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A c a p i t a l F a t t h e b e g i n n i n g o f a c h e m i c a l namp means 
t h a t t h e compound r e f e r r e d t o i s t o t a l l y f l u o r i n a t e d . 
T h u s , f o r e x a m p l e , F - c y c l o b u t e n e i s e q u i v a l e n t t o 
h e x a f l u o r o c y c l o b u t e n r . 

A c a p i t a l F i n t h e m i d d l e o f a name means t h a t a l l 
s u b s t i t u e n t s , a p a r t f r o m t h o s e named b e f o r e t h e F , a r e 
f l u o r i n e . T h u s , f o r e x a m n l e , 1 , 2 - d i c h l o r o - F - c y c l o b u t a n e 
i s e o u i v a l e n t t o 1 , 2 - d i c h l o r o h e x a f l u o r o c y c 1 o b u t a n e . 

The p r e s e n c e o f an F i n t h e m i d d l e o f a r i n n means t h a t 
a l l u n m a r k e d s u b s t i t u e n t s a r e f l u o r i n e . T h u s , f o r e x a m p l 
F - c y c l o b u t e n e and 1 , 2 - d i c h l o r o - F - c y c l o b u t a n e a r e 
r e p r e s e n t e d a s b e l o w : -

• C I 

C I 



SUMMARY 

T h i s t h e s i s d e a l s mni.nlv w i t h t h e p r e p a r a t i o n a n d r e a c t i o n s 
o f F - c y c l o b u I . e n e o l i g o m e r s . 

A r e i n v e s t i g a t i o n o f t h e o l i g o m e r i s a t i o n o f F - c y c l o b u t o n e 
h a s shown t h a t d i f f e r e n t t r i m e r s a r e p r o d u c e d b y p y r i d i n e a n d 
b y f l u o r i d e i o n i n d u c e d r e a c t i o n s . The p y r i d i n e i n d u c e d r e a c t i o n 
p r o v i d e s a u s e f u l r o u t e t o t h e d i n e r s a n d t h e t r i m e r , F - 1 , 2 -
d i c y c l o b u t y l c y c l o b u t e n e . F l u o r i d e i o n i n d u c e d r e a c t i o n s o f 
F - c y c l o a l k e n e s w i t h o t h e r F - a l k e n e s a r e a l s o d e s c r i b e d . T h e s e 
r e a c t i o n s g i v e an i n t e r e s t i n g r a n g e o f p r o d u c t s whose s t r u c t u r e s 
a r e e x p l a i n a b l e i n t e r m s o f c u r r e n t r i n g s t r a i n t h e o r i e s . 

The d i m e r s o f F - c y c l o b u t e n e , a n d o t h e r F - c y c l o a l k y l 
d e r i v a t i v e s , g i v e l o n g - l i v e d , o b s e r v a b l e c a r b a n i o n s w i t h f l u o r i d e 
i o n i n a d i p o l a r a p r o t i c s o l v e n t . 

N u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n s o f t h e F - c y c l o b u t e n e 
o l i g o m e r s h a v e b e e n i n v e s t i g a t e d a n d t h e p r o d u c t s a r e p r e d i c t a b l e 
f r o m a k n o w l e d g e o f t h e c o r r e s p o n d i n g r e a c t i o n s w i t h F - c y c l o -
- b u t e n e . One n o t i c e a b l e d i f f e r e n c e , h o w e v e r , i s t h e much 
g r e a t e r r e a c t i v i t y o f t h e o l i g o m e r s c o m p a r e d t o F - c y c l o b u t e n e . 
T h u s , f o r e x a m p l e , t h e d i m e r s r e a c t r a p i d l y a t room t e m p e r a t u r e 
w i t h n e u t r a l a l c o h o l s . 

P r e l i m i n a r y i n v e s t i g a t i o n o f t h e a d d i t i o n r e a c t i o n s o f t h e 
o l i g o m e r s i n d i c a t e s t h a t t h e s y m m e t r i c a l d i m e r h a s e n h a n c e d 
r e a c t i v i t y , o v e r f o r m a l l y s i m i l a r s t r u c t u r e s , b e c a u s e o f i t s 
c o n s i d e r a b l e a n g l e s t r a i n . Some i n t e r e s t i n g p r o d u c t s a r e 
o b t a i n e d f r o m r e a c t i o n s w i t h d i a z o m e t h a n e a n d f r o m o x i d a t i o n 
r e a c t i o n s w i t h p o t a s s i u m p e r m a n g a n a t e . 

P y r o l y s i s o f F - c y c l o b u t e n e s o v e r f l u o r i d e i o n h a s p r o v i d e d 
a w e a l t h o f n o v e l r e a r r a n g e m e n t s w h i c h a r e e x p l a i n a b l e i n t e r m s 
o f c y c l o b u t e n e r i n g o p e n i n g f o l l o w e d by r e a c t i o n o f t e r m i n a l 
d i f l u o r o m e t h y l e n e s t o g i v e t r i f l u o r o m e t h y l g r o u p s . T h u s , f o r 
e x a m p l e , F - c y c l o b u t e n e g i v e s F - 2 - b u t y n e . 

R e a c t i o n o f F - l , 2 - d i c y c l o b u t y l c y c l o b u t e n e w i t h c a e s i u m 
f l u o r i d e i n d i m e t h y l f o r m a m i . d e r e s u l t s i n a r e a r r a n g e m e n t t o 
g i v e a c y c l o h e p t e n e d e r i v a t i v e . P y r o l y s i s o f t h i s compound 
r e s u l t s i n i n i t i a l l o s s o f F - e t h e n e and g i v e s some i n t e r e s t i n g 
s e v e n - m e m b e r e d r i n g compounds. 

P h o t o l y s i s o f F - m e t h y l e n e c y c l o b u t a n e s r e s u l t s i n a 1 , 3 - s h i f t 
o f t h e d o u b l e b o n d ; t h e r a t e o f r e a c t i o n a p p e a r s t o b e 
d e p e n d a n t on a n g l e s t r a i n i n t h e i n i t i a l a l k e n e . 

http://mni.nl
http://dimethylformami.de
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- 1 -

G o n o r a l I n t r o d u c t i o n 

O v e r t h e p a s t f e w d e o a d e s t h e r e h a s b e e n a g r o w i n g 
t e n d e n c y i n c h e m i s t r y , b o t h a t an i n d u s t r i a l a n d an a c a d e m i c 
l e v e l , t o t r y t o f i n d c h e m i c a l s h a v i n g s p e c i a l e f f e c t s a n d / o r 
n o v e l r e a c t i v i t y . I n t h i s c o n t e x t t h e a r e a o f o r g a n i c f l u o r i n e 
c h e m i s t r y i s o f c o n s i d e r a b l e i n t e r e s t s i n c e t h e a b i l i t y t o 
r e p l a c e h y d r o g e n , i n an o r g a n i c m o l e c u l e , e i t h e r p a r t i a l l y 
o r c o m p l e t e l y , w i t h o u t m a r k e d l y a f f e c t i n g t h e g e o m e t r y o f 
t h a t m o l e c u l e m a k e s f l u o r i n e c o n t a i n i n g s y s t e m s q u i t e 
u n u s u a l . 

T h e m a i n d i f f e r e n c e i n p r o p e r t i e s b e t w e e n f l u o r o c a r b o n a n d 
h y d r o c a r b o n s y s t e m s s t e m s f r o m t h e d i f f e r e n c e i n e l e c t r o — 
- n e g a t i v i t i e s o f f l u o r i n e a nd h y d r o g e n , a n d t h e p r o f o u n d 
e f f e c t s a r i s i n g f r o m t h e i n f l u e n c e o f no n - b o n d e d e l e c t r o n 
p a i r s on t h e f l u o r i n e a t o m s . C o n s e q u e n t l y , i n f l u o r o c a r b o n s , 
f u n c t i o n a l g r o u p s a r e i n c o m p l e t e l y d i f f e r e n t e l e c t r o n i c 
e n v i r o n m e n t s t o t h e i r h y d r o c a r b o n a n a l o g u e s a n d t h i s l e a d s t o 
a c o m p l e t e l y d i f f e r e n t , t h o u g h o f t e n c o m p l e m e n t a r y , mode o f 
c h e m i c a l b e h a v i o u r . 

An i m p o r t a n t p r o p e r t y o f many f l u o r o c a r b o n s , p a r t i c u l a r l y 
f r o m an i n d u s t r i a l v i e w p o i n t , i s t h e i r h i g h t h e r m a l a n d 
c h e m i c a l s t a b i l i t y . F o r e x a m p l e , p o l y t e t r a f l u o r o e t h y l e n e i s an 
e x e p t i o n a l l v u s e f u l p o l y m e r w h i c h , a p a r t f r o m a h i g h d e g r e e o f 
c h e m i c a l and t h e r m a l s t a b i l i t y , , a l s o h a s a v e r y l o w c o e f f i c i e n t 
o f f r i c t i o n a n d h a s b e e n u s e d i n t h e m a n u f a c t u r e o f d r y 
b e a r i n g s , a s a c o a t i n g f o r n o n - s t i c k c o o k w a r e , e t c . . 

I n t h e p h a r m a c e u t i c a l i n d u s t r y f l u o r i n e c o n t a i n i n g 
c ompounds a r e f i n d i n g a n e v e r i n c r e a s i n g u s a g e . T h u s , f o r 
e x a m p l e , C F ^ - C H B r C l i s a v e r y w i d e l y u s e d a n a e s t h e t i c w h i l s t 
5 - f 1 u o r o u r a c i l h a s b e e n u s e d i n c a n c e r t r e a t m e n t . Many 
s t e r o i d a l compounds c o n t a i n i n g f l u o r i n e h a v e g r e a t l y e n h a n c e d 
a n t i - i n f l a m m a t o r y p r o p e r t i e s , a n d e m u l s i o n s c o n t a i n i n g 
c ompounds r e l a t e d t o p e r f l u o r o d e c a l i n a r e e v e n b e i n g p r o p o s e d 
a s b l o o d s u b s t i t u t e s . 

O t h e r u s e s o f f l u o r o c a r b o n s i n c l u d e s u c h d i v e r s e a r e a s a s 
s u r f a c t a n t s , d y e s , f i r e e x t i n g u i s h e r s , a e r o s o l p r o p e l l a n t s , 
r e f r i g e r a n t s , c o o l a n t s f o r s e a l e d e l e c t r i c a l s y s t e m s , e t c . . 

A p a r t i c u l a r l y i n t e r e s td^iig^ajr^a-j<>' t h o u g h much n e g l e c t e d b y 

V 
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both t h e academic and i n d u s t r i a l w o r l d , 1 s t h a t of s m a l l r i n g 
compounds. F l u o r i n e t e n d s to s t a b i l i s e s m a l l r i n q s w i t h r e s p e c t 
to hydrogen though the r e a s o n s f o r t h i s a r e not c l e a r . T h i s 
enhanced s t a b i l i t y c o u p l e d w i t h e a s y p r e p a r a t i o n s means t h a t 
a w e a l t h of i n t e r e s t i n g c h e m i s t r y i s p o t e n t i a l l y a v a i l a b l e 
from t h i s a r e a . 

T h i s t h e s i s i l l u s t r a t e s some of the v a r i e d and e x c i t i n g 
c h e m i s t r y which i s d e v e l o p i n g w i t h p e r f l u o r o c y c l o a l k y l 
d e r i v a t i v e s . 
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CHAPTER 1 

THE CHRMISTRY OF POL YFI.IIORINATRO C Y C L I C ALKBNBS 

The a i m o f t h i s c h a p t e r i s t o g i v e a b r i e f s u r v e y o f o n e 
o f t h e many a r e a s o f o r g a n i c f l u o r i n e c h e m i s t r y - t h a t o f 
h i g h l y f l u o r i n a t e d , u n s a t u r a t e d , c y c l i c compounds. 
l . A S y n t h e s i s 

A l l o f t h e s i m p l e r F - c y c l o a l k e n e s and - c y c l i c 
d i e n e s a r e f a i r l y r e a d i l y a v a i l a b l e i n t h e l a b o r a t o r y a n d i n 
many c a s e s i t i s p o s s i b l e t o p r e p a r e a n a l a g o u s p o l y f l u o r i n a t e d 
c o mpounds c o n t a i n i n g one o r more a t o m s o t h e r t h a n f l u o r i n e 
( e . g . c h l o r i n e o r h y d r o g e n ) . T h e s e l a t t e r compounds a r e o f t e n 
u s e f u l f o r h e l p i n g t o d e d u c e r e a c t i o n m e c h a n i s m s ( s e e l a t e r ) . 

I n common w i t h many o f t h e i r a c y c l i c c o u n t e r p a r t s , t h e 
s y n t h e s i s o f c y c l i c f l u o r o a l k e n e s u s u a l l y i n v o l v e s d e h a l o g -
- e n a t i o n o r d e h y d r o h a l o g e n a t i o n a t some s t a g e . 

l . A . l C y c l o p r o p e n e s 
F - C y c l o p r o p e n e c a n be p r e p a r e d i n a b o u t 

5 0 % o v e r a l l y i e l d by a d d i t i o n o f d i f l u o r o c a r b e n e t o 1 , 2 - d i c h l -
1-3 

- o r o d i f l u o r o e t h y l e n e a n d s u b s e q u e n t d e c h l o r i n a t i o n ; 
a n a l a g o u s r e a c t i o n s a r e u s e d t o p r e p a r e 1 - c h l o r o - F - c y c l o -

3 4 5 - p r o p e n e , t e t r a c h l o r o c y c l o p r o p e n e ' a n d F - m e t h y l e n e c y c l o -
- p r o p a n e c o n t a i n i n g a b o u t 5% o f F - m e t h y l c y c l o p r o p e n e a s 
i m p u r i t y ( s c h e m e 1 ) . ^ 

A u s e f u l g e n e r a l s y n t h e s i s o f f l u o r i n a t e d a l k e n e s i s t h e 
r e p l a c e m e n t o f c h l o r i d e , f r o m t h e c o r r e s p o n d i n g c h l o r i n a t e d 

7 
s y s t e m , b y f l u o r i d e i o n ; s u p r i s i n g l y when t e t r a c h l o r o - o r 
t e t r a b r o m o - c y c l o p r o p e n e i s r e a c t e d w i t h p o t a s s i u m f l u o r i d e no 

g 
F - c y c l o p r o p e n e i s o b t a i n e d , t h e p r o d u c t b e i n g a m i x t u r e o f 
d i - a n d t r i - f l u o r o c y c l o p r o p e n e s . 

An i n t e r e s t i n g r e a c t i o n o c c u r s b e t w e e n d i f l u o r o c a r b e n e a n d 
F - 2 - b u t y n e t o g i v e , i n i t i a l l y , a c y c l o p r o p e n e w h i c h c a n r e a c t 

g 
f u r t h e r t o g i v e a b i c y c l o b u t a n e : -

3 

- 2 

F _ 

C F C F C F _ C CCF 
CF C F CF CF 



Scheme 1 

Preparation of Fl u o r l n a t e d Gyclopropenes 

F F A 
F ^ ^ X 

( i i ) 
CFC1 CC1X FG1 XC1 

X a F or 

Gl A 
2 

:CC1 KOU 
CHC1 CGI 

Gl H„0 HC1 

BBr 

Br AT 
i ) A CF-C1CC1 CF GF„C1 

Gl 
i i ) 

\ A ZnBr A GF GF CF 

ca. 20 t 1 

F ( i i i ) A, X = CI or Br A- X or F 

( i ) . :CF 2 e.g. from F-propene oxide or (CF^)^PF, 

( i i ) . ~ c l 2 e*^* w i * n z i n c and dioxan or methanol 

( i i i ) . KF, sulpholan, 180°C. 
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S i m i l a r r e a c t i o n s , t o g i v e c y c l o p r o p e n e s , o c c u r w i t h o t h e r 
10 

a c e t y l e n e s , e . g . p e n t a f l u o r o a c e t y l e n e . 
I t i s r e p o r t e d t h a t F - c y c l o p r o p e n e i s a m i n o r p r o d u c t 

f r o m t h e r e a c t i o n o f s i n g l e t o x y g e n w i t h F - 1 , 3 - b u t a d i e n e . * * 
1.A.2 C y c l o b u t e n e s 

The f o u r - m e m b e r e d r i n g s y s t e m i s t h e m o s t 
r e a d i l y a c c e s s i b l e i n o r g a n i c f l u o r i n e c h e m i s t r y due t o t h e 
v e r y f a c i l e ( 2 + 2 ) c y c l o a d d i t i o n s w h i c h many f l u o r o e t h y l e n e s 
u n d e r g o . T h i s i s one o f t h e more u n u s u a l a s p e c t s o f f l u o r o c a r b o n 
c h e m i s t r y a n d h a s c o n s i d e r a b l e p o t e n t i a l s y n t h e t i c u s e - t h e 
a r e a h a s b e e n r e v i e w e d . ^ 

F - C y c l o b u t e n e was t h e f i r s t F - c y c l o a l k e n e t o be s y n t h e s i s e d 
and t h e p r e p a r a t i o n i n v o l v e s d i m e r i s a t i o n o f c h l o r o t r i f l u o r o -
- e t h y l e n e a n d d e c h l o r i n a t i o n o f t h e r e s u l t a n t 1 , 2 - d i c h l o r o -

13 
F - c y c l o b u t a n e . 1 , 2 - D i c h l o r o - F - c y c l o b u t e n e c a n be p r e p a r e d b y 
an a n a l a g o u s r o u t e and o v e r a l l y i e l d s f o r b o t h r e a c t i o n s a r e 

13 
o f t e n a s h i g h a s 9W. 

F 
F 2 C = CXC1 2 0 Q o c C1X _ . X 

r j ~ — > 
F 2 C = C X C 1 H l 9 h P - ' ' C 1 X 

X = F o r C I 

T h e d e c h l o r i n a t i o n i s u s u a l l y c a r r i e d o u t u s i n g z i n c d u s t 
1 3 

i n a s u i t a b l e s o l v e n t , e . g . m e t h a n o l . However, i t c a n a l s o 
be a t t a i n e d t h e r m a l l y i n a s t r e a m o f h y d r o g e n o v e r a s u i t a b l e 
c a t a l y s t . U n f o r t u n a t e l y t h e h i g h t e m p e r a t u r e s r e q u i r e d f o r 
t h i s r e a c t i o n o f t e n r e s u l t i n c o n s i d e r a b l e r e t r o ( 2 + 2 ) 
_ , ,. . 14-16 a d d i t i o n . 

F - C y c l o b u t e n e c a n a l s o be p r e p a r e d by d e b r o m i n a t i o n o f 
17 

1 , 2 - d i b r o m o - F - c y c l o b u t a n e a n d by t h e r m a l d i m e r i s a t i o n o f 
18 

i o d o t r i f l u o r o e t h y l e n e i n t h e p r e s e n c e o f p h o s p h o r u s . Low 
y i e l d s ( c a . 209*) a r e o b t a i n e d b y p a s s a g e o f c h l o r o t r i f l u o r o -
- e t h y l e n e t h r o u g h a n i c k e l t u b e a t 6 8 0 ° C , 1 Q o r by p a s s a g e o f 
h e x a c h l o r o - 1 , 3 - b u t a d i e n e and h y d r o g e n f l u o r i d e o v e r a z i n c 

20 
f l u o r i d e / a l u m i n a c a t a l y s t . 

O t h e r p o l y f 1 u o r o c y c l o b u t e n e s made by a n a l a g o u s r o u t e s a r e 
to o n u m e r o u s t o m e n t i o n , b u t o f p a r t i c u l a r i n t e r e s t i s t h e 
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c y c l o a d d i t i o n o f a c e t y l e n e a n d F - e t h y l e n e t o g i v e 3 , 3 , 4 , 4 -
2 1 

t e t r a f l u o r o c y c l o b u t e n e . 

HC CH c a . 2 2 5 C 

12 h o u r s 

H 
3 5 % 

\ 1.A.3 C y c l o b u t a d i e n e s 
22 23 B o t h t e t r a f l u o r o - a n d F - t e t r a m e t h y l -

- c y c l o b u t a d i e n e s h a v e b e e n g e n e r a t e d p h o t o c h e m i c a l l y , a s 
r e a c t i v e i n t e r m e d i a t e s , f r o m compounds d e r i v e d f r o m v a l e n c e 
i s o m e r s o f F - b e n z e n e s ( s c h e m e 2 ) . F - t e t r a m e t h y l c y c l o b u t a d i e n e 
c a n a l s o b e made by t h e r m o l y s i s o f (Jl) o r b y r e a c t i o n o f 
3 - b r o m o - F - t e t r a m e t h y l c y c l o b u t e n e w i t h m e t h y l l i t h i u m . I n t h e 
f i r s t c a s e t h e r e i s some d i s a g r e e m e n t o v e r t h e f a t e o f t h e 

2 4 , 2 5 
c y c l o b u t a d i e n e , w h i l s t , i n t h e s e c o n d c a s e , f u r t h e r 
r e a c t i o n o c c u r s t o g i v e a c o m p l e x m i x t u r e o f d i m e r i c p r o d u c t s . 

27 
The s p e c t r a l d a t a on F - c y c l o b u t a d i e n e s h a s b e e n o b t a i n e d . 

26 

1.A.4 C y c l o p e n t e n e s 
T h e o n l y p e r f l u o r o a l k e n e t h a t c a n b e ob-

- t a i n e d f r o m n o n - f l u o r i n a t e d s t a r t i n g m a t e r i a l s i n a o n e s t e p 
p r o c e s s i s F - c y c l o p e n t e n e , w h i c h i s made f r o m t h e r e a c t i o n o f 
o c t a c h l o r o c y c l o p e n t e n e w i t h f l u o r i d e i o n i n a d i p o l a r a p r o t i c 
s o l v e n t . 7 

KF, 60°C 

r l e . g . DMF ^ ' 7 0 % 

i 
T h e m e c h a n i s m i n v o l v e s a s e r i e s o f S^2 d i s p l a c e m e n t s o f 
a l l y l i c c h l o r i n e . A s i m i l a r r e a c t i o n o c c u r s w i t h 1 , 2 - d i c h l o r o -
- F - c y c l o p e n t e n e , w h i c h i s i t s e l f p r e p a r e d f r o m r e a c t i o n o f 
o c t a c h l o r o c y c l o p e n t e n e o r t h e r e a d i l y a v a i l a b l e h e x a e h l o r o -

29 30 
- c y c l o p e n t a d i e n e w i t h a n t i m o n y p e n t a f l u o r i d e . 

F - M e t h y l e n e c y c l o p e n t a n e i s p r o d u c e d , i n l o w y i e l d , t o g e t h e r 
w i t h some F - m e t h y l c y c l o p e n t e n e i n a f a s c i n a t i n g r e a c t i o n 
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Scheme 2 

G e n e r a t i o n a nd F a t e o f F - c y c l o b u t a d i e n e s 
O 

COOH 
/ 

F 
1 O 

O 

F 

2) JT„0/Zn 
COOH 

hv. 253.7 nm 

O E N' v a c u o 

8 

H 
H o f l a s h • H t h e r m o l y s i s 

H 
[24,251 C P , 

( C F , 

(1) 

C C F , ( C F , 0 C 

< C F3>8 

CF CF 
C F C F CF C CCF CF_CB'r 

C F CF R r 

t 

150 C 
( C F J 

CF C F C F C F 

F 1 
C F C F C F C F r 3 

L i R'r 

1 somer s 16 24 
M e L i E t - 0 
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31 . i n v o l v i n g g a s - p h a s e p h o t o l y s i s o f F - c y c l o h e x e n e ; i t i s 
32 c l a i m e d t h a t l i q u i d - p h a s e p h o t o l y s i s g i v e s a n 8 0 % y i e l d . 

Ô 2 * G/ CF 
hv 184 9 nm 

g a s 
+ o t h e r p r o d u c t s 

p h a s e 

a u t o c l a v e 

50% C F 550 C 
c o n v e r s i o n 

C F 

( 3 ) 2 0 % ( 2) 509; 

A s i m i l a r r e a c t i o n o c c u r s t h e r m a l l y ; t h u s i n t h e p r e s e n c e 
o f n i c k e l s h a v i n g s , a t h i g h t e m p e r a t u r e s , F - c y c l o h e x e n e g i v e s 
a good y i e l d o f F - 1 - m e t h y l c y c l o p e n t e n e (£) and" some F - l , 2 -

33 
d i m e t h y l c y c l o p e n t e n e (.3). A l s o , F - c y c l o p e n t e n e was u n c h a n g e d 
when h e a t e d a l o n e , b u t i n t h e p r e s e n c e o f P . T . F . E . i t g a v e 
good y i e l d s o f (2) a n d (3). The a u t h o r s t o o k t h i s t o mean 
t h a t t h e r e a r r a n g e m e n t o f F - c y c l o h e x e n e i n v o l v e d d i f l u o r o -

33 
- c a r b e n e . H i g h p r e s s u r e t h e r m o l y s i s o f P . T . F . E . g i v e s some 
(2) a n d (_3) t o g e t h e r w i t h p e r f l u o r o a r o m a t i c s . 3 4 

1.A.5 C y c l o p e n t a d i e n e 
T h i s i s made by c o b a l t t r i f l u o r i d e 

f l u o r i n a t i o n o f o c t a c h l o r o c y c l o p e n t e n e f o l l o w e d by z i n c 
35 

d e c h l o r i n a t i o n . T he r e s u l t a n t F - c y c l o p e n t a d i e n e i s v e r y 
d i f f i c u l t t o s t o r e - i t d i m e r i s e s e v e n a t - 1 0 ° C . 

C I C I 0 0 Zn CoF 
C I d i o x a n e 200 C C I 8 C I 

33% 4 4 % 
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1.A.6 C y c l o h e x e n e s 
I t i s c l a i m e d t h a t q u a n t i t a t i v e y i e l d s o f 

F - c y c l o h e x e n e a n d F - a l k y l c y c l o h e x e n e s a r e o b t a i n e d b y f l o w 
36 

p y r o l y s i s o f t h e c o r r e s p o n d i n g c a r b o x y l i c a c i d s , w h i c h a r e 
t h e m s e l v e s o b t a i n e d b y e l e c t r o c h e m i c a l f l u o r i n a t i o n , i n 

37 3B 
l i q u i d h y d r o g e n f l u o r i d e , f r o m h y d r o c a r b o n p r e c u r s o r s , ' 

Q l i q . HF 
O > 

RT. 

5-6 V 

COF 

F 

709? 

550°C 

f l o w , N 2 

q u a n t i t a t i v e 

T h e c o b a l t t r i f l u o r i d e f l u o r i n a t i o n o f b e n z e n e h a s b e e n s t u d i e d 
39 40 

e x t e n s i v e l y b y T a t l o w and c o - w o r k e r s . ' * One o f t h e v e r y 
many p r o d u c t s f r o m t h i s r e a c t i o n i s u n d e c a f l u o r o c y c l o h e x a n e 
w h i c h c a n be d e h y d r o f 1 u o r i n a t e d w i t h a q u e o u s p o t a s s i u m 

3 9 , 4 0 41 h y d r o x i d e , a n i o n e x c h a n g e r e s i n s o r t h e r m a l l y t o 
42 

g i v e F - c y c l o h e x e n e . Low y i e l d s a r e o b t a i n e d by f l u o r i n a t i o n 
43 

o f b e n z e n e o v e r , f o r e x a m p l e , s i l v e r d i f l u o r i d e . C o b a l t 
t r i f l u o r i d e f l u o r i n a t i o n o f F - b e n z e n e s g i v e s v e r y h i g h y i e l d s 

44 
o f F - c y c l o h e x e n e s . 

C o F F 9 0 % 
C F 8 0 % 

100 C 

1 , 2 - 0 i c h l o r o - F - c y c l o h e x e n e c a n b e o b t a i n e d i n 4 4 % y i e l d 
b y t r e a t m e n t o f h e x a c h l o r o b e n z e n e w i t h a n t i m o n y p e n t a f l u o r i d e . 
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1.A.7 C y c l o h e x a d i e n e s 
These can be p r e p a r e d from d e c a f l u o r o -

39-41 45 44 - c y c l o h e x a n e s ' or F - b e n z e n e s by s i m i l a r r o u t e s to 
t h o s e used to p r e p a r e F - c y c l o h e x e n e s e.g. 

1! KOH r e f l u x 
F V-1 

SF^ HF 4 
150°C 

70% c a. 5% 

The 1 , 4 - c y c l o h e x a d i e n e can a l s o be o b t a i n e d , i n good y i e l d , 
by r e a c t i o n of f l u o r o a n i l w i t h s u l p h u r t e t r a f l u o r i d e and 

46 
hydrogen f l u o r i d e or by f l u o r i n a t i o n of F-benzene w i t h 

47 
xenon d i f l u o r i d e . 
1.A.8 P o l y c y c l i c Hexenes 

I r r a d i a t i o n of F-benzenes g i v e s good 
y i e l d s of v a l e n c e i s o m e r s . Thus, F-benzene g i v e s F - b i c y c l o -

48 
- ( 2 , 2 , 0 ) h e x a d i e n e , w h i l s t F-hexamethylbenzene g i v e s a 

49 50 
p r ismane and b e n z v a l e n e ( 4 ) a s w e l l . » 

253.7 nm. 

gas or l i q . 
3'6 phase '< C F3>6 

[ 4 9 , 5 0 ] 

> 270 nm. s o l u t i o n + p rismane 

< C F 3 » 6 

[ 3 0 ] 

( 4 ) 10056 
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Many o t h e r F-benzenes undorno s i m i l a r r e a r r a n g e m e n t s , e.g. 
4P 

F - t o l u e n e . I r r a d i a t i o n of F - l , 3 - c y c l o h e x a d i e n p g i v e s 
F - b i c y c l o ( 2 . 2 . 0 ) h e x e n e ; S 1 the r e v e r s e r e a c t i o n o c c u r s 
t h e r m a l l y and i s q u a n t i t a t i v e . 
1.A.9 C y c l o h e p t e n e s 

A l though a r e p o r t on the r e a c t i o n of 
F - c y c l o h e p t e n e with 1 - e t h o x y - 1 - ( 2 - h y d r o e t h o x y ) e t h a n e has 

5 2 
appeared i n the l i t e r a t u r e , " the p r e p a r a t i o n has y e t to be 
p u b l i shed. 

The two i s o m e r i c F - c y c l o h e p t a d i e n e s and F - c y c l o h e p t a t r i e n e 
have been o b t a i n e d , i n low y i e l d , by f l u o r i n a t i o n of c y c l o -

53 
- h e p t a t r i«?ne and subsequent d e h y d r o f l u o r i n a t i o n . 

A good g e n e r a l method f o r p r e p a r a t i o n of 1,2,3,4,5,6-
h e x a f 1 u o r o c y c l o h e p t a t r i e n e s i s the a d d i t i o n of c a r b e n e s to 

54 
F -benzenes. Thus, r e a c t i o n w i t h b i s t r i f 1 u o r o m e t h y l d i a z o -
-methano gave F - 7 , 7 - d i m e t h y l c y c l o h e p t a t r i e n e . ^ 

150 C N 0 C ( C F 0 ) + N 

F_C CF 

F-Norbornene and F - n o r b o r n a d i e n e can be p r e n a r e d by a 
l e n g t h y p r o c e s s s t a r t i n g from F - c y c l o p e n t a d i e n e . 5 ^ 1,2-Disub-
- s t i t u t e d F - n o r b o r n a d i e n e s ( C I , Rr, T, H) can a l s o be 
o b t a i n e d by t h i s r o u t e . 

SnMe 0 1 SnMe 
I I I 

SnMe 
SnMe 

6 

0> CI or HC1 Rr 

C I or H Br 
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/ 3) Zn/EtOH 

1) C l 2 2) C o F 3 0) 
8 0 CI C I 

1) C o F 3 0 2) Zn/EtOM" 
10 

F-N'orbornadiene i s a minor p r o d u c t from the p y r o l y s i s of 
57 

F = b i c y c l o ( 2 r 2 , 1 ) h e p t a n e - 1 - c a r b o x y l a t e . 

The c h e m i s t r y of 
F - a l k e n e s i s v e r y w i d e - r a n g i n g b u t i t can be d i v i d e d i n t o 
s i x broad a r e a s : -

1) . R e a c t i o n s w i t h n u c l e o p h i l e s 
2) . R e a c t i o n s w i t h e l e c t r o p h i l e s 
3) . A d d i t i o n s i n v o l v i n g f l u o r i d e i o n 
4) . Other a d d i t i o n r e a c t i o n s and p o l y m e r i s a t i o n s 
5) . C y c l o a d d i t i o n r e a c t i o n s 
6) . Thermal and p h o t o c h e m i c a l r e a c t i o n s 

l . B . 1 N u c l e o p h i l i c A t t a c k 
T h i s i s p r o b a b l y the most s t u d i e d 

a r e a of o r g a n i c f l u o r i n e c h e m i s t r y . Because of the e l e c t r o n 
w i t h d r a w i n g n a t u r e of f l u o r i n e and p e r f l u o r o a l k y l groups the 
double bonds i n F - a l k e n e s a r e v e r y s u s c e p t i b l e to n u c l e o -

5 8 
- p h i l i c a t t a c k and t h i s i s p a r t i c u l a r l y t r u e f o r compounds 
c o n t a i n i n g v i n y l i c f l u o r i n e s . I t i s not s u p r i s i n g , t h e r e f o r e , 
t h a t the s i m p l e F - c y c l o a l k e n e s a r e v e r y r e a c t i v e towards 
n u c l e o p h i l e s a l t h o u g h the r e a c t i v i t y d e c r e a s e s w i t h i n c r e a s e d 

l . B R e a c t i o n s of P o l y f l u o r o c y c l o a l k e n e s 
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r i n g s i z e . 
The i n i t i a l s t e p i n n u c l e o p h i l i c a t t a c k on an F - a l k e n e 

i n v o l v e s f o r m a t i o n of an i n t e r m e d i a t e c a r b a n i o n which can 
then e i t h e r be p r o t o n a t e d to g i v e o v e r a l l a d d i t i o n , or 

i 
e l i m i n a t e f l u o r i d e i o n w i t h o v e r a l l v i n y l i c or S 2 

n 
d i s p l a c e m e n t . T h i s i s shown f o r a n u c l e o p h i l e A :-

A + 
FT 

AC CH C>. 
/ 

AC 

v i n y l i c s u b s t i t u t i o n S 2 s u b s t i t u t i o n 

F o r c y c l o a l k e n e s , o v e r a l l a d d i t i o n of n u c l e o p h i l e s i s 
r a r e l y o b s e r v e d even though t h i s i s q u i t e a common r e a c t i o n 

59 
f o r a c y c l i c compounds. As w i l l be s e e n , t h e e l i m i n a t i o n 

i 
pathway f o l l o w e d ( i . e . v i n y l i c or S n 2 ) i s dependant on the 
s u b s t i t u e n t s on the double bond - v i n y l i c f l u o r i n e i s 

59 
u s u a l l y , b u t not a l w a y s , d i s p l a c e d p r e f e r e n t i a l l y . 

P a r k h a s attempted to e x p l a i n the r e a c t i o n s of p o l y f l u o r o -
- c y c l o a l k e n e s w i t h n u c l e o p h i l e s i n terms of the s t a b i l i t y 
of t h e i n t e r m e d i a t e c a r b a n i o n s . Thus, i n i t i a l l y , n u c l e o p h i l i c 
a t t a c k o c c u r s to g i v e the most s t a b l e c a r b a n i o n , the o r d e r 
f o r a l p h a s t a b i l i s a t i o n b e i n g I«v B'r > C I > F > OR. The 
c a r b a n i o n then decomposes w i t h e l i m i n a t i o n of the l e a s t b a s i c 
b e t a - s u b s t i t u e n t , the l e a v i n g group a b i l i t y thus b e i n g 1 ^ 
Br > C I > F > 0 R > H. 6 0 I f a t t a c k of the n u c l e o p h i l e a t 
e i t h e r c a r b o n of the double bond g i v e s an a n i o n with the same 
a l p h a - s u b s t i t u e n t then both p o s s i b l e a n i o n s w i l l be formed, 
but the one p r e f e r r e d w i l l be t h a t w i t h the g r e a t e s t b e t a -
- s t a b i l i s a t i o n , the o r d e r b e i n g g e m - d i c h l o r o > gem-fluoro-
c h l o r o > g e m - e t h o x y c h l o r o > gem-diethoxy > g e m - d i f l u o r o . ^ 
U n f o r t u n a t e l y , P a r k u s e d o n l y a l k o x i d e i o n as a n u c l e o p h i l e 
i n r e a c t i o n s w i t h p o l y f l u o r o c y c l o b u t e n e s and w h i l s t h i s 
r a t i o n a l e i s b r o a d l y c o r r e c t f o r t h i s system (scheme 3) and 
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Scheme 3 

R e a c t i o n s of P o l y f T u o r o c y c l o b u t e n c s w i t h A l k o x t d e 

CI H U 
2 

H C I 

OEt OEt 

( 7 ) 100* H C I U 
H OEt 

(7 

3% 97% 

FC1 F FC1 F F FC1 

C I EtO C I C I 
CI OEt 

1 
FC1 FC1 

EtO C I C I OEt 

618 39% M 

H C I H 
A OEt OEt 

ho] 
P. to CI CI 

H 3 C l C I 

H 
L H OEt OEt 

C l 2 C l C l C l E tO C l 

i = KOH, 25°C e t h a n o l 
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can o f t e n be a p p l i e d s u c c e s f u l l y to o t h e r s y s t e m s , i t i s not 
u n i v e r s a l l y a p p l i c a b l e . For example, r e a c t i o n of 1 - c h l o r o -
5 H , 5 H - p e n t a f l u o r o c y c l o p e n t e n e (J>) w i t h l i t h i u m aluminium 

62 
h y d r i d e r e s u l t s i n r e p l a c e m e n t of the c h l o r i n e and not 

• 

the v i n y l i c f l u o r i n e a s p r e d i c t e d by Park s t h e o r y . 

H H H 
c i L i A l H H C I & not 

E t _ 0 0 C H 

5 

I n v i e w of the f a r g r e a t e r r e a c t i v i t y of v i n y l i c f l u o r i n e 
5 8 

over v i n y l i c c h l o r i n e towards n u c l e o p h i l e s t h i s r e a c t i o n 
i s h i g h l y i n t r i g u i n g but as y e t has not been s a t i s f a c t o r i l y 
e x p l a i n e d . The r e a c t i o n of {5) and i t s c y c l o h e x e n e a n a l o g u e 

64 
w i t h e t h o x i d e ion has been i n v e s t i g a t e d by B u r t o n . He 
found t h a t (^) was i n e q u i l i b r i u m w i t h i t s isomer ( 5 a ) . 
and t h a t the major s u b s t i t u t i o n p roduct a r o s e from a t t a c k 
on (5_a) r a t h e r than (5_), i . e . (5_a) a p p e a r s to be more 
r e a c t i v e towards e t h o x i d e than (J>) . Deuterium l a b e l l i n g 
e x p e r i m e n t s showed t h a t the i s o m e r i s a t i o n was, a t l e a s t i n 
p a r t , i n t r a m o l e c u l a r . 

H 
c i 

(5 H OEt 
H H OEt 0 EtO C I C I 

KOH 
EtOH OEt H 

9095 45S 6% 
H (5 C I F 

H 
( 5 a ) 



- 16-

Rurton e x p l a i n e d t h i s a p p a r e n t l y anomalous b e h a v i o u r by 
p o s t u l a t i n g an a l k o x i d e b r i d g e d i n t e r m e d i a t e i n which the 
a l k o x i d e i o n i s s i t u a t e d above the v i n y l i c c h l o r i n e thus 
making i t i n h e r e n t l y more p r o b a b l e t h a t s u b s t i t u t i o n w i l l 
o c c u r a t t h i s s i t e : -

H C I EtO 
OEt 5 H } p r o d u c t s 

A r e i n v e s t i g a t i o n of the r e a c t i o n of l-chloro-3H,3H-
- t r i f l u o r o c y c l o b u t e n e , (b), w i t h e t h o x i d e i o n i n d i c a t e d a 
s m a l l amount 03%) of a p r o d u c t , (<3) , a r i s i n g from r e p l a c e -

64 
-ment of the c h l o r i n e r a t h e r than the f l u o r i n e - t h i s 

6 3 
was not o b s e r v e d by Park (scheme 3 ) . F o r m a t i o n of (8) 
cannot be e x p l a i n e d i n terms of an a l k o x i d e - b r i d g e d 
i n t e r m e d i a t e nor i n terms of P a r k s t h e o r y and the r e a s o n 

t 

f o r i t s f o r m a t i o n remains a m y s t e r y . B u r t o n c o n c l u d e d from 
the p r e c e d i n g r e a c t i o n s t h a t f o r compounds c o n t a i n i n g a l l y l i c 
gem-dihydro groups the r e a c t i o n w i t h a l k o x i d e i s dominated 

64 
by c o n f o r m a t i o n a l changes a r i s i n g from r i n g s i z e e f f e c t s . 
C o n t r a r y to t h i s , Park h o l d s t h a t the d o m i n a t i n g e f f e c t s 
a r e e l e c t r o n i c i n n a t u r e , ^ 0 and t h a t r i n g s i z e i s not 
im p o r t a n t , a t l e a s t f o r r e a c t i o n s of c y c l o - b u t e n e s and 
-pentenes w i t h n u c l e o p h i l e s . ^ As w i l l be seen s h o r t l y , 
i n some sy s t e m s the p r o d u c t s cannot be p r e d i c t e d by a 
c o n s i d e r a t i o n of e l e c t r o n i c e f f e c t s i n i n t e r m e d i a t e 
c a r b a n i o n s , nor a r e they dependant on r i n g s i z e . 

Thus i t i s apparent t h a t t h e r e i s no s i n g l e u n i f y i n g 
p o s t u l a t e to p r e d i c t , a p r i o r i , the e x a c t p r o d u c t f o r m a t i o n 
from r e a c t i o n of a p o l y f l u o r o c y c l o a l k e n e w i t h a n u c l e o p h i l e . 
T h i s i s not s u p r i s i n g i n v i e w of the d i v e r s i t y of h a l o -
- a l k e n e s and a t t a c k i n g n u c l e o p h i l e s , which p r o b a b l y 
p r e c l u d e s a s i n g l e working h y p o t h e s i s . I t seems pr o b a b l e 
t h a t p r o d u c t i d e n t i t y depends not j u s t on i n t e r m e d i a t e 
c a r b a n i o n s t a b i l i t y but a l s o on such f a c t o r s a s r i n g - s t r a i n , 
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n u c l e o p h i l i c i t y , s t e r i c h i n d r a n c e , p o l a r i t y of r e a c t i o n 
medium, e t c . . 

l . B . l a Oxygen N u c l e o p h i l e s 
These r e a c t i o n s a r e summarised i n 

T a b l e 1. 
With a l k o x i d e i o n the major i n i t i a l p r o d u c t f o r F - c y c l o -

- a l k e n e s r e s u l t s from r e p l a c e m e n t of v i n y l i c f l u o r i n e and 
t h i s i s the o n l y r e a c t i o n o b s e r v e d f o r F - c y c l o - b u t e n e o r''»°' 

6 8 
and -propene • However, w i t h F - c y c l o - p e n t e n e and -hexene 
s m a l l amounts of p r o d u c t s a r i s i n g from S 2 d i s p l a c e m e n t 

n 
a r e o b t a i n e d . T h i s has been e x p l a i n e d by t r a n s a d d i t i o n to 

6 V 
the a l k e n e - t h u s , f o r a d d i t i o n of methoxide to F - c y c l o -
-hexene the n e g a t i v e charge i s s i t u a t e d , i n the c a r b a n i o n , 
on the o p p o s i t e s i d e of the r i n g to the methoxy group. T h i s 
means t h a t l o s s of f l u o r i d e i o n from the carbon b e a r i n g the 
methoxy group i s e l e c t r o n i c a l l y p r e f e r r e d but l o s s from the 
a d j a c e n t d i f l u o r o m e t h y l e n e s t e r i c a l l y so. 

0 ON'e OMe OMe 

Replacement of one of the v i n y l i c f l u o r i n e s by,, f o r example, 
i 

a methyl group r e s u l t s i n a much g r e a t e r amount of S 2 
67 ^ d i s p l a c e m e n t . I n c y c l o - p e n t e n e s and - b u t e n e s the s t e r i c 

o p p o s i t i o n to s y n - c o p l a n a r e l i m i n a t i o n s i s not so l a r g e . 
The i n i t i a l p r o d u c t s from n u c l e o p h i l i c s u b s t i t u t i o n can 

r e a c t f u r t h e r and, once a g a i n , the major p r o d u c t ( s ) r e s u l t s 
6 6 • 70 

from r e p l a c e m e n t of v i n y l i c f l u o r i n e . The e x c e p t i o n i s 
i 

the c y c l o h e x y l system where S 2 d i s p l a c e m e n t i s the main 
67 ^ 

r e a c t i o n pathway. 
With d i o l s the p r o d u c t s appear to be dependant on the 

71 
c h a i n l e n g t h of the n u c l e o p h i l e . Thus ethane d i o l and 

72 
1,3-propane d i o l g i v e complex m i x t u r e s w i t h F - c y c l o h e x e n e , 
a r i s i n g from a t t a c k by both hydroxy groups - t h i s may be a 
f u n c t i o n of the r e a c t i o n c o n d i t i o n s ( s e e c h a p t e r 4 ) . I n 
c o n t r a s t , . 1,4-butane d i o l a n p a r e n t e l y b e h a v e s a s a monohydric 
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Table 1 

HeaotioiiB of frolyfluorooyoloalkuneB with Oxygen Nuoleophiloa 

A NaOMe 

• 78°C *A OMe ^ MeO ̂  OMe [ 6 8 ] 

• ROH/KOH »• 

ROH/KOH 

RT. 
OR 

49? 968 

ROH 
KOH 

R = F, OMe, Me, H 

"> F 
OR OR 

CF 
( C F 2 > n 

c x 

ROH/KOH 

0°C 

C-OR 

* ( C F 2 ) n II 
v c x 

n = 2,3 [ 6 5 ] 
X = C l , OR 

A MeO ^2 

C 1 * = C 1 0°C C l « = O M e A C l 
\ 
H C(OM e) 

909? 

• C l ROH/KOH 

C l RT. 

R OH 2 QR 
> 1 TOR 

C l KOH | | 
• < fcl [75,76] 
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T a b l e 1 - c o n t i n u e d 

OMe 

ROH/KOH r ^ ^ ^ ^ 
> F 1 

H M 
so 

H H(OMe) H 

PhOH/KOH C I OPh OPh 

PhO C I C I C I 
PhO 

<CF ) CX _ ( C F , ) 
I "° , I II - - 1 . ^ 3 

o 

H MeOH/KOH 
S3 MeO MeO 

( C F 0 ) 

E t_N H 
MeO 

MeOH 
( C F 0 ) 

( C F 0 ) 

Or- .:<D; EtO OEt 
8 7 ] EtO 
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T a b l e 1 - c o n t i n u e d 

(2) 

(10) 

MeONa 

MeOH 

OMe 

OMe 

MeO 

MeOH / ^ ^ ^ ^ K 

KOH 
OMe 

72 
a l c o h o l . 

I n c y c l i c a l k e n e s c o n t a i n i n g o n l y one v i n y l i c f l u o r i n e 
65 73 

the major r e a c t i o n i s d i s p l a c e m e n t of t h i s f l u o r i n e , '' 
t 

a l t h o u g h , once a g a i n , the c y c l o h e x y l systems undergo S 2 67 74 n 

d i s p l a c e m e n t of f l u o r i n e as w e l l . ' 
1 , 2 - D i c h l o r o - F - c y c l o a l k e n e s undergo i n i t i a l v i n y l i c 

c h l o r i n e s u b s t i t u t i o n , a n d then f u r t h e r r e a c t i o n c a n o c c u r to 
75-78 

d i s p l a c e two of the a l l y l i c f l u o r i n e s . With 1, 2 t - d i c h l o r o -
- d i f l u o r o c y c l o p r o p e n e , however, t h e mono-methoxy adduct 
r e a c t s f u r t h e r to g i v e c i s - 3 , 3 , 3 - t r i m e t h o x y - l - c h l o r o - 2 - f l u o r o -

79 
-propene, presumably v i a an i n t e r m e d i a t e carbonium i o n 
( T a b l e 1 ) . R e a c t i o n of 1 , 2 - d i c h l o r o - F - c y c l o p e n t e n e w i t h 
e t h a n e d i o l gave o n l y two p r o d u c t s but t h e s e were not 

77 
r i g o r o u s l y i d e n t i f i e d . 

1 , 2 - D i h y d r o - F - c y c l o a l k e n e s undergo r e a c t i o n s w i t h a l k o x i d e s 
to d i s p l a c e two a l l y l i c f l u o r i n e s ; w i t h the c y c l o - p e n t e n e and 

80 
-hexene s y s t e m s some a l c o h o l a d d i t i o n i s a l s o o b s e r v e d . 

66 81 
P h e n o l s behave v e r y s i m i l a r l y to a l c o h o l s , ' but t he 

f o l l o w i n g p o i n t s s h o u l d be borne i n mind: p h e n o l s a r e 
g e n e r a l l y weaker b a s e s than a l c o h o l s ; phenoxy s u b s t i t u e n t s 
w i l l be l e s s c a p a b l e of promoting f u r t h e r s u b s t i t u t i o n ; i t i s 
p o s s i b l e t h a t the i n c r e a s e d s i z e of p h e n o l s may be i m p o r t a n t 



-21-

I n some c a s e s . 
H y d r o xide i o n r e a c t s w i t h F - c y c l o a l k e n e s or 1 - s u b s t i t u t e d 

8 3 
F - c y c l o a l k e n e s to g i v e s a l t s of l - h y d r o x y c y c l o a l k e n - 3 - o n e s . 
T h u s , r e a c t i o n of F - m e t h y l c y c l o p e n t e n e w i t h p o t a s s i u m h y d r o x i d e 
g i v e s the p o t a s s i u m s a l t of l - h y d r o x y - F - 2 - m e t h y l c y c l o p e n t - 3 -

84 
-one. 

F - C y c l o h e x a d i e n e s undergo s i m i l a r r e a c t i o n s w i t h n u c l e o -
8 5 

- p h i l e s but some a d d i t i o n of a l c o h o l i s o b s e r v e d . A d d i t i o n 
a l s o o c c u r s i n the r e a c t i o n ' of methanol w i t h F - h e x a m e t h y l -
-3,3 - d i c y c l o p r o p e n e and i n v o l v e s a f a s c i n a t i n g r i n g c l o s u r e . 

The r e a c t i o n s of F-Dewar benzenes have been e x t e n s i v e l y 
87-89 

i n v e s t i g a t e d * and w i t h n u c l e o p h i l e s t h e r e a c t i v i t y and 
p r o d u c t s a r e as e x p e c t e d f o r v e r y s t r a i n e d F - c y c l o a l k e n e s . 

I t i s r e p o r t e d t h a t F - t r o p o n e and methoxide i o n g i v e a 
53 

s y m m e t r i c a l dimethoxy ad d u c t . 
E v i d e n c e t h a t s t e r i c e f f e c t s may be of importance i n 

n u c l e o p h i l i c r e a c t i o n s i s i l l u s t r a t e d by the lower r e a c t i v i t y 
of the i n t e r n a l a l k e n e ( 9 ) compared to i t s analogue ( 1 0 ) 
( T a b l e 1 ) ; t h i s has been a t t r i b u t e d to a l e s s a c c e s s i b l e 
double bond. 

l . B . l b N i t r o g e n N u c l e o p h i l e s 
I n s t r i k i n g c o n t r a s t to t h e i r 

l a c k of r e a c t i v i t y w i t h a c y c l i c F - a l k e n e s , t e r t i a r y amines 
91-93 

r e a c t w i t h F - c y c l o b u t e n e to g i v e s t a b l e , i s o l a b l e y l i d e s . 
These w i l l be d i s c u s s e d more f u l l y i n c h a p t e r 3. 

RT. 
R_N E t Bu 

[92, 93j n e a t 
NR 

A s i m i l a r r e a c t i o n o c c u r s w i t h p y r i d i n e and i t s d e r i v a t i v e s 
94 

but i n t h i s c a s e the y l i d e s have not been i s o l a t e d . However, 
the h y d r o l y s i s p r o d u c t s , s t a b l e b e t a i n e s , can be o b t a i n e d i n 
good y i e l d by r e a c t i o n of F - c y c l o a l k e n e s or t h e i r 1 , 2 - d i c h l o r o -95 a n a l o g u e s w i t h p y r i d i n e f o l l o w e d by w a t e r . 
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CF. CX 1) p y r i d i n e ^ C F 2 ^ n 
» 

O 

< C F2>n- CY 2) H 20 I I 
N 

n = 1,2,3 
X = F, C l Y = F, C l 

I n t h e absence of water o l i g o m e r i s a t i o n o c c u r s i n the c a s e of 94 
F - c y c l o b u t e n e - t h i s w i l l be d i s c u s s e d i n c h a p t e r 2. 

The r e a c t i o n w i t h secondary amines p a r a l l e l s t h a t w i t h 
73 88 90 96 97 

a l k o x i d e s ' ' ' ' except t h a t the r e s u l t a n t mono-adduct 
i s d e a c t i v a t e d to f u r t h e r s u b s t i t u t i o n by more amine, but not 

98 
by a l k o x i d e , f o r example. T h i s i s , of c o u r s e , a f u n c t i o n of 
the b a s e s t r e n g t h s of t h e two n u c l e o p h i l e s as i s the f a i l u r e 

96 
of F - c y c l o b u t e n e and d i p h e n y l a m i n e to r e a c t a t a l l . 

1 , . 2 - D i c h l o r o - F - c y c l o a l k e n e s a l s o r e a c t as with a l k o x i d e s 
i . e . by r e p l a c e m e n t of v i n y l i c c h l o r i n e . 97, 98 

n =1,2,3 Y=X=C1 

CX 

< C F2>n I I + R 2 N H 

CY 

C ' N R 2 

•> < C F2>n || 
CY 

- DMF 
• ( C F 3 ) 2 N > 

N ( C F 3 ) 2 N ( C F 3 ) 2 

% N ( C F 3 ) 2 

[ 9 9 ] 

< C F2>n 

CF 

CF 

a z i r i d i n e 

E t 2 0 -20 C o ^ < C F 2 ) n 
C 
II 
CX 
-<3 [100] 

n =1 X= F 

n =2,3 X • < l 
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Both v i n y l i c f l u o r i n e s of F - c y c l o b u t e n e a r e r e p l a c e d by 
99 100 caesium b i s t r i f l u o r o m e t h y l amide and by a z i r i d i n e . 

An i n t e r e s t i n g r e a c t i o n o c c u r s , to g i v e a c y c l o a l k e n - 3 - o n e , 
when l - c h l o r o - 2 - m e t h o x y - F - c y c l o a l k e n e s a r e t r e a t e d w i t h 
s e c o n d a r y amines..* 0* The r e a c t i o n a l s o o c c u r s , v e r y s l o w l y , 
f o r the c o r r e s p o n d i n g ethoxy compounds but y i e l d s a r e poor. 

< C F2>n F - RR NH' 
( C F 0 

n = 1,2 

P r i m a r y amines and ammonia r e a c t w i t h F - c y c l o a l k e n e s and 
t h e i r 1 ,.2-dichloro a n a l o g u e s to g i v e l - a m i n o - 3 - i m i n o - c y c l o -

. . 84,90,96,98,102,103 _ . _ . ,, , - a l k e n e s . ' r ' ' ' Presumably the i n i t i a l l y formed 
p r o d u c t undergoes 1 , 4 - e l i m i n a t i o n of hydrogen f l u o r i d e and 
subsequent r e a c t i o n w i t h more amine. 

( C F2>n S X 

ex 

n = 1,2 X = F t C1 

RNH. 

E t 2 0 

( C F 2 > n 

•HF 1 

NHR 

[ l 0 3 ] 

,<CF2>n <? 
iNR 

CX 
RHN 

RNH, 1 ( ( C F 0 _ C 

FC 

,NR 

CX 

R = Me, E t 

H_N 

Q CF CF NH 

Bt~ 0 
NH 
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I t i s c l a i m e d t h a t r e a c t i o n w i t h h y d r o x y l a m i n e g i v e s 
10T 

1, 2, 3 - t n o x i m i n o c y c l o a l k a n e s but a r e c e n t R u s s i a n r e p o r t 
104 

appears to be a t v a r i a n c e w i t h t h i s o b s e r v a t i o n . However, 
the c o n d i t i o n s f o r the l a t t e r r e a c t i o n were not r e p o r t e d and 
i t i s p o s s i b l e t h a t the o x i m i n o c y c l o p e n t a n e c o u l d r e a c t 
f u r t h e r under d i f f e r e n t c o n d i t i o n s w i t h i n i t i a l e l i m i n a t i o n 
of hydrogen f l u o r i d e . 

NH 20H 

MeOH 
< C F

2 > „ H 
X = F, C l n = 1,2 

NH„0H 

—'H 

•NOH 

(11) 

NaN. 

DM SO <2T 
, " C l 

1 , 2 - D i c h l o r o - F - c y c l o p e n t e n e r e a c t s w i t h a z i d e i o n to 
98 

ciive the m o n o - s u b s t i t u t e d product. 

l . B . l c Carbon N u c l e o p h i l e s 
The major r e a c t i o n of a l k y l , _ w . 87,88,105-109 . „ . . ^ 110-112 . l i t h i u m s and G r i g n a r d r e a g e n t s i s 

r e p l a c e m e n t of one or both of the v i n y l i c f l u o r i n e s . 
D i s p l a c e m e n t of a l l y l i c f l u o r i n e i s r a r e l y o b s e r v e d , a 
n o t i c e a b l e example b e i n g the r e a c t i o n of F - c y c l o p r o p e n e w i t h 

• Me 
MeLi 

E t _ 0 , -80 C 

Me 

• f H 
Me 
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C F EtMgBr C E t 

CF THF * < C ,Vn II [ " I . " * ] 
CX 

n = 2,3,4 X = F, B t 

E t 2 0 , P h L i 

-78°C 4 [•] 
Ph 

p h e n y l l i t h i u m to g i v e t e t r a p h e n y l c y c l o p r o p e n e . 
I n the r e a c t i o n of G r i g n a r d s w i t h 1 , 2 - d i c h l o r o - F - c y c l o -

- a l k e n e s t h e r e i s c o m p e t i t i o n , i n the second s u b s t i t u t i o n 
s t e p , between d i s p l a c e m e n t of c h l o r i n e and a l l y l i c f l u o r i n e ; 
t h e s o l v e n t has a pr o f o u n d e f f e c t i n t h i s s y s t e m . 1 1 1 

( C F 2 ) n CC1 
EtMgBr 

CF. 

E t 2 0 

CC1 

EtMgBr 

THF 

No R e a c t i o n 

(CF ) C - ( E t ) 

I ) 
FC r r i 

n =2,20% 
n =3,40% 

c < C F2>n C E t n =2,80% 
n =3,60% 

CF, C E t 

T h i s b e h a v i o u r i s i n c o n t r a s t to t h a t w i t h a l k y l l i t h i u m s 
where,with m e t h y l l i t h i u m , s u b s t i t u t i o n of c h l o r i n e o c c u r s , 
w h i l s t w i t h " b u t y l l i t h i u m l i t h i a t i o n of the a l k e n e o c c u r s . 1 1 

CC1 

< C fVn 
n B u L i 

CC1 B t 2 0 *
 ( C F 2 > n l | 

C - L i H CH 

~> < C F2>n 
CCl .CC1 

n - 2,3 r4 
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L i t h i u m exchange a l s o o c c u r s i n t h e r e a c t i o n of 1-H - F - c y c l o -
- a l k e n e s w i t h methyl l i t h i u m to g i v e the s y n t h e t i c a l l y 

114 
u s e f u l l i t h i u m p e r f l u o r o a l k e n y l reagents,. ( 1 2 ) . 

< C F2>n || 
E t 2 0 

MeLi 

C - L i 

"* < C j r2>n 
1)CH 3CH0 

2) H < C F2>n 

C-COH 

n = 2,3,4 
(12) 

KCN, 20 C 

CHgCN 
NC » 
N C 

CN 

F 
H 

( 13) 30% 

C y a n i d e i o n has been l i t t l e u sed as a n u c l e o p h i l e i n 
o r g a n i c f l u o r i n e c h e m i s t r y s i n c e i t a c t i v a t e s systems to 
f u r t h e r n u c l e o p h i l i c a t t a c k thus r e s u l t i n g i n p o l y s u b s t i t u t i o n 
e.g. the r e a c t i o n of 1 , 2 - d i c h l o r o - F - c y c l o p e n t e n e w i t h 
p o t a s s i u m c y a n i d e to g i v e ( i 3 ) . 115 

1.B.Id Complex H y d r i d e s 
The r e a c t i o n of F - c y c l o a l k e n e s w i t h 

87 88 107 116 
sodium b o r o h y d r i d e ' ' ' and l i t h i u m aluminium 

62 117 118 
h y d r i d e ' ' i s a n a l a g o u s to t h a t w i t h a l k o x i d e s . 
1-Chloro- and 1 , 2 - d i c h l o r o - F - c y c l o a l k e n e s r e a c t a s w i t h 
a l k o x i d e i n t h e f i r s t s t e p but i n subsequent s u b s t i t u t i o n s 
t h e r e i s c o m p e t i t i o n between d i s p l a c e m e n t of c h l o r i n e and 

119 
a l l y l i c f l u o r i n e . The r a t i o of p r o d u c t s i s g r e a t l y 
dependant on the n a t u r e of the h y d r i d e i o n ; t h i s s u g g e s t s 
a s t e r i c and/or s o l v e n t e f f e c t . 

NaBH, 

diglyme H 
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H 

C I 

MH 

0°C 
4 F 

H 

H 

H 2 

C I 

M = A l ( E t 2 0 ) 37* 6 3* 

M = R ( d i g l y m e ) 80* 20* 

The anomalous b e h a v i o u r of 2 - c h l o r o - 3 H , 3 H - F - c y c l o a l k e n e s 
6 2 

w i t h l i t h i u m aluminium h y d r i d e ( a n d n u c l e o p h i l e s i n 
64 

g e n e r a l ) has a l r e a d y been mentioned. 
D i b o r a n e does not r e a c t w i t h F - c y c l o a l k e n e s except i n the 

120 
p r e s e n c e of f l u o r i d e i o n when i t behaves a s b o r o h y d r i d e . 

l . B . l e O t h e r N u c l e o p h i l e s 
These r e a c t i o n s a r e summarised i n 

T a b l e 2. 
121.122 

T h i o l s r e a c t with F - c y c l o a l k e n e s ' or the c o r r e s -
81 122 12 3 

-ponding 1 , 2 - d i c h l o r o compounds ' r by r e p l a c e m e n t of 
i 

one, o r both, of the v i n y l i c s u b s t i t u e n t s ; S n 2 d i s p l a c e m e n t 
i s not o b s e r v e d . 

R e a c t i o n of potassium s u l p h i d e w i t h a v a r i e t y of p o l y f l u o r o -
124 

- c h l o r o c y c l o a l k e n e s l e d to low y i e l d s of p - d i t h i i n s . 
T r i a l k y l p hosphines behave s i m i l a r l y to t r i a l k y l a m i n e s 

e.g. r e a c t i o n of F - c y c l o b u t e n e and t r i p h e n y l p h o s p h i n e g i v e s ^ . , , . . 125,126 . 19^ a s t a b l e y l i d e ' whose F n.m.r. spectrum i s v e r y 
93 

s i m i l a r to t h a t of the y l i d e from t r i e t h y l a m i n e . D i a l k y l phosphines behave l i k e t h i o l s 1 2 2 * 1 2 7 ' 1 2 8 i . e . one 
or two v i n y l i c d i s p l a c e m e n t s of f l u o r i n e or c h l o r i n e o c c u r . 

127 
However, a s o l v e n t a p p e a r s to be i m p o r t a n t , s i n c e i n the 
a b s e n c e of one, complex m i x t u r e s a r e o b t a i n e d . 

73 131 i2Q n n Treatment of 1-halo- ' o r 1 , 2 - d i h a l o - ' F - c y c l o -
- a l k e n e s w i t h t r i a l k y l p h o s p h i t e s g i v e s phosphonic e s t e r s v i a 

131 
phosphorane i n t e r m e d i a t e s . S i m i l a r r e a c t i o n s o c c u r w i t h 129 129 phosphonous and phosphinous e s t e r s . However, w i t h 
F - c y c l o a l k e n e s the prodXict i s a m i x t u r e of p h o p h i n i c e s t e r s 

131 
and phosphoranes. 

97 132 133 
A r s i n e s a l s o a c t a s n u c l e o p h i l e s ' ' and r e a c t i o n 
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T a b l e 2 

P o l y f l u o r o c y c l o a l k e n e s w i t h V a r i o u s N u c l e o n h i l e s 

• MeSH 

E t 3 N 

SCH_ 

•
3 SCH _ 

* R H 
^CH 

< C F2>n 

CC1 RSCu 

CC1 ao°c ( C F 2 > n I 
[123] 

SR 
R = Ph, PhCH 

O" 
C I 

K„S 

DMF 29% 

(CF ) CX 

( I I 
CF„ CX 

1) P P h 3 AcOH 

2 ) H 2 0 

-<CF2>n C 

c 
\ + 

O P ( P h ) 

C I • 
C I 

HPPh. 
-> HC1 + P h

2
P F

3 * e t c . 
no 

s o l v e n t [122] 

HPPh 2 , ^ P P h 2 

DMF 

^ p p b 2 

PPh 

( C F 2 > n 

CC1 P(OR) 
• c ^ P ( 0 ) ( O R ) 

CC1 "> ( C F 2 > n I I 
P(O)(OR) 
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T a b l e 2 - c o n t i n u e d 

P(OMe) 

PF(OMe) P(O)(OMe) 3 

P(OMe) 
OMe 

R = PF (O)(OMe)_ 
n n 

n = 1,2 or 0 

AsMe 2Y 
AsMe, 

•J -i 
AsMe, 

v neat.20 C 

Y = AsMe 2 , H, MqRr X = F, C I 

140°C H 
AsMe, 

4 N a l , DMF 

70°C 

X = C l , Br 

N a l , DMF 

150°C 

289? 7% 

Cu b r o n z e 

165°C 

[ l 3 3 ] 
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1 eads to v i n y l 1c Hisplacement f o r c y c l o a l k e n e s , c . f . t h e i r 
r e a c t i o n w i t h , f o r example, F-propene wherfi a d d i t i o n o c c u r s . 

Todide i o n i n an a p r o t i c d i p o l a r s o l v e n t r e p l a c e s v i n y l i c 
h a l i d e ion ^,134-136 a n ( j t n e e a s e of r e a c t i o n , and y i e l d , 
d e c r e a s e s w i t h i n c r e a s i n g r i n g s i z e . The r e s u l t a n t 1-iodo-
and 1 , 2 - d i i o d o - F - c y c l o a l k e n e s g i v e a range of h i g h l y novel 
compounds when c o u p l e d w i t h c o p p e r . 1 ^ 4 ' 1 ^ ^ S i m i l a r d i s -
-placements,. of f l u o r i d e i o n , have been o b s e r v e d u s i n g 
c h l o r i d e i o n . Exchange of v i n y l i c c h l o r i n e f o r bromine 
o c c u r s over a c a l c i u m s u l p h a t e / c h a r c o a l bed a t 250°C i n the 
p r e s e n c e of hydrogen b r o m i d e . 1 ^ 5 

The many and v a r i e d r e a c t i o n s of F - c y c l o a l k e n e s w i t h 
m e t a l c a r b o n y l s and m e t a l c a r b o n y l a n i o n s w i l l not be 
d i s c u s s e d h e r e ; e x c e l l e n t r e v i e w s on t h i s i n t e r e s t i n g a r e a 

137 
a r e a v a i l a b l e . 

1.B.2 E l e c t r o p h i l i c A t t a c k 
G e n e r a l l y , h i g h l y f l u o r i n a t e d 

a l k e n e s a r e r e l a t i v e l y r e s i s t a n t to a t t a c k by e l e c t r o p h i l e s . 
With s t r o n g l y e l e c t r o p h i l i c s p e c i e s , however, r e a c t i o n can 
o c c u r , u s u a l l y by i n i t i a l l o s s of a l l y l i c f l u o r i n e to g i v e 
an i n t e r m e d i a t e c a t i o n which can o f t e n be i s o l a t e d . F o r 

2 g 
example, t r e a t m e n t of 1 , 2 - d i h a l o d i f l u o r o c y c l o p r o p e n e s , ' 

13 P 139 
1 , 2 - d i s u b s t i t u t e d - F - c y c l o b u t e n e s ' or I - a l k y l - F - c y c l o -

139 
- a l k e n e s g i v e c a t i o n i c s p e c i e s which can be s e p a r a t e d 

19 
or o b s e r v e d i n s o l u t i o n by F n.m.r.. 

(CF ) — C - ° * ( C F . ) — C - ° * 

C F 2 CX - 7 8 C p . C ^ ^ - CX 

n = 0,1,2 R = a l k y l X = F, C I , B r S b F 6 

Treatme n t of 1 , 2 - d i c h l o r o - F - c y c l o a l k e n e s w i t h aluminium 
t r i c h l o r i d e r e s u l t s i n r e p l a c e m e n t of the f l u o r i n e s by 

140 
c h l o r i n e . Presumably a l l the f l u o r i n e s i n the r i n g become 
p o t e n t i a l l y a l l y l i c a s a r e s u l t of double bond m i g r a t i o n s . 
S i m i l a r r e a c t i o n s o c c u r f o r F - c y c l o a l k e n e s . H o w e v e r , w i t h 

140 
F - c y c l o h e x e n e i h e x a c h l o r o b e n z e n e i s o b t a i n e d . 
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C l 
c i c i A1C1 CI 

C I 25 C C I C I 

140] 

CI C I C I or o, 8 C I C I e t c . + i 
C I C I 

, - , = " 3 « « , C l 2 n C H 3 C l 2 r - n C H 3 
F 2 Y C l 2 Y 

X = Y = CH 3 X = F, Y = C I 

C o n c e n t r a t e d s u l p h u r i c a c i d i s a u s e f u l reagent f o r 
c o n v e r t i n g a l l y l i c d i f l u o r o m e t h y l e n e s i n t o keto f u n c t i o n s : -

H 2 H 2 H 2 H 2 

F F [ 1 4 2 ] 

Q 33 1) oleum HO OFT 
2 H O 

H H 

(11) 
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The second example i s p a r t i c u l a r l y f a s c i n a t i n g and p r o d u c t i o n 
of (.14) can be r a t i o n a l i s e d by a s e r i e s of i n t e r m e d i a t e 
c a r b o c a t i o n s . I n a few c a s e s , e.g. p r o d u c t i o n of s q u a r i c 

144 53 a c i d and h y d r o l y s i s of F - c y c l o h e p t a t r i e n e , the a l l y l i c 
f l u o r i n e s a r e v e r y r e a d i l y h y d r o l y s e d to g i v e keto 
f u n c t i o n s , even by w a t e r . However, t h e s e a r e s p e c i a l c a s e s 
s i n c e t h e p r o d u c t s a r e h i g h l y c o n j u g a t e d s y s t e m s . 

H_0 OEt 

OEt 

2 
[ l 4 4 ] 

G 9 m o i s t a i r 

0 

Treatment of 1-methoxy-F-cyclopentene w i t h s u l p h u r t r i -
145 

- o x i d e r e s u l t s i n 1 , 4 - e l i m i n a t i o n of methyl f l u o r i d e . 
The r e a c t i o n a l s o o c c u r s f o r the c o r r e s p o n d i n g c y c l o b u t e n e 
s y s t e m but i n t h i s c a s e the major p r o d u c t i s the f l u o r o -
- s u l p h a t e (_15). T h r e e f 1 u o r o s u l p h a t e s were o b t a i n e d on t r e a t -

146 
-roent of F - c y c l o b u t e n e w i t h s u l p h u r t r i o x i d e . 

tzT 
x 

OCH • 
X 

so 

FOSO 

25% ( 1 5 ) 30% 

CFXCF CXCF r SbF 

H 50 C 

CF- H H 
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Although F - c y c l o b u t e n e i s not d i m e r i s e d by antimony p e n t a -
138 

- f l u o r i d e i t w i l l r e a c t w i t h t e t r a - and t r i - f l u o r o e t h e n e s 
147 

and F-propene to g i v e 1:1 a d d u c t s . Under the same c o n d i t i o n s 
F - c y c l o p e n t e n e i s u n r e a c t i v e . 
1.B.3 A d d i t i o n s I n v o l v i n g F l u o r i d e Ion 

I n the p r e s e n c e of 
f l u o r i d e i o n , F - c y c l o & l k e n e s , i n common w i t h t h e i r a c y c l i c 
a n a l o g u e s , g i v e s m a l l c o n c e n t r a t i o n s of the c o r r e s p o n d i n g 
a n i o n s . These a n i o n s can be t r a p p e d by s u i t a b l y e l e c t r o -
- p h i l i c s p e c i e s to g i v e o v e r a l l a d d i t i o n t o the o r i g i n a l 
d ouble bond. One obvious r e a c t i o n i s f o r the a n i o n to 
a t t a c k the a l k e n e i t s e l f to g i v e d i m e r s - t h i s r e a c t i o n 
w i l l be c o n s i d e r e d i n c h a p t e r 2. 

These a n i o n s can be used to a l k y l a t e a c t i v a t e d f l u o r o -
- a r o m a t i c s i n a n u c l e o p h i l i c e q u i v a l e n t of the F r i e d e l - C r a f t s 

148 
r e a c t i o n . 

(CF„) r CF 2'n 
N ( C F ^ ) CF 

h e a t CF CF 

i ) KF, s u l p h o l a n 

Examples of o t h e r t r a p p i n g r e a c t i o n s a r e g i v e n i n T a b l e 3. 
Of p a r t i c u l a r i n t e r e s t i s the r e a c t i o n of F - c y c l o b u t y l a n i o n 
w i t h s u l p h u r s i n c e i t i s thought t h a t r a d i c a l i n t e r m e d i a t e s 

149 
may be i n v o l v e d . 

1.B.4 A d d i t i o n R e a c t i o n s 
T h i s encompasses f r e e r a d i c a l 

a d d i t i o n s , p o l y m e r i s a t i o n s and o x i d a t i o n r e a c t i o n s . 

I . E . 4 a F r e e R a d i c a l A d d i t i o n 
A l c o h o l s , a l d e h y d e s and e t h e r s 

can r e a d i l y be added a c r o s s the double bond of F - c y c l o a l k e n e s 
by gamma-ray or p e r o x i d e i n d u c e d r e a c t i o n . 1 5 6 ' 1 5 7 The 
p r o d u c t s o b t a i n e d a r e c i s - and t r a n s - i s o m e r m i x t u r e s a l t h o u g h 
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T a b l e 3 

T r a p p i n g of P e r f l u o r o c y c l o b u t y l Anion 

KF 
• S. 

s u l p h o l a n 
F 

- l e 

F 

/ 

v 

s o l v e n t 
C 4 F 7 

C 4 F
7 " + N 2 ° 4 

s u l p h o l a n r-S 
NO 

* Lll [ 1 5 0 , 1 5 1 ] 

DMF 
C 4 F ? • PhN 2 

N=NPh 

50% [ 1 M ] 

C 4 F 7 _ + *2 
CHgCN 

150°C • 27% 
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T a b l e 3 - c o n t i n u e d 

diglyme 
co-polymer 

H 
Ag 

<VV > ) 

H 
SAg 

C 2 H 5 I 

,SC 2H 5 

t h e r e i s a tendency f o r t h e c i s - i s o m e r to predominate w i t h 
i n c r e a s i n g r i n g s i z e : i t i s the o n l y p r o d u c t o b s e r v e d f o r 
gamma-ray i n d u c e d a d d i t i o n of a c e t a l d e h y d e to F - c y c l o h e x e n e . 

CF 

< C F2>n I I 
CF 

n = 2,3,4 

CH3OH 

i n i t i a t o r 

CFH 

< c " 2 > „ H 
,CF —CH 2OH 

< C F 2 > n f • o 
CF 

B Z 2 ° 2 
CFH 

80°C * < C F2>n I 
[ 1 53] 

n = 2 or 4 
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Th e c o r r e s p o n d i n g 1 - c h l o r o - , 1 5 9 1 - h y d r o - , 1 6 0 and 1 , 2 - d i c h l o r o -
- F - c y c l o a l k e n e s 1 6 1 » 1 ° 2 undergo s i m i l a r r e a c t i o n s . However, 
i n some c a s e s d e h y d r o h a l o g e n a t i o n o c c u r s i n s i t u and the 
r e s u l t a n t a l k e n e s can o f t e n r e a c t f u r t h e r to g i v e a 1:2 

. . 162 adduct. 
Other compounds such a s s i l a n e s , ' d i a l k y l 

p h o s p h i t e s 1 6 5 and t o l u e n e 1 6 6 have a l s o been added to 
F - c y c l o a l k e n e s by a f r e e r a d i c a l p r o c e s s . 

gC1 RCH.OH ^ - - C H C l / C C l 
( C F 2 > n . . t < t > ( C F 2 ) n | + < C F2>n CC1 i n i t i a t o r 

n = 2,3,4 HOCHR HOCHR 

The F - c y c l o a l k e n e s r e a d i l y add h a l o g e n , 5 ' 4 5 ' 8 7 - 9 0 

. , 88,167,168 . . . . ,.. 87,88,169 hydrogen ' * and hydrogen h a l i d e ' ' e i t h e r 
t h e r m a l l y or p h o t o c h e m i c a l l y . I n some c a s e s a d d i t i o n o c c u r s 

88 
i n the absence of l i g h t s u g g e s t i n g an e l e c t r o p h i l i c 
mechanism. Tndeed, i t has been s u g g e s t e d t h a t thermal c h l o r -
- i n a t i o n of F - c y c l o h e x e n e i s a b i m o l e c u l a r and n o t a r a d i c a l 

170 
p r o c e s s . I n t h e f l u o r i n a t i o n of F - c y c l o b u t e n e a s m a l l 

171 
amount of F - c y c l o b u t y l c y c l o b u t e n e i s formed, presumably 
a s a consequence of the low t e m p e r a t u r e and low f l u o r i n e 
c o n c e n t r a t i o n . 

A d d i t i o n s a l s o o c c u r w i t h many o t h e r compounds i n which 
h o m o l y t i c f i s s i o n i s a f a i r l y e a s y p r o c e s s : w i t h t r i f l u o r o -

172 173 174 -methyl i o d i d e and i n t e r h a l o g e n s ; p e r o x i d e s ' ; 
175 176 

compounds c o n t a i n i n g n i t r o g e n to f l u o r i n e ' or 1 7 7 1 7 8 179 oxygen to f l u o r i n e ' bonds; d i n i t r o g e n t e t r o x i d e ; 
e t c . . These r e a c t i o n s a r e a l l summarised i n T a b l e 4. 

l.B.4b P o l y m e r i s a t i o n s 
I n k e e p i n g w i t h t h e i r a c y c l i c a n a l o g u e s 

v e r y d r a s t i c c o n d i t i o n s a r e u s u a l l y r e q u i r e d to e f f e c t 
p o l y m e r i s a t i o n of F - c y c l o a l k e n e s . Thus F - c y c l o b u t e n e ( i n the 

180 
p r e s e n c e of a t r a c e of F - a c e t o n e ) and F - c y c l o p e n t a d i e n e 
r e q u i r e v e r y h i g h t e m p e r a t u r e s and p r e s s u r e s b e f o r e they a r e 
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T a b l e 4 

A d d i t i o n R e a c t i o n s of F - c y c l o a l k e n e s 

hv 

FX 

FX 

X = C I , Br 

[87, 88 J 
c i s - ft t r a n s - i s o m e r s 

F 
hv 

X * C I , Br 

C l 2 , 350 C CI 

C I 

[ 1 7 0 ] 

CF 

< C F2>n 
H. S CFH CH. 

CF 

n = 2,3, 4 

P d / A l 2 0 3 >« CFH' 

c i s - ft t r a n s -
i somers 

CFH 

H 
C a S 0 4 , c h a r c o a l 

HBr , 90°C f l o w 

H 

Rr 
[ l 7 2 ] 

I F 
H 

t r a c e 
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T a b l e 4 - c o n t i n u e d 

CF 

<C,Vn 
C F 3 I 

CF hv 

C F — C F . 

* ( C F 2 > n 
C F I 

[l7 2 ] 

n = 2 or 4 

CF 

< C F2>n I I 
R fOOR f 

CF hv, -20 C 

CF OR, 

* ( C F 2 > n 
CF — OR, 

H 
n = 2 or 3 R f = F — t b u t y l or CF. 

6 OSF SF_0F N 
[ l 7 7 l 

95 C 

ONO NO 1 •'»-»2 
F [ l 7 9 l 

N-0 • 150 C ONO NO 

a t 130 C no r e a c t i o n 
a t 160 C e x p l o s i v e 

0 • E l ̂0~0 12% N 

G N 
18* 44% 
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homopol. ymeri se d . 
An e x c e p t i o n i s F - m e t h y l e n e c y c l o p r o p a n e which r e a d i l y 

p o l y m e r i s e s i n the p r e s e n c e of an i n i t i a t o r to g i v e a r i n g 
opened polymer which r e t a i n s v i n y l i c d i f l u o r o m e t h y l e n e 

6 
groups. 

FCF 
I N . p e r o x i d e / || \ 

I t i s c l a i m e d t h a t a s u r f a c e f i l m of p o l y - F - c y c l o b u t e n e 
i s r e a d i l y formed on g l a s s by exposure to u l t r a v i o l e t 

182 
r a d i a t i o n i n the p r e s e n c e of monomer. 

Other F - c y c l o - a l k e n e s and - d i e n e s have not been homo-
- p o l y m e r i s e d . I n c o n t r a s t , c o - p o l y m e r i s a t i o n w i t h a v a r i e t y 
of s u b s t r a t e s , e.g. s t y r e n e , v i n y l c h l o r i d e , a c r y l o n i t r i l e , 
1,3-butadiene, e t c . , i s o f t e n q u i t e a f a c i l e r e a c t i o n and 
co-polymers have been r e p o r t e d f o r F - c y c l o p r o p e n e ( i n which 

o 2 3 
the propane r i n g remains i n t a c t below about 200 C ) , ' , . fc 180,184, 185 ^ ^ 184 F - c y c l o b u t e n e , F - c y c l o - p e n t e n e and -nexene, 187 188 F - c y c l o p e n t a d i e n e and F - e y e 1 o h e x a d i e n e s . 

l . B . 4 c O x i d a t i o n s 
O x i d a t i o n of F - c y c l o a l k e n e s o c c u r s to g i v e 

_ s _• . , . . . 3,30, 189, 190 the c o r r e s p o n d i n g a c y c l i c d i c a r b o x y l i c a c i d . 
The mechanism p r o b a b l y i n v o l v e s i n i t i a l f o r m a t i o n of a c y c l i c 
manganese complex which i s h y d r o l y s e d by water to g i v e a 
d i o l . L o s s of hydrogen f l u o r i d e then o c c u r s and f u r t h e r 
o x i d a t i o n f o l l o w s . 

v - r p o O CF—OH 

Y i 
CF CF 0 ^ C F — O H 

/ 

-2HF 

H O N - H O x < 0 = C — C = 0 
c = o C = o ' / 
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CX 

< C F2>n || 
KMnO. 

CX aq. a c e t o n e 
-> HOOC— ( CF ) — COOH 

n = 1-4 X = F, C I 

OH 0 0 CD KMnO 

OH 

0„/0 COF FOC 
[192] C_F„C1 

20R 

I n s u b s t i t u t e d c y c l o a l k e n e s c o n t a i n i n g no v i n y l i c h a l i d e , 
191 

e.g. ( 9 ) , t h e r e a c t i o n g i v e s a d i o l . 
O x i d a t i o n w i t h ozone g i v e s the c o r r e s p o n d i n g d i a c i d -

d i f l u o r i d e s but r e a c t i o n times a r e l e n g t h y and t he y i e l d s a r e 
. 192 low. 

1.B.5 C y c l o a d d i t i o n s 
These can be d i v i d e d i n t o t h r e e a r e a s : 

r e a c t i o n s i n v o l v i n g (2*2) c y c l o a d d i t i o n s ; r e a c t i o n s 
i n v o l v i n g (4+2) c y c l o a d d i t i o n s i . e . D i e l s A l d e r r e a c t i o n s ; 
and r e a c t i o n s i n v o l v i n g d i p o l a r s p e c i e s . 

l . B . 5 a (2*2) C y c l o a d d i t i o n s 
Thermal (2*2) c y c l o a d d i t i o n s of 

F - c y c l o a l k e n e s a r e r a r e ; one n o t i c e a b l e example b e i n g the 
2 

r e a c t i o n of F - e t h y l e n e w i t h F - c y c l o p r o p e n e . 
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+ C 2 F 4 
13 5°C 

p r e s s u r e 

< C F3>6 

c 

c 
I 
R, 

hv 

a c e t o n e 
1 H 

< C F3>6 

R, = R_ = CH, , C_H_ R, = CH_ , R_ = C_H, 

Ph o t o c h e m i c a l (2*2) a d d i t i o n s a r e more common. Thus 
F-hexamethyl b e n z v a l e n e g i v e s moderate y i e l d s of a d d u c t s 

193 
w i t h a c e t y l e n e s . P h o t o c h e m i c a l a d d i t i o n of 1 , 2 - d i c h l o r o -
- F - c y c l o b u t e n e and -pentene to in d e n e i s r e p o r t e d to g i v e 

194 
e x c e l l e n t y i e l d s of a d d i t i o n p r o d u c t s w h i l s t t h e 
c o r r e s p o n d i n g r e a c t i o n w i t h F - c y c l o b u t e n e g i v e s o n l y poor 
y i e l d s . 

1. B. 5b (2+4) C y c l o a d d i t i o n s 
Only the most s t r a i n e d F - c y c l o -

- a l k e n e s r e a c t a s d i e n o p h i l e s i n the D i e l s A l d e r r e a c t i o n . 
F o r example, F - c y c l o p r o p e n e s r e a c t w i t h s e v e r a l d i e n e s . 6 ' 1 9 5 

100°C 
F 2 + CH^CH-CHwCHg 

[l96] 

A • O 
X = F , CF. 
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197 O t h e r t e t r a h a l o c y c l o p r o p e n e s u n d e r g o s i m i l a r r e a c t i o n s . 
A p a r t i c u l a r l y v o r a c i o u s d i e n o p h i l e i s F - b i c y c l o ( 2 . 2 . 0 . ) -

198 
- h e x a d i e n e w h i c h e v e n g i v e s an a d d u c t w i t h p y r r o l e , 
a l t h o u g h n o t w i t h t h i o p h e n . F - H e x a m e t h y l b e n z v a l e n e a l s o 

«j ... 199,200 a c t s a s a d i e n o p h i l e . 

( C P 3 > 6 

o N I 
H 

E t 2 0 

20°C 

E tOH 

0°C 

F e ( C O ) 3 

[ 1 9 8 ] 

|25,20oJ 

s y n - ft a n t i -
i s o m e r s 

201 Not s u p r i s i n g l y , F - c y c l o p e n t a d i e n e a n d F - 1 , 3 - c y c l o -
202 203 

h e x a d i e n e ' a c t a s d i e n e s , a n d i n some • • ... 201,203 . , A, . d i e n o p h i l e s , m D i e l s A l d e r r e a c t i o n s . 

l . B . 5 c 1 , 3 - D i p o l a r A d d i t i o n s 
I t i s c l a i m e d t h a t " c h l o r i n a t e d 

a n d f l u o r i n a t e d a l k e n e s a r e e s p e c i a l l y p o o r d i p o l a r o p h i l e s ; " 
204 

a n d h e n c e s h o u l d n o t r e a d i l y r e a c t w i t h d i p o l e s . However, 
w h i l s t t h i s i s t r u e f o r compounds c o n t a i n i n g v i n y l i c f l u o r i n e , 
i t i s n o t t r u e f o r t h o s e w i t h v i n y l i c c h l o r i n e o r p e r f l u o r o -
- a l k y l s u b s t i t u e n t s , w h e r e c o n s i d e r a b l e a c t i v a t i o n i s 

20 5 
o b s e r v e d . Some F - a l k e n e s w i l l r e a c t w i t h 1 , 3 - d i p o l a r 
s p e c i e s u n d e r e x t r e m e l y f o r c i n g c o n d i t i o n s , e . g . F - p r o p e n e 
w i t h p h e n y l a z i d e , b u t i n t h e m a i n t h e y a r e u n r e a c t i v e . 

The e x c e p t i o n s a r e t h e v a l e n c e i s o m e r s o f F - b e n z e n e s 
109 207 

w h i c h r e a c t r e a d i l y w i t h n u m e r o u s d i p o l a r s p e c i e s . ' 
P r e s u m a b l y t h e d r i v i n g f o r c e i n t h e s e r e a c t i o n s i s r e l i e f o f 
r i n g s t r a i n , w h i c h s u g g e s t s t h a t F - c y c l o p r o p e n e s h o u l d a l s o 
r e a c t . 
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F 

C H 2 N 2 
E t 2 0 

1:2 a d d u c t 

[207] 

1.B.6 T h e r m a l a n d P h o t o c h e m i c a l R e a c t i o n s 

R e a r r a n g e m e n t s o f 
3 1 - 3 3 

F - c y c l o h e x e n e w e r e m e n t i o n e d e a r l i e r , a s was t h e 
r e a r r a n g e m e n t o f F - 1, 3 - c y c l o h e x a d i e n e . 5 1 F - C y c l o y j e n t e n e i s v e r y t h e r m a l l y s t a b l e 
h e a t i n g : - 3 

33 b u t F - c y c l o p r o p e n e o l i g o m e r i s e s on 

A 170°C 

4 h r . 

CF, 

CF A C F C F 

CF. A 
3 

CF. [•] 
+ 3 t r i m e r s + t e t r a m e r 

The t h e r m a l b e h a v i o u r o f F - c y c l o b u t e n e w i l l be d i s c u s s e d 
l a t e r . P a s s a g e o f F - c y c l o h e x a d i e n e s t h r o u g h an o l d n i c k e l 
t u b e a t e l e v a t e d t e m p e r a t u r e s g i v e s an e q u i l i b r i u m m i x t u r e 
o f t h e 1,3- a n d 1,4- d i e n e s and, i n some c a s e s , t h e p r o d u c t s 

2 OR 
o f d i s p r o p o r t i o n a t i o n . ' I n c o n t r a s t , t h r o u g h a new t u b e 

200 
d e f l u o r i n a t i o n o c c u r r e d . S i m i l a r d e f l u o r i n a t i o n r e a c t i o n s 

2 1 0 
o c c u r o v e r i r o n . 

I t i s c l a i m e d t h a t s t a t i c , m e r c u r y - s e n s i t i z e d p h o t o l y s i s 
o f F - c y c l o b u t e n e g i v e s m a i n l y F - 1 , 3 - b u t a d i e n e a n d t h a t 
p h o t o l y s i s o f t h e b u t a d i e n e g i v e s t h e c y c l o b u t e n e - i t seems 

211 
o b v i o u s t h a t s o m e t h i n g i s a m i s s w i t h t h e s e o b s e r v a t i o n s . 

Q u a n t i t a t i v e r i n g o p e n i n g o f F - c y c l o b u t e n e c a n b e 
a c h i e v e d by i n f r a r e d l a s e r i r r a d i a t i o n i n t h e p r e s e n c e o f 

2 1 2 
h e l l u m . 
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CHAPTBR 2 

OLIGOMERS FROM PERFUJOROCYCLOALKENES 

I n t r o d u c t i o n 
An i m p o r t a n t a n a l o g y c a n be drawn b e t w e e n t h e 

r o l e o f t h e p r o t o n i n h y d r o c a r b o n c h e m i s t r y a n d t h a t o f 
f l u o r i d e i o n i n f l u o r o c a r b o n c h e m i s t r y . F o r e x a m p l e , u n d e r 
a c i d i c c o n d i t i o n s , many a l k e n e s u n d e r g o r e a r r a n g e m e n t , 
p o l y m e r i s a t i o n , a c t a s a l k y l a t i n g a g e n t s , e t c . . 

e . g . 5 0 % H 2 S 0 4 

^ d i m e r s , t r i m e r s , e t c . 

( C H 0 ) 0 C CH 

4 -f 
RF H 

C ( C H 0 ) CH 
n 

A1C1 / 
Ar-H 

H 
A r H 

I n t h e p r e s e n c e o f f l u o r i d e i o n , F - a l k e n e s : r e a r r a n g e t o 
g i v e a n i s o m e r ( s ) c o n t a i n i n g t h e l e a s t p o s s i b l e number o f 

58 
v i n y l i c f l u o r i n e s ; u n d e r g o t h e a n i o n i c e q u i v a l e n t o f t h e 
F r i e d e l - C r a f t s r e a c t i o n w i t h a c t i v a t e d p o l y f l u o r o a r o m a t i c s ; 
o l i g o m e r i s e t o g i v e , u s u a l l y , d i m e r s a n d t r i m e r s . 

60 C KF CF C F . C F C F C F 
s u l p h o l a n 

130 C KF 
> N C F ( C F „ ) s u l p h o l a n 

[213J 
9495 

F " 
C F 3 — - C F = r C F 2 ^ d i m e r s , t r i m e r s , t e t r a m e r 

s o l v e n t 
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I t i s i m p o r t a n t t o r e a l i s e , h o w e v e r , t h a t f l u o r i d e i o n d o e s 
n o t p o l y m e r i s e F - a l k e n e s . T h i s i s b e c a u s e t h e g r o w i n g F - a l k y l 
c h a i n c a n l o s e f l u o r i d e i o n v e r y r e a d i l y , g i v i n g o l i g o m e r s 
w h i c h a r e u s u a l l y much l e s s r e a c t i v e t o w a r d s F - a l k y l a n i o n s 
t h a n i s t h e s t a r t i n g m a t e r i a l . 

The a n a l o g y b e t w e e n f l u o r o c a r b o n s a n d h y d r o c a r b o n s c a n b e 
t a k e n one s t e p f u r t h e r : t h u s , t h e a d v e n t o f " s u p e r a c i d s " h a s 
a l l o w e d t h e p r e p a r a t i o n o f c a r b o c a t i o n s f r o m a l k e n e s a n d 
t h e s e c a n b e o b s e r v e d b y 'H n . m . r . s p e c t r o s c o p y . A s w i l l b e 
s e e n i n c h a p t e r 3, t h i s t h e s i s r e p o r t s t h e p r e p a r a t i o n o f 
F - a l k y l a n i o n s , f r o m r e a c t i o n o f F - a l k e n e s w i t h f l u o r i d e i o n , 

19 
a n d t h e s e c a n b e o b s e r v e d i n s o l u t i o n by F n.m.r. s p e c t r o s -

-copy., 
T h i s c h a p t e r d e a l s w i t h t h e o l i g o m e r i s a t i o n o f F - c y c l o -

- b u t e n e a n d t h e r e a c t i o n s o f F - c y c l o a l k e n e s w i t h o t h e r F - a l k e n e s 
i n t h e p r e s e n c e o f f l u o r i d e i o n o r p y r i d i n e ( f o r c o n v e n i e n c e 
c a l l e d c o - o l i g o m e r i s a t i o n r e a c t i o n s ) . 

2. A. O l i g o m e r s f r o m F - C y c l o b u t e n e 
The f l u o r i d e i o n i n i t i a t e d 

2 14 
o l i g o m e r i s a t i o n o f F - c y c l o b u t e n e h a s b e e n s t u d i e d p r e v i o u s l y 
a n d was r e p o r t e d t o g i v e two d i m e r s , (_16) a n d (J_7) , t o g e t h e r 
w i t h a m i x t u r e o f t h r e e t r i m e r s , t h e m a j o r o n e o f w h i c h was 
w r o n g l y a s s i g n e d s t r u c t u r e ( 1 8 ) . 

( 1 6 ) ( 1 7 ) {18) 

I n d i m e t h y l f o r m a m i d e (DMF) a s s o l v e n t , a t room t e m p e r a t u r e w i t h 
c a e s i u m f l u o r i d e a s a s o u r c e o f f l u o r i d e i o n , t h e y i e l d o f 
d i m e r s was a b o u t 50%; w i t h p o t a s s i u m f l u o r i d e o n l y t r i m e r s 
w e r e o b t a i n e d . 

Tn t e t r a h y d r o t h i o p h e n d i o x i d e ( s u l p h o l a n ) a s s o l v e n t , a t 
125°C, a s i n g l e t r i m e r was o b t a i n e d a n d shown t o h a v e 

s t r u c t u r e (_19) , ' 2 1 ^ i . e . t h e m a j o r t r i m e r i c p r o d u c t f r o m 
f l u o r i d e i o n i n d u c e d o l i g o m e r i s a t i o n o f F - c y c l o b u t e n e i s ( 1 0 ) 
a n d n o t ( 1 8 ) . 
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I n a s u r v e y o f t h e r e a c t i o n s o f a m i n e s w i t h F - c y c l o b u t e n e , 
P r u e t t o b s e r v e d t h a t o l i g o m e r i s a t i o n o c c u r r e d w i t h p y r i d i n e , 
t o g i v e two d i m e r s , (_16) a n d (.17) , a n d a t r i m e r a s s i g n e d 

94 
s t r u c t u r e ( 2 0 ) . The p r o d u c t c o m p o s i t i o n was f o u n d t o b e 
d e p e n d a n t on t h e r a t i o o f p y r i d i n e t o F - c y c l o b u t e n e u s e d . 

F 

F F F F F 

/ 
C 

( 1 9 ) ( 2 0 ) ( 2 1 ) 

W o r k e r s a t Durham h a v e b e e n i n v e s t i g a t i n g t h e r e a c t i o n s 
o f F - a l k e n e s o f t h e t y p e (21) i . e . w h e r e e a c h o f t h e s u b s t i t u e n t s 
on t h e d o u b l e bond i s c a r b o n . T h i s g e n e r a l t y p e o f a l k e n e i s 
p r o v i n g p a r t i c u l a r l y i n t e r e s t i n g f o r a n u m b e r o f r e a s o n s , e . g . 

i 

n u c l e o p h i l i c s u b s t i t u t i o n m u s t o c c u r v i a an S R 2 m e c h a n i s m 
( s e e r e a c t i o n s o f compounds (9_) a n d (_10) i n c h a n t e r 1 ) . I n 
t h i s c o n t e x t d i m e r ( M i ) i s a v e r y i n t e r e s t i n g m o l e c u l e s i n c e 
n ot o n l y i s i t o f t h e t y p e (21) b u t a l s o i t p o s s e s s e s c o n s i d e r a b l 
a n g l e s t r a i n w h i c h c o u l d h a v e a p r o f o u n d e f f e c t on i t s 
r e a c t i v i t y . I n v i e w o f t h e p o t e n t i a l l y i n t e r e s t i n g c h e m i s t r y 
o f t h i s d i m e r i t was d e c i d e d t o r e - i n v e s t i g a t e t h e o l i g o m e r -
- i s a t i o n o f F - c y c l o b u t e n e w i t h a v i e w t o o b t a i n i n g d i m e r ( 1 6 ) 
i n h i g h y i e l d . 

2.A.1 W i t h F l u o r i d e I o n 
I n t h e p r e s e n c e o f c a e s i u m f l u o r i d e 

F - c y c l o b u t e n e o l i g o m e r i s e d r a p i d l y a t room t e m p e r a t u r e i n e i t h e r 
DMF o r 2 , 5 , 8 , 1 1 , 1 4 - p e n t a o x a p e n t a d e c a n e ( t e t r a g l y m e ) . The 
r e a c t i o n c o u l d b e c a r r i e d o u t a t a t m o s p h e r i c p r e s s u r e u s i n g a 
v a r i a b l e g a s r e s e r v o i r o r u n d e r a u t o g e n o u s p r e s s u r e i n , f o r 
e x a m p l e , a n i c k e l t u b e . The m a j o r p r o d u c t f r o m t h e s e r e a c t i o n s 
was a l w a y s t r i m e r (_19) c o n t a i n i n g a s m a l l amount o f a n o t h e r , a s 
y e t u n c h a r a c t e r i s e d , t r i m e r . T h e amount o f d i m e r s (_16) a n d ( 1 7 ) 
was u s u a l l y o f t h e o r d e r o f 209*. A new p r o d u c t , n o t r e p o r t e d 
b e f o r e , was t h e t e t r a m e r (22^) w h i c h c o u l d a l s o b e o b t a i n e d by 
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f u r t h e r r e a c t i o n o f (_16) a n d (_17) i n t h e p r e s e n c e o f a d e f i ­
c i e n c y o f f l u o r i d e i o n . I n t h e p r e s e n c e o f e x c e s s f l u o r i d e 
i o n , d i m e r s (_16) a n d (_17) d i d n o t r e a c t f u r t h e r b u t g a v e t h e 
l o n g - l i v e d , o b s e r v a b l e c a r b a n i o n (23) - s e e c h a p t e r 3. T h i s 
a n i o n was a l s o o b t a i n e d f r o m t h e r e a c t i o n o f t e t r a m e r (22) 

w i t h e x c e s s f l u o r i d e i o n . 

( 1 6 ) ( 1 7 ) 

( 2 2 ) 

( 2 3 ) 

(11) 

T h e s e r e s u l t s s u g g e s t t h a t t e t r a m e r o b t a i n e d i n t h e o l i g o m e r -
- i s a t i o n o f F - c y c l o b u t e n e i s f o r m e d b y r e a c t i o n o f t r i m e r ( 1 9 ) 
w i t h a n i o n (21+) . P r o d u c t i o n o f t h e o l i g o m e r s i s r a t i o n a l i s e d 
b y t h e m e c h a n i s m o u t l i n e d i n s c h e m e 4. S t r u c t u r a l a s s i g n m e n t s 
w i l l b e d i s c u s s e d a t t h e e n d o f t h e c h a p t e r . 

W i t h s u l p h o l a n a s s o l v e n t t h e o l i g o m e r i s a t i o n was s l u g g i s h 
a t 50°C a n d g a v e m a i n l y t r i m e r (_19), w h i l s t i n a c e t o n i t r i l e , 
o l i g o m e r i s a t i o n was e i t h e r v e r y s l o w o r n o n - e x i s t a n t a t room 
t e m p e r a t u r e . W i t h p o t a s s i u m f l u o r i d e i n DMF, w i t h o r w i t h o u t 
1 8 - c r o w n - 6 - p o l y e t h e r , o l i g o m e r i s a t i o n was s l o w a t room 
t e m p e r a t u r e a n d g a v e m a i n l y t r i m e r (_19) . S e v e r a l a t t e m p t s w e r e 
made t o t r y t o r e v e r s e t h e o l i g o m e r i s a t i o n a n d o b t a i n d i m e r i c 
m a t e r i a l f r o m t h e t r i m e r (19.) ( c . f . r e a c t i o n o f t e t r a m e r t o 
g i v e a n i o n (£3) a n d h e n c e a m i x t u r e o f t h e two d i m e r s ) . 
H o w e v e r , i n a l l c a s e s , t r i m e r (_19) was r e c o v e r e d u n c h a n g e d 
a n d no d i m e r i c m a t e r i a l c o u l d b e d e t e c t e d . 

H e n c e , u n d e r t h e c o n d i t i o n s e m p l o y e d , f l u o r i d e i o n i n d u c e d 
o l i g o m e r i s a t i o n o f F - c y c l o b u t e n e i s o f l i m i t e d v a l u e i n o b t a i n ' 
- i n g d i m e r s ( 1 6 ) a n d ( 1 7 ) > 
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Scheme 4 

F l u o r i d e I o n I n d u c e d O l i g o m e r i s a t i o n o f F - C y c l o b u t e n e 

( 2 2 ) ( 1 9 ) 

2.A.2 W i t h P y r i d i n e 
T h i s r e a c t i o n h a s p r o v i d e d a r o u t e t o t h e 

d i m e r s (J^6) a n d (JL7) i n f a i r l y good y i e l d . 
A t room t e m p e r a t u r e , u n d e r a u t o g e n o u s p r e s s u r e , p y r i d i n e 

a n d F - c y c l o b u t e n e a r e i m m i s c i b l e . I n i t i a l l y t h e p y r i d i n e l a y e r 
a s s u m e s a b l o o d - r e d c o l o u r a t i o n b u t i t r a p i d l y t u r n s b l a c k . 
O l i g o m e r i s a t i o n o c c u r s t o g i v e two d i m e r s , (16.) a n d (JL7) , a n d 
a t r i m e r . I t was a s s u m e d b y e a r l i e r w o r k e r s i n t h e s e l a b o r a t -

148 
- o r i e s t h a t t h i s t r i m e r h a d s t r u c t u r e (_19) r a t h e r t h a n 
( 2 0 ) a s p r o p o s e d by r r u e t t . Tn f a c t t h e t r i m e r o b t a i n e d h a s 
s t r u c t u r e (J^P) and t h i s f o l l o w s s i m p l y f r o m i t s s p e c t r a l 
d a t a ( s e e end o f c h a p t e r ) . A l s o compound (J^R) i s u n c o n t a m i n a t e d 
by a n y o t h e r t r i m e r i c m a t e r i a l , i . e . no t r i m e r (_19) was 
d e t e c t a b l e i n t h e p r o d u c t m i x t u r e . 

The p r o d u c t c o m p o s i t i o n a n d p a r t i c u l a r l y t h e r a t e o f r e a c t i o n 
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i.s c r i t i c a l l y d e p e n d a n t on t h e i n i t i a l r a t i o o f F - c y c l o b u t e n c 
t o p y r i d i n e u s e d ( s e e t a b l e a t b o t t o m o f s c h e m e 5 ) , a n d a l s o 
on r e a c t i o n c o n d i t i o n s e . g . t h e e f f e c t i v e n e s s o f t h e s t i r r i n g 
a t m i x i n g t h e p y r i d i n e a n d F - c y c l o b u t e n e . I n f a c t t h e r e a c t i o n s 
a r e n o t e x a c t l y r e p r o d u c i b l e b u t , i n g e n e r a l , i n c r e a s i n g t h e 
amount o f p y r i d i n e u s e d h a s t h e f o l l o w i n g e f f e c t s : -

1) t h e r e a c t i o n p r o c e e d s more r a p i d l y , 
2 ) t h e r e c o v e r y o f f l u o r o c a r b o n i s d e c r e a s e d , 
3 ) t h e amount o f t r i m e r i n t h e p r o d u c t i s i n c r e a s e d . 

N e v e r t h e l e s s , m i x t u r e s c o n t a i n i n g a s much a s 609? o f d i m e r s c a n 
be o b t a i n e d b y t h i s r o u t e , t h e o n l y l i m i t a t i o n b e i n g t h e 
l e n g t h y r e a c t i o n t i m e s r e q u i r e d i n t h e s e c a s e s ; f r o m f i v e t o 
f i f t e e n , o r more, d a y s b e f o r e c o m p l e t e r e a c t i o n o c c u r s . 

The s u p r i s i n g d i s c o v e r y t h a t t h e t r i m e r f o r m e d i n t h i s 
r e a c t i o n i s (J_8) r a t h e r t h a n (_19) means t h a t d i f f e r e n t 
m e c h a n i s m s m u s t o b t a i n i n t h e f l u o r i d e i o n a n d p y r i d i n e 
i n d u c e d o l i g o m e r i s a t i o n s . I t h a s l o n g b e e n s u g g e s t e d t h a t F -

91 92 
- c y c l o b u t e n e a n d t e r t i a r y a m i n e s g i v e y l i d e s ' a n d 

93 
e x a m p l e s o f t h e s e h a v e r e c e n t l y b e e n i s o l a t e d b y B u r t o n . 
I t s e e m s p l a u s i b l e t h e r e f o r e , t o p o s t u l a t e t h e f o r m a t i o n o f 
an a n a l a g o u s y l i d e , ( _ 2 5 ) , a s a r e a c t i v e i n t e r m e d i a t e i n t h e 
r e a c t i o n o f p y r i d i n e w i t h F - c y c l o b u t e n e . T h e f o r m a t i o n o f 
t r i m e r (^22) i s t h e n u n d e r s t a n d a b l e by t h e m e c h a n i s m o u t l i n e d 
i n s c h e m e 5. 

F u r t h e r e v i d e n c e f o r t h i s m e c h a n i s m was o b t a i n e d b y 
c a r r y i n g o u t t h e o l i g o m e r i s a t i o n i n t h e p r e s e n c e o f d i m e r s 
( 16) a n d (_17) when an amount o f t r i m e r (^8) was o b t a i n e d t h a t 
was i n e x c e s s o f t h a t w h i c h c o u l d h a v e b e e n o b t a i n e d s o l e l y 
f r o m F - c y c l o b u t e n e . T h i s d e m o n s t r a t e s t h a t y l i d e (2_5) c a n 
r e a c t w i t h d i m e r (_17) t o p r o d u c e t r i m e r (18.) • T n e two s e p e r a t e 
d i m e r s , (lb) a n d (_17) , a r e e a c h r a p i d l y i s o m e r i s e d b y p y r i d i n e 
t o g i v e a t y p i c a l e q u i l i b r i u m m i x t u r e , (_16) : (JJ7) = c a . 11 : 9, 
e v e n t h o u g h t h e f l u o r o c a r b o n a n d p y r i d i n e a r e i m m i s c i b l e . 

An i n t e r e s t i n g p o i n t w h i c h a r i s e s f r o m t h e m e c h a n i s m 
o u t l i n e d i n scheme 5 i s t h e i n v o l v e m e n t o f f l u o r i d e i o n s a l t s 
a s i n t e r m e d i a t e s e . g . ( 2 5 a ) . T h i s f l u o r i d e i o n c a n n o t b e 
a v a i l a b l e t o t h e d i m e r s (^^6) an d (1_7) s i n c e o t h e r w i s e a n i o n 
( 2 3 ) w o u l d r e s u l t a n d t h i s w o u l d g i v e t r i m e r (_19). I t f o l l o w s 
t h e r e f o r e , t h a t p r o c e s s e s i n s c h e m e 5 w h i c h i n v o l v e l o s s o f 
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Scheme 5 

P y r i d i n e I n d u c e d O l i g o m e r i s a t i o n o f F - C y c l o b u t e n e 

N N 

( 2 5 a ) p y r i d i n e 
( 2 5 ) 

I ( 2 5 ) N 

( 1 8 ) 

r a t i o u s e d 
C F • C II N 4 6 5 5 

9t r e c o v e r y 

4 6 

p r o d u c t c o m p o s i t i o n r e a c t i o n 
d i m e r s t r i m e r t i m e h r s , 

20 
16 
15 
14 
12 
9 

74 

79 
81 
84 
87 
67 

50 
24 
3 
6 
1 
0 

36 
50 
63 
57 
4 3 
21 

14 
26 
34 
37 
56 
79 

336 
3 6 0 
130 
190 
130 
15 

E f f e c t o f V a r y i n g P y r i d i n e t o F - C y c l o b u t e n e R a t i o 
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f l u o r i d e i o n a n d s u b s e q u e n t r e a c t i o n t o g i v e , f o r e x a m p l e , 
y l i d e (25) o r d i m e r (11) m u s t p r o c e e d v i a a t i g h t i o n p a i r . 
T h e s e i o n p a i r s a r e u n a f f e c t e d by t h e u s e o f a s o l v e n t e . g . 
DMF s i n c e t h e p r o d u c t i d e n t i t y i s u n c h a n g e d . 

The n o n - r e p e a t a b i l i t y o f t h i s p r e p a r a t i o n i s p r e s u m a b l y 
due t o i t s h e t e r o g e n o u s n a t u r e . 

2. B F l u o r i d e Ton I n i t i a t e d C o - o l i g o m e r i s a t i o n R e a c t i o n s 

2. B. 1 F - C y c l o b u t e n e w i t h F - P r o p e n e 
T h i s r e a c t i o n p r o c e e d e d 

r a p i d l y a n d e x o t h e r m i c a l l y t o g i v e a c o m p l e x m i x t u r e o f 
p r o d u c t s f r o m w h i c h compounds (j26) - (29) w e r e i s o l a t e d a n d 
c h a r a c t e r i s e d . T h e s e compounds a r i s e f r o m s e v e r a l i n t e r m e d i a t e 
a n i o n s a s i n d i c a t e d i n s c h e m e 6. 

As w i l l b e s e e n s h o r t l y , compound (2b) g i v e s an o b s e r v a b l e 
c a r b a n i o n w i t h f l u o r i d e i o n b u t n o n e o f t h e p r o d u c t s i s o l a t e d 
f r o m t h i s r e a c t i o n was d e r i v e d f r o m t h i s c a r b a n i o n . T h i s i s 
p r e s u m a b l y b e c a u s e F - c y c l o b u t e n e and F - p r o p e n e a r e b e t t e r a t 
c o m p e t i n g f o r t h e a v a i l a b l e f l u o r i d e i o n a n d t h e r e s u l t a n t 
a n i o n s ( b o t h w i t h f l u o r i n e a t t a c h e d d i r e c t l y t o t h e a n i o n i c 
s i t e ) a r e more r e a c t i v e . 

T h i s r e a c t i o n h a s b e e n r e p o r t e d p r e v i o u s l y b u t t h e 
s t r u c t u r e s a s s i g n e d t o t h e t h r e e compounds (21) -(2Q_) a r e a l l 

214 
.in e r r o r . 

2.R.2 F - C y c l o b u t e n e w i t h F - 2 - H u t e n e 
T h i s r e a c t i o n p r o c e e d e d 

s l o w l y t o g i v e a m o d e r a t e y i e l d o f compound (_?0) a l o n g w i t h 
o l i g o m e r s o f F - c y c l o b u t e n e . Compound ( 3 0 ) i s p r o b a b l y f o r m e d 
by a t t a c k o f a n i o n (24) on F - 2 - b u t e n e a l t h o u g h , i n p r i n c i p l e , 
i t c o u l d a l s o be f o r m e d by a t t a c k o f t h e a n i o n ( C 2 F ) ( C F 3 ) C F ~ 
on F - c y c l o b u t e n e . However, i t i s known t h a t F - 2 - b u t e n e i s 

216 
much l e s s r e a c t i v e t o w a r d s f l u o r i d e i o n t h a n F - c y c l o b u t e n e . 
T h i s i s most l i k e l y b e c a u s e o f t h e s t r a i n e n e r g y o f t h e l a t t e r 
c ompound. 

C s F , RT y\ / C F 3 
C F 3 F C : Z Z C F C F 3 • > < F / C 

DMF \y \ c p 
2 5 

( 3 0 ) 3 OF-
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S cheme 6 

C o - o l l g o m n t l s a t t o n o f F - T r o p e n e and F - C y c l o h u t o n e 

C 3 F 6 > \ F < 1 6 ) 6* 
DMF V CF 

+ < \ ^ _ ? ~ ( C F 2 , 2 C F 3 + < ^ > — C ~ C F ( C F 3 ) 2 

( 2 7 ) ( 2 8 ) >20* 

* p r o p e n e t r i m e r s 
r 
C F 3 

( 2 9 ) >3096 

+ F " = = ± C 3 F 6 + F " ^ ^ F 3 ) 2 C F -

( 2 4 ) 

( 2 4 ) • ( 2 6 ) > ( 2 9 ) 

( C F 3 ) 2 C F ~ • ( 2 6 ) > ( 2 8 ) 

C 3 F 6 + ( C F 3 ) 2 C F " j ( C F 3 ) 2 C Z Z C F C F 2 C F 3 

( 2 7 ) z , „. „ + ( C F 3 ) 2 C C F 2 C 2 F 5 

+ ( C F 3 ) 2 C F " C F ? > ( 2 6 ) 
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2.B.3 F - C y c l o b u t e n e w i t h F - C y c l o p e n t e n e 
T h i s r e a c t i o n p r o c e e d e d 

s l o w l y t o g i v e a c o m p l e x m i x t u r e f r o m w h i c h compound (31) was 
i s o l a t e d . T h i s compound f o r m e d a b o u t 959? o f t h e C g F ] 4 f r a c t i o n 
a n d t h e i d e n t i t y o f t h e o t h e r c o m p o n e n t ) s ) was n o t e s t a b l i s h e d . 

RT C s F 

DMF 
••• o t h e r 

o l i g o m e r s 

( 3 1 ) 

Compound (^1) c o u l d o f c o u r s e a r i s e by two p r o c e s s e s , i . e . b y 
a t t a c k o f t h e F - c y c l o b u t y l a n i o n ( 2 4 ) on F - c y c l o p e n t e n e o r o f 
t h e F - c y c l o p e n t y l a n i o n on F - c y c l o b u t e n e . T h e f o r m e r i s t h e 
m o s t p r o b a b l e r o u t e . 

2.B.4 F - C y c l o b u t e n e w i t h F - C y c l o h e x e n e 
I n c o n t r a s t t o t h e a b o v e , 

r e a c t i o n o f F - c y c l o b u t e n e a n d F - c y c l o h e x e n e g a v e m a i n l y 
o l i g o m e r s o f F - c y c l o b u t e n e , (_16) , (17) , (19) a n d ( 2 2 ) , t o g e t h e r 
w i t h a s m a l l f r a c t i o n c o n t a i n i n g C^4

P22 i s o m e r s * T n e m a j o r 
i s o m e r , (32_) , was p r e p a r e d i n a s e p a r a t e r e a c t i o n b e t w e e n 
d i m e r m i x t u r e , (JL6) a n d (_1_7), a n d F - c y c l o h e x e n e . T h i s s h o w s t h a t 
t h e C l 4 F 2 2 f r a c t i o n i s n o t d e r i v e d e n t i r e l y f r o m d i m e r a n i o n 
( 2 3 ) b u t i s due i n p a r t t o t r a p p i n g o f an a n i o n , o r a n i o n s , 
d e r i v e d f r o m a 1:1 a d d u c t o f F - c y c l o - b u t e n e a n d - h e x e n e , e v e n 
t h o u g h t h i s compound i s n o t o b s e r v e d i n t h e p r o d u c t m i x t u r e . 
P r e s u m a b l y t h e m i n o r i n v o l v e m e n t o f F - c y c l o h e x e n e i n t h e 
r e a c t i o n i s due t o t h e f a r g r e a t e r r e a c t i v i t y o f F - c y c l o b u t e n e 
t o w a r d s n u c l e o p h i l e s . 

(16) + ( 1 7 ) V C s F , RT 

DMF 

( 3 2 ) 299? 



2.B.5 F - C y c l o p e n t e n e w i t h P - P r o p e n e 
T h i s r e a c t i o n g a v e a s i m p l e 

p r o d u c t m i x t u r e c o n t a i n i n g F - 1 - i s o p r o p y l - a n d F - 1 , 2 - d i i s o p r o p y l -
- c y c l o p e n t e n e , ( 3 3 ) a n d ( 3 4 ) r e s p e c t i v e l y , t o g e t h e r w i t h 
o l i g o m e r s o f F - p r o p e n e . Compounds (3_3) a n d (3_4) a r e f o r m e d b y 
s i m p l e v i n y l i c f l u o r i n e d i s p l a c e m e n t by t h e F - i s o p r o p y l a n i o n . 

C F ( C F 3 ) 2 

+ C 3 F 6 
C s F , R T 

DMF 

C F ( C F 3 ) 2 

C F ( C F 3 ) 2 

( 3 3 ) 7 5% ( 3 4 ) 102 

U n d e r t h e c o n d i t i o n s , e m p l o y e d compound (33) was t h e m a j o r 
p r o d u c t b u t t h e r e a c t i o n c o n d i t i o n s c o u l d p r e s u m a b l y be 
c h a n g e d , by u s i n g more F - p r o p e n e , t o f a v o u r compound ( 3 4 ) . 
F - D i a l k y l c y c l o p e n t e n e s h a v e b e e n r e p o r t e d by o t h e r w o r k e r s . 32 

2.B.6 F - C y c l o h e x e n e w i t h F - P r o p e n e 
F - C y c l o h e x e n e i s l e s s r e a c t i v e 

t h a n F - c y c l o p e n t e n e t o w a r d s n u c l e o p h i l e s a n d c o n s e q u e n t l y w i t h 
F - p r o p e n e o n l y m o n o s u b s t i t u t i o n o c c u r e d , t o g i v e F - 1 - i s o p r o p y l -
- c y c l o h e x e n e , ( ^ 5 ) , t o g e t h e r w i t h F - p r o p e n e o l i g o m e r s . 

C s F , R T 
+ C F 

3 6 DMF 

C F ( C F 3 ) 2 

( 3 5 ) 

2.B.7 F - C y c l o h e x e n e w i t h F - C y c l o p e n t e n e 
F o r c o - o l i g o m e r i s a t i o n 

t o o c c u r e l e v a t e d t e m p e r a t u r e s w e r e r e q u i r e d , b u t a t 80°C 
a good y i e l d o f F - 1 - c y c l o h e x y l c y c l open t e n e , ( 3_6) , was o b t a i n e d 
t o g e t h e r w i t h d i m e r s o f F - c y c l o - pen t e n e a n d - h e x e n e , (3_7) and 
( 3 8 ) r e s p e c t i v e l y . Compounds (3_7) a n d ( 3 8 ) h a v e b e e n o b t a i n e d 
p r e v i o u s l y by f l u o r i d e i o n i n d u c e d r e a c t i o n s o f t h e i n d i v i d u a l 
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F - c y c l o a l k e n e s . Compound ( 3 6 ) c a n b e f o r m e d b o t h b y a t t a c k 
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o f t h e F - c y c l o p e n t y l a n i o n on F - c y c l o h e x e n e a n d b y a t t a c k o f 
t h e F - c y c l o h e x y l a n i o n on F - c y c l o p e n t e n e . 

3 CsF.BO C 

DMF 

( 36) 6256 

+ 

( 3 7 ) ( 3 8 ) 

2.C A t t e m p t e d O l i g o m e r i s a t i o n s w i t h P y r i d i n e 
I n v i e w o f t h e 

e f f i c i e n t F - c y c l o b u t e n e o l i g o m e r i s a t i o n i n d u c e d by p y r i d i n e , 
t h e c o r r e s p o n d i n g r e a c t i o n s w i t h o t h e r F - a l k e n e s w e r e 
i n v e s t i g a t e d i n o r d e r t o d e t e r m i n e w h e t h e r p y r i d i n e o f f e r e d 
a n y a d v a n t a g e s o v e r f l u o r i d e i o n a s an i n i t i a t o r f o r o l i g o m -
- e r i s a t i o n o f t h e s e s y s t e m s . S e p a r a t e r e a c t i o n s w e r e c a r r i e d 
o u t b e t w e e n p y r i d i n e a n d F - c y c l o - p e n t e n e , - h e x e n e , F - 2 - b u t e n e , 
- p r o p e n e , - e t h y l e n e a n d c h l o r o t r i f l u o r o e t h y l e n e . I n a l l b u t 
one c a s e ( C 2 F 3 C 1 ) , h o w e v e r , some t a r was p r o d u c e d a n d i n a l l 
c a s e s t h e r e was s i g n i f i c a n t r e c o v e r y o f F - a l k e n e , b u t no 
o l i g o m e r s c o u l d be d e t e c t e d . H e nce F - c y c l o b u t e n e i s u n u s u a l 
i n i t s r e a c t i o n w i t h p y r i d i n e , b u t t h e r e a s o n s f o r t h i s 
s p e c i a l b e h a v i o u r a r e n o t c l e a r . 

B e t a i n e s , d e r i v e d f r o m h y d r o l y s i s o f y l i d e s , h a v e b e e n 
o b t a i n e d f r o m t h e r e a c t i o n o f p y r i d i n e w i t h 1 , 2 - d i c h l o r o - F -

95 
- c y c l o - p e n t e n e a n d - h e x e n e i n wet a c e t i c a c i d . I t s e e m s 
p r o b a b l e , t h e r e f o r e , t h a t y l i d e f o r m a t i o n o c c u r s b e t w e e n 
p y r i d i n e a n d F - c y c l o a l k e n e s and p o s s i b l y a c y c l i c F - a l k e n e s a s 
w e l l . D i m e r s (_1_6) a n d (^7) a r e f o r m e d b y r e a c t i o n o f t h e 
y l i d e (2_5) w i t h F - c y c l o b u t e n e and i t i s p o s s i b l e t h a t w i t h 
o t h e r F - a l k e n e s , e . g . F - c y c l o p e n t e n e , t h e i n i t i a l p r o d u c t ( 3 9 ) 
u n d e r g o e s p y r i d i n e r i n g - o p e n i n g w i t h f l u o r i d e i o n f a r more 
r e a d i l y t h a n f u r t h e r r e a c t i o n o c c u r s v i a t h e y l i d e . 
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p y r i d i n e r i n g 
o p e n i n g t a r 
f o r m a t i o n 

p y r i d i n e 

N 

y l i d e f o r m a t i o n 

5 8 

o l i g o m e r s ( 3 9 

T h u s , f o r e x a m p l e , an y l i d e a n a l a g o u s t o (2_5) may b e f o r m e d 
b u t i f i t i s i n s u f f i c i e n t l y n u c l e o p h i l i c t o a t t a c k a n o t h e r 
m o l e c u l e o f F - c y c l o p e n t e n e t h e n i t c o u l d s l o w l y b e d e s t r o y e d 
by r e v e r s i o n t o (_39) a n d s u b s e q u e n t p y r i d i n e r i n g o p e n i n g . 

A n o t h e r p u z z l i n g f e a t u r e i s t h e f a i l u r e , i n a l l b u t one 
c a s e , t o t r a p y l i d e (2_5) w i t h a n F - a l k e n e o t h e r t h a n F - c y c l o -
- b u t e n e . A m i x t u r e c o n t a i n i n g e x c e s s F - c y c l o p e n t e n e t o g e t h e r 
w i t h F - c y c l o b u t e n e a n d p y r i d i n e g a v e a s u b s t a n t i a l amount o f 
compound (3_1) t o g e t h e r w i t h t h e e x p e c t e d F - c y c l o b u t e n e 
o l i g o m e r s , (_16) - ( . 1 8 ) . Of c o u r s e , compound (3_1) c o u l d p o s s i b l y 
b e f o r m e d b y r e a c t i o n o f F - c y c l o b u t e n e w i t h an F - c y c l o p e n t e n e 
y l i d e a n a l a g o u s t o (2j3) , e v e n t h o u g h t h i s y l i d e d o e s n o t r e a c t 
w i t h F - c y c l o p e n t e n e i t s e l f . The l a c k o f r e a c t i v i t y o f o t h e r 
F - a l k e n e s i s d i f f i c u l t t o e x p l a i n ; i t c a n n o t b e r a t i o n a l i s e d 
i n t e r m s o f t h e i r r e s p e c t i v e s u s c e p t i b i l i t i e s t o n u c l e o p h i l i c 
a t t a c k s i n c e t h i s w o u l d r e q u i r e t h a t F - c y c l o - b u t e n e a n d 
- p e n t e n e w e r e more s u s c e p t i b l e t o c a r b o n n u c l e o p h i l e s t h a n 
F - p r o p e n e - a r e s u l t n o t b o r n e o u t by, f o r e x a m p l e , t h e i r 
r e s p e c t i v e f l u o r i d e i o n i n d u c e d o l i g o m e r i s a t i o n r e a c t i o n s . 

3 p y r i d i n e ( 3 1 

7 1* 

e x c e s s 
• ( 1 6 ) - ( 1 8 ) 
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2. D R a t i o n a l e o f S t r u c t u r e i n F - C y c l o a l k e n e D e r i v a t i v e s 
The 
148 F - c y c l o a l k e n e d e r i v a t i v e s d e s c r i b e d above and e l s e w h e r e 

e x h i b i t an i n t e r e s t i n g v a r i a t i o n i n t h e p o s i t i o n o f t h e d o u b l e 
b o n d b e t w e e n exo- and endo- p o s i t i o n s u n d e r e q u i l i b r i u m 
c o n t r o l , i . e . i n t h e p r e s e n c e o f f l u o r i d e i o n ( s e e T a b l e 5 ) . 
T h i s i s b e s t e x p l a i n e d by r e f e r e n c e t o t h e f a c t o r s a f f e c t i n g 
r i n g s t r a i n i n m e t h y l e n e c y c l o a l k a n e s and t h e c o r r e s p o n d i n g 
1 - m e t h y l c y c l o a l k e n e s . The c h e m i c a l e f f e c t s o f c o n f o r m a t i o n a l 
i n t e r a c t i o n s i n f i v e - and six-membered r i n g s have been 

217 218 
d i s c u s s e d e x t e n s i v e l y ' and f o r t h e s e systems a n g l e 
s t r a i n i s r e l a t i v e l y u n i m p o r t a n t . Two g e n e r a l p o i n t s s h o u l d 
be b o r n e i n m i n d : i n t r o d u c t i o n o f an u n s a t u r a t e d s i t e i n t o 
a f i v e - m e n i b e r e d r i n g w i l l d e c r e a s e e c l i p s i n g i n t e r a c t i o n s ; 
i n t r o d u c t i o n o f a s i n g l e u n s a t u r a t e d c a r b o n i n t o a s i x -
membered r i n g w i l l move t h e i n t e r a c t i o n s s l i g h t l y t o w a r d s 
an e c l i p s i n g c o n f o r m a t i o n b u t a l s o , more i m p o r t a n t l y , t h e r e 
w i l l be c o n s i d e r a b l e 1 , 3 - i n t e r a c t i o n s i n , f o r e x a m p l e , 
m e t h y l e n e c y c l o h e x a n e between t h e o l e f i n i c h y d r o g e n s and t h e 
e q u a t o r i a l r i n g h y d r o g e n s a l p h a t o t h e d o u b l e b o n d . 

1 , 3 - i n t e r a c t i o n s 

me t h y l e n e c y c l o h e x a n e 1 - m e t h y l c y c l o h e x e n e 

T h i s b e i n g t h e c a se t h e n i n t r o d u c t i o n o f a s e c o n d a d j a c e n t 
u n s a t u r a t e d c a r b o n , e.g. as i n 1 - m e t h y l c y c l o h e x e n e , s h o u l d be 
more f a v o u r a b l e t h a n i n t r o d u c t i o n o f one s i n c e i t e l i m i n a t e s 
t h e s e 1 , 3 - i n t e r a c t i o n s w h i l s t s t i l l a l l o w i n g t h e r e m a i n d e r o f 
t h e r i n g c o n s i d e r a b l e f l u x i o n a l f r e e d o m . 

F o r f o u r - m e m b e r e d r i n g s a n g l e s t r a i n i s an i m p o r t a n t 
219 

f e a t u r e , a l t h o u g h D o e r i n g has c o n c l u d e d t h a t t h e r e i s 
l i t t l e d i f f e r e n c e i n t o t a l s t r a i n e n e r g y b e t w e e n m e t h y l e n e -



- c y c l o b u t a n e and 1 - m e t h y l c y c l o b u t e n e , i . e . t h a t i t i s no more 
d i s a d v a n t a g e o u s t o h a ve two u n s a t u r a t e d s i t e s i n a f o u r -
member ed r i n g t h a n one. N e v e r t h e l e s s , t h e r e a s o n s g i v e n f o r 
t h i s c o n c l u s i o n were n e i t h e r c o n v i n c i n g n o r c l e a r . 

The above p r i n c i p l e s can be a p p l i e d t o t h e c o r r e s p o n d i n g 
p e r f l u o r i n a t e d s y s t e m s , p r o v i d e d t h e f o l l o w i n g p o i n t s a r e 
k e p t i n m i n d : -

1) . a n g l e s t r a i n w i l l be much t h e same f o r b o t h f l u o r o -
- c a r b o n and h y d r o c a r b o n s y s t e m s s i n c e i t i s a 
s k e l e t a l e f f e c t ; 

2) . non-bonded i n t e r a c t i o n s s h o u l d be f a r more i m p o r t a n t 
f o r f l u o r i n a t e d s y s t e m s because o f t h e much l a r g e r 
s i z e o f f l u o r i n e , compared t o h y d r o g e n , and t h e 
p r e s e n c e o f non-bonded e l e c t r o n p a i r s on f l u o r i n e ; 

3) . t h e d e s t a b i l i s i n g e f f e c t o f v i n y l i c f l u o r i n e w i l l 
be s i g n i f i c a n t . 

The i m p o r t a n c e o f t h e l a s t p o i n t i s n i c e l y i l l u s t r a t e d , 
f o r a c y c l i c s y s t e m s , b y r e f e r e n c e t o compound ( 4 0 ) . 

C F 3 X / C 2 F 5 i C F 3 N / C 2 F 5 i C F 3 . ^ C F 

C F — c - — ^ c — c ^ z r CF— c 
C 2 F 5 ^ C F 2 ^ C 2 F 5 / N ° F 3 C 2 F 5 / ^ 

( 4 0 b ) ( 4 0 ) ( 4 0 a ) 
A 

= F 
1 

V 
C F 3 N - / C 2 F 5 

^ C F - C (4J_) 
C 2 F 5 C F 3 

I t i s known t h a t i n t h e p r e s e n c e o f f l u o r i d e i o n compound 
( 4 0 ) i s i n e q u i l i b r i u m w i t h i t s i s o m e r s ( 4 0 a ) and ( 4 0 b ) . 
However, t h e r e i s no e v i d e n c e t o s u g g e s t any s i g n i f i c a n t 
c o n c e n t r a t i o n o f a n i o n (4_1) i n s o l u t i o n ( s e e c h a p t e r 3) n o r 

19 
i s t h e F n.m.r. s p e c t r u m o f compound (j40) c h a n g e d by i n t e r -
- a c t i o n w i t h f l u o r i d e i o n . T h i s i l l u s t r a t e s t h e f a c t t h a t , a t 
l e a s t i n a c y c l i c s y s t e m s , i n t h e p r e s e n c e o f f l u o r i d e i o n , 
F - a l k e n e s p r e f e r t o a d o p t s t r u c t u r e s h a v i n g t h e l e a s t 
p o s s i b l e number o f v i n y l i c f l u o r i n e atoms. 
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T a b l e 5 

F - C y c l o a l k e n e D e r i v a t i v e s 

( 1 6 ) (IZ) 
R f 

( 2 6 ) R f = CF 3 

( 3 0 ) R f ? C 2 F 5 

( 3 1 ) ( 3 7 ) 
£K3 

( 3 7 a ) 

( 3 6 ) (3±a) ( 3 6 b ) 

( 3 8 ) (3Ba) 

F V C F ( C F 3 ) 2 

( 3 3 ) 

( C F 3 ) 2 C F 

( 3 5 ) 

W i t h r e f e r e n c e t o T a b l e 5, compounds ( 3 1 ) and (_37), c o n t ­
a i n i n g no v i n y l i c f l u o r i n e atoms, may be seen as t h o s e s t r u c -
- t u r e s w h i c h a l s o m i n i m i s e c o n f o r m a t i o n a l i n t e r a c t i o n s . Thus, 
f o r e x a m p l e , compound ( 3 7 ) has e c l i p s i n g i n t e r a c t i o n s removed 
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f r o m one p o s i t i o n i n each r i n g , i . e . t h o u n s a t u r a t e d c a r b o n . 
The a l t e r n a t i v e s t r u c t u r e ( 3 7 a ) has one r i n g w i t h i t s 
maximum number o f e c l i p s i n g i n t e r a c t i o n s and a l t h o u g h t h e 
s econd r i n g has e c l i p s i n g i n t e r a c t i o n s r e d u c e d a t two p o s i t i o n 
i t i s a t t h e e x p e n s e o f a d e s t a b i l i s i n g v i n y l i c f l u o r i n e . 

The s y s t e m s (3_6) and ( 3 8 ) c l e a r l y d e m o n s t r a t e t h a t i t i s 
more f a v o u r a b l e t o a v o i d u n s a t u r a t e d s i t e s i n a six-membered 
r i n g ( i . e . 36) b u t t h a t , where t h i s i s u n a v o i d a b l e t h e n i t i s 
p r e f e r a b l e t o h a v e b o t h s i t e s i n t h e same r i n g ( i . e . 3 8 ) . 
Thus, f o r compound (^8) t h e a d o p t e d s t r u c t u r e c o n t a i n s a 
r e l a t i v e l y u n s t r a i n e d c y c l o h e x y l - r i n g t o g e t h e r w i t h a c y c l o -
- h e x e n y l - r i n g w h i c h w i l l h ave some e c l i p s i n g i n t e r a c t i o n s and 
a l s o c o n t a i n s a d e s t a b i l i s i n g v i n y l i c f l u o r i n e . However, t h e 
a l t e r n a t i v e ( 3 8 a ) , c o n t a i n i n g no v i n y l i c f l u o r i n e , w i l l have 
c o n s i d e r a b l e 1 , 3 - i n t e r a c t i o n s a t t h e p o s i t i o n s a l p h a t o t h e 
d o u b l e bond. C l e a r l y , as (J38) i s t h e a d o p t e d s t r u c t u r e , t h e s e 
i n t e r a c t i o n s must l e a d t o a h i g h e r e n e r g y s y s t e m t h a n t h e 
p r e s e n c e o f a v i n y l i c f l u o r i n e . S i m i l a r l y , compound ( 3 6 ) 
c o n t a i n s a c y c l o h e x y l - r i n g t o g e t h e r w i t h a c y c l o p e n t y l - r i n g 
i n w h i c h t h e r e i s a v i n y l i c f l u o r i n e . The a l t e r n a t i v e ( 3 6 b ) 
c o n t a i n s a c y c l o p e n t y l - r i n g w i t h i t s maximum number o f 
e c l i p s i n g i n t e r a c t i o n s and a c y c l o h e x e n y l - . r i n g w i t h a v i n y l i c 
f l u o r i n e . T h i s s t r u c t u r e i s c l e a r l y l e s s f a v o u r a b l e t h a n (J36) , 
as i s ( 3 6 a ) i n w h i c h t h e r e w o u l d be c o n s i d e r a b l e 1 , 3 - i n t e r a c t -
- i o n s a s s o c i a t e d w i t h t h e p o s i t i o n s a l p h a t o t h e d o u b l e b o n d . 

S i m i l a r l y compound (.32)) may be seen as t h a t s t r u c t u r e 
w h i c h m i n i m i s e s e c l i p s i n g i n t e r a c t i o n s i n t h e f i v e - m e m b e r e d 
r i n g , w h i l s t s t r u c t u r e (3_5) i s p r e f e r r e d t o i t s e x o - i s o m e r 
b e c a u s e o f 1 , 3 - i n t e r a c t i o n s i n t h e l a t t e r . 

F o r m a l l y , c o n f o r m a t i o n a l e f f e c t s s h o u l d be v e r y s i m i l a r i n 
compounds (_16) and (J37) b u t t h e f a c t t h a t (JL6) and (_17) o c c u r 
i n r o u g h l y t h e same p r o p o r t i o n s , i . e . t h a t t h e y a r e o f 
c o m p a r a b l e e n e r g y , can o n l y be a t t r i b u t e d t o a n g l e s t r a i n 
b e i n g a s i g n i f i c a n t f a c t o r i n r a i s i n g t h e e n e r g y o f ( 1 6 ) 

i 219 r e l a t i v e t o (_17). I t f o l l o w s f r o m D o e r i n g s c o n c l u s i o n s , 
t h a t h a v i n g t h e c a r b o n atoms o f t h e d o u b l e bond i n c o r p o r a t e d 
i n t o s e p e r a t e f o u r - m e m b e r e d r i n g s ( i . e . 16) i n v o l v e s h i g h e r 
a n g l e s t r a i n t h a n t h e a l t e r n a t i v e ( i . e . _17) - t h i s i s b o r n e 
o u t by t h e much g r e a t e r r e a c t i v i t y o f (_1_6) o v e r a n a l a g o u s 
s y s t e m s , e.g. (3_7) ( s e e l a t e r ) . 
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F i n a l l y , compounds (j26) and ( 3 0 ) n a v e t n e exo- s t r u c t u r e , 
p r e s u m a b l y b e c a u s e o f t h e f a c t t h a t t h e s e i s o m e r s a r e a b l e t o 
f l e x more f r e e l y t o r e l i e v e e c l i p s i n g i n t e r a c t i o n s , w h i l s t 
t h e c o r r e s p o n d i n g endo- i s o m e r s w o u l d , o f c o u r s e , be f a i r l y 
r i g i d l y p l a n a r and e c l i p s i n g i n t e r a c t i o n s w o u l d be a t a 
maximum. 

/ 
7 

\ 

f l i p p i n g i n m e t h y l e n e c y c l o b u t a n e s 

I n c o n c l u s i o n , i t can be seen, f r o m t h e v a r i o u s s t r u c t u r e s 
d e s c r i b e d above t h a t when e x o - and endo- i s o m e r s a r e p o s s i b l e , 
i n t e r a c t i o n s b etween n o n - b o n d e d atoms a r e t h e f e a t u r e s 
d o m i n a t i n g t h e p o s i t i o n o f e q u i l i b r i u m r a t h e r t h a n t h e 
p r e s e n c e , o r o t h e r w i s e , o f a v i n y l i c f l u o r i n e atom. 

H y d r o c a r b o n systems c o r r e s p o n d i n g t o t h e above have been 
221-224 

s y n t h e s i s e d b u t , u n f o r t u n a t e l y , no r e p o r t s h a ve 
a p p e a r e d on e q u i l i b r i u m s t u d i e s o f t h e s e compounds, and so a 
c o m p a r i s o n b e t w e e n f l u o r o c a r b o n and h y d r o c a r b o n s y s t e m s i s 
n o t p o s s i b l e as yr>t. 

2.E S t r u c t u r a l A s s i g n m e n t s 
A l l o f t h e compounds d e s c r i b e d i n 

t h i s c h a p t e r gave s a t i s f a c t o r y e l e m e n t a l a n a l y s e s . S t r u c t u r e s 
19 

u s u a l l y f o l l o w e d s i m p l y f r o m F n.m.r. s p e c t r a a l t h o u g h , 
u n f o r t u n a t e l y , t h e r e i s o f t e n a l a c k o f model compounds w i t h 
w h i c h t o compare d a t a . The p o s i t i o n and i n t e n s i t y o f t h e 
C—C s t r e t c h i n t h e i n f r a r e d o r Raman s p e c t r u m was a l s o a 
u s e f u l s t r u c t u r a l g u i d e , a l t h o u g h n o t as d i a g n o s t i c as t h e 

F n.m.r. d a t a . 
S t r u c t u r a l a s s i g n m e n t s were made w i t h r e f e r e n c e t o t h e d a t a 

19 
l i s t e d i n T a b l e 6 f o r "F n.m.r. s p e c t r a . These s h i f t s a r e 
g e n e r a l l y ( b u t n o t e x c l u s i v e l y ) a p p l i c a b l e t o a l l compounds 

225 
c o n t a i n i n g o n l y c a r b o n and f l u o r i n e . 
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T a b l e 6 

19 225 F n.m.r. S p e c t r a l C h a r a c t e r i s t i c s o f P e r f l u o r o c a r b o n s 

S t r u c t u r a l Type A p p r o x i m a t e S h i f t R e g i o n 
P.P.M. ( w . r . t . CFC1 3) 

C F 3 - 60 - 70 

C F 3 - C"=C N 60 - 70 

C F 3 -CF^ 70 - 80 

C F 3 _ C F 2 - 80 - 90 

C — CF„ 60 - 80 

c — CF — 90 - 120 

~ C F 2 ' 100 - 140 

-CF >1 6 0 

a l l u n m a rked s u b s t i t u e n t s a r e c a r b o n 

S h i f t s f o r Some Model Compounds 

66 
118 CF • • 3 

118 .123 CF. 

CF 3, 

.74 

129 
192 

Si 
/ 

CF„ 
115 

sCFr> 

S 2 
75 & 78 

*CF„ 

C F 3 - C F 2 — C F 2 - C F 3 
83 129 

( C F 3 ) 3 C F 

76 190 

( C F 3 ) 2 C = C F 2 

61 66 

s h i f t s a r e i n p.p.m. w . r . t . CFC1 



T t i s known " t h a t t h e i n t e n s i t y and f r e q u e n c y o f t h e 
C n C s t r e t c h i n t h e i n f r a r e d s p e c t r u m d e c r e a s e s w i t h a 
d e c r e a s i n g number o f v i n y l i c f l u o r i n e s . A l s o , d o u b l e bonds 
a t t a c h e d o n l y t o c a r b o n s u b s t i t u e n t s a r e o f t e n v e r y weak o r 
a b s e n t i n t h e i n f r a r e d s p e c t r u m b u t t h e y a r e Raman a c t i v e . 

Thus, f o r t h e compounds d e s c r i b e d i n t h i s c h a p t e r , ( 1 6 ) , 
(_18) , (£6) and (3_1) w e r e e a s i l y i d e n t i f i e d i n v i e w o f t h e i r 
s y m m e t r i c a l n a t u r e . Compounds c o n t a i n i n g v i n y l i c f l u o r i n e , 
i . e . (_17) , ( 2 7 ) , ( 2 8 ) , ( 2 9 ) , ( 3 2 ) , ( 33) a n d (21) a l s o have 
a t e r t i a r y f l u o r i n e . Compound (2_2) was i d e n t i f i e d b y t h e 
o b s e r v a t i o n o f two n o n - e q u i v a l e n t t e r t i a r y f l u o r i n e s and t h e 
m e t h o d o f p r e p a r a t i o n . (A t e r t i a r y f l u o r i n e i s one a t t a c h e d 
t o a s a t u r a t e d c a r b o n on w h i c h a l l t h e o t h e r s u b s t i t u e n t s a r e 
t h e m s e l v e s c a r b o n ) . 
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CI1APTBR 3 

OBSRRVAKLft F-CVCLOALKVL AN TONS 

I n t r o d u c t i o n 

One o f t h e a t t r a c t i v e o b j e c t i v e s i n t h e a r e a o f 
f l u o r o c a r b o n c h e m i s t r y i s t o g e n e r a t e l o n g - l i v e d , o b s e r v a b l e 
c a r b a n i o n s w i t h f l u o r i d e i o n . 

T h i s has been a c h i e v e d i n o n l y a f e w c a s e s . Thus, t h e 
a d d i t i o n o f f l u o r i d e i o n t o t r i a z i n e s ( 4 2 ) r e s u l t e d i n 

227 
f o r m a t i o n o f sigma c o m p l e x e s ( 4 3 ) . 

F 

x - . N N N 

f N 
7 R K s u l p h o l a n N 

( 4 3 ( 4 2 

= F o r 

C F ( C F 3 ) 2 

Ph 3P ( 4 4 ) 

+ PPh. 

The f o r m a t i o n o f s t a b l e y l i d e s f r o m r e a c t i o n o f F - c y c l o -
93 1 2 5 1 2 6 - b u t e n e w i t h t e r t i a r y amines o r t r i p h e n y l p h o s p h i n e ' 

has a l r e a d y been m e n t i o n e d and i n t h e l a t t e r c a s e t h e p r o d u c t 
has been shown t o have s t r u c t u r e (^4) by X - r a y c r y s t a l 

126 
s t r u c t u r e d e t e r m i n a t i o n . The d a t a o b t a i n e d showed t h a t t h e 
c a r b o n - p h o s p h o r u s b o n d l e n g t h ( 1 7 . 1 3 nm.) was one o f t h e 
s h o r t e s t r e p o r t e d f o r a s t a b i l i s e d y l i d e s t r u c t u r e and t h i s 
was t a k e n t o i n d i c a t e c o n s i d e r a b l e d o u b l e bond c h a r a c t e r , 
a r i s i n g f r o m o v e r l a p o f t h e p h o s p h o r u s d - o r b i t a l s w i t h t h e 
y l i d e c a r b o n p - o r b i t a l s . 

The g e n e r a t i o n o f c a r b a n i o n s b y a d d i t i o n o f f l u o r i d e i o n 
t o a v a r i e t y o f F - a l k e n e s and t o F - 2 - b u t y n p has been 
d e m o n s t r a t e d i n a now c o n s i d e r a b l e l i t e r a t u r e on r e a c t i o n s o f 

228 229 
t h e s e s p e c i e s . ' I n one c a s e t h e r e i s e v i d e n c e t o s u g g e s t 

230 
a l o n g - l i v e d a n i o n . However, as y e t , no r e p o r t s h a ve 
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a p p e a r e d on t h e d i r e c t o b s e r v a t i o n o f P - a l k y l a n i o n s even 
t h o u g h c o n s i d e r a b l e e f f o r t s have been made i n t h i s d i r e c t i o n , 
e.g. w i t h F - i s o b u t e n e , where a l t h o u g h f l u o r i d e i o n and 
f l u o r o c a r b o n a r e t a k e n up i n t o s o l u t i o n , o n l y F - i s o b u t e n e can 

19 
be o b s e r v e d by F n.m.r. s p e c t r o s c o p y due t o r a p i d f l u o r i d e 

231 
i o n e x c h a n g e . S i m i l a r r e s u l t s were o b t a i n e d f o r p o t a s s i u m 
f l u o r i d e and F - a c e t o n e i n an a t t e m p t t o o b s e r v e t h e F - i s o p r o -

. 231 - p o x i d e i o n . 
I n c o m p l e t e c o n t r a s t , many o f t h e F - c y c l o a l k y l d e r i v a t i v e s 

d e s c r i b e d i n c h a p t e r 2 g i v e l o n g - l i v e d , o b s e r v a b l e a n i o n s , 
w i t h f l u o r i d e i o n , w h i c h a r e u n changed o v e r a r a n g e o f 
t e m p e r a t u r e o r on p r o l o n g e d s t a n d i n g - as i n d i c a t e d by t h e i r 
19 

F n.m.r. s p e c t r a . I n each c a s e f o r m a t i o n o f t h e a n i o n can 
be r a t i o n a l i s e d i n t e r m s o f r e l i e f o f r i n g s t r a i n o r r e m o v a l 
o f a d e s t a b i l i s i n g v i n y l i c f l u o r i n e . 

3.A A n i o n f r o m F - C y c l o b u t e n e D i m e r s ( 1 6 ) and ( 1 7 ) 
F o r m a l l y , 

d i m e r (_16) i s r e l a t e d t o a l k e n e ( 4 0 ) . However, as a l r e a d y 
m e n t i o n e d , t h e r e i s no e v i d e n c e t o s u g g e s t t h a t , i n t h e 
p r e s e n c e o f f l u o r i d e i o n , compound (^0) g i v e s any s i g n i f i c a n t 

220 
c o n c e n t r a t i o n o f a n i o n ( 4 1 ) . 

C 2 F 5 . / C F 3 
. c — C 

CF ^ C F 
( 4 0 ) 

Z. 
C F ^2* 5 

CF 

CF 
\ / 3 

CF C — \ C F ^2* 5 
( 4 1 ) 

However, d i m e r (_16) ( a n d _17) r e a d i l y d i s s o l v e s c a e s i u m 
f l u o r i d e , i n t h e p r e s e n c e o f DMF, t o g i v e a n i o n (2_3) whose 
f o r m a t i o n can be e x p l a i n e d i n t e r m s o f r e l i e f o f a n g l e 
s t r a i n i n t h e d i m e r s . A n i o n {23) can be t r a p p e d w i t h b r o m i n e 
t o g i v e t h e c o r r e s p o n d i n g b r o m o - d e r i v a t i v e (4_5) w i t h no 
d e t e c t a b l e r e v e r s i o n t o s t a r t i n g m a t e r i a l , (_16) o r ( 1 7 ) . 
U n f o r t u n a t e l y , h o w e v e r , a t t e m p t s t o t r a p (23) w i t h i o d i n e 
and a c t i v a t e d F - d i a z i n e s , i . e . F - p y r i m i d i n e and F - p y r i d a z i n e , 
w e r e u n s u c c e s f u l . The i n a b i l i t y t o r e a c t w i t h i o d i n e can be 
e x p l a i n e d i n t e r m s o f s t e r i c c r o w d i n g s i n c e some o f t h e l a r g e r 
a n i o n s ( s e e l a t e r ) a r e u n a b l e t o r e a c t even w i t h b r o m i n e . 
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Br ( 1 6 ) 

( 4 5 ) 23 

( 17 

8 13 
N 

8 13 N N 
( 2 3 

F 

The l a c k o f r e a c t i v i t y t o w a r d s t h e F - d i a z i n e s i s p u z z l i n g b u t 
t h e s y s t e m may be an e q u i l i b r i u m l a r g e l y on t h e s i d e o f t h e 
a n i o n . 

19 
S i g n i f i c a n t l y , a n i o n (2_3) i s d i r e c t l y o b s e r v a b l e b y F 

n.m.r. s p e c t r o s c o p y . S i g n a l s were o b s e r v e d f o r two non-
e q u i v a l e n t r i n g s y s t e m s ( s e e f i g . 1) and t h e r e was no e v i d e n c e 
f o r t h e p r e s e n c e o f t h e d i m e r s (_16) , (_1_7) . The i n d u c e d 
a s y m m e t r y o f t h e s y s t e m r u l e s o u t t h e p o s s i b i l i t y o f r a p i d 
i n t e r m o l e c u l a r exchange o f f l u o r i d e i o n and t h i s i s s u p p o r t e d 
by t h e o b s e r v a t i o n t h a t e s s e n t i a l l y o n l y one m o l e c u l a r 
p r o p o r t i o n o f caesium f l u o r i d e d i s s o l v e s f o r each m o l e c u l a r 
p r o p o r t i o n o f ( 1_6) , (JL7) . T h i s f a c t was d e t e r m i n e d by 
f i l t r a t i o n o f a s o l u t i o n o f (2^3), f o l l o w e d by r e m o v a l o f 
v o l a t i l e m a t e r i a l by h e a t i n g under vacuum, l e a v i n g o n l y c a e s i u m 

19 
f l u o r i d e . F u r t h e r m o r e , t h e F n.m.r. s p e c t r u m o f ( 2 3 ) 
r e m a i n s r e l a t i v e l y u n c h a n g e d o v e r a v e r y s i g n i f i c a n t r a n g e o f 
t e m p e r a t u r e i . e . -80 t o +100°C and i t can t h e r e f o r e be 
c o n c l u d e d t h a t , w i t h i n t h e l i m i t s o f d e t e c t i o n , t h e s y s t e m i s 
w h o l l y i n t h e f o r m o f t h e a n i o n ( 2 3 ) . 

T h e r e a r e , however, two p u z z l i n g f e a t u r e s o f t h e s p e c t r u m 
o f (2_3) and o t h e r a n i o n s d e s c r i b e d l a t e r t h a t c a n n o t be 
e x p l a i n e d ( b y t h e a u t h o r ) . F i r s t l y , a r e s o n a n c e c o r r e s p o n d i n g 
t o t h e t e r t i a r y f l u o r i n e i s n o t o b s e r v e d . T n t e r m o l e c u l a r 
f l u o r i d e i o n exchange has been r u l e d o u t b u t t h e r e i s t h e 
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p o s s i b i l l t y t h a t a degr«>o o f d i s s o c i a t i o n o f a n i o n (23) o c c u r s 
b u t w i t h r a p i d i n t e r n a l r e t u r n t o t h e same c a r b o n atom. 

7 • 

Cs Cs 

T h i s w o u l d m a i n t a i n t h e a symmetry o f t h e s y s t e m b u t c o u l d l e a d 
t o e x t e n s i v e b r o a d e n i n g o f t h e r e s o n a n c e a s s o c i a t e d w i t h t h e 
t e r t i a r y f l u o r i n e . The second p u z z l i n g f e a t u r e , o f t h e s p e c t r u m 
o f ( 2 3 ) , i s t h e f a c t t h a t t h e r e s o n a n c e due t o t h e d i f l u o r o -
- m e t h y l e n e g r o u p s a d j a c e n t t o t h e c h a r g e c e n t r e o c c u r s 
s i g n i f i c a n t l y d o w n f i e l d o f t h e c o r r e s p o n d i n g r e s o n a n c e i n a 
s a t u r a t e d f o u r - t n e m b e r e d r i n g , e.g. as i n compound (_17) o r 

13 
F - c y c l o b u t y l c y c l o b u t a n e , ( 4 f t ) . I n t h e C n.m.r. s p e c t r u m o f 
( 2 3 ) t h e s i g n a l f o r two o f t h e c a r b o n s a d j a c e n t t o t h e c h a r g e • i 
c e n t r e , i . e . t h o s e b e a r i n g two f l u o r i n e atoms ( D i n T a b l e 7 ) , 
i s a l s o moved d o w n f i e l d o f t h e c o r r e s p o n d i n g r e s o n a n c e i n 
compound ( 4 6 ) . However, t h e t h i r d a d j a c e n t c a r b o n , t h a t • i 
b e a r i n g t h e t e r t i a r y f l u o r i n e ( R i n T a b l e 7 ) , a p p e a r s t o be 
l i t t l e a f f e c t e d by t h e c h a r g e . N o t s u p r i s i n g l y , t h e c a r b o n 
atom f o r m a l l y b e a r i n g t h e n e g a t i v e c h a r g e i s moved u p f i e l d and 
t h i s i s c o n s i s t e n t w i t h o t h e r c a r b a n i o n s t h a t h a v e been 

232 
s t u d i e d . 

O t h e r a n i o n s d e s c i b e d s h o r t l y a l l show a d o w n f i e l d s h i f t 
f o r d i f l u o r o m e t h y l e n e g r o u p s a d j a c e n t t o t h e c h a r g e c e n t r e as 
do y l i d e s d e r i v e d f r o m F - c y c l o b u t e n e . ^ ' 1 2 6 

The p o s s i b i l i t y t h a t t h e t e r t i a r y f l u o r i n e r e s o n a n c e was 
moved d o w n f i e l d and h i d d e n u n d e r -CF2- r e s o n a n c e s was r u l e d o u t 
by t h e f o l l o w i n g o b s e r v a t i o n s : -

1) . a n i o n s d e s c r i b e d l a t e r c o n t a i n o n l y one o r two -CF^-
g r o u p s ( o t h e r t h a n t h o s e a l p h a t o t h e c h a r g e c e n t r e ) 
and no o t h e r s i g n a l s c o u l d be o b s e r v e d i n t h e -CF^-

19 
r e g i o n o f t h e F n.m.r. s p e c t r u m o f t h e s e a n i o n s . 

2) . I n t e g r a t i o n i n d i c a t e d t h a t t h e r a t i o o f l o w - f i e l d 
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T a b l p 7 

C-13 n.m.r. d a t a f o r compounds 123) and ( 4 6 ) 

H 

( 2 3 ) ( 4 6 ) 

M.S. as e x t e r n a l r e f e r e n c e , 20 C, b r o a d band d e c o u p l e d 
( d o w n f i e l d s h i f t s a r e p o s i t i v e ) 

c a r b o n atom s h i f t (p.p.m.) c a r b o n atom s h i f t 

A 

R 

C 

0 

E, E' 

52' 2 

96- 3 

112-9 

12R • Q 

113'B, 116-7 

G 

H 

92 0 

111-6 

112-1 

T a b l e 8 

F-19 n.m.r. d a t a f o r a n i o n ( 2 3 ) and r e l a t e d s p e c i e s 

R 
4-
NE t _j 
+ _ «.n„ N R u 3 

? P h 3 

F - c y c l o b u t y l ( 2 3 ) 

F - i s o p r o p y l f 47) 

F - 2 - b u t y l ( 4 8 ) 

s h i f t s a r e r e l a t i v e t o CFC1.. 

s h i f t ( p. p. m. ) 

[,3] M 
86-9 [ 9 3 , 1 2 6 

8 5-5 

84 • 1 

R6- 6 

88 • 6 

PP- 6 
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s i g n a l s to s i g n a l s i n the -CF^- r e g i o n was 1:2, i . e . 
4:8 r a t h e r than 4:0 as i t would have been had the 
t e r t i a r y f l u o r i n e r e s o n a n c e o c c u r r e d i n the -CF^- r e g i o n . 

1 3 
3 ) . I n v i e w of the C n.m.r. d a t a i t seems u n l i k e l y t h a t 

the r e s o n a n c e due to the t e r t i a r y f l u o r i n e would be 
s h i f t e d so f a r d o w n f i e l d , s i n c e the d o w n f i e l d s h i f t of 
the d i f l u o r o m e t h y l e n e s a d j a c e n t to the charge c e n t r e i s 

19 13 
r e f l e c t e d i n both the F and C n.m.r. s p e c t r a , and, 
as a l r e a d y s t a t e d , t h e re s o n a n c e due to the carbon b e a r i n g 
the t e r t i a r y f l u o r i n e i s r e l a t i v e l y u n a f f e c t e d by t h e 
c h a r g e . 
19 

The F n.m.r. spectrum of (£3) was u n a f f e c t e d by a change 
from the u s e of caesium f l u o r i d e to p o t a s s i u m f l u o r i d e , w i t h 
or w i t h o u t 1 8 - c r o w n - 6 - p o l y e t h e r . However, t h e po t a s s i u m s a l t 
of a n i o n ( 2 3 ) was l e s s t h e r m a l l y s t a b l e ; b r o a d e n i n g o c c u r r e d 
r a p i d l y as t h e te m p e r a t u r e was r a i s e d above about 40°C and 
was accompanied by p r e c i p i t a t i o n of p o t a s s i u m f l u o r i d e and 
dimer m i x t u r e , (_16) and (V7_) . T h i s i s , of c o u r s e , c o n s i s t e n t 
with the w e l l known f a c t t h a t caesium f l u o r i d e i s a b e t t e r 
f l u o r i d e i o n donor than p o t a s s i u m f l u o r i d e . A c l o s e l y s i m i l a r 
spectrum of {23) was o b t a i n e d when the a n i o n was g e n e r a t e d 
i n t e t r a g l y m e as s o l v e n t . 
3.R Anions from Compounds (26) and (30) 

Compounds (2_6) and 
(30) gave, r e s p e c t i v e l y , a n i o n s (47) and (,48) w i t h f l u o r i d e 
i o n . Quenching of t h e s e a n i o n s w i t h bromine gave the c o r r e s -
-ponding b r o m o - d e r i v a t i v e s , (4j)) and ( 50) . 

CF CF CF <3v / 3 F / 3 
CF CF 
\ Br K Rr 

(47 ( 4 9 ) (26 CF 

( 5 0 ) (£§) ( 30) 
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The a n i o n s were a s s i g n e d s t r u c t u r e s ( 4 7 ) and (4_8), r a t h e r t h a n 
t h e a l t e r n a t i v e s t r u c t u r e s ( 4 7 a ) and ( 4 f l a ) . by i d e n t i f i c a t i o n 
o f t h e i r b r o m o - a d d u c t s and by t h e s i m i l a r i t y o f t h e s h i f t s , i n 

19 
t h e i r F n.m.r. s p e c t r a , o f d i f l u o r o m e t h y l e n e g r o u p s 
a d j a c e n t t o t h e c h a r g e c e n t r e w i t h t h e c o r r e s p o n d i n g s i g n a l 
f o r a n i o n (23). The f a c t t h a t t h e c h a r g e s i t s e x c l u s i v e l y on 
t h e f o u r - m e m b e r e d r i n g i s c o n s i s t e n t w i t h t h e e l e c t r o n e g a t i v i t y 
o f a c a r b o n atom i n such a r i n g . Once a g a i n t h e f o r m a t i o n o f 
a n i o n s (4_7) and (4_8) i s e x p l a i n e d b y r e l e a s e o f a n g l e s t r a i n 
i n t h e s t a r t i n g a l k e n e s , ( 2 6 ) and (30). 

,CF. <->k; ( 2 6 ) 

( 4 7 a ) 

3.C A t t e m p t e d A n i o n F o r m a t i o n f r o m Compound ( 3 7 ) 
The much l e s s 

s t r a i n e d compound ( 3 7 ) does n o t d i s s o l v e i n t h e CsF/DMF s y s t e m 
and t h u s b e h a v e s l i k e a l k e n e ( 4 0 ) . C l e a r l y t h e r i n g s t r a i n i n 
( 3 7 ) i s an i n s u f f i c i e n t d r i v i n g f o r c e t o overcome t h e e x t r a 
e c l i p s i n g i n t e r a c t i o n s t h a t w o u l d be i n t r o d u c e d by f o r m i n g 
a n i o n ( 5 1 ) . 

( 3 7 ) ( 5 1 ) 

3.D A n i o n s f r o m Compound ( 3 1 ) 
Tn c o n t r a s t t o t h e b e h a v i o u r o f 

compound (37) , compound (3_1) r e a d i l y d i s s o l v e d CsF i n t h e 
p r e s e n c e o f DMF t o g i v e a m i x t u r e o f two a n i o n s , (52) and ( 5 3 ) , 
w h i c h were t r a p p e d w i t h b r o m i n e t o g i v e two b r o m o - d e r i v a t i v e s , 
( 54) and (J3J5), t o g e t h e r w i t h some un c h a n g e d (3_1) and m i n o r 
amounts o f c h l o r i n e c o n t a i n i n g p r o d u c t s , t h e f o r m a t i o n o f 
w h i c h w i l l be e x p l a i n e d l a t e r . 

19 
A n i o n (52) was i d e n t i f i e d , f r o m t h e F n.m.r. s p e c t r u m , 
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F i n u r e 2 

E f f e c t o f T e m p e r a t u r e on t h e 1 0 F n.m.r. o f A n i o n s ( 5 2 ) 

and ( 5 3 ) 

R 

( 5 2 ) ( 5 3 ) 

A 
80°C 

20°C 

+ 40°C 

• 80°C 

T 
76 p.p.m. 138 



- 7 3 -

<3>=0 
1 1 5 2 ) 53) 

R r 

B r B r 

( 5 4 ) ( 5 5 ) 

a s t h e m a j o r i o n p r e s e n t s i n c e t h e s i g n a l f o r t h e d i f l u o r o -
- m e t h y l e n e s a d j a c e n t t o t h e c h a r g e c e n t r e o c c u r r e d i n t h e s a n e 
r e g i o n a s t h o s e f o r a n i o n s (23), (£7) a n d ( 4 8 ) , w h i l s t t h a t 
f o r a n i o n (5_3) o c c u r r e d a b o u t R p.p.m. t o l o w e r f i e l d o f t h a t 
f o r (52). The r a t i o o f (_52) : (_53) was a b o u t 6:1 by i n t e g r a t i o n . 
Compound ( 5 4 ) w a s i d e n t i f i e d a s t h e m a j o r b r o m o - d e r i v a t i v e by 

19 
i d e n t i f i c a t i o n o f t h e d i f l u o r o m e t h y l e n e s i g n a l s , i n t h e F 
n.m.r. s p e c t r u m , a d j a c e n t t o t h e b r o m i n e s u b s t i t u t e d c a r b o n 
( s e e u n d e r s t r u c t u r a l a s s i g n m e n t s ) . The r a t i o o f (j>4) : (J35) was 
a b o u t 3:1 by i n t e g r a t i o n . 

T h e f o r m a t i o n o f a n i o n s f r o m compound (3_1) i s i n t e r e s t i n g 
s i n c e two o p p o s i n g e f f e c t s w i l l o p e r a t e . R o t h a n i o n s w i l l h a v e 
t h e a n g l e s t r a i n a s s o c i a t e d w i t h an e x o c y c l i c d o u b l e bond i n 
a f o u r - m e m b e r e d r i n g removed b u t e c l i p s i n g i n t e r a c t i o n s w i l l 
be r a i s e d . T h e a d d i t i o n a l e c l i p s i n g i n t e r a c t i o n s a s s o c i a t e d 
w i t h a d d i n g f l u o r i d e i o n t o t h e f o u r - o r f i v e - m e m b e r e d r i n g 
o f compound (^_1) w o u l d be r e a s o n a b l y s i m i l a r a n d t h i s a c c o u n t s 
f o r t h e f o r m a t i o n o f two a n i o n s . 

T h i s i d e a o f u n a v o i d a b l e e x t r a e c l i p s i n g i n t e r a c t i o n s i n 
a n i o n s (52) a n d ( 5 3 ) , a c c o u n t s f o r t h e f a c t t h a t t h e y a r e much 
l e s s t h e r m a l l y s t a b l e t h a n , f o r e x a m p l e , a n i o n (23). T h u s a s 
t h e t e m p e r a t u r e i s r a i s e d , t h e s i g n a l s f o r (52) a n d ( 5 3 ) i n 

19 o t h e F n.m.r. s p e c t r u m r a p i d l y b r o a d e n u n t i l , a t 80 C, a 
s i n g l e , s h a r p r e s o n a n c e i s o b s e r v e d ( s e e f i g . 2 ) . T h i s r a p i d 
a v e r a g i n g o f t h e f l u o r i n e atoms i n d i c a t e s a r e m a r k a b l y r a p i d 
s e r i e s o f S^2 p r o c e s s e s , s o m e o f w h i c h a r e i l l u s t r a t e d on t h e 
n e x t p a g e . 

Th e i d e n t i f i c a t i o n ( b y g . l . c . - m . s . ) o f s m a l l a m o u n t s o f 
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e t c e t c 

c h l o r i n e c o n t a i n i n g p r o d u c t s f r o m t h e t r a p p i n g e x p e r i m e n t was, 
t o s a y t h e l e a s t , p u z z l i n g . However, a n a l y s i s showed t h a t 
c a e s i u m f l u o r i d e c o n t a i n s a b o u t 1-2% o f c a e s i u m c h l o r i d e a s 
i m p u r i t y . T h u s t h e c h l o r o - compounds c o u l d be f o r m e d f r o m 
c h l o r i n e g e n e r a t e d by i n t e r a c t i o n o f c a e s i u m c h l o r i d e w i t h 
b r o m i n e . S i n c e no c h l o r o - d e r i v a t i v e s a r e o b s e r v e d f o r t r a p p i n g 
o f a n i o n s ( 2 3 ) , (£7) o r (4J3), i t i s t e m p t i n g t o s u g g e s t t h a t 
t r a p p i n g p r o c e e d s more s l o w l y f o r a n i o n s (_52) a n d (J>3) t h a n , 
f o r e x a m p l e , a n i o n (^_3) a n d t h a t t r a p p i n g w i t h c h l o r i n e i s 
much more f a v o u r a b l e t h a n w i t h b r o m i n e . T h i s , o f c o u r s e , i s 
r e a d i l y e x p l a i n a b l e i n t e r m s o f t h e s m a l l e r s i z e o f c h l o r i n e 
w h i c h w o u l d l e a d t o l o w e r e c l i p s i n g i n t e r a c t i o n s t h a n i n t h e 
bromo- d e r i v a t i v e s (^4) a n d (5j5) , a n d a more f a v o u r a b l e 
a p p r o a c h t o t h e a n i o n i c c e n t r e . As w i l l be s e e n , a s t h e r i n g 
s i z e i n c r e a s e s , t r a p p i n g by b r o m i n e b e c o m e s e v e n more 
u n f a v o u r a b l e . 

3.E A n i o n f r o m Compound ( 3 8 ) 
Compound g a v e a n i o n (5_6) , 

whose f o r m a t i o n c a n be a t t r i b u t e d t o r e m o v a l o f d e s t a b i l i s i n g 
19 

v i n y l i c f l u o r i n e f r o m ( ^ R ) . The F n.m.r. s p e c t r u m o f a n i o n 
( 5 6 ) h a d t h e same c h a r a c t e r i s t i c s a s t h o s e o f a n i o n s d i s c u s s e d 
a b o v e , i . e . a res'onance due t o t e r t i a r y f l u o r i n e c o u l d n o t b e 
o b s e r v e d a n d t h e d i f l u o r o m e t h y l e n e s a d j a c e n t t o t h e c h a r g e 
c e n t r e w e r e a g a i n moved d o w n f i e l d . I n f a c t t h i s r e s o n a n c e was 
a b o u t 11 p.p.m. f u r t h e r d o w n f i e l d t h a n t h e c o r r e s p o n d i n g 
r e s o n a n c e i n , f o r e x a m p l e , t h e s p e c t r u m o f a n i o n (23). 

A n i o n ( 5 6 ) was r e a d i l y t r a p p e d by c h l o r i n e t o g i v e ( 5 7 ) . 
However, w i t h b r o m i n e no t r a p p i n g was o b s e r v e d a n d o n l y 
s t a r t i n g m a t e r i a l w i t h a s m a l l amount o f (5_7) was r e c o v e r e d . 

19 
M o r e o v e r , a n i o n (_56) c o u l d b e o b s e r v e d by F n.m.r. s p e c t r o s -
- c o p y e v e n i n t h e p r e s e n c e o f b r o m i n e . T h i s l a c k o f r e a c t i v i t y 
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1 
DMF 

( 3 8 ) 56 

C I 

Oi0 ( 57) 

C I 

t o w a r d s b r o m i n e i s p r o b a b l y due t o t h e a n i o n i c c e n t r e b e i n g 
t o o s t e r i c a l l y c r o w d e d t o a l l o w a p p r o a c h o f a b r o m i n e atom. 

3.F A n i o n f r o m Compound ( 3 6 ) 
Compound (.36) a l s o g a v e an a n i o n 

w h i c h was a s s i g n e d s t r u c t u r e (_58) i n v i e w o f t h e p o s i t i o n , i n 
19 

t h e F n.m.r. s p e c t r u m , o f t h e r e s o n a n c e c o r r e s p o n d i n g t o 
t h e d i f l u o r o m e t h y l e n e s a d j a c e n t t o t h e c h a r g e c e n t r e . T h i s 
a n i o n was r e a d i l y t r a p p e d by c h l o r i n e t o g i v e (5_9) b u t a g a i n 
no t r a p p i n g w i t h b r o m i n e was a c h e i v e d . 

DMF 

( 3 6 ) ( 5 8 ) 

C.l 

( 5 9 ) 
C I 

A l t h o u g h a d d i t i o n o f f l u o r i d e i o n t o compound ( ^ 6 ) , t o g i v e 
a n i o n {56), r a i s e s t h e e c l i p s i n g i n t e r a c t i o n s i t d o e s remove 
a d e s t a b i l i s i n g v i n y l i c f l u o r i n e a n d t h i s i s p r e s u m a b l y t h e 
d r i v i n g f o r c e f o r t h e r e a c t i o n . 
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3.G S t r u c t u r a l A s s i g n m e n t s 
F o r t h e a n i o n s i t s e e m s p r o b a b l e 

1 9 
that, t h e p o s i t i o n o f t h e r e s o n a n c e , i n t h e F n.m.r. s p e c t r u m , 
o f t h e d i f l u o r o m e t h y l e n e s a d j a c e n t t o t h e c h a r g e c e n t r e i s 
c h a r a c t e r i s t i c o f r i n g s i z e . T h u s , f o r t h o s e a n i o n s w i t h 
c h a r g e i n a f o u r - m e m b e r e d r i n g , i . e . (^3) , ( 4^) , ( 4_B) a n d ( 52) , 
t h i s r e s o n a n c e o c c u r s a t a b o u t B8 p.p.m.; w i t h t h e c h a r g e i n 
a f i v e - m e m b e r e d r i n g , i . e . a n i o n s (J>3) a n d (J58) , i t o c c u r s 
a t a b o u t 80 p.p.m. ; a n d f o r a n i o n (_56) ( c h a r g e i n a s i x -
m embered r i n g ) i t o c c u r s a t 76 p.p.m.. 

A l l t h e bromo- d e r i v a t i v e s s h o w e d a r e s o n a n c e due t o a 
19 

s i n g l e t e r t i a r y f l u o r i n e , i n t h e F n.m.r. s p e c t r u m , and a 
u s e f u l c r i t e r i o n o f s t r u c t u r e was p r o v i d e d by t h e f a c t t h a t 
s i g n a l s a r i s i n g f r o m d i f l u o r o m e t h y l e n e g r o u p s a d j a c e n t t o 
t h e c a r b o n a t t a c h e d t o b r o m i n e w e r e s i g n i f i c a n t l y a f f e c t e d . 

i 

T h e s e s i g n a l s a p p e a r a s AB s and o n e h a l f o f t h e s i g n a l 
( p r e s u m a b l y c o r r e s p o n d i n g t o t h e f l u o r i n e atoms t h a t a r e c i s -
t o t h e b r o m i n e atom) i s moved t o l o w e r f i e l d t h a n , f o r e x a m p l e , 
c o r r e s p o n d i n g s i g n a l s i n compound (17_). The c o u p l i n g c o n s t a n t s 
f o r t h e s e AR s a r e c h a r a c t e r i s t i c o f r i n g s i z e ; f o r t h e 
c y c l o b u t y l - d e r i v a t i v e s d e s c r i b e d a b o v e a n d l a t e r t h e c o u p l i n g 
c o n s t a n t s a r e a b o u t 225 Hz., w h i l s t f o r compound ( 5 5 ) 
( b r o m i n e a t t a c h e d t o a f i v e - m e m b e r e d r i n g ) a n d o t h e r F - c y c l o -

2 33 
- p e n t y l - d e r i v a t i v e s " t h e c o u p l i n g c o n s t a n t s a r e a b o u t 
250 Hz.. T h i s f a c t was u s e d t o d i s t i n g u i s h b e t w e e n compounds 
( 5 4 ) a n d ( 5 5 ) . 

The c h l o r o - d e r i v a t i v e s ( J i 7 ) a n d (59_) showed a s i n g l e 
19 

t e r t i a r y f l u o r i n e r e s o n a n c e i n t h e i r r e s p e c t i v e F n.m.r. 
s p e c t r a . 

A l l t h e bromo- a n d c h l o r o - d e r i v a t i v e s g a v e s a t i s f a c t o r y 
e l e m e n t a l a n a l y s e s . 



- 7 7 -

CHAPTER 4 

N I I C L E O P H I L I C S MR ST I T U T T O N R E ACT TONS OF F-C YCI.OftlITENE 

OLIGOMERS 

I n t r o d u c t i o n 
T h i s c h a p t e r d e a l s w i t h t h e r e a c t i o n s o f t h e d i m e r s 

a n d t r i m e r s o f F - c y c l o b u t e n e w i t h some s i m p l e n u c l e o p h i l e s . I n 
g e n e r a l , t h e p r o d u c t s a r e r e a d i l y e x p l a i n a b l e i n t e r m s o f 
v i n y l i c s u b s t i t u t i o n o f f l u o r i n e o r S n 2 d i s p l a c e m e n t , a n d a r e 
t h o s e e x p e c t e d f o r F - c y c l o b u t e n e s ( s e e c h a p t e r 1 ) . H o w e v e r , a s 
w i l l be s e e n , one o f t h e v e r y o b v i o u s d i f f e r e n c e s i s t h e much 
g r e a t e r r e a c t i v i t y o f t h e s e a l k e n e s when c o m p a r e d w i t h F - c y c l o -
- b u t e n e o r F - a l k e n e s w i t h f o r m a l l y s i m i l a r s t r u c t u r e s , e . g . 
F - 3 , 4 - d i m e t h y l h e x - 3 - e n e ( 4 0 ) . 

S t r u c t u r a l a s s i g n m e n t s w i l l b e d i s c u s s e d a t t h e e n d o f t h e 
c h a p t e r . 

4.A R e a c t i o n s w i t h A l c o h o l s 

4.A.1 D i m e r ( 1 6 ) w i t h N e u t r a l E t h a n o l 
A d d i t i o n o f d i m e r (_16) t o 

e x c e s s n e u t r a l e t h a n o l r e s u l t s i n a v e r y r a p i d e x o t h e r m i c r e a c t i o n 
t o g i v e , i n i t i a l 1 y , t h e m o n o e t h o x y compound ( 6 0 ) , w h i c h c a n be 
i s o l a t e d . However, compound (6>0) a l s o r e a c t s f u r t h e r t o g i v e 
a f a i r l y c o m p l e x m i x t u r e i n w h i c h t h e d i e t h o x y compound ( 6 1 ) 
i s t h e m a j o r p r o d u c t . 

E tO E tO / 
( 16) ( 6 0 ) O E t 

( 6 1 ) 

CF / 3 

CF r e f l u x 

MeOH 
no r e a c t i o n 

( 4 0 ) 
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Th i s r a p i d r e a c t i o n o f d i m e r (.16) w i t h e t h a n o l c a n b e c o n t r a s t e d 
w i t h t h e f a i l u r e o f a l k e n e ( 4 0 ) t o r e a c t e v e n w i t h r e f l u x i n g 

2 3 5 
n e u t r a l m e t h a n o l . T h e m e c h a n i s m o f t h e r e a c t i o n i n v o l v e s 

t 
v e r y r a p i d S r 2 d i s p l a c e m e n t o f f l u o r i n e f o l l o w e d b y a s l o w e r 
v i n y l i c s u b s t i t u t i o n s t e p . 

I n t e r e s t i n g l y , compound (f>0) g i v e s an o b s e r v a b l e a n i o n ( 6 2 ) 
i n t h e p r e s e n c e o f c a e s i u m f l u o r i d e a n d DMF. T h i s a n i o n shows 
t h e c h a r a c t e r i s t i c l o w f i e l d s h i f t s o f d i f l u o r o m e t h y l e n e s 

19 
a d j a c e n t t o t h e c h a r g e c e n t r e , i n i t s F n.m.r. s p e c t r u m . 
A l t h o u g h t h e b u l k o f t h e s p e c t r u m i s u n c h a n g e d by t e m p e r a t u r e , 
e x t r a , s m a l l p e a k s do a p p e a r b e l o w a b o u t + 1 0 ° C . I n t h i s a n i o n , 
o f c o u r s e , t h e r e i s no t e r t i a r y f l u o r i n e ; h o w e v e r , i n t e g r a t i o n 
o f t h e 1 9 F n.m.r. s p e c t r u m i n d i c a t e s t h a t t h e r a t i o o f l o w 
f i e l d f l u o r i n e s t o o t h e r s i g n a l s i s 3:8, i . e . t h e a d d e d f l u o r i n e 
a p p e a r s t o be m i s s i n g . A n i o n (£2) c a n be t r a p p e d w i t h b r o m i n e 
t o g i v e compound ( 6 3 ) 

O E t O E t 
C s F B r 

60 
DMF 

R r 

( 6 2 ) ( 6 3 ) 

4.A.2 D i m e r ( 1 7 ) w i t h N e u t r a l E t h a n o l 
A g a i n , r e a c t i o n p r o c e e d e d 

r a p i d l y t o g i v e a m i x t u r e o f mono- and d i - s u b s t i t u t e d c o mpounds 
f r o m w h i c h (6_4) was i s o l a t e d . A l s o i s o l a t e d was a m i n o r p r o d u c t 
h a v i n g t h e f o r m u l a c

1 0
F i o O H

0
 i , e * a n a d d i t i o n p r o d u c t , a s s i g n e d 

s t r u c t u r e ( £ 5 ) . Compound ( 6 4 ) i s f o r m e d b y v i n y l i c s u b s t i t u t i o n . 

0<> EtOH 

H 

( 1 7 ) O E t O E t 

( 6 5 ) / ( 6 4 ) 60 1 0 % 
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4.A.3 D i m e r s ( 1 f t ) a n d ( 1 7 ) w i t h E t h o x i d o I o n 
A m i x t u r e o f d i m e r s 

( 1 6 ) a n d ( 1 7 ) g a v e a s i n g l e t e t r a s u b s t i t u t e d compound, ( 6 6 ) , 
when r e a c t e d w i t h an e x c e s s o f s o d i u m e t h o x i d e i n e t h a n o l . 

(16)» ill) 

O E t E tO 
E t O EtOH 

RT 

E t O ) 

( 6 6 ) 67 or 

4.A.4 T r i m e r ( 1 9 ) w i t h N e u t r a l E t h a n o l 
R e a c t i o n was s l o w e r t h a n 

f o r t h e two d i m e r s , (Vb),(17_), b u t , n e v e r t h e l e s s , p r o c e e d e d 
f a i r l y r a p i d l y t o g i v e compounds ( 6 ^ ) a n d (6_8) by v i n y l i c 

i 
s u b s t i t u t i o n a n d S 2 d i s p l a c e m e n t r e s p e c t i v e l y . 

C F ^8 13 O E t 

EtOH 

C F 8 13 

RT, 8h 
E t O 

(12) ( 6 7 ) P0% ( 6 8 ) 10% 

4.A.5 T r i m e r ( 1 9 ) w i t h M e t h o x i d e I o n 
Two p r o d u c t s , ( 6 9 ) a n d ( 7 0 ) , 

w e r e o b t a i n e d f r o m t h i s r e a c t i o n . T he m a j o r p r o d u c t , t h e t r i -
- m e t h o x y compound ( ^ 9 ) , i s f o r m e d b y a m i x t u r e o f v i n y l i c 
s u b s t i t u t i o n a n d S^2 d i s p l a c e m e n t o f f l u o r i n e . Compound ( 7 0 ) 
i s p o s s i b l y f o r m e d b y l o s s o f m e t h y l f l u o r i d e f r o m ( 7 1 ) 

f o l l o w e d by v i n y l i c d i s p l a c e m e n t b y m e t h o x i d e i o n . S i m i l a r 
1 , 4 - e l i m i n a t i o n s h a v e b e e n o b s e r v e d p r e v i o u s l y i n t h e p r e s e n c e 

70 
o f m e t h o x i d e , e . g . w i t h F - c y c l o p e n t e n e . 

On s t a n d i n g i n a i r compound ( 7 0 ) was h y d r o l y s e d t o t h e 
c o r r e s p o n d i n g h y d r o x y compound (72) > w h i c h i s a l s o o b t a i n e d b y 
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d i r e c t h y d r o l y s i s o f t r i m e r ( 1 ° ) . 

V l 3 ° M e 

MeO , MeOM 
(JL9) 7 

RT 

MeO 

C f i F 1 3 OMe 

C 8 F 1 3 OMe \17 

( M e O ) . r 2 

( 6 9 ) c a . 7 5 % 

C F 8^13 ,0 

1 
( 7 0 ) 

MeO 

• MeF 

( 7 1 ) 

C F 8 v13 

H 2 0 

OH 

( 7 2 ) 

4.A.6 T r i m e r ( I B ) w i t h N e u t r a l E t h a n o l 
T r i m e r ( 18.) i s t h e l e a s t 

r e a c t i v e o f t h e F - c y c l o b u t e n e o l i g o m e r s a n d t h i s i s shown by 
t h e f a c t t h a t t h e r e was no r e a c t i o n w i t h n e u t r a l e t h a n o l , e v e n 
on p r o l o n g e d c o n t a c t . 

4.A.7 T r i m e r ( 1 8 ) w i t h E t h o x i d e Ton 
D e s p i t e i t s l a c k o f r e a c t ­

i v i t y w i t h n e u t r a l e t h a n o l , t r i m e r (_!£*) r e a d i l y r e a c t s w i t h 
s o d i u m e t h o x i d e i n e t h a n o l to g i v e a s i n g l e , t r i e t h o x y 
d e r i v a t i v e , ( 7 3 ) , p r e s u m a b l y v i a t h e s e q u e n c e i n d i c a t e d . 

( 1 8 ) 
E tO 

E tO , E tOH 

RT 

O E t 

O E t 

( 7 3 ) 669? 

E t O 
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P r u e t t h a s o b t a i n e d compound (7_3) p r e v i o u s l y b u t , n o t 
s u p r i s i n g l y , he f a i l e d t o a s s i g n t h e c o r r e c t s t r u c t u r e . T h i s 
was b e c a u s e he had n o t a s s i g n e d t r i m e r (J_8) i t s c o r r e c t 
s t r u c t u r e i n t h e f i r s t p l a c e . 

4. P. H y d r o l y s i s R e a c t i o n s 
A l l o f t h e s e r e a c t i o n s w e r e c a r r i e d 

o u t i n a q u e o u s a c e t o n e a t room t e m p e r a t u r e , w i t h o u t a d d e d b a s e , 
t h e e x c e p t i o n b e i n g t h e h y d r o l y s i s o f t r i m e r ( I B ) . 

4 . R . l a D i m e r s ( 1 6 ) a n d ( 1 7 ) w i t h E x c e s s W a t e r 
D i m e r s (16) a n d 

(_17), s e p e r a t e l y or i n a m i x t u r e a r e r e a d i l y h y d r o l y s e d t o a 
s i n g l e , h e a t s e n s i t i v e compound, ( 7 4 ) . 

OH 

( 1 6 ) , ( 1 7 ) 

<> 
on H_0 a c e t o n e 

RT 

( 7 4 ) 7 0 % 

The m e c h a n i s m may b e s i m i l a r t o t h a t f o r f o r m a t i o n o f , f o r 
e x a m p l e , compound ( 6 _ 6 ) , f o l l o w e d by l o s s o f w a t e r f r o m t h e 
r e s u l t a n t g e m - d i o l , o r i t may i n v o l v e 1 , 4 - e l i m i n a t i o n o f 
h y d r o g e n f l u o r i d e f r o m an i n t e r m e d i a t e p r o d u c t . 

4 . R . l b D i m e r ( 1 6 ) w i t h an E q u i v a l e n t o f W a t e r 
Two p r o d u c t s , ( 7 5 ) 

a n d (J7_6) , w e r e o b t a i n e d i n t h e a p p r o x i m a t e r a t i o 2 : 1 . 

OH 

H_0 F 
RT 

H 
OH OH c a 

( 7 6 ) ( 7 5 ) 

( 7 7 ) 
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Compound (7£) >s t h e p r o d u c t e x p e c t e d from 5^2 d i s p l a c e m e n t o f 
f l u o r i n e , c . f . , f o r exampl i<, f o r m a t i o n o f compound ( A O ) , 
w h e r e a s (7r>) i s p r p s n m a h l v formod v i a p r o t o n t r a n s f n r f rom t.hp 
i n t e rmedi a t o c a r b a n i o n ( 7_JJ . !',oth compound (7^) a n d (7b) r e a c t e d 
f u r t h e r , i n a q u e o u s a c e t o n e , t o g i v e ( 7 4 ) . 

A d d i t i o n o f w a t e r h a s a l s o b e e n r e p o r t e d f o r t h e s t r u c t u r a l l y 
234 

s i m i l a r F - 2 , 3 , - d i m e t h y l b u t - 2 - e n e . 

CF. CF 
/ 3 H 20, E t 3 N 

CF. \ CF CH 3CN, RT 

CF 

CF 

3 \ 
HC-

Z ^ 3 

• C — O H 58 % 

4 . H . l c D i m e r ( 1 7 ) w i t h an E q u i v a l e n t o f W a t e r 
T h i s r e a c t i o n g a v e 

a m i x t u r e c o n t a i n i n g d i m e r ( 1_7) , a s m a l l amount o f d i m e r ( 16) 
( p r e s u m a b l y f o r m e d by f l u o r i d e i o n i n d u c e d i s o m e r i s a t i o n ) , a n d 
compound (^4) a s t h e m a j o r p r o d u c t . T h i s i n d i c a t e s t h a t t h e 

i n i t i a l l y f o r m e d p r o d u c t i s more r e a c t i v e t h a n d i m e r ( 1 7 ) 
t o w a r d s w a t e r . 

4.R.2 T r i m e r ( 1 9 ) 
Th e e x p e c t e d p r o d u c t , ( 7 2 ) , was o b t a i n e d . 

C F P.' 13 C F 8 13 
HgO , a c e t o n e 

OH 

( 1 9 ) 

RT 

( 7 2 ) 905? 

4.B.3 T r i m e r ( 1 8 ) 

I n t h e a b s e n c e o f a d d e d b a s e , t r i m e r ( 1 8 ) 
r e a c t e d v e r y s l o w l y o r n o t a t a l l w i t h a q u e o u s a c e t o n e . I n t h e 
p r e s e n c e o f s o d i u m c a r b o n a t e , h o w e v e r , a q u i t e r a p i d a n d e x o t h -
- e r m i c r e c t i o n o c c u r r e d t o g i v e a y e l l o w , h e a t s e n s i t i v e l i q u i d 

19 
w h i c h was shown by F n.m.r. s p e c t r o s c o p y t o b e a m i x t u r e . 
V a r i o u s a t t e m p t s t o s e p a r a t e t h i s m i x t u r e w e r e u n s u c c e s s f u l . 



-8 3-

4.C R e a c t i o n s w i t h A m i n e s 

4.C.1 D i m e r s ( 1 6 ) and ( 1 7 ) w i t h D i a l k y l a m i n e s 
R e a c t i o n o f t h e 

s e p a r a t e d i m e r s , (_16) and (V7_) , w i t h d i m e t h y l a m i n e u n d e r 
a u t o g e n o u s p r e s s u r e u s i n g e x c e s s a m i n e g a v e two p r o d u c t s , ( 7 8 ) 
a n d ( 7 9 ) , i n e a c h c a s e . P r e s u m a b l y t h e r e a c t i o n p r o c e e d s s l o w l y 
enough t o a l l o w f l u o r i d e i o n t o c a u s e some i s o m e r i s a t i o n o f t h e 
d i m e r s . 

NMe, 
M e g N H 

NMe, 

NMe, 

(16.) ( 7 8 ) 549? ( 7 9 ) 469? 

Me 2NH 
1 7 % ( 7 8 ) + 8 3 % ( 7 9 ) 

Not s u p r i s i n g l y , b o t h (7F!) a n d ( 7 9 ) a r e v e r y s u s c e p t i b l e t o 
h y d r o l y s i s . 

I n c o n t r a s t t o t h e a b o v e r e a c t i o n s , when d i m e r (_1_7) was a d d e d 
s l o w l y t o an e x c e s s o f d i e t h y l a m i n e a v i g o r o u s r e a c t i o n e n s u e d 
t o g i v e a s i n g l e p r o d u c t , ( 8 0 ) . 

NE t , 

( 17) 
E t 2 N ! l 

0°C 
( 8 0 ) 7 4 % 

4.C.2 T r i m e r f ! 9 ) w i t h D i e t h y l a m i n e 

T h i s r e a c t i o n g a v e t h e 
e x p e c t e d m o n o s u b s t i t u t e d p r o d u c t , ( 8 1 ) . 

( 19) 
E tpNH 

0°C 

8 13 

NEt, 
( 8 1 ) 7 3 % 
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4.C.3 T r i m e r ( I B ) w i t h D i e t h y l am i n e 
A v i g o r o u s r e a c t i o n 

o c c u r r e d t o g i v e a c o m p l e x m i x t u r e . A t t e m p t s t o i s o l a t e 
c o m p o n e n t s o f t h i s m i x t u r e w ere u n s u c c e s s f u l . 

4.C.4 D i m e r ( 1 7 ) w i t h T r i e t h y l a m i n e 
T h i s r e a c t i o n was c a r r i e d 

o u t i n o r d e r t o s e e i f an y l i d e c o u l d b e i s o l a t e d a n a l a g o u s t o 
t h o s e o b t a i n e d f r o m F - c y c 1 o b u t e n e a n d t e r t i a r y a m i n e s . 
U n f o r t u n a t e l y , h o w e v e r , t h e r e a c t i o n g a v e a l a r g e q u a n t i t y o f 
t r i e t h y l a m m o n i u m f l u o r i d e a n d a h e a t s e n s i t i v e , f l u o r o c a r b o n 

1 9 
o i l shown b y F n.m.r. t o be a c o m p l e x m i x t u r e . The d i f f e r e n c e 

9 3 
i n r e a c t i o n c o m p a r e d t o F - c y c l o b u t e n e i s p u z z l i n g , b u t i t 
c o u l d be due t o t h e i n a b i l i t y o f t h e f l u o r i d e i o n , f o r s t e r i c 
r e a s o n s , t o a d d to t h e o t h e r e n d o f t h e d o u b l e bond f r o m w h i c h 
i t came; h o w e v e r , i n v i e w o f o t h e r r e a c t i o n s d e s c r i b e d l a t e r 
t h i s i s d o u b t f u l . 

+ 
N E t 

E t . N E t _ 0 
( 17) 

0 C 
HF 

y l i d e 

m i x t u r e 

4.C.5 T r i m e r ( 1 9 ) w i t h T e r t i a r y A m i n e s 
I n t e r a c t i o n o f t r i m e r 

( 1 9 ) w i t h t r i m e t h y l a m i n e a t room t e m p e r a t u r e g a v e o n l y a v e r y 
s m a l l amount o f a w h i t e s o l i d w h i c h was n o t i d e n t i f i e d . 

4.C.6 T r i m e r ( 1 8 ) w i t h T e r t i a r y A m i n e s 
W i t h p y r i d i n e , t r i m e r 

( 1 8 ) g i v e s an homogeneous b l a c k o i l w h i c h s l o w l y t a r s . A 
s i m i l a r r e a c t i o n i s o b t a i n e d w i t h t r i e t h y l a m i n o . As w i l l be 
s e e n l a t e r , t r i m e r ( 1 8 ) u n d e r g o e s a f a s c i n a t i n g r e a r r a n g e m e n t 
w i t h f l u o r i d e i o n and i t i s p o s s i b l e t h a t t e r t i a r y a m i n e s 
i n i t i a t e t h e same r e a r r a n g e m e n t b u t t h a t t a r r i n g o c c u r s due t o 
t h e many p o s s i b l e s i d e r e a c t i o n s . 
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4.D R e a c t i o n s w i t h Sodium florohydride 

4.D.1 W i t h T r i m e r ( 1 9 ) 

R e a c t i o n o c c u r r e d i n t e t r a g l y m e t o g i v e 
a t r i s u b s t i t u t e d p r o d u c t , < 8 2 ) . 

C F 8.13 
N a U I I , . 'I'd 4 ( R2) POy 

4.D.2 Wi t h T r l i n e r ( I B ) 
A l t h o u g h a v i g o r o u s r e a c t i o n o c c u r r e d 

t h e f l u o r o c a r b o n r e c o v e r y was so s m a l l and t h e p r o d u c t m i x t u r e 
s o c o m p l e x t h a t t h e e x p e r i m e n t was n o t p u r s u e d f u r t h e r . 

4.R C a r b o n N u c l e o p h i l e s 

4.E.1 Tri.mer ( 1 9 ) w i t h t h e F - i s o p r o p y l A n i o n 
An i n t e r e s t i n g 

r e a c t i o n o c c u r r e d when F - p r o p e n e was o l i g o m e r i s e d i n t h e 
p r e s e n c e of t r i . m e r ( 1 0 ) a n d t h e r e a c t i o n m i x t u r e a l l o w e d t o 
s t i r o v e r n i g h t . A p a r t f r o m l ' - p r o p e n e o l i g o m e r s, two o t h e r 
p r o d u c t s , (JR3) a n d (J54) , w e r e o b t a i n e d , and t h e m e c h a n i s m o f 
f o r m a t i o n i s p r o b a b l y a s i n d i c a t e d b e l o w : -

C F ( C F > P. 13 
C s F TG p r o p e n e 

( 19) o l i g o m e r 18h RT 

( 83 

C ( C F 0 

C „ F „ C F = C C F J 

/ 
( 2 3 C_f 

( 8 4 ) 
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Th i s m e c h a n i s m , t o g i v e compound ( 8 4 _ ) , i s a n a l o g o u s t o t h a t 
a s s u m e d f o r t h e b r e a k d o w n o f t h e F - c y c l o b u t e n e t e t r a m e r (22) 

t o g i v e d i m e r s (_16) a n d (JL7) ( s e e c h a p t e r 2 ) a n d h a s a s i t s 
d r i v i n g f o r c e p r o d u c t i o n o f t h e s t a b l e a n i o n ( 2 3 ) . 

Compound (£4) was a l s o o b t a i n e d f r o m r e a c t i o n o f F - p r o p e n e 
w i t h f l u o r i d e i o n i n t h e p r e s e n c e o f d i m e r s (1_6) and ( 17) . 

4.E.2 T r i m e r ( 1 9 ) w i t h F . x c e s s F - P h e n y l L i t h i u m 
The F - p h e n y l 

l i t h i u m was made i n s i t u by a d d i t i o n o f " b u t y l l i t h i u m t o 
p e n t a f l u o r o b r o m o b e n z e n e . W i t h a l a r g e e x c e s s o f t h e a r y l l i t h i u m 
a s i n g l e p r o d u c t , ( t 3 5 ) , was o b t a i n e d 

n h e x a n e E t . O 
( 1 9 ) C . F _ L i 

25 C 

8 13 

( 8 5 ) F 

The p r o d u c t i s a s s i g n e d s t r u c t u r e (8J5) r a t h e r t h a n an a l t e r n a t i v e 
s i n c e i t i s known t h a t F - a l k y l b e n z e n e s a r e most s u s c e p t i b l e t o 

108 
n u c l e o p h i l i c a t t a c k p a r a t o t h e a l k y l s u b s t i t u e n t . " A l s o , i n 
v i e w o f t h e known c h e m i s t r y o f F - c y c l o a l k e n e s t o w a r d s c a r b o n 
n u c l e o p h i l . e s ( s e e c h a p t e r 1) and t h e p r e s e n c e o f o n l y a s i n g l e 

1 9 
t e r t i a r y f l u o r i n e r e s o n a n c e i n t h e F n.m.r. s p e c t r u m o f ( 8 5 ) 
i t i s u n l i k e l y t h a t f u r t h e r s u b s t i t u t i o n h a s o c c u r r e d i n t h e 
c y c l o b u t e n e r i n g . 
4..F R e a c t i o n o f D i m e r ( 1 6 ) w i t h L i t h i u m C h l o r i d e 

T h i s i s a n o t h e r 
e x a m p l e o f t h e e n h a n c e d r e a c t i v i t y o f compound ( 1 6 ) o v e r i t s 
a c y c l i c a n a l o g u e , compound ( 4 0 ) . I ' n d e r t h e c o n d i t i o n s e m p l o y e d 
( 1 6 ) g i v e s t h e d i s u b s t i t u t e d p r o d u c t ( 8 6 ) w h i l s t compound ( 4 0 ) 

2 "i S 
i s u n r e a c t i v e . 

http://nucleophil.es
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C.1 C I 
I. i C l DMF 

RT 
7 79* 

( . 1 6 ) ( 8 6 ) 

4.G R e a c t i o n o f D i m e r ( 1 6 ) w i t h E t h y l e n e G l y c o l 
W o r k e r s i n t h e s e 

l a b o r a t o r i e s h a v e o b t a i n e d good y i e l d s o f p r o d u c t s f r o m 
r e a c t i o n s b e t w e e n F - a l k e n e s and d i f u n c t i o n a l n u c l e o p h i l e s by 
c a r r y i n g o u t t h e e x p e r i m e n t s i n h i q h d i l u t i o n . 

I n k e e p i n g w i t h t h i s o b s e r v a t i o n , i n t h e p r e s e n c e o f a 
l a r g e amount o f e t h e r a s s o l v e n t , compound ( 1 6 ) a n d e t h y l e n e 
g l y c o l g a v e a oood y i e l d o f ( f<7) . B e c a u s e o f t h e h i g h d i l u t i o n 
o f t h e r e a c t i o n , t h e i n i t i a l l y f o r m e d p r o d u c t , ( EJ8) , u n d e r g o e s 
i n t r a r a t h e r t h a n i n t e r m o l e c u l a r s u b s t i t u t i o n . 

E t _ 0 RT n 
( 16 CH„OH HOCH 

l week 

OCH_CH_OH 
HF ( 8 7 ) 605 

( BH) 

4 . 1 ! O t h e r N u c l e o p h i l e s 
The s i d e r e a c t i o n o f d i m e r ( 1_6) w i t h 

s o d i u m c h l o r i d e i n an a t t e m p t e d c a r b e n e a d d i t i o n w i l l be 
d i s c u s s e d i n c h a p t e r 5. 

The h i g h l y n o v e l r e a r r a n g e m e n t o f t r i m e r ( J 1 8 ) w i t h f l u o r i d e 
i o n w i l l be d i s c u s s e d i n c h a p t e r 6 . 

4 . J Summary o f R e a c t i o n s w i t h N u c l e o p h i l e s 
I n g e n e r a l t h e 

r e a c t i o n s o f F - c y c 1 o b u t e n e o l i g o m e r s w i t h n u c l e o p h i l e s p r o c e e d 
r e a d i l y a t room t e m p e r a t u r e , o r b e l o w , to g i v e good y i e l d s o f 
p r o d u c t s . The e n h a n c e d r e a c t i v i t y o f d i m e r (_16) o v e r i t s 
a n a l o g u e s , e . g . compounds ( 3 7 ) a n d ( 4 0 ) , c a n b e r a t i o n a l i s e d 
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i n t e r m s o f t h e a n g l e s t r a i n p r e s e n t i n ( ) . T h e l e a s t r e a c t i v e 
o l i g o m e r i s t r i m e r ( J j P ) a n d t h i s o f t e n n i v c s c o m p l o x , i n s e p a r a h l 
m i x t u r e s w i t h n u c l e o p h i l o s . 

The e x t e n t o f s u b s t i t u t i o n i s d e p e n d a n t on t h e a t t a c k i n g 
n u c l e o p h i l e , a n d t h e p r o d u c t s o b t a i n e d a r e r e a d i l y r a t i o n a l i s e d 

i 
i n t e r m s o f v i n y l i c a n d / o r S 2 s u b s t i t u t i o n o f f l u o r i n e . T he 

n 
i d e n t i t y o f t h e p r o d u c t s c a n u s u a l l y b e p r e d i c t e d by r e f e r e n c e 
t o t h e known c h e m i s t r y o f F - c y c l o b u t e n e s w i t h n u c l e o p h i l e s ( s e e 
c h a p t e r 1 ) . 

4.K S t r u c t u r a l A s s i g n m e n t s 
A l l t h e compounds d e s c r i b e d i n t h i s 

c h a p t e r g a v e s a t i s f a c t o r y e l e m e n t a l a n a l y s e s . Tn a l l c a s e s t h e 
s t r u c t u r e f o l l o w e d s i m p l y f r o m t h e s p e c t r a l d a t a . 

19 
T h u s , compound ( 6 0 ) g a v e a s i g n a l , i n i t s F n.m.r. 

s p e c t r u m , a t 9 8 . 9 p.p.m. c h a r a c t e r i s t i c o f - C F = ; t h e p o s i t i o n 
o f t h e C = C a b s o r p t i o n i n t h e i n f r a r e d s p e c t r u m , 1712 cm." 1, 
i s v e r y s i m i l a r t o t h o s e i n compounds ( 2 7 ) - ( 2 9 ) . 

Compound (6_1) g a v e s i g n a l s f o r two n o n - e q u i v a l en t e t h y l 
g r o u p s i n i t s *H n.m.r. s p e c t r u m a n d a s t r o n g C— C a b s o r p t i o n 

-1 1 19 a t 1687 cm. i n i t s i n f r a r e d s p e c t r u m . The F n.m.r. s p e c t r u m 
showed o n l y s i g n a l s due t o -CF - g r o u p s . A n i o n ( 6 2 ) was 

19 
i d e n t i f i e d b y c o m p a r i s o n o f i t s F n.m.r. s p e c t r u m w i t h t h o s e 
o f a n i o n s (23), ( 4 7 ) a n d ( £ 8 ) . Compound (6_3) g a v e o n l y s i g n a l s 

19 
a r i s i n g f r o m - C F 2 ~ g r o u p s i n i t s f n.m.r. s p e c t r u m a n d t h e s e 
i n c l u d e d a l o w f i e l d AB t y p i c a l o f a compound c o n t a i n i n g b r o m i n e 
a t a t e r t i a r y p o s i t i o n on a f o u r - m e m b e r e d r i n g , c . f . compounds 
( 4 5 ) , ( 4 9 ) a n d ( 5 0 ) . 

O t h e r compounds d e s c r i b e d i n t h i s c h a p t e r w e r e i d e n t i f i e d 
by s i m i l a r means t o t h o s e m e n t i o n e d a b o v e ; f o r more i n f o r m a t i o n 
s e e t h e r e l e v a n t e x p e r i m e n t a l s e c t i o n a n d s p e c t r a . 
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CHAPTER 5 

ADDITION REACTIONS OF F-CYCLOBUTENE OLIGOMERS 

T h i s c h a p t e r d e a l s w i t h a p r e l i m i n a r y i n v e s t i g a t i o n i n t o 
t h e a d d i t i o n r e a c t i o n s o f t h e F - c y c l o b u t e n e o l i g o m e r s and 
i n c l u d e s h a l o g e n a d d i t i o n s , D i e l s A l d e r r e a c t i o n s , p o l y m e r i s a -
- t i o n s , e t c . . As w i l l be seen, t h e s p e c i a l r e a c t i v i t y of. d i m e r 
( 1 6 ) becomes a p p a r e n t i n some o f t h e s e r e a c t i o n s . 

5.A F l u o r i n a t i o n s 
These were c a r r i e d o u t by p a s s i n g t h e m a t e r i a l 

t o be f l u o r i n a t e d , i n a s t r e a m o f d r y n i t r o g e n , o v e r a bed o f 
c o b a l t t r i f l u o r i d e on c a l c i u m f l u o r i d e . 

5.A.1 Oimers ( 1 6 ) and ( 1 7 ) 
F 1 u o r i n a t i o n o f a m i x t u r e o f riimers 

(16) and ( J j n o c c u r r e d r e a d i l v t o g i v e t h e e x p e c t e d b i c y c l o b u t y l , 
( 4 6 K The c o n d i t i o n s were n o t o p t i m i s e d h u t p r e s u m a b l y t h e 
p e r c e n t a g e o f f l u o r i n a t i o n c o u l d be i n c r e a s e d by r a i s i n g t h e 
t e m p e r a t u r e . Compound (4j6) has been o b t a i n e d b e f o r e i n v a r i o u s 

17 1,175 
r e a c t i o n s . 

(16),(17) 
CoF 3/CaF 2 

150°C 

c a . 70% 
c o n v e r s i o n 

( 4 6 ) 

5.A.2 T r i m e r ( 1 9 ) 
F l u o r i n a t i o n gave F- 1 , 1 - d i c y c l o b u t y l c y c 1 o b u t a n e 

( 8 9 ) as a l o w m e l t i n g s o l i d . 

F 

F F 

CoF 3/CaF 2 

180°C 

( 1 9 ) 

F 

F F 

( 8 9 ) c a. 80?" c o n v e r s i o n 
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Compound (Rf>) i s v e r y t h e r m a l l y s t a b l e , b e i n g r e c o v e r e d 
u nchanged a f t e r p r o l o n g e d h e a t i n g w i t h i r o n f i l i n g s a t ca. 320°C 
o r passage o v e r p l a t i n u m a t ca. 600°C . I t s v o l a t i l i t y ( b . p . 
161°C) i s such t h a t i t c o u l d be o f use as a b l o o d s u b s t i t u t e . 

5.R A d d i t i o n o f B r o m i n e 
A l t h o u g h b r o m i n e a d d i t i o n i s o f t e n 

r e a d i l y a c c o m p l i s h e d upon u l t r a v i o l e t i r r a d i a t i o n , t h e r e a r e 
o n l y a f e w e x a m p l e s where t h i s i s a c c o m p l i s h e d b y v i s i b l e 
l i g h t . 8 8 

5.R.1 A d d i t i o n t o Dimer ( 1 6 ) 
A d d i t i o n o c c u r r e d s l o w l y i n v i s i b l e 

l i g h t t o g i v e t h e e x p e c t e d d i b r o m o - p r o d u c t (£0) as a l o w 
m e l t i n g s o l i d . Compound ( 9 0 ) b o i l e d w i t h o u t d e c o m p o s i t i o n b u t 
p a r t i a l l y decomposed a t h i g h e r t e m p e r a t u r e s , e.g. on a g . l . c . 
c o l u m n a t 200°C. The ease o f a d d i t i o n i s e x p l a i n a b l e i n t e r m s 
o f r e l i e f o f a n g l e s t r a i n and c a n be c o n t r a s t e d w i t h t h e f a i l u r e 
o f compound ( 4 0 ) ( o r , i n d e e d , t h e o t h e r F - c y c l o b u t e n e o l i g o m e r s ) 
t o r e a c t u n d e r t h e same c o n d i t i o n s . 

R r 2 
v i s i b l e l i g h t 

( 1 6 ) 

( 9 0 ) 

C F C F 
^2\5 /^2*5 B r 2 

^ C H Z C ^ no r e a c t i o n 
CF ̂  ^ C F 

(4 0 ) s 

5.C P o l y m e r i s a t i o n s 
These were a l l c a r r i e d o u t u s i n g gamma r a y 

i r r a d i a t i o n ( f r o m ^^Co) as a means o f i n i t i a t i n g t h e r e a c t i o n s . 

5.C.1 Dimer ( 1 6 ) w i t h 1 , 3 - b u t a d i e n e 
Dimer (_16) and 1, 3 - b u t a d i e n e 

gave an homogeneous m i x t u r e w h i c h when i r r a d i a t e d gave a 
c o - p o l y m e r c o n t a i n i n g ca. 50^ f l u o r i n e . The speed o f t h e r e a c t i o n 
i s a s t o u n d i n g ; t h u s , a r e f e r e n c e r e a c t i o n u s i n g 1 , 3 - b u t a d i e n e 
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o n l y , g a v e l e s s t h a n V,7 o f p o l y m e r i s a t i o n i n t h e same amount o f 
t i m e . Once a g a i n t h e r e a c t i o n can be r a t i o n a l i s e d i n t e r m s o f 
r e l i e f o f a n g l e s t r a i n i n cllmor ( 1 f t ) . 

Dlmer (J_7) and a l kene (^O) d i d n o t g i v e c o - p o l ymcr s u n d e r 
t h e same c o n d i t i o n s w i t h 1 , 3 - b u t a d i e n e ; i n d e e d , t h e y a p p e a r e d 
t o i n h i b i t t h e p o l y m e r i s a t i o n o f t h e b u t a d i e n e . 

Oimer (16) was r e c o v e r e d u n changed a f t e r p r o l o n g e d 
2 39 

i r r a d i a t i o n on i t s own. 

5.C.2 O t h e r A t t e m p t e d C o - P o l y m e r i s a t i o n s w i t h Dimer ( 1 6 ) 

Dimer (1_6) d i d n o t g i v e a c o - p o l y m e r w i t h F - 2 - b u t y n e n o r 
w i t h F - e t h e n e . Tn t h e l a t t e r c a s e , i n c r e a s i n g t h e amount o f 
d i m e r p r e s e n t d e c r e a s e d t h e r a t e o f p o l y m e r i s a t i o n o f t h e 
F - e t h e n e . 

The f a i l u r e o f t h e s e two systems t o g i v e c o - p o l y m e r s i s , 
p e r h a p s , n o t s u p r i s i n g s i n c e , i n b o t h c a s e s , t h e r e a c t a n t s 
a r e h i g h l y e l e c t r o p h i l i c and w i l l b o t h g i v e h i g h l y e l e c t r o -
- p h i l i c r a d i c a l s . 

5.D O x i d a t i o n R e a c t i o n s 

5.D.1 D i m e r ( 16) 
A d d i t i o n o f d i m e r f _16) t o a s o l u t i o n o f 

p o t a s s i u m p e r m a n g a n a t e i n d r y a c e t o n e gave a h i g h y i e l d o f d i o l 
(9_1) , p r e s u m a b l y v i a a c y c l i c manganese c o m p l e x . The d i o l ( 91) 
c o u l d n o t be s e p a r a t e d f r o m t h e s o l v e n t a c e t o n e e x c e p t b y 
p r e p a r a t i v e s c a l e g . l . c . An a t t e m p t t o remove t h e e l e m e n t s o f 
w a t e r f r o m (9_1) w i t h p h o s p h o r u s p e n t o x i d e was u n s u c c e s f u l . 

MnO 
o o OH 

KMnO H_0 

HO 

( 9 1 ) 90?? 

The c o r r e s p o n d i n g r e a c t i o n w i t h F - c y c l o p e n t e n e d i m e r ( 3 7 ) 

a l s o g i v e s a d i o l . 2 3 6 
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5.D.2 T r i m e r ( 1 9 ) 
O x i d a t i o n o c c u r s t o g i v e d i o l (9J.) i n 

m o d e r a t e y i e l d , p r e s u m a b l y v i a a c i d (92) as i n t e r m e d i a t e : -

COOH 
KMnO 

"> < F 
• HF 

•CO. 
-> {16) t{H) 

( 9 2 ) J 
( 1 9 ) X = F, ( 8 2 ) X = II 

( 7 2 ) X = OH, no r e a c t i o n 

( 9 1 ) 6 0 % 

O x i d a t i o n o f t r i m e r d e r i v a t i v e (.82) a l s o g i v e s t h e d i o l ( 9 1 ) , 
b u t compound (7JJ) i s u n a f f e c t e d u n d e r t h e same c o n d i t i o n s . 

5.D.3 T r i m e r ( 18) 
A h i g h l y i n t r i g u i n g r e a c t i o n o c c u r r e d between 

t r i m e r (JL8) and p o t a s s i u m p e r m a n g a n a t e t o g i v e a m i x t u r e o f 
compounds w h i c h c o u l d n o t be i s o l a t e d . Subsequent m e t h y l a t i o n 
w i t h d i a z o m e t h a n e gave two m a j o r p r o d u c t s w h i c h were s e p a r a t e d 
by p r e p a r a t i v e s c a l e g . l . c . and shown t o be C_F OCH i s o m e r s . 

19 
The F n.m.r. s p e c t r u m o f t h e p r o d u c t s b e f o r e and a f t e r 
m e t h y l a t i o n was v i r t u a l l y i d e n t i c a l . T h i s shows t h a t t h e d i a z o -
-methane had m e t h y l a t e d an h y d r o x y f u n c t i o n r a t h e r t h a n u n d e r ­
g o i n g some o t h e r r e a c t i o n w i t h t h e o x i d a t i o n p r o d u c t s . 

19 
The F n.m.r. s p e c t r u m o f b o t h i s o m e r s shows a s i n g l e 

r e s o n a n c e due t o a t e r t i a r y f l u o r i n e and u n a s s i g n e d s i g n a l s , i n 
t h e -CF 2- r e g i o n o f t h e s p e c t r u m , c o r r e s p o n d i n g t o t e n f l u o r i n e s . 
The p r o t o n s p e c t r a gave s i n g l e r e s o n a n c e s t y p i c a l o f h y d r o g e n s 
i n a m e t h o x y g r o u p . The i n f r a r e d s p e c t r a d i d n o t c o n t a i n 
a b s o r p t i o n s due t o h y d r o g e n b o n d i n g , C = C o r c a r b o n y l f u n c t i o n s . 
S a t i s f a c t o r y e l e m e n t a l a n a l y s e s w e r e o b t a i n e d and b o t h compounds 
gave a p a r e n t peak a t M/e 324 i n t h e i r mass s p e c t r a . 

The d a t a i s c o n s i s t e n t o n l y w i t h s t r u c t u r e s ( 9 3 a ) and ( 9 3 b ) 
and a mechanism f o r t h e i r f o r m a t i o n i s g i v e n on t h e n e x t page. 
N o t e t h a t t h i s mechanism i n v o l v e s d e c o m p o s i t i o n o f an 
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H 20 

\ 
F F 2 2 

( 94a) 

KMnO 

a c e t o n e 

< 3 ^ 
V OCH., 

H 

94c 

C , , 2 N 2 

F F 2 2 V 
HO 

OH OH 
HO •I 

0 ^ 
( 94b) 

Of3 
V CH„0 

( 9 3 a ) (. ( 9 3 b ) 

i n t e r m e d i a t e d i c a r b o n y l compound i n t h e p r e s e n c e o f w a t e r . S i n c e 
t h e o x i d a t i o n i s c a r r i e d o u t u n d e r a n h y d r o u s c o n d i t i o n s , t h i s 
m i g h t seem t o i m p l y t h a t b reakdown o f t h e d i c a r b o n y l o c c u r s on 
w o r k - u p . A l t h o u g h t h i s i s p o s s i b l e , i t i s e q u a l l y p l a u s i b l e 
t h a t b r e a k d o w n o c c u r s u n d e r t h e o x i d a t i o n c o n d i t i o n s and i s 
i n i t i a t e d b y p e r m a n g a n a t e ( o r s i m i l a r s p e c i e s ) r a t h e r t h a n by 
w a t e r . A l s o , i n o r d e r t o a c c o u n t f o r t h e f o r m a t i o n o f two 
i s o m e r i c p r o d u c t s , i t i s n e c e s s a r y t o i n v o k e t h e i s o m e r i s a t i o n 
o f ( 9 4 a ) t o ( 9 4 b ) . T h i s i s o m e r i s a t i o n c a n n o t be r a p i d s i n c e b o t h 

19 
i s o m e r s a r e o b s e r v e d by F n.m.r. s p e c t r o s c o p y . I t seems 
p l a u s i b l e t h a t compound ( 9 4 a ) s h o u l d want t o e l i m i n a t e h y d r o g e n 
f l u o r i d e . However, t h e r e s u l t i n g e p o x i d e w o u l d be v e r y h i g h l y 
s t r a i n e d and t h i s may be t h e r e a s o n why i s o m e r i s a t i o n t o ( 9 4 b ) , 
p e r h a p s v i a ( 9 4 c ) , i s o b s e r v e d r a t h e r t h a n e p o x i d e f o r m a t i o n . 
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5.E C y c l o a d d i t i o n s 
T h i s s e c t i o n i n c l u d e s a t t e m p t e d c a r b e n e 

a d d i t i o n s , ( 2 + 2 ) and ( 4 + 2 ) c y c l o a d d i t i o n s and r e a c t i o n s w i t h 
d i a z o m e t h a n e . 

5.E.1 A t t e m p t e d C arbene A d d i t i o n s 
The a r e a o f c a r b e n e a d d i t i o n s 

t o F - c y c l o a l k e n e s and t h e i r d e r i v a t i v e s has r e c e i v e d v e r y 
l i t t l e a t t e n t i o n . E a r l i e r w o r k e r s a t Durham were u n s u c c e s s f u l i n 
a t t e m p t s t o add d i f l u o r o c a r b e n e a c r o s s t h e d o u b l e b o n d o f 

233 
F - c y c l o p e n t e n e d i m e r , ( 3 7 ) . 

5 . E . l a A t t e m p t e d A d d i t i o n o f D i f l u o r o c a r b e n e t o Dimer ( 1 6 ) 

Dimer (j_ 6 ) was h e a t e d w i t h sodium c h l o r o d i f l u o r o a c e t a t e 
i n a s e a l e d t u b e t o g i v e a m i x t u r e o f d i m e r s ( l ^ i ) a n o < (iZ) a n d 
compound (9J5). No c a r b e n e a d d i t i o n p r o d u c t s c o u l d be d e t e c t e d . 
Compound (9_5) p r e s u m a b l y a r i s e s f r o m n u c l e o p h i l i c a t t a c k by 
sodium c h l o r i d e on d i m e r (_16) and t h e s o d ium f l u o r i d e t h u s 
f o r m e d c a u s e s i s o m e r i s a t i o n t o o c c u r . 

A s i m i l a r r e a c t i o n w i t h t r i m e r (JJ?) was a l s o u n s u c c e s f u l . 

C I CF»ClCO„Na 
( 1 6 ) • 17) + 

200 C 
95 ( 16) 

5.E.2 A t t e m p t e d (2+2) C y c l o a d d i t i o n s 
As m e n t i o n e d i n c h a p t e r 1 , 

t h e r m a l ( 2 + 2 ) c y c l o a d d i t i o n s o f F - c y c l o a l k e n e s a r e r a r e . I n 
k e e p i n g w i t h t h i s , d i m e r (1_6) d i d n o t u n d e r g o a d d i t i o n w i t h 
e i t h e r F - e t h y l e n e o r F - 2 - b u t y n e . 

5.E.3 ( 4 + 2 ) C y c l o a d d i t i o n o f Dimer ( 1 6 ) w i t h 1 , 3 - B u t a d i e n e 

Dimer (1_6) u n d e r g o e s D i e l s A l d e r r e a c t i o n w i t h 1, 3-bu t a d i ene 
u n d e r m i l d c o n d i t i o n s t o g i v e compound (j?6) a l m o s t q u a n t i t a t i v e l y . 
The r e a c t i o n can be a t t r i b u t e d t o r e l e a s e o f a n g l e s t r a i n i n 
d i m e r (^16) s i n c e , u n d e r more f o r c i n g c o n d i t i o n s , d i m e r ( 17) , 
t r i m e r (Iji) , F - c y c l o p e n t e n e d i m e r , ( 3 7 ) , and a l k e n e ( 4 0 ) a r e 
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a l l u n r e a c t i v e . 
The a n g l e s t r a i n i n d i m e r (J_6) was n o t s u f f i c i e n t t o a l l o w 

i t t o u n d e r g o D i e l s A l d e r r e a c t i o n w i t h t h e more e l e c t r o p h i l i c 
F - 1 , 3 - c y c l o h e x a d i e n e a t ca. 260°C. 

H H 

Q H -80 C ( 16) CH-CH 
60h 

( 9 5 ) oq% 

5.E.4 R e a c t i o n s I n v o l v i n g D i a z o m e t h a n e 
W o r k e r s a t Durham a r e 

f i n d i n g t h a t d i a z o r a e t h a n e r e a d i l y adds a c r o s s t h e d o u b l e bond 
237 

o f F - a l k e n e s w i t h no v i n y l i c f l u o r i n e s , e.g. compound ( 4 0 ) 
w h i c h g i v e s t h e 2 - p y r a z o l i n e (£7). I n c o n t r a s t , a d d i t i o n t o 
t h e s t r u c t u r a l l y s i m i l a r F - 2 , 3 - d i m e t h y l b u t - 2 - e n e was c l a i m e d t o 

2 3 B 
g i v e 1 - p y r a z o l i n e ( 9 B a ) . 

C F C F '2'̂ S / 2* 5 
^ C c 
/ \ 

C F 3 CF 3 

( 4 0 ) 

xs C I! 2N 2 

E t 2 0 , RT 

HN ^ 
\ I 

CM 
(21) 

I \ 
C F 3 C F 3 

C F 3 ^ ,CF3 CH N_ 
x, ' 2 2 v N CH. 

CF 3 CF 3
 fct2 / \ 

( C F 3 ) 2 ( C F 3 ) 2 

5.E.4a W i t h F - 2 , 3 - D i m e t h y l b u t - 2 - e n e 
T h i s r e a c t i o n gave a 

c r y s t a l l i n e s o l i d i d e n t i f i e d as t h e 2 - p y r a z o l i n e ( 9 8 ) r a t h e r 
t h a n t h e i s o m e r i c 1 - p y r a z o l i n e ( 9 8 a ) . The i n f r a r e d s p e c t r u m o f 
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( 9 8 ) showed an a b s o r p t i o n a t ca. 3350 cm. due t o an -NH-
g r o u p , and t h e 1H n.m.r. s p e c t r u m c o n t a i n e d two r e s o n a n c e s o f 
e q u a l i n t e n s i t y a r i s i n g f r o m an -NH- and an o l e f i n i c h y d r o g e n . 

CF. 

CF. 

/ F 3 

CF. 

* s C H 2 N 2 
E t z O , RT 

HC NH 
\ / 
c — c 

/ \ 
( 9 8 ) 

( C F , ) 2 ( C F 3 ) 2 

5.E.4b W i t h Dimer ( 1 6 ) 
R e a c t i o n o c c u r r e d r a p i d l y a t room 

t e m p e r a t u r e t o g i v e one m a j o r p r o d u c t i d e n t i f i e d as t h e 
2 - p y r a z o l i n e (£9) f r o m i t s n.m.r. s p e c t r a . Thus, t h e 1H n.m.r. 
showed s i g n a l s f o r an o l e f i n i c h y d r o g e n and one o t h e r h y d r o g e n 

19 
a s s i g n e d as an -NH-. The F n.m.r. showed s i g n a l s f o r two 
n o n - e q u i v a l e n t F - c y c l o b u t e n e r i n g s . The o b s e r v a t i o n o f an -NH-
s t r e t c h i n t h e i n f r a r e d s p e c t r u m h e l p e d t o c o n f i r m t h e 
a s s i g n m e n t . 

N 0=0 
( 1 6 ) 

xs CJI_N HM Cll 
( 9 9 ) 

E t _ 0 RT 

5.E.4c W i t h T r i m e r ( 18) 
A s i n g l e , c r y s t a l l i n e p r o d u c t was 

o b t a i n e d and i d e n t i f i e d by e l e m e n t a l a n a l y s i s and mass 
s p e c t r o s c o p y as b e i n g C

1 4
F ' 1 8 N ? H 4 » ( 100) . The i n f r a r e d s p e c t r u m 

d i d n o t c o n t a i n a b s o r p t i o n s due t o h y d r o g e n b o n d i n g b u t i t d i d 
c o n t a i n two medium a b s o r p t i o n s a t 1642 and 1592 cm. ^, 
s u g g e s t i n g t h e p r e s e n c e o f two d o u b l e b o nds. The 1H n.m.r. 
s p e c t r u m showed two r e s o n a n c e s i n t h e r a t i o 3:1, a s s i g n e d as 
a m e t h y l g r o u p a t t a c h e d t o n i t r o g e n and an o l e f i n i c h y d r o g e n 

19 
r e s p e c t i v e l y . The F n.m.r. s p e c t r u m showed s i g n a l s f o r two 
n o n - e q u i v a l e n t t e r t i a r y f l u o r i n e s and s i g n a l s i n t h e -CF 2~ 
r e g i o n r e s u l t i n g f r o m s i x t e e n f l u o r i n e s . Tn v i e w o f t h i s d a t a 
( 1 0 0 ) was a s s i g n e d t h e s t r u c t u r e shown and a mechanism f o r i t s 
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f o r m a t i o n i s g i v e n b elow: 

C H 2H 2 

R t 2 0 

( 1 8 ) 

CH 

N N 
nc HC^ N IIC N 

2 2 2 2 

( 1 0 0 ) ( 1 0 1 ) 

P r e s u m a b l y t h e p r o t o n on t h e n i t r o g e n i n compound ( 1 0 1 ) i s made 
s u f f i c i e n t l y a c i d i c by i t s a l l y l i c n a t u r e t o be m e t h y l a t e d b y 
more d i a z o m e t h a n e . 

5.R.4d W i t h F - C y c l o p e n t e n e Dimer ( 3 7 ) 
Compound (37J) r e a c t e d 

w i t h d i a z o m e t h a n o t o g i v e t h e e x p p c t e d p r o d u c t , ( 1 0 2 ) . The 
p r o d u c t was i d e n t i f i e d by r e f e r e n c e t o i t s i n f r a r e d and *H 

19 
n.m.r. s p e c t r a . The V n.m.r. s p e c t r u m was h i g h l y c o m p l e x a n d 
no s i g n a l s c o u l d be a s s i g n e d ; however, t h e y a l l o c c u r r e d i n t h e 
-CF„- r e g i o n . 

xs CH_M 
N" HC 

I- t„0 RT 

( 3 7 ) 

( 102) P09* 
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5.F S t r u c t u r a l A s s i g n m e n t s 
A l l t h e compounds d e s c r i b e d i n t h i s 

c h a p t e r gave s a t i s f a c t o r y e l e m e n t a l a n a l y s e s . Compounds ( 8 9 ) -
19 

( 9 1 ) were e a s i l y i d e n t i f i e d f r o m t h e i r F n.m.r. s p e c t r a 
s i n c e t h e y a r e s y m m e t r i c a l . Compound (9_5) showed a v i n y l i c 

19 
f l u o r i n e i n i t s F n.m.r. s p e c t r u m and a C — C a b s o r p t i o n a t 
1721 cm." 1 i n i t s i n f r a r e d s p e c t r u m , c . f . compounds (2_7)- ( 2 9 ) . 
S t r u c t u r a l a s s i g n m e n t s f o r o t h e r compounds have a l r e a d y been 
d1scu s sed. 

5. G F r e e R a d i c a l A d d i t i o n o f A c c t a l d e h y d e t o Dimer ( 1 6 ) 
A n o t h e r 

w o r k e r a t Durham has added a c e t a l d e h y d e t o d i m e r (16,) by gamma 
r a y i n d u c e d f r e e r a d i c a l r e a c t i o n , t o g i v e compound ( 1 0 3 ) w h i c h 

230 
s l o w l y l o s e s h y d r o g e n f l u o r i d e on s t a n d i n g . 

CI! CH O 0 
xs CII.CHO HF 

<3^> 16) 
r a y 1 

( 103) 
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CHAPTER 6 

REARRANGEMENTS OF F-CYCLOKHTENES 

I n t r o d u c t i o n 
One o f t h e s p e c i a l f e a t u r e s o f t h e c y c l o b u t e n e r i n g 

i s i t s t h e r m a l i s o m e r i s a t i o n t o g i v e a 1 , 3 - b u t a d i e n e . A t h i g h 
t e m p e r a t u r e s b o t h compounds o f t e n e x i s t i n an e q u i l i b r i u m m i x t u r e 
a l t h o u g h t h e p o s i t i o n o f t h e e q u i l i b r i u m i s d r a m a t i c a l l y c h a n g e d 
on g o i n g f r o m a h y d r o c a r b o n t o a f l u o r o c a r b o n s y s t e m . Thus, 
c y c l o b u t e n e i t s e l f u n d e r g o e s t h e r m a l r i n g o p e n i n g v i r t u a l l y 

240 
i r r e v e r s i b l y t o g i v e 1 , 3 - b u t a d i e n e . I n c o m p l e t e c o n t r a s t , 

241 
F - l , 3 - b u t a d i e n e u n d e r g o e s r i n g c l o s u r e t o g i v e F - c y c l o b u t e n e . 

242 
I t has been shown t h a t f o r c y c l o b u t e n e ( 1 0 4 ) , t h e r a t e 

o f r i n g o p e n i n g , t o g i v e b u t a d i e n e ( 1 0 5 ) , i s o n l y s l i g h t l y 
a f f e c t e d by t h e i d e n t i t y o f X; however, t h e p o s i t i o n o f 

K eq C C // w 7 
300 C 

(10 4 ( 1 0 5 ) H CF 

e q u i l i b r i u m i s s t r i k i n g l y a l t e r e d , e x i s t i n g l a r g e l y on t h e s i d e 
o f ( 1 0 4 ) f o r X = F ( K e q = ca. 7 x l 0 - 3 ) ; on t h e s i d e o f ( 1 0 5 ) f o r 
X = H ( K

e q
= 200) ; and i n t e r m e d i a t e b e t w e e n t h e two f o r X = CF^ 

2 42 (K = 8 ) . The a u t h o r s i n t e r p r e t e d t h e s e r e s u l t s as i n d i c a t i n g eq 
t h a t t h e g r e a t e r s t a b i l i t y o f F - c y c l o b u t e n e s o v e r F - l , 3 - b u t a -
- d i e n e s was due t o t h e d e s t a b i l i s i n g e f f e c t o f v i n y l i c f l u o r i n e s 
i n t h e l a t t e r . C l e a r l y , h o w e v e r , i n v i e w o f t h e d i f f e r e n c e 
b e t w e e n t h e sy s t e m s f o r X = H and X = CF 3 some o t h e r f a c t o r 
must a l s o be i n v o l v e d , p o s s i b l y e l e c t r o n i c i n n a t u r e . 

I t i s w e l l e s t a b l i s h e d t h a t t e r m i n a l d i f l u o r o m e t h y l e n e g r o u p s 
a r e p a r t i c u l a r l y s u s c e p t i b l e t o a t t a c k by f l u o r i d e i o n , l e a d i n g 
t o f o r m a t i o n o f a t r i f l u o r o m e t h y l g r o u p . I n p a r t i c u l a r , where 
i t i s p o s s i b l e , compounds c o n t a i n i n g t e r m i n a l d i f l u o r o m e t h y l e n e 
g r o u p s a r e r a p i d l y i s o m e r i s e d w i t h e l i m i n a t i o n o f a l l y l i c 
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f l u o r i n e . 

F ' C x F F ^ C > 

CsF, 100 C 

no s o l v e n t 
CF 3C • CCF 

83% 

[ 2 4 3 ] 

• 
CF. 

CF, 

CsF , 100 C 

l h 

CF. 

CF. 

[2 4 4 ] 

9 4 % 

As w i l l be seen i n t h i s c h a p t e r , t h e r i n g o p e n i n g o f c y c l o -
- b u t e n e s , c o u p l e d w i t h f l u o r i d e i o n i n d u c e d i s o m e r i s a t i o n o f 
t e r m i n a l d i f 1 u o r o m e t h y l e n e g r o u p s , p r o v i d e s a w e a l t h o f h i g h l y 
n o v e l c h e m i s t r y when a p p l i e d t o F - c y c l o b u t e n e and i t s o l i g o m e r s . 

6.A T h e r m a l B e h a v i o u r o f F - C y c l o b u t e n e 

6.A.1 I n F l o w Systems 
A l l t h e f l o w p y r o l y s e s d e s c r i b e d i n t h i s 

c h a p t e r were c a r r i e d o u t by p a s s i n g t h e m a t e r i a l t o be p y r o l y s e d 
t h r o u g h a t u b e p a c k e d w i t h t h e d e s i r e d m a t e r i a l ( e . g . i r o n 
f i l i n g s , p l a t i n u m f o i l , f l u o r i d e i o n ) , m a i n t a i n e d a t t h e 
r e q u i r e d t e m p e r a t u r e . 

6 . A . l a Over P l a t i n u m 
F - C y c l o b u t e n e was r e c o v e r e d v i r t u a l l y 

u n c h a n g e d a t t e m p e r a t u r e s o f up t o 670°C; s e v e r a l t r a c e 
c o m p o n e n t s were o b s e r v e d i n t h e p r o d u c t gases b u t n o t i n v e s t ­
i g a t e d . 

6 . A . l b Over F l u o r i d e I o n 
I n c o n t r a s t t o t h e above, o v e r c a e s i u m 

o r p o t a s s i u m f l u o r i d e r e a r r a n g e m e n t o c c u r r e d t o g i v e h i g h y i e l d s 
o f F - 2 - b u t y n e . C o n v e r s i o n s as h i g h as 90% c o u l d be o b t a i n e d a t 
t e m p e r a t u r e s o f a b o u t 600°C. However, a t h i g h e r t e m p e r a t u r e s 
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t h e F - 2 - b u t y n e u n d e r g o e s s i d e r e a c t i o n s t o g i v e amounts o f 
245 

l i q u i d p r o d u c t s . F o r m a t i o n o f t h e b u t y n e i s e x p l a i n a b l e by 
i n i t i a l r i n g o p e n i n g o f F - c y c l o b u t e n e f o l l o w e d by f l u o r i d e i o n 
i n d u c e d i s o m e r i s t i o n . 

600 C 

CF C CCF 7 

T h i s i s a v e r y c l e a n , s i m p l e p r e p a r a t i o n o f F - 2 - b u t y n e and, 
f o r l a b o r a t o r y s c a l e work i s p r e f e r a b l e t o t h e r o u t e i n v o l v i n g 
d e c h l o r i n a t i o n o f 2 , 3 - d i c h l o r o - F - b u t - 2 - e n e . 

6.A.2 I n S t a t i c Systems 
A c o m p l e x gaseous m i x t u r e , t o g e t h e r w i t h 

a s m a l l amount o f l i q u i d , was o b t a i n e d by h e a t i n g F - c y c l o b u t e n e 
o 19 

w i t h c a e s i u m f l u o r i d e i n a n i c k e l t u b e a t 300 C. A F n.m.r. 
s p e c t r u m o f t h e m i x t u r e i n d i c a t e d , amongst o t h e r t h i n g s , t h e 
p r e s e n c e o f F - c y c l o b u t e n e and s m a l l amounts o f F - 2 - b u t y n e . 

A t 360°C, i n a g l a s s c a r i u s t u b e , w i t h o r w i t h o u t p o t a s s i u m 
f l u o r i d e , F - c y c l o b u t e n e g i v e s a c o m p l e x m i x t u r e f r o m w h i c h t h e 
u n u s u a l d i m e r ( 1 0 6 ) and F - n o r b o r n e n e can be i s o l a t e d . 

A 
360 C, g l a s s B J3 66h 

12 10 
8V 

( 106) 499? 

Compound ( 1 0 6 ) has been o b t a i n e d p r e v i o u s l y by t h e r m a l 
d i m e r i s a t i o n o f F- 1 , 3 - b u t a d i e n e a t 150°C, f o l l o w e d by p r o l o n g e d 
h e a t i n g o f t h e d i m e r f r a c t i o n a t 200°C, 2 4 6 and i d e n t i f i e d by 

247 
X - r a y c r y s t a l l o g r a p h y ; h o wever, i t s s p e c t r a l d a t a has n o t 
been p u b l i s h e d . F - N o r b o r n e n e was i d e n t i f i e d b y c o m p a r i s o n o f 
i n f r a r e d and 1 9 F n.m.r. d a t a w i t h ,th> Tt Uo^ r iaLn\v au t h e n t i c s a m p l e . 5 6 

/V' SCIENCE \ 
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A mechanism f o r p r o d u c t i o n o f F - n o r b o r n e n e f r o m compound ( 1 0 6 ) 
i s g i v e n b e l o w : -

& CF CF 6 ( 1 0 6 ) 1,2 s h i f t 

III ( a l l compounds a r e f u l l y f l u o r i n a t e d ) 

ff 

I D 
P r o d u c t i o n o f compound ( 1 0 6 ) p r e s u m a b l y r e s u l t s f r o m r i n g 

o p e n i n g o f F - c y c l o b u t e n e , t o g i v e 1 , 3 - b u t a d i e n e , d i m e r i s a t i o n 
t o g i v e F - 1 , 4 - c y c l o o c t a d i e n e and s u b s e q u e n t ( 2 + 2 ) a d d i t i o n . 

n\ 7 • 

( 106 

A s i m i l a r r e a c t i o n , i n a n i c k e l t u b e , gave a v e r y l o w 
r e c o v e r y o f m a t e r i a l f r o m w h i c h compound ( 1 0 6 ) c o u l d be i s o l a t e d . 
P r e s u m a b l y i n t e r m e d i a t e p r o d u c t s a r e u n d e r g o i n g r e a c t i o n on t h e 
n i c k e l s u r f a c e , e.g. d e f l u o r i n a t i o n , w i t h t h e r e s u l t t h a t t a r r i n g 
o ccu r s . 
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6.n Thermal behav i o u r o f F - c y r . l o h u t e n e n i w e r s 

6.R.1 I n F l o w Systems 

6 . B . l a Over P l a t i n u m 
Passage o f e i t h e r o f t h e two s e p e r a t e 

d i m e r s , (_16) o r (_17) , o v e r p l a t i n u m a t 510°C gave a m i x t u r e 
c o n t a i n i n g m a i n l y d i m e r s (.16) and [17.) t o g e t h e r w i t h m i n o r 
amounts o f o t h e r compounds w h i c h were i d e n t i f i e d b y g . l . c . - m . s . 
as C

8
F ' 1 2 i s o m e r s . A t h i g h e r t e m p e r a t u r e s t h e p e r c e n t a g e o f 

t h e s e u n i d e n t i f i e d compounds i n c r e a s e d b u t t h e m a j o r p r o d u c t 
was a l w a y s a m i x t u r e o f d i m e r s (^^6) and ( 17) . 

A t t h e s e h i g h t e m p e r a t u r e s t h e e q u i l i b r i u m i s on t h e s i d e 
o f d i m e r (.17), a l t h o u g h t h e e x a c t p o s i t i o n o f t h i s e q u i l i b r i u m 
a t a g i v e n t e m p e r a t u r e was n o t d e t e r m i n e d . 

The i s o m e r i s a t i o n o f t h e d i m e r s p r e s u m a b l y r e s u l t s f r o m 
1 , 3 - m i g r a t i o n o f f l u o r i n e , a l t h o u g h i t i s c o n c e i v a b l e , b u t 
u n l i k e l y , t h a t i t c o u l d r e s u l t f r o m f l u o r i d e i o n on t h e s u r f a c e 
o f t h e p l a t i n u m . A s i m i l a r i s o m e r i s a t i o n was o b s e r v e d f o r 

2 33 
F - c y c l o p e n t e n e d i m e r , (.37). 

1,3 s h i f t <3>=0 7 
510 C 

( 1 6 ) (17 

6 . B . l b Over T r o n F i l i n g s 
A v e r y s i m i l a r r e a c t i o n o c c u r r e d o v e r 

i r o n f i l i n g s . However, i n t h i s case s m a l l amounts o f two 
d e f l u o r i n a t e d p r o d u c t s were a l s o o b s e r v e d . The amount o f 
d e f l u o r i n a t i o n v a r i e d f r o m r e a c t i o n t o r e a c t i o n b u t was n e v e r 
more t h a n a b o u t 2 0 % . The m a j o r d e f l u o r i n a t e d p r o d u c t was s e p a r ­
a t e d and i d e n t i f i e d as F - b i c y c l o b u t y l , ( 1 0 7 ) , f r o m i t s 
19 ' 

F n.m.r. s p e c t r u m ( s y m m e t r i c a l ) and i t s mass s p e c t r u m . 

Fe f i l i n g s 
( 1 6 ) , ( 1 7 ) 20% ca 

570 C 
( 107 
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As w i l l be seen i n t h i s c h a p t e r , d e f l u o r i n a t i o n o f F - c y c l o -
- b u t e n e d e r i v a t i v e s I s n o t a v e r y f a c i l e r e a c t i o n , p o s s i b l y 
due t o t h e a n g l e s t r a i n w h i c h w o u l d be p r e s e n t i n t h e p r o d u c t s . 

6 . B . l c Over F l u o r i d e I o n 
Passage o f e i t h e r d i m e r o v e r c a e s i u m 

f l u o r i d e a t 420°C gave a m i x t u r e o f (_16) a n d (JL7) and u n i d e n t ­
i f i e d C _F 1 0 i s o m e r s . I n a s i m i l a r r e a c t i o n a t 510°C a c o m p l e x 
m i x t u r e was o b t a i n e d ( > 1 0 c o m p o n e n t s ) . However, 90% o f t h e 
m i x t u r e c o n s i s t e d o f f o u r c o m p o n e n t s , t h r e e o f w h i c h ( 1 0 8 ) - ( 1 1 0 ) 
were s e p a r a t e d by a m i x t u r e o f f r a c t i o n a l d i s t i l l a t i o n and 
p r e p a r a t i v e s c a l e g . l . c . The f o u r t h component c o u l d n o t be 
i s o l a t e d f r o m t h e p y r o l y s i s m i x t u r e by p r e p a r a t i v e g . l . c . and 
d i s a p p e a r e d ( p r e s u m a b l y i s o m e r i s e d t o one o f t h e o t h e r 
c omponents) on d i s t i l l a t i o n . 

F „C CF 3 \ 
CsF, 510"C 

( 1 6 ) , ( 1 7 ) > 
ca. 30 sec. 

C 3 "3 

• 

F„C CF, 

CF 
/ 

CF. 
C F 3 'CF 2 

c i s - & t r a n s - ( 1 0 8 ) 4 0 % ( 1 0 9 ) 2 5 % 

CF. 

+ ^8^12 + o t h e r C 8 F 1 2 ^ s o m e r s 

C ( C F 3 ) 2 

( 1 1 0 ) 10% ( 1 1 1 ) 15% 

A t t h e same t e m p e r a t u r e o v e r p o t a s s i u m f l u o r i d e , c o m p o u n d ( 1 0 8 ) 
f o r m s c a . 70% o f t h e p r o d u c t m i x t u r e . R e c i r c u l a t i o n a t a h i g h e r 
t e m p e r a t u r e ( 5 7 0 ) gave l a r g e r amounts o f ( 1 0 9 ) - ( 1 1 1 ) . T h i s 
s u g g e s t s t h a t t h e i n i t i a l l y f o r m e d p r o d u c t i s ( 1 0 8 ) and t h a t 
t h i s u n d e r g o e s f u r t h e r i s o m e r i s a t i o n t o t h e o t h e r compounds. 
A mechanism f o r f o r m a t i o n o f ( 1 0 8 ) i s o u t l i n e d i n scheme 7. 
F o r m a t i o n o f ( 1 0 9 ) a n d ( 1 1 0 ) f r o m ( 1 0 8 ) i s r a t h e r more p u z z l i n g 
a l t h o u g h a p o s s i b l e r e a c t i o n r o u t e i s o u t l i n e d i n scheme 8. T h i s 
mechanism i s g i v e n some c r e d i b i l i t y by t h e o b s e r v a t i o n t h a t 
r e a r r a n g e m e n t o c c u r s more r e a d i l y w i t h c a e s i u m f l u o r i d e w h i c h i s 
t h e b e t t e r f l u o r i d e i o n d o n o r . 
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Schwmt? 7 

of F - C y c l o b u t e n e Dimers 

F 
F 

CF 
7 CF 

( 1 7 ) 

CF 
\ 3 

/ CF 

CF CF 

FCF 

J 

CF CF / 

FCF 
FCF FCF FC CF 

CF 

CF 

CF 
CF 

( 108) 
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Scheme 8 

I s o m e r i s a t i o n of (108) 

FCF CF. 

(108) 

CF. 
CF 

FCF CF. 

C 2 F 5 

1,3 s h i f t 

FCF 

C F ( C F 3 ) 2 

r 

1,3 s h i f t 

FCF CF, 

F 3 C FCF 

F 3 C V 

C ( C F 3 ) 2 

( H O ) 

F C CF 
/ 

( 109) 

F^C FCF 

F l u o r i d e i o n i n d u c e d r e a r r a n g e m e n t s of some F-methylene-
- c y c l o b u t a n e s have appeared i n the l i t e r a t u r e . Thus, i t i s 
c l a i m e d t h a t t h e dimer of F - 2 - m e t h y l - 2 , 3 - b u t a d i e n e i s r e a r r a n g e d 

248 
by p o t a s s i u m f l u o r i d e to g i v e ( 1 1 2 ) . However, i n view of the 
s t r u c t u r e s of the p r o d u c t s d e s c r i b e d above, i t seems l i k e l y t h a t 
the p r o d u c t i s ( H 2 a ) r a t h e r than ( 1 1 2 ) . 
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F 3 C 

/ 

FCF 

-CF. 

CF. 

KF 

250°C C — CF. 

. / C F 3 
F 3 C ^ — F 

F 3 C 
/ X C F 

F 3 C 

F 3 C - C 
CF 

/ 3 

F 3 C 

F 3 C 
FCF 

(112a) (112) 

6 . B . l d S t r u c t u r a l A s s i g n m e n t s 
Compound (109) has been o b t a i n e d 

26 
p r e v i o u s l y i n the g e n e r a t i o n of F - t e t r a m e t h y l c y c l o b u t a d i e n e . 
Compounds (108) and ( 1 1 0 ) c o u l d not be i d e n t i f i e d c o n c l u s i v e l y 

19 
s o l e l y on s p e c t r a l d a t a , a l t h o u g h the F n.m.r. spectrum of 
( 1 0 8 ) i n d i c a t e d i t to be a m i x t u r e of c i s - and t r a n s - i s o m e r s 
( c a . 1 : 5 ) . 

The s t r u c t u r e s of compounds ( 1 0 8 ) and (110) were f i n a l l y 
a s s i g n e d by i d e n t i f i c a t i o n of t h e i r bromine a d d i t i o n p r o d u c t s , 
s i n c e i t i s known t h a t F - m e t h y l e n e c y c l o b u t e n e s and r e l a t e d 248 19 compounds undergo 1 , 4 - a d d i t i o n of bromine. Thus, the F 
n.m.r. spectrum of compound (108) shows 3 v i n y l i c -CF^ groups, 
a v i n y l i c f l u o r i n e , and a -CF,,- ( f o r both i s o m e r s ) . The spectrum 
of i t s bromine a d d i t i o n product ( a s i n g l e compound ( 1 1 3 ) ) shows 
a v i n y l i c - C F 3 group, a - C B r ( C F 3 ) - group, a - C F B r ( C F 3 ) group, 
and a - C F 2 - . S i m i l a r l y the spectrum of (110) shows 3 v i n y l i c 
-CF_ groups, a v i n y l i c f l u o r i n e , and a -CF_-. The spectrum of 
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(108) 

( H O ) 

Br, 

v i s i b l e l i g h t 

Rr, 

v i s i b l e l i g h t 

F,C Br 
3 \ / / C F 3 

CFBrCF, 

(113) 

F 0 C Br 

C P , r ( C F 3 ) 2 

( H 4 ) 

i t s bromine a d d i t i o n p r o d u c t , ( 1 1 4 ) , shows a - C B r ( C F 3 ) - group, 
a (CF^JgCBr- group,a v i n y l i c f l u o r i n e , and a •CF. 

6.B.2 With Caesium F l u o r i d e i n a S t a t i c System 
H e a t i n g dimer 

m i x t u r e , (_16) , (_1_7) , with caesium f l u o r i d e i n a n i c k e l tube gave 
a s i m i l a r r e arrangement, but w i t h low r e c o v e r y . However, i n 
t h i s c a s e , t h e major p r o d u c t s were C g F 1 4 i s o m e r s , i . e . 
f l u o r i n a t i o n had o c c u r r e d d u r i n g the r e a c t i o n . Presumably the 
n i c k e l s u r f a c e of the tube c a u s e s d e f l u o r i n a t i o n and then some 
f l u o r i n e i s a v a i l a b l e , from the n i c k e l s u r f a c e , f o r a d d i t i o n to 
p r o d u c t s , or i n t e r m e d i a t e s , of the r e a r r a n g e m e n t ; t h i s would 
a l s o account f o r the low r e c o v e r y s i n c e d e f l u o r i n a t i o n c o u l d 
w e l l l e a d to t a r r i n g . 

The major p r o d u c t was i d e n t i f i e d a s compound (_30) , a l s o 
o b t a i n e d from the c o - o l i g o m e r i s a t i o n of F - c y c l o b u t e n e and 
F-2-butene ( s e e c h a p t e r 2), which c o u l d be formed by f l u o r i n a t i o n 
of any of the i n t e r m e d i a t e s (scheme 7) a f t e r a s i n g l e r i n g 
opening r e a c t i o n of dimer ( 1 7 ) . 

The second C f r a c t i o n c o u l d not be s e p a r a t e d on the 
a v a i l a b l e g . l . c . columns, but was i d e n t i f i e d as b e i n g m a i n l y 
compound (115) , t o g e t h e r w i t h i t s r i n g opened analogue, by 

IP 
comparison of i t s F n.m.r. and i n f r a r e d s p e c t r a with t h o s e 
of a u t h e n t i c samples 26 Compound (115) c o u l d be formed by 
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CF 

< 3 > = ! 

CF CF (17) 
I CF 

FCF 

i CF 
CF 

CF 
( 3 0 ) 

CF CF CF \ / 
c — c 

// \\ CF 
CF FC CF FCF 

(109) (115 

f l u o r i n a t i o n of compound ( 1 0 9 ) . The two o t h e r major components 
of the p r o d u c t m i x t u r e were i d e n t i f i e d a s compounds ( 1 0 8 ) and 
( 1 1 0 ) - no compound (109) c o u l d be d e t e c t e d . 

6.C Thermal B e h a v i o u r of F - C y c l o b u t e n e T r i m e r s 

6.C.1 F l o w P y r o l y s e s of T r i m e r (18) 

6 . C . l a Over P l a t i n u m 
Passage of t r i m e r (JJJ) o v e r p l a t i n u m , a t 

510°C, gave a m i x t u r e c o n t a i n i n g compound {IB) , two r i n g opened 
p r o d u c t s , (116) and ( 1 1 7 ) , and s e v e r a l minor components which 
were not i d e n t i f i e d . 

I d e n t i f i c a t i o n of compounds (116) and (117) f o l l o w e d s i m p l y 
19 

from t h e i r F n.m.r. s p e c t r a , s i n c e they a r e s y m m e t r i c a l . 
Compound (116) i s formed by r i n g opening of t he c y c l o b u t e n e r i n g 
i n t r i m e r (_18) , and compound (117) by f l u o r i d e i o n i n d u c e d 
rearrangement of (116) 
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P t 

510°C 
c c-

FCF FCF 

( 1 1 6 ) c a . 15% 

F„C 

CF. 

^ ^ c z : c — - / — ^ ^ ^ ^ 

( 1 1 7 ) c a . 40# 

6.C.lb Over I r o n F i l i n g s 
Over i r o n f i l i n g s , a t 480°C, t r i m e r 

(18) was l a r g e l y u n r e a c t i v e , but i t d i d g i v e s m a l l amounts of 
compounds ( 1 1 6 ) and ( 1 1 7 ) t o g e t h e r w i t h a d e f l u o r i n a t e d p r o d u c t , 
C 1 2 f ? 1 6 c a * i d e n t i f i e d by g.l.c.-m.s. but not s e p a r a t e d . 

6 . C . l c Over Caesium F l u o r i d e 
Over c a e s i u m f l u o r i d e , t r i m e r ( 1 8 ) 

gave m a i n l y compound ( 1 1 7 ) t o g e t h e r w i t h some (116) and s m a l l 
amounts of o t h e r , u n i d e n t i f i e d components. 

6.C.2 I n S t a t i c Systems 

6.C.2a Ri n g Opening of T r i m e r ( I P ) 
H e a t i n g t r i m e r (18.) i n a 

C a r i u s tube a t c a . 300°C g i v e s an e q u i l i b r i u m m i x t u r e o f t r i m e r 
(18) and i t s r i n g opened b u t a d i e n e , ( 1 1 6 ) 

300°C 

<i§) y ~ ( H 6 ) 
C a r i u s 

c a . 80% tube c a . 20??. 
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6.C.2b Ri n g Opening of T r i m e r ( 1 8 ) i n the P r e s e n c e of F l u o r i d e 
Ion 

H e a t i n g t r i m e r (1JS) i n a n i c k e l tube i n t he p r e s e n c e 
of c a e s i u m or p o t a s s i u m f l u o r i d e g i v e s compound (117) a l m o s t 
q u a n t i t a t i v e l y . 

300°C -
( 1 8 ) ( H 6 ) 7 ( H 7 ) 

6. C.3 Flow P y r o l y s e s of Trimer ( 1 0 ) 

6.C.3a Over P l a t i n u m 
Ovor p l a t i n u m a t 610°C, t r i m e r (JJ5) gave a 

complex m i x t u r e of C 1 Q F ^ 4 i s o m e r s from which compound ( 1 1 8 ) , 
t h e major p r o d u c t , was i s o l a t e d . At lower t e m p e r a t u r e s compound 
( 1 1 8 ) was s t i l l the major p y r o l y s i s product but s i g n i f i c a n t 
amounts of t r i m e r (_19) were a l s o o b t a i n e d . 

"c 
pt 

7 
610 C 

/ / 

(19) i lie.) 
c a . 30% 

6.C.3b Over I r o n F i l i n g s 
No d e f l u o r i n a t i o n c o u l d be d e t e c t e d up 

to 525°C and a t t h i s t e m p e r a t u r e p y r o l y s i s s t a r t e d to o c c u r . 
S i m i l a r l y , no d e f l u o r i n a t i o n was d e t e c t e d on p r o l o n g e d h e a t i n g 
w i t h i r o n f i l i n g s a t 300°C. 

6.C.3c Over Caesium F l u o r i d e 
P y r o l y s i s o ver caesium f l u o r i d e 

gave a h i g h l y complex m i x t u r e which was not i n v e s t i g a t e d . 
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6.D M i s c e l l a n e o u s P y r o l y s i s R e a c t i o n s 

6.D.1 D e f l u o r i n a t i o n of Compound (33 ) 
An a t t e m p t to o b t a i n a 

f u l v e n e d e r i v a t i v e by d e f l u o r i n a t i o n of F - 1 - i s o p r o p y l c y c l o p e n t e n e , 
( 3 3 ) , was u n s u c c e s s f u l . A t 640°C, over i r o n f i l i n g s , a d i e n e , 
( 1 1 9 ) , was o b t a i n e d but a t h i g h e r t e m p e r a t u r e s complex m i x t u r e s 
were formed. 

CF CF / 3 
CF 

6 40 C CF FCF 
(33) ( 1 1 9) 35% 

6.D.2 Other P y r o l y s i s R e a c t i o n s 
P a s s a g e of F - 1 - i s o p r o p y l c y c l o -

-hexene, (.35), over i r o n f i l i n g s d i d not g i v e the e x p e c t e d 
benzene , but r a t h e r , a complex m i x t u r e . A s i m i l a r r e a c t i o n i s 
r e p o r t e d f o r the a t t e m p t e d d e f l u o r i n a t i o n of F - i s o p r o p y l c y c l o -

249 
-hexane. 

Tt was e x p e c t e d t h a t compounds (2_R) and ( 2 9 ) would e a s i l y 
l o s e C F 4 upon p y r o l y s i s , but a l t h o u g h t h e r m o l y s i s d i d o c c u r 
o v e r p l a t i n u m the p r o d u c t , i n each c a s e , was a complex m i x t u r e . 

CF <3H P t 
C F ( C F 0 ) 

490 C CF 

( 2 8 ) 

CF 
P t 

510 C 
CF 

(29 ) 

complex m i x t u r e 

complex m i x t u r e 
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6. E R e a c t i o n of T r i n i e r ( 1 8 ) with F l u o r i d e Ion 
R e a c t i o n of t r i m e r 

( 1 8 ) w i t h caesium f l u o r i d e i n DMF a t room temperature gave 
a compound, ( 1 2 0 ) , which was i s o m e r i c w i t h ( 1 8 ) . 

6.R.1 S t r u c t u r a l P r o o f 
10 

The F n.m.r. spectrum of comnound (120) was f a i r l y complex and showed s i g n a l s o n l y i n the -CF^- r e g i o n , 
i . e . t h e r e were no r e s o n a n c e s due to t e r t i a r y f l u o r i n e s . The 
i n f r a r e d spectrum c o n t a i n e d a weak C = C a b s o r p t i o n a t 1678 cm." 1 

which was a l s o Raman a c t i v e . The p o s i t i o n and i n t e n s i t y of the 
C = C a b s o r p t i o n i n the i n f r a r e d s p e ctrum of ( 120) r u l e s out 

2 26 
the p o s s i b i l i t y of v i n y l i c f l u o r i n e s . A l s o , t h e f a c t t h a t no 

19 
t e r t i a r y f l u o r i n e s a r e o b s e r v e d i n the F n.m.r. spectrum 
i n d i c a t e s t h a t r i n g enlargement has o c c u r r e d . A second h e l p f u l 
p o i n t from the n.m.r. spectrum i s the o b s e r v a t i o n of two AB s 
i n the r a t i o 2:1, w i t h c o u p l i n g c o n s t a n t s of 231 and 223 Hz. 
r e s p e c t i v e l y , which s u g g e s t the p r e s e n c e of a c y c l o b u t a n e r i n g 
i n compound (120) 

The s t r u c t u r e of (120) c o u l d not be a s s i g n e d on the a v a i l a b l 
i n f o r m a t i o n and so v a r i o u s a t t e m p t s were made to i d e n t i f y i t 
c h e m i c a l l y . Compound (120) gave a complex m i x t u r e of d i c a r b o x y l i 
a c i d s upon permanganate o x i d a t i o n , d i d not d e f l u o r i n a t e , was 
o n l y v e r y s l o w l y p h o t o l y s e d a t 253.7 t i n , , and gave a complex 
m i x t u r e upon f l u o r i n a t i o n . However, p y r o l y s i s o v e r p l a t i n u m 
r e s u l t e d i n l o s s of F - e t h y l e n e to g i v e t h r e e i s o m e r i c C,„F,. 

10 14 
p r o d u c t s , ( 1 2 1 ) - ( 1 2 3 ) , a l o n g w i t h a s m a l l amount of a C Q F

1 O 

compound, ( 1 2 4 ) , which was not o b t a i n e d pure. 
The two major p r o d u c t s , (121) and {122), were r e c i r c u l a t e d 

o v e r p l a t i n u m to g i v e a m i x t u r e of compounds ( 1 2 1 ) - ( 1 2 4 ) i n 
which the major p r o d u c t was compound ( 1 2 4 ) . These e x p e r i m e n t s 
show t h a t compounds (121) and ( 1 2 2 ) a r e i n t e r c h a n g a b l e and t h a t 
compound (124) i s formed by o v e r a l l l o s s of C F 4 from a CIQFI4 

i s o m e r r a t h e r than by l o s s of C F from compound ( 1 2 0 ) . 
3 8 

Compound (121 ) was shown by n.m.r. s p e c t r o s c o p y to c o n t a i n 
a v i n y l i c -CF group, a v i n y l i c f l u o r i n e and f i v e - C F 2 ~ groups, 
two of which were a l m o s t e q u i v a l e n t . The compound a l s o gave an 
u l t r a v i o l e t a b s o r p t i o n a t 245 nm. ( l o g . e = 4 . 1 3 ) . The 
f o r m u l a C ^ Q ^ ^ r e q u i r e s f o u r double bond e q u i v a l e n t s and the 
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p r e s e n c e of an u l t r a v i o l e t spectrum r e q u i r e s two, or more, 
double bonds w i t h i n a r i n g , s i n c e a c y c l i c F - d i e n e s a r e uncon­
j u g a t e d . Hence compound (121) must c o n t a i n two r i n g s and two, 
c o n j u g a t e d , double bonds. As can r e a d i l y be demonstrated, however, 
t h i s d a t a i s c o n s i s t e n t w i t h s e v e r a l s t r u c t u r e s . 

10 
The F n.m.r. spectrum of compound (122) shows r e s o n a n c e s 

due to a v i n y l i c -CF group, a v i n y l i c f l u o r i n e , two non-equiv-
i 

- a l e n t t e r m i n a l d i f l u o r o m e t h y l e n e groups, and t h r e e - C F 2 ~ s. 
T h i s compound a l s o shows an u l t r a v i o l e t a b s o r p t i o n , a t 228 nm. 
l o g . e = 3.57. Now i t i s known t h a t compounds (121) and (122) 

a r e i n t e r c h a n g a b l e and the p r e s e n c e of two t e r m i n a l d i f l u o r o -
- methylene groups i n compound (122) s u g g e s t s a r i n g opened 
c y c l o b u t e n e . I f i t i s assumed t h a t t h i s i s the c a s e then (121) 
c o u l d c o n t a i n a c y c l o b u t e n e r i n g , i n which c a s e t h e r e a r e o n l y 
two p o s s i b l e s t r u c t u r e s , shown below:-

p o s s i b l e s t r u c t u r e s of (121) 

T h i s would mean t h a t t h e r e were o n l y two p o s s i b l e s t r u c t u r e s 
f o r compound ( 1 2 2 ) : -

Or 0: CF CF 
F 

CF CF 
CF 

p o s s i b l e s t r u c t u r e s of ( 1 2 2 ) 

The f i n a l p i e c e of e v i d e n c e r e q u i r e d f o r s t r u c t u r a l a s s i g n m e n t 
19 

i s p r o v i d e d by the f a c t t h a t the F n.m.r. spectrum of compound 
(123) i s s y m m e t r i c a l , showing r e s o n a n c e s due to two v i n y l i c -CF 

groups, a t e r m i n a l d i f l u o r o m e t h y l e n e , two v i n y l i c f l u o r i n e s , 
and two -CF - groups. I n v i e w of the p o s s i b l e s t r u c t u r e s of 
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compounds (1 2 1 ) and ( 1 2 2) t h e s e f a c t s a r e c o n s i s t e n t w i t h o n l y 
one s t r u c t u r e , shown below, t o g e t h e r w i t h i t s p r o b a b l e mode 
of f o r m a t i o n . 

Q: CF CF 

CF CF 
CF CF 

(123 122) ( 1 2 1 ) 

Although not o b t a i n e d pure, the f o u r t h component of the 
p y r o l y s i s m i x t u r e , ( 1 2 4 ) , i s t e n t a t i v e l y a s s i g n e d the s t r u c t u r e 
shown below, i n view of i t s s p e c t r a l d a t a . The i n f r a r e d spectrum 
shows s e v e r a l a b s o r p t i o n s between 1450 and 1600 cm. - 1; t h e s e 

2 36 19 
a r e c h a r a c t e r i s t i c of a r o m a t i c i t y . The F n.m.r. spectrum 
shows r e s o n a n c e s a r i s i n g from 3 n o n - e q u i v a l e n t b e n z y l i c f l u o r i n e s , 
a v i n y l i c ( b e n z y l i c ) - C F 3 group, and two - C F 2 - groups. A mass 
spectrum shows a l a r g e peak a t M/e 2Q8 (and much s m a l l e r peaks 
above t h i s , e.g. a t 336, assumed to be due to i m p u r i t y ) . 
O b v i o u s l y more work needs to be done to c h a r a c t e r i s e t h i s p r o d u c t 
c o n c l u s i v e l y . 

Compound (1 2 4 ) c o u l d be formed by l o s s of :CF^ and f l u o r i n e 
from compound ( 1 2 1 ) . 

CF 
(121 

CF 

( 1 2 4 ) 

Now i f we work backwards from compound (121) then l o s s of 
F - e t h y l e n e from compound ( 120) presumably o c c u r r e d to g i v e the 
-CF„ group i n ( 1 2 1 ) , ( c . f . p y r o l y s i s of t r i m e r (19) to g i v e 
( 1 1 8 ) ) . T h i s means t h a t compound (120) c o n t a i n s a s p i r o c y c l o -
-butene r i n g and has the s t r u c t u r e shown i n T a b l e 9, which 
summarises i t s p y r o l y s i s r e a c t i o n . 
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T a b l e 9 

P y r o l y s i s of Compound ( 1 2 0 ) 

G>3 CF P t 

570 C CF 

CF CF 

(120) 121) c a . 5 59? ( 1 2 2 ) c a . 149? 

CF 
CF FCF 

(123) c a . 10* ( 1 2 4 ) c a . 207 

P t 
( 121) > ( 121) + (.122) + ( 123) + ( 124) 

600°C 

c a . 7095 

P t 
( 122) ^ (121) + (J_22) + (123) • ( 124) 

600°C 

6.E.2 Mechanism f o r F o r m a t i o n of Compound ( 1 2 0 ) 
The most l i k e l y 

mechanism i s o u t l i n e d i n scheme 9. The r e a c t i o n of, f o r example, 
c y c l o b u t y l m e t h y l c h l o r i d e w i t h sodium me t a l i s w e l l known to 

250 251 
r e s u l t i n r i n g opening of the c y c l o b u t a n e r i n g , ' due to 
rearrangement of the i n t e r m e d i a t e c y c l o b u t y l m e t h y l a n i o n . 
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Scheme 9 

F l u o r i d e Ion I n d u c e d Rearrangement of T r i m e r ( 1 8 ) 

C s F , DMF 

RT 

( 1 8 ) ( i l l ) f\ 

F F ^ > v 
•CF 

/V3 

(125a) 

0 ° 
( 120a) 120 

^CH~ 
HCH 

CH_C1 M rr CH M M 

Na, L i , Mg M 2 50, 251 
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I t can e a s i l y bo seen t h a t r e a c t i o n of ( 12*i) to g i v e ( 125a) i s 
another example of t h i s typp of r i n n openino. I t seems u n l i k e l y 
t h a t the l i f e t i m e of ( 12 5a) i s v e r y l o n g and r e a c t i o n of ( 125) 
to g i v e (120a) i s p r o b a b l y c o n c e r t e d . 

Although not a common r e a c t i o n , i n t r a m o l e c u l a r d i s p l a c e m e n t s 
of f l u o r i d e i on from a s a t u r a t e d carbon have been r e p o r t e d , e.g. 
the r e a c t i o n of the pentamer, from o l i g o m e r i s a t i o n of F - e t h y l e n e , 

229 
w i t h aqueous base:-

CF CF CF CF 

/ / \ \ E t _N 2" 5 \ 

CF CF 
CF 

CF 

CF 
CF 1 

0 
CF CF 7 8« 

Thus, r e a c t i o n of ( 1 2 5 a ) to g i v e (120a) i s not w i t h o u t 
p r e c e d e n t a l t h o u g h the r e a s o n f o r d i s p l a c e m e n t of the t e r t i a r y 
f l u o r i n e r a t h e r than r e v e r s i o n to (_18) , f o r example, i s not 
c l e a r . An attempt to t r a p a n i o n i c i n t e r m e d i a t e s by c a r r y i n g out 
the r e a c t i o n i n the p r e s e n c e of bromine was u n s u c c e s s f u l . 

O b v i o u s l y , more examples of s i m i l a r r e a r r a n g e m e n t s a r e 
needed b e f o r e a r a t i o n a l e of the r e a s o n s f o r t h i s r e a c t i o n can 
be advanced. 

6.F P h o t o c h e m i c a l l y Induced Rearrangements 
I t i s r e p o r t e d t h a t 

p h o t o l y s i s of F - 1 , 2 - d i a l k y l c y c l o p e n t e n e s r e s u l t s i n high y i e l d s 
32 

of p r o d u c t s a r i s i n g from 1 , 3 - s h i f t s . I n p a r t i c u l a r , p h o t o l y s i s 
of the F - c y c l o p e n t e n e dimer, (37^), i s r e p o r t e d to g i v e compound 
(1 2 6 ) a l t h o u g h no e x p e r i m e n t a l d e t a i l s were g i v e n . T h i s r e a c t i o n 

2 33 
cannot be r e p e a t e d i n the Durham l a b o r a t o r i e s . 
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hv 

1,3 s h i f t 

(37) 

( 1 2 6 ) 

6. F . 1 P h o t o l y s i s of F - M e t h y l e n e c y c l o b u t a n e s 

6 . F . l a Dimer (16) 
Dimer (_16) undergoes a r a p i d , near q u a n t i t a t i v e 

r e a r r a n g e m e n t ( 1 , 3 - s h i f t ) upon mercury s e n s i t i s e d p h o t o l y s i s to 
g i v e compound ( 1 2 7 ) . 

253.7 nm CF 
140h 40 C c a 

(16) c a . 95% 

(127) 

10 
Compound (127) was i d e n t i f i e d from i t s F n.m.r. spectrum 
which shows s i g n a l s due to a t e r m i n a l d l f l u o r o m e t h y l e n e group, 
two -CF2~ groups, and a c y c l o b u t a n e r i n g (two AR s i n the r a t i o 
2:1) 

fi.F.lb Compounds (26) and ( 3 1 ) 
S i m i l a r r e a r r a n g e m e n t s o c c u r r e d 

f o r compounds (£6) and (_31) to g i v e ( 128) and ( 129) r e s p e c t i v e l y . 
However, i n both c a s e s , the r e a c t i o n s were f a r s l o w e r ; t h i s i s 
presumably a measure of the a n g l e s t r a i n p r e s e n t i n the s t a r t i n g 
a l k e n e s . Compound (129)was a s s i g n e d the s t r u c t u r e shown, r a t h e r 
than the a l t e r n a t i v e ( 1 2 9 a ) , s i n c e the C = C a b s o r p t i o n i n the 
i n f r a r e d spectrum o c c u r s i n the same p o s i t i o n as t h a t f o r compound 
( 1 2 7 ) , and i t i s w e l l known t h a t the a b s o r p t i o n f r e q u e n c y of 

2 52 
e x o c y c l i c double bonds d e c r e a s e s w i t h i n c r e a s i n g r i n g s i z e . 

I t seems p r o b a b l e t h a t t h i s type of r e a r r a n g e m e n t i s g e n e r a l 
to a l l F - m e t h y l e n e c y c l o b u t a n e s . 
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<$>= 
/ C F 3 

CF. 

(26) 

253.7 nm, 

c a . 40 C, 4 weeks 

CF. U 
( C F 3 , 2 

(128) c a . 90» 

253.7 nm. 

c a . 40 C, 4 weeks 

(129) c a . 90% 

no t ( 1 2 9 a ) 

6.F.2 Other P h o t o l y s i s R e a c t i o n s 
An attempt was made to r e p e a t 

the r e p o r t e d p h o t o l y s i s of compound ( 3 7 ) , but i t was not 
s u c c e s s f u l . 

P h o t o l y s i s of d i e n e (117) gave a h i g h l y complex m i x t u r e , 
w h i l s t t r i m e r (J_8) and d i e n e (116) were u n a f f e c t e d by p r o l o n g e d 
i r r a d i a t i o n . 

( 1 8 ) 

II II 
C C 
F _ F _ 2 2 

253.7 nm. 

ca . 40 C 
no r e a c t i o n 

(116) 
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CF 
/ S V _ / < / \ 2 0 3 , 7 nm. 

\ / / ^N/ c a . 40°C 
C F „ 

c o m p l e x m i x t u r e 

( 117) 

6.F.3 D i m e r i s a t i o n o f Compound ( 1 2 7 ) 
W i t h f l u o r i d e i o n , compound 

( 127) , u n e x p e c t e d l y d i m e r i s e d t o g i v e a p r o d u c t t e n t a t i v e l y 
a s s i g n e d s t r u c t u r e ( 1 3 0 ) . 

/ 
F 

"7 

, C F 3 ^ _ F I 
F 

CF, 

C „ F , „ 8 13 

CF. CF. 

CF. V V CF 
( 1 3 0 ) ( 1 3 0 a ) 

T h e r e a s o n why s t r u c t u r e ( 1 3 0 ) , w i t h a d e s t a b i l i s i n g v i n y l i c 
f l u o r i n e , i s a d o p t e d i n p r e f e r e n c e t o ( 1 3 0 a ) i s p u z z l i n g . I t i s 
p o s s i b l e t h a t s t r u c t u r e ( 1 3 0 ) h a s f e w e r e c l i p s i n g i n t e r a c t i o n s 
t h a n ( 1 3 0 a ) a n d t h a t t h i s i s why i t i s p r e f e r r e d . U n f o r t u n a t e l y , 
t h e s i t u a t i o n i s n o t c l a r i f i e d by t h e u s e o f s p a c e - f i l l i n g 
m o d e l s . A s i m i l a r s i t u a t i o n e x i s t s f o r t h e h e x a m e r o f F - e t h y l e n e , 
w h i c h a d o p t s s t r u c t u r e ( 1 3 1 ) r a t h e r t h a n t h e e x p e c t e d ( 1 3 1 a ) , 
s i n c e t h e f o r m e r m i n i m i s e s e c l i p s i n g i n t e r a c t i o n s . 
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F C F 

CF a 

\\ 
c CF 

CF / 3 CF 
3 \ 

2 5 \ / 

CF 

CF 

C F 2V 5 

(1 3 1 ) I 1 3 1 a ) 

ft.C C o n c l u s i o n 
I t c a n bo s e e n , i n c o n c l u s i o n , t h a t F - c y c l o b u t e n e 

o l i g o m e r s u n d p r n o s e v e r a l t y p e s o f r e a r r a n g e m e n t s w h i c h a r e 
i n t e r e s t i n g , n o t o n l y from a m e c h a n i s t i c n o i n t o f v i e w , b u t 
a l s o from a s y n t h e t i c s t a n d p o i n t . T h u s , f o r e x a m p l e , t h e 
r e a r r a n g e m e n t o f t r i m e r IIS) p r o v i d e s a f a c i l e r o u t e t o a 
c r o w d e d d i e n e ( i . e . 1 1 7 ) , o r , w i t h f l u o r i d e i o n , a f a c i l e r o u t e 
i n t o a f u l l y f l u o r i n a t e d s e v e n - m e m b e r e d r i n g s y s t e m ( i . e . 1 2 0 ) . 
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Chem i c a l s 
The c a o s l u m f l u o r i d o u s e d was r o a g p n t grad«, a n d was 

d r i e d by s t r o n g h e a t i n g ( c a . 1N0°C) u n d e r h i g h vacuum w i t h 
f r e q u e n t a g i t a t i o n a n d p e r i o d i c g r i n d i n g i n a g l o v e b a g . T t was 
s t o r e d u n d e r d r y n i t r o g e n . P o t a s s i u m f l u o r i d e was d r i e d by s t r o n g 
h e a t i n g i n a i r f o l l o w e d by g r i n d i n g a n d t h e n h e a t i n g u n d e r 
vacuum. 

P y r i d i n e was r e d i s t i l l e d a n d s t o r e d o v e r t y p e 4A m o l e c u l a r 
s i e v e u n d e r n i t r o g e n . 

13 
P e r f 1 u o r o c y c l o b u t e n e was p r e p a r e d by t h e s t a n d a r d r o u t e . 

T h u s , i n a t y p i c a l e x p e r i m e n t , A r c t o n 113 ( C F 2 C 1 C F C 1 2 ) (POO m l ) 
was a d d e d t o a w e l l s t i r r e d s u s p e n s i o n o f z i n c d u s t ( 5 0 0 g ) i n 
r e f l u x i n g m e t h s ( 8 0 0 m l ) . T he r a t e o f a d d i t i o n was s u c h a s t o 
m a i n t a i n r e f l u x . The e v o l v e d g a s , c h l o r o t r i f 1 u o r o e t h y l e n e , was 
t r a p p e d o u t b y p a s s i n g i t t h r o u g h two l i q u i d a i r t r a p s . When 
t h e a d d i t i o n was c o m p l e t e , t h e m i x t u r e was r e f l u x e d f o r o n e h o u r 
and t h e n t h e c o n t e n t s o f t h e c o l d t r a p s ( 4 l 0 g ) t r a n s f e r r e d , 
u n d e r vacuum, t o a one l i t r e , s t a i n l e s s s t e e l bomb. T h i s was 
h e a t e d f o r 24h a t 125°C, 24h a t 150°C, 24h a t 175°C, 24h a t 
200°C a n d 24h a t 225°C. The bomb was a l l o w e d t o c o o l a n d t h e n 
v e n t e d ; t h e r e was l i t t l e , i f a n y , g a s r e m a i n i n g . The l i q u i d 
c o n t e n t s ( 4 0 2 g ) w e r e p o u r e d o u t a n d shown by g . l . c . a n a l y s i s 
t o be m a i n l y d i c h l o r o h e x a f l u o r o c y c l o b u t a n e . T h i s was d e c h l o r -
- i n a t e d i n an a n a l a g o u s way t o t h e A r c t o n 113, u s i n g z i n c d u s t 
( 2 0 0 g ) a n d m e t h s ( 5 0 0 m l ) . T h e g a s e o u s p r o d u c t was r e d i s t i l l e d 
a t c a . 5°C t o g i v e p e r f l u o r o c y c l o b u t e n e ( 2 3 0 g , 81% b a s e d on 
c h l o r o t r i f l u o r o e t h y l e n e ) . 

S o l v e n t s 
D i m e t h y l f o r m a m i d e (DMF) was f r a c t i o n a l l y d i s t i l l e d u n d e r 

vacuum, t h e m i d d l e f r a c t i o n b e i n g c o l l e c t e d o v e r d r y m o l e c u l a r 
s i e v e ( t y p e 4A) a n d s t o r e d u n d e r n i t r o g e n . 

T e t r a g l y m e was p u r i f i e d b y s t i r r i n g w i t h s o d i u m m e t a l a t 
95°C f o r 2 4 h , f o l l o w e d by f r a c t i o n a l d i s t i l l a t i o n u n d e r vacuum, 
t h e m i d d l e f r a c t i o n b e i n g c o l l e c t e d o v e r m o l e c u l a r s i e v e ( t y p e 
4A) a n d s t o r e d u n d e r n i t r o g e n . 

Any o t h e r s o l v e n t s u s e d , e . g . e t h e r , w e r e p r e - d r i e d by 
s t a n d a r d m e t h o d s . 
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T n s t r u m e n t a t i o n 
T n f r a r e d s p o c t r a w e r e r e c o r d e d on a P e r k i n - E l m e r 

457 G r a t i n g T n f r a r e d S p e c t r o p h o t o m e t e r u s i n g c o n v e n t i o n a l 
t e c h n i q u e s . 

Raman s p e c t r a w ere r e c o r d e d u s i n g a C a r y P2 L a s e r Raman 
S p e c t r o p h o t o m e t e r w i t h a S p e c t r a - P h y s i c s Model 164 A r / K r l a s e r 
a t 1 9 4 3 6 . 3 cm." 1 ( g r e e n ) . 

U l t r a v i o l e t s p e c t r a w e r e r e c o r d e d u s i n g a U n i c a m SP 8 0 0 0 
S p e c t r o p h o t o m e t e r a n d s p e c t r o s o l g r a d e s o l v e n t s . 

Mass s p e c t r a w e r e r e c o r d e d on an A . E . I . M.S. 9 S p e c t r o m e t e r , 
o r on a V.G. M i c r o m a s s 12R S p e c t r o m e t e r f i t t e d w i t h a P y e 104 
g a s c h r o m a t o g r a p h y 

1 10 P r o t o n ( I I ) a n d f l u o r i n e ( F ) n u c l e a r m a g n e t i c r e s o n a n c e 
s p e c t r a w e r e r e c o r d e d on a V a r i a n A56/AOD s p e c t r o m e t e r , o p e r a t i n g 
a t 60 a n d 56.4 Mil z r e s p e c t i v e l y . C h e m i c a l s h i f t s a r e q u o t e d 
r e l a t i v e t o e x t e r n a l T.M.S. a n d C F C 1 ^ . V a r i a b l e t e m p e r a t u r e 
f a c i l i t i e s p e r m i t t e d s p e c t r a t o be r e c o r d e d a t t e m p e r a t u r e s 
o t h e r t h a n thr< s t a n d a r d p r o b e t e m p e r a t u r e o f 40°C. C a r b o n ( ^ C ) 
n.m.r. s p e c t r a w e r e r e c o r d e d on a J o e l 100 S p e c t r o m e t e r b y Dr. 
J . Wood o f I . C . I . Mond D i v i s i o n . 

Q u a n t i t a t i v e g a s l i n e c h r o m a t o g r a p h i c a n a l y s i s was c a r r i e d 
o u t u s i n g a G r i f f i n a n d G e o r g e D6 G a s D e n s i t y B a l a n c e o r a 
V a r i a n A e r o g r a p h Model 9 2 0 , u s i n g c o l u m n s p a c k e d w i t h 309?. s i l i c o n e 
gum r u b b e r S E - 3 0 on c h r o m o s o r b P ( c o l u m n 0 ) , 2 0 % d i - i s o d e c y l 
p h t h a l a t e on c h r o m o s o r b P ( c o l u m n A ) , a n d 179? 2 - c y a n o m e t h y l -
- s i l i c o n e on c h o m o s o r b P ( c o l u m n Z ) . P r e p a r a t i v e s c a l e g a s l i n e 
c h r o m a t o g r a p h y was c a r r i e d o u t on a V a r i a n A e r o g r a p h M o d e l 920 
u s i n g c o l u m n s O, A, Z, o r D ( 309* d i n o n y l - ph t h a i a t e on c h r o m o s o r b 

P ) . 
F r a c t i o n a l d i s t i l l a t i o n s o f p r o d u c t m i x t u r e s w e r e c a r r i e d 

o u t u s i n g a s m a l l o r l a r g e c o n c e n t r i c t u b e ; F i s c h e r - S p a l t r o h r 
MS 200 a n d HMS 500 s y s t e m s . 

C a r b o n , n i t r o g e n a n d h y d r o g e n a n a l y s e s w e r e o b t a i n e d u s i n g 
a P e r k i n - E l m e r 2 40 E l e m e n t a l A n a l y s e r . A n a l y s e s f o r h a l o g e n s 

253 
w e r e p e r f o r m e d b y t h e l i t e r a t u r e m e t h o d . 

U n l e s s o t h e r w i s e s t a t e d , b o i l i n g p o i n t s w e r e d e t e r m i n e d b y 
i 

S i w o l o b o f f s m e t h o d a n d a r e u n c o r r e c t e d . 
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CHAPTER 7 

EXPERIMENTAL TO CHAPTER 2 

7.A O l i g o m e r i s a t i o n o f F - C y c l o b u t e n e 

7.A.1 W i t h F l u o r i d e I o n 

7.A. l a 

A n i c k e l t u b e c o n t a i n i n g a m i x t u r e o f F - c y c l o b u t e n e 
( 38.Qg, 2 4 0 . 1 mmol), c a e s i u m f l u o r i d e ( 6 . 2 g , 4 0 . 8 mmol) a n d DMF 
( 3 0 ml) was r o t a t e d a t room t e m p e r a t u r e f o r 7 2 h . T h e t u b e was 
o p e n e d a n d t h e v o l a t i l e s t r a n s f e r r e d t o a c o l d t r a p u n d e r vacuum. 
The l o w e r f l u o r o c a r b o n l a y e r was removed, w a s h e d w i t h w a t e r , 
d r i e d (PgO,.) a n d t h e n t r a n s f e r r e d u n d e r v acuum t o a c o l d t r a p . 
The r e s u l t a n t l i q u i d ( 3 6 . 7 g , 9 4 % r e c o v e r y ) was shown b y g . l . c . 
( c o l s O a n d Z) t o b e a f i v e c o m p o n e n t m i x t u r e s u b s e q u e n t l y 
i d e n t i f i e d a s : F - c y c l o b u t y l i d e n e ( 1 6 ) , ( 1 1 % ) ; F - l - c y c l o b u t y l -

i 
- c y c l o b u t e n e ( 1 7 ) , ( 1 0 % ) ; F - 1 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e 

i 

(.19), ( 6 7 % ) ; F - l - ( 1 - c y c l o b u t y l c y c l o b u t y l ) - 2 - c y c l o b u t y l c y c l o b u t e n e 
( 2 2 ) , ( 8 % ) ; a n d a c o m p o n e n t ( 4 % ) w h i c h was n o t c h a r a c t e r i s e d 
b u t was i d e n t i f i e d a s a C

1 2
F 1 8 * s o m e r D v g - l . c . - m s . . F r a c t i o n a l 

d i s t i l l a t i o n g a v e f r a c t i o n s b o i l i n g a t : 7 9 - 8 0 ° C , shown t o b e 
p u r e compound ( 1 6 ) ; 8 0 - 8 4 ° C , shown t o b e a m i x t u r e o f compounds 
( 16) a n d (_17) ; 84-8!>°C, shown t o b e p u r e compound ( 17) ; h i g h e r 
b o i l i n g f r a c t i o n s shown t o be m a i n l y compound (19)• T ^ e P o t 

r e s i d u e c o n s i s t e d o f compounds (JJj)) a n d (22) a n d t h e s e w e r e 
s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . ( c o l 0 ) . T h e compound 
( 2 2 ) t h u s o b t a i n e d c o n t a i n e d a m i n o r i m p u r i t y , i d e n t i f i e d by 
g . l . c . - m s . a s C

1 6
F

2 2 ' c a * 5 ^ ) • T n i s w a s r e m o v e d by p r e p a r a t i v e 
g . l . c . u s i n g c o l u m n Z. 

F o r compound ( 1 6 ) : ( F o u n d : F , 7 0 . 6 % ; M*,324. C R F 1 2 r e q u i r e s : 
F , 7 0 . 3 7 % ; M , 3 2 4 ) ; I . r . s p e c t r u m no. 1, n.m.r. s p e c t r u m no. 1. 
A Raman s p e c t r u m c o n t a i n e d a C — C s t r e t c h a t 5.68um. 

F o r compound (.17): ( F o u n d : F , 7 0 . 8%; M +, 32 4 . C p F 1 2 r e q u i r e s : 
F , 7 0 . 3 7 % ; M, 3 2 4 ) ; I . r . s p e c t r u m no. 2, n.m.r. s p e c t r u m n o . 2 . 

F o r compound ( 1_9) : T . r . s p e c t r u m no. 3, n.m.r. s p e c t r u m no. 3. 
F o r compound (22): ( F o u n d : C, 2 0 . 7 ; F , 6 9 . 0 % ; M +, 6 4 8 . 

C 1 6 F 2 4 r e c J u i r e s : c » 2 9 . 6 3 ; F , 7 0 . 3 7 % ; M, 6 4 8 ) ; I . r . s p e c t r u m 
no. 4, n.m.r. s p e c t r u m no. 4. 
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7.A. l b 
A m i x t u r e o f c a e s i u m f l u o r i d e (6,Og, 30.5 mmol) a n d 

t e t r a g l y m e ( 3 0 m l ) was p l a c e d i n a f l a s k f i t t e d w i t h a v a r i a b l e 
g a s r e s e r v o i r . T h e s y s t e m was e v a c u a t e d and F - c y c l o b u t e n e ( 1 2 . 1 g , 
7 4 . 7 mmol) v e n t e d i n . The m i x t u r e was s t i r r e d a t room t e m p e r a t u r e 
f o r 18h a n d t h e n f l a s h d i s t i l l e d t o g i v e a p r o d u c t ( 8 . 5 g ) shown 
b y g . l . c . a n a l y s i s ( c o l 0 ) t o b e a m i x t u r e o f F - c y c l o b u t e n e a n d 

i t s o l i g o m e r s w i t h t r i m e r (_19) f o r m i n g 60fT o f t h e m i x t u r e . 

7 . A . l c 

I n s i m i l a r r e a c t i o n s F - c y c l o b u t e n e was o n l y v e r y s l o w l y 
o l i g o m e r i s e d on s t i r r i n g a t a t m o s p h e r i c p r e s s u r e a n d room 
t e m p e r a t u r e w i t h KF a n d t e t r a g l y m e , KF a n d DMF, o r C s F a n d 
s u l p h o l a n . 

A t h i g h e r t e m p e r a t u r e s o l i g o m e r i s a t i o n was m ore r a p i d b u t 
t r i m e r (_19) was a l w a y s t h e m a j o r p r o d u c t . 

T h e r e was no d e t e c t a b l e r e a c t i o n when F - c y c l o b u t e n e was 
r o t a t e d a t room t e m p e r a t u r e i n a n i c k e l t u b e i n t h e p r e s e n c e o f 
a c e t o n i t r i l e a n d C s F . 

7 . A . I d D i m e r i s a t i o n o f Compounds ( 1 6 ) a n d ( 1 7 ) 
A m i x t u r e o f C s F 

( 0 . 3 1 g , 2.04 m m o l ) , d i m e r s (_16) a n d (_17) ( 3 . 1 1 g , °. 60 mmol), a n d 
DMF ( 1 0 m l ) was s t i r r e d f o r lOOh a t room t e m p e r a t u r e . The 
v o l a t i l e s w e r e t h e n t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d 
t h e l o w e r f l u o r o c a r b o n l a y e r r e m o v e d , w a s h e d w i t h w a t e r , d r i e d 
( P 2 0 g ) , a n d t r a n s f e r r e d t o a c o l d t r a p u n d e r v a c u u m . T h e 
r e s u l t a n t l i q u i d ( 2 . 4 3 g , 7 8 % r e c o v e r y ) was shown b y g . l . c . 
( c o l s O a n d Z ) t o b e e s s e n t i a l l y a m i x t u r e o f d i r o e r s (_16) and 
(_17) a n d two o t h e r c o m p o n e n t s w h i c h w e r e i d e n t i f i e d b y g . l . c . - m s . 
a s a t e t r a m e r , C ^ F ^ ( c a . 8 0 % ) a n d a d e f l u o r i n a t e d t e t r a m e r , 
C , , F _ 0 ( c a . 5%). A s a m p l e o f t h e t e t r a m e r i c p r o d u c t was s e p e r a t e d 16 22 

b y p r e p a r a t i v e s c a l e g . l . c . a n d i d e n t i f i e d a s compound (£2) b y 
c o m p a r i s o n o f s p e c t r a . 

7 . A . l e R e a c t i o n o f Compound ( 2 2 ) w i t h E x c e s s F l u o r i d e I o n 

A m i x t u r e o f compound ( 2 2 ) ( 0 . 7 2 g , 1.11 m m o l ) , e x c e s s c a e s i u m 
f l u o r i d e , a n d DMF (5 m l ) was s t i r r e d f o r 24h a t room t e m p e r a t u r e . 
T h e v o l a t i l e s w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d 
t h e l o w e r f l u o r o c a r b o n l a y e r ( 0 . 4 7 g ) r e m o v e d . T h i s was shown b y 
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g . l . c . ( c o l 0 ) a n d i n f r a r e d s p e c t r o s c o p y t o be e s s e n t i a l l y a 
m i x t u r e o f d i m e r s (_16) a n d ( 17) . 

7 . A . I f R e a c t i o n o f T r i m e r ( 1 9 ) w i t h F l u o r i d e Ton 
A m i x t u r e o f 

C s F ( 3 . 8 g , 25.0 rnmol), t r i m e r (_19) ( 1 . 9 4 g , 3.99 mmol) , a n d DMF 
( 1 0 m l ) was s t i r r e d f o r 2 0 0 h a t room t e m p e r a t u r e . T h e v o l a t i l e s 
w e r e t h e n t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d t h e l o w e r 
f l u o r o c a r b o n l a y e r ( 1 . 1 7 g , 6 0 % r e c o v e r y ) shown by i n f r a r e d 
s p e c t r o s c o p y a n d g . l . c . ( c o l 0 ) t o be u n c h a n g e d t r i m e r ( 1 9 ) . 

S i m i l a r r e a c t i o n s w e r e c a r r i e d o u t a t t e m p e r a t u r e s o f up t o 
100°C i n b o t h DMF a n d t e t r a g l y m e a s s o l v e n t . However, i n a l l 
c a s e s , o n l y u n c h a n g e d t r i m e r (^9) was d e t e c t e d i n t h e r e s u l t i n g 
f l u o r o c a r b o n . 

7.A.2 W i t h P y r i d i n e 

G e n e r a l P r o c e d u r e 
A m i x t u r e o f p y r i d i n e a n d F - c y c l o b u t e n e was 

i i 
p l a c e d i n an e v a c u a t e d t u b e f i t t e d w i t h a r o t a f l o w t a p a n d a 
s i d e - a r m . T h e t a p was c l o s e d a n d t h e m i x t u r e s t i r r e d a t room 
t e m p e r a t u r e . The p r o g r e s s o f t h e r e a c t i o n was c h e c k e d b y f i t t i n g 
t h e s i d e - a r m t o a v a r i a b l e g a s r e s e r v o i r a t a t m o s p h e r i c p r e s s u r e 

i i 

a n d c a r e f u l l y o p e n i n g t h e r o t a f l o w t a p : i f t h e r e s e r v o i r was 
i n f l a t e d t h e n t h e r e a c t i o n was n o t c o m p l e t e a n d t h e F - c y c l o b u t e n e 
was r e t u r n e d t o t h e t u b e b y c o o l i n g i t i n l i q u i d a i r ; i f t h e 
r e s e r v o i r was u n a f f e c t e d t h e n , a g a i n , r e a c t i o n was i n c o m p l e t e , 
s i n c e t h e t u b e c o n t a i n e d a n a t m o s p h e r e o f F - c y c l o b u t e n e ; i f t h e 
r e s e r v o i r d e f l a t e d t h e n r e a c t i o n was c o m p l e t e ( o r n e a r l y s o ) 
s i n c e t h e t u b e was u n d e r a vacuum. 

When t h e r e a c t i o n was c o m p l e t e t h e v o l a t i l e s w e r e t r a n s f e r r e d 
o u t u n d e r vacuum t o a c o l d t r a p . T h r o u g h o u t t h i s t r a n s f e r e n c e 
t h e t u b e was m a i n t a i n e d a t c a . 40°C ( o r , i n i t i a l l y , b e l o w t h i s ) 
a n d t h e c o n t e n t s w e r e s t i r r e d . When t h i s t r a n s f e r e n c e w a s 
c o m p l e t e t h e c o l d t r a p s w e r e c h a n g e d a n d t h e r e a c t i o n t u b e 
h e a t e d t o c a . 100°C when a f u r t h e r s m a l l amount o f p r o d u c t was 
o b t a i n e d . T h i s f r a c t i o n w a s h e a v i l y c o n t a m i n a t e d w i t h p y r i d i n e 
a n d was v e r y d i f f i c u l t t o p u r i f y . T h e f i r s t f r a c t i o n was w a s h e d 
w i t h w a t e r , d r i e d ( p

2 ^ 5 ^ a n < * t c a n s ^ e r r e d u n d e r vacuum t o a c o l d 
t r a p . 
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7.A.2a 
A m i x t u r e o f p y r i d i n e ( 1 . 2 g , 15.2 mraol) a n d F - c y c l o b u t e n e 

( 3 8 . O g , 2 3 4 . 6 mmol) was s t i r r e d f o r 130h t o g i v e a p r o d u c t ( 3 0 . 8 g , 
8 1 % r e c o v e r y ) w h i c h was shown by g . l . c . t o b e a f o u r c omponent 
m i x t u r e s u b s e q u e n t l y i d e n t i f i e d a s : F - c y c l o b u t e n e (3%); compound 
( 1 6 ) ( 3 5 % ) ; compound ( L 7 ) ( 2 q % ) ; a n d F - 1 , 2 - d i c y c l o b u t y l c y c l o -
- b u t e n e ( 1 8 ) ( 3 3 % ) . F r a c t i o n a l d i s t i l l a t i o n g a v e f r a c t i o n s 
b o i l i n g a t : 7 9 - 8 0 ° C , shown t o b e p u r e compound (.16) ; 80-84°C, 
shown t o b e a m i x t u r e o f compounds (,16) a n d (.17) ; 84-P5°C, shown 
t o b e p u r e compound (.17); 8 5 - 1 4 7 ° C ( s m a l l ) , shown t o be a m i x t u r e 
o f compounds (.17) a n d (JL8) ; 147-14P°C, shown t o b e p u r e compound 
(1 _ 8 ) : ( F o u n d : F , 7 0 . 0 % ; M*, 4 8 6 . C 1 2 F 1 8 r e q u i r e s : F , 7 0 . 3 7 % ; 
M, 4 8 6 ) ; I . r . s p e c t r u m n o . 5 , n . m . r . s p e c t r u m n o . 5. A Raman s p e c t r u m 
c o n t a i n e d a C = C s t r e t c h a t 6.01pm. 

A s i m i l a r r e a c t i o n , f o r 15h, b e t w e e n p y r i d i n e ( 2 . 1 g , 2 6.6 mmol) 
a n d F - c y c l o b u t e n e ( 3 8 . O g , 2 3 4 . 6 mmol) g a v e a m i x t u r e c o n t a i n i n g 
compounds: (16) ( 1 1 % ) ; ( 1 7 ) ( 1 0 % ) ; a n d ( 1 8 ) ( 7 9 % ) ; w i t h a 6 7 % 
r e c o v e r y o f f l u o r o c a r b o n . 

A t h i r d r e a c t i o n , f o r 3 3 6 h , b e t w e e n p y r i d i n e ( 1 . 3 5 g , 17.1 mmol) 
a n d F - c y c l o b u t e n e ( 5 4 . 4 g , 3 3 5 . 8 mmol) d i d n o t r e a c h c o m p l e t i o n . 
T h e v o l a t i l e s w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d 
t h e n m a i n t a i n e d f o r 2h a t c a . 50°C w i t h s t i r r i n g . T h e e v o l v e d 
g a s ( 1 8 . 1 g ) was c o l l e c t e d i n a l i q u i d a i r t r a p a n d shown b y 
i n f r a r e d s p e c t r o s c o p y t o b e F - c y c l o b u t e n e . T h e r e s i d u e ( 2 2 . 2 g ) 
was shown b y g . l . c . t o be a m i x t u r e o f F - c y c l o b u t e n e ( 9 % ) , 
compounds (16) and (_17) ( 6 6 % ) , a n d compound (_18) ( 2 5 % ) . 

E x a m p l e s o f o t h e r r e a c t i o n s a r e g i v e n i n scheme 5 ( p g . 5 0 ) . 

7.A.2b R e a c t i o n o f P y r i d i n e w i t h a M i x t u r e C o n t a i n i n g D i m e r s ( 1 6 ) 
a n d ( 1 7 ) a n d F - C y c l o b u t e n e 

A m i x t u r e o f F - c y c l o b u t e n e 
( 3 . 4 1 g , 21.0 mmol), d i m e r s (16) a n d (1^7) ( 3 . 3 5 g , 1 0 .3 mmol) a n d 
p y r i d i n e ( 0 . 6 g , 7.6 mmol) was s t i r r e d a t room t e m p e r a t u r e f o r 6 h . 
T h e v o l a t i l e s w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d 
t h e u p p e r p y r i d i n e l a y e r r emoved. T h e r e s i d u e ( 5 . 9 4 g ) was shown 
by g . l . c . ( c o l 0 ) t o b e a m i x t u r e o f compounds (.16) a n d ( 1 7 ) 
( 3 2 % ) a n d compound (JL8) ( 6 8 % ) ; 68!? o f 5.9 4 g i s 4.04g i . e . g r e a t e r 
t h a n t h e w e i g h t o f F - c y c l o b u t e n e a d d e d . 
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7.A.2c R e a c t i o n o f D i m e r ( 1 6 ) o r ( 1 7 ) w i t h P y r i d i n e 
A m i x t u r e o f 

p y r i d i n e ( 2 d r o p s ) a n d d i m e r (.1,6) was s t i r r e d f o r 10 m i n u t e s a t 
room t e m p e r a t u r e . T h e r e s u l t a n t f l u o r o c a r b o n l a y e r was shown b y 
g . l . c . t o b e an e q u i l i b r i u m m i x t u r e o f d i m e r s (_1_6) a n d (V£) ( c a . 
1 1 : 9 ) . A s i m i l a r r e a c t i o n w i t h d i m e r (J^7) g a v e an i d e n t i c a l r a t i o 
o f d i m e r s ( 16) a n d (_17) . 

7.A.2d O l i g o m e r i s a t i o n w i t h DMF a s S o l v e n t 
A m i x t u r e o f p y r i d i n e 

( 1 . 4 g , 17.7 m m o l ) , F - c y c l o b u t e n e ( 9 . 1 g , 5 6 . 2 mmol) a n d DMF ( 1 0 m l ) 
was s t i r r e d , i n a s e a l e d t u b e , a t room t e m p e r a t u r e f o r 2 4 h . T h e 
t u b e was o p e n e d a n d t h e l o w e r f l u o r o c a r b o n l a y e r ( 6 . 3 g , 6 9 % 
r e c o v e r y ) r e m o v e d . T h i s was shown b y g . l . c . t o b e a m i x t u r e o f 
d i i r e r s (.16) a n d (17_) ( l q * * ) a n d t r i m e r (18) . No t r i m e r (19) c o u l d 
'be d e t e c t e d . 

7.B F l u o r i d e I o n I n d u c e d C o - o l i g o m e r i s a t i o n R e a c t i o n s 

7.B.1 F - C y c l o b u t e n e w i t h F - P r o p e n e 

A m i x t u r e o f F - c y c l o b u t e n e 
( 1 8 . 3 g , 1 1 3 . 0 mmol), F - p r o p e n e ( 1 7 . 2 g , 1 14.7 mmol), C s F ( 8 . 7 g , 
57.3 mmol) a n d DMF ( 2 0 m l ) was s t i r r e d a t a t m o s p h e r i c p r e s s u r e 
( i n a f l a s k f i t t e d w i t h a v a r i a b l e g a s r e s e r v o i r ) f o r 3h. T h e f l a s k 
became v e r y h o t d u r i n g t h e r e a c t i o n a n d t h e g a s r e s e r v o i r was 
f u l l y d e f l a t e d a f t e r c a . l h . V o l a t i l e m a t e r i a l was t r a n s f e r r e d 
u n d e r vacuum t o a c o l d t r a p , t h e l o w e r f l u o r o c a r b o n l a y e r r e m o v e d 
and w a s h e d w i t h w a t e r , d r i e d (T>2°5^ a n d t r a n s f e r r e d u n d e r vacuum 
t o a c o l d t r a p . T h e r e s u l t a n t l i q u i d ( 3 3 . 2 g , 9 0 % r e c o v e r y ) was 
shown by g . l . c . - m s . t o b e a h i g h l y c o m p l e x m i x t u r e c o n t a i n i n g 
compounds: ( 2 6 ) , ^ ^ ; ( 2 7 ) , C ^ F ^ ; ( 2 8 ) , C ^ F ^ , ( > 2 0 % ) ; ( 2 9 ) , 
C j ^ F ^ g , ( ̂ 3 0 % ) ; o l i g o m e r s o f F - p r o p e n e ; a n d t r a c e a m o u n t s o f 
m a t e r i a l w i t h MW 500, w h i c h w e r e n o t i d e n t i f i e d . 

F r a c t i o n a l d i s t i l l a t i o n g a v e : p u r e compound (2j6) ( 2 . 1 g , 6%) 
b.p. 6 8 - 6 9 ° C ; a s m a l l i n t e r m e d i a t e f r a c t i o n b . p . 69-113°C; a n d 
v a r i o u s f r a c t i o n s b.p. 113-141°C shown b y g . l . c . t o b e m i x t u r e s 
o f compounds (27) - (29) and F - p r o p e n e t r i m e r s i n v a r y i n g 
p r o p o r t i o n s . S a m p l e s o f compounds (2J7) - (.29) w e r e o b t a i n e d b y 
p r e p a r a t i v e s c a l e g . l . c . o f e n r i c h e d d i s t i l l a t i o n f r a c t i o n s . 

Compound (2^6) was i d e n t i f i e d a s F - 2 - p r o p y l i d e n e c y c l o b u t a n e : 
( F o u n d : F , 7 2 . 5 % ; M +, 3 1 2 . C ? F 1 2 r e q u i r e s : F , 7 3 . 0 8 % ; M, 3 1 2 ) ; 
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I . r . s p e c t r u m no. 6, n.m.r. s p e c t r u m n o . 6. 
Compound (27^) was i d e n t i f i e d a s F - 2 c y c l obu t e n y l - 2 - m e t h y l -

- p e n t a n e : b.p. 112°C; ( F o u n d : F , 7 4 . 0 % ; M +, 4 6 2 . c
l 0

F
1 8 r e q u i r e s : 

F , 7 4 . 0 3 % ; M, 4 6 2 ) ; I . r . s p e c t r u m no. 7, n.m.r. s p e c t r u m no. 7. 
Compound ( 2 8 ) was i d e n t i f i e d a s F - 2 - c y c l o b u t e n y l - 2 , 3 - d i m e t h y l -

- b u t a n e : b.p. 120°C; ( F o u n d : F , 7 4 . 4 % ; M*, 4 6 2 . C ^ ^ ^ g r e q u i r e s : 
F , 7 4 . 0 3 % ; M, 4 6 2 ) ; I . r . s p e c t r u m n o . 8, n.m.r. s p e c t r u m no. 8. 

Compound (£9) was i d e n t i f i e d a s F - 2 - c y c l o b u t e n y l - 2 - c y c l o -
- b u t v l p r o p a n e : b . p . 140°C; ( F o u n d : F , 7 1 . 9 % ; M +, 4 7 4 . C ^ F ^ 
r e q u i r e s : F , 7 2 . 1 5 % ; M, 4 7 4 ) ; T . r . s p e c t r u m no. 9, n.m.r. s p e c t r u m 
no. 9. 

A s i m i l a r r e a c t i o n i n a c e t o n i t r i l e a s s o l v e n t was much s l o w e r 
( 7 2 h ) a n d g a v e a m i x t u r e c o n t a i n i n g compound (J8) ( c a . 5 0 % ) a n d 
compound ( 2 9 ) ( c a . 4 0 % ) w i t h s m a l l a m o u n t s o f o t h e r c o m p o n e n t s . 

7.R.2 F - C y c l o b u t e n e w i t h F - 2 - B u t e n e 
A m i x t u r e o f F - c y c l o b u t e n e 

( 1 8 . 9 g , 116.7 m m o l ) , F - 2 - b u t e n e ( 2 1 . O g , 105.0 m m o l ) , C s F ( 6 . 0 g , 
3 9 . 5 mmol) a n d DMF ( 3 0 m l ) was s t i r r e d a t room t e m p e r a t u r e a n d 
a t m o s p h e r i c p r e s s u r e f o r 10 d a y s . G a s e o u s m a t e r i a l ( 8 . 1 g ) was 
r e m o v e d f r o m t h e v a r i a b l e g a s r e s e r v o i r a n d shown t o be a m i x t u r e 
o f F - c y c l o b u t e n e a n d F - 2 - b u t e n e b y i n f r a r e d s p e c t r o s c o p y . 
V o l a t i l e m a t e r i a l was t h e n t r a n s f e r r e d u n d e r vacuum f r o m t h e 
r e a c t i o n f l a s k t o a c o l d t r a p . The l o w e r f l u o r o c a r b o n l a y e r was 

r e m o v e d , w a s h e d w i t h w a t e r , d r i e d ( P 2 ° 5 ^ a n c * t r a n s f e r r e d u n d e r 
v a c u u m t o a c o l d t r a p . D i s t i l l a t i o n g a v e a f r a c t i o n ( 1 2 . l g ) b.p. 

o 19 
7 5 - 8 5 C shown b y F n.m.r. s p e c t r o s c o p y t o b e m a i n l y ( c a . 8 0 % ) 
F - 2 - b u t y l i d e n e c y c l o b u t a n e ( 3 0 ) , c o n t a i n i n g s m a l l a m o u n t s o f 
compounds ( 1 6 ) , (.17) a n d ( £ 2 ) ( F - 3 , 4 - d i m e t h y l h e x - 3 - e n e ) . The p o t 
r e s i d u e was shown b y g . l . c . - m s . t o c o n s i s t m a i n l y o f two C ^ 2 F 2 0 
i s o m e r s ( w h i c h w e r e n o t c h a r a c t e r i s e d ) t o g e t h e r w i t h a s m a l l 
amount o f t r i m e r (_19) a n d o t h e r u n i d e n t i f i e d s p e c i e s . A p u r e 
s a m p l e o f compound 130) was o b t a i n e d b y a c o m b i n a t i o n o f r e p e a t e d 
f r a c t i o n a l d i s t i l l a t i o n a n d p r e p a r a t i v e s c a l e g . l . c . ( c o l s 0 a n d 
Z ) : b.p. 85-86°C; ( F o u n d : C, 2 6 . 3 ; F , 7 3 . 2 % ; M*, 3 6 2 . C g F ^ 
r e q u i r e s : C, 2 6 . 5 2 ; F , 7 3 . 4 8 % ; M, 3 6 2 ) ; I . r . s p e c t r u m no. 10, 
n.m.r. s p e c t r u m no. 10. 

A s i m i l a r r e a c t i o n a t 70°C g a v e a much g r e a t e r p r o p o r t i o n o f 
h i g h e r m o l e c u l a r w e i g h t m a t e r i a l a n d l i t t l e compound ( 3 0 ) . 
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7. R. 3 F - C y c l o b u t e n e w i t h F - C y c l o p e n t e n e 
A m i x t u r e o f F - c y c l o -

• b u t e n e ( H . 4 g , 51.1 m m o l ) , F - e y e ) o p e n t e n e ( 1 0 . 5 g , 4Q.5 mmol), 
C s F ( 4 . 5 g , 29.6 mmol) a n d DMF ( 2 0 m l ) was s t i r r e d a t a t m o s p h e r i c 
p r e s s u r e a n d room t e m p e r a t u r e f o r 1 5 0 h . V o l a t i l e m a t e r i a l was 
t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e l o w e r f l u o r o c a r b o n 
l a y e r was r e m o v e d , w a s h e d w i t h w a t e r , d r i e d ( P 2 ^ 5 ^ a n d 

t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e r e s u l t a n t l i q u i d 
( 1 5 . 8 g , 8 3 % r e c o v e r y ) was shown b y g . l . c . - m s . t o b e a h i g h l y 
c o m p l e x m i x t u r e w i t h t h e m a j o r p r o d u c t b e i n g a m i x t u r e o f 
C.„F__ i s o m e r s . A s m a l l C F f r a c t i o n was i s o l a t e d b y f r a c t i o n a l 
d i s t i l l a t i o n a n d shown b y g . l . c . ( c o l O) t o b e a m i x t u r e o f two 
( o r m o r e ) compounds i n t h e a p p r o x i m a t e r a t i o 2 0 : 1 . T h e m a j o r 
i s o m e r was s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . a n d i d e n t i f i e d 
a s F - c y c l o b u t y l i d e n e c y c l o p e n t a n e ( 3 1 ) : b.p. 1 0 3 ° C ; ( F o u n d : 
C, 2 8 . 7 ; F , 7 0 . 6 % ; M+, 374. C q F 1 4 r e q u i r e s : C, 2 8 . 8 8 ; F , 7 1 . 1 2 % ; 
M, 3 7 4 ) ; I . r . s p e c t r u m no. 11, n.m.r. s p e c t r u m no. 11. A Raman 
s p e c t r u m c o n t a i n e d a C = C s t r e t c h a t 5.72 urn. 

7.B.4 F - C y c l o b u t e n e w i t h F - C y c l o h e x e n e 
A m i x t u r e o f F - c y c l o b u t e n e 

( 1 9 . 4 g , 119.8 m m o l ) , F - c y c l o h e x e n e ( 2 5 . 8 g , 9 8 . 5 mmol), C s F 
( 6 . 3 g , 4 1 . 5 mmol) a n d DMF ( 2 0 m l ) was s t i r r e d a t room t e m p e r a t u r e 
a n d a t m o s p h e r i c p r e s s u r e f o r 4 8 h . V o l a t i l e m a t e r i a l was 
t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e l o w e r f l u o r o c a r b o n 
l a y e r was r e m o v e d , w a s h e d w i t h w a t e r , d r i e d ( P 2 ^ 5 ) a n < * t r a n s ­
f e r r e d u n d e r v acuum t o a c o l d t r a p . T he r e s u l t a n t l i q u i d ( 4 0 . 2 g , 
8 9 % r e c o v e r y ) was shown by g . l . c . ( c o l 0 ) t o b e a m i x t u r e 
c o n t a i n i n g F - c y c l o h e x e n e , F - c y c l o b u t e n e o l i g o m e r s a n d o n e o t h e r 
c o m p o n e n t s u b s e q u e n t l y i d e n t i f i e d by g . l . c . - m s . a s a C ^ 4

F ' 2 2 
f r a c t i o n . T h i s was o b t a i n e d by a c o m b i n a t i o n o f f r a c t i o n a l 

d i s t i l l a t i o n a n d p r e p a r a t i v e s c a l e g . l . c . a n d t h e r e s u l t a n t 
19 

l i q u i d ( l . l g , 3%) shown b y F n.m.r. s p e c t r o s c o p y t o b e a 
m i x t u r e o f i s o m e r s : ( F o u n d : C, 2 8 . 9 ; F , 7 1 . 8 % . C 1 4 F ? 2 r e q u i r e s : 
C, 2 8 . 6 7 ; F , 7 1 . 3 3 % ) . 

7 . R . 4 a F - C y c l o b u t e n e D i m e r s , ( 1 6 ) a n d ( 1 7 ) , w i t h F - C y c l o h e x e n e 

A m i x t u r e o f d i m e r s (_16) a n d (17^) ( 1 . 4 1 g , 4.35 m m o l ) , 
F - c y c l o h e x e n e ( 3 . 6 8 g , 1 4 . 0 4 mmol), C s F ( 2 . 7 2 g , 17.9 mmol) a n d 
DMF ( 1 0 m l ) was s t i r r e d f o r 120h a t room t e m p e r a t u r e . V o l a t i l e 
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m a t e r i a l was t h e n t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . The 

r e s u l t a n t l i q u i d ( 4 . 1 7 g , R2% r e c o v e r y ) was shown by g . l . c . 
( c o l 0 ) t o b e a m i x t u r e o f d i m e r s (^6) a n d (_1_21) a n d F - c y c l o -
- h e x e n e t o g e t h e r w i t h one o t h e r m a j o r c o m p o n e n t a n d s e v e r a l 
t r a c e c o m p o n e n t s w h i c h w e r e n o t i d e n t i f i e d . T h e m a j o r new 
c o m p o n e n t was s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . and t h e 
r e s u l t a n t l o w - m e l t i n g s o l i d ( 0 . 7 4 g ) shown t o b e a s i n g l e C 1 4 F " 2 2 

i s o m e r , F- 1 -(1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o h e x e n e ( 3 2 ) , ( 2 9 % ) : 
( F o u n d : F , 7 0 . 9 % ; M+, 58 6 . C 1 4 F 2 2 r e q u i r e s : F , 7 1 . 3 3 % ; N!, 5 8 6 ) ; 
I . r . s p e c t r u m n o . 12, n.m.r. s p e c t r u m no. 12. 

Compound (.32) was i d e n t i f i e d a s t h e m a j o r i s o m e r p r e s e n t 
i n t h e C...F _ f r a c t i o n f r o m t h e p r e v i o u s e x p e r i m e n t b y 

19 

c o m p a r i s o n o f t h e F n.m.r. s p e c t r a . 

7.R.5 F - C y c l o p e n t e n e w i t h F - P r o p e n e 

A m i x t u r e o f F - c y c l o p e n t e n e 
( 9 . 6 g , 4 5 , 3 m mol), F - p r o p e n e ( 9 . 4 g , 62.7 m m o l ) , C s F ( 5 . 6 g , 
36.9 mmol) a n d DMF ( 3 0 m l ) was s t i r r e d f o r 3h a t a t m o s p h e r i c 
p r e s s u r e . The r e a c t i o n f l a s k b e came h o t a n d t h e v a r i a b l e g a s 
r e s e r v o i r was d e f l a t e d a f t e r c a . l ^ h . V o l a t i l e m a t e r i a l was 
t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e l o w e r f l u o r o c a r b o n 
l a y e r was r e m o v e d , w a s h e d w i t h w a t e r , d r i e d ( P 2 0 , _ ) a n d t r a n s -
- f e r r e d u n d e r vacuum t o a c o l d t r a p . The r e s u l t a n t l i q u i d ( 1 7 . 9 g , 
9 4 % r e c o v e r y ) was shown by g . l . c . ( c o l O) t o be a m i x t u r e o f 
s e v e r a l c o m p o n e n t s . F r a c t i o n a l d i s t i l l a t i o n g a v e : F - c y c l o p e n t e n e 
( 2 . 1 g ) c o n t a i n i n g t r a c e s o f F - p r o p e n e a n d i t s d i m e r ; a f r a c t i o n 
( 9 . 8 g ) b.p. R3-84°C, i d e n t i f i e d a s F - 1 - i s o p r o p y l c y c l o p e n t e n e ( 3 3 ) ; 
a n d a r e s i d u e ( 4 . 3 g ) shown by g . l . c . t o b e a m i x t u r e o f compound 
(.33), F - p r o p e n e t r i m e r s a n d one o t h e r c o m p o n e n t s u b s e q u e n t l y 
i d e n t i f i e d a s F - l , 2 - d i - i s o p r o p y l c y c l o p e n t e n e ( 3 4 ) . A p u r e s a m p l e 
o f compound (J34) was o b t a i n e d by p r e p a r a t i v e s c a l e g . l . c . . 
Y i e l d s o f compounds (^3) a n d (3_4) w e r e c a . 74 a n d 1 0 % r e s p e c t ­
i v e l y , b a s e d on F - c y c l o p e n t e n e c o n sumed. 

F o r compound ( 3 3 ) : ( F o u n d : F , 7 3 . 8 % ; M +, 3 6 2 . C . F . r e q u i r e s : 
F, 7 3 . 4 8 % ; M, 3 6 2 ) ; I . r . s p e c t r u m no. 13, n.m.r. s p e c t r u m no. 13. 

F o r compound (34): ( F o u n d : C, 2 5 . 9 ; F , 7 4 . 7 % ; M +, 5 1 2 . C
1 1

F
2 0 

r e q u i r e s : C, 2 5 . 7 8 ; F , 7 4 . 2 2 % ; M, 5 1 2 ) ; I . r . s p e c t r u m no. 14, 
n.m.r. s p e c t r u m no. 14. 
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7.B.6 F - C y c l o h e x e n e w i t h F - P r o p e n e 
A m i x t u r e o f F - p r o p e n e ( 1 2 . 3 g , 

8 2 . 0 m mol), F - c y c l o h e x e n e ( 1 2 . 7 g , 4 8 . 5 mmol), C s F ( 7 . 1 g , 46.7 
mmol) a n d DMF ( 3 0 m l ) was s t i r r e d a t room t e m p e r a t u r e f o r 6h. 
V o l a t i l e m a t e r i a l was t h e n t r a n s f e r r e d u n d e r vacuum t o a c o l d 
t r a p . The l o w e r f l u o r o c a r b o n l a y e r was r emoved, w a s h e d w i t h w a t e r , 
d r i e d ( r ,

2°5^ a n d t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e 
r e s u l t a n t l i q u i d ( 2 3 . 7 g , 0 5 % r e c o v e r y ) was shown by g . l . c . ( c o l s 
0 a n d A) t o b e a m i x t u r e o f F - c y c l o h e x e n e , o l i g o m e r s o f F - p r o p e n e 

a n d one o t h e r component s u b s e q u e n t l y i d e n t i f i e d a s F - 1 - i s o p r o p y l -
19 

- c y c l o h e x e n e ( 3 5 ) . A F n.m.r. s p e c t r u m o f t h e p r o d u c t m i x t u r e 
i n d i c a t e d t h a t compound (3j>) was t h e m a j o r c o m p o n e n t . A p u r e 
s a m p l e was o b t a i n e d b y a c o m b i n a t i o n o f f r a c t i o n a l d i s t i l l a t i o n 
a n d p r e p a r a t i v e s c a l e g . l . c . ( c o l A ) : b.p. 108-109°C; ( F o u n d : 
F, 7 4 . 0 % ; M +, 4 1 2 . C g F l f t r e q u i r e s : F , 7 3 . 7 9 % ; M, 4 1 2 ) ; T . r . 
s p e c t r u m no. 15, n.m.r. s p e c t r u m no. 1 5 . 

7.B.7 F - C y c l o h e x e n e w i t h F - C y c l o p e n t e n e 
A m i x t u r e o f F - c y c l o -

- p e n t e n e ( 8 . 1 g , 30.2 m m o l ) , F - c y c l o h e x e n e ( 1 3 . 6 g , 5 1 . 9 m m o l ) , 
C s F ( 5 . 8 g , 38.2 mmol) a n d DMF ( 2 0 m l ) was s t i r r e d a t c a . 80°C 
f o r I 2 0 h i n a s e a l e d t u b e . T h e t u b e was a l l o w e d t o c o o l a n d t h e 
v o l a t i l e s t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e l o w e r 
f l u o r o c a r b o n l a y e r was r e m o v e d , w a s h e d w i t h w a t e r , d r i e d ( P2°5^ 
a n d t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . The r e s u l t a n t l i q u i d 
( 1 9 . 2 g , 8 8 % r e c o v e r y ) was shown b y g . l . c . ( c o l Z ) t o b e a m i x t u r e 
o f F - c y c l o h e x e n e ( 3 6 % ) and t h r e e o t h e r c o m p o n e n t s s u b s e q u e n t l y 
i d e n t i f i e d a s F - c y c l o p e n t e n e d i m e r (37) ( 1 7 % ) , F - c y c l o h e x e n e 
d i m e r (3fl) ( 8 % ) , a n d F - 1 - c y c l o h e x y l c y c l o p e n t e n e ( 3 6 ) ( 3 9 % ) . The 
y i e l d o f compound ( J?6) was 6 1 % b a s e d on F - c y c l o h e x e n e c o n s u m e d . 
F r a c t i o n a l d i s t i l l a t i o n g a v e a f r a c t i o n , b.p. 145-146°C, shown 
t o b e p u r e compound ( 3 6 ) : ( F o u n d : C, 2 7 . 6 ; F , 7 2 . 6 % ; M +, 474 . 
C 1 1 F 1 8 r c ( ? u i r e s : c » 2 7 . 8 5 ; F , 7 2 . 1 5 % ; M, 4 7 4 ) ; I . r . s p e c t r u m 
no. 16, n.m.r. s p e c t r u m no. 16. 

Compounds (37_) a n d (^8) w e r e i d e n t i f i e d b y c o m p a r i s o n o f 
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t h e i r I . r . a n d F n.m.r. s p e c t r a w i t h t h o s e o f a u t h e n t i c 
148 

s a m p l e s . 
A s i m i l a r r e a c t i o n was c a r r i e d o u t a t c a . 110°C i n s u l p h o l a n 

a s s o l v e n t . T h e p r o d u c t ( 9 1 % r e c o v e r y ) was shown by g . l . c . ( c o l 
0 ) t o be a m i x t u r e o f F - c y c l o p e n t e n e ( 4 % ) , F - c y c l o h e x e n e ( 3 1 % ) , 
compound (37) (27%), compound ( 3 6 ) ( 3 6 % ) , a n d compound ( 3 8 ) 
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( 2 % ) . T he y i e l d o f (^6) was 66%, b a s e d on c o n s u m e d F - c y c l o -
- h e x e n e . 

7.C A t t e m p t e d O l i g o m e r i s a t i o n s w i t h P y r i d i n e 

7.C.1 Wi t h F - E t h y l e n e 

P y r i d i n e ( 40 m l ) was p l a c e d i n a s t e e l 
a u t o c l a v e ( 3 0 0 ml c a p a c i t y ) w h i c h was t h e n c h a r g e d w i t h 
s t a b i l i s e d F - e t h y l e n e t o a p r e s s u r e , a t 10°C, o f 150 p s i . The 
m i x t u r e was s t i r r e d a t room t e m p e r a t u r e f o r 2h t h e n a t 100°C f o r 
l h . The a u t o c l a v e was a l l o w e d t o c o o l ( t h e p r e s s u r e was 147 p s i ) 
a n d t h e n v e n t e d . The c o n t e n t s w e r e p o u r e d i n t o w a t e r b u t no 
l o w e r l a y e r s e p e r a t e d . 

A s i m i l a r r e a c t i o n u s i n g DMF a s s o l v e n t w h i l s t h e a t i n g f o r 
o 19 24h a t 100 C, p r o d u c e d a n a l a g o u s r e s u l t s . A F n.m.r. s p e c t r u m 

o f t h e p r o d u c t l i q u i d d i d n o t i n d i c a t e t h e p r e s e n c e o f a n y 
d i s s o l v e d f l u o r o c a r b o n . 

7.C.2 W i t h F - P r o p e n e 
A m i x t u r e o f p y r i d i n e ( 1 . 7 g , 2 1 . 5 mmol) a n d 

F - p r o p e n e ( 8 . 8 g , 58.7 mmol) was s t i r r e d f o r 4 8 h a t room 
t e m p e r a t u r e i n a s e a l e d t u b e . T h e t u b e was o p e n e d a n d t h e 
v o l a t i l e s t r a n s f e r r e d u n d e r v acuum t o a c o l d t r a p . The r e s u l t a n t 
g a s ( 7 . 2 g , 8 1 % r e c o v e r y ) was i d e n t i f i e d a s F - p r o p e n e b y 
i n f r a r e d s p e c t r o s c o p y . The r e s i d u e i n t h e r e a c t i o n t u b e was a 
b l a c k t a r r y s u b s t a n c e and was n o t i n v e s t i g a t e d . 

7.C.3 W i t h F - 2 - B u t e n e 
A m i x t u r e o f p y r i d i n e ( l . O g , 12.7 mmol) 

a n d F - 2 - b u t e n e ( 1 2 . l g , 6 0 . 5 mmol) was s t i r r e d f o r 96h a t room 
t e m p e r a t u r e i n a s e a l e d t u b e . T h e t u b e was o p e n e d a n d t h e 
v o l a t i l e s t r a n s f e r r e d u n d e r v acuum t o a c o l d t r a p . T he r e s u l t a n t 
g a s ( 1 0 . 7 g , 8 8 % r e c o v e r y ) was i d e n t i f i e d a s F - 2 - b u t e n e by 
i n f r a r e d s p e c t r o s c o p y . The r e s i d u e i n t h e r e a c t i o n t u b e was 
shown t o c o n t a i n p y r i d i n e ( b y i . r . ) b u t no o l i g o m e r i s a t i o n c o u l d 
b e d e t e c t e d . 

7.C.4 W i t h F - C y c 1 o p e n t e n e 
A m i x t u r e o f p y r i d i n e ( 1 . 3 g , 1 6 . 9 

mmol) a n d F - c y c l o p e n t e n e ( 1 3 . 4 g , 6 3 . 2 mmol) was s t i r r e d a t c a . 
80°C f o r 2 4 h i n a s e a l e d t u b e . The v o l a t i l e s ( l l . l g , 8 3 % 
r e c o v e r y ) w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d shown 
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b y g . l . c . t o be u n c h a n g e d F - c y c l o p e n t e n e . 

7.C.5 W i t h F - C y c l o h e x e n e 

A m i x t u r e o f p y r i d i n e ( 1 . 3 g , 16.9 mmol) 
a n d F - c y c l o h e x e n e ( 1 5 . 0 g , 57.3 mmol) was s t i r r e d a t c a . 95°C 
f o r 24h i n a s e a l e d t u b e . The v o l a t i l e s ( 1 3 . 1 g , 8 7 % r e c o v e r y ) 
w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d shown b y g . l . c . 
t o b e u n c h a n g e d F - c y c l o h e x e n e . 

7.C.6 W i t h C h l o r o t r i f l u o r o e t h y l e n e 
A m i x t u r e o f p y r i d i n e ( 1 . 4 3 g , 

18.1 mmol) a n d c h l o r o t r i f l u o r o e t h y l e n e ( 9 . 2 g , 7 9 .0 mmol) was 
s t i r r e d a t room t e m p e r a t u r e f o r 2 0 0 h i n a s e a l e d t u b e . The 
m i x t u r e was homogeneous and no t a r r i n g was o b s e r v e d . The t u b e 
was o p e n e d a n d t h e v o l a t i l e s ( 9 . 9 g ) t r a n s f e r r e d u n d e r vacuum 
t o a c o l d t r a p . T h e s e s e p a r a t e d i n t o a g a s a n d a l i q u i d 
i d e n t i f i e d a s C ^ F ^ C l a n d p y r i d i n e , r e s p e c t i v e l y , b y i n f r a r e d 
s p e c t r o s c o p y . 

7.D A t t e m p t e d C o - o l i g o m e r i s a t i o n s w i t h P y r i d i n e 

7.D.1 F - C y c l o b u t e n e w i t h F - C y c l o p e n t e n e 

A m i x t u r e o f p y r i d i n e 
( 3 . 0 g , 38.0 mmol), F - c y c l o p e n t e n e ( 3 3 . 3 g , 157.1 mmol) and 
F - c y c l o b u t e n e ( 5 . 2 g , 32.1 mmol) was p l a c e d i n a t u b e f i t t e d 
w i t h a r o t a f l o w t a p a n d s t i r r e d a t room t e m p e r a t u r e . F u r t h e r 
F - c y c l o b u t e n e ( 2 0 . O g , 123.4 mmol) was a d d e d i n f i v e p o r t i o n s 
o v e r t h e f o l l o w i n g 5h and t h e m i x t u r e t h e n s t i r r e d f o r a n o t h e r 
2 4 h . T h e v o l a t i l e s w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p 
a n d d i s t i l l e d u s i n g a s m a l l V i g r e u x c o l u m n t o g i v e F - c y c l o -
- p e n t e n e ( 1 8 . 9 g ) a n d a r e s i d u e w h i c h was w a s h e d w i t h w a t e r , 
d r i e d ( P 2 ^ 5 ^ a n c * t r a n s ^ e r r e c l u n d e r vacuum t o a c o l d t r a p . T he 
r e s u l t a n t l i q u i d ( 2 7 . 9 g ) was shown b y g . l . c . ( c o l 0 ) t o b e a 
m i x t u r e o f F - c y c l o p e n t e n e ( 1 9 % ) , compound (16) ( 1 5 % ) , compound 
( 1 7 ) ( 1 3 % ) , compound (lfi) ( 1 2 % ) , a n d F - c y c l o b u t y l i d e n e c y c l o -
p e n t a n e (3_1) ( 4 1 % ) . T h e s e w e r e s e p a r a t e d by f r a c t i o n a l 
d i s t i l l a t i o n a n d t h e compound (31_) t h u s o b t a i n e d shown by g . l . c . 
( c o l Z ) t o c o n t a i n c a . 5% o f an i s o m e r w h i c h was n o t i d e n t i f i e d 
( c . f . c o - o l i g o m e r i s a t i o n w i t h f l u o r i d e i o n 7 . R . 3 ) . T h e y i e l d 
o f compound ( 3 1 . ) , b a s e d on c o n s u m e d F - c y c l o p e n t e n e , was 7 1 % . 

I n a s e c o n d r e a c t i o n p y r i d i n e ( 2 . 4 g , 30.4 m m o l ) , F - c y c l o -
- b u t e n e ( 1 7 . 6 g , 1 0 8 . 6 mmol) a n d F - c y c l o p e n t e n e ( 2 7 . O g , 127.4 
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mtnol) g a v e a l i q u i d ( 2 P . 4 n ) c o n t a i n i n g c a . 269T o f compound ( 31 ) 
t o g e t h e r w i t h F - c y c l o p e n t e n e a n d t h e e x p e c t e d F - c y c l o b u t e n e 
o l i g o m e r s , ( ^ ) - ( J ^ S ) . A l s o o b t a i n e d was u n c h a n g e d F - c y c l o -
- p e n t e n e ( l l . l g ) . 

7.D.2 F - C y c l o b u t e n e w i t h F - P r o p e n e 
A m i x t u r e o f F - c y c l o b u t e n e 

( 1 1 . 6 g , 7 1 . 6 mraol), p y r i d i n e ( l . O g , 12.7 mmol) a n d F - p r o p e n e 
( 9 . 1 g , 6 0 . 7 mmol) was s t i r r e d a t room t e m p e r a t u r e i n a s e a l e d 
t u b e f o r 4 2 h . The t u b e was o p e n e d a n d a g a s e o u s f r a c t i o n ( 7 . 9 g ) 
c o l l e c t e d a n d shown by i n f r a r e d s p e c t r o s c o p y t o be F - p r o p e n e 
( 8 6 % r e c o v e r y ) . V o l a t i l e m a t e r i a l i n t h e r e s i d u e was t r a n s f e r r e d 
u n d e r v a c u u m t o a c o l d t r a p , w a s h e d w i t h w a t e r ( t h e r e was some 
e f f e r v e s c e n c e , p r o b a b l y due t o r e s i d u a l F - p r o p e n e ) , d r i e d ( P 2 ^ 5 ^ 
a n d t r a n s f e r r e d u n d e r v acuum t o a c o l d t r a p . The r e s u l t a n t 
l i q u i d ( 7 . 1 g ) was shown by g . l . c . ( c o l O) t o b e a t y p i c a l 
m i x t u r e o f F - c y c l o b u t e n e o l i g o m e r s , (_16)-(_18)» no c o - o l i g o m e r s 
c o u l d b e d e t e c t e d . 

7.D.3 F - C y c l o b u t e n e w i t h F - 2 - B u t e n e 

A m i x t u r e o f p y r i d i n e ( 1 . 2 g , 
15.2 m mol), F - c y c l o b u t e n e ( 1 3 . R g , 85.2 mmol) an d F - 2 - b u t e n e 
( 2 3 . 2 g , 1 1 6 . 0 mmol) was s t i r r e d a t room t e m p e r a t u r e f o r 7 2 h . 
The t u b e was o p e n e d a n d a g a s e o u s f r a c t i o n ( 1 1 . 4 g ^ r e m o v e d . 
T h i s was shown by i n f r a r e d s p e c t r o s c o p y t o b e F - 2 - b u t e n e . 
V o l a t i l e m a t e r i a l i n t h e r e s i d u e was t r a n s f e r r e d u n d e r v acuum 
t o a c o l d t r a p a n d t h o n m a i n t a i n e d a t c a . 40°C f o r l h w i t h 
s t i r r i n g , when a f u r t h e r amount o f F - 2 - b u t e n e was o b t a i n e d 
( 7 . 2 g ) . The r e s i d u e was w a s h e d w i t h w a t e r , d r i e d ( P 2 3 5 ^ a n c * 
t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . T h e r e s u l t a n t l i q u i d 
was shown b y g . l . c . ( c o l 0 ) t o be a m i x t u r e o f t h e e x p e c t e d 
F - c y c l o b u t e n e o l i g o m e r s , ( J ^ - f l J J ) , a n d F - 2 - b u t e n e . No c o -
o l i g o m e r s c o u l d be d e t e c t e d . 

7.D.4 F - C y c l o b u t e n e w i t h F - C y c l o h e x e n e 

A m i x t u r e o f F - c y c l o -
- b u t e n e ( 1 5 . 3 g , 94.4 m mol), F - c y c l o h e x e n e ( 1 8 . 6 g , 71.0 mmol) 
and p y r i d i n e ( 1 . 2 g , 15.2 mmol) was s t i r r e d f o r 48h a t room 
t e m p e r a t u r e . V o l a t i l e m a t e r i a l was t r a n s f e r r e d u n d e r v a c u u m t o 
a c o l d t r a p , w a s h e d w i t h w a t e r , d r i e d ( p

2 ° 5 ) a n d t r a n s f e r r e d 
u n d e r v a c u u m t o a c o l d t r a p . The r e s u l t a n t l i q u i d ( 3 1 . 5 g ) was 
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shown b y g . l . c . ( c o l O) t o be a m i x t u r e o f F - c y c l o b u t e n e 
o l i g o m e r s , ( ^ 6 ) - ( _ 1 8 ) , a n d F - c y c l o h e x e n e ; no c o - o l i g o m e r s c o u l d 
b e d e t e c t e d . 

7.D.5 F - C y c l o b u t e n e w i t h C h l o r o t r i f l u o r o e t h y l e n e 
A m i x t u r e o f 

p y r i d i n e ( 3 . 1 9 g , 40.4 mmol), F - c y c l o b u t e n e ( 1 3 . 4 g , 8 2 . 7 mmol) 
and c h l o r o t r i f l u o r o e t h y l e n e ( 1 1 . 9 g , 1 0 2 . 2 mmol) was s t i r r e d a t 
room t e m p e r a t u r e f o r 1 8 0 h . The v o l a t i l e s w e r e t r a n s f e r r e d u n d e r 
vacuum t o a c o l d t r a p a n d t h e n s t i r r e d f o r l h a t c a . 4 0 ° C . The 
e v o l v e d g a s ( 1 0 . 5 g ) was shown by i n f r a r e d s p e c t r o s c o p y t o be 
u n c h a n g e d C g F ^ C l . The r e s i d u e was w a s h e d w i t h w a t e r , d r i e d ( P 2 C * 5 ^ 
a n d t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . The r e s u l t a n t 
l i q u i d ( 7 . 1 g ) was shown b y g . l . c . ( c o l 0 ) t o be t h e e x p e c t e d 
o l i g o m e r m i x t u r e , ( . 1 6 ) - ( _ 1 8 ) . No c o - o l i g o m e r s c o u l d b e d e t e c t e d . 
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CIIAPTBR 8 

EXPERIMENTAL TO CHAPTER 3 

8.A A n i o n f r o m F - C y c l o b u t e n e D i m e r s , ( 1 6 ) a n d ( 1 7 ) 

8.A.1 T r a p p i n g w i t h B r o m i n e 

A m i x t u r e o f C s F ( 4 . 5 g , 2 9 . 6 mmol), 
d i m e r s (JL6) a n d (,17) ( 3 . 4 g , 10.5 mmol) a n d DMF ( 20 m l ) was 
s t i r r e d a t room t e m p e r a t u r e f o r 10 m i n u t e s . S t i r r i n g was t h e n 
d i s c o n t i n u e d a n d t h e m i x t u r e a l l o w e d t o s t a n d f o r 30 m i n u t e s . 
A s m a l l s a m p l e o f t h e r e s u l t a n t l i q u i d was rem o v e d a n d i t s 
19 

F n.m.r. r e c o r d e d a t v a r i o u s t e m p e r a t u r e s . The s o l u t i o n was 
f o u n d t o c o n t a i n t h e F - 1 - c y c l o b u t y l c y c l o b u t y l a n i o n ( 2 3 ) : 
n.m.r. s p e c t r u m no. 1 7 . 

To t h e r e s i d u e was a d d e d b r o m i n e ( 1 . 7 g , 10.6 mmol) a n d t h e 
m i x t u r e s t i r r e d f o r l h . The v o l a t i l e s w e r e t h e n t r a n s f e r r e d 
u n d e r vacuum t o a c o l d t r a p a nd p o u r e d i n t o w a t e r . The l o w e r 
f l u o r o c a r b o n l a y e r was re m o v e d , w a s h e d w i t h w a t e r , d r i e d (P2®5^ 

a n d t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . The r e s u l t a n t 
l i q u i d ( 4 . 0 g ) was shown b y g . l . c . ( c o l 0 ) t o be a s i n g l e 
c o m ponent i d e n t i f i e d a s 1 - b r o m o - F - 1 - e y e l o b u t y l c y c l o b u t a n e ( 4 5 ) 
(9095): ( F o u n d : C, 2 2 . 5 ; F , 5 8 . 6 ; B r , 1 9 . 6 % ; M*, 424 ( R 1 B r ) . 
C p F 1 3 R r r e q u i r e s : C, 2 2 . 7 0 ; F , 5 8 . 4 1 ; R r , 18. 899?; M, 424 ( P 1 R r ) ) ; 
b.p. 125°C; T . r . s p e c t r u m no. 17, n.m.r. s p e c t r u m no. 18. 

S i m i l a r r e a c t i o n s w e r e c a r r i e d o u t u s i n g KF i n s t e a d o f C s F 
and t e t r a g l y m e i n s t e a d o f DMF. Tn b o t h c a s e s t h o s p e c t r u m o f 
a n i o n (23_) was r e l a t i v e l y u n c h a n g e d a n d compound (4_5) was 
o b t a i n e d on q u e n c h i n g w i t h b r o m i n e . 

8.A.2 A t t e m p t e d T r a p p i n g w i t h J o d i n e 
A m i x t u r e o f C s F ( 3 . 2 g , 

21.1 m m o l ) , d i m e r s ( J ^ 6 ) a n d (1^7) ( 2 . 5 g , 7.7 mmol), i o d i n e 
( 2 . 0 g , 7.9 mmol) a n d t e t r a g l y m e ( 1 0 m l ) was s t i r r e d a t room 
t e m p e r a t u r e f o r 1 week and t h e n a t c a . 60°C f o r a f u r t h e r week. 
V o l a t i l e m a t e r i a l ( 1 . 9 g ) was t r a n s f e r r e d u n d e r vacuum t o a c o l d 
t r a p a nd shown b y g . l . c . ( c o l 0 ) t o be a m i x t u r e o f d i m e r s ( 1 6 ) 
a n d (17^) (739?) a n d i o d i n e . The r e s i d u e was p o u r e d i n t o w a t e r 
( 1 0 0 m l ) , d e c o l o u r i s e d w i t h s o d i u m t h i o s u l p h a t e a n d e t h e r 
e x t r a c t e d b u t no t r a c t a b l e p r o d u c t s w e r e o b t a i n e d . 
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H. A . 3 A t tomp tPt\ T r a p p i n g w i t h l f - D i a z . l n e s 
A m i x t u r e o f d i m e r s 

( 1 6 ) a n d (_17) ( 2 . 2 8 g , 7 . <)4 m m o l ) , C s F ( 3 . R n , 25.0 mmol) , 
F - p y r i m i d i n e ( 0 . 5 1 g , 3.36 mmol ) a n d DM I 7 ( 2 0 m l ) was s t i r r e d 
f o r 6 6 h a t room t e m p e r a t u r e . The v o l a t i l e s w e r e t r a n s f e r r e d 
u n d e r vacuum t o a c o l d t r a p and t h e l o w e r f l u o r o c a r b o n l a y e r 
r e m o v e d ( 1 . 4 2 g ) . T h i s w a s shown t o b e m a i n l y a m i x t u r e o f d i m e r s 
( 1 6 ) a n d ( ^ Z ) b y g . l . c . The u p p e r l a y e r was shown b y n.m.r. 
s p e c t r o s c o p y t o c o n t a i n d i m e r s (_16) a n d ( J J 7 ) a n d F - p y r i m i d i n e , 
i n DMF . 

T h e e x p e r i m e n t was r e p e a t e d a t c a . 80°C u s i n g s u l p h o l a n a s 
a s o l v e n t . A g a i n no F - a l k y l a t i o n o f th«? F - p y r i m i d i n e was 
o b s e r v e d . 

S i m i l a r r e s u l t s w e r e o b t a i n e d f o r r e a c t i o n s u s i n g F - p y r i d -
- a z i n e i n s t e a d o f F - p y r i m i d i n e . 

8.A.4 E s t i m a t i o n o f F l u o r i d e I o n P r e s e n t i n A n i o n ( 2 3 ) 

A m i x t u r e o f d i m e r s (.16) a n d (JL7) ( 2 . 5 6 g , 7.90 mmol), 
e x c e s s C s F a n d DMF ( 2 0 m l ) was s t i r r e d f o r 30 m i n u t e s a t room 
t e m p e r a t u r e a n d t h e n f i l t e r e d u n d e r p a r t i a l vacuum t h r o u g h a 
S c h l e n k t u b e . V o l a t i l e m a t e r i a l was t h e n t r a n s f e r r e d u n d e r 
v a c u u m f r o m t h e f i l t r a t e t o a c o l d t r a p , t o l e a v e C s F ( 1 . 1 7 g , 
7.70 mmol). T h u s , w i t h i n e x p e r i m e n t a l e r r o r , t h e r a t i o o f 
f l u o r i d e i o n t o F - c y c l o b u t c n e d i m e r p r e s e n t i n a n i o n (2_3) i s 
1:1. The c o l d t r a p c o n t e n t s s e p a r a t e d i n t o a l o w e r l a y e r ( 1 . 5 3 g ) , 
shown by g . l . c . ( c o l 0 ) t o be a m i x t u r e o f d i m e r s {16) a n d ( 1 7 ) , 

19 
and an u p p e r , DMF, l a y e r shown by F n.m.r. s p e c t r o s c o p y t o 
c o n t a i n some d i s s o l v e d d i m e r s . 

8.B A n i o n f r o m F - 2 - P r o p y l i d e n e c y c l o b u t a n e ( 2 6 ) 

A m i x t u r e o f 
C s F ( 1 . 2 4 g , 8.16 mmol), compound ( 2 6 ) ( 0 . 7 2 g , 2.31 mmol) a n d 
DMF ( 5 m l ) was s t i r r e d f o r 15 m i n u t e s a t room t e m p e r a t u r e . A 
s m a l l s a m p l e o f t h e l i q u i d was r e m o v e d a n d i t s 1 9 F n.m.r. 
s p e c t r u m r e c o r d e d a t v a r i o u s t e m p e r a t u r e s . The s o l u t i o n was 
f o u n d t o c o n t a i n t h e F - 1 - i s o p r o p y l c y c l o b u t a n e a n i o n ( 4 7 ) : n.m.r. 
s p e c t r u m no. 19. 

To t h e r e s i d u e was a d d e d b r o m i n e ( 0 . 4 3 g , 2.69 mmol) a n d 
t h e m i x t u r e s t i r r e d a t room t e m p e r a t u r e f o r 2h. The v o l a t i l e s 
w e r e t h e n t r a n s f e r r e d u n d e r v a c u u m t o a c o l d t r a p a n d s h a k e n 
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w i t h w a t e r . The l o w e r l a y e r was removed, d r i e d ( r > 2 0 , 5 ^ a n r i 

t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . The r e s u l t a n t l i q u i d 
was shown b y g . l . c . ( c o l 0 ) t o c o n s i s t o f one m a j o r c o m p o n e n t 
and s e v e r a l m i n o r o n e s w h i c h w e r e n o t i d e n t i f i e d . The m a j o r 
c o m p o n e n t ( 0 . 5 4 g ) was s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . 
a n d i d e n t i f i e d a s 1 - b r o m o - F - 1 - i s o p r o p y l c y c l o b u t a n e ( 4 9 ) , ( 5 7 % ) : 
b.p. 110°C; ( F o u n d : C, 2 0 . 2 ; B r , 2 0 . 1 ; F , 5 9 . 5 % ; M+, 4 1 2 ( 8 1 B r ) . 
C ? F 1 3 B r r e q u i r e s : C, 2 0 . 4 4 ; B r , 1 9 . 4 6 ; F , 6 0 . 1 0 % ; M, 41 2 ( 8 1 B r ) ) ; 
I . r . s p e c t r u m no. I B , n.m.r. s p e c t r u m no. 2 0 . 

8.C A n i o n f r o m F - 2 - B u t y l i d e n e c y c l o b u t a n e ( 3 0 ) 
The p r o c e d u r e 

was a s f o r 8.B. T h u s , a m i x t u r e o f C s F ( 3 . 0 7 g , 20.21 m m o l ) , 
compound ( 3 0 ) ( 2 . 0 8 g , 5.75 mmol) a n d DMF ( 1 0 m l ) g a v e a 
s o l u t i o n c o n t a i n i n g t h e F - 1 - i s o b u t y l c y c l o b u t y l a n i o n ( 4 8 ) : 
n.m.r. s p e c t r u m no. 2 1 . Q u e n c h i n g w i t h b r o m i n e ( 1 . 1 7 g , 7.31 
mmol) g a v e a p r o d u c t ( 2 . 4 6 g ) shown by g . l . c . ( c o l 0 ) t o 
c o n s i s t e s s e n t i a l l y o f compound (^0) ( c a . 1 0 % ) a n d o n e o t h e r 
c o m p o n e n t w h i c h was s e p a r a t e d b y p r e p a r a t i v e s c a l e g . l . c . a n d 
i d e n t i f i e d a s 1 - b r o m o - F - 1 - i s o b u t y l c y c l o b u t a n e ( 5 0 ) , ( 1.54g, 
5 8 % ) : ( F o u n d : C, 2 1 . 2 ; F, 6 2 . 8 ; B r , 1 6 . 7 % ; M +, 462 ( 8 1 B i M . 
C 0 F , _ B r r e q u i r e s : C, 2 0 . 8 2 ; F , 6 1 . 8 2 ; R r , 1 7 . 3 6 ? ; M, 4 6 2 ( 8 1 B r ) ) ; 8 I D 
I . r . s p e c t r u m no. 19, n.m.r. s p e c t r u m no. 22. 

8.D F - C y c l o p e n t e n e P i m e r , ( 3 7 ) , w i t h F l u o r i d e Ton 
Compound ( 3 7 ) 

d i d n o t d i s s o l v e C s F ( o r K F ) i n t h e p r e s e n c e o f DMF o r 
19 

t e t r a g l y m e , n o r was i t s F n.m.r. s p e c t r u m a l t e r e d by 
i n t e r a c t i o n w i t h t h e s e s y s t e m s . 
8.E A n i o n s f r o m F - C y c l o b u t y l i d e n e c y c l o p e n t a n e ( 3 1 ) 

The p r o c e d u r e 
was a s f o r 8.B. T h u s , a m i x t u r e o f C s F ( 2 . 0 0 g , 13.16 m m o l ) , 
compound ( 3 1 ^ ( 2 . 5 0 g , 6.68 mmol) a n d DMF ( 1 0 ml) g a v e a 
s o l u t i o n t h o u g h t t o c o n t a i n t h e F - 1 - c y c l o p e n t y l c y c l o b u t y l a n i o n 
( 5 2 ) t o g e t h e r w i t h t h e F - 1 - c y c l o b u t y l c y c l o p e n t y l a n i o n (5_3) i n 
t h e a p p r o x i m a t e r a t i o 6:1 ( a t 0°C; r a t i o o b t a i n e d b y i n t e g r a t i o n 
o f t h e r e s p e c t i v e l o w - f i e l d d i f l u o r o m e t h y l e n e s i g n a l s i n t h e 
19 

F n.m.r. s p e c t r u m o f t h e a n i o n m i x t u r e ) : n.m.r. s p e c t r u m no. 
23 . Q u e n c h i n g w i t h b r o m i n e ( 1 . 0 7 g , 6.69 mmol) g a v e a p r o d u c t 
( 2 . 7 5 g ) shown by g . l . c . ( c o l 0 ) t o b e a m i x t u r e c o n t a i n i n g 
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compound (J3_l) ( c a . 109?), o n e m a j o r c o m p o n e n t a n d t h r e e m i n o r 
c o m p o n e n t s w h i c h w e r e n o t i d e n t i f i e d b u t w h i c h w ere shown t o 
c o n t a i n c h l o r i n e by g . l . c . - m s . . A s a m p l e o f t h i s m i x t u r e ( 2 . 4 7 g ) w a s 
p u r i f i e d by p r e p a r a t i v e s c a l e g . l . c . a n d t h e m a j o r c o m p o n e n t 
( 1 . 4 9 g ) shown by 1 9 F n.m.r. s p e c t r o s c o p y t o be a m i x t u r e o f 
1 - b r o m o - F - c y c l o - p e n t y l c y c l o b u t a n e (J>4) a n d - b u t y l c y c l o p e n t a n e 
( 5 5 ) i n t h e a p p r o x i m a t e r a t i o 3:1 ( 5 2 % ) : ( F o u n d : C, 2 3 . 1 ; 
~ —™ + 81 F, 5 9 . 4 ; R r , 1 7 . 7 % ; M , 474 ( B r ) . C F B r r e q u i r e s : C, 2 2 . 8 3 ; 

81 

F , 6 0 . 2 5 ; B r , 16.919?.; M, 4 7 4 ( B r ) ) ; n.m.r. s p e c t r u m no. 24. 

8.F A n i o n from F - C y c l o h e x e n e D imer ( 3 8 ) 

A m i x t u r e o f C s F ( 2 . 7 g , 
1 7 . 8 m m o l ) , F - c y c l o h e x e n e d i m e r (_38) ( 1 . 4 3 g , 2.73 mmol) a n d 
DMF ( 1 5 m l ) was s t i r r e d f o r l h a t room t e m p e r a t u r e . A s m a l l 

19 
s a m p l e o f t h e r e s u l t a n t s o l u t i o n was r e m o v e d a n d i t s F n.m.r. 
s p e c t r u m r e c o r d e d a t v a r i o u s t e m p e r a t u r e s . T h e s e i n d i c a t e d t h e 
p r e s e n c e o f t h e F - l - c y c l o h e x y l c y c l o h e x y l a n i o n ( 5 6 ) i n s o l u t i o n : 
n.m.r. s p e c t r u m no. 2 5 . 

C h l o r i n e g a s ( c a . 1.4g) was b u b b l e d t h r o u g h t h e r e s i d u e 
a n d t h e r e s u l t a n t s o l u t i o n s t i r r e d u n t i l i t h a d c o o l e d t o room 
t e m p e r a t u r e . V o l a t i l e m a t e r i a l was t h e n t r a n s f e r r e d u n d e r vacuum 
t o a c o l d t r a p a n d f i l t e r e d u n d e r s u c t i o n t o g i v e a w h i t e s o l i d 
( 1 . 2 2 g ) . T h i s was shown by g . l . c . ( c o l O, e t h e r e a l s o l u t i o n ) t o 
be a s i n g l e c o m p o n e n t w i t h t r a c e s o f DMF a s i m p u r i t y . A s a m p l e 
was p u r i f i e d b y d i s s o l v i n g i n e t h e r , w a s h i n g w i t h w a t e r , d r y i n g 
( M g S 0 4 ) a n d r e m o v a l o f t h e e t h e r . The r e s u l t a n t s o l i d was 
i d e n t i f i e d a s 1 - c h l o r o - F - 1 - c y c l o h e x y l c y c l o h e x a n e ( 5 7 ) , ( 7 7 % ) : 
m.p. 80 - 8 1 ° C ; ( F o u n d : C, 2 4 . 9 ; F, 6 8 . 6 ; C I , 6.6%; M +, n o t 
o b s e r v e d , h i g h e s t p e a k a t M/e = 559 ( 3 5 C 1 , M + - 1 9 ) . C 1 _ F _ C I 

35 
r e q u i r e s : C, 2 4 . 8 9 ; F, 6 8 . 9 7 ; C I , 6 . 1 4 % ; M, 578 ( C I ) ) ; I . r . 
s p e c t r u m no. 20, n.m.r. s p e c t r u m no. 2 6 . 

I n a s i m i l a r r e a c t i o n t r a p p i n g w i t h b r o m i n e was a t t e m p t e d . 
T h u s , t o a m i x t u r e o f C s F ( 2 . 4 5 g , 1 6 . 1 3 m m o l ) , compound ( 3 8 ) 
( 2 . 1 7 g , 4.14 mmol) a n d DMF ( 1 5 ml) was a d d e d b r o m i n e ( 0 . 6 7 g , 
4.19 mmol) a n d t h e r e s u l t a n t m i x t u r e s t i r r e d f o r 30h a t room 

19 
t e m p e r a t u r e . A f t e r t h i s t i m e a F n.m.r. s p e c t r u m o f t h e m i x t u r e 
s t i l l i n d i c a t e d t h e p r e s e n c e o f a n i o n (j>6) i n s o l u t i o n . T he 
v o l a t i l e s w e r e t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p a n d t h e 
l o w e r f l u o r o c a r b o n l a y e r ( 1 . 7 9 g ) was r e m o v e d . T h i s was shown 
by g . l . c . ( c o l O) t o b e m a i n l y compound (^ 8 ) w i t h a s m a l l amount o f o n e o t h e r c o m p o n e n t . T h i s m i n o r c o m p o n e n t was s e p a r a t e d by 
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p r e p a r a t i v e s c a l e g . l . c . a n d i d e n t i f i e d a s t h e c h l o r o - d e r i v a t i v e , 
( ^ 7 ) , b y c o m p a r i s o n o f s p e c t r a w i t h an a u t h e n t i c s a m p l e . 

8.G A n i o n f r o m F - 1 - C y c l o h e x y l c y c l o p e n t e n e 
T h e p r o c e d u r e was a s 

f o r 8 . F . T h u s , a m i x t u r e o f C s F ( 2 . 1 g , 13.8 mmol), compound 
( 3 6 ) ( 1 . 3 0 g , 2.74 mmol) an d DMF ( 1 0 m l ) g a v e t h e F - 1 - c y c l o h e x y l -
- c y c l o p e n t y l a n i o n ( 5 8 ) i n s o l u t i o n : n.m.r. s p e c t r u m no. 27. 
Q u e n c h i n g w i t h c h l o r i n e g a v e a l o w - m e l t i n g w h i t e s o l i d , 
i d e n t i f i e d a s 1 - c h l o r o - F - l - c y c l o h e x y l c y c l o p e n t a n e ( 5 Q ) , ( 1 . 0 6 g , 
7 3 % ) : m.p. 45°C; ( F o u n d : C , 2 4 . 8 ; F , 6 8 . 8 ; C I , 6.6%; M +, 528 
( 3 5 C 1 ) . C ^ F ^ C l r e q u i r e s : C, 2 4 . 9 8 ; F , 6 8 . 3 1 ; C I , 6 . 7 2 % ; M, 528 
3 5 

( C I ) ) ; T . r . s p e c t r u m no. 21, n.m.r. s p e c t r u m no. 2 8 . 
I n a s i m i l a r r e a c t i o n t r a p p i n g w i t h b r o m i n e was a t t e m p t e d . 

The r e c o v e r e d f l u o r o c a r b o n was shown b y g . l . c . - m s . ( c o l 0 ) t o 
be a m i x t u r e o f compound (36) t o g e t h e r w i t h a s m a l l amount o f 
t h e c h l o r o - d e r i v a t i v e (.59) . 
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CHAPTER O 

EXPERIMENTAL TO CHAPTER 4 

9.A R e a c t i o n s w i t h A l c o h o l s 

9.A.1 D i mer ( 1 6 ) w i t h N e u t r a l E t h a n o l 
D i m e r ( 1 6 ) ( 1 . 2 g , 3.7 

mmol) was s t i r r e d w i t h e t h a n o l ( 5 m l ) f o r two m i n u t e s . The 
f l u o r o c a r b o n r a p i d l y d i s s o l v e d i n t h e e t h a n o l w h i c h became v e r y 
warm. The m i x t u r e was p o u r e d i n t o w a t e r , t h e l o w e r f l u o r o c a r b o n 
l a y e r r e moved, d r i e d (^2^5^ a n d t r a n s f e r r e d u n d e r vacuum t o a 
c o l d t r a p . T h e r e s u l t a n t l i q u i d was shown b y g . l . c . ( c o l . 0 ) t o 
be e s s e n t i a l l y a s i n g l e compound w i t h t r a c e s o f e t h a n o l a n d 
o t h e r , u n i d e n t i f i e d s p e c i e s . The m a j o r c o m p o n e n t was s e p a r a t e d 
by p r e p a r a t i v e s c a l e g . l . c . a n d i d e n t i f i e d a s 1 - e t h o x y - F - c y c l o -

- b u t e n y l c y c l o b u t a n e ( 6 0 ) , ( l . O g , 78%): b.p. 131°C; ( F o u n d : 
C, 3 4 . 6 ; H, 1.6; F , 59.4??; M +, 350. C K / H 0 5 ^ r e q u i r e s : C, 
3 4 . 2 9 ; H, 1.43; F , 59.719T; M, 3 5 0 ^ ; T . r . s p e c t r u m no. 22, n.m.r. 
s p e c t r u m no. 2 9 . 

I n an a n a l o g o u s r e a c t i o n compound (l_6) ( 1 . 4 g , 4.3 mmol) was 
s t i r r e d f o r l f i h w i t h e t h a n o l ( 5 m l ) a t room t e m p e r a t u r e . The 
m i x t u r e was p o u r e d i n t o w a t e r , t h e l o w e r l a y e r removed, d r i e d 
( P 2 0 5 ) and t r a n s f e r r e d t o a c o l d t r a p u n d e r vacuum. The 
r e s u l t a n t l i q u i d ( 1 . 5 g ) was shown b y g . l . c . ( c o l s O a n d Z ) t o 
be a c o m p l e x m i x t u r e . The t h r e e m a i n c o m p o n e n t s w e r e i d e n t i f i e d 
by g . l . c . - m s . a s d i s u b s t i t u t e d compounds, C g F 1 1 ( 0 E t ) 2 . The 
m a j o r c o m p o n e n t was s e p a r a t e d b y p r e p a r a t i v e s c a l e g . l . c . a n d 
i d e n t i f i e d a s 1 - ( 1 - e t h o x y h e x a f 1 u o r o c y c l o b u t y l ) - 2 - e t h o x y t c t r a -
- f l u o r o c y c l o b u t e n e ( 6 1 ) , ( l . O g , 6 5 % ) : b.p. 192°C; ( F o u n d : C, 
3 8 . 4 ; H, 2 . 5 ; F, 50.3%; M +, 37 6 . c

1 2
F i o ° 2 H 1 0 r e c l u i r e s : c . 3 8 . 3 0 ; 

H, 2.66; F , 50.539T; M, 3 7 6 ) ; I . r . s p e c t r u m no. 23, n.m.r. 
s p e c t r u m no. 30. 

9 . A . l a A n i o n f r o m Compound ( 6 0 ) 
A m i x t u r e o f compound ( 6 0 ) 

( 0 . 7 6 g , 2.17 mmol), C s F ( 1 . 4 3 g , 9.4 mmol) a n d DMF ( 5 m l ) was 
s t i r r e d a t room t e m p e r a t u r e f o r 30 m i n u t e s . A s m a l l s a m p l e o f 

19 
t h e r e s u l t a n t s o l u t i o n was r e m o v e d a n d i t s F n.m.r. s p e c t r u m 
r e c o r d e d a t v a r i o u s t e m p e r a t u r e s . T h e s e i n d i c a t e d t h e p r e s e n c e 

1 
o f t h e 1 - ( 1 - e t h o x y - F - c y c l o b u t y l ) - F - c y c l o b u t y l a n i o n ( 6 2 ) i n 
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s o l u t i o n : n.m.r. s p e c t r u m no. 3 1 . The r e s i d u e was q u e n c h e d w i t h 
b r o m i n e ( 0 . 3 5 g , 2.19 mmol) a n d s t i r r e d a t room t e m p e r a t u r e f o r 
l h . The v o l a t i l e s w e r e t h e n t r a n s f e r r e d u n d e r vacuum t o a c o l d 
t r a p and s h a k e n w i t h w a t e r . The l o w e r l a y e r was removed, d r i e d 
( P2°5^ an d t r a n s f e r r e d u n d e r vacuum t o a c o l d t r a p . The 
r e s u l t a n t l i q u i d ( 0 . 7 2 g ) was shown by g . l . c . ( c o l 0 ) t o be a 
s i n g l e compound i d e n t i f i e d a s 1 - e t h o x y - l - ( 1 - b r o m o - F - c y c l o -
- b u t y l ) - F - c y c l o b u t a n e ( 6 3 ) , ( 7 9 % ) : b.p. 169°C; ( F o u n d : C, 2 6 . 5 ; 
F , 5 1 . 5 ; B r , 1 7 . 1 % . c

1 0
F

1 2
O H 5 n r r e q u i r e s : C, 2 6 . 7 3 ; F , 5 0 . 7 8 ; 

B r , 1 7 . 8 2 % ) ; I . r . s p e c t r u m no. 24, n.m.r. s p e c t r u m no. 32. 

9.A.2 D i m e r ( 1 7 ) w i t h N e u t r a l E t h a n o l 
A m i x t u r e o f compound ( 1 7 ) 

( l . l g , 3.4 mmol) a n d e t h a n o l ( 5 m l ) was s t i r r e d a t room 
t e m p e r a t u r e f o r 1 8 h . The m i x t u r e was p o u r e d i n t o w a t e r a n d t h e 
l o w e r l a y e r r e m o v e d , d r i e d ( p

2 ° 5 ^ a n c * t r a n s f e r r e d u n d e r vacuum 
t o a c o l d t r a p . T h e r e s u l t a n t l i q u i d ( l . O g ) was shown b y 
g . l . c . - m s . ( c o l O) t o be a m i x t u r e o f two m o n o s u b s t i t u t e d 
compounds, an a d d i t i o n p r o d u c t a n d two d i s u b s t i t u t e d compounds. 
The m a j o r m o n o s u b s t i t u t e d compound ( 0 . 6 l g , 6 0 % ) was s e p a r a t e d 
by p r e p a r a t i v e s c a l e g . l . c . a n d i d e n t i f i e d a s 1 - e t h o x y - F - 2 -
c y c l o b u t y l c y c l o b u t e n e ( 6 4 ) . A l s o s e p a r a t e d was t h e a d d i t i o n 
p r o d u c t ( < O . l g , c a . 8% by g . l . c . ) w h i c h was i d e n t i f i e d a s 
l - e t h o x y - 2 - h y d r o - F - 2 - c y c l o b u t y l c y c l o b u t a n e ( 6 5 ) . O t h e r 
c o m p o n e n t s w e r e n o t c h a r a c t e r i s e d . 

F o r compound ( 6 4 ) : b . p . 154°C; ( F o u n d : C, 3 4 . 1 ; H, l . O ; F , 
5 9 . 5 % ; M*, 35 0 . c

1 0 ' r
1 1 O H 5 r e q u i r e s : C , 3 4 . 2 9 ; H, 1.43; F , 5 9 . 7 1 % ; 

M , 3 5 0 ) ; I . r . s p e c t r u m no. 25, n.m.r. s p e c t r u m no. 3 3 . 
F o r compound ( 6 5 ) : ( F o u n d : C, 3 2 . 4 ; H, 1.4%; M +, 37 0 . 

C 1 0 F 1 2 O H 6 r e a > u i r e s : c > 3 2 . 4 3 ; H,1.62%; M, 3 7 0 ) ; I . r . s p e c t r u m 
no. 2 6 , n.m.r. s p e c t r u m no. 34 

I n a s i m i l a r r e a c t i o n a m i x t u r e o f compound (17.} a n d e t h a n o l 
( 5 m l ) was s t i r r e d f o r t h r e e m i n u t e s . The r e a c t i o n was e x o t h e r m i c 
a n d t h e f l u o r o c a r b o n was r a p i d l y d i s s o l v e d i n t o t h e e t h a n o l . 
The r e a c t i o n m i x t u r e was t r e a t e d a s b e f o r e a n d t h e r e s u l t a n t 
l i q u i d ( 0 . 9 4 g ) shown by g . l . c . t o b e a m i x t u r e o f s e v e r a l 
c o m p o n e n t s , t h e m a j o r one o f w h i c h was i d e n t i f i e d a s compound 

19 
( 6 4 ) b y F n.m.r. s p e c t r o s c o p y . 
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9.A.3 D i m e r s ( 1 6 ) and ( 1 7 ) w i t h E t h o x i d e I o n 
Sodium m e t a l ( 0 . 9 g , 

39.1 mmol) was a d d e d t o d r y e t h a n o l ( 2 0 m l ) a n d when r e a c t i o n 
was c o m p l e t e a m i x t u r e o f d i m e r s (_16) a n d (_17J ( 2 . 6 g , 8.0 mmol) 
was s l o w l y a d d e d . T h e r e was a v i g o r o u s r e a c t i o n w i t h t h e 
f o r m a t i o n o f a w h i t e p r e c i p i t a t e . The m i x t u r e was l e f t s t i r r i n g 
o v e r n i g h t a n d t h e e t h a n o l r e m o v e d u n d e r r e d u c e d p r e s s u r e . The 
r e s i d u e was d i s t i l l e d i n v a c u o ( u p t o 90°C, c a . 0.1 mm Hg) t o 
g i v e a c o l o u r l e s s l i q u i d ( 2 . 3 g ) , shown b y g . l . c . ( c o l 0 ) t o be 
a s i n g l e compound i d e n t i f i e d a s 1 - ( 1 - e t h o x y h e x a f l u o r o c y c l o -
- b u t y l ) - 2 , 3 , 3 - t r i e t h o x y - 4 , 4 - d i f l u o r o c y c l o b u t e n e ( 6 6 ) , ( 6 7 % ) : 
b.p. > 2 0 0 ° C ; ( F o u n d : C , 4 4 . 6 ; H, 5.0; F, 3 5 . 0 % ; M+, 4 2 8 . 
C 1 6 F 8 ° 4 H 2 0 r e a . u i r e s : c » 4 4 . 8 5 ; M, 4.67; F , 3 5 . 5 1 % ; M, 4 2 8 ) ; 
I . r . s p e c t r u m no. 27, n.m.r. s p e c t r u m no. 3 5 . 

9.A.4 T r i m e r ( 1 9 ) w i t h N e u t r a l E t h a n o l 
T r i m e r (_19) ( 2 . 0 g , 4.1 

mmol) was s t i r r e d w i t h e t h a n o l ( 1 0 m l ) f o r 8h a t room 
t e m p e r a t u r e . T h e m i x t u r e was t h e n p o u r e d i n t o w a t e r a n d t h e 
l o w e r l a y e r removed, d r i e d ( P 2 ^ 5 ^ a n c * t r a n s f e r r e d u n d e r vacuum 
t o a c o l d t r a p . The r e s u l t a n t l i q u i d ( 1 . 8 g ) was shown b y g . l . c . 
( c o l 0 ) t o b e a m i x t u r e o f t r i m e r (_19) ( c a . 6 % ) , two mono-
- s u b s t i t u t e d p r o d u c t s ( c a . 90%0 i n t h e r a t i o 8:1, a n d t r a c e s 
o f a d i s u b s t i t u t e d compound ( i d e n t i f i e d b y g . l . c . - m s . ) . T h e 
m o n o s u b s t i t u t e d p r o d u c t s w e r e s e p a r a t e d b y p r e p a r a t i v e s c a l e 

t 

g . l . c . a n d i d e n t i f i e d a s l - e t h o x y - F - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) -
i 

- c y c l o b u t e n e ( f t ? ) i ( m a j o r p r o d u c t ) , a n d 4 - e t h o x y - F - 1 - ( 1 - c y c l o -
- b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 6 8) . 

F o r compound ( £ 7 ) : b . p . 202°C; ( F o u n d : C, 3 2 . 5 ; W, 0.7; 
F , 6 2 . 7 % ; M*, 51 2 . C 1 4

F
1 7 0 H 5 r e q u i r e s : C, 3 2 . 8 1 ; H, 0 . 9 8 ; F, 

6 3 . 0 9 % ; M, 5 1 2 ) ; I . r . s p e c t r u m no. 28, n.m.r. s p e c t r u m no. 36. 
F o r compound (6_8) : ( F o u n d : C, 3 2 . 7 ; H, O.B%; M*, n o t 

o b s e r v e d , p e a k a t M/e = 483 i . e . M +-29 ( e t h y l ) . C . , F , „ 0 H r 

14 17 5 
r e q u i r e s : C, 3 2 . 8 1 ; H, 0 . 9 8 % ; M, 5 1 2 ) ; T . r . s p e c t r u m n o . 29, 
n.m.r. s p e c t r u m no. 3 7 . 
9.A.5 T r i m e r ( 1 9 ) w i t h M e t h o x i d e I o n 

S o d i u m m e t a l ( 0 . 6 g , 26.1 
mmol) was d i s s o l v e d i n m e t h a n o l ( 2 0 m l ) a n d when t h e r e s u l t a n t 
s o l u t i o n h a d c o o l e d t o room t e m p e r a t u r e , t r i m e r (.19) ( 4 * 2 g , 
8.6 mmol) was a d d e d . T h e r e was an e x o t h e r m i c r e a c t i o n . The 
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m i x t u r e was s t i r r e d f o r 16h a t room t e m p e r a t u r e a n d t h e n t h e 
m e t h a n o l was r e m o v e d u n d e r r e d u c e d p r e s s u r e . V o l a t i l e m a t e r i a l 
i n t h e r e s i d u e was t r a n s f e r r e d u n d e r v a c u u m t o a c o l d t r a p a n d 
t h e r e s u l t a n t l i q u i d shown by g . l . c . ( c o l A) t o c o n s i s t o f two 
c o m p o n e n t s i n t h e a p p r o x i m a t e r a t i o 3:1 ( 3 . 6 g ) . T h e s e w e r e 
s e p a r a t e d b y p r e p a r a t i v e g . l . c . t o g i v e a l i q u i d a n d a s o l i d . 

T h e l i q u i d ( m a j o r p r o d u c t ) was i d e n t i f i e d a s 1,3,3 - t r i -
i 

- m e t h o x y - F - 2 - ( 1 - c y c 1 o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 6 9 ) : b.p. 
> 2 1 0 ° C ; ( F o u n d : C, 3 4 . 7 ; H, 1.9; F , 54.29?,; M*, 5 2 2 . 

C 1 5 F 1 5 ° 3 H 9 r e c 1 u i r G S : c > 3 4 - 4 8 ; I I , 1.72; F , 5 4 . 6 0 % ; M, 5 2 2 ) ; 
I . r . s p e c t r u m no. 30, n.m.r. s p e c t r u m no. 38. 

T h e s o l i d was r e c r y s t a l 1 i s e d f r o m c a r b o n t e t r a c h l o r i d e and 
i 

i d e n t i f i e d a s l - m e t h o x y - F - 2 - ( l - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n -
3-one ( 7 0 ) : m.p. 53 - 5 4 ° C ; ( F o u n d : F , 5 9 . 7 % ; M+, 47 6 . c

1 3 F
1 5

O H 3 
r e q u i r e s : F , 5 9 . 8 7 % ; M , 4 7 6 ) ; I . r . s p e c t r u m no. 31, n.m.r. 
s p e c t r u m no. 39. 

A s a m p l e o f compound (^70) was l e f t open t o t h e a t m o s p h e r e 
f o r 8 d a y s t o g i v e t h e c o r r e s p o n d i n g h y d r o x y - d e r i v a t i v e , (72!) , 
i d e n t i f i e d by c o m p a r i s o n o f i t s i n f r a r e d s p e c t r u m w i t h t h a t 
o f an a u t h e n t i c s a m p l e ( s e e 9 . R . 2 ) . 

9.A.6 T r i m e r ( 1 8 ) w i t h N e u t r a l E t h a n o l 
T r i m e r (18) was s t i r r e d 

f o r s e v e r a l d a y s w i t h e t h a n o l . The two l a y e r s d i d n o t h o m o g e n i s e 
a n d a f t e r two w e e k s g . l . c . ( c o l O) d i d n o t i n d i c a t e t h e 
p r e s e n c e o f a n y p r o d u c t s i n e i t h e r l a y e r . 

9.A.7 T r i m e r ( 1 8 ) w i t h Sodium E t h o x i d e 
S o d i u m m e t a l ( 0 . 6 5 g , 28.3 

mmol) was a d d e d t o e t h a n o l ( 2 0 m l ) a n d when r e a c t i o n was 
c o m p l e t e t r i m e r ( J J 5 ) ( 2 . 6 g , 5.4 mmol) was a d d e d and t h e m i x t u r e 
s t i r r e d o v e r n i g h t a t room t e m p e r a t u r e . The e t h a n o l was r e m o v e d 
u n d e r r e d u c e d p r e s s u r e a n d t h e r e s i d u e s u b l i m e d i n v a c u o ( c a . 
60°C, .1 mm Hg) t o g i v e a s o l i d ( 2 . 0 g ) w h i c h was r e c r y s t a l l i s e d 
f r o m m e t h a n o l ( a t l o w t e m p e r a t u r e ) a n d i d e n t i f i e d a s 1 , 3 - d i e t h o x y -

i 
2 - ( 1 - e t h o x y h e x a f l u o r o c y c l o b u t y l ) - F - 3 - c y c l o b u t y l c y c l o b u t e n e ( 7 3 ) 
( 6 6 % ) : m.p. 52-53°C; ( F o u n d : C , 3 8 . 4 ; H, 2 . 7 ; F, 5 0 . 4 % ; M +, 564. 
C 1 8 F 1 5 ° 3 H 1 5 r e < 3 u i r e s : c > 3 8 . 3 0 ; H, 2 . 6 6 ; F , 50. 5 3 % ; M, 5 6 4 ) ; 
I . r . s p e c t r u m no. 3 2 , n.m.r. s p e c t r u m no. 4 0 . 
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9.B R e a c t i o n s w i t h W a t e r 

9 . B . l a D i m e r s ( 1 6 ) a n d ( 1 7 ) w i t h E x c e s s W a t e r 
A m i x t u r e o f d i m e r s 

( 1 6 ) a n d (.17) ( 3 . 0 g , 0 . 3 mmol) an d a q u e o u s a c e t o n e ( 2 0 m l ) was 
s t i r r e d a t room t e m p e r a t u r e f o r 2 4 h . T h e a c e t o n e was r e m o v e d 
u n d e r r e d u c e d p r e s s u r e a n d t h e r e s i d u e m o l e c u l a r d i s t i l l e d ( c a . 
6 0 ° C , 0.1 mm Hg) t o g i v e a p a l e y e l l o w , v i s c o u s l i q u i d ( 1 . 9 g ) 

1 

i d e n t i f i e d a s l - h y d r o x y - 2 - ( 1 - h y d r o x y h e x a f l u o r o c y c l o b u t y l ) - 4 , 4 -
d i f l u o r o c y c l o b u t e n - 3 - o n e ( 7 4 ) , ( 6 9 % ) : ( F o u n d : F , 5 1 . 1 % . C

8
F

8
0 3 H 2 

r e q u i r e s : F , 5 1 . 0 1 % ) ; I . r . s p e c t r u m no. 33, n.m.r. s p e c t r u m 
no. 4 1 . Compound ( J 7 4 ) d e c o m p o s e s on s t r o n g h e a t i n g . 

S i m i l a r r e a c t i o n s w i t h t h e s e p a r a t e d i m e r s , ( ^ 6 ) , ( 2 Z ^ * a l s o 

g a v e compound ( 7 j l ) . 

9 . B . l b D i m e r ( 1 6 ) w i t h an E q u i v a l e n t o f W a t e r 
D i m e r (.16) ( 1 . 7 0 g , 

5.25 mmol) was d i s s o l v e d i n e t h e r ( 1 0 m l ) a n d w a t e r ( 9 4 u l , 5.22 
mmol) was a d d e d . T h e m i x t u r e was s t i r r e d f o r 2h a t room 
t e m p e r a t u r e a n d t h e n t h e e t h e r r e m o v e d by d i s t i l l a t i o n t o l e a v e 
a c o l o u r l e s s l i q u i d ( 2 . 0 6 g ) shown by g . l . c . ( c o l O) t o c o n s i s t 
o f e t h e r a n d two o t h e r c o m p o n e n t s . T h e s e w e r e s e p a r a t e d by 

1 
p r e p a r a t i v e s c a l e g . l . c . t o g i v e l - h y d r o - l - ( l - h y d r o x y - F - c y c l o -
- b u t y l ) - F - c y c l o b u t a n e ( 7 5 ) , ( 0 . 5 9 g , 3 3 % ) , a n d 1 - h y d r o x y - F - 1 -
c y c l o b u t e n y l c y c l o b u t a n e ( 7 6 ) , ( 0 . 2 4 g , 14%). Y i e l d s b y g . l . c . 
w e r e 46 a n d 2 4 % r e s p e c t i v e l y . 

F o r compound ( 7 5 ) : b.p. 107°C; ( F o u n d : C, 2 8 . 1 ; H, 0.7; 
F , 6 7 . 0 % ; M*, n o t o b s e r v e d , h i g h e s t p e a k a t M/e = 322 i . e . 
M +-20 ( H F ) . C

8
F

1 2 0 H 2 r e q u i r e s : C, 2 8 . 0 7 ; H, 0 . 5 8 ; F , 6 6 . 6 7 % ; 
M, 3 4 2 ) ; T . r . s p e c t r u m no. 34, n.m.r. s p e c t r u m no. 4 2 . 

F o r compound (7b): b.p. lll°C; ( F o u n d : C, 2 9 . 6 ; H, 0.2; 
F, 6 4 . 7 % ; M +, 3 2 2 . C o F . , 0 H r e q u i r e s : C, 2 9 . 8 1 ; H, 0.31; F, 6 4 . 9 1 % ; 
M , 3 2 2 ) ; I . r . s p e c t r u m no. 3 5 , n.m.r. s p e c t r u m no. 4 3 . 

When s t i r r e d o v e r n i g h t i n a q u e o u s a c e t o n e , b o t h compound 
( 7 5 ) a n d ( 7 6 ) w e r e h y d r o l y s e d t o compound ( J 7 4 ) . 

9 . B . l c D i m e r ( 1 7 ) w i t h an E q u i v a l e n t o f W a t e r 
D i m e r ( 1 7 ) ( 1 . 5 3 g 

4.72 mmol) was d i s s o l v e d i n e t h e r ( 1 0 m l ) a n d w a t e r ( 8 5 u l , 4.72 

m m o l ) a d d e d , t h e m i x t u r e was s t i r r e d a t room t e m p e r a t u r e f o r 2h 

a n d t h e n l e f t s t a n d i n g o v e r n i g h t . The e t h e r was r e m o v e d b y 
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1«> d i s t i l l A t J on A n d shown by Ff n.m.r. s p B C t r o s c n n v t o c o n t n in 
d i t n e r (J^2) A n d a l i t t l n d l t n e r (_16) . Tho r e s i d u e was shown by 
i n f r a r e d a n d F n.m.r. ( i n e t h e r ) s p e c t r o s c o p y t o be m a i n l y 
compound (_7£) w i t h a m i n o r component w h i c h was n o t i d e n t i f i e d . 

9.R.2 T r i m e r ( 1 9 ) w i t h W a t e r 
A m i x t u r e o f t r i m e r (JL9) ( 5 . 6 g , 

11.5 mmol) an d a q u e o u s a c e t o n e ( 2 0 ml) was s t i r r e d f o r 2 4 h a t 
room t e m p e r a t u r e . The a c e t o n e was r e m o v e d u n d e r r e d u c e d 
p r e s s u r e a n d t h e r e s i d u e s u b l i m e d i n v a c u o (90°C, 0.1 mm Hg) 

i 

t o g i v e a w h i t e s o l i d ( 4 . 8 g ) i d e n t i f i e d a s l - h y d r o x y - 2 - ( 1 - F -
c y c l o b u t y l c y c l o b u t y l ) - 4 , 4 - d i f l u o r o c y c l o b u t e n - 3 - o n e ( 7 2 ) , ( 9 0 % ) : 
m.p. 181-183°C; ( F o u n d : C, 3 1 . 1 ; F , 6 2 . 0 % ; M +, 46 2 . C ^ F ^ O g H 
r e q u i r e s : C, 3 1 . 1 7 ; F , 6 1 . 6 9 % ; M, 4 6 2 ) ; T . r . s p e c t r u m no. 36, 
n.m.r. s p e c t r u m no. 4 4 . 

9.B.3 T r i m e r ( 1 8 ) w i t h W a t e r 
S t i r r i n g t r i m e r (_1£) i n a q u e o u s 

a c e t o n e a t room t e m p e r a t u r e d i d n o t l e a d t o a n y d e t e c t a b l e 
r e a c t i o n . However, a d d i t i o n o f t h e t r i m e r ( 3 . 4 g ) t o a m i x t u r e 
o f s o d i u m c a r b o n a t e ( 3 . 4 g , 30.2 m mol), a c e t o n e ( 1 5 m l ) a n d 
w a t e r ( 5 m l ) r e s u l t e d i n an e x o t h e r m i c r e a c t i o n . The m i x t u r e 
was l e f t s t i r r i n g o v e r n i g h t a n d t h e n a c i d i f i e d ( d i l u t e H C 1 ) . 
T h e l o w e r l a y e r was r e m o v e d and d i s s o l v e d i n e t h e r ( 5 0 m l ) . 
The u p p e r l a y e r was e t h e r e x t r a c t e d ( 2 x 5 0 m l ) a n d t h e e x t r a c t s 
c o m b i n e d w i t h t h e l o w e r l a y e r . The s o l u t i o n was t h e n w a s h e d 
w i t h w a t e r , d r i e d (MgSO ) and t h e e t h e r r e m o v e d on a r o t a r y 

19 
e v a p o r a t o r t o l e a v e a y e l l o w l i q u i d ( 2 . 0 g ) . A F n.m.r. 
s p e c t r u m i n d i c a t e d t h i s t o b e a m i x t u r e . A t t e m p t s t o s e p e r a t e 
c o m p o n e n t s b y m o l e c u l a r d i s t i l l a t i o n , p r e p a r a t i v e s c a l e g . l . c . , 
a n d t . l . c . w e r e u n s u c c e s s f u l a n d t h e r e a c t i o n was n o t p u r s u e d 
f u r t h e r . 
9.C R e a c t i o n s w i t h A m i n e s 

9 . C . l a D i m e r ( 1 6 ) w i t h D i m e t h y l a m i n e 
D i m e r ( j _ 6 ) ( 1 . 4 g , 4.3 mmol) 

a n d d i m e t h y l a m i n e ( 1 . 4 g , 31.1 mmol) w e r e t r a n s f e r r e d u n d o r 
v a c u u m t o a C a r i u s t u b e . The t u b e was s e a l e d a n d a l l o w e d t o 
warm; t h e r e was a v i g o r o u s e x o t h e r m i c r e a c t i o n . When t h e t u b e 
h a d c o o l e d t o room t e m p e r a t u r e i t was o p e n e d a n d t h e c o n t e n t s 
w e r e s h a k e n w i t h w a t e r . The l o w e r l a y e r was r e m o v e d a n d 



- 1 4 0 -

m o l e c u l a r d i s t i l l e d ( c a . 65 C, 0.1 mm Hg) t o g i v e a p a l e y e l l o w 
l i q u i d ( 1 . 4 g ) shown by g . l . c . -ms. ( c o l 0 ) t o b e a m i x t u r e ; o f 
a mono- an d a d i - s u b s t i t u t e d compound ( 4 6 a n d 5 4 % r e s p e c t i v e l y ) . 
T h e s e w e r e s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . . 

The m o n o s u b s t i t u t e d compound ( a l i q u i d ) was i d e n t i f i e d a s 
l - d i m e t h y l a m i n o - F - 2 - c y c l o b u t y l c y c : l o b u t e n e ( 7 9 ) : ( F o u n d : C, 3 5.5; 
N, 4.1; F , 5 9 . 5 % ; M*, 349. ^ o P ^ N " r e q u i r e s : C, 3 4 . 3 8 ; N, 4 . 0 1 ; 
F , 5 9 . 8 9 % ; M, 3 4 9 ) ; T . r s p e c t r u m no. 38, n . m . r . s p e c t r u m no. 4 6 . 

T h e d i s u b s t i t u t e d compound ( a s o l i d ) was i d e n t i f i e d a s 
i 

1 - d i m e t h y l a m i n o - 2 - ( 1 - d i m e t h y l a m i n o - F - c y c l o b u t y l ) - F - c y c l o b u t e n e 
( 7 8 ) : ( F o u n d : C, 3 8 . 2 ; N, 7.9; H, 3.5; F, 5 1 . 3 % ; M +, 374. 

C 1 2 F 1 0 N 2 H 1 2 r e c ! u i r e s : C » 3 8 . 5 0 ; N, 7.49; H, 3 . 2 1 ; F , 5 0 . 8 0 % ; 
H, 3 7 4 ) ; I . r . s p e c t r u m no. 37, n . m . r . s p e c t r u m no. 4 5 . 

9 . C . l b Dimer ( 1 7 ) w i t h D i m e t h y l a m i n e 
I n a s i m i l a r r e a c t i o n t o 

t h e a b o v e , d i m e r (^_7) ( 1 . 7 g , 5.2 mmol) an d d i m e t h y l a m i n e ( 0 . 9 g , 
2 0 . 0 mmol) g a v e a m i x t u r e ( 1 . 5 g ) o f compound {79) ( 8 3 % ) a n d 
compound ( 7 8 ) ( 1 7 % ) . 

9 . C . l c Dimer ( 1 7 ) w i t h D i e t h y l a r a i n e 
D i m e r (_17) ( 1 . 4 g , 4.3 mmol) 

was a d d e d s l o w l y t o d i e t h y l a m i n e ( 5 m l ) w i t h s t i r r i n g a n d 
e x t e r n a l c o o l i n g ( i c e - b a t h ) . When t h e a d d i t i o n was c o m p l e t e , 
t h e m i x t u r e was s h a k e n w i t h w a t e r a n d t h e l o w e r l a y e r r e m o v e d 
a n d m o l e c u l a r d i s t i l l e d ( c a . 85°C, 0.1 mm Hg) t o g i v e a 
c o l o u r l e s s l i q u i d ( 1 . 2 g ) w h i c h r a p i d l y d a r k e n e d . T h i s was 
i d e n t i f i e d a s l - d i e t h y l a m i n o - 2 - F - c y c l o b u t y l c y c l o b u t e n e ( 8 0 ) , 
( 7 4 % ) : ( F o u n d : F , 5 5 . 0 % ; M +, 37 7 . c

1 2
F ] i N " i o r e o < u i r e s : F » 5 5 . 4 4 % ; 

M, 3 7 7 ) ; I . r . s p e c t r u m no. 3Q, n.m.r. s p e c t r u m n o . 4 7 . 

9.C.2 T r i m e r ( 1 9 ) w i t h D i e t h y l a m i n e 
T r i m e r (J_Q) ( 3 . 4 g , 7.0 mmol ) 

was s l o w l y a d d e d t o d i e t h y l a m i n e ( 5 m l ) w i t h s t i r r i n g a n d 
e x t e r n a l c o o l i n g ( i c e - b a t h ) . A v i g o r o u s r e a c t i o n o c c u r r e d w i t h 
p r e c i p i t a t i o n o f d i e t h y l a m i n e h y d r o f 1 u o r i d e . T h i s was r e m o v e d 
b y f i l t r a t i o n a n d t h e f i l t r a t e w a s h e d w i t h w a t e r . The l o w e r 
l a y e r was r e m o v e d and m o l e c u l a r d i s t i l l e d ( 0 . 1 mm Hg, up t o 
90°C) t o g i v e a p a l e y e l l o w l i q u i d ( 2 . 8 g ) i d e n t i f i e d a s 
l - d i e t h y l a m i n o - 2 - ( 1 - F - c y c l o b u t y l c y c l o b u t y l ) - F - c y c l o b u t e n e ( 8 1 ) , 
( 7 3 % ) : ( F o u n d : F, 6 0 . 3 % ; M +, 539 . C W F , , N H , „ r e q u i r e s : F , 

16 17 i n 
5 9 . 9 3 % ; M, 5 3 9 ) ; T . r . s p e c t r u m no. 40, n.m.r. s p e c t r u m no. 4 8 . 
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9.C.3 T r i m e r ( 1 8 ) w i t h D i e t h y l a m i n e 
T h e p r o c e d u r e was a s f o r 

9.C.2. T h u s , t r i m e r (_18) ( 3 . 3 g , 6.8 nwnol) a n d d i e t h y l a m i n e ( 1 0 
m l ) g a v e a p a l e y e l l o w l i q u i d ( 1 . 7 g ) w h i c h g a v e two p e a k s on 
g . l . c . ( c o l s 0 a n d Z ) . T he l a r g e r p e a k was s e p a r a t e d b y 

19 
p r e p a r a t i v e s c a l e g . l . c . a n d shown by F n.m.r. s p e c t r o s c o p y 
t o be a c o m p l e x m i x t u r e . T h e s m a l l e r p e a k was n o t e l u t e d f r o m 
a p r e p a r a t i v e g . l . c . c o l u m n a n d t h i s s u g g e s t s t h a t i t was h e a t 
s e n s i t i v e . An a t t e m p t t o s e p e r a t e c o m p o n e n t s o f t h e m i x t u r e by 
t . l . c . was u n s u c c e s s f u l a n d s o t h e r e a c t i o n was n o t p u r s u e d 
f u r t h e r . 

9.C.4 Dimer ( 1 7 ) w i t h T r i e t h y l a m i n e 
D i m e r (3/7) ( 1 . 4 2 g , 4.38 

mmol) was d i s s o l v e d i n e t h e r ( 5 m l ) a n d c o o l e d a t -18°C w h i l s t 
a s o l u t i o n o f t r i e t h y l a m i n e ( 1 . 0 5 g , 1 0 . 4 0 mmol) i n e t h e r ( 1 0 
m l ) was a d d e d s l o w l y . The m i x t u r e was f i l t e r e d u n d e r n i t r o g e n 
t o g i v e a w h i t e s o l i d ( 0 . 4 6 g ) , shown t o b e a q u a t e r n a r y 
ammonium s a l t ( e x t r e m e l y s o l u b l e i n w a t e r a n d r e s u l t a n t s o l u t i o n 

19 
s h ows o n l y a r e s o n a n c e c o r r e s p o n d i n g t o F i n i t s P n.m.r. 
s p e c t r u m ) . T h e e t h e r was r e m o v e d f r o m t h e f i l t r a t e on a 

1 0 

r o t a r y e v a p o r a t o r a n d t h e r e s u l t a n t o i l shown by F n.m.r. 
s p e c t r o s c o p y t o b e a c o m p l e x m i x t u r e . A t t e m p t s t o s e p a r a t e 
c o m p o n e n t s by m o l e c u l a r d i s t i l l a t i o n a n d t . l . c . w e r e 
u n s u c c e s s f u l a n d t h e re«~:tion was n o t p u r s u e d f u r t h e r . 
9.C.5 T r i m e r ( 1 9 ) w i t h T e r t i a r y A m i n e s 

T r i m e r ( 1 0 ) ( 2 . 0 g , 4.1 
mmol) a n d t r i m e t h y l a m i n e ( 1 . 3 g , 2 2 . 0 mmol) w e r e s e a l e d i n a 
C a r i u s t u b e a n d a l l o w e d t o s t a n d a t room t e m p e r a t u r e f o r 18h. 
T h e t u b e was o p e n e d a n d t h e v o l a t i l e s t r a n s f e r r e d u n d e r vacuum 
t o a c o l d t r a p ( t h e r e was no r e s i d u e ) . On w a r m i n g , t h e s e g a v e 
a g a s , shown by i n f r a r e d s p e c t r o s c o p y t o b e t r i m e t h y l a m i n e , 
a n d a l i q u i d ( 1 . 6 g ) shown by g . l . c . ( c o l O) t o b e t r i m e r ( 1 9 ) 
c o n t a i n i n g a s m a l l amount o f d i s s o l v e d a m i n e . A s m a l l amount 
( c a . 0 . l g ) o f a w h i t e s o l i d was r e c o v e r e d f r o m t h e n e c k o f t h e 

c o l d t r a p b u t was n o t c h a r a c t e r i s e d : an i n f r a r e d s p e c t r u m 
1 ' -1 s h o w e d a s t r o n g a m i n e s a l t b a n d a t c a . 2 7 0 0 cm. 

A m i x t u r e o f p y r i d i n e ( 0 . 6 g , 7.6 mmol) a n d t r i m e r ( 1 9 ) 
( 2 . 6 g , 5.3 mmol) was s t i r r e d a t room t e m p e r a t u r e f o r 18h. The 
l o w e r l a y e r was re m o v e d , w a s h e d w i t h w a t e r , d r i e d ( P _ 0 ) a n d 
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t r a n s f e r r e d u n d e r v acuum t o a c o l d t r a p . T h e r e s u l t a n t l i q u i d 
( 1 . 8 g ) w a s shown t o b e t r i m e r (19.) b y g . l . c . ( c o l 0 ) a n d 
i n f r a r e d s p e c t r o s c o p y . T h e u p p e r ( b r o w n ) l a y e r was shown t o b e 
p y r i d i n e , i . e . no r e a c t i o n c o u l d b e d e t e c t e d . 

9.C.6 T r i m e r ( 1 8 ) w i t h T e r t i a r y A m i n e s 
A m i x t u r e o f p y r i d i n e 

( 0 . 5 g , 6.3 .mmol) a n d t r i m e r (.18) ( 2 . 1 g , 4.3 mmol) was s t i r r e d 
f o r 18h a t room t e m p e r a t u r e . The m i x t u r e w a s homogenous a n d , 
i n i t i a l l y , a b r i g h t r e d i n c o l o u r , b u t i t r a p i d l y t u r n e d 
b l a c k . T h e m i x t u r e w a s p o u r e d i n t o w a t e r a n d t h e l o w e r l a y e r 
r e m o v e d , d r i e d ( p

2 ^ 5 ^ a n < * t r a n s f e r r e d u n d e r vacuum t o a c o l d 
t r a p . T he r e s u l t a n t l i q u i d ( l . 2 g ) w a s shown b y g . l . c . ( c o l O) 
a n d i n f r a r e d s p e c t r o s c o p y t o b e t r i m e r (.18) ( 5 7 % r e c o v e r y ) . 

A s i m i l a r r e a c t i o n o c c u r r e d w i t h t r i e t h y l a m i n e . 

9.D.1 T r i m e r ( 1 9 ) w i t h S o d i u m B o r o h y d r i d e 
To a s u s p e n s i o n o f 

s o d i u m b o r o h y d r i d e ( 2 . 3 g , 53.7 mmol) i n t e t r a g l y m e ( 2 0 m l ) was 
a d d e d s l o w l y compound (.19) ( 6 . 0 g , 1 2 . 3 mmol) w i t h r a p i d 
s t i r r i n g a n d e x t e r n a l c o o l i n g . When t h e a d d i t i o n was c o m p l e t e 
t h e m i x t u r e was h e a t e d f o r l h on a s t e a m b a t h a n d t h e n l e f t 
s t i r r i n g a t room t e m p e r a t u r e o v e r n i g h t . T h e l o w e r l a y e r ( 3 . 1 g ) 
was r e m o v e d a n d t h e r e s i d u e f l a s h d i s t i l l e d t o g i v e a l i q u i d 
( l . l g ) shown b y g . l . c . t o b e i d e n t i c a l w i t h t h e l o w e r l a y e r . 
T h e two f r a c t i o n s w e r e c o m b i n e d a n d i d e n t i f i e d a s 1 - ( 1 - F - c y c l o -
- b u t y l c y c l o b u t y l ) - 3 , 3 - d i f l u o r o c y c l o b u t e n e ( 8 2 ) , ( 7 9 % ) : b . p . 
164°C ; ( F o u n d : C, 3 3 . 3 ; H, 0.7; F , 6 5 . 6 % ; M +, 4 3 2 . c

1 2
F i 5

H 3 
r e q u i r e s : C . 3 3 . 3 3 ; H, 0.69; F , 6 5 . 9 7 % ; M, 4 3 2 ) ; I . r . s p e c t r u m 
no. 4 1 , n.m.r. s p e c t r u m no. 4 9 . 

9.D.2 T r i m e r ( 1 8 ) w i t h Sodium B o r o h y d r i d e 
To a s u s p e n s i o n o f 

s o d i u m b o r o h y d r i d e ( l . O g , 2 5 . 6 mrool) i n t e t r a g l y m e ( 2 0 m l ) a t 
-18°C was a d d e d s l o w l y t r i m e r (_18) ( 3 . 3 g , 6.8 mmol) w i t h r a p i d 
s t i r r i n g . When t h e a d d i t i o n was c o m p l e t e t h e m i x t u r e was s t i r r e d 
a t room t e m p e r a t u r e f o r l h a n d t h e n c a r e f u l l y p o u r e d i n t o w a t e r 
( 1 0 0 m l ) a n d e t h e r e x t r a c t e d ( 3 x 5 0 m l ) . T h e e t h e r e x t r a c t s w e r e 
b u l k e d , w a s h e d w i t h w a t e r , d r i e d ( M g S 0 4 ) a n d t h e e t h e r r e m o v e d 
b y d i s t i l l a t i o n t o l e a v e a c o l o u r l e s s l i q u i d ( 3 . 1 g ) shown b y 
g . l . c . ( c o l 0 ) t o b e a m i x t u r e o f e t h e r a n d c a . 20 o t h e r 
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components. 
I n a s i m i l a r r e a c t i o n , a f t e r the a d d i t i o n was co m p l e t e the 

m i x t u r e was s t i r r e d f o r l h on a steam bath and then f l a s h 
d i s t i l l e d to g i v e a s m a l l amount of a c o l o u r l e s s l i q u i d which 
was shown by g . l . c . ( c o l 0) to be a h i g h l y complex m i x t u r e . I n 
vi e w of the low r e c o v e r y and the c o m p l e x i t y of t h e p r o d u c t the 
r e a c t i o n was not p u r s u e d . 

0. B . l a T r i mer ( 1 9 ) w i t h F-Propene and F l u o r i d e I o n 
A m i x t u r e 

of C s F (2.0g, 13.2 mmol) and t e t r a g l y m e (20 ml) was p l a c e d i n a 
f l a s k f i t t e d w i t h a v a r i a b l e gas r e s e r v o i r . The a p p a r a t u s was 
e v a c u a t e d and t r i m e r (1_9) (5.4g, 11.1 mmol) and F-propene 
( 5 , 3 g , 35.3 mmol) t r a n s f e r r e d i n under vacuum. The m i x t u r e was 
s t i r r e d a t room t e m p e r a t u r e f o r 18h and then f l a s h d i s t i l l e d 
t o g i v e a c o l o u r l e s s l i q u i d (8.9g) shown by g . l . c . ( c o l 0) to 
be a complex m i x t u r e of F-propene o l i g o m e r s , t r i m e r (_19) a n t ^ 
o t h e r , u n i d e n t i f i e d components. M a t e r i a l b o i l i n g below 130°C 
was removed by d i s t i l l a t i o n and was n o t i n v e s t i g a t e d f u r t h e r 
( m a i n l y F-propene t r i m e r s ) . The r e s i d u e (4.8g) was shown by 
g . l . c . to be a m i x t u r e of t h r e e components s u b s e q u e n t l y 
i d e n t i f i e d a s t r i m e r (_19) ( 5 8 % ) , F-2-methyl-3-( 1* - c y c l o b u t y l -
- c y c l o b u t y l ) p e n t - 2 - e n e (84) ( 1 2 % ) and F - l - i s o p r o p y l - 2 - ( 1 - c y c l o -
- b u t y l c y c l o b u t y l ) c y c l o b u t e n e (83) ( 3 0 % ) . These were s e p a r a t e d 
by p r e p a r a t i v e s c a l e g . l . c . . 

F o r compound (8J3) ( a low m e l t i n g s o l i d ) : b.p. 192°C; 
(Found: F, 72.3%; M* 636. Cl5^24i r e q u i r e s : F, 71.70%; M, 6 3 6 ) ; 
1. r . spectrum no. 42, n.m.r. spectrum no. 50. 

F o r compound ( 8 4 ) : b.p. 180°C; (Found: C, 27.2; F, 72.6%; 
M+, 624. C 1 4 F 2 4 r e q u i r e s : C, 26.92; F, 73.08%; M, 6 2 4 ) ; I . r . 
spectrum no. 43, n.m.r. spectrum no. 51. 

9 . E . l b Dimers ( 1 6 ) and (17) w i t h F-Propene and F l u o r i d e Ion 

A m i x t u r e of C s F (5.0g, 32.9 mmol) and DMF (10 ml) was 
p l a c e d i n a f l a s k f i t t e d w i t h a v a r i a b l e gas r e s e r v o i r . The 
a p p a r a t u s was e v a c u a t e d and a m i x t u r e of dime r s (JL6) and ( 17) 
(2.3g, 7.1 mmol) and F-propene (10.9g, 72.7 mmol) was 
t r a n s f e r r e d i n under vacuum. The m i x t u r e was s t i r r e d o v e r n i g h t 
a t room t e m p e r a t u r e ( t h e r e was a v e r y e x o t h e r m i c i n i t i a l 
r e a c t i o n and the gas r e s e r v o i r was f u l l y d e f l a t e d a f t e r c a . 30 
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m i n u t e s ) . V o l a t i l e m a t e r i a l was t r a n s f e r r e d under vacuum to a 
c o l d t r a p and t h e lower l a y e r removed. T h i s was washed w i t h 
water, d r i e d ( p

2°5^ a n d t r a n s f e r r e d under vacuum to a c o l d 
t r a p . The r e s u l t a n t l i q u i d (11.9g) was shown by g . l . c . to be 
a h i g h l y complex m i x t u r e . Much of the lower b o i l i n g m a t e r i a l 
(7.3g) was removed by d i s t i l l a t i o n and was n o t i n v e s t i g a t e d 
f u r t h e r ( g . l . c . i n d i c a t e d the p r e s e n c e of F-propene o l i g o m e r s 
and dimers (.16) and (_17) ) . The r e s i d u e ( 4.2g) was shown by 
g.l.c.-ms. to be a m i x t u r e of F-propene t r i m e r s ( 7 3 % ) , a 
^11^18 c o m P o u n < * ( 4' B) which was n o t c h a r a c t e r i s e d , compound ( 8 4 ) 
{22%) and t r a c e s of two o t h e r u n i d e n t i f i e d s p e c i e s . Compound 
(8 4 ) was s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . and i t s 
i d e n t i t y c o n f i r m e d by c omparison of s p e c t r a . 

9.B.2 T r i m e r ( 1 9 ) w i t h F - P h e n y l L i t h i u m 
Pen t afluorobromobenzene 

(5.3g, 21.5 mmol) was d i s s o l v e d i n a m i x t u r e of e t h e r (18 ml) 
and hexane (12 ml) and c o o l e d , under n i t r o g e n , to -30°C. 
n B u t y l l i t h i u m (13ml of a 1.65M s o l u t i o n , 21.5 mmol) was added 
s l o w l y , the t e m p e r a t u r e b e i n g m a i n t a i n e d between -20 and -30°C. 
When the a d d i t i o n was c o m p l e t e t r i m e r (^9) (3.70g, 7.61 mmol) 
was added s l o w l y and the r e s u l t a n t m i x t u r e a l l o w e d to warm to 
room t e m p e r a t u r e and l e f t s t i r r i n g o v e r n i g h t . Water (50 ml) was 
added, the aqueous l a y e r s e p a r a t e d , e t h e r e x t r a c t e d (2x20 ml) 
and the e x t r a c t s combined w i t h t h e o r g a n i c l a y e r . T h i s was then 
washed w i t h w a t e r , d r i e d (MgSO^) and the e t h e r removed on a 
r o t a r y e v a p o r a t o r . The r e s i d u e was m o l e c u l a r d i s t i l l e d ( 0 . 1 mm, 
80°C)to g i v e a p a l e y e l l o w l i q u i d (1.17g) and a w h i t e s o l i d 
( 2 . 4 1 g ) . The l i q u i d was shown by g . l . c . ( c o l O) to be > 9 0 % of 
a s i n g l e compound, the s o l i d b e i n g the same, p u r e compound. 
The s o l i d was r e c r y s t a l l i s e d from e t h e r and i d e n t i f i e d as 
F - l - p a r a b i p h e n y l - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 8 5 ) , 
( c a . 589?): m.p. 107-l08°C; (Found: C, 36.9; F, 62.8%; M+, 782. 

C 2 4 F 2 6 r e ^ u i r e s : c » 36.83; F, 63.17%; M, 7 8 2 ) ; I . r . spectrum 
no. 44, n.m.r. spectrum no. 52. 

9.F Dimer (16) w i t h L i t h i u m C h l o r i d e 
A m i x t u r e of l i t h i u m 

c h l o r i d e (1.22g, 28.80 mmol), dimer (JL_6) (2.49g, 7.69 mmol) 
and DMF (10 ml)was s t i r r e d a t room t e m p e r a t u r e f o r 3h. The 
v o l a t i l e s were t r a n s f e r r e d under vacuum to a c o l d t r a p . The 
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l o w e r f l u o r o c a r b o n l a y e r was removed, washed w i t h w a t e r , d r i e d 
( p

2°5^ a n d t r a n s f e r r e d under vacuum t o a c o l d t r a p . The 
r e s u l t a n t l i q u i d ( 2.11g) was shown by g . l . c . ( c o l 0 ) to be a 
s i n g l e compound i d e n t i f i e d a s l - c h l o r o - 3 - ( 1 - c h l o r o - P - c y c l o -
- b u t y l ) - F - c y c l o b u t e n e ( 8 6 ) , (77%): b.p. 129°C; (Found: C, 26.7; 
F | 52.5; C I , 20.5*; M+, 356 ( 3 5 C 1 ) . C . F ^ C l . r e q u i r e s : C, 
26.89; F, 53.22; C I , 19.89%; M, 3 5 6 ) ; I . r . s pectrum no. 45, 
n.m.r. spectrum no. 53. 

9.G Dimer (16) w i t h E t h y l e n e G l y c o l 
A s o l u t i o n of dimer (16) 

( 1 . 8 9 g , 5.83 mmol) i n e t h e r (10 ml) was s l o w l y added to a 
m i x t u r e of e t h y l e n e g l y c o l (0.35g, 5.65 mmol) and e t h e r (20 ml) 
and t h e m i x t u r e s t i r r e d u n t i l an homogeneous s o l u t i o n was 
o b t a i n e d . T h i s was a l l o w e d to s t a n d a t room t e m p e r a t u r e f o r 
48h and then t h e e t h e r was removed on a r o t a r y e v a p o r a t o r . 
Vacuum s u b l i m a t i o n of the r e s i d u e gave a w h i t e s o l i d which was 
r e c r y s t a l l i s e d from C C 1 4 a t 0°C to g i v e l a r g e rhombohedral 
c r y s t a l s i d e n t i f i e d a s b i c y c l o - ( 5 . 2 ) - 2 - s p i r o h e x a f l u o r o c y c l o -
- b u t y l - 3 , 6 - d i o x a - 8 , 8 , 9 , 9 r t e t r a f l u o r o n o n - 1 , 7 - e n e ( 8 7 ) , ( 6 0 % ) : 
m.p. 54-55°C; (Found: C, 34.4; H, 1.1; F, 55.3%; M*, 346. 
C 1 0 F 1 0 ° 2 H 4 r e a . u i r e s : c » 3 4 - 6 8 ; H, 1.16; F, 54.91%; M, 3 4 6 ) ; 
I . r . spectrum no. 46, n.m.r. spectrum no. 54. 
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CHAFTHR 10 

BXPBRIMBNTAI. TO CHAPTER 5 

10.A.1 F l u o r i n a t i o n of F - C y c l o b u t e n e Dimers 

A m i x t u r e of d i n e r s 
( 1 6 ) and (17) ( l . B l g , 5.59 mmol) was p a s s e d over a m i x t u r e of 
c o b a l t t r i f l u o r i d e and c a l c i u m f l u o r i d e , a t c a . 150°C, i n a 
s t r e a m of dry n i t r o g e n . The p r o d u c t (1.24g) was s e p a r a t e d from 
t h e e l u t e d g a ses by p a s s i n g them through a l i q u i d a i r t r a p . 

19 
I t was shown by F n.m.r. s p e c t r o s c o p y t o c o n s i s t of compounds 
(^6) » (JL7J a n d F - b i c y c l o b u t y l ( 4 6 ) . The m i x t u r e c o u l d not be 
s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . and hence was s t i r r e d 
w i t h methanol ( 5 ml) f o r l h . The lower f l u o r o c a r b o n l a y e r was 
removed, washed w i t h w a t e r , d r i e d ( F >

2°5^ a n d t r a n s f e r r e d under 
vacuum to a c o l d t r a p . The r e s u l t a n t l i q u i d (0.74g) was shown 
to be pure compound ( 4 6 ) by comparison of i t s s p e c t r a w i t h 

175 
those of an a u t h e n t i c sample. I . r . s pectrum no. 47, n.m.r. 
spectrum no. 55. 
10.A.2 F l u o r i n a t i o n of T r i m e r ( 1 9 ) 

Tri m e r ( r 9 ) (4.8g, 9.9 mmol) 
was p a s s e d over a m i x t u r e of c o b a l t t r i f l u o r i d e and c a l c i u m 
f l u o r i d e , a t c a . 180°C, i n a stream of d r y n i t r o g e n . The 
pr o d u c t ( o b t a i n e d a s i n 10.A.1) (4.2g) was shown by g . l . c . 
( c o l O) to be a m i x t u r e two compounds s u s e q u e n t l y i d e n t i f i e d 
a s t r i m e r (1_9) ( 2 0 % ) and F - 1, 1 — d i c y c l o b u t y l c y c l o b u t a n e ( 89) 
( 8 0 % ) . These were s e p a r a t e d by p r e p a r a t i v e g . l . c . to g i v e 
compound (J39) as a low m e l t i n g s o l i d : b.p. 161°C; (Found: 
F, 72.2%; M* , not ob s e r v e d , h i g h e s t peak a t M/e = 505 (M*-19). 
C 1 2 F 2 0 r e c l u i r e s : F ' 72.52%; M, 5 2 4 ) ; I . r . spectrum no. 48, 
n.m.r. spectrum no. 56. 

A s i m i l a r r e a c t i o n a t 210°C gave c a . 90% f l u o r i n a t i o n . 

10.A.3 Thermal B e h a v i o u r of Compound (89) 
Compound (fi9) was 

r e c o v e r e d unchanged a f t e r h e a t i n g , i n a C a r i u s tube, w i t h i r o n 
f i l i n g s f o r lOOh a t c a . 320°C. S i m i l a r l y , i t was u n a f f e c t e d by 
passage through a p l a t i n u m l i n e d tube a t c a . 600°C. 
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10.B.1 A d d i t i o n of Bromine to Dimer (16) 
A m i x t u r e of dimer 

(16) (2.13g, 6.57 mmol) and bromine (1.05g, 6.57 mmol) was 
a l l o w e d to s t a n d f o r 24h a t room t e m p e r a t u r e when a p a l e 
y e l l o w s o l i d was o b t a i n e d . T h i s was then m a i n t a i n e d a t c a . 
60°C f o r a f u r t h e r 4h to g i v e a c o l o u r l e s s l i q u i d which s o l i d -
- i f i e d on c o o l i n g . The p r o d u c t was i d e n t i f i e d a s the e x p e c t e d 

i 
l - b r o m o - l - ( l - b r o m o - F - c y c l o b u t y l ) - F - c y c l o b u t a n e ( 9 0 ) : b.p. 
165°C; (Found: C, 19.7; F, 46.6; Br, 33.5%; M*, not obser v e d , 

81 • 
h i g h e s t peak a t M/e = 405 ( Br, M - B r ) . C g F 1 2 B r 2 r e q u i r e s : 
C, 19.83; F, 47.11; Br, 33.06%; M, 4 8 6 ) ; T . r . spectrum no. 49, 
n.m.r. spectrum no. 57. 
10.B.2 Other Attempted Bromine A d d i t i o n s 

No a d d i t i o n of bromine 
was o b s e r v e d f o r c o r r e s p o n d i n g r e a c t i o n s w i t h the o t h e r 
F - c y c l o b u t e n e o l i g o m e r s , (iZ)-(^2)» n o ? w i t h compound ( 4 0 ) , 
F - 2 , 3 - d i m e t h y l h e x - 3 - e n e . 

10.C C o - P o l y m e r i s a t i o n R e a c t i o n s 

l O . C . l a Dimer ( 1 6 ) w i t h 1 , 3 - B u t a d i e n e 
A m i x t u r e of dimer ( 1 6 ) 

(0.97g, 2.99 mmol) and 1,3-butadiene (1.50g, 27.78 mmol) was 
s e a l e d i n a C a r i u s tube and i r r a d i a t e d w i t h gamma r a y s f o r 
28h. I n i t i a l l y the two compounds formed an homogeneous m i x t u r e . 
The tube was opened and v o l a t i l e m a t e r i a l ( 1 . 1 3 g ) t r a n s f e r r e d 
under vacuum to a c o l d t r a p . T h i s was shown by i n f r a r e d 
s p e c t r o s c o p y to be unchanged 1,3-butadiene. The r e s i d u a l w h i t e 
s o l i d i n t h e r e a c t i o n tube was removed and pumped under vacuum 
f o r 4h to g i v e a f l u f f y w h i t e powder (1.15g) i d e n t i f i e d a s a 
co-polymer: (Found: C, 45.8; H, 2 . 9 % ) ; I . r . spectrum no.50. 

A r e f e r e n c e e xperiment u s i n g o n l y 1 , 3 - b u t a d i e n e showed 
l i t t l e , i f any, p o l y m e r i s a t i o n a f t e r 28h. 

l O . C . l b Compound (40) w i t h 1,3-Butadiene 
A m i x t u r e of 1,3-

b u t a d i e n e (2.34g, 43.33 mmol) and F-2,3 - d i m e t h y l h e x - 3 - e n e ( 4 0 ) 
(3.12g, 7.80 mmol) was i r r a d i a t e d w i t h gamma r a y s f o r two 
weeks a t room te m p e r a t u r e i n a s e a l e d tube. The tube was opened 
and v o l a t i l e m a t e r i a l t r a n s f e r r e d under vacuum t o a c o l d t r a p ; 
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t h e r e was v e r y l i t t l e s o l i d r e s i d u e . The c o n t e n t s of the c o l d 
t r a p were h e a t e d t o c a . 40°C to g i v e a gas ( 2 . 1 7 g ) , shown to 
be 1,3-butadiene, and a l i q u i d (3.05g) shown by g . l . c . ( c o l O) 
to be compound (,40) c o n t a i n i n g a s m a l l amount of d i s s o l v e d 
b u t a d i e n e . 

l O . C . l c Pimer (17) w i t h 1,3-Butadiene 
The p r o c e d u r e was a s 

f o r l O . C . l b and, a g a i n , no c o - p o l y m e r i s a t i o n c o u l d be 
d e t e c t e d , both dimer (17.) and 1,3-butadiene b e i n g r e c o v e r e d 
unchanged. 

10.C.2a Dimer (16) w i t h F - 2 - B u t y n e 
A m i x t u r e of dimer (16 ) 

(1.52g, 4.69 mmol) and F-2-butyne (1.61g, 9.94 mmol) was 
i r r a d i a t e d w i t h gamma r a y s f o r t h r e e weeks a t room t e m p e r a t u r e 
i n a s e a l e d tube. The tube was opened and the v o l a t i l e s (3.08g) 
t r a n s f e r r e d under vacuum to a c o l d t r a p . On warming t h e s e 
s e p a r a t e d i n t o a gas and a l i q u i d shown by i n f r a r e d s p e c t r o s c o p y 
to be F-2-butyne and dimer (.16) r e s p e c t i v e l y . No co-polymer 
( o r p olymer) c o u l d be d e t e c t e d . 

10.C.2b Dimer (16) w i t h F - E t h y l e n e 
A m i x t u r e of u n s t a b i l i s e d 

F - e t h y l e n e (1.55g, 15.50 mmol) and dimer (J^6) (2.48g, 7.65 
mmol) was s e a l e d , a t -173°C, i n a C a r i u s tube. The tube was 
p l a c e d i n a metal s l e e v e , a l l o w e d to warm to room t e m p e r a t u r e 
and then i r r a d i a t e d w i t h gamma r a y s f o r lOOh. The tube was 
opened and the v o l a t i l e s (3.43g) t r a n s f e r r e d under vacuum to 
a c o l d t r a p . The r e s i d u a l s o l i d was pumped under vacuum f o r 
l h to g i v e a s o l i d (0.12g) shown by e l e m e n t a l a n a l y s i s to be 
P.T.F.E.. The v o l a t i l e s s e p a r a t e d i n t o a gas and a l i q u i d 
shown by i n f r a r e d s p e c t r o s c o p y to be F - e t h y l e n e and dimer ( 1 6 ) , 
r e s p e c t i v e l y . 

I n a s i m i l a r r e a c t i o n , u s i n g o n l y a s m a l l amount of dimer 
(16), t h e amount of P.T.F.E. formed was much g r e a t e r . 

10.D O x i d a t i o n R e a c t i o n s 

G e n e r a l P r o c e d u r e 

The f l u o r o c a r b o n , d i s s o l v e d i n ac e t o n e , was 
s l o w l y added t o a m i x t u r e of po t a s s i u m permanganate and a c e t o n e . 
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In a l l b u t one c a s e (compound {72)) t h e r e was a v i g o r o u s 
r e a c t i o n . When t h e a d d i t i o n was complete the m i x t u r e was 
a l l o w e d t o s t i r a t room t e m p e r a t u r e f o r c a . 2h and then poured 
i n t o w a t e r , d e c o l o u r i s e d w i t h S 0 2 and the b u l k of the a c e t o n e 
removed on a r o t a r y e v a p o r a t o r . The r e s i d u a l s o l u t i o n was 
e t h e r e x t r a c t e d , t h e e x t r a c t s washed w i t h w a t e r , d r i e d ( p

2°5^ 
and t h e e t h e r removed on a r o t a r y e v a p o r a t o r to l e a v e the 
produ c t a s a s o l u t i o n i n a c e t o n e . 

10.D.1 Dimer ( 1 6 ) 
Dimer (1_6) (2.1g, 6.5 mmol) i n aceto n e (20 

ml) was added to po t a s s i u m permanganate (KMnO^) (1.7g, 10.8 
mmol) i n d r y a c e t o n e (70 m l ) . A f t e r the work-up the p r o d u c t 
(3.2g) was shown by g . l . c . ( c o l 0) t o be a m i x t u r e of a c e t o n e 
and one o t h e r compound i d e n t i f i e d s u b s e q u e n t l y a s 1-hydroxy-
1-(1 - h y d r o x y - F - c y c l o b u t y l ) - F - c y c l o b u t a n e ( 9 1 ) ( y i e l d by 
g . l . c . was c a . 9 0 % ) . Compound (9_1) was s e p a r a t e d by p r e p a r a t i v e 
s c a l e g . l . c . and r e c r y s t a l l i s e d from C C 1 4 to g i v e c o l o u r l e s s 
n e e d l e s : m.p. 59-60°C; (Found: C, 27.1; H, 0.9; F, 64.2%; M+, 
not o b s e r v e d , h i g h e s t peak a t M/e = 338 (M +- 2 0 ) . C_F 0_H_ 
r e q u i r e s : C, 26.82; H, 0.56; F, 63.69%; M, 3 5 8 ) ; I . r . spectrum 
no. 51, n.m.r. spectrum no. 58. 

lO.D.2a T r i m e r ( 19) 
T r i m e r (19.) (3.0g, 6.2 mmol) i n a c e t o n e 

(20 ml) was added to KMnO^ (1.8g, 11.4 mmol) i n a c e t o n e (70 m l ) . 
A f t e r work-up the product (2.7g) was shown by g . l . c . ( c o l O) 
to be a m i x t u r e of ac t o n e and compound (j)_l) ( 6 1 % y i e l d b a s e d 
on g . l . c . ) . The m i x t u r e was s e p a r a t e d by p r e p a r a t i v e s c a l e 
g . l . c . and the i d e n t i t y of (.91) v e r i f i e d by comparison of 
s p e c t r a . 

10.D.2b Compound ( 8 2 ) 
T h i s a l s o gave compound (9_1) upon 

o x i d a t i o n , t o g e t h e r w i t h a s m a l l amount of a v e r y h y d r o s c o p i c 
s o l i d which was n o t i d e n t i f i e d . 

10.D.2c Compound ( 7 2 ) 
Compound (7_2) was r e c o v e r e d unchanged 

when t r e a t e d w i t h KMnO. i n a c e t o n e . 
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10.D.2d Compound ( 9 1 ) w i t h Phosphorus P e n t o x i d e 
A s m a l l sample 

of compound (9_1) was h e a t e d to 100°C w i t h p
2 ° 5 a n { * t n e n 

a l l o w e d to c o o l t o room t e m p e r a t u r e . V o l a t i l e m a t e r i a l was 
t r a n s f e r r e d under vacuum to a c o l d t r a p and i d e n t i f i e d by 
i n f r a r e d s p e c t r o s c o p y as unchanged ( 9 1 ) . 

10.D.3 T r i m e r ( 1 8 ) 
Tr i m e r (1_8) ( 3 . 5 g , 7.2 mmol) i n ac e t o n e 

(20 ml) was added to KMnO^ (1.6g, 10.1 mmol) i n ac e t o n e (70 m l ) . 
A f t e r work-up, t h e pro d u c t (2.0g) was shown by g . l . c . ( c o l 0) 

19 
and F n.m.r. s p e c t r o s c o p y to be a m i x t u r e of compounds 
c o n t a i n i n g a s m a l l amount of a c e t o n e . The m i x t u r e was t r e a t e d 
w i t h a s l i g h t e x c e s s of diazomethane i n e t h e r and the e t h e r 
removed on a r o t a r y e v a p o r a t o r to l e a v e a l i q u i d (1.7g) shown 
by g . l . c . ( c o l Z) to be a m i x t u r e of two major p r o d u c t s w i t h a 
s m a l l amount of a c e t o n e and two o t h e r u n i d e n t i f i e d components. 
The two major p r o d u c t s were s e p a r a t e d by p r e p a r a t i v e s c a l e 
g . l . c . to g i v e ( 9 3 a ) , (0.38g, 169*) , and ( 9 3 b ) , (0.99g, 429?). 
These were i d e n t i f i e d a s 1-methoxy-F-1 - c y c l o b u t y l c y c l o p r o p a n e 
and 1 - m e t h o x y - F - l - c y c l o p r o p y l c y c l o b u t a n e , a l t h o u g h i t i s not 
c l e a r from the a v a i l a b l e d a t a which i s o m e r i s which. 

F o r ( 9 3 a ) : b.p. 203°C; (Found: C,29.3; H, 1.1; F, 64.0%; 
M+, 324. C f lF OHg r e q u i r e s : C, 29.63; H, 0.93; F, 64.51%; 
M, 3 2 4 ) ; I . r . spectrum no. 52, n.m.r. spectrum no. 59. 

F o r ( 9 3 b ) , a low m e l t i n g s o l i d : b.p.> 210°C; (Found: 
C, 29.6; H, 1.2; F, 64.2%; M+, 324. C F^OHg r e q u i r e s : 
C, 29.63; H, 0.93; F, 64.51%; M, 3 2 4 ) ; I . r . spectrum no. 53, 
n.m.r. spectrum no. 60. 

l O . E . l a Attempted D i f l u o r o c a r b e n e A d d i t i o n to Dimer ( 1 6 ) 

A m i x t u r e of dimer (_1_6) (1.5g, 4.6 mmol) and sodium c h l o r o -
- d i f l u o r o a c e t a t e (2.9g, 19.0 mmol) was h e a t e d a t c a . 200°C 
f o r 40h i n a s e a l e d tube. The tube was opened and v o l a t i l e 
m a t e r i a l t r a n s f e r r e d under vacuum to a c o l d t r a p . The c o l d t r a p 
was a l l o w e d to warm to room t e m p e r a t u r e and e v o l v e d gas 
a l l o w e d to e s c a p e . The r e s i d u e (1.5g) was shown by g . l . c . 
( c o l 0) to be a m i x t u r e of dimers (16) and (_17) , one o t h e r 
major component and s e v e r a l t r a c e ones. These were s e p a r a t e d 
by p r e p a r a t i v e s c a l e g . l . c . to g i v e d i m e r s (_16) and ( 17) 
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(0.7g, 47% r e c o v e r y ) and 1 - c h l o r o - F - l - c y c l o b u t e n y l c y c l o b u t a n e 
( 9 5 ) , (0.4g, 2 5 % ) : b.p. 106°C; (Found: C, 28.1; F, 60.8; 
C I , 11.0%; M+, 340 ( 3 5 C 1 ) . C F CI r e q u i r e s : C, 28.19; F, 61.38; 

35 
C I , 10.43%; M, 340 ( C I ) ) ; I . r . spectrum no. 54, n.m.r. 
spectrum no. 61. 
l O . E . l b Attempted D i f l u o r o c a r b e n e A d d i t i o n to T r i m e r (19) 

A m i x t u r e of t r i m e r (.19) (6.3g, 13.0 mmol) and sodium 
c h l o r o d i f l u o r o a c e t a t e (4.0g, 26.2 mmol) was h e a t e d a t 240°C 
f o r 60h i n a s e a l e d tube. The tube was opened and v o l a t i l e 
m a t e r i a l t r a n s f e r r e d under vacuum to a c o l d t r a p . The c o l d 
t r a p c o n t e n t s were warmed to room t e m p e r a t u r e and e v o l v e d gas 
a l l o w e d to e s c a p e . The r e s i d u e (5.9g) was shown by g . l . c . 
( c o l O) to be m a i n l y t r i m e r (_19) w i t h s m a l l amounts of o t h e r 
compounds, of l o w e r r e t e n t i o n time, which were not i d e n t i f i e d . 

10.E.2 Attempted (2+2) C y c l o a d d i t i o n s 

10.E.2a Dimer ( 1 6 ) w i t h F - E t h y l e n e 
A m i x t u r e of dimer (16) 

(1.89g, 5.83 mmol) and s t a b i l i s e d F - e t h y l e n e (4.31g, 43.10 mmol) 
was heated, i n a n i c k e l tube, a t c a . 230°C f o r 24h. The tube 
was a l l o w e d to c o o l and the v o l a t i l e s t r a n s f e r r e d under 
vacuum to a c o l d t r a p ( 6 . 0 7 g ) . On warming a gas (3.98g) was 
e v o l v e d and shown by i n f r a r e d s p e c t r o s c o p y to be F - c y c l o b u t a n e . 
The r e s i d u e (1.42g) was shown by g . l . c . to be a m i x t u r e of 
dimer (^^6) , d i s s o l v e d F - c y c l o b u t a n e and a minor component 
i d e n t i f i e d by g.l.c.-ms. a s a C Q F , r t isomer ( p r e s u m a b l y the 
n i c k e l s u r f a c e of the tube c a u s e s t h i s d e f l u o r i n a t i o n ) . No 
a d d i t i o n p r o d u c t s d e r i v e d from dimer (^6) c o u l d be d e t e c t e d . 

10.E.2b Dimer ( 1 6 ) w i t h F-2-Butyne 
A m i x t u r e of dimer (16) 

(1.73g, 5.34 mmol) and F-2-butyne (4.31g, 26.60 mmol) was 
h e a t e d a t c a . 250°C f o r 48h i n a s e a l e d tube. The tube was 
opened and v o l a t i l e m a t e r i a l t r a n s f e r r e d under vacuum to a c o l d 
t r a p . On warming a gas (3.78g) was e v o l v e d and i d e n t i f i e d as 
F-2-butyne by i n f r a r e d s p e c t r o s c o p y . The residue; (1.44g) was 
shown by g . l . c . ( c o l O) to be dimer (1_6) c o n t a i n i n g a t r a c e of 
d i s s o l v e d F-2-butyne. The r e s i d u e i n the C a r i u s tube was 
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e x t r a c t e d w i t h e t h e r and i t s F n.m.r. spectrum r e c o r d e d . 
T h i s i n d i c a t e d t h e p r e s e n c e of F-hexamethylbenzene (from 
t r i m e r i s a t i o n of F-2-butyne) but no o t h e r f l u o r i n e c o n t a i n i n g 
m a t e r i a l c o u l d be d e t e c t e d . 

10.E.3a Dimer ( 1 6 ) Heated w i t h 1,3-Butadiene 
A m i x t u r e of 

dimer (16) ( 2 . 1 5 g , 6.64 mmol) and 1,3-butadine (1.90g, 35.2 
mmol) was h e a t e d a t 80°C f o r 60h i n a s e a l e d t u b e . The tube 
was opened and v o l a t i l e m a t e r i a l t r a n s f e r r e d under vacuum to 
a c o l d t r a p . On warming a gas was e v o l v e d and t h i s was a l l o w e d 
to e s c a p e . The r e s u l t a n t l i q u i d ( 3 . 1 1 g ) was shown by g . l . c . 
( c o l s 0 and Z) to be a m i x t u r e 1,3-butadiene and i t s dimer 
w i t h one o t h e r component. These were s e p a r a t e d by p r e p a r a t i v e 
s c a l e g . l . c . to g i v e a low m e l t i n g s o l i d i d e n t i f i e d a s 
4 , 5 - d i s p i r o ( h e x a f l u o r o c y c l o b u t y l ) c y c l o h e x e n e ( 9 6 ) , (1.74g, 69% 
s e p a r a t e d y i e l d ; 995? y i e l d by g . l . c , ) : b.p. 181°C; (Found: 
C, 37.9;H, 1.7; F, 60.7%; M+, 378. c

1 2
F i 2 H 6 r e < J u i r e s : c » 38.10; 

H, 1.59; F, 60.32%; M, 3 7 8 ) ; I . r . spectrum no. 79, n.m.r. 
spectrum no. 62. 

lO.E.3b Dimer ( 1 7 ) Heated with 1,3-Butadiene 
A m i x t u r e of dimer 

( 1 7 ) (1.24g, 3.83 mmol) and 1,3-butadiene (2.10g, 38.89 mmol) 
was h e a t e d a t 150°C f o r 24h i n a C a r i u s tube. The tube was 
opened and v o l a t i l e m a t e r i a l was t r a n s f e r r e d under vacuum to 
a c o l d t r a p . On warming a gas was e v o l v e d (shown to be 1,3-
b u t a d i e n e ) and the l i q u i d r e s i d u e s e p a r a t e d i n t o two l a y e r s . 
The l o w e r l a y e r (2.11g) was shown by g . l . c . ( c o l 0) to be 
m a i n l y dimer (JL7) w i t h s m a l l amounts of 1,3-butadiene and i t s 
dimer. The upper l a y e r (0.85g) was s i m i l a r l y shown to be m a i n l y 
I , 3 - b u t a d i e n e dimer. No D i e l s A l d e r adduct of dimer (^7) c o u l d 
be d e t e c t e d . 

10.E.3c Other F - A l k e n e s w i t h 1,3-Butadiene 
S i m i l a r r e a c t i o n s 

to 1 0 . E . 3 c were c a r r i e d out w i t h t r i m e r (_18) , F - c y c l o p e n t e n e 
dimer ( 3_7) and F - e t h y l e n e t e t r a m e r ( 4 0 ) . I n no c a s e c o u l d a 
D i e l s A l d e r adduct of t h e s e compounds be d e t e c t e d and i n a l l 
c a s e s t h e r e was a good r e c o v e r y of s t a r t i n g m a t e r i a l . 
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10.E.4 R e a c t i o n s I n v o l v i n g Diazomethane 

G e n e r a l P r o c e d u r e 
An e t h e r e a l s o l u t i o n of diazomethane was 

2 54 
p r e p a r e d by the s t a n d a r d l i t e r a t u r e method. I n a l l c a s e s an 
e x c e s s of t h i s s o l u t i o n was added ( i . e . u n t i l m i x t u r e remained 
c o l o u r e d ) to t h e f l u o r o c a r b o n r e a c t a n t and the r e s u l t a n t 
m i x t u r e s t i r r e d a t room t e m p e r a t u r e f o r a few h o u r s . The e t h e r 
was then removed by d i s t i l l a t i o n t o l e a v e the p r o d u c t . 
10.B.4a With F - 2 , 3 - D i m e t h y l b u t - 2 - e n e 

F-2,3-Dimethylbut-2-ene 
(1.45g, 4.83 mmol) and e x c e s s diazomethane gave a s o l i d 
r e s i d u e which was s u b l i m e d i n vacuo to g i v e a w h i t e s o l i d 
( 0 . 9 3 g ) , r e c r y s t a l l i s e d from C C 1 4 / C H 2 C 1 2 and i d e n t i f i e d a s 
4 , 4 , 5 , 5 - t e t r a k i s ( t r i f l u o r o m e t h y l ) - 2 - p y r a z o l i n e (_98), ( 5 6 % ) . 
T h i s m a t e r i a l has been o b t a i n e d b e f o r e but was a s s i g n e d a 

238 
d i f f e r e n t s t r u c t u r e : I . r . spectrum no. 55, n.m.r. spectrum 
no. 63; m.p. 84-85°C. 
10.E.4b With Dimer (16 ) 

A m i x t u r e of dimer (ljf>) (1.71g, 5.28 
mmol) and e x c e s s diazomethane gave a l i q u i d (1.57g) shown by 
g . l . c . ( c o l O) to be a m i x t u r e of one major and s e v e r a l minor 
components. The major component ( l . l l g ) was s e p a r a t e d by 
p r e p a r a t i v e g . l . c . and i d e n t i f i e d a s 4 , 5 - d i s p i r o ( h e x a f l u o r o -
- c y c l o b u t y l ) - 2 - p y r a z o l i n e ( 9 9 ) , ( 5 7 % ) : m.p. 37°C; (Found: 
C, 29.8; H, 0.8; N, 8.0; F, 62.9%; M+, 366. C

9
F

1 2
N 2 H 2 r e t i u i r e s : 

C, 29.51; H, 0.56; N, 7.65; F, 62.30%; M, 3 6 6 ) ; I . r . spectrum 
no. 56, n.m.r. spectrum no. 64. 

10.E.4c With T r i m e r (18) 
T r i m e r (.18) (2.63g, 5.41 mmol) w i t h 

e x c e s s diazomethane gave a s o l i d p r o d u c t which was s u b l i m e d 
i n vacuo to g i v e a w h i t e s o l i d ( 2 . 1 1 g ) . T h i s was r e c r y s t a l l i s e d 
from c h l o r o f o r m and i d e n t i f i e d as l - m e t h y l - S ^ - d i t h e p t a f l u o r o -
- c y c l o b u t y l ) - 4 , 4 , 5 , 5 - t e t r a f l u o r o - 1 , 2 - d i a z e p i n e ( 1 0 0 ) , ( 7 2 % ) : 
m.p. 85-86°C; (Found: C, 30.8; H,1.2; N, 4.8; F, 62.6%; M+, 
542. C

1 4
F

1 8
N

2
H 4 r e q u i r e s : C, 31.00; H, 0.74; N, 5.17; F, 63. 109?; 

M, 5 4 2 ) ; I . r . spectrum no. 57, n.m.r. spectrum no. 65. 
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10.E.4d With F - C y c l o p e n t e n o Dimer ( 3 7 ) 
Compound (37) (2.29g, 

5.40 mmol) and e x c e s s diazomethane gave a p r o d u c t which was 
subli m e d i n vacuo to g i v e a w h i t e s o l i d ( 2 . 0 1 g ) . T h i s was 
r e c r y s t a l l i s e d from C C 1 4 and i d e n t i f i e d a s 4 t 5 - d i s p i r o ( o c t a -
- f l u o r o c y c l o p e n t y l ) - 2 - p y r a z o l i n e (102) , ( 7 Q % ) : m.p. 81-82°C; 
(Found: C, 28.0; H, 0.3; N, 6.1; F, 65.5%; M* , 466. C

1 1
F

1 6
N

2
H 2 

r e q u i r e s : C, 28.32; H, 0.43; N, 6.01; F, 65.24%; M, 4 6 6 ) ; 
I . r . spectrum no. 58, n.m.r. spectrum no. 66. 
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CHAPTER 11 

EXPERIMENTAL TO CHAPTER 6 

G e n e r a l P r o c e d u r e f o r F l o w P y r o l y s e s 

The m a t e r i a l to be 
p y r o l y s e d was p l a c e d i n a two-necked f l a s k . T h i s f l a s k was 
m a i n t a i n e d a t d i f f e r e n t t e m p e r a t u r e s , depending on the m a t e r i a l 
b e i n g p y r o l y s e d : -18°C f o r F - c y c l o b u t e n e , (b.p. 0°C); room 
t e m p e r a t u r e f o r F - c y c l o b u t e n e dimers, (_16) and ( 1_7) , (b.p. 78 
and 84°C) ; and ca.80°C f o r F - c y c l o b u t e n e t r i m e r s , (IB) and (19) , 
(b.p. 148 and 149°C). Dry n i t r o g e n was b u b b l e d i n t o the 
m a t e r i a l a t a f a i r l y c o n s t a n t , known r a t e and the r e s u l t a n t 
gas p a s s e d through the p y r o l y s i s tube which was h e a t e d by an 
e l e c t r i c a l f u r n a c e . Four t u b e s were used: one l i n e d w i t h 
p l a t i n u m and packed w i t h p l a t i n u m f o i l ; one packed w i t h c o a r s e 
i r o n f i l i n g s which were changed a f t e r p y r o l y s i s of c a . 40g of 
m a t e r i a l ; one packed w i t h c a e s i u m f l u o r i d e ( C s F ) ; and one 
packed w i t h p o t a s s i u m f l u o r i d e ( K F ) . F o r a l l but the p l a t i n u m tube 
the a v e r a g e c o n t a c t time d u r i n g p y r o l y s i s f o l l o w e d s i m p l y from 
a knowledge of the n i t r o g e n f l o w r a t e and the volume of p a c k i n g 
m a t e r i a l . The p r o d u c t was t r a p p e d out by p a s s i n g the e f f l u e n t 
g a s e s through two l i q u i d a i r t r a p s ; l i t t l e , i f any, m a t e r i a l 
was e v e r r e c o v e r e d from the second t r a p . When the p y r o l y s i s 
was c o m p l e t e the c o l d t r a p c o n t e n t s were t r a n s f e r r e d under 
vacuum to a f l a s k f i t t e d w i t h a v a r i a b l e gas r e s e r v o i r . F o r 
p y r o l y s e s i n v o l v i n g F - c y c l o b u t e n e dimers, (^6) and (17^) , or 
t r i m e r s , (.18) and (jL9) , any gaseous m a t e r i a l i n the p r o d u c t 
was not i n v e s t i g a t e d . 

11.A. Thermal B e h a v i o u r of F - C y c l o b u t e n e 

11.A.la Over P l a t i n u m 
P a s s a g e of F - c y c l o b u t e n e (4.5g, 27.8 mmol) 

over p l a t i n u m a t c a . 640°C ( r e s i d e n c e time c a . 50 seconds) gave 
a p r o d u c t gas (3.1g) shown by g . l . c . ( c o l 0) and i n f r a r e d 
s p e c t r o s c o p y to be m a i n l y unchanged F - c y c l o b u t e n e (69% r e c o v e r y ) 
t o g e t h e r w i t h t r a c e amounts of o t h e r , u n i d e n t i f i e d , components. 

A s i m i l a r r e a c t i o n a t 670°C gave a n a l a g o u s r e s u l t s . 
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11.A.lb Over F l u o r i d e Ion 
P a s s a g e of F - c y c l o b u t e n e (5.91g, 

36.48 mmol) over C s F a t c a . 510°C ( c o n t a c t time c a . 20 s e e s . ) 
gave a p r o d u c t gas (4.72g, 80% r e c o v e r y ) shown by g . l . c . 
( c o l 0) and i n f r a r e d s p e c t r o s c o p y to be a m i x t u r e of unchanged 
F - c y c l o b u t e n e ( 6 0 % ) and F-2-butyne ( 4 0 % ) . 

A s i m i l a r r e a c t i o n a t 590°C ( 4 . 0 l g of F - c y c l o b u t e n e ) gave 
a product (2.87g, 72% r e c o v e r y ) i d e n t i f i e d a s F - c y c l o b u t e n e 
( 1 0 % ) and F- 2 - b u t y n e ( 9 0 % ) . 

Over KF a t c a . 510°C, F - c y c l o b u t e n e gave a m i x t u r e (4.76g, 
76% r e c o v e r y ) of F - c y c l o b u t e n e ( 9 0 % ) and F-2-butyne ( 1 0 % ) . 

A s i m i l a r r e a c t i o n a t 570°C w i t h a l o n g e r c o n t a c t time 
(30 s e c o n d s ) gave a m i x t u r e of F - c y c l o b u t e n e ( 2 5 % ) and F-2-butyne 
( 7 5 % ) . 

11.A.2a H e a t i n g F - C y c l o b u t e n e w i t h C s F i n a N i c k e l Tube 

A m i x t u r e of F - c y c l o b u t e n e (5.77g, 35.62 mmol) and CsF 
(4.61g, 30.35 mmol) was heated a t c a . 300°C i n a n i c k e l tube 
f o r 24h. V o l a t i l e m a t e r i a l was t r a n s f e r r e d under vacuum to a 
c o l d t r a p . The p r o d u c t (3.36g, 58% r e c o v e r y ) was m o s t l y gaseous 
a t room t e m p e r a t u r e a l t h o u g h t h e r e was a s m a l l amount of 
l i q u i d ( < 0 . 1 g ) . Both the gaseous and the l i q u i d f r a c t i o n were 

19 
shown by g . l . c . ( c o l s 0 and Z) to be complex m i x t u r e s . A F 
n.m.r. spectrum of t he gas (under p r e s s u r e ) showed the p r e s e n c e 
of F - c y c l o b u t e n e and a s m a l l amount of F-2-butyne t o g e t h e r 
w i t h o t h e r , u n i d e n t i f i e d compounds. 
11.A.2b H e a t i n g F - C y c l o b u t e n e i n a C a r i u s Tube 

F - C y c l o b u t e n e 
(6.11g, 37.72 mmol) was h e a t e d a t c a . 360°C f o r 66h i n a 
C a r i u s tube. V o l a t i l e m a t e r i a l was t r a n s f e r r e d under vacuum to 
a c o l d t r a p to g i v e , on warming, a gas (0.91g) and a l i q u i d 
( 4 . 7 2 g ) . The gas was shown by i n f r a r e d s p e c t r o s c o p y and g . l . c . 
( c o l O) to be m a i n l y F - c y c l o b u t e n e c o n t a i n i n g s m a l l amounts 
of s i l i c o n t e t r a f 1 u o r i d e and other, u n i d e n t i f i e d components. 
The l i q u i d was shown by g . l . c . ( c o l s O and Z) to be a v e r y 
complex m i x t u r e from which two compounds were i s o l a t e d by 
p r e p a r a t i v e s c a l e g . l . c . . These were i d e n t i f i e d a s F-norbornene 
(0.4g, 8%) and F - t r i c y c l o ( 2 . 2 . 1 , 5 0 . 2 , f , 0 ) o c t a n e (106) (2.54g, 
4 9 % ) . O t h e r components of the m i x t u r e were i d e n t i f i e d by g . l . c . -
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n s . as d i s s o l v e d F - c y c l o b u t e n e and f o u r ( o r more) c
8

p ' i 2 ^ s o m e r s 

which were not c h a r a c t e r i s e d . 
F-Norbornene was i d e n t i f i e d by comparison of s p e c t r a w i t h 

t h o s e of a u t h e n t i c s a m p l e . 5 ^ 
Compound ( 106) has been p r e p a r e d p r e v i o u s l y 246,-47 

no s p e c t r a l d a t a has been p u b l i s h e d : m.p. 40°C, b.p. 79°C; 
l i t e r a t u r e : m.p. 40°C, b.p. 80°C; (Found: C, 29.7; F, 70 . 29? ; 
M+, 324. C 8 F 1 2 r e q u i r e s : C, 29.63; F, 70.379?; M, 3 2 4 ) : I . r . 
spectrum no. 59, n.m.r. spectrum no. 67. 

At 430°C F - c y c l o b u t e n e (5.0g, 30.9 mmol) gave a gaseous 
(2.61g) and a l i q u i d (1.50g) p r o d u c t . The gas was shown by g . l . c . 
( c o l 0) and i n f r a r e d s p e c t r o s c o p y to be m a i n l y s i l i c o n 
t e t r a f l u o r i d e w i t h a s m a l l amount of F - c y c l o b u t e n e . The l i q u i d 
was shown by g . l . c . ( c o l 0) to be a s i m i l a r m i x t u r e to t h a t 
o b t a i n e d a t 360°C. 

A s i m i l a r r e a c t i o n o c c u r r e d a t 360°C i n a n i c k e l tube but 
the r e c o v e r y of m a t e r i a l (23%) was low. 

11.A.2c H e a t i n g F - C y c l o b u t e n e w i t h KF i n a C a r i u s Tube 

A m i x t u r e of KF (1.6g, 27.5 mmol) and F - c y c l o b u t e n e (6.5g, 40.1 
mmol) was h e a t e d a t 360°C f o r 66h i n a C a r i u s tube. V o l a t i l e 
m a t e r i a l was t r a n s f e r r e d under vacuum to a c o l d t r a p and 
gave, on warming, a gas ( l . O g ) and a l i q u i d ( 4 . 2 g ) . The gas 
was shown by i n f r a r e d s p e c t r o s c o p y to be m a i n l y F - c y c l o b u t e n e , 
w h i l s t t h e l i q u i d was shown by g . l . c . ( c o l O) to be a m i x t u r e 
c o m p a r a b l e to t h a t o b t a i n e d i n the a b s c e n c e of KF. 

11.B Thermal B e h a v i o u r of F - C y c l o b u t e n e Dimers (16) and ( 1 7 ) 

l l . B . l a Over P l a t i n u m 
P a s s a g e of dimer (_16) (0.41g) over 

p l a t i n u m a t 510°C ( r e s i d e n c e time c a . 30 s e e s . ) gave a p r o d u c t 
(0.28g) shown by g . l . c . ( c o l 0) to be a m i x t u r e of dime r s ( 1 6 ) 
and (1_7) ( i n t he approximate r a t i o 2:3) w i t h s m a l l amounts of 
f o u r ( o r more) o t h e r compounds which were i d e n t i f i e d by g . l . c . -
ms. as C 0 F 1 0 i s o m e r s . The i d e n t i t y of t h e d i m e r s was v e r i f i e d 

19 8 

by F n.m.r. s p e c t r o s c o p y . 
I n a s i m i l a r r e a c t i o n , a t 510°C, dimer ( r 7 ) (0.21g) gave 

a p r o d u c t ( O . l l g ) shown by g . l . c . ( c o l O) to be a m i x t u r e of 
dimers (JL6) and (.17) ( c a - 1:7) t o g e t h e r w i t h s m a l l amounts of 
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o t h e r , u n i d e n t i f i e d s p e c i e s . 
P a s s a g e of a m i x t u r e of dimers (1.5g) over p l a t i n u m a t 

550°C gave a p r o d u c t (1.2g) c o n t a i n i n g d i m e r s (.16) and ( 17) 
( 8 5 % , c a . 1:6) and r e a r r a n g e d compounds ( 1 5 % ) . 

I n a s i m i l a r r e a c t i o n a t 570°C, dimer m i x t u r e (3.5g) gave 
a product (1.5g) c o n t a i n i n g f i v e or more r e a r r a n g e d p r o d u c t s 
( c a . 30%) t o g e t h e r w i t h d i m e r s (^6) and (.17) ( 7 0 % c a . 1 : 6 ) . 

l l . B . l b Over I r o n F i l i n g s 
P a s s a g e of dimer (17_) (2.3g) o v e r 

i r o n f i l i n g s a t 480°C ( c o n t a c t time c a . 30 s e e s . ) gave a 
product (1.7g) shown by g.l.c.-ms. ( c o l Z) to c o n s i s t of a 
m i x t u r e of dimer (JL6) ( 1 0 % ) , dimer (jL7) ( 8 0 % ) , r e a r r a n g e d 
p r o d u c t s ( 3 % ) and two d e f l u o r i n a t e d p r o d u c t s (6 and 1 % ) . The 
m i x t u r e was r e c i r c u l a t e d a t 550°C when the amount of the major 
d e f l u o r i n a t e d compound i n the product m i x t u r e was i n c r e a s e d 
to 15%. 

I n a s i m i l a r r e a c t i o n , a t 550°C, dimer (.16) ( l . O g ) gave a 
product ( 0 . 6 g ) shown by g . l . c . ( c o l Z) to be a m i x t u r e of 
dimer (^6) ( 2 4 % ) , dimer (17.) i52%)> r e a r r a n g e d p r o d u c t s ( 5 % ) 
and two d e f l u o r i n a t e d p r o d u c t s (16 and 3 % ) . 

The major d e f l u o r i n a t e d p r o d u c t was s e p a r a t e d by p r e p a r a t i v e 
s c a l e g . l . c . and i d e n t i f i e d as F - b i c y c l o b u t e n y l ( 1 0 7 ) : b.p. 
108°C; (Found: C, 33.6; F, 66.8%; M+, 286. C g F ^ r e q u i r e s : 
C, 33.57; F, 66.43%; M, 2 8 6 ) ; I . r . spectrum no. 60, n.m.r. 
spectrum no. 68. 

l l . B . l c Over F l u o r i d e Ton 
Passage of dimer (JL6) (0.55g) over 

CsF a t 420°C ( c o n t a c t time c a . 25 s e e s . ) gave a p r o d u c t (0.38g) 
shown by g . l . c . ( c o l 0) to be a m i x t u r e of dimers (1_6) and 
(17) ( c a . 85% i n the r a t i o 3:4) and r e a r r a n g e d p r o d u c t s ( 1 5 % ) . 

I n a s i m i l a r r e a c t i o n dimer (17.) gave, w i t h i n e x p e r i m e n t a l 
e r r o r , the same p r o d u c t m i x t u r e . 

A m i x t u r e of d i m e r s (16^) and (^7) (15.3g) was p a s s e d over 
CsF a t 510°C ( c o n t a c t time c a . 30 s e e s . ) to g i v e a p r o d u c t 
l i q u i d (14.0g, 92% r e c o v e r y ) shown by g . l . c . ( c o l Z) to be 
a h i g h l y complex m i x t u r e w i t h f o u r major components. Th r e e of 
t h e s e were s e p a r a t e d by a combination of f r a c t i o n a l d i s t i l -
- l a t i o n and p r e p a r a t i v e s c a l e g . l . c . ( c o l s D and Z) and 
s u b s e q u e n t l y i d e n t i f i e d a s : a m i x t u r e of c i s - and t r a n s -



-168-

F - e t h y l i d e n e - 2 , 3 - d i m e t h y l c y c l o b u t e n e ( 10B) ( c a . 40% by g . l . c ) ; 
F - methylene-2, 3, 4- t r i m e t h y l c y c l o b u t e n e (109) ( c a . 2 5% by 

t 

g.1.c.) ; and F - 2 - p r o p y l i d e n e - ( 3 - m e t h y l ) c y c l o b u t e n e (110) 
( c a . 10% by g . l . c . ) . The f o u r t h major component, ( 1 1 1 ) , c o u l d 
not be i s o l a t e d on the a v a i l a b l e p r a p a r a t i v e s c a l e g . l . c . 
a p p a r a t u s and i t d i s a p p e a r e d on d i s t i l l a t i o n . Many o f the 
minor components of the m i x t u r e were i d e n t i f i e d by g.l.c.-ms. 
as C

8
F

1 2 i s o m e r s b u t t h e s e were not i s o l a t e d . 
F o r compound ( 1 0 8 ) ; I . r . s pectrum no. 61, n.ra.r. spectrum 

no. 69. 
F o r compound ( 109) : (Found: C, 29.4; F, 70.2%; M*, 324. 

C f l F 1 2 r e q u i r e s : C, 29.63; F, 70.37%; M, 3 2 4 ) ; l . r , spectrum no. 
62, n.tn.r. spectrum no. 70. 

F o r compound ( 1 1 0 ) : (Found: C, 29.7; F, 70.0%; M*, 324. 
C 8 F 1 2 r e a > u i r e s : c » 29.63; F, 70.37%; M, 3 2 4 ) ; I . r . spectrum no. 
63, n.m.r. spectrum no. 71. 

I n a s i m i l a r r e a c t i o n dimer m i x t u r e (1.61g) was p a s s e d over 
KF a t 510°C ( c o n t a c t time c a . 20 s e e s . ) and the p r o d u c t (1.35g, 

19 
84% r e c o v e r y ) shown by g . l . c . ( c o l Z) and F n.m.r. s p e c t r o ­
s c o p y to be m a i n l y ( c a . 70%) compound (108) w i t h s m a l l amounts 
of compounds ( 1 0 9 ) - ( 1 1 1 ) and o t h e r u n i d e n t i f i e d s p e c i e s . 

R e c i r c u l a t i o n a t c a . 570°C i n c r e a s e d t h e p r o p o r t i o n of 
compounds ( 1 0 9 ) - ( 1 1 1 ) . 
l l . R . l d A d d i t i o n of Bromine to Compound (108) 

A m i x t u r e of 
compound (108) ( l . O l g , 3.12 mmol) and bromine (0.50g, 3.13 mmol) 
gave, on s t a n d i n g i n v i s i b l e l i g h t , a s i n g l e compound which 
was i d e n t i f i e d as 3-bromo-1-(2 - b r o m o - F - e t h y l ) - F - 2 , 3 - d i m e t h y l -
- c y c l o b u t e n e ( 1 1 3 ) : b.p. 147°C; (Found: C, 19.9; F, 47.9; Br, 
32.5%; M+, 486 ( 8 1 B r ) . C Q F , 0 B r _ r e q u i r e s : C, 19.84; F, 47.13; 
Br, 33.03%; M, 486 ( B r ) ) ; I . r . spectrum no. 64, n.m.r. 
spectrum no. 72. 

l l . B . l e A d d i t i o n of Bromine to Compound (1 1 0 ) 
A m i x t u r e of 

compound (110) (0.47g, 1.45 mmol) and bromine (0.23g, 1,44 mmol) 
gave, on s t a n d i n g i n v i s i b l e l i g h t , a s i n g l e compound which was 
i d e n t i f i e d as 3-bromo-l-(2 -bromo-F-2 - m e t h y l e t h y l ) - F - 3 - m e t h y l -
- c y c l o b u t e n e ( 1 1 4 ) : (Found: C, 20.1; F, 46.4; B r , 33.8%; 



-169-

+ pi 
M , 486 ( B r ) . c

8
F i 2 B r 2 r e q u i r e s : C, 19.84; F, 47.13; Br, 

33.03%; M, 4 8 6 ) ; I . r . spectrum no. 65, n.m.r. spectrum no. 73. 

11.B.2 H e a t i n g Dimers (16) and ( 1 7 ) w i t h CsF i n a N i c k e l Tube 

A m i x t u r e of d i m e r s (_16) and (_17) ( 2 . l 7 g , 6.70 ramol) and 
C s F (2.91g, 19.09 mmol) was h e a t e d a t 290°C f o r 20h i n a n i c k e l 
tube. V o l a t i l e m a t e r i a l was t r a n s f e r r e d under vacuum to a c o l d 
t r a p . The r e s u l t a n t l i q u i d was shown by g.l.c.-ms. ( c o l Z) to 
be a complex m i x t u r e of C p F 1 4 and C ^ F ^ compounds. P r e p a r a t i v e 
s c a l e g . l . c . gave: a C R F 1 4 compound shown to be F - 2 - b u t y l i d e n e 
c y c l o b u t e n e (.30), ( 40% by g . l . c . ) , i d e n t i f i e d by comparison 
of i t s s p e c t r a w i t h t h o s e of an a u t h e n t i c sample; a m i x t u r e 
of C

8
F

1 4 isomers ( 2 2 % by g . l . c . ) t e n t a t i v e l y i d e n t i f i e d as 
F - 1 , 2 , 3 , 4 - t e t r a m e t h y l c y c l o b u t e n e (115) and F - 1 , 2 , 3 , 4 - t e t r a -
- m e t h y l - 1 , 3 - b u t a d i e n e by comparison of s p e c t r a of the m i x t u r e 

2 6 
w i t h those of a u t h e n t i c pure samples ; a C F compound ( 2 2 % 
by g . l . c . ) i d e n t i f i e d as compound (108) by i n f r a r e d s p e c t r o s c o p y ; 
and a second C

8
F

1 2 ^ s o m e r ( b y g . l . c . ) i d e n t i f i e d as compound 
(110) by i n f r a r e d s p e c t r o s c o p y . 

11.C Thermal B e h a v i o u r of F - C y c l o b u t e n e T r i m e r s (18) and ( 1 9 ) 

l l . C . l a T r i m e r (18) Over P l a t i n u m 
Passage of t r i m e r (.18) (1.5g) 

over p l a t i n u m a t 510°C ( r e s i d e n c e time c a . 30 s e e s . ) gave a 
l i q u i d ( l . l g ) shown by g.l.c.-ms. ( c o l 0) to be a m i x t u r e o f : 
t r i m e r (.18) ( c a . 3 0 % ) ; compound (116) s u b s e q u e n t l y i d e n t i f i e d 
a s F - 2 , 3 - d i c y c l o b u t y l - l , 3 - b u t a d i e n e ( c a . 1 5 % ) ; compound ( 1 1 7 ) 
s u b s e q u e n t l y i d e n t i f i e d a s F - 2 , 3 - d i ( m e t h y l e n e c y c l o b u t y l ) b u t a n e 
( c a . 4 0 % ) ; and s m a l l amounts of s e v e r a l C ^ F 1 4 i s o m e r s which 
were not s e p a r a t e d . Samples of compounds ( 1 1 6 ) and (117) were 
s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . . 

F o r compound ( 1 1 6 ) : b.p. 148°C; (Found: C, 29.9; F, 69.9%; 
M+, 486. C 1 2 F l p r e q u i r p s : C, 29.63; F, 70.37%; M, 486^; I . r . 
spectrum no. 66, n.m.r. spectrum no. 74. 

F o r compound ( 1 1 7 ) : b.p. 134°C; (Found: C.29.9; F, 70.0%; 
M+, 486. C 1 2 F 1 8 r e q u i r e s : C, 29.63; F, 70.37%; M, 4 8 6 ) ; I . r . 
spectrum no. 67, n.m.r. spectrum no. 75. 

A s i m i l a r r e a c t i o n a t 550°C gave a more complex m i x t u r e 
but compound (117) was s t i l l the major p r o d u c t . 
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l l . C . l b T r i m e r ( 1 8 ) Over I r o n F i l i n g s 
P a s s a g e of t r i m e r ( I B ) 

(1.3g) over i r o n f i l i n g s a t 480°C ( c o n t a c t time c a . 30 s e e s . ) 
gave a l i q u i d (0.9g) shown by g.l.c.-ms ( c o l 0) to be a m i x t u r e 
of t r i m e r (18) ( c a . 7 5 % ) , compounds (116) and (117) ( c a . 10% 
each) and a d e f l u o r i n a t e d p r o d u c t , c

1 2
F i 6 (c a« 5 % ) , whic h was 

not i s o l a t e d . 

l l . C . l c T r i m e r (18) Over C s F 
P a s s a g e of t r i m e r (_18) (1.8g) over 

CsF a t 515°C ( c o n t a c t time c a . 20 s e e s . ) gave a product (1.3g) 
19 

shown by g . l . c . ( c o l O) and 'F n.m.r. s p e c t r o s c o p y to be 
l a r g e l y ( >90%) compound ( 1 1 7 ) w i t h s m a l l amounts of compound 
(116) and o t h e r u n i d e n t i f i e d components. 
l l . C . 2 a H e a t i n g Trimer ( 1 8 ) i n a C a r i u s Tube 

Tr i m e r (1_8) (2.75g) 
was h e a t e d i n a C a r i u s tube f o r 24h at 300°C. V o l a t i l e m a t e r i a l 
was t r a n s f e r r e d under vacuum to a c o l d t r a p and shown by g . l . c . 
( c o l 0) to be a m i x t u r e of t r i m e r (JJi) ( c a . 80%) and d i e n e 
( 116) ( c a . 20%) (2.61g, 95?f r e c o v e r y ) . 

1l.C.2b H e a t i n g Trimer ( I B ) w i t h F l u o r i d e I o n i n a N i c k e l Tube 

A m i x t u r e of t r i m e r (IB) (8.25g, 16.98 mmol) and CsF (3.12g, 
20.54 mmol) was heated a t 300°C i n a n i c k e l tube f o r 14h. 
V o l a t i l e m a t e r i a l was t r a n s f e r r e d under vacuum to a c o l d t r a p 
and the r e s u l t a n t l i q u i d (8.14g) shown by g . l . c . ( c o l 0) and 
19 

F n.m.r. s p e c t r o s c o p y to be a m i x t u r e of d i e n e ( 117) ( > 9 0 % ) 
w i t h s m a l l amounts of t r i m e r (_18) , d i e n e ( 1 1 6 ) and o t h e r 
u n i d e n t i f i e d s p e c i e s . 

A s i m i l a r r e a c t i o n , w i t h KF i n s t e a d of C s F , f o r 24h a t 
300°C gave v i r t u a l l y pure d i e n e (117) w i t h a 96% r e c o v e r y . 
l l . C . 3 a T r i m e r (19) Over P l a t i n u m 

P a s s a g e of t r i m e r (_19) (3.9g) 
over p l a t i n u m a t 610°C ( r e s i d e n c e time c a . 30 s e e s . ) gave a 
product (1.6g) shown by g . l . c . ( c o l 0) to be a h i g h l y complex 
m i x t u r e . The major product ( c a . 30% by g . l . c . ) was i s o l a t e d by 
p r e p a r a t i v e s c a l e g . l . c . and i d e n t i f i e d as F - m e t h y l - c y c l o b u t y l -
- m e t h y l e n e c y c l o b u t a n e ( 1 1 8 ) : b.p. 117°C; (Found: C,31.0; F, 
69.0%; M+, 386. C. F r e q u i r e s : C, 31.09; F, 68.91%; M, 3 8 6 ) ; 
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I . r . spectrum no. 68, n.m.r. spectrum no. 7ft. 

Other components of the product m i x t u r e were i d e n t i f i e d 
by g.l.c.-ms. a s b e i n g m a i n l y C^^F^^ i s o m e r s . 

A s i m i l a r r e a c t i o n a t 560°C gave a l e s s complex p r o d u c t 
m i x t u r e but the c o n v e r s i o n of t r i m e r ( 1 ^ ) was o n l y about 50% 
and the major p r o d u c t was s t i l l compound (118) . 

I I . C.3b T r i m e r ( 1 9 ) Over I r o n F i l i n g s 
P a s s a g e of t r i m e r ( 1 9 ) 

(3.0g) over i r o n f i l i n g s a t 480°C ( c o n t a c t time c a . 25 s e e s . ) 
19 

gave a p r o d u c t (2.1g) shown by g . l . c . ( c o l O) and F n.m.r. 
s p e c t r o s c o p y to be unchanged t r i m e r . 

A s i m i l a r r e a c t i o n a t 525°C gave a m i x t u r e c o n t a i n i n g t r i m e r 
(19) ( >80%) w i t h s m a l l amounts of o t h e r components i d e n t i f i e d 
by g.l.c.-ms. ( c o l O) to be c i 0

F ] 4 i s o m e r s , i . e . p y r o l y s i s 
p r o d u c t s ; no d e f l u o r i n a t e d m a t e r i a l c o u l d be d e t e c t e d . 
l l . C . 3 c T r i m e r (19) Over CsF 

P a s s a g e of t r i m e r (19) (2.4g) 
over CsF a t 550°C ( c o n t a c t time c a . 25 s e e s . ) gave a . p r o d u c t 
(1.4g) shown by g . l . c . ( c o l 0) to be a h i g h l y complex m i x t u r e 
w i t h the major component b e i n g unchanged t r i m e r ( 1 9 ) . 

l l . C . 3 d H e a t i n g T r i m e r (19) w i t h I r o n F i l i n g s i n a C a r i u s Tube 

A m i x t u r e of t r i m e r (19) (3.5g) and i r o n f i l i n g s (washed 
i n p e t . e t h e r and c h l o r o f o r m ) ( l O g ) was h e a t e d a t 300°C f o r 
72h. V o l a t i l e m a t e r i a l (3.1g) was t r a n s f e r r e d under vacuum to 
a c o l d t r a p and shown by g . l . c . ( c o l O) and i n f r a r e d s p e c t r o s -
-copy to be unchanged t r i m e r ( 8 9 % r e c o v e r y ) . 

l l . D . l D e f l u o r i n a t i o n of F- 1 - I s o p r o p y l c y c l o p e n t e n e (33) 
P a s s a g e 

of compound (_33) (2.99g) over i r o n f i l i n g s a t 640°C ( c o n t a c t 
time c a . 25 s e e s ) gave a p r o d u c t (1.56g) shown by g . l . c . ( c o l O) 
to be a m i x t u r e of unchanged compound (_33) ( c a . 60%) and 
compound (119) ( c a . 35%) w i t h s m a l l amounts of two o t h e r 
compounds which were not i d e n t i f i e d . Compound (119) was s e p a r a t e d 
by p r e p a r a t i v e s c a l e g . l . c . and i d e n t i f i e d a s F - 2 - ( e y e l o p e n t e n -

< + - 1 - y l ) - p r o p e n e : (Found: F, 70.2%; M , 324. C F r e q u i r e s : 
o J. 4* 

F, 70.37%; M, 32 4 ) ; T . r . spectrum no. 78, n.m.r. spectrum no. 77. 
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A s i m i l a r r e a c t i o n a t 690 C gave compound (119) a s the 
major p r o d u c t but i t was accompanied by s i g n i f i c a n t amounts of 
o t h e r , u n i d e n t i f i e d compounds. 

11.D.2 Attempted D e f l u o r i n a t i o n of F - l - I s o p r o p y l c y c l o h e x e n e ( 3 5 ) 

P a s s a g e of compound (^5) (1.9g) over i r o n f i l i n g s a t 600°C 
( c o n t a c t time c a . 30 s e e s . ) gave a p r o d u c t (1.2g) shown by 
g.l.c.-ms. ( c o l A) to be a complex m i x t u r e , the two major 
p r o d u c t s b e i n g F - c y c l o h e x a n e and a C F compound ( n o t ( 3 5 ) ) . 

19 
A F n.m.r. spectrum of the p r o d u c t m i x t u r e d i d not i n d i c a t e 
t h e p r e s e n c e of any b e n z y l i c f l u o r i n e s . 
11.D.3 P y r o l y s i s o f Compounds (28) and (29) 

P a s s a g e of compound 
(28) over p l a t i n u m a t 550°C gave a complex m i x t u r e which was 
not i n v e s t i g a t e d . I n a s i m i l a r r e a c t i o n a t 510°C, compound (28) 
was l a r g e l y u n a f f e c t e d . 

P y r o l y s i s of compound (j29) over p l a t i n u m a t 490°C ( r e s i d e n c e 
time c a . 30 s e e s . ) a l s o gave a complex m i x t u r e which was not 
i n v e s t i g a t e d . 

11.E R e a c t i o n of T r i m e r (18) w i t h CsF 
A m i x t u r e of t r i m e r (18) 

(4.1g, 8.4 mmol), CsF (2.2g, 14.5 mmol) and DMF (15 ml) was 
s t i r r e d a t room t e m p e r a t u r e f o r 24h. V o l a t i l e m a t e r i a l was 
t r a n s f e r r e d under vacuum to a c o l d t r a p . The lower l a y e r was 
removed, washed w i t h water, d r i e d (P 20,.) and t r a n s f e r r e d under 
vacuum to a c o l d t r a p . The r e s u l t a n t l i q u i d (3.4g) was shown 
by g . l . c . ( c o l 0) to be a s i n g l e compound s u b s e q u e n t l y 
i d e n t i f i e d as F - s p i r o ( c y c l o b u t a n e - 1 , 2 - b i c y c l o ( 5 . 2 . 0 ) n o n - l , 7 - e n e ) 
( 1 20) , ( 8 3 % ) : b.p. 148°C; (Found: C, 29.4; F, 70.2%; M+, 486. 
C 1 2 F 1 8 r e a . u i r e s : c » 29.63; F, 70. 37%; M, 4 8 6 ) ; I . r . spectrum 
no. 69, n.m.r. spectrum no. 78. 

1 1 . E . l a P y r o l y s i s of Compound (120) 
P a s s a g e of compound (120) 

(6.65g) over p l a t i n u m a t 590°C ( r e s i d e n c e time c a . 30 s e e s . ) 
gave a p r o d u c t (3.94g) shown by g . l . c . ( c o l s 0 and A) to be a 
complex m i x t u r e w i t h f o u r major components s e p a r a t e d by 
p r e p a r a t i v e s c a l e g . l . c . and s u b s e q u e n t l y i d e n t i f i e d a s : 
F - b i c y c l o ( 5 . 2 . 0 ) - 2 - m e t h y l n o n a - ( 1 , 7 ) , ( 2 , 3 ) - d i e n e (121) , (1.57g, 
3 0 % ) ; F - l t 2 - d i m e t h y l e n e - 3 - m e t h y l c y c l o h e p t - 3 - e n e ( 1 2 2 ) , (0.41g, 
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8%) ; F - 3 - m e t h y l e n o - 2 t 4 - d i m o t h y l c y c l o h Q p t a - l , 4 - d i e n e ( 123) , 
10 

(O.29o, 5%); and a component (0.55g) shown by P n.m.r. s p e c t -
- r o s c o p y to be a m i x t u r e c o n s i s t i n g m a i n l y ( >90%) of compound 
(124) which was t e n t a t i v e l y i d e n t i f i e d as F - o - m e t h y l b e n z o c y c l o -
-butane. Fo r compound ( 1 2 1 ) : b.p. 126°C; (Found: C.31.1; F, 69.3%; 
+ M , 386. C

1 0
F

1 4 r e q u i r e s : C, 31.09; F, 68.91%; M, 3 8 6 ) ; l m a x 

( c y c l o h e x a n e ) 245 nm., l o g e = 4.13; I . r . spectrum no. 70, 
n.m.r. spectrum no. 79. 

Fo r compound ( 1 2 2 ) : (Found: F, 68.4%; M+, 386. C
1 0

F
1 4 

r e q u i r e s : F, 68.91%; M, 3 8 6 ) ; l m a j £ ( c y c l o h e x a n e ) 228 nm. , 
lo g e = 3.60; T . r . spectrum no. 71, n.m.r. spectrum no. 80. 

For compound ( 1 2 3 ) : (Found: C, 30.9%; M+, 386. C
1 0

F
1 4 

r e q u i r e s : C, 31.09%; M, 3 8 6 ) ; l m a x ( c y c l o h e x a n e ) 241 nm., 
lo g e = 3.68, and c a . 255 nm., l o g e = c a . 3.48; I . r . spectrum 
no. 72, n.m.r. spectrum no. 81. 

Fo r compound ( 1 2 4 ) : J.T. spectrum no. 73, n.m.r. spectrum 
no. 82. 

l l . E . l b P a s s a g e of Compounds (121) and (122) Over P l a t i n u m 

A s m a l l amount of compound (121) (0.77g) was p a s s e d over 
p l a t i n u m a t 600°C ( r e s i d e n c e time c a . 30 s e e s . ) and t h e product 

19 
(0.43g) shown by g»,l.c.(col A) and F n.m.r. s p e c t r o s c o p y to 
be a m i x t u r e of compounds ( 1 2 1 ) - ( 1 2 4 ) w i t h compound ( 1 2 4 ) 
f o r m i n g c a . 60% of the m i x t u r e 

A s i m i l a r r e a c t i o n o c c u r r e d w i t h compound (122) ; p r o d u c t s 
i d e n t i f i e d by g . l . c . ( c o l A ) . 
11.E.2 Trimer (18) w i t h CsF and Bromine i n DMF 

A m i x t u r e of 
CsF ( 2 .9g, 19.1 mmol), bromine (0.8g, 5.0 mmol), t r i m e r (18) 
( 2 . 4 g , 4.9 mmol) and DMF (15 ml) was s t i r r e d a t room 
t e m p e r a t u r e f o r 48h. The v o l a t i l e s were t r a n s f e r r e d under vacuum 
to a c o l d t r a p and the lower f l u o r o c a r b o n l a y e r removed. T h i s 
was washed w i t h water, d r i e d (PgO,.) and t r a n s f e r r e d under 
vacuum to a c o l d t r a p . The r e s u l t a n t l i q u i d (1.9g) was shown 
by g . l . c . ( c o l O) to be a m i x t u r e of t r i m e r (_1_P) and compound 
(120) ( c a . 1 : 2 ) ; no bromine c o n t a i n i n g m a t e r i a l c o u l d be 
d e t e c t e d . 
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11.F P h o t o l y s i s R e a c t i o n s 

G e n e r a l P r o c e d u r e 
The compound to be p h o t o l y s e d was t r a n s f e r r e d 

under vacuum i n t o a s c r u p u l o u s l y c l e a n s i l i c a tube c o n t a i n i n g 
a t r a c e o f mercury. The tube was then s e a l e d (under vacuum) 
and i r r a d i a t e d w i t h u l t r a v i o l e t l i g h t , of wavelength 253.7 nm., 
i n a Rayonet R.P.R. r e a c t o r . The ambient t e m p e r a t u r e of the 
r e a c t o r was about 40°C. The tube was then opened and v o l a t i l e 
m a t e r i a l was t r a n s f e r r e d under vacuum to a c o l d t r a p . 

l l . F . l a Dimer (16) 
Dimer (JL6) (1.7g) was i r r a d i a t e d f o r 140h 

to g i v e a p r o d u c t shown by g . l . c . ( c o l 0) to be a s i n g l e 
i 

compound i d e n t i f i e d as F - s p i r o ( c y c l o b u t a n e - 1 , 1 - ( 2 - m e t h y l e n e -
- c y c l o b u t a n e ) ) ( 1 2 7 ) , (1.6g, 9 4 % ) : b.p. 82°C; (Found: C, 2Q.5; 
F, 69.P%; M* , 324. C g F ^ r e q u i r e s : C, 29.63; F, 7 0 . M , 
32 4 ) ; T . r . spectrum no. 74, n.m.r. spectrum no. 83. 

l l . F . l b F - 2 - P r o p y l i d e n e c y c l o b u t a n e (26) 
Compound (26) (1.52g) 

was i r r a d i a t e d f o r a t o t a l of 500h. The p r o d u c t (1.52g) was 
shown by g . l . c . to be a m i x t u r e of compound (2j6) ( 13%) and 
one o t h e r component (82%) s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . 
and i d e n t i f i e d a s F - m e t h y l e n e - 2 , 2 - d i m e t h y l c y c l o b u t a n e ( 1 2 8 ) , 
( 8 2 % by g . l . c . ) : b-P. 67°C; (Found: C, 26.6; F, 73.6%; M*, 312; 
C 7 F 1 2 r e q u i r e s : C, 26.92; F, 73.08%; M, 3 1 2 ) ; I . r . spectrum no. 
76, n.m.r. spectrum no. 84. 

l l . F . l c F-C y c l o b u t y l i d e n e c y c l o p e n t a n e (31) 
Compound ( 3 ^ ) (1.57g) 

was i r r a d i a t e d f o r 180h to g i v e a product (1.54g) shown by 
g . l . c . ( c o l 0) to be a m i x t u r e of unchanged compound (^1) ( 1 0 % ) 
and one o t h e r component ( 9 0 % ) . These were s e p a r a t e d by 
p r e p a r a t i v e s c a l e g . l . c . and the product (1.14g) was i d e n t i f i e d 

i 

as F - s p i r o ( c y c l o p e n t a n e - 1 , 1 - ( 2 - m e t h y l e n e c y c l o b u t a n e ) ) ( 1 2 9 ) : 
b.p. 109°C; (Pound: F, 71.4%; M+, 374. C Q F 1 4 r e q u i r e s : F, 
71.12%; M, 3 7 4 ) ; I . r . spectrum no. 77, n.m.r. spectrum no. 85. 
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11.F.2 Other P h o t o l y s i s R e a c t i o n s 
The F - c y c l o p e n t e n e dimer (37 ) 

was p h o t o l y s e d under the f o l l o w i n g c o n d i t i o n s : i n vacuo w i t h 
Mg f o r 140h; i n vacuo w i t h Mg and CsF f o r 150h; and i n the 
p r e s e n c e of oxygen. I n e a c h c a s e compound (jJ7) was r e c o v e r e d 
unchanged. 

I n s e p a r a t e r e a c t i o n s t r i m e r (_18) and d i e n e ( 116) were 
r e c o v e r e d unchanged a f t e r i r r a d i a t i o n f o r 140 and 250h 
r e s p e c t i v e l y . 

P h o t o l y s i s of diene ( 117) (2.17g) f o r 250h gave a p r o d u c t 
(1.96g) shown by g . l . c . ( c o l 0) to be a complex m i x t u r e . The 
major peak was s e p a r a t e d by p r e p a r a t i v e s c a l e g . l . c . but shown 

19 

by F n.ro.r. s p e c t r o s c o p y to be a m i x t u r e of s e v e r a l compounds. 

11.F.3 D i m e r i s a t i o n of Compound (127) 
A m i x t u r e of compound 

(127) (0.71g, 2.19 mmol), CsF (0.9g, 6.6 mmol) and DMF (5 ml) 
was s t i r r e d f o r 4h. V o l a t i l e m a t e r i a l was then t r a n s f e r r e d under 
vacuum to a c o l d t r a p . The lower f l u o r o c a r b o n l a y e r was 
removed, washed w i t h w a t e r , d r i e d (^2^5) a n c ^ t r a n s f e r r e d under 
vacuum to a c o l d t r a p . The r e s u l t a n t l i q u i d (0.46g) was shown 
by g . l . c . ( c o l 0) to be a s i n g l e compound s u b s e q u e n t l y 

t i 

i d e n t i f i e d a s F - l - ( l -methyl-2 - s p i r o c y c l o b u t y l c y c l o b u t y l ) - 3 -
- s p i r o c y c l o b u t y l - 4 - m e t h y l c y c l o b u t e n e ( 130) , ( 6 5 % ) : (Found: 
F, 70.1%; M+, 648. C 1 & F 2 4 r e q u i r e s : F, 70.37%; M, 6 4 8 ) ; I . r . 
spectrum no. 75, n.m.r. spectrum no. 86. 



APPENDIX I 

The f o l l o w i n g a b b r e v i a t i o n s a r e u s e d i n t h i s appendix:-
S, s i n g l e t ; D, d o u b l e t ; T, t r i p l e t ; Q, q u a r t e t ; P, p e n t e t . 

U n l e s s o t h e r w i s e s t a t e d s p e c t r a were r e c o r d e d a t 40°C a s 
n e a t l i q u i d s . 

E x t e r n a l CFC1- and TMS were u s e d a s r e f e r e n c e s f o r F 
1 J 

and M s p e c t r a r e s p e c t i v e l y . 

F o r *H s p e c t r a d o w n f i e l d s h i f t s a r e quoted a s p o s i t i v e 
19 

( d e l t a s c a l e ) , w h i l s t f o r F s o e c t r a , u p f i e l d s h i f t s a r e 
quoted as p o s i t i v e . 
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S h i f t 
p. p. m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

1. F - b i c y c l o b u t y l i d e n e ( 1 6 ) 

117. 8 
132.0 

S 
S 

(16) 

R e l a t i v e 
I n t e n s i ty A s s i gnment 

2 
1 

a 
b 

2. F - 1 - c y c l o b u t y l c y c l o b u t e n e (17) 

i 
l . 3 j i 
. i j 

AB J = 232 4 

AB J = 232 

189.6 S 1 
134 
128 
134 
131 
121.7 M 2 C 

116.5 M 2 d 
98.5 Broad S I f 

i 
3. F - 1 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 1 9 ) 

173.0 Broad S l a 
91,8 Broad S l b 

S i g n a l s between 110 and 133 p.p.m. ( e q u i v a l e n t to 16F) 
which were not a s s i g n e d . 



-177-

S h i f t 
p. p, m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

R e l a t i v e 
In ten s i t y A s s i nnment 

4. F - l - ( l - c y c l o b u t y l c y c l o b u t y l ) - 2 - c y c l o b u t y l c y c l o b u t e n e ( 2 2 ) 

183. 1 
175. 3 

B r o a d D J = 62 
B r o a d D J = 62 

S i g n a l s between 110 and 138 p.p.m. ( e q u i v a l e n t to 22F) 
which were not a s s i g n e d . 

( 2 2 ) ( 1 8 ) 

5. F - l , 2 - d i c y c l o b u t y l c y c l o b u t e n e (18) 

180.0 S 1 
133. 
127, AB J = 232 4 

J.Ol 
'.Oj 
i.o] 
).3j 

134. , 

1 3 0 ,| AB J = 230 2 b 

112.6 S 2 c 

6. F - 2 - p r o p y l i d e n e c y c l o b u t a n e ( 2 6 ) 

132.4 S 1 b 
116.9 M 
65.4 D ( J = 6) of Q ( J =7) 

<3>= 
(26) 

a 
c 
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S h i f t 
p.p.m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

R e l a t i v e 
I n t e n s i t y Assignment 

7. F - 2 - c y c l o t u t e n y l - 2 - m e t h y l p e n t a n e ( 2 7 ) 

64. 8 S 6 a 
83.0 T J = 12 3 b 
95. 7 Broad S 1 c 

109. 2 Broad S 
\ 

2 f 
d 

115.3 Broad S 2 e 
125.4 Broad S 2 f 
123.9 M 2 

, 9 

CF„ 
CF. 
b 

C F ( C F 3 ) 
CF. 

d a 

( 2 7 ) ( 2 8 ) 

8. F - 2 - c y c l o b u t e n y l - 2 t 3 - d i m e t h y l b u t a n e (2R) 

63.4 S 6 a 
72.0 S 6 b 
95.5 Broad S 1 

124.5 M 2 

c 
115.1 Broad S 2 d 

e 
171.2 Broad S I f 

9. F - 2 - c y c l o b u t e n y l - 2 - c y c l o b u t y l p r o p a n e ( 2 9 ) 

65.4 D ( J = 5) of 0 ( J = 13) 6 a 
91.2 Broad S l b 

114.1 Broad S 2 c 
124.0 M 2 d 
130.5 S 4 e 
130.3] 

134.2J AB J = 223 2 f 
179.9 Broad S 1 g 
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S h i f t F i n e S t r u c t u r e R e l a t i v e 
p.p.m. J v a l u e s i n Hz I n t e n s i t y Assignment 

CF CF 

9 
CF CF CF 

( 2 9 ) ( 3 0 ) 

10. F - 2 - b u t y l i d e n e c y c l o b u t a n e ( 3 0 ) 

63.0 M 3 a 
84.7 M 3 b 

116.8 Q ( J =13.) of Q ( J = 2) 2 e 
114.8 Broad M 4 c & c 
132.6 S 2 d 

11. F - c y c l o b u t y l i d e n e c y c l o p e n t a n e ( 3 1 ) 

136.9 S 2 a 
132.1 S I d 
117.1 S 2 c 
114.2 S 2 b 

( 3 2 ) (31) 

12. F - 1 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o h e x e n e ( 3 2 ) 

181.0 B road S 1 a 
86.8 Rroad S l b 

S i g n a l s between 110 and 142 p.p.m. ( e q u i v a l e n t to 20F) 
which were u n a s s i g n e d . Run as s o l u t i o n i n e t h e r 
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S h i f t F i n e S t r u c t u r e R e l a t i v e 
p.p.m. J v a l u e s i n Hz I n t e n s i t y Assignment 

13. F - l - i s o p r o p y l c y c l o p e n t e n e (33) 

77.1 M 6 a 
107.5 Broad S 2 c 
111.4 Broad S l b 
122.1 D J = 15 2 e 
132.4 S 2 d 
189.2 M I f 

C _ _C C 

(CF,,) 

CF 
33) C F , 

34 

14. F - l , 2 - d i - i s o p r o p y l c y c l o p e n t e n e (34) - A:B = c a . 2:5 

Rotamer A 

110.6 
137. 2 
169.0 

CF_ r e s o n a n c e ( s ) 

Rotamer B 

72. 7 D J = 48 6 a a, g 
73.7 S 6 f 

109.6 D J, 
b, c 

= 47 2 c 
111.4 S 2 e 
136.7 S 2 d 
170. 5 T J, b. c = 47 1 b 
175. 8 S e p t e t J = -• 48 1 g a, g 

M 2 b 
S 1 c 
S l a 

h i dden under t h o s e of rotamer B. 
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S h i f t 
p. p.m. 

F i n e S t r u c t u r e 
J v a l u e s in Hz 

R e l a t i v e 
I n t e n s i t y Assignment 

15. F - 1 - i s o p r o p y l c y c l o h e x e n e (35) 

78. 3 D ( J = 25) of Q ( J = 37) 6 a 
107.2 Broad S 1 g 
110. 3 D J = b, c 37 2 c 
123. 5 M 2 f 
137. 1 M 2 'd 
138.6 M 2 e 
186.4 T J 37 1 b 

b a 
C F ( C F 3 ) 2 

( 3 5 ) ( 3 6 ) 

16. F - l - c y c l o h e x y l c y c l o p e n t e n e ( 3 6 ) 

107. 3 
108. 3 
187.4 

M 
V e r y Broad 
M 

2 
1 
1 

b 
a 
c 

S i g n a l s between 115 and 148 p.p.m. ( e q u i v a l e n t to 14F) 
which were not a s s i g n e d . 

17. F - l - c y c l o b u t y l c y c l o b u t y l a n i o n (23) 

86.6 D J = 46 4 a 

S i g n a l s between 119 and 137 p.p.m. ( e q u i v a l e n t to 8F) 
which were u n a s s i g n e d . 
Spectrum run i n DMF a s s o l v e n t a t 0°C but t e m p e r a t u r e has 
no e f f e c t on the spectrum below c a . 100°C. 

a Cs 

( 2 3 ) 
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S h i f t 
p.p.m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

R e l a t i v e 
I n t e n s i t y Assignment 

18. 1 - p r o m o - F - l - c y l o b u t y l c y c l o b u t a n e (45) 

108 
122 
126.3 
125 
130 
131.1 
168. 3 

. 3 

::) 

AB J = 220 

M 

AB J = 230 

S 
M 

4 

4 

2 
1 

b 

d 

e 
c 

F 7 a 

( 4 5 ) C s 

/ C F 3 
CF 

CF. 

(£1) 

19. F - l - i s o p r o p y l c y c l o b u t a n e a n i o n ( 4 7 ) 

74. 4 
88.6 

125. 3 

M 
D J = 46 

3 
2 
1 

a 
b 
c 

Spectrum run i n DMF as s o l v e n t a t 0°C but t e m p e r a t u r e has 
l i t t l e e f f e c t on the spectrum below c a . 100°C. 

20. 1 - b r o m o - F - 1 - i s o p r o p y l c y c l o b u t a n e (49) 

72. 3 
112 
124. 
124, 
128, 
171.6 

1 
t . 6 j 

1 
i . 6J 

AB J = 220. J w = 54 b, c 

AB J = 220 

T J. = 5 4 b, c 

2 

1 

d 

b 

< F > CF 

a 
CF. 

CF. 
(49) 
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S h i f t F i n e S t r u c t u r e R e l a t i v e 
p.p.m. J v a l u e i n Hz I n t e n s i t y A s s i g n m e n t 

2 1 . F - l - i s o b u t y l c y c l o b u t y l a n i o n ( 4 8 ) 

74.6 S 3 a 
81.2 S 3 e 
88.6 D J = 44 4 b 

121.2 V e r y R i o a d AR 2 d 
126.1 R r o a d S 2 c 

S p e c t r u m r u n i n DMF as s o l v e n t a t 0°C b u t t e m p e r a t u r p has 
l i t t l e e f f e c t on t h e s p e c t r u m b e l o w c a . 100°C 

CF CF 

<3>- / 3 / 3 
CF CF 

CF CF CF CF Cs 

( 5 0 ) 

22. 1-bromo-F- 1 - i s o b u t y l c y c l o b u t a n e ( 5 0 ) 

7 1 . 3 M 3 a 
8 2 . 5 M 3 f 

1 1 3 . 0 M 2 e 
1 1 2 . l " | 
1 2 5 . 7 J AB J = 2 1 6 4 b 

125.31 
1 2 0 . 7 J 

AB J = 2 2 4 2 c 

1 7 0 . A y 1 d 

0 



- 1 P a -

R e l a t i v e 
I n t e n s i t y A s s i g n m e n t 

S h i f t 
p. p. m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

23. A n i o n s f r o m compound ( 3 1 ) 

( 5 2 ) ( 5 3 ) 

The s p e c t r u m o f t h e s e a n i o n s was r e c o r d e d i n DMF as s o l v e n t ; 
t e m p e r a t u r e has a c o n s i d e r a b l e e f f e c t ( s e e F i g 2 pg. 7 2 ) . 
Thus, a t 0°C, and b e l o w , s i g n a l s a r i s i n g f r o m b o t h a n i o n s 
can be o b s e r v e d ( a and b; ca. 6 : 1 ) , b u t as t h e t e m p e r a t u r e 
i s r a i s e d b r o a d e n i n g o c c u r s a n d a t 80°C a s i n g l e , s h a r p 
r e s o n a n c e i s o b s e r v e d . 

A t 0°C 

8 1 . 8 
89.4 

D 
D 

J = 46 
J = 44 

b 
a 

S i g n a l s b e t w e e n 117 and 138 p.p.m. ( u n c e r t a i n i n t e g r a t i o n ) 
w h i c h were n o t a s s i g n e d . 

A t 80°C 

A s i n g l e s i g n a l i s o b s e r v e d a t 127.7. 
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S h i f t F i n o S t r u c t u r e R e l a t i v e 
i i . . . . . . A s s i g n m e n t 

n.p.m. J v a l u e s i n l l z I n t e n s i t y 

24. Compounds ( 5 4 ) and ( 5 5 ) 

( 5 4 ) ( 5 5 ) 

c a . 3:1 

106. 3 
107. 7 
135. 1 
164. 2 
168. 1 

P a r t o f AB 
r a r t o f An 
s 
M 
R r o a d S 

J 
J 

248 
215 

d 
a 
b 
c 
e 

R a t i o o f d:e i s 2 : 1 ; o f a:b:c: i s 2 : 4 : 1 . 
Numerous o t h e r s i g n a l s b e t w e e n 113 and 133 p.p.m. w h i c h 
were n o t a s s i g n e d . 

25. F - 1 - c y c l o h e x y l c y c l o h e x y l a n i o n ( 5 6 ) 

75.8 B r o a d S 

S i g n a l s between 115 and 143 p.p.m. ( u n c e r t a i n i n t e g r a t i o n ) 
w h i c h were n o t a s s i g n e d . 

S p e c t r u m r u n i n DMF as s o l v e n t a t 0°C b u t t e m p e r a t u r e has 
l i t t l e e f f e c t on t h e s p e c t r u m b e l o w 60°C. Above t h i s 
t e m p e r a t u r e t h e s i g n a l a t 75.8 p.p.m. r a p i d l y b r o a d e n s 
and f i n a l l y d i s a p p e a r s , w h i l s t o t h e r s i g n a l s seem l i t t l e 
a f f e c t e d e x c e p t f o r some s l i g h t b r o a d e n i n g . 

Cs 

( 5 6 ) 
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S h i f t F i n e S t r u c t u r e R e l a t i v e 
p.p.m. J v a l u e s i n Hz I n t e n s i t y A s s i g n m e n t 

26. 1 - c h l o r o - F - l - c y c l o h e x y l c y c l o h e x a n e ( 5 7 ) 

166.0 B r o a d S l a 

S i g n a l s b e t w e e n l O l and 140 p.p.m. ( e q u i v a l e n t t o 20F) 
w h i c h were n o t a s s i g n e d . 
Run as s o l u t i o n i n e t h e r . 

my c i 

( 5 7 ) ( 5 8 ) 

2 7 • F - 1 - c y c l o h e x y l c y c l o p e n t y l a n i o n ( 5 8 ) 

79.0 B r o a d S a 

S i g n a l s b e t w e e n 110 and 1.45 p.p.m. ( u n c e r t a i n i n t e g r a t i o n ) 
w h i c h were n o t a s s i g n e d . 

S p e c t r u m r u n i n DMF as s o l v e n t a t 0°C b u t t e m p e r a t u r e has 
l i t t l e e f f e c t on t h e s p e c t r u m b e l o w 40°C. Above t h i s 
t e m p e r a t u r e s i g n a l s s l o w l y s t a r t t o b r o a d e n w i t h t h e 
e x c e p t i o n o f a s i g n a l a t 129.3 p.p.m. w h i c h s h a r p e n s . 
However, t h e s i g n a l a t 7Q.0 p.p.m. n e v e r d i s a p p e a r s 
c o m p l e t e l y and i s s t i l l v i s i b l e a t 130°C. 

28. l - c h l o r o - p - l - c y c l o h e x y l c y c l o p e n t a n e ( 59) 

174.6 B r o a d M l a 

S i g n a l s b e t w e e n 101 and 149 p.p.m. ( e q u i v a l e n t t o 18F) 
w h i c h were n o t a s s i g n e d . Run as s o l u t i o n i n e t h e r . 
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S h i f t 
p. p. m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

R e l a t i v e 
I n t e n s i t y A s s i g n m e n t 

2 9. 1 - e t h o x y - F - c y c l o b u t e n y l c y c l o b u t a n e ( 6 0 ) 

98.9 
116. 1 
1 2 1 . 1 
123. 8* 
133.3 
131.5' 
1 33. 8 

) 

T ( J = 16) o f T ( J =18) 
M 
M 

AN J = 22 8 

AR J = 2 23 

1 
2 
2 

H a t 1.40 ( C H 3 , x . J = 7) and 3.97 ( C H 2 , Q, J 

OEt 
F > b 

d c 
( 6 0 ) 

a 
c 
b 

= 7) 

( 6 1 ) 

30. 1 - ( 1 - e t h o x y h e x a f 1 u o r o c y c l o b u t y l ) - 2 - e t h o x y t e t r a f l u o r o -
- c y c l o b u t e n e ( 6 1 ) 

111.2 M 2 b 
116.1 T J = 4 2 a 
123, 
133, i 
1 3 1 . 71 
133. B) 

AB J = 224 

AR J = 223 

1H a t 1.40 ( C H 3 ( 1 ) , T, J = 7 ) , 1.53 ( C H 3 ( 2 ) , T, J = 7 ) , 
3.83 ( C H 2 ( 1 ) , Q, J = 7) and 4.53 ( C H 2 ( 2 ) , Q, J = 7 ) . 
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S h i f t F i n e S t r u c t u r e R e l a t i v e 

p.p.m. J v a l u e s i n Hz I n t e n s i t y A s s i g n m e n t 

• 

3 1 . 1 - ( 1 - e t h o x y - F - c y c l o b u t y l ) - F - c y c l o b u t y l a n i o n ( 6 2 ) 
84.0 V e r y B r o a d S 3 a 

S i g n a l s b e t w e e n 119 and 138 p.p.m. ( e q u i v a l e n t t o 8F) 
w h i c h were n o t a s s i g n e d . 

S p e c t r u m r u n i n DMF as s o l v e n t a t 40°C. As t e m p e r a t u r e i s 
l o w e r e d b e l o w 10°C e x t r a s m a l l peaks a p p e a r . As i t i s 
r a i s e d above 50°C t h e s i g n a l a t 84.0 p.p.m. b r o a d e n s v e r y 
r a p i d l y and d i s a p p e a r s c o m p l e t e l y a t 60°C. 

a Cs 

EtO 

^ EtO A 

B r 

( 6 2 ) ( 6 3 ) 

32. 1 - e t h o x y - 1 - ( 1 - b r o m o - F - c y c l o b u t y l ) - F - c y c l o b u t a n e ( 6 3 ) 

AB J = 216 2 a 

B r o a d Complex S i g n a l 2 c 

109. 7 
119.3 
125.7 
126.0 
128.7 
1 3 1 . 2 

AB J = 221 

S 

b 

d 

H a t 1.63 ( C H 3 , T ( J = 7) o f D ( J = 1 . 5 ) ) and 4.20 (CH 2, 
Q, J = 7 ) . 
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S h i f t 
p. p. m . 

F i n e S t r u c t u r e 
J v a l u e i n Hz 

R e l a t i v e 
I n t e n s i t y A s s i g n m e n t 

33. l - e t h o x y - F - 2 - c y c l o b u t y l c y c l o b u t e n e ( 6 4 ) 

111.2 
116. 3 
127 
133 
130. 8 
134.4 
179. 4 

:.:) 
] 

M 
M 

AB J = 229 

AB J = 229 

S 

2 
2 

2 

1 

b 
a 

LH a t 1.50 (CH , T, J = 7) and 4.48 ( C H Q , J = 7 ) . 

OEt OEt 

( 6 4 ) ( 6 5 ) 

34. l - e t h o x y - 2 - h y d r o - F - 2 - c y c l o b u t y l c y c l o b u t a n e ( 6 5 ) 

195.5 M 

S i g n a l s between 113.6 and 138.5 p.p.m. ( e q u i v a l e n t t o 11F) 
w h i c h were n o t a s s i g n e d . 

1H a t 1.62 ( C H 3 , T ( J = 7) o f D ( J = 1 ) ) , 4.28 ( C H 2 > Q, J = 7) 
a n d 3.48 (CH, v e r y b r o a d ) . 
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S h i f t 
p.p.m. 

F i n e S t r u c t u r e 
J v a l u e i n Hz 

R e l a t i v e 
I n t e n s i t y A s s i g n m e n t 

35. 1 - ( 1 - e t h o x y h e x a f l u o r o c y c l o b u t y l ) - 2 , 3 , 3 - t r i e t h o x y - 4 , 4 -
d i f l u o r o c y c l o b u t e n e ( 6 6 ) 

112.7 
122.8 
133. l j 
130. 5 
133. 3 

S 

AB J = 219 

AB J = 219 

1 

2 

H a t 3.90, 3.96 and 4.42: a l l CH 2 s, Q, J = 7; r a t i o 2:1:1. 
S i g n a l c e n t r e d a t ca. 1.5 due t o o v e r l a p p i n g CH r e s o n a n c e s , 

3 

( E t O ) 

OEt OEt 

( 6 6 ) ( 6 7 ) ( 6 8 ) 

36. 1 - e t h o x y - F - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 6 7 ) 

174.2 S 

S i g n a l s b e t w e e n 108 and 133 p.p.m. ( e q u i v a l e n t t o 16F) 
w h i c h were n o t a s s i g n e d . 

*H a t 1.60 ( C H 3 , T, J = 7) and 4.58 ( C H 2 > Q, J = 7 ) . 

• 

37. 4 - e t h o x y - F - 1 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 6 8 ) 

98.0 
174. 5 

S 
S 

a 
b 

S i g n a l s b e t w e e n 112 and 134 p.p.m. ( e q u i v a l e n t t o 15F) 
w h i c h were n o t a s s i g n e d . 

1H a t 1.53 ( C H 3 > T, J = 7) a n d 4.22 ( C H 2 , Q, J = 7 ) . 
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S h i f t 
p.p.m. 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

R e l a t i v e 
I n t e n s i t y Assignmen t 

38 . 1 , 3 , 3 - t r i m e t h o x y - F - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o -
- b u t e n e ( 6 9 ) 

172.6 S l a 

S i g n a l s between 111 and 133 p.p.m. ( e q u i v a l e n t t o 14F) 
w h i c h were n o t a s s i g n e d . 

1H a t 3.75 (S, ( 1 ) ) and 4.30 (S, ( 2 ) ) . 

OMe 

/ 
(MeO), ( 6 9 ) 

OMe 

(22) 

39. l - m e t h o x y - F - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n - 3 - o n e ( 7 0 ) 

178. 6 P J = 23 

S i g n a l s b e t w e e n 111 and 133 p.p.m. ( e q u i v a l e n t t o 14F) 
w h i c h were n o t a s s i g n e d . 

"H a t 4.65 ( S ) . Spectrum r u n i n CC1 as s o l v e n t . 

40. l , 3 - d i e t h o x y - 2 - ( l - e t h o x y h e x a f l u o r o c y c l o b u t y l ) - F - 3 - c y c l o -
- b u t y l c y c l o b u t e n e ( 7 3 ) 

107.9 
176.4 

M 
Rroad M 

2 
1 

a 
b 

S i g n a l s b e t w e e n 122 and 136 n.p.m. ( e q u i v a l e n t t o 12F) 
w h i c h were u n a s s i g n e d . 

1 • ' H: CH s c e n t r e d a t 1.6 p.p.m.; CH s a t 4.2 p.p.m.. 

Spectrum r u n i n C C 1 4 a s s o l v e n t 
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S h l f t 
p. p. m. 

f i n e S t r u c t u r e 
J v a l u e s i n l l z 

R e l a t i v e 
Tn t e n s i t y A s s i g n m e n t 

EtO OEt 

EtO 

< 73) ( 7 4 ) 

i 

4 1 . l - h y d r o x y - 2 - ( l - h y d r o x y h e x a f l u o r o c y c l o b u t y l ) - 4 , 4 - d i f l u o r o -
- c y c l o b u t e n - 3 - o n e ( 7 4 ) 

115. 3 
125 
132 
131.6 

AB J = 222 

D J = 20 

2 

1 

H: s i n g l e s h a r p peak a t 8.25 p.p.m.. 

i 

42. l - h y d r o - l - ( l h y d r o x y - F - c y c l o b u t y l ) - F - c y c l o b u t a n e ( 7 5 ) 

S i g n a l s b etween 110 and 140 p.p.m. a l l u n a s s i g n e d . 

* H : s i n g l e b r o a d peak a t 3.7 p.p.m.. 

OH 

( 7 5 ) 
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S h i f t F i n e S t r u c t u r e R e l a t i v e 
p.p.m. J v a l u e s i n Uz I n t e n s i t y A s s i g n m e n t 

43. 1 - h y d r o x y - F - 1 - c y c l o b u t e n y l c y c l o b u t a n e ( 7 6 ) 

99.9 T ( J = 15) o f T ( J = 18) 1 a 
116.3 M 2 c 
121.5 M 2 b 
127, 
134, 
132.6 D J = 12 2 
"I 
.8 J 

AR J = 225 4 

*H: b r o a d r e s o n a n c e c e n t r e d a t 4.25 p.p.m. 

OH 
F A 

OH 

( 7 2 ) 

44. l - h y d r o x y - 2 - ( 1 - F - c y c l o b u t y l c y c l o b u t y l ) - 4 > 4 - d i f l u o r o -
- c y c l o b u t e n - 3 - o n e ( 7 2 ) 

119. 7 
178. 2 P J = 22 

2 
1 

a 
b 

S i g n a l s b e t w e e n 115 and 137 p.p.m. ( e q u i v a l e n t t o 12F) 
w h i c h w e r e n o t a s s i g n e d . 

S p e c t r u m r u n as aqueous s o l u t i o n , 

C.f. s p e c t r u m no. 39. 
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S h i f t 
P • P • ID , 

F i n e S t r u c t u r e 
J v n l u p s i n Mz 

R e l a t i v e 
I n t e n s i t y A s s i nnmen t 

45. 1 - d i m e t h y l a m i n o - 2 - ( 1 - d i m e t h y l a m i n o - F - c y c l o b u t y l ) - F -
- c y c l o b u t e n e f 7 8 ) 

103.4 
115.8 
111.1 
124. 9 
130 
135 ::) 

T( J = 18^ o f T( J = 24) 
S 

AB J = 227 

AB J = 226 

b 
a 

3H: two s i n g l e t s ( 1 : 1 ) a t 2.72 and 3.13, w h i c h were n o t 
a s s i g n e d . 

N (Me) 

N (Me) 

N (Me) 2 

( 7 8 ) ( 7 9 ) 

46. l - d i m e t h y l a m i n o - 2 - c y c l o b u t y l c y c l o b u t e n e ( 7 9 ) 

104.4 B r o a d S 2 b 
117.0 S 2 a 
125 
132 
130 
134 
154.9 B r o a d S 1 

'"I 
!. 8 J 
).6> 
kOj 

AB J = 228 

AB J = 228 2 

XH a t 3.31 ( S ) . 



- 105-

S h i f t F i n e S t r u c t u r e R n l a t i v e 
p.p.m. J v a l u e s i n Hz I n t e n s i t y 

47. 1 - d i e t h y l a m i n o - 2 - F - c y c l o b u t y l c y c l o b u t e n e ( 8 0 ) 

104. 2 
116.0 
125, 
132, 
130, 
133, 
159. 2 

i 
.0) i 

l . 6 j 

M 
M 

AB J = 226 

AB J = 228 

S 

2 
2 

2 

1 

b 
a 

H a t 1.42 ( C H 3 , T, J = 7) and 3.55 (CH 2, Q, J = 7) 

N ( E t ) 2 

N (B t ) 

( 8 1 ) 

48. l - d i e t h y l a m i n o - 2 - ( l - F - c y c l o b u t y l c y c l o b u t y l ) - F - c y c l o -
- b u t e n e ( 8 1 ) 

103 
114. 1 
172. 9 

V e r y B r o a d S 
V e r y R r o a d S 
S 

2 
2 
1 

b 
a 
c 

S i g n a l s b e t w e e n 115 and 133 p.p.m. ( e q u i v a l e n t t o 12F) 
w h i c h w e r e n o t a s s i g n e d . 

1H a t 1.36 ( C H 3 , T, J = 7) and 3.34 ( C H 2 > Q, J = 7 ) . 



-196-

S h i f t F i n e S t r u c t u r e R e l a t i v e 

p.p.m. J v a l u e s i n Hz I n t e n s i t y A s s i g n m e n t 

i 
40. 1 - ( 1 - F - c y c l o b u t y l c y c l o b u t y l ) - 3 , 3 - d i f l u o r o c y c l o b u t e n e ( 8 2 ) 

100.6 S 2 a 
176.1 S l b 

S i g n a l s b e t w e e n 118 and 133 p.p.m. ( e q u i v a l e n t t o 12F) 
w h i c h were n o t a s s i g n e d . 

XH a t 3.35 ( C H 2 , T, J = 3) and 6.59 (CH, S ) . 

H. 

H 

b a 
, C F ( C F 3 ) 2 

( 8 2 ) ( 8 3 ) 

50. F - l - i s o p r o p y l - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 8 3 ) 

75.6 S 6 a 
173. 1 D J = 9 8 1^ ( b b, c I) C 184. 4 D J. = 9 8 1 c b, c 

S i g n a l s between 110 and 133 p.p.m. ( e q u i v a l e n t t o 16F) 
w h i c h were n o t a s s i g n e d . 



-197-

S h i f t 
p.p.m. 

F i n e S t r u c t u r e 
J v a l u e s i n ll z 

R e l a t i v e 
Tn t e n s i t y A s s i g n m e n t 

5 1 . F - 2 - m e t h y l - 3 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) p e n t - 2 - e n e ( 8 4 ) 

62. 3 
P2. 1 

179. 2 

M 
T J = 13 
P J = 22 

6 
3 
1 

a 
b 
c 

S i g n a l s b e t w e e n 106 and 133 p.p.m ( e q u i v a l e n t t o 14F) 
w h i c h were n o t a s s i g n e d . 

/ ^ 
CF — CF„ C ( C F 3 ) 2 

0 0 
( 8 4 ) ( 8 5 ) 

52. F - l - p a r a b i p h e n y l - 2 - ( 1 - c y c l o b u t y l c y c l o b u t y l ) c y c l o b u t e n e ( 8 5 ) 

136.4 
138. 1 
150.5 
161. P 
171. 7 

4 
2 
1 
2 
1 

d 
c 
a 
b 
e 

S i g n a l s b e t w e e n 109 and 128 p.p.m. ( e q u i v a l e n t t o 16F) 
w h i c h were n o t a s s i g n e d . 

S p e c t r u m r u n i n e t h e r as s o l v e n t by Dr. R.S. M a t t h e w s u s i n g 
a B r u k e r HX90E S p e c t r o m e t e r . 
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S h i f t 
p. p. m, 

F i n e S t r u c t u r e 
J v a l u e s i n Hz 

R e l a t i v e 
I n t e n s i t y A s s i g n m e n t 

i 
53. l - c h l o r o - 2 - ( 1 - c h l o r o - F - c y c l o b u t y l ) - F - c y c l o b u t e n e ( 8 6 ) 

114. 1 
120. 7 
121.9 
129.6 

M 
M 
S 
s 

1 
1 
2 
1 

b 
a 
c 
d 

H„ H, 

d < r 

( 8 6 ) 

( 8 7 ) 

54. b i c y c l o - ( 5 . 2 . 0 ) - 2 - s p i r o h e x a f l u o r o c y c l o b u t y l - 3 , 6 - d i oxa-
- 6 , 8 , 9 , 9 - t e t r a f l u o r o n o n - ( 1 , 7 ) - e n e ( 8 7 ) 

109.3 
121.4 
124, 
132, 
131, 
133, 

'•4. 
. . a j 

B r o a d S 
S 

AB J = 221 

AB J = 224 

b 
a 

L 1 
H: D ( J = 22) o f M s; u n a s s i g n e d . P o s s i b l y o v e r l a p p i n g 

D and D o f D s. 

S p ectrum r e c o r d e d i n C C 1 4 as s o l v e n t . 



- 1 9 9 -

S h i f t 

p . p . m . 

P i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t y A s s i g n m e n t 

5 5 . F - b i c y c l o b u t y l ( 4 6 ) 

M 1 3 0 . 7 

1 3 3 

136 

1 9 2 . 2 
:;) AR J = 2 2 9 

R r o a d S 

2 

1 c 

F / a 

F 
b b 

F F 

5 6 . F - l , 1 - d i c y c l o b u t y l c y c l o b u t a n e ( 8 9 ) 

1 3 0 . 5 

17 5 . 6 

D J , = 3 2 
a , b 

P J = 32 a , b 

( 8 9 ) 

8 

2 

a 

b 

S i g n a l s b e t w e e n 112 a n d 129 p . p . m . ( e q u i v a l e n t t o 1 0 F ) 

w h i c h w e r e n o t a s s i g n e d , 

i 

5 7 . l - b r o m o - l - ( l - b r o m o - F - c y c l o b u t y l ) - F - c y c l o b u t a n e ( 9 0 ) 

1 0 3 

1 2 0 

1 2 3 

127 

::) AX J = 2 0 8 , V e r y B r o a d 

AR J = 2 2 5 

S p e c t r u m r e c o r d e d a t 80 c. 

( 9 0 ) 



- 2 0 0 -

S h i f t F i n e S t r u c t u r e R e l a t i v e 

p . p . m . J v a l u e s i n Hz I n t e n s i t y A s s i g n m e n t 

5 R . 1 - h y d r o x y - 1 - ( 1 - h y d r o x y - F - c y c l o b u t y l ) - F - c y c l o b u t a n e ( 9 1 ) 

1 2 8 . 0 S 2 b 

1 3 1 . 3 ' I •6J 1 3 7 , - • A B J = : 2 2 4 

OMe MeO 

( 9 1 ) 
( 9 3 ) a a n d b 

1 - m e t h o x y - F - 1 - c y c l o b u t y l c y c l o p r o p a n e a n d 1 - m e t h o x y - F -

- c y c l o p r o p y l c y c l o b u t a n e ( 9 3 ) a a n d b 

5 9 . c o m p o u n d ( 9 3 a ) 

1 8 2 . 7 B r o a d S l a 

S i g n a l s b e t w e e n 124 a n d 1 3 8 p . p . m . ( e q u i v a l e n t t o 1 0 F ) 

w h i c h w e r e n o t a s s i g n e d . 

1 H a t 4 . 0 7 ( S ) . 

6 0 . c o m p o u n d ( 9 3 b ) 

1 8 5 . 6 P J = 16 1 a 

S i g n a l s b e t w e e n 122 a n d 137 p . p . m . ( e q u i v a l e n t t o 1 0 F ) 

w h i c h w e r e n o t a s s i g n e d . 

1 H a t 4 . 0 0 ( S ) . 

i 

T h e C F 2 r e s o n a n c e s f o r b o t h c o m p o u n d s a p p e a r a s AB s , t h u s 

h a m p e r i n g a s s i g n m e n t . 



- 2 0 1 -

S h i f t F i n e S t r u c t u r e R e l a t i v e 

p . p . m . J v a l u e s i n Hz I n t e n s i t y A s s i g n m e n t 

6 1 . 1 - c h l o r o - F - 1 - c y c l o b u t e n y l c y c l o b u t a n e ( 9 5 ) 

9 8 . 6 B r o a d S l a 

1 1 6 . 4 M 2 c 

1 2 2 . 2 M 2 b 

12 3 . 1 D J = 8 4 d 

1 2 9 . 7 S 2 e 

H H 

" 2<v ; H 2 

( 9 6 ) 

6 2 . 4 , 5 - d i s p i r o ( h e x a f 1 u o r o c y c l o b u t y l ) c y c l o h e x e n e ( 9 6 ) 

1 2 0 . 7 M 

130 . 7 S 

1 3 0 . 3 S 

1 

1 

1 

a 

c 

b 

H a t 2 . 6 7 ( C H 2 , S ) a n d 6 . 6 7 ( C H , S ) . 

6 3 . 4 , 4 , 5 , 5 - t e t r a k i s ( t r i f l u o r o m e t h y l ) - 2 - p y r a z o l i n e ( 9 8 ) 

6 0 . 4 

6 5 . 9 

a 

b 

H a t 7 . 1 7 ( C H , Q, J = 5 ) a n d 1 1 . 0 ( N H , v e r y b r o a d S ) 

S p e c t r u m r u n i n C D C l g a s s o l v e n t 

< c 3 ) 2 

NH 

( C F 3 ) 2 

( 9 8 ) 



- 2 0 2 -

S h i f t 

p . p . m. 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t y 
A s s i g n m e n t 

6 4 . 4 , 5 - d i . s n i r o f h e x a f l u o r o c y c l o b u t y l ) - 2 - p y r a z o l i n e ( Q Q ) 

S i g n a l s b e t w e e n 1 1 9 a n d 1 3 5 p . p . m . w h i c h w e r e n o t a s s i g n e d . 

"H a t 3 . 7 2 ( N H , D, J = 1 4 ) a n d 7 . 2 5 ( C H , D , J = 3 4 ) . 

C H . 

HC NH 

HC N 

/ 
F F 

2 2 

( 9 Q ) ( 1 0 0 } 

6 5 . 1 - m e t h y l - 3 , 6 - d i ( h e p t a f l u o r o c y c l o b u t y l ) - 4 , 4 , 5 , 5 - t e t r a -

- f l u o r o - 1 , 2 - d i a z e p i n e ( 1 0 0 ) 

1 5 4 . 0 

1 6 4 . 1 

S 

S 

1 

1 

a 

b 

S i g n a l s b e t w e e n 1 2 0 a n d 138 p . p . m . ( e q u i v a l e n t t o 1 6 F ) 

w h i c h w e r e u n a s s i g n e d . 

H a t 3 . 8 3 ( C H _ , S ) a n d 6 . Q 7 ( C H , S ) . S n e c t r u m r u n i n C D C 1 . 

6 6 . 4 , 5 - d i s p i r o ( o c t a f l u o r o c y c l o p e n t y l ) - 2 - p y r a z o l i n e ( 1 0 2 ) 

S i g n a l s b e t w e e n 1 0 8 a n d 1 3 5 p . p . m . w h i c h w e r e u n a s s i g n e d . 

H a t 7 . 0 7 ( C H , S ) a n d 8 . 6 0 ( N H , S ) . S p e c t r u m r u n i n D( 

a c e t o n e . 

H C ^ NH 

( 1 0 2 ) 

F 



- 2 0 3 -

S h i f t 

p . p . m. 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t y A s s i g n m e n t 

6 7 . F - t r i c y c l o ( 2 . 2 . 1 ' 5 Q . 2 ' 6 Q ) o c t a n e ( 1 0 6 ) 

1 2 9 . 3 

2 2 0 . 3 

S 

S 

2 

1 

a 

b 

12 

F > b 

( 1 0 6 ) 
( 107.) 

6 8 . F - b i c v c l o b u t e n v l (107) 

1 0 1 . 1 

1 1 0 . 3 

1 2 1 . 1 

R r o a d S 

M 

1. 

2 

2 

a 

c 

b 

6 9 . F - e t h y l e n e - 2 , 3 - d i m e t h y l c y c l o b u t e n e ( 1 0 8 ) 

c i s - I s o m e r 

6 5 . 1 

7 3 . 9 

1 1 3 . 8 

1 2 7 . 6 

Q J = 6 

D( J = 1 0 ) o f Q ( J = 1 0 ) 
C j Q 

s 

= 10 

3 

3 

2 

1 

a 

c 

e 

d 

R e s o n a n c e due t o ( b ) i s h i d d e n u n d e r t h e c o r r e s p o n d i n g 

r e s o n a n c e f o r t h e t r a n s - i s o m e r . 

a F g C C F 3 b 

y c 

F 

( 1 0 8 ) 



- 2 0 4 -

S h i f t 

p . p . m, 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t y A s s i g n m e n t 

t r a n s - i s o m e r 

6 5 . 7 

6 8 . 7 

7 5 . 3 

1 1 0 . 9 

1 3 5 . 9 

Q 

M 

J = 6 

D ( J = 1 1 ) o f T ( J 

M 

M 

= 6 ) 

3 

3 

3 

2 

1 

a 

b 

d 

e 

c 

C F . 

F C 
C 
\ 

C F , 

a b 
F 3 C C F 3 

F 3 C c 

t r a n s - ( 1 0 8 ) ( 1 0 9 ) 

7 0 . F - m e t h y l e n e - 2 ^ ? , 4 - t r i m e t h y l c y c l o h u t e n o ( 1 0 9 ) 

6 5 . 7 S 3 a 

6 9 . 3 M 3 b 

8 1 . 5 M 3 e 

8 3 . 1 P ( J = 2 1 ) o f Ql J = 8 ) 1̂ | f c 

8 4 . Q D ( J c d = 2 1 ) o f Q ( J = 1 0 ) l j |^d 

1 7 8 . 6 R r o a d S 1 g 



S h i f t 

p . p . m . 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t v 
A s s i g n m e n t 

7 1 . F - 2 - p r o p y l i d e n e - ( 3 - m e t h y l ) c y c l o b u t e n e ( 1 1 0 ) 

6 2 . 9 

6 4 . 3 

6 4 . 6 

8 3 . 3 

1 0 7 . 9 

D ( J = 2 3 ) o f Q ( J = 8 ) 

M 

D J = 8 

M 

D ( J = 1 9 ) O f Q ( J = 9 ) 

3 

3 

3 

1 

2 

c 

d 

a 

b 

e 

/ C F 3 

\ 
d C F 3 

F 3 C 

b 
C F . 

C F B r 
\ 

d C F „ 

F 3 C 

B r 

C B r ( C F 3 ) 2 

( 1 1 0 ) ( H 3 ) ( H 4 ) 

7 2 . 3 - b r o m o - l - ( 2 - b r o m o - F - e t h y l ) - F - 2 , 3 - d i m e t h y l c y c l o b u t e n e ( 1 1 3 ) 

6 1 . 6 

6 9 . 7 

7 9 . 8 

1 0 1 , 

108 , 

1 3 1 . 8 

l . B"| 

8 . 7J 

D J = 17 

T ( J = 1 9 ) o f Q ( J = 3 ) 

Q J = 9 ( d i s t o r t e d ) 

AB J = 1 9 6 

B r o a d N1 

3 

3 

3 

2 

1 

b 

a 

d 

e 

c 

7 3 . 3 - b r o m o - l - ( 2 - b r o m o - F - 2 - m e t h y l e t h y l ) - F - 3 - m e t h y l c y c l o -

- b u t e n e ( 1 1 4 ) 

8 9 . 4 

1 0 3 

110 

M 

AB J = 184 

1 

2 

b 

d 

C o m p l e x r e s o n a n c e a t 7 2 . 7 ( c e n t r e ) e q u i v a l e n t t o 9 F ( a h c ) . 



-20f t -

S h i f t F i n e S t r u c t u r e R e l a t i v e 

p . p . m . J v a l u e s i n Hz I n t e n s i t y A s s i gnment 

7 4 . F - 2 , 3 - d i c y c l o b u t y l - 1 , ^ - b u t a d i e n e ( 1 1ft) 

6 0 . 8 B r o a d M 2 d 

1 3 3 . 4 S 4 b 

' i AB J = 2 2 5 2 
1 2 9 . 

1 3 6 , 

1 6 9 . 0 B r o a d S 1 

a 

D b 

F C F F C F d F „ C C F . 

( l i f e ) ( 1 1 7 ) 

7 5 . F - 2 , 3 - d i ( m e t h y l e n e c y c l o b u t y l ) b u t a n e ( 1 1 7 ) 

6 5 . 9 B r o a d S 3 c 

1 1 7 . 8 Q J = 9 2 d 

1 1 8 . A D J = 2 5 2 b 

1 3 3 . 6 S 2 a 

7 6 . F - m e t h y l - c y c l o b u t y l m e t h y l e n e c y c l o b u t a n e ( 1 1 8 ) 

6 7 . 5 B r o a d S 3 b 

9 4 . 7 B r o a d S 1 

1 3 2 . 7 S 2 
c 

S i g n a l s a t 1 1 5 . 7 ( M ) , 1 1 6 . 9 ( B r o a d S ) , 1 1 8 . 6 (M) a n d 1 2 1 . 9 

( M ) , a l l e q u i v a l e n t t o 2 F a n d a l l u n a s s i g n e d . 

o -
( 1 1 8 ) 

•CF„ b 



- 2 0 7 -

S h i f t 

p . p . m . 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t y A s s i g n m e n t 

7 7 . F - 2 - ( c y c l o p e n t e n - l - y l ) - p r o p e n e ( 1 1 9 ) 

5 8 . 5 

6 5 . 6 

6 7 . 4 

1 1 1 . 5 

1 1 9 . 5 

1 2 1 . 4 

1 3 3 . 7 

B r o a d M 3 

B r o a d M 1 

B r o a d M 1 

B r o a d S 2 

B r o a d S 1 

M 2 

O v e r l a p p i n g T s J = 22 A 24 2 

a 

b 

c 

g 

d 

e 

f 

0~c / 

a 

C F . 

w b 

G — F 
/ 

F 

( U 9 ) ( 1 2 0 ) 

7 8 . F - s p i r o ( c y c l o b u t a n e - 1 , 2 - b i c y c l o ( 5 . 2 . 0 ) n o n - ( 1 , 7 ) - e n e ) ( 1 2 0 ) 

1 1 3 . 2*| 

12 1.0J 

::) 
129 

1 3 3 

AB J = 2 3 1 

AB J = 2 2 3 

S i g n a l s a t 1 1 0 . 2 ( B r o a d ) , 1 1 1 . 2 ( B r o a d ) , 1 1 5 . 5 ( M ) , 1 1 7 . 3 

( B r o a d ) , 1 2 7 . 0 ( B r o a d ) a n d 1 3 1 . 6 ( B r o a d ) , a l l e q u i v a l e n t 

t o 2 F a n d a l l u n a s s i g n e d . 



- 2 0 9 -

S h i f t 

p . p . m, 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

I ? e l a t i v e 

I n t p n s l t y A s s i cm m on t 

7 9 . F - b i c y c l o ( 5 . 2 . 0 . ) - 2 - m e t h y l n o n a - ( l , 7 ) , ( 2 , 3 ) - d i e n e f 121 ) 

6 2 . 1 

9 1 . 2 

1 1 3 . 7 

1 1 4 . 9 

1 2 2 . 0 

1 3 3 . 2 

D ( J = 2 5 ) o f T ( J = 1 0 ) 3 

M ( p o s s i b l y Q o f T ) 1 

M 2 

M 2 

nroad S 4 

D i s t o r t e d r 2 

( 

e d j h 

a d 

C F C F 

( 1 2 1 ) ( 1 2 2 ) 

8 0 . F - l , 2 - d i m e t h y l e n e - 3 - m e t h y l e y e 1 o h e p t - 3 - e n e ( 1 2 2 ) 

6 3 . 6 n( J = 2 0 ) o f n( J , : 
b , c = 1 1 ) 3 b 

6 0 . 6 0 J b , c = 
11 1 c 

6 9 . 8 D J d , e = 8 1 d 

7 2 . 6 T J , = 
9, h 

41 1 g 

7 3 . 2 D J , = d , e 
8 1 e 

1 0 5 . 4 M 1 a 

1 1 3 . 4 D J . = g , h 41 2 h 

1 1 8 . 7 B r o a d S 2 k 

1 3 3 . 7 B r o a d S 2 a 



- 2 1 0 -

S h i f t 

p . p . m . 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i ty A s s i c i n m e n t 

B 1 . F - 3 - m e t h y l e n e - 2 , 4 - d i m e t h y l c y c l o h e p t a - 1 , 4 - d i e n e ( 1 2 3 ) 

6 4 . 5 

6 7 . 6 

1 1 0 . 0 

1 2 4 . 6 

D ( J = 2 0 ) o f D ( J 

B r o a d M 

B r o a d M 

0 ( J = 5 2 ) o f M 

= 1 2 ) 3 

1 

1 

2 

b 

a 

c 

d 

0 
a C F . 

F F a 

( 1 2 3 ) ( 1 2 4 ) 

8 2 . F - o - m e t h y l b e n z o c y c l o b u t a n e ( 1 2 4 ) 

6 3 . 8 

1 0 8 . 1 

1 0 8 . 5 

1 2 2 . 7 

1 2 6 . 6 

1 4 8 . 7 

M 

S 

S 

B r o a d M 

M 

M 

2 

2 ; 

1 

1 

1 

e 

'b 



- 2 1 1 -

S h i f t 

P . P . ID . 

F i n e S t r u c t u r e 

J v a l u e s i n Hz 

R e l a t i v e 

I n t e n s i t y A s s i gnment 

fl3. F - s p l r o ( c y c l o b u t a n e - 1 ,1 - ( 2 - m e t h y l e n e c y c l o b u t a n e ) ) ( 1 2 7 ) 

6 6 . 5 

6 9 . 3 

1 1 4 . 5 

1 1 9 . 6 

1 2 0 

1 2 8 

1 3 4 . 1 

D ( J = 7 ) o f T( J 

R r o a d S 

M 

T( J = 1 9 ) o f M 
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S t o r a g e : t h e C h e m i s t s C o n t r i b u t u i o n t o t h e P r o b l e m " . 
* p t h Feb. Dr. M.J. C l e a r e ( J o h n s o n M a t t h e y Reseach C e n t r e ) , 
" P l a t i n u m Group M e t a l s as A n t i - C a n c e r A g e n t s " . 

S "t 
* 1 Mar. P r o f e s s o r J.A.S. S m i t h (Q.E. C o l l . , L o n d o n ) , 
" D o u b l e Resonance". 



* R 1 h Mar. P r o f e s s o r C. E a b o r n (U o f S u s s e x ) , " S t r u c t u r e 

a n d R e a c t i v i t y " . 

1977- 7f 

* 1 - ^ t h °ct. Or. J . C . Youno ?. Mr. A . J . S. W i l l i a m s (v o f 
A b e r y s t w y t h ) , " K x n p r i men t s and C o n s i d e r a t i o n s T o u c h i n n C o l o u r " . 

* 2 0 t h O c t . Or. R.L. W i l l i n m s ( " R t r o n o ] I t a n P o l i c e F o r e n s i c 
S c i e n c e D e n t . ^ , " S c i e n c e a n d C r i m e " . 

* 3 r d Nov. Or. C..W. G r a y p i o f P u l l ) , " L i q u i d C r y s t a l s -
T h e i r O r i g i n s and A p p l i c a t i o n s " . 

"t h 

* 24 Nov. Mr. G. R u s s e l l ( A l c a r i ) , " D e s i g n i n g f o r S o c i a l 
A c c e n t a b i l i t y " . 
* 1 s t D e c . Dr. K.F.G. J o h n s o n (H o f C a m b r i g d e ) , " C h e m i s t r y o f 
n i n a r v M e t a l C a r b o n y l s " . 

*• 2 n d F e b . P r o f e s s o r R.A. R a n h a e l f n o f C a m b r i d g e ) , " B i z a r r e 

R e a c t i o n s o f A c e t y l e n i c Compounds". 

* 1 6 t h F e b . P r o f e s s o r G.W.A. F o w l e s (U o f R e a d i n g ) , "Home 
W i n e m a k i n g " . 

* 2 n d Mar. P r o f e s s o r M.W. R o b e r t s (U o f B r a d f o r d ) , " T h e 
D i s c o v e r y o f M o l e c u l a r E v e n t s a t S o l i d S u r f a c e s " . 

* 9 t h Mar. P r o f e s s o r H. S u s c h i t s k y ( n o f S a l f o r d ) , " F r u i t f u l 

F i s s i o n s o f H e n z o f u r o x a n s " . 

* 4 t h May P r o f e s s o r J . C h a t t ( P o f S u s s e x ) , " R e a c t i o n s o f 
C o o r d i n a t e d D i n i t r o g e n " . 

"t h 

* 9 May P r o f e s s o r O.A. O l a h (Case W e s t e r n R e s e r v e t l , O h i o ) , 
" E l r>c t roph i 1 i c R e a c t i o n s o f H y d r o c a r b o n s " . 
1 9 7 8 - 7Q 

* 1 0 O c t . P r o f e s s o r H.C. Brown ( P u r d u e U ) , " T h e T o o l o f 
I n c r e a s i n g E l e c t r o n Demand i n t h e S t u d y o f C a t i o n . i c P r o c e s s e s " . 

t h 
* 19 O c t . Mr. F.C. S h e n t o n ( P u b l i c A n a l y s t , Co. Durham), 
" T h e r e i s D e a t h i n t h e P o t " . 

t h 
26 O c t . P r o f e s s o r W.J. A l b e r y ( I m p e r i a l C o l l . , L o n d o n ) , 

" P h o t o g a l v a n i c C e l l s f o r S o l a r E n e r g y C o n v e r s i o n " . 
* Q t > ' l o v . P r o f e s s o r A.R. K a t r i t s k y (V o f E . A n g l i a ) , "Some 
A d v e n t u r e s i n H e t e r o c y c l i c s " . 

t h 
16 Nov. Dr. H.C. F i e l d i n g ( I . C . T . L t ' ! . , Mond), " F l u o r o -



- c h e m i c a l S u r f a c t a n t s ?> T e x t i l e F i n i s h e s " . 

2 3 r d Nov. Dr. C. W h i t e ( S h e f f i e 1 <1 \') , " T h e M a g i c o f C h e m i s t r 

It', J a n . P r o f e s s o r J . C . Robb ( l U r m i n nham U ) , " T h e P l a s t i c s 
R e v e l u t i o n " . 

ft F e b . Mr. C.G. I a n n i s ( V a u x L t d . ) , " T h e A r t f. S c i e n c e o f 
I'. r e w i n n" . 

1 s t Mar. P r o f e s s o r Mason ( G o v t . S c i e n t i f i c A d v i s o r ) , 
" T h e S c i e n t i s t i n O e f e n c p P o l i c y " , 

t h 
10 May P r o f e s s o r C. A l l a n ( C h a i r m a n S R C ) , " N e u t r o n 

S c a t t e r i n g f o r P o l y m e r S t r u c t u r e s " . 


