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spectral data sre presented.

(b) The second part involves the preparation and
isolation of alkylperfluoroalkylbismuth compounds, Such
compounds were previously unknown, Perfluoroiodoalksnes
reacted directly with trialkylbismuth eompounds st 100°0
forming both dialkylperfluoroalkyl- and alkylbi sperfluorc-
alkyl=bismuthines, These compounds are readily oxidised
and may be hydrolysed by agqueous alkali liberating the
appropriate fluorocarbon. They act as Lewls acids in
forming adducts with the strong base, dimethylamine.
Halogens repidly split off both alkyl and perfluoroalkyl
groups, Interconversion of the mixed alkylperfluoroalkyl
compounds 1s readily effected. Vepour pressure-temperature

and infra-red spectral date are presented and discussed.

(e¢) The third section deals with a new potentislly
general method for the preparation of trifluoromethylated
derivstives of metals. The technique involves passing
triflooromethyl radicals, generated from either hexa-
fluoroacetone or hexafluoroethane, over metals and was
most successfully applied to the preparation of the new
compound bistrifluoromethylditelluride. This compound is
hydrolysed by aqueous alkali ylelding fluoroform
quantitatively and reacts with mercury giving bis(trifluoro-

methyltelluro)mercury. Evidence was cbtained for the



111,

formation of tristrifluoromethylbismuth and tetrak istri-
fluoromethyl-1ead.

(4) In the final section are described reactions used in
attempts to prepere perfluoroalkylthallium compounds.
The reaction of perfluoroiodoalkanes snad trimethylthallium
Yielded dimethylthallium fluoride, while reactions of the
type normally successful for the prepsnration of trialkyl-
thallium compounds, when modified to permit formation of
perﬂueroallgylthalliumderivatives, 41d not yteld@ the
desired produet,
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SOME GENERAL ASPECTS OF THE CHEMISTRY OF ALKYL AND
PERFLUOROALKYL DERIVATIVES OF VARIOUS ELEMENTS

1. INTRODUCTION

Organometallic compounds are generally defined
as compounds possessing metal-carbon bonds.1 However
it ie convenient to include in this definition, compounds
which contain bonds between carbon and metalloldsal
element52 and indeed, to extend the definition still
further to incorporate compounds like trimethylphosphine
and diphenyldiselenide, in which the parent elements are
not strictly even metalloids. The reason for using
such a broad definition is thst in Group VB for example,
apart from nitrogen, ell the elements form organic
derivatives whose properties can be correlated 1n the
form of an approximately graded gerieg, and 1t 1g most

convenient to refer to such compounds as Organometallic,

It 18 in thie general sense thet the term
"organometallic compound” is used throughout this thesis,
Examples of such compounds can be divided into two main
categories, The first consiste of those compounds in
which the metal is bound to a specific carbon atom as in
the case of methyl-1lithicm, triphenylbismuth, tetraethyl-
lead, etc, In the second class of compounds there is a

generalized bonding of the metal atom to a conjugated

ring system as in bis(cyclopentadienyl)titanium dichloride,



2.

dibenzene chromium, etec, The chemistry of compounds
belonging to this latter class 1s not of direct interest
to the work described in this theels and discussion will

be 1imited to compounds of the first type.

Although most of the original work presgented
in this thesis is concerned with perfluoroalkyl
derivatives of various elements, 1t i e of benefit to the
discussion to coneider firstly some of the most
important general features of organometalliec compounds
and then to consider the speclal features associated
with bonds between elements and a earbon atom of a
perfluoroalkyl group. The term "perfluoroalkyl” refers
to organie redicals in which there has been total

replacement of hydrogen atoms by fluorine.

2. ITHE NATURE OF CARBON~METAIL BONDS

(a) Influence of Electronepgativity

Egsentially the carbon-metal bonds of
organometallic compounds are sovalent in nature. However
if there is an electronegativity difference between the
particular carbon atom and the metal, the bond will
possess some degree of ionilc character which is
proportional to this difference.” If this difference

18 more than 1.7 on the Pauling scale the bonds will
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have greater than 50% ionic character and ocompounds
possessing such bonis, e.g. ethylsedium, display many
features normally sssociated with salts. In the
ma jority of organometallic compounds this electro-
negativity difference is less than the nominal value of
1.7, but the carbon-metal bond may still poBsess 8
degree of polarity, the magnitude of which is of great
importance in determining the properties of the
substance, S8ince all metales are positive with respeot
to earbon, the fraoctionsl eleetronic charges formally
reslding on the bonded atoms mey be represented thus:

S S+ '

C —X

If then, the erganometallic compound 1s exposed to a
reagent like water, in which the polarity of the hydrogen

atoms 18 positive with respect to oxygen, the relevant

fragments of the two molecules will be oriented thus:
S~ S+
C— X

S+ 5=
H —8f OH
Hence an active intermediate is formed which, if the
free energy ia favorable, will glve new bonds depiected as:
ﬁ M

H OH



L.

The observed products of this hydrolysis reaction will
then be the metal hydroxide and =a hydrocarbon,
Hydrogen halides similarly would produce metal halides

and a hydrocarbon.

The electronegativity of alkyl groups decreases
with increasing size, i,e. CH3>>02H5:>03H7, ete., with
the result that the ionle character of the metal-carbon
bond ig less in the case when an ethyl group is
attached to a particular metal than when a methyl group

is attached,

(b) Effects of Size of Organic Groups

As well as the effeect on the electronegativity
of the carbon atom attached to the metal, sn increasge
in the size of the slkyl group produces changees in the
physical and chemical properties of a related series of
compounds. For example, the boiling points of the
alkyls of silicon increase with increasing slze of the
ethyl group. There 1s also a decreage 1n chemical
reactivity with increasing size of the organie radicsl
attached to a particular element, This feature is
exenplified by elements of Group VB and in the case of a
series of phosphinesh it 18 found that, whereas in air

trimethylphosphine readily inflames, triethylphosphine
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tends to fume, while tri-n-butylphosphine is quite stahle.

(¢) Effect of Metal

In any particular Group of the periodiec table,
the properties of analogous derivatives of the elemente
are graded regularly. For example the boiling peoints
of the tetramethyl derivatives of the elements of
Group IVB 1ncrease from carbon to lead. The chemical
reactivity likewlise follows a regular pattern within a
particular Group, but the trends are not necessarily in
the same direction for all Groups, nor even for the A
and B Subgroups of a particular Group. In Groups I, II
and IIT comparable organic derivatives of the A elements
have reactivities which inerease with increasing atomic
number of the parent element, while for the B elements
the order of reactivity is reversed. In Groups V, VI
and VIT these general features are completely the reverse
and for the organic derivatives of Group IV elements,
chemical reactivities show trends intermediate between

those of the elements in the Groups on either side,

3, EXCHANGE REACTIONS

Specific reference to the variety of methods
used in the synthesis of organometallic compounde will

not be made at this stage, slthough some important ones
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are included in the following discussion of two types
of exchange reactions which are of particular importance
in organometallic chemistry and of relevance to this
study., They are classified as (a) group exohange, and

{b) halogen~metal exchange reactions.,

(a) Group Exchange Reactions

In a study of some exchange reactions with
lead compounds, Calingaert et al.5 ghowed, with the aiad
of radioactive tracers, that at moderate temperatures,
in the shsence of solvent or catalyst, an equimolar
mixture of tetraethyl-lead and triethyl-lead chloride

quite rapidly reaches the equilibrium represented thos:
= - %
(0255)’4 Pb™ 4+ (021{5)3 PbCl—(Czﬂs)3 Pb C1 + (czns)u Pb

All four compounds exist in the equilibrium mixture in
identical proportions. Similarly when different
organic radicals are present in the two lead reactant
compounds, the entire range of possible slkyl-lead and
alkyl-lead halide compounds sppears in the equilibrium
mixture. The following reaction6 is typical and the
products found in the equilibrium mixture are those
predicted.,
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(CHs)l‘Pb (CH3)th + (GHB)S(GgﬁS)Pb + (CH3)2(02H5)2Pb
+ (CHB)(CZHS)BPb+ (C2H5)uPb

+ +

(c,B.).PbCl (C

oll5) 3 2H5)3Pb01+(CH) (CK3)P'bCI+

2572

(02115)(033)21% Cl + (033)3191: Cc1

This suggested that radical exchange might be possible
between two different tetre-alkyl-lead compounds and
accordingly it was shown that at moderate t emperatures
(50-150°C) end using catalytic quantities’ of an alkyl-
lead halide, complete interchange of alkyl radicals
occurs, ylelding the calculated number of compounds in
amount s predicted assuming random distribution of

8,9

organic radicals. The exchange may be represented

thus:

Rth + R,}P‘b—»- R,_'Pb + R3B'Pb + RzRéPb + RR%Pb + nl;Pb.

Compound s found to be successful in catalysing such
reactions include organometallic compounds like triethyl-
lead bromide, triethyltin chloride, etc. 2nd metal
halides like aluminium trichloride, zinc fluoride and
bismuth t:‘-:l.chlor‘.l_ﬁe.8 The latter compounds are

capable of forming organometallic halides under the

reaction conditions. In the absence of such catalysts,
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in most cases the redistribution reaction does not
oceur., Similar exchange reactions have been found to
take place between alkyl and aryl derivatives of a
number of other elements including tin, silicon and
mercury.1° In each case all possible combinations of
radicals attached to the metals available are found in
the equilibrium mixture, The proportion of each
product is found to be that calculated from the laws of

probability, !

1.e, that expected for random distribution
of organic radicals. The final composition is
unaffected by the cholce of solvent, catalyst or
temperature and only depends on the mole fractions of
the organic and metal components. Provided that the
same proportion of eaech diffgrent type of radical and
metal atom are used for a particular system, the final
composition is also independent of the starting material.
Thus an equimolar mixture of tetramethyl-lead end
tetraethyl-lead, or of trimethylethyl-lead and
methyltriethyl-lead; or the single compound
dimethyldiethyl-lead, gives the same products in the

same proportions,

The action of the catalysts in these reactions
1s explained knowing that compeunds typicsl of those
used in this capacity are capable of the reactions shown
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below, the catalysts being underlined.

| 8
AlC1; + R Pb =~—=RAICl, + R,PbCl

RAICL, + R, Pb R ALCL + R,PbCI
B5PRCL + R Pb¥~—=R.Pb¥C1 + thbs

The catalysts may then be crudely described as carriers
ef the groups being interchanged, The mechani en of

the redistribution reactions obviously involves radicals
end stoms but the low temperatures used and the

complete lack of secondary reactions indicates thet

free atoms and free radicals sre not present in the .
system. It is suggested that there 15 & reversible
formation of a weak complex consisting of the catalyst
and one or more molecules of the compound undergoing

the redistribution resction. When the complex bresks
up, the constituent molecules, including the cetalyst
itself, possess the sppropriete number of organic groups
taken at random from those available on the intermediate.
Kinetiec studies support the contention that the

redi stribution reaction is not one of stepwise replace-

ment but of complete, random exchange of gmupc."3

Mixturee of trialkylsluminium compounds are

eapable of similar redistribution resctions,’™ but the
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mechenism 15 somewhat more clearly defined than for the
cage of the lead compounds. Most trialkylaluminium
compounds exist in associated forms, fi.e. as dimers,
trimers or polymeric units, and as such belong to the
eclass of "eleetron deficient” compcmm‘!n.“5 Although
sluminium has only three electrons in the valence shell,
it still tends to use all four of its availsble sp>
hybrid orbitale. This gives rise to so-called
"electron deficient”™ bonds since the number of two-
centre bonds exceeds the number of available electron
pairs. Thus the dimeric form of triethylaluminium may
be written

(0,55) OB, (0 ,5)

e

(C,85) oy (0,85)

|
cn3
In sueh a compound there 1s a total of two electrons
fnvolved in the linkages Al .... C +... Al, carbon
supplying one and the aluminium stoms supplying a total

of only one,

The assoclated species are gquite capable of

dissociation.16
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The existence of such equilibris therefore admits the
posesibility of group exchange in mixtures containing
different trialkylaluminium compounds aecording to the
following scheme:

R
B,AL + R3Al=—= HzAl'-'f_.'_R'_'.,'.'-'AlRé-——‘EZAIR' + RA1 R}

This 1s found to be the case, since a mixture of tri-
igo-butylaluminiom and trimethylaluminium has been shown
to sontain 61-1no-butylmethylalum&nium,17 the reaction
being represented as:

2 Ax( ;_-cung) 3+ n(cn3) 3=—=3 A1 ( .L-Ouﬂg) 2053

However, although oryoscopic measurements indicate that
this equilibrium is esteblished in the mixture,
distillation in this case ylelds the original pure
reactants. This probably indicates that the mixture,
whose composition 1s continually changing due to removal
of trimethylaluminium by the distillation, equilibrates
sufficlently rapidly for trimethylaluminium to be
generated from methyldi-i-butylaluminium as quieckly as 1t
18 removed. 8ince distillation of mixtures of different

alkyl-lead ecompounds yields the sppropriate pure
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oomﬁponents,‘6 it sppears that the rate at which
equilibrium 1is attalned in such cases is much alower

than that for the aluminium system deseribed above.

Group exchange reactions also occur when
trialkylaluminium and trialkylboron compounds are mixed.
Like sluminium, boron forms electron deficient bridge—~
structured oompounds,15 but unlike aluminium, 1ts alkyl
derivatives are not associated due to steric effects,
Nevertheless the following type of equilibrium is found

to occur:18

R.
' R\ .-"-. ...‘-.. /
RyAl + RyB=—= R/M'"‘"R"""'B\

R

'
===R,R'Al + RR'B
R' 2 2

This fact is uged in the preparation of mixed trislkyl-
boron compourds which are obtained by mixing two
different trialkylboron compounds in the presence of
catalytic amounts of a suitable trialkylaluminiuom

compound,

Recent investigations employling the technique
of nuclear magnetic resonance showed that group exchange
also occurs in mixtures of (i) trimethylaluminium and
dimethyleadmium,’” (1i) dimethylzino and Aimethyl-

cadmlum,19 (111) trimethyl- and triethyl—thallium.20
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(b) Halogen-Metal Exchange Reactions

This type of exchange reaction may be

represented by the following expression:

R¥ 4+ R'X—»RX + R'M

where R and R' are different organic groups, M is a metal
and X & helogen atom, The formation of e-aniesyl-
lithium and n-butyl bromide from o-bromo-anisole and
n=-butyl-lithium wag one ef the first known resasctions of

this type.2'»22

Br L

woygta + || oo ¢ (oo,

Although 11th1um23 13 the metal most used in this type

of reaction, halogen-metal Interconversion resctions

have been performed using mdium,m‘ mgnesium,as'26

bari nm27 and alumintum, 26

An unusual halogen-metal
interconversion reaction between aryl lodides and
organomercury compounds occurs in the presence of
catalytic quantities of an sppropriate organolithium

28

compound, The processes occurring are considered to be:

R,Hg + 2 R'L1 ===2 RL1 + RéHg
2R L1 + 2 R'I ——2R'LLY + 2R I

The addition of these two expressions indicates the
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overall observed resction:

R Hg + 2R'T @Réﬂg + 2RI

The interoonversion reactiong are most
successful when iodldes or bromides are used, although
chlaridees have been used.2’?>°  Organie fluorides de
not participate in such resotions.' Both‘alkyi
and aryl helides can be used in theﬁe reactions which
are genesrally carried out in ether solution, The
reactions are reversible snd therefore in the example

chosen below, the equilibrium:

g-chﬂgl,i + 02H5 I-——-Q-G'uBgI + 0235-1.1

is established regardless of the direction from which
1t i appraaehod.32 A gimilar equilibrium mixture is
obtained 1f sryl halides and aryl-lithium compounds are
uged.

06H5L1 + E-CHB.‘GGH“‘I -==2-GH3.063’.‘L1 + GGHBI

Although the reactions between eryl halides and alkyl-
lithium compounde are not reversible, it is suggested that
an equilibrium does exist but that it 1s displaced

greatly in favour of the formstion of the aryl-lithium
and alkyl halide.
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The mechanism proposed for the hal ogen-metal
interconversion reaction involves exchange between
l1ithium and an electropositive halogen atom as indicated

in the following scheme:

X
\;/-1- (,)/——>\;/—X + L;—C
/| 4 + Vs
L1

The reason for the differences in behaviour of the
halogens in these reactions is then apparent, since the
electropositivity of these elements increases with
inereasing atomie number. The position of the
equilidrium will depend largely on the relative eleetro-
negativities of the groups R and R' in the aystem:

RLI 4+ R'X==R'L{ + RX

The metal is preferentially attached to the organic group
of greater electronegativity and the yleld of a desgired
product will therefore be determined by the seleetion of

such groups.

4. SOME GENERAT, FEATURES OF THE PERFLUOROALKYL GROUP

The total replacement of hydrogen by fluorine

atoms in an alkyl group gives rise to some completely
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new properties in the perfluoroalkyl group. These
differences in behaviour between alkyl and perfluoro-
alkyl groups are very pronounced in the field of organo-
metzllic chemistry, and in the folleowing discussion,
references are made to the more important features of

thie kind.

(a) Influence of Electronegativity

Ag hag been indicated previously, the bond
character of a metal-carbon bond is governed, to a first
approximation, by the electronegativity difference
between carben and the metsl, Particularly when the
other atoms attached to carben have electronegativities
greatly different from that ef carbon itself,
consideration of the electronegativity of the organic
radical as a whole ensures more aecurate explanations
for the behaviour of sach groups. The following table
of electronegativities indicates that the generally
accepted value for the trifluoromethyl group lies
between those of fluorine and chlorine, with the result
that in many instances its behaviour resembles that of

the hslogens of low atomic number,

Whereas the order of decreasing electro-

negativity for perfluoroalkyl groups is CF3> 02F5 >031a7’
ete., the actual values are all similarly high anad
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TABLE 9.4

Electronegativities of some atoms and orgsniec groups

Atom (Group) Electronegativity

¥ 4.0
('31!‘3 3.3
Cl1 3.0
Bp 2.8

2.5
H 2.1
OH3 2.3
I 2.4

sccordingly, such groups are generally attached to atoms
or radicale of lower electronegetivity. The ebvious
eonsequence of this fact is that in a perfluorealkyl
compound, the perfluoroalkyl group will be strongly
electron~-withdrawing, This msrkedly affects the
electron donor-acceptor properties of the element te
which it 1s attached. In compounds ¢ontaining elements
pessessging lone electron pairs for example, the effect
of the perfluoroalkyl group ie to greatly reduce the

availabllity of this electron pair.
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Ab) Effects of Sise of Perfluoroslkyl Groups

The covslent diameter of the trifluoromethyl
group 1s similar to those of peuz‘its—-ha:i.ogelrxa:"3 (Teble
1.2) and a olese similarity in behaviour might also be
enticipatad. However, the electronegativities of the
pseudo-halogens are decidedly less than those of the
perfluorocalkyl pgroups. Accordingly, due to the
relatively large covelent diemeter ag well as high
electronegativity of perfluornalkyl groups, it is often
difficult te predlct their properties from knowledge

of those of pseude-halogens,

TABLE 1.2

Covelent Diameters of Some Atoms esnd Groups

Atom {or Group) HCS NCO OFB Gﬂj I CH Br O

Covalent o ho} 3.6 3._3 2-8 2.7 2.3 2.3 2.0
diameter (A°)

(¢) Thermodynamic Effects

Differences in the properties of alkyl (or
aryl) groups and those of perfluorocalkyl groups are also
expected due to the significant differences in the bond
energies of the carbon~-hydrogen bond (98,8 kcal.mole'1)
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and of the carbon-fluorine bond (115 kesal. nnlo_1)3u.
Hence 2 higher stabllity and lower reactivity is
expected for the fluorocarbon group than for the hydro-
carbon group. In sddition due to the larger size of
fluorine than hydrogen atoms, a greater protection of
the carbon skeleton is provided by the attached fluorine
atoms, These two factas imply that higher energies of
activation are required to bresk carbon-fluorine bonds
and that the mechani sms of attack by reagents at the
carbon atoms is severely limited due to the screening

of the carbon chain, S8uch effects willl then influence
the modes of decomposition of fluorocarbons. It 1s
well known that pyrolysis of hydrocarbons causes loss of
hydrogen and the production of unsaturated hydrocarbons
or carbon itself but the energy required to bresk the
carbon~-fluorine bond 1s greater than that for the
carbon-carbon bond, The result is that in a fluoro-
carbon, decomposition of the molecule is preferred to
removal of fluorine stoms,. In compounds like
trimethylarsine and tristrifluoromethylarsine
gsimilarities in the decompositions exist. From both
of these compounds radicals may be generated, the
activation energies required for their formation being
approximately the same., The decomposition of these

radicals does differ however. The following scheme
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describes the fate of the methyl radicals derived from
trimethylarsine;

GH3° + Asle3-———a-A3132P0H2'
QCH}‘ —_— Ozﬂu + H2

:ZCHBO'———*'GHh + 00320

Triflvoromethyl redicals however, msy decompose to give
fluoride, and the dimer or a higher polymeric form of
difluorocarbene. Such 1is the case in the pyrolysis of
411 strifluoromethylstibine, 2 the preducts being entimony
trifluoride, tetrafluoroethylene, perfluorocyclepropane

and other unsaturated fluorocarbons.

(d) In Part 1 of this chapter some types of exchange
reactions occurring in organometallic chemistry were
described, Perfluoroalkyl derivatives of a2 number of
metals are able to undergo exchange reactions, bdbut
detalils of these will be given in the appropriate
chapters to follow.
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PERFLUOROALKYIL, DERIVATIVES OF CGROUP VB ELEMENTS

The chemistry of the perfluoroslkyl derivatives of
the Group VB elements has been investigated in more
detall than for any other group of elements. This 18
due to the relative ease with which, in particular,
phosphorus, arsenic and antimony form such derivatives.
Although perfluoroalkyl derivatives of nitrogen are
known,1 thelr properties, like those of compounds
of other First Period elements, are frequently
dissimilar to those of analogous compounds in the
perticular Group, and except where particularly relevant,
are not dlscussed in relstion to those of phosphorus,
arsenic and antimony. Perfluoroalkylbi smuth compounds
were unknown prior to this work and will be discussed

separately in Chapter VI,

1. PHOSPHORUS

(a) Haloperfluoroalkylphosphines
The reaction between white or red phosphorus

and trifluoroiodomethane at high temperatures yields
tristrifluoromethylphosphine, iodobistrifluoromethyl-
rhosphine and di-iodotrifluoromethylphosphine, together

with emall quantities of phosphorus iodides.2?>
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200-220°
P 4 CPyl > (CP3)3P+ (GF3)2PI+CP3P12+ PEIMPI3

8ince trifluorolodomethane can be prepared by heating
together 8 md;ture of sllver trifluoroscetate and
1odinc,h

heat

CP,CO0Ag + 1,

3 GFBI + 002 + Agl
it 18 not surprising to find that i1f phosphorusg is
included in such a reaction mixture, compounds of the

5

form (°F3)nPI are produced.

3-n
01'30001&5 + P+ 12—>(cr3)3p+ (01?3)'2P1 + CP3P72+ P0F3+
002 + Agl

When phospherus and heptafluoroiodopropane are heated
together, only iodobisheptafluoropropylphosphine and
di-lodoheptafluoropropylphosphine are formed and no

triaheptafluoropropylphosphine.6

031'71 + P——>(03F7)2PI + C3F7P12
Unlike the analogous reaction between alkyl halides, e.g.
ethyl iodide, and phosphorus, which give the appropriate
tetra-alkyl ‘onium halido;7 no quaternary compound
results from reactions of perfluoroalkyl iodides and

phosphorus. The mechanism of the latter reaction,
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although not fully understood, 1s considered to involve
homolytie fissien of the C-I bond of the perfluorealkyl
iodide and attack of the perfluoroalkyl and iodine

radicels on the "metal-metal" bonds of the tetra-atomic

phcsphorus moleuules.s

Equilibrium reactions similar to those thought to
ocour during the reaction of phosphorus with perfluoro-
alkyl 1odides have been obeserved when a mixture, either
of tristrifluoromethylphosphine and iodine, or of
tristrifluoromethylphosphine, iodobi strifluoromethyl~
phesphine and di-iodotrifluoremethylphosphine is

hoated.3 The reactions oceurring are represented below.

(GF3)3P + 12=(0F3)2m + 0?31

2(01'3)21?1 ‘—————A(cm'})jp + CF3P12

2 CP3P12—‘(0P3)2PI + p1‘3

2 PI3 ——————*‘Palh + 12

Neither iodotrifluoromethylphosphine has a hydrocarbon

analogneg but, as expected from comparison with known
haloelkylphosphines, they are both air reactive as 1s
trietriflnoromethylphosphlne.3 All the compounds

having the general formuls (GPB)nrlj_nare resdily
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hydrolyeed by agueous slkali, liberating fluoroform
guentitatively.
NaOH

(0?3)31’ — >3 05?3

NaOH _
(GF3)2PI—-+2 CHF,

oF 12,—ﬁ@>cma3

In this respect they are markedly different from
haloalkylphosphines which, although readily hydrolysed,
do not undergo phosphorus~carbon fission reactions under

these eonditions.'®

In addition, although
tristrifluoromethylphosphine ia not affected by water
at room temperature, iodobistrifluoromethylrhoephine is
attacked by this reagent end liberates one molecule of
fluoroform, while di-iodotrifluecromethylphosphine is

also attacked but does not liberate any fluaroform.3

The liodotrifluoromethylphosphines are of great
importance syntheticsally for they undergo reactions to
give a variety of new compounds, Their treatment with
silver helides (and pseude-halides) ylelds the
appropriate new haliﬂe-3 sccording to the following

equations:
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200
(CF3)2PI + AgCl—*(Cli‘})zPCl + Agl

CFPI, + 2 AgOl _20-100°, CFPCL, + 2 Agl
20° A
(OP5) PT+ AgoN — 20 (0F,) PON + Agl

Fluoreblstrifluoromethylphosphine results from the
reaction of iodebistrifluoromethylphosphine with

antimony trirluoride.11

(b) Halephosphoranes

The resction of chlorine with execesas
tristrifluoromethylphosphine a2t low temperatures ylelds
the pentavalent phosphorus compound tristriflucromethyl-

phosphorus dichloride,'?

(cPy) P + 01, _=4o% (or,) P01,

This compeund, when dissolved in acetonitrile, shows
electrolytie behaviour similar to that of phesphorus
pentachloride which is known to dissociate13 aceording

to the followlng scheme:

The dissociation of tristrifluoromethylphosphorus
dichloride into ions proceeds similarly.



; —_— . 4 -
(01-‘-3) 5 P01, == (CF,) , POL* (cr,) 5 POIS

The other trifluoromethylphosphorus chloride known, namely
bistriflvoromethylphosphorus triehloriﬁe,m beheves as a

non~gonductor under these conditions.

In the removal of trifluoromethyl groups from
trifluoromethylphosphines using bhromine, there ig some
evidence for the formation of intermediste y:lws:;ah«:u!:&zms"5
of the form wF}’n PB"ﬁ-n' However there is & tendency
for phosphorus to soquire bromine at the expense of
trifluoromethyl groups under conditions considered suitable
for the formation of the appropriate phosphorsanes, Thus
bromine reacts with bromobistrifluoromethylphosphine,
Initislly yielding bistrifluoromethylphosphorus tribromide
gquantitatively.

(&'.3Ii‘-35)“,:3 PBr + Brz——> (0'1‘3)2 PBr3
Slow spontsneous decomposition of this product occurs to
give the compounds shown in the eguation:
The proposed mechanism for this process involves as
intermediates, the phosphoranes, tristrifluocromethyl-

phosphorus dibromide and trifluoromethylphosphorus tetra-
bromide,
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No iodotrifluoromethylphosphoranes have been
characterized and they are thought to exist only at low

temperatures, if at all.

(e) Aminophosphines

Chlorobi strifluoromethylphosphine reacts
readily with a number of amines to yield the eppropriate

16

aminophosphine, The reaction of the phosphine with

ammonia is typlcal.
(@3)2 PCl + 2m3—>(cr3)2 PNH, + NE,Cl

S8ince it 18 not possible to replace more than one
hydrogen of the amine by (GFB)ZP %o give compounds like
(crj)zmm P(er)z, the intermediate involved 1s

considered to be of the form:

GF3 01?3
N
01/ \=KH3

Loss of hydrogen chloride then sccounts for the observed
products. The other known aminophosphines in this
claga are (GF3)2 Pnnc33; (cFB)ZPN(GEB)g; (01'3)2mﬂph.



3.

(a) Diphogphines

The reaction of iodobistrifluoromethylphosphine
with mercury at room temperature ylelds tetrakistrifluoro~
methyldiphosphine> almost quantitatively.

2 (CF3)2 PI + Hg——»(GFB)z;P - P(GF3)2 + HgI,

When this reaction is performed in the presence of a

protic solven'l’.‘I 7

€e.£2. hydrogen chloride, trifluoroacetic
acid, ete.,, a good yield of bistrifluoromethylphosphine
results, It 18 also observed that, after the
tetrakistrifluoromethyldiphosphine (94%) is removed from
the products of the reaction performed in the absence

of aecid, addition of hydrogen chloride to the involatile
residue causes the liberation of the missing CFjP groups
as bistrifluoromethylphosphine. FProm this evidence it
gppears that the initial reaction involves the formation
of a phosphorus-mercury bond. The suggested
intermediate’’ 1s (CP4) PHg, T which 1s thought to
react, elther with the acid to give bistrifluoromethyl-
phosphine, or with a molecule of unchanged
lodobistrifluoromethylphosphine to glve tetrakistri-
fluoromethyldiphosphine, In this latter compound the
electronegative trifluoromethyl groups stabilize the
phosphorus-phosphorus linkage by enhancing the -type
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bonds involving the phosphorus lone pair of electirons
from one phogphorus atom with the 33 orbitals of the

nelghbouring one.18

Tetrakistrifluoromethyldiphosphine
resets with trifluoroiodomethane, giving

tri strifluoromethylphosphine and iodobistrifluoromethyl-
phosphine.19

(=)
(01?3)21» - P(CF3)2 + CFBIL(GFS)BP + (GF3)2PI

A similar, but slower reaction occurs with methyl
fodide and yields methylbistrifluoromethylphosphine and

iodobilstrifluoromethylphosphine.
1509
(CFB)ZP - P(0F3)2 + CHBI%—(CF3)2PGH3 + (cl_vs)sz

The reaction of the diphosphine with iodine causes the
quantitative release of trifluoromethyl groups as

trifluoroiodomethane.3

I
(CF,) P - P(OF;), ——= i OF5T

Alkaline hydrolysis of the diphosphine, although causing
degradation, only producee three molecules of fluoroform
from the four trifluoromethyl groups available.3 The
remalning group bresks down giving fluoride, carbonate
and a trifluoromethyl phosphorug acid. Separate

experiments indicate that this resction involves initial
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fiesion of the phosphorus-phesphorus 1link, with the
formation of histrifluoromethylphosphine and

bistrifluoromethylphosphinous aciad. 3

NeOH
(crs)ép - P(O?B)g-——g—r (GF3)2PH+ (01'3)2P OH

Subsequent reaction of the ecid with agueous alkall
produces two molecules of fluoroform, while the phosphine
liberates only one molecule, together with flueoride,

carbonate snd a2 trifluoromethyl phosphorus acid.

(cF,),P OF Heo®  , CHF
H,0
NaOH , -~ =
(GF3)2P H—°—> CHF 5 + F + 003 + 013 Peacid

If hydrolysis is effected using weter only, the
phosphinous acid still prodﬁces two molecules of fluero-
f&m but bistrifluoromethylphosphine only partly
decomposes and preduces trifluoromethylphosphine,
fluoride and carbon dioxide thus:

(GFB)z PH——»O?IPHQ +F 4 co,

The symmetrieal compound, 1,2-bistrifliuvoromethyldi-

phosphine, is prepared by the aqueous hydrolysis of
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either tetrakistrifluoromethyleyclotetraphosphine or
penta‘kistrifluorom.ethylcyclopentaphosphine,21 the details
of which are presented below, together with the general
chemi gtry of these latter compounds. Hydrolysis of
1,2=-bistrifluoromethyldiphosphine causes the liberation
of half the available trifluoromethyl groups ae
fluoreform suggesting that the mechanism 1is similar to
that proposed for the hydrolysis of tetrakistrifluoro-
methwldiphosphine.ao At temperatures greater than
250°G the former diphosphine decomposes, producing
mainly trifluoromethylphosphine and tetrakistrifluoro-

methylcyclotetraph.osphine.21

(GF3PH) o crspna + (G?.),P)h

A hybrid diphosphine, 1,1-dimethy1-2,2—b1strifluoromethyl-
diphosphine has been obtalned from the low temperature
reaction between dimethylphosphine and chloroblstri-

fluoromethylphosphine.22

(CHy) PH + (CF3),P C1 _iso-(c%)zp - P(CFy),

This compound, unlike either the fully methylated or
fully trifluoromethylated derivatives, 13 very reactive.
It forms adducts with diborane and with trimethylamine
and readily undergoes protolytic cleavage giving high

yields of bistrifluoromethylphosphine. In the presence
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of methyl iodide, the diphosphine disproportionates inte
diphosphines possessing only one type of organic group

per molecule,
2 (01'3)2p - P(0H3)2+GHII—.>(CF3)2P-P(CFB)Q +
(GHB) £ - P(cn._,’) 3I

(e) Cyclic Polyphesphines

Di-fodotrifluoromethylphosphine, like
fiodobi strifluoromethylphosphine, rescts with nerenry to
glve ocompounds containing phosphorus-phosphorus bonds,
bot instead of ylelding a diphosphine, it undergoes
slmest complete conversion to a mixture of two cyelio

eompounds, tetrakiatrifluoromethylcyelotetraphosphino and

pentakistrifluoromethylayclopentaphosphine.18
R.T. 3 X
(CP4PI,)+ Hg (cP4P),(60%) + (CPP)5(LOK)
The ltructureez3’2h of these compounds may be represented
thust
CF CF CF CF
7 3 3 )
© v
S b7 Ne o
N L)
#F N
P P CF, N_~ CF,
CF/ \CF [
3 3 CF

3
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Pyrolysis of bistriflucromethylphosphine’®

and of
tetrakistrifluoromethyldiphosphine2! slso ylelds these
two compounds together with higher eyclie polymers

(GPBP)x (wherg x>5)
(cry), PH 3507 (oP,P), + (CFP)g + (CPP), + CHP,

(cr3)2p-p(cr3)2i5°:;(cr3p)h + (CPP)g + (OF.P),

The more stable tetramer may also be generated by
heating the pentamer ;n an inert fluoreocarbon solvent,
Heat
(cpsp)s — — (crp),
The eyclic polymers are converted quantitativel
to di~iodotrifluoromethylphosphine by the action of

S.m'.lme.s'!1

(01'31’)‘ +al,—=n GP3P12
where n = 4, 5, x

Excess ehlerine also dresks the phosphorus-phosphorus
bonds forming triflueromethylphosphorus tetrachloride
which cen be converted to the trivalent phosphorus
ecompound, dichlorotrifluoromethylphosphine, by contact
with meroury.
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(CFBP)L} + 2n 012—>n CFBPOIH

CFBPGILL i—* CFSPCIVQ
The cyclic compounds possess & high degree of stabllity,
particularly the tetramer which 1s not affected by
(1) hydrogen chloride or boron trifluoride at
temperatures below 3DO°C, (11) diborane in the temperature
range 25-70°C, or (111) concentrated sulphuric acié at
100°G, from which it may be recrystallized unchanged.
This extraordinary stability 1s attributed to a
supplementation of the < -=bonding in the phosphorus-
phosphorus bonds by T-bonds involving interasction of
the lone electron pairs on the phosphorus stoms with 3d
orbitsls on neighbouring phogphorus atoma as in the

case of the diphosphines.

The reaotion of tetrakistrifluoromethylcyclo-
tetraphesphine with water produces fluoroform,
trifluoromethylphosphine snd 1,2-bistrifluoromethyl-
diphosphine together with some polymeric materials in
which 1t 1s thought that e¢ross~linking occurs.21

H20 H H

~ ~
(chp)uTFH 05 + CHF 5 + COF ;PH, + CFB/P- P\CF3+ polymers

Pentaekistrifluoromethyleyclopentaphosphine reacts with
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water in poly-ether solvents in a similsr manner but
yielding, in addition to the hydrolysias products of the
tetramer, a triphosphine formulated as (0F3P)3H2.‘

> ]
320/50

(CF,P), OF PH, + (CP,PH), + (CP,P),H,

The triphosphine i1s not cyclic but hss the structure shown

solvent

bel ow:

CF H

S\P P P/
TN

CFy

Thie eompound deeomposes on setive nickel giving
trifluoromethylphosphine and the cyclic tetramer and

pentamer,

N1/25°

(OF 3P 58, OFPHy + (CF3P)y, + (CP5R);
The basic hydrolysis of tetrakistrifluoromethyleyel o~
tetraphosphine, pentakistrifluoromethyleyclopentaphosphine
and 1,2-bistrifluoromethyldiphosphine sauses half the
trifluoromethyl groups to be liberated as fluorofors,
while 1,2,3~tristrifluoromethyltriphosphine gives only

one molecule of fluoreform,
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(£) Alkylperfluoroalkylphosphines

The direet reaction between trialkylphosphines
and a perfluoroiodoalkane is a convenlent route to

mixed alkylperfluoroalkylphosphines.>>

RfI + 2R IL—aR,I'Rz *’RRI’I

3

Thus the reaction between trifluoroiocdomethane and
trimethylphosphine gives dimethyltrifluoromethylphosphine
and tetramethylphosphonium iodide. However, although
the above equation represents the major reaction
occurring, it has recently been found that the volatile
quaternary compound dimethylbi strifluoromethylphosphonium

todide 1s also formed.2®

Di-n-butyltrifluoromethyl-
phosphine is prepared from tri-n-butylphosphine and

trifluoroiodomethane.27 The mechanism for this type
of reaction is thought to involve a pentavalent state

of phosphorus and 1g discussed in detail in Chapter III.

Treatment of dimethyltrifluoromethylphosphine
with further trifluoroiodomethane does not yleld
methylbi strifluoromethylphosphine which however, can be
prepared easlly by the action of methyl 1odide on
tristrifluoromethylphosphine.28

2140°
(CF3)3P + GHBI——.> GH3P(CP3)2 + CFSI
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Further reaction with methyliodide produces dimethyle
trifluoromethylphosphine and then trimethyltrifluoro-
methylphosphonium 10dide. These reactions are

conveniently represented by the following sequence:
it 5. v ( "1
—_ CH ‘
(cF ),P———(cr ) P CB— - OF5P(CHS), o [CPsP(CRY) 3

GFBI
CH
=— (cHj) P
20
Alternatively alkylperfluorealkylphosphines may be
prepared by the reasction of an alkyl halide with a

perfluoroalkyldiphosphine;19
CH.I

(ZCFB)ZP- P(C!3)2 W (CF3)2P 0H3-|. (G‘FB)QPI

Although each of the trifluoromethylphosphines
yields fluoroform when treated with agueous sodlum
hydroxide, only tristrifluoromethylphosphine dces so
quanti tatively at room temperature. The methyltri-
fluoromethylphosphines regquire prolonged heating with
alkal! and even then they are most reluctant to break

down completely.25

The effect of the highly electronegative
trifluoromethyl groups in reducing the availability of
the lone pair of electrons on the phosphorus atom is

exemplified by reactions of the trifluoromethylphosphines
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with Lewis acilds. It 18 found that the stability of
complexes with pletinous chloride and with boron
trifluoride decreases with increaging number of
trifluoromethyl groups attached to phosphorus, as is

gshown by the following sequencesz6

[( CHy) 3P] 2Pt012<[(CH3) SFCF 5 ] 2Pt012>[CH3P(GF3) " ] SPtCL,>

‘[“’Fs)f] 2 P¥C1p

~

Not formed

(CHB)BP.EF3:>(CHB)EPCFB.BPB;iGHSP(CFB)2.BF3:>(GF3)3P.Bf§

Y o

Not formed

The spparent anomaly in the order of stability of the
platinous chloride complexes is attributed to the
existence of & T -bond whose electrons originate from
the platinum. Such a bond is strengthened in those
complexes in which trifluoromethyl groups are attached
to phosphorus., Of eourse there is an even greater
wezkening of the ¢ -bond accompanying this and if there
are more than two trifluoromethyl groups attached to
phosphorus, the bond is not sufficiently strong to
permit the existence of a complex,. The low basiclty
of the trifluoromethylphosphines is also demonstrated by

thelr reluctance for form adducts with a number of
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other compounds known to complex with trimethylphosphine,
Thus no compounds of the form (0‘.5'3)n P(BHB) 3n give
complexes with ocarbon disulphide or mercuric helides snd
only dimethyltrifluoromethylphosphine forms one with
silver 1ndide.2?

(g8) Arylperfluoroslkylphosphines

Diphenyltriflucromethylphosphine 1s most
conveniently prepared by a reaction invelving cleavage of
e phosphorus~-phosphorus bmu!':..29 This occurs when
tetrephenyldiphoaphine and trifluoroiodomethane sra
allowed to reaet under conditions suitsble for free
redical formation,
185-200°
or U,V,

The reaction of trifiuvoroiodomethane with triphenyl-
phosphine at 185-200°C or with diphenylehlorophosphine

in the presence of mercury aleo yields diphenyltri-
fluoromethylphosphine, together with & number of by-products.

4 85~200° -
PhyP + OF,I 185-200 PhyPCF; + PhPI 4 PhOF,

Cr.C1

Ph,POL + OFyI —H'S—-Phgcrs + PhoPT + PnPC1 + PhCFy + OFy
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Diphenyltrifluoromethylphosphine 1s very stable thermally
and 18 not affected by water or dilute acid at 150°C.
There is only slight hydrolysis by agueous sodium
hydroxide sat 100°C. With ﬁromine and iodine it forms
the pentavalent derivatives, diphenyltrifluoromethyl-
phosphorus dibromide and éi-10dide respectively. The se
compounds are steble to alr and water at 2009 but ere
hydrolysed by aqueous alkell, giving fluoroform
quantitatively. Although @iphenyltrifluoromethyl-
phosphine doeg not react with trifluoroiodomethane, 1its
reaction with methyl lodide yilelds & quaternary compound
which is readily hydrolysed by water to fluoroform and
diphenylmethylphosphine oxlde,

. H0
Ph,PCF; + 0H31 —_ [pnzcnjrcrgl T =%

Ph2033P0 + CHF3 + HI
A study of the decomposition of phosphonium hydroxides
hae shown that the most electron withdrawing groups sare
most easily eliminated, leaving the other three groups

to form the phosphine oxide.ao

This 1s in sgreement
with the mode of decomposition of the guaternsry compound

a1 ecuspned aboves

Phenylbistrifluoromethylphosphine is readily

prepared by reacting tetraphenylcyclotetraphosphine with
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trifluvoroiodomethane at 185% or in the presence of
ultraviclet 1ight,>'

Ph—P—P—PFPh 1 B5°
Ph-——ll-"—l‘.—Ph*cp}I ———= Pn P(CP,), + PHOF,PT
Jodophenyltrifluoromethylphosphine is a major reaction
product and traces of fluoroform and hexafluoroethane
also form, A free raiical mechaniem involving stepwise
fiesion of the phosphorus-phosphorus bonde is thought to
operate,

Ph

Ph—P—P—Ph -cr3 Ph—-‘P—P—C‘F3 Ph—P. 1>111>(cr3)2
I ﬂ31_, +

+ —_— .
Ph—P—P—Ph I Ph—P—P—I Ph—P* PhP Z[2

Ph
o 2

Ph—P.

+ 2 Ph GP3P1—=—-PhP(CF3)2 + PhPI,

Ph—Ps.
Phenyliodotrifluoromethylphoasphine is thermally very stable,
recistant to ettack by water or dilute acids but
hydrolysed at 80°C by aqueous alkali liberating
fluoro form. It reacts with 1iodine only st high
temperatures with the result that trifluoromethyl groups

are cleaved as trifluoroiocdomethane,
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+ 2 CP_1

PhP (CP,). + 2 I 185% mip 1
3lpg+ 215 2 3

Reaction of phenylbistrifluoromethylphosphine occurs

with bromine at much lower temperatures (ca. 20°C)
yielding the pentavalent dibromide. Thlis compound reacts
glowly with water at 100°0 and is hydrolysed by aqueous
alkall at 80°C according to the following scheme:

R
-—20——>-Ph(C’F

Ph (CF.).P Br
32 NaOH

) P(0) OH + CHP

2

3 3

26 33phenyltri-

Like their methyl analogues,
fluoromethylphosphine and phenylbistrifluoromethylphosphine
form complexes with platinous chloride,29 but only the

former does s0 with boron trifluoride.

2. ARSENIC

As 18 to be expected much of the chemistry of
perfluoroalkylarsines has been studied concurrently with
that of the corresponding phosphines. In general the
properties of anslogous compounds sre elmilsar, the
differences being mainly a result of the relative
positions of phosphorus and arsenic in the Periodie Table,
However there are some features of perfluorocalkylarsines
which apparently have no parallel in phosphorus chemistry
and speclsl reference will be made to these in the

following dlscussion.



l|.6.

(2) Haloperfluoroslkylarsines

Iodoperfluoroalkylarsines are prepared by
heating together perfluoroiodoalkanes and finely
divided arsenic. When trifluorolodomethane is used in
such a reaction at 220°C, as well as the lodotrifluoro-
methylarsines, tristrifluoromethylarsine is formed ,>2s33
The following eguilibria are congidered to exist in

this reaction system:

As I,

2 (0F3)2A: I»-——*(cr:,.)}.& + CP "

3

2CF_As Y

(CFB)ZA’I + AgI

2

3 3

(CP.) As + AsI_ =—=(CF_)_AsI 4 015'1,’“12 + chI + As

3)3 3 3)2

Unlike the comparsble reaction of arsenic with methyl
iodide which gives methyliodoersines and tetramethyl-
34

arsonium iodide,
OHBI + As —>(CHB)“AQI + (CHB)XA' I}-x

there is no evidence for the formation of guaternary

compound s from tristrifluoromethylarsine.

Argenie reacts with pentafluorolodoethane at
220°C to form trispentaflucroethylarsine and 1odobls-
pentafluoroethylarsine,>” and with heptafluoroiodopropane
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at 200-220°C but in this case the products have not been

identified.s

Dichloropentafluoroethylarsine has been
prepared by the direct reaction of tetrafluoroethylene with

arsenic'trichloride.sé
| AJ.Gl3

All the compounds of the form (Rr)n“x_’;-n
are hydrolysed rapidly by aqueous alkali libersting the
appropriate fluorocarbon quantitatively. It appears
that the more negative is the group attached to arsenie,
the more susceptible the compound is to hydrolysis and
33

resistant to oxidation,

Replacement of the iodotrifluoromethylarsines
by other halogens or pseudo-halogens is readily effected
by reaction with the appropriste sgilver salt. Reduction
of the iodo-compounds with a zine/hydrochloric acid
mixture or with lithiumaluminium hydride produces

trifluoromethylarsine and bistrifluoromethylarsine.

(b) Pentavelent Trifluoromethylsrsines

When tristrifiuoromethylarsine is ailcwed to
react, even at very low temperatures with fluorine

diluted with nitrogen, complete degradation occurs and
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the only products obtained are carbon tetrafluoride and
argenic trifluoride. However tristrifluoromethylarsenic
difluoride can be prepared by the room temperature
reaction of silver fluoride with tristrifluoromethyl-
arsenic dichloride.>! In the 1iquid phase tristri-
fluoromethylaraine reacts with chlorine to form
tristrifluoromethylarsenie dichloride which on standing,
is slowly converted to bistrifluoromethylarsenic
trichloride,

(cFB)}Ag + 012——(01'3)3 012—>(CF3)2Asm3

The reaction of bromine with tristrifluoromethylarsine,
even at low temperaturea, does not yield a pentavalent
arsenic derivative, Instead arsenic tribromide is
deposited and triflucrobromomethane, b romobi strifluoro-
methylareine and dibromotrifluoromethylarsine are formed.
Reaction of tristrifluoromethylersine with iodine only
occurs at temperatures above 10090 and the products
obtained are analogous to those obtained from the
reaction with bromine.37

(e) Aminosrsines
Like the analogous phosphorus compound,
chlorobistrifluoromethylarsine reacts with ammonia and

primary and secondary amines to glve aminoarsinea.38
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) ] ] L4
(@3)2As Cl1 + 2NHRR —-(033)24;1@1212 + RR'NH, C1

With the phosphine it is impossible to replace more than
one hydrogen of ammonis by (GF3')2P but the low
temperature reaction of ammonia with chlerobistrifluore-
methylersine proceeds aeccording to the following

equations
2 (CF5), A8 01 + 31153_.[(0?3)2»]2 NH + 2NH, Cl

At room temperature, in the gas phase, the reaction also

ylelds the aminobl strifluoromethylarsine.

(crP,),AsC1 ﬂl‘—»[(c%)au]zna + (CF,), A8 NH,

3)2
Tr4 stri flooromethylarsine does not react with

ammonia in the gas phase, but in 1liquid ammonia at 20%

almost complete solvelysis occurs and fluoroform ia

1iberated. At -64°C this system produces the two

aminoareines previously dilscussed.

The ammonolysis of tetraki strifluoromethyl-
disreine closely resembles the hydrolysis of this
compound39 and fisslon of the arsenic-arsenic bond is
econsidered to be the first stage of the reaction.

NH
| 3
(GFB)ZA- Ag (CF3)2—>(CF3)2A3KH2 + (CF5)2A5.H
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The independent react;ons of sminobi strifluoromethyl-
arsine and of bistrifluoromethylarsine with asmmonia
yilelde a total amount of fluoroform equal to that
obtained by the direct reaction of ammonla with the
diarsine, Thus the proposed mechanism appears to be

valid.

(@) Disreines
The reaction of 1odobistrifluvoromethylarsine
with mercury at room temperature glves tetrakistrifluoro-

methyldiarsine in good yield.33

Heg

2(0F3)2ABI (wB)zAs-Ag(cr3)2

Thi s compound, although stable to water, 1s hydrolysed
by agqueous alkalil giving fluoroform (83%), the remaining
fluorine present being eonverted to fluoride (17%).37
The hydrolysis oceurs via the initial fisslon ot the

arsgenic-arsenic bond.

HoO
(CP.)., As= As (CF,) (cP.),As OH + (CF,) AsH
372 3°2 yaoH 35’1 132
2 CHF, CHF 5 + P'+ co%

The separate hydrolyels of a sample of bistrifluoro-
methylareine gives 66% of the availsble fluorine as
fluoroform and the remaining 34% as fluoride. This then

supports the mechanism proposed for the hydrolysis of
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the diarsine since the total quantity of fluoroform 1s
obviougly made up of 50% from bistrifluoromethylarsonous
acid and 33% (¥ x 66%) from the bistrifluoromethylarsine.

Trifluorolodomethane reacts with the diarsine
at 75°C, rupturing the arsenic-arsenic bond and
producing tristrifluoromethylarsine and iodobistri-
fluoromethylarsine.'S Methyl iodide reacts similarly,
but less readily, to glve methylbistrifluoromethwlarsine
and iodobistrifluoromethylarsine.

CF3I
— (CF3)3AB + (0F3)2As I

(CF3)2 Ag= Asg (GI"3)2-—

CH_I
___3___.(91'@3)2).5 GH3 + (CF3)2ABI

There is no evidence for the exlstence of

arsenic analogues of the eyeclic trifluoromethylphosphlnes,

(e) Alkylperfluorocalkylarsines

A number of different methods are avallable for

the preparation of alkylperfluoroslkylarsines.

(1) They may be prepared in a manner identical

with that used for the formation of the corresponding
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phosphorus compounds. The reaction between & perfluoro-
fiodoalkane snd a trialkylarsine therefore gives the

appropriate dialkylperfluorcalkylarsine and the tetra-
alkylarsonium fodide.2>?27

R3As + RfI ——’RzAst + RhAI

whereR:CH H5 n-c%andn =OF3, 31’7

In dimethyltrifivoromethylarsine and diethyl-
trifluoromethylarasine, unlike their phosphorus analogues,
it 48 possible to replace a further alkyl group with a
trifluoromethyl. Even g0 the yields are generally very
lowe A more suecessful preparation of methylbistri-
fluoromethylarsine involves treatment of tristrifluoro-
methylarsine with methyl iodide. The exchange of methyl
and trifluoromethyl groups which are possible in tertiary

arsines are represented as followsa:

CH.I CH,I CH.I
(ch) 3As ———o- (GF3)2A50113 —: crzAs( 035)2 CP3A5(0H3) 31
240 2h0" Slow
Cp_I CF
3 31
(CHB) 3As

21,0° 20°
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(11) A method which hes 1ittle general applicae—
tion snd appears to be successful only for the
preparation of arsenic derivatives involves the
decarboxylation of an acetoxy compound.m Dimethyltri-
fluoroacetoxyarsine is prepared by the reaction of
chleorodimethylersine with silver trifluorcacetate and is
decarboxylated at 205°C giving dimethyltrifluoromethyl-

arsine.

(GHB)ZA’CI + AgOOG.OPS——r(C_HB)QAa OOG.GFB + AgCl

205°C
(0133) o A8 CP‘B
(111) The reaction of the Grignard reagent,
methylmagnesium lodide, with iodobistrifluoromethyl-
arsino';? and with di—d.odo:a*l;x'if‘luorome:thylarsim"ﬂ gives
methylbistrifluoromethylarsine and dimethyltrifluoro-
methylarsine respectively.

CH Mg I

(CF3)2A51 > (OF3)2A- cn3

Cﬂslg I

it G As(CH}):2 + (GFB)(GHB) Asl

CF._ An 12 3

3
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(iv) A very sonvenient synthetioc methed involves
the elimination of iodine from a mixtore of an alkylliedo—
arsine and a perfluoroledoalkane using mercury as the

nslogen acceptor.'>

(0H3)2A31 + ReI + Hg,——}(CH))zAer + Hgl,

where Rr = GF3 or 03?7

CH_As X

5 o + 2Hg + 2CF

31 —>CHzAs (CF;), + 2HgI,
The reactlion of dlethyliodesrsine with trifluoroiodo~
methane in the presence of mercury produces mainly
ethylbistrifluoromethylarsine, the reason for which is

nbt known.“ar

(v) The formation of alkylperfluorecalkylarsines
from dlarsines has already been discussed in Part {4) of
thisg Chapter.,

Althouagh very little quantitative work has been
done to determine the baslc strengths of alkylperfluoro-
alkylarsines, 1t 1is apparent that such compounds show
even less tendency to resct with Lewis acids than do
their phosphorus analogueeg. This 1s demonstrated by the
inability of all but dimethyltrifluoromethylarsine to
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form quaternary ?onium compounds with methyl 1odide27
or to form adducts with silver iodide,2?

The reaction of these arsines with aqueous
alkall produces fluoreform at a rate which is extremely
slow in the case of methyl derivatives, but noticeably
faster for ethylaraines.27

(f) Arylperflucrealkylarsines

A very convenient route to arylperfluoroalkyl-
arsines 15 the room temperature reaction of an aryliocdo-
arsine with a perfluoroiodoalkane in the presence of

mereury. Only trifl uoroiodomethanohB

and heptafluoro-~
1odopropaneh2 have far been used in such resctions.
The formation of diphenyltrifluoromethylarsine from
diphenyliodoarsine and of phenylbistrifluoromethylarsine

from pheayldi-iodoarsine are typlcal of these reactions.

PhyAsI + OF,I ~ Phy As CF

PhAsl Cc IHg P (C_F.)
8 2+2 3F7 ———>PhAs 372

Of interest is the fact that this synthetiec method has
been uged for the preparation of both alkyl- and aryl-
perfluoroelkylarsines and ean 2lso be used to prepare
alkylarylperfluoroalkylarsines, e.g. phenyldimethyl-

heptafluoropropylarsine,
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Hg
Ph (GH3) AsT 4+ 03F7I — Ph (GHB) As C3F7

Whereas triphenylphosphine reacts with trifluoroiodometh—
ane to give diphenyltrifluoromethylphosphine, the
analegous reaction does not occur with 't:riphenylafsine.l‘3
Instead a mixture of fluoroform, benzotrifluoride,
benzene and arseniec tri-iedide is formed. Nor can
radical exchange reactions be used to prepare aryl-
perfluoroalkylarsines, for it 1s found that even at 240°C
tristrifluoromethylarsine and iodobenzene do not react,
while triphenylarsine and trifluoroiodomethane at 210°C

give degradation products only.

All the phenyltrifluoromethylarsines are
liquidswhich are stable to both alir and meisture at

erdinary temperatures,

Diphenyltriflueromethylarsine is stable te
concentrated hydrochloric acid at 85°G and only slowly
attacked by 10% sodium hydroxide at 85°C to give
fluoroform. Phenylbi strifluoromethylarsine 1es attacked
by alkali more reesdily. Bimilar rates of ammonolysis
occur when these compounds are treated with liquid

amnonia,

With halegens only diphenyltrifluoromethyl~

arsine gives a pentavalent derivative,
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CClu

—— Ph, As CF

2 2 oBr

Ph,Ag CPF

2 3 + Br

372

Phenylbi strifluoromethylarsine i s decomposed by halogens.

The basic strengths of arylperfluoroalkyl-—
arsinee have not been studied in detall but it 1s known
that these compounds neither form ’onium derivatives
with methyl iocdide nor adducts with e.g. mercuric
halides.

3, ANTIMORY

The chemistry of the perfluoroslkyl derivatives
of antimony has not been examined to the same extent as
that of the corresponding phosphorus and arsasenic
compounds. However, from the limited information
avallable, two important features appear, The first 1s
the pronounced difference between some of the properties
of the stibines compared to those of the phogphines and
arsines, brought about by the progressive weakening of
the carbon-metal bond. It has been established that
the strength of these bonds decreases with increasing

Ll

atomic number of the Group VB element. The second 1s

the tendency for perfluoroalkylstibines to act as
L5

electron acceptors.
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(a) Heloperfluoroalkylstibines

The temperature at which reaction between
trifluoroiodomethane and antimony occurs to preduce
fodotrifluoromethylstibines snd tristrifluoromethyl-
stibine’® 1s 165-170°C.

CF

3 2

3I-l- Sb———>(0F3)3Sb+ (GFs)ZSbI + CF_8b1

If the reaction temperature is higher than 170°C the

ma jor pfoduct- are fluorocarbons and antimony trifluoride
whi ch probably reeult from the pyrolysis of first formed
trigtrifluoromethylstibine., The mechani sm proposed

for this reaction involves the initial formation of
tetrafluorcethylene, followed by polymerization initlated
by triﬂuoromethyl radicels arising from homolytiec

figsion of the Sb__cr bond. These factas are

3
mmarized ag follows:

(cr3) g% ——>C_F oFp + GFBSbF ——»SbFB, ete,

(0F3)3Sb —> *CF,* + (crf3)‘,2 FoooomtCFp° 4 Sb!'3
cF3- + 02?,4——’”3"?20?2 L c:vff'}(cr_,!)"acur3
cp}o > s‘cpzo ——»CF3CF20 SRR cpj(CFZ)nGFB
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In this regard the stibine differs markedly from its
phosphorus and arsenic analogues which yield
trifluoromethyl radicals when pyrolysed.35 During the
formation of the iodotrifluoromethylastibines

d1 sproportionation reactions are thought to occur:

(CFS)}&» + CFB Sb 12=(CF3)28!) I

(CF3)2 SbI + SbIB—‘ECFBSbIQ

(cr5)38b+ Sb1 (CF 81 + CF

3 3)2 3B I,
Bydrolysis of the iodotrifluoromethylstibines
is reapid and causes fluoroform to be liberated
quantitatively. The 1odo compounds may be converted
by the action of silver chlaride into the appropriate

chlero derivatives.

(b) Pentavelent Antimony

Tristrifluoromethylstibine reacts with ehlorine
st -45°C giving tristrifluoromethylantimony dichloride.
This compound forma 131 adducte with water and with
pyriaineu6 and in so doing demonstrstes the pseudo~
halogen character of the trifluoromethyl group, since
antimeny pentachloride is knowm to form gimilar adducts.u7

Tristrifluoromethylantimony dichloride can be converted
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to the trivalent antimony derivative by treatment with

mercury.
it
(GF3)3Sb 012—+L-(cr3)33b

Pentavalent trifluoremethylantimony bromldes can al so
be formed st low temperatures but st room temperature,
the reaction between bromine and tristrifluoromethyl-
stibine gives i odebistrifluoromethylstibine, di~-iodo=-
trifluoromethylstibine and antimohy tribromide.hs

Iodihe does not resct with tri strifluoromethylstibine at
low temperatures, but at 20°C 1t removes a trifluoro-
methyl group as tri fluoroiodomethane and leaves
{odobistrifluoromethylstibine which may react further

to give d1i-iodotrifluoromethylstibine and antimony

tri-iodide.

(¢) Reactions with Amines

The antimony analogues of amino-phosphines
and -srsines are not known. Tri gtriflucromethylstibine
is decomposed quantitatively by 1iquid ammonia giving
f£1uvoroform and antimony nitride.38 Almost complete

decomposition also occurs with dimethylamine,

(@) Distibines

Tetrakistri fluoromethyldi stibine i s prepared
by treating jodobistrifluoromethylstibine with mercury
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u5

or zine.

Hg (Zn)
(cF

2(GF3)2SbI Sb- Sb (t:l?:,))2

3)2
Chlorine reacts at -78°C with the distibine forming
pistrifluoromethylantimony trichloride.

c1 |
2
(CF3)2 Sb - Sb ((:1?3)2 2(cm'3)231:»c>13

Bromine and iodine react at moderate temperatures causing
complete decomposition of the distibine and producing the

sppropriate trifluorohalomethane and antimony trihalide.

Unlike the phosphorus and arsenic analogues,
tetraklstrifluoromethyldistiblne liberates almost the
whole of its fluorine as fluoroform (99%) when treated
with aqueous alkalil.

(e) Alkylperfluorocslkylstibines

Dimethyltrifluoromethylstibine is the only
alkylperfluoroalkylstibine so far reportedz5 and is
prepared, together with tetramethylstiboniom iodide by
reacting trimethylstibine with trifluoroiodomethane at

room temperature.

CF,T + 2 (CH) 580 ——>CF5 b (CH,), + Sb (CHy), T
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Hydrolysis of the stibine with asqueous alkali causes

f£luoroform to be libersted quantitatively and quickly.

Yo basic character 1s exhibited by trifluoro-
methylstibines’® and in fact, in the ease of tristri-
fluoromethylstibine, the strongly electronegative
trifiuveromethyl groups eompletely overcome any electron
donating properties. Thue whereas trimethylstibine
forma t.vcmtplexes"'8 with platinous chloride and with
palledium dichloride, tristriflucromethylstibine does not.
Instead it acts as an electron saceptor and as guch,

corms & 1i1 sdduct with pyridine.”

No arylperfluoroalkylstibines have been

reported ag yet.

4. BISMUTH

No perfluoroalkyl derivatives of bismuth were
known prior to the investigations degzoribed in this
thesis. The ecompounds prepared and thelr relation to
ocomparable derivatives of the otﬁer elements within
Group VB are described in Chepter VI,
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REACTIONS OF GROUP V B ORGANOMETALLIC COMPOUNDS WITH HALO-
ALEKANES
f-————_s.——

Since the preparation of the new alkylperfluoro-
alkyl compounds prepared in this study involves reaction
of trialkyl derivatives of the GroupV B elementa with
perfluoroiodoathanes, it 1s relevant to the discussion
to describe briefly the nature of the reactions of
Group VB organometallic compounds with different
haloalkanes.

1. REACTIONS WITH MONOHALOALKANES

The reaction between organic derivatives of
Group VB elements and alkyl (or aryl) halides to form the
appropriate ’onium halide compound i1s well known and can

be represented thus,

R3n + R'X —-——>(R3 MR') X

where M=N, P, As or Sb; R, R'=CH3, 02H5, 06H5, etcs;

R 2nd R' can be the same or different and R groups
attached to M may be the same or different,. The ease
of reaction varies both with the parent element and the
nature of the alkyl or aryl groups. The elements of
lower atomic number generally give quaternary compounds
and reaction is more easily accompli shed when the salkyl

groups are small. An snomsly appears in the reaction of



67.

alkyl halides with the trisryl derivatives of this group
of elemente since, whereas both triphenylphosphine and
triphenylareine give quaternary compounds, triphenyl-
amine does not react.1 Stibines containing more than
one aromatic group fail to give quaternary compounds
with‘methyl 1odide,2 but at elevated temperatures
reaction between triphenylstibine and methyl lodide gives

triphenylantimony di-iodide, jodobenzene and ethane.3

Bismuth is normally incapable of quaternary
compound formationh and only st high temperatures can
any reaction be 1nduced with alkyl halides. It 1s found
that at 200°C, trimethylbi smuth and methyl iodide react
to glve dl-iodomethylbismuth and ethane.>

200°C

(cn3)3m ——> CHBI, + C,Hg
This reaction shows marked similarities to that occurring
between triphenylstibine and methyl iodide under
comparable conditions and oclosely related mechanisms

probably operate in each case.

Examples of radical exchange reactions have
been found to occur in the quaternization of trialkyl-
amines. Such is the case when ethyl-p-propyl-i-
butylemine 1s treated with methyl 1odide since, instead

of produsing the expected methylethyl-n-propyl-i-butyl
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ammonium iodide, the reaction proceeds according to the

following equation,6

(0235)(5-03H7)(;-CMH9)N + 2 GHBI —»CZHBI +
[(crg) o(p-0 Ry ) (1-C)Hg)N] T

2, REACTION WITH DIHALOALKANES

Methylene dibromide (and ethylene dibromide)
react with trimethylamine forming a monoquaternary

compound initially and then a diquaternary salt.7’8

CH, Br, + (CH,) N—[(CH,) NCH, Br ] Br

OH, Br, +2(CHy),N —= [(CH,) ;N CH,N (CHy), | Br,
A gimilar reaction occurs between ethylene dibromide and
phenyldimethylphosphine® to yield [CgH (CH,),P(CH,),Br] Br
and [cans(c%)zp(cnz)zp(cn})z 0635] Br,. From the
reaction between triphenylphosphine and ethylene

dibromide however, only the diguaternary compound

[(0gHs) P(CE,) P(CgHs) 5] B, 18 obtained.'©

3, REACTIONS WITH TRIHALOALKANES

Todoform is cspsble of forming a number of
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different adducts with a particular amine,11 €.

RNH,.CHI 5; (RNH2)2.C (RNH2)3.CH13. Such compounds
were described as comparable with hydrated galts due to
their "instability™, and the zbility of the mors complex
to yield less complex ones on treatment with hot
solvents known to be effective dehydrating agents.
However the production of hydrogen lodide, formic acid
and the salts of the appropriate bases with these two
acide on hydrolysis suggests the gstructures shown in

the proposed mechaniesm illustrated below:

I i

\G’f%—\ R ——> \C/
174 \

This process, if repeated on each new product, ultimately

NE RUT
L N

gives the compound
I%RHQW ﬁHszz
N
C
/N -
H §H2R§I
Whereas bromoform reacts with trimethylamine
and triethylamine to give the appropriate trielkyl-

ammonium bromide,12 no such reaction occurs with

¢hloroform, Bromoform alsoc reacts with triphenylphosphine
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under conditions faverable for free radical formation,

ylelding triphenyldibromomethylphosphonium bromide.!

The mechanism proposed involves a chain process in which

the following steps are thought to oceur:

OH!!'}——" °OH&'2 + Br

(CgHg) 5P + “CEBr, —_—»‘(0635)3% cHer,

(CgHg) 5P CHBr, + BrCH Bry r_"gcsﬂs)sr CHEr, | Br +

°GHBI!'2

4. REACTIONS WITH PERHALOALEANES

Many aliphatic and aromatiec nitrogen-containing

gompoundas fom mol ecular complexes with perhaloalkanes.m

The following exsmples illustrate the variety of such
complexes formed with carbon tetrabromide.

Quinoline + C bu — Ogﬁ.,l.c mu
Pyridine + 2C Br, ——>05xsn.(cnru)2

I} Ethylemine + om-u ‘—>(02n51 Hz)u' C Bry,

These compounde hydrolyse readily in the presence of
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water, giving the hydrebromide of the sppropriete base,

Qoo

055511.(0 m'u)a +2H,0 '—’0555"‘37” + 3HBr +CBr + co,,

The structnrés a’:ggesteﬂ"‘ for these eomplexes involve
pentacovalent nitrogen which is now regarded as being
inadmigsable. Alternatively, in the case of the oomplex
conslsting of equimelar quantities of guinoline and
earbon tetrsbromide, a structure based omn 2 quaternary

ammonium salt seema Teasgible.

Br

L CBI'5 ]
This type of explanation for the structure is not

obviously applicable to the eomplex O5H5N. (C Brh)a,

Carbon tetrschloride does not normally resct
at room temperature (or lower) with amines, phosphines:
and arsinen,15 but at higher temperatures (cea. 150-200°C)
pelymeric substances result. A notable exception to
this observation is the rather violent reactlion which

eccurs with triethylphosphine and carbon tetnohloride.16

3 (czns)sr + cmh——.[(c'zns)f:l} . €01,



The material is considered to have the structurse!’
(0233)31’ P (0235)3 3+
. -
/ \ =
(_02115,) 3P C1
L i
18 have shown that trichloro-

Pullman and West
fjodomethane reacts with a number of alkyl and aryl
compounds of Group VB elements forming 41:1 adducte.

The stability of these compounds, to a first approxima-
tion, increases with increasing co-ordinating ebility

of the parent element of the organometallic compound
uged. Conductivity measurements indicate that the
adduyets are not ionised in msolution. Their formulation
as quaternary compounds, elther [RBI 1]*c 013 or

[33n cC1.)* I~ can therefors be discounted. Bonding

3l
18 considered to exlst between the Group VB element

and the iodine of trichlorelocdomethane., The fact that
triphenylp‘hosphine forms a very stable adduct while
triphenylamine does not form one at all, seems likely
to be due to the existence of B - a. bondlng19 between
iodine and phosphorus in addition to the ordinary P—1

coordination. Nitrogen is unable to participate in

bonds of this type since it does not possess any suitable
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vaeant orbitals to receive electrons from iodine.
This, together with the fact that triphenylamine
normally displays very little basie character, accounts
for its insbility to form an adduct with trichlore~
iodomethane. The few adducts of triphenylamine that
are knownzo involve strong Lewlsg acids like the boron
helides, although recently complexes of the amine wilth
silver perchlorate and silver tetrafluorchorate have
been reporteﬁ.21
Partial displacement of the base (RSM) from
its adduct with trichlorolocdomethane occurs when
another base (R%l), aleo capable of forming a similar

15

adduct, is present, The general equilibrium for

this type of reaction may be represented as:

R, M .CCl,I + R'M=——R!)N, CC1

I +R
3 3 3 3

3 |

3
(4f R=R', M=M" gnd 1f M=M', R=R"),

The compounds whose reactions with trichloro-

{odomethene were studied are 1listed in Table 2.1,
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TABLE 2.1

Reactions of Trichloroiodomethane with GroupV B Organo—-
metallic Compounds

Claass of compound Adduct formed No Reaction
Amines (GHB) 21:’ H Nﬂj
( 033)3‘1! CHBHH‘?
(0255)3N (06H5)3N
Phosphines ( CH3) 5P
(0635)39
Arsines (CH})3 Ag
Stibines (CH3)3 Sh (06H5)3 8b

In eome circumstances trifluorolodomethane
undergoes reactions similar to those of trichloroiodo-
methane. For example each compound reacte with mercury
in the presence of ultra-violet light giving trifluoro-

methylmercuric 1odid 022

and trichloromethylmercurio
10616023 respectively. However in their reactions with

organic derivatives of GroupV B elements, these haloalkanes
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show marked differences, Instesd of adduct formation,
reaction of trimethyl-phosphine, ~arsine and -stibine
with trifluoroiodomethane yields the appropriate
dimethyltrifiuoromethyl derivative together with the
corresponding tetramethyl ’onium 1odide and a trace of

2l4, 25

fluoroform, The corresponding reaction with
trimethylamine does not give dimethyltrifluoromethyl-
emine but gives some tetramethylammonium iodide,
fluoroform in greaster than 70% yleld, and an unidentified
solid, A mechaniam has been proposed for this radieal
exchange reactlion and involves an intermediate

quaternary compound of the type |KCH3)3I GF3j|+ I~

In the case where the metal is phosphorus, 1t 1e possible
to prepare the mixed alkylperfluoroalkyl ’onium compound

independently.

CH,I + (CH3)2PCF

. 3_._;.[(0113)3? CF, ] 1

This quaternary compound is stable at room temperature,
The fact that such a compound ies not detected in the
products of the reaction between the trialkyl compounds
and trifluoroiodomethane means that subsequent steps in
the reaction mechanism must provide for complete removal
of the quaternary compound. The following observations

are relevant to the choice of tne«::hanism.m4
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(a) Both trimethyltrifluoromethylphosphonium iodide
and tetramethylphosphonium iodide are obtained from the
reaction between trimethylphosphine and trifluoreoiocdo-
methane in carbon tetrachloride. This indicates that
reaction to give the mixed quaternary compound can occur
in a solvent. The inability of trimethyltrifluoro~-
methylphosphonium iodide to react further in this case

1 attributed to 1ts insolubility in the solvent used.

(b) Tpimethyltrifluoromethylphosphonium iodide 18
goluble in, snd cen be recovered unchanged from
trifluoroiodomethane, Thus there is no direct reaction

between the quaternary compound and trifluorciodomethane,

(e) Tetramethylphosphonium 1odide ie soluble in
trifluoroiodomethane from which 1t can be recovered

unchanged.

(a) Trimethyltrifluoromethylphosphonlum ilodide is
almost insoluble in trimethylphosphine and not even
traces of tetramethylphesphonium iodide are formed

unlegs ethanol ig added.

It therefore appesrs that solvent effects are
{mportant in this reaction and that trifluoroicdomethane
oan be regarded as the solvent, for its reaction with
trimethylphosphine. The ready solubility of trimethyl-

trifluoromethylphosphonium iodide in this solvent
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explaings why the resctlion proceeds to completion in

tri fluoroiocdomethane but not in carbon tetrachloride.

The proposed mechanisme by which trimethyltrifluvore-
methylphosphonium 1odide may be removed and the

2L

observed resction products Formed, =are closely related:

(a) The mixed gquaternary iodide may dissoclate to

dimethyltrifluoromethylphosphine end methyl iodide,
the latter then reacting with t rimethylphosphine to
form tetramethylphosphonium fodide.

[(033)31’ CF3] I—>(CH,),P CF5 + CHsI
cnj: + (033)3P——>[(0113)hp ] 1

(b) Alternatively, the conditions are favorable
for nucleophilic attack of trimethylphosphine on a

methyl group of the guaternary compound:

SN +
(GHB)BP. + cm3 7P\-—GP3—>(GHB)'_;P + (0113) 21= crr3
o:m3 CH3

In jJust the same way in which nucleophiliec

attack of hydroxide ions on trifluoroiodomethane occurs

to give fluorofarm:26

-— HOI + CF_

e
OF+I£GR 3

3
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GFS + solvent — GBF3

the formation of the mixed quaternary compound may result
from nucleophilic attack of trimethylphosphine on the
relatively positive iodine of trlﬂuoroiodomthane:m

S+ &= +
(c33)31>=/+\ 1 —Acr3—> [(caj)jr 1 ] s
Rearrangement of ‘the positive iodine complex via a
pentacovalent state then gives trinethy‘ltrlﬂuorometml-
phosphonium iodide. The small amount of fluoroform
produced in the reactions between trifluoroiodomethane
and the compounds (011-3)3! (where X=P, As, 8b) 18
attributed to a side reaction in which the trifluoro-
methyl anion of [(033) 3. I ]"' 0!3 attscks 2 neighbouring
molecule, abstracting hydrogen. The fact that the
yield of fluoroform is so low indicates that the

conversiont -~
CHy 1
™/
fom)x1 )7 oy / P\_—_I*[("“s)sp ory | 1
Ci5  cry ‘

is rapid.
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Both trimethylarsine and trimethylstibine react
4n a menner identical with that of trimethylphosphine
with trifluoroiodomethane and since both arsenic and
antimony can exist in pentacovalent states the
operating mechanism is considered to be the same in esch

cage,

In the case of the reaction of trimethylamine
with trifluoroiodomethane however, the yleld of fluoroform
is very high and is attributed to the inability of
nitrogen to form more than four covalent bonds. Thus,
the positive lodine complex [(CH3)BN I]"' CF; cannot
rearrange to [(CHB)BN OF3]"' 1~ wvia a pentacovalent state
and all the trifluoromethyl anions are available for
hydrogen abstraction, giving fluoroform as the major

reaction product. The exchange reaction to give

dimethyltrifluoromethylamine then eannot occur,

The avallable evidence as to the existence of
cations of the type R M I1* (where M is N, P, As, Sb), at
first sight asppears to be conflicting. Trimethylamine

28 have been

a1bromide2’ and the analogous di-iodide
known for a long time and the formulation of these
compounds>> as [(CHB)BH X]* X~ has been supported by

conductivity measurement.30 The s0lid stete structure
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determinstions of such compounds indicate that the
halogen molecule is attached by a covalent hond31 to
the nitrogen stom and that the linear arrangement
Ne=eX=X exista.32 However, in solutions poseessing
fevorsble dielectric properties, it is epparent from
conductimetric measurements that heterolysis of the
halogen~halogen link can readily occur to produce
18,33

fionic speecles.

It has similarly been shown that tertiary
phosphine di-iodidenm and tertiary arsenic dibromides
and di-iodide533 have conductances similar to those of
1:1 electrolytes in polar solvents like nitrobenzene

and methyl cyanide.,

A similar bond fission in CF3 — I can
readily be considered knowing thet the trifluoromethyl
group is known to behave in some ocircumstances as @&
psteudo-lv.alogen.35 The higher electronegativity of
the trifluoromethyl group (3.3) than iodine (2.4)
indicates that the products of the bond fission
envl saged, sre 1 ana GFB. The existence of quaternary
oations of the type |RgM I ]* as intermediates 1n the
reactions between trialkyl derivatives of GroupV B
elements and trifluoroiodomethane, therefore appears

feasgible,
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The original work on a number of new
perfluorcalkyl derivatives of phosphorus, arsenic and
antimony is described in Chapter IV.
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MIXED ALRYLPERFLUOROALKYL DERIVATIVES OF GROUP VB
ELEMENTS
&% T ow= wocowas

1. INTRODUCTIOR

Although the reaction of trifluoroiodomethane
with the trimethyl derivatives of nitrogen, phosphorus,
aresenic and antimony had been studied previouely,1’2
prior to this present study, no work hzad been done to
determine the influence of larger alkyl or perfluoroslkyl
groups on the course of the reaction, It was the aim
in this programme to make such & study and to determine
the trends in behaviour of the products of reactions
between higher molecular welght perfluoroiodoalkanes
and trialkyl derivetives of the GroupV B elements.

After this investigation was sterted, Cullen> published
the results of some exchange reactions gimilar to those

to be deseribed in this Chapter. The only reaction which
has been duplicated 1s that between triethylarsine and
trifluoroiodomethane and the results of both workers are

N

the same,

The overall reaction between trimethyl-phosphine,
-arsine or -stibine and trifluoroiocdomethane was
originally stated to glve 28 products, the asppropriate
dimethyltrifluoromethyl derivative (50%) and the
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corresponding tetramethyl ’onium iodide (50%).
2 (CH) M + CP5I—(CH,) M CF5 + [(CHB)ul] 1

However a closer examination of the reaction involving
trimethylphosphine indicated that, in addition to these
two products, dimethylbi strifl uoromethylphosphonium

L

jodide was formed. This was very surprising since
neither the reaction of trifluoroiodomethane with
dimethyltrifluoromethylphosphine nor that of methyl

jodide with methylbistrifluoromethylphosphine yielded such
a gquaternery compound. Another anomaly appeared when
diethyliodoarsine reaocted with trifluoroiodomethane 1in

the presence of mercury giving predominantly ethylbis-
trifluordmethylarsine.5 In all other cases tried, the
products anticipated were obtained from this type of

resction which may be expressed in the genersl form:

_ He
R_AsI Rfl Ran(Rf)}_x

x Zux ¥

Subsequent investigations revesled that the formation of
ethylbistrifliuoromethylarsine was not due in the ebove
{nstance to reaction of trifluoroiodomethane with the
initisl product, dliethyltrifluoromethylarsine, since
these two compounds did not reaet under the conditions

employed in such a reaction.3
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Thus it was apparent that the chemlstry of the
perfluoroalkyl derivatives of the Group VB elements was

more complicated than was once thoughte.

5, THE REACTION OF TRIFLUOROIODOMETHANE WITH TRIETHYL-
PHOSPHINE, —ARSINE AND — STIBINE

__—_.L—_—_—-——'——'——

Prifluoroiodomethane was found to resect with
¢riethyl-phosphine, -arsine and -stibine giving the
appropriste dlethyltrifluoromethyl derivative together
with the corresponding tetraethyl onium lodide. It
was necessary to heat the reaction mixture containing
the arsine to 100°C to induce significant reaction, but
with the phosphine and stibine, adequate quantities of
products were formed at room temperature. Qualitatively,
the rate of reaction of trifluoroiodomethane with
triethyl compounds was slower then with their trimethyl
analoguea,1 ag shown by longer time required for the
first deposition of solid tetraethyl ’onium lodldes.
In all three cases, even though a large excess of
4trifluoreicdomethane was used, the reaction mixtures
reached an equilibrium position when only 20-30% of the
organometallic compound had reacted, and it was found
that the yields of the various products were unchanged
even after periods as long as six months,. However the

yields were greatly improved by removing &ll the
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volatile constituents of the equilibreted mixtures from
the =01id quaternary compounde formed in each case snd
allowing new equilibria to be establisghed, By repeating
these procedures several times, 1t was possible %o

obtain ylelds of the appropriate diethyltrifluoromethyl
derivatives as high as 80%.

In the reactiens of trimethyl derivativas of
phosphorus, arsenic and entimony, there was almost
quantitative conversion of the trimethyl compounds to
an equimolar mixture of the dimethyltrifluoromethyl
derivative and the tetramethyl ‘onium 1odidec1 There
was no evidence for the formation of ecompounds of the

form GHBI (0F3)2 in any of these reactions.

Also important was the fact that in the present work,
great difficulty was experienced in separating unreacted
trifluoroiodomethane from the mixture of triethyl and
diethyltrifluoromethyl derivatives. A gimilar
observation for comparable syétemn was made by Gullen3
who atiributed the fact to the formation of moderately
stable ’onium complexes with trifluoroiodomethsane.

Thie problem was overcome in the present study by using
vapour phasge chromatography. With careful choice of

conditions, complete separation of the various
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components of the reaction mixtures was readily achieved.
Thi s technique not only ensbled the compounis present
to be obtained in a pure torm,’but elso indicated the
presence of another component which would probably have
remained undetected 1f ether separatien methods had
been uged. This ecompound was produced in each of the
reactions studied and was found te be ethyl iodide.
This was very surprising since some unchanged triethyl
eompound was salso present in the gystems, Normally

of course, ethyl iedide and triethyl derivatives of
Group VB elements react to form tetrasthyl ’onium
jodides. The fact that these two materials ocould
co-8xist as such, was not due te the fact that they had
ingufficient time to react, since as was previously
stated, the reaction mixtures were on occasions &llowed
to stand for six months, The explanation provided for
this spparent anomaly requires a2 closer study of the

overall mechsnism of the reactions.

The two c¢losely relsted mechanismg proposed by
Hagzeldine and West for the reaction of trimethyl-
phosphine, —-2rsine and -stibine with trifluoroiodo-
methane involved the formation eof an intermediate
gquaternary compound |'_(CH3) 3N Rt]+ I"., One assumed that
& subsequent step was the nucleophilic asttaeck of a

further molecule of the originel trimethyl compound on
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a methyl group in the mixed guaternary compound, thus:

where R = CH3 and Rr = GF3.

This implied direct formation of the tetramethyl ‘*onium
iodide from the intermediate and did not permit even the
trangient existence of free alkyl iodide. The other
mechaniem involved dissociation of the intermediate

quaternary compound thus:

-

R

-R\f/n L \“
[ R/ \Rr R/ \nf

Reaction of the liberated methyl iodide with a molecule

+R1I

of the original trimethyl compound then, accounted for
the appearsnce of the tetramethyl ’onium iodide observed
as a major reaction product, The fact that free ethyl
iodide remained after reaction between trifluorolodo-
methane and the triethyl compounds was no doubt related
to the slower rate of reaction found for ethyl iodide

with triethyl derivatives of phosphorus, arsenic and
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antimony, compared with thet of methyl 1odide and the
analogous trimethyl derivatives. Thus in the systema
under conslideration, the dilution by the newly formed
alkylperfluoroalkyl compound plus the excess
perfluoroalkyl iodide was probably sufficient to retard
the formation of tetraethyl queternary compounds under
the mild thermal conditions used. It appeared that the
relative proportiens of ethyl iodide and tetraethyl
’onium ledide were gquite varishle snd probsbly depended
on factore such ag the quantity of perfluoroiodoslkane
used (and therefore the extent of dilution) and the el ze

of the reaction vessel.

An ifmportant result of the fact that not all
of the liberated ethyl 1odide reacted with the triethyl
compound, was that obviously more of the latter was then
available to react with trifluoroiodomethane, Therefore
the overall ylelds of the diethyltrifluoromethyl
derivatives were found to be much higher (80%) than when
trimethyl compounds were used (35-50%).

An slternate explanation for the existence of
free ethyl iodide as a reaction product in the gystems
under consideration admite the poasibility of either
one of the reaction mechaniamg postulated. It was

considered that the tetraethyl ’onium iodide may have
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formed and irrespective of the route by which this
happened, partial dissociation occurred in the solvent,
trifluorolodomethane, giving free ethyl iodide and the
triethyl compound. Immediate recombination of the

two species would be retarded by the presence of
trifluoroliodomethane due to its ability to form eilther

a reasonably stable ’onium compound with the triethyl
derivative, as was suggested previously, or simply a type
of molecular compound with the base, and similar to that
known to occur when trifluoroiodomethane is di smolved in
some basio solverﬂ:s.6 This would be protected to some
extent by an atmosphere of trifluoroiodomethane molecules
which would hinder the close approach of the relatively
minor quantities of ethyl iodide. It was significant
that when most of the excess trifluoroiodomethane was
removed, further deposition of the tetraethyl ’onium
iodide invariably occurred, Therefore, although the
triethyl compound was probably still present at this
stage in the form of the ocomplex with trifluoroiodomethane,
the degree of protection of such a complex was grestly
reduced and the competition for the reaction with the
triethyl compound was then changed in favour of ethyl
lodide.

As will be shown in Chapter VI, the reaction

of perfluorolodoslkanes with trialkyl d erivatives of
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blegmuth invariably produced the appropriaste alkyl

fodide as one reaction product, but since bismuth 1is
normally inespasble of forming quaternary compounds, this
fact does little to support either reason given for the
appearance of ethyl iocdide in the above reaction
mixtures.

In Table L.1 are listed with the compounds
prepared in this series, the conditions under which
they were formed, the ylelds and also the extrapolated

boiling points.
TABLE L.4

Diethyltrifluoromethyl Derivetives of Group VB Elements

Compound Extrapol~ Reaction No. of Overall

ated Conditions times Yield
Bolling treated (%)
Point
(C Hs) P CF5 97 20°/72 br. 5 80
(C,Hs), As OF 5 110 100°/2Y4 hr. 2 60
(C,E;), 8b CFy 136 20°/48 hr. 2 70

All the new alkylperfluoroalkyl compounds
prepared in this series exhibited properties comparable
with those of their dimethyltrifluoromethyl analogues.
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They were very reactive towards alr and tended to

fume strongly when exposed to 1it. The electron donating
power of the GroupV B elements in these compounds was
reduced in & manner expected, due to the presence of the

strongly electronegative trifluoremethyl groups.

(a) Reaction of Diethyltrifluoromethyl Compounds with
Silver Jcdide

In the reaction with silver 1cdide, diethyl-
triflooromethylphosphine was found to possess a much
lower basicity than triethylphosphine. The adduct
formed by triethylphosphine with silver iodide is
sufficiently stable to be used in the preparation of
the phosphine as a2 means of isolating i1t from the other
reaction products. The esnalogous complex derived from
dlethyltrifluoromethylphosphine was much lese stable
and was found to undergo considerable dissoclation even
at room temperature. I+t hep been established that the
baslelity of trialkyl derivatives of the GroupV B elementis
follows the sequence7 P> As > Sb. The gtability of the
sllver iodide complexes of the dlethyltrifluorcmethyl
derivatives of these elements follows the same order,
Thus 1t was found that diethyltrifluoromsethylarsine
formed an adduct which was even less stable than that
formed by the analogous phosphine, while the stibine 414

not form one at all, Of course the avallability of



9.

the lone palr of electrons on the parent element is
progressively reduced as more alkyl groups are replaced
by perfluoroalkyl. For example, Beg and Glarku showed
that the stability of the complexes formed by methyl-
trifluoromethylphosphines with the strong Lewis acids,
boron trifluoride and platinoue chloride, decreases in

the order:
(033)31’ > (CH3)2P 0?3 > cﬂ.,'l»(cr'z,’)2 > P(GF3)3

(v) eaction of Diethyltrifluoromethyl Compounds with
Ethyl Iodide

In the reactions with ethyl iodide the
diethyltrifluoromethyl compounds of the three elements
gshowed basicities markedly lower than those of the
gorresponding triethyl compounds. Whereas the latter
readlly reac‘l;eel,t5 the compounds containing trifluoromethyl
groups A4id@ so only after heating the sppropriate mixtures
at 75°C for quite long periods of time. The products
were g0 unstable that on contact with air, they rapidly
decomposed, glving highly coloured oils. The originsl
products were tentatively formulated as triethyltri-

fluoromethyl ’onium 1odides heving the general formula

[(02“5)3' C,Fs]1
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(c) Hydrolysis of Diethyltrifluoromethyl Compounds

All the diethyltrifluoromethyl compounda
prepared were found to liberate fluoroform when treated
with hot 20% agueous alkali. The rate of hydrolysis
ineressed with increasing atomio number of the parent
element and, slthough complete hydrolysis was not
accomplished esch time, all the fluerine derived from the
1iberated trifluoromethyl group appeared as 1 voroform.
The results were consistent with the mechanism proposed
by Heszeldine end West,2 who suggested that the
hydrolysis was initiated by the nucleophilic attack of
hydroxyl g roups on the central parent element. Thus
any increase in the electropositive character of the
metals, such as that oceurring with increasging atomio
number, facilitated the hydrolysis. Attachment of
more than one trifluoromethyl group to the parent element
rendered the resulting compound even more susceptible
to such sttack, Accordingly it has been found that
the rate of hydrolysis of the trifluoromethyl
derivatives of a particular element increased with

increaging number of attached trifluoromethyl gmups.2

Hydrolysie of the diethyltrifluoromethyl
compounds with aqueous sodium hydroxzide caused fluoreform

to be liberated. Although no fluoride was produced,
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the hydrolysis was incomplete in the ecase of the phesphine
and arsine and only for the stibine was fluoroform

produced quantitatively.

3, THE REACTION OF PENTAFLUOROIODOETHANE WITH TRIMETHYL-
PHOSPHINE, w~ARSINE AND —STIBINE =

Pentafluoroiodoethane was found to react with
trimethyl-phosphine, ~ argine and -stibine, giving the
appropriste dimethylpentafluorcethyl derivative together
with the corresponding tetramethyl ‘onium lodlde.

The reactions were performed at room temperature and
appeared to proceed at a rate comparable with that
observed when trifluorolodomethane reacted with these
same orgenometallic compounds and certalnly more rapldly
than the reasctions of trifluoroiodomethane with the
analogous triethyl derivatives. Here again, r emoval
of the volatile products and unchanged reactants from
the sclid gusternary iodide deposited, enabled the
yields of the dimethylpentafliuoroethyl derivatives to
be significantly increased. However, as was to be
expected, no free methyl iodlde was found in these
reaction mixtures end there were no obvious differences
in the mode of reaction from that observed for the

anslogous ones with trifluorolodomethane.



97.
Table 4.2 contains a 1list of the compounds
prepared in this series, thelr extrapolated boiling
points and a summary of the reaction conditions.

TABLE

Dimetmlgentaﬂuoroetml Derivatives of CGroup VB Elements

Extrapol- No. of Overall
Compound ™" 4 ad Reaction  times Yield (%)
Boiling Conditions treated
Point
(+]
(033)2p C,Fs 57 20Y/14 hr. 3 38
(2]
(CH3)2A5 G Fs 67 20°/24 hr. 2 39
79 20°/72 nr. N b3

(GHB) > <+ ) 62F5

These new compound s possessed properties more
closely related to those of their dimethyltrifluoro~
methyl analogues than of the comparable diethyltrifluoro-
methyl derivatives. This was particulsrly noticeable
when they were exposed to alr in which they tended to
ignite. The powerful electron attraecting propertiea
of the pentafluoroethyl group were d emonstrated in the
reactions with silver iodide, with which only dimethyl-
pentafluoroethylphosphine formed a complex, Even this
complex was so unstable that, at room temperaturs, there

was considerable dissociation into the component molecules.
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Both the phosphine and the arsine reacted with methyl
iodide forming compounds which repldly decomposed when
exposed to alr, giving highly coloured oils. The
compound 8 themselves were tentatively formulated a8
quaternary type derivatives of the form [(GHB) 31_! GZFS] I.
Alkaline hydrolysis of the dyimethylpentafluoroethyl
compound g csused pentafluoreethyl greups to be liberated
as pentafluoroethane, but the quantitative liberation

of these groups only occurred in the casge of the stibine,

4. IRFRA-RED SPECTRA

The infra-red spectra of the dimethylpenta-
fluoroethyl snd dfethyltrifluoromethyl derivatives of
phosphorug, arsenic and antimony were recorded and
compared with those of related compounds. Tentative
vibrational assignments were made generally only for
those frequencies assoclated with C-H and C-F¥

vibrations in the frequency range 700-4000 om,~?

{a) Dimethylpentafluoroethyl Compounds

The observed freguencies and tentative

assignments are listed in Table 4.3
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Viprational Frequencies for Dimethylpentafluoroethyl
Compounds

(OH3)2P02]‘5 (CHB)ZAs 6214'5 (033)2% C g Assignment

2983 (m) 3019 (m) 3015 (m) C-H anti sym.
stretch

2935 im) 2940 Emg 2925 (m) C-H sym.

2895 (wsh) 2824 (w stretch
1438 (m) 1438 (msh) 1444 (m) ] C-H antisym.,

1420 (m) bend

1324 s; 1332 (8) 1320 (s)

1279 (w 1313 ( ssh) 1290 (ssh)| C-F stretches
121l ( ssh) 1275 (m 1200 (s) of cr3 group
1209 (s) 1209 (s

1114 (s; 1406 és) 1086 (&) } C-F stretches
1099 (s 1092 (esh) of CF,-M group

969 ( s) 950 (8) 925 (s) CH, rock

895 (m) 900 (m) C-C streteh

861 (m) 850 ( 8) 822 (m) CH; wag

744 (msh) 742 ( seh) 773 (s

739 2m> 736 Es) 726 &sg } S=F dietern,

9Ll §s)

734 (msh) Not assigned

709 (m)

The absorption bands at 2880-3015 and 4820-2940

om.”' are assigned to C-H entisymmetric and asymmetriec

9,10

C~H antisymmetric bending frequenciesg normally appear in

1

stretching vibrations regpectively. Although the

the region of 4460 cm. ', the effect of the highly
electronegative perfluoroalkyl groups in the compounds
under examination may well be responsible for the

observed absorptions attributed to those modes occurring
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1

in the range 1405-1440 am,” The very strong bands

1

ocourring at 1200-1335 em.”  are attributed to the C-F

atretches of the GF3 fragment of the pentafluoroethyl

11,12

group and probably obescure the less prominent bande

due to C~H gymmetric bending vibratiens. The bands in

1

the range 1085-1100 em. ' are assigned to C~F stretches

of the CF, unit attached directly to the metal atom,

4

2
In the region 890-900 om.,” 18 a band in the spectrum
of eaoh of the compounds attributed to C-C stretching
in the pentaethyl group. The frequencieeg in the region
925-970 om,™

while those at 820-860 em.~' are tentatively assigned to

are attributed to methyl rocking vibrations,

methyl wagging. The strong bands occurring at 725-780

em.”! are sassigned to C-F deformation vibrations.

(b) Diethyltrifluoromethyl Compounds

he vibrational frequencies in the infra-red
spectra of diethyltrifluoromethyl-phosphine, -arsine and
-gtibine, where applicable, are comparable with those of
the dimethylpentaflueroethyl series. In Table 4.4 are
liated the observed vibrational freguencles snd thelr
tentative asslgnments, The explsnations of fered for
the assignments may be obtained by reference to the

commentary pertaining to Table L4.3.
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TABLE 4,4
Vibrational Freauencies for Diethyltrifluoromethyl
Compounds
(5235) 2?0?3 (0235 )2A.CF3 (0235') ZSbGF} Assignments
2979 (m) 2980 (&) 2970 (m) C-E antisym,
streteh
2954 smsh) 2950 2351‘1) 2935 ) C-H sym,
2898 (m) 2885 (&) 2882 stretoh
1458 ing 1468 21:; 11;69 C~HE antigym,.
1419 1429 1'430 bend
1240 (m 1224 (e 11914
1154 3'§ 1176 (m 1123 C-F gym., and
1408 1142 (s 1092 antisym,
1115 (s stretch
747 (m) 791 (m) 792 (m) C-F deform.
986 (m) ?,]’3 é:} 952 (w) ] Not assigned
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EXPERIMENT AL

1. GENERAL TECHNIQUES

The general techniques deseribed in this
Chapter ere also spplicable to the experimental Chapters
to follow. Only those techniqgues which were used
exclusively in the investigations desecribed in the
follewing Sections will appear in the relevant
experimental Chapters.

(a) Yacuum System

Volatile materials were manipolated in a

conventionsl Pyrex glass vecuum gystem *2

and fraction-
ated by trsp~to-trap distillation with the ald of
sppropriate slush baths. 1In general, reactions between
perflueoroicdoalkanes and erganometallic compounds were
carried out in heavy walled Pyrex tubes of spproximately
50 ml, espacity. The voletile reactants were condensed
from the vacuum system inte the tubes which were then

gealed while evacuated.

(b) Fractionation of Reaction Mixtures

After preliminary trap-to-trap distillation,
the fractions containing the organometellic ocompounds
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were subjected to vapour phase echromatography in order
to 1solate the individual constituents. A Perkin-
Elmer model 454~C vapour fractometer was used for this
purpose. Nitrogen was the cearrier gas and di-isodecyl
phthelate on brick dust the column packing material,
Each pure fraction, as it emerged from the column

was colleocted in a separate U-tube cooled in liquid air,
The retentlon times of the new compounds prepared are

given in Table 5.6,

(e) Vepour Pressure-Tempersture Measurements

The vepour pressures of the new compounds were
measured over a range of temperatures using the

1soteniscope method,

(d) Analyses

(1) Phosphorus was determined by carefully
oxidising the approprlate compound with nitric acid in
a2 ssaled tube, The solution was diluted with water,
ammonium molybdate added, and the phosphomolybdate
titrated with standard alkeli.>

(11) Arsenic was determined lodometricelly™

after nitric acid decomposition af the compeound,

(111) Antimony was determined by titration with

5

potassium permanganate” after oxidative decomposition of
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the compound with nitric and sulphuric acids, followed

by reduction with hydrazine.

(4v) Carbon and Hydrogen snalyses were performed
by the C.S.I1.R.0, Microanalytical Laboratories, Melbourne,

(v) Molecular weights of gases were determined
by Regnault's method. For those ecompounds having very
low vapour pressure at room temperature, the conventional
spparatus was modified to allow determinations to be
made at suitably high temperatures (see Figure 5.1).

(vi) Infra-red spectra were recorded in the

range 700-4000 em.”!

using a Perkin-Elmer model 21
double-beam spectrophotometer fitted with sodium
chleride optles. Spectra of gases were recorded using

a 10 em., gas cell equipped with sodium chloride windows.

2, PREPARATIONS OF REACTANTS

(a) Perfluorociodoslkanes

The perfluorolodoalkanes used in this study
were prepared by heating together mixtures of iodine and
the sllver s2lts of the appropriate perfluoroalkyl
carboxylic aclds. The sllver galts were formed by
treating freshly prepared ellver oxlde with the acid
required. Thus silver nitrate was treated with excess

sodium carbonate eolution and the precipitate formed
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repeatedly washed until free of nitrate and carbonste.
The purified silver oxide was then treated with a2 slight
excess of the required acid and the resulting solution
concentrated at reduced pressure until crystals
appeared. The silver salt was then dried in a vacuum

desiceator containing phosphorus pentoxide,

(1) TrlfluoroiOdomethane6

Silver trifluoroacetate (220 gm., 1.0 mole)
was intimately mixed with dry, finely divided iodine
(635 gm., 2.5 mole) and placed in the reaction vessel A
( see Figure 5.2). The mixture was carefully heated
80 that a steady stream of gas bubbled through the
gerubbing tower B. This tower contalned a solution of
sodium hydroxide (10%) to ebsorb carbon dioxide produced
{n the reactlon, and sodium thiosulphate (5%) to ebeorb
any lodine carried over by the gases. The trifluoro-
iodomethane then passed through a series of drying
tubes D and E containing eslcium chloride and phosphorus
pentoxide respectively. The product was finally
collected in a trap cooled to -196°C and purified in
the vacuum system by trap-to-trap distillation (Found:
mol.wt. 196, Calc. for CFslz mol.wt. 196). The yield
was 95%.



FIGURE 5.2
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(11) Pentafl uoroiodoethane7

S8ilver pentafluoropropionate (163 gm.,
0.6 mole), prepared from silver oxide and pentafluoro-
propionic acid was mixed with lodine (254 gm., 1.0 mole).
The mixture was gently heated and the gas liberated
collected directly in s trap at -196°C. A vacuum
jacketed condenser fitted with a cold finger (see
Pigure 5.3) was then attached to the top of the trap
and the temperature allowed to rise to 20°C. All the
carbon dioxide waas removed in this way, the pentafluoro=-
jodoethane being retained by maintaining the temperature
of the cold finger at -50°C, The yleld of product
(Pound: mol.wt. 2463 Cele. for GZFSI: mol.wt. 246) was
125 gm. (85%).

(b) Derivatives of Croup VB Elements

(1) Trimethylphosphine was prepared using a
method based on that of Mann and Wella.8 "Gri gnard"

magnesium (108 gms., 6 atoms/mole P013) and methyl

iodide (640 g., 4.5 mole) in dry diethyl ether (1100 ml.)
were used to prepare an ethereal solution of methyl-
magnesiom iodide, The solution was cooled in dry 1ce
and viéoroualy stirred while phosgphorus trichloride

(103 gm., 0.75 mole) in ether (250 ml.) was added at



—
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FIGURE 5.3
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such a rate that the heat evolved during the reaction
Just prevented the mixture from solidifying. Nitrogen
wag pagsed through the reaction vessel throughout the
preparation. The final mixture was allowed to remain
at -50°C (zpproximately) for three hours and at room
temperature for & further ten hours. All the volatile
congtituents were then distilled direoctly from the
reaction vessel into a flask containing a solution

of silver iodide in agueous potassium iodide. (This
solution was prepared by adding eolid potassium iodide
to ellver nitrate (125 gm., 0.75 mole) in water (400 ml,)
until the silver i1odide, first precipitated, just
dlssppeared.) At the completion of the distillation
the aqueous and ethereal layers were contacted by
vigorouely shaking, The heavy white precipitate formed
at the Jjunction of the two layeres was filtered off,
washed with potassium 1odide solution and dried by
pumping, Free trimethylphosphine was generated by
heating the c:omple::9 [AgL P (CHB)B]l& in an evacuated
tube connected to a trap cooled to -496°C. Final
purification was achieved using trap-to-trap distillation
through traps cooled to =L6, =95 and -196°C. The
yield of trimethylphosphine (Found: mol.wt. 76; C=ale.
for C;HoP: mol.wt. 76) wag 31 gm. (54% based on
phosphorus trichloride).
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(11) Trietgxlphogghine1o was prepared by an

analogous procedure, using ethylmagnesium iodide (4.5
mole) and phosphorus trichloride (0.75 mole). The
yield was 41 gm. (50%). The triethylphosphine was
characterized by treating a sample with excess ethyl
fiodide in 2 sealed tube in the absence of air. The
tetrasthylphosphonium iodide regulting was treated

with an acetone solution of mercuriec iodide, such that
the molecular ratio of the two reaetants was 1:2.

The tetrasethylphosphonium pentalodedimercurste so formed

1

had a m.p. 117°C (11t. ' 117°).

(111) Trimetgxlarsinclz Methylmagne sium
iodide was prepared from magnesium (72 gm., 3.0 mole)
and methyl iodide (426 gm., 3.0 mole) in sodium-dried
ether (750 ml.). To this solution, which was cooled
in dry ice, was slowly added arsenic trichloride (90 gm.,
0.5 mole) in ether (250 ml,). Vigorous stirring was
necessary to quickly remove the yellow solid which
tended to deposit on the walls of the remction vessel
during this addition, Nitrogen was bubbled through
the reaction mixture econtinously, When the addition
ias complete, the mixture was allowed to stand at room
temperature for a further six hours before being
hydrolysed at -78%C by the careful eddition of ammonium



110,

sulphate solution (approximstely 2N). The ether layer
was then removed through a siphon tube by applying a
pressure of nitrogen. The ether golution was dried
over caloium chloride and distilled and the distillate
shaken with successive amounts of M"silver lodide
solution" until no further crystals of [(CH3)3A8° AgI] &
were depositied. The silver iodilde complex was removed
by filtration, dried under vacuum and carefully heated
to liberate trimethylarsine, which was passed through

a trap at -46°C in the vacuum system before being
collected as a pure product in a trap cooled to =196°C
(Found: mol.wt. 120; Cale. for CgHyAs: mol.wt. 120).
The yleld was 35 gm. (58% based on arsenis trichloride),

(iv) Tgiethxlargine12 was prepsred in a manner
similar to that used for trimethylarsine, A yield
of 64 gm. (58%) was obtained frome thylmagnesium iodide
(2.6 mole) and arsenic trichloride (90 gm., 0.5 mole).
The product was characterized by enalyslis of 1ta
mercuric chloride adduct (Found: C, 16.3; H, 3.4%;
m.p. 164°C; Cale. for CeHy5 AsHgCly; C, 16.6; H, 3.3%;
Lit.?3 m.p. 164°C).

(v) Trimet&lgtibinéo was prepared by a
method modified from that of Hibbert. Hethylmagnesium
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lodide in ether was produced from magnesium (15.3 gm.,
0.62 mole) and methyl iodide (88.8 gm., 0.62 mole).

The solution was cooled in an ice-salt bath and antimony
trichloride (47.0 gm., 0.21 mele) in ether (230 ml.)
glowly added with vigorous stirring. A yellow soclid
formed as the two solutions were mixed but rapidly

di sappesred as the reaction proceeded. When the
reaction was complete, two layers formed in the mixture,
the upper being liquid, and the lower oily and semi-
soliad. The entire mixture was then distilled until

the distillation temperature reached 125°C, Throughout
the preparetion, nitrogen was passed through the
reaction mixture, To 1solate the trimethylstibine,

the distillate was treated with a carbon tetrachloride
solution of bromine until no further precipitation of
trimethylantimony dibromide occurred.'’ The atbromide
waeg filtered off and dried by pumping. Pree trimethyl-~
stibine was generated by cautiougly adding water to the
dibromide, intimately mixed with the stolchiometrioc
quantity of zinc dust. The vessel in which this step
occurred was equipped with an outlet leading through an
ice-cooled trap into a collecting trap cooled to -196°c,
Nitrogen was passed through the system continuously.

A vigorous reaction commenced immediately the water

contacted the so0lid mixture but once the initial vigour
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had subeided, gentle heating was applied to distil out a
mixture of trimethylstibine and water, The product was
dried over anhydrous sodium sulphate and finally
purified by vacuum trap-to-trap distillation through
traps at =46, =95 and -196°C. The yleld was 19 gm.
(44%).. (Pound: mol.wt. 228; Cale. for GBH§Sb: mol .wt.
228).

(vi) Triethylstibine. Ethylmagnesiom lodide
was prepared by reacting ethyl iodide (235 gm., 1.5 mole)
with magnestium (42 gm., 0.5 mole) in ether (400 ml.).
FPreshly distilled antimony trichloride (115 gm., 0.5
mole) in ether (200 ml.) was added slowly to the
@Grignard Reagent which had been previously cooled to
-10°C. The mixture wae allowed to stand at room
temperature for eight hours and the volatile materlals
then distilled off. An atmosphere of nitrogen had
been maintained in the reaction vessel to this stage.

In the latter part of the distillation, the nitrogen flow
was discontinued and the pressure reduced to enable the
less volatile components of the mixture to distil wilth
minimum decomposition. The distillste was treated with
fodine (127 gm., 0.5 mole) and the volume of solution
reduced by heating on a water bath until ecrystals of
triethylantimony di-iodide deposited.1u When, after
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repeated evaporation and cooling, it was impossible to
obtaln any further erystals, the combined s0lid was
pumped to remove ether and then intimately mixed with
the stoichiometrie quantity of zine dust., This mixture
waa carefully treated with water and the volatile
meterial liberated collected in a trap cooled to -196°C,
The 1iquild obtained was dried over anhydrous sodium
sulphate, from which it wag finally distilled, the

yield being 70 gm. (66%).

3. REACTION OF TRIETHYL COMPOUNDS WITH TRIFLUOROIODO-
NETHANRE

(a) Triethylphosphine

Triethylphosphine (L4.h4Y gm., 37.6 mmole) and
trifluoroiodomethane (10.8 gm,, 55.0 mmole) were sealed
in an evacuated tube and allowed to stand at room
temperature for three days. The volatile constituents
of the mixture were then distilled into the vacuum
gystem, leaving a white crystaslline residue. This was
identified ag tetraethylphosphonium iodide by isolation
of the pentalododimercurate, m.p. and mixed m.p. 147°C

11 447%) (Pouna: ¢, 7.98; H, 1.64%; Cslc. for

(Lit.
CgH,oP Hg,I: C, 8.11; H, 1.,69%)s The volatile

materials were fractionated through traps at =46 and
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-196°C, the phosphorus-containing ecompounds, together
with other minor constituents collecting in the former.
Four components of the less volatile fraction were
separated by vapour phase chromatography. By comparison
with the retention times of authentic samples and by
infra-red spectroscopic examination these components

were ldentified as ethyl iodide, trifluoroiodomethane,
triethylphosphine and diethyltrifl uoromethylphosphine
(Found: P, 19.4%; mol.wt. 157; Cale. for 05H10F3P:

P, 19.6%; mol.wt. 158). The former two components,
when combined, constituted spproximstely 10% of this
fraction, the triethylphosphine and diethyltrifluoro-
methylphosphine comprising 60% snd 30% respectively.
Four successive treatments of this fraction, obtalned

by the distillation described above, with additional
trifluoroiodomethane under the original conditions,
cauged approximately 80% conversion of triethylphosphine
to dfiethyltrifluoromethylphosphine.

Properties of Diethyltrifluoromethylphosphine

(1) The vapour pressure of diethyltrifluoro-

methylphosphine at the temperatures indicated, appears
in Table 5.1,

From these values the expression
logio P(mm) = 6,813 ~ 1%?1

was derived. The extrapolated bolling point was 97°C,
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TABLE 5.1

Vapour Pregsure-Temperature Relationships for
Diethyltrifluoromethylphosgphine

Temp. (°C) 103 x /9 (°4) Pressure (mm) Log,, P

27.5 3.279 79.5 1.9004
36.9 3.226 420.0 2.0792
40.1 3.194 142.0 2,1523
1434 3.16L 163.0 2,2122
47.1 3.124 190.0 2,2788
52.3 3.074 226,5 243551
58.2 3.019 268.5 2.4289
66.5 2.946 340.5 2.5321
72.3 2.896 402,.5 2.6047
77.7 2.851% 1465 .5 2.6680
87.0 2,778 590 .5 2.7713

(11) Diethyltrifluoromethylphosphine (0.251 gm.,
1.59 mmole) and SH sodium hydroxide (5 ml.) were heated
together at 100°C in a sealed tube for 12 hr. The
volatile materiels were then fractionated in the vacuum
system. Fluoroform (0.057 gm,, 0.81 mmole) was
recovered but no fluoride was found in the soclution
remaining. ‘Thus 51% hydrolysis of the phosphine had

occurred,

(111) A sample of the phosphine (0.18 gm.) was

condensed into a tube ecntalning & solution of sllver
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jodide in squeous potassium lodide (20%) silver lodide
(2.5 ml.). On shaking these two immiscible 1liquids

at 10-15%C, a mass of white crystals deposited.

Gentle warming caused obvious decomposition and at h8°0
the @iethyltrifluoromethylphosphine was recovered

quantitatively.

(iv) A mixture of dlethyltrifluoromethyl-
phosphine (0.19 gm.) and excess ethyl iodlde (0.65 gm,)
was allowed to stand in a sesled tube for three days
at room temperature and then at 75°C for a further three
days. At the end of this time a whlte crystalline
deposit had formed (0.073 gm.) which was stable even
after the removal of the unchanged reactants 1f kept
under vacuum, On contact with moist air it rapidly
decomposed giving ahighly coloured oil. The solid
formed initially was con;sldered to be the quaternary
compound [(CZHS)PGFS]I’ but ite instability prevented

an analysis being performed.

(v) The infra-red spectrum of the new phosphine
s shown in Pigure 5.4 (a)s

(b) Triethylersine
Triethylarsine (3.98 gm., 24.6 mmole) and

t fluoroi odomethane (9.9 gm., 50.5 mmole) were allewed



rEQUOCY (CH) . -

TRANSMITTANCE (%7e)

-4

o

Figure 5.4 (a)

TRANSMITTANCE (°/s)

—_—

'5-'_'3:.. .
%ﬂ

Figure 5.4 (b)

-

TRANSMIT TANGE P
8 L)
-

1 —— - —
. 1900 1800 1700 1600 1500 00 1200
4000 500 3000 2800 2000 b4 et

" Figure 5.4 (c)



17.

to stand at room temperature for 24 hr. and then at
100°C for 2 hrs. After removal of the volatile
components of the reaction mixture, tetraethylarsonium
todide (0.32 gm.) remained (Found: C, 30.4; H, 6.29;

I, 39.8%; Calc. for CgHygAsI: G, 30.2; H, 6.29;

I, 39.9%). The volatile reaction products were
subjected to trap-to~trap distillation and the followlng
fractions obtained: fluoroform (-196°C) (Found: mol.wt.
705 Cele. for CHF;: mol.wt. 70):; trifiuorciodomethane
(-135°C) (Pound: mol.wt. 196; Calc. for CF,I: mol.wt.
196); a mixture of trifluoroiodomethane and ethyl

10dide (-95°C); a mixture of triethylarsine and
diethyltrifluoromethylarsine (-46°C) (Pound: As, 36.8%;
mol.wt, 201; Cale. for C5H10F3As: Ag, 37.0%; mol.wt.
202). The latter fraction also contained minor

quanti ties of ethyl 1odide and trifluoroiodomethane,

The fraction consisting of the arsenic-containing
material was heated with additional trifluorciodomethane
and an overall 60% oonversion of triethylarsine to
diethyltrifluoromethylarsine was achleved. Diethyltri-
fluoromethylarsine has a boiling peint of 110°C

(r1t.1% 111%).

Propertles of Diethyltrifluoromethylarsine

(1) Diethyltrifluoromethylarsine (0.194 gm.,
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0.96 mwole) and 5K sodium hydroxide (5 ml.) were heated
together in a sealed tube at 100°C for 12 hrs.
Fractionation of the volatile constituents in the vacuum
system gave fluoroform (0,043 gm., 0.61 mmole) indicating
64% hydrolysis as no fluoride was found in the solution

after the reaction.

(11) No reaction occurred when the arsine
(0.17 gm.) and silver 1odide in aqueous potassium iodide

were sheken together even at 0%,

(111) Treatment of diethyltrifluoromethylareine
(0.23 gm.) with ethyl 1odide (1.1 gm.) for three days
at room temperature and a further three days at 75°0 s
yielded white crystals (0.024 gm.) which, when exposed
to alr, rapidly decomposed giving an oil. The
material was thought to be (021-15)2.&5 CF3 I.

{(1v) The infra-red spectrum of the arsine is
shown in Figure 5.4(Db).

(c¢) Triethylstibine

Triethyletibine (8.00 gm,, 38.3 mmole) and
trifluoroiodomethane (14.4 gm., 58.2 mmole) were allowed
to stand in a sealed tube at room temperature for L8 hras.,

There was deposited a small quantity of white crystalline
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s014d (0.32 gm.) which 414 not increase when the mixture
was heated at 100°C for 15 hrs. The s0lid wae
fdentified as tetraethyl stibonium iodide (Pound:

C, 26.4; H, 5.40; I, 34.7%; Calc. for CgH,,8bI: C, 26.3;
H, 5.48, I, 34.8%). Trap-totrap distillation was

used for a preliminary sepsration of the volatile
products and gave a trace of f luoroform (-19600),
unreacted trifluoroiodomethane (-135°C), a mixture of
trifluoroiodomethene and ethyl iodide (~95°C) end a
mixture of triethylstibine and d;etgxltrifluorometgxl-
gtibine (-46°C). The identity of these materials

was established with the aid of vapour phase chromatography,
infra-red spectral analysis and molecular welght
measurement. By treating the mixture of stibines with
additional trifiuorbiodomethane, more tetraethylstibonium
{odide was formed and a total conversion of 70% of
triethylstibine to diethyltrifluoromethyl stibine

(Found: Sb, 48.7%; mol.wt. 247; Cale. for CgH, F_Sb:

510" 3
49.0%; mol.wt. 249) was achieved.

Properties of Dietgzltrifluorometgglgtihine

(1) The vapour pressures of diethyltrifluoro-
methyl stiblne recorded at a number of temperatures

are shown in Table 5.2,



TABLE 5.2

Vapour Pressure-Temperature Relati onships Tor
Di ethyltrifluoromethylstibine

Temp (°C) 10311/.1- (°a) Pressure (mm) Leg,, P
3.2 3.298 3.5 4.6385
37.6 3.220 60.5 1.7818
y3.7 3.158 77.0 1.8865
48.4 3.111 91.5 1.9614
52.6 3.071 100.5 2.0021
53.8 3.059 103.5 2.0149
69.7 2.918 158.5 2.200%
78.7 2.843 205.0 2.3118
8h.Ls 2.798 239.5 2.3793
86.0 2.786 252.0 2.401L
95.6 2.712 323.5 2.5099

110.3 2,609 453.5 2.6566

The extrapolated boiling point was found to be
136°c and the above date may be represented by the

equation
:l.(:ig,‘0 P(mm) = 6,285 = j—?—é

(11) Diethyltrifluoromethylstibine (0.255 gm.,
1.02 mmole) and 5N sodiuom hydroxide (5 ml.) were heated
together at 100°C in a sealed tube for 12 hrs.

Trap~-to-trap distillation within the vacuum system
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enabled fluoroform (0,069 gm., 0.99 mmole) to be isolated.
This represented 97% hydrolysis of the stibine since no

fluoride was found in the solution remaining,

(144) The infra-red spectrum of the stibine is

shown in Pigure S.4(c).

4o REACTION OF TRIMETHYL COMPOUNDS WITH PENTAFLUCRO=-
10D

(a) Trimethylphosphine

Trimethylphosphine (4.7 gm., 61.8 mmole) and
pentafluoroiodoethane (15.4 gm., 62.7 mmole) were allowed
to stand at rocm temperature in a sealed tube for 14 hres.
The mixture set so0lid due to the formation of tetra-
methylphosphonium iodide (4.50 gm., 20.6 mmole) (Found:
C, 24.9; H, 5.48; I, 58.0%; Calc. for Ghﬂ12P I: C, 22.0;
H, 5.50; I, 58.2%8). Pollowing the removal of the
.8011d, the volatile materials were again treated with
excess pentafluoroiodoethane, the new solid being
removed after 12 hrs., and the procedure repeated once
more. The combined weight of tetramethylphosphonium
10dide (5.1 gm., 23.4 mmole) represented 38% conversion
of the trimethylphosphine, The volatile constituents

of the reaction mixture were then subjected to
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preliminary trasp-to-trap distillation. The fraction
condensl ng at -196°G contained only pentafluoreiodo-
ethane (Found: mol.wt., 246; Cale. for 02F5I: mol.wt,
246), while the fraction condensed at -63°C was shown
by vapeur phase chromatography to consist of
pentafluoroiodoethane, trimethylphosphine (4.25 gm,. ,
16,5 mmole) (Found: mol.wt. 76; Cale. for C3H9 :
mol.wt. 76) end dimethylpentafluoroethylphosphine
(3.96 gm., 22.0 mmole — 36% conversion of trimethyl-
phosphine) (Found: P, 47.2%; mol.wt., 180; Cale, for
O HgPgP: P, 17.2%; mol.wt. 180).

Properties of Dimethylpentafluoroethylphosphine

(1) The vepour pressure-temperature data for

dimethylpentafluoreoethylphosphine is shown in Table 5.3.

TABLE 5.3

Vapour Presgsure-Temperature Relationsghips
for Dimethylpentafluoroethylphosphine

Temp.(°C) 10°x /e (°a) Pressure (Mm) Log,, P

15.8 3.462 229.5 2.3608
20.6 3.406 25545 2.407Y
26.7 3.336 300.0 2.4774
30.0 34300 335.2 2.5255
3345 3.263 376.5 2.5758
4O.Y 3491 460.0 2.6628
46.5 3.130 528.0 2.7226

52.8 3.069 643.5 2.8085
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The extrapolated boiling point was calculated
to be 57°C and the equation derived from the above data
to be

log,q P(mm) = 6.551 - 1%}§

(11) Dimethylpentafluoroethylphosphine (0.220 gnm.,
1.22 mmole) and 5K sodium hydroxide (5 ml.,) were heated
together in a sealed tube at 100°C for 12 hrs.
Practionation in the vacuum system indicated that
fluoroform (0,062 gm,, 0,88 mmole) corresponding to
72% hydrolysis had been liberated.

(1i1) When the phosphine (0.24 gm.) and silver
1odide in aqueous potassium iodide (20% silver iodide,
3 ml.) were shaken together at room temperature, a white
erystalline solid deposited. By heating this soliad
at 50°C complete recovery of the original phosphine was

accomplished,

(1v) Reaction of dimethylpentafluoroethyl-
phosphine (0.23 gm.) with excess methyl iodide (1.2 gm.)
at room temperature for three days and at 75°C for a
further three days, ylelded a white crystalline material
(0.22 gm.) which underwent quite rapild decomposition on
exposure to air. It was considered to be [(CHB) 3P Gst]I.
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(v) The infra-red spectrum of the new compound

is shown in Figure 5.5(2).

(b) Trimethylarsine

Trimethylarsine (2.89 gm., 24.1 mmole) and
pentsfluoroiodoethane (6.75 gm., 24.7 mmole) were
allowed to stand at room temperature in a sealed tube
for 2i4 hrs, The volatile materials were then removed
from the crystalline solid deposited and the former
treated with additional excess pentafluoroiodoethane,
The combined solid formed after these two treatments
(4.5 gm.) represented 39% conversion of trimethylarsine
to tetramethylarsonium iodide (Found: C, 19.4; H, 4.83;
I, 51.4%; Cele. for O H, AsI: C, 19.5; H, 4.88;

I, 51.6%). Trap-to-trap d1stillation through traps
cooled to -63 and -196°C was used to separate most of
the excess pentafluoroiodoethane from the volatile
reaction products. The material collecting in the trap
at -63°C was geparated by vapour phase chromatography
into three components, viz., pentafluoroiodoethane,
trimethylarsine (Pound: mol.wt, 120; Cale.for 03H9As:
mol.wt. 120) and dimethylpentafluoroethylarsine (2.15 gm.,
9,6 mmole -~ 40% eonversion of trimethylarsine)(l?ound:
As, 33.4%; mol.wt,225; Calc. for C)HcF-As: As, 33.3%;
mol.wt. 224).
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Properties of Dimethylpentafluoroethylarsine

(1) The vapour pressure-tempersture data for

dimethylpentafluoroethylarsine are given in Table 5.4,

TABLE

Vepour Pressure-Temperature Relationships for
Dimet entafluoroethylarsine

Tempo(°C) 1032 V1 () Pregsure (mm) Log,, P

15.2 3.470 89.8 1.9533
19.5 3.419 112.5 2,0511
27.8 3.324 164.5 2.2161
31.0 3.289 190.0 2.2788
44 .0 3.185 286.0 2.456l
hly .9 3.146 33.0 2.5302
51.5 3.083 L430.0 2.,6335

(11) Dimethylpentafluorcethylarsine (0.216 gm.,
0.96 mmole) and 5N sodium hydroxide (5 ml.) were heated
together in a sealed tube for 12 hre. at 100°¢c.
Fractionation in the vacuum system gave an amount of
fluoroform (0.064 gm., 0.87 mmole) corresponding to 91%
hydrolysis. No fluoride was liberated.

(111) The srsine (0.18 gm.), when treated with
an aqueous solution (3 ml,) of silver iodide (20%)
in potassium iodide, d4id not yleld a solid product even

at ooc ®
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(iv) A white crystalline solid (0.21 gm,) was
formed when dimethylpentafluoroethylarsine (0.22 gm,)
and excess methyl lodide (0.93 gm.) were allowed to
react in a sealed tube for three days at room
temperature, and then for a further three days at 75°C.
The compound, formulated as [(0113)31\: C,F;] I, ecould not

be analysed due to its rapid decomposition in air,

(v) The infra-red spectrum of the new arsine

i1s shown in Pigure 5.5(b).

(e¢) Trimethylstibine
Trimethylstibine‘(B.hG gm., 32,7 mmole) and

pentafluoroiodoethane (8.49 gm., 34,1 mmole) were allowed

to stand at room temperature in a sealed tube for 72 hra.
The volatile reaction products were then removed by

pumping, leaving a white solid. By successively

treating the volatile materiasls with excess pentafluoroiodo-
ethane and removing the solid deposited, uvltimately a

stage was reached when no further solid sppeared,

The combined weight of so0lld product, identified as
tetramethylstibonium 1odide {Pound: C, 15.5; H, 3.84;

I, 41.2%. Celec, for C,H, ,8 I: C, 15.5; H, 3.88; I, L41.1%
wag 4.3 gm. (13.9 mmole) and represented L3% conversion

of the original trimethylstibine. A preliminary trap-
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to-trap distillation through traps at -63 and -196°C

ensbled most of the unreacted pentafluoroiodoethane {-196°C)
to be separated from the antimony compounds (-6300).

This latter fraction was shown by vapour phase chromstograph
to contain predominantly dimethylpentafluoroethylgtibine
(Found: Sb, L4h4.8%; mol.wt. 270; Calc. for chﬂepssm

Sb, 45.0%, mol.wt. 271), together with small amounts

of pentafluorolodoethane and trimethylstibine.

Properties of Dimethylpentafluoroethylstibine

(1) The vapour pressure-temperature data for

the stibine are shown in Table 5.5.
TABLE 5,

Vapour Presgsure-Tempersture Relationships for
Dimetgxlpentafluoroethxlstibine

Temp+( °C) 103 x /7 (°A) Pressure (mm) Log,q P

14.8 3.474 58.5 1.7672
19.7 3.417 73.0 1.8633
26.5 3.338 98.0 1.9912
30.7 3.293 118.0 2.0749
353 3. 24k 144.0 2.158Y
40 .1 3.194 174.0 2.2h05
Ll .9 3.146 211 .5 2.3253
49.7 3,099 260.0 2.4150
57.8 3.023 359.5 2.5557
64 L 2.990 413.5 2.6165
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The extrapolated boiling point was found to be

79%C and the equation describing the relation between
vapour pressure and temperature to be

108’0 P = 7.929 - leLs

(11) Dimethylpentafluoroethyletibine (0.245 gm.,
0.91 mmole) and SN sodium hydroxide (5 ml.) were heated
together at 100°C in a sealed tube for 12 hrs. Treap-to-
trap dist‘illation of the volatile materials ensbled
fluoreform (0,064 gm., 0.91 mmole) to be isolated,
indiceting that complete hydrolysis had eccurred.

(111) The infra-red aspectrum of the stibine is
gshown in Figure 5.5(c).

TABLE 5.6
comea T et Do W Mih
(metres) esq.in.)
(cnj) 2FCoFy 2 Ly 30 50 7.k
(cH,) AsC Py 2 i 30 50  11.8
(033)2&021?5 2 7 62 50 2.4
(G, H;) JPCF, 1 10 176 62 2.9
(0235)2A90F5 1 6.5 105 L5 bhed
(r32n5)281m'3 1 10 176 65 10.1
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PERFLUOROALKYLET SMUTH COMPOUNDS

4. INTRODUCTION

Alkxylperfluoroalkyl derivaetives of phesphorus,
arsenic and antimeny eare well known and have been most
guccessfully prepared by the action of perfluorociodo-
alksnes on the appropriaste trialkyl derivatives of these

elements‘.1 22,3

The carresponding tetra-alkyl ’onium
jodide i1s formed simultaneously with the perfluoroslkyl
derivative in each cage and the reactions may be

represented thus:

2HR3 + er[—'-Rlef +RhlIo,

However, prior to this investigation, no perfluoroalkyl
y

derivatives of bismuth were known. It has now been
found that perfluoroiodoalkenes react with trialkyl-
bismuth compounds, forming alkylp erfluoroalkylbi smuth
derlvatives.5’6 Although the main features of the
reactions produeing perfluoroalkylbismuth compounds are
easentially similar to those in which the corresponding
derivatives of the GroupV B elements are formed, some
important differences do exist. Thege will be discussed
together with the mechanism of the reactions, following

a deseription of the new compounds prepared.,
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2, PREPARATION OF METHYLTRIFLUOROMETHYLBISMUTH COMPOUNDS

Trimethylbi emuth was converted quantitatively
to & mixture of dimethyltrifluoromethylbiamuth (82%)
and methylbi strifluoromethylbismuth (18%) when treated
with excess trifluorolodomethane at 100°C. The two
products were separated by vapour phase chromatogrephy.
Unlike the other Group VB elements, blismuth 1s not
normally capable of forming stable quaternary conpounds,-,
thus preeluding the formation of tetramethylbismuthonium
jodide. In the reaction of trimethylbiamuth with
trifluoroiodomethane, the methyl g roups which were
displaced by trifluoromethyl, appeared in the reaction
products as methyl lodide. The fnahility of methyl
jodide to react with trimethylbismuth under the
conditions employed, allowed all of the blemuthine to
react with the trifluoroiodomethane. In the anslogous
reactions, even assuming the absence of slde reactions,8
only 50% of the trimethyl-phosphine, -arsine and
-stibine could coneelivsbly be converted to the appropriate
methyltrifluoromethyl d erivatives due to the simultaneous
formation of an equimelar amount of the corresponding
tetramethyl ’onium lodide. With bismuth 1t was
theoretically possible to achieve 100% conversion to
methyltrifluoromethyl compounds and 1t was found that
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in practice this did actually occur, In the reactions
of triethyl-phosphine, -arsine and -stibine with
trifluoroiodomethane, 1t was found that not all of the
diesplaced ethyl groups reacted to form the tetraethyl
*onium 10616{3, thus leaving more of the triethyl eompounds
available for reaction with trifluorolodomethane. In
these cases also, the ylelds of trifluoromethyl

derivatives were correspondingly hi,g;h.3

The ratio of dimethyltrifluoromethylbismuth
to methylbistrifluoromethylblsmuth varied with the
temperature and the proportion of trifluoroiodomethane
to trimethylbisnmuth used, but was always much greater
than unity. The length of time of heating seemed to
have 1ittle effect en the ratio of the products,
indicating that in a gealed tube, equilibrium condltions
were reached fairly rapldly. The formation of any
methylbi strifluoromethylbismuth was unexpected due to
the complete absence of analogous preducts from the
gimilar resctions of the trimethyl derivatives of the
other Group VB elements. Methylbistrifluoromethyl-
phosphine has been prepared only by treatment of
tristrifluoromethylphosphine with methyl iodlide, while
methylbistrifluoremethylarsine has been prepared by an

analogous reaction and also by the action of triflucro-
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iodomethane on dimethyltrifluoromethylaraine.9 However
the reaction of trifluoroiodemethane with triethylarsine
wag found to yleld small amounts of ethylbistrifluoro-
methylareine.2 In fact ethylbistrifluoromethylarsine
was also the major product in the reaction of
diethyliodearsine with trifluorolodemethane in the
presence of mereury, only a small smeunt of dlethyl-
trifluoromethylarsine being formed,1o No explanation

has been given for this as yet.

Like the corresponding arsine, dimethyltrifluoro~
methylblsmuth can be converted to the methylbistrifluoro-
methyl ecompound by the action of trifluoroiodomethana.9
This suggested that in the reaction between trimethyl-
bismuth end trifluoroiodomethane, a step-wlse replacement

of methyl by trifluoromethyl groups had occurred.

(CH3)3]31 4+ CF3I——>(GH3)231 CF3 + cH31
seseoeoe (1)

(CH3)3B1 + CP31—>CH331 (OF3)2 + 0531
eeceee (2)

Tristriflvoromethylphosphine was found to be &
sufficlently powerful trifluoromethylating species to
form dimethyltrifluoromethylbi smuth on reaction with
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trimethylbl smuth, and methylbistrifluoromethylblsmuth

when reacted with dimethyltrifluoromethylbiamuth, The ge

reactions may be represented thus:
(cP3)3P + (GHB)BBI——(GHB)Qni GPB + GHBP (015'3)2

cesses (3)

(CP5) 5P + (CH,), Bt OF ;—>CH; B (cF,), + CH,P (CF

3 3

cenees (U)

The exchange reactions depicted by equations (1) and (2)
may be reversed since treatment of methylbistrifluoro-
methylbi smuth with methyl lodide yielded dimethyltri-
f1luoromethylbi smuth, which in turn when treated with
methyl iodide, geve trimethylbismuth. A temperature
of 100°G was used in both experiments. The sppropriate
quantity of trifluoroliodomethane was liberated in each

case. Thus:
(CF3)231 033 + GHBI——>GF331 (033)2 + CFBI

cssees (5)

CF. Bi (cns)z-.. 01131—-:—(033)3131 + CF_Y

3 3

esesoe (6)

3)2
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Despite the relative ease with which 1t was
posible to replace the first two methyl groups by
trifluoromethyl, replacement of the third was not
accompl]i shed wnder any of the variety of conditions tried.
This inability of methylbistrifluoromethyl compounds te
undergo conversgion to tristrifluoromethyl compounds when
treated with trifluorolodomethane is typical for the

Group VB elements .9

The fully trifluoromethylated
derivatives have been prepared, together with the
appropriate iocdotrifluoromethyl compounds, in the case

th and antimony12 by the direct

of phosphorus, arsenic
action of trifluoroiodomethane on the finely divided
element. Such a reaction was not successful in the case
of bismuth, This fact was attributed to the decreasing
order (PN As >5b) ef thermal stability of the tristri-
fluoromethyl compounds which was reflected in the careful
temperature control necessary for the preparation of the

stibine. 2

When bismuth was treated with trifluoroiodo-
methane, no reaction occurred below 200°C. At 245°C
some reaction was induced, but apart from bismuth tri-
iodide and some pyrolyesis products of trifluoroiodo-
methane, only very minor quantities of a difficultly
separable mixture of iodotrifluoromethylbi smuth compounds

were obtained. The latter compounds, like theilr alkyl
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analogues,13 were-very reactive towards alr and moisture.

Some evidence for the existence of tristri-
fluoromethylbismuth has been obtained however.'” The
preparative method used invelved passing trifluoromethyl
radicals, generated elther from hexafluoroacetone15 or
from hexafluoroethane, over s bismuth mirror, The
quantities of the compound obtained by this method were
very small, and accerdingly the investigation of its
chemistry was limited. The details of this snd other
fully trifluoromethylated metal derivatives are given
in Chapter VIII,

3» MECHANISM OF REACTION

The mechanism by which trifluoromethyl radicsls
replaced methyl groups in trimethylbi smuth was almost
certainly similar to that operating when ¢t rimethyl-
phosphine, ~arsine and -stibine reacted with trifluoro-

1odomethane.1

In the latter cases a positive 1odine
complex was thought to form initially and that rearrange-
ment occurred via a pentavalent state of the "metal"
glving a trimethyltrifluoromethyl ’onium lodide,

CH T + CH

033 3\\\ 3 +
cms?u + OF,T— 033;-:——1 OF;—s(0H,—N—cF, |1
O8; ey i 85 ]
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The loss of methyl 1odide from the quaternary compound
then left the dimethyltrifluoromethyl derivative which
wae observed as a msjor reaction product. More detailed
descriptions of this mechanism have been presented in

Chepters III and IV,

Pentavalent bismuth derivatives are known to
exist,13 but generally only the arylhalobismuth compounds
are gufficiently stable to be isolated. However &
reaction mechenism involving such a valency state for
alkyl derivatives 1s certainly feaagible, Thug the
route by which dimethyltrifluoromethylbismuth and
methyl iodide were formed from trimethylbismuth and

triflucroiodomethane, was envisaged as follows:

' ]
CH CH CH
3 3 3
N % T3 N _F3
GH3-—-B:|. - GFjI - GH3 Bi —_— CH;—BI + CH,X
g 7 Ny
s O3 )

An snalegous scheme representing the replacement of a
second methyl group accounted for the methylbilstri-

fluoromethylbismuth aleso found as a reaction product.

('.3H3 CH3
N /CFB AN /GF.'S

CH_.—B1 + CPI —— Bi + CH.I
3 3 N o 3
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i, OTHER ALKYLPERFLUOROALKYLEI SMUTH COMPOUNDS

A1l the alkylperfluoreoalkylbismuth compounds
prepared in this investigation are listed in Table 6.1.
In each case a mixture of dialkylperfluoroalkyl- and
alkylbi sperfluoroalkyl-bi smuth compounds was obtained
from the reaction of a trialkylbismuth with a
perfluoroiodosalkane, Thig inferred that the replacement
of the second alkyl group from trislkylbismuth compounds
ocourred more readily than from trialkyl derivatives
of any of the other Group VB elementes. It was found
that there was conversion of 8l1l the trialkylbismth
to glkylperfluoroalkylbismuth compounds in each case,
but the proportion of the alkylblsperfluoroalkyl
compound decreased with increasing size both of the
alkyl snd perfluoreslkyl groups present (see Table 6.1).
By removing the liberated alkyl iodide from the
equilibrium reaction mixtures and treating the mixture
of alitylperfluoroalkylbi smuth compounds with additional
perfluoroiodoslkane, 1t was possible to obtain higher
yields of the alkylbisperfluoroalkylblsmuth compound

in each case,

The mechanism proposed for these reactions ls
identical with that already discussed in relation to

the formation of the methyltrifluoromethylblsmuth

compound s,
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TABLE 6.1
Alkxlperfluoroalglbi smuth Compounds

Compound Yield (%) Bolling Point
(°c)
(033) 3B —-— 110
(cH;),B1CF,4 82 124
CHy B (CF), 18 132
(ox5) 1.0 8 130
011331 (°2F5)2 16 147
(cH,) 31 CF, 92 137
CH; BL (C,P.), 8 162
(c,85) 5 B - 150%
(CB:), B CPy 98 123*%
C,E; B4 (OF,), 2 130%

¥ denotes decomposition temperature

5. CHEMICAL PROPERTIES OF ALKYLPERFLUORQALKYLBISWUTH
COMPOUNDS

(a) Oxtaatien

The alkylperflucroalkylbismuth compounds were

readlly oxidised on exposure to oxygen in the same way
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as trialkylbi smuth compounds. Thosge of lower molecular
weight tended to ignite spontaneously i1f injected as

a fine stream inte air, while those of higher molecular
welght fumed strongly under these conditions. The

vapours of all the compounds prepared were extremely

lachrymatory.

(b) Hydrolysis

The compounds were rapldly hydrolysed by 5K
sodium hydroxide, liberating the appropriate fluorocarbon
RfH, quantitstively. Fluoride was not produced in
such reactions. The production of fluorocarbons by
hydrolysis simplified the analysis of the bismuth
compounds considerably, since the former were easlly
geparated from the other components of the mixture by
distillation within the vacuum gystem, The susceptibility
of the perfluoroalkyl derivativee of the Group VB elements
towards alkaline hydrolysis increases with increasing
atomic number of the e1ement.9 This is illustrated by
the dimethyltrifluoromethyl derivatives of these elements
(see Table 6.2) and 1t was found that the bilsmuth

compound fitted into this sequence perfectly.

(¢) Reaction with Halogens

Halogens react with alky115 and perfluaeroalkyl
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TABLE 6.2

Hydrolysis of Dimethyltrifl uoromethyl Compounds

% Hydrolysis after

Compound 3 days at 20°C
(033)2P cp3 6.5
(cnj)z.u CF, 9
(01@13)2 8 CF, 100
(CH3)231 CP 100
16 17 18

derivatives of phosphorus, arseniec and antimony
forming 1n11;iai1y dihalides, the particular element being
in a pentavalent sgtate. Al though no pentavalent

alkylbi smuth halides have been reported, the reaction

of halogens with trialkylbismuth compounds to form
alkylhalobismuth derivatives and an slkyl halide,
probably involves an intermediate pentavalent biemuth
compouhnd. It has been esteblished that pentavalency is
the preferred state for bismuth in 1ts organie
derivatives, but examples are apparently confined slmost

exclugively to the aryl eries.13

In the present study it waes shown that halogens
reacted with alkylperfluoroalkylbismuth compounds, even

under very carefully controlled conditions, eleaving
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both alkyl and perfluoroalkyl groups at random. The
groups removed, appeared in the reaction mixture aas
alkyl and perfluorealkyl hlides respectively. The

bi smuth remained bound in a mixture of invelatile,
highly alr and water resctive compounds in which the
ratio, halogen:alkyl:perfluoroalkyl, was not consistent
with any reasonable formula. Due to the complexity
of suech mixtures and also to the great difficulty
experiences in handling them, i1solation of their pure
ecomponents was not accomplighed. This inability of
halogeng to preferentially cleave either one or other
type of group was in contrast to observations made in the
study of mixed alkylperfluorealkyl derivatives of other
element g. For example, electrophilic reagents have
been shown to remove alkyl groupe preferentially from
alkylperfluoroalkyl derivatives of lesd'’ and tin.2°
Thug the route to pure perfluoroalkyl halobismuth
compounde must still be sought, Such derivatives wounld
be important since, by analegy to corresponding _
compounds of the other Group VB elements, they could be
expected to be intermediates in the preparation of
aminebismuthines and dibi smuthines. Apsrt from the
incomplete evidence for the existence of tetramethyl=-

21

didbismuth, no compounds containing bismuth-bismuth

bonde are known,



143,

(d) Coordination Compounds

The basicities of comparable derivatives of
the Group VB elemente are formally regarded to decrease
with increesing atomic number of the element even though
there are important exceptions to this sequence.22
Attachment of perflueroalkyl groups to these elcmenta
causes considerable reduction of the avallability of the
lone electron pair on the elements and a corresponding

8,23 For =

decrease in the basicitiee results.
particular element, the basicity decresases with increas-
ing number of attached perfluoroalkyl groups, no basie

properties being found in the cese of the trisperfluoro-

alkyl derivatives. =

Trialkylbiemuth compounds exhibit no eleetron
donor propertiesg and do not form complexes with the
2l

strong electron acceptor, boron trifluoride. It wms
to be expected therefore, that the elkylperfluorealkyl-
bl smuth eompound s would aleo be devold af electron donor
properties. However acceptor properties were found with
both dlalkylperfluorealkyl- and alkylbi sperfluorealkyl-
bi emuth compounds, since eaeh formed weakly bound

s8dducts =t low temperaturecs with the strong base,
dimethylamine. These edducts consisted of the resctants

in equimolsar proportions. This sbllity for a Group VB
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element to act as an electron acceptor was not
unprecedented for antimony snd bismuth halides have
been shown to form weak complexes with donor solvents,
e.g. diethyl ether.25 In addition a complex of
tristrifluoromethylstibine with pyridine has been

reportesd .1 8

The complexes of the perflooroalkylbismuthines,

formulated as R,Bi R,. (053)23 H and RB1 ( .(CHB) oN §,

Rep
decomposed on standing at room temperature and rapidly
evolved fluoroform when treated with water., The
latter resctlion was no doubt similar to the slkaline
hydrolysis occurring when the pure bismth compound was
treated with aqueous sodium hydroxide, since hydroxyl

ions were common to both systems and known to be

capable of causing this type of decomposition,

6. PHYSICAL PROPERTIES OF ALKYLPERFLUOROALKYLBI SNUTH
COMPOUNDS

(a) Beiling Points

The boiling points (see Table 6.1) of ths
compoundes prepared were determined by extrapelation of
the vspour pressure-temperature data obtained with the

ald of en 1s=oten! scope.
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In all cases, except that of trimethylbismuth,
the compounds decomposed at er below thelr extrapolated
boiling points, liberating metellic bismuth and a
mixture of hydrocarbons and perfluorocarbons. The
beiling point sequence d1d not follow that exhibited by
the trifluoromethyl derivatives of phosphorus, srsenic
and antimony, where the boiling point riees with the
attachment of the first trifluoromethyl group and then
falle with subsequent attachment -.1

The thermal stability of bismuth alkyls
decreases with increasing size of the alkyl group26
and an analogous gradation was evident with the
perflueroalkyl Aderivatives whose stabilities decreased
with both increasing alkyl and perfluoroalkyl chain
length. In addition the stabilities decreased with

increasing number of perfluoroalkyl groups.

(b) Infra-red speetra

The infres-red spectra of the organobiamuth
compounds were recorded and tentative vibrational
agsignments made and compsred with those of related
compound s.

In the frequency range studied, viz. 700-L4L00O

cm.'1 , generally only those frequencies assoclated with
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C-H and C-F vibrations sppear, although overtone
frequencies derived from gymmetric and anti gymmetric
Bi1-C stretching frequencies have also been tentatively
assigned in this region.

(1) Methyltrifluoromethylbi smuthines

The observed freguencies and suggested

assignments are listed in Teble 6.3,

Absorption tands at 2980-2990 and 2905-2920 em.

in the spectra of the three compounds listed are assigned
to C-H antisymmetric and symmetric stretching vibrations
x‘e@ecti\rely.z7 The 1imits of variation in the

poeitions of these bands are then perticularly narrow.

Deacon and Jonesza have compared the C-H
bending frequencies for a variety of methyl derivatives

of different elements and eited the range 1390-1485 cm.-1

for this mode. The bands in the range 4375-1475 .
found in the speetra of the bismuth compounds may then
well be attributed to the C-H antisgymmetric bending
frequency. Sy’métrlc bending of the C~-H bonds gives
rige to absorption at lower frequencies and the bands

in the region 1150-1170 em,”

in trimethylbigmauth and
dimethyltrifl uoromethylbi smuth are attributed to this
mode. The corresponding sbsorption bands of methylbis-

trifluoromethylbignuth are hidden by the much stronger

1



TABLE 6.3

Vibrational Freguencies of Methyltrifiuoromethylbiemuthines

‘Lt

(°H573m (CH,) 331 CF OH,BL (CF,) 2 | Asst gnment
2988 (m) 2980 (wsh®) 2984 (m) C-H ant! aymm. stretch
2908 (m) 2948 (m) 2908 (m) C-H symm. stretch
1645 (w) 1600 {w) 1608 (w) 2x GH3 rock (7)
473 (w 1445 1466 (w)
11518; gwa :ggg § ;h) 213;% {mh) C=H antlaymm. bend
w w8 |
126% (w) 1262 (w) 1253 (w) zx‘?ing gn?%fymm.
atreto
1167 (msgh) 1168 {w) ‘
ngg 5 1152 (wsh) Hidden by C=F7 C=-H gymm. bend
50 (m
N 1103 issh) 1168 fmah)

1092 1153 (

wsas 1104 sah) |

1020 (msh) 1093 C-F gymm. snd sntl symm.

1049 wsh) gtreteh,
1025

915 (w) 908 (w) 907 (w) 2 x Bi~C syrm. stretch
772 (m) 794 (w) 817 (wsh) ]

319 imsh) ‘- CHB rock

;’gg 2'; gg 5"; } CFy eymm. deform.

950 () 47 {(w)

wgh) 33 wsh) Not assigned
57 ; 1848 (w)

1730 wsh)

% Denotes shoulder
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C-F stretching frequencies. The methyl rocking

2

vibrations® 1

7 esuse absorption bands at 770-820 cm.”
Ag trifluoromethyl replace methyl groups it becomes more
difficult to distingulsh this band from the very

strong one due to the t'.t]i'3 symmetrie deformation. The
wesk bend at 1600-1615 em.”' 1st entatively assigned

to an avertone of the methyl rocking vibration.

A number of very strong absorption bands
cauged by symmetric and antisymmetric C-F stretehing

1

appears in the range 1020-44170 cm.” while weaker ones,

agsigned to CF3 deformation, eccur between 695 and
770 om.™
for C-H and C~F absorption in methyl triflueromethyl

Beg and CIarkzg have made similsr assignments

phosphines.

In a variety of methyl-containing compounds

12

Descon and Jones have observed a shift in the ¥-C

(where ¥ 15 N or P3 and C or Si1) asymmetric stretching
frequency to lower energies with increasing atomic
numwber of M, Thus the adsorption band due to this

1 in trimethylphosphine>X

1

vibration appeering at 650 em.

would be expected to sppear near 600 cm,  in

trimethylbismuth. On this bahis the weak band at

1

1264 cm. ' in trimethylbiemuth has been tentatively
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asslgned to an overtone of the Bi-C antisymmetrie

stretching frequency. The fundsmental vibration would

then be calculated as occuring st 630 om. =

the band occurring at 1262 em.™?

1

Accordingly
in dimethyltrifluore~

methylbi smuth and at 1253 cm.”  in methylbistrifluvorc-
methylbismuth 1s in each case assigned to an overtone

of the B1-C antisymmetric stretehing frequency.

Raman measgurements on trimethylbimuthso have
ensbled Rosenbaum et al. to asslgn the fundamentsl Bi-C
aymnetric stretching frequency to the band observed at
460 em.~!  The wesk vands at 905-915 em.”! 1n the
gpectra of the three bismuth compounds 4l scussed are

eongldered $o be due to overtones of this vibration.

(11) Other perfluoroslkylbi smuthines

Although baslcally eimilar to those already
discussed, the spectra of the mere complex alkylperfluoro-
alkylbi smuth compounds are nesessarily more complicated
with the result that some bands are partly or even
wholly ebscured, while others are split to give a
number of submaxima, Conszequently detalled assignment
in the oases of these compounds is most d1fficult.
However, where possible, with the aid of assignments
made by Pitcher and St;ama?"1 for some perfluoreoalkyl

metal ocarbenyls, tentative assignmente for the individual
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modes associated with the complex perfluoroalkyl groups

heve been made,

Table 6.4 contains the important maxima observed
in the infra-red spectra of these compounds. The
bands attributed to C-H absorptions have already been
discussed and attention will be confined to features
in these spectra which are different from those of the
methyl trifluoromethylbismuth compounds. The strong
absorption bands between 1025 and 1340 em.~1 are
attributed to s veriety of C-F vibrations. The three

1 for ﬁhe

1

frequencies in the range 1190-1310 em.”
pentafluoroethyl compounds and 1210=-1340 em, ' for the
heptafluoropropyl compounde are considered to be due

to C-¥ stretching in the GF3 fragment of the perfluoro-

1 are bands

alkyl group. 1In the range 1105-1185 cm.”
in the spectra of the 03F7 compounds which are attributed
to C-F stretching vibrations in the C-CPZ-C segment ,
The bands due to C-F gtretching in the CF2 segment s
attached directly to the metal appear in both types

1

of compounds in the range 1025-1075 cm. Bands due

to CF; deformation modes occur between 715 and 765 om,~ 1
in this group of compoundas, In additien those which
sppear exclusively in the 03F7 compounds in the range
870-880 om.~! are also attributed to this type of

vibration.



TABLE 6.4

Vibrational Freguencies of Complex Perfluoroalkylbismuth Compounds

(933)331325 03331(023?5)9 (033)2316,;?7 CH, BY (ojﬁ'.&z

Agsignments

2998 (w)

2910 (m)
1392 (m)

2998 (w)

2916 (w)
155 0

1313 §')
1205
1193

‘.)

1075 (m)

898 (s)
784 (w)

B

ssh)

2999 (w)

2925 (w)
1402 (w)

1339 gug
1239 (s
1240 (=
MM és;
1107 (=

1 B

810 (m)
767 (w)
877 &"2
745 (m
721 (s

2990 (wsh) O-~H ant!syem,

292 (w)

1410 (w) }

1339 (s
12446 gs}
1217 (=

s )

1o ¢4
809 (m)

765 (w)

873 m ]
733 (m
T23 (8

stretch
0=-H gymm. stretch

C-H entisymm. bend

C~F stretches of
0F3 group

C-F stretohes of
C-CF,~C group

C«~F gtretches of G
CF,~¥ group =
C=0 stretch

GH3 rock

GFB defornm.
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The strong sbeorptions occurring at 895-905 cm.”!

in the spectra of the 02F5 compounds and at 805-810 cm.""
in the spectra of the C3F7 compounds are attributed to

C-C stretching vibrat 1ohs .

In Table 6.5 are 1listed the infra-red spectral
bands of diethyltrifluoromethylbismuth and ethylbistri-
fluoromethylbismuth,

TABLE 6.5

Vibrational Frequencies of Ethyltrifluoromethylbismuthines

(02H5)231 @3 02H5 B1 (CF3)2 Agsignment
2950 (weh) 2960 (w) C-H antisymm., stretch
2920 (w) 2910 (w) C~H gymm. stretch
:ggg g:g 1365-1400 (W)f C-H antis=ymm, bend
171 (m 1170 (m)
11416 (s 1147 (e ’ C~F gymm, and antieymm,
1061 (s 1068 (s stretch
1009 (m) 1013 (m) |
743 (m 750 (w

The presence of the bands 1n the spectra of
these compounds 1s understood by reference to Table 6.5
and the explanations offered for the methyltrifluoromethyl

compounds cen be applied in this case also.
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7. ATTEMPTS TO PREPARE ARYLPERFLUOROALKYLET SMUTH
COMPOUND S

(a) Triphenylbismuth did not react with trifluore-
jodomethane under conditions regarded as sultable for
the formation of phenyltrifluoremethylbi snuth compounds.
Although phenyltrifluoromethyl derivatives of other
Group VB elements have been prepared using conditions
eomparable with those employed in this case, the ylelds
hsve been low and a nunmber of by-products were formed,

thus rendering the method of limited value. 2

{(b) The reaction of triphenylbismuth with tristri-
fluoromethylphosphine resulted in partial phenylation
of the phosphine and the accompanying formation of
metallic bismuth, This ability of triphenylbiemuth to
act as a2 strong phenylating agent 1s well knawn.r13
The triflueromethyl groups displaced from tristrifluoro-
methylphosphine sppeared in the reaction products as

hexafluerocthane,

(c) A mixture of diphenyliodobismuth, itrifluoroiodo-
methane end excess mercury did not yield diphenyltri-
fluoromethylbismuath. The phenylating ability of
phenylbi smuth compounds was again evident, for in this
case phenylmercuric iodide and metallic bismuth were

obtained,
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EXPERT MEN TAL

1. GENERAL TECHNIQUES

{(a) In the main, the techniques used in the
study of the alkylperfluorealkyl bismuth compoundg were

the same as those described in Chaspter V,

(b) Isolation of the new bismuth derivatives
was accomplished with the ald of wvapour phase
chromatography. The retention times of these compounds
on a one metre column of di-isodecyl phthalate are

given in Table 7.5.

(¢) Analyses
(1) The perfluoroalkyl content of each

compound was determined by hydrolysis of a welghed amount
of the derivative with hot S5N-godium hydroxide. The
perfluorocarbon liberated (e.g. CFBH from (GH3)21”-GF3)
was collected and weighed, after purification by trap-

to-trap distillation in the vacuum system,

(11) Biamuth remaining in the eolution after
alkaline hydrolysis, was determined as the oxyiodide.1
After acidification with nitric acid, the solution was
succesglvely concentrated and treated with further
nitric acid to convert all the bismuth to bismuth nitrate

before precipitation as the oxyiodide.
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2, PREPARATION OF REACTANTS

(2) Trimethylbismath®

Methylmagneeium fodide (1.4 mole) in dlethyl
ether (500 ml,) was treated at room temperature with a
aslurry of bismuth trichloride (148 g., 0.47 mole) in
ether (200 ml,). Stirring was continued for a further
two hours after the addition of bl amuth trichloride and
" the mixture allowed to stand at room temperature for &
further ten hours before all the volatile constituents
were removed by vacuum distillation. Most of the
ether was then sepsrated from the trimethylblemuth by
oareful fractional digtillation at one atmosphere
pressure of nitrogen. The final purificaetion wae
performed with the ald of a vacoum gy stem by using
repeated trap-to-trap distillstions through traps at
-46°C and -196°C, the trimethylbismuth being retained
in the trap at ~46°C. This procedure was continued
until the trimethylbismuth fraction had the correct vapour
pressure over a range of temperatures.3 A yield of

45 gm. (40%) of pure product was obtained.

(b) Triethylbisgmuth
Triethylbismuth was prepared by R.S, Dickson
aeing the reaction of 1lithium tetraethylaluminate with

bismuth trichloride.u
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(e) Heptafluoroiodoprop ane’

Silver heptafluorobutyrate (160 gm., 0.5 mole)
was prepared from silver oxide and heptafluorobutyrie
acid and mixed with iodine (254 gm., 1.0 mole). The
mixture was gently heated and the gas liberated collected
directly in a trap at -19600. A vacuum jacketed
condensger fitted with a cold finger (see Figure 5.3)
was then attached to the top of the trap and the
temperatore allowed to riee slowly to 20%c, All the
carbon dioxide was removed in this way, the heptafluoro-
iodopropane being retained by maintaining the temperature
of the cold finger st -25°C. The yield of product
(Pound: mol.wt. 296, Cele. for G FI: mol.wt. 296) was
127 gm. (86%).

(d) The preparations of the other perfluoroiodoalkanes
uged in this investigation have been d escribed in
Chapter V.

(e) Tristrifivoromethylpho ghine6

Red phosphorus (50 gm.,, 1.6 gm. atoms) which
had been dried over phosphorus pentoxide, and trifluoro-
1odomethane (51 gm., 0.26 mole) were treated at 220°C
in 8 brass autoclave for 48 hrs. The volatile reaction
products were then fractionated within the vacuvum gystem

through traps at -63°C (to remove 1odobistrifluor omethyl=
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phosphine and di-iodotrifluoremethylphosphine), =95°%
(to remeve tristrifluoromethylphosphine), -135°C (to
remove trifluoroiodomethane) and -196°C (to remove
phesphorus pentafluoride). The two ilodotrifluoro-
methylphosphines and the unreacted trifluoroiodomethane
together with additionsl CF,I (20 goy 0.10 mole) were
returned to the autoclave into which no air or

moisture had been allowed to enter. The heating anad
subsgsequent fractionation proceduresg were then repeated,
The final yield of pure tristrifluecromethylphosphine
obtained after repeated trap-to-trap distillation was
19.7 g. (23% based on trifluoroiodomethane used)
(Found: mol.wt, 238, Cale. for C;FgP: mol.wt. 238).
The iodotrifluoromethylphosphines were again returned
to the sutoclave in readiness for subsequent

preparations of trietrifluoromethylphesphine,

(£) Diphenyliedobiemuth’

Triphenylbismuth (9.8 gm., 22.3 mmole) was
dissolved in diethyl ether (150 ml.) and 1odine (5.6 gm.,
22,0 mmole) in 50 ml. of ether added slowly with
stirring. The diphenyliodobismuth preeipitated almost
immediately as a yellow solid. This was filtered from
the mixture, washed with ether until a clear filtirate

was obtained and dried by pumping. The yield was
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10.7 gm., 99%) (Pound: 29.4; H, 2.08; I, 25.7%.

Cale. for C,,H, BiI: G, 29.3; H, 2.04; I, 25.9%) .

3. PREPARATION OF ALKYLPERFLUOROCALKYLEI SMUTH COMPOUNDS

(a) Methyltrifluoromethylbismuthines

Trimethylbiemuth (22.08 gm., 86.5 mmole) was
heated at 100%C in e sealed tube for 12 hre. with
trifluoroiodomethane (21.56 gm., 410 mmole). Fractienal
distillation through traps cooled to =46, =95, =135 and
-196% gave a preliminsry separation ef the reaction
producte. The trap cooled to -196°C contained a trace
of fluoroferm, thet at -135°C contalned most of the
unreacted trifluoroiodomethane, while that at -95'0
contained most of the methyl iedide formed in the
reaction, The highest boiling fraction ef the reaction
products consisted ef all the bl smuth-ocontaining
material, together with t races of methyl iodide and
trifluorolodomethana, The individual components of
thi s fraction were i solated by vapour phase chromatography,
the ms jor constituents being dimethyltrifluoremethyl-
bismuth (21.8 gm., 82% conversion of trimethylbismuth)
{Pound: CF3, 22.6; Bi, 67.2% mol.wt. 310. Calec. for
G3H6F3Biz cF3, 22.4; Bi, 67.9; mol.wt. 308) and

methylbistriflvoromethylbismuth (5.64 gm., 18% conversion
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of trimethylbismuth) (Pound: GFB, 38.1; Bi, 57.7%;
mol .wt. 365. Cale. for 031131?631: GFB’ 38.1;
Bi, 57.3%; mol.wt. 362).

The vapour pressures of the two bismuth
compounds were messured over a range of temperatures
and the values obtained are shown in Table 7.1 and
Table 7.2. For dimethyltrifluorcmethylbisgrmuth the
vapour pressures are given by 10510 P(m)= 7158 = 1683/-1-
from which the latent heat of vaporieation, 7754 cal/mol
and Trouton's constant 19.7, were obtained, The
correspond ing equation for methylbi strifluoromethyl-
bismuth is logyq P(py) = 7674~ 1911/0, giving latent
heat of vaporigation, 9210 cal/mol and Trouton's
constant 22.7. The infre-red spectra of the new
bismuthines sre shown in Figure 7.1(a} and Figure
7.4(b) respectively.

(b) Methylp entafluoroethylbismuthines

Trimet hylb! amuth (4.90 gm., 19.3 mmole) and
pentafluoroiodoethane (10,83 gm., 44 mmole) were heated
in a sealed tube at 100°C for 12 hrs. Fractionation
of the products gave dimethylpentafluoroethylbismuth
(5.55 gm., 84% conversion of trimethylbismuth) (Found:
C,Fs, 32.8; Bi, 58.9%; mol.wt. 357. Cale. for

C,HgFsBi: C,Fg, 33.2; Bi, 58.9%, mol.wt. 358) ana
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Vapour Pressure-Temperature Relationships for

Dimethyl tri fluoromethylbismuth

Temp, (°C)  10°x'/p (°A) Pressure (mm) Log,, P
28.5 3:317 49.0 1.6902
38.0 3.215 65.0 1.8129
50.5 3,091 93.5 1.9708
59.3 3.009 125.0 2.0969
68.0 2.933 165.0 2.2175
78.0 2.849 229.0 2.3598
85.0 2.793 288.0 2,459
92.0 2.740 338.5 2.5295
98.0 2.695 402.5 2.6047

104.5 2.657 520.0 2.7460
113.0 2.591 694 .0 2.8414
120.0 2.545 757.0 2.8791




Vapour Pressure=-Temperature Relationships for
Hethylbistrifluoromethylbismuth

Temp. (°C) 107 x '/p (°A) Pressure (mm.) Log,q, P

27.5 3.328 16.5 1.2175
39.0 3.205 23.5 1.37141
bl .5 3.150 34.0 1.5315
52.0 3.077 45.0 1.6532
575 3.026 62.5 1.7959
64.0 2.967 79.0 4.8976
70.0 2.915 104.5 2,0191
80.5 2.829 132.0 2.4206
93.0 2.732 2135.0 2.3892
98.0 2.695 295.0 2.4548
102.0 2,667 334.0 2.5237
110 2.611 398.0 2,5999
116 2.571 k77.0 2.6785
119 2.551 530.0 2.7243
123 2.525 588.0 2,769
126 2.506 634.0 2.8021
129 2.488 690.0 2.8388

13 2.475 735.0 2.8663
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methylbi spentafluoroethylbismuth (1.43 gm., 16% conversion
of trimethylbismuth (Pound: C,Fgs 50.9; B4, Lh.2%;
mol.wt., 460. Calc. for CgHyFyoBL: C,Fg, 51.5; Bi,

42.5%; mol.wt, 462). The infra-red spectra of these
compounds are shown in Figure 7.1(¢) and Figure 7.4(d)

respectively.

(e) Methylheptafluoropropylbisnuthines

Trimethylbl snuth (6.85 gm., 27 mmole) and
heptafluorolodopropane (18.4 gm., 61 mmole) were heated
at 100°C in a sesaled tube for 8 hre., yielding
dimethylheptafluoropropylbismuth (10.4 gm., 92% econversion
of trimethylbismuth) (Found: 03F7, 41.0; B1L, 51.5%;
mol .wt. 408, Oale. for 05H6F7'Biz 03P7, 4.4; Bi,
51.2%; mol.wt. 4OB) and methylbisheptafluoropropyl-
bismuth (1.21 gm., 8% conversion of trimethylbiemuth)
(Pounad: C 5Py 60.3; Bi, 36.4%; mol.wt. 558. Cale, for
C,H.F, Bi: C.F., 60.1; Bi, 37.2%; mol.wt. 562), The
yield of methylbisheptafluoropropylbismuth, which was
low in this reaction, was increased by the direct
reaction of dimethylheptafluoropropylbismuth (7.39 gm.,
17.9 mmole) with heptafluoroiodopropsne (10.0 gm,,

33.8 mmole) at 100°C for 8 hrs. The unchanged
dimethylheptafluoropropylbismuth (3.17 gm., 7.8 mmole)
and the methylbisheptafluoropropylbismauth (5.68 gm.,
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TABLE 7.3

Vapour Pregsure-Temperature Relationships for

Dimethylheptafluoropr opylbismuth

Temp. (°C) 102 x 1/T (°a) Pregsure (mm) Logqg P
28.7 3.315 35.0 1 .5kl
L6.5 3.130 59.5 1.77U45
54.7 3.051 87.5 1.9420
6.3 2.964 113.0 2.0531
69.3 2.924 131.5 2.1189
75.7 2.868 160.0 2.2041
86,8 2.780 217.0 2.3365
96,5 2,706 282.5 2.449hL

106,0 2.639 535.0 2.7284
135.0 2.451 756.0 2.8785

TABLE 7.4

Vanour Pressure-Temperature Relationships for
- N

Methylbisheptafiuoropropylbismuth

Temp. (°C) 103 x 1/T (°A) Pressure (mm) Log,q P
L5.0 3.195 62.0 1.7924
83.0 2.809 12745 2.1055
98.0 2.695 176.0 2.2455

106.0 2.639 210.0 2.3222
111.5 2,601 240.0 2.3802
118.0 2.558 274.0 2.4378
125.0 2.513 330.0 2.5185
131.5 2.472 385.C 2.5855
144.0 2.415 L483.5 2.6843
148.0 2.375 567.5 2.7540
154.5 2.339 655.0 2.8162
161.0 2.304 748.0 2.8739
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TABLE 7,5

Compound

Column Presgsure

Flow Rate T

« Retention

sy iy o, Semedntn) (SR e
(CH,) ,BICF 1 11 198 70 9.0
cnsm( 01?3) 2 9 11 198 70 22,6
(t'm})amc::zﬂ5 1 10 176 67 8.2
CH3B1(C,F5), 1 10 176 67 13.1

: (OHB) 23103?7 1 10 176 65 8.0

CHyB1(C,F,), 1 10 176 65 18.3
(02H5) 23101'3 4 10 176 68 13,9
025531(01?3)2 1 10 176 68 22.4
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of the mixture followed by further heating of the
dlethyl trifluoromethylbl smuth with additional trifluoro-
iodomethane resulted in the formation of ethylbilstri-
fluoromethylbismuth, However, the conditions used

in this subsequent resction, viz, 100°C for L4 nhrs.,
caused considerable decomposition of the bismuth
compound s. The products were dlethyltrifluvoromethyl-
bilemuth (5.90 gm., 76% oconversion of triethylbismuth)
(Pound: cpj, 20.3; B1, 61.3%; mol.wt. 337. Cale. for
C5HigFsBl: OFy, 20.5; Bi, 61.4%; mol.wt. 336) and
ethylbi strifluoromethylbd smuth (1.30 gm., 14% conversion
of triethylbismuth) (Found: CF3, 36.5; B1, 55.9%;
mol.wt., 376, Cale. for CuBBFGBI: CF3, 36.7; Bi, 55.6%;
mol.wt. 376).

The infra-red spectra of these compounds

are shown in Figure 7.2 (¢) and Figure 7.2 (4)

respectively.
(e) Attempted preparstions of trisperfluoroalkylbi smuth
compounds

(1) Methylvi strifluoromethylbi amuth (0.527 gm, ,
1.46 mmole) and trifluoroicdamethene (7.33 gm., 37.4
mmole) were heated together for 75 hrs. 1n a sealed
tube at 125°G. Fractionation through traps at =46,
~95, =135 and -196°C ensbled unreacted trifluoroiodomethane



163,

to be separated from the reaction mixture., No material
collected in the -95°C trap which would normally contain
the methyl 1odide i1f 1t had formed. Vapour phase
chromatography showed that only one other volatlle
materisl was present in the reaction mixture and this
was shown by infra-red spectroscopy to be unshanged
methylbl strifluoromethyl bi smuth, A gmall guantity eof
an apparently heterogeneous solid remaining in the
reaction vessel wag shown to eontain Bi, I, CF3 and

was probably formed by attack on the bismuth eompound

by 3odine which had been formed by thermal decompesition

of trifluorolodomethane,

Similar results were obtained by irradiating
a similar reaction mixture with ultraviolet 1light 1n a
sllica vessel, regardleess of whether mercury was

incluvded as a halogen acceptor or not.

(11) Reaction of bismuth alkyls with tristri-

fluoromethylphoephine,

(1) Trimethylbismuth (1.073 gm., 4,22 mmele)
and tristrifluoremethylphosphine (1.027 gm., L4.31 mmole)
were heated at 125°C for 12 hrs. The blsmuth-containing
products were separated from the other reaction products

by fractional condensation into a trap at -46%c,
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Vapour phase chromatogrephy of thie fraction revealed
the presence of only unreacted trimethylbismuth (84%)
and dimethyltrifluoromethylbismuth (19%). No more
highly trifluoromethylated bismuth derivatives were

pressnt,

(2) Dimethyltrifluoromethylbiemuth (4 .284
gm., 4.16 mmole) and tristrifluoromethylphosphine (1.013
g, 4.26 mmole) were heated at 120°C for one hr., after
which time a grey deposit (posaibly metallie bismuth)
began to form, By a technique similar to that
deseribed above, 1t was possible to separate and
ident ify dimethyltrifluoromethylblemuth (96%) and
methylbistrifluoromethylbl smuth (4%).

(3) Methylbistrifluoromethylbismuth did
not reasct with tristrifluoromethylphosphine under the

conditions tried.,

(111) Metallie bismuth (20.0 gm., 0.096 gm. atoms)
and trifluoroiodomethane (20.3 gm., 0.104 mole) were
heated at various temperatures in the range 100-200°C.

In each case the entire guantity of trifluoroiodomethane
was recovered@ unchanged, but after heating the mixture
at 245° for 65 hrs,, the tube contained a mixture of
bright orange and dark brown solids in addition to the

unreascted bismuth metal. The volstile constituents of
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the mixture were removed and found to eontain, as well
ee unreacted trifluoroiodomethane, a white solid
(Pound: C, 19.5; P, 60.1; I, 18.2%). It was not
affected by alr or water, It d1d not contain bismuth
and 1ts anslysgis suggested it to be a polymerie
perfluoroalkyl icdide.

The involatile s0l1d wae divided into portions,
air and moisture being carefully excluded, snd treated

ag follows:

(1) A sample was extracted successively with
the erganie solvents benzene, chleroform, diethyl e ther,
ethanol and acetone. The lstter was the most effective
in dissolving part of it, but on evaporation eof the
resul ting orange celoured solution only an oily substance
containing a considersble quantity of free lodine wes

deposited.,

(2) The s=0l14 was sghaken with mercury, firstly
at room temperature a2nd then at 100°¢ for 24 hrs.,
but no volatile material and only traces of mercuriec

iodide were formed,

(3) The solid was heated at a number of
temperatures from 100-350°C but no volatile material
formed,
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(4) Vacuum sublimstion of the mixture ensbled
e small quantity of bismuth tri-iodide (Found: Bi, 42.6;
I, 57.4. Cale. for BiI_.: Bi, 42.2; I, 57.8%) to be

3
1so0lated,

(5) Treatment of a sample with 5N-sodium
hydroxide ylelded a emall quantity of fluoroform,

From this evidence it was concluded that the
reaction hed produced biamath tri-icdide and small
quantities of di-ledetrifluoromethylbi smuth and
1odobistrifluoromethylbi smuth, but the thermsl conditions
necegsary to cause reaction were probably unfavourable

for the existence of tristrifluoromethylbismuth,

(1v) silver trifluoroacetate and bismuth tri-
fodide. Silver trifluorocacetate (13.5 gm., 61.1 mmole)
and bismuth tri-iedide (11.8 gm., 20.0 mmole) were
heated in a sesled tube st 120°C for 2 hrs. The
reaction mixture was transformed from a fine powder to
a very viscous semi-liquid mass which so0lidified on
eooling to room t emperatuore. At a tempersture of
200°C, under vacuum, the white erystalline solid,
bi smuth trifluoroacetate, (Pound: Bi, 37.7; C, 13.1;
F, 30.6%. Calc. for CgFy0gBl: Bi, 38.1; C, 13.1;

F, 31.2%) sublimed leaving a residue of silver iodide.

The stoichiometry of the reaction assumed to occur is
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given by

3 CFBCX)O Ag + 311_3'—>(CP3000)3BI + 3Ag 1

By heating biemuth trifluoroacetate it was
hoped that, as in the formation of dimethyltrifluoro-
methylarsine from dimethyltrifluoroacetoxyarsine,e
decarboxylation would occur, The bismuth trifluoro-
acetate was placed in s heavy walled glass vessel which
was then evacuated and so attached to the vacuum gystem
that any volatile materials liberated, oondensed in a
trap cooled to -196°G. The compound was then carefully
heated but no volatile bismuth derivative was formed.
Instead there was extensive degradation, metalliec
biemuth being deposited and s mixture of geses contain-

ing carbon dioxide and hexafluoroethane being 1iberated,

(v) This method involved the reaction of hepta-
fluoropropylmsgnesium halide, prepared from phenylmagnesium
bromide and heptafluoroiodopropane,9 with bismuth
trichloride.

Heptafluoroiodopropane (50 gm,, 0.17 mole) and
diethyl ether (200 ml.) were placed in a multi-neck
flask and cooled to 0°C. Phenylmagnesium bromide (0.17
mole) in ether (100 ml.) was slowly added to this

solution through a dropping funnel and when 20% of this
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reagent had been added, bismuth trichloride (13.5 gm.,
0.042 mole) in ether (50 ml.) was introduced simultan—
eously. Thi s operation was carried out, with stirring,
over a four hour period and the stirring continued for
a further seven hrs. The mixture was then refluxed
for four hrs. before the ether was remeved by distilla-
tion. The residue appeared to melt during the latter
stages of the distillation., The less volatile liguids
were then transferred to the vacuum system where they
were fractionated using trap-to-trap distillation.
Vapour phase chromatography snd infra-red spectroscopy
indicated that ether, heptafluorolodopropane, iodo-

and bromo-benzene were the major components. However
this mixture of compounds, on standing in contact with
air, deposited emall but detectable quantities of
bismuth oxide., This indicated that a volatile bismuth
compound, possibly trisheptafluoropropylbismuth, had
formed but the yield was far less than 1%. The

solld remaining after the removal of the volatile
components from the resction mixture, was not examined
exhaustively since the desired product would be volatile.
A small quantity of triphenylbismuth was detected,
together with larger amounts of material thought to be

phenylhalobismuth compound s.
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(£) Reactions of perfluoroslkylbismuth compounds

(1) Halogens

Dimethyltrifluoromethylbismuth and iodine
were mixed in the molar ratios 1:1, 1:2 and 1:3 at -46°C
and the temperature ralsed to -26°C, whereupon & smooth,
although vigorous reaction occurred, giving initially
a red-orange solid whose colour, in part, slowly changed
to dark grey. At the completion of the reaction the
volatiles were removed and fractionated in the vacuum
gystem. The mixtures were found in each case to
consist of variable proportions of methyl iodide {(Found:
mol.wt. 142. OCale. for Cﬁj;: mol.wt. 142) and tri-
fluorolodomethane (Found: mol.wt. 195. Cale. for CFI:
mol. wt. 196). The solid, obviously heterogeneous in
nature, contained varisble proportions of Bi, I and CF3
and could only be formulated as a mixture of bismuth
tri-iodide, di-iodotrifluoromethylbi smuth and iodobis-
trifluoromethylbi smuth. The inclusion of sodium-dried
ether as solvent to give an initially homogeneous

resction mixture did not alter the course of the reaction.

Methylbi strifluoromethylbi smuth and iodine or
bromine reacted under similer conditions in an analogous
manner, the volatile products being methyl iodide and

trifluoroiodomethane or methyl bromide and trifluoro-—
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bromomethane respectively. No preferential cleavage
of either methyl or trifluoromethyl groups could be

induced.

(11) Methyl 1odide.

(1) Dimethyltrifluoromethylbismuth (1,10 gm.,
3.6 mmole) and methyl iodide (0.863 gm., 5.9 mmole) were
heated at 100°C for three hrs, After a preliminsry
fractionation, the high boiling fraction which contained
the bismuth compounde wes subjected to vapour phase
chromatography. This showed that there had been ca,
0.5% conversion of the starting material to trimethyl-
bismuth. A corresponding quantity of trifluoroiodo-

methane wag also formed.,

(2) Methylbistrifluoromethylbismuth (0.780 gm.,
2.2 mmole) and methyl iodide (0.856 gm., 6.1 mmole) were
heated at 100°C for three hrs. By vspour phase
chromatography it was shown that there had been 1%
convergion of the original bismuth compound to dimethyl=
trifluoromethylbismuth, A corresponding amount of
trifluoroiodomethane was also formed but no

trimethylbismuth could be detected.

(111) Amines

(1) Dimethyltrifluoromethylbi smuth (O.46L gm,,
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1.5 mmole) and dimethylamine (0.147 gm., 3.3 mmole) were
mixed at 15°C in a sealed tube and found to react giving
2 pale cream coloured crystalline solid whiech gradually
underwent 2 number of colour changes, ultimately appesring
to form a heterogeneocus mixture, In another experiment,
by carefully controlling the reaction temperature at 15°C
and cooling the mixture to ~78°C immedistely the
initial reaction had ceased, it was possible to pump off
the excess dimethylamine (0.079 gm., 1.8 mmole) (Found:
mol.wt. 45. Calec. for 02H7N: mol.wte 45) leaving a
solid product (0.532 gm.) whose composition corresponded
to an equimolar combination of the smine and the bismuth
compound., Decomposition occurred if the solid was
allowed to stand at room temperature. The addition of
water caused hydrolysis with the liberation of
fluoroform and dimethylamine. Fluoroform was no doubt
produced by alkaline hydrolysis of the trifluoromethyl-
bismuth compound, since dimethylamine gives hydroxyl ions

in contact with water,

(2) Methylbistrifluoromethylbi smuth (C.364 gm.,
1.0 mmole) and dimethylamine (0,416 gm., 2.5 mmole)
reacted under the conditions described above, A so0li1d
adduct (O.431 gm.), consisting of the reactants in
equimolar proportions, remained after the excess unreacted

dimethylamine (0.071 gm., 1.5 mmole)was distilled from
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the reaction mixture,

(3) Trimethylbismuth and dimethylamine did not

react under these conditions.

(4) Dimethylheptafluoropropylbismuth (0.105 gm.,
0.26 mmole) and dimethylamine (0.04h gm., 0.96 mmole)
reacted in a sealed tube at -26°C to form a white
erystalline solid product whose composition, after removal
of the excess dimethylamine (0.032 gm., 0.741 mmole),
was conslstent with that of a 1:1 adduct (0.117 g.) of
the two reactants. The adduct was even less stable
than those of the trifluoromethylbismuth compounds and
di scoloured quickly if allowed to warm to 20°C,
Addition of water to the adduct liberated a mixture of
volatile materials which, with the aid of vapour phase
chromatography and infrared spectroseopy, were shown to

be dimethylamine and heptafluoropropane.

(5) Methylbisheptefluoropropylbiesmath (0.254L
gm., 0.45 mmole) and dimethylamine (0.058 gm., 1.3 mmole)
reacted at -26°C forming a solid product (0.275 gm.)
whose composition corresponded to an equimolar admixture
of the reactants. A low thermal stability and a
susceptibility to hydrolysis similar to that observed

with the other adducts was evident in this case al so,.
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4o ATTEMPTS TO PREPARE ARYLPFERFLUOROALKYLBI SMUTHINES

(a) Triphenylbismuth (7.3 gm,, 16.6 mmole) and
trifluoroiodomethane (14.0 gm., 741.4 mmole) were contacted
in a sealed tube, At room temperature, aspart from the
partial solution of the bismuthine in trifluorolodomethane,
there was no obvious change in the sppearance of the
reactants. The mixture was then heated for 65 hrs, at
100°. Under these conditions all the triphenylbismuth
dissolved but could be recovered unchanged as &
erystalline solid on cooling. The temperature was
ralsed to 170°C for a further 2 hrs. and then the
volatiles removed from the mixture and subjected to trap-
to-trap distillation in the vscuum system., Only one
fraction was obtalned and proved to be unchanged
trifluoroiodomethane (Found: mwol.wt. 196, Csale. for

CF.I: mol.wt., 196). The so0lid residue was shown to be

3
unchanged triphenylbi emuth (Found: C, 49.0; H, 3.39%;
m.pt. 77°C. Calc. for C,gy5Bl: G, U9.1; H, 3.1%;

Lit.'® m.pt. 77.6%).

(b) Triphenylbismuth (7.76 gm., 17.6 mmole) and
tristrifluoromethylphosphine (4,2 gm,, 17.6 mmole) were
carefully heated in a sealed tube., When the triphenyl-
bismuth had just melted, a single phase formed (g2.80°C)
but then, as the temperature approached 10000, two liquid
phases became distinguishable. (The system reverted to a
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single 1iquid phase when cooled to 80°C). Since no other
apparent change had occurred in the reaction mixture
when heated at.100°0 for five hrs., the temperature was
raised to 150°C for a further five hrs. Agaln no
obvious change had occurred and the tempersture was
raised to 200°C for 412 hras. Under these conditions,
gllvergrey crystals were deposited, The volatile
constituents of the reaction mixture were subjected to
trap-to-trap distillation through traps at =95, =135

and -196°C. Three fractions were collected. The one
condensing at -95°G was shown by vapour phase chromatography
to consist of two ecomponents which, when separated, were
1dentified with the aid of infra-red apectroscopy11 and
moleculsr weight measurement as phenylbistrifluoreo-
methylphosphine (1.6 gm., 6.5 mmole) (Pound: mol.wte 245.
Celc. for CgHsFP: mol.wt. 246) and unreacted tristri-
fluoromethylphosphine (2.6 gm., 10.9 mmole) (Found:
mol.wt. 238, Cale., for C3FgP: mol.wt. 238). Ko bismuth
compound was found in this fraction. The fraction
colleeting in trap at ~196%C had an infra-red spectrum
identical with that of hexafluoroethane (0.41 gm,,

3.0 mmole) (Found: mol.wt. 138. Calc. for C,Fg: mol.wt.

138).

The major part of the so0lid reaction product was

soluble in ethanol, from which it was crystallised and
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shown to be unreacted triphenylbismuth (2.23 gm., 10.7 mmole.
(Pound: C, 48.8; H, 3.394., Cale. for 01831531: C, 49.1;
H, 3.41%). The insoluble material which was metsllie

in eppearance, was shown to be bismuth (4.4 gm., 6.7

gm. atom),

(c¢) Diphenyliodobismuth (5.8 g., 11.8 mmole),
trifivoroiodomethane (15.2 g., 77.6 mmole) and mercury
(83 gm., 0.445 gm. atoms) were sealed in a heavy wsalled
tube and shaken at room temperature for five days.
After two days white needles began to form, the quantity
inoreasing as the shaking continued. Finelly the
volatile materials were taken into the vacuum mystem
and, by trap-to-trap distillation through traps at
-95, -135 and -196°C, 1t was established that only
trifluoroicdomethane was present (Found: mol.wt. 196,
Cale. for CFBI: mol.wt. 196). The infra-red spectrum
of this materiel was identical with that of authentic

triflooroicdomethane,

The 8011d reaction products were sepsrated from
the mercury by filtration, and then extracted for five
hrs. with diethyl ether using a Soxhlet extractor. The
ether extract was evaporated until crystale sppeared .
These were filtered off and recrystallised from ethanol

and found to be triphenylbi smuth (Found: ©, 48.8;
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H, 3.6%; m.pt. 77°C. Csale. for c, ¥,
H, 3.4%; Lit.> m.pt. 77.6°C).

5313 c, h901;

The remaining solid reaction product was then
extracted 2s before, this time with acetone for aix
hours. This, on cooling, yielded white plates slmost
insoluble in ethanol but which were recrystalliged from
a mixture of ethanol and mocetone. This material was
shown to be phenylmercuric lodide (Pound: C, 17.6;
H, 1.25; I, 31.6%; m.pt. 266°C, mixed m.pt. with
authentic phenylmercuric iodide, 266°C. Cale. for
CgHsHgI: C, 17.8; H, 1.24; I, 31.4%. Lit.'2 m.pt. 266°C).

A grey solid, metallie in appearance, remained
after these two extraction procedures and was ldentified

as elemental bismuth,
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1. INTRODUCTION

This part of the work was undertaken primarily
in an attempt to prepare tristrifluoromethylbismuth,
The method employed was used only when all the
conventional techniques were found to be unsuccesgsful snd
was adapted from the classical one devised by Paneth1
for the preparation of metal alkyl compounds by the
action of alkyl radicals on metal mirrors. In the
present study 1t was found that trifluoromethyl radicals

reacted similarly with some metala.z

Free trifluoromethyl radicals were generated
from either hexafluoroacetone3'or hexaflnoroethane.“
Although previous workers have used other methods to
generate trifluoromethyl radicals from these compounds,
1t was more convenient to use pyrolysis for the present
study. The formation of the radicals from these

compounds is indicasted in the following equations:

CF,CO CF, —> 2 CF.,« 4+ CO

3 3 3

F3()CF ——> o (CF

3 3

In order to determine the optimum experimental conditions

using this procedure, preliminary investigations were
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made using a tellurium metal mirror, Previous workers
have established that tellurium wae the metal which, in
mirror form, reacted most satisfactorily with methyl
radicals to form a single product whose physical and
chemical properties enabled it to be readily isolated and
fdentified.’

2. REACTION OF TRIFLUOROMETHYL RADICALS WITH TELLURIUM

Trifluoromethyl radicals reacted with a
tellurium mirror forming a deep red liquid, similar in

5 Its snalysis was

appearance to dimethylditelluride.
conzl stent with its formulstion as bistrifluoromethyl-
ditelluride. Thie previously unknown compound was the
first perfluoroalkyl derivative of tellurium to be
reporteﬂ.2 Bistrifluoromethylditelluride was found to
be lees stable at room temperature than was dimethyl-
ditelluride and was slowly converted to a red solid
polymeric material. Sunlight sppeared to catalyse this
process. However, 1n the dark, 1t could be kept for
longer periods of time and at -78°C it counld be stored
indefinitely. It was soluble in chloroform, acetone
end ethanol but insoluble in and unchanged by water.,

There wae no obvious reaction when the compound wes

exposed to air. Bydrolysis with hot spdium hydroxide
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solution caused the quantitative liberation of the

trifluoromethyl groups as fluoroform, metsllie tellurium

being deposited in the solution. In this regarad

bistrifluoromethylditelluride showed a marked dissimilar-

ity to 1ts selenium anslogue which, when treated with

alkall, 1s decomposed to fluoride, carbonate, polyselenide
6

fon and selenium,

Bistrifluoromethylditelluride reacted instantly
with mercury at room temperature to form bis(trifluoro-
methyltelluro)mercury. The analogous compounds,

6 and bis(trifluvoro-

bis(trifluoromethyl seleno)mercury
methylthio)mercury,7 have been prepared by similar
reactionsa. The ease with which mercury reacts with these
trifluoromethyl derivatives increases with lnereasing
atomic number of the Group VI element. Thus, whereas

the sulphur compound required ultra-violet irradiation to
cause fission of the "metal-met2l" bond, in the case of
the selenium compound, the reaction with mereury was
induced merely by shaking the mixture of reactants at

room temperature. Bis(trifluoromethyltelluro)mercury

was a orystalline eolid, soluble in ethanol and acetone,

from which it could be recrystallized as yellow plates,

3. REACTION OF TRIFLUOROMETHYL RADICALS WITH EI SMUTH

The conditions used for the reaction of free



187.

triflucromethyl radicals with blsmuth were identical with
those found to be successful for the reaction with
tellurium, In this case, however, the rate of formation
of the product was extremely slow (less than one mgm, per
hr.). The new materisl prepared in this manner was a
colourless, rather involatile liquid whose infra-red
spectrum possessed absorption bands indicating the
presence of trifluoromethyl groups., Treatment of the
compound with hot aqueous alksli caused the liberation

of fluoroform. ©Positive tests for bismuth were made on
a sample of the compound which had been previocusly

decomposed by pyrolysis st 600°C.

Unfortunately the amounts of the material
prepared using this technique were insufficient to ensble
quantitative analysesgs to be performead. Apart from the
long time required to prepare even small samples, the
compound, when formed, seemed to be unstable and, on
standing at room temperature, deposited amall amounts of
solid on the walls of the containing vessel. Nevertheless
it was apparent that a trifluoromethyl derivative of
bismuth had been prepared, It was formulated as
tristrifluoromethylbi smuth, The only obvious alternative
would be tetrakistrifluoromethyldibismuth but there were
several objections to this choice. Firsgtly, by comparison

with the incomplete evidence for the existence of the
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methyl analogue, tetramethyldibismuth, reported by Paneth,1

it was anticipated that tetrakistrifluoromethyldibismuth
would probably be a solid of lower stability then
tristrifluoromethylbi smuth. Secondly, the dibismuth
compound, again like tetramethyldiblsmuth as well as the
ditellurides, would probably be highly coloured.

4o REACTION OF TRIFLUOROMETHYL RADICALS WITH LEAD

As there have been no reporte of the existence of
fully perfluoroalkylated lead derivatives, it was considered
that the technique of passing trifluoromethyl radicals
over a lead mirror might well be a route to such a
compound, The mirror was most satisfactorily prepared by
pyrolysing tetraethyl=lead vapour in the manner described

1 The rate of reaction of the trifluoromethyl

by Paneth,
radicals with the lead mirror was only slightly faster
than that with the bismuth, and in this case also, the
quantities of product were too emall to permit complete
analyses belng performed. However, it was found that
the compound which had been prepered contained both
trifluoromethyl groups and lesad. The compound was
tentatively formulated as tetrakistrifluoromethyl-lead
rather than hexakistrifluoromethyldilead, since formation
of the latter under the conditions used wag consldered to

be most unlikely, knowing that the 2lkyldilead compounds

are particularly susceptible to d1 sproportionation reactions.
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5. REACTION OF TRIFLUOROMETHYL RADICALS WITH THALLIUM

The perfluoroalkyl chemistry of thallium has not
been successfully studied to this stage and 1t was hoped
that by using this rather unnsual technique, trifluoro-
methylthallium compounds might be prepared. However
no product was obtained when trifluoromethyl radicals

were passed over a thallium mirror.

6. DISCUSSION

Clearly the reaction of trifluoromethyl radicals
with metal mirrors, although capable of producing
compounds not readily obtained by conventional techniques,
had l1imited value as a synthetic method. Doubtless the
technique could be improved by elosely examining the
effects of pumping speed, temperature of pyrolysis of the
radical source, temperature of the metal mirror, rate of
production of radicals, ete. However it was considered
that such a detalled study was beyond the scope of the
present investigation and once approximately optimum
conditions for the system were determined, i.e. the
conditions under which radicals reacted with tellurium to
give an organometallic compound st what was considered to
be a reasonable rate, they were not altered in subsequent

experiment s,

Qualitatively, there appeared to be no



190,

slgnificant difference in the rate at which methyl and
trifluoromethyl radicale reacted with a particular metal.
However there were great differences in the rates at
which the free radicals reacted with the different metals
selected for this study. Although the investigation
was of a limited nature, 1t served to support Rice's’
oontention that tellurium was the element which, in
mirror form, most resdily reacted with free radicals to
form a product which eould be readily identified. So
great was the difference in the rate of resction of

free radicals with tellurium compared with the other
elements used in this series that i1t seemed to be
necessary to consider some of the more important factors

which may have been responsible for this difference.

(a) The Strength of the Metal-Metal Bonds

The strength of the metal-metal bonds in the
crystal structure of the metal doubtless influenced the
ease with which free radicals sbstracted the metal stoms
from the mirror surface. In Table 8.1 are 1listed the
latent heat of sublimation of these metals. These were

evaluated approximstely using the following expression:
= 8 1
AHann:v(zs':’) = cp('rm.p.'zs) "'Anfus"'cp('rb.p.' Tm.p.) &

vap = Cp(Ty . = 25)
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where AH = latent heat of sublimation, fusion, and
vaporization respectively,
and Gp = heat ocapaeity for solid, liquid, and vapour

resgpectively.

The thermodynamic values necessary for these calculations

were obtained from the "Handbook of Chemistry."9

TABLE 8,1

Metal lépt. B,Pt, Latent Heat of Sublima- Crystal Reaction
(o]

("’c) tion (keal./gm, atom) Structure Rate

Te 450 987 17.3 Hexagonal Past

Bl 274 1560 49.6 Rhombo~ Slow
hedral

Pb 327 4750 L8.6 F,.C, Slow
Cubio

T1 304 1467 43.5 C.P.Hex N1l
230%p ¢,

Cubiec

The latent heat of sublimation 1s a2n spproximate measure
of the ease with which atoms of the elements are released
from the crystal structure, The marked difference between
the value for tellurium and those for the other elements
used was congildered to be very significant. Thus the
relatively low energy required to release tellurium from
the metal mirror was probably one of the more important
reasons for the faster rate at whiech the radicals reacted

with this metal,
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(b) Crystal Pscking

In Table 8.1 are listed the erystal structures

of the metals used in this study. ©

Although the
structures are different in each case, there appeared to
be no particularly significant difference in the way in
which the tellurium atoms are packed at the metal surface
as compared with the atoms of the other elements, It
was therefore considered that the nature of the orystal

packing was only of minor importance in these cases,

(c¢) Strength of the Metal-Carbon Bonds

Obviocusly the existence of an organometallioc
compound 1s dependent on the strength of the bond between
carbon and the metal to which it is attached. Table 8.2
contains values of the energies of bonds between carbon

" including some of those under

and a number of elementsg,
discussion. In general such values are not avallsble
for perfluoroalkyl organometallic compounds and only
tentative conclusions could be drawn, assuming that the
trends in the strengths of carbon-metal bonds applied in

the oases where the hydrogen atoms attached to the carbon

atoms were replaced by fluorine.
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TABLE 8,2

Thermochemical Bond Energy Values for Elements Attached to
Carbon

Group (B) ITI ) v

E(keal B(kcel) ¥ B(keal) T E(kcal) "2Y E(kes

B 89 c 83 N 73 o 86 F 116
A 61 s1 72 P 63 S 65 c1 84

Ga - Ge - As L8 Se 58 Br 68
In - Sn 54 Sb L7 Te ~- I 51
T1 Pb 31 BL

Even though the values for the bond energies for the carbon-
tellurium and carbon-thallium have not been measured, the
trends within the Groups give an indication of the order
of magnitude for such values in these cases, In a
particular Group, the bond energy values decrease with
inereasing atomic number of the element attached to carbon.
Inspection therefore suggested that the energy assoclated
with the carbon-tellurium bond would probably be greater
than those with the carbon-thallium, ocarbon-lead and
carbon-bismuth bondes since tellurium 1s in the fourth row
of the Periodic Table, while the other elementa being

di scussed are in the fifth row.

It seemed reasonsble to conclude therefore that

the strength of the carbon-tellurium bond would be greater
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than those of the other carbon-metal bonds and that a
gimilar difference would also apply to the appropriate

perfluoroalkyl derivatives.

(@) The Valence of the Metal

It was considered that the probability of
forming an organometallic compound would decrease with
increasing number of radicals which must be attached to
the metal to satisfy its valence, In the case of
tellurium, only one radical had to be attached to each
metal atom, whereas bismuth snd thallium each required

three, while lead required four radicals.

(e) Steric Effects

The necesslty for the attachment of more
then one radical to the elements, other than tellurium,
wag considered to be the cause of yet another factor
responsible for the sglow rates of reaction found in these
cases. Attachment of the first radical to the atoms on
the metal surfaces no doubt 1limited the opportunity for
other radicals to attach to the same atoms since the
chance that the latter radicals might merely impinge on
thosé already in position seemed to be high, The
possibility that the attached radicals might even be
removed by such a collision eould not be ignored. This
faet also could help secount for the slower rate of

reaction between the free radicals and thegse elements,
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EXPERI MENTAL

This section of the work involved some specialised
technigues in addition to the ones already deseribed.
The method of using the apparatus employed is understood
by reference to the particular cases for which it was

designed,

1. PREPARATION OF HEXAFLUOROACETONE

The method of preparation was based on that used

by Morse et al.1

(a) Depolymerization and Dimerization

"Teflon" turnings (4100 gm.) were packed into
the sealed end of a heavy walled silica tube of internal
diameter 4 om. and length 80 cm, The turnings occupled
approximately 20 om, of this length. A tube furnace
15 em, long was posltioned such that the tetrafluoro-
ethylene evolved when the "Teflon" was heated with a Meker
burner, immedistely passed through a Zone in the silica
vessel at 700-725°G. A pressure of approximately 70 cm,
wag mainteined by controlling the rate of depolymerization
and also by means of a tap located between the pyrolysis
tube and the first collection trap. In this trap,
cooled to —7800, was collected the desired perfluoro-

isobutene, together with smaller amounts of the other
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perfluorobutenes and some tetrafluorosethylene. The
remainder of the unchanged tetrasfluoroethylene was condensed
in a subsequent trap at -196°%. A preliminary trap-to-
trap vacoum fractionation through traps at =95, =135 and
-196°C was performed, the separate fractions examlined by
infra=red spectroscopy and their molecular weights
determined by Regnault's method. The material collecting
in the trap at -95°0 had an infra-red spectrum almost
identical with that of perfluoroisobutene.’ Those bands
appearing in the spectrum of the sample which do not
appear in that of authentic samples of perfluoroisobutene
could be accounted for in terms of the presence of amall
amounts of perfluorocyclobutene, The molecular weights
of thess two substances are identical, so that thelir
relative amounts in the mixture could not be determined
by such & messurement (Found: mol.wt. 200, Cale. for
C)Fg: mol.wt. 200). Nor could separation be effected

by vapour phase chromatography using as column packing
materiasls, di-isgodecyl phthalate, silver nitrate or
dimethylsulphalone, irrespective of the variety of

temperatures and carrier gas flow rates tried.

The material collecting in the trap at =135°C
was dletilled using an apparatus fitted with a Podbielni&k3

type fractionating column, and three main fractions of
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approximately egual size were obtained, their boiling
points being -75, =32 and =11° respectively. These
fractions were examined ag followe:~

(1) Praction of Bolling Point -75°C

This fraction had en infra-red spectrum

identicel with that of tetrafluoroethylene (Found: mol.wt,
99. Calc. for C,F): mol.wt, 100).

(11) Praction of Boiling Point -32°C

This fraction was shown to be pure
perfluoropropene, Its 1nﬁa—red spectrum was identical
with that of the authentie conpohnd as also was its
molecular weight (Found: mol.wt. 149. OCale. for GJPG’
mol.wt. 150). |

(111) Praction of Poiling Point ~14°C

The infra-red gpectrum of this fraction

closely resembled that of perfluoroisobutene, the small
differences being interpreted as due to the presence of
traces of the other cth isomers. The molsecular weight
was also in agreement with the materisl being formulsted
as perfluoroisobutene (Fotjmd: mol.wt. 200, Oale., for
CyFgq: mol.wt. 200).
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(b) Oxidation of Perfluorolsobutene

" The apparatus used in the oxidation of perfluoro-
i sobutene to hexafluoroacetone hydrate 1s represented in
Pigure 9.1. Potassium permanganaste (150 gm.) and 600 ml.
5N sulphuric acid were placsd in the reaction vessel B,
The fractions containing perfluoroisobutene (75 gm.) were
combined and condensed into the trap A which waes then
connected to a glamss tube so that when the fluoro-olefin
was allowed to warm to 0-10°C, 1t passed well below the
surface of the permanganate solution. The solution wes
vigorously agitated by means of a megnetic stirrer and the
gas pagsed into 1t at such a rate that the cold finger
condenser at -78°C attached to the outlet of the reaction
vessel would return the unreacted materisl to the
oxidising solution. The carbon dioxide produced in the
reaction passed through the conienser into the atmosphere,
The temperature of the reaction mixture was raised to uo°c
and the oxidation completed in four hours. The excess
permanganate was then removed by bubbling sulphur dioxide
into the solution. The precipitated manganese dioxide
was removed by filtration, The filtered s0lid was washed
with water (200 ml,) and the combined filtrates extracted
for 24 hrs. with ether in a continuous extraction apparatus

(see Figure 9.2). The ether solution was then
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FIGURE 9.1
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separated from the aqueous layer, dried over sodium
sulphate and mest of the solvent removed by distillation
at atmospheric pressure, A subsequent distillation =2t
reduced pressure yielded hexafluoroacetone hydrate
(bept. 55°C at 80 mm.)(37 gm., 59% yleld based on

perfluoroisobutene),

(e¢) Dehydration of Hexsfluoroscetone Hydrate

Dehydration was accomplished by dropping
hexafluoroacetone hydrate onto phosphorus pentoxide. The
free hexafluoroacetone evolved (Found: mol.wt. 158. Calec.,
for 03F60: mol.wt. 158) was collected in a trap at
-196°C, The vield was 34 gm, indicating that complete
conversion of the hydrate to the desired product had

occurred.

2., REACTION OF RADTCALS WITH METATL, MIRRORS

In order to establish the optimum conditions
for the reaction of free radicsls with metal mirrors,
acetone was used as a source of radicals, both because
of 1ts availabillity and because of its similarity to
hexafluoroacetone. According to Rice and Glasebrook,u
tellurium was the metal which, in mirror form, most

readily reacted with free readicals to form a product whose

physical and chemiesl characteristice were condueive to
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its ready isolation and identification, Consequently
tellurium was the metal used in these preliminary

experiments,

(a) Reaction of Methyl Radicels with Tellurium

The apparatus used 1s shown in Figure 9.3,
"Analytical® grade acetone was placed in the supply
bulb A. Section C, the pyrolysie and reaction zone, was
made of heavy wall silica tube, the rest of the apparatus
being constructed of glasse. A single piece of tellurium
metal (0.,1-0.2 gm.) was placed in the reactlon tube such
that the mirror would be formed just on the pump side of
the zone heated by the movable tube furnace D, The
mirror was formed merely by gently heating the solid
tellurium after the whole apparatus had been evacuated,
By carefully applying the heat, 1t was possible to obtain
a mirror of approximately uniform thickness and 2-3 e¢m,
long. The furnsce temperature was econtrolled at 860°c
and the acetone admitted through the atop-cock B smo that
a pressure of 2-2.,5 mm, was maintalned at full pumping
speed. The high temperature used was necessary to
pyrolyse the acetone which was passing through the heated
Zone very rapidly. In the traps E and F which were cooled
to -46°C, was condensed the red 1iquid, dimethylditelluride,

~described by Rice and Glasebrook. The unpyrolyesed acetone
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collected in the trap at -196°C (G)., Other pyrolysis
products, e.g. carbon monoxide, ethane, ete., either
collected in this trap also or passed through the pump,
depending on their vapour pressures st -196°C. Ag

the edge of the mirror nearest the furnace slowly moved
away from i1ts original position, due partly to the attack
on it by methyl radicals and also due to volatilization,
the position of the furnace was 2d justed so that the
distance between 1t and the mirror was 1 cm, An
approximate assessment of the progress of the reaction
and its rate was made periodically, by strongly heating
with a Meker burner a portion of the stlica tube between
the original mirror and the collecting traps. This
caused pyrolysis of any organometallic compound which may
have been formed and the resultant deposition of a new
metal mirror on the walls of the tube. After two hrs.,
10-15 mgm, of dimethylditelluride (Found: Te, 88.9%.
Calc. for C,H.Te,: Te, 89.5%) had colleoted. These
conditions were optimum for the system and spparatus
employed and were reproduced as accurately as possible in

subsequent experiments,

(b) Reasction of Methyl Radicaleg with Bismuth

The apparatus and experimental conditions used

were the same in this case as for the reaction of methyl
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radicals with tellurium, Greater difficulty was experienced
in forming the metal mirror in this case since bismuth,
apart from being mere difficult to volatilize, tended to
aggregate into droplets rather than form the thin film
required for the successful application of this technique.
During the passage of the pyrolysie products of acetone
over the bismuth mirror, evidence for the formation of a
volatile biemuth compound was indicated by the deposition
of a new blsmuth mirror when strong heat was applied to a
small section of the silica tube C, st a point between the
reaction zone and the firat collection trap. Normally
trimethylbigmuth ocould be condensed at -46°C in an
evacuated apparatus, but in this system 1t was necessary
to use a trap ocooled to -78°C in order to condense any
organobl emuth compound formed, since, at the high pumping
gpeeds used, the larger quantities of more volatile
materials tended to delay the condensstion of the
bismuthine, At -78°G there was partial condensation of
unpyrolysed acetone, with the result that great difficulty
was experlences in fractionating the extremely small
quantity of trimethylbismuth (ca. 3 mgm,) from the
relatively large amounts of acetone (ca. 2 gm.). Repeated
trap-to~-trap distillation finally yielded a sample whose
infra~-red spectrum was identical with that of authentic

trimethylbismuth,
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{2) Reaction of Trifivoromethyl Radiesls with Tellurium

Trifluoromethyl radicsals were generated by
passing h.exaﬂuomacetone5 at 2 mm, pressure through a
zone heated to 900°C 1n the reaction tube. As the
radicals passed over the preformed telluriom mirror, a
deep red liquid slowly oollected in s trep cooled to -45°C.
The liquid compared in sppeerance with the dimethyldt-
telluride obtained by passing methyl »sdicals over
tellurium, The &ew materisl was fractionated in the
vacuull system by trap-to-trap distilliation to remove
traces of other resction produets and unpyrolysed ketone,
until reproducisle infra-red spectra, showing no sbsorption
band corresponding to carbonyl C-0 stretching, were
obtained. The orude product, prior to the purification
procedure described sbove, contained some silicon tetra-
fluoride, formed by the action of small amounts of atomiec
fluorine, resulting from thé pyrolysls of hexefluoroacsione,
on the wells of the silica reaction vessel. The strong

band at 1025 cm.“1

in the infra-red speotrum, cherscteristic
of silicon tetrafluoriﬂe,21disappeared completely when the
reaction products were fractionelly distilled twice. The
blstrifluoromethylditqlluride remgined in the trsp at

~46°C and all the by-products psssed into that at -196°C,

Bistrifluoromethylditelluride {Found: GF3, 34.1; Te, 66,24,
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Calc. for C2F6T02= CFB’ 35.0; Te, 65.0%) melted at
approximately -7300, but due to its thermal instability
and tendency to polymerize, its boiling point ecould not bhe
determined. Ir the 1ight 1t was less stable at room
temperature than dimethylditelluride, although it could be
kept in the dark for considerable periocds of time and
indefinitely at -78°C. It was soluble in most organiec
solvents, stable in air, insoluble in =and unchanged by

water,

(1) Anelysis

The compound was analysed for 0F3 by
hydrolysis with alkali and measurement of the quantity of
liberated fluoroform.

Tellurium was estimated as the metal in the
gsolution after hydrolysis.

(11) Hydrolyeis

Bistrifluoromethylditelluride (0.032 gm.,
0.082 mmole), when treated with 5N sodium hydroxide (5 ml.)
at 95°G for two hrs, gave a virtuslly quantitative yield
of fluoroform (0.011 gm., 0.16 mmole) which was purified
by distillation in the vacuum sgystem. Metalliec tellurium

wvas deposited in the solution as the resction proceeded,
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(111) Infra-red Spectrum

The infra-red spectrum of bistrifluoromethyl-
ditelluride in the vapour phase possessed the following
main absorption bands: 41367 (w), 1321(m), 1219(s),
1150(s), 1088(s), 1043(s), 917(m), 722(s).

(iv) Reaction with Mercury

Bistrifluoromethylditelluride (0.024 gm,,
0.061 mmole) was condensed onto mercury (0.011 gm.,
0.055 mmole) in an evacuated tube, At room temperature
reéction occurred, indicated by the appesrance of a yellow
s0lid in the place of the mercury and the red liguid
tellurium compound. The volatile material was removed
by pumping and shown by infra-red spectral analysis to be
bistrifluoromethylditelluride. The weight of the
product remaining (0.033 pm.) corresponded to the
combination of the reactants in equimolar proportions.
By ansalogy to the comparable reaction of bistrifluoro-
methyldiselenide with mercury, this new compound was
consldered to be bistrifluoromethyltellurgmercury. It
wag soluble in ethanol from which it could be crystallized
as a yellow solid etable in alr and possessing a most N

objectionable odour,

(d) Reaction of Trifluoromethyl Radicals with Bisgmuth

A bismuth mirror was formed in the manner
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described previously snd a stream of trifluoromethyl
radicals passed over it for six hrs. During this
operation, to deposit a detectable quantity of a second
mirror by the pyrolysis of the new orgsnometallic compound
formed, 1t was necessary to heat for as long as ten mins.
a gection of thé tube through which the products were
passing. At the completion of the reacticen, a small
quantity (ca. 5 mgm.,) of a rather involatile, colourless
liquid had been retained in the collection trap cooled to
-46°C, Infra-red snalysis revealed the presence of CF'3
groups In this 1iquid but during the measurement it was
noticed that the windows of the gas cell were becoming
opaque due to decomposltion of the sample, This was
possibly caused by traces of water and oxygen on the walls
and windows of the ecell which could not be completely
decontaminated using the customary technique of flaming.,
Hydrolysls of the sample caused the liberation of
fluoroform. However, gquantitative determinations of both
biemuth and CF3 (as fluoroform) were unsuccessful due to
the very small amounts of material available and to the
consequent significant losses 1n handling. Nevertheless
it was apparent that a trifluoromethylbismuth compound had
been formed and that this material was at least thermally
and possibly chemically unstable, It has been tentatively

formulated as tristrifluoromethylbismuth,
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(e) Reaction of Trifluoromethyl Radicals with Leed

A lead mirror was prepared by pyrolysing
tetraethyl-lead vspour as it passed through the reaction
tube, Thus 2 stream of the vapour was pumped through the
system and heat applied with a Meker burner to s section
of the silica tube such that a lead mirror was deposited
in the prospective reaction zone. The spparatus was then
flamed to remove all traces of unchanged tetraethyl-lesd
and ite volatile pyrolysis products before the reaction
between the trifluoromethyl radicals and the metal was
commnenced, After treatment of the lead mirror with the
free radicals for six hrs., a small gquentity of 1iquid
had collected in the trap at -78°C, the unchanged
hexafluoroacetone and most of its decomposition products
condensing at -196°C. Several trap-to-trap distillations
were neceesary to remove trsces of hexafluoroacetone from a
rather involatile, colourleegs liguid whose infra-red
spectrum possessed no band cocrresponding to the carbonyl
C~-0 stretching fregquency but did have bands suggesting the
presence of trifluoromethyl groups. The material was
hydrolysed by hot 5N sodium hydroxide and fluoroform was
produced. In addition, application of strong heat to a
sample of the 1liquid caused deposition of metallic lead.
Thue it was concluded that a trifluoromethyl-lead compound

had been formed even though quantitative snalyses could
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not be performed due to the extremely small amounts of
material prepared by this method. The substance was
formulated as tetrakistrifluoromethyl-lead.

(f) Resction of Trifluoromethyl Radicsls with Thalliun

A thallium mirror was prepasred in the same
manner as that used for tellurium snd bismuth, although
more difficulty was experienced in the case of thallium,
After the passage of trifluoromethyl radicals over this
metal for six hrs., no trace of a trifluoromethylthallium

compound had collected in the traps providea.

3. Trifluoromethyl Radicaleg derived from Hexafluoroethane

Although triflqoromethyl radicals could be
generated from hexafluoroacetone quite readily,5 this
source suffered from several disadvantages. Pirstly,
the preparation of hexafluoroacetone was difficult and
took several days to complete. Secondly, the pyrolysis
of the ketone produced, 1n addition to trifluoromethyl
radicale, an appropriate amount of carbon monoxide and a
number of other products which tended to complicate the
gystem, Thirdly, the pyrolysis led to the formation of
products which 4id not revert to the parent compound if
not used@ in combinstlon with the metal, Thus those

radicals which d41id not undergo effective reaction with the
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metal were wagted. Attention was therefore turned to
hexafluoroethsne as a source of trifluoromethyl radicsals
since i1t could be obtained comnercially (E. I. Du Pont

De Nemours and Co. Inc.).

The apparatus is shown in Figure 9.k, Hexa-
fluoroethane gas was condenged into the appendix B of
the bulb A 2nd a cooling bath at a temperature calcalated
to glve the desired vapour pressure of hexafluoroethens
placed around the sasppendix. The quantity of gas used
was sufficient to fi11 the buldb (3 1.) at atmospherie
pressure, The gas, at the appropriate pressure, was
then led into the glass reaction tube C at an acute angle
in order to minimize turdbulence and so ensure an even
flow through the reaction zone, A platinum filement D
wound on a silica tube (8 mm, diameter) was used to
pyrolyse the hexafluoroethane. The silica former was
Joined through a "graded seal” to the reaction tube.

In order to produce the mirror of a particular metal, a
few small pleces of the metal previously placed in the
appendix E were heated by means of a Meker burner snd the
vapour condensed onto the movable former F. This former
eonsisted of a Pyrex glass tube, sealed at the base and
containing silicone 01l into which dipped a thermometer to

indicate the reaction tempersture. It wae found most
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convenient to attach the former to the rest of the
apparatus through a tightly fitting rubber stopper which,
when lightly lubricated with a high temperature vacuum
grease, was capable of holding a vacuum, By rotating the
former when necessary, an evenly plated mirror was
obtained, The mirror was then retracted to a position
directly in line with the filament and 0.5-1.0 cm. from
it. The filament was then heated t111 bright red-white
by application of & suiltable e.m,f, to the condueting
leads, and hexafluoroethane passed through the gystem,
whereupon free trifluoromethyl radicazls were generated.
The produet formed by resction of the radicals with the
particular metal was condensed into a trap G at -78°0,
the execess hexafluoroethane collecting in a trap H at

-196°C located immediately before the vacuum pump,

The results obtained using this method with
tellurium end biemuth were the same as those obtained when
hexafluoroacetone was used as the source of free radicals.
Both methods suffered from the obvious d1 sadvantage in
that only very emall amounts of products could be

obtained after many hours of operation.
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ATTEMPTED PREPARATIONS OF PERFLUOROALKYLTHALLIUM COMPOUNDS

1. INTRODUGTION

This section of the work 1s concerned with a
preliminary study of a number of methods used in attempts
to prepare perfluoroalkylthallium compounds. No such
derivatives have been reported in the literature as yet,
The varlety of experimental conditions employed is
described in Chapter XI,

Both mono- and tri-valent states of thallium
are known to be stable in some circumstances, but whereas
there 1s evidence for the existence of methylthallium and
phenylthallium, the only stable organometallic dervatives
of this element are those in which its valeney is three.1’2
In this etudy attempts were first made to synthetize
perfluoroalkylthallium compounds by group exchange reactions
using a variety of methylthallium compounds and perfluoro-
{odoalkanes. In all cases the desired productes were not
obtained and a number of other preparative methods were

also tried, agaln without success.

2, REACTION OF TRIMETHYLTHALLIUM WITH PERFLUOROIODOALKANES

Trimethylthallium reacted violently and
exothermically with trifluoroiodomethane and with hepta-

fluorolodopropane, at room temperature, A mixture of
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coloured products, apparently heterogeneous in nature,

was obtained and considered to have resulted from at

least partial decomposition both of the starting materials
and the products formed initislly, By lowering the
reaction temperature to -789C however, 1t wes pessible to
control the reaction and in each case a white solid wes
obtained. When the obvious signs of reaction had ceasged,
the mixture was allowed to warm to room temperature but

no further reaction appeared to occur and the white soligd
did not become 41iscoloured. The properties and the
analysis of this product suggested it to be dimethyl-
thallium fluoride. This was certainly not anticipated,
since the rupture of a carbon-fluorine bond in a
perfluoroiodoalkane during a reaction with an organometallie
compound 1s most uncommon, It was thought that the
initial reaction involved the formstion of the appropriate
dimethylperfluoroalkylthallium compound in each case angd
that this wes extremely unsteble, even st -78°C, and
decomposed giving dimethylthallium fluoride. A gimilar
reaction has been obsgerved when tetramethyltin was

treated with perfluoroiodoalkanes at higher temperatures,
one product being in each case, trimethyltin fluoride.8
Here also 1t was considered by the workers that the reaction
involved the initial formation of the gppropriate alkyl-

perfluoroalkyl derivative, which then underwent thermal
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S8imilar products were obtained when dimethyl-
thallium acetylacetonate was treated with trifluorociodo-
methane at 150°c. Again partial decomposition of some
of the acetylacetone groups ocecurred and fluoroform was
produaced. However no perfluoroalkylthallium compound wes
prepared using this method.

5. REACTION BETWEEN METHYL-LITHIUM, THALLOUS IODIDE AND
HEPTAFLUOROI ODOPROPANE

The preparation of trimethyithallium from
thallous 1odide, methyl=lithium and methyl 1061696 may be

repregented by the following equation:

ZCHjni + GHBI + TlI-————>(GH3)3T1 + 2Li1

It seemed feasible that, by substituting a perfluoroiodo-
alkane for methyl i1odide 1n such a reaction mixture, =
perfluoroalkylthalilium compound might form, Hepta=
fluorolodopropane was chosen for such an experiment due

to the ease with which it could be handled in an open
apparatus. Thi s particular reasction was examined before
it was discovered that the resction between trimethyl—
thallium and perfluoroiodoalkanes ylelded dimethylthallium
fluoride ané s0 suggesting that perfluoroslkylthallium

compounds were extremely unstable,
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The reaction 4did not yield a perfluoroalkyl-
thallium compound but gave instead dimethylthallium 1odide.
The formation of a dimethylthallium halide from such a
reaction was not altogether surprising in view of the
results of the other experiments described in this Chapter,
On examining the mechani sm proposed by Gilman for the
reactions thought to occur during the preparation of
trimethylthallium, 4t was anticipated that producte in
addition to those actually found, would have been formed
in the present case. The mechanism in gquestion involved
the initial reaction of methyl-lithium with thallous
iodide to give trimethylthallium and metallie thsllium 3n a
finely divided snd highly resctive state. The transient
existence of the latter product was actually observed

during these preparations.,

30H3L1 + 27T I——»(cns)3n + 271 + 3LiIX

The second stage proposed involved reaction of methyl
i1odide with the thallium metsl to form dimethylthallium
1odide.

20H31 + 2n—»(cn3)2'r11 + T11

In the reaction employing heptafluoroiodopropane instead
of methyl 1odide, some reaction might be expected at this
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stage to give a perfluoroalkylthailium compound or its
decompasition prodects. No such compounds were found
however. The final step in the neeham:n was sonsidered
to be the rmtion of mm-lithiﬂ with dimethylthalliwm
fedide.

ensme-( )nx—-{ )ngu.u

The results of the reaction ’mféi;ﬂfug mtmgmmo,
propans suggested that either the mochanism described sbove
wae mot correct or mere ukoly thet the mode of reactien
as different when the alkyl fodide was replaced by a
perfiucroiodoslkans in sueh a resction.,
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EXPERI MENTAL

1. PREPARATION OF REACTANTS

(a) Trimethylthallium'®

Lithium metal (3.5 gm., 0.50 mole) was washed free
of paraffin oil with sodium-dried ether, beaten into flat
plates and cut into small pileces under an atomsphere of dry
nitrogen. The 1ithium was then placed in a2 flask
together with ether (60 ml.) and a solution of methyl
iodide (28 gm., 0.20 mole) in ether (60 ml.) added dropwise
at such a rate as to maintain reflux, When all the
methyl 1odide had been added, refluxing was continued
for one hr. and the unreacted 1ithium (0.7 gm., 0,10 mole)
removed by filtering through glass wool under an inert
atmosphere., An excess of lithium was used to ensure
the complete removal of methyl 1odide in order that
subsequently an accurately known quantity of this compound
could be added to the mixture, The methyl-1ithiunm,
now in a dropping funnel, was added dropwliee to &
vigorously stirred suspension of thellous iodide (28,9 gm.,
0.067 mole) in a solution of methyl iodide (41.h4 gm.,

0.08 mole) in ether (25 ml.,). The finsl resction mixture
was then allowed to stand for 18 hrs. before the ether
was removed by distillation using 2 water-bath at 70-80°C,
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The residue was not heated sbove 90°C and all the volatile
constituents were transferred under vacuum from the
reaction vessel into the wvacuum system, Trap-to-trap
distillation was then used to separate trimethylthallium
(9.33 gm., 0.037 mole) from the other volatile
constituents of the mixture. The yield was 55% based

on thallous iodide,

(b) Dimethylthallium Iod1de®

Methyl-lithium (0.46 mole, 70% yield) was
prepared from lithium (3.2 gm,, O.4Y4 mole) in diethyl
ether (50 ml.) and methyl 1odide (31.2 gm., 0.22 mole)
in ether (150 ml.). The methyl-1ithium was added over
a period of 30 min. to a stirred suspension of thallous
chloride (19.2 gm., 0,08 mole) in ether (100 mi.). A
Jet black precipitate of thallium metal formed. The
mixture was stirred for a further 15 min. before excess
methyl iodide (15.6 gm., 0.11 mole) in ether (100 ml.) was
added and stirring continued until the black precipitate
had completely disappeared (one hr.). The insoluble
material was allowed to settle; the clear supernatant
solution was siphoned off under nitrogen and hydrolyesed
with water, The dried ether layer, when evaporated,
yielded dimethylthallium iodide (21 gm., 0.058 mole - 72%
yield based on thallous chloride).
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(c) ThallousAcetzlacetonate3

Thallous sulphate (15.2 gm., 0.03 mole) and
barium hydiroxide octahydrate (41.3 gm., 0.03 mole) were
each separately dissolved in a minimum of water and the
solutions mixed thoroughly. The barium sulphate was
removed by filtration, washed several times with water
and the filtrate evaporated to give yellow crystals of
thallous hydroxide (14.5 gm., 0.052 mole), This,
together with acetylacetone (5.2 gm., 0.052 mole) was
dissolved in ethanol and the solution concentrated at room
temperature under vacuum, Thallous acetylacetonate wasa
obtained gquantitatively as colourless crystals (Pouna:
C, 19.8; H, 2.32%. Cale. for CgH,0,T1: C, 19.8;

H, 2.31%).

(@) Dimethylthallium Acetzlacetonateu

Dimethylthallium 1odide (3.6 gm., 0.010 mole)
and thallous acetylacetonate (3.0 gm., 0.010 mole) were
reacted in boliling ethanol. Reaction had ceased when a
filtered amplee of the mixture ylelded with potassium
iodide, a white precipitate of dimethylthallium iodide
(from dimethylthallium acetylacetonate) not contamineted
with yellow thallous iodide (from unreacted thallous
acetylacetonate). On cooling the filtered reaction mixture

erystals of dimethylthallium acetylacetonate were deposited
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and after vacuvum suhlimetion had m.pt. 21h°0 (I-.:!.t.l*
m.pte. 214°C),

REACTIONE OF THALLIUM COUPOUNDS WITH PRRFLUOROIODC-

(a) Ipimethvithallium angd Irifluoroiodometheone

Trimethylthalltom (2.39 gm., 0.0096 mole} and

2.

trifluorolodomethane (4.93 gm., 0.025 mole) were cond ensed
into an evacusted tube and the temperature allowed to
rise from ~196 to -78°C. A white sol1d begen to deposit
rapidly from the clear solution. (It was found in
preliminsry experiments that if the termperature was
allowed to rise to approximately -1000, a violent
exothermic reaction oceurred snd eould not be controlled
even by plunging the reaction tube into liguia nitrogen,
The s0lid deposited under such conditions was slmost black
and was heterogeneous in sppearance, It wes thought to
eonslst of decomvosgition products of both the reactants
and initial products,) When all obvious signs of
resctinn had ceassed (one hr.), the reaction mixture was
aellowed to stand at room temperature for 24 hrs., after
which time the molid sti1ll remsined white and no furthepr
change had occurred. The volatile meterials were then

transferred to the vacuum sy stem where they were fractionated
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through traps at =95, -135 and -196°C. Two fractions g0
obtained were identified as trifluorolodomethane (Pounad:
mol.wt. 196, Cale. for CF;I: mol. wt. 196), methyl
iodide (Found: mot.wt. 143, Calc. for CH,I: mol.wt. 142).
The infra-red spectra of thesge compound s were recorded
and compared with those of authentic samples. In
addition, vapour phase chromatography end infra-red
spectroscopy suggested that a fluorocarbon was also
present in the volatile mixture, However in this
preliminary investigation, attempts were not made to
identify it or even to sscertain whether or not there was
a mixture of fluorocarbons present which had not been

separated on the particuler chromastographic eolumn used.

The solid reaction product remaining after
removal of the volatile constituents of the mixture was
stable at room temperature and 4id not melt even at 30000.
It was stable in air and soluble in water yielding s
strongly basic solution. It was soluble in ethanol but
insoluble in benzene and chloroform, These’properties,5
together with its analysis (Pound: C, 9.48; H, 2.43;

F, 6.8; T1, 79.8%. Cale. for C,HeTIF: C, 9.49; H, 2.37;
P, 7.5; T1, 80.6%) suggested that the 80113 was
dimethylthallium fluoride. Addition of godium tetra-

phenylborate to an agueous solution of the thallium
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compound caused the precipitation of a white gsoliad which,
when recrystallized from acetone containing 5% water,

wag shown to be dimethylthallium tetraphenylborate (Pound:
C, 56.4; H, 4.81%. Calec. for CogHogTlB: C, 56.4:

H, 4.70%). The conversion of trimethylthallium te
dimethylthallium fluoride (2.32 gm.) was 96%.

(b) Trimethylthallium snd Heptafluorolodopropane

Trimethylthallium (2.45 gm., 0.040 mole) and
heptafluoroiodopropane (8.09 gm., 0,027 mole) were
allowed to stand in 2 sealed tube for two hrs. at -789C.
A white s0l1d deposited at this temperature and appeared
to be unchanged after the mixtures was allowed to stand
at 20°C for a further 15 hre. At the end of this time,
the volatile materials were transferred to the vacuum
gystem where they were fractionated by trap~to-trap
distillation through traps at 78, -95 and -19600. The
various components were identified with the 2id of vaepour
phase chromatography, infre-red spectroscopy and
molecular weight measurement, and were found to be methyl
iodide (Pound: mol.wt. 142, Csle. for CHzI: mol.wt. 142)
and unreacted heptafluorolodopropane (Found: mol.wt. 295,
Cale. for C3F7 : mol.wt. 296)., A third volatile
component of the reaction products, containing C-F bonds,

was not positively identified. The solid reaction
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product possessed properties identical with those of the
g0l11d produced from the reaction between trifluoroiodo~
methane and trimethylthallium and was also proved to be
dimethylthallium fluoride (Found: C, 9.h41; H, 2.41;

F, 6.8; T1, 81.1%. Calec. for C,HgT1F: C, 9.49; H, 2.37;
P, 7.5; Tl, 80.6%). The conversion of trimethylthasllium
to dimethylthallium fluoride (2.52 gm.) wés 100%.

(c) Dimethylthallium Iodide and Trifluorolodomethane

Dimethylthallium 1odide (10.0 gm., 0.028 mole),
trifluoroiodomethane (14.7 gm., 0.075 mole) and excess
mercury (100 gm.) were ghaken at room temperature for 65 hra
Ro reaction had occurred under these conditions and the
reactants were recovered quantitatively., It was not
eonsgidered that this approach warranted further investiga-
tion in view of the resultis of the previous two experiments

described.,

(d) Thallous Acetylacetonate and Trifluoroiodomethane

Thallous acetylacetonate (3.03 gm., 0.010 mole)
and trifluoroiodomethane (6.67 gm., 0.034 mole) were heated
in a sealed tube for €0 hrs. at 150°C. The volstile
reaction productas were transferred to the vacuum gystem
where they were fractionated through traps at <95, =135
and -196°C. The materisl in the trap at -196°C was
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mainly fluorcform, but both the infra-red gpectrum of
the sample and its low molecular weight (Found: mol.wt.
58. Cale., for CHFB: mol.wt. 70) suggested that
degradation products of acetylacetone were also present.
The material retained in the trap at =135%C was mainly
trifluoroiodomethane, but infre-red analysis again
indicated the presence of products formed by the
decomposition of the acetylacetone fragment, Similar
products were found in the trap at =95°C, but chemical
analysis indicated that no thallium compounds were present
in any of the volatile fractions.

The s0lid reaction product was Yellow snd not
colourless as was the starting material. Its infra~-red
spectrum indicated the absence of trifluoromethyl groups
and suggested that 1t consisted mainly of thallous
acetylacetonate together with smaller smounts of material
formed by the partial pyrolysis of that compound., Small
amounts of 1odide were aslso detected in the solid
residue. This was no doubt derived from trifluoroiodo-
methane and wasg probably present as thallous iodide,

(e) Dimethylthallium Acetylacetonate ana Trifluorolodo=-
methane

Dimethylthallium acetylacetonate (2.7 gm.,
0.008 mole) and trifluoroiodomethane (5.3 gm., 0,027 mele)
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were heated together in a sealed tube for 48 hre. at 150°C.
The volatile products were found to be similsr to those
obtained from the reaction between thallous acetylaceton-
ate and trifluoroiodomethane, while the =s0lid contained

2ll the thallium present in the form of the starting
material, dimethylthallium acetylacetonate and its partial
decomposition producte. The infra-red spectrum of the
80lid indicated that trifluoromethyl groups were not

present,

3. ITHALLOUS IODIDE, METHYL-LITHIUM AND HEPTAFLUOROT ODO-
PROPANE

This procedure was based on that used for the
preparation of trimethylthallium, the difference being
that, instead of the inclusion of methyl iocide in the
reaction mixture, heptafluoroiodopropane was uged. Methyl-
1ithium (C.12 mole) in dlethyl ether (100 ml.) was added
over a period of 30 min., to a stirred suspension of
thallous 1odide (20.0 gm., 0.06 mole) in a solution of
heptafluoroiodopropane (17.8 gm., 0.06 mole) in ether
(50 ml.). ‘The temperature was maintained at -55%C and
nitrogen was passed through the system continuously. As
in the prepsration of trimethylthallium, there was
deposition of finely divided metallic thallium which was

removed by reaction as the temperature wes sl owly ralsed
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to 20°C. The mixtures was allowed to stand for 15 hrs.
before the volatile constituents were transferred to the
vacuum gystem, Etheg and heptafluoroiodopropane were
the major conpenentﬁ and no volatile thallium product was
deteoted, Inffa—red analysis to the s0lid resction
products indicated the complete absence of perflucoroalkyl
group s. Some of the thallium was present as
@imethylthallium fodide (6.9 gm., 0.02 mole) (Found:

C, 6.60; H, 1.61%. Oalec. for CHTII: O, 6.67;

H, 1.67%), and the remainder as unchanged thallous lodide,
These two compounds were separated by extracting the
#0114 mixture with ethanol. The dimethylthallium 1odide
digsolved, leaving a residue of thallous iodide.
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MIXED ALKYI-PERFLUOROALKYL DERIVATIVES OF
GROUP VB ELEMENTS

By B. J. PvLLmax* and B. O. West*
[Manuscript recetved Awgust 28, 19637

Summary

Trifluoroiodomethane reacts with tyiethyl-phosphine, -arsine, and -stibino
forming derivat iyes of the type (C:Hj3)2MCF; together with (CeHs)4MI, while
pentafluoroiodoethane reacts with trimethyl-phosphjne, -arsine, and -stibine giving
derivatives of the form (CHj3)eMC2F;5 together with (CH3)4MI. The infraved spectra
of tho compounds are presented and the mechanisin of the reaction discussed.

* Department of Physical and Inorganic Chemistry, University of Adelaide.
T After this programme had been siarted Cullen? published results of similar exchange

studies including that between trifluoroiodomethanc and triethylarsine. Our results are in accord
with his in this instance.

Aust. J. Chem., 1964, 17, 000-00

The reaction between trifiuoroiodomethane and trimethyl-phosphine, -arsine,
and -stibine is known to give the appropriate dimethyltrifluoromethyl! derivative and
the corresponding tetramethyl ’onium iodide,! and formally involves the exchange
of a methyl for a trifluoromethyl group. The reaction has been further investigated
by the use of triethyl-phosphine, -arsine, and -stibine, and pentaftuoroiodoethane in
prder to examine the effect of increasing size of the substituent groups.y

SyxTHESIS OF COMPOUNDS AND MECHANISM OF REACTION

It has now been established that the exchange reaction oceurs readily between
trifinoroiodomethane and the triethyl derivatives of phosphorus, arsenic, and anti-
mony, and between pentaflucroiodoethane and the trimethyl derivatives of these
elements to give as products dialkylperfluoroalkyl-phosphines, -arsines, and -stibines
together with the appropriate tetra-aikyl 'onium iodide. Similar observations were
made by Haszeldine and West for the reactions of trifluoroiodomethane with tri,
methyl-phosphine, -arsine, and .stibine. The reaction may be represented as

3RM + Ryl — RoMR; — RyMI
where
Ry = CF3,C2F;5, R = CH;,C.H;, and M = P,As,Sb.



In all cases excess of the perfluoroajkyl iodide was present in the initial reaction
mixture. In general, reactions werg carried out at room temperature (c. 20°) but it
was found most convenient to heat reaction mixtures containing arsines and per-
fluorcalkyl iodides since these reactions were relatively slow at room temperature.
Qualitatively, the rate of reaction with trifluoroiodomethane is slower in the case
of the triethyl derivatives of phosphorus, arsenic, and antimony than for the trimethyl,
as shown by the longer time required for the first deposition of tetraethyl ’onium
compounds. The trimethyl compounds react very rapidly with trifiuoroiodomethane
at room temperature and react as readily with pentafluoroiodoethane judging by the
rapid appearance of solid quaternary in the reaction tubes.

It was observed that the final reaction mixtures obtained when reacting tri-
ethyl-phosphine, -arsine, and -stibine with triftuoroiodomethane contained consider-
able quantities of ethyl iodide and unchanged triethyl compound while the reaction
mixtures involving the trimethyl derivatives with pentafluoroiodoethane did not
contain methyl iodide but did contain unreacted trimethyl compound even after
periods of reaction up to six months.

The percentage conversion was improved by transferring all the volatile reaction

products to a new reaction tube, additional perfluoroalkyl iodide being added if -
necessary. By repeating this process virtually complete conversion of a sample of a

trialkyl compound to a mixture of the dialkylperfluoroalkyl and tetra-allkyl *onium
«compounds could be achieved.

Evidence that these reactions were equilibrium controlled was obtained from
‘the observation that the volatile products from reaction mixtures kept at room
temperature for up to six months rapidly deposited fresh quaternary compound
when transferred to another reaction vessel. This occurred even though the appropriate
perfluoroalkyl iodide was in excess of that necessary to react with the trialkyl com-
pound being used. There was no evidence for the formation of compounds of the

-

type RM(Ry)a in any of the reactions studied. Compounds of this type were prepared

hy Haszeldine and West by heating together tristrifiuoromethyl-phosphine or -arsine
and methyl iodide.

Ethyl iodide was detected amongst the products of reaction between triethyl -

compounds and trifluoroiodomethane. This observation supports one of the two
mechanisms proposed by Haszeldine and West.! Each mechanism postulates the
formation of an intermediate quaternary compgund [RgMR/]*I-. One assumes
nucleophilic attack of a further molecule of the original trialkyl compound on an
alkyl group in the quaternary, thus:

TAKE IN DIAGRAM MM HERE—

This implies direct formation of the quaternary compound from the intermediate
and does not permit even the transient existence of free alkyl iodide. The other
mechanism involves dissociation of the intermediate mixed alkyl-perfluoroalkyl
quaternary ogmpound thus:

TAKE IN DIAGRAM NN HERE—

‘Reaction of the liberated alkyl iodide with a molecule of the original compound then
accounts for the appearance of the tetra-alkyl *onium compound observed as a major
reaction product. The fact that free alkyl iodide remains after reaction between
trifluoroiodomethane and the triethyl compounds is no doubt related to the slower
rate of the reaction found for ethyl iodide with triethyl derivatives of phosphorus,
arsenic, and antimony compared with that of methyliodide and trimethyl derivatives.
Thus in the systems under consideration, the dilution by the newly formed alkyl-
perfluoroalkyl compound plus the excess perfluoroalkyl iodide is probably sufficient
to retard the formation of tetraethyl quaternary compounds under the mild thermal

-



conditions used. Thus, if the rate of dissociation of the intermediate quaternary
compound is greater than the rate of formation of the appropriate tetraethyl quater-
nary compound, then a stage may be reached when all the original free trialkyl com.
pound has been consumed by the formation both of an ethylperfluoroalkyl derivative
and some tetraethyl quaternary compound but still leaving some free ethyl iodide,
It appears that the relative proportions of ethyl iodide to tetraethyl ‘onium iodide
are quite variable and probably depend on factors such as the quantity of perfluoro.
alkyl iodide used (and therefore the extent of dilution) and the size of the reaction
vessel.

The reaction of perﬁﬁoroalkyl todide and trialkyl bismuthines? is in many
ways analogous to those above. An intermediate unstable pentavalent bismuth
compound is considered to form since bismuth quaternary compounds containing
alkyl groups are not known. The existence of free alkyl iodide as a reaction product
supports this hypothesis.

In Table 1 are listed the compounds prepared in this series, together with their
extrapolated boiling points.

TAKE IN TABLE 1 HERE—

All the new aik;!-porfluoroalkyl compounds prepared in this series exhibit
properties comparable with those of their dimethyltrifluoromethyl analogues. They
are quite reactive in air, the dimethylpentafiuorocthyl compounds tending to ignite
and the diethyltrifluoromethyl ones fuming strongly. The electron donating power
of the Group VB elements in these compounds is reduced in the manner expected
due to the presence of the strongly clectroncgative perfluoroallyl groups. This
feature is exemplified in the reaction with silver iodide (in aqueous potassium iodide)
with which only dimethylpentafiuoroethylphosphine ‘and diethyltrifluoromethyl-
phosphine form complexes, which dissociate readily at room temperature. A similar
unstable product was reported on reacting dimethyltrifiuoromethylphosphine with
silver iodide.? Reaction of the alkyl-perfluoroalkyl-phosphines and -arsines with the
appropriate alkyl iodide produces crystalline compounds which rapidly decompose
in air. They have been tentatively formulated as alkyl-perfluoroalkyl onium iodides
of the form [RgMR /L.

I 7 elvsis of the alkyl-perfuorcalkyl compounds with hot aqueous alkali
causes i... uberation of the appropriate fluorocarbon compound, but not quantitatively.

—ZXolio 5 follows—

—_— «© ————————
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INFRARED SPECTRA

The infrared spectra of the organometallic compounds prepared were recorded
and tentative vibrational assignments made and compared with those of related
compounds. In general only those frequencies associated with C-H and C-F vibra-
tions in the frequency range 700-4000 em~1! have been studied.

(1) Dimethylpentafluoroethyl Compounds.—The observed frequencies and ten-
tative assignments are listed in Table 2.

‘ The absorption bands at 2980-3020 and 2820-2940 cm~! are assigned to C-H
antisymmetric and symmetric stretching vibrations respectively.5.6 Although the
C-H antisymmetric bending frequencies® normally appear in the region of 1460 cm-1,
the effect of the highly electronegative perfluor oalkyl groups in the compounds under,
examination may well be responsible for the observed absorptions attributed to those
TAKE IN TABLE 2 HERE—

modes occurring in the range 1410-1440 em~1. The very strong bands occurring at

1200-1335 em-1 are attributed to the C-F stretches of the CF3 fragment of the
pentafluorocthyl moup4 7 and probably obscure the less prominent bands due to,
C-H symmetric bending vibrations. The bands in the range 1085-1100 cm~1 are
assigned to C-TF stretches of the CFy unit attached dircctly to the “metal” atom,
In the region 890-900 em=! is a band in the spectrum of each of the compounds
attributed to C-C stretching in the pentafluorocthyl group. The frequencies in the
region 925-970 em~1 are attributed to methyl rocking vibrations while those at
820-860 cm~! are tentatively assigned to methyl wagging. The strong bands ocour-
ring at 725-780 em~1 are assigned to C-F deformation vibrations.

(2) Diethyltrifluoromethyl Compounds.—The vibrational frequencies in the
infrared spectra of diethyltrifluoromethyl -phosphine, -arsine, and -stibine, where
applicable, are comparable with those of the dimethylpentafluoroethyl series. In
Table 3 ave listed tho ohserved vibrational frequencies and their tentative assignments.
The exui. .cred for the assignments may be obtained by reference to the
commentary on Table 1. '

TAKE IN TABLE THREE HERE

EXPERINENTAL
(a) Technigues wsed.—(i) Volatile materials were manipulated in a conventional glass
vacuum system and fractionated by trap-to-trap distillation with the aid of appropriate slush
baths. Reactions were carried out in heavy walled Pyrex tubes of approximately 50 ml capacity.
The volatile reactants were condensed from the vacuum system iato the tubes which were then
sealed while ovacuated,

(ii} Molecular weights of gases were determined by Regnault’s method.

(iif) Fractionation of reaction products: after proliminary trap-to-trap distillation, the
fractions containing the organometallic compounds were subjected to vapour phase chromatography
in order to isolate the individual constituents. A Porkin-Elmaor model 154 vapour fractometer
was used. Nitrogen was the carrier gas and di-isodecyl phthulate the column packing material.
Each pure fracvion, as it emerged from the coluran was collected in a separate U.tube cooled in
liquid air.



(1v) Intrared spectra were recorded in the range 700-4000 cm~? using o Porkin—Elmer
model 21 double-beamn spectrophotometer fitted with sodium chloride optics. Spoctra of gases
wore recorded in o 10 em gas cell equipped with sodium chloride windows.

(b) Analyses.—(i) Phosphorus was determined by caref”  oxidizing the appropriate’
compound with nirric acid in a sealed tube. The solution we . uiluted with water, ammonium
niolydate added. and titrated with standard alkali.s

(i) Avsenic was determined lodometrically® after nitric acid decomposition of the compound..

(ifi) Antimony was deterinined by titration with potassium permanganate after oxidative’
decomposition of the compound with nitric and sulphuric acids followed by reduction with
hydrazine.

(¢) Prepuration of Compounds.—(i) Diethyltrifluoromethylphosphine.  Triethylphosphine
(4-41g; 37-6mn) and crifluoroiodomethane (10-8 g; 53-0m) were scaled in an evacuated
tube and allowed to stand at room temperature for 3 days. The volatile constituents of the
mixrure were then distilled into the vacuum system leaving a white crystalline residue. "This’
was idenrified as tetvaethylphosphonium iodide by isolation of the pentaiododimercurate deriva-
tive, m.p. and mixed m.p. 117° (lit.? 117°) (Found: C.8-0: H, 1:6%,. Calc. for CgHooPHgals:
C,8-1; H,1:79%). The volasile materials were fractionated through traps at —46 and —196°,
the phosphorus-containing compounds together with other minor constivuents collecting in the
former. Four components of the less volatile fraction were separated by vapour phase chromato-
graphy and by comparison with the retention times of authentic samples and by infrared spectro-
yeopie examination found to be trifluoroiodomethane, ethyliodide, tricthylphosphine, and di-
ethyltrifinoromethylphosphine (Found: P, 19-49%; mol. wt., 157. Cale. for C;HoFsP: P, 19-6%
mol. wi., 1538). The former two components, when combined, constituted approximately 109,
of this frastion, the triethylphosphine and diethylerifluoromethylphosphine conprising 609, and
3000 respactively. Four successive treatments of this frastion obtained by the distillation des-
eribzd above with additional trifinoroiodomethane under the original ¢onditions, caused approxi-‘
mataly 809 conversion of triethylphosphine to diethylwrifluoromethylphosphine. The vapour
pressure-temperature equation for the latter is logioPmm) = 6-813 — 1457/T. )

A sample of the phosphine (018 2) was condensed into a tube containing a sotution of silves
iodide in aqueous potassium iodide (209 silver iodide. 2+5 1ml). On shaking these two immiscible
liguids at 10-13°, a w.u+s of white crystals deposited. Gentle warming caused obvious decomposi-
tion and at £8° the dicthylirifluoromethylphosphine was recovered quantitatively.

A mixture of diethyltrifluoromeshylphosphine (0-19 g) and excess ethyl iodide (0:65 g)
was allowed to stand in a scaled tube for 3 days at room temperasure and then at 75° for a further
3 davs. At the end of this vime a white crystalline deposit had formed (0-073 g) which was
stable even after the removal of the unchanged reactions if kept under vacuum. On contact with
moist air it rapidly decomposed giving a highly coloured oil. The solid formed initially was
cousidered to be the guaternary compound |(CoH;)3PCF3|I but its insvability prevented an
analysis from being performed.

(i) Diethyltrifiuoromethylarsine.  Tricthylarsine (3-98 g; 24-6 mym) and trifluoroiodo-
methane (9:9 g; 50-5 ma) were allowed to stand in a sealed tube at room temperature for 24 hr

and then at 100° for 24 hr. After removal of the volavile components of the reaction mixture,
tetrasthylarsonium iodide (0-32 g) remained (Found: C,30-1; H,6-3; I,39-89%. Cale. for
CsHapAsI: C,30-2; H,6-20; I,39-99%,). The volatile reaction products were subjected to
trap-to-trap distillation and the following fractions obtained: fluoroform (—196°) (Found:
mol. wt., 70. Cale. for CHFy: mol. wt., 70), trifluoroiocdomethane (—135°) (Found: mol. wt.;
198. Cale. for CI73I: mol. wt., 196), a mixture of triluoroiodomethane and ethyl iodide (—95“),‘
and a mixture (—46°) of triethylarsine and diethyltrifluoromethylarsine (Found: As, 36-89%:;
mol. ws., 201. Cale. for C;HioF3As: As, 37-09%; mol. wt., 202). The latter fraction also con-
tained minor quantities of trifluoroiodomothane and ethyl iodide. The fraction consisting of the
arsonic-containing material was heated with additional trifluoroiodomethane and an overall
609, conversion of triethylarsine to diethyltrifluoromethy! ‘sine was achieved. Diethyltrifluoro-
methylarsine has a boiling point of 110° (lit.? 111°).

No reaction occurred when the arsine (0-17 g) and silver iodide in aqueous potassiulﬁ
iodide were shaken together even av 0°. ‘

Treatment of disthyltrifluoromethylarsine (0-23 g) with ethyl iodide (1-1g) for 3 days
at room temperature and a further 3 days at 75° yielded white crystals (0-024 g) which when
exposed to air, rapidly decomposed into an oil. The material was thought to be [(C2Hj;)3AsCF3].
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(i) Diethyitriftuoromethylstivine.  Lricthylstibine (8-00 g; 35-3my) and trifluoroiodo-
methane (11-4 g5 38-2m) were allowed to stand in a scaled tube at room temperature for 48 hr.
There was deposited a small quantity of white crystalline solid (0-32 g) which did not in(:re-ayse
when the mixture was heated at 100° for 15 hr. The solid was idontified as toetraethylstibonium
iodide (Found: C, 26-4; H, 5-4; 1,34-79%. Cale. for CsHaoSbI: C,26-3; H, 5-5; I, 34-89).
Trap-to-trap distillation was used for a preliminary soparation of the volatile reaction products
giving a trace of fluoroform {—196°), unreacted trifluorciodomerhane (—133°), a mixture of
triftuoroiodomethane and ethyl iodide (—93°), and a wixture of triethylstibing and diethyleri-
fluoromethylstibine {—48°). The identity of thosc materials was established with the aid of
vapour phase chromatography, infrared spectral analysis and molecular weight measurement.
By treating the mixture of stibines with additional trifluoroioComethane, more tetmet‘hy‘l-
stibonium iodide was formed and a total conversion of 709, of iricthylstibine to dicthylurifluoro-
meothylstibine was achieved. For dicthyltrifiuoromethylstibine (Found: Sb, 48-79,; mol. wt.,
247. Cale. for C;H1oF38b: Sb, 49-09%; mol. wt., 249) the vapour pressures are described by
10210P (mmy = 6-285 —1396/7, the extrapolated boiling point being 136°. ca

(iv) Dimethyl pentafiuoroethylphosphine. Trimethylphosphine (4-7g; 61-8ma) and
pentafluorolodomethane (13-4 g; 62:71nM) were allowed to stand at room temperature in a
sealed tube for 14 hr. The mixture set solid due to the formation of tetramethylphosphonium
iodide (4-30 g; 20-6 mu) (Found: C,21-9; H,3-5; I,538-0%. Cale. for C4H2PI: C, 22-0;
H, 5-5; 1, 38-29;). Following the removal of the solid, the volatile materials were again treated
with excess pentafluoroiodoethane, the new solid product removed after 12 hr, and the procedure
ropeated once more. The combined weight of tetramethylphosphonium lodide (3-1 g; 23-4 mor)
represented 389, conversion of the trimethylphosphine. The volasile constituents of the reaction
mixture were then subjected to preliminary trap-to-trap distillation. The fraction condensing at
—196° contained only pentafluoroiodocthane (Found: mol. wt.. 246. Cale. for CoFsI: mol.
wt., 246), while tho fraction at —03° was shown by vapour-phase chromatography to consist of
pentafluoroiodoethane, trimethylphosphine (1-25 z: 16-5 mwm) (Found: mol. wt., 76. Cale. for
CeHoP: mol. wi.. 76) and demethylpentafluorcethylphosphine (3-96 g; 22-0 mym—36%, conversion
of trimethylphosphins) (Found: P, 17-29%; wnol. wt., 180. Cale. for CiHgF;P: P, 17-2%; mol.
wt., 180). The vapour pressurc temperature relavionship for the latter compound is described
by the equation log1oPimm) = 6-551 —1218/7 from which the boiling point is caleulated to be 57°.

When the phosphine (-24 ¢} and silver iodide in aqueous potassium iodide solution (3 ml)
were shalken together at room remperature a white crystalline solid deposited. By heating this
solid to 50° complete recovery of the original phosphine was achicved.

Reaction of dimethylpentafluoroethylphosphine (0-23 i) with excess methyl iodide (12 g)
at room temperaturc for 3 days and at 73° for a further 3 davs, yiclded a white crystalline material
(0-22 g) which underwent quite rapid decomposition on exposure to air. It was considered to be
[{CH3)sPCoF;5 1.

—1I%olio 11 follows—
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(v} Dimethylpentafiuoroethylarsine. Trimethylarsine (2:89 g; 24+1 mt) and pentafluoroe-
iodoethane (G+75 g; 27-4 m) were allowed vo stand in a sealed tube for 24 hr at room tempera-
ture. The volatile materials were then removed from the crystalline solid deposited and the
former treated with additional excess pentafiuoroiodoethanc. The combined solid formed after
these two treatments (4-5 g) represented 399, conversion of trimethylarsine vo tetramethyl-
arsonium iodide (Found: C, i8-4; H, 4-8; I,51-4%,. Cale. for C4H;24AsI: C, 19-5; H, 4-9;
I, 51:69%). Trap-to-trap distillation through traps cooled to —63° and — 196° was used to separatg
most of the excess pentafluoroiodoethane from the volatile reaction products. The material
collecting in the trap cooled to —63° was separated by vapour-phase chromatography into thice
components, viz.,, pentafluoroiodocthane, trimethylarsine (Found: mol. wt., 120. Calc. for
.C;gHA_)AS: mol. wr., 120), and dimethylpentafiucrocthylarsine (215 g; 9-6 mm—409, conversion
of trimethylarsine) (Found: As, 33-49%; mol. wt., 225. Calc. for C4H¢F3As: As, 33:39%; moj.
wit., 224}, ’

The arsine (0-18 g), when treated with a solution of silver lodide in aqucous potassium

iodide solution (3 ml) did not yield a solid product even av 0°.
' A white crystalline solid (0-21 g) was formed when dimethylpentafiuoroethylarsine (0-22 g)
and excess methyl iodide (0-93 g) were allowed to react in a sealed tube for 3 days at room tem;
‘perature and for a further three dayvs at 75°  The compound formulated as [(CHg)szAsCoF5]I,
could 1ot be analysed owing to its rapid decomposition in air.

(vi) Dimethylpentafiuorocthylstibine.  Trimethylstibing (5-46 g; 32-7myM) and penga-
fluoroiodoethane (849 g; 341 muy) were allowed to stang at yoom temporature in a sealed tube
for 72 hw. The volatile reaction products were then removed from the whire solid formed, by
pumping. By successively treating the volatile materials with excess pentafluoroiodoethane and
removing the solid deposited, ultimately a stage was reached when no further solid appeared.
The combined weight of solid produect. identified ax tetramethylstibonium iodide (Found: C, 15-5;
H, 3-8; I,41-29%. Cale. for CiH123bI: C, 15-5; H, 3+9; 1.41-19%) was 4-3 g (13-9 mx) and
represented 439, conversion of the oviginal trimethylztibjne. A preliminary trap-to-trap distiila-
tion through traps at —63° and —196° cnabled most of the unrcacted pentafluoroiodoethanc
(—196°) 1o be separated from the antimony compounds (—03°). This latter fraction was shown
by wvapour phase chromarography to contain predominantly dimethylpentafluoroethylstibine
(Found: Sb, 44-89%; mol. wt., 270. Calc. for C.H¢F3Sb: 8b, 45-09%; mol. wt., 271) rogether with
small amounts of pentafiuoroiodoethane and trimethylstibine. For dimethylpentafiuoroethyl-
stibine the vapour pressure-tempceravure relationships is described by the equation log1oP(mm) =
7-929 —1778/T from which the boiling poins is calculated to be 79°.
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TaBLE 1
EXTRAPOLATED BOILING ROINTS OF ALKYL-PERFLUOROALKYL 'COMPOUNDS

Extrapolated Extrapolated

e Boiling Point ComRpRgd Boiling Point
(CoH3):POF, { 97° (CH3)2PCeF [ 57°

| |
(CoH;5)2AsCFy | 110°* (CH3)2AsCoF5 | 67°
(C2H;3)oSbCFy | 136° (CH3)2ShCaF5 | 79°
* Lit.2 111°.
TABLE 2

VIBRATIONAL FREQUENCIES FOR DIMETHYLPENTAFLUOROETHYL COMPOUNDS

; |
(CH3)2P02F5 : (CHg)gASCng ‘ (C_Hs)szCgFa I Assignment
| !
| |
| i
2983m I 3019m i 3015m | C-H antisym. stretch
2935m i 2940m 2925m -
' | — 'm. stretel
2895wsh 2524 | |}C Sy, stastch
38 438 ] \ .
1438m 1438m sh | 1414m ‘ ?C—H B,
1420m )
13245 ‘ 13325 ! 1320s° )
1279w 1313s sh [ 1290s sh [ 1 . .
: 3 : F3 groug
F2l4ssh | 1275m - - 12008 ‘ rO-F stretehds of CFs group
1209s ! 12088 - |
1114s ! 1106s [ 1086s 5 A B
0995 i 1092= 4 | C-F stretches of CF-M gréup
969s | 950s i 9258 i CHj rock
895m '| 900m | | C—C stretch
861m i 850s $22m i CHjzwag
744m sh | 742s sh ! 773s ‘ & .
739r0 736s ‘ 7265 ,}C'F R
944s , 900w B
734m sh | | : | }Not assigned
709m | ‘ |J
| |
TABLE 3

V_I_EB_ATIONAL FREQUEXNCIES FOR DIETH\'ﬁTRIFLUOROMETHi’L COMPQUNDS

(CoH3)oPCFs | (CaHj5)2AsCF; (C2H5)sSbCT; ‘t Assignments
!' t
2979m 2980s | 2970m C-H antisym. stretch
2954m sh 2930s sh ' 2935msh |
2898m 28855 2882m I}C_H sym, stretch
1458m 1468m 1469m i .
1419w 1420w 1430w | prC-H entisym. bend
124€)111 1224s 1194m
1154s . 1176m 11235 ) .
1108s 11435 10925 I C-F sym. and antisym. stretch
1113s J
747m 791m [ 792m C-F deformation
086 976 32w
n i ,_/ o | 992w Not assigned
| 719m =
' |





