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SUMMARY 
The work described i n t h i s t h e s i s i s concerned w i t h 

the synthesis and re a c t i o n s of two types of f l u o r o o l e f i n , 
f i r s t l y v i n y l a r o m a t i c systems, and secondly a h i g h l y 
branched a c y c l i c o l e f i n . 

The synthesis of c h l o r o t e t r a f l u o r o e t h y l d e r i v a t i v e s of 
a c t i v a t e d aromatic systems was i n v e s t i g a t e d , w i t h a view to 
using these d e r i v a t i v e s as precursors to v i n y l a r o m a t i c 
systems. 

Ar-P _ A 

CF0=CFC1 + P >CP,CPC1 > CF.,CPC1-Ar + P > CFQ=CF-Ar 

Under m i l d c o n d i t i o n s p e n t a f l u o r o p y r i d i n e gave a s i n g l e 
m o n o - c h l o r o t e t r a f l u o r o e t h y l d e r i v a t i v e , while t e t r a f l u o r o -
p y r i m i d i n e and cyanuric f l u o r i d e both gave mono- and d i -
s u b s t i t u t e d products. 

The c h l o r o t e t r a f l u o r o e t h y l d e r i v a t i v e of p e n t a f l u o r o ­
p y r i d i n e provided an a t t r a c t i v e route to p e r f l u o r o - 4 - v i n y l -
p y r i d i n e , formed a f t e r dehalogenation over hot i r o n . 

Some n u c l e o p h i l i c and c y c l o a d d i t i o n r e a c t i o n s of p e r f l u o r o -
4 - v i n y l p y r i d i n e have been i n v e s t i g a t e d , f o r example, f l u o r i d e 
i o n - i n i t i a t e d r e a c t i o n s gave a dimer, and w i t h t e t r a f l u o r o -
p y r i d a z i n e a 4 , 5 ~ d i s u b s t i t u t e d product,, 

3 Fe 

CFC1CF CP=CP 

Fe 

N N 



Reaction w i t h phenoxide i n d i c a t e d t h a t the v i n y l i c p o s i ­
t i o n was the most su s c e p t i b l e t o n u c l e o p h i l i c a t t a c k , w h i l e 
methoxide gave an a d d i t i o n product. 

Heating p e r f l u o r o - 4 - v i n y l p y r i d i n e i n a sealed tube 
y i e l d e d a c y c l i c dimer; mixed c y c l o a d d i t i o n s gave c y c l o -
butanes a l l formed by a head-to-head a d d i t i o n . P h o t o l y s i s 
w i t h hexafluoroacetone gave a f l u o r i n a t e d oxetane. 

Cyanuric f l u o r i d e i n sulpbolane gave the f i r s t reported 
case of a a-complex formed by a d d i t i o n of f l u o r i d e i o n , while 
heating w i t h dry CsP yi e l d e d a glassy s o l i d , which the data 
obtained suggests i s a r i n g opened compound. Attempts to 
use E.S.C.A., however, as a means o f observing h i g h l y f l u o r i ­
nated s t a b l e anions met w i t h l i m i t e d success. 

The f l u o r i d e i o n - i n i t i a t e d d i m e r i s a t i o n of o c t a f l u o r o b u t -
2-ene gave perfluoro-3,4-dimetbylhex-3-ene, an i n t e r e s t i n g 
o l e f i n which, as w e l l as being s t e r i c a l l y crowded, possesses no 
r e a d i l y displaceable v i n y l i c f l u o r i n e s , although the double 
bond i s h i g h l y a c t i v a t e d to n u c l e o p h i l i c a t t a c k . 

F 
CF,CF=CFCF, » C.F.tCF., )C=C (CF X )CQFt-

3 3 Solvent 2 5 3 3 2 5 

A p r e l i m i n a r y survey of some r e a c t i o n s of p e r f l u o r o - 3 , 4 -
dimethylhex-3-ene has been c a r r i e d out. 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 w i t h diethylamine, plus methanol or phenol 
i n the presence o f an amine, gave products from s u b s t i t u t i o n 
w i t h rearrangement. I n p a r t i c u l a r methanol gave c y c l i c 
d e r i v a t i v e s , i n c l u d i n g a furan formed a f t e r an unusual de­
f l u o r i n a t i o n r e a c t i o n i n v o l v i n g triethylamine„ 



CP 
Me OH 

C 0F c(CFjC=C(CF,)C 0F [ : > 
3\ 

'2 5 v 3 '3' 2 5 Et vN CF 

CF. 

3 ^ X 0 
CF^F 

etc, 
FCF-

•0-

D e f l u o r i n a t i o n of perfluoro-3,4-dimethylhex-3-ene over 
hot i r o n gave a mixture of dienes. 
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General I n t r o d u c t i o n 

I n the l a s t t h i r t y years f l u o r o c a r b o n chemistry has been 
the subject of a great deal of research, both i n the academic 
and i n d u s t r i a l sphere. The a b i l i t y to replace hydrogen i n an 
organic molecule, e i t h e r p a r t i a l l y or completely, w i t h o u t 
s e r i o u s l y a f f e c t i n g the geometry of the molecule makes these 
systems very i n t e r e s t i n g . 

The main d i f f e r e n c e i n p r o p e r t i e s between fluorocarbons 
and. hydrocarbons a r i s e s from the d i f f e r e n c e i n electronega­
t i v i t y between hydrogen and f l u o r i n e , consequently i n f l u o r o ­
carbon molecules the f u n c t i o n a l groups are r e l a t i v e l y e l e c t r o n 
d e f i c i e n t when compared t o t h e i r hydrocarbon analogues. Thus 
the chemistry of unsaturated fluorocarbons i s complementary 
to t h a t of unsaturated hydrocarbons, since the former undergo 
predominantly n u c l e o p h i l i c a t t a c k , whereas the l a t t e r undergo 
predominantly e l e c t r o p h i l i c a t t a c k . 

A c h a r a c t e r i s t i c of many fluorocarbons i s a high degree 
of thermal and chemical s t a b i l i t y , a p r o p e r t y which has been 
e x p l o i t e d e x t e n s i v e l y by i n d u s t r y , and a great v a r i e t y of 
f l u o r o c a r b o n products are now commercially a v a i l a b l e . Poly­
m e r i s a t i o n of f l u o r o o l e f i n s , e i t h e r as homopolymers or co­
polymers, have provided a wide range of u s e f u l polymers. For 
example, p o l y t e t r a f l u o r o e t h y l e n e as w e l l as possessing a high 
degree of chemical and thermal s t a b i l i t y , has a remarkably 
low c o e f f i c i e n t of f r i c t i o n , making t h i s compound very u s e f u l ; 
the many areas i n which t h i s has been e x p l o i t e d i n c l u d e the 
manufacture of a r t i f i c i a l j o i n t s , dry bearings, and as a non-
s t i c k c o a t i n g f o r saucepans. 

{ 2 4 NOV W'i 
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Some fl u o r o c b l o r o a l k a n e s are now produced i n l a r g e 
q u a n t i t i e s , being used as r e f r i g e r a n t s , i n e r t aerosol pro-
p e l l a n t s , and as coolants i n sealed e l e c t r i c a l systems, such 
as l a r g e transformers. 

I n the pharmaceutical i n d u s t r y c e r t a i n organic compounds 
con t a i n i n g f l u o r i n e have become important, f o r example, the 
most widely used anaesthetic at present i s a fluorocarbon, 
CF^CHClBr, wh i l e 5 - f l u o r o u r a c i l has been used i n the t r e a t ­
ment of c e r t a i n cancers. The i n t r o d u c t i o n of a s i n g l e 
f l u o r i n e i n t o c e r t a i n s t e r o i d s produces compounds w i t h 
g r e a t l y enhanced 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 , and i n more 
recent times an e x c i t i n g p o s s i b i l i t y of using compounds 
r e l a t e d to p e r f l u o r o d e c a l i n as blood s u b s t i t u t e s has been 
i n v e s t i g a t e d , although t h i s i s s t i l l a t a very e a r l y stage 
of development. 

I n the area of s u r f a c t a n t chemistry f l u o r o o l e f i n s have 
become important, g i v i n g products which have the p r o p e r t y of 
being both water and o i l r e p e l l a n t . For example, the penta-
mer of t e t r a f l u o r o e t h y l e n e provides the f l u o r o c a r b o n skeleton 
f o r a whole s e r i e s of surface a c t i v e compounds, which have 
many uses i n c l u d i n g , p r o t e c t i n g clothes from o i l and water, 
mould release agents, and i n f i r e e x t i n g u i s h e r s . 
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CIIAPTER I 

Synthesis and. S t a b i l i t y of. Fluoro O l e f i n s 

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

I n hydrocarbon chemistry o l e f i n s provide important s t a r t ­
i n g m a t e r i a l s f o r a wide range of complex organic molecules. 
S i m i l a r l y f l u o r o o l e f i n s have become important as r e a d i l y 
a v a i l a b l e s t a r t i n g m a t e r i a l s i n the syntheses of more complex 
fluor o c a r b o n d e r i v a t i v e s . The r e a c t i o n s of both systems are 
s i m i l a r but d i f f e r i n two areas. I n hydrocarbon o l e f i n s i o n i c 
r e a c t i o n s are c h i e f l y e l e c t r o p h i l i c , whereas i n f l u o r o o l e f i n s 
n u c l e o p h i l i c r e a c t i o n s predominate. Also f l u o r o o l e f i n s 
r e a d i l y partake i n 1 , 2 - c y c l o a d d i t i o n r e a c t i o n s , the converse 
being t r u e i n the hydrocarbon case. 

I t i s proposed i n the i n t r o d u c t o r y chapters of t h i s 
t h e s i s to provide a general discussion of the d i f f e r e n t types 
of syntheses and r e a c t i o n s important i n f l u o r o o l e f i n chemistry, 
and where a t o p i c has s p e c i a l relevance t o the work of the 
author a more comprehensive review v / i l l be undertaken. 
Several reviews have appeared covering d i f f e r e n t areas of 
f l u o r o o l e f i n chemistry. ' * 

I.A Synthesis of Fluoro O l e f i n s 
There are s e v e r a l d i f f e r e n t routes a v a i l a b l e to f l u o r o 

o l e f i n s , g e n e r a l l y i n v o l v i n g more than one stage, and the 
d i f f e r e n t routes w i l l be discussed under t h e i r r e s p e c t i v e 
headings. 

I . A . I Synthesis I n v o l v i n g Debydrohalogenation or Dehalogenation 
Many of the more common f l u o r o o l e f i n s are prepared from 
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precursors formed by f l u o r i n a t i o n of CCl^, CHCl^, or CgCl^ 
using anhydrous hydrogen f l u o r i d e and SbCl^. An important 
example of t h i s r e a c t i o n i s the synthesis of t e t r a f l u o r o e t h y -

4 lene. 

CHC1, 
HF/SbClc 

CP2HC1 

700 
2 C F 2 H C 1 Ag or Pt tube> CF 2=CF 2 +2HC1 90-959& 

S i m i l a r l y 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 , ^ 

HF/SbClc 

CCl^CCl,-3 3 ->CP 2CICPCI 2 

CF9C1CFC19
 Z n/EtOH > c p C F C 1 

There are numerous other examples of f l u o r o o l e f i n s 
formed by dehalogentation and dehydrohalogenation of pre­
cursors and some of these are summarised i n Table 1 , 

Table 1 
Syntheses of Fluoro O l e f i n s I n v o l v i n g 
Dehydrohalogenation or Dehalogenation 

H Vapour Phase 
o > 

150° CoF, 

F 
H 

+ others 

Reflux > 
KOH aq. 

F (6) 

100 o Zn 
CF_=CFCl+HBr - . 
2 Vapour Phase 

* CFgBrCFClH > CF2=CFH 85? (7) 
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. , n F~ jFCl 
Autoclave 2 CFC1=CF 

2 200° F, FC1 
Zn 
EtoH^ 

F 

q u a n t i t a t i v e 
(8) 

Zn,NaI 
F2C1CCC1H2 CH^COII^ , ( C G H G ) ( J C H O ^ O T T * C P 2 = C H 2 9 7^° 

C1.2FCCFC12 

Zn/EtOH 
89c/° -» CFC1=CFC1 

A 
CF„CFCF0 

F, 

FCI FC1 

(9) 

Zn/EtOH F (10) 

I.A.2 Smithesis of Higher Fluoro O l e f i n s 
Several of the higher f l u o r o o l e f i n s can he prepared from 

t e t r a f l u o r o e t h y l e n e or more c o n v e n i e n t l y i n the l a b o r a t o r y 
from p o l y t e t r a f l u o r o e t h y l e n e . 

(-CF 2-CF 2-) n 

450' 700' 
->CF2=CF2 > CF2=CFCF3 (32%) 

+ .CF,CF=CFCF, (9%) 2 3 

+ CF 2=C(CF 3) 2 (53°/) 

S i m i l a r l y p e r f l u o r o - i s o b u t e n e can be prepared from hexafluoro-
12 

propene. 

750 u 

CF5CF=CF2 > CF 2=C(CF 5) 2 95% y i e l d , 50% conversion 

S a l t s of s t r a i g h t chained f l u o r o a c i d s decarboxylate on 
13 

heating to y i e l d the corresponding t e r m i n a l o l e f i n . J The 
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y i e l d s by t h i s method are good and allov/ f o r m a t i o n of o l e f i n s 
w i t h chain lengths of up to nine carbons. 

A 

Cc-F,-,CPoCFoC0oNa >̂ Cr-F.. , CF=CF0+NaF 06% 
0 11 ^ £ £ __QQ D 11 I 

I.A.3 B - s u b s t i t u t e d Fluoro O l e f i n s 
Burton and co-workers have developed a general route to 

a s e r i e s of 8 - s u b s t i t u t e d f l u o r o o l e f ins „ ̂ 9 The synthesis 
involves r e a c t i n g a W i t t i g reagent (C^H^)^P=CF2, generated i n 
s i t u from sodium c h l o r o d i f l u o r o a c e t a t e and t r i p h e n y l phosphate, 
w i t h a p o l y f l u o r i n a t e d ketone. I n general the y i e l d s were 
h i g h w i t h the exception of p-dimethylaminotrifluoroacetophenone 
which gave only a 16% y i e l d of o l e f i n . 

C 6 V ° C P ? 25F6
2C1CO^a > C 6V ( CV' C F2 ^ 

S i m i l a r l y 1 , 1 - d i f l u o r o o l e f i n s can be prepared by t r e a t ­
i n g aldehydes or ketones w i t h a s o l u t i o n of CF 2C1 2 ( o r CF 2Br 2) 

-1 r -1 1-7 

and P(NMe 2)^ i n t r i g l y m e , ' The l a s t i n g r e a c t i v i t y of the 
s o l u t i o n was demonstrated by r e a c t i n g (JL), w i t h s o l u t i o n 
300 h r s . o l d , to give (_2) i n 68% y i e l d . 

CF ?Cl/P(NMe 9), 
PhCOCH, -f - d <> > PhCMe=CF0 68% 

•> Triglyme ^ 
(1) C2) 

A s o l u t i o n of CF 2Br 2 and Ph^P i n t r i g l y m e reacted o n l y 

w i t h aldehydes or a c t i v a t e d ketones. 



I.A„4 Synthesis of T r i f l u o r o v i n y l h a l o a r y l Compounds 
Several routes have "been developed leading to p e r f l u o r o -

styrene (_3_)«, Tatlow and co-workers produced (_3_) i n low y i e l d s 
by d e f l u o r i n a t i n g (_4_) over s t e e l gauze. 

CP 2CP 5 

F 
s t e e l gauze 

600° 

CF=CP, 

15# 

(4) (3) 

Higher y i e l d s of (3_) were obtained by passing (_5_), under 
reduced pressure, through a heated i r o n tube packed w i t h 
carbon p e l l e t s impregnated w i t h K0H? (Scheme l)? " ^ 

C 6F 5MgBr 
(1)C1P2CCH0 

OH I SP, 
> CC-PCCHCC1P0

 2 

+ b 0 I 
( 2 ) ^ 0 , H rjQ^u n-pentane 

> C6P5CHPCC1P2 90^ 

(5) 

KOH 
40-60^ conversion 

Carbon P e l l e t s 7 0 _ 8 Q / o y i e l d 

Scheme 1 

A general synthesis f o r compounds of the type ArxCF=CF2 
v i a r e a c t i o n of CF2=CFI w i t h polyhaloarylcopper has been 

4- A 20 re p o r t e d . 

Ar Cu + CF 9=CFI > Ar CF=CF~ 

where Ar =C.PC, CCP,N, C,P.H, C rF.Br, C^Cl^, C CC1, x 6 5 5 4 ' 6 4 6 4 ' 6 5 5 4 '1,N. 
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I n p a r t i c u l a r pentafluorophenylcopper dioxanate w i t h 
CP =CFI gave (J5_) i n h i g h y i e l d . 

CgP^-Cu dioxanate + CF 2=CFI 
(1) 0?.H.P.,Oo 

r -> Q J 88?i 
(2) H+,H20 

I.A.5 One Step Synthesis 
The only P e r f l u o r o O l e f i n synthesised i n a one stage 

synthesis from 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 i s the con­
v e r s i o n of perchloropentene to i t s p e r f l u o r o analogue, using 
potassium f l u o r i d e and N-methylpyrrolidone ( i n t h i s labora­
t o r y sulpholane has been used w i t h success). 

195k 

KF/N-methylpyrolidone 
P 72% 

I.B R e a c t i v i t y of Pluoro O l e f i n s 
S u b s t i t u t i o n of hydrogen by f l u o r i n e i n o l e f i n s increases 

t h e i r r e a c t i v i t y tov/ards c e r t a i n processes e.g. the heats of 
a d d i t i o n of halogens and halogen acids to t e t r a f l u o r o e t h y l e n e 

22 
are l a r g e r by 4 K cals/mole per C-P bond than i n ethylene. 
S i m i l a r l y the formation of octafluorocyclobutane from t e t r a -
f l u o r o e t h y l e n e i s exothermic, whereas the analogous d i m e r i s a t i o n 

22 
of ethylene i s unobserved. 

Two d i f f e r i n g explanations have been used t o account f o r 
t h i s increased r e a c t i v i t y . 

( i ) An increase i n C-P bond s t r e n g t h i n going from an 
o l e f i n to a saturated system. 
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( i i ) D e s t a b i l i s a t i o n of the TT-system on f l u o r i n e sub­
s t i t u t i o n . 

2 2 
Explanation ( i ) was favoured by Peters who suggested 

there was l i t t l e d i f f e r e n c e i n the s t r e n g t h of the c=c bond 
i n t e t r a f l u o r o e t n y l e n e and ethylene, and argued the increased 
r e a c t i v i t y was due to the increased C-P bond strength i n 

2 3 
changing the carbon atom h y b r i d i s a t i o n from sp-^sp i . e . the 
grea t e r s t a b i l i t y of the saturated compound r a t h e r than de-
s t a b i l i s a t i o n of the TT-system i s the d r i v i n g force of the 
r e a c t i o n . 

More recent data obtained from the heat of formation of 
the d i r a d i c a l CPp-CP^ suggests the IT-bond i n t e t r a f l u o r o e t h y -
lene i s 20 k cal/mole weaker than the corresponding bond i n 

23 
ethylene . However from t h i s r e s u l t i t i s not poss i b l e t o 
decide a reason f o r the increased r e a c t i v i t y as both explana­
t i o n s ( i ) and ( i i ) could be used t o f i t the case. 

Cheswick used the ideas i n explanation ( i i ) to account 
f o r the d i f f e r e n c e i n AH values obtained f o r the r i n g opening 
r e a c t i o n s shown i n Table 22^". Table 2 

Reaction AH K cal/mole 
CP CP CP CF 

\ F F CF CF 2 

0 .4 
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Table 2 (cont'd) 
A PI K cal/mole Reaction 

I n r e a c t i o n s A. and B_ the number of C-P bonds undergoing 
2 3 

a change i n h y b r i d i s a t i o n from sp—>sp i s the same, consequently 
i f changes i n the C-P bond energies on changing h y b r i d i s a t i o n 
were responsible f o r the increased r e a c t i v i t y of f l u o r o o l e f i n s , 
A. and B should have s i m i l a r AH values. However, there i s an 
observed d i f f e r e n c e of 11.3 K cal/mole and i t was argued t h i s 
was caused by d e s t a b i l i s a t i o n of the fr_ system by f l u o r i n e . I n 
the systems used the change i n the number of v i n y l i c f l u o r i n e s 
was the same, suggesting the d e s t a b i l i s a t i o n on s u b s t i t u t i n g 
f l u o r i n e f o r hydrogen i n ethylene i s not a d d i t i v e , i . e . the 
d e s t a b i l i s a t i o n on s u b s t i t u t i n g the f i r s t f l u o r i n e i n ethylene 
i s less than the increased d e s t a b i l i s a t i o n on s u b s t i t u t i n g the 
second. 
I . B . I Nature of the Double Bond 

The nature of the bonding and h y b r i d i s a t i o n of carbon i n 
f l u o r o e t h y l e n e s has received some a t t e n t i o n . 

The simplest p i c t u r e suggests the carbon i s sp h y b r i d i s e d . 
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as i n ethylene, and there i s stro n g e l e c t r o n - p a i r r e p u l s i o n 
between the f i l l e d p o r b i t a l s of f l u o r i i i e and the u-bond, 

2 5 
leadin g to increased r e a c t i v i t y ( P i g . 1) 

•C c 

.4 

F i g . 1 

2 6 
A d i f f e r e n t approach was provided by Bernett , who from 

bond angle and h y b r i d i s a t i o n data suggested a change i n h y b r i d ­
i s a t i o n occurs on r e p l a c i n g hydrogen by f l u o r i n e i n ethylene 
(Table 3 ) . 

Table 3 Bond Angles and H y b r i d i s a t i o n i n Difluoromethylene Groups 

Compound PCP C-Pspx C-PA° 

CP 2H 2 108°17!+6* 3.18 1.358+0.001 
CP2=CH2 i 0 9 o i 8 ' + 2 4 ' 3.03 1.321+0.005 
CP 2=CP 2 110°±2° 2 .92 1.33+0.02 

Bernett concludes from the data t h a t when an o l e f i n 
contains a difluoromethylene group the high e l e c t r o n e g a t i v i t y 
o f f l u o r i n e causes the h y b r i d i s a t i o n of the carbon to become 
e s s e n t i a l l y s p 5 . Thus the carbon has e i t h e r , two sp^ h y b r i d 
atomic o r b i t a l s (H.A.O) (used i n forming the C-P bonds) and 



an sp HAO along w i t h an unhybridised p o r b i t a l (the former used 
i n forming the a-bond, the l a t t e r the -rr-bond), or f o u r equiva-
l e n t sp o r b i t a l s a t each carbon i n the bent-bond c o n f i g u r a t i o n 
( P i g . 2 ) . 

F F 

F i g . 2 

I n the case of the bent-bond model r e p u l s i o n between the 
f l u o r i n e and ir-bond would be less pronounced, but the r e s u l t a n t 
s t r a i n e d system would account f o r the increased r e a c t i v i t y . 

27 
Recent c a l c u l a t i o n s by Dewar has supported the ideas proposed 
by Bernett. 

Photoelectron spectroscopy has also provided a p i c t u r e of 
28 

the f l u o r o - e t h y l e n e system . Results show the a-molecular 
o r b i t a l s are s t r o n g l y s t a b i l i s e d by extensive mixing of the 
ethylene group o r b i t a l s w i t h the a-atomic o r b i t a l s of the 
h i g h l y e l e c t r o n e g a t i v e f l u o r i n e . However, i n the n-molecular 
o r b i t a l s t h i s e f f e c t i s much smaller and i s counteracted by a 
strong C-P antibonding overlap. 
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CHAPTER I I 

S t a b i l i t y of P o l y f l u o r o a l k y l Anions 

Since many re a c t i o n s of f l u o r o o l e f i n s w i t h nucleophiles 
are thought t o proceed v i a an intermediate carbanion, i n c l u d ­
ing some work of the author to be discussed l a t e r , i t i s f e l t 
a d e t a i l e d discussion of the f a c t o r s a f f e c t i n g the s t a b i l i t y 
of p o l y f l u o r o a l k y l anions i s r e q u i r e d . The most commonly used 
nomenclature f o r the p o s i t i o n of s u b s t i t u e n t s i s as shown. 

I 
C C — 
I I 
F P 
3 a 

The r e s u l t s show t h a t , f o r a - s u b s t i t u e n t s i n d u c t i v e 
2 "5 

( l a and ITT ) , h y b r i d i s a t i o n ( s p - s p ) , mesomeric and 2p-3d 
o r b i t a l overlap e f f e c t s are important, while f o r 8-substituents 
only i n d u c t i v e e f f e c t s are important. 
I I . A . I ot-substituents 

29 
Hine and co-workers, using k i n e t i c measurements of the 

base-catalysed deuterium exchange f o r a s e r i e s of haloforras, 
have shown t h a t a - s u b s t i t u e n t s f a c i l i t a t e carbanion f o r m a t i o n 
i n the order I>Br> Cl>P>OEt. 

A f t e r measuring the i o n i s a t i o n constants f o r a se r i e s of 
s u b s t i t u t e d nitromethanes (_6), Adolph and Kamlet found t h a t 
carbanions w i t h s t r u c t u r e {jj were s t a b i l i s e d by a - s u b s t i t u e n t s 
i n the order C1>H>P f o r a given Y group, (except f o r Y=N02 
where C1=H). 



0 oN H 2 V 
Y P(H,C1) 

+ H 20 
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0 oN 
.0 

± V <—> + \ + H3° 
Y \(H,C1) Y P(H,C1) 

(6) C D 

Y = CI, COOEt, COM-I2, N0 2. 
Bine , a f t e r reviewing the a v a i l a b l e data, has concluded 

t h a t the presence of an a - f l u o r i n e decreases the r a t e of forma-
2 

t i o n o f sp h y b r i d i s e d p o l y f l u o r o a l k y l anions, or a t l e a s t 
increases t o a lesse r extent than expected from i n d u c t i v e 
e f f e c t s , w h i l e w i t h sp h y b r i d i s e d anions an a - f l u o r m e 
increases the r e a c t i v i t y . 

The dependence of carbanion s t a b i l i t y on stereochemistry 
was demonstrated by S t r e i t w i e s e r , who compared the k i n e t i c 
a c i d i t y of 9-f l u o r o f luorene (8.) and a , a - d i f l u o r o t o l u e n e w i t h 
fluorene and toluene r e s p e c t i v e l y . The r e s u l t s showed t h a t 
w i t h is) s u b s t i t u t i o n by f l u o r i n e at the 9 - p o s i t i o n decreased 
the r a t e of exchange by a f a c t o r of e i g h t compared t o f l u o r e n e , 
but w i t h the 9-chloro and 9-bromo compounds an increase of 

2 2 
4x10 and 7x10 r e s p e c t i v e l y was observed. I n the case of 
toluene, s u b s t i t u t i o n o f a-hydrogens by two f l u o r i n e s increased 
the r a t e o f exchange by a f a c t o r >10^". 

(.9) 
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S t r e i t w i e s e r suggested t h a t the 9 - f l u o r o f l u o r e n y l anion (9j 
was planar but the a , a - d i f l u o r o b e n z y l anion was pyramidal, 
and concluded t h a t an a - f l u o r i n e atom w i l l s t a b i l i s e a pyra­
midal or non-conjugated anion, but d e s t a b i l i s a t i o n can occur 
w i t h a conjugated anion. 

The r e s u l t s discussed i n t h i s s e c t i o n show t h a t the 
s t a b i l i t y of a p o l y f l u o r o a l k y l anion depends on the nature of 
the a-substituents as w e l l as on the s t r u c t u r e of the carbanion. 
I t has been suggested t h a t the I IT e f f e c t ' i s the cause of 
d e s t a b i l i s a t i o n by an a - f l u o r i n e a t a planar (sp ) carbanion, 
i n c o n t r a s t to the s t a b i l i s i n g e f f e c t , r e l a t i v e to hydrogen, 
of an a - f l u o r i n e a t a pyramidal (sp ) carbanion. For a planar 
(sp ) carbanion (l0_) the e l e c t r o n p a i r i s l o c a l i s e d w i t h i n a 
2p o r b i t a l , consequently coulorabic r e p u l s i o n between the 
e l e c t r o n p a i r and the non-bonding electrons of f l u o r i n e 
(ITT e f f e c t ) i s maximised, while a t a pyramidal (sp^) carbanion 
( l l ) the e f f e c t i s minimised. The order of I IT r e p u l s i o n has 
been shown to be P>Cl>Br>I. 

/ / 
F F 

4 

e = go0 (10) e = 109 (11) 

3 i 
An a l t e r n a t i v e suggestion from Hine proposes t h a t bond 

weakening occurs, i n cases where f o r m a t i o n of a carbanion 
3 2 

involves r e h y b r i d i s a t i o n from sp^->sp", due to a change i n 
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e l e c t r o n e g a t i v i t y of the carbon atom. I t i s argued t h a t an 
2 3 sp carbon i s more e l e c t r o n e g a t i v e than an sp carbon, and, 

since the s t r e n g t h of a covalent bond i s p r o p o r t i o n a l to the 
square of the e l e c t r o n e g a t i v i t y d i f f e r e n c e s of the atoms, an 
sp carbon halogen bond w i l l be stronger than the correspondin 

2 
sp carbon halogen bond. This e f f e c t w i l l be greatest when 
the halogen i s f l u o r i n e . 

Other explanations f o r the observed e f f e c t s of a - s u b s t i t u 
ents include the e l e c t r o s t a t i c p o l a r i s a t i o n of the halogen, 

pq 
which increases F<Cl<Br<I , and carbon s p - s u b s t i t u e n t 3d 

34 
o r b i t a l overlap . I n r e a l i t y the e f f e c t s of a - s u b s t i t u e n t s , 
on p o l y f l u o r o a l k y l anion s t a b i l i t y , probably a r i s e s from a 
combination of these f a c t o r s . 
I I . A . 2 g - s u b s t i t u e n t s 

A systematic study o f the e f f e c t o f B-substituents on 
carbanion s t a b i l i t y has only been reported f o r f l u o r i n e . 

3 5 
Andreades measured the k i n e t i c a c i d i t y of a s e r i e s of mono-
hydrofluorocarbons and, from the r e s u l t s (Table 4) concluded 
t h a t the order of decreasing s t a b i l i t y i n the fluo r o c a r b o n 
s e r i e s i s tertiary>secondary>primary. 

Table 4 

Compound R e l a t i v e R e a c t i v i t y pKa value 
CF,H 1 25.5 
CF,(CF„) CFQH 6 -
(CP,) CFH 

5 2 
2 x l 0 5 22 0 5 

(CP 3) CH 10 9 7 
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The a c i d i t i e s (pKa values) f o r a s e r i e s of fluoroalkanes were 
also estimated from polarographic data, derived from the e l e c ­
trochemical r e d u c t i o n o f the corresponding m e r c u r i a l , (RjJ^Hg, 
and these were found to be i n reasonable agreement w i t h those 

36 
p r e v i o u s l y reported . 

Further evidence of carbanion s t a b i l i s a t i o n by 3 - f l u o r i n e 
3 '7 3 R 

was provided by Knunyants and Hine , the former f i n d i n g the 
Ka value of CF^CHgNOg and CH^CHgNOg were 4 . 0 x l 0 ~ 8 and 2.5xl0~ 9 

r e s p e c t i v e l y , while the l a t t e r shov.;ed the a c i d i t y of CF^CC10H 
was f o r t y times t h a t of CFCl^H. 

Andreades has r a t i o n a l i s e d the s t a b i l i s i n g e f f e c t of B-
f l u o r i n e i n terms of negative hyperconjugation (analogous to 
s t a b i l i s a t i o n of carbonium ions by p o s i t i v e hyperconjugation) 
F i g . 3. 

I - - \ / I I + \ / 
p — C C— «-» F C = C : H — C — C -i- <T—> H C ~ C 

I I - / \ | | / \ 

F i g . 3 
To e s t a b l i s h the s i g n i f i c a n c e of negative hyperconjugation 

39 
S t r e i t w i e s e r compared the k i n e t i c a c i d i t i e s o f lH-undeca-
f l u o r o b i c y c l o [ 2 . 2 . l ] heptane (12) and ( t r i s t r i f l u o r o m e t h y l ) 
methane ( 1 3 ) . 

CFV 

I <> 
CF,-C-H 

3 I CF, 3 

( i l ) 
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The carbanion inte r m ediate d e r i v e d from (12) w i l l be 
forced t o remain pyramidal and negative hyperconjugation w i l l 
be g r e a t l y reduced, consequently i f t h i s type of hyperconjuga-
t i o n i s important i n p o l y f l u o r o a l k y l anion s t a b i l i s a t i o n the 
k i n e t i c a c i d i t y of (_13_) should be gr e a t e r than (12.). However 
the reverse was observed, w i t h t h a t of (12) being f i v e times 
t h a t of (_13_3, and S t r e i t w i e s e r r a t i o n a l i s e d the g r e a t e r s t a b i l ­
i t y of the i n t e r n a l carbanion from (12) as being due t o enhanced 
i n d u c t i v e e f f e c t s . 

Further data concerning the r o l e of negative hyperconjuga-
t i o n has been obtained a t these l a b o r a t o r i e s ^ . The r a t e 
constants f o r the r e a c t i o n of ammonia w i t h a s e r i e s of p e r f l u o -
roalkylbenzenes were measured and are summarised i n Table 5. 

Table 5 

Compound °6 P6 6 5 3 C 6F 5CF 2CF 3 C 6F 5CF(CF 3) 2 C 6F 5C(CF 3) 5 

10 5K(1 mole"^" 1) Too slow 
to 
measure 

0.670 
(+0.003) 

1.44 
(+0.01) 

1.00 
(+0.01) 

1.73 
(+0.01) 

I f negative hyperconjugation i s important the f a s t e s t r a t e 
of s u b s t i t u t i o n would be expected w i t h p e r f l u o r o t o l u e n e , where 
the l a r g e s t number of f l u o r i n e atoms able to p a r t i c i p a t e i n 
negative hyperconjugation are present (Scheme 2 ) . 

CF CF F CF CF 
F F F F F F / vs^v, F NH 

^ F F F F F 
F F +NH NH NH +^3 

+ HF 

Scheme 2 
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However the ohserved r a t e s i n d i c a t e t h a t p e r f l u o r o t o l u e n e 
i s the l e a s t r e a c t i v e , a r e s u l t which Chambers and co-workers 
suggest r a i s e s doubts about the necessity of i n v o k i n g the 
concept of negative hyperconjugation a t a l l . The r e s u l t s are 
i n t e r p r e t e d i n terms of I T s t a b i l i s a t i o n of adjacent charge by 
p e r f l u o r o a l k y l groups i n the t r a n s i t i o n s t a t e . 

There i s only a very l i m i t e d amount of data a v a i l a b l e on 
the a b i l i t y of other 6-halogens t o s t a b i l i s e a carbanion, but 
deuterium exchange r e a c t i o n s o f m-dihalobenzenes have shown 
replacement of a 3-chlorine by a f l u o r i n e increases the k i n e t i c 
a c i d i t y by a f a c t o r of about 7, a f a c t a t t r i b u t e d to an 
i n d u c t i v e e f f e c t ^ 1 . 

D D D 
F P CI P CI CI 

10bK(l00°) 978 151 20.2 
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CHAPTER I I I 

I o n i c Reactions of Fluoro O l e f i n s 

I I I . A N u c l e o p b i l i c Reactions 
When hydrogen i s replaced by f l u o r i n e i n ethylene, strong 

e l e c t r o n withdrawal by f l u o r i n e renders the o l e f i n s u s c e p t i b l e 
to n u c l e o p h i l i c a t t a c k , c o n t r a s t i n g w i t h the mainly e l e c t r o -
p h i l i c nature of i o n i c r e a c t i o n s i n hydrocarbon o l e f i n s . This 

AO 

was f i r s t demonstrated by M i l l e r and co-workers who s t u d i e d 
the base catalysed a d d i t i o n of methanol to a s e r i e s of f l u o r o 
o l e f i n s , proposing a mechanism f o r the r e a c t i o n (Scheme 3)> 
i n v o l v i n g f ormation of an i n t e r m e d i a t e carbanion as the r a t e 
determining step. 

F 
CR̂ O Ps\C = C / F Rate c o n t r o l l i n g n _ L . n - . r n 

F/ 1 

F F 
CH,0 —C—C-H 

F CI 

Fast 

i I 
F F 

(c) 

CH OH m 3 T 2 

Scheme 3 
A possible energy p r o f i l e f o r the r e a c t i o n i s represented i n 
F i g . 4 

T. 

Free Energy 

T x and T 2 

O l e f i n 

= T r a n s i t i o n 
States 

= Intermediate 
Carbanion 

Product 

Reaction Co-ordinate 

http://n_L.n-.rn
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The presence of carbanion i n t e r m e d i a t e s , a t l e a s t i n the 
r e a c t i o n of sodium metboxide w i t h t e t r a f l u o r o e t h y l e n e , was 

43 
demonstrated by Wiley who succeeded i n t r a p p i n g the i n t e r ­
mediate carbanion w i t h dimetboxycarbonate. 
CH,0 + CP0: 3 2 

T H F " (CH,0) C=0 g 
• C F 0 .. 1 - n ' L '> C H ?0CF o C F o ? i > CH,0CFoCFoC0CH, 

2 T^o 7 3 2 2 7 3 2 2 3 20 v 

CH 70 + ( C H 70CF Q C F o) QC0 < e ^ 7 0 C F Q C F 

74/« 
+ CH,0 3 

l3 2 2'2 
12$ 

I I I . A . l O r i e n t a t i o n of A d d i t i o n 

2"x2 

Nu c l e o p h i l i c a t t a c k on f l u o r o o l e f i n s p r e f e r e n t i a l l y 
occurs at a t e r m i n a l difluoromethylene g r o u p \ and t h i s i s 
i l l u s t r a t e d by the examples shown below, where a l l the products 
i s o l a t e d are c o n s i s t e n t w i t h n u c l e o p h i l i c a t t a c k a t the d i -
fluoromethylene group. 

CH OH 
CF2=CFC1+CH50 > CH^OCFgCFCl ^—> CH^OCFgCFClH 

(14) 
CH^OCFClCFg 

(11) 

(44) 

CF,CF=CF0 + OEt > CF^CFCFo0Et — > CF^CHFCFo0Et 
3 2 3 2 3 2 

(45) 

CF2=CFBr + E t 2 M — > EtgNCFgCFBrH (46) 

An e x p l a n a t i o n , which can account f o r the d i r e c t i o n of 

a t t a c k , i s obtained i f the possible intermediate carbanions 
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are examined. I n the case of c h l o r o t r i f l u o r o e t h y l e n e , carban-
i o n (14) i s s t a b i l i s e d by two 3 - f l u o r i n e s and one a - c h l o r i n e , 
w i t h p o s s i b l e d e s t a b i l i s a t i o n by an a - f l u o r i n e , but w i t h carban-
i o n (_15_) the r o l e s are reversed w i t h o n l y one s t a b i l i s i n g B-
f l u o r i n e and two p o s s i b l y d e s t a b i l i s i n g a - f l u o r i n e s . Therefore 
carbanion (14) would be expected t o be more sta b l e than (_15_). 

I n the case of i n t e r n a l l y unsaturated o l e f i n s the products 
formed are c o n s i s t e n t w i t h the r e a c t i o n proceeding v i a the most 
stabl e i n t e r m e d i a t e carbanion i . e . the r e l a t i v e s t a b i l i t i e s of 
the intermediate carbanions determines the d i r e c t i o n of a t t a c k ^ , 
Thus r e a c t i o n o f the i n t e r n a l l y unsaturated o l e f i n (l6_) w i t h 
phenoxide gives the product (_17_) deri v e d from the more s t a b l e 
carbanion ( 1 8 ) , r a t h e r than from (19) which i s p o s s i b l y less 
stable because of the anion having an a - f l u o r i n e . 

CP, 
C2F

5U3_ / F 3 
CP, OPh 3 

'2^5 
(C 2P 5) 2CP 5CC(CP 5)=C(CP 5)P + PhO 

(16) 
(18) 

-P" 

(48) 

(C 2P 5 ) (CP3)C(CP3)C=CCP OPh 

(17) 
V 
OPh 

( C 2 F 5 ) o ( C F 3 ) C - C - C ; 
CP. 

CP 

(19) 
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I I I . A . 2 R e l a t i v e R e a c t i v i t i e s 
Pluoro o l e f i n s c o n t a i n i n g a t e r m i n a l difluoromethylene 

group are the most r e a c t i v e towards nucle ophiles"^, w i t h r e l a ­
t i v e r e a c t i v i t i e s i n d i c a t i n g t h a t the r a t e determining step i s 
formation of the intermediate carbanion. For example, the 
order of r e a c t i v i t y increases along the s e r i e s , 

CF2=CF2 < CF2=CFCF3 << CF 2=C(CF 3) 

a r e s u l t t h a t i s con s i s t e n t w i t h the order of inc r e a s i n g 
carbanion s t a b i l i t y . I n f a c t , p e r f l u o r o i s o b u t e n e i s so 
r e a c t i v e towards nucleophiles t h a t r e a c t i o n w i t h alcohols can 
occur i n n e u t r a l media, a property thought to be derived, from 
the large s t a b i l i s i n g i n f l u e n c e of the t r i f l u o r o m e t b y l groups 

AO 

upon the intermediate carbanion . 
+ 

Me OH + CF0=C(CF,) > MeO-CF ~C( CF ) »MeO-CF=C(CF, ) 
J o \ <- Jo o H ^ d 

S i m i l a r l y , the r a t e s of a d d i t i o n of Et 2NHhave been found 
to increase i n the s e r i e s , 

CF2=CF2 < CF2=CFC1 < CF2=CFBr 

Again the order i s the same as t h a t proposed f o r the 
46 

increasing s t a b i l i t y of the int e r m e d i a t e carbanion . 
Not a l l r e a c t i v i t y can be explained on the basis of the 

r e l a t i v e s t a b i l i t i e s of i n t e r m e d i a t e carbanions, as i s demon­
s t r a t e d by t e t r a c h l o r o e t h y l e n e being less s u s c e p t i b l e to 
n u c l e o p h i l i c a t t a c k than t e t r a f l u o r o e t h y l e n e . Examination of 
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the intermediates (20) and (21) i n d i c a t e t h a t from s u b s t i t u e n t 
e f f e c t s the reverse order could be expected. This r e s u l t has 
been r a t i o n a l i s e d i n terms of a g r e a t e r degree of p o l a r i s a t i o n 

6+ 6-
of the car b o n - f l u o r i n e bond, C — F , compared to carbon-chlorine, 

49 
which lowers the a c t i v a t i o n - e n e r g y o f n u c l e o p h i l i c a t t a c k .. 

CI CI CI CI 
\ / i l Nuc + ,0 = 0 > Nuc —C C-
/ \ l i CI CI CI CI 

(20) 

F F F F 
\ / i t Nuc + C = C > Nuc—C C-
/ \ I I 

F F F F 
(21) 

I I I . A . 3 Product Formation 
The nature of the products formed by n u c l e o p h i l i c a t t a c k 

on a f l u o r o o l e f i n can be regarded as being dependent on the 
f a t e of the intermediate carbanion. There are three p o s s i b l e 
f a t e s f o r an i n t e r m e d i a t e : ( i ) A d d i t i o n of a proton ( r o u t e l ) , 
( i i ) E l i m i n a t i o n of f l u o r i d e i o n (route 2 ) , or ( i i i ) S u b s t i t u ­
t i o n w i t h rearrangement v i a an S^2' process ( r o u t e 3 ) , and 
these are shown i n Scheme 4. 



F R 

Route 1 

•25-
P 

Nuc — C — C H 
I I 
P R' 

I I N u c v / R 

Nuc — C — C - ° U X e d > C = C 
P R1 

Route 3 P R 
bK^ Nuc —C C 

I
 X

C — P 
p \ 

Rn 

Scheme 4 

I I I . A . 3 . a A d d i t i o n versus E l i m i n a t i o n 
A d d i t i o n across the double bond ( r o u t e l ) i s the common 

r e a c t i o n of f l u o r o e t h y l e n e s , but w i t h higher f l u o r o o l e f i n s 
products derived from e l i m i n a t i o n of f l u o r i d e i o n (route 2) 
are also formed. 

C2H5OH + CP 2=CF 2
 N a > C2H5OCP2CHP2 (1) 

CH,OH + CF0=C(CF,) > CH,0CFoCH(CF,) + CH,0CF=C(CF,) 
3 2 3 2 3 2 3 2 3 3 2 

659̂  Qio 

The r a t i o of e l i m i n a t i o n to a d d i t i o n products increases 
w i t h the r e a c t i v i t y of the o l e f i n , t h i s being due to the in c r e a s ­
i n g s t a b i l i s a t i o n of the intermediate carbanion, subsequently 

SO 
reducing the base s t r e n g t h of the carbanion . The e f f e c t of 
carbanion s t a b i l i s a t i o n on the r a t i o of e l i m i n a t i o n to a d d i t i o n 
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products i s demonstrated by the r e a c t i o n o f hexafluoropropene 
(22) w i t h methanol and 2-phenylpentafluoropropene (.23_) w i t h 
ethoxide. I n the former only a small amount of e l i m i n a t i o n 
occurs but i n the l a t t e r , where d e l o c a l i s a t i o n of the charge 
i n t o the r i n g can occur, e l i m i n a t i o n accounts f o r the major 
product. 

CI-L.0H + CF0=CF.CF, K 0 H / 6 0 ° > CH,0CFoCHFCF, + CH,OCF=CFCFr ( l ) 
3 2 3 Autoclave 3 2 3 3 J " 

83/o 

C.RV CJHLONa o \ 2 5 
C = C F Q > Cc-HKCH(CF,)CFQ0CoHc- (51) 

15% 

/ -77 u,C 9H K0H 
CF 2 5 

3 
(23) 

6 5 N / 2 5 6 5 N / 
+ C = C + C = C 

/ \ / \ CF, F CF, 0C oH c 

76$ 9/0 

S t e r i c i n t e r a c t i o n s could a l s o e f f e c t the r a t i o of e l i m i n a ­
t i o n to a d d i t i o n , f o r example w i t h p e r f l u o r o i s o b u t e n e an a d d i t i o n 
product i s probably less s t a b l e , due to greater s t e r i c crowding, 
than the corresponding e l i m i n a t i o n product. 

A l l y l i c displacement (8^2') shown i n route 3 w i l l be d i s ­
cussed f u l l y i n s e c t i o n I I I . A . 4 . 

N u c l e o p h i l i c r e a c t i o n s of f l u o r o o l e f i n s have been exten­
s i v e l y i n v e s t i g a t e d and a few t y p i c a l r e a c t i o n s are shown i n 
Table 6. A review which includes n u c l e o p h i l i c r e a c t i o n s of 
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f l u o r o o l e f i n s has been published' 

Table 6 

CFULi -P 3 CH~,Li 2 ^ P (52) 

RNH, RNH, 
CP2=CPX 
(X=C1 or P) 

(-HP)' 
-> RN=CFCHFX 

(-HP) 
-» RN=CCHFX 

NHR 
(1) 

+ CP2=CP2 Temp, kept belovv > c ^ 

I 
H 

60" a 2 2 
60°/o 

(53) 

RSH + CP2=CX2 
b a s e > RSCF^CXpH > RSCF=CX« 

d d D.M.S.O 
(54) 

CF, CC1=CC1 CF,(cis) 
NaBH 
0° diglyme 

4 > CF,CH=CC1CF,, (lOO/o c i s ) 
79% conversion 

(55) 

III.A.4- S u b s t i t u t i o n w i t h Rearrangement 
As t h i s t o p i c has d i r e c t relevance to some of the work 

c a r r i e d out by the author ( t o be described i n the d i s c u s s i o n 
of the expe r i m e n t a l ) , a more d e t a i l e d review w i l l be undertaken. 

One of the fe a t u r e s of f l u o r o o l e f i n chemistry has been 
the common occurrence of s u b s t i t u t i o n s w i t h rearrangement (S K2') 
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a t o p i c i n v e s t i g a t e d by various workers w i t h many examples now 
being known, but i n most cases u n c e r t a i n t y s t i l l e x i s t s as t o 
whether a concerted S^2' mechanism i s i n v o l v e d , or a two stage 
a d d i t i o n - e l i m i n a t i o n type of process. 

56 
I n the f i f t i e s M i l l e r and co-workers i n v e s t i g a t i n g the 

r e a c t i o n of i o d i d e i o n on a ser i e s of f l u o r o o l e f i n s observed 
w i t h (_2_) a l l y l i c displacement o c c u r r i n g t o give (25,), w h i l e 
w i t h (26) there was no r e a c t i o n . 

The f a c t t h a t (.24) gives products derived from a l l y l i c d i s ­
placement while (_6) remains unreacted, was accounted f o r by the 
suggestion t h a t , w i t h (24) a concerted 3^2' mechanism operates, 
(Scheme 5 ) , w h i l e the lower s u s c e p t i b i l i t y of the CFCl=group t o 
n u c l e o p h i l i c a t t a c k , compared t o CF2=, renders (26) unreactive 
towards such a process. Although the p o s s i b i l i t y of a mechanism 
i n v o l v i n g a carbanion i n t e r m e d i a t e was acknowledged i t was f e l t 
u n l i k e l y i n t h i s case as no satur a t e d products, derived by 
proton a b s t r a c t i o n by a carbanion, were observed. 

CF2=CFCF2C1 + [ i - - - C F 2 — CP—CFg----c3 ^ 2 CP 2ICF=CF 2 + C l " 

CP2=CPCP2CI + I " v £ CP 2ICF=CF 2 + C l " 

(24) (2_) 

CPC1=CPCF„C1 + I 
(26) 

Scheme 5 
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Although evidence i n d i c a t e d t h a t (_2_5_) was formed v i a an 
S^2 ! mechanism, S^2 and S^l mechanisms could also account f o r 
the products. More unambiguous evidence of an S^2' type of 
mechanism operating was provided by the r e a c t i o n of ( 2 7 ) w i t h 
various h a l i d e i o n s ^ . The r e s u l t s , (Table 7 ) , i n d i c a t e t h a t 
only rearranged products were formed, confirming t h a t the 
r e a c t i o n proceeded v i a a s u b s t i t u t i o n w i t h rearrangement. 

Table 7 

CP 2=CHCC1 2P + F~ 

( 2 7 ) 

-> CF 5CH=CFC1 + CI 

CP 2=CHCC1 2F + CI CP 2C1CH=CPC1 + C I " 

CP 2=CHCC1 2P + I -> CP 2ICH=CFC1 + CI 

CP 2=CPCCI 2P + P" CP,CF=CPC1 + CI 
5 

The r a t e s of r e a c t i o n using d i f f e r e n t h a l i d e ions showed 
t h a t the r e l a t i v e r e a c t i v i t i e s of the h a l i d e ions were 
F~>C1~>I~, i . e . the opposite of t h a t found i n 5^2 r e a c t i o n s . 
A f u r t h e r unambiguous example of an S^2' mechanism operating 
was claimed by Goldwhite and Valdez i n the r e a c t i o n of ( 2 8 ) 
w i t h c h l o r i d e i o n . 

Et N +C1~ 
CP ?=CC1CC1 9P i - > CC1P=CC1CC1P„+C1" 

c- 2^0 d 
( 2 8 ) 

Prom i n s p e c t i o n of the products formed i n the r e a c t i o n of 



ethoxide i o n w i t h the cyclobutene (2%) i n v o l v i n g s u b s t i t u t i o n 
w i t h rearrangement, and evidence c o l l e c t e d from other c y c l o -

5° 
butene s u b s t i t u t i o n r e a c t i o n s , Park suggested t h a t a mechan­
ism i n v o l v i n g a d i s c r e t e carbanion i n t e r m e d i a t e , r a t h e r than 
S^2 or processes, was con s i s t e n t w i t h the a v a i l a b l e data. H 
P 2 

CI 

H F, 
OEt 

CI CI-

OEt F, 
-CI" 

(29) 
CI 

f - c i 

PI 
L OEt 

C I CI 

56 
The lack of satur a t e d products i n M i l l e r s r e a c t i o n s , 

used as evidence of a concerted mechanism, was explained on 
the basis of a stabl e carbanion being less l i k e l y to a b s t r a c t 
a proton from the s o l v e n t , and also i f a proton was abstracted 
i t would be j u s t as e a s i l y l o s t . Park suggested t h a t the 
argument presented could also be ap p l i e d to a t r a n s i t i o n s t a t e 
w i t h a large amount of carbanion character. 

Evidence, derived from comparing the rates of r e a c t i o n of 
o l e f i n s ( 2 3 ) , (30) and (31) w i t h ethoxide i n ethanol under 
pseudo f i r s t - o r d e r c o n d i t i o n s (Table 8 ) , suggests t h a t the r e a c t i o n proceeds v i a a carbanion intermediate 51 I n o l e f i n s 
(_2J5_) and ( 3 l ) the l e a v i n g group i s a f l u o r i d e i o n , but w i t h 
)0) e l i m i n a t i o n of a c h l o r i d e i o n occurs. 

C.H. CoHc0Wa+ CrH 6 5v c = c l,, 2 2 5 > 

CF 2C1 

(30) 

EtOH 
-77 o 

6 5^C-CF Q0C oH c-2 2 5 
CF„ standing / ^ 

3 2 5 

+ 
C cH r .OCoH,-

6 5 ^ c = c ' 2 5 
CF V 3 

Ml" 
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Table 8 

- , C .Hp-
Rates of Reaction of EtONa w i t h ° DvC=CF, 

R 

R k^xlO 3 sec 1 

U2) CP 3 1.9 
(j50) CF2C1 1.8 
(31) CF2CP3 0.67 

I f the mechanism i n v o l v e d a concerted process, changing 
the l e a v i n g group from c h l o r i n e to f l u o r i n e would have an 
e f f e c t on the r a t e s of r e a c t i o n , but the r e s u l t s show f o r 
o l e f i n s ( 2 3 ) . (30) and (31) t h a t they are comparable, i n d i c a t ­
ing the r a t e determining step (k-^) involves a d d i t i o n , leading 
to an intermediate carbanion. 

^C — CF o0C oH c 

/ 2 2 5 

R 

-> Products 

I I I . A . 5 F l u o r i d e Ion Reactions 
I n f l u o r o o l e f i n chemistry f l u o r i d e i o n occupies a p o s i t i o n 

which i s analogous to t h a t of the pro t o n i n hydrocarbon o l e f i n 
chemistry. 

F = C ^ F- C- C 
I I 
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The t o p i c has received considerable a t t e n t i o n and i n t h i s 
s e c t i o n a d e s c r i p t i o n of various f l u o r i d e i o n r e a c t i o n s involv­
ing f l u o r o o l e f i n s w i l l be given. A review of f l u o r i d e i o n 

60 
r e a c t i o n s has been published . 
I I I . A . 5 . a A d d i t i o n Reactions 

A d d i t i o n r e a c t i o n s of f l u o r o o l e f i n s u s u a l l y i n v o l v e the 
use of an a l k a l i metal f l u o r i d e , i n an a p r o t i c s o l v e n t , w i t h 
the r e s u l t i n g carbanion being trapped i n various ways^. 

When a f l u o r o o l e f i n i s reacted w i t h f l u o r i d e i o n i n a 
protogenic s o l v e n t proton a b s t r a c t i o n can occur g i v i n g HF 
a d d i t i o n 1 . 

F + CF 2=CC1F 
KF/formamide 

65 ( 

UcF CCIF] - >CF^CHC1F 7 2 % 
J solvent 

The r e a c t i o n of f l u o r i d e i o n w i t h various f l u o r o o l e f i n s 
i n the presence of iod i n e gives f l u o r o a l k y l iodides i n y i e l d s 
v a r y i n g from 7% f o r p e n t a f l u o r o e t h y l i o d i d e to 6 0 - 7 0 % f o r 
h e p t a f l u o r o i s o p r o p y l i o d i d e . 
F, F 

F 
+ F 

_ K F / I O F 1 5 0 ° 

MeCN 

F, 

F, 

F 
(27%) 

The a d d i t i o n of carbonyl f l u o r i d e to f l u o r o o l e f i n s i n the 
presence of f l u o r i d e i o n gives p e r f l u o r o a c y l f l u o r i d e s , and the 
r e a c t i o n i s thought to proceed by r e a c t i o n of a p o l y f l u o r o c a r -
banion w i t h carbonyl f l u o r i d e . The conversions v a r i e d from 8 0 % 
f o r hexafluoropropene to only 1 3 % f o r t e t r a f l u o r o e t h y l e n e , 

COF 
CF^CF=CF9 + F ^ (CF 7) CF ^ (CF,) CF.COF ( 8 0 % conversion) 

5 <L j 2 5 2 
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P e r f l u o r o c a r b o x y l i c acids have been prepared by the a d d i t i o n of 
p e r f l u o r o a l k y l anions to carbon d i o x i d e , thus t e t r a f l u o r o e t h y l e n e 
y i e l d s p e r f l u o r o - p r o p i o n i c a c i d (32) . 

P" + CP o=0P o
 1 0 0 ° CF„CF0 —>CP„CF oC00 ——>CP,CP QC0 oH (75#) 

2 2 ^ 2 100° * 3 2 2 
(_32) 

The r e s u l t s showed t h a t the more complex the o l e f i n the more 
unstable the r e s u l t i n g a c i d , and t h i s was demonstrated by no 
p e r f l u o r o p i v a l i c a c i d (33) being i s o l a t e d from the r e a c t i o n of 
perfluo r o i s o b u t e n e w i t h carbon d i o x i d e 

. (CP.) C + C0 o ±2—>(CP„) CCOOH 
5 3 2 3 3 

(33) Not i s o l a t e d 
S i m i l a r l y p e n t a f l u o r o e t h y l anion reacts w i t h h e x a f l u o r o -

acetone to give p e r f l u o r o - t - p e n t y l a l c o h o l ( 3 4 ) . 64 
CF, CF,, 
1 5 _ + I 5 

CF,,CF0 + (CP 7) C=0 — l g l y T r i e > CF-CF0— C — 0~ - i ^ C P 7 C P 0 — C - OH 
5 2 ^ 2 98-100° 3 2

 C F " CP 
3 3 

(34) 

111, A. 5. b P o l y f luoro alky la. t ions 
P o l y f l u o r o a l k y l anions, generated by the a d d i t i o n of 

f l u o r i d e ion to f l u o r o o l e f i n s , w i l l r e a c t w i t h a c t i v a t e d 
aromatic systems i n what can be described as the n u c l e o p h i l i c 

65 counterpart of the P r i e d e l - C r a f t s r e a c t i o n 
P" + CP 0=C^=± CF,-"c- ^ L E l L CF X- i-Ar™ 2 V* 3 | ? 3 [ it 

1 1 + Cf. — C+ + Ar-H — > -C-Ar + H + 
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This area has been w e l l i n v e s t i g a t e d , p a r t i c u l a r l y i n 
these l a b o r a t o r i e s , w i t h r e s u l t s demonstrating the operation 
of aromatic rearrangements, as w e l l as k i n e t i c and thermo­
dynamic c o n t r o l on p r o d u c t s ^ . The r e a c t i o n of he x a f l u o r o -
proxjene w i t h p e n t a f l u o r o p y r i d i n e , i n the presence of f l u o r i d e 
i o n , gives f o u r products (j>D-(JL8.), i n c l u d i n g the product of 

r »-7 

k i n e t i c c o n t r o l (37) and thermodynamic c o n t r o l (j>8) . Heating 
(37) i n the presence of f l u o r i d e i o n causes rearrangement of 
the i s o p r o p y l groups around the r i n g to give as the major 
product ( 3 6 ) , i . e . the thermodynamically c o n t r o l l e d product. 

CFXCF=CF0 + F 
W 

CsF 
Sulpholane 
160C 

R F 

•N 

(35) 

R F ^\ 
• F 
S K 

(16) 

R F 

R p=(CF 3)^CF 
R F 

(37) 

+ 

S i m i l a r l y perfluorocyclohexene and p e n t a f l u o r o p y r i d i n e , 
i n the presence of sulpholane and caesium f l u o r i d e a t 80°, gave 
p e r f l u o r o - 4 - c y c l o h e x y l p y r i d i n e , and under more f o r c i n g condi­
t i o n s i n a sealed tube a t 170°, s i g n i f i c a n t y i e l d s of d i - and 
t r i - s u b s t i t u t e d d e r i v a t i v e s were formed. However, w i t h per-
f l u o r o c y c l o b u t e n e and-pentene o l i g o m e r i s a t i o n becomes an 
important competitive r e a c t i o n and only mono s u b s t i t u t e d 
p y r i d i n e s are o b t a i n e d ^ . 
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CsF/ sulpholane.^ 
sealed tube 
165-170° 

R P R. F R F 

+ F F 
R ^ , 'N j.« "p N R F 

R F " C , C 6 F 1 1 

1 1 1 . A. 5 . c F l u o r i d e Ion Catalysed Rearrangement of O l e f i n s 
Fluoro o l e f i n s c o n t a i n i n g a t e r m i n a l difluoromethylene 

group normally rearrange, i n the presence of f l u o r i d e i o n , to 
more st a b l e i n t e r n a l o l e f i n s , the re a c t i o n s u s u a l l y proceeding 
by a se r i e s of S^2' s u b s t i t u t i o n s . 

M i l l e r and co-workers^° have observed the f l u o r i d e i o n -
i n i t i a t e d i s o r n e r i s a t i o n of some perfl u o r o d i e n e s to p e r f l u o r o -
a l k y l a c e t y l e n e s , and have suggested the r e a c t i o n proceeds 
through a s e r i e s of S^2' rearrangements. Thus p e r f l u o r o - 1 , 
4-pentadiene (39) rearranged, i n the presence o f caesium 
f l u o r i d e and the absence of a s o l v e n t , t o perfluoro-2-pentyne 
( 4 0 ) , w i t h the intermediates (41) and (42) being i s o l a t e d from 
r e a c t i o n a t 80°. 

CF2=CFCF2CF=CF2 

(.32.) 

P" 

CF,CF=CF-CF=CF0 3 2 

80 l 

CsF 
-> CP5CF2C=CCP5 

(1PJ 

P" 

F" -> CF-,CF=C=CFCF, 3 3 
(AL) (42) 

S i m i l a r i s o m e r i s a t i o n s o f (39) a t 400°,led t o the for m a t i o n 
of c y c l i c o l e f i n s (_13_) and (AA) • The f o r m a t i o n of (43) occurred 
i n the absence of a c a t a l y s t , suggesting an i n t e r n a l c y c l o a d d i t i o n 
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r e a c t i o n , but w i t h (44 ) the presence of a f l u o r i d e i o n source 
was required i n d i c a t i n g t h a t the mechanism involved an i n t e r n a l 

70 

a t t a c k of a carbanion (4-5) on the other t e r m i n a l double bond. 
This c y c l i s a t i o n provides evidence f o r rearrangements of f l u o r o 
o l e f i n s proceeding v i a a carbanion intermediate r a t h e r than a 
concerted ' process. 

F 

(11) 

CF2=CF.CF2.CF=CF2 

(39) 

F ->J3F2=CF 
m 
CF-( 

(15 

CFg— CF p 

CF,CF-CF0 CF,-CF-CF 
3 2 3 

(M) 

Further evidence of a carbanionic intermediate was obtained by 
the i s o m e r i s a t i o n of perfluoro-2,4-diazapenta-l,4-diene ( 4 6 ) , 
i n the presence of f l u o r i d e i o n , to (47) and the c y c l i c isomer 
(48) , Formation of (48) i s again thought to proceed v i a an 
in t r a m o l e c u l a r carbanion a t t a c k . 

CF2=NCF(CF5)CF(CF5)N=CF 
(46) 

9 — — > CF,N=C(CF,)C(CF,)=NCF 
d R.T. •> •> 0 

CF, CF. 
I 3 I 5 _ 
CF—CF F 
I I 

2 II 
CF„ 

CF 

CP, CF, 
I ^ I 5 

CF — C-F 
I 

-N f N 
' ~ Nl 

CF 2 

(47) 

CF, 
3< 

CF.T 

CF, 

F 
N N 

SI 
(48) 

(46) 
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Q u a n t i t a t i v e i s o m e r i s a t i o n of p e r f l u o r o - ( 1 , 2 - d i m e t h y l e n e c y c l o -
butane) (49) t o perfluoro~( 2-metbyl - 3-methylenecyclobutene) 
(_5_0) occurs i n the presence o f dry caesium f l u o r i d e and auto-
geneous pressure 
-^^CF, 

72 

F 
100 1 

(49) 

CF 3 
F 

(50) 

+ F* 

I I I . A . 5 o d O l i g o m e r i s a t i o n 

Again t h i s t o p i c has p a r t i c u l a r relevance to the work 
of the author and. consequently w i l l be discussed f u l l y . I n 
theory anionic p o l y m e r i s a t i o n of f l u o r o o l e f i n s would appear 
to be a v i a b l e process, but i n p r a c t i c e , due t o the a v a i l a b i l i t y 
of s everal chain t e r m i n a t i o n processes, which compete favourably 
w i t h chain propagation, only oligomers are formed. Double bond 
m i g r a t i o n , r a t h e r than self-condensation, w i l l occur i n o l e f i n s 
c o ntaining more than t h r e e l i n e a r carbon atoms, and i n o l e f i n s 
where 3 - e l i m i n a t i o n of f l u o r i n e i s not p o s s i b l e , or s e l f -
condensation does not r e a d i l y occur, h i g h l y branched i n t e r n a l l y 
unsaturated oligomers are formed. 

O l i g o m e r i s a t i o n r e a c t i o n s of f l u o r o o l e f i n s are confined 
to those i n i t i a t e d by f l u o r i d e i o n , w i t h products such as (53) 

not being formed i n r e a c t i o n s of f l u o r o o l e f i n s w i t h other 
n u c l e o p h i l e s . Examination of the e q u i l i b r i a , i n v o l v i n g i n t e r ­
mediates (51) and (52) provides a possible e x p l a n a t i o n , which 
can account f o r products of the type (53) not being formed. 
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- \ / 
p + c=c ; 

/ N 

I - C=C I I I . 
P-C-C- • ^F-C-C-O-C 

I I I I I I 
_ F-C-C-C 

G-
+F 

(51) 

_ \ / 
Nuc + C=C : 

/ \ 

< . _ i i i -
Nuc-C-C- . > < > Nuc-C-C-C-C-

y ^ I I I I I I 

(52) 

Nuc • *C=C +F 
/ N. 

I I 
Wuc-C-C-C' 

I I / 
+F 

(54) (51) 

I n the case i n v o l v i n g f l u o r i d e i o n an e q u i l i b r i u m e x i s t s 
between o l e f i n , f l u o r i d e i o n and the anion (.51)» and from 
t h i s p o i n t the r e a c t i o n can on l y proceed i n one d i r e c t i o n , 
t h a t i s a d d i t i o n to another o l e f i n molecule. Examination of 
the anion (52) shows t h a t two e q u i l i b r i a can e x i s t , the f i r s t 
i n v o l v i n g loss o f nucleophile to give s t a r t i n g m a t e r i a l s 
again, analogous to the f l u o r i d e i o n e q u i l i b r i u m , the second, 
e l i m i n a t i o n of f l u o r i d e i o n which produces a new o l e f i n (54) 
( i n f a c t the product normally o b t a i n e d ) . Therefore i t i s 
possible t h a t comparison of the a c t i v a t i o n energies f o r the 
two processes would show e l i m i n a t i o n o f f l u o r i d e i o n i s a more 
favourable r e a c t i o n than a d d i t i o n t o a f u r t h e r molecule of 
o l e f i n . 

( i ) A c y c l i c 
O l i g o m e r i s a t i o n reactions of t e t r a f l u o r o e t h y l e n e have been 

repor t e d by both Graham and F i e l d i n g , and. i n each case the 
products formed consisted of a complex mixture of h i g h l y branched 
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i n t e r n a l l y unsaturated compounds, w i t h a general formula 
( C 2 P ^ ) n where n=4,5,6 and 7. 

F i e l d i n g and co-workers a t I . C . I . L t d . c a r r i e d out the 
ol i g o m e r i s a t i o n s using a v a r i e t y of solvents and f l u o r i d e 
i o n sources, the r e s u l t s being summarised i n Table 9. 

The best y i e l d s of oligomers were obtained using caesium 
f l u o r i d e as c a t a l y s t , coupled w i t h dimethylformamide or hexa-
methylphosphoramide as s o l v e n t , and a t y p i c a l product compo­
s i t i o n i s shown i n Table 10, 

Table 9 

Solvent F l u o r i d e 
i o n source 

Temperature Reaction 
Time 

Wt. of Oligomers 

D.M.F. CsP 80 6 265 
D.M.F. KF 125 6 140 
D.M.F. Et.NF 4 110 6 100 
D.M.F. KF. HP 135 6 115 
D.M.F. KS02F 140 4 85 
D.M.F. CsS02P 110 4 70 
D.M.F. CsP 60 1 220 
N.M.P. CsP 100 4 135 
D.M.S.O. CsP 100 4 110 
H.M.P. CsF 100 4 230 
D.G . CsF 120 6 80 
D.M.E. CsP 120 6 60 
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Table 10 
Product D i s t r i b u t i o n of T.F.E. Oligomers 48 

n 4 5 6 

io 15 65 10 

73 

Graham found the d i s t r i b u t i o n of products was dependent 
on the pressure i n the r e a c t i o n v e s s e l , w i t h more heptamer 
being produced at higher pressures a t the expense of the pentamer 
f r a c t i o n (Table l l ) . 

Table 11 7 5 

Pressure io c o rap os i t i o n of p roducts 
p s i n=4 n=5 n=6 n=7 Residue 

10-20 3 65 21 2 9 
150-200 6 21 25 42 6 

The r a t e of r e a c t i o n , when using caesium f l u o r i d e , was 
found t o be dependent on the amount of caesium f l u o r i d e added, 
and, as t h i s has only l i m i t e d s o l u b i l i t y i n the solvents 
employed, some i n t e r a c t i o n between - t e t r a f luoroethylene and the 
surface of the s o l i d caesium f l u o r i d e was thought to be occur-
• 73 mg J . 

f~j A 

The mechanism proposed ' involves a d d i t i o n of penta-
f l u o r o e t h y l anion to t e t r a f l u o r o e t h y l e n e , e l i m i n a t i o n of 
f l u o r i d e i o n followed by poss i b l e rearrangement of the o l e f i n , 
which then reacts w i t h a f u r t h e r p e n t a f l u o r o e t h y l anion 
(Scheme 6 ) . 
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F + C F 2 = C F 2 ^ ± C F 3 C F 2 

C F 
-> CF^CF 2CF 2CF 2 

-F 

1)C Y~ 
C0F.-(CF,)C=CFCP, <- -^—2— CP,OF=CFCF, /— CF,CF0CF=CF, 
2 5 3 3 2 ) - F ~ ^ 3 1) 2 

P 

1) C 2P; 

2) -P" 

°2 P5 N / 2 P 5 
c=c 

O F / N C F , 
3 9 

C 0F C CP, 2 5 N / 3 
c=c x 

c p / X C 2 P 5 

Scheme 6 

Oli g o m e r i s a t i o n of hexafluoropropene occurs under v e r y 
m i l d c o n d i t i o n s , w i t h dimers and t r i m e r s "being formed i n the 
presence or absence of a s o l v e n t ^ ' ^ . Haszeldine and co-
workers i s o l a t e d two dimers, (55.) and (56), plus two t r i m e r s , 
(57) and (j)_8_), from a solvent r e a c t i o n a t 25°, and found a t 
higher temperatures (55) rearranged, to give the dimer from 
thermodynamic c o n t r o l (56.) . A mechanism proposed (Scheme 7) 
inv o l v e s a carbanion i n t e r m e d i a t e but the po s s i b l e involvement 
of a concerted process was acknowledged. 

l)CF^CF=CF, 
2 ^ CF 3CF=CF 2 (CF 3) CP 2 ) - F " ~ ^ ( C 1 V CFCF=CPCi; 

(55) 

l)CF,CF=CF 5 ( C F 7 ) C=C(C0F,-)CF(CF,) < ^ 
J 2 1 ? 3 2 2 ) - F ~ 

(57) 

F 
y . 

(CP, )0C=CFCF0CF., J 2 2 o 

( 5 6 ) 

P 

(CP,) CP •> 2 C=CFCF, 
o 3 

(58) 
S ch em e 7 



When the r e a c t i o n was performed a t temperatures above 100° a 
t h i r d t r i m e r (_5_9_) was formed, and was thought to a r i s e from 
a t t a c k o f a h e p t a f l u o r o i s o p r o p y l "anion on the t e r m i n a l l y 
unsaturated dimer (60 ) , although a dimer not yet i s o l a t e d . 

(CP 5) CP + CF 2=C(CF 5)CF 2CF 2C]? 5 -22^91^ ( C F ^ ) CFCF^CF^ )CF 2CF 2CF 3 

-F 
• * 

(CF 3) CFCP=C(CF3)CF2CF2CF5 

(59) 

Recent o l i g o m e r i s a t i o n r e a c t i o n s o f hexafluoropropene, catalysed 
by d i f f e r e n t t e r t i a r y amines, have y i e l d e d e x c l u s i v e l y dimers 
or t r i m e r s 7 6 . Yi/hen a c e t o n i t r i l e c o n t a i n i n g [cF^CHFCFgO(CH2)£j^I\T 

(61) was used as solvent only the dimer (_55.) was produced, but 
using a mixture of a c e t o n i t r i l e c o n t a i n i n g (61) and Et^N only 
t r i m e r s (_57_) and (_5_8) were formed. A mixture of t r i m e r s con­
t a i n i n g (_5_7), (j58_) and (j59_) (76%) was obtained when the r e a c t i o n 
was performed using a s o l u t i o n of D.M.S.O. co n t a i n i n g ( j 5 l ) and 
1,4-Diazabicyclo ^2.2.2.^] octane. 

Only dimers of per f l u o r o - i s o b u t e n e (62) have been observed ' 
w i t h dimer (63) being formed on shaking (62) i n ether and cae­
sium f l u o r i d e a t -30° 7 7 , 

( C F ^ C + ( C F 5 ) 2 C C F 2 - = ^ > ( C F 3 ) 2 C ^ ( C F 3 ) 3 

(62) (61) 

( i i ) C y c l i c 

Several p o l y f l u o r o c y c l i c o l e f i n s have been shown t o o l i g o -
merise, but i n general less r e a d i l y than hexafluoropropene. 'The 



o l i g o r a e r i s a t i o n of perfluorocyclobutene (_64_) has been st u d i e d 
78 

by various workers, using e i t h e r p y r i d i n e s or f l u o r i d e i o n 
to i n i t i a t e the r e a c t i o n s 7 9 ' ^ f thus (64) i n the presence of 
dimethylformamide and f l u o r i d e i o n gives two dirners (j55_) and 
(66) plus a t r i m e r ( 6 7 ) 7 9 . 

D.M.F. 
F~ F F F 

(61) (631) (66) 

+ F F F 

(61) 

There has been some c o n t r a d i c t i o n , concerning the s t r u c t u r e of 

the t r i m e r , w i t h ( 6 7 _ ) 7 9 , ( 6 8 _ ) 7 8 and (.63.)68 a l l being suggested. 
Chambers and co-workers^ 8 have provided "^F n.m.r. data which 
can only be c o n s i s t e n t w i t h s t r u c t u r e (_6_9_), and more r e c e n t l y 

80 
Clark has published E.S.C.A. data which supports the s t r u c t u r e 
proposed by Chambers. 

F F F 

F 

F F 

(68) (ea) 

Under f o r c i n g c o n d i t i o n s , octafluorocyclopentene (70) w i l l 

diraerise to give (.71), a r e a c t i o n sequence suggested i n v o l v e s 

rearrangement of the i n i t i a l l y formed o l e f i n (72) t o (71) 68 
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F 
F/125° . > 
sealed tube 

(10) 

F 
J? D ( 7 0 ) 

2) -F 
-> V F 

F 

(ID 

F 

(72) 

S i m i l a r l y , only dimers were formed w i t h perfluorocyclohexene 
(73) , g i v i n g an unsymmetrical o l e f i n (74) and a d e f l u o r i n a t e d 
product (J7JL) 6 8. 

CsF/l75° 
sealed tube F 

/ \ 
+ WA F 

(73) (2A) 

19$ 

(25J 
57^ 

I I I . B E l e c t r o p h i l i c Reactions 

Tbe r e d u c t i o n of e l e c t r o n d e n s i t y of the Tr-system i n f l u o r o -
o l e f i n s renders the system r e l a t i v e l y r e s i s t a n t t o e l e c t r o p h i l i c 
attack', but many r e a c t i o n s i n v o l v i n g the a d d i t i o n of halogens, 
hydrogen h a l i d e s and a l k y l h a l i d e s , i n the presence of a Lewis 
acid are thought to i n v o l v e e l e c t r o p h i l i c a t t a c k . A review 
dealing w i t h e l e c t r o p h i l i c r e a c t i o n s of f l u o r o o l e f i n s i s 

p 
a v a i l a b l e 

The a d d i t i o n of hydrogen f l u o r i d e , i n the presence of boron 
o "i 

t r i f l u o r i d e , to f l u o r o o l e f i n s r e a d i l y occurs , and the r e s u l t s 
i n d i c a t e the r e a c t i o n proceeds by fo r m a t i o n of the most st a b l e 
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carboniurn i o n i n t e r m e d i a t e . 
BF 

CF 2=CC1 2 + HP CP^CC12H + Polymer 
BP 

CF,CH=CC1F + HP ^->CP,CH0CC1P0 

Although carbonium i o n (76) i s d e s t a b i l i s e d by the induc­
t i v e e f f e c t of f l u o r i n e , the gre a t e r s t a b i l i t y o f (76) compared 
to (_7_Z) can be accounted f o r on the basis of mesomeric s t a b i l i s ­
a t i o n . v 

\ 

+ C-CC1QH ^—> ^;C~CC10H 
CP 2 =CC1 2 + H +

 ( 7 6 ) 

CP2H-CC12 

CZL) 
A v a r i e t y of a d d i t i o n r e a c t i o n s of f l u o r o o l e f i n s thought 

to i n v o l v e e l e c t r o p h i l i c a t t a c k are summarised i n Table 12. 

Table 12 

CP2=CP2 + CIICl^ A 1 C 1 ? > CHC12CP2CP2C1 (82) 
83°/o 

CPp-0 
CP5CP=CP2 + SÔ  CP5CP-r-S02 (83) 

C10S02P + CP5CP=CP2 > CP5CFC1CP20S02P (84) 

95°/o 

CH2=CP2 + HP + HN05 CP5CH2N02 (85) 

// SbP. [i 
CAlr-C + CHX=CP0-^T—2—> CcHrC.CHXCF-. (86) o 5 \ 2 b 0 2 D 5 J 

F (X=H,P) 



CHAPTER IV 

Non-Ionic Reactions of Fluoro O l e f i n s 

IV.A Free-Radical A d d i t i o n 
A wide range o f f r e e - r a d i c a l a d d i t i o n r e a c t i o n s w i t h f l u o r o 

o l e f i n s are known and a probable r e a c t i o n process i s shown i n 
Scheme 8. 

A-B I n i t i a t o r > A» + B _ i n i n i t i a t i o n 

. N / 1 1 

A + C=C > A-C-O A d d i t i o n 
/ \ I I 

i I \ / . i i i i A-C-C- + C=C > A-C-C-C-Ce Propagation 

A-C-C-C-C* + AB > A-C-C-C-C-B + A* Chain t e r m i n a t i o n 
i i i i i i i i 

Scheme 8 

I f the bond A-B i s weak and the r a t i o of A-B t o o l e f i n h i g h 
a 1:1 a d d i t i o n across the double bond can occur, competing suc­
c e s s f u l l y w i t h chain propagation. 

IV.A.1 O r i e n t a t i o n o f A d d i t i o n 
The o r i e n t a t i o n of r a d i c a l a d d i t i o n to unsymmetrical f l u o r o 

o l e f i n s , u n l i k e n u c l e o p h i l i c and e l e c t r o p h i l i c i o n i c r e a c t i o n s , 
i s not completely s t e r e o s p e c i f i c , a f a c t demonstrated by the 

87 89 r e a c t i o n o f t r i f l u o r o e t h y l e n e w i t h HBr and methyl mercaptan 

CHF=CF2 + HBr — > CHFBrCHF^ + CHgPCPgBr 
58% 42/o 

CFH=CF0 + CIUSH X " r a y s > CH,,SCFHCF0H + CH,SC1? CFH0 2 3 ? 2 t> 2 d 
75°/° 25% 



-47-

The a b i l i t y of a - s u b s t i t u e n t s to s t a b i l i s e a r a d i c a l have 
been shown t o increase i n the order H<F<C1^, and from a v a i l a b l e 
data Stacey and H a r r i s ^ have concluded t h a t the products of 
free r a d i c a l a d d i t i o n to f l u o r o o l e f i n s are derived from the 
most stable i n t e r m e d i a t e r a d i c a l , i . e . the r e l a t i v e s t a b i l i t i e s 
of the intermediate r a d i c a l s determines the o r i e n t a t i o n of a d d i ­
t i o n . 

More recent work by Tedder and co-workers^" suggests t h a t 
s t e r i c and po l a r f a c t o r s , of the o l e f i n and r a d i c a l , are more 
important than the s t a b i l i t y of the intermediate r a d i c a l i n 
deciding the o r i e n t a t i o n o f a d d i t i o n . For example, w i t h 
CF2=CFH fr e e r a d i c a l a d d i t i o n a t the CFH= group increases i n 
the series CF^<CC1^<CBr^, i n d i c a t i n g t h a t as the r a d i c a l s i z e 

91 
increases more a d d i t i o n to the less crowded CFH= group occurs . 

In F i g . 5 the d i f f e r e n c e i n o r i e n t a t i o n due t o p o l a r 
e f f e c t s i s demonstrated, w i t h a n u c l e o p h i l i c radical,CH^, 
p r e f e r e n t i a l l y adding t o an e l e c t r o n d e f i c i e n t carbon, while a 

0 
r e l a t i v e l y e l e c t r o p h i l i c r a d i c a l , Cp^, adds t o the more e l e c t r o n 

91 
r i c h carbonr . 

5-F 6 7 F6- 6+H 6 +, H H-6+ 
Ctf+ CS-1 i 

F ', F F^ ' F 

H F H P 
-i • r\ c Ratio of a d d i t i o n n . „ o C 
1 ' °' 5 to each end 1 ' 7 ° 2 6 

F i g ^ l 

I n r e a l i t y the o r i e n t a t i o n of a d d i t i o n i s probably dependen" 
on a combination of f a c t o r s r a t h e r than a s i n g l e f a c t o r . 
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IV.A.2 A d d i t i o n Reactions 
The examples of f r e e - r a d i c a l a d d i t i o n across the double 

bond of a f l u o r o o l e f i n are numerous, and some of these are 
shown i n Table 13. 

Table 13 
Free-Radical A d d i t i o n s to Fluoro O l e f i n s 

CF^GF=CHF + B r 2 
bv -> CF^CFBrCHFBr 

93% 

(92) 

CF,CF=CF0 + CF,SH * CI'' SCF0CFHCF, + CF,,SCFCF0H 
3 2 3 3 2 3 3 i 2 

45% CF5 

55% 

(88) 

CF0=CFH + i -C,P„I 2 3 7 -> (CF 3) CFCT-IFCF2I+(CF3)2CFCF2CHFI 

15% 85% 
R C=0 

+ RCHO 
y -ray F-

or peroxide 
II-

R = C H 3 , C 2 H 5 

and C,Hr, 3 7 

(93) 

(94) 

CF,CF=CF0 + CH,0H > CF,CFHCPoCHo0H 90% 
3 2 3 3 2 2 

( 9 5 ) 

CF2=CF2 + PH^ 150' -> HCF2CP2PH2 + (HCF 2CP 2) PH 

53% 7% 

( 9 6 ) 

+ H 2PCF 2CF 2PH 2 

9% 
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IV.A.3 T e l o m e r i s a t i o n 
F r e e - r a d i c a l a d d i t i o n r e a c t i o n s of f l u o r o o l e f i n s are o f t e n 

accompanied by the formation of telomers and w i t h t e t r a f l u o r o -
ethylene t h e i r p roduction o f t e n occurs t o the exclusion of 
simple a d d i t i o n . For example, r e a c t i o n o f b i s t r i f l u o r o m e t h y l 
d i s u l p h i d e (.28.) and t e t r a f l u o r o e t h y l e n e produced only telomers 
(79) and (,80) 9 7. 

SCF, 90.5% 
U 2 0 

CF 2=CF 2 + CF5S.SCF5 —^->CF 5S (CFgCF2)SCF^ 3% + CF^S (CF2CF2JSCF 

(.79) (80) 97% 
where n i s l a r g e 

S i m i l a r l y , w i t h hexafluoropropene the major product consisted 
of telomer (81.) but some 1:1 a d d i t i o n product (82) was formed„ 

hv 
CF5CF=CF2 + CF^S.SCF^ >CF^.CF(CF ?)CF 2SCF 5 9.5% 

(82) 
+ CF5S CF(CF 3)CF 2 

(81) 
98 

Chambers and co-workers i n v e s t i g a t i n g the r e a c t i o n o f 
various p e r f l u o r o a l k y l iodides w i t h 1 , 1 - d i f l u o r o e t h y l e n e found 
the length of the telomer chain was dependent on the r a t i o of 
telogen t o o l e f i n , and also on the s t r e n g t h of the R.p-I bond 
i . e . a s h o r t telomer chain occurs when the R-p-I bond i s weak, 
due to the chain t e r m i n a t i o n process being more c o m p e t i t i v e . 
IV.A.4 Po l y m e r i s a t i o n 

F r e e - r a d i c a l p o l y m e r i s a t i o n o f CF2=CF2, CF2=CFC1, and 
CF2=CH2 have produced polymers w i t h high thermal s t a b i l i t y and 
chemical i n e r t n e s s , f a c t o r s which have made these homopolymers 



-50-

commercially important. Polymerisation of hexafluoropropene 
i s d i f f i c u l t but copolyraerisation w i t h t e t r a f l u o r o e t h y l e n e 
produced a copolymer, which, along w i t h p o l y c h l o r o t r i f l u o r o -
etbylene has advantages over p o l y t e t r a f l u o r o e t h y l e n e by having 
a d e f i n i t e m e l t i n g p o i n t , a l l o w i n g the m a t e r i a l to be used f o r 
moulding. 

Copolymers, i n c l u d i n g C^Fg/CH^CFg and CFC1=CF 2/CH 2=CF 2, 
are very good elastomers, and can be vulcanised, by peroxides 
and polyamines, to y i e l d f l u o r i n a t e d rubbers, compounds which 
have been used to l i n e pumps c a r r y i n g c o r r o s i v e chemicals, and 
as sealants i n a i r c r a f t f u e l tanks. A review d e a l i n g w i t h 
f l u o r o c a r b o n polymers has been p u b l i s h e d ^ . 

IV.B. C y c l o a d d i t i o n Reactions 
One of the unusual f e a t u r e s of fluorocarbon chemistry i s 

the l a r g e number of f o u r membered r i n g compounds formed by 
thermal c y c l o a d d i t i o n s o f f l u o r o o l e f i n s . Por example, t e t r a -
f l u o r o e t h y l e n e gives octafluorocyclobutane when heated i n an 
autoclave^"^. 

200° 
20P o=CPo T—; ; » 

2 2 Autoclave 
P 

A f e a t u r e of c y c l o a d d i t i o n r e a c t i o n s of f l u o r o o l e f i n s i s 
t h a t the r e a c t i o n takes precedence over D i e l s - A l d e r r e a c t i o n s , 
and, w i t h a few exceptions, D i e l s - A l d e r products are not formed 
i n the thermal r e a c t i o n o f f l u o r o o l e f i n s and dienes. 

A requirement f o r c y c l o a d d i t i o n to occur i s the presence 
of a t e r m i n a l difluoromethylene group, and from c o n s i d e r a t i o n s 
of the f a c t o r s e f f e c t i n g f l u o r o o l e f i n s t a b i l i t y (Chapter I , 



Section B) some i n s i g h t i n t o the d r i v i n g force of the dimer-
i s a t i o n can be obtained„ I n fluo.ro o l e f i n s possessing 
t e r m i n a l difluoromethylene groups coulombic r e p u l s i o n between 
the non-bonding e l e c t r o n s of f l u o r i n e and the ir-bond, i n c r e ­
ases the energy of the double-bond, r e l a t i v e to t h a t of 
hydrocarbon analogues. On fo r m a t i o n of a cyclobutane r i n g 
these r e p u l s i v e forces are removed and -C^- groups formed, 
which have strong c a r b o n - f l u o r i n e bonds. 

IV.B.1 Mechanism of Cycloadditions 
C y c l o a d d i t i o n r e a c t i o n s have p a r t i c u l a r relevance to 

p a r t of the work of the author, and consequently a more 
d e t a i l e d review of the mechanism involved i s f e l t to be 
a p p r o p r i a t e . 

Thermal c y c l o a d d i t i o n r e a c t i o n s of f l u o r o o l e f i n s i n v o l v 
2-rr+2ir a d d i t i o n and t h e r m a l l y induced (2TTS+2TTS) concerted 
processes are symmetry-forbidden by the Woodward-Hoffman 
rules'*"^, however the r u l e s do allow a (2TTS+2fra) concerted 
process, shown i n F i g . 6 , such a mechanism i n v o l v i n g r e t e n ­
t i o n of c o n f i g u r a t i o n by the s u p r a f a c i a l molecule and i n v e r ­
s i o n of the a n t a r a f a c i a l molecule 

\ 0 S u p r a f a c i a l - A n t a r a f a c i a l 

\ 
P i p . 6 

http://fluo.ro
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However stu d i e s on the mechanism involved in c y c l o a d d i t i o n 
of f l u o r o o l e f i n s , p a r t i c u l a r l y "by B a r t l e t t and co-workers, 
have shown the r e a c t i o n to proceed through a two-step d i r a d i c a l 
mechanism r a t h e r than a concerted process. A d i r a d i c a l i n t e r ­
mediate was f i r s t suggested by Lev/is and Naylor, who observed 
the f o r m a t i o n of octafluorocyclobutane from t e t r a f l u o r o e t h y l e n e . 302 

2CP2=CP2 

CP, 

CP, 

• CP, 

CP, 
-> p 

103 
Park and co-workers studying cyclobutanes produced by 

the c y c l i s a t i o n of CF2=CFX (where X = CI, Br or I ) , concluded 
the more s t a b l e d i r a d i c a l i s the precursor of the f i n a l 
product. The r e l a t i v e a b i l i t i e s of halogens to s t a b i l i s e 
f r e e r a d i c a l s being I>Br>C1>F'1"^/'". 

2CP2=CPX ^ 
CP, 

CPX 
t 

C P 2 ~ ^ CPX 

P, 

P, 

PX 

FX 

The f a c t t h a t the r e a c t i o n proceeds v i a the more s t a b l e 
d i r a d i c a l provides an expla n a t i o n as to why products mainly 
derived from head to head a d d i t i o n are formed i n c y c l o a d d i t i o n s 
of f l u o r o o l e f i n s . 

Further evidence of a two-stage mechanism going through 
the most sta b l e d i r a d i c a l i s seen w i t h the c y c l o a d d i t i o n of 

105 
CP2=CC12 w i t h isoprene , where two possible r a d i c a l i n t e r -



mediates are p o s s i b l e . 

CP 2=CCI 2 

P - _ - ' CH? 

2 I 

CP2— cci 2 

( 8 1 ) 

F, CI, 

(81) 

F, CI, 

(86) 

I n the intermediate (83) the CH^ group i s at one of the 
resonance p o s i t i o n s of the r a d i c a l and consequently c o n t r i b u t e s 
to i t s s t a b i l i s a t i o n , whereas w i t h (8.4.) the r a d i c a l cannot be 
s t a b i l i s e d by the CH^ group, a f a c t r e f l e c t e d i n the product 
d i s t r i b u t i o n where (85 ) : (j36_) i s 5.4:1. 

I n concerted (2iTs+2TTa) r e a c t i o n s observed, the a n t a r a -
f a c i a l components normally contains one carbon atom w i t h no 
bulky groups attached, e.g. a l l e n e s and ketenes, so reducing 
the amount of hinderance on the close approach f o r reaction"*"^.. 
To see i f a concerted process was operating i n c y c l o a d d i t i o n s , 
B a r t l e t t and co-workers" 1"^ s t u d i e d the r e a c t i o n of t e t r a f l u o r o -
ethylene w i t h c i s - and trans-1,2-deuteroethylene, the deuterated 
ethylenes c o n t a i n i n g no bulky groups, so l e a d i n g the case i n 
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favour of the concerted process, and also a l l o w i n g any s t e r e o ­
s e l e c t i v i t y d u r i n g the r e a c t i o n to be observed. For a concerted 
r e a c t i o n , the c i s isomer (90) i s expected t o be formed from 
( 8 8 ) , and the trans isomer (89.) from ( 8 7 ) . However, examina­
t i o n of the i n f r a - r e d spectra of the two product mixtures show 
them t o be the same, but were found to d i f f e r from an a u t h e n t i c 
i n f r a - r e d spectrum of ( 9 0 ) . From these r e s u l t s the authors 
conclude a mixture of (90) and (89) are formed, regardless of 
whether the s t a r t i n g o l e f i n i s (87.) or (88_), and suggest the 
r e s u l t s are i n c o n s i s t e n t w i t h a s t e r e o s p e c i f i c mechanism, i.e„ 
concerted, but are those expected from a stepwise c y c l o a d d i t i o n . 

H D \ / CF^=CF~ + 
D D D / F F (87) I I H 1 

H 
D F H F 

)( D H CF =CF„ -t 
(89) (.90) H D 

(88) 

I t i s now obvious t h a t a c r i t e r i o n of a two-step d i r a d i c a l 
c y c l o a d d i t i o n i s p a r t i a l loss of c o n f i g u r a t i o n i n the products, 
but a second c r i t e r i o n i s p a r t i a l ioss of c o n f i g u r a t i o n i n the 
r e a c t a n t s d u r i n g , and only d u r i n g , c y c l o a d d i t i o n . B a r t l e t t 

107 
and co-workers i n v e s t i g a t i n g the r e a c t i o n of t e t r a f l u o r o -
ethylene w i t h c i s and t r a n s but-2-ene, (Scheme 9 ) , found con­
s i d e r a b l e loss of c o n f i g u r a t i o n i n the products, and also some 
loss of c o n f i g u r a t i o n i n the recovered unreacted but-2-ene. 
For example, a f t e r r e a c t i o n of cis-but-2-ene the trans isomer 
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had increased from 0.3% to 5.9%, w h i l e w i t h the trans isomer 
the amount of cis-but-2-ene increased from 0.1% to 3.1%. As 
a check, samples of c i s and trans-but-2-ene were heated under 
the c o n d i t i o n s used i n the r e a c t i o n s , but found no loss of 
c o n f i g u r a t i o n . The authors concluded the r e a c t i o n proceeded 
i n a step-wise f a s h i o n , f u l f i l l i n g both c r i t e r i a mentioned 
above. 

CH7 CH 
F 

F CH CH CH 58% T.F.E T.P.E. 
of. 28% 42% CH CH 

i F 
CH 

Scheme 9 

S i m i l a r evidence t h a t c y c l o a d d i t i o n r e a c t i o n s proceed 
v i a a d i r a d i c a l i s shown i n the r e a c t i o n of cyclooctene and 

108 
CFC1=CPC1 . The r e s u l t s again showing loss of c o n f i g u r a ­
t i o n i n the products (Table 14). I n the cyclooctene p a r t of 
the molecule only s l i g h t loss of c o n f i g u r a t i o n occured, a 
f a c t explained on the basis of unfavourable trans-annular 
i n t e r a c t i o n s p reventing i s o m e r i s a t i o n of the r i n g . 
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0 / / 0 CFC1=CFC1 + + 

\ P Cl 

CI CI CI 
(92 (91) 3 Cl + CI p F 

Cl Cl 
(93) (_9_4) 

Table 14 
Cycl o a d d i t i o n of trans-cyclooctene to C1FC=CFC1 

Co n f i g u r a t i o n of CPC1=CPC1 R e l a t i v e area i n g . l . 
products 

c e t r a c e of 

(21) (923 (31) (<L4j 
99.3/" trans 27.2 20 „ 2 49.2 3.4 
95.4$ c i s 10.2 67.0 21.4 1.4 
51.3$ c i s 17.8 46.9 33.8 1.5 

IV.B.2 Cycloadditions 
The examples of c y c l o a d d i t i o n r e a c t i o n s are numerous, 

and have been w e l l reviewed . A few t y p i c a l r e a c t i o n s are 
shown i n Table 15. 
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Table 15 
Cycle-addition Reactions 

Br, 
2 CF 2-CBr 2 

210 
p 

o 12 
F, 

<r.. 

Br, 
(10?) 

CF 2=CF 2 + CP2=CPCI — » 
F, 

P 
X2 

PCI 

(110) 

CP0=CF CP-^ 3 
P, 

F, 

FCP-

PCF 
(111) 

P, 
CF 2=CF 2 + CH2=CH2 =» 

CH2=C=CH2 + CP2=CF2 > 

H, 

F 2 

p 

H, 

F, 

(112) 

(112) 



DISCUSSION 
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CHAPTER V 

Fl u o r i d e I o n - I n i t i a t e d Reactions of 
C b l o r o t r i f l u o r o e t h y l e n e 

I n t r o d u c t i o n 
The i n i t i a l o b j e c t i v e of t h i s work was to synthesise 

v i n y l aromatic compounds, w i t h a view to using these systems 
as precursors i n the study of h i g h l y f l u o r i n a t e d , l o n g - l i v e d , 
conjugated anions. E a r l i e r work c a r r i e d out i n these l a b o r a -

113 
t o r i e s l e d to the synthesis of p e r f l u o r o - 4 - v i n y l p y r i d m e , 
and the obj e c t of t h i s work was to develop t h i s s y n t h e s i s , 
and also attempt t o extend the method to other systems, w i t h 
a p o s s i b i l i t y of the p r e p a r a t i o n of d i - or t r i - v i n y l compounds. 
The route used involves f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s 
between c h l o r o t r i f l u o r o e t h y l e n e and an activated, aromatic 
species, t o give the corresponding c h l o r o t e t r a f l u o r o e t h y l 
d e r i v a t i v e , which on passing over hot i r o n - f i l i n g s dechloro-
f l u o r i n a t e s to give a v i n y l aromatic compound (Scheme 10) 

Fe 
CF,CFC1 + Ar^-F -> Ar^-CFCICF., + F > Ar^-CF=CF0 

3 F F 3 A F 2 

Scheme 10 

The main p a r t of t h i s chapter w i l l deal w i t h f l u o r i d e i o n -
i n i t i a t e d r e a c t i o n s between c h l o r o t r i f l u o r o e t h y l e n e and 
va r i o u s aromatic s u b s t r a t e s , i n c l u d i n g p e n t a f l u o r o p y r i d i n e , 
t e t r a f l u o r o p y r i m i d i n e and cyanuric f l u o r i d e . A s e c t i o n a t 
the end of the chapter w i l l discuss the attempts to produce 



oligomers of c h l o r o t r i f l u o r o e t h y l e n e . 

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

P o l y f l u o r o a l k y l a t i o n s of a c t i v a t e d c a r b o c y c l i c and. h e t e r ­
o c y c l i c aromatic systems, using a c y c l i c and a l i c y c l i c f l u o r o 
o l e f i n s i n f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s , are w e l l docu­
mented and were discussed i n Chapter I I I , Section A.5.d. 

F l u o r i d e i o n - i n i t i a t e d r e a c t i o n s between a c t i v a t e d N-
heteroaromatic species and various p o l y f l u o r o e t h y l e n e s have 
been st u d i e d i n these l a b o r a t o r i e s , and i n general give complex 
product mixtures. For example, a f l u o r i d e i o n - i n i t i a t e d 
r e a c t i o n between c h l o r o t r i f l u o r o e t h y l e n e and p e n t a f l u o r o -
p y r i d i n e (.95) gives a complex mixture of products ( 9 6 ) - ( l 0 0 ) . 114 

+ CF2=CFC1 

R p = C 2P 5 

CsP/Solvent > 
4h. 90° 

P 

F | + p 

(96) to) 
Cl c CPC1CF 3 

P 

(100) 

A s i m i l a r r e a c t i o n between b r o m o t r i f l u o r o e t h y l e n e and 
p e n t a f l u o r o - p y r i d i n e (95) gave d i f f e r e n t types of products. 
, ^ C s P ^ 0 ° J T \ ? F 3 / v 

(95) + CF?=CFBr > CF.,CFBr9 + N P y-CF-r P N 
Sulpholane 5 d \ / \ / 

(25%) X — ~ J 

+ Polymer 



The reason f o r the complex nature of the products i s clue 
to the a b i l i t y of the intermediate carbanion, formed by 
a d d i t i o n of f l u o r i d e i o n t o the f l u o r o o l e f i n , to re a c t 
f u r t h e r i n a v a r i e t y of ways"'"'̂  (Scheme 11). 

1? + CP2-==CPX CF^CFX > ? 

X = F, CI, or Br 

l ) P o l y f l u o r o a l k y l a t i o n 
CF^CPX + Ar - „ - F * Ar-pCFXCF, + F 

j F F j 

2) Carbene Formation 
CF,CFX > X + CF,CF: — ^ CF,CF0 

3 ) Halogen Exchange 
CF^CFX + CF0=CFX > C F , C F X 0 + CF0=CP 

4) Charge Transfer 
CF-CFX + Ar^ > Ar T 1 

5 F F 

Scheme 11 

+ CF,CFX 

Products derived from p o l y f l u o r o a l k y l a t i o n and halogen 
exchange have been i s o l a t e d from r e a c t i o n s i n v o l v i n g c h l o r o -
t r i f l u o r o e t h y l e n e and b r o m o t r i f l u o r o e t h y l e n e r e s p e c t i v e l y , 
w i t h charge t r a n s f e r processes suggested as possi b l e routes 
to polymeric m a t e r i a l s r e c o v e r e d . H o w e v e r , attempts to 
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t r a p any carbenes formed i n the r e a c t i o n between c h l o r o t r i -
f l u o r o e t h y l e n e and f l u o r i d e i o n , i n the presence of excess 
cyclohexene, f a i l e d to give a norcarane d e r i v a t i v e (101). 

•a CI*' CF 
3 / \ F 

(101) 

V.A.I Reaction Conditions 
The r e s u l t s of f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s c a r r i e d 

out i n these l a b o r a t o r i e s have shown t h a t i n general the most 
e f f e c t i v e combination of solvent and f l u o r i d e i o n source i s 

115 
caesium f l u o r i d e i n sulpholane, although exceptions to 
t h i s combination are known. 1 1 6 

I n theory only c a t a l y t i c amounts of f l u o r i d e i o n are 
r e q u i r e d , but due t o the i n s o l u b i l i t y of a l k a l i metal f l u o r i d e s 
i n the solvents used, a l a r g e excess has to be used i n the 
r e a c t i o n . The amount of a l k a l i metal f l u o r i d e added has been 

7 3 

found to a f f e c t the r a t e of r e a c t i o n , f o r example, Graham 
noticed t h a t the r a t e of t e t r a f l u o r o e t h y l e n e o l i g o m e r i s a t i o n 
increased as the amount of caesium f l u o r i d e added was increased, 

r 
and concluded t h a t some r e a c t i o n was occubing at the surface of 
the s o l i d caesium f l u o r i d e . 

O r i g i n a l l y f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s were c a r r i e d 
out i n autoclaves a t high temperatures (>120°) and pressures, 
but these c o n d i t i o n s produced unwanted s i d e - r e a c t i o n s , i n c l u d ­
i n g o l i g o m e r i s a t i o n of the o l e f i n , rearrangements, and decom­
p o s i t i o n of the s o l v e n t . 1 1 6 ' 7 3 ' 6 8 
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I n recent years techniques which allow these r e a c t i o n s to 
be c a r r i e d out a t atmospheric pressure have been developed i n 

•j 1 Q 

these l a b o r a t o r i e s . ' The apparatus consists of a v a r i a b l e 
volume r e s e r v o i r ( f o o t b a l l bladder) attached to a round-
bottomed f l a s k i n t o which the solvent and f l u o r i d e i o n source 
are introduced. A f t e r evacuating and degassing, the apparatus 
i s r e t u r n e d to atmospheric pressure w i t h the r e q u i r e d f l u o r o 
o l e f i n , and the aromatic substrate introduced v i a a syringe 
through the septum ( F i g . 7 ) . 

To v a r i a b l e 
volume r e s e r v o i r 

4 x 
Septum 

t = t = i 

To vacuum 
and manometer 

Magnetic S t i r r e r 
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V.A.2 Reactions of C h l o r o t r i f l u o r o e t h y l e n e w i t h P e n t a f l u o r o -
p y r i d i n e 

The o b j e c t of the work described i n t h i s s e c t i o n was t o 
improve on the y i e l d s of l - c h l o r o - l - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o -
p y r i d y l ) t e t r a f l u o r o e t h a n e (100) formed i n the f l u o r i d e i o n -
i n i t i a t e d r e a c t i o n between p e n t a f l u o r o p y r i d i n e and c h l o r o ­
t r i f l uoroetbylene . 

The f i r s t f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s of c h l o r o t r i -
f luoroethylene w i t h pentaf l u o r o p y r i d i n e (.95) were c a r r i e d out 
i n autoclaves a t h i g h temperatures (190°). This y i e l d e d a 
product c o n s i s t i n g of unreacted s t a r t i n g m a t e r i a l and f i v e 
products, t h r e e of which have been i s o l a t e d and i d e n t i f i e d as 
p e r f l u o r o - ( 4 - e t h y l ) p y r i d i n e ( 9 6 ) , 4 - c h l o r o t e t r a f l u o r o p y r i d i n e 
( 9 9 ) , and l - c h l o r o - l - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) t e t r a -
fluoroethane ( 1 0 0 ) . 1 1 5 * 1 1 6 » 1 1 9 

More recent work,"^^" using a combination of caesium 
f l u o r i d e and sulpholane or tetraglyme, a t atmospheric pressure 
gave a complex mi x t u r e , w i t h the product d i s t r i b u t i o n being 
dependent on the s o lvent used. (Table 16). 

The r e s u l t s i n Table 16 show t h a t c h l o r i n e displacement 
occurs, e s p e c i a l l y when sulpholane i s used as the s o l v e n t , and 
t h i s displacement has been r a t i o n a l i s e d i n terms of a pseudo-
S.,2 ' mechanism (Scheme 12 J . 1 ^ 

F P 
F CP„CP CF C- CI CP C 3 

F P P V 1 

CI 
p 1 F P P F 

N N I 

cheme 12 



-64-

Table 16 114 

V C2 I ?5 

Solvent 

+ CF2=CFC1 

CsF 
solvent 

CI 

F 
N" 

(99) 

CFC1CF, 

( 1 0 0 ) 

Sulpholane 15 
Tetraglyrae 0 

4 

6 

3 

4 

4 

8 

15 
4 6 

Confirmation of t h i s mechanism i s provided "by the r e a c t i o n 
of c h l o r o t r i f l u o r o e t h y l e n e w i t h cyanuric f l u o r i d e (104) where 
the c h l o r o t e t r a f l u o r o e t h y l compounds ( 1 0 2 ) and ( 1 0 3 ) are the 
the only products i s o l a t e d . I n compounds ( 1 0 2 ) and ( 1 0 3 ) 
there are no carbon atoms ortho or para to c h l o r o t e t r a f l u o r o ­
e t h y l groups, a requirement f o r the pseudo-S^'2' mechanism, 
and consequently no c h l o r i n e displacement occurs. 

CFC1CFX CFC1CF 
3 

N' 
F 

(104) 

CsF.70 
+ CP2=CPCI Sulpholane 

N 
P | 

( 1 0 2 ) 

+ F CFC1CF 
3 

I f 

(101) 
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Atmospheric pressure r e a c t i o n between p e n t a f l u o r o p y r i d i n e 
(95) and c h l o r o t r i f l u o r o e t h y l e n e , c a r r i e d out a t room tempera­
t u r e using a combination of caesium f l u o r i d e and tetraglyme, 
gave a c o l o u r l e s s l i q u i d . Chromatographic a n a l y s i s showed 
t h i s t o c o n s i s t of unreacted p e n t a f l u o r o p y r i d i n e , d i s s o l v e d 
o l e f i n and one product, i d e n t i f i e d as l - c h l o r o - l - ( 2 1 , 3 1 , 5 ' > 6 ' -
t e t r a f l u o r o p y r i d y l ) t e t r a f l u o r o e t h a n e (lOO) by comparison of 
i n f r a - r e d and n.m.r. spectra w i t h those of an aut h e n t i c sample. 

Comparison of the y i e l d s obtained from r e a c t i o n s a t room 
temperature and 90° (Table 17) show t h a t reducing the r e a c t i o n 
temperature has i n h i b i t e d c h l o r i n e displacement, but reduced 
the conversion of p e n t a f l u o r o p y r i d i n e to products. 

From the i n v o l a t i l e residues of the r e a c t i o n a viscous 
brown o i l was recovered, a polymer probably formed by an 
e l e c t r o n t r a n s f e r process, s i m i l a r t o t h a t p r e v i o u s l y 
suggested by Chambers and co-workers to account f o r polymer 
for m a t i o n i n the r e a c t i o n o f t e t r a f l u o r o e t h y l e n e w i t h t e t r a -
pyridazine. 1''"^ 

CFC1CF 3 
CsF/Tetraglyme 

+ CF„=CFC1 F 
Room Temperature 

N N 24 hrs 
C2i) (100) 



Table 1 7 
Yields of products from the r e a c t i o n of 

Pe n t a f l u o r o p y r i d i n e w i t h C b l o r o t r i f l u o r o e t h y l e n e 

Reaction 
T j.me 
hrs 

Reaction 
Temp 
°C 

""Percentage Yields Reaction 
T j.me 
hrs 

Reaction 
Temp 
°C ( 9 6 ) ( 9 7 ) ( 9 9 J ( 1 0 0 ) io Conversion 

24 2 5 ° — — — — 83 4 5 

24 9 0 ° - 5 8 9 4 0 7 6 1 1 4 

Based on ( 9 5 ) consumed 

V.A.3 Reaction of C h l o r o t r l f r u o r o e t h y l e n e w i t h T e t r a f l u o r o -
p y r i m i d i n e 

Atmospheric pressure r e a c t i o n between c h l o r o t r i f l u o r o ­
ethylene and t e t r a f l u o r o p y r i m i d i n e ( 1 0 5 ) i using a combination 
of caesium f l u o r i d e and sulpholane at 30°, gave a c o l o u r l e s s 
l i q u i d , which on chromatographic an a l y s i s was shown t o co n s i s t 
of unreacted ( 1 0 5 ) and two products, i d e n t i f i e d as 4-chloro-
tetrafluoroetbyl-2,5»6-trifluoropyrimidine (106) and 4,6-bis-
c h l o r o t e t r a f l u o r o e t h y l - 2 , 5 - d i f l u o r o p y r i m i d i n e (107). 

CFC1CF, 

F + CP2=CPCI 
CsF/Sulpholane 

-> 
30' 

N 

(105) 

P 

(106) 

20$ 

+ 

CFC1CF, 
N 

P 
C P 5 C P C i ^ r r 

(107) 

19$ 
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As i n the case of p e n t a f l u o r o p y r i c l i n e a viscous o i l was 
recovered from the i n v o l a t i l e residues suggesting once again 
the f o r m a t i o n of a polymer v i a an e l e c t r o n t r a n s f e r process. 

R e p e t i t i o n of the r e a c t i o n using tetraglyme as so l v e n t 
y i e l d e d a large amount of i n t r a c t a b l e t a r , plus a small amount 
of v o l a t i l e m a t e r i a l , which chromatographic a n a l y s i s i n d i c a t e d 
consisted of unreacted t e t r a f l u o r o p y r i m i d i n e , (106)(9$)^(107) 
( 3 $ ) , and two other u n i d e n t i f i e d components. These r e s u l t s 
i n d i c a t e d t h a t i n the case of t e t r a f l u o r o p y r i m i d i n e , changing 
solvents from sulpholane to tetraglyme produced more unwanted 
s i d e - r e a c t i o n s , and reduced the y i e l d s of (106) and ( 1 0 7 ) 
obtained. 

V.A.3.a S t r u c t u r e of the Products 
The two compounds (106.) and (107) were ch a r a c t e r i s e d as 

s i n g l e components a f t e r s eparation, using p r e p a r a t i v e scale 
chromatography. Both (106) and (107) gave s a t i s f a c t o r y 
elemental a n a l y s i s and s t r o n g parent peaks i n the mass spectrum 
w i t h n.m.r. spectroscopy confirming the p o s i t i o n s of s u b s t i t u ­
t i o n as 4-, and 4,6 i n (106) and (107) r e s p e c t i v e l y . The 
observed chemical s h i f t values f o r the r i n g f l u o r i n e s are i n 
good agreement w i t h those f o r s i m i l a r compounds (Tables 18 
and 19). 
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Table 18 
Chemical S h i f t s i n 4 - s u b s t i t u t e d T r i f l u o r o p y r i m i d i n e s Ref. 

Compound 

CP(CP,) 
• J 2 

N 
P 

N 

Chemical S h i f t , Ring Fluorines 
2 5 6 

46.7 1 5 2 . 5 7 0 . 5 ( 1 2 0 ) 

CP, P 
3 V / 

C~° XCP. 

IF 
N' 

48.2 154.4 74.0 ( l 2 l ) 

CPC1CP, 

N 
(106) 

N 
IP 

45.0 149.8 69.4 

p.p.m. R e l a t i v e to e x t e r n a l CFC1. 
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Table 1 9 
Chemical Shifts'', i n 4,6-subs t i t u t e d -

d i f l u o r o n v r i m i d i n e s 

Compound Chemical S h i f t s , Ring F l u o r i n e s 

F 
(CP,) CP 3 2 

CP(CP- ) 

P 4 6 . 7 1 3 0 ( 1 2 0 ) 

CPC1CP. 
P 

CP 

N 

3 C F C 1 ^ N ^ 

( 1 0 7 ) 

F 4 7 . 6 1 3 1 . 4 

'p.p.m. R e l a t i v e to e x t e r n a l CFC1. 

V.A.4 Reaction of C h l o r o t r i f l u o r o e t h y l e n e w i t h Cyanuric 
F l u o r i d e 

Atmospheric pressure r e a c t i o n between cyanuric f l u o r i d e 
(104) and c h l o r o t r i f l u o r o e t h y l e n e , using a combination of 
caesium f l u o r i d e and sulpholane gave a c o l o u r l e s s l i q u i d , 
which chromatographic analysis showed to con s i s t of unreacted 
cyanuric f l u o r i d e and two products, i d e n t i f i e d as 2 - c h l o r o -
t e t r a f l u o r o e t h y l - 4 , 6 - d i f l u o r o - s - t r i a z i n e ( 1 0 2 ) and 2 , 4 - b i s 
c h l o r o t e t r a f l u o r o e t h y l - 6 - f l u o r o - s - t r i a z i n e ( 1 0 3 ) o 



+ CT2=CFC1 
CsF/Sulpholane N' N 

-> I F 
N 

60^ 

(104) 

•N-

( 1 0 2 ) 

)PC1CP. 

( 1 0 3 ) 

The r e s u l t s i n (Table 2 0 ) show t h a t the r e a c t i o n i s 
temperature dependent, w i t h only the mono-substituted com­
pound, ( 1 0 2 ) , being produced i n low y i e l d s from r e a c t i o n s 
c a r r i e d out at room temperature. The r e s u l t s also show t h a t 
as the y i e l d s of ( 1 0 2 ) and ( 1 0 3 ) increased w i t h temperature, 
the conversion of cyanuric f l u o r i d e to products decreased. 

Table 20 
V a r i a t i o n i n Yields of (lP_2.) and (103) w i t h 

Temperature 

Solvent Reaction 
Temperature 

Reaction 
Time h r s . 

Yields 
of Products 

Conversion 

(102) (103) 

Sulpholane 25° 22 30.4 - 69 
Sulpholane 60° 48 61.5 10.8 51 
Sulpholane 
Tetraglyme 80° 69 68.5 7.0 44 

'Based on cyanuric f l u o r i d e consumed 

V.A.4 oa Determination of S t r u c t u r e 

The two compounds ( l 0 _ 2 ) and ( . 1 0 3 ) were ch a r a c t e r i s e d as 
s i n g l e components, a f t e r s e p a r a t i o n using p r e p a r a t i v e scale 
chromatography. Both compounds gave s a t i s f a c t o r y elemental 
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a n a l y s i s and strong parent peaks i n the mass spectra. The 
n.m.r. were simple and c o n s i s t e n t w i t h the proposed s t r u c t u r e s , 

V.A.4.b Discussion 
The elevated temperatures r e q u i r e d i n the r e a c t i o n of 

cyanuric f l u o r i d 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 were unexpected, 
as k i n e t i c studies c a r r i e d out i n these l a b o r a t o r i e s have shown 
t h a t the s u s c e p t i b i l i t y towards n u c l e o p h i l i c a t t a c k of a se r i e s 

122 
of p e r f l u o r o h e t e r o c y c l i c compounds increases i n the order: 

P 
•N" 

N 
P 

1 37 1980 > 10-

An explanation t h a t accounts f o r these observations, i s 
t h a t f l u o r i d e i o n reacts w i t h cyanuric f l u o r i d e i n preference 
to c h l o r o t r i f l u o r o e t h y l e n e , due t o the gre a t e r s u s c e p t i b i l i t y 
of the former to n u c l e o p h i l i c a t t a c k , and i t i s only at 
elevated temperatures when the r e a c t i o n becomes less s e l e c t i v e 
t h a t p o l y f l u o r o a l k y l a t i o n occurs to any great e x t e n t . 

When caesium f l u o r i d e i s heated w i t h an excess of cyanuric 
f l u o r i d e i n sulpholane, a f t e r one hour only a small amount of 
f i n e l y d i v i d e d s o l i d remained, i n d i c a t i n g t h a t almost a l l the 
caesium f l u o r i d e had gone i n t o s o l u t i o n . On removing as much 
cyanuric f l u o r i d e as po s s i b l e from the r e a c t i o n mixture, under 
high vacuum, the amount of f i n e l y d i v i d e d s o l i d increased con­
s i d e r a b l y , and a d d i t i o n of d i l u t e h y d r o c h l o r i c a c i d to the 
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remaining i n v o l a t i l e sulpholane y i e l d e d a cream s o l i d , 
i d e n t i f i e d from i t s i n f r a - r e d spectrum as cyanuric a c i d . 

These observations and r e s u l t s are a l l c o n s i s t e n t w i t h 
f o r m a t i o n of a soluble s a l t or complex between cyanuric 
f l u o r i d e and caesium f l u o r i d e , and the increased p r e c i p i t a ­
t i o n of f i n e l y d i v i d e d caesium f l u o r i d e on removal of cyanuric 
f l u o r i d e from the r e a c t i o n mixture i n d i c a t e d a r e v e r s i b l e 
r e a c t i o n . The formation of cyanuric a c i d on a d d i t i o n of 
d i l u t e h y d r o c h l o r i c a c i d to the sulpholane residues, again 
i n d i c a t e d t h a t an i n v o l a t i l e s a l t or complex of cyanuric 
f l u o r i d e was formed i n solution,. 

CsF + N N N 
CsF F 

N 

Complex or s a l t 

The h y d r o l y s i s products were i d e n t i f i e d from comparison 
of the i n f r a - r e d spectrum w i t h t h a t of an a u t h e n t i c sample 
of cyanuric a c i d (108) prepared by h y d r o l y s i s of cyanuric 

12^ 
c h l o r i d e w i t h g l a c i a l a c e t i c a c i d . H y d r o l y s i s of a sample 
of cyanuric f l u o r i d e also gave cyanuric a c i d . 



- 7 3 -

0 

HN N Nil 1 H„0 0 7 l a c i a l A c e t i c CI F 
o N 120". 2 hrs 

H H 
( 1 0 4 ) (108) 

A d i l . H C l . 

Complex or Salt-

Further evidence o f a soluble complex or s a l t being formed 

was obtained from a simple experiment, using n.m.r. techniques. 

On adding dry caesium f l u o r i d e t o a mixture of cyanuric f l u o r i d e 

and sulpholane, the n.m.r. spectrum of the supernatent l i q u o r 

showed no abs o r p t i o n a t the p o s i t i o n expected f o r cyanuric 

f l u o r i d e ( 3 4 . 4 p.p.m. r e l a t i v e t o CFCl^), but a v e r y broad 

a b s o r p t i o n downfield a t 3 2 . 3 p.p.m. which sharpened consider­

a b l y on hea t i n g i n the probe. 

Also, on gradual a d d i t i o n of cyanuric f l u o r i d e to a 
sample of supernatent l i q u o r , the peak g r a d u a l l y sharpened 
and moved u p f i e l d ( F i g . 8 ) . 

An explanation t h a t i s con s i s t e n t w i t h most of the 
a v a i l a b l e data i s t h a t some form of exchange was occuring 
and the most obvious type i s a r a p i d exchange between f l u o r i d e 
i o n and cyanuric f l u o r i d e , t o give an averaged s i g n a l , 6obs.. 

F F 

N 1 N 
F + F 

F F N 

61 62 Sobs = (61+62) 
2 
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• i 

Gradual a d d i t i o n of 
.cyanuric f l u o r i d e t o 
-:s ulpholane c o n t a i n i n g 

400 
-complex-. — 1 ~ 

eo 

f" 'J, in sulpholane-'^—> 

54.4 p.pom. ... 

I -MO 

1 j ^ ' ! ^ " * • * 

, W i r"*\j\ 

,,_!.. 

32.3 p.p.m. 
r 

1 1 > ; l 

', -,v--**vJt'"' ^ 
'AS 

1... . - i — ; — l : L_ . . I .. . -: 
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However, as 6"1 and 62 have values of 34.4 p.p.m. and ca. 
155 

120 p.p.m. r e s p e c t i v e l y , a 6obs. of ca. 76 p.p.m. would 
he expected,considerably u p f i e l d of t h a t observed. 

Therefore, the observed spectrum must be an averaged 
s i g n a l i n v o l v i n g some other species i n s o l u t i o n , and since 
cyanuric f l u o r i d e can be recovered, i n d i c a t i n g t h a t no r i n g 
opening occurs, t h i s must i n v o l v e a a-complex ( 1 0 9 ) . 

F F a 
+ N N ^ Cs CsF + J F 

F F N 
1 0 9 

(6 a+5 b) 61 62 63 

The observed chemical s h i f t f o r such a system would be an 
averaged s i g n a l of 61, 62 and 63 w i t h the exact value being 
dependent on the co n c e n t r a t i o n of each component. Therefore, 
as 61 and 62 are known to have values of 34.4 p.p.m. and ca. 
120 p.p.m. r e s p e c t i v e l y , and 6obs was 32.3 p.p.m., 63 must 
be t o low f i e l d . N e u t r a l , model compounds i n d i c a t e values 
of 74.0 p.p.m."*"̂  and 62.3 p.p.m. 1^ f o r 6 a and 6b r e s p e c t i v e l y , 
which would give a value f o r 63 u p f i e l d of t h a t observed, and 
i n a n e g a t i v e l y charged species t h i s chemical s h i f t could be 
expected to move even f u r t h e r u p f i e l d . The observed s h i f t 
downfield must be due t o the presence of the caesium c a t i o n , 
which i s having a large e f f e c t on the e l e c t r o n i c environment 
of ( 1 0 9 ) . 
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The•formation of a a-complex i s co n s i s t e n t wi t h the 
observations discussed e a r l i e r , thus a d d i t i o n of cyanuric 
f l u o r i d e to the supernatent l i q u o r , increases the c o n t r i b u ­
t i o n of 61 to the observed chemical s h i f t , 6obs., and causes 
an u p f i e l d s h i f t . Raising the temperature of the s o l u t i o n 
would increase the r a t e of exchange and t h i s was observed 
by the peak becoming sharper, i n the n.m.r, spectrum, on 
warming. T h e o r e t i c a l l y , c o o l i n g the system should reduce 
the r a t e of exchange, so a l l o w i n g observation of 61, S2 and 
63 as d i s c r e t e peaks, but on co o l i n g (-5°) caesium f l u o r i d e 
p r e c i p i t a t e d and no se p a r a t i o n was observed. 

V.A.4.c Formation of a S o l i d Cyanuric Fluoride/Caesium 
F l u o r i d e Complex 

124 
Young and co-workers have rep o r t e d the p o l y f l u o r o -

a l k y l a t i o n of cyanuric f l u o r i d e w i t h hexafluoropropene, i n 
the presence of caesium f l u o r i d e and the absence of a s o l v e n t , 
w i t h good y i e l d s of mono- and d i - a l k y l a t e d products being 
formed. 

N 
+ CF„CF=CF 

N 
>> 

100° 
sealed tube 

CsF 

R F 
N N N 

P F + / R N N 
51# R F 

N N 
+ R F^. i N R™=(CF,) CF 

2 (5#) 
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A s i m i l a r r e a c t i o n between octafluorobut-2-ene and 
cyanuric f l u o r i d e , c a r r i e d out i n these l a b o r a t o r i e s , gave 
a s o l i d product of unknown composition, w i t h no cyanuric 

125 
f l u o r i d e being recovered a f t e r the r e a c t i o n . 

When caesium f l u o r i d e and cyanuric f l u o r i d e (104) were 
heated (180°) under autogeneous pressure i n a Carius tube, a 
transparent yellow syrup was formed, which on c o o l i n g y i e l d e d 
a b r i t t l e , pale yellow, glassy s o l i d . 

Examination of the contents of the tube showed unreacted 
cyanuric f l u o r i d e present, but no caesium f l u o r i d e , and a 
combination of a mass balance w i t h elemental a n a l y s i s i n d i c a t e d 
t h a t the glass contained a 1:1 molar r a t i o of caesium f l u o r i d e : 
cyanuric f l u o r i d e . 

Attempts to deduce a d e f i n i t e s t r u c t u r e f o r t h i s glass 
have met w i t h l i t t l e success, but w i t h the n.m.r. data obtained 
and examination of the h y d r o l y s i s products i t has proved 
possible to i n f e r a type of s t r u c t u r e , which i s c o n s i s t e n t w i t h 
the a v a i l a b l e data. The author would l i k e to emphasise t h a t 
the r e a ctions proposed are those which at the time of w r i t i n g 
provide products which are c o n s i s t e n t w i t h most of the a v a i l a b l e 
data, but i t i s possible t h a t i n the f u t u r e more data w i l l be 
obtained which w i l l c onfirm, or provide evidence f o r , a d i f ­
f e r e n t type of r e a c t i o n and products. 

+ 
o 180 N 

J P 
Carius Tube N 

Glass 

(104) 
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Th e n.m.r. spectrum of the complex, formed by heating 
caesium f l u o r i d e and cyanuric f l u o r i d e i n a sealed n.m.r. 
tube showed fo u r absorptions, a t 26.0, 43.0, 47.6 and 49.0 
p.p.m. ( r e l a t i v e t o e x t e r n a l CFCl^), w i t h i n t e n s i t i e s 9; 
30; 46; 15 r e s p e c t i v e l y . The spectrum of a weak s o l u t i o n 
of the complex i n dimethyIformamide (D.M.F.) was also 
obtained and gave peaks a t 32.7, 33.2, 50.6 and 51.4 p.p.m. 
w i t h approximate r e l a t i v e i n t e n s i t i e s , 1; 1; 4; 1 r e s p e c t i v e l y . 

As the s t o i c h i o m e t r y of the r e a c t i o n i n d i c a t e d a 1:1 
complex between cyanuric f l u o r i d e and caesium f l u o r i d e i t i s 
possible t o p r e d i c t two types of product: ( i ) where the r i n g 
remains i n t a c t , ( i i ) where the r i n g i s cleaved. 

I f the r i n g remained i n t a c t the most obvious s t r u c t u r e 
f o r the product would be a d-complex, formed by e i t h e r 
l , 2 - ( l ! 0 ) or l , 4 - ( l l l ) a d d i t i o n of caesium f l u o r i d e t o 
cyanuric f l u o r i d e . 

F F F F 

Cs 
N' N N N N N 

CsF " or KJ P F F F N N N 
Cs 

(110) (111) 

Structures (_110_) and ( i l l ) both contain a N-CF^-N group, 
which, by comparison w i t h the same grouping i n the f l u o r i n a t e d 
pyriraidine (112) i s expected to have a chemical s h i f t of 

126 
about 74 p.p.m. However, the n.m.r. data on the complex 
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shovved no absorptions above 51.4 p.p.m., suggesting t h a t the 
s t r u c t u r e i s n e i t h e r (110) or (111). 

F P 

N N 

(CF,) CP 
y 2 

Chemical S h i f t s , Ring F l u o r i n e s 

2 5 

r p p 

(112) 

CP(CP,) 73.9 114 (126) 

R e l a t i v e t o CPC1. 

I n c o n t r a s t an a l t e r n a t i v e r e a c t i o n i n which the r i n g has 
opened gives products t h a t are more consistent w i t h the n.m.r. 
data, r i n g cleavage producing compounds containing CF.̂ -N= and 
PC=N- groups, which i n known compounds are shown to absorb i n 
the r e g i o n 20 - 60 p.p.m., the same area of ab s o r p t i o n as the 
complex (Table 21). 

Table 21 

Compound Group Chemical S h i f t * 

CF2=N-CF5 CF, 3 57.7 (127) 
CF 31.9 
CF 51.3 

C,Pr7CP=NCP, 3 7 5 CP 23.8 (127) 
CF, 3 40.3 

p.p.m. r e l a t i v e to e x t e r n a l CPC1 
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I f , as the n.m.r. suggests, r i n g opening has occured i t 
i s p ossible to p r e d i c t r e a c t i o n s-cquences t h a t lead to 
products consistent w i t h the n.ra.r. spectra. The i n i t i a l 
step of the r e a c t i o n probably involves formation of a a-complex, 
(110) or (111), from a d d i t i o n of caesium f l u o r i d e , and depend­
ing on which intermediate i s formed r i n g opening could produce 
d i f f e r e n t products. 

( i ) Ring opening v i a a o-complex 

The s t r u c t u r e (110) contains a t e r t i a r y n i t r o g e n which 

could donate i t s lone p a i r i n t o the r i n g system, so promoting 

a movement of e l e c t r o n s around the r i n g leading t o cleavage, 

and formation of a f u r t h e r a-complex (JHJL) ° S t r u c t u r e (113) 

contains a t e r m i n a l CF^N- group which would be very r e a c t i v e , 

and i n the presence of f l u o r i d e i o n would rearrange t o give 

(114) or (115). (Scheme 13). 

CsF + 

F F 
Cs r\ 

—> 4? V' 
F 

(110) 

Cs 

F 

y2 
N 

(113) 

P 

CP. 
V N 

/ F P" 
Cs 

N=C=N" 

(115) 

F 
\T=C=N 

CP, 

(114) 

Cs 
V 

F 

CP. 

N V 

Scheme 13 
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A d i f f e r e n t r e a c t i o n pathway could occur i f a l, 4 - o -
complex (111) i s formed, r i n g cleavage producing (116), 
which on l o s i n g caesium f l u o r i d e could produce a n i t r i l e 
(117). This s t r u c t u r e (117.) also contains a t e r m i n a l 
CP^^N-group and i n the presence of f l u o r i d e i o n could form 
an a l l y l i c anion (118) (Scheme 14). 

CsP + 

-CsP 

(118) (117) 

Scheme 14 

The n.m.r. spectrum of the complex formed i n the spect­
rometer i s c o n s i s t e n t w i t h a mixture of two components con­
t a i n i n g CP^-N= and a v i n y l i c f l u o r i n e N=C-F, w i t h the peaks 
at 26.0 and 43.0 p„p„m. i n t e g r a t i n g to Ca 1:3 and al s o those 
at 49.0 and 47.6 p.p.m. to 1:3. 

A l l three products, (114), (115 ) and (118) cont a i n a 
CP,~N= and F-C=N~ group, and consequently, e i t h e r a mixture 
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of two of these compounds or a si n g l e compound,"but a mixture 
of c i s and trans isomers,would f i t the n.m.r. data. 

However the n.m.r. spectrum of the product i n D.M.F. i s 
less easy to understand, as although the peaks are consis t e n t 
w i t h CF^-N= and F-C=N groups present,the i n t e g r a t i o n s do not 
f i t i n w i t h the compounds described, and at present i t i s not 
possible t o e x p l a i n t h i s spectrum. 

( i i ) H y d r o l y s i s Product 
A d d i t i o n of the s o l i d to water produced a vigorous 

r e a c t i o n from which a white s o l i d was recovered. The 
product was found to be soluble i n hot base; s l i g h t l y 
s oluble i n hot water,producing a s o l u t i o n w i t h pH 3.5; but 
in s o l u b l e i n organic s o l v e n t s . The i n f r a - r e d spectrum showed 
broad, unresolved peaks at 3500-2760 cm"1, 1740-1580 cm - 1, 
and 1485-1450 cm - 1, f a c t s c o n s i s t e n t w i t h a c a r b o x y l i c a c i d , 
p o s s i b l y c o n t a i n i n g amide groups as w e l l . Comparison of the 
spectrum w i t h t h a t of cyanuric a c i d , the expected product 
from a c y c l i c s t r u c t u r e , showed them to d i f f e r , so p r o v i d i n g 
possible f u r t h e r evidence against a c y c l i c complex. 

However, c a r b o x y l i c acids c o n t a i n i n g amide groups, are 
the products expected from the h y d r o l y s i s of compound (114), 
(115) and (118), p r o v i d i n g p o s s i b l e f u r t h e r evidence of a 
r i n g opening r e a c t i o n (Scheme 16). 

H„0 yQ 
(114) and (115_) > HoN-C-N-0-N-C'C n T T (120) 

— ^ ' 2 |i 1 ji i OH 
0 H 0 H 

• 1 ̂  ,/> 
iyr-C-N_Ci,--C ̂  (121) 

0 H OH U 

H P0 H p0 TO 
(118) — > HEC-N-C-N-C-OH — > /C-N-0-W_CUH 

H 0 II 0 " 0 H 0 H 0 
i i ch.erne.JL6_ (122) 



-83-

I n a l l three compounds the CF^ groups have "been shown to 
hydrolyse, a f a c t c o n s i s t e n t w i t h c a r b o n - f l u o r i n e bonds 
adjacent to n i t r o g e n , which are a c t i v a t e d towards n u c l e o p h i l i c 

*1 PR 
a t t a c k . Complete h y d r o l y s i s of (114) and (115 ) i n i t i a l l y 
forms an a,w-amido-acid type of compound (120) but t h i s could 
e x i s t as the z w i t t e r i o n (121). 

Although no d e f i n i t e proof e x i s t s t h a t the r e a c t i o n s 
proposed i n the previous three r e a c t i o n s occur, the evidence 
provided i s c o n s i s t e n t w i t h such r e a c t i o n s . I t must also be 
remembered t h a t the very r e a c t i v e intermediates (117) and 
(113) could i n the presence of f l u o r i d e i o n oligomerise or 
even polymerise, so p o s s i b l y producing glassy s o l i d s . 

Attempts to produce s i m i l a r complexes w i t h KF/cyanuric 
f l u o r i d e , C s F / t e t r a f l u o r o p y r i d a z i n e , and CsF/Tetrafluoro-
p y r i m i d i n e a l l f a i l e d . 
V.A.5 E x p l o r a t o r y F l u o r i d e - I o n - I n i t i a t e d r e a c t i o n s between 

C h l o r o t r i f l u o r o e t h v l e n e and Various Perfluoroaromatic 
• • — • — — — - • •• . — t j . . . . . . 

Substrates 
Several e x p l o r a t o r y f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s 

between c h l o r o t r i f l u o r o e t h y l e n e and various h i g h l y f l u o r i n a t e d 
aromatic species were b r i e f l y i n v e s t i g a t e d i n an attempt t o 
extend the range of c h l o r o t e t r a f l u o r o e t h y l s u b s t i t u t e d 
aromatic compounds. The systems i n v e s t i g a t e d included: 
(a) P e r f l u o r o b i p h e n y l , (b) Pentafluoronitrobenzene, (c) 
P e n t a f l u o r o b e n z o n i t r i l e , .(d) O c t a f l u o r o t o l u e n e , and each 
system w i l l be discussed b r i e f l y under i t s r e s p e c t i v e heading. 

Only i n the case of p e n t a f l u o r o b e n z o n i t r i l e was a c h l o r o -
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t e t r a f l u o r o e t h y l d e r i v a t i v e produced, and then i n low y i e l d , 
most of the r e a c t i o n s producing high molecular weight o i l s 
or p e n t a f l u o r o e t h y l d e r i v a t i v e s . 
(a) P e r f l u o r o h i p h e n y l 

Reaction of p e r f l u o r o b i p h e n y l (124) and c h l o r o t r i f l u o r o -
ethylene, i n a combination of sulpholane and caesium f l u o r i d e 
gave a mixture c o n t a i n i n g unreacted s t a r t i n g m a t e r i a l and a 
high molecular weight o i l . A possible mechanism f o r the form-

114 
a t i o n of the o i l involves a charge t r a n s f e r process. 

7V-/T\ + CP -0P01 C S F / S U l P h ° l a n G > High Molecular > x 1 > ^ 2 ~ ^ i 0 ±
 6 Q o ' weight o i l 

(124) 

( b) Pentafluoronitrobenzene 
Atmospheric pressure r e a c t i o n between p e n t a f l u o r o n i t r o -

benzene (,125) and c h l o r o t r i f l u o r o e t h y l e n e gave a v o l a t i l e 
l i q u i d c o n s i s t i n g of unreacted (125) and two products. A 
g.I.e./mass spectrum gave m/e values f o r these products con­
s i s t e n t w i t h hexafluorobenzene (126) and perfluoroethylbenzene 
(127). Again a high molecular weight o i l was i s o l a t e d from 
the i n v o l a t i l e r e a c t i o n m i x t u r e . 

NO CF̂ CF,. 2 
CsP/Sulpholane 

15% + cJ F + CF CFC1 10% F F 2 120 + o i l 
(125) (126) (127) 
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R e p e t i t i o n of the experiment a t a lower temperature (70 ) 
gave no r e a c t i o n and only pentafluoronitrobenzene (125) was 
recovered. 
( c ) P e n t a f l u o r o b e n z o n i t r i l e 

Reaction a t atmospheric pressure between pentafluoroben-
z o n i t r i l e (128) and 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 combination 
of sulpholane and caesium f l u o r i d e , gave a v o l a t i l e l i q u i d 
c o n t a i n i n g mainly unreacted (.128.) and two products. A g . l . c . / 
mass spectrum showed these two products to have m/e values 
c o n s i s t e n t with. (129) and (130) . Again a la r g e amount of hi g h 
molecular weight o i l was recovered from the i n v o l a t i l e residues. 

CF^CP CN CPC1CP 2~3 
CsP/Sulpholane 

of. P + CF„=CFC1 12% + 14% + P o 25 o i l 

CW CN 
(128) (129) (130) 

On r e p e t i t i o n of the experiment using tetraglyme as 
solvent lower y i e l d s of (129) and (130) were recovered, 2%" 
and '?/<> r e s p e c t i v e l y , ( Y i e l d s based on (128) consumed). 
(d) Octafluorotoluene 

Reaction a t atmospheric pressure between o c t a f l u o r o t o -
luene (131) and 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 the presence of 
f l u o r i d e i o n , gave a c o l o u r l e s s l i q u i d c o n t a i n i n g unreacted 
(131) and one product. A g.l.c./mass spectrum showed the 
product to have a m/e co n s i s t e n t w i t h the p e r f l u o r o e t h y l 
d e r i v a t i v e (.132). A high molecular weight, pale yellow o i l 
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was recovered from the i n v o l a t i l e residues. 

CP- CF-

P h- CP 2=CPCI 
CsP/Sulpholane 

~6 > 20?S + o i l 

C P 

(121) (232) 

V.A.6 General Conclusions on P o l y f l u o r o a l k y l a t i o n s w i t h 
C h l o r o t r i f l u o r o e t h v l e n e 

The r e s u l t s discussed i n t h i s chapter show t h a t the 
forma t i o n of a ser i e s of v i n y l i c aromatic systems, v i a a 
scheme i n v o l v i n g f l u o r i d e i o n - i n i t i a t e d r e a c t i o n s of c h l o r o ­
t r i f luoroethylene w i t h a c t i v a t e d aromatics has a very l i m i t e d 
scope. The main f a c t o r s l i m i t i n g the r e a c t i o n s appear to he: 
( i ) the ease w i t h which c h l o r i n e displacement occurs, and 
( i i ) f ormation of h i g h molecular weight m a t e r i a l s . 

The amount of c h l o r i n e displacement occuring i n the N-
heteroaromatic s e r i e s , ( 1 0 0 ) t (106) and (102) can he explained 
on' the basis of a pseudo-5^2' mechanism proposed by Chambers 
and co-workers. 

CPC1CP CPC1CP CPC1CP 

N N N 
I ' P 

N N N 

3 

(100) (106) (0023 
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The f a c t t h a t c h l o r i n e displacement occurs i n (100) and 
not i n (102) has been explained i n s e c t i o n V.A.2 of t h i s 
chapter, but the r e s u l t s obtained w i t h t e t r a f l u o r o p y r i m i d i n e 
provide f u r t h e r evidence which suggests t h a t a pseudo-S^2' 
mechanism i s ope r a t i n g . In (106) the only p o s i t i o n ortho or 
para to the c h l o r o t e t r a f l u o r o e t h y l group at which f l u o r i d e 
i o n a t t a c k can occur, i s the 5 - p o s i t i o n , the l e a s t a c t i v a t e d 
towards n u c l e o p h i l i c a t t a c k , and consequently no c h l o r i n e 
displacement occurs at low temperatures. 

I n most of the re a c t i o n s described the products in c l u d e 
v a r y i n g amounts of high molecular weight o i l s , and i f , as i s 
suggested by Chambers,11^" these are formed by an e l e c t r o n 
t r a n s f e r process, the c h l o r o t e t r a f l u o r o e t h y l anion appears 
to be very susceptible to t h i s type of r e a c t i o n , so much so 
t h a t i n some cases considerable amounts of reactant s are con­
sumed i n such r e a c t i o n s . 

V.B. Fl u o r i d e I o n - I n i t i a t e d O l i g o m e r i s a t i o n of C h l o r o t r i f l u o r o -
ethvlene 

• i l j i i • 

I n the i n t r o d u c t i o n of t h i s t h e s i s (Chapter I I I . A . V ) 
f l u o r i d e i o n - i n i t i a t e d o l i g o m e r i s a t i o n s of c e r t a i n f l u o r o 
o l e f i n s , i n c l u d i n g t e t r a f l u o r o e t h y l e n e and hexafluoropropene, 
were discussed. However, no oligomers of c h l o r o t r i f l u o r o ­
ethylene have been r e p o r t e d , although on the surface the 
r e a c t i o n appears to be h i g h l y probable. 

When c h l o r o t r i f l u o r o e t h y l e n e , caesium f l u o r i d e , and 
tetraglyme were heated i n a n i c k e l tube, a small amount of 
v o l a t i l e l i q u i d was recovered, which chromatographic a n a l y s i s 
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showed to c o n s i s t of two major and several minor components. 
The main product was i d e n t i f i e d as perfl u o r o - 3 , 4 - d i m c t h y l h e x -
3-ene ( 1 7 6 ) a f t e r comparison of the g . l . c . r e t e n t i o n time and 
the mass spectrum, w i t h those of an authen t i c sample. A 
g.l.c./mass spectrum of the product mixture i n d i c a t e d t h a t the 
other major component had an e m p i r i c a l formula, C^qF-^, and 
t h a t the minor components had molecular weights v a r y i n g from 
524 to over 800. I t would, appear from the mass spectra t h a t 
some d e f l u o r i n a t i o n has occured and t h i s probably happened on 
the n i c k e l w a l l s of the bomb. I n no cases d i d the products 
contain c h l o r i n e , demonstrating the ease w i t h which a l l y l i c 
c h l o r i n e i s displaced by f l u o r i d e i o n . 

Tetraglyme 
CF2=CFCl+CsF > C 2F 5(CF 3)C=C(CP 5)C 2P 5 17.5^+ C 1 (/ 1 8 H # 

U 0 (176) 
+- others 

Lowering the r e a c t i o n temperature changed the product 
d i s t r i b u t i o n (Table 22) but s t i l l gave low y i e l d s of products, 
and due t o the complex nature of these and the low y i e l d s 
obtained t h i s r e a c t i o n has not been pursued f u r t h e r . 

The low conversion to products was probably due to the 
r e l a t i v e i n s o l u b i l i t y of caesium f l u o r i d e i n the solvents used, 
and as f l u o r i d e i o n was d i s p l a c i n g c h l o r i n e during the r e a c t i o n 
caesium f l u o r i d e was no longer j u s t a c a t a l y s t but one of the 
re a c t a n t s , i . e . one molecule of caesium f l u o r i d e was required 
f o r every molecule of chlorotrifluoroethylene„ 
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Table 22 
Percentage Yields of Products from Ol i g o r a e r i s a t i o n of 

C h l o r o t r i f l u o r o e t h y l e n e 

Solvent Temp 
°C 

Percentage Yields Solvent Temp 
°C 

C 8 F 1 6 C10 P18 C12 P20 C12 F22 " °14 P24 °14 24 

Tetraglyme 56 10 16 2 4 5 10 

Sulpholane 68 6 1 - 5 6 3 
Tetraglyme 140 18 11 2 3 2 3 

A possible r e a c t i o n sequence, accounting f o r fo r m a t i o n 
of (176) i s shown i n Scheme 17. This mechanism involves 
a d d i t i o n of c h l o r o t e t r a f l u o r o e t h y l anion (134) t o c h l o r o t r i -
f l u o r o e t h y l e n e , f o l l o w e d by loss of f l u o r i d e ion to give (135). 
A s e r i e s of S^2' type processes then displace t he two c h l o r i n e 
atoms producing (136), which a f t e r a f l u o r i d e i o n induced r e ­
arrangement y i e l d s octafluorobut-2-ene (178). The mechanism 
can now f o l l o w two routes: ( i ) s t r a i g h t f o r w a r d f l u o r i d e i o n 
d i m e r i s a t i o n of (178) to give (176), or ( i i ) a d d i t i o n o f two 
f u r t h e r anions (134) followed by c h l o r i n e displacement and 
f l u o r i d e i o n rearrangement to give (176). 
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CF,CFC1 + CFo=CF01 > CF7CFC1CF0CFC1 
3 2 ' 3 2 
(134) 

-F" 
^ CF,CFC1CF=CFC1 3 

-ci-

F-

CF,CF=CPCF.7 <r 3 3 CF5CF2CF=CF2 <: 
+F Sj,T2' 

-CI" 
CF5CF=CFCF2C1 

(178) 

route 
( i i ) 

route ( i ) 
F ,(178) 

1) CF5CFC1,-F 
2) +F, -CI C 2F 5(CF 3)C=C(CF 3)C 2F 5 

(176) 

CQFf-(CF, )C=CFCF, 2 b> 3 3 

1) CF5CFC1,-F" 

2) +F",-C1" 

Scheme 17 



-91-

CHAPTER V I 

Synthesis and Reactions of 
Perf l u o r o - 4 - v i n y l p y r i d i r i e 

I n t r o d u c t i o n 
The work described i n t h i s chapter w i l l deal w i t h the 

s y n t h e s i s , and some r e a c t i o n s , of p e r f l u o r o - 4 - - v i n y l p y r i d i n e 
h 

(158) obtained by dehalogenation of l - c ^ l o r o - l - ( 2 ' ,3 ' , 5 ' ,6 1 -
t e t r a f l u o r o p y r i d y l ) - t e t r a f l u o r o e t h a n e (100). 

CPG1GP CF=-CF 3 

P P Pe 
A N N 

(100) (138) 

The r e a c t i o n s described i n Chapter V Section A, between 
c h l o r o t r i f l u o r o e t b y l e n e and various a c t i v a t e d aromatic species 
i n the presence of f l u o r i d e i o n , showed t h a t f o r m a t i o n of 
c h l o r o t e t r a f l u o r o e t h y l d e r i v a t i v e s , as precursors to t r i -
f l u o r o v i n y l a r y l compounds, had only l i m i t e d p o s s i b i l i t i e s . I n 
general the y i e l d s or conversions were low, and t h e r e f o r e o n l y 
the p r e p a r a t i o n and chemistry of p e r f l u o r o - 4 - v i n y l p y r i d i n e has 
been pursued. 

This route has the advantage o f using c h l o r o t r i f l u o r o ­
ethylene as s t a r t i n g m a t e r i a l , which i s r e a d i l y a v a i l a b l e , 
r a t h e r than i o d o t r i f l u o r o e t h y l e n e , which i s d i f f i c u l t t o 
ob t a i n , and i s used as s t a r t i n g m a t e r i a l f o r t r i f l u o r o v i n y l 
copper described by Tamborski e t a l (Chapter 1, Section A,4.) 
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E f f o r t s i n these l a b o r a t o r i e s to synthesise (158). by the 
r e a c t i o n of t r i f l u o r o v i n y l l i t h i u m w i t h p e n t a f l u o r o p y r i d i n e , 

12°) 
gave t a r r y products, thought to be formed by f u r t h e r 
r e a c t i o n of (138) w i t h t r i f l u o r o v i n y l l i t h i u m so g i v i n g h i g h 
molecular weight t a r s . CF=CF, 

CP2=CPLi + F -> F 
+ CF2=CPLi 

+ L i F -> T ars 

(128) 

VI.A Debalogenation of l - c h l o r o - l - ( 2 ' , 5 1 , 5 1 , 6 ' - t e t r a f l u o r o p y r i -
d y l ) - t e t r a f l u o r o e t h a n e 
Dehalogenation of p e r f l u o r o a l i c y c l i c compounds, by passing 

over hot i r o n or n i c k e l , has now become an est a b l i s h e d method 
of rearoraatising m a t e r i a l s derived from CoF^ f l u o r i n a t i o n s of 

130 
aromatic hydrocarbons. For example, the synthesis of 
oc t a f l u o r o t o l u e n e from toluene, involves a f i n a l d e f l u o r i n a t i n g 
step. 

Fe 
500 o 

S i m i l a r attempts to d e f l u o r i n a t e perfluoroethylbenzene 
w i t h hot i r o n gave low y i e l d s of p e r f l u o r o s t y r e n e . 

0F=CFo 

Fe ' 
6001 

F 
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D e f l u o r i n a t i o n r e a c t i o n s using heated i r o n - f i l i n g s have 
been c a r r i e d out i n these l a b o r a t o r i e s w i t h v a r y i n g success. 
For example, p e r f l u o r o - 4 - i s o p r o p y l p y r i d i n e gives moderate 
y i e l d s of ( 1 3 9 ) . 1 1 5 

CP 
NP"CP3 

F 
Pe 
420' 

CP. 
-Ĉ CP2 
N-

45% 

(Hi) 

However, d e f l u o r i n a t i o n of p e r f l u o r o - 4 - e t h y l p y r i d i n e (140) 
gives (138) i n low y i e l d s and conversions (Table 23). 

;F2CF3 CF=CF, 
F 

(140) 

Pe 

Table 23 
Yields of (138) from D e f l u o r i n a t i o n of (140) 

1 l ^ 
a t v a r y i n g Temperatures 

Temp. "Percentage Y i e l d of (138) Conversion $ 
°C 

410 50 35 
420 40 60 
450 25 95 

Based on (140) consumed. 
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Passage of (100), i n a stream of n i t r o g e n , over heated 
i r o n - f i l i n g s , gave a co l o u r l e s s l i q u i d , which on chromato­
graphic a n a l y s i s was shown to be a s i n g l e product, i d e n t i f i e d 
as p e r f l u o r o - 4 - v i n y l p y r i d i n e (138), from comparison of n.m.r. 
and i n f r a - r e d spectra w i t h those of an au t h e n t i c sample. 

<£FC] FC1CP F=CF 

P Pe P 

A N N 
(100) (138) 

The r e s u l t s (Table 24) show t h a t much lower temperatures 
are r e q u i r e d f o r d e c h l o r o f l u o r i n a t i o n of (100) 9 compared to 
those f o r d e f l u o r i n a t i o n of (14O.) (Table 23). 

Table 24 
Yields of (138) from D e f l u o r i n a t i o n of (100) 

Temp. 
Percentage Y i e l d of (138) °/o Conversion 

°C 
Percentage Y i e l d of (138) °/o Conversion 

310 68 100 
500 46 100 

VI.B. Reactions of Perfluoro-4 — v i n y l p y r i d i n e 
I n the i n t r o d u c t i o n to Chapter V the i n i t i a l aims of 

t h i s work were s t a t e d , these included the study of h i g h l y 
f l u o r i n a t e d , s t a b l e , conjugated anions, and i t was hoped 
a d d i t i o n of f l u o r i d e i o n t o (138) would provide a s u i t a b l e 
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system f o r t h i s study. Two d i f f e r e n t methods were employed 
i n attempts to study l o n g - l i v e d anions (a) Chemical t r a p p i n g , 
and (b) E.S.C.A.; each w i l l he discussed under t h e i r respec­
t i v e heading. 

V I . B . l F l u o r i d e Ion Reactions 
VI.B.l.a) Chemical Trapping 

I n Chapter I I I Section A.5.a, a d d i t i o n r e a c t i o n s of 
f l u o r o o l e f i n s i n the presence of f l u o r i d e i o n were described, 
i n c l u d i n g the a d d i t i o n of HF t o c h l o r o t r i f l u o r o e t h y l e n e . The 
r e a c t i o n scheme suggested f o r t h i s r e a c t i o n i n v o l v e s formation 
of a carbanion, followed by a b s t r a c t i o n of a prot o n from the 
s o l v e n t . ^ 

F~ + CF2=CFC1 
KF/Formamide 

65< 
CF,CFC1 

_ J -

H + 
CF,CHC1F 3 

i2io 

(1) 

S i m i l a r l y r e a c t i o n of some f l u o r o o l e f i n s w i t h f l u o r i d e i o n , 
i n the presence of iodin e leads t o a d d i t i o n of IF a t the 
double bond. 

\ / 
,C=C + F -> F — C-C- -> F —C-C- I 

Therefore, i t was a n t i c i p a t e d t h a t r e a c t i o n o f (138) w i t h 
f l u o r i d e i o n would give a st a b l e carbanion (141), which i n the 
presence of bromine or a proton source could give a d d i t i o n of 
PBr or HF across the double bond. 

F=CF 

F 
2 _ 

F 
F-C-CF 3 FXCF 

F 

(141) 

B r 2 or H" -> 
3 
X = H or Br 
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A d d i t i o n of bromine to a v i g o r o u s l y s t i r r e d mixture of 
(138) and caesium f l u o r i d e i n sulpholane, y i e l d e d a f t e r 
e x t r a c t i o n w i t h e ther, a white 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 r a n s - l , 3 - b i s ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) - h e x a f l u o r o -
but-l-ene (142), and a high molecular weight o i l , but no 
products c o n t a i n i n g bromine, 

F-HP \ F 
2 „ T., „ A ' L F CsF/Sulpholane ^5^4^ \ r/ + o i l 

F v ± ' C n \ 25 CKF,N 
P 4 

(138) ^ 

A s i m i l a r r e a c t i o n i n which d i l . H C l was used to quench the 
r e a c t i o n also gave dimer (.142) and an o i l . I n n e i t h e r case 
were products from simple a d d i t i o n across the double bond 
i s o l a t e d . 

( i ) Determination of S t r u c t u r e 
The dimer (142) was c h a r a c t e r i s e d as a c r y s t a l l i n e s o l i d , 

which gave a s a t i s f a c t o r y elemental a n a l y s i s , and showed a 
parent peak i n the mass spectrum. The s t r u c t u r e was determined 
using n.m.r. spectroscopy, the spectrum c o n t a i n i n g absorptions 
which i n d i c a t e d the presence of: ^C-CF^; -C-F; and two v i n y l i c 
f l u o r i n e s , of which one was obscured by the peak f o r the 
3,5-ring f l u o r i n e s . These absorptions were a l l c o n s i s t e n t 
w i t h s t r u c t u r e (142), and the trans isomer was shown to be 
the c o r r e c t assignment, and the o n l y isomer observable, from 
the l a r g e coupling constant of the v i n y l i c f l u o r i n e s . The 
coupling constants are i n good agreement w i t h those of other 
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o l e f i n a c o n t a i n i n g trans v i n y l i c f l u o r i n e s (Table 25) 

Table 25 
Coupling Constants f o r Cis and Trans V i n y l i c F l u o r i n e s 

Compound Coupling Constants (Hz) 

Jab Jac 

PV - F b 
F X X F a c 

117 36 (131) 

3vC=C/' * p / V F a c 
120 40 (132) 

5 4 

a C=C^ X F 
*b 

138 

(142) 
V I 0 B , l . b Reaction w i t h T e t r a f l u o r o p y r i d a z i n e 

Slow a d d i t i o n of (138) t o a v i g o r o u s l y s t i r r e d mixture of 
t e t r a f l u o r o p y r i d a z i n e , sulpholane and caesium f l u o r i d e , 
y i e l d e d a f t e r e x t r a c t i o n w i t h ether a white 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 4,5,-di [ l ' - ( 2 " , 3 " , 5 " , 6 " - t e t r a f l u o r o p y r i d y l ) -
t e t r a f l u o r o e t h y l ~ \ -3, 6 - d i f l u o r o p y r i d a z i n e (143) plus a small 
amount of the diiner (142). 

CF=CF, 

F 

(138) 

+ CsF/Sulpholane 

OF 
C F N 3 

-> 
F 

25 l 
cVc / 

+ 

5 4 (143) 
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( i ) Determination of St r u c t u r e 
The d e r i v a t i v e (143) was cha r a c t e r i s e d "by a parent peak 

i n the mass spectrum and a s a t i s f a c t o r y f l u o r i n e a n a l y s i s . 
The s u b s t i t u t i o n p a t t e r n i n the pyri d a z i n e r i n g was shown 

by n.m.r. spectroscopy to be at the 4,5-positions. The observed 
chemical s h i f t values of the 3,6-ring f l u o r i n e s were i n close 
agreement w i t h those of s i m i l a r s u b s t i t u t e d pyridazines 
(Table 26). 

Table 26 
Chemical S h i f t s " i n 4 , 5 - d i s u b s t i t u t e d - d i f l u o r o p y r i d a z l n e s 

Compound 

C 3 F 7 

SP7 k 

C 2 F 5 
C 2F 5 

R F 

R P 

P 

P 
F 

F 
F 

N 

N 

F 
(143) 

R_ = CF-.-C- CCP,N' P 3 i 5 4 

Chemical s h i f t , Ring f l u o r i n e s 

3 

68.5 

77.7 

73.7 

6 

68.5 

77.7 

73.7 

(134) 

(135) 

'p.p.ro. R e l a t i v e to e x t e r n a l CFC1-

The n.m.r. spectrum was g e n e r a l l y broad, but showed 
absorptions corresponding to CF^-C- and -C-P groups, which 
are consistent w i t h s t r u c t u r e (143). 
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VI.B.l.c Beaction w i t h Hexafluoropropene 
An attempt to reac t hexafluoropropene wit h ( 1 5 8 ) t i n the 

presence of f l u o r i d e i o n i n sulpholane, gave mainly oligomers 
of hexafluoropropene, and a small amount of o i l , which chroma­
tographic a n a l y s i s showed to he a complex m i x t u r e . 

CsF/Sulpholane 
. CP5CP=CP2 + (158) > Oligomers of CF5CF=CF2 + o i l s 

VI.B.l.d Discussion of F l u o r i d e Ion Reactions 
The r e s u l t s of the t r a p p i n g experiments w i t h bromine and 

a c i d , i n the presence of f l u o r i d e i o n , i n d i c a t e d t h a t the 
secondary carbanion (141) was r e l a t i v e l y unstable, and reacted 
r e a d i l y w i t h a f u r t h e r molecule of (158) to give the diraer 
(142) (Scheme 18). 

CF F 
CF=CF CF„-C-F CP„=CP CP C -P F— C 

F P F + 

N N N N N 

F 
CF,N P 

/ CP 
C F .N 

(142) 

Scheme 18 
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The product (142) was shown "by n.m.r. spectroscopy t o he 
e n t i r e l y the trans isomer, the c i s product probably being 
less s t a b l e due to s t e r i c i n t e r a c t i o n of the t e t r a f l u o r o -
p y r i d y l groups. 

I t was possi b l e t h a t , during the r e a c t i o n , f l u o r i d e i o n 
induced rearrangement of (.142) had occured t o give (144), 
however, the n.m.r. spectrum c l e a r l y i n d i c a t e d t h a t (144) i s 
not the s t r u c t u r e of the recovered product 

C5P4N 
F P" XC5F4N 

C
5 ¥ C P 2 N / C I 3 

± c=c 
r X C5F4N 

(Mi.) (144) 

S t r u c t u r e (142) contains -C-F and -C-CF^, groups which are 
observed i n the n.m.r. spectrum, and are e a s i l y d i s t i n g u i s h -

CF 
able from -CF2~ and J^- groups, which would be observed 
f o r (144). 

The r e a c t i o n w i t h t e t r a f l u o r o p y r i d a z i n e gave s i m i l a r 
r e s u l t s to those observed w i t h hexafluoropropene under m i l d 

l v)4 
c o n d i t i o n s 

N _ 25 (CF,) CP 
F I I + 2(CP ) CF > 5 2 

5 2 ( C l \ ) CF 
2 2 

F || 

I t was not i c e d t h a t during f l u o r i d e i o n rea c t i o n s w i t h (13_8_) 
h i g h molecular weight o i l s were recovered, and fo r m a t i o n of 
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these o i l s appears to occur i n many f l u o r i d e i o n - i n i t i a t e d 
r e a c t i o n s , but as yet no conclusive proof i s a v a i l a b l e con­
cerning t h e i r mode of fo r m a t i o n . 

VI.B.l.e An approach to studying s t a b l e anions using E.S.C.A. 
Previous work c a r r i e d out i n these l a b o r a t o r i e s has shown 

t h a t p o l y f l u o r o a l k y l a t i o n r e a c t i o n s are possible using 'doped' 
caesium f l u o r i d e , i . e . caesium f l u o r i d e w i t h a t h i n l a y e r of 
solvent on the surface, and during these r e a c t i o n s i t was 
observed t h a t the surface turned dark r e d . " 1 ^ S i m i l a r l y , con­
densing octafluorocyclohexa-1,3-diene onto 'doped' caesium 
f l u o r i d e also produced c o l o u r a t i o n of the surface, and i t i s 
thought t h a t these colours could i n d i c a t e the presence of 
st a b l e conjugated anions, f o r example, w i t h o c t a f l u o r o -

135 
cyclohexa-l,3-diene (146) an a l l y l i c anion (147) i s formed. 

+ 
Cs 

However, these colours are not formed when normal caesium 
f l u o r i d e i s used, i n d i c a t i n g t h a t some solvent i s r e q u i r e d . 

I f s t a b l e carbanions are formed on the surface of 'doped' 
caesium f l u o r i d e t h i s could provide a method f o r observing 
s t a b l e carbanions using E.S.C.A., where only molecules a t the 
surface are observed. 

E l e c t r o n spectroscopy f o r Chemical Analysis (E.S.C.A.) i s 
a v e r y s e n s i t i v e spectroscopic technique used f o r measuring 
b i n d i n g energies of core, and valence energy l e v e l e l e c t r o n s , 

CsP + P P 

(146) (147) 
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of molecules at a surface; these are c a l c u l a t e d from measure­
ments made of the k i n e t i c energies of electrons emitted a f t e r 
i n t e r a c t i o n of the molecule and a monoenergetic beam of X-rays. 
I f the b i n d i n g energies of the d i f f e r e n t carbon atoms i n a 
carbanion could be measured, i n f o r m a t i o n concerning the e l e c t r o n 
d i s t r i b u t i o n of t h a t carbanion could be obtained. 

Attempts to use E.S.C.A. f o r t h i s purpose met w i t h l i m i t e d 
success, and the methods used, problems encountered, plus 
r e s u l t s obtained w i l l be discussed under t h e i r r e s p e c t i v e 
headings. 

( i ) Method 
The method devised to study l o n g - l i v e d conjugated carban-

io n s , using E.S.G.A., i n v o l v e d the f o l l o w i n g procedure. A 
sample of dry caesium f l u o r i d e was mixed w i t h sulpholane, i n 
a Schlenk tube, and f i l t e r e d to give a sample of caesium 
f l u o r i d e w i t h a l a y e r of solvent on the surface. This 'doped1 

caesium f l u o r i d e was pressed i n t o a d i s c , s i m i l a r to those 
used i n i n f r a - r e d spectroscopy, and t h i s placed i n a tube 
attached to a vacuum l i n e . The sample under study was then 
condensed onto the surface of the d i s c , where i t was a n t i c i ­
pated t h a t a stable carbanion would be formed on the t h i n 
l a y e r of solvent around the caesium f l u o r i d e , and t h i s would 
remain on the surface afte.r the excess sample had been pumped 
o f f . The prepared disc was then placed i n t o the analyser of 
the spectrometer and a spectrum obtained. 

( i i ) Problems of using E.S.C.A. 
The method described i n the previous s e c t i o n proved t o 

have s e v e r a l problems, and the f i r s t d i f f i c u l t y was o b t a i n i n g 
a disc of caesium f l u o r i d e i n which the surface was not 
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completely coated w i t h c h l o r i d e i o n . Although analar caesium 
f l u o r i d e was used i n these experiments i t was d i f f i c u l t to 
prevent contamination of the surface w i t h c h l o r i d e i o n , but 
t h i s was kept to a minimum hy using apparatus i n which c h l o r o -
carbons or any other source of c h l o r i n e had not been used.. 

At the time t h i s work was c a r r i e d out samples, and d i s c s , 
had to be prepared i n the authors l a b o r a t o r y , then t r a n s p o r t e d 
a considerable distance t o the spectrometer, a l l the time 

f p r o v i d i n g p o s s i b l e sources of contamination, and as E.S.C.A. 
only measures b i n d i n g energies of molecules at the surface 
any contamination w i l l a f f e c t the q u a l i t y of the spectra 
recorded. However, more recent m o d i f i c a t i o n s t o the s p e c t r o ­
meter, i n c l u d i n g attachment of a greaseless vacuum l i n e and 
sample chamber, should enable p r e p a r a t i o n of 'cleaner' sample 
d i s c s , consequently g i v i n g b e t t e r spectra, 

( i i i ) Results 
Two models were used f o r t h i s study, p e r f l u o r o - 4 - v i n y l 

p y r i d i n e (138) and o c t a f l u o r o - c y c l o h e x a - l , 3 - d i e n e . I t was 
a n t i c i p a t e d t h a t a d d i t i o n of f l u o r i d e i o n to (138) would 
produce a carbanion s t a b i l i s e d by d e l o c a l i s a t i o n of the 
negative charge over the p y r i d y l r i n g (141). 

CP P CP P CP P 
CP„-C-P 

p F F P P P F > 

^P F P P P ^F N N N N 
(141) 
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However, attempts to observe the anion (14l)« by condens­

in g (138) onto a 'doped' caesium f l u o r i d e disc produced no 
c o l o u r a t i o n , and a spectrum of the carbon. I s l e v e l showed only 
hydrocarbon present, probably due t o the s o l v e n t . Attempts to 
"trap ( 1 4 l ) using bromine, described e a r l i e r , i n d i c a t e d t h a t the 
secondary carbanion was not very s t a b l e , and on r e f l e c t i o n a 
b e t t e r system f o r studying s t a b l e carbanions could be p e r f l u o r o -
4 - i s o p r o p e n l p y r i d i n e (148) which on a d d i t i o n of f l u o r i d e i o n 
would form a t e r t i a r y anion (145) 

CP 
CP C=CF C-CP 

p 
p p 
N N 

(148) (145) 

Condensing octafluoro-cyclohexa-1,3-diene onto a d i s c d i d 
produce c o l o u r a t i o n , and a carbon I s l e v e l spectrum ( F i g . 9) 
showed a shoulder on the hydrocarbon peak, which could be con­
s i s t e n t w i t h carbons attached to f l u o r i n e s , but, as can be seen 
i n F i g , 9 any conclusions drawn from such a spectrum would be 
very s p e c u l a t i v e . However, F i g . 9 does i n d i c a t e t h a t to 
o b t a i n good spectra of the fluorocarbon species, a l a y e r i s 
r e q u i r e d over the complete surface, otherwise i n t e r f e r e n c e 
from the hydrocarbon solvent a f f e c t s the spectrum 0 

At the time of w r i t i n g m o d i f i c a t i o n s t o the spectrometer, 
described e a r l i e r , are almost complete, and f u r t h e r work to 
improve techniques, and a b e t t e r choice of s u b s t r a t e , could 
produce good spectra of s t a b l e carbanions. 
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Carbon I s l e v e l spectrum of 
octafluorocyclohexa-1,3-
diene on 'doped' CsF. 

CF, 

Wv 
t V / \ \ 

C-H 

Inc r e a s i n g b i n d i n g energy 

F i g . 9 
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VI.B.2 Reaction w i t h other nucleophiles 
VI.B.2.a Phenoxide 

A d d i t i o n of (138) to a v i g o r o u s l y s t i r r e d mixture of 
sodium phenoxide i n dioxan, using a 1:1 molar r a t i o of (138): 
phenoxide, gave a h i g h b o i l i n g l i q u i d , which on chromatographic 
analysis was shown to be a mixture of two components, i d e n t i f i e d 
as c i s and trans l - p h e n o x y - 2 - ( 2 ' , 3 ' , 5 1 , 6 1 - t e t r a f l u o r o p y r i d y l ) -
d i f l u o r o e t h y l e n e , (149) and (150) respectively,, 

(138) + NaOPh 

P OPh \ \ / 
C \ T.l OPh I Dioxan 

P + 25 
N N 

(149) (150) 
50% 50% 

( i ) Determination of S t r u c t u r e 
The two phenoxy d e r i v a t i v e s , (149) and ( 1 5 0 ) f were 

charac t e r i s e d as a mixture, g i v i n g a s a t i s f a c t o r y elemental 
a n a l y s i s , and a parent peak i n the mass spectrum. The n.m.r, 
spectrum c l e a r l y showed, by i n t e g r a t i o n of the v i n y l i c 
f l u o r i n e s , t h a t a 50:50 mixture e x i s t e d and the s t r u c t u r e s 
were assigned from the coupling constants of the v i n y l i c 
f l u o r i n e s . (Table 27) (See Table 25). 
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Table 27 
Coupling Constants between V i n y l i c F l u o r i n e s i n 

(149) and (150) 

Compound Coupling Constants, Jab Hz 

a N / b 
C=C\ 

OPh 
P 16 

(149) 

P OPb a \ / 
C=C ^ F 

P 

(150) 

121 

VI.B.2.b Methoxide" 
I n t o a v i g o r o u s l y s t i r r e d mixture of (138) and dry 

methanol, was s l o w l y added a s o l u t i o n of sodium methoxide i n 
dry methanol, using a 1:1 molar r a t i o of (138) to methoxide, 
which y i e l d e d a high b o i l i n g l i q u i d . Chromatographic a n a l y s i s 
showed t h i s t o be a s i n g l e component, i d e n t i f i e d as 2-oxa-4-
( 2 ' - m e t h o x y - 3 ' , 5 ' , 6 ' - t r i f l u o r o p y r i d y l ) - 3 , 3 , 4 - t r i f l u o r o b u t a n e 
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F=CF, 

F + NaOMe 
Me OH 

N 
(138) 

F-C-C 

OMe 

( i ) Determination of S t r u c t u r e 
The ether (151) was characterised as a pure l i q u i d , g i v i n g 

a good elemental a n a l y s i s and a parent peak i n the mass spectrum, 
The p o s i t i o n of r i n g s u b s t i t u t i o n was confirmed by n.m„r0 spec­
troscopy, the chemical s h i f t s being i n good agreement w i t h those 
of s i m i l a r l y s u b s t i t u t e d p y r i d i n e (Table 28). 

Table 28 
Chemical S h i f t s , i n 2,4 - s u b s t i t u t e d T r i f l u o r o p y r i d i n e s 

Compound 

-OMe 

Chemical S h i f t s , Ring Fluor i n e s 
3 5 6 

134.4 146.4 90.8 (65) 

CFHCFgOMe 

OMe 
143.4 154.1 98.1 

p.p.m. R e l a t i v e to e x t e r n a l CFC1, 
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S i r n i l a r l y the chemical s h i f t of the CP2OMe was i n good 
agreement w i t h s i m i l a r compounds. (Table 29). 

Table 29 
Chemical S h i f t s " of -CFpOMe Groups 

Compound Chemical S h i f t , difluoromethylene groups 

CH,0-CPoCHPCl 3 2 91.0 (136) 

CPHCP20Me 

P 

N 

(151) 

OMe 
89.5 

p.p.m. r e l a t i v e to e x t e r n a l CFCl^ 

The Hi n.m.r. spectrum showed two d i s t i n c t CH^ absorptions 
and a doublet of t r i p l e t s , i n t e g r a t i n g t o one hydrogen, a 
spectrum cons i s t e n t w i t h s t r u c t u r e (151). 
VI.B.2.C Bisulphide 

A d d i t i o n of (138) to a f r e s h l y prepared s o l u t i o n of sodium 
b i s u l p h i d e gave a f t e r e x t r a c t i o n w i t h ether an i n t r a c t a b l e t a r . 

/F=CF„ 

P + HS" 
H o0/Tetraglyme 

0K 

-> Tar 
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VI.B.2.d Discussion of N u c l e o p h i l i c Reactions 
Previous work from these l a b o r a t o r i e s has shown t h a t 

roethoxide w i l l displace f l u o r i n e from the r i n g i n p e r f l u o r o -
4-- e t h y l p y r i d i n e (152) t o give the 2-methoxy-derivative (3J52_).^ 

MeO/MeOH 

25 o 
-> 

OMe 

Therefore, i n (138) there e x i s t s two p o s i t i o n s a t which 
n u c l e o p h i l i c a t t a c k can occur, e i t h e r a t the r i n g , or a t the 
unsaturated side-chain, and the r e a c t i o n w i t h phenoxide, c l e a r l y 
showed t h a t the v i n y l i c p o s i t i o n was the more su s c e p t i b l e towards 
n u c l e o p h i l i c a t t a c k . 

P=CP, OPh F-C-C OPh 
P 

-P -> ( l i i . ) + (150) 

N' 

Reaction of (138) w i t h methoxide gave both a d d i t i o n of 
methanol across the double bond, and s u b s t i t u t i o n a t the r i n g . 
The r e a c t i o n w i t h phenoxide has c l e a r l y e s t a b l i s h e d t h a t the 
v i n y l i c f l u o r i n e s are more susc e p t i b l e to n u c l e o p h i l i c d i s ­
placement than the r i n g f l u o r i n e s , i n d i c a t i n g t h a t the i n i t i a l 
step of the r e a c t i o n involved a t t a c k of methoxide a t the 
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t e r m i n a l difluororaethylene group t o give a carbanion (134), 
followed by a b s t r a c t i o n of a proton from methanol to give 
( l ^ 5 ) , plus another methoxide i o n which s u b s t i t u t e d i n the 
r i n g to give (151). (Scheme 19). 

A CFHCF^OMe F-C-CF„0Me OMe CF=CF 
Me OH F F F F F 

+ 
F F F F OMe 

N 
(155 (138) (154 

CFHCF^OMe CFHCF^OMe 

F F F 
F F F OMe 
OMe 0 N N 

(151 

Scheme 19 

The f a c t t h a t a d d i t i o n occurs across the double bond i s 
a possible f u r t h e r i n d i c a t i o n of the low s t a b i l i t y o f the 
carbanion formed by a d d i t i o n of a nucleophile to (138). I n 
s i m i l a r r e a c t i o n s of p e r f l u o r o - 4 - b u t e n y l p y r i d i n e (156) w i t h 

r 
methoxide, s u b s t i t u t i o n occur/ed, w i t h no a d d i t i o n products 
being formed 
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UF CP OMe CP 3 3 P 3\ \ >=C J CP CP OMe 3 3 MeO/MeOH 
F P P 
N N 

(156) 49% 21 % 

MeO 
OMe H Me OH 

CP.-C-C-CP 

p 
N 

The lack of a d d i t i o n has been r a t i o n a l i s e d i n terms of 
the s t a b i l i t y of the intermediate t e r t i a r y anion, being 
r e l a t i v e l y s t a b l e due t o the s t a b i l i s i n g i n f l u e n c e o f t r i -

121 
f l u o r o m e t h y l and p e r f i u o r o h e t e r o c y c l i c groups i . e . 

CP, / 3 
CF,~C-C OMe 

% " p 

I t was suggested t h a t a t e r t i a r y carbanion was less l i k e l y t o 
abst r a c t a proton from the solvent than a secondary or primary, 
and, i f p r o t o n a t i o n d i d occur the proton would be r e a d i l y l o s t 
under the basic c o n d i t i o n s used, fo l l o w e d by e l i m i n a t i o n of 

121 
f l u o r i d e i o n . 

This explanation could account f o r the formation of 
a d d i t i o n products w i t h (138), where a r e l a t i v e l y unstable 
secondary anion was formed, which r e a d i l y abstracted a pr o t o n 
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from the s o l v e n t . 
However, an a l t e r n a t i v e e x p l a n a t i o n f o r no a d d i t i o n 

products being formed w i t h (156) involves s t e r i c crowding, 
w i t h a d d i t i o n across the double bond producing a crowded 
molecule, which i s less s t a b l e than the product from sub­
s t i t u t i o n , where s t e r i c crowding i s less pronounced. 

VI.C C y c l o a d d i t i o n Reactions 
I n t r o d u c t i o n 

One of the unusual p r o p e r t i e s of f l u o r o o l e f i n s c o n t a i n ­
ing a t e r m i n a l difluoromethylene group, i s f o r m a t i o n of 
products derived from a 1 , 2 - c y c l o a d d i t i o n r e a c t i o n . I n 
Chapter IV, Section B the mechanism of c y c l o a d d i t i o n s i n 
f l u o r o o l e f i n s was discussed, and the evidence presented 
c l e a r l y showed t h a t the r e a c t i o n s proceed v i a a d i r a d i c a l 
i n t e r m e d i a t e , normally i n a head-to-head fashio n so producing 
the more s t a b l e d i r a d i c a l i n t e r m e d i a t e . 

The p o s s i b i l i t y of c y c l o a d d i t i o n r e a c t i o n s i n v o l v i n g 
d i v i n y l a r o m a t i c species could provide a u s e f u l route to h i g h l y 
f l u o r i n a t e d , c r o s s - l i n k e d polymers, f o r example w i t h p e r f l u o r o -
4 , 6 - d i v i n y l p y r i m i d i n e (157) i 

CF=CF 

F N 
F N CF„=CF F 

N 
(157) 

F 
I F 

N 
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The r e a c t i o n s discussed i n t h i s s e c t i o n describe a s e r i e s 
of thermal c y c l o a d d i t i o n reactions and some photochemical 
rea c t i o n s of p e r f l u o r o - 4 - v i n y l p y r i d i n e (138 ) . 

VI.C.l D i m e r i s a t i o n o f P e r f i u o r o - 4 - v i n y l p y r i d i n e 
When (138) was heated (280°), under autogeneous pressure, 

i n a small Carius tube, a low m e l t i n g p o i n t s o l i d was formed, 
which was i d e n t i f i e d as 1 , 2 - ( 2 1 , 3 ' , 5 ' , 6 1 - t e t r a f l u o r o p y r i d y l ) 
hexafluorocyclobutane (158). At temperatures below 280° the 
r a t e of the r e a c t i o n was slow w i t h only small y i e l d s of product 
recovered. 

280° F2/ 7(C 5F 4N)P 
(-^-8-} Carius Tube > / / 

F2Z /(C 5P 4N)P 
(158) 

Passage of (1J5JL) over heated i r o n f i l i n g s gave a mixture 
of products i d e n t i f i e d as s t a r t i n g m a t e r i a l (158), (138) 
produced by a r e t r o - c y c l o a d d i t i o n r e a c t i o n , and some d e f l u o r i -
nated m a t e r i a l (159)» "the time of w r i t i n g a pure sample 
of (159) had not been i s o l a t e d , but the n.m.r. spectrum 
i n d i c a t e d the l o s s of t e r t i a r y f l u o r i n e s and an equivalence 
of the -CF2- f l u o r i n e s , f a c t s c o n s i s t e n t w i t h s t r u c t u r e (159) 

(C 5P 4K)P 
350 1 

-> (138) + 
C 5P 4N)P Pe 

(C 5P 4N) 

(C 5P 4N) 

(158) (159) 
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The formation o f (159) on d e f l u o r i n a t i o n of (158) i n d i c a t e d 
t h a t the i n i t i a l c y c l o a d d i t i o n r e a c t i o n of (138) proceeded i n a 
head-to-head manner, v i a the more st a b l e d i r a d i c a l i n t e r ­
mediate (160). 

CF=CF, CP, C F ^ F ^ N ) 

P CP, 

N' 
C P ( C 5 P 4 N ) 

-> (158) 

(138) (160) 

(a) Determination of S t r u c t u r e 
The cyclobutane (.158) was characterised as a c r y s t a l l i n e 

s o l i d , g i v i n g a s a t i s f a c t o r y elemental a n a l y s i s and a parent 
peak i n the mass spectrum. The n.m.r. spectrum of the 
d e f l u o r i n a t e d m a t e r i a l showed the presence of a s i n g l e -CF2-
abso r p t i o n , plus those f o r r i n g f l u o r i n e s , a spectrum consis­
t e n t w i t h s t r u c t u r e (159) and i n d i c a t e d t h a t dimer (158) was 
formed by a head-to-head c y c l o a d d i t i o n . D e f l u o r i n a t i o n of 
the h e a d - t o - t a i l dimer C l 6 l ) would give a product (JL62_), and 
the n.m.r. spectrum o f (162) would show the presence of 
v i n y l i c and t e r t i a r y f l u o r i n e s , which were not observed. 

P ( C 5 F 4 N ) _ P 2 (C 5P 4Ni 

n 
( C . F . I O F 3 5 0 ° F 9 ( C . F ^ O P F 2 ^5*4."'* r 2 v v 5 r 4 ' 

(161) (162) 
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The n.m.r. spectrum of (l.5_8) shows a s i n g l e t e r t i a r y 
f l u o r i n e and an AB q u a r t e t , data cons i s t e n t w i t h a s i n g l e 
isomer. However, from the evidence a v a i l a b l e i t i s not 
possible to t e l l whether the c i s or trans isomer i s present. 

VI.C.2 C y c l o a d d i t i o n of C h l o r o t r i f l u o r o e t h y l e n e 
Examples of c y c l o a d d i t i o n r e a c t i o n s i n v o l v i n g c h l o r o t r i -

f l u o r o e t h y l e n e are numerous and some of these have been 
3 

summarised m a review . Henne and co-workers dimerised 
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 s t a i n l e s s s t e e l bomb a t 200° 
and obtained a mixture o f c i s and t r a n s - l , 2 ~ d i c h l o r o - h e x a -
fluorocyclobutane , (JL63.) a n d (164) respectively.' 1"'^ 

A s i m i l a r r e a c t i o n , c a r r i e d out i n these l a b o r a t o r i e s , 
gives high y i e l d s of (163) and ( 1 6 4 ) f which on d e c h l o r i n a t i o n 
give hexafluorocyclobutene (165 ) . ̂ ® 

2 CP2=CPC1 
Bomb 

Zn/EtoH 

(165) 

Heating (138) 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 , under auto-
geneous pressure i n a small Carius tube, gave a mixture con-
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s i s t i n g of s t a r t i n g m a t e r i a l (158), and f i v e products, 
i d e n t i f i e d as dimers (163), (.164_) a r ] d (.158) plus c i s and 
tra n s l - c h l o r o - 2 - ( 2 ' , 5 ' , 5 1 , 6 ' - t e t r a f l u o r o p y r i d y l ) - h e x a f l u o r o -
cyclobutane (lb.6_) and (jLbjO r e s p e c t i v e l y . 

CFp=CFCl + (138) -> / / 0 1 + / AN? 
Carius Tube Z J> P Z // 

2 V C 5 V 2 ^C 5P 4N 
(166) (167) 

+ (165) + (164.) + (158) 

The r e a c t i o n a t 300° gave a combined y i e l d of (166) and 
(167) of T5°I° w i t h a 57^ conversion (based on (158) consumed), 
but a t lower temperatures, Ca 230°, the product consisted 
mainly of dimers (165) and (164)plus recovered (158), i n d i c a t i n g 
t h a t higher energy was needed i n c y c l o a d d i t i o n r e a c t i o n s of 
(158). compared to c h l o r o t r i f l u o r o e t h y l e n e . I t was only a t 
higher temperatures, 500°, when the r e a c t i o n became less 
s p e c i f i c t h a t r e a c t i o n between (158) and c h l o r o t r i f l u o r o ­
ethylene occured. 

(a) Determination of S t r u c t u r e 

The e l s - and trans-cyclobutanes (166) and (167) were 
cha r a c t e r i s e d as a mi x t u r e , g i v i n g a parent peak i n the mass 
spectrum and a s a t i s f a c t o r y halogen a n a l y s i s . 

The n.m.rc spectrum i n d i c a t e d t h a t a mixture of isomers 
was present, and i n t e g r a t i o n of the t e r t i a r y f l u o r i n e s showed 
a 53147 r a t i o . The two sets of t e r t i a r y f l u o r i n e s were 
assigned by comparison w i t h other cyclobutanes (Table 30). 
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Table 30 
Chemical S h i f t s " of T e r t i a r y F l u o r i n e s i n 
• »—, . . . . • . . . . • ,L . - . . ... • i. — - — . — 

S u b s t i t u t e d F l u o r i n a t e d Cyclobutanes 

Compound Chemical S h i f t , t e r t i a r y f l u o r i n e s 

F, 

F, 

F 

A 
F 

0 1 

CI 

1 4 0 . 8 ( 1 3 9 ) 

F 

F, 

F 

CI 

F 

1 3 1 . 2 ( 1 3 9 ) 

F, ,FC1 

F, F(C 5F 4N) 
1 4 1 . 0 and 1 4 4 . 0 

( 1 6 6 ) + ( 1 6 7 ) 

F, -/FC1 

W ^ N ) 
1 5 4 . 5 and 1 6 0 . 5 

(1_66) + ( l b j ) 

F, 

F ( C 5 F 4 N ) 

' F ( C 5 F 4 N ) 
1 6 4 . 3 

*p.p.m. r e l a t i v e to CFCl^ 
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The head-to-head nature of the c y c l o a d d i t i o n was confirmed 
by examination of the absorptions due to -C^- groups, a 
spectrum run a t 84.67 MHz c l e a r l y showed f o u r AB q u a r t e t s , 
i n d i c a t i n g t h a t (166.) and (167) were the c o r r e c t s t r u c t u r e s . 
A product derived by a h e a d - t o - t a i l a d d i t i o n would have equiv­
a l e n t -CF2- groups, and so show a s i n g l e AB q u a r t e t , a mixture 
of cis and trans isomers t h e r e f o r e showing only two AB q u a r t e t s . 

However, a t the time of w r i t i n g i t has proved impossible 
to assign peaks t o e i t h e r the c i s or trans isomers. 

VI.C.3 C y c l o a d d i t i o n w i t h Hexafluoropropene 
C y c l o a d d i t i o n r e a c t i o n s i n v o l v i n g hexafluoropropene occur 

less r e a d i l y than those i n v o l v i n g f l u o r i n a t e d ethylenes; 
d i m e r i s a t i o n r e q u i r e s temperatures above 250° before reasonable 
y i e l d s are obtained. At temperatures between 250-350° head-
to-head d i m e r i s a t i o n occurs, but at higher temperatures more 
h e a d - t o - t a i l dimer i s formed, u n t i l at 450° i t becomes 
the main product."'"^ These r e s u l t s have been i n t e r p r e t e d as 
an i n d i c a t i o n t h a t t here i s l i t t l e d i f f e r e n c e between CF2 and 
CFCF^ i n t h e i r a b i l i t y to s t a b i l i s e a r a d i c a l , and a t higher 
temperatures the less s t e r i c a l l y hindered product i s formed}^"1" 

F(CF,) CF CFCF 7 250-350 
(CF, CF CFCF 3 2CF„=CFCF 

0 450 
F(CF,) CF CFCF F 3 Z CF^CF CF 2 (CP,)F P 
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Heating (130) w i t h hexafluoropropene, under autogeneous 
pressure i n a small Carius tube, gave a s o l i d , i d e n t i f i e d as 
the p e r f l u o r o - 4 - v i n y l p y r i d i n e diraer (158), plus a l i q u i d , 
which chromatographic a n a l y s i s showed to be s t a r t i n g m a t e r i a l 
(138) and two products i d e n t i f i e d as c i s and trans-l-(2',3'» 
5 1 , 6 ' - t e t r a f l u o r o p y r i d y l ) - 2 - t r i f l u o r o m e t h y l - h e x a f l u o r o c y c l o -
butane, (168) and (169) r e s p e c t i v e l y . 

C-P.N C_F,N 5 4 F 5 4 C1\CP=CP„ + CF=CF o 300 
P CP P . ^ 3 P X CP P 

(169 (168 N 
(138) + U5_8) 

The two isomers were l a b e l l e d A. and B, t h e i r order of emergence 
from a chromatography column,silicone elastomer, and showed a 
40:60 d i s t r i b u t i o n . I t was not p o s s i b l e from the n.ro.r„ data 
to show which isomer was c i s or t r a n s , but from c o n s i d e r a t i o n 
of the s t e r i c requirements, the trans isomer would be expected 
to be the major product, i . e . isomer E, However, i n general 
the more symmetrical trans isomer could be expected to have a 
lower b o i l i n g p o i n t than the c i s and t h i s would suggest t h a t 
A was the trans isomer, but as both isomers are r e l a t i v e l y 
unsymmetrical t h i s argument may not apply, 
(a) Determination of S t r u c t u r e 

The two isomers (166) and (169) were ch a r a c t e r i s e d as 
s i n g l e components, a f t e r s eparation using p r e p a r a t i v e scale 
chromatography,, Both isomers had i d e n t i c a l mass spectra 
showing a parent peak, and gave s a t i s f a c t o r y f l u o r i n e a n a l y s i s . 
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The t e r t i a r y f l u o r i n e s were assigned by comparison w i t h 
those of the hexafluoropropene dimers, which have been f u l l y 

1 AO 

analysed , and (158), the former being considerably u p f i e l d 
of the l a t t e r (Table 31). 

Table 31 
Chemical S h i f t s of T e r t i a r y Fluorines 

of F l u o r i n a t e d Cyclobutanes 
Compound Chemical S h i f t 

195.0 193.0 (142) 

F 2 / ^ ( ° 5
F 4 N ) 

P2/ ' P(C 5 P 4N) 

F 2 ^ F ( C F 5 ) 

P 2 L /iCCp^N) 
A 

F, 

1 ' 5 4 

2 
2f 7 l ( C F 5 ) 

P2< J HC F K) 
B 1 p 4 

191.5 191.5 (142) 

164.3 164.3 

168.4 193.8 

170.8 188.4 

p.p.m. r e l a t i v e to e x t e r n a l CFCl^ 
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The r e s u l t s i n Table 31 show t h a t the t e r t i a r y f l u o r i n e s 
of the cis-bexafluoropropene dimer, are u p f i e l d to those of 
the t r a n s , consequently i f a s i m i l a r trend e x i s t e d w i t h (168) 
and (169) components A and B_ would be the c i s and trans isomers 
r e s p e c t i v e l y , assignments c o n s i s t e n t w i t h those p r e v i o u s l y 
made a f t e r s t e r i c c o n s i d e r a t i o n s . 

The -CFp^ absorptions i n the n.m.r. spectra showed t h a t 
the products had been formed by a head-to-head c y c l o a d d i t i o n , 
both isomers having s i m i l a r spectra, comprising of a broad 
peak and an AB q u a r t e t , i n d i c a t i n g t h a t the -C^- groups i n 
each isomer were not e q u i v a l e n t (see Chapter VI,C.2.a). The 
f a c t t h a t one of the - C I ^ - groups gave a broad peak, r a t h e r 
than an AB q u a r t e t , suggested t h a t t h i s absorption was due to 
the -CF^- group derived from hexafluoropropene. Atkinson and 
S t o c k w e l l " ^ 2 found t h a t the -CF^- absorptions i n he x a f l u o r o -
propene dimers a l l gave s i n g l e peaks, except i n the pis isomer 
(170) where an AB q u a r t e t was observed. 

CF / 3 F 7 CF 
F 

(170) 

VI.C.4 C y c l o a d d i t i o n w i t h Hexafluoroacetone 
P h o t o l y s i s of fluoroaldehydes, fluoroketones or f l u o r o a c y l 

f l u o r i d e s w i t h f l u o r o o l e f i n s can r e s u l t i n the formation of 
poly f l u o r o o x e t a n e s , f o r example,"^' 
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X 
0 

RfCX + RCP=CF2 

hv 
0-

P, 

-R f 
_R 

When (138) and hexafluoroacetone were sealed i n a s i l i c a 
tube 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 (300 n.m), a white 
v o l a t i l e s o l i d was formed, i d e n t i f i e d as 2 , 2 - b i s t r i f l u o r o m e t h y l -
2-( 2 ' , 3 ' , 5 1 , 6 1 - t e t r a f l u o r o p y r i d y l ) - t r i f l u o r o - o x e t a n e •(171), 
and a brown i n v o l a t i l e s o l i d . 

(CP 3) 2C=0 + (138) 3 0 0 n m > C F o 
F ^ / / iS'fo 

C . P . N " 2 

5 4 (m) 

a) Determination of S t r u c t u r e 
The oxetane (171) was chara c t e r i s e d as a c r y s t a l l i n e s o l i d , 

g i v i n g a parent peak i n the mass spectrum and a s a t i s f a c t o r y 
f l u o r i n e a n a l y s i s . 

The s t r u c t u r e of ( 1 7 l ) was confirmed by the n.m.r. spectrum 
which showed the-CFg- group peaks had a chemical s h i f t downfield 
to those i n f l u o r i n a t e d cyclobutanes, i n d i c a t i n g t h a t i t was 
adjacent t o an oxygen atom (Table 3 2). 
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Table 32 
Chemical S h i f t s " o f -CFg- groups 

i n F l u o r i n a t e d Oxetanes 

Compound Chemical S h i f t , CF9 group 

0 

CF2 CF2 

CHCH-

80.0 

85.5 

AB (143) 

0 

CF2 /CF(C 5F 4N) 

-C(CF 3) 2 

(171) 

76.2 

75.0 
AB 

p.p.m. r e l a t i v e to e x t e r n a l CFCl^ 

VI.C.5 Cy c l o a d d i t i o n w i t h Styrene 
Heating (138) and styrene, under autogeneous pressure i n 

a small Carius tuhe, y i e l d e d an i n t r a c t a b l e t a r , which 
suggested t h a t a t the temperatures r e q u i r e d f o r (138) t o 
cycloadd, decomposition or p o l y m e r i s a t i o n of styrene occured. 

CF=CFr CH=CH, 

N-

230 o Tar 
18 h r 
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VI.C.6 Photo l y s i s of P e r f l u o r o - 4 - v i n y l p y r i d i n e 
I r r a d i a t i o n of (138) w i t h u l t r a - v i o l e t l i g h t (257.3 nm), 

i n a s i l i c a Carius tube, y i e l d e d a pale brown, i n v o l a t i l e 
s o l i d . Attempts to p u r i f y by r e c r y s t a l l i s a t i o n or sublima­
t i o n f a i l e d , and i t appears the product was probably a polymer. 

(138) h v 2 ^ 7 - 3 ™ „ Polymer 

I f a polymer has been formed t h i s i s unexpected, as 
156 

p e r f l u o r o s t y r e n e polymerises only under high pressure. 

VI.C.7 Discussion of Cyc l o a d d i t i o n Reactions 
A l l the c y c l o a d d i t i o n r e a c t i o n s have given products con­

s i s t e n t w i t h r e a c t i o n s proceeding v i a the most s t a b l e d i r a d i c a l 
i n t e r m e d i a t e . For example, the intermediate d i r a d i c a l (l7_2) 
formed by r e a c t i o n between (138) and c h l o r o t r i f l u o r o e t h y l e n e , 
i s s t a b i l i s e d by an a - t e t r a f l u o r o p y r i d y l group and an a-
c h l o r i n e , the a b i l i t y of a - s u b s t i t u e n t s to s t a b i l i s e a r a d i c a l 
having been shown to increase i n the order H<F<C1. ^ 

CF0=CFC1 CF 0 -CPC1 
2 300° 7 

2 
(166) + (167) 

CP 2=CP(C 5F 4N) CF 2 CP(C 5P 4N) 

(138) (172) 

The d i m e r i s a t i o n of (138) proved to be very i n t e r e s t i n g , 
as o n l y one isomer was formed. B a r t l e t t and co-workers*^^ 
i n v e s t i g a t i n g the thermal d i m e r i s a t i o n of a , B , 3 - t r i f l u o r o -
styrene, (173.) showed t h a t the two products formed were the 
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isomers (174) and (175), i n almost equal amounts 

2 CVHVCF^CF 

(173) 

F / 
C.H 

F F 2 

F 

J, C.H 
F 

(174) (175) 
47% 53°/« 

Why the dimer (158) should e x i s t as a s i n g l e isomer, 
when d i m e r i s a t i o n of (173) gives both c i s and trans isomers, 
(174) and (175) r e s p e c t i v e l y , i s not c l e a r but there are 
two possible reasons. F i r s t l y , the d i f f e r e n c e i n s t e r i c 
requirements between a p>henyl and a t e t r a f l u o r o p y r i d y l group 
could be great enough to cause s t e r e o s p e c i f i c i t y i n the case 
of (150). For example, i n t e r a c t i o n of the o r t h o f l u o r i n e s i n 
the two p y r i d y l groups could make formation of the c i s isomer 
unfavourable. An a l t e r n a t i v e e x p l a n a t i o n i s t h a t a t e t r a f l u o r o ­
p y r i d y l group i s able to s t a b i l i s e a r a d i c a l b e t t e r than a 
phenyl group, consequently the d i r a d i c a l formed on d i m e r i s a t i o n 
of (138) i s r e l a t i v e l y l o n g - l i v e d , a l l o w i n g the more s t a b l e 
isomer to be formed. I t i s possible t h a t a combination of 
these two f a c t o r s i s o p e r a t i n g , and from s t e r i c c o nsiderations 
the trans isomer would be the expected product. 
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CHAPTKR V I I 

The Synthesis and Some Reactions of P e r f l u o r o - 3 ? 4 -
dimetbylhex-3-ene 

I n t r o d u c t i o n 
The i n t e r e s t i n the work discussed i n t h i s chapter 

i n i t i a l l y arose a f t e r p r e l i m i n a r y i n v e s t i g a t i o n s i n t o the 
f l u o r i d e i o n - i n i t i a t e d d i m e r i s a t i o n of octafluorobut-2-ene 
(178) had shown the major product formed was p e r f l u o r o - 3 , 4 -
dimethylhex-3-ene (176) 

P~ 
CF CF=CFCF > CpPcCCP, )C-C(CP,)C 9F [-

0 0 Sulpholane ^ 5 l * ? 

(178) (176) 

The dimer (JL7_6) i s a p a r t i c u l a r l y i n t e r e s t i n g o l e f i n as the 
double bond i s surrounded by e l e c t r o n withdrawing groups, 
which make i t p o t e n t i a l l y very s u s c e p t i b l e t o n u c l e o p h i l i c 
a t t a c k , but as i t possesses no r e a d i l y displaceable groups 
simple v i n y l i c s u b s t i t u t i o n cannot occur. S t r a i g h t f o r w a r d 
a d d i t i o n across the double bond i s p o s s i b l e , but due to s t e r i c 
crowding t h i s r e a c t i o n would probably be unfavourable. These 
p r o p e r t i e s make some i n v e s t i g a t i o n i n t o the chemistry of such 
a system d e s i r a b l e , and f o r t u n a t e l y as t h i s o l e f i n (176) i s 
of i n t e r e s t to I . C . I . L t d . , w i t h whom the author i s connected, 
by a C.A.S.E. award, i t was f e l t a p propriate t h a t such an 
i n v e s t i g a t i o n should be undertaken. U n f o r t u n a t e l y t h i s work 
was c a r r i e d out during the l a t t e r p a r t of the author's research 
programme and only 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 some of the 
chemistry has been p o s s i b l e . 
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Some re a c t i o n s of (176) have alread y been reported by 
workers at I . C . I . L t d . , f o r example, a mixture of two products 

145 
are formed on r e a c t i o n w i t h ammonia. 

• NH,/Ether 
C9F,-(CF,)C=--C(CP,)C9Pf- 1 ^ C P , C C ( C P , ) = ' C ( C P , ) C p B V 

d 5 3 ^ * 5 Room Temperature ^ y 0 0 

30% 

+ C P 5 C C ( C P 5 ) = C ( C P 5 ) C C F 5 

NH NH 
40% 

Also r e a c t i o n of (176) w i t h sodium hydroxide i n water 
gives a product, the spectroscopic data of which i s co n s i s t e n t 
w i t h s t r u c t u r e ( 1 7 7 ) . 1 4 " 6 

CP, 
NaOH | 0 

C9Ff-(CF,)C=C(CF,)C0Fc; » C 0 F K - C - C H = C P 0 

2 5 3 v 3 2 5 i T n 2 5 i 2 

M 2 U OH 
(176) (177) 

Base catalysed r e a c t i o n s of phenol w i t h (176) have given 
a phenyl ether but no s t r u c t u r e s were reported.^5$^ 

Na9CO^/Phenol 
C P ( C P p ) C = : C ( C P , ) C ? P p . 1—I > C RP 1 R0C,H q 

* 0 * D.M.P. ° ± D D D 

V I L A Synthesis of PerfIuoro-3,4-dimethylhex-3-ene 
When octafluorobut-2-ene (178) was heated w i t h caesium 

f l u o r i d e i n sulpholane, contained i n a n i c k e l tube, unreacted 
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147 o l e f i n (178) and c o l o u r l e s s v o l a t i l e l i q u i d were recovered. 
Chromatographic a n a l y s i s of the v o l a t i l e products showed t h a t 
i t consisted mainly of c i s and trans isomers of (126) plus 
two minor components, one having a higher and one a lower 
b o i l i n g p o i n t than (_1_7_6_). The n.m.r. spectrum of the lowest 
b o i l i n g component showed t h a t i t consisted of two products, 
i d e n t i f i e d but not i s o l a t e d (see l a t e r Section V I I . B . l ) , as 
perfluoro-3,4-dimethylhexa-2,4-diene (179)» and p e r f l u o r o -
l,2,3s,4--tetramethylcyclobutene (180). The highest b o i l i n g 
component was i s o l a t e d and i d e n t i f i e d as perfluoro-3,4,5»6-
tetramethylocta-3,5-diene (181). 

CF3CP=CPCF3 

(178) 

CsF/Sulpholane CP, CP, CF, C0F,-> \ / 3 • \ / 2 5 
T T ^ ? C=C + C=C 
A 24h / \ / \ 

^2^5 ^2 F5 C2^5 ^ 3 

(176) 

P CP, CF, 3 3 N \ / C=C CP, + / \ / 3 
CP, C=C 3 / \ p 

CP, 3 
CF,F 3 

CP, 

FCF, 

(179) :i80) 

CP, 
/ 3 

+ Ĉ F (CP )C=C. 
d ^ y ^C=C(CF 5)C 2P 5 

CP 3 

(181) 
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D i m e r i s a t i o n of (178) proved t o be temperature dependent 
(Table 3 3 ) , w i t h the best y i e l d of (176) being formed a t 100°, 
although b e t t e r conversions were obtained a t hi g h e r tempera­
tures , 

Table 33 
Yields of Products from F l u o r i d e Ion. D i m e r i s a t i o n 

0ctafluorobut-2-ene (178) 

Temp 
°C 

''Percentage Yields Percentage 
Conversion 

Temp 
°C 

(179)+(180) (176) (181) 

Percentage 
Conversion 

58 19.5 75.0 8.0 8 
100 3.0 85.0 11.5 38 
130 11.5 69.0 15.5 44 

*Based on (178) consumed 

D i m e r i s a t i o n of (178.) has also been reported by another 
79 

worker, although no temperature was given. F l u o r i d e i o n -
i n i t i a t e d o l i g o m e r i s a t i o n of t e t r a f l u o r o e t h y l e n e , discussed 
i n d e t a i l i n Chapter III.A.5„d.i, also gives (l,7_6) as a minor 

73 74 
product, » and a t y p i c a l product mixture obtained by workers 
a t I . C . I . L t d . contained 15% ( 1 1 6 ) . 4 8 

Attempts to oligomerise c h l o r o t r i f l u o r o e t h y l e n e , r e p o r t e d 
i n Chapter I , also gave (.176) as one of the major products, 
although i n very low y i e l d s . 
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V I I . A . 1 Determination of S t r u c t u r e 
The dimer (176) was i d e n t i f i e d by comparison of the n.m.r. 

and i n f r a - r e d spectra w i t h those of an a u t h e n t i c sample. The 
n.m.r, spectrum showed a mixture of c±s_ and trans isomers 
present, i n a r a t i o of 56:44, although i t was not known which 
was the predominant isomer. 

The diene (181) was i d e n t i f i e d a f t e r s eparation using 
p r e p a r a t i v e scale chromatography, and gave a P-19 peak i n the 
mass spectrum. The n.m.r. spectrum showed the presence of 
C¥^-C~ x l ; ^C=x2; and -CPg-xl; a spectrum c o n s i s t e n t w i t h 
s t r u c t u r e (181). The n.m.r. spectrum i n d i c a t e d t h a t a mixture 
of isomers were present i n a r a t i o o f 34:66, although which 
isomer predominated was not known. 

VII.A.2 Discussion 
The c o n d i t i o n s r e q u i r e d showed t h a t d i m e r i s a t i o n of octa-

fluorobut-2-ene (178) occured less r e a d i l y than the corres­
ponding r e a c t i o n w i t h hexafluoropropene, which r e a d i l y 
dimerises a t room temperature and atmospheric pressure. 
The presence of a t e r m i n a l difluoromethylene group i n a f l u o r o -
o l e f i n g e n e r a l l y renders i t more r e a c t i v e to n u c l e o p h i l i c 
a t t a c k than an i n t e r n a l o l e f i n , and t h i s probably accounts f o r 
the d i f f e r e n c e i n r e a c t i v i t y between the i n t e r n a l o l e f i n octa-
fluorobut-2-ene (178) and hexafluoropropene. However, the 
conversions of octafluoro-but-2-ene (178) to (lTJL) were low, 
and t h i s was p o s s i b l y due to s t e r i c e f f e c t s , which make approach 
of a bulky p e r f l u o r o b u t e n y l anion to a molecule o f o c t a f l u o r o b u t -
2-ene (178) r e l a t i v e l y unfavourable, although i t has also been 
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suggested t h a t the p e r f l u o r o b u t e n y l anion i s p o s s i b l y more 
s t a b l e than p e r f l u o r o i s o p r o p y l , so a f f e c t i n g t he ease of 

14-7 
d i m e r i s a t i o n , 
a) Mechanism 

A mechanism which accounts f o r the fo r m a t i o n of (176) f 

by a f l u o r i d e i o n - i n i t i a t e d d i m e r i s a t i o n of o c t a f l u o r o b u t - 2 -
ene (178), involves a d d i t i o n of a p e r f l u o r o b u t e n y l anion (182) 
to octafluorobut-2-ene (l7_8.), followed by e l i m i n a t i o n of 
f l u o r i d e i o n to give an o l e f i n (183), which i n the presence 
of f l u o r i d e i o n re-arranges to give the more st a b l e isomers, 
c i s and t r a n s (176) (Scheme 20) „ 

CF,CFQCFCF, + CF,CF=CFCF, — > CF,CF0CF-C=CFCF, 3 2 ;> 3 3 ^ 3 2, j 3 

(182) (118) C P 3 C P 3 
(182) 

CF, CF, CF, C 0F c ; 3 N / 3 \ / 2 5 
C=C + C=C 

C 2 P 5 N c 2 P 5 °2 P5 N ° P 3 
(126) 

Scheme 20 

Formation of the diene (181) can'occur by two rout e s , 
e i t h e r by a d d i t i o n of a p e r f l u o r o b u t e n y l anion (182) t o the 
diene (179) to give (185), which i n the presence of f l u o r i d e 
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i o n rearranges t o the more symmetrical diene (2.81) (Scheme 21), 
or by d e f l u o r i n a t i o n of a t r i r a e r of octafluorobut-2-ene (178), 
but, as no t r i m e r s of (178) were observed, i n the r e a c t i o n 
products, the former mechanism i s favoured. 

F CF, P CF, \ / 3 0 p I \ 3 CP CF^CPCF + C=C / U i 3 > c 0P R-C—C = C(CF,)C=CFCF, 
C N / \ CP^ CF, CP, P 3 3 

(185) 3 
(182) (179) F 

*CF 7 / ? 
C F (CF-,)C=C 
* 0 •> C=C(CF 5)C 2F 5 

CP^ 
(181) 

Scheme 21 

Formation of the diene (179) i n v o l v e d a d e f l u o r i n a t i o n 
step and t h i s probably occured by r e a c t i o n of the dimer (176) 
w i t h the n i c k e l w a l l s of the bomb. The most l i k e l y mechanism 
which could account f o r fo r m a t i o n of the cyclobutene (180), 
involves a d d i t i o n of f l u o r i d e i o n to the diene (179) to give 
an intermediate carbanion (186), which then undergoes an i n t r a ­
molecular n u c l e o p h i l i c s u b s t i t u t i o n to give (180). 

CP, P CP, P f 3 X / i 3 \J 
CF, C=C ^ P P — C C — CP, 

/ \ ^ r j 3 180) y=C CP • r CF c r*\ > — 
F CF, ' ^~CF, 

3 j / 3 
(186) 
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An a l t e r n a t i v e mechanism i s an i n t r a m o l e c u l a r 1,2-
c y c l o a d d i t i o n of the diene (179), hut as a l l reported cases 
of c y c l o a d d i t i o n s i n v o l v e o l e f i n s w i t h t e r m i n a l d i f l u o r o -
methylene groups t h i s mechanism appears t o he u n l i k e l y (see 
l a t e r V I I . B . l ) . 

VII.B Reactions of PerfIuoro-3,4-dimethyIhex-3-ene 

V I I . B . l D e f l u o r i n a t i o n 
Passage of (176) over heated i r o n - f i l i n g s gave a v o l a t i l e 

c o l o u r l e s s l i q u i d , which n.m.r. spectroscopy showed consisted 
of a complex mixture of dienes, and a cyclobutene (180). 
Attempts to achieve separation of tho components using chroma­
tographic techniques f a i l e d , w i t h no separation being obtained 
even a t room temperature, and although some enrichment of 
d i f f e r e n t f r a c t i o n s w i t h v a r i o u s dienes was achieved by 
d i s t i l l a t i o n , i t proved impossible t o o b t a i n pure samples 
f o r c h a r a c t e r i s a t i o n . However, since t h i s work was c a r r i e d 
out new apparatus has been obtained i n these l a b o r a t o r i e s 
which should enable a b e t t e r s e p a r a t i o n by d i s t i l l a t i o n . 
From the n.m.r. spectra of enriched samples the three major 
components have been i d e n t i f i e d as p e r f l u o r o - t r a n s , t r a n s , -
3,4-dimethylhexa-2,4-diene (179). p e r f l u o r o - c i s . t r a n s - 3 , 4 -
dimethylhexa-2,4-diene (184)> and p e r f l u o r o - 1 , 2 , 3 , 4 - t e t r a -
methylcyclobutene (180). 
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CP, F K / CP3 c=c 

C0FL-(CF,,)C=C(CF.,)C0FT- F E > XC=C / \ p , 2 5 3 3 2 5 A ' / \ : 
P CP 

(176) 

45%(Percentage of 
recovered 
product) 

(179) 

CI? CP- CP. 3 X / 3 
CF C-C 1 2 f b + 

NC=C F 
/ \ F CF, CF,F 3 3 

CPV 
J > 

FCF, 

15% 

(184) (180) 

The conversion of (176) to dienes was found t o increase 
w i t h higher temperatures, "but the y i e l d s decreased (Table 34) 9 

suggesting t h a t possible decomposition was occuring a t h i g h 
temperatures, although no evidence of breakdown products was 
obtained. 

Table 34 
Yields of Dienes A f t e r D e f l u o r i n a t i n g (176) 

Temp. Percentage Y i e l d of Dienes Percentage 
°C Conversion 

430 74 69 
500 61 91 

When a mixture of dienes and (180) were heated w i t h 
caesium f l u o r i d e i n sulpholane, the product d i s t r i b u t i o n 
a l t e r e d , w i t h the r a t i o of component (179) t o (184) 
i n c r e a s i n g , suggesting t h a t (179) i s the more stab l e 
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Table 35 
Coupling Constants between V i n y l i c Fluorines and V i c i n a l 

T r i f l u o r o m e t b v l Grouns 

Compound Coupling Constant, Hz, 
Jab. 

CF, C=C7 

K / \ 
C=C CF, / \ 3 JV CF, b 3a 
(179) 

22 (150) 

18 

The n.m.r. spectrum of the diene (184) showed the presence 
CF, 

of f o u r d i f f e r e n t ^NC= groups and two d i f f e r e n t v i n y l i c 
CF . 

f l u o r i n e s . One of the 5 sC= peaks consisted of a doublet, 
" CF F 

w i t h a coupling constant c o n s i s t e n t w i t h ^C=C' , and two 
others showed quartets w i t h coupling constants expected f o r 
CF /CF 

^C=CN
 J (Table 36), a spectrum c o n s i s t e n t w i t h s t r u c t u r e 

(184). 
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Table 36 
Coupling Constants "between Cis T r i f l u o r o m e t h y l Groups 

Compound Coupling Constants, Hz 
Jab 

11 
< ^ N 

P \ 

p CP, 10 

(184) 

The n.m.r. spectrum of the cyclobutene (180) showed the 
presence of CF^—C^ x l ; CF^-C^ x l ; and F-C^ ; a spectrum con­
s i s t e n t w i t h s t r u c t u r e (180). 

VII.B.2 Reaction w i t h Diethylamine 
I n general f l u o r o o l e f i n s can r e a c t w i t h diethylamine i n 

two ways, e i t h e r by s u b s t i t u t i o n or by a d d i t i o n , f o r example, 
hexafluoropropene w i t h diethylamine gives e i t h e r the saturated 
t e r t i a r y amine or a mixture of saturated and unsaturated 
products, depending on the c o n d i t i o n s used.'1' 



-139-

Room Temp* 
CF,CF=CF0 + Et 0MH y CFCHFCI-' NEt Q + CF,CF=CFNEt0 

5 2 2 ( C 0 H J 0 3 2 2 5 2 

d b 2 

However per f l u o r o i s o b u t e n e gives only s u b s t i t u t i o n , even when 
the r e a c t i o n i s c a r r i e d out at low temperatures. 

0° 
(CF,) 0C=CF 0 + Et,.NH > (CF,) C=CFHEt0 

5 2 2 2 ( C 2 H 5 ) 2 0 * 2 2 

A d d i t i o n of diethylamine to a v i g o r o u s l y s t i r r e d mixture 
of (176) i n sulpholane gave, a f t e r pouring i n t o water, an 
immiscible lower l a y e r , which chromatographic a n a l y s i s showed 
consisted of unreacted (176) and one product, i d e n t i f i e d as 
3-trifluoromethyl-4-diethylaminofluoromethene-undecafluoro-
hexane (187)« 

CP, P 
Sulpholane 1 ' / 

C„FK(CF,)C=C(CF,)C0Fe; + Et QNH .—> F-C( C 0P C )C=C 73/° 
2 5V 5 " 1' 2 5 2 Room Temp/ • | 2 5 " \ 

5 
(187) 

(176) 2 5 

On s t i r r i n g (.187) w i t h a sodium hydroxide s o l u t i o n 
h y d r o l y s i s occured, g i v i n g a mixture of c i s and t r a n s 3 - t r i -
fluoromethyl-4-(N,N-diethylamido)-decafluorohex-3-ene, (188) 
and. (189) r e s p e c t i v e l y . The n.m.r. spectrum showed an isomer 
r a t i o of 41.5:58.5, the predominant product showing a broad 

CF, 
s p l i t t i n g f o r the S r o uP» a p o s s i b l e i n d i c a t i o n t h a t 
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t h i s was the trans isomer (189), where due to the c o n f i g u r a t i o n , 
more coupling would be expected. 

KEt Q NEt Q 

I I 
MaOHAloO C P 3 V / C^0 C 2 P

5 / C = 0 

(187) 2 > V C = ( / + 
Room Temp. \ ^ c p / ^ 

(188) (189) 

VII.B.2.a Determination of S t r u c t u r e 
The enamine (187) was c h a r a c t e r i s e d , a f t e r vacuum d i s t i l ­

l a t i o n , by elemental a n a l y s i s and a very small parent peak i n 
the mass spectrum. The n.m.r. spectrum showed the presence of 
CF,-C^(x3); -CF ?-(x2); t e r t i a r y f l u o r i n e ( x l ) ; and a s i n g l e 

F 
f l u o r i n e downfield at 42 p.p.m., con s i s t e n t w i t h a =C-N-. These 
data are a l l consistent w i t h the s t r u c t u r e (187). 

The amides (188) and (189) were characterised as a mixture 
by elemental a n a l y s i s and a parent peak i n the mass spectrum. 
The n.m.r. spectrum showed t h a t two isomers were present each 
con t a i n i n g CF^-C=(xl); CF 5-C=(x2); - C F 2 ~ ( x l ) ; and the i n f r a - r e d 
spectrum showed a carbonyl a b s o r p t i o n at 1670 cm"''', These 
data are consistent w i t h s t r u c t u r e s (188) and (189). 
VII.B.2.b Mechanism 

The s t r u c t u r e of the enamine (187) shows t h a t d i e t h y l a -
mine has s u b s t i t u t e d a t a v i n y l i c t r i f l u o r o r a e t h y l group, 
i n d i c a t i n g t h a t an a l l y l i c displacement of f l u o r i n e had 
occured p r i o r to f i n a l s u b s t i t u t i o n by diethylamine. A 
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possible mechanism involves S^2' displacement of f l u o r i d e i o n 
from a t r i f luorornetbyl group "by diethylamine to give an i n t e r ­
mediate (190). The r e a c t i o n can then proceed v i a two s l i g h t l y 
d i f f e r e n t r o u t e s , e i t h e r by a d d i t i o n and e l i m i n a t i o n of d i e ­
thylamine to give (l9l)» which a f t e r rearrangement i n the 
presence of f l u o r i d e i o n and loss of HP gives (187) ( r o u t e l ) , 
or by displacement of diethylamine from (190) by f l u o r i d e i o n 
to give a t e r m i n a l o l e f i n (192), which a f t e r a d d i t i o n of d i e -
thylamine and loss of HP gives (187.) ( r o u t e 2 ) , 

CP 
C 2 F 5 ( C P 5 } C = \ 

» • C-.P 2^5 

Et 0N-C -C 
I I I \ Ĉ P C„F Et„NH 

(190) 

route 2 
H- P 

Et„NH 

route 1, 
+ EtgNH, -EtgNH 

CP 3 CP 
P-C—c 

I \ 
C 2 P 5 C 2 P 5 

H 
CF^-NEt 

+ / P C 0F C(CF,)C=C \ 
(192) (191) 

+ Et„NH +F 
HP HP 

7 P ~C(C0P[r)C=C \ NEt P 
(181) 
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Although the i n i t i a l rearrangement of (176) to a t e r m i n a l 
o l e f i n (192) was promoted by a t t a c k of diethylamine i t i s 
possible t h a t t h i s became a f l u o r i d e i o n - i n i t i a t e d r e a c t i o n 
a f t e r displacement of f l u o r i d e i o n by diethylamine had occured. 
(Sch erne 2 2 ) . 

p V^c^C ; F — C < ^ > (187) 
; p 

(192) 

n IP t? ~F ' C 0P R - HP 
C21'5 C 2 1 5 C ?P q

 2 5 
(176) 

Scheme 22 

S i m i l a r rearrangement products have been produced by 
r e a c t i o n of hexafluoropropene dimers w i t h d i e t h y l a m i n e . 

151 
Tsukamoto and co-workers observed t h a t r e a c t i o n between 
perfluoro-4-methylpent-2-ene (193) and diethylamine gives a 
te r m i n a l enamine (194), and the mechanism proposed i n v o l v e s 
a double a l l y l i c displacement of f l u o r i d e i o n , before (194) 
i s formed (Scheme 23). 
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1 5 

F—C — CP=CF-CF5 CF_ 3 

(193) 

1) +R2NH 
2) -F~ 

CP-

CF, 
'C=CF-CF -CF-

0 

CF-
+P~ ^ 

-n2m CF 5 

x C=CFCF„CF_ 7 / 2 3 

(195) 

1) +R21IH 
2) -F~ 

CF, 

3) +F" 
4) -R2NH 

-> 
CF 

C-CF2CF2CF5 

(196) 

1) +R2NH 
2) -HF 

Et2N-CF=C -J3F 2CF 2CF 3 

CF 3 
(194) 

Scheme 23 

152 

Haszeldine and co-workers also observed the f o r m a t i o n 
of enamine (194) by a d d i t i o n of diethylamine to p e r f l u o r o - 2 -

methylpent -2-ene (195)« and suggested the i n i t i a l isomerisa-
t i o n from (195) to (196.) i s a f l u o r i d e i o n - i n i t i a t e d r e a c t i o n . 

CF, 
'N F 

CF, / 
C=CFCF0CF, 2 3 

(195) 

/ 3 +Et 2NH 
CF2^CN 

CF 2CF 2CF 5 

(196) 

-HF 
-> Et 2N.CF=C(CF 3)C 5F 7 

(194) 

Both groups of workers - ^ l * 152 observed t h a t (194) hydro-
lysed to give an amide (197) 

H ?0 
(19A) • — E t 0 K - C — C=CFCF0CF, 

^ II I ^ 3 
0 CF^ (197) 
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VII.B.3 Reaction w i t h Phenol 

Workers at I . C . I . L t d . have studied r e a c t i o n s of var i o u s 

phenols w i t h oligomers of t e t r a f l u o r o e t h y l e n e , i n c l u d i n g (.176) 
w i t h phenol, but although they r e p o r t formation of a phenyl 

] 54 
ether no s t r u c t u r e s have been r e p o r t e d . The o b j e c t i v e of 
t h i s work was to i n v e s t i g a t e t h i s r e a c t i o n and o b t a i n s t r u c t u r e s 
f o r the ethers. 
VII.B.3.a Using Sodium Carbonate as a Base 

A d d i t i o n of a s o l u t i o n of phenol i n D.M.F. t o a v i g o r o u s l y 
s t i r r e d mixture of (176) and sodium carbonate i n D.M.F. yi e l d e d 
a v o l a t i l e and an i n v o l a t i l e l i q u i d . Chromatographic a n a l y s i s 
of the v o l a t i l e components showed a mixture of two major and. 
one minor product, i d e n t i f i e d as c i s and trans-4-phenoxy-3,4-
b i s t r i f l u o r o r a e t b y l - n o n a f l u o r o h e x - 2 - e n e , (198) and (l9_9_) r e s ­
p e c t i v e l y , plus c i s - 2 - p h e n o x y - 5 , 4 - b i s t r i f l u o r o m e t h y l - n o n a f l u o r o -
hex-2-ene (200). The i n v o l a t i l e products were not i d e n t i f i e d , 
but gave a parent peak i n the mass spectrum corresponding to 
d i s u b s t i t u t e d d e r i v a t i v e s . 

PhOH/Na9Co, CP, CP, CP, P 
C 2 P 5 ( C P 3 ) C = C ( C P 5 ) C 2 P 5 \ / 3 x

c = c ' 
T) M P 25° / F + 1 7> 

C P C JJ CP,— C-CQPt, J 

OPh OPh 
(198) 18% (1£_9_) 2 1 % 

CP, CP, 
5 \ / 3 

C=C^ 
/ OPh + Diphenoxy 

CP,—C-P D e r i v a t i v e s 
3 / 

(200) 2.5$ 28% 

C 2 P 5 
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VIl.B.3.b Using Triethylarnine as a base 

This experiment was e x a c t l y the same as t h a t described i n 
s e c t i o n VII.B.3.a except t h a t sodium carbonate was replaced by 
t r i e t b y l a m i n e . A f t e r pouring the r e a c t i o n mixture i n t o water 
and washing w i t h dil.HCl an immiscible lower l a y e r was recovered, 
which proved to be a mixture of monophenoxy d e r i v a t i v e s ( 1 9 8 ) -
(200), i n almost q u a n t i t a t i v e y i e l d s . Chromatographic a n a l y s i s 
of the products showed t h a t the d i s t r i b u t i o n of products had 
a l t e r e d considerably on changing from sodium carbonate to t r i -
ethylamine, the p r o p o r t i o n of (200) formed having much increased. 

PhOH/D.M.P. 
CF R(CF,)C=C(CF,)C pIV ^ ( 1 9 8 ) + (112) + (200) 

•> 5 5 d 5 Et,N,25 
5 37°/ 28°/u 25% 

VII.B.3.c Determination of S t r u c t u r e 

A l l three products, (198)-(200) were char a c t e r i s e d as 
s i n g l e components, a f t e r s e p a r a t i o n using p r e p a r a t i v e scale 
chromatography, a l l g i v i n g s a t i s f a c t o r y elemental a n a l y s i s 
and parent peaks i n the mass spectra. 

The s t r u c t u r e of (200) was confirmed from the n.m.r. 
spectrum, which showed the presence of Cx2); CF^C — 
( x 2 ) ; - C F ^ - f c l ) ; and a t e r t i a r y f l u o r i n e . A compound con­
t a i n i n g these groups could have two s t r u c t u r e s , e i t h e r (200) 
or (201), however, the chemical s h i f t of the t e r t i a r y f l u o r i n e 
(l81p.p.m.) i n d i c a t e d t h a t the s t r u c t u r e was (200), as the 
t e r t i a r y f l u o r i n e f o r (201) would be expected to absorb 
approximately 20 ppm downfield from 181, due to the presence 
of an a-oxygen. 
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CF, CF, 
x c=cl 

Crj!\- / 
F '2*5 

-OPh 
CF„ 

(201) 

The s t r u c t u r e s of (198) and (199) were also confirmed 
from t h e i r n.m.r. spectra, which showed the presence of 4 CF^ 
groups, a s i n g l e -OF^- group and a v i n y l i c f l u o r i n e . The con­
f i g u r a t i o n of a l l three compounds were determined from the 

coupling constants of the groups adjacent to the double bond 
(Table 37) . 

Table 37 

Coupling Constants Between V i n y l i c Groups i n ( l 9 8 ) - ( 2 0 0 ) 

Compounds Coupling Constants, Hz Jab 
C E 3 a 7

C F 3 b 
^c=cC 

CF, Cv.̂  v 

11 

OPh 
(198) 

CF,„ F. 3a y b 
" V

/
C = C - C P 3 

C P 3 / ° ^ 2 P 5 

26 

OPh 

(199) 

CP-, CP,, 3a^ / 3b 
/ C = C ^ 0 P h 

F C 
/ 0 1 3 C P V 5 

15 

(200) 
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VII.B.3.d E q u i l i b r a t i o n of Phenyl Ethers (198)-(200) 
( i ) A r e a c t i o n using t r i e t h y l a n i i n e v/as c a r r i e d out, 

and a sample withdrawn from the f l a s k to determine the i n i t i a l 
composition of the products (Table 38). The r e a c t i o n mixture 
was then d i v i d e d between two separate f l a s k s , and one enriched 
w i t h (200) (Sample l ) , the other w i t h (199) (Sample 2 ) . A f t e r 
s t i r r i n g t he two samples f o r 60 h at room temperature the 
product d i s t r i b u t i o n s were again measured (Table 38), and the 
r e s u l t s showed t h a t although the composition of the products 
had not returned t o the same as the i n i t i a l m i x t u r e , a c e r t a i n 
amount of e q u i l i b r a t i o n had occured. 

Table 38 
D i s t r i b u t i o n of Products i n E q u i l i b r a t i o n Experiment 

Sample 
Percentage Composition of Products 

Sample 
(198) (199) (200) 

I n i t i a l Reaction Product 48 30 22 
Sample 1 ( i n i t i a l ) 40 17 42 
Sample 2 ( i n i t i a l ) 35 50 15 
Sample 1 ( f i n a l ) 46 27 27 
Sample 2 ( f i n a l ) 39 32 29 

Determined using Gas Density Balance 



-148-

( i i ) A sample of phenyl ethers enriched i n component 
(200) was d i v i d e d i n t o two; one h a l f was s t i r r e d w i t h t r i -
ethylamine i n tetraglyme f o r 36 h a t room temperature, the 
other w i t h caesium f l u o r i d e i n tetraglyme. The product d i s ­
t r i b u t i o n s were then measured and the r e s u l t s (Table 39) 

showed t h a t some rearrangement had occured w i t h t r i e t h y l a m i n e 
but more i n the case of caesium f l u o r i d e . 

Table 39 

D i s t r i b u t i o n of Products i n E q u i l i b r a t i o n Experiment 
Using CsF or (C„HC) N 

d 5 3 

Sample * Percentage Composition of Products Sample 

198 199 200 

I n i t i a l Composition 29 13 58 

A f t e r s t i r r i n g w i t h CsP 37 .5 25 3 7 . 5 

A f t e r s t i r r i n g w i t h Et^N 32 19 49 

* 
Determined u , ing Gas Density Balance 

V I I .B.3.e Discussion of Mechanism 
The r e a c t i o n of phenol w i t h (JL76_) gave d i f f e r i n g isomer 

d i s t r i b u t i o n s , depending on the base employed, f o r example, 
when sodium carbonate was used the monosubstituted products 
were almost e n t i r e l y derived from a t t a c k of phenoxide a t the 
double bond followed by a l l y l i c displacement of f l u o r i d e i o n , 
to give ( 1 9 8 ) and (l9_9_). 
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CF.7 
CP., CP, F* I I 3 \J 

PhO" + ̂ - ^C=C(CP 5)C 2P 5—> P h O _ C — C — - C F - C F ^ 
o / 5 C 2 P 5 " ^ 

(198) + (199) 

However, when t r i e t h y l a m i n e was used the amount of product 
obtained by rearrangement p r i o r t o s u b s t i t u t i o n , ( 2 0 0 ) , was 
g r e a t l y increased, and two possi b l e mechanisms which could 
account f o r the observed product ( 2 0 0 ) are shown i n Scheme 2 4 . 

F i r s t l y , e l i m i n a t i o n of f l u o r i d e i o n from (176) by t r i e t h y l a m i n e 
leads t o ( 2 0 2 ) , which a f t e r a d d i t i o n of phenoxide followed by 
e l i m i n a t i o n of amine gives the i n t e r n a l o l e f i n ( 2 0 1 . ) ; a 
f l u o r i d e i o n - i n i t i a t e d rearrangement then y i e l d s the product 
( 2 0 0 ) (route l ) . 

An a l t e r n a t i v e mechanism involves a f l u o r i d e i o n - i n i t i a t e d 
rearrangement of (176) to (203)« which then reacts w i t h phenoxide 
to give ( . 2 0 0 ) (route 2 ) . 

C 2 P 5 ( C P 5 ) C = C ( C P 3 ) C 2 P 5 

+Et^N + 
CP, CP, i 3 i 3 

CP. 

P /(route 2 ) 

-P 
( r o u t e 1) 

> E t , N — C — C=CFCF, 
3 | 3 

C 2 P 5 

( 2 0 2 ) 

Y 

+PhO" 
-Et,N 3 

=CFCP, C 2F 5(CF 5)C=C 
CP, 

/ 3 

C 0P C-C-CP, 2 5 / 3 
P ( 2 0 3 ) 

P 

-P 
+PhO CP, CF, 3 \ / 3 C=C / \ P —C — CP, OPh / 3 

P 

C — OPh 
/ \ 

CF, 3 
( 2 0 1 ) 

C F ( 2 0 0 ) 
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Th e e q u i l i b r a t i o n experiments showed t h a t the three 
isomers, (198)-(200) were i n t e r c o n v e r t i b l e , and some po s s i b l e 
mechanisms leading to rearrangement are shown i n Scheme 25. 
The r e s u l t s showed t h a t more rearrangement occured i n the 
presence of caesium f l u o r i d e , than w i t h t r i e t h y l a m i n e , suggest­
i n g t h a t these are mainly i n i t i a t e d by f l u o r i d e i o n , as 
i n d i c a t e d i n Scheme 25. 

C 2F 5(Cli ,
3)C=C(CP 5)C 2P 5 

(176) 
Rearrangement 

+ PhO" 

CIV CF-, 
\ / 5 

c=c 
CF X V / \ 3\ 
F C F °2*5 

OPh 

(200) 

F 
-PhO" 

+PhO 

CP, 
/ 3 , n 

C9F[-(CF„)C=C / F 3 

(201) X ° P h 

CP, 
C=CFCF, 

c 
PhO^ CF 5 

(198)+(199) 

Not i s o l a t e d 

Scheme 25 

As can be seen e l i m i n a t i o n of phenoxide from (198) and 
(199) could lead to f o r m a t i o n of the i n i t i a l o l e f i n (.17J5), which 
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can then e i t h e r r e a c t w i t h phenoxide, t o give (198) or (19 9 ) , 
or rearrange, then react w i t h phenoxide t o give (200). A 

f l u o r i d e i o n - i n i t i a t e d rearrangement of (200) to ( 2 0 4 ) • 

f o l l o w e d by e l i m i n a t i o n of phenoxide and f u r t h e r rearrangement 
y i e l d s the s t a r t i n g o l e f i n (JL7_6.)» which can then re a c t as 
described p r e v i o u s l y to give ( l 9 8 ) - ( 2 0 0 ) . 

The r e s u l t s of the reac t i o n s w i t h phenol suggest t h a t the 
main d i f f e r e n c e between using sodium carbonate and t r i e t h y l a -
mine could be the s o l u b i l i t y of the r e s u l t i n g f l u o r i d e i o n 0 I n 
the case of sodium carbonate r e l a t i v e l y i n s o l u b l e sodium 
f l u o r i d e would be formed, but w i t h t r i e t h y l a m i n e a so l u b l e 

+ _ 

amine hydrogen f l u o r i d e , Et^NHF,would provide an a c t i v e form 
of f l u o r i d e i o n , and hence more rearranged products„ 

VII . B . 4 Reaction w i t h Methanol 
I n general r e a c t i o n of f l u o r o o l e f i n s w i t h methanol give 

e i t h e r a d d i t i o n or s u b s t i t u t i o n products ( I I I . A . 3 . 1 ) , f o r 
example, hexafluoropropene w i t h methoxide gives a mixture of 
a d d i t i o n and s u b s t i t u t i o n . "*" 

K0H/600 

-3» CH,0CI 
re 3 

8Y/o 

CH,0H + CF0=CFCF, 5> CH,0CFoCHFCP, + CH,0CF=CFCF, 
3 2 3 Autoclave 3 2 3 3 3 

VII„B.4.a Using Sodium Carbonate as base 
A d d i t i o n of methanol to a v i g o r o u s l y s t i r r e d mixture of 

(176) and sodium carbonate i n tetraglyme gave, a f t e r f i l t r a ­

t i o n and pouring i n t o water, a lower organic l a y e r , which 

chromatographic a n a l y s i s i n d i c a t e d consisted of unreacted (176) 
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plus one major product, i d e n t i f i e d as 4 - m e t h o x y - 3 » 4 ~ t r i f l u o r o -
methyl-nonaf luorohex - 2-ene ( 205)„ and two minor u n i d e n t i f i e d 
products. 

Na 9C0 7/Tetraglyme 
C ?FjClOC=C(CF,)C 9F R £ ^ T ~ — p - CP, CP, 

5 3 5 2 5 M e 0 H f 2 5 o 3 / 3 
(176) C P K , ^ 

/ C \ OMe 
C 2 F 5 

( 2 0 5 ) 

VII.B. 4 .b Using Triethylamine 
A d d i t i o n of methanol to a v i g o r o u s l y s t i r r e d mixture of 

(176) and t r i e t h y l a m i n e i n tetraglyme gave, a f t e r pouring i n t o 
water, a lower organic l a y e r which chromatographic a n a l y s i s 
showed to c o n s i s t of unreacted (176) and at l e a s t e i g h t 
products, two of which have been i d e n t i f i e d as ( 2 0 5 ) plus 
c i s and trans p e r f l u o r o - 2 , 5 - d i h y d r o - t e t r a m e t h y l f u r a n ( 2 0 6 ) . 

(176) + MeOH 
Et^N/Tetraglynie 

CP. CP. 

2 5 L 

> (205.) _ + 

18% 

CP^P 
+ 6 others 

IPCF-
0-

(206) 22% 

V I I . B . 4 o C Rapid a d d i t i o n of Methanol to a R e f l u x i n g Mixture 
of Triethylamine and P e r f l u o r o - 3 , 4 - d i m e t h y l h e x -
3_-ene i n Tetraglyme 

Methanol was added t o a r e f l u x i n g mixture of (176) plus 
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triet h 3 r l a m i n e i n tetraglyme, which was then r e f l u x e d f o r a 
f u r t h e r 4 hours. A f t e r pouring the r e a c t i o n mixture i n t o 
water a dark brown organic l a y e r separated, composed of an 
i n v o l a t i l e o i l plus a v o l a t i l e c o l o u r l e s s l i q u i d which 
chromatographic a n a l y s i s showed consisted of three products 
i d e n t i f i e d as ( 2 0 5 ) , (206) and p e r f l u o r o - t e t r a m e t h y l f u r a n 
(207). 

(176) + MeOH 
Et^N/Tetraglyme 

CP \ 
CP. 

Reflixxing, 4h 
-> (205_) + (206) + 

17 . 5 % 30% C P ^ / X Q X N ^ 

H- o i l 

VII.B.4.d A d d i t i o n of Methanol to a R e f l u x i n g Mixture of 
Perfluoro-3 f4-dimethylhex-3-ene plus P y r i d i n e 
i n Tetraglyme 

This was a repeat of the previous experiment (VII.B.4.c) 
except t h a t t r i e t h y l a m i n e was replaced by p y r i d i n e . A f t e r 
pouring the r e a c t i o n mixture i n t o water an almost c o l o u r l e s s 
lower l a y e r separated which proved to consist of unreacted 
(176) plus (206). 

Pyridine/'! etraglyme 
(176) + Me OH ^ 

R e f l u x i n g 

CP 
3 \ 

CP,P 3 

CP 3 

(206) 

PCF, 
56? 
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V11.B.4ee R e f l u x i n g a mixture c o n s i s t i n g mainly of P e r f l u o r o -
2 , 5-dihyclrotetram^thyl.furarj. with Triethylamine i n 
Tetraglyme 

A mixture c o n t a i n i n g mainly (_2_06) was r e f l u x e d w i t h t r i ­
ethylamine i n tetraglyme f o r 16 hours and gave, a f t e r pouring 
i n t o water, a lower organic l a y e r c o n s i s t i n g of a black 
i n v o l a t i l e o i l plus a v o l a t i l e c o l ourless l i q u i d which chro­
matographic a n a l y s i s i n d i c a t e d to be almost e n t i r e l y ( 2 0 7 ) A 

Et,N/Tetraglyme 
( 2 0 5 ) + ( 206 ) + ( 2 0 7 ) — - > (207) + ( 2 0 5 ) + o i l 

Reflux, I 6 h 
3 2 / 5 5 / ° iy/o 5 6 / 

V I I . B . 4 . f R e f l u x i n g a mixture c o n s i s t i n g mainly of Perfluo.ro-
2 , 5 - d i h y d r o t e t r a m e t h y l f u r a n w i t h P y r i d i n e i n T e t r a ­
glyme 

This v/as a repeat of the previous experiment (VII.B.4.e) 
except t h a t the base was changed from t r i e t h y l a m i n e to p y r i d i n e , 
but gave only unreacted s t a r t i n g m a t e r i a l . 

V11.B.4*g R e f l u x i n g Methanol w i t h PerfIuoro-3 , 4-dimethylhex-
3-ene i n 'i'etraglyme 

R e f l u x i n g a mixture of methanol and (176) i n tetraglyme 
gave only unreacted s t a r t i n g m a t e r i a l , confirming t h a t a base 
i s r e q u i r e d f o r r e a c t i o n to occur. 

VII.B . 4 e h R e f l u x i n g a mixture of Perfluoro-3, 4-dimetbylhex-
3-ene and T r i e t h y l a m i n e i n Tetraglyme 

R e f l u x i n g a mixture of (176) and t r i e t h y l a m i n e i n t e t r a ­
glyme gave mainly unreacted s t a r t i n g m a t e r i a l but also a v e r y 
small amount of d e f l u o r i n a t e d m a t e r i a l ( 1 7 9 ) . 

http://Perfluo.ro-
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C2P (CP 3) C=C (CP,.) C 2? 5 

(176) 

Et^N/Tetraglyme p CP^ 

Reflux,24h /' ? 

C F 3 / " ""P 
CP, 3 

5 # 

(179) 

V11. B. 4. i Refluxing Perfluoro-3,4-dimethylhex-3-ene, water 
and Triethylamine i n Tetraglyme 

A d d i t i o n of water to a r e f l u x i n g mixture of (176) and 
t r i e t h y l a m i n e i n tetraglyme, gave an i n v o l a t i l e o i l plus a 
v o l a t i l e c o l o u r l e s s l i q u i d , which n.m.r. showed consisted of 
unreacted (176) and u n i d e n t i f i e d products. 

V I I . B . 4 . j Determination of St r u c t u r e s 

Et,N CP, ,CP, 3 3 \ / 3 
Me OH + (176) > C=C + 

MeO 1 5 
( 2 0 5 ) 

CP 3\ 

CP,P 3 

)P, 

JPCP. 

(206) 

CP 3 \ CP, 
/ 3 

cp/\ 0xN:P 3 

( 2 0 7 ) 

The f u r a n ( 2 0 7 ) was c h a r a c t e r i s e d , a f t e r s e p a r a t i n g 
using hoth d i s t i l l a t i o n plus p r e p a r a t i v e scale chromatography, 
g i v i n g a parent peak i n the mass spectrum, and s a t i s f a c t o r y 
f l u o r i n e a n a l y s i s . The i n f r a - r e d plus^Hn.m.r. spectra 
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i n d i c a t e d t h a t no hydrogen was present, and the ""P n.in.r. 
spectrum showed only two peaks a t 60.4 and 65.8 p.p.m. 

The p a r t i a l l y saturated f u r a n (.206) was also separated 
using d i s t i l l a t i o n plus p r e p a r a t i v e scale chromatography, 
and a mass spectrum gave a P-19 peak, common i n fluorocarbons 
w i t h a large degree of s a t u r a t i o n . The i n f r a - r e d plus "4i n.in.r. 
spectra again i n d i c a t e d t h a t no hydrogen was present, and 

19 
the F spectrum c l e a r l y showed two geometric isomers present 
i n a r a t i o of 1:2, although which isomer predominated, i s not 
known. The t e r t i a r y f l u o r i n e s were downfield a t 122.6 and 
112.2 p.p.m. a r e s u l t expected f o r a s t r u c t u r e w i t h an 
a-oxygen. 

The a c y c l i c ether (205) was characterised a f t e r separa­
t i o n using p r e p a r a t i v e scale chromatography, g i v i n g s a t i s -
f a c t o r v f l u o r i n e a n a l y s i s and a P-19 peak i n the mass spectrum. 
The n.m.r. spectrum showed, t h a t the peaks f o r the 
groups were s p l i t i n t o q u a r t e t s , w i t h a coupling constant of 
13 Hz, a coupling c o n s i s t e n t w i t h a c i s conformation. 
VII,B.4.k Discussion of Mechanism 

Perfluoro-isobutene and methanol rea c t i n the absence of 
a base"*" but experiment showed, t h a t r e a c t i o n between (176) and 
methanol occured only i n the presence of a base, suggesting 
t h a t (176) i s not as susceptible to n u c l e o p h i l i c a t t a c k as 

153 
p e r f l u o r o - i s o b u t e n e . Haszeldine and co-workers found 
perfluoro-2,3-dimethylbut-2-ene also reacted w i t h methanol 
only i n the presence of a base, and. they suggested t h a t 
although the intermediate carbsnion was s t a b i l i s e d by t r i -
f l u o r o m e t h y l groups, s t e r i c hindrance made approach of a 
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nucleophile less favourable. I n a s i m i l a r manner s t e r i c 
crowding could reduce the s u s c e p t i b i l i t y of (176) to nucleo-
p h i l i c a t t a c k . 

I n a s i m i l a r f a s h i o n to phenol, the products obtained 
from the r e a c t i o n of methanol w i t h (176) are dependent on 
the base employed, f o r example, w i t h sodium carbonate a 
s i n g l e major product was obtained derived from s u b s t i t u t i o n 
f o l l o w e d by a l l y l i c displacement of f l u o r i d e i o n . Unlike 
phenol, where both c i s and trans isomers were formed methanol 
gave predominantly the c i s isomer (205) , but the reason f o r 
t h i s s e l e c t i v i t y i s not known at present. 

MeO CF / 3 
C0Fr.(CF, )C=C 3 u\ c^ 

F F 
Tetraglyme 
Na„C0 CF3 CF 3 

C„F / F 2 ^ 
CF, / OMe 

3 

(176) (201) 

Formation of a c y c l i c ether, (206.), when using amines 
suggests t h a t rearrangement occured p r i o r t o s u b s t i t u t i o n , 
and a possible r e a c t i o n sequence i s shown i n Scheme 26. 
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C 2 P 5 ( C P 3 ) C = C ( C P 3 ) C 2 P 5 

P 

CP, 

C P 5 X 

CP, \ 
• C=CPCP3 

P - / (203) 

CP 
+ MeO 

C P 

CP, CP, 
\ 1 3 . C-C—P ^ _ J - _ C.Pc;(CP.,)C=C 

p ^ 5 * \ 
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As can be seen from Scheme 26 the mechanism proposed 
involves several double bond m i g r a t i o n s , and a l l are shown 
to be f l u o r i d e i o n - i n i t i a t e d , although i n r e a l i t y these 
could e q u a l l y i n v o l v e some a m i n e - i n i t i a t e d rearrangements. 

An i n i t i a l double bond m i g r a t i o n could lead t o the 
o l e f i n (203), which reacts w i t h methanol to give an un­
saturated ether (208); a f l u o r i d e i o n - i n i t i a t e d rearrange­
ment of (208) then y i e l d s ( 2 0 9 ) . I n t r a m o l e c u l a r n u c l e o p h i l i c 
s u b s t i t u t i o n , i n v o l v i n g ( 2 0 9 ) , can now occur t o give two 
d i f f e r e n t oxonium s a l t s , (211) and (2JL5). S u b s t i t u t i o n 
i n v o l v i n g an a l l y l i c displacement of f l u o r i d e i o n would 
give (215) (route l ) , which a f t e r cleavage y i e l d s (206)-. 
An a l t e r n a t i v e r e a c t i o n ( r o u t e 2) involves v i n y l i c s u b s t i ­
t u t i o n , leading to the oxonium s a l t (211) which, a f t e r 
cleavage i n the presence of f l u o r i d e i o n , y i e l d s (210); 
rearrangement of (210) i n the presence of f l u o r i d e i o n 
then gives (206). 

Although the intermediate (210) was not i s o l a t e d , 
evidence was obtained which suggests t h a t i t was one of 
the u n i d e n t i f i e d r e a c t i o n products. A sample enriched by 
d i s t i l l a t i o n , i n (205) and an u n i d e n t i f i e d component, was 
heated w i t h caesium f l u o r i d e i n te t r a g l y m e , and gave a 
product c o n s i s t i n g of unchanged (205.) and (206). This 
suggested t h a t the u n i d e n t i f i e d component was (210) which 
had rearranged i n the presence of f l u o r i d e i o n t o the more 
st a b l e isomer (206). 
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( i ) D e f l u o r i n a t i o n 
Formation of a symmetrical f u r a n (207), a f t e r r e f l u x i n g 

a mixture c o n s i s t i n g mainly of the p a r t i a l l y saturated f u r a n 
(206), w i t h t r i e t h y l a m i n e , i n d i c a t e d t h a t d e f l u o r i n a t i o n had 
occured. There are two possi b l e mechanisms by which d e f l u o ­
r i n a t i o n could occur, the f i r s t i n v o l v e s an e l e c t r o n t r a n s f e r 
from an amine to (206), producing a r a d i c a l anion (212), which, 
a f t e r loss of f l u o r i d e i o n and a f l u o r i n e atom, gives (207) 

(Scheme 27). However, d e f l u o r i n a t i o n , by an e l e c t r o n t r a n s f e r 
process, could be expected using e i t h e r t r i e t h y l a m i n e or 
p y r i d i n e , but experiments showed t h a t no r e a c t i o n occured when 
p y r i d i n e was used, suggesting t h a t a d i f f e r e n t mechanism was 
ope r a t i n g . 

CP CP CP CP CP CP 3 ^ 3 
P +e CF„F PCP CP 

p 7 X 0 / CP CP 0 
(212) (206 

CP CP 

CP CP 0 
(207) 

Scheme 27 



-161-

A more l i k e l y mechanism involves an i n i t i a l double bond 
m i g r a t i o n to give (213), which i n the presence of f l u o r i d e 
i o n loses a proton to form an y l i d type intermediate (, 214.)» 
Loss of the amino group, as an iminium i o n , followed by 
e l i m i n a t i o n of f l u o r i d e i o n then gives the d e f l u o r i n a t e d 
product (207) (Scheme 28). 

OF, CF. 

C F 3/\0-

NEt. 
FCF, 

(206) 

CF 
3 \ 

CF, 

C F 5
X 

<F 
N>CHCH7 

(213) 

H 
3 F 

-HF 

CF. 

CI 

CF 3 

CF 
3 M K L i 3 

(207) 

-F 
-Et0N=CHCH, 2 3 

CF. 
CF, 

-NC "A"CHCH^ 
F 

(214) 

Scheme 28 

Support f o r t h i s mechanism was provided by no d e f l u o r i n a ­
t i o n occuring w i t h p y r i d i n e , which has no l a b i l e a-hydrogen, 
a requirement i f d e f l u o r i n a t i o n i s to occur v i a the r o u t e 
shown i n Scheme 28. 

Another n o t i c e a b l e e f f e c t when using p y r i d i n e , i n place 
of t r i e t h y l a m i n e , was fo r m a t i o n of a s i n g l e product (206) 
instead of a complex mixture, i n d i c a t i n g t h a t more side 
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r e a c t i o n s probably occured w i t h t r i e t h y l a m i n e . This i s 
po s s i b l y due to d e f l u o r i n a t i o n occuring a t other stages of 
the r e a c t i o n , f o r example, a small amount of d e f l u o r i n a t e d 
m a t e r i a l (179) was observed a f t e r r e f l u x i n g (JL7_6) w i t h 
t r i e t h y l a m i n e i n sulpholane. 

F CF, 
Et,N/Sulpholane V - p / PT? 

C ?P ( C F J C = C ( C F 7 ) C ? P , — 2 > / ° - L x / 
^ 5 J <- J Reflux CF C=C 

3 / \ 
CF^ F 

(176) 
3 

(.179) 

More work needs to be done to t r y and i d e n t i f y some of 

the other products formed, which might p o s s i b l y provide 

f u r t h e r evidence t o help confirm the various mechanisms 

proposed or indeed suggest new mechanisms. 



EXPERIMENTAL 



Chemicals 
C h l o r o t r i f l u o r o e t h y l e n e was prepared by d e c h l o r i n a t i o n 

of Arcton 113, CF^ClCFClg, w i t h zinc dust suspended i n ethanol. 
Perfluoro-3,4-dimethylhex-3-ene was provided by 1,0.1. (Mond) 
L t d . 

Pentaf l u o r o p y r i d i n e , t e t r a f l uoropyrlrnidine , te t r a f l u o r o -
p y r i d a z i n e , and pentafluoronitrobenzene red as 
described i n the l i t e r a t u r e . 159,160,161,163 O c t a f l u o r o -
toluene, p e n t a f l u o r o b e n z o n i t r i l e and p e r f l u o r o b i p h e n y l were 
commercially a v a i l a b l e samples purchased from I m p e r i a l Smelting 
Corporation. 

The caesium f l u o r i d e was reagent grade, and was d r i e d by 
heating (160°) under high vacuum f o r 24-h, ground to a f i n e 
powder i n a glove bag, then heated under vacuum f o r a f u r t h e r 
24h. 

Solvents 
Sulpholane was p u r i f i e d by f r a c t i o n a l vacuum d i s t i l l a t i o n , 

and the middle f r a c t i o n c o l l e c t e d over d r i e d molecular sieve 
(Type IVA), then stored a t room temperature under dry n i t r o g e n . 
Tetraglyme was p u r i f i e d by f r a c t i o n a l vacuum d i s t i l l a t i o n over 
sodium, and the middle f r a c t i o n c o l l e c t e d over dry molecular 
sieve (Type IVA), then stored under dry n i t r o g e n , 

Dimethylformamide (D.M.F.) was p u r i f i e d by s t i r r i n g w i t h 
barium hydroxide f o r 24-h, f o l l o w e d by f r a c t i o n a l vacuum d i s ­
t i l l a t i o n , when the middle f r a c t i o n was c o l l e c t e d over d r i e d 
molecular sieve (Type IVA) then stored under dry n i t r o g e n , i n 
a dark cupboard. 
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I n s t r u m e n t a t i o n 
I n f r a - r e d spectra were recorded on a C-rubb-P ars ons 

"Spectromastor" spectrometer and a Perkin-Elmer 457 spectro­
photometer. V o l a t i l e l i q u i d or gaseous samples were vapour-
ised i n t o an evacuated c y l i n d r i c a l c e l l w i t h potassium 
bromide end windows: l i q u i d and low m e l t i n g p o i n t s o l i d 
samples were recorded as t h i n contact f i l m s between potassium 
bromide p l a t e s : s o l i d samples were pressed i n t o homogeneous 
t h i n discs w i t h potassium bromide. 

Mass spectra were recorded on an A.E.I. M.S9 spectrometer, 
or on a V.G. Micromass 12B, f i t t e d w i t h a Pye 104 gas chroma-
tograph, and a l l molecular weights were determined using these 
instruments„ 

Proton ("Hi) and f l u o r i n e ("^F) nuclear magnetic resonance 
spectra were recorded on a Varian A56/60D spectrometer operat­
i n g a t 60 and 56 MHz r e s p e c t i v e l y , and chemical s h i f t s are 
quoted r e l a t i v e t o e x t e r n a l T.M.S. and CFCl^. V a r i a b l e temp­
erature f a c i l i t i e s p e r m i t t e d spectra t o be recorded a t temper­
atures d i f f e r e n t from the standard probe temperature of 40°. 
F l u o r i n e - f l u o r i n e decoupling spectra were recorded on a 
Brtlcker HXQOE spectrometer operating at 84.67 MHz. 

E.S.C.A. spectra were recorded on an A.E.I. Model 200A 
spectrometer. 

Q u a n t i t a t i v e vapour phase chromatographic a n a l y s i s was 
c a r r i e d out on a G r i f f i n and George D6 Gas Density Balance, 
using columns packed w i t h 30^ s i l i c o n e gum rubber SE-30 on 
Chrornosorb P (Column ' 0 ' ) , 20/C D i - i s o d e c y l phthalate on 
chromosorb P (Column 'A' ) , or 307° T r i x y l e n y l phosphate on 
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cbromosorb P (Column 'TXP'). Preparative scale vapour phase 
chromatography was performed on a Varian Aerograph instrument 
using column '0' or 'A'. 

Carbon, n i t r o g e n and hydrogen analyses were obtained 
using a Perkin-Elraer 240 Elemental Analyser. Analysis f o r 
halogens were c a r r i e d out as described i n the l i t e r a t u r e . " e' 

B o i l i n g p o i n t s were determined by Siwoloboff's Method, 
unless otherwise s t a t e d , and are not c o r r e c t e d f o r changes i n 
atmospheric pressure. 
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CHAPTER V I I I 
Experimental to Chapter V 

V I I I . A Reaction of C b l o r o t r i i ' l u o r o e t h y l e n e w i t h various 
a c t i v a t e d aromatic species 

A s t a t i c atmospheric pressure system, developed by 
previous workers i n these l a b o r a t o r i e s and. described e a r l i e r 
(Chapter V . A . l ) , was used f o r many of the r e a c t i o n s described, 
but i n some cases the v a r i a b l e volume r e s e r v o i r ( f o o t b a l l -
bladder) was replaced by a glass storage sphere ( 2 1 ) . This 
m o d i f i c a t i o n was employed a f t e r i t was discovered t h a t 
c h l o r o t r i f luoroethylene was e i t h e r r e a c t i n g v / i t h , or d i f f u s i n g 
through the w a l l s of the rubber bladder. 

The required q u a n t i t i e s of dry caesium f l u o r i d e and dry 
a p r o t i c solvent were r a p i d l y introduced i n t o the baked, purged 
r e a c t i o n apparatus, against a flow of dry n i t r o g e n . A f t e r 
evacuation of the apparatus and degassing of the s o l v e n t , 
c h l o r o t r i f l u o r o e t h y l e n e was introduced i n t o the system t o 
e q u i l i b r a t e i t to atmospheric pressure. The a c t i v a t e d 
aromatic species was then introduced i n t o the apparatus by 
a s y r i n g e , through a s e l f - s e a l i n g rubber cap. 

Collapse of the v a r i a b l e volume r e s e r v o i r , or r e d u c t i o n 
i n pressure i n the case of the glass storage sphere, i n d i c a t e d 
t h a t r e a c t i o n was occuring. 

On completion of the r e a c t i o n , the v o l a t i l e products were 
vacuum t r a n s f e r r e d to a cold trap ( l i q u i d a i r ) , a t temperatures 
up to 100°C, and chromatographic analysis (Gas Density Balance, 
G.D.B.) of the products allowed e s t i m a t i o n of t h e i r y i e l d s . 
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l o Preparation of l - c h l o r o - l - ( 2 ' , 3 ' , 5 ' . 6 ' - t e t r a f l u o r o p y r i d y l ) 
t e t r a f l u o r o e t h a n e (100) 
Preparation of l - c h l o r o - l - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) 

t e t r a f l u o r o e t h a n e (100) was c a r r i e d out on many occasions and a 
t y p i c a l experiment i s described below. 

A mixture of caesium f l u o r i d e (10 g, 66.0 m.moles), t e t r a -
glyme (120 cm/), p e n t a f l u o r o p y r i d i n e (16 g, 94.7 m.moles), and 
c h l o r o t r i f l u o r o e t h y l e n e (23.5 g, 202.5 m.moles) was v i g o r o u s l y 
s t i r r e d a t room temperature f o r 24h f during which time a 
p a r t i a l vacuum had formed i n the apparatus. Chromatographic 
anal y s i s (G.D.B. column '0', 78°) of the v o l a t i l e m a t e r i a l 
(19 g) i n d i c a t e d t h a t i t consisted of unreacted p e n t a f l u o r o -
p y r i d i n e and one product, i d e n t i f i e d as l - c h l o r o - l - ( 2 ' , 3 ' , 5 1 , 6 1 -

113 
t e t r a f l u o r o p y r i d y l ) - t e t r a f l u o r o e t h a n e (100) ' (83/« y i e l d , 45^ 
conversion, based on p e n t a f l u o r o p y r i d i n e consumed), by compari-

19 
son of i t s i n f r a - r e d and JY n.m.r. spectra w i t h those of an 
auth e n t i c sample. 

The product was p u r i f i e d by d i s t i l l a t i o n , using a spinning 
band d i s t i l l a t i o n apparatus. 
2. Reaction of T e t r a f l u o r o p y r i m i d i n e w i t h C h l o r o t r i f l u o r o ­

ethylene i n Sulpholane 
A mixture of caesium f l u o r i d e (6.0 g, 40.0 m.moles), 

sulpholane (60 cm ) , t e t r a f l u o r o p y r i m i d i n e (5.6 g, 36.7 m.moles), 
and c h l o r o t r i f l u o r o e t h y l e n e (10.5 g, 90 .5 m.moles) was v i g o r ­
ously s t i r r e d a t room temperature f o r 5h, during which time 
the v a r i a b l e volume r e s e r v o i r completely collapsed. Chroma­
tographic a n a l y s i s (G.D.B. column 'TXP', 125°) o f the v o l a t i l e 
m a t e r i a l (5.1 g) i n d i c a t e d t h a t i t consisted of unreacted t e t r a -
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f l u o r o p y r i m i d i n e and two products i d e n t i f i e d as: 4-chloro-
t e t r a f l u o r o c t h y l - 2 , 5 , 6 - t r i f l u o r o p y r i m i d i n e (106), b.p. 142° 
(Found: C, 26.7; P, 49.8; CI, 13.4; N, 10.2; 268. 
C^F7C1N2 r e q u i r e s C,26.8; F, 49.5; Cl, 13.2; N, 10.4; 
M 268), i n f r a - r e d spectrum No. 1, ^ F n.m.r, spectrum No. 1; 
and 4 , 6 - B i s - c h l o r o t e t r a f l u o r o e t h y l - 2 , 5 - d i f l u o r o p y r i m i d i n e 
(107), b.p. 176° (Found:"C, 24 . 9 ; F, 49 .0; 01,18.6; N, 7.3; 

Mt 385. C 8 P ] 0 C 1 2 N 2 r e < l u i r e s c> 24.9; F, 49.4; C l , 18.4; 
N, 7.3; M 385), i n f r a - r e d spectrum No. 2, "^F n.m.r. spectrum 
No. 2. 

Both (106) and (107) were p u r i f i e d using p r e p a r a t i v e 
scale chromatography (Aerograph, column'A', 125°). 

3. Reaction of T e t r a f l u o r o p y r i m i d i 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 i n Tetraglyroe 
A mixture of caesium f l u o r i d e (3.0 g, 20.0 m.moles), 

tetraglyme (25 cm ) , t e t r a f l u o r o p y r i m i d i n e (3 g, 19.7 m.moles), 
and c h l o r o t r i f l u o r o e t h y l e n e (7.5 g, 64 .5 m.moles) was v i g o r ­
ously s t i r r e d at room temperature f o r 3h, during which time 
the v a r i a b l e volume r e s e r v o i r completely co l l a p s e d . Chroma­
tographic a n a l y s i s (G.D.B. column 'TXP', 125°) of the v o l a t i l e 
m a t e r i a l ( l . 7 g) i n d i c a t e d t h a t i t consisted of unreacted 
t e t r a f l u o r o p y r i m i d i n e , 4 - c b l o r o t e t r a f l u o r o e t h y l - 2 , 5 , 6 - t r i -
f l u o r o p y r i m i d i n e (106). 4 , 6 - B i s - c h l o r o t e t r a f l u o r o e t h y l - 2 , 5 -
d i f l u o r o p y r i m i d i n e (107) and two other u n i d e n t i f i e d products. 
Products (106) and (l0_7_) were formed i n Ca. 9% and 3^ y i e l d s , 
80^ conversion based on t e t r a f l u o r o p y r i m i d i n e used. 

A d d i t i o n of water to the i n v o l a t i l e residues y i e l d e d an 
i n t r a c t a b l e t a r (4 g ) . 
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4-. Reaction of Cyanuric F l u o r i d 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 c n e 
at 60° 
A mixture of caesium f l u o r i d e (2.0 g, 13.2 m.moles), 

sulpholane (20 cm ) , cyanuric f l u o r i d e (8.6 g, 63.6 m.moles), 
and c h l o r o t r i f l u o r o e t h y l e n e ("17 g, 146 .5 m.moles) was v i g o r ­
ously s t i r r e d at 60° f o r 48b, d u r i n g which time a p a r t i a l 
vacuum formed i n the apparatus. Chromatographic a n a l y s i s 
(G.'D.B. column '0', 78°) of the v o l a t i l e m a t e r i a l i n d i c a t e d 
t h a t i t consisted of unreacted cyanuric f l u o r i d e and two 
products i d e n t i f i e d as: 2-Chlorote t r a f l u o r oeth y l - 4 ,6-di f l u p r o ­
s'- t r i a z i n e (102), (61 . 5% y i e l d , 5 1% conversion based on 
cyanuric f l u o r i d e consumed), b.p. 120°, (Found: C, 23.6; 
F, 45 .3 ; CI, 14.3; N, 17.1; I'4 251. C^CIN^. re q u i r e s 
C, 23 . 9 ; F, 45 .3 ; CI, 14.1; N, 16.7; M , 268), i n f r a - r e d 
spectrum No. 3, "^F n.m.r. spectrum No.3; and 2,4-Bis-
c h l o r o t e t r a f l u o r o e t h y l - 6 - f l u o r o - S - t r i a z i n e (103) , (10.8% 
y i e l d , 51% conversion based on cyanuric f l u o r i d e consumed) 
b.p. 163°, (Found: C, 22.7; F, 46.2; CI, 19.1; N, 11.8; 
M"t 367. C 7P gCl 2N 5 requires C, 22.8; F, 46.5; CI, 19 . 3 ; 

N, 11.4; M , 367), i n f r a - r e d spectrum No-4, "^F n.m.r. 
spectrum No. 4. 

Product (102) was p u r i f i e d by d i s t i l l a t i o n , using a 
Fischer S p a l t r o h r one-piece d i s t i l l a t i o n apparatus, and 
(103) by p r e p a r a t i v e scale chromatography (Aerograph, 
column '0', 1 4 5 ° ) . 

5. Reaction of Cyanuric F l u o r i d e w i t h C h l o r o t r i f l u o r o -
ethylene a t Room Temperature 
A mixture of caesium f l u o r i d e (6.0 g, 40.0 m.moles), 
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7 sulpholane (60 cra^), cyanuric f l u o r i d e (5.8 g, 43.0 m.moles), 
and c h l o r o t r i f l u o r o e t h y l e n e ( l 0 . 5 g, 90.5 m.moles) was v i g ­
orously s t i r r e d a t room temperature f o r 22h, during which time 
the v a r i a b l e volume r e s e r v o i r collapsed completely. Chroma­
tographic analysis (G.D.B. column '0', 78°) of the v o l a t i l e 
m a t e r i a l (4 . 0 g) i n d i c a t e d t h a t i t consisted of two components, 
unreacted cyanuric f l u o r i d e and 2 - c h l o r o t e t r a f l u o r o e t h y l - 4 , 6 -
d i f l u o r o - S - t r i a z i n e (102) (30.4/^ y i e l d , 69^ conversion). 

6. Reaction of Cyanuric F l u o r i d e w i t h C h l o r o t r i f l u o r o ­
ethylene at 80° 
A mixture of caesium f l u o r i d e ( 3 .0 g, 20 m.moles), 

sulpholane/tetraglyme (17/4 cm ) , cyanuric f l u o r i d e (14 g, 
103.7 m.moles), and c h l o r o t r i f l u o r o e t h y l e n e (18 g, 156 .2 m.moles) 
was v i g o r o u s l y s t i r r e d at 80° f o r 69h, during which time a 
p a r t i a l vacuum formed i n the apparatus. Chromatographic 
analysis (G.D.B. column ' 0 ' , 78°) of the v o l a t i l e m a t e r i a l 
( 1 6 . 1 g) i n d i c a t e d a mixture of three components, unreacted 
cyanuric f l u o r i d e , 2 - C b l o r o t e t r a f l u o r o e t b y l - d i f l u o r o - S - t r i a z i n e 
(102) (68.5/S 44?fe conversion) and 2 , 4 - B i s - c h l o r o t e t r a f l u o r o -
e t h y l - 6 - f l u o r o - S - t r i a z i n e (103) (7.0c/o). 

7. Reaction of P e r f l u o r o b i p h e n y l 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 mixture of caesium f l u o r i d e (3 g, 20.0 m.moles), 

sulpholane (50 cm ), p e r f l u o r o b i p h e n y l (6 g, 18.0 m.moles), 
and c h l o r o t r i f l u o r o e t h y l e n e (17 g, 146 .5 m.moles) were v i g o r ­
ously s t i r r e d at 60° f o r 24h, d u r i n g which time -very l i t t l e 
o l e f i n appeared to r e a c t . The products were ex t r a c t e d w i t h 
ether (3 x 40 cm ) , washed w i t h water (3 x 20 c m ) , d r i e d 
(MgSO.) and the ether removed by vacuum tra n s f e r e n c e . The 
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residues on su b l i m a t i o n y i e l d e d unreacted p e r f l u o r o b i p h e n y l 
(2.7 g) and a high molecular weight t a r (1.3 g ) . 

8. Reaction of Pentafluoronitrobenzene wi t h C h l o r o t r i f l u o r o ­
ethylene at 120° 
A mixture of caesium f l u o r i d e (3 g, 20.0 m.moles), 

sulpholane (20 cm ), pentafluoronitrobenzene (4 g, 18.8 m.mole 
and c h l o r o t r i f l u o r o e t h y l e n e (16.5 g, 142.2 m.moles) were v i g ­
orously s t i r r e d a t 120° f o r 24h, during which time a p o s i t i v e 
pressure b u i l t up i n t h e apparatus. Chromatographic a n a l y s i s 
(G.D.B. column '0', 78°) of the v o l a t i l e m a t e r i a l ( l . l g) 
indicated, t h a t two components were present, and. a g.I.e./mass 
spectrum showed t h a t these had parent peaks at 286 and 186, 
con s i s t e n t w i t h perfluoroethylbenzene (10$) and h e x a f l u o r o -
benzene (15$) r e s p e c t i v e l y . 

The same experiment repeated at 70° gave no r e a c t i o n , 
and only pentafluoronitrobenzene was recovered. 

9. Reaction of P e n t a f l u o r o b e n z o n i t r i l e with 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 Sulpholane 
A mixture o f caesium f l u o r i d e (3 g, 20.0 m.moles), 

sulpholane (20 cm^), p e n t a f l u o r o b e n z o n i t r i l e (4.5 g, 23 .3 

m.moles), and c h l o r o t r i f l u o r o e t h y l e n e (16 . 5 g, 142.2 m.moles) 
was v i g o r o u s l y s t i r r e d a t room temperature f o r 48h, duri n g 
which time a p a r t i a l vacuum formed i n the apparatus. Chroma­
tographic analysis (G.D.B. column ' 0 ' , 125°) of the v o l a t i l e 
m a t e r i a l (2 - 9 g) i n d i c a t e d t h a t three components were present, 
unreacted p e n t a f l u o r o b e n z o n i t r i l e and two products, which a 
g.I.e./mass spectrum showed had parent peaks a t 293 and 309, 
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c o n s i s t e n t w i t h p e r f l u o r o - 4 - e t b y l b e n z o n i t r i l e (130) (l2°/>) f 

and 4 - c h l o r o t e t r a f l u o r o e t b y l - t e t r a f l u o r o b e n z o n i t r i l e (_12_9_) 
(14$), r e s p e c t i v e l y . 

On a d d i t i o n to water the i n v o l a t i l e residues y i e l d e d an 
i n t r a c t a b l e t a r (2.7 g ) . 

R e p e t i t i o n of t h i s experiment, changing the s o l v e n t to 
tetraglyme, gave s i m i l a r products, but i n lower y i e l d s , 
(130) (3fo) and (129) (2 $ ) . 

10. Reaction of Octafluorotoluene wi 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 mixture of caesium f l u o r i d e (3 g, 20.0 m.moles), 

sulpholane (20 cm^), o c t a f l u o r o t o l u e n e (6.4 g, 27.1 m.moles), 
and c h l o r o t r i f l u o r o e t h y l e n e (17 g, 146.5 m.moles), were 
s t i r r e d a t room temperature f o r 20h, during which time a p a r t i a l 
vacuum formed i n the apparatus. Chromatographic a n a l y s i s 
(G.D.B. column '0', 78°) of the v o l a t i l e m a t e r i a l (5.2 g) 
i n d i c a t e d t h a t two components were present, unreacted oct a -
f l u o r o t o l u e n e and a product which a g.l.c./raass spectrum 
showed to have a parent peak c o n s i s t e n t w i t h p e r f l u o r o - 4 -
e t h y l t o l u e n e (20$). 

A d d i t i o n of water to the i n v o l a t i l e residues y i e l d e d a 
pale yellow o i l (1.2 g) which a mass spectrum showed to have 
a molecular weight i n excess of 600. 

V I I I . B Oligomerisatton of C h l o r o t r i f l u o r o e t h y l e n e 
1 0 O l i g o m e r i s a t l o n of C h l o r o t r i f l u o r o e t h y l e n e at 140° 

A mixture of caesium f l u o r i d e (11.2 g , 73.7 m.moles) 
and tetraglyme (30 cur) was r a p i d l y introduced i n t o a baked 
n i c k e l tube (80 cm 9), against a flow of dry n i t r o g e n . A f t e r 



evacuation, accompanied by degassing of the s o l v e n t , the tube 
was cooled ( l i q u i d a i r ) and c h l o r o t r i f l u o r o e t h y l e n e (17.5 g, 
150.8 ra.moles) was condensed i n s i d e . 

Following s e a l i n g , under dry n i t r o g e n , the tube was 
heated i n an o i l bath, w i t h constant a g i t a t i o n , a t 140° f o r 
24h, when i t was again cooled ( l i q u i d a i r ) , opened, and the 
v o l a t i l e m a t e r i a l (13.5 g) vacuum t r a n s f e r r e d t o a cold t r a p 
( l i q u i d a i r ) , a t Ca 100°. 

On warming, to room temperature, the v o l a t i l e m a t e r i a l 
was found to consist of a gas (8 g) plus a c o l o u r l e s s l i q u i d 
(5.5 g) which chromatographic a n a l y s i s (G.D.B. column '0*, 
78°) showed to be a complex m i x t u r e , w i t h two major and many 
minor components. A g.I.e./mass spectrum (micro-mass 12) 
i n d i c a t e d t h a t the most abundant component had a s i m i l a r 
mass spectrum to perfluoro-3,4-dimetbylhex~3-ene (176), and 
also a mixed i n j e c t i o n , w i t h a sample of (176) showed t h a t 
they had the same r e t e n t i o n times. The mass spectra of the 
other components i n d i c a t e d t h a t these had molecular weights 
ranging from 462 to over 800, and the approximate percentage 
y i e l d s of the products, c a l c u l a t e d from g . l . c . traces (G.D.B. 
column '0', 78°) are shown i n Table 40. 

A mass spectrum of the recovered gas i n d i c a t e d a mixture 
of unreacted c h l o r o t r i f l u o r o e t h y l e n e and HP a d d i t i o n product 

3 
2. Oligornerisation of C h l o r o t r i f luoroethylene a t 56° i n 

Tetraglvme 
Caesium f l u o r i d e (4 g, 26.6 m.moles), tetraglyme (15 cm ) 

and c h l o r o t r i f l u o r o e t h y l e n e (5 g, 43.1 m.moles) were heated 



together i n a n i c k e l tube (80 cmJ ) , w i t h constant a g i t a t i o n , 
at 56° f o r 20h. (See V I I I . B . l ) . The v o l a t i l e m a t e r i a l 
recovered consisted of a gas (1.5 g) and a col o u r l e s s l i q u i d 
( l . 9 g ) , which chromatographic a n a l y s i s (G.D.B. column '0', 
78°) showed to be a complex mixture. The approximate y i e l d s 
o f the products are shown i n Table 40. 

3. Ol i g o m e r i s a t i o n of C h l o r o t r i f l u o r o e t b y l e n e a t 68° i n 
Sulpholane 
Caesium f l u o r i d e (5.3 g, 34.9 m.moles), sulpholane 

(25 crn^), and c h l o r o t r i f luoroethylene (17 g, 146.5 rn.moles) 
were heated i n a n i c k e l tube (80 c m ) , w i t h constant a g i t a t i o n , 
a t 68° f o r 60h. (See V I I I . B . l ) . The v o l a t i l e m a t e r i a l recov­
ered consisted of a gas (5 g) and a col o u r l e s s l i q u i d (3.25 g)» 
which chromatographic a n a l y s i s i n d i c a t e d was a complex m i x t u r e . 
The approximate y i e l d s of products are shown i n Table 40. The 
lack o f recovered gas suggests t h a t the tube leaked* 

Table 40 
Percentage Yields of Products on Ol.iromerisation of 

CF2=CFC1 

Solvent Temp, 
°C 

Percentage Yields Solvent Temp, 
°C 

°8 F16 °l(r 18 ^12L 20 C12 P22 C14 F24 ^ C 1 4 F 2 4 

Tetraglyme 56 10 16 2 4 5 10 
Sulpholane 68 6 <1 - . 5 6 3 
Tetraglyme 140 18 11 2 3 2 3 
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V111. C Reaction of Caesium F l u o r i d e w i t h various aromatic 
species i n the absence of a s o l v e n t 

A s e r i e s of r e a c t i o n s was c a r r i e d out i n which caesium 
f l u o r i d e and various p e r f l u o r o h e t e r o a r o m a t i c species were 
heated together, under autogeneous pressure, i n a Carius tube. 
A standard method was adopted f o r a l l these reactions and t h i s 
i s described i n V I I I . C . l . 

1 o Reaction of Cyanuric F l u o r i d e w i t h CaesiumFluoride at 180° 
Caesium f l u o r i d e ( l b g, 105.3 m.moles) was r a p i d l y i n t r o ­

duced i n t o a dry Carius tube (80 cm^), which was then evacuated, 
cooled ( l i q u i d a i r ) , and cyanuric f l u o r i d e (15 g, 111.1 ra.moles) 
condensed i n s i d e , under vacuum. The tube was then sealed and 
heated i n an o i l bath, w i t h constant a g i t a t i o n , at 180° f o r 
20 h, during which time a c l e a r yellow syrup w;as produced, 
which y i e l d e d a transparent yellow glass when cooled to room 
temperature. A f t e r opening the tube, under n i t r o g e n , the 
products proved to consist of unreacted cyanuric f l u o r i d e 
(<0.1 g) and a transparent yellow glass (27 g) (sto r e d under 
n i t r o g e n to prevent h y d r o l y s i s ) . (Found: C, 12,9; F, 26.5; 
N, 17.0; C^F^Cs re q u i r e s C, 12.5; F, 26.5; N, 14.6). 

An i n f r a - r e d spectrum of the product, proved to be very 
broad w i t h no apparent r e s o l u t i o n . 

A s i m i l a r experiment using potassium f l u o r i d e instead of 
caesium f l u o r i d e gave no r e a c t i o n . 

a) Hydrolysis 
A d d i t i o n of the product (2 g) from experiment VIII.C..1 to 

water gave a vigorous r e a c t i o n , producing a white p r e c i p i t a t e 
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( l g ) , a small amount of which was r e c r y s t a l l i s e d (i-^O). An 
i n f r a - r e d spectrum of the r e c r y s t a l l i s e d m a t e r i a l showed 
broad, unresolved peaks at 3500-2760 cm"1, 1740-1580 cm - 1, 
and 1485-1450 cm - 1, which d i f f e r e d from the spectrum of 
cyanuric ac i d obtained by h y d r o l y s i s of cyanuric c h l o r i d e . 

Attempts to p u r i f y by sub l i m a t i o n (300°, 0.05 mmHg) 
f a i l e d , the m a t e r i a l being recovered unchanged. 

The product was soluble i n hot NaOH s o l u t i o n (2 M), and 
a d i l u t e s o l u t i o n i n water had a pH 3.5 (Universal I n d i c a t o r ) . 

2. Heating Caesium F l u o r i d e w i t h T e t r a f l u o r o p y r i d a z i n e 
Caesium f l u o r i d e ( l . 8 g, 11.8 m.moles) and t e t r a f l u o r o -

pyridazine (5.5 g, 36.2 m.moles) were heated together, w i t h 
constant a g i t a t i o n , i n a Carius tube (80 cm ) a t 120 f o r 
22h. No r e a c t i o n occured and t e t r a f l u o r o p y r i d a z i n e (5.2 g) 
was recovered unchanged. 

A s i m i l a r r e a c t i o n , but at 180°, gave a carbonaceous 
s o l i d plus unreacted t e t r a f l u o r o p y r i d a z i n e . 

3. Heating Caesium F l u o r i d e w i t h T e t r a f l u o r o p y r i m i d i n e a t 
180° 
Caesium f l u o r i d e (2.6 g, 17.1 m.moles) and t e t r a f l u o r o -

pyriraidine (3.2 g, 21.0 m.moles) were heated together, w i t h 
3 o 

constant a g i t a t i o n , i n a Carius tube (80 cm ) , at 180 f o r 
20h. No r e a c t i o n occured and t e t r a f l u o r o p y r i m i d i n e (3.0 g) 
was recovered unchanged 0 
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4-. Heating Caesium F l u o r i d e with Cyanuric F l u o r i d e i n a 
n.m.r. tube 
Caesium f l u o r i d e (0,5 g, 3.3 m.moles) and cyanuric 

f l u o r i d e (0.6 g, 4.4 m.moles) were sealed, under vacuum, i n 
a pyrex n.m.r. tube, and a f t e r heating i n an o i l bath a t 170° 
f o r 15 minutes the reactants had formed a yellow syrup. The 
n.m.r. spectrum, obtained at a probe temperature of 183.5°, 
of the syrup showed four a b s o r p t i o n , at 26.0, 43.0, 47.6 and 
49.0 p.p.m., w i t h r e l a t i v e i n t e n s i t i e s 9:30:46:15 r e s p e c t i v e l y . 

V I I I . D . l Heating Caesium f l u o r i d e and Cyanuric F l u o r i d e 
together i n Gulpholane 

Caesium f l u o r i d e (3.6 g, 23.7 m.moles), cyanuric f l u o r i d e 
(4-.9 g, 36.3 m.moles), and sulpholane (20 cm ) were v i g o r o u s l y 
s t i r r e d together at 110°, d u r i n g which time i t was observed 
t h a t the caesium f l u o r i d e appeared to d i s s o l v e , but, on c o o l ­
i n g t o room temperature, f i n e l y d i v i d e d caesium f l u o r i d e pre­
c i p i t a t e d . The v o l a t i l e m a t e r i a l (2.3 g) was vacuum t r a n s f e r e d 
to a cold t r a p ( l i q u i d a i r ) , at Ca 90°, and chromatographic 
ana l y s i s (G.D.B. column '0', 78°) i n d i c a t e d t h a t t h i s consisted 
of unreacted cyanuric f l u o r i d e . 

A d d i t i o n of d i l . H C l (50 cm^) t o the i n v o l a t i l e residues 
y i e l d e d a white p r e c i p i t a t e (1.5 g ) , which a f t e r r e c r y s t a l l i s a -
t i o n (H^O) was i d e n t i f i e d as cyanuric a c i d , by comparison of 
the i n f r a - r e d spectrum w i t h t h a t of an a u t h e n t i c sample, 
produced by h y d r o l y s i s of cyanuric c h l o r i d e with g l a c i a l 
a c e t i c a c i d . 
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VIII.D.2 N.m.r. spectrum of Cyanuric F l u o r i d e and Caesium 
F l u o r i d e i n Sulpholane 

Cyanuric f l u o r i d e (5 g, 37.0 m.moles), caesium f l u o r i d e 
(6.0 g, 39.13 m.moles), and sulpholane (15 cm ) were s t i r r e d 
together at room temperature, during which time most of the 
caesium f l u o r i d e d i s s o l v e d . A f t e r a l l o w i n g to s e t t l e a 
sample of yellow supernatent l i q u o r was withdrawn and a 
n.m.r. spectrum obtained which showed a broad absorption 
centred at 32.3 p.p.m. On gradual a d d i t i o n of small q u a n t i ­
t i e s of cyanuric f l u o r i d e the peak slo w l y sharpened and moved 
u p f i e l d , towards the a b s o r p t i o n expected f o r cyanuric f l u o r i d e 
(34.4- p.p.m.) i n sulpholane F i g . 8. 
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CHAP'j'ER IX 
Experimental to Chapter VI 

Reactions of P e r i l u o r o - 4 - v i n y l p y r i d i n e 

Elemental Analysis 
During c h a r a c t e r i s a t i o n of many of the compounds 

described i n t h i s , and the f o l l o w i n g chapter i t was not 
possible to o b t a i n s a t i s f a c t o r y carbon and n i t r o g e n f i g u r e s 
from elemental a n a l y s i s . However, discrepancies i n the 
an a l y s i s of fluorocarbons are not unusual, and i n general 
where these discrepancies occur the r e s u l t s show low carbon 
and high n i t r o g e n values. 

An explanation t h a t could account f o r these discrepan-
134 

cies has been suggested, but before t h i s can be under­
stood i t i s f i r s t necessary to understand the theory behind 
the method employed i n C, H and N a n a l y s i s , and consequently 
a b r i e f d e s c r i p t i o n i s given below. 

A known weight of the compound to be analysed i s f i r s t 
heated to 600° i n an atmosphere of oxygen, when a l l C, H and 
N present are converted to CO,-,, HgO and respectively„ 
The products of combustion are then passed through a s e r i e s 
of f i l t e r s to remove the o x i d a t i o n products of other elements, 
l e a v i n g a gaseous mixture of CÔ , ll^O and I ^ , the thermal con­
d u c t i v i t y of which i s measured and recorded. A f t e r passing 
the gases through soda-lime, t o remove the CC^, the thermal 
c o n d u c t i v i t y of the remaining t^O and ^ i s measured, thus 
a l l o w i n g c a l c u l a t i o n of the percentage of C present i n the 
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compound. A f i n a l c o n d u c t i v i t y measurement, made a f t e r 
removal of the water w i t h magnesium p e r c h l o r a t e , enables 
the percentage of H and N i n the o r i g i n a l compound to be 
determined. The f i n a l thermal c o n d u c t i v i t y should be t h a t 
of N 2 only. 

However, i f , as i s thought to occur w i t h some f l u o r o -
carbons, incomplete combustion occurs, not a l l the C w i l l be 
converted to CO^, and consequently a thermal c o n d u c t i v i t y 
measurement, made a f t e r removal of the CO^, gives a low C 
f i g u r e . The inco m p l e t e l y combusted fluorocarbon fragments 
then pass through the magnesium p e r c h l o r a t e and arc inc l u d e d , 
w i t h the Ng* i n "the f i n a l c o n d u c t i v i t y measurements, conse­
quently g i v i n g a high n i t r o g e n value. 

In general, however, the halogen an a l y s i s f i g u r e s , 
obtained by f u s i o n w i t h potassium, were found to be s a t i s ­
f a c t o r y . 

IX.A D e f l u o r i n a t i o n 
A l l the d e f l u o r i n a t i o n r e a c t i o n s c a r r i e d out by the 

author, used a method p r e v i o u s l y employed i n these l a b o r a ­
t o r i e s . The procedure used i n v o l v e d passing the m a t e r i a l 
to be d e f l u o r i n a t e d through a s i l i c a tube (ca. 50 cm i n 
l e n g t h ) , packed w i t h coarse i r o n - f i l i n g s and heated by a 
c y l i n d r i c a l heater. The m a t e r i a l was passed through the 
tube i n a steady stream of dry n i t r o g e n and the products 
c o l l e c t e d i n a c o l d t r a p ( D r i k o l d ) . 

1. D e f l u o r i n a t i o n of I - c h l o r o - 1 - ( 2 1 , 5 ' , 5 ' , 6 ' - t e t r a f l u o r o -
p y r i d y l ) t e t r a f l u o r o e t h a n e (100) 
The d e f l u o r i n a t i o n of (100) was i n v e s t i g a t e d a t two 
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temperatures, 310 and. 500 , and i n both cases chromatographic 
analysis (G.D.B. column '0', 78°) of the recovered m a t e r i a l 
i n d i c a t e d t h a t a s i n g l e component was present, i d e n t i f i e d 
as p e r f l u o r o - 4 - v i n y l p y r i d i n e (138). by comparison o f i n f r a -

113 
red and n.m.r. spectra w i t h those of an aut h e n t i c sample. 
The y i e l d s obtained are shown i n Table 41. 

Table 41 

Temp. (100) Weight Product Conversion 
On Recovered Y i e l d 
u (JL18) 

310 3.2 g, 11.2 m.moles 2.0 g 68 100 

500 27.6 g, 96.7 m.moles 10.2 g 46 100 

IX.B Fl u o r i d e Ion Reactions 
1. Chemical Trapping of Anions 

The f o l l o w i n g two re a c t i o n s were c a r r i e d out i n an 
attempt t o t r a p s t a b l e f l u o r i n a t e d carbanions w i t h bromine 
or a c i d . The substrate (138) was s t i r r e d w i t h caesium 
f l u o r i d e , i n a s o l v e n t , when i t was a n t i c i p a t e d a st a b l e 
anion would be formed, which a f t e r 'quenching' w i t h bromine 
or a c i d would y i e l d the products of FBr or HF a d d i t i o n 
r e s p e c t i v e l y . For example, 

CFBrCF F CF C CF=CF 3 
'J B r 2 CsF F F 1 

N N 

3 

(138) 
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a) 'Quenching' w i t h Bromine 
A mixture of caesium f l u o r i d e ( l g, 6.6 m.moles), per-

f l u o r o - 4 - v i n y l p y r i d i n e (138) (0.9 g, 3.9 m.moles), and 
~z 

sulpholane (5 cm ) was s t i r r e d together i n a dry f l a s k 
(50 cm ), under an atmosphere of dry n i t r o g e n . On f i r s t 
mixing the reactants the r e a c t i o n mixture turned red. A f t e r 
l h the r e a c t i o n was 'quenched' w i t h bromine (2 g, 11.2 m.mole 
heated to 40°, and the excess bromine reacted w i t h sodium 
bicarbonate s o l u t i o n . The product, a yellow o i l , was e x t r a c ­
ted w i t h ether ( 3x20 cm 5), washed (HgO, 3x20 cm 5), d r i e d 
(MgSO^), and the ether removed by vacuum transference. The 
recovered product, on s u b l i m a t i o n (70°, 0.005 mm, Hg), 
yielded a white w o l i d (0.3 g) i d e n t i f i e d as Trans-1,3-bis 
( 2 ' , 5 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) —-hexa f l u o r o b u t - l - e n e (142), 
(53%) m.p. 60.5° (Found: C, 36.2; F, 57.9; N, 6.4; M+ 462, 
C14 P14 N2 r e c l u i r e s c* 36.4; F, 57.6; N, 6.1; M 462), i n f r a ­
red spectrum No. 5, "^F n.m.r. spectrum No. 5. 

A small amount of i n v o l a t i l e m a t e r i a l (0.2g) was also 
recovered. 
b) 'Quenching'with d i l . H C l . 

A mixture of caesium f l u o r i d e (6 g, 39.5 m.moles), 
p e r f l u o r o - 4 - v i n y l p y r i d i n e (138) (1.9 g, 8.2 m.moles), and 
sulpholane (5 cm 5) was s t i r r e d i n a f l a s k (50 cm 5), under 
an atmosphere of dry n i t r o g e n . A f t e r 'quenching' the 
r e a c t i o n w i t h d i l . H C l (20 cm , 2M) a red o i l separated, 
which was e x t r a c t e d w i t h ether (3x20 cm ) , washed (H^O, 
3x20 cm ) , d r i e d (MgSO^) and the ether removed. The product, 
a yellow o i l , y i e l d e d a white s o l i d on s u b l i m a t i o n (70°, 
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0.005 mm. Hg), which a f t e r r e c r y s t a l l i s a t i o n (cyclohexane) 
was I d e n t i f i e d as T r a n s - 1 , 3 - b i s ( 2 ' , 3 1 , 5 1 , 6 1 - t e t r a f l u o r o p y r i d y l ) -
p e n t a f l u o r o b u t - l - e n e (142)(0.5g) 

2. Reaction w i t h T e t r a f l u o r o p y r i d a z i n e 
A mixture of caesium f l u o r i d e (2 g, 13.1 m.moles), 

sulpholane (8 cm ), and t e t r a f l u o r o - p y r i d a z i n e (0.5 g, 
3.3 m.moles) were s t i r r e d together i n a f l a s k (50 cm^), 
under an atmosphere of dry n i t r o g e n , and p e r f l u o r o - 4 - v i n y l -
p y r i d i n e (138) (1.5 g, 6.5 m.moles) was slow l y added, over a 
15 minute p e r i o d , v i a a syringe through a s e l f - s e a l i n g cap. 
On a d d i t i o n of (138) the r e a c t i o n turned red, but the colour 
faded a f t e r 5 mins. The product was ext r a c t e d w i t h ether 
(3x20 cm ) , but on a d d i t i o n of water a white s o l i d (1.3 g) 
formed a t the i n t e r f a c e . A f t e r f i l t r a t i o n and r e c r y s t a l l i s a ­
t i o n (CHCl^) t h i s y i e l d e d a white c r y s t a l l i n e s o l i d (0.6 g ) , 
i d e n t i f i e d as 4,5-Bis-(1 1 - ( 2 " , 5 " , 5 " , 6 " - t e t r a f l u o r o p y r i d y l ) -
t e t r a f l u o r o e t h y l ) - 3 , 6 - d i f l u o r o p y r i d a z i n e (143 ) (30%) m.p. 
168° (Pound: P, 55.7; M+ 614. C

1 8
F

1 8
N

4 r e q u i r e s P, 55.7; 
M 614), i n f r a - r e d spectrum No. 6, "^F n.ra.r. spectrum No. 6. 

During r e c r y s t a l l i s a t i o n some i n v o l a t i l e and i n s o l u b l e 
m a t e r i a l was recovered (0.3 g ) . The ether l a y e r on d r y i n g 
(MgSO^), and removal of the ether y i e l d e d T r a n s - l t 3 - b i s 
( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) - p e n t a f l u o r o b u t - l - e n e (0.2 g ) . 

3. Reaction w i t h Hexafluoropropene 
A s t a t i c atmospheric pressure system, as described i n 

Chapter V I I I . A , was used f o r t h i s r e a c t i o n . 
A mixture of caesium f l u o r i d e (3 g, 20.0 m.moles), 
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sulpholane (50 cm ) , and hexafluoropropene (30 g, 200 m.moles) 
were v i g o r o u s l y s t i r r e d together and p e r f l u o r o - 4 - v i n y l p y r i d i n e 
(1.8 g, 7.8 m.moles) slowly added v i a a syringe, through a 
s e l f - s e a l i n g cap. Chromatographic a n a l y s i s (G.D.B. column '0', 
78°) of the v o l a t i l e m a t e r i a l (25 g) i n d i c a t e d t h a t t h i s was 
mainly oligomers of hexafluoropropene, and on f r a c t i o n a t i o n 
t h i s y i e l d e d an o i l (2.2 g) which chromatographic a n a l y s i s 
(G.D.B. column '0', 78°) showed to co n s i s t of 5 components. 

IX.C Other N u c l e o p h i l i c Reactions 
1. Phenoxide, 1:1 Molar Ratio 

P e r f l u o r o - 4 - v i n y l p y r i d i n e (158) ("1.5 g, 6.5 m.moles) 
was added to a s o l u t i o n of sodium phenoxide i n dioxan 
(6.5 era , 1M, 6.5 m.moles) a t room temperature. On pouring 
the r e a c t i o n mixture i n t o water (50 cm ) the products 
separated as a lower organic l a y e r , which a f t e r d r y i n g 
(MgSO^) y i e l d e d a c o l o u r l e s s l i q u i d (1.2 g ) . Chromatographic 
analysis (G.D.B. column '0', 200°) i n d i c a t e d t h a t the products 
consisted of two components, i n equal amounts, i d e n t i f i e d as 
Cls. and Txans-l-phenoxy-2-( 2 ' ,5' »5' 7 6 ' - t e t r a f l u o r o p y r i d y l ) -
d i f l u o r o e t h y l e n e (14 9) and (150), (60^) and these were 
characterised as a mixture, b.p. 247°. (Found: C, 50.9; 
F, 37.2; N, 4.9; H, 2.0; M+ 305. C-^H^FgNOrequires C, 51.1; 
F, 37.4; N, 4.6; H, 1.6; M 305), i n f r a - r e d spectrum No. 7, 
Hi and 1 9 F spectra No. 7 and 8. 

2. Methoxide, 1:1 Molar Ratio 
•7 

A s o l u t i o n of sodium methoxide i n methanol (6.5 cm , 
1M.6.5 m.moles) was added s l o w l y to a s t i r r e d mixture of 
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p e r f l u o r o - 4 - v i n y l p y r i d i n e (138) (1.5 g, 6.5 m.moles) i n d r y 
methanol (2 C D I ; ) , maintained at 0°C by immersion i n an i c e / 
water bath. A f t e r pouring the r e a c t i o n mixture i n t o water 
(30 cm ) the products separated as a lower organic l a y e r , 
which a f t e r d r ying (MgSO^) y i e l d e d a c o l o u r l e s s l i q u i d (1.4 g ) . 
Chromatographic a n a l y s i s (G.D.B. column *0', 100°) of the 
product i n d i c a t e d t h a t i t consisted of a s i n g l e component 
i d e n t i f i e d as 2-oxa-4 ( 2 1 -inethoxy-3 ' ,5' ,6' - t r i f l u o r o p y r i d y l ) -
3 , 3 , 4 - t r i f l u o r o b u t a n e (151) (79c/°), b.p c 219°C, (Pound: 
C, 39.5; P, 41.0; N, 5.2; H, 2.4; M+ 275. C gP 6N0 2H, r e q u i r e s 
C, 39.3; P, 41.5; N, 5.1; H 2.5; M 275), i n f r a - r e d spectrum 
No. 8, ^ and 1 < 9F spectra No. 9. 

3. B i s u l p h i d e , 1:1 Molar Ratio 
a) Preparation of Sodium Bisulphide S o l u t i o n 

Hydrogen sulphide was bubbled through a s o l u t i o n of 
sodium hydroxide i n water (50 cm^, 1M) u n t i l a sample j u s t 
turned phenol p h t h a l i e n red on mixing. The s o l u t i o n was then 
ready f o r using. 
b) A s o l u t i o n of sodium b i s u l p h i d e (4.5 cm'5, 1M 4.5 m.moles) 
was added to p e r f l u o r o - 4 - v i n y l p y r i d i n e ( l g, 4.3 m.moles) i n 
tetraglyme (40 cm^) at 0°C, upon which the s o l u t i o n turned 
red. On pouring the r e a c t i o n mixture i n t o water a brown o i l 
separated, which a f t e r e x t r a c t i o n w i t h ether (3x20 cm ) , 
washing (H 20, 3x20 cm ) , d r y i n g (MgSO^), and removal of the 
ether y i e l d e d a brown t a r r y s o l i d (0.7 g ) . Attempts to 
p u r i f y the product by r e c r y s t a l l i s a t i o n , and s u b l i m a t i o n 
(0.001 mm. I l g . 120°) f a i l e d . 
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IX.D Thermal Cycloaddltions 
The thermal cycle-addition r eactions of p e r f l u o r o - 4 -

v i n y l p y r i d i n e were c a r r i e d out using a standard procedure. 
This involved i n t r o d u c i n g the required amounts o f reactants 
i n t o a s m a l l Carius tube (15 cm ) which was then cooled 
( l i q u i d a i r ) , evacuated and sealed. A f t e r heating i n a 
s t a i n l e s s s t e e l v e ssel, f i t t e d w i t h a jacket heater, f o r 
the r e q u i r e d time, the Carius tube was recovered, cooled 
( l i q u i d a i r ) , opened and the products e x t r a c t e d . 

1. D i m e r i s a t i o n 
P e r f l u o r o - 4 - v i n y l p y r i d i n e (2.7 g, 11.7 m.moles) was 

heated i n a small Carius tube, a t 280° f o r I 6 h . The recovered 
m a t e r i a l (2.3 g ) , a f t e r s u b l i m a t i o n (1.00°, 0.005 mm Hg), 
yi e l d e d a white s o l i d (2.0 g) i d e n t i f i e d as l,2-(2*,5',5',6'-
t e t r a f l u o r o p y r i d y l ) h e x a f l u o r o c y c l o b u t a n e (158) (75%) m.p. 
124°, (Pound: C, 36.4; F, 57.4; N, 5.7; M+ 462. C U F 1 4 N 2 

r e q u i r e s C, 36.4; F, 57.6; N, 6.1; M 462), i n f r a - r e d spectrum 
19 

No. 9, F n.m.r. spectrum No. 10. 
a) D e f l u o r i n a t i o n of Dimer (158) 

Dimer (158) (2 g) was passed through a s i l i c a tube, at 350°, 
packed w i t h coarse i r o n - f i l i n g s (See IX.A). The n i t r o g e n 
c a r r i e r gas was preheated by passing through a copper c o i l , 
immersed i n hot o i l . The f l a s k containing (158) was also 
heated to 170° i n an o i l bath. 

The products recovered consisted of. a c o l o u r l e s s l i q u i d 
(0.2 g ) , which chromatographic a n a l y s i s (G.D.B. column '0', 
78°) showed consisted of a s i n g l e component i d e n t i f i e d as 
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p e r f l u o r o - 4 - v i n y l p y r i d i n e , b y comparison of the i n f r a - r e d 
spectrum w i t h t h a t of an au t h e n t i c sample, and a white 
s o l i d (0.9 g ) . 

A g . l . c . mass spectrum of the s o l i d i n ether, showed 
two components present w i t h parent peaks at 434 and 462, 
corresponding to (158)-F^, and (158) r e s p e c t i v e l y . The 
n.m.r. spectrum of a s o l u t i o n i n acetone i n d i c a t e d t h a t the 
products consisted of unreacted (158) (55%) and 1,2-di 
( 2 1 , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) t e t r a f l u o r o c y c l o b u t - l - e n e 
(159) ( 4 5 % ) . The n.m.r. spectrum of (159) showed the 
presence of r i n g f l u o r i n e s a t 91.1 and 138.6 p.p.m. and a 
s i n g l e -CF2- absorption at 113.0 p.p.m. 

Attempts to o b t a i n a pure sample of (159) by prepara­
t i v e scale chromatography (Aerograph, column '0', 250°) 
l e d t o lo s s of most of the m a t e r i a l . 

2. a) C h l o r o t r i f l u o r o e t h y l e n e at 300° 
P e r f l u o r o - 4 - v i n y l p y r i d i n e (138) ( l g, 4.3 m.moles) and 

c h l o r o t r i f l u o r o e t h y l e n e ( l g, 8.6 m.moles) were heated i n a 
small Carius tube (15 cm 5) at 300° f o r 38h. The recovered 
m a t e r i a l consisted of a s o l i d (0.2 g ) , i d e n t i f i e d as 1,2-
( 2 * , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) h e x a f l u o r o c y c l o b u t a n e , and 
a v o l a t i l e l i q u i d (1.65 g ) . Chromatographic a n a l y s i s 
(G.D.B. column '0', 100°) of the v o l a t i l e m a t e r i a l i n d i c a t e d 
t h a t i t consisted of three components, i d e n t i f i e d as, 
unreacted (138) ; dirners of c h l o r o t r i f l u o r o e t h y l e n e , by 

19 
comparison of i n f r a - r e d and F n.m.r. spectra w i t h those 
of an authen t i c sample; and a mixture of Cis- and t r a n s - 1 -
chloro-2-( 2' , 3 ' , 5 ' f 6 1 - t e t r a f luoropyridylQhexaf l u o r o c y c l o -
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butane (166) and (167) r e s p e c t i v e l y . (73$ y i e l d , 57$ con­
v e r s i o n ) . The products (166) and (167) were ch a r a c t e r i s e d 
as a mixture, b.p. 173° (Pound: P, 54.1; CI, 10.3; M+ 347. 
C gNP 1 0Cl re q u i r e s P, 54.7; CI, 10.2; M 347) i n f r a - r e d 
spectrum No. 10, n.m.r. spectrum No. 11. 

The n.m.r. spectrum i n d i c a t e d t h a t a 53147 isomer r a t i o 
was present, but i t was not possible to say which isomer pre­
dominated . 

b) at 230° 
P e r f l u o r o - 4 - v i n y l p y r i d i n e ( l g, 4.3 m.moles) and c h l o r o -

t r i f l u o r o e t h y l e n e ( l g, 8.6 m.moles) were heated i n a Carius 
tube (15 cm^) a t 230° f o r 21h. The products consisted of a 
v o l a t i l e l i q u i d ( l . 6 g) which chromatographic a n a l y s i s 
i n d i c a t e d consisted of unreacted (138), dimers of c h l o r o t r i -
f l u o r o e t h y l e n e , and a mixture of c i s and t r a n s - l - c h l o r o - 2 -
( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) h e x a f l u o r o c y c l o b u t a n e (<10$). 

3. Hexafluoropropene 
P e r f l u o r o - 4 - v i n y l p y r i d i n e (138) ( l g, 4.3 m.moles) and 

hexafluoropropene (1.3 g, 8.6 m.moles) were heated i n a 
Carius tube (15 crn^) a t 300° f o r 61h. The products recovered 
consisted of a s o l i d (0.2 g ) , i d e n t i f i e d as the dimer of 
(138), and a v o l a t i l e l i q u i d (1.25 g ) . Chromatographic 
anal y s i s of the v o l a t i l e m a t e r i a l (G.D.B. column '0', 78° 
i n d i c a t e d t h a t i t consisted of three components, i d e n t i f i e d 
as unreacted (138) plus c i s and trans l - ( 2 ' , 3 ' > 5 ' > 6 ' - t e t r a -
f l u o r o p y r i d y l ) - 2 - t r i f l u o r o m e t h y l - h e x a f l u o r o c y c l o b u t a n e (168) 
and (167) r e s p e c t i v e l y . (80$, 67$ conversion). 



-189-

-The two isomers (168) and (167) were separated using 
p r e p a r a t i v e scale chromatography • (Aerograph, column '0' 
150°), but i t has not proved possible to determine which 
component was c i s or t r a n s , and so they were i d e n t i f i e d as 
A and B, there order of emergence from column '0'. Isomer 
A, b.p„ 161° (Pound, C, 31.0; P, 65.4; M+ 381. C-̂ P-̂ N 
requi r e s C, 31.5; P, 64.8; M 381), i n f r a - r e d spectrum No. 11, 
"̂ P n.m.r. spectrum No. 12. 

Isomer E, b.p. 165° (Pound, P, 65.2; M+ 381. C-^P^N 
requi r e s P, 64.8; M 381), i n f r a - r e d spectrum No. 12, "^F 
n.m.r. spectrum No. 13. 

The v.p.c. traces (G.D.B. column '0*, 78°) i n d i c a t e d 
an i n i t i a l mixture of A, and B i n a 40:60 r a t i o . 

4. Styrene 
P e r f l u o r o - 4 - v i n y l p y r i d i n e ( l g, 4.3 m.moles) and styrene 

(0.5 g, 4.8 m.moles) were heated i n a Carius tube (15 cnr*) 
at 230° f o r 18h, a f t e r which time only an i n t r a c t a b l e t a r was 
recovered. 

IX.E Photochemical Reactions 
1. P h o t o l y s i s 

P e r f l u o r o - 4 - v i n y l p y r i d i n e ( 1 g, 4.3 m.moles) was sealed 
i n a s i l i c a tube (200 cm ) 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 (253.7 n.m.) f o r 569h, a f t e r which time a brown i n v o l -
a t i l e s o l i d (0.9 g) was recovered. Attempts to p u r i f y by 
r e c r y s t a l l i s a t i o n , or su b l i m a t i o n (180°, 0.01 mm. Hg) f a i l e d , 
and the i n f r a - r e d spectrum showed a strong peak at 1475 cm - 1, 
plus broad, unresolved peaks at 1200-1300 cm~"L and 1725 cm"1. 
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2. P h o t o l y s i s w i t h Hexafluoroacetone 
P e r f l u o r o - 4 - v i n y l p y r i d i n e ( l g, 4.3 m.moles) and hexa-

fluoroacetone (0.5 g, 3.0 m.moles) were sealed i n a s i l i c a 
tube (200 c m) 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 
(300 n.m.) f o r 590b. The products recovered consisted of a 
brown i n v o l a t i l e s o l i d (0.1 g) and a v o l a t i l e white s o l i d 
(0.9 g ) , i d e n t i f i e d as 2 , 2 - B i s - t r i f l u o r o r a e t h y l - 3 - ( 2 1 . 3 ' , 5 ' , 6 ' -
t e t r a f l u o r o p y r i d y l ) - t r i f l u o r o o x e t a n e (171), (76$) m.p. 35° 
(Pound: P, 61.6; M+ 397. c

1 0
P i 3 W 0 r e q u i r e s P, 62.2; M 397), 

1° 
i n f r a - r e d spectrum No. 13, ""F n.m.r. spectrum No. 14. 

The product (171) was p u r i f i e d by su b l i m a t i o n (40°, 
0.005 mm.Hg). 
IX.P E.S.C.A. 

The use of E.S.C.A. as a method of studying s t a b l e 
carbanions was discussed i n Chapter VI.B.l.e, and the general 
method used, and the precautions taken during t h i s work, are 
described below. 
a) Preparation of 'doped' Caesium F l u o r i d e 

A l l the glass apparatus used i n t h i s work was r i g o r o u s l y 
cleaned w i t h chromic a c i d , rinsed w e l l w i t h d i s t i l l e d water, 
and d r i e d i n an oven, p r i o r to being used. 

Dry, powdered caesium f l u o r i d e (20 g) and sulpholane 
(20 cm^) were r a p i d l y i n t r o d u c e d , a g a i n s t a stream of dry 
n i t r o g e n , i n t o a limb of a Schlenk tube, and s t i r r e d w i t h a 
magnetic f o l l o w e r . A f t e r f i v e minutes the mixture was 
f i l t e r e d , and the 'doped' caesium f l u o r i d e sucked under 
vacuum f o r I h to remove as much solvent as p o s s i b l e . The 
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'doped1 caesium f l u o r i d e was then removed from the Schlenk 
tube, i n a glove bag, and stored i n a f l a s k under dry 
n i t r o g e n . 

b) Preparation of a Disc 
The method used i n the p r e p a r a t i o n of 'doped1 caesium 

f l u o r i d e discs was the same as t h a t used i n the p r e p a r a t i o n 
of discs f o r i n f r a - r e d spectroscopy. A l l the p r e p a r a t i o n 
was c a r r i e d out i n a glove bag except f o r pressing i n a 
h y d r a u l i c press. A f t e r making the discs the top surface 
was scraped w i t h a new s c a l p e l blade to present a new un-
contaminated surface onto which the substrate was to be 
condensed. 

c) Formation of Carbanions 
A disc of 'doped' caesium f l u o r i d e was c a r e f u l l y placed 

i n s i d e a f l a s k (50 cm ) w i t h the prepared surface uppermost. 
The f l a s k was attached to a vacuum l i n e , evacuated, cooled 
( l i q u i d a i r ) and the required substrate condensed i n s i d e . 
A f t e r warming t o room temperature, and p o s s i b l y h e a t i n g , the 
excess substrate was removed under vacuum. The disc was 
then removed from the f l a s k , i n a glove bag, and stuck to a 
probe, using double-sided Scotch tape. The probe was placed 
i n s i d e a large polythene bag, flushed w i t h d r y n i t r o g e n , and 
transported to the spectrometer, where i t was i n s e r t e d i n t o 
the analyser as r a p i d l y as p o s s i b l e . 

d) Using Octafluorocyclohexa-1,3-diene 
Condensing octafluorocyclohexa-1,3-diene onto a disc of 

'doped' caesium f l u o r i d e turned the surface red, even a f t e r 
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the excess diene had been pumped o f f . A Cls spectrum of 
t h i s disc showed a la r g e hydrocarbon peak w i t h a shoulder 
a t higher binding energy ( P i g . 9 ) . Deconvolution of the 
shoulder, using a curve r e s o l v e r , could give two peaks of 
equal i n t e n s i t i e s w i t h b i n d i n g energies 3 eV and 6 eV 
higher than the hydrocarbon peak, values c o n s i s t e n t w i t h 
CP and CPg r e s p e c t i v e l y . However, these r e s u l t s are by 
no means conclusive, but do i n d i c a t e t h a t w i t h more r e f i n e d 
techniques spectra of carbanions could p o s s i b l y be obtained. 

e) Using P e r f l u o r o - 4 - v i n y l p y r i d i n e 
Condensing p e r f l u o r o - 4 - v i n y l p y r i d i n e onto a 'doped' 

caesium f l u o r i d e disc produced no c o l o u r a t i o n of the surface, 
and a Cls l e v e l spectrum showed only a hydrocarbon peak. 
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CHAPTER X 

Experimental to Chapter V I I 

X.A. Synthesis of Perfluoro-3,4-dimethylhex-3-ene 
Perfluoro-3,4-dimetbylhex-3-ene (176) was synthesised 

by the f l u o r i d e i o n - i n i t i a t e d d i m e r i s a t i o n of o c t a f l u o r o -
but-2-ene (178). c a r r i e d out i n a s i m i l a r manner to the 
o l i g o m e r i s a t i o n of c h l o r o t r i f l u o r o e t h y l e n e discussed e a r l i e r 
(Chapter V I I I . B ) . 

CT5CF=CFCF3 

CsF/Sulpholane 
A 24h 

CF, CF, CF, CoFf-X / 3 3\ / 2 5 C=C + C=C 
C F 5 C 2F 5 C2F / CF5 

(176) 

F CF, \ / 5 

C=C CF, + / \ / 3 CF, C=C 3 / \ 
CF, F 3 

CF, 

CF^F 

/ 3 

FCF, 

(179) (18PJ 

.CF, 
C 2F 5(CF 3)C=C^ ^ 

c p / ^ ( C F 3 ) C 2 F 5 

(181) 



-194-

1. D i m e r i s a t i o n of Octafluorobut-2-ene 
A mixture of caesium f l u o r i d e (4 g, 26.3 ra.moles), octa-

fluorobut-2-ene (19.5 g, 97.5 m.moles), and sulpholane (20 cm^) 
were heated i n a n i c k e l tube (80 cm ) , w i t h constant a g i t a t i o n , 
a t 100° f o r 24h. The v o l a t i l e m a t e r i a l recovered consisted of 
unreacted o l e f i n (12.1 g) and a c o l o u r l e s s , v o l a t i l e l i q u i d 
(7 g ) , which chromatographic a n a l y s i s (G.D.B., column '0', 
78°) i n d i c a t e d consisted of three products, two minor and one 
major, the y i e l d s of which are shown i n Table 42. The major 
product was i d e n t i f i e d as perfluoro-3,4-dimethylhex-3-ene 
(176) by comparison of the i n f r a - r e d and "^F n.m.r. spectra 
w i t h those of an a u t h e n t i c sample. The n.m.r. spectrum 
i n d i c a t e d t h a t a 56:44 isomer d i s t r i b u t i o n was present, but 
which isomer predominated i s not known. 

The most v o l a t i l e component was i n f a c t shown by n.m.r. 
spectroscopy to c o n s i s t of a mixture of two compounds, i d e n t i ­
f i e d as p e r f luoro-3,4-dimethylhexa-2,4-d iene (.179 ) and p e r f l u o r o -
1,2,3,4-tetramethylcyclobutene (180). The l e a s t v o l a t i l e com­
ponent was i d e n t i f i e d as p e r f l u o r o - 3 »4,516-tetramethylocta-3,5-
diene (181) b.p. 147.5; i n f r a - r e d spectrum No. 14; ^ F n.m.r. 
spectrum No. 15. The n.m.r. spectrum i n d i c a t e s a 34:66 isomer 
d i s t r i b u t i o n . 

The products were separated using d i s t i l l a t i o n and prepa­
r a t i v e scale chromatography (Aerograph, column '0', 90°). 

The r e a c t i o n was repeated at 58° and 130°, the r e s u l t s 
of which are shown i n Table 42. 
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X.B D e f l u o r i n a t i o n of Perfluoro-3,4-dimethylhex-3-ene 
The method of d e f l u o r i n a t i o n was the same as t h a t used 

i n the synthesis of p e r f l u o r o - 4 - v i n y l p y r i d i n e and described 
i n Chapter IX.A. 

Perfluoro-3,4-dimethylhex-3-ene (176) was passed over 
hot i r o n - f i l i n g s at two temperatures, 430° and 500°, and the 
y i e l d s and conversions obtained are shown i n Table 43. 
Chromatographic a n a l y s i s (G.D.B., column '0', 30°) i n d i c a t e d 
t h a t the recovered m a t e r i a l consisted of s t a r t i n g m a t e r i a l 
and a s i n g l e product. However, n.m.r. spectroscopy showed 
t h a t a complex mixture of products was present, three of 
which have been i d e n t i f i e d as p e r f l u o r o - t r a n s , t r a n s - 3 , 4 -
dimethylhexa-2,4-diene (179) (457^ of product m i x t u r e ) , per-
fluoro-cis,trans-3,4-dimethylhexa-2,4-diene (184) (l2°/o) and 
p e r f l u o r o - l , 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 (180). (15$). 1 9 P 
n.m.r. spectra Nos. 16, 17 and 18 r e s p e c t i v e l y . 

Table 43 
Yields from D e f l u o r i n a t i o n of Perfluoro-3,4-dimethylhex-3-ene 

Temp. 
°C 

(176) Weight of 
Recovered 
M a t e r i a l 

" Percentage Y i e l d 
of Dien.es 

Percentage 
Conversion 

430 10 g, 25 m.moles 7.7 g 74 69 
500 10 g, 25 m.moles 5.0 g 61 91 

Based on (176) consumed 

http://Dien.es


-197-

Attempts to o b t a i n pure samples of products by d i s t i l ­
l a t i o n , using a Fischer S p a l t r o h r one-piece d i s t i l l a t i o n 
apparatus, gave f r a c t i o n s enriched i n s i n g l e components, 
but nowhere near pure enough f o r c h a r a c t e r i s a t i o n . 

1. Reflux Dienes w i t h F l u o r i d e Ion 

F 4 ^CF^ F 

CF, C=C CF 
CF, F 3 

CF, 
C=C. J 

/ Vc 
/ \ CF, CF, 3 3 

CF. 

CF^F 

CF, 
/ 3 

FCF, 

(129J ( 1 M ) (180) 

A mixture of caesium f l u o r i d e (3 g, 20.0 m.moles), 
sulpholane (20 cm 3), and dienes (2 g ) , the composition of 
which i s shown i n Table 44, was r e f l u x e d w i t h vigorous 
a g i t a t i o n f o r 4 days, a f t e r which the v o l a t i l e m a t e r i a l 
(1.5 g) was c o l l e c t e d , under vacuum i n a cold t r a p ( l i q u i d 
a i r ) . The composition of the i n i t i a l and f i n a l m a t e r i a l was 
determined using "^F n.m.r. spectroscopy (Table 44). 

Table 44 

Percentage Composition 
Sample (,179) (184) (180) 

I n i t i a l 45 12 15 

A f t e r r e f l u x i n g 
w i t h f l u o r i d e i o n 

65 13 22 
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2. Dienes Heated i n a Carius Tube 
A mixture of dienes (2 g ) , of known composition, were 

sealed i n a Carius tube (15 cm ) and heated at 300 f o r 20h., 
the n.m.r. spectrum of the recovered m a t e r i a l ( l . 8 g) i n d i c a ­
ted t h a t no change i n composition bad occured. 

X.C Reaction of Perfluoro-3,4-dimethylbex-3-ene w i t h Nucleo-
p h i l e s 

1. Reaction w i t h Diethylamine 
A mixture of perfluoro-3,4-dimethylhex-3-ene (176) (10 g 

25.0 m.moles), sulpholane (20 cm^), and diethylamine (3.6 g, 
49.3 m.moles) was v i g o r o u s l y s t i r r e d at room temperature f o r 
16h. The r e a c t i o n mixture was then poured i n t o water (50 cm^ 
when the products separated as a lower organic l a y e r (10 g ) . 
A f t e r washing w i t h water (3x20 cm^), and removal of unreacted 
(176) under vacuum, a high b o i l i n g p o i n t l i q u i d (8.25 g) 
remained, which chromatographic a n a l y s i s (G.D.B. column '0', 
125°) showed to c o n s i s t of a s i n g l e product, i d e n t i f i e d as 
3-Trifluoromethyl-4-diethylaminofluoromethene-undecafluoro-
hexane (187). (73$). b.p. 93° a t 18 mm. Hg. (Pound: C, 32.0; 
P, 62.5; H, 2.4; N, 3.5; M"1" 453. c

1 2
P i 5 N H i O r e ( l u i r e s c t 31.8 

P, 62.9; H, 2.2; N, 3.1; M 453), i n f r a - r e d spectrum No. 15, 
19 1 

P and H n.m.r. spectra No. 19. 
a) Hydrolysis of Diethylarnine D e r i v a t i v e 

The enamine (187) (6 g, 13.2 m.moles) was v i g o r o u s l y 
s t i r r e d w i t h sodium hydroxide s o l u t i o n (20 cm^, 2M) f o r 2 day 
a f t e r which the lower organic l a y e r (4 g) was withdrawn and 
d r i e d (MgSO.). Chromatographic a n a l y s i s (G.D.B., column '0', 
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125°) i n d i c a t e d t h a t the products consisted of a s i n g l e com­
ponent, i d e n t i f i e d as c i s and t r a n s - 3 - t r i f l u o r o m e t h y l - 4 — ( N , N -
diethylamido)decafluorohex-5-ene (188) and (189) r e s p e c t i v e l y 
(70$). The amides were char a c t e r i s e d as a mix t u r e , b.p. 201 
(Found: C, 33.2; F, 57.3; N, 3.6; H, 2.7; M+ 431. c

1 2
p i 3 N H i o 0 

requires C, 33.4; F, 57.3; N, 3.3; H, 2.3; M 431), i n f r a - r e d 
19 1 

spectrum No. 16, ^F and H n.m.r. spectra No. 20 and No, 21. 
2. Reaction w i t h Phenol 

CF, CP, CP, P CP, ,CF, 5\ / 3 3s / 3\ / 3 
C=C C=C c = c x 

CP, — cCr, T, P ™ J ^CF / 0 P h 

' / 
OPh 

5 / °2 P5 C P3-/ C-C 2F 5
 5 C F 3 - C _ p 

OPh C 2F 5 

(198) (199) (200) 

a) Using T r i e t h y l a m i n e 
A mixture of perfluoro-3,4-dimethylhex-3-ene (10 g, 

25.0 m.moles), t r i e t h y l a m i n e (5 g, 50.0 m.moles), phenol 
2.4 g, 25.5 m.moles), and tetraglyme (20 cm ) was v i g o r o u s l y 
s t i r r e d a t room temperature f o r 16h, and a f t e r pouring the 
r e a c t i o n mixture i n t o water (20 cm^), the products separated 
as a lower organic l a y e r (lO.q g ) . Chromatographic a n a l y s i s 
(G.D.B., column 'A', 125°) i n d i c a t e d t h a t t h i s consisted of 
three products, i d e n t i f i e d as Trans-4-phenoxy-3,4-bis-tri-
fluoromethyl-nonafluorohex-2-ene (199) (28$). b.p. 194°. 
(Pound: C, 35.4; F, 60.4; H, 1.2; M+ 474. ci4 Pi5 H5° r e q u i r e s 
C, 35.4; P, 60.2; H, 1.0; M 474), i n f r a - r e d spectrum No. 17, 
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y~P and H spectra No. 22; Cis-4-phenoxy-3 , 4 - b i s - t r i f l u o r o -
methyl-nonafluorobex-2-ene (198), (37$), b.p. 193°. (Pound: 
C, 35.6; P, 60.4; H, 1.3; M+ 474. C

1 4
P

1 5
H 5 0 r e q u i r e s C, 35.4; 

F, 60.2; H, 1.0; M 474), i n f r a - r e d spectrum No. 18, 1 9 F and hi 
spectra No. 23; and Cis- 2 - p h e n o x y - 3 , 4 - b i s - t r i f l u o r o m e t h y l -
nonafluorohex-2-ene (200), (35$), b.p. 191°. (Found: C, 35.7; 
F, 60.4; H, 1.3; M+ 474. C

1 4 F
1 5

H
5

0 r e q u i r e s C, 35.4; F, 60.2; 
H, 1.0; M 474), i n f r a - r e d spectrum No. 19, 1 9 F and hi spectra 
No. 24. 
b) Using Sodium Carbonate 

A mixture of perfluoro-3,4-dimethylhex-3-ene (8 g, 
20.0 m.moles), anhydrous sodium carbonate (2.1 g, 20.0 m.moles), 
phenol (1.9 g, 20.2 m.moles), and dimetbylformamide (30 cm ) 
was v i g o r o u s l y s t i r r e d at room temperature f o r 48h. A f t e r 
f i l t e r i n g and then pouring i n t o water (50 cm 3) the products 
separated as a lower organic l a y e r , which y i e l d e d a v o l a t i l e 
f r a c t i o n (3.75 g) i d e n t i f i e d as a mixture of (198), (199) and 
(200) i n y i e l d s of 18$, 21$ and 2.5$ r e s p e c t i v e l y . The 
i n v o l a t i l e residues (3.1 g) were not i d e n t i f i e d , but a mass 
spectrum showed a parent peak at 548, consis t e n t w i t h dephen-
oxy d e r i v a t i v e s . 
c) E q u i l i b r a t i o n Experiments 

i ) A r e a c t i o n mixture was prepared i n a s i m i l a r manner 
to t h a t described i n X.C.2.a, and a sample withdrawn to d e t e r ­
mine the product composition (Table 45) by chromatographic 
an a l y s i s (G.D.B., column 'A', 125°). This r e a c t i o n mixture 
was then d i v i d e d i n t o two, one h a l f enriched w i t h (200) 
(Sample l ) , the other w i t h (199)(Sample 2 ) , and the composition 
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of the new samples determined (Table 45) o A f t e r v i g o r o u s l y 
s t i r r i n g each f o r 17h the composition of the f i n a l products 
was determined. The r e s u l t s (Table 45) i n d i c a t e t h a t some 
e q u i l i b r a t i o n had occured. 

Table 45 
D i s t r i b u t i o n of Phenyl Ethers i n E q u i l i b r a t i o n Experiment 

Percentage Composition 
Sample (198) (199) (200) 

I n i t i a l Reaction Product 40 30 22 
Sample 1, I n i t i a l 40 17 42 
Sample 2, I n i t i a l 35 50 15 
Sample 1, P i n a l 46 27 27 
Sample 2, F i n a l 39 32 29 

i i ) A mixture of phenyl ethers of known composition 
(Table 46) was d i v i d e d i n t o two, one h a l f added to a mixture 
of caesium f l u o r i d e (3 g, 20.0 m.moles) i n tetraglyme (15 crn^), 
the other to t r i e t h y l a m i n e ( l g, 10.0 m.moles) i n tetraglyme 
(15 cm ) . A f t e r v i g o r o u s l y s t i r r i n g at room temperature f o r 
36h, both samples were poured i n t o water and the product com­
p o s i t i o n s determinedby chromatographic analysis (G.D.B., 
column *A', 125°). The r e s u l t s (Table 46) i n d i c a t e t h a t more 
e q u i l i b r a t i o n occured w i t h caesium f l u o r i d e 
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Table 46 
Results of E q u i l i b r a t i o n using Triethylamine and 

Caesium F l u o r i d e 

Sample 
Percentage Composition 

of Products Sample (190) (199) (200) 

I n i t i a l Composition 29.0 13.0 50.0 

A f t e r s t i r r i n g w i t h CsF 37.5 25.0 37.5 
A f t e r s t i r r i n g w i t h Et^N 32.0 19.0 49.0 

3. Reaction v/ith Methanol 

CF CP, 

C 2 F 5 ~ ' J ^CF 3 

OMe 

(205) 

CP, X CP, / 3 

CF,Fl JFCF, 
5 \ y 3 

(206) 

CP, 

CP 

CF, 

CF, 

(207) 

a) Using Sodium Carbonate 
A mixture of p e r f luoro-3 ,4-dimethylhex-3-ene '(176) 

(10 g, 25.0 m.moles), methanol (0.75 g, 23.4 m.moles), 
anhydrous sodium carbonate (2.5 g, 24.0 m.moles), and t e t r a -

rz 

glyrne (20 cm ) was v i g o r o u s l y s t i r r e d a t room temperature 
f o r 24h. A f t e r f i l t e r i n g and pouring the r e a c t i o n mixture 
i n t o water the products separated as a lower organic l a y e r , 
which chromatographic a n a l y s i s (G.D.B. column 'A', 78°) 
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i n d i c a t e d consisted of unreacted (176), two minor, u n i d e n t i ­
f i e d components, plus Cis-4-methoxy-3 , 4 - t r i f l u o r o m e t h y l - n o n a -
fluorohex-2-ene (205). (61$, 67$ conversion), b.p. 122°. 
(Found: H, 0.6; F, 69.7; M+ 393. CgF-^OH^ requires H, 0.73; 
P, 69.2; M 412), i n f r a - r e d spectrum No. 20, 1 9P and % n.m.r. 
spectra No. 25. The product (205) was p u r i f i e d using prepar­
a t i v e scale chromatography, 
b) Using Triethylamine 

Methanol (0.75 g, 23.4 m.moles) was s l o w l y added to a 
v i g o r o u s l y s t i r r e d mixture of perfluoro-3,4-dimethylhex-3-ene 
(10 g, 25.0 m.moles), t r i e t h y l a m i n e (5g, 49.5 m.moles) i n 
tetraglyme (20 cm^). A f t e r pouring the r e a c t i o n mixture 
i n t o water the products (9.5 g) separated as a lower organic 
l a y e r , which was washed w i t h d i l . H C l (2x20 cra^) and d r i e d 
(MgSO^). Chromatographic a n a l y s i s (G.D.B. column 'A', 78°) 
i n d i c a t e d a mixture of e i g h t products, two of which were 
i d e n t i f i e d as (205) (18$), and c i s and t r a n s - p e r f l u o r o - 2 , 5 -
d i h y d r o - t e t r a m e t h y l f u r a n (206), (22$). b.p. 83°, i n f r a - r e d 

1Q 
spectrum No. 21, P̂ n.m.r. spectrum No. 26 and 27. The mass 
spectrum showed a P-19 peak a t 359. 

At the time of w r i t i n g a s a t i s f a c t o r y elemental a n a l y s i s 
has not been obtained, the f l u o r i n e f i g u r e s being low, but a 
possible explanation f o r t h i s r e s u l t i s t h a t evaporation of 
the v o l a t i l e compound (206) was occuring before f u s i o n w i t h 
the a l k a l i metal, so g i v i n g low f l u o r i n e a n a l y s i s . 

The product (206) was p u r i f i e d by d i s t i l l a t i o n and pre­
p a r a t i v e scale chromatography (Aerograph, column 'A', 65°). 
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c) Rapid a d d i t i o n of Methanol to a r e f l u x i n g mixture of 
Perfluoro-3,4-dimethylhex-3-ene i n Tetraglyrne 

i ) Using Tr i e t b y l a m i n e 
Methanol (0.75 g, 23.4 m.moles) was r a p i d l y added to a 

v i g o r o u s l y s t i r r e d , r e f l u x i n g mixture of p e r f l u o r o - 3 , 4 -
dimethylhex-3-ene ( 1 0 g, 25.0 m.moles), t r i e t h y l a m i n e ( 5 g» 
49.5 m.moles) and tetraglyme (20 cm ) . A f t e r r e f l u x i n g f o r 
4h the r e a c t i o n mixture was poured i n t o water when the 
products separated as a lower organic l a y e r , which on 
vacuum transference gave an i n v o l a t i l e black o i l , and a 
c o l o u r l e s s v o l a t i l e l i q u i d ( 5 . 1 g ) . Chromatographic a n a l y s i s 
(G.D.B., column 'A', 78°) of the v o l a t i l e products i n d i c a t e d 
t h a t they consisted of three components, i d e n t i f i e d as ( 2 0 5 ) 
(17.5?'). (206) ( 3 0 % ) , and p e r f l u o r o - t e t r a m e t h y l f u r a n (207) 
( 8 % ) , b.p. 103°. (Found: P, 6 7 . 6 ; M+ 340. CQF^O requires 
F, 67.0; M 340), i n f r a ; r e d spectrum No. 22, 1 9 F n.m.r. 
spectrum No. 28. 

The f u r a n (207) was p u r i f i e d "by d i s t i l l a t i o n and prepa­
r a t i v e scale chromatography (Aerograph, column 'A", 6 5 ° . ) 

i i ) Using P y r i d i n e 
The previous experiment was repeated except t h a t p y r i d i n e 

(4 g> 50„5 m.moles) was s u b s t i t u t e d f o r t r i e t h y l a m i n e . Chro­
matographic a n a l y s i s (G.D.B., column 'A', 78°) i n d i c a t e d t h a t 
the products ( 6 . 5 g) consisted of unreacted o l e f i n (.176) and 
p e r f l u o r o - 2 , 5 - d i h y d r o t e t r a m e t h y l f u r a n (206) ( 5 6 % ) . 
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d) Ref l u x i n g a mixture c o n s i s t i n g mainly of Perf Iuoro-2, 5-
d i h v d r o t e t r a m e t h v l f u r a n w i t h base 
i ) With Tr i e t h y l a m i n e 
A mixture (5 g) c o n s i s t i n g o f (205) (32$), (206) ( 5 5 $ ) , 

and ( 2 0 7 ) (13/'), was r e f l u x e d w i t h t r i e t h y l a m i n e (3 g, 
30 m.moles) i n tetraglyme ( 1 0 cm ) f o r 16 h. A f t e r pouring 
the r e a c t i o n mixture i n t o water the products separated as a 
lower l a y e r , which on vacuum transference y i e l d e d an i n v o l a -
t i l e black o i l (1.6 g ) , and a v o l a t i l e , c o l o u r l e s s l i q u i d 
(2 g ) . Chromatographic analysis (G.D.B., column 'A', 78°) 
i n d i c a t e d t h a t the v o l a t i l e m a t e r i a l consisted of a mixture 
of ( 2 0 5 ) (16#) and ( 2 0 7 ) (84$). 

i i ) Y/ith P y r i d i n e 
I n a repeat of the previous experiment, using p y r i d i n e 

instead of t r i e t h y l a m i n e , no change i n the composition b e t ­
ween s t a r t i n g m a t e r i a l and f i n a l product was observed. 
e) R e f l u x i n g Perfluoro-3,4-dimethylhex-3-ene w i t h Methanol 

A mixture of methanol (0.75 g, 23.4 m.moles), p e r f l u o r o -
3,4-dimethylhex-3-ene (176) ( 1 0 g, 25.0 m.moles), and t e t r a -
glyme ( 2 5 cm) was r e f l u x e d f o r 24h. Chromatographic a n a l y s i s 
(G.D.B. column 'A', 78°) of the recovered m a t e r i a l ( 9 . 5 g) 
i n d i c a t e d t h a t o n l y s t a r t i n g m a t e r i a l (176) was present. 
f ) R e f l u x i n g Perfluoro-3,4-dimethylhex-3-ene w i t h T r i e t h y ­

lamine 
A mixture of perfluoro-3,4-dimethylhex-3-ene (176) (10 g, 

25.0 m.moles), t r i e t h y l a m i n e ( 7 . 5 g, 75.0 m.moles), and 
sulpholane (20 cm^) were r e f l u x e d f o r 24h, when a sample of 
the lower product l a y e r was withdrawn. The n.m.r. spectrum 
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i n d i c a t e d t h a t t h i s c onsisted mainly of s t a r t i n g m a t e r i a l 
(176) and perfluoro-3,4-dimethylhexa-2,4-diene (179) (<5#). 
g) R e f l u x i n g Perfluoro-3,4-dimetbylhex-3-ene w i t h water and 

Triethylamine 
A mixture of perfluoro-3,4-diroethylhex-3-ene (10 g, 

25.0 m.moles), water ( l g, 56.0 m.moles), t r i e t h y l a m i n e 
(5 g, 50„5 m.moles), and tetraglyme (25 cm ) was r e f l u x e d 
f o r 4h. On pouring i n t o water the products separated as a 
lower l a y e r , which a f t e r vacuum transference y i e l d e d an 
i n v o l a t i l e black o i l (4.5 g) and a v o l a t i l e l i q u i d (3 g ) . 
The "^F n.m.r. spectrum of the v o l a t i l e m a t e r i a l i n d i c a t e d 
t h a t n e i t h e r (206) nor ( 2 0 7 ) had been formed, and the reac­
t i o n was not i n v e s t i g a t e d f u r t h e r . 
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APPEEDIX 1 

F and H n.m.r. Spectra 

Index to n.m.r. spectra 
1. 4 - C h l o r o t e t r a f l u o r o e t h y l - 2 , 5 , 6 - t r i f l u o r o p y r i m i d i n e (106) 
2. 4 , 6 - B i s - c h l o r o t e t r a f l u o r o e t h y l - 2 , 5 - d i f l u o r o p ; y r i m i d i n e (107) 
3. 2 - C h l o r o t e t r a f l u o r o e t h y l - 6 , 5 - d i f l u o r o - S - t r i a z i n e (102) 
4. 2 , 4 - B i s - c h l o r o t e t r a f l u o r o e t h y l - 6 - f l u o r o - S - t r i a z i n e ( 1 0 3 ) 

5. T r a n s - l , 3 - b i s - ( 2 ' , 3 ' , 5 ' , 6 1 - t e t r a f l u o r o p y r i d y l ) - h e x a -
f l u o r o b u t - l - e n e (142) 

6. 4 , 5 - B i s - d ' - ( 2 " , 3 " , 5 " , 6 " - t e t r a f l u o r o p y r i d y l ) - t e t r a f l u o r o -

e t h y l ) - 3 , 6 - d i f l u o r o p y r l d a z i n e (143.) 

7. C i s - l - p h e n o x y - 2 - ( 2 ' , 3 ' , 5 * , 6 ' - t e t r a f l u o r o p y r i d y l ) - d i f l u o r o -

ethylene (149) 
8. T r a n s - l - p h e n o x y - 2 - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) -

d i f l u o r o e t h y l e n e (150) 
9. 2 - 0 x a - 4 ( 2 ' - m e t h o x y - 3 ' , 5 ' , 6 1 - t r i f l u o r o p y r i d y l ) - 3 , 3 , 4 -

t r i f l u o r o b u t a n e (15,1) 

10. l , 2 - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) h e x a f l u o r o c y c l o b u t a n e 

(158) 

11. £is and T r a n s - l - c h l o r o - 2 - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) 
hexafluorocyclobutane (166 ) and (167) 

12. 1 ~ ( 2 ' , 3 ' , 5 * , 6 ' - t e t r a f l u o r o p y r i d y l ) - 2 - t r i f l u o r o m e t h y l -
hexafluorocyclobutane, Isomer A 

13. l - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) - 2 - t r i f l u o r o r a e t h y l -
hexafluorocyclobutane, Isomer B 

14. 2 , 2 - B i s - t r i f l u o r o m e t h y l - 3 - ( 2 ' , 3 ' , 5 ' , 6 * - t e t r a f l u o r o p y r i d y l ) -
t r i f l u o r o o x e t a n e (171) 
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15. Perfluoro-3,4,5,6-tetramethylocta-3,5-diene (181) 
16. Perfluoro-trans,trans-3,4-dimetbylhexa-2 ,4-diene (179) 
17. Perfluoro-cis,trans-3,4-dimethylhexa-2,4-diene (184) 
18. Perfluoro-1,2,3,4-tetramethylcyclobutene (180) 
19. 3-Trifluorometbyl-4-diethylaminofluoromethene-undeca-

fluorohexane (187) 
20. 3-Trifluoromethyl-4-(N,N-diethylamid o)decafluorohex-

3-ene Isomer A 
21. 3-Trifluoromethyl-4-(N,N-diethylamido)decafluorohex-

3-ene Isomer B 
22. Trans-4-phenoxy-3,4-bis-trifluoromethylnonafluorohex-

2-ene (199) 
23. Cis-4-phenoxy-3,4-his-trifluoromethylnonafluorohex-

2-ene (198) 
24. Cis-2-phenoxy-3 ; 4 - b i s - t r i f luororaeth ylnonafluorohex-

2-ene (200) 
25. Cis-4-Methoxy-3,4-trifluoromethylnonafluorohex-2-ene 

(205) 
26. P e r f l u o r o - 2 , 5 - d i h y d r o - t e t r a m e t h y l f u r a n ( 2 0 6 ) t Isomer A 
27. P e r f l u o r o - 2 , 5 - d i h y d r o - t e t r a m e t h y l f u r a n (206), Isomer B 
28. P e r f l u o r o - t e t r a m e t h y l f u r a n (207) 

The f o l l o w i n g a b b r e v i a t i o n s have been used i n d e s c r i b i n g 
s p e c t r a : - M - m u l t i p l e t ; S - s i n g l e t ; Q-quartet; D-doublet. 
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1. 4 - C h l o r o t e t r a f l u o r o e t h y l - 2 , 5 , 6 - t r i f l u o r o p y r i m i d i n e (106) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

45.0 D ( J 5 , 2 = 2 9 ) 1 2 

69.4 D ( J 5 ) 6 = 2 0 ) 1 6 
79.8 D ( J 4 a , 4 b = 6 ) of D ( J 4 b t 5 = 5 ) 3 4b 

130.6 Q ( J 4 a , 4 b = 6 > of D ( J 4 a > 5 = 3 8 ) 1 4a 

149.8 M 1 5 

CI 
. P I CP,4b 4a \ | / 3 

C Recorded neat w i t h e x t e r n a l 
CFC1, reference 3 
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2. 4 , 6 - B i s - c h l o r o t e t r a f l u o r o e t h y l - 2 , 5 - d i f l u o r o p y r i m i d i n e (107) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

47.6 D ( J 5 2=30) 1 2 
80.8 D ( J 5 f 4 a = 5 ) of D ( J 4 a > 4 b = 5 ) 3 4b 
80.8 D ( J 5 > 6 a = 5 ) of D ( J 6 a > 6 b = 5 ) 3 6b 

131.4 Complex overlapping M 3 5, 4a, 4b. 

CI 
4 F , 1 ^CF,4b / W X 3 

Fv 
F N 

6a ^N-
/ \ C I CF,6b 3 

Recorded neat w i t h e x t e r n a l 
CFC1, reference 3 

(107) 
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3. 2 - C h l o r o t e t r a f l u o r o e t h y I - 4 , 6 - d i f l u o r o - S - t r i a z i n e (102) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

32.9 Broad S 2 4,6 

81.0 D ( J 2 a > 2 b = 6 ) 3 2 b 

134.3 Q ( J
2 a , 2 b = 6 ) 1 2 a 

N N 
I F ii -no Recorded neat w i t h e x t e r n a l 
^N^^C CFC1X reference 

/ CI 

(102) 

CP, 
^ 2b 
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4. 2 , 4 - B i s - c h l o r o t e t r a f l u o r o e t n y l - 6 - f l u o r o - S - t r i a z i n e ( 1 0 5 ) 

S h i f t 
p.p.m. 

Pine St r u c t u r e 
Coupling constants i n Hz 

Rel a t i v e 
I n t e n s i t y 

Assignment 

33.7 S 1 6 
81.0 D ( J 2 a , 2 b = 6 > 3 2b 
81.0 D( J4a,4b= 6> 3 4b 

131.1 Q ( J 2 a , 2 b = 6 ) 1 2a 

131.1 Q ( J 4 a , 4 b = 6 ) 1 4a 

CI 

4a P—C —CF,4b 3 1 
N p N Recorded neat w i t h e x t e r n a l 

6 L \
 ]X / 2a A p 

3 2b 

X^B/^/ A CFC1, reference 

CF, 
N C ^ X 3 

/ ^ C l 

( 1 0 3 ) 
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5. q^ms-l,3-"bis-(2' ,3' ,5' , b ' - t e t r a f l u o r o p y r i d y l ) - p e n t a -
f l u o r o b u t - l - e n e (142) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

78.2 M 3 4 
88 o0 Broad M 4 2' ,6* 

138.4 
139.5 
141.8 

Broad overlapping 
resonances 

5 3' ,5' 
and 2 or 1 

148.6 D ( J X 2=138) 1 2 or 1 
167.0 Broad, unresolved 1 3 

C=C 2 
3-—CF 

Recorded i n acetone s o l u t i o n 
w i t h e x t e r n a l CFC1, reference 

3 

(142) 



- 2 1 4 -

6 . 4 , 5 - B i s - l ' - ( 2 " 1 5 " , 5 " , 6 " - t e t r a f l u o r o p y r i d y l ) - t e t r a f l u o r o -
e t h y l ) - 3 , 6 - d i f l u o r o p y r i d a z i n e (143) 

S h i f t 
p.p.m„ 

Pine s t r u c t u r e 
Coupling contants i n Hz 

R e l a t i v e 
I n t e n s i t y 

Assignment 

7 3 . 7 Broad M 2 3 , 6 

7 5 . 8 Complex M . 6 4 b , 5b 

9 1 . 3 Complex M 4 2 ' , 6 ' 

140 .9 Complex M 4 3 ' , 5' 

158 .8 Complex M 2 4 a , 5 a . 

Recorded i n acetone s o l u t i o n 
w i t h e x t e r n a l CFC1, reference 

CP, 4b P / 2 ' 

/ N 
4a 

/ 5a P 
CP -5"/ 

< 
5b 

( 1 4 3 ) 
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7. Cis-l-phenoxy-2-(2',3' t 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) - d i f l u o r o -

ethylene (149) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

90.9 Complex M 2 2' , 6' 

94.65 D ( J 1 2=16) 1 1 

137.3 Complex M 2 3', 5' 
161.4 T ( J 2 _ 3 , 5 i = 1 0 ) of D ( J 1 2=16) 1 2 

\ 

? ?2 

5' 
p 

6' 

( 1 4 9 ) 

c - o 
L 

3' 
2' 

Recorded neat w i t h an 
e x t e r n a l CFCl^ reference 

The H n.m.r. spectrum showed a s i n g l e complex m u l t i p l e t 
6.8 p.p.m. downfield from e x t e r n a l T.M.S. 
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8. Trans-l-phenoxy-2-(2' ,5',,5' , 6 ' - t e t r a f l u o r o p y r i d y l ) -

d i f l u o r o e t h y l e n e (150) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

90.9 Complex M 2 2' , 6' 

114.4 T ( J l - 3 * , 5 ' =18) of D ( J X 2=121) 1 1 

137.3 Complex M 2 3', 5' 
166.4 T(J 2_3» f 5 1 =10) of D ( J 1 2=121) 1 2 

Recorded neat w i t h an 
e x t e r n a l CFC1, reference 

0 
F 

F 

F 
N 
150 

The H n.m.r. spectrum showed a s i n g l e complex m u l t i p l e t 
6.8 p.p.m. downfield from e x t e r n a l T.M.S. 
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g. 2-Cbca-4 (2 ' -methoxy-3 ' , 5 ' , 6 1 - t r i f l u o r o p y r i d y l ) - 3 > 5 1 4 -
t r i f l u o r o b u t a n e (151.) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 

p.p.m. Coupling constants i n Hz I n t e n s i t y 

89.5 M 2 1 

98.1 D ( J 5 , > 6 . = 2 1 ) of D ( J 3 , 6,=31) 1 6' 

143.4 M of D(J , 6,=31) 1 V 

154.1 M 1 5* 
206.8 M 1 2 

H 

5' 
6' 

P 

F — C 2 nC—OCH. 

3' 

OCH. 

Recorded neat w i t h an e x t e r n a l 
CFCl^ reference 

(151) 

"̂H n.m.r. spectrum showed three resonances, 3.4, 3.7 
and 5.6 p.p.m. downfield from e x t e r n a l T.M.S. which i n t e g r a t e d 
i n the r a t i o 3:3:1. These have been assigned to the two methyl 
groups and 2H. 
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1°. l , 2 - ( 2 ' ,3' ,5' , 6 ' - t e t r a f l u o r o p y r i d y l ) h e x a f l u o r o c y c l o -
butane (158) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t i e s 

97.5 Broad M 2 2" ,6' 
121.1 AB D ( J a > b = 2 2 0 ) 1 3,4-a or b 
131.8 AB D ( J a b=220) 1 3,4-a or b 
138.5 Broad M 2 V ,5' 
164.3 M 1 1,2 

p f 
/>F£ 
Fb 

F Recorded i n acetone s o l u t i o n 
Fa w i t h e x t e r n a l CFC1-, reference 

3' 

( 1 5 8 ) 
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11. Cls and T r a n s - l - c h l o r o - 2 - - ( 2 ' . 5 ' . 5 ' . 6 ' - t e t r a f l u o r o p y r i d y l ) 
hexafluorocyclobutane (166)'and (167) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

89.8 Complex M 4 2' ,6» 
117->135.6 4 overlapping AB qua r t e t s 8 5,4 
137.6 Complex M 4 V ,5' 
141.0 Broad M 1 2 
144.0 Broad M 1 2 

154.5 M 1 1 
160.6 M 1 1 

F F 2S-1 CI 

F 
F '4 

Recorded neat w i t h e x t e r n a l 
CFC1, reference 

(166) and (167) 
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12. l - ( 2 ' , 5 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) - 2 - t r i f l u o r o m e t h y l -
hexafluorocvclobutane 

Isomer A 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p. p. m. Coupling constants i n Hz I n t e n s i t y 

76.6 Broad S 3 2a 
92.6 M 2 2' , 6' 

123.9 A B ^ J 4 a , 4 b = 2 2 ^ 1 4a or b 
131.6 A B D ( J 4 a , 4 b = 2 2 4 > 1 4a or b 
131.6 Broad S 2 3 
135o6 Broad M 2 3',5' 
168.4 Broad M 1 1 
193.8 M 1 2 

2a CF 

3 < F F 

Fa 
Fb 0 5' 

3' 
6' 

Recorded neat w i t h an e x t e r n a l 
CFC1 3 reference 



13. l - ( 2 ' ,3' f5' , 6 ' - t e t r a f l u o r o p y r i d y l ) - 2 - t r i f l u o r o n i e t h y l -
hexafluorocyclobutane 

Isomer B 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

73.1 M 3 2a 

90.6 M 2 2' , 6' 
126.2 AB D(J, „= 4a, 4b 229) 1 4a or b 

126.5 Complex M 2 3 
133.0 Q^ J2a-4a or 4 b = 1 4 ) of AB D ( J 4 a > 4 b = 2 2 9 ) 1 4a or b 
138.8 M 2 3', 5' 
170.8 M 1 1 

188.4 M 1 2 

Recorded neat w i t h an e x t e r n a l 
CFC1, reference 

2a 
CF F 1 Fa 

Fb 
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14. 2,2-Bis - t r i f Iuo roT7 ie tby l-3-(2' ,3' ,5' »6 ' - t e t r a f l u o r o p y r i d y l ) ~ 
t r i f l u o r o o x e t a n e (171) 

S h i f t 
p. p. rn. 

Pine S t r u c t u r e 
Coupling constants i n Hz 

R e l a t i v e 
I n t e n s i t y 

Assignment 

74.0 M 6 2a, 2b 
75.0 A B D ( J 4 a , 4 b = 9 4 ) 1 4a or b 

p a r t i a l l y obscured 
76.2 A B D ( J 4 a , 4 b = 9 ^ 1 4a or b 

89.7 M 2 2 1 , 6' 

139.7 M 2 V , 5' 

153.9 M 1 3 

2a CP 
2b CP Recorded i n acetone s o l u t i o n 

w i t h e x t e r n a l CPCl^ reference 
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15 o Perfluoro-3,4, 5 ;6-tetramethylocta-3 ,5-diene (181) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

Broad overlapping 
resonances 

58.5 
59o4 
58.8 
85.4 Broad overlapping 
85<>9 resonances 

116.0 Broad M 
118.2 Broad M 

12 3a,4a,5a,6a. 

1,8 

2,7 

•z ~ 

CF, , . .CP, 
6a 
,CF, 

2 S \ 5 6 ^ 3 
^CF0 c=c, / 2 / \ 

"CP, CP, CP, 
5a 

(181) 

7 V 
CP-

8 

Recorded neat w i t h e x t e r n a l 
CFC1, reference 3 

Mixture of isomers 
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16. Perfluoro-trans,trans-3,4-dimetbylhexa-2,4-diene (179) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

64.5 D ( J 2 , 3 a = 1 8 ) 3 5 a 

73.5 DC^ 2 =4) 3 1 

106.4 Broad Q ( J 2 5 a = 1 8 ) 1 2 

CF^ F 

=C^3 3 Recorded neat w i t h e x t e r n a l 
F'2 CP, CFCl, reference 

(179) 
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17. P e r f l u o r o - c i s . trans-3,4-d imethylhexa-2,4-diene (184) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

60.9 
64.6 
72.4 
73.3 

103,3 
106.5 

M 
D ( J 5 , 4 a = 1 8 > 
D ( J 1 > 2 = 6 ) of Q ( J 1 5 a = 1 0 ) 
Broad S 
Broad 

M 

3 

3 

3 

3 

1 
1 

3a 

4a 

1 
6 
2 

5 

4a 
C P 3 / F 

* \ 2 _ 3 / J - ' 5 \ 
.0-C CP, Recorded neat w i t h e x t e r n a l 1 / \ 6 p 

x CP, CP, b 

3 3 CFC1, reference 3a 3 
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18. Perfluoro-1,2,3,4-tetramethylcyclohutene (180) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

67.2 M 6 la,2a 
78.8 D ( J 4 a 3 a = 7 ) 6 4a,3a 

172.2 M 2 3,4 

Recorded neat w i t h e x t e r n a l 
CFC1-, reference 

(180) 
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19 o 5 - T r i f luoromethyI-4-diethylaminof luoromethene-unci eca-
fluorohexane (187) 

S h i f t 
p.p.m. 

Pine S t r u c t u r e 
Coupling constants i n Hz 

Re l a t i v e 
I n t e n s i t y 

Assignment 

42.0 Broad unresolved 1 4a 
77o2 Broad S 3 3a 

82.5 Broad D(J=18) 3 1 or 6 

84.1 D(J=28) 3 1 or 6 

103.5 Broad, unresolved 2 5 
117.0 M of AB D(J=228) 1 2 

122.4 M of AB D(J=228) 1 2 

181.5 Broad, unresolved 1 3 

C 2 H 5 x /
C 2 H 5 

3a N 
CF, I p 
I 3 A 

P—C C^ Recorded neat w i t h e x t e r n a l 
2' CP 
^CP0 5 CFC1, reference 
1 C P 3 

2 J ^CP 3 ^ " ^ 3 

(187) 

The 1H spectrum shows two resonances at 1.0 and 3.1 p.p. 
downfield from e x t e r n a l T.M.S. which i n t e g r a t e d i n the r a t i o 
3:2. These have been assigned to the CH^ and CH2 groups. 
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20. 3-Trifluoromethyl-4-(M,N-diethylamido)decafluorohex-

3-ene 
Isomer A 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

58.0 M 3 3a 

81.1 M 3 1 or 6 
82.2 M 3 1 or 6 

106.3 
110.5 

Complex Overlapping 
AB Q(J=280) 4 2,5 

21. 
Isomer B 
S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

60.2 M 3 3a 

81.1 M 3 1 or 6 

82.2 M 3 1 or 6 

106.3 

110.5 
Complex Overlapping 
AB Q(J=280) 4 2,5 

3a / d 

CF,0 / ^ 0 
5^C=C4 
/ \ Recorded neat w i t h e x t e r n a l 

p CP cv R / 2 ^ 2 ^ 3 CFCl- reference 
1 C F 3 CP5 6 

The "4i spectrum shows two resonances at 1.1 and 3.3 p.p.m. 
downfield from e x t e r n a l T.M.S. which i n t e g r a t e d i n the r a t i o 
3?2. These have been assigned ~to the CH^ and CH2 groups. 
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22. Trans-4—phenoxy-3,4-bis-trifluoromethylnonafluorohex-
2-ene (199) 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

61.9 Broad unresolved 6 4a, 3a 
71.6 M 3 1 
76.1 M 3 6 

100.4 Broad M 2 5 
105.6 Q ( J 1 2 = 1 0 ) of Q ( J 2 1 2 

3a 
PTT' 3 3 2 P 

. N c = C / Recorded neat w i t h e x t e r n a l 
rl 4 / \1 
^ 3 — A c

 C F 3 CPCl^ reference 

The "4l n.m.r. spectrum showed a s i n g l e complex m u l t i p l e t 
7.8 p.p.m. downfield from e x t e r n a l T.M.S. 
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23. Cis-4-phenoxy-3 , 4 - b i s - t r i f luorornethylnonaf luorohex-2-ene 
(198) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

58.8 

59.4 
Overlapping M 6 3a, 4a 

72.2 DC^ 2=6) of Q ( J 3 a > x = l l ) 3 1 
81.0 Q ( J 3 a , 6 = 5 ) o f D < J 2 , 6=21) 3 6 

99.5 Broad, unresolved 2 5 
106.2 Broad, unresolved 1 2 

3a 
CF 

1 
CF, •7 *7 *~\ 

A A C = C 
4a 4 / \ v 

0 CFp 

^CF_ 
(198) 

Recorded neat w i t h e x t e r n a l CFC1-
reference 

W // 
The H n.m.r. spectrum showed a s i n g l e complex m u l t i p l e t 

7.8 p.p.m. downfield from e x t e r n a l T.M.S. 
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24. Cis-2-phenoxy-3 ; 4 - " b i s - t r i f luorornethyl-nonaf luorohex-
2-ene (200) 

S h i f t 
p.p.m. 

Fine s t r u c t u r e 
Coupling constants i n Hz 

Re l a t i v e 
I n t e n s i t y 

Assignment 

58.6 M 3 3a 

60.4 Q ( J 1 > 3 a = 1 5 ) 3 1 

73.5 Broad S 3 4a 
82.6 Broad D(J. c=18) 4,6 3 6 
120.8 Complex AB Q 2 5 
181.0 M 1 4 

3a x 

C F 3 ^CF 5 \ 3 2 / ^ 3 
c=c 

6 5 4 / "^0 
CF,CF0— C 4a 

5 2 / ^CF, 
F 5 

(200) 

Recorded neat w i t h e x t e r n a l 
CFCl^ reference 

The H n.m.r. spectrum showed a s i n g l e complex m u l t i p l e t 
7.8 p.p.m. downfield from e x t e r n a l T.M.S. 
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25. Cis-4-?''"ethoxy-3 > 4-trifluoromethylnonafluorohex-2-ene (205) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

55.8 M 3 3a 
67.0 Broad S 3 4a 
70.1 D ( J 1 > 2 = 3 ) of Q ( J X 3 a = 1 3 ) 3 1 

82,7 M 3 6 
93.6 Broad unresolved 1 2 

120.3 M 2 5 

3a x 

C P 3 V 3 2 / C F 3 
4a Recorded neat w i t h e x t e r n a l 
CF, x4 / ^ F 

7 C x 5 6 CFC1, reference 
CFb-CF, . 

0CHx
 2 3 < 3 

(205) 

The "̂H n.m.r. spectrum showed a s i n g l e resonance 3.7 p.p.m, 
downfield from e x t e r n a l T.M.S. 
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26. Perflu.oro-2,5-dihydro-tetramethylfuran (206), Isomer A 

S h i f t Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

63.3 M 
85.0 M 

122.6 Broad M 

3 

3 

1 

3a 
2a 
2 

27. P e r f I u o r o - 2 , 5 - d i h y d r o - t e t r a m e t h y l f u r a n (206), Isomer B 

S h i f t . Pine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

62.9 M 
83.4 M 

112.2 Broad 

3 

3 

1 

3a 
2a 
2 

3 a 
C P 3 \ / C P 3 

P^2 
2a 
CP 0 

(206) 

J^P 
CP, 

Recorded neat w i t h e x t e r n a l 
CFC1, reference 
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28. P e r f l u o r o - t e t r a m e t h y l f u r a n (207) 

S h i f t Fine s t r u c t u r e R e l a t i v e Assignment 
p.p.m. Coupling constants i n Hz I n t e n s i t y 

60.4 M 1 2a 
65.8 M 1 3a 

CF, / C F 5 3a 

C F ^ \ 0 X \ C F 3 2a 

Recorded neat w i t h e x t e r n a l 
CFC1,reference. 

(207) 
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S o l i d samples were recorded as KBr discs and l i q u i d or 
low m e l t i n g samples as contact f i l m s between KBr p l a t e s . 

Spectrum No. Compound 

1 4 - C h l o r o t e t r a f l u o r o e t h y l - 2 , 5 , 6 - t r i f l u o r o -
p y r i m i d i n e (106) 

2 A,6-Bis-chlorotetrafluoroethyl-2,5-difluoro-
pyri r a i d i n e , (107) 

3 2 - C h l o r o t e t r a f l u o r o e t h y l - 4 , 6 - d i f l u o r o - S -
t r i a z i n e (102) 

4 2 , 4 - B i s - c h l o r o t e t r a f l u o r o e t h y l - 6 - f l u o r o -
S - t r i a z i n e (103) 

5 Txan£-l,3-Bis-(2',3',5',6'-tetrafluoro-
p y r i d y l ) — h e x a f l u o r o b u t - l - e n e (142) 

6 4 , 5 - B i s - ( l ' - ( 2 " , 3 " , 5 " , 6 " - t e t r a f l u o r o p y r i d y l ) -
t e t r a f l u o r o e t h y l ) - 3 , 6 - d i f l u o r o p y r i d a z i n e (143.) 

7 Cis and Trans-l-phenoxy-2-(2 *,3',5',61 -
t e t r a f l u o r o p y r i d y l ) - d i f l u o r o e t h y l e n e (149.) 
and (150) 

8 2-oxa-4-(2'-methoxy-3',5',6'-trifluoro-
p y r i d y l ) - 3 , 3 , 4 - t r i f l u o r o b u t a n e (151) 

9 l , 2 - ( 2 ' , 3 ' , 5 * , 6 ' - t e t r a f l u o r o p y r i d y l ) h e x a -
f luorocyclobutane (158) 

10 Cis and T r a n s - l - c h l o r o - 2 - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a -
f l u o r o p y r i d y l ) h e x a f l u o r o c y c l o b u t a n e (166) 
and (167) 

11 l - ( 2 ' , 3 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l ) - 2 - t r i -
f luoromethyl-hexafluorocyclobutane, Isomer A. 



Compound 

l-(2',3',5* , 6 ' - t e - t r a f l u o r o p y x i d y l ) - 2 -
t r i f l u o r o m e t n y l - h e x a f l u o r o c y c l o b u t a n e 
Isomer B. 
2,2-Bis-trifluoromethyl-3-(2',3',5',6»-
t e t r a f l u o r o p y r i d y l ) - t r i f l u o r o o x e t a n e (171) 
Perfluoro-3,4,5,6-tetramethylocta-3,5-diene 
(181) 
3 - T r i f l u o r o m e t h y l - 4 - d i e t h y l a m i n o f l u o r o -
methene-undecafluorohexane (187) 
Cls and T r a n s - 3 - t r i f l u o r o m e t h y l - 4 - ( N > N -
diethylamido)decafluorohex-3-ene (188) 
and (189) 
Trans-4-phenoxy-3,4-bis-trif l u o r o m e t h y l -
nonafluorohex-2-ene (199) 
Ci s - 4 - p h e n o x y - 3 , 4 - b i s - t r i f l u o r o m e t h y l -
nonafluorohex-2-ene (198) 
Cis_-2-phenoxy-3,4-bis-trif luororaethyl-
nonafluorohex-2-ene (200) 
C_is-4-Methoxy-3 , 4 - t r i f l u o r o m e t h y l n o n a f l u o r o -
hex-2-ene (205) 
Cis and T r a n s - p e r f l u o r o - 2 , 5 - d i h y d r o - t e t r a -
methylfuran (206) 
P e r f l u o r o - t e t r a m e t h y l f u r a n ( 2 0 7 ) 
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