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SUMMARY 

This work i s concerned with the development of an important technique 

which has enabled reactions involving polyfluoroalkenyl anions, generated by 

attack of fluoride ion on a suitable acetylene, and perfluoroheterocyclic 

compounds, to be carried out. Thus trans-perfluoro - 4 -(alkenyl)- and 

perfluoro - 4-(polyalkenyl)-pyridines were formed by the reaction of perfluorobut-

2-yne and perfluoropyridine, i n the presence of caesium fluoride and sulpholan 

at atmospheric pressure. Using diethylacetylene dicarboxylate, under similar 

reaction conditions, the corresponding polyfluoro - 4 ~ (alkenyl)pyridine was 

isolated. The use of atmospheric pressure reaction conditions i s essential to 

minimise the fluoride i o n - i n t i a t e d polymerisation of the acetylenes. 

Treatment of trans-perfluoro - 4 - (alkenyl)pyridine with sodium methoxide i n 

methanol, gave the corresponding _cis monomethoxy derivative; with concentrated 

ammonia, an enamine was formed. I n both cases, substitution occurred i n the 

alkenyl side chain and not i n the perfluoroheterocyclic ring. I n a separate 

fluor i d e ion experiment, perfluorobut -2-yne did not react with perfluoro - 4 -

(alkenyl)pyridine to form the higher perfluoro -4-(polyalkenyl) derivatives. 

An atmospheric pressure polyfluoroalkylation reaction, involving t r i f l u o r o -

ethylene and pentafluoropyridine i n the presence of caesium fluoride and 

sulpholan, gave a perfluoro - 1 , 1-bipyridylethane i n low yie l d . Under similar 

conditions trans-2H-heptafluorobut-2-ene gave trans-perfluoro - 4 - ( 2'-butenyl)-

pyridine instead of the expected perfluorobipyridylethane. 

The atmospheric pressure polyfluoroalkenylation reaction was extended 

further to the more reactive perfluoropyridazine. Using perfluorobut-2-yne, 

trans-perfluoro - 4 - ( 2'-butenyl)pyridazine and perfluoro-( 1 , 2 , 3-trimethyl) - 1 -

ethyl -5 ,6-diazaindene were isolated, the l a t t e r i n good y i e l d . 

Trans-perfluoro -4 - (2'-butenyl)pyridazine reacted with methoxide ion to 

form a cist trans mixture of the monomethoxy derivative; with ammonia an enamine 



was formed. Perfluoro-(l,2,3-trimethyl)-l-ethyl-5,6-diazaindene was 

hydrolysed with sulphuric acid to give a mono- and di-pyridazone. Treatment 

of the former with sodium methoxide and two equivalents of perfluorophenyl 

l i t h i u m gave the monomethoxy and perfluorobiphenyl derivatives respectively. 

Photolysis and pyrrolysis reactions involving perfluoro-(1,2,3-trimethyl)-1-

ethyl-5,6-diazaindene were unsuccessful. In a separate fluoride ion experiment, 

trans-perfluoro-4-(2'-butenyl)pyridazine was reacted with perfluorobut-2-yne 

and perfluoro-(1,2,3-trimethyl)-l-ethyl-5,6-diazaindene isolated. 

Using reported conditions, perfluorobut-2-ene was reacted with perfluoro-

pyridine to form perfluoro-4-sec.butyl- and perfluoro-2,4-di-sec.butyl-

pyridines respectively. Subsequent defluorination, using an iron catalyst 

at elevated temperatures, of perfluoro-4-sec.butylpyridine, gave trans-

perfluoro-4-(2'butenyl)pyridine i n good y i e l d . Defluorination of the d i -

substituted derivative gave complex mixtures. With perfluoropyridazine and 

perfluorobut-2-ene under fluoride ion reaction conditions, the perfluoro-4-

sec.butyl- and perfluoro-3,5-di-sec.butyl-derivatives were isolated. Again, 

defluorination of perfluoro-4-sec.butylpyridazine using an iron catalyst, gave 

trans-perfluoro-4-(2'-butenyl)pyridazine; the disubstituted derivative gave a 

complex mixture. Using perfluoropyrazine under similar conditions perfluoro-

2,5-di-sec.butylpyrazine was formed i n high y i e l d . A complex mixture was 

formed on defluorination of t h i s derivative. 

An attempt to prepare trans-perfluoro-4-(2'-butenyl)-pyridine and 

-pyridazine by reaction of the l i t h i o derivatives derived from trans-2H-hepta-

fluorobut-2-ene and the corresponding heterocycle, were unsuccessful. 

Attempts to prepare perfluoropolyethers using hexafluoroacetone and 

perfluoro-pyridine, -pyridazine and -pyrazine, under fluoride ion conditions 

were unsuccessful. Similar results were obtained when the hexafluoroacetone 

was replaced with hexafluoropropene epoxide. 



I n reactions involving sodium chlorodifluoroacetate and perfluoro-pyridine 

and -pyridazine, the corresponding 4-chloro- and not the expected 4 - t r i f l u o r o -

methyl-derivatives were obtained. 
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CHAPTER 1 
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Reactions I n v o l v i n g Fluoride I o n 

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

M i l l e r , i n a study o f reactions o f f l u o r i d e and other h a l i d e ions w i t h 

f l u o r o - o l e f i n s , formed the basis on which much o f the present day i n t e r e s t i n 

f l u o r i d e i o n chemistry i s l a i d . F u rther, he underlined the f a c t xhat f o r 

unsaturated fluorocarbons, f l u o r i d e i o n occupies a p o s i t i o n as a nucleophile 

which i s analogous t o t h a t o f a proton as an e l e c t r o p h i l e f o r unsaturated 

hydrocarbons. 

+ F -eft-
I I 
F 

F 
I _ 

F-C-C-
I I 
F 

F H 
I I 

F-C-C-
I I 
F 

H +
 + H-C=C-

I I 
H 

H 
I + 

H-C-C-
I I 
H 

H A 
I I 

H-C-C-
I I H 

Sui t a b l e sources o f f l u o r i d e i o n , the choice of solvent, the r e a c t i o n 

c o n d i t i o n s and some o f the more important reactions i n v o l v i n g f l u o r i d e i o n 

w i l l be discussed. 

1.1 Experimental conditions -

The s e l e c t i o n o f s u i t a b l e conditions f o r studying the reactions o f 

f l u o r i d e i o n w i t h unsaturated fluorocarbons presents some d i f f i c u l t y . Indeed 

the choice of solvent, the source of f l u o r i d e ion and the r e a c t i o n temperature 

and pressure, are o f t e n s p e c i f i c f o r a p a r t i c u l a r r e a c t i o n . I n order t o form 

a fluorocarbanion by a d d i t i o n o f f l u o r i d e i on, f o r example, 

Rf-CF=CF2 + F " 

or R f«C=C«R f + F 

R^CFCF„ f 3 

RXF^C-R, f r 

Rf, R̂  are p e r f l u o r o - a l k y l 
groups 
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an e q u i l i b r i u m must e x i s t between the perfluorocarbanion, f l u o r i d e i o n , and 

the perfluoro-alkene or -alkyne. 

I n order t o displace the r e a c t i o n t o favour the carbanion formation, an 

increase i n the concentration of f l u o r i d e ion i s required. Inorganic 

f l u o r i d e s tend t o r e s t r i c t t h i s displacement due to t h e i r l i m i t e d s o l u b i l i t y 

i n i n e r t a p r o t i c organic solvents, such as saturated hydrocarbons, while i n 

protogenic solvents, f o r example, alcohols and ethers, proton e x t r a c t i o n by 

the carbanion occurs. D i p o l a r - a p r o t i c solvents however, have been found t o 

be p a r t i c u l a r l y u s e f u l i n f l u o r i d e i o n reactions, g i v i n g a compromise between 

the s o l u b i l i t y o f the r e a c t a n t s , the products and a tendency t o minimise 

unwanted side r e a c t i o n s , 

1.1.1 D i p o l a r - a p r o t i c solvents 

D i p o l a r - a p r o t i c solvents, although they contain hydrogen atoms, cannot 

donate s u i t a b l y l a b i l e hydrogen atoms t o form hydrogen bonds w i t h appropriate 
1 l a 

species, ' I n general they are high b o i l i n g l i q u i d s possessing a large 

l i q u i d range, and have large d i e l e c t r i c constants and dipole moments. Many 

examples of t h i s class o f solvent e x i s t i n c l u d i n g a c e t o n i t r i l e , tetramethylene 

sulphone and the glymes. 

The s o l v a t i o n o f anions i n d i p o l a r - a p r o t i c solvents i s poor, although i t 
2 

i s found t h a t s o l v a t i o n increases s l i g h t l y , w i t h increasing anion s i z e . 

F"<< C l " < < Br"<^ SCN~<C I~ 
From the above s e r i e s , i t i s evident that as F i s the smallest anion, 

i t i s l e a s t solvated and hence i s the strongest nucleophile. I n p r o t i c 

s o lvents, f o r example, CH OH, HCONH , f l u o r i d e ion i s a weaker nucleophile as 
3 2 

a high degree o f s o l v a t i o n occurs w i t h the unshielded protons. 

I n contrast t o the low s o l v a t i o n of anions by d i p o l a r - a p r o t i c solvents, 

cations are h i g h l y solvated, and t h i s i s the major reason f o r the s o l u b i l i t y o f 
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e l e c t r o l y t e s i n these solvents. Zaugg has shown t h a t cations are str o n g l y 

solvated i n h i g h l y p o l a r solvents having a region o f high e l e c t r o n density 

l o c a l i s e d on a bare oxygen atom. 

An a l t e r n a t i v e would be t o avoid the use o f solvent altogether. This 

technique obviously eliminates proton a b s t r a c t i o n by the carbanion; however, 
3 

a sol v e n t l e s s system i s d e f i n i t e l y less r e a c t i v e . 

1.1.2 Sources of f l u o r i d e i o n 

The a l k a l i metal f l u o r i d e s , i n p a r t i c u l a r those of potassium and caesium, 

are the most widely used sources o f f l u o r i d e i o n . Their observed order of 

r e a c t i v i t y , LiF <TNaF ^ T K F <^RbF <CCsF^, has been shown t o resemble t h e i r 

c r y s t a l l a t t i c e energies. Thus, w i t h a decrease i n l a t t i c e energy, an 

increase i n r e a c t i v i t y o f the metal f l u o r i d e i s observed. Further, i n 

exchange reactions i n v o l v i n g hexafluoropropene and a l k a l i metal f l u o r i d e s , t o 

determine the r e l a t i v e r e a c t i v i t i e s o f the metal f l u o r i d e s , a s i m i l a r order was 
5 

observed. 
Other sources of f l u o r i d e i o n which have been used include potassium 

6 7 b i f l u o r i d e , KHF , potassium f l u o r o s u l p h i t e , KSO F but these have only 2 2 , 
l i m i t e d a p p l i c a b i l i t y because o f t h e i r low s o l u b i l i t y i n a p r o t i c solvents, 

g 

Tetraethylammonium f l u o r i d e has also been used as a source of f l u o r i d e i o n 

although despite the f a c t t h a t i t i s hygroscopic and thermally unstable. I n 

c h l o r i n a t e d solvents, s o l u t i o n s of tetraethylammonium f l u o r i d e undergo 

p a r t i a l decomposition at room temperature. Proton a b s t r a c t i o n by the 
g 

fluorocarbanion from the reagent also occurs, 

1.1.3 S o l v e n t - i n i t i a t o r systems 
8 8a 

Potassium ' and sodium f l u o r i d e i n formamide s o l u t i o n s and t e t r a -

ethylammonium f l u o r i d e i n c h l o r i n a t e d solvents, such as chloroform and 



- 4 -

g 

methylene c h l o r i d e , were used by M i l l e r i n h i s i n i t i a l studies i n v o l v i n g 

f l u o r i d e i on and unsaturated fluorocarbons. These systems however had 

several inherent disadvantages, f o r although formamide w i l l dissolve potassium 

f l u o r i d e r e a d i l y , i t i s a poor solvent f o r f l u o r o - o l e f i n s . Further, proton 

a b s t r a c t i o n by the perfluorocarbanion and reactions i n v o l v i n g the o l e f i n and 

solvent occur at elevated temperatures. Nevertheless, despite these 

l i m i t a t i o n s , M i l l e r was able t o show the p o t e n t i a l t h a t e x i s t e d i n reactions 

i n v o l v i n g f l u o r i d e i o n and unsaturated fluorocarbons, 
9,10 

Graham and co-workers ' found t h a t 'glymes', d i a l k y l ethers of 

ethylene g l y c o l or polyethylene g l y c o l , were e f f e c t i v e solvents. They found 

t h a t s u b s t i t u t i o n o f diglyme f o r monoglyme, caused a 10-fold r a t e increase 

i n the self-condensation of t e t r a f l u o r o e t h y l e n e , while t r i - and tetra-glyme 
10 

increased the r e a c t i o n rates s t i l l f u r t h e r . However r e a c t i o n between the 
solvent and t e t r a f l u o r o e t h y l e n e also occurred. Other solvents which have 

11 11 12 

been used s u c c e s s f u l l y include a c e t o n i t r i l e , glycols ' and N-methyl-2-

pyrro1idone , 

Recent work c a r r i e d out at the U n i v e r s i t y of Durham has shown t h a t 
14 15 l 6 

combinations o f caesium and potassium f l u o r i d e w i t h sulpholan ' ' and 
17 

tetraglyme , are p a r t i c u l a r l y u s e f u l i n the p o l y f l u o r o a l k y l a t i o n o f 

h e t e r o c y c l i c compounds, 

1,2 Reactions o f 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 on 

Before discussing some of the more important f l u o r i d e i o n reactions, i t 

i s r e l e v a n t t o b r i e f l y consider the e f f e c t s substituents have on the s t a b i l i t y 

o f perfluorocarbanions, since the r e l a t i v e s t a b i l i t y of the carbanion w i l l 

u l t i m a t e l y determine the d i r e c t i o n o f n u c l e o p h i l i c attack. Much o f the work 

i n v o l v i n g s t a b i l i t i e s o f carbanions has been concerned w i t h the e f f e c t s o f 

a- and p - s u b s t i t u e n t s , i n p a r t i c u l a r halogens, on the rates of base-catalysed 

hydrogen-deuterium exchanges. 



- 5 -

1,2.1 g-Halogen s u b s t i t u e n t s 

The e f f e c t o f s t r u c t u r e on the r e a c t i v i t y of haloforms i n t h e i r a b i l i t y 

t o form carbanions has been studied by Hine and co-workers, who measured the 

rates o f hydroxide-ion catalysed transformations of deuterated haloforms, f o r 

example, CDBr^, CDI^, CDBrCl, t o the corresponding protium compounds i n 
18 

homogeneous aqueous s o l u t i o n s , They observed t h a t oc-halogen substituents 

f a c i l i t a t e carbanion formation i n the order, 
I rJ B r > * C l > F 

and they p o s t u l a t e d t h a t the order was a combination of the ind u c t i v e e f f e c t , 

p o l a r i s a b i l i t y and d - o r b i t a l resonance. I n contrast, the i o n i s a t i o n 

constants f o r a series of fluoronitromethanes, f o r example, 

° 2 N \ / H ° 2 N \ 
C * H 20 , X- + H 30 + 

Y F(H,C1) Y F(H,C1) 

Y= CI, -COOC H , -CONH NO 

19 
have been measured and observed pKa values were m the order, 

F j > H !> CI 

f o r a given Y group, except where Y = NO ; where CI H, 
20 21 

Hine and Kaplan explained the d i f f e r e n t e i n terms o f carbanion 
conformation, Carbanions having a-substituents which are able t o exert strong 

2 
mesomeric e f f e c t s , f o r example -NO , tend towards sp. h y b r i d i s a t i o n i . e . planar. 
F l u o r i n e however has a strong d e - 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 t o hydrogen, 

2 . . 3 
when sp h y b r i d i s e d but a strong s t a b i l i s i n g e f f e c t when sp hybridised. 

20 2 Hine has suggested t h a t the halogen bond t o sp carbon i s weaker than the 
3 

bond t o sp carbon, since the former i s more electronegative. This e f f e c t , 

which depends on 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 between the 
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atoms involved, i s greatest f o r f l u o r i n e . 
22 I n a planar carbanion, coulombic repulsions between the e l e c t r o n p a i r 

i n a p - o r b i t a l on the carbon atom and the electrons i n a f i l l e d p - o r b i t a l on 

the f l u o r i n e are possible. This e f f e c t (lit i n t e r a c t i o n ) w i l l be at a 
2 

maximum f o r an sp carbon and o f f e r s an a l t e r n a t i v e explanation. 

109 

0 \ ' -'1 
2 3 sp sp 

The order o f ITC r e p u l s i o n e f f e c t s f o r halogens has been shown t o be, 

I <Br < CI < F 

and hence In i n t e r a c t i o n i s greatest f o r f l u o r i n e and non-existent f o r 

hydrogen as there are no p el e c t r o n s , 

1,2.2 g-Halogen s u b s t i t u e n t s 

Monohydrofluorocarbons have been found to r e a d i l y undergo base-catalysed 

deuterium exchange according t o the f o l l o w i n g equation: 

NaOCH„ 

RfH + CĤ OD ^ RfD + CĤ OH 

I n a series of experiments, where R = CF -, CF (CF ) CF -, (CF ) CF-
1 3 3 2 p 2 3 2 

and (CF^)^C-, the rates o f exchange i n both forward (k^) and reverse (kp) 
23 

d i r e c t i o n s has been measured. From these r e s u l t s Andreades concluded t h a t 

f l u o r i n e exerted a strong s t a b i l i s i n g e f f e c t on the carbanion when i n a IB-

p o s i t i o n . 
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Compound CF H CF (CF ) CF H (CF„) CFH (CF ) CH 
5 5 & 5 ^ 5 ^ 5 5 

5 9 

R e l a t i v e r e a c t i v i t i e s 1*0 6*0 2 x 10 10 

Ka 31 30 20 11 

24 
Analogous r e s u l t s have been obtained by Hine who found t h a t the 

k i n e t i c a c i d i t y o f CF CC1 H was approximately 40 times t h a t of CFC1 H. 
24 

I n a comparison of the a c i d strengths o f nitroethanes, Knunyants 
-8 -11 

observed t h a t Ka f o r CF CH NO and CH CH NO were 4*0 x 10 and 6*1 x 10 
j 5 ^ ^ 

r e s p e c t i v e l y , 
23 

The s t a b i l i z a t i o n o f a carbanion by a (3-fluorine atom, was a t t r i b u t e d 

t o a negative hyperconjugation e f f e c t . 

F-C-C- « 5» F" ( L i 

However i n reactions i n v o l v i n g base-catalyzed hydrogen/tritium exchanges 

l-H-undecafluorobicyclo [ 2 , 2 ,l]heptane 2^, the intermediate carbanion w i l l 

have a pyramidal s t r u c t u r e which precludes s t a b i l i z a t i o n by negative hyper­

conjugation according t o Bredt's r u l e . 

xn 

Thus, s t a b i l i z a t i o n o f a carbanion by (3-fluorine has been explained i n 
25 

t e inns o f the i n d u c t i v e e f f e c t ^ and "the order of a b i l i t y "to s t a b i l i z e a 

carbanion shown t o be 2^ |3-f l u o r i n e ^ > a-f l u o r i n e ^ hydrogen. 
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1.3 Rearrangements catalyzed by f l u o r i d e ion 

1.3.1 P e r f l u o r o - o l e f i n rearrangements 

Terminal p e r f l u o r o - o l e f i n s are more susceptible t o n u c l e o p h i l i c a t t a c k 

than i n t e r n a l o l e f i n s and so there isy^tendency f o r a rearrangement from a 
26—28 

t e r m i n a l t o an i n t e r n a l o l e f i n t o occur v i a an S^2' process. 

F" 
n-C F CF=CF ^ n-C F CF=CF-CF 

5 " 2 (C H ).NF/CHC1 4 9 3 

2 5 4 3 

n-C F CF=CF»CF n-C F CF=CFC F 
4t y 3 3 7 2 5 

28a 

M i l l e r and co-workers have shown t h a t perfluorodienes can be 

rearranged, i n the absence of solvents, t o perfluoroacetylenes, i n d i c a t i n g 

t h a t the perfluoroacetylenes are more thermodynamically stable than t h e i r 

isomeric dienes. 

F0C=CF-C=CF„ F / 3 ° m i n * > CF -CsC-CF 83% 
* 2 100° 3 3 

S i m i l a r l y , w i t h perfluoro-l , 4-pentadiene the corresponding acetylene 

i s formed. 

F~ 
CF • CF=CFCF=CF > CF CF=C=CFCF 

3 2 3 3 
CF3CF=C=CFCF3 ^ CF^CF^sC'CF^ 

An acetylene i s also formed when t e t r a f l u o r o e t h y l e n e pentamer, (C F, ) _ , 
2 4 5 

i s r e f l u x e d w i t h g l a c i a l a c e t i c a c i d and sodium acetate i n a d i p o l a r a p r o t i c 
28b solvent. 

CF CF CF CF CF 
3 \ I 3 CH COOH/CH COONa 3 2^ 
CF C-C=CFCF — 2 1 > CF -— C-C=C • CF 

/ Diglyme 3 

CFCF 2
 C F 3 C F 2 
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Evidence f o r t r a n s i e n t perfluorocarbanion intermediates i n rearrangement 
29 

reactions has been suggested by Banks , who studied reactions i n v o l v i n g 

perfluoropenta-l,2-diene i n flow systems, 
C2F CF=C=CF2

 C s * / 1 0 0
 > C F-'C£C«CF +• Ĉ F CF=CHCF 

10 mm 

C2F5-CF=C=CF2 +• F ^ C^.C^CF^ 
F 

C F .CF=CCF0 

2 5 3 

C F C=C-CFn 

2 5 3 

C F CF=CHCF„ 
2 5 3 

The formation o f 2-H-nonafluoropent-2-ene presumably occurs through 
29 

traces o f moisture i n the system, 

P e r f l u o r o epoxides are rearranged by a v a r i e t y o f c a t a l y s t s , i n c l u d i n g 

potassium and caesium f l u o r i d e , i n e i t h e r the gas or l i q u i d phase or i n i n e r t 

p o l a r solvents. The product, however, depends on the symmetry of the 

epoxide concerned. Thus t e t r a f l u o r o e t h y l e n e epoxide rearranges t o give only 

the corresponding p e r f l u o r o a c e t y l f l u o r i d e whereas unsymmetrical epoxides, 
such as hexafluoropropene epoxide, give e i t h e r an acid f l u o r i d e or the isomeric 

30 ketone," 

CF„ CF„ - ?. 
\ / 2 CF3-C-F 

0 

CF 3-CFCF 2
 F > CF3-CF2-CF or CF^G-CF, 

0 0 
II II 

0 

However the aci d f l u o r i d e i s u s u a l l y formed w i t h an a l k a l i f l u o r i d e . 

Symmetrically s u b s t i t u t e d c y c l i c fluoro-epoxides rearrange t o form the 

corresponding perfluoroketone. 
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Of 

1.4 Oligomerisations and polymerisations catalyzed by f l u o r i d e i o n 

1.4.1 A c y c l i c o l e f i n s 

The f l u o r i d e i o n catalyzed polymerisation of p e r f l u o r o - o l e f i n s t o y i e l d 

high molecular weight polymers, according to the scheme annexed below, i s 

prevented by several inherent f a c t o r s . 

R «CF=CF 
f 2 

F ~> Rf-CF-CF3 

R -CF-CF„ + nRJ,CF=CF„ f 3 f 2 R -CP§CF -CF3- CF=CFRJ. + F f t 2 I n f 
CF 

3 
CF 

For l i n e a r o l e f i n s containing greater than three carbon atoms, double-

bond m i g r a t i o n occurs w i t h e l i m i n a t i o n o f f l u o r i d e i o n , r a t h e r than s e l f -

condensation. 

R «CF CF=CF„ f 2 2 •» RfCF2CFCF3 RfCF=CFCF3 

Where s t r u c t u r a l f a c t o r s prevent the e l i m i n a t i o n of f l u o r i d e i o n then 

h i g h l y branched, i n t e r n a l l y unsaturated polymers of low molecular weight are 

formed. Thus perfluoroisobutene and perfluoropropene cannot re-arrange t o 

i n t e r n a l o l e f i n s by double-bond m i g r a t i o n and although they are prone to 

n u c l e o p h i l i c a t t a c k , they do not polymerise. They can, however, be dimerised. 
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CF 

CF -C=CF„ 3 2 
CsF/O 

( C 2 H

5

) 2 ° ' 

CF„ CF0 

I 3 l 
CF ~C-CF=C 

3 I I 
CF„ CF„ 

3 3 

31 

and CFyCF=CF2 ^ F~/Solvent (CF 3) 2CF 

(CF 3) 2CF~ + CF3.CF=CF2 

(CF 3) 2CFCF 2CFCF 3 
-F 

(CF3)2CFCF2CFCF3 

3,14,32-36 

(CF3)2CFCF=CFCF3 

14 34 35 • 

Trimers of hexafluoropropene have also been reported ' ' and 

treatment of the i n d i v i d u a l t r i m e r s w i t h f l u o r i d e i o n leads t o isome r i s a t i o n . 

35 

1.4.2 C y c l i c o l e f i n s 

I n f l u o r i d e i o n catalyzed reactions of perfluorocyclobutene, dimers and 
34 37 

a t r i m e r have been reported, ' 

CsF / l20° ^ 
Sulpholan 

26% 13% 

.37 

F F F 

43% 

More r e c e n t l y other c y c l i c o l e f i n s , f o r example, perfluorocyclopentene and 

perfluorocyclohexene, have been dimerized. 

CsF/Sulpholan 
120 , Nick e l tube 
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CsF/Sulpholan 
120 Nickel tube 

F F 

57% 19% 

1,4.3 P e r f l u o r o acetylenes 

The polymerisation o f perfluorobut-2-yne occurs r e a d i l y w i t h a v a r i e t y 

of c a t a l y s t s i n c l u d i n g f l u o r i d e i o n . The formation of t h i s polymer, under 

f l u o r i d e i o n c o n d i t i o n s , and i t s s t r u c t u r e w i l l be discussed i n Chapter 4. 

1.5 P e r f l u o r o a l k y l a t i o n o f aromatic compounds 

The reac t i o n s o f polyfluorocarbanions, generated by r e a c t i o n o f poly-

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 , have been studied by Chambers and co-workers 

who were f i r s t t o r e p o r t the preparation o f polyfluoroalkyl-nitrobenzenes 

and p y r i d i n e s i n a process which may be considered as the n u c l e o p h i l i c 

equivalent of the F r i e d e l - C r a f t s r e a c t i o n i n hydrocarbon chemistry. 

CH =C- + H 2 I 
C V C - ArH Ar-C-CH H 

CF„=C- +• F 2 I -> CF -C-
3 1 

Ar 
Arf-C-CF3 + F 

i . e . 

+ CF -CF=CF K F / S u l P h ° l a n > 
J 120 , 14 hr. 

CF(CF 3) 2 

N0„ 

CF(CF 3) 2 

CF(CF 3) 2 

NO, 

(1) (2) 
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and 

+ CF -CF=CF KF/Sulpholan > 

3 2 120°, 14 hr. 

CF(CF 3) 2 CF(CF 3) 2 

N ^ C F ( C F 3 ) 2 

5% 

(4) 

F u r t h e r s u b s t i t u t i o n o f the p e r f l u o r o p y r i d i n e nucleus was not achieved 

by increasing the amount o f p e r f l u o r o - o l e f i n , since o l i g o m e r i s a t i o n o f the 

o l e f i n occurs. However, the high y i e l d o f the monosubstituted p y r i d i n e (3) 

39 

was explained by the low concentration o f the p e r f l u o r o - o l e f i n a t the s i t e 

o f r e a c t i o n ; when t h i s was increased by performing the r e a c t i o n under more f o r c i n g c o n d i t i o n s , 4-, 2 ,4-bis, and 2,4,5-> 2 , 4 , 6 - t r i s - ( h e p t a f l u o r o i s o p r o p y l ) 

d e r i v a t i v e s were formed,^9>40 

F +• CF3 • CF=CF2 

R f = ^^2^ 

150°/30 a t , 
Sulpholan/CsF 

(5) 

R. 

F 

(4) 

(£) 

The formation o f (5_) and (6) has been explained i n terms o f k i n e t i c and 
15 

thermodynamic c o n t r o l . Further, i t has been shown t h a t (5), the k i n e t i c a l l y 

c o n t r o l l e d product, w i l l rearrange t o (6), the thermodynamically c o n t r o l l e d product under f l u o r i d e i o n c o n d i t i o n s . 15 
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R, 
R 

(5) 

KF/Sulpholaru 

160̂  

R 

( i ) CF(CF ) migration 

( i i ) -F" R X ^ R 

(6) 

Cross-over products observed when the rearrangement i s c a r r i e d out i n the 

presence o f excess p e r f l u o r o q u i n o l i n e , whicn i s known t o r e a d i l y p o l y f l u o r o -

a l k y l a t e , i n d i c a t e t h a t rearrangement occurs v i a an intermolecular process. 

I n c o n t r a s t , when t e t r a f l u o r o e t h y l e n e was used instead of hexafluoro-

propene, a mixture of mono- t o pentakis-pentafluoroethyl d e r i v a t i v e s was 
40 23 

obtained. Andreades demonstrated the greater s t a b i l i t y of a secondary 
pol y f l u o r o c a r b a n i o n , (CF ) CF, than a primary anion, -CF . Hence the i o n , 

j 2 2 
CF «CF would be expected to be a much more e f f e c t i v e nucleophile than 
j 2 

(CF ) CF. The greater s t e r i c requirements of the l a t t e r also i n h i b i t poly-
5 2 

s u b s t i t u t i o n . 

Although i n i t i a l p o l y f l u o r o a l k y l a t i o n reactions involved pentafluoro-

p y r i d i n e and hexafluoropropene, the scope of the r e a c t i o n has been extended t o 

include c y c l i c o l e f i n s 3 ' ' and a c e t y l e n e s ^ , the use of a more r e a c t i v e substrate, 
16 41 42 

f o r example, t e t r a f l u o r o p y r i d a z i n e , ' ' and the use of atmosphe 
16,42 

rxc 

pressure r e a c t i o n s . 
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R R 

F /Sulpholan 
R 

150 N i c k e l tube x2 N N N R 

37 

R 

A . 
R R N 

R 

R R 

R 
CsF/Tetraglyme R 
80 atm.pressure 

N 
(8 ) (7) 

43 

R 

R R 

N 
(9) CF =CF R 

No evidence f o r the formation o f e i t h e r the t e t r a - s u b s t i t u t e d p y r i d a z i n e , 

which has been i s o l a t e d from reactions i n v o l v i n g bromotrifluoroethylene and 

t e t r a f l u o r o p y r i d a z i n e , or the thermodynamically c o n t r o l l e d product, 3 , 4 , 6 - t r i s -

( p e n t a f l u o r o e t h y l ) p y r i d a z i n e , was observed,^ The thermodynamically c o n t r o l l e d 
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43 t r i - s u b s t i t u t e d product has, however, been reported i n a recent patent. 

The development o f atmospheric pressure r e a c t i o n techniques and t h e i r 

current a p p l i c a t i o n t o f l u o r i d e i o n i n i t i a t e d reactions of acetylenes, w i l l 

be discussed i n Chapter 4 . 

Fluoride i o n - i n i t i a t e d reactions of p e r f l u o r o - o l e f i n s i n v o l v i n g t e t r a -
44 

f l u o r o p y r i m i d i n e and 2 , 4 , 6 - t r i f l u o r o - l , 3 , 5 - s - t r i a z i n e (cyanuric f l u o r i d e ) 
45-47 

have also been reported. 

N 
+• R. Sulpholan' 

(10) 

R, 

R. 

N 
F 

(11) 

R, 

R 

R. 

N 
F 

R. 

•R, 

R. 

R f = CF3-CF=CF2 (13) (12) 

f N 
CsF, 100 ^ 

16 hrs. ' 
N, N' I . 

F 
•R, 

R f = CF3.CF=CF2; CF2=CF2; CF3•CF2CF=CF2 

N N F 
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Reaction c o n d i t i o n s could be adjusted t o favour any one o f the three 

s u b s t i t u t e d products, 

1.6 Fluoroanions other than carbanions 

1,6.1 Perfluoro-oxyanions 

The ease w i t h which hydrogen f l u o r i d e i s eliminated from compounds having 

a f l u o r i n e atom a t o a hydroxyl group, precludes the existence of primary and 

secondary p e r f l u o r i n a t e d alcohols. Nevertheless, the preparation o f 

p e r f l u o r i n a t e d alkoxides of the heavier a l k a l i metal f l u o r i d e s have been 
48 . . 

reported by a d d i t i o n o f an a l k a l i metal f l u o r i d e t o the corresponding 
p o l y f l u o r o c a r b o n y l compound i n a solvent such as diglyme, a c e t o n i t r i l e or 

48,49 sulpholan. 
OM 

Solvent^ / 
R -C-R' + MF K R -C-R' 
1 1 Room temp, f \ f 

R f = CFy F, CF2C1 Rf=R£=CF j ( l 4 ) 

R f = C F
3 , F> C F

2
C 1 

M = K, Rb, Cs 

I t should be noted however t h a t although the complexes undergo reactions 

which f o r m a l l y r e s u l t from a f l u o r o a l k o x i d e s t r u c t u r e , the s t r u c t u r e of the 

complex (14) has s t i l l t o be f u l l y characterised. 

Much of the published work concerns the complexes formed from hexafluoro-

acetone and potassium or caesium f l u o r i d e , which, although i t i s a r e l a t i v e l y 
49 50 

weak nucleophile, ' w i l l undergo n u c l e o p h i l i c displacement rea c t i o n s . 
C y c l i c ketones, f o r example, perfluorocyclopentanone and perfluorocyclohexanone, 

52 

w i l l only form complexes i n a c e t o n i t r i l e w i t h caesium f l u o r i d e , 

(a) Ester formation 
51 

Shreeve and co-workers , i n a study of the reactions o f HNF KF w i t h 
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p e r f l u o r o a c y l f l u o r i d e s , have found t h a t dimerisation o f t r i f l u o r o a c e t y l 

f l u o r i d e occurs a t low temperatures. Although the r o l e o f HNF i n t h i s 

d i m e r i s a t i o n i s not f u l l y understood, the o v e r a l l r e a c t i o n i s described by 

the f o l l o w i n g equation. 

0 0 
I' - 1 0 5 ° v I * CF «C-F +• MF ^ ' ^ CF -CF +• M 

3 3 2 

.0 
II 

CF -CF 0 + CF -C-F -» CF 3CF 20 2CCF 3 + F 

M = K, Cs 

At higher temperatures, products i n v o l v i n g HNF are formed. However, the 

r e a c t i o n between p e r f l u o r o a c y l f l u o r i d e s and hexafluoroacetone i n the presence 

of metal f l u o r i d e , proceeds wi t h o u t HNF at - 1 0 5 ° and, i n the case o f the 
o 51 

higher a c i d f l u o r i d e s , a t -78 . 

(CF 3) 2CO + MF ~ 

0 
II 

(CF VCFO + R «CF 
3 2 f 

- (CFj oCF0~M + 

•» R fC0 2CF(CF 3) 2 + F 

R f = F, CF3, C ^ and 

3 7 

S i m i l a r l y , mixed esters have also been prepared. 50 

0 
II o 0 

R'C-C1 +• ( C F j CFO**K+ D l g l y m e > R«C0CF(CFJ + RCF 
3 2 - 5 0 ° - 0 ° 3 2 

85°/o 15% 

R = C6H5, CH3 

and R-SO CI +• (CFjXFCMK* 
2 3 2 R-S0 20CF(CF 3) 2 + RS02F 

70% 

30% 

40% R = C,H 6 5 

60% R = CH 
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At room temperature, extensive replacement o f the acyl halogen by f l u o r i n e 
50 

occurs. 
53—55 

Pittman and co-workers have shown t h a t the complex (14) w i l l react 

w i t h , f o r example, a c r y l o y l and methacryloyl c h l o r i d e , t o form esters which 

are capable of being polymerised t o form thermally s t a b l e , high molecular 

weight, polymeric m a t e r i a l s ^ 
(CF 3) 2CO +• KF (CF 3) 2CFO"K + 

(CF ) CFO'K*" +• CH =C«C0C1 
3 2 2 I 

-» (CF ) CFO0CC=CH j 2 J 2 
R 

R = H or CH 

, » Free r a d i c a l . (CF„ ) CF00CC=CH _ T x •' 7 ^ > 3 2 1 2 I n i t i a t o r 
R 

R _ 
I 

CH„-C 
_ 2 I COOFC(CF3)2 

(b) Ether formation 

The heptafluoroisopropoxide i o n i s a r e l a t i v e l y weak nucleophile and as 

such, i t w i l l not a t t a c k o l e f i n s t o form the corresponding ether. Thus, 

only the p e r f l u o r i n a t e d alcohol i s formed w i t h t e t r a f l u o r o e t h y l e n e . 54 

CF2=CF2 + F 

CF3CF2" + (CF 3) 2CO 

CF 3CF 2 

CF 3CF 2C(CF 3) 20" H -> CF 3CF 2C(CF 3) 2OH 

No evidence f o r the formation o f the ether: 

CF„ 

F-C-OCF -CF„ I 2 2 

CF 

was observed, i n d i c a t i n g t h a t the anion r e l a t e d t o the ketone-caesium f l u o r i d e 

complex i s too feeble a nucleophile t o attack t e t r a f l u o r o e t h y l e n e . 
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However, a v a r i e t y o f polyfluorocarbonyl-metal f l u o r i d e adducts have 

been reacted w i t h p e r f l u o r o - o l e f i n t o form the corresponding ether, i n the 

presence o f halogen. 

F > — 0 +• CF =CF CsF 
2 2 Br 

OCF CF Br 
£1 di 

40% 

The suggested mechanism involves the formation of a halogen-olefin complex. 

I I 
C=C 
I I 

.C— c 

c — c r 
x 

;cx-xc^ 

1 1 
RO-C-C-X 

f I I 

Other p o l y f l u o r o c a r b o n y l compounds used i n t h i s r e a c t i o n included p e r f l u o r o -

cyclohexanone, CF COCF CI, and CF C1C0CFC1 . 
_p 2 2 2 

P o l y f l u o r o ethers have also been obtained by re a c t i o n of (_14) w i t h a l k y l 
50 . 4 9 . 50 50 halides , a l l y l bromide , cyanuric c h l o r i d e and polyhalobutenes . The 

formation o f ethers from cyanuric c h l o r i d e and polyhalocyclobutenes are o f 
50 

i n t e r e s t i n t h a t they are precursors f o r polymers of the type 

•&R-0R 
f n R 

and R, 
CF0 CF„ I 3 l 3 
CF(CF0) CF or (CF ) 

2 n 2 n 
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S i m i l a r l y , other polyethers have been formed by re a c t i o n of the hexa-

fluoroacetone-metal f l u o r i d e complex (14) w i t h l , 4-dichlorobut - 2-ene or 

epoxides t o form products which can be subsequently polymerised using fre e 
55 58 

r a d i c a l i n i t i a t o r s . ' 
59 

Gozza and Camaggx reported t h a t t e t r a f l u o r o e t h y l e n e epoxide reacts 

w i t h f l u o r i d e i o n t o form t r i f l u o r o a c e t y l f l u o r i d e . 

0 
CFn CF„ + F" -8-°- CF CF 0~ -> CF -C-F +• F~ 

2 n q / 2 3 2 3 

Hexafluoropropene epoxide, which has been the subject o f considerably 
60 

more research than t e t r a f l u o r o e t h y l e n e epoxide, reacts w i t h f l u o r i d e i o n t o 
give p e r f l u o r o p r o p i o n y l f l u o r i d e which, i n t u r n reacts f u r t h e r t o give 

CF CF CF 0CF(CF )C0F: t h i s product can be obtained d i r e c t l y from caesium 
3 2 2 3 

6 l 
f l u o r i d e and 2 moles o f the epoxide. 

Fluorocarbon epoxides have been converted t o high molecular weight 
6 l 62 

products i n the presence of f l u o r i d e i o n , alone ' or i n conjunction w i t h a 

p e r f l u o r o - a c i d f l u o r i d e ^ or p e r f l u o r o k e t o n e ^ . 

0 

R -CF -CFo
 F Z^1/"16) R • CF CF 0( CFR CF 0) CFR„CF 

' 0 R f Rf 0 
II F" I A , H R„CR + R CF CF„ > R CCF0(CFCF O) CFCF f f f \ 0 / 2 f 2 n 

R^ = F, CF . C F f » 3 ' 2 5 

I n the case o f hexafluoropropylene epoxide, n has been v a r i e d from 0 t o 

about 35• The r e a c t i v e acid f l u o r i d e end group, however, must be converted 

t o an i n e r t s t r u c t u r e . I n one such t r a n s f o r m a t i o n ^ ' ^ the a c i d f l u o r i d e 

group i s replaced by f l u o r i n e t o give the fluorocarbon polyether. 

~ -CFCF — - v . —CFC-OH . • ) .-̂v-~-̂-C-F a a *° 1 



- 22 -

1 .6 ,2 Perfluoroanions containing n i t r o g e n or sulphur 

N u c l e o p h i l i c displacement reactions on f l u o r o - n i t r o g e n and -sulphur 

compounds occur i n an analogous manner t o the formation of f l u o r o - and 

fluoroxy-carbanions discussed p r e v i o u s l y . 

Perfluoro - 2-azapropene, an analogue of hexafluoropropene undergoes a 
67 

f l u o r i d e ion-catalysed r e a c t i o n t o form an anion which may be dimerised or 

reacted w i t h , f o r example, carbonyl f l u o r i d e . ^ 
CsF CF •N=CF 

CF3-N=CF2 „ ( ' C F

3

) 2 N ~ ^ (CF3)2NCF=NCF3 

COF 
(CF ) N" . > (CFJNCOF 

3 2 150°/CH3CN 3 2 

P e r f l u o r o a l k y l sulphur d e r i v a t i v e s have been obtained by the f l u o r i d e 

ion-catalysed a d d i t i o n of various sulphur f l u o r i d e s t o perfluoro-acetylenes 

and - o l e f i n s . ^ 

C s F 
CFN=SF 0 + CF -C=CCF0 — C F lf=S(F) «C(CF )=CFCF 

2 5 2 3 3 1 5 0 ° / 7 2 hr. 2 5 3 3 

+ C 3F 7N=S(F)-C(CF 3)=CFCF 3 

I n the r e a c t i o n i n v o l v i n g CF «N=SF , the main product was thought to 
3 2 

have the f o l l o w i n g s t r u c t u r e , 

FC N 

When a mixture o f hexafluoropropene and iminosulphur d i f l u o r i d e was 

t r e a t e d w i t h powdered caesium f l u o r i d e at 83°, the p e r f l u o r o i s o p r o p y l carbanion 

generated, complexed w i t h the sulphur atom and f l u o r i d e i o n was eliminated. 

CF -CF=CF0 + CF -N=SF0 — -» CFN=SF-CF(CFJ 
3 2 3 2 8 3 o / l l 5 h r < 3 3 2 



CHAPTER 2 
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Acetylenes 

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

Hydrocarbon a c e t y l e n i c compounds have been of great i n d u s t r i a l and 

commerical i n t e r e s t f o r many years and t h e i r chemistry has been extensively 
70 71 

reviewed. ' I n c o n t r a s t , r e l a t i v e l y l i t t l e i s known about the chemistry 

o f the corresponding fluorocarbon analogues and much o f the published work 

concerns p e r f l u o r o a l k y l acetylenes, i n p a r t i c u l a r hexafluorobut-2-yne, the 
72 

simplest r e a d i l y a v a i l a b l e perfluoroalkyne. A recent a r t i c l e deals 

comprehensively w i t h the chemistry o f perfluoroacetylenes and only a b r i e f 

account o f t h e i r p r e p a r a t i o n and reactions w i l l be dealt w i t h here. 
2 . 1 Methods o f prepara t i o n of fluorocarbon acetylenes 

Perfluoroacetylenes are d i f f i c u l t t o prepare and only the more stable 

p e r f l u o r o a l k y l acetylenes, i n p a r t i c u l a r hexafluorobut-2-yne, are r e a d i l y 

a v a i l a b l e . I t i s the r e f o r e relevant t o consider some o f the more important 

methods o f t h e i r synthesis. 

2 . 1 . 1 Mono- and di - f l u o r o a c e t y l e n e s 
- 73 Monofluoroacetylene, F«C=C«H, has been prepared by dehalogenation of 

1,2-dibromo-l-fluoroethylene, but a q u a n t i t a t i v e y i e l d o f the acetylene i s 
74 o reported when fluoromaleic anhydride i s pyrolysed a t 65O . 

0 
II 

0 

H" C-
II 
o 

6 5 0 ° / 5 - 7 mm Hg > F. C 5 C.H 100% 
S i l i c a tube 

D i f l u o r o a c e t y l e n e , CFasCF, however, has never been i s o l a t e d although i t 

has been suggested as a product of several p y r o l i t i c ^ ' ^ or photolyta ; i c 
77 '" r e a c t i o n s . Thus, p y r o l y s i s o f dif l u o r o m a l e i c anhydride has been reported' 
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t o y i e l d d i f l u o r o a c e t y l e n e : i t s formation being deduced from mass 

spectrometric a n a l y s i s . 

0 
II 

\ j 650°/l-2 mm H g ) „..,. . . - CF -C2OC0F + CF=CF + CO / S i l i c a tube 3 
•C II 0 

2 . 1 . 2 P e r f l u o r o a l k y l acetylenes 

Perfluoropropyne, CF^'C£C«F, can be prepared from v i n y l i d i n e f l u o r i d e 

by a multistage process, but a more convenient synthesis involves the 

formation o f a zinc a c e t y l i d e intermediate, which can be decomposed by water 

t o form the alkyne ' 

H 2 ° CF «CC1=CC1 +• Zn » C(CF «C5C) Zn] — = — > CF •C=CH 
3 2 3 2 3 

Several general methods are a v a i l a b l e f o r the preparation o f p o l y f l u o r o -

alkynes i n v o l v i n g e l i m i n a t i o n o f hydrogen halide or halogen from an 

appropriate o l e f i n . Removal o f two halogen atoms from adjacent carbon atoms, 
" X 2 

CF «CX=CX- > CF • C £ C - , r a t h e r than hydrogen h a l i d e , CF «CX=CH- or 
-HX 3 3 

CF 3»CH=CX- » C F y C r C - , i s p r e f e r r e d , Thus, perfluorobut - 2-yne i s 
u s u a l l y prepared from perchlorobutadiene: 

SbF / 1 5 5 ° 
CC12=CC1CC1=CC12 s b F 7 c i * CF3.CC1=CC1.CF (85%) 

3 2 

Zn/C H OH 
CF •CC1=CC1CF - > CF • C=C• CF (50%) 

3 3 Heat 3 3 

For t h e preparation o f unsymmetrical alkynes o f the type RfC=CR̂ ., where 

R f and R̂ . are d i f f e r e n t p e r f l u o r o a l k y l groups, routes i n v o l v i n g the e l i m i n a t i o n 

o f hydrogen h a l i d e are used. 
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R f I + CH=CH h 6 a t > Rf.CH=CHI K ° H > RfC=CH 

R'l 
R.CECH r — =—;*• R CI=CHR' A l c * K ° H > R̂ CeCR' 
f Heat or u.v. l i g h t f f f f 

R = CH3, R f = CF3
 8 2 ' 8 3 

R = C 6H 5, R f = CF3
 8 4 

Of academic i n t e r e s t i s the isomerisation of pe r f l u o r o b u t a - l , 3 - d i e n e t o 

perfluorobut - 2-yne i n 83% y i e l d , under the influence of anhydrous caesium 

f l u o r i d e a t 1 0 0 ° i n a sealed t u b e . 2 8 a 

o 
100 C s F 

F2C=CF-FC=CF2 3 Q m i n s . > CF 3.C SCCF 3 (8 3%) 

Perfluorobut - 2-yne can also be prepared by f l u o r i n a t i o n o f acetylene 

d i c a r b o x y l i c a c i d w i t h sulphur t e t r a f l u o r i d e , which i s a s p e c i f i c reagent f o r 

the conversion of carbonyl and carboxyl groups i n t o difluoromethylene and 
85 

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

SF 1 7 0 0 

HO C-Ĉ C• CO H -t- SF — f > CF «CsC.CF0 80% 
2 2 4 Autoclave 3 3 

T i F ^ c a t a l y s t 

2 . 2 Reactions of acetylenes 

2 . 2 . 1 Oligomerisation and polymerisation of fluoroacetylenes 

Polymerisation o f mono- and di-fluoroacetylene occurs spontaneously at 
74 

room temperature t o y i e l d yellow-brown s o l i d s . Monofluoroacetylene w i l l 

also undergo slow condensation t o give 1 , 2 , 4-trifluorobenzene ( l 4 ) . 

F 

F 

H 
F-C=C-H > 

H 

F 
(14) 

H 
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m o r a l e c a t a l y s t s , co™o„ly used to Poly„erise a c e t y l e n e s 8 6 , 

polymerise CF^'CEC'H to an o i l . 

When perfluorobut - 2-yne i s heated under pressure, e i t h e r alone or i n the 

presence of c a t a l y t i c amounts of iodine, trifluoroiodomethane or t r i p h e n y l -

phosphine n i c k e l carbonyl, i t t r i m e r i z e s to hex a k i s ( t r i f l u o r o m e t h y l ) b e n z e n e i n 

good y i e l d . 87-89 

3.CF 3-G=C.CF 3 
375 / 2 5 atm. (15) €6996) 

I t i s claimed t h a t a tetramer, b e l i e v e d to have s t r u c t u r e ( l 6 ) or (17) 

i s a l s o formed i n the r e a c t i o n . 

CF 
3 ^ 

CF • 
3 CF 

(12) 

4. 

The p o l y m e r i s a t i o n of hexafluorobut - 2-yne w i l l be d i s c u s s e d i n Chapter 

2.2.2 N u c l e o p h i l i c a d d i t i o n r e a c t i o n s of acetylenes 

( a ) A d d i t i o n of t h i o l s 

N u c l e o p h i l i c r e a c t i o n of t h i o l s to acetylenes have been known f o r many 
90 

y e a r s . Reppe and co-workers i n i t i a l l y studied the r e a c t i o n with acetylene 
91 

i t s e l f w h i l e Truce extended the i n v e s t i g a t i o n to the ba s e - c a t a l y s e d a d d i t i o n 

of t h i o l s to s u b s t i t u t e d a c e t y l e n e s . I n an extensive study of these a d d i t i o n s , 
92 Q3 

to a v a r i e t y of a c e t y l e n e s i n c l u d i n g phenylacetylene and but-2-yne * , i t was 
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observed t h a t the t h i o l a t e s u s u a l l y reacted w i t h the t r i p l e bond t o give 

products by an o v e r a l l a n t i - a d d i t i o n . 

RS -C=C 
RS RS 

H N 
C=C 

H 

I n a l l cases, h i g h y i e l d s o f the a n t i - a d d i t i o n product were formed. This 

lead t o a general r u l e o f an " a n t i - a d d i t i o n of nucleophiles t o acetylenes" 
92 94 being p o s t u l a t e d by Truce and Sims and independently by M i l l e r . 

The a d d i t i o n o f methane t h i o l and sodium methoxide gave the corresponding 

c i s product, i . e . a n t i - a d d i t i o n . 

C=CH 

+ CH XNa 

H H 
C = C 

N. 
XCH 

(18) X = S 

(12) x = o 

92 

94 

S i m i l a r l y , p - t o l u e n e t h i o l a t e reacts w i t h but -2-yne t o form 2 - p - t o l y l -
92 mercapto-trans-but -2-ene.' 

SNa 

CH0«C=C«CH + 
3 3 

CH 3^ H K 
s C H 3 

C Ĥ OH 
2 5 • 

CH3 CH3 

(20) 

92 94 

I t i s believed ' t h a t a n t i - a d d i t i o n occurs due t o the tendency o f the 

e l e c t r o n p a i r , displaced from the t r i p l e bond, to be as f a r away as possible 
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from the e l e c t r o n p a i r donated by the nucleophile. The re a c t i o n may f i r s t 
92 95 

inv o l v e carbanion formation ' , or the a d d i t i o n o f a proton (derived from 

the s o l v e n t ) may be coincident w i t h the ad d i t i o n of the nucleophile. 

CsCH c=c 
H H J\ 

+ CH3O" £2Z+ 

OCH 
CH OH 

Si 

f a s t 

0CH 

(21) 

96 

I n a r e a c t i o n i n v o l v i n g mesitylacetylene and sodium m e s i t y l e n e t h i o l a t e , 

i t was thought t h a t the size o f the substrate and nucleophile would increase 

s t e r i c hindrance to such an extent t h a t _sy_n-addition would occur, i . e . the 

bulky groups would then be i n a trans d i s p o s i t i o n t o each other. I n f a c t the 

a n t i - a d d i t i o n product was again formed, i n d i c a t i n g t h a t any s t e r i c e f f e c t s 

the bulky m e s i t y l groups might have on the course of the a d d i t i o n are 

i n s u f f i c i e n t t o prevent a n t i - a d d i t i o n . 

(b) A d d i t i o n o f amines 

Although Truce et a l , has postulated a r u l e o f a n t i - n u c l e o p h i l i c a d d i t i o n 

t o acetylene, evidence t h a t amines react w i t h a c e t y l e n i c compounds i n a syn 
97-99 manner has been suggested. 

100 . 101 D o l f i n i and W i n t e r f e l d t , have independently shown th a t i n f a c t both 

syn- and a n t i - a d d i t i o n of amines can occur. Further, the a d d i t i o n was found 

t o be solvent dependent. Thus, i n reactions i n v o l v i n g a z i r i d i n e and dimethyl 

acetylenedicarboxylate i n methanol, a c i s ; t r a n s mixture o f isomers was 

obtained i n the r a t i o 33:67* 
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1 CHOH H - C ° ° C - H „ 3 \ / 
CH OOC.C=OCOOCR\ + / \ — * > C=C 

J COOCH3 67% 

(22) 

HXOOC COOCH 
3 \ / 3 

^ 33% 

(23) 

However, when the r e a c t i o n was c a r r i e d out i n dimethyl s u l f o x i d e under the 

same condi t i o n s the isomer r a t i o was 95*5 c i s : t r a n s . No isomerisation of 

the esters under the conditions o f r e a c t i o n could be ef f e c t e d . 

D o l f i n i a t t r i b u t e d the d i f f e r e n c e i n the r a t i o o f r e a c t i o n products t o 

the formation o f a z w i t t e r i o n i c intermediate ( 2 4 ) . 

CH COOC OCH 
3 \ 3 

(24). 

I n the absence o f an ex t e r n a l proton source, (24) would be expected t o 

undergo a s t e r e o s p e c i f i c collapse v i a intramolecular protonation, leading t o 

the c i s d i s p o s i t i o n o f the est e r f u n c t i o n s . I n hydro x y l i c solvents, 

s o l v a t i o n o f the i n c i p i e n t anion w i l l be an attenuating f a c t o r on sucn c i s o i d 

r e a c t i o n s : p r o t o n a t i o n o f the anion by solvent becomes the favoured path. 
101 

W i n t e r f e l d and Preuss have studied the reactions o f dimethylamine, 

p i p e r i d i n e and^ a z i r i d i n e w i t h dimethyl acetylenedicarboxylate and methyl 
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p r o p i o l a t e i n ether. The products obtained were almost extensively those 

r e s u l t i n g from s y n - a d d i t i o n o f the nucleophile. Only i n the reactions w i t h 

a z i r i d i n e was a small q u a n t i t y (c? 13%) of the a n t i - a d d i t i o n product obtained. 
102 

Toppet et a l have r e c e n t l y shown t h a t the anilinomaleate (25) formed 

i n the r e a c t i o n between a n i l i n e and d i e t h y l acetylenedicarboxylate, isomerises 

t o the thermodynamically more stable chelated anilinofumarate (27) v i a the 

imine (26). 

NH 

C-COOC H_ 
I I I 2 5 

C-COOC H 
2 5 

^C00C„H 

H 
C 
II 
C 

2 5 

^C00C 2H 

(25.) 

X 

(27) 

X ° C 2 H 5 

C-C002H5 

CH -C00C H < 2 2 5 

N C O ° C 2 H 5 

(26) 

X = Br, H or OCH 

The i s o m e r i s a t i o n i s slow i n n e u t r a l medium, but r a p i d i n the presence o f 

trace amounts o f ac i d . ' 
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2.2.3 N u c l e o p h i l i c a d d i t i o n reactions o f perfluoroacetylenes 

Successive replacements o f hydrogen by f l u o r i n e i n an acetylenic system 

leads t o a lowering of e l e c t r o n density i n the it-system due t o the e l e c t r o ­

n e g a t i v i t y of f l u o r i n e . Thus, b i s ( p o l y f l u o r o a l k y l ) a c e t y l e n e s are found t o 

be r e s i s t a n t t o e l e c t r o p h i l i c a t t a c k but susceptible t o n u c l e o p h i l i c and free 
105 

r a d i c a l a t t a c k . Perfluorobut - 2-yne r e a d i l y adds halogen, on u l t r a v i o l e t 
. 8 l 

i r r a d i a t i o n , to give the expected o l e f i n , but r e s i s t s a t t a c k by anhydrous 

hydrogen c h l o r i d e . 
X /u.v. 

CF 3«C=CCF 3 — - J» CF3«CX=CX«CF3 X = CI 
X = Br 98% 

CF0-C=CCF0 HCl/140 > N o r e a c t i o n 

3 3 2 days 

The a d d i t i o n o f a s u i t a b l e c a t a l y s t , such as aluminium t r i c h l o r i d e , converts 

the perfluoroacetylene smoothly t o the corresponding o l e f i n . " ' ^ 

Hexafluorobut -2-yne reacts w i t h s i l v e r f l u o r i d e t o give the thermally 
107 

s t a b l e t r a n s - p e r f l u o r o - l - m e t h y l p r o p e n y l s i l v e r complex. This i s reported 

as being the f i r s t example o f a p e r f l u o r o v i n y l s i l v e r compound and i t s thermal 

s t a b i l i t y i s i n marked contr a s t t o the corresponding c i s - and jtr a n s - l - m e t h y l -

p r o p e n y l s i l v e r complexes which are unstable at room temperature.^^ 
CF F 

CH CN y 
CF .C=C.CF0 +• AgF - > C=C 

3 3 36 hr. 25° / \ • 
Ag CF^ 

(28) 

Cullen and Leeder have studied the reac t i o n of perfluorobut - 2-yne w i t h 
109 

d r a l k y l arsmes. 
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RR'AsH + CFyC=C.CF3 

CF. 
3, 

H 

RR'As CF„ 

CF„ _CF0 \ X 3 
c=c 

/ \ 
RR'As H 

R=R'=CH 
90-98% 

(22) 

2-10% 

(29) 

This r e a c t i o n , which i s r e l a t e d t o the amine a d d i t i o n s , was undertaken 

t o e s t a b l i s h whether the mechanism o f the arsine r e a c t i o n involved a 

n u c l e o p h i l i c a d d i t i o n t o form both products, and t o e s t a b l i s h whether the 

hydrogen atom i s t r a n s f e r r e d i n t e r - or in t r a - m o l e c u l a r l y . They considered 

several mechanisms and the f o l l o w i n g mechanism has been suggested. 

R AsH + CF 'CHC'CF 
2 3 3 

slow. 
CF„ 

R AsH CF„ 2 + 3 

CF„ H' 
3^ y~ c=c 

R2A, CF„ 

CF, CF 
\ / 3 

x=c 
R AsH 

£1 

R' AsH1 

"2 

CF„ CF„ 
3 N / 3 

C=C + RJTAsH 
y \ 2 

R2As H' 

R =R'=CH„ 
2 2 3 

(31) (32) 

They po s t u l a t e t h a t the c i s - t r a n s interconversion could proceed through 
110 

a hyperconjugated intermediate and t h a t at low concentration, the c i s -

a d d i t i o n does go by an intramolecular process because of the lack o f a second 

arsine molecule t o donate i t s proton. 
I n reactions i n v o l v i n g diethylphosphine and hexafluorobut - 2-yne at low 

110 
temperatures , trans - 2-diethylphosphino-l,1 , 1 , 4 , 4 , 4-hexafluorobut - 2-ene. (26) 
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was i s o l a t e d . 

CF„ H 
(C H ) PH + CF -C=OCFQ "' a > C=C 

« 5 <i 3 3 / \ 
( C 2 H 5 ) 2 P C F

3 

(33) 

With trimethylamine, perfluorobut-2-yne reacts i n the presence of water 

t o give a mixture o f products, the main product being a b i s ( b u t e n y l ) e t h e r (34)« 

Some trans-2H-heptafluorobut-2-ene (5%) and 1,1,1 ,4,4,4-hexafluorobutanone (5%) 

110 
were also i s o l a t e d , 

CF0 CF„ CF H 
20° K / 3 K / (CH ) M + CF .C=C-CF„ — * C=C + C=C 

3 3 3 3 H 2° X \ / \ • 
H 0 ^ ^ C F 3 F CF 3 

/ - C = C \ (3^) 
CF3 H 

(34) • 
+ Others 

110 

The formation of the b i s ( b u t e n y l ) e t h e r , (34), i s regarded as the 

r e s u l t o f a t t a c k o f the enol form of 1,1,1 ,4,4,4-hexafluorobutan-2-one on 

hexafluorobut-2-yne, p o s s i b l y by the fo l l o w i n g mechanism, 
R 1 N \ - +H + K / CF .CSC.CF0 — C = C „" ) C=C 3 3 / \ -RN + \ 

R3N CF3
 J CF3 

\ / O H " \ CF •C=C.CF 3 / 
c=c^ sc=cf -A- i> > = c x 

+ \ / \ / \ 
CF 3 OH CF3 H O CF 3 

CF^ ^ C F

3 (34) 
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111 Raumo and Frey have found t h a t the sodium methoxide catalysed 
a d d i t i o n of methanol t o t r i f l u o r o m e t h y l a c e t y l e n e and both the sodium methoxide 
and the t r i e t h y l a m i n e catalysed a d d i t i o n s of methanol t o hexafluorobut-2-yne 
are predominantly a n t i - a d d i t i o n (>97%)» 

R 
R=CR' +• CH„0" $> ^ 0 = 0 

CĤ O R» 

R H 
C=C ^ C z C 7 

\ _ 
c=c 

CH^ R' CĤ O XR' R = H, R» = CF^ 

R = CF^, R' = CF^ 
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N u c l e o p h i l i c Aromatic S u b s t i t u t i o n 

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

N u c l e o p h i l i c aromatic s u b s t i t u t i o n has been extensively studied w i t h 

p a r t i c u l a r reference t o polyfluoroaromatic systems. The corresponding 

p o l y f l u o r o h e t e r o c y c l i c analogues, have not received the same d e t a i l e d study, 

possibly due t o the f a c t t h a t u n t i l r e c e n t l y they have not been r e a d i l y 

a v a i l a b l e . 

I n considering 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 t h i s chapter, only a b r i e f 

o u t l i n e o f the polyfluorobenzenoid systems i s intended, w h i l s t i n the poly­

f l u o r o h e t e r o c y c l i c systems, emphasis i s placed on the n i t r o g e n d e r i v a t i v e s 

p e n t a f l u o r o p y r i d i n e , the t e t r a f l u o r o d i a z i n e s , and p e r f l u o r o - q u i n o l i n e and 

- i s o q u i n o l i n e . 

3.1 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 polyfluoro-aromatic and - h e t e r o c y c l i c 

compounds 

Reactions i n v o l v i n g displacement o f a f l u o r i d e ion by a nucleophile i n 

polyfluoroaromatic compounds have been extensively studied. I n comparison, 

much less i s known about s i m i l a r reactions i n v o l v i n g p o l y f l u o r o h e t e r o c y c l i c 

compounds. 

3.1.1 Benzenoid systems 

Hexafluorobenzene reacts w i t h a wide v a r i e t y of nucleophiles, f o r 
— 112 113 - 114 example, CĤ O , NH^ , and Ĉ Ĥ  t o form, under s u i t a b l e c o n d i t i o n s , 

the corresponding pentafluorophenyl compound. 

N u c l e o p h i l i c replacement re a c t i o n s o f C,F_X compounds however, d i f f e r i n 
b 5 

t h a t d i f f e r e n t p o s i t i o n a l isomers can be formed although i n most cases the 115 f l u o r i n e para t o X i s replaced, f o r example, where X = H, CF-j, B** and SCH^. 

X X 

Nu 

?Nu 
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Exceptions t o the replacement o f para f l u o r i n e however, occur where 
116 - 117 118 X = NH and 0 when meta replacement predominates. The solvent 

119-121 
and i n some cases the nucleophile can also determine the p o s i t i o n o f 
at t a c k . 118,119 

I n an attempt t o r a t i o n a l i s e the o r i e n t a t i o n of s u b s t i t u t i o n i n poly-
122 

fluoroaromatic compounds, i t has been assumed t h a t the s u b s t i t u t i o n r e a c t i o n 

involves an a d d i t i o n - e l i m i n a t i o n mechanism, proceeding through a d e f i n i t e 

intermediate. 

F 4-NU 

Nu F Nu 

-Nu~ 
-F F 

Further, i n the t r a n s i t i o n s t a t e , the charge density i n benzenoid compounds 

i s assumed t o be greatest a t the para p o s i t i o n : 

Nu F 

and f o r n i t r o g e n h e t e r o c y c l i c systems (see 3«1«2) the highest charge density 

i s assumed t o be l o c a l i s e d on the r i n g nitrogen. 

Nu F 

F r l ^ ^ N F 

F 

Molecular o r b i t a l c a l c u l a t i o n s however do tend t o support the assumption i n 

the benzenoid c a s e , ^ 
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Considering C,F_X compounds, the problem of s u b s t i t u t i o n becomes o p 
dependent on X. Thus i f X i s capable of s t a b i l i s i n g the carbanion more 

e f f e c t i v e l y than f l u o r i n e , s u b s t i t u t i o n occurs i n the para-, and t o a lesser 

extent, o r t h o - p o s i t i o n . I f the substituent d e s t a b i l i s e s the carbanion w i t h 

respect t o f l u o r i n e , then s u b s t i t u t i o n w i l l occur meta t o X. 

I t has been shown (see 1.2.1) t h a t i n planar carbanions, halogens 

s t a b i l i s e a carbanion i n the order: F < CI < Br < I < H, This has been 

a t t r i b u t e d t o the ITC e f f e c t and t h a t as the carbanions are planar, due t o the 

e f f e c t o f the r i n g , such e f f e c t s w i l l be maximised. 

3.1.2 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 p o l y f l u o r o h e t e r o c y c l i c n i t r o g e n compounds 

Nucleophilic s u b s t i t u t i o n reactions i n v o l v i n g p e n t a f l u o r o p y r i d i n e , have 

shown t h a t the i n i t i a l a t t a c k occurs at the 4-position; f u r t h e r s u b s t i t u t i o n 

i s then governed by the nucleophile. Thus w i t h excess methoxide i o n , the 

thermodynamically c o n t r o l l e d 2 , 4 , 6 - t r i s u b s t i t u t e d product i s obtained. ' 

CĤ O 
CĤ OH 

OCH 

CH30 

OCH 

^ j j ^ ^ ^ OCH 

OCH, 

CH 0 
3 

With p o l y f l u o r o a l k y l a n i o n s , the k i n e t i c a l l y c o n t r o l l e d 2 , 4 , 5 - t r i s u b s t i t u t e d 

product i s f i r s t formed, which can then undergo a f l u o r i d e ion-catalysed 
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rearrangement t o the thermodynamically c o n t r o l l e d 2 , 4 , 6 - t r i s u b s t i t u t e d 

product. ' 

F + R, 

N 

R* R, 

N f 

Then 

F 

R' 
F 

Reactions i n v o l v i n g t e t r a f l u o r o - 4 - n i t r o p y r i d i n e w i t h f o r example, 
— 127 methoxide i o n , CĤ O , gave a mixture of products. 

NO, 

F 
CH30 

CĤ OH 

0CH„ 

70% 

NO, 
0CH„ 

F 

7% 

0CH„ 

As n i t r o groups and f l u o r i d e ions are comparable i n t h e i r e f f i c i e n c y as 

leaving groups i n n u c l e o p h i l i c aromatic s u b s t i t u t i o n 1 2 8 , and because the n i t r o 

group i s not displaced from pentafluoronitrobenzene or, more s i g n i f i c a n t l y , 
127 

from 2 , 3 , 5 , 6-tetrafluoronitrobenzene, Chambers and co-workers concluded t h a t 

the r i n g n i t r o g e n i s the greatest f a c t o r i n determining the o r i e n t a t i o n of 

s u b s t i t u t i o n by i t s a c t i v a t i o n o f the 4-position. The decreased importance 

o f the I K e f f e c t , i s e a s i l y understood, since l o c a l i s a t i o n o f the negative 

charge p r e f e r e n t i a l l y on the r i n g n i t r o g e n atom must mean a reduced charge 
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density on the r i n g carbon atoms compared w i t h the polyfluorobenzene case, 

hence l i t i n t e r a c t i o n s are reduced. 

Further evidence f o r n i t r o g e n determining the o r i e n t a t i o n o f s u b s t i t u t i o n 

has been provided by the n u c l e o p h i l i c s u b s t i t u t i o n reactions of 1,2«, 1,3« 

and 1, 4 - t e t r a f l u o r o d i a z i n e s , which react a t the p o s i t i o n s i n d i c a t e d , 

I I 

S N 

^ S 
F 

139 
T e t r a f l u o r o p y r a z i n e , which has a s i m i l a r r e a c t i v i t y t o pentafluoro-

p y r i d i n e , has been shown t o be less r e a c t i v e towards nucleophiles than 
130 131 131a 132 t e t r a f l u o r o p y r i d a z i n e ' ' and t e t r a f l u o r o p y r i m i d i n e . This can be 

explained by a consideration o f the t r a n s i t i o n states. I n the l a t t e r cases, 

canonical forms r e s u l t i n which the negative charge i s l o c a l i s e d on a nitrogen 

atom; i n the former, l o c a l i s a t i o n occurs on a carbon bearing a f l u o r i n e atom. 

Nu 

N 

F * \ _ ^ F . 
N 

F 
N' 

,Nu 

F 

132 

Heptafluoroquinoline reacts w i t h methoxide ion t o give a mixture 

o f 2-methoxy (3J£) a n d 4->methoxy (3.8) quin o l i n e i n the r a t i o of 3*4:1, while 

h e p t a f l u o r o i s o q u i n o l i n e y i e l d s only the l-»methoxyhexafluoroisoquinoline (39) • 

OCH CHO" 
CĤ OH' 

OCH, 
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and 

CH 0 
CH OH 

3 (39) 
0CH„ 

I n the p e r f l u o r o q u i n o l i n e case, the o r i e n t a t i o n o f s u b s t i t u t i o n can be 

r a t i o n a l i s e d i n terms of l o c a l i s a t i o n o f the negative charge i n the t r a n s i t i o n 

s t a t e on the n i t r o g e n atom. The predominance of the 2-substituted isomer 

i s considered t o a r i s e due t o an increased c o n t r i b u t i o n from an ortho-quinoid 

type canonical i n the t r a n s i t i o n s t a t e . 

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 p e r f l u o r o i s o q u i n o l i n e would be p r e d i c t e d t o 
133 

occur at the 3-positxon. However the observed 1 - s u b s t i t u t i o n can be 

explained by considering the respective t r a n s i t i o n s t a t e energies 

_ (41) 

S u b s t i t u t i o n occurs at CI i n preference t o C3 because (40) has a lower 

l o c a l i s a t i o n energy f o r the t r a n s i t i o n state than (4l) due t o the r e t e n t i o n 

o f a r o m a t i c i t y by the carbocyclic r i n g . 
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Fluor i d e I o n - i n i t i a t e d Reactions o f Acetylenes w i t h Pentafluoropyridine 

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

The analogy between p o l y f l u o r o a l k y l a t i o n reactions i n v o l v i n g p o l y f l u o r o -

anions and s u i t a b l y a c t i v a t e d polyfluoroaromatic compounds, and F r i e d e l - C r a f t s 

r e a c t i o n i n hydrocarbon chemistry has been stated previously. P o l y f l u o r o ­

a l k y l a t i o n of h e t e r o c y c l i c compounds has been successfully achieved w i t h a 

v a r i e t y of a c y c l i c o l e f i n s , f o r example, hexafluoropropene, 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 c y c l i c o l e f i n s such as perfluorocyclo-butene, -pentene and -hexene. 

This work has e s t a b l i s h e d t h a t i t i s possible t o generate, by a f l u o r i d e i o n -

i n i t i a t e d process, a corresponding p o l y f l u o r o a l k e n y l anion from s u i t a b l e 

acetylenes, and react the r e s u l t a n t anion with a r e a c t i v e perfluoroheterocycle. 

F , v F 
I - A r

f I 
R-C5C-R' + F * R-C=C-R' ^ R-C=C-R + F 

I 
A r f 

Thus the aim o f t h i s work has been t o i n v e s t i g a t e the generation of such 

anions and t h e i r subsequent n u c l e o p h i l i c s u b s t i t u t i o n reactions w i t h p e r f l u o r o -

N-heterocyclic compounds, i n an extension of the p o l y f l u o r o a l k y l a t i o n process. 

The f l u o r i d e i o n - i n i t i a t e d r eactions of two acetylenes w i t h pentafluoro­

p y r i d i n e , and the s t r u c t u r e of the products formed, are discussed i n t h i s 

cnapter. However i t i s necessary t o consider the methods which were 

a v a i l a b l e f o r p o l y f l u o r o a l k y l a t i o n , p r i o r to the development o f a new procedure 

which enabled f l u o r i d e i o n - i n i t i a t e d reactions of acetylenes t o be achieved. 

4.1 P o l y f l u o r o a l k y l a t i o n o f h e t e r o c y c l i c compounds 

Before discussing f l u o r i d e i o n - i n i t i a t e d reactions o f acetylenes, i t i s 

r e l e v a n t t o consider the c o n d i t i o n s which were a v a i l a b l e u n t i l r e c e n t l y f o r 

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 , since special conditions were required f o r the 
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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 o f hexafluorobut - 2-yne w i t h pentafluoro-

p y r i d i n e . 

4.1.1 The solvent-metal f l u o r i d e system 

The choice of solvent i n p o l y f l u o r o a l k y l a t i o n reactions i s extremely 

important. I t must be capable o f d i s s o l v i n g some of the metal f l u o r i d e 

i n i t i a t o r as w e l l as the reactants; furthermore, side reactions, such as 

proton a b s t r a c t i o n by the carbanion from the solvent, or r e a c t i o n o f the 

carbanion w i t h the solvent, should be minimised. For these reasons, d i p o l a r 

a p r o t i c solvents have been succe s s f u l l y u t i l i s e d . 
134 

Storey compared the ef f e c t i v e n e s s of sulpholan, the glymes and dimethyl 
formamide i n a series o f reactions between pentafluoropyridine and hexafluoro-

propene. His r e s u l t s i n d i c a t e d t h a t sulpholan was the most useful solvent 
40 

although Jackson l a t e r found t h a t tetraglyme was a b e t t e r solvent xn 

react i o n s i n v o l v i n g hexafluoropropene and octafluorotoluene. However 

tetraglyme tends t o decompose a t temperatures greater than 150°, and i t i s 

r e p o r t e d 3 ^ t h a t some r e a c t i o n occurs between tetraglyme and carbanions 

generated from t e t r a f l u o r o e t h y l e n e . 3 ^ 

I n c o n t r a s t , sulpholan i s more thermally stable than tetraglyme, 

minimising solvent-carbanion r e a c t i o n s , and g i v i n g good recovery of mater i a l s . 

For these reasons sulpholan has been used extensively i n these 

1 a b o r a t o r i e s . 1 5 ' 3 7 » 4 ° ' 4 3 

An a l t e r n a t i v e would be t o avoid the use o f solvent altogether. This 
technique would e l i m i n a t e solvent-carbanion side reactions completely. 

40 

Jackson r e p o r t s t h a t s o l v e n t l e s s systems are d e f i n i t e l y less r e a c t i v e ; 

p e n t a f l u o r o p y r i d i n e r e a c t i n g w i t h hexafluoropropene i n the presence of caesium 

but not potassium f l u o r i d e . 
15 39 

Of the a l k a l i metal f l u o r i d e s , only potassium . ' and, i n p a r t i c u l a r , 
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37,40,42 

caesium f l u o r i d e ' ' have been found to be e f f e c t i v e xn i n i t i a t i n g 

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 a t the U n i v e r s i t y of Durham. The a b i l i t y of 

caesium r a t h e r than potassium f l u o r i d e to be a b e t t e r i n i t i a t o r i n these 

r e a c t i o n s , may be due to the higher s o l u b i l i t y of caesium f l u o r i d e i n d i p o l a r 

a p r o t i c s o l v e n t s . T h i s assumes t h a t r e a c t i o n occurs i n s o l u t i o n . Graham 

and co-workers"^ studying the r e a c t i o n of the p entafluoroethyl anion with 

t e t r a f l u o r o e t h y l e n e , found t h a t doubling the amount of caesium f l u o r i d e present 

i n c r e a s e d the r a t e a t which t e t r a f l u o r o e t h y l e n e was being used by 50%. As 

the amount of caesium f l u o r i d e present f a r exceeded i t s s o l u b i l i t y i n the 

s o l v e n t , Graham proposed t h a t a s u r f a c e r e a c t i o n was occurring. 
4.1.2 Reaction c o n d i t i o n s 

I n i t i a l l y , 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 i n v o l v i n g pentafluoropyridine 

and perfluoropropene were c a r r i e d out using C a r i u s tubes at a v a r i e t y of 

37 39 40 
temperatures. ' ' Attempts to i n c r e a s e the degree of p o l y s u b s t i t u t i o n i n 
p e r f l u o r o p y r i d i n e by i n c r e a s i n g the p e r f l u o r o - o l e f i n to s u b s t r a t e r a t i o , only 

39 

l e d to e x t e n s i v e o l i g o m e r i s a t i o n of the o l e f i n . However p o l y s u b s t i t u t i o n 

was obtained by c a r r y i n g out the r e a c t i o n at higher temperatures and pressure 

u s i n g a u t o c l a v e s . 

Thus a t the stage when the work being described here began, a l l poly-

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 were c a r r i e d out a t e l e v a t e d temperatures and 

p r e s s u r e although e x t e n s i v e decomposition of the solvent at temperatures 

g r e a t e r than 150° and e x t e n s i v e o l i g o m e r i s a t i o n of the o l e f i n s t i l l occurred. 
F " _ C F 

CF 3-CF=CF 2 ^ ( C F 3 ) 2 C F * » (CF^ ̂ CF-CE^-CF-CE^ 

- F " 
(CF.) 0CF-CFCF-CF 0-CF 0 * (CF„) CF-CF=CF-CF„ 3'2 2 3 " 3'2 3 

(CF„)„C=CF~CF -CF„ 
3 2 2 3 
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4.1.3 Development o f atmospheric p r e s s u r e techniques 

Atmospheric p r e s s u r e r e a c t i o n techniques were developed s p e c i f i c a l l y 

f o r 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 acet y l e n e s . The a p p l i c a t i o n of 

these c o n d i t i o n s to p e r f l u o r o - o l e f i n chemistry has also had f a r reaching 

e f f e c t s , and r e f e r e n c e w i l l be made to these systems l a t e r . 

I n i t i a l l y , a r e a c t i o n was c a r r i e d out i n v o l v i n g hexafluorobut - 2-yne and 

pe n t a f l u o r o p y r i d i n e using the general experimental conditions o u t l i n e d i n 

s e c t i o n s 4.1.1 and 4.1.2. However, only a grey-white polymeric s o l i d was 

obtained w i t h no evidence f o r the formation of any p e r f l u o r o a l k e n y l p y r i d i n e 

d e r i v a t i v e s . Elemental a n a l y s i s r e v e a l e d t h a t the polymer was derived 

s o l e l y from the p e r f l u o r o a c e t y l e n e . The s t r u c t u r e of the polymer w i l l be 

di s c u s s e d i n s e c t i o n 4.2.2. 

I t was obvious, t h e r e f o r e , t h a t competition e x i s t e d between s u b s t i t u t i o n 

and p o l y m e r i s a t i o n r e a c t i o n s and t h a t under the condi t i o n s employed, the 

pol y m e r i s a t i o n r e a c t i o n (B) was predominating. 

s u b s t i t u t i o n product 

* F ~ 
CF^-CzC-CF^ ^ CF 3-C=CFCF 

-F~ 

polymer 

i . e . the a c t i v a t i o n energy E^^> Eg. 

Thus, i n . o r d e r to enable r e a c t i o n (A) to compete more favourably than 

r e a c t i o n ( B ) , then e i t h e r the r e a c t i o n temperature can be in c r e a s e d to make 

s u b s t i t u t i o n compete more favourably, the concentration of the p e r f l u o r o ­

a c e t y l e n e i n s o l u t i o n can be decreased, to i n h i b i t o l i g o m e r i s a t i o n , or a more 

r e a c t i v e s u b s t r a t e than p e n t a f l u o r o p y r i d i n e could be used, f o r example, t e t r a 

f l u o r o p y r i d a z i n e . 

F_N 

B nC.F 
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Adopting the f i r s t approach, a r e a c t i o n was c a r r i e d out using a higher 

temperature (130°) i n a s e a l e d tube but again only polymer was obtained. A 

m o d i f i c a t i o n of t h i s r e a c t i o n then c o n s i s t e d of mixing the r e a c t a n t s a t the 

r e a c t i o n temperature. T h i s was accomplished by using two rocking autoclaves, 

j o i n e d together by a s t a i n l e s s s t e e l tube. One autoclave contained sulpholan, 

caesium f l u o r i d e and p e n t a f l u o r o p y r i d i n e , the other, hexafluorobut - 2-yne. 

The a u t o c l a v e s were rocked and heated and on reaching r e a c t i o n temperature 

(130°) the r e a c t a n t s were allowed to mix. A f t e r only 1 hour, almost complete 

conversion of the ac e t y l e n e to polymeric m a t e r i a l had occurred. As t h i s 

approach appeared to enhance the polyme r i s a t i o n r e a c t i o n , a s e r i e s of r e a c t i o n s 

were c a r r i e d out i n which the concentration of the p e r f l u o r o a c e t y l e n e i n 

s o l u t i o n was reduced. P r e s s u r e r e a c t i o n s obviously do not. favour low 

con c e n t r a t i o n s o f the a c e t y l e n e i n s o l u t i o n and f o r t h i s reason, and the f a c t 

t h a t hexafluorobut - 2-yne i s known to form a c y c l i c t r i m e r when heated alone 
87-89 

or w i t h a s u i t a b l e c a t a l y s t : 

C F -C . tC-CF„ 
3 3 

375 
p r e s s u r e (15); 69% 

r e a c t i o n s a t atmospheric p r e s s u r e were c a r r i e d out. 

The f i r s t experiment, simply c o n s i s t e d of allowing the perfluorobut - 2-yne 

to bubble s l o w l y through a r a p i d l y s t i r r e d suspension of caesium f l u o r i d e , 

p e n t a f l u o r o p y r i d i n e and sulpholan a t 100°. Although some polymer formation 

occurred, the complex mixing of v o l a t i l e products obtained was shown to 

co n t a i n some monosubstituted p e r f l u o r o a l k e n y l p y r i d i n e d e r i v a t i v e s . 
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F + CF^-CfC-CF^ CsF sulpholan 

100" 
atmos. pressure 

n = 1,2,3 

+ polymer 

+ v o l a t i l e m a t e r i a l s 

A refinement of t h i s experiment c o n s i s t e d of r e - c i r c u l a t i n g the 

pe r f l u o r o a c e t y l e n e through the r e a c t i o n mixture, by means of a small pump 

(s e e Diagram l ) . 

Sulpholan and caesium f l u o r i d e were placed i n t o the r e a c t i o n f l a s k and 

s e c t i o n s A and B of the system were evacuated s e p a r a t e l y to avoid 'sucking 

back'. With the by-pass v a l v e open, hexafluorobut - 2-yne was allowed into 

the system u n t i l atmospheric p r e s s u r e was reached and the f l e x i b l e r e s e r v o i r 

i n f l a t e d . The r e s e r v o i r was then i s o l a t e d from the system and the f l a s k 

heated to r e a c t i o n temperature. Pen t a f l u o r o p y r i d i n e was introduced into 

the system v i a the septum and the pump s t a r t e d . Too f a s t a flow r a t e of 

hexafluorobut - 2-yne through the r e a c t i o n mixture r e s u l t e d i n complete 

p o l y m e r i s a t i o n o f the a c e t y l e n e , i . e . the concentration of the acetylene i n 

s o l u t i o n was again too high. Therefore modification to reduce the concentration 

of t h e ac e t y l e n e i n s o l u t i o n s t i l l f u r t h e r , c o n s i s t e d o f d i l u t i n g the 

p e r f l u o r o a c e t y l e n e w i t h dry nit r o g e n . Several r e a c t i o n s were c a r r i e d out a t 

v a r i o u s d i l u t i o n s o f the ac e t y l e n e , but the best r e s u l t s were obtained when 

almost a complete atmosphere of dry nitrogen was c i r c u l a t e d through the 

system w i t h small a d d i t i o n s of the acetylene to the nitrogen flow. I n t h i s 

way p o l y m e r i s a t i o n was minimised and higher y i e l d s of the p e r f l u o r o p y r i d i n e 

d e r i v a t i v e s were obtained. 
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CF -C=C-CF„ 
3 3 

CsF, sulpholan 
N , atmospheric 

o 
pr e s s u r e , 100 

CF 3. 
c=c. 

CF. ( 4 3 ) ; 13% 

CF F 
c f 3 . ; c = c

x 

C=C^ XF„ 
CF J 

F 

N 

( 4 4 ) ; 20% 

" N (45) and ( 4 6 ) ; 10% 

A disadvantage of t h i s system l i e s i n the f a c t t h a t m a t e r i a l s a r e being 

c i r c u l a t e d , and as pe n t a f l u o r o p y r i d i n e i s a reasonably v o l a t i l e l i q u i d , the 

co n c e n t r a t i o n of p e n t a f l u o r o p y r i d i n e i n s o l u t i o n i s grad u a l l y reduced thus 

i n c r e a s i n g the tendency f o r po l y m e r i s a t i o n to occur. T h i s was overcome to 

some extent by i n c o r p o r a t i n g a d r y - i c e condenser i n the system such t h a t 

v o l a t i l e m a t e r i a l s were condensed back into the r e a c t i o n v e s s e l . With both 
17 42 

p e r f l u o r o a c e t y l e n e s and p e r f l u o r o - o l e f i n s ' , o l i g o m e r i s a t i o n and 

po l y m e r i s a t i o n s i d e r e a c t i o n s have been minimised. Further, the much lower 

temperatures employed reduced the p o s s i b i l i t y of any f l u o r i d e ion c a t a l y s e d 
17,42 

re-arrangements o c c u r r i n g . ' 

A development i n atmospheric pressure r e a c t i o n s , a n o n - c i r c u l a t i n g 

system which i s used s u c c e s s f u l l y f o r p o l y f l u o r o - o l e f i n s ^ 2 , c o n s i s t s of 
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evacuating the r e a c t i o n f l a s k containing the solvent and caesium f l u o r i d e and 

allowing the o l e f i n , f o r example, t e t r a f l u o r o e t h y l e n e , i n t o the system u n t i l 

atmospheric pressure i s reached. The f l a s k i s then heated to the r e a c t i o n 

temperature and the s u b s t r a t e , f o r example, pentafluoropyridine, introduced 

i n t o the system. 

N 

CF =CFX 
Sulpholan' 
8 5 ° , CsF 

C 2 F 5 

F 

.NT 

(48) 

C 2 F 5 

(49.) 

C 2 F 5 

F 5 C 2 ^ ^ 
F 

N' 

(50) 

•C F 
2 5 

X = F, CI 

Although the system has been a p p l i e d s u c c e s s f u l l y to r e a c t i o n s i n v o l v i n g 

hexafluorobut - 2-yne and t e t r a f l u o r o p y r i d a z i n e (see s e c t i o n 5»l»l), a s i m i l a r 

r e a c t i o n i n v o l v i n g p e n t a f l u o r o p y r i d i n e l e d to ext e n s i v e p o l y m e r i s a t i o n of the 

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

4.2 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 o f acetylenes with pentafluoropyridine 

4.2.1 At atmospheric p r e s s u r e 

The reason f o r , and the subsequent development and m o d i f i c a t i o n of 

atmospheric pressure techniques have been discussed i n the previous s e c t i o n . 

Thus when hexafluorobut - 2-yne, h e a v i l y d i l u t e d with dry nitrogen, was 

c i r c u l a t e d through a mixture of caesium f l u o r i d e , pentafluoropyridine and 

sulpholan, s e v e r a l p e r f l u o r o a l k e n y l p y r i d i n e s were obtained. 
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^ 1 
F + CF 3-C=C-CF 3 

N 

CsF, 100 
Sulpholan 

flow system 

CF. 3 \ C=C 
CF 

3N;=c 

(43); 13% 

CF. 

(44); 20% 

..F 

CF„ 
'^C=C 

CF„ 

,F 

N 10% 

CF 3\ 

(45) and (46) two isomers 

F 

C=C 
CF 

3 - l n 

+ v o l a t i l e m a t e r i a l 

The uptake of hexafluorobut - 2-yne was judged by the formation of a s l i g h t 

vacuum i n the system. 

S e v e r a l r e a c t i o n s were c a r r i e d out a t d i f f e r e n t temperatures but the 

h i g h e s t y i e l d s of the products (43) t (44), (45) and (46) were obtained at 

100°. At temperatures />• 100°, polymerisation of the p e r f l u o r o a c e t y l e n e began 

to i n c r e a s e , presumably due to the decrease i n the concentration of pentafluoro­

p y r i d i n e i n s o l u t i o n . At temperatures 4. 100°, polymerisation of the p e r f l u o r o ­

a c e t y l e n e again occurred i n preference to s u b s t i t u t i o n of the pentafluoro­

p y r i d i n e . 
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( a ) S t r u c t u r e of products 

A l l the p e r f l u o r o a l k e n y l d e r i v a t i v e s of pentafluoropyridine, separated 

by v.p.c. had s a t i s f a c t o r y elemental analyses, mass and n.m.r. s p e c t r a , and 

were shown to be p e r f l u o r o - 4 - s u b s t i t u t e d p y r i d i n e s . These r e s u l t s are i n 

complete agreement w i t h r e s u l t s p r e v i o u s l y obtained f o r perfluoromonoalkylation 

4. 4v, -A- 37,40,42 of p e n t a f l u o r o p y r i d i n e . ' ' 

The s t r u c t u r e of perf l u o r o - 4 - ( 2 ' - b u t e n y l ) p y r i d i n e , (43) has been 

19 
determined by F n.m.r. spectroscopy. Thus observed chemical s h i f t v a l u e s 
for' the 3,5 and 2,6 r i n g f l u o r i n e atoms are i n c l o s e agreement with those f o r 

. 37,40,42 s i m i l a r compounds. ' ' 

Table 1 

Coupling Constants (Hz) 
Compound AB AC BC 

CF 
3 N;=c/ 

F B 

C F 3 C 

(43) N — 

CF. C 

21 

28 1-5 

7-5 

CF„ , CF„ C 
3\c=c^ 3 

\ 
F B 
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The c o n f i g u r a t i o n of the CF^ groups i n the s i d e c h a i n of (43), was 

determined by comparing the observed J values i . e . , J^g> ^ C ' ^ b C * ° * n o s e 

139 

reported , f o r the corresponding c i s and t r a n s phenyl p o l y f l u o r o - o l e f i n s 

(Table l ) . The p r e p a r a t i o n of the c i s and t r a n s phenyl p o l y f l u o r o - o l e f i n s 

i n v o l v e s r e a c t i n g phenyl l i t h i u m with octafluorobut - 2-ene a t -80° , and t h e i r 
139a 

s t r u c t u r e s a re known to be c o r r e c t . As can be seen good agreement was 

obtained f o r the t r a n s c o n f i g u r a t i o n . 

Other evidence f o r (43) having the t r a n s c o n f i g u r a t i o n was obtained 

from i t s i n f r a r e d spectrum. A weak absorption a t 5*8p,, i s i n d i c a t i v e of a 
138 

s y m m e t r i c a l l y s u b s t i t u t e d t r a n s o l e f i n . The presence of an o l e f i n i c 

absorption was confirmed by (43) having a strong absorption i n the Raman 

spectrum a t 1720 cm . E.S.C.A. measurements, c a r r i e d out i n conjunction w i t h 
Dr. D.T. C l a r k , confirmed the o v e r a l l s t r u c t u r e of (43)• The C computer ' — I s v 
s i m u l a t i o n i s shown, F i g u r e 1, and the assignments are shown i n Table 2. 

Table 2 

Peak I n t e n s i t y C-assignment 

A 2 CF3 Carbon atoms 

B 2 2,6 Ring carbon atoms 

C 2 3,5 Ring carbon atoms 

D 1 p - V i n y l i c carbon atoms 

E 2 4 Ring carbon atom 

a - V i n y l i c carbon atoms 



CD 

CM 

CM 

II 
<1) / ft CM 

a 
to 

C O 15 
CO U l 
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Chemical evidence f o r the anion (52), derived from hexafluorobut - 2-yne 

r e t a i n i n g i t s t r a n s c o n f i g u r a t i o n has a l s o been reported.'''^ 

CF F CF F 
3 n / C H I 3^ x 

C = C ^ ± * C = C ^ (54) 
C F 3 CH 3 C F 3 

(^2) 

f*nd 

CF F CF F 
3 V y H p ° 3 \ 

£ = C ^ • s ^ c =c x (55) 
CF H CF 

3 3 

(£2) 

M i l l e r and co-workers'''^ have a l s o i s o l a t e d t r a n s perfluoro-l-methyl-

p r o p e n y l s i l v e r . 

o CF 
CH CN, 25 *3, 

CF -C=C-CF + AgF — — * ^C=c" (28) 
3 3 36 hr. ^ \ Ag CF 

They a l s o p o s t u l a t e t h a t i n r e a c t i o n s involving caesium f l u o r i d e and hexa-

fluorobut - 2-yne a s i m i l a r product to (28) i s formed, which then r e a c t s 

f u r t h e r to form the polymer (47)• 

Only a s i n g l e isomer of perfluoro - . 2 - ( 4'-pyridyl ) - 3 , 4-dimethylhexa - 2 , 4 -

diene (44) was detected and i t s general s t r u c t u r e was confirmed by elemental 
19 137 a n a l y s i s , mass and F n.m.r. spectroscopy and E.S.C.A. measurements. 

F i g u r e 2 shows the C computer s i m u l a t i o n and Table 3 the assignments. 
I S 



2 

fit 

(8 \ / 
o 
AX/ 

to 
g 

ft / 

CO 

a) 
jpQ UJ 
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Table 3 

Peak I n t e n s i t y C-assignment 

A 4 CF^ Carbon atoms 

B 2 2,6 Ring carbon atoms 

C 2 3,5 Ring carbon atoms 

=C 
- o r , 

D 1 =C 
- o r , 
=C 
- o r , 

v. 
C= 

1 N 

c 
E 4 

v. 
C= 

1 N 

c 

The exact c o n f i g u r a t i o n o f the s i d e c h a i n however, could not be determined 
19 

from F n.m.r. measurements. 
S i m i l a r l y , the c o n f i g u r a t i o n o f the two isomeric p e r f l u o r o - 2 - ( 4 ' - p y r i d y l ) -

3 , 4 , 5 , 6-tetramethylocta - 2 , 4 , 6-trienes, (45) and (46), could not be determined 

19 

from t h e x r F n.m.r. s p e c t r a . 

The l a c k of colour i n (44), (4J5) and (46), can be a t t r i b u t e d to the 

severe r e s t r i c t i o n o f c o n f i g u r a t i o n i n the s i d e chains due to the CF^ groups 

( s e e S e c t i o n 4.2.2); other evidence i s obtained from u.v. data i n t h a t no 

marked i n c r e a s e i n or i s observed on i n c r e a s i n g the number of double 
max 

bonds i n the system (see Table 4) . 

The formation o f the p e r f l u o r o unsaturated compounds (43), (44), (45) and 

(46) d e s c r i b e d , can be accounted f o r by s e v e r a l mechanisms, i n v o l v i n g the 

i n i t i a l formation o f the p e r f l u o r o a l k e n y l anion (52). 

I n order to determine whether mechanism ( a ) or (b) was operating, an 

atmospheric p r e s s u r e r e a c t i o n was c a r r i e d out using perfluoro - 4 - ( 2'-butenyl)-
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Table 4 

Compound 

N 

CF„ F 
x=c; 

CF, 

F 

CF, 
C=C 

'CF, 

X-F 
CF 
3W 

CF, 

CF, 
SC=C* 

CF, 
n 

Solvent 

Ethanol 

Cyclohexane 

Cyclohexane 

Cyclohexane 

Isopropanol 

A max 

251 

314 

276 

254 2,700 

278 4,180 

278 2,682 

6,265 

3,324 
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\ 

(b) Mechanism ( a ) 

F~ 
CF 3-C5C-CF 3 - CF -C=CFCF„ 3 3 

C F N 
5 5 

(52.) 

CF 3-C=C-CF 3 

CF-q 
C=C 

,F 

CF. 

'N 

CP , 
CF_ C=C 

CF. 
CF. 

1. F 
CF. 

SC=C/ 
CF, 

N 
(44) 

C4 F6 

"K V C = C \ 
CF„ C=C CF„ 

\ / \ 3 

C=C CF„ ~ \ 3 
C F 3 

CF, 

XF, 
'J3 

(45) and (46) 

Polymer (47) 



- 59 -

Mechanism (b) 

CF -C5C-CF„ ~ 
3 3 

V CF -C=CFCF„ 5 ? k 
3 3 

CF F 

CF. 

'N (43) 

CF C=CFCF„ 
3 3 

-F~ 

CF 
3s, 

s. CF, 

F 
- ,2 

N 
(44) 

CF^-C=CFCF3 

(45) and (46) 

p y r i d i n e , hexafluorobut - 2-yne and caesium f l u o r i d e . A f t e r 48 h r s . , only-

polymeric m a t e r i a l derived from hexafluorobut - 2-yne and f l u o r i d e i o n and 

s t a r t i n g m a t e r i a l s were recovered. 

CF. 
~C=C 

CF, 

F 
N 

(41) 

+ CF^-CSC-CF^ CsF, sulpholan t , ... , . , , ' ^ > no s u b s t i t u t i o n products 
90° , 48 hrs. 

atmospheric pressure 

This would suggest, t h e r e f o r e , t h a t the products (43), (44), (45) and (46) 

are formed by mechanism ( a ) . Further, small q u a n t i t i e s o f oligomers o f 

hexafluorobut - 2-yne (56) and (57) have been i s o l a t e d and are thought t o have 
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the s t r u c t u r e : 

H 
f 3 
-c=c-

CF -
3 2 

and -C=C^ 

J- CF„ 

(^6) <5Z> 

143 

Haszeldme and co-workers , have rec e n t l y reported t h a t a s i m i l a r 

series o f compounds t o (5j3), (5J)) > (60) and (6l) can be formed by a rea c t i o n 

o f hexafluorobut - 2-yne and p e r f l u o r o b e n z o n i t r i l e i n the presence o f caesium 

f l u o r i d e . Under t h e i r r e a c t i o n conditions, mixtures o f isomers were formed. 

F CF -C=C-CF 
3 3 

CN 

CF. 
'3v C=C 

. F 

CF 

CsF, D.M.F. 
o 

125 
F 

CF ^ F 
CF J^C=C 
^C=C^ ^CF„ 

X C F 3
 3 

F 

CN 
(60) 

CN 

w 

CF 

CF„ CF 
^C=C^ 3 

CN 
(59) 

CF„ .CF„ 
, * c = < 3 

3 vC=Q^ F 
OF 

+ polymer 

CN 
(61) 

They also suggest t h a t the dienes, (60) and ( 6 l ) , do not o r i g i n a t e from the 

displacement o f the v i n y l i c f l u o r i n e o f (58) by at t a c k o f the p e r f l u o r o a l k e n y l 

carbanion (j>2). 
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4.2.2 I n autoclaves 

When p e n t a f l u o r o p y r i d i n e and a s l i g h t excess of hexafluorobut - 2-yne were 
o 

shaken w i t h caesium f l u o r i d e and sulpholan i n an autoclave at 130 f o r 33 hrs. 

a q u a n t i t a t i v e y i e l d o f a polymeric m a t e r i a l was produced. A d d i t i o n of the 

hexafluorobut - 2-yne t o the other reactants at the r e a c t i o n temperature ( l30°) 

and reducing the r e a c t i o n time t o 1 h r . , s t i l l produced a high y i e l d o f 

polymeric m a t e r i a l . No evidence f o r the formation of any s u b s t i t u t i o n 

products, derived from p e n t a f l u o r o p y r i d i n e , were observed. 

CF -CsC-CF 130 , CsF 
Sulpholan 
autoclave 

CF, 
-C=C 

(47) 

(a) Structure of polymer 

Elemental a n a l y s i s , i n d i c a t e d t h a t the polymer had an empirical formula 

of C^Fg, and as n i t r o g e n was absent, the polymer must be derived s o l e l y from 

the hexafluorobut - 2-yne. This was confirmed by heating the acetylene w i t h 

caesium f l u o r i d e and sulpholan i n a small autoclave a t 130° f o r 5 hrs., and 

the white s o l i d which was i s o l a t e d , h&d an i d e n t i c a l i n f r a r e d spectrum w i t h 
40 

t h a t of the sample o f polymer i s o l a t e d previously. 

Mass s p e c t r a l analysis gave a molecular weight of <y 15OO (max.) but the 

value v a r i e d w i t h probe temperature 1"^ (e.g. cJ 1100 at 250°; ~ 1500 a t 270°) . 

The breakdown p a t t e r n i n d i c a t e d successive losses o f C,F, u n i t s from mass 
4 6 

no. 1500 t o mass no. ^800. Below ^800 mass u n i t s , the breakdown p a t t e r n 

becomes less c l e a r . 

The nature of the polymer i s extremely i n t e r e s t i n g i n t h a t i t has high 

thermal s t a b i l i t y , i s only s l i g h t l y soluble i n the usual organic solvents and 
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more important, i t has a white appearance. I f a simple, conjugated, polymeric 

s t r u c t u r e was present, then one would expect the polymer t o have some colour. 

I t was f o r t h i s reason and the absence of a double bond absorption i n the 

i n f r a r e d spectrum, t h a t the polymer was thought t o be cross-linked, having a 

1adder structure.^® > ̂ 6 

The r e g u l a r breakdown p a t t e r n i n the mass spectrum however, i s i n d i c a t i v e 

of the more simple s t r u c t u r e shown. 

C=C" 
CF„ 

n (47) 

The absence o f colour i n the polymer i s probably due t o d i s t o r t i o n o f the 

polymer chain by the bulky CF^ groups. 

Although the polymer i s i n s o l u b l e i n most solvents, a small amount of 

ma t e r i a l d i d dissolve i n isopropanol enabling a very weak, q u a l i t a t i v e , u.v. 

spectrum t o be determined; a value o f \ = 276u i s i n d i c a t i v e o f the 
7 max ^ 

polymer having l i t t l e or no conjugation. 

The absence o f a double bond absorption i n the i n f r a r e d spectrum may be 

due t o the f a c t t h a t double bond absorptions i n o l e f i n s having a trans 
138 

c o n f i g u r a t i o n are o f t e n weak. A Raman analysis, c a r r i e d out i n conjunction 
-1 

w i t h Dr. C.J. Ludman, i n d i c a t e d a weak absorption a t 1720 cm which could be 

a t t r i b u t e d t o a double bond. 

E.S.C.A. measurements (Figure 3) were i n agreement w i t h the proposed 

s t r u c t u r e ; no evidence was found f o r c r o s s - l i n k i n g . Although E.S.C.A. 

involves only the surface o f the sample i t i s reasonable t o assume t h a t the 

r e s u l t s obtained u s u a l l y apply t o the b u l k o f the sample also. 
137 

Recent c a l c u l a t i o n s on a s t r u c t u r a l l y s i m i l a r compound (see Figure 4): 



C Computer Simulation 
I s 

(47) 

i < i t 
Z92 2,90 osa £2.6 

Hydrocarbon bype-
ContctmLnatCon. 

264-

FIGURE 3 
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Model f o r charge p o t e n t i a l c a l c u l a t i o n s 

Compound Atom 

3 s 

Binding Energy (eV) 

Calculated Experimental 

CF F CF 
CF ^ C = C C £=* 2 8 7 * 8 287*7 

F„ 3-vC=c'" CH„ 
C=C^ CF J CF 

CF̂  3 3^"C= 293*9 294-7 

3 ^ 

CF. 

C=C 
C=C 

CF, 
CF, CF. 

F 

3 \ c= 

c= 

287*9 

294*2 

(44) 

FIGURE 4 
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CF C=C 
CF "C=(T 

C=C CF„ 
/ \ 3 

H CF 3 

CH 

(51) 

suggests t h a t the double bonds i n (5l) l i e a t 90 t o each other thus precluding 

conjugation and causing the polymer chain t o s p i r a l . I n f a c t , s t e r i c 

crowding i s so great due t o the bulky CF^ groups, t h a t the distance between 
o 

a l t e r n a t e CF^ groups i s o f the order o f 1«4A. 

(b) Mechanism 

The p o l y m e r i s a t i o n o f hexafluorobut-2-yne probably occurs by f l u o r i d e i o n 

at t a c k on the acetylene t o form the anion (52) which then reacts w i t h an excess 

of the acetylene :-

CF. 
CF -C=C-CF„ 

3 3 
CF3-C=CFCF3 

n C 4 F 6 

or a l t e r n a t i v e l y 

F-CF^C=CFCF„ 
2 3 

(5J2) 

CF2=C=CFCF3 CF -C=CFCFn 3 3 

4 6 

CF -C=CFCF 3 , 3 
CF3-C=C-CF3 

A 
CF -C=CFCF„ 3 | 3 

F-CF -C=C-CF 2 7" 3 

^ I 
CF3-C=CFCF3 

CF =C=C-CF„ 
^ 3 

V n C 4 F 6 

CF 
3s 
C=C 

CF„ n 
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Home-polymers of hexafluorobut - 2-yne, of unknown s t r u c t u r e , have been 

reported as being formed on i r r a d i a t i o n (^Co source) o f the acetylene and 

also when the acetylene i s heated alone or w i t h c a t a l y s t s such as I , 
87-89 , , x 140 NaOAsFg , or 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 (254 nm). 

4.2.3 Reactions i n v o l v i n g d i e t h y l acetylene dicarboxylate 

(a) Reaction con d i t i o n s 

Although reactions i n v o l v i n g d i e t h y l acetylene dicarboxylate, pentafluoro-

p y r i d i n e and caesium f l u o r i d e had been shown to give a product thought t o be 

l-f l u o r o - l , 2 - ( b i s c a r b e t h 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 ) e t h y l e n e , (42), 

40 
extensive decomposition o f m a t e r i a l s occurred. 

F 
C-COOC H_ „ „ .. . . ^ [II 2 5 CsF, sulpho 1 an ̂  
C-COOC H 

N' 
2H 135 , 5 hrs. 

autoclave 

C-COOC H 
I I 2 5 

C-C00C2H5 

N 
(42); 20% 

ta r s 

I t was a n t i c i p a t e d t h a t slow a d d i t i o n o f the acetylene to the r e a c t i o n 

mixture, at a lower temperature and w i t h a shorter r e a c t i o n time, would 

increase the y i e l d o f (42) and minimise t a r formation. Thus adding the 

acetylene t o a r a p i d l y s t i r r e d suspension of pen t a f l u o r o p y r i d i n e at 100° 

over 3 hrs., gave a pale yellow o i l which had an i d e n t i c a l i n f r a r e d spectrum 
40 

w i t h the m a t e r i a l i s o l a t e d p r e v i o u s l y by Jackson. 

C-COOC H 
III 2 5 

C-COOC H 
2 5 

CsF, 100 
Sulpholan, 3 hrs. 
atmospheric pressure 

C-COOC H 
I I 2 5 

C-COOC2H5 

(42); 40% 
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(b) Structure o f product 

The product, (42), had s a t i s f a c t o r y mass spectral and elemental analyses 
19 

and was shown by F n.m.r. studies (Table 5) to be a mixture of c i s and tr a n s 

isomers i n the r a t i o 50!50* 

Table 5 

Compound Chemical S h i f t I n t e n s i t y Assignment 

2 2,6 Ring F 

1 = CF 

2 3,5 Ring F 

•> * C=C 
COOC H,_ 

2 5 

-w 

83-5 

92*2 

140-6 

H 5 C 2 ° 0 C - C = C / C 0 0 C 2 H 5 
^ F 

'N 

84*4 

92*2 

142 

2 2,6 Ring F 

CF 

3,5 Ring F 

The r a t i o o f isomers was obtained by comparing the r a t i o o f the heights 

o f two s i m i l a r peaks, i n t h i s case the 3,5 r i n g f l u o r i n e resonances. The 

spectrum was complex and a simple comparison of the v i n y l i c f l u o r i n e 

resonances could not be j u s t i f i e d . 

The formation o f a mixture of isomers i n contrast to the s i n g l e isomer 

formed i n the r e a c t i o n between pen t a f l u o r o p y r i d i n e and hexafluorobut-2-yne, 

can a r i s e through is o m e r i s a t i o n o f the trans carbanion or through a non-
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st e r e o s p e c i f i c a d d i t i o n . Quasem"''^, observed t h a t a d d i t i o n s o f l i t h i u m 

pentafluorothiophenate t o e t h y l p r o p i o l a t e t o give the expected c i s product, 

occurred only a t -70° . At higher temperatures, f o r example 65°, c i s - t r a n s 

isomers (50:50) (62), (63) were formed, suggesting t h a t isomerisation of the 

intermediate carbanion occurs. 

C 6 F

5

S + H-C=C-C0 C H, -70^ 
2 2 5 T.H.F.' 

Ĉ F_S 6 5i (XV CH Ĉ F_S 
C=C 

CO C H 

H 
(60) 

6 5 , / 2 2 5 

H H H 

Refluxing 
T.H.F. 

C,HS CO C H C,H_S H 6 5 , / 2 2 5 6 5\ y 
c=c + c=c 

y \ / \ 
H H H CO CH 

2 2 5 
(63,) (62) 

6 5i . . 
C=C ' \ 

H CO C H_ 
2 2 5 

(61) 

S i m i l a r l y the tr a n s carbanion (64) could under the conditions used, 

tautomerise by a s i m i l a r mechanism, thus precluding the s p e c i f i c formation o f 

the t r a n s isomer. 

F +• Ill 
C-COOC^ 

C-COOC^ 

\ _ 
c . c x 

H C 00C COOC H 
5 2 2 5 

0 0C H 
F ^ C 
\ / C=C 
/ "J 

H C O0C W 

5 ft 
f(6 4 ) 

\ Jj y 2 5 
C=C=C 

H^OOC tTo 

(65J 
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A small q u a n t i t y o f m a t e r i a l (66), has been i s o l a t e d from the reactions 

and the value o f J 31 Hz i n the F n.m.r. spectrum of (66) establishes nr —— 
the t r a n s s t r u c t u r e shown. 

H C 00C F 
5 2 \ / 

c=c 
H' 

(66) 
COOC^ 

4.3 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 o f p o l y f l u o r o - o l e f i n s w i t h 

p e n t a f l u o r o p y r i d i n e 

Although f l u o r i d e ion-induced reactions i n v o l v i n g p o l y f l u o r o - o l e f i n s and 

pe n t a f l u o r o p y r i d i n e form p o l y f l u o r o a l k y l p y r i d i n e s , i t was thought t h a t a 

p e r f l u o r o h y d r o - o l e f i n , f o r example t r i f l u o r o e t h y l e n e , CF =CFH, or trans-2H-

heptafluorobutene, may undergo hydrogen abstr a c t i o n by f l u o r i d e ion t o form 

the corresponding p e r f l u o r o v i n y l anion; r e a c t i o n w i t h p e n t a f l u o r o p y r i d i n e 

would then give a p e r f l u o r o v i n y l p y r i d i n e . 

4.3.1 Reactions i n v o l v i n g t r i f l u o r o e t h y l e n e 

•Fluoride i o n - i n i t i a t e d r eactions o f p o l y f l u o r o - o l e f i n s , CF =CFX, w i t h 

perfluoroaromatic compounds have been in v e s t i g a t e d previously using autoclaves. 

Thus when X=F, a mixture o f perfluoromono- to pentak i s - p e n t a f l u o r o e t h y l p y r i d i n e 

was obtained. 

k 

CF =CF„ + 2 2 F 

N 

CsF, 170 4 Sulpholan, 24 hrs. 
autoclave 

2 3 

(67) 

4CF2=CF2 

CF3CF2 

CFXF 

CF„CF„ 2 3 
CF CF„ 2 3 

3 2 CF CF 
(68) 

2 3 
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Using t r i f l u o r o e t h y l e n e , X=Hj no re a c t i o n occurred at 200 C f o r 46 hrs., 

w h i l s t w i t h b r o m o t r i f l u o r o e t h y l e n e , X=Br, a p e r f l u o r o b i p y r i d y l ethane was 

formed. 

CF =CFBr +• F CsF, 170 . 
Sulpholan' 
autoclave 

F-C-CF„ 

F 
(69) 

Under milder c o n d i t i o n s , i . e . an atmospheric pressure r e a c t i o n , 

t r i f l u o r o e t h y l e n e may undergo hydrogen a b s t r a c t i o n and the r e s u l t i n g p e r f l u o r o -

v i n y l anion, react w i t h p e n t a f l u o r o p y r i d i n e thus: 

CF =CFH 2 -HF CF =CF 
2 

(70) 

CF=CF„ 

F 

N 
(71) 

However, when t r i f l u o r o e t h y l e n e was c i r c u l a t e d through a mixture of 

pe n t a f l u o r o p y r i d i n e , caesium f l u o r i d e and sulpholan at 140°, a small q u a n t i t y 

o f white s o l i d was i s o l a t e d . This was found t o have an i d e n t i c a l i n f r a r e d 

spectrum w i t h t h a t of an authentic sample of (69) 

CF =CFH F 

F 

CsF 140 , 10 h r s . j F _ I , _ C F 

Sulpholan, atmos. 
pressure 

(69); 7% 
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Thus under the r e a c t i o n c o n d i t i o n s used, any p e r f l u o r o v i n y l p y r i d i n e 

formed i s r e a c t i n g f u r t h e r t o form a p e r f l u o r o b i p y r i d y l ethane. 

CF-CF 

C F N 
F-C-CF 

A N 
(72) CF=CF 

A^ (69) N 

N 
(71) N AA 

CF -CF 

C F N CF 
F NA CF AC (73) 

A^ N (74) 

The i s o l a t i o n o f p e r f l u o r o - 1 , 1 - b i p y r i d y l ethane (69), and not p e r f l u o r o -

1 , 2 - b i p y r i d y l ethane (74), i s an i n d i c a t i o n of the great s t a b i l i t y o f the 

anion (7j2) over (73). 

P e r f l u o r o - 4 - ( v i n y l ) p y r i d i n e (71). prepared using d e f l u o r i n a t i o n 
17 42 

techniques, has been shown ' t o r e a d i l y react 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 o f caesium f l u o r i d e at 40°, i n d i c a t i n g t h a t (7_l) i s intermediate 

i n the formation o f (69). 

4.3.2 Reactions i n v o l v i n g trans-2H-heptafluorobut -2-ene 

By analogy t o the atmospheric pressure rea c t i o n o f 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 described above, the use o f a s i m i l a r p o l y f l u o r o h y d r o - o l e f i n 
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f o r example, trans-2H-heptafluorobut-2-ene, should give a s i m i l a r p e r f l u o r o -

1 , 1 - b i p y r i d y l ethane (75)• 

CF -CF=CH-CF„ 
3 3 

-> CF -CF=C-CF„ 
3 3 

F 

CFrt-C-CF CF„ 
3 i 2 3 

(75.) 

F 

CF„ F 
^ c = c " 

CF„ 

N 

CF -C-CF CF„ 
3 i 2 3 

An atmospheric pressure r e a c t i o n i n v o l v i n g trans-2H-heptafluorobut-2-ene, and 

pe n t a f l u o r o p y r i d i n e i n the presence of caesium f l u o r i d e , gave a small amount 

of a v o l a t i l e l i q u i d , which was shown ( i n f r a r e d ) t o be p e r f l u o r o - 4 - ( 2 ' - b u t e n y l ) ~ 

p y r i d i n e (43). 

CF^-CF^HCF^ + ^A 
F 
INK 

CF„ F 
> c = c x 

CF. 

CsF, 130 , 24 h r s t > 

Sulpholan, 
atmospheric pressure 

F 
N (43); 5% 

Attempts t o force the r e a c t i o n by using a small n i c k e l autoclave f a i l e d 

t o produce (75)• 
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4.4 Reactions i n v o l v i n g p e r f l u o r o - 4 - ( 2 ' - b u t e n y l ) p y r i d i n e 

4.4.1 With p e n t a f l u o r o p y r i d i n e i n the presence of caesium f l u o r i d e 

The r e a c t i o n o f trans-2H-heptafluorobut-2-ene and pen t a f l u o r o p y r i d i n e i n 

the presence o f caesium f l u o r i d e (see section 4.3*2) had only y i e l d e d p e r f l u o r o -

4 - ( 2 ' - b u t e n y l ) p y r i d i n e (43)» I t was a n t i c i p a t e d t h a t using p e r f l u o r o - 4 - ( 2 1 -

b u t e n y l ) p y r i d i n e , and more f o r c i n g conditions i . e . autoclaves, higher r e a c t i o n 

temperatures and longer r e t e n t i o n times, the corresponding p e r f l u o r o - 1 , 1 -

b i p y r i d y l ethane (75) would be formed. However, a re a c t i o n at 140° r e s u l t e d 

i n an almost q u a n t i t a t i v e recovery o f s t a r t i n g m a t e rials, while at a higher 

temperature (170°) w i t h a longer r e a c t i o n time, complete breakdown o f the 

s t a r t i n g m a t e r i a l s occurred w i t h extensive t a r formation. 

CF 
140 

24 hrs. CF 

CsF F F Sulpholan 

170 
(43) 72 hrs. 

s t a r t i n g materials 

t a r formation 

4.4.2 N u c l e o p h i l i c s u b s t i t u t i o n w i t h methoxide ion 

P e r f l u o r o a l k y l p y r i d i n e s have been s h o w i r ^ ' ^ ' ^ t o react r e a d i l y w i t h 

one equivalent o f methoxide i o n t o form a 2-methoxy d e r i v a t i v e . I t was of 

i n t e r e s t t o determine whether a s i m i l a r r e a c t i o n i n v o l v i n g p e r f l u o r o - 4 - ( 2 ' -

b u t e n y l ) p y r i d i n e (43) would give the corresponding 2-substituted product, or 

whether replacement of the v i n y l i c f l u o r i n e would occur. 

A monomethoxy d e r i v a t i v e o f (43.) was prepared by t r e a t i n g a s o l u t i o n of 

(43) i n methanol w i t h methoxide i o n at 0°C. The product, (76), had 
19 

s a t i s f a c t o r y elemental analysis and i t s F n.m.r. spectrum i n d i c a t e d t h a t 

replacement o f the v i n y l i c f l u o r i n e had occurred i n preference t o s u b s t i t u t i o n 
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at p o s i t i o n 2 i n the p e n t a f l u o r o p y r i d i n e r i n g . Further, a comparison of the 

value o f the coupling constant obtained (J~p QJ, 12 Hz), w i t h those i n Table 
3" 3 

1 , s e c t i o n 4.2.1, i n d i c a t e d t h a t the CF^ groups were i n a c i s c o n f i g u r a t i o n 

t o each other. The product obtained i s therefore ci£-perfluoro-2-(2',3',5' ,6 '-

t e t r a f l u o r o p y r i d y l ) - 3 - m e t h o x y butene (76). A small amount o f the corresponding 

tr a n s compound (<5%) was also formed. The change o f c o n f i g u r a t i o n o f the 

side chain can be explained i n terms o f an i n i t i a l t r ans a t t a c k by methoxide 

i o n , f o llowed by r o t a t i o n o f the CF^ groups and e l i m i n a t i o n of f l u o r i d e ion, 

(Diagram 2) . 

4.4.3 N u c l e o p h i l i c s u b s t i t u t i o n w i t h ammonia 

(a) Reaction conditions 
145 

Krespan has shown t h a t t e r m i n a l f l u o r o - o l e f i n s react w i t h ammonia at 

low temperatures t o form imines. Thus when per f l u o r o - 4 - ( 2 ' - b u t e n y l ) p y r i d i n e 

(43) was reacted w i t h aqueous ammonia a t 0° an enamine (jj), and not a simple 

amino d e r i v a t i v e , was formed. 
CF„ F 

" CF. 

F 

N 

(43) 

0-880 NH4OH 

N£C-C=C 
,NH 

CF. 

F 

(2Z) 

(b) S t r u c t u r a l determination 

The product (77) has s a t i s f a c t o r y elemental and mass spe c t r a l analyses. 
19 

The F n.m.r. spectrum o f (77) i n d i c a t e d that loss of a CF^ grouping and the 

v i n y l i c f l u o r i n e had occurred, although 3' ,5' and 2 ' ,6 ' r i n g f l u o r i n e s were 

s t i l l i n t a c t i . e . no s u b s t i t u t i o n i n the het e r o c y c l i c r i n g had occurred. 

Further, the remaining CF group appeared as a s i n g l e t suggesting t h a t the CF 



75 

CF R 

CF R CF 

OCH 
CH O 

R o t a t i o n t h r o u g h 
120 

OCH CF OCH 

R R CF 

Trans e l i m i n a t i o n 
o f F 

DIAGRAM 2 
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group was i n t h e 3 - p o s i t i o n i n t h e s i d e c h a i n . 

An a b s o r p t i o n a t 4*5]£ i n t h e i n f r a r e d spectrum o f (77) was i n d i c a t i v e o f 
13 8 

a n i t r i l e group. A p o s s i b l e mechanism f o r t h e f o r m a t i o n o f (77) i s shown 

below. 

CF CF NH CF \v NH F 
3 \ A. A CF CF CF 

A NH 
F 

N N N 

(43) 

NH NH NH 
CF =C-C N=C-C=C H N-CF -C=C Â  A CF CF CF 

A NH (1) -H F ( 2 ) -2HF 
N 

(77) 
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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 o f A c e t y l e n e s 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 

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

The development o f a t m o s p h e r i c p r e s s u r e t e c h n i q u e s i n f l u o r i d e i o n 

r e a c t i o n s and t h e i r i m p o r t a n t a p p l i c a t i o n t o p e n t a f l u o r o p y r i d i n e and 

h e x a f l u o r o b u t - 2 - y n e systems, have been di s c u s s e d i n Chapter 4. A d i f f e r e n t 

approach t o reduce t h e p o l y m e r i s a t i o n o f t h e a c e t y l e n e , and hence f a v o u r t h e 

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 , w o u ld be t o use a more r e a c t i v e s u b s t r a t e , f o r 

example, t e t r a f l u o r o p y r i d a z i n e . T e t r a f l u o r o p y r i d a z i n e i s known t o be one o f 

t h e most r e a c t i v e o f t h e f l u o r i n a t e d h e t e r o c y c l e s , c o n t a i n i n g two p o s i t i o n s i n 

t h e h e t e r o c y c l i c r i n g w h i c h a r e e x t r e m e l y 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 . 

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

Thus, 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 o f t h e 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 o f 

t e t r a f l u o r o p y r i d a z i n e and a c e t y l e n e s a r e discussed. 

5.1 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 o f a c e t y l e n e s 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 

5.1.1 W i t h h e x a f l u o r o b u t - 2 - y n e 

( a ) R e a c t i o n c o n d i t i o n s and p r o d u c t s 

I n i t i a l r e a c t i o n s were c a r r i e d o u t u s i n g t h e atmospheric p r e s s u r e f l o w 

system d e s c r i b e d p r e v i o u s l y (4.1.3)• When h e x a f l u o r o b u t - 2 - y n e , h e a v i l y 

d i l u t e d w i t h n i t r o g e n , was c i r c u l a t e d t h r o u g h a r a p i d l y s t i r r e d suspension o f 

caesium f l u o r i d e , t e t r a f l u o r o p y r i d a z i n e , and s u l p h o l a n a t 100°, r e a c t i o n was 

e x t r e m e l y s l o w and, a f t e r 6*J h r s . , unchanged s t a r t i n g m a t e r i a l s were r e c o v e r e d 

i n a d d i t i o n t o a s m a l l q u a n t i t y o f t h e m o n o s u b s t i t u t e d p y r i d a z i n e (78). 

GF 
3 ^ 

F 
c=c: 

N 
4> N 

+ CF C=CCF CsF/sulpholan 
6f h r s . , 1000 
a t m o s p h e r i c p r e s s u r e 

CF 

N 
N 

(^8); 30% 
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However, 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 i n v o l v i n g t e t r a f l u o r o p y r i d a z i n e a r e 

k n o w n 1 ^ t o be i n h i b i t e d by s l i g h t t r a c e s o f m o i s t u r e and when a second 

experiment was c a r r i e d o u t , i n w h i c h extreme care was t a k e n t o p r e c l u d e 

m o i s t u r e f r o m t h e system, a second p r o d u c t (79) was i s o l a t e d . Oligomers, 

d e r i v e d f r o m h e x a f l u o r o b u t - 2 - y n e , and t h e polymer (4J_), were n o t observed. 

CF CrCCF CsF/sulpholan 
8 h r . , 100° 
a t m o s p h e r i c p r e s s u r e 
f l o w system. 

N (.78); 13% 

(Z£); 32% 

S e v e r a l f l o w r e a c t i o n s were t h e n c a r r i e d out a t d i f f e r e n t t e m p e r a t u r e s i n an 

a t t e m p t t o o p t i m i s e t h e y i e l d o f (29.) j t h i s was achiev e d (53%) a t 80°. I n 

a s t a t i c system (4.1.3)> a t 30°, (79) was o b t a i n e d i n 60% y i e l d . 

A t t e m p t s t o i n c r e a s e t h e y i e l d o f (78) by u s i n g l o w e r t e m p e r a t u r e s and 

a c e t o n i t r i l e as s o l v e n t were u n s u c c e s s f u l . Thus when h e x a f l u o r o b u t - 2 - y n e was 

c i r c u l a t e d t h r o u g h a suspen s i o n o f caesium f l u o r i d e , a c e t o n i t r i l e and t e t r a -

f l u o r o p y r i d a z i n e a t 0°C, o l i g o m e r s o f h e x a f l u o r o b u t - 2 - y n e were formed. Using 

even l o w e r t e m p e r a t u r e s ( - 40° ) , p o l y m e r i s a t i o n o f t h e p e r f l u o r o a c e t y l e n e 

p r e d o m i n a t e d , w i t h no eviden c e f o r t h e f o r m a t i o n o f (78) o r (79_) • 

CF CFCCF„ 
3 3 

F / a c e t o n i t r i l e 
^o 

-40~ 
c — c -

\ 
CF„ (4Z) 
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( b ) S t r u c t u r e o f t h e p r o d u c t s o b t a i n e d 

The p r o d u c t (78) had s a t i s f a c t o r y mass s p e c t r a l and e l e m e n t a l analyses 

19 

f o r a m o n o s u b s t i t u t e d , p e r f l u o r o b u t e n y l p y r i d a z i n e . Resonances, i n t h e F 

n.m.r. spectrum o f (78), a t 78*4, 97*0 and 121*5 p.p.m., a l l i n t e n s i t y 1, were 

a t t r i b u t e d t o t h e 3,6 and 5 r i n g f l u o r i n e s r e s p e c t i v e l y . S i m i l a r l y from 

c o u p l i n g c o n s t a n t measurements o t h e r resonances a t 6l«5 and 70*5 p.p.m., b o t h 

i n t e n s i t y 3, and a s i n g l e resonance a t 103*2 p.p.m., i n t e n s i t y 1, were 

a t t r i b u t e d t o t h e two CF^ groups and t h e v i n y l i c f l u o r i n e . Comparison o f t h e 
19 

observed c o u p l i n g s J = 1 Hz and J = 21 Hz. i n t h e F n.m.r. 
spectrum o f (78) w i t h t h o s e i n T a b l e 6, i n d i c a t e a t r a n s - c o n f i g u r a t i o n o f t h e 

CF groups.. No c o u p l i n g c o n s t a n t s J = 12 Hz and J „ = 12 Hz f o r t h e 
J 3 Ct^-F 

c o r r e s p o n d i n g c i s arrangement were observed. 

T a b l e 6 

Coupling Constants Hz 

Compound JAB JAC JBC 

A CF„ F B 
^ c = c " 

CF 

N 
N' 

3 C 

(78) 

21 

A CF F B 
3^ c=c" 

CF 
3 C 

(80) 

28 1.5 

A CF n .CF„ „ 

F B 

(81) 

12 12 
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Other evidence f o r (7_8) h a v i n g t h e t r a n s - c o n f i g u r a t i o n was o b t a i n e d from 

t h e o n l y weak a b s o r p t i o n a t 5'&[iy w h i c h i s c h a r a c t e r i s t i c o f a t r a n s - s u b s t i t u t e d 

o l e f i n . C o n f i r m a t i o n o f t h e o v e r a l l s t r u c t u r e o f (78), was o b t a i n e d from 

E.S.C.A. measurements, c a r r i e d o u t i n c o n j u n c t i o n w i t h Dr. D.T. C l a r k . 

F i g u r e 5 shows t h e C computer s i m u l a t i o n f o r (78), and t h e assignments are 

shown i n T a b l e 7« 

T a b l e 7 

Peak I n t e n s i t y C-assignment 

A 2 CF^ Carbon atoms 

B 2 2,6 Ring carbon atoms 

C 2 
3 Ring carbon atom 

|3 - V i n y l i c carbon atom 

D 2 
4 Ring carbon atom 

oc - V i n y l i c carbon atom 

The s t r u c t u r e o f t h e second p r o d u c t , (79) p r o v e d t o be more d i f f i c u l t . 

From mass s p e c t r o m e t r y and e l e m e n t a l a n a l y s i s , a m o l e c u l a r f o r m u l a C F ,N 
1*̂  l b & 

19 

was deduced. Low r e s o l u t i o n (60 MHz) F n.m. r . measurements d i d n o t a l l o w 

a p o s i t i v e s t r u c t u r a l assignment o f (79) t o be made. However, by analogy 

w i t h t h e p r o d u c t , (44), o b t a i n e d from t h e r e a c t i o n i n v o l v i n g p e n t a f l u o r o -

p y r i d i n e , h e x a f l u o r o b u t - 2 - y n e and caesium f l u o r i d e , (4.2.1), an open c h a i n 

s t r u c t u r e , (82) was o r i g i n a l l y p o s t u l a t e d . 
CF 

CF 
CF 

CF 

A 
F 

ft 
82) N 
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L a t e r , u s i n g h i g h r e s o l u t i o n (lOO MHz) F n.m.r. , a resonance a t 

78*2 p.p.m. was a t t r i b u t e d t o t h e 3>6 r i n g f l u o r i n e s . The absence o f a 

resonance a t a p p r o x i m a t e l y 120 p.p.m., c o r r e s p o n d i n g t o a 5 r i n g f l u o r i n e , 

i n d i c a t e d t h a t (79) was i n f a c t a d i - s u b s t i t u t e d p y r i d a z i n e . The p o s s i b i l i t y 

o f a s i m p l e d i - s u b s t i t u t e d p r o d u c t o f t h e t y p e (83) 

CF 
CF 3^ CF 

N CF 
N 

(83) 

was e l i m i n a t e d , as t h e exp e c t e d resonances i n t h e F n.m.r. spectrum d i d n o t 

occur. The p o s s i b i l i t y o f a c y c l i c s t r u c t u r e was t h e n c o n s i d e r e d . U l t i m a t e l y , 

t h e s t r u c t u r e o f (2 9 ) was shown t o be t h e c y c l i c compound, p e r f l u o r o - ( 1 , 2 , 3 -

t r i m e t h y l ) - l - e t h y l - 5 , 6 - d i a z a i n d e n e , and t o f a c i l i t a t e e a s i e r d i s c u s s i o n , t h e 

s t r u c t u r e and numbering o f (79.) a r e g i v e n f i r s t . 

CFo l b 

I J F 
CF„ l o -'X l c CF 

3 \ 7 

2a CF 

3a CF 3 F 

(12) 

I t was a n t i c i p a t e d t h a t replacement o f the 3,6 r i n g f l u o r i n e s by non-
19 

f l u o r i n a t e d s p e c i e s , w o u ld s i m p l i f y t h e F n.m.r. spectrum o f (79) s u f f i c i e n t l y 

t o a l l o w a complete s t r u c t u r a l a n a l y s i s t o be determined. Use was t h u s made 

o f p e r f l u o r o p y r i d a z i n e s a b i l i t y t o g i v e d i f f e r e n t s u b s t i t u t i o n p a t t e r n s under 
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d i f f e r e n t pH c o n d i t i o n s . I t has been demonstrated t h a t when r e a c t i o n s are 

c a r r i e d o u t under n e u t r a l o r a l k a l i n e c o n d i t i o n s , replacement o f t h e 4,5 

r i n g f l u o r i n e s o c c u r s , w h i l e under a c i d i c c o n d i t i o n s , replacement o f t h e 3,6 

r i n g f l u o r i n e s p r e d o m i n a t e s . P e r f l u o r o a l k y l p y r i d a z i n e s a r e known t o r e a d i l y 

undergo a c i d h y d r o l y s i s t o y i e l d t h e c o r r e s p o n d i n g 3, and 3,6 d i h y d r o x y 

d e r i v a t i v e . 

F 0 
I 

R R H SO N N N-H 
F H O 

N-H N N-H R 
I 
0 0 

(84) (85_) 

The p r o d u c t s (84) and (85), have been shown t o e x i s t as p y r i d a z o n e s , 

r a t h e r t h a n t h e t a u t o m e r i c h y d r o x y p y r i d a z i n e s , by t h e presence o f an N-H 

s t r e t c h i n g band and a c a r b o n y l band, i n t h e i r i . r . s p e c t r a . 

Thus when (79) was t r e a t e d w i t h s u l p h u r i c a c i d (5»3»l)> two p r o d u c t s 

(86) and (87) were i s o l a t e d . 

F 

A . 
C F 2 5 CF CF 

3 - / H SO 1 N 
H O 

N N-H CF CF 
II 

CF CF (79) (86) 

0 
II CF 

H 

N-H CF 

CF„ 0 (87) 
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19 The F n.m.r. spectrum o f (87), possessed f i v e separate resonances, 

i n t e g r a t i n g t o g i v e f o u r CF^ groups a t 56«7> 57*2, 59*6 and 80*5 p.p.m. 

r e s p e c t i v e l y and one CF group (104*3 p.p.m.). The absence o f a resonance 

a t Czz. 78 p.p.m., a t t r i b u t e d t o t h e 4,7 r i n g f l u o r i n e s i n t h e p a r e n t compound 

(j_9_), c o n f i r m e d t h a t r e p l a c e m e n t o f t h e s e f l u o r i n e s had o c c u r r e d . C o n s i d e r i n g 

now t h e CF^ a b s o r p t i o n a t 80«5 p.p.m. As t h i s a b s o r p t i o n appeared as a 

s i n g l e t a t r e l a t i v e l y h i g h f i e l d w i t h l i t t l e o r no f i n e s t r u c t u r e , a CF CF -
3 2 

g r o u p i n g was proposed as J i s u s u a l l y v e r y s m a l l . The r e m a i n i n g 3CF„ 
ut —Or 3 

3 2 

group resonances c o n s i s t e d o f a q u a r t e t , s e x t e t and a bro a d m u l t i p l e t ; 

t h e r e f o r e , assuming t h a t c o u p l i n g between a d j a c e n t CF^ groups o c c u r s , t h e 

c o n f i g u r a t i o n shown s a t i s f i e s t h e evidence a v a i l a b l e . 

CF^ S i n g l e t 
H e x t e t CF CF M u l t i p l e t 

C 
A y N 

Broad CF — C 
u n r e s o l v e d 
m u l t i p l e t I 

CF 3 Q u a r t e t 

A b r o a d l i n e a t 7*72 p.p.m. d o w n f i e l d o f an e x t e r n a l T.M.S. r e f e r e n c e 
1 

sample i n t h e H spectrum was ass i g n e d t o t h e NH resonance expected. 
19 1 

T h e r e f o r e , f r o m t h e F and H n.m.r. r e s u l t s t h e s t r u c t u r e was shown t o be 

1 , 2 , 3 - t r i s - ( t r i f l u o r o m e t h y l ) - 1 - p e n t a f l u o r o e t h y l - 4 , 7 - d i h y d r o x y - 5 , 6 - d i a z a i n d e n e , 

(87). 
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Mass s p e c t r a l , e l e m e n t a l a n a l y s i s and E.S.C.A. measurements ( F i g u r e 6, 

T a b l e 8). 'were c o n s i s t e n t w i t h t h i s s t r u c t u r e . 

T a b l e 8 

Peak I n t e n s i t y C-assignment 

A 4 £ F3 

B 1 

C 2 c=o 

D 1 
CF CF CF 

3 2^ / 3 
C 

E 2 
1 3 
C= 

F 2 

C o n s i d e r i n g now t h e s t r u c t u r e o f (86). The F n.m.r. spectrum o f 

(86) c l o s e l y resembled t h a t o f (87_), except f o r t h e a d d i t i o n o f a bro a d 

a b s o r p t i o n , e q u i v a l e n t t o one f l u o r i n e and assigned t o an a r o m a t i c CF group, 

a t 94»3 p.p.m. The spectrum s t i l l c o n t a i n e d a s i n g l e t CF^ (82*0 p.p.m.) 

and b r o a d m u l t i p l e t , a t t r i b u t e d t o a CF a t 100*8 p.p.m., i . e . a CF CF -
2 3 2 

g r o u p i n g . The r e m a i n i n g t h r e e CF^ groups c o n s i s t e d o f a bro a d m u l t i p l e t 

(55*9 p.p.m.), an o c t e t 60«1 p.p.m. and a q u a r t e t a t 6l«5 p.p.m. 'suggesting 

t h e same t y p e o f s t r u c t u r e as (87)• However, mass s p e c t r a l and e l e m e n t a l 

a n a l y s i s i n d i c a t e d a mono hyd r o x y d e r i v a t i v e , w h i c h e x i s t s m a i n l y as t h e amide 

fo r m , and as such two s t r u c t u r e s a r e p o s s i b l e . 
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, , CF CF JJ (1C) CF ^ r 2 ^ 3 
N-H 

CF CF CF„ ^ 2 ^ 3 
3V^-

o r 

(89) (86) 

But as t h e ( l C ) CF^ a b s o r p t i o n i s now an o c t e t due t o an a d d i t i o n a l s i n g l e 

s p i n c o u p l i n g , t h e s t r u c t u r e was a s s i g n e d t o (86). F u r t h e r evidence f o r 

t h i s s t r u c t u r e was o b t a i n e d f r o m E.S.C.A. measurements ( F i g u r e 7, T a b l e 9), 

T a b l e 9 

Peak I n t e n s i t y C-assignments 

<?3 

B £ F 2 

CF 

D C=0 

E 
CF CF„ CF 

3 \ / 3 

C 

F 
CF, 

C= 

The s t r u c t u r e o f t h e p a r e n t compound (7_9_) now becomes apparent by 
19 

comparison o f F n.m.r. s p e c t r a . A g a i n CF resonances a t 54*9, 58*7> 60*8 
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and 80'0 p.p.m. were observed and a CF resonance a t 106*8 p.p.m. A new 

resonance, i n t e g r a t i n g t o 2 f l u o r i n e s , a t 78*2 p.p.m. was as s i g n e d t o t h e 

4,7 r i n g f l u o r i n e s . Thus t h e s t r u c t u r e o f t h e p a r e n t compound was shown t o be 

(22) 

A g a i n c o n f i r m a t i o n o f t h e s t r u c t u r e was o b t a i n e d from E.S.C.A. measurements 

( F i g u r e 8, T a b l e 1 0 ) . 

Tab l e 10 

Peak I n t e n s i t y C-assignment 

<?3 

B 1 CF a 

CF 

CF„CF„ CF 
3 2^ / 3 

D 1 C 

CF 
E 2 3 >*C= 

C=C 
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(c) Mechanism 

The formation of (78) and (79) can occur v i a a similar mechanism to that 

discussed previously for the pentafluoropyridine derivatives (4.2 . 1 ) . 

Alternative mechanisms are annexed below. 

( i ) 

CF„-CfC.CF„ 
3 3 

CF„ F 
c=c _ \ 

CF. 

C.F,N„ 
4 4 2 

(78) 

C F 'ChC-CF 
(^2) - J 3 ^ CF ~C=C 

3 I x 

CF3-C=C-CF3 

CF. 

CF„ CF CF„ 
3 X / 2 3 

c 
. 4 4 2 

CF. 
CF3-C=CN 

CF2=C=C-CF3 

+F 

CF -C-C-F 
3 I NCF, CF =C=C-CF„ " 2 3 

CF CF CF 
\ / 2 3 

a 
/ 

CF„-C I F 
3 V * 

XCF3 

'N 

N 

CF CF„CF„ 
3 N / 2 3 

CF -</ 
3 \ \ 

F 
C' 
I 
CF, 

(22) 
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or ( i i ) 

a y e 

F 
I 

/, ^CF3 

F 
N 

CF -e 
3 

CF9CFo 

F 
(78) 

CF •CEC'CF 
3 3 

(79) 

C F 3 - % C ^ 

N 

-N 

or ( i i i ) 

CF̂ CFCF̂  

(78) 

CF F CF, JS C=C 
*c=q' VCF 

CF„ 

N 

^Cyclise 

CF0 C F 
3 2 5 (22.) 

CF, 

CF . - c ' 
I - ^F; 
C-C^p 

C F 3 ^ 3 

•N 

, N 
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In order to establish whether the formation of (79) involved (.78), a 

reaction was carried out in which hexafluorobut-2-yne was reacted with (78) 

under fluoride ion conditions, using a s t a t i c atmospheric pressure system 

(5«l«l)« A reasonable y i e l d (50%) of the c y c l i c product (79) was obtained, 

suggesting that mechanisms concerning (78) are involved in the formation of 

(79)« Other evidence, supporting the react i v i t y of the v i n y l i c fluorine, has 

been found i n nucleophilic substitution reactions involving (78) , and 

previously ( 4 .4 .2 ) with perfluoro -4 - (2'-butenyl)pyridine (43) . Thus on th i s 

basis, the formation of (79) may occur largely through mechanism ( i i i ) . 

5.1.2 With djethylacetylene dicarbpxylate 

(a) Reaction conditions and product 

Using s i m i l a r conditions to those reported previously ( 4 . 2 . 3 ) , diethyl-

acetylene dicarboxylate, was added dropwise to a rapidly s t i r r e d suspension 

of tetrafluoropyridazine, caesium fluoride and sulpholan and a cis/trans 

mixture, 40:60, of the corresponding monosubstituted pyridazines, (-32) and (91,), 

isolated. 

N 

OC00C H 
HI 2 5 

C«CO0C 2H 5 

CsF, sulpholan ̂  
90°C 

atmospheric 
pressure 

C-COOC H 
I ! 2 5 

C'COOC^ 

(2£) 

'C-COOC H 
II 2 5 

H5C2OOC-C 

(91) 
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(b) Structure of the product 

19 The i d e n t i f i c a t i o n of the c i s and trans isomers was effected using F 

n.m.r. I t was believed that for the trans isomer, the single v i n y l i c fluorine 

would have l i t t l e or no effect on the 3>5 ring fluorines and hence resonance 

patterns s i m i l a r to those expected in, for example, 4-chloro - 3 , 5 , 6-trifluoro-

pyridazine (92), should be observed. Thus, resonance patterns at 79*5, 99*0 

19 

and 123*0 p.p.m., in the F n.m.r. spectrum of the mixture, which were similar 

to those at 85*5, l00«l and 129*5 p.p.m. observed for (92) . 

Conversely, for the c i s isomer, the v i n y l i c fluorine can now interact 

'through space' with the 3>5 ring fluorines, leading to broad resonances which 

were observed at 77*5, 98*2 and 121*0 p.p.m. The results are summarise in 

Table 11. 

Compound 

H C COOC COOC H 
5 2 "c=c" 2 5 

(22) 

N 

Table 11 

Chemical S h i f t (p.p.m.) Intensity Assignment 

77*5 1 3 Ring F 

95*0 1 =CF 

98*2 l 6 Ring F 

121*0 l 5 Ring F 

H C 00C F 
5 2 " C < 

COOC^ 

N 
N 

(9JL) 

79*5 J 3 _ 6 30 Hz 

95*2 

99*0 J 6 _ 3 30 Hz 

123*8 J 24 Hz 

1 

1 

1 

1 

3 Ring F 

=CF 

6 Ring F 

5 Ring F 

C I 

N 

(92) 

85*5 J > 6 30 Hz 1 

100*1 30 Hz 1 

129*5 J 24 Hz 1 

3 Ring F 

6 Ring F 

5 Ring F 
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5.2 Reactions involving perfluoro -4 - (2'-butenyl)pyridazine 

5.2.1 With hexafluorobut-2-yne 

(a) Reaction conditions and product 

When perfluoro -4 - (2'-butenyl)pyridazine, (78). was reacted with hexa-

fluorobut-2-yne i n the presence of caesium fluoride and sulpholan, using a 

s t a t i c atmospheric pressure system, a white c r y s t a l l i n e product was isolated 

which had an identical i . r . spectrum with that of perfluoro-(l , 2 , 3-trimethyl)-

l-ethyl - 5 , 6-diazaindene, (79)» 

5 .2 .2 Nucleophilic substitution with ammonia 

(a) Reaction conditions and product 

When perfluoro -4 - (2'-butenyl)pyridazine, (78), was added dropwise to 

rapidly s t i r r e d aqueous ammonia («880) at 0 ° , a white c r y s t a l l i n e s o l i d readily 

separated. 

CF NrC NH 

CF CF 
0*880 NH. OH 

F 
N N 0 

N N 
(78) (93) 

(b) Structure 

The product (93) which had satisfactory elemental and mass spectral 
19 

analyses, was too insoluble for a detailed F n.m.r. spectrum to be carried 

out; only a single peak, corresponding to the CF^ group, 68*9 p.p.m., was 

observed. However, from i . r . spectroscopy, the presence of the -CrN and 

-NH groups were confirmed by absorption at 4,5p- and 3*ly; respectively. A 
(ml 

similar product has also been isolated with perfluoro -4 - (2'-butenyl)pyridine 

( 4 . 4 . 3 ) . 
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(c) Mechanism 

A possible mechanism for the formation of a product similar to (93) has 

been discussed previously ( 4 . 4 . 3 ) « 

5 .2 .3 Nucleophilic substitution with methoxide ion 

(a) Reaction conditions and products 

Using similar conditions to those reported previously ( 4 . 4 . 2 ) , sodium 

methoxide solution was added dropwise to a solution of perfluoro - 4 - ( 2 ' -

butenyl)pyridazine i n dry methanol at 0°C. A cis/trans mixture (66:34) of 

mono-methoxy products (94) and (95) was obtained 

CF CF F CF CF OCH 
' 3 

ITS 
OCH CF CF 

NaOCH 
Methanol N N 

N N N 

(28) ( 2 4 ) (9£) 

(b) Structure 

Although the products were not separated, mass spectral measurements 

carried out on the reaction mixture, indicated that a mono-methoxy derivative 

had been formed. From r e s u l t s obtained previously on the corresponding 

perf luoropyridine derivative (43_), (4.4.3) , a cis/trans mixture of products 

was anticipated. However, in perfluoro-monosubstituted pyridazine derivatives, 

the 5 ring fluorine atom i s s t i l l extremely susceptible to nucleophilic attack 
and as such, the p o s s i b i l i t y of a ring substituted product was also considered. 

19 
From F n.m.r. measurements carried out on the reaction mixture, peaks 

at 56*51 and 64*10, both intensity 3, were assigned to two c i s CF^ groups, 

3 12*3 Hz. Peaks at 60*50 and 65*14, intensity 3 and having l i t t l e or 
3" 3 

no fine structure were assigned to the trans CF groups. Broad absorptions at 



- 97 -

60*98, 82*89 and 90*43, a l l intensity 2, were assigned to the 3,6 and 5 ring 

fluorines respectively. The rati o of the cis;trans isomers (66:34) was 

obtained from a comparison of the integration values obtained for the c i s 

and trans CF^ group absorptions. No evidence observed for the formation of 

any ring substituted products similar to (96). 

CH O 

5.3 Reactions involving perfluoro-(l , 2 , 3-trimethyl)-l-ethyl - 5,6-diazaindene 

5.3*1 With sulphuric acid 

(a) Reaction conditions 

Under strongly a c i d i c conditions, nucleophilic attack on tetrafluoro-

pyridazine by water leads to substitution of the fluorine atoms at C-3 and 

C - 6 ^ ° \ i n contrast to those at C-4 and C-5, which are more reactive towards 

nucleophilic reagents under basic conditions. 

Thus, when (79) was heated i n concentrated sulphuric acid to which a few 

drops of water had been added, at 150° for 48 hrs., two products were isolated. 

F 
CF3 

150° , 48 hrs. 

C 2 F 5 

N-H 

(86) 

G P 3 v . c 2 F 5 

0 

(87) 
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(b) Structure 

The structure of the products, (86) and (87). have been discussed 

previously ( 5 . 1 . 1 ) . Both (86) and (8_7_) had satisfactory mass spectral and 

elemental analyses. 

(c) Mechanism 

The formation of the two pyridazones (86) and (87_) may possibly be formed 

v i a the following mechanism: 

F 
C F C F CF CF 

3 ^ Z 3 \ A H SO./HO N 

H CF CF 

(79) CF CF F 

H H 0 

F 
C_F C F CF 

3 \ A N N HF 
N-H 

CF CF 
I 

CF 0 86) 3 HO F 

H SO, /HO 

etc. 

5 . 3 » 2 With two equivalents of pentafluorophenyl lithium 

(a) Reaction conditions and product 

Di-substituted pyridazines are known to react with two molecular 

proportions of pentafluorophenyl lithium to give the corresponding t e t r a -
149 

substituted derivatives. 
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2 C , F L i 
6 5 

F 

R 

R̂ . = C F f 3 7 

(9Z) 

Thus, when the c y c l i c product (79) was treated with two equivalents of 

pentafluorophenyl lithium, a white c r y s t a l l i n e s o l i d , (98) , believed to have 

the structure shown, was isolated. 

2C,F L i 
6 5 

Ether, -78 
5 hrs. * 

(b) Structure 

The product (98), had satisfactory elemental and mass spectral analyses. 

However, although (98) was found to be almost insoluble i n solvents suitable 
19 

for F n.m.r. measurements and only weak resonances were observed, i t i s 

believed that (98) has the probable structure shown. 
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5«3«3 With sodium methoxide 

(a) Reaction conditions 

When perfluoro-(l,2 , 3-trimethyl)-l-ethyl - 5 , 6-diazaindene was reacted with 

sodium methoxide solution at 0°, a white c r y s t a l l i n e mono-methoxy derivative 

was isolated. 

F 
C F CF CF 

3 ^ Z N 0 ether F NaOCH 
N N CH OCF CF 

2(a) CF CF (79) (99) 

C F 
CF 

3nZ 

or 
CF 

F CH OCF 
(100) (3a) 

(b) Structure 

The mono-methoxy derivative of (79) had satisfactory elemental, and mass 
19 

spectral analyses. From F n.m.r. measurements, resonances at 74*6 and 82*1 

p.p.m. were attributed to the 3,6 ring fluorines respectively. Further, the 

spectrum now contained only three CF group and two CF group resonances, 
3 2 

indicating that replacement of a fluorine by a methoxyl residue had occurred 

at either CF group (2a) or (3a) . CF„ (,1b) CF„ (lb) 
\ 

C F „ ( l a ) . CF„ ( l a ) ( l c ) CF ( l c ) CF 2 
N 6 N 6 

and 
CH„0CF CF 

(2a) (2a) CF CH.OCE (3a) 3 (3a? (99) (100) 
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The remaining CF^ groups ( l c ) and (lb) were unaffected. No additional 

information could be obtained from J values due to the broad resonances 

observed. 

(c) Mechanism 
150 

Recently, Kobayashi and co-workers have shown that similar replacements 

of fluorine i n CF groups occur i n perfluoroquinoline derivatives. 

H OCoH 
CF CF 

IF C H 0 

N N 

(101) 

H OC2H5 H OCoH 
CFoOCnH ^CF 

Ĉ H-O 

N N 
-J 

CF OC H ^ 2 2 5 

N 

(102) 

0& 
R 1 6 ki'ft 1973 
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Thus applying a similar mechanism here: 

CH 0 
3 

CF 3 0CH3 

-F 

C F 

CH OCF -X^ _ 
3 2 

CF„ OCH 
3 3 

CH 0CF„ 
3 2 

-CH 0 
3 V 

C 2 F 5 
C F 3 N / , ^ > . 

CH 0 
, 3 

CF 3 OCH3 

5.3«4 Defluorination 

When perfluoro-(l,2 , 3-trimethyl)-l-ethyl - 5 j 6-diazaindene (79) was passed 

over heated iron at a variety of temperatures using dry nitrogen as a c a r r i e r 

in an attempt to form a vinyl compound, complete decomposition of the starting 

material occurred. Attempts to minimise the decomposition by lowering the 

temperature and decreasing the contact time, had l i t t l e effect. 
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Decomposition 

< 
C F CF 

N Fe 
N 480 CF N_ c a r r i e r 

(79) CF=CF CF CF 
3 ^ / 

F 
N CF 

C F

3 (103) 

5«3»5 Pyrolysis 

Similar r e s u l t s to the defluorination reactions described above, were 

obtained when the c y c l i c product (79) was passed through a heated s i l i c a tube 

(600° ) packed with s i l i c a wool, i n a vacuum transfer system. However when 

nitrogen was used as a c a r r i e r at 4 0 0 ° , starting material was recovered. 

5«3«6 Photolysis reactions 

When a photolysis reaction was carried out on (7J)) in a s i l i c a tube, 

using a medium pressure u.v. lamp for 6 days, complete decomposition of the 

starting material occurred. Using shorter reaction times i . e . 3 days, some 

recovery of the starting material was possible although decomposition of (79) 

s t i l l occurred. Attempts to photolyse only the gaseous phase by shielding 

the s o l i d phase led to higher recoveries of the starting material. No other 

products were isolated i n any of the above reactions. 

Other photolysis reactions carried out on (79) using vacuum transfer 

systems i n both pyrex and s i l i c a glassware and using u.v. light of s p e c i f i c 
151 

wavelengths, are s t i l l being evaluated. 



CHAPTER 6 
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Other Routes to Perfluoroalkenyl Heterocyclic Compounds 

Introduction 

I t has been demonstrated i n the previous chapters, that perfluoroalkenyl 

pyridines and pyridazines are formed when perfluorobut-2-yne and the 

heterocycle compound are reacted together under suitable fluoride ion conditions. 

However, y i e l d s are low and, i n the case of the perfluoropyridine derivatives, 

the i s o l a t i o n of the products from the reaction mixture i s d i f f i c u l t . 

An alternative route leading to unsaturated perfluoroheterocyclic 

derivatives, has been used recently at the University of Durham, and involves 

defluorination of perfluoroalkyl heterocyclic compounds using an iron catalyst. 

Thus i t has now been shown that defluorination of perfluoro-sec-

butylpyridine and perfluoro-sec-butylpyridazine compounds, leads to higher 

yields of perfluoro-4-(2 1-butenyl)pyridine and perfluoro-4-(2'~butenyl)pyridazine. 

The preparation of the corresponding perfluoro-sec-butyl compounds and their 

subsequent defluorination are described i n this chapter. I n addition, 

preliminary attempts to form similar unsaturated compounds, in reactions 

involving perfluorobutenyl lithium and heterocyclic compounds, are also 

described. 

6.1 Reactions of octafluorobut-2-ene with perfluoroheterocyclic compounds 

6.1.1 With pentafluoropyridine 

(a) Reaction conditions and products 

The reaction of pentafluoropyridine and octafluorobut-2-ene i n a fluoride 
40 

ion-process has been previously described using a large excess of the 

perfluoro-olefin, elevated temperatures and long reaction times. 
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CF 
CFCF CF 

2 3 

+ CF -CF=CF.CF Sulpholan/CsF 
3 3 1 9 0 ° , 48 hrs. 

F 
( 1 0 4 ) ; 50% 

CF. 
^CFCF CF„ 

2 3 

^>LCFCF2CF3 
CF ( 1 0 5 ) ; 30% 

Using lower temperatures, and only a slight excess of the o l e f i n , high 

yields of ( l 0 4 ) were obtained 

1? 

+ CF •CF=CF«CF Sulpholan/CsF y 

3 3 1 6 0 ° , 40 hrs. 
( 1 0 4 ) ; 70% 

and ( 1 0 5 ) ; 15% 

(b) Structure 

The two products ( l 0 4 ) and (1O5) had identical i . r . spectra with those 
40 

reported for perfluoro - 4-sec-butylpyridine and perfluoro - 2 , 4~bis-sec~ 

butylkpyridine respectively. 
(c) Mechani sm 

CF. 
CFCF CF„ 

2 3 

F - _ C F N 
CF •CF=CF«CF , CF -CF'CF CF ? ? > 

3 3 3 2 3 

(104) 

(104) + CF •CF•CF CF 
3 d> 3 

(105) 
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6.1.2 With tetrafluoropyridazine 

(a) Reaction conditions and products 

Using similar conditions to those reported previously ( 6 . 1 . 1 ) , 

tetrafluoropyridazine reacted with octafluorobut-2-ene to form perfluoro - 4 -

sec-butylpyridazine ( l06) and perfluoro -3 ,5-bis-sec-butylpyridazine (10_7_.). 

N 
+ CF *CF=CF*CF lulpholan/CsF 

3 3 160° , 24 hrs. 

dF„ 
CFCÊ CF̂  

(106); 30% 

CF3CF2CF 
/ C F 3 C F 3 CFCF CF„ 

2 3 

(107); 30% 

(b) Structure of products 

Both ( l06) and ( l07) had satisfactory elemental and mass spectral 

analyses. 
19 

From F n.m.r. data, the product (jL06) was shown to be a 4-substituted 

perfluoro-sec-butylpyridazine, having resonances at 71*2, 97*8 and 121*3 p.p.m., 

each intensity 1, assigned to the 3,6 and 5 ring fluorines respectively from 

coupling constant measurements. Two resonances at 72*7 and 82*2 p.p.m., 

inten s i t y 3, were attributed to the two CF̂  groups. Other resonances at 121*0 

and 182*5 p.p.m. were assigned to the -CF and -CF groups respectively. 

Similarly, (107) was shown to be a 3,5 di-substituted product. Thus 
19 

resonances at 69*1 and 102*9 p.p.m. i n the F n.m.r. spectrum, each intensity 1, were attributed to the 6" and 4 ring fluorines respectively, while resonances 
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at 73*9 and 82*3 p.p.m. were assigned to the four CF̂  groups. A resonance 

at 121»0 p.p.m. was assigned to the two CF groups and two resonances at l8l»5 

and 187«0 p.p.m. were at t r i b u t e d to the two CF groups. 

(c) Mechanism 

The monosubstituted product, (106), may be formed via a mechanism similar 

to that discussed previously ( 6 . 1 . 1 ) . 

For the disubstituted product, ( l 0 7 )> the p o s s i b i l i t y of forming a kineti c 

or thermodynamically controlled product can arise. I n a recent communication 
152 

Chambers and co-workers report that a tr a n s i t i o n can occur from the 

k i n e t i c a l l y controlled product to the thermodynamically controlled product i n 

the following series. 

R. 
R 

N 

R, 

N 
N 

R, 

R, = CF CF„ f 3 2 
R„ = (CF ) CF 
f 3 2 

= (CFj„C 
f 3 3 

(108) 

(109) (110) 

( i l l ) 

From CF CF , isomer ( l 0 8 ) was formed exclusively and was not rearranged 
3 2 

by fluoride ion even up to 1 5 0 ° ; (CF ) CF gave (l09_) which gave a mixture 
3 2 1 

of (1O9) and (llO ) on heating with fluoride ion; while (CF^)^C gave only 

(111). They explain the last result i n terms of a minimisation of steric 

interaction when both of the bulky (CF ) CF groups are adjacent to a ring 
3 2 

nitrogen rather than flanked by fluorine atoms attached to the ring. Thus 

the formation of perfluoro - 3 , 5-bis-sec-butylpyridazine can be explained i n 
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terms of a minimisation of ste r i c interactions when the groups are i n the 

3,5 as opposed to the 4,5 position. Under the reaction conditions used, any 

4,5 product formed would rearrange to give the 3,5 product (1O7). 

K.C. Srivastava, i n t h i s laboratory has shown that perfluoro-4,5-bis-

sec-butylpyridazine, (l ! 2 ) , i s formed when octafluorobut-2-ene reacts with 

tetrafluoropyridazine i n an atmospheric fluoride ion process at 60° and that 

(112) w i l l rearrange when heated with fluoride ion i n sealed tubes at elevated 

temperatures, to the corresponding 3,5 isomer (l07)» 

N CF •CF=CF«CF„ 
3 3 

Sulpholan/CsF, 
6 0 ° 

Atmospheric 
pressure 

CF 
CFo JsCFCF CF„ 
y 3 , 2 3 

CF CF CF 
3 2 \ 

(112) 

CF, 
CF3 CFCF CF„ 
1 J 1 2 3 

CF CF CF 
3 2 ^ 

CF, 

Sulpholan/CsF C F 

Autoclave 150° c p c p \ ^ 
3 2 

'V CFCF^F 

(107) 

6.1.3 With tetrafluoropyrazine 

(a) Reaction conditions and products 

When octafluorobut-2-ene, tetrafluoropyrazine, sulpholan and caesium 

fluoride, were heated together i n a sealed tube, perfluoro~2,5-bis-sec-

butylpyrazine (ll3_) was the only product formed. 

F CF .CF=CF.CF Sulpholan/CsF y 

3 3 160°, 48 hrs. 
Autoclave CF„CF CF " 3 2 

CFCF 2CF 3 

F 

-N' 
(113); 80% 
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(b) Structure 

The product, (113), had satisfactory elemental and mass spectral analyses. 
19 

From F n.m.r. spectroscopy, the presence of two perfluoro-sec-butyl groups 

was confirmed. Further, by comparing the value of a single resonance at 76*6 

p.p.m., intensity 2, to that of 76*66 p.p.m., assigned to the 2,5 ring fluorines 
151 

in perfluoro-2,5-bis-isopropylpyrazine , the positions of substitution were 

ascertained i n (113.) • 

(c) Mechanism 

The formation of (113) can occur by a similar mechanism to that discussed 

previously (6.1.1). 

6.2 Defluorination reactions of some perfluoro-sec-butyl heterocyclic compounds 

I n i t i a l l y , Tatlow and co-workers, using defluorination techniques, showed 

that unsaturated perfluoroaromatic compounds could be prepared using 
153-155 

defluorination techniques. 

c/ 5 

F 

(114) 

600 
Fe 

CF=CF„ 

. F (15%) 

(115_) 

More recently, i t has been shown that defluorination of perfluoroalkyl 
42 

pyridines leads to the corresponding unsaturated product. 

450 
Fe 

F x F 
C=C 

F 

(II) 

(25%) 
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CF, 
CFCF, 

CF„ F 

F 

F 450 
Fe 

N 

(116) (117) 

(45%) 

Using similar conditions, the defluorination of perfluoro-sec-butyl 

compounds, have now been examined. 

6 . 2 . 1 Perfluoro - 4-sec-butylpyridine 

(a) Reaction conditions and products 

Several reactions were carried out at various temperatures to determine 

the best condition for t h i s defluorination. Thus, when perfluoro -4-sec-

butylpyridine was passed over heated iron at 4 4 0 ° , perfluoro - 4 - ( 2'~butenyl) 

pyridine (43) was formed i n high y i e l d . Recycling the reaction mixtures, 

f a i l e d to give 100% conversion of ( l 0 4 ) to (43_). 

CF. 
3^ CFCF CF„ 

2 3 6 
(104) 

CF„ F 
3 - c c " 

^CF 

Fe / 4 4 0 ° ^ 
N 2 

(80%; 75% 
conversion) 

(43.) 

(b) Structure 

The product isolated from the reaction had an i . r . spectrum identical 

with that of an authentic sample of ( 4 3 ) • 

6 . 2 . 2 Perfluoro - 2 , 4-bis-sec-butylpyridine 

(a) Reaction conditions and products 

I t was hoped that defluorination reactions carried out on bis-perfluoro-

sec-butyl compounds, would lead to the corresponding bis-perfluoroalkenyl 
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derivatives as these products were not formed i n the fluoride ion reactions 

discussed previously ( 4 . 2 . l ) . However when perfluoro - 2 , 4-bis-sec-butylpyridine 

was passed over heated iron at 4 4 0 °, a low y i e l d of a complex mixture was 

obtained. 

CF. 
CFCF CF 

2 3 

F CF„ 
CFCF CF„ 

2 3 

Fe / 4 4 0 ° 
N„ complex mixture 

(105.) 

(b) Structure 

Mass spectrometry indicated that a mixture of perfluoroalkenyl products 

had been formed. The presence of a weak absorption i n the i . r . at 5 ' 8}l 

indicated a residue. Because of the low recovery of the products 

formed and th e i r complex nature, further investigations were abandoned. 

6 . 2 . 3 Perfluoro -4-sec-butylpyridazine 

(a) Reaction conditions and products 

Under similar conditions to those previously ( 6 . 2 . 1 ) defluorination of 

perfluoro -4-sec-butylpyridazine, (106), yielded trans-perfluoro -4 - (2'-buteny1)• 

pyridazine, ( 7 8 ) • 

CFCF CF„ 
2 3 

(106) 

Fe/N^ 

4 4 0 ° + 5 ° 
(45% yield) 

(71) 

(b) Structure 

The product had an i . r . spectrum identical with that of an authentic 

sample of ( 7 8 ) . 
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(c) Mechanism 

There i s some evidence to suggest that the ease of removal of a fluorine 

atom from a molecule i s dependent on conjugation and steric effects, for 

example: 

but 

and 

d i f f i c u l t F 
defluorination 

ready 
defluorination 

CF 
CF 

ready 
defluorination 

Thus one would expect that on defluorination of (l0 6 ) , (7_8) would be 

formed more easily than (,120) and that under the condition used, the most 

stable, i.e. the trans, isomer would be formed. 
CF 

CF 
CF 

CFCF CF 
N 

(78) t Fe/N 
F 

440 N 
(106) CF 

CF-CF=CF 

N 
(120) N 

rans 
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I n addition, as the carbon-fluorine bond strength increases with the 

number of fluorine atoms attached to a carbon atom, one would not expect to 

lose fluorine from a CF̂  group i f other p o s s i b i l i t i e s , f o r example, loss of 
I N 

fluorine from -C-F or -CF„, exist. 
I 2 

6 . 2 . 4 Perfluoro - 3 , 5-kis-sec-butylpyridazine 

Defluorination experiments carried out so far on ( l 0 7 ) have yielded 

complex mixtures of products with low recovery of materials. However, a weak 

absorption at 5*8|£ i n the i . r . spectrum of the mixture, i s indicative of a 

Ĉ=Ĉ  group. 

6 . 2 . 5 Perflup.ro -2,5-bis-sec-butylpyrazine 

(a) Reaction conditions and" products 

When perfluoro -2 ,5-bis-sec-butylpyrazine, ( l l3_), was passed over heated 

iron at 4 4 0 ° , a complex mixture of materials was obtained. Mass spectrometry 

and l . r . measurements indicate the presence of a ^C=C^ group(s) but attempts 

to separate the mixture using preparative v.p.c. f a i l e d . 
CF_ 

CF3 

CFCF CF N \ / 2 3 

F Fe /440° 
N 2 

complex mixture 
C F 3 C F 2 C F ^ \ N ^ 

(113_) 

6 .3 Reactions involving trans-heptafluorobutenyl lithium 

I t is known that v i n y l l i t h i u m compounds can be readily generated and that 

once formed, using a suitable solvent, for example, diethyl ether, they retain 

t h e i r o r i g i n a l stereochemistry without isomerisation for a reasonable period of 
156,157 time. 

R l ^ c = c - - R 3 diethyl ether R l \ c = c - " L l 

R l = R 3 = C 6 H 5 

R 2 = H 
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Thus i t was anticipated that by using a polyfluorohydro o l e f i n of known 

configuration, synthesis of perfluoroalkenyl heterocyclic compounds should be 

possible, v i a the lit h i u m derivative. 

6 . 3 » 1 With pentafluoropyridine 

(a) Reaction conditions 

I n i t i a l l y , trans-2H-heptafluorobut-2-ene was reacted with n-butyl lithium 

at low temperature ( - 7 8 ° ) using an ether hexane mixture. Pentafluoropyridine 

was then added to the resulting l i t h i o derivative at - 7 8 ° , and the temperature 

allowed to ri s e to room temperature. However no evidence for the product 

corresponding to trans-perfluoro - 4-(2'-butenyl)pyridine, (43)» was observed. 

CF„ F 
C=C 

H CF, 
(118) 

C; Ho L i ^ ~ffT * 
4 9 Ether/Hexane 

CF„ F 
c=c 

/ \ 
L i CF, 

(119) 

( i ) C FN „ 7 8 ° 
5 5 

( i i ) HC1, 3 0 ° 

CF„ 
C=C 

CF„ 

F 

(M) 

A further reaction was then carried out using freshly d i s t i l l e d 

tetrahydrofuran as solvent and determining that complete l i t h i a t i o n of ( l l 8 ) 
158 

occurred by means of a colour te s t ; no evidence for the formation of 

(43) was obtained. 
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6 . 3 . 2 With tetrafluoropyridazine 

Using similar conditions to those described previously, tetrafluoro­

pyridazine was reacted with an excess of the perfluorobutenyl lithium compound, 

(119). No formation of the perfluorobutenylpyridazine, ( 78 ), occurred. 

CF 

CF 
78 , Ether/Hexane \/ v I 

5 hrs. I' 2CF_CF=CCF L i N N 
N 

(119) (28) 

Although the formation of (l ! 9 _ ) has been shown to occur smoothly, the 

reason why i t does not then react with pentafluoropyridine, and i n particular 

tetrafluoropyridazine i s at present, uncertain. A possible explanation could 

be that elimination of l i t h i u m fluoride occurs i n preference to substitution of 

the heterocyclic r i n g . Further work involving the reactions of (119) and 
1' 

related intermediates, are at present being carried out i n these laboratories. ' 



CHAPTER 7 
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Miscellaneous Reactions 

Introduction 

Several reactions, some of which cannot s t r i c t l y be included under the 

t i t l e 'Fluoride i o n - i n i t i a t e d reactions of acetylenes', have been carried 

out s p e c i f i c a l l y as part of a United State Air Force Research contract. I t 

has, however, been thought worthwhile to include the results of some of these 

experiments i n t h i s chapter. 

I n the f i r s t of these reactions, attempts were made to prepare perfluoro 

ethers which could be useful as models, potentially leading to the synthesis 

of high molecular-weight polyethers. Secondly, electron withdrawing groups 

i n the 3 , 5-positions of pentafluoropyridine should enhance nucleophilic attack -

i n the 2 - and 4-position, so producing substrates for polymer formation more 

active than pentafluoropyridine; t h e i r attempted preparation i s reported. 

7.1 Polyethers 

7 . 1 . 1 Reactions involving hexafluoroacetone, tetrafluoropyridazine- and 

t et r a f luoropy raz ine 

I t has previously been observed that perfluorocarbonyl compounds, i n 

particular hexafluoroacetone, rapidly form addition compounds with the heavier 

metal fluorides and that they can subsequently react with certain halogenated 
m a t e r i a l s . 4 8 ' 4 9 ' 5 2 - 5 6 . 5 8 , l 6 0 

Diglyme . 
(CF3)2CO + MF IZ=? (CF^CFOM 

2 5 ° where M = K, Cs or Rb 

and (CF ) CFOM + BrH CCH=CH Diglyme > CH =CHCH OCF(CF ) 
_J & iU & 2 2 3 2 

5 5 ° , 12 h r . 
sealed tube where M = K 
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A l l of these s o l i d salts decompose i n vacuo to give t h e i r constituent 

parts, although the caesium salts are more thermally stable than the 

corresponding potassium or rubidium complexes. A l l are extremely moisture 

sensitive and as such are prepared and reacted under anhydrous conditions. 

I t should be noted however that the exact structure of the complexes i s s t i l l 

uncertain. 

The use of fluorinated alkoxides as synthetic intermediates however i s 

li m i t e d by the ease with which they eliminate fluoride ion, although the 

perfluoroisopropoxide anion, (CF ) CFO", has been reacted with pentafluoro-
3 2 

pyridine to give a mixture of perfluoro - 4-isopropoxytetrafluoropyridine and 
l 6 l 

perfluoro - 2 , 4~bis(isopropoxy)trifluoropyridine. 
F C CF„ 3 \ ^ 3 CF l 

0 

F„C CF„ 
3 ^ C F - 3 

F (CFJ CFOCs 1 0 0 * ^V1^) 
3 2 7 days 

(121) (122) 

(a) Tetrafluoropyridazine 

I t was believed that by extending the scope of t h i s reaction to include 

the use of a more reactive heterocycle, for example, tetrafluoropyridazine, then 

the p o s s i b i l i t y of producing highly substituted derivatives could exist. 

Further, any remaining sites l e f t on the pyridazine nucleus would be s u f f i c i e n t l y 

reactive to be of potential use i n cross-linking reactions. 

(CF3)2CFOM 
N 

OC F ) 
3 7 n 

n = 1-4 

M = Cs or K 



- 118 -

I n i t i a l l y , experiments were carried out using pre-formed (CF) CFOCs i n 
3 2 

diglyme with tetrafluoropyridazine i n sealed carius tubes. Products 

corresponding to (123) were not isolated, although a high melting so l i d , 

possibly a hydrolysis product, was obtained. 

F ' * (CF 0) CFOCs 140 , 48 hrs. fa m e l t i n g s o l i d 
3 2 diglyme 

"N^ (124) 

Varying the solvent, metal fl u o r i d e , reaction time and the temperature had 

l i t t l e or no effect on the course of the reaction. 

At lower temperatures ( l 0 0 ° and 7 0 ° ) and at atmospheric pressure, using 

both s t a t i c and flow systems, similar results were obtained. Increasing the 

reaction time (112 hrs.) and using an excess of metal fluoride i n a different 

solvent, dimethyl formamide, again gave none of the desired reaction products. 

I n polyfluoroalkylation processes involving diglyme as the solvent, side 

reactions involving the solvent and intermediates leading to lower recoveries 

of materials, have been reported.^'^^ A l l the above reactions gave low 

recoveries of tetrafluoropyridazine and i t was believed that reactions 

involving (CF ) CFOCs, the solvent and possibly the glass apparatus, could be 
3 2 

influencing the course of the reaction. A reaction was carried out therefore 

using sulpholan and nickel apparatus and although higher recoveries of t e t r a ­

fluoropyridazine were obtained, no substitution products were observed. 

The structure of the high melting s o l i d (124) obtained from the above 

reactions i s unknown, f o r although the s o l i d i s soluble i n some common organic 
19 

solvents, notably acetone, no resonances could be observed i n the F n.m.r. 

spectrum. Mass spectrometry proved of l i t t l e use while i . r . spectroscopy 

indicated broad diffuse bands over the whole range 2'5-25fU However i f the 

polymer i s formed by hydrolytic side reactions then i t may have a structure 
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similar to 

(124) 

(b) Tetraf1uoropyrazine 

I n reactions involving tetrafluoropyrazine, which i s less susceptible to 

hydrolytic side reactions, only starting material was isolated. 

(CF3)2CFOCs D.M.F. 
80 ° / l 9 2 hrs. 

N-

(125) 

fOC F ) 
3 7 n 

n = 1-4 

The reason why perfluoroethers were not obtained from reactions involving 

tetrafluoropyridazine and caesium perfluoroisopropoxide, i s s t i l l uncertain. 
51 

However, Shreeve i n a recent communication describes the preparation of 
t o t a l l y fluorinated esters using (CF ) CFOM and a perfluoroacyl fluoride, only 

3 2 
at low temperatures. 

(CF^CFOM + RfCOF 
-105 

R CO CF(CF ) + F" 
f 2 3 2 

R„ = F, CF„, C F , CJF„ f ' 3 ' 2 5 ' 3 7 

M = K, Cs 

The esters, which are stable at room temperature and above, have been shown 

to be decomposed by fluoride ion at temperatures ^ > - 7 8 ° . Therefore, i t may be 

that reaction does occur between (CF ) CFOCs and tetrafluoropyridazine but at 
3 » 
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the reaction temperatures employed, the products are immediately decomposed 

by fluoride ion. 

(CF 3 ) 2 CF0" 
(A) 

F 
(B) 

Thus, under the conditions employed reaction (B) i s predominating. 

Reactions at lower temperatures, which should reduce reaction (B), have 

been carried out recently^ 0* using perchloropyridazine and cyanuric chloride 

respectively, but without success. 

7.1.2 Reactions involving hexafluoropropene epoxide 
60-66 

Hexafluoropropene epoxide i s known to polymerise i n the presence of 

caesium fluoride to form compounds of the type: 
CF CF CF -0[CF(GF )CF 0] R . where n varies from 1-6 

j £.1 dt ^ n i 
and Rf = CF(CF3)C0F 

I t was anticipated that the extending anion could be trapped by tetr a f l u o r o -

pyridazine to give higher molecular weight materials, which could, i n turn, 

be cross-linked v ia the remaining reactive positions i n the pyridazine nucleus 

to y i e l d a polymer. 

However a fluoride ion-induced reaction between hexafluoropropene epoxide 

and tetrafluoropyridazine using reported conditions, f a i l e d to give any products. 

Furthermore, homopolymers and oligomers of the perfluoro epoxide were not 

formed to any appreciable extent i n these reactions. Using a s t a t i c 

atmospheric pressure reaction conditions at 95-100° for 8 hrs., no i d e n t i f i a b l e 

products and only a low recovery of starting materials were obtained. 

0 
F I + C F O C f ' - V S u l p h o l a n w p r o d u c t £ 

N 95-100° ' 
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I n an attempt to increase the s o l u b i l i t y of the epoxide i n the reaction 

mixture, a flow reaction was carried out, i n i t i a l l y at 80° for 5 hrs., and then 

at 30° f o r 48 hrs. Again, only the v o l a t i l e starting materials were isolated 

from the reaction. Solvent extraction of the reaction mixture f a i l e d to 

reveal the presence of any highly substituted i n v o l a t i l e materials. Similar 

results were obtained using tetraglyme as the solvent. 

Attempts to oligomerise hexafluoropropene epoxide alone under reported 
64 

condxtions were, however, successful at low temperatures. 

0 „„ ' N„_ „ „ a c e t o n i t r i l e v . . CF CF— CF 4 - CsF — > oligomers 3 2 Qo 

Using a c e t o n i t r i l e as a solvent a similar flow reaction was then carried 

out at 0° i n the presence of tetrafluoropyridazine. Reaction was extremely 

rapid and a colourless fluorocarbon layer readily separated. Analytical scale 

v.p.c. indicated a four component mixture, whilst elemental analysis confirmed 

the absence of nitrogen i n the mixture i.e. the mixture was derived solely from 

hexafluoropropene; tetrafluoropyridazine was detected,in the solvent layer. 

Use of t h i s fluorocarbon mixture i n a separate fluoride i o n - i n i t i a t e d reaction 

with tetrafluoropyridazine was equally unsuccessful. 

Again, the reason why reactions of t h i s type have been unsuccessful i s 

s t i l l uncertain. However i n the l a t t e r reactions, oligomerisation of the 

perfluoro epoxide appears to be competing more favourably than the substitution 

reactions. 

7.2 The attempted preparation of perfluoromethylpyridines 

During the preparation of pentafluoropyridine from pentachloropyridine and 

potassium fluoride at 480°,^ 2 low yields of perfluoromethylpyridines, (126) 

and (127) have been obtained. 
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N 

(126) 

CF„ F C 3V^ 
I F 

(127) 

CF„ 
s 

I t i s thought that these products arise by attack of difluorocarbene 

produced by the fluoride ion-catalysed breakdown of pentafluoropyridine, on 

pentafluoropyridine. 

F 

N -F 

F 

-N 

-3>- C,F,N + ;:CF„ 
k k 2 

(126) (127) 

l63 

This i s analogous to the mechanism postulated by Platonov et a l . , to 

explain the formation of perfluoro-toluene, -m-xylene, and -mesitylene on 

heating hexafluorobenzene with potassium fluoride at 550° 

F +F 

-F 
* °5F5 + : C F 2 

C 6 F 6 
V 

CF, CF. CF„ 

F 
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Substitution of pentafluoropyridine by the electron withdrawing perfluoro-

alkyl groups would be expected to lead to an enhancement of the remaining 

positions to nucleophilic attack. Thus i t was of interest to prepare 

compounds of t h i s type as potential substrates for polymer formation. 

Difluorocarbene can be generated from sodium chlorodifluoroacetate and 

reactions involving t h i s intermediate fluoride ion and peritafluoropyridine are 

described below. 

7.2.1 Reactions involving sodium chlorodifluoroacetate and pentafluoropyridine 

(a) Reaction conditions and products 

Chlorodifluoroacetic a c i d ^ ^ ' ^ ^ and i t s s a l t s ^ ^ are known to thermally 

decarboxylate and i t i s thought that the rate controlling step of the acid 

decarboxylation i s a single concerted process leading d i r e c t l y to di f l u o r o ­

carbene, chloride ion and carbon dioxide. The onset of thermal decomposition 

6- 6- 6-
C1CF CO " ^ CI CF CO * Cl" + :CF0 + CO 

of the salts of chlorodif luoroacetic acid can be lowered by the use of a 
l66 

suitable solvent, f o r example, diglyme. 

I t was anticipated that by thermolysing sodium chlorodifluoroacetate at 

130° i n the presence of fluoride ion, pentafluoropyridine and diglyme, the 

difluorocarbene f i r s t formed would possibly be trapped by fluoride ion to form 

a trifluoromethyl anion which could then react with pentafluoropyridine 
Ar -F 

:CF + F" » "CF — - } Ar -CF„ +• F~ 
<3 3 I 3 

Ar f = C^N 

Although the i n i t i a l experiments i n diglyme ( l 3 0 ° ) only led to the recovery 

of starting materials, at higher temperatures (170°) and using sulpholan as 
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solventj a single compound, (128), was isolated. 

^ 1 
F + C1CF COONa 170 , 1 6 hrs. 

2 sulpholan, CsF ̂  
autoclave 

C I 

(128); 91% 

(b) Structure 

I n the mass spectrum of (128) a doublet m/e 185 and 187 r a t i o 3*1, 

indicated the presence of a single chlorine atom. The only resonance i n the 
19 

F n.m.r. spectrum, which occurred at 91*0 and 143'0 p.p.m. both intensity 2, 

were at t r i b u t e d t o the 2,6 and 3,5 ring fluorines respectively. This 

suggested that (128) was i n fact a 4-substituted polyfluoropyridine. The 
162 

comparison of the i . r . spectrum of (.128) with that of an authentic sample 

of 4-chloro - 2,3 , 5 , 6-tetrafluoropyridine proved to be identical. 

(c) Mechani sm 

I n t h i s reaction, chloride ion i s produced di r e c t l y i n solution and can 

thus readily react, rather than the difluorocarbene, with pentafluoropyridine. 
This i s i n marked contrast to the reactions, involving potassium chloride and 

. . 40 

pentafluoropyrxdme , previously carried out i n t h i s laboratory. 

Further reactions have been carried out comparing the effects of solvent 

temperature and caesium fluoride on the yie l d of (128); the results are 

summarised i n Table 12. 

Comparing reactions 2 and 4 (Table 12) i t i s apparent that the addition of 
caesium fluoride i s necessary to give high yields of (128). Herkes has 

164 

shown that the addition of metal fluorides increases the rate of 

decarboxylation of sodium chlorodifluoroacetate. 
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7.'2.2 Reaction involving sodium chlorodifluoroacetate and tetrafluoropyridazine 

(a) Reaction conditions and products 

Using similar conditions to those outlined i n 7 « 2 . 1 , tetrafluoropyridazine 

was reacted with sodium chlorodifluoroacetate under fluoride ion conditions and 

a single product isolated. 

N 
CICF COONa 140 . 20 hrs. ^ 

sulpholan, CsF 
autoclave 

(12?); 50% 

(b) Structure 

The product ( l29) had satisfactory mass spectral and elemental analyses 
19 

fo r a monochlorotrifluoropyridazine. From F n.m.r. measurements, resonances 

at 85*5} 100'1, and 129*5j a l l intensity 1, were attributed to the 3,6 and 

5 ring fluorines respectively, indicating that (129) was i n fact 4-chloro-

3 , 5 , 6-trifluoropyridazine. 

Preliminary reactions involving other halogenoacetates, for example 

sodium t r i c h l o r o and tribromo-acetates, and pentafluoropyridine have 

indicated that the corresponding 4-halogeno derivatives can be prepared 

conveniently. 

The preparation of perfluorotrifluoromethylpyridines have recently been 

synthesised i n these laboratories using difluorocarbene generated by the 

pyrolysis of P.T.F.E. at elevated temperatures ( N 5 5 0 ° ) « 
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Reagents: 

The perfluoroheterocyclic compounds, pentafluoropyridine, tetrafluoro-

pyridazine and tetrafluoropyrazine were prepared as described i n the 
131 

l i t e r a t u r e . 

Hexafluorobut-2-yne, hexafluoroacetone and trifluoroethylene were obtained 

commercially from Peninsular Chem. Research Inc. A sample of diethyl acetylene 

dicarboxylate was kindly donated by Dr. G.M. Brooke. Hexafluoropropene 
l69 170 epoxide and trans-2H-heptafluorobut-2-ene were prepared as described i n 

the l i t e r a t u r e . 

The caesium fluoride was reagent grade, dried by heating under high 

vacuum for 2-3 days, and stored under an atmosphere of dry nitrogen. Potassium 

fluoride was reagent grade, dried by heating strongly over a bunsen flame for 

several days, and stored i n an oven at 150° . 

Sulpholan was p u r i f i e d by high vacuum d i s t i l l a t i o n , collecting only the 

middle fractions which were s o l i d at room temperature, and dried further by 

storage over molecular sieves (type 4A) under an atmosphere of dry nitrogen. 

Other solvents such as diglyme, dimethyl formamide and a c e t o n i t r i l e were 

dried i n a similar fashion. 

Instrumentation; 

Infra-red spectra were recorded using a Grubb-Parsons "Spectromaster" 

spectrometer. Liquid samples were i n the form of t h i n contact films between 

potassium bromide discs, or, i n the case of gases and v o l a t i l e liquids i n a 

c y l i n d r i c a l glass c e l l with potassium bromide end windows. The c e l l could 

be attached to a vacuum l i n e by means of a b a l l j o i n t . Solid samples were 

pressed into t h i n discs with potassium bromide. 

U l t r a - v i o l e t spectra were recorded using a Unicam S.P. 800 spectrophoto­

meter. Solvents used were cyclohexane and ethanol (Spectrosol grade). 
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Fluorine ( F) nuclear magnetic resonance spectra were recorded on a 

Varian A56/6OD spectrometer, operating at 56*4 Hz and 60 Hz. A Perkin-Elmer 

RIO spectrometer was also occasionally used. 

Mass spectra were recorded using an A.E.I. M.S.9 spectrometer, and a l l 

molecular, weights were recorded using t h i s instrument. 

E.S.CA. measurements were carried out using an A.E.I. E.S.100 Electron 

Spectrometer. 

Raman spectra were obtained using a Perkin-Elmer L.R.1 Laser Excited 

Raman Spectrometer. 

Analytical scale vapour phase chromatography (v.p.c.) was carried out 

using Perkin-Elmer "Fractometer" models 451 and 452, and analysis was performed 

on columns packed with di-n-decylphthalate on Celite (Column 'A') and silicone 

elastomer on Celite (Column '()')• Quantitative chromatographic analysis was 

carried out on a G r i f f i n and George, D6, Gas Density Balance (G.D.B.), using 

the same column packings ('A' and '()')• On t h i s instrument the number of 

moles of any compound i n a mixture i s d i r e c t l y proportional to i t s peak area. 

Preparative scale chromatography was performed on a Perkin-Elmer, F21, Gas 

Chromatograph and on a Varian "Aerograph" instrument f i t t e d with columns 'A' 

or ' 0* . 



CHAPTER 8 
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Experimental For Chapter 4 

8.1 Fluoride ion«-initiated reactions of acetylenes with pentafluoropyridine 

8.1.1 With hexafluorobut-2-yne and pentafluoropyridine at atmospheric pressure 

The f i r s t of several experiments to be carried out i n t h i s series simply 

consisted of allowing the perfluoroacetylene to bubble slowly through the 

reaction mixture. Although only low yields of products were obtained, t h i s 

reaction showed that polyfluoroalkenylation reactions carried out at atmospheric 

pressure, were feasible. A l l yields, unless stated otherwise, are based on 

recovered materials. 

(a) Hexafluorobut-2«yne (4»lg., 25*3 m.mole) was allowed to bubble slowly 

through a rapidly s t i r r e d suspension of caesium fluoride (l»Og., 6»6 m.mole) 

i n pentafluoropyridine ( 4 » 0 g . , 23*7 m.mole) and sulpholan (60 ml.) at 100° over 

l | - hrs. After a further \ hr., the reaction mixture was cooled to 3 0 ° , poured 

into water and the products extracted with ether (3 x 40 ml.). The extracts 

were combined, dried (MgSO^), and subsequent removal of the solvent l e f t a 

pale yellow o i l ( 3 » 0 g . ) which was shown by analytical scale v.p.c. (Column 'A', 

100°) to be a complex mixture. Separation using preparative scale v.p.c. 

(Aerograph; Column fA', 130°) yielded four fractions: 

( i ) pentafluoropyridine (l«lg.), 
M 

( i i ) colourless l i q u i d , ( 0 « 4 g . ) , /e 493, 

( i i i ) colourless l i q u i d , (0»lg.), /e 655, 

M 
(iv ) colourless l i q u i d , ( 0 « 2 g . ) , /e 655» 

Due to the small amounts of materials recovered, no further i d e n t i f i c a t i o n 

was attempted at t h i s stage. 

(b) Caesium fluoride ( 4 » 0 g , , 26*4 m.mole) and sulpholan (40 ml.) were 

introduced into a 250 ml. conical flask f i t t e d with a side arm and condenser. 
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The flask was then evacuated at room temperature and when degassing of the 

solvent had ceased, hexafluorobut-2-yne (8g. , 49*6 m.mole) was introduced 

from a f l e x i b l e reservoir attached to the top of the condenser. The reaction 

mixture was then heated to 100° before pentafluoropyridine (5g . , 29*6 ra.mole) 

was introduced and the s t i r r i n g started. 

After 5 hrs., v o l a t i l e material (4*0g.) transferred under vacuum to a 

cold trap. Analytical scale v.p.c. (Column 'A', 100°) indicated that only 

starting materials had been recovered. 

Polymeric material (5*79») was recovered from the reaction mixture. 

Several other reactions using the st a t i c system were carried out using 

d i f f e r e n t solvents, for example, diglyme and tetraglyme, at different 

temperatures, for example, 75° to 110° . In a l l cases, only starting materials 

and polymer were obtained. 

8.1.2 With hexafluorobut-2-yne and pentafluoropyridine at atmospheric pressure 

using a flow system 

I n the f i r s t of these experiments, hexafluorobut-2-yne was circulated 

rapidly through the reaction mixture, but under these conditions, polymerisation 

of the acetylene predominated, and no substitution products derived from 

pentafluoropyridine were observed. Later, i t was found necessary to use 

hexafluorobut-2-yne which had been heavily diluted with nitrogen, combined with 

a slow flow rate before any of the desired substitution products were obtained. 

(a) Using a high flow rate with potassium fluoride 

Hexafluorobut-2-yne (lOg., 62*7 m.mole) was circulated, with a high flow 

rate, through a rapidly s t i r r e d suspension of potassium fluoride (lOg., 172 

m.mole) i n pentafluoropyridine (3g«, 17*7 m.mole) and sulpholan (140 ml.) at 

120° . After l j hrs., v o l a t i l e materials ( 2«9g . ) transferred under vacuum to 

a cold trap. Analytical scale v.p.c. (Column 'A', 100°) indicated a three 

component mixture. Separation of the mixture (Perkin-Elmer F21, Column 'A', 
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5 0 - 5 5 ° ) yielded two oligomers of hexafluorobut-2-yne, 

( i ) 0«5g. colourless, v o l a t i l e l i q u i d , M 344, thought to be CgHF^ 

and ( i i ) 0*4g. colourless, v o l a t i l e l i q u i d , M 506, thought to be O^HF^ 

and pentafluoropyridine. 

(b) Using a high flow rate and caesium fluoride 

Using similar reaction procedures and conditions to those employed above, 

hexafluorobut-2-yne (lOg., 62*7 m.mole) was circulated through a suspension of 

caesium fluoride (3g*> 19*8 m.mole) i n pentafluoropyridine (3g* > 17*7 m.mole) 

and tetraglyme ( l40 ml.). 

After 4 hrs., pentafluoropyridine (20g.), and polymer (7*0g.) derived from 

hexafluorobut-2-yne, were the only materials recovered. 

(c) Using a low flow rate 

Caesium fluoride (.39', 19*8 m.mole) and sulpholan (lOO ml.) were 

introduced into a 250 ml. flask under dry nitrogen. The flask was then 

evacuated at room temperature. When degassing of the solvent had ceased, 

hexafluorobut-2-yne (23g., 119*2 m.mole) was introduced into the system from a 

f l e x i b l e reservoir. The reaction mixture was then s t i r r e d and heated to 

reaction temperature (110°) and pentafluoropyridine (lOg., 59'3 m.mole) was 

introduced from a syringe through a serum cap. A circulating pump was then 

started and the perfluorobut-2-yne was bubbled slowly through a sinter into the 

reaction mixture. Any unreacted perfluorobut-2-yne was re-circulated by the 

pump (see 4.1.3)* 

After 2 hrs., at 110° a vacuum began to form and the reaction was quenched 

by cooling i n ice. D i s t i l l a t i o n of the reaction mixture under high vacuum, 

at a temperature 60°, yielded l0*0g. of a multi-component mixture (analytical 

scale v.p.c. Column 'A', 100°). Separation of t h i s mixture using preparative 

scale v.p.c. (Perkin-Elmer, F21, Column 'A' -"100°) gave: 
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( i ) pentafluoropyridine, 

(ii) perfluoro -2 - (4'-pyridyl) -3 ,4-dimethylhexa -2 ,4-diene (44) , b.pt. 1 6 9 ° / 

760 mm. (Found: C, 31*6; F, 66«1; N, 2*98%; M, 493. C i 3 F i 7 N r e c l u i r e s 

C, 31«6; F, 65*6; N, 2*8%; M, 493). /\ (cyclohexane) = 278, ( £ = 2,682), 

( 2 « 2 g . , 16%). I.R. spectrum No.2, 

(iii) perfluoro - 2 - ( 4' -pyridyl) - 3 , 4 . 5 « 6-tetramethylocta - 2 , 4 , 6-triene ( 45_), 

b.pt. 205°/7t>Omm. (Found: C, 31*4; F, 66-6; N, 2*22%; M, 655. 

C 1 7 F 2 3 N r e < l u i r e s c> 31*1; F, 66«5; N, 2«l4%; M, 655). (cyclohexane) = 

251; 3*4, ( £ . = 6,265; 3,324) , ( 0 « 5 4 g . , 2%). I.R. spectrum No.3, 

(iv) an isomer of ( i i i ) , (46) , b.pt. 193° /760 mm. (Found: C, 31*4; 

F, 67*0; N, 2«22%; M, 655. C ^ F

Q Q N requires C, 31*1; F, b6«5; N, 2*14%; 
17 2 $ 

M, 655). (l«lg., 6%). I.R. spectrum No.4. 

Polymer (47) ( 8 g . ) , derived from hexafluorobut-2-yne, was also isolated 

from the reaction mixture. 

Yields are based on the i n i t i a l amount of pentafluoropyridine used; 

actual yields w i l l thus be higher. 

8.1.3 With hexafluorobut-2-yne and pentafluoropyridine at atmospheric pressure 

using a flow system diluted with nitrogen 

(a) Dry nitrogen and hexafluorobut-2-yne (lOg., 51*8 m.mole), were pre-mixed 

in the r a t i o 50*50 i n a f l e x i b l e reservoir. The mixture was then circulated 

through a suspension of potassium fluoride (lOg., 172 m.mole) i n pentafluoro­

pyridine (5g» , 29*5 m.mole) and sulpholan (130 ml.) at 120° and atmospheric 

pressure. Reaction appeared slow and after 5 hrs. v o l a t i l e material (6'lg.) 

transferred under vacuum to a cold trap. Analytical scale v.p.c. (Column 'A', 

75° ) of the mixture only indicated pentafluoropyridine (3*lg.) and oligomers of 

hexafluorobut-2-yne (3 *0g.) . 

Hexafluorobut-2-yne (4*0g.) and polymeric material ( l * 5 g . ) were recovered 
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from the reservoir and residues respectively. Varying the nitrogen/hexa-

fluorobut -2-yne r a t i o , for example 60:40, 70:30, had l i t t l e effect on the 

course of the reaction. 

(b) Caesium fluoride (3g*, 19*8 m.mole) and sulpholan (100 ml.) were introduced 

into a 250 ml. fl a s k under dry nitrogen. The flask was then evacuated at room 

temperature and when degassing of the solvent had ceased, 600 mm. of dry 

nitrogen was allowed into the system. The reaction mixture was then heated to 

reaction temperature (110°) and pentafluoropyridine (lOg., 59*3 m.mole) 

introduced. A ci r c u l a t i n g pump was then started and the dry nitrogen 

circulated through the system. Hexafluorobut-2-yne (20g., 102*6 m.mole) was 

added to the nitrogen i n small volumes (5-10 c c ) , allowing a p a r t i a l 

vacuum to develop a f t e r each addition. 

After 8 hrs. at 110° , v o l a t i l e materials ( l2*5g.) were transferred under 

vacuum to a cold trap. Analytical scale v.p.c. (Column 'A', 100°) indicated 

a multi-component mixture. Separation of this mixture using preparative 

scale v.p.c. (Perkin-Elmer, F21, Column 'A',-v 100°) gave: 

( i ) pentafluoropyridine (4*5g*)> 

( i i ) perfluoro -4 - (2'-buteny1)pyridine (43) , b.pt. 130-l° /760 mm. 

(Found: C, 32*34; F, 62*8; N, 4*50%; M, 331. CQ F
1 : 1

n requires C, 32*6; 

F, 63*2; N, 4*24%; M, 331). > (cyclohexane) = 278, ( C = 4 , l 8 0 ) , 

( l * 5 g * , 13%)* I.R. spectrum No.1, 

( i i i ) a colourless l i q u i d whose i . r . spectrum was i d e n t i f i e d with that 

of perfluoro -2 - (4'-pyridyl ) -3 ,4-dimethylhexa -2 ,4-diene (44) , (2*3g., 20%), 

( i v ) and (v) two colourless liquids whose i . r . spectra were identical 

with perfluoro - 2 - ( 4'-pyridyl) - 3 , 4 , 5,6-tetramethylocta - 2 , 4 , 6-triene (45) , 

(*7g*j 3%) and i t s isomer (46) (l*6g., 7%) isolated previously. 
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Polymeric material (5g«) and untreated hexafluorobut-2-yne (3g«) were 

also recovered. 

(c) Hexafluorobut-2-yne (lOg., 51-8 m.mole) was circulated through a rapidly 

s t i r r e d suspension of potassium fluoride (lOg., 172 m.mole) i n sulpholan 

(l40 ml.) at 120°. 

After 2 hrs., a white polymeric s o l i d (9g«) was isolated whose i . r . 

spectrum was identical with that of the polymer derived from reactions 

involving hexafluorobut-2-yne and fluoride ion i n sealed tube reactions (8.1.4). 

8.1.4 With hexafluorobut-2-yne and pentafluoropyridine using an autoclave 

(a) Hexafluorobut-2-yne (4*lg., 25'3 m.mole) was condensed into a rocking 

autoclave (50 ml.) containing a mixture of pentafluoropyridine (4*0g., 23*7 

m.mole), caesium fluoride (l»0g., 6*6 m.mole) and sulpholan (25 ml.). The 
o 

autoclave was then sealed, and rocked and heated to 130 . 

After 33 hrs., the autoclave was cooled to room temperature and the 

contents poured into water (lOO ml.); a white polymeric s o l i d (4*0g.) was 

f i l t e r e d o f f . Sublimation of the s o l i d under high vacuum for 24 hrs. at 

100° yielded a small quantity of material (0«2g.). Mass spectrometry indicated 

a molecular weight o f ^ 1490 f o r t h i s sublimate, m.pt > 300°. I.R. spectrum 

No.5. 

(b) An autoclave (50 ml.) containing hexafluorobut-2-yne (4*lg., 25*3 m.mole) 

and equipped with a pressure gauge and tap was coupled, by means of a stainless 

steel tube to a similar autoclave (l50 ml.) containing pentafluoropyridine 

(4'0g., 23*7 m.mole), caesium fluoride (l»0g., 6*6 m.mole) and sulpholan 

(25 ml.). Both autoclaves were inserted into a heater and warmed to 130° and 

the tap opened. After 1 hr., the system was allowed to cool and the seal 

broken. The contents of the 150 ml. autoclave were poured into water. A 

white polymeric s o l i d was collected, f i l t e r e d , washed well with water and dried. 

Sublimation of t h i s s o l i d (3g.) gave a small amount of material (0»15g.), whose 
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i . r . spectrum was identical with that of the sample obtained above and which 

had a molecular weight of 1500 as determined by mass spectrometry. Penta-

fluoropyridine (2«5g«) and hexafluorobut-2-yne (l«Og.) were also recovered. 

8.1.5 With diethyl acetylene dicarboxylate and pentafluoropyridine 

(a) I n a nickel tube 

A nickel tube containing pentafluoropyridine (4*0g., 23*7 m.mole), diethyl 

acetylene dicarboxylate ( l ^ g * ; 8*8 m.mole), caesium fluoride (l*Og., 6*6 m.mole) 

and sulpholan (25 ml.) was rotated i n an o i l bath at 135°C for 5 hrs. After 

cooling to room temperature, the reaction mixture was poured into water (l20 ml.) 

and the aqueous solution extracted with ether (3 x 40 ml.). High vacuum 

d i s t i l l a t i o n of the o i l , leaving a t a r r y residue, gave a pale yellow o i l (2g.) 

which was shown by v.p.c. (Column '0', 180°) to be a three-component mixture. 

Preparative scale v.p.c. (Aerograph: Column '0', 180°) enabled the separation 

of the major component (l«6g.) whose i . r . spectrum was identical with that of 
40 

a sample obtained previously. This product has now been shown to be a 

cis/trans mixture of l-fluoro-l,2-(biscarbethoxy)-2-(2',3',5',6'-tetrafluoro-

pyridyl)ethylene (42), C(0'59g«, 20%) estimated], I.R. spectrum No.6. 

(b) At atmospheric pressure 

Diethylacetylene dicarboxylate (l*5g«» 8*8 m.mole) was added dropwise 

over 3 hrs., to a rapidly s t i r r e d suspension of caesium fluoride (l»5g., 9*9 

m.mole) i n pentafluoropyridine (4*0g., 23*7 m.mole) and sulpholan (25 ml.). 

After a further 2 hrs., the reaction mixture was cooled to 50°, diluted 

with cold water and extracted with ether. The extracts were washed, dried 
(MgSO ). and removal of the solvent l e f t a yellow brown o i l . Preparative 4 
scale v.p.c. (Aerograph: Column '0', 180°) enabled the separation of two 

components: 

( i ) a major fr a c t i o n , whose i . r . spectrum was identical with that of the 
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cis/trans mixture of l-fluoro-l,2-(biscarbethoxy)-2-(2',3' p5 1,6 1-tetrafluoro-

pyridyl)ethylene isolated previously, ( l * O g M 35%), 

( i i ) a minor fractio n (0«2g.)? thought to be trans-lH-1,2-(biscarbethoxy)-
19 

2-fluoroethylene from F n.m.r. and mass spectral measurements. 

8.2 Fluoride i o n - i n i t i a t e d reactions of polyfluoro-olefins with pentafluoro" 

pyridine 

8.2.1 Reactions involving trifluoroethylene 

Caesium fluoride (7g», 46*2 tn.mole) and sulpholan (l30 ml.) were 

introduced into a 250 ml. flask under dry nitrogen. The flask was then 

evacuated at room temperature. When degassing of the solvent had ceased, 

pentafluoropyridine (5g«, 29*6 m.mole) and trifluoroethylene (9*0g., 110 m.mole) 

were introduced into the system. The rapidly s t i r r e d reaction mixture was 

heated to 140° and the trifluoroethylene circulated through the system. 

After 10 hrs., vacuum transfer through a short Vigreux column yielded a 

v o l a t i l e l i q u i d (3'3g.) and a white s o l i d (0*3g») which was recovered from the 

column. 

The l i q u i d f r a c t i o n had an i . r . spectrum which was identical with that of 

pentafluoropyridine. 

The i . r . spectrum of the s o l i d fraction was found to be identical with 

that of an authentic sample of 1,l-bis(1' t2',5' 56 1-tetrafluoropyridyl)tetra-

fluoroethane, (7%), I.R. spectrum No.7-

8.2.2 Reactions involving trans-2H-heptafluorobut-2-ene 

(a) At atmospheric pressure using a s t a t i c system 

Caesium fluoride (8g., 52'8 m.mole) and sulpholan (40 ml.) were introduced 

into a 25O ml. conical flask under dry nitrogen. The flask was then evacuated 

at room temperature. When degassing of the solvent had ceased, trans-2H-

heptafluorobut-2-ene (8«0g., 44*0 m.mole) was introduced from a f l e x i b l e 



- 137 -

reservoir. The reaction mixture was then s t i r r e d and heated to 130 , and 

pentafluoropyridine (5g«, 29*6 m.mole) was introduced from a syringe through 

a serum cap. 

After 24 hrs., v o l a t i l e materials (7"5g«) were transferred under vacuum 

at 70° to a cold trap. Analytical scale v.p.c. (Column 'A', 100°) indicated 

a two component mixture. Unchanged trans-2H-heptafluorobut-2-ene (5g«) was 

recovered from the reservoir. 

Separation of the l i q u i d f r a c t i o n , using preparative scale v.p.c. (Perkin-

Elmer, F21, a t ~ 75°) gave: 

( i ) a colourless l i q u i d whose i . r . spectrum was identical with that of 

an authentic sample of perfluoro-4-(2'-butenyl)pyridine; [(5%) estimated], 

( i i ) unchanged pentafluoropyridine (4g»). Solvent extraction of the 

material remaining af t e r vacuum transfer gave no higher substitution products. 

Similar results were obtained using higher temperatures and sealed nickel 

tubes. 

8.3 Reactions involving trans perfluoro-4-(2'-butenyl)pyridine 

8.3.1 With hexafluorobut-2-yne 

Caesium fluoride (0'5g., 3'3 m.mole), sulpholan (5 ml.) and trans 

perfluoro-4-(2'-butenyl)pyridine (l»0g., 3*03 m.mole) were s t i r r e d at 90 - 5°, 

i n a 10 ml. flask under an atmosphere of perfluorobut-2-yne. 

After 24 hrs., v o l a t i l e material (0-6g.) transferred under vacuum to a 

cold trap. Separation of t h i s mixture (Aerograph: Column 'A', 75°) gave 

only sta r t i n g materials ( i . r . spectroscopy). 

8.3»2 With pentafluoropyridine i n a sealed tube 

(a) At 150° 

Pentafluoropyridine (0«5g., 2«96 m.mole), trans perfluoro-4-(2'-butenyl)-

pyridine (l«0g., 3«02 m.mole), caesium fluoride (0«5g., 3*3 m.mole) and sulpholan 



- 138 -

(5 ml.) were introduced into a small carius tube. The tube was sealed under 
vacuum and then rotated i n an o i l bath at 150°. 

After 17 hrs., v o l a t i l e material (l«0g.) transferred under vacuum to a 

cold trap. Analytical scale v.p.c. (Column 'A', 100°) indicated that only 

s t a r t i n g materials had been recovered. 

(b) At 180° 

Using a higher temperature (l80°) and a longer reaction time (72 hrs.), 

extensive decomposition of the s t a r t i n g material occurred. 

8.3.3 Nucleophilic substitution with methoxide ion 

To a s t i r r e d solution of trans perfluoro-4-(2'-butenyl)pyridine (0«5g., 

1*52 m.mole) i n dry methanol (15 ml.) was added 1*5 ml. 0« 1M solution of 

sodium methoxide (l«5 m.mole) i n methanol over a period of 30 mins., at room 

temperature. After 5 hrs., the solvent was removed under vacuum and the 

residue extracted with chloroform (5 ml.). Removal of the solvent gave a 

pale yellow o i l (b.pt./* l60°/760 mm.). This was shown to be mainly cis 

3-methoxy-2-(2' ,3 ' ,5 ' , 6 1-tetrafluoropyridyl)hexafluorobutene (76), (0-3g., 50%) , 

containing < 5% of the trans-isomer. (Found: C, 34*8; F, 54*7; N, 3*80%; 

M, 343. Ci0H3Fi()N0 requires C, 35*0; F, 55'1; N , 4-1%; M, 343). I.R. 

spectrum No.8. 

8.2.4 Nucleophilic substitution with ammonia 

A solution of perfluoro-4-(2'-butenyl)pyridine (0«5g., 1«52 m.mole) i n 

dry ether ( 5 ml.) was slowly added to ammonia (0*880; 4 ml.), with s t i r r i n g 

at 0°. After 1 hr., a pale yellow s o l i d (0«3g.) was f i l t e r e d , c r y s t a l l i s e d 

from methanol and subsequently shown to be the enamine, (77), m.pt. 138-40°. 

(Found: C, 37*3; H, 1»2; F, 47*4; N, 14*3%; M, 285. C ^ F ^ requires 

C, 37-9; H, 0-71; F, 46-7; N, l4«6°/o; M, 285), (0-3g.} 75%). I.R. spectrum 

No.9. 



CHAPTER 9 
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Experimental For Chapter 5 

9.1 Fluoride i o n - i n i t i a t e d reactions of acetylenes with tetrafluoropyridazine 

9.1.1 With hexafluorobut-2-yne 

I n i t i a l reactions were carried out employing the atmospheric pressure 

reaction techniques described previously (4.1.3 and 8.1.2), using hexafluorobut-

2-yne heavily diluted with dry nitrogen, and a slow flow rate. Laterj 

reactions are described i n which the desired products were obtained using 

s t a t i c atmospheric pressure systems. 

(a) Hexafluorobut-2-yne (9*0g., 55*5 m.mole), heavily diluted with dry 

nitrogen, was circulated through a rapidly s t i r r e d suspension of caesium 

fluoride (4*0g., 26»4 m.mole), sulpholan (l40 ml.) and tetrafluoropyridazine 

(4*0g., 26*4 m.mole) at 100°. The reaction was slow and after 6j hrs. 

v o l a t i l e material (4*3g-) transferred under vacuum to a cold trap. Analytical 

scale v.p.c. (Column 'A', 100°) showed a two component mixture. Preparative 

scale v.p.c. (Aerograph; Column 'A', 105°) yielded: 

( i ) perfluoro-4-(2'-butenyl)pyridazine. (78), b.pt. 136-7° at.76° mm. 

(Found: C, 30*3; F, 60'7; N, 9*15; M, 314. c s F i o N 2 r e ( l u i r e s c» 30*3; 
F, 60*5; N. 8*95; M, 314) A (cyclohexane) = 259, £ = 3526. Yield ' * ' max ' 
l'6g., 30%, based on the weight of tetrafluoropyridazine used. I.R. spectrum 

No.10, 

( i i ) tetrafluoropyridazine (l«8g.). 

(b) Caesium fluoride (4*0g., 26*4 m.mole) and freshly d i s t i l l e d sulpholan 

(l40, ml.) were introduced into a 250 ml. flask under dry nitrogen. The 

fla s k was then evacuated at room temperature. When degassing of the solvent 

had ceased, dry nitrogen (600 mm.) was allowed into the system and t e t r a f l u o r o ­

pyridazine (6«3g., 4l*5. m.mole) introduced from a syringe through a serum cap. 

The reaction mixture was then s t i r r e d and heated to reaction temperature (lOO-
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105 ) and the dry nitrogen circulated through the mixture by means of a pump. 

Small volumes (~100 mm.) of hexafluorobut-2-yne (8»0g., 49*6 m.mole) were 

then added to the system. 

After 8 hrs., v o l a t i l e material (7*4g.) transferred under vacuum to a 

cold trap. Analytical scale v.p.c. (Column 'A', 100°) indicated a three 

component mixture. Two l i q u i d components (4*0g.) were separated from the 

t h i r d , a white s o l i d , by careful d i s t i l l a t i o n under vacuum. 

Separation of the l i q u i d f r a c t i o n using preparative scale v.p.c. (Perkin-

Elmer F21, Column ^',^75°) gave: 

( i ) perfluoro-4-(2'-butenyl)pyridazine, (_7_8), (0*7g., 15%), 

( i i ) tetrafluoropyridazine (2«4g.), 

The white s o l i d residue, was cr y s t a l l i s e d from dry ether to give: 

( i i i ) perfluoro-(1,2,3-trimethyl)-l-ethyl-5,6-diazaindene, (79)> m.pt. 

59-60° (Found: C, 29*9; F, 63.5; N, 5*6; M, 476. c
1 2

F i 6 N 2 r e ( l u i r e s 

C, 30*2; F, 63*8; N, 5'9; M, 476) A (cyclohexane) =* 299, ^ = 5114 

(3*6g., 35%). I.R. spectrumNo.il. 

(c) Using a similar procedure to (b) but at 80° with caesium fluoride (4'0g., 

26-4 m.mole), sulpholan (140 ml.) and tetrafluoropyridazine (4*0g., 26*4 m.mole) 

a higher y i e l d (7*5g., 60%) of perfluoro-(l,2,3~trimethyl)-l-ethyl-5,6-

diazaindene (79)• was 'obtained, Perfluoro-4-(2'-butenyl)pyridazine, (78), 

(0«6g., 13%) was also obtained. 

Two reactions were then carried out using a s t a t i c system at a lower 

temperature, (30°), and using sulpholan and tetraglyme respectively as solvents. 

(d) Sulpholan (140 ml.) and caesium fluoride (4'Og., 26*4 m.mole) were 

introduced into a 250 ml. Buchner flask under dry nitrogen and the flask 

evacuated at room temperature. When degassing had ceased, hexafluorobut-2-yne 

(lOg., 62*0 m.mole) was introduced from a f l e x i b l e reservoir attached to the 

side arm of the flask. The reaction mixture was s t i r r e d at 30° and tetrafluoro 

http://spectrumNo.il
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pyridazine (3g«> 19*7 m.mole) introduced through a serum cap. 

After 5 hrs., the v o l a t i l e products (5*5g.) were transferred under vacuum 

to a cold trap. Analytical scale v.p.c. (Gas Density Balance, Column 'A', 

78°) showed these to consist of: 

( i ) perfluoro-4~(2'-butenyl)pyridazine, (78), (0«8g., 17%), 

( i i ) perfluoro-(l,2,3-trimethyl)-l-ethyl-5,6-diazaindene, (79)» 

(3*9g., 60%). Both yields were estimated by v.p.c. measurements on the 

mixture, (Gas Density Balance, Column 'A', 78°), 

( i i i ) unchanged tetrafluoropyridazine, 0«8g. 

(e) Using ide n t i c a l quantities and reaction conditions to (d) but using 

tetraglyme (l40 ml.) as solvent, the reaction proceeded extremely rapidly and 

after l | - hrs., v o l a t i l e material (4*0g.) transferred under vacuum to a cold 

trap. Analytical scale v.p.c. (Gas Density Balance, Column 'A', 78°) showed 

t h i s to consist of: 

( i ) perfluoro-4-(2'-butenyl)pyridazine, (78) f estimated y i e l d (0»5g., 10%), 

( i i ) perfluoro-(l,2,3-trimethyl)-l-ethyl-5,6-diazaindene, (79), 

estimated y i e l d (3*39*> 50%). Both yields were estimated by v.p.c. 

measurements on the reaction mixture (Gas Density Balance, Column 'A', 78°). 

Polymer (5*6g.), which had an i . r . spectrum which was identical with that 

of an authentic sample of the polymer formed between the reaction of hexafluoro-

but-2-yne and fluoride ion, was recovered from the residues. 

Attempts were then made to increase the y i e l d of perfluoro-4-(2'-butenyl)-

pyridazine by carrying out reactions at low temperatures. This necessitated 

the use of a solvent with a lower freezing point than sulpholan, for example 

a c e t o n i t r i l e . 

( f ) At 0° 

Caesium fluoride (4*0g., 26«4 m.mole) and acet o n i t r i l e (30 ml.) were 

introduced into a 100 ml. Buchner flask under dry nitrogen and the flask 
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evacuated at room temperature. When degassing of the solvent had ceased, 

hexafluorobut-2-yne (4*0g., 24*64 m.mole) was allowed into the system u n t i l 

atmospheric pressure had been reached. Tetrafluoropyridazine (5*0g., 33*0 

m.mole) was introduced into the flask which was then cooled to 0-5° and the 

contents rapidly s t i r r e d at t h i s temperature. After 3 hrs., the s t i r r i n g 

was stopped and, on standing, two layers were observed i n the reaction vessel. 

These were separated and the lower layer (l«lg.) was shown to consist of 

oligomers of hexafluorobut-2-yne by i . r . spectroscopy. The upper layer was 

shown by analytical scale v.p.c. (Gas Density Balance, Column 'A', 78°) to 

consist of a c e t o n i t r i l e and unreacted tetrafluoropyridazine (3*0g.). 

(g) At -40° 

A c e t o n i t r i l e (30 ml.), caesium fluoride (3*0g., 19*8 m.mole) and 

tetrafluoropyridazine (3*0g., 19*8 m.mole) were introduced into a 100 ml. flask 

equipped with a dry-ice condenser, under dry nitrogen. The flask was cooled 

to -120°, evacuated, and hexafluorobut-2-yne condensed into the system before 

allowing the temperature to ris e to -40°. After 5 hrs., vacuum transfer of 

the v o l a t i l e materials to a cold trap and subsequent analytical v.p.c. analysis 

(Gas Density Balance, Column 'A', 78°) indicated pyridazine and ac e t o n i t r i l e 

only. Polymer (4*0g.), derived from hexafluorobut-2-yne was recovered from 

the residues. 

9.1.2 With diethyl acetylene dicarboxylate 

Sulpholan (50 ml.), caesium fluoride (4*0g., 26*4 m.mole) and te t r a f l u o r o ­

pyridazine (6«0g., 39*6 m.mole) were introduced into a 100 ml. flask under dry 

nitrogen. The mixture was then s t i r r e d at 90-95° and diethyl acetylene d i ­

carboxylate (7*5g«, 39*4 m.mole) added dropwise over 30 mins. at t h i s 

temperature. After a further l | - hrs., a v o l a t i l e material (3*0g.) transferred 

under vacuum to a cold trap and was subsequently shown ( i . r . spectroscopy) to be 

unreacted tetrafluoropyridazine. 
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The residue was cooled to room temperature, poured into water and ether 

extracted (3 x 50 ml.). The extracts were combined, washed, dried (MgSO^), 

and removal of the solvent l e f t an o i l (5'9g«)» D i s t i l l a t i o n under high 

vacuum, collecting the main fr a c t i o n (2«0g.) boiling at 112-114° at 0*015 mm. 

gave a cis/trans mixture (40:60) of l-fluoro-l,2-(biscarbethoxy)-2-(3',5'16'-

trifluoropyridazyl)ethylene (91), (Found: C, 44*5; F, 23«5; N, 8>9%; 

M, 322. C
1 2

H
1 0

F
4

N 2 ° 4 requires C, 44-8; F, 23-6; N, 8-7%; M, 322) (7'8g., 

65%). I.R. spectrum No.12. 

9.2 Reactions involving perfluoro-4-(2'butenyl)pyridazine (78) 

9.2.1 With hexafluorobut-2-yne at atmospheric pressure 

Sulpholan (5 ml.) and caesium fluoride (0»5g., 3*3 m.mole) were introduced 

in t o a 10 ml. flask under dry nitrogen at 30°• The flask was evacuated and 

when degassing had ceased, hexafluorobut-2-yne (l»0g., 6*1 m.mole) was allowed 

in t o the system u n t i l atmospheric pressure had been reached. Perfluoro-4-

(2'-butenyl)pyridazine (0«3g», P«96 m.mole) was then added to the s t i r r e d 

reaction mixture with the immediate formation of an intense yellow colour. 

After 6 hrs., vacuum transfer of the v o l a t i l e material to a cold trap, 

gave a small quantity of material (0«2g.) which, when crystallised from toluene, 

had an i . r . spectrum which was identical with that of an authentic sample of 

perfluoro-(l,2,3-trimethyl)-l-ethyl-5,6-diazaindene, (7j9_), (0«2g., 50%). 

9.2.2 With aqueous ammonia 

A solution of perfluoro-4-(2'-butenyl)pyridazine (0«3g., Q«96 m.mole) i n 

carbon tetrachloride ( l ml.) was added slowly to ammonia (4 ml., «880), with 

s t i r r i n g , at 0°. An immediate yellow-orange precipitate formed which was 

f i l t e r e d a f t e r 1 hr. The s o l i d crystallised from water to give the enamine 

0£3), (Found: C, 35.6; F, 42-9; N, 20*2%; M, 268. Ĉ Ĥ FgN requires 

C, 35*8; F, 42*5; N, 20-8%; M, 268), A (ethanol) = 262.5, £ = 31,930. 

I.R. spectrum No.13. 
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9.2.3 With one molecular proportion of sodium methoxide 

To a s t i r r e d solution of perfluoro -4-(2'-butenyl)pyridazine (0*5g., 1*6 

m.mole) i n dry methanol (lO ml.) was added 1*6 ml. 0*1M solution of sodium 

methoxide ( l * 6 m.mole) i n methanol over a period of 30 minutes at room 

temperature. After 5 hrs., the solvent was removed under vacuum and the 

residue extracted with chloroform (5 ml.). Removal of the solvent gave a 

pale yellow o i l , which was shown by v.p.c. (Gas Density Balance, Column 'A*, 

78 u) to consist of a two component mixture. Mass spectrometry indicated a 

molecular weight of 343» which i s consistent with a mono-methoxy derivative. 
19 

From F n.m.r. measurements, the mixture was shown to consist of mainly 

3-methoxy-2-(3 ' ,5 ' »6 ' -trifluoropyridazyl)hexafluorobutene Ccis/trans mixture 

(66:34)3. Thus peaks at 56*51 and 64*10 p.p.m., both intensity 3> were 
assigned to two. cis CF groups, J 12*3 Hz. Peaks at 60*50 and 65*14 ~ " ~ 3 Cr „ —Or „ 

3 3 

p.p.m., both intensity 3 and having l i t t l e or no fine structure were assigned 

to trans CF^ groups. Broad absorptions at 60*98, 82*89 and 90*43 p.p.m., 

a l l i n t e n s i t y 2, were assigned to the 3-» 6- and 5-ring fluorines respectively. 

The r a t i o of the cis:trans isomers (66:34) was obtained from a comparison of 

the integration values obtained for the cis and trans CF̂  group absorptions. 
9.3 Reactions involving perfluoro-(1,2 , 3-trimethyl)-l-ethyl -5 ,6-diazaindene (79) 

9»3«1 Hydrolysis with sulphuric acid 

Perfluoro-(l,2,3-trimethyl)-l-ethyl - 5 , 6-diazaindene (l*59*i 3*l6 m.mole) 

i n concentrated sulphuric acid (lO ml.) to which a few drops of water had been 

added, was heated to 150° for 48 hrs. The reaction was cooled and the 

sulphuric acid solution added dropwise to water (50 ml.), with cooling. The 

resulting precipitate (l*3g.) was f i l t e r e d ^ washed and crystallised from 

aqueous methanol several times. Analytical scale v.p.c. (Gas Density Balance, 

Column '0', 200°) showed a two component mixture. 

The mixture ( ^ l g . ) was then dissolved i n chloroform (5 ml.) to which a 
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few drops of methanol had been added, and the resulting solution eluted down 

a s i l i c a column ( l * x J", ' S i l i c a r CC-7', 100-120 mesh, neutral s i l i c a ) with 

chloroform. Two main fractions were collected and on removal of the solvent 

yielded: 

( i ) a white s o l i d , i d e n t i f i e d as l ^ ^ - t r i s - C t r i f l u o r o m e t h y l ) - ! -

pentafluoroethyl-7-fluoro-4-hydroxy-5,6-diazaindene < (86), m.pt. 163-5° 

(Found: C, 29'9j H, 0*2; F, 60*2; N, 6»0%; M, 474. c ^ o
H F ^ N o 0 requires 

C, 30*4; H, 0«2; F, 60*0; N, 5*9%; M, 474) A (cyclohexane) = 378, G. = 

4000, (0«2g., 21%). , I.R. spectrum No.14, 

( i i ) a pale yellow s o l i d , i d e n t i f i e d as 1.2,3-tris-(trifluoromethyl)-1-

pentafluoroethyl-4,7-dihydroxy-5.6-diazaindene, (8_7_), m.pt. 207-9° (Found: 

C, 30*7; H, 0»4; F, 56'6; N, 6«1%; M, 472. C
1 2

H2 Fl4 N2°2 r e 1 u i r e s °> 3 0 > 6 5 
H. 0-4; F. 56'5; N, 5*94%; M, 472) A (cyclohexane) = 420, £• = 9970, 

max 
(0'3g., 30%). I.R. spectrum No.15. 

9.3.2 Nucleophilic substitution with methoxide ion 

To a s t i r r e d solution of perfluoro-(l,2,3-trimethyl)-l-ethyl-5,6-

diazaindene, (79) (l*0g., 2*1 m.mole) i n dry methanol (20 ml.) was added 2*1 ml. 

0»1M solution of sodium methoxide (2*1 m.mole) i n methanol over a period of 

30 minutes, at room temperature. After 5 hrs., the solvent was removed under 

vacuum and the residue extracted with chloroform (5 ml.). Removal of the 

solvent gave a white mono-methoxy derivative (99) or (100) (Found: C, 31*7; 

F, 57-7; N, 5-7%; M, 488. C
1 3

H
3

F
1 5

N
2

0 requires C, 32-0; F, 58-4; N, 5-7%; 

M, 488). I.R. spectrum N0.16. 

9-3.3 Reaction with two molecular equivalents of pentafluorophenyl l i t h i u m 

Butyl l i t h i u m (8'8 ml., 2«5M solution) i n dry ether (10 ml.) was added 

dropwise to a solution of bromopentafluorobenzene (4'9g., 20*0 m.mole) i n dry 

ether (50 ml.) over 30 minutes at -78°. The reaction mixture was s t i r r e d at 

t h i s temperature and a f t e r 1 hr., a solution of perfluoro-(l,2,3-trimethyl)-l-

i 
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ethyl -5 ,6-diazaindene (4*76g., 10*0 m.mole) i n dry ether (30 ml.) was added 

over 5 minutes with the formation of an immediate brown colour. 

After 2 hrs., the reaction mixture was allowed to warm up to room 

temperature and after s t i r r i n g a further 2 hrs., dil u t e hydrochloric acid 

(lOO ml.) was added. The ether layer was separated, washed and dried (MgSO ). 
4 

Removal of the solvent l e f t a pale yellow viscous o i l (3g«) which readily 

c r y s t a l l i s e d from petroleum ether ( 4 0 - 6 0 ° ) to give a pale yellow s o l i d (2g . ) , 

which was shown to be perfluoro-(1 , 2 , 3-trimethyl)-1-ethyl - 4 . 7-diphenyl - 5 . 6 -

diazaindene, (97_), m.pt. 162-5° (Found: C, 36*9; F, 57*75; N, 4*3%; M, 772. 

C24 F 24 N 2 r e ( * u i r e s c » 37-3; F, 59-0; N, 3-63%; M, 772), (2g. , 26%). I.R. 

spectrum N0.17. 

9«3»4 Defluorination using an iron catalyst 

Several defluorination reactions were carried out i n which perfluoro-

(l , 2 , 3-trimethyl)-l-ethyl - 5 , 6-diazaindene (0 '5g. , 1«05 m.mole) was passed 

through a s i l i c a tube containing iron at a variety of temperatures (450-550°) 

by means of a nitrogen flow. At temperatures _> 450° , complete decomposition of 

the s t a r t i n g material occurred, whilst at temperatures^ 4 5 0 ° , low recoveries 

of s t a r t i n g material were obtained. 

9«3»5 Pyrolysis reactions 

Several reactions were carried out i n which perfluoro-( 1 , 2 , 3-trimethyl)-

l-ethyl -5 ,6-diazaindene ( 0 « 5 g . , 1*05 m.mole) was passed through a s i l i c a tube 

packed with s i l i c a wool at a temperature of (400-600°) by means of a nitrogen 

flow. At 4 0 0 ° , only starting material ( 0«4g . ) was recovered; at higher 

temperatures, complete decomposition occurred. 

Pyrolysis under high vacuum had l i t t l e or no effect on the course of the 

reaction. 
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9.3.6 Photolysis reactions 

Perfluoro-(l , 2 , 3-trimethyl)-l-ethyl - 5 t 6-diazaindene (l'Og., 2*1 m.mole) 

was placed i n a s i l i c a tube (10" x £")• The tube was sealed under vacuum 

and irradiated under a medium pressure u.v. lamp for 144 hrs., after which 

time the tube was opened. Extensive decomposition had occurred and only a 

small quantity of starting material ( 0 » 2 g . ) could be recovered. 

Other photolysis reactions i n which only the vapour phase was irradiated 

with varying reaction times ( l - 6 days) had l i t t l e effect on the reaction. 



CHAPTER 10 
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Experimental For Chapter 6 

10.1 Reaction o f octafluorobut-2-ene w i t h p e r f l u o r o h e t e r o c y c l i c compounds 

10.1.1 With p e n t a f l u o r o p y r i d i n e 

I n a t y p i c a l r e a c t i o n , p e n t a f l u o r o p y r i d i n e (l2g., 72*9 m.mole), o c t a f l u o r o -

but-2-ene (l5*6g., 78*0 m.mole), sulpholan (15 ml.) and caesium f l u o r i d e (6g., 

39*6 m.mole) were sealed i n a n i c k e l tube under dry ni t r o g e n and the tube 

r o t a t e d i n an o i l bath at 160°. 

A f t e r 48 hrs., the tube was cooled and vented. Vacuum t r a n s f e r of the 

v o l a t i l e m a t e r i a l s t o a col d t r a p , gave a colourless l i q u i d (21«5g.) which was 

separated, using pr e p a r a t i v e scale v.p.c. (Aerograph; Column '0', 110°) i n t o 

two f r a c t i o ns: 

( i ) a co l o u r l e s s l i q u i d , (104), whose i . r . spectrum was i d e n t i c a l w i t h 

t h a t of an authent i c sample^ of perfluoro-4-sec.butylpyridine, b.pt. 147°/ 

760mm., (9'9g., 70%). I.R. spectrum No.18, 

( i i ) a colo u r l e s s l i q u i d , (105), whose i . r . spectrum was i d e n t i c a l w i t h 

t h a t o f an authentic sample^ o f perfluoro-2,4-di-sec.butylpyridine, b.pt. 194°/ 

760 mm., (2«9g., 15%). I.R. spectrum No.19. 

10.1.2 With t e t r a f l u o r o p y r i d a z i n e 

T e t r a f l u o r o p y r i d a z i n e (8«9g», 58*6 m.mole), caesium f l u o r i d e (6«0g., 

39*6 m.mole), octafluorobut-2-ene (ll»7g», 58*6 m.mole) and sulpholan (15 ml.) 

were sealed i n a n i c k e l tube, and the tube r o t a t e d i n an o i l bath at l60°C. 

A f t e r 24 h r s . , the tube was cooled and vacuum t r a n s f e r of the v o l a t i l e 

m a t e r i a l gave a colo u r l e s s l i q u i d (l3*4g.). A n a l y t i c a l scale v.p.c. (Gas 

Density Balance, Column '0', 78°) showed a two component mixture which was 

separated, using preparative scale v.p.c. (Aerograph; Column 'A', 130°) i n t o : 

( i ) a colourless l i q u i d , which was i d e n t i f i e d as perfluoro-3,5-di-

sec.butylpyridazine, (107), b.pt. l82-4°C/760 mm. (Found: C, 26*56; F, 64*69; 
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N, 8-7%; M, 352. C 8 F
1 2

N
2 requires C, 26-3; F, 64-8; N, 7*95%; M, 352), 

(4«0g., 30%). I.R. spectrum No.20. 

( i i ) a c o l o u r l e s s l i q u i d , which was i d e n t i f i e d as perfluoro-4-sec.butyl-

p y r i d a z i n e , (106), b.pt. l49-150°C/760 mm. (Found: C, 26«1; F, 65«2; 

N, 5*75%; M, 552. C
1 2

F
2 0

N
2 requires C, 26«1; F, 68*9; N, 5'1%5 M, 552), 

(4*3g., 30%). I.R. spectrum No.21. 

10.1.3 With t e t r a f l u o r o p y r a z i n e 

T e t r a f l u o r o p y r a z i n e (5*0g., 33*0 m.mole), caesium f l u o r i d e (6»0g., 39'6 

m.mole), octafluorobut-2-ene (8«0g., 40«0 m.mole) and sulpholan (15 ml.) were 

sealed i n a n i c k e l tube, and the tube r o t a t e d i n an o i l bath at l60°. 

A f t e r 48 h r s . , c a r e f u l vacuum t r a n s f e r o f the v o l a t i l e materials gave: 

( i ) a white s o l i d (l«2g.). This was i d e n t i f i e d as t e t r a f l u o r o p y r a z i n e , 

having an i d e n t i c a l i . r . spectrum w i t h t h a t of an authentic sample, 

( i i ) a c o l o u r l e s s l i q u i d , which was i d e n t i f i e d as perfluoro-2,5-di-

sec.butylpyrazine. (113) t b.pt. l65°C/760 mm. (Found: C, 25*94; F, 68*3; 

N, 6*0%; M, 552. C
1 2

F
2 0 N 2 r e ( l u i r e s C* 2 6 , 1 ' F» 6 8 ' 9 > N» 5* l 0 / 6' M» 5 5 2 ^ » 

(lOg., 80%). I.R. spectrum No.22. 

10.2 D e f l u o r i n a t i o n reactions of some perfluoro-sec.butyl h e t e r o c y c l i c compounds 

10.2.1 Using p e r f l u o r o - 4 - s e c . b u t y l p y r i d i n e , (l04) 

Several re a c t i o n s were c a r r i e d out at d i f f e r e n t temperatures and flow rates 

t o determine optimum conditions f o r the d e f l u o r i n a t i o n of perfluoro-4-sec.butyl­

p y r i d i n e . I n a t y p i c a l experiment, a q u a n t i t y of the p e r f l u o r o h e t e r o c y c l i c 

compound was passed through a s i l i c a tube (20" x •§•") packed w i t h coarse i r o n 

f i l i n g s using a steady flow of dry n i t r o g e n . Any v o l a t i l e products were 

c o l l e c t e d i n a c o l d t r a p attached t o the end of the tube. The r e s u l t s of 

these experiments are shown i n Table 13. Attempts t o e f f e c t complete 

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 - s e c . b u t y l p y r i d i n e by r e c y c l i n g the v o l a t i l e 
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m a t e r i a l s from the c o l d t r a p were unsuccessful (Table 13, Experiment 7). 

The v o l a t i l e m a t e r i a l s obtained from the d e f l u o r i n a t i o n reactions were 

combined (20g.) and separated using preparative scale vapour phase 

chromatography (Aerograph; Column '0', 90°) i n t o : 

( i ) a colourless l i q u i d (7*0g.), which had an i d e n t i c a l i . r . spectrum 

w i t h t h a t o f an authentic sample o f perfluoro~4-(2'-butenyl)pyridine, (43), 

( i i ) s t a r t i n g m a t e r i a l (4«0g,). 

10.2.2 Using p e r f l u o r o - 2 , 4 - b i s ( s e c . b u t y l ) p y r i d i n e , (lOg) 

I n a s i m i l a r experiment, p e r f l u o r o - 2 , 4 - b i s ( s e c . b u t y l ) p y r i d i n e (l'5g«, 

2*56 m.mole) was passed through a s i l i c a tube packed w i t h coarse i r o n f i l i n g s 

a t 440 * 5°C using a fl o w o f dry n i t r o g e n . The colourless l i q u i d (l»0g.) 

recovered from the c o l d t r a p was shown by v.p.c. (Gas Density Balance, Column 

'A1, 78°) t o consist o f at l e a s t f i v e components and as such f u r t h e r 

i n v e s t i g a t i o n s were abandoned. The presence of a weak absorption i n the i . r . 

spectrum of the mixture, a t 5*8p, d i d , however, i n d i c a t e the presence of a 

„C=C^ grouping(s). 

10.2.3 Using perf1uoro-4-sec.butylpyridazine, (106) 

Perfluoro-4-sec.butylpyridazine (2«9g», 8*2 m.mole) was passed through a 

s i l i c a tube packed w i t h coarse i r o n f i l i n g s at 440 t 5°C using a steady flow 

o f n i t r o g e n . The v o l a t i l e products (l*3g») were c o l l e c t e d i n a col d t r a p . 

A n a l y t i c a l scale v.p.c. (Gas Density Balance, Column '0', 78°) showed a two 

component mixture, which was separated (Aerograph; Column 'A', 100°) i n t o : 

( i ) a colourless l i q u i d , 0«6g., whose i . r . spectrum was i d e n t i c a l w i t h 

t h a t o f an authentic sample o f perfluoro-4-(2'-butenyl)pyridazine. Estimated 

y i e l d 45%, 

( i i ) s t a r t i n g m a t e r i a l (0«3g.)« 
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10.2.4 Using p e r f l u o r o - 3 1 5 - d i ( s e c . b u t y l ) p y r i d a z i n e , (jL0_7) 

Using a s i m i l a r procedure t o above, perfluoro-3,5-di-(sec.butyl)pyridazine 

(l*7g., 3'08 m.mole) was d e f l u o r i n a t e d a t 420°. Only a small q u a n t i t y (0»2g.) 

o f m a t e r i a l was recovered i n d i c a t i n g t h a t extensive decomposition o f the 

s t a r t i n g m a t e r i a l had occurred. An absorption at 5*8p, i n the i . r . spectrum 

i n d i c a t e d the presence o f a group(s). 

10.2.5 Using perfluoro-2,5-bis(sec.butyl)pyrazine, (l_13_) 

Perfluoro-2,5-bis(sec.butyl)pyrazine (3g.) was d e f l u o r i n a t e d at 440°. 

Only a small q u a n t i t y o f m a t e r i a l (0»5g.) was recovered. At a lower 

temperature, 400°, a higher recovery o f a complex mixture was obtained (l«0g.). 

Mass spectrometry and i . r . spectroscopy i n d i c a t e d the presence o f /^C^ 

group(s). 

10.3 Reactions i n v o l v i n g trans-heptafluorobutenyl l i t h i u m 

10.3.1 With p e n t a f l u o r o p y r i d i n e i n ether/hexane 

Trans-2H-heptafluorobut-2-ene (4*0g., 22*0 m.mole) was condensed i n t o a 

f l a s k containing ether (90 ml.) at -78° under dry nitrogen. A s o l u t i o n of 

n-butyl l i t h i u m i n hexane ( l l « 5 ml., 22*2 m.mole) was then added dropwise t o the 

c o l d ether s o l u t i o n over approximately 10 mins. The mixture was s t i r r e d at 

-78° f o r 2 hrs., before a d d i t i o n o f pentafluoropyridine (5*0g., 29*6 m.mole). 

S t i r r i n g was continued and the temperature allowed t o r i s e t o room temperature 

over 18 hrs. 

D i l u t e h y d r o c h l o r i c a c i d (50ml.) was then added, and a f t e r 30 mins., the 

organic layer was separated, washed and d r i e d (MgSO,). Concentration o f the 
4 

organic l a y e r , by c a r e f u l removal o f the ether by d i s t i l l a t i o n , and subsequent 

a n a l y t i c a l scale v.p.c. (Column 'A', 50°) indicated t h a t s u b s t i t u t i o n o f the 

p y r i d i n e nucleus had not occurred. 

Varying the ether/hexane r a t i o had l i t t l e e f f e c t on the course o f the 

r e a c t i o n . 
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10.3.2 With p e n t a f l u o r o p y r i d i n e i n tetrahydrofuran 

A s i m i l a r experiment t o above was c a r r i e d out using i d e n t i c a l reactants, 

but using f r e s h l y d i s t i l l e d t e t r a h y d r o f u r a n (100 ml.) as solvent and holding 

the r e a c t i o n temperature a t -40° f o r 5 h r s . , before warming t o room 

temperature. A f t e r h y d r o l y s i s and e x t r a c t i o n , v.p.c. measurements (Column 'A 

50°) of the organic l a y e r i n d i c a t e d t h a t s u b s t i t u t i o n o f the p y r i d i n e r i n g had 

not occurred. 

Several other reactions were c a r r i e d out i n which r e a c t i o n times and 

solvents were v a r i e d , and t e s t i n g f o r complete l i t h i a t i o n o f the trans-2H-

heptafluorobut-2-ene by means of a colour r e a c t i o n . I n a l l cases, no 

evidence was obtained f o r the formation o f the desired s u b s t i t u t i o n products. 

10.3.3 Using t e t r a f l u o r o p y r i d a z i n e and two molecular proportions o f t r a n s -

heptafluorobutenyl l i t h i u m 

Trans-2H-heptafluorobut-2-ene (7g», 38*4 m.mole) was condensed i n t o a 

f l a s k containing ether (75 ml.) and hexane (10 ml.) at -78° under dry nitr o g e n 

A s o l u t i o n o f n - b u t y l - l i t h i u m i n hexane (19*2 ml., 38*4 m.mole) was added 

dropwise t o the c o l d s o l u t i o n over 20 mins. The mixture was s t i r r e d a t -78° 

f o r 2 hrs., before the a d d i t i o n o f t e t r a f l u o r o p y r i d a z i n e (3g., 19»2 m.mole). 

S t i r r i n g was continued and the temperature allowed t o r i s e t o -55°, where i t 

was held f o r 5 h r s . , before reaching room temperature over 18 hrs. 

D i l u t e h y d r o c h l o r i c a c i d (50 ml.) was then added and a f t e r 30 mins., the 

organic l a y e r was separated, washed, d r i e d (MgSO^) and concentrated by c a r e f u l 

d i s t i l l a t i o n . A n a l y t i c a l scale v.p.c. analysis (Column *A', 50°) i n d i c a t e d 

t h a t s u b s t i t u t i o n of the pyridazine nucleus had not occurred. 
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Experimental For Chapter 7 

11.1 Polyethers 

11.1.1 Reactions i n v o l v i n g hexafluoroacetone, t e t r a f l u o r o p y r i d a z i n e and 

t e t r a f l u o r o p y r a z i n e 

(a) At 140° i n a sealed tube using 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 (2g., 13*2 m.mole), t e t r a f l u o r o p y r i d a z i n e (2g., 13*2 m.mole) 

and diglyme (10 m l . ) , were introduced i n t o a Carius tube. Hexafluoroacetone 

(5g», 30 m.mole) was then condensed i n t o the tube. The tube was evacuated, 

sealed and then shaken at room temperature u n t i l a c l e a r s o l u t i o n was obtained, 

before heating t o 140°. 

A f t e r 48 hrs., v o l a t i l e m a t e r i a l ( l g . ) t r a n s f e r r e d under vacuum t o a cold 

t r a p . A n a l y t i c a l scale v.p.c. (Column 'A', 75° and Column '0', 150°) revealed 

only diglyme and a t r a c e of pyridazine. Treatment of the residue w i t h water 

(100 ml.) y i e l d e d a brown s o l i d (l«9g«, m.pt. >̂ 300°). The s t r u c t u r e o f the 

s o l i d could not be determined by the usual method. 

Varying the r e a c t i o n time (48-100 h r s . ) , and solvent, dimethyl formamide, 

a t a lower temperature (l00°) had l i t t l e e f f e c t on the course of the r e a c t i o n . 

Other reactions c a r r i e d out under atmospheric pressure conditions, 

employing lower temperatures, f o r example 105° and 80°, and i n the presence of 

excess metal f l u o r i d e , were also unsuccessful. 

(b) Using t e t r a f l u o r o p y r a z i n e 

Dimethyl formamide (30 ml.) and caesium f l u o r i d e (2g., 13*2 m.mole) were 

introduced i n t o a Carius tube. Hexafluoroacetone (5g«, 30*0 m.mole) and 

t e t r a f l u o r o p y r a z i n e (4g», 26*4 m.mole) were condensed i n t o the tube which was 

then evacuated and sealed before heating t o 80°. 

A f t e r 192 hrs., v o l a t i l e m a t e r i a l (4g.) t r a n s f e r r e d under vacuum t o a 

col d t r a p . A n a l y t i c a l scale v.p.c. (Gas Density Balance, Column 'A', 75° 



- 155 -

and Column '0', 150°) revealed only dimethyl formamide and t e t r a f l u o r o p y r a z i n e 

(2g.). No f u r t h e r products were obtained on d i l u t i o n o f the residue w i t h water. 

11.1.2 Reactions i n v o l v i n g hexafluoropropene epoxide 

(a) With t e t r a f l u o r o p y r i d a z i n e a t atmospheric pressure 

Caesium f l u o r i d e (6g.f 39*6 m.mole) and sulpholan (50 ml.) were 

introduced under dry n i t r o g e n i n t o a 250 ml. f l a s k f i t t e d w i t h a water 

condenser. The f l a s k was then evacuated at room temperature. When degassing 

o f the solvent had ceased, hexafluoropropene epoxide was allowed i n t o the 

system u n t i l atmospheric pressure was reached and a bladder attached t o the 

top o f the condenser was p a r t i a l l y i n f l a t e d . T e t r a f l u o r o p y r i d a z i n e (3*6g.| 

22*9 m.mole) was introduced i n t o the f l a s k when the r e a c t i o n temperature had 

reached 95-100°. The mixture was then heated w i t h s t i r r i n g at t h i s temperature 

under an atmosphere o f hexafluoropropene epoxide. 

A f t e r 8 h r s . , the v o l a t i l e m a t e r i a l s (6g.) were t r a n s f e r r e d under vacuum 

t o a col d t r a p . A n a l y t i c a l scale v.p.c. (Gas Density Balance, Column 'A1, 78° 

and Column '0', 150°) showed these t o consist of t e t r a f l u o r o p y r i d a z i n e , unreacted 

hexafluoropropene epoxide and traces of h i g h l y v o l a t i l e m a t e r i a l . Solvent 

e x t r a c t i o n ( e t h e r ) of the residues gave no f u r t h e r products. Unreacted 

hexafluoropropene epoxide was also recovered from the r e s e r v o i r . 

Reactions c a r r i e d out at atmospheric pressure using ( i ) a s t a t i c system 

w i t h tetraglyme as solvent a t 100°, and ( i i ) a flow system w i t h sulpholan, 

a t 80° and 30°, were also unsuccessful. 

(b) At atmospheric pressure using a flow system h e a v i l y d i l u t e d w i t h n i t r o g e n 

A c e t o n i t r i l e (25 ml.) and caesium f l u o r i d e ( l g . , 6*6 m.mole) were 

introduced under dry n i t r o g e n i n a 100 ml. f l a s k f i t t e d w i t h a water condenser. 

The f l a s k was then evacuated a t room temperature. When degassing o f the 

solvent had ceased, dry n i t r o g e n (600 mm.) was allowed i n t o the system. 
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T e t r a f l u o r o p y r i d a z i n e (3*0g., 19*8 m.mole) was introduced i n t o the f l a s k and 

the f l a s k cooled t o 0-5°. The r e a c t i o n mixture was then s t i r r e d at 0-5° and 

hexafluoropropene epoxide c i r c u l a t e d through the system. 

A f t e r 5 h r s . , the s t i r r i n g was stopped and the fluorocarbon l a y e r (2«2g.) 

was r e a d i l y separated. A n a l y t i c a l scale v.p.c. (Gas Density Balance, Column 

'A', 78°) i n d i c a t e d a multi-component mixture containing no pyridazine. Due 

to the complex nature of the mixture no f u r t h e r work was c a r r i e d out. Tetra­

f l u o r o p y r i d a z i n e (2«8g.) was recovered from the solvent l a y e r . 

11.2 Reactions i n v o l v i n g sodium c h l o r o d i f l u o r o a c e t a t e 

11.2.1 With p e n t a f l u o r o p y r i d i n e 

(a) I n diglyme a t 130° 

Sodium c h l o r o d i f l u o r o a c e t a t e (8g., 52*8 m.mole), caesium f l u o r i d e (4g., 

26*4 m.mole), p e n t a f l u o r o p y r i d i n e (5g., 29*6 m.mole) and diglyme (20 ml.) 

were introduced i n t o a n i c k e l tube under an atmosphere o f dry n i t r o g e n . The 

tube was then sealed and r o t a t e d i n an o i l bath at 130°. 

A f t e r l6 h r s . , the tube was cooled, opened and v o l a t i l e m a t e r i a l (7g«) 

t r a n s f e r r e d under vacuum t o a c o l d t r a p . A n a l y t i c a l scale v.p.c. (Gas Density 

Balance, Column 'A', 75°) i n d i c a t e d only pentafluoropyridine (5g.) and diglyme. 

(b) I n sulpholan a t 170° 

Using a s i m i l a r experimental procedure t o ( a ) , p e n t a f l u o r o p y r i d i n e (5g«, 

29*6 m.mole), sodium c h l o r o d i f l u o r o a c e t a t e (8g., 52*8 m.mole), caesium 

f l u o r i d e (4g., 26»4 m.mole) and sulpholan (30 m l . ) , were heated i n a sealed 

n i c k e l tube at 170°. 

A f t e r 16 hrs., v o l a t i l e m aterials (6g.) t r a n s f e r r e d under vacuum t o a 

cold t r a p . A n a l y t i c a l scale v.p.c. (Gas Density Balance, Column 'A', 75°) 

i n d i c a t e d a two component mixture. Separation of the mixture (Aerograph; 

Column '0', 110°) gave: 
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( i ) a colourless l i q u i d , (128), whose i . r . spectrum was i d e n t i c a l 
42 

w i t h t h a t o f an authentic sample o f 4-chloro-2,3,5,6-tetrafluoropyridine, 

( 4 - l g . , 78% y i e l d ) , 
( i i ) p e n t a f l u o r o p y r i d i n e (0«9g.). 

(c) Several reactions were then c a r r i e d out using the procedure described 

above, i n v e s t i g a t i n g the e f f e c t o f solvent, temperature and caesium f l u o r i d e 

on the course o f the r e a c t i o n . The r e s u l t s are summarised i n Table 12. 

11.2.2 With t e t r a f l u o r o p y r i d a z i n e 

T e t r a f l u o r o p y r i d a z i n e (4*5g«, 29*6 m.mole), sodium c h l o r o d i f l u o r o a c e t a t e 

(8g., 52*8 m.mole), caesium f l u o r i d e (4g., 26»4 m.mole) and sulpholan (30 ml.) 

were introduced i n t o a n i c k e l tube (80 ml.) under dry ni t r o g e n . The tube was 

sealed, and r o t a t e d i n an o i l bath a t 140°. 

A f t e r 20 h r s . , v o l a t i l e m a t e r i a l (3*5g») t r a n s f e r r e d under vacuum t o a 

co l d t r a p . A n a l y t i c a l scale v.p.c. (Gas Density Balance, Column 'A', 100°) 

i n d i c a t e d two components. Separation o f the mixture (Aerograph; Column '0', 

150°) gave: 

( i ) t e t r a f l u o r o p y r i d a z i n e (0«8g.), 

( i i ) 4-chloro-3,5,6-trifluoropyridazine, (122,), (Found: C, 28«2; 

F, 34*0; N, l6«4; CI, 20'7%; M, 168. C ^ ^ C l requires C, 28«6; F, 33*8; 

N, 16*6; CI, 21*0%; M, 168), (2«0g., 50% y i e l d ) . I.R. spectrum No.23. 
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19. F N.m.r. Data 

A l l chemical s h i f t s were measured u p f i e l d from an external CFC1, 

reference. 

1. Trans-perfluoro-4-( butenyl) p y r i d i n e , (4,2.) 

CF 3
A
 / F

 B 

'CP-

W (Neat) 

Chemical S h i f t 
(p.p.m.) 

Coupling Constant 
(Hz.) 

Relative I n t e n s i t y Assignment 

6l-3 Doublet of doublets 
JAB 2 1 > JAC 1 

C= 

69*0 Doublet of doublets 
JBC 7' 5> JAC 1 

88'0 Broad m u l t i p l e t 2,6 Ring F 

IO3.9 M u l t i p l e t , 21, 
JBC 7 ' 5 CF„ 

140'0 Broad m u l t i p l e t 3,5 Ring F 
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2. Perfluoro-2-(4-pyridyl)-3,4-dimethylhexa-2,4-diene, (44) 

CF_ 

F 

• N (Neat) 

Chemical S h i f t 
(p.p.m.) 

60*4 

Coupling Constant 
(Hz.) 

Relative I n t e n s i t y Assignment 

Doublet, J 16 

C= 

62*0 S i n g l e t 
CF I 3 
=c—c= 

CF3 

69-75 Broad s i n g l e t =C 
<£ 3 

88*25 M u l t i p l e t , J p F 13 2,6 Ring F's 

102*5 M u l t i p l e t , J 7 
N C F „ 

139*5 Broad m u l t i p l e t 3,5 Ring F's 
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3. P e r f l u o r o - 2 - ( 4 ' - p y r i d y l ) -3.4.5.6-tetramethylocta-2,4,6-triene, (45) 

CF„ 
C=C. 

CF 
J3 

F 

(CC1, ) 
4 

Chemical S h i f t Coupling Constant Relative I n t e n s i t y Assignment 
(p.p.m.) (Hz.) 

57-0 

61-7 

63*0 

64*2 

Broad s i n g l e t 

Doublet, J 20 

S i n g l e t 

S i n g l e t 

3 
6 

3 

3 

Side chain CF^'s 

70*4 

88^5 

100 •! 

M u l t i p l e t 

Broad m u l t i p l e t 
J 13 

Broad m u l t i p l e t 

=C 
<3L3 

2,6 Ring F's 

.F 

CF, 

140« 5 Broad m u l t i p l e t 3,5 Ring F's 
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4. Isomer of perfluoro-2 - ( 4'pyridyl ) - 3 , , 4 . , 5 , 6-tetramethylocta-2 , 4 , 6-triene, (46) 

CF, 

•F 

^ (CC1,) 

Chemical Shift 
(p.p.m.) 

59-75 

6 l « 5 

63*0 

Coupling Constant 
(Hz.) 

Broad singlet 

Singlet 

Singlet 

Relative Intensity Assignment 

9 

3 

3 

Side chain CF^'s 

70-25 Singlet =C / 
.F 

87-0 

102-3 

Broad multiplet 
J 13 

Broad multiplet 

2,6 Ring F's 

CF, 

138-3 Broad multiplet 3,5 Ring F's 
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5. Cis- and trans-l-fluoro-l,2-(biscarbethoxy)-2-(2',3'>5',6'-tetrafluoro-

pyridyl)ethylene, (42) 

H C OOC , F 
5 2 "-fee' 

^COOC^ 

F 

(Neat) 

Trans isomer 

Chemical S h i f t 
(p.p.m.) 

83-5 

Relative Intensity Assignment 

2,6 Ring F', 

92*2 =C 
F 

14C6 3,5 Ring F' 

Chemical S h i f t 

(p.p.m.) 

84*4 

92'2 

142'0 

19. 

H C OOC COOC H 
5 2 x c = c x 2 5 

Cis isomer 

Relative Intensity Assignment 

2,6 Ring F' 

F 

3,5 Ring F» 

F n.m.r. measurements were carried out on a mixture of the two isomers. 

Ratio of isomers, cis:trans = 50:50 
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6. Cis-perfluoro-2-(2',3 1,5',6'-tetrafluoropyridyl)-3-methoxybutene, (76) 

57-9 

CF 
V0CH 

F 
(Neat) 

Chemical S h i f t Coupling Constant Relative Intensity Assignment 
(p.p.m.) (Hz.) 

Doublet, J 12 
3 3 

F 

65-7 

92» 1 

142 «0 

Doublet, J 12 
3 3 

Multiplet 

Multiplet 

2,6 Ring F' 

3,5 Ring F' 

7. Enamine derivative of perfluoro - 4-(2'-butenyl)pyridine 

N=C 
-c=c ' 2 

CF„ 

^ (Acetone) 

Chemical S h i f t 
(p.p.m.) 

83*4 

Fine Structure 

Singlet 

Relative Intensity Assignment 

=C 
CF„ 

95*3 

143*0 

Broad multiplet 

Broad multiplet 

2 

2 

2,6 Ring F 

3,5 Ring F 
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8. Trans-perfluoro-4-(2 1-buteny1)pyridazine, (78) 

B CF 

CF 

N 
N (CC1.) 

Chemical Sh i f t Coupling Constant Relative Intensity 
(p.p.m.) (Hz.) 

r. r- Doublet of doublets, 
AB 2 1> JAC 1 

„ 0 _ Doublet of doublets, 
JBC 7> J A C

 1 

78-4 M u l t i p l e t , J, 32 

q_ Q Doublet of doublets, 
'* J, 32 

103-2 Multiplet, J A B 21, 
J B C 7 

121-5 Multiplet 

Assignment 

CF 3^ 

N 
N 

CF 

3 Ring F's 

6 Ring F's 

=C 

5 Ring F's 
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9. Perfluoro-(1,2,3-trimethyl)-l-ethyl-g,6-diazaindene, (79) 

lb CF. 
W CF \c CP ^ 2 

2CL CF 

F 1 

(Acetone) 

Chemical Shift 
(p.p.m.) 

Coupling Constant 
(Hz.) 

Relative Intensity Assignment 

54.9 
Broad mu l t i p l e t , 
J 10, J 14 
2a, l c ' 2a,3a 

2a 

58-7 Hextet, J 14, 
J . , 28 3a,4 

3a 

60-8 ° C t e t> J l c , 2 a 1 0> 
J „ 10, J _ 20 l c , l a ' lc,7 

lc 

78«2 M u l t i p l e t , J, „ 28, 
J 20 4 ' 3 a 

7,1c 
4,7 Ring F's 

80«0 Singlet lb 

106 '8 l a , l c 10 la 
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10. 1,2,3~Tris-( t r i f luoromethyl) -1-pentaf luoroethyl-7-f luoro-4-hydroxy-5,6-

diazaindene, (86) 

CF. v° 

c CF CF lo-

2« CF 

(Acetone) 

Chemical Shift 
(p.p.m.) 

Coupling Constant 
(Hz.) 

Relative Intensity Assignment 

55'9 
Broad multiplet 
J2a 53a 1 4 ' 
J „ 11 2a, l c 

2a 

60«1 
Octet, J n 11 ' lc,2a 
J _ 22, J „ 11 lc,7 ' l c , l a l c 

6l»5 Quartet, 14 3a 

82'0 Singlet lb 

94'3 
Broad unresolved 
multiplet, J 22 7 j l c 7 Ring F*s 

100^8 
Broad multiplet, 
J l a , l c 1 1 l a 
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11. 1,2,3-Tris-(trifluoromethyl)-1-pentaf luoroethyl-4,7-dihydroxy~5,6-

diazaindene, (87) 

CF \ti 

2c CF 

0 

(Acetone) 

Chemical S h i f t 
(p.p.m.) 

Coupling Constant 
(Hz.) 

Relative Intensity Assignment 

56-7 
Broad multj.plet 
J2a,3a 13-5, 
Jo , 1° 2a, lc 

2a 

57-2 
Hextet, J „ 10, ' l c , l a ' 
J l c , 2 a 1 0 l c 

59-6 Quartet, 13-5 3a 

8O.5 Singlet l b 

104'3 Multiplet, J 10 
19,5 l C 

l a 
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12. Cis- and trans-l-fluoro-1.2-(biscarbethoxy)-2-(3' f5' f6'-trifluoropyridazvl) 

ethylene 
H_C_OOC -̂COOC.H 

5 2 ^C=C 2 5 

F 

(Neat) 

Chemical S h i f t Coupling Constant Relative Intensity Assignment 
(p.p.m.) (Hz.) 

77«5 M u l t i p l e t 1 3 Ring F's 

95*0 M u l t i p l e t 1 =C^ 

98-2 Multiplet 1 6 Ring F's 

121*0 M u l t i p l e t 1 5 Ring F's 

HC OOC ,F 
5 2 ^C-C^ 

COOC H 2 5 

79-5 

95«2 

99-0 

123*8 

M u l t i p l e t , J , 30 

M u l t i p l e t 

M u l t i p l e t , J, „ 30 6,3 

Multiplet, J, 24 

3 Ring F's 

6 Ring F's 

5 Ring F's 

19 
F measurements were carried out on a mixture of the two isomers 

Ratio of isomers, Cis;Trans = 40:60 
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13. 4-Chlorotrifluoropyridazine, (92) 

CI 

N 
N (Neat) 

Chemical Shift Coupling Constant Relative Intensity Assignment 
(p.p.m.) (Hz.) 

85-5 

100*1 

129*5 

J3,6 30 

J6,3 3 ° 

J 24 3,5 

3 Ring F's 

6 Ring F's 

5 Ring F's 
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14. Cis- and trans-per.fluoro-2-(3',5',6'-trifluoropyridazyl)-3-methoxybutene 

Chemical S h i f t 
(p.p.m.) 

60*50 

65*14 

60*98 

82*89 

90*43 

CFo .0CH„ 
3-C=C^ 3 

Coupling Constant 
(Hz.) 

Multiplet 

Multiplet 

Multiplet 

Multiplet 

Multiplet 

(Neat) 

Relative Intensity Assignment 

* 3 . 

=c 

c= 

CF„ 

3 Ring F's 

6 Ring F's 

5 Ring F's 

56*51 

64*10 

60*98 

82*89 

90*43 

Multiplet 
JCF -CF 1 2 * 3 

3 3 

Multiplet 
JCF -CF 1 2 , 3 

3 3 
Multiplet 

Multiplet 

Multiplet 

1 

1 

1 

OCH 

3 Ring F's 

6 Ring F's 

5 Ring F's 

19. F measurements were carried out on a mixture of the two isomers. 

Ratio of isomers, Cis;Trans = 66:34 
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15. Methoxy derivative of perfluoro-(l,2,3-trimethyl)-l-ethyl-5,6-diazaindene 

CHC1 /CC1, 3 4 

Chemical Sh i f t 
(p.p.m.) 

59*1 

6l'2 

63'2 

74-6 

81-0 

82»1 

109 «0 

Fine Structure 

Multiplet 

Multiplet 

Multiplet 

Multiplet 

Singlet 

Multiplet 

Multiplet 

Relative Intensity Assignment 

3 

2 

3 

1 

3 

1 

CF. 

CF 

CF. 

4 Ring F's 

CF CF„ 2 -3 

7 Ring F's 

-CF CF„ -2 3 
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16. Perfluoro-4-sec-butylpyridazine, (106) 
CF̂  

CFCF2CF3 

Chemical Sh i f t 
(p.p.m.) 

71- 2 

72- 7 

82-2 

97-8 

121'15 

182'5 

Fine Structure 

Broad multiplet 

Broad singlet 

Multiplet 

Multiplet 

Multiplet 

Broad multiplet 

N (Neat) 

Relative Intensity " Assignment 

3 Ring F'S 

C F_3~ C F 

CFCF CF„ 
I 2 -3 

6 Ring F's 
\ CFCF CF„ 

I -2 3 
CF-

17. Perfluoro-3,5-bis-sec-butylpyridazine, (107) 

CFCF CF„ 
2 3 

Chemical S h i f t 
(p.p.m.) 

69'1 

73*9 

82*3 

102-9 

121-0 

181-5 
187'0 

CF CF 

Fine Structure 

Broad multiplet 

Broad singlet 

Singlet 

Broad singlet 

Broad multiplet 

Multiplet 

Multiplet 

N (Acetone) 

Relative Intensity Assignment 

1 6 Ring F's 

CF„ 
6 

6 

4 

1 

1 

CF-

CFCF CF„ 

4 Ring F's 
\ 
CFCF -CF„ 1 3 

CFXFCF -3 - 2 
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18. Perfluoro -2 ,5-bis-sec.butylpyrazine, (113) 

CF, 

CF CF 
2 3 

'N\ _CFCF CF 2 3 

Chemical Shift 
(p.p.m.) 

74*6 

76-7 

82-5 

122*0 

Relative Intensity Assignment 

•CF-

3,6 Ring F 

CFCF CF„ | 2 -3 

CFCF CF„ I -2 3 

188*0 
CF„ 

CFCF — 2 



APPENDIX I I 



- 175 -

Mass Spectral Data 

The mass to charge ( m/e) values are given with the r e l a t i v e abundance 

(% of base peak) i n parentheses. A l l peaks of > 5% of the base peak 

( a r b i t r a r i l y 100%) and certain others of diagnostic value < 5%, are recorded. 

1. 
C=C 

CF. 

(41) 

332(8), 331(68), 312(26), 263(9), 262(100), 224(9) , 212(28), 193(15), 162(8). 

148(8) , 131(8), 125(13), 118(15), 93(13), 69(91) . 

2. CF„ 
CaC 

CF, 

(44) 

494(18), 493(93), 475(10), 474(50), 424(20), 373(13), 353(13), 335(15), 304(13), 

285(25), 211(13), 199(8), 117(5), 91(8), 69(100). 

3. CF. 
~C=C 

CF, 

(45_) 

656(21), 655(100), 637(6), 636(34), 446(6), 292(6), 69(37). 
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CF 

CF 

N 
(46) 

656(29), 655(97), 637(lO), 636(45), 496(8), 445(H ) , 439(7), 398(7), 380(7), 

373(13), 369(9), 309(8), 292(16), 223(7), 199(12), 119(19), 114(7), 93(7), 

69(100). 

CF 

CF 3 n (47) 

1496(9), 1426(9), 1333(14), 1264(9), H7l(26), 1152(9), 1102(11), 1009(57), 

990(23), 940(20), 847(14), 200(10), 181(9), 149(9), 131(9), 119(H ) , 117(7), 

100(6), 69(100), 57(H), 56(9), 55(9), 44(9), 43(H), 41(14). 

6. N 

F-C-CF 

N 

(62) 

401(14), 400(88), 381(17), 332(15), 331(100), 290(14), 285(17), 280(48), 

262(19), 236(6), 231(10), 224(6), 217(6), 200(23), 186(8), 141(6), 131(6), 

117(12), 100(12), 93(12), 86(6), 69(7), 31(17). 
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7. CF 
c=c 

.CF„ 

OCH 

4 ? (16) 

344(8), 343(61), 324(33), 286(33), 274(44), 259(25), 240(68), 231(22), 

224(11), 212(33), 200(11), 181(14), 162(31), 143(14), 131(11), 124(11), 

117(20), 93(11), 81(25), 69(100), 59(100), 3 3(H), 31(14). 

8. CF„ ^F 

CF 

N (78) 
N 

315(11), 314(100), 295(18), 245(35), 217(29), 200(6), 186(8), 167(27), 148(8), 

117(22), 98(6), 93(13), 69(41), 44(7), 31(14). 

9. 

CF N 

(19) 

CF 

477(5), 476(33), 457(26), 357(9), 338(14), 319(7), 279(5), 269(11), 260(6), 

241(13), 210(6), 191(8), 172(5), 141(13), 119(87), 117(10), 100(5), 93(7), 

85(5), 69(100), 31(11). 
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10. 
OC00CH 
II 2 
C'COOC H 

N 
N 

Cis and Trans (£0 and 9 l ) 

322(33), 295(7), 294(8), 278(13), 277(55), 276(8), 266(19), 265(33), 250(27), 

249(100), 238(28), 237(60), 229(7), 222(21), 221(80), 217(16), 209(11), 205(13), 

201(12), 198(15), 194(7), 190(8)3 189(45), 185(8), 178(34), 177(49), 176(25), 

174(10), 172(14), 162(9), 161(37), 159(9), 146(11), 144(13), 143(H), 133(9), 

118(8), 117(33), 110(9), 99(13), 98(21), 93(7), 86(9), 79(8), 7 l ( l 3 ) , 69(9), 

64(9), 55(10), 45(41), 44(69), 43(21), 4 l ( l 0 ) , 31(18). 

11. N=CC=C * 

269(11), 268(64), 197(14), 196(100), 180(H), 170(8), 169(19), 149(14), 129(22), 

124(8) , 123(8), 122(11), 121(6), 114(6), 113(8), 104(22), 96(14), 94(8), 79(8), 

78(19), 77(39), 70(14), 69(28), 52(14), 5 1(H), 48(11), 46(11), 31(17). 

•N: 
(93) 

12. CF 

CF 

N 

OCH 
3 

Cis and Trans (94 and 95) 

326(4), 117(7), 105(10), 103(67), 101(100), 69(23), 68(5), 66(15), 47(13), 

32(65), 31(99). 
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13. 

CF. (86) 

475(16), 474(100), 456(7), 455(49), 355(37), 336(10), 335(32), 327(lO), 

317(32), 307(16), 299(10), 287(25), 280(15), 267(10), 249(12), 229(16), 

141(10), 119(25), 117(7), 69(50). 

14. 

473(21), 472(100), 454(7), 453(41), 423(14), 373(17), 345(7), 333(7), 324(10), 

323(86), 305(10), 304(28), 295(16), 285(7), 277(21), 276(17), 267(7), 249(10), 

229(10), 208(10), 199(10), 198(7), 179(10), 119(10), 117(7), 69(16). 

15. 

(98) 

761(24), 760(76), 742(6), 741(18), 692(14), 691(46), 642(24), 641(71), 584(2l) , 

575(10), 565(12), 556(12), 5 5 l ( l 6 ) , 488(10), 478(86), 438(8), 274(8), 272(16), 

270(12), 240(38), 238(100), 236(100), 204(86), 203(15), 202(14), 201(18), 

168(8), 166(19), 119(13), 117(8), 93(6), 69(57). 
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16. Methoxy derivative of (98) i . e . (99) 

488(15), 469(9), 4 5 7 ( H ) , 420(15), 419(100), 338(9), 319(9), 300(33), 285(13), 

281(7), 241(7), 141(7), 119(22), 81(7), 69(41), 31(6). 

17. CF_ 
XFCF CF„ I 2 3 

4? 
(106) 

352(24), 233(16), 205(6), 184(6), 183(61), 155(15), 119(24), 117(17), 105(8) 

100(8), 9 3 ( H ) , 74(8), 69(100), 31(18). 

18. 

C F 3 C F 2 C V ^ N 
F I 

CFXF CF 3 2 x 

CF, 

(1Q7.) 

5 5 3 ( H ) , 552(66), 534(6), 533(33), 483(9), 432(28), 382(12), 355(13), 317(6), 

305(8), 286(8), 267(15), 255(8), 236(8), 217(9), 131(6), 119(31), 117(8), 

100(6), 93(8), 69(100), 31(6). 

19-

CF„ 

CF„CF CF' 
3 2 

CF. 

'NV ^CFCF 2CF 3 

F 
(111) 

552(21), 534(6), 533(44), 469(12), 421(9), 420(27), 381(9), 380(56), 347(12), 

300(18), 268(15), 249(53), 218(7), 184(6), 143(6), 124(6), 119(38), 100(16), 

93(15), 69(100). 
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20. 
CI 

N 
N (129) 

170(33), 169(6), 168(100), 140(11), 111(11), 109(30), 105(18), 92(11), 90(27), 

88(6), 74(11) , 69(9), 54(14), 37(2), 35(3). 

21 . 

NsC-C=C 
,-NH 

CF, 

(21) 

286(11), 285(93), 267(11), 266(100), 265(11), 246(20), 245(21), 216(27), 215(20), 

196(10), 189(27), 169(18), 162(15), 124(8), 69(16), 38(7), 36(20), 31(8). 
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Infra-red Spectra 

Spectrum No. Compound State 

1. Perfluoro - 4 - ( 2'-butenyl)pyridine, (43) 1. 

2. Perfluoro -2 - (4'-pyridyl) -3 ,4-dimethylhexa-
2,4-diene, (44) 1. 

3• Perfluoro~ 2 - ( 4'-pyridyl) - 3 , 4 , 5 , 6-tetramethylocta-
2 , 4 , 6-triene, (45) 1. 

4. Isomer of (45) perfluoro - 2 - ( 4'-pyridyl) - 3 , 4 , 5 3 6 -
tetramethylocta - 2 , 4 , 6-triene, (46) 1. 

5« Polymer of hexafluorobut-2-yne, (47_) s. 

6. 1-Fluoro-l, 2 - (biscarbethoxy) - 2 - ( 2 ' , 3 ' , 5 ' , 6 ' -
tetrafluoropyridyl)ethylene ( c i s / t r a n s mixture 
50:50), (42) 1. 

7. l , l - B i s ( l ' , 2 ' , 5 ' , 6 ' - t e t r a f l u o r o p y r i d y l H e t r a f l u o r o -
ethane, (69) s. 

8. Cis 3-methoxy - 2 - ( 2 ' , 3 ' , 5 ' , 6 '-tetrafluoropyridyl)-

hexafluorobutene, (76) 1. 

9' Enamine of perfluoro -4 - (2'-butenyl)pyridine, (77) s. 

10. Perfluoro - 4 - ( 2 '-butenyl)pyridazine, (78) 1. 

11. Perfluoro-(1 , 2 , 3-trimethyl)-l-ethyl - 5 , 6-diaza-
indene, (79) s. 

12. 1-Fluoro-l, 2 -(biscarbethoxy) - 2 - ( 3 ' , 5 ' , 6'-trifluoro­
pyridyl) ethylene (cis / t r a n s mixture 40:60), (91) 1. 

13. Enamine of perfluoro -4 - (2'-butenyl)pyridazine, (93) s. 

14. 1 , 2 , 3 - T r i s - ( t r i fluoromethyl)-1-pentafluoroethyl) -7-
fluoro-4-hydroxy-5,6-diazaindene, (86_) s. 

15 • 1 , 2 , 3-Tris-(trifluoromethyl) - 1-pentafluoroethyl - 4 , 7 -
dihydroxy-5,6-diazaindene, (87) s. 

16. Mono-methoxy derivative of perfluoro-(l , 2 , 3-trimethyl)-
l-ethyl -5 ,6-diazaindene, (99) or (100) s. 

17. Perfluoro-(l , 2 , 3-trimethyl)-l-ethyl - 4 , 7-diphenyl-
5,6-diazaindene, (9J) s« 

18. Perfluoro -4-sec.butylpyridine, (104) 1. 

19. Perfluoro - 2 , 4-di-sec.butylpyridine, (105) 1. 
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20. Perfluoro - 3 , 5-di-sec.butylpyridazine, (l07_) 1 

21. Perfluoro -4-sec.butylpyridazine, (106) 1 

22. Perfluoro -2 ,5-di-sec.butylpyrazine, (113) 1 

23. 4-Chloro - 3 , 5 , 6-trifluoropyridazine, (jL29) 1 
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