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Summary
The Formation and Resctions of Some Organometallic Compounds

The original work deseribed in this thesis can be divided
into three parts.

(a)  In the first, a study of the resctions of halides of
several metals or metelloids with alkali metal Gerivatives of alum-
iniwm alkyls was undertaken. In particular, the resctions of halides
of tin, lead, phosphorus, arsenie, antimony, and bismuth with lithiwm
tetraethylaluminate were studied. Alkylation of the group IV and
VB elements was observed in evary inatance. Alkyls of the form HEtn
(¥ = Sn, Pb, P, As, Sb, end Bi; n = valency of metal or metalloid)
were isolated from the reaction mixtures, indicating am overall
stoichiometry corresponding to:

Lm&- + mn:mn + Li&]:&tk_nx <

{(b) The second part involves the reactions of several organo-
metallic compounds with titenium halides.

The results of investigations of the resctions of tetraethyl-
lead, and of triethyl-aluminium etherate, with bis{cyeclopentadienyl)=-
titenium dichloride indicated that bis(ecyclopentadienyl)-ethyl-
titanium compounds were being formed. However, pure compounds
could not be isolated from the resction mixturee.

It was shown that the resction of lithium tetroethylaluminate
with titanium tetrachloride followed the known course of the reactions
of simple lithimm alkyls and eluminium alkyls with titenium balides.

Absorption complexes were apparently formed between reduced titanium
halides and the metal alkyls.



The reactions of bis(cyclopentsdienyl)titaniwm dichloride
with triethylplumbyl scdium and with triethylstannyl lithium were also
investigated. The results of these investigations indiceted the
formation of unstable, bimetallic products according to the genersl
equation:

MRy + Cp,TiCl,——>Cp,TiCLU'R; + MO1

2
(where ¥ = alkali metal, ¥' = Pb or Sn).

The reaction of liquid ammonia with bis(oyclopentadienyl)-
titonium dichleride was also studied during these investigations.
Ammonobesic titenium compounds were formed.

(¢) 1In the final part, preliminary investigations of some new
rreparations of perfluoroalkyl derivatives of metals were begun.
Four types of reacticn were studied.

The reaction of hepteflucropropyl iodide with triethyl=-
stannane apperently formed triethyleheptafluoropropyl-tin, but isolw
ation of pure perfluoroalkyl-tin compounds was not achieved.

Alkyl-perfluoroglkyl exchange between sluminium sikyls and
perfluoroalkyl iodides was studied. The results showed that aome
exchange could be effected when lithium tetrasethylaluminate was used
in the reaction, vhereas no exchange was observed with pure triethyl-
aluminive.

Resctions of halides of tin, lead, and titanium with lithium
bis(heptafluoropropyl)diiodosluminate were slsc investigated. Although
evidence for the formation of perfluorcalkyl derivatives of tin and
lead was obtalned, pure metal perfluorcalkyl cumpounds were not
isolated. The reasction with bis(cyclopentadienyl)titenium diehloride
resulted in replacement of some chloride groups by iodide groups.




3 Finslly, some attempis to decarbexylate trifiuorcacetate
zgalts of tin and lsad by heating the compovmds in vacuum were made.
Triethyltin trifluoroacetate was not appreciably affected whan heated
at 200% in vasuo, and althongh triethyl-lesd triflucrcacetate decomposed

below this tempersture, decarboxylation did mot occur.
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Throughout this thesis the term "organcmetallic” is used
to deseribe any eompound in which one or more organic group is bound
t0 a metal by direct carbon to metel bonda.1 In appropriate instances,
the definition hes bsen extended to include analogous derivatives of
elements of a metalloidal or non-metellic nature.a The broa&eﬁed
definition thus includes such compounde as triphenylphosphine,
(CGHB) 51?, and dibutylfluoroborane, (61319)23‘5', 28 well as more cope
ventionel orgenometellics like methylelithium, GHSLi, othylmegnesium
bromide, Cyligighr, and trimethylstannane, (cas)_,,sm. It exoludes,
among other borderline cases, chelate compounds and salts of organic
acids,

In the discussion which follows the zymbols "R" gnd "Rt"
ere used to designate alkyl and fluorcalkyl groups respectively.
Specific organie groups are frequently abbreviated to the symbols
approved by the Chemical Society of Londan.3

The present study waes underteken to gain a clearer under-
standing of the nature of g mmber of organometallic systems, known
as Ziegler catalym,&
polymerizetion of aeolefins. These initial aims were subsequently
modified to include a more general investigation of the formation ané

which have been used to catalyze the low pressure

reactions of some organometellic compounds which are conmonly used in
Ziegler catalyst systems. In perticulsr, the study involves an
investigation of the syntheses =nd chemical reactions of simple
alkyls of sluminium, tin, and lead, and of alkeli metal salts of



these alkyls. A number of systems containing these organcmetallic
enmﬁmmds mized with inorganic halides have been examined. Some
new modes of preparation of fluorocarbon derivatives of metals have
8180 been invesatigated.

The materisl in this thesis is grouped into seversl seetions
in the following manner. Chapter 1 reviews the literature heving
& direct bearing on the compounds and reactions studied. To facile
itete a discussion of the chemical reactivity of the organcmetallic
canpounds used in this study, the molecular structure of ascme of
these compounds is first considered. This is followed by e brief
survey of the typss of reactions encountered in related investigations.
Finelly, & short report on the chemistry of the so-caelled Ziegler
catalysts is presented. Chapter 2 desls with scme practicel obsere
vations and same theoreticel considerations of the resctions used in
the preparations of eluminium alkyls end of the alksli metal derivatives
of alkyls of aluminium, tin, and lesd. While the preparations of
these compounds do not, in general, represent original work, they
nevertheless presented some problems which seemed to warrant special
discussion. In the subsequent chapters, fhe origingl work is
described.

The results of the reactions of sluminium elkyls, and of
lithium aluminium tetra-alkyls, with halides of & number of metals
and non-metallic elements are discussed in chapter 3. Chapter 4
includes 2 discussion of the resctions of triethyleluminium otherate,
tetraethyl-lead, triethylplumbyl sodium and triethylstennyl lithium

vith bis(cyclopentedienyl)titaniwm(IV) dichloride. Attempts to prepare




fluoroelkyl derivatives of alwminium, tin, lesd, and titanium by new
methods are discussed in chapter 5. Thess investigations are of s
preliminary nature and further work is intended.

A descyiption of the experimental work carried out in
this study is given in the finel chapter. Scme general remarks on
the technigues used in the handling and menmipuletion of orgencastallie
ccmpounds are followed bty a detailed deseription of the preparations
of organmmetallis ocampounds, ené subsequently by the reactions |
discussed in the preceding chapters.
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CHAPTER 1
The Structures and Reactions of Some Crgancmetsllie Compounds

1. Some specisl types of organcmetallics.~

(2) Zlectron-deficient compounds.
The term "eleetron-~deficlient” is applied to compounds for
which the mmber of twoecentre bonds excesds the mmber of valence

1 Although the hydrides of boron provide the best

electron pairs.
known examples of electron-deficient molecules, the property is

general to many other chemicel campounds. Discovery of the polymerie
nature of trimethyl-aluminium,? and of tatrametiyl-pletimm,’ togetner
with the advent of new physical evidence, led to the realization that

& number of organometaliic compounds are also e¢lectron-deficient,

It is with the lower elkyls of aluminium that the present diseussion

is principally concerned.

A1l electron=deficlient compounds are composed, in part, of
atoms (very often metals) which have fewer valence electrons than low
energy bonding orbitals, and which are eombined with other atams or
groups containing no unshared electron pairs, For some time this
situation posed a serious problem for the classical thecries of valency.
The theory of electron-deficient bonding now proposes’ that bonding
is delocaliged s0 es to meke use of all the low energy orbitals of
the 'metal’. For instance, three etoms may sach supply a single
atomic orbitel, and interaction between the three atomic orbitals
yields bonding, non-bonding, ané enti-bonding three-centre molecular
orbitals (Fig. 1.1). Bonding results from the accommodation of two
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Fig.l.l The formation of three-centre molecular orbitals
from three atomic orbitals.



electrons in the bonding. orbital.

The above prineciples may be illustrated by considering the
structures of aluminium trichloride and of trimethyl=aluminium,.

In many compounds of eluminium, the metal expands its
covalency to four (or more in some special instances), the aluminium
forming four bonds that are directed approximetely towerds the corners
of & tetrehedron. This can be achiaved by the polymerization of
'ALT' units, or alternstively by the formation of coordination
compounds with donor molecules, e.g.

(m13) P 2 Etjp——b- 2 E‘b}P'AlClB.

Alwminium trichloride, which is dimeric in the gas phase,
hes been assigned s bridge structure (Fig. 1.2). The terminal Al<Cl
linkages ere formed Ly the overlap of an aluminium apB hybrid orbital
with & p orbital of a chlorine. The bridging chlorine stoms form
normel electron pair bonds with one aluminium in the seme manzer, but
also make use of a non-bonding electron pair to form & detive bopd to
a second eluminium etome In this wgy, both the sluminium and chlorine
atoms asttein completed elestron shells,

However, since methyl groups do not have any electron pairs
available for donation, the structure of the trimethyl=aluminiue Adimer
cannot be represented by such a aystem of conventional electron pair
bonds. HNevertheless, a bridge structure is indicated by the infra~red
apectrm,5 and has besn confirmed Yy X-ray orystallographic amlyaia.,s
The structure shown in figures 1.2 and 1.3 is thus favoured for
trimethylealuminium. The molecular dimensions of this model are
suwmarized in table 1.4,
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Fige. 1.2 Stuctural formulae of dimeric aluminium
compounds: (a) aluminium trichloride,
(b) trimethyl-aluminium, (c) dimethyl-
aluminium chloride.
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Fig. 1.3

(b)

Schematic representation of (a) the
molecular stucture of trimethyl-alum-

_inium, and (b) the bonding atomic orb-~

itals in the bridge of trimethyl-alumin-
ium.
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Comparison of the calculated and observed molecular dimensions
for the trimethylwsluminium dimer

e). Bond distances. Cale. Obs.
Terminal Al-C single bond length, (&,)  2.03°  1.9%°
Bridged A1-C half bond length, (d,) 2.214°  2.244°
A=Al single bond length, (d;) 2.52°  2.558°

b). Bond angles.

Normal tetrehedrel angle 109°
Al-C-Al angle 70°
C-il=C internsl angle 110°
C-AleC externsl engle 124°

The bond distance a1 is found to correspond quite well with
the calouleted Al-C single bond lemgth. Similarly, the distance 4,
egrees closely with the ealculated7 length of a half bond from aluminiuem
to carbon. The acuteness of the Al-C«Al angle reduces the distance
6'3 to approximately thet rqquired for an Al=Al single bond, This
suggests there will be a subsiential contribution of metal-metal
bonding within the structure.

The most setisfastory explenation of the bridge bonding is
thet it is due to the formation of three-centre molecular orbitels
compounded from (Al sp3 +C sp3 + Al ep:i). These orbitals are ocoupied

by 2 pair of electrons so that the Al«C=Al could be regarded as a bent




single bond. Alternatively, each 711~C bridge linkage oould be viewed
as a half bcma.e

It follows that the sherp Al-C-Al bridge angle is & result
of the metal sp’ hybrid orbitels tending to attain better overlap
with the one tetrahedral orbital of the bridge methyl (Fig. 1.3).

Higher alkyls of aluminium have less tendency to dimerize
since the larger alkyl groups would hinfer the necessary close approach
for bonding with the C sp’ hybrid orbitals.’ In the seme way, because
of the greater sise of the metal atoms, there is rather less tendenecy
for alkyls of gellium, indiwm, and thallium to dﬁmariaes {although
trimethyleindiun does form a tetremer C), However, although boron
atams have s smaller atomic volume than aluminium, trimethylborane
shows no tendenty towards sssociation. It is generally sccepted that
this lack of association is due to a hyperconjugation effect which
plays & major role in determining the struoturs of boron alkyls.'’

The low electronegetivity possessed by boron iz alsc considered to
be significant.

Hixed glkyl=-aluminium halides are also dimeric, beth in the
vapour state and as solutions, and have been a.sai@e&12 the structure
shown in figure 1.2. Methyl bridged structures heve zlso been
prepoaod,13 but seem less satisfmotory. The bridge structure was
prei:lously indicated by electrom diffraction studies.m

' This constitution of sluminium alkyls leads to rapid reaction
with Lewis bases, or other nucleoﬁhilic reagents. Thus the trimethyl-~
aluminium dimer is readily dissocimted, for instance, by reaction with

e tertiary amine, tertiary phosphine, alkyl ether, thioether, dialkyl



selenide, or dialkyl telluride,’” e.g.

Hssuz + 2 PHes———e- 2 MGSAI'WQB-
Seturation of the electron~deficiency in this way appreciably diminishes
the chemical resctivity of an eluminium alkyl. In contrast to simple
aluminium alkyls, the products possess Bof.h & high dipole mémentw
and & high electrical eonductivitar.'w These properties have been
used to follow the course of such resctions.

The bridge in the dimethylealuminium chioride dimer, which
is not electron-deficient, is also resdily split by & strong donor
sucth as trimethylamine, e.g. '

ﬁekAJ.gCla + 2 NMeB ——>=2 HQZAICI'N!EOE.
The clee.vagg in this csse can be ettributed to the relstively weak
donating properties of chlordine.

Trialkyl sluminium compounds also form s musber of complexes
with other organmmetalliss,'® e.g. LiAIEY, and MgAl Meg, and with
alksli metel halides,’’ e.g. K'AIBt,C1S ond Na'ALEtF".  These com-
pounds are also less reactive than the simple alwminium alkyls. They
will be discussed more fully in the next sestion.

{b) Alkeld metal derivetives of orgenometallic compounds.*

Alvminium forms e number of well characterized double salts

* FKomenclaturs of bimetellic alkyls: Several syatems for the naming
of these compounds have boen adopted in the recent litersture. In
accordance with the namenclature used in recent Chemical Seeisty pub~
lications, the compounds will be nemed as follows: LiAlEt, - lithium
tetraethylaluminate, NaPbEts - triethylplumbyl sodium, LiSnEtz -
tristhylstannyl lithium.
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of the form '(A1X,)”, (M = alkali metal, X = halogen),X In tne
seme way, aluminium alkyls tend to add alkyl ions to form compounds
of the type mfxmh.z" The following table lists the kmown alkali
metal complexes of this iype.

Lable 4,

Inown alksli metel derivetives of eluminium alkyls

Alkeld metel Alkyl group

. Et Higher R
Lithium + + +
Sodium + + +
Potasegium - - +
Rubidivm - - -
Cesium - - -

Similer compounds with other organcmetellics are also known, e.g.
Mg(AlR&)z, Na(EnRE). |

Fused lithium tetrasthylaluminate has a specific conducte
ivity of ca. 107 oms ' cn™!, whereas sodium tetraetiylaluminate is
a much better electrolyte '( specific conductivity = 4 = §'x 1072 ahms™
omq) .22 These conductivity messurements indicate that lithiwm
totrasthylaluminate hes an essentially covalent and therefore electrons
deficient strusture, whereas the sodium analogue is appreciably ionie.
The struotures shown in figure 1.4 therefore seem fensible.

It seems reasonsble to predict that the bonding in the
lithium compound may be Que to the overlap of a distorted sp hybrid
orbital of the lithiwm with & sp’ hybrid orbitel of e bridge oarbon,




JEt Et Et\ /Et -
Li/ \\\Al/ Na‘i’ /A[\
\\\Et /, \Et Et Et

Fig, 1.4 Structural formulae of alkali metal derivatives of
aluminium alkyls: (a) lithium tetraethylaluminate,
(b) sodium tetraethylaluminate.

Fig. 1.5 Schematic representation of possiblé~bonding atomic
orbitals in the bridge of lithium tetraethylaluminate.
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coupled with the previously described (C sp® + Al sp°) imteraction
(Fige 1.5); i.e. three-centre molecular orbitels are formed frem
(Ligp+C ap3+A1 sp3) and the bonding orbitals are each occupied
by a peir of electrons.

A large mmber of campounds of the general formuls anxl._ ax
have also been deseribed in the literaturs.'”? It has been estsb-
11shed™ that the formation of such complex species is favoured as
the retio of helogen to elkyl inoreases. Thus, whereas Mtgcle
has been prepared, K&lEticl is too @stable to be iaalated. Further=
more, the stability of theze ebmpmmds is favoured by large cations
and smell aniona. Hence lithium forms no alkyl sluminium complexes
except lithium tetre-zliylaluminates. Table 1.3 illustrates these
prineiples.

Table 1.3

Steble 1:1 complexes formed from triethylesluminium and helides
of the cations shoym2

H F c1” B > i
Li* L - - - -
Na* + - - -
xt + + + - -
+
Rb + + + + -
Cs* + + + + -
B,'_H* + + + + +

These compounds are essentislly icnic in naturs, e.g. Na*(AJ.EtBF)'.
Although the group IVB metals generally show no tendency
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to expand their covalency sbove four, a few bimetallic alkyl complexes
of these elements, in which a co=ordination npumber of four is maintained,
are Imdnn.& - !@aﬁbﬁts, Nazsmea. These compounds ere generally
quite unsteble end hence are not isolated, but are used imediately
for further reactions. Even though relatively little phyaicel
information is available, they cen slmost certainly be formulsted as
jonic species, e.g. u*(nsm')". If this 1s 50, the (R¥')” aniom is
analogous to a cerbanion and hemce is a strong nucleophilic reagent.
This is consistent with their chemicsl bshaviour. The lead canpounds
can, for instance, form a new Fb=C bond by e nucleophilic displacement
of a group attached to carbon,zs -
RgFBE + R'X —>-R,PIR' + MX,
It hes been established?® that en equilibrium of the form

Li.SnEts T—=>LiEt + SnEt,

exists when scme of the tin compounds are dissolved in ether. This
equilibrium is particularly interesting in that it represents a
spontangous and reversible chenge between tin(II) 2nd an anionie species
derived from tin(IV).

The preperstions end chemical reactions of these compounds
are discussed more fully in subsequent chapters.

{¢) Trensition metal gls.m

At the present time there are relatively few transition
metals which are known to form isolable organometallics of the type
MR, or MR,_ X (¥ = transition metsl, R = alkyl group, X = anionic
group such &8 halide, n = valence of transition metsl). Meny workers



13

have endeavoursed to prepare them in the classical memmer, but with
the exception of the stable methylepletinum mlymers,s and e few comw

28 manganeac,@ and gold,'m none have been sgtis-

potmés, of titanium,
factorily charmcterised (Fig. 1.6). Homever, recent investigations

in the field of Ziegler polymerdization catalysts, which are generally
composed of mixtures of normel metal slkyls and transition metal -
compounds, have given great stimulus to the study of such transition
metal allyls. The results of these investigations will be discussed

in a subsequent ssction of thia chapter.

Very recently, a number of quite different o=bonded alkyl
end aryl complexes of transition metsls have been ﬁeacribed.31 Thege
compounds, which ere remarkably stzble, are of the gensral form
MR Py OF MRXL, (L = uncharged ligand). Typiocal examples are
(cgﬂs)zmzez, E%(CO)E, and ﬁePWl(PEtB)Z. (See "stabilized o=bonded
alkyls” in Fig. 1.6.)

Two factors have contribubted most to these recent successes
in the preparations of organo-derivatives of transition metals.
Firstly, it has been found that close attention must bs paid to the
experimentel conditiona {e.g. & low tempereture must be maintsined
throughout the preparstion end isclation of titanium alkyls), Seeondly,
it hes become spparent that certein electronic conditions must be
realized for maximum stebility {e.g. it is significent thet all the
most stabls transition metel organcmetellics contain transition metsle
which have attained the electronic configuration of the next inert gus,
or only = few electrons short of this number).

4s a result of these observations, a clearer understanding
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Results for Sc¢, Y, and V are very inconclusive.
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of the theory of bonding in transition metal alkyls is beginning to
amerge. Jaffé has pointed out’> that transiticn metalecarbon owbonds
are thermodynsmically unstable, and that the electronegativity differ-
ence between a transition metal and carbon is insufficient to lead to
stable ionic bonda. Recent develorments of these principles are
discussed below.

Since the discussion in subsequent chaplers is piincipally
concerned with titanium alkyls, 2 few specific remarks about the bonding
in these compounds will be presented {irst. These will be followed
by some more general remarks gbout the stability of transition metsl
allkyls.

The first compound containing an authentic titaniume-sarbon
bond to be stuaiéa was phenyletitanium tri-(4iscpropoxide), m&(m‘)s.
This aryl-titanium derivative was isolated in 1953 by Herman and
Nelson.”” These workers anticipated that titanim(IV) eould fomm
soderately atable c-bonds to other hydrocarbon groups provided that
there wers at least two electronegative groups also attached to
titaniwm. Thegy proceeded to investigate the factors affecting the
stability of compounds of the general form anw, and asoertained
that:

(1) the stability of the Ti-C bond is greatest in those compounds
where the R group is relatively negative, e.g. phenyl, naphthyl;
(44) the most steble alkyli-titanium campounds are those in which
only one, or at most two, R groups sre attached to titanium;

(ii1) the stebility is enhanced if the X groups are of an optimm
elestronegativity - between that of fluorine and that of chlorine,
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in addition they sencluded that although more than one R
group causes instability in titenium(IV) compounds, dialkyi-titaniwm(II)
and trielkyl-titanium(III) compounds would probably be relatively
stable. Since then, a mumber of compounds sonbaining methyl-
titanium(IV) and ethyletitanius{IV) linkages have been prepared.

it seems pertinent at this stage to compare, on theoretical
grounds, the type of bonding expected in titendum halides end in
titenium alkyls. Costes” hes pointed out thet since there is a
large electronegativity difference between titeniwm end halogens, it
is Pemsible to consider that the titeniume-halogen bond in titanium
halides will be strongly poler. Caleulctions, based on the Slater
redicl functions,”” show the maximm radial fumctions for neutral
titanium in the 38748 configuration to be

Ty (38) = 2.74°

r, (48) = 5.12°
wherees, for s valense electron in chlorine,

r, (3p) = 1.5 4%
Sueh diffuse titanium orbitels cennot overlap effectively with the
rather compect chlorine orbitals, and so strong dbonding carmot be
reslized between neutral titanium and chlorine. If, however, polar-
isetion of the atoms is considered, the orbitals of titanium would
contract as the metal beceme more positive, whersas the chlorine
orbitals would expand thus sllowing betier orbital overlap between
2% ana 01'".  In actuel fast, the position is scomewhet more complex
thexn this since it is necessary Lo consider scme p orbital contribution
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to achieve maximm bonding power. Ultimetely, then, bonding in
titanivm tetrahslides is best considered in terms of overlap between
contracted Tis+ orbitals, formed from en sdmixture of a emall pro-
portion of sp° hybrid orbitals with the & s orbitsls, and expanded p
orbitels of C1'7,

With the titenium=cerbon bond in titanium aikyls, the
tetrahedral orbitals of carbon are agein much more compact than the
3d end 4& orbitels of titanium, but here the wezker electronegativity
of carbon relative to chlorine eliminates the poasibility of consider-
able orbital contraction due to polarization. For this reason,
orbital overlap is amall, resulting in wesk honding. Indeed, but
for p orbital contribution of the type mentioned above in the titanium
halide discussion, it is considered unlikely that titanium o=-alkyls
would be formed at all.

In a much more general epproech to the theory of bonding in
these compoundas, the instability has been considered in terms of the
special electronic structures of the transition metala.3 L In effect,
this theory is concerned with a consideration of the energy gap be-
tween the highest occupied & orbital of the metal, and the lowest
entibonding moleciular orbital. Promotion of electrons from such a
filled & orbital into aen antibonding oworbital of the metel=carbon
bond should weaken the metalecarbon bond, Alternstively, if the &
orbitals are empty (as with the titenium compounds) promotion of
electrons fran the carbon-metal bonding orbitals into a vsecant metal
d orbital will cause a weakening of the carbonemetal bond. As e

sonsequence, steble organometallics can only be formed when the
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energy difference between the highest energy orbital which conteins
electrons ané the lowest energy orbital which does not is greater

than & certain minimum energy difference (Fig. 1.7). In genersl,

most organo-transition metal derivatives do not meet this requirement
since the transition metals possess close 4 energy levels. Furthere
more, these d orbitals asre on an energy level very ¢lose to the valency
a and p orbitals.

It 4z considered that the metalwcarbon bond, rather than
other matel~ligand bonds, is affected since dissociation of the metsls
carbon bond will very likely produce an unstable entity (e.g. a hydroe
carbon radical or carbanion), whereas dissociation of the familiar
l4gends generally results in the formation of ions (e.g. No_,,'), or of
neutral molecules (e.s. ms)., all of which are stable. This latter
dissociation iz likely to be reversible, but the metalw-carbon bond
dissocistion will elmost invariebly be irreversible.

Stabilization of transition metel glikyls cen of'ten be
achieved by oomplexing them with denors such as tertiary phosphines,
carbon monoxide, and cyclopentsdiens. In these compounds, the energy
difference referred to above is increased by lowering the energy of
the non-owbonding orbitals. This lowering of energy results from a
combingtion of these non-owbonding orbitela with x-type orbitals of
low energy on suitable ligends. In this way the stability of compounds
like Ewn(co)5, (Pﬂtj)deﬂeBr, end Cglighio(C0):Ci 3, can be readily
explained.




U PSR D E— ) -

Antibonding M.O.

(a).

Fig, 1.7

Ligand
orbitals.

Bonding MO.

Antibonding m M.O.

L2 d
orbitals.

(b). !

Bonding 7 MO.

Diagrammatic representation of the energy difference
between the highest occupied electronic level (d) and

the lowest vacant electronic level (£) of transition
metal complexes,

(a) General case.

(b) The effect of TM-bonding for acceptor ligand
orbitals.
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(8) Fluorocarbon derivatives of metals.

The terms "fluoroalkyl™ and ®perfluorcallyl" are used to
denote pertislly snd fully fluorinated elkyl groups respectively. !
Thus czFu » is an example of a fluoroalkyl group, snd 85F7° is $ypical
of perfluoroalkyl groups.

Although a large mmber of fluorocarbon derivatives of the
non-metallic elements have been thoroughly imvestigated, especially
by EmelfusC and Hasgeldine > and their coworkers, relatively little
is known of fluoroalkyl-metal compounds. Only a few such compounds
have been satisfactorily characterized. These are briefly discussed
below.

Perfluoroalkyl-lithium derivatives can be prepared in high
yield by an exchange reaction involving a lithium aliyl end perflucroe
alkyl iaéidaa,m -

RLi + CSFTI —%—-C-}F?Li + BRI, -

Parfluoronlkyl derivatives of magnesim,m s:lne,"’a and maz-m.zr;rl“3 can
bs prepared fram the eppropriste metal end a perfluorcalkyl iodide.
The magnesium and zinc Jerivatives must be prepared in a basic solvent,
such g8 tetrahydrofuran, but the mercury compounds are best obtained

in the ebsence of a solvent.

caMm
Hg + R, — heat - gl — (R E
fz ultraviolet Rfu Rf)zag
Perflueroalkyl Grignard reagents have also been prepared by exchangs
reactions between perfluorcalkyl iodides and arylmegnesium hali.tl:ess,M
Cofle

Phighr + ReI — > RMgl + PhBr.



19

With the exception of the mercury derivatives, these perfluorocalkyl
compounds are much less thermally stable than their hydrocarbon
analogues,

Normal alkyl derivatives of metals are most generally
prepared by the itrestment of the eppropriate metal halides with an
alkyl of lithiwm, magnesium, zinc, or merocury. However, attempts to
extend this method of synthesis to the preperation of fluorcalkyl
derivatives of metals bas, in general, proved disappointing. This
is no doubt lergely due to the relative instabilities of the lithium,
magnesium, and zine compounds. However, even the more stable mercury
derivatives have not yislded new perfluorcalkylemetal compounds in
those reactions with metals or metal helides which have been invest-
igated. ™

Some degree of success with this type of reaction has been
achieved by adding the metal halide and perfluorcalkyl iodide

simultaneously to magnesium in tetrahyérofuran,”! e.z.
B SiCL + RJI —Xgia TP R, _Su(Re),  m=1,2

In addition, Griffiths end Burg"® have prepared bis(triflucramethyl)-

mercury by treating mercuric oxide with tris(triflucromethyl)phosphine.
Recently, o number of stable fluorecarbon derivatives of tin

and lead have been prepered by exchange reaotions between the metal

alkyls and perfluorocalkyl 10&1.&93,"6 €uBe

heat or
BFe + Rel traviolet  RaftRe + KI

end by cleavage rescticns involving bimetallic alkyls and perfluoro~
allyl iodides,*’ e.g.
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. heat or |
stm‘SnRE + RGI ultraviole;? Rssnllf + 3331116

Within the last few years, a large number of fluorocerbon derivatives

of transition metals have been prepma.37 In contrast to their
hydrocarbon ananlogues, these compounds are gemerally quite stable.
The properties of many of the fluorvellylemetel compounds
deseribed above are markedly different from those of their normel
alkylemetel analogues. Some of the most distinctive differences
are listed below,
(1) Heny metals, which normally formm stable alkyls, yield only
unstable fluoroeliyl derivatives. On the other hand, there is a
marked increase in the stebility of fluorcalkyl derivetives of
transition metels over their normal aliyl enslogues.
(43) Although dimethylemerowry is a typicel covalent liquid which
is quite insoluble in water, bis(trifluoramethyl)mercury is e white
orystelline solid which readily dissolves in water forming e 1.3
molar solution, the equeous solution beheving as a weak electrolyte.
(iii) From mixed alkyleperfluoroslkyl derivatives of tin and leed,
elkyl groups are preferentislly cleaved by acids and perflucrealkyl
groups by bases.
(iv) Whereas dissocisticn of the metal-carbon bond in & metal alkyl
will generally yield a reactive hydroearbon radical, thus meking the
dissociation irreversible, dissociation of e metal~perfluoroelkyl
linkage of'ten produces a metsl fluoride and an unseturated fluorocarbon.
It seems important to consider what impact such developments
in fluorosarbon-metzl cheamistry have hed on the theory of the metale
¢arbon bord,
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An attempt to corrslate the existing ideas on the theory
of the flvorocarbon-metul bond is presented below,

Yany of the above-mentioned properties are understandable
in terms of the high elecironegativity of fluorcalkyl groups. It
has been esta.hlish@dB £ that the effective electronsgativity of a
trifluoromethyl group lies between that of fluorine and that of
chlorine {Table 1.4).

Iable i.bh
Com n of the electronegativities of 1 %5
gnd halide groups

Sroup Zlectronegativi P sesle

¥ 40

(GF3) ‘ 343

€l 3.0

c 27

(m3) -

H 2l

This property leads to an explanation of both the instability
of fluoroalkyl daﬁvativaa of many metals, and the contrasting
stability of meny 'l:ranaii:ion astal fluorocarbon derivatives. A
conpideration of the electronegativities of the verious metals and
metalloids which are known to form fluoroalkyl derivatives (Table 1.5)
indicates that the eleotronegativity difference between the fiuorealiyl
group and the metael or metalleid may be of primary importance in
determining which elements will form stable M—Rf. linkages.
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ble 4.

Electronegativities of metsls and metelloids known to form fluoroalkyl

Metal Electronegetivity (Pau scale
Pb 20&
Ag - 2.0
B 2.0
Heg(11) 1.9
8 4.8
Sb 1.8
Sn 1.7
Al 1.5
in 1.5
Mg 1.2
Li 1.0

It is et once obvious that elements with an electronsgativity greeter
than that of tin (with the notable exception of boren) are known to
form stable fluorcelkylemetel derivatives, wheress eluminium, zine,
megnesium, and lithium form derivatives which are notably unateble.
It scems reesonable to consider that the bonds between perfluorcelkyl
groups and these latier metals are appreeinbly dissociated into m;tal
ions and fluoripated carbanions. This disscciation will probebly
be irreversible becsuse the fluorinated carbanions ere thenically
reactive. In solution they undergo reections of the typew

Ree + Hi——>= RH + R (vwhere M = solvent)

However, & mmber of fluoroslkylemetel derivatives deccmpose without
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the formstion of much 'RJ', indicating that an alternative mode of
fluorinated carbanion decomposition must exist., Furthermore, this
alternative decomposition mechanism is necsssary to account for the
observed formetion of metal fluorides and unsatursted flucrocarbons.
Hesseldine hes suggested that the metal-fluoride bond could be
formed by the breakdown of the fluorinated carbanion according to one
of the following schemes:
| MeRp—>=¥' + Rg
Ry = F,=C(CF,) =CF e (csz)

4 :

F
or Gl?)M_gI + CX‘BI —>'~GF5HgF + ci'zl’.a
2 GRjly — G,

Alternatively, the acceptor properties of the metals could influence

n+2

the dissociated fluorinated carbanion so thet a fluorine of the carban~
ion becomes co~-ordinated with the metal. In this way, a metale~
fluoride bond could be formed by

eccording to:

| | /F
eGPy —> ' + CFy — M~~~ -P=G

eakdown of the fluordnsted group

P

P
M---FeC —>~ M¥=F + (cFa)n

F
or Lﬁ [M(CFZ)] +F —= W + (CFz)n.m

It is difficult to explein the obeervation"z that perfluorcaliyle
ginc compounds do not react with carbon dioxide in spite of the fact
that rapid reaction between carbon dioxide and 'Rf"' would be expected.

Such & reaetion is observed with perfluoroalkyl Grignerd reagents.



2l

With transition metal compounds, the high electronegativity
of the fluoroalkyl groups could be expected to induce orbital
econtraction of the 4 and s orbitels of the transition metal. In this
way, the possidility of good overlap, and hence strong bonding, is
enhanced.

The high electrunegativity of fluorocalkyl groups alsoc leads
%o & simple explanation of the water solubility of perfluoroalkyle
mercury derivaetives. However, it has been fairly well esteblished’’
that the conductivity of aqueous solutions of perfluoroalkyl-mercury
compounds is due to the formetion of complex ionie¢ species in which
the nature of the Hg-R, linkages is unaffected.

It was recently pointed out that it may be more pertinent,
in some instences, to consider the electror density on the a~carbon
of a perfluorozliyl group rather than the electronegativity of the
group a8 & whole. This is particularly true in seeking to explain
the cleavage of metal-carbon bonds, in mixed alkyleperfluorcalkyl=
metal derivatives, by acids and bases. Although Piteher and Ski.!mers’ 2
have established that the relative ease of cleavage of organic groups
from metals may be correlsted with the electromegativity of the organic
groups, it was recently cbserved that perfluorcalkyl groups do not
£it into the series in the expected manner. In spite of the high
electronegativity of perfluorcalkyl groups, both phenyl and alkyl
groups are preferentinlly cleaved from metals by acids.

In mixed alkylwperfluoroalkyl-metal derivatives, the inductive
factor renders an unfluorinated carbon atom more electron riech than

a fluorinated carbon. Sinece cleavage by acids involves an eleotro~
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philic attack on the carbon, e.g.

A +
Wl + H—> M <+ =Coff

the unfluorinated group will be preferentially cleaved. Howaver,
cleavage by buses probably involves a mueleophilic attack on the metal
atan, e.ge.

{+ {~ -
Yalmw ¢ H —>MEH + C-

s0 that the perfluorcaliyl group is displaced easily on account of
the high polarity of the bond between the metal and the perfluoroalkyl
£r'oup.

With elkyl perfluorovinyl-metal compounds, the perflucro=-
vinyl groups are preferentially cleaved by acids. This can be explain-
ed in terms of the effect of hybridisation differences on the electron
density at a particular carbon. In the perfluorovinyl-tin compounds,
the fluoro group is bound to tin through & carbon atom which is ,ap2
hybridized, not spj as in the perfluorcalkyl derivatives. The
presence of a filled p wworbital in the perfluorovinyl derivatives

is sufficient to attract the attacking electrophilic reagent,

2. The lation of inor halides metal 1s.

Many organometallic compounds react with other metsl halides
(or metalloid halides) o produce compounds eontaining a new earbon~
metel bond. Indeed, this is the most commonly used method for
preparing alkyl derivatives of all but the most electropoaitive
elements. In general, it is considered that the reactions proceed

according to:
X + M'R—=HR + MN'%.
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The generel reaction may be illustrated by referring specif'ically
to the conversion of stannic chloride to tetraethyl-tin by a Grignard
reagent, e.g.

SnC1, + 4 EtMgCl—>—SnEt, + L MgCl,.
It is generally sccepted> that the driving force of such resctions
is the decrease in energy of the system by the formation of a strong
M'«X bond at the expense of the weaker MeX bond. Thus, es a general
rule, it may be said that & halide of a metal will resct in this way
with an alkyl of a more electroposiiive metal.

Some of the organcmetallic compounds most commonly used to
aellkylate other metel halides are listed below.

Strong =lkylating sgents: RLi, RMgX, Rzz:z, R3A1'

Wesk alkylating agents : Rzﬁg, R#Fb.

Among the first metal allyls to be used for such synthetie
purposes were the organv-gine compounds. However, their use as
alkylating agents has now been almost entirely superseded by the use
of the more reactive Grignard resgants. Grignard reagents are cer~
teinly the best kmown, and probebly the most important, of ail the
metal alkyls used in gynthetic chemistry. They have been widely used
to alkylate a varisty of metal halides, as well as many compounds of
the non-metellic elements. In recent years, slkyl=lithium compounds
have become increasingly important as slkylating agents because they
are smewhat more reactive than Grignard reagents. This grester
resctivity of alkyl-lithium compounds has led to their use in the
preparation of o few organcmetallics, sush es trimethylegold® and
trinethyl-thalliun,” which cannot be obtainod with Grignard resgents.
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It has recently been realized that elkylesluminium compounds heve

some properties which are distinctly different from those of magnesium
end 1ithium alkyls. Thus allkylation with elkylealuminium compounds
can be carried out without the expensive solvents required for Grignard
and slkylelithium reagents. In this way, ether-free metal alkyls

can be conveniently prepered. Mercury snd lead alkyla act ss mild
alkylating agemts towerds reactive metal hallides; of the two, tetra-
alkyl=lead compounds are usually preferred.

3+ The chemis of Zie ga sts8.
() Introéuction.

Ziegler catalysts, which are generally composed of mixtures
of normel metal alkyls and transition metal helides, are effective
for the low pressure poclymerization of a~olefins to polymers having
6 sterically regular atnmtum.ss Since the discovery of these
systems by Ziegle:;? and his co-workers, & great deal has been done
in an attempt to elusidate the nature of the ocatalysts, and the
peculiar mechanism which gives rise to polymers having a stereoregular
structure., A comparison of the experimentel results obtained by
differont workers oftsn shows these to be more or less contradictory.
However, this may indicate little more than that the reaction
conditions employed ave oritical in determining the nature of the
products obtained from & particular reaction, In this discussion,
it is assumed that this is s0, and it is the purpose of this aection
to correlate the vast amount of published work on this topiec into a

brief summary of the present position in the field of Ziegler catalysis.
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Since most investigations have been carried ocut on gystems
c¢ontaining aluwwiniwm alkyls end titanium halides, the discussion will
be concerned mainly with such systems. The material will be divided
into three sections dealing, in twrn, with the reduction of the
transition metal, the formation of camplexes, and the mechanism of
polymerigetion,

(b) Reduction of the transition metal.

It has long been m27b that trectment of a transition
metal halide with a metal alkyl of'ten resulta in reduction of the
transition metal. The collective observations of meny individual
workera5 8 have indicated that there are a large mmber of factors
which may influence the axtent of reduction of & transition metal
halide in thls way. As has alreandy been peointed out, cereful control
of the resction conditions may preciude reduction of the transition
metel altogether, and o=allkyls of z few transition metals have he.m
isolated in this wey, e.g. tetramethyl-titanium has been prepared
fram titenium tetrachloride and methyl-lithiwm at =80°C.57

These low temperature resctions almost certainly indicate
the nature of the first step in the reduction of g transition metal by
a metal alkyl. Thus, as a first step in the reduction of a titanium
halide by en aluminium elkyl, alkylation of the titanium species can
be postulated, e.ge

R, 4 Ay aN IR
| I, ¢ 2ARTRML ¢ 2RI
It i3 well known that these titanium o-alkyls are thermally tmstable,
and will decompose, often below room temperature, with gas evolution
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and the formation of reduced titanium species. The following equations
have been sussaatedsa a8 representing the possible modes of such
decomposition reactiona.

RTiCl, —>— TiCl, + R

3
Rz'.l‘ic:.zﬁ‘ RTiCl, + R®
RTiC1, —> Tﬁ.cla + R®
There are conflicting reports about e further mode of decompoaition.
The resctions
RTiClS——>" Ti(:lz + RC1
(5"1012 + TEL—>= '1'1813)

end T‘:%JZ::L‘tb

have been wggeatedso to acoount for the formation of alkyl halides,

but many other workers dispute the existence of alkyl halides in the
gaseous reaction products from such decompositions.

The fate of the 'R’ radical has also been the ceuse of cone
siderable speculation, but the following reactions probably contribute

most to the decomposition of this speciaa.sob

2R* = 2 62115"—%— czﬂu + 021{5
2 Cflg” —= CHyg
CHg* + R™M —>Cji, + R'* (R = solvent).
Recent avidme& indicates that such e homolytic fisaion
to yield free alkyl radicals does not account for all the experimental
observations (e.g. the ebsence of resction with the solvent). de Vries

favours a bimolecular disproportionation according to

% TiC1; = CH, = Cii,

H 4
% TiClz = Clip = C :{H = TiCls + § Cpllg + % OgH).
H
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A hydrogen on the fecarbon atom is essential for such disproportion~
ation, and evidence is cited to illustrete that compounds contuining
no sueh hydrogen are relatively atable.

Among the more obvious of the factors which eppear to affect
the extent of reduction of titenium in such reections are the ratio
of reaotants, the order of gddition of the reactants, the temperature,
and the nature of the "R' group.

(¢) The formetion of complexes.

Rather earlier than the isolation of the simple alkyletitanium
campounds, some remarkable organometallic complexes were prepared from
bis( cyclopentadienyl) titanium dichloride end aluminium alkyls.>’®
These compounds can act as homogenecus ocatzlysts for the low pressure
polymerization of ethylene, gnd represent the only stable cetalysts
of the Ziegler type which have been iscleted. Notwithstanding this,

a great deal of speculation has been sntered into on the nature of
other Ziegler catalysts. Several suggestions have been made concerning
the neture of the initiating species, but in general, all of the
suggostions can be olassified into one of three types. This genersl
c¢lassification is considered below.

(1) Bimetalliec complexes.

As mentioned previously, complexes ¢an be isolated from the
interaction of bis(cyclopentadienyl)titenium dichloride and altminium
alkyls. One such complex hes been characteriged by x-~ray crystalle
ographio enalyssa® and is known to have the strusture shown in figure
1.8.8. Breslow and Newburg>> have shown that related organcmetallic

complexes can act as soluble catalysts for the low pressure polymer-
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Fig. 1.8 Complexes formed by the interaction of aluminium
alkyls and titanium halides,
(a) Seluble complex.
(b) Adsorption complex.
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ization of ethylene.
(ii) Adsorption complexes.
When eluwminium alkyls resct with titanium tetrschloride at
room temperature, dark coloured precipitates eres invariably formed.
These hetarogensous gystems are perheps the most efficient of the kmown

Ziegler catalysts. The general opinion seems to bass

that these
precipitates are composed essentially of reduced titanium helldes on
the surface of which metal alkyl is chemisorbed. The extent of chemi~
sorption, and thus the chemical ccmposition of the precipitate, is
determined by the experimental eonditioms. Natta&' hes suggested
thet such chemisorption leads to the formation of bridge-bond complexes
(Fig. 1.8.b.)

(i44) Ionic complexes.

In view of the evidence which suggests that Ziegler type
polymerizatione probably proceed via en anionie mechanism, Uelm.e.rm65
hes suggested that a cation is the most likely initiastor for a=olefin
polymerisation. Consequently several ionic complexes have been predictel
to result from the intersction of metal alkyls with trensition metal
ecompounds, e.g.

M0, + Am5—+(ﬁc13)*(5133c1)'.

(8) The mechenism of Zisgler type polymerdizations.

There is emple evidence fram kinetic studies of Ziegler type
polymerization gystems to comclude that an "anionic type" mechanism
opemtas.“ Additionel m@fm&:m evidence favowrs a "hair-lile"

growth of the polymer from an active centre on the catalyst surf‘a.c‘:a"’6

(Pige 1.9). In addition to these two features, any proposed mechanism
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Fig. 1.9 Diagrammatic representation of "hair-like"
growth in Ziegler-type polymerizations.
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for Ziegler polymerisations must explain the stereorsgular structure
of the polymers produsced.’’ It is gensrelly considered that polymer-
ization occurs on two metel atoms, thus preventing rotation of the
polymer chain as well ps controlling the orientation ofl the adding
moncmer. A crude representation of sterecspecific polymerigation

of this type is given in figure 1.10. The orientation of the adding
monemer is controlled by the fact that '~0112' is more eble to give &
carbanion then '<CHR' end thus the 'CH,' end of the moncmer is ordented
towards the electropositive metal. (In ethylene polymerisation, ihe
monomer probably forms & x-type complex with the transition metal.)
Sterie factors control the disposition of 'R' groups.

Very many workers have suggested mechanisms which are based

on this modal.58

It has been obsewadss that termination of the polymerization

produces vinylidine bonds, presumsbly through the transfer of a hydride
ion from the '«CHR' of the last moncmeric unit to a metsl on the
catalyst surface, e.g.

(complex)=U=CH ,~CHR” NP —> (ocomplex)eli- + CH, = CR” \-P.

2



Fig. 1.10 Diagrammatic representation of the mech-
anism of Ziegler-type polymerizations of
d=0lefins,

M'=Ti; M"-Al.
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SHAPTER 2
Some Notes on the Synthesis of Certein Orgenometgllics

4. Aluminium gliyls,=
Many of the reactions investigated in this study involved the

use of simple aluminium allkyls, or of complex compounds derived from
them. Befors these organometellics beczme cammercially availsble, it
¥as necessery to undertaike their preperation in the laboratory. As a
consequence of the tremendous current interest in organo-aluminium
chemistry, numerous preparative routes to elkylealuminium sompounds
heve been described in the litersture.’ These are sumerised in
table 2.4.

Of the methods listed, it seemed that tresiment of aluminiwm
with an alkyl halide provided the most convenient emtry into the general
synthesis of organowaluminium compounds. This has long been recognised
es the most satisfactory method for the direst preparation of the lower
alkyl=sluninium halides. It has been successfully applied to the
preparation of elkylealuminium halides from methyl and ethyl chlorides,
bremides, and iodides, and a few higher alkyl halides.’

The produot froam these interactions usually consiets of an
equimolar mixture of alkylesluminium dihelide and dialkyl-sluminium
halide. As these two constituents are only diffieultly separsble,
the mixturs is frequently referred to as an "alkyleslwninium sesqui-
halide". The formation of the sesquihelide is approximately quantitative.

An interesting feature of the reactions using alkyl iodides
is the possibility of thermal disproportionation of the products, e.g.
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Table 2.1
Kethods svailsble for the preperation of aluminium alkyls

8)e Alkylealuminium halides.

(1) 24 + 3BX—> RAX + RAIX,.
(31) AlMg + 4 RX—> 2 RANX + MgX,.
b). Conversion of alkylealuminium helides to trisliylesluminium ecmpounds.
(2i4) RAIX 4 NeF ——>RALF + NeX
BAIF 4 NaF —> Ha[RZA]FZ]
3 Na[RAIF,] 228~ 5 g1 o Ne,AIF .
(iv) [n&lx«-'auxz] +3Na—%’-123.41+A1 + 3 NeX.
(v) [BzAll + RAJ.IZJ% Rs,Al + A].IB.
¢). Direct preparation of seluminiume=trialkyls.
(vi) 241 + 3RHg——=2R:A1 + 3Ha.
{vii) Alzus3 + GRX—->-233A1 + Sngz.
(viii) AlXy + 3 CH N, — (cxiax)su + 3N,
(ix) a1 + 3CH,, + 32 Hy—> (cnaznﬂ)su.
(=) A, + 3CH,—>— (cnﬂaﬂ)ju.

(x1) 24 + 3CH, X + 3Nl + 3 65, —5

a(cnﬂm)ju + 3 NaX.
d). Solvated alkylesluminium compounds,
_ B0
(xii) Alc13 + 3m3x—e=-m5.mao + 3»@:2.
(xiii) LA+ 4 Collp > I‘m(cn“‘zm)h
5 LU My ), ¢ a0l FRO 4 av(cE, )5 + 3 a0l
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2RA112 3
532A11—&°‘—'> 2RAL + AN

—> RALI + AL

Irimethyl-aluminium has, in faet, been obtzined Ly the slow fractionation
of the products from the intersction of eluminium and methyl lcdide.”

In the present s'l;uﬁy, the resctions of slumipium, or an
aluwminiunenagnesium mixture, with methyl bromide and methyl and ethyl
iodides were investigated. In all reactions, the yield of crude |
alkylegluninium sesquihalide was essentially quantitetive. Attempts,
utilizing methods (1i1), (iv), and (v) of tzble 2.1, to convert these
alkyl=gliminium sesquihalides to trialkyl=sluminium compounds were made.

The thermal disproportionation of the iodides proceeded very
slowly indeed, end considersble difficulty was experienced in obtaining
en iodide=free product.

Conversion of the sesquihalide to a fluoride complex, and
thermel decomposition of the latter, also yilelded trialkyl=aluminium
compounds, but again the yields were low,

The result of the interaction of the sesquihalide mixture with
sodium prodbebly calls for more detsiled comment. The conversion of
allylesluminivm halides to trislkyl-aluminium by treatment with sodium
or sodiumepotassium alley has been reported by Grosse and Mevity.o
They found that the reaction proceeds according to

33A1215 + BN&——>R3A1 + Al + 3 NeX.
Subsequently, further investigetions of the reaction have been reported
in 'l':he patent litemtm.""

Grosse end Movity stressed that an excess of sodium was to be
avoided in the reaction since the trielkylealuminium formed would resct



further with excesa sodium to give a non=-volatile oomplax,-s 0ege
A..RBA.‘L + SNa—%-BNaAlRA + Al.

Consequently, it seems that the best technique for the reaction would

involve the slow addition of finely dispersed sodium (or sodium~

potessium alloy) to the alkylesluminium sesquibalide. In this way,

80-90% conversion of the sesquihalide to trialkylesluminium can be

ba

obtained,  whereas less than 507 conversion to trialkylealuminium is

usually obtained when the sesquihslide is sdded to aodim.z

Nonetheless,
the greater technical difficulties essociated with the former method
of intersction prompted a re~investigation, in this study, of the effect
of adding the sesquihslide %o sodium, Obviously, this mode of addition
will lead to the initial formation of sodium tetra~alkylaluminate.
However, it is jnomn® that subsequent reaction of this species with
more alkyl-aluminium sesquihslide leads to the formation of aluminium
triselkyl according to

6 NeAlR, + 2 RAL T, 5 ALR, + 6 NeX,
thus overcoming the effects of the initisl excess of sodium. In the
present study, alkylwaluminium sesquihulides were treated in this way,
but the yields of trialkyl-aluminium obtained undsr the experimental
conditions investigated were substantislly lower than those reported Ly
other workers. Two prinoipal faotors probably prevented better than
moderate success from the method of interaction used. Firstly, the
activity of the sodium was greatly inhibited by the formation, on its
surface, of a hard crust of sluminium; and secondly, the extreme vigour
of the reaction apperently led to thermal decamposition of the aluminium

alkyls, liberating hydrocarbon gases end yielding involstile derivatives
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of sodium and aluminium. The former difficulty could probably be

L

overcome, to some extent, by use of melten sodium,” or a mobile sodium-

: but it seems to be difficult to approach the

potassium alloy,
theoretical yield of triethyl-eluminium under either condition This
observetion can probably best be explained in the following terms.

In the first instance, the use of molten scdium prevents the possibility
of good oontrol of the vigour of the reaction and, as a consequencs,
apprecisble thermal dscomposition of the aluminium slkyls can take
place; on the other hand, the use of potassium to produce a mobile
alkali metal alloy inoresses the poszaibility of forming thermally stable
complexes of the form K(Alﬂzxz). K(AJ-HX}), etet, tm binding up en
appreciable proportion of the allqyl-aiminim halide in an inactive form.
Hotwithstanding these difficulties, small yields of triethylaluminium
were obtsined from the treatment of ethyl-sluminium sesgquihalides with
sodium,

These investigations were discontinued when commercisl suppliea
of the required materisls became available.

Subsequently, however, Dahlig? has reported a more complete
investigation of this aystem. He discusses the conditions necessary
for optimum yields of triethylealuminium, and has observed that by
using a 5% excess of finely divided sodium and a high boiling solvent
such as xylene (and thereby maintaining the reection temperature at
140° or less), and by heating the reaction mixture for at least 6 hours
after all the alkyl=aluminium halide has been added, good yields of
triethyl-aluminium are obtained.

Of relsted interest is a recent report in the patent




litmtt_u'ea of conversicn of ethyl-aluminium sesquihalide to triethyl-

eluminium in 9% yield by treatment of the sesquibslide with caleium,

magnesivm, or zine.

2, Bimetallic alkyls containing complex enions.-

~The nature of bimetellic organometallic camplexes of the form
M(M'Bn) wes briefly surveyed in the last chapter. These organcmetallic
complexes are frequently formed when an alkyl of an electropositive
metal is mixed with another metal elkyl. Several exanples of mixtures
containing elkali metal alkyls end elkyls of metals of groups 1I end
III were reportedﬁ in the early litersture, but the investigators dia
not recognize the formetion of camplex enions. Compounds of similar
type, in particular MER, , were first predioted’C in 1937, and within
a fow years LiBlle,Et had been prepared' ' by the interaction of ethyle
lithium and trimethyl-beron. Subsequently, a large number of similar
complex compounds containing such metels as beryllium, zine s aluminium,
tin end lead in place of boron have been reported in the literature.
Three such compounds, namely lithium tetrasthyleluminate, triethyle
plumbyl sodium, and triethylstannyl lithium, have been used in this
study, end their preparstions will be discussed in the following sections.

(e) Lithium tetraethylaluminate.

Lithium tetre-alkylaluminetes have been prepared by seversl
methods. The first deteiled report'Z of the synthesis of & lithium
tetre~alkylaluminate described the intersction of methylelithium and
trimethyl-eluminium in ether. Lithium tetramethylaluminate is formed

according to
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LiMe + Alde,—— LiA1M

3 °) .
Boker and Sisler!d have subzequently described ﬁhe preparation, by an
analogous tethnique, and igolation of lithium tetrmethylaluminate; +the
yield of lithium tetraethylaluminate is 350. Recently, these compounés,
and higher alkyl analogues, have been synthesized by the interaction of

olefins,'™ or of dissoslkenes,!® with 1ithium tetrehydrcaluminate, @.gs
L, + cH, —> I.m(cnum)w

The yields from such reactions are quite high, generally being greater
than 90%.

The formation of alkali metal tetrs-slkylaluminetes by the
direct rezotion between an alksli metal and s trialkyl-sluminium
canpound, ©e.g.

z..mj + BR’&-Q'BNM&. + Al

wea mentioned in an earlier section of this chapter. Although this
method of synthesis has been frequently used for the preparation of
sodium tetre-alkylaluminstes,” there are no deteiled accounts of its
application to the preparation of similaer compounds of the other alkeli
metals. In this study it wes found that lithium tetraethylaluminate
can be formed in near quantitative yisld by the treatment of lithium
metal with either triethylesluminium or triethyl-sluminium etherate.
The stoichiametry of the reaction corresponds to

um3 + BLi—%*BLMth + Al,
The highest yields of lithium tetrsethylaluminate were obtained when
triethyl=aluminium etherste was added to e glight excess of finely

divided lithium suspended in a small smount of gently refluxing ether;



under these conditions, lithium tetraethylaluminate was isolated in
95% yield.'®

Kinetic meesurements on such & system would be difficult, but
it seems pertinent to apeculate about possible resction mechanisms for
the formation of lithium tetraethyleluminate. It is generally aoeepbad”
thet the general resction

E 4+ MR MWR + M'

yroceeds to the right when M is more electropositive than M', It
thus seems fessible thet the initial alkylation of the lithium takes
plzce asocording to \
MRt, + 3LMi——=3Etid + AL

Since there is no evidemoe that aluminium forms low valence campounds,
it is somewhat difficult to visualize the individusl steps in the
reaction mechanism which give rise to ethyl-lithium in this manner.
However, the following acheme, involving trensient aluminium alkyl
intermediates, is tontativel& suggested.

L + Bt Al —IiEt + (EtAlY)

2 _(Etz“-') ——>—EtAL + (Etal:)

2 (BtAl:) —— (Bt Ale) + A1 ete.
The formetion of ethylwlithivm would be followed by the known resction

BLi 4+ Etgu LiAlEth_.

Alternatively, the formation of lithium tetraethylaluminate

may be comnected in some wey with the esutodisscciation of triethyl-

alxminimw according to

2 BtAl=— Et,A17 + Et,A17,
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coupled with induced ionization of the lithiwm., Ion pairing would then
yield lithium tetraethylaluminate and (Etzé.l) es before.

(b) Iriethylplumbyl sodium.

Relatively few methods are availsble for the preparation of
compounds of the type HPbRs. The best general method involves addition
of a solution of sodium in liquid ammonia to & tetra=alkyl-lead, tri~-
alkyl=lead halide, or hexa=~glkyldilead cunpom&,19 19

RFb + 2 Ne —> M3 NaPtR, + Nali,

BN + 2Ta —lxﬁi;nwm} + NeX.

R,Fb.PbR, + 2 Ma L. TR~ NePhRs.

+ EHil.

Since hexa=alkyldilead ecompounds are rather unstable, the lest mentioned
resction is not generally applicable 4o the preparstion of alkyl
derivatives,

Triphenylplumbyl lithium hes besm prepared2’ by the inter-
action of phenyl-lithium with lead dichloride in ether, e.g.

3 Phli + Pb012*>—LinPhj + 2 LiCl.
but this method cannot be extended reedily to the preparation of the
alkyl anslogues.

In the present study, triethylplumhyl sodium was prepared
from tetraethyl-lead and sodiwm in » liquid ammonia/diethyl ether
solvent gyatem. The mixed solvent gystem was employed since this
affords higher yields of triethylplumbyl sodium than are obtained in

pure liquid ammonia. G-ilman19 reports the following yields



Solvent system Yield obtained
M, 807
m‘,/toluane 88
mj/dietlvl ether 953e

The overall resctiorn involves reduction of the lead, and this could
conoceivably teke place in either of the following weys
(1) R, + o —> MR, + R

followed ty: IRy + & —>— MRy
or (11) MR, + o —>— m; + R

followed by: R ¢+ e —> R
In each instence, the further reection

E + M, —>—R + M,
would account for the formation of sodamide. It has been eatabliaha&m
that reaction (ii) is favoured, at least in the reduction of tetramethyle
lead by en alkeli metel in liquid ammenia. .

The inatability of triethylplumhyl sodium prevented its
isocletion, and it wes necessary to use the solution *in situ' {after
removal of the insoluble sodamide hy filtration) for an investigation
of its resction with bis(cyslopentadienyl)titanium dichloride.2
Since the presence of liquid ammonia in thla system eff'ected the
emmonclysis of the titenium derivative, thus compliceting the reaction
to be studied, some attempts to obtain triethylplumbyl sodium in an
ammonia~free gystem were mpde. Initially, the triethylplumliyl sodium
was prepared in a toluene/ammonia solvent mixture, and after the solution
hed been coolsd to =-80°C, the ammonie was slowly removed by vacuum

distillation. The temperaturs was finally raised to 0% to remove
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the last traces of ammonia. However, removal of the ammonias wes
followed by decomposition of the lead derivative, yilelding hydrocarbon
gases and unidentified lead derivatives.

Hollldey and Pass'® have considered the decomposition of the
ion 'P‘bMe;' in 1iquid emmonia and postulate initial solvolysis of the
ion according to |

Pife,” + NH;—>= m&ezmiz" + CH

3 4

followed by the 8ecomposition resctions

Phile H,” + Ne — Phife, + Neli,
2 Phlle;—>—Fhie,

Kreuse and Sessions>> have observed thet the tin anslogue NaSufe,

+ Pb,

decomposes above room temperature into hydrocarbons end tin-scdium alloy.
It seems ressonable to suggest that a veriety of such resetions con=-
tribute to the decomposition of the triethylplumbyl sodium.

A further attempt to prepare ammonis~free triethylplumbyl
sodium was made by tresting triethyl-lead éhloride with sodivm, and
with sodiuvmepotassium alloy, in ether or toluens. In no instance
was any sign of a reaction observed below the reflux temperature of

toluene.

(¢) Iriethylstannyl lithium,

Az with their lead analogues, the trisliylstannyl alkall
metal series can bé prepered by the sddition of en alkall metal to
totrasalkyltin or trialkyltin chleride in 1iquid emmonia,? e.g.

RySmbr + 2 Na — U3 NaSuR; + Nabr.
The mechanizm of this rescstion is probably complicated by the initisl

interasction between product and starting material eeccording to




Rmer + NaSan—%'— B3Sn.sm3 + NgBr
which is followed by further reaction with sodium

RGS:n2 + 2No—== 2 NaSnR5.

The trialkylstennyl slkali metal compounds can also be obtained by
reaction between totra~allyltin, trialkyltin halide, or hexa~alkyl~
ditin compounds and en alkeli metal in an organic solvent’ (prefersbly
tetrahydrofuran or ethylene glycol dimethyl ether). A further ayn~
thetic route, the reaction between an alkyl derivative of an alkeld
metel and a tin(II) compound, also yields trielkylstannyl derivatives.
This latter technique was employed in the present study. Triethyl-
stannyl lithium wes prepared Wy adding ethylelithium to & suspension
of stennous chloride in disthyl ether at -10°%C.%  The reaction
probebly takes place in two distinct stages, a.g.

2 BHLi + SnClzﬁ- thf}n + 2 Licl
EtLi + Etzﬁ‘m _—— IniSn'EtB.

As indicated, experimental evidence suggests that the formation of
triethylstennyl lithium from ethyl-lithium end diethyltin is probebly
& reversible resction. The extent to which reaction with the "EtSn '
species in this solution can be effected has been demonstrated by the
addition of ethyl bromide to the solution. A 70 conversion of the
ion to tetraethyletin is observed.

Triethylstannyl lithium is very unsteble and was 1um& in
further reactions without isolation.
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SHAPTER 5

Reactions of Organo-aluminium Compounds with Various Metel
end Metallold Ialides

1. Gemerel discussion of allylstion resctions with sluminiwm aliyls.-
(e) The seope of alkylation resctions with sluminium slkyls.

The general appreach to the preparastion of metsl alkyls fram

the appropriate metal hallde and en aluminium alkyl compound involves
BMIn + nmj—vﬁsmn + nAlXB.
In many instences, not all the 'R' groups of the trialkylesluminium are
easily transfersble. Accordingly, for the present consideraticns, the
simplified equation
X + plR—=mR + alX (whersm = 1/n M, al = 1/3 Al)

will be discussed. As mentioned previocusly, the driving force of such
a reaction is largely attributable to the decrease in emergy of the
system by the formation of a strong 'Al-X' bond at the expense of e
weeker 'Me-X' linkage, It thus seems pertinent to consider the ' )-X"
bond strengths of several inorganic halides. This is done in table
301 for 'metal' halides used in the present study.

The taebulated values indicate that the formetion of alkyls
of group IVB and VB elemsnts from halides of these elements and lithium
or aluminium alkyls (or even from lithium tetra=-slkylaluminntes) is
energetically favourable. It has been confirmed experimentally that
these, and halides of several other metels, do in faet yield the
appropricte metal alkyl when treated with an eluminium alkyl.
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Tgble 3.1
Teble of bond dissocistion emergies for seversl inmorgenic halides.'
D keal.
Li=Cl 115
Al-C1l 118
Sn=C1 %
Sn=C1 in SuCl, (76)
Pb=C1 vl
P-C1 in P(:J.3 (78)
As=Cl in AsCl, (70)
Sb-F 92?
Sb=C1 857
Sb~C1 in 5bC1, (74)
Bi=Cl 67

The figures in brackets represent values of bond energles; the bond
dissocintion energies were not readily obtainable.

‘Table 3.2 sumarizes a mumber of the known reactions involving "metal®
halides and sluminium alkyls. Such reactions ere not confined to _
metal halides; for instance, good yields of lead tetraalkyls have
been obtained from the intersction of lead acetate ,25 lead oxide ,19
and lead sulphide'® with elusinium alkyls.

(b) A possible mechanism for the resction of aluminium alkyls
with metal bglides.

Before considering the mechanism of the reaction between

aluminium alkyls and metal halides, it seems desirable to discuse the
overall equilibrium reaction )




53

Table 3.2

A summayy of the eplkylation of 'metsl'! helides with sluminium alkyls

lMetal Alvminius Remarks Ref.
halide Alkyl
Zine
ZnX, Ale 807 Bt Zn from ZnCl, and AlEt, in 243

mineralzz oi12; g ygol& no satvent® -

£
ZnX, R,A1X, - 5
Cadmivm
cax, AlR, - 2,3,6
0%y Rehl X5 ) 2
Mercury
HgX, Am3 Zw from Hell, and Etju in 7,8
: . | ' 9
HeX, RyAL X,  64% Btgll fram HgCly and EtzAl,Cls 5,9
HEX, + NaCl AlR, 9% Etgg from Helly, NaCl, and AlEt; 10
Boren
BL, ALRy 90% Et3B from BFy and EtzAl in B0 11 3,5,7,14
BX, + NaCl  AlR, 8% Et3B from K013, NaCl, and EtzAl 10
Gallium
GeX AlR, LO-45F% Bt3Ge from GeCls end EtzAl; 12
| 857 Ets6a from GaBrs and EtsAl

CaX, + MCL  AIR, 90% Btsba fram Gafls, KC1, and Et;1'2 10,12
Thallium
TIX, AIR, g;zjo Et,T1C1 from TiCl3 and EtsAl in 8
Zin
SnX, AR, 71% Et, Su from 5nC1, and Et,AL in 3,7,8,1k,

hexane

15,16



Snxll'

4
Sn}{h NaCl

Lead
o

Pbxa

P'bxz'l' NaCl

Fhosphorus

’ .‘?X3

Arsenic

AsX

AsX

3
A.sx3 + NeCl

Antimony
SbE;

S

Smr3 + NaCl

Bismuth
s,

.,
Bj.J[3 + NeCl

Titenium

ol

Estlys

AJLR3

BoAl Xy

-

0% EfySn from SnCly, , NeCl, and myu

L6 Bt Pb from PBCL, and Et,Al in
Etéo;worwo%inm

30 Bt.P from PC1, andnBum

BO% mglu from AsCl,, NaCl, and
Be A2l |

% 8‘2531) from S'h?s and EtBAJ. in Et

867 Et;B1 from BiCl; end ALFt; in

8
Etao

-

8
20

85% E¢,B1 from BiCly, NeCl and Et3A110

100% reduction to Tic:l.3 ir mlﬁ

AlEt3 g 1

4,17
13

3’1“"16’
18,19

6

75931,*5
20,24

3,754,516
14,17
10,22

3,6’7’831!‘”
16,22,23
14,17

10,22

14,17
10,22

2,
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X + elR———= mR + aglX.

The reversibility of the reaction is presumably e result of the de-
elkylating effect which aluminium helides have on many metsl alkyls.
This property of aluminium halides is clearly illustrated by the
cbsemtionae that lead tetrawalkyls are dealkylated even by dialkyle
aluminium halides. As a consequence, lead tetra~alkyls camnot be
satisfactorily prepsred from lead dichloride and eluminium alkyls under
the usual conditions.s

The presence of aluminium halides can affect 'metal halide=
aluminiun alkyl' systems in other weys. For instance, aluminium
halides, which are strong Lewis acids, can of'ten form complexes in the
reaction mixture with reactants, products, or even the solvent.
Examples of such complexes are Et,P.ANC1., Ga(AlEtZCIZ)3, and

3

AlEtClz.EtZO. The formation of such camplexes will obviously have

some effect on the general equilibrium resction. It is generally

considered27

that the equildbrdum is displaced =0 as to form the most
stable complex of aluminium possible. In many instances, this is

simply the solvated aluminium halide. However, whem complexes are
formed between aluminium halides and either starting‘material or resction
product, the yield of product is of'ten appreciably reduced.

An interesting aspect of this feature of the reactions is the
effect of sdding slkali metal halides to the systems. It is known’o
that alkeli metel halides form stable camplexes with aluminium halides,
8.8 NaAlcla. The formetion of such complexes mekes it possible to
bind up aluminium halides in an inactive form. This effect ought to
permit the formation of high yields of metsl alkyls which are otherwise

not obtainable in satisfactory yisld from the interaction of metal
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halides and aluminium alkyls, This has been demonstrated expexrimentally.,
Thus, although ganllium tribromide gives 85% triethylegellium, gallium
trichloride yields only 40-45% triethylgallium when the trihelide is
treated with triethyle-sluminium., The marked difference in yield is
attributed to binding of half the gallium trichloride according to:

Ga013 + J AlEt,——= GaEt, + 3 AlRt

3 3

Ga013 + 3 m1;201 —>—~Ga(m1: 2)

The incluaion of potassium chloride in the reaction mixture

2(31

increases the yield of triethyle-gallium to 90%. The increased yield
is 2 result of fhe raaza.cf::‘».onﬂ2
3 KC1 + Ga(Alnt 012) T GeCl; + 3 K(AIEL,CL,).

Finglly, before discussing the actusl mechanism of the
reactions, it seems necessary to consider the nature of the reacting
aluninium alkyl species. It has already been pointed out thet, as a
result of their electron~deficient neture, aluminium alkyls are consider-
ably associeted. Although the degree of dissociation of the lower
eluminium alkyls in solution is extremely law,29 it iz usually accepted
that an equilibrium involving moncmeric and dimeric forms of the alume
inium alkyl exists in such solutions, e.ge.

2 AlR; <—= AL Rc.
Ziegler én& Hobertso have shown that when such an equilibrium exists,
the monomerie species is the reacting species if' the dissociation is
at all apprecieble (e.g. the rate of esbsorption of unsatureted hydro=
carbons by triethylaluminium in solution decreases markedly at dilutions
where dimerisation is significent”®),

It has also been suggested that some artodissociation agcording
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to RAL, == m" + R AL

gives rise to a asmell but definite concentration of ionic apecies in
solutione of sluminium alkyls. However, the small electrolytie
conductivity of pure liquid triethylesluminium (K is probebly less than
1 x107°0.™ en.™) inaicates that the concentretion of these ions
will be so small that there is no likelihood of them taking part in

the alkylation resctions. It is thus aspparent that the resctions
involve intersotion of ‘AIR,' units (either monomer or dimer) with the
metel halide, It seems probable that the products are formed as a
result of dipole-dipole intersctions between polar Al-R and M-X linksges,

Gego
&+ d=
Al——R fa1----r al R
. = =
X——N X--- ¥ x m

Notwithstanding the greater reactivity of the monomer, the extreme
prevalence of the diméric specles in solutions of triethyl-gluminium
suggests that the 'Alzﬁts' species would pley e major role in the
reaction. |

It has been pointed out that saturation of the electron
deficiency of elwsinium elkyls (e.g. by the formation of donor complexes)
considerebly diminishes the chemicel resctivity of aluminium alkyls.
Thue, triethyl-sluminium etherate and sodium tetraethylaluminate are
much less reective than triethyl aluminium. Nonetheless, both tri-
alkyl-aluminiun etherates and alkali metal tetra-alkylaluminates readily
exchange their alkyl groups with halogens from other metels. It is

interesting that the formation of thesze donor complexes is often
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eccompanied by & merked incresse in electrolytic conductivity (e.g.

NeAlEt, , K ~ k~5‘10-2_0_'1 mn..l‘ .32) It thuz seems apparent that

elkylation resctions with these compounds mgy involve reastion of polar
Al=R linkages of the complex anion rather then of the undissociated

molecules, 8.8.
SN L SO, o

R
(rpA1 s P

- . C
X—— X~~~ M /x ¥

njm+x"'.

2. [The glikylation of inorgenic halides with lithium tetraethyl-

luminate.””
(a) Cenersl considerstions.

In the present section, the preparations of alkyls of the form
¥Et, (¥ = Spn, Pb, P, A8, Sb, Bi; n = valence of metal or metalloid) by
the trectment of the analogous halides with solutions of lithium tetra=-
ethylaluminate are described.

The chemical reactivity of bimetellic alkyls of the form
'm.mh' ( ¥ = elkeli metal, R = elkyl group) has not been extensively
investigated. lHowever, it was recently shown that such camplexes msy
behave as mixtures of alksli metal alikyls and trielkyl=-aluminium com=-
pounds. For instance, Frey and co=workers > heve reported that sodium
tetrgethylaluminate behaves essentially as a mixture of ethyl-sodium snd
triethyl-aluminium in its resotion with metallic lesd. Thus, when lead
is alkylated with a 'sodium tetrnethylaluminate-ethyl helide' mixture,
triethylesluminium can be recovered 'from the reaction mixture. This

indiecates a stoichiometry corresponding to
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2H8A.1Rh + Pb + QH—>~P&§A + 2 RaX + 2A1E3.

It seems ressonable to predict that the lithium amalogue, 'LiAll»i' would
behave similarly. Thus, it could be anticipoted that lithium tstra-
ethylaluminate would possess the alkylating properties expscted of an
equinclar mixture of ethyl~lithium and triethyl-aluminium,

¢ seems feasible therefors to postulete a stepwise alkylation
scheme for the reactions studied. The first step in the alkylation
scheme would involve the transfer of only one alkyl group to the metal,
€eZe

Lmn + LiAlEh—%- EX n-‘!R * Limjx.

Since lithium forms no stable alkyl-aluminium complexes except lithium
tetra-elkylaluminates and mixed hydro-alkyl-aluminetes, it can be anti-
cipated that the 'L’iAleI' species would dissociate into simple lithium
end aluminium species. The relative eloctronsgativities of lithium and
aluvpinium would favour the formation of lithium halide rether than an
alkyl-almminium helide, Be.ge

Li&lﬁsx é‘ LiX «+ 11.123. _
The trialkyl-aluminium so formed could then reset with the metsl halide
in the established manner.

MM'R + A].RBQ*——% Mn-QRZ + A].sz etc.

In view of this suggested reacticn scheme, it seems desirable _
to correlete the yields of mn obtained in this study with those cbisined
from -the corresponding reactions using sluminium alkyls, end, for cam-
parison, the appropriate Grignard resgent as elkylating agent. This is
done in table 3.3.
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Table 3.3
A _comperison of the yields of MR obtoined from the interaction of

X _with lithium tetreethyleluminate, gluminium allyls,

. and Grignard resgents (R = ethyl)
Yield of UR,
letel helide mS RMgX LiAR 33

SnCl, 78 90/2;55 857
ma1, w6019 43636 100%
Po1, 30%.20 7%37 10%
AsCl, - w%ss 3%
b 2 () e
BiC1, 867> 8a 85
* Yield refers to reaction with SbC13.

The results indicate that for the reactions studied lithium
tetraethylaluminates ere generally not superior to other sammon alkyl-
ating agents. Notwithasianding this, it seems probable that improved
yields of 'MRn' might be obteined if sodium tetra=alkyleluminates are
used as alkylsting agent. In this latter case, the transfer of =2lkyl
groups to the element M would be favoured by the formation of & stable
sodium=eluminium adduct such as NaAles.M Such campounds of lithiuvm
are relatively unstable, and hence aluminium will form atable co-
ordination compounds in other ways, often to the detriment of good yields
of product.

These sodium=sluminium systems would resemble, in essence,
the 'sodivm’ chlorideemetal halide-aluminium alkyl' gystems investigated
by Jenlmer.6 He studied the alkylation of silicon, cadmium, entimony,
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end lead by treating a mixture containing sodium chloride and fluorides
of these elements with aluminium alkyls. Here, as the 'Ama‘ or
°m3' species are formed, they are immediastely bound up as complex
anions by the sodium chloride present. The use of sodium tetrs-alkyl-
aluninate, which would be expected to initially transfer only one alkyl
group with the formation of sodium chloride and triethylealuminium,
would thus be analogous to Jenkner's system.

(b) The treatment of some group IVB metal halides with lithium
(1) Reaction between tin(IV) tetrachloride end lithium tetraethyl-
aluminate leads to the formation of tetraethyletin in 857 yield. The
reaction can be represented as follows,

SnCl, + LiAlgy—> SnEt, + [Licl + A].Gls].

Bquilibriun resctions, vepresenting the formation of all the possible
partinlly alkylated tin species, have been suggested27 to ecoount for
the observed products from previously investiga.,te& interactions of
tin(IV) halides end alkylesluminium ccmpounds. The formstiom of alkyl=
tin halides, end the obsex-va‘l::l.on"5 that not all the alkyl groups attached
to aluminium are utilized when tin(IV) halides are alkylated with alum-
inium alkyls, suggest that the equilibrie are of the fom

snX, + AlB.i;-:" RSnX; + AIR.X

SnXk + 2 A133;_‘"—;~ stmtz + 2 .l-‘-.lRax

etc.

However, since Johnson has found it necessary %o isolate and further

alkylate the trialkyltin helide with more trialkylesluminium to obtain



62

totra=alkyltin from such systems, it seems that further equilibria such

* SnR  + AIRCL~—— SoR,CL + AICIR,

must also operate. The relative proportions of partislly alkylated tin

species in the products from ‘sluminium alkyletin tetrshalide' inter-

actions would presumsbly depend upon the ratic of reactants used.
Koster27 has cbserved that the Rns“xw compounds formed in

this way can co~ordinate with aluminium helides to form such compounds as

Et

Et Sn012.A101 BSnﬂl, ’.Alcly Although little is kmown sbout the

2 3
stability of these adducts, it is apparent that they could further
jnhibit the formation of tetraethyl-tin.

Jenkner'> hes pointed out thet such difficulties as those
mentioned sbove can be overcaome if NaCl is added to the reaction mixture.
Under such conditions, good yields of tetrasthyltin can be readily
isolated, presumsbly because the sodium chloride co-ordinates with the
sluminium helides which are formed, e.ge.

3Sn01h + z..All?3 + 4Na¢1——>~3$nnh + l,.NaAlGl&_.

Since the treatment of tin tetrachloride with lithium tetra~
ethylaluminate produced virtually no elkyldin halides, it is probasble
that this reaction is also accompanied by the formetion of complex hal-
ides, e.g. lithium tetrachloro-zluminate, or the moderately stable
Lanigecl,"

(i1)  Lead(IV) halides are merkedly unstable, and consequently it was
necessary to employ a lead(II) helide for the preparstion of tetraethyle
lead. The intersction of lead dichloride and lithium tetraethylalumine

ate produced e mixture of organc-leed derivetives from which tetraethyle
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1ead was ultimetely isolated in greater than 100% yield (csleulation of
the yield was based on conversion of the lead dichloride to tetra-ethyl-
lead end lead in equimolar proportions). Throughout the resction a
quantity of black metellic leed wes deposited and it seems probable that
there wes same interaction between this highly reactive metal and excess
1lithium aluminium alkyl, thus expleining the excessively high yield.
Related investigations of similer organo-lead systems suggest that the
following reaction scheme would be t’ollc:wec’l:z"3
3 Puel, + 2mm:h———> 3 PuEt, + 2 LiCl + 2A1012Et
3 P'bEtz — szEtG + Po
2Pb2E‘l:6 —_— 3PhEth + Pb.

The overall reaction is thus

6 PxCl, + 4 LiAlEt ——> 3 FuEY + 3Fb + L [Lic1 + m1mt01,].

It seems pertinent to report that Gilman and J cnes™ have developed 2
method for utilizing all the lead in such systems. They heve observed
that the inclusion of an alkyl halide in the remction mixture effects
the conversion of all the lead salt to tetraallyl lead, e.g.

thz + Hel + 3 MelLi—— Phi + 3 Lil.

%
Furthermore, as an extension of this technique, Frey and co-workers
have converted metallic lead to tetrsethyl-lead by the sction of 1lithium
tetraethylaluninate and ethyl iodide on the metal. It is thus evident
that utilizetion of all the lead in this gystem could be effected by
inclusion of ethyl iodide in the reaction mixture.

In discussing the overall reaction for the formation of lead

alkyls by the action of lithium tetrzethylaluminate on lead helides, it

seems important to consider the further observationZ® that lead allyls
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are de-alkylated by aluminium helides and alkyl-aluminium helides, e.g.
P‘bEth . + MIZEE : P‘bEtBCl + AlEtzcl.
This reaction has led soms workers toc believe that tetra-alkyl-lead
compounds caennot be satlsfastorily prepared from lesd halides and
eluniniun elkyls (e.g. Zekhorkin and Okhlobystin® claim that tetreethyl-
lead cannot be obtained in setisfactory yield from lead dichloride and
triethylealuminium), This cbservation sppears to conflict somewhat
with the result obtained in this study. However, since 1t was recently
confirmed that quantitative conversion of lead dichloride to tetrsethyl~
lead can be attained with lithium tetrasthylaluminate, it is ocbvious
that, in some way, the gystem 1z simplified when lithium tetraethyle
aluninete, rather than triethylaluminium, iz used as elkylating agent.
Examination of the equations suggested for the formation of tetraethyle
lead, and its ultimate resction with sluminium halides, indicate that
the experimental conditions will be eritical in determining whether or
not good yields of tetraethyl-lead cen be obtained. Evidently, tetra-
ethyl-leed can only be obtzined in high yield if the organo-lead species
is first isolated as haxmethyldileed, or if the formation of reactive
aluminiuwm-chlorine linksges is prevented. Although the former con-
dition is difficult to attain, the latter effect can be achieved in
several ways, 6.8, by using a large excess of lithium tetraethylalime
inate and thus meintaining the sluminium in the system as triethyl~
aluminiumn; possibly, by using 2 siight deficiensy of lithivm tetre-
ethylaluminate to ensure the formation of chloro=aluminate ions; Yy
adding sodium chloride to the gystem as in the tin resetion; or by

usﬁ;g vyridine as the solvent. For instance, although the ection of
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triethyl~pluminium on lead éicﬁlori&a in hexane as solvent gives virt-
vally no tetraethyl-lesd, the intersotion of lead difluoride and triethyl-
eluwminium in pyridine gives 1007 yield of tetraetmrl-lead.w The high
yield from the second treatment is presumably due to the formation of
inactive sluminium helide-pyridine adducts. The conditions employed
in the present study suggest that the formation of complex chlore-
aluminete ions masisted the production of tetrsethyl-lesd in high yield.
It is of interest to consider briefly the related investigation
of the sotion of metal alkyls on lead(IV) salts. Frey and cook™ have
shown that the reactions of lead(IV) selts with triethyl-aluminium, or
other metal allyls, give metallic lead as a major hyeproduct. 1In
addition, reactions with hexaneohloroplumbates give ethyl iodide as a
further by-product, e.g.

&

2 (Pbc16)"' + 2BM ——2 BtPBC1l, + 2 M + 6¢C1 .

3
Ig—>~':amc1 + 2PBC1,

2?1:812 + lpEﬂ&%-Et#Pb + Pb + L MC1,

Thus these resctions are not significantly different from the lead(II)

systems.

(¢) IThe trestment of helides of group VB elements with lithium
tetraethrleluninate.

In all of the following reactiom,. the oversll stoichiometry
was based on the ultimate conversion of lithium tetrasthylaluminate to
lithium chloride and ethylaluminiym dichloride. In this way, it was
possible to teke account of the relatively weak alkylating properties
of alkylealuminium halides.



66

The treatment of phosphorus trichloride with excess lithium
tetreethylaluminate produced e viscous product fram which no free tri-
ethylphosphine could be isolated by distillation. Alksline hydrolysis
of this viseous reaction mixture liberated triethylphosphine in 107
yvield. These results follow closely the genersel pattern observed hy
Zakheridn end Okhlobystin®e in the slkyletion of phosphorus trichloride
by aluminium trislkyls. They observed that even with an exceas of
aluminium trislkyl, ‘riethylphosphine is formed in less than 30% yield,
ond a considerable proportion of the Al«C bonds sre preserved. These
observations indicate that equilibria of the type

PRty + mmz?—* PCIEL, + AlEtB,
are probolily eostablisfied in Ehone systeuss - FAth theo expaiineatal
conditions employed in this study te isolate triethylphosphine, it wes
impossible to determine how much partially alkylated chlorophosphine
was formed. Hydrolysis of the reection mixture converted such probable
products to the corresponding phosphonic acids. The observation that
no free triethylphosphine was prémt in the initial reaction system
can only be attributed to Lewis acid-base interaction between the tri~-
alkylphosphine and the aluminium holides, resulting in the formation
of themelly stable adducts such as EtBP.AlEtCJ.z. Investigations of
the stebilities of various Lewis bese-aluminium halide adducts suggestw
that such complexes would be more themmally stable than EtZO.A:lE‘bClz.
The low yield of triethylphosphine obtained in these resctions may be
attributed, in part, to interaction of some phosphorus trichloride with
aluminiun halide or with trialkylphosphine which would reduce the amount

of effective phosphorus trichloride in the gystem. Weak complexes
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between phosphorus trichloride and eluminium trihslides heve, in fact,

been reportad.w

The 2:1 complex 21&9319.?013 is elso lmown.w Yokew
hes also reported the formation of e camplex LiAL(PHEL) 4 but it is
unlikely that similar complexes in which chloride or ethyl groups replace
the hydrogen would be atable. All the adduets speoifically mentioned
sbove require that an appreciable proportion of the aslkyl groups be trans-
ferred from aluminium %o phosphorus. Since such an effect has not been
observed in the reactions under consideration, it eppears that the form=-
ation of complexes betwesn halow-elkylphosphines and aluminium alkyls

must occur. Although such complexes have noct been extensively invest
igoted, it seems feasible that they must exist. The formaticn of
PRnxyn‘Am}’ and similar adducts with mzx would hinder the complete
alkylation of phosphorus end this provides a mors satisfactory explanation
of the observed results.

Argenic trichloride is alkylated by 1lithiwm tetresthylaluminate
but the yield of triethylarsine is only 31%. Although trialkylarsines
are wesker Lewis bases than their phosphorus snalogues (e.g. Holmes has
shomn thet AsCl,A101; complexes do not exist), it seems reasonable that
the low yield of tristhylarsine is attributable to similar factors which
operated in the triethylphosphine synthesie. Thus, the following
resctions would contribute to the overall reaction.

A.Bt.':l3 + LiAJ.Et“'-—%' E'BBAS + AlEtGlz + Licl
AaEts + AICIEt, —/—— AsEtzcl + .é.lli:‘l;3
““"“’3 + Alclet — EtsAs..AlClet.
The reecctions between antimony trifluoride and lithium tetraethyl-
eluninate proceeds smoothly and gives 657 yield of triethylstibine.



SbF3 + LiAlEtk—%'-S’bEts

In the course ¢f the reaction & smell amocunt of black antimony was

+ LiF + A].Eth

precipitated. Since this is s common observation when entimony

halides are alkylated with metal alkyls, it was not further investigated.
The reaction between bismuth trichloride and lithium tetra-

ethylaluminate procesds equally smoothly and gives a.n 85% yield of

triethylbismuthine.

BiCls + Lmk'—fé’- BiEtj + LiCl + .AJ.EtClzo

The weaker electron donating properties of the antimony and biamuth
campounds no doubt account for the higher yields of }mn obtained in
these two reactions. Complex formation with aluminium halo-alkyls and
other halides would be significantly less.

3., The attempted formation of pentemethyl-antimony employing an

slminiun elkyl.
Seversl classes of organo~derivatives of pentavelent antimony

have been kmomn for a long time, e.g. RSBX, and stbx5 (both unsteble
at rom temperature) , R,StX, and R, ShX (both thermally stable) e
However, the preparation of the pente~aliyl ccmpound MoBSb,s 1 he.a been
s comparatively recent develomment in the organcemetallic chemistry of
entimony(V). Pentamethylantimony was obtained fram the interaction of
trimaethylstibine dichloride or tetramethylstibonium btromide and methyl-
lithium, e.g.

Hell‘SbBr + MeLi—>~M958b + LiBr.

It 1is a thermally stable liquid which is repidly decomposed Wy air,
water, halogens, ete. It forms both anions and cations of antimony,

for example by the reactions
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MegSb + PhyB—>— le sb¥ . HaPhBB'.

5 4
- +
Moﬁsb + Meli—> Meésb + Li.

No other 'Rsld' compounds have been well authenticated.
It hes been reported” thet pentamethylarsenic is formed et low
temperatures, but the compound could not be satisfactorily isolated.
An eerlier report’> of the preparation of pentamethylarsenic certeinly
requires further confirmation, snd & more recent deééription53 of an
attempt to prepare pentasthylarsenic from ethylelithium and tetra~
ethylarsonivm dromide reports that the products were triethylarsine
and hydrocarbon guses. The interaction of tetramethylphosphonium
1041de and metiylelithiun yields & methylene adduct’” according to

MehPI + HeLi —> MeBsza + LiI + CH#.

An attempt wes made in the present study to prepare penta~
methylantimony by an alternative means - from antimony pentachloride
and an aluminium alkyl. For comparison, the interaotion of antimony
trihallides with methylaluminium sesquihalide was alse inveastigated.

Trialkylstibines are generally prepared by reection between
antimony trichloride and a Grignard or nrgano—lithim‘reagmtﬁ 5
As indicated in an earlier section of this chepter, aluminium alkyle
have also been used to prepare elkylstibines. In this study, it
was observed that when antimony trihalides and methylsluminium sesquis-
bromide m mixed in a hydrocarbon solvent, 2 yellow oil separates.
Trimethylstibine can be distilled from this oil only after it has been
decamposed by hydrolysis. The insolubility of the oil in hyéroecarbon
solvents suggests that it mey be an ionie species but no attempt was
mede to characterize it further.
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The interazctiocn of enfimow pentachloride and methylaluminium
seaquibromide in hydrocarbon sclution resulted in the separation of a
red 0il and a white solid. Distilletion of the mixture did not yield
any pentemethylantimony. Some attempts to characterige the two reaction
produets were made, but it has not been possible to draw unequivecal
conclusions from the results. Both the white s01id and the red oil
decomposed on exposure to oxygen or woter. The red oil was involatile
at moderate temperstures and hence could not be purified by distillation.
The white solid could be recrystallized from boiling benzene, but upon
successive recrystallisations, a considerable difference in the
melting point of the initial and recovered solids was alwsys observed.
.Both meterials contained aluminium as well as antimony, and both were
readily soluble in polar organic solvents., These observations and the
knowledge that antimony(V) resdily forms salt-~like complexes (e.g.
the reactions of Me Sb with Ph,B and HeLi) indicates that these com~
pounds mey be ionic species of the form (benns_n)mz, (snxnnhpn)m ,
eto.
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Reactions of Orgenometsllic Compounds with Titanium Helides

1. Bimetgllic orgenometsllic compounds.~

Several organcmetallic compounds, containing sluminium and
titanium, have recently been isclated and well charaoterized.1 As
mentioned in chapter 1, the complexes formed from aluminium alkyls
and bis(eyclopentadienyl)titanium dichloride exhibit catalytic
properties for the low pressure polymerization of a~olefins. As suth,
they represent the only isolable catalysis of the Ziegler type which
have well defined structures. |

In this chapter, a discussion is presented of investigations
of seversl organcmetellice-titanium halide systems which are similar,
in some ways, to those used to obtain the complexes mentioned above.
The original work deseribed in the following section of this chepter
is concermed with the action of triethyle-sluminium etherate and of
tetraethyl=lead on bis(cyclopentedienyl)titanium dichloride. These
investigations were undertsken to gain a clearer understanding of some
of the faetors which affect the formation and stability of the bimetallio
complexes. The next section includes a brief description of same
essentially qualit_ative observations of the action of lithiuwm tetra-
ethylaluminate on titanium tetrachloride. The final section of the
chapter deacribes the result of attempts to prepere new bimetallic
campounds, similer to szTiclelaz, but containing lesd or tin in
place of aluminium.

Before discussing the results of these investigations, it

gseens pertinent to consider just how general the formetion of
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bimetallic complexes is to organometallic chemistry. Several examples
of such ccmpounds have elready been mentioned in previcus chapters.
These complexes can be conveniently classified according to the type

of metalemetal linkage in the compound. Complexes slresdy considered
inelude those with an ionic linkege such as sodium tetreethylaluminate,
Na'(A1Et,)”, the bridged campounds like CpaTi<gi>AlR2 and RAIGDAIR,,
co~ordinstion compounds of the type R3P¢A1013, end organometallic
compounds incorporating metal-metel o-bonds, such as hexsethyldilend,
EtBP‘b-P‘bEtS. Indeed these compounds represent all the magin classes

of bimetallic camplexes involving metal alkyls and other metal compounds
which have been investigated, Other bimetallic organcmetsllic compounds,
involving transition metels linked through bridging earbonyl or nitroayl
groups, ere also known> but will not be discussed here. The known

bimetallic complexes of metal alkyls are summarized in table L.1.

2. Hetal 1= el 1)titanium dichloride systems.~

(a) ZIhe action of sluminiwm 2lkyls on bis(eyelopentadienyl)-

titenium dichloride in inert solvents.
Several investigations of sluminium alkylebis(cyelopente~

dienyl) titenium dichloride interactions have been reported in the
litereture, and, ss indicated previously, a number of aluminiume
titanium complexes have been isolated frum these systems. A survey

of these reactions therefore seems necessary before proceeding to o
discussion of the reactions of metel alkyls with bis(cyolopentadienyl)-
titanium dichloride investigated in this study.

Complexes of the general form Cp,TiCLAIR'R (where R' and



76

Toble 4.4
Bimetallic complexes of ‘'metal' alkyls

Classification: A - Metalemetal o=bond.
B =~ Metal-metal co-ordinate bond.
C = Ionic metal-metal linkage.
D - Bridged metal-métel linkage.

Types of metals ‘

1nvolved Examples 01a§sification
GIp.I = Grp.II - LiznEt, ete. c
Grp-I - Grp.III NaBMe ’ LiA.l'Etscl etc, ¢
Grpel = Grp. IV K&’reEtj, Lisnie,, Ne,PbEts etc, c
Grp.I - T!'. met. Lm‘; y ?
Grp.Il = Orpe I R—Ba R Be B Be—1 ete. D
GrpeII = Grp. V Rz“'“f“})a 'e;tc. . B

- (ie,) *(HgI,)" eto. c
Grp.m g G‘:'p.III RSAI.RiB atco D

- , <+ .
Grpe III = Grp. V RjB.(NEts) ) R3A1.P!v193 ste. BorcC
Grpe III » Tr. met. CpaTiC].ZAlEtZ etc. D
Grp. IV = Grp. IV R‘,’Sn.SnR}, RBGe.SnR% ete. A
Grpe V = Grp. V MeQSb.Sbﬂeg ete. A
Grp. V = Tr. met, (Et‘,’P)aPmez ete. B
D

Tr. net. = Tr. net. (k!aPtCl5)h, (Maﬁ.uBr)h

Except where other references are given, examples are taken

from Coantes' textbook on Organcmetallic Compounﬁs.3
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B are alkyl or halide groups) have been thoroughly investigated hy
several workers. The firat bimetallic complex of this type was
isoleted by Natte and co-workeraf' from the interaction of bis(eyeloe
pentadienyl) titanium dichloride and triethyl-aluminium in heptane.
The following stoichiometry accounts for the cbserved products from
the reaction:

Cp,Ticl, + AlEt}—-é szTiClelEtz + %CZH&. + %czﬁé.
Subsequently, Nattaé reported the preparations of the similar compounds
CPZTiClZAIEtCl and szTiCI.zAJ.Clz from the interaction of bis(cyclopenta-
dienyl)titanium dichloride with diethylealuminium chloride and ethyl=

7 have also

aluninium chloride respectively. Breslow and co-workers
observed that interaction of bis(cyclopentedienyl)titanium dichloride
with diethylealuwminium chloride gives Cp2T101.A1Ew12, s well as other
complexes.

4 stepwise mechanism has been suggested for the formation of
these complexes. It has been postulated that the complexes isclated
from these systems are formed after the titanium has been reduced by the
sluminivm alkyl, e.g.

Cp,TiC1, + AlR,Cl——> Cp,MCIR + AlRCL,
L+>Cp2T101 + %CZHL + %czﬁG.
The bis(ecyclopentadienyl)titanium monoehloride formed in this way can
then form complexes with any alkyl-aluminium helides present, e.g.
(:pzTic:L + AlRClz—’ szT'i(:lelcm.
The suggested mechanism is supported by the obaerva.tion" that

direct intersction between bis{cyclopentadienyl)titanium monochloride
and aluminium alkyls or sluminium halides also yield these complexes.
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An elternative mechanism hes been proposed which involves
reduction of the titanium within a cyclopentadisnyletitanium = alkyle
eluminivm complex. It is suggested that initially a titanium(IV)
complex is probably formed, e.g.

2 Gp,TiCl, + (Etzucl)zﬁ- 2 Cp,TiCl, Bt A1C1
and that alkyl e xchange and subsequent homolytic fission of the titaniume
elkyl dond tekes place without breakdown of the complex, e.g.

CpaTiCIE.EtzAlcl-\——L Cp,EtTiCL.EHAICL,

Cp,EtTICL.EAICL,—> Cp,TiC1.EtAICl, + Et’

However, since Breslow end co-workers’® have both refuted the posaibility
of alkyl exchange of the type shown and, in a seperate publication, '™
precented spectroscopic evidence for the formation of 2ll the eluminiume
titenium complexes shown in the above equations, the plausibility of

this mechaniam is still in doubt.

The formuletion of these complexes as szTiclz&lR'R" follows
from analyses and other chemicasl inveatigations of the compounds. Feor
instance, treatment of the complexes with anhydrous hydrogen chloride
regenerates bis(cyclopentadisnyl) titanium dichloride in good yield,”
indicating thet the cyclopentadienyl groups are still atteched to the

titanium af'ter complex formaticn; and the action of diethyl gthera or

tortiary amine59 on the complexes causes their breekdown to form bis~
(cyololaentaaianyl)titanitm monochloride end AIR'R"CJ..MQB.

The detailed molecular constitution of some szTiClelR'R"
complexes has been established by X-rgy analysis. These investigetions
_have revealed that the two metals are linked through bridging ohléri.pe

groups. The lattice structure of Cp,TiClAlEt, has been established!0




Fig. 4.1 Schematic representation of the molecular structure
of bis(cyclopentadienyl)titanium dichloride.

@)

D

& -7
D - al
9 =Cl
O =Et

Fig, 4.2 Schematic representation of the molecular stucture
of the compound (C ) TiAl(C )2
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in this wey, and is shown in figure L.1.

A few other compounds of different type but of related interest
have been reported. For instance, Long" has investigated similar
systems in which methylesluminium chloride and aluminium trichloride ere
uged in place of the ethylealuminium compounds. On spectroscopic
evidence, he has suggested the -fomation of two eomplaxes in each
ingtanoce, vis. [szTiC].(RAICZ‘LB)] and [szTi(RAlCIB) 2], (R = methyl or
chloride group). The [CpaTi(RAlCIB)a] species are formed only when
the ratlo of AL:Ti is greater than 1:1. In contrast to most of the
complexes desoribed previously, these compounds ere complsxes of titan=

ium(IV): Adsug and co-werkers'

have elso investigated bis{cyslopenta=
dienyl) titenium diehloride-aluminium triehloride systems spectrophoto-
metrically, but their results, which indicete the formation of the come=
pounds [cpamclz(m15) 2] and [szficlz(AElB) 5], are not in a.ggeemmt
with those obtelned by Long.

Netta and co-workers'

5 have described the formation of two
other titaniumealuminium complexes. One is formed from bis( cyclopenta~
dienyl) titenium monochloride and triethylesluminium, and the analysis
and chemicel behaviour of this compound suggests the formuletion
[sz'l‘iAlEtz]zg X~roy analyasis of the 201id established the unusual
spatial model shown in figure 4.2.

The other complex is formed by z Friedel-Crafts type reduction
of titanium tetrachloride using aluminium and a little eluminium trie
chloride in benzene. ” Natte and coworkers heve reported that this
eomplex is a bimetallic compound oconteining en aluminiume-phenyl link,
and suggest the structural formule
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However, Mertin end Vohwinksl'” dispute this formulation and have
presented edditional evidence whioh indicates thet the compound is
actually an arene complex of titsnium(II). They suggest the empirical
formuls Alzmcz.a(csae) for the complex.

A similar camplex, formulated by Natte and cmorkera16 a8

(AJ.ZCQCISPh)ZCGHS has also been deseribed.

(v) The sction of iriethylesluminium etherate on bis
ﬂiﬂl)titanim dichloride.
As mentioned in the preceding section, oomplexes formed from
sluminium alkyls end bis( cyclopentedienyl)titanium dichloride arve
ruptured when treeted with dlethyl ether,e € ge

Cp,TACL.CLAIR'E" + Et,0—>— Cp,TiCl + CLAIR'E".Et,0.

It seemed of intereat therefors to investigate the sotion of triethyle
aluminium etherate on bis{cyclopentadienyl)titenium dichloride. In
chapter 3, it was shown that the formation of etherates of aluminium
alkyls does not preveht the exchange of alkyl groups from sluminium to
other metals. Hence, in the system under study, alkylstion (end con-
sequently possible reduction) of the titanium seemed feesidle. It
seemed probable, however, that sé.tizration of the electron-deficiency of
the aluminium alkyl by the formation of the etherate prior to reaotion
with the titenium compound would inhibit subsequent eomplex formation.
The reaction between triethylesluminium etherate end bis~

(eyclopentadienyl) titanium dichloride in tetrehydrofuran forms s soluble

green compound, Evaporation of the solvents in vasuum yielded s hetero~
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geneous mixture of brown end green solids. This solid mixture changed
completely to 2 dark eoloured solié within & few hours, Beth the green
end dark sclids contained reduced titenium, but quantitative determinations
of titanium(III) were not reproducible. Additionsl quantitative analyses
of the solid residue were not sttempted because of the apparent heterce
geneity of the solid, TFurthermore, quantitative ha.ndling of the solid
was difficult beceause of its extreme sensitivity to traces of eir.
It wes subsequently realiged thet the chemical behaviour of

this solid resembled thet of the tetrahydrofuran complex of bis(cyelo~
pentadienyl) titaniun(IT) .17  This latter compownd exists in both green
and browm forms. It has only been isolated from solution in the green
form, but & rapid transformation to the brown species takes place within
a fow hours. The compound is very sensitive to oxygen. Although it
reacts only very slowly with oxygen-free water, it is o:ad.d:’tzea. by dilute
mineral acid solutions to the bis{cyclopentedienyl)titanium hydrexy cation,
szTi(CH}“.. This latter property could explein the irreproducible nature
of the attempted determinations of reduced titanium. Since facilities
for semi-micro determinations of cérbon and hydrogen in oxygen reective
meterials were not available, no further attempts to confirm the
constitution of the green and brown reaction products could be made.
However, the following reaction scheme is intuitively suggested.

t'a‘;paTit':ll.2 + Et5A1.Et20—> CpaTiEt

2
Cp,Ti + 2Et°

+ Clz.»l.lEt.EtZO

Cp,Ti + TF —> Cp,T4.TF.

Since this mechaniem requires the intermediste formation of
bis(cyclopentadienyl)-alkyl-titaniun compounds, scme attempts were made
to detect such compounds in this system. Bis{cyclopentadienyl)-diethyl-
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titanim,w bis{ cyclopentadienyl)-methyl=titanium t:s!alz:o::-:l.cle;,‘!9 and bis~

{ cyclopentadienyl)~ethyl=titanium shloride’®

have all been prepared by
the action of a Grignard resgent on bis(cyclopentadienyl)titaniim di=-
chloride. Obgewationu made during the development of these preparations
indicate that the experimental conditions employed may c¢onsiderebly effect
the possibility of isolating satisfactory yields of bis(cyelopentadienyl)-
alkyletitanivm compounds from metal aliyl~bis(eyclopentadienyl)titanium
dichloride szystems. For instsnce, it has been suggested that exces&
metal allyl end possibly titanium(III) compounds cause the autccatalytie
decomposition of bis(eyclopentedienyl)-slkyl-titanium compounds. Further-
more, it has been reported that the sclvent used in the preperetion mey
have considerable effsct on the amount of bis(cyclopentadienyl)-elkyle
titaniw compound which can be isolated. Notwithstanding these
difficulties, a =small smount of 2 yellow-orange sclid, whick may be a
bis( cyclopentadienyl)=alkyl=-titanium compound, was isclated from the bis-
(oyclopentadienyl)titanium dichloride-—triethyl-cluminium etherate systems.
Less than 1% yield of assumed Cp,TiR'Et (R' = chloride or ethyl group)
was obtained. The yellow-orange solid decomposed upon attempted sub-
limation. It did not seem to be afifected upon exposurs to dry air.
Bis( cyclopentadienyl) titenium dichloride ecould be regensrated from the
yellow=orenge solid by treatment with hydrogen chloride, indicating that
the tyclopentadienyl groups are still attached to titanium in the new
compound.

Electron absorption spectra of solutions of bis(cyeclopentadienyl)-
titanium dichloride and the yellow-orange titanium derivative in toluene

were compared and the results cre showm in figure L.3. Since the
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Fig. 4.3 Comparison of the spectra (visible region) of bis-
(cyclopentadienyl)titanium dichloride (I) and the
bis(cyclopentadienyl)—-ethyl-titanium compound (II).
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ebsorption maximum shows in the spectrum of bis(eyclopentedienyl)titanium
dichloride is probably due to charge transfer between titenium and cﬁlcrine 5
the spectra indicate that groups other than ehlorine are atteched to
titenium in the yellow-crange &olid.

Inability to purify the product, and difficulties associated
with snalysing air vesctive materials, rendered further confirmation of
the nature of the product difficult. However, the results further support
the suggestion tihat bis(cyclopsntadienyl)-alkyl-titenium compounds are
formed in the resction.

(e¢) The sction of tetrmethyl-lesd on bis{eyelopentadienyl)titenium

diehloride.
Feilure to obtain well authenticeted bis(eyclopentadienyl)=

elkyl-titanium derivetives from the intersotion of triethyl-eluminium
etherate and bis(ceyclopentadienyl)titenium dichloride, and the report
that titenium tetrachloride is rapidly converted to ethyl-titanium fri-
chloride by treatment with tatraeﬂ:yl«-lead,zo prompted an investigation

of the sotion of tetraethylelead on bis(cyclopentedienyl)titenium di-
chloride.

Vhen tetrasthyl~lead and bis(cyclopentadienyl)titenium dichloride
are mixed in the sbsence of s solvent, no reaction is cheserved. Howevsr,
when bis(cyclopentedienyl) titanium diohloride is ireated with tetraethyl-
lead in an organic solvent, = white mrecipitete slowly forms. The white
precipitate forms most quickly when the ratio of Fb:Ti is greater than
1:1. 1Isclation, and subsequent anslyslis of the white solid indicated
it wes predominantly triethyl-leed chioride.

Conversion of tetraethyl-lead to triethyl-lead chloride
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indicates that transfer of sume alkyl groups from lead to titanium had
ocourred. However, no bis(cyclopentadienyl)-ethyl-titenium derivatives
could be isolated from the reaction mixture. As mentioned previously,
the obsexrvations of other workers indicate that umreacted lead alkyl
could ceuse the sutocatelytic decomposition of bis(cyelopentadienyl)e
ethyl=titaniun ocompounds so that inability to isolste umdecomposed
titanium elkyls from the system investigated is not altogether surprising.
However, no other new titanium derivatives of well defined constitution
oould be isolated from the resction mixture. This may indicate thet e
number of different titanium derivutives were formed by different modes
of bis(eyclopentadienyl)-ethyl-titanium decomposition.

Same further cbservations, which support that bis(cyclopente-
dienyl)titenivm dichloride wes transformed to acme new titanium species
when treated with tetraethyl-lesd, were made. Firstly, hydrolysis of
the reaction mixture liberated s amall amount of gaseous hydrocarben.
Since it is known that hydrolysis of titanium alkyls does, in scme
instances et least, liberate hydrocarbons (e.g. the aqueous hydrolysis
of ethyl-titenium trichloride libarates ethane quantitatively"e) whereas
lead alkyls are extremely stable towards hydrolysis, this liberation
of hydrocarbons cgn only be due to hydrolysis of titanium alkyls,
Although the greater stability of eyelopentadienyl-alkyletiteniun com=
pounds compared with simple titanium alkyls indicates that hydrolysis
of the oyclopentadienyl derivative might be less than quantitative, the
results obtained revealed that at least 205 conversiocn of bis(eyelopenta=
dlenyl)titenium dichloride to bis(eyclopentadienyl)=-ethyl-titanium
chloride had taken place when a mixture of chlorcform solutions of
bis{eyclopentadienyl) titanium dichloride end tetreethyl~lead was shaken
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for two hours.

Sesondly, the abscrption propertiss of bis(cyelopentedienyl)-
titenium dichloride~tetraethyl~lead reaction solutions [vis. that bise
eyclopentedienyl)titanium dichloride solutions exhibit an ebsorption
meximum gt 518 mu, whersas tetraethyl-lead does not absorb at this wave-
length, and that bis(ecyclopentadienyl)titenium dichloride solutions odey
the Lambert~Beer law] made it poseible to relate the concentration of
bvis{ eyelopentadienyl) titanium dichloride in these solutions to the optioal
density of the reaction mixture. In this way it was observed that a
gradual but continuous decresse of bis(cyclopentadienyl)titanium &ichloride
concentration cccurred when solutions of the titanium compound were
treated with tetraethyl-lead (see table 4.2).

Iable

Varistion of the molar concentration of bi 1 tadienyl)titenium
dichloride in an e oler mixture of bis(eyel tedienvl)titenium

dichloride and tetraethyl-lead
Time (hrs.) Molar cone. of unchanged CBETicla

0 2.90 mi

3 2.50

7 2.47
20 2,22

Interference from the slkyl-lesd halides formed during the reaction was
eliminated by using ethyl acetate as solvent., Triethyl-lead chloride
is soluble in this sclvent.

It was further observed that the epeotrum of bis(oyclopentadienyl
titapium dichloride chenges consldersbly, but slowly, in the visible
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region when tetrasthyl-lead is added to the titanium compound ( see

figure he)). This chenge in the specirum demonstrates thet a change

in the nature of the titsnium speoies is slowly taking place. The
observed spectral changes ere similer, in same respects, to those
reported ty Breslow and Morkerss for the interaction of bis(oyeclopenta=
dienyl) titanium dichloride and diethylealuminium chlorids., However, the
extreme slowness of the reaction when tetraethyl-lead ip used, snd the
subsequent deterioration of the solutions, mekes accurate interpretation
and comparison of these spectrs difficult.

The slowness of the reaction in chlorcform may be due, in part,
to 8 peculiar solvent effect., It iz femsible that some decomposition
of the aligylated titanium species ascording to

szﬁcmt—%cpzi‘wl + Et’
would ooeur, end since it has been observed that bis(cyclopentadienyl)-
titanium monochloride is oxidised by methylene chloride,7 & similar
reaction with cohloroform can be expected. It is feasible therefore that
decomposition of the alkylated titanium derivative msy indirectly result
in the reformation of bis(cyclopentadienyl)titenium diohloride. It is
diffioult, however, to explain similarly the slowness of the resotion in
non=-halogenated hydrocarbon solvents.

Although complete charaoterizetion of the products has not been
achieved, the results indicete that the initial resotion can probably
beet bs represented by en equilibrium of the type:

chmelz + PbEt‘;w——i‘- szEtTiGl + P“bEtBGl,
which favours deallvlatiog of the titanium derivative. It would seem
that the bis(eyclopentadienyl)=ethylwtitaniue compound is unstable in
the presence of unreacted lead alkyl, and perhaps also in the solvents



DENSITY .

OPTICAL

150
100 =
0-5p -
0 1
300 400 500 600
m,&.
Fig. 4.4 Spectra (visible region):- the interaction of bis-

(eyclopentadienyl)titanium dichloride and tetra-
ethyl-lead.

I- the spectrum of pure bis(cyclopentadienyl)titan-
ium dichloride; II-~ the spectrum of the mixture aft-
er 2 hours;y III- the spectrum of the mixture after
48 hours.
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used, and decompozss to unidentified titanium derivetives. The removal
of the titanium compound in this way would disploce the equilibrium to
the right, thus expleining the slow but econtinuous removal of colowr
from the solution.

3« Reactions of slkeli metal derivatives of organometallics with
titaniun helides.=
(&) The eotion of lithium tetrsethylaluminete on titanium tetra=

Although bis( eyclopentedienyl)titenium dichloride =
aluminium alkyl systems often yield well defined products, the products
obtained from the interaction of titanium tetrahalides and aluminium
alkyls are by no means so well authenticeted. A considerable amount
of work has been done on the latter systems, and this has been briefly
swveyed in chapter 1. In genersl, the accumulated evidence indicates
thet the titanium is initially alkylated by the eluminium alkyl, end
that the titanium elkyl so formed subsequently decomposes with the
evolution of hydrocerbon geses and the formation of reduced titenium
halides., It has been suggested that the allyl-aluminium halides are
then strongly adsorbed onto irregularities at the surface of the titanium
halide, but the nature and extent of the sdsorption have not been well
sateblished. In this study, the investigations of the alkylating
properties of lithium tetraethylaluminate described in chapter 3 have
boen extended further to cover the resction between titenium tetra~
chloride end lithium tetrsethylaluminate.

The intersction of egquimeiar proportions of lithium tetre=-
ethylaluminate end titenium tetrachloride in an inert orgenie solvent
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produced & dsrk coloured deposit, or scmetimes e dark brown oil, Hydro-
oarbon geses were simultaneously evolved. Moletular weight determine
etions indicated that these gases were essentially szdmcarbm and
chemicel tests revenled the presence of some unssturated hydroocarbon,

In view of the large number of reports on the nature of the gases evolved

from such mratans,m

the gases were not further investigated.

When the reaction was carried cut in tetrahydrofuran as solvent,
a green solid formed as well as the dark deposit. Within a few hours,
the dark deposit was completely transformed to the green solid,

Both the green solid snd the dark deposit contained reduced
titanium and oonsequently were rapidly decomposed upon exposure to the .
air. Thorough washing of the solids with o variety of organic solvents
did not remove 2ll the lithium end aluminivm indicating the formation
of adsorption complexes or of chemicel campounds. Quantitative analyses
of samples of the solids were not reproducible. It seems likely that
the green solid is u solvated form of the browm deposit.

Since it was shown in the last chapter that lithiuwm tetre-
alkylalwsinates probebly behave as mixtures of lithium alkyls end slum-
inium txrislkyle, it can be anticipated that o complex variety of inter~
actions can take place im this gystem. DBy analogy with related
investigations of the interaction ¢f titenium tetrahalide with ethylw
1ithiw®? end with triethyl-sluminium® the following resctions are
intuitively suggested. Doubtless, other resctions would also contribute
to the overall stoichiometry.

TiClL, + LiAJRY,—> TiClR + LiCl + AR,
'.ci013 + %CZH&. * ﬁ—czaﬁ.
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T.‘..G].3 * m3—> TiClzB & mzcl

=T, + M, + H0H.

eto.
TiCl, + m——a—-ml}.(m)n.
ete.
3 r —_— T,

"mn.3 + LiCl Li(mcln) .
(b) Reactions of me derivatives of group IV me

with bis(cyelopentadienyl) titenium dichloride.”*

It is imoan25 that some organcmetallic compounds of the form

n(wuh), (where ¥ = alkali metal, M' = lead or tin, R = alkyl group)
react with allkyl-metal halides in the following manner:

MM'R)) ¢+ BM'I —>-Rg'.'Ry + HI.
It thus seemed foasible that interaction of such M(M'R) compounds with
bis{ oyclopentadienyl) titaniim diohloride might lead to the preparation
of new bimetallic organomstellic cocmpounds, e.g.

Mu'Ry) + cpémclz——» Cp,MCL.U'R, + MCL.

If titanium-group IV metal ccmpounds of this type were formed, they could
conceivably exist either as bridged complexes similar to the titanium~
aluminium complexes disoussed previously, €.g.

Cp 1. R
c \“‘R)! Sy

or as compounds with a direct metel-metal linkage, €.g.

€1l —m—u_ R

e SR

In this section, investigations of the intersetion of bis(cyelopenta-
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dlenyl) titanium dichloride with triethylplumbyl sodiwm and with tri-
ethylstannyl lithium are discussed.
Triethylplumbyl sodium was prepared in liquid ammonia solvent
aystems fron sodium and tetraethyl-lesd, e.g.
2(ne’ e) + PbBt,——>—NaEt + Na(PbEt;)
NeEt + Ni;—>— NaMi, + Cj.

It was shown in chapter 2 that triethylplumdyl sodium cannot be easily
isolated in e aystem fres of liquid ammonia, and henoe it was necessary
to work in liquid ammonia as solvent for the reastion between triethyl-
plusbyl sodivm and bisoyslopentadienyl) titanium édchloride. Conssquente
1y, it secmed necessary to investigate the effect of liquid ammonia on
bis(cyclopentadienyl)titanium dichloride., Ammonolysis oceurred when
the sclid titanlum compound was placed in contast with liquid smmonia
to yield & yellow slightly soluble product. The ammonis solution
contained free chloride ions whgieh could be precipitated as barium
chloride on the addition of a solution of barium nitrate in liquid
enmonia. Treatment of the solid with water liberated smmonia and
dissolved out some ammonium chloride. These results indicate that the
solid is & mixture of ammonium chloride and ammono-basic titanium
cempounds. A plausible resction scheme is shown below:

CpTicl, + ——>—Cp,MMLX + N, €1 (x = m, or C1).
The average ratio of Ti:N:Cl in the yellow solid produst was 1:13<4:2,
the veristion in the nitrogen value being from 3.15 to 3.60. This
ratio indicetes that the idealized composition of the product mixture
on s mole basis could be either

A+ {OpmacINL M, + w0},
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or B: { Cp,TiC1W, + Op,Ti(NH,), + 3 mﬁl} "
o G: [opPa(m,), + 2myc1].

Repested extraction of the solid with liquid emmonis failed to separate
ammonium chloride from the ammono~basie titanium compound since the
latter dissolved to a significent extent in 1iquid esmonia, It is
possible that this solubility in 1iquid emmonia is e result of complex
apnion formation in the liquid ammonis solutions, e.g.

NLCL + Cp,T4CINH,— > m;‘(cpznclzmz)'.
Beoause the product constituents eould not be separated, it has not
been poseible to esteblish which cempogition is correct. A similer
problem of ammonium chloride contaminetion was met by Fowles and '
Nichollaz? in the smmonolysis of titanium tetrahalides. They did not
cbserve complete replacement of all four halogens in their resctions
and since it seems unlikely that only half the gyclopentadienyletitanivm
canpound would be completely ammonclyzed rather then the total quantity,
| composition A 1s favoured.

It seems feasible to explain this inability to replece complete~
1y ell the helogens in compounds of this {ype in terms of the formation
of bridged compounds, the bridging halogens being those which cannot be
substituted. Thus, ocompounds of the types shown below can be visunle
ised

RH
2 C»p/ \61/ ~e

Cp C1 Cp NH Cl RH
\Ti “~, i/ - M /

2 Zm/m\

2
—— M
01/' \mz 2

Since it has been claimedzs thet emmonium chloride will

decompose triethylplumbyl sodium, the formation of smmonium ehloride
from the emmonolysis of bis(eyclopentadienyl)titanium dichloride
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further complicetes the system under study. It was therefore
considered advissble to fuprther iuvestigate the action of ammonium
chioride on triethylplymbyl sodimm in liquid ammonia. It was observed
that the reaction leads to the evolution of gases snd the formation of
green solids in the reaction vessel. Removal of ammonia by vacuus
distillation at =78° led to the simultanscus decamposition of the greem
80lid to yield geseocus products and a grey coloured residue. From the
latter, tetraethyl-lead and sodium chloride were extrescted. Fraction-
ation of the gaseous constituents separated, from the emmonia, & amseli
amount of a compound vhich decomposed at room temperature into leed,
tetrasthyl-lead, gaseous hydrocarbons, and a non-sondensible grs { pre-
sunably hydrogen).

It seems feasible that the following resction would initially
oceur in this system:

Ha(PbEts) + Ml —e—-mh(mtj,) + HaCl.
Susch an ammonium~lead selt is essentially a solveted alkyl-lead hydride,
HP'bEty The reaction is similer to the known reaction between smmonium
salts and trimethylsternyl sodium in liquid emmonia. In the latter
reaction trimethylstannane separstes 23 a heavy oil:

NeSule + ML,” + X —> Me,Sril + Ni, + NaX.
Thus it seems probeble that the green solid contains the thermally
unstable triethylplumbane, and the products ccllected indicate that the
following modes of decomposition sre pessible:

- EtBPb‘mtS + Hy + 21@!5

2 (E%Pw)m3\

2Et2P'b + 2c2116 +2m3.



6 Et,Fo —>= [aEtGsz + 2Fb]—>3Pb + 3 PLEL, -
Relatively few alkyl-lead hydrides have been isolated, but some invest-
jgaticna of trialkylelecd hydrides have recently been reported. A
camparison of the results obtainsd in these investigations with those
reported above therefore sesms pertinent.

Duffy and Holliday>’ have good cvidence for the formetion of
trimethyl-lead hydride from trimsthyl-lead chloride and potassium boro—
hydride in liquid smmonis, snd have observed thet the product decomposss
initislly sccording to:

2 E%esmi —> East.PhHezH + mh.

This dilead compound decomposed i‘urther on warming to room temperature
to yield leed, tetremethyl-lead, hydrogen and methane. The only other
report of the preparation of trislkyl~lead hydrides involves the
lithium tetrahydroaluminate reduction of trialkyl=-lead halides. Becker
and Cool?o have prepared both trimethyl-lesd hydride and triethyl=lead
hydride in this way, and have observed that the hydrides decompose
according to the equation

l,,RsPHi——>—2H2 + 3%32(. + Pbhe.
It is thus apperent that various modes of irialkyl-lead hydride
deccmposition mey be possiblae,

The reaction between bis(cyclopentadienyl)titanivm dichloride
and triethylplumbyl sodium in ammonia/diethyl ether solution forms a
blue~-green solid which contains meither free bis(cyclopentedienyl)-
titanium dichloride nor the corresponding ammono=basit compound.

The compound, when freed from ammonis, ia.piﬂly changed intc a buff

coloureé =clid; the change was lrreversible =nd was acconpanied by
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the liberation of gasecus hydrocsrbons. The buff solid contained both
leed end titenivm. 411 the chlorine originally attached to titanium
could be extracted from the solid product as sodium chloride by Rt
m with water. Treatment of the so0lid with nitric zcid gave lead
nitrate, sthanc, end unidentified titenium derivetives. Some evidence
#as obtained that the product contaired eesily oxidizable groups. The
product gave inconsistent analyses, but always had a low C:H ratio.

' The non=reproducible nniturs of thess analyses can only be etiributed

to heterogeneity of the solid caused hy different modes of the decon-
position. The following equations are suggested as representing the
formation of the initisl blue-green bimetallic complex.

Cp,TiCl, + 3 Wi, — = Cp, TiCIHH,.NH, + Ni,Cl

followed either by
cpzﬁcmz% + HanEtj—%—- szrﬂmzme + HNaCl

o MEEtS + ME#CI——a—thbEtB + HNaCl

szﬁcnmz.rﬁ3 + I‘&I&mtj%— ch‘Hmz.PbEtE + NHAC]..
The ammonium chioride would then reasct with sodsmide formed in the
rreparation of triethylplusmbyl sodium to yield scdivm chloride.

The instability of the propossd bimetallic camplex prevented
its further characterization.

An investigation of the possibility of reducing bis(eyclo-
pentadienyl) titanivm dichloride in liquid amoenia was carried out hy
treating the titanium compound with a solution of sodium in liquid
smmonia. A green coloured solid, believed to be e titanium(III)

cyclopentadisryl derivative, was formed. This was, however, converted
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to a yellow ammono-basic titanium compound when the solvent was
completely removed by evaporation. The ratio of Ti:N:Cl in this
yellow solid was 1:2+¢3:2. The product hes been reoxidized to &
titaniwm(IV) compound, the ideslized composition on s mole basis being

{cpzﬁcmz.mj + mac1f .

The following reaction scheme is postulated to account for thess

observations.
Cp,TiC1 NaNH
eE=S + (Na* @) — cp,TiC1 + 2
or chmcnmz or HaCl

Cp,TiCl + 2 M

—— (Cp,TaME, + mkgl)ﬁm;( Cp,TiC1N,) .

3
m;(cpzﬁmmz)@ms—a- H*(f:paﬁcmz) + (x+ 1)y

;szmmz + H°.

Triethylstannyl lithium was prepared in the absence of
liquid smmonia by the reaction between ethylelithivm and diethyl-tin
in diethyl ether.”! It was thus possible to earry out the reactiom
of this alkali metal derivative with bis(cyclopentadienyl)titanium
dichloride in the asbsence of ammonis. The resction yielded a yellow-
brown solid and a green solution. Vacuum filtration of the reaction
nixture and removal of the solvent from the filtrate yielded a yellow-
brown solid. Both this solid and the originsl precipitate from the
reaction were free of bis{cyclopentadienyl)titanium dichloride and
contained both tin end titanium. The solids had neusesting odours
characteristic of trialkyl-tin compounds. The precipitation of com~
plex phenylborates and picrates from samples of the reaction solution
indleated the probable existence of cyclopemtadienyl~titenium cations
in this soiution. Part of the chlorine originally attached to the
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titanium could be extracted from the s0lid by water es lithium chloride.
Carbon and hydrogen analyses of the solids were not informetive, being
found to be extremely low. Qualitative anolyses of the freshly
precipitated solids reveasled the presence of some titsniwum(III) as

well es titaniwn(IV). The soclids ware visibly hetervgeneous. 1In
accord with the equations for the reaction with triethylplumbyl sodium,

the following reaction scheme is suggested.

Cp,TiC1, + Li( smt3) —_— szTiGJSnEtB + LicC1,
However, because of the probable partial dissociation of triethyl~
stannyl lithiwm according too!

Li(SnEt;) == LiEt + SnEt,
the mechaniam is slmost certainly oversimplified.

The postulated bimetallic complex could not be isoclated
since it decomposed readily, even in solution, to the yellow browm
solid.

The indication that some titanium(III) compounds are formed
by decomposition of the initially formed complex could be explained as

follows.
e

S — ns JIT o
sz'i':l.Cl SnE‘I:B szﬂ.‘i Cl + SnE‘l'j
L %Snzzte.

However, the green complex doubtless decomposed in seversl different

WaY Se
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CHAPTER 5
An Exploratory Study of the Formation of Some Fluoroc—

earbon Derivatives of lMetals

1. General methods of synthesis of perfluorcelikylemetal compounds.-
The preperations of perfluoroaikyl derivatives of same metals

were briefly discussed in chapter 1, but the survey was by no means

exhaustive. It would be of interest, therefore, to tabulate the
feasible preparative routes to perfluoreslkyl-metal compounds, and to
comment on the degree of success schieved with those syntheses which
have been reported, This is done in table 5.1.

The tsble shows that only two methods have been suscessfully
developed for the general preparation of perflucroaliyl-metszl compounds;
the resctions of perfluorcelkyl iodides with metels, and exchenge
reactions involving metal alkyls (or aryls) and perfluorcalkyl iodides.
Although metal alkyls hove been used extensively to prepare new orgsno-
metallic compounds, reactive perflucrocalkyl-metal compounds have not
been so widely used for this purpose. This is doubtless because of
the difficulties associsted with the preparations of these compounds,
and also becguse of their low thermal stability.

Since the synthesis of perfluorocalkyl derivatives of group
IIT and IV metals, and of transition metals, has not been widely
developed, possible new preparations of these compounds have been
investigated in this study. The investigetions reported here are
preliminary in nature, and more work is intended.



100

Preparstive routes to perfluorcelkylemetal compounds

Hethod of synthesis
(i) XResctions involving

b)

c)

free metals
¥+ Rfl'%’- E.!RfI

s o),

M + H*Rg—> MR+ M

(ii) Resetions involving

e)

b)

c)

metal helides

X + H'Rf—“r‘-‘hmf + 'YX

HF + CzFaﬁHCZFS

1':-'12 + er——z»-mfxs

(iii) Reactions involving

a)

orgencmetallic
compounds

MR + RrI-%'-MRf + RI

Camments

Perfluoroalkyl derivatives of ¥g,' Hg,2

Zn,” (and the group V elesents)* have been
prepared in this way.

Recently investigated as a possible pre-
paration of pexrfluorcalkyl-biamuth ccmpmmds.s

Used relatively 1ittle. However, bis-
trifiveromethyl-mercury has been gynthesized
from mercuric oxide and tris{triflucromethyl)-
phosphine.®

Succesafully employed for the preparation
of perfluorcalkyl-mercury compounds.’

Ummmmgmmms

Has been used to prepere perfluoroalkyl
derivatives. of Li,” tg,10 sn,11 ana m,1
(as well as the group V elements).!?
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b} REJMR « Rl —RiR, + BMI

e} M+ H'R—HR, + H'R

(iv) Reactions of metal
hydrides
a) M, + Rl —>—MR.I + —

b M + BgSC1—— MR, + —

(v) Hiscelleneous resctions
a) RgCOGH —> R + CO,

b) RgCUL —>Rgil + GO

e) B¥ +(F) —R i + (")

Not extenaively investigated for
netuls,

Reported az preparation of perfiuoro-
alkyl~aluminive complex.i®

Used to prepare trifluoramethyle-boron
-empmﬁa.ﬁ

{ Successful when ¥ = As‘)’s
Transition metal perflucroalkyls have
been prepared in this m.“gam

{F) = fivorinating agent = this method
has not bean extended to metal
énrivatives.
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2. Reactions invelving metal hydrides.
Heuptschein and ee-woz'ker;e have reported the unusual bshaviour

of perfluorcelkyl iodides with lithium tetrahydrogluminate. They report
thet interaction of these compounds formed perflucropropylealuminium
complexes. A detailed study of the reaction between heptafincropropyl
iodide and lithium tetrahydrosluminate established the following step~
wise reaction scheme.

x.iA}Hlb + 031?71—+ mez(c337)1 + B

r.m:mz(cs'??)z + CpfT——> z.iam(cjr7)xz + C.FA.
LiAJH(C3F7)Iz + CBP.’I —_— LiAl(GBF.,}ZIz + HI.
The overall stoichiometry for the resction is thus:

WA, 3 CR = LT, ¢ GRA ¢ HD oy
The neture of these aluminium complexes is not well esteblished.
Hauptschein and co-workers consider that the three complexes formed in
the reaction may be average components of the symmetrical species shown
below:

2 LI ,(C,F.)T = {I.jAl(chT) Hp + mamT}

2 AM(CFT, = {LAI(C,F,), + Lam]

2 LAUCF) T, = {Lial(c,r), + Lamr}.
However, because of the high lability of both alkyl and halide groups
which are attached to aluminium, such 2 uniform rearrangement does not
seem likely. It seems more fessible to propose thet the lithium alume
inium complex would break down to form lithium jodide and perfluoropropyl-
aluwinium compounds, e.g.

Lm(cjz[ )212—% LiI + m(cjr,,)aI.
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The only other report of similer nature involves the form~
ation of triflucromethylboron difluoride from diborene and trifluoro-
methanesulphenyl chloride (cr3sc1)."7 It is proposed that CF,-S
attack on the boron=hydride linkages forms H-5 and trifluoromethyl-
boron compounds,

In the present study, investigations of the interszction of
metel hydrides with perflucroalkyl iodides has been extended to the
reaction between triethylstamnane and heptefluoropropyl iodide.

Triethylstannane was prepered by the lithium tetrahydroalum-—
inate reduction of triethyletin chloride in diethyl ether as solvent.”'
A liquid ammopia-diethyl ether mixture was used as solvent for the
intersction of triethylstannane and heptaflueropropyl lodide. Liquid
smmonin was incorporated in the system to bind up any hydrogen iodide
formed during the anticipated reaction, e.g.

Bt Sl + ":3?71—>-Eejsn{c337) + HI
o3
mh_I.
It seemed necessary to inhlbit the formation of free hydrogen iodide
since it is known that hydrogen hslides cleave tin-alkyl linkages.22

The treatment of triethylstanmane with heptafluoropropyl
iodide caused the deposition of a white sclid. The solid was isolated
by filtration of the reasetion mixture in wscuum. Chemical tests
revealed that the s0lid contained ammoniven icdide. Diethyl ether and
amoniz were evaporated, in vacuum, frem the filtrate, and the liguid
residue was further fractionated to remove unchanged iriethylstannene.
Vapour pressure measurements on the liguid residue showed the presence

of more than one organo-tin species (Fig. 5.1). The components
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Fig. 5.1 Comparison of the vapour pressure-iemperature
relationship for triethylperfluoroethyltin (I)
and the product from the interaction of triethyl-
stannane and heptafluoropropyl iodide (II).
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could not be separsted by comventionsl vacuum fractionation techniques,
and vapour phese chrumatography was also ineffective because of
inordinately long slution times. Consequently, separation of the
product camponents could not be effected. However, the infra-red
absorption spectrum of the liquid showed the presence of some fluoro-
alkyl groups (Fig. 5.2), and alksline hydrolysis of the liquid liberated
some heptaflucropropene. Further chemical analyses indicated that
the product may be a mixture of triethyl-heptaflucropropyltin and other
unfluorineted triethyliin species. Less then 20% yield of triethyl-
heptafluoropropyltin was present in the product mixturs.

The investigations have not been extended to the more volatile
perflucroaliyl=tin derivatives.

3. Alkyleperfluorccliyl exchange reactions.
Severel exchange reactions which have been reported in the

literature sesm relevant to the exchange remcticns inwoelving aluminium
alkyls to be considered in this section, These are surveyed below
before the original work is discussed.

Firstly, it is often suggested that perfluoroelkyl iodides
can be considered ss pseuvdo-halogens, and consecuently it seems
pertinent to report the known reactions of dibslogens with trielkyl-
aluminium compounds. It has been obaserved> that halogens clsave
aluminivm-glkyl bords to form aluminium halides and alkyl halides, s.g.

RBAl + xa——+ RzAl’K + RX,
Canplete clesvage to aluminium tr:hzl:.de cann be achieved in a solvent

which eo~ordingtes with the gluminium trihalide.
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Figs 5.2 Infra-red spectrum of the product from the interaction
of triethylstannane and heptafluoropropyl iodide.
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Secondly, s few investigations of exchange reactions involving
metal alkyls and perfluoroallkyl iodicdes have recently been reported.
For instancs, an ertensive investigation of the replacement of methyl
groups by trifluoramethyl groups in systems containing trifiuoromethyl
jodide and trimethylphosphine, trimethyl-arsine or trimethyl stibine
has been carried out by Vest and Haszeldine; 2 an analogous invest~
igation of the interaction of trifluoromethyl lodide with higher trialkyl-
arsinss has more recently been carried out by Cullen; 2° HeBee and oo-
workers heve investigated similar systems involving allwl-lithim,g or

axylmgnssiuaw resgents and perflucroalkyl jodides; and Stone and

co-workers'' have observed that exchange of alkyl and perflucroalkyl
groups occurs in the gystem perfluorcslkyl iodide = tetranethyl-lead.
All the above mentioned observaiions indicste that exchange
in alvminium alkyl — perfluorcaliyl iodide systems is feasible. How=
ever, Korshunov end Batelov-" have recently shown that ethyl radical
exchenge in the system triethyl-sluminium — ethyl bromide requires the
presence of @ metal halide. They observed that no exchange takes place,
even at 150°C, if a metel halids is not present. Furthermore, it is
known thet exchange in alkyl metsl — perflucroalkyl iodide systems is
often sensitive to temperature (too low a tempersture inhibits ready
exchange whereas too high a temperature permits dseomposition of the
perflucrcalkyle=metal derivative) 2 These observations indicate that
extensive investigations might be necessary to estsblish the conditions
under which ewxchange in sluminiwe alkyl — perfluoroalkyl iodide systems
will give satisfsctory ylelds of perfluorocalkyl-sluminium compounds.

The investigations reported below sre therefore incomplete.
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The treatrent, in tetralyydrofuran et less than 0°G, of
lithium tetreethylalumingts with hspiafluorepropyl iodide in the molar
ratio 1:3 libsrated hydroecarbon and fluorecarbon gases. The gases
were roughly separated by fractionation in wacuum. Froctions consist~
ing of C,~hydrocarbons {presmasbly e mixture of ethane and ethylene),
€5~fluorccarbons (possibly s mixture of heptaflucropropane and perflucro=-
propens) , end other less volatile carbon compounds were isolated in this
way, the fractions being identified Ly molecular weight measurements,
vapour phase chrumatography, and infra-red snalysis. Samples of the
reacticn sclution were also exmmined by vapour phase chromstography,
end the formation of ethyl iodide wos detected in this way. The
reaction sclution was evaporated t¢ dryness in vacuum, and the white
so0lid residue was shown to contain both icdide and fluoride ions.

These results indicate some exchange of alkyl and pexrfluoro=
alkyl groups (and also of iodide groups). By analogy with the resction
scheme suggested for the interaction of lithium tetrahydroaluminate and
heptefluoropropyl iodide, the following scheme i= tentetively proposed.

LIAIEG  + CF T——> Lilst(CF )T + (B « 5t°)

Lil + Mtz(c337).

KR (C,F) + C.F.T ——emﬂc‘;_,)x + (B.).

ﬁ;l‘Et(CBF?)I + 03371 ﬁ—m(c}n.l)zz + BEtl.
The ionic ethyl and perfluoropropyl groups presumably decomposed in
diverse ways to form hydrocarbon and flusrocarbon compounds. Evapor—
ation of the szolvents from the perfluoropropyl=zluminium compounds
presumably caused their decomposition to form sluminium fluoride
compounds, €.g.
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al-cjﬁ‘?% alF + chB‘

It was further observed that the treatment of triethyl-
aluminium with heptafluoropropyl iodide and pentafluoroethyl iodide dig
not ceuse exchange of ethyl and perfluorcalkyl groups under the conditions
investigated. This may indicate that the formstion of camplex sluminium
glkyl species, or at lesst the presence of other metallic salts, is
necessary for exchange between triethyl-sluminium and perfluorcalkyl
iodides.

4. Perfluorocalkylstion of metel hplides with lithium sluminium compounds.

It has already been pointed cut that the instability of per—
fluoroalkyl-derivatives of lithium, magnesium, and zine has imposed
restrictions on the possible use of these resctive compounds to prepere
new perfluoroalkyl-metal compounds., However, since solutions of lithium
bis( heptefiuoropropyl)diiodoaluminate, Li&l(f.‘-}l?.?) olos are relatively
stable at noderate temperatures, and since it has been shownZ® that
UHthium aluminiun alkyls are efficient alkylating agents, an investigation
of the possibility of pserfluoroalkylating such matais as tin, lead, and
titanium by treating the appropriate metal halides with solutions of
lithium bis{beptafluoropropyl)diiodealuminate seemed worthwhile.

The intersction of diethyl ether solutions of lithium bis-
(heptafluoropropyl) diiodoslmminate and triethyl-=lead chloride formed
lead diodide and a pale brown liquid which was soluble in the solvent.

The liquid was isolated by ewvaporation of the sclvent in vecum. It
decomposed on attempted distillstion, forming more lead diiodide and
liberating hydrocarbor and fluorocarbon gases. This thermal deccm—
position, and the low volatility of the liquid, prevented its purification
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by vapour phase chramatography. Alksline hydrolysis of the crude
resction product libersted heptaflucropropane; the quantity of hepte-
fluoropropane liberanted indicated that only about 107 conversion of
triethyl=lend chloride to triethyl-hepteflucropropyl-lsad had taken
plece. The inf'ra-red absorption spectrum of thes liquid confirmed the
presence of perfluoroalkyl groups (Fige 5.3).

The deposition of lead jodide during the reaction may be
attributed to the formation and subsequent decomposition of alkyl=lead
diiodide species. It is well estahlishe626 that lead alkyls are
readily de-alkylsted by aluminium halides and it is knm?7 that dialkyle
leed dihalides decompose to form lead diiodide and trialkyl-lead com-
pounds. Thus, the following reaction scheme mgy account, in part,
for the observed reaction products.

EtPBCl + [LiA.l(CSF.?) 212] — EtstCBF.?' + [Lm(cjr7)1201].

EtFb0,F, + 2 ell =—— EtPh(GBF.?)Iz ete.

mu(c;.,)xzéf— PbI, + nném + BRI (where R and R* =
Et or CBF'T)'-

It seems probable that ths liquid preduct from the reaction
contained a number of mixed alkyl-perfluoroaslkyl-leed derivatives which
could not be readily separated.

The interasction of diethyl ether solutions of lithium bis-
(heptaflveropropyl)diiodosluminate and iriethyl-tin chloride formed o
yellow solution from which & dark amber liquid was isolated by evapor—
ation of the solvents. The liquid distilled slowly in vacuum, but its
low velatility (v. pr. = 15 mm./70°) prevented good fractionstion.
Gualitative anslyses of the liquid revesled the presemnce of tin and
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Infra-red spectrum of the product from the interaction
of triethyl-lead chloride and lithium bis(heptafluoro-
propyl)diiodoaluminate.
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iodine, and slkeline hydrolysis libereted some heptafluoropropene.
Quantitative determinations of carbon and hydrogen were in fair agree—
aent with the average formuls Etz.h(r:}n,)o‘hs& 4.p» Which indicates
that the product iz probebly z mixture of several components. The
infra~red absorption spectrum of the liquid confirmed the presemce of
perfluorcalkyl groups (see figure S.4). The liquid was converted to
white solids when trested with pyrdidine or smmonias, but attempted
fractional crystellizations of the solids did not separate the constit-
uents.

These results indieate that resctions, similar to those
proposed for the lead reasction, had token place.

In en attempt to detemine whether perfluorcalkyl or iodide
groups were preferentially transferred from the sluminium complex to
other metals, tin tetraicdide was treated with lithium bis(heptaflucro-
propyl) dijodosluminate. It was reasoned that any cbservable chenge in
the nature of the tin species would indicate the transfer of perfluocro=
alkyl groups. IHomever, no reaction was cbserved undsr the econditions
investigated. This mpy indicate the total absaence of group transfer,
or the preferentisl transfer of iodide groups.

The interaction of methylene chloride solutions of bis(cyelo-
pentadienyl) titenivm dichloride and lithium bis{ heptafiuoropropyl)=—
diicdosluminate formed a black solid. The s0lid slowly sublimed when
heated in vacuum. Alkeline hydrolysis of the sclid did not liberste
heptafluoropropane, and the infra-red sbsorption spectrum 4id not reveasl
the presemce of flucroslkyl groups. Chemical anslyses of the soldd
showed that about 3/ of m attached to titenium in bis~
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Fig, 5.4 Infra-red spectra of the product from the interaction

of triethyltin chloride with lithium bis(heptafluoro-
propyl)diiodoaluminate (I), the pyridine adduct of this
product (II), and pure triethyltin chloride.
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(eyclopentadienyl) titanium dichloride had been replaced by iodine.

The absorption spectrum, in the visible region, of the black =o0lid in
toluene resembled that of bis{cyclopentadienyl)titenium dichloride, but
& considerable shift of the sgbsorption spectrum maximum wes noticed
(Fig. 5.5)« These results indicate that the resction was easentially
of the type:

Cp,TiCl, + {LL&I(CBF7) oto] —>=Cp,TiC1T + {LiAl(csF.’) zcu].
5. Some attempted decarboxylstion reactions.

Triflucroiodomethane has been prepared in high yield firom the

interaction of silver trifluorcecetate and iodine: 28

AgOOCCF; + I,——> Agl + crsczt;;

3 2°
has attempted to extend this type of resetion to the

I + CoO
Haszeldine=”
preperation of perfluoroalkyl derivatives of o few metals and metalloids.
He anticipated interactions of the {ype

m AgOOCCF

3 * atﬁ(c:r}coo)m‘s.g + AgM

heat
(cgj)mﬁ +r coz’ (H = Paﬂgss) 2

but obtained no evidenece that the resctior had proceedsed ag showm.
Haszeldine®” has also studied the possible reactien:

3 AgOOCCF, + MBM—» M(CF;); + 34Agl + 300, (= P,As),
but again did not obtain trifluorcmettyl derivetives of the metalloids
used. |

More recently, Cullen’’ has synthesized dimethyltrifluorcmethyl-
arsine by the thermsl decomposition of dimethyltrifluoroacetoxyarsine.

HezﬁxSOOCCFB %ﬁezASCFB + 602.



DENSITY.

OPTICAL

1-50

100

0-50 [~

400

Fige 5.5

500 600 700

Comparison of the spectra (visible region) of

bis(cyclopentadienyl)titanium dichloride (I)
= 1 I " (II).

and ("535)2'1'10 0.5%1.5 (11)



11

In the present study, the possibility of extending this mode
of gynthesis to the preparation of periluoroaliyl derivatives oct‘ tin
and lead was investigated.

Triethyl-lead trifluorcacetate was prepared by claavege of
totrasthyl-lsad with trifluorveacetic acid.

Etf’?b + GFBC‘W{——%- Etfb&éﬁﬁ?s + Eii.
It is a white crystalline solid, stebie in the air, which melts at
436=138°C. The infra=red absorption spectrum of the liguid is shown in
figure 5.6, The solid decomposed when heated at 150-170° for 1012
hours, but no carbon dioxide waz evolved during the decomposition. Thus
no decarboxyletion of the lead cumpound hed ogcurred. Hydrocsrbon gases,
ethyliriflucroacetate, tetrsetiiyl-leed, and a mixture of apparently
unchanged triethylelesd trifluorcacetats and lead bis(trifluarcacetats),
were identified in the thermal decomposition products. The formation
of the lead cumpounds cer prebably be explained in terms of the
following resrrangements:
2 B&,FRO0GCR;——>= BHFb + B P006GE,),
2 Etsz(QQG’CFj)z———é— P{00CCT}, + Etst(OQCGFB) + E00CCF 5.

The decomposition of diethyl-lead bis{ trifiuorcacetats) follows the
known mode of decomposition of Gialkyl-lead salts.>! An essentially
similer resction scheme was recently proposed for the thermal decampos-
ition of triethylelead acetate.’! Since the rearrangements probably
involve the initisl formetion of frese radicals, some radical combination
according to
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Fig. 5.6 Infra-red spectrum of triethyl-lead trifluoro-
acetate.
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Figs 5.7 Infra-red spectrum of triethyltin trifluoro-
acetate.
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CHg + CF,

%F40

Et" + °CF,000——— Et00GCF,

would presumably contribute to the oversll resction.
Triethyl-tin trifluorcacetate was prepsred from triethyltine
chloride and ailver triflucroacetate according to:

Et;SoCl + AgOOCCF,—> AgCl + Bt,Sn0OCCE,.

onetallie heloscetetes have previously been prepered in this

W.BQ Triethyltin trifluoroacetate is s pele yellow, air stsbhle

liquid. Its infra-red absorption spectrum is shown in figure 5.7.

The 1liquid was heated at 150-200° for 10 hours, with the object of
effecting its decarboxylation. However, only slight decamposition of
the tin compound was observed under these conditions, and since carbon
dloxide was not evolved, no decarboxylation hed occurred. This greater
thermal stability of the tin compound follows the known thermal prop-
erties of ethyl~tin and et@l—lwd compounds. The eff'ect of higher

. temperatures was not investigated because of the thermal breakdown of
tin=fluorcelkyl compounds at such temperatures.

In view of the low thermal stability of most other perfluoro-
aliyl-metal campounds, it does not seem likely that similer decarboxyl-
ation reactions will prove useful for the preparation of metal per-
fluorosikyl compounds.
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CHAPTER 6

Zzperinentol
This chapter is divided into five sections; section 1
ineludes a description of the general techniques used in these research
studies, and sections 2-5 contain details of the experimental work
relating to the discussion in chapters 2-5 respectively.

1. ZTechniques and instrumentation.-
(s) The hendling of organcmetallic compounds.'

Admost 211 ergenometsllic compounds are either extremely
toxic or are readily decomposed upon exposurs to air, to moisture, or
boths Thus the experimental work comnected with this study invarisbly
required strict attention to personal safety or to the conirol of
experimental resction conditions. Many of the organametzllics re-
quired specisl techniques for their preparstion, purification, and
manipulation. Some of these tschniques are described below.

(1) Toxic materisls.

VYhenever taxic materials, such as dlethylmercury or tstraethyl-
lead, were bandled, the apperestus to be used was assembled in a well
ventilated fume=hood. Alternatively, it was often convenient to
transfer these compounds, as solutions if necessery, from one closed
system to enother by means of an hypodermic syringe and needls. In
all operatioms, good gualify rubber gloves were worn. Disposal of
volatile toxic materials was slways preceded by decomposition with

concentrated nitric scid.
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(1i) Pyrophoric materials,’
A number of orgenamstallics, such as the alkyls and aryls of

the metals of the first three groups of the periodic table, are highly
reactive, being spontaeneocusly inflsmmable or readily deccmposzed upon
exposure to traces of moisture snd/or air. These compounds were
alwgys handled in apparatus from which air and moisture were rigorously
excluded. In such cases the apparatos was dried for several hours

at 120°, assembled while still hot, and successively ovacuated and
flushed with dry, oxygen-free nitrogen several times before use. A
slow strear of nitrogen was maintained through the apparatus while it
was in use. |

Hypodermie syringes (B-D Yale glass syringes) fitted with
either screw-on needles or Luer-Lok stopcocks (B=D Yale LL/S) and
needles were frequently employed to handle these reactive compounds.
The syringes and needles were dried at 120° and flushed with nitrogen
before use. The syringes were ususlly lubricated with ailicone grease
to prevent "freezing"” of the plunger.

The resctive alkyls were stored in glass sample containers,
equipped with ground glass joints and fitted with Suba-seal rubber
caps, and were blanketed with nitrogen at slightly grester than
atmospheric pressure. The metal alkyls, or solutions of them, could
be withdrawn from the sample containers amd injected into reaction
vessels through self=-sealing rubber caps.

To handle a sample quantitatively, the following procedure
was followed. A syringe, fitted with stopcock and needle, was flushed
with dry nitrogen. A quantity of nitrogen, equal to the volume of
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alkyl to be withdrawn, was injected into the alkyl container. A
sample of alkyl was then cgutiously drawn into the syringe. Finslly,
nitrogen was drawn from the glkyl eontainer into the remaining volume
of the syrivge. The stopcock was then closed and the needle was with-
drawn and inserted into & small cork. In this condition the syringe
could be conveniently weighed and subsequently transferred to the
desired container. Immediately after transfer the syringe wss rinsed
in an inert solvent {e.g. kerosens) %o prevent "freesing" of the
plunger.
(ii3) Yolstile meterials.

Lny volstile materiels coculd be handled in a conventional

vacuu line which was built with provision for carrying out trep to

trap distillstion at low tempesratures in W.S

(iv) Inert stmosphere box.

Eaterial transfers were of ten conveniently esccomplished in
an inert atmosphere box which was constructed of perspez. Even
highly reactive meterials such as sluminium trialkyls could be effect~
ively handled in this way.

(v) IThe filtrstion of oxygen-reactive msterisls.

Two methods were Frequently used for the filtration of

solutions eontaining oxygen reasctive compounds.

Hothod 1. Filtration was accamplished in a closed system of the type
shown in figure 6.1. The solution to be filtered wes emmisined in

flask A. By inverting the filtration sssembly, and partially
evacuating flask B, rapid filtration through the sintered glass disk
could be achieved.
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Fig. 6.1 Apparatus for the filtration of oxygen reactive
materials.
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Method 2. Small scele filtrations conld 2lso be carried out within

the inert atmosphare box. These were dome in the coaventionsl mannex

using Guick=fit Buchner fumpels and flasks. Suction was provided Yy

connecting the Buchner flnsk to an evecusted buld of suitable capacity.
(b} Insrt cases.

High purity nitrogen was required as en inert "blanket® gos
for many of the reactions investigated in these research studies.
Hitrogen (C.I.G. Inéustrial grede - maximu mpurities, 0,, O.74; rare
geses, 0.15; CO, and H,, traces; H)0, 270 v/;m.) was freed of axygen
by passing the gas through a " serubber-tower™ containing a dilute ecid
solution of chromous chloride over zinc smalgam. The gas was subsequent-—
1y dried by bubbling it through comcentrated sulphuric acid and finally
pessing it through s column pecked with Linde molscular sieves (type 44).

Alternatively, 2 nitrogen-hydrogen mirture was employed and
was purified by passing the gss mixture through a Model T 'Decaxe' gas
purifier and subsequently through e column packed with Linde molecular
sieves. Thisz method had obvicus advantages wherever flushing with
niftrogen was precsded by evacuation of the spperatus. However, the
relatively high hydrogen comtont of the resuliant gas was a Alsadvantage
if the gas was used s & blanket over aluminium allkyls. {Aluminium
alkyls apperently react slowly with hydrogen).

Rapid purification of nitrogen was sometimes achieved Ly
bubbling the gas through tri-iscbutyl-aluminium,

(¢) Purificetion of solvents.t
For most reactiocns it was importent to remove traces of oxygen,
percxides, and moisture from the sovlvents to be used. The purification
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procesa generally employed for inert solvents included passage through
a colurn of activated slumina to remove most of the peraxides followed
by refluxing over sodium wire for 10-12 hr. The sclvent was distilled
first from the sodium wire and subsequently from lithium tetrahydro-
alumingte in an atmosphere of dry nitrogen. The solvents were used
immediately.

Vhenever solvents which rescted with sedium were required in
a pure form, drying was achieved with a common desiccant such as
snhydrous caleium chloride and finally with Linde molecular sisves.
Removal of oxygen was acccmplished by distillation in wacuo.

(8) Instrumentation.
Yigible spectra.

Visidble spectra were measured with e Unicam SP 500 spectro-
photometer, using 1 cm. siliea cells. Hessurements were made at room
temperature.

Soluticns containing oxygen—resctive or moistare sensitive
campounds were injected into the cells through self-sealing rubber eapa.

Infre-red spectra.

Some of the infre-red spectrs wers measured with a Perkine
Elmer Hodel 137 Infrscord. Other spectra were measured using e Perkine
Elmer Hodel 24 infrs-red spectrophotometer. Both spectrophotameters
were fitted with sodimm chloride optics.

Liquid compounds were examined as liquid films between rock=-
salt plates, end solid compounds es Nujol or hexachlorobutediene munlls.
Gas fractions were examined in a 10 cm. glass cell (fitted with rock-

salt plates) which could be connscted to the vacuum line or to the vapour
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phese fractometer (see below). The identification of campounds by
infroered exsminetion was based on comperison of the spectra with
standard spectrs shown in the "Catalog of Infra-red Spectral Data,
Americsn Paetroleom Institute, Project 44", together with measured
spectra of lmown somples.

Vapour phese chromato .

Vapour phase chromatograms were measured with a Perkin-Elmer
Model 154 vapour fractometer. A column packed with di-isodecylphthalate
on firebrick was used throughout, and either nitrogen or hydrogen was
used as the carrisr gas.

A gas cell, suiteble for use with the infrz-red spectrophoto-
meters, was constructed so that gas fractions emerging fram the vapowr
phese fractometer could be collected directly (Fig. 6.2).

liolecular weights.

¥olecular waights of volatile ecompounds were measured in the

vasumm line by the Regneult method.”

Vapour pre 3.3

Values of the vapour pressures of volatile liquids at various
temperatures were measured with a cenventional isoteniscope.
(o) Quantitative ses of o tellic com
(1) The enslysis of alkyls of eluminiwm end lithiwe,”®
A bulb of ca. 20 ml. capacity, constructed with a side am
and vacuum stopcock and copteining a few amall steel "ball bearings”,
was fitted with a Suba-sesl rubber cape. The vessel was thoroughly
flushed with nitrogen, and was then weighed. A sample of the alkyl

(or an aliguot of a solution of the alkyl) was injected into the vessel




NaCl\window '

Fig, 6.2 Fraction collector / infra-red cell. (The cell
is connected to the vapour phase fractometer through
a hypodermic needle inserted through the rubber cap).
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which was then reweighed. The alkyl waes diluted with en inert solvent
and the vessel was then comnected to 3 gas huaxette. The glkyl semple
was then cauticusly decomposed with a few ml. of thorvughly de-oxygen~
ated agueous sulphuric acid solution (57%) added dropwise from a syringe.
The vessel was shaken at inbtervals during the addition of the acid.

The volume of liberated gas was memsured and wes corrected to nozmal
temperature and pressure using the squation:

Vepp, = (V' =v) z273/ (P - p)/760
(where V' = measured volume of gas; v = volume of sulphuric acid added;
Tétmperawreof‘gas; P = gimospheric pressures; P = yapour preassure
of water at T). The decomposition residue could be guantitatively
exanined for metal and halogen in the conventional menner.

(14) The enslysis for lead, tin, ond titenium in organometsllic

Sampounds.

Keny metels in organometallic compounds cannot be precipitated
quantitatively unless the organie groups are first destreyed. This is
usually done ty treating the ergancmetellic compound with a strong
oxidiging acid.

M. S

Two methods were used to detarmine lead in orgsnometsllic

compounds.
Hethod 1.° A solution of the orgenc-lesd compound was cooled to O°,
and the lead compound was decomposed by the sddition of a solution of
bromine in earbon tetrachloride (10%). The mixture was heated on &
water bath until nearly dry. The residue of lesd dibromide was boiled
for a few nminutes with absolute alcohol, esnd the mixture was cooled and
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filtered. The precipitete was weighed as PbBrz.
Hothod 2. 1Lead was determined as the sulphate ash after destroying
the organic groups with boiling concentrated nitriec acid.

Tin and titanium.

Both tin and titenium were precipitated with cupferron and
ignited to the metal axides after desiroying the orgenic groups with
fuming perchloric acid. Vhenever tin and titanium were both present,
the tin was separated from the mixed oxides by heating to 450° with o
large excess of smmonium iodide.

Titanium(III).

Solutions of titaniwm(III) compounds in dilute sulphuric acid
(5%) were trested with excess ferric sulphate solution, and the farrous
iron so produced was dstermined by titration with rermanganate solution.

(1i1) Aomoncbasice-titanium compounds.

These were decomposed with ceaustic sods solution (20%) and
the ammonia wes subsequently distilled into standard acid solutions
end determined by titration with standard alkali.

(iv) Hglides were estimated gravimetrically by silver halide
precipitation from aquecus solutions. In some instances, it was
necessary to first destroy the metel-halogen bond with boiling caustic
goda solution.

(v) Micro-amalyses for carbon and hydrogen were performed by the
CoSeIeR.0. Micromnalytical Laboratory, Melbourne.

2. Ihe preporation of orgenometellics.-
Several organcmetallic campounds were required for the
resesrches discussed in the preceding chapters, apf the methods used
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for the preparations of %hese compounds wili be deseribed in thia section.

Except where othexrwise steted, all prepsrations were carried
out in polti-neck flasks fitted with an inlet for nitrogen, a mechanical
stirrer passing through a siliecone oil seal, & refiux condenser, and
either a dropping funnel with & pressure equolizer or o Sube~seel rubber
cap through which sclutions could be added by injection from a hypodermic
syringe. A typiczl assembly is shown in figure 6.3.

All resctions were carried out with the careful exclusion of
air and moisture.
(a) Ihe prepuration of ethyl-lithium.- This was prepared by the method
of Cilmaen, Zoellner, and Selhys from lithium metel and ethyl bramide.

2Li + EtBr———LiEt + LiBr.

Gilmen and co=workers have shown that the surface axea of the lithium
can have conslderable infivence on the ylelds of ethyl<lithium obtained
by this method. In this preparation, the lithium was pre-treated in
ths following menner.

Lithium metal was pounded flet, with a hammer, into a s&et
of 1=2 mm. thickness. The sheet was cut, with seissors, into strips
of about 1 em. width. These strips were held in a shallow dish cone
taining dry diethyl ether while the lithium surface was screped free of
surface oxide. The lithium was cut into susll pieces directly inte
the reaction flask through & peper tone from which a rapid atream of
nitrogen was emerging.

An etheresl soclution of ethyl-lithium was prepared from the
finely divided lithium (4.0 g., 0.58 mole) and ethyl bromide (27.5 g.,
0.25 mole} in dry diethyl ether. The othyl~lithium was not isolated,
but was used in gitu.
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Fig, 6.3 General form of apparatus for reactions with
air-sensitive organometzllic compounds.
a, Rubber syringe caps b, hypodermic syringe
with Luer-Lok stopcock; ¢, silicone oil-seal
stirrer; d, drying tube,
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The preparation waes also accomplished in petroleum ether
(boiling renge 30-40°, pentene fraction) as solvent.

Yields varied between 50 and 907 (based on ethyl bromide).

(b) The preperation of diethylemercury.- This was prepared hy the
method of Gilman and Brown' from mercuric chloride and ethyl-magnesium
bromide.
HeCl, + 2 Mgsr—>-st2ng + 2 HgX, (2 =C1 or Br).
4n etheresl solution of ethyl-magnesium hromide was prepared
fras "Grignard® magnesiwe (10.0 g., 0.42 mole) and ethyl bromide (42.0
g+, 0.38 mole) in dry diethyl ether (200 ml.).

Diethyl-mercury wes made from the Grignard solution and finely
powdered mercuric chloride (45.0 g., 0.20 mole) in diethyl ether. The
rroduct contained ethyl-mercuric chloride as well as diethyl-mercury.
The helide derivative was separated from the diethyl-mercury by heating
the mixture and condensing the sublimate of ethyl-mercuric chloride on
a "cold-finger” at 15°. The yield of disthyl-mercury was 16.0 g.,
(367 of the theoretical based en mercuric chloride), bep. 158°/760 mn.
(lit.a 159%/760 mm.); the yield of ethyl-mercuric chloride was 10.0 g.,
(2% of the theory) m.p. 190° (11t.? 1929).

(¢) Ihe preperetions of aluminiwm elkyls.~ During the early stages of
these research. studies, almminium alkyls were not available from
commereisl sources.® Comszequently, it was necessary to prepare ssmples
of aluminium alkyls on a laboratory seale.

* Later, triethyl-aluminium snd trimethylesluminium were obtained in
steel botiles from Ethyl Corporstion, U.S.A. These compounds were
used without purification.
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The aluminium used in these resctions was gramulepr aluminiugs
which had been rinsed succeasively with moderately concentrated hydro-
chloric acld; air-free water, and acetons, and subsequently vacuum
dried immediately before use.

(1) The preperation of allylealuminium halides.

All the elkylealuminium helides were prepared from metallic

eltminium end alkyl halides:

2A + 3 RX-—>-R3A12XB.
In many instances, a halogen "scavenger” (e.g. megnesium or copper)
was added to the system to promote the farmetion of dialkylesluminium
halides.
Methyl-gluminium sesquibromide.~ This was prepared by twe technigues,
both ix:volvix_:g reaction between aluminium and methyl bromide.
Hathod 1. It was prepared by passing methyl bromide vapour at low
pressures over an aluminium/copper couple. For the preparation,
granular aluminium (ea. 200 g., 7.5 mole) was mixed with copper citrate
powder (ea. 50 g.) in a round bottom flask through which a flow of
nitrogen was meinteined. The flask was gently heated, with oceasional
shaking, until the copper citrate was completely decomposed (i.e. the
evolution of gases and moisture had ceased, and the copper species had
changed in colour from green to red=brown). The resultent eluminium/
eopper couple was thoroughly dried by heating the metals in wvacuo for
seversl hours. The metal mixture was loosely packed into a glass tube
(dism., 25 mm.; length, 75 cm.), and o few crystals of iodine {to sct
a8 a catalyat for the reaction) were mixed with the metals at the
mouth of the tube. The tube was assembled as shown in figure 6.4,
and methyl bromide (350 g., 3.65 mole) was condensed into flask A.




to manometer

Fig. 6.4 Assembly used for the preparation of methyl-
aluminium sesquibromide.
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The whole apparatus was evacuated, By manipulstion of cocling baths
surrounding flask A, it was possible to slowly vaporisze the metiyl
bromide. In this way, the methyl bromids vapours were brought inte
contact with the metal mixture in the tube. It was necessary to
initiste the recction by heating ihe alupiniwm in the vieinity of the
added catalyst. Since the reaction was exothermic, heating was dis-
continued =3 scon as resction commenced. Throughout the treatment,
the methyl bromide pressure was meintsined at ce. 1 atm. The product
waich formed solidified in ths cooler parts of the tube, and blockages
were avoided by the cautious spplication of a fleme to those portiona
of the apparatus where the white solid accumvisted. The product was
freed of unchanged methyl bromide by fracticmal distillation in wasuc.
The alkyl=sluminium product distilled in the range 195-225° at ca. 15 cm.
Yields were nearly quantitative (i.e. ca. 1.2 mole of methyl aluwminium
sesquibromide). (Foumd: Al, 13.5; Br, 75.2: Cale. for {0!15)25131’: _
Al, 13.4; 3Br, T9.%i: Gas analysis: Sample, 0.102 g.: Gas at N.T.F.,
3446 mle; Calc. for Me,AlBr, 33.3 mi.). The enalyses indicate that
the product was rich in methyi-aluminium dibromide.

Hethod 2. Altermatively, methyl=-nlumirium seaquibromide was prapared
by the method of Grosse and zmity.w Mathyl bm:.de (285 g., 3.0 mole)
was condensed into 2 rotating gutcclave of 500 nl. capecity containing
aluminium (100 g., 3.7 mole) and a little iodine. The autocluve was
thoroughly evaocusted, and was finally heated, with rotation, for 24 hr.
The product was syphoned (in a nitrogen atmosphere) into a flask and
was subsequently distilled at reduced pressure. The temperature of
the oil bath swrounding the distillation flask was raised to ca. 200°
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neer the end o the distiliotion. No attempt was made to separate
the mono~ snd di-methyl-aluminium bromides. The yieid of sesquihalide
was nearily quantitative {i.e. va. 1.0 mole of methyl-aluminium sesqui-
bronide).
Dimetiyylwailuminium icdide.« This was zisc prepared by the method of
Grosse end Mavity ° from an slusiniumfoagnesiun mixture and methyl
jodide,

201/14g + 4 Mel—>2 ALsz + L‘iglz.

A mixture of aluminium (2§ g., 0.78 muls) and magnesiue turn—
ings (9 g., 0.30 mole), containing a crystal of iodine to sct es a
catalyst, was treated with methyl iodide (293 g., 1.5 mols). The mix~
ture was bested st ca. 75° for 2=3 . The product was filtered in
Yacuo, and was subsequently distilled at reduced pressure. Siow
fractionation of the liquid yislded n single fraction, Deps 42=48°%/ 1 mm.
This was probebly & mixture of dimethyl-aluminium iodide and e litile
trimethyl-elminiuwm. (Sample, 0.109 g.: Gas at K.T.P., 30.8 mi.;
Cale. for Ke All, 26.6 mldje
Ethyleglmninium sesqui-iodide.~ This was prepared in similar manner
from aluminium and ethyl icdide. The reaction proceeded smoothiy at
the refivx tanperseture of ethyl iodide. The products were not fraction-
cted.

(11} Zhe preperstion of irdaikylecluminium compounds.

Several possible methods of triaikyl-aluminiuvm synthesis
ware investigated, but in no instances were good yields of trialkyl=-
aluminium cbtained. The methods used are deseribed below.

The conversion of methyl-gluminium sesquibromide to trimethylesluminium
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with metellic sodium.~ This reasction was discussed in detail in
chapter 2. Sodiuvm wire (21 g., 0.9 mole) was pressed directly into
the reaction flask, and the flask was ocoled to -78° with solid earbon
dicxide. Methyl-sluminium sesquibromide (100 g., 0.295 mole) was
ceutiously added, in several portions, by rotation of s trap comnected
to the flask by means of en angled side-arm. The reaction was
extremely vigorous. Af'ter the addition of all the sesguibromids, the
mixture was heated in an oil bath at 100~150° for several hours. The
preducts were fractionated under redvced pressure. The yield of
trimethyl-aluminium was 2.1 g. (ca. 100 of the theorstical besed on
methyl-aluminium sesquibranide), b.p. 126%/760 m. K, atm (1t.''
125.3°/760 m.) .

The vigour of the resction was reduced when a diluent was
used, but the yields were not grestly improved. Moreover, the yields
were not improved when a sodium-potassium alloy was used in place of
the sodium.

The conversion of methylegluminium sesquibromide to trimethylesluminium
with sodium fluoride.~ Methyl=aluminium sesquibromide (150 g., O.4k4
mole) was treated with dry sodimm fluoride (es. 80 g.) added in mmall
portions and with stirring. The reaction was exothermic. The mix-
ture was heated at ca. 200° for several hours. Attempts to distil
nethyl-aluninivm compounds froam the resction mizture resulted in ths
liberation of hydrocarbon gases and the formation of mixed almminium
halidss.

The preperetion of triethyl-sluminive from gluminium and diethyl-

mercury.~ A further sttempt to prepare triethylesluminium was made
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using the method of Krause and Dittmer.'? This preparation involved
the trsatment of metellic sluminivm with diethylemercury.
2A1 + B}thﬂg—a-ZEtBAl + 3 Hg.

An excess of granular aluminium (2 g., 0.075 mole) was mixzed with
disthyl-nmercury (10 g., 0.0%4 mole) and the mixture was heated, with
stirring, et ca. 100° for 4 hr. After this time the product was
distilied from the reaction mixture st reduced pressure. The yield
of triethyl=sluminium was 0.5 g. (18% of the theoreticel based on di=-
ethyl mercury), bep. 125-130°/50 mm. (cale.* for p = 50 mm., 127%).
The direct preparation of triethylesluminium from sluminium and ethyl
iodide.’®- This method was discussed in chapter 2.

An aluminium/copper couple was prepared from granuler alum-
inium (43.5 8., 0.5 mole) and oupric citrate {ca. 6 g.) by the method

described in the preparation of methyl=sluminium sesquibromide. Ethyl
jodide (39.0 g+, 0.26 mole) was added to the metal mixture at such 2
rate as to maintein gentle refluxing. After the complete sddition of
the ethyl iodide, the resction mixture was stirred, with refluxing, fer
& further 2 kr. The liquid products were decented and subseqguently
refluxed, under slightly reduced pressure, for 2 hr. The liquid was
£inally fractionated in wacuo. The yield of itriethyl-cluminium was
5,0 g. (20% of the theoretical), b.p. 130°/50 mm.
(i1i) The preperation of triethyl-sluminium etherste.-
Triethyl-szluminivm etherate was prepared from ethyl-magnesium
bromide and aluminivm trichloride by the method of Kremse and Wendt.'
A:l.ﬁl3 + 3 EﬂﬂgBr—é—E%Al.Etf + 3 ugxz.

An ethereal sclution of ethyl-magnesium bromide was prepered from

* The veapour pressure-temperature relationship for ‘&rieﬁxyl—al?ninim
is expressed by: log,qp = (-A/T) +B, A= 2826 B = 8,778.1
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"Crignerd” magnesium (38 g., 1.5 mole) and ethyl bromide (16 g., 1.5
mole) in dry diethyl ether (400 ml.). Triethyl-aluminimm etherate
was prepared by adding a solution of freshly sublimed aluminive tri-
chloride (50 g., 0.37 mole) in dry diethyl ether to the Crignard
solution. The yield of triethylesluminimm etherate was 41 g. (567
of the theoretical based on aluminium trichloride), bep. 112°/40 mm.

(1it. Y 112°/12 m.).
(iv) The preperstion of lithium teirsethylaluminate.

Two methods were used in this stuéy to prepare lithiwm tetra-
ethylalumirate.
Hethod 1. Lithiumm tetrasthylaluminate was prepared from ethyl-lithium
and triethyl-aluminium.'?

LiFt + AlBt,——>— LiAlEt .

Ethyl-lithiom was prepered from lithium (4.0 g., 0.6 mole) and ethyl
bromide (27.5 g., 0.25 mcle) in petroleun ether or diethyl ether. Tri-
ethyl-aluminivm (32.0 g., 0.28 mole) was dissolved in diethyl ether and
the solution was added dropwise, and with stirring, to the ethyl-lithium
solution. The mixturs was refluzed for a further 1 hr. The reactien
mixture was filtered in a nitrogen etmosphere and the etheresl solution
of lithium teirsethylaluminate was used in situ. Altermatively, the
lithiun tetraethylaluminate could be isclated inm the following manner.
The bulk of the ether was removed by evaporation jin vacuo, and the
remaining ether, which was tenaciocusly held, was removed umder reduced
pressure by heating the solvated product to ca. 80° in yacuo. The
white s0lid so obialned was well washed with cold petroleum ether to
remove excess triethyl-sluminimm. The product could be recrystallized
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from boiling benzens.  The yield of lithium tetrasthyleluminate was
10.5 g. (287 of the theoretieal based on triethyl-aluminium).

¥ethod 2. Alternatively, lithiwm tetrasthylasluminate was prepared
directly from metallic lithium and triethyl-aluminium. This synthesis
was discussed in detail in chapter 2.

Lithium metal (1.h g., 0.20 mole), cut into small pieces as
previcusly, was suspended in dry bensems (100 ml.). The mixture was
stirred vigoroualy, end warmed, while tristhyl-aluminium (42.0 g., 0.37
mole) in benzens {100 ml.) was slowly added. The mixture was finally
refiuxed for ca. 2 hr. The hot solution wes filtered in a nitregen
atmosphers, to remove excess lithimm and deposited sluminium. The
lithium tetraethylalwminate crystallized from the benzene on cooling
and was isolated by filtration. The yield was 21.2 g. (7070 of the
theoretical based on triethyl-sluminium}.

The treatment of lithium metel (1.90 g., 0.27 mole) with
triethyl-cluminims etherate (70.0 g., 0.36 mele) in diethyl ethsr (150
nl.) gave 43.3 g. (92%) lithiwm tetrmethylaluminete. (Sample, 0.151 g.;
Gas &t K.T.P., 84.0 ml.; Calc. for Lm.(czaﬁ) L 89.6 ml.).

(8) Ine preparation of tin gliyls.
(i) ZTetresthyl=tin.~ This wes prepared from ethyl-magnesium
iodide end stannie chloride.'®
b EtMgl + SoClL— > SmB%, + & MgX,.
An ethereal solution of sthyl-magnesium iodide was prepared
from "Grignard” magnesium (10 ge., O.42 mole) end ethyl iocdide (114 g.,
0.75 mole) in dry dlethyl sther (200 ml.).

Tetrasethyl~tin was prepared by adding a slhwrry of stanmnic
chloride (50 g., 0.19 mcle) in dry diethyl ether to the Crignard solution.
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The yield of tetreethyl-tin was 12.0 g. (267 of the thecretical based
on stannic chlorids), bep. 62-5°/12m.'6
Cale. for 3;1(02115)!'_, C, 40.8; H, 8.55).

(i1) Triethyletin chloride.~ This was prepered hy a redistribution

reaction involving tetraethyl-tin anéd stammic chloride aecording to the

(Found: C, 40.3; H, 8.4

method of Korcheskov.'!

3 EGSn ¢ Snll,——>— & Bt.SuCl.
Tetraethyl-tin (14.1 g., 0.06 mole) and stannic chloride (5.2 g., 0.02
mole) were heated in vacuo gt 200° for 2 hr. in a sealed tube. The
yield of triethyl-tin chloride was quantitative. (Foumd: C, 29.6;

H, 5.7; C1, 14.9: Cale. for (’:21’5)33“01‘ C, 29.8; H, 6.2; Cl, 14.7%).
(i41) Triethyl-stonmene.- This was prepared by the lithium tetre~
hydroaluninate reduction of triethyl-tin chloride.'® Far the preparstion,
a solution of triethyl-tin chloride (13.3 g., 0.055 mole) in dry diethyl

ether (25 nl.) was added dropwise, at =20°, o a solution of lithium
tetrehyéroaluminate in diethyl ether (0,028 mole of mm&). The
mixture was stirred for 1 hr. at 20°, and the bulk of the ether was then
removed by distillation et atmospheric pressure. The product was
distilled at reduced pressure, the fraction boiling at less than 60°
being collected, b.p. 52°/20 am, {calc., bep. 48°/20 1mm.)*
(e) Ihe preperation of tristhylelend chloride.-
This was prepared by the cleavage of tetraethyl~lead with dry
bydrogen chloride.'”
PEEt, + HCl——=EtPHCl + Eti,
Tetraethyl-lead (Asscciated Ethyl Co. Lid.) was dried over anhydrous

* YVapour pressure constants for (CQI% )BSﬂi, A =2273, B = 8.36.18
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megnesium sulphate, and was distilled in yascuo before use. The tetra-

ethyl-lead (9.0 g., 0.028 mole) was ireated with & solution of hydrogen

chloride in diethyl ether (75 ml.) (Solubility of hydrogen chloride in

dlethyl ether at 20° = 29 g./400 g. of solution). Alternatively, dry

hydrogen chloride was bubbled through = solution of tetrmethyl-lead in
hmna.zo The yields of '!:riatt\yl-leleﬁ chloride were quantitative.
m.p. 120° (@scamp.) (11t.%! 120° decanp.).

(£) The prevarction of bis(cyclopentedienyl)titenium dichloride.-
This was prepared by the method of Wilkinson and Birmingham“® from
sodium cyclopentadienide and titanium tetrachloride.

'1‘1514 + 2 Nalp—>= szTiGlz + 2 NaCl.

High yields of product were not obtained from the first attempts at the
preperation. IHowever, the following technique gave moderstely good
yields of bis(cyclopentadienyl)titanium éichloride.

Titanium tetrachloride (B.D.H. grade) was distilled at
reduced pressure fram bright copper twrnings.

Dicyclopentadiens (b.p. 170%) is converted to eyclopentadiene
(bepes 43°) at oa. 160-165°. Dicyclopentsdiens was cautiously heated
at ca. 160°, and the cyclopentadiens was collected as it distilled from
the molien dimer. The monomer was used soon after distillation to avoid
the refarmetion of dimer. Altermatively, it was redistilled directly
into the reaction flask.

Cyclopentadiene (13.0 g., 0.02 mole) was added dropwise, end
with vigorous stirring, to finely divided sc@ium (he5 g., C.2 mole) in
tetranydrofuran (100 ml.)}. The mixture wes stirred at room temperasture
until the evolution of hydrogen ceased. ¥With complete exclusion of

moisture and oxygen, a pale orange solution was obtained, but in the
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presence of traces of oxygen, a red-purple, turbid solution resulted.
Good yields of bis(cyclopentadienyl)titanium dichlorids were obtained
only when pale orange solutions of sodium cyclopentadienide were used.

Titanium tetrachloride (18 g., 0.095 mole) was cautioualy
edded to tetrahydrofuran (150 ml,) with stirring and ice cooling; the
formation of the yellow-green solvste was vigorous. The solution of
sodiwm cyclopentadienide was cooled in ice and was run slowly into the
slurry of titanium tetrachloride with stirring and ice cooling. The
regetion mixture was stirred at room temperature for & further 2-3 hr.
The solvent was then removed by distilistion at reduced pressure.

The dark residue was transferred to s Sexhlet extraction apparatus, and
repeatedly extracted with boiling chloroform through which a stream of
dry hydrogen chloride was continuously passed. The extract was evap-
orated to azyneés, and the residue was recrystellized from boiling
toluene. Red orystals of bis(cyclopentedienyl)titanivm &ichloride
were obtained in 60% yield, (13 g.), m.p. 285°. (Foumd: C, 48.5;

H, 4ek; Ti, 19.3; €1, 28.2. Cale. for (csﬁs)zﬁclzz C, 48.2; H,
4.1; T4, 19.2; C1, 28.5%).

A quantity of black material which also formed in the resction
was not extracted by the ochloroform. This compound was not charecter—
ized but obrvicusly affected the yield of bis{cyclopentadienyl)titanium
dichloride.

3. DReactions of aluminium 1ls with metal and metalloid halide .23

All reactions were performed with the careful exclusion of
gir and moisture. Multi-neck flasks, fitted with mechanical stirrer,

reflux condenser, inlet for the passage of nitrogen, and "Suba~-seal"
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rubber caps ware used throughout,

(a) Tin tetrachloride and lithium tetrasthylaluminate.~ A solutionm
of lithiun tetraethyleluminate (20.0 g., 0.13 mole) in benzene (250 mi.)
was stirred vigorously while tin tetrechloride {26.0 g., 0.10 mols) in
benzene (60 ml.) was added et such a rate that gentle refluxing was
maintained by the heat of the resction. Refluxing was contimued for
1 hr. after the complate sddition of the tin tetrschloride. The
reaction mixture was decomposed with agueous ammonium chloride solution,
and the equecus layer was thoroughly extracted with benzene. The
benzene fractions were cambined, and the bensene removed by distillation.
The residus of organo-tin compounds was dissolved in ether and was freed
of small amounts of pertially alkylated tin species by egitating the
etherssl solution with equecus/alecholic potessium fluoride and filtering
off the insoluble triethyl-tin fluoride. After removal of the ether,
the tetraethyl~-tin was fractionated under reduced pressure. The yield
of tetrasthyl-tin was 20.0 g. (85%), b.p. 59°/40 mn. (1it.2* 51°/8 mm.).
@ounﬂ.. €, 4¥0.2; H, 8.k, . Cale. for (czns) Sa: €, 40.8; H, 8.%%).

(b) Leod dichlorids and lithium tetraethyleluminate.~ Similerly,
& suspension of finely powdered lead dichloride (16.7 g., 0.06 mole) in
diethyl ether (100 ml.) wes treated with lithium tetraethylaluminate
(6.5 go, 0.044 mole) in diethyl ether (50 ml.). A black suspension
of lead immediately separated. After 2 hr. refluxing, subsequent
bydrolysis, end extraction with ether, the ether was evaporated from
the organo-lead product. The organo-lead mixture, presumably containing
hexaethyldilead and tetraethyl-lead, was refluxed for 2 hr., end then
fractionated under reduced pressure to give tetrasthyl-lead (10.0 g.,
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106%), bep. 92°/18 mm. (1it.2* 90°/16 mm.), (Found: C, 29.0; H, 6.2;
Cale. for (CH.), Pb: €, 29.7; H, 6e2%) o |

(c) Phoschorus trichloride and lithium tetraethylaluminate.-
Similerly, phosphorus trichloride (6.7 8., 0.05 mole) in diethyl ether
(10 ml.) was slowly added, with vigorous stirring end ice cooling, to
e solution of lithium tetraethylaluminate (10.0 g., 0.066 mole) in di~
athyl ether (100 ml.). & viscous product formed. Triethylphosphine
could not be distilled from the reaction mixture., After 30 min.
refluxing end subsegnent hydrolysis with sgueous potassium hydroxide
solution (207), the triethylphoschine was extracted with sther. The
triethylphosphine was isolated vis the formation of the silver iodide
adduct (by the method of Mann, Wells, and Purdiezs) and was regensrated
by heating in yacuo. The yield of triethylphosphine was 0.6 g. (10%).
The carbon disulphide adduct formed red needles, m.p. 148-120° (dedomp.),

(11t.28

120° dscomp.). (Found: C, h3.3; H, 7.8. Calc. for (Cfig) P
C82: c, &»3‘3; H’ 7.75’5)-

(a) Arsenic trichloride and lithium tetraethylaluminate.-

Similerly, arsenic trichloride (5.5 g., 0.03 mole) in diethyl ether
(10 Bl.) was edded to lithium tetraethylsluminate (5.2 g., 0.035 mole)
in ddethyl ether (25 ml.), and triethylsrsine was obtnined by the same
technique as was used to isolate triethylphosphine. The yield of
triethylarsine was 2.5 g. (31%). The mercuric chloride adduct

[(C ;) AB.HgCL ], formed white crystals, m.p. 162-3° (ethencl) (138,27
162-3°) (Found: C, 16.9; H, 3.7. Calec. for (Cf1) hsaHigbl,: €,
16.6; H, 3.9).

(e) Antimomy trifluoride snd lithium tetracthylalvminate,-
Similarly, lithium tetraethylaluminate (10,0 g., 0.067 mole) in diethyl
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ether (5C ml.) was 4reated with a suspension of freshly sublimed antimony
triflucride (9.0 g, 0.05 mole) in diethyl ether (450 mi.). After re~
fluxing ths reaction mixture for 90 min., and subssquent hydrolysis with
aqueocus ammonima chloride solution, the trdethylsitihine was extracted
with diethyl ether. The combined ether sxiracts were titrated with
icdine in diethyl ether wmtil the icdinme colour just persisted. After
eveporation of the ether, the residue of di-iodoiriethylstibine was
reconverted to tristhylstibine ty treatwent with moist zinc powder
{using the method of Norgan axﬁYm*saleyzB}. The yield of iriethyl-
stibine was 6.7 g. (657). The *riethylstibine was characterized by
forming the mercuric iodide sdduet of methylirietiylstibonium iodide,
mep. 54=6°, (Found: €, 10.4; H, 2.2; Hg, 24.9. Cale. for
c7tx183u.ﬁgz?_: €, 10.5; I, 1.4; Hz, 2hFl)e

(f) Bismuth trichlordde and lithiwm tetrsethyleluminatc.-
Similarly, lithium tetreethylaliminmate {30.0 g., 0.067 mcle; in diethyl
ether {50 mi.) was trested witk freshly sublimed bismuth trichlorids
(15.C g, D.045 mcle) inm diethyl ether (50 ml.). 4 largs quantity of
grey rrecipitate formed. After refluxing for 1 hr., and subsequent
hydrolysis, the triethylbismuthine waa extrazcted with diethyl ether.
The bulk of the ether was removed by fractionsl distilletion through
an efficiert column and the residue wes furtber fractionpted under
roduced pressure. The yieléd of tristhylbismuthiune wes 12.0 g., (85%),
bepe /42 m, (lit.29 96°%/50 mr.). Guslitetive tests indicated
the absence of haleogens in the product.

(g) Metiyl-sluminium sescuibromide end antimony helides.- The

treatment of methyleeleminiwe: sesquibromide (10.2 g., 0.03 mole) in
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heptane with sclutions of antimony trichicride (3.4 g., 0.015 mole) or
antimony tribramide (S.b ge, 0.015 mole) in hepiane initially formed &
w1~ite 8011d which immedistely dissclved in the solvent. A yellow oil
and scme black solid subsequently separated from the hepizne. Trie
methylstibine could not be distilied from the resction mixtors. The
reaction nixbwe was hydrolyzed with cqueous eomonium chloride solutionm
(107%) and the methylistibines were ectrocted with heptane. The combined
hepiane extracts were fractionsted under reduced pressure. Some fri=
nethylstibine was isolated, but the product eould not be completely
freed of solvent. The yields of {rimethylstibine were iow {ca. 207),
b.pe 83%/760 mr. (2it."! £0.6%/760 mm.).

The 208ition of entimony pentachloride (8.3 g., 0.526 mole)
in heptene to methylealuninimm sesquibrazide (9.4 g., 0.028 mole) in
heptane formed ar orange-red cil and a white solid. The reaction
mixture was filiered in yzocuo and tie heptane was decanted from the red
oil. The while solid wac washed with heptane, and recrystallised
sgverzl tiwes frem boiling bLonsous, (mep. 131.70, 39°, 8% ... on success-
ive recrystallizations). The solid was very aciulle in polar organie
solvents. It decomposed vigorously in water, or dilute acids, and
less vigorously upon a‘.:posm tc the aimeosphare. Luslitative testa
revesled the presecce of entimony(III}, sluminiun snd chloride ions.

The red oil was freed of solvents by pumping in vasuo for
several hours. It decanmposed upon attempled distillation in wacus,
liberating hydrocarbon gases and cther undidentified wolatile materisls.
It giso decompesed vpon exposwre 3o the aimosphers. Anglyses revealed
the presence of antivomy {417.57) end alwnirdum.
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4. Reactions of titenium hslides with organcmetallic compounds.-
Reactions 4(b) - 4{e) were performed with the careful
exclusion of air and moisture.

(a) Bis(cyclopentedienyl)titanium dichloride and tetrsethyl-lead.-
Tetraethyl-lead (Associated Ethyl Co. Ltd.) was dried over anhydrous
magnesium sulphate and was distilled under reduced pressure before uase.
The tetrasthyl-lead (2.25 g., 0.07 mole) in chloroform (10 ml.) was
added to & solution of bis(cyclopentadienyl)titanium dichloride (1.75
8es 0.07 mole) in chlorofomm (45 ml.), and the mixture was shaken for
2 hr. 4 white solid formed within & few hours. The reaction mi:étum
was filtered in e nitrogen atmosphere and the collected s0lid was
washed with cold pentene. The solid was reecrystsilized from boiling
ethyl acetate. Lead (Found 62.9; Cele. for (czas)prcl, 62.7%) and
21 120°
decomp. for triethyl-lead chloride). A amel) residue of white solid,

chlorine wers found in the solid, m.p. 120° (decamp.) (1it.

not readily soluble in ethyl acetate, was also isolated (Foumd: €,
13.13 H, 2.7%). The filtrate from the reaction mixture was evaporated
to dryness in vacuo. The pale orange residus contained titanium and
lead, but no pure compounds could be isclated and characterized.

The triethyl-lesd chloride formed more guickly when more
than an equimolar proportion of tetraethyl-lesd was used.

In & second rum, a solution of bis(cyclopentadienyl)titanium
dichloride {0.181 g., 7.2 mmole) in chloroform (10 ml.) was shaken
with tetrasthyl=lead (0.226 g., 7.0 mmole) for 2 hr., and the resction
mixture was hydrolyzed with a mixture of ethanol and water. (CGas
at NeTePe: 5.1 ml.; Cale. for szTiCl(Czﬁs), 16.5 ml.).
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In a third rm, a solution of bis(gyclopentadienyl) titanium
diehloride in ethyl coetate (2.9 mmclar) wae treated with excess tetra-
ethyl=lsad, and the concentration of the titenium cuempound was measmred
colorimetrieally at various intervels, The following volues were
reoordad, the relationship between optical density and bis{ oyclopenta=
dienyl) titanium dichloride concentration being obtained from s Beerw
Lambert lew plot (Fig. 6.5).

Zizs (hr.) Opt. dens.

Start 0.720 . 2490
340 0.624 2.50
70 0614 247
20,0 0.550 2.22

* After 7 hr., the solutions became turbid and eentrifugation
of the samples wns necessary.

In a finel run, the speotrum of bis{ ayelopentadienyl)tit~
aniun dichloride wes measured in the visible region at various times
after tetrsetiyl-lead had been added to the titanium oampound, The
results were shown in figure '4-0:2!»«

(v) Bis(oyolopentodienyl)titenium dichloride and iriethyle
sluminium cthernte.

When tyiethyl-sluminium etherate (4.5 g., 0.02h mole) end
bis( qyclopentadienyl) titeniun dichiordde (6.25 g., 0.025 mols) ware
heated in heptane st oa. 70°, & green solution formed. A dark byown
20lid was slowly depoasited from the solution, The salid was isolated
by filtration in & nitrogen stmosphere and was well washed with cold
heptane. Redusced titenium, aluminium, chloride groups and ethyl
groups were detected in the solid.
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graph for solutions of bis(cyelopentadienyl)-
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In & second run, a ssmple of the green sclution was with-
dvesm from the resction mixture and wes evaperated to dryness in yaguo.
A residue of green and brown solids remained. The green solid could
not be readily sepersted fram the other solids, and slowly decomposed
to the dark solid.

Bis{ eyclopentsdienyl)titanivum dichloride (1.9 g., 7.5 mmole)
in methylene chloride® (20 ml.) was treated, st =20°, with triethyl-
aluminium etherate (1.5 ge, 7.5 mole) in methylene chloride (5 ml.).
The mixture was stirred for 3 hr. and the temperature was a&llowed to
rise to room tempersture. A 10 ml. semple of the dark reaction
mixture was withdrawn end the solvemts were svaporated in wacuo.

The residue was only partly solid and contained a mixture of green

and orange materials which transformed completely to an orangs sludge
within o few hours. When the orange residue was treated with anhydrous
hydrogen chloride in diethyl ether, bis(cyclopentadienyl)titaniwm di-
chloride could be extracted from the mixture with methyleme chloride.

In ancther run, a sample of the orange residue was heated in
¥acuo et 150° for ca. 15 mins. A soall emount of bis(cyclopentadienyl)-
titanium dichloride sublimed, but no volatile materials were formed by
thermal decamposition of the orange compound. A further sample of the
residus was hydrolyzed with dilute aguecus hydrochloris acid (%7%) but
agein no velatile materials were evolved.

In a final run, bis(cyclopentadienyl)titanium dichloride
(1.9 g., 7.5 mmole) in tetrahydrafuren (30 ml.) was treated at =20°

* Tt has been showm® that methylene chloride is the most suitable
solvent for use in the preparation of bis(cyclopentedienyl)titanium
elkyl compounds.,
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with triethylesluminium etherate (1.4 g., 7.5 meole). The reaction
mixture was agitated for 2 hr. at =20°, and for a further 2 hr, at
room temperature. The spectrum of an sliquot of the solution was
scanned in the visible region. A second eliguot wes hydrolyzed
with propaucl and was quiekly ewaporated to dryness. The orange
resgidue was extracted with toluene, and the spectrum of the tolueme
extract was alsc scemned in the visibdle region. These spectra were
shown in figure 4.3.

(c) Zitaniun tetrachloride end lithium tetraethylaluminste.-
A slwryy of titenium tetrachloride (9.5 g., 0.05 mole) in diethyl ether
(10 ml.) was added at room temperature to a solution of lithium tetra-
ethylaluminate (5.7 g., 0.05 mole) in diethyl ether. A dsrk brown
o0il immediately ssparated and the evolution of gases was obaerved.
The geses were condensed at -483°, and were lidentified hy moleeular
weight measurements as C,- hydrocarbona. (Found: 30.2; Cele. for
czﬁw 28.0; CHe, 30.0). The gas mixture removed the colour from
& solution of bromine in carbon tetrachloride.

Solvents were evaporated in vacuo from the resction mixture
and the rezidue of brown solids was washed with cold diethyl ether.
The browmn solid contained eluminium, titeniwm(IIT), lithiwm, chloride
groups, and ethyl groupas. A amsll emount of nown s3013id was extracted
with boiling benzene, and a white solid was precipitated from the
bengene solution by the sddition of diethyl ether. The white solid
hed & low hydrocarbon content, (Found: C, 2.5; H, 4.8; C1, 19.0;
sulphate ash, 47.97), and oould not be identified.

In & second run, tetrehydrofuran was used asslvent. A
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green »01id was depesited as well as the brown oil. ¥Within a2 few
hours, the brown oil was completely transformed to the green solid.
The‘ grean sclid dscomposed upon exposure to the atmosphere, It was
isolated by rilmtion in g nitrogen atmosphere. The solid comfained
aluminium, titeniwm{IIT), lithium, chlorids groups, and ethyl groups.
It was soluble in & number of crgenic solvents but could not be readily
recrystallized.

(8) Trietiylplunbyl sodimm and bis(cyclopentadienyl)titenium di-
hlorige.” '

(i) [Ihe preperstion of triethylplumbyl sodiim.- This was prepared
by the method of Gilmen end Bindschedler. > For the preperstion, e
solution of zodium (0.5 g., 0.02 mols) in liguid ammonia (75 ml.) was
added, at ~46°, to a solution of tetrasthyl~lead (3.2 g., 0.01 mole)
in toluene (25 ml.). The vesction mixture was stirred (at -46°) for

mixture ot —78°, the smmonis was removed under reduced pressure.

Extensive decomposition occwrred, end & highly coloursd solid remained.
The solid was isolated by filtrztion in a nitrogen box. Quslitative
anslyses of diffevent semples of the solid residue revealed the presence
of lecd and organic groupa.

An odditional ettempted preperation of triethylulurbyl sodium.-

An sitempted preparation, in the absence of liquid srmonia, was cerried
out by adding a sclution of triethyl-lead ehloride (3.0 g., 0.01 mole)
in toluene to & cocled suspsnsion of sodium send (0.5 g., 0.02 mole} in
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tolusne. No resction was observed between -78° and room temperature.
Horeover, no reaction was cbserved when a2 liquid sodiwm/potaszsium alloy
was used in place of the sodium.

(41) The preparotion of "ammonisted triethylplumbene”.- Triethyl-
plumbyl sodium was prepared in liquid ammonia from sodium (0.5 g.,
0.02 mole) and tetrasthyl-lead (3.2 g., 0.01 mole), and sufficient
ammoniua chloride (1.1 g., 0.02 mole) was added to deccmpose the
sodemide present and to react with the triethylplumbyl sodiwms. GCaseocus
products were immedistely evolved and orange and green solid products
formed. Within a few minutes the solid material was completely green
in colour. The smmonia was removed under reduced pressure from the
cooled (~78°) reaction mixture. A moist grey solid residue remeined.
The residue was extracted, in turm, with diethyl ether and water.
Evaporation of the ether extract yielded s liquid which was free of
halogen and which contained lesd end ethyl groups. This was identified
as tetraethyl~lesd by its infra~red spectrum. The spectrum showed
strong bands at: liquid film: 2950 (s), 2850 (s), 1650 (m), 1450 (ms),
1410 (m), 1360 (ms), 1220 (m), 1150 (s), 1005 (s}, 960 (ms), 94O=930 (m).
The aqueous extraet yielded sodium chloride upon concentration.

Froctionation of the volatile constituents by trep to trap

distillation in a vacuum system separated a preponderance of ammenia,
2 volatile hydrocarbon, and e small amount of & lead derivative. The
latter decomposed in e short tims to leed (identified by its chemical
beheyiour), tetraethyl-lead (identified by infra-red exsmination),
gaseous hydroearbona (M.¥. Found 30.2. Calec. for CHe, 30.0), and
a non—condensible gas.
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(i) Zmmonolysis of bis(cyclopentedieryl)titenium dichloride.-
Finely powdered bis(cyclopentadienyl)titenium dichloride was trested
(at =46°) with anhydrous liquid emmonie, the mixture being stirred
continuously., Within 15 min., all the red titanium compound was
converted to a yellow slightly soluble product. The ammonia was
completely removed under reduced pressure, and the solid was pumped
An vacuo for 12 hr, (Found: K, 16.9; 14.8. Cale. for €y otly il C1.
My + MI,Cl: N, We2h.  Mol. ratio, Ti:R:Cl, 1:3¢6:2, §:32:2).

4 semple of the s01id was placed in vessel A of the apparatus
shom in figure 6.6, and wes repestedly extracted with liquid ammonis.
The filtrate was collectsd in B and the ammonia recycled to A. The
extraction yielded a yellow-orange filtrate and virtuslly no residue.
£ddition of an emmonium chloride solution of barium nitrate to the
yellowish filtrate caused the precipitation of barium chloride.

The dry yellow solid was easily hydrolyzed; treatment with
watar libereted emmonis gnd extracted smmonium chloride.

(4v) The resction of bis(cyelopentadienyl) titanium dichloride with
sodium in liguid armonis.- Metallic sodium (0.02 g., 1 mnole) was
dissolved in liquid emmonias. A suspension of bis(cyelopentadienmyl)-
titanim dichloride (0.25 g., 1 mmole) in toluene was added to the
aemponia solution with contimmous stirring. A green sclid formed.

Az the solvents were removed under reduced presszure, the green materisl
alowly chenged to an orenge-vellow residue. No green solid remained
in the sclvent-free residus. The residue was pumped in vacuo for

12 br. (Fouwmd: N, 10.6. Calc. for cwﬁwﬁcmz.m_,, + ReCl, N, 9.Z.

Kol. ratio, Ti:N:Cl, 1:2¢3:2). Treatment with water released smmonia
fram the s0lid and extracted sodiwm chloride.




£

Recycle ammonia

— L

Fig. 6.6 Apparatus used for the preparation of ammonobasic-

titanium compounds.
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(v) Ihe resction of #riethylolumbyl sodium with bis(eyelopente~
dienyl)titeniun dichloride.~ Uaing the apparatus illustrated in
figurs 6.7, tristhylplumbyl sodium was prepered (on & 0.01 molar
scale) in flask A in an emonis/diethyl ether solvent mixture.
Agitation was effected by bubbling mitrogen through the mixbture.
Simultenecusly, liguid smmonis was econdensed onto fimely powdered
bis(cyclopentadianyl) titenium dichloride (2.25 g., 90% of 0.01 mole)
in flask B. After 10 min., the contents of A were forced by mitrogen
pressure into flask B, and the resultant highly soloursd mixture was
stizred for 30 min.

The removal of ammonia under reduced pressure yielded a
blue=green s0lid, insoluble in dlethyl ether. The 20lld was isolated
hy £filtretion in a nitrogen ctmosphere. It decomposed to a buff
solid upon exposure to the atmosphere, vacumm drying, or aging in a
dry, nitrogen atmosphere. The blue=green solid was not reformed by
treatnent of the buff solid with smmonie.

A sample of the buff z0lid was treated with hydrogen chloride
in dietiyl ether. Vacwm drying end toluene extraction of the
residue yialded no bis(cyclopentadienyl)titanium dichloride.

A qualitative examination of the s0lid revesled the presence
of both lead end titanium. Treatment of the s01id with nitric scid
yielded a hydrocarbon gas which was identified by moleculer weight
measurements as ethane, (M.%., Pound: 30.1. Cals. for CHg: 30.0).
The residue from thia treatment comtained lead nitrate and a soluble,
unidentified titanium species.

Examination of a slurry of the blue-green 201id in diethyl
other revecled the presence of titanium(III) (or other emsily



Fig. 6.7 Reaction vessel for low temperature organo-
metallic reactions (upper flask B, 250 ml.
capacity, lower flask A, 100 ml capacity).
a, Rubber syringe caps b, siphohing tubes
c, thermometer welly d, nitrogen pressure
inlet; e, mercury-seal stirrer.

The vessel could be immersed in a suitable
"eonling bath".
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axidizable groups).

Watar extraction of the buff solid yielded sodium chloride,
all the chlorine originally attached to the titanium being extramcted.
(Pound: 0.019 mole of chloride as sodiwm chloride. Csle. for
(csﬂs)zmcz,z added, 0.020 mole).

Samples of the buf¥ solid were thoroughly washed with o
varietly of organic solvents and were finslly pumped free of solvent
for several hours. (Foumd: (i) C, 19.5; Ji, 3.7; sulphate ash, 48.1%;
mol. Tatio, C:H, 3:7; (ii) C, 4.8; H, 2.87; mol. ratio, C:H, 1:7;
Pb, 38.0; T4, 23.85; mol. ratio, Pb:Ti, 2:5; (iii) C, h.2; H, 2.6%;
mol. ratis, C:H, 1:7; (iv) €, 10.9; H, 2.3}; mol. ratio, C:H, 2:5).
Analyses (ii) and {iii) were of semples which had been extracted with
water, wheress analyses (i) and (iv) were of semples which had been
washed only with organic solvents. The sample used for anslysis
(4v) has been kept in the atmosphere for several weeks before analysis.

The infra-red spectrum of the buff solid (mujol mull) revesled
absorptions et: 3390 (ms), 2925 (vs), 2860 (sh), 2670 (w), 2083
(broad) (w), 1600 (ms), 1500 (s), 1435 (s), 1355 (s), 4325 (sh),

1242 (mw), 1410-broad (v). The bends at 1600 and 1500 indicate that
aroeatic cyclopentadienyl groups are probably still present in the
buff solid.

1) titenivm dichioride and trie

Starnyl 1lithium,
(1) The pweperetion of trietlylstennyl lithimm.>” - Etiyl-lithium

was prepored from lithiwe (0.9 g., 0.13 mole) and ethyl bromide (4.6
ul., 0,06 mole) in diethyl ether. A 507 yield (0.03 mole) of ethyl=
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1ithivm was cbtained.

Stannous chloride was dehydrated by hesting in vacuo for
severzl hours. The ethyl-lithiwm sclution wes slowly added to a
stirred suspension of finely ground stanmous chloride (1.9 g., 0.13
mole) in diethyl ether, previcusly cooled to ~10°. The reaction
mixture was deep red in colowr. Gilman and R 5 report that
the method gives a yleld of ca. 707 tristhylstannyl lithium.

(1i) The resction of lopentadienyl) titanium dichloride
with triethylstannyl lithiwm.- A solution of triethylstennyl lithium
(0.03 mole) was cooled to =10° and finely powdered bis{cyclopentadienyl)
titanium dichloride was added with contimuous stirring. The reection
yvielded & yellow~brown s0lid end = green supernatant liquid. The
latter rapidly chenged o a yellow colour upon exposure to air. The
mixture was £iltered in vacuo snd the s0lid produet was well washed with
diethyl ether. Gualitstive tests on the sclid revecled the presence
of tin, titanium (some reduoad titanium), end lithium, as well as
chloride groups and ethyl groups. Toluene extracticn of the solid
yielded no bis{cyelopentadienyl)titenium dichloride. The sclid dis-
solved in acetone with decamposition ané evolution of heat. Remowal
of the scetone under reduced pressure ylelded an orange residue which
could not he redissclved in scetome. The solid was partislly soluble
in water, again with decompeosition, yielding @ yellow sclution and a
white residme. It dissolved in nitric ecid, bubt gradually deposited
a white precipitate of hydrous stanniec oxide. Complex telraphenyl-
borates end picrates could be precipiteted frow freshly prepered acid

solutions.
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Thermal decomposition of the solid, followsed by aqueous
extraction of the residus removed all the lithiwm as lithiwn chloride.
Chlorins eould still be detectsd in the solid residus.

The green supernatent liquid, which turned yellow op aging,
yielded s yelliow-brown s$0lid upon removal of the solvent by evapor-
ation. This solid apparently decomposed, even in a nitrogen atmos-
phere, to a greenish s0lid but finslly reverted to s yellow~brown
colour. This z0lid had all the properties of the above yellow-brown
s0lid product. Both solids had unpleasant, nsuseating odours.

A sample of the solid was thoroughly washed with diethyl
ether and was freed of solvents by pumping in vacuo. (Found: €, 5.9;
H, 3.8%; mol. ratio, C:H, 2:15).

5. Same attempted preparations of perfluorcalkyl derivatives of

gluminium, tin, lead, and titenium.

(2) The reaction of lithium tetralydroaluminate with heptafluoro-

propyl iodide.~ Heptefluorcpropyl iodide was prepared from the
silver salt of perfluorobutyric acid and iodine by the method of
Hmeldim.%
AgooCCF, + I,— > agl + CO, + CF1

For the preparatiom, an intimate mixture of silver hepta-
fluorobutyrate (160 g., 0.5 mole) and dry powdered iodine (180 g.,
¢a. 0.75 mole) was cantiously heated, and the vaolatile materials
were fractionated seversl times in vecuo. The yield of heptafluoro-
propyl iodide was almost quentitative. (M.W. Pound: 303. Cale.
for CF.1, 296), bep. 40°/760 mm.

4 standard solution of lithium tetrahydrosluminate (36.8 ml.
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0.05 mole LiAlH, ) in diethyl ether was trested at -78° with heptefluorc-
propyl iodlds (45 g., 0.15 mole) in the manner desoribed by Heuptschein
and eo-workers.Bs

LizN,  + 3 ;3371 _— LiAl(ch_,)é;[z + H, + c3F7u + NI

The 1ithium bis(heptafluoropropyl)diiodoaluminate was not
isolated but wes used in situ for subssquent reactions. It was slwgys
used in a nitrogen atmosphere.

(b) ZIhe reaction of triethylstannome with heptaflucropropyl iodide.-
Tristhylstannane (8.4 g., 0.0k mole), dry diethyl ether (8 ml.),
enbydrous ammonia (ea. 2.5 ml. at =78°), and heptafluoropropyl iodids
(12.0 g., 0.04 mole) were condensed in vaguo into & pyrex Carius tube
cooled to ~183°.  The evacuated tube was subsequently sesled, and the
tube was transferred to a cooling bath at =78°. The tube was shaken
at this temperature for 2 hr. A white solid formed. The volatile
constituents in the tube were removed under vecuum, and were fractionsted
in the vacuum line. Ammonis conteminated with some diethyl ether
(M.V., Found: 19.4; Cale. for ML
and unchanged heptafluoropropyl iodide were separated in this way.

» 17.0), end a mixture of diethyl ether

The heptafluoropropyl iodide in this latter fraction was separsted from
the ether by vapour phase chromatography and was identified by infrae-red
absorption spectroscopy. The infro-red spectrum showed the following
absorption bends: gas, 2 mm.: 2985 (w), 15%73), 1325 (s), 1265 (sh),
1240 (vs), 1230 (sh), 4150 (sh), 1130 (vs), 1070-1015 brosd (m), 820 (s),
735 (s).

The white s0lid snd the liquid residues in the tubs were

separated by filtration in yacuo. The solid contained ammonium and
iodide ions. The liquid (ca. 2.8 g.) was distilled in vecuo (the
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vapour pressure-temperature relationship for this liquid was shown
in figure 5.1) but it proved impossible to effectively fracticnate
the liquid. Furthermore, vapour phase chromatogrephy could not be
used for purificstion because of the long elution times. The infra-
red absorption spectrum of the liquid showed the following bands:
2940 (s), 2910 (sh), 2860 (s), 1460 double bend (m), 1420 (mw), 1380
(m), 1340 (ms), 1260 (m), 1220 (s), 1195 (vs), 1160 (s), 1095 (=), 1075
(m), 1115 broad (ms), 950 broad (m), HO btrosd (w), 875 broad (w),
815 (m), 740 (mw), 725 (ms), (Fig. 5.2). The strang ebsorptions
between 1400 apd 1000 (4in partioular at 1340, 1220, 1195, 1160, 1095)
can probably be attributed to C-F stretohing frequencies.

4 sample of the liquid was hydrolyzed in a sealsd evacusted
tube at 100-120° for 10 hr. with aqueous sodium hydrexide solution
(20%) and the liberated gas was identified as heptaflucropropans by
infre-red examination. (Sample, 0.212 g.: Gas at H.T.P., 2.5 ml.;
Cale. for (Cyilg)3SnzFy, 12.6 ml.). The infre~red spectrum showed
the sbsorption bands: vepour phase, 2 mm.: 2980 (ms), 2860 (sh),
1410 {mw), 1375 broad (»w), 1345 (ms), 1270 (s), 1245-1220 (vs), 1485
(va), 1140 (vs), 1105 (m), 1035 (vs), 830 (ms), 745 (sh), 740 (ums),
735 (sh), 710 (sh), 700 (mw). |

(e) Ihe resction of lithiwm tetrasthyleluminate with heptafluoro-
propyl iodide.

Heptafluoropropyl iodide (9.0 g., 0.03 mole) in tetrshydro-
furan (30 ml.) was added dropwise and with stirring to lithiwm tetra-
ethylaluninate (1.5 g., 0.01 mole) in tetrehydrofuren (20 ml.) at -78°.
Gases evolved during the reaction were collected in a trap at -183°,
The resction mixture was stirred at =78° for 9 min., and finally at
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ca. 60° for 30 min. The evolved gases were distilled into the vacuum
line end then fractionated; the main fraction vollected st -183°
(MW.: Foumd 33.1).

Volatile materisl was distilled from the resction mixture
into the vacuum line, and rough fractiocnation was achieved by trap to
trap distillation. The fraction condemsing at =95° (M.W. 109.5)
was further fractionated using s vapour phase fractometer containing
a column packed with di-isodecylphthelate. Using a column temperaturs
of 46°, and & nitrogen flow of 80 ml./min., three pesks were cbsarved
at elution times of 1.90, 410, and 9.76 nins. These peaks were
identified as resulting frum unchanged heptaflucropropyl iodide, etihyl
iodide and tetrahydrofursn respectively. The second fraetionm,
condensing at =140°, was shomn by infraered exsmination and molecular
weight mescsurement, to be a mixture of fluorcearbon geses. (M.V.
Found: 162.0; Cale. for GiFf , 170. C;Fg, 150); the infre-red
spectrum showed the absorption bands: vapour phase 5 mm.: 3150 (w),
3100 (%), 2970 (s), 2850 {(mw), 2770 (mw), 2700 (w), 2640 (mw), 2580
(zm), 2530 (m), 2460-2340 (m), 2260 (ms), 2200 (mw), 2150 (mw), 2100
(w), 2050 (w), 2005 (w), 1975 broad (m), 1855 bread (m), 1785 (vs),
175 (m), 1680 (m), 1625 (m), 1480 (m), 1395 (=), 1365 (vs), 1265 (s),
1245-1200 (vs), 1175 (vs), 1135 (s), 1105 (ma), 1030 {vs), 825 (s),
760 (8), 0 (s).

Removal of the volatile constituents from the reaction
mixture left a pale yellow-white residue. lHydrolysis of the residus
with @ilute sulphuric acid (5%) aid not liberate hydrocerbon or £luoro-
carbon gases. The aqueous scid lgyer contained iodide and fluoride
groups.
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(0 ZIhe irestment of triethyl-sluminium with hepbafluoropropyl
iodide and with pentefluorcethyl jodide.~ In similar
manner, triethyle-sluminium ({.1%4 g., 0.01 mole) in disthyl ether (5 ml.)

wes treated with hepteflucropropyl ilodide (9.0 g., 0.03 mole) in di-
sthyl ether (5 ml.). Ho ethyl iodide was detscted by vapour phase
chramatography of the volatile constituents from the resction mizture.
Hydrolysis of the reaction mixiture with propanol, and subsequemt
condensation of the volatile constituents, yielded only ethene. (H.%.
Found: 30.5. Calel. for CH, 30.0). No heptefluorcopropane was
isolated. The residue contained iodide ions but no fluoride ionms.

An identical resuit was cobserved when triethylealuwminium
was treated with pentaflucroethyl iodids.

(e) The resction of lithiwm bis(heptsflucropronyl)diiodosluninste
with triethylelead chloride.- A solution of 1ithium

bis{ heptafluoropropyl) diiodoaluminate wes prepared fram lithium tetra=
hydroaluinate (0.05 mole) and heptefluoropropyl iodide (45 g., 0.15
mole) in dry diethyl ether by the method of Hauptschein and co-workers.
To this solution, triethyl~lead chloride (16.5 g., 0.05 mole) in tetra-
hydrofuran (50 ml.) was added dropwise and with stirring. The mixture
was gently refluxed for 2 hr. The reaction mixture was then hydrolyszed
with aqueous emmonium chloride solutior {10%) and the organc=lead
compounds were extracted with diethyl ether. The ethsr extracts
were combined and the organic sclvents were evaporated under reduced
pressure. A residue of yellow solids and a yellow-brown liquid
remained. The solid was isoleted by filtration and was recrystelliged

fram boiling water. The solid wes identified, by its characteristic
chemical behavicur, ss lead diiodide. A mmell emount of yellow powder,
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insoluble in hot water, was not identified.

The yellow=brown liquid (oe. 12 g.) dscamposed when hested
under reduced pressure to form more lesd diiodide. The liquid also
decomposed slowly at room tempersture. Lead, iodide groups, and ethyl
groups were detected in the solid. & sample of the liquid was hydrol-
yzed with agueous potassium hydroxide solution (207%) in a sealed tube
at 100° for 10 br. (Sample, 1.519 g.; CFA at N.T.P., 8.0 nl,

Cale. for (CHig)zPblsFy, 75.0 ml.). The infrasred spectrum of the
liquid showed sbsorption bands at: ldiquid film: 3390 (m), 2940 (s),
26860 (sh), 2700 (w), 2080 (w), 1440 (ms), 1420 (sh), 1360 (ms), 1330
(sh), 1290 (m), 1250 (m), 1220 (ms), 1210 (sh), 1150 (sh), 1140 (s),
1090 (mx), 1030 (sh), 1020 (ms), 960 (m), 940 (m), 800 broed (mw).
The strong absorptions at 1360, 1290, 1220, and 4140, are probably
C-F stretching bands.

(£) ZThe reaction of lithium bis(heptefluoropropyl)diiocdosluminate
with triethyltin chloride.~

Lithive bis(heptafluoropropyl)@iicdoaluminate wes prepared |
as previously on a 0.025 molar scele. Triethyltin chloride (6.0 g.,
0.025 mole) in diethyl ether (20 ml.) was slowly added to the solution
of the aluminivm complex. The reaction mixture was refluxed for
9 min., and was subsequently hydrolyzed with aqueous smmonium chloride
(10%). The organo-tin campounds were extracted into diethyl gther,
and the combined ether extracts were dried. The bulk of the ether
was removed by distillation et atmospherie pressure, and the last
traces of ether by fractionation under reduced pressure. The residue

congisted of a dark ember liquid which distilled slowly in vacuo, (b.p.
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75°/15 mm.) with slight decamposition. 5.5 g. of amber coloured
distillate were collected (Found: C, 18.8; H, 3.1%). A sample of
the 1iquid was hydrolyzed with aquecus potassium hydrexide (20%) in

e sealed tube at 100° for 10 hr. (Sample, 0.2 g.: G,F i liberated
at HN.T.P., 5.0 ml. Ceale. for (czﬁs)}s::gss‘?, 25.0 ml.). The aguecus
alkaline lgyer contained iodide dions. The infre-red spectrum of the
1iquid showed absorption bands at: 1iquid film: 2960 (ms), 2990 (m),
1630 (w), 1600 (w), 1450 (m), 1410 (aw), 1370 (mw), 1300 (vs), 1200 (vs);
1150 (2), 1110 (ms), 1020 broad (m), 960 broed (m), 850 (ms), 810
broad (w), 780 broed (w). The bands at 1300, 1200, 1150, 1110 are
probably C-F stretehing frequencies.

Treatment of the liquid with pyridine, or with anhydrous
ammonia in ether, formed yan;m and white solids. The solids did not
possess sharp melting points and could not be frectionslly crystallized,
The infra-red spectrum of the pyridine adduct showed absorption bands
at: mujol and hexachlorobutadiene mulls: (H.C.B. Mull), 3230 (ms),
3170 (s), 3080 (s), 2940 (s), 2900 (s), 2000 {(w), 1850 (w); (mumjol
mull), 1630 (m), 1590 (s), 1520 (s); (H.C.B. mull), 1470 (s), 1430 (s),
1410 (ah), 1370 (w), 1350 (w), 1320 (m), 1250 (sh), 1230 {ms); (mujol
mull), 1240 (ms), 1180 (ms), 1140 (m), 1060 (ms), 1050 (sh), 1035 (ms),
1030 (sh), 1005 (ms), 990 (sh), 960 broad (mw), 890 brosd (w), 770
(ms), ™5 (s), 70 ().

(g) IThe resction of lithium bis(hepteflucropropyl)diiodcaluminste
with bis(evelopentadienyl)titanium dichloride.-

A solution of lithium bis(heptafluoropropyl)diiodosluminate,

prepared on & 0.01 molar scale, was added, at =78°, to a stirred alurry
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of bis(cyclopentadienyl)titenium dichloride (1.25 g., 5 mmols) in
methylene chloride (10 ml.). The reaction mixture wes stirred at
-78° for 2 br., and for a further 30 min. at room temperature. The
solvents were evaporated in vacuo. & black solid could be slowly
sublimed from the solid residue at ca. 180~200° (Foumd: C, 32.6;
H, 333 Ti, 12.3; €l and I. (csﬂs)zﬁClO‘BI,i .5 Tequires C, 31.3;
H, 2,65 Ti, 12.k5). Alksline hydrolysis of the solid with aguecus
potessiun hyéroxide did not liberate any heptafluoropropane. .Ths
infra-red spectrum of the solid resembled that of bis(cyclopentadienyl)-
titenium dichloride; the spectrum showed bends at: (mujol mull and
HeC.B. mull): (H.C.B. mull), 3040 (m), 1475 (m); (nujol mull), 1260
{ms), 1090 broad (m), 1010 broasd (m), 860 brosd (m), 795 brosd (ms).
The spectrum of the solid in tolueme was zlso scanned in the visible
region. This spectrum wvmas shown in figure 5.5.

(b) The tregtment of lithium bis(heptafiuvoropropyl)diiodosluninate

with stannic iodide.~

Tin tetraiodide was prepared from metallic tin and iodine
in carbon tetrachloride, m.p. 144=5° (13t.5¢ 143.5%. & solution of
1ithiwum bis(hgpmmmpmpyl) dijodoaluminate in diethyl ether was
prepared on a 0.01 molar scale and was treated with a solution of tin
tetraiodide (4.3 g., 5 mmole) in tetrahydrofuran (10 ml.). The
reaction mixture was refluxed for 90 min., After eveporation of the
solvents in vacuo, the tin tetraiodide was recovered unchanged.

(i) The thermel decomposition of triethyl-lesd iriflucroacetate.-
Tetraethyl=lend (3.2 g., 0.01 mole) was added dropwise with occasionsl
stirring to a solution of triflucroscetic scid (1.1L g., 0.0 mols) in
diethyl ether (10 ml.). The reaction mixture was refluxed for 30 min.
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A white solié formed end was isolated by filtration of the reaction
mixtore. The solid was washed with cold diethyl ether end was freed
of solvents by pumping in wvacwo, The yield of triethyl-lesd triflucro=
acetate was 3.2 g. (907 of the theoretical based on tetrasthyl-lead),
(Found: C, 2he3; H, Lel. (r:,‘,ns)Bm;ocnscxe3 requires C, 23.6; H, 3.57),
Ziepe 136-8°. The infre-red spectrum of the solid showed absorption
bands at: nujol mmll: 3010 (w), 3000 (=), 2900 (sh), 1700 (sh),
1640 (), 1450 (s), 1400 (sh), 1370 (ms), 1200-1170 (s), 1160 (sh),
1145 (sh), 1020 (m), 965~940 (m), 840 (8), 790 (ms), 725 (s).
Triethyl-lead trifluorcacetate (2.5 g., 0.06 mole) was sealed
in an evacuated Carius tube and was heated at 140-50° for 12 hr. The
tube was opened in yacuo, and the volstile materials were condensed at
-183°.  The gases were identified as & mixture of ethane and ethylene
by infre-red examination (the spectrum showed only the noxmal C-H and
C~C frequencies for alkanes and alkenes) and moleculer weight measurements
(.7, Found: 30.0. Cale. for CJH,, 30.0). Two liquid frections
were sepavated by fractional éistillaﬁmgm. The more volatile
fraction was identified by infre-red exsmination as ethyl trifluoro-
acetate. The infra-red gpectrum showed strong bands at: Gas, 5 mm.:
2985 (m), 1800 (s), 1470 (mw), 1390 (aw), 1340 (m), 1260 (sh), 1230 (vs),
1180 (vs), 1160 (=h), 1140 (vs), 1020 broad (m), 860 broad (m), 800
troad (ms), 735 broad (m). The less volatile fraction wes identified
as tetraethyl-lead by chemical analysis (Poumd: C, 29.8; H, £.1.
Cale. for ((:_515)&%, €, 29.8; H, 6.,2%) end its irfra~red specirum.
The spectrum showed bends at: liguid film: 2950 (s), 2850 (s),
2700 (aw), 2650 (w), 2550 (w), 2500 (w), 2350 (w), 2100 (=), 1850
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broad (w), 1650 (m), 1580 broed (w), 1450 (ms), 1410 {(m), 1360 (ms),
1220 (m), 4150 (s}, 1005 (s), 960 (ms), 940-930 (m). The wexy
solid residue from the reaction was extracted with toluene, (Found:
Pb, 48.5; C, 22.2; H, 3.3; F, 14.8. Calc. for Pb(OOCGF.})z, Pb,
48.9; G, 1.1. Cale. for (G ) PHOOCCE,: Fb, 51.3; C, 23.6;
H, 3.8%), m.ps 129-30°.

(3) The effect of hest on triethyltin trifluorcscetate.-
Silver trifluoroacetate was prepared from silver carbonate (27.6 g.,
0.1 mole) and triflucroscetis aeid (114 g., Oo1 mole) by ths method
of Heszeldine.”*

Triethyltin chloride (6.0 g., 0,025 mole) was added alowly
to a solution of silver triflucroacetete (5.6 g., 0.025 mols) in
tetrahydrofursn (30 ml.). A white solid formed immedistely. The
nixture was refluxed for 30 min. The s0lld was removed by filtration,
and solvent was ovaporsted from the filtrete. The infra-red spectrum
of the ligquid showed bands at: liquid film: 3125 (w), 2940 (s),
2900 (s), 1770 {m), 1720 (sh), 1710 (sh), 1670 broad (vs), 1575 (u},
1540 (sh), 1420 (8), 1370 (ms), 1330 (w}, 1280 (w), 1205-1175 (¥s),
1140 (va), 1050 multiple (ms), 965 (n), 920-870 broad (v), 850 (s),
795 (3), 730 (s).

The liquid (3.85 g., 0.012 mole) was heated at 180-200° far
10 hr. in a sealed evecuated Carius tube. Most of the liquid wes
recovered unchanged. A small amouni of a gas, identified a3 ethane
and ethyleme by infra-red examination and molesular weight measure-
ments, (M.%. Found: 30.3. Cale. for CHg, 30.0), was isolated.
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