton and 
fluorine spectra of 1 are shown in the figure. 

In an attempt to prepare 7,7-difluoronorbornadiene (lo), both the endo chloro and 
bromo derivatives 7 and 8 were submitted to similar reduction; however, a mixture of 

11 10 

three products was found, from which only 1 could be isolated (30% yield) and char- 
acterized. 

I t  is possible that 1 could have arisen by reductive removal of all five halogens on 
the six-membered ring. On the other hand, elimination could have initially occurred 
to give 11 which then gives 10 with subsequent formation of 1. This second possibility 
cannot be excluded as pure 11 (prepared by treatment of 7 or 8 with potassium 
t-butoxide in dimethyl sulfoxide) gave on reduction the same products as those ob- 
tained directly from 7 and 8. Similarly the reductive dechlorination of the phenyl- 
tetrachlorodiene 9 gave the norbornene 2 in 40% yield together with six other un- 
characterized products. 

It can be concluded that although the gem-difluoro grouping easily survives the 
conditions of the Winstein-Gassman procedure, the second double bond of norborna- 
diene does not. Other methods for obtaining 10 by reduction are being studied. The 
chemical and physical properties of these new fluorinated norbornenes will be described 
elsewhere. 

Compounds 5-9 and 2 gave acceptable elemental microanalytical values. The 
NMR. spectra of 1 and 2 were determined on a V/AK1,4N model XL-100 spectro- 
meter. 

We are indebted to the Swiss National Fund for Scientifzc Research for an equipment grant 
(No. 5202.2). We thank Dr. U .  Burger of our department for the proton and fluorine NMK. spectra. 
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