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SUMMARY

The work described in this thesis is concerned with
the synthesis and reactions of two types of fluoro olefin,
firstly vinylaromatic systems, and secondly a highly
branched acyclic olefin,

The synthesis of chlorotetrafluorcethyl derivatives of
activated aromatic systems was investigated, with a view to
using these derivatives as precursors to vinylaromatic
systems,

. - Ar-F -
CF?=CFC1 + I ——4>CFBCFCl ——F> CF_ CHCl-Ar + F A Cr,=CPF-Ar

5 Fe 2
Under mild conditions pentafluoropyridine gave a single
mono-chlorotetrafluoroethyl derivative, while tetrafluoro-
pyrimidine and cyanuric fluoride both gave mono- and di-
substituted products,
The chlorotetrafluoroethyl derivative of pentafluoro-
pyridine provided an attractive route to perfluoro-4-vinyl-

pyridine, formed aflter dehalogenation over hot iron,

CFC1CF4 CP=CT,
/ Ve /

F —> F
& A X~

N N

Some nucleophilic and cycloaddition reactions of perfluoro-
4-vinylpyridine have been investigated, for example, fluoride
ion-initiated reactions gave a dimer, and with tetrafluoro-

pyridazine a 4,5~disubstituted product.



Reaction with phenoxide indicated that the vinylic posi-
tion was the most susceptible to ngcleophilic attack, while
methoxide gave an addition product.

Heating perfluoro-4-vinylpyridine in a sealed tube
yielded a cyclic dimer; mixed cycloadditions gave cyclo-
butanes all formed by a head-to-head addition, Photolysis
with hexafluoroacetone gave a fluorinated oxetane,

Cyanuric fluoride in sulpholane gave the first reported
case of a g-complex formed by addition of fluoride ion, while
heating with dry CsT yielded a glassy solid, which the data
obtained suggests is a ring opened compound. Attempts to
use E.5.C.A., however, as a means of observing highly fluori-
nated stable anions met with limited success.

The fluoride ion-initiated dimerisatiqn.of octafluorobut-
2-ene gave perfluoro-3,4-dimethylhex-3-ene, an interesting
olefin which, as well as being sterically crowded, possesses no
readily displaceable vinylic fluorines, although the double

bond is highly activated to nucleophilic attack.

F
CF,CF=CFCF, ————> C,F.(CP,)C=C(CF,)C,F
5 3 Solvent 2’5 3 577275

A preliminary survey of some reactions of perfluoro-3,4-
dimethylhex-3-ene has been carried out, Nucleophilic substi-
tution reactions with diethylamine, plus methanol or phenol
in the presence of an amine, gave products from substitution
with rearrangement. In particular methanol gave cyclic
derivatives, including a furan formed after an unusual de-

fluorination reaction involving triethylamine,



CZFS(CFB)C:C(CFB)C2

Defluorination of perfluoro—3,4—dimethy1hex—3—ene over

hot iron gave a mixture of dienes,
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INTRODUCTION




General Introduction

In the last thirty years fluorocarbon chemistry has been
the subject of a great deal of research, both in the academic
and industrial sphere, The ability to replace hydrogen in an
organic molecule, either partially or completely, without
seriously affecting the geometry of the molecule makes these
systems very interesting.

The main difference in properties between fluorocarbons
and hydrocarbons arises from the difference in electronega-
tivity between hydrogen and fluorine, conseguently in fluoro-
carbon molecules the functional groups are relatively electrcn
deficient when compared to their hydrocarbon analogues. Thus |
the chemistry of unsaturated fluorocarbhons ié complementary
to that of unsaturated hydrocarbons, since the former undergo
predominantly nucleophilic attack, whereas the latter undergo
predominantly electrophilic attack.,

A characteristic of many fluorocarbons is a high degree
of thermal and chemical stability, a prcperty which has been
exploited extensively by industry, and & great variety of
fluorocarbon products are now commercially available, Poly-
merisation of fluoro olefins, either as homopolymers or co-
polymers, have provided a wide range of useful polymers. For
example, polytetrafluoroethylene as well as possessing a high
degree of chemical and thermal stability, has a remarkably
low coefficient of friction, making this compound very useful;
the many areas in which this has been exploited include the

manufacture of artificial joints, dry bearings, and as a non-

stick coating for saucepans, “
g p 2 4 NOV 197
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Some fluorochloroalkanes are now produced in large
quantities, being used as refrigerants, inert aerosol pro-
pellants, and as coolants in sealed elect;ical systems, such
as large transformers,

In the pharmaceutical industry certain organic compounds
containing fluorine have become important, for example, the
most widely used anaesthetic at present is a fluorocarbon,
CFBCHC1Br, while 5-fluorouracil has been used in the treat-
ment of certain cancers, The introduction of a single
fluorine into certain steroids produces compounds with
greatly enhanced anti-inflammatory properties, and in more
recent times an exciting possibility of using compounds
related to perfluorodecalin as blood substitutes has been
investigated, although this is still at a very early stage
of development.

In the area of surfactant chemistry fluoro olefins have
become important, giving producis which have the property of
being both water and oil repellant. TFor example, the penta-
mer of tetrafluoroethylene provides the fluorocarbon skeleton
for a whole series of surface active compoﬁnds, which have
many uses including, protecting clothes from oil and water,

mould release agents, and in fire extinguishers.,
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CHAPTER I

Synthesis and Stability of Fluoro 0Olefins

Introduction

In hydrocarbon chemistry olefins provide important start-
ing materials for a wide range of complex organic molecules.
Similarly fluoro olefins have become important as readily
available starting materials in the syntheses of more complex
fluorocarbon derivatives. The reactions of both systems are
similar but differ in two areas. In hydrocarbon olefins ionic
rcactions are chiefly electrophilic, whereas in fluoro olefins
nucleophilic reactions predominate. Also fluoro olefins
readily partake in 1,2-cycloaddition reactions, the converse
being true in the hydrocarbon case,

It is proposed in the introductory chapters of this
thesié to provide a generél discussion of the different types
of syntheses and reactions important in fluoro olefin chemistry,
and where a topic has special relevance to the work of the
author a more comprehensive review will be undertaken,

Several reviews have appeared covering different areas of

fluoro olefin chemistry.l'2’3'

I.A Synthesis of IMluoro Olefins

There are several different routes available to fluoro
olefins, generally involving more than one stage, and the
different routes will be discussed under their respective

headings.

I.A.1 Synthesis Involving Dehvdrohalogenation or Dehalogenstion

Many of the more common fluoro olefins are prepared from
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precursors formed by fluorination of CCl4, CHCIB, or 02016
using anhydrous hydrogen fluoride and SbClS. An important

example of this reaction is the synthesis of tetrafluoroethy-

lene.4
HF/SbC15
CHC1, 25 CF,HCL
2 CF.HC 700° S OF.=CF.+2HC1 90-95%
277" Ag or Pt tube” V27772

Similarly with chlorotrifluoroethylene,”

HF/SbCl5
CC1.,CC1

37773

>CF2010F012

CF2C1CF012.ZfZE§§Ei> OF ,=CHC1

There are numerous other examples of fluoro olefins
formed by dehalogentation and dehydrohalogenation of pre-

cursors and some of these are summarised in Table 1.

Table 1

Syntheses of Fluoro Olefins Involving

Dehydrohalogenation or Dehalogenation

H

Vapour Phase Reflux (6)

5 > —_—

150 CoF3 KOH aq.

+ others
100° - 7n
D Q0 > D (T of

CP2 CFC1+HBr Vapour Thase CF,BrCFCIH —> CF,=CIFH 85% (7)



Autoclave F2 FCL 7n P l (8)
CFC1=CP, —————> I > l 8
2 200° P pol  EtOHT L

2 quantitative
In,NaTl
F,CLCCClH, = o~ o CF=CH, Q7% (9)
2 2 CHBCONH2,(C6H9)102H5)CHCH20H 2 2
0
/\ Fg
Zn/EtOH CF3CFCF
¢1l,FCCIPCl, —5=r— CFCl=CFCl1 ———>>
2 e B89% FC1 FC1

Zn/.EtOH> iji 70% (10)

I.,A.2 Synthesis of Higher IMluoro Olefins

Several of the higher fluoro olefins can be prepared from

tetrafluorcethylene or more conveniently in the laboratory

from polytetrafluoroethylene.11

450° 700°
(_CFZ_CFZ—)H———-——f>CF2=CF2

> CF,=CFCFy (32%)

+ CP,CP=CECF, (9%)

+ CF,=C(CF5), (53%)

Similarly perfluoro-isobutene can be prepared from hexafluoro-

propene.12

750°

CFBCF=CF2—————-—9 CF2=C(CF3)2 95% yield, 50% conversion

Salts of straight chained fluoroacids decarboxylate on

heating to yield the corresponding terminal olefin.l3 The
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yields by this method are good and allow formation of olefins

with chain lengths of up to nine carbons.

A
C5ly 4 CF,CF,C0, N —:Eam-—é 511 CF=CT,+NaF 86%
2.

I.A.,3 R-substituted Fluoro Olefins

Burton and co-workers have developed a general route to

-
a series of g-substituted fluoro olefins.l4’1)

The synthesis
involves reacting a Wittig reagent (C6H5)3P:CF2, generated in
situ from sodium chlorodifluoroacetate and triphenyl phosphate,
with a polyfluorinated ketone. In general the yields were
high with the exception of p-dimethylaminotrifluoroacetophenone
which gave only a 16% yield of olefin.

(c,H.),P
6°5’%
Cgli5COCTS 20F,C1C0, a

—5 C6H5C(CF3)=CF2 84%

Similarly 1,1-difluoro olefins can be prepared by treat-
ing aldehydes or ketones with a solution of CF2CI2 (or CF2Br2)
and P(NMe2)3 in triglyme.16’17 The lasting reactivity of the
solution was demonstrated by reacting (1), with solution

300 hrs. old, to give (2) in 68% yield.

Cr

C1l/P(NMe,) ,
2 23 > PhCMe=CT 68%
3 Triglyme 2

(1) 2)

PhCOCH

A solution of CFZBr2 and PhBP in triglyme reacted only

with aldehydes or activated ketones,



I.A.4 Synthesis of Trifluorcvinylhaloaryl Compounds

Several routes have been developed leading to perfluoro-

styrene (3). Tatlow and co-workers produced (3) in low yields

by defluorinating (4) over steel gauze,18
CF20F3 /;Eﬁi?F2
= steel gauze = 15%
F S > L\;i/JJ 4
600
(4) (3)

Higher yields of (3) were obtained by passing (5), under
reduced pressure, through a heated iron tube packed with

carbon pellets impregnated with KOH, (Scheme 1).19

OH
(1)C1F,CCHO | ST, ,
CePsMgBr ~ — CEPsCHCCIF, > CgP CHICCLT, 90%
(2)H2O, H 8% n-pentane (5)
KOH

. > (3) 40-60% conversion
Carbon Pellets 70-80% yield

Scheme 1

A general synthesis for compounds of the type ArXCF:CF2

via reaction of CF?zCFI with polyhaloarylcopper has been

reported.zo

- CP,.=CP] —————— PO
ArXCu 1 CP2 Cri ArXCP CP2

whexre Arx:C6F5’ 05F4N, C6F4H, CGF Br, C.C1 C C; N.

4 6775% U574



In particular pentafluorophenylcopper dioxanate with

CFQ:CFI gave (3) in high yield.

(1) T.10.7,,0°

C > (3) 88%

F_-Cu dioxanate + CP,=CFI
675 2 (2)H",1,0

I.A.5 One Step Synthesis

The only Perfluoro Olefin synthesised in a one stage
synthesis from non-fluorinated starting material is the con-
version of peréhloropentene to its perfluoro analogue, using
potassium fluoride and N-methylpyrrolidoneZl (in this labora-

tory sulpholane has been used with success).

195°
> I 72%
KF/N-methylpyrolidone

I.B Reactivity of Fluoro Olefins

Substitution of hydrogen by fluorine in olefins increases
their reactivity towards certain processes e,g. the heats of
addition of halogens and halogen acids to tetrafluorocethylene
are larger by 4 K cals/mole per C-F bond than in ethylene.,22
Similarly the formation of octafluorocyclobutane from tetra-
fluoroethylene is exothermic, whereas the analogous dimerisation
of ethylene is unobserved.22

Two differing explanations have been used to account for
this increased reactivity.

(i) An increase in C-F bond strength in going from an

olefin to a saturated system,
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(ii) Destabilisation of the m-system on fluorine sub-

stitution.

Explanation (i) was favoured by Peters ® who suggested
there was little difference in the strength of the c=c¢ bond
in tetrafluorocthylene and ethylene, and argued the increased
reactivity was due to the increased C-I' bond strength in

changing the carbon atom hybridisstion from spgasp3

i.e, the
greater stahility of the saturated compound rather than de-
stabilisation of the w-system is the driving force of the
reaction,

Ilore recent data obtained from the heat of formation of
the diradical 6F2—6F2 suggests the n-bond in tetrafluoroethy-
lene is 20 k cal/mole weaker than the corresponding bond in
ethyleneza. However from this result it is npt possible to
decide a reason for the increased recactivity as both explana-
tions (i) and (ii) could be used to fit the case.

Cheswick uscd the ideas in explanation (ii) to account
for the difference in AH values obtained for the ring opening

reactions shown in Table 224.

Table 2
Reaction AH K cal/mole
CF 0
P§ CP3 CF3

N

e o
o

=

Fommm "2 ¥y
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Table 2 (cont'd)
Reaction - A H K cal/mole

l=

Cbz

H H
c Hl——9/7—/\\ 8
‘CH2 CH2

_ . I 11.7
|

7N\

ct,,

In reactions A and B the number of C-F bonds undergoing

3

a change in hybridisation from spgasp is the same, consequently
if changes in the C-F bond energies on changing hybridisation -
were responsible for the increased reactivity of fluoro olefins,
A and B should have similar AH values. However, there is an
observed difference of 11;3 K cal/mole and it was argued this
was caused by destabilisation of the m-system by fluorine, In
the systems used the change in the number of vinylic fluorines
was the same, suggesting the destabilisation on substituting
fluorine for hydrogen in ethylene is not additive, i.e. the

destabilisation on substituting the first fluorine in ethylene

is less than the increased destabilisation on substituting the

second,

I.B.l Nature of the Double Bond

The nature of the bonding and hybridisation of carbon in
fluorcethylenes has received some attention.

The simplest picture suggests the carbon is sp2 hybridised,
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as in ethylene, and there is strong electron-pair repulsion
between the filled p orbitals of fluorine and the w-bond,

leading to increased reactivity (TPig. 1)25.

Pig. 1

A different approach was provided by Bernett26, who from

bond angle and hybridisation data suggested a change in hybrid--
isatibn occurs on replacing hydrogen by fluorine in ethylene
(Table 3).

Bond Angles and Hybridisation in Difluoromethylene CGroups

Compound FCT C-Fsp® C-FA°

CF,H, 108°17'+6" 5.18 1,358+0,001
CF ,=CH, 1099181 424 3,03 1.321+0,005
CF,=CF, 1109420 2.92 1.33:0.02 |

Bernett concludes from the data that when an olefin
containg a difluoromethylene group the high electronegativity
of fluorine causes the hybridisation of the carbon to become
essentially spB. Thus the carbon has either, two sp3 aybrid

atomic orbitals (H.A.0) (used in forming the C-F bonds) and
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an sp HAO along with an unhybridised p orbital (the former used
in forming the o-bond, the latter the wm-bond), or four equiva-

3

lent sp” orbitals at each carbon in the bent-bond configuration

(Fig. 2).

In the case of the bent-bond model repulsion between the
fluorine and m-bond would be less pronounced, but the resultant
strained system would account for the increased reactivity.
Recent calculations by De{var27 has supported the ideas proposed
by Bernett. |

Photoelectron spectroscopy has also provided a picture of
the fluoro-ethylene system28, Results show the ¢-molecular
orbitals are strongly stabilised by extensive mixing of the
ethylene group orbitals with the o-atomic orbitals of the
highly electronegative fluorine, However, in the m-molecular
orbitals this effect is much smaller and is counteracted by a

strong C-F antibonding overlap.
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CHAPTER IT

Stability of Polvfluoroalkyl Anions

Since many reactions of fluoro olefins with nucleophiles
are thought to proceed via an intermediate carbanion, includ-

ing some work of the author to be discussed later, it is felt

‘a detailed discussion of the factors affecting the stability

of polyfluoroalkyl anions is required. The most commonly used

nomenclature for the position of substituents is as shown.

e O

e —c2 }

|
c
l
iy
g

QR

The results show that, for a-substituents inductive
(Io and In), hybridisation (spg-spB), mesomeric and 2p-3d
orbital overlap effects are important, while for g-substituents
only inductive effects are important.

IT,A.,1 o-substituents
29

Hine and co-workers, using kinetic measurements of the
base-catalysed deuterium exchange for a series of haloforms,
have shown that a-substituents facilitate carbanion formation
in the order I>Br>Cl>F>0Et,

After measuring the ionisation constants for a series of
substituted nitromethanes (6), Adolph and KamietBO found that
carbanions with structure (7) were stabilised by a-substituents
in the order CI1>H>T for a given Y group, (except for Y=NO

p
where Cl=H).
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Py v

ON H 0,N 0N

2 Y N N 0"

H,0 — c. <> ‘tu *
7/ \ TR e N 7\ >
Y F(H,Cl) Y  F(H,CL) Y F(H,C1)
(6) | s

Y = C1, COOEt, COMNH,, NO,.

HineBl, after reviewing the available data, has concluded
that the presence of an a-fluorine decreases the rate of forma-
tion of sp2 hybridised polyfluorocalkyl anions, or at least
increases to a lesser extent than expected from inductive

effects, while with sp

hybridised anions an a-fluorine
increases the reactivity.

The dependence of carbanion stability on stereochemistry
was démonstrated by Streitwieser32, who compared the kinetic
‘acidity of 9-fluorofluorene (8) and o,u-difluorotoluene with
fluorene and toluene respectively. The results showed that
with (8) substitution by fluorine at the 9-position decreased
the rate of exchange by a factor of eight compared to fluorene,
but with the 9-chloro and 9-bromo compounds an increase of
4xlO2 and 7x102 respectively was observed. In the case of
toluene, substitution of a-hydrogens by two fluorines increased

the rate of exchange by a factor >1O4.

(8) (9)
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Streitwieser suggested that the 9-fluorofluorenyl anion (9)
was planar but the o o-difluorobenzyl anion was pyramidal,
and concluded that an a~fluorine atom will stabilise a pyra-
midal of non-conjugated aniori, but destabilisation can occur
with a conjugated anion.

The results discussed in this section show that the
stability of a polyfluoroalkyl anion depends on the nature of
the a-substituents as well as on the structure of the carbanion.
It has been suggested that the Im effect33’30 is the cause of
destabilisation by an a-fluorine at a planar (sp2) carbanion,
in contrast to the stabilising effect, relative to hydrogen,
of an a-fluorine at a pyramidal (sp3) carbanion. For a planar
(spz) carbanion (10) the electron pair is localised within a
2p orbital, consequently coulombic repulsion between the
electron pair and the non-bonding electrons of fluorine
(Im effect) is maximised, while at a pyramidal (sp3) carbanion
(ll) the effect is minimised. The order of Im repulsion has

been shown to be F>C1>Br>I.

) @——\—-F/- ’—%ce\ F/—-——'.
“H N, VAR N
6 = 90° (10) 6 = 109 (11)

31

An alternative suggestion from Hine proposes that bond

weakening occurs, in cases where formation of a carbanion

3

involves rehybridisation from sp—aspz, due to a change in
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electronegativity of the carbon atom. It is argued that an
3

sp2 carbon is more electronegative than an sp” carbon, and,
since the strength of a covalent bond is proportional to the
square of the electronegativity differences of the atoms, an
sprj carbon halogen bond will be stronger than the corresponding
sp2 carbon halogen bond, This effect will be greatest when

the halogen is fluorine,

Other explanations for the observed effects of a-substitu-
ents include the electrostatic polarisation of the halogen,
which increases F<Cl<Br<I29, and carbon sp-substituent 3d
orbital overlap34. In reality the effects of a-substituents,

on polyfluoroalkyl anion stability, probably arises from a

combination of these factors.

JI1,A.2 B-substituents

A systematic study of the effect of B-substituents on

carbanion stability has only been reported for fluorine.

Andreadest measured the kinetic acidity of a series of mono-

hydrofluorocarbons and, from the results (Table 4) concluded

that the order of decreasing stability in the fluorocarbon

series is tertiary>secondary>primary.

Table 435
Compound Relative Reactivity pKa value
CF3H 1 25.5
CF3(CF2)SCF2H 6 -
(c¥5) CPH 2x10° 22,5
Y 9 |
(CIB)BCH 10 !
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The acidities (pKa values) for a series of fluoroalkanes were
also estimated from polarographic data, derived from the elec-
trochemical reduction of the corresponding mercurial, (RF)2Hg,
and these were found to be in reasonable agreement with those
previously reported36.

Purther evidence of carbanion stabilisation by 8 -fluorine

37 38

was provided by Knunyanis and Hine”~, the former finding the

Ka value of CF,CH,NO, and CH,CH,NO, were 4.0x10C and 2.5x107°
3veT2 3722

respectively, while the latter shovied the acidity of CFBCCIEH

was forty times that of CFClZH.

Andreades has rationalised the stabilising effect of B-
fluorine in terms of negative hyperconjugation (analogous to
stabilisation of carbonium ions by positive hyperconjugation)

Fig. 3.

|- -/ | N/

FeoronC—C— &> F C—=¢C : H—C—C + &= H C—=C

I TN | RN
Fig, 3

To establish the significance of negative hyperconjugation

Streitwieser39 compared the kinetic acidities of lH-undeca-

fluorobicyclo [2.2.i] heptane (12) and (tristrifluoromethyl)

methane (13).

Cl,
2
CF -?~H

CF

(12) (13)
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The carbanion intermediate derived from (12) will be
forced to remain pyremidal and negative hyperconjugation will
be greatly reduced, consequently if this type of hyperconjuga-
tion is important in polyfluoroalkyl anion stabilisation the
kinetic acidity of (13) should be greater than (12). However
the reverse was observed, with that of (12) being five times
that of Lli), and Streitwieser rationalised the greater stabil-
ity of the internal carbanion from (12) as being due to enhanced
inductive effects.

Further data concerning the role of negative hyperconjuga-
tion has been obtained at these 1aboratories4o. The rate

constants for the reaction of ammonia with a series of perfluo-

roalkylbenzenes were measured and are summarised in Table 5.

Table 5
Compound Cglg  [CgFgCTy | CoPoCR,CF5 | C P CR(CRy), | CoPC(CT, )y
109%(1 mole s ™) Too slow| 0.670 1.44 1.00 ' 1.73
to (+£0,00%3)| (+0,01) | (+0,01) (+0.01)
measure - -

If negative hyperconjugation is important the fastest rate
of substitution would be expected with perfluorotoluene, where
the largest number of fluorine atoms able to participate in

negative hyperconjugation are present (Scheme 2),

CF3 CF3 F /\cpz | CF3
PNGT g PN F F F F_\ T -
Syl o= Tl — ] *
PP ) 3 F iy FNSF
T P +NH3 F NH., NH,,

Scheme 2
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However the observed rates indicate that perfluorotoluene
is the least reactive, a result which Chambers aﬁd co-workers
suggest raises doubts about the necessity of invoking the
concept of negative hyperconjugation at all. The results are
interpreted in terms of Im stabilisation of adjacent charge by
perfluoroalkyl groups in the transition state.

There is only a very limited amount of data available on
the ability of other B-halogens to stabilise a carbanion, but
deuterium exchange reactions of m-dihalobenzenes have shown
replacement of a R-chlorine by a fluorine increases the kinetic

acidity by a factor of about 7, a fact attributed to an

inductive effect4l,
D D D
| B Cl F Cl =~ Cl
\ \

10%%(100°) 978 151 20,2
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CHAPTER TIT

Ionic Reactions of IFluoro Olefins

ITT.A Nucleophilic Reactions

When hydrogen is replaced by fluorine in ethylene, strong
electron witharawal by fluorine renders the olefin susceptible
to nucleophilic attack, contrassting with the mainly electro-
philic nature of ionic reactions in hydrocarbon olefins. This
was first demonstrated by Miller and co—workers42 who studied
the base catalysed addition of methanol to a series of fluoro
olefins, proposing a mechanism for the reaction (Scheme 3),

involving formation of an intermediate carbanion as the rate

~determining step.

P
- E\ /F Rate controllin | .
CH.O + C=C . € NCH,0— C—C—C1
3 N A A
cl1 T, _
F ¥
Fast ()
| ff CH,OH
CH.0—C—C—H 2
>0
F C1
Scheme 3

A possible energy profile for the reaction is represented in

Fig. 4

Tl and T2 = Transition
' States
¢ = Intermediate
Free Energy Carbanion

Product

Reaction Co-~ordinate
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The presence of carbanion intermediates, at least in the

reaction of sodium methoxide with tetrafluoroethylene, was

43

demonstrated by Wiley who succeeded in trapping the inter-

mediate carbanion with dimethoxycarbonate,

CHBO + CF2:==CF2 550 CHBOCFZCF2 5 CH300}20F20 CH3
T4%
: 4;""f’ﬂr”_ + CH30
CH5O + (CHBOCcmFz)ZCO CHBOCFZCF2
12%

ITI.A,1 Orientation of Addition

Nucleophilic attack on fluoro olefins preferentially
occurs at a terminal difluoromethylene groupl, and this is
illustrated by the examples shown below, where all the products
isolated are consistent with nucleophilic attack at the di-

fluoromethylene group.

- _ CH., OH
CF,=CPC1+CH50 — CHz0CF,CFC1 - > CH;0CF,CFC1H

(14)

_ (44)
CH4OCFC1CT,,

(15)
CF4CP=CF, + OBt — CF35F0F2OE1; —> CF, CHFCF 0Bt (45)
CF,=CFBr + Bt,NH —» Et,NCF,CFBri < (46)

An explanation, which can account for the direction of

attack, is obtained if the possible intermediate carbanions



are examined. In the case of chlorotrifluoroethylene, carban~
ion (14) is stabilised by two B-fluorines and one a-chlorine,
with possible destabilisation by an a-fluorine, but with carban-
ion (15) the roles are reversed with only one stabilising g-
fluorine and two possibly destabilising a-~fluorines. Therefore
carbanion (14) would be expected to be more stable than (15).

In the case of internally unsaturated olefins the products
formed are consistent with the reaction proceeding via the most
stable intermediate carbanion i.e. the relative stabilities of
the intermediate carbanions determines the direction of attack47.
Thus reaction of the internally unsaturated olefin (16) with
phenoxide gives the product (17) derived from the more stable
carbanion (18), rather than from (19) which is possibly less

stable because of the anion having an a-fluorine.

CTy
czFS\é\_ /cra
7 CF5 OFPh
(02}:5)203‘300(6}“3)=C(CF3)F + PhO (18) (48)
(16)
I-F_
/// N4
N | - (C,F:) (CP;)C(CF,)C=CCF
(17)
V
OPh
. l -~ _P
(02F5)2(0F3)C—IL—L\CF
3
CF.,
J

(19)
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ITT,A.2 Relative Resctivities

Fluoro olefins containing a terminal difluoromethylene
group are the most reactive towards nucleophilesl, with rela-
tive reactivities indicating that the rate determining step is
formation of the intermediate carbanion. Ior example, the

order of reactivity increases along the series,

CF,=CF, < CF2=CFCF3 << CF2=C(CF3)

2

a result that is consistent with the order of increasing
carbanion stability. In fact, perfluoroisobutene is so
reactive towards nucleophiles that reaction with alcohols can
occur in neutral media, a property thought to be derived from
the large stabilising influence of the trifluoromethyl groups

upon the intermediate carbanion49.

+. -
MeOH + CF.=C(CP,) —> MeO— CF,—C(CF.) —3MeO-CF=C(CF,)
» 2 35 i 37, 3

2
H 2

Similarly, the rates of addition of EtzNHhave'been found

to increase in the series,

CF2=CF2 < CF2=CFCl < CF2;CFBr

Again the order is the same as that proposed for the
increasing stability of the intermediate carbanion46.

Not all réactivity can be explained on the basis of the
-relative stabilities of intermediate carbanions, as is demon-

strated by tetrachloroethylene being less susceptible to

nucleophilic attack than tetrafluoroethylene., Examination of
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the intermediates (20) and (21) indicate that from substituent
effects the reverse order could be expected. This result has

been rationalised in terms of a greater degree of polarisation
§+ 6-

of the carbon-fluorine bond, C —F , compared to carbon-chlorine,

which lowers the activation-energy of nucleophilic attack49.

Cl Cl ?1 ?l
- N\ /
Nuc + C=_¢C —_—> Nuc—C-—°C -
/ \ | i
Cl Cl Cl Cl
(20)
F P R F
- \ / {
Nuc + /C-:-_.—C\ ——— Nuc—-(ll—-- ('3-
F I F F
(21)

IITI.A.3 Product Formation

The nature of the products formed by nucleophilic attack
on a fluoro olefin can be regarded as being dependent on the
fate of the intermediate carbanion. There are three possible
fates for an intermediate: (i) Addition of a proton (route 1),
(ii) Elimination of fluoride ion (route 2), or (iii) Substitu-
tion with rearrangement via an SNQ' process (route 3), and

these are shown in Scheme 4,
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| |
Nue —C — C —H

Route 1 | |
I R!
/

f ? Nuc\\ R
Nuc-——f——()— Route 2 > //,C:::C
| - '
P R P R
Route 3 P R
| /
Sp2' > Nuc—C — C
t N\
B C—F
\
Rll
Scheme 4

IITI. A3 .2 Addition versus Elimination
» Addition across the double bond (route 1) is the common
reaction of fluoroethylenes, but with higher fluoro olefins

products derived from elimination of fluoride ion (route 2)

are also formed,
N

_ Na
CZHSOH + CF,=CF, —_—— C2HSOCF2CHF2 (1)

CHBOH + CF2=C(CF3)2-———> CHBOCF20H(CF3)2 + CH3OCF=C(CF3)2

65% 8%

The ratio of elimination to addition products increases
with the reactivity of the olefin, this being due to the increas-
"ing stabilisation of the intermediate carbanion, subsequently
reducing the base strength of the carbanionSo The effect of

carbanion stabilisation on the ratio of elimination 1o addition
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products is demonstrated by the reaction of hexafluoropropene
(22) with methanol and 2-phenylpentafluoropropene (23) with
ethoxide. In the former only a small amount of elimination
occurs but in the latter, where delocslisation of the charge

into the ring can occur, elimination accounts for the major

product,
. |
CH,OH + CF,=CF.CF, —O0/60 " o (g _ocW,CHFCE, + CH,OCF=CFCF, (1)
3 2 7 2 3 p) 5
Autoclave
83%
Oglls _ 0 H Ol ) . -
¢ = CF > C_H_CH(CF, )CF,0CH 51
/ 2 =77, C)H OH 675 57772725
cF,
15%
(23)
4
Clls_ OCoHs  Cell ¥
+ : C =2 + =
oF, ¥ v, 0c,1
3 CFs ol
76% 9%

Steric interactions could also effect the ratio of elimina-
tion to addition, for example with perfluofoisobutene an addition
product is probably less stable, due to greafer steric crowding,
than the corresponding elimination product.

Allylic displacement (SN2') shovn in route 3 will be dis-
cussed fully in section III.,A.4, |

Nucleophilic reactions of fluoro olefins have been exten-
sively investigated and a few typical reactions are shown in

Table 6, A review which includes nucleophilic reactions of
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fluoro olefins has been publishedl.

Table 6
CH i CH, L1 CH3 ,
| e | 52)
~78° 52 CHy
RNH,, RNH,,
CP,=CT¥. —— < 5 RN=CFCHFY ——5> RN=CCHFX (1)
(X=C1 or F) ‘
_ Temp. kept below | -
l ’ + CP,=CF, — > C gl CP,CF,H (53)
I;I 60% .
. _
RSH + CF,=0X, —285€. RSCF.0X.H 90 o RgCP=CX (54)
2 e 272 p.M.s.0 2
NaBH4
CF3 CCl=CCl CF3(91_§) S —> CFzCH=CC1CTFy (100% cis) (55)
0" diglyme

79% conversion

ITI,A.4 Substitution with Rearrangement

As this topic has direct relevance to some of the work
carried out by the author (to be described in the discussion
of the experimental), a more detailed review will be undertaken,
One of the features of fluoro olefin chemistry has been

the common occurrence of substitutions with rearrangement (SN2')
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a topic investigated by various workers with many examples now
being known, but in most cases uncertainty still exists as to
whether a concerted SN2' mechanism is involved, or a two stage
addition-elimination type of process,

56

In the fifties Miller and co-workers investigating the
reaction of iodide ion on a series of fluoro olefins observed
with (24) allylic displacement occurring to give (25), while

with (26) there was no reaction.

Iy gl e - -
CF,=CFCF,CL + I7 o= CF,ICF=CF, + Cl
(24) (25)
CPC1=CFCF,CL + 1~ ><—>
(26)

The fact that (24) gives products derived from allylic dis-
placement while (26) remains unreacted, was accounted for by the
suggestion that, with (24) a concerted SNZ' mechanism operates,
(Scheme 5), while the lower susceptibility of the CFCl=group to
nucleophilic attack, compared to CF2=, renders (26) unreactive
towards such a process, Although the possibility of a mechanism
involving & carbanion intermediate was acknowledged it was felt
unlikely in this case as no saturated products, derived by

proton abstraction by a carbanion, were observed.

—~0ORCT T — o= =CT - =
CF2—CFCP201 + I = [; CF ICPF=CF, + C1

2—._--_-CF:_'.:CF2—---C]:_];2 CF, o

Scheme 5
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Although evidence indicated that (25) was formed via an
SN2' mechanism, SN2 and SNl mechanisms could also account for
the products. More unambiguous evidence of an SNZ' type of
mechanism opereting was provided by the reaction of (27) with
various halide ions57. The results, (Table 7), indicate that
only rearranged products were formed, confirming that the

reaction proceeded via a substitution with rearrangement.
Table 7

CP,=CHCC1,F + F -3 (CF,CH=CFCl + C1~

2 3
(27)
CF2=CHC012F + €17 > CF,C1CH=CFCL + c1~
CF2=CHC012F + I > CF,ICH=CFC1l + c1”
CF2=CF0012F + 7 —> CFBCF=CF01 + C1”

The rates of reaction using different halide ions showed
that the relative reactivities of the halide ions were
F7>C17>I7, i.e. the opposite of that found_in SNZ reactions,
A further unambiguous example of an SN2' mechanism operating
was claimed by Goldwhite and Valdez in the rcaction of (28)
with chloride ion.

Bt el

CF,=CC1CCLAF 4 > CC1FP=CC1lCCLF +C1™
2 2 250 2

(28)

From inspection of the products formed in the reaction of
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ethoxide ion with the cyclobutene (29) involving substitution
with rearrangement, and evidence collected from other cyclo-

butene substitution reactions, Tark5J

suggested that a mechan-
ism involving a discrete carbanion intermediate, rather than

SNQ or SNQ' processes, was consistent with the available data.

H 1
P, Ho F, OE+ r, OEt
— OBty -C1~ .
Cl5 c1 Cl —~C1 g
C1 c1 cl

(29)

The lack of saturated products in Millers reactionss6,

used és evidence of a concerted mechanism, was explained on
the basis of a stable carbanion being less 1ikeiy to abstract
a proton from the solvent, and also if a proton was abstracted
it would be just as easily lost. DPark suggested that the
argument presented could also be applied to a transition state
with a large amount of carbanion charscter.

Evidence, derived from comparing the rates of reaction of
olefins (23%), (30) and (31) with ethoxide in ethanol under
pseudo first-order conditions (Table 8), éuggests that the

51 In olefins

reaction proceeds via a carbanion intermediate
(23) and (31) the leaving group is a fluoride ion, but with

(30) elimination of a chloride ion occurs.

CeHy CQHbONa Celoy Celle,  F
Se=Cr, —E—2—> C~CF,0CHy _on C= c
or 61 L t0H & standing o7 oo p
2 770 2 3 275
(30) 53%
+
CH 0CH
6 5 o=’ 25
CF, F
J
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Table 8

- C.H
Rates of Reaction of FtONat with 6 5‘C:CF

2
r” g
R klxlO3 sec™t
(23) CFy 1.9
(30) cF,C1 1.8
(31) CF,CF; 0.67

If the mechanism involved a concerted process, changing
the 1éaving group from chlorine to fluorine would have an
effect on the rates of reaction, but the results show for
olefins (23), (30) and (31) that they are comparable, indicat-
ing the rate determining step (kl) involves addition, leading

to an intermediate carbanion.

c.u - C.H. _
6 5\C=CF2 _Et0 6 S\C—CF2OC2H ——5 Products
7 k 5
R 1 .

I1T,A,5 Fluoride lon Reactions

In fluoro olefin chemistry fluoride ion occupies a position

which is analogous to that of the proton in hydrocarbon olefin

chemistry.
I\ / [
FI‘XC =C == F-C-C-—
/7 \ oo
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The topic has received considerable attention and in this
section a description of various fluoride ion reactions involv-
ing fluoro olefins will be given., A review of fluoride ion

reactions has bteen published6on

ITT.A.5.2 Addition Reactions

Addition reactions of fluoro olefins usually involve the

use of an alkali metal fluoride, in an aprotic solvent, with

. . . . . 0
the resulting carbanion being trapped in various ways6 .

When a fluoro olefin is reacted with fluoride ion in a
protogenic solvent proton abstraction can occur giving HF

addition®,

= +
P” 4 CF,=CC1F KT/formamld%{9F3c01F »———E———4>CFBCHC1F 704
650 solvent

The reaction of fluoride ion with various fluoro olefins
in the presence of iodine gives fluoroalkyl iodides in yields
varying from 7% for pentafluoroethyl iodide to 60-70% for

heptafluoroisopropyl iodide.

P, F o | ¥ 3F F P I
: - KF/1,,150 I (274
+ F > —> /

, . MeCN . o

The addition of carbonyl fluoride to fluoro olefins in the
presence of fluoride ion gives perfluoroacyl fluorides, and the
reaction is thought to proceed by reaction of a polyfluorocar-
banion with carbonyl fluoride. The conversions varied from 80%.
for hexafluoropropene to only 1%% for tetrafluoroethylene§2

COF

CP,CP=CF, + F = (ci,) CF —
2

25 (CF4) CP.COF (80% conversion)

Z
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Perfluorocarboxylic acids have been prepared by the addition of
perfluorcalkyl anions to carbon dioxide, thus tetrafluoroethylene

yields perfluoro~propionic acid L1§)63.

- 100¢ = €0, - gt .
F™ 4+ CP.=CF, —2%s oJ_CF > CF.CF, 00 —%CT. CP.COH (75%)
2 2 < 3702 1000° 372 3772772

(32)

The results showed that the more complex the olefin the more
unstable the resulting acid, and this was demonstrated by no
perfluoropivalic acid (33%) being isolated from the reaction of

perfluoroisobutene with carbon dioxide

-~ +
(CPy) C + coz——iH—-a(cp ) CCOOH
373

3 .
(33) Not isolated
Similarly pentafluoroethyl anion reacts with hexafluoro-

acetone to give perfluoro-t-pentyl alcohol (éﬁ).64

CF CF

= Digl N 2
CF,CF, + (CF,) C=0 =282V"€y op_¢p _—C-—0 L 5CP,CF,— C—OH

3V52 % 5 3750 50027

2 98-100 X

F, CE

b} 5

(34)

ITT,A.5.b Polyfluoroalkylations

Polyfluoroalkyl anions, generated by the addition of
fluoride ion to fluoro olefins, will react with activated

aromatic systems in what can be described as the nucleophilic

counterpart of the Friedel-Crafts reaotion65.

P 4 CF=0 = cF.—T— AT op _Gopp 4 T

TN TR —> VI3 F
| |

Cf, —C+ + Ar-H —> —C—Ar + I
l |
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This area has been well investigated, particularly in
these laboratories, with results demonstrating the operation
of aromatic rearrangements, as well as kinetic and thermo-
dynamic control on products6b. The reaction of hexafluoro-
propene with pentafluoropyridine, in the presence of fluoride
ion, gives four products (35)-(38), including the product of
kinetic control (%7) and thermodynamic control (§§)67. Heating
(37) in the presence of fluoride ion causes rearrangement of
the isopropyl groups around the ring to give as the major

product (38), i.e. the thermodynamically controlled product.

_ Ry ’/?F
/
CF,CF=CF, + [:;iﬂ Csh > [ij;jﬂ +
Ny~ Sulpbolane Xy B Xy~ Rp

160°
(35) (36)

R R
R, 1 P
Ry=(CPy) CF . Tii;:H . \//F \
2
R R R
X~ F Ry~ F
(38)

(37)

Similarly perfluorocyclohexene and pentafluoropyridine,
in the presence of sulpholane and caesium fluoride at 800, gave
perfluoro-4~cyclohexylpyridine, and under more forcing condi-
tions in a sealed tube at 1700, significant yields of di-~ and
tri-substituted derivatives were formed. However, with per-
fluorocyclobutene and-pentene oligomerisation becomes an
important competitive reaction and only mono substituted

pyridines are obtained68.



Ry
.// //
N P | COP/oulpholane P
veligtio * ™ N
N sealed tube R Ry~

165-170°

Rn = C.C

F 6 11

'III.A.E.C FPluoride Ion Catalysed Rearrangement of Olefins

Fluoro olefins containing a terminal difluoromethylene
group normally rearrange, in the presence of fluoride ion, to
more stable internal olefins, the reactions usually proceeding
by a series of SNZ' substitutions.,

Miller and co-—workers69 have obszerved the fluoride ion-
initiated isomerisation of some perfluorodienes to perfluoro-
alkylacetylenes, and have suggested the reaction proceeds
through a series of SN2‘ rearrangements. Thus perfluoro-1,
4-pentadiene (22) rearranged, in the presence cf caesium
fluoride and the absence of a solvent, to perfluoro-2-pentyne
(40), with the intermediates (41) and (42) being isolated from
reaction at 80°
' 80°
CF2=CFCF2CF=CF2._—Egg———a CFBCFQCECCF3

(39) (40)

F P

' F :
n T~ — F: , __.—____—‘? H /?: -
CBBCP CF-CE CF2 CFBCl C=CFCF
(41) (42)

3

Similar isomerisations of (39) at 400°,1led to the formation
of cyclic olefins (43) and (44). The formation of (43) occurred

in the absence of a catalyst, suggesting an internal cycloaddition



~36—

reaction, but with (44) the prcsence of a fluoride ion source
was required indicating that the mechanism involved an internal
attack of a carbanion (45) on the other terminal double'bond.7o
This cyclisation provides evidence for rearrangements of fluoro
rolefins proceeding via a carbanion intermediate rather than a

concerted SNQ' process,

P P
CF3
(43) (44)
CL2_CF CF2.CT CF —————%>CF =CPk CF‘—-CF
A
o ( g‘ ” (44)
— CF3CP CF2 CI‘3 CF CP

(45)

Further evidence of a carbtanionic intermediate was obtained by
the isomerisation of perfluoro-2,4-diazapenta-1,4-diene (46),

in the presence of fluoride ion, to (47) and the cyclic isomer
(i§)71. Formation of (48) is again thought to proceed via an

.intramolecular carbasnion attack,

= ¢ 3 =01 F_. = d_ ) =NC
CF,=NCF(CF, )CF(CF,)N=CT, > CP3N=C(CF,)C(CP5)=NCF,

L) L

(46) (47)
CF | CFy
YooY fow
CF., CT. CF, CT 2 N\
CF—CF T CF—C-F - (48)
| > | AT
CF,=N W CFP~N (N
“ ol
CF, CF,




Quantitative isomerisation of perfluoro-(1,2-dimethylenecyclo-
butane) (49) to perfluoro~(2-methyl-3-methylenecyclobutene)
(50) occurs in the presence of dry caesium fluoride and auto-

2
geneous pressure7 .

—qCF? o
r ANNER A CF
7 100° 3 -
100 7 + F
v, s cry
(49) (50)

—

IT1,A.5.,d Oligomerisation

Again this topic has particular relevance to the work
of the author and consequently will be discussed fully. In
theory anionic polymerisation of fluoro olefins would appear
to be a viable process, but in practice, due to the availability
of several chain termination processes, which compete favourably
with chain propagation, only oligomers are formed. Double bond
migration, rather than self-condensation, will occur in olefins
containing more than three 1inear carbon atoms, and in olefins
where B-elimination of fluorine is not possible, or self-
condensation does not readily occur, highiy branched internally
unsaturated oligomers are formed,

Oligomerisation reactions of fluoro olefins are confined
to those initiated by fluoride ion, with products such as (jé)
not being formed in reactions of fluoro olefins with other
nucleophiles, Examination of the equilibria, involving inter-
mediates (51) and (52) provides a possible explanation, which

can account for products of the type (53) not being formed.



- N/ 4 - _C= [
Nuce + /C:C\c__ Nuc—(ll—(|]—— 7\-%} Nuc- CI (|} (l} (I;_

e !

“// _ b d -
Nuc\C:C +F Nue- ? ?—?/ +F
~
(54) (53)

In the case involving fluoride ion an equilibrium exists
between olefin, fluoride ion and the anion (51), and from
this point the reaction can only proceed in one direction,
that is addition to another olefin molecule. Examination of
the anion (52) shows that two equilibria can exist, the first
involving loss of nucleophile to give starting materials
again, analogous to the fluoride ion equilibrium, the second
elimination of fluoride ion which produces a new olefin (54)
(in fact the product normally obtained). Therefore it is
possible that compariscon of the activation energies for the
two processes would show elimination of fluoride ion is a more
favourable reaction than addition to a further molecule of

olefin,

(i) Acyclic
Oligomerisation reactions of tetrafluorcethylene have been

reported by both Graham73 and Fielding74, and in each case the

products formed consisted of a complex mixture of highly branched
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internally unsaturated compounds, with a general formula
(C2F4_)n where n=4,5,6 and 7.

Fielding and co-workers at I.C.I, Ltd. carried out the
oligomerisations using a variety of solvents and fluoride
ion sources, the results being summarised in Table 9,

The best yields of oligomers were obtained using caesium
fluoride as catalyst, coupled with dimethylformamide or hexa-
methylphosphoramide as solvent, and a typical product compo-

sition is shown in Table 10,

Table 9 (%
Solvent Fluoride Temperature] Reaction |Wt. of Oligomers
ion source Time
D.M.T, CsF 80 6 265
D.M.F. KF 125 6 140
D.M.F. B4, P 110 6 100
D.M.T, KPF. HF 135 6 115
D.M.T, KSOzF 140 4 85
D.M.F. CsSO2F 110 4 70
D.M.F, CsF 60 1 220
N.M.D, CsF 100 4 135
D.M.S.0. CsF 100 4 110
H.M.P. CsF 100 4 230
D.G. CsT 120 6 80
D.M.E. CsF 120 6 60
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Table 10

Product Distribution of T.F.L. Oligomers48

% 15 65 10

Graham73 found the distribution of products was dependent
on the pressure in the reaction vessel, with more heptaumer
being produced at higher pressures at the expense of the pentamer

fraction (Table 11).

Tgble 11 12

Pressure | % Composition of products
psi n=4 | n=5 | n=6 | n=7 | Residue
10-20 3 65 21 2 9
150-200 6 21 25 |42 6

The rate of reaction, when using caesium fluoride, was
found to be dependent on the amount of caesium fluoride added,
and, as this has only limited solubility in the solvents
employed, some interaction between tetrafluoroethylene and the
surface of the so0lid caesium fluoride was thought to be occur-

ing73.

The mechanism proposed73’74

involves addition of penta-
fluoroethyl anion to tetrafluoroethylene, elimination of
fluoride ion followed by possible rearrangement of the olefin,
which then reacts with a further pentafluoroethyl anion

(Scheme 6).
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- — C.r —
o3 R O A n o= ___g~ﬂm_ i T ; 0
4 012—012<__. ClBCf2 > CP50P2CP20E2
Nl
(P Yont 1)02Fg - -
L2P5 3 C:(,I'CF3 é;;:gz«- CF3 C,l'C]3 4;———_-CP3CF2 —CP2
1)0 5
2)-F"
\%
C2F5\ /C2F5 C?b5\ /CF3
‘/C=C\ + //C C\
LFS CF3 CF3 02F5
Scheme 6

Oligomerisation of hexafluoropropene occurs under very
mild conditions, with dimers and trimers being formed in the
0 .
presence or absence of a solvent7 ’75. Haszeldine and co-

1> isolated two dimers, (55) end (56), plus two trimers,

workers
(57) and (58), from a solvent reaction at 25°, and found at
higher temperatures (55) rearranged to give the dimer from
thermodynamic control (56). A mechanism proposed (Scheme 7)

involves a carbanion intermediate but the possible involvement

of a concerted process was acknowledged.

. 3 - 1)CF,CP= CPZ\
C 30F=0F2 —— (CF3)2CB )N F (CF ) CPCP=CICE,
. (55)
LE
( : 1)CPjLP CT, '
(CF,) _C=C(C,Fy)CF CF ~ P, CH,
30, (C, Py ) CF( ) - (CT5),C=CFCT 075
(21> (56)

Il

cﬂ C=CTCF,

(58

(CF3)2

~— D

Scheme 7
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Vhen the reaction was performed at temperatures above 100° a
third trimer (59) was formed, and was thought to arise from
attack of a heptafluoroisopropyl anion on the terminally

unsaturated dimer (60), although a dimer not yetl isolated.

2CF3

[ -:3 F— 0l T Y i >:LOOO F‘{— f " 7
(CPB) CF + CP2_0(013)6P26F2613 — (CF3)2CICP2C(CP3)CF20P

l-]t"-
(CFB) CFCF=C(CT5)CR,CF

2
(59)

Recent oligomerisation reactions of hexafluoropropene, catalysed

2

Cr

2773

by different tertiary amines, have yielded exclusively dimers

or trimers76

. 'When acetonitrile containing [bFBCHFCFZO(CH2)é]3N
(61) was used as solvent only the dimer (55) was produced, but
using a mixture of acetonitrile containing (61) and BN only
trimers (57) and (58) were formed. A mixture of trimers con-
taining (57), (58) and (59) (76%) was obtained when the reaction
was performed using a solution of D.M.S.0, containing (61) and
1,4-Diazabicyclo [2.2.2;] octane,

Only dimers of perfluoro-isobutene (62) have been observed 1!
with dimer (63) being formed on shaking (62) in ether and cae-

sium fluoride at -30° 77.

~30° c(CF,)
C=CF, ———— =700,

(CFB)BC + (CF3)2 > Teiher. (CF3)2 .

(62) (63)

(ii) Cyelic
Several polyfluorocyclicolefins have been shown to oligo-

merise, but in general less readily than hexafluoropropene. The



.
oligomerisation of perfluorocyclobutene (64) has been studied
by various workers, using either pyridines78 or fluoride ion

-
to initiate the reactions79’°8

, thus (64) in the presence of
dimethylformamide and fluoride ion gives two dimers (65) and

(66) plus a trimer (§1)79.

(1)

There has been some contradiction, concerning the structure of
the trimer, with (§1)79, (68) 7% ana (§3)68 all being suggested,
Chambers and co-workers68 have provided 19F n.m.r. data which

can only be consistent with structure (69), and more recently
Clark8o has published E.S5.C.A, data which supports the structures

proposed by Chambers.

(68) (69)

Under forcing conditions, octaflucrocyclopentene QZQ) will
dimerise to give (71), a reaction sequence suggested involves

rearrangement of the initially formed olefin (72) to (Z;)68.
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sealed tubé

NN -

B f
2)-p" / N

(70) T (12)

(71)

Similarly, only dimers were formed with perfluorocyclohexene
(13), giving an unsymmetrical olefin (74) and a defluorinated

product (12)68

csF/175° : >
[:::::] sealed tubo <:::::>>_-<i::::>> _4<\ji_4;>

(73) (74) | (15)
19% 57%

IT1,B  Electrophilic Reactions

The reduction of electron density of the m-system in fluoro-
olefins renders the system relatively resistant to electrophilic
attack, but many resctions involving the addition of halogens,
hydrogen halides and alkyl halides, in the presence of a Lewis
acid are thought to involve electrophilic attack. A review
dealing with electrophilic reactions of fluoro olefins is
availableg.

The addition of hydrogen fluoride, in the presénce of boron
trifluoride, to fluoro olefins readily occurs81, and the results

indicate the reaction proceeds by formation of the most stable
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carbonium ion intermediate,

BF
CF,=CC1, + HF-—~§L49CF3CC12H + Polymer

BF
CP.,CH=CC1F + HF —2—3CF,CH..CC1F

5 372 2
Although carbonium ion (76) is destabilised by the induc-
tive effect of fluorine, the greater stability of (76) compared

to (77) can be accounted for on the basis of mesomeric stabilis-

ation. P ‘o
\c CCL.H &— 1‘%c CC1.H
+C~CC? -
Ay 2 7 2
cP,=cc1,. + ut~ ¥ F
2 2 (76)
Sl -+
CF,H-CC1,,
(77)

A variety of addition reactions of fluoro olefins thought

to involve electrophilic attack are summarised in Table 12,

Tabvle 12
CF,=CF, + cHCl, 213 cue1 v, cF,Cl (82)
27V D 3 27Tt
83%
(P20
V(O =CR - 9 ——— ‘-—*SO :
01301 CF¥, 503 CFBCP o (83)
85%
CLO50,F + CF3CB=CF2———>CF30F01CF2OSOQF (84)
, 95%
CH,=CF, + HF + HNO “6O?> CF.,CH, NO (85)
27VED - 3 3o RYD
57%
0 0
Y4 SbF5 (1l
- . r: ‘\ T > 3 ) ; /—} ; -.a
Celig c\ + CHX=CP, 50, CglgC. CHXCI, (86)

(X=H,#)
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CHAPTER IV

Non-JTonic Reactions of Fluoro Olefins

IV.A I'ree-Radical Addition

A wide range of free-radical addition reactions with fluoro
olefins are known and a probable reaction process is shown in

Scheme 8,

A-B Initiator, ,° , p_in Initiation
AN |
A+ =G > A-C-Co Addition

e AN [

| \ / (T T N |
A—?~?- + C=C_ > A-C-C-C-Ce Propagation

1 I T -
A—g—g-c-ilzo + AB > A-C-C-C-C-B + A" Chain termination

Scheme 8

If the bond A-B is weak and the ratio of A-B to olefin high
a 1:1 addition across the double bond can occur, compeling suc-

cessfully with chain propagation,

IV.A.1 Orientation of Addition

The orientation of radical addition to unsymmetrical fluoro
olefins, unlike nucleophilic and electrophilic ionic reactions,

is not completely stereospecific, a fact demonstrated by the

reaction of trifluoroethylene with HBr87 and methyl mercaptan88.
CHF:CF2 + HBr .___QX___> CHFBrCHF, + CHQFCFzBr
58% 42%
—(OT 1« X-rays . cpn
CFH_CI‘2 + CHBUH _——~——>CHBSCFHCP2H + CH3u012CFH2

75% 25%
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The ability of a-substituents 1o stabilise a radical have

been shown to increase in the order H<F<Cl89

90

, and from available
data Stacey and Harris have concluded that the products of
free radical addition to fluoro olefins are derived from the
most stable interwediate radical, i.e. the relative stabilities
of the intermediate radicals determines the orientation of addi-
tion,

91

More recent work by Tedder and co-workers suggests that

steric and polar factors, of the olefin and radical, are more
important than the stability of the intermediate radical in
deciding the orientation of addition. TFor example, with

CF2=CFH free radical addition at the CFH= group increases in

L} (4 ¢

the series CF3<CClB<CBr3, indicating that as the radical size

increases more addition to the less crowded CFH= group occursgl.
In Fig. 5 the difference in orientation due to polar

effects is demonstrated, Qith a nucleophilic radical,CH;,

preferentially adding to an electron deficient carbon, while a

relatively electrophilic radical, CF3, adds to the more electron

rich carbongl.

6~
6-F /F:M- s+l ‘5+/H s+
Il el
! \
F ! F T | F
Nt N oo
§rzmp” c===c”
/o= 6N JSo- s\
H T H F
1: 0,5 Ratio of addition 1.: 7.26

to each end

In reality the orientation of addition is probably dependent<

on a combination of factors rather than a single factor,
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IV.A.2 Addition Reactions

The examples of free-radical addition across the double

bond of a fluoro olefin are numerous, and some of these are

shown in Table 1%.

Table 13

Free-Radical Additions to Fluoro Olefins

CF,CF=CHF + Br, —2¥ 3

3 o CFBrCHFBr

93%

3

CF36F=CF2 4 CF35H~—~—4>CEBbCF2CFHCF3

45%

+ CF H

2

3S%FCF

CF3
55%

?=CFH + i-C,F.T > ) IFC O
CF2 C.H o CBP7I (CEB)ZCFCHFCFzIf(CFs)ZCFCﬁZCHbI
85% 15%

Rsc=0

Y =-ray F F2
F + RCHO

or peroxide R=CHz,CoHg

and 03H7

34 P

OF,CF=CF. + CH,OH ——> CF,CTPHCF.CH,.OH 90%

3 2 3 3 2772

0
+ PH, 150" o HCP.CP.PH

CFo=CF, 3 pCF P,

+ (HCF2

CF,) PH
2%
53% 7%

+ HZPCFQCFZPH2

9%

(92)

(88)

(93)

(94)

(95)

(96)



IV.A.3 Telomerisation

Free-radical addition reactions of fluoro olefins are often
accompanied by the formation of telomers and with tetrafluoro-
ethylene their production often occurs to the exclusion of
simple addition. For example, reaction of bistrifluoromethyl
disulphide (78) and tetrafluoroethylene produced.onIy telomers
(79) ana (80)°%7, |

[ Jai h\) 7 T A N I [l
CF,=CF, + CT45.5CF; ——>CF,S (CF2012)2CF3 3% + CFsS (C¥,CF,)SCF,

(79) (80) 97%
where n is large
Similarly, with hexafluoropropene the major product consisted

of telomer (81) but some 1:1 addition product (82) was formed.

hv
CF,CPFP=CPF, + CF_,5.5CF > CF

3 2 3 3

BS.CF(CF3)0F2SCF3 9.5%

(82)

b a0 A

+ 0335 [61(CF3)CF£]2 SCF3 90, 5¢
(81)

Chambers and co—workers98

investigating the reaction of
various perfluoroalkyl iodides with 1l,1-difluoroethylene found
the length of the telomer chain was depéndént on the ratio of
telogen to olefin, and also on the strength of the RF—I bond

i.e, a short telomer chain occurs when the RF—I bond is weak,

due to the chain termination process being more competitive.

IV.A.4 Polymerisation

Free-radical polymerisation of CI',=CF,, CF,=CFCl, and

2 2
CF2=CH2 have produced polymers with high thermal stability and

chemical inertness; factors which have made these homopolymers
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commercially important. FPolymerisation of hexafluoropropene
is difficult but copolymerisation with tetrafluoroethylene
produced a copolymer, which, along with polychlorotrifluoro-
ethylene has advantages over polytetrafluoroethylene by having
a definite melting point, allowing the material to be used for
moulding.

Copolymers, including 03F6/CH2=CF2 and CF01=0F2/CH2=CF2,
are very good elastomers, and can be vulcanised, by peroxides
and polyamines, to yield fluorinated rubbers, compounds which
have been used to line pumps carrying corrosive chemicals, and
as sealants in aircraft fuel tanks. A review dealing with

fluorocarbon polymers has been publishedgg.

IV.B. Cycloaddition Reactions

One of the unusual features of fluorocarbon chemistry is
the large number of four membered ring compounds formed by
thermal cycloadditions of fluoro olefins. TFor example, tetra-
fluoroethylene gives octafluorocyclobutane when heated in an

autoclaveloo.

200°
) N
CFo AuiTociave

A feature of cycloaddition reactions of fluoro olefins is
that the reaction takes precedence over Diels-Alder reactions,
and, with a few exceptions, Diels-Alder products are not formed
in the thermal reaction of fluoro olefins and dienes.

A requirement for cycloaddition to occur is the presence
of a terminal difluoromethylene group, and from considerations

of the factors effecting fluoro olefin stability (Chapter I,



Section B) some insight into the driving force of the dimer-
isation can be obtained, In fluoro olefins possessing
terminal difluoromethylene groups coulombic repulsion between
the non-bonding electrons of fluorine and the w-bond, inpre~
ases the energy of the double-bond, relative to that of
hydrocarbon analogues. On formation of a cyclobutane ring
these repulsive forces are removed and -CFQ— groups formed,

which have strong carbon-fluorine bonds.

IV.B.1 Mechanism of Cycloadditions

Cycloaddition reactions have particular relevance to
part of the work of the author, and consequently a more
detailed review of the mechanism involved is felt to be
appropriate.

Thermal cycloaddition reactions of fluoro olefins involve
2m+2n addition and thermally induced (27S+21S) concerted
processes are symmetry-forbidden by the Woodward-Hoffman

ruleslo1

, however the rules do allow a (2rS+2wa) concerted
process, shown in Fig, 6, such a mechanism involving reten-
tion of configuration by the suprafacial molecule and inver-

sion of the antarafacial molecule

(j _____() Suprafacial-Antarafacial

Fig, 6
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However studies on the mechanism involved in cycloaddition
of fluoro olefins, particularly by Bartlett and co-workers,
have shown the reaction to proceed through a two-step diradical
mechanism rather than a concerted process, A diradical inter-

mediate was first suggested by Lewis and Naylor, who observed

the formation of octafluorocyclobutane from tetrafluoroethylene.:IDZ

N

CF,~—CF

2TV
20P,=CF, ——> ' —>| 7
]
CF,—CT, —
103

Park and co-workers studying cyclobutanes produced by
the cyclisation of CF2=CFX (where X = Cl, Br or I), concluded
the more stable diradical is the precursor of the final
product, The relative abilities of halogens to stabilise

free radicals being I>Br>Cl>FlO4.

- -1
CF
/ - X |
oF, F.y FX
2CT,=CTX —3 - s
’ ° 1 4
] CFo~ orx Fol—IFX

The fact that the reaction proceeds via the more stable
diradical provides an explanation as to why products mainiy
derived from head to head addition are formed in cycloadditions
of fluoro olefins,

Further evidence of a two-stage mechanism going through
the most stable diradical is seen with the cycloaddition of

105

CF2=0012 with isoprene y Where two possible radical inter-

~
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mediates are possible,

CH,
/\~ o—CH,
‘ H
CH, N
/7 ‘ 7
CF,=CCL, +/>§————/// CF, CC1, Py Cly

\\ (83) (85)
N H

| ,

o 0
2 -
\ s N
CP,— CCL, |
F,l—01,
(84) (86)

In the intermediate (Qé) the CH3 group is at one of the
resonance positions of the radical and conseguently contributes
to its stabilisation, whereas with (§A) the radical cannot be
stabilised by the CH3 group, a fact reflected in the product
distribution where (85):(86) is 5.4:1. ‘

In concerted (2ms+2ma) reactions observed, the antara-
facial components normally contains one carbon atom with no
bulky groups attached, e.g. allenes and ketenes, so reducing
the amount of hinderance on the close approach for reaotion106°
To see if a concerted process was operating in cycloadditions,
Bartlett and co—workers106 studied the reaction of tetrafluoro-
ethylene with cis- and trans-l,2-deuteroethylene, the deuterated

ethylenes containing no bulky groups, so leading the case in
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favour of the concerted process, and also allowing any stereo-—
selectivity during the reaction to be observed. For a concerted
reaction, the cis isomer (90) is éxpected to be formed from
(88), and the trans isomer (89) from (87). However, examina-
tion of the infra-red spectra of the two product mixtures show
them to be the same, but were found to differ from an authentic
infra-red spectrum of (90), From these results the authors
conclude a mixture of (90) and (89) are formed, regardless of
whether the starting olefin is (87) or (88), and suggest the
results are inconsistent with a stereospecific mechanism, i.co.

concerted, but are those expected from a stepwise cycloaddition.

CF CF +

H\‘/D
I ~N
(87

VU

87

D D
\ [y P/
/ i

CF CF + (
D" 'H (89) (90)
(88)

It is now obvious that a criterion of a two-step diradical
cycloaddition is partial loss of configuration in the products,
but a second criterion is partial loss of configuration in the
reactants during, and only during, cycloaddition., Bartlett

107

and co-workers investigating the reaction of tetrafluoro-

ethylene with ¢:

is and trans but-2-ene, (Scheme 9), found con-
siderable loss of configuration in the products, and also some
loss of configuration in the recovered unreacted but-2-ene,

For example, after reaction of c¢is-but-2-ene the trans isomer



~-55-

had increased from 0,3% to 5.9%, while with the trans isomer
the amount of cigs-but-2-ene increased from 0,1% to 3.1%. As
a check, samples of cis and trans-hut-2-ene were heated under
the conditions used in the reactions, but found no loss of
configuration. The authors concluded the reaction proceeded
in a step-wise fashion, fulfilling both criteria mentioned

above,

Scheme 9

Similar evidence that cycloaddition reactions proceed
via a diradical is shown in the reaction of cyclooctene and
CFCl:CFCllO8° The results again showing loss of configura-
tion in the products (Table 14). In the cyclooctene part of
the molecule only slight loss of configuration occured, a

fact explained on the basis of unfavourable trans-annular

interactions preventing isomerisation of the ring.
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P ol c1 ¢l
(91) (92)

Table 14

Cycloaddition of trans—cyclooctene to CLRC=CTFC1l

Configuration of CIC1=CFCl jRelative zrea in g.l.c, irace of

products
(e1) | (92 (93) | (94)
99,3% trans | 27.2 | 20,2 | 49.2| 3.4
95.4% cis 10.2 | 67.0 | 21.4| 1.4
51.3% cis 17.8 | 46.9 | 33%3.8| 1.5

IV.B,2 Cycloadditions

The examples of cycloaddition reactions are numerous,
end have been well reviewedB. A few typical reactions are

shown in Table 15.



Table 15

Cycloaddition Reactions

I Br.
> o, ~cBr. 2190 4 ° -
2 2 7
P, b——IBr,
” o — P
O, =CF, + CF,=CRCL —>
T, FCl
| P ——FCT,
CF,=CF CF3 —_—>
F, PCE,
) F, Py
OF,=CF, + CH,=CH, —>
Hy, Hy
F2 5 F2
CH,=C=CH, + CF,=CF, —>
H, CH,,
+ Fj_—"‘)\F2
H, \ il
¥ F

(10%)

(110)

(111)

(112)

(112)
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CHAPTER V

Mluoride JTon-Initiated Reactions of

Chlorotrifluorocethylene

Introduction

The initial objective of this work was to synthesise
vinyl aromatic compounds, with a view to using these systems
as precursors in the study of highly fluorinated, long-lived,
conjugated anions. Darlier work carried out in these labora-
toriesll3 led to the synthesis of perfluoro-4-vinylpyridine,
and the object of this work was to develop this synthesis,
and zlso attempt to extend the method to other systems, with
a pdssibility of the preparation of di- or tri-vinyl compounds,
The route used involves fluoride ion-initiated reactions
between chlorotrifluoroethylene and an activated aromatic
species, to give the corresponding chlorotetrafluorocethyl
derivative, which on passing over hot iron-filings dechlcro-
fluorinates to give a vinyl aromatic compound (Scheme 10)

. Fe

~CFC1CF, + ¥ —~A4——> Ar;~CP=CT

CF_ CFC1 + AIF—E —> Ar 3

p.

rxi

2

Scheme 10

The main part of this chapter will deal with fluoride ion-
initiated reactions between chlorotrifluoroethylene and

various aromatic substrates, including pentafluoropyridine,
tetrafluoropyrimidine and cyenuric fluoride. A section at

the end of the chapter will discuss the attempts to produce



oligomers of chlorotrifluorcethylene.

V.A. Polyfluorocalkylations with chlorotrifluoroethylene

Polyfluoroalkylations of activated carbocyclic and heter-
ocyclic aromatic systems, using acyclic and alicyclic fluoro
olefins in fluoride ion-initiated reactions, are well docu-
mented and were discussed in Chapter I1I, Section A.5.d.

Pluoride ion-~-initiated reactions between activated N-
heteroaromatic species and various polyfluoroethylenes have
been studied in these laboratories, and in general give complex
product mixtures. lor example, a fluoride ion-initiated
reaction between chlorotrifluoroethylene and pentafluoro-

;
pyridine (95) gives a complex mixture of products (3&)—(100).1*4

= CsE/Solvent
F + CF2=CFC1
4n, 90°
N

J~
(95) (86) (97)
[:iAi:] CFCLCT,
Rp = C,T5 (99) (100)

A similar reaction between bromotrifluoroethylene and

pentafluoro~pyridine (25) gave different types of products,
CsF,90° //,__1\

Lji) + CFZHCFBr-———————~—4? (H?BCFBr2 + \//iF\\N
Sulrholane

(25%)
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The reason for the complex nature of the products is due
to the ability of the intermediate carbanion, formed by
addition of fluoride ion to the fluoro olefin, to react

further in a variety of ways cheme 11).

N | _
IS CFé:xZCFX - CF,.CIX ——> ?

N 3

X =T, Cl, or Br

1) Polyfluoroalkylation

<

CFBEFX + Arp-F ——> Ar CFXCY, + ¥

2) Carbene Formation

CFBCBX

- n i ___EA —:'\
> X+ CTBCl. p— CF36B2
%)  Halogen Exchange

CFBCFX + CF2=CFX-—~$ CFBCFX2 + CF2=CF
4)  Charge Transfer
1 —f- S s . 0 < T
OF,CPX + Arp >[th‘1‘| v CP5CPX

Scheme 11

Products derived from polyfluoroalkylétion and halogen
exchange have been isolated from reactions involving chloro-
trifluoroethylene and bromotrifluoroethylene respectively,
with charge trensfer processes suggested ae possitle routes

. . 1
to polymeric materials recovered. 14 However, attempts to
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trap any carbenes formed in the reaction between chlorotri-
Tfluoroethylene and fluoride ion, in the presence of excess

cyclohexene, failed to give s norcarane derivative (101),

(101)

V.AL Reaction Conditions

The results of fluoride ion-initiated reactions carried
out in these laboratories have shown that in general the most

effective combination of solvent and fluoride ion source is

caesium fluoride in sulpholane,115

116

although exceptions to
this combination are known.

In theory only catalytic amounts of fluoride ion are
required, but due to the insolubility of alkali metal fluorides
in the solvents used, a large excess has 1o be used in the
reaction, The amount of alkali metal fluoride added has been
found to affect the rate of reaction, for exaumple, Graham73
noticed that the rate of tetrafluorcethylene oligomerisation
increased as the amount of cacsium fluoride a2dded was increased;
and concluded that some reaction was occui;ng at the surface of
the solid caesium fluoride.

Originally fluoride ion-initiated reactions were carried
out in autoclaves at high temperatures (>120°) ana pressures 117
but these conditions produced unwanted side-reactions, includ-
ing oligomerisation of the olefin, rearrangements, and decom-

position of the solvent, 10277168
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In recent years technigues which allow these reactions to
be carried out at eatmospheric pressure have been developed in

these 1aboratories.118

The apparatus consists of a variable
volume reservoir (footbsll bladder) attached to a round-
bottomed flask into which the solvent and fluoride ion source
are introduced., After evacuating and degassing, the apparatus
is returned to atmospheric pressure with the required fluoro
olefin, and the aromatic substrate introduced via a syringe
through the septum (TFig. 7).

To variable
volume reservoir

‘i’

To vacuum
and manometer

Magnetic Stirrer



V.A.2 Reactions of Chlorotrifluoroethylene with Pentafluoro-~

pyridine

The object of the work described in this section was to
improve on the yields of 1l-chloro-1-(2',3',5',6'~tetrafluoro-
pyridyl) tetrafluoroethane (100) formed in the fluoride ion-
initiated reaction between pentafluoropyridine and chloro-
trifluorcethylene,

The first fluoride ion-initiated reactions of chlorotri-
fluoroethylene with pentafluoropyridine (95) were carried out
in autoclaves at high temperatures (190°), This yielded a
product consisting of unreacted starting material and five
products, three of which have been isolated and identified as
perfluoro-(4-ethyl)pyridine (96), 4-chlorotetrafluoropyridine
{22), and l-chloro-1-(2',3',5',6'-tetrafluoropyridyl) tetra-
fluoroethane (100). 115,116,119

More recent work,ll4

using a combination of caesium
fluoride and sulpholane or tetraglyme, at atmospheric pressure
gave a complex mixture, with the product distribﬁtion being
dependent on the solvent used. (Table 16).

The results in Table 16 show that chlorine displacement

occurs, especially when sulpholane is used as the solvent, and

this displacement has been rationalised in terms of a pseudo-

SNZ' mechanism (Scheme 12).114
I //N i
| I/ -
L . CT,CT,
Cl_rj >IC Cl CFS C
N\ N Z
= d ¥ » F
v\ il -C1~ . |
iy > < U :
\ ! \ / ]
N N 1
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Table 16+14

=
F + CF2=CFCl
X
N
(95)
CsPF 9Oo
Rp=C,T " solvent
Ry LFClLP)
=
Solvent F
\\N F
(96) (97) (98) (99) (100)
Sulpholane 15 4 3 4 15
Tetraglyme 0 6 4 8 46

Confirmation of this mechanism is provided by the reacition
of chlorotfifluoroethylene with cvanuric fluoride (104) where
the chlorotetrafluoroethyl compounds (102) and (103) are the
the only products isolated. In compounds (102) and (103)
there are no carbon atoms ortho or para to chlorotetrafluoro-
ethyl groups, a requirement for the pseudo—SﬁQ' mechanism,

and consequently no chlorine displacement occurs.

CFClCRj CFClCFB
cs¥.70° 17 N N ﬁ
; + CJ.“ __.CI\Cl A F + F ' .
L\\ ,/J Sulpholane & _11 N //JCPClCPB
I \N/ N

(104) (102) (103)

N
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Atmospheric pressure reaction between pentafluoropyridine
(95) and chlorotrifluorcethylene, carried out at room tempera-
ture using a combination of caesium fluoride and tetraglyme,
gave a colourless liquid. Chromatographic analysis showed
this to consist of unreacted pentafluorepyridine, dissolved
olefin and one product, identified as l-chloro-1-(2',3',5',6'-
tetrafluoropyridyl) tetrafluoroethane (100) by comparison of

infra-red and n.m.r., spectra with those of an authentic sample.

CFC1CF

3
= CsF/Tetraglyme =
¥ + CF2=CFCI —> F
NN Room Temperature NN
N 24 hrs N
(95) ~ (100)

Comparison of the yields obtained from reactions at room
temperature and 90° (Table 17) show that reducing the reaction
temperature has inhibited chlorine displacement, tut reduced
the conversion of pentafluoropyridine to products.
| From the involatile residues of the reaction a viscous
brown oil was recovered, a polymer probably formed by an
electron transfer process, similar to that previously
suggested by Chambers and co-workers to account for polymer
formation in the reaction of tetrafluoroethylene with tetra-

pyridazine.l14
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Table 17

Yields of products from the reaction of

Pentafluoropyridine with Chlorotrifluoroethvlene

Reaction| Reaction *Percentage Yields
Time Tgmp .
hrs C (96) | (97) | (g8) | (99) |(100) | % Conversion
24 25° - - - ~ 83 45
24 90° - 5 8 9 40 0g 114

ES
Besed on (95) consumed

V.A.3 Reaction of Chlorotrifluoroethylene with Tetraf{luoro-

ryrimidine

Atmospheric pressure reaction between chlorotrifluoro-
ethylene and tetrafluoropyrimidine (105), using a combinaticn
of caesium fluoride and sulpholane at 300, gave a colourless
liquid, which on chromatographic analysis was shown to consist
of unreacted (105) and two products, identified as 4-chloro-
fetrafluoroethyl—Z,5,6—trif1uoropyrimidine (106) and 4,6-bis~

chlorotetrafluoroethyl-2,5-difluoropyrimidine (107).

CFC1CY CFC1CT
Cé;ﬁ\\N CsF/Sulpholane = N =
L\\F//U + CF,=CFC1l S ? F//U + Fo|
N 30 N ‘ N

. . CF50FCL ™Yy

(105) (106) (107)

20% 19%




67—

As in the case of pentafluoropyridine a viscous oil was
recovered from the involatile residues suggesting once again
the formation of a polymer via an electron transfer process.

Repetition of the reaction using tetraglyme as solvent
yielded a large amount of intractable tar, plus a small amount
of volatile material, wﬁich chromatographic analysis indicated
consisted of unreacted tetrafluoropyrimidine, (2106)(9%),(107)
(3%), and two other unidentified components. These results
indicated that in the case of tetrafluoropyrimidine, changing
solvents from sulpholane to tetraglyme produced more unwantedv

side-reactions, and reduced the yields of (106) and (107)

obtained,

V.A,.3,a Structure of the Products

The two compounds (106) and (107) were characterised as
single components after separation, using preparative scale
chromatography. Both (106) and (107) gave satisfactory
elemental analysis and strong parent pecaks in the mass spectrum,
with n.m,r., spectroscopy confirming the positions of substitu-
tion as 4-, and 4,6 in (106) and (107) respectively. The
observed chemical shift values for the ring fluorines are in
good agreement with those for similar compounds (Tables 18

and 19),
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Table 18

in 4-substituted Trifluoropyrimidines

Compound

CF(CF
i ///\

PL\\ y
. JE
P~\\N//JP

CF F
3\6 C
N
013

P //’

=

\\

%—

CFC1CF

)
./\N
N

F
e

(106)

5)2

Chemical Shift, Ring Tluorines

2

46,7

48,2

45.0

2

152.5

154.4

149.8

6

70.5

74.0

kS
P.P.m., Relative to external CFC1

3

Ref.

(120)

Ip]

1)
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Table 19

Chemicel Shifts , in 4,6-substituted-

difluoropvrimidines

Compound Chemical Shifts, Ring Fluorines

2

CF(CF3)2

| 46 .7
CF Cr F
CrC1CHE

3
F‘§§>\\N
. op |
cyBCbc1L;§N//JF 47.6

(107)

2

130 (120)

131.4

*b.p.m. Relative to external OFC1,

V.A.4 Reaction of Chlorotrifluoroethylene with Cyanuric

Fluoride

Atmospheric pressure reaction between cyanuric fluoride

(104) and chlorotrifluoroethylene, using a combination of

caesium fluoride and sulpholane gave a colourless liquid,

which chromatographic analysis showed to consist of unreacted

cyanuric fluoride and two products, identified as 2-chloro-

tetrafluoroethyl-4,6-difluoro-s-triazine (102) and 2,4-bis

chlorotetrafluorcethyl~6-fluoro-s—triazine (10%),
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Crclcr CFClCF7

3

///\\\ ' //)\\

N CsT/Sulpholane N
//J + CF,=CFCl 5 L\\ //J L\\
60 N. CICPB

(104) | (102) (10%)

The results in (Table 20) show that the reaction is
temperature dependent, with only the mono-substituted com-
pound, (102), being produced in low yields from reactions
carried out at room temperature. The results also show that
as the yields of (102) and (10%) increased with temperature,

the conversion of cyanuric fluoride to products decreased.

Table 20

Variation in Yields of (102) and (103) with

Temperature
Solvent Reaction Reaction *% Yields Conversion
Temperature | Time hrs. of Products %
102) {(103)

Sulpholane 25° 22 30,4 - 69
Sulpholane 60° 48 61,5 | 10.8 51
Sulpholane 0 a

Tetraglyme 80 69 68.5 7.0 44

% . .
Based on cyanuric fluoride consuned

V.AJd.a Determination of Structure

The two compounds (102) and (103) were characterised as
single components, after separation using preparative scale

chromatography. Both compounds gave satisfactory elemental



~71—

analysis and sitrong parent peaks in the mass spectra. The

n.,m.r. vere simple and consistent with the proposed structures.

V.A.4.b Discussion

The elevated temperatures required in the reaction of
cyanuric fluoride with chlorotrifluoroethylene were unexpected,
a5 kinetic studies carried out in these laboratories have shown
that the susceptibility towards nucleophilic attack of a series

122
of perfluoroheterocyclic compounds increases in the order:

| L |

P
\N AR N/I /Wl\m/’ NG
1 : 37 1980 KR > 10°

An explanation that accounts for these observations, is
that fluoride ion reacts with cyanuric fluoride in preference
to chlorotrifluoroethylene, due to the greater susceptibility
of the former to nucleophilic attack, and it is only at
elevated temperatures when the reaction becomes less selective
that polyfluoroalkylation occurs to any great extent.

When caesium fluoride is heated with an excess of cyanuric
fluoride in sulpholane, after one hour only a small amount of
finely divided solid remained, indicating that almost all the
caesium fluoride had gone into solution. On remocving as much
cyanuric fluoride as possible from the reaction mixture, under
high vacuum, the amount of finely divided solid increased con-

siderably, and addition of dilute hydrochloric acid to the
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remaining involatile sulpholane yielded a cream solid,
identified from its infra-red spectrum as cyanuric acid.

These observations and results are all consistent with
formation of a soluble salt or complex between cyanuric
fluoride and caesium fluorides and the increased precipita-
tion of finely divided caesium fluoride on removal of cyanuric
fluoride from the reaction mixture indicated a reversible
reaction, The formation of cyanuric acid on addition of
dilute hydrochloric acid to the sulpholane residues, again
indicated that an involatile salt or complex of cyanuric

fluoride was formed in solution.

p—

/\
N N
gi» e gi)

Complex or salt

The hydrolysis products were identified from comparison
of the infra-red spectrum with that of an authentic sample
of cyanuric acid (108) prepared by hydrolysis of cyanuric
chloride with glacial acetic acid_.l23 Hydrolysis of a sample

of cyanuric fluoride also gave cyanuric acid.
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C

= A

.//\\\
N Ty Hf NH . . .
H.0O Glacial Acetic ClL
L\\F/JJ —= J //L> < L§l //U
XN 01"y 120° 2 hrs N
H '
(104) (108)
N ai1l.HCl.

Complex or Salt

Further evidence of a soluble complex or salt being formed
was obtained from a simple experiment, using n.m.r. technigues,
On adding dry caesium fluoride to a mixture of cyanuric fluoride
and sulpholane, the n.m.r. spectrum of the supernatent liquor
showed no absorption at the position expected for cyanuric
fluoride (34.4 p.p.m. relative to CFClB), but a very broad
absorption downfield at 32.3 p.p.m, which sharpened consider-
ably on heating in the probe.

Also, on gradual addition of cyanuric fluoride to a
sample of supernatent liquor, the peak gradually sharpened
and moved upfield (Fig. 8).

An explanation that is consistent with most of the
available data is that some form of exchange was occuring
and the most obvious type is a rapid exchange between fluoride

ion and cyanuric fluoride, to give an averaged signal, g§obs..

F T
Néfﬁ\\h' < N/)KL\N
o =
ANY N Pe
51 §2 Sobs = (8§1+62)
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However, as 61 and 82 have values of %4.4 p.p.m. and ca.
120 p.p.m.155 respectively, a Sdobs. of ca. 76 p.p.m. would
be expectedyconsiderably upfield of that observed.
Therefore, the observed spectrum must be an averaged
signal involving some other species in solution, and since
cyanuric fluoride can be recovered, indicating that no ring

opening occurs, this must involve a o-complex (109).

F_ T,
CsF + 7 — csT N N
KF/“N ) o s
N b N b
(109)
§2 sl 53 = (8 g-l@ b)

The observed chemical shift for such a system would be an
averaged signal of 61, &2 and 6% with the exact value being
dependent on the concentration of each component. Therefore,
as 81 and 62 are known to have values of %4.4 p.p.m. and ca.
120 p.p.m. respectively, and Sobs was 32.3 p.p.m., 63 must
be to low field. Neutral, model compounds indicate values

of 74.0 p.p.m.126 100

and 62.3 p.p.m, for da and 6b respectively,
which would give a value for &3 qpfield of that observed, and
in a negatively charged species this chemical shift could be
expected to move even further upfield, The observed shift
downfield must be due to the presence of the caesium cation,
which is having a large effect on the electronic environment

of (109).
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The formation of a o-complex is consistent with the
observations discussed earlier, thus addition of cyanuric
fluoride to the supernatent licuor, increases the contribu-
tion of 61 to the observed chemical shift, Sobs., and causes
an upfield shift. Raising the temperzsture of the solution
would increase the rate of exchange and this was observed
by the peak becoming sharper, in the n.m.r, spectrum, on
warming. Theoretically, cooling the system should reduce
the rate of exchange, so allowing observation of 81, §2 and
85 as discrete peaks, but on cooling (-§) caesium fluoride

precipitated and no separation was observed.

V.A.4,c TFormation of a Solid Cvanuric Fluoride/Caesium

Iluoride Complex

Young and co—workers124 have reported the polyfluoro-
alkylation of cyanuric fluoride with hexafluoropropene, in
the presence of caesium fluoride and the absence of a solvent,
with good yields of mono- and di-slkylated products being

formed,

N
N CsT N "

N N

P || + cr.cr=cr > ‘\F ]+ KEJ
LQ:N 5 2 100° X ,/J N

' scaled tube N

39% - 51%
Rp
AN
N ‘N
+ RDL\\ //JRD
IANSY ¥

R.=(CF,) CP
B3 (5%)
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A similar reaction hetween octafluorobut-2-ene and
cyanuric fluoride, carried out in these laboratories, gave
a solid product of unknown composition, with no cyanuric
fluoride being recovered after the reaction.125

When caesium fluoride and cyanuric fluoride (104) were
heated (180°) under autogeneous pressure in a Carius tube, a

transparent yellow syrup was formed, which on cooling yielded

a brittle, pale yellow, glassy solid.

7 N 180°
CsTh + F | - Glass
\3 Carius Tube

Bxamination of the contents of the tube showed unreacted
cyénuric fluoride present, but no caesium fluoride, and a
combination of a mass balance with elemental analysis indicated
that the glass contained a 1:1 molar ratio of caesium fluoride:
cyanuric fluoride.

Attempts to deduce a definite structure for this glass
have met with little success, but with the n.m.r. data obtained
and examination of the hydrolysis products it has proved
possible to infer a type of structure, which is consistent with
the available data. The author would like to emphasise that
the reactions proposed are those which at the time of writing
provide products which are consistent with most of the available
data, but it is possible that in the future more data will Dbpe
obtained which will confirm, or provide evidence for, a daif-

ferent type of reaction and products,
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The n.m.r. spectrum of the complex, formed by heating
caesium flﬁoride and cyanuric fluoride in a sealed n.m.r,
tube showed four absorptions, at 26,0, 4%.0, 47.6 and 49.0
p.p.m. (relative to external CFClB), with intensities 9;

303 463 15 respectively., The spectrum of a weak solution

of the complex in dimethyvlformamide (D.M.F.) was also

obtained and gave peaks at 3%2.7, 33.2, 50,6 and 51,4 p.p.m.
with approximate relative intensities, 1; 1; 4; 1 respectively.

As the stoichiometry of the reaction indicated a 1:1
complex between cyanuric fluoride and caesium fluoride it is
possible to predict two types of product: (i) where the ring
remains intact, (ii) where the ring is cleaved.

If the ring remained intact the most obvious structure
for the product would be a g-complex, formed by either
1,2-(110) or 1,4-(111) addition of caesium fluoride to

cyanuric fluoride.

F P PR
C
/\

N
N ‘N N N lN o Nl |N
F) ' CSF i K /, K /J
P F
KN X r 1}1 ¥
Cs

(110) (111)

Structures (110) and (111) both contain a N-CF,-N group,
which by comparison with the same grcuping in the fluorinated
pyrimidine (112) is expected to have a chemical shift of

about 74 p.p.m.126 However, the n.m.r. data on the complex



showed no absorptions above 51.4 p.p.m., suggesting that the

structure is neither (110) or (111).

/ﬂif\ | Chemical Shifts® Ring Fluorines
N lN 2 5
(CF3)2CE l\/)Cl‘(Cl‘B)z 7309 114 (126)
P ¥
* " .
(112) Relative to CFCl,

In contrast an alternative reaction in which the ring has
opened gives products that are more consistent with the n.m.xr.
data, ring cleavage producing compounds containing CFB—N: and
FC=N- groups, which in known compounds are shown to absorb in

the region 20 - 60 p.,p.m.,, the same area of absorption as the

complex (Table 21),

Table 21
Compound Group Chemical Shift®
CF ,=N-CTy CF. 57,7 (127)
CF 31.9
CF 51.3%
03F7CF=NCF3 CF 23,8 (127)
CF3 40,3

*
P.p.m. relative to external CFCl3
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If, as the n.m.r. suggests, ring opening has occured it
is possible to predict reaction scauences that lead to
products consistent with the n.m.r., spectra. The initial
step of the reaction probably involves formation of a c—gomplex,
(110) or (111), from addition of caesium fluoride, and depecnd-
ing on which intermediate is formed ring opening could produce

different products.

(1) Ring opening via a g-complex

The structure (110) contains a tertiary nitrogen which
could donate its lone pair into the ring system, so promoting
a movement of electrons around the ring leading to cleavage,
and formation of a further o-complex (113). Structure (113)
contains a terminal CF2=N— group which would be very reactive,
and in the presence of fluoride ion would rearrange to give

(114) or (215). (Scheme 13),

FF
Cs )K Cs _ CF5
/55\\\ ’ \QC\ p 7
N N« N N
CsF + kF | _ K ) ———>
\N ¥ T N//l*
(ALQ) (113)
CF 7
N
Cs
- / CF
POF . N Cs 3
N=C=N ~— r\ \N
= = X <__,___.__ —
CS/ N:C::N\
(115) op. N&
_ )
(114)
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A different reaction pathway could occur if a 1,4-0-
complex (111) is formed, ring cleavage producing (116),
which on losing caesium fluoride could produce a nitrile
(117). This structure (117) also contains a terminal
CF2=N-group and in the presence of fluoride ion could form

an allylic anion (118) (Scheme 14),

T
\ {
N TS5 ~ /e
csp 4 NN N (\N’ N N
Ltib ’U L\\ﬁE;UF u\\+ B
Cs Cs
(111) (116)
~CsT
st CF
43 OF
Y
N N CsPF N N
UL 1L
N 1o
(118) (117)
Scheme 14

The n.m.r. spectrum of the complex formed in the spect-
rometer 1is consistent with a mixture of two components con-
taining CFB—Nz and a vinylic fluorine N=C-F, with the peaks
at 26,0 and 43.0 p,p.m. integrating to Ca 1:3 and also those
at 49.0 and 47.6 p.p.m. to 1:3,

All three products, (114), (115) and (118) contain a

CFB—N: and I'-C=N- group, and conseauently, either a mixture
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of two of these compounds or a single compound,but a mixture

of ¢is and trans isomers,would {it the n.m.r. data.

However the n.m.r. spectrum of the prcduct in D.M.F, is
less easy to understand, as although the peaks are consistent
with CFB—Nz and I'-C=N groups prescnt, the integrations do not
fit in with the compounds described, and at present it is not

possible to explain this spectrum,

(ii) Hydrolysis Product

Addition of the solid 1o water produced a vigorous
reaction from which a white solid was recovered. The
product was found to bhe socluble in hot bhase; slightly
soluble in hot water, producing & solution with pH 3.5; Dbut
insoluble in organic solvents., The infra-red spectrum showed

1 1740-1580 em™1,

broad, unresolved peaks at 3500-2760 cm
and 1485-1450 cm—l, facts consistent with a carboxylic acid,
possibly contsining amide groups as well., Comparison of the
spectrum with that of cyanuric acid, the expected product
from a cyclic structure, showed them to differ, so providing
possible further evidence against a cyclic complex.

However, carboxylic acids containing amide groups, are
the products expected from the hydrolysis of compound (114),

(115) and (118), providing possible further evidence of a

ring opening reaction (Scheme 16),

: : H,0 0
114) and (115) —S—5 1, NeQoNeQ-N-g7_ 120
114 . A o (329)
OHOH
+ 1b 20
H., HeGeNeCmll 5
b I O T et (221)
OH OH
H,0 H,0 HO )
(118) 2 > NEC—H—CaNmGoOl — 23 N0 Neq—ii—g-OH
[ nt /2N (Y
H O I C 0 H 0w
Schewme 16 (122) (127



In all three compounds the CF.5 groups have been shown to
hydrolyse, a fact consistent with carbon-fluorine bonds
ad jacent to nitrogen, which are activated towards nucleophilic

attack.128

Complete hydrolysis of (114) and (115) initially
forms an a,w-amido-acid type of compound (120) but this could
exist as the zwitterion (121).

Although no definite proof exists that the reactions
proposed in the previous three reactions occur, the evidence
provided is consistent with such reactions. It must also bve
remembered that the very reactive intermediates (117) and
(11%) could in the presence of fluoride ion oligomerise or
even polymerise, so possibly producing glassy solids.

Attempts to produce similar complexes with KF/cyanuric

fluoride, CsI/tetrafluoropyridazine, and CsF/Tetrafluoro-

pyrimidine all failed.

V.A.5 Exploratorv Fluoride-Ion-Initiated reactions between

Chlorotrifluoroethylene and Various Perfluoroaromatic

Substrates

Several explorastory fluoride ion—inifiafed reactions
between chlorotrifluoroethylene and various highly fluorinated
aromatic species were brief1y>investigated in an attempt to
extend the range of chlorotetrafluoroethyl substituted
aromatic compounds. The systems investigated included:

(a) Perfluorobiphenyl, (b) Pentafluoronitrobenzene, (c)
Pentafluorobenzonitrile, (d) Octafluorotoluene, and each
system will be discussed briefly under its respective heading.

Only in the case of pentafluorobenzonitrile was a chloro-
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tetrafluorcethyl derivative produced, and then in low yield,
most of the reactions producing high molecular weight oils
or pentafluoroethyl derivatives,

(a) Perfluorobiphenyl

Reaction of perfluorobiphenyl (124) and chlorotrifluoro-
ethylene, in a combination of sulpholane and caesium fluoride
gave a mixture containing unreacied sterting material and a
high molecular weight oil. A possible mechanism for the form-

ation of the o0il involves a charge transfer process.ll4

High NMolecular
60° weight oil

// \\ CsF/Sulpholane
T

+ CF2=CF01 >

(124)

(b) Pentafluoronitrobenzene

A Atmospheric pressure reaction hetween pentafluoronitro-
benzene (125) and chlorotrifluoroethylene gave a volatile
liquid consisting of unreacted (125) and two products. A
g.l.c./mass spectrum gave m/e values for these products con-
sistent with hexafluorobenzene (126) and perfluoroethylbenzene
(127). Again a high molecular weight o0il was isolated from

the involatile reaction mixture.

NO2 QFQCFB
- CsF/Sulpholane

T + CF,=CFC1 - > 15% + 10%
. 120

(125) (127)
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Repetition of the experiment at a lower temperature (700)
gave no reaction and only pentafluoronitrobenzene (125) was
recovered,

(c¢) Pentafluorobenzonitrile

Reaction at atmospheric pressure between pentafluoroben--
zonitrile (128) and chlorotrifluoroethylene, in a combination
of sulpholane and caesium fluoride, gave a volatile liquid
containing mainly unreacted (128) and two products. A g.l.c./
mass spectrum showed these two products to have m/e values
consistent with (129) and (130)., Again a large amount of high

molecular weight oil was recovered from the involatile residues.

CN . CPClCF CP CP
CsF/Sulpholane
+ CF2=CFC1 5 > F 14u + 12% +
' - 25 oil
(128) (129) (130)

On repetition of the experiment using tetraglyme as
solvent lower yields of (129) and (130) were recovered, 2%
and 3% respectively, (Yields based on (128) consumed).

(d) Octafluorotoluene

Reaqtion at atmospheric pressure between octafluoroto-
luene (1%1) and chlorotrifluoroethylene, in the presence of
fluoride ion, gave a colourless liquid containing unreacted
(131) and one product. A g.l.c./mass spectrum showed the
product to have a m/e consistent with the perfluoroethyl

derivative (132). A high molecular weight, pale yellow oil
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was recovered from the involatile residues.

CEB CF3
CsF/Sulpholane
+ CFQ:CFCI > 20% 4+ oil
259
C2F5
(131) (132)

V.A.6 General Conclusions on Polyfluoroalkylations with

Chlorotrifluoroethylene

The results discussed in this chapter show that the
formation of a series of vinylic aromatic systems, via a
scheme involving fluoride ion-initiated reactions of chloro-
trifluoroethylene with activated aromatics has a very limited
scope. The main factors limiting the reactions appear to be:
(i). the ease with which chlorine displacement occurs, and
(ii) formation of high molecular weight materials.

The amount of chlorine displacement occuring in the N-
heteroaromatic series, (100), (lgé) and (;gg) can be explained
on the basis of a pseudo-SN2‘ mechanism proposed by Chambers

-and co—workers.114

CFCJ_CF3 CFClCF3 CFC1CF

\'N/ KN) k\N-/l

(100) (206) (102)

3
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The fact that chlorine displacement occurs in (100) and
not in (102) has been explained in section V.A.2 of this
chapter, but the results obtained with tetrafluoropyrimidine
provide further evidence which suggests that a pseudo—SNZ'
mechanism is operating. In (106) the only position ortho or
para to the chlorotetrafluoroethyl group at which fluoride
ion attack can occur, is the 5-position, the least activated
towards nucleophilic attack, and consequently no chlorine
displacement occurs at low itemperatures.

In most of the reactions described the products include
varying amounts of high molecular weight oils, and if, as is
suggested by Chambers,114 these are formed by an electron
transfer process, the chlorotetrafluoroethyl anion appears
to be very susceptible to this type of reaction, so much so
that in some caseS considerable amounts of reactants are con-

sumed in such reactions,

V.B. FMluoride Ion-Initiated Oligomerisation of Chlorotrifluoro-

ethylene

In the introduction of this thesis (Chapter III.A.V)
fluoride ion-initiated oligomerisations of certain fluoro
olefins, including tetrafluoroethylene and hexafluoropropene,
were discussed., However, no oligomers of chlorotrifluoro-
ethylene have becen reported, although on the surface the
reaction appears to be highly probable.

When chlorotrifluoroethylene, caesium fluoride, and
tetraglyme were heated in a nickel tube, a small amount of

volatile liquid was recovered, which chromatographic analysis
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showed to comnsist of two major and several minor components.
The main product was identified as perfluoro-3,4-dimecthylhex-
3-ene (176) after comparison of fhe g.l.c. retention time and
the mass spectrum, with those of an suthentic sample. A
g.l.c./mass spectrum of the product mixture indicated that the
other major component had an empiricel formula, 010F18’ and
that the minor components had molecular weights varying from
524 to over 800. It would appear from the mass spectra that
some defluorination has occured and this probably happened on
the nickel walls of the bomb. In no cases did the products
contain chlorine, demonstrating the ease with which allylic

chlorine is displaced by fluoride ion.

Tetraglyme
CF,=CPC1+CsPF ~——-——> C rr(cr )C= c(cr YO P 17.5% + Cp o Fq o 11%
2 1400 10718
(176)
+ others

Lowering the reaction temperature changed the product
distribution (Table 22) but still gave loﬁ yields of procucts,
and due to the complex nature of these and the low yields
obtained this resction has not been pursued further,

The low conversion to products was probably due to the
relative insolubility of caesium fluoride in the solvents used,
and as fluoride ion was displacing chlorine during the reaction
caesium fluoride was no longer just a catalyst but one of the
reactants, i.e. one molecule of caesium fluoride was required

for every molecule of chlorotrifluoroethylene,



-89

Table 22

Percentage Yields of Products from Oligomerisation of

Chlorotrifluoroethviene

Solvent Tgmp Percentage Yields
C
Cal'16 | C10M18 | C1oF20| C1of22| Cigf2s | C1s4t24
Tetraglyme 56 10 16 2 4 5 10
Sulpholane | 68 6 1 - 5 6 3
Tetraglyme | 140 18 11 2 3 2 3

A possible reaction sequence, accounting for formation
of (176) is shown in Scheme 17. This mechanism involves
addition of chlorotetrafluorcethyl anion (134) to chlorotri-
fluoroethylene, followed by loss of fluoride ion to give (135).
A series of SNQ' type processes then displace the two chlorine
atoms producingv(ljé), which after a fluoride ion induced re-
érrangement yields octafluorobut-2-ene (178). The mechanism
can now follow two routes: (i) straightforward fluoride ion
dimerisation of (178) to give (176), or (ii) addition of two
further anions (2%4) followed by chlorine displacement and

fluoride ion rearrangement to give (176).



¥

(134)

~90=~

-5

CTCl + CW2 =CFCl — CFBCFClCF26F01—————% CFBCFClCFzCFCl

+F,SN2'
-C1~
P +P7 52!
CF 5 CF=CLOY, $—— CI,CT,CT=CT, 1 6P cP=CPCRAC
3 372 e 3 2
(178) (1%6)
route (i)
P, (178)
1) CF,CRCL,-F \\\\\$
route - -
(11) |2) +F, =Cl CoFg(CT5)0=C(CT5)C Ty
(176)
1) CP,CFC1, ~F~
VY

P5(Cb3)C=LECF

2) +F7,-C1”

3

Scheme 17
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CHAPTER VI

Synthesis and Reactions of

Perfluoro-4-vinvlpyridine

Introduction

The work described in this chapter will deal with the
synthesis, and some reactions, of perfluoro-4-vinylpyridine
h
(138) obtained by dehalogenation of l—i}oro*l-(Q',B',S',6'—

tetrafluoropyridyl)-tetrafluoroethane (100).

CFClCF3 CF=CP

>
= =
I\I' I o o \F
NN
N = N
(100) (138)

The reactions described in Chapter V Section £, between
chlorotrifluoroethylene and various activated aromatic species
in the presence of fluoride ion, showed that formation of
chlorotetrafluoroethyl derivatives, as precursors to tri-
fluorovinylaryl compounds, had only limited possibilities, In
general the yields or conversions were low, and therefore only
the preparation and chemistry of perfluoro-4-vinylpyridine has
been pursued.,

This route has the advantage of using chlorotrifluoro-
ethylene as starting material, which is readily available,
rather than iodotrifluoroethylene, which is difficult to
obtain, and is used as starting material for trifluorovinyl

copper described by Tamborski et al (Chapter 1, Section A,4,)



Efforts in these laboratories to synthesise (138), by the
reaction of trifluorovinyl lithium with pentafluoropyridine,

gave tarry products,129

thought to be formed by further
reaction of (138) with trifluorovinyl lithium so giving high

molecular weight tars.
CP= CF

+ CP2 =CFLi
l-———%>L\\ + LiP ? Tars
N

(138)

VI.A Dehalogenation of l-chloro-1-(2',%',5',6'~tetrafluoropyri-

dvl)-tetrafluorcethane

Dehalogenation of perfluorcalicyclic compounds, by passing
over hot iron or nickel, has now become an established method
of rearomatising materials derived from CoF3 fluorinations of

130

aromatic hydrocarbons. For example, the synthesis of

octafluorotoluene from toluene, involves a final defluorinating

step.

=)

Similar attempts to defluorinate perfluoroethylbenzene

with hot iron gave low yields of perfluorostyrene.l8
C2F5 CF:CF2
= Fe
r || —5—

15%
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Defluorination reactions using heated iron-filings have
been carried out in these laboratories with varying success.

For example, perfluoro-4- isoprop¥ylpyridine gives moderate

yields of (139).1%2
Cr CF3
a\CF’CFB o =CT,
= Fe =
y —> P o5
NS 420 NN '
N N.

However, defluorination of perfluoro-4- ethylpyridine (140)

gives (13%38) in low yields and conversionsit’ (Table 23).

‘F2CF3 CF=CF

2
/ Fe /
F N > P
NS ~
N N
(140) (138)
Table 23
Yields of (1%8) from Defluorination of (140)
at varving Temperaturesll3
Temp. :kPercentage Yield of (138) Conversion %
°c
410 50 35
420 40 60
450 25 95

* Based on (140) consumead,
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Passage of (100), in a stream of nitrogen, over heated
iron-filings, gave a colourless liguid, which on chromato-
graphic analysis was shown to be a single product, identified
as perfluoro-4-vinylpyridine (lé§), from comparison of n.m.r,

and infra-red spectra with those of an asuthentic sample,

P=CT]
/
e S P
A N
N
(100) (138)

The results (Table 24) show that much lower temperatures
are required for dechlorofluorination of (;OO), compared to

those for defluorination of (140) (Table 23).,

Table 24

Yields of (138) from Defluorination of (100)

Temp.,
o Percentage Yield of (138) % Conversion
C .
310 68 100
500 46 100

VI.B. Reactions of Perfluoro-4— vinvlipyridine

In the introduction to Chapter V the initial aims of
this work were stated, these included the study of highly
fluorinated, stable, conjugated anions, and it was hoped

additior of fluoride ion to (138) would provide a suitable
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system for this study. Two different methods were employed
in attempts to study long-lived anions (a) Chemical trapping,
and (b) E.S.C.A.; each will be discussed under their respec-

tive heading.

VI.B.l_ Fluoride JIon Reactions

VI.B.l.a) Chemical Trapping

In Chapter III Section A.5.a, addition reactions of
fluoro olefins in the presence of fluoride ion were described,
including the addition of HF to chlorotrifluorocethylene. The
reaction scheme suggested for this reaction involves formation
of a carbanion, followed by abstraction of a proton from the

solvent.l

KF/Tormamide - ut

F~ + CF.=CFC1 5> |CP.CFCl| ——> CP,CHC1F (1)
2 65o 3 3

72%

Similarly reaction of some fluoro olefins with fluoride ion,
in the presence of iodine leads to addition of IF at the

double bond,

Therefore, it was anticipated that reaction of (138) with
fluoride ion would give a stable carbanion (141), which in the
presence of bromine or a proton source could give addition of

FBr or HF across the double bond,

P= CF F— —CP FXCF3
r or H' =
> P X = H or Br
~
N

(141)
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Addition of bromine to a vigorously stirred mixture of
(1%8) and caesium fluoride in sulpholane, yielded after
extraction with ether, a white crystalline solid, identified
as trans-1,3-bis(2',3',5',6'~tetrafluoropyridyl)-hexafluoro-
but-l-ene (142), and a high molecular weight oil, but no

products containing bromine,

CT,
N
F=CPF. I
2 c ¥, N P
CsF/Sulpholane\ 574 b o’ + o0il
4 Ve
5O F AN
25 C5F4N

(138) (142)

A similar reaction in which dil.HC1l was used to quench the
reaction also gave dimer (142) and an oil, In neither case
were products from simple addition across the double bond

isolated.,

(1) Determination of Structure

The dimer (142) was characterised as a crystalline solid,
which gave a satisfactory elemental analysis, and showed a
parent peak in the mass spectrum. The structure was determined
using n.m.r, spectroscopy, the spectrum containing absorptions
which indiczted the presence of: 5C—CF3; -C-F; and two vinylic
fluorines, of which one was obscured by the peak for the
%,5-ring fluorines, These absorptions were all consistent

with structure (142), and the trans isomer was shown to be

the correct assignment, and the only isomer observable, from
the large coupling constant of the vinylic fluorines. The

coupling constants are in good agreement with those of other
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olefins containing trans vinylic fluorines (Table 25),

Tahle 25

Coupling Constants for Cis and Trans Vinylic Fluorines

Compound Coupling Constants (Hz)
Jab dac
Ph _F
Pe=c " 117 36 (131)
F F
a C
CF F '
N /"D
c=C 120 40 (132)
F-~ T .
a C
C¥s  c.p,w
P o’ 954
8™ n_ "\ 138
C—C\\ F
N\ F
54 b
(142)

VI.B.1l.b Reaction with Tetrafluoropyridazine

Slow addition of (138) to a vigorously stirred mixture of
tetrafluoropyridazine, sulpholane and caesium fluoride,
yielded after extraction with ether a white crystalline solid,
identified as 4,5,-di[i'—(2",3",5",6"—tetraf1uoropyridyl)—
tetrafluoroethylj]—3,6—dif1uoropyridazine (143) plus a small

amount of the dimer (142).

T
C5F4N\\ / 3
?F=CF2 /éjﬁ\\N F/}) 455\\\
N [;\j;/y CsF/Sulpholane \Ligi/Ji + (142)
N > L ]
N 250 CI3 -
C.F N (143)

5" 4
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(i) Determination of Structure

The derivative Qlié) was characteriscd by a parent peak
in the mass spectrum and a satisfactory fluorine analysis.

The substitution pattern in the pyridazine ring was shown
by n.m.r. spectroscopy to be at the 4,5-positions, The observead
chemical shift values of the 3,6-ring fluorines were in close
agreement with those of similar substituted pyridazines

(Table 26).

Table 26

Chemical Shifts” in 4,5-disubstituted-difluoropyridazines

Compound Chemical shift, Ring fluorines
F 3 (]
C, T /\N
> L | 68.5 68.5 (134)
CyP7
F
F
C,F =~ N
- | T7.7 T7.7 (135)
275 N~
5 ,
F

Ry, pfjﬁ\\N
RF‘<<§//JA 73,7 73,7

F
(143)

= OF.-Ce— AN * s i 1
RF = CI‘3 ; C5F4N P.p.m, Relative to external C}ﬂCl3

The n.m.r. spectrum was generally broad, but showed
absorptions corresponding to CFB—C— and -~C-I groups, which

are consistent with structure (143).



VI.B.l.c Reaction with Hexafluoropropene

An attempt to react hexafluoropropene with (138), in the

presence of fluoride ion in sulpholane, gave mainly oligomers

of hexafluoropropene, and a small amount of oil, which chroma-

tographic analysis showed to be a complex mixture.,
CsF/Sulpholane

.CF,CF=CF, + (138) 5> 0ligomers of CF,CF=CF, + oils
E 25° 3 2

VI.B.1.d Discussion of luoride Ion Reactions

The results of the trapping experiments with bromine and
acid, in the presence of fluoride ion, indicated that the
secondary carbanion (141) was relatively unstable, and reacted
readily with a further molecule of (138) to give the dimer

(142) (Scheme 18).

CF F
/y 3
CP=CF, CFB—C—F CF,=CF Ly p— CF — ¥
F
\
CoFy N — ¢ . p
RN Vs
CF, ¢=¢C
3F/ A C.F N
574
(142)

——

Scheme 18
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The product (142) was shown by n.m.r., spectroscopy to be
entirely the trangs isomer, the cis product probably being
less stable due to steric interacfion of the tetrafluoro-
pyridyl groups.

It was possible that, during the reaction, fluoride ion
induced rearrangement of (142) had occured to give (144),
however, the n.m.r. spectrum clearly indicated that (144) is

not the structure of the recovered product

PPN - 0 CT )
CsP ¥ T F RN CTy e
=0 _ v C=0
p \0/0b3 Y N
F7 ONC.F,N 574

574

| (142) (144)

Structure (142) contains -C-F and ~C-CF,, groups which are

observed in the n.m. T, spectrum, and are easily distinguish-
able from —CF2- and CF3:C= groups, which would be observed
for (144).

The reaction with tetrafluoropyridazine gave similar
results to those observed with hexafluoropropene under mild

7z
conditionst 4

/\N 250 (CFB)ZCF =

‘\F |+ 2(cry) ¢F —— P
. 2 (01«3)2CFV

high molecular weight oils were recovered, and formation of
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these oils appears to occur in many fluoride ion~initiated
reactions, but as yet no conclusive proof is available con-

cerning their mode of formation.,

VI.B.l.e An approach to studying stable anions using E.5,C.A,

Previous work carried out in these laboratories has shown
that polyfluoroalkylation reactions are possible using 'doped’
caesium fluoride, i.e. caesium fluoride with a thin layer of
solvent on the surface, and during these reactions it was
observed that the surface turned dark red.136 Similarly, con-
densing octafluorocyclohexa-1,%3-diene onto ‘'doped' caesium
fluoride also produced colouration of the surface, and it is
thought that these colours could indicate the presence of
stable conjugated anions, for example, with octafluoro-

cyclohexa-1l,%~diene (146) an allylic anion (147) is formed,L>?

However, these colours are not formed when normal caesium
fluoride is used, indicating that some solvent is required.

If stable carbanions are formed on the surface of 'doped'
caesium fluoride this could provide a method for observing
stable carbanions using E.S5.C.A., where only molecules at the
surface are observed,

Electron spectroscopy for Chemical Anaslysis (E.S.C.A.) is
a very sensitive spectroscopic technique used for measuring

binding energies of core, and valence energy level electrons,

G L
2 4 NGV (579
[ . LT

)
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of molecules at a surface; +these are calculated from measufe—
ments made of the kinetic energies of electrons emitted after
interaction of the molecule and a monoenergetic beam of X-rays.
If the binding energies of the different carbon atoms in a
carbanion could be measured, information concerning the electron
distribution of that carbanion could be obtained.

Attempts to use E.5.C.A. for this purpose met with limited
success, and the methods used, problems encountered, plus
results obtained will be discussed under their respective
headings.

(i) Method

The method devised to study long-lived conjugated carban-
ions, using B.5.C.,A., involved the following procedure. A
sample of dry caesium fluoride was mixed with sulpholane, in
a Schlenk tube, and filtered to give a sample of caesium
fluoride with a layer of solvent on the surface. This 'doped'
caesium fluoride was pressed into a disc, similar to those
used in infra-red spectroscopy, and this placed in a tube
attacked to a vacuum line. The sample under study was then
condensed onto the surface of the disc, where it was antici-
pated that a stable carbanion would be formed on the thin
layer of solvent around the caesium fluoride, and this would
remain on the surface after the excess sample had been pumped
off, The prepared disc was then placed into the analyser of
the spectrometer and a spectrum obtained.

(ii) Problems of using E.S5.C.A.

The method described in the previous section proved to
have several problems, and the first difficulty was obtaining

a disc of caesium fluoride in which the surface was not
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completely coated with chloride ion., Although analar caesium
fluoride was used in these experiments it was difficult to
prevent contamination of the surface with chloride ion, but
this was kept to a minimum by using apparatus in which chloro-
carbons or any other source of chlorine had not been used.,

At the time this work was carried out samples, and discs,
had to be prepared in the authors laboratory, then transported
a considerable distance to the spectrometer, all the time
providing possible sources of contamination, and as E.S5.C.A,.
only measures binding energies of molecules at the surface
any contamination will affect the quality of the spectra
recorded. However, more recent modifications to the spectro-
meter, including attachment of a greaseless vacuum line and
sample chamber, should enable preparation of 'cleaner' sample
discs, consequently giving better spectra.

(iii) Results

Two models were used for this study, perfluoro~4-vinyl
pyridine (138) and octafluoro-cyclohexa-l,3-diene. It was
anticipated that addition of fluoride ion to (13%8) would
produce a carbanion stabilised by delocaliéation of the

negative charge over the pyridyl ring (141).
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However, attempts to observe the anion (141), by condens-
ing (138) onto a 'doped' caesium fluoride disc produced no
colouration, and a spectrum of the carbon ls level showed only
hydrocarbon present, probably due to the solvent. Attempts to
trap (141) using bromine, described earlier, indicated that the
secondary carbanion was not very stable, and on reflection a
better system for studying stable carbanions could be perflucro-
4-isopropenlpyridine (148) which on addition of fluoride ion

would form a tertiary anion (145)

CF
5=
(148) - (145)

Condensing octafluoro-cyclohexa-1l,3-diene onto a disc did
produce colouration, and a carbon 1ls level spectrum (Fig., 9)
showed a shoulder on the hydrocarbon peak, which could be con-
sistent with carbons attached to fluorines, but, as can be seen
in Fig. 9 any conclusions drawn from such a spectrum would be
very speculative. However, Fig., 9 does indicate that to
obtain good spectra of the fluorocarbon species, a layer is
required over the complete surface, otherwise interference
from the hydrocarbon solvent affects the spectrum.

At the time of writing modifications to the spectrometer,
described earlier, are almost complete, and further work to
improve techniques, and a better choice of substrate, could

produce good spectra of stable carbanions,
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VI.B.2 Reaction with other nucleophiles

VI.B.2,a Phenoxide

Addition of (;gg) to a vigorously stirred mixture of
sodium phenoxide in dioxan, using a 1:1 molar ratio of (138):
phenoxide, gave a high boiling liquid, which on chromatographic
analysis was shown to be a mixture of two componenfs, identified
as cis and trans l-phenoxy-2-(2',3',5',6'-tetrafluoropyridyl)-

difluoroethylene, (149) and (150) respectively.

'\ orn
. =C'\ P
(138) + HaOPn 2ioxan . =
25o + P
(150)
50%

(i) Determination of Structure

The two phenoxy derivatives, (149) and (150), were
characterised as a mixture, giving a satisfactory elemental
analysis, and a parent peak in the mass spectrum, The n.m.r,
spectrum clearly showed, by integration of the vinylic
fluorines, that a 50:50 mixture existed and the structures
were assigned from the coupling constants of the vinylic

fluorines. (Table 27) (See Table 25).
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Table 27

Coupling Constants between Vinylic Fluorines in

(149) and (150)

Compound Coupling Constants, Jab Hz
Fy 1
\
~0Ph
16
(149)

OPh

F
_c\\
- |

VI.B.2.b Methoxide

Into a vigorously stirred mixture of (138) and dry
methanol, was slowly added a solution of sodium methoxide in
dry methanol, using a 1:1 molar ratio of (138) to methoxide,
which yielded a high boiling liquid. Chromatographic analysis
showed this to be a single component, identified as 2-oxa-4-
(2'-methoxy-3',5',6"'-trifluoropyridyl)-3,3,4~trifluorobutane
(151)
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H Ol\ue
_yF CP F—C C
MeOH r”
+ NaOMe —T—) .
0 ~ Ole
(138) (151)

(i) Determination of Structure

The ether (151) was characterised as a pure liquid, giving
a good elemental analysis and a parent peak in the mass spectrum.
The position of ring substitution was confirmed by n.m.r. sSpec-—
troscopy, the chemical shifts being in good agreement with those

of similarly substituted pyridine (Table 28),

Table 28

Chemical Shiftsf in 2,4-substituted Trifluoropyridines

Compound Chemical Shifts, Ring IMluorines
Compound !

2 2 &

02F5

P~ NP

134,4 146,4 90,8 (65)
PO _~0me

N

CFHConMe

P~ ONF
143 ,4 154,1 98,1

P ~ OMe
N

(151)

*p.p.m. Relative to external CPCl,
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Similarly the chemical shift of the CF20Me was in good

agreement with similar compounds. (Table 29),

Tabhle 29

Chemical Shifts of —CF20M6 Groups

Compound Chemical Shift, difluoromethylene groups

CH30;CF20HF01 91,0 (136)

CFHCF2OMe

| _<
P2 N

89,5

NN ~ 0Me

N

(151)

%

pP.p.m, relative to external CFCl3

The 1H n.m,r., spectrum showed two distinct CH3 absorptions

and a doublet of triplets, integrating to one hydrogen, a
spectrum consisteént with structure (151).

VI.B.2.c Bisulphide

Addition of (138) to a freshly prepared solution of sodium

bisulphide gave after extraction with ether an intractable tar.

HZO/Tetraglyme
00

— Tar
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VI.B.2.d Discussion of MNucleophilic Reactions

Previous work from these laboratories has shown that
methoxide will displace fluorine from the ring in perfluoro-

4~ ethylpyridine (152) to give the 2-methoxy-derivative (;&ﬁ).GS

C e O Fe
P NP MeO/MeOH P ONT
N
7
Fla, T 25° M. _J-Ole
N N
(152) (153)

Therefore, in (138) there exists two positions at which
nucleophilic attack can occur, either at the ring, or at the
unsaturated side-chain, and the reaction with phenoxide, clearly

showed that the vinylic position was the more susceptible towards

‘nuoleophilic attack,

AN

F=C'F2 0Ph F—,—C——-OPh
/ "

P — e > (149) + (150)
NS

N~

Reaction of (138) with methoxide gave both addition of
methanol across the double bond, and substitution at the ring.
The reaction with phenoxide has clearly established that the
vinylic fluorines are more susceptible to nucleophilic dis-—
placement than the ring fluorines, indicating that the initial

step of the reaction involved attack of methoxide at the
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terminal difluoromethylene group to give a carbanion (154),
followed by abstraction of a proton from methanol to give
(155), plus another methoxide ion which substituted in the
ring to give (151). (Scheme 19).

N

CF=CF. OMe F—~C=CF.OMe CTHCF .. OMe

2 2 2
. P ONF leOH P ONF
_—_ — .
I NP Pao A ome

N N~
(138) (154) (155)
CFHCF2OMe CFHCFQOMe

P& ONT -F~
_

e OMe
N

(151)

Scheme 19

The fact that addition occurs across the double bond is
a possible further indication of the low stability of the
carbanion formed by addition of a nucleophile to (138). In
similar reactions of perflu0ﬁ9—4-butenylpyridine (156) with
me thoxide, substitution occu??d, with no addition products

being formed,12l
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CF5 . CFB\C _,Oe EN LT
=C—op =C <o =0~
3 _ _ b5 ~ OMe
Me O/ MeOH - v
. N T \ T \
N >~ ' J~
N N N
(156) 21% 4.9%
H 9Me
CP,~C—C=CT
30N

/. k

Qg

The lack of addition has been rationalised in terms of
the stability of the intermediate tertiary anion, being
relatively stable due to the stabilising influence of tri-

fluoromethyl and perfliuoroheterocyclic group5121 i.e,

CF3

- 7/
CF,~C~C — Olle
~

3
A}F F

I+ was suggestedlthat a tertiary carbanion was less likely to
abstract a proton from the solvent than & secondary or primary,
and, if protonation did occur the proton would be readily lost
under the basic conditions used, followed by elimination of
fluoride iom,'et
This explanation coculd account for the formation of

addition products with (138), where a relatively unstable

secondary anion was formed, which readily abstracted a proton
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from the solvent,

However, an alternative explanation for no addition
products being formed with (;j@) involves steric crowding,
with addition across the double bond producing a crowded
molecule, which 1is less stable than the product from sub-

stitution, where steric crowding is less pronounced.,

VI.C Cycloaddition Reactions

Introduction

One of the unusual properties of fluoro olefins contain~
ing a terminal difluoromethylene group, is formation of
products derived from a 1,2-cycloaddition reaction. In
Chapter IV, Section B the mechanism of cycloadditions in
fluoro olefins was discussed, and the evidence presented
clearly showed that the reactions proceed via a diradical
intermediate, normally in a head-to-head fashion so producing
the more stable diradical intermediate,

The possibility of cycloaddition reactions involving
divinylaromatic species could provide a useful route to highly

fluorinated, cross-linked polymers, for example with perfluoro-

4,6-divinylpyrimidine (157)
|
A
CF=CF2
P
N
A F»//)\\N

( ) | —3
CF2=CI \TN//JF IF
AN

(157)
F/\‘N
i
1

——
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T™e reactions discussed in this section describe a series
of thermal cycloaddition reactions and some photochemical

reactions of perfluoro~4-vinylpyridine (13%8).

Vi.C.1 Dimerisation of Perfluoro~ 4-~vinylpyvridine

When (138) was heated (280°), under autogeneous pressure,
in a small Carius tube, a low melting point solid was formed,
which was identified as 1,2-(2',3',5',6'~tetrafluoropyridyl)
hexafluorocyclobutane (158)., At temperatures below 280° the

rate of the reaction was slow with only small yields of products

recovered,
580° F (C5F4N)F
le@) Carius Tube g 75%
FZZ ;C5F4N)F
(158)

Passage of (158) over heated irou filings gave a mixture
of products identified as starting material (lﬁ@), (138)
produced by a retro-cycloaddition reaction, and some defluori-
nated material (159). At the time of writing a pure sample
of (159) had not been isolated, but the n.m.r. spectruﬁ
indicated the loss of tertiary fluorines and an eguivalence

of the eCFz- fluorines, facts consistent with structure (159).

Fs _.(05F4N)F 3 F (C5F4N)
350
Ire

> (138) +
C.F, NP

2 5%'4 2 (C5T,N)

(158) (159)

—
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The formation of (159) on defluorination of (158) indicated
that the initial cycloaddition reaction of (138) proceeded in a
head-to-head manner, via the more stable diradical inter-

mediate (160).

GF=CF, - :
CFZ-———-CP(CSP4B)
—>  (158)
cy —_— CF(C F N)
(138) (160)

(a) Determination of Structure

The cyclobutane (158) was characterised as a crystalline
solid, giving a satisfactory elemental analysis and a parent
peak in the mass spectrum, The n.m.r. spectrum of the
defluorinated material showed the presence of a single —CFZ-
absorption, plus those for ring fluorines, a spectrum consis-
tent with structure (159) and indicated that dimer (158) was
formed by a head-to-head cycloaddition., Defluorination of
the head-to-tail dimer (161) would give a broduct (162), and
the n.m.r. spectrum of (;gg) would show the presence of

vinylic and tertiary fluorines, which were not observed.,

F(05F4N) P,
/ ; : '\F_e/ 5\
O\ 7
DR D n 3 5 O A
F, (&514N)P )E

(161)
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The n.m.r. spectrum of (158) shows a single tertiary
fluorine and an AB quartet, data consistent with a single
isomer. However, from the evidence available it is not

possible to tell whether the ¢is or trans isomer is present.

VI.C.2 Cyclozddition 0f Chlorotrifluoroethvlene

Examples of cycloaddition reactions involving chlorotri-
fluoroethylene sre numerous and some of these have been
summarised in a reviewB. Henne and co-workers dimerised
chlorotrifluorvethylene in a stainless steel bcmb at 200°
and obtained a wmixture of cis and trans-1,2-dichloro-hexa-
fluorocyclobutane, (163) and (164) reSpectively.137

A similar reaction, carried out in these laboratories,

gives high yields of (163) and (164), which on dechlorination

give hexafluorocyclobutene (165),+°0

F T
200° Py —£ 01
2 CF,=CFCl ——> +
Bomb P LB ¥ Cl

2 Cl 2 I

Heating (138) with chlorotrifluoroethylene, under auto-

geneous pressure in a small Carius tube, gave a mixture con-
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sisting of starting material (13%8), and five products,
identified as dimers (163%), (164) and (158) plus cis and
trans l-chloro-2-(2',%',5',6'-tetrafluoropyridyl)-hexafluoro-
cyclobutane (166) and (1b7) respectively.

300° c1 Ty
CF,=CTC1 + (138) L{iﬁi—‘m\
Carius Tube

~cC 5Ty N c GF 1
(166) (167)

+ (163)+(164)+(158)

The reaction at 300° gave a combined yield of (166) and
(167) of 73% with a 57% conversion (based on (13%8) consumed),
but at lower temperatures, Ca 2300, the product consisted
mainly of dimers (163) and (164) plus recovered (138), indicating
that higher energy was neéded in cycloaddition reactions of
(138), compared to chlorotrifluoroethylene, It was only at
higher temperatures, 3000, when the reaction became less
specific that reaction between (138) and chlorotirifluoro-

ethylene occured.

(2) Determination of Structure

The cis- and trans-cyclobutanes (166) and (167) were
characterised as a mixture, giving a parent peak in the mass
spectrum and a satisfactory halogen analysis.

The n.,m,r. spectrum indicated that a mixture of isomers
was present, and integration of the tertiary fluorines showed
a 5%:47 ratio, The two sets of tertiary fluorines were

assigned by comparison with other cyclobutanes (Table 30).
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Table 30

Chemical Shifts' of Tertiaryv Fluorines in

Substituted Fluorinated Cyclobutanes

Compound Chemical Shift, tertiary fluorines

E\
F 4
(1
. f /Z:ﬁ- 140.8 (139)
e 101
P :
%i Cl
1%31.2 (139)
c1
In
~N

141,0 and 144.0

P F(CF,N)

2
(166) + (167)

F, FC1 ,
/ ‘_/// 154,5 and 160.5
F, Ll _/F(

2 ColyN)

(166) + (1e7)

F(O
/ / 164.3
[ JF(C. F N)

*.p.m, relative to CFCl3
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The head-to-head nature of the cycloaddition was confirmed
by examination of the absorptions due to -CF2- groups, a
spectrum run at 84,67 MHz clearly showed four AB quartets,
indicating that (166) and (167) were the correct structures.
A product derived by a head-to-tail addition would have equiv-
alent -CF2- groups, and so show a single AB quartet, a mixture
of ¢is and trans isomers therefore showing only two AB quartets.

However, at the time of writing it has proved impossible

to assign peaks to either the gis or {rans isomers.

VI.C.3 Cycloaddition with Hexafluoropropene

Cycloaddition reactions involving hexafluoropropene occur
less readily than those involving fluorinated ethylenes;
dimerisation requires temperatures above 250° before reasonablé
yields are obtained, At temperatures betweeﬁ 250—3500 head-
to-head dimerisation occurs, but at higher temperatures more
head~to-tail dimer is formed, until at 450° it becomes

the main produot.111

These results have heen interpreted as
an indication that there is little difference between CF2 and
CFCF3 in their ability to stabilise a radical, and at higher

temperatures the less sterically hindered product is formed}4l

CFQ—-—CFCF3 F, .15'(CF3 )
250°-350° ’ -, > /{/
/ CF ;—CFCF Fo L /F(CFy)

2 5 2

20F2=CFCF3

450°

CI"2———-CFCF3
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Heating (138) with hexafluoropropene, under autogeneous
pressure in a small Carius tube, gave a solid, ildentified as
the perfluoro-4-vinylpyridine dimer (158), plus a liquid,
which chromatographic analysis showed to be starting material
(138) and two products identified as cis and trans-1-(2',3',
5',6'-tetrafluoropyridyl)-2-trifluoromethyl-hexafluorocyclo-
butane, (168) and (169) respectively.

N C_F,N
C¥5CF=CF, + CP=CT, . ———y 5 D A L]
300 P
= [ CPs /¥
F __“. ol
> \01«‘5
N (168) (169)
(138) + (158)

The two isomers were labelled A and B, their order of emergence
from a chromatography colummn,silicone elastomer, ahd-showed a

- 40:60 distribution, It was not possidble from the n.m.r. data
to show which isomer was cis or trans, but from consideration
of the steric requirements, the transg isomer would be expected
to be the major product, i.e. isomer B. However, in general
the more symmetricel trans isomer could be expected to have a
lower boiling point than the c¢is and this would suggest that

A was the trans isomef, but as both isomers are relatively
unsymmetrical this argument may not apply.

(a) Determination of Structure

The two isomers (168) and (169) were characterised as
single components, after separation using preparative scale
chromatography., Both isomers had identical mass specira

showing a parent peak,and gave satisfectory fluorine analysis,
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The tertiary fluorines were assigned by comparison with
those of the hexafluoropropene dimers, which have been fully

analysedl42

, and (158), the former being considerably upfield
of the latter (Table 31),
Table 31

Chemical Shifts of Qertiary Fluorines

of Fluorinated Cyclobutanes

Compound Chemical Shift
. 1 2
o 27"
2 N\
- 19%.0 193.0 (142)
CF
F 703
2 l\
‘CF

‘\F
191.5 191.5 (142)
2 F(CS /)
o 164,73 164,3
‘2 13(05F4N)

2
F, E(CFB)
// 168.4 193.,8
F { ]
2 - I(CBP4N)
A
2
F, .
2 E(CTB) _
170.8 188,.4
Iy
2———_—~_ F(C.F,K)
E 574

¥ p.p.m. relative to external CFC1,



The results in Table 31 show that the tertiary fluorines
of the cis~hexafluoropropene dimer, are upfield to those of
the {rans, consequently if a similar trend existed with (168)
and (169) components A and B would be the cis and trans isomers
respectively, assignments consistent with those previously
made after steric considerations,

The —CF2— absorptions in the n.m.r. spectra showed that
the products had been formed by a head-to-head cycloaddition,
both isomers having similar spectra, comprising of a broad
peak and an AB quartet, indicating that the -CFQ— groups in
each isomer were not equivalent (see Chapter VI.C.2.a). The
fact that one of the -CFZ- groups gave a broad peak, rather
than an AB quartet, suggested that this absorption was due to
the 'CFZ- group derived from hexafluoropropene. Atkinson and

142

Stockwell found that the —CFZ— absorptions in hexafluoro-

propene dimers all gave single peaks, except in the ¢is isomer

(170) where an AB quartet was observed.

] /CF3
2 F
CF
F 3
I|\
(170)

VI.C.4 Cycloaddition with Hexafluoroacetone

Photolysis of fluoroaldehydes, fluoroketones or fluoroacyl
fluorides with fluoro olefins can result in the formation of

polyfluorooxetanes, for example,lS7
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0 Q———R
! hv f
Rf&X + RCF:CF2 —_—

'E\

When (13%8) and hexafluorocacetone were sealed in a silica
tube and irradiated with ultra-violet light (300 nm), a white
volatile solid was formed; identified as 2,2-bistrifluoromethyl-
2-(2',3',5",6'=tetrafluoropyridyl)-trifluoro-oxetane (171),

and a brown involatile solid.

CF,
3
- 300 nm N
(CF3)26—O + (138) 22— 5 CF.y 0
6%
¢ BN °

5" 4 (171)

a) Determination of Structure

The oxetane Qll;) was characterised as a crystalline solid,
giving a parent peak in the mass spectrum and a satisfactory
fluorine analysis,

The structure of (171) was confirmed Ey the n.m.r., spectrum
which showed the—CFg-group peaks had a chemical shift downfield
to those in fluorinated cyclobutanes, indicating that it was

adjacent to an oxygen atom (Table 32).
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Table 32

Chemical Shifts™ of _CFZ_ ETOoups

in Fluorinated Oxetanes

Compound Chemical Shift, CF2 group

CF, CF, 80,0
// // AB (143)
0 —-——-———-CHCH3 85,5

Chz—————~CE(CSF4N) 76,2
/ s
0'—‘““‘*“C(CF3)2 75.0

(171)

*p.p.m. relative to external CFC1,

VI.C.5 Cycloaddition with Styrene

Heating (138) and styrene, under autogeneous pressure in
a small Carius tube, yielded an intractable tar, which
suggested that at the temperatures reocuired for (138) to

cycloadd, decomposition or polymerisation of styrene occured.
CF:CF2 CH:CH2
= 230°

Tar

NS 18 hr
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VI.C.6 PYhotolysis of Perfluoro-4- vinylpvridine

Irradiation of (138) with ultra-violet light (257.3 nm),
in a silica Carius tube, yielded a pale brown, involatile
solid, Attempts to purify by recrystallisation or sublima-
tion failed, and it appears the product was probably a polymer,

(138) by 257.3 nm > Polymer

If a polymer has been formed this is unexpected, as

perfluorostyrene polymerises only under high pressure.156

VI.C.7 Discussion of Cycloaddition Reactions

A1l the cycloaddition reactions have given products con-
sistent with reactions proceeding via the most stable diradical
intermediate. TFor example, the intermediate diradical (172)
formed by reaction between (138) and chlorotrifluoroethylene,
is stabilised by an a-tetrafluoropyridyl group and an a-

chlorine, the ability of a-substituents to stabilise a radical

having been shown to increase in the order H<F<Cl.89
OF,=CFC1 CF~—— CFC1
300°. 2
+ ? —>(166) + (167)
CF2=CF(C5F4N) CF2———CI«(C5F4N)
(138) (172)

The dimerisation of (138) proved to be very interesting,
144

as only one isomer was formed. Bartlett and co-workers
investigating the thermal dimerisation ofa, 8, B~trifluoro-

styrene, (173) showed that the two products formed were the
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isomers (174) and (175), in almost equal amounts,

F i
F, / F /
2 CgHCP=CT, g Cells “Cglg
" d 1 C6H
" <. e Ok
CoH .

(173)

(174) (175)
47% 53%

Why the dimer (158) should exist as a single isomer,
when dimerisation of (173) gives both cis and trans isomers,
(174) and (175) respectively, is not clear but there are
two possible reasons., Firstly, the difference in steric
requirements between a phenyl and a tetrafluoropyridyl group
could be great enough to cause stereospecificity in the case
of (158). Yor example, interaction of the orthofluorines in
the two pyridyl groups could make formation of the ¢cis isomer
unfavourable, An alternative explaration is that a tetrafluoro-
pyridyl group is able to stabilise & radical better than a
phenyl group, consecuently the diradical formed on dimerisation
of (138) is relatively long-lived, allowiné the more stable
isomer to be formed., It is possible that a combination of
these two factors is oﬁerating, and from steric considerations

the trans isomer would be the expected product,
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CHAPTER VIT

The Svynthesis and bome Reactions of Perfluoro-?,4-

dimethyvlhex-%-ene

Introducticon:

The interest in the work discussed in this chapfter
initially arose after preliminary investigations into the
fluoride ion-initiated dimerisation of octafluorobut-2-ene
(178) had shown the major product formed was perfluoro-3,4-

dimethylhex-3%-ene (176)

I

CF.,CFP=CFCF S C P (CF,)C=C(CF,)C,F
3 5 Sulpholane 275 E E
(178) (176)

The dimer (176) is a particularly interesting olefin as the
douﬁle bond is surrounded by electron withdrawing groups,

which make it potentially very susceptible to nucleophilic
attack, but as it possesses no readily displaceable groups
simple vinylic substitution cannot occur. Straightforward
addition across the double bond is possible, but due to steric
crowding this reaction would probably be dnfavourable. These
properties make some investigation into the chemistry of such

a system desirable, and fortunately as‘this olefin (176) is

of interest to I.C.I. Ltd., with whom the author is connected
by a C.A.S5.E. award, it was felt appropriate that such an
investigation should be undertaken., Unfortunately this work
was carried out during the latter part of the author's research
programme and only & preliminary investigation into some of the

chemistry has been possible,
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Some reactions of (176) have already been reported by

workers at 1.C.I. Ltd., for example, a mixture of two products

are formed on reaction with ammonia.l45

( ) ( ) NHB/Ether ( o ;
C,F_(CP, )C=C(CF_ )C.T N CPCC{CF, )=C(CP., )C,F
2°5 5 377275 Room Temperaturé» 3“H 5 577275

30%

+ CF3ﬁC(CF3)=C(CF3)ﬁCF
NH NH
40%

5

Also reaction of (176) with sodium hydroxide in water

gives a product, the spectroscopic data of which is consistent

with structure (;11)0146

CF3
NaOH |
02F5(0F3)0=c(CF3)02F5-—E—B——> 0235—§-CH=CF2
2 OH
(176) (177)

Base catalysed reactions of phenol with (176) have given

a phenyl ether but no structures were reported.15®*

Na2003/Phenol ,
CQFS(CFQ)C:C(CBB)CZES —— > Cgly500¢He

VIT.A  Synthesis of Perfluoro-3,4-dimethylhex-3-ene

When octafluorobut-2-ene (178) was heated with caesium

fluoride in sulpholane, contained in a nickel tube, unreacted
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olefin (178) and colourless volatile liquid were recovered, ¥/
Chromatographic analysis of the volatile products showed that
it consisted mainly of cis and trans isomers of (176) plus

two minor components, one having a higher and one a lower
boiling point than (176). The n.m.r. spectrum of the lowest
boiling component showed that it consisted of two products,
identified but not isolated (see later Section VII.B.1l), as
perfluoro-%,4-dimethylhexa-2,4-diene (179), and perfluoro-
1,2,3,4-tetramethyleyclobutene (180). The highest boiling

component was isolated and identified as perfluoro-3,4,5,6-

tetramethylocta-3%,5-diene (181).

CsF/Sulpholane CF CF CF C,F
CF; C¥=CFCF > el . e ©7
A 24h 7\ : /N
(178) C,Fs C,Fs  CpFg CT
(176)
F CF CF CF
+ \C—g ’ CF + ’ ’
/7N 3
CF c=C
5 £ N\g CP.T ——~———JFCF
CF 3 3
(179) (180)
CT
+ C,F_(CF,)C=C
@0 3T TS 0=C(CF, )C,F
// 3 5
CT;

(181)



Dimerisation of (178) proved to be temperature dependent
(Table 3%), with the best yield of (176) being formed at 100°,
although bvetter conversions were obhtained at higher tempera-

tures,

Table 33

Yields of Products from Fluoride Ion Dimerisation

Octafluorobut-2-ene (178)

Temp %Percentage Yields Percentage
O Conversion

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

58 19,5 75.0 8,0 8
100 3.0 85.0 11.5 38
130 11.5 69.0 15.5 44

*Based on (178) consumed

Dimerisation of (178) has also been reported by another
ﬁorker, although no temperature was given.79 FPluoride ion-
initiated oligomerisation of tetrafluoroethylene, discussed
in detail in Chapter III,A.5.d.i, also gives (176) as a minor

produot,B’74

and a typical product mixture obtained by workers
at 1.C.I, Ltd. contained 15% (176).%8
Attempts to oligomerise chlorotrifluorocethylene, reported

in Chapter I, also gave (176) as one of the major products,

although in very low yields,
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VII.A.1 Determination of Structure

The dimer (176) was identified by comparison of the n.m.r.
and infra-red spectra with those of an authentic sample., The
n.m,r, spectrum showed a mixture of cis and trans isomers
present, in a ratio of 56:44, although it was not known which
was the predominant isomer.

The diene (181) was identified after separation using
preparative scale chromatography, and gave a P-19 peak ih the
mass spectrum. The n.,m.r. spectrum showed the presence of
CFB—CE:xl; CP?:C=x2; and -CF,-x1; a spectrum consistent with
structure (181). The n.m.r. spectrum indicated that a mixture
of isomers were present in a ratio of 3%4:66, although which

isomer predominated was not known,

VII.A.2 Discussion

The conditions requifed showed that dimerisation of octa-
fluorobut-2-ene (178) occured less readily than the corres-
ponding reaction with hexafluoropropene, which readily
dimerises at room temperature and atmospheric pressureol48
The presence of a terminal difluoromethylehe group in a fluoro-
olefin generally renders it more reactive to nucleophilic
attack than an internal olefin, and this probably accounts for
the difference in reactivity between the internal olefin octa-
fluorobut-2~ene (ll@) and hexafluoropropene. However, the
conversions of octafluoro~but-2-ene (178) to (176) were low,
and this was possibly due to steric effects,; which make approach

of a bulky perfluorobutenyl anion to a molecule of octafluorobut-

2-ene (178) relatively unfavourable, although it has also been
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suggested that the perfluorobutenyl anion is possibly more
stable than perfluoroisopropyl, so affecting the ease of
dimerisation°l47
a) Mechanism

A mechanism which accounts for the formation of (176),
by a fluoride ion-~initiated dimerisation of octafluorobut-2-
ene (178), involves addition of a perfluorobutenyl anion (182)
to octafluorobut-2-ene (178), followed by elimination of
fluoride ion to give an olefin (183), which in the presence
of fluoride ion re-arranges to give the more stable isomers,
cis and trans (176) (Scheme 20),

CF,.Cr,C¥rCF, + CF,CF=CI'CF, — CI',CP,CF-C=CFCF

3T CHCE 3 3 3 2l | "3
(182) (1178) CP5CF'3
(183)
P
CF3\ CF3 CF3\ /C2F5
C=C + C=C
4 \C b C F/ \CF
CoFg 2 2’5 3
(176)
Scheme 20

Formation of the diene (181) can occcur by two routes,
either by addition of a perfluorobutenyl anion (182) to the

diene (179) to give (185), which in the presence of fluoride
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ion rearranges to the more symmetrical diene (181) (Scheme 21),
or by defluorination of a trimer of octafluorobut-2-ene (178),
but, as no trimers of (178) were observed in the reaction

products, the former mechanism is favoured.,

It Ch. I QFB
O, CF. CTCH, + C=C > cry .y P0G 2=C(CF, )C=CTCT
LA N RIS T T T
e 7\ ! C
5 chy F CFz F
) (185)
(182) (179) ﬁ////
Y,
c.v_(cr.)c=c”
2573 > 0=C(CF, )CTF
y 3/00%g
CF3
(181)

Scheme 21

Formation of the diene (179) involved a defluorination
step and this probably occﬁred by reaction of the dimer (176)
with the nickel walls of the bomb, The most likely mechanism
which could account for formation of the cyclobutene (180),
involves addition of fluoride ion to the diene {Ll&) to give
an intermediate carbanion (186), which then undergoes an intra-

molecular nucleophilic substitution to give (180),

CF, F )
~ / -~ |2 |
N F— C—C— CPy (180)
- —> 82X
/:C~Q\ cr,  — CF3\§%:£5|
F CF. o CFy
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An alternative mechanism is an intramolecular 1,2-
cycloaddition of the diene (llﬁ), but as all reported cases
of cycloadditions involve olefins with terminal difluoro-
methylene groups this mechanism appears to be unlikely (see

later VII.B.1).

VII.B Reactions of Ferfluoro-3,4-dimethylhex-3-ene

VII.B.l Defluorination

Passage of (176) over heated iron-filings gave a volatile
colourless liquid, which n.m.r. spectroscopy showed consisted
of a complex mixture of dienes, and a cyclobutene (180).
Attempts to achieve separation of the components using chroma-
tographic techniques failed, with no separation being obtained
even at room temperature, and although some enrichment of
different fractions with various dienes was achieved by
distillation, it proved impossible to obtain pure samples
for characterisation. However, since this work was carried
out new apparatus has been obtained in these laboratories
which should enable a better separation by distillation,

From the n.m.r. spectra of enriched samples the three major
components have been identified as perfluoro-trans,trans,-
3,4-dimethylhexa-2,4-diene (179), perfluoro-cis,trans-3,4-
dimethylhexa~-2,4~diene (184), and perfluoro-1,2,3,4-tetra-
methylcyclobutene (180).



CF3 Ir
CF No=g”
Fe SRARRN 45% (Percentage of
02F5(CF3)C=C(CF3)CZF5 > C=C CF3 recovered
A / - product)
F CF.
(176) o
(1.79)
Ck CF Ccr CE.,
or, Nee¢! pa—
3 B 12% + ‘ 15%
-+ \C:C\/ \F
T cF, CF4F ——FOP,
(184) (180)

The conversion of (176) to dienes was found to increase
with higher temperatures, but the yields decreased (Table 34),
suggesting that possible decomposition was occuring at high
temperatures, although no evidence of breakdown products was

obtained,

Tabhle %4

Yields of Dienes After Defluorinating (176)

Temp. Percentage Yield of Dienes | Percentage
O Conversion
\
430 14 69
500 61 91

When a mixture of dienes and (180) were heated with
caesium fluoride in sulpholane, the product distribution
altered, with the ratio of component (179) to (184)

increasing, suggesting that (179) is the more stable



Table %5

Coupling Constants hetween Vinvlic Fluorines and Vicinal

Trifluoromethyl Grouvs

Compound Coupling Constant, Hz.
Jab.
22 _ (150)
CF.
%a. I
\. /P
CF, C=C
3 / N 18
//C:C\ CF3
Eb CIBa

(179)

The n.m.r. spectrum of the diene (184) showed the presence
of four different CF?:C: groups and two different vinylic
fluorines, One of the %:Czlpeaks consisted of a doublet,
with a coupling constant consistent with CPBZCfoF, and two

others showed quartets with coupling constants expected for
CFB\ /CP3

L=C_ (Table 36), a spectrum consistent with structure
(184).
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Table 36

Coupling Constants between Cis Trifluorometihvl Grouns

Compound Coupling Constants, Hz
Jab
ChB%\ CF;b
1= 11 (150)
= N

10

The n.m.r. spectrum of the cyclobutene (180) showed the

presence of CFi—Cz xl; CF,-C= x1; and F—Cf $ a spectrum con-

b
sistent with structure (180).

VII.B.2 Reaction with Diethylamine

In general fluoro olefins can react with diethylamine in
two ways, either by substitution or by addition, fof example,
hexafluoropropene with diethylamine gives cither the saturated
tertiary amine or a mixture of saturated and unsaturated

products, depencding on the conditions used.1
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Room Temp.
CF_ CF=CF 5, MY S ECHIMC P RE 4+ CF, CF=CINEt
30 o t Etafﬂ () o 7CEF{J([2LLt2 CFBCF ClN]tQ
275>

However perfluoroisobutene gives only substitution, even when

the reaction is carried outl at low temperatures.1

OO
C=CF2 + LtZNH

(CF —> (CFB) C=CIHEY,

)
372 _
(C2H5)20 2

Additioﬁ of diethylamine to a vigorously stirred mixture
of (176) in sulpholane gave, after pouring into water, an
immiscible lower layer, which chromatographic analysis showed
consisted of unreacted (176) and one product, identified as
3-trifluoromethyl-4-diethylaminofluoromethene-undecafluoro-

hexane (187).

CF3 F
( ) ( ) Sulpholane |( ) / »
C,IP.(CP, )C=C(CF,)C,F. + Et.NH s F-C(C,F.)C=C T3%
25 3 377275 2 Room Temp. ‘4 S \NEt
(176) :

On stirring (187) with a sodium hydroxide solution
hydrolysis occured, giving a wmixture of ¢is and trans 3-tri-
fluoromethyl-4-(N,N-diethylamido)-decafluorohex-3-ene, (188)
and (189) respectively. The n.m.r. spectrum showed an isomer
ratio of 41,5:58,5, the predominant product showing a broad

CF
splitting for the 3:9: group, a possible indication that
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this was the trans isomer (189), where due to the configuration,

more coupling would be expected.

?Et2 TEtZ
Naon/i,0 T3 o Co¥5 00
(187) 5 /_C:C\ + /C:C
Room Temp, '
C, ¥ C T CT \CgFS
(188) (189)

VII.B.2.,a Determination of Structure

The enamine (187) was charascterised, after vacuum distil-
lation, by elemental analysis and a very small parent peak in
the mass spectrum, The n.m.r. spectrum showed the presence of
CF3'CE(X3); —CF2—(X2); tertiary fluorine (x1); andFa single
fluorine downfield at 42 p.p.m., consistent with a =C-N-, These
data are all consistent with the structure (187).

The amides (188) and (189) were characterised as a mixture
by elemental analysis and a parent peak in the mass spectrum.
The n.m,r. spectrum showed that two isomers were present each
containing CFB—Cz(Xl); CF3-CE(X2); —CF2~(x1); and the infra-red

1

spectrum showed a carbonyl absorption at 1670 cm ~, These

data are consistent with structures (188) and (189).

VII.B.2.b Mechanism

The structure of the enamine (187) shows that diethyla-
mine has substituted at a vinylic trifluoromethyl group,
indicating that an allylic displacement of fluorine had

occured prior to final substitution by diethylamine. A
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possible mechanism involves SN2' displacement of fluoride ion
from a trifluoromethyl group by diethylasmine to give an inter-
mediate (ng). The reaction can %hen proceed via two slightly
different routes, either by addition and elimination of die-
thylamine to give (191), which after rearrangement in the
presence of fluoride ion and loss of HF gives (187) (route 1)},
or by displacement of diethylamine from (190) by fluoride ion
to give a terminal olefin (192), which after addition of die-

thylamine and loss of HF gives (187) (route 2).

F,-F \ ?FB 4§F2
¢, (CF, )C=C
2505 \
DR 5
route 1,
+ Bt NH, -Et,NH
| H
F, CF - CFy-NEY,
3 y/ 2 /' +
74 . o e F
F—~C—C C,F (cr,)C=C
| \ 5 %
Coly CoPy C,Fs
(192) (191)
+ Bt H 4T
~ HF - HF
i
F-c(c2F5)c=q\
. NEt.,
' 5 “

(187)
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Although the initial rearrangement of (176) to a terminal
olefin (192) was promoted by attack of diethylamine it is
possible that this became a fluoride ion-initiated reaction
after displacement of fluoride ion by diethylamine had occured,

(Scheme 22).

: _ CF, CF
NN s | 7 %+ Bt
F 3 C=C —— F—C—C{_ ——> (187)
o3’ \c . -F | C Py - HF

275 2°5 Col'g

(176)
(192)
Scheme 22

Similar rearrangement products have been produced by
reaction of hexafluoropropene dimers with diethylamine,

151

Tsukamoto and co-workers observed that reaction between

perfluoro-4-methylpent-2-ene (193) and diethylamine gives a
terminal enamine (194), and the mechanism proposed involves
a double allylic displacement of fluoride ion, before (194)

is formed (Scheme 23%).



~14%-

?F ) CFB
| 1)+R,NH N R —
F— G — CP=CF-CT, ) 2 /c_cr—cl,F CT
2) -
o .
3 Cl3 H§R2
(193)
1)+R2I‘IH
CF
U 2)-F” Nc_cr,CP,cF
_ C=CFCF,CT, > _ oCT 0Ty
R, NF P 3)+T" CF
-R,NH CF 3
¢ > 4)-R,,NH (196)
(1.95) 2
l)+R2NH
2)-HF
Etzw-cpz(‘z_.CFQCFQCF3
Iy
(194)
Scheme 23

Haszeldine and co—worker3152

also observed the formation

of enamine (194) by addition of diethylamine to perfluoro-2-

methylpent-2-ene (195), and suggested the initial isomerisa-

tion from (195) to (196) is a fluoride ion-initiated reaction.

Cr = CF +Et,NH
EN AR /3 2
C=CFCF,Cr, /= CF =C > Lt,N.CF=C(CF,)C,F
2773 2 A 2 377577
CF CE -HF
2 2 3
CF3
(195) (196) (194)
Both groups of workerst211192 gpgerved that (194) hydro-
lysed to give an amide (197)
}120
(194) —=—>  Et, ol = G —C=CTCT,CTy
0 CFB

(197)
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VII.B.? Reaction with Phenol

Workers at I.C.I. Ltd. have studied reactions of various
phenols with oligomers of tetrafluoroethylene, including (176)
with phenol, but although they report formation of a phenyl
ether no structures have been reported.154 The objective of

this work was to investigate this reaction and obtain structures

for the ethers.

VIiI.B.%3.a Using Sodium Carbonate as a Base

Addition of a solution of phenol in D.M.F. to a vigorously
stirred mixture of (176) and sodium carbonate in D.M.F. yielded
a volatile and an involatile liquid. Chromatographic analysis
of the volatile components showed a mixture of two major and
one minor product, identified as c¢is and trans-4-phenoxy-3,4-
bistrifluoromethyl-nonafluorchex~2-ene, (198) and (199) res-
pectively, plus cis-2-phenoxy~3,4-bistrifluoromethyl-nonafluoro-
hex-2-ene (200). The involatile products were not identified,
but gave a parent peak in the mass spectrum corresponding to

disubstituted derivatives,

PhOH/Na,Co, CT - CP CF F
C oFs (CF )C= C(CP )C,F oFs 2 3> N\ c o’ ’ 3\0—0/
4 (0] ~ /—‘ \CF'I
D.bl.F. ,25 CF I C\ F Cl? ___C‘C 1{'\ J
% / C2F5 3 / 2°5
OPh 0Ph
(198) 18% (199) 21%
CFB\ /CF3
C=C_
0Ph + Diphenoxy
— C-F Derivatives
°F3 /
2 5

(200) 2.5% 285
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VII.B.3.,b Using Triethylamine as a base

This experiment was exactly the same as that described in
section VII.B.%.a except that sodium carbonate was recplaced by
triethylamine, After pouring the reaction mixture into water
and washing with dil.HC1 an immiscible lower layer was recovered,
which proved to be a mixture of monophenoxy derivatives (198)-
(200), in almost quantitative yields. Chromatographic analysis
of the products showed that the distribution of products had
altered considerably on changing from sodium carbonate to tri-

ethylamine, the proportion of (200) formed having much increased.

PhOH/D.M.F,
CP( (CPy)C=C(CT)C,F > (198) + (199) + (200)
2073 27725 p,n,25°
3 ! Lo cf of
37% 28 25%

VII.B.3.¢ Determination of Structure

A1l three products, (198)-(200) were characterised as
single components, after separation using preparative scale
chromatography, all giving satisfactory elemental analysis
and parent peaks in the mass spectra,

The structure of (20Q) was confirmg% from the n.m.r.
spectrum, which showed the presence of Cb?:0= (x2); CFSeCES
(x2); —CFQ—CXI); and a tertiary fluorine. A compound con-
taining these groups could have two structures, either (200)
or (201), however, the chemical shift of the tertiary fluorine
(181 p,p.m.) indicated that the structure was (200), as the
tertiary fluorine for (201) would be expected to absorb
approximately 20 ppm downfield from 181, due to the presence

of an a-oxygen,
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(201)

The structures of (198) and (199) were also confirmed

from their n.,m.r, spectra, which showed the presence of 4 CF

3

groups, a single ~CF2- group and a vinylic fluorine, The con-

figuration of

all three compounds were determined from the

coupling constants of the groups adjacent to the double bond

(Table 37),

Table 37

Coupling Constants Between Vinvlic Groups in (198)-(200)

Compounds

Coupling Constants, Hz Jab

CE3a
\/C=C
CFs Cw
7
. OPh

(198)

/CFBb

\F

1l

26

15
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VII.B.3.d ZEguilibration of Phenyl Bthers (198)-(200)

(1) A reaction using triethylamine was carried out,
and a sample withdrawn from the flask to determine the initial
composition of the products (Table 38). The reaction mixture
was then divided between two separate flasks, and one enriched
with (200) (Sample 1), the other with (199) (Sample 2). After
stirring the two samples for 60 h at room temperature the
produét distributions were again measured (Table 38), and the
results showed that although the composition of the products
had not returned to the same as the initial mixture, a certain

amount of equilibration had occured.

Table 38

Distribution of Products in Equilibration Experiment

*Percentage Composition of Products
Sample

(198) (199) (200)
Initial Reaction Product| 48 30 22
Sample 1 (initial) 40 17 42
Sample 2 (initial) 35 50 15
Sample 1 (final) 46 27 27
Sample 2 (final) 39 32 29

*
Determined using Gas Density Balance
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(ii) A sample of phenyl ethers enriched in component
(200) was divided into two; one half was stirred with tri-
ethylamine in tetraglyme for 36 h at room temperature, the
other with caesium fluoride in tetraglyme, The product dis-
tributions were then measured and the results (Table 39)
showed that some rearrangement had occured with triethylamine

but more in the case of caesium fluoride.

Table 39

Distribution of Products in Equilibration Experiment

Using CsPF or (C,H.) N

Sample *Percentage Composition of Products
198 199 200
Initial Composition 29 - 13 58
After stirring with CsF 37.5 25 375
After stirring with Et3N 52 19 49

. | ,
Determined u.ing Gas Density Balance

VII.B.%.e Discussion of Mechanism

The reaction of phenol with (ljé) gave differing isomer
distributions, depending on the base employed, for example,
when sodium carbonate was used the monosubstituted products
were almost entirely derived from attack of phenoxide at the
double bond followed by allylic displacement of fluoride ion,
to give (198) ana (199).
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CTF, cr, Fa
s G )

CP.
b}
PhOCA:\\\%;C:C(CFB)02F5—-> PhO—C—— ¢ — CP —CF

g L

3 —> (198) + (199)

5

However, when triethylamine was used the amount of product
obtained by rearrangement prior to substitution, (200), was
greatly increased, and two possible mechanisms which could
account for the observed product (200) are shown in Scheme 24.
Pirstly, elimination of fluoride ion from (176) by triethylamine
leads to (202), which after addition of phenoxide followed by
elimination of amine gives the internal olefin (201); a
fluoride ion-initiated rearrangement then yields the product
(200) (route 1),

An alternative mechanism involves a fluoride ion-initiated
rearrangement of (176) to (20%), which then reacts with phenoxide
to give (200) (route 2).

CF CF3
+E N w12
CoFy (CP)C=C(CF5)CoPs ._:5:,; Et5N — ¢ — C =CTCTy
(176) Co¥'s
(route 1) (202)
T (route 2) +Ph0~
—Et3N \
CF3\ /CF3
F=CFCF3 C2F5(CF3)C=C\\ .
C.,r_.-C-CF C OFh
25 ¢ 5 F/
T (503) CFy
(201)

N\_+Ph0~  CT CT
_ 3. 3
~F C=C

\

F-CfiCF OPh
/ 3
P

Co¥'s (200)

Scheme 24
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The equilibration experiments showed that the three
isomers, (198)-(200) were interconvertible, and some possible
mechanisms leading to rearrangement are shown in Scheme 25,

The results showed thsat more rearrangement occured in the
presence of caesium fluoride, than with triethylamine, suggest-
ing that these are mainly initiated by fluoride ion, as

indicated in Scheme 25,

CoF, (CIy)C=C(CF)C,F

2°5
(176)
Rearrangement
+ PnO~
/\
o, "o C=CEOF,
3. /3
CF e
N OPh ~PhO~ Cr,
7N\ 5
F 02F5
(198)+(199)
(200)
N
F\ . i
CF3
/ Top
F5(CF3)C C\\ // 3
/ \
(z01) ¥ O

Not isolated

Scheme 25

As can be seen elimination of phenoxide from (198) and

(199) could lead to formation of the initial olefin (176), which
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can then either react with phenoxide, to give (198) or (199),
or rearrange, then react with phenoxide to give (200). A
fluoride ion-initiated rearrangeﬁent of (200) to (204),
followed by elimination of phenoxide and further rearrangement
yields the starting olefin (176), which can then react as
described previously to give (198)-(20Q). |

The results of the reactions with phenol suggest that the
main difference between using sodium carbonate and triethyla-
mine could be the solubility of the resulting fluoride ion, In
the case of sodium carbonate relatively insoluble sodium
fluoride would be formed, but with triethylamine a soluble

+ -

amine hydrogen fluoride, Et3NHF,wou1d provide an active form

of fluoride ion, and hence more rearranged products.

VII.B.4 Reaction with Methanol

In general reaction of fluoro olefins with methanol give
either addition or substitution products (III,A.%,1), for

example, hexafluoropropene with methoxide gives a mixture of

addition and substitution.1
KOH/60°
CH_OH + CPF. =CFCF CH_,OCF. CHPFCF, + CH_OCF=CI'CF
5 2 3 Autoclave 3 e 3 3 5
83%%

VII.B.4.a Using Sodium Carbonate as base

Addition of methanol to a vigorously stirred mixture of
(176) and sodium carbonate in tetraglyme gave, after filtra-
tion and pouring into water, a lower organic layer, which

chromatographic analysis indicated consisted of unreacted (176)




plus one major product, identified as 4-methoxy-3,4~trifluoro-
methyl-nonafluorohex-2-ene (205), and two minor unidentified

products,

Na?COB/Tetraglyme
A W - o T — > CF :
02}35(“3)C C(CBS)CZFS MeOH, 25° O &
9 o C=C 61%
(176) a—e
/ N OMe
C,F
2”5

VII.B.4.b Using Triethvlamine

Addition of methanol to a vigorously stirred mixture of
Qllé) and triethylamine in tetraglyme gave, after pouring into
water, a lower organic layer which chromatographic analysis
showed to consist of unreacted (176) and at least eight
products, two of which have been identified as (205) plus

cis and trans perfluoro—2;5—dihydro—tetramethylfuran (206G).

CT. CT,
EtBN/Tetraglyme
(176) + lieOH > (205) + + 6 others
- 250 CF.F CF
30 o 3
18%

VII.B.4.c Rapid addition of Methanol to a Refluxing Mixture

of Triethylamine and Perfluoro-3%,4-dimethylhex—

Y—ene in Tetraglyme

Methanol was added to a refluxing wixture of (176) plus
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triethylamine in tetraglyme, which was then refluxed for a
further 4 hours. After pouring the reaction mixture into
water a dark brown organic layer separated, composed of an
involatile o0il plus a volatile colourless liquid which

chromatographic analysis showed consisted of three products

identified as (205), (206) and perfluoro-tetramethylfuran
(207).

CF
EtBN/Tetraglyme

(176) + MeOH >(205) + (206) +

Refluxing, 4h ‘

17.5% 30%

+ o0il

VII.B.4,d Addition of Methanol to a Refluxing Mixture of

Perfluoro-3,4-dimethylhex-%—ene plus Pyvridine

in Tetraglyme

This was a repeat of the previous experiment (VII.B.4,c)
except that triethylamine was replaced by pyridine, After
pouring the reaction mixture into water an almost colourless

lower layer separated which proved to consist of unreacted

(176) plus (206),

Pyridine/Tetraglyme
(176) + MeOH > 56%
Refluxing CF T CF




VII.Bsd.e Refluxing a mixture consisting mainly of Perfluoro-

2,b-dihydrotetramathylfuran with Triethylamine in

Letraglyme

A mixture containing meinly (206) was refluxed with tri-
ethylamine in tetraglyme for 16 hours and gave, after pouring
into water, a lower organic layer consisting of a black
involatile 0il plus a volatile colourless 1iquid which chro-
matographic analysis indicated to bé almost entirely (207).

EtBN/Tetraglyme
> (207) + (205) + oil
Reflux, 16h

52% 55% 13% 56%

(205) + (206) + (207)

VII.B}4,£ Refluxing a mixture consisting mainly of Perfluoro-

2,5~-dihydrotetramethylfuran with Pyridine in Tetra-

glyme

This was a repeat of the previous experiment (VI1.B.4.e)
except that the base was changed from triethylamine to pyridine;

but gave only unreacted starting material,

VII.B.4,g Refluxing Methanol with Perfluoro—3,4—dimethylhex—

3-ene in Tetraglyﬁe

Refluxing a mixture of methanol and (176) in tetraglyme
gave only unreacted starting material, confirming that a base

is required for reaction to occur,

VII.B.4.h Refluxing a mixture of Perfluoro-3%,4-dimethylhex-

3~ene and Triethylamine in Tetraglyme

Refluxing a mixture of (176) and triethylamine in tetra-
glyme gave mainly unreacted starting material but also a very

small amount of defluorinated materisl (179).
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‘ EtaN/Tetraglyme r CTy
02F5(CF3)C:C(CF3)02F5 — , S Neoo” /CF3 5%
(176) eflux,24h CF// \C:C\\
== 3/ T

CF3
(179)

VII.B.4,.i Refluxing Perfluoro-~3,4-dimethylhex-3-ene, water

and Triethylamine in Tetraglyme

Addition of water to a refluxing mixture of (176) and
triethylamine in tetraglyme, gave an involatile oil plus a
volatile colourless liquid, which n.m.r. showed consisted of

unreacted (176) and unidentified products,

VII.B.4.,j Determination of Structures

R . CF
Et, N CFB\ /CF3 3
MeOH + (176) —> /p;c + T
— CP .
3 N CFBF.\\O CF
/ NC.P
e 275 (206)
CT 'CF3
CFB'\\O Fy
(207)

The furan (207) was characterised, after separating
using both distillation plus preparative scale chromatography,
giving a parent peak in the mass spectrum, and satisfactory

fluorine analysis. The infra-red plus]ﬂin,m.r. spectra
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indicated that no hydrogen was present, and the 19F NeMeT,
spectrum showed only two peaks at 60,4 and 65.8 p.p.ne.

The partially saturated furan (ggé) was also separated
using distillation plus preparative scale chromatogrephy,
and a mass spectrum gave a P-19 peak, common in fluorocarbons
with a large degree of saturation, The infra-red plus 1H NeMaT,
spectra again indicated that no hydrogen was presént, and
the lgF spectrum clearly showed two geometric isomers present
in a ratio of 1:2, although which isomer predominated is not
known, The tertiary fluorines were downfield at 122.6 and
112,2 p.p.m., a resull expected for a structure with an
a-oxygen,

The acyclic ether (2C5) was characterised after separa-
tion using preparative scale chromatography, giving satis-
factory fluorine analysis and a P-1¢ peak in the mass spectrum.

CF.,
The n.m.,r. spectrum showed that the peaks for the );Cz
groups were split into quartets, with a coupling constant of

1% Hz, a coupling consistent with a ¢is conformation.

VII.B.4.k Discussion of Mechanism

Perfluoro-isobutene and methanol react in the absence of
a basel but experiment showed that reaction beitween (;zg) and
methanol occured only in the presence of a base, suggesting
that (176) is not as susceptible to nucleophilic attack as
perfluoro-isobutene. Haszeldine and co-—workers153 found
perfluoro-2,%~dimethylbut-2-ene also reacted with methanol
only in the presence of a base, and they suggested that
although the intermediate cerbsnion was stabilised by tri-

fluoromethyl groups, steric hindrance made approach of a
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nucleophile less favourable., In a similar manner steric
crowding could reduce the susceptibility of (176) to nucleo-
philic attack.

In a similar fashion to phenol, the products obtained
from the reaction of methanol with (;j@) are dependent on
the base employed, for example, with sodium carbonate a
single major product was obtained derived from substitution
followed by allylic displacement of fluoride ion. Unlike
phenol, where both ¢is and trans isomers were formed methanol
gave predominantly the cis isomer (205), but the reason for

this selectivity is not known at present.

160 . .
P2 Na,CO, CFs /%3
021?5(0}?3 C=C (}“}‘ N C=C
SN Tetraglyme CZFS\C<\ \p
) ,
F \CF CF/ OMe
3 3
(176) (205)

Formation of a cyclic ether, (206), when using amines
suggests that rearrangement occured prior to substitution,

and a possible resction sequence is shown in Scheme 26.
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- CT
F N
C,F (cr )C=C(CF )021«‘5 —— C=CFCT,
r— o (203)
/ NG
CF 25
3
+ MeO
- F
CF ™
.z\ ?P3 _ CF5
“C"’F r T 7 —_
. /c — 021*5(01"3)0_0\
3— ¥ CFOMe
- \
F  MeO \CF3 (208) CFsy

(209)

route 2 \\\\Q:ute 1

CT, |
“ )PCFB CR, P -
CFB/\B , FCF 3 \4 y
| F F
CH, CH3
(211) (215)

Scheme 26
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As can be seen from Scheme 26 the mechanism proposed
involves several double bond migrations, and all are shown
to be fluoride ion-initiated, although in reality these
could equally involve some amine-initiated rearrangements,

An initial double bond migration could lead to the
olefin (203), which reacts with methanol to give an un-
saturated ether (208); a fluoride ion-initiated rearrange-
ment of (208) then yields (209)., Intramolecular nucleophilic
substitution, involving (292), can now occur to give two
different oxonium salts, (211) and (215). Substitution
involving an allylic displacement of fluoride ion would
give (215) (route 1), which after cleavage yields (206%.
An alternative reaction (route 2) involves vinylic substi-
tution, leading to the oxonium salt (211) which, after
cleavage in the presence of fluoride ion, yields (g;g);
rearrangement of (g;g) in the presence of fluoride ion
then gives (206).

Although the intermediate (210) was not isolated,
evidence was obtained which suggests that it was one of
the unidentified reaction products, A sample enriched by
distillation, in (205) and an unidentified component, was
heated with caesium fluoride in tetraglyme, and gave a
product consisting of unchanged (205) and (206). This
suggested that the unidentified component was (210) which
had rearranged in the presence of fluoride ion to the more

stable isomer (206).
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(i) Defluorination

Formation of a symmetrical furan (207), after refluxing
a mixture consisting mainly of the partially saturated furan
(206), with tricthylamine, indicated that defluorination had
occured, There are two possible mechanisms by which deflﬁo~
rination could occur, the first involves an electron transfer
from an amine to (206), producing a radical anion (212), which,
after loss of fluoride ion and a fluorine atom, gives (207)
(Scheme 27). However, defluorination, by an electron transfer
process, could be expected using either triethylamine or
pyfidine, but experiments showed that no reaction occured when

pyridine was used, suggesting that a different mechanism was

operating,
CFB\ ”CF3 (,F3 ° - CF3 .
te . ___=F
CFBF Cb3 CF3 *CFB
0 F 0
(206) 212 e
CF3 , ] CF3
» 7
CI‘3 0 CI‘3
(207)

Scheme 27
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A more likely mechanism involves an initial double bond
migration to give (g;z), which in the presence of fluoride
ion loses a proton to form an ylia type intermediate (214).
Loss of the amino group, as an iminium ion, followed by
elimination of fluoride ion then gives the defluorinated’

product (207) (Scheme 28).

cF, il}\ | CFy CFB»I—/
— NE NS
» 5 l CHCH.,
CF, 0 Gy 07 CPy .
6
(206) (213)
\_HF
N CT
.|.
o o - CPF.~ z
3 3 _F 3 N\_ 1 Ty
T e 2
d
» . ~Et N=CHCH CF. :
RN CT 2 3 3 CF,
(207) (214)
ocheme 28

Support for this mechanism was provided by no defluorina-
tion occuring with pyridine, which has no labile a-hydrogen,
a requirement if defluorination is to occur via the route
shown in Scheme 28,

Another noticeable effect when using pyridine, in place
of triethylamine, was formation of a single product (gggg

instead of a complex mixture, indicating that more side



reactions probably occured with triethylamine. This is
possibly due to defluorination occuring at other stages of
the reaction, for example, a small emount of defluorinated
material (179) was observed after refluxing (176) with

triethylamine in sulpholane,

F CTy
EtBN/Sulpholane \C—C/ o
02F5(0F3)C=c(CF7)02F5 > 00~ /3
g Reflux CF C=C
3 7\
CT, F
(176) %
- (179)

More work needs to be done to try and identify some of
the other products formed, which might possibly provide
further evidence to help confirm the various mechanisms

proposed or indeed suggest new mechanisms,
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Chemicals
Chlorotrifluorocethylene was prepared by dechlorination
of Arcton 11%, CF2010F012, with zinc dust suspended in ethanol.
Perfluoro-%,4—dimethylhex-3~ene was provided by I.C.I. (Mond)
Ltd. |
Pentafluoropyridine, tetrafluoropyrimidine, tetrafluoro-
pyridazine, and pentafluoronitrobenzene were prepared as

159,160,161,163 G tofiuoro-

described in the literature.
toluene, pentafluorobenzonitrile and perfluorobivhenyl were
commercially available samples purcnased from Imperial Smelting
Cdrporation.

The caesium fluoride was reagent grade, and was dried by
heating (160°) under high vacuum for 24h, ground to a fine

powder in a glove bag, then heated under vacuum for a further

24h,

Solvents

Sulpholane was purified by fractioﬁal vacuum distillation,
and the middle fraction coliected over dried molecular sieve
(Type IVA), then stored at room temperatufe under dry nitrogen.
Tetraglyme was purified by fractional vacuum distillation over
sodium, and the middle fraction collected over dry molecular
sieve (Type IVA), then stored under dry nitrogen,

Dimethylformamide (D.M.F.) was purified by stirring with
barium hydroxide for 24h, followed by fractional vacuum dis-
tillation, when the middle fraction was collected over dried
molecular sieve (Type IVA) then stored under dry nitrogen, in

a dark cupboard,
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Instrumentatign

Infra-red spectra were recorded on a Grubb-Parsons
"Spectromaster" spectrometer and a Perkin-Llmer 457 spectro-
photometer. Volatile liouid or gaseous samples were vapour-
ised into an evacuated cylindrical cell with potassium
bromide end windows: liouid and low melting point solid
samples were recorded as thin contact films between potassium
bromide plates: solid sawmples were pressed into homogeneous
thin discs with potassium bromide.

Mass spectra were recorded on an A.B.1. M.S8 spectrometer,
or on a V.G. Micromass 12B, fitted with a Fye 104 gas chroma-
tograph, and all molecular weights were determined using these
instruments,

Proton (1H) and fluorine (19F) nuclear ﬁagnetic resonance
spectra were recorded on a Varian A55/6OD spectrometer operat-
ing at 60 and 56 Mz respectively, and chemical shifts are
guoted relative to external T.M.S. and CFClB. Varianle temp-
erature facilities permitted spectra to be recorded at temper-
atures different from the standard probe temperature of 40°,
Fluorine-fluorine decoupling specira were recorded on a
Brticker HX90E spectrometer operating at 84.67 Miz,

E.S.C.A. spectra were recorded on an A.E.1. Model 200A
spectrometer.

Quantitative vapour phase chromatographic analysis was
carried out on a Griffin and George D6 Gas Density Balance,
using columns packed with 30% silicone gum rubber SE-30 on
Chromosorbh F (Column 'O'), 20% Di-isodecyl phthalate on

chromosorb P (Columm 'A'), or %0% Trixylenyl phosphate on
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chromosorb ¥ (Column 'TXP'). Preparative scale vapour phase
chromatography was performed on a Varian Aerograph instrument
using column 'O' or 'A',

Carbon, nitrogen and hydrogen analyses were obtained
using a Perkin-Elmer 240 Elemental Analyser, Analysis for
halogens were carried out as described in the 1iterature.]‘62

Boiling points were determined by Siwoloboff's Method,

unless otherwise stated, and are not corrected for changes in

atmospheric pressure,
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CHAPTER VITI

Experimental to Chapter V

VIII.A Reaction of Chlorotrifluoroethylene with various

activated aromatic species

A static atmospheric pressure system, developed by
previous workers in these laboratories and described earlier
(Chapter V.A.1l), was used for many of the reactions described,
but in some cases the variable volume reservoir (football-
bladder) was replaced by a glass storage sphere (21)., This
modification was employed after it was discovered that
chlorotrifluoroethylene was either reacting with, cr diffusing
through the walls of the rubber bladder.

The reguired guantities of dry caesium fluoride and dry
aprotic solvent were rapidly introduced into the baked, purged
reaction apparatus, against a flow of dry nitrogen., After
evacuation of the apparatus and degassing of the solvent,
chlorotrifluoroethylene was introduced into the system to
equilibrate it to atmospheric pressure. The activated
aromatic species was then introduced into the apparatus by
a syringe, through a self-sealing rubber cap,.

Collapse of the variable volume reservoir, or reduction
in pressure in the case of the glass storage sphere, indicated
that reaction was occuring.

On completion of the reaction, the volatile products were
vacuum transferred to a cold trap (ligquid air), at temperatures
up to 1OOOC, and chromatographic analysis (Gas Density Balance,

G.D.B.) of the products allowed estimation of their yields.
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1. Preparation of 1—0h10ro—1—(2',3',5',6’~tetraf1uoropyrigyl)

tetrafluoroethane (100)

Preparation of l—chloro-l—(2',3',5',6'—tetraf1uoropyridy1)
tetrafluoroethane (100) was carried out on many occasions and a
typical experiment 1is described below,

A mixture of caesium fluoride (10 g, 66.0 m.moles), tetra-
glyme (120 cmﬁ), pentafluoropyridine (16 g, 94.7 m.moles), and
chlorotrifluoroethylene (23,5 g, 202.5 m.moles) was vigorously
stirred at room temperature for 24h, during which time a
partial vacuuwm had formed in the apparatus. Chromatographic
analysis (G.D.B. column '0', 78°) of the volatile material
(19 g) indicated that it consisted of unreacted pentafluoro-
pyridine and one product, identified as l-chloro-1-(2',3',5',6'~
tetrafluoropyridyl)-tetrafluoroethane (;99)113(83% yield, 45%
conversion, based on pentafluoropyridine consumed), by compari-
son of its infra-red and 19F n.m.r, spectra with those of an
authentic sample.l13

The product was purified hy distillation, using a spinning

band distillation apparatus,

2. Reaction of Tetrafluoropyrimidine with Chlorotrifluoro-

ethylene in Sulpholane

A mixture of caesium fluoride (6.0 g, 40.0 m.moles),
sulpholaﬁe (60 cmz), tetrafluoropyrimidine (5.6 g, %6.7 m.moles),
and chlorotrifluoroethylene (iO.S £, 90.5 m.moles) was vigor-
ously stirred at room temperature for 5h, during which time
the variable volume reservoir completely collapsed. Chroma-
tographic analysis (¢.D.B. column 'TLP, 1250) of the volatile

material (5.1 g) indicated that it consisted of unreacted tetra-

8
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fluoropyrimidine and two products identified as: 4-chloro-

tetrafluorocthvl-2,5,6-trifluoropvrimidine (106), b.p. 142°

(Found: C, 26.7; F, 49.8; Cl, 1%.4; N, 10,2; M, 268,
06F701N2 reguires C,26.8; F, 49,5; C1, 13.2; N, 10.4;
19,

M 268), infra-red spectrum No. 1, n.m,r. spectrum No. 1;

and 4,6-Bis-chlorotetrafluoroethyl-2,5-difluoropyrimidine

(107), b.p. 176° (Found: C, 24,9; F, 49,0; C1,18.65 N, 7.3;
MY %85, CgFioC1,N, Tequires C, 24.9; ¥, 49.4; Cl, 18.4;
N, 7.3; M 385), infra-red spectrum No. 2, 9% n.om.r. spectrum
No. 2,
Both (106) and (107) were purified using preparative

scale chromatography (Aerograph, column'A), 125°),

5. Reaction of Tetrafluoropvrimidine with Chlorotrifluoro-

ethylene in Tetraglvme

A mixture of caesium fluoride (3.0 g, 20.0 m.moles),
tetraglyme (25 cm3), tetrafluoropyrimidine (3 g, 19.7 m.moles),
and chlorotrifluoroethylene (7.5 g, 64.5 m.moles) was vigor-
ously stirred at room temperature for 3h, during which time
the variable volume reservoir completely collapsed. Chroma-
tographic analysis (G.D.B. column 'TXP', 125°) of the volatile
material (1.7 g) indicated that it consisted of unreacted
tetrafluoropyrimidine, 4-chlorotetrafluoroethyl-2,5,6-tri-
fluoropyrimidine (106), 4,6-Bis-chlorotetrafluoroethyl-2,5-
difluoropyrimidine (107) and two other unidentified products,
Products (106) and (107) were formed in Ca., 9% and 3% yields,
80% conversion bhased on tetrafluoropyrimidine used.

Addition of water to the involatile residues yielded an

intractable tar (4 g).
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4. Reaction of Cyanuric Fluoride with Chlorotrifluorocethylene

at _60°

A mixture of csesium fluoride (2.0 g, 13.2 m.moles),
sulpholane (20 cmB), cyanuric fluoride (8.6 g, 63%.6 m.moles),
and chlorotrifluoroethylene (17 g, 146.5 m.moles) was vigor—
ously stirred at 60° for 48h, during which time a partial
vacuum formed in the apparatus., Chromatographic analysis
(G.D.B. columm '0', 76°) of the volatile material indicated

that it consisted of unreacted cyanuric fluoride and two

products identified as: 2-Chlorotetrafluoroethyvl--4,6-difluoro-

S—triazine (102), (61.5% yield, 51% conversion based on

cyanurig fluoride consumed), b.p. 1200, (FPound: C, 2%.6;
F, 45.3; Cl, 14.3; N, 17.1; M, 251, C5PCLN; Tequires

¢, 23.9; P, 45.,%3; C1, 14.1; N, 16.7; M , 268), infra-red
spectrum No. 3, 19? n.m.r, spectrum No.3; and 2,4-Bis-—

chlorotetrafluoroethvl-6-fluoro-S~triazine (103), (10.8%

yield, 51% conversion bhased on cyanuric fluoride consumed)
b.p. 163°, (Found: C, 22,7; ¥, 46,2; Cl, 19,1; N, 11.8;
Mt o367, C.FoCl,N, requires C, 22.8; F, 46,55 Cl, 19.3;
N, 11.4; M , 367), infra-red spectrum No 4, 195 NeM.Tso
spectrum No, 4,

Product (102) was purified by distillation, using a
Fischer Spaltrohr one-piece distillation apparatus, and

(103) by preparative scale chromatography (Aerograph,

column '0', 145°),

5 Reaction of Cvanuric Fluoride with Chlorctrifluoro—

ethylene at Room Tempereture

A mixture of caesium fluoride (6.0 g, 40.0 m,moles),



~170~

sulpholane (60 cmB), cyanuric fluoride (5.8 g, 43.0 m.moles),
and chlorotrifluoroethylene (10.5 g, 90,5 m.moles) was vig-
orously stirred at room temperature for 22h, during which time
the variable volume reservoir collapsed completely. Chroma-
tographic analysis (G.D.B. column '0O', 780) of the volatile
material (4.0 g) indicated that it consisted of two components,

unreacted cyanuric fluoride and 2-chlorotetrafluoroethyl-4,6-

difluoro-S—triazine (102) (30.4% yield, 69% conversion).
EATISY J 9

6. Reaction of Cyanuric Fluoride with Chlorotrifluoro-

ethylene at 80°

A mixture of caesium fluoride (3.0 g, 20 m.moles),
sulpholane/tetraglyme (17/4 cmB), cyanuric fluoride (14 g,
10%.7 m.moles), and chlorotrifluoroethylene (18 g, 156.2 m.moles)
was vigorously stirred at 80° for 69h, during which time a
partial vacuum formed in the apparatus, Chromatographic
analysis (G.D.B. column 'Q', 78%) of the volatile material
(16.1 g) indicated a mixture of three components, unreacted
cyanuric fluoride, 2-Chlorotetrafluoroethyl-difluoro-S~triazine
(102) (68.5%, 44% conversion) and 2,4-Bis-chlorotetrafluoro-

ethyl-6-fluoro~S-triazine (10%) (7.0%).

7; Reaction of Perfluorobiphenvl with Chlorotrifluorcethviene

A mixture of caesium fluoride (3 g, 20.0 m,moles),
sulpholane (50 cmB), perfluorobiphenyl (6 g, 18.0 m.moles),
and chlorotrifluorcethylene (17 g, 146.5 m.moles) were vigor-
ously stirred at 60° for 24h, during which time very little
olefin appeared to react. The products were extracted with
ether (3 x 40 CmB), washed with water (3 x 20 omS), dried

(MgSO4) and the ether removed by vacuum transference., The
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residues on sublimation yielded unreacted perfluorobiphenyl

(2.7 g) and a high molecular weight tar (1.3 g).

8. Reaction of Pentafluoronitrobenzene with Chlorotrifluoro-

ethylene at 120°

A mixture of caesium fluoride (3 g, 20.0 m.moles),
sulpholane (20 cmB), pentafluoronitrobenzene (4 g, 18.8 m.moles),
and chlorotrifluoroethylene (16.5 g, 142.2 m.moles) were vig-
orously stirred at 120° for 24h, during which time a positive
pressure built up in the apparatus. Chromatographic analysis
(G.D.B. column '0', 78°) of the volatile material (1.1 g)
indicated that two components were present, and a g.l.c./mass
spectrum showed that these had parent peaks at 286 and 186,
consistent with perfluoroethylbenzene (10%) and hexafluoro-
benzene (15%) respectively,

The same experiment repeated at 700 gave no reaction,

and only pentafluoronitrobenzene was recovered,

a, Reaction of Fentafluorobenzonitrile with Chlorotri-

fluoroethylene in Sulpholane

A mixture of caesium fluoride (3 g, 20,0 m.moles),
sulpholane (20 cmB), pentafluorobenzonitrile (4.5 g, 23%.%
m.moles), and chlorotriflucroethylene (16.5 g, 142.2 m.moles)
was vigorously stirred at room temperature for 48h, during
which time a partial vacuum formed in the appsratus. Chroma-
tographic analysis (G.D.B. column '0O', 125°) of the volatile
material (2.9 g) indicated that three components were present,
unreacted pentafluorobenzonitrile and two products, which a

g.1.c./mass spectrum showed had parent peaks at 293 and 309,
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consistent with perfluoro-4-cthylbenzonitrile (130) (12%),
and 4-chlorotetrafluoroethyl-tetrafluorobenzonitrile (129)
(14%), respectively.

Cn addition to water the involatile residues yielded an
intractable tar (2.7 g).

Repetition of this experiment, changing the solvent to
tetraglyme, gave similar products, but in lower yields,

(130) (3%) ana (129) (2%).

10, Reaction of Octafluorotoluene with Chlorotrifluoroecthylene

A mixture of caesium fluoride (% g, 20.0 m.moles),
sulpholane (20 cmB), octafluorotoluene (6.4 g, 27.1 m.moles),
and chlorotrifluorccthylene (17 g, 146.5 m.moles), were
stirred at room temperature for 20h, during which time a partial
vacuum formed in the apparatus. Chromatographic analysis
(¢.D.B., column '0', 78°) of the volatile material (5.2 g)
indicated that two bomponents were present, unreacted octa-
fluorotoluene and a product which a g.l.c./méss spectrum
showed to have a parent peak consistent with perfluoro-4-
ethyltoluene (20%).

Addition of water to the involatile residues yielded a

pale yellow o0il (1.2 g) which a mass spectrum showed to have

a molecular weight in excess of 600,

VIII.B Oligomerisation of Chlorotrifluorcethylene

1. Oligomerisation of Chlorotrifluoroethvlene at 140°

A mixture of caesium fluoride (11.2 g , 73.7 m.moles)
and tetraglyme (30 cmB) was rapidly introduced into a baked

nickel tube (80 cmB), against a flow of dry nitrogen. After
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evacuation, accompanied by degassing of the solvent, the tube
was cooled (liquid air) and chlorotrifluoroethylene (17.5 g,
150.8 m,moles) was condensed inside.

ollowing sealing, under dry nitrogen, the tube was
heated in an oil bath, with constant agitation, at 140° for
24h, when it was again cooled (liguid air), opened, and the
volatile material (13.5 g) vacuum transferred to a cold trap
(1iquid air), at Ca 100°,

On warming, to room temperature, the volatile material
was found to consist of a gas (8 g) plus a colourless liguid
(5.5 g) which chromatographic analysis (G.D.B. column 'O,
78°) showed to be a complex mixture, with two major and many
minor components. A g.l.c./mass spectrum (micro-mass 12)
indicated that the most abundant component had a similar
mass spectrum to perfluoro-3,4-dimethylhex-3-ene (176), and
also a mixed injection, with a sample of (176) showed that
they had the same retention times., The mass spectra of the
other components indiceted that these had molecular weights
ranging from 462 to over 800, and the approximate percentage
yields of the products, calculated from g.l.c. traces (G.D.B.
colummn '0', 78°) are shown in Table 40,

A mass spectrum of the recovered gas indicated a mixture
of unreacted chlorotrifluoroethylene and HF addition product

CBBCﬂblH.

. . . .o o ; . 0o .
2. Oligomerisation of Chlorotrifluoroethylene at 56~ in

Qletraglyme

Caesium fluoride (4 g, 26.6 m.moles), tetraglyme (15 cmB),

and chlorotrifluoroethylene (5 g, 43.1 m.moles) were heated

<
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together in a nickel tube (80 cm3), with constant agitation,
at 56° for 20h. (See VITI.B.1). The volatile material
recovered consisted of a gas (1.5 g) and a colourless liquid
(1.9 g), which chromatographic analysis (C.D.B. column '0',
78°) showed to be a complex mixiure. The approximate yiélds

of the products are shown in Table 40,

. . . . : o
3. Oligomerisation of Chlorotrifluoroethvlenc at 68~ in

sulpholane

Caesium fluoride (5.3 g, 34.9 m.moles), sulpholane
j), and chlorotrifluoroethylene (17 g, 146.5 m.moles)
?)

(25 cm
wére heated in a nickel tube (80 cm , with constant agitation,
at 68° for 60h., (See VIIL.B.1). The volatile material recov-
ered bonsisted of a gas (5 g) and a colourless liquid (3%.25 g),
which chromatographic analysis indicated was a complex mixture.

The approximate yields of products are shown in Table 40, The

lack of recovered gas suggests that the tube leaked,

Table 40

Percentage Yields of Products on Oligomerisstion of

CF,=CFC1
Solvent Temp, - Percentage Yields

0

C N ] n ! ; P 1

“sT16 | “10%18 | C12"20 | C12T22 [C14%24 |7 C14T24

Tetraglyme 56 10 16 2 4 5 10
Sulpholane 68 6 <1l - .5 6 p)
Tetraglyme| 140 18 11 o 3 2 3
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VIII.C Reaction of Caesium Fluoride with various aromatic

species in the absence of a solvent

A series of reactions was carried out in which caesium
fluoride and various perfluorohetercaromatic species were
heated together, under autogeneous pressure, in a Carius tube,
A standard method was adopted for all these reactions and this

is described in VIII.C.1l,.

1. Reaction of Cyanuric Fluoride with Caesium Fluoride at 180°

Caesium fluoride (16 g, 105.3 m.moles) wes rapidly intro-
duced into a dry Carius tube (80 cm3), which was then evacuated,
cooled (liguid air), and cyanuric fluoride (15 g, 111.1 m.moles)
condensed inside, under vacuum., The tube was then sealed and
heated in an oil bath, with constant asgitation, at 180° for
20 h, during which time a clear yellow syrup-was produced,
which yielded a transparent yellow glass when cooled to room
temperature. After opening the tube, under nitrogen, the
products proved to consist of unreacted cyanuric fluoride
(<0.1 g) and a transparent yellow glass (27 g) (stored under
nitrogen to prevent hydrolysis). (Tound: C, 12.9; F, 26.5;

N, 17.0; 03F4N3Cs requires C, 12,5; F, 26.5; N, 14.6).

An infra-red spectrum of the product, proved to be very
broad with no apparent resolution.

A similar experiment using potassium fluoride instead of
caesiun fluoride gave no reaction,

a) Hydrolysis

Addition of the product (2 g) from experiment VIII.C.1 to

water gave a vigorous reaction, producing a white precipitate

[y
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(1 g), a small amount of which was recrystallised (HZO)' An

infra-red spectrum of the recrystallised material showed

1 ]

broad, unresolved pcaks at %500-2760 cm” —, 1740-1580 cm —,
and 1485-1450 cm_l, which differed from the spectrum of
cyanuric acid obtained by hydrolysis of cyanuric chloride.

Attempts to purify by sublimation (SOOO, 0,05 mmHg)
failed, the material being recovered unchanged.

The product was soluble in hot NaOH solution (2 M), and

a dilute solution in water had a pH 3.5 (Universal Indicator).

2. Heating Caesium Mluoride with Tetrafluoropvridazine

Caesium fluoride (1.8 g, 11.8 m.moles) and tetrafluoro-
pyridazine (5.5 g, %6.2 m.moles) were heated together, with
constant agitation, in a Carius tube (80 em?) at 120° for
22h, No reaction occured and tetrafluoropyridazine (5.2 g)
was recovered unchanged,

A similar reaction, but at 180°, gave a carbonaceous

so0lid plus unreacted tetrafluoropyridazine,

5. Heating Caesium Fluoride with Tetrafluoropyrimidine at

l§90

Caesium fluoride (2.6 g, 17.1 m.moles) and tetrafluoro-
pyrimidine (3.2 g, 21.0 m.moles) were heated together, with
constant agitation, in a Carius tube (80 cmB), at 180° for
20h. No reaction occured and tetrafluoropyrimidine (3.0 g)

was recovered unchanged.,
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4, Heating Caesium Pluoride with Cvanuric IMlucride in a

n.m.r. tube

Caesium fluoride (0.5 g, 3.3 m.moles) and cyanuric
fluoride (0.6 g, 4.4 m.moles) were secaled, under vacuum, in
a pyrex n.m,r, tube, and after heating in an oil bath at 170°
for 15 minutes the reactants had formed a yellow syrup. The
n.m,r, spectrum, obtained at a probe temperature of 183.50,
of the syrup showed four absorption, at 26,0, 43.0, 47.6 and

49,0 p.p.m., with relative intensities 9:%0:46:15 respectively.

VIII.D.1 Heating Caesium fluoride and Cyanuric Fluoride

together in Gulpholane

Caesium fluoride (3.6 g, 23,7 m.moles), cyanuric fluoride
(4.9 g, 36.% m.moles), and sulpholane (20 cm?) were vigorously
stirred together at 1100, during which time it wss observed
that the caesium fluoride appeared to dissolve, but, on cool-
ing to room temperature, finely divided caesium fluoride pre-
cipitated. The volatile material (2.3 g) was vacuum transfered
to a cold trap (liguid air), at Ca 900, and chromatographic
analysis (G.D.B, column '0O', 78°) indicated that this consisted
of unreacted cyanuric fluoride,

Addition of dil.HC1 (50 cm3) to the involatile residues
yielded a white precipitate (1.5 g), which after recrystallisa-
tion (HQO) was identified as cyanuric acid, by comparison of
the infra-red spectrum with that of an autheﬁtic saﬁple,
produced by hydrolysis of cyanuric chloride with glacial

acetic acid,
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VIIT,D.2 N,m.r. spectrum of Cyvanuric Fluoride and Caesium

Fluoride in Sulpholane

Cyanuric fluoride (5 g, 37.0 m.moles), caesium fluoride
(6.0 g, 39.5 m.moles), and sulpholane (15 cm3) were stirred
together at room temperature, during which time most of'the
caesium fluoride dissolved, After allowing to settle a
sample of yellow supernatent liguor was withdrawn and a
n.m.r, spectrum obtained which showed a broad absorption
centred at 32.3 p.p.m. On gradual addition of small quanti-
ties of cyanuric fluoride the peak slowly sharpened and moved
upfield, towards the absorption expected for cyanuric flucride

(34.4 p.p.m.) in sulpholane Fig. 8,
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CHADTER IX

Experimental to Chapter VI

Reactions of Perfluoro-4-vinvipyridine

Elemental Analysis

During characterisation of many of the compounds
described in this, and the following chapter it was not
poseible to obtain satisfactory carbon and nitrogen figures
from elemental analysis, However, discrepancies in the
analysis of fluorocarbons are not unusual, 2nd in general
where these discrepancies occur the results show low carbon
and high nitrogen values.,.

An explanation that could account for these discrepan-

154 but before this can be under-

cies has been suggested,
stood it 1s first necessary to understand the theory behind
the method employed in C; H and N snalysis, and consequently
a brief description is given below,.

A known weight of the compound to be analysed 1s first
heated to 600° in an atmosphere of oxygen; when all C, H and
N present are converted to CO2, HZO and N2 respectively,
The products of combustion are then passed through a series
of filters to remove the oxidation products of other elements,
leaving a gaseous mixture of 002, H2O and N2, the thermal con-
ductivity of which is measured and recorded. After passing
the gases through soda-lime, to remove the COZ’ the thermal
conductivity of the remeining HEO and N2 is measured, thus

allowing calculation of the percentage of C present in the
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compound. A final conductivity measurement, made after
removal of the water with msgnesium perchlorate, enables
the percentage of H and N in the original compound to be
determined., The final thermal conductivity should be that
of N2 only.

However, if, as is thought to occur with some fluoro-
carbons, incomplete combustion occurs, not all the C will be
converted to 002, and consequently a thermal conductivity
measurement, made after removal of the CO2, gives a low C
figure. The incompletely combusted fluorocarhon fragments
then pass through the meagnesium perchlorate and are included,
with the NQ’ in the final conductivity measurements, conse-
guently giving a high nitrogen value.,

In general, however, the halogen analysis figures,
obtained by fusion with potassium, were found to be satis-

factory.

IX. A Defluorination

A1l the defluorination reactions carried out by the
author, used a method previously employed in these labora-
tories. The procedure used involved passing the material
to be defluorinated through a silica tube (ca., 50 cm in
length), packed with coarse iron-filings and heated by a
cylindrical heater, The material was passed through the
tube in a steady stream of dry nitrogen and the products

collected in a cold trap (Drikold).

1. Defluorination of l-chloro-1-(2',3',5',6'-tetrafluorc-~

pyridyl)tetrafluoroethane (100)

The defluorination of (100) was investigated at two
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temperatures, 310° and SOOO, and in both cases chromatographic
analysis (G.D.B, column '0', 78°) of the recovered material
indicated that a single component was preseut, identified

as perfluoro-4-vinylpyridine (138), by comparison of infra-
113

red and n.m.r. spectra with those of an authentic sample,

The yields obtained are shown in Table 41,

Table 41
| Pemp. | (100) Weight Product | Conversion
On Recovered | Yield
(138)
310 | 3.2 g, 11,2 m.,moles 2.0 g 68 1100
500 |27.6 g, 96,7 m.moles 10,2 ¢ 46 100

IX.B Tluoride Ton Reactions

1, Chemical Trapping of Anions

The following two reactions were carried out in an
attempt to trap stable fluorinated carbanions with bromine
or acid. The substrate (lé@) was stirred with caesium
fluoride, in a solvent, when it was anticipated a stable
anion would be formed, which after 'guenching' with bromine
or acid would yield the products of IBr or HIF addition

respectively., For example,

CP.— C — T CTBrCT

CH=CF, 3 5
Féé\i CaT ///t:] Bro [i%t:]
P —2 i — F
§N \N \N
(1.38)
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a) '"Quenching' with Bromine

A mixture of caesium fluoride (1 g, 6.6 m.moles), per-
fluoro-4~vinylpyridine (138) (0.9 g, 3.9 m.moles), and
sulpholane (5 cmj) was stirred together in a dry flask
(50 cm3), under an atmosphere of dry nitrogen. On first
mixing the reactants the reaction mixture turned red; After
lh the reaction was 'quenched' with bromine (2 g, 11.2 m.moles),
heated to 400, and the excess bromine reacted with sodium
bicarbonate solution. The product, a yellow oil, was extrac-

ted with ether ( 3x20 cm3), washed (H,0, 3x20 cmB), dried

2
(Mg804), and the ether removed by vacuum transfcrence., The
recovered product, on sublimation (700, 0.005 mm. Hg),

yielded a white wolid (0.% g) identified as Trans-1,3-bis

(2',3',5',6'-tetrafluoropyridyl)—hexa fluorobut-l-ene (142),

(33%) m.p. 60.5° (Found: C, 36.2; ¥, 57.0; N, 6.43 W' 462,
C14F14Vo requires C, 36.4; F, 57.6; W, 6.1; M 462), infra-
red spectrum No., 5, 19F n.,m.r. spectrum No, 5,

A small amount of involatile material (0.2g) was also
recovered,

b) 'Quenching'with dil,HCL,

A mixture of caesium fluoride (6 g, 39.5 m.moles),
perfluoro-4-vinylpyridine (138) (1.9 g, 8.2 m.moles), and
sulpholane (5 cm’) was stirred in a flask (50 cm3), under
an atmosphere of dry nitrogen., After 'quenching' the
reaction with dil.HCl (20 cm’, 2M) a red oil separated,
which was extracted with ether (3x20 cm3), washed (HQO,

%3x20 cmS), dried (MQSO4) and the ether removed. The product,

a yellow o0il, yielded a white solid on sublimation (700,
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0,005 mm, Hg), which after recrystallisation (cyclohexane)
was identified as Trans—l,S—bis(Z',3',5',6'—tetraf1uoropyridy1)—

pentafluorobut-l-ene (142)(0.5g)

2. Reaction with Tetrafluoropvridazine

A mixture of caesium fluoride (2 g, 13.1 m.moles),
sulpholane (8 cmB), and tetrafluoro-pyridazine (0.5 g,
3.3 m,moles) were stirred together in a flask (50 cm3),
under an atmosphere of dry nitrogen, and perfluoro-4-vinyl-
pyridine (138) (1.5 g, 6.5 m.moles) was slowly added, over a
15 minute period, via a syringe through a self-sealing cap.
On addition of (138) the reaction turned red, but the colour
faded after 5 mins., The product was extracted with ether
(3x20 cm3), but on addition of water a white solid (1;3 g)
formed at the interface. After filtration and recrystallisa-

tion (CHClB) this yielded a white crystalline solid (0.6 g),

identified as 4,5-Big-(1'-(2",3",5" 6"—tetrafluoropyridyl)-

tetrafluoroethyvl)~3,6-difluoropyridazine (14%) (30%) m.p.

0 + . .
168~ (Found: F, 55,7; M’ 614, 618F18N4 requires P, 55.7;
M 614), infra-red spectrum No, 6, 19F n.m.r., spectrum No, 6,
During recrystallisation some involatile and insoluble
naterial was recovered (0,3 g). The ether layer on drying

(MgSO4), and removal of the ether yielded Trans-1,3-bis

(2',3',5',6'-tetrafluoropyridyl)~-pentafluorobut-l-ene (0.2 g).

bR Reaction with Hexafluoropropene

A static atmospheric pressure system, as described in
Chapter VIII.A, was used for this reaction,

A mixture of caesium fluoride (% g, 20.0 m.moles),
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sulpholane (50 cmB), and hexafluoropropene (30 g, 200 m.moles)
were vigorously stirred together and perfluoro-4-vinylpyridine
(1.8 g, 7.8 m.moles) slowly added via a syringe, through a
self-sealing cap. Chromatographic analysis (G.D.B. column '0',
78°) of the volatile materisl (25 g) indicated that this was
mainly oligomers of hexafluoropropene, and on fractionation

this yielded an oil (2.2 g) which chromatographic analysis

(G.D.B. column '0', 780) showed to consist of 5 components,

IX.C Other Hucleophilic Reactions

1. Phenoxide, 1:1 Molar Ratio

Perfluoro-4-vinylpyridine (138) (1.5 g, 6.5 m.moles)
was added to a solution of sodium phenoxide in dioxan
(6.5 cma, 14, 6,5 m.moles) at room temperature. On pouring
the reaction mixture into water (50 cm3) the products
separated as a lower organic layer, which after drying
(MgSO4) yielded a colourless liguid (1.2 g). Chromatographic
analysis (G.D.B. column '0O', 200°) indicated that the products
consisted of two components, in equal amounts, identified as

Cis and Trans-l-phenoxy-2-(2',3',5',6'~tetrafluoropvridyl )=

difluoroethylene (149) and (150), (60%) and these were

characterised as a mixture, b.p. 247°. (Found: C, 50.9;

F, 37.2; N, 4.9; H, 2,0; M" 305, Ci5lgFglOrequires C, 51.1;

F, 37.43 N, 4,63 H, 1,63 M 305), infra-red spectrum No. 7,
1H and lgF spectra No, 7 and 8,

2. lMethoxide, 1:1 Molar Ratio

'z
A solution of sodium methoxide in methanol (6.5 cm),

1M,6.5 m.moles) was added slowly to a stirred mixture of
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perfluoro-4-vinylpyridine (138) (1.5 g, 6.5 m.moles) in dry
methanol (2 cm3), maintained at 0°C by immersion in an ice/
water bath., After pouring the reaction mixture into water

(30 cm3) the products separated as a lower organic layer,

which after drying (MgSO4) yielded a colourless liguid (1.4 g).
Chromatographic analysis (G.D.B. column '0', 1000) of the

product indicated that it consisted of a single component

identified as 2—oxa—4(2'—methoxy—3',5‘,6'—trifluoropyridyl)—

3,%,4=trifluorobutane (151) (79%), b.p. 219°C, (Found:

C, %9.5; I, 41.03 N, 5.2; H, 2.43; M" 275, CFENOLH, requires
C, 39.3; F, 41.5; N, 5.1; H 2.5; M 275), infra-red spectrum

1

No. 8, "H and 19F spectra No. 9.

3, Bisulphide, 1:1 Molar Ratio

a) Preparation of Sodium Bisulphide Solution

Hydrogen sulphide was bubbled through a solution of
sodium hydroxide in water (50 cma, 1k) until a sample just
turned phenol phthalien red on mixing. The solution was then
ready for using.

b) A solution of sodium bisulphide (4.5 cm3, 1M 4.5 m.meles)
was added to perfluoro-4-vinylpyridine (1 g, 4.3 m.moles) in
tetraglyme (40 cm3) at OOC, upon which the solution turned
red. On pouring the recaction mixture into water a brown oil
separated, which after extraction with ether (3x20 cmB),
washing (H,0, 3x20 cmB), drying (MgSO4), and removal of the
ether yielded a brown tarry solid (0.7 g). Attempts to

purify the product by recrystallisation, and sublimation

(0,001 mm, Hg. 120°) failed.
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IX.D Thermal Cycloadditions

The thermal cycloaddition reactions of perfluoro-4-
vinylpyridine were carried out using‘a standard procedure;
This involved introducing the reguired amounts of reactants
into a small Carius tube (15 cm3) which was then cooled
(liquid air), evacuated and sealed. After heating in a
stainless steel vessel, fitted with a jacket heater, for
the required time, the Carius tube was recovered, cooled

(liquid air), opened and the products extracted.

1. Dimerisation

| Perfluoro-4-vinylpyridine (2.7 g, 11.7 m.moles) was
heated in a small Carius tube, at 280° for 16h, The recovered
material (2.3 g), after sublimation (100°, 0.005 mm Hg),
yielded a white solid (2.0 g) identified as 1,2-(2',3',5',6'~

tetrafluoropyridyl)hexafluorocyclobutane (158) (75%) m.p.

124°, (Found: C, 36.4; F, 57.4; N, 5.7; M 462, C14F14%5
requires C, 36.4; F, 57.63 N, 6.13 M 462), infra-red spectrum

No. 9, 19F n.m.r, spectrum No, 10,

a) Defluorination of Dimer (158)

Dimer (158) (2 g) was passed through a silica tube, at 350°,
packed with coarse iron-filings (See IX.A). The nitrogen
carrier gas was preheated by passing through a copper coil,
immersed in hot oil. The flask containing (158) was also
heated to 170° in an oil bath.

The products recovered consisted of a colourless liquid
(0.2 g), which chromatographic analysis (G.D.B. column 'O"',

78°) showed consisted of a single component identified as
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perfluoro—4—vinylpyfidine,by comparison of the infra-red
spectrum with that of an authentic sample, and a white
solid (0.9 g).

A g.l.c, mass spectrum of the solid in ether, showed
two components present with parent peaks at 434 and 462,
corresponding to (li@)-Fz, and (158) respectively., The
n.m.r. spectrum of a solution in acetone indicated that the
products consisted of unreacted (;§§) (55%) and 1,2-di |
(2',3',5',6'-tetrafluoropyridyl)tetrafluorocyclobut-l-ene
(159) (45%). The n.m.r. spectrum of (199) showed the
presence of ring fluorines at 91,1 and 138.6 P.p.m. and a
single —CF2— absorption at 113.,0 p.p.m.

Attempts to obtain a pure sample of (liﬁ) by prepara-
tive scale chromatography (Aerograph, column '0O', 250°)

led to loss of most of the material.

2. a) Chlorotrifluoroethvlene at 300°

Perfluoro-4-vinylpyridine (1%8) (1 g, 4.3 m.moles) and
chlorotrifluoroethylene (1 g, 8.6 m.moles) were heated in a
small Carius tube (15 cm3) at 300° for 38h. The recovered
material consisted of a solid (0.2 g), identified as 1,2-
(2',3',5',6'~tetrafluoropyridyl Jhexaflusrocyclobutane, and
a volatile liquid (1.65 g). Chromatographic analysis
(G.D.B. column '0', 100°) of the volatile material indicated
that it consisted of three components, identified as,
unreacted (138); dimers of chlorotriflusroethylene, by
comparison of infra-red and 19F n.m.r., spectra with those

of an authentic samplej; and a mixture of Cis- and trans-1l-

chloro~2-(2',%',5' 6'~tetrafluoropvridyi)hexafluorocyclo-
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butane (166) and (167) respectively. (73% yield, 57% con-

version). The products (166) snd (167) were characterised
as a mixture, b.p. 173° (Found: F, 54.1; C1, 10,%; M 347,
CgNF1001 requires F, 54.7; Cl, 10.2; M %47) infra-red
spectrum No, 10, 19F n.m.r. spectrum No, 11,

The n.,m.,r., spectrum indicated that a 53:47 isomer ratio
was present, but it was nct possible to say which isomer pre-

dominated.,

b) at 230°

Perfluoro-4-vinylpyridine (1 g, 4.3 m.moles) and chloro-
trifluorocethylene (1 g, 8.6 m,moles) were heated in a Cafius
tube (15 cm3) at 230° for 21lh., The products consisted of a
volatile liquid (1.6 g) which chromatographic analysis
indicated consisted of unreacted L;é@), dimers of chlorotri-
fluoroethylene, and a mixture of ¢is and trans-l-chloro-2-

(2',3',5',6'=tetrafluoropyridyl )nexafluorocyclobutane (<10%).

3 Hexafluoropropene

Perfluoro-4-vinylpyridine (138) (1 g, 4.3 m.moles) and
hexafluoropropene (1.3 g, 8.6 m.moles) were heated in a
Carius tube (15 cm3) at 300O for 61h., The products recovered
consisted of a solid (0.2 g), identified as the dimer of
(138), and a volatile liquid (1.25 g). Chromatographic
analysis of the volatile material (G.D.B. column '0O', 78°

indicated that it consisted of three components, identified

as unreacted (1%8) plus cis and trans 1-(2',%',5',6'-tetra~

fluoropyridyl)—2—trif1uoromethyl—hexafluorocyélobutane (168)

- and (167) respectively, (80%, 67% conversion),
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.The two isomers (168) and (167) were separated using
preparative scale chromatography -(Aerograph, column 'O’
1500), but it has not proved possible to determine which
component was ¢is or trans, and so they were identified as
A and B, there order of emergence from column '0O', Isomer
A, b.p. 161° (Found, C, 31,0; F, 65.,4; M 381, C10F13
requires C, 31.,5; T, 64.8; M 381), infra-red spectrum No. 11,
19F

N

n.m.r, spectrum No, 12,

Isomer B, b.p. 165° (Found, I, 65.2; M" 38L, C..F
b

10¥13"

requires F, 64.8; M 381), infra-red spectrum No. 12, 19F

n.m,r. spectrum No, 13,
The v.,p.c. traces (G.D.B. column '0', 780)'indicated

an initial mixture of A and B in a 40:60 ratio,

4, Styrene

Perfluoro-4-vinylpyridine (1 g, 4.3 m.moles) and styrene
(0.5 g, 4.8 m.moles) were heated in a Carius tube (15 om3)
at 230° for 18h, after which time only an intractable tar was

recovered.,

IX.E Photochemical Reactions

1. Photolysis

Perfluoro~4-vinylpyridine (1 g, 4.% m.moles) was sealed
in a silica tube (200 cm’) and irradisted with ultra—violet
light (253.7 n.m.) for 56Sh, after which time a brown invol-
atile solid (0.9 g) was recovered, Attempts to purify by
recrystallisation, or sublimation (1800, 0,01 mm. Hg) failed,

and the infra-red spectrum showed a strong peak at 1475 cm_l,

plus broad, unresolved peaks at 1200-1300 cm"1 and 1725 cm—l.
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2. Photolysis with Hexafluoroacetone

Perfluoro-4-vinylpyridine (1 g, 4.3 m.moles) and hexa-
fluoroacetone (0.5 g, 3.0 m.moles) were sealed in a silica
tube (200 cm3) and irradiated with ultra-violet light
(300 n.,m,) for 590h., The products recovered consisted of a
brown involatile solid (0.1 g) and a volatile white solid

(0.9 g), identified as 2,2-Bis-trifluoromethyl-3-(2',3',5',6"'-

tetrafluoropyridyl)-trifluorooxetane (171), (76%) m.p. 35°

(Found: F, 61,63 Mt 397, ClOFlBNO requires F, 62.2; M 397),
infra-red spectrum No, 13, 19F n.m,r. spectrum No. 14.
The product (171) was purified by sublimation (40°,

0.005 mm,Hg).

IX,F E.S5.C.A,

The use of E.5.C.A., as a method of studying stable
carbanions was discussed in Chapter VI.B.l.,e, and the general
method used, and the precautions taken during this work, are

described below.

a) Preparation of 'doped' Caesium Fluoride

All the glass apparatus used in this work was rigorously
cleaned with chromic acid, rinsed well with distilled water,
and dried in an oven, prior to being used,

Dry, powdered caesium fluoride (20 g) and sulpholane
(20 cm3) were rapidly introduced, against a stream of dry
nitrogen, into a limb of a Schlenk tube, and stirred with a
magnetic follower, After five minutes the mixture was
filtered, and the 'doped' caesium fluoride sucked under

vacuum for lh to remove as much solvent as possible. The



-191-

'doped' caesium fluoride was then removed from the Schlenk
tube, in a glove bag, and stored in a flask under dry

nitrogen,

b) Preparation of a Disc

The method used in the preparation of 'doped' caesium
fluoride discs was the same as that used in the preparation
of discs for infra-red spectroscopy. All the preparation
was carried out in a glove bag except for pressing in a
hydraulic press. After making the discs the top surface
was scraped with a new scalpel blade to present a new un-
contaminated surface onto which fhe substrate was to be

condensed,

c) Formation of Carbanions

A disc of 'doped' caesium fluoride was carefully plaoéd
inside a flask (50 cm3) with the prepared surface uppermost.
The flask was attached to a vacuum line, evacuated, cooled
(liquid air) and the required substrate condensed inside,
After warming to room temperature, and possibly heating, the
excess substrate was removed under vacuum, The disc was
then removed from the flask, in a glove bag, and stuck to a
probe, using double-sided Scotch tape. The probe was placed
inside a large polythene bag, flushed with dry nitrogen, and
transported to the spectrometer, where it was inserted into

the analyser as rapidly as possible,

d) Using Octafluorocyclohexa-1l,3-diene

Condensing octafluorocyclohexa-1,3-diene onto a disc of

'doped' caesium fluoride turned the surface red, even after
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the excess diene had been pumped off., A Cls spectrum of
this disc showed a large hydrqcarbqn peak with a shoulder
at higher binding energy (Fig. 9 ). Deconvolution of the
shoulder, using a curve resolver, could give two peaks of
equal intensities with binding energies 3 eV and 6 eV
higher than the hydrocarbon peak, values consistent with

CF and CF2 respectively, However, these results are by

no means conclusive, but do indicate that with more refined

techniques spectra of carbanions could possibly be obtained.

e) Using Perfluoro-4-vinylpyridine

Condensing perfluoro-4-vinylpyridine onto a 'doped'
caesium fluoride disc produced no colouration of the surface,

and a Cls level spectrum showed only a hydrocarbon peak,
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CHAPTER X

Experimental to Chapter VII

X.A. Synthesis of Perfluoro-3,4-dimethylhex-3—-ene

Perfluoro-%,4-dimethylhex~-3-ene (176) was synthesised
by the fluoride ion-initiated dimerisation of octafluoro-
but-2-ene (178), carried out in a similar manner to the
oligomerisation of chlorotrifluoroethylene discussed earlier

(Chapter VIII.B).

CsF/Sulpholane CF1 /CF3 CF3\ /02F5
CF,CPF=CFCI Y C=C + c=C
3 3 A 24h CF/ \CP CF/. \CF
2°5 275 7275 3
(176)
i3 . C/CF3 . CF3 CF3
= F —
+ AN 3 N
CF3 /C:C\
CPs; F CFzF FCF3
(179) ‘ 180
+
CF
a Pk
02b5(CF3)C—C\\
/p=C(CF3)C2F5
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1. Dimerisation of Octafluorobut-2-ene

A mixture of caesium fluoride (4 g, 26.3 m.moles), octa-
fluorobut-2-ene (19.5 g, 97.5 m.moles), and sulpholane (20 emd)
were heated in a nickel tube (80 cm3), with constant agitation,
at 100° for 24h., The volatile material recovered consisted of
unreacted olefin (12.1 g) and a colourless, volatile liquid
(7 &), which chromatographic analysis (G¢.D.B., column '0',

780) indicated consisted of three products, two minor and one
ma jor, the yields of which are shown in Table 42. The major
product was identified as perfluoro-3,4-dimethylhex-3-ene
(176) by comparison of the infra-red and 19 n.m.r. spectra
with those of an authentic sample. The n.m.r. spectrunm
indicated that a 56:44 isomer distribution was present, but
which isomer predominated is not known.,

The most volatile component wes in fact shown by n.m.r.
spectroscopy to consist of a mixture of two compounds, identi-
fied as perfluoro-3%,4-dimethylhexa-2,4-diene (179) and perfluoro-
1,2,3,4-tetramethylcyclobutene (180). The least volatile com-

ponent was identified as perfluoro-3,4,5,6-tetramethylocta-3,5-

diene (181) b.p. 147,5; infra-red spectrum No. 1l4; 19F N.M.T,

spectrum No., 15, The n.m.r. spectrum indicates a 34:66 isomer
distribution.

The products were separated using distillation and prepa-
rative scale chromatography (Aerograph, column '0', 90°).

The reaction was repeated at 580 and 1300, the results

of which are shown in Table 42,
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X.B Defluorination of Perfluoro-3,4-dimethylhex-3-ene

The method of defluorination was the same as that used
in the synthesis of perfluoro-4-vinylpyridine and described
in Chapter IX.A.

Perfluoro-3,4-dimethylhex-3~ene (176) was passed over
hot iron-filings at two temperatuies, 430° and 500°, and the
yields and conversions obtained are shown in Table 43,
.Chromatographic analysis (G.D.B., column '0', 30°) indicated
that the recovered material consisted of starting material
and a single product. However, n.m.r. spectroscopy showed
that a complex mixture of products was present, three of

which have been identified as perfluoro-trans,trans-3,4-

dimethylhexa-2,4-diene (179) (45% of product mixture), per-
fluoro-cis, trans-3,4-dimethylhexa-2,4-diene (184) (12%) and
perfluoro-1,2,3,4-tetramethylcyclobutene (180), (15%). Ly

n.m.r. spectra Nos., 16, 17 and 18 respectively.

Table 43%
Yields from Defluorination of ?érfluoro~3,4—diﬁethy1hex—3-ene
Temp. (176) Weight of *Percentage Yield| Fercentage
O Recovered of Dienes Conversion
Material
430 | 10 g, 25 m.moles 7.7 & 74 69
500 10 g, 25 m,moles 5.0 g 61 91

*Based on (176) consumed
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Attempts to obtain pure samples of products by distil-
lation, using a Fischer Spaltrohr one-piece distillation

apparatus, gave fractions enriched in single components,

but nowhere near pure enough for characterisation.

1, Reflux Dienes with Fluoride Ion

F CF CF CF CF

\ /3 \ /3 3 /3
=C =C S
CF/ | \c-c/CF3 / N —‘)?
A0 Y BV e NI o
CF F CFy; CF; CFsFL——IFCFy
(179) (184) (180)

A mixture of caesium fluoride (3 g, 20.0 m.moles),

3y,

sulpholane (20 cm and dienes (2 g), the composition of
which is shown in Table 44, was refluxed with vigorous
agitation for 4 days, after which the volatile material
(1.5 g) was collected, under vacuum in a cold trap (liquid

air)., The composition of the initial and final material was

determined using 195 n.m.r, spectroscopy (Table 44).

Table 44

_Percentage Composition

Sample (179) | (184) | (180)
Initial 45 12 15

After refluxing
65 13 22
with fluoride ion
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2 Dienes lleated in a Carius Tube

A mixture of dienes (2 g), of known composition, were
sealed in a Carius tube (15 cm3) and heated at 300° for 20h.,
the n.,m.r. spectrum of the recovered material (1.8 g) indica-

ted that no change in composition had occured.

X.C Reaction of Perfluoro-3,4-dimethylhex-3-ene with Nucleo~-

Pphiles

1. Reaction with Diethvlamine

A mixture of perfluoro-3,4-dimethylhex-3-ene (176) (10 g,

25.0m.moles), sulpholane (20 cmB), and diethylamine (3.6 g,

49.3 m.moles) was vigorously stirred at room temperature for
%)

16h,  The reaction mixture was then poured into water (50 cm”),

when the products separated as a lower organic layer (10 g).
After washing with water\(}xZO cm3), and removal of unreacted
(176) under vacuum, a high boiling point liquid (8.25 g)
remained, which chromatographic analysis (G.D.B. column 'O,
125°) showed to consist of a single product, identified as

3-Trifluoromethvl-4-diethvlaminofluoromethene-undecafluoro-

nexane (187), (73%). b.p. 93° at 18 mm. Hg. (Found: C, 32.0;

F, 62.5; H, 2.43 N, 3.5; M 453, C,,F 5Nl Tequires C, 31.8;
F, 62.9; H, 2,2; N, 3.1; M 453), infra-red spectrum No. 15,

19F and 1H n.m.r, spectra No, 19,

a) Hydrolysis of Diethylamine Derivative

The enamine (187) (6 g, 1%.2 m.moles) was vigorously
stirred with sodium hydroxide solution (20 cm3, 2M) for 2 days,
after which the lower organic layer (4 g) was withdrawn and

dried (MgSO4). Chromatographic analysis (G.D.B., column 'O',
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1250) indicated that the products consisted of a single com-

ponent, identified as cis and trans-3-trifluoromethyl-4-(N,N-

diethylamido)decafluorohex-3-ene (188) and (189) respectively

(70%). The amides were characterised as a mixture, b.p. 201°

(Found: C, 33.2; F, 57.3; N, 3.6; H, 2.7; M" 431, ¢ 0

12130
requires C, 33.4; P, 57.%3; N, 3.,3; H, 2.3; M 431), infra-red

1

spectrum No, 16, 19F and "H n,m.r. spectra No, 20 and No. 21.

2. Reaction with Phenol

F ' F ]
CFB\ /c 3 CPB\ y CFB\ /CP3
Cc=C C=C C=C'_
o, —c? . /" e OPh
BOf;, CoPy CF;—}C\CzFS 3 CF5—C—p
: OPh C Py
198 (199) (200)

a) Using Triethylamine

A mixture of perfluoro-3,4-dimethylhex-3-ene (10 g,
25.0 m.moles),triethylamine (5 g, 50,0 m.,moles), phenol
2.4 g, 25.5 m.moles), and tetraglyme (20 émB) was vigorously
stirred at room temperature for 16h, and after pouring the
reaction mixture into water (20 cm3), the products separated
as a lower organic layer (10.9 g). Chromatographic analysis
(¢.D.B., column 'A', 125°) indicated that this consisted of

three products, identified as I'rans-4-phenoxy-3,4-bis-tri-

fluoromethyl-nonafluorohex—2-ene (199) (28%). b.p. 194°.

(Found: C, 35.4; F, 60,43 H, 1.2; M'T 474. C1,T15H50 requires

C, 35.43 ", 60,23 H, 1.0; M 474), infra-red spectrum No. 17,
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Lp and lH spectra No, 22; Cis-4-phenoxy-3,4-bis-trifluoro-

methyl-nonafluorohex-2-ene (198), (37%), b.p. 193°. (Found:

+

C, 35.63 ¥, 60,45 H, 1,33 M 474, 014F15H50 requires C, %5.4;

F, 60.2; H, 1.0; M 474), infra-red spectrum No. 18, 'OF and 'H

spectra No. 23%; and Cis-2-phenoxy-%,4-bis-trifluoromethyl-

nonafluorohex-2-ene (200), (35%), b.p. 191°., (Found: C, 35.7;

F, 60.4; H, 1.3; M" 474. C H_O requires C, 35.4; F, 60,2;

14715M5
1

H, 1.0; M 474), infra-red spectrum No. 19, 197 ana ‘m spectra
No. 24,

b)  Using Sodium Carbonate

A mixture of perfluoro-3,4-dimethylhex-3-ene (8 g,
20.0 m.moles), anhydrous sodium carbonate (2.1 g, 20.0 m.moles),
phenol (1.9 g, 20.2 m.moles), and dimethylformamide (30 cm?)
was vigorously stirred at room temperature for 48h, After
filtering and then pouring into water (50 cm’) the products

separated as a lower organic layer, which yielded a volatile

fraction (3,75 g) identified as a mixture of (198), (199) znd

(200) in yields of 18%, 21% and 2.5% respectively. The
involatile residues (3.1 g) were not identified, but a mass
spectrum showed a parent peak at 548, consistent with dephen-
oxy derivatives.

¢) Egquilibration Experiments

i) A reaction mixture was prepared in a similar manner
to that described in X.C.2.a, and a sample withdrawn to deter-
nine the product composition (Table 45) by chromatographic
analysis (G.D.B., column 'A', 1250). This reaction mixture
was then divided into two, one half enriched with (200)

(Sample 1), the other with (199) (Sample 2), and the composition
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of the new samples determined (Tahle 45), After vigorously
stirring each for 17h the composition of the final products
was determined. The results (Table 45) indicate that some

equilibration had occured.

Table 45

Distribution of Phenyl Iithers in Lquilibration Experiment

Percentage Composition
Sample ' (198} klﬁg) (200)
Initial Reaction Product 48 30 22
Sample 1, Initial 40 17 42
Sample 2, Initial %5 50 15
Sample 1, Final 46 27. 27
Sample 2, Final 39 32 29

ii) A mixture of phenyl ethers of known composition
(Table 46) was divided into two, one half added to a mixture
of caesium fluoride (3 g, 20,0 m.moles) in tetraglyme (15 Cm3),
the other to triethylamine (1 g, 10.0 m.moles) in tetraglyme
(15 cmB). After vigorously stirring at room temperature for
36h, both samples were poured into water and the product com-
positions determined by chromatographic analysis (G.D.B.,

column 'A', 125°), The results (Table 46) indicate that more

equilibration occured with caesium fluoride
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Table 46

Results of Equilibration using Triethvlamine and

Caesium Fluoride

Percentage Composition
of Products

Sample
P 198) | (299) | (200)
Initial Composition 29.0 13,0 58.0

After stirring with CsF 37.5 25.0 3745
After stirring with EtBN 32,0 19.0 49.0

3, Reaction with Methanol

3\C=C/ 3 CF, CF3 CF3 CF3
/Oy |
/ 3 0 CF3 CF3
OMe

(205) (206) : (207)

a) Using Sodium Carbonate

A mixture of perfluoro-3,4-dimethylhex-3-ene (176)
(10 g, 25.0 m.moles), methanol (0.75 g, 23.4 m.moles),
anhydrous sodium carbonate (2.5 g, 24,8 m.moles), and tetra-
glyme (20 cm3) was vigorously stirred at room temperature
for 24h, After filtering and pouring the reaction mixture
into water the products separated as a lower organic layer,

which chromatographic analysis (G.D.B. column 'A', 78°)



=203~

indicated consisted of unreacted (176), two minor, unidenti-

fied components, plus Cis-4-methoxy-3,4-trifluoromethyl-nona-

fluorohex-2-ene (205), (61%, 67% conversion), b.p. 122°,

(Found: H, 0.6; F, 69.7; M 393, C,F,_OH, requires H, 0,73;
9715773 1

F, 69,23 M 412), infra-red spectrum No, 20, 19F and "H n.m.r,
spectra No., 25. The product (205) was purified using prepar-
ative scale chromatography.

b) Using Triethylamine

Methanol (0.75 g, 23.4 m.moles) was slowly added to a
vigorously stirred mixture of perfluoro-3,4-dimethylhex-3-ene
(10 g, 25.0 w.moles), triethylamine (5g, 49.5 m.moles) in
7).

tetraglyme (20 cm After pouring the reaction mixture
into'water the products (9.5 g) separated as a lower organic
layer, which was washed with dil,HC1 (2x20 cm3) and dried
(MgSO4). Chromatographic analysis (G.D.B. column 'A', 78°)

indicated a mixture of eight products, two of which were

identified as (205) (18%), and cis and trans—perfluoro-2,5-

dihydro-tetramethylfuran (206), (22%). b.p. 83°, infra-red

spectrum No, 21, 19p n.m.r, spectrum No, 26 and 27. The mass
spectrum showed a.P—19 peak at 359,

At the time of writing a satisfactory elemental analysis
has not been obtained, the fluorine figures being low, but a
possible explanation for this result is that evaporation of
the volatile compound (206) was occuring before fusion with
the alkali metal, so giving low fluorine analysis.

The product (206) was purified by distillation and pre-

parative scale chromatography (Aerograph, column 'A', 650).
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c) Rapid addition of Methanol to a refluxing mixture of

Perfluoro-3,4-dimethvlhex-3-ene in Tetraglyme

i) Using Triethvlamine

Methanol (0.75 g, 2%.4 m.moles) was rapidly added to a
vigorously stirred, refluxing mixture of perfluoro-3,4-
dimethylhex-%-ene (10 g, 25.0 m.moles), triethylamine (5 g,
49.5 m.moles) and tetraglyme (20 cm3). After refluxing for
4h the reaction mixture was poured into water when the
products separated as a lower organic layer, which on
vacuum transference gave an involatile black oil, and a
colourless volatile liquid (5.1 g). Chromatographic analysis
(6.D.B., column 'A', 78°) of the volatile products indicated
that they consisted of three components, identified as (205)

(17.5%),(206) (30%), and perfluoro-tetramethvlfuran (207)

(8%), bv.p. 103°, (Found: F, 67.6; M' 340, CgF1,0 requires
F, 67.0; M 340), infraj;red spectrum No, 22, 19p n.m,r,
spectrum No, 28.

The furan (207) was purified by distillation and prepa-

rative scale chromatography (Aerograph, column 'A', 650.)

ii) Using Pvridine

The previous experiment was repeated except that pyridine
(4 g, 50,5 m.moles) was substituted for triethylamine. Chro-
matographic analysis (G.D.B., column 'A', 78°) indicated that
the products (6.5 g) consisted of unreacted olefin (176) and

perfluoro-2,5-dihydrotetramethylfuran (206) (56%).
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a) Refluxing a mixture consisting mainly of Perfluoro-2,5-

dihyvdrotetramethvlfuran with base

i) With Triethylamine

A mixture (5 g) consisting of (205) (32%), (206) (55%),
and (207) (13%), was refluxed with triethylamine (3 g, |
30 m.moles) in tetraglyme (10 cmo) for 16 h. After pouring
the reaction mixture into water the products separated as a
lover layer, which on vacuum transference yielded an invola-
tile black oil (1,6 g), and a volatile, colourless liquid
(2 g). Chromatographic analysis (G.D.B., column 'A', 780)
indicated that the volatile material consisted of a mixture
of (205) (16%) and (207) (84%).

'ii) With Pyridine

In a repeat of the previous experiment, using pyridine
instead of triethylamine, no change in the composition bet-
ween starting material and final product was observed,

e) Refluxing Perfluoro-3,4-dimethvlhex-3-enec with Methanol

A mixture of mwethanol (0.75 g, 23.4 m.moles), perfluoro-
3,4-dimethylhex-3-ene (176) (10 g, 25.0 m.moles), and tetra-
glyme (25 cm3) was.refluxed for 24h, Chromatographic analysis
(¢.D.B. column 'A', 78°) of the recovered material (9.5 g)
indicated that only starting material (176) was present.

f) Refluxing Perfluoro-3,4-dimethylhex-3-ene with Triethy-

lamine

A mixture of perfluoro-3,4-dimethylhex~3-ene (176) (10 g,
25.0 m,moles), triethylamine (7.5 g, 75.0 m.moles), and
sulpholane (20 cm3) were refluxed for 24h, when a sample of

the lower product layer was withdrawn. The n.m.r. spectrun
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indicated that this consisted mainly of starting material
(176) and perfluoro-3%,4-dimethylhexa-2,4-diene (179) (<5%).

g) Refluxing Perfluoro~3,4~dimethyvlhex-3-ene with water and

Triethvlamine

A mixture of perfluoro-3,4-dimethylhex-3-ene (10 g,
25.0 m,moles), water (1 g, 56.0 m.moles), triethylamine
(5 g, 50.5 m.moles), and tetraglyme (25 cm3) was refluxed
for 4h. On pouring into water the products separated as a
lower layer, which after vacuum transference yielded an
involatile black oil (4.5 g) and a volatile liquid (3 g).
The 19F n.m.,r, spectrum of the volatile material indicated
that neither (206) nor (207) had been formed, and the reac-

tion was not investigated further.
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APPENDIX 1

19F and 1H n,m.r., opectra

Index to n.m.r. spectra

1.
2.
3.
4.
D

10,

11,

12.

13,

14.

4-Chlorotetrafluoroethyl-2,5,6-trifluoropyrimidine (106)
4,6-Bis-chlorotetrafluoroetnyl-2,5-difluoropyrimidine (107)
2-Chlorotetrafluoroethyl-6,5-difluoro-S-triazine (102)
2,4-Bis-chlorotetrafluoroethyl-6-fluoro-S-triazine (103)
2£§g§—1,3-bis—(2',3',5',6'—tetrafluoropyridyl)-hexa—
fluorobut-l-ene (142)
4,5-Bis-(1'-(2",3",5",6"-tetrafluoropyridyl)-tetrafluoro-
ethyl)-3,6-difluoropyridazine (143)
Cis-1-phenoxy-2-(2',3%',5',6'-tetrafluoropyridyl)-difluoro~
ethylene (149)
Trans-l-phenoxy-2-(2',3',5',6'-tetrafluoropyridyl)-
difluorcethylene (150)
2-0xa-4(2'-methoxy-3',5',6"'-trifluoropyridyl)-3,3,4~
trifluorobutane (151)
1,2-(2',3',5',6'-tetrafluoropyridyl)hexafluorocyclobutane
(158)

Cis and Trans-l-chloro-2-(2',3',5',6'-tetrafluoropyridyl)
hexafluorocyclobutane (166) and (167)
1-(2',3',5',6"'~tetrafluoropyridyl)-2-trifluorome thyl-
hexafluorocyclobutane, Isomer A
1-(2',%',5',6"'-tetrafluoropyridyl)-2-trifluoromethyl-
hexafluorocyclobutane, Isomer B
2,2-Bis-trifluoromethyl-3-(2',%',5',6'-tetrafluoropyridyl)-

trifluorooxetane (171)




15.
16,

17.
18,

19.
20,
21.
22,
23.
24;
25,
26.

27.
28,
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Perfluoro-3,4,5,6-tetramethylocta-3,5-diene (181)
Perfluoro-trans, trans-3,4-dimethylhexa-2,4-diene (179)
Perfluoro-cis,trans-3,4~dimethylhexa-2,4-diene (184)
Perfluoro-1,2,3,4-tetramethylcyclobutene (180)
3-Trifluoromethyl-~4~diethylaminofluoromethene-~undeca-
fluorohexane (187)

3-Trifluoromethyl-4~(N,N-diethylamido)decafluorohex-

3-ene Isomer A

3-Trifluoromethyl-4-(N,N-diethylamido)decafluorohex-
3~ene Isomer B
Trans-4-phenoxy-3,4-bis~trifluoromethylnonafluorohex-

2-ene (199)

.Cis—4-phenoxy-3%,4-bis-trifluoromethylnonafluorohex-

2-ene (198)
Cis-2-phenoxy-3 4-bis-triflucronethylnonafluorohex—
2-ene (200)
Cis—4—Methoxy-3,4—trifluoromethylnonafiuorohex-2—ene
(205) |
Perfluoro-2,5-dihydro-tetramethylfuran (206), Isomer A
Perfluoro—Z,S—dihydro—tetramethylfurén (206), Isomer B

Perfluoro-tetramethylfuran (207)

The following abbreviations have been used in describing

spectra:- M-multiplet; S-singlet; Q-quartet; D-doublet.
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1. 4-Chlorotetrafluoroethyl-2,5,6~trifluoropyrimidine (106)

Shift Pine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity

69.4 D(J5’6=2O) 1 6
79.8 D(J4a’4b=6) of D(J4b,5=5) 3 4b
1%0,6 Q(J4a'4b=6) of D(J4a,5=38) 1 4a
149.8 M 1 5
Cl
SN
C Recorded neat with external
5 = CFCl3 reference
N
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2. 4,6-Bis-chlorotetrafluoroethvl-2,5-difluoropyrimidine (107)

Shift Fine structure Relative Assignment
pP.p.m. Coupling constants in Hz Intensity

47.6 D(J. ,=3%0) 1 2
5s2
80.8 D(J5’4a:5) of D(J4a,4b:5) 3 4b
131.,4 Complex overlapping M 3 5, 4a, 4b.

Cl

4,F \(L/CF 4%

[:j///J ' Recorded neat with external
6a \ ,//

CFCl3 reference

CF36b

(167)
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b 2-Chlorotetrafluoroethyl-4,6-difluoro-S—-triazine (102)

Shift Iine structure Relative Assignment

p.p.m, Coupling constants in Hz Intensity

32,9 Broad S 2 4,6
81,0 D(J2a,2b=6) 3 2b
4
6N F ‘N Foa Recorded neat with external
I /
N C\ CFC1L., reference
/ e E
CR
5 op
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4, 2,4-Bis-chlorotetrafluoroethyl-6-fluoro-S—triazine (103%)

Shift Tine Structure Relative Assignment
pP.p.m. Coupling constants in Hgz Intensity

33,7 S 1 6
81.0 D(J2a,2b:6) % 2b
81,0 D(J4a’4b=6) 3 4b
1 . J :6 1 2
131,1 Q(J4a,4b=6) 1 43
Cl.
48 F——C-——CF34b
= N
N P F Recorded neat with external
P
6L§tN//i\c/ 2a CFC1l; reference
/ el
CF3 2%

(103)
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5. Trans-1,3-bis-(2',3',5',6'-tetrafluoropyridyl)-penta-

fluorobut-l-ene (142)

Shift Fine structure Relative Agssignment
p.p.m, Coupling constants in Hz Intensity

1802 M 3 4

88.0 Broad M 4 - 2',6"
138.4

Broad overlapping
139.5 : 5 3,5
resonances
141.8 and 2 or 1
148.6 D(J, ,=138) 1 2 or 1
1,2

167.0 Broad, unresolved 1 3

(142)

Recorded in acetone solution

with external CFCl3 reference
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6. 4,5-Bis=1'=(2",3",5", 6"~tetrafluoropyridyl)-tetrafluoro-

ethyl)-3%,6-difluoropyridazine (143)

Shif+t Fine structure Relative Assignment
p.p.M. Coupling contants in Hz Intensity

75,7 Broad M 2 3,6

75.8 Complex M 6 4b, 5b
91.3 Complex M 4 2', 6'
140,9 Complex M 4 3', 5
158.8 Complex M 2 4a, Sa,

Py 5
1w l CF5 4b
2' s ]\~/

P p N
43 “~ H Recorded in acetone solution
5a T 3 with external CFCl3 reference
S~ )
s, C\CF3
— 5b
6,
&
N\ //.3,
4 2o
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Te Cis~1-phenoxy-2-(2',%',5' 6'-tetrafluoropyridyl)-difluoro-

ethylene (149)

shif+t Fine structure

Relative Assignment

p.p.m. Coupling constants in Hz Intensity
90,9 Complex M 2 2', 6
94,65 D(J1’2=16) 1 1
137.3  Complex M o 31, 5t
161.4 T(J2_3,,5,=10) of D(J1’2:16) 1 2
P —
\
¢c—-0
Vi W
ﬁ—"uz
517 3! Recorded neat with an
|
6' //J2' external CFCl3 reference
N
(149)

The 1

H n.m,r, spectrum showed a single complex multiplet

6.8 p.p.m. downfield from external T.M.S.
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8. Trans-l-phenoxy-2-(2',3',5',6'-tetrafluoropyridvl)-

difluoroethylene (150)

Shift Fine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity

90,9 Complex M 2 2', 6!
114.4 T(Jl_B,’5,=18) of D(J1’2=121) 1 1
137.3 Complex M 2 31, 5!
166,.4 T(J2_3,,5,=10) of D(Jl,2=12l) 1 2

[jjf\\\
\‘J
0
P |
C
2
5"// ! Recorded neat with an
F .
6'' Q- ! external CFCl3 reference
N
(150)

The 1H n.m.r, spectrum showed a single complex multiplet

6.8 p.p.m, downfield from external T.M.S.
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g, 2-0xa-4(2'=-methoxy-3',5"',6'-trifluoropyridyl)=3,%,4~

trifluorobutane (151)

Shift FPine structure Relative Assignment
p.p.m, Coupling constants in Hg Intensity
89.5 M 2 1
— _ !
98,1 D(JS,,6.—21) of D(JB.,6,—31) 1 6
143,4 M of D(JB' g1=31) 1 3
’
154,1 M 1 51
206,8 M 1 2
H
i i
F—-—Cz"—’li—-OCH3
5"// 3! Recorded neat with an external
|
6! \\N OCH CFCl3 reference
3
(151)
1

H n.m.,r. spectrum showed three resonances, 3.4, 3.7
and 5.6 p.p.m, downfield from external T.M.S. which integrated

in the ratio 3:3:1. These have been assigned to the two methyl

groups and 2H,
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10, 1,2-(2',3',5',6'-tetrafluoropvridvl)hexafluorocyclo—

butane (158)

Shift Fine structure Relative Assignment
p.p.m, Coupling constants in Hz Intensities

97.5 Broad M 2 2',6"
121.1 AB D(J =220) 1 3,4-a or b
: a,b
131.8  AB D(J, ,=220) 1 3,4=a or b
"9
138,5 Broad M 2 3,51
164.3 M 1 1,2

Recorded in acetone solution

with external CFCl3 reference

(158)
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11. Cis and Trans—l-chloro-2-(2',3',5',6'=tetrafluoropyridyl)

hexafluorocyclobutane (166) and (167)

Shift Fine structure Relative  Assignment
P.P.0, Coupling constants in Hz Intensity

89.8 Complex M 4 2',6!'
117+135.6 4 overlapping AB quartets 8 3,4

137.6 Complex M 4 3,5
141.0 Broad M 1 2

144.0 Broad M 1 2

154.5 M 1 1

160.6 M 1 1

Recorded neat with external

CFCl3 reference

(166) and (167)
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12, 1-(2',3%3',5',6'—tetrafluoropyridyl)-2-trifluoromethyl-

hexafluorocyclobutane

Isomer A

Shift Fine structure Relative Assignment

p.pe.m. Coupling constants in Hz Intensity

76.6 Broad S

3 2a
g2.6 M 2 2', 6!
12%3,9  AB D(J4a,4b=224) 1 4a or b
131.6 AB D(J4a,4b:224) 1 4a or b
131.6 Broad o 2 3
135,6  Broad M- > 31,5¢
168.4 Broad M 1 1
19%.8 M 1 2
2a CF
2 3 _F
F F .
Recorded neat with an external
by Fa CFCl3 reference
4 gy
t
5t — 34
61| T / .
N\ 21



13, 1-(2',3',5',6'-tetrafluoropyridyl)-2-trifluoromethyl-

hexafluorocyclobutane

Isomer B

Shift Fine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity

75.1 M 3 2a

90.6 M 2 2', 6
126.2 AB D(J4a,4b=229) 1 4a or b
126,5 Complex M 2 3
133.0  Q(J5g_4g op 4b=14) of AB D(J4a,4b=229) 1 4a or b
158,8 M 2 3t, 5
1708 M i 1
188.4 M 1 2

2a
CFya, 2 3
P F
Recorded neat with an external
F 1 ¥a :
Tb CFCl3 reference
5 — 4
]
61 T /3
N
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14, 2,2-Bis-trifluoromethvi-3-(2',3',5',6'-tetrafluoropyridyl)-

trifluorooxetane (171)

Shift Fine Structure

Relative Assignment

p.p.m., Coupling constants in Hz Intensity

74.0 M

75.0  AB D(J4a’4b:94)

partially obscured

76.2 AB D(J4a’4b=94)
89.7 M

1%9.7 M
153.9 M

6 2a, 2b
1 4a or b
1 4a or b
2 2', 6!
2 31, 5
1 3

l 2 ~Fb
: ” //; l3'
6| \ 2'
N

Recorded in acetone solution

with external CFCl3 reference
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15, Perfluoro-3,4,5,6-tetramethylocta-3,5-diene (181)

Shift Fine structure Relative Assignment
p.p.m., Coupling constants in Hz Intensity

58.5
Broad overlapping
59.4 : 12 3a,4a,5a,06a.
resonances
58.8
85.4  Broad overlapping
6 1,8
85,9 resonances
116.0  Broad M
4 2,7
118,2 Breoad M
33 4aqa
CF3ﬁxg g//CFB 6a
- CF R -
2Céfﬂ' \\g*gﬂJﬂ 3 ecorded neat with external
2 / - CFCl, reference
17, 3
CF CF CF
>a CP
g )
(181)

Mixture of isomers



224~

16, Perfluoro-trans,trans-3,4-dimethvlhexa=-2,4-diene (179)

Shif't Fine structure Relative Assignment
p.p.m, Coupling constants in Hz Intensity

64.5 D(J2’3a=18) 3 3a
106.4  Broad Q(J2,3a=18) 1 2
CF '
3
1 op Y=g’
\
No/w CF
//C=Q\3 3 Recorded neat with external
F 2 CF3 CFCl3 reference
Za . '



17. Perfluoro-cis,trans-3,4-dimethvlihexa-2,4~-dienc (184)

Shift Fine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity
60.9 M 3 3a
64,6 D(J5,4a=18) 3 4a
72.4 D(J1’2=6) of Q(Jl,Bazlo) 3 1
1343 Broad S 3 6
103,73 Broad M 1 2
106,5 M 1 5
4a
CF
3 F
1y ﬁ—ﬂ//
N2 3 4 e\
y =%//4 > 6CF3 Recorded neat with external
1
CF3 CF3 CFC1l, reference

3a 3
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18, Perfluoro-1,2,3%,4-tetramethylcyclobutene (180)

Shift Fine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity

67.2 M 6 la,?a
8.8 D(J,, 5,=7) 6 4a,3a
172.2 M 2 3,4
4%F la
3 CF
v 1, /73
F .
3 //o ' Recorded neat with external
CF3b_ on CFCl3 reference

180
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19, 3-Trifluoromethyl-4-diethylaminofluoromethene-undeca-

fluorohexane (187)

Shift Fine Structure Relative Assignment

p.pP.m, Coupling constants in Hz Intensity

42,0 Broad unresolved 1 4a
77,2 Broad S 3 3a
82,5 Broad D(J=18) 3 1l or 6
84,1 D(J=28) 3 1 or 6
103.,5 Broad, unresolved 2 5
117.0 M of AB D(J=228) 1 2
122.4 M of AB D(J=228) 1 2
181,55 Broad, unresolved 1 3
C,H C,H
2 5\/ 25
%a N
fF3 |C/F
3 4 // 48.
F“—?-———C\\ Recorded neat with external
2CF 5CF2\ CFCl, reference
CF3
(187)

The 1H spectrum shows two resonances at 1.0 and 3.1 p.p.m.
downfield from external T.M.S. which integrated in the ratio

3:2. These have been assigned to the CH3 and CH2 groups.
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20, 3=Trifluoromethvl-4—(N,N-diethylamido)decafluorohex-

3—-ene

Isomer A

Shift. Fine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity

58,0 M 3 %a

8l.1 M 3 1 or 6
82,2 » M 3 1l or 6
106.3 Complex Overlapping i 2.5

— ?

110.5 AB Q(J=280)

21,

Isomer B
Shift Fine structure Relative Assignment

p.p.m., Coupling constants in Hz Intensity

60,2 M 3 3a
81l.1 M 3 1l or 6
82,2 M 3 1l or 6
1O6f3 Complex Overlapping 4 2.5
= 4
10,5  AB Q(J=280)
5 /NEt2
a O
CF3’144 s 0
C=C4 R . !
K . ecorded neat with external
2/CF2 CF, 5 CFC1l. reference
1 CF N 2
3 CF3 6

The 1H spectrum shows two resonances at 1.1 and 3.3 p.p.m.

downfield from external T.M.S. which integrated in the ratio

3:2, These have been assigned to the CH3 and CH2 groups,
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22, Trans-4-phenoxy-3%,4-bis-trifluoromethylnonafluorohex-

2-cne (199)

Shift Fine structure Relative Assignment
Peball, Coupling constants in Hz Intensity

61.9 Broad unresolved 6 4a, 3a
71,6 M 3 1
76,1 M ' 3 6
100,4 Broad M 2 5
105.,6 Q(J1,2=1O) of Q(J2’3a=26) 1 2
3a
CF
13
s 3\g=€/1 Recorded neat with external
4 / N\
CF3—‘;C 5 CF3 CFC]_.j reference
0 CF, ¢
~
CF3
(199)
The 1H n.m,r, spectrum showed a single complex multiplet

7.8 pep.m, downfield from external T.M.S.
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2%, Cis—-4-phenoxy-3,4-his~trifluoromethylnonafluorohex-2-ene

198
Shift Fine structure Relative Assignment
P.p.m. Coupling constants in Hz Intensity
58.8
Overlapping M 6 3a, 4a
59.4
72,2 D(J1,2=6) of Q(JBa,l=ll) 3 1
81,0 Q<J3a,6=5) of D(J2,6=21) 3 6
99,5 Broad, unresolved 2 5
106,2 Broad, unresolved 1 2
Ja 1
CF, - ~ CF
N
4da 4 /7T N\g ‘ Recorded neat with external CFCl3
CFr,— C
3 O/ \gF (198) reference
2
X
CF5
6
1

The "H n.,m.,r, spectrum showed a single complex multiplet

7.8 pepom, downfield from external T.M.,S.
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24, Cis-2-phenoxy-3,4-bis-trifluoromethyl-nonafluorohex-

2—ene (200)

Shift Fine structure Relative Assignment
p.p.m, Coupling constants in Hz Intensity

58,6 M 3 3a
60.4 Q(J1,3a=15) 3 1
73.5 Broad S 3 4a
82.6 Broad D(J, .=18) 3 6
4,6
120,.8 Complex AB Q 2 5
181,0 M 1 4
3a -
CF *
3 CF
\\g=g// 3 Recorded neat with external
6 5 4/ O CFC1, ref
CF.CF . —C 4a 3 reference
22 s e
F 3
(200)
1

The "H n.m,r. spectrum showed a single complex multiplet

7.8 pepems downfield from external T.M.S.
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25, Cis—4-tethoxy-3,4-trifluoromethylnonafluorchex-2-ene (205)

Shift Fine structure Relative Assignment
p.p.m. Coupling constants in Hz Intensity

55.8 M 3 Sa
67.0 Broad S 3 4a
7001 D(J1’2=3) of Q(J1,38.=13) 3 1
82,7 M 3 6
9%,6 Broad unresolved 1 2
120,53 M 2 5
3a 1
s 32 OF3
4a (=0 Receorded nezt with external

Pz 4,/ °F
CS .6
C/ CF ;- CF 5
OCH; :

(205)

CFCl3 reference

1

The "H n.m.r. spectrum showed a single resonance 3,7 p.p.m.

downfield from external T.M.S.
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26, Perfluoro-2,5-dihydro-tetramethylfuran (206), Isomer A

Shift Fine structure Relative Assignment
pe.p.m, Coupling constants in Hz Intensity

67.3 M 3 3a
85.0 M 3 22
122.6_ Broad M 1 2

27. Perfluoro-2,5-dihydro-tetramethylfuran (206), Isomer B

Shift. Fine structure Relative Assignment
P.p.m. Coupling constants in Hz Intensity

62,9 M ’ 3 3a
83.4 M 3 2a
112.2 Broad M 1 2
3a
CF
CFy /T3 |
—_ Recorded neat with external
F 2 F
2a ﬁ?\\ CFC1l, reference
CF5 0 \CFB 3

(206)
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28, Perfluoro-tetramethylfuran (207)

Shift Fine structure Relative Assignment

pe.p.m., Coupling constants in Hz Intensity

60.4 M ' 1 2a
65.8 M 1 3a
CF3 CF3 3a
‘ /JL\ Recorded neat with external
CF 0 CF3 on CFClBreference.

(207)



APPENDIX 2

Infra-red Specira
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So0lid samples were recorded as KBr discs and liquid or

low melting samples as contact films between KBr plates.

Spectrum No, Compound
1 4-Chlorotetrafluoroethyl-2,5,6-trifluoro-

pyrimidine (106)
2 4,6-Bis-chlorotetrafluoroethyl-2,5-difluoro~
pyrimidine .(107) v
p) 2-Chlorotetrafluoroethyl-4,6-difluoro-S—~
triazine (102)
4 2,4-Bis-chlorotetrafluoroethyl-6-fluoro-
S-triazine (103) -
5 Trans-1,3-Bis-(2',%',5',6'~-tetrafluoro-
pyridyl)—hexafluorobut-l-ene (142)
6 4,5-Bis—(1'—(2",3",5",6"—tetraf1uoropyridyl)«
tetrafluoroethyl)-3,6-difluoropyridazine (143)
7 Cis and Trans-l-phenoxy-2-(2',3',5',6'~
tetrafluoropyridyl)-difluoroethylene (;5g)
and (150) B
8 2-oxa-4-(2'-methoxy-3',5"',6"'-trifluoro-
pyridyl)-3,3,4-trifluorobutane (151)
9 1,2-(2',3',5',6'=tetrafluoropyridyl)hexa-
fluorocyclobutane (158) |
10 Cis and Prans-l-chloro-2-(2',%',5',6'-tetra-
fluoropyridyl)hexafluorocyglobutane (166)
and (167)
11 1-(2',3',5',6'-tetrafluoropyridyl)-2-tri~

fluoromethyl-hexafluorocyclobutane, Isomer A.
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Spectrum lNo, Compound
12 1-(2',3',5',6'-tetrafluoropyridyl)-2~

trifluoromethyl-hexafluorocyclobutane
Isomer B,
13 2,2-Bis-trifluoromethyl-3-(2',3',5',6"'~

tetrafluoropyridyl)-trifluorooxetane (171)

14 Perfluoro-3,4,5,6-tetramethylocta-3,5-diene
(181)
15 3-Trifluoromethyl-4-diethylaminofluoro-

methene-undecafluorohexane (187)

16 Cis and Trans-3-~trifluoromethyl-4-(N,N-
diethylamido)decafluorohex-3-ene (188)
and (189) |

17 Trans-4-phenoxy-3,4-bis~trifluoromethyl~
nonafluorohex-2-ene (199)

18 Cis~4-phenoxy-3,4~bis~trifluoromethyl-
nonafluorohex-2-ene (198)

19 Cis-2-phenoxy-3,4-bis~trifluoromethyl-

" nonafluorohex—2-ene (200)
20 Cig-4-Methoxy~3,4~trifluoromethylnonafluoro-
hex-2-ene (205)

21 Cis and Trans-perfluoro-2,5-dihydro-tetra-

methylfuran (206)

22 Perfluoro-tetramethylfuran (207)
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