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Mixtures of iodine pentafluoride and iodine, and bromine
trifluoride and bromine have been shown to behave as iodine mono-
fluoride and bromine monofluoride respectively in their reactions with
fluoro-olefins. Several fluoro-olefins have been used and excellent
yields of the corresponding iodo- or bromofluoroalkanes obtained. A
similar reaction, using a mixture of bromine and chlorine as a source
of bromine chloride, has also been investigated. Reactions of iodine
monochloride and iodine monobromide with chlorotrifluoroethylene
previously described in the literature, were reinvestigated and
disclosed a discrepancy with the previous report.

The pyrolysis of pentafluoroiodoethane has been studied, and
optimum conditions found for its conversion by this means to perfluoro-
butane.

The product from this reaction between "iodine monofluoride"
and hexafluoropropene was shown to be the new compound heptafluoro-
2-iodopropane. Several reactions of this compound were investigated:
reaction with sulphur; hydrolysis; coupling reaction; formation of
2-heptafluoropropyl zinc iodide and subsequent hydrolysis; formation
of the Grignard reagcnt and subseguent reaction with water, acetone
and propionaldehyde; and formation of the lithium reagent and
subsequent decomposition, attempted hydrolysis, reaction with acetone

and propionaldehyde. These reactions were similar to the corresponding

reactions of heptafluoro-l-iodopropane.

The use of lithium-halogen exchange as a source of olefins fron

polyhaloalkanes has been studied; the procedure being to replace

chlorine or iodine by lithium using n-butyl lithium, and then eliminate

halide using a halogen on an adjacent carbon atom, thus forming a
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double bond. Pentafluoroiodoethane, 1l,2-diiodotetrafluoroethylene

and l-chloro-2-iodotetrafluoroethane all produced tetrafluoroethylene;
heptafluoro-2-iodopropane gave hexafluoropropene; 1,1,2-trichloro-
trifluoroethane gave chlorotrifluoroethylene; 1l,4-dichlorododecafluoro-
2, 3-dimethylbutane gave 4-chloroundecafluoro-2, 3%-dimethybut-l-ene;
and dichlorodecafluorocyclohexane gave a mixture of perfluorocyclo-
hexadienes and perfluoro- and monochloroperfluorocyclohexenes.

An analytical procedure for determining fluorine in volatile
organic compounds has been devised; this involves weighing the sample
as a gas after measuring it into a bulb froma vacuum system, and
then converting the organicslly bound fluorine to fluoride ion using

the biphenyl-sodium-dimethoxyethane complex.



CHAPTER 1.

INTRODUCTION.




INTRODUCTION.

Freparation of Fluoroalkyl Jlodides and Bromides.

Probably the most important method of preparing fluoroalkyl
iodides and bromides described up to the present time, is that
involving the decarboxylation of the silver salt of a fluorocarboxylic
acid in the presence of free halogen. It is essential that the reactants
are extremely dry, and under these conditions it is claimed that the
yields are almost quantitative. The temperature reguired to allow the
reaction to proceed at a reasonable rate varies depending on the nature
of the two reactants. Silver monofluoroacetate and bromine react at
180° to 260° to produce bromofluoromethane (1)
CH2FCOOAg + Br2 o CH2FBr + CO2 + AgBr

whereas silver trifluorcacetate and bromine react similarly at 500 to

(26) (2)

oroduce bromotrifluoromethane in 88% yield. Hauptschein has

decarboxylated the silver salts of trifluoroacetic,pentafliuoropropionic,
heptafluoro-n-butyric and hexafluoroglutaric acids in the presence of
iodine at lOOO for six hours, and obtained the corresponding fluorocarbon

(3)

iodides, and in the last case, diiodide. The same worker reacted
the first three of the silver carboxylates mentioned, with bromine and
chlorine, and obtained the corresponding fluorocarbon bromides and
chlorides.

A more detailed study of this type of reaction has been made by

(4)

Crawford and Simons , who treated several silver perfluorocarboxylates

with iodine and bromine at room temperature in fluorocarbon solvents
and obtained high yields of the corresponding perfluoroalkyl halides.

They also isolated the intermediate complexes of general formula

(Rf €O AgX, Rf represents a fluoroalkyl group.

2 )2



3,
(5),(6)

A few reactions have been described where either a

fluorocarboxylic acid, acyl halide or anhydride has been heated in
the presence of a free halogen, producing the corresponding fluoro-
alkyl halide. The temperature necessary to promote reaction in these
cases was usually higher than in those reactions involving the silver
fluorocarboxylates. The yields, however, were again usually quite
high.

A second extremely useful method for peparing fluoroiodides and
bromides of formula RfCH.X (X- I,Br) involves decomposing tosylates

2

or other esters of fluoroalcohols in the presence of either sodium

(7)

bromide or iodide. Tiers first reported this reaction when he

prepared the tosyl esters of several fluoroalcohols, and reacted
them with sodium chloride, bromide and iodide in ethylene glycol at
150° to 220°.

Another reaction using fluoroalcohols is that involving halogenation

(8),(9),(10)

of the hydroxyl group using either phosphorous tribromide

(11),(12)

iodine and red phosphorous

acid(IB). The same type of fluoroalkyl iodide is obtained from the

s Or potassium iodide and phosphorie

treatment of diazo compounds of formula RfCH2N2 with iodine or hydrogen
iodide(l4)’(15).

The treatment of polyhaloalkanes under controlled conditions
with bromine trifluoride or iodine pentafluoride, has afforded in some
cases excellent yields of fluoroalkyl iodides and bromides<l6).
Banks et al.(l7> has reacted liquid bromine trifluoride with carbon

tetrachloride or tetrabromide forming mixtures of chlorofluoromethanes

or bromofluoromethanes, the proportion of which depends on the reaction

conditions.



With carbon tetraiodide, bromofluoromethanes and carbon tetrafluoride
are formed. Iodine pentafluoride converts carbon tetrabromide into

a mixture of bromofluoromethanes, while with carbon tetraiodide,
trifluoroiodomethane is formed in good yield. Tetraiodoethylene and
iodine pentafluoride give pentafluoroiodoethane.

(18)

Haszeldine has also fluorinated tetrafluoro-l, 2-diiodoethane

with iodine pentafluoride to give an excellent yield of pentafluoro-

(19) claims to have prepared trifluoroiodomethane

iodoethane. Krespan
by the reaction of trifluoroacetyl chloride with dry potassium iodide
in an autoclave at an elevated temperature. Other methods of pre-

paring fluoroiodoalkanes and fluorobromoalkanes involve the use of the

fluoro-olefins.

(a). Addition of interhalogen compounds to fluoro-olefins.
(b). Addition of fluoroiodoalkanes to fluoro-olefins.

(c). Reactions of fluoro-olefins with iodide and bromide ions.

These methods will be described in detail in the discussion on the
reactions of the fluoro-olefins which follows.

Reactions of fluoro~olefins.

Electrophilic addition reactions.

In these reactions the polarisation of the double bond and hence
the direction of attack of the electrophilic ion, depends on various
electronic effects which are possible in the olefin. The most important
effects are the strong positive inductive effect caused by the presence

of fluorine in the molecule, the hyperconjugative effect E+ )
1
F



of the trifluoromethyl group, and the mesomeric effect of a halogen

which is bonded with an unsaturated carbon atom =— C,,F
N e
F

Generally, therefore, any olefin containing a difluoromethylene group
has a positive centre on the carbon atom of this group, as in

1, 1 - difluoroethylene

H F
e 8*/((
cC = C
TN

A difluoromethylene group exerts a stronger mesomeric effect than
a fluorochloromethylene or dichloromethylene group, and therefore in
chlorotrifluoroethylene or 1, 1 - dichlorodifluoroethylene the positive

centre is also on the difluoromethylene carbon atom

Y [F Fy 1
e o ¢* e oo 7
A8 BN A8 8%\
F ca F Cl

Also any olefin containing a trifluoromethyl group has a negative
centre on the carbon atom adjacent to this group, as in 1,1,1 - tri-
fluoropropene

8= 8+

CF3 —&— CH = CH2

These mesomeric and hyperconjugative effects can work together as in

hexafluoropropene F
8- 8+
CF3 é6— CF = C\e\F
(20)

Haszledine has added hydrogen bromide and hydrogen iodide to

vinylidene fluoride and l-chloro-2, 2-difluoroethylene, when in both

® lLote rhe usual notation §is in this thesis denoted by 8.






























































































































































































































CHAPTER 3.

EXPERIMENTAL

WORK.

79.















































































































































































































































































































