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‘ABSTRACT

The cyanides Me2MCN(M = Al, Ga, In or Tl) were
prepared from the trimethylﬁetal and hydrogen cyanide.

In contrast to the polymeric boron‘cyanides, RQBCN, the
aluminium; gallium; and indium compounds are tetramefic
in benzene, and dimethylthallium cyanide is a salt in
aquéqus solution.' Reactions between dimethylberyllium
(and its trimethylamine complex) and hydrogen cyanide were
also investigated.

The phosphinates, thiophosphinates, sulphinates, one
arsinate and carboxylates of many of the Group 1III metals
were prepared from reactions between the trimethylmetal
and the corresponding acid in an inert solvent (ether or
benzene). These were sufficiently volatile to be purified
by vacuum sublimation. The compounds were air-sensitive.
Molecular weights wére determined cryoscopically in bengzene
and the compounds were found to be dimers. The structures
of these dimers were established on the basis of their
infrared spectra, as eight-membered ring compounds in which
the P = 0 or similar groups participated in co-ordinate
bond formation.

The dithiophosphinates of aluminium, gallium and indium
were prepared from reactions between the trimethylmetal and

dimethyldithiophosphinic acid in an inert solvent. These

were purified'by vacuum sublimation as colourless crystals.

—i




' | (vii)

Molecular weights were determined cryoscopically in
benzene and the compounds were found to be monomers
(compare the phosphinates, sulphinates etc. which were
found to be dimers). |

Dimethylaluminium methane-sulphonate and the
corresponding gallium compound were prepared by similar
reactions. They were purified by vacuum sublimation as
white crystalline solids. Molecular weights were determined

~cryoscopically in benzene and the compounds were found

to be trimers.

The infrared spectra of all the compounds prepared
were investigated and several new assignments for different

structural features were made.
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INTRODUCTION

In this section preparétive methods for the
trialkyls of group III elements are discussed with
special reference to trimethyls. The properties df these
trimethyls are also included. This is followed by a
féview of the interaction of group III trialkyls with
donor molecules not containing reactive hydrogen. Much
interesting work has been done on the co-ordination

chemistry of the halides and hydrides of group III

Aelements, but diécussion of these compounds is not directly

relevant to the subject of the present investigation.
The reactions of group III trialkyls with donor molecules
containing reactive hydrogen are then reviewed. ZFinally

the objects of the present investigation are described.

°

Preparative Methods for the Trialkyls of Group III Elements.

The trimethyl derivatives of group III elements are

spontaneously inflammable, sometimes with explosive

violence, on exposure to air. Therefore, their preparations

demand careful attention to safety and a good deal of
precautions regarding the design of apparatus employed,
use of a protective atmosphere of pure inert gas like
nitrogen or argon, .and the maintenance of rigorously
anhydrous conditions. Different preparative methods are

available for these alkyls, and they usually differ in




economy, convenience, and yield. All the trimethyl
derivatives are volatile, and therefore the choice of a
method from the point of view of purification is no
pfoblemf A suitable choice can sometimes avoid the
tedious separation of the trialkyl from large quantities
of the solvent. A preparative method may also be decided
on the end use of the product. Thus, for example, pure
trimethylaluminium can not bé obtained by the Grignard
reaction, but the etherate can be prepared and used for
the study of displacement reactions with stronger donors
(e.g. bipyridyl). A method involving the use of free

metal and anothér organometallic compound can be represented

by the reversible equilibrium:
M+ MR —_—— MR+ M

The resction which is not applicable to transition metals,
proceeds to the right if M is more electropositive than M'.
As é result, a more reactive compound is obtained from a
less reactive compound. In theory, a number of organo-
metallic derivatives should be able to participate in this
reaction leading to a group III trialkyl. In practice,

the dialkyls and diaryls of mercury are the only suitable
reagents. These mercury compounds are extremely easy to
prepare, purify and handle because they are stable in air

due to small affinity of mercury for oxygen. A disadvantage




is that the displacement reactions with group III elements
are rather slow (boron and thallium cannot be used), a
further limitation of the method is the instability of
higher and branched-chain mercury alkyls. Another method
of general application is the reaction between the tri-
‘halide and the alkyl of a more electropositive metal. The
Grignard reagents or the lithium alkyls are most commonly
employed. In these reactions; a less reactive compound

is formed from a more reactive compound.

A survey of the methods available for the synthesis
of the trialkyls of the individual elements, with special
reference to their trimethyl derivatives follows.
Trialkyls of Boron.

The general methods for the preparation of the
trialkyls of boron are gi&eh below:s

(a) In recent years the alkyls of aluminium have
been shown to be a very convenient reagent for the pre-
paration of the trialkyls of boron(}) An attractive
feature of this synthesis is the exclusion of large
quantities of solvents. The formation of quaternary
salts is also avoided (these are easily formed when
lithium reagents are employed and sometimes even with
Grignard reagents in the aryl series). Reactions between
boron trifluoride anq aluminium alkyls do not easily go

to completion. Triethylborane can be obtained in about




90% yield by the reaction between the etherates of ~
triethylaluminium and boron trifluoride. Other variations
of thié method have been describedSQ) the most satisfactory
method is the reaction between a borate ester and an

alkyl of aluminium. Triethylalumiﬁium exothermically
reacts with ethyl orthoborate to give triethylborane in
over 90% yield.

B(-OEt)3 + AlEt3 = Al(OEt)3 + BEt3

(b) The trialkyls of boron can be prepared by
the reaction between a borate ester and Grignard reagents.
The use of boron trifluoride etherate is less satisfactory.

B(OMe)3 + 3MeMgBr = BMej + 3(MeO )MgBr

Thus,_trimethylboréne can be very conveniently obtained by
the slow addition of a solution of borate ester in di-n-
butyl ether to‘the Grignard reagent prepared in the same
solvent. Unlike the other trimethyl derivatives, tri-
methylborane (m.p. - 159.85°C, b.p. - 21.8°C) is a gas

at room temperature. Therefore, the storage of large
quantities of‘the material is rather inconvenient. It can
be easily stored in combination with trimefhylamine. The
adduct Me3N.BMe3 can be purified by sublimation and the
trimethylborane regenerated by treatment with less than

the calculated amount of dry hydrogen chloride.(3’4’5)

The method (a) described above is more useful for the




preparation of triethyl or higher derivatives because the
corres?onding aluminium alkyl can be more easily obtained,
on a large scale, by the reaction between an olefin, hydrogen
and activated aluminium metal (described later).

(¢c) The higher alkyls of boron can be obtained by
the reaction between diborane and a suitable olefin. 1In
a typical reaction, tri-n—hexylbofane was obtained in 91%
yield by bubbling diborane into a solution of l-hexene

in diglyme [(CH3OCH20H2)20] at room temperature(6)
ByHg + 6CH, = CH(C4H9) = QB(C6H13)3
(d) The displacement reaction between the boron

isobutyl derivative and a higher olefin is another useful

preparative method for higher alkyls, as shown below:

. above 120°C
B[ CH,CHMe ], + 3CH, = CHCgH), — N

B(C10H2l)3 + 3CH, = CHe,

In general, a more volatile shorter chain olefin is displaced
by a less volatile longer chain olefin€1’7)
Trialkyls of Aluminium. |

The general methods for the preparation of trialkyls
of aluminium afe given below:

(a) By heating (80—9000) excess of aluminium with a

dialkyl of mercury, the trialkyl can be obtained.(8®) mne




exothermic reaction goes to completion in about a day

or two.

2A1 + 3HgM62 = 2A1Me3 + 3Hg

This method has been particularly useful in the past in

the alkyl or aryl(g’lo) series, when other methods for

preparing these compounds were less developed.
(b) Alkylaluminium sesquihalides can be obtained by
the reaction between aluminium metal (activated by iodine

or a little aluminium alkyl) and an alkyl halide.(ll)

2A1 + 3RX = AR3A12X3
These sesquihalides are air sensitive liquids at room
temperature, without any sharp boiling points, due to the
following disproportionation:

2R3A1,X5 — R,AL,X, + R,AL X,
The trialkyl derivatives can be obtained by reduction with

sodium, and sodium-potassium alloy during the final stages

of the removal of halogen.

R3A12X3 + 3Na = .A1R3 + 3NaX + Al
The use of an alloy of aluminium and magnesium has been
describedtl?)

Aleg3 + 6RCL = 2A1R3 + 3MgCl,

The method was originally used to prepare the etherate of




_7_
of trimethylaluminium.(l3)
It has been shown that alkylaluminium sesquiiodides
disproportionate more easily than the chlorides or bromides,

giving a reasonable yield of the trialkyl. Thus, for

example, the products from a reaction between methyl

iodide and aluminium, can be distilled slowly and the

trimethylaluminium taken off (at reduced pressure) from

the top of a fractionating oolumn.(l4)
Dialkylaluminium chlorides can be obtained by dis-

tillation from the corresponding sesquichlorides. From

a,(15)

these, the trialkyls can be obtaine as shown by

the following equations.

R,AL1CL + NaF = R,ALF + NaCl.
R2AlF + NaF = Na[R2A1F2]
- 200-300°¢
3Na[R2AlF2] - 2A1R3 + Na3A1F6

The method is very useful for the large-scale preparation

of trimethylaluminium.

(¢) The reactions of aluminium hydride and lithium
aluminium hydride with olefins, together with those between
an olefin, hydrogen and aluminium metal were investigated
in the last decade.(l6’l7) Reactions of aluminium hydride
with terminal olefins is similar to that described for

diborane. It does give a trialkyl but the method is not
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very useful because aluminiﬁm hydride is not easy to
prepare free from ether. In contrast with boron hydrides,
the reactions of aluminium hydrides with non-terminal
olefins are extremely slow. A dialkylaluminium hydride
can be used to prepare a mixed trialkyl. The aluminium
atom of an Al-H bond is positively polarised, therefore,
in reactions with a terminal olefin, the alkylated carbon
is attacked by the negatively polarised hydrogen atom,

as shown below:

L yan s+ g_ .
Al-H-—»RzAl(CHQCHZCH3)

= o ¥ og =&
H3__ C CH CH2 + R2

Thése mixed trialkyls usually disproportionate into the
individual trialkyls{ A reaction between lithium aluminium
hydride and ethylene at about lOOOC, under pressure, gives

a quaternary salt.

LiAlH, + 402H4 = LiAlEt4

4
The quaternary salt may be washed with cold pentane to
remove any polymer férmed, and treated with a suspension
of aluminium chloride in an inert solvent, to form the
triethyl.

JLiAlEt, + ALCl; = 4AlEt; + 3LiCl

4
The higher alkyls, for example, the triethyl can be

obtained by a high pressure reaction at about lOOOC,‘bbtween

o

an olefin, hydrogen and aluminium (suitably activated,

for example, by agitation with triethylaluminium).
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2AL + 3H2 + 602H4 = 2AlEt3

>

This method is very useful for the preparation of many
of the trialkyls particularly the triethyl and tri-iso-
butyl, but trimethylaluminium cannot be obtained by this
reaction.
Trialkyls of Gallium.
| The general methods for the preparation of the tri-
alkyls of gallium are given below: |

(a) Good yields were reported(18) for triethyl-
gallium (80%) from the transalkylation reaction between
gallium trichloride and triethylaluminium. A typical
reaction sequencé is shown below:

GaCl3 + 3A1Et3 = GaEt3 + 3A1Et,Cl

GaCl

+ 3A1Et,Cl = GafAlEt2012]3

2
+ 3A1Et3 = GaBty + Ga[AlEt2012]3

3

2GaCl3

Ga[AlEt2012]3 + 3KC1l = GaCl3 + 3K[A1Et2012]
GaCl3 + 3A1R3 + 3KC1 = gaR3 + 3K[A1$¢2012]

Final purification of GaR3 from admixed AlR3 was achieved

by preferential complexation of the A1R3 with alkali

fluorides.

(18)

(b) The displacement reaction between the metal

isobutyl derivative and a higher olefin is a useful pre-
parative méthod for higher alkyls, as shown below:

155 - 60°¢C

K
7

GaLCH2CHMe2]3 + 30H2 = CHC8H17

Ga(010H21)3 + 3CH, = CMe,
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The displacement of the alkyl groups branched in the
R- position, by reaction with an &-alefin went smoothly
according to the above equation. The higher indium
alkyl was, however, unstable at the necessary reaction
temperature. The ease with which isobutyl derivatives
of group III elements participate in the displacement
reaction appear to decrease in the order Al B7Ga 7 In.

(c) The trialkyls can be obtained by the reaction
"of galllium metal with dialkylmercury.

2Ga + 3HgR2 = 2GaRy+ 3Hg

Trimethylgallium(lg) can be conveniently obtained by this
method (see experimental section). ‘
(d) The reaction between gallium trichloride and

the corresponding Grignard reagent in ether has been

describedggo’Zl)

Trialkyls of Indium.
The trialkyls of indium can be obtained by the

following general methods.
(18)

(a) The transalkylation reaction between

indiﬁm trichloride and triethylaluminium gives a good

yield of triethylindium.
InCly + 3AlEty + 3KCL = InEtj + 3K[A1Et,C1,]

Excess of triethylaluminium was removed by preferential

complexation with alkali fluorides.

() Trimethylindium(22) can be prepared by the
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action dimethylmercury on indium metal (see experimental

section).

2In + 3HgMe2 = 2InMe3 + 3Hg

(c) The trialkyls can also be prepared by the reaction
between an ethereal solution of indium trichloride and a
Grignard reagent.(23) Though they form co-ordination
complexes with diethyl ether, these dissociate sufficiently

to allow the ether-fpee alkyls to be separated by fractional

distillation or condensation.

Trialkyls of Thallium.

Reaction between a Grignard reagent and thallic chlorides
introduces only two organic groups in the molecule giving

71X. These can react further with a lithium alkyl to

R
2 (24)

give a trialkylthallium derivative
MeleBr + LiMe = TlMe3l+ LiBr
Primethyl thallium can also be made from the following

reaction.

T1I + Mel + 2LiMe = TlMe3 + 2LiT

"Properties of the Trimethyl Derivatives of Group III Elements.

Except trimethylborane, all other tfimethyls react
with water at room temperature to give hydroxy derivatives.
These trialkyls usually react with halogens. Trimethyl-
borane has a very sharp smell. It is monomeric in the

vapour phase. Electron diffraction,infrared and Raman
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spectra(25) show that in the vapour phase the B(CH3)3
molecule is planar and symmetrical with angles of 120°.
It has been suggested that lack of association may be due
to the small size of the boron atom relative to the
surrounding organic groups(26) or due to trigonal hyper-

conjugation(27) 'These trialkyls can combine with a suitable
ligand (e.g. LiMe) to give a salt (e.g. LiBMe4). Tri-
methylthallium cannot act in this way. Most of these

trimethyls can be used up to about ZOOOC without any thermal
decompositién (trimethylthallium explodes on heating to
90°C; also it is photosensitive).

Trimethylaluminivwm (m.p. 15.0°%, b.p. 126°C) is a
(28)

colourless mobile liquid. It is dimeric as vapour

at 70°C, and in benzene(l4) solution. The heat of dissociation

-to two moles of monomer is 20.2 kcal.(28) The infrared

spectrum(zg), and x-ray crystal analysis(BO)indicate

a bridge structure, as shown below:

H3C\ ) ,C}?% / CH3
/ AL oAl \
H3C CH3 CH3

The nature of the bonds in this electron deficient dimer

has been a subject of much controversy. At present, the
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Al - C - Al bridge bonds are regarded as formed by bent

3 3 3).

three-centre molecular orbitals (Al sp~ + C sp~ + Al sp
Thus, each A1l - C - Al three centre bond occupied by two
electrons can be regarded as a single bond or the Al - C
bridge bond as a half-bond. It is of interest to mnote
that the Al-Al distance (2.55 Ao) is slighfly greater
fhan the calculated Al-Al single bond distance (2.52 A%).
Some Al-Al bonding has been suggested from theoretical
considerations§3o) Proton magnetic resonance spectra can

distinguish between the two types of methyl groups at
-7500, but not at room temperature(3l) since rapid exchange
‘occurs. |

Trimethylgallium (m.p. -16%; b.p. 56°C), trimethyl-
indium (m.p. 88.4%; b.p. 135.8°C) and trimethylthallium
(mepe 38.50; extrapolated b.p. 147°¢) are monomeric in
the vapour phase. Trimethylthallium is monomeric while
trimethylindium is tetrameric in benzene solution and in

the crystalline state.(32)

These electron deficient molecules can usually
combine with ligands able to provide a donor site. The
possibility of the donor-acceptor bond being formed can

be qualitatively considered in terms of an energy cycle.
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Energy steps in the formation of adducts. (33)

MXy(g) + D(g) with
configurations suit-

able for bonding. AF,

MX3(g) + D(g)

JAN

MX3 and D in
standard states AF

(condensed or

Afe

polymeric)

state, liquid or
solid)
‘AFQ = vapourisation energy required to convert donor
and acceptor to the gas phase’from their standard
states.
[}FA = adjustment energy required to convert gaseous donor

F

D°MX3( g)

D.MX3 (standard

and acceptor to moieties having configurations
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present in the final product, e.g. deformation
from trigonal to tetrahedral forms.
AT = total energy released in dative-bond formation,

giving the adduct in the gas phase.

[SFg = gas-phase energy of formation.

ZXFC = energy releaéed when addiﬁion compound condenses
to standard state.

AF = free-energy change accompanying the reaction

MX3 + D — D.MX3, reactants and products being
- in their standard states.
If the rehybridisation energy @SFAz is greater than AF,
then no adduct will be formed. Fu;thermore, if the final
(D.MX3) standard state lies above the initial (D + MX3)
standard state, then no compound will‘be formed. In the
case of trimethylaluminium, a further complication is

introduced by the necesszsity of 20.2 kcal. for breaking

the dimer.

Review of IHiteraction of Group III Trialkyls with Donor

Molecules not containing Reactive Hydrogen.

A qualitative or quantitative understanding of the
relative stability of a metal-ligand bond has provided
much valuable information. Thus, for example, it was possible
to arrange the trimethyls of group III elements in the order

of decreasing Lewis acidity (Al7> Ga>In7>B>T1l) from gas
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phase dissociation equilibrium studies on their addition
compounds with trimethylamine. From an investigation of
the dissociation,

D.MX3(g) :::.MX3(g) + D(g)

it is possible to determine the Kp values. From this,

the free energy change can be calculated.

AF° = - RT Iln K,
If the K values are known at two different temperatures

and T, then the heat content (enthalpy) change AH,

Ty 2
accompanying the formation of the donor-acceptor bond
can be calculated by using the integrated form of the

van't Hoff equation.

o Ele o _am [l 1
R T T
(Kp,)y 2 1

With AH in calories, R is 1.987, and therefore,

(K.)
log p’2 _ _ AH 11
(Kp)l 4,576 T, T,

It: should be mentioned that in a heterogeneous system,
the actiﬁe mass of solid substances present in a reversible
equilibrium should be regarded as constant, irrespective
of the amount present. Therefore, no terms for any solid

present at equilibrium need be included in the expression
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for the equilibrium constant. For the following
dissociation,
D.MXy (s) = MXy (s) + D (g)

the equilibrium constant will depend on the partial

pressure or pressure of D, depending on whether the system

contained any inert gas or not.

Now; the integraﬁed form of van't_Hoff equation can be

used, but fhe value of AH derived will be for the complete
reaction including solid phases. This value of AH

will différ from that for a reaction entirely taking place

in the gas phase by the heats of sublimation of the solids.

Py AH [ 1 1
l — = - rre—— -
n P, - R T, i
'or lo .Iig = - AH r_]:— - _..1—
T8 P, £576 | T, T

Calorimetric methods have been employed for systems
which dissociate to a great extent or not at all at

reasonable temperatures. Another method frecuently used

is the displacement reaction,

D).MKy + D, == D,.MXy + D,

3 2

to get some qualitative indication of the relative stability

1
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of the metal-ligand bond. These reactions depend on
a decrease in the free-energy of the system. Therefore,

from the following equation,

AF = AH - 1T AS

it can be concluded that a displacement reaction does
not necessarily give an indication of the relative
differences of the values of the enthalpy changes
accompanying the formation of the donor-acceptor bond,
due to complications resulting from possible differences
in the entropy of the two systems. Complications due to
volatility effects and lattice energy are also important.
A large number of 1l:1 addition compounds of tri-
methylborane with donor molecules ammonia, methylamine,
dimethylamine, trimethylamine, many other higher amines,
pyridine and substituted pyridines, trimethylphosphine
etc. have been described‘§3). Phosphine and trimethyl-
stibine forms no compound with trimethylborane even at
-78°C. WMany of these addition compounds have been
investigated by the gas phase dissociation equilibrium
methods§34> In the amine seriess35) it was found that
substitution of one methyl group for hydfogen in ammonia
made methylamine a better donor (due to electron releasing
power of the methyl group), substitution of one more

methyl group slightly increased the donor power of
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dimethylamine, but the substitution of third ﬁethyl group
made trimethylamine a weaker donor (Z&H = 13.75, 17.64,
19.26 and 17.62 kcal./mole for thé BMe3 addition compounds
with NH3, NH, Me, NHMe, and NMe3 respectiveiy). As the
inductive effect increases continuously, this observation
was explained by suggesting.sterié strain due to the
interference of the three methyl groups attached to nitrogen
with those attached to boron (F-strain). However, this was
only part of the explanation because in aqueous solution

the same order is found for changes in the basic strengths

of these amines.

Me,NH 7 MeNH, e ;N > NH,

unlike the bulkyl BMe3, the proton was too small to
interfere sterically with the methyl groups attached to
nitrogen. It was suggested that the formation of the fourth
bond to proton or trimethylborane causes the three methyl
groups attached to nitrogen, to move closer together and
interfere sterically among themselves (B-strain). Both

P-strain and B-strain are effective in co-ordination

compounds of trimethylborane.

It has been reported(36) that the addition compound
of trimethylborane with triethylamine is too unstable to
permit a gas phase dissociation equilibrium study. This

is due to steric interference of bulky ethyl groups with
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the methyl groups attached to the boron atom. However,
the compound with quinuclidine in which the carbon atoms

are held back from nitrogen, the adduct is more stable.

CH, — C(H

NP
N

BMe3

CHf——_— CH2 CH2

™ 2 T CHé/

The comparable stability of Me3N.BMe3 and Me3P.BMe3
(AH ='17.62 and 16.47 kcal./mole respectively) may be
due to. greater F-strain in the trimethylamine adduct,
because the boron-nitrogen bond is shorter than boron-
phosphorous bond. Absence of F-strain will make ammonisa
a better donor than phosphine. Relative to trimethyl-
phosphine, phosphine may be a much weaker donor due to the
absence of inductive effects, thus, explaining the non-
existence of Me;B.PH,. However, in trimethylphosphine
and phosphine the appropriate bond angles are 100° and
930 respectively (for ammonia and trimethylamine, 107°
and 108O respéctively). Therefore, the weaker donor power
of phosphine may be due to a large readjustment energy
involved for changing into a tetrahedral model..

The co-ordination compounds of trimethylaluminium
with ligands such as, dimethylamine, trimethylamine,

dimethylphosphine, trimethylphosphine, dimethyl ether,
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dimethyl sulphide, dimethyl selenide and dimethyl
telluride have been described.(37’19’38) The adducts
with trimethylamine, trimethylphosphine and dimethyl
ether are not appreciébly digssociated at 15000 and 40 mm.
pressure. From dispiacemenf reactions it was established
that the stability of the donor-acceptor bond decreased

in the order:

Me N.AlMe3 7 Me3P.AlMe3 "7 Me2O.AlMe3 > MeZS.AlMe3

3

It was shown that dimethylaluminium chloride was a stronger
Lewis acid than trimethylaluminium. The adducts MeZS.AlMe3
and Mezse.AlMe3 were sufficiently dissociated in the gas
phase to permit the determination of relative stability,
but Mez‘ﬂ?e.AlMe3 was highly dissociated. It was found

that the donor power decreased with increasing size of

the ligand atom (O > S » Se » Te). The adduct MezHP.AlMe3
dissociated appreciably at lSOOC, so towards trimethyl-
aluminium as reference acid, trimethylphosphine is a better
donor than dimethylphosphine.

Primethylgallium forms 1l:1 addition compounds with
most of the ligands mentioned above in connection with
aluminium, methyl cyanide and acetone.(39) Trimethyl-
bismuth does not react. The heats of formation of adducts
‘with trimethyls of Group V elements progressively decrease:c

from nitrogen to antimony (measured in gas phase)g4o)
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-NMe3, 217 PMe3, 18'7 AsMe3, 10 7 SbMe3 too wegk to measure.
Oxygen, in dimethyl ether is a stronger donor to trimethyl-
gallium than sulphur, but S, Se and Te are similar (in
dimethylsl(4o)

- Addition compounds of trimethylindium with trimethyl-
amine and trimethylphosphine have been described; those
with trimethylarsine, dimethyl ether and dimethyl sulphide

dissociate eitensively in the wvapour phase.(41)

Co-ordination compounds of trimethylthalliumt*l)

with trimethylamine, trimethylphosphine, dimethyl sulphide
and dimethyl selenide have been described, it was mentioned
that dimethyl ether was a very weak donor and in the case
of trimethylarsine and dimethyl telluride there was hardly
any evidence for reaction. The trimethylphosphine and
dimethyl sulphide adducts had nearly sharp melting points
(27-8°C and.—O.5OC respectively), the others melted a
little below 0°C.

Review of Reactions of Group III Trialkyls with Donor

Molecules Containing Reactive Hydrogen.

Many of the addition compounds of the trimethyls of
group III elements with ligands containing a reactive
hydrogen can eliminate methane on heating under ordinary
conditions or under pressure if the adduct tends to

dissociate. Sometimes, a reaction with a suitable ligand
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can result in elimination of methane épontaneously

at room temperature, the hypothetical adduct presumably

having only a transitory existence. DBonation of a pair

of electrons by the ligand increases the protonic

character of the hydrogen, and elimination of methane

occurs due to nucleophilic attack by one of the negatively

polarised methyl groups attached to the acceptor aiom;
(a)' A discussion of reactions in which the

reactive hydrogen is attached to the donor atom follows.

The adduct of trimethylborane with ammonia can be thermally

decomposed under high pressure, as shown below.(33)
0 0 NH
280°C 330°C N\
MesB.NH3 —_— MegBNH2 + CH4 ——> MeB Bile +CH4
20 atm. 20 atm. [ |
: HN NH

A

Bile

The compound MeQBNH2 is interesting because it can exist
(42)

as a monomer, and also a dimer. In the monomner,

co-ordination saturation is attained by pn—IH[bonding
- +

between boron and nitrogen (MezB = NH2). The following

structure can be written for the dimer

/\
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A monomer-dimer reversible equilibrium can be observed
in gas phase at room temperature. The compound
MeZE = ﬁMe2 is also monomeric,(42+43,44)

The double bond formation is entirely confined to
boron chemistry and has not been observed with any other
‘element under discussion. Thus, the addition compound
of trimethylaluminium with dimethylamine decompose on
heating to give MezAl.NMe2, which is dimeric in the gas

phase.(37) The following structure has been assigned for

this compound.

The compound Me2AlPMe2 was however, found to be trimeric
in the- gas phase.(37)
//// AlMe2
MeQT 1’>Me2
MezAl' ////AlMez
2

Ple

Unlike the formation of these amino and phosphino
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derivatives which require heating, the reactions of
trimethylaluminium with MeOH or MeSH go spontaneously

at room temperature with elimination of methane.

Me6Al2 + 2MeOH = 2Me2AlOMe + 20H4

These compounds were found to dimeric, a typical structure

is shown below.

OMe -
‘4 \\\\\
MezAl_- - AlMe2
\\\\\\+ ////
OMe

The compound (MezAlSMe)2 reacts with trimethylamine.

- +
(1v1e2A131v1e)2 + 2NMe3 = 2Me2Al(SMe). NMe3

Irimethylgallium amine decomposes on heating to give

(19)

the bis-amino derivative and methane.

N

MegGg - - GaMe2
\+/
NH,

~Similar compounds can be obtained by the decomposition of

H

adducts with methylamine and dimethylamine.(lg) Methanol
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reacts spontaneously at room temperature with elimination

of methane, to give a dimer, which has been assigned

the following structure.(39)

OMe
/+\.
Ve, Ga - - Galle

N, S

OMe

2

The dimer does not react with trimethylamine or dissociate

in the vapour phase. WMethanethiol reacts with trimethyl-

gallium.

GaMe3 + MeSH % MezGaSMe-+(3H4

The compound which is a dimer, has been assigned the

following structure.

Me

(39)

An analogous selenium compound has been described.
Unlike the dimeric methoxide, the sulphur and selenium

dimers react reversibly with trimethylamine.
. ) .
—
(Me GaSMe), + 2NMe 3 2Me ,Ga( SMe ) . Nile 3

Compounds with phenols, thiophenols and selenophenol



- 27 =

were found to be similar. They reacted with trimethyl-
amine in a reversible manner. At 20°C the dissociation
pressures for the compounds (MeZGaSMe)z, (Me2GaSeMe)2;
(MezGaO.06H4But-p)2, (MeQGaOPh)Z; (Me,Ga0.CcH, C1-p),,
(Me,GaSPh), and (Me,GaSePh), in combination with tri-
methylamine were found to be 10.3, 4.5, 14, 6.1, 1.5,
0.4 and 0.1 mm. respectively. Increase in dissociation
pressure is-an indication of stronger donor power of
the ligand in these compounds which are ver& similar,
and therefore, other effects may be comparable. From
the above data it can be concluded that both in the
methyl and the phenyl series the donor power decreases
from oxygen to selenium. Substitution of phenyl for
methyl makes the ligand a weaker donor. Furthermore,
the inductive effects are apparent from the dissociation
pressures of the trimethylamine adducts of (MeZGaO.C6H4
But--p)2 and (MeZGaO.C6H4Cl-p)2 when compared with these
of the analogous phenyl compound.

Trimethylgallium reacts with hydrogen halides to
give a monochloride or a dichloride depending on the

relative proportions of the reactants used.(45)

2GaM63 + 2HC1

2GaMe3 + 4HC1

(Me2GaCl)2 + ZCH4

(MeGaCl,), + 4CH,

Both these compounds were found to be dimeric as vapour.
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The reactions of trimethylindium hawe been less
extensively investigated than those of trimethylgallium.
The unstable ammine, Me3InNH3, loses methane slowly at
room temperature(4l) and rapidly on heating (70-80°¢)
giving a polymer (MeZInNHé)X. A dimer (MeZInNMeZ)2
was obtained on heating (140-60°C) the adduct of trimethyl-
indium with dimethylamine. The compounds (Me2InOMe)X
~and (Mezl‘-nSMe)2 obtained from the reactions of trimethyl-
indium with methanol and methanethiol respecfively have

been described.

A striking difference between triethylaluminium

and triethylgallium is their reactions with acetylenes46)

as shown below:
40-60°C
AlEt3 + HC =CH ——> AlEtz(CH = CHEt)

) not observed
AlEt3 + HC= CH —> AlEtz(C CH) + C H6

50°¢

Ga.E't3 + = CH —— GaEtg(C =CH) + 02H6

The suggested mechanisms for these reactions are

shown below:

+
R'C = COH — R'C —— CH —> R'C —— OCH
1 ; | - l \
ALR, R------ AlR, R AIR,
I IT 111
+ + ™~ _Hi
RiIC== OH — R'C — Qi — RC=2¢C~ R
R, R GaR | Nea?”
R 2
R/ \R
IV v » vI|

(R*C=C)GaRy, + R - H
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Structure V may be less favoured than structure VI due
to decrease in bridging tendency in gallium alkyls.
Nucleophilic attack on‘hydrogen by the negatively
‘polarised R group gives the observed product.

(b) A discussion follows of the reactions of the
trialkyls of group III elements with donor molecules in
which there are two or more donor atoems. Trimethylgallium

reacted with acetylacetone with elimination of methane

to form a chelate monomer.(39)
0 CMe
Me,Ga - \\\\CH
\\\\\ N ///
0 —/—— ClMe

A similar compound was obtained from trimethylindium£4l)

The following chelate monomer was obtained from sali-

cylaldehyde and trimethylgallium.

q“\o
(. l
o/ h

The product obtained from trimethylgallium and dimethyl-
ethanolamine is not a chelate compound because it is a

dimer which forms a dimethiodide with methyl iodide. The



l

_30—

structure is given below.(39)
Me Ga - - GaMe2

Nl

0. CH .CH .NMe

Diethylboroh acetate(47)Aand a dimer dimethylgallium
acetate(Bg) obtained from the reactions of triethylboron
and trimethylgallium with acetic acid have been described.
However, these compounds were inadequately examined and
their structures were not established. A dimer from tri-

ethylaluminium and 1:1 dimethylhydrazine has been described’*8)

Objects of the Present Investigation

There has recently been a growth of interest in
bridging ligands in connection with the development of
"inorganic polymers" stable to high temperatures. From
‘the review maae it 1s apparent that very little information
was available on the reactions of trialkyls of group III
elements with weak acids containing two or more donor
atoms. These reactions are of interest in connection
with the problem whether, for example, a three-atom donor
group acts as a chelating or a bridging ligand, e.g. in

- dimethylgallium acetate.
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I'\J

Me Ga‘/ | \O /GaM

MeC— 0O

CMe

\ / | Galle,

|

/\

Me Ga

\/

The trimethyls were chosen for these investigations since
the reaction products were expected to'have higher melting
points and simpler spectra than those derived from other
trialkyls. Infrared spectroscopy was used to help to
establish the structures of the products, andfor making

' new assignments. Review of any available information

in the areas actually investigated will be given in the

discussion section.




DISCUSSION
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DISCUSSION

vaanides of Group II1 Elements

Compounds in which an element of Group III is bound
to an element of donor character, commonly nitrogen or oxygen,
are often associated in order that both elements can
become co-ordinatively saturated. Well-known examples
are the aminoboron halides, e.g. (ClzB.NMez)z, and the
aluminium alkoxides. Boron cyanides are interesting in
this connection since the linear B ~ C= N——>  group
would mnot allow the formation of the four- and six-membered
rings so frequently found among boron compounds. Boron
cyanide is a polymeric solid(49) [B(CN)3]X and di-n-butyl-
cyanoborane(so) is an involatile viscous liquid for which
cryoscopic measurements in benzene indicate a degree of
association of about twenty. Some diarylcyanoboranes have
also been found to be polymeric, and both these(sl) and
(BugB;CN)X are depolymerised by pases such as ammonia and
pyridine.

The formation of dimethylaluminium cyanide (m.p. 88°¢)
frbm trimethylaluminium and hydrogen cyanide has been
mentioned briefly,(52) but without indication of its
molecular complexity. In the present work it was found
that this compound is tetrameric in benzene solution, and

that so are the corresponding gallium and indium compounds




...33...

( prepared from‘hydrogen cyanide and trimethyl-gallium
and -indium). Aluminium, gallium, indium, and thallium.
(37)  .(19,39)
all form compounds, €.g. (M92M°Nme2)2’ M= 4Al, Ga,
In, or 71841 in which the metal is bound to four ligands
and is also part of a four-membered ring, implying easy
distortion of the valency angle from 109° to about 90°.
Gillespie(53) has shown that distortions from the tetrahedral
angle occur much more readily for elements :of the second
or higher period than for elements of the first period.
Thus structure (I; M = Al,Ga, or In) is reasonable, even

if M - ¢=N—M group is assumed to remain linear.

Me I - C= N > M,
N L
I {

c N

Me2M + N =— C IéfMez

(1)

The reactions of the cyanides with trimethylamine were
examined, rather than with ammonia or pyridine (whose
reactions with RzB.CN have been studied), because there
are data on similar reactions between trimethylamine and
(Me M. SMe), (M = 10T or 62199390 in wnich we Site )Nite

is formed. The tetramers (I) absorb four mole of trimethyl-
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amine, which doubtless competes with cyanide groups in
co-ordination with the metal, forming solid adducts whose

dissociation pressures are given by the equations:

(MezAlcN)4 + NMey : logyy P, = 5.288 = 1140/T (T in °g)
(MezGaCN)4 + NMe3 : 1og10 Ppm. = 11,297 - 3330/T

At 25°C the dissociation pressures are 29(Al) and 1.3 mm
(Ga), and the above equations}correspond to heat content
changes of 5.2 and 15.2 keal. mole_1 (of trimethylamine).
Thus, relative to trimethylamine, the co-ordination affinity
of the cyanide group is greater to gallium than to aluminium,
though this conclusion would be invalidated:in the event
of lafge disparities between the sublimation energies of the
aluminium adduct énd tetramer'and those of the gallium
analogue.

The aluminium compound (I; M = Al) is very sensitive to
air and sometimes inflames in the air when touched with a
drop of water. The gallium compound slowly liguefies when
" exposed to the air, smells strongly of hydrogen cyanide,
and gradually deposits crystals of the hydrbxydimethyl—
gallium tetramert o) (Mfe,Ga,0H),. The air-sensitivity of
the indium compound is very similar to that of (MezGa.CN)4,
and is much less than that of (MezAlfCN)4.

Reaction between trimethylaluminium and more than one

mole of hydrogen cyanide results in the displacement of
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more than one methyl group from each aluminium atom,
but the products appear to catalyse the polymerisation
of hydrogen cyanide and isolation of any pure product
was not achieved. An excess of hydrogen cyanide may
be used in the preparation of dimethyl-gallium and
-indium cyanide, without the loss of further methyl
- groups (reactions under pressure at high temperature
were not atteﬁpted). Dimethylindium cyanide, however,
reacts very slowly with an excess of hydrogen cyanide
at room temperature.

Dimethylthallium cyanide was prepared both from
tfimethylthallium and hydrogen cyanide and from dimethyl-

thallium fluoride and potassium cyanide in agueous
solution. Diphenylthallium cyanide(5%) is a high-melting
solid [m.p..31800 (decomp. )], which is sparingly soluble
in water, with slight hydrolysis. The dimethyl :compound
igs soluble in water (2.7 gm. in 100 gm. of water at .
25°¢), in which it behaves as a 1:1 strong electrolyte
[Me2T1]+CN—. Its conductance at 2500 is given approxi-

mately by the equation:
Ae=1005 =515 JC (G = 0.004 - 0.02 mole 1)

It is insoluble in ether and in benzene.
A brief study was made of the reaction between

dimethylberyllium and hydrogen cyanide. Beryllium



- 36 -

cyanide does not appear to have been described previously,
but it seems to be present in the product of the reaction
between beryllium iodide and cyanogen at about SOOOC:_ this
substance dissolves in water_to a viscous solution which
shows reactions characteristic of agqueous cyanide solutioné?6)
Beryllium cyanide is precipitated at once when dimethyl-
beryllium is added to an excess of hydrogen cyanide in an
inert solvent. It is insoluble in solvents other than

those which cause hydrolysis, does not absorb trimethyl-

amine at room temperature or at 7000, and no doubt has a
cross-1linked polymeric constitution as would be expected

if each beryllium atom had a co-ordination number of four.

- If dimethylberyllium and hydrogen cyanide are added
simultaneously to ether, some insoluble matter is precipitated
‘but the filtrate evidenfly contains methylberyllium cyanide.
Solutions so obtained are mobile and are unlikely to con-
tain highly polyméric material. The beryllium is co-
ordinated to ether, which may be removed by pumping at
7000, but the residue does not redissolve in ether. Puri-
fication of methylberyllium cyanide was not achieved, but
the product had a Be:CH3 ratio of 1.00:1, though the analysis
indicated a purity of only 97-98%.

Addition of 2,2'-~bipyridyl to an ether solution of
methylberyllium cyanide gave an'orange-yellow solution.

Coloured bipyridyl complexes of organoberyllium compounds
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have been described.(57)

The reaction between hydrogen cyanide and MezBeNMe3
was investigated, because the beryllium atom in the hypo-
thetical primary reaction product, (Me3N)MeBe.CN, would
have only one vacant co-ordination position, unlike that
in MeBe.CN which has two vacant co-ordination positionms.
The reaction (in penzene solution) resﬁlted in the deposition
of a little insoluble matter, but most of the product
remained in solution. Removal of benzene gave an apparently
amorphous product, very sparingly soluble in benzene and .
involatile at 200°C/0.01 mm., which evidently is a polymer.
Thus trans-association (11) is favoured by both the beryllium
and the boron cyanides rather than the cis-association

displayed in the tetramers (1) T

N
li
|
Me - Be - C=N — Be <« NMe3
! |
Me

(11)

Infrared Spectra

The spectra of the cyanides each had a single sharp

band in the 2100-2800 cm«l region, clearly due toV(C:N)
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(Table 1). The stretching frequencies of the cyanide

Table 1

Cyanide stretching frequencies,V sy (cm_l) in R,MCN

Compound C:N (stretch)
(50)
1. a
(Bu, BCN)n 2280
(Me ,A1C0N) , 22132, 2224°
(Me,GaCN) 22022, 2216°
a
(Me2InCN)4 2178
Me ,T1CN 2101°
(MeBeCN),, | 2222P
[ (ife JN )MeBeCN] 2200°
® in oCl,, b ujol mull, °© hexachlorobutadiene mull.

group in many metal complexes have been discussed with
particular regard to the distinction between terminal

and bridging cyanide groupé$58) the former having the

lower V(CiN). In compounds of six elements containing
bridging cyanide groups, V(C:iN) was in the range 2164 -
2239 cmt} and in the tetramers described here Y(C:N)

falls within that range. In agreement with the formulation
of dimethylthallium cyanide as a salt, V(CiN) is guite (59)

near the values observed for sodium and potassium cyanide

(2085, 2076; respectively, both measured for Nujol mulls).
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Examination of the spectrum of the aluminium
tetramer at lower frequencies was restricted by the difficulty
of finding suitable solvents. The tetramer reacts with,
for example, carbon disulphide, forming a yellow substance.
Features noted in the spectrum of (MezAl.CN)4 in carbon
tetrachloride include a prominent band at 1195 cm—l due

(60) ~L for

to CH3 symmetric deformation (compare 1201 cm.
' MegAl, and 1205 cm. ™t for Me4A12012). The assignments

for,(MezGa.CN)4 are given in Table 2.
Table 2.

Infrared spectrum in carbon disulphide.

(MezGaCN)4 Assignments

1207 (ms) Ga-CH, (d)Sym

1134 (vw) | 591 + 548-= 1139 °
766 (s,sh) Ga-Me (rock)

746 (vs)

705 (ms)

607 (ms,sh) GaMe, (stretch)
598 (s) 2 2

591 (ms,sh)
548 (m) Galle, (stretch)sym

Thé infrared spectra of a number of boron trichloride
complexes with aliphatic and aromatic nitPiles have been

described’®l) 1t was found that the CN stretching fre-

quencies were 80 + 9 cm.”! greater in the complexes than




in the free nitriles. This was surprising because co-
ordination would have been expected to lower the bond
order; with consequent decrease in the nitrile stretching
frequency. A decrease in carbonyl stretching frequency
is observed in the complexes of carboxylic esters, amides
and ketones, where the donors are the carbonyl groups

-1
(e.g. CH;.CO,E% has\/czo at 1740 em. ~ but CH;.CO,Et, BCl,

at 1563 cm._l) The observed increase in CN stretching

frequency was too great to be due to a mass effect or
a coupling between the widely separated CN and BN stretching
modes. Therefore, it was suggested that in the complexes
the CN bond order is in fact higher than in the free
nitriles. The suggestion was based on the hypothesis
that in the free nitriles, the CN bond is approximately
intermediate between a double and a triple bond (I). A
similar situation (involving II and III) is not possible

(+) (=)
- C N

—
——

R - C=N« » R

II 111
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in the complexes because of the very different geometry
of (II) and (III). Structure(II) was assumed to represent
the co-ordination compounds investigated and is supported
by the x-ray analysis of acetonitrile-boron trifluoride
complex. Further, the CN bond distances in acetonitrile
(1.168) and the boron trifluoride complex (1.13%) indicate
that co-ordination shortens bénd length and hence increases
bond order (although the difference between the two lengths
is just outside the quoted mean deviations).

Similar effects have been observed for the isocyanide
groups(62).  The stretching frequencies of these groups

" bonded to phenylethynylgold are about 100 cm._l greater

than those of threfree isocyanides, the differences V(bonded)

_“V(free) being 103, 98, and 81 cm. - for n-butyl, p-tolyl,

and o-ethylphenyl isocyanide.
















The Interpretation and Discussion of Spectroscopic Data.

In Tables 1-26 are given suggested assignments of the
characteristic absorption bands to the various structural
features of the compounds examined. A discussion of these
follows (all frequencies are given in wave-numbers).
P—CH3lLinkage

A sharp band (sometimes a doublet) in the 1280-1320
regidn has been sometimes erroneously assigned as a CH3
rocking (wagging) vibration, for example, by Corbridge and

Lowa(63) However, other workers are in agreement that this
band is due to symmetrical deformation of the methyl group£64)
In the preéent work, this band (usually a doublet) was
found in the regions 1300-1320 and 1280-1300 for dimethyl-
phosphinates (see Tables 3,5 and 6) and dimethyldithio-
phosphinates (Tables 12-17) respectively. Many other com-
pounds containing a similar structural unit (e.g. X*CH3,
where X=C, As,Al,Ga,In and Tl) were investigated. Therefore,
it is of interest to discuss in some detail the §OSitional
stability of this band, and changes with alteration in the
eiectronegativity'or mass and size of X. Present work is

in agreement with published material that X remaining the
same thesé bands are fairly stable in position within the

ranges quoted, and can be used for diagnostic work. Thus

for example,»C-CH3-absorbs at 1379 in ethane(65) and within




...43...

a few wa&e—numbers in other compounds. As X is pro-
gressively replaced by nitrogen, oxygen and fluorine,

for example, in methylamine(66), méthanol(67) and methyl

' fluoride(68),‘the frequency. gradually rises to 1426,

1455 and 1475 respectively. There is very little change

in the mass or size of X on passing from one atom to

its ﬁeighbour within the same périod. Therefore,
presumably the chemical nature of X and in particular its
electronegativity influences the considerable changes

in observed frequencies. The elements silicon and antimony
have'the same electronegativity. For these heavier eleménts
the frequency data can only be derived from molecules
containing several methyl groups. Under these conditions
more than one band may be observed. For the molecules
Me4Si‘and MeSSb the average frequency has been calculated
by Sheppard(69) from the separate freqﬁencies and their
degeneracies as assigned in the literature. These are

1253 and 1200 for silicon and antimony respectively.

The available normal co-ordinate calculations on

several X(CH,)._ compounds have been summarised.(69) For
3’y

similar molecules within the same group or across a
period the observed frequencies changed in e manner similar
to the changes in the force constants controlling the

methyl symmetrical deformation mode. It was found that
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the principal chayge occurred in the H - C - X deformation
force constant, while the H - ¢ - H deformation force
constant varied slightly. Therefore, the observed
frequency changes as X 1s progressively replaced by other
atoms are not influenced to a great extent by mechanical
coupling of the CH3.vibration with other modes of the
molecule. _

Absorption due to the asﬁyaétrical mode of the methyl
group occurs in the 1450 + 20 region, when X is carbon.
With other elements iﬁ place of carbon, it varies only
slightly in position and is usually found in the region
1380-1480. Hence, the assignments of freguencies due to
this mode, in the 1395 - 1420 region for the infrared
spectra of dimethyl-phosphinates and -dithiophosphinates
are reasonable. These were examined as solution in carbon
disulphide, and the bands were usually observed as
shoulders on the slope of the strong solvent absorption
in that region. It was not possible to examine these
air-sensitive phosphinates or dithiophosphinates of Al,

Ga or In as pressed potassium bromide discs to obtain a
clearer spectrum for this region. Such an investigation
was possible\for the air-stable dithiophosphinates of

71 and Cs (Tables 16 and 17). Bands at 3404 for the
thallium compound, and at 1418 and 1404 for the caesium

compound were observed (compare 1417 and 1430, 1440 and
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1415, 1450, and 1437 and 1420 for the infrared spectra of

(71), methyl-

(73)

trimethylphosphine! 707, dimethylphosphine
phosphine(72) and trimethylphosphine oxide respectively).
‘Bands due to phbsphorus-methyl rocking (wagging)
.vibrations were observed in the 840-1000 region (compare(74)
947, 960 and 1067; 948 and 960; 977 and 1017; 866, 872,

and 950 for the infrared spectfa of the series of phosphorus
compounds mentioned above). It should be mentioned that

for the compounds examined as solution in carbon disulphide,
there was no difficulty in assigning a prominent band in

the 850 region due to a methyl rocking vibrational mode.

For similar cell thickness (0.1 mm) only a weak bump is
observed due to absorption by the pure solvent, this being
the first overtone of a fundamental in the 400 region.

Absérptions due to phosphorus-methyl bending modes were
observed in the 255-295 region (compare'’4) 263 ana 305,

265 and 318, 256 and 311 for the Raman spectra of trimethyl-
phosphine, diﬁethylphosphine and trimethylphosphine oxide
respectively).

All the compounds investigated had two bands in the
710-760 region due to phosphorus-methyl stretching modes.
Thus, for éxamplg caesium dimethyldithiophosphinate had
strong bands at 715 and 734 (compare(63) 695 vw and 725 m
for NaPO Mez). These bands were very close and hence a

2
. m .
distinction between symmetric and asﬁy%gtric stretching
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‘modes is not possible without a detailed mathematical

analysis.
P-0 Linkage.

A band at 1290 was first observed by Venkateswaran(75)
in the Raman spectrum of POCl3. This band disappears(76)
in ZESCl3 and a new band appears at 750. In various organic
derivatives of phosphorus, the P =0 and P - 0 - C
(aliphatic) stretching modes cause strong absorption in
- the 1175-1350 and 990-1050 regions respectively&77’78)
Bands at 1062 and 1164, 1057 and 1171 in the infrared
spectra of the dimers (MezGaOQPMez)2 and (Me21n02PMe2)2
respectively were easily assigned to the PO2 stretching
modes. Confirmation was obtained from the disappearance
of these bands in the spectra of the corresponding dithio-
phosphinates. In the ester Me2P02Me bands at 1230 and
1042 were observed for the P = 0 and P - 0 - C (aliphatic)
stretching modes respectively (Fig. A). In the salt
NaOZPMe2 the P02 stretching modes absorb at 1068 and 1168.
Therefore, the bandé which are farther apaft in the ester
move closer together in the salts where the distinction

between the two phosphorus-oxygen bonds disappear, giving

. ™
rise to symmetric and asfyﬂftric stretching modes of the
PO, group. For the gallium and indium phosphinates a

similar behaviour was observed relative to the ester.
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This is an indication that the P = 0 groups are not free
but acting as donors in these dimers (described later).

The aluminium dimer had a strong band at 1091 clearly

due to a PO2 stretching mode, which disappeared in the‘
spectrum of the corresponding dithiophosphinate. The other
bahd (compare the corresponding gallium and indium dimers)
was probably near 1192 and waé masked by the intense band
due to the symmetric deformation of the methyl groups
attached to the aluminium atom.

This region was more complicated in the spectra of
diphenylphosphinates and diphenylthiophosphinates of
aluminium and gallium (Tables 7-10), due to the presence
of Car_H in - plane - deformation vibrations. It has been
shown that mono-substituted aromatic compounds absorb(79)
in the regions 1125-1175, 1070~1110 and 1000-1070 due to
the in-plane-deformation vibrations of the hydrogen atoms
remaining in the ring. The spectra of aluminium and gallium
diphenylphosphinate or diphenylthiophosphinate were assigned
by comparing the corresponding compounds. It is reasonable
to assumethat the bands arising due to aromatic hydrogen
motions would be similar in the corresponding aluminium
or gallium compounds, while the phosphorus-oxygen stretching
modes may be slightly metal-sensitive. Therefore, the

“bands 1134, 1027 and 998 for the dimer (MezAlOQPPqQZ,'and
similar bands 1130, 1024 and 998 for the analogous gallium
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dimer were assigned to the aromatic hydrogen motions.
Hehce, for the gallium compound the metal-sensitive strong
bands at 1180 and 1048 (together with the medium shoulder
at 1067) must be due to PO2 stretching modes. For the
aluminium compound one strong band at 1072 was clearly
identified as due to this mode, the other was probably
masked in a manner similar to that described for the
analogous dimethylphosphinate dimer. Similarly, for
the dimers (Me,AlOSPPh,), and (Me,GaOSPPh,), the almost
identical bands (Tables 9 and 10) at 1117, 1026 and 999
must be due to aromatic hydrogen motions. Hence, the
metal-sensitive bands 1064 and 1047 for the aluminium
compound together with the bands at 1089 and 1066 for
the analogous gallium dimer are suggested to be due to
phosphorus-oxygen stretching modes. The dimers evidently
contain two identical P - O bonds (described later)
and therefore the symmetric and as¢y%%tric modes might
héve caused the observed doublets in each case.
Car— H Qut-of-Plane Deformation Vibrations.

| A very strong band in the 730-70 range has been
assigned to the Car_ H out- of- plane deformation vibrationsin
mono-substituted aromatic compounds. Fufthermore; a strong
band in the 700 + 10 region is also observed.(83785) 14

the present work, three bands have been assigned to

C p~ H (o.p.d.) in the range 690-755.

(80-84)
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M - CH, Linkage (M = Al, Ga, In or T1)

3

Bands due to aluminium-methyl asﬁy%?tric stretqhing
modes and the methyl symmetric deformation modes were
assigned by Hoffmann(60) in the regions 680 and 1200
respectively. Very little information was available on
other types of metal-methyl vibrational modes, and the
suggested frequencies are based on Hoffmann's and the
present work.

In the infrared spectra of dimethylaluminium dimethyl-
‘phosphinate and analogous gallium and indium compounds,
single sharp bands at 1192, 1200 and 1151 respectively were
assigned to symmetric deformation modes of the methyl
groups attached to these metals. These bands were observed
at 1186, 1190.and 1147 respectively,for the corresponding
dimethyldithiophosphinates. 1t seems, then, that the
attachment of two sulphur atoms to the metal lowers the
methyl symmetric deformation frequéncy relative to the
analogous case with oxygen (a similar effect was observed
when the methyl groups attached to phosphorus were considered
in the same compounds). The lowering of frequency for this
band in the indium comﬁounds relative to the corresponding
gallium dimer or monomer may be a mass effect because the
electronegativities of these two metals are about the same.
Comparison of aluminium and gallium compounds reveal that

increased electronegativity has slightly raised the frequency
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of this band :though the mass. effect acts in the opposite
direction. Furthermore, these conflicting effects are
responsible for the observation of this band at 1195 in
the Raman spectrum of dimethylthallium nitrate or
perchlorate(86)in solution. This clearly indicates that
the expected decrease in frequency due to increased mass
of thallium relative to aluminium or gallium has been
completely balanced by the electronegativity effect
tending to raise the frequency. This vibration which is
forbidden in the infrared spectrum of linear dimethyl-
théllium ion, is probably responsible for the very weak
absorptions at 1170 and 1178 for the salts dimethyl-
thallium dithiophosphinate and dimethylthallium bromide
respectively (in the solid state).

The bands due to metal-methyl rocking vibrations
in the 700-800 region were found to have a rather character-
istic contour (see Fig. B.). These were first identified
in simple compounds like dimethylthallium bromide; tri-
methylgallium,dimethylgallium cyanide and dimethylgallium
formate, where this region was not complicated by possible
absorptions due to other structural units, for example,
aromatic hydrogen out-of-plane motions in compounds con-
taining the phenyl ring (Tables 18, 4, 2 and 26). Sub-

sequently the assignmenfs were extended to dimethylgallium
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acetate and (d3) acetate, and to other compounds.

Bands at 682 and 581, 588 and 538, and 528 and 484
in the infrared spectra of the dimers (Me2A102PMe2)2,
(MezGaOZPMeZ,)2 and (Me21n02PMe2)2 were assigned to be
due to metal-methyl asﬁy%%tric and symmetric stretching
modes respectively (Tables 3, 5 and 6.). Thus the expected
decrease in frequency with increasing mass on moving from
aluminium to indium is observed. PFurther, these bands
were fairly stable in position in the various compounds
investigated, and therefore, the assignments appear to
be reasonably certain. A band due.to the as¢y%%tric
stretching mode of the dimethylthallium ion was found at
540. The corresponding symmetric stretching mode has been

(86)

reported to cause a band at 498 in the Raman spectrum‘.

M - O Linkage (M = Al, Ga or In).
Infrared spectra of tris-acetylacetonates of aluminium,
(87)

gallium and indium were examined by Djordjevic Bands

at 496, 446 and 434 were assigned to Al-0, Ga-0 and In-0

stretching modes respectively.

A strong band at 517 in the infrared spectra of the
dimer (MezAlOSPPhZ)2 and a doublet (523 and 509) in the
same region for the analogous gallium dimer were assigned
to be due to phosphorus-phenyl skeletol vibrations on
the basis of vibrational aﬁalyses of diphenylphosphine
and triphenylphosphine(92). Therefore, the metal-

sensitive bands at 454 and 403 in the aluminium
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compound, and at 426 and 389 in the gallium compound
are congidered to be due to Al-0 or Ga-0 stretching modes.
The dimers eviaently contain two identical metal-oxygen
bonds, therefore two bands are observed in each case due
to symmetric and asﬁy%%tric stretching vibrations. Similarly
the metal-sensitive lower frequency bands at 355 and 333,
and 300 and 274 in the aluminium and gallium compounds
respectively are due to metal-sulphur stretching modes
(Tables 9 and 10).

In the dimers-(Me2GaO2PMe2)2 and (MeQInOZPMeQ)2
the metal-oxygen stretching modes were observed at 483
and 439, and 466 and 438 respectively (Tables 5 and 6).
Thus for similar compounds In-0 stretching modes absorb at
slightly lower frequencies than Ga-0 stretching modes. In
this respect, the observation is similar to that reported
for the tris-acetylacetonates of these metals. For the
dimer (MezGaOéAsMez)z, the GaO, stretching modes absorbed
at 433 and 408, slightly lower than the analogous phosphorus
compound (Table 19).

In the carboxylate series, single sharp bands were
observed due to this vibration at 513, 526 and 382 in
the infrared spectra of the dimers (MezGa02CMe)2,
(Me2GaO2CCD3)2 and (Me2Ga02()H)2 respectively. Thus, it

was found that in the various compounds investigated with
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gallium-oxygen bonds, the bands due to GaO2 stretching
modes were in the range 380-525.
M-S Linkage (M = Al, Ga or In).

No information was available on bands due to metal-
sulphur vibrational modes, which would be expected to be
in the 250-400 region. Bands considered due to metal-sulphur
vibrations in the monomers Me2AlSZPMe2, MeZC—aSZPMe2 and
MeZInS2PMe2 were at 348; 314 and 313 respectively (Tables
12, 14 and 15). Thus Al-S vibrations absorbed at higher
frequencies than Ga-S and In-S modes, which were similar.
Further, in the monomer Al[SZPMe2]3 where the co-ordination
number of aluminium presumably is six, the aluminium-
sulphur vibrational frequency dropped to 328. In the dimers
(Me,AlOSPPh,), and (Me,Ga0SPPh,),, bands 355 and 333, and

300 and 274 were assigned to metal-sulphur stretching

modes.
5-0 Linkage.

Infrared spectra of benzene sulphinic acids, esters
and salts have been measured by Detoni and Hadzi(88).
Bands at 1090, 1126-36 and 1020 are due to S = 0 stretching
or S0, (stretch)aé‘ in ﬁhe compounds benzene sulphinic
acid, methylbenzene sulphihate and potassium benzene

sulphinate respectively. Similarly; bands at 860, 960

and 980 respectively in these compounds must be due to
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S-0 stretching or SO,2 symmetrical stretching modes. The
positions of these bands correspond well to those of Raman
bands, wherever there has been duplication of the work of
Houlton and Tarter(89). The assignments given in Tables
21-23 are based on the above investigations.
C-0 Linkage.

The assignments for 002 stretching modes were made
by comparing the spectra of different compounds examined
with this structural unit, and also taking into consideration
the published data on the spectra of esters;(go) and acetate
ions (these will be described later in connection with the
structures of dimethylgallium acetate and related compounds).
P-S Linkage.

vl A strong band at 654 in the infrared spectrum of the
monomer MeAl(SzPth)2 was assigned to the P = S stretching
mode (compare 656 for Ph2P82H). |

Strong bands at 588 and 496, and 606 and 505 in the
infrared spectra of dimethylthallium dimethyldithiophosphinate
and caesium dimethyldithiophosphinate were assigned to PS2
as?y%%trical and symmetrical stretching modes, because in
these simple molecules absorption in this region due to any
other vibrational mode was unlikely (Tables 16 and 17).

Bands at 233 and 220 in the thallium and caesium compounds

respectively were assigned to P32 bending motions.

For many other compounds investigated with phosphorus-
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: m
sulphur bonds, the frequencies for P82 as¢y%Ftric and

symmetric vibrations were‘similar to those quoted above.

Miscellaneous Linkages.

The assignments for different structural features of
the dimer (MeeGaOZAsMe2)2 involving arsenic, are described

later.

The assignments of P - Ph skeletal vibrations are
based on published evidence(gz) (compare 420 and 520 in
Ph3P and Ph,PH respectively). Sulphur-phenyl skeletal

vibrations were assigned by analogy with the phosphorus

compounds.
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Table 3.

(Me2AlO2PMe2)2 Assignments
1428 (s,sh) 4 P—CH3 (d)as
1316 (s) P-CH, (d)
1307 (s) 3 Tsym
1192 (vg) Al-CH3 (d)sym
1192 (vs) 2 PO, (stretch)
1091 (vs)
935 (w) P-Me (rock)
878 (s)
757 (m) PM62 (stretch)
728 (m)
682 (vs) AlMe, (stretch),
581 (m) AlMe2 (stretch)sym

Table 4.

Infrared spectrum as vapour (pressure 15 mm.).

Trimethylgallium Assignments
1408 (vw, broad) Ga-CH, (d)as
1212 (s) Ga~CH, (4)
1205 (s) 3" 'sym
1198 (s)
769 (vs) Ga-Me (rock)
735 (s)
727 (s)
587 (vs,sh) , GaMe3 (stretech)
583 (vs)

570 (vs)

_l)
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Table 5.

Infrared spectrum in carbon disulphide and benzene.

(MezGaO

1300
1294

1200

- 1164
1062

1112

923
870

147
133

588
538

483
439

299
283

2PMezj2 Assignments

533 P-CH, (d)Sym

(m) Ga—CH3 (d)sym
(vs) PO, (stretch)
(vs)

(w)

(vw) P-Me (rock)

(vs)

(m) PMe,, (stretch)
(m)

(m) Galle, (sﬁretch)as
(m) T Galle, (stretch)sym

Gao2 (stretch)

Ple,, (a)
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Table 6.

Infrared spectrum in carbon disulphide and benzene.

(Me2InO2PMe2)2 Assignments
1418 (s,sh) P-CH3 (d)as
1299 (m) P-CH, (4)
1292 (m) 3 sym
1171 (vs) PO2 (stretch)
1057 (vs)
1151 (s) In—CH3 (d)sym
1121 (w)
920 (vw) PMe (rock)
866 (s)
742 (m) PMe,, (stretech)
713 (m)
528 (m) InMle,, (stretch)aS
484 (m) InMe, (stretch)sym
466 (ms) Ino,, (stretch)
438 (s)

278 (w) Pie, (d)



- 58 -

Table 7.

Infrared spectrum in carbon disulphide

(MezAlQQPPhé)2 Assignments

1431 (vs) P-Phenyl(gm)
1199 (vs) Al-CH, (4)
1188 (s,sh) 37 Tsym
1199 (vs) 2 PO, (stretch)
1072 (vs)

1134 (vs) C_=H (i.p.d.)
1027 (m) ar

998 (m)

922 (vw)

785 (vw) Al-lMe (rock)

752 (S) C_=H (OQPodo)

730 (s) ar

691 (vs)

683 (vs) AllMe, (stretch)as
620 (vw)

604 (w) AlMe, (stretch)
590 (w) 2 sym

548 (m) P-Phenyl
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Table 8.

Infrared spectrum in carbon disulphide.

(MezGaOZPPh2)2 Assignments
1431 (vs) P-Phenyl
1203 (ms) Ga-CH3 (d)Sym
1180 (s) PO, (stretch)
1067 (m,sh) .
1048 (ss
1130 (vs) C..-H (i.p.d.)
1024 (ms) ar
998 (m)
751 (ms) : C..-H (o.p.d.)
727 (s) ar
700 (m,sh)
692 (ss
594 (m) Galle ., (stretch)as
564 (ms) P-Phenyl

534 (m) Galle,, (stretch)sym
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Table 9,

Infrared spectrum in carbon disulphide and benzene (principal
bands only).

(Me ,A10SPPh,,) | Assignments

1439 (vs) P-Phenyl
1200 (m) A1-CH, (4)

1189 (m,sh) ' 3 'sym
1117 (s) C.-H (i.p.d.)
1026 (ms) ar

999 (m)
1064 (ms) PO (stretch)
1047 (ms)

800 (m) Al-Me (rock)
750 (s)

746 (s,sh)

727 (vs) C..-H (o.p.d.)
715 (vs) ' ar

691 (vs)

678 (s,sh) AlMe,, (stretch)as
656 (m,sh)

629 (ms) ' PS (stretch)
612 (ms)

568 (m) AlMe, (stretch)
548 (m) 2 Sym
517 (vs) P~Phenyl

454 (m) A10 (stretch)
403 (m)

355 (s) A1S (stretch)

333 (ms,sh)
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Table 10.

Infrared speétrum in carbon disulphide and benzene (principal
bands only).

(Me2GaOSPPh2)2 Assignments
1431 (vs) P-Phenyl
1199 (m) Ga-CH3 (d)sym
1117 (vs) C..~H (i.p.d.)
1027 (ms) ar
999 (m)
1089 (s) PO (stretch)
1066 (s)
751 (s) | Ga-CH3 (rock)
745 (s,sh)
720 (vs) C..=H (0.p.d.)
707 (vs) ar
692 (vs)
676 (m)
625 (s) PS (stretch)
604 (vs) GaMe., (stretch)aS
533 (s,sh) ’ .GéMez (stretch)sym
523 (vs) P-Phenyl
509 (ms,sh)
426 (m) Ga0 (stretch)
389 (m)
300 (vs) GaS (stretch)

274 (w,sh)
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Table 11.

Infrared spectrum in carbon disulphide and bengzene (pr1n01pal
bands only).

MeAl(SzPPhZ)z Assignments
1437 (vs) P-Phenyl
1307 (w)
1182 (m) . | Al-CH3 (d)sym
1105 (s) C..~H (i.p.d.)
1101 (s) ar
1028 (m)
1000 (m)
813 (w) Al-Me (rock)
785 (w)
744 (s) ~ C..-H (o0.p.d.)
709 (vs) ' ar
689 (vs)
673 (s) Al-Me (stretch)
654 (s) P = S (stretch)
633 (m,sh)
612 (m)
566 (vs) PS, (stretch)as
529 (w) P-Phenyl
485 (s) 4 PS2'(stretch)sym
391 (s) A182 (stretch)
373 (m,sh)
329 (m) Al-S (stretch)
312 (m,sh)

230 (m)
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Table 12.

Infrared spectrum in carbon disulphide and benzene.

MezAlSZPMe2 Assignments

1414 (s) P-CH, (d)
1403 (s) 3 as
1395 (ms)
1296 (m) P-CH, (d)
1287 (s) 3 Sym
1186 (s) Al-CH, (d)
1174 (w,sh) 30 Tsym
991 (w) P-Me (rock)

948 (vs)

912 (vs)

853 (s)

762 (s) Al-Me (rock)

740 (s) PMe,, (stretch)
729 (s)

687 (vs) Alle,, (stretch)as
646 (ms,sh)

599 (ms) PS, (stretch)

585 (ms) 2 as
579 (ms) AlMe, (stretch)sym
505 (s) PS, (stretch)

493 (m) 2 sym
394 (w)

348.(vs) AlS, (stretch)as
310 (m) Als, (stretchgym?
292 (vw)

271 (m) Pile,, (a)
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Table 13.

Infrared spectrum for Nujol mull and benzene solution.

Al(SZPMeZ)3 Assignments
31290 (vw,sh) P-CH, (d)
1280 (m) 3 Sym
1160 (vw) 847 + 308 = 11559
956 (s) P-Me (rock)
944 (s)
921 (s)
909 (s)
858 (w)
847 (m)
741 (m,sh) Plle,, (stretch)
729 (s)
601 (s) PS, (stretch)
587 (ms) 2 as
501 (m) PS, (stretch)sym
328 (vs) Als, (stretch)
308 (s,sh)
272 (m) PMe, (a)

264 (m)
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Table 14.

Infrared spectrum in carbon disulphide and benzene.

MeéGaSEPMez Assignments

1418 (s,sh) P-CH, (d)

1406 (s:sh) 3 as

1397 (ms)

1292 (m) P-CH, (d)

1282 (ms) 37 sym

1190 (ms) Gg—CH3(d)Sym
944 (vs) P-Me (rock)
908 (vs)
850 (s)
761 (ms) Ga-Me (rock)
735 (s,sh) Plle, (stretch)
725 (vs)
590 (vs) Galle,, (stretch)as
590 (vs) ? PS, (stretch)as
537 (ms) Galle., (stretch)sym
503 (s) PS, (stretch)sym
314 (vs) Gas, (stretch)as
277 (m,sh) PMe, (a)
267 (SS
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Table 15,

Infrared spectrum in carbon disulphide and benzene

Me2In82PMe2 Assignments
1416 (ms,sh) P-CH (d)
1406 (m,sh) 37 as
1397 (m)
1294 (w) P-CH, (d)
1284 (m) 3 ke
1147 (vw) In-CH, (d)sym
948 (s) ’ P-Me (rock)
911 (s)
898 (w,sh)
852 (ms
738 (m) Plle,, (stretch)
- 724 (ms)
596 (s) PS2 (stretch)as
508 (w) Inle, (stretch)as
496 (ms) PS, (stretch)sym
323 (ms,sh) Ins, (stretch)
313 (s)
271 (m) Plle, (a)

256 (m)
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Table 16.

Infrared spectrum in potassium bromide disc and for Nujol

mull.
Me2T182PMe2 Agsignments

1404 (m) P-CH, (d)as
1290 (vw) P-CH, (4)
1280 (ms) 3 Sym
1170 (vw) Tl-CH3 (d)sym
1087 (vw)

»943 (vs) P-Me (rock)

909 (vs)

847 (m)

797 (s) T1-Me (rock)

733 (m) Ple,, (stretch)
710 (s)

588 (vs) - PS8, (stretch)as
540 (m) Me-T1l-Me (stretch),
496 (ms) . .P$2 (stretch)sym
295 (m) Pile,, (a)

287 (w,sh)

233 (ms) PS, (d)




2

Infrared spectrum in potassium bromide disc and for Nujol

Cs(SZPMeZ)

1418
1404

1290
1279

1105
952
915
847

734
715

606
505
282
220

(m)

(ms)

(m)
(s)

(vw)
(s)
(vs)

(s)
(s)

(vs)
(vs)
(vs)
(s)
(s)
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Table 17.

mull,
Assignments
P—CH3 (d)as

P-CH3 (d)sym

P-Me (rock)

Ple, (stretch)

S, (stretch)as
PS, (stretch)sym
Plle, (d)

PS, (a)

Table 18,

Infrared spectrum in potassium bromide disc.

Me T1Br

2
1178

800
541

(vw)
(vs)

(ms)

Assignments
Tl-CH3(d)Sym
?1-Me (rock)

Me-T1-Me (stretch)as
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Table 19.

Infrared spectrum in carbon disulphide and bengzene.

(MeZGaOZAsMez)2 Assignments

1267 (m) As-CH, (4)
1259 (w) 37 Tsym
1194 (m) Ga-CH, (d)Sym

897 (s) AsO, (stretch)

865 (s)

884 (vs) As-Me (rock)

818 (m)

738 (ms,sh) Ga-Me (rock)

725 (ms)

675 (vs) AsMe, (stretch)aS
642 (m) AsMe,, (stretch)sym
580 (m) Gale,, (stretch)aS
535 (m) Galle,, (stretch)sym
433 (s) Gao,, (stretch)

408 (s)

283 (ms) AsMe, (4)

269 (m)
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Table 20.

Infrared spectrum done as liquid.

MezAsI Assignments

1805 (vw) 1249 + 565 = 1814 *?
1550 (vw)

1414 (vs) As-CH, (4d)

1404 (vs) 3 as

1393 (vs)

1249 (vs) As-CHy (d)sym

1130 (vw) 897 + 227 = 1124 %
897 (vs) As-Me (rock)
828 (vs)

794 (vw) 565 + 227 = 792 ?
748 (vw)

575-565 (vs, broad band) Asle,, (stretch)
227 (vs) As-I (stretch)
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Table 21,

Infrared spectrum in potassium bromide disc (principal bands

only).

Ba(OzsPh)Q Assignments
1443 (ms) S-Phenyl

1088 (m) C..-H (i.p.d.)
1020 (m,sh) ar

971 (s}

986 (vs) S0, (stretch)
960 (vs)

751 (m,sh) C_..-H (o.p.d.)
744 (SS ar

704 (ms)

689 (s)

581 (s) S-Phenyl

505 (ms) 50, (d)

487 (m)

Table 22.

Infrared spectrum in carbon disulphide (principal bands

only).
(MezAlOZSPh)Z Assignments
1445 (s,sh) S-Phenyl
1192 (ms) A1-CH, (d)sym
1089 (m) | C,p~H (iep.d.)
1027-1005 (s, broad band) S0, (stretch)
980-970 (s, broad band)

753 (s) C..~H (o.p.d.)

704 (vs) ar

688 (vs)

620 (m) AlMe, (stretch) . ?
612 (w) 2 Sy

588 (w) S-Phenyl
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Table 23.

Infrared spectrum in carbon disulphide and benzene
(principal bands only).

(Me2Ga028Ph)2 Assignments
1445 (s) | S~Phenyl
1203 (s) Ga~CH, (a) sym
1124 (m)  C__-H (i.p.d.)
1082 (m) ar
1048 (m ‘
1005 (vs) 50, (stretch)
941 (s)
735 (s) C__-H (0.p.d.)?
697 (s) ' ar
683 (s)
584 (m) Galle,, (stretch)as
539 (W) GaMe2 (stretch)sym
459 (s) Ga0, (stretch)
420 (s)
352 (ms)
329 (mysh)
275 (w)

2 These bands were not sharp, unlike all other compounds




- 73 -
Table 24,

Infrared spectrum measured as Nujol mull and C2Cl4

solution.
(MeQGaOZCMe)2 Assignments
1754 (w) 1203 + 549 = 1752 2
1534 (vs) CO2 (stretch)
1471 (vs)
1408 (vs) C-CHJ (d) sym
1203 (s) Ga-CH, (d)Sym
1053 (m)
1030 (ms)
965 (m)
761 (ms,sh) Ga~-Me (rock)
740 (s)
695 (vs)
612 (m)
601 (s) Galle., (stretch)aS
549 (ms). Galle,,. (stretch)sym
513 (m) Gao,, (streteh)

329 (m)
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Table 25.
Infrared spectrum measured as Nujol mull and 02014 solution.

(MegGaO CCD3)2 Assignments

2
1754 (w) 1203 + 548 = 1751 2

1515 (vs) co,, (stretch)
1475 (vs)

1447 (s)
1203 (s) Ga—CH3 (d)sym
1092 (w)

1055 (m)
1029 (ms)

929 (ms)
918 (ms)

841 (s)
758 (s,sh) Ga-Me (rock)
735 (vs)
696 (ms)
661 (vs) |
600 (vs) Galle , (stretch)as
548 (ms) Galle,, (stretch)sym
526 (m) _ Ga0, (stretch)
471 (w)
314 (m)
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Table 26.

Infrared spectra for Nujol mull and C2Cl4 solution.

(Me2Ga020H)2 Assignments
1616 (vs)

1587 (vs) -002 (stretech)
1555 (vs)

1377 (vs)
1353 (vs)

1206 (ms) Ga~CH, (d):
1202 (ms) 3 sym
1192 (ms)

823 (s)

738 (vs) Ga-Me (rock)

720 (s,sh)

699 (ms,sh)

606 (s) Gale , (stretch)as
549 (m) Gale,, (stretch)sym
382 (m) Gao,, (stretch)
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Phosphinates of Group 111 Elements.

A ligand with two potentially co-ordinating groups,
for example, a diamine NH2(CH2)nNH2 or an amino acid
NH2(CH2)nCOOH, can function' as a chelate group if it is
geométrically possible to form a ring of low strain, as
in the formation of carbon rings in organic chemistry. As
a résult of steric strain the energy of bond formation is
low for small rings but increases as increasing size of
the ring relieves strain. However; the stabilising influence
of chelation, which appears in the entropy term, is greatest
for small rings. These two terms, working in opposite
directions, produce a maximum stability in a five-membered
saturated ring. An interesting illustration of this is
given by 1,2,3—triaminopropanetetrachlordplatinum (IV). Both
five~ and six-membered rings are possible for the triamine,

(93)

which behaves as a bidentate ligand. Mann resolved the

complex into optical isomerides, and thus demonstrated the
dissyﬂ?tric five-membered ring structure.

It is of interest that for aromatic ligands or chelates
with conjugated linkages, the six-membered rings are more
common. This may-be due to wider bond angles in these
ligands. Therefore, the formation of monomers such as

(39) (41)

dimethylgallium acetylacetonate and the indium
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analdgue from reactioné between acetylacetone and the
trimethyl-metal is understandable.

However; the formation of larger or smaller rings is
not completely excluded. Compounds have been described
containing the succinato(94), sulphonyldiacetic(95) and
NH2(CH2)6NH2 ligands(96), in which there are seven-, eight-
and nine-memberedorings respectively. Carbonato, M<:2:>CO,
and sulphato, M<:O:>SOZ complexes are among the more common'
fourémembered chelates, formed with elements of octahedral
stereochemistry. There is hardly any evidence that oxy-acid
ligands can form four-membered rings with elements of
tetrahedral stereochemistry. This may be due to greater
steric strain involved for the necessary deformation of
bond angles when the metal is in a tetrahedral rather than
an octahedral environment.

" The substitution-addition reactions of excess beryllium(II)
and chromium(III) aéetylacetonates with diphenylphosphinic
acid were investigated in a study of new prepvarative routes
for the synthesis of co-ordination polymers€97—99) These
reactions were carried out in melts from which the dimers
[Be(05H702)(Ph2PQ2)]2 and [Cr(CsH,0,),(Ph,PO,)], were
obtained. Some polymers were isolated, for example,

[Be(OZPPhg)zjx when the acid was in excess. The molecular

weights were measured by different methods (e.g. ebullio-



-, 78_

scopically in benzene). Forthese materials, eight-membered
ring structures similar to that mentioned for dimethylgallium
acetate dimer (see introduction section, page 31) were |
postulated but not established because the alternative
four-membered ring structures were not taken into consideration.
The polymeric dimethyl-, and diphenyl-phosphinates of
cobalt have also been described(}oo)

No information was available on the phosphinates of
group iII metals. Dimethylaluminium dimethylphosphinate
and its analogous gallium and indium compounds were obtained
from reactions between a suspension of dimethylphosphinic
acid in benzene and a solution of the trimethyl-metal in
the same solvent, under an atmosphere of nitrogen. Addition
of the acid to the trimethyl-metal caused a lively reaction
with gas evolution, and the products of the reaction
remained dissolved in the solvent. The solvent was removed
under reduced pressure, leaving a white solid. Pure
dimethyl-metal phosphinates were obtained from this residue
by vacuum sublimation as colourless crystals. The melting
points increased on moving from aluminium to indium (430,
540 and 75—7600 respectively). These compounds were air-
sensitive because it was not possible to obtain satisfactory
infrared spectra on materials which had been exposed to air.
The phosphinates were soluble in organic solvents ether,

benzene, carbon disulphide and carbon tetrachloride.
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The molecular weights were determined cryoscopically
in benzene and the phosphinates were shown to be dimers.
Structures III and IV are possible for these dimers in which

the‘métals can attain four-co-ordination (M = Al, Ga or In).

Ple Me2

04%’3\50
MeZM Z// \\\ MMe ., Me M k////// \\f\\\MMeZ

0 0 0
N/ l
Me2P Me2P

111 IV

For structure III the phosphorus-oxygen bonds are very
similar. But for structure IV the phosphorus-oxygen bonds

are different, and free P = 0 is retained, which does not
participate in co-ordinate bond formation. Therefore,

infrared spectroscopy can be used to choose between these
structures. 1In the ester Me2P02Me where a distinction

between two types of phosphorus-oxygen bonds is apparent, bands
due to P = 0 and P - OMe stretching modes are observed at

1230 and 1042 cm™+ respectively (Fig. A). These bands which
are so wide apart in the estér move closer together in the
salts where any distinction between two types of phosphorus-
oxygeﬁ bonds disappear; and asﬁy@%tric and symmetric modes

1 in NaO

are observed (compare 1168 and 1068 cm™ PM€2)' For

2




- 80 -

dimethylgallium dimethylphosphinate and analogous indium

and aluminium compounds, bands considered due to phosphorus-
oxygen stretching modes are observed at 1164 and 1062,

1171 and 1057, and 1091 and (probably) 1192 cm © respectively.
These bands disappeared in the infrared spectra of the
corresponding dithiophosphinates. Therefore, structure III

is considered to represent the dimethylphosphinates of
aluminium, gallium and indium.

Dimethylaluminium diphenylphosphinate and the corresponding
gallium compound were prepared from diphenylphosphinic acid
and the trimethyl-metal. Removal of the solvent under reduced
pressure left a white residue, from which the phosphinates
were obtained by vacuum sublimation at about 160°C. These
are less volatile and higher melting than the corresponding
dimethylphosphinates. However, like‘the dimethylphosphinates
they are soluble in many organic solvents. The molecular
weights were determined cryoscopically in benzene and the
compounds were found to be dimers. Bands due to phosphorus-—
oxygen vibrations were observed in the infrared spectra at
1180 and 1048, and 1072 and probably near 1199 em™t for the
gallium and aluminium compounds respectively. Therefore,

structure V is considered to represent these compounds

(M = Al or Ga).
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PEh

Finally it may be mentioned that the infrared spectra
of trimethyl- and triphenyl-phosphine oxide and a number
of their complexes with various transition metal cations have

| (101-106)

been described, in a study of the properties of these compounds.
It was found that complex-formation causes the phosphorus-
oxygen stretching frequencies to shift about SOcm-l to lower
values. Since a simple kinematic effect would raise the
frequency, an explanation in terms of a lowering of P-O bond
order has been proposed.

Thiophosphinates of Group III Metals.

No informatién was available on the thiophosphinates
of group III metals. Dimethylaluminium thiophosphinate and
the corresponding gallium compound were prepared from di-
phenylthiophosphinic acid and the trimethyl-metal. Removal

of the solvent under reducedpressure left a white residue,
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from which the thiophosphinates were obtained by vacuum

sublimation at 160-80°C. These are slightly less volatile

and higher melting than the corresponding diphenylphosphinates.

However, like the other phosphinates they are soluble in many

organic solvents. The molecular weights were determined

cryoscopically in benzene and the compounds shown to be dimers.
Diphenylthiophosphinic acid- could have structures

represented by IV or V. In the infrared spectrum of the acid

Ph . P. Ph. P
iv v

(pressed potassium bromide disc), strong bands attributable

to P - OH and P = S vibrations were observed at 892 and 633 cm
respectively. Therefore,lthe acid is best represented by
structure V. The 1100 cm + region where P = O vibrations
required by structure IV may be expected to absorb, was masked
by the presence of bands due to aromatic hydrogen in-plane-
deformation modes though these are normally not so intense

as P = 0 stretching bands. Hence, available data cannot with
certainty decide between structures IV and V, but does fairly
strongly indicate the latter. However, this problem is not
very relevant td the question of the structures of.the
aluminium or gallium thiophosphinate dimers. Bands due %o

- phosphorus-oxygen and‘phosphorusfsulphur vibrations were

1
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observed at 1064 and 1047, and 629 cm L for the aluminium
compound. Similar bands}were observed at 1089 and 1066,
and 625 ém_l for the gallium dimer. Thus, in the infrared
spectra of these compounds, bands due to free P = 0
vibrations were not observed; and partial double bond
character of P - S bonds was retained. However; there was
a slight shift of phosphorus-sulphur stretching frequencies
to lower values. Finallj by analogy with the phosphinates
a resonance structure may be expected (VIA and VIB; M = Al
or Ga).

PPh PPh

SN 7\

MM92

/7

N\
.
N

S:tttb ////'O ‘ S\\\ /¢%%,O

PPh2 ' PPh2
VIA VIB

Dithiophosphinates of Group III Metals

Dimethylaluminium dimethyldithiophosphinate and the
correspbnding gallium and indium compounds were prepared
by methods analogous to those used for the other dimethyl-
metal phosphinates described before. All these compounds
wefe sufficiently volatile to be purified by vacuum sublimation

as colourless crystals, and their melting points increase on
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moving from aluminium to indium (103-4, 153-4, and

184-500 respectively). Further, each compound is higher
melting than the corresponding dimethylphosphinate. The
aluminium compound is very sensitivé to air, and sometimes
caught fire when touched with a drop of water (this was
similar to the Behaviour of dimethylaluminium cyanide |
tetramer and in contrast to dimethylaluminium dimethyl-
phosphinate and other dimers). The compoﬁnds are soluble

in many organic solvents. Molecular weights were determined
eryoscopically in benzene and the dithiophosphinates were
found to be monomers. Therefore, in contrast to phosphinate
and thiophosphinate ligands, the dithiophosphinate group

can function as a chelating ligand to metals of tetrahedral

stereochemistry (VII; M = Al, Ga or In).

VI

PMe

H \/

These monomers did not react with trimethylamine.

When oxygen is attached to saturated carbon or nitrogen,
theAbond angle at oxygen is within a few degrees of the

tetrahedral angle in every case (except for small ring
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compounds, e.g. with carbonato or sulphato ligands which
involve "bent" bonds) and is generally slightly smaller

than the tetrahedral angle due to lone-pair repulsions

being greater than bond-pair repulsions€53) However, the
attachment of oxygen to an aromatic ring (e.g. diphenyl
ether) causes the lone-pair electrons partiélly to delocalise
~into the aromatic system, the 0-C bonds acquire some double-
bohd character and the bond angle increases to greater values
than the tetrahedral angle (compare 108° and 1240 in Etzo

and Ph20 respectively). There is no great tendency for the
lone-pair electrons in S,Se and Te to delocalise into an
aromatic system. Therefore, the bond angles in diarylsulphides
and related compounds are smaller than the tetrahedral angle
{ compare 109°, 106° and 101° in (p—CH3C6H4)ZS, (p-CH;CgH, ) ,Se
and (p¥CH3C6H4)2Te respectively].

Attachment of oxygen or nitrogen to atoms with incomplete
valency shells causes similar delocalisation of lone-pair
electrons-into theuvalency shell of these atoms and corres-
ponding increase in the bond angle, as was described for
aromatic systems. Thus the Si-0-5Si angle is generally found
in the range 130-160° in various silicon compounds [e.g.
130° in (01351520 and 155° in H3SiOSi§-I:;%7.) Further, the
compound N(SiH3)3 is planar with 120° bond angle, and it has
been suggested that these large bond angles are due to P~ 4

bonding between nitrogen or oxygen and silicon. When oxygen
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is replaced by S,Se or Te, it is found that the X-S-X,

X-Se-X and X-Te-X bond angles (X is an element from second

or higher periods) are consistently smaller than the tetrahedral
angle énd sometimes approach 900 as in st. The possibility

of a smaller valency angle at S leads; in several cases; to

the structure of a sui;hur compound differing from the oxygen
analogue. Thus although both the trimeric hexamethylcyclo-
trisiloxane (A) and hexamefhylcyclotrisilthiane (B) are

known, of the corresponding dimeric compounds only the

sulphur compound, tetramethylcyclodisilthian (C) is known.

The structure of this compound requires the Si-S-Si bond angle

SlMe 1Me

/\ /\ S
T VRN
Me Sl SiMe Me Sl SlMe2 Me281 SlMe2

\/2 N,/ N

A B

o be 90° or less; im fact it is 75° (33, It is evident

that oxygen; with its complete valency shell and with its
tendency to delocalise its lone-pair electrons into the Si
valency shell, does not readily achieve such a small bond

angle. Smaller angles are more easily attained by elements

of second or higher periods.
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The P-0-P bond angles are considerably greater than
the tetrahedral angle due to partial double-bond character
of P-0-P bonds resulting from delocalisation of oxygen lone-
pair electrons (compare 1290, 1240 and 132o in P4O6, P4°10
and the tetrametaphosphate ion P4012-4 respectively).
However, the P-S-P bond-angle in P, S, is 109° and the
compound P4S6 does not exist. Furthermore, in the compounds
P483, P485:and P4S7, which have no oxygen analogues, the
P-S-P bond-angles are 1020, 107o and 106° respectively.
Therefore, the ability of thedithiophosphinate group to
function as a chelating ligand is understandable.

The greater reactivity of dimethylaluminium dimethyl-
dithiophosphinate (compare the corresponding phosphinates
and other dimers which did not catZch fire in air when
touched with a drop of water), inspired an attempt to prepare
the tris-compound. This was obtained from a reaction
between trimethylaluminium and three equivalents of the acid
in‘benzene at room temperature. Removal of the solvent under
reduced pressure left a white solid, from which pure
aluminium tris(dimethyldithiophosphinate) was collected by
vacuum sublimation at 19000, in about 50% yield. No methane
was detected when a sample of the compound was hydrolysed in
the vacuum line with 2N-sulphuric acid. The compound was
reasonably soluble in benzene and was shown to be a monomer

in this solvent (exposure to traces of air makes the material
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at least partly insoluble in benzene). However, the
substance was only sparingly soluble in carbon disulphide

and the infrared spectrum was recorded for Nujol mull.

The potassium bromide disc method (which is usually very
satisfactory for air-stable materials) did not give good
results and this is a further indication to the air-sensitive
character of this compound. No bands attributable to P = S
vibrations were obéerved in the infrared spectrum of the
compound. The doublet in the 600 om ™t region (601 and 587 em™T)
was considered due to PS2 asymmetrical stretching modes by
analogy with a similar doublet (599 and 585 cm-l) in

‘ MezAlszPMe2 monomer, where there is no P = S structural

unit. It should be added that‘bands due to P82 symmetrical

stretching vibrations were identified at lower frequencies

1

for both compounds (501, and 505 and 493 cm = for the tris-

and mono-dithiophosphinates respectively). Finally, bands
due to FS, asﬁy&étrical and symmetrical stretching modes
were observed at 606 and 505 cm—1 in caesium dimethyldithio-
phosphinate. Therefore, it appears that the aluminium
atom in the monomeric tris- compound is in an octahedral
environment, and each of the dithiophosphinate ligand acts
as a chelating group.

The involatile compound MeAl(S2PPh2)2 was obtained
from trimethylaluminium and the corresponding acid. It was

shown to be a monomer in benzene. A strong band attributable
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$0o P = S vibration was observed at 654 cm (compare 656 em L
for P = S stretching mode in PhQPSZH). Further, bands due
to PS2 asymmetrical and symmetrical stretching modes were
observed at 566 and 485 cm_l respectively. Therefore,

gtructure VII is suggested for the monomer.

Ph P—— S

|l \\\\ ///// \\\\\\ FPh
/\3/2

V11

The compound was soluble in many arganic solvents.
Dimethylthallium dimetbyldithiophosphinate was obtained
from the reaction between dimethylthallium cyanide and
dimethyldithiophosphinic acid in a mixture of water and
alcohol. It was purified by recrystallisation from hot
etﬁanol as a white glistening solid. The compound was non-
volatile, insoluble in benzene and decomposed at 185°¢.
It wés slightly soluble in water, and in this mediumthg
conductaﬁce measurements were carried out at 250C. The
results are given in the experimental section and the plot
of equivalent conductance against the square-root of concen-
tration in moles/litre is shown in graph 4

For a 1l:1 electrolyte the Debye-Huckel-Onsager conductance
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equation, assuming complete dissociation, may be written

in the form
A=A, -+BA JO

where A and B are 60.20 and 0.229 respectively for water
at 2500, and the concentration given in moles/litre. Therefore

from graph 4, an expression can be written, as given below:
55.0 =/\ ~(60.20 + 0.229 ) (0.104)

Therefore,/\o = 62.7 and the slope of the line A + B/\0 =
74.,6. The observed(108) Onsager slopes for LiCl, NaNOB,
KBr, KCNS and CsCl are 81.1, 82.4, 87.9, 76.5 and 76.0
respectively. The calculated slopes being 72.7, T74.3,
80.2, 77.8 and 80.5 respectively. Hence it is concluded
that the thallium compound behaves as a strong uni-univalent
electrolyte in water at 25°C, [Me,111" [S,Pie,]™.

The interesting question arises about the possibility
of this compound being present as four-membered rings in
the solid state, similar to the analogous aluminium,
gallium and indium dithiophosphinates, which were shown to
be monomeric in benzene. The lack of volatility and solubility
in benzene is an indication that the thallium compound is a
salt in the solid state. Furthermore, the bands assigned
to different structural features of the dithiophosphinate

group, in the infrared spectrum of the thallium compound
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were very similar to those in caesium dimethyldithio-
phosphinate (prepared from caesium carbonate and the acid)
which is doubtless a salt. Bands due to the MeQTl group
were similar to those in dimethylthallium bromide (See Fig. C)
which is a salt, and the Me2T1 group is linear. These
spectra were recorded for pressed potassium bromide discs,
and thé presence of four-membered rings in dimethylthallium
dimethyldifhiophosphinate in the solid state would have
involved non-linear Me2Tl groups, hence, the spectrum should
have been diffefent from that observed for the linear

group in dimethylthallium bromide. It is of interest that
no stropg bands due to the symmetrical deformation of the
methyl groups were observed,!this being forbidden in the
infrared for the linear Me2Tl group. It seems, then,

that Me2T1[32PMe2] is also a salt in the solid state as in
solution in water.

Sulphinates of Group III Metals

The compound aluminium tris(ethylsulphinate) obtained
from the reaction between sulphur dioxide and triethylalum-
inium has been described(}og) But‘the molecular weight of
this substance was not measured. Furthermore, no other
information was available about any sulphinates of. group III

metals. In the present work, dimethylaluminium benzene-

sﬁlphinate and its analogous gallium compound were obtained
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from reactions between benzene sulphinic acid and the
trimethyl-metal in ether or benzene, under an atmosphere
of nitrogen. Addition of the acid to the trimethyl-
metal caused a lively reaction with gas evolution, and
the‘products of the reaction remained dissolved in the
solvent. The solvent was removed under reduced pressure,
leaving a white solid. Pure dimethyl-metal sulphinates
were obtained from this residue by vacuum sublimation at
about lZOOC. The compounds are soluble in many organic

" solvents.

The molecular weights were -determined cryoscopically
in benzene and the sulphiﬁates were shown to be dimers.
Structures IX, X and XI are possible for these dimers in
which the metals can attain four- co-ordination (M = Al or Ga).

SPh ’ PhS 0

.0 o

0 o
N L |
SPh PhS = 0
IX X
o
|
PhS - MMe
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For structure IX the sulphur-oxygen bonds are very similar,
but for structures X and XI the sulphur-oxygen bonds are
different, and free S = 0 is retained, which does not
participate in co-ordinate bond formation. Therefore,
infrared spectroscbpy can be used to distinguish between
structufes IX and the others. In the ester PhSOZMe where
a distinction between two types of sulphur-oxygen bonds is
appareht, bandé due to S = 0 and S - OMe stretching modes
are observed at 1136-1126 and 960 cm + respectively(88).
These bands which are so wide apart in the ester move closer
together in the salts where eany distinction between two
tjpes of sulfhur-oxygenAbonds disappear, andasymmetric
and symmetric modes are observed (compare(88) 1020 and
980 em L in KOQSPh). For dimethylaluminium benzene-
sulphinate and the analogous gallium compound, bands
considered due to sulphur-oxygen stretching modes were
observed at 1027-1005 and 980-970, and 1005 and 941 cm_l
respectively. Therefore, structure IX is considered to
represent the sulphinates of aluminium and gallium. Previous
observations on the methyl- and phenyl-phosphinates of

these metals reinforced this conclusion.

(lo-112)

A large number of complexes of sulphoxides have been

2
of many of these have been established on the basis of

described (e.g. Me,S0,BFy; 2Me,S0,PdCl, etc.). The structures

infrared and visible spectra, magnetic measurements and




_94’_

éteric considerations. Sulphoxides are pyramidal molecules
with unshared electron pairs on both sulphur and oxygen,
therefore, the identification of the donpr atom in consider-
ation éf their structures was of interest. It was found
that in most cases examined oxygen was the donor atom.

Only for PdClz; 2Me2SO and the corresponding platinum
complexes, Pd «— S and Pt ¢— S bonds were considered
probéble. It may be mentioned that these metals form

some of their most well-known complexes (e.g. Pdcl,,

2Et,S) with donor atoms which have vacant d orbitals; such
atoms include sulphur but not .oxygen.

A brief description follows of the arguments used to
decide between the alternate structures for these sulphoxide
complexes on the basis of their infrared spectra. The
S-0 bond in the sulphoxides has partial double-bond
character, resulting fromipn{- dn back bonding from O to S
superimposed upon the S — O sigma bond. Therefore,
the attachment of the oxygen atom to an acceptor, and
subsequent draining of electrons from oxygen should reduce
the p.- 4. back bonding and hence lower the S-0 bond order
and sfretching frequency. On the other hand, attachment
of sulphur to an acceptor atom would be expected to
increase the p,- d, back bonding and thus raise the § - 0

stretching frequency (compare 938, 952 and 1116 cm-l for
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MeQSO,BF3; 2M¢2SO,Zn012 and 2MeZSO,PdCl2 respectively;
the spectra of MeQSO in CH013 and 082 has a very strong
broad band at 1055 cm © due to S - O stretching modes,
this band shifts to 1100 cm_1 region for spectra examined
in vapour phase).

Sulphonates of Group III Metals

A number of alkyl sulphonates of aluminium have been
described(llS) e.g.; diethylaluminium benzenesulphonate,
dioctylaluminium pftoluehesulphonate, diethylaluminium
p-toluenesulphonate, divinylaluminium methanesulphonate;
diphenylaluminium benzenesulphonate etc. These were pre-
pared from reactions between alkyl aluminium halides and
an esfer of the acid. The molecular weights were not
revealed, nor was any information available on dimethyl-
aluminium methanesulphonate or any galiium sulphonate.

This sulphonate of aluminium and the corresponding gallium
compound were prepared from methane sulphonic acid and the
trimethyl-metal in benzene, under an atmosphere of nitrogen.
Addition of the acid to the trimethyl-metal caused a lively
reaction with gas evolution, andthe products of the reaction
remained dissolved in the solvent. The solvent was removed
under reduced pressure, leaving a whife solid. Pure
dimethyl-metal sulphonates were obtained from this residue

by vacuum sublimation at about lOOOC. These were air-

sensitive. Examination of infrared spectra was restricted




by the difficulty of finding suitable solvents, for
example, the sulphonates were sparingly soluble in

carbon disulphide. However, they were soluble in benzene,
in which the molecular weights were cryoscopically
determined and the compounds were found to be trimers
(compare the sulphinates which were dimers). Absence

of infrared data makes it impossible to suggest any

structures for these compounds.
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Carboxylates of Group I11 Elements.

It was mentioned in the introductory section that
dimethylgallium acetate(39) was found to be a dimer, but
its structure was not established. This investigation was
taken up in the present work, and the new compounds dimethyl-
gallium (d3) acetate and the formate were also examined to
help iﬁterpret the spectra. These compounds were obtained
from wections between trimethylgallium and the corresponding
acid in ether. The deutro-acetate was similar in volatility
to the acetate, but the formate was slightly more volatile.
Thué it was convenient to purify these materials by vacuum
sublimation.

The molecular weight of the formate was determined
cryoscopically in benzene and it was shown to be a dimer.
Structures XII and XIII are possible for the carboxylates
under consideration, in which the metal can attain four-co-
ordination (R = CHjy, CZD3 or H).

RC =0
PN .

Gag/// ::;GaMe2 MezGaf::::: \\\\\\GaMez
BN e

Me

0 0 0
A 447 |
CR RC = O
XII | XIII
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For structﬁre XII the carbon-oxygen bonds are very similar;
but for structure XIII the carbon-oxygen bonds are different,
and free C = 0 is retained, which does not participate

in co-ordinate bond formation. Therefore, infrared spectros-
copy can be used to distinguish between these structures.

(114)

In normal saturated esters where a distinction between

two types of carbon-oxygen bonds is apprent, bands due to
C = 0 stretching modes are observed in the region 1750-17350m—l.
Similarly bands due to C - 0 - stretching vibrations are

observed in the regions 1200-1180 cm_l and 1250 - 1230 cm—l

in the formates and acetates respectively(ll4). These bands
which are so wide apart in the ester move closer together
in the salts where any distinction between two types of
carbon-oxygen bonds disapgears, and asymmetric and symmetric
modes are observed (compare(llB).1578 and 1408 cn * in
NaQOAc). TFor dimethylgallium acetate and the corresponding
(d3) acetate and formate, bands considereddue to carbon-
oxygén Stretching vibrations were observed at 1534 and 1471,
1515 and 1475; and 1587 and 1555 cm_l respectively (the
ofigin of a band at 1616 cm-l in the spectrum of the formate
is difficult to interpret). Therefore, structure XII must
represent the carboxylates of gallium.

The compounds Bu',A10,CEt, Et,A10,CMe = CH,, Bu,Al0Ac
etc. obtained from the trialkylaluminium and the corrésponding

acid have been described(ll6), but molecular weights were
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not revealed.. Action of 002 on trigthylaluminium.in an
inert solvent gives diethylaluminium propionate, which
reacts further with triethylaluminium as shown by the

following equations(ll7) |

CO2 2A1Et3

H.0
Et,AL.0.A1Et, + Et;COA1Et, 2, Et yCOH

A number of derivatives of boron containing the carb-
oxylate ligand have been described(%l8’llg) ‘The compound
BdnéB.OAc is more similar to the materials investigated in
the present work. This was prepared by the reaction between
acetié acid and Bun2B01 in n-pentane. It was examined
spectroscopically and bands at 1825 and 1757 em ™t were

observed due to some acetic anhydride. Therefore, the

7) Busz.OAc p—— BumZBOBBum2 + Ac,0

2

_l>

following equilibrium has been suggested
|
|
The carbonyl stretching frequency was rather low (1603 cm

and a chelating monomeric structure has been poposed for

‘ 0y \
\\\\\\~ /////

No measurements on molecular weights were described.

It is of interest to note that the tri-acetates of La(III) |
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have been recently described. These were ebullioscopically

(120)

BHe
found tg«monomeric in bengzene, but the metal would

be octahedrally co-ordinated.

It was considered of interest to measure the molecular

weight of a compound of the type R2BOAc. Diethylboron

‘acetate was prepared by the reaction between triethyl-~

borane:. and acetic acid in ether, as described by Meerwein
and Sonke(47). The molecular weight was determined cryo-

scopically in benzene and foﬁnd to be 175, and it did not

change significantly with altération in the concentration

of the benzene solution (calculated for EtzBOAc, 128).

Bands observed in the infrared spectrum are given in the

experimental section. It apvears to be difficult to make

‘any interpretation of the nature of this compound on the

basis of molecular weight and infrared spectrum.

Dimethylgallium Dimethylarsinate

No information was available on thé arsinates of group
111 metals. Dimethylgallium dimethylarsinate was prepared
from trimethylgallium and the corresponding acid in
benzene. Removal of the solvent under reduced pressure
left a white solid, from which the pure compound was
obtained by vacuum sublimation as colourless crystals.

The near infrered spectrum‘and far-infrared spectiun

were recorded in carbon disulphide and benzene respectively.
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Bands at 1267 and 1259 cm-lvwere assigned to the
symmetrical deformation modes of the methyl groups
attached to arsenic (compare 1263 and 1248 cm T in
 CsO,AsMe, and 1242 and 1263 in Me3As(69)). Very little
information is available on infrared absorption due to
arsenic-oxygen bonds. A band at 811 cm_l observed by
Mitra(lgl) in the infrared spectrum of AsOF3 was assigned
to. the As = 0 stretching mode. 1In triphenylarsine oxide
and its co-ordination compounds the absorption dﬁe to

the arsenic-oxygen linkage occurs in the 880 cmml region(}22)
This region was complicated in the spectrum of dimethyl-
gallium dimethylarsinate by the presence of bands due to
As-Me rocking vibrations. These rocking vibrations were
identified from the spectfum of iododimethylarsine (Table 20).
It appears that-in the infrared spectrum of the gallium
compound (Table 19) bands at 897(s), 884(vs), 865(s) and

, 818(ﬁ) em™L must be due to As-0 stretching or As-Me rocking
vibrations (compare 909, 885, 862, 839 and 809 cn ! in
CstAsMe2). In the analogous phosphorus compound, (Me2G3.02

' PMe2)2, bands due to phosphorus-oxygen stretching modes

were of comparable intensity (Table 5). On this basis, the
bands at 897 and 865 om—l méy be assigned to arsenic-oxygen
stretchiﬁg vibrations.

The molecular weight was determined cryoscopically

- in benzene and the compound was shown to be a dimer.
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Therefore, by analogy with the phosphinates, an eight-

membered ring structure is suggested for this compound (XIV)

7 N\
Me ,G O O\GaMe
N s
N7

XIv
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EXPERIMENTAL

General Apparatus and Techniques

A vacuum system with mercury float valves was

constructed for the manipulation of volatile materials

and for gas analysis; it was largely made from pieces

derived from a similar apparatus which had previously been

used in another laboratory. The gemeral features and

utility of this apparatus are described below:

(a)

(Dp)

(e)

The storage section was used for keeping volatile
materials as solid, liquid or vapour. For example,
trimethylindium, trimethylgalﬁium and hydrogen

cyanide respectively.

The distillation section was used for the separation
of'the.components of a mixture by fractional distillation.
For example; a mixture of trimethylindium and dimethyl-
mercury was separated by fractional distillation from

a trap kept at 0°C, through a fractionating column
filled with Fenéke helices, a cold fihger condenser

at -22°C, a trap at -35°C and finally a liquid air

trap tb condense the pure dimethylmercury.

The measuring bulb section was used for the determination
of the quantity of a condensable gas (e.g. trimethyl-
amine) or a suitable vapour (e.g. trimethylgallium).

It consisted of a small bulb and a cold finger (about



(a) .

 methane or hydrogen, a Topler pump with a gas burette

(e)

(1)
(g)
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300 ml.) connected to a larger bulb and a cold

finger (about 3.5 litre) through a mercury float

valve. A single limb manometer made of precision

bore tubing was attached to the émall bulb. Thus,

for the measurement of the volume of a suitable
volatile material at room temperature, the small bulb
was either used separately or in combination with the
larger bulb. These bulbs were aceurately calibrated

in the'usual way by means of known quantities of carbon
dioxide. Two graphs showing the volume in normal
milli-litre against the observed'depression in pressure
were plotted for the two bulbs.

For the measurement of a non-condensable gas like

was used, rather aé described by Sandersoﬁyl§)

There was also a high temperature bulb for the measure-

- ment of molecular weights.

An ordinary manometer was attached to the apparatus.

When necessary, the vacuum was always let down with

- oxygen-free nitrogen. PFarthis, commercial white spot

nitrogen drawn from taps was purified by passage over
heated copper (about 400°C) and then overiphosphorus
pentoxide. The copper was regenerated with hydrogen
from time to time and the phosphorus pentoxide tube

was replaced when necessary.

.
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(n) An inlet or outlet for the introduction or withdrawal
of materials. |
(1) The evacuation was done with an Edwards High Vacuum
mechanical pﬁmp and a mercury diffusion pﬁmp. Suitable
traps~were ﬁsed:to prevent any volatile material getting
into these pumps.
(3) The mercury float valves were operated by a separate
mechanical pump.
Molecular Weight Measurements
Molecular weights were determined cryoscopically in
behzene. 'Analar' benzene was dried over sodium wire and
calibrated with‘biphényl before use. The molecular weight
measurements were done in an atmosphere of nitrogen, and
précautions were taken to prevent changes of solution com-
position due to evaporation of benzene in the nitrogen.
Purification of Nitrogen
Commercial white spot nitrogen drawn from a tap or
a cylinder was unsuitable to use for preparative work -or
molecular weight'measurements of many of the extremely air
sensitive materials described later. Therefore, the nitrogen
was purified by passing over heated copper (about 400°C) and
molécular gieve. The copper was regenerated with hydrogen
from time to time and the molecular sieve was activated by
heating to 30000 with pumping.

Infrared Spectra
Infrared spectra were recorded with a Grubb-Parsons

]
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GS2A prism-grating spectrometer (wavelength below 23 microns)
and a GrubbrParsons DB3/DM2 200-line per cm. grating
instrument (wayelength‘below 50 microns). Spectra of solid
materials at shorter wavelengths were taken on specimens
pressed in alkali halide discs, as mulls in Nujol and hexa-
chlorobutadiene or as solutioms in a suitable solvent like
carbon disulphide and carbon tetrachloride., The spectra of
liquids or solutions were recorded in a liquid cell which
was dismantled and cleaned after use. It was reassembled
with a suitable spacer depending on the soiubility or spectro-
scopié properties of the material whose spectrum was to be
recérdedﬁ In general; liquid or solution speétra were taken
with a motor speed of 1 R.P.M; while the other spectra (mulls
and alkali halide discs) were recorded with a motor speed
of 4 R.P.M. For spectra at longer wavelengths; caesium iodide
0pticsvwere used. All manipulations involving air sensitive
materials were carriedi out in a 4dry box. |
Dry Box

A (Lintott) dry box of a conventional type was used.
1t was purged with nitrogen and then the nitrogen Was_recycled
through a nitrogen purification system. This nitrogen
purification system was similar to the one deécribed before.
Some phosphorus pentoxide was also placed inside the box
to keep the atmosphere dry.

Vapour Pressure Measurements

The vapour pressure or dissociation pressure measurements
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were done in an apparatus (Fig. 2) which was attached to

the vacuum lihe when necessary. The arm A was detached

and weighed together with a B24 Cap (lightly lubricated
with high-vacuum silicone stopcock grease). A small amount
of the compound (e.g. dimethylaluminium cyanide tetramer)
was placed in it in an atmosphere of nitrogen, the B24 Cap
was fixed, and weighed again. The apparatus was reassembled
in the dry box, using a smallAamount.of silicone grease for

the B cone of arm A; a suitable amount of mercury was

24
placed in the manometer and the taps B and C, which had

been lubricated with 'Apiezon-L' grease were closed. The
apparatusvwas taken out of theldry box, attached to the
vacuun line at pOiﬁt D, evacuated with tap B closed and
then with it being open. The calculated amount of the
volatile component (e.g. trimethylamine) was condensed on
the compound inlarm A. The tap B was closed and the adduct
was allowed to warm to room temperature. Any unreacted
volatile material was removed. The tap C was opened and
the equilibrium dissociation pressures were measured at
different temperatures.

Quantitativé Analysis

Micro-analysis

Micro-analysis (C and H) were by Miss V. Conway, Mr.
T. Cagill or Mr. A. Wiper of this department.

‘Estimation of Beryllium

Materials containing about 0.1 gm. of beryllium were
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decomposed with 5 ml. water, and 5 ml. of dilute'nitric
acid were added. to dissolve the precipitate. Precautions
were taken to prevent any loss of the metal in decompositions
involwving gas evolution (e.g. methylberyllium cyanide).
The solution was transferred to a 250 ml. beaker, diluted
to 150 ml, and almost neutralised by adding 1l:1 ammonia
solution drop-wise. It was heated to boiling, and 14
~ammonia solution was slowly added with stirring until
present in very slight excess. It was boiled for 2 minutes
more and filtered through a No. 541 filter paper. - The bulk:
of the precipitate was transferred to the filter. A small
quantity of the precipitate adhering to the walls of the
beaker was dissolved in the minimum volume of hot-very
dilute nitric acid, heated to boiling and precipitated as
before. It was also filtered through the same paper and
washed with 1:4 ammonia solution. The filter paper was
placed on a weighed silica crucible, dried, heated at a low
temperature until the carbon had been destroyed, and finally
iénif_ted with a Mecker burner (1000°C) to constant weight.
Estimation of Cyanide. |

Samples containing 0.05-0.10 gm. of éyanide were
decomposed with 5 ml. water, and dilute nitric acid was
-sloﬁly added until the precipitate dissolved (e.g. berylliunm
cyénide). Precautions were taken to prevent any loss of

volatile hydrogen cyanide. This was achieved by doing most
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of the operations at low temperature. The cyanide was
precipitated with excess of aqueous silver nitrate solution,
collected on a weighed filter crucible, and dried (110°C)

to constant weight.

Estimation of Aluminium, Gallium and Indium

The metals aluminium, gallium and indium were gravi-
metrically estimated by precipitation with 8-hydroxygquinoline,

as described in standard books on quantitative analysisuis) or

in the literaturegib)'

In a typical analysis, a sample (e.g. dimethylaluminium
cyanide)'containihg about 0.02 gm. of aluminium was decomposed
with 5 ml. water (the correspohding gallium compound was
refluxed 10 hours with concentrated hydrochloric acid in a
250 ml. round-bottomed flask fitted with an air condemnser,
for the complete removal of methyl groups) and dilute hydro-
chloric acid was slowly added until thé precipitate dissolved.
The hydrogen cyanide was boiled off, and the solution was
diluted to 150 ml. after being transferred to a 300 ml. conical
flask. The PBH 6f this solution was checked with B.D.H.
Universal Indicator paper and found to be 6. It was warmed
to 50¥6000 and the oxine solution (2% solution in acetic acid
prepared in the usual way) was slowly added with stirring
(20% excess). This was followed by the addition of a solution
of 40 gm. of ammonium acetate dissolved in the minimum amount

of water. The precipitate was allowed. to settle, collected



- 110 -

on a weighed filter crucible, washed with hot water, and

dried (110°C) to constant weight.

Starting Materials and Reagents

Trimethylaluminium

Trimethylaluminium was available in a cylinder on
loan from Ethyl Corporation. It was withdrawn from the
cylinder in an atmosphere of nitrogen and purified by
vacuum distillation.
Dimethylmercﬁry

The dimethylmercury was prepared by a modification
of the method described by Gilman and Brown.(?*) yetny1l
bromide (200 gm.), magnesium metal (50 gm.) and mercuric
chloride (210 gm.) reacted in two stages to give dimethyl-
mercury (150°gm. 83% yield). " A 5 litre bulﬁ with a flanged
neck was used. It was fitted with an efficient stirrer, a
-cold finger condenser, a dropping funnel which was kept
cold, an inlet for nitrogen and an outlet for volgile
materials. The maghesium was placed in the bottom of the
flask and the apparatus was purged with nitrogen. Then the
metal was covered with ether (500 ml.) and a solution of
methyl bromide in ether (1500 ml.) was added slowly with
appropfiate cooling after the reaction had been initiated
with ethylene dibromide. The reaction vessel was surrounded
with cold water, the éold finger condenser was maintained

“at -30°C with carbon dioxide in acetone and the dropping
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funnel was kept cold by surrdunding it with a few pieces

of solid carbon dioxide. After the addition of methyl
‘bromide was complete, the Grignard reagent was stirred for
one hour at room temperature. Then the drbpping'funnel was
removed., The cold finger condensér &as replaced by a
Soxhlet extractor and an efficient water condenser. The
mercuric chloride was introduced in two batches and extracted
in about six hours. Now, the Soihlet was removed and
replaced by a condenser. Then the reaction mixture was
refluxed for eight hours more. It was cooled and slowly
hydrolysed with 500 ml. water. The ether layer was
separated and dried over freshly ignited magnesium sulphate .

The dimethylmercury was separated from ether by fractional

distillation.
Trimethylgallium.

For the preﬁaration of trimethylgallium a method
described by Coaﬂ:es(lq ) was followed. Dimethylmercury
(140 gm.) reacted with gallium metal (23 gm.) to give
trimethylgallium in nearly quantitative yield. The
apparatus used was an all glass,sjstem without any greased
joints. It consisted of a glass bulb (250 ml.) and a
fractionating column 4 cm. in diameter and 30 cm. long
filled with PFenske helices. On top of the column, there

was a thermometer pocket, a condenser and a mercury cut-off
40 withdraw trimethylgallium from time to time. There was

also a side-arm attached to the bulb which was sealed off
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after the gallium metal and a trace of mercuric chloride
had been introduced. The dimethylmercury was introduced
by wvacuum distillation. The vacuum was released with
nitfogen and the reaction mixture was heated so that the
dimethylmercury started to reflux gently with the thermometer
registering almost its boiling point. Gradually the tempera-
ture at the top of the fractionating column dropped to the
boiling point of trimethylgaliium when a small gquantity of
it was withdrawn by 1owering the mercury cut-off. This was
done at suitable intervals until the reaction was complete.
Trimethylindium

A concentrated indium amalgam containing 20 gm. of the
metal reacted with excess of dimethylmercury (120 gm.) to
give 6 gm. of trimethylindium. The amalgam was prepared
by the action of 2 ml.'of mercury on the weighed quantity of
the metal cut into small pieces with a pir of strong
scissors. It dissolved in mercury to give a liquid at
foom temperature. The excess of mercury was distilled off
under vacuum leaving behind a solid metal amalgam. Just
before use, it was divided into small pieces, hammered into
thin sheets and cut into thin strips.

The - appratus used was an all-glass system and it con-
sisted of a glass bulb (200 ml.) filled with a water con-
denser (6" lohg), the stem of which went up 3 inches more

and ended in a - fork. The vertical arm was kept open
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and the side arm connected to the vacuum line through a
Bl8~§ ball and socket joint (using apiezon grease). Thus
connected the apparatus became provided with a mercury
blow-off type of manometer which could be used to indicate
pressures up to about 80 cm. The apparatus was briefly
evacuated (using a rubber bung to close the 6pen end) and
then the vacuum was released with oxygen-free nitrogen.

The rubber bung was removed and indium amalgam cut'as thin
strips was introduced against a counter-current of nitrogen
and then the open end was sealed. The apparatus was then
evacuated and the dimethylmercury introduced by vacuum
distillation with the bulb cooled to -60°C. The vacuum was
released with nitrogen and the reaction mixture was electrically
heated in an oil bath at 100°C for three days and then at
120°C for five days. The reaction was slow to start with
but towards the end the entire amalgam had dissolved in a
big globule of mercury formed in the reaction. The tri-
methylindium formed remainéd dissolved in the excess of
dimethylmercury as a colourless liguid without any brown
;tinge'which was observed in a previous experiment.in which
the diﬁethylmercury was mechanically introduced from outside
instead of by vacuum distillation. At the end of the reaction
the volatile materials were withdrawn into the vacuum line
and the trimethylindium was separated from dimethylmercury

by fractional condensation from 0°C to -220C, to -350C and
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to liquid air.
Trimethylthallium

A suspension of dimethylthallium bromide (8 gm.) in
ether‘(BO.ml.) reacted with methyl lithium (15 ml. of 2.1 M
solution in ether) to give triméthylthallium (4.5 gm; T5%
yield). A three neck round bottomed flask (250 ml.) fitted
with a stirrer, a dropping funmnel (100 ml.), an inlet for
nitrogen and an outlet for volatile materials was used. The
experiment was done in diffusedilight. Dimethylthallium
bromide was pléced in the reaction vessel and the apparatus
was then purged with nitrogen. Then ether was added. The
apparatus was covered with a dark cloth and methyl lithium
solution was slowly added with stirring. Gradually the

dimethylthallium bromide passed into solution and a very

small amounﬁ of finely divided thallium was formed. The
product was distilled under vacuum to give a.solution of
trimethylthallium in ether.
Beryllium Reagents

A solution of dimethylberyllium in ether and its tri-
methylaﬁine complex in the pure state were available, having

been prepared by Dr. S. I. E. Green in connection with his

own work.
Hydrogen Cyanide
A concentrated solution of potassium cyanide (6 moles)

in water (1000 ml.) reacted with 1:3 sulphuric acid (10 moles
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of H2804) to give hydrogen cyanide in good yield (5 moles).
The apparatus consisted of a three-neck round bottomed

flask (3 litre) fitted with a stirrer, a dropping funnel

and a fractionating column (4 cm. in diameter and 25 cm.
long) filled with glass helices. The top of the column had
a thermometer and an arm suitably leading to a cold finger
condenser, a receiver and a bubbler. The sulphuric acid was
placed in the flask and maintained. at SQOb by heating with
an isomantle. Then the aqueous solution of potassium cyanide
was slowly added with stirring. The hydrogen cyanide
distilled and collected in the receiver over phosphorus
pentoxide. The cold finger condenser and the receiver were
maintained at -lOOC with ice and salt. After the completion
of the reaction the apparatus was allowed to cool and then
it was purged with air to drive all the hydrogen cyanide
into the receiver. The receiver was detached and shaken
with more phosphorus pentoxide. The hydrogen cyanide was
purified by redistillation and stored over a small amount of
phosphorus pentoxide.

Phosphinic Acids

An aqueous solution of dimethylphosphinic acid was
available. It was pumped dry and the acid was purified by

vacuum sublimation (0.01 mm/Hg; 7OOC) as a white glistening

crystalline solid.
Diphenylphosphinic acid, diphenylthiophosphinic acid,
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and dimethyldithiophosphinic acid were also available,
since they were needed for other work in progress.
Cacodylic Acid

The cacodylic acid used was a commercial sample. 1I%
was pﬁmped dry before use.
Benzene Sulphinic Acid

Benzene sulphinic acid was obtained by precipitation
with hydrochloric acid from an aqueous solution of sodium
benzene sulphinate. The preparation was done in an atmos-
phere of nitrogen. The acid was collected by filtration,
washed with water, and pumped dry.

Methane Sulphonic Acid

A commercial sample of methane sulphonic acid was used
without further purification.
Acetic Acid’

Glacial acetic acid was dried by cooling it to its
freezing point and discarding any liquid left. The
fractional freezing was repeated four times.

Heavy Acetic Acid

“Heavy maloniic acid made by the action of carbon suboxide
on heavy watef was availablé. Heavy acetic acid was prepared
by the pyrolysis of heavy malonic acid. The malonic acid
contained in a 250 ml. round bottomed flask was attached to
the vacuum line against a counter-current of nitrogen. Then

it was given a prolonged pumping to drive off any heavy
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water present. The vacuum was released to a pressure
of about half an atmosphere and the heavy malonic acid
was heated to a temperature of 150-60°C in an oil bath.
It decomposed into heavy acetic acid and carbon dioxide.
The heavy acetic acid distilled over andvcollected in a
trap kept cold by surrounding with solid carbon dioxide.
' Mosf of the carbon dioxide formed in fhe pyrolysis
- together with some heavy acetic acid passed on to a second
trap kept immemsed in liquid air. After the completion

of the pyrolysis the carbon dioxide was separated from
heavy acetic acid by pumping through a trap kept at -78°C.
The pure heavy acetic acid was withdrawn under vacuum

into a glass storage tube provided with a greased tap.
The vacuum was released to-about half-atmosphere to pro-
tect the grease from attack by acetic acid vapour (m.p.12.0-
13.0°¢).

Formic Acid

" 'Analar' formic acid was dried over boric anhydride.
It was decanted and purified by vacuum distillation.
Acetamide

A commercial sample of acetamide was purified by

vacuum sublimation (0.0l mm./Hg; 60°C)as a white glistening
crystalline solid.

Trimethylamine

A commercial sample of trimethylamine was shaken with
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phosphorus pentoxide. It was distilled and stored over

a small amount of phosphorus pentoxide in a glass con-
tainer provided with a Teflon tap capable of withstanding
- Pressures more than an atmosphere.

Dimethylaluminium, Cyanide Tetramer, [Me2Al.CN]4.

Preparation.

(a) Hydrogen cyanide (42.9 ml. at S.T.P., 0.0019
mole) reacted with trimethylaluminium (0;1439 gm.,, 0.0020
mole) in a sealed tube at room temgeraturé without a solvent
! to give white dimethylaluminium cjanide (m.p. 90§C) and
" methane (42.5 ml. at S.T.P.).

(b) On a larger scale, hydrogen cyanide (3 gmn., 0.11
mole) in benzene (35 ml.) reacted with a solution of tri-
methylaluminium (8 gm., 0.1l mole) in benzene (40 ml.) to
produce white crystalline dimethylaluminium cyanide (60%),
some brown non-volatile impurity and methane. The prepara-
tion was done inva flask (1 litre) fitted with two dropping
fumels (50 ml.), a stirrer, an inlet for nitrogen and an
outlet for volatile materials through a paraffin oil bubbler,
The gpparatus ﬁas purged with nitrogen and the flask was
surrounded with water to dissipate the heat of the exothermic
reaction. The reactants contained in the two dropping
Afunnels were simultaneousiy added to bengene (10 ml.) previously
‘placed in the flask. Efficient stirring was maintained and

care was taken to prevent vigorous evolution of methane
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and possible loss of the volatile reactants. The
products of the reaction remained dissolved, and the
reaction mixture acquired a slightly brown colour.

At the end of the preparation, the solvent was removed
under reduced pressure. Dimethylaluminium cyanide was
purified by vacuum sublimation (0.01 mm.; lOOOC) as a
whitelcrystalline s0lid (Found: Al, 32.2; Me,Al.CN
requires Al, 32.5%). The sublimation started at 85°¢.

A brown non-volatile impurity was left behind.
Dimethylaluminium cyanide (m.p. 89°C) was very
sensitive to air. It decomposed slowly in the atmosphere

with evolution of hydrogen cyanide and inflamed in
contact with a drop of water. It dissolved in ether,
carbon tetrachloride without decomposition, but reacted
with carbon disulphide, forming a yellow substance.
The brown impurity was also sensitive to air and was
decomposed exothermically by water with evolution of
hydrogen cyanide, leaving a whiite residue.
Hydrolysis. )
Dimethylaluminium cyanide (0.1015 gm.) was hydrolysed
in the vacuum line with 2-methoxyethanol and 2N-sulphuric
acid. The methane was measured (54.2 ml., at S.T.P.).

Calculated for 0.1015 gm. dimethylaluminium cyanide,

54,8 mi., at S.T.P.
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Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containing 0.69, 1.16 and 1.31
gm. of dimethylaluminium cyanide in 100 gm. of bengzene
gave respectively 330, 331.5 and 326 for molecular
weights. The tetramer {MezAl.CNJ4 requires 332.

Action of Hydrogen Cyanide on Dimethylaluminium Cyanide
Tetramer.

It was observed that dimethylaluminium cyanide
reacts very slowly with liquid hydrogen cyanide at room
temperature with evolution of methane. There was no
solid-gas reaction at room temperature. Pure dimethyl-
aluminium éyanide reacted with hydrogen cyanide gas at
100°¢ o give a deep brown product evidentlyAcontaining
some hydrogen cyanide polymer and a mixture of presumably
higher cyanides together with a small amount of the
unreacted starting material. The starting material was
recovered and identified by its melting point. It was
not possible to purify any of the higher cyanides.

A direct reaction between trimethylaluminium in
benzene and excess of hydrogen cyanide in benzene gave
an insoluble non-volatile product contaminated with

hydrogen cyanide polymer. No further purification was

achieved.
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Action of Trimethylamine on Dimethylaluminium Cyanide
Tetfamer.

Trimethylamine (76.8 ml. at S.T.P.; 0.0034 mole)
~was condensed on dimethylaluminium cyanide tetramer
(0.3204 gm.; 0.0038 mole) in the vapour pressure apparatus.
The reactants were allowed to warm to.room_temperature
and any unreacted trimethylamine (16.2 ml. at S.T.P.)
was removed. The dissociation pressures of the adduct

measured at different temperatures are given below:

Temperature Pressure
41% 45 nm.
16 52
50 | 58
56 67
60 75
65 84
.70 93
75 | 104
80 114

Infrared Spectrum of Dimethylaluminium Cyanide Tetramer.
Examination of the infrared spectrum of dimethyl-
aluminium cyanide tetramer at lower frequencies was
restricted by the difficulty of finding suitable solvents.
The tetramer reacts with, for example, carbon disulphide,

forming a yellow substance. The bands which were identified
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are givenAbelow:-
(a) Hexachlorobutadiene mull
2224 {s)
(b) Carbon tetrachloride solution

2213 (5)7 1195 (S)y 1047 (S)

Dimethylgallium Cyanide Tetramer,[MezGa.CN]4

Preparation.

(a) Hydrogen cyanideb(42.l ml. at S.T.P., 0.0019
mole) reacted with trimethylgallium (42.9 ml. at S.T.P.,
0,0019 mole) in a glass bulb (100 ml.) connected to
fhe vacuum line through a 4 mm. tap, at room temperature
without a solvent to produce white dimethylgallium
cyanide (m.p. 79°C) and methaneA(4l.2 ml. at S.T.P.).
Hydrogen cyanide (0,0012 mole) also reacted with tri-
methylgallium (0.0006 mole) under similar conditions to
produce dimethylgallium cyanide ‘and methane (0.0006 mole).
The excess of hydrogen cyanide was recovered quantitatively.

(b) On a larger scale, hydrogen cyanide (1.2 gm.;
0.044 mole) in benzene (30 ml.) reacted with trimethyl-
gallium (5.0 gm., 0.043 mole) in benzene (30 ml.) to
produce white crystalline dimethylgallium cyanide (73%)
some brown non-volatile impurity, and methane. The
experimental proceduré was similar to that described for

the preparation of dimethylaliuminium cyanide. At the
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end of the reaction, the solvent was removed under
reduced pressure and dimethylgallium cyanide was
purified by vacuum sublimation (0.01 mm.; 90°C) as

a white crystalline solid (Found: Ga, 55.0; Me,Ga.CN
-fequireS~Ga, 55.3%). The sublimation started at 60°C.
A brown non:volatileAimpurity was left behind.

Dimethylgallium cyanide (m.p. 79°C) decomposed
slowly in the atmosphere with evolution of hydrogen
cyanide. It passed through a liquid phase which
solidified in a short time. This so0lid was spectro-
scopically identified as dimethylgallium hydroxide.
Molecular Weight.

Molecular weights were determined cryoscopically
in bengene. Solutions containing 0.38, 1.12 and 1.68 gn.
of dimethylgallium cyanide in 100 gm. of benzene gave
respectively 536, 541 and 496 for molecular weights.
The tetramer [MezGa.CN]4 requires 503.

Action of Trimethylamine on Dimethylgallium Cyanide

Tetramer.

Trimethylamine (46.4 ml. at S.T.P.; 0.0021 mole)
was condensed on dimethylgallium cyanide tetramer (0.2650
gm.; 0.0021 mole) in the vapur pressure apparatus. The
reactants were allowed to warm to room temperature and

then heated (55°C) for one hour. The apparatus was
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allowed to cooli and any unreacted trimethylamine
(3.2 ml, at S.T.P.) was removed. The dissociation

pressures of the adduct measured at different temper-

atures are given below:

Temperature Pressure
40°¢ 5 mm.
50 10
60 19.5
70 ‘ 39

15 56
Infrared Spectrum of Dimethylgallium Cyanide Tetramer.
The infrared spectrum of dimethylgallium cyanide
was recorded in different solvents. The bands which
were identified for the compound are given below:
(a) Hexachlorobutadiene mull.
2216 (s)
(b) Carbon tetrachloride solution
2202 (s)

(c) Carbon disulphide solution
1207(ms), 1134(vw), 766(s,sh), 746(vs),
705(ms), 607(ms,sh), 598(s), 591(ms,sh),
548(m).

Dimethylindium Cyanide Tetrsmer [Me,In.cN],

Preparation.

Hydrogen cyanide (0.4 gm.; 0.015 mole) in benzene
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(10 ml.) reacted with trimethylindium (2.4 gm.; 0.015
mole) in ether (20 ml.) to give dimethylindium cyanide
(75%), some white non-volatile impurity and methane.

The experimental procedure was similar to that described
for the preparation of dimethylaluminium cyanide. At
the end of the reaction the products remained dissolved
in the solvent. The solvent was removed under reduced
pressure, leaving a white solid (this was in contrast to
3the strongly or faintly coloured matérials obtained
respectively ffomithe corresponding aluminium or gallium
reactions after the removal of the solvent). Dimethyl-
indium cyanide was purified by vacuum sublimation (120-
40°C./0.05 mm.) as a white crystalline solid (Found:
In,67.1; Me,In.CN requires In, 67.2%).

Dimethylindium cyanide (m.p. 147°C) decomposed very
slowly in the atmosphere with evolution of hydrogen cyanide.
In this respect its stability was comparable to diﬁethyl—
gallium cyanide and in sharp contrast to the highly
sensitive and inflammable dimethylaluminium cyanide.
Hydrolysis

Dimethylindium cyanide (0.0806 gm.) was treated with
2-methoxyethanol in the vacuum line. It dissolved
without gas evolution. Addition of 2N-sulphuric acid
_ caused slow evolution of methane at room temperature,

and for measurement of methyl content the reaction mixture
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had to be heated to 60°C (20.8 ml. at S.T.P.). Cal-
culated for 0.080 gm. dimethylindium cyanide 21.1 mls.
at S.T.P.

Molecular'Weight.

The molecular weights wefe determined cryoscopically
in benzene. In this solvent, it was less soluble than
the corresponding aluminium or gallium tetramer. Solutions
containing 0,28 and 0.43 gm. of dimethylindium cyanide in
100 gm. of benzene gave respectively 663 and 688 for
molecular weights. The tetramer [MeQIn.CN]4'requires 683.
Infrared Specfrum of Dimethylindium Cyanide.

The infrared spectruﬁ of dimethylindium cyanide was
measured as solution in carbon tetrachloride, in a liquid
cell with potassium bromide windows. The only band which
could be identified for the compound is given below:

| 2178 (m)

Dimethylthallium Cyanide

Preparation.

Hydrogen cyanide (0.5 gm.) in excess in benzene (10 ml.)
was added to trimethylthallium (3.2 gm) in ether (40 ml.),
giving methane arnd an immediate quantitative precipitate
of dimethylthallium cyanide, which was washed with ether
and pumped dry; it decomposed t0o a black mass at 275°¢
(Found: €, 13.8; H, 2.4; CN, 10.0. C3H6NT1 requires C, 13.8;

H, 2.3; CN, 10.0%). The same compound was also prepared
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by adding potassium cyanide (0.5 gm.) in water (10 ml.)
to dimethylthallium fluoride (2.0 gm) in water (20 ml.);
the resulting crystalline precipitate was washed with

a little cold water and pumped dry. Dimethylthallium
cyanide was soluble in water (2.7 gm. in 100 gm. of
water at 2590). |

Conductance Measurements

The conductance measurements for dimethylthallium
cyanide were done at 2500 in aqueous medium. The results

are given in Table /\ .

Table A .
jC(mole 171 A
040653 96.6
0.0800 ~ 96.5
0.0998 95.4
0.1271 942
0.1379 93.3

Infrared Spectrum‘of Dimethylthallium Cyanide.

Strong bands at 2101 and 790 cm™t were observed
in the infrared spectrum of dimethylthallium cyanide
measured for Nujol mull.

Methylberyllium Cyanide, [MeBe;CN]n

Preparation.

Dimethylberyllium (0.014 mole in 5 ml. of ether)
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and hydrogen cyanide (0.016 mole in 5 ml. of benzene )
were simultaneously added, drop by drop and with stirring
to ether (4 ml). After the reaction, in which gas was
évolved, ether (10 ml.) was added, and white insoluble
matter separated by filtration through a sintered disc
under nitrogen. Evaporation of the coloufless filtrate
gave a solid product which lost ether slowly when pumped
at room temperature. The so0lid lost more ether when

" pumped at 70°C, and a very small amount of colourless
material sublimed. The white, involatile and insoluble
residue appeared to have been impure polymeric methyl-
beryllium cyanide (Found: Be, 17.5; MeBe.CN requires Be,
118.0%). | |

Methylberyllium cyanide was sensitive to air, and
decomposed with evolution of hydrogen-cyanide.: Addition
of 2,2'-bipyridyl to an ether solution of methylberyllium
cyanide gave an orange-yellow solution.

Hydrolysis.

Methylberyllium cyanide (0.0474 gm) was hydrolysed
in the vacuum line with 2N-sulphuric acid. The methane
was measured (20.6 ml., at S.T.P.). Calculated for 0.0474
gm._méthylberyllium cyanide 21.3 ml. at S.T.P.

Infrared Spectrum of Methylberyllium Cyanide.
A strong band was observed at 2222 cm.” % in the

infrared spectrum of methylberyllium cyanide measured for



- 129 -

Nujol mull.

Beryllium Cyanide

Preparation.
Dimethylberyllium (0.014 mole in 5 ml., of ether)
was added dropwise to an excess of hydrogen cyanide
(0.066 mole in 8 ml. of bengzene). Methane was evolved
and the white precipitate of beryllium cyanide was
collected and pumped dry (Found: Be, 15.0; CN 84.1.
Calculatéd.. for C,BeN,:Be, 14.75; CN, 85.2%). No residue
remained when the filtrate was evaporated. No methane was
detected when the beryllium cyanide was hydrolysed with
dilute sulphuric acid. The compound was sensitive to
éir, and decomposed with evolution of hydrogen cyanide.
It did not absorb trimethylamine at room temperature
or at 70°¢C.
Cyanomethyl(trimethylamine )beryllium, [(Me3N)MeBe.CN]n.

Preparation.
ﬁimethyl(trimethylamine)beryllium, Mez(Me3N)Be (2.7gm,;

0.027 mole), in benzene (25 ml.), and hydrogen cyanide

(0.8 gm,# 0.029 mole) in bengene (15 ml.), were slowly

and simultaneously addedto stirred benzene (10 ml.). Gas

was evolvéd and aftef the reaction the clear supernatant

liguid was decanted from a small amount of white insoluble

matter, and solvent waé removed by pumping first at room
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temperature and then for 15 minutes at 80°C. The colourless
involatile amorphous product did not melt or decompose
below 300°C. (Found: ON,23.7; CgHy,BeN, requires CN,
23.85%). If Was sensitive to air.
Hydrolysis. |

Cyanomethyl(trimethylamine )beryllium (0.0270 gm. )
.was hydrolysed in the vacuum line with 2—methoxyethanol
and 2N-sulphuric acid. The methane was measured (5.3 ml.
at S.T.P.). Calcuiated for 0.0270 gn. (Me3N)MeBe.CN
5.5 ml. at S.T.P.

Infrared Spectrum.

A strong band at 2200 cm L was observed in the
infrared spectrum of cyanomethyl(trimethylamine )beryllium
measured for Nujol mull. Satisfactory resolution was not
achieved in other regions of the spectrun.

Dimethylaluminium Dimethylphosphinate.

Preparation.
Trimethylaluminium (2.9 gm.; 0.040 mole) in

benzene (15 ml.) reacted with a suspension of dimethyl-

phosphinic acid (3.5 gm.; 0.037 mole) in benzene (100 ml.)

to give white crystalline dimethylaluminium dimethyl-

~ phosphinate and methane. The preﬁaration was done in a

flask (250 -ml.) fitted with a dropping funnel (100 ml.),

a stirrer, an inlet for nitrogen and an outlet for volatile
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materials through a paraffin oil bubbler. When the
apparatus had been purged with nitrogen, the trimethyl-
aluminium solution was introduged with a syringe, and
the suspension of dimethylphosphinic acid was then slowly
| added. An exothérmic reaction took place with gas
evolution. The products of the reaction remained
dissolved in the solvent. The solvent was removed
under reduced pressure, leaving a white residue. Pure
‘dimethylaluminium dimethylphosphinate was obtained from
this residue by vacuum sublimation (0.01 mm/100°C) as
a white crystalline solid. It had m.p. 43°C (Found:

Al, 18.0; Me,Al0,PMe, requires Al, 18.0%). The compound
was soluble in solvents like ether, benzene, carbon
tetrachloride and carbdn disulphide. It was sensitive
to air., It did not react With trimethylamine at room
temberature. .
Hydrolysis

Dimethylaluminium dimethylphosphinate (0.1520 gm)
was hydrolysed in the vacuum line with 2-methoxyethanol
and 2N-sulphuric acid. It dissolved in 2-methoxyethanol
at about 0°C without gas evolution. Gas evolution
started as the solution warmed to room temperature. The
hydrolysis was completed with 2N—su1phuri¢ acid. The

methane was measured (44.8 ml. at S.T.P.). Calculated
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for 0.1520 gm. dimethylaluminium dimethylphosphinate
4504‘ mlo at S.T.P.

Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containing 0.90, 1.36 and 1.47 gm.
of dimethylaluminium dimethylphosphinate in 100 gm.
of benzene gave respectively 313, 333 and 332 for
molecular weights. The dimer [MezAlOQPMeQJ2 requires
300.

Infrared Spectrum

The infrared spectrum of dimethylaluminium
dimethylphosphinate (below 2000 cm 1) was measured for
solutions in carbon disulphide in a liquid cell with
potassium bromide windows and a O.l1 mm. spacer. The
bands observed (excluding the solvent bands) are given
below:
1428(s,sh), 1316(s), 1307(s), 1192(vs), 1091(vs),
935(w), 878(s), 757(m), 728(m), 682(vs), 581(m).

Dimethylgallium Dimethylphosphinate

Preparation.
Primethylgallium (2.6 gm.; 0.022 mole) in benzene
(25 ml.) reacted with a suspension of dimethylphosphinic
acid (2.1 gm.; 0.022 mole) in benzene (50 ml.) to give
white crystalline dimethylgallium dimethylphosphinate and

methane. The experimental procedure was similar to that
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described for the preparation of dimethylaluminium
dimethylphosphinate. The trimethylgailium solution was
plaéed in the flask and the suspenSion of dimethyl-
phosphinic acid was slowly added. An exothermic reaction
took place with gas evolution. The prqduots of the
reaction remained dissolved in the solvent. The solvent
was removed under reduced pressure, leaving a white
residue. Pure dimethylgallium dimethylpﬁosphinate was
obtained from this residue by vacuum sublimation (0,01 mm/
80°C) as a white glistening crystalline solid. It had

_ m:p; 54°C (Found: Ga, 36.1; Me,Ga0,PMe, requires Ga, 36.2%)
Molecular Weight.

The molecular weights were determined cryoscopically
in benzéne. Solutions containing 1.32; 1.98 and 2.16 gm.
of dimethylgallium dimethylphosphinate in 100 gm. of
benzene gave respectively 389, 375 and 370 for molecular
weights. The dimer {MeQGaOZPMe2]2 requires 385.

Infrared Spectrum

The infrared spectrum of dimethylgallium dimethyl-
phosphinate (below 2000 cm—l) was recorded as solution
in carbon disulphide in a liquid cell with potassium
brbmide windows and a 0.1 mm. spacer.. The bands observed
(excluding the solvent bands) are given below:
1300(m), 1294(m), 1200(m), ll64tvs% 1112(w), 1062(vs),
923(vw), 870(vs), 747(m), 733(m), 588(m), 538(m), 483(m),
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439(m).

The far-infrared spectrum recorded as solution in
benzene is given below:
439(m), 299(w), 283(w).
Dimethylindium Dimethylphosphinate

Preparation

Trimethylindium (1.6 gm; 0.0100 mole) in ether
(15 ml.) reacted with a suspension of dimethylphosphinic
“acid (0.8 gm; 0.0085 mole) in ether (15 ml) to give
dimethylindium dimethylphosphinate (80%) and methane.
The experimental procedure was similar to that described
for the previous compound., The trimethylindium solution
was placed in the flask and the suspension of dimethyl-
phosphinic acid was slowly added. A lively reaction
took place with gas evolution. The products of the
reaction remained dissolved.in the solvent, which was
removed under reduced pressure, leaving é white residue.
Pure dimethylindium dimethylphosphinate was obtained
from this residue by vacuum sublimation (0.0l mm./60-5°C)
as a white glistening crystalline solid. It had m.p.
75-6°C (Found: In, 48.2; Me,In0,PMe, requires In, 48.3g%).
The compound was soluble in organic solvents like ether,
.benzene, carbon tetrachloride and carbon disulphide.
Hydrolysis

Dimethylindium dimethylphosphinate (0.1772 gm.) was
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treated with 2-methoxyethanol in the vacuum line. It
dissolved without gas evolution. Addition of 2N-sulphuric
‘acid caused slow evolution of methane at room temperature,
and for measurement ofAmethyl content the reaction mixture
had to be heated to 80°C (33.1 ml. at S.T.P.). Calculated
for 0.1772 gm. dimethylindium dimethylphosphinate 33.4 ml.
at S.T.P.
Molecular Weight

The molecular weights were determined cryoscopically
in benzene. Solutions containing 1.13 and 1.69 gm. of
dimethylindium dimethylphosphinate in 100 gm. of benzene
gave respectively 474 and 480 for molecular weights. The
'dimer [Me2InO2PMe2]2 requires 475.5.
Infrared Spectrum.

The infrared spectrum of dimethylindium dimethyl-
phosphinate (below 2000 cm—l) was recorded as solution
in carbon disulphide in a liquid cell with potassium
bromide windows and a O.l mm. spacer. The bands observed
(excluding the solvent bands) ‘are given below:
1418(s,sh), 1299(m), 1292(m), 1171(vs), 1151(s), 1121(w),
1057(vs), 920(vw), 866(s), 742(m), 713(m), 528(m), 484(m).

Dimethylaluminium Diphenylphosphinate

Preparation -

Trimethylaluminium (0.7 gm; 0.0098 mole) in benzene



- 136 -

(10 ml.) reacted with a suspension of diphenylphosphinic
acid (2.0 gm; 0.0091 mole) in benzene (20 ml.) to give
white crystailline dimethylaluminium diphenylphosphinate
(75%) and‘methane. The experimental procedure was
similar to that described for the previous compound.
The trimethylaluminium solution was placed in the flask
and the suspension of diphenylphosphinic acid was slowly
added., A lively reaotion took place with gas evolution.
The products of the reaction remained dissolved in the
solvent, which was removed under reduced pressure, leaving
a white residue. DPure dimethylaluminium diphenylphos-—
phinate was obtained from this residue by vacuum
sublimation (0.0l mm./160°C) as a white crystalline solid.
It had m.p. 153-6°C. (Found: Al, 9.8; Me ,A410,PPh,
requires Al, 9.85%). The compound was soluble in organic
solvents like ether, benzene, carbon tetrachloride and
carbon disulphide.
Hydrolysis

Dimethylaluminium diphenylphosphinate (0.2056 gm)
was hydrolysed in the vacuum line with 2-methoxyethanol
and 2N-sulphuric acid. It dissolved in 2-methoxyethanol
giving a colourless solution at room temperature with
_ almbst complete evolution of methang. The hydrolysis
was coﬁpleted with 2N-sulphuric acid and the methane

was measured (33.4 ml. at S.T.P.). Calculated for 0.2056 gm.




dimethylaluminium. diphenylphosphinate 33.6 ml. at
S.T.P. Addition of 2N-sulphuric acid to the solution
of the product of hydrolysis of dimethylaluminium
diphenylphosphinate in 2—methoxyethénol caused an
immediate precipitation of diphenylphosphinic acid.
This was gravimetrically estimated after the removal of
2-methoxyethanol and proper dilution (Found: Ph2PO2 as
Ph2P02H, T79.73 Me2A102PPh2 requires Ph2PO2 as Ph2P02H,
79.6%).

Molecular Weight.

Molecular weights were determined cryoscopically
ihabenzene. Solutions containing 0.59 and 0.89 gm. of
.dimethylaluminium diphenylphosphinate in 100 gm. of
benzene gave in each case 527 for molecular weight.
The dimer (Me,Al0,PPh,], Tequires 548.

Infrared Spectrum

The infrared spectrum of dimethylaluminium diphenyl-
phosphinate (below 2000 cm.-l) was recorded for solutiomns
in'carbon disulphide»in a liguid cell with potassium
bromide windows and a 0.1 mm. spacer. The bands observed
(excluding the solvent bands) are given below:
1431(vs), 1199(vs), 1188(s,sh), 1134(vs), 1072(vs), 1027(m),
998(m), 922(vw), 785(vw), 752(s), 730(s), 691(vs) 683(vs),
620(vw), 604(w), 530(w), 548(m).
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Dimethylgallium Diphenylphosphinate

Preparation.

Trimethylgallium (1.3 gm; 0.011 mole) in benzene
(25 ml,) reacted with a suspension of diphenylphosphinic
acid (2.1 gm; 0.009 mole) in benéene (15 ml.) to, give
“ white crystalline dimethylgallium diphenylphosphinate
and methane. The experimental procedure was similar to
that described for the previous compound. The trimethyl-
gallium solution waé placed in the flask and the sus-
pension of diphenylphosphinic acid was slowly added. A
lively reaction took place with gas evolution. The
products of the reaction remained dissolved in the solvent,
which was removed under reduced pressure, leaving a
white residue. Pure dimethylgallium diphenylphosphinate
was obtained from this residue by vacuum sublimation
(0.01 mm./160°C) as a white crystalline solid. It had
MmePe 164°C. (Found: Ga, 21.9, Ph,PO, as Ph,POH, 68. 3;

Me,Ga0,PPh, requires Ga, 22,0, Ph,P0, as Ph,POH, 68.8%).

2 2

In contrast to the corresponding aluminium compound, it
was necessary to heat dimethylgallium diphenylphosphinate
with strong hydrochloric acid for complete decomposition,
and quantitative precipitation Qf diphenylphosphinic
acid, on diluting with water afterwards. The compound

was soluble in organic solvents like ether, benzene,

Acarbon tetrachloride and carbon disulphide.




Molecular Weight.

Molecular weights were .determined cryoscopically in
benzene. Solutions containing 1.25, 1.89 and 2.06 gm. of
dimethylgallium diphenylphosphihate in 100 gm. of benzene
gave respectively 667; 646 and 642 for molecular weight.
The dimer [MezGaO2PPh2]2 requires 633.5.

Infrared Spectrum.

The infréred spectrum of dimethylgallium diphenyl-
phosphinate (below 2000 cm_l) was recorded for solution
in carbon disulphide in a liquid cell with potassium
bromide windows and a 0.1 mm. spacer. The bands observed
'(excluding the solvent bands) are given below:
1431(vs), 1203(ms), 1180(s), 1130(vs), 1067(m,sh), 1048(s),
1024(ms) 998(m), 751(ms), 727(s), 700(m,sh), 692(s),
594(m), 564(ms), 534(m).

Dimethylaluminium Diphenyl-thiophosphinate

Preparation.
Trimethylaluminium (0.7 gm.; 0.0098 mole) in benzene
(l5_ml.) reacted with a suspension of diphenylthiophosphinic
acid (2.0 gm.; 0.0085 mole) in benzene (20 ml.) to give

white crystalline dimethylaluminium diphenyi-thiophds-
phinate (75%) and methane. The experimental procedure
was similar to that described for the preparation of the
previous compound. The trimethylaluminium solution was

placed in the flask and the suspension of diphenylthiophos-
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phinic acid was slowly added. A lively reaction took
place with gas evolution. The products of the reaction
remained dissolved in the solvent, which was removed
under reduced pressure, leaving a white residue. Pure
dimethylaluminium diphenylthiophosphinate was obtained
from this residue by vacuum sublimation (0.0l mm./160-
80°C) as a white crystalline solid. It had m.p. 227-
8°C (Found: Al, 9.2; Me,A10SPPh, requires Al, 9.3%).
The compound waslsoluble in organic solvents like ether,
benzene and carbon disulphide.

Hydrolysis.

Dimethylaluminium diphenyl-thiophosphinate (0.1456gm)
was hydrolysed in the vacuum line with 2-methoxyethanol
and 2N-sulphuric.acid. The methane was measured (22,2 ml.
at S.T.P.). Calculated for 0.1456 gm. dimethylaluminium
diphenyl-thiophosphinate 22.5 ml. at S.T.P.

Molecular Weight.

Molecular weights were determined cryoscopically in
benzene. Solutions containing 0.90 and 1;40 gn. of
dimethylaluminium diphenyl-thiophosphinate in.lOO gm.
of benzene gave respectively 597 and 564 for molecular
weights. The dimer [Me2AlOSPPh2]2 requires 580.

Infrared Spectrum.
The infrared spectrum of dimethylaluminium diphenyl-

thiophosphinate (below 2000 Cm-l) was recorded for solution
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in carbon disulphide in a liquid cell with potassium
bromide windows and a 0.1 mm. spacer. The bands observed
(excluding the solvent bands) are given below:
1439(vs), 1200(m), 1189(m,sh), 1117(s), 1064(ms), 1047(ms),
1026(ms), 999(m), 800(m), 750(s), 746(s,sh), 727(vs),
715(vs), 691(vs), 678(s,sh), 656(m,sh), 629(ms), 612(ms),
568(m), 548(m), 517(vs).

The far-infrared spectrum recorded as solution in
benzene is given below:
454(m), 403(m), 355(s), 333(ms,sh).
Dimethylgallium Diphenyl-thiophosphinate

Preparation. |
Trimethylgallium (1.1 gm; 0.0095 mole) in benzene
(15 ml.) reacted with a suspension of diphenylthiophos-
phinic acid (2.0 gm; 0.0085 mole) in benzene (20 ml.) to
give white crystalline dimethylgallium diphenyl-thiophos-
phinate (75%) and methane. The experimental procedure
was similar to that describéd for the preparation of the
previous compound. The trimethylgallium solution was
placed in the flask and the suspension of diphenylthio-
phosphinic acid was slowly added. A lively reaction took
élace with gas evolution. The products of the reaction
remained dissolved in the solvent, which was removed under
reduced pressure, leaving'a white solid. Pure dimethyl-

gallium diphenyl-thiophosphinate was obtained from this
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this residue by vacuum sublimation (0.01 mm./160-80°¢C)
as a white crystalline solid. It had m.p. 203-4ob.
(Found: Ga, 20.9; Me,GaOSPPh, requires Ga, 20.9%). The
compound was soluble in organic solvents like ether,
benzene and‘carbon disulphide.

Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containing 1.20 and 1.70 gm. of
dimethylgallium diphenyl-thiophosphinate in 100 gm.
of benzene gave respectively 664 and 676 for molecular
weights. The dimer [MezGaOSPPhZ]2 requires 666,
Inffared Spectrum |
| The infrared spectrum of dimethylgallium diphenyl-
thiophosphinate (below 2000 cm +) was recorded for
solutions in carbon disulphide in a liquid cell with
potassium bromide windows and a 0.1 mm. spacer. The
bands observed (excluding thé solvent bands) are given

below: ‘
1431(vs), 1199(m), 1117(vs), 1089(s), 1066(s), 1027(ms),
999(m), 751(s), 745(s,sh), 720(vs), 707(vs), 692(vs),
676(m), 625(s), 604(vs), 533(s,sh), 523(vs), 509(ms,sh).

The far-infrared spectrum recorded as solution in
bengene is given below:

426(m), 389(m), 300(vs), 274(w,sh).
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Dimethylaluminium Dimethyl-dithiophosphinate

Preparation.

| Trimethylaluminium (1.6 gm.; 0.0222 mole) in

benzene (15 ml.) reacted with a solution of dimethyl-
dithiophosphinic acid (2.5 gm.; 0.0206 mole) in benzene
(20 ml.) to give white crystalline dimethylaluminium
dimethyl-dithiophosphinate and methane. The trimethyl-
aluminium solution was placed in the flask and the
solution of dimethyldithiophosphinic acid was siowly
‘added. A lively reaction took place with gas evolution.
The products of the reaction remainéd dissolved in the
solvent, which was removed under reduced pressure,

leaving a white residue. Pure dimethylaluminium dimethyl-~
dithiophosphinate was obtaiﬁed from this residue by
vacuum sublimation (0.01 mm. /40-5°C) as a colourless
rhombic (angles almost equal to 900) crystalline solid.
It had m.p. 103-4°C (Found: Al, 14.5; Me,AlS,PMe, requires
Al, 14.8%). The compound was very sensitive to air and
inflamed when touched with a drop of water. It did not
react with trimethylamine at room temperature. It was
soluble in organic solvents like ether, benzene, carbon
tetrachloride and carbon disulphide.
Hydrolysis.

'Dimethylaluminium dimethyl-dithiophosphinate (0.1450gm)

was hydrolysed in the vacuum line with 2-methoxyethanol
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and 2N-sulphuric acid. It dissolved in 2-methoxyethanol
.at room'temperature giving a colourless solution with
almost complete evolution of methane. The hydrolysis
was completed with 2N-sulphuric acid and the methane
was measured (35.4 ml. at S;T.P.) Calculated for 0.,1450gm
dimethylaluminium dimethyl-dithiophosphinate 35.7 ml.
at S.T.P.
Moleculaf Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions éontaining 0.98 and 1.47 gm.
of dimethylaluminium dimethyl-dithiophosphinate in
100 gm. of benzene gave respectively 218 and 206 for
molecular weights. The monomer Me2AlSZPMe2 requires 182,

Infrared Spectrumn.

The infrared.spectrum (solution in carbon disulphide)

is given below:
1414(s), 1403(s), 1395(ms), 1296(m), 1287(s), 1186(s),
1174(w,sh), 993(w), 948(vs), 912(vs), 853(s), 762(s),
740(s), 729(s), 687(vs), 646(ms,sh), 599(ms), 585(ms),
579(ms ), 505(s), 493(m).

The far infrared spectrum (solution in benzene)
is given below:

. 394(“’), 348(VS)1 310(111), 292(VW)7 271(m)-




Methylaluminium Bis(diphenyl-dithiophosphinate).

Preparation.

This compound was obtained in an attempt to prepare
dimethylaluminium diphenyl-dithiophosphinate. Trimethyl-
aluminium (0.6gm; 0.008 mole) in benzene (15 ml.) reacted

" with a solution of diphenyldithiophosphinic acid (2.0gm;
0.008 mole) in benzene (25 ml.) to give white methyl-
aluminium bis(diphenyl-dithiophosphinate), methane and
some unreacted trimethylaluminium. The trimethyl-
aluminium solution was placed in the flask and the
solution of diphenyldithiophosphié? acid was rapidly
added. A lively reaction took place with gas evolution.
The products of the reaction remained dissolved in the
soivent, which was remo#ed under reduced preésure,
leaving a colourless viscous liquid. More volatile
materials were lost on further pumping at ZOOOC, and a
whité solid was left behind. The compoundbecame soft at
180°C and melted completely at 26000.(Found: Al, 4.6;
MeAl(S,PPh,), requires Al, 5.0%).

mHydrolysis.

Methylaluminium bis(diphenyl-dithiophosphinate)
was hydrolysed (0.1390) in the vacuum line with 2-
methoxyethanol and 2N-sulphuric acid. The methane was

measured (5.7 ml. at S.T.P.). Calculated for 0.1390 gm.
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'methylaluminium bis(diphenyl-dithiophosphinate) 5.7 ml.
at S.T.P.
Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containing 1.0 and 1.5 gm. of
methylaiuminium bis(diphenyl-dithiophosphinate) in 100 gm .
of benzene gave respectively 560 and 541 for molecular
weights. The monomer MeAl(SgPPhQ)Z requires 540.5.
Infrared Spectrum.

The infrared spectrum (solution in carbon disulphide)

is given.below:
1437(s), 1385(vw), 1337(vw), 1325(vw), 1307(w), 1182(m),
'1160(vw), llOS(s),‘llOl(s); 1068(vw), 1028(m), 1000(m),
985(vw), 969(vw), 920(vw), 813(w), 785(w), T44(s), 709(vs),
689(vs), 673(s), 654(s), 633(m,sh), 612(m), 566(vs),
529(w) 485(s).

The far infrared spectrum.(solution in benzene)
'is given below: .
391(5)’ 373(m73h)’ 329(111), 312(m,sh), 230(111).

Aluminium Tris(dimethyl-dithiophosphinate)

Preparation.

Primethylaluminium (0.4 gm; 0.0055 mole) in benzene
(5 ml.) reacted with a solution of dimethyldithiophos-

phinic acid (2.0gm; 0.0158 mole) in benzene (20 ml.) to
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give aluminium tris(dimethyl-dithiophosphinate) and
methane. The dimethyldithiophosphinic acid solution was

- placed in the flask and the solution of trimethylaluminium
was slowly added. A lively reaction took place with gas
evolution. The products of the reaction remained dis-
solved in the solvent, which was removed under reduced
pressure, leaving a white solid. It was heated at 100°¢C
with pumping to drive out any volatile impurities. Pure
aluminium'tris(dimethyl-dithiophosphinate) was obtained

by vacuum sublimation (Oi&mm/190°C) as a white crystalline
solid (50%;Mie1d). It had m.p. 186-8°C. (Found: Al, 6.6;
Al[SzPMez]3 requires Al, 6.7%). No methane was detected
when a sample of the éompound,was hydrolysed in the vacuum
line with 2N-sﬁlphuric acid.

Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containing 0.97 and 1.40 gm. of
aluminium tris(dimethyl-dithiophosphinate) in 100 gm.
of benzene gave respectively 429 and 441 for molecular
weights. The monomer Al[SZPMe2]3 requires 402.5.
'Infrared Spectrumn.

The infrared spectrum (Nujol mull) is given below:
1290(vw,sh), 1280(m), 1160(vw), 956(s), 944(s), 921(s),
909(s), 858(w-), 847(m), 741(m,sh), 729(s), 601(s),
587(ms), 501(m).
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The far infrared spectrum (solution in benzene)

is given below:
328(vs), 308(s,sh), 272(m), 264(m).
Dimethylgallium Dimethyl-dithiophosphinate

Preparation.
Trimethylgallium (1.9 gm.; 0.0165 mole) in benzene

(15 ml.) reacted with a soiution of dimethyldithiophos-
phinic acid (2.0 gm; 0.0158 mole) in benzene (20 ml.)

to give white crystalline dimethylgallium dimethyl-dithio-
phosphinate and methane. The trimethylgallium solution l
was placed in the flask and the solution of dimethyl-
' dithiophdsphinic acid was slowly added. A lively reaction
took place with gas evolution. The products Qf the
reaction remained dissolved.in the solvent, which was
removed under reduced pressure, leaving a white residue.
Pure dimethylgalliﬁm dimethyi-dithiophosphinate was
obfained from this residue by vacuum sublimation (0.01 mm/
10000) as a white rhombic (angles almost equal to 900)
crystalline solid. It had m.p. 153-4°C (Pound: Ga, 30.9;
MezGaSZPMe2 requires Ga, 31.0%). The compound was
soluble in ether, benzene and carbon disulphide. It

did not react with trimethylamine at room temperature.
Molecular Weight.

: This was determined»cryoscopically in bengene.

Solutions -containing 0.93 and 1.39 gm. of dimethylgallium
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dimethyl-dithiophosphinate in 100 gm. of benzene gave
in each case 247 as molecular weight. The monomer
MeZGaSQPMe2 requires 225.

Infrared Spectrum

"The infrared spectrum (solution in carbon disulphide)
is given below:
1418(s,sh), 1406(s,sh), 1397(ms), 1292(m), 1282(ms),
1190(ms), 944(vs), 908(vs), 850(s), 761(ms), 735(s,sh),
725(vs), 590(vs), 537(ms), 503(s).

‘The far infrared spectrum (solution in benzene)
is given below:
314(vs), 277(m,sh), 267(s).
Dimethylindium Dimethyl-dithiophosphinate

Preparation.

Trimefhylindium (l.2gm; 0.0075 mole) in ether (-15ml.)
reacted with a solution of dimethyldithiophosphinic acid
(0.8 gm; 0.0063 mole) in ether (20 ml.) to give white
crystalline dimethylindium dimethyl-dithiophosphinate
and methane. The trimethylindium solution was placed
in the flask and the solution of dimethyldithiophosphinic
acid was slowly added. There was a lively reaction with
gas evolution. The products of the reaction remained
dissolved in fhe solvent, which was removed under reduced

pressure, leaving a white residue. Pure dimethylindium
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dimethyl-dithiophosphinate was obtained from this residue
by vacuum sublimation (0.0l mm./110-20°C) as a white
crystalline soiid. It had m.p. 184-5°¢. (Found: In,
42.5; Me,InS,Plle, requires In, 42.5%). The compound
was soluble in ether, benzene and carbon disulphide.
Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containing 0.49 and 0.74 gn.
of dimethylindium dimethyl-dithiophosphinate in 100 gn.
of benzene gave respectively 291 and 293 for molecular
weights. The monomer MezlnSZPMe2 requires 270.

Infrared Spectrum.

The infrared spectrum (solution in carbon disulphide)
is given below:
- 1416(ms,sh), 1406(m,sh), 1397(m), 1294(w), 1284(m),
1147(vw), 948(s), 911(s), 898(w,sh), 852(m), 738(m),
724(ms), 596(s), 508(w), 496(ms).

The far infrared spectrum (solution in benzene)
is given below:
323(m,sh), 313(s), 271(m), 256(m).
'Dimethylthalliﬁm Dimethyl-dithiophosphinate,

Preparation.

A solution of dimethylthallium cyanide (1.0 gm.;

0.0038 mole) in water (50 ml.) reacted with a solution
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of dimethyldithiophosphinic acid (0.5 gm.; 0.0038 mole)
in ethanol (15 ml.) to give a white precipitate of
dimethylthallium dimethyl-dithiophosphinate in about
60% yield. It was filtered and purified by recrystal-
lisation from hot ethanol as a white glistening solid.
The compound sfarted to decompose slowly at 185°C(
and rapidly turned into a black mass at 200°C (Found:
H, 3.45 C, 13.3; Me,T1S,PMe, requires H, 3.3; C, 13.4%).
It was slightly soluble in water but insoluble in benzene.
Conductance Measurements. |

The conductance measurements were done at 2500

in water. The results are given below:

lo(more 174 N
0.0989 55.9
0.1006 55 .7
0.1033 54.9
0.1055 54,8
0.1078 54.3
0.1092 54,2

Infrared Spectrun.

The infrared spectrum (pressed potassium bromide

disc) is given below:
1404(m), 1290(vw), 1280(ms), 1170(vw), 1087(vw), 943(vs),
909(vs), 847(m), 797(s), 733(m), 710(s), 588(vs), 540(m),

496(ms).
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The far infrared spectrum (nujol mull) is given

below:

295(m), 287(w,sh), 233(ms).

Caesium Dimethyl-dithiophosphinate

Preparation.

A solution of caesium carbonate (2.6 gm.; 0.008

mole) in water (15 ml.) was slowly added to a solution

of dimethyl dithiophosphinic acid (2.0 gm.; 0.016 mole)

in ethanol (15 ml.). A lively reaction took place

with gas

evolution. The solvent was removed under

reduced pressure, leaving a white crystalline solid.

It was purified by recrystallisation from a mixture

of water and alcohol (Found: H, 2.5; C, 9.3; Cs[SZPMez]

requires
Infrared
The
‘disc) is
1418(m),
915(vs),
| The

below:

282(s), 220(s).

H, 2.3; C, 9.3%).

Spectrum.

infrared spectrum (pressed potassium bromide
given below; |

1404(ms), 1290(m), 1279(s), 1105(vw), 952(s),
847(s), T34(s), 715(vs), 606(vs), 505(vs).

far infrared spectrum (nujol mull) is given
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Dimethylaluminium Benzenesulphinate

Preparation.
Trimethylaluminium (1.2 gm.; 0.0166 mole) in bengene
(15 ml.) reacted with a solution of benzene sulphinic
acid (2.1 gm.; 0.0147 mole) in the same solvent (100 ml.)
to give white crystalline dimethylaluminium benzene-
sulphinate and methane. The trimethylaluminium solution
was placed in the flask and the solution of benzene
sulphinic acid was slowly added. A lively reaction took
place with gas evolution. The products of the reaction
remained dissolved in the solvent, Which was removed

under reduced pressure, leaving a white residue. Pure

- dimethylaluminium benzene-sulphinate was obtained from

this residue by vacuum sublimation (0.01 mm./120-30°C) as
a white crystalline solid. It had m.p. 61-2°C. (Found:
Al, 13.4; Me,A10,SPh requires Al, 13.6%). The compound
was soluble in ether, benzene, and carbon disulphide.
Hydrolysis. -

Dimethylaluminium benzene-sulphinate (0.1828 gm.)
was hydrolysed in the vacuum line with 2-methoxyethanol
and 2N-sulphuric acid. The methane was measured (40.9 ml.
at S.T.P.). Calculatedfor 0.1828 gm. dimethylaluminium
benzene-sulphinate 41.3 ml. at S.T.P.

Molecular Weight.

Molecular weights were determined cryoscopically in



- 154 -

benzene. Solutions containing 0.74 and 1.09 gm. of
dimethylaluminium benzene-sulphinate in 100 gm. of benzene
gave in each case 429 for molecular weight. The dimer
[Me2AlOZSPh]2 requires 396.
Infrared Spectrum.

The infrared spectrum (solution in carbon disulphide)
is given below:
1445(s,sh), 1192(ms), 1089(m), 1027-1005(s,broad band),
980-970(s, broad bamd), 753(s), 704(vs), 688(vs), 620(m),
612(w), 588(w).

Dimethylgallium Benzene-sulphinate
Preparation. |

Trimethylgallium (1.5 gm.; 0.0130 mole) in ether
(15 ml.) reactedlwith a solution of benzene sulphinic
acid (1.7 gm.; 0.0119 mole) in ether (50 ml.) to give
white crystalline.dimethylgallium benzene-sulphinate and
methane. The trimethylgallium solution was placed in
.the flask and the solution of benzene sulphinic acid was
" slowly added. A lively reaction took place with gas
- evolution. The products of the reaction remained dissolved
in the solvent, which was removed under reduced pressure,
leaving a white residue. Pure dimethylgallium benzene-
‘sulphinate was obtained from this residue by vacuum

sublimation (0.0l mm./120°C) as a white crystalline solid.

It had m.p. 56-7°C. (Found: Ga, 28.8; MezGaozsPh requires
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Ga, 28.9%).
Molecular Weight.

The molecular weights were determined cryoscopically
in benzene. Solutions containing 0.77 and 1.13 gm, of
dimethylgallium benzene-sulphinate in 100 gm. of benzene
gave respectively 495 and 477 for molecular weights. The

dimer [M@QGaO2SPh]2 requires 482,

Infrared Spectrum.

The infrared spectrum (solution in carbon disulphide
and benzene) is given below:
1445(s), 1203(s), 1124(m), 1082(m), 1048(m), 1005(vs),
941(s), 735(s),.697(s), 683(s), 584(s), 539(s), 459(s).
The far infrared sﬁeotrum (benzene solution) is given
below: |
420(s), 352(s), 329(ms,sh), 275(w).

Barium Benzene-sulphinate

Preparation.

‘Benzene sulphinic acid (2.1 gm.) dissolved in about
50 ml. water was shaken with excess of barium carbonate,
in an atmosphere‘of nitrogen. There was a lively reaction
with gas evolution. The reaction mixture was slightly heated
towards the end. It was diluted to 200 ml. and the unreacted
barium carbonate was removed by filtration. The barium
benzene-sulphinate was purified by recrystallisation from

water [Found: H, 2.5; C, 34.2; Ba(O2SPh)2 requires H, 2.4;
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C, 34.35%].
Infrared Spectrum.

The infrared spectrum (pressed potassium bromide
disc) is given below:
144 3(ms), 1088(m), 1020(m,sh);’é86(vs); 971(s), 960(vs),
751(m,sh), 744(s), 704(ms), 689(s), 581(s), 505(ms),
487(m).

Mimethylaluminium Methane-sulphonate

Preparation.
Trimethylaluminium (1.3 gm.; 0;0180 mole) in benzene
(15 ml.) reacted with a well-shaken emulsion of methane
sulphonic acid (1.7 gm.; 0.0177 mole) in benzene (30 ml..)
to give White:érystalline dimethylaluminium methane-
sulphonate and methane. The trimethylaluminium solution
was placed in the flask and the emulsion of methane-sulphonic
acid was slowly added. There was a lively reaction with
gas evolution. The products of the reactién remained
dissolved in the solvent, which was reﬁoved under reduced
pressure, leaving a white residue. DPure dimethylaluminium
methane-sulphonate was obtained from this residue by
vacuum sublimation (0.01 mm./ldOOC) as a white crystalline

solid. It had m.pe. 65-6°C. (Found: Al, 17.7; M92A103SMe

requires Al 17.7%).

Hydrolysis.
Dimethylaluminium methane-sulphonate (0.1042 gm.)
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was hydrolysed in the vacuum line with 2-methoxyethanol
and 2N-sulphuric acid. The methane was measﬁred (30.4 ml.
at S.T.P.). Calculatéd for 0.,1042 gm. dimethylaluminium
methane-sulphonate 30.7 ml. at S.T.P.

Molecular Weight.

The molecular weights were determined cryoscopically
in benzene. Solutions containing 0.74 and 1.1l gm. of
dimethylaluminigm methane-sulphonate in 100 gm. of benzene
gave respectively 432 and 467 for molecular weights.

The trimer [Me2AlO3SMe]3 requires 456.
Infrared Spectrum.

Examination of the infrared spectrum of dimethyl-
aluminium methane-sulphonate was restricted by the difficulty
of finding a suitable solvent, for example, the substance
was sparingly soluble in.carbon disulphide. It was also

sensitive to air.

Dimethylgallium Methane-sulphonate

Preparation.

Trimethylgallium (1.7 gm.; 0.0147 mole) in benzene
(20 ml,) reacted with a well-shaken emulsion of methane
sulphonic acid (1.4 gm.; 0.0145 mole) in benzene (30 ml.)
to give white crystalline dimethylgallium methane-sulphonate.
and methane. The trimethylgallium solution was placed
in the flask and the emulsion of methane-sulphonic acid

was slowly added. There was a lively reaction with gas
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“evolution. The products of the reaction remained
dissolved in the solvent, which was removed under reduced
pressure, leaving a white residue. Pure dimethylgallium
methane-sulphonate was obtained from this residue by
vaéuum sublimation (0.01 mm/100°C) as a white crystalline
solid. I+t had m.p. 79-80°C. (Found: Ga, 35.7; e ,Ga0 yShie
requires Ga, 35.8%). | ' |

Molecular Weight. | .

This was determined cryoscopically in benzene.
Solutions containing 0.67 and 1.01 gm. of dimethyl-
gallium methane-sulphonate in 100 gm. of benzene gave in
each case 587.for molecular weight. The trimer [Me2GaO3
SMe]3 requires 584.

Dimethylgallium Dimethylarsinate

‘Preparation.

Crystals of dimethylarsinic acid (1.4 gm.; 0.0101 mole)
were slowly added to a solution of trimethylgallium (1.3 gm.
in 20 ml. benzene; 0.0113 mole) in an atmosphere of nitro-
gen. There was a slow reaction with gas evolution. The
products of the reaction remained dissolved in the solvent,
which was removed under reduced pressure, leaving a white
residue. Pure dimethylgallium dimethylarsinate was obtained
from this residue by vacuum sublimation (0.0l mm. /110°G)
as a white glistening crystalline solid, nearly quantitative

" yield. It had m.p. 144-5°¢. (Found: Ga, 29.8; Me ,Ga0 ,AsMe,

requires Ga, 29.9%).
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Molecular Weight.

Molecular weights were determined cryoscopically
in benzene. Solutions containiné 1.08 and 1.60 gm. of
dimethylgallium dimethylérsinate in 100 gm. of benzene
gave respectively‘475 and 502 for molecular weights; The
dimer {MezGaO2AsMe232 requires 473. |
Infrared Spectrum.‘ '

The infrared spectrum (solution in carbon disulphide)
is given below:
1267(m), 1259(w), 1194(m), 897(s), 884(vs), 865(s), 818(m),
738(ms,sh), 725(ms), 675(vs), 642(m), 580(m), 535(m).

The far infrared spectrum (benzene solution) is given
below:
433(S)QA4O8(S), 283(ms), 269(m).
Dimethylgallium Formate.

Preparation.

Trimethylgallium (2.3 gm.; 0.020 mole) in ether (25 ml.)
reacted with a solution of formic acid (0.90 gm.; 0.0195 mole)
in ether 25 ml.) to give white crystalline dimethylgallium
formate and methane. The ﬁrimethylgallium solution was
placed in the flask and the solution of formic acid was
slolevadded. There was a lively reaction with gas evolution.
The products of the reaction remained dissolved in the
solvent, which was removed under reduced pressure, leaving
a white residue; Pure dimethylgallium formate was obtained

from this residue by vacuum sublimation (0.01 mm/60°g)ag
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colourless crystals. It had m.p. 97-8°¢ (Found: Ga, 48.1
Me,Ga0,CH requires Ga, 48.2%).
' Molecular Weight. |

This was determined cryoscopically in benzene.
Solutions containing 0.2 and 0.3 gm. of dimethylgallium
formate in 100 gm. of benzene gave in each case 312 for
molecular weight. The dimer [Me2G8,02CH]2 requires 290.
Infrared Spectrum.

The infrared spectrum from 300 to 2000 em + (Nujol
mull and C,Cl, solution) is given belows
1616(vs), 1587(vs), 1555(vs), 1377(vs), 1353(vs), 1206(ms),
1202(ms), 1192(ms), 823(s), 738(vs), 720(s,sh), 699(ms,sh),
606(s), 549(m), 382(m).
Dimethyleallium Acetate

Preparation.

Dimethylgallium acetate was prepared from the reaction
between trimethylgallium (1.70 gm.; 0.0148 mole) and acetic
acid (O.80gm;'0.0133 mole) in benzene. It was purified
by vacuum sublimétion (0.01 mm/90—5°C) as a white crystalline
solid.(m.p. 162-3%¢).

Infrared Spectrum.

The infrared spectrum from-300 to 2000 c:m-1 (Nujol mull
and C,Cl, solution) is given below:

1754(w), 1534(vs), 1471(vs), 1408(vs), 1203(s), 1053(m),
lO30(mé), 965(m), 761(ms,sh), 740(s), 695(vs), 612(m), 601(s),

549(ms), 513(m), 329(m).




Diethylboron Acetate

Preparation.

Diethylboron acetate was prepared from the reaction
between triethylborane (2.6 gm; 0.0265 mole) and acetic
acid (1.5 gm.; 0.0250 mole) in ether, as described by
(47)

Meerwein and S8nke.

Molecular Weight.

Molecular weights'were determined cryoscopically
in benzene. Solutions containing 0.6, 0.9 and 1.0 gm. of
diethylboron acetate in 100 gm. of benzene gave resbectively
170, 180 and 171 for molecular weights.

Infrared Spectrum.

The infrared spectrum from 500 to 2000 cm-l(Nujol
mull and C,C1, solution) is given below (principal bands

only). ,
1709(s), 1610(s), 1587(ms), 1488(m,sh), 1468(s), 1418(m),
1300(m), 1289(m), 1247(w), 1064(s), 1031(s), 769(s), 735(s).

Dimethylgallium (d3) Acetate

Preparation.

Dimethylgallium (d3) acetate was prevared from the
reaction between trimethylgallium (1.5 gm; 0.0130 mole)
and (d4) acetic acid (0.7 gm; 0.0109 mole) in benzene.
It was purified by vacuum sublimation (0.0l mm/100-10°C) as

a white crystalline solid (m.p. 164-5°C).
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Infrared Spectrum.

The infrared spectrum from 300 to 2000 cm—l (Nujol
mull and 02014 solution) is given below:
1754(w), 1515(vs), 1475(vs), 1447(s), 1203(s), 1092(w),
1055(m), 1029(ms), 929(ms), 918(ms), 841(s), 758(s,sh),
735(vs), 696(ms), 661(vs), 600(vs), 548(ms), 526(m),

471(w), 314(m).
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APPENDIX I

Co-ordination Compounds of Bipyridyl with Alkyls and

Hydrides of Group III Elements.

Addition compounds of 2,2'-bipyridyl with the alkyls
and halides of beryllium have been described.(57) The
compounds'BipyBeClz, BipyBeBrz, BipyBeIz, BipyBePh2,
BipyBeMe2 and~BipyBeEt2 were found to be white, pale cream,
yellow, yellow, yellow and red respectively. Ultraviolet
spectra of these compounds were measured, and it was
suggested thaf the transition causing these colours is
an electron transfer from one of the Be-X bonds (X = Cl,
Br, CH, etc.) to the lowest unoccupied m-orbital of
bipyridyl or, in the case of halides, from lone pairs on
the halogen atomn.

‘Therefore, it was considered of interest to investigate
the interaction of bipyridyl with the alkyls and hydrides
of group I1I elements. The compounds BipyAlH3, BipyAlMe3,
BipyAlEt3 and BipyGaMe3 were found to be violet, yellow,
red and blue—greenlrespectively in colour. However, the
AlH3 and AlEt3 adducts were fairly unstable and decomposed
readily on standing. The blue-green crystals of the gallium
compound appeared to loose colour on standing. The alkyl
adducts were prepared fréﬁ thé components in ether, and
Me NA1H3(127) was used as the source of aluminium hydride

3

for the complex BipyA1H3. Satisfactory analyses were
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obtained for BipyAlMe3, which was insoluble in organic
solvents. Molecular weight determinations or ultraviolet
spectroscopic measurements were restricted by the insolubility
or instability of these materials (compare(sr])‘BipyBeEt2
which.was found to be monomeric in benzene). The structures
of these compounds have not yet been established. After
this work was completed, it has been claimed that the adducts
of the type BipyAlR3; are monomeric in benzene(128).
Bipyridyl was dissolved in éxcess of trimethylgallium
to give a colourless solution. Removal of the unreacted
trimethylgalliuﬁ under reduced pressure; left a white

solid which had the composition Bipy(GaMe3)2. The following

structure is suggested for this compound.

P
=z ~
!

N

i

GaM63 GaMe3

The compound B:‘pr(BH3)2 was prepared from diborane
and bipyridyl in ether. This was insoluble in organic

solvents, and it was not possible to distinguish between

structures I and II.
wt

| \/ ‘j/ ’ O - BH,

N N N N 4
l | N
BH BH; | BH, ]
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EXPERIMENTAL

Bipyridyl Trimethylalane.

Bipyridyl (1.60 gm; 0.010 mole) was placed in a
two-neck round-bottomed flask (100 ml.) attached to the
vacuumn line, ether (15 ml.) was condensed on it and allowed
to warm to dissolve the bipyridyl. The trimethylaluminium
(0.77 gm; 0.010 mole) was then condensed on it; and the
reactants were warmed from liquid air temperature. A
yellow inéoluble precipitate was obtained, which was purified
by washing with ether (Found: Al; 11.75; BipyAlMe3 requires
Al, 11.8%). It was sensitive to air, aﬁd decomposed at

140°C without melting. The compound was insoluble in
benzene at room temperature. An attempt was made to extract
and crystallise it from hot benzene; using a soxhlet fitted
with a sintered disc. The compound was easily extracted
with hot bénzene giving a red solution which did not deposit
crystalson cooling to room temperature; evidently it had .
decomposed. ‘

Bipyridyl trimethylalane (0.0920 gm.) on hydrolysis
with 2—mefhoxyethanol and 2N—sulphuric_acid gave 25.9 ml.

of methane at S.T.P. Calculated for 0.0920 gm. BipyAlMe3

27,0 ml. at S.T.P.
Bipyridyl Bis(trimethylgalane)

Bipyridyl (0.2066 gm; 0.00132 mole) was placed in
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a two-neck round-bottomed flask (100 ml.) attached to

the vacuum line through a 4 mm. tap. A measured amount

of trimethylgallium (441.6 ml. at S.T.P.) was condensed

on it. The tap was closed and the reactants allowed to

reach room temperature. The bipyridyl dissolved in liquid

triméthylgallium giving a colourless solution. The excess

of trimethylgallium was condensed back and measured (381.2 ml.
at S.7.P.) Hence, 60.4 ml., of trimethylgallium had reacted

with the bipyridyl. Thus, 0.00132 mole of bipyridyl

reacted with 0.00269 mole of‘trimethylgallium to give white

bipyridyl bis(trimethylgalane), Bipy(GaMeB)z.

Bipyridyl Diborane

Dibora?e (from NaBH4 and BF3.OEt2 in diglyme) was
passed through a solution of bipyridyl (2 gm.) in ether
(75 ml.). A white insoluble precipitate of bipyridyl
diborane was obtained, which was purified by washing with
ether (Found: C, 65.4, H, 3.6; BipyBolg requires C, 65.4,
H, 3.3%). It was stable to air, and decomposed at 130°%¢
without melting:

The infrared spectrum from 400 to 2775 em™ L (pressed
potassium iodide disc) is given below (principal bands only).
2398(vs), 2358(vs), 2339(vs,sh), 2294(s,sh), 1616(ms),
1582(m), 1475(s), 1443(ms), 1295(m), 1256(w), 1181(vs),
1163(s,sh), 1136(m), 1119(m), 1096(s), 1071(m), 1030(m),
938(m,sh), 941(ms), T93(vs), 752(m), 559(w,sh), 552(w).
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APPENDIX IT

A Gallium Derivative of Diazoaminobenzene

The compound; Me2GaNPh.N:NPh was prepared by the

reaction between trimethylgallium (1.8 gm.; 0.0156 mole)

- and diagoaminobenzene (3.0 gm.; 0.0152 mole recrystallized

from ethanol shortly before use) in benzene, under an
atmosphére of nitrogen. It was purified by vacuum
sublimation (0.0l mm/100°C) as a yellow erystalline solid
(2.3 gm; 50% yield). The compound was soluble in
organic solvents. I+t had m.p. 53-55°C (Found: Ga, 23.3;

Me,GaNPh.N:NPh requires Ga, 23.6%).

2
The molecular weight was determined cryoscopically

in benzene. Solutions containing 1.6 and 2.5 gm. of
the compound in 100 gm. of benzene gave in each case 332
for molecular weight. The monomer MezGaNPh.N:NPh requires

296. Therefore, the following structure is suggested

for this compound.

N

Bands at 595 and 545 cm-l were observed due to

Me G z/// Q§§>N
e m/

GalMe, asymmetrical and symmetrical stretching modes

2
respectively in the infrared spectrum of the compound
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