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SUMMARY 

Some F l u o r i n e compounds of Pyridine 

Part I The Preparation of Highly F l u o r i n a t e d Pyridines 

The ohlorination of pyridine with phosphorus pentachloride 

i n a s t a i n l e s s s t e e l autoclave at elevated temperatures has been 

developed to give good y i e l d s of pentachloropyridine, together 

with some te t r a c h l o r o p y r i d i n e s . 

Halogen exchange between pentachloropyridine and anhydrous 

potassium f l u o r i d e i n the absence of solvent produced chlorofluoro-
o 

p y r i d i n e s , and, at a r e a c t i o n temperature of 480 C, pentafluoro-

pyridine. 

Part I I The introduction of Functional Groups into the 

Polyfluoropyridine nucleus 

The Grignard reagents from 3-chlorotetrafluoropyridine and 

3, 5 - d i c h l o r o t r i f l u o r o p y r i d i n e have been prepared i n d i e t h y l ether 

s o l u t i o n but y i e l d s were low. Preparation of the Grignard reagent 

from 3-chlorotetrafluoropyridine i n tetrahydrofuran at low 

temperature, followed by carbonation produced 2, 4> 5> 6-tetra-

f l u o r o n i c o t i n i c a c i d . The use of Grignard reagents f o r the 

introduction of f u n c t i o n a l groups into the 3-position was severely 

l i m i t e d by t h e i r tendency to polymerise v i a n u c l e o p h i l i c attack at 

the 4-position by the t e t r a f l u o r o p y r i d y l anion formed from the 

Grignard reagent i t s e l f . 



Chlorofluoropyridinea and pentafluoropyridine have been 

c a t a l y t i c a l l y reduced with hydrogen to hydrofluoropyridines. 

The hydrogen i n these compounds i s s u f f i c i e n t l y a c i d i c to undergo 

i n s t a l l a t i o n by exchange r e a c t i o n with a l k y l lithiums and the 

r e s u l t i n g polyfluoropyridyl l i t h i u m d e r i v a t i v e s have been shown 

to be us e f u l intermediates i n the syn t h e s i s of v a r i o u s l y 

s u b s t i t u t e d polyfluoropyridyl compounds. 

I n t h i s way, s e v e r a l polyfluoropyridine carboxylic acids 

have been prepared, t h e i r pKa values determined and r e l a t i v e 

a c i d strengths discussed. 

B i s (2, 4> 5» 6- t e t r a f l u o r o p y r i d y l ) mercury has been prepared 

by decarboxylation of mercuric pe r f l u o r o n i c o t i n a t e , and the 

perfl u o r o p y r i d y l mercurial shown to form a neutral coordination 

complex with 2, 2'-bipyridyl. 

Preliminary i n v e s t i g a t i o n s into the existence of t r i f l u o r o -

pyridyne have ind i c a t e d that t h i s intermediate i s formed by 

elimination of l i t h i u m f l u o r i d e from 3- 1 i t h i o - t e t r a f l u o r o p y r i d i n e , 

although t h i s has not been c a t e g o r i c a l l y proven. 
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PART I 

THE PREPARATION OF HIGHLY FLUORINATED 

PYRIDINES 

Chapter I 

HISTORICAL INTRODUCTION 



INTRODUCTION 

Investigations into the eff e c t s of replacing hydrogen by fluorine 

i n compounds of pyridine have been promoted not only by the i n t e r e s t i n 

the chemistry that such compounds might possess due to th e i r heterocyclic 

aromatic nature, but also by the fact that the pyridine nucleus i s often 
1 

part of b i o l o g i c a l l y active compounds. The current hypothesis which 

attributes the antimetabolite a c t i v i t y of such compounds as sulphanil-

amide and pyridine - 3-sulphonic acid to the s t r u c t u r a l s i m i l a r i t y but-

functional d i s s i m i l a r i t y of these compounds to e s s e n t i a l metabolites 

suggests that various fluorine substituted pyridine derivatives such 

as n i c o t i n i c acid or nicotinamide may possess physiological a c t i v i t y . 
2 

Of i n t e r e s t i n t h i s connection i s the observation that 3-fluorotyrosine 

and 3-fluorophenylalanine act as growth i n h i b i t o r s for Neurospora 

Crassa 8 8 l 5 - 3 a . Many other examples of how the replacement of hydrogen 

by fluorine i n b i o l o g i c a l l y active compounds causes s i g n i f i c a n t changes 
3 k 5 

i n the l e v e l of t h i s a c t i v i t y have been reported. ' 

I t w i l l be obvious from a history of developments i n the fluorine 

chemistry of pyridine that t h i s has run p a r a l l e l with the chemistry of 

the fluorobenzenes and i n many cases i t w i l l be shown how a major 

advance i n the l a t t e r has been re f l e c t e d by a si m i l a r step with pyridine. 

MONOFLUOROPYPJDINES. 

The e a r l i e s t attempts to prepare aromatic fluorides were based on 

the decomposition of diazonium s a l t s i n aqueous hydrofluoric acid. Thus 

i n 1870, Schmitt and von Gehren synthesised p-fluorobenzoic acid by 
I965 } 20 AUG1965 



2 

diazotising the corresponding amine i n *l0% hydrofluoric acid. 

Ar.NH H F^ a c^• > Ar.N+F~ > ArF + N_ 
d NaN02

 2 2 

I n an analogous manner, Chichibabin and Rjazancev prepared 2-

7 8 
fluoro - 5-nitropyridine and 2-fluoropyridine i n 25% y i e l d . 1 

Q 
Several years l a t e r , Binz and Rath reported the preparation of 

3-fluoropyridine i n 22% y i e l d using the same technique. 

The obvious disadvantage of t h i s method l i e s i n the fact that 

decomposition of any diazonium sa.lt i n aqueous solution leads to the 

formation of hydroxy compounds with consequent reduction i n the y i e l d 
10 

of the desired fluoro-derivative. More recently, anhydrous hydrogen 

fluoride has replaced the aqueous acid with considerable success i n 

most aromatic systems, although when t h i s method was applied to hetero­

c y c l i c aromatic compounds, ' ̂  Ferm and Vanderwerf reported, without giving 

definite figures, that only very poor y i e l d s of the corresponding 

fluoro derivatives were obtained. However, t h i s work was repeated when 

Beaty diazotised 2-aminopyridine with sodium n i t r i t e i n anhydrous 

hydrogen fluoride and decomposed the diazonium s a l t " i n s i t u " at 40°C 
12 

to obtain a 20-22% y i e l d of 2-fluoropyridine. 
A s i g n i f i c a n t discovery v/as made i n 1913 when Bart succeeded i n 

13 

i s o l a t i n g benzene diazoriium fluoroborate, as well as p-chloro and 

p-nitrobenzene diazonium fluoroborate. He noted the great s t a b i l i t y 

of these compounds and claimed them to be useful intermediates i n the 

preparation of therapeutic agents and dyes, but did not prepare 

aromatic fluorides from them. I t was not u n t i l 1927 when Balz and 

http://sa.lt
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Schiemann published the i r work on the controlled decomposition of 

diazonium fluoroborates that i t was shown possible to obtain good 

yie l d s of aromatic fluorides from these s a l t s . 

The method involves two steps: f i r s t the preparation and i s o l a t i o n 

of a dry diazonium fluoroborate, and second, the controlled decomposition 

of t h i s s a l t by heat to y i e l d an aromatic fluoride, nitrogen and boron 

t r i f l u o r i d e . 

C6H^!H2 + HN02 + BFj > CgHJ^BF^ + H,0 + 0H~ (1) 

C6E^2BFk C 6 V + N 2 + B F 3 ( 2 ) 

15 

Since the o r i g i n a l publication, Schiemann and others have applied 

the method to a large variety of amines and ov e r a l l y i e l d s as high as 

7C$ are not uncommon. 
16 

I n 19^7 Roe and Hawkins published t h e i r work on attempts to 

extend the scope of the Schiemann reaction by investigating i t s u s e f u l ­

ness i n the preparation of heterocyclic fluorine compounds. The f i r s t 

compounds they studied were the three aminopyridines. Preparation of 

2- and 3-fluoropyridine from the corresponding amines i n ove r a l l y i e l d s 

of 3& and 50$, respectively were achieved. However, i n contrast to the 

diazonium fluoroborates of most aromatic compounds, which are quite 

stable, both 2- and 3-pyridine diazonium fluoroborate were reported to 

be quite unstable, thus necessitating modification of the usual 

Schiemann technique. 

Attempts to i s o l a t e 2-pyridine diazonium fluoroborate were un­

successful because the compound decomposed as fa s t as i t was formed. 



2-Fluoropyridine was obtained i n J>k% y i e l d by diazotisation of 2-amino-

pyridine with sodium n i t r i t e i n kQP/> fluoroboric acid solution with the 

temperature maintained below 10°C. After warming the product was 

i s o l a t e d by neu t r a l i s a t i o n of the reaction mixture with sodium carbonate 

1. NaN0 2, kCfji HBF^, <.10° 

^ N H

2 2 . 20°-37°C steam d i s - ^ \ J F 

t i l l a t i o n 

followed by steam d i s t i l l a t i o n , and d i s t i l l a t i o n . Decomposition of 2 -

fluoropyridine was indicated by the appearance of a yellow colour a f t e r 

several days., and the formation of a white precipitate on longer 

standing. The l a b i l i t y 'of 2-fluoropyridine was further demonstrated by 

Bradlow and Vanderwerf when they studied the acid hydrolysis of <x-
17 

halogenated pyridine compounds. 

I s o l a t i o n of 3-pyridine diazonium fluoroborate was accomplished by 

diazotising 3-aminopyridine with ethyl n i t r i t e ^ i n ethanol-fluoroboric 

acid solution; addition of ether when diazotisation was complete caused 

pre c i p i t a t i o n of 3-pyridine diazonium fluoroborate. This substance i s 

stable when moist with ether below about 10 C, but decomposes 

spontaneously when the l a s t trace of ether i s removed. I t decomposes 

smoothly, however, when a suspension of i t i n high boiling petroleum 

ether i s allowed to stand at 15-20°C. A 50$ y i e l d of 3 _fluoropyridine 

was obtained by Roe and Hawkins i n t h i s manner. E f f o r t s by these 

workers to i s o l a t e 4-fluoropyridine using s i m i l a r techniques were un­

successful. Solutions containing ^-pyridine diazonium fluoroborate 

started to decompose at about 15°G and pure 4-fluoropyridine was never 
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obtained as t h i s appeared to be unstable. As Hoe and Hawkins point 
out, the i n s t a b i l i t y of Jf-fluoropyridine i s not surprising i n view of 
the fact that 4-chloropyridine s t a r t s to decompose a few hours a f t e r i t s 
formation, and ^f-brornopyridine i s even l e s s stable. They suggest that 
the ^-fluoropyridine i s formed i n the reaction but immediately reacts 
with i t s e l f to form N(4'-pyridyl)-4-fluoropyridiniuro (1) fluoride 

O 
(1) (2) 

which i s readily hydr-olysed to N(V-pyridyl)-4-pyridone (2). A p i crate 

of t h i s ketone v/as obtained i n several of the attempted preparations of 

4-fluoropyridine. This i s analogous to the reactions of ^t-chloro-

pyridine and ^-bromopyridine with themselves as reported by Wibaut and 
19 

Broekman. 
20 

I n 'I95S Wibaut and Holmes-Kamminga'' reported the preparation of 

an impure sample of 4-fluoropyridine by diazotising 4-aminopyridine i n 

hydrogen fluoride and working up the reaction while maintaining the 

reaction product at a low temperature. 

Although most of the work carried out on the preparation of organic 

fluorides by the decomposition of diazonium s a l t s has been done with 

fluoroborates, i n a number of cases diazonium s a l t s of other complex 
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acids have been used. Lange and Muller prepared -difluorobiphenyl 

i n low y i e l d from the corresponding diazonium fluorophosphate, and 
22 

Wiley has described the preparation of several diazonium f l u o r o s i l i c a t e s 

together with that of p-fluorobenzoic acid (l2?a crude y i e l d from the 

diazonium s a l t ) , and the decomposition of benzene diazonium f l u o r o s i l i c a t e 

by heat, but, i n the l a s t case, did not i s o l a t e any product and made no 

further attempt to use the diazonium f l u o r o s i l i c a t e for purpose 

other than the preparation of dyes. 
23 

Hawkins and Roe prepared the diazonium f l u o r o s i l i c a t e of methyl 

5-aminonicotinate by the reaction of ethyl n i t r i t e with a suspension of 

the methyl 5-aminonicotinate f l u o r o s i l i c a t e i n g l a c i a l acetic acid. The 

dry diazonium s a l t was suspended i n toluene and heated u n t i l decomposition 

v/as complete, giving methyl 5-fluoronicotinate i n poor ove r a l l y i e l d . 
2k 

Cheek, Wiley and Roe, ' applied t h i s method oi" decomposing the 

dry, s o l i d diazonium f l u o r o s i l i c a t e to the preparation of several 

aromatic fluorides. I n a l l cases except one t h e i r y i e l d s were lower 

than those from the fluoroborates, and attempts to prepare 2-fluoro-

pyridine f a i l e d completely, i t being impossible even to prepare the 

diazonium s a l t . 
25 

Later, Beaty and Musgrave showed that 2- and 3-fluoropyridine 

could be prepared by decomposing the diazonium f l u o r o s i l i c a t e either i n 

suspension i n organic l i q u i d s or i n solution i n inorganic acids. The 

best r e s u l t s for 2- and 3-fluoropyridine ( kQ%> yield) were obtained by 

diazotising the corresponding amines i n aqueous f l u o r o s i l i c i c acid (30%) 

and decomposing the diazonium s a l t s " i n s i t u " . The amount of 2-fluoro-
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pyridine (k2% y i e l d ) obtained i n t h i s way was appreciably greater than 
16 

that obtained from the Schieraann method (3*$), but when the same 

procedure was applied to 3-aminopyridine the reverse was true ( i . e . 

36$ y i e l d compared with 50$ y i e l d from the Schiemann method). 

The inherent disadvantage of t h i s method i s due to the fact that i n 

the diazonium f l u o r o s i l i c a t e there are two diazonium groups i n the 

molecule whereas i n the diazonium fluoroborates there i s only one, and 
15 

i f either a free r a d i c a l mechanism or an intramolecular rearrangement 

i s postulated for the decomposition of LlM^j^S±F^ then the two groups 

E may be i n closer arrangement than for the decomposition of RN^BF^. 

I f t h i s were the case then one would expect more side reactions, such as 

polymerisation, to occur. 

I n f a c t , Beaty and Musgrave report the formation of a b i p y r i d y l i n one 

of the reactions. 
26 

I n 1953» Gruber compared three of the possible methods of 

preparing 2-fluoro - 5-nitropyridine from 2-amino-5-nitropyridine. He 

obtained the fluoro derivative i n 20-30$ y i e l d by the diazotisation of 

the amine i n 60$ hydrofluoric acid, but only trace amounts of the fluoro-

pyridine by the decomposition of the diazonium fluoroborate and the 

decomposition of the diazonium f l u o r o s i l i c a t e . Attempts to prepare either 

2 + 2N 
N 

-I-
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2-fluoro - 3-nitropyridine or *f-fluoro -3-nitropyridine by any of these 

methods f a i l e d . 

Some 2-fluoronitropyridines were prepared i n good y i e l d by Finger 

and S t a r r when they accomplished halogen exchange i n the cc-position with 

2-chloro - 3 -nitropyridine, 2-chloro -5-nitropyridine and 3-bromo-2-chloro-

5-nitropyridine, using anhydrous potassium fluoride i n dimethylformamide 

as solvent. 

No fluoropyridine was i s o l a t e d by the reaction of potassium, fluoride with 

2-bromopyridine, 2-bromopyridine-N-oxide, 2-chloropyridine or 2-chloro-

pyridine hydrochloride in. dimethylformamide. 
28 

However, using dimethylsulphone or tetramethylene sulphone as 

solvent, 2-chloropyridine was heated with potassium fluoride at 200 0-210° 

for 2'l days to produce 2-fluoropyridine i n approximately 50% y i e l d . I n 

a s i m i l a r fashion, 3 -chloro - 2 -fluoropyridine, 5-chloro -2-fluoropyridine 

and 3 | 5~dichloro -2-fluoropyridine were prepared. 

I n t h e i r investigations into the ef f e c t of substituting fluorine 

for hydrogen i n n i c o t i n i c acid, i s o n i c o t i n i c acid and amides of these 
acids on the biog i c a l a c t i v i t y of these vitamin-B type compounds, Roe, 

A 
Hawkins and co-workers prepared a large number of the possible mono-

fluoro-isomers. 

The general method of preparation started from the methylamino-

pyridine and involved the i n i t i a l diazotisation of the amino-group i n 

NO 

C l 
N 

KF/dimethyl-
formamide NO 

76^ 
1 ^ 120 C 6 hrs. 

(0 
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aqueous fluoroboric acid and conversion to the fluoro-compound, followed 
by oxidation of the methyl group to the carboxylic acid. Chlorination 
with thionyl chloride and reaction with ammonia y i e l d the amide. 

NaNO, 

2 HBF^ 

6?.5# 

km 

3 aq. ICMnÔ  ̂  

k hrs. r e­
flux 

CONH 2, Benzene 
bubble i n 
NH, 

COOH 

IF 

S0C1 2 r e f l u x 
k5 hrs. 

C0C1 

Using t h i s technique, they prepared 2-fluoro n i c o t i n i c acid, 6-fluoro-

n i c o t i n i c acid, 2-fluoroisonicotinic acid, 6-fluoropicolinic acid 

and 5=fluoronicotinic acid. ? 

V/hereas Hawkins and Roe f a i l e d to prepare 5-fluoronicotinic acid 

by the Schiemann reaction from the 5-amino acid and ester because of the 

s o l u b i l i t y of the diazonium fluoroborate, Beaty and Musgrave^ suc­

ceeded i n the preparation from the amino acid by diazotising i n aqueous 

fluoroboric acid and decomposing the diazonium fluoroborate " i n s i t u " . 

2-Fluoronicotinic acid was prepared i n a si m i l a r way. 

DIFLUOROPYRIDINES. 
32-35 

Finger showed that several fluorine atoms could be introduced 

into the benzene ring by applying the Schiemann technique i n a stepwise 

manner. Thus fluorobenzene can be nit r a t e d and then reduced to form the 
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amine, t h i s on diazotisation and treatment with fluoroboric acid gives 

the monofluorophenyl diazonium fluoroborate; which gives the difluoro-

benzene on careful heating. This v/as repeated to give t r i - and t e t r a -

fluorobenzenes. A large number of substituted fluorobenzenes have been 

is o l a t e d i n th i s manner. When 1,2,4,5-tetrafluorobenzene was nitrated, 

oxidation occurred, and instead of the n i t r o compound being i s o l a t e d , 

fluorine was eliminated, and a difluoroquinone v/as formed. 

Thus pentafluoro- and perfluorobenzenes cannot be synthesised using 

the Schiemann technique. 

When Roe attempted to prepare a difluoropyridine from 2,6-diamino-

pyridine, by the simultaneous introduction of two fluorine atoms into 

the molecule, using the Schiemann method, no 2,6-difluor-opyridine was 

i s o l a t e d . ^ 

However, again using a stepwise approach, Finger and co-workers'^' 

showed that two fluorine atoms could be introduced into the pyridine 

r i n g . 

Starting v/ith 2-amino-6-fluoropyridine and 3-amino-2-fluoropyridine, 

diazotisation i n aqueous fluoroboric acid and warming produced 2,6-

F 

F I 

NH o a o 0 

F F T7» F 

r 

0 0 o F H_S0 

HNO F ^ F 



difluoropyridine and 2 , 3-difluoropyridine, respectively. A l l attempts 

to prepare 2 , 5-difluoropyridine by diazotising 2-fluoro-5-aminopyridine 

f a i l e d . The amino-fluoropyridines were obtained, by, f i r s t preparing 

the fluoropyridine carboxylic acid by the Hawkins and Roe technique and 

then degrading the acid hydrazide using the Curtius method, or the acid 

amide using the Hoimann reaction. 
39 

Using anhydrous potassium fluoride i n dimethyl sulphone, 2,6-

difluoropyridine has been prepared i n 52$ y i e l d from the corresponding 

dichloro compound by halogen exchange. 

KF/dimethylsulphone ^ y 
CI 200°, 100 hrs. F «L T ^ F 

28 

When 2 ,3»5j6-tetrachloropyridine was heated with anhydrous 

potassium fluoride i n dimethyl sulphone, 3 i5-dichloro -2 ,6-difluoro-

pyridine was obtained i n 33$ y i e l d a f t e r only twenty four hours, 

demonstrating the activating influence of the adjacent chlorine atoms. 

Highly Fluorinated Pyridine Derivatives. 

I n the qijest for highly fluorinated pyridine derivatives, the 

methods of fluorination used i n the preparation of fluorocarbons from 

hydrocarbons have been applied to pyridine. 

Elemental Fluorine. 

Thus, fluorine i t s e l f , usually i n the presence of a " c a t a l y s t " has 

been used i n the fluorination of hydrocarbons with considerable success 
. n , to, i n , k2 by several workers. ' 1 
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This r e a c t i o n i n e v i t a b l y destroys the aromatic system of the 
s t a r t i n g compound and gives r i s e to saturated f l u o r i n a t e d 
d e r i v a t i v e s . 

B i g e l o w ^ prepared a number of high l y f l u o r i n a t e d products 

when benzene was reacted with elemental f l u o r i n e i n a copper 

v e s s e l . No unsaturated compounds were i s o l a t e d and considerable 

break-down of the carbon skeleton occurred. 

S i m i l a r l y , Grosse, Cady et a l . using copper turnings coated with 

m e t a l l i c s i l v e r as a c a t a l y s t , i n v e s t i g a t e d the r e a c t i o n of 

f l u o r i n e on s e v e r a l hydro-carbons i n c l u d i n g a number of aromatic 

compounds. I n t h i s way perfluorocyclohexane was prepared i n 58$ 

y i e l d from benzene. I t i s l i k e l y i n t h i s system that the f l u o r o -

carbons are produced by the a c t i o n of the f l u o r i n a t i n g agent s i l v e r 

d i f l u o r i d e upon the hydrocarbon and that the supply of s i l v e r 

d i f l u o r i d e i s maintained by the r e a c t i o n : -

When s i m i l a r techniques were explored using pyridine as s t a r t i n g 
45 

material only very poor y i e l d s of the expected product, per-

fl u o r o p i p e r i d i n e , were obtained. 

Haszeldine conducted the re a c t i o n between pyridine vapour and 

O F CP, 4- C 0P, + C,P„ + CJ? + C c P l n + C.F 3*8 5 10 4 10 
major + C,HF •fC,«P 

12 22 

I ^ 6 * 1 2 
major product 

2AgP + P 2 > 2AgP? 

0 ^ Pp/Au/Cu 
280 C 

P 
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f l u o r i n e , both d i l u t e d with nitrogen, i n a s t e e l tube, packed 

with gold plated copper turnings, heated to 280°C. Breakdown 

of the pyridine nucleus occurred r e s u l t i n g i n a y i e l d of only 

0.3$ of undecafluoropiperidine. He reasoned that the y i e l d was 

low due to the formation of a no n - v o l a t i l e hydrofluoride by the 

pyridine i n the c r i t i c a l i n i t i a l stages of the r e a c t i o n and 

suggested that f l u o r i n a t i o n of h e t e r o c y c l i c compounds already 

containing f l u o r i n e would give much superior y i e l d s . This 

argument, however, i s open to the c r i t i c i s m that the quaternary 

s a l t s would i n a l l p r o b a b i l i t y be highly d i s s o c i a t e d at the high 

temperature involved and t h e i r formation, therefore, considered 
46 

u n l i k e l y . I n f a c t , more r e c e n t l y , other workers have performed 

the d i r e c t vapour-phase f l u o r i n a t i o n of 2-fluoropyridine, using a 

Bigelow "cool-flame" b u r n e r , ^ a t 150° - 160° and reported ex­

tensive breakdown of the pyridine skeleton and the i s o l a t i o n of 

undecaf luoropiperidine i n l e s s than 0.1$ yield.. 
N P + C P +- C 2 P 6 - h C P q + - C P 4- n-C F 1 2 

> 150°C 
Br - j - C P ^ C H P G P . - j - C - P ^ - . C H P ^ - f - C F ^ N F , , ( C P , ) J J P 

4- (CP 3) 2NH+CF 3W=CF 2 -f CF 3N=CPCF 3 +- ( C P 3 ) 2 M ( C F 3 ) 2 

+• CF 3(CF 2) 2CF=NCP 3 -f-CF 2(CF 2) 3NCF 3 -H CF 2(CF 2)^NP 

Of i n t e r e s t i n t h i s content of the reaotion of pyridine with 
48 

elemental f l u o r i n e i s the report by Simons that f l u o r i n e forms 

a molecular addition compound with pyridine a t low temperature. 

This material decomposes at -40° to 0°C. A s i m i l a r complex, which 
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i s s t a b l e a t room temperature, i s formed by 2-fluoropyridine and 

f l u o r i n e , and i s a potent f l u o r i n a t i n g agent. 

Further i n v e s t i g a t i o n into t h i s r e a c t i o n ^ 8 , has shown that 

when f l u o r i n e , d i l u t e d with nitrogen, i s bubbled into a s o l u t i o n 

of pyridine i n trichlorofluoromethane a t -80°C, a w e l l defined 

c o l o u r l e s s s o l i d i s p r e c i p i t a t e d . 

Py-h F 2 ; * P y , F 2 v ^ Py.F +F~ ^ZZ±[pyF]^F~ 

This has been shown to be an inner complex formed by r e a c t i o n 

between one atom of pyridine and a molecule of f l u o r i n e . I t i s 

suggested that p o l a r i s a t i o n of the f l u o r i n e molecules i n the presence 

of pyridine occurs. The e l e c t r o n s e x t e t of the f l u o r i n e c a t i o n i s 

then s t a b i l i z e d by the lone-pair of electrons of the pyridine 

nitrogen atom to produce the i o n i c complex formulated above. 

THE METALLIC FLUORIDE PROCESS. 

An important group of f l u o r i n a t i n g agents i s the high-valency 
49 

m e t a l l i c f l u o r i d e s . The most important member of t h i s group 
50 

of f l u o r i n a t i n g agents i s cobalt t r i f l u o r i d e . S i l v e r d i f l u o r i d e , 
51 

manganese t r i f l u o r i d e , cerium t e t r a f l u o r i d e and l e a d t e t r a -
52 

f l u o r i d e have also been used to some extent. On account of i t s 

easy and economical preparation cobalt t r i f l u o r i d e has become a 

f a v o u r i t e f l u o r i n a t i n g reagent for the production of polyfluoro-

and p e r f l u o r o - d e r i v a t i v e s e i t h e r from saturated, or unsaturated 

compounds. I t i s able to accomplish the addition of f l u o r i n e across 

double bonds and aromatic systems as w e l l as the replacement of 
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hydrogen by f l u o r i n e . 

The f l u o r i n a t i n g a c t i o n of cobalt t r i f l u o r i d e and the sub­

sequent regeneration of the reagent may be expressed as f o l l o w s s -

^ CH- ~|- 2CoP 3 =-\F- -\- HP 4- 2CoP 2 

2CoP 2 - ( - F
2 — 2CoP35 A H 473° = -52 kcals/mole 

Prom the experimentally determined value of the heat of r e -

generation equation (52 kcals/mole), i t can be computed that, 

during the r e a c t i o n of the organic compound with cobalt t r i f l u o r i d e , 

only approximately one h a l f of the t o t a l r e a c t i o n heat of the 

f l u o r i n a t i o n of the organic compound with elemental f l u o r i n e (102-

104 kcals/raole) i s l i b e r a t e d and hence l e s s breakdown occurs. 

\n 1- P 2 = ^ C F - + H p 5 A-H298 = " 1 0 4 k c a l s / m o l e 

The organic vapour, with or without nitrogen, i s passed over the 

heated metal f l u o r i d e i n a s u i t a b l e r e a c t o r . Two types of rea c t o r 

have been used, both of which w i l l be b r i e f l y described. 

In the f i r s t , or s t a t i c method, the f l u o r i n a t i n g agent i s 

spread i n a th i n l a y e r on the bottom of a long r e a c t o r tube. (Often 

a number of such tubes are connected i n s e r i e s of i n c r e a s i n g 

temperature). No attempt i s made to a g i t a t e the m e t a l l i c f l u o r i d e , 

hence the term " s t a t i c " . 

The other type of apparatus i s a tubular r e a c t o r with a 

c e n t r a l r o t a t i n g s h a f t with paddles which s t i r the reagent i n s i d e 

the reactor and improve the contact with the organic vapours. The 

react o r i s u s u a l l y made of n i c k e l and i s surrounded by s e v e r a l 
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heating segments which allow heating to d i f f e r e n t temperatures 

along i t s length. This type of r e a c t o r was o r i g i n a l l y used by 
53 54 Fowler et a l . and workers at Du Pont and Co., i n the large 

s c a l e f l u o r i n a t i o n of hydrocarbons, and was subsequently adopted 
55 

by Barbour, Barlow and Tatlow, who demonstrated that i n the 

f l u o r i n a t i o n of a large number of hydrocarbons on a laboratory 

s c a l e , smoother reactions occurred and higher y i e l d s of f l u o r i n a t e d 

products were obtained than with the s t a t i c method. 

Thus, f l u o r i n a t i o n with cobalt t r i f l u o r i d e i s a roundabout 

process which exposes the organic compounds to only h a l f the thermal 

s t r e s s of d i r e c t f l u o r i n a t i o n . This u s u a l l y brings e a s i e r handling 
45 

and higher y i e l d s . Obviously, with t h i s i n mind, Haszeldine 

attempted the f l u o r i n a t i o n with cobalt t r i f l u o r i d e of pyridine 

and i t s d e r i v a t i v e s . He used the s t a t i c method with a reactor 48" 

long and 2" i n diameter. The f l u o r i n a t i o n of the organic compound 

was conducted at 350°C using nitrogen as a d i l u e n t . When a l l the 

pyridine had been added, the temperature of the v e s s e l was r a i s e d 

to 450° and the apparatus shaken vigorously for two hours while a 

current of nitrogen swept out the f l u o r i n a t e d products. I n t h i s 

way he obtained perfluoropiperidine i n 0.2$ y i e l d . Extensive 

decomposition and breakdown of the pyridine nucleus occurred. 
1 56 

Using a s i m i l a r technique, 2:6 l u t i d i n e was f l u o r i n a t e d to 
give a product reported to be perfluoro - 2 : 6-dirnethylpiperidine 

57 
i n about 5$ y i e l d . However i n a l a t e r paper, Haszeldine suggested 
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that" i n f a c t the product from the r e a c t i o n of 2:6 Hutidine with 

cobalt t r i f l u o r i d e gave an incompletely f l u o r i n a t e d compound. 

Halogen F l u o r i d e s . 

Halogen f l u o r i d e s , such as ch l o r i n e t r i f l u o r i d e bromine t r i ­

f l u o r i d e and iodine pentafluoride, have been used as f l u o r i n a t i n g 

58 59 

agents, although t h e i r reactions with organic compounds are 

often vigorous and complicated, so l i m i t i n g t h e i r a p p l i c a t i o n . 

Musgrave and E l l i s ^ * ^ have shown that c h l o r i n e t r i f l u o r i d e r e a c t s 

with benzene i n carbon t e t r a c h l o r i d e solution°, the main r e a c t i o n 

being one of s u b s t i t u t i o n although small amounts of addition 

compounds are formed. 
F CI 

3 ^ (T ^1 I if ^1 i f) ] |) 1 1 addition 

^ c c i 4 , o-c - i r j ^ I J K J 2 - e i 

7.59S 10.4$ 2.5$ 
62 

Beaty investigated the r e a c t i o n of c h l o r i n e t r i f l u o r i d e on 

pyridine i n carbon t e t r a c h l o r i d e solution* He performed the r e a c t i o n 

i n a mild s t e e l v e s s e l at 0°C and d i l u t e d the f l u o r i n a t i n g agent with 

nitrogen. Again, the main r e a c t i o n was one of s u b s t i t u t i o n , r e ­

s u l t i n g i n the formation, i n poor y i e l d s , of 2-fluoropyridine and 

3-chloropyridine. A number of c a t a l y s t s , such as CoFg, AgF, SbF^ 

were used, and were found to increase the y i e l d s considerably 

provided that the hydrogen f l u o r i d e produced during the re a c t i o n was 

adsorbed, as i t was formed, by potassium f l u o r i d e . The r a t i o 
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of f l u o r o — and chloro-pyridines were shown to depend to some extent 

on the c a t a l y s t employed 

Electrochemical F l u o r i n a t i o n . 

Very many organic substances d i s s o l v e r e a d i l y i n anhydrous 

hydrogen f l u o r i d e to give conducting s o l u t i o n s . When a d i r e c t 

current at low voltage (4-8 v.) i s passed through such a s o l u t i o n , or 

through a suspension of an inso l u b l e organic compound i n hydrogen 

f l u o r i d e made conducting by the addition of an e l e c t r o l y t e , hydrogen 

i s evolved a t the cathode and the organic material i s f l u o r i n a t e d . 

This process, known as the electrochemical method of f l u o r i n a t i o n , 

was f i r s t used to any extent by Simons and h i s a s s o c i a t e s . They 

showed that when pyridine, dissolved i n anhydrous hydrogen f l u o r i d e , 

was e l e c t r o l y s e d i n such a way that the p o t e n t i a l d i f f e r e n c e across 

the c e l l never reached that required to produce f r e e f l u o r i n e , some 

2-fluoropyridine was produced. "* I t was demonstrated l a t e r that 

the electrochemical f l u o r i n a t i o n of pyridine ' and i t s d e r i v a t i v e s 

l e d to f u l l y f l u o r i n a t e d saturated compounds. 

^ C1F, , CC1 OC CI + COF /KF ^ F 
N •N 

20.5$ 

N 
J. 
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H 
N 
H 

CD P 

CP 

Two groups of workers in B r i t a i n used t h i s method to prepare un-

deoafluoropiperidine and found i t was po s s i b l e to defluorinate t h i s 

compound to give the aromatic pentafluoropyridine. These r e s u l t s 

were reported almost simultaneously.^>°^ 
69 

The workers a t Manchester prepared the undecafluoropiperidine 

by e l e c t r o l y s i n g a 3.35 mole % s o l u t i o n of pyridine i n anhydrous 

hydrogen f l u o r i d e a t 25 amps and 5«5 v« The product was obtained i n 

8$ crude y i e l d ; f i n a l p u r i f i c a t i o n being e f f e c t e d by l a r g e - s c a l e 
70 

vapour phase chromatography. The y i e l d from t h i s stage was l a t e r 

increased to 13$ by using 2 - f l u o r o p y r i d i n e , ^ prepared by the B a l E -

Schiemann r e a c t i o n from 2-aminopyridine, as s t a r t i n g m a t e r i a l . The 

replacement of an <4_hydrogen atom by f l u o r i n e before e l e c t r o l y s i s 

probably reduced the amount of f i s s i o n of the C-N bonds during 

f l u o r i n a t i o n . The saturated compound was then defluorinated i n a 

complex piece of apparatus by passing the vapour over a clean i r o n 

surface at 580° - 610° under reduced pressure ( 1 mm. Hg) with a 

contact time of about one second to give pentafluoropyridine i n 

26$ y i e l d . The Birmingham workers prepared pentafluoropyridine 
HF 25 amps 

5.5 v. 
P p j 600° I r o n 
Y 8$ 1 mm.Hg/ 
F 1 sec. 

26$ 
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i n 12$ y i e l d by de f l u o r i n a t i n g perfluoropiperidine with n i c k e l at 

560°C under atmospheric pressure. 

This d e f l u o r i n a t i o n process a t reduced pressure i s i n t e r e s t i n g 

i n that the d e f l u o r i n a t i o n of a l i c y c l i c fluorocarbons requires the 

use of long contact times (10-30 mins.) at atmospheric pressure. ' 

Thus, octafluorotoluene i s produced i n 25$ y i e l d by def l u o r i n a t i o n of 

perfluoro(methylcyclohexane) a t 500°C at atmospheric pressure with a 

long contact time, whereas Haszeldine and co-workers have shown that 

perfluoro(methyicyclohexane) i s recovered unchanged a f t e r contact 

with iro n at 700°C fo r 1 sec. a t 1 mm. Hg pressure. C l e a r l y , i t 

would seem i n the aromatisation of undecafluoropiperidine to penta-

fluoropyridine the N-F bond appreciably f a c i l i t a t e s d e f l u o r i n a t i o n . 
70 

Further evidence f o r t h i s theory was furnished when un­

decaf luoropiperidine was heated with mild s t e e l wool to 500°C f o r 

2 h r s . a t atmospheric pressure. The products were pentafluoropyridine 

(6$), perfluoro -2 ,3>4j5-'tetrahydropyridine (40$), and a mixture 

(20$ y i e l d ) c o n s i s t i n g of perf l u o r o ( l - m e t h y l p y r o l i d i n e ) and perfl u o r o -
(ij-butylidenemethylamine). Ho compounds containing^carbon-carbon 

double bonds were i s o l a t e d . Q F 
m i l d - s t e e l 

500 2 h r s . 

wool 0 + CF,(CF0)„CF=NCF 

F 1 atm. 6$ 40$ CF 
20$ 
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Undecafluoropiperidine i s unaffected by aqueous sodium hydroxide or 

hydrochloric acid at 70°C, but i t reacts w i t h an excess of warm 

hydriodic acid or aqueous potassium iodide, to l i b e r a t e iodine almost 

q u a n t i t a t i v e l y and i s converted i n t o h e x a f l u o r o g l u t a r i c acid. 

Perfluoropiperidine also reacts smoothly v/ith ethanol at 100 to form 

d i e t h y l hexafluoroglutarate as the main product together w i t h 

acetaldehyde, d i e t h y l ether and e t h y l f l u o r i d e . 
73 

Perfluoro-2,3|4»5-tetrahydropyridine has been shown to combine 

r e a d i l y w i t h hydrogen f l u o r i d e a t 40°C to give lH-decafluoro­

p i p e r i d i n e i n 63$ y i e l d . 

This lH-decafluoropiperidine, which was the f i r s t secondary 

perfluorocycloalkylamine reported, has been n i t r a t e d to give deca-

f l u o r o - l - n i t r o p i p e r i d i n e i n 41$ y i e l d . 

RING SYNTHESES 

A w e l l known synthesis of the p y r i d i n e r i n g system involves 

the reaction of pent-2-ene-l:5-dienes w i t h ammonia, e.g. glutaconic 

dialdehyde and ammonia react as f o l l o w s : -

(CF o),(C00H) o4- NH.P C CF,„NF+- 21 +- 4H„0 5 10 
4 2HF +2P" 

p 

rv3 63% 40 +- HP 
>N 
H 
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H 
J H 0C =^CH , 

2 1 I + H H . 
HC CH -II II 0 0 

During h i s i n v e s t i g a t i o n s i n t o the formation of stable polymers, 

Brown^ found a s i m i l a r r e a c t i o n occurred when l i q u i d ammonia reacted 

w i t h p e r f l u o r o g l u t a r o d i n i t r i l e , forming the c y c l i c imidine. 

jf h NH ^ NH ||^N \ 

Hexafluoroglutarimide, prepared by c y c l i s i n g the diamide of hexa-
77 

f l u o r o g l u t a r i c a c i d , has been used i n the preparation of p e r f l u o r o -

1-piperideine. Chlorination of hexafluoroglutarimide w i t h phosphorus 

pentachloride gave 2,2,6-triehloro-3,3,4»4j5j5-fce3cafluoro-l-

piperideine. This was f l u o r i n a t e d i n t o s i l v e r f l u o r i d e to produce 

p e r f l u o r o - l - p i p e r i d e i n e i n good y i e l d . 
p

9 EL. 
6 # 

0 

1 Ag 
H 

71J6 

The d i r e c t j e t f l u o r i n a t i o n of f l u o r i n a t e d a l i p h a t i c d i n i t r i l e s was 
76 

investigated by Bigelow et a l . when they showed tha t the d i n i t r i l e 

of g l u t a r i c acid reacted w i t h f l u o r i n e to produce the c y c l i c products, 
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decafluorocyclopentane, nonafluoro-l-piperideine and p e r f l u o r o -

p i p e r i d i n e as w e l l as many l i n e a r unsaturated and breakdown products. 
78 

Workers at Birmingham have shown tha t hexafluoroglutarimide 

i s reduced by l i t h i u m aluminium hydride to 3i3»4»4»5>5-hexafluoro-

p i p e r i d i n e , which, on treatment w i t h sodium f l u o r i d e a t 420° y i e l d s 

a mixture of polyfluoropyridines by p y r o l y t i c dehydrofluorination. 
r ^ ^ ^ F Fx" " ^ p 

F 

F 
F /Sp LiAlH. F, 2| | 2 4 ^ 2 2 NaF 

P 

.flK H2 420 o H I F 
+ 

^ ^ major product 

The 3 , 4 j 5 - t r i f l u o r o p y r i d i n e was treated w i t h hydrazine hydrate and 

the product, a difluorohydrazinopyridine, reacted w i t h Fehlings 

s o l u t i o n to give an unknown d i f l u o r o p y r i d i n e , presumably 3»5-di-

f l u o r o p y r i d i n e 
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THE CHLORINATION OF PYRIDINE. 

As none of the approaches h i t h e r t o reported provided a 

p r a c t i c a l route to h i g h l y f l u o r i n a t e d pyridines i n any s i g n i f i c a n t 

y i e l d , i t was decided to approach the problem from a d i f f e r e n t 

d i r e c t i o n . Thus, i t seemed l i k e l y t h a t , provided an e f f i c i e n t 

method of preparing pentachloropyridine could be achieved, i t would 

be possible to convert t h i s to h i g h l y s u b s t i t u t e d f l u o r i n e compounds 

by one or other of the techniques already used f o r analogous 

s i t u a t i o n s . 

The i n t r o d u c t i o n of chlorine i n t o the py r i d i n e nucleus has been 

studied i n considerable d e t a i l by a large number of workers, and a 

review of the l i t e r a t u r e i n t h i s f i e l d revealed the most promising 

methods of obtaining h i g h l y chlorinated pyridines and the c h l o r i n a t i n g 

agents available f o r t h i s purpose. 

The most obvious method of c h l o r i n a t i o n i s that i n which 

elemental chlorine i s the c h l o r i n a t i n g agent. Wibaut and co-workers* 

have studied the gas phase c h l o r i n a t i o n of pyr i d i n e i n t e n s i v e l y . The 

reaction was performed i n a heated glass tube packed w i t h granulated 

pumice, the pyridine being introduced as a vapour d i l u t e d w i t h dry 

nitrogen. 

The p o s i t i o n of s u b s t i t u t i o n by chlorine was found to vary w i t h 
2 

temperature, thus as observed i n the bromination of p y r i d i n e , there 

was a s p e c i f i c temperature e f f e c t on the type of s u b s t i t u t i o n which 
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occurred, although i n the c h l o r i n a t i o n , the temperature l i m i t s f o r 

both types of s u b s t i t u t i o n were less divergent than those i n the 

bromination. 

270°C 

01, 
gas phase 

N 

-f-
^ C l CI N 

01 + 
+ 
01" 

2oo°c c v^N c l c y - ^ L 0 1 

N 

When the reaction was conducted a t 270 C a good y i e l d of 2-chloro-

p y r i d i n e , together w i t h a small quantity of 2,6-dichloropyridine 

was obtained. The presence of i - ( 2 - p y r i d y l ) p y r i d i n i u m chloride 

was indicated by the i s o l a t i o n of 2-aminopyridine from the reaction 

products upon hydrolysis. 

Chlorination i n the gas phase, i t was reported, took place 

only very slowly a t 200°C; at t h i s temperature 3,5-dichloropyridine 

was obtained together w i t h 3,4,5-triohloropyridine. 

When the reaction temperature was increased to 400°C, extensive 

decomposition occurred and main product, i n poor y i e l d , was 2,6-

d i c h l o r o p y r i d i n e ; suggesting t h a t even w i t h vigorous conditions 

t h i s method was not l i k e l y to produce h i g h l y chlorinated pyridines 

e f f i c i e n t l y . 

The same workers explored the c h l o r i n a t i o n of fused p y r i d i n e 
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hydrochloride a t 170°C when they showed the main product to be 

3,5-dichloropyridine. Small unspecified amounts of 3j4>5-"trichloro-

pyridine and pentachloropyridine were also produced 

CI CI 

J G1 C 1 / X C 1 C V ^ C I C I / ^ CI 

„ HCl (fused) | 1 J_ | J 4. I I 

Following the early investigations of S e l l ^ and Sey f f e r t h , ^ 
5 

the c h l o r i n a t i o n of pico l i n e s has been studied by McBee et a l . 

S u b s t i t u t i o n of the side chain took place f i r s t , but i f s u f f i c i e n t l y 

vigorous conditions were employed, chlorine was introduced i n t o the 

nucleus* 

c i c i 
I! I + || M , ° W c l 

V < * 3 n g h t ^ ^ 3 - ^ ^ c c i 3 + - i ^ c c r 1 j c c l 
~N 3 

The structures of these products were determined by hydrolysis to 

the corresponding p l c o l i n i c acids. 

Recently t h i s reaction has been patented,^ when photochlorination 

of 2 p i c o l i n e at 50° - 150°C i n the presence of a small proportion 

of water was reported to give a mixture of 2 - t r i c h l o r o m e t h y l -

dichloropyridines and 2 - t r i c h l o r o m e t h y l - 3 , 4 , 5 - t r i c h l o r o p y r i d i n e , 

which was f u r t h e r c h l o r i n a t e d under anhydrous conditions a t 110° -

160°C to 2,3,4,5-tetrachloro-6-trichloromethylpyridine. This route, 

although i t might prove tedious to separate the various s u b s t i t u t e d 

products, could p o s s i b l y be used as a s t a r t i n g point i n the exploration 
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of the chemistry of the f l u o r o p i c o l i n e s , provided, of course, that 

a s u i t a b l e method of replacing the chlorine by f l u o r i n e could be 

found. 
•7 

As ea r l y as I898, S e l l and Dootson investigated the reaction 

of phosphorus pentachloride w i t h p y r i d i n e . The reaction was con­

ducted i n sealed glass tubes at a temperature of 210° - 220°C f o r 

15 to 20 hrs., the tubes being frequently opened to allow the escape 

of hydrogen chloride. Although no actual f i g u r e s were quoted, the 

product obtained i n greatest y i e l d was reported to be pentachloro-
p y r i d i n e , together w i t h smaller amounts of less chlorinated pyridines. 

PCI,-
0 HKN 2 9- CKH,C1„H +- CKH,,C1,H +CLHC1JT + CCC1,.N 

5 210 -220 5 3 2 5 2 3 5 4 5 5 
15-20 hrs. 

Obviously the reaction deserved f u r t h e r inspection, especially 

as no reports of i t s development since the early p u b l i c a t i o n have 

appeared i n the l i t e r a t u r e . 

Even before t h e i r work on the c h l o r i n a t i o n of pyridine i t s e l f , 

the same workers had studied the c h l o r i n a t i o n of a d e r i v a t i v e of 
3 

p y r i d i n e , c i t r a z i n i c a c i d (2,6-dihydroxyisonicotinic acid) w i t h a 

mixture of phosphorus pentachloride and phosphorus oxychloride. When 

the reactants were re f l u x e d together a mixture of products was obtained 

i n c l u d i n g pentachloropicoline, pentachloropyridine and chlorinated 

derivatives of i s o n i c o t i n i c acid. The sig n i f i c a n c e of t h i s reaction 

i s more h i s t o r i c a l rather than i t s importance as a route to hi g h l y 

chlorinated p y r i d i n e s , not only because of the complicated nature of 
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the products but also due to the r e l a t i v e i n a c c e s s i b i l i t y of the 

s t a r t i n g m a t e r i a l , c i t r a z i n i c acid. 

The same c h l o r i n a t i n g agent (PCl^/POCl^) has been used i n 
o 

reaction w i t h 3-phenyl-2,6-pyridinediol to produce a t e t r a c h l o r o -

s u b s t i t u t e d p y r i d i n e 

C 6H 5 PQC13+ PCI. ! f ^ V 6
H 5 0 1 I t ^ S 0 6 1 1 5 

0 H r e f l u x c i k ^ d ^ C I V N ^ C I 

Such reactions are i n t e r e s t i n g as they may possibly provide a route 

to s u b s t i t u t e d f l u o r o p y r i d i n e s which are d i f f i c u l t to obtain other­

wise. 

The thermal decomposition of pyridine hydrochloride perchloride 

leads to nuclear chlorinated products. An aqueous s o l u t i o n of 

pyri d i n e hydrochloride slowly absorbs chlorine to form a semi-solid 

perchloride. When t h i s compound i s heated r a p i d l y to 160° - 180°C, 

some c h l o r i n a t i o n occurs. I n t h i s way, McElvain and Goese reported 

obtaining 3-chloropyridine and 3,5-dichloropyridine, each i n about 

Q 

I n a somewhat analogous manner, S e l l and Dootson treated a 

so l u t i o n of p y r i d i n e , saturated w i t h hydrochloric acid, w i t h chlorine 

f o r a period of one week, forming 3j5-<lichloropyridine a3ong w i t h the 

main product 2,3»4>6-tetrachloropyridine. The very low degree of 

conversion to h i g h l y chlorinated pyridines precludes t h i s method as 

an e f f i c i e n t route to the desired compounds. 

HO 
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Thionyl chloride has been used as a c h l o r i n a t i n g agent w i t h 

p y r i d i n e , a n d , although no highly chlorinated compounds are 

produced, the reaction i s i n t e r e s t i n g i n that the main product 

i s l - ( 4 - p y r i d y l ) p y r i d i n i u m chloride hydrochloride suggesting the 

intermediate formation of 4-chloropyridine 

The use of pyridine 1-oxides as s t a r t i n g materials f o r the 

preparation of chlorine s u b s t i t u t e d pyridines has been investigated 

by several workers, although the d i r e c t reaction w i t h chlorine has 

pyridine 1-oxides often give r i s e to otherwise d i f f i c u l t l y a v ailable 

chloropyridines. 

Bobranski and co-workers'^ reported that pyridine 1-oxide and 

sulphuryl chloride gave a 65$ y i e l d of a mixture comprising 57$ 

2-chloropyridine and 43$ 4=chloropyridine, and a small amount of 

pentachloropyridine. 

O Q 
CI 

S0C1 CI 

o 
f 100 C 3 hrs. 'N N 

. HCl 

apparently not been reported. 12 Other c h l o r i n a t i n g agents w i t h 

CI CI 
S0„C1 0 1 / ^ , 0 1 

+ sealed tube ^ C l CI CI N fTHCl 2 hrs. 120°C N 
0 
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With phosphorus pentaohloride, pyridine 1-oxide i s said to lead 
14 15 to 4-ohloropyridine, although l a t e r work i n these laboratories 

has shown tha t more h i g h l y chlorinated pyridines can be obtained 

from t h i s reaction. 

Since 4 - n i t r o p y r i d i n e 1-oxide can be r e a d i l y prepared by 
, . . ... . .. 16-18 

n i t r a t i o n of pyridine 1-oxide, 

N0 2 

HN0,/HoS0, ^ ^ 
3 2 J *• f I 95# 

I 
1 hr. 90°C 

J 
i t has been used as a s t a r t i n g material i n the preparation of a 

number of halopyridines. 

When heated w i t h sulphury1 c h l o r i d e , 4 - n i t r o p y r i d i n e 1-oxide 

loses the oxide f u n c t i o n and the main product i s 2,4-dichloro-
19 20 

pyridine together w i t h some 2,3,4,5-tetrachloropyridine. ' 
N0 o CI CI 11 • a SOnCl, ^ CI CI 

CI + II .JC1 

0 35-4<$ trace 

The obvious disadvantage of t h i s method as a p r a c t i c a l route to 

high l y chlorinated pyridines i s not only the poor y i e l d s obtained 

but also the f a c t t h a t the s t a r t i n g material i t s e l f i s not r e a d i l y 

available but requires two reaction steps i n i t s preparation from 
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pyr i d i n e . 

Very r e c e n t l y , a new synthesis o f pentachloropyridine has 
21 

been reported i n which the s t a r t i n g material was hexachloro-

cyclopentenone. Reaction of the .he x a.chloropent-l-ene-3-one 

w i t h l i q u i d ammonia i n ether s o l u t i o n gave the amide of pentachloro-

penta-2,4-dienoic acid. 

Further c h l o r i n a t i o n of t h i s i n benzene s o l u t i o n followed by 

heating, to eliminate hydrogen c h l o r i d e and phosphorus oxy-

chl o r i d e , gave pentachloropyridine i n approximately 58$ o v e r a l l 

y i e l d . Some perchloro-2-pyridone was also produced. CI CI 
CI CI CI C1C CI f ~ C 1 PCI NH C1C VCC1 CI CI I 5 C1~C c=o CI CI C1C-C1 .C-OPC1 Y HC1 H_N CI 4 HH 
H OPCl 4 
-HCl 
-P0C1 3 

CI CI CI CI H„0 CI 

a c i c i N 

Cl C I 

Cl Cl 

This preparation of pentachloropyridine i s very convenient 

and no doubt i t w i l l be used i n these laboratories as route to the 

flu o r o p y r i d i n e s i n f u t u r e studies. 
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THE CONVERSION OF PERCIILORO-AROMATIC COMPOUNDS TO PERFLUORO-AROMATIC 

COMPOUNDS 

Highly chlorinated compounds have "been used i n many cases as 

s t a r t i n g materials i n the preparation of perfluoroaromatic compounds 

i n both the carbocyclic and heterocyclic series, but notably i n 

the conversion of hexachlorobenzene to chlorofluorobenzenes and 

perfluorobenzenes by several techniques. I t was argued from t h i s 

t h a t , i f i t were possible to modify one of the methods of c h l o r i n a t i o n 

of p y r i d i n e to produce pentachloropyridine i n good y i e l d , then i t 

should be possible to prepare perfluoropyridines by applying one of 

the f l u o r i n a t i o n techniques. 

The methods of converting hexachlorobenzene to hig h l y f l u o r i n a t e d 

benzenes can be divided i n t o two main groups. 

The f i r s t group includes those methods which involve the 

formation of halogenated cyclohexanes and cyclohexenes, by reaction 

w i t h reagents such as f l u o r i n e , halogen f l u o r i d e s and metal f l u o r i d e s , 

followed by dehalogenation to give the desired fluoro-aromatic 

d e r i v a t i v e s . 

Reactions of the second group provide a more d i r e c t route to 

the f l u o r i n e containing compounds and involve the general p r i n c i p l e 

of halogen exchange between the o r i g i n a l chloro-compound and, 

usually, a metal f l u o r i d e . 
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GROUP I 

Hexaohlorobenzene and Fluorine 

Bigelow and Pearson* reported the i s o l a t i o n of hexachloro-

tetrafluorocyclohexene and hexachlorohexafluorocyclohexane i n small 

q u a n t i t i e s by the reaction of hexachlorobenzene, as a suspension 

i n carbon t e t r a c h l o r i d e , w i t h elemental f l u o r i n e . When the s o l i d 

had disappeared i n t o s o l u t i o n , the solvent was removed leaving an 

o i l . This was f u r t h e r f l u o r i n a t e d at 0°C i n a copper vessel. 

C 6 C 1 6 + P 2 — " * C 6 C 1 6 P 4 + °6 C 16 F6 

The amount of known product i s o l a t e d was only a very small percentage 
2 

of the f l u o r i n a t e d product. Later, Fukuhara and Bigelow reacted 

hexachlorobenzene w i t h f l u o r i n e i n the vapour phase, using a copper 

gauze c a t a l y s t . The product was reduced w i t h i r o n and g l a c i a l 

acetic a c i d , and on f r a c t i o n a t i o n yielded twelve d e f i n i t e chemical 

e n t i t i e s . The properties of these were reported but no structures 

were assigned. 
3.4 

More recen t l y , Musgrave and co-workers have reacted hexa­

chlorobenzene as a s l u r r y i n 1 , 1 , 2 - t r i c h l o r o t r i f l u o r o e t h a n e w i t h 

elemental f l u o r i n e to give a mixture of saturated c h l o r o f l u o r o c y c l o -

hexanes. Dehalogenation of these gave a good y i e l d of a mixture of 

hexafluorobenzene and chlorofluorobenzenes. 
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C 6 C 1 6 + 3 F 2 

CC1 2F .CC1F 2 P E 

[ C 6 C 1 6 F 6 ] 
9Q?S 

C 6 F 6 22$ \ 

C 6 C1F 5 27$ 

C 6 C 1 2 P 4 12-5$ 

C 6 C 1 3 P 3 3 $ ^ 

64* 5$ 
( f o r the 
dehalo-
gena-
t i o n ) 

Hexachlorobenzene and Bromine T r i f l u o r i d e . 

P r i o r to the work i n these labora t o r i e s described above, McBee, 
5 6 7 

Lindgren and L i g e t t ' reacted hexachlorobenzene and bromine 

t r i f l u o r i d e i n a s t i r r e d n i c k e l tube heated to 150°C. The mixture 

of products from t h i s r e a c t i o n corresponded to the approximate 

molecular formula CgBrgCl^Fg. This was f u r t h e r f l u o r i n a t e d w i t h 

antimony pentafluoride a t 100°C, and a s o l i d product formed o f 

approximate molecular formula CgBrCl^F^." 
SbF 

C , C 1 , + BrF, "» C^Bp^Ol.P^ *—•* G^BrCi .F' 
6 6 3 6 2 4 6 1 0 0 o c 6 4 7 

No attempt was made to r e a l i s e i t s c o n s t i t u t i o n and i t was de-

halogenated using zinc and ethanol, g i v i n g the aromatic compounds9 

CgFg and CgClFj. i n small y i e l d , and the c y c l i c unsaturated compounds 
° 6 F 8 ' C 6 G 1 F 7 ' C 6 C : L 2 F 6 , C 6 G I 3 F 5 A N D C 6 C 1 2 F 8 ' C 6 G 1 3 F 7 * T 3 I E T Q T & 1 

halocarbon product corresponded to a 53$ y i e l d based upon s t a r t i n g 
hexachlorobenzene. The physical properties of the products were 
reported, but there was no attempt to determine t h e i r configurations. 

Hexachlorobenzene and Chlorine T r i f l u o r i d e . 
9 

Workers i n Durham have studied the reaction of hexachloro-
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benzene w i t h chlorine t r i f l u o r i d e i n the l i q u i d phase at 240 C. 

The p r i n c i p a l products were a mixture of chlorofluorocyclohexenes, 

CgFnCl^Q n (where n i s mainly A, 5 and 6). When a very large excess 

of chlorine t r i f l u o r i d e was used, s a t u r a t i o n was achieved w i t h 

d i f f i c u l t y to give chlorofluorocyclohexanes, Ĉ-F Cl, „ (where n 
o n x.e.—n 

i s mainly 5> 6, 7). 

Aromatisation of the cyclohexenes at 250° - 300° gave mainly 

chloropentafluorobenzene and dichlorotetrafluorobenzene, w i t h some 

hexafluorobenzene and t r i c h l o r o t r i f l u o r o b e n z e n e . This was a very 

much more complex mixture of products than t h a t obtained by the 

dehalogenation of chlorofluorocyclohexanes, since p r e f e r e n t i a l 

e l i m i n a t i o n of c h l orine from the saturated compounds took place. 

P r e f e r e n t i a l e l i m i n a t i o n of chlorine from the cyclohexenes did 

not r e a d i l y occur as t h i s would require migration of chlorine 

attached to a carbon on a double bond. 

Hexachlorobenzene and Antimony Pentafluoride. 

This reaction was f i r s t reported by McBee et a l . , * 0 who heated 

hexachlorobenzene and antimony pentafluoride to 125°C and obtained 

1,2-dichloro-octafluorocyclohexene i n up to 60$ y i e l d s . Later 

w o r k ^ revealed t h a t a t 150°C the y i e l d was increased to 87$. 
12 

Stilman on heating hexachlorobenzene w i t h antimony penta­

f l u o r i d e at 250°C, reported the i s o l a t i o n o f a chlorofluorobenzene, 

CgClgF^j together w i t h the unsaturated c y c l i c CgClgFgj prolonged 
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react i o n gave the f u l l y saturated c y c l i c C^F^, C^CIF^ and 

CgClgF^Q. This i s the only report of an aromatic compound found 

i n t h i s reaction and although an analysis was quoted, no physical 

data were given. 

More recent work on t h i s reaction has been c a r r i e d out by 
13 

L e f f l e r , who reacted hexachlorobenzene w i t h antimony pentafluoride 

a t 160°C. A ca r e f u l c o n t r o l of the temperature was maintained, as 

an exothermic reaction occurred at 160°C which resul t e d i n loss of 

some of the product. The str u c t u r e determinations were made by i n f r a ­

red and N.M.R. spectroscopy and the products were shown to be 

1,2-dichloro-octafluorocyclohexene, 1,2,4-trichloroheptafluoro-

cyclohexene, 1,2,4,4-tetrachlorohexafluorocyclohexene and 1,2-

dichlorohexafluorocyclopentene. 0 6 Cl CI Cl 20-30% F j 5% Cl Cl 
160 C 6C1 6 + SbF 

I F | ] 0 1 20$ 
L ^ - 1 c i 

c i c i c i 
F 

As previously described, compounds of t h i s type, are not 

ea s i l y dehalogenated to simple mixtures of aromatic compounds 

because p r e f e r e n t i a l e l i m i n a t i o n of chlorine cannot take place 

because of i t s presence as a substituent on a double bond. 

i 



- 37 -

Hexachlorobenzene and M e t a l l i c Fluorides* 

The reaction between cobalt t r i f l u o r i d e and hexachlorobenzene, 
14 

investigated i n these l a b o r a t o r i e s , produced a large range o f 

chlorofluorocyclohexanes. The hexachlorobenzene was vapourised and 

passed over c o b a l t i c f l u o r i d e a t 350°C i n a c y l i n d r i c a l s t i r r e d 

reactor, to give good y i e l d s of the cyclohexanes of general formula 
C/-C1 P,« . (Where n = 1 -6) . The chlorofluorocyclohexanes were o n 1 C.—YI 

dehalogenated e a s i l y by passing over hot i r o n gauze at 430°C to give 

good y i e l d s of hexafluorobenzene. 
15 

McBee and co-workers used a s t a t i c reactor to f l u o r i n a t e 

hexachlorobenzene w i t h cerium t e t r a f l u o r i d e a t 275°C. Cyclic 

CgCl^F^ was obtained i n good y i e l d s ; r e c y c l i n g the product produced 

the f u l l y f l u o r i n a t e d c y c l i c CgFjg, 

Lindgren and McBee^ s i m i l a r l y f l u o r i n a t e d hexachlorobenzene 

w i t h plumbic f l u o r i d e a t 300°C to give c y c l i c C>C1-F i n 8$ y i e l d . 

Halogen Exchange was accomplished by Maynard ' when he reacted 

hexachlorobenzene w i t h potassium f l u o r i d e a t elevated temperature 

using N-methylpyrrolidone as solvent to give a 

GROUP I I 

Halogen Exchange 

C6C13F: 23# 

GAlc + KF N-methylpyrrolidone CC1-F 3456 

C6C1F, small 
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mixture of chlorofluorobenzenes. 

A number of Russian workers^"0"' have invest i g a t e d t h i s 

halogen exchange rea c t i o n between hexachlorobenzene and potassium 

f l u o r i d e , both w i t h and without solvent. Vorozhtsov e t a l . heated 

hexachlorobenzene w i t h anhydrous potassium f l u o r i d e i n an autoclave 

at 450° - 500°C to produce good y i e l d s of mixtures of h i g h l y 

f l u o r i n a t e d aromatic compounds. 

C 6 C l 6 + Kp KF A ^ 0 0 \ 

C 6 P 6 21JS 

C 6 P 5 C I 20$ 

C 6 F 4 C 1 2 14$ 

C 6 F 3 C 1 3 
12$ 

no solvent 

Many v a r i a t i o n s of t h i s method have appeared i n the patent 

l i t e r a t u r e as i t w i l l obviously lend i t s e l f to i n d u s t r i a l applica­

t i o n . 

Chlorinated nitrogen containing aromatic heteroeycles have 

been used as s t a r t i n g materials i n the preparation of the 

corresponding fluoro—compounds. 
20 

Thus, Kober and Grundmann reported the preparation of sym. 

t r i f l u o r o t r i a z i n e by the reaction of SbFySbCl^ w i t h the " a c t i v e " 

chlorine atoms i n sym. t r i c h l o r o t r i a z i n e . 
JJ1 P 

NT jN SbFySbCl^ N ^ ^ N 
Cl U ^ J W 160°-180° *" F ^ „ A 

24 hrs. 
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The same s t a r t i n g material has been treated w i t h potassium f l u o r o -
21 

sulphinate (KSOgF) as f l u o r i n a t i n g agent to produce a mixture 

of s u b s t i t u t e d products. 
CI CI F F 

N i J ^ N KSO_F N ^ ^ N N J ^ N N 

d ^ J U ^ * + o k > + k j * 

5% 11% 31% 

Perfluoro-aromatic heterocycles containing two nitrogen atoms 

per molecule have been prepared by - the r e a c t i o n of chloropyrimidines 
22 23 

wit h s i l v e r f l u o r i d e s . ' 

ClW. jJ Cl r e f l u x p l ^ . JJ p k Up-

The chlorine i n the t r i c h l o r o p y r i m i d i n e was replaced by 

halogen exchange w i t h s i l v e r f l u o r i d e , and the hydrogen i n the 

t r i f l u o r o p y r i m i d i n e replaced by reaction w i t h s i l v e r d i f l u o r i d e . 

As mentioned e a r l i e r , l i g h t l y f l u o r i n a t e d pyridines have been 

prepared by Finger and others by halogen exchange between a number 

of chloropyridines and potassium f l u o r i d e i n the presence of 
i + 24,25 solvent* 7 
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CI KF/dimethylsulphone 
0 1 200". 100 hrs. F 

CI 

CI 
c i CI 

O*/dimethylsulphone 
24 hrs. CI 33% 



Chapter 2 

DISCUSSION OF EXPERIMENTAL V/ORK 
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DISCUSSION OF EXPERIMENTAL WORK 

As o u t l i n e d i n the h i s t o r i c a l i n t r o d u c t i o n , none of the d i r e c t 

methods of f l u o r i n a t i n g the p y r i d i n e system met w i t h success; i n 

most cases y i e l d s of h i g h l y f l u o r i n a t e d pyridines were very poor. 

Thus, i n order to apply the i n d i r e c t route to perfluoropyridines v i a 

the corresponding chloro-compounds, i t was necessary to develop one 

of the e x i s t i n g methods f o r the preparation of pentachloropyridine. 

CHOICE OF CHLORINATION METHOD 

Since the i n d i r e c t approach would necessitate more than one 

step i n the preparation of h i g h l y f l u o r i n a t e d pyridines i t would 

obviously be advantageous to keep the number of such steps to a 

minimum on account of both o v e r a l l y i e l d and economy. 

Such considerations preclude the a p p l i c a t i o n of c h l o r i n a t i o n 

methods s t a r t i n g w i t h compounds themselves several reactions d i s t a n t 

from p y r i d i n e , e.g. the reaction by den Hertog of 4 - n i t r o p y r i d i n e -
1 2 

1-oxide w i t h sulphuryl c h l o r i d e ; ' and the c h l o r i n a t i o n of 

c i t r a z i n i c acid w i t h a mixture of phosphorus pentachloride and 

phosphorus oxychloride.^ 

I d e a l l y , the c h l o r i n a t i o n would involve the reaction of 

p y r i d i n e , which i s r e a d i l y a v a i l a b l e , and a simple c h l o r i n a t i n g 

agent. 

Unfortunately, the simplest c h l o r i n a t i n g agent, elemental 

chlorine i t s e l f , does not react w i t h pyridine to give good y i e l d s 
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of highly chlorinated pyridines. When the temperature of the 

reaction i s raised, i n order to introduce more chlorine i n t o the 

pyri d i n e r i n g , extensive breakdown occurs and t a r i s produced. 
5 

Other c h l o r i n a t i n g agents, such as t h i o n y l c h l o r i d e , w i t h 
pyridine tend to give l i g h t l y c h l o r i n a t e d p y r i d i n e s . However the 

6 

report by S e l l and Dootson that the reaction between py r i d i n e and 

phosphorus pentachloride gives, as w e l l as lower chloro-compounds, 

an appreciable y i e l d of pentachloropyridine has l e d us i n these 

laborato r i e s to develop t h i s method as a p r a c t i c a l and e f f i c i e n t 

route to hi g h l y chlorinated pyridines. Phosphorus pentachloride 

i s both p l e n t i f u l and cheap and lends i t s e l f to a p p l i c a t i o n on a 

r e l a t i v e l y large scale. 

THE REACTION OF PYRIDINE WITH PHOSPHORUS PENTACHLORIDE 

Dry pyridine has been heated w i t h phosphorus pentachloride 

i n a large autoclave. Throughout the development process sta i n l e s s 

s t e e l autoclaves varying i n size from 3 l i t r e s to 5 l i t r e s capacity 

have been used* 
7 

The r e s u l t s of early experiments have already been reported' 

and i t was shown that heating 200 gm. (2.5 moles) of py r i d i n e w i t h 

2500 gm. (12 moles) of phosphorus pentachloride to 210° - 220°C 

f o r 72 hrs. produced mainly t r i c h l o r o - and te t r a c h l o r o p y r i d i n e s , 

w i t h pentachloropyridine formed i n only 1.5% y i e l d . 



- 43 -

The e f f e c t of increasing the temperature to 280° - 285°C f o r 

50 hrs. increased the y i e l d of pentachloropyridine to 15$. The 

amount of tetrachloropyridines (18$) produced i n t h i s r eaction 

was greater than that (13$) produced at the lower temperature. Of 

the three possible isomers of t e t r a c h l o r o p y r i d i n e , only those w i t h 

hydrogen atoms i n the 3- or the 4-position were formed. As pointed 

out i n t h i s paper, i t was possible to convert the d i - , t r i - and 

tetrachloropyridines from several reactions, by f u r t h e r c h l o r i n a t i o n 

w i t h phosphorus pentachloride, so th a t the o v e r a l l y i e l d of 

pentachloropyridine was good. Although t h i s s t a t e of a f f a i r s 

provided a basis f o r obtaining s u i t a b l e q u a n t i t i e s of s t a r t i n g 

material f o r conversion to f l u o r o p y r i d i n e s i t . was r e a l i s e d t h a t i t 

would be more s a t i s f a c t o r y i f the y i e l d of pentachloropyridine from 

a single stage c h l o r i n a t i o n of pyridine could be improved. 

With t h i s object i n mind, we have been working as a team to 

obtain the r e s u l t s t y p i f i e d by the reactions shown i n Table 1. 

The earl y reactions were c a r r i e d out i n a 3 l i t r e s t a i n l e s s 

s t e e l autoclave, without an i n t e r n a l l i n e r . This waa heated 

e l e c t r i c a l l y by means of heating elements around the outside of the 

vessel. The temperature was c o n t r o l l e d by means of a variable 

transformer, which was set at a p r e c a l i b r a t e d value so t h a t the 

temperature of the inside of the autoclave, measured by means of a 

thermometer i n a c e n t r a l thermometer-well i n the autoclave head, was 
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a t t a i n e d slowly and maintained i n thermal equ i l i b r i u m . Typical 

'of these reactions was R.I. i n which 300 gm. of pyridine was heated 

to 310° f o r 48 hrs. w i t h 3000 gm. of phosphorus pentachloride to 

produce 250 gm. of ch l o r i n a t e d pyridines. The proportions of t r i - , 

t e t r a - and pentachloropyridines i n t h i s product were almost i d e n t i c a l 
7 

to those obtained by Hutchinson at a s l i g h t l y lower temperature, 

i . e . the proportion of pentachloropyridine was 40 mole $, corresponding 

to a y i e l d of 11$. 

The products were separated from the reaction mixture by hydrolysis 

followed by steam d i s t i l l a t i o n . 

The organic steam d i s t i l l a t e was dried by azeotropic d i s t i l l a t i o n 

w i t h benzene and f r a c t i o n a t e d through a 20" column packed w i t h Dixon 

gauzes. 

A f t e r many reactions such as t h a t described above i t was obvious 

that the inside of the autoclave was becoming serious damaged and 

corroded by the vigorous conditions used. I n an attempt to.prevent 

t h i s damage i t was decided to f i t an i n t e r n a l l i n e r to the autoclave. 

Since mild s t e e l was known to be more r e s i s t a n t to attack by halogens 

than was stainless s t e e l , the l i n e r was constructed of m i l d s t e e l i n 

the shape of a heavy c y l i n d r i c a l pot which f i t t e d snuggly inside the 

autoclave. The e f f e c t of t h i s l i n e r , demonstrated by R.2, was to 
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produce even worse y i e l d s of products than before. S t a r t i n g w i t h 

300 gm. of p y r i d i n e , only 120 gm. of chlorinated products were 

produced, comprising of mainly t r i - and te t r a c h l o r o p y r i d i n e s , less 

than 5 mole % being pentachloropyridine (corresponding to a y i e l d of 

1%). 

At the time, t h i s was considered to be due to the e f f e c t of 

minor constituents present i n sta i n l e s s s t e e l but not i n mild s t e e l 

which were having a c a t a l y t i c e f f e c t on the c h l o r i n a t i o n reaction. 

An a l t e r n a t i v e reason, i n v o l v i n g the temperature f a c t o r , i s now believed 

to be the cause of these low y i e l d s but t h i s w i l l be discussed l a t e r . 

When the heavy mild s t e e l l i n e r was removed and replaced by a 

t h i n stainless s t e e l l i n e r , the r e s u l t s then obtained are t y p i f i e d 

by R s3 i n which the conversion of pyr i d i n e to pentaohloropyridine 

was improved over that from reactions without a l i n e r (as R . l ) . 

200 gm. of pyr i d i n e was heated w i t h 3000 gm. of phosphorus 

pentachloride a t 290°C f o r 33 hrs. to give a y i e l d of 14% pentachloro­

p y r i d i n e . 

The influence of catalysts of the c h l o r i n a t i o n reaction. 

The r e s u l t s above appeared to j u s t i f y the b e l i e f that a component, 

of the st a i n l e s s s t e e l was "catal y s i n g " the re a c t i o n , so a series of 

experiments were c a r r i e d out i n which a number of t r a n s i t i o n metal 

chlorides or the metals themselves were added to the reaction mixture 

i n an attempt to improve the y i e l d s of pentachloropyridine. 
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Anhydrous cuprio chloride and anhydrous chromium t r i c h l o r i d e were 

added i n 5 gro. amounts to the reaction mixtures. (R.4 and R.5 

r e s p e c t i v e l y ) . As can he seen from the r e s u l t s , t h i s had l i t t l e 

e f f e c t on the r e l a t i v e proportions of products as compared w i t h the 

con t r o l experiment, R.3- No increase i n the y i e l d of pentachloro­

pyridine was observed. 

When a new, heavier, stainless s t e e l l i n e r was f i t t e d to the 

autoclave due to the decomposition of that used i n the experiments 

reported above, the y i e l d s of pentachloropyridine were again seen to 

f a l l , as exemplified by R.8 i n which the y i e l d of pentachloro­

pyridine was 2.6$. 

Using the same l i n e r , the presence of s t a i n l e s s s t e e l turnings, 

f e r r i c chloride or molibdenum metal gave no s i g n i f i c a n t increase i n 

the y i e l d of pentachloropyridine. (R . 9 , R.10, R .12). 

The e f f e c t of a l t e r i n g the r a t i o of p y ridine to phosphorus penta-

chloride 

With the heating system previously described, throughout the 

series of reactions R.l - R.12 the e f f e c t of a l t e r i n g the r a t i o of 

pyridine to c h l o r i n a t i n g agent was investigated. I t can be seen from 

the t a b l e , t h a t , as a general r u l e , the greater the proportion of 

phosphorus pentachloride to pyridine used i n the reaction the more 

high l y c h l o r i n a t e d and the greater the y i e l d of products were obtained. 

The extreme conditions explored (R.6 and R.7) demonstrated that 

the y i e l d of pentachloropyridine was greatest when a large excess of 
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phosphorus pentachloride was present. Thus, when 4000 gm. of 

PCl^ was heated w i t h 200 gm. of pyr i d i n e (mole r a t i o PC1^:C^NH^:: 

7 • 5si) the conversion to pentachloride was doubled (5»2% y i e l d ) 

compared w i t h a normal reaction ( R . 8 ) , i n which 3000 gm. PCl^ was 

used w i t h 250 gm. of pyridine (mole r a t i o PC1_:C CNH C::4»5*1). I n 
5 5 5 

R .6, 3000 gm. phosphorus pentachloride were heated w i t h 430 gm. of 

pyridine (mole r a t i o PCl^iC^NH^:s2.65:l) to give an extremely poor 

y i e l d of pentachloropyridine ( 0.5%). 

The influence of temperature on the c h l o r i n a t i o n reaction. 

S e l l and Dootson^ reported using a temperature of 210°-220°C 

i n t h e i r c h l o r i n a t i o n reactions, to give an unspecified y i e l d of 
7 

pentachloropyridine. When workers i n these labora t o r i e s heated 

the reactants i n an autoclave, by the method previously described, 

to the same temperature "a yieTd~"of" o n l y - 1 . 5%'of~pentachloropy-r-i-d-i-ne 

was obtained. Increasing the reaction temperature to 2 8 0 ° - 2 8 5 ° 

caused an increase i n y i e l d of pentachloropyridine to 15%. The 

ef f e c t of f u r t h e r e l e vation of the re a c t i o n temperature was i n ­

vestigated as shown i n Table 1 . Using the thermal e q u i l i b r i u m 

method of heating (R.1 - R.12), no s i g n i f i c a n t improvement i n 

yie l d s was observed by r a i s i n g the temperature even as high as 

350°C (R . 4 ) . 

However, when a new heating system was i n s t a l l e d i n which the 

heating elements were v i r t u a l l y i n contact w i t h the w a l l of the 
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autoclave and the e l e c t r i c power was c o n t r o l l e d t h e r m o s t a t i c a l l y by 

a thermocouple i n the centre of the autoclave, such that f u l l pov/er 

was maintained, w i t h the elements glowing red hot, u n t i l the centre 

of the reaction vessel a t t a i n e d the pre-set temperature ( u s u a l l y 300°C), 

a marked improvement i n the y i e l d s of pentachloropyridine v/as obtained 

as demonstrated by R.13 - R.18. 

I n the f i r s t experiment using t h i s new heating apparatus (R.13), 

together w i t h a new 5 l i t r e capacity autoclave, f i t t e d w i t h a heavy 

n i c k e l l i n e r , the qu a n t i t i e s of reactants, normally used i n previous 

reactions were placed i n the autoclave. Before the centre of the 

reaction reached a temperature of 280°C, the safety b u r s t i n g disc on 

the autoclave head blew a t 300 atmospheres. As a r e s u l t , a l l sub­

sequent reactions were, c a r r i e d out on reduced q u a n t i t i e s of reactants 

— s o reducing—t-he "dead— space"- in—the-au-toclave—(-i-.-e. the—volume 

occupied by v i r t u a l l y incompressible components) and the amount of 

hydrogen chloride gas, and therefore the pressure, produced. 

Experiments using the same mole r a t i o of reactants as i n the early 

studies, but using t h i s new heating system, gave much superior r e s u l t s 

i n terms of hi g h l y chlorinated products, (e.g. Compare R . l l w i t h 

R .15). 

The r e s u l t of increasing the r a t i o of phosphorus pentachloride 

to p y r i d ine over a number of reactions (R .15, R.16, R.18) had a 

b e n e f i c i a l e f f e c t , so tha t when 25OO gm. of phosphorus pentachloride 
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was heated w i t h 100 gm. of pyridine (mole r a t i o approx. PCI,.: 

C-NH_ s*lOjl) a 71$ y i e l d of pentachloropyridine was obtained. 

When an a u x i l i a r y heating element was used i n conjunction w i t h 

the standard u n i t i n order to increase the temperature a t the centre 

of the autoclave to 360°C, extensive decomposition occurred y i e l d i n g 

l i t t l e useful product (R .17) . 

Conversion of lower chlorinated pyridines to pentachloro­

pyridine was s i m i l a r l y improved using the new apparatus. A charge 

of 400 gm. of mixed t r i c h l o r o - and tetra c h l o r o p y r i d i n e s w i t h 2500 

gm. phosphorus pentachloride gave pentachloropyridine i n almost 

q u a n t i t a t i v e y i e l d a f t e r heating to 300°C f o r 24 hrs. 
g 

Very r e c e n t l y other workers, i n Manchester, have reported 

obtaining good y i e l d s of pentachloropyridine by a s i m i l a r reaction 

o f — p y r i d i n e - w i t h _pho.sp.ho.r_us. pejitachlpride, a l though experiments were 

ca r r i e d out on a very much smaller scale than i n these l a b o r a t o r i e s , 

using a greater r a t i o of phosphorus pentachloride to py r i d i n e . 

FLUORINATTON OF CHLOROPYRIDINEiS 

Since h i g h l y chlorinated pyridines were now available i n 

p r a c t i c a l q u a n t i t i e s the problem became one of converting these to 

the h i g h l y f l u o r i n a t e d d e r i v a t i v e s . 

I t seemed preferable not to use a method i n v o l v i n g the a d d i t i o n 

of f l u o r i n e to give saturated compounds, e.g. using reagents such as 

high valency metal f l u o r i d e s or f l u o r i n e i t s e l f , followed by dehalo-

http://_pho.sp.ho.r_us
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genation as t h i s would involve a two stage process w i t h the 

l i k e l i h o o d of low y i e l d s due to decomposition caused by f i s s i o n 

of the carbon-nitrogen bonds. 

Obviously a method i n which halogen exchange between the 

chloropyridines and a source of f l u o r i d e ion would be more 

advantageous as t h i s could be performed i n a single step to give 

the desired f l u o r o p y r i d i n e s . Yields from t h i s type of reaction 

are usually b e t t e r than those obtained from a two stage " a d d i t i o n -
9 10 

dehalogenation" route. ' 
HALOGEN EXCHANGE 

7 

Hutchinson investigated the reaction of anhydrous potassium 

f l u o r i d e on an isomeric mixture of tetrac h l o r o p y r i d i n e s i n 

sulpholane at 210° - 220°C. A moderate y i e l d of an approximately 

equimolar—mixture of- 3-oh-l-o-ro-2-r 4,- 6-tr-i-f-l-uo-ropy-ri-d-i-ne-and--3-,—5— -

d i c h l o r o - 2 , 5 d i f l u o r o p y r i d i n e was obtained. The reaction of 

potassium f l u o r i d e w i t h isomeric t e t r a c h l o r o p y r i d i n e s , .in-an auto­

clave, i n the absence of solvent was also studied. Replacement of 
o 

chlorine by f l u o r i n e was only s l i g h t at 340 C, but increased 

progressively w i t h increase i n reaction temperature to a maximum at 

400°C when the products s t i l l contained ch l o r i n e . At t h i s 

temperature the product consisted of a mono-chlorotrifluoro­

pyridine (34$) and a mixture of d i c h l o r o d i f l u o r o p y r i d i n e s (63$). 

Further increase i n reaction temperature caused complete decomposition 

t h i s i n s t a b i l i t y i s probably a t t r i b u t a b l e to the presence o f 

hydrogen i n the molecule as i t was.shown tha t pentachloropyridine 
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could be heated w i t h potassium f l u o r i d e to considerably higher 

temperatures without decomposition. 

Pentachloropyridine was f l u o r i n a t e d , by the same workers, when 

i t was heated to 190° - 210° w i t h potassium f l u o r i d e i n sulpholene. 

A good y i e l d of 3, 5 - ^ i c h l o r o t r i f l u o r o p y r i d i n e was obtained 

together w i t h a small amount of 3 - c h l o r o t e t r a f l u o r o p y r i d i n e . 

Obviously a considerably higher temperature was required to cause 

complete replacement of chlorine and since t h i s was incompatible 

w i t h the use of a solvent, the reaction of potassium f l u o r i d e on 

pentachloropyridine i n the absence of a solvent was investigated. 

The r e s u l t s obtained by Hutchinson, using a small (120 ml.) 

autoclave as reaction vessel are shown i n the f o l l o w i n g t a b l e : 

TABLE—II- • ' 

cum 
5 

KF Temp Time Product Composition of product i n mol 

(gm) Co) (hp) (gm) (i y i e l d i n parentheses) 

C5G12P3N 5 4 5 5 

15 40 480 24 7.8 - 10(7'7) 90(68-5) 

20 60 480 19 13 5( 5) 25(24) 70(66) 

20 60 450 20 13 13(12) 44(40) 43(39) 

20 60 440 17 14 60(53) 32(28) 8(15) 

15 40 400 18 10 100(84) — — 

0 

Even w i t h a reac t i o n temperature as high as 400 C no s i g n i f i c a n t 

replacement of chlorine i n the 3 or 5 p o s i t i o n occurred. However, at 
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temperatures of 440 C and above, replacement d i d take place 

progressively so tha t at a reaction temperature of 480°C a good 

y i e l d of pentafluoropyridine together w i t h some 3-chlorotetra-

f l u o r o p y r i d i n e was obtained. 

This reaction has been developed so that greater amounts of 

pentachloropyridine can be f l u o r i n a t e d i n a single reaction, a 

necessary step caused by the increased demand f o r the highly 

f l u o r i n a t e d pyridines which have been used as s t a r t i n g materials i n 

multi-stage syntheses. 

The reactants, anhydrous potassium f l u o r i d e and pentachloro-

p y r i d i n e , were treated e l e c t r i c a l l y i n an autoclave (750 ml) and the 

products d i s t i l l e d from the hot reaction vessel under reduced 

-pressure. —^P-rac-t-i-ona-t-ion- through- a-concentr-i-c tube-column-af-forded—-

three main f r a c t i o n s , 

1. Pentafluoropyridine, b.pt 84°C, 

2. 3-Chlorotetrafluoropyridine, b.pt 119°C, and, 

3. 3, 5 - D i c h l o r o t r i f l u o r o p y r i d i n e , b.pt 159" - l60°C. 

Some t y p i c a l r e s u l t s using the l a r g e r autoclave are shown i n 

Table I I I below. 
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TABLE I I I 

CCNC1 5 5 KF Temp Time Product Composition of product i n mo 

(gm) (°0 ( h r ) (gm) (% y i e l d i n parentheses) 

C5C12P3N CCC1F.N 5 4 5 5 

R.l 30 85 440 15 22 60(55). 30(30) 10(10) 

R.2 50 l6o 440 17 29 50(36) 40(32) 10(8-5) 

R.3 90 220 445 18 61 37(31-5) 33(30) 30(30) 

R.4 100 300 440 19 65 32(26) 36(32) 32(31) 

H.5 100 220 490 18 65 — 5(4-5) 95(92) 

As can be seen from these r e s u l t s , the f l u o r i n a t i o n reaction 

gave products i n good y i e l d , usually A> 90$, although d i f f i c u l t y was 

experienced i n obtaining precisely consistent r e s u l t s . Thus, two 

consecutive reactions between i d e n t i c a l q u a n t i t i e s of reactants 

heated to apparently the same temperature f o r the same time, d i d not 

always produce the f l u o r i n a t e d pyridines i n the same r e l a t i v e 

amounts. This presumably i s due to the f a c t t h a t over the period 

of heating, usually about 18 hrs overnight, d i f f e r e n t v a r i a t i o n s i n 

mains voltage occurred causing the reaction temperature to vary f o r 

any given "variac" heater s e t t i n g . 

Another possible f a c t o r e f f e c t i n g the extent of reaction t h a t 

occurs i s the nature of the mixture of potassium f l u o r i d e and penta-

chloropyridine. Since the reaction i s necessarily heterogeneous, 

the p a r t i c l e size of the potassium f l u o r i d e w i l l play a s i g n i f i c a n t 

r o l e i n governing the extent to which replacement of chlorine by 
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f l u o r i n e takes place. As the reaction proceeds, each p a r t i c l e 

w i l l become coated w i t h potassium c h l o r i d e , thus, the smaller 

the p a r t i c l e size and the more intimate the mixture the f u r t h e r 

the reaction would be expected to go. During each experiment 

the reactants were thoroughly mixed but obviously i t was 

impossible to reproduce exactly the same degree of mixing every 

time. 
Q 

Workers at Manchester have recently reported r e s u l t s of t h e i r 

i n vestigations on the reaction of pentachloropyridine w i t h 

potassium f l u o r i d e which are very s i m i l a r to those found i n these 

la b o r a t o r i e s . 

I n order to study t h i s halogen exchange reaction f u r t h e r , and 

to learn the order of s u b s t i t u t i o n of chlorine by f l u o r i n e i n the 

dif f e r e n t " pdsTtions - about the- pyridine—ring-,—an-experiment. .was . 

performed i n which the temperature of the reaction was rais ed to 

150° f o r "a period of 2 hrs. The products were d i s t i l l e d under 

reduced pressure from the autoclave while s t i l l hot, i n the normal 

manner, and shown by analysis and n.m.r. to consist of unreactsd 

pentachloropyridine, 2 - f l u o r o t e t r a c h l o r o p y r i d i n e , a mixture of 2, 4-

d i f l u o r o t r i c h l o r o - and 2, 6 - d i f l u o r o t r i c h l o r o p y r i d i n e s ( i n mole 

r a t i o 2s3), and 3, 5 d i c h l o r o t r i f l u o r o p y r i d i n e . 

Thus the order of s u b s t i t u t i o n f o r the complete reaction of 

pentachloropyridine w i t h anhydrous potassium f l u o r i d e can be 

represented as f o l l o w s : -
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CI CI CI 
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THEORETICAL CONSIDERATIONS 

GENERAL ASPECTS 

Pyridine resembles benzene i n that i t contains a conjugated 

system of six If-electrons, one being contributed by each atom i n 

the r i n g . However, the electron a f f i n i t y of nitrogen i s greater 

than that of carbon; the IT-electrons therefore tend to c l u s t e r 

round the nitrogen which thereby acquires a negative charge. The 

ele c t r o n i c s t r u c t u r e of py r i d i n e i s therefore less symmetrical, and 

so i t s resonance energy smaller, than that of benzene. 

CsRf- 36 Kcals/mole 1 1; CJH S 32 Kcals/mole 1 2 

I n terms of the resonance method, the electron density at 

various positions of the pyridine nucleus is derived from a 

summation of the c o n t r i b u t i n g structures shown below. 

o o N • N N N 

This approach predicts there w i l l be a p a r t i a l p o s i t i v e 

charge at-the 2, A and 6 positions of pyridine and a ne t negative 

charge on the nitrogen 

x This i s the most recent evaluation and i s calculated from heats 

of formation and hydrogenation, u n l i k e e a r l i e r estimates which 

were calculated from heats of combustion alone and tended to give 

a range of values, some greater and some less than that of the 

resonance energy of benzene. 



However, the magnitude of the charges cannot be estimated 

because these depend on the r e l a t i v e contributions of the charged 

struct u r e s , which are unknown. A l t e r n a t i v e l y , by considering the 

ele c t r o n i c s t r u c t u r e of pyridine i n terms of molecular o r b i t a l s i t 

i s possible to carry out c a l c u l a t i o n of the charge d i s t r i b u t i o n s i n 

pyridine. 

- Th"e_"magni"tude of "thre ""charge's-va"riTe~s^om^whTa"t^rt"h7"the 
13a 

parameters used f o r the c a l c u l a t i o n s , but those c i t e d above give 

charges calculated from parameters chosen i n such a way as to give 

reasonable agreement between calculated and observed dipole 

moments f o r a series of heterocyclic compounds. As can be seen, 

the charge at the «̂ --and Jf-positions i s very s i m i l a r . S l i g h t 

v a r i a t i o n s i n the parameters chosen can have the e f f e c t of 

i n d i c a t i n g t h a t the charge at the ̂ - p o s i t i o n i s greater than that 

at an U-position^*5 Pyridine has a dipole moment of 2-39D-

•08 D 02 02 
09 N 

- 2 9 

(CC1 4, 25°C) 
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CHEMICAL REACTIVITY 

The chemical properties of the pyridine system may be broadly 

grouped i n t o three categories:-

1. Properties roughly p a r a l l e l to the benzene system usually 

modified by the presence of the r i n g nitrogen atom. These 

include the t y p i c a l e l e o t r o p h i l i c s u b s t i t u t i o n reactions such 

as sulphonation and halogenation, which are more d i f f i c u l t than 

w i t h benzene, and r a d i c a l reactions, which are rather s i m i l a r . 

2. Properties unusual f o r the benzene system^ These include 

reactions i n which the py r i d i n e r i n g system i n t e r a c t s w i t h a 

base or nuc l e o p h i l i c reagent, as i n the amination w i t h sodamide 

or the a d d i t i o n of organometallic compounds. 

3. Properties associated w i t h the unshared electron p a i r on the 

" " ~ rin'g-nTtro'gem The"f ormatron of -salrts—quaternary -compounds—and--

N-oxides, which haye no analogues among benzene d e r i v a t i v e s , are 

included i n t h i s group. 

I t has been pointed out 1' 1 also that there are many analogies i n 

r e a c t i v i t y between py r i d i n e and nitrobenzene. This p a r a l l e l 

behaviour r e s u l t s from the s i m i l a r i t i e s i n electron d i s t r i b u t i o n . I n 

both molecules TC electrons are removed p r i m a r i l y from three positions 

on the r i n g by electronegative atoms. I f the extent of electron 

withdrawal i s about equal, then the reactions at the r i n g carbons of 

these molecules would be very s i m i l a r . 



- 60 -

Aromatic S u b s t i t u t i o n 

The replacement of a hydrogen atom by a substituent i s a most 

c h a r a c t e r i s t i c reaction of aromatic systems. The questions as to 

the p o s i t i o n which an entering group w i l l take, i f there are several 

choices, and the r e l a t i v e case w i t h which d i f f e r e n t aromatic nuclei 

w i l l react w i t h a given reagent have been extensively studied i n 

the benzenoid aromatic systems. 

Reagents are c l a s s i f i e d as e l e c t r o p h i l i c , n u c l e o p h i l i c , or 

ra d i c a l depending on the nature of the species which a c t u a l l y attacks 

the aromatic nucleus. For benzene, e l e c t r o p h i l i c s u b s t i t u t i o n s are 

most common, e.g. n i t r a t i o n and sulphonation, whereas f o r p y r i d i n e , 

n u c l e o p h i l i c reactions are r e l a t i v e l y more important, e.g. amination 

by sodamide i n Chichibabin reaction. 

This general difference between pyridine and benzene i s caused 

by the charge d i s t r i b u t i o n i n pyridine i . e . more energy i s required 

to b r i n g the p o s i t i v e reagent w i t h i n bonding distance of the 

p o s i t i v e l y charged carbons of the nucleus. This s i t u a t i o n i s made 

even worse by the basic nature of the nitrogen atom. The 

formation of a pyridinium s a l t by i n t e r a c t i o n w i t h R* means that a 

f u l l p o s i t i v e charge i s now d i s t r i b u t e d over the r i n g atoms, making 
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s u b s t i t u t i o n even more d i f f i c u l t 

+• R 

Although the p o s i t i v e charge hinders e l e c t r o p h i l i c s u b s t i t u t i o n , 

i t must by the same mechanism, f a c i l i t a t e the approach of a 

negatively charged fragment i n nuc l e o p h i l i c s u b s t i t u t i o n s . 

1. S t a t i c Approach 

In the s t a t i c approach the aromatic molecule i n the ground state 

i s examined and the r e l a t i v e charge at competing positions i s 

estimated. The assumption i s made that an e l e c t r o p h i l i c reagent 

w i l l attack at the p o s i t i o n of greatest electron density and a 

nucleophilic reagent at the p o s i t i o n of lowest electron density. 

Prom the charge d i s t r i b u t i o n previously c i t e d , one would expect the 

d i f f e r e n t species to react as shown below 

08 R 

H 

For f r e e r a d i c a l attack, the free valence i s calculated, J and 

i t i s assumed that a free r a d i c a l w i l l attack the p o s i t i o n of 

maximum fr e e valence. Free valence i s defined as the difference 

between the maximum bond number of a carbon atom (N = 2>+J2>) and 
max v 

the actual bond number, which i s the sum of the bond orders f o r a l l 
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bonds the carbon atom i n question makes w i t h other atoms. 
•45 

39 

50 N 
R 

This procedure f o r p r e d i c t i n g s u b s t i t u t i o n frequently gives 

the correct answer, but i n some instances i t f a i l s . The reason 

f o r these f a i l u r e s i s that most s u b s t i t u t i o n s are k i n e t i c a l l y 

c o n t r o l l e d processes i n which the energy of a c t i v a t i o n i s the 

important f a c t o r . Therefore the p o s i t i o n which an entering 

substituent most fre q u e n t l y takes w i l l be that one f o r which the 

energy requirement, i n going from the i n i t i a l s tate to the 

t r a n s i t i o n s t a t e , i s the lowest. Thus i n the ground state a c e r t a i n 

p o s i t i o n may have the greatest negative charge, but i t does not 

necessarily f o l l o w that the p a r t i a l bond formation w i t h a p o s i t i v e 

fragment w i l l require the least energy at t h i s p o s i t i o n . 

2. A c t i v a t i o n Energy Considerations 

Although, usually, there i s i n s u f f i c i e n t k i n e t i c data to make 

d e f i n i t e predictions about a given aromatic s u b s t i t u t i o n , i t i s 

of t e n possible to decide which t r a n s i t i o n state i s lowest i n energy 

by considering the nature of the st r u c t u r e formed by reaction at 

each of the possible positions. 

Thus f o r n u c l e o p h i l i c s u b s t i t u t i o n i n p y r i d i n e the three 

t r a n s i t i o n states would be:-



I T "can-lie-iahowrT"by—quantum-mechanrcal arguments—that—in—charged— 

l i n e a r mesomeric systems of f i v e atoms e x i s t i n g i n t r a n s i t i o n states, 

the charge resides mainly on the 1, 3 and 5 atoms. Thus, due to 

the electron a f f i n i t y of nitrogen, i t w i l l be obvious that the 

structures i n v o l v i n g s u b s t i t u t i o n i n the o£-and ̂ - p o s i t i o n s w i l l be 

of considerably less energy and therefore more stable than that 

formed i n p- s u b s t i t u t i o n . 

Since nucleophilic s u b s t i t u t i o n e n t a i l s the placing of 

ad d i t i o n a l negative charge on the nitrogen atom, pyridine undergoes 

t h i s type of reaction r e a d i l y , w i t h p r e f e r e n t i a l attack occurring at 

the «(.-and l/-positions, since the nitrogen then occupies positions of 
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largest negative charge. 

Conversely, i n e l e c t r o p h i l i c s u b s t i t u t i o n , because the 

formation of the t r a n s i t i o n state involves the removal of 

electrons from the nitrogen, t h i s type of reaction occurs w i t h 

d i f f i c u l t and almost exclusively i n the fJ-position, as would be 

predicted by examining the charge d i s t r i b u t i o n i n the t r a n s i t i o n 

states. 

R H 
R 
H 

R v 
H 

maximum -f-ve charge on nitrogen. 

.". least stable. 
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CHLORINATION OF PYRIDINE 

Although no thorough i n v e s t i g a t i o n i n t o the mechanism of the 

reaction between phosphorus pentachloride and p y r i d i n e has been 

ca r r i e d out, i t seems reasonable to suppose that the p r i n c i p l e 

reaction involves i n i t i a l attack by chlorine on the pyridine 

nucleus, since at the temperatures employed the phosphorus penta­

chloride w i l l almost c e r t a i n l y be dissociated i n t o phosphorus 

t r i c h l o r i d e and chlorine. 
17 

Other workers using the same reagent f o r the c h l o r i n a t i o n of 

a l i p h a t i c and a l k y l a t e d aromatic hydrocarbons have shown t h i s to be 

the case. They demonstrated that the c h l o r i n a t i o n proceeded 

smoothly i n e i t h e r a thermal or catalysed (benzoyl peroxide) reaction 

according to the equations— 

RH + PC1C —»-RCl -fcJHCl .rfcJPCl, 
5 " 3 

A d e t a i l e d study of the mechanism was not made but i t was 

suggested that thermal f i s s i o n of chlorine molecules produced 

radical s which abstracted hydrogen from the substrate and by 

f u r t h e r reaction effected c h l o r i n a t i o n . 

A s i m i l a r type of reaction scheme i s l i k e l y to p r e v a i l i n the 

r e a c t i o n of phosphorus pentachloride w i t h p y r i d i n e , 

i . e . PCl^ ~ — P C l ^ - f - C l 2 

Clg *• 201° thermal reaction 

PyH + Cl° »- Py° +• HC1 

Py°4- PCI •* PyCl +°PCl / ] 
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PC1° -{- PyH HPCl^ + Py° 

HPC1. >- HC1 + PCI., 
4 3 

°PC1 4 PC13+- CI 

Cl° + Py° *• PyCl 
18 

From the r e s u l t s of the elemental c h l o r i n a t i o n and 
19 

bromination of p y r i d i n e by Wibaut and others, i t has been shown 

that at least two d i f f e r e n t s u b s t i t u t i o n mechanisms p r e v a i l at 

d i f f e r e n t temperatures. 

I n the bromination process, which demonstrates these two 

d i f f e r e n t mechanisms the more v i v i d l y , reaction between pyridine 

and elemental bromine at 300°C gives a- mixture of 3-bromo- and 3, 5-

dibromopyridine, whereas when the reaction temperature i s raised to 

500°C. 2-bromopyridine i s produced. 

Furthermore, reaction i n the presence of i r o n bromide appears 

to encourage s u b s t i t u t i o n i n the ^ - p o s i t i o n , since 3-bromopyridine 

w i t h bromine i n the presence of t h i s " c a t a l y s t " at 300°C gives 3, 5-

dibromopyridine. Under the same conditions, but w i t h cuprous 

bromide as c a t a l y s t the product i s 2, 5-dibromopyridine, i . e . the 

second substituent enters an ol-position. 

This e f f e c t of i r o n bromide on halogenation reactions i s well 

known i n the benzene ser i e s , where i t has been demonstrated that the 

c a t a l y s t i s capable of incorporating one atom of the bromine molecule 

i n t o an anion, which can act as an acceptor f o r the hydrogen atom to 

be displaced from the benzene r i n g ; the other atom i s l e f t as a 
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p o s i t i v e l y charged ion, which e f f e c t s the e l e c t r o p h i l i c s u b s t i t u t i o n . 

Si- 8-

Br - Br + FeBr.. *- Br" (FeBr ) ~ 

O 
-h H (FeBr,) 

Thus at the lower temperatures i n which pyridine reacts w i t h 

halogens to give ^~ sub s t i t u t e d products i t seems l i k e l y that the 

course followed i s one of e l e c t r o p h i l i c attack, which i s i n accord 

v/ith the t h e o r e t i c a l predictions discussed e a r l i e r . 

_..At_t_ejnp^raLtures above 300°C, free radicals w i l l be formed 

p r e f e r e n t i a l l y by the homolytic f i s s i o n of the halogen-halogen 

bond rather than h e t e r o l y t i c separation g i v i n g oppositely charged 

species. 

With the mechanism being one of attack by free r a d i c a l s , the 

p o s i t i o n of s u b s t i t u t i o n changes to mainly oi-with some tf-

replacement as i s consistent w i t h the fr e e valence argument 

previously described. 
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Br Br 
300 00 

Br 

-^Br 

500 FeBr 
Cu„Br 300 

FeBr Cu„Br 

1 300 300 

Br 

Br Br 

20 

A s i m i l a r scheme i s applicable to the d i r e c t c h l o r i n a t i o n of 

pyr i d i n e , as shown on page 25" , although the d i f f e r e n t positions of 

s u b s t i t u t i o n occurring w i t h v a r i a t i o n i n temperature are not nearly 

so dramatic. 

From these considerations i t i s i n t e r e s t i n g to postulate on the 

relevant mechanism or mechanisms ta k i n g place i n the autoclave 

reactions between phosphorusperi'tachloride and pyri d i n e . 



I t i s s i g n i f i c a n t that good y i e l d s of highly chlorinated 

pyridines were obtained when the r e a c t i o n temperature was high. 

I n order to get the temperature at the centre of the reaction to 

300°C i t was necessary to heat the walls of the vessel to 

considerably higher temperatures than t h i s , a s i t u a t i o n v/hich i s 

conducive to r a d i c a l formation from the chlorine produced by the 

d i s s o c i a t i o n of the phosphorus pentachloride. 

Attack by a charged species on the p y r i d i n e may possibly occur, 

especially i n the early stages of re a c t i o n as the autoclave i s 

warming up, but t h i s i s doubtful i n the l i g h t of the f a c t that the 

series of experiments c a r r i e d out i n which t r a n s i t i o n metals were 

added showed that no improvement i n the y i e l d of highly chlorinated 

products was obtained. The presence of i r o n halides has already 

been-shown to have a b e n e f i c i a l effect, on the el.ectrophi.lic 

s u b s t i t u t i o n by halogen i n aromatic compounds. 

I t i s important to note t h a t , i f one proton were replaced, a 

pyridinium s a l t would be formed which would hinder f u r t h e r attack . 

by c a t i o n i c species (page to ). Further, i f an e l e c t r o p h i l i c 

mechanism was the most important, one would expect the hydrogens 

i n the 3 and 5 positions to be f i r s t replaced. I n f a c t , Hutchinson 

found that the two p r i n c i p a l isomers of t r i c h l o r o p y r i d i n e formed 

were the 2, 4 6 - t r i c h l o r o - and 2, 3, 6 - t r i c h l o r o - s u b s t i t u t e d 

compounds. Of the three possible isomers of t e t r a c h l o r o p y r i d i n e , 
•7 

only two were formed, one of which had a hydrogen i n a £- p o s i t i o n . 

http://el.ectrophi.lic
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The other isomer was 2, 3, 5 ; 6 - t e t r a c h l o r o p y r i d i n e . 

The presence of unsubstituted hydrogen i n ̂ - p o sitions at these 

l a t e stages i n the reaction would suggest that an e l e c t r o p h i l i c 

s u b s t i t i o n mechanism was not occurring to any s i g n i f i c a n t extent i n 

the phosphorus pentachloride c h l o r i n a t i o n reactions. 

The p o s s i b i l i t y of a nucleophilic mechanism of halogen 

s u b s t i t u t i o n e x i s t s , but the p r o b a b i l i t y of t h i s being important i s 

s l i g h t , since the replacement of so unstable a species as a hydride 

ion by a stable chloride ion i s u n l i k e l y . Also, one would have 

expected the presence of t r a n s i t i o n metals to have a noticeable 

e f f e c t on the y i e l d s the c h l o r i n a t i o n reactions had such a 

mechanism prevailed. No e f f e c t was detected. 

The observation that best y i e l d s were obtained at high reaction 

_t.emp.er.a.t.ur.e.s .-S_e_ems _to ...s.ugg.e.st that a_f_r_e_e_ r a d i c a l mechanism rather 

than an i o n i c mechanism was i n operation. 

Consistent w i t h t h i s theory, i s the evidence that the 06-hydrogens 

were among the f i r s t to be replaced, so that i n the t r i c h l o r o - and 

tetrachloropyridines no hydrogen remained i n the 2 or 6 p o s i t i o n s , 

as would be expected since these positions are of maximum f r e e 

valence. 

The experimental r e s u l t s on the y i e l d s from various reactions 

(Table I ) would seem to substantiate a free r a d i c a l mechanism. 

Thus, using the former method of heating, that of a var i a b l e 

transformer at a f i x e d s e t t i n g , the ra t e of output of heat was 
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constant. Y/hen a t h i c k , heavy l i n e r , of large thermal capacity, 

was f i t t e d to the autoclave the y i e l d s from such a system were 

low. This was presumably due to the f a c t that the inside w a l l 

temperature of the autoclave was lower than that a t t a i n e d without 

such a l i n e r , w i t h the r e s u l t that less d i s s o c i a t i o n of phosphorous 

pentachloride to phosphorus t r i c h l o r i d e and chlorine occurred and, 

more important, less thermal f i s s i o n of halogen molecules to 

rad i c a l s took place. Obviously, the more radical s formed, the 

greater the amount of s u b s t i t u t i o n obtained. 

The y i e l d s from reactions i n which other l i n e r s were used 

f o l l o w the expected trend. The t h i c k e r and weightier the l i n e r 

the fewer the number of chlorine atoms introduced i n t o the pyridine 

r i n g . With hindsight, i t would now appear that the cause 

a t t r i b u t e d to the early drop i n y i e l d s (R.2), i . e . that of the 

removal of constituents present i n stainless s t e e l , was i n c o r r e c t 

and the actual reason was due to a lowering of the temperature of 

the inside w a l l region of the autoclave where the c r i t i c a l reaction 

took placeo 

As explained previously, when the second method of heating was 

applied, the autoclave w a l l temperature must have been very close to 

that of the glowing heater elements, i . e . 500°C, wi t h the r e s u l t 

that considerably improved y i e l d s of chlorinated pyridines were 

obtained. Obviously, many more chlorine r a d i c a l s w i l l be produced 

at 500°C than at 300°C 
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I t i s i n t e r e s t i n g to note that from the stoichemetry of the 

proposed c h l o r i n a t i o n r e a c t i o n , i . e . 

PyH + PCl c — PyCl +• HC1 +- PCI, 

one would expect a 5 !1 mole r a t i o of phosphorus pentachloride to 

pyr i d i n e to give complete c h l o r i n a t i o n and yieldr; pentachloro-

p y r i d i n e . However, as demonstrated ( R . l 8 ) , even a mole r a t i o 

of 10:1 does not give complete conversion to the f u l l y 

c h l o r i n a t e d product. Presumably, the necessity of a large excess 

of phosphorus pentachloride i s roquirod to provide a. s u f f i c i e n t l y 

high concentration of chlorine r a d i c a l s towards the end of the 

react i o n , when most of the c h l o r i n a t i n g agent has been converted 

to phosphorus t r i c h l o r i d e , i n order to e f f e c t the replacement of 

the remaining hydrogen i n the lower chlorinated pyridines. 
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FLUORIDATION OF PENTACHLOROPYRIDINE 

From the t h e o r e t i c a l arguments already o u t l i n e d one would 

expect the pyridine system to undergo nucleophilic attack 

p r e f e r e n t i a l l y at the <̂ --and Y-positions. Results obtained by 
22 

Finger et a l . and workers i n these labora t o r i e s have shown that 

t h i s i s the case when s u b s t i t u t i n g chlorine by f l u o r i n e i n 

chlorinated pyridines using potassium f l u o r i d e as the f l u o r i n a t i n g 

agent, a reaction which almost c e r t a i n l y goes by a nucleophilic 

mechanism i n v o l v i n g halide ion exchange. I f the pyridine nucleus 

has substituents which are capable of e x i s t i n g as stable unions, 

e.g. as CI , i t can be seen that the energy required to b r i n g 

together the nucleophile and the pyridine to y i e l d the intermediate 

N 
B - f x " 

i s not large and that the main difference between these reactions 

and the Chichibabin reaction (X =: H) i s i n the s t a b i l i t y of the 

anion which must be eliminated to form the product. 

7/hen pentachloropyridine was heated w i t h potassium f l u o r i d e 

i n the absence of a solvent to 150° f o r 2 hrs, the f i r s t c h l o r ine 

atom to be replaced was i n an ©6-position, forming 2 - f l u o r o t e t r a -

chloropyridine. The f a c t that the 2-position i s replaced f i r s t 



-.74 -

i s i n t e r e s t i n g i n that by so doing the perchloropyridine resembles 

the "perhydropyridine", i n such reactions as tha t of Chichibabin, 

more closely than i t does p e r f l u o r o p y r i d i n e , which as w i l l be 

i l l u s t r a t e d l a t e r , undergoes i n i t i a l n u c leophilic replacement almost 

exclusively i n the 4-position. 
23 

Other workers, i n v e s t i g a t i n g the nucleophilic s u b s t i t u t i o n 

reactions of pentachloropyridine w i t h such reagents as ammonia and 

hydrazine have found that the substituent enters the 4-position. 

The difference i n p o s i t i o n of attack by these nucleophiles must, 

presumably be due to k i n e t i c c o n t r o l off the s u b s t i t u t i o n a f f e c t e d 

by the a c t i v a t i o n energies being lowest f o r the d i f f e r e n t positions 

of s u b s t i t u t i o n between NH^, NI-̂ NĤ  and F . A more d e t a i l e d 

study of the k i n e t i c s of these reactions must be made, however, 

before any categories], statements can be made. 

Further reaction of 2 - f l u o r o t e t r a c h l o r o p y r i d i n e w i t h potassium 

f l u o r i d e produces a mixture of 2, 6 - d i f l u o r o t r i c h l o r o - and 2, 4 d i -

flu o r o t r i c - h l o r o p y r i & i n e i n the r a t i o 3*2, apparently the remaining 

ok-and '^-chlorine atoms were of very much the same r e a c t i v i t y i n the 

monofluorocompound. 

Reaction with more f l u o r i d e ion produces the expected 3, 5 c l i — 

c h l o r o t r i f l u o r o p y r i d i n e . The temperature of the reaction must then 

be increased to <w440°C before replacement of the remaining 

chlorine atoms begins, demonstrating the reluctance of atoms i n 
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positions to be replaced by a nucleophilic mechanism. Best y i e l d s 
of 3 - c h l o r o t e t r a f l u o r o p y r i d i n e , i . e . when one of the |J- chlorine 
atoms has been replaced, are obtained from reactions conducted at a 
temperature of "»450°C. Complete replacement of chlorine by 
f l u o r i n e , to give pentafluoropyridine, occurs when the reaction 

temperature i s raised to n»490°C. Although substituents i n I m ­
positions are not e a s i l y displaced by nucleophiles, because the 
nitrogen atom cannot f a c i l i t a t e the process by ac t i n g as a major s i t e 
f o r the negative charges, i t should be pointed out that tne 
unsaturated system over which the charge i s d i s t r i b u t e d does have a 
nitrogen atom as a member and hence the t r a n s i t i o n state i s 

B / 
J ve 

more stable than i n the benzene ser i s s . Thus, 3-bromopyridine reacts 

with sodium methoxide at 150° v/hile bromobenzene i s unreactive below 

250°C. 
Q 

However, i n the perfluoro series, i t has been reported that 

temperatures of 500°C w i l l replace a l l the chlorine atoms by 

f l u o r i n e i n hexachlorobenzene when readied w i t h potassium f l u o r i d e , 

i . e . almost the same conditions required to convert pentachloro-

pyridine to pentafluoropyridine. 

When the tetra c h l o r o p y r i d i n e s were heated w i t h anhydrous 
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potassium f l u o r i d e , the t h e o r e t i c a l predictions as to the 

p r e f e r e n t i a l positions of attack by the f l u o r i d e ion were again 

upheld. Thus, s t a r t i n g with a mixture of 2, 3, 4, 6-tetrachloro-

and 2, 3, 5» 6-tetrachloropyridine the ultimate s u b s t i t u t i o n 

products v/ere 3-chloro- 2, 4» 6 - t r i f l u o r o p y r i d i n e and 3, 5-

d i c h l o r o - 2, 6-defluoropyridine. Elevation of reaction temperature 

caused complete decomposition so that i t was impossible to replace 

chlorine atoms i n positions 3 or 5 i n the t e t r a c h l o r o p y r i d i n e s , 

and even chlorine atoms i n positions 2, 4 and 6 were less easily 

replaced by f l u o r i n e than those i n pentafluoropyridine. This i s 
22 

consistent w i t h the r e s u l t of Finger and co-workers who, working 

mainly w i t h l i g h t l y chlorinated p y r i d i n e s , showed t h a t , \i4iile a 

chlorine atom i n the 3-position activates chlorine atoms i n both 

the positions 2 and 6, a chlorine atom i n p o s i t i o n 2 i s rendered 

the more act i v e . 

file:///i4iile


Chapter 3 

EXPERIMENTAL WORK 
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EXPERIMENTAL WORK 

PREPARATION OF HIGHLY FLUORINATED PYRIDINES 

Pyridine was converted to pentachloropyridine by reaction 

w i t h phosphorus pentachloride. F l u o r i n a t i o n of pentachloro­

pyridine by halogen exchange w i t h potassium f l u o r i d e gave highly 

f l u o r i n a t e d pyridines. 

The products were separated by d i s t i l l a t i o n and preparative 

scale vapour phase chromatography. I n f r a red ( i . r . ) spectra were 

recorded using Grubb-Parsons, type G.S. 2.A. or Spectromaster 

spectrometers. Nuclear magnetic resonance (n.m.r.) spectra were 

measured on an A.E.I. R.S.2. spectrometer at 60 Mc/sec. Fluorine 

analyses v/ere c a r r i e d out by Mr. T. Holmes, using the biphenyl-

sodiura method of decomposition.^ An a l y t i c a l - s c a l e vapour phase 

chromatography (v.p.c.) was performed on Perkin Elmer or G r i f f i n 

and George D.I. instruments and preparative scale vapour phase 

chromatography on an Aerograph "Autoprep" instrument; 

CHLORINATION OF PYRIDINE 

The py r i d i n e used was technical grade, made by May and Baker 

Ltd. and was dri e d by r e f l u x i n g over potassium hydroxide p e l l e t s 

f o r 3 - 4 hours followed by d i s t i l l a t i o n from t h i s drying agent 

under an atmosphere of dry nitrogen. Pyridine was stored under 

dry nitrogen u n t i l required f o r reaction. The phosphorus 

pentachloride was technical grade supplied by A l b r i g h t and Wilson 
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Ltd. 

The Autoclave 

The autoclave ( f i g . l a ) was a high pressure reaction vessel 

of 5 l i t r e capacity. I t was of a seamless w a l l construction 

formed from a s o l i d drawn tube of F i r t h Vickers 1 Stainless Steel 

(Quality F.D.P.) g i v i n g a w a l l thickness of jt inch. The base and 

flange were of heavy stainless s t e e l and were welded to the 

c y l i n d e r i c a l body of the vessel. 

The head of the autoclave was constructed of heavy st a i n l e s s 

s t e e l and was f i t t e d w i t h a needle valve, thermocouple w e l l , and 

a b u r s t i n g disc assembly. The head was sealed to the flange on the 

top of the autoclave by a corrugated copper gasket and held i n 

p o s i t i o n by b o l t s of high t e n s i l e s t e e l . 

Inside the vessel was f i t t e d a heavy n i c k e l l i n e r (14 B.S.W.G.) 

to prevent oorrosion of the inner stainless s t e e l w a l l . 

Heating was effected by a 9' long Met. Vickers Pyrobar element 

(5/l6" O.D.) of 2 K.Watt r a t i n g bent i n the shape of a h e l i x so 

that the body of the autoclave f i t t e d snugly inside the heater c o i l . 

Before a reaction the autoclave was thoroughly cleaned and 

dr i e d by placing i n the heater u n i t at 200°C f o r at least 2 hrs. 

Reaction Procedure 

I n a t y p i c a l experiment (Table I , R.15), the autoclave (5 l i t r e 

capacity) charged w i t h phosphorus pentachloride (1500 gm, 7*2 moles) 

and dry pyridine (125 gm, 1*59 moles) was heated e l e c t r i c a l l y v i a an 

8 amp variac which was c o n t r o l l e d t h e r m o s t a t i c a l l y by a thermocouple 



- 79 -

placed i n a w e l l i n the centre of the autoclave head. The heating 

elements around the w a l l of the autoclave operated at f u l l power 
o 

u n t i l the centre of the reaction a t t a i n e d a temperature of 300 C, 

when the e l e c t r i c i t y was switch o f f . The reaction was then 

maintained t h e r m o s t a t i c a l l y at t h a t temperature f o r 24 hrs. A f t e r 

allowing the autoclave to cool to room temperature, the hydrogen 

chloride generated during the reaction was released "before the 

vessel was opened. The contents of the autoclave were hydrolysed 

by slow a d d i t i o n from a dropping funnel, to water i n a 3-necked 

f l a s k (3 l i t r e ) f i t t e d w i t h a r e f l u x water condenser and a s t i r r e r . 

Occasional cooling of the f l a s k w i t h an ice bath was necessary to 

prevent the hydrolysis reaction becoming too vigorous. During 

t h i s stage of work up i n a number of experiments, the inside of the 

hydrolysis apparatus became coated w i t h an orange-red coloured s o l i d 

and minor explosions occurred. These were probably due to reaction 

of small amounts of elemental phosphorus or phosphine formed during 

the c h l o r i n a t i o n . When hydrolysis was complete, the organic 

product was steam d i s t i l l e d and the while aaLid d i s t i l l a t e removed 
2 

by f i l t r a t i o n . (Previous workers reported that the steam d i s t i l l a t e 

was extracted w i t h methylinejdichloride, but as the chloropyridines 

are only very s l i g h t l y soluble i n water and the volume of d i s t i l l a t e 

to be extracted i s considerable, usually 9 - 1 2 l i t r e s , t h i s 

e x t r a c t i o n process becomes both unnecessary and expensive). Removal 

of water from the mixture of chloropyridines was achieved by aaeo-
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t r o p i c d i s t i l l a t i o n w i t h benzene using a Dean-Stark d i s t i l l a t i o n 

head. The dry chloropyridines (225 gm) were d i s t i l l e d through a 

20 i n . column packed w i t h Dixon gauzes i n t o three main f r a c t i o n s 

i ) b.pt 220° - 248°C, 

i i ) b.pt 248° - 252°C and 

i i i ) b.pt 279° - 280°C. 

Fraction i ) was shown to contain mainly t r i c h l o r o p y r i d i n e s 

w i t h a small amount of tet r a c h l o r o p y r i d i n e s . Fraction i ' i ) 

consisted of tetrachloropyridines ( l i t . , ^ b.pt 248"5° - 252°c) and 
f r a c t i o n i i i ) was pentachloropyridine, m.pt 124°C ( l i t . , ^ b.pt 279° -

280°C, m.pt 125° - 126°) I.R. Spectrum No. 1 page 86. 

The composition of the o r i g i n a l product was estimated by 

ana l y t i c a l ^ s c a l e v.p.c., using s i l i c o n e grease as the s t a t i o n a r y 

phase, to be C^C^N, 10; C^HC^N, 45? C^Cl^N, 45 mole-$. ( f i g . 2) 

I n l a t e r experiments, when conversion of p y r i d i n e to penta­

chloropyridine i n a single reaction was achieved i n high y i e l d , i t 

was found more s a t i s f a c t o r y to omit the steam d i s t i l l a t i o n stage of 

the work up procedure as t h i s became very tedious due to the length 

of time required f o r complete d i s t i l l a t i o n caused by the r e l a t i v e 

low steam v o l a t i l i t y of pentachloropyridine. Also, constant 

unblocking of the apparatus was necessary due to the s o l i d i f i c a t i o n 

of pentachloropyridine (mp 124 C) i n the condensers. In such 

reactions, the contents of the c h l o r i n a t i o n autoclave . were poured 

c a r e f u l l y i n t o a large volume (3 l i t r e s ) of iced water i n a beaker. 
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The highly chlorinated pyridines f e l l to the bottom of the beaker 

and were removed by f i l t r a t i o n . Drying and f r a c t i o n a t i o n were 

then c a r r i e d out as previously described. 

FLUORIDATION OF PENTACHLOROPYRIDINE 

The dry pentachloropyridine was prepared as previously 

described. Potassium f l u o r i d e used was reagent grade, supplied by 

B r i t i s h Drug House Ltd., and was dried by heating i n a n i c k e l beaker 

over a bunsen burner f o r s e v e r a l hours followed by storage i n an 
o 

oven at 150 u n t i l required. 

The Autoclave 

The autoclave ( F i g . IB) was a high pressure r e a c t i o n v e s s e l of 

750 ml. capacity. I t was constructed of s t a i n l e s s s t e e l by d r i l l i n g 

out a s o l i d piece of F i r t h Vickers' F.D.P. q u a l i t y metal. The auto­

clave head was f i t t e d with a needle valve and screwed into the body 

of the v e s s e l to s e a l by a k n i f e edge on the autoclave head against 

an aluminium gasket. F i n a l tightening of the s e a l w a 3 e f f e c t e d by 

A l l e n screws i n the head. 

Before a f l u o r i n a t i o n r e a c t i o n , the autoclave was tested, to 

ensure i t was leak-proof, by charging with s o l i d carbon dioxide and 

s e a l i n g . Immersion i n a water-bath made obvious any le a k s . 

The autoclave was cleaned and d r i e d i n an oven at 150°C before 

a reaction. 
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fieaotion Procedure 

a) I n a t y p i c a l experiment (Table I I I . R . 3 ) » the autoclave 

( 7 5 0 ml. capacity - f i g I B ) , charged with pentachloropyridine (90 

gm, 0*36 moles) and anhydrous potassium f l u o r i d e (220 gm, 3 ' 8 moles), 

was heated e l e c t r i c a l l y to 445°C, v i a an 8 amp v a r i a b l e transformer 

set a t a p r e c a l i b r a t e d value, and maintained i n thermal 

equilibrium at that temperature f o r 18 hrs. While the r e a c t i o n 

v e s s e l v/as s t i l l hot the product ( 6 l gm) was d i s t i l l e d under 

vacuum. 

The composition of t h i s product was estimated by a n a l y t i c a l -

s c a l e v . p . c , using d-n-decyl phthalate as the s t a t i o n a r y phase, to 

be C 5C1 2F 3N, 375 ^ C I E ^ N , 33 ; C ^ N , 30 mole-%. ( f i g . 3 ) . 

D i s t i l l a t i o n through a concentric tube column afforded three 

main f r a c t i o n s 

i ) Pentafluoropyridine, b.pt 84°C ( l i t . , b.pt 8 4°C 4 - 8 3 ' 5°C 5), 

I.H; Spectrum. Mo. -6, page 87 , was i d e n t i c a l to that of an 

authentic specimen.^ 

i i ) 3-Chlorotetrafluoropyridine, b.pt 119°C. 

I.R. Spectrum. No. 5 , page 87 , was i d e n t i c a l to that of 

an authentic specimen.^ 

a n d j i i i ) 3> 5 - d i c h l o r o t r i f l u o r o p y r i d i n e , b.pt 1 5 9 ° - 160°C. 

I.R. Spectrum. No. 4> page 8 7 , was i d e n t i c a l to that of an 
2 

authentic specimen. 
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I n l a t e r experiments, when r e l a t i v e l y large amounts of f l u o r o -

pyridines were being handled, i t was found that the through put of 

the concentric tube column was inconveniently low making the time 

f o r f r a c t i o n a t i o n lengthy. Because of t h i s , a new column was 

"built, c o n s i s t i n g of a 3 ' tube packed with g l a s s h e l i c e s , f i t t e d 

with an automatic magnetic take-off head. This made the 

d i s t i l l a t i o n considerably l e s s tedious. 

b) I n a separate experiment, the autoclave charged with 

pentachloropyridine ( 3 0 gm., 0*12 mole) and anhydrous potassium 

f l u o r i d e (80 gm., 1*38 mole) was heated to 150°C f o r 2 hrs. While 

the r e a c t i o n v e s s e l was s t i l l hot the product ( 2 5 gm) was d i s t i l l e d 

under vacuum. Vapour phase chromatography, using s i l i c o n e grease 

as the s t a t i o n a r y phase, separated the product into four 

components, the r e t e n t i o n times of the f i r s t and l a s t components 

corresponding to 3> 5 - d l c h l o r o t r i f l u o r o p y r i d i n e and pentachioro-

pyridine, r e s p e c t i v e l y . The unknown componants were i s o l a t e d by 

p r e p a r a t i v e - s c a l e v . p . c , using s i l i c o n e grease as s t a t i o n a r y 

phase, and shown to be 

i ) 2-Fluorotetrachloropyridine, m.pt 3 2 ° - 33°C (Found: C, 

25*5; CI, 61-0; P, 8 - 1 . C^C^M requires C, 2 5 - 5 ; CI, 

60*5; F, 8 * 0 9 $ ) . I.R. Spectrum. No. 2 , page 86. 

One chemically s h i f t e d peak was observed i n the f l u o r i n e - 19 n.m.r. 
•f/uo.-o 

spectrum at p o s i t i o n 66*3 p.p.m. with respect to trichloromethane. 
A 
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(CFCl^) as i n t e r n a l reference. This value f o r the chemical s h i f t 

i s i n the region c h a r a c t e r i s t i c for a f l u o r i n e atom i n the 2 -

p o s i t i o n of the pyridine r i n g . 

and i i ) A mixture of isomeric d i f l u o r o t r i c h l o r o p y r i d i n e s b.p 

1 9 6 ° - 198°C, which were inseparable using s i l i c o n e grease 

as s t a t i o n a r y phase. (Found C, 27*5; CI,' 4 9 ' 1 , F, 18-0. 

C C C 1,FJJ requires C, 27«5; CI, 48*7; F, 17«4?6). 
5 3 <= 

I.R. Spectrum. No. 3, page 8t. 

The f l u o r i n e - 1 9 spectrum of the mixture showed the isomers present-

were 2 , 6 - d i f l u o r o t r i c h l o r o p y r i d i n e , with an intense peak of chemical 

s h i f t 67*6 p.p.m. r e l a t i v e to CFCl^ as i n t e r n a l reference, and 2, 4 

d i f l u o r o t r i c h l o r o p y r i d i n e with tv/o groups of chemically s h i f t e d peaks 

of equal i n t e n s i t y at positions 6 6 « 8 p.p.m. ( 2-F) and 92*2 p.p.m. 

( 4-F) r e l a t i v e to CFCl^ as i n t e r n a l reference. The chemical 

s h i f t assigned to the f l u o r i n e in the 4-position has a value 

c h a r a c t e r i s t i c of f l u o r i n e i n that, p o s i t i o n of the pyridine r i n g . 

The r e l a t i v e i n t e n s i t i e s of the peaks due to f l u o r i n e atoms of these 

isomers shawed t h e i r proportions to be 2 } 6 d i f luorotric'hloro-

pyridine: 2 , 4 d i f l u o r o t r i c h l o r o p y r i d i n e : : 3 : 2 . 

The composition of the o r i g i n a l product of the f l u o r i n a t i o n 

reaction was estimated by a n a l y t i c a l - s c a l e v.p.c. to be C^Cl^EF, 55 

C^C^FN, 30; .q 5Cl 3F 2N, 35; C^ClgP^, 30 mole$. 
% S h i f t s measured r e l a t i v e to CFCl^ i n t e r n a l reference can be 

converted to C5F5 reference using the r e l a t i o n s h i p : 

S C 6 F 6 = 162 -28 + SCFCl^ 
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PART I I 

THE INTRODUCTION OF FUNCTIONAL GROUPS 

INTO THE POLYFLUOROPYRIDINE NUCLEUS 

Chapter 4 

INTRODUCTION 
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INTRODUCTION 

Two main routes are a v a i l a b l e f o r the synthesis of highly 

f l u o r i n a t e d aromatic compounds containing a f u n c t i o n a l group. 

Both these methods have been i n t e n s i v e l y applied i n the case of the 

highly f l u o r i n a t e d benzenes and a study of the r e s u l t s obtained i s 

i n t e r e s t i n g i n view of the r e l a t i o n s h i p between the benzene and 

pyridine systems. 

The f i r s t route to substituted polyfluoro aromatic compounds i s 

by the n u c l e o p h i l i c replacement of f l u o r i n e . A summary of the 

r e s u l t s obtained by the r e a c t i o n of n u c l e o p h i l i c reagents with 

hexafluorobenzene i s given below, and, a3 w i l l be observed, many mono 

subs t i t u t e d pentafluorobenzenes have been formed i n t h i s manner. The 

fu r t h e r attack by nucleophiless on these compounds i s extremely 

i n t e r e s t i n g as various p o s i t i o n a l isomers may be produced. 

The second route i s v i a e l e c t r o p h i l i c s u b s t i t u t i o n in hydro-

fluoro aromatic compounds, and using the r e a c t i v i t y of t h i s new group 

i n f u r t h e r r e a c t i o n s . The most widely i n v e s t i g a t e d example of t h i s 

i s the e l e c t r o p h i l i c attack on pentafluorobenzene by iodine or 
1 2 

bromine, to form iodo- or bromopentafluorobenzene. ' These are 
r e a d i l y formed into the Grignard reagents, from which a wide v a r i e t y 

of mono-substituted pentafluorophenyl compounds have been formed.^' 
7 

Recently, pentafluorophenyl Grignard reagents have been prepared 

d i r e c t l y by the exchange reaction between an a l k y l magnesium halide 

and the " a c i d i c " hydrogen of the fluoro aromatic nucleus. The 
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preparation of pentafluorophenyl lithium has been achieved by a 

similar technique which obviates the need to go v i a the reaction of 
8 

a halopentafluorobenzene with lithium amalgam or n-butyl lithium. 

Pentafluorophenyl lithium has been shown to behave s i m i l a r l y to the 

Grignard reagent i n many standard syntheses. 

Reactions between Hexafluorobenzene and Nucleophilic Reagents 

The nucleophilic attack on hexafluorobenzene has been thoroughly 

investigated, and a summary of these reactions shows that almost a l l 

occur under moderate conditions, to give good y i e l d s of the mono-

substituted product. 

Nucleophile Reaction Conditions Product Reference 

OCH~ a) CH_OH, CH,ONa reflux. C.F^OCH, 6C# 9 
3 3 3 o 5 3 

p- C 6F i f(OCH 3) 2 •% 

b) with pyridine C^F^OCH^ 10 

0C_H~ C_H_0H, CoHc0Na C,F_0C_Hc 11 2 5 2 5 2 5 " 5 2 5 

OH a) KOH, pyridine reflux. G ^ F ^ o i i 2 C $ 1 0 

b) KOH. t-butanol reflux. C-F^OH 71$ H 

SH~ HJ5, NaOH, ethylene C,FCSH 70$ 12 
2 O 2 

glycol, pyridine 

NH~ a) NaNH2, l i q . NĤ  C 6 F 5 N H 2 1 3 ' ^ 

(C 6F 5) 2NH 3% 

b) NH,, ethanol l67°C C.FC.NH„ 70# Ik 3 3 o 5 2 
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NH2NH2 

NH2CH5 

CH. 

R 

NH2NH2.H20 

e thanol, re flux. 

a) CH^NB^, ethanol 115°C 

b) CH3NH2, ethanol 1?0°C 

a) CH^Li, ether reflux. 

b) CH^MgBr 

a) n-C^fi^Li 

b) PhLi 

c) CH,CH=CHLi 
3 

2CH5CH=CHLi 

H 

% 2 2 1 

LiAlH. 

H2NCH2CH2NH2, ethanol 

110° 

CgF^NHNH2 73% 

C.F.-NHCEL 695̂  o p 5 

p- C 6F i f(NHCH 3) 2 60% 

C 6F 5CH 3 69% 

p- C 6 F ^ ( C H 3 ) 2 10% 

C 6 F 5 C H 3 % 

C

6 V C l f H s ) 2 20% 

C 6 F 5* C 6 H 5 
C^CHCHCH, 70% b p 5 

p- C 6F i f(CH=CHCH 3) 2 

82% 

C 6 F 5 H 

5 , 6 , 7 , 8 -tetrafluoro-

1,2,3 yk-te trahydro 

quinoxaline 

l 4 , 15 

Ik 

Ik 

k, 16 

10 

16 

17, 38 

18 

18 

19 

39 

The pentafluorophenyl compounds prepared as above have been shown 

to exhibit the normal chemistry associated with these functional 

groups and i n many cases derivatives have been formed to aid 

i d e n t i f i c a t i o n . Further reactions, on the functional groups of these 

compounds, which are of more synthetic importance are mentioned 

below. 
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Reactant Conditions Product Reference 

C.FcOCH, 6 5 3 

C^FJSH 6 5 

C 6F 5NH 2 

C 6F 5NH 2 

C 6F 5NH 2 

C/-F,-NHNH_ b 5 2 

A1C1,, 120 C 
5 

Diazomethane 

CF^CO^H 5 5 

HCO^H 

Diazotised i n HF, 

a) Cu 2X 2 

b) Copper bronze 

Heat 180°C 

C 6 F 5 O H 58% 

C , F C S C H , k% 
6 5 3 

C 6 F 5 N 0 2 85$ 

CgF5N0 

C 6 F 5 X 

(X=C1, Br, I ) 

C , F , . . C F 
6 5 6 5 

C 6 F 5 H 39$ 

C . F C N H „ kk% 6 5 2 

10, 20 

12 

21 

22 

17 

15 

CjCF.-NHNH_. bo 2 
C.FCCH=CHCH, 6 5 5 
C,-FCCF, 6 5 3 

Oxidation i n Benzene 

KMnO^ 

Fuming H 2S0^ 

C 6 F 5 
C^COOH 6 5 
C.F^COOH 6 5 

15 

18 

23, 2k 

Pentafluorophenyl Derivatives 

Nvicl GG jpfc xX i c ci"b to.clc on mono*" s life s*Lx "i/i*"b© d "PGH tG.£1 LIO I*G foGiiz GIIG E IHGIS 

been closely studied especially by workers i n Birmingham: The 

attack by another substituent i s of considerable i n t e r e s t , as 

different positional isomers can be formed. Although nuclear 

magnetic resonance spectra can determine the orientation of these di-

substituted compounds, i t i s necessary to compare them with t e t r a -

fluorobenzene derivatives of known structure. 
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The compounds available for t h i s work were the 

dihydrotetrafluorobenzenes, synthesised by the dehydrofluorination 
pc Of\ P 7 

and defluorination of polyfluorocyclohexanes. ' The 
structures of the hydrofluorocompounds were confirmed by comparison 

28 29 30 with compounds prepared by Finger ' and Wall v i a different 

routes. Another compound which was used for comparison purposes v/as 

iietrafluoro-p-benzoquinone, prepared by the hydrolysis of octafluoro-

cyclohexa -1 , *f-diene with sulphuric acid. Thereactions of penta-

fluorophenyl derivatives with nucleophilic reagents are summarized 

below. 

Reactant 

H C 6 F

5 

Reagent 

NH?NH2 

NH5 

NaOCH. 

NaSH 

KSPh 

p-HCgF^SK 

LiAlH. 

3 6 5 2 2 

CH,SC^FC NH-. 
3 6 5 3 

Product 

p-HC6FifNHNH2 63% 

o-2%, m-0*3% 

p-HC6Fi|NH2 62% 

HC6F^OCH5 47% 

92% p-

p-HCgF^SH 85% 

p-HCgF^SPh 46% 

(p-HCgF^S 

p-HCgF^H 83% 

0-6%, m-1% 

C,FeON-H.- 60% 

p-CH3OC6FIfNHNH2 24% 

p-CH3SC6FifNH2 

Reference 

14, 32 

14, 32 

33, 34 

12 

X C 

17 

32 

. '20, 34 

17 
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3 2 6 5 
NH-C,FK 2 6 5 

NH_NHC^FC 

2 o p 
CĤ NHĈ F,. 

3 o 5 

3 6 5 
^SO~N*C 6F 5 

N0 2C 6F 5 

C H 3 C 6 F 5 

3 6 5 

C 2 F 5 C 6 F 5 

NĤ  

NH2NH2 

NH2NH2 

CH3NH2 

NaSH 

NaOH 

NH, 

NaOCH. 

CH NHg 

(CH )2NH 

CH^Li 

LiAlH. 

CHJLi 

NH2NH2 

NĤ  

NaSH 

NaOC_Hc 2 5 

NH2NH2 

NH, 

p-CH 5S0 2C 6F i +NH 2 

m-NH2CgF^NH2 

m -NH CgF^NHNHg 2h% 

m-NHgNHCgF̂ NHNH 0'5# 

p-CH NHCgF^NHCHj 2k% 

p-CH^CONHCgF^SH 

p-NHgCgF^OH 

V-31%, o-69$ 

NO C,F, OCH, 
2 6 4 3 

p-92#, o-8# 

NOgCgF^MHCHj 

p-35#, 0 -65^ 

N0 2C 6F i fN(CH 3) 2 

p-8l#, 0-19& 

p-CH CgF^CH 83% 

p-CFjCgF^H 50% 

p-CF^CgF^CH^ 

p-CF,C.F, NHNH„ 36% 

p-CF 3C 6F 4NH 2 82$ 

p-CF^CgF^SH 52^ 

p-CF 3C 6F 40C 2H 5 90^ 

p-C2F5C6FZfNHNH2 

p^FCgF^WL, 

17 

lit 

3^ 

3^ 

3^ 

17 

17 

21, 3^ 

37 

35 

35 

35 

35 

35 

35 

ho 

ko 
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LiAlB^ p-C 2F 5C 6F i +H 40 

NaOCH^ P- C2 F5 C 6 F4 0 C H 3 40 

CH^Li P- C2 F5 C 6 F4 C H
5 

40 

NaQCH p-ClCgF^OCH^ 50% 36 

0-17% 

NH? p-ClCgF^NHg 41% 36 

0-15% 

NH2NH2 p-ClCgF^NHNH2 45% 36 

o-l6% 

LiAlH^ C 6F 5H, p - C l C ^ H 36 

o - C l C ^ H 

Further reactions on these functional groups, as described before, 

provide an even wider variety of disubstituted tetrafluorobenzenes with 

known structures. Some general observations have been made about the 

orientation of the product, from the nucleophilic attack on penta-
21 35 

fluorobenzenes, ' although no mechanisms are given. However,- i t 

seems extremely l i k e l y that a variety of factors w i l l influence the 

r e s u l t because of the large number of different reagents and conditions 

involved. 

In most cases, the orientation of the products appears to depend 

l i t t l e on the reagent used; and i f the substituent has no powerful 

electronic e f f e c t s , the five fluorine atoms d i r e c t the attack to the para 

position. Powerful electron donating substituents, such as -NH,,, 

deactivate the nucleus and d i r e c t attack into the meta position, whereas 
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powerful electron accepting substituents, such as -NO^i render the otho 

position more susceptible to nucleophilic attack, and activate the 

nucleus. 

Reactions between Pentafluorobenzene and E l e c t r o p h i l i c Reagents 

Standard e l e c t r o p h i l i c replacements such as those occurring i n 

hydrocarbon aromatic chemistry have been t r i e d on pentafluorobenzene, i n 

an attempt to replace the hydrogen atom by a positive reagent. When the 

fluorobenzene was reacted with oleum, substitution occurred to give 

pentafluorobenzene sulphuric acid^". S i m i l a r l y , the corresponding halo-

pentafluorobenzene was.formed by reaction of pentafluorobenzene with 
I f 2 

bromine or iodine i n sulphuric acid. Using the same technique, Mobbs 

obtained a 20$ y i e l d of chloropentafluorcbenzene. 

H S 0 
CgHF^ + C l 2 , C 6 C 1 F

5
 2 0 # 

A1C1 

The chlorine was bubbled into a-solution of pentafluorobenzene-in fuming 

sulphuric acid, with aluminium t r i c h l o r i d e present as a c a t a l y s t . The 

Grignard reagents and lithium derivatives formed from the halopenta-

fluorobenzenes have been used to prepare a large number of compoundsJ 

1 2 8 kl. 
(both organic and organo-metallic,) ' ' ' many of which would have 

been d i f f i c u l t to obtain by other routes. 

Some ty p i c a l syntheses carried out using pentafluorophenyl 

Grignard reagents are shown on the following page. 
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SYNTHESES FROM PENTAFLUOROPHENYL MAGNESIUM HALIDES 

OH 

H—C — CH H-C=CH 

• F 

HgCl CH_CHO 
CF 

3 

MgBr 

COVTHF CF_CO_Li COOH 

F F F H.O 

H_0 HCOEt 
II 

r O HgBr 
H-C=0 H H 

\ 

OH 
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The I n t r o d u c t i o n o f F u n c t i o n a l groups i n t o the F l u o r o - p y r i d i n e nucleus 

Bearing i n mind t h a t the route t o h i g h l y f l u o r i n a t e d p y r i d i n e s 

which was used provided e x c l u s i v e l y halogenated compounds, i . e . 

p r i m a r i l y p e n t a f l u o r o p y r i d i n e , 3 - c h l o r o t e t r a f l u o r o p y r i d i n e and 3» 5 - d i -

c h l o r o t r i f l u o r o p y r i d i n e , i t seemed obvious t o apply the n u c l e o p h i l i c 

displacement method t o introduce f u n c t i o n a l groups i n t o the p y r i d i n e 

nucleus. Compared v/ith the benzene case, where hydrogen c o n t a i n i n g 

fluorobenzenes v/ere produced by the important r o u t e of d e h y d r o f l u o r i n a t i o n 

and d e f l u o r i n a t i o n o f polyfluorocyclohexanes, the analogous h i g h l y 

f l u o r i n a t e d p y r i d i n e s c o n t a i n i n g hydrogen were not d i r e c t l y a v a i l a b l e , 

from the f l u o r i n a t i o n of p e n t a c h l o r o p y r i d i n e , t o i n v e s t i g a t e the 

p o s s i b i l i t i e s of e l e c t r o p h i l i c s u b s t i t u t i o n . 

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

The r e a c t i o n o f p e n t a f l u o r o p y r i d i n e w i t h n u c l e o p h i l i c reagents has 

been studied by workers i n Durham and Manchester . The s t r i k i n g 

f a c t o r about these r e a c t i o n s i s the g r e a t e r ease o f n u c l e o p h i l i c 

displacement o f f l u o r i d e i o n from p e n t a f l u o r o p y r i d i n e than from hexa-

fluorobenzene. Thus, q u a n t i t a t i v e r e a c t i o n o f p e n t a f l u o r o p y r i d i n e w i t h 

aqueous ammonia occurs a t 80°C f o r 2 h r s , t o g i v e k-aminotetrafluoro-

p y r i d i a e , whereas a temperature o f 1 6 ? ° i s reported f o r the corresponding 
Ik 

production o f p e n t a f l u o r o a n i l i n e from hexafluorobenzene. Also, 

r e a c t i o n between p e n t a f l u o r o p y r i d i n e and methoxide i o n i s so vigorous 

t h a t very m i l d c o n d i t i o n s (0°C) must be used i n order t o o b t a i n any 
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mono-ether, t e t r a f l u o r o - ^ - m e t h o x y p y r i d i n e . At ambient temperature, 

q u a n t i t a t i v e conversion to the d i e t h e r , t r i f l u o r o - 2 , ^-dimethoxy-

p y r i d i n e occurs during 15 minutes, whereas a t l e a s t one hour a t r e f l u x 

i s necessary f o r the amalogous p r e p a r a t i o n o f p e n t a f l u o r o a n i s o l e . ^ 

I f r e f l u x c o n d i t i o n s are used w i t h p e n t a f l u o r o p y r i d i n e and excess sodium 

methoxide, t r i s u b s t i t u t i o n occurs to give 3» 5 - t r i f l u o r o - 2 , *f, 6 - t r i -

methoxypyridine. This trimethoxy d e r i v a t i v e has also been prepared by 

a stepwise procedure, i n d i s t i n c t s i n g l e stage r e a c t i o n s , which 

demonstrated t h a t i n i t i a l a t t a c k by methoxide i o n occurred a t the h-

p o s i t i o n , f o l l o w e d by s u b s t i t i o n i n the 2 - and then 6- p o s i t i o n . 

The other important p o i n t which t h i s work brought out was the f a c t 

t h a t w i t h a l l the reagents s t u d i e d , a t t a c k occurred almost e x c l u s i v e l y 

a t the ^ - p o s i t i o n f i r s t . The workers i n Manchester reacted penta­

f l u o r o p y r i d i n e w i t h seven d i f f e r e n t n u c l e o p h i l i c reagents and i n each 

case reported the i s o l a t i o n of the ^ s u b s t i t u t e d d e r i v a t i v e as the 

product o f the primary r e a c t i o n . 

The n u c l e o p h i l i c r e a c t i o n s on p e n t a f l u o r o p y r i d i n e described by 

both teams of workers are summarized below. 
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Reactions Between P e n t a f l u o r o p y r i d i n e and N u c l e o p h i l i c Reagents 

Nucleophilfe' •• Reaction Conditions Product Reference 

NHj. a) NH^, 8 0 ° , 2 h r s . . k-m^^F^ 70% 43 

b) m.y ethanol k-m^^F^ 81% 44 
1 1 0 ° , 8 h r s . 

• NH^NHg a) NH2NH2.H 20, dioxan i f - N H ^ H C ^ ^ 70% 43 

r e f l u x , 2 h r s . 

b) NH2NH2.H 20, ethanol ^f-NH^HC^^ 75% 44 

0°C, 2 h r s . 

OCH a . i CH_0Na, CH,0H, 0°C 4-CH,0C cNF, . 43 
3 3 3 3 I ? 

i i CH^ONa, C H ^ H , 25°C 2 , 4 - ( C R y ) ) ^ N F ^ 43 

b. i CH^ONa, CH^OH 4 - C H ^ O . C ^ ^ 57% 44 

r e f l u x , 3 h r s . 

i i CH^ONa, CH^OH 2 ,4 ,6 - (CH^O) ^ ( y W ^ 74% 44 

r e f l u x , 3 hrs. 

CgH" c 6 H 5 L i ' e t h e r » / f " c 6 H 5 * C 5 N F 4 2 6 ? i ^ 
r e f l u x 

H" LiAlH^, ether, 4-H.C^NF^ 74% 44 

r e f l u x 

(GH^^IH i (CH^^H, aq. 4-(CH^) ?N. 51% 44 

e t h a n o l , 0~C 
i i (CH^NH, aq. S ^ - C C C H ^ N J ^ I F ^ 82% 44 

ethanol 1 0 0 ° , 20 h r s . 

CH5CH=CH i CPI5CH=CHLi, ether, 4-(CH5CH=CH) .C^IF^ 66% 44 

- 2 0 ° t o room temp, c i s : t r a n s : : 6 : 1 

i i CH5CH=CHLi, et h e r , 2,4-(CH;5CH=CH)2C5NFZf 62% 44 

- 2 0 ° 4-geometrical isomers 
66:20:10:2 
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Nucleophils. Reaction Conditions Product Reference 

OH a ) i . KOH, water 8 5 ° , 4-0H.CJIF. 63% 51 
20 h r s . 5 

i i KOH, t - b u t a n o l k-OK.CJSF. 90% ) 51 
r e f l u x , 90 mins. ^ )65% 

2-OH.C^NF^ 10% ) 

b ) i . NaOH, water, if-OH.CJTF^ 58% ¥f 
r e f l u x , 2 h r s . 

ii. hO/o KaOH, water, 2,*f-(0H) CJflF, 20% kk 
80°C, 12 h r s . ^ 5 5 

i i i . KOH, t - b u t a n o l , VOH.CJflF. 6^% 
r e f l u x , 2^ h r s . 5 
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This method o f i n t r o d u c i n g f u n c t i o n groups i n t h e f l u o r o p y r i d i n e 

r i n g system i s s e v e r e l y l i m i t e d i n a p p l i c a t i o n by the fac't t h a t 

the incoming group must be capable o f e x i s t i n g as a n u c l e o p h i l i c 

agent, a l t h o u g h , as i n the chemistry o f the s u b s t i t u t e d f l u o r o -

benzenes, the f u n c t i o n a l group can o f t e n be con v e r t e d by standard 

methods to o t h e r f u n c t i o n s . This type o f o p e r a t i o n was 

demonstrated when t e t r a f l u o r o - 4 - p r o p e n y l p y r i d i n e was o x i d i s e d by 
o 

con c e n t r a t e d n i t r i c a c i d a t 110 C f o r 45 minutes to g i v e t e t r a -

f l u o r o - i s o n i c o t i n i c a c i d i n 33$ y i e l d . 

When the t e t r a f l u o r o - i s o n i c o t i n i c a c i d wa3 heated " i n vacuo" 

to 250°C, d e c a r b o x y l a t i o n o c curred to g i v e 2 , 3, 5> 6 - t e t r a f l u o r o ­

p y r i d i n e i n y i e l d . 
CH'=CH.GH3_ 

mro 

COOK 

A 
33? 

The same compound, 2, 3. 5> 6 - t e t r a f l u o r o p y r i d i n e , has been 

prepared by the r e a c t i o n of t e t r a f l u o r o - 4 - h y d r a z i n o p y r i d i n e w i t h 

copper s u l p h a t e . The r e a c t i o n o c c u r r e d spontaneously i n aqueous 
,0. s o l u t i o n a t 20 C, w i t h the l i b e r a t i o n o f 80$ o f the t h e o r e t i c a l 

volume o f n i t r o g e n , to g i v e the h y d r o f l u o r o p y r i d i n e i n 54$ y i e l d . 

I f the hydrazine d e r i v a t i v e i s t r e a t e d w i t h a suspension o f 

b l e a c h i n g power i n benzene, again n i t r o g e n i s evolved, and the 

produc t i s o l a t e d i s 2, 3 9 5? 6 - t e t r a f ] . u o r o - 4 - p h e n y l p y r i d i n e i n 
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35$ y i e l d . Formation o f t h i s p r o d u c t presumably i n v o l v e d a t t a c k 

on benzene by t e t r a f l u o r o p y r i d y l r a d i c a l s generated by o x i d a t i o n 

o f the h ydrazine d e r i v a t i v e by h y p o c h l o r i t e i o n s , as i n the 

analogous f o r m a t i o n o f p e n t a f l u o r o p h e n y l r a d i c a l s by o x i d a t i o n o f 
15 

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

NHNH 

NH„NH 0C1 
r e f l u x N 

ft)-* 

I t i s i n t e r e s t i n g to note t h a t t e t r a f l u o r o - 4 - p h e n y l p y r i d i n e 

prepared i n t h i s way d i f f e r e d s l i g h t l y from the sample prepared by 

r e a c t i o n o f p e n t a f l u o r o p y r i d i n e and phenyl l i t h i u m i n i t s i n f r a 

r e d spectrum, as w e l l as t h a t f a c t t h a t the product o f the d i r e c t 

n u c l e o p h i l i c r e a c t i o n melted a t a lower temperature and over a 

rsnge o f 5°C This evidence would seem to suggest t h a t the phenyl 

l i t h i u m , b e i n g a s t r o n g l y n u c l e o p h i l i c reagent, a t t a c k s o t h e r 

p o s i t i o n s t o a small e x t e n t , as w e l l as the 4 - p o s i t i o n , g i v i n g 

r i s e to an unseparated m i x t u r e o f isomers. 

A much more s e r i o u s l i m i t a t i o n on the n u c l e o p h i l i c method 

i n t r o d u c i n g f u n c t i o n groups i n t o the f l u o r o p y r i d i n e system i s t h e 

l a c k of v a r i e t y o f p o s i t i o n s o f s u b s t i t u t i o n achieved. From the 

r e s u l t s r e p o r t e d i t can be seen t h a t the vast m a j o r i t y o f 
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s u b s t i t u e n t s e n t e r the 4 - p o a i t i o n , and i n a v e r y l i m i t e d number o f 

oases, such as the r e a c t i o n o f p e n t a f ' l u o r o p y r i d i n e w i t h potassium 

h y d r o x i d e i n t - b u t a n o l , o r , perhaps, w i t h phenyl l i t h i u m , are 2-

s u b s t i t u t e d products o b t a i n e d . I n none o f the r e a c t i o n s s t u d i e d 

has a 3 - s u b s t i t u t e d d e r i v a t i v e been formed; demonstrating t h a t 

t h i s method does not p r o v i d e a s y n t h e t i c r o u t e t o such compounds. 

The o b s e r v a t i o n t h a t p e n t a f l u o r o p y r i d i n e i s more 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 than hexafluorobenzene i s not a l t o g e t h e r 

unexpected s i n c e , as p r e v i o u s l y discussed (page 4 4 ) , p y r i d i n e i s 

c o n s i d e r a b l y l e s s r e a c t i v e than benzene towards e l e c t r o p h i l i c 

s u b s t i t u t i o n and even n u c l e o p h i l i c displacement of a hydrogen atom 
45 

i n the 2 - p o s i t i o n i n p y r i d i n e can be achieved by the C h i c h i b a b i n 
46 

r e a c t i o n o r r e a c t i o n w i t h an o r g a n o - m e t a l l i c reagent. An 

i n c r e a s e d s u s c e p t i b i l i t y towards n u c l e o p h i l i c a t t a c k is c o n s i s t e n t 

w i t h the i n t r o d u c t i o n o f f l u o r i n e i n t o t h e p y r i d i n e r i n g as the 

halogen w i l l have the e f f e c t o f r e d u c i n g the e l e c t r o n d e n s i t y on 

t h e r i n g carbon atom to which i t i s a t t a c h e d . I t i s noteworthy 

t h a t i n p y r i d i n e the n i t r o g e n atom has a c o m p a r a t i v e l y much g r e a t e r 

e l e c t r o n a f f i n i t y than any o f the o t h e r atoms i n the molecule, w i t h 

the r e s u l t a n t e f f e c t on the e l e c t r o n d i s t r i b u t i o n (page 57 )> 

whereas i n p e n t a f l u o r o p y r i d i n e the n i t r o g e n atom has to compete 

w i t h the f i v e f l u o r i n e atoms, w i t h t h e i r h i g h e l e c t r o n a f f i n i t y , 

f o r i t s share o f the e l e c t r o n s and so the e l e c t r o n d e n s i t y o f the 
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system, compared w i t h the hydrogen compound, i s not n e a r l y so 

d i s t o r t e d . This i s apparent i n the d i p o l e moment o f the p e r -
49 

fluorocompound which i s 0*53 D. , compared w i t h 2-39 D. f o r 

p y r i d i n e . (Both i n CCl^, 25°c). 

On the b a s i s o f r e a c t i o n s such as t h a t o f C h i c h i b a h i n , 

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 n t a f l u o r o p y r i d i n e may have been 

expected t o be o r i e n t a t e d towards the 2 - p o s i t i o n . However, the 
47 

mechanisms o f the C h i c h i b a b i n and o r g a n o - m e t a l l i o r e a c t i o n s are 

u n c e r t a i n , and are by no means simple n u c l e o p h i l i c displacements, 

p r o b a b l y i n v o l v i n g c o - o r d i n a t i o n o f the lone p a i r o f the p y r i d i n e a 

n i t r o g e n , w i t h the metal atom o f the a t t a c k i n g species add so 

r e n d e r i n g the 2 - p o s i t i o n most s u s c e p t i b l e to a t t a c k . 

-h H.MgX 

The f a c t t h a t s u b s t i t u t i o n does occur p r e d o m i n a n t l y i n the 

4 - p o s i t i o n would seem to suggest t h a t p e n t a f l u o r o p y r i d i n e resembles 
50 

pentafluorobenzene r a t h e r than p y r i d i n e i n t h a t the o r i e n t a t i o n 

appears t o be governed by the presence o f the f i v e f l u o r i n e atoms. 

More r e c e n t work, however, e s p e c i a l l y on the n u c l e o p h i l i c r e a c t i o n s 
61 

o f 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 i n d i c a t e s t h a t the g r e a t e r s i n g l e 

f a c t o r i n d e t e r m i n i n g 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 i n p o l y -

f l u o r o p y r i d i n e s i s the presence o f the r i n g n i t r o g e n by i t s s t r i k i n g 
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a c t i v a t i o n o f the 4 - p o s i t i o n . 

This was demonstrated i n the r e a c t i o n s o f 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 ammonia and sodium methoxide. 

I n b o t h o f these r e a c t i o n s s u b s t a n t i a l replacement o f the 

n i t r o g r o u p o c c u r r e d , and i n the case o f methoxide a t t a c k , t h e 

n i t r o group was p r e f e r e n t i a l l y d i s p l a c e d to f l u o r i n e , g i v i n g 

t e t r a f l u o r o - 4 - m e t h o x y p y r i d i n e as t h e major p r o d u c t . 

A study o f the r e a c t i o n o f sodium methoxide w i t h 2 , 3, 5> 6 -

t e t r a f l u o r o - n i t r o b e n z e n e , which resembles 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 more c l o s e l y than does p e n t a f l u o r o n i t r o b e n z e n e as t h e 

f ormer benzene has no f l u o r i n e para t o the n i t r o g r o u p , showed t h a t 

no replacement o f the n i t r o g r o u p o c c u r r e d , o n l y replacement o f 

f l u o r i n e , and the s o l e product was^ 2 , j , 6 - t r i f l u o r o - 5 - m e t h o x y - 4 -

n i t r o b e n z e n e . Thus, i t was argued, s i n c e the n i t r o g r o u p and 

f l u o r i n e are comparable i n t h e i r e f f i c i e n c y as l e a v i n g groups i n 

n u c l e o p h i l i c s u b s t i t u t i o n ', and, because the n i t r o g r o u p i s 

d i s p l a c e d by n u c l e o p h i l i c reagents from 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 
21 3~ 5~• 58 

but not from p e n t a f l u o r o n i t r o b e n z e n e ' ' ' o r , more 

s i g n i f i c a n t l y , from 2 , 3, 5> 6 - t e t r a f l u o r o n i t r o b e n z e n s , i t would 

seem t h a t t h e r i n g n i t r o g e n i s the most i m p o r t a n t f a c t o r i n 

g o v e r n i n g the o r i e n t a t i o n o f n u c l e o p h i l i c a t t a c k . 

T h is proposed a c t i v a t i o n o f the 4 - p o s i t i o n by the r i n g 
60 

n i t r o g e n i s c o n s i s t e n t w i t h the r e s u l t s o f Chapman and co-workers 

who found t h a t displacement o f c h l o r i d e i o n by e t h o ^ i d e o c c u r r e d a t 
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a much f a s t e r r a t e from 4 - c h l o r o p y r i d i n e than from 2 - c h l o r o p y r i d i n e . 

F u r t h e r , i t must be noted, t h a t i n h i g h l y f l u o r i n a t e d 

p y r i d i n e s , a p a r t from the a c t i v a t i o n o f p o s i t i o n 4 by the r i n g 

n i t r o g e n , t h i s p o s i t i o n i s unique i n t h a t i t does not have a para 

f l u o r i n e atom which c o u l d a f f o r d s t a b i l i z a t i o n i n the event o f 

n u c l e o p h i l i c a t t a c k by way o f mesomeric e l e c t r o n r e l e a s e , and so, 

r e l a t i v e to the o t h e r p o s i t i o n s , which do have para f l u o r i n e 

s u b s t i t u e n t s , the 4 - p o s i t i o n i s doubly a c t i v a t e d . 

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 Pe r h a l o g e n o p y r i d i n e s 

F o l l o w i n g t h e i r i n v e s t i g a t i o n s i n t o the r e a c t i o n o f penta -

f l u o r o p y r i d i n e w i t h a number o f n u o l e o p h i l i c r e a g e n t s , workers i n 
51 

these l a b o r a t o r i e s have s t u d i e d the s u b s t i t u t i o n o c c u r r i n g i n 3 -

c h l o r o t e t r a f l u o r o p y r i d i n e and 3 9 5 - | i ; f c c b l o r o t r i f l u o r o p y r i d i n e w i t h 

n u c l e o p h i l e s , e s p e c i a l l y i n r e l a t i o n to t h a t o c c u r r i n g i n p e n t a -

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

When p e n t a f i u o r o p y r i d i n e was t r e a t e d w i t h potassium h y d r o x i d e 

i n aqueous s o l u t i o n a s i n g l e product was i s o l a t e d , t e t r a f l u o r o - 4 -

h y d r o x y p y r i d i n e . However, when t - b u t a n o l was used as s o l v e n t a 

m i x t u r e o f isomers, w i t h the s u b s t i t u e n t i n the 4- and 2 - p o s i t i o n , 

r e s p e c t i v e l y was o b t a i n e d . OH 

CD KOH 
t - b u t a n o l 

(90%) (10%) r e f l u x 

65% y i e l d 
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When 3 - e h l o r o t e t r a f l u o r o p y r i d i n e was heated w i t h an aqueous s o l u t i o n 

o f potassium h y d r o x i d e , a g a i n a m i x t u r e o f two isomers was 

produced. These were 4 - h y d r o x y - 3 - c h l o r o t r i f l u o r o p y r i d i n e and 6 -

h y d r o x y - 3 - c h l o r o t r i f l u o r o p y r i d i n e i n the r a t i o n 3x1. More 

s u r p r i s i n g s t i l l , i n the l i g h t o f the l a r g e number o f examples o f 

n u c l e o p h i l i c displacement i n p o l y f l u o r o p y r i d i n e s , which have 

r e s u l t e d i n a t l e a s t 90$ p r e f e r e n c e f o r the 4 - p o s i t i o n , i s the 

r e a c t i o n between 3 - c h l o r o t e t r a f l u o r o p y r i d i n e and potassium hydroxide 

when t - b u t a n o l i s used as s o l v e n t . Here, the p r o d u c t was a m i x t u r e 

o f t h r e e isomers, the 4-hydroxy—6-hydroxy-, and 2-hydroxy-

compounds i n the r a t i o 5*5*3*5*1 r e s p e c t i v e l y . 

The c o n s i d e r a b l e amount o f a t t a c k a t the 6-posi.tion, which i s 

not r e f l e c t e d i n o t h e r r e a c t i o n s suggests t h a t s t e r i c f a c t o r s are 

i n f l u e n c i n g the o r i e n t a t i o n o f a t t a c k , as t h i s p o s i t i o n i s the most 

f a v o u r a b l e from the view o f a l a r g e approaching n u c l e o p h i l i c 

fragment. 

T h i s i s confirmed by the o b s e r v a t i o n t h a t potassium hydroxide 

i n t - b u t a n o l gave w i t h 3> 5 - d - i c h l o r o t r i f l u o r o p y r i d i n e a m i x t u r e 

OH in 
CI F 

4-t - b u t a n o l ^ OH F P 
KOH 

35$ 10$ 55$ 
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c o n t a i n i n g a predominance o f the 2 - h y d r o x y - d e r i v a t i v e , i . e . 3, 5-

d i c h l o r o - 2 - h y d r o x y d i f l u o r o p y r i d i n e (70$) and 3, 5 - d i c h l o r o - 4 -

h y d r o x y d i f l u o r o p y r i d i n e ( 3 0 $ ) , whereas the c o m p o s i t i o n of the 

p r o d u c t o b t a i n e d by u s i n g aqueous potassium hydroxide was 90$ 4 -

hydroxy- and 10$ 2-hydroxy- 3, 5 - d i c h l o r o d i f l u o r o p y r i d i n e . 

P OH 
" % c i Cl + KOH OH 

N N 

30$ 70$ 

85$ y i e l d 

The exact mechanism o f a t t a c k i n these r e a c t i o n s i s not f u l l y 

understood but i t seems l i k e l y t h a t the v a r i a t i o n s i n p o s i t i o n s o f 

a t t a c k d e s c r i b e d above are due--to ster-i-c c o n s i d e r a t i o n s brought __ 

about by the s o l v a t i o n o f the a t t a c k i n g h y d r o x y l i o n by b u l k y 

b u t a n o l molecules. Obviously, these f a c t o r s w i l l not be as 

pronounced when water i s the s o l v e n t , the a t t a c k i n g fragment b e i n g 

so much s m a l l e r . 

The p o s s i b i l i t y t h a t these r e a c t i o n s i n b u t a n o l as s o l v e n t 

i n v o l v e i n i t i a l a t t a c k by t - b u t o x i d e i o n i s u n l i k e l y , s i n c e i t has 

been shown t h a t a t - b u t o x y s u b s t i t u e n t i s not cleaved to g i v e a 
52 

h y d r o x y - d e r i v a t i v e by the c o n d i t i o n s used i n these r e a c t i o n s . 

Reactions between 3 - c h l o r o t e t r a f l u o r o p y r i d i n e and 3, 5 - d i c h l o r o -



- 109 -

t r i f l u o r o p y r i d i n e w i t h n i t r o g e n bases such as ammonia and hydrazine 

demonstrated t h a t the 4 - p o s i t i o n was s t i l l t he most r e a c t i v e s i t e i n 

each case. Thus, 3 - c h l o r o t e t r a f l u o r o p y r i d i n e r e a c t s w i t h hydrazine 

hydrate i n dioxan t o g i v e e x c l u s i v e l y 3 - c h l o r o t r i f l u o r o - 4 - h y d r a z i n o -

p y r i d i n e i n 70% y i e l d . This was converted t o 3 - c h l o r o t r i f l u o r o - 4 -

a m i n o p y r i d i n e by r e a c t i o n w i t h aqueous hydro i o d i c a c i d . The same 

amino-compound was formed by d i r e c t r e a c t i o n between aqueous ammonia 

and 3-chloro t e t r a f 1 u o r o p y r i d i n e . 

NHNHv 

NHgBHgHgO aq HI 

dioxan 

NH. F 

60% y i e l d ^TT 85% y i e l d •N 

S i m i l a r r e a c t i o n s were c a r r i e d out w i t h 3 j 5 - d i c h l o r o t r i f l u o r o ­

p y r i d i n e . 

I n a number o f c o m p e t i t i o n experiments w i t h ammonia i t was 

shown t h a t the s u s c e p t i b i l i t y towards n u c l e o p h i l i e s u b s t i t u t i o n 

increases i n the s e r i e s p e n t a f l u o r o p y r i d i n e ^ 3 - c h l o r c t e t r a f l u o r o -

p y r i d i n s < 3 > 5 - f l i c b . l o r o t r i f l u o r o p y r i d i n e i n the r a t i o 1:3*7s 12*6, 

r e s p e c t i v e l y . This t r e n d i s c o n s i s t e n t w i t h the known g r e a t e r 

r e s u l t a n t ( o f i n d u c t i v e and mesomeric e f f e c t s ) e l e c t r o n w i t h d r a w i n g 

c a p a c i t y o f c h l o r i n e over f l u o r i n e i n an aromatic system. 
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"The increase o f covalency i n v o l v e d i n mesoraeric e f f e c t i s p a r t i a l 

double bond f o r m a t i o n , and, becasue o f the o v e r l a p p r i n c i p l e , 

double bonds are more e a s i l y formed when the atoms concerned, i n 

p a r t i c u l a r the p - o r b i t a l s of t h e i r valency s h e l l s , are about the 

same s i z e . Therefore one can understand t h a t the halogens s t a n d 

i n the f o l l o w i n g o r d e r w i t h r e s p e c t t o t h e i r c a p a c i t y to in c r e a s e 

covalency by t h e mesomeric e f f e c t : -

P > CI > B r > I . " 5 3 
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P r e p a r a t i o n o f F l u o r o p y r i d i n e s w i t h f u n c t i o n a l groups by 

F l u o r i n a t i o n o f Hydrogen Compounds 

A co m p l e t e l y d i f f e r e n t method o f approaching the problem o f 

o b t a i n i n g f l u o r o p y r i d i n e s c o n t a i n i n g f u n c t i o n a l groups has been 
54 

e x p l o r e d by workers i n Manchester. This i n v o l v e s s t a r t i n g w i t h 

a p y r i d i n e a l r e a d y possessing a f u n c t i o n a l group i n the r i n g and 

c a r r y i n g out an e l e c t r o c h e m i c a l f l u o r i n a t i o n f o l l o w e d by d e f l u o r i n a t i o n 
55 56 

as i n the p r e p a r a t i o n o f p e n t a f l u o r o p y r i d i n e i t s e l f , t o g i v e 

the aromatic f l u o r o p y r i d i n e r e t a i n i n g the f l u o r i n a t e d s u b s t i t u e n t . 

I n t h i s way, p e r f l u o r o - ( 2 - , 3 - and 4 - m e t h y l p y r i d i n e i ) have 

been prepared. This method, o f course, s u f f e r s from the g r e a t 

disadvantage t h a t t h e y i e l d s from t h e f i r s t stage o f the process, 

the" e l e c t r o c h e m i c a l f l u o - r i n a t i o n - are very -low; so low- as to 

p r e c l u d e i t as a p r a c t i c a l r o u t e t o s u b s t i t u t e d compounds. 

I t does have the advantage, however, o f be i n g able to produce 

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

p o s i t i o n 4 . F CF. 
CH. 

H 
•N5 

Electrochem. 
F l u o r i n a t i o n 

2% 

H 
F 

Fe 590°/2mm^ 

A H 

CF 3 

COOFI 

> 
v.N ; 

Fuming 
H 2 S ° 4 

98$ 
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I t has been demonstrated that perfluoro-(4-roethylpyridine) can be 

converted i n t o f l u o r o p y r i d i n e s w i t h other f u n c t i o n a l groups i n the 

4-position, but no report has been made of the a p p l i c a t i o n of the 

other p e r f l u o r o p i c o l i n e s to the preparation of f l u o r o p y r i d i n e s w i t h 

substituents i n positions other than position-4. 

The conversion of perfluoro-(4-methylpyridine) to p e r f l u o r o -

i s o n i c o t i n i c acid by hydrolysis w i t h sulphuric acid, and the 

subsequent decarboxylation to 2:, 3» 5, 6 t e t r a f l u o r o p y r i d i n e has 

proved chemically the structures of the compounds obtained by the 
44 

d i r e c t reaction of pentafluoropyridine w i t h propenyl l i t h i u m and 

l i t h i u m aluminium hydride, respectively. 



Chapter 5 

DISCUSSION OF EXPERIMENTAL WORK 
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Preparation of Grignard Reagents of Polyfluoropyridines 

Investigations i n t o the nuc l e o p h i l i c reactions of p e r f l u o r o -

and p o l y f l u o r o pyridines demonstrated that t h i s method of i n t r o ­

ducing f u n c t i o n a l groups was completely unsatisfactory f o r 

synthesising compounds w i t h the substituent i n a j j - p o s i t i o n . 

The ready a v a i l a b i l i t y of 3 - c h l o r o t e t r a f l u o r o - and 3> 5 - d i -

c h l o r o t r i f l u o r o p y r i d i n e makes them natural s t a r t i n g materials i n a 

study of j j - s u b s t i t u t e d compounds since the chlorine atoms act as 

reactive centres i n the molecule i n the preparation of Grignard 

reagents. 

3-Chlorotetrafluoropyridine was refluxed w i t h dry magnesium, 

previously activated by gr i n d i n g w i t h a c r y s t a l of iodine, i n d i e t h y l 

ether f o r 3lr hours, w i t h occasional a d d i t i o n of dibromoethane to 

maintain an active surface on the magnesium. A f t e r hydrolysis of 

the mixture, a n a l y t i c a l - s c a l e v.p.c. showed that Grignard formation 

had occurred, although re a c t i o n was incomplete since approximately 

equimoiar q u a n t i t i e s of 3 - c h l o r o t e t r a f l u o r o p y r i d i n e and 2, 4> 5> 6-

t e t r a f l u o r o p y r i d i n e were obtained. 

/ X c i 
Et20/Mg 

r e f l u x N r e f l u x , 3ir hrs 

H„0 F 
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Using the same solvent, an attempt was made to prepare a 

Grignard d e r i v a t i v e of 3> 5 - d i c h l o r o t r i f l u o r o p y r i d i n e . The 

magnesium was d r i e d and ac t i v a t e d w i t h ethylene dibromide and the 

reaction mixture reflu x e d f o r 3 hours. A f t e r hydrolysis and work 

up as before, incomplete reaction was again observed. The product 

was shown to contain 60% unreacted s t a r t i n g material and 40% 

3-chloro -2, 4, 6 - t r i f l u o r o p y r i d i n e , demonstrating the formation 

of a mono-Grignard reagent. 

CI / - % C 1 C l ^ X S ^ MgCl C 1 / % H 
P Et20/Mg |[ P J H20 
W r e f l u x , 3 hrs ^H"^ 

Because, i n both these experiments, incomplete re a c t i o n was achieved, 

i t was decided to use a higher b o i l i n g ether as solvent i n the hope 

that the increased r e f l u x temperature would push the reaction 

through to completion. 

3-Chlorotetrafluoropyridine v/as reflu x e d w i t h a c t i v a t e d magnesium 

i n d i - n - b u t y l ether f o r 18 hours. A f t e r hydrolysis a n a l y t i c a l -

scale v.p.c. showed that no 2, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e had been 

produced and the s t a r t i n g material was recovered unreacted. F a i l u r e 

to form any Grignard reagent at a l l i n t h i s solvent i s presumably 

due to the f a c t that t h i s much larger ether molecule i s unable, due 

to s t e r i c hinderance, to s t a b l i z e the f l u o r o p y r i d y l magnesium 

chloride. 
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Tetrahydrofuran has been used w i t h success on many occasions 

i n the formation of Grignard reagents and the p o s s i b i l i t i e s of i t s 

a p p l i c a t i o n i n the synthesis of p e r f l u o r o p y r i d y l magnesium halides 

were explored. 

When 3 - c h l o r o t e t r a f l u o r o p y r i d i n e was added to activated 

magnesium i n dry tetrahydrofuran at room temperature a spontaneous 

reaction occurred causing the solvent to r e f l u x . The reaction was 
o 

maintained at a temperature of 60 C f o r a f u r t h e r hour, cooled and 

hydrolysed. Vapour phase chromatography showed that a l l the 

s t a r t i n g material had been consumed to produce a small quantity of 

2, 4> 5» 6 - t e t r a f l u o r o p y r i d i n e . Removal of the v o l a t i l e components 

from the reaction product gave a brown polymeric residue. This was 

shown by .infra red spectroscopy t o c o n t a i n p o l y f l u o r o p y r i d y l u n i t s 

as well as carbon-hydrogen functions. 

The formation of polymeric material i n the reactive system using 

T.H.P. as solvent i s probably due to two types of decomposition of 

the Grignard taking place. The f i r s t i s one i n which the 4-

f l u o r i n e of known s u s c e p t i b i l i t y to 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 a 

molecule of 3 - c h l o r o t e t r a f l u o r o p y r i d i n e , or i n a "molecule" of 

Grignard reagent i s attacked by the carbanionic part of more 

p y r i d y l magnesium halide. A series of such reactions w i l l 

obviously produce polymeric ma t e r i a l . 
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MgCl MgCl 
IMgCl P N etc. 

P.v MgCL F 

N N 

The second mechanism of decomposition i s v i a a pyridyne 

intermediate. Since i t has been shown that a f l u o r i n e atom i n 

the 4-position i s eesily removed as a f l u o r i d e i o n , i t seems quite 

l i k e l y that t h i s process might occur intra-molecularly w i t h the 

formation of a t r i f l u o r o p y r i d y n e . 

P MgCl P P 

^P P P P •N 

This of course w i l l be extremely reactive and probably react 

with an adjacent solvent molecule. A s i m i l a r mechanism has been 

postulated f o r the decomposition of pentafluorophenyl magnesium 

chloride i n benzene to give 2, 3» 4> 5-tetrafluorohiphenyl. 

H o p 

p s2 0 
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Thus, when tetrahydrofuran was used as a solvent Grignard 

formation apparently took place and the problem then became one 

of moderating the conditions of the r e a c t i o n so that the Grignard 

reagent existed f o r a length of tine s u f f i c i e n t f o r a c o n t r o l l e d 

reaction w i t h a desired reactant. 

Several experiments were performed i n which the Grignard 

reagent of 3 - c h l o r o t e t r a f l u o r o p y r i d i n e i n T.H.P. was reacted w i t h 

carbon dioxide. 

None of these reactions produced material other than polymeric 

f l u o r o p y r i d i n e carboxylic acids when the temperature was above 0°C. 

The acid polymers w i l l be formed by carbonation of the remaining 

Grignard functions i n the polymer described previously. 

N N 0 » 
^ M g C l 

) CO 

F N 
/ F \ s J 

N 

I n an attempt to reduce the amount of polymerisation, 2, 4, 5i 

6 - t e t r a f l u o r o p y r i d y l magnesium chloride was prepared i n T.H.F. while 

the temperature was maintained between -10°C and 0°C. A f t e r 15 

minutes carbon dioxide was bubbled i n t o the r e a c t i o n mixture at 

-10°C. Following a c i d i f i c a t i o n and ether e x t r a c t i o n , the product 

was shown to contain 2, 4, 5, 6 - t e t r a f l u o r o n i c o t i n i c acid i n 28$ 
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y i e l d , the major product s t i l l being polymeric pe r f l u o r o p y r i d i n e 

carboxylic acids. 

The y i e l d of p e r f l u o r o n i c o t i n i c acid by t h i s route may possibly 

be increased by preparing the Grignard reagent i n T.K.P. through 

which a stream of carbon dioxide i s passing, i n the hope that 

carbonation w i l l occur immediately the reagent i s formed. This 
2 

technique has been applied to other systems i n which unstable 

Grignard reagents are used. 

I n a separate experiment, t e t r a f l u o r o p y r i d y l magnesium chloride 
o 

was prepared i n T.H.P. at -15 C, and allowed to warm to room 

temperature i n the presence of N-methylformanilide. No 3-alde-

hxdo-tetrafluoropyridine was produced; the only product was a brown 

polymeric s o l i d . 

Experiments conducted at temperatures lower than -20°C showed 

that Grignard formation, even w i t h a c t i v a t e d magnesium, was very 

slow under such conditions. 

The o v e r r i d i n g disadvantage of these Grignard reagents as 

intermediates i n the synthesis of new ^-substituted compounds i s 

t h e i r tendency to form polymers. The problem i s associated w i t h 

the f a c t that at the temperature required to form the reagent, the 

adjacent l a b i l e f l u o r i n e atom tends to react w i t h another species 
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i n the system. This s i t u a t i o n does not ari s e to the same extent 

i n the preparation of Grignard reagents from bromo- ar iodo-

compounds because normally i n i t i a l Grignard formation occurs more 

r e a d i l y than i n the corresponding chloro-compound. This i s 

demonstrated i n the preparation of pentafluorophenyl magnesium 

halides from iodo-, bromo- and chloro- pentafluorobenzene. The 

iodo- and bromo- compounds react r e a d i l y wi t h magnesium i n d i e t h y l 

ether,^ but continuous a c t i v a t i o n w i t h ethylene dibromide i s 
4 

necessary before reaction w i t h chloro-pentafluorobenzene i s 

complete. 
A f u r t h e r example i s the r e l a t i v e ease of formation of the 

5 

Grignard reagent from 4-bromotetrafluoropyridine, the s t a b i l i t y 

of which i s greater than that from 3 - c h l o r o - t e t r a f l u o r o p y r i d i n e by 

v i r t u e of the f a c t t h a t the adjacent f l u o r i n e atoms are not 

nearly so l a b i l e as that i n the 4-position. 
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Preparation of Grignard Reagents by Exchange Reactions 

Apart from the d i r e c t preparation of f l u o r i n e containing 

Grignard reagents described above, a r e l a t i v l y new method 

i n v o l v i n g an exchange process had also been reported. Thus, 
6 

McBee et a l . , prepared heptafluoropropyl magnesium bromide by 

react i o n between phenyl magnesium bromide and perfluoropropyl 

iodide. 

C ^ I +- PhMgBr »- C^^gBr + Phi 
7 

Also, Tamborski and co-workers have shown that hydrogen i n 

c e r t a i n polyfluorobenzenes i s s u f f i c i e n t l y a c i d i c to p a r t i c i p a t e 

i n an exchange reaction of the types-

^S^MgB 
+ C0HcMgBr 2"6 

Since Rochow indicates that f o r the replacement of hydrogen as 

i n the l a t t e r type of reaction a pka value of 21 or less i s 

required, i t would appear that the value f o r pentafluorobenzene is 

21 car less. I n view of t h i s , i t seemed l i k e l y that the values f o r 

the hydrofluoropyridines prepared by the c a t a l y t i c reduction process 

(see l a t e r ) would probably be such as to allow an analogous 

exchange reaction to take place. 

A few experiments were performed to see i f t h i s was the case. 
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When 2, 4» 5i 6 - t e t r a f l u o r o p y r i d i n e was mixed w i t h excess methyl 

magnesium iodide i n d i e t h y l ether at room temperature 87$ of the 

t h e o r e t i c a l volume of methane was evolved. However, when carbon 

dioxide was bubbled in t o the mixture and the reaction worked up as 

previously described, no detectable quantity of 2, 4j 5j 6 - t e t r a -

f l u o r o n i c o t i n i c acid was recovered. This was not altogether 

s u r p r i s i n g as i t had been reported"^ that carbonation of pentafluoro-

phenyl magnesium halides i n d i e t h y l ether gives very poor y i e l d s of 
9 

pentafluorobenzoic acid. Later work showed that the y i e l d s were 

considerably improved when tetrahydrofuran was used as solvent. 

With t h i s i n view, the experiment was repeated under the same 

conditions except that the hydrofluoropyridine was dissolved i n 

T.H.F. and cooled to -70°C. The a l k y l Gr-ignard reagent, i n d i e t h y l 

ether, was added at -70°C and the mixture allowed to warm slowly to 

0°C. Carbon dioxide was passed i n t o the reaction atO°C and, a f t e r 

a c i d i f i c a t i o n and ether e x t r a c t i o n , 2, 4, 5J 6 - t e t r a f l u o r o n i c o t i n i c 

acid was recovered i n 2% y i e l d . Apparently, the presence of 

d i e t h y l ether i n the system was s u f f i c i e n t to a t a b l i s e the f l u o r o -

p y r i d y l Grignard reagent against r e a c t i o n w i t h carbon dioxide. 

Because considerably more success was being achieved using poly-

f l u o r o p y r i d y l l i t h i u m d e r i v a t i v e s at t h i s time, the exchange 

reactions of Grignard reagents was pursued no f u r t h e r . 
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C a t a l y t i c Reduction of Perfluoro and Chlorofluoro-pyridines 

Highly f l u o r i n a t e d pyridines containing hydrogen and chlorine 

can "be prepared by the reaction of anhydrous potassium f l u o r i d e on 

t e t r a chloropyridines"^ but, attempts to replace a l l of the 

chlorine by f l u o r i n e caused decomposition so t h a t the t e t r a -

f l u o r o p y r i d i n e s were not d i r e c t l y a v a i l a b l e v i a t h i s route. The 

symmetrical 2, 4, 6 - t r i f l u o r o p y r i d i n e can however be prepared by the 

halogen exchange reaction on the corresponding t r i c h l o r o p y r i d i n e . ^ 

As t h i s was the state of a f f a i r s when work was begun, i t seemed 

reasonable to explore the p o s s i b i l i t i e s of reducing the highly 

f l u o r i n a t e d p y r i d i n e s , which were ava i l a b l e by the f l u o r i n a t i o n of 

pentachloropyridine, w i t h the i n t e n t i o n of producing pyridines 

containing only f l u o r i n e and hydrogen as substituents. I t was 

thought that i f t h i s could be accomplished, the hydrogen i n the 

molecule would probably act as a reactive centre and prove these 

compounds to be valuable intermediates i n the synthesis of new 

d e r i v a t i v e s . This has, i n f a c t , been shown to be the case. 

The method used f o r the reduction of the p e r f l u o r o - and 

chlorofluoropyridines involved the passage of the vapour of the 

pyridine d e r i v a t i v e on a stream of dry hydrogen over a heated 

ca t a l y s t consisting of palladium on a c t i v a t e d charcoal. This 

method had previously been applied to the replacement of aromatic 
12 

chlorine by hydrogen. 
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The c a t a l y s t , 10JS palladium and 90/6 a c t i v a t e d charcoal, was 

prepared "by d i s s o l v i n g a palladium s a l t or palladium hydroxide i n 

d i l u t e hydrochloric acid and adding hot a c t i v a t e d charcoal. The 

palladium was deposited on the surface of the carbon and most of 

the water was removed by evaporation. Pinal drying of the 

ca t a l y s t was effected by warming under vacuum followed by heating 

to 300°C i n a current of dry nitrogen. The c a t a l y s t was 
o o 

maintained at 200 - 300 C between reduction experiments to prevent 

the absorption of moisture. 

The reduction apparatus (Pig. 4. page'72.) consisted of a flow 

meter through which the dry hydrogen passed before entering a f l a s h 

d i s t i l l a t i o n u n i t , from where the vapour of the compound to be 

reduced was c a r r i e d on the current of hydrogen i n t o a s i l i c a tube 

packed w i t h the ca t a l y s t and heated by an e l e c t r i c furnace. The 

emergent product was condensed i n a trap cooled i n l i q u i d a i r and 

the excess hydrogen allowed to escape through a window. 

Chlorine i n 3 - c h l o r o t e t r a f l u o r o p y r i d i n e was replaced by 

hydrogen i n preference to f l u o r i n e . Thus when 3-dhlorotetra-

f l u o r o p y r i d i n e was passed, i n a stream of dry hydrogen (50 ml/min), 

over the c a t a l y s t at 250°C, the p r i n c i p a l product was 2, 4, 5> 6-

t e t r a f l u o r o p y r i d i n e («v75$ yield.)- However, t h i s was accompanied 

by a small amount (^5$) of 2, 5, 6 - t r i f l u o r o p y r i d i n e r e s u l t i n g from 
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the replacement of the 4 - f l u o r i n e i n the s t a r t i n g m aterial. 

H 
Cl 

F 

N 

H /Pd/C —' —>- F 

250°C N N 

75# 

The reaction temperature and hydrogen flow rate quoted above 

were those found to give the optimum y i e l d of 2, 4, 5» 6 - t e t r a -

f l u o r o p y r i d i n e . A higher c a t a l y s t temperature caused a greater 

proportion of 2, 5» 6 - t r i f l u o r o p y r i d i n e to be formed. When a lower 

flow rate and/or temperature was employed unreacted 3-chlorotetra-

f l u o r o p y r i d i n e was recovered together w i t h the products at the end 

of the reaction. S i m i l a r l y , by t r i a l and e r r o r i t was found that 

when using apparatus of these dimensions (see EXPERIMENTAL SECTION) 

the most e f f i c i e n t r a t e of ad d i t i o n of 3 - c h l o r o t e t r a f l u o r o p y r i d i n e 

was of the order 0-1 gm/min. I f the rate of a d d i t i o n was greater 

than t h i s , incomplete re a c t i o n occurred and s t a r t i n g material was 

recovered. Slower a d d i t i o n made the time of a reaction unnecessarily 

long. Presumably, i f a larg e r apparatus, containing more c a t a l y s t , 

were employed the through-put would be greater. 

With experiments on the scale reported, at least 1 gm. of 3-

c h l o r o t e t r a f l u o r o p y r i d i n e was required before useful products were 

obtained. 

A f t e r a l l the s t a r t i n g material had been f l a s h - d i s t i l l e d the 

apparatus was swept w i t h hydrogen f o r a f u r t h e r two hours i n order 
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that a l l of the product absorbed by the c a t a l y s t would be c a r r i e d 

i n t o the l i q u i d a i r trap. 

When 31 5 - d . i c h l o r o t r i f l u o r o p y r i d i n e was passed through the 

reductor, again p r e f e r e n t i a l replacement of chlorine over f l u o r i n e 

by hydrogen was shown to occur. Using the same experimental 

technique as that employed i n the reduction of the monochloro-

compound, but ca r r y i n g the d i c h l o r o t r i f l u o r o p y r i d i n e vapour on a 

current of hydrogen fl o w i n g at 80 ml/min, over the c a t a l y s t at a 

temperature of 280°C, a single compound was produced. This was 

shown to be 2, 4, 6 - t r i f l u o r o p y r i d i n e (75$ y i e l d ) , i . e . both 

chlorine atoms had been replaced without s u b s t i t u t i o n of a f l u o r i n e 

atom. 

Under d i f f e r e n t reaction conditions, w i t h a c a t a l y s t temperature 

of 290°C and a hydrogen flow rate of 100 ml/min, three products 

were i s o l a t e d . These were 3-chloro - 2 , 4» 6 - t r i f l u o r o p y r i d i n e , 

2, 4, 6 - t r i f l u o r o p y r i d i n e and 2, 6 - d i f l u o r o p y r i d i n e , demonstrating 

the stepwise replacement of f i r s t one ch l o r i n e , then the second 

chlorine followed by replacement o f the 4 - f l u o r i n e . 

CI H2/Pd/C 

280 , 80 ml/min 
N 

280°, 80 ml/mini F 

N ^ 
1% y i e l d 
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H^d/C 100 ml/min H( 

290° C 

50 mole $ 20 mole % 30 mole 

The higher temperature i n t h i s second case enabled the 

replacement of f l u o r i n e to occur but because of the high flow r a t e 

the compounds were swept through the apparatus before complete 

s u b s t i t u t i o n could take place. Presumably by using a lower flow 

r a t e and/or higher temperatures a greater proportion of the dihydro-

and t r i h y d r o - p y r i d i n e s would be produced. 

When conditions intermediate between those which produced only 

2, 4, 6 - t r i f l u o r o p y r i d i n e , and those which produced 2, 6 - d i f l u o r o -

py-r-i-d-ine- were used,- the r e l a t i v e pro.p.o.rtions of the three products 

described above varied as expected. 

Following the observation that replacement of f l u o r i n e was 

possible using t h i s technique i t was decided to investigate the 

c a t a l y t i c reduction of pentafluoropyridine. Pentafluoropyridine 

was passed through the reductor, w i t h a c a t a l y s t temperature of 

320°C. Considerable decomposition occurred and the product trap 

was shown to contain p r i n c i p a l l y unreacted pentafluoropyridine 

together w i t h 2, 3, 5> 6 - t e t r a f l u o r o p y r i d i n e (30$ y i e l d ) , 3» 4} 5» 

6 - t e t r a f l u o r o p y r i d i n e (5$ y i e l d ) and 2, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e 
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« 1 # y i e l d ) . 

0 H?/Pd/C 60 ml/min P 
H 

320 C N .N 

3055 5# 

o With r e a c t i o n temperatures l e s s than 320 C, lower y i e l d s o f 

hydrofluorocompounds were o b t a i n e d as i l l u s t r a t e d by the experiment 

conducted w i t h the c a t a l y s t temperature a t 250°C when co n v e r s i o n o f 

p e n t a f l u o r o p y r i d i n e produced 2, 3, 5> 6 - t e t r a f l u o r o p y r i d i n e and 3f 4> 

5, 6 - t e t r a f l u o r o p y r i d i n e i n o n l y 15$ and 3$ y i e l d r e s p e c t i v e l y . 

I n experiments where c a t a l y s t temperatures h i g h e r than 320°C 

were employed, excessive decomposition tended t o occur and the y i e l d s 

o f h y d r o f r u o r o p y r i d i n e s were - very lowT The e x t e n t ~of breakdown~of— 

the perfluorocompound was so g r e a t t h a t the c a t a l y s t soon became 

poisoned and i n e f f i c i e n t . The hydrogen f l u o r i d e produced i n t h e 

decomposition e v e n t u a l l y destroyed the s i l i c a f u r n a c e tube 

n e c e s s i t a t i n g i t s replacement t o g e t h e r w i t h the c a t a l y s t . 

Thus, the best y i e l d s o f raonohydrofluoropyridines from p e n t a ­

f l u o r o p y r i d i n e were o b t a i n e d by c a r r y i n g out the r e d u c t i o n a t 320°C, 

and r e c y c l i n g t h e p r o d u c t u n t i l a good c o n v e r s i o n was o b t a i n e d . 

Obviously, the l a r g e r the number o f such r e c y c l i n g o p e r a t i o n s , 

the g r e a t e r t h e amount o f decomposition which o c c u r r e d , b u t t h i s 

procedure was necessary i n o r d e r t o reduce the p r o p o r t i o n o f 

unreacted p e n t a f l u o r o p y r i d i n e r e l a t i v e t o 3> 4 f 5> 6 - t e t r a f l u o r o -
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p y r i d i n e BO t h a t a vapour phase chromatographic s e p a r a t i o n o f these 

two compounds, which had very s i m i l a r r e t e n t i o n t i m e s , c o u l d be 

e f f e c t e d . 

The r e s u l t s o f the c a t a l y t i c r e d u c t i o n o f these f l u o r i n a t e d 

p y r i d i n e s are i n t e r e s t i n g f o r a number o f reasons. 

I n none o f t h e experiments performed was a compound i s o l a t e d i n 

which a d d i t i o n o f hydrogen had o c c u r r e d to d e s t r o y the aromatic 

c h a r a c t e r o f t h e system, i . e . o n l y s u b s t i t u t i o n took p l a c e . This 

i s q u i t e d i f f e r e n t from the case o f p y r i d i n e which i s very e a s i l y 

reduced by a number o f techniques i n c l u d i n g b o t h chemical and 

c a t a l y t i c methods. 

T y p i c a l o f the chemical methods of r e d u c t i o n i s the r e a c t i o n _ o f 

p y r i d i n e w i t h sodium i n e t h a n o l , ^ t h e mechanism of which i s 

b e l i e v e d t o i n v o l v e the i n i t i a l a d d i t i o n o f sodium t o the r i n g . 

P r o t o n a b s t r a c t i o n from the s o l v e n t then produces h y d r o p y r i d i n e s 

a l t h o u g h n o r m a l l y the r e a c t i o n proceeds a l l the way t o the p i p e r i d i n e 

d e r i v a t i v e . 

Na + H H 6 Na Na e t c 

•N N N N N 
H Na Ha Na 
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Most c a t a l y s t s which have "been used f o r the a d d i t i o n o f 

hydrogen t o m u l t i p l e l i n k a g e s have a l s o been used f o r r e d u c t i o n 

o f p y r i d i n e s t o p i p e r i d i n e s e.g. Hg/Raney n i c k e l a t 120°C. 

Reduction w i t h noble metal c a t a l y s t s proceeds smoothly even a t 

20°C when the "bases are i n the form o f h y d r o c h l o r i d e s ; t h e f r e e 

bases tend t o poi s o n the c a t a l y s t presumably because they are 

s t r o n g l y absorbed on the a c t i v e s u r f a c e . Using a 5$ rodium 

carbon"^ c a t a l y s t a t 55° - 60°C r e d u c t i o n s have been performed 

i n the absence o f a c i d . 

A p a r t from t h i s aspect o f the d i f f e r e n c e i n the s u s c e p t i b i l i t y 

t o h y d rogenation between p y r i d i n e and i t s f l u o r i n a t e d anologues, 

i t i s i n t e r e s t i n g t o compare t h e products o b t a i n e d from t h e 

hydro gena.t.ion.,. which i s a f r e e r a d i c a l r e a c t i o n , and n u c l e o p h i l i c 

r e a c t i o n s o f p e n t a f l u o r o - and c h l o r o f l u o r o p y r i d i n e s - . 

As p r e v i o u s l y discussed i n some d e t a i l (page 107 )» 3 - c h l o r o -

t e t r a f l u o r o p y r i d i n e and 3» 5 - d i c h l o r o t r i f l u o r o p y r i dine are h i g h 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 b ut i n none o f the r e a c t i o n s 
15 

r e p o r t e d was c h l o r i n e r e p l a c e d , i . e . a l l the n u c l e o p h i l i c reagents 

p r e f e r e n t i a l l y r e p l a c e d a f l u o r i n e atom i n an ci-or J f - p o s i t i o n . 

However, when these same chlorofluoro-compounds were r e a c t e d w i t h 

hydrogen i n the present o f the c a t a l y s t p r e f e r e n t i a l replacement 

o f c h l o r i n e o c c u r r e d and o n l y when a l l t h e a v a i l a b l e c h l o r i n e had be 

removed was f l u o r i n e s u b s t i t u t e d . 
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The d i f f e r e n c e i n t h e r e s u l t s o f the two types o f s u b s t i t u t i o n 

i s a p p a r e n t l y caused by the d i f f e r e n t f a c t o r s which govern the mode 

o f a t t a c k o f n u c l e o p h i l e s and f r e e r a d i c a l s . 

I n the one case, n u c l e o p h i l i c reagents w i l l p r i m a r i l y a t t a c k 

those carbon atoms o f lowest e l e c t r o n d e n s i t y , which i n the p o l y -

f l u o r o p y r i d i n e system, are i n t h e 2, 4, 6 - p o s i t i o n s , the H-position 

no r m a l l y b e i n g most s u s c e p t i b l e , a l t h o u g h , as e x p l a i n e d (page 108 ) 

s t e r i c c o n s i d e r a t i o n s o f t e n have some b e a r i n g on the r e s u l t . 

I n t h e c a t a l y t i c r e d u c t i o n process, on the o t h e r hand, f r e e 

r a d i c a l s u b s t i t u t i o n w i l l occur a t the weakest bond. Thus i n th e 

c h l o r o f l u o r o p y r i d i n e s , the c h l o r i n e - c a r b o n bonds are weaker than the 

f l u o r i n e - c a r b o n bonds and so the a t t a c k i n g atom s u b s t i t u t e s c h l o r i n e 

p r e f e r e n t i a l l y . 

Py.Cl +- H* v- py* + HC1 

Py' + H 2 *- PyH + H* 

When no c h l o r i n e i s p r e s e n t i n the molecule, as w i t h p e n t a -

f l u o r o p y r i d i n e , the hydrogen atoms w i l l p r e f e r e n t i a l l y r e p l a c e the 

f l u o r i n e atom whose bond w i t h the r i n g carbon i s weakest. The 

e xperimental evidence would seem to suggest t h a t the weakest bond i s 

the one formed by the f l u o r i n e i n the 4 - p o s i t i o n . T his i s not 

s u r p r i s i n g as t h i s p o s i t i o n i s unique i n n o t h a v i n g a para 

f l u o r i n e atom which c o u l d i n c r e a s e the e l e c t r o n d e n s i t y i n the 

c a r b o n - f l u o r i n e bond r e g i o n by mesomeric e l e c t r o n r e l e a s e . F u r t h e r , 

as had been demonstrated i n o t h e r s i t u a t i o n , the r i n g n i t r o g e n 
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m a i n t a i n s i t s o v e r r i d i n g i n f l u e n c e on t h e e l e c t r o n i c arrangements 

w i t h i n the p o l y f l u o r o p y r i d i n e s and so i t i s not u n l i k e l y t h a t i t s 

e l e c t r o n e g a t i v i t y w i l l cause e l e c t r o n s t o be withdrawn from the 

c a r b o n - f l u o r i n e bond r e g i o n w i t h subsequent f u r t h e r weakening 

o f t h a t l i n k a g e . This argument i s borne out by the o b s e r v a t i o n 

t h a t the second most s u s c e p t i b l e f l u o r i n e to replacement i n p e n t a -

f l u o r o p y r i d i n e i s t h a t i n p o s i t i o n - 2 , i . e . a d j a c e n t t o the 

e l e c t r o n e g a t i v e n i t r o g e n atom. The f l u o r i n e i n p o s i t i o n - 3 i s 

s u b s t i t u t e d o n l y to a very s l i g h t degree p r o d u c i n g 2, 4, 5» 6-

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

The o v e r a l l p i c t u r e o f f r e e r a d i c a l a t t a c k by hydrogen atoms 

i n p e n t a f l u o r o p y r i d i n e shows t h a t a l t h o u g h replacement i s p r e f e r r e d 

a t . d e f i n i t e . _po.sitions.,_.)(.)'- c^) p -» s p e c i f i c i t y o f s u b s t i t u t i o n i s 

not n e a r l y so marked as i n 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 the same 

compound. 
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Attempted S u l p h o n a t i o n o f H y d r o f l u o r o p y r i d i n e s 

The development o f the c a t a l y t i c r e d u c t i o n o f p e n t a f l u o r o -

and c h l o r o f l u o r o p y r i d i n e s t o g i v e h i g h l y f l u o r i n a t e d p y r i d i n e s 

c o n t a i n i n g hydrogen p r o v i d e d s t a r t i n g m a t e r i a l s t o i n v e s t i g a t e 

the p o s s i b i l i t i e s o f e l e c t r o p h i l i c s u b s t i t u t i o n i n these new 

compounds. 

I n a few t e n t a t i v e experiments the r e a c t i o n s o f oleum {20% 

s u l p h u r t r i o x i d e ) w i t h t e t r a f l u o r o - and t r i f l u o r o p y r i d i n e s were 

i n v e s t i g a t e d , b ut l i t t l e success was achieved. 

2, 4> 5> 6 - T e t r a f l u o r o p y r i d i n e was s t i r r e d w i t h oleum f o r 48 

hours a t room temperature. A f t e r p o u r i n g onto crushed i c e and 

e x t r a c t i n g w i t h e t h e r , s t a r t i n g m a t e r i a l was recovered and no 

e r e c t r o p h i l i c " s u b s t i t u t i o n - o f the hydrogen atom—to give-2.,-.4-,- 5» -

6 - t e t r a f l u o r o p y r i d i n e s u l p h o n i c a c i d had oc c u r r e d . 

I n a s i m i l a r experiment, 2, 4» 6 - t r i f l u o r o p y r i d i n e was s t i r r e d 

w i t h oleum f o r 6 days. Again, a p p a r e n t l y no r e a c t i o n took p l a c e 

and no s u l p h o n i c a c i d was i s o l a t e d . When the same d i - h y d r o f l u o r o ­

p y r i d i n e was heated w i t h oleum to 200°C f o r 24 hours complete 

decomposition o c c u r r e d and no u s e f u l products were recovered. 

The c o n d i t i o n s o f the f i r s t two experiments were very s i m i l a r 

t o those employed i n the e l e c t r o p h i l i c s u l p h o n a t i o n o f p e n t a f l u o r o -

benzene^ when the d e s i r e d pentafluorobenzene s u l p h o n i c a c i d was 

produced i n good y i e l d . 
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This r e s u l t , t h a t the h y d r o f l u o r o p y r i d i n e s are much l e s s 

s u s c e p t i b l e t o e l e c t r o p h i l i c s u b s t i t u t i o n than pentafluorobenzene 

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

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 than i s benzene. Benzene i s 

sulphonated by cone, s u l p h u r i c a c i d a t 150° C whereas a temperature 

o f 350°C i s r e q u i r e d t o produce p y r i d i n e 3-sulphonic a c i d . 
16 

F u r t h e r , i t has been shown by n.m.r. measurements t h a t the 

n i t r o g e n atom i n p e n t a f l u o r o p y r i d i n e i s h i g h l y p r o t o n a t e d i n cone, 

s u l p h u r i c a c i d , thus i t seems reasonable t o suppose t h a t the hydro-

f l u o r o p y r i d i n e s w i l l l i k e w i s e be p r o t o n a t e d i n the same medium. 

This p y r i d i n i u m i o n , as p r e v i o u s l y i l l u s t r a t e d (page bO ) , w i l l be 

even le ss s u s c e p t i b l e t o e l e c t r o p h i l i c a t t a c k , because o f the 

a d d i t i o n a l p o s i t i v e charge i n the r i n g , than the unp r o t o n a t e d 

molecule . 

These concl u s i o n s demonstrate t h a t even i n h i g h l y f l u o r i n a t e d 

p y r i d i n e s the o v e r r i d i n g f e a t u r e g o v e r n i n g the r e a c t i o n i s the 

a b i l i t y o f the r i n g n i t r o g e n t o p a r t i c i p a t e e l e c t r o n i c a l l y i n t h e 

system i n the same way as i n u n s u b s t i t u t e d p y r i d i n e . 

Perhaps s u l p h o n a t i o n may be achieved u s i n g a temperature i n t e r ­

mediate between t h a t o f the room and 200°C, a t which decomposition, 

p r o b a b l y i n i t i a t e d by a t t a c k o f an a n i o n i c species i n t h e oleum on 

the 4 - p o s i t i o n , occurs. 
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P r e p a r a t i o n o f L i t h i u m d e r i v a t i v e s o f P o l y f l u o r o p y r i d i n e a 

P y r i d y l - l i t h i u m d e r i v a t i v e s have been prepared from halogeno-
17 

p y r i d i n e s by halogen m e t a l exchange w i t h n - b u t y l l i t h i u m , and by 
l8 

d i r e c t m e t a l l a t i o n w i t h l i t h i u m i n the same way as p h e n y l -
19 20 21 

l i t h i u m ' ' compounds have been formed. 

A l l these o r g a n o - l i t h i u m d e r i v a t i v e s have been shown t o be 

u s e f u l i n t e r m e d i a t e s i n the s y n t h e s i s o f new compounds and 

g e n e r a l l y r e a c t i n a s i m i l a r f a s h i o n t o the co r r e s p o n d i n g G r i g n a r d 

reagents. 

Because the G r i g n a r d reagents prepared from 3 - c h l o r o t e t r a -

f l u o r o p y r i d i n e and 3> 5 - d i c h l o r o t r i f l u o r o p y r i d i n e were not 

a l t o g e t h e r s a t i s f a c t o r y as s y n t h e t i c i n t e r m e d i a t e s owing t o t h e i r 

tendency t o decompose, i t was decided t o e x p l o r e t h e p o s s i b i l i t i e s 

o f p r e p a r i n g the co r r e s p o n d i n g l i t h i u m d e r i v a t i v e s from the hydro-

f l u o r o p y r i d i n e s prepared by the c a t a l y t i c r e d u c t i o n technique. 

I t was hoped t o b r i n g about the exchange r e a c t i o n : -

T h is would, i t was a n t i c i p a t e d , go through t o compl e t i o n as i t was 

e s s e n t i a l l y an a c i d base r e a c t i o n i n which the hydrogen o f butane 

was c o n s i d e r a b l y l e s s a c i d i c than t h a t a t t a c h e d t o the p y r i d i n e 

r i n g . D u r i n g the course o f t h i s work Tamborski and coworkers 
7 r e p o r t e d a s i m i l a r s e r i e s o f r e a c t i o n s w i t h hydrofluorobenzenes. 

+ I F 4- BuLi 

N 
N 

BuH 
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I n i t i a l experiments showed t h a t 2, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e 

r e a c t e d v i o l e n t l y when added q u i c k l y t o b u t y l l i t h i u m i n hexane even 

when cooled t o -65°C. The r a p i d a d d i t i o n o f t h e r e a c t a n t s 

o b v i o u s l y caused l o c a l i s e d h e a t i n g and the r e a c t i o n r a n out o f 

c o n t r o l p r o d u c i n g o n l y a brown p o l y m e r i c s o l i d , presumably formed 

i n the same way as t h a t formed d u r i n g t h e decomposition o f the 

Grignard r e a g e n t s , a l t h o u g h i n t h i s case t h e r e i s a l s o the added 

c o m p l i c a t i o n o f n u c l e o p h i l i c s u b s t i t u t i o n o f f l u o r i n e atoms by b u t y l 
22 

i o n s . 
I n t h e next experiment the same r e a c t a n t s were mixed s l o w l y a t 

a temperature o f -75°C i n a Z e r w i t t e n o f f f l a s k and then a l l o w e d t o 
o 

warm to 0 C, when a v i o l e n t r e a c t i o n o ccurred. Carbon d i o x i d e 

was then passed i n t o the m i x t u r e and a f t e r a c i d i f i c a t i o n and work up 

the product was shown t o be polymeric p o l y f l u o r o p y r i d i n e c a r b o x y l i c 

a c i d s , very s i m i l a r t o those o b t a i n e d by c a r b o n a t i o n o f the 

decomposing G r i g n a r d reagents. 

These e x p l o r a t o r y experiments i n d i c a t e d t h a t i n o r d e r to achieve 

a c o n t r o l l e d exchange r e a c t i o n , and t o o b t a i n a u s e f u l d e r i v a t i v e 

from the p o l y f l u o r o p y r i d y l l i t h i u m compound the r e a c t a n t s must be 

added s l o w l y and m a i n t a i n e d a t a low temperature. 

A c t i n g upon these c o n c l u s i o n s , a l l subsequent r e a c t i o n s were 

conducted i n the apparatus shown i n P i g . S (page 12S'). This 

enable d the slow a d d i t i o n o f the r e a c t a n t s w i t h r a p i d s t i r r i n g by a 

t e f l o n covered magnet. A l s o , the end o f the drop p i n g f u n n e l was 

arranged so t h a t the s o l u t i o n would r u n down t h e cooled w a l l o f the 
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f l a s k b e f o r e coming i n t o c o n t a c t w i t h the o t h e r r e a c t a n t , t e n d i n g 

t o minimise the e f f e c t o f l o c a l i s e d h e a t i n g . Using t h i s apparatus, 

b u t y l l i t h i u m i n hexane was added t o a s t i r r e d s o l u t i o n o f 2, 4» 5> 

6 - t e t r a f l u o r o p y r i d i n e a t -60°C. A f t e r 15 minutes a dense w h i t e 

p r e c i p i t a t e , presumably the l i t h i o - d e r i v a t i v e had formed and while 

the temperature was mai n t a i n e d a t -60°C, dry carbon d i o x i d e was 

passed i n t o t h e r e a c t i o n f o r 30 minutes. The m i x t u r e was a l l o w e d 

t o warm t o room temperature w i t h COg pa s s i n g and then d i l u t e 

h y d r o c h l o r i c a c i d was added. A f t e r e t h e r e x t r a c t i o n , the p r o d u c t 

was shown to be 2, 4> 5> 6 - t e t r a f l u o r o n i c o t i n i o a c i d i n 62$ y i e l d . 

/ ' ^ H ^ s j ^ L i /s^COOH 
I P j BuLi ^ || F | i ) C0 2 y j | F 
> N ' ^ -60°C ^ W' i i ) HC1 \ fl^ 

This method o f p r e p a r i n g 2, 4, 5, 6 - t e t r a f l u o r o p y r i d y l l i t h i u m 

was repeated and the l i t h i u m compound f u r t h e r c h a r a c t e r i s e d by i t s 

r e a c t i o n w i t h methyl e t h y l ketone t o g i v e methyl e t h y l ( 2 , 4, 5, 6-

t e t r a f l u o r o p y r i d y l ) c a r b i n o l i n 48$ y i e l d . 

CH 

BuLi 
60 C 60 c OH N 

i i ) HC1 
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Obviously, t h i s l i t h i u m d e r i v a t i v e r e a c t s i n the normal 

manner expected f o r such compounds and t h e r e f o r e a f f o r d s a 

valuable r o u t e to a l l t h e analogous compounds prepared v i a 

p e n t a f l u o r o p h e n y l l i t h i u m and G r i g n a r d reagents (page *|fc ) • Only 

l a c k of. time prevented the a p p l i c a t i o n o f t h i s method t o the 

p r e p a r a t i o n o f a whole s e r i e s o f f-substituted p o l y f l u o r o p y r i d i n e s . 
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P r e p a r a t i o n o f P o l y f l u o r o p y r i d i n e C a r b o x y l i o Aoida 

Having e s t a b l i s h e d t h a t the hydrogen atom i n 2, 4, 5., 6 - t e t r a -

f l u o r o p y r i d i n e under went an exchange process w i t h b u t y l l i t h i u m to 

g i v e the expected t e t r a f l u o r o p y r i d y l l i t h i u m , which would undergo 

the c h a r a c t e r i s t i c r e a c t i o n s o f such a compound and s i n c e s e v e r a l 

o t h e r h y d r o f l u o r o p y r i d i n e s were a v a i l a b l e , i t was i n t e r e s t i n g t o see 

i f the hydrogen atoms i n these compounds would a l s o a l l o w i n s t a l l a t i o n 

t o occur and so a f f o r d a g e n e r a l l y a p p l i c a b l e r o u t e t o oi- , j j - and '6-

s u b s t i t u t e d f l u o r o p y r i d i n e s . 

Because o f the convenience o f p r e p a r i n g and i s o l a t i n g t h e 

c a r b o x y l i c a c i d d e r i v a t i v e , the v a r i o u s l y s u b s t i t u t e d l i t h i u m 

p o l y f l u o r o p y r i d y l s were r e a c t e d w i t h carbon d i o x i d e t o c h a r a c t e r i s e 

the 0 r g a n o - m e t a l l i c compound. 

When 3 - l i t h i o - t e t r a f l u o r o p y r i d i n e i n hexane was r e a c t e d w i t h 

carbon d i o x i d e i t had been shown t h a t t e t r a f l u o r o n i c o t i n i c a c i d was 

produced i n 62% y i e l d . However, l a t e r work i n d i c a t e d t h a t t h i s 

c o u l d be improved c o n s i d e r a b l y by u s i n g d i e t h y l e t h e r as s o l v e n t 

when the o a r b o x y l i c a c i d was produced i n 99$ crude y i e l d . 

F o l l o w i n g t h i s o b s e r v a t i o n , 2, 3, 4> 5 - t e t r a f l u o r o p y r i d i n e i n 

d i e t h y l e t h e r was mixed w i t h b u t y l l i t h i u m i n a mixed s o l v e n t o f 

hexane and d i e t h y l e t h e r a t -70°C. Carbonation a t t h i s temperature 

produced 3, 4, 5> 6 - t e t r a f l u o r o p i c o l i n i c a c i d , d e m o n strating t h a t the 

2 - l i t h i o d e r i v a t i v e had been formed. 
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I o *" 
H -70 C 

BuLi e t h e r i ) C0 9 

i i i ) HC1 
F 
^ C00H 57$ N N 

I t seems reasonable t o suppose t h a t i f 2 - l i t h i o - t e t r a f l u o r o ­

p y r i d i n e r e a c t s w i t h carbon d i o x i d e then i t w i l l undergo o t h e r 

normal r e a c t i o n s and l e a d to a whole s e r i e s o f 2 - s u b s t i t u t e d t e t r a -

f l u o r o p y r i d i n e s . The obvious disadvantage o f t h i s i s t h e f a c t t h a t 

2, 3j At 5 - t s t r a f l u o r o p y r i d i n e i s , as y e t , n o t r e a d i l y a v a i l a b l e , and 

i s produced o n l y i n s m a l l y i e l d by the c a t a l y t i c r e d u c t i o n o f penta­

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

T e t r a f l u o r o i s o n i c o t i n i c a c i d was prepared i n 50$ y i e l d by 

c a r b o n s t i o n o f a m i x t u r e o f 2, 3» 5» 6 - t e t r a f l u o r o p y r i d i n e and b u t y l 

l i t h i u m i n hexane a t -55°C. 

H L i COOH 

i t i s not n e a r l y so s i g n i f i c a n t as the p r e v i o u s examples s i n c e 

p o l y f l u o r o p y r i d i n e s w i t h s u b s t i t u e n t s i n the 4 - p o s i t i o n are r e a d i l y 

prepared by methods i n v o l v i n g 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 n t a ­

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

i F I i ) CO BuLi hexane P 

N i i ) HC1 55 C N N 

I t i s i n t e r e s t i n g t o observe t h a t t h i s r e a c t i o n occurs, a l t h o u g h 
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As de s c r i b e d i n the s e c t i o n on the c a t a l y t i c r e d u c t i o n o f 

c h l o r o f l u o r o p y r i d i n e s , two isomers o f d i h y d r o t r i f l u o r o p y r i d i n e 

were a v a i l a b l e and i t was decided t o i n v e s t i g a t e whether or n o t 

i t would be p o s s i b l e to prepare d i - l i t h i o f l u o r o p y r i d i n e s and 

subsequent d e r i v a t i v e s from these. 

2, 4, 6 - T r i f l u o r o p y r i d i n e was d i s s o l v e d i n hexane and cooled t o 
e 0 

-60 C. B u t y l L i t h i u m i n hexane was added and a f t e r 15 minutes a t 

-60°C a dense w h i t e p r e c i p i t a t e had formed. Carbonation o f t h i s 

f o l l o w e d by work up i n the usua l manner, produced 2, 4, 6 - t r i -

f l u o r o n i c o t i n i c a c i d i n 65$ y i e l d , w i t h no d i - a c i d b e i n g i s o l a t e d . 

H H H ^ % ^ L i H/'^COOH 
BuLi hexane 

-9-
F F 

I n separate experiments, even when l a r g e volumes o f hexane 

were used as s o l v e n t , no d i - c a r b o x y l i c a c i d was produced. 

Presumably t h i s was because the mono l i t h i o - d e r i v a t i v e was so 

i n s o l u b l e i n hexane t h a t p r e c i p i t a t i o n occurred thus p r e v e n t i n g t h e 

replacement o f the second hydrogen atom by l i t h i u m . 

I n o r d e r t o achieve b i - m e t a l l a t i o n i n the same molecule i t 

appeared t o be necessary t o use a s o l v e n t i n which the mono- l i t h i u m 

compound i s s o l u b l e and so a l l o w a homogeneous exchange r e a c t i o n . 

A number o f experiments were c a r r i e d o ut i n which t e t r a h y d r o -

f u r a n was used as s o l v e n t , b u t i t was di s c o v e r e d t h a t when r e a c t i o n 
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temperatures h i g h e r than -75 C were employed o n l y poor y i e l d s o f 

2, 4, 6 - t r i f l u o r o n i o o t i n i c a c i d were o b t a i n e d and no d i c a r b o x y l i c 

a c i d was i s o l a t e d . The main product was i n v o l a t i l e p o l y m e r i c 

p y r i d i n e o a r b o x y l i c acids s i m i l a r t o those produced by the 

c a r b o n a t i o n o f decomposing p o l y - f l u o r o p y r i d y l G r i g n a r d reagents. 

However, when the exchange r e a c t i o n between 2, 4» 6 - t e t r a f l u o r o ­

p y r i d i n e and b u t y l l i t h i u m was conducted i n t h i s same s o l v e n t a t 

o 

-75 C, a dense p a l e orange p r e c i p i t a t e was formed a f t e r 15 minutes. 

Carbon d i o x i d e , d i l u t e d w i t h an equal volume o f n i t r o g e n , was then 

passed i n t o the m i x t u r e which was worked up i n the us u a l f a s h i o n to 

g i v e a m i x t u r e o f 2, 4, 6 - t r i f l u o r o n i c o t i n i c and 2, 4, 6 - t r i f l u o r o -

p y r i d i n e - 3 > 5-di.carboxylic a c i d , demonstrating t h a t i n t h i s system 

the 3, 5 - d i l i t h i o t r i f l u o r o p y r i d i n e had been formed. 

H. H 
BuLi,T.H.F. 

-75°C 

COOH 

Li^^ L i 
F 

HOOC 
i i ) 

TP 

co 2 

HC1 
COOH 
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The o t h e r d i h y d r o t r i f l u o r o p y r i d i n e which was r e a d i l y 

a v a i l a b l e was the isomer 2, 5j 6 - t r i f l u o r o p y r i d i n e . This compound 

r a i s e d the problem o f whether the two ad j a c e n t hydrogen atoms would 

be s u f f i c i e n t l y a c i d i c t o p a r t i c i p a t e i n an exchange m e t a l l a t i o n 
7 

r e a c t i o n . Tamborski had shown t h a t f o r G r i g n a r d exchange t o occur 

i n the hydrofluorobenzenes i t was e s s e n t i a l f o r the hydrogen atom to 

have two otho f l u o r i n e atoms, i . e . 1 , 2, 4, 5 - t e t r a f l u o r o b e n z e n e 

would undergo exchange, whereas 1 , 2, 3, 4 - t e t r a f l u o r o b e n z e n e would 

not undergo exchange m e t a l l a t i o n w i t h G-rignard reagents. I t was 

found t h a t b i - m e t a l l a t i o n d i d occur when 2, 5, 6 - t r i f l u o r o p y r i d i n e 

was mixed w i t h b u t y l l i t h i u m i n T.H.F. a t -78°C. 3> 4 - D i l i t h i o -

t r i f l u o r o p y r i d i n e was c h a r a c t e r i s e d by i t s r e a c t i o n w i t h carbon 

dioxide__to produce, the expected 2. 5, 6 - t r i f l u o r o p y r i d i n e - 3 , 4-

d i c a r b o x y l i c a c i d . Some mono c a r b o x y l i c acid-, too s m a l l a q u a n t i t y 

t o p e r m i t c h a r a c t e r i s a t i o n , was also produced i n the r e a c t i o n 

d e m o n s trating t h a t b i - m e t a l l a t i o n had not gone through to com p l e t i o n . 

H 

F 
H BuLi , T.H.F. 

- 78°C 

i ) CO, 
f i i ) HC1 

COOH 
COOH 

i i ) HC1 

id/c ana/or 

H 
IOOH 
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The r e s u l t s of the experiments j u s t described indicate t h a t 

w i t h the v a r i e t y of hydrofluoropyridinea investigated m e t a l l a t i o n 

i s generally applicable and the r e s u l t a n t l i t h i u m d e r i v a t i v e s w i l l 

be useful i n the synthesis of many su b s t i t u t e d p o l y f l u o r o p y r i d i n e s . 
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Strengths of Polyfluoropyridine Carboxylic Acids 

The d i s s o c i a t i o n constants of the p o l y f l u o r o p y r i d i n e 

carboxylic acids synthesised i n the previous section were 

determined by potentiometric t i t r a t i o n i n aqeous s o l u t i o n against 

standard sodium hydroxide s o l u t i o n . 

The pKa value was calculated from the pH value at h a l f 

equivalence point according to the Henderson equation. 

The d i s s o c i a t i o n of an acid can be represented as:-

HA ^ H + + A " 

where Ka = [ H + ] £ A ~ J / £HAJ (Ka - d i s s o c i a t i o n const.) 

and the Henderson equation states 

pH = pKa + l o g [salt] / [a c i d ] . 

Therefore at h a l f equivalence where, j j 3 a l t ] £acid~] 

pKa = pH 

The values of pKa f o r the acids which have been prepared are 

recorded i n Table IV, together w i t h the values f o r benzoic, penta-

fluorobenzoic, and pyridine carboxylic acids. The l a t t e r are those 
2* 2&. f o r the d i s s o c i a t i o n according to e q t r i r ^ I I and not eqtn7 ' I (see 

below) . 

I t i s f i r s t necessary to consider the e f f e c t of d i s s o l v i n g a 

pyr i d i n e carboxylic acid i n water, since the e q u i l i b r i a set up are 

not nearly so simple as those w i t h acids which do not have an 

i n t e r n a l base, the nitrogen atom, which can react w i t h a proton. 
23 

This problem has been discussed i n the l i t e r a t u r e where 
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the existence of the acids i n the z w i t t e r ion form i s explained. 

COOH COO 

The d i s s o c i a t i o n constants (K^ and K^) have been measured 

f o r the loss of one and two protons from the protonated 

undissociated acid. 

23, 24 

^ COOH 
OH OH 

3 COOH 

N 
H H H 

+ Eqtn I H 

I t i s clear however that these constants apply to the equilibrium 

mixture of the ac i d and i t s z w i t t e r ion. 

I n order to evaluate the equilibrium constant f o r the i o n i s a t i o n 

of the pyridine acids, so that comparison w i t h acids not containing 

an i n t e r n a l base can be made, i t i s necessary to determine the 

constant f o r the equi l i b r i u m . 
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TABLE IV 

ACID 

STRENGTHS OF POLYFLUOROPYRIDINE CARBOXYLIC ACIDS 
• EQ. WT. 

^sCOOH 

,pKar 

4- 21 24 

FOUND THEORY 

COOH 
3-38' 208 212 

COOH 
3-75 25 

COOH 
345 191 195 

COOH 

F 

COOH 
H 

COOH 

3 55 

3-44 25 

3- 21 

175 

192 

177 

195 

COOH 
N 

4' 12 25 
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TABLE IV STRENGTHS OF POLYFLUOROPYRIDINE CARBOXLIC ACIDS 
(contd) „Fm x ' EQ. WT 

ACID pKa FOUND THEORY 

COOH 
3-96 192 195 

HOOG^VCOOH 
F 

COOH 
COOH 

3-33 111-8 110-5 

3-30 114 110-5 

/ These values are f o r the d i s s o c i a t i o n of a proton from a 

carboxyl group attached to a r i n g which does not contain a 

protonated nitrogen atom. 

X This disagrees w i t h the value of 0*8 given "by Tatlow and coworkers, 

but Professor Tatlow has informed us that the published value i s 

in c o r r e c t . 
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N-

COOH 
+ H20 

^ coo 
4- HO Eqtn. I I 

.25 Green and Tong have assumed that the equ i l i b r i u m constant f o r the 

loss of a proton from the nitrogen atom of the acids i s the saee as 

f o r the corresponding methyl esters and i n t h i s way they were able 

to c a lculate the desired equilibrium constant and pKa value f o r the 

acid d i s s o c i a t i o n according to equation I I . 

The most s i g n i f i c a n t feature of the r e s u l t s obtained i s that 

whereas n i c o t i n i c and i s o n i c o t i n i c acids, when considering the 

di s s o c i a t i o n as represented i n equation I I , are considerably stronger 

than benzoic acid, as-would be expected- s-i-ncs a-pro-ton-should be-los.t 

more r e a d i l y from an acid f u n c t i o n attached to a p o s i t i v e l y charged 

r i n g , the corresponding t e t r a f l u o r o - n i c o t i n i c and i s o n i c o t i n i c acids 

are of s i m i l a r strength to that of pentafluorobenzoic acid. This 

difference between the two series must be due to the considerably 

reduced basic character of the nitrogen atom i n p o l y f l u o r o p y r i d i n e 

systems. Because of t h i s reduction i n the b a s i e i t y of the nitrogen 

and the subsequent reduction i n degree of protonation occurring, the 

pKa r e s u l t s obtained by the d i r e c t measurement technique employed w i l l 

give values which are very nearly those of the desired e q u i l i b r i a , 

e.g. t e t r a f l u o r o n i c o t i n i c acid w i l l dissociate as f o l l o w s : -
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^x. coo 
H- H 

N N 

This argument i s borne out by the r e s u l t s of n.m.r. 
16 

measurements by Emsley and P h i l l i p s who have shown that i n acid 

s o l u t i o n of comparable strength to the p o l y f l u o r o p y r i d i n e 

carboxylic acids, a n e g l i g i b l e degree of protonation of the 

nitrogen i n per f l u o r o p y r i d i n e occurs. However, i t must be noted 

that a very small amount of s e l f protonation i s observed i n the 

n.m.r. spectra of the p o l y f l u o r o p y r i d i n e acids. 

I t can be seen that the presence of several f l u o r i n e atoms i s 

the most important f a c t o r a f f e c t i n g the strength of the poly-

flu o r o p y r r d i n e ca-rbo-xy-l-iG- acids..since_ the differences i n strength 

between the various acids i s generally q u i t e small. Because of 

these small differences and because the experimental accuracy i s 

not easy to ca l c u l a t e , i t i s only possible to discuss trends i n the 

pKa values of the various acids measured. 

Of the mono-carboxylic acids measured t e t r a f l u o r o i s o n i c o t i n i c 

acid was the strongest. This i s probably due to one or both of 

the f o l l o w i n g f a c t o r s , (a) the 4-position i s unique i n that i t 

does not have a para f l u o r i n e atom which could have an acid weakening 

e f f e c t due to mesomeric electron release, or, (b) the carbon atom i n 

the 4-position i s rendered the most p o s i t i v e by the influence of the 

r i n g nitrogen atom. (This has been demonstrated by the r e s u l t s of 

nucleophilic s u b s t i t u t i o n on p o l y f l u o r o p y r i d i n e s ) . 
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The strength of t e t r a f l u o r o n i c o t i n i c acid i s s l i g h t l y less 

than that of i t s 4-substituted isomer; t h i s could w e l l he due to 

the reasons c i t e d above, i . e . the 3-carboxylic acid group does have 

a para f l u o r i n e substituent and the p o s i t i o n i s not able to 

conjugate mesomerically w i t h the r i n g nitrogen w i t h the r e s u l t a n t 

r e l a t i v e reduction i n the p o s i t i v e charge on that carbon atom. 

2, 4, 6 - T r i f l u o r o n i c o t i n i c acid i s weaker than the f u l l y 

f l u o r i n a t e d n i c o t i n i c a c i d , demonstrating the e f f e c t of the 

withdrawal of electrons from the r i n g by f l u o r i n e atoms w i t h 

subsequent increase i n acid strength. 

I t might have been expected that t e t r a f l u o r o p i c o l i n i c acid 

would be of greater strength than t e t r a f l u o r o n i c o t i n i c acid 

because of the proximity of the point of attachment on the r i n g of 

the f u n c t i o n a l group to the electronegative nitrogen atom. However, 

t h i s was found not to be thecase, i n f a c t t e t r a f l u o r o p i c o l i n i c acid 

was the weakest of a l l the acids measured. This TOuld suggest 

that the adjacent nitrogen played some r o l e other than one of 

reducing the electron density on the carbon i n p o s i t i o n 2. I t i s 

i n t e r e s t i n g that the same e f f e c t i s observed i n the hydrogen series 

of pyridine acids and would seem to indicate that some kind of 

intramolecular bonding occurred of the type:-

N 
i 

H — 0 
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which would cause the proton i n t h i s p o s i t i o n to be less r e a d i l y 

removed, r e l a t i v e to those i n the n i c o t i n i c and i s o n i c o t i n i c 

acids which cannot form analogous st r u c t u r e s . 

The other important feature which would have an e f f e c t on the 

acid strength of t e t r a f l u o r o p i c o l i n i c acid i s t h a t the carboxyl 

group i n t h i s p o s i t i o n has only one f l u o r i n e atom as neighbour, 

whereas the carboxyl group i n both t e t r a f l u o r o - n i c o t i n i c and 

t e t r a f l u o r o i s o n i c o t i n i c acids has two other f l u o r i n e atoms. 

When the values of pKa f o r the dicarboxylic acids were 

determined only one d i s s o c i a t i o n was obvious from the t i t r a t i o n 

curve i n d i c a t i n g t h a t the second d i s s o c i a t i o n constant was 

considerably less than the f i r s t . 

The value obtained f o r 2, 4, 6 - t r i f l u o r o p y r i d i n e - 3 , 5-ui-

carboxylic acid showed that t h i s was a stronger acid than t e t r a -

f l u o r o n i c o t i n i c acid suggesting that the r e s u l t a n t electron 

withdrawal e f f e c t of the carboxyl group i n the 5-position was 

greater than that of a f l u o r i n e i n the same p o s i t i o n . Unfortunately, 

due to impurity, the sample of 2, 5» 6 - t r i f I u o r o p y r i d i n e - 3 , 4-d.i-

carboxylic acid d i d not give a pKa value of s u f f i c i e n t accuracy 

to say any more than that t h i s acid was of a strength comparable 

w i t h that of t e t r a f l u o r o i s o n i c o t i n i c acid and 2, 4, 6 - t r i f l u o r o -

3, 5-dicarboxylic acid. 
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Preparation of Polyfluoropyridine Mercury Compounds 

I n view of the current i n t e r e s t i n p e r f l u o r o a l k y l and per-
26 2T 

f l u o r o a r y l ' compounds of metals and metalliods i t was decided 

to consider the p o s s i b i l i t i e s of preparing compounds which would 

involve bonding between p e r f l u o r o p y r i d y l functions and metals. 
Recently, a useful route to pentafluorophenyl mercurials has 

28 
been reported. This involved the decarboxylation of mercury s a l t s 

of fluorophenyl carboxylic acids, and, since several carboxylic acid 

derivatives of polyfluoropyridines were r e a d i l y available by 

carbonation of the corresponding p o l y f l u o r o p y r i d y l l i t h i u m compounds, 

the a p p l i c a t i o n of t h i s method to the preparation of p e r f l u o r o p y r i d y l 

mercurials was studied. 
Mercuric (2, 4, 5» 6 - t e t r a f l u o r o n i c o t i n a t e ) was prepared by adding 

an aqueous s o l u t i o n of 2, 4, 5, 6 - t e t r a f l u o r o n i c o t i n i c acid to an 

aqueous s o l u t i o n of the corresponding amount of mercuric acetate. 

The insoluble mercuric p e r f l u o r o n i c o t i n a t e p r e c i p i t a t e d , was 

f i l t e r e d and dried. This salt,obtained i n 8l$ y i e l d , was i n v o l a t i i e 

and melted w i t h decomposition at 225°C. 

Decarboxylation proceeded smoothly when i t was heated under 

reduced pressure to a temperature j u s t above i t s melting point. 
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COOH 
+ Hg(0Ac) 2 

COO + + 
Hg +• 2HOAc 

A Hg + 2CO Hg 

N 

A white s o l i d , formed during the decarboxylation, sublimed and was 

shown to be bis (2, 4» 5> 6 - t e t r a f l u o r o p y r i d y l ) mercury, which 

melted at 200°C without apparent decomposition. The thermql 

s t a b i l i t y of t h i s compound would therefore seem to be comparable 

wit h that of bis pentafluorophenyl mercury which remains unchanged 
o 29 

even a f t e r 5 hours at 250 C. This observation on the thermal 

s t a b i l i t y of the p e r f l u o r o p y r i d y l mercurial i s consistent w i t h 

reports by other w o r k e r s , t h a t the i n t r o d u c t i o n of e l e c t r o n -

withdrawing substituents tends to enhance the thermal s t a b i l i t y of 

aryl-mercurials. 

Further demonstration of the extent of electron-withdrawal by 

the t e t r a f l u o r o p y r i d y l group, i s the observation that b i s (2, 4» 5» 

6 - t e t r a f l u o r o p y r i d y l ) mercury i s capable of forming a stable co­

or d i n a t i o n compound wit h 2, 2 ' - b i p y r i d y l . This was prepared simply 

by mixing a benzene/hexane s o l u t i o n of the mercurial w i t h a s o l u t i o n 

of 2, 2 ' - b i p y r i d y l i n benzene. The adduct c r y s t a l l i s e d p r e f e r e n t i a l l y 
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to give a white s o l i d melting at 142° - 3°c. 

The formation of t h i s co-ordination compound i s remarkable i n 

t h a t , together w i t h the bispentafluorophenyl- and cyanide d e r i v a t i v e s , 

these are the only reported compounds i n which mercury involved i n a 

linkage w i t h carbon has s u f f i c i e n t electron-accepting capacity to 

enable neutral co-ordination complexes to be i s o l a t e d . I t i s 

i n t e r e s t i n g to note that methylpentafluorophenyl- , pentafluoro-

phenylphenyl- , dimethyl- and diphenyl- mercury do not form 

complexes wi t h b i p y r i d y l . 

By the decarboxylation of mercuric s a l t s of other p o l y f l u o r o p y r i d i n e 

carboxylic acids i t seems l i k e l y that isomers of the mercurial 

described above w i l l be prepared. 

Investigations i n t o the cleavage reactions, by reagents such 

as hydrogen c h l o r i d e , bromine and>other mercurials, of these bis 

p o l y f l u o r o p y r i d y l mercurials may provide some i n t e r e s t i n g reactions. 

Another route to p e r f l u o r o p y r i d y l mercurials was t e n t a t i v e l y 

investigated. This involved the r e a c t i o n of a p e r - f l u o r o p y r i d y l 

l i t h i u m d e r i v a t i v e w i t h mercuric bromide. 

2, 4, 5, 6-Tetrafluoropyridyl l i t h i u m , prepared by low 

temperature raetallation of 2, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e w i t h 

b u t y l l i t h i u m i n heSane, was allowed to reset w i t h a s l u r r y of 
t o 

mercuric bromide i n hexane while warming from -60 C to room 
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temperature. The white s o l i d v o l a t i l e product was shown by i n f r a 

red spectroscopy to contain p o l y f l u o r o p y r i d y l u n i t s as w e l l as 

carbon-hydrogen functions. Elemental analysis and melting point 

demonstrated that no s i n g l e pure product was obtained even a f t e r 

sublimation and recrystaUisation. However, the separation of the 

products, which probably consisted of a mixture of unreacted 

mercuric bromide together w i t h mixed a l k y l - and f l u o r o p y r i d y l -

mercurials, could probably be effected i f the experiment were 

c a r r i e d out on a larger scale. 

Although t h i s i n i t i a l experiment was unsuccessful i n that no 

pure compound was i s o l a t e d , i t seems l i k e l y that i f the reaction 

could be developed to produce p o l y f l u o r o p y r i d y l mercurials then i t 

may also be used i n the preparation of other p o l y f l u o r o p y r i d y l 

metal and m e t a l l o i d compounds, considering the way i n which penta-

fluorophenyl- Grignard reagents and l i t h i u m d e rivatives have been 

applied to the synthesis of many pentafluorophenyl-metal and 
29 32 33 m e t a l l o i d compounds. ' ' 
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S t a b i l i t y of Polyfluoropyridyl-metal Compounds 

I t has been shown that the s t a b i l i t y of halogenophenyl-lhithium 

and Grignard reagents depends on the o r i e n t a t i o n of the halogen i n 

the r i n g . Thus, while meta— and para-halogenophenyl l i t h i u m 

compounds a r e r e l a t i v e l y s table, ortho-halogeno systems show a marked 

i n s t a b i l i t y i n the order: o-Br) o-Cl) o-F. The i n s t a b i l i t y of such 

compounds has been a t t r i b u t e d to ready e l i m i n a t i o n of l i t h i u m halide 
19c. ]o<i 

to form a benzyne system, the transience of which has been 

established i n a number of ways, usually i n v o l v i n g coupling reactions 

of the Diels-Alder type w i t h f u r a n ^ * , cyclopentadiene^, 

anthracene, etc. 

Highly f l u o r i n a t e d phenyl l i t h i u m and Grignard reagents however 

are comparatively stable, presumably due to the electron withdrawal 

of f i v e f l u o r i n e atoms s t a b i l i s i n g the carbanion, as i s shown by the 
21 

observation that pentafluorophenyl magnesium bromide and 2-bromotetra 
fluorophenyl magnesium bromide are l a r g e l y unaffected by r e f l u x i n g 

34 35 d i e t h y l ether, whereas o - f l u o r o - and o-bromo-phenyl magnesium 

halides are r e l a t i v e l y unstable. 
21 

The r e l a t i v e s t a b i l i t y of pentafluorophenyl l i t h i u m was f u r t h e r 

demonstrated by i t s f a i r l y slow reaction at 15°C i n ethereal s o l u t i o n 

w i t h mercury to give bispentafluoro-phenylmercury. 

With these considerations i n mind, i t might be expected that 

t e t r a f l u o r o p y r i d y l l i t h i u m and Grignard reagents would show a s i m i l a r 

s t a b i l i t y to t h e i r perfluorophenyl anologues owing to the presence of 
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four f l u o r i n e atoms and a nitrogen atom which could b r i n g about 

the s t a b i l i s a t i o n of the carbanion. I n f a c t , i t has been shown 

that 2, 3> 5> 6 - t e t r a f l u o r o p y r i d y l magnesium bromide and 4 - l i t h i o 

tetrafluoropyridine^""'' are of comparable s t a b i l i t y to the 

corresponding pentafluorophenyl compounds, but 2, 4> 5> 6 - t e t r a -

f l u o r o p y r i d y l l i t h i u m and Grignard reagents are much less stable. 

The i n s t a b i l i t y of these l a t t e r compounds must be due to the 

presence of a f l u o r i n e atom i n the 4-position, adjacent to the 

me t a l l i c f u n c t i o n . A f l u o r i n e atom i n t h i s p o s i t i o n has already 

been shown to be very e a s i l y removed as f l u o r i d e ion and 

presumably e l i m i n a t i o n of magnesium c h l o r o f l u o r i d e ar l i t h i u m 

f l u o r i d e i n tiais way would impart a r e a c t i v i t y to 3-metallic per-

fluoropyridines comparable wi t h that of the ortho-halogenophenyl 

l i t h i u m and Grignard reagents discussed above. 

As previously described, i t i s essential that 2, 4> 5» 6-tetra 

f l u o r o p y r i d y l l i t h i u m i s prepared at low temperatures, otherwise 

decomposition occurs and no useful products are obtained. When 

methyl l i t h i u m and 2, 4, 5> 6 - t e t r a f l u o r o p y r i d i n e were mixed i n an 

ether/tetrahydrofuran solvent at -70°C the desired t e t r a f l u o r o -

p y r i d y l l i t h i u m was formed. The mixture was allowed to warm slowl; 

and at approximately -40°C decomposition began to occur. When the 

reaction reached room temperature and was worked up the product was 

found to be polyperfluoropyridylenes. This yellow polymer was 



- 158 -

i n v o l a t i l e and did not melt below 300 C. The average molecular 

weight was measured by vapour pressure osmometry and calculated to 

be 1230, corresponding to a polymer consisting of 9 to 10 

-(C^-F^N)- u n i t s per molecule. 

I n order to e s t a b l i s h the existence of a pyridyne formed by the 

eli m i n a t i o n of l i t h i u m f l u o r i d e from 2, 4, 5» 6 - t e t r a f l u o r o p y r i d y l 

l i t h i u m i t was decided to inv e s t i g a t e the reaction of the 

decomposing l i t h i u m compound w i t h bromine i n the hope that ortho 

di b r o m o t r i f l u o r o p y r i d i n e might be produced according to the reaction 

scheme:-

Br 

KJ 
Br, 

LiF 

Br 

A n a l y t i c a l scale v.p.c. of the reaction products showed that a 

small quantity of two compounds of r e l a t i v e l y long r e t e n t i o n time 

had been formed but a l l attempts to obtain pure samples of these 

compounds f a i l e d as they appeared to decompose spontaneously. The 

i n f r a red spectrum of the impure compounds showed that they 

contained p o l y f l u o r o p y r i d i n e functions. 

The major product {22% y i e l d ) from the reaction was 3-bromo-

tetrafluoropyridln.©; t h i s too was unstable and decomposed on 
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standing. S i g n i f i c a n t l y , however, a small amount of 4-brorao-tetra— 

f l u o r o p y r i d i n e was also detected i n the reac t i o n mixture. As the 

s t a r t i n g m a t e r i a l , 2, 4> 5> 6 - t e t r a f l u o r o p y r i d i n e , was pure the 

4-bromo compound could only have been formed by rea c t i o n w i t h 4-

l i t h i o - t e t r a f l u o r o p y r i d i n e produced by the e l i m i n a t i o n of l i t h i u m 

f l u o r i d e and i t s r e a d d i t i o n , the other wayabout, to the pyridyne. 

Workers i n Birmingham had characterised tetrafluoro-benzyne by i t s 

reaction with furan to give 5> 8-epoxy- 1, 2, 3, 4 - t e t r a f l u o r o - 5 , 

8-dihydronaphthalene. I n an analogous manner i t was hoped to 

prepare a t r i f l u o r o i s o q u i n o l i n e d e r i v a t i v e by the reaction of t r i -

fluoropyrid - 3-yne w i t h £uran. 

Unfortunately, when 3 - l i t h i o t e t r a f l u o r o p y r i d i n e was allowed to warm 

i n furan s o l u t i o n , the sole product was a p o l y f l u o r o p y r i d i n e polymer, 

suggesting that the organo-metallic compound reacted p r e f e r e n t i a l l y 

w i t h i t s e l f . 

Br 
Br, ! F 

01 N 
L i Br 

N LiF Br 

7\S Q F 
N N 
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Thus, i t can be seen that i n a system containing 2, 4, 5» 6-

t e t r a f l u o r o p y r i d y l l i t h i u m three types of reaction can occur. 

These are: 

1. Intermolecular e l i m i n a t i o n of f l u o r i d e ion, i n v o l v i n g nucleophilic 

attack by the carbanion of p o l y f l u o r o - p y r i d y l l i t h i u m w i t h more 

p y r i d y l l i t h i u m on the ̂ - p o s i t i o n , so g i v i n g polymeric ma t e r i a l . 

2. Intramolecular e l i m i n a t i o n of f l u o r i d e ion g i v i n g a t r i f l u o r o -

pyrldyne, which w i l l then react w i t h i t s environment, be i t the 

leaving l i t h i u m f l u o r i d e , another component of the mixture, or 

solvent. 

and 3. The standard reaction of p e r f l u o r o p y r i d y l l i t h i u m as a 

synthetic intermediate. 

The course which any given reaction w i l l take depends on whether 

the desired c o n t r o l l e d reaction can occur before decomposition of 

the p y r i d y l l i t h i u m begins by reaction w i t h i t s e l f . 

These three types of reaction were demonstrated i n a single 
36 experiment when the preparation of 3-hydroxy-tetrafluoropyridine 

"4 + 

etc. 
F 
N 

L i 

e.g. 
i ) 00 

i i i j i i i ) HC1 
N 

COOH 
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was performed, using a method developed i n these labora t o r i e s 
37 

f o r the synthesis of pentafluorophenol. 

2, 4, 5, 6-Tetrafluoropyridyl l i t h i u m was mixed w i t h l i t h i u m 

cumene peroxide, prepared by the a d d i t i o n of b u t y l l i t h i u m to 

cumene hydroperoxide, i n d i e t h y l ether at -78°C and allowed to warm 

r e l a t i v e l y quickly to room temperature. The products were found to 

be polymeric p e r f l u o r o p y r i d i n e s , formed by the intermolecular 

r e a c t i o n of the l i t h i u m compound, and a mixture of 3-hydroxy-and 4= 

hydroxy-tetrafluoropyridines. 

The 3-hydroxy-corapound was formed i n the standard reaction of 
38 

the 3 - l i t h i o p y r i d y l w i t h an organic peroxide , but the 4-bydroxy 

d e r i v a t i v e must hsy;e a r r i v e d by way of an intramolecular e l i m i n a t i o n , 

g i v i n g a pyridyne, followed by r e a d d i t i o n of l i t h i u m f l u o r i d e and 

the reaction of t h i s product w i t h l i t h i u m cumene peroxide. (CH,) 0 C OOLi 0 
(CHJ-C OOLi 

OH 0 + LiF P 
» 
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The same experiment was repeated but instead of allowing the 

temperature to r i s e quickly to that of the room, the mixture was 

maintained at -50°C f o r 30 minutes. The only product from t h i s 

r e a c t i o n was 3-hydroxytetrafluoropyridine, i . e . no polymer and no 

4-hydroxytetrafluoropyridine had been formed, demonstrating that 

the standard reaction occurred before intermolecular decomposition 

or pyridyne formation could take place. 



Chapter 6 

EXPERIMENTAL WOBK 
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Preparation of Solvents f o r M e t a l l a t i o n Reactions 

Because of the s u s c e p t i b i l i t y to hydrolysis of Grignard reagents 

and organo-lithium compounds, i t was essential that a l l solvents 

used i n reactions i n v o l v i n g such compounds were dry. The methods 

of drying employed are described below*-

Hexane 

Hexane f r a c t i o n b o i l i n g 68° - 70°C was d i s t i l l e d from 

phosphorus pentoxide and stored over f r e s h l y prepared sodium wire. 

Tetrahydrofuran 

Tetrahydrofuran was reluxed w i t h sodium f o r 3 hours, and stored 

under dry nitrogen i n a d i s t i l l a t i o n apparatus containing l i t h i u m 

aluminium hydride. The solvent was f r e s h l y d i s t i l l e d under 

nitrogen as required. 

Diethyl Ether 

Diethyl ether was dried by extruding f r e s h l y prepared sodium 

wire d i r e c t l y i n t o the solvent u n t i l effervescence due to hydrogen 

evolution ceased. The solvent was allowed to stand over sodium f o r 

several days before use. 

Di-n-butyl ether 

Di-n-butyl ether was dried i n a manner s i m i l a r to that employed 

w i t h d i e t h y l ether. 
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Preparation of Grignard Reagents of Polyhalogenopyridines 

3-Chlorotetrafluoropyridine and Magnesium i n Diethyl Ether 

Magnesium (1*0 gm., 0-041 moles), activated by g r i n d i n g w i t h a 

c r y s t a l of iodine, was placed i n a two necked f l a s k w i t h dry d i e t h y l 

ether (10 mis) under an atmosphere of dry nitrogen. 3-Chlorotetra-

f l u o r o p y r i d i n e ( l gm.5 5*4 m.moles), mixed wi t h 1, 2-dibromoethane, 

(0-5 gn>. ) was added to the f l a s k which was then warmed s l i g h t l y . 

Reaction occurred causing the ether to r e f l u x . Dibroraoethane (0*5 g™ 

was added dropwise over a period of 3"2 hrs while the reaction was 

maintained at r e f l u x temperature by a water bath. The dark 

s o l u t i o n was allowed to cool to room temperature and was hydrolysed 

w i t h v/ater (15 mis.). The e t h e r i a l layer was separated, drif* d 

(MgSO^), and f r a c t i o n a t e d to remove almost a l l the ether. A n a l y t i c a l -

scale v.p.c. (di-n-decyl phthalate as stationary phase, ioo uc) 
showed the residue (0.8 gm) to contain approximately equal molar 

qu a n t i t i e s of unreacted 3 - c h l o r o t e t r a f l u o r o p y r i d i n e and a product of 

i d e n t i c a l r e t e n t i o n time to 2, 4» 5> 6 - t e t r a f l u o r o p y r i d i n e . 

3-Chlorotetrafluoropyridine and Magnesium i n di- n - b u t y l ether 

Magnesium (lgm, 0*041 moles), i n dry d i - n - b u t y l ether (10 mis), 

was refluxed w i t h ethylene dibroraide (1-0 ml) f o r 10 mins. 3-Chloro-

t e t r a f l u o r o p y r i d i n e (1*0 gm., 5*4 m.moles) was added slowly and the 

reaction mixture warmed to r e f l u x temperature when more ethylene 



- 165 -

dibroraide (1*5 mis) was added i n t e r m i t t e n t l y over l h r . The mixture 

was maintained at r e f l u x over night causing a s l i g h t darkening i n 

the colour of the s o l u t i o n . A f t e r allowing to cool to room 

temperature, water (10 ml) was added and the e t h e r i a l layer separated 

and dr i e d (MgSO^). Analytical-scale v.p.e. (di-n-decyl phthalate as 

stationary phase, 100°C) showed that no 2, 4> 5> 6 - t e t r a f l u o r o -

pyridine had been produced. The s t a r t i n g m a t e r i a l , 3-chlorotetra-

f l u o r o p y r i d i n e was recovered unreacted. 

3-Chlorotetrafluoropyridine and Magnesium i n Tetrahydrofuran 

Magnesium (0*5 gm«, 0*021 moles), activated by g r i n d i n g up wi t h 

a c r y s t a l of iodine, placed i n a f l a s k containing dry tetrahydro­

furan (10 ml.). 3-Chlorotetrafluoropyridine ( l gm., 5*4 m.moles) 

added to the f l a s k , followed by two drops of ethylene dibromide. 

A spontaneous reaction ensued causing the solvent to r e f l u x . The 

temperature of the mixture was maintained at 60°C f o r 1 hr, during 

which time a very dark colour formed, A f t e r allowing to cool to 

room temperature, water (10 ml) was added, causing effervescence, 

and the upper organic layer separated. Analytical-scale v.p.c. 

(di-n-decyl phthalate as st a t i o n a r y phase, 1 0 0 ° c ) showed that a l l 

the 3 - c h l o r o t e t r a f l u o r o p y r i d i n e had been consumed to produce a small 

quantity of a compound of r e t e n t i o n time coincident w i t h 2 , 4, 5, 6-

t e t r a f l u o r o p y r i d i n e . Removal of the v o l a t i l e components of the 

organic layer gave a brown polymeric residue (0*8 gm), shown by i n f r a 
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red spectroscopy to contain f l u o r o p y r i d i n e components. 

3i 5 - M c h l o r o t r i f luoropyridine and Magnesium i n d i - e t h y l ether 

Magnesium ( l gm., 0'042 moles), i n dry d i - e t h y l ether (10 ml), 

was refluxed w i t h ethylene dibromide (0 -5 gra) f o r 10 mins. 3» 5-

d i c h l o r o t r i f l u o r o p y r i d i n e (1 gm., 4*95 m.moles) was added to the f l a s k 

which was then warmed to r e f l u x temperature. Ethylene dibromide 

(1 gm.) was added i n t e r m i t t e n t l y over 3 hrs while the reaction was 

maintained at r e f l u x . A f t e r allowing to cool to room temperature, 

water (10 ml.) was added and the organic layer separated, d r M 

(MgSO^), and most of the ether removed by f r a c t i o n a t i o n . The 

residue (0*6 gm) was shown by an a l y t i c a l - s c a l e v.p.c. (di-n-decyl 

phthalate, l60°C) to contain two p r i n c i p a l components, one, present 

i n 60$, was of id e n t i c a l r e t e n t i o n time to that of the s t a r t i n g 

m a t e r i a l , 3> 5 - d i c h l o r o t r i f l u o r o p y r i d i ne, and the other ( i n 40$) 

was of re t e n t i o n time coincident w i t h that of an authentic sample 

of 2, 4, 6 - t r i f l u o r o - 3 - c h l o r o p y r i d i n e . I s o l a t i o n of t h i s product 

by preparative scale v.p.c. (di-n-decyl phthalate, 160°C) showed i t 

to have an i d e n t i c a l i . r . spectrum to that of an authentic sample of 

2, 4, 6 - t r i f l u o r o - 3 - c h l o r o p y r i d i n e . ( I . E . Spectrum N. M page2<?7). 

3-Chlorotetrafluoropyridine and Magnesium i n T.H.F. followed by 

Carbonation 

To Magnesium (1 gm., 0*042 moles), i n dry tetrahydrofuran (10 ml) 

was added 3 - c h l o r o t e t r a f l u o r o p y r i d i n e (2 gm., 10*8 m.moles) at. room 
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temperature. Ethylene dibromide (0*2 gin) was added to i n t i a t e 

the reaction which, was then maintained between 0°C and room 

temperature f o r 2 hrs. Dry carbondioxide was then passed i n t o 

the reaction mixture at 0°C f o r 1 hr, a f t e r which water (10 ml) was 

added followed by d i l u t e hydrochloric acid (10 mis). The organic 

layer was separated and pumped to remove the solvent leaving a 

brown s o l i d polymeric residue. The aqueous layer was extracted with 

ether, the extracts combined and the solvent removed under vacuum 

leaving a brown s o l i d residue. The t o t a l s o l i d residue (1*7 S'n) 

was shown by infra, red spectroscopy to contain aromatic f l u o r o -

p y r i d y l , carboxyl and hydroxyl functions by t h e i r c h a r a c t e r i s t i c 

absorption bands. The brown s o l i d was soluble i n 511 sodium 

hydroxide s o l u t i o n and was p r e c i p i t a t e d when t h i s s o l u t i o n was made 

acid. A l l attempts to r e c r y s t a l l i s e the product f a i l e d , and i t 

was shown to be i n v o l a t i l e by heating under vacuum without 

sublimation. 

3-Chlorotetrafluoropyridine and Magnesium i n T.H.F. followed by 

Carbonation 

Magnesium (2' gm., 0'084 moles) was ac t i v a t e d by reaction w i t h 

methyl iodide (0*5 gm) i n tetrahydrofuran at room temperature. This 

magnesium was then washed wi t h ether and T.H.F. and transferred to 

a separate f l a s k containing tetrahydrofuran (20 ml) which was cooled 

to 20°C. 3-Chlorotetrafluoropyridine (0*5 gm-> 2 *7 m.moles) 
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followed by ethylene dibromide (O 2 gm), was added and a 

spontaneous reaction occurred. The reaction temperature was 

maintained between -10°C and 0°C f o r 15 mins. during v/hich time a 

very dark colour was formed. Dry carbon dioxide was passed i n t o 

the reaction at -10°C and the temperature allowed to r i s e to, t h a t 

of the room w i t h carbon dioxide passing. Water (20 ml) v/as added 

and the reaction mixture f i l t e r e d . The f i l t r a t e was a c i d i f i e d 

(20 ml.dilHCl) and extracted w i t h ether (2 x 20 ml). The extracts 

were combined, dr i e d (MgSO^), and the solvent removed by 

d i s t i l l a t i o n leaving a brown s o l i d residue (0*35 gm). When t h i s 

residue was heated under vacuum a white s o l i d (0*15 gm) sublimed at 

55°C. The i . r . spectrum of the sublimate was i d e n t i a l to that of 

an authentic sample of t e t r a f l u o r o n i c o t i n i c acid (l.R. Spectrum ITo. 

page Xo$). Y i e l d , 28$. The i n v o l a t i l e residue (0^2 gm) had an 

i n f r a red spectrum very s i m i l a r to the polymeric pyridine carbokylic 

acids from previous reactions. 

3-Chlorotetrafluorpyridine and Magnesium i n T.H.F. with "-methyl^ 

formanilide 

Magnesium (2 gm., 0*084 moles), i n tetrahydrofuran (20 m l ) , was 

activated by reaction w i t h ethylene dibromide (0*5 gm) at 0°C. The 

reaction mixture was cooled to -15°C and 3 - c h l o r o t e t r a f l u o r o ­

pyridine ( l gm., 5*4 m.moles) mixed w i t h ethylene dibromide (1 gm) 

i n T.H.P. (2 ml)-added slowly causing the development of a dark 
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colouration. A f t e r 10 rains, a f u r t h e r amount (0*5 gm) of 

ethylene dibromide was added, followed by N-methylformanilide ( l gm) 

i n tetrahydrofuran (2 ml) while the temperature was maintained at 

-15°C. A f t e r allowing to warm to room temperature and s t i r r i n g f o r 

2 hrs, water (15 mis) and d i l u t e hydrochloric acid (15 mis) were 

added and the contents of the reaction f l a s k steam d i s t i l l e d . The 

steam d i s t i l l a t e was extracted w i t h ether, d r i e d (MgSO^), and most of 

the solvent removed by d i s t i l l a t i o n . Vapour phase chromatographic 

analysis showed no detectable q u a n t i t i e s of useful product. 

The brown s o l i d residue (0*7 gm) i n the steam d i s t i l l a t i o n 

f l a s k gave an i n f r a red spectrum very s i m i l a r to the polymeric 

f l u o r o p y r i d y l material obtained from previous Grignard reactions. 

Exchange Reactions 

2, 4» 5> 6-Tetrafluoropyridine and Methyl magnesium iodide 

2, 4, 5s 6-Tetrafluoropyridine (0*5 gm., 3*3 m,moles) was 

placed i n one limb of a Zeriwifctenoff f l a s k connected to a gas 

burette. Excess methyl magnesium iodide i n d i e t h y l ether- (5 ml) 

was placed i n the other limb of the apparatus, and the contents of 

both limbs mixed at room temperature. Methane (68 ml., 87$ 

t h e o r e t i c a l q u a n t i t y ) was evolved and then carbon dioxide was 

passed i n t o the reaction mixture f o r 1 hr. D i l u t e hydrochloric 

acid (10 ml) was added, the aqueous and organic layers separated, 
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and the aqueous layer extracted w i t h ether. The organic solutions 

were combined, dried (MgSO^), and the solvent removed by 

d i s t i l l a t i o n leaving no s o l i d ressidue of t e t r a f l u o r o n i c o t i n i c acid. 

2? 4» 5, 6-Tetrafluoropyridine and Ethyl magnesium bromide 

2, 4, 5j 6-Tetrafluoropyridine (0*5 gm., 3*3 m.moles) was 

dissolved i n dry tetrahydrofuran and cooled to -70°C. Ethyl 

magnesium bromide (3*3 m.moles) i n d i e t h y l ether was added w i t h 
o 

s t i r r i n g at -70 C, and then the mixture allowed to warm slowly to 

0°C, during which time 20 ml of gas had been evolved. Carbon 

dioxide was passed i n t o the mixture at 0°C f o r 15 mins, the s o l u t i o n 

a c i d i f i e d w i t h d i l . HC1 (10 ml), and extracted w i t h ether. The 

e t h e r i a l extracts were combined, dried (MgSO.). and the solvent 

removed to y i e l d a tacky white s o l i d (0*01 gm). This was shown 

by i . r . spectroscopy to be mainly 2, 4, 5J 6 - t e t r a f l u o r o n i c o t i n i c 

acid (crude y i e l d 2%). 
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C a t a l y t i c Reduction of Ferfluoro and Chlorofluoro-pyridines 

Preparation of the Catalyst 

Palladium hydroxide (3'3 gm., 2*5 gm Pd.) was dissolved i n d i l u t e 

hydrochloric acid (150 ml.) and the s o l u t i o n heated to b o i l i n g . 

Active carbon (25 gm., 8-14 mesh), heated to 100°C i n an oven, was 

poured i n t o the hot s o l u t i o n which was then s t i r r e d and evaporated 

to a small volume ( 20 ml.). Concentrated hydrochloric acid (5 ml.) 

was added and heating continued u n t i l most of the water was removed. 

The palladised carbon was warmed under vacuum f o r 5 hrs. and then 

packed i n the reductor furnace where i t was heated at 300°C f o r 24 

hrs. i n a current of dry nitrogen to remove the f i n a l traces of 

water. 

The Reductor 

The c a t a l y t i c reduction apparatus ( F i g . k page Hz) comprised of 

a f l a s k - d i s t i l l a t i o n u n i t through which a metered current of dry 

hydrogen passed before entering the e l e c t r i c a l l y heated furnace, 

consisting of a s i l i c a tube 1" i n diameter x 12" long. The ce n t r a l 

6" of t h i s tube was packed with palladised carbon (10$ Pd, 90$ C) 

c a t a l y s t , prepared as described above, and. held i n p o s i t i o n by glass 

wool plugs. A thermocouple (chromel-alurael) ran along the cen t r a l 

axis of the tube to give a d i r e c t reading of the temperature at the 

the centre of the furnace. The product emerging from the c a t a l y s t 
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was condensed by a t r a p c o o l e d by l i q u i d a i r , t h e e x c e s s hydrogen 

b e i n g l e t out of a window. 

Between r e a c t i o n s the app a r a t u s was s t o p p e r e d and the f u r n a c e 
o o 

m a i n t a i n e d a t 200 - 300 C to p r e v e n t m o i s t u r e b e i n g absorbed by the 

c a t a l y s t . 

R e d u c t i o n o f 3 - c h l o r o t e t r a f l u o r o p y r i d i n e 

3 - C h l o r o t e t r a f l u o r o p y r i d i n e (4 gm., 21«6 m.moles) was dropped a t 

a r a t e of 0*1 gm/min i n t o the f l a s h - d i s t i l l a t i o n f l a s k h e a t e d to 

200°C, through which a st r e a m o f dry bydrogen (50 ml/min.) was 

p a s s i n g . The c h l o r o t e t r a f l u o r o p y r i d i n e v a p o r i s e d immediately and 

was c a r r i e d i n the gas st r e a m o v e r the p a l l a d i s e d carbon c a t a l y s t 

h e a t e d to 250°C. Pro d u c t emerging from the c a t a l y s t was condensed 

i n a t r a p c o o l e d by l i q u i d a i r and then d r i e d by d i s t i l l a t i o n under 

vacuum from phosphorus p e n t o x i d e . T h i s m a t e r i a l (2-5 gm) was then 

s e p a r a t e d by vapour phase chromatography, u s i n g t r i t o l y l phosphate 

as s t a t i o n a r y phase, and shown to c o n t a i n a p p r o x i m a t e l y 80$ of 2, 4> 

5, 6 - t e t r a f l u o r o p y r i d i n e , b.pt 89° - 90° (Found: C, 40« 1 ; F, 49'9« 

C,JS'F4N r e q u i r e s C, 39"T; F, 50*3$) I.R. Spectrum Mo.7 page Zot 

The f l u o r i n e 19 n.m.r. spectrum c o n f i r m e d t h a t m i g r a t i o n o f 

f l u o r i n e to the 3 - p o s i t i o n had not o c c u r r e d d u r i n g the p r o c e s s . The 

spectrum showed f o u r c h e m i c a l l y s h i f t e d groups of peaks, o f equ a l 

i n t e n s i t y , two of which were broad and a t low f i e l d ( i n d i c a t i n g the 
14 . 

p r o x i m i t y to the N n u c l e u s ) : 
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8=67*6 p.p.m. (2-F, s h i f t e d t o lower f i e l d due t o ad j a c e n t hydrogen); 

83*3 p.p.m. (6-P); 113-1 p.p.m. (5-F); 99'2 p.p.m. (4-P). 

These chemical s h i f t s were measured r e l a t i v e to CFCl^ aa i n t e r n a l 

r e f e r e n c e . 

Also p r e s e n t i n the product ( 5$) was 2, 5, 6 - t r i f l u o r o p y r i d i n e 

b.pt 115° - 116°C (Pound: C, 45*2; P, 42-6. C^H^N r e q u i r e s C, 

45*1; P, 42*9$) I.H. Spectrum No. 8. page 2o6. 

The f l u o r i n e - 19 n.m.r. spectrum showed t h r e e c h e m i c a l l y s h i f t e d 

peaks o f equal.' i n t e n s i t y , two o f which were broad and t o low f i e l d , 

i n d i c a t i n g the p r o x i m i t y to the "^N nucleus; 

S = 74*4 p.p.m. (2-F); 88-69 p.p.m. (6-F); and 147*4 p.p.m. (5-F), 

r e l a t i v e t o CFCl^ as i n t e r n a l r e f e r e n c e . 

Experiments i n which a h i g h e r f l o w o f hydrogen and/or a g r e a t e r 

r a t e o f a d d i t i o n o f 3 - c h l o r o t e t r a f l u o r o p y r i d i n e were used tended to 

r e s u l t i n sma l l amounts of s t a r t i n g m a t e r i a l b e i n g recovered unreacted 

t o g e t h e r w i t h the p r o d u c t , from the l i q u i d a i r cooled t r a p . 

An i n c r e a s e i n the temperature of the c a t a l y s t caused a g r e a t e r 

p r o p o r t i o n o f 2, 5, 6 - t r i f l u o r o p y r i d i n e to be formed. 

Reduction o f 3» 5 - d i c h l o r o t r i f l u o r o p y r i d i n e 

a) Using the same technique as t h a t employed i n the prev i o u s 

experiment, 3, 5 - d i c h l o r o t r i f l u o r o p y r i d i n e (5 gin., 25 m.moles) was 

f l a s h - d i s t i l l e d a t 240° and passed, i n a stream o f d ry hydrogen 
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(80 ml/min), over the c a t a l y s t a t 280°C. 

The product was 2, 4, 6 - t r i f l u o r o p y r i d i n e , b.pt 94° - 95°C 

(75$ y i e l d ) . (Pound: C, 44*7; F, 43-3. C^H^N r e q u i r e s C, 2§«lj 

P, 42.9$). I.H. Spectrum Wo.S. page £e>6. 

The f l u o r i n e -19 n.ra.r. spectrum confirmed t h a t no m i g r a t i o n o f 

f l u o r i n e had taken p l a c e . The spectrum was approxim a t e l y the AXX' 

p a r t off an APP'XX' system and co n t a i n e d two c h e m i c a l l y s h i f t e d 

groups o f peaks o f i n t e n s i t y 2:1 and the peak due t o the 2- and 6-
14 

f l u o r i n e atoms was b r o a d e n e d due t o the 'N nucleus. The peak due 

to the 4 - f l u o r i n e was a t r i p l e t o f t r i p l e t s , showing the c o u p l i n g 

t h a t would be expected from an o r t h o p r o t o n and a meta f l u o r i n e atom. 

S = 65.05 p.p.m. (2- and6-F); 93*15 p.p.m. (4-F) 

j = 19.7 ± 0-2 G/&=J p meta; J=7'6 1 0-2 c/ s - J _ , o r t h o . 

A l s o , the p r o t o n spectrum showed a p a i r o f t r i p l e t s and 

demonstrated the same o r t h o H^F c o u p l i n g constant as i n d i c a t e d above; 

S = 6.6l p.p.m.; J — 1'2 ^"O'l c/s ~ JU „ para — J„ „ meta; 

J = 7-5 t o»l c/s - J„ _ o r t h o . 

19 

The F and 'H chemical s h i f t s were recorded w i t h r e f e r e n c e to 

CPCl^ and Me^Si r e s p e c t i v e l y , as i n t e r n a l standard. 

b) Using the same technique as t h a t employed i n the p r e v i o u s 

experiment, 3> 5 - d - i c h l o r o t r i f l u o r o p y r i d i n e (15 gm» 75 m.moles) was 

f l a s h - d i s t i l l e d a t 240°C and passed, i n a stream o f dry hydrogen 

(100 r n l / m i n ) , over the c a t a l y s t a t 290°C. 
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The p r o d u c t (10 gm) was shown by a n a l y t i c a l s c a le v.p.c. ( d i - n -

d ecyl p h t h a l a t e as s t a t i o n a r y phase, 100°C) to c o n t a i n t h r e e 

components, t h e one present i n l e a s t amount ha v i n g a r e t e n t i o n time 

c o i n c i d e n t w i t h 2, 4, 6 - t r i f l u o r o p y r i d i n e . The unknown components 

were i s o l a t e d "by p r e p a r a t i v e s c a l e v.p.c. u s i n g d i - n - d e c y l p h t h a l a t e 

as s t a t i o n a r y phase a t 120°C and shown to be:-

i ) 3-chloro-2, 4, 6 - t r i f l u o r o p y r i d i n e , b.pt 128° - 129°C ( L i t 1 . , 

b.pt 128° - 129°C). (Found: C, 36"1; H, 0-6l; F, 34'0; C I , 211. 

(^HCIF^N r e q u i r e s C, 35'8j H, 0'60; F, 34-0; C I , 21 2$). 

I.R. Spectrum No.//, page207. 

The f l u o r i n e -19 n.m.r. spectrum showed each f l u o r i n e to have 

hydrogen o r c h l o r i n e neighbours b u t no f l u o r i n e neighbour. The 

s t r u c t u r e o f t h i s compound i s determined from the magnitude o f the 

chemical s h i f t s . The e f f e c t of i n t r o d u c i n g c h l o r i n e and hydrogen 

i n t o a p y r i d i n e nucleus i n place o f f l u o r i n e atoms i s t o d i s p l a c e 

the n e i g h b o u r i n g f l u o r i n e resonances to low f i e l d s by p r e d i c t a b l e 
2 

amounts. I n t h i s case the 2- and 6 - f l u o r i n e chemical s h i f t s 

become 67-6 p.p.m. and65-0 p.p.m. and the 4-±'luorine becomes 93*0 

p.p.m. w i t h r e s p e c t to CFCl^ as i n t e r n a l r e f e r e n c e . 

and i i ) 2, 6 - d i f l u o r o p y r i d i n e , b . p t . 124°C ( l i t . , 3 b.pt 122° - 124-5°C 

(Found: C, 51-6; H, 2-28; F, 32-7- C a l c u l a t e d f o r C^H^N 

C, 52 - I 5 H, 2-6l; F, 33^0$). I.R. Spectrum No iO. page l o f . 
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The f l u o r i n e -19 spectrum showed a s i n g l e broad peak o f 

chemical s h i f t 66'5 p.p.m. w i t h respect to CPCl^, corresponding to 

f l u o r i n e i n the e x p o s i t i o n . The composition o f the o r i g i n a l product 

v/as e s timated by a n a l y t i c a l s c a l e v.p.c. t o be C^HCIF^N, 50; 

C5H2P3W, 20; C 5H 3E 2N 30 mole - $ 

Reduction o f P e n t a f l u o r o p y r i d i n e 

P e n t a f l u o r o p y r i d i n e (5 gm) was f l a s h - d i s t i l l e d a t l80°C d u r i n g 

2 hrs i n a stream o f dry hydrogen (60 ml/min) over the c a t a l y s t 

a t 320°C. The produc t (2'6 gm) was condensed o u t , d r i e d by 

d i s t i l l a t i o n under vacuum from P„0,-, and shown by a n a l y t i c a l - s c a l e 
2 5 

v.p.c. ( d i - n - d e c y l p h t h a l a t e as s t a t i o n a r y phase 100°C) to c o n t a i n 

f o u r components, the l a r g e s t o f which was unreacted s t a r t i n g 

m a t e r i a l . The o t h e r components were i s o l a t e d by p r e p a r a t i v e scale 

v.p.c. ( d i - n - d e c y l p hahalate, 100°C) and shown to be: 

i ) 2, 3, 5, 6 - t e t r a f l u o r o p y r i d i n e (30$ y i e l d ) , b.pt 98 -99°C. 

(Pound: C, 39-9; mol. wt. 152. G^HP^N r e q u i r e s C, 39-' 1%', mol. wt. 
151). 

The i n f r a r e d spectrum ('Ho. U pagei°y) o f t h i s compound was 

i d e n t i c a l to tha.t o f a sample o b t a i n e d by the r e a c t i o n o f l i t h i u m 

aluminium h y d r i d e on p e n t a f l u o r o p y r i d i n e . The f l u o r i n e - 1 9 n.m.r. 

spectrum was t y p i c a l o f t h a t o f the PP'XX1 p a r t o f an APP'XX1 system. 

This can o n l y occur i f the system has a two f o l d a z i s o f symmetry, 
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i . e . the s u b s t i t u e n t i s i n the 4 - p o s i t i o n . 

Two c h e m i c a l l y s h i f t e d groups o f peaks were o b t a i n e d . 

S = 92'28 p.p.in. (2-, 6-P), broadened by the "^N nucleus, and 

140 ;97 p.p.m. (3-, 5~F) w i t h r e s p e c t t o CFC1.J as i n t e r n a l r e f e r e n c e . 

i i ) 3, 4, 5J 6 - t e t r a f l u o r o p y r i d i n e (5$ y i e l d ) , b.pt 87° - 88°C. 

(Found: C, 39-5; F, 50-2. 0,-HF̂ N r e q u i r e s C, 39-7; F, 50-3$). 

I n f r a Red Spectrum No. 13, page 2<>&. 

The f l u o r i n e - 1 9 n.m.r. spectrum showed f o u r c h e m i c a l l y s h i f t e d 

groups o f peaks of equal i n t e n s i t y o n l y one o f which was broad and a t 

low f i e l d . 

S = 83-9 p.p.m. (broad, 6-F), 140-5 p.p.m. ( 4 - F ) , 15 7-9 p.p.m. 

( 5 - F ) , and 148'8 p.p.m. (3-F s h i f t e d to lower f i e l d due t o adjacent 

hydrogen). 

The p r o t o n spectrum showed o n l y one complex c h e m i c a l l y s h i f t e d 

group o f peaks. 

i i i ) The o t h e r component (<l/£ y i e l d ) was prob a b l y 2, 4j 55 6 - t e t r a ­

f l u o r o p y r i d i n e , as t h i s product had a r e t e n t i o n time i d e n t i a l to 

t h a t of an a u t h e n t i c sample o f 2, 4j 5J 6 - t e t r a f l u o r o p y r i d i n e . 

Since the v.p.c. r e t e n t i o n times o f p e n t a f l u o r o p y r i d i n e and 

3, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e were very s i m i l a r , i t was 

advantageous "ID have as l a r g e a p r o p o r t i o n as p o s s i b l e o f t h i s hydro-
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f l u o r o compound to f a c i l i t a t e the chromatographic s e p a r a t i o n o f 

these components, i . e . a very s m a l l amount o f 3, 4, 5, 6 - t e t r a -

f l u o r o p y r i d i n e would not he r e s o l v e d from the " t a i l " o f a l a r g e 

peak due to p e n t a f l u o r o p y r i d i n e . 

Because o f the conversion o f p e n t a f l u o r o p y r i d i n e t o hydrogen 

c o n t a i n i n g compounds from .a s i n g l e passage over the c a t a l y s t was 
c 

low, i t was found necessary to r e c y c l e the p r o d u c t tjChough the 

r e d u c t o r u n t i l the p r o p o r t i o n o f 3> 4, 5, 6 - t e t r a . f ' l u o r o p y r i d i n e 

r e l a t i v e t o p e n t a f l u o r o p y r i d i n e was such t h a t a v.p.c. s e p a r a t i o n 

c o u l d be e f f e c t e d . U s u a l l y , two o r t h r e e r e c y c l i n g o p e r a t i o n s were 

s u f f i c i e n t , but o b v i o u s l y the l a r g e r the number o f such procedures 

the g r e a t e r the amount o f decomposition which o c c u r r e d . 

When r e a c t i o n temperatures lower than 320°C were used, the 

amount o f replacement o f f l u o r i n e by hydrogen was l e s s . Thus, when 

p e n t a f l u o r o p y r i d i n e was passed over the c a t a l y s t a t 250°C on a 

c u r r e n t o f hydrogen, (60 ml/min), the y i e l d o f products was 2, 3, 5> 

6 - t e t r a f l u o r o p y r i d i n e , 15$, and 3, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e , N 3%. 

I n experiments where c a t a l y s t temperatures h i g h e r than 320°C 

were used, excessive decomposition o c c u r r e d g i v i n g v e ry poor y i e l d s 

o f hydrofluorocompounds. 

Considerably more decomposition took place when p e n t a f l u o r o -

p y r i d i n e was passed through the r e d u c t o r than when e i t h e r o f the 

c h l o r i n e c o n t a i n i n g compounds were reduced. The e x t e n t of breakdown, 
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with, the subsequent f o r m a t i o n o f hydrogen f l u o r i d e , was such t h a t 

a f t e r the passage o f app r o x i m a t e l y 50 gms o f p e n t a f l u o r o p y r i d i n e 

t h e c a t a l y s t became poisoned and i n e f f i c i e n t , n e c e s s i t a t i n g i t s 

replacement t o g e t h e r w i t h the s i l i c a tube which was corroded t o 

wafer t h i c k n e s s . 
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Attempted S u l p h o n a t i o n o f H y d r o f l u o r o p y r i d i n e a 

2, 4« 5i 6 - T e t r a f l u o r o p y r i d i n e and Oleum 

2, 4, 5, 6 - T e t r a f l u o r o p y r i d i n e ( 1 gm) and oleum (20$ SOy 10 

gm) were s t i r r e d f o r 48 hours a t room temperature and then poured 

c a r e f u l l y on t o crushed i c e (200 gm). T h i s was e t h e r e x t r a c t e d 

c o n t i n o u s l y f o r 24 hours, t h e e t h e r e x t r a c t d r i e d , and the s o l v e n t 

removed by d i s t i l l a t i o n . The r e s i d u e was shown by a n a l y t i c a l -

s c a l e v.p.c. t o c o n t a i n unreacted 2, 4» 5» 6 - t e t r a f l u o r o p y r i d i n e . 

A d d i t i o n o f water and barium carbonate to the r e s i d u e d i d not y i e l d 

barium t e t r a f l u o r o p y r i d i n e sulphonate. 

2, 4i 6 - T r i f l u o r o p y r i d i n e and Oleum 

2, 4 i 6 - T r i f l u o r o p y r i d i n e ( 0 - 3 gm) and oleum (20$ SOy 9 gm) 

were s t i r r e d f o r 6 days a t room temperature and then poured on t o 

crushed i c e (100 gm). T h i s was e t h e r e x t r a c t e d c o n t i n u o u s l y f o r 

24 hours, t h e e t h e r e x t r a c t d r i e d , and t h e s o l v e n t removed by 

d i s t i l l a t i o n . The r e s i d u e was shown by a n a l y t i c a l s c a l e v.p.c. t o 

c o n t a i n unreacted 2, 4, 6 - t r i f l u o r o p y r i d i n e . A d d i t i o n o f water 

and barium carbonate to t h e r e s i d u e d i d not y i e l d a barium f l u o r o -

p y r i d i n e sulphonate. 
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2, 4> 6 - T r i f l u o r o p y r i d i n e and Oleum 

2, 4, 6 - T r i f l u o r o p y r i d i n e (0'5 gm) and oleum (20$ SOy 4 gm) 

were heated i n a c a r i u s tube to 200°C f o r 24 h r s . Only 

decomposition products were o b t a i n e d when t h e tube was opened. 
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Preparation of P o l y f l u o r o - and P e r f l u o r o - p y r i d i n e L i t h i u m D e r i v a t i v e s 

2-i 5\ 6 - T e t r a f l u o r o p y r i d i n e and B u t y l L i t h i u m i n Hexane 

2» ^, 5» 6 - T e t r a f l u o r o p y r i d i n e (0*5 gm., 3*3 m.moles), and 

b u t y l l i t h i u m (10*0 m.moles) i n hexane (k mis) were placed i n the 

separate limbs of a Z e r i w i t t e n o f f f l a s k , f i l l e d w i t h dry n i t r o g e n 

and connected t o a gas b u r e t t e . The limbs were cooled t o -65°C 

and the reac t a n t s q u i c k l y mixed by pouring from one limb t o the 

other. A v i o l e n t r e a c t i o n occurred, w i t h the l i b e r a t i o n of a 

l a r g e volume o f gas and the formation of a brown s o l i d polymeric 

m a t e r i a l . I.R. Spectroscopy suggested t h a t t h i s polymer was made 

up of f l u o r o p y r i d y l u n i t s , s i m i l a r t o the polymers obtained by the 

decomposition o f f l u o r o p y r i d i n e Grignard reagents. 

2, kt 5t 6 - T e t r a f l u o r o p y r i d i n e and B u t y l L i t h i u m , followed by 

Carbonation 

2, ^, 5, 6 - T e t r a f l u o r o p y r i d i n e (0*4 gm, 2*6 m.moles) i n dry 

hexane (5 m l ) , and b u t y l l i t h i u m (5*0 m.moies) i n dry hexane (5 ml) 

were placed i n the separate limbs o f a Z e r i w i t t e n o f f f l a s k , f i l l e d 

w i t h dry n i t r o g e n and connected t o a gas b u r e t t e . The limbs were 

cooled t o -75°C, and the b u t y l l i t h i u m s o l u t i o n added slowly t o the 

s o l u t i o n o f 2, i f , 5, 6 - t e t r a f l u o r o p y r i d i n e . The mixture was 

allowed to warm slowly t o 0°C when a v i o l e n t r e a c t i o n occurred. 
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Immediately, dry carbon d i o x i d e was passed i n t o the dark r e a c t i o n 

m i x t u r e f o r 1 h r . D i l u t e h y d r o c h l o r i c a c i d (10 ml) was added, and 

the brown s o l i d , which was i n s o l u b l e i n b o t h the aqueous and organic 

l a y e r , was f i l t e r e d and d r i e d under vacuum, I.R. Spectroscopy showed 

t h i s p o l y m e r i c m a t e r i a l (0 - 4 gm) to c o n t a i n , carbo«yl, h y d r o x y l and 

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

a b s o r p t i o n bands. This m a t e r i a l was v e r y s i m i l a r t o the p o l y m e r i c 

p y r i d i n e carbo«ylic acids produced by c a r b o n a t i o n o f f l u o r o p y r i d y l 

G r i g n a r d reagents. 

The hexane l a y e r was shown to c o n t a i n no t e t r a f l u o r o n i c o t i n i c 

a c i d . 

2, 4a 5i 6 - T s t r a f l u o r p p y r i d i n e . a n d B u t y l L i t h i u m , f o l l o w e d by 

Carbonation 

B u t y l l i t h i u m (3«3 m.moles) i n dry hexane ( l ml) was added t o a 

s t i r r e d s o l u t i o n o f 2, 4, 5» 6 - t e t r a f l u o r o p y r i d i n e (0 ' 5 gm, 3'3m.mol 

i n dry hexane (5 ml) a t -60°C and under an atmosphere o f dry 

n i t r o g e n i n the apparatus shown i n F i g . i " . A f t e r 15 minutes a 

dense w h i t e p r e c i p i t a t e , presumably the l i t h i o - d e r i v a t i v e , had 

formed and w h i l e the temperature was m a i n t a i n e d a t -60°C, dry 

carbon d i o x i d e was passed i n t o the r e a c t i o n m i x t u r e For 30 minutes. 

Then the m i x t u r e was a l l o w e d to warm up to room temperature w h i l e 

the i n t r o d u c t i o n o f COg co n t i n u e d . Water (5 ml) was added and, on 

s t i r r i n g , the w h i t e p r e c i p i t a t e d i s s o l v e d , t h e n , on the a d d i t i o n of 
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d i l u t e h y d r o c h l o r i c a c i d (5 m l ) , a f u r t h e r w h i t e p r e c i p i t a t e 

waa formed which q u i c k l y r e d i s s o l v e d . The m i x t u r e was e x t r a c t e d 

w i t h e t h e r , the o r g a n i c e t h e r e a l l a y e r separated and d r i e d (MgSO^) 

and then s o l v e n t was removed by d i s t i l l a t i o n l e a v i n g 

2, 4» 5j 6 - t e t r a f l u o r o n i c o t i n i c a c i d (0*4 gm, 62$ y i e l d ) which, 
o —5 

a f t e r vacuum s u b l i m a t i o n (55 C / 10 mm) and r e c r y s t a l l i s a t i o n 

(hexane) gave a m.pt 121° - 122°C. (Pound: C, 37-15 P, 38*6; eq. 

wt. 19-1. HF^ Wxrequires C, 36*9; F, 38*9$; eq.wt. 195). 

pKa 3*45* I.R. Spectrum No. 'h- page ZoS, 

2< 4. 5» 6 - T e t r a f l u o r o p y r i d i n e and Methyl l i t h i u m 

Methyl l i t h i u m (3*3 m.moles) and dry d i e t h y l e t h e r (6.6 ml) was 

added t o a s t i r r e d s o l u t i o n o f 2, 4» 5> 6 - t e t r a f l u o r o p y r i d i n e (0*5 gmj 

3*3 m.moles) i n dry t e t r a h y d r o f u r a n (5*5 ™l) a* -70°G, and under an 

atmosphere o f dry n i t r o g e n . The r e a c t i o n temperature was al l o w e d 

to mix: s l o w l y t o t h a t o f the room, d u r i n g which time 41*0 ml. o f 

gas (CH^) were evolved. 

Water (10 ml) was added, the o r g a n i c l a y e r separated, d r i e d 

(MgSO^) and the s o l v e n t removed by d i s t i l l a t i o n l e a v i n g a y e l l o w 

s o l i d r e s i d u e (0*2 gm). This s o l i d w a s s o l u b l e i n T.H.P. b u t 

i n s o l u b l e i n d i e t h y l e t h e r . I.R. Spectroscopy ( I . R . Spectrum No.2c 

page lio) suggested t h a t the compound was made up o f f l u o r o p y r i d y l 

u n i t s . 

The average m o l e c u l a r weight o f these p o l y p e r f l u o r o p y r i d y l e n e s 
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was determined by vapour pressure osmometry to be 1230. Considering 

t h a t jc^NF^j — 131 j i t would seem t h a t the average polymer molecule 

was made up o f appoximately 9 - 1 ° p e p f l u o r o p y r i d y l u n i t s . 

When t h i s experiment was repeated, but carbon d i o x i d e bubbled 
0 

i n t o the r e a c t i o n m i x t u r e a f t e r the temperature had r i s e n from -70 

to 0°C, the same pr o d u c t was o b t a i n e d . Thus, no r e a c t i v e l i t h i u m 
Q 

remained i n the molecule a t 0 C as t h i s would have been carbonated 

and the c h a r a c t e r i s t i c c a r b o n y l a b s o r p t i o n bands would have been 

observed i n the i . r . spectrum o f the product. 
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P r e p a r a t i o n o f P o l y f l u o r o p y r i d i n e Carbowylic Acids 

2, 4, 5, 6 - T e t r a f l u o r o n i c o t i n i c a c i d 

2, 4» 5> 6 - T e t r a f l u o r o p y r i d i n e (1 gm, 6-6 m.moles) i n dry 

d i e t h y l e t h e r (8 ml) added s l o w l y to a s t i r r e d s o l u t i o n o f b u t y l 

l i t h i u m (6*6 m.moles) i n a mixed s o l v e n t , (hexane ( 2 m l ) / E t h e r 

(10 m l ) ) a t -70°C and under an atmosphere o f dry n i t r o g e n . The 

temperature was allowed t o r i s e to -60°C, when a brown c o l o u r a t i o n 

developed, d u r i n g 15 minutes then d r y carbon d i o x i d e was passed i n t o 

the r e a c t i o n w h i l e the temperature was a t -60°C. A dense w h i t e 

p r e c i p i t a t e formed and the temperature was al l o w e d t o r i s e to t h a t 

o f the room w h i l e the i n t r o d u c t i o n o f COg con t i n u e d . Water (10 ml) 

was added and, on s t i r r i n g ; the p r e c i p i t a t e d i s s o l v e d . The m i x t u r e 

was t r a n s f e r r e d t o a s e p a r a t i n g f u n n e l and d i l . HC1 (10 m l ) , 

f o l l o w e d by cone. HC1 (5 n i l ) , was added. This was then e x t r a c t e d 

w i t h e t h e r , the e x t r a c t s d r i e d (Mg30^), and the s o l v e n t removed by 

d i s t i l l a t i o n to leave w h i t e c r y s t a l s o f crude 2, 4, 5> 6 - t e t r a -

f l u o r o n i c o t i n i c a c i d (1*15 gm» » 99$ crude y i e l d ) . Vacuum 

s u b l i m a t i o n and r e c r y s t a l l i s a t i o n from hexane a f f o r d e d the pure 

compound m.pt 121° - 122°C. 

2, 3i 5i 6 - T e t r a f l u o r o i s o n i c o t i n i c a c i d 

B u t y l l i t h i u m (3"3 m.moles) i n dr y hexane ( l ml) was added w i t h 

s t i r r i n g to a s o l u t i o n o f 2, 3> 5» 6 - t e t r a f l u o r o p y r i d i n e (0 - 5 gm> 
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3*3 m.molea) i n hexane (18 ml) a t -55 C, as d e s c r i b e d above. A f t e r 

20 minutes a p r e c i p i t a t e had formed and then the temperature was 

lowered t o -6o°C b e f o r e carbon d i o x i d e was passed i n t o the r e a c t i o n . 

The i n t r o d u c t i o n of C0£ was c o n t i n u e d as the temperature was 

a l l o w e d to r i s e to t h a t o f the room. Water (5 m l ) was added, 

f o l l o w e d by d i l u t e h y d r o c h l o r i c a c i d (5 m l ) . Then the m i x t u r e was 

e x t r a c t e d w i t h e t h e r , the e t h e r e a l s o l u t i o n d r i e d (MgSO^) and when 

s o l v e n t was remowed by d i s t i l l a t i o n 2, 3, 5j 6 - t e t r a f l u o r o i s o n i c o t i n i c 

a c i d (0*32 gin, 50$) was o b t a i n e d which, a f t e r vacuum s u b l i m a t i o n 

(55°C) and r e c r y s t a l l i s a t i o n from hexane gave m.pt 102° - 103°C. 

(Pounds eq..wt. 192. C a l c u l a t e d f o r CgHP̂ Ô W eq.wt. 195) 5 the I.R. 

Spectrum (No. page Zoff ) and m.pt. were i d e n t i c a l w i t h those o f an 

a u t h e n t i c specimen o f the acid.'' p.ka 3"21. 

3, 4, 5» 6 - T e t r a f l u o r o p i c o l i n i c a c i d 

B u t y l l i t h i u m (3"0 in.moles) i n a mixed s o l v e n t , (hexane (1 ml)/ 

e t h e r (5 !"!))> was added s l o w l y to a s t i r r e d s o l u t i o n o f 2, 3, 4, 5-

t e t r a f l u o r o p y r i d i n e (0-3 gm, 1*8 m.moles) i n dry d i e t h y l e t h e r 

(10 ml) a t -78°C and under an atmosphere o f dry n i t r o g e n . The 

temperature was allowed t o r i s e t o -70°C when a very deep purple 

c o l o u r a t i o n developed. A f t e r maintaining the r e a c t i o n a t -70°C f o r 

a f u r t h e r 15 minutes, dry carbon d i o x i d e was i n t r o d u c e d . The m i x t u r e 

became very dark i n c o l o u r but as the temperature was a l l o w e d to r i s e 

to t h a t of the room, w i t h C0 9 p a s s i n g , the c o l o u r l i g h t e n e d t o g i v e a 
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c l e a r p a l e p u r p l e s o l u t i o n . Water (5 ml) wag added, f o l l o w e d by 

d i l u t e h y d r o c h l o r i c a c i d (10 m l ) , and the m i x t u r e v/as t r a n s f e r r e d 

to a s e p a r a t i n g f u n n e l , where the o r g a n i c l a y e r was s e p a r a t e d . 

The r e m a i n i n g aqueous l a y e r was made s t r o n g l y a c i d , w i t h 

h y d r o c h l o r i c a c i d , and e t h e r e x t r a c t e d . The o r g a n i c s o l u t i o n s were 

combined, d r i e d (MgSO^), and the s o l v e n t removed by d i s t i l l a t i o n 

l e a v i n g a v i s c o u s l i q u i d r e s i d u e . T h i s s m e l l e d s t r o n g l y of v a l e r i c 

a c i d , presumably produced by the c a r b o n a t i o n o f e x c e s s b u t y l l i t h i u m 

i n the r e a c t i o n . The v i s c o u s r e s i d u e was h e a t e d under vacuum c a u s i n g 

3, 4, 5, 6 - t e t r a f l u o r o p i c o l i n i c a c i d (0-2 gm, 57$ crude y i e l d ) to 

sub l i m e a t 50°C. A f t e r r e c r y s t a l l i s a t i o n from hexane t h i s gave a 

w h i t e s o l i d m.pt 109° - 110°C. 

(Pound: C, 36-9; F, 38-7? eq.wt. 192. CgHF OgN r e q u i r e s C, 36-Q; 

F , 3S-98#; eq.wt. 195). p.ka 3-96 

1. R. Spectrum Wo. /(. page . 

2, 4> 6 - T r i f l u o r o n i c o t i n i c a c i d 

B u t y l l i t h i u m (6>4 m.moles) i n dry hexane (2 ml) was added to a 

s t i r r e d s o l u t i o n of 2, 4» 6 - t r i f l u o r o p y r i d i n e (0-425 gm, 3*2 m.moles) 

i n dry hexane (6 ml) a t -60°C and under an atmosphere o f dry n i t r o g e n . 

The r e a c t i o n m i x t u r e was m a i n t a i n e d a t -60°C f o r 30 minutes, d u r i n g 

which time a dense v/hite p r e c i p i t a t e formed, and then c a r b o n a t e d as 

p r e v i o u s l y d e s c r i b e d . A f t e r warming to room tem p e r a t u r e , w a t e r (5 ml)» 

f o l l o w e d by d i l u t e h y d r o c h l o r i c a c i d (20 ml) was added and then the 
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o r g a n i c l a y e r was s e p a r a t e d . The aqueous l a y e r was f u r t h e r 

e x t r a c t e d w i t h e t h e r , the o r g a n i c l a y e r s combined, d r i e d (MgSO^),-

and the s o l v e n t d i s t i l l e d l e a v i n g a c r y s t a l l i n g r e s i d u e of 2, 4, 6-

t r i f l u o r o n i c o t i n i c a c i d ( C M gm> 65$ y i e l d ) which, a f t e r 

s u b l i m a t i o n under vacuum and r e c r y s t a l l i s a t i o n from hexane, gave 

m.pt 125° - 126°C. 

(Pound: C, 40=3; F, 32--2; eq.wt. 175. CgHgF^NOg r e q u i r e s C, 40^6; 

F, 32095; eq.wt. 177) p.ka 3-55. 

1. R. Spectrum No. '7 page ^ a C\ • 

2, 4i 6 - T r i f l u o r o p y r i d i n e -3 i 5-dicarboK.ylic a c i d 

2, 4j 6 - T r i f l u o r o p y r i d i n e (0*85 gm, 6>4 m.moles) i n dry t e t r a -

h y d r o f u r a n (3 i»l) was added s l o w l y to a s t i r r e d s o l u t i o n o f b u t y l 

l i t h i u m (-19'2 m.moles) i n hexane (6 ml) and t e t r a h y d r o f u r a n (10 ml) • 

a t -75°C and under an atmosphere o f dry n i t r o g e n . A f t e r 5 minutes 

a dense p a l e orange p r e c i p i t a t e formed and the temperature was 
o 

ma i n t a i n e d a t -75 C f o r a f u r t h e r 15 minutes and then dry carbon 

d i o x i d e , d i l u t e d w i t h an equal volume of n i t r o g e n , was p a s s e d i n t o 

the m i x t u r e . I n i t i a l l y a dark c r i m s o n c o l o u r was formed which t u r n e d 

dark brown and the r e a c t i o n m i x t u r e s o l i d i f i e d to a s t i f f p a s t e . 

Continued passage o f 00^ c a u s e d the dark c o l o u r a t i o n to d i s a p p e a r 

and as the temperature was a l l o w e d to r i s e to t h a t o f the room, the 

r e a c t i o n m i x t u r e became f l u i d . Water (5 n i l ) was added, f o l l o w e d by 

d i l u t e h y d r o c h l o r i c a c i d (50 ml) and the o r g a n i c l a y e r was removed. 
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The aqueous l a y e r was e x t r a c t e d w i t h e t h e r (2 x 25 ml) and the 

combined o r g a n i c l a y e r s was d r i e d (MgSO^) and the s o l v e n t removed 

by d i s t i l l a t i o n l e a v i n g a s o l i d (0-6 gm). When t h i s s o l i d was 

he a t e d to 50° C under high vacuum a whi t e s o l i d s u b l i m e d (A/0• 25 gm) 

and both the m.pt and i n f r a r e d spectrum o f t h i s compound were 

i d e n t i c a l w i t h those of an a u t h e n t i c specimen o f 2, 4j 6 - t r i f l u o r o -

n i c o t i n i c a c i d . The r e m a i n i n g s o l i d was he a t e d to 140°G a l s o 

under high vacuum when i t was ob s e r v e d to su b l i m e s l o w l y , and gave 

2, 4, 6 - t r i f l u o r o p y r i d i n e - 3 , 5 - d - i c a r b o a y l i c a c i d , m.pt 2l8°C (decomp). 

(Founds C, 38*2: F, 25-5; eq.wt. 111-8. C HgF^NO^ r e q u i r e s C, 38*1; 

F, 25^7^5 eq.wt. 110-5). p.ka 3-33. 

1. R. Spectrum No. '8 page . 

When t h i s exchange r e a c t i o n i n t e t r a h y d r o f u r a n was c a r r i e d out 

a t temperatures h i g h e r than -75°C, poor y i e l d s o f 2, 4? 6 - t r i f l u o r o -

n i c o t i n i c a c i d were o b t a i n e d and no d i c a r b o x y l i c a c i d was i s o l a t e d . 

The main product was i n v o l a t i l e p o l y m e r i c p y r i d i n e c a r b o m y l i c a c i d s 

s i m i l a r to those o b t a i n e d from the c a r b o n a t i o n o f decomposing 

f l u o r o p y r i d y l G r i g n a r d r e a g e n t s and f l u o r o p y r i d y l l i t h i u m d e r i v a t i v e s . 

2, 5» 6 - T r i f l u o r o p y r i d i n e - 3 > 4-dicarboK.ylic a c i d 

2, 5j 6 - T r i f l u o r o p y r i d i n e (0-30 gm, 2-26 m.moles) was d i s s o l v e d 

i n t e t r a h y d r o f u r a n (10 m l ) , the s o l u t i o n cooled to -78°C and then 

n - b u t y l l i t h i u m (6 m.moles) d i s s o l v e d i n a mixed s o l v e n t (hexane 
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(2 ml)/T.H.F. (6 m l ) ) was added s l o w l y w i t h s t i r r i n g a t -78°C. 

The r e a c t i o n t e mperature was a l l o w e d to r i s e to -70°C over 15 

minutes when d r y carbon d i o x i d e was p a s s e d i n t o t h e m i x t u r e . The 

passage of carbon d i o x i d e was c o n t i n u e d w h i l e the temperature o f the 

mi x t u r e was a l l o w e d to r i s e to t h a t of the room. D i l u t e 

h y d r o c h l o r i c a c i d (5 ml) was added, and t h e m i x t u r e t r a n s f e r r e d to 

a s e p a r a t i n g f u n n e l and then cone. HC1 (10 ml) was added. A f t e r 

e t h e r e x t r a c t i o n , the e x t r a c t s were combined, d r i e d (MgSO^), 

f i l t e r e d , and the s o l v e n t removed by d i s t i l l a t i o n l e a v i n g a v i s c o u s 

brown l i q u i d r e s i d u e . T h i s was h e a t e d " i n vacuo" to 50°C v/hen a 

w h i t e s o l i d (G*08 gin) sublimed. T h i s was p r o b a b l y 2, 5> 6 - t r i -

f l u o r o p y r i d i n e - 3 - c a r b o x y l i c a c i d and/or 2, 5J 6 - t r i f l u o r o p y r i d i n e -

4 - c a r b o x y l i c a c i d . F u r t h e r h e a t i n g o f the r e s i d u e to 140°C " i n 

vacuo" caused a t a c k y s o l i d (0*2 gm, 42% crude y i e l d ) to su b l i m e . 

T h i s was r e c r y s t a l l i s e d w i t h d i f f i c u l t y from benzene to g i v e a 

compound of m.pt 160° - 5°C. 

(Pounds eq.wt. 114. C^HgP^NO^ r e q u i r e s eq.wt. 110'5) 

T h i s gave a mixed m.pt w i t h an a u t h e n t i c same of 2, 5» 6 - t r i -

f l u o r o p y r i d i n e - 3 j 4 - d i c a r b o x y l i c a c i d ( p r e p a r e d by the o x i d a t i v e 

d e g r a d a t i o n o f p e r f l u o r o i o s q u i n o l i n e ^ ) o f 160° - 5°C» c a u s i n g no 

d e p r e s s i o n i n the m e l t i n g p o i n t o f the a u t h e n t i c specimen. 

The i n f r a r e d spectrum of t h i s compound p r e p a r e d i n t h i s 

experiment was i d e n t i c a l to t h a t of an a u t h e n t i c sample of 2, 5> 6-

t r i f l u o r o p y r i d i n e - 3 , 4 - d i c a r b o x y I i c a c i d . pKa 3*30. 

I.R. Spectrum No. if page Zio, 
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D e t e r m i n a t i o n of p.ka v a l u e s of P o l y f l u o r o p y r i d i n e CarboMylio a c i d s 

E q u i v a l e n t weights and p.ka v a l u e s of the c a r b o K y l i c a c i d s i n 

aqueous s o l u t i o n were determined by p o t e n t i o m e t r i c t i t r a t i o n a g a i n s t 

s t a n d a r d sodium h y d r o x i d e s o l u t i o n , u s i n g an E . I . L . pH meter and 

calomel and g l a s s e l e c t r o d e s , p.ka was g i v e n by the pH v a l u e a t 

h a l f e q u i v a l e n c e p o i n t a c c o r d i n g to the Henderson e q u a t i o n . 

A t y p i c a l d e t e r m i n a t i o n i s d e s c r i b e d below. 

The d e t e r m i n a t i o n of p.ka and e q u i v a l e n t weight o f .2, 4» 6 - T r i f l u o r o -

n i c o t i n i c a c i d 

A known weight of 2, 4> 6 - t r i f l u o r o n i c o t i n i c a c i d was d i s s o l v e d 

i n d i s t i l l e d w a t e r (lOO m l ) and t h i s s o l u t i o n t i t r a t e d a g a i n s t 

s t a n d a r d sodium h y d r o x i d e s o l u t i o n . A graph of pH vs volume o f 

NaOH s o l n added was drawn, and the end p o i n t determined by the 

maximum v a l u e of ApH. 

Wt. of 2, 4, 6 - t r i f l u o r o n i c o t i n i c a c i d = 0 ' 0 l 60 gm. 

Sodium h y d r o x i d e s o l u t i o n = 0-02100 N. 
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OH ( m l ) PH ApH NaOH ( m l ) PH A P H 

0 3-22 4'2 5-70 0<71 

0-5 3-29 4-3 6-48 0 -7-8 

1- 0 3-36 4-4 7-70 1-22 

1--5 3-42 4-5 8-73 1- 03 

2-0 3-51 4- 6 9-22 0-49 

2'5 3 ; 6 l 4-8 9'60 

3-0 3-79 5-0 9-84 

3-2 3'89 5-5 10-12 

3-4 3-99 6-0 10-30 

3-6 4-09 6-5 10-41 

3-7 4-21 7-0 10-52 

3-8 4-30 7-5 10-60 

3-9 4-44 8-0 10-67 

4-0 4'63 0-19 8'5 10-72 

4-1 4-99 0-34 9-0 10-79 

Jf'rom the g r a p h : - End p t . r 4i'35 ra-L NaOH s o l n . 

Eq.Wt. Q.Q16Q x 1000 
4-35 x 0-02100 

Eq.Wt. _ 175 ( T h e o r e t i c a l eq.wt.= 177)• 

pka — P H 2- i8 — ^'^5 
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Methyl E t h y l (2, 4, 5, 6 - T e t r a f l u o r o p y r i d y l ) - C a r b i n o l 

B u t y l l i t h i u m (6-6 m.moles) i n hexan e (2 ml) was added to a 

s t i r r e d s o l u t i o n o f 2, 4> 5> 6 - t e t r a f l u o r o p y r i d i n e ( l gm. 6'6 ra.moles) 

i n dry hexane (5 ml) a t - 60°C and under an atmosphere of dry 

n i t r o g e n . A f t e r 15 minutes a dense w h i t e p r e c i p i t a t e had formed 

and methyl e t h y l ketone (0 !475 g™» 6'6 m.moles) was added dropwise 

w h i l e m a i n t a i n i n g the temperature a t -6o°C. The mi x t u r e was 

a l l o w e d to warm s l o w l y to room temperature, d i l u t e h y d r o c h l o r i c a c i d 

(5 ml) was added, and t h e o r g a n i c l a y e r was s e p a r a t e d and d r i e d 

(MgSO^). The p r o d u c t s were s e p a r a t e d by p r e p a r a t i v e - s c a l e v.p.c. 

( s i l i c o n e g r e a s e a s s t a t i o n a r y phase, 2 0 0 ° c ) . The main product was 

methyl e t h y l (2, 4 9 5> 6 - t e t r a f l u o r o - p y r i d y l ) - c a r b i n o l b.pt. 75° -

76°a/1.3 mm Eg-, (0«7 gm. 48$ y i e l d ) n J n 1"4457« 

(Found: C, 48-1; F, 34'3; H, 3-87. C oH QF.N0 r e q u i r e s C, 48-3; 

F, 34-1; H, 4*056). 

1. R. Spectrum No. M page 

R e a c t i o n of 2, 4> 5» 6 - T e t r a f l u o r o p y r i d y l L i t h i u m w i t h m e r c u r i c 

bromide 

2, 4» 5, 6 - T e t r a f l u o r o p y r i d y l l i t h i u m was made as p r e v i o u s l y 

d e s c r i b e d , by adding b u t y l l i t h i u m (3'3 m.moles) i n hexane (1 ml) to 

2, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e (0-5 gm, 3-3 m.moles) i n hexane (10 ml) 

a t -60°C and under an atmosphere of dry n i t r o g e n . A f t e r 15 minutes 

a s l u r r y of m e r c u r i c bromide (0-6l gm, 1-7 m.moles) i n dry hexane 
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(10 ml) was added wh i l e m a intaining the temperature a t -60 C. 

The r e a c t i o n temperature v/as allowed to r i s e to t h a t of the room and 

d i l u t e h y d r o c h l o r i c a c i d (10 ml) was added. On s t i r r i n g , p a r t of 

the p r e c i p i t a t e d i s s o l v e d and the remainder was f i l t e r e d (0«^ gm). 

The aqueous l a y e r was e x t r a c t e d with hexane, the hexane s o l u t i o n s 

combined, d r i e d (MgSO^), and the s o l v e n t removed by d i s t i l l a t i o n 

l e a v i n g awhite c r y s t a l l i n e s o l i d (0«1 gm). 

Both t h i s r e s i d u e and the s o l i d obtained by f i l t r a t i o n were 

sublimed (100°C/0«1 mm Hg) and r e c r y s t a l l i s e d from hexane but a n a l y s i s 

and melting p o i n t s demonstrated t h a t no s i n g l e pure substance was 

obtained by these o p e r a t i o n s . I.R. Spectroscopy showed the 

presence of carbon-hydrogen bonds and f l u o r o p y r i d y l u n i t s i n the 

product, which was probably a mixture of unreacted mercuric bromide 

and mixed a l k y l and f l u o r o p y r i d y l m e r c u r i a l s . S e p a r a t i o n of these 

to y i e l d the d e s i r e d b i s (2, k, 5, 6 - t e t r a f l u o r o p y r i d y l ) mercury could 

probably be accomplished i f the experiment were performed on a l a r g e r 

s c a l e . 

R e a c t i o n of 2, k, 5> 6 - t e t r a f l u o r o n i c o t i n i c a c i d and Mercuric A c e t a t e 

To a s o l u t i o n of 2, k, 5i 6 - t e t r a f l u o r o n i c o t i n i c a c i d (0.5 gm, 

2*56 m.moles) i n water (50 ml) was added a s o l u t i o n of mercuric 

a c e t a t e (0*^ gm, 1'26 m.moles) i n water (10 ml) with s t i r r i n g . A f t e r 

15 minutes a dense white p r e c i p i t a t e had formed and the s o l u t i o n was 

f i l t e r e d . The white s o l i d f i l t r a t e was d r i e d under reduced p r e s s u r e 
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to g i v e m e r c u r i c (2, 4, 5> 6 - t e t r a f l u o r o n i c o t i n a t e ) . (0-60 gm, 

8 l $ y i e l d ) m.pt 225°C (decomp.) 

(Pound: C, 24-65 C ^ F g N ^ H g r e q u i r e s C, 24*5$) 

I.R. Spectrum No.** page i n . 

D e c a r b o x y l a t i o n of M e r c u r i c (2, 4, 5> 6 - T e t r a f l u o r o n i c o t i n a t e ) . 

M e r c u r i c (2, 4> 5> 6 - t e t r a f l u o r o n i c o t i n a t e ) (0'45 g 1 1 1} 0-76 m. 

moles) was he a t e d to 230°C underreduced p r e s s u r e i n a s u b l i m a t i o n 

a p p a r a t u s when i t decarboHylated smoothly and ca u s e d a w h i t e s o l i d 

to sublime (0*3 gin). 

T h i s s u b l i m a t e was r e c r y s t a l l i s e d from carbon t e t r a c h l o r i d e and 

shown to be b i s (2, 4> 5> 6 - t e t r a f l u o r o p y r i d y l ) mercury, m.pt 200° -

201°G= ( s e a l e d t u b e ) . (79$ crude y i e l d ) . 

(Found: C, 24-2; mol.wt. 507 > vapour p r e s s u r e osmometer. 

° 1 0 P 8 N 2 H g r e ( l u i r e s c > 2 4'0^; mol.wt. 500'6). 

I.R. Spectrum No au page 2 1 1 . 

B i s (2, 4, 5i 6 - t e t r a f l u o r o p y r i d y l ) ( b i p y r i d y l ) mercury 

B i s (2, 4, 5, 6 - t e t r a f l u o r o p y r i d y l ) mercury, (0-018 gm, 0-0036 

m.moles), p r e p a r e d a s d e s c r i b e d above, i n 1:1 v/v benzene-hexane 

(10 ml) was added to 2, 2 ' - b i p y r i d y l (0*010 gm, 0-0072 m.moles) i n 

benzene (1 m l ) . The volume of the m i x t u r e was reduced to (5 ml) by 

b o i l i n g and a l l o w e d to c o o l when w h i t e c r y s t a l s began to appear. 

A f t e r some time, the s u p e r n a t e n t l i q u i d was decanted and the c r y s t a l s 
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washed w i t h c o l d benzene to remove any e x c e s s b i p y r i d y l . The 

s o l v e n t was removed from the c r y s t a l s under vacuum l e a v i n g pure 

b i s ( 2 , 4, 5» 6 - t e t r a f l u o r o p y r i d y l ) ( b i p y r i d y l ) mercury m.pt 142° - 3 9 , 

(0-015 gni> 75$ y i e l d ) . R e c r y s t a l l i s e d from benzene/hezane to g i v e 

m.pt 142°C. 

(Founds C, 36'6; H, 1-63. ^ 2 0 H 8 F 8 N 4 H g r e q u i r e s C, 36-6; H, 1-22$). 

I.R. Spectrum No. %•> page 2.12. 
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2. 4« 5, 6 - T e t r a f l u o r o p y r i d y l L i t h i u m and Bromine 

B u t y l l i t h i u m (9'0 m.moles) i n hexane (3 ml) was added to a 

s t i r r e d s o l u t i o n o f 2, 4, 5, 6 - t e t r a f l u o r o p y r i d i n e ( 1 2 gm, 8'0 

m.moles) i n hexane (25 ml) a t -60°C and under an atmosphere o f dry 

n i t r o g e n . The temperature was m a i n t a i n e d a t -60°C f o r 45 m i n u t e s , 

then a l l o w e d to r i s e to -45°C when e x c e s s bromine was added. The 

r e a c t i o n was a l l o w e d to warm to room temperature and was poured on 

to c r u s h e d i c e . The m i x t u r e was s t i r r e d wi Lh sodium meta-

b i s u l p h i t e s o l u t i o n to remove the e x c e s s bromine and the o r g a n i c 

l a y e r was s e p a r a t e d . The aqueous l a y e r was e x t r a c t e d w i t h e t h e r 

and the o r g a n i c s o l u t i o n s combined and d r i e d (MgSO ) . A n a l y t i c a l 

s c a l e v.p.c. showed the p r e s e n c e of b u t y l bromide (30 mole $ ) , an 

unknown major product (40 mole % ) , a pr o d u c t (fv2 mole >̂) o f 

i d e n t i c a l r e t e n t i o n time to an a u t h e n t i c same of 4-bromotetra-

f l u o r o p y r i d i n e , and two minor components (10 mole % ) o f 

c o n s i d e r a b l y l o n g e r r e t e n t i o n time. The major product was 

s e p a r a t e d by p r e p a r a t i v e s c a l e v.p.c. ( s i l i c o n e e l a s t o m e r , 100°C) 

and shown to be 3 - b r o m o t e t r a f l u o r o p y r i d i n e , b.pt /*»130°G (decomp. ) 

(0*4 gm 22% y i e l d ) . 

(Found: C, 25-8; Br, 34 - 4 . C^F^BrN r e q u i r e s C, 2 6 l ; B r, 34 J8$) 

I.R. Spectrum No. page 2 - ' ° . 

T h i s compound decomposed r a p i d l y on s t a n d i n g g i v i n g a v e r y dark 

b l u e - g r e e n c o l o u r . A l l attempts to i s o l a t e t he compounds of l o n g 

r e t e n t i o n time f a i l e d a s t h e s e too appeared to decompose, a l t h o u g h 
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an i . r . spectrum o f an impure sample showed t h a t they c o n t a i n e d the 

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

2, 4» 5t 6 - T e t r a f l u o r o p y r i d y l L i t h i u m w i t h - L i t h i u m oumene p e r o x i d e 

The L i t h i u m s a l t of cumene h y d r o p e r o x i d e was p r e p a r e d by 

adding b u t y l l i t h i u m (6*95 m.moles) i n mixed s o l v e n t (hexane (3 m l ) / 

ether ( 1 0 m l ) ) To a s o l u t i o n o f cumene h y d r o p e r o x i d e (1'34 gm, 6'6 

m.moles) i n d i e t h y l e t h e r (2 ml) a t - 78°C and a l l o w i n g to s t a n d f o r 

30 minutes. 

2, 4> 5> 6 - T e t r a f l u o r o p y r i d y l l i t h i u m was p r e p a r e d by adding 

b u t y l l i t h i u m (6-5 m.moles) i n mixed s o l v e t (hexane ( 2 « 7 m l ) / d i e t h y l 

e t h e r (10 m l ) ) . t o a s t i r r e d s o l u t i o n of 2, 4, 5J 6 - t e t r a f l u o r o -

p y r i d i n e (1 gm, 6-6 m.moles) i n d i e t h y l e t h e r (10 ml) c o o l e d to 

-78°C. 

A f t e r a l l o w i n g both r e a c t i o n s to s t a n d f o r a t l e a s t 30 m i n u t e s , 

l i t h i u m cumene p e r o x i d e was added s l o w l y w i t h s t i r r i n g to the 

s o l u t i o n of t e t r a f l u o r o p y r i d y l l i t h i u m a t -78°C under an atmosphere 

of dry n i t r o g e n . T h i s m i x t u r e was a l l o w e d to warm to room 

temperature and d i l u t e h y d r o c h l o r i c a c i d (10 ml) was added. The 

r e a c t i o n m i x t u r e was then t r a n s f e r r e d to a s e p a r a t i n g f u n n e l where 

cone, h y d r o c h l o r i c a c i d (10 ml) was added. The c o n t e n t s of t h e 

s e p a r a t i n g f u n n e l were e x t r a c t e d rath e t h e r and an i n s o l u b l e y e l l o w 

s o l i d (0*3 gm) was f i l t e r e d . The i . r . spectrum of t h i s s o l i d 

showed i t to be s i m i l a r to the p o l y p e r f l u o r o p y r i d y l e n e s formed by 



- 203 -

d e c o m p o s i t i o n o f 3 - l i t h i o - t e t r a f l u o r o p y r i d i n e . The e t h e r i a l 

e x t r a c t s were combined and shaken w i t h aqueous sodium b i c a r b o n a t e 

(10$). The aqueous l a y e r was s e p a r a t e d , a c i d i f i e d w i t h hydro­

c h l o r i c a c i d , and e x t r a c t e d w i t h methylene d i c h l o r i d e . The 

combined o r g a n i c e x t r a c t s were d r i e d (MgSO^), f i l t e r e d , and most o f 

the s o l v e n t removed by d i s t i l l a t i o n l e a v i n g a v i s c o u s brown l i q u i d 

(0-5 gm) w i t h a p h e n o l i c s m e l l , w hich s o l i d i f i e d a t 0°C. Vacuum 

s u b l i m a t i o n ( 7 0 ° c / 2 mm) gave a w h i t e s o l i d (0«3 gm) which m e l t e d to 

a c o l o u r l e s s v i s c o u s l i q u i d on warming to room temperature. 

A n a l y t i c a l s c a l e v.p.c. showed t h i s to c o n t a i n two components, the 

minor one (10 mole $ ) h a v i n g a r e t e n t i o n time i d e n t i c a l to t h a t o f 

an a u t h e n t i c sample o f 4 - h y d r o x y - t e t r a f l u o r o p y r i d i n e . 

The major p r o d u c t (27$ y i e l d ) was probably 3 - h y d r o x y - t e t r a -

f l i i b r o p y r i d i n e a l t h o u g h a t t h i s time o f w r i t i n g an e l e m e n t a l a n a l y s i s 

has not y e t been o b t a i n e d . 

I.R. S p e c t r o s c o p y s u g g e s t e d t h a t the m i x t u r e was of f l u o r o ­

p y r i d y l hydroxy compounds, one component b e i n g 4 - h y d r o x y - t e t r a f l u o r o ­

p y r i d i n e . 

The f l u o r i n e - 1 9 n.m.r. spectrum c o n f i r m e d the p r e s e n c e o f 4-

h y d r o x y t e t r a f l u o r o p y r i d i n e a s a minor component by i t s 

c h a r a c t e r i s t i c c h e m i c a l l y s h i f t e d p e a k s , 

8 = 162-6 p.p.m. (3 - , 5-F) and 90'5 p.p.m. ( 2 - , 6-F), w i t h 

r e s p e c t to C C l ^ F . 

The main component showed f o u r c h e m i c a l l y s h i f t e d groups o f 



- 20k -

peaks o f equal i n t e n s i t y , 

8 = 87'6 p.p.m. ( 6-P), 96-1 p.p.m. ( 2-P), 133-2 p.p.m. (4-F)» 

and 165'2 p.p.m. (5-F) w i t h r e s p e c t o f C C I F y These v a l u e s a r e 

c o n s i s t e n t w i t h those e x p e c t e d f o r a 3 - s u b s t i t u t e d t e t r a f l u o r o -

p y r i d i n e . 

T h i s experiment was r e p e a t e d e x c e p t t h a t i n s t e a d of a l l o w i n g 

the m i x t u r e o f t e t r a f l u o r o p y r i d y l l i t h i u m and l i t h i u m cumene 

p e r o x i d e to warm d i r e c t l y to room tem p e r a t u r e , the m i x t u r e was 

m a i n t a i n e d a t -50°C f o r 30 minutes. The product from t h i s 

r e a c t i o n was o n l y 3 - h y d r o x y - t e t r a f l u o r o p y r i d i n e , i . e . no polymer 

and no 4 - h y d r o x y - t e t r a f l u o r o p y r i d i n e were produced. 
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2, 4i 5» 6-Tetrafluorop.vrid.yl L i t h i u m w i t h F u r a n 

B u t y l l i t h i u m (6»6 m.moles) i n mixed s o l v e n t (hexane (2-8 m l ) / 

F u r a n (5 m l ) ) was added s l o w l y to a s t i r r e d s o l u t i o n o f 2, 4, 5> 6-

t e t r a f l u o r o p y r i d i n e (1 gm, 6*6 m.moles) i n dry f u r a n (10 ml) a t -75°C 

under an atmosphere o f dry n i t r o g e n . The r e a c t i o n temperature was 
o 

m a i n t a i n e d a t - 75 C f o r 20 minutes and then a l l o w e d to warm s l o w l y 

to 10°C when a vigourous r e a c t i o n o c c u r r e d c a u s i n g the m i x t u r e to 

t u r n v e r y dark i n c o l o u r . A f t e r s t i r r i n g f o r 1 hour a t room 

temp e r a t u r e , w a t e r (10 ml) was added arid the m i x t u r e e x t r a c t e d w i t h 

e t h e r . The e t h e r i a l e x t r a c t s were combined, d r i e d (MgSO^), 

f i l t e r e d , and the s o l v e n t removed by d i s t i l l a t i o n to g i v e an 

i n v o l a t i l e yellow-brown s o l i d (0*8 gm). I n f r a r e d s p e c t r o s c o p y 

showed t h i s to be s i m i l a r to the p r o d u c t o b t a i n e d from the 

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