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SUMMARY

This thesis describes the preparation of some azomethine
derivatives of aluminium, gallium and beryllium, together with attempts
to prepare related derifatives of 1ithium, and discusses the structural
implications of their infrared, proton magnetic resonance and mass
spectra. As a background to this wérk, some aspects of the
co~ordination chemistry and reactions of organoaluminium compounds are
outlined in an introductory chapter.

Diphenylketimine reacts with trimethyl-, triethyl- and triphenyl-
aluminium, and triphenylgallium, forming 1:1 adducts, PhZC:NH.MRB,
which eliminate hydrocarbon RH, on heating, forming diphenylketimino
derivatives (thC:NMRZ)Z. N,N,N',N'-tetramethylguanidine with
trimethylaluminium gives a similar adduct (MeaN)ZC:NH.AlMeB, which
loses ﬁethane above 100°, producing [(MezN)ac:NAlMezjn.

With nitriles of general formula RCH2CN, organolithium compounds
R'Li evolve.. alkane R'H, leaving polymeric products which could not be
fﬁlly characterised. NyN-dimethylcyanamide MeeNCN reacted'similarly
at high temperatures with trimethylaluminium. Azomethine derivatives
(MezNCH:NAle)2 were however obtained by reaction of MeZNCN with
triethylaluminium and dialkylaluminium hydrides.

Diphenylketiminoaluminium halides (thc:NAlXZ)2 [X = C1, Br] were

prepared by reaction of equimolar proportions of aluminium halide and




(iv)

diphenylketiminolithium. The compounds (thc:N)BAl and [(REC:N)aBe]n
[R = Ph, p-tolyl] were obtained by reaction of 1 mole of metal
chloride with, réspectively, 3 moles and 2 moles of N-lithioketimine.
A similar reaction between the same metal chlorides and N-trimethyl-

silyldiphenylketimine, Ph C:NSiMeB, resulted in the displacement of

2

only one g.atom of chlorine per mole of chloride, and the formation of

the halo-derivatives, (PhZC:NAlCla)Z, and (Phac:NBe01)2.
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1. Introduction

This thesis describes the reactions of organo-, hydrido-,
and halo-derivatives of aluminium with certain unsaturated carbon-
nitrogen systems, and the properties of the azomethine derivatives,
(R2C:N)nAlR'3_n, resulting from these reactions. Some similar
derivativesAof lithium and beryllium are also reported. A background
to this work is provided by the following survey of the co-ordination
chemistry of aluminium compounds RnAlXB-n’ (R = alkyl, aryl; X = H,
halogen; n = 0, 1, 2, 3). Their structures, interaction with
Lewis bases and protonic acids, and their insertion reactions with
unsaturated species are discussed, but anionic co-ordination complexes

are not covered. Comprehensive reviews of organoaluminium chemistry were

published in 1960, ' 1963,% and 1965.°

Similar aspects of the
chemistry of lithium and beryllium are covered later when the

azomethine derivatives of these elements are discussed.

2. General Aspects

The electronic configuration of the ground state of aluminium
is such that there are three electrons in the outer (m) shell,
(352, 3p), leaving two atomic orbitals unoccupied. Compounds of
trivalent aluminium, AlXB, are therefore co-ordinatively unsaturated,
and only rarely exist as monomers. Aluminium normally acheives

a co—ordination number of four by the formation of associated species

TR
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involving Al-X-Al bridges. When the bridge atom X has a lone pair
of electrons available for interaction with the vacant atomic orbital,

aluminium can adopt the inert gas electronic configuration, forming

3

four sp” hybrid orbitals. The resultant approximately tetrahedral

arrangement about the metal atom is typified in the dimeric halides.

516

Most of the organoderivatives of aluminium are similarly dimeric,

X

\\Al//////x\\ /’X
X /" \!x’////”Al\‘

X

X=0C Bry I

affording a four co-ordinate environment for the metal atom.  The

7,8

crystal structures of trimethylaluminium

9

and triphenylaluminium
reveal that the structures of these dimers are geometrically similar
to those of the aluminium halides. The nature of the bridge bonds,
however, is radically different, since there are insufficient electrons
available to form two covalent bonds to each bridging group. The
monomer units are considered to be joined by two-electron, three-
centre Al-C-Al bonds. Organoaluminium hydrides are normally trimeric

10,11 but the bonding involves similar Al-H-Al

rather than dimeric,
three~-centre bonds, When aluminium is bonded to both carbon or
hydrogen, and to an element with lone pairs of electrons, bridging is-

invariably through the electron rich atoms. Where two such ligands




are present, the bridging moiety is that with the highest donor
strength, although in some cases, such as ethyl-ethoxyaluminium
chloride, dynamic equilibria between oligomers with different bridging
groups can be detected.12 It has recently been shown13 that electron
deficient bridges in which n electrons may participate in the bonding
are ?referred to systems in which this is not possible.  Thus
phenyldimethylaluminium and p-tolyldimethylaluminium dimerise through
aryl bridges; and phenylethynyl-dimethylaluminium dimerises though
phenylethynyl bridges.

Monomeric derivatives of trivalent aluminium are restricted to
compounds in which steric crowding by bulky substituents prevents
association. Tri-isopropylaluminium is monomeric,6 as are all
derivatives of the tri-isobutyl (-CHacHRR') and tri-neopentyl

11 This is in marked contrast with similar compounds

14,15,16

(-CH2CRR'R") type.
of boron§ the boron alkyls and halides, dialkoxyboranes,
and all known aminoboranes R2BNRé (R,R? f H)17 are monomeric. These
differences are explained by the ability of boron to participate in
P P, bonding with the first row elements of groups V, VI and VII.
The monomeric nature of the trialkylboranes has begn rationalised in
terms of a hyperconjugation effect which releases electrons into the
vacant p orbital of boron.18’19 The degree of association of a particular

derivative is determined by other factors in addition to the relative

orbital energies of metal and ligand, and the size of the substituents.




Four membered (MX)2 rings which occur in dimers, result in considerable
distortion of the XMX bond angle from the ideal tetrahedral angle,
and this distortion can be better accommodéted by larger atoms.2
Systems in which the degree of association is low have a high entropy,
and in the absence of other considerations, are favoured. Finally,
the state of association of a compound may well reflect the nature
of the reaction intermediate which led to its formation.

In addition to its vacant p orbital, aluminium has relatively

3 5

accessible 3d orbitals, which may, by sp”d or sp d2 hybridisation,

enable its co-ordination to be increased to five or six (see Section 3).

3, Co~ordination Complexes.

In addition to_oligomerisation, the co=-ordination shell of
aluminium in compounds AlX3 can be expanded to four, or even five or
six by interaction with Lewis bases, forming donor-acceptor complexes.
Four-co-ordinate complexes of aluminium are approximately tetrahedral

(II), with bonding electrons in four sp3 hybrid orbitals. Five-

L L

! | X x\l L
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X L L

IT ITI v

co-ordinate complexes have trigonal bipyramidal structures (III),



3

with sp”d hybridised aluminium, and six-co-ordinate adducts are

3.2

octahedral (IV, sp”d” hybridised aluminium).
The factors determining the stability of an adduct towards

dissociation into its components are best represented by an energy

cycle21’22 (Figure I). The gas phase eriergy of formation (AFg)
MXB(g) + R(g)
1 AF with configurations
d suitable for
AF . MX (g) +VR(g) bonding.
r 3
AFm AFt
1 -
E(MXB)n(g)
+ R(g) AF AFg
v R.MX
3(g)
1
'I-I-(MXB)H + R ) AFv'
in standard AF
states (condensed)
' R.MX
3
standard state
(condensed)
FIGURE I.

depends on the difference between the energy required to distort the
free acceptor molecule into the form it takes in the complex (the

reorganisation energy, AFr), and the total energy released on formation



of a dative bond (AFt)

The stability of the adduct over a mixture of its components in the
condensed phase (AF) will differ from AFg by the difference in

energies of vapourisation of the adduct and its components.

AF = AFg + (AFV' - AFV)".‘

The reorganisation energies of the boron and aluminium halides
have been calculated, and their relative acceptor powers correlated,

25,24 These energies are the sum

using molecular orBital theory.
of the energy required to disfort a planar sp2 hybridised molecule
to form a vacant sp3 orbital (AFd), and the energy required to break

down oligomers into monomeric units, if the free Lewis acid is

associated (AFm). The boron halides are monomeric, and only AFd

contributes to the reorganisation energy. The considerable w
character of the B-X bonds, which is lost on co-ordination, means that

this term is particularly significant. AFm makes the greater

contribution to the reorganisation energy in the case of the dimeric

aluminium halides. - Despite these differences, calculations suggest

ok

that reorganisation energies in the two cases are of the same order.
{

Formation of a donor-acceptor complex results in a transfer of

electronic charge from the donor atom, which is usually electronegative,



to the acceptor atom, usually electropositive. If the groups
attached to the metal are electron withdrawing, this charge transfer
is more readily accommodated, and the dative bond energy is high,
Bulky groups attached to the acceptor atom reéult in a high value

for the reorganisation energy, and prevent good overlap of donor

and acceptor molecular orbitals, resulting in a weak co-ordinate link.
Groups attached to the donor atom similarly affect adduct stability,
except that electron releasing substituents result in strong
interaction.

Aluminium alkyls, hydrides and halides are all very strong
acceptors. Trimethylamine and trimethylphosphine adducts of trimethyl-
aluminium are not measurably dissociated in the vapour phase at 1500,25
unlike the corresponding boron compounds for which vapour phase heats

26,27

of dissociation have been measured. The acceptor strengths of
aluminium compounds and the donor strengths of Lewis bases towérds them
can often be related by performing displacement reactions. Dimethyl-
aluminium chloride displaces trimethylaluminium from its trimethylamine
and its dimethylether _adducts,22 and towards these bases, is the
stronger acid. Since Me6Al2 is more readily dissociated'than
Mqulach, in this case the dominant influence on adduct stabilities

is the inductive effect of the chlorine atom, rather than the

reorganisation energy of the Lewis acid. An example of the influence

of inductive effects of substituents on base strength is provided by the




dimethylphosphine adduct of trimethylaluminium which, in contrast
with the trimethylphosphine adduct, is appreciably dissociated at
150,27

Trimethylamine displaces trimethylphosphine from its adduct
with trimethylaluminium;25 MeZS.AlMe325 and MeZSe.AlMe328 are
sufficiently dissociated in the vapour phase to determine their heats
of dissociation by gas pressure measurements, while MezTe.AlMe3 is
too highly dissociated for measurements of this natuf'e.28 These

results can be summarised in the following order of donor strengths

to trimethylaluminium:-

>
Me3N > MeBP > Me20 > MeZS > Mease MeaTe

Investigations of the strengths of isostructural organometallic

29,30

bases by measuring the extent of hydrogen bonding with chloroform,

> = S i (}

Nitriles are much stronger donors to aluminium than are alkyl
halides. Acetonitrile forms an adduct with trimethylaluminium which,
on heating, rearranges without evidence of dissociation,31 while
methyl chloride co-ordinates only with aluminium chloride, and not with ' !

32 31

Both acetonitrile and

trimethylaluminium, the weaker acceptor.

benzonitrile33 displace diethyl ether from its adduct with triphenyl-




aluminium in boiling benzene. Mole has shown that PhBAl.OEt2 and
PhBAl.NCPh are in equilibrium in deuteriochloroform solution,Bq s0
these observations may reflect the relative volatilities of the
donors, rather than their base strengths.

If an organoaluminium compound has bridge bonds of similar
strength to the co-ordinate bond of its adduct with a particular
donor, that adduct can co-exist in equilibrium with free Lewis base
and associated aluminium compound. Examples of this are the etherates
of alkylaluminium hydrides,35 136 and dialkylalkenyl and dialkylalkynyl
derivatives of aluminium.37 Alkoxy bridges are so strong that
alkylalkoxy derivatives of aluminium do not form co-ordinate complexes
38

with ethers or amines, and diethylaluminium fluoride, which is

tetrameric, has weaker acceptor properties than the other dimeric
diethylaluminium halides.39
Other criteria than the displacement of one species from an
adduct by another have been used to correlate the relative strengths
of Lewis acids. Kuhn and McIntyre compared the chemical shifts of
the methyl protons of dimethylformamide on co-ordination to the
halides of groups II, III and IV.qO Their results agree very closely
with similar data obtained from the shift in the carbonyl stretching

frequency of xanthane,41 and ethyl zaLce’t::sd:e,l+2 on co-ordination. These

results together give the following order of acceptor strengths for
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group IIT halides:-

BF_ < AlCl_ < AlB < BC1. < BB
3 3 T3 3 3

Coyle and Stone have used differences in chemical shift values
between free and co-ordinated base as a measure of relative donor
strengths.LFB Their results suggest that this criterion is not
always successful in predicting the stabilities of addition compounds.
A more recent spectroscopic study of addition compounds of aluminium
halides with ethers and organic sulphides suggests that aluminium
bromide is a stronger acceptor than aluminium chloride.44’45
Calorimetric measurement of the dissociation of these adducts in the
condensed phase supportsAthe spectroscopic results, but correction of
 the thermochemical data to the gas phase using a Born-Haber cycle
suggests that there is little difference in the relative acceptor
strengths in complexes with ethers, and that with organic sulphides
aluminium chloride is the stronger acceptor. Similar calculations of

gas phase heats of dissociation of pyridine and trimethylamine adducts

of aluminium halides confirm that the acceptor powers of the trichloride

21,46

and tribromide are comparable, and greater than that of the tri-iodide.
The shift to higher values of the nitrile stretching frequency

on co-ordination has also been regarded as a measure of the acceptor

power of the Lewis acid.yl’33’47'48”—}9 An order of relative acceptor

power of some organoaluminium compounds towards nitriles,
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Ph,Al < Et, Al < M < <
3 < 3 < eBAl Me2A101 BCl

31,35

3
has been tentatively suggested. Beattie and Gilson, however,
point out the hazards of using small shifts in stretching ffequencies
as a criterion of acceptor strength.50

Many aluminium compounds form complexes in which the ratio of
donor to acceptor is greater than 1:1.  Although adducts of aluminium
hydride in which aluminium is five-co-ordinate are well characterised,
similar complexes of organocaluminium compounds or aluminium halides
are comparatively rare, Diethylaluminium chloride formsAa 1:2
addition compound Qith ammonia, which behaves in liquid ammonia as a
cationic addition compound, [EtaAl(NH3)2]+Cl- involving four-
co-ordinate aluminium.51 EtBAl.zNEH3 was also detected in a pressure-
composition study, and five-co-ordinate aluminium is possible in this
compound. 2,2'-bipyridyl and 1,10-phenanthroline give 1:1 complexes
with trimethylaiuminium which do not react further with excess

aluminium alkyl. A five-co-ordinate structure V has been proposed

for these compounds.52 Similar structures VI have been proposed for

Me NMe

l “// \\f R = =N=N-

Me=-A1l R -(CH.) -
N\ 2'n
NMe

Me >
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the 1:1 complexes of trimethylaluminium with some diamino compounds,

on the basis that only one peak assignable to the N-methyl protons
53,54

was observed in the N.M.R. spectrum. More recent results

suggest. that a four-co-ordinate structure is probable, with rapid

exchange of amino groups under the conditions that the spectra were

55

recorded.

Phosphorus tri-iodide forms a 2:1 adduct with aluminium tri-iodide,

for which a trigonal bipyramidal structure involving sde hybridised

56

five-co-ordinate aluminium has been proposed.

57

More recently,

spectroscopic evidence has been published,”’ which suggests a similar

structure for AlClB.ZNMeB.

~ Examples of five-co-ordinate aluminium in adducts of aluminium

hydride are much better characterised. MeBN.AlH3 is partially

5 oy

associated in benzene solution58’59 and structure VII with sp

hybridised aluminium60 is suggested. The 2:1 adduct of trimethylamine

NN
o \/ \H

3
VII

with aluminium hydride has been shown to have a trigonal bipyramidal

structure VIII,61’62 and aluminium is in a penta-co-ordinate environment

in crystals of the adduct of N,N,N',N'-tetramethylenediamine with




aluminium hydride.63

- 13 -

Young and Ehrlich isolated a similar adduct with

NyNyN',N'=tetramethylpropanediamine in three forms;6

a monomer,

presumably with structure IX, a dimer, having probably structure X,

and a polymer, which may well resemble the TMED adduct.

»

H-Al

NMe

VIIT

H-Al

ez
YN

.

NMe2

(CH2)3

IX

H-A1

Me
N-(CH2)3-N

N-(CH,),=-N

2°3
Me2 Me2

Aluminium compounds containing multiple bonds offer the possibility

of interaction between the metal and the m electrons.

The stability

of aluminium-alkgnyl and -alkynyl bridges has already been remarked

upon (see page 3 ) but this is likely to be due to delocalisation

effects rather than to direct interaction.

65,66

phase studies

Jbromide~aromatic systems have confirmed the existence of 2:1 adducts

between aluminium bromide and benzene, toluene, o-, m- and p-Xylene,

Vapour pressure-composition

67

and molecular weight determinations ' on aluminium

and mesitylene, and 1:1 adducts between aluminium bromide and m-xylene

and mesitylene.

These are presumed to have structures XI and XII,
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CH

Al Br6 AlBr

CH CH
X1 XII

held together by an electron donor-acceptor interaction between the
aromatic n electrons and aluminium. Eley, as a result of an X-ray
structure determination on a crystal of C6H6°A12Br6 had previously
suggested that the structure is an infinite lattice XIII, held
together by van der Waal's forces.68 Recently, spectroscopic evidence
for an intramolecular aluminium-olefinic m electron interaction has
been published.69 A series of compounds BuiZAl(CHz)nCH:CHR

(n = 3,5,6; R = H, Me) were synthesised from di-isobutylaluminium

XI
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hydride and the appropriate diolefine. In the case of
BuiaAl(CHa)BCH:CHR, the CH:CH deformation moved to higher frequency,
and the C:C stretch to lower frequency than in the parent olefine.
In no other derivative was a significant frequency shift observed.
These features of the infrared spectra of the alk=l-enyl derivatives

are consistent with intramolecular complex formation as in XIV,

X1V

The N.M.R. spectra of the compounds confirms an increase in
electron density at the aluminium atom, and a decrease in the vicinity

of the olefinic bond.

4, Reactions of Aluminium Compounds with Protonic Acids.

Qrganoaluminium compounds and aluminium hydrides react
quantitatively and very vigorously with protonic acids, eliminating
hydrocarbon or hydrogen. In some cases a stable 1:1 co-ordination
complex can be isolated, which, on heating undergoes the cleavage

reaction. Secondary amines, phosphines and arsines form such adducts
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with organoaluminium compounds which lose hydrogen, alkane, or

aromatic hydrocarbon on hea’cing;.25’7o’71’72’73’74’75

1
1 11 1 13} — 11 ]
RZAlR + HNR2 —_ R2A1R .NHR2 —_— n(R2A1NR2)n + R'H

Ammonia and primary amines. react similarly, and products (R2A1NHR')n

71,73,76 but unless steps are taken to prevent it,

have been isolated,
further condensation to polymeric imides, (RAlNR')n, or with ammonia,
to aluminium nitride, occurs. The aluminium-hyérogen bond is cleaved
more readily than the aluminium-carbon bond. Dialkylaluminium
hydrides, when treated in molar proportions with secondary amines,
lose hydrogen rather than alkane to form aminodialkylaluminium

70

derivatives (R2A1NRé)n, and hydrogen is eliminated smoothly from
mixtures of dialkyléluminium hydrides and piperidine at 400, while
the analogous reaction with aluminium trialkyls occurs only above
1000.77 When organoaluminium compounds react with alcohols and thiols,
which contain protons more acidic than amino hydrogen, condensation
occurs so readily that isolation of the intermediate adduct is not
possible, Mixtures of trimethylaluminium with methanol and methane-
thiol lose methane below room temperature to give, respectively,
(Me ,A10Ne) 5 and (MeALSHe) .7

The factors affecting the degree of association of the product

(viz. entropy, valence angle strain, steric interference and the

nature of the precursor) have been discussed previously (p.3-4).
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Organoaluminium derivatives are normally dimeric (XV), but higher
oligomers, with larger, less strained cyclic structures are possible

when steric interference is small (XVI).

Rﬁ R2
///X- Al
R2Al \\\‘AlR R'X XR!
/// 2 gi n
X RaAl AlR2
R! AN
- X
Rl
n
XV XV1

Hydrogen attached to aluminium, Or to a group V element can
relieve steric crowding'sufficiently to permit the formation of trimers,

78

and diméthylaminoalane, (Me2NAlH2)3, and amipodiethylaluminium
(EtaAlNHZ)3 & are both trimeric. Similarly, dimethylaminodimethyl-
alumizium, (MeaAlNMeZ)Z, is dimeric, while the corresponding dimethyl-
phosphino compoundy (If/IeaAlPMea)3 is trimeric.25 Thg contrast between
this system, and the related one involving group VI elements, where
(MeZAlOMe)3 is trimeric, and (MeZAlSMe)2 is dimeric, (because oxygen
is less ready than sulphur to tolerate the small bond angles of’a
four-membered ring) illustrates the complex balance between the factors
determining the extent of association of these derivatives.

Adducts of organoaluminium compounds with primary amines, after

cleavage of two moles of hydrocarbon, normally form polymeric products
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as stated above (p. 16). Co-ordination complexes between triphenyl-
aluminium and benzylamine, or primary aromatic amines with ortho
substituents, cleave one mole of benzene only, giving dimeric
products (ArNHAlPh2)2.32 Primary aromatic amines without an ortho
substituent lose two moles of benzene, but the products are tetramers,
rather than high polymers.80 (PhAlNPh)h, typical of these compounds,

81

has been shown to have the 'cubane' structure XVII. . Similar

—_———

e

crystalline tetramers (EtAlNPh)u, (ClAlNMe)q and (Cl.l'-\lNPh)I+ can be
isolated when the appropriate organocaluminium compound and primary
amine react in high boiling solvents such as tetralin.82

Trialkyl derivatives of aluminium react with carboxylic acids,
forming dialkylaluminium carboxylates,83 and with phosphinic acids,
forming dialkylaluminium phosphinates.&+ The structuregof the
aluminium carboxylgtes have not been elucidated, but diethylgallium

acetate and the dialkylaluminium phosphinates are dimers. Their

infrared spectra are consistent with eight-membered cyclic structures
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Me A1l—O
}7
Me_ C:N7 ' N:CMe
2 2

AN /

00— AlMe

2
XXT

XXII

but in this case there is the added possibility of interaction with
the pyridine nitrogen, increasing the co-ordination number of aluminium
to five.

Triphenylaluminium reacts with 2(methylamino)biphenyl at 1600,

eliminating one mole of benzene in the usual way.
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XVIITI and XIX. Monothiophosphinic acids give similar dimeric

I\;Ie N R,
o/ C\o o/ P\o |
/ / \
MeZGa GaMe2 MezAl /AJ.Me2
0. . O 0 0
N, N,/
he R2
- XVIII XIX

products, but dithiophosphinates are monomeric, apparently with the

chelate structure XX, providing further evidence of the ability of

sulphur to tolerate greater valence angle strain than oxygen (see p. 4).
Acetoxime reacts with trimethylaluminium, evolving methane, and

giving a dimeric product believed to have the six-membered ring

85 86

structure XXI. Pyridine-2-aldoxime forms a similar dimer XXII,
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+ Ph3Al —_ / \ + C6H6

NHMe PhZAl-N\
Me

When the temperature is raised to 2400, more benzene is produced,
and the derivative XXIII, which differs from its boron analogue in
being polymeric, is formed.

r -y

XXIIT

Schmidbaur has isolated compounds with five-membered rings containing
phosphorus, nitrogen, aluminium and carbon, by the action of heat on
the co-ordination complex formed between triphenylaluminium and

N-trimethylsilyl—triphenylphosphinimine.88
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M iNs i i
eBSlN PPh3 + AlPh3 —_ .l81Me3 —_ ,‘|51Me3 + C6H6
/N\ /N\
Ph3P AlPh3 PhaP AlPh2

Organocaluminium compounds react with iminotrialkylphosphoranes
in the same manner as with secondary amines, eliminating hydrocarbon,

and giving a dimeric product with an aluminium-nitrogen four-membered

ring.89

RBP:NH + AlR% — RBP:NH.AlRé - [RBP:NAlRé]2 + R'H

Trimethylhydrazine gives a similar product with trimethylaluminium,

but mono~ and dimethylhydrazine can eliminate more than one mole of

methane, forming polymeric products.90

MeaNNMeH + Me3A1 —_ MeBAl.NHMeNMeZ — (MeZAlNMeNMeZ)a + CHl+

[ Me Te Tﬁ]

MeNHNHMe + MeBAl — MeBAl.NHMeNHMe e % ~Al—N—0N~ n ¥ ZCHL+
. . . 91

It has been suggested on infrared spectroscopic evidence, that

(EtzAlNHNMea)a, prepared from triethylaluminium and 1,71-dimethyl-

hydrazine has a six-membered ring structure XXIV rather than the
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four-membered ring structure XXV.

H Me, Et,
SN N
EtaAl AlEt2 MeaN;NH HN-NMe2
R\\ /,/ \\& i//
Me N——NH A
2 Et2
XXIV Xv

Aluminium alkyls react with hydrogen cyanide to give associated species

92

(R2AlCN)n. (Me AlCN)u is tetrameric in benzene solution,”” although

2
oligomers with a degree of association of 7-8 have been prepared from

93

trimethyl- and triethylaluminium, Aluminium can tolerate bond
angles of less than 900, so that the cyclic structure XXVI is reasonable

for the fetramer, even if the Al-C=N-Al group is linear, as drawn.

Me ,Al— C=N—AlMe

ZT I 2
N C
ll Il
f N
MeeAl%—NEEC——AlMeZ
XXVI

94,95

Acetylenes react as protonic acids with organoaluminium compounds,
despite earlier reports that only addition across the triple bond was

observed.1’37 Up to 60% cleavage of hydrocarbon is reported in
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reactions of phenylacetylene and monoalkylécetylenes with trimethyl-,

triethyl-, tri-n-propyl-, tri-i-butyl- and triphenylaluminium.

RBAl + R'CiCH — %(RZAlCECR')z + BRH
The products are dimeric, with alkynyl bridges. A similar reaction
occurs between dimethyl- or diethylaluminium hydride and phenylacetylene,

but diphenylaluminium hydride loses benzene rather than hydrogen.96

(R = Me, Et)

R.AIH + PhC:iCH — %(RzAICSCPh)z + H,

2

PhAlH + PhCiCH — %(PhC;CAlPhH)2 + CcHg

Trimethylamine adducts of organoaluminium compounds react smoothly

above 20° with monosubstituted acetylenes, giving trimethylamine-

dialkylalkynylaluminium adducts. '
CiCR"
520°
. 1ORN .
RALI-NRY + HOICR' 222> RATL + H,
. NR%
C:CRM
, oy 100-120° s
ALNRY + HCiCR' —— RAL + R
5 27N

W
Both protons of acetylene itself react, to give the alkynyl bridged

dimer XXVII.
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1
NR3

XXVIT

Free dialkylalkynyl derivatives of aluminium can be isolated from
éxchange reactions with aluminium alkyls,
1
I3
R_AlL - I(RIMAL —— 'N, AL "o
AL + 2(R3 ), & RIN.AIRS! 4 (R'C:CAIR,),
C:iCR"

These cyclic oligomers are split by the displacement of bridging
groups by a stronger donor species. Dimethylaluminium chloride dimer
reacts with trimethylamine, and with dimethylether,25 and the

25

methylthio-—" and diphenylphosphino-'?l+ derivatives of trimethylaluminium
are similarly cleaved by trimethylamine, though not by ethers.

In contrast with the alkyls of the heavier metals of group III,
all three aluminium-carbon bonds of aluminium tri-alkyls and -aryls
are susceptible to hydrolysis, but the first is noticeably more
reactive than the other two. It seems 1ike1y_that this is because

initial attack occurs at the bridging carbon atoms. The reaction

intermediate would be an oxygen-bridged entity, and further attack must
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be directed at terminal aluminium-carbon bonds, which are not
electron-deficient. If the hydrolysing agent is particularly bulky
(e.g. t-butanol), steric shielding can further inhibit hydrolysis
98,99

and oxidation of a second and third aluminium-carbon bond.
Steric interference by the trimethylsilyl group renders

(MeBSiOAlMeZ)Z99 and (MeBSiNHAlMe2)21OO similarly resistant to

hydrolysis.

Aluminium—halogen bonds are much less susceptible to attack by
protonic acids than aluminium-carbon or aluminium-hydrogen bonds.,
AIC1,.MH; can be heated to its boiling point at 420° without losing

HCl.101 However, nitrogen-bridged AlX2 derivatives (where X = halogen)

have been prepared by elimination of other species than HC1.

102
€.8.

X2

ISiMe3 Al

-Me.SiX
N ——fé-——e MeBP_ //z \\\N_PMe3
7\ N
e3P AlX3

X

2

(X = Cl, Br’ I)

Se Insertion of Unsaturated Compounds into Organoaluminium Compounds.

This heading covers the whole range of addition and reduction

reactions of unsaturated hydrocarbons and organic oxygen containing
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compounds, many of which are not of direct relevance to this

. . A . . 143,103
discussion, and which have been exhaustively reviewed.
Accordingly only brief mention will be made of these reactions, and
the discussion will be concentrated on reactions of species containing
unsaturated carbon-nitrogen bonds.

Dialkylaluminium hydrides react with terminal olefines to give

RALH + 3C=C{ & RaAlR"

104,105 The reverse reaction, eliminating

trialkylaluminium compounds.
olefine from trialkyialuminium compounds also occurs, but below 1000,
the equilibrium lies well to the right, except in the case of
branched chain aluminium alkyls, such as tri~i-butylaluminium.

1-alkenes could in principle give rise to products with straight-

or branched-chain alkyl substituents. In practice the major product

R2A1CHZCH2R
R2A1H + H2C=CHR\\“

R2AlCHRCH3

is always the straight chain derivative, because of the polarity of the

aluminium~-hydrogen and olefinic bonds.

o+ O-
>90% '
R2A1-H -—-j—e R2AlCH20H2R
5- O+

- 1
CHz—CHR
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Substitution of alkenes with certain functional groups can reverse

3

the direction of addition.

Et_SiCH= 1 20% ; i
351 CH2 + BuZAlH E— EtBSlCH(CHB)AlBuE

Trialkylaluminium compounds also give products of addition.
with olefines. Ethylene successively inserts into aluminium-carbon
bonds, forming unbranched long-chain aluminium alkyls.105
(C_H,) R H
2°4'm
m+n+p(CZH4) //
3
(C2H4)pR (CZHh)pR
The dehydroalumination reaction, giving dialkylaluminium hydrides and
long-chain olefines occurs simultaneously. Branched-chain aluminium

alkyls, which eliminate olefine very readily, normally give products

of displacement, with only partial insertion of olefine.  Tri-i-butyl-

“aluminium, for example, reacts with ethylene giving triethylaluminium

and isobutylene as well as products of insertion.3
i .
BuBAl + BCHZ.CH2 — Et3Al + 30H2.CMe2

-

The ready dehydroalumination of branched aluminium alkyls explains
why 1-alkenes react with trialkylaluminium compounds forming 2-alkyl-

1-alkenes rather than longer chain olefines.

. t . t
RBAl + CHZ.CHR' S RZAlCHZCHRR - R2A1H + CHZ.CRR

—-—_—’ —— — :
R,AL Al (C2H4)nR — Al (CEH4)nR + CH2 CH(CZHh)m-1

R
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The rate of the growth réaction is pressure and temperature
depend@nt, while the rate of dehydroalumination is not sensitive
to pressure. High pressures therefore favour the formation of long
chain alkenes.

Alkynes with terminal acetylenic groups react as protonic acids
with orgénoaluminium compounds (see p. 23), but it is their addition
reactions with aluminium-hydrogen and aluminium-carbon bonds which
have been most extensively studied.1’3’37 Alkylaluminium hydrides

37

add to alkynes giving products of cis addition. The direction of

addition is the same as that observed for insertion reactions of alkenes.
e'g.

\ /
/ \

BuaAl

Bu;AlH + HCICBu® —

Excess alkylaluminium hydride adds across the olefinic bond of the
product in the same direction as the first mole added to the alkyne,

giving rise to a compound with two aluminium atoms attached to one

carbon aton.

t
—_— (R2Al)ZCHCH2R
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Addition of alkylaluminium hydrides to alkynylaluminium derivatives
results in the formation of a similar product, with three aluminium

atoms attached to a single carbon.

M ] ]
2R2A1H + RZAlC. CR!' — (RZAJ.)BCCHZR

Triethylaluminium adds to alkynes, also giving products of cis addition.

" R
Et,Al + HCiCR 40-507 \c=c/
£t A1 Et

Iri-isobutylaluminium reacts with acetylene in a similar fashion
at room temperature, forming the unstable vinyl compound BuiAlCH:CHBui.
Trimethylaluminium, however, eliminates methane rather than adding to
alkynes. These observations have giYen weight to the speculation that
the addition reaction involves the monomeric aluminium alkyl as
reaction intermediate.

If the product of addition of alkylaluminium hydrides to
unsaturated hydrocarbons is hydrolysed, the original alkyne or alkene
is reduced to alkene or alkane. The specific direction of the

H.0 .
RAIH + HCICR' — [RAICH:CHR'] —2>  RicH:cH

2 2

H. O
2
. 1 t !
R2A1H + HEC.CHR — [RZAlCHECHZR ] — R CHZCH3

addition reaction makes this an attractive synthetic route to selected
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107

hydrocarbons. Aldehydes, ketones, carboxylic acid esters and

epoxides are similarly reduced to the appropriate alcohol by
treatment with alkylaluminium hydrides and subsequent hydrolysis.108’1o9

Trialkylaluminium compounds behave as reducing agents when it is

possible for the aluminium-attached group to lose olefine.11o’111
HZO
EtBAl + BCCIBCHO - (CCIBCHZO)BAI + 3C2HQ —_— 3CClBCH20H

When olefine elimination is not possible, the carbonyl group can

undergo an insertion reaction into the aluminium-carbon bond, giving

products of addition.111’112

5.0
MesAL + RC:0 —>  [RCMeCOALMe,] N RgMeOH

3 2

Trimethylaluminium and triarylaluminium derivatives give the addition

112,113

reaction exclusively, triethylaluminium gives products of addition

and reduction,’l']}"ml+ while use of fri-i-butylaluminium results in

reduction.'m3 If.the carbonyl compound can enolise, it behaves as

a protonic acid, and the reaction products are contaminated by

unsaturated aléohols.108

A1RY

R2CHCR':O —> R2C:CR'OH —_— [RaC:CR'OAle] + R'"'H

5.0
[R,C:CR'OAIR!] 2 R,C:CR'OH

Unsaturated carbon-nitrogen systems with organoaluminium compounds,

follow reaction courses essentially similar to those of carbonyl
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compounds., Aluminium hydrides reduce nitriles108’1o9’115 and imines115

to aldehydes or amines,

H.0
RALE + RICGIN —  [R'CH:NAIR,] -2, R'CHO

H.0
RALE + RIC:NR' — [RicHNRMMIR)] -2 RICHNER"

’

Organoaluminium compounds react with nitriles to give (after hydrolysis)

ketones (products of addition)112’116’117

H.0
RAL + R'CIN —>  [RRIC:MAIR,] —< 5 RR'CO

ory if the aluminium compound can eliminate olefine, aldehydes or

108,119

amines (products of reduction).

€8

Bu%Al . Bu%Al .
PhCN —=—— [PhCH:NAlBul] —=—> [PhCH N(AlBul) ]
-C, H 2° =C,H 2 2’2
L8 . 48 )
H20 | HZO
PhCHO PhCH_NH

22

Amines are isolated only when excess aluminium alkyl is added, since

only one alkyl groﬁp per aluminium can take part in addition or reduction
reactions. This may be contrasted with the behaviour of aluminium
hydride itself, in which two hydrogen atoms per aluminium are available

118

for transfer reactions,

MeCN + EtBN.AlHB —_— [MeCH:NAlHa]n —_— [MeCHaNAlH]m
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Nitriles with hydrogen attached to the a carbon atom can behave as
protonic acids, and the major products of their reactions with

organoaluminium compounds are polymers, (RZAlCH CN)n.31

2

Until récently the aluminium-containing reaction intermediates
have been little studied, but Ehrlich and his co-workers have now

investigated the polymeric products of reactions between aluminium

118,119

hydrides and nitriles, and azomethine derivatives, [RR'C:NAle]n,

products of the insertion reactions of nitriles with organcaluminium

314334120,121

dompounds, have been characterised. Nitriles form

co-ordination complexes with organoaluminium compounds at or below

room temperature (see p. 8), which rearrange at elevated temperatures
314334119

(11A-2000) by one of the above routes to give azomethine derivatives?

Rearrangement occurs at a lower temperature if the adduct is treated

1
: : t —3 =[RR'C: '
RC:N + AlRé —_— RC.N.AlR3 n[RR C'NA1R2]n

8 o
with equimolar quantities of organoaluminium compound. 1 Aluminium-
( .
hydrogen bonds add so readily to nitriles that adducts of dimethyl-

aluminium hydride cannot be isolated.y]’33 In all cases where reliable

molecular weight measurements have been made, azomethine derivatives

have proved to be dimeric. (ButCMe:NAlMea)2 has the four-membered

122 apparently the

aluminium-nitrogen ring structure XXVIII,
configuration adopted by all known aluminium agzomethine derivatives.

Derivatives with unlike substituents on the azomethine carbon atom can
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. Me2
BE\ //”A%\\ Me
C=N N===C///
SN N,
Me Al Bu
Me2
XXVIII

exist in two isomeric forms XXIXa, XXIXb. N.M.R. spectroscopic

evidence for this isomerism has been published forw(MeCH:NAlMez)z31

R
R! Ai R! R' Al R"
N N\ N AN
NV N 7NN
ol Al R" RY Al R!
R2 :
XXIXa XXIXb

and (PhCMe:NAlMeZ)Z.33

‘Measurements of the rate of addition of methyl groups across
aryl 'cyanide.~3123 have shown that at 120° the reaction follows first
order kinetics, the rate determining step being the intramolecular

rearrangement of the intermediate XXX.
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ArC=xN"
' \\\ //Me
L e~ AT
Me/ \
Me

XX

Organocaluminium compounds react with isocyanates giving products
which on hydrolysis afford N-substituted <':1cid.arnides’.1']8’12"L The
reaction could in principle involve insertion of either C:N or C:0

into the aluminium-carbon bond, forming [RaAlNR'C:ORJ (1) or

[RZAlocR:NR'] (2) respectively, both of which would afford the same

HEO
[RaAlNR'COR] ——>  RCONHR'
(1) - I
Al
R'NCO
H20 .
[RZAIOCR:NR'] —<=— RC(OH):NR'
(2)

amide on hydrolysis. Largely on the basis of the infrared spectra of
the products, Reinheckel and co—worker:s']zl+ concluded that addition to
the C:N bond normally occurs, giving intermediates of type (1), which
were believed to exist as chain polymers. More recently, the products
of insertion of isocyanates into ethyl-aluminium bonds have been shown

125

to be dimeric in solution.. Cyclic structures XXXI were proposed,
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two canonical forms of which correspond to (1) (XXXIa) and (2) (XXXIb).

R'N—CR=—0 R'N:::CR——-T
Rafl IA132 — Rziu ]I}IRZ
O=—=CR—NR! - 0——CR=—=N

IXXIa XXXIb

The product of the reaction between phenyl isocyanate and trimethyl-

aluminium is also dimeric in benzene solution,126 but a preliminary

127

X-ray crystallographic investigation suggests that there are twelve

monomer units in the unit cell, arranged in the form of four trimers.
Acid amides react as protonic acids with aluminium alkyls
affording an alternative route to the same compounds.126 Where

molecular weights could be determined, the products were also found

to be dimeric. Isothiocyanates react in essentially similar

118,126

fashion although [MeaAlSCMe:NPh]n, prepared from trimethyl-

aluminium and phenyl isothiocyanate, is thermally unstable.



EXPERIMENTAL METHODS AND APPARATUS
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General Technigues.

Most of the reactions described below involve handling compounds
sensitive to atmospheric oxidation and hydrolysis.

Unless otherwise stated, reactions were carried out in an
atmosphere of pure dry nitrogen in one limb of a double Schlenk tube.
Purification of the product by fractiongl crystallisation was normally
effected in the second limb of the Schlenk tube.

Where volatile materials were produced in-a reaction, it was
commonly carried out in an evacuated tube. The starting materials
were introduced at -1960 under an atmosphererf nitrogen, a flow of
nitrogen across the mouth of the tube being provided by a T shaped
adaptor (Fig.II). The tube was then evacuated, sealed, and warmed to
the reaction temperature. On completion of the reaction, the tube
was connected to the vacuum line by a second adaptor (Fig.III), and
opened., The volatile reaction products were measured volumetrically
in the vacuum line, and identified by vapour pressure measurements,
and by recording their infrared spectra. The tube was then resealed under
vacuum, and broken open inside the glove box, The involatile products
were transferred to a two necked flask, and from there, against a
flow of nitrogen, to a double Schlenk tube for purification by

crystallisation.



n

-\

FIG. 111

FIG. I
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Nitrogen Supply.

'White Spot' nitrogen from-the bench tap was passed through a
furnace containiﬁg 'BTS' catalyst at 100-1200, to remove traces of
oXygen. The gas»wés then dried by passing through two traps
maintained at -1960, and delivered to a 'pig', providing multiple
outlets., A constant pressure of nitrogén was maintained in the
system by connecting one of the outlets to an oil bubbler. The
catalyst was regenerated when necessary by passing hydrogen through

the furnace.

Glove Box.

When it became necessary to remove samples of air sensitive
material from closed vessels (e.g. to prepare samples for infrared
spectroscopy, or to weigh exact quantities for aﬁalysis or for further
reaction), a conventional glove box was used.

The nitrogen purification system is shown in Fig.IV. When the
box was not in use, the atmosphere was continuously pumped through
a trap at -196°, through two furnaces at 100° containing copper wire,
and back tc the box via a second trap at -1960. Bench nitrogen,
passed through this purification system, was used to flush out the
transfer tube, All external tubing was of copper or glass, to
reduce diffusion of oxygen or moisture into the system. Gloves were

of 'Butasol' rubber, and an oxygen level of less than 50 p.p.m.
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- 39 -

was maintained. The furnaces were regenerated when necessary by
passing hydrogen over the oxidised copper.

Vacuum System.128

A vacuum system (Photograph I, Fig. .V) was used for the
sepafation, measurement and storage of volatile compounds.

Evacuation was effected using a rotary oil pump backing a mercury
diffusion pump. Access to the system was possible at four points,
utilising B14 and S19 sockets.,

Compounds which were gases at room temperature were stored in
2 or 3 litre bulbs; volatile liquids were stored in 100ml. tubes.
These storage vessels were separated from the main manifold by U
shaped mercury float valves.

Volatile compounds with negligible vapour pressure at -1960
could be measured in a system 6flstandard bulbs.

A small (ca. 600ml.) bulb, connected to a manometer, and to the
main manifold by a mercury float valve, could handle small volumes
of gas; larger volumes were allowed to fill both the small bulb and
a large (ca. 31.) bulb, which were interconnected by a mercury float
valve. The system was calibrated to a reference mark on the

manometer using weighed samples of carbon dioxide.




Calibration of the Standard Bulbs.

Volume of two bulbs to reference mark . . . . . . . . . . 3028ml.
Volume of small bulb to reference mark . . . e s e e o s 592ml.
Volume of 1cm. length of manometer . o « o o o o o o o . 1-2ml,

Rise in mercury level of reservoir for a fall of

lem. in the manometer level v v v v v 4 4 v v o o o u v . 0+038cm,

Permanent gases were measured using the Tgpler pump, which
delivered the gas into two standard bulbs. Large volumes of gas
were measured using both bulbs; small volumes were compressed into the
smaller bulb alone. The bulbs were standardised before erection of

the line by filling them with mercury, and weighing the mercury.

Calibration of the Tgpler Pump.

Volume of two Bulbs o v v v ¢ v v v o o o o o o o o o o 148+ 1ml.

Volume of small bulb + & & v v v 4 v 4 4 4 o o o o o 17+5ml.

When necessary, a gas combustion bulb or an infrared gas cell,
could be attached to an inlet adjacent to the Tgpler pump.
The fractionation section consisted of four U traps, each

connected to adjacent traps and to the main manifold by mercury float

valves.
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Spectra.

Infrared Spectra,

Infrared Spectra in the range 2¢5-25 microns were recorded on
either a Grubb-Parsons GS2A prism-grating spectrophotometer or a
Spectromastgr. 'Fingerprint' spectra for identification purposes
were recorded on a Perkin-Elmer Infracord.

Far Infrared Spectra in the range 20-50 microns were recorded
on a Grubb-Parsons DB3/DM2 caesium iodide spectrometer.

Condensed phase spectra were recorded using samples in the form
of nujol mulls or'contact films between potassium bromide plates.
These samples were made up in the glove box. Gas phase spectra were

recorded using a 10cm. cell with potassium bromide windows.

Nuclear Magnetic Resonance Spectra.

Nuclear Magnetic Resonance-Spectra were recorded on a Perkin-Elmer
R10 spectrometer, operating at 60 Mc/sec.

Samples were made up as 20% solutions in benzene, or in
perdeuteriobenzene or perdeuteriotoluene when the solvent peak
masked peaks due to the specimen. The internal reference standard
was either benzene itself, or tetramethylsilane. The sample tubes
were filled by syringe against a counter-current of hitrogen, and’

were sealed under nitrogen.
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Mass Spectra.

Mass spectra were recorded on an A.E.I. M.S.9 mass spectrometer
at 70 eV and an accelerating potential of 8 kv, with a source
temperature of 150—250o and electromagnetic scanning. Compounds

were introduced by direct insertion into the ion source.

Analytical Methods.

Carbon and Hydfogen Analyses.

Carbon and Hydrogen determinations on the less air-sensitive
materials were carried out by conventional microanalytical combustion

techniques.

Hydrolyses.

Alkyl groups attached to aluminium and lithium were determined
by hydrolysis, and volumetric measurement of the hydrocarbon evolved
in the vacuum line.

A sample of material was weighed into a two necked flask, fitted
with a dropping funnel. The flask was evacuated, and the sample
hydrolysed with a few ml. 2-methoxyethanol followed by dilute sulphuric
acid,

The gases evolved were fractionated, and collected and measured
in the Tgpler pump.

Whéﬁ a mixture of hydrogen and methane was produced, analysis

was accomplished by compressing a measured sample of the mixture into
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-a 200ml, bulb with excess oxygen, and igniting it by passing an
electric current through a platinum coil. The carbon dioxide
produced could be measured directly, and the water condensed on

to lithium aluminium hydride and the hydrogen produced measured in

the Tgpler pump.

Aluminium Analyses.

The aluminium content of the hydrolysate from the above analyses
was determined by the E.D.T.A. method.129
Organic matter was destroyed by repeatedly boiling the

hydrolysate to dryness with c¢. nitric acid. The resulting white
so0lid was dissolved in the minimal amount of dilute sulphuric acid,
and made up to 500ml. with distilled water. 50ml, aliquots were
taken, the pH was adjusted to 4+5 with O«5N sodium hydroxide solution,
buffered with hexamethylene-tetramine, and a known excess of 0-01M
'EDTA' solution was added, followed by several drops of xylenol orange

indicétor. The solution was warmed toﬁOO and back titrated with

O-O1M zinc acetate solution.

Beryllium Analyses.

Beryllium was determined by titrating the alkaline solution
formed by addition of excess potassium fluoride to beryllium

hydroxide.

Aliquots of a standard beryllium solution, (0-01M BeSOA) were

made up to cover the range O-6 mg. Be2+. To each was added 5ml.
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O«5M potassium tartrate solution, and 2 drops of 0e1% alcoholic
solution of bromethymol blue, and the solution was titrated with
dilute sodium hydroxide to a green end-point., 5ml. M potassium
fluoride solution was added, and the resulting blue solution was
set aside for 2 minutes before titrating with Os1N sulphuric acid to a
green endépoint. A linear calibration plot of beryllium concentration
against volume of acid titrant was plotted.

The solutions resulting from hydrolysis of the compounds to be
analysed were treated in the same way after boiling to dryness to

destroy organic matter, as described previously.

Lithium Analyses.

Lithium was determined b& flame photometry.

A weighed sample of the lithium containing material was
hydrolysed with water, and organic matter was destroyed as described
above. The resulting white solid was dissolved in distilled water
and made up to a known volume; This solution was introduced into
an EEL flame photometer, previously calibrated with standard lithium

solutions, and the lithium concentration read directly from the

calibration curve.

Nitrogen Analyses.

Nitrogen was determined by the normal Kjeldahl method.
A weighed sample was hydrolysed with a little water, and boiled

with c. sulphuric acid until all the nitrogen was reduced to ammonia.
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The solution was transferred to a small Kjeldahl flask, made alkaline
with caustic soda, and boiled. The ammonia was steam distilled into
a flask containing a known volume of standard acid. The excess acid

was then titrated with standard,alkali.

Molecular Weights.

Molecular weights were determined, where solubility limitations
permitted, cryoscopically in 'Analar' grade benzene, dried over
extruded sodium. The cryoscépic constant of the benzene was
determined using freshly sublimed biphenyl. A conventional Beckmann
apparatus was flushed out with nitrogen before each determination, |
and during the determination air was excluded by passing a current of
nitrogen through the apparatus slowly enough to cause negligible loss

of solvent by evaporation.

Solvents.

Solvents (pentane, hexane, benzene, toluene and diethyl ether)

were dried and stored over extruded sodium.

Preparation and Purification of Starting Materials.

Organic Reagents.

Acetonitrile, propionitrile and benzonitrile were purified by

distillation from phosphorus pentoxide.

Dimethylcyanamide was purified by distillation (b.p. 1600).
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NyN,N',N'-Tetramethylguanidine and Pyridine were purified by
distillation from sodium hydroxide pellets, and stored over sodium

hydroxide.

Diphenylketimine.

Diphenylketimine was prepared by thé method of Pickard and
Tolbert,130 from benzonitrile and phenylmagnesium bromide. Bromobenzene
(78+5g., 05 mole) was added slowly to magnesium turnings (12:5g.,
0-51g. atom) in diethyl ether (300ml.). When the reaction was
cémplete, the solution was cooled to room temperature, and benzonitrile
(46+5g.y O¢l45 mole) was added slowly. ~The resultant slurry was
stirred at the reflux temperature for eight hours, and then allowed to
cool to room temperature. Anhydrous methanol (96g., 3 moles) was
added, and the solid was removed by filtration. Diethyl ether was
disfilled off, and the residual liquid distilled under vacuum,

discarding the first 5ml. B.p. 929/10'3m.m. Yield, 75%.

Di-p-tolylketimine,

Di-p-tolylketimine was prepared by an exactly énalogous method
131

from p-tolyl cyanide, and p-tolylmagnesium bromide.

Trialkylaluminium Compounds.

Technical grade trimethylaluminium and triethylalﬁminium were
purified by distillation, the former (b.p. 1250) under nitrogen, the

latter under reduced pressure.
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Triphenylaluminium,

Triphenylaluminium was prepared by reacting aluminium metal
with diphenylmercury in refluging toluene solution.73
Diphenylmercury (20g., 56 m.moles) was heated with aluminium
- turnings (9g., 330 m.moles) in toluene (120ml.) for 36 hours. The
hot solution was filtered, and colourless crystals of triphenylaluminium

(m.p; 238-243°, decomp.) were obtained in 60% yield.

Dimethylaluminium Hydride.

Dimethylaluminium hydride was prepared from lithium aluminium
hydride and trimethylaluminium.10

Lithium aluminium hydride (10g., 263 m.mole) in dry cyclohexane
(50ml.) were reacted with trimethylaluminium (10g., 139 m.mole) for
24 hours at 70° in a thick walled Pyrex tube sealed under nitrogen.

The resultant dimethylaluminium hydride, together with the
cyclohexane, was distilled under vacuum into a two-necked flask.
The concentration of the solution was determined by hydrolysing a

known volume and measuring the mixture of hydrogen and methane evolved.

Yield = 7g. (85%).

Diethylaluminium Hydride.

Diethylaluminium hydride, a gift from Ethyl Corporation, was

found to be sufficiently pure for use without further treatment.



Trimethylamine~dichloroalane.

Trimethylamine~dichloroalane was prepared by reaction of
trimethylamine-alane with mercuric chloride.78 Trimethylamine-alane
was prepared by reaction of trimethylammonium chloride with 1ithium
aluminium hydride in diethyl ether.59

Trimethylamine (3+4g., 58 m.mole) was condensed on to diethyl
ether (100ml.) at -196°, The mixture was warmed to -78°, and dry
hydrogen chloride was bubbled through the stirred solution until no
further precipitation occurred. Solvent was distilled off under
vacuum, and the trimethylammonium chloride was pumped dry. Lithium
aluminium hydride (2+2g., 58 m.mole) was'dissolved in diethyl ether
(100ml.) and the trimethylammonium chloride was added slowly against
-'a countercurrent of nitrogen. When evolution of hydrogen ceased,
solvent was pumped off, gnd the trimethylamine-alane was purified by
vacuum sublimation. M.p. 75-60, yield 85%.

Trimethylamine-alane (1+5g., 17 m.mole) was dissolved in diethyl
ether (50ml.) and mercuric chloride (5elg., 20 m.mole) was added
slowly against a countercurrent of nitrogen. When hydrogen evolution

ceased, the solvent was pumped off, and the trimethylamine-dichloroalane

was purified by vacuum sublimation. M.p. 102-3°, yield 29%

Aluminium halides.

Aluminium chloride, a gift from Imperial Smelting, was sufficiently

pure for use without further treatment. Aluminium bromide was purified
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by vacuum sublimation.

Beryllium chloride.

A sample of beryllium chloride, provided by Mr. T. Caygill of
these laboratories, was prepared by reaction of chlorine gas with

beryllium metal.

Triphenylgallium.

Triphenylgallium was prepared from diphenylmercury and gallium
metal o2 Diphenylmercury (20g., 56 m.mole) and gallium metal (3-9kg.,
56 m.mole) were heated in an atmosphere of nitrogen at 150o for
5 days. One crystal of mercuric chloride was added to catalyse the
reaction. When the melt had set to a white solid, the reaction

vessel was cooled, and triphenylgallium was recrystallised from toluene.

[~

Methyl=1ithium.

Methyl-lithium was prepared by the reaction 6f methyl chloride
with lithium metal in diethyl ether. Methyl chloride was supplied
under pressure in a-cylinder, lithium metal as a suspension in a
hydrocarbon wax, which could be washed off with ether before use.

Methyl chloride was bubbled through a: suspension of lithium
metal (14g., 2g. atom) in ether (500ml,) in a nitrogen filled, one
litre, three necked flask, fitted with a stirrer, a condenser
maintained at -78o and an inlet for the methyl chloride. The gas

was passed at a rate (indicated by a flow meter) of 25g. (1 mole)
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per hour, for two hours. The reaction started immediately, and on
completion, the solution of methyl-lithium was filtered from lithium
chloride and unreacted lithium metal, and stored at -300 as an ether
solution., Analysis, by acid hydrolysis and measurement of the

methane evolved, indicated a yield of 60%.

Ethyl-1ithium.

Ethyl-lithium was prepared by a similar reaction between ethyl
chloride and lithium metal in diethyl ether.

Ethyl chloride (45g., O¢7 moles) in diethyl ether (50ml.) was
cooled to -780 and added slowly to a stirred suspension of lithium
metal (10g., 1-kg. atom) in diethyl ether (600ml.) at 0°. The
solution was stirred at Oo for 12 hours, solvent was removed under
vécuum, and toluene (300ml.) wasAadded. The resultant solution was
filtered, and analysed by acid hydrolysis and measurement of the

ethane produced. Yield, 50%.

Diphenylketiminolithium.

Diphenylketiminolithium was prepared by the action of alkyl-
lithium compounds (normally methyl-lithium or n-butyl-lithium) on
diphenylketimine in diethyl etherj33 Since the product crystallised
very readily, forming insoluble polymeric species, it was prepared
in sufficieﬁt quantity for reaction in situ, and no attempt was made

to store it.
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Methyl-lithium (0.86g., 39 m.mole)ain diethyl ether (35ml.) was
added slowly to a solution of diphenylketimine (7+0gey 39 memole) in
diethyl ether (80ml.) at -196°. The solution was allowed to warm
slowly; at about -800, a bright red coléur developed, and methane
was evolved, The clear red solution was stirred at 20o for 30

minutes, to ensure complete reaction, and used immediately.

Di-p~tolylketiminolithium.

Di-p-tolylketiminolithium was made by an exactly analogous

method, from di-p-tolylketimine, and an alkyl-lithium compound.134

N-trimethylsilyldiphenylketimine.

N-trimethylsilyldiphenylketimine was prepared by reaction of
diphenylketiminolithium with trimethylchlorsilane in diethyl ether.135
Diphenylketiminolithiym (18+7g., 100 m.mole) in diethyl ether
(200ml.) was cooled to —1960. Trimethylchlorsilane (10(9g., 100
m. mole) was added, and the solution was allowed to warm to room
temperature. Below Oo the red colour faded, and a precipitate of
lithium chloride was formed. The solutioﬁ was stirred at 20° for

one hour, and then filtered. Ether was distilled off and the

residual yellow liquid was vacuum distilled (b.p. 138%/3m.m. ).
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Reactions of Diphenylketimine with Organo derivatives of Aluminium

and Gallium.

Reaction of diphenylketimine with trimethylaluminium,

Trimethylaluminium (O+5kg., 7+5 m.mole) was added slowly by
syringe to a solution of diphenylketimine (1+35g.4 7¢5 m.mole) in 10ml.
hexane at -780. The solution was warmed to'200, filtered, and then

cooled to -780, when white needles of the adduct diphenylketimine-

trimethylaluminium, Ph C:NH,AlMeS, m,p. 76-76-5o crystallised and were

2
collected and pumped dry. (Found: Al, 10.2; hydrolysable methyl,

19.0%; M, 267. C,gHooALN requires Al, 10+7; hydrolysable methyl,
19:0%; M, 253). v (mujol mill) 3290ms, 3068w, 2890s, 2809m,
1608sh, 1605s, 1572s, 1499w, 1491m, 1451s, 1414s, 1250ms, 1198sh,
1179s, 1172ms, 1160sh, 1083sh, 1079w, 1034w, 1002m, 998sh, 972vw,
936ms, 934ms, 912ms, 875s, 789s, 76Ls, 727sh, 69hvs, 668sh, 649sh,

623ms, and 523m cm:1

*
N.M.R. Data.

T values:- 1424 s (1), 28 m (&), 3505 m (6) and 10-45 s (9).

20% solution in perdeuteriobenzene; tetramethylsilane as internal

reference standard.

The following abbreviations are used throughout in describing
N.M.R. spectra; s = singlet, d = doublet, t = triplet, g = quartet,

m = multiplet, br = broad; relative intensities in parentheses.
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Thermal Decomposition of Ph_.C:NH,AlMe

2 3°

oCiMH, AlMe, heated for 2 hours at 100°

in evacuated tubes generated 1 mol. of methane per mol. of adduct

Samples of the adduct Ph

leaving a colourless crystalline residue which after recrystallisation
from toluene was identified as the azomethine derivative dimethyl-

(o~phenylbenzylideneamino)aluminium dimer, (Phac:NAlMea)a’ m.p.

172-173-5°.  (Found: Al, 11.4; hydrolysable methyl, 13-1%; M, 458,

C}OH32A12N2 requires Al, 11-4; hydrolysable methyl, 13+5%; M, 474).

v . (nujol mull) 1616s, 1600sh, 1577m, 1264s, 1182w, 1083s, 1017vs,

951m, 910w, 795s, 787s, 713sh, 697vs, 678s, 667m, and 573vw cm?1
N.M.R. Data.

T values:- 2+5_ m (2), 2-9o m (3) and 10-48 s (3). 20% solution

3

in perdeuteriobenZene; tetramethylsilane as internal reference

standard.

Reaction of diphenylketimine with triethylaluminium.,

Triethylaluminium (1+74g., 9¢6 m.mole) was added slowly by syringe
to.a stirred solution of diphenylketimine (1+10g., 9+6 m.mole) in 10ml.
hexane at 20°. The solution became warm, but no gas evolution was
observed. The hexane was pumped off, leaving an orange viscous
liguid which could not be distilled without decomposition. This
was identified as the adduct, thczNH,AlEtB. (Found: hydrolysable

ethyl:aluminium ratio, 247:1.0, C19H26A1N requires hydrolysable ethyl:

\
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aluminium ratio, 3.0:1.0). \)max (1iquid film) 3268w, 3058m, 3012w,
292hs, 2882s, 2849vs, 2786m, 2717vw, 1812vw, 1627sh, 159Ls, 1575s,
1502sh, 1497w, 1466sh, 1458s, 1412s, 1368m, 1319w, 1292w, 1271sh,
1250m, 1196sh, 1185m, 1163m, 1107m, 1073ms, 1031m, 1001m, 987ms,
951ms, 936m, 913ms, 891sh, 872ms, 845w, 789s, 767s, 739w, 729w, 719sh,

699vs, 679s, 667sh, 642s, and 622s cmy |

N.M.R. Data.

7 values:- 0-40 s (1), 2¢7 br (4), 2-95 m (6), 8-87 t (9), and

10{12 q (6). 20% solution in perdeuteriocbenzene; tetramethylsilane

as internal reference standard.

C:NH,AlEt,.

Thermal Decomposition of Ph 3

2

Triethylaluminium (2+6kg., 23+2 m.mole) was added slowly by
syringe to a stirred solution of diphenylketimine (4.2g., 232 m.mole)
in 10ml. hexane. The solution was boiled overnight, after which the
hexane was removed by pumping at 20°. The residual moist yellow
solid was dissolved in a mixture of hexane (15ml.) and toluene (5ml.),
the solution was filtered, and the filtrate when cooled to -78o

deposited colourless crystals of diethyl-(a-phenylbenzylideneamino)-

aluminium dimer, (Ph2C:NAlEt2)2’ M. Pe 115—1170 after a further
recrystallisation from hexane/toluene. (Found: C, 78+1; H, 7-2;

Al, 10.6%; M, 538. C%Hm.cxlaN2 requires C, 77+1; H, 7+6; Al, 10.2%;
M, 530). v (;ujol mull) 3058w, 3021w, 2793w, 2725vw, 1609vs,
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1580s, 1565sh, 1511vw, 1495w, 1451s, 1421m, 1326m, 1297ms, 1277ms,
1233w, 1190w, 1164w, 110k4sh, 1080m, ﬁo;zw, 1023sh, 1006m, 993sh,

990m, 95585 929s, 898vw, 849m, 793sh, 786vs, 735w, 709vs, 702vs, 682s,
668vw, 649vs, 618m, 602m, 577m, 511w, 47Lsh, and 471s cm |

N.M.R. Data,

T values:- 2-45 m (2), 2-86 m (3), 8°79

20% solution in perdeuteriobenzene; tetramethylsilane as internal

t (3), and 9-89 q (2).

reference standard.

Reaction of diphenylketimine with triphenylaluminium.

Diphenylketimine (0<06g., 03 m.mole) in 1ml. toluene was added
to triphenylaluminium (0:08g., O3 m.mole) in ml. toluene at -196°.
The mixture at 20° was a clear solution; removal of Solvent by pumping
gave the viscous yellow liquid adduct, thc:NH,AlPh3 which was found
to decompose slowly at ZQO. vmax (liquid film) 3257m, 3058s, 3003sh,
1957w, 1898w, 1818w, 1776w, 1661m, 1603s, 1570s, 1492m, 1449s, 1425m,
136ks, 1321w, 1302w, 1280w, 1261m, 1198s, 1178s, 1152m, 1086s, 1031s,
1002m, 971w, 933s, 887s, 788s, 761s, 730w, 720w, 696vs, 654w, 639w,

622s, 570m, 515m, and 481m .

N.M.R, Data.

T values:- 0.45‘5 (1), 2+1 br, and 2¢6-3.0 m (25). 20% solution

in perdeuteriotoluene; tetramethylsilane as internal reference

standard.



C:NH,AlPhB.

Thermal Decomposition of Ph2

Diphenylketimine (0+35g., 1¢9 m.mole) was added slowly to a
stirred solution of triphenylaluminium (0+50g.4 149 m.mole) in 10ml.
toluene at 20°, After 2 days at 200, the solution was concentrated by
pumping off séme solvent, filtered and cooled to -780, when white
crystals of diphenyl—(oc-phenylbenzylideneamino)gluminium dimer,
(PhZC:NAlPhZ)2 Mm.pP. 295o were deposited and identified by comparison
of their infrared spectrum with that of an authentic sample of this
compound prepared from PhBAl and PhCN.33 Vnax (nujol mull) 3058m,
3030w, 3003m, 1620sh, 1604s, 1575m, 1490sh, 1479w, 14kSms, 1423m,
1366w, 1316w, 1290w, 1264m, 1248w, 1191vw, 1156vw, 1091ms, 1083ms,
1024w, 1001w, 997sh, 952m, 923w, 91k4m, 887vw, 863vw, 842vw, 789s, 762vw,
734sh, 730ms, 708vs, 703vs, 698vs, 686s, 676sh, 670sh, 661sh, 628m,

614vw, 56L4m, and 484s cm:1

Reaction of diphenylketimine with triphenylgallium.

Diphenylketimine (0e51g., 2+8 m.mole) was added slowly to a stirred
solution of triphenylgallium (0585g., 2+8 m.mole) in 5ml. toluene
at 20°.  The solution became warm and removal of solvent under
vacuum left the viscous yellow adduct PhEC:NH,GaPhB. Vs (liquid
film) 3268m, 3058s, 3003ms, 2916w, 1961w, 1887w, 1818w, 1595vs,
1563vs, 1493m, 1477m, 1447s, 1421s, 1395s, 1359ms, 1299w, 1253s,
1238sh, 1192m, 1177sh, 1159m, 1078vs, 1027s, 999ms, 973w, 934m, 909m,
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879m, 788vs, 765s, 729vs, 698vs, 661s, 6L43s, 622s, Silkm, and L47s cm:1

N.M,R, Data.
7 valuesi- O«5g s (1)y 23 br and 2¢7=3-1m (25).  20% solution
in perdeuteriobenzene; tetramethylsilane as internal reference

standard.

Thermal Decomposition of Phac:NH,GaPhB.

Diphenylketimine (0+87ml., 52 m.mole) was added slowly to a
stirred solution of triphenylgallium (1+56g., 5+2 m.mole) in 20ml.
toluene at 200; The solution was boiled for 2% hours and then cooled

to room temperature, when colourless crystals of diphenyl-{oa-phenyl-

benzylideneamino)gallium dimer, (PhZC:N-GaPhZ)2 m.p. 302-30 were

deposited. These were washed with hexane and pumped dry. (Found:

Cy, 72¢6; H, L.8%; CBOHhoGaENZ requires C, 74+3; H, 5:0%). Vax

(nujol mull) 3058w, 1623w, 1612s, 146lms, 1451ms, 1431m, 1381m, 1319w,
1290w, 12668, 1092vs, 10255, 100ksh, 95km, 923w, 912w, 863w, k2w,

801vs, 735sh, 730ms, 699vs, 674m, 668m, 535m, 4b6Sms, and L450m cm:1

Reaction of diphenylketimine with triphenylaluminium (3:1 molar

proportions.
Diphenylketimine (0+58g., 3+21 m.moles) were added to triphenyl-

aluminium (0+28g., 1-07 m.moles) at -196° in a tube under nitrogen.

The vessel was evacuated, sealed, and heated to 100° for 24 hours.
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On opening the tube to the vacuum line, benzene (0+074g., 0:94 m.moles)
was recovered, and identified by its infrared spectrum. On reheating
the tube to 170o for a further 24 hours, more benzene (0.047g., 0.60

m.moles) was recovered.

Reactions of Tetramethylguanidine with Trimethylaluminium.

Reaction of tetramethylguanidine with trimethylaluminium (1:1 molar

proportions).

Trimethyléluminium (0+72g.5 10 m.mole) was added slowly by
syringe to a solution of tetramethylguanidine (1+15g., 10 m.mole) in
hexane (15ml.) at -1960. A white solid was precipitated on warming
the solution to room temperature; this was dissolved by the addition
of the minimum amount of toluene. After filtration, the solution
was cooled to -78°, and crystals of the adduct (MeZN)ZC:NH-AlMeB,
m.p. 44-5° were obtained. (Found: AL, 14.8; hydrolysable methyl,
23+6%; M, 270. C8H22A1N3 requires Al, 1k4+l4; hydrolysable methyl,
24;1%; M, 187). Vmax,(nujOI mull) 3356ms, 1612s, 1579s, 1553s,
1337@, 1263ms, 1232w, 1171m, 1135ms, 1066s, 1041ms, 1018s, 903mw,

7975, 757w, 720ms, 690ms, 667sh, 612w, 585w, and 515m cm, |

N.M.R. Data.
T valuesi- 5-5g S ), 7-69 s (12) and 10-44 s (9). 20%

solution in perdeuteriobenzene; tetramethylsilane as internal reference

standard.
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Reaction of tetramethylguanidine with trimethylaluminium (1:2 molar

proportions).

Trimethylaluminium (1-44g., 20 m.moles) was added slowly by
syringe tdia solution of tetramethylguanidine (1515g., 10 m.moles)
in hexane (30ml.) at -1960. On warming to room temperature, a white
solid was precipitated. Solvent was filtered off, and the solid
was washed thoroughly at -780 with hexane. The combined washings
were removed by syringe and pumped through a trap at -230. Trimethyl-
aluminium (O{7g., 10 m.mole) was recovered., The solid, m.p. 45-6°
was found to have an identical infrared sﬁectrum to that of the 1:1
adduct. (Fognd: hydrolysable methyl, 23+9%. C8H22A1N3 requires

hydrolysable methyl, 24+1%).

Thermal Decomposition of (MeZN)2C:NH-AlMe3.

Trimethylaluminium (1{44g., 20 ﬁ.mole) was added slowly by
- syringe to tetramethylguanidine (2:30g., 20 m.mole) at -196° in a
tube under nitrogen. The vessel was evacuated, sealed, and heated
at 180° for 10 minutes. On opening the tube to the vacuum line,
methane (0+315g., 19+7 m.mole) and dimethylamine (0.095g., 2¢1 m.mole)
were recovered, and identified from their infrared specCtra and
vapour pressure measurements. The solid residue was removed from the

tube and dissolved in hot toluene. After filtration and cooling, the

solution afforded crystals of the N-dimethylaluminium-N',N',N'',N'°‘-
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tetramethylguanidine derivative [(MeZN)zC=NA1Me2]n. (Found: A1,
1750; hydrolysable methyl, 17-&%. C7H18A1N3 réquires Al, 17.2;
hydrolysable methyl, 17+5%). -“an (nujol mull) 1618s, 1548vs,
1499s, 1318m, 1266m, 1232&, 1172s, 114hs, 1058sh, 104k4s, 996m, 916m,

869ms, 795s, 752s, 73hs, 693s, 663sh, 657s, 555m, and 515w cm |

Reactions of Dimethylcyanamide with Aluminium Alkyls.

Reaction of dimethylcyanamide with trimethylaluminium (1:1 molar

proportions).

Trimethylaluminium (1+44g., 20 m.mole) was added slowly by
syringe to a solution of dimethylcyanamide (1elg.y 20 m.mole) in
hexane (10ml.) at -1960. The solution was warmed to room temperature
with stirring, and the solvent was removed under vacuum. The
residual white solid was dissolved in toluene (3ml.) and hexane (5ml.),
and the resultant solution was filtered and cooled to -300, when
crystals of the adduct, MeZNCEN-AlMeB, m.p. 40-41° were deposited.
These were washed at -78° with hexane, and pumped dry. (Found:
| Al, 59-3; hydrolysable methyl, 31.0%; M, 143. Cq 15AlN requires
AL, 19:0; hydrolysable methyl, 317%; M, 142). v (nujol mull)

2257s, 2208sh, 1263w, 1178s, 1095m, i0635, 774s, 692vs, 667sh, 6195,

and 522s cm
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N.M.R. Data.
T values:- 7-92 s (2) and 10{30 s (3). 20% solution in benzene;

solvent as internal reference standard.

Reaction of dimethylcyanamide with trimethylaluminium (1:2 molar

proportions).

Trimethylaluminium (1.44g., 20 m.mole) was added slowly by
syringe to a solutipn of dimethylcyanamide (O(70g., 10 m.mole) in
hexane (30ml.) at -196°. A white solid was deposited on warming to
room temperature. This was filtered off, and washed repeatedly with
10ml. aliquots of hexane. The combinéd washings were removed.by
syringe, and pumped through a trap at -230. Trimethylaluminium
(0«7g., 10 m.mole) was recovered, The solid was pumped dry, and its
infrared spectrum was found to be idgntical with that of the 1:1 adduct.
(Found: hydrolysable methyl, 30¢5%. C6H15A1Né requires hydrolysable

methyl 317%).

Thermal Decomposition of MezNCEN-AlMeB.

Trimethylaluminium (1-44g.,~20 m.mole) was added to dimethyl-
cyanamide (1+40g., 20 m.mole) at -196° in a tube under nitrogen. The
vessel was e#acuated, sealéd, and heated at 1150 for 30 minutes.

On opening the tube to the vacuum line, methane (0e349g. , 21+8 m.mole),
hydrogen (0«00kg., 2+2 m.mole), ethylene (0.017g., 0+6 m.mole) and

dimethylamine (0.018g., O«k m.mole) were recovered and identified
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either by their infrared spectra, or by their vapour pressures at
standard temperatures.

Colourless volatile crystals sublimed from the solid residue
at ca. 500, and were identified as dimethylaminodimethylaluminium
dimer (MezNAlMeZ)2 by analysis, and by comparison of their infrared
spectrum with the spectrum reported in the 1iterature?36 (Foﬁnd:
hydrolysab}e methyl, 29.0%. CSH24A12N2 requires hydrolysable methyl,
29.7%) . Vas (nujol mull) 1595w, 126kw, 1236m, 1199s, 1167wm, 1120s,

10435, 1025sh, 981w, 901s, 783wm, 690s, 584s, 509s cm':1

N.M.R. Data.

T values:- 7-80 s (1) and 10-48 s (1)e 20% solution in benzene;
solvent as internal reference standard. -

The brown involatile solid residue reacted vigorously with
alcohols and water, but was completely insoluble in inert organic

solvents.

Qmax (nujol mull) 2172m, 1550s, 1266mw, 1192m, 1066w, 1023w,

792s, and 68hs cm?1

Reaction of dimethylcyanamide with dimethylaluminium hydride.

Dimethylaluminium hydride (0¢91g., 15¢6 m.mole) in hexane (25ml.)
was slowly added by syringe to dimethylcyanamide (1.10g., 15¢6 m.mole)
in toluene (5ml.) at -1960. The solution was warmed to room

temperature with stirring, when a white solid was deposited. Solvent
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was removed under vacuum, and the solid was dissolved in hot toluene

(15ml.).  After filtration and cooling, colourless crystals of

dimeric N-dimethylaluminium-N',N'-dimethylformamidine, (MeZNCH:N-AlMeZ)2
m.p. 184-8° (d) were obtained. (Found: Al, 20-9; hydrolysable
methyl, 23.5%; M, 258. C1OH26A12N4 requires Al, 21¢1; hydrolysable
methyl, 23-4%; M, 256). v (nujol mull) 1658sh, 1623vs, 1256m,
1188m, 1100ms, 1060w, 1019w, 987w, 872mw, 753s, 686sh, 671vs, 668sh,

and 596m cm:1

N.M.R. Data
T values:- 7+4-7.9 m (6), 8-12 s (1), and 10-35 s (6). 20%

solution in benzene; solvent as internal reference standard.

Reaction of dimethylcyanamide with triethylaluminium.

Triethylaluminium (1-14g., 10 m.mole) was added slowly by syringe
to dimethylcyanamide (1-20g., 10 m.mole) at -196O under nitrogen in
a two necked flask. On warming to room temperature, the liquid

adduct, MeZNC:;N-AlEt3 was obtained. (Found: Al, 14+8; hydrolysable

ethyl, 47.2%. AIN, requires Al, 14.7; hydrolysable ethyl,

Coll, 4
L7.3%). ‘véax (liquid film) 2924s, 2882s, 2849s, 2793sh, 2268s, 2212s,
1656m, 1623m, 1376m, 1339m, 1227sh, 1192m, 1099sh, 1058s, 987s, 9L7mw,

917w, 899w, ,800m, 775s, 76Lsh, 690sh, 646vs, and 525m —

N.M.R. Data

T values:- 7~62 s (2), 8-75 t (3) and 10-0, g (2). 20% solution

in benzene; solvent as internal reference standard.
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Thermal Decomposition of MeZNC EN-AlEtB.

Triethylaluminium 2.28g., 26 m.mole) was slowly added by
syringe to dimethylcyanamide (1-40g., 20 m.mole) in a tube under
nitrogen, The vessel was evacdated, sealed, and heated at 1150
for 1 hour. On opening the tube to the vacuum line, ethylene
(0+35g., 12+5 m.mole), identified by its infrared spectrum, was
recovered.,

The residual liquid was distilled under vacuum (b.p. 1150 at
10_3m.m.), and the distillate was found to be a mixture of dimeric

~

N-diethylaluminium-N',N'-dimethylformemidine (MeaNCH:N-AlEta)2 and

the adduct, Me NCiNeAlEt,. (Found: Al, 16-0; hydrolysable ethyl,

2 3
11.76%. 014H34A12N4 requires Al, 17¢3; hydrolysable ethyl, 37+18%.
s . . 274 ’
409H21A1Né requires Al, 14.7; hydrolysable ethyl, 47.3%). Ve

(liquid film) 2169vw, 1631vs, 1580ms, 1462ms, 1410ms, 1261m, 1238m,
1192m, 1167vw, 1101s, 1073s, 1045s, 988ms, 951m, 913ms, 899ms, 876w,

794m, 753s, 655vs, b6hbvs, and 607vs cmf1

N.M.R. Data
T values:- 7.49 S, 7-70 S, 8-6,+ t, 8-71 t, 9'75 qs and 9'76 qe

20% solution in benzene; solvent as internal reference standard.
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Reaction of dimethylcyanamide with»diethylaluminium hydride.
Diethylaluminium hydride (0{86g., 10 m.mole) was added slowly

by syringe to a solution of dimethylcyanamide (0+70g., 10 m.mole)

in hexane (30ml.) at -1960. The solution was warmed to room

temperature with stirring, filtered, and cooled to Oo, when colourless

crystals of dimeric N-diethylaluminium-N',N'-dimethylformamidine,

(Me NCH:N-AlEt,), (m.p. 119-120°) separated, and were dried by
pumping off solvent. (Found: Al, 17+1; hydrolysable ethyl, 36-L%;
My 326. G, B ALN, requires A, 17+3; hydrolysable ethyl, 37.2%;
M, 312). Voax (nujol mull) 1626vs, 1462ms, 1412m, 1263m, 1230vﬁ,‘
1183w, 1098s, 1060m, 1022m, 991m, 945mw, 917mw, 876mw, 800ms, 747s,

639s, 623s, 606s, L436mw, and 417m cmj1

N.M.R. Data
T values:- 4-07 m (1), 7-61 s (6), 8~44 t (6) and 9'55 q (B).

20% solution in benzene; solvent as internal reference standard.

Reaction of Alkyl Cyanides with Organolithium Compounds.

Reaction of methyl cyanide with methyl-lithium.

A solution of methyl-lithium (5 m.moles) in diethyl ether (8.5ml.)
was added by syringe to methyl cyanide at -1960 in a tube. The tube
was evacuated, sealed, and allowed to warm to room temperature. All

material volatile at —196o was subsequently pumped into the vacuum
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line, identified as methane (infrared spectrum) and measured (0-053g.,
3+3 m.moles). Ether was then removed under vacuum, leaving a white
gﬂsoluble powder.  (Found: C, 50+7; H, 6+9; Li, 9+1; N, 21.7%).
Voax (nujol mull) 217Lsh, 2141s, 2083w, 1653w, 1592w, 1520s, 13L2vw,
1316vw, 1266m, 1190w, 1099wm, 1020m, 980vw, 935vw, 903vw, 803m (br),
and 723wnm cm:1 A substance with essentially the same infrared spectrum
and percentage elemental composition was obtained in separate
experiments in which the components were mixed at -780 in one limb

of a double Schlenk tube, the precipitated product being collected

on a filter and pumped dry. Qualitative tests for cyanide anion
proved negative, and no alkane was evolved on hydrolysis with dilute
acid. When heated witH boiling tetrahydrofuran, the substance did
not dissolve but changed to a yellow powder. Vnax (ﬁujol mull)

2190m, 1595s, 1550sh, 1302w, 1266w, 1081m, 1020m, 800m, and 722w cm'.-1

Reaction of ethyl cyanide with methyl-1lithium.

Ethyl cyanide and methyl-lithium, mixed in equimolar proportions
in ether, gave a pale yellow precipitate which was collected on a
filter and pumped dry. Viax (nujol mull, region 2800-1500 cm-1)

1 After a sample had

2128wm, 2045wm, 1639vw, 1580vs, and 1515m cm.
been washed with toluene and hexane and again pumped dry, the spectrum
was again recorded. v (nujol mull, region 2800-1500 cm-1) 2183wm,
2045s, 1645w, and 1582vs cmf1 No alkane was obtained when samples of

the material were hydrolysed, and a qualitative test for anionic cyanide
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was negative,

Reaction of methyl cyanide with ethyl-lithium.

Methyl cyanide (O+41g., 10 m.mole) in toluene (10ml.) was added
to a frozen mixture of ethyl-lithium (10 m.moles) and toluene (10ml.)
at -1960. The mixture was then heated slowly until the toluene
boiled, when a pale yellow precipitate separated. This, after being
washed with toluene, had Ve (nujol mull, 2800-1500 cm-1) 2130m(br),

2030ms, 1820vw, 1590sh, and 1524m cms !

Reaction of ethyl cyanide with ethyl-lithium,

Ethyl cyanide (0+55g., 10 m.moles) was added to -ethyl-lithium
(10 m.mole) in 10ml. ether at -196°,  When the mixture was warmed
to 200, a white precipitate separated. (Found: Li, 6+1%). Vnax
(nujol mull, 280CL1500 cm-1) 2198sh, 2160sh, 2123s, 1639@, 1572s, and
1515vs cm'.'1 No ethane was evolved on hydrolysis of a sample, but
addition of 2,4-dinitrophenylhydrazine to the hydrolysate gave a trace
of precipitate, m.p. 104=108°. A sample of the 2,l-dinitrophenyl-

hydrazone of diethyl ketone, prepared for comparison, had m.p. 1560.

Reaction of Acetonitrile with Trimethylamine-dichloroalane.

A solution of acetonitrile (O+47g., 11¢4 m.mole) in hexane (10ml.)
was added slowly to a stirred suspension of trimethylamine-dichloroalane

(1+8g., 11¢4 m.mole) in hexane (60ml.) at -78° in a three necked flask
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under a nitrogen étmosphere,'connected to a trap at -1960. The
suspension was allowed to warm to room temperature, when trimethyl-
amine was evolved, and identified by its infrared spectrum. The
resultant clear solution was refluxed for 14 hours, and solvent was
removed under vacuum, leaving a white solid, which, on acid hydrolysis
produced hydrogen, and no acetaldehyde. Alkaline hydrolysis produced
trimethylamine, together with a little ammonia (identified by their
infrared spectra) as well as hydrogen. Ve (nujol mull) 1267s, 1097s,

1020s, 986m, 86Lw, 81ksh, 802s, 722w, and 501m cm:

Reaction of N-lithioketimines with metal halides.

Reaction of diphenylketiminolithium with aluminium chloride (1:1

molar proportions).

A solution of diphenylketiminolithium (4e1gey 219 m.mole) in
diethyl ether (60ml,) was filtered on to aluminium chloride (2.93g.,
21+9 m.mole) at -196°.  The solution was allowed to warm to room
teﬁperature with stirring, when the red colour disappeared, and a
cream precipitate was formed. Ether was pumped off, and toluene (30ml.)
was added, The solution was heated to boiling, and filtered. On

cooling, colourless crystals of dichloro—(ayphegylbenzylideneamino)-

aluminium dimer, (PhZC=NA1012)2, M.Pe 199-2000, were deposited.

(Found: C, 55-7; H, 3¢75; Al, 9:6; Cl, 24:?; N, 5-0%.
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CoplopAl CL N, requires, Cy 56+2; H, 3:60; Al, 9+7; Cl, 25.5;
N, 5:0%) v (nujol mull) 1641sh, 1593vs, 1582vs, 1576vs, 1557vs, 1332s,
1321sh, 1295s, 1276s, 1193w, 1166w, 1109w, 1080w, 1032wm, 1003wm, 98lvw,
978vw, 958s, 935w, 924m, 802s, 783sh, 725vs, 716vs, 707s, 699vs, 686m,
637s, 617w, 58Lm, 553vs, 492s, 452w, L26m, 398vw, 380m, 318s, 282m

and 212m cm—1.

"N.M.R. Data.
T values:- 2:6br (2) and 2+95m (3). Saturated (~0%) solution in

perdeuteriotoluené; tetramethyisilané as internal reference standard.

Reaction of diphenylketiminolithium with aluminium chloride

(3:1 molar proportions).

Aluminium chloride (1+72g., 129 m.mole) was added to a solution
of diphenylketiminolithium (7.23g., 38+7 m.mole) in diethyl ether
(60m1l.) at -196°.  The solution was warmed to room temperature, when
the red colour disappeared, and an orange precipitate formed, and was
stirred at 20° overnight. Solvent was pumped off, toluene (50ml.)
was added, the solution was heated to boiling, and filtered. On
cooling to Oo, bright yellow crystals of tris—diphenylketimino—
aluminium (Ph2C=N)3Al, M. Do 204-6° were deposited. (Found: C, 81.6;
H, 5.50; Al, 4+7%; M, 575. CyqHz AL, requires C, 82.5; H, 5.29;
Al, Le76%; M, 567). Vnax (nujol mull) 171ksh, 1686s, 1617s, 1600sh,

1580m, 1309w, 1289w, 1263sh, 1247ms, 1193vw, 1175w, 1155w, 1072w,
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1029wm, 1001vw, 972vw, 952w, 931w, 9OLm, 887w, 832m, 822m, 789s, 759vw,

732w, 709s, 695vs, 679ms, 628ms, 567m, 529ms, 490s, and L430m cm':1

N.M.R, Data.
T values:- 2-65m (3), 2:9,m (7), and 3+, m (1), 20% solution

in perdeuteriobeniene; tetramethylsilane as internal reference standard.

Reaction of diphenylketiminolithium with aluminium bromide.

A solution of diphenylketiminolithium (10.0g., 53+3 m.mole) in
diethyl ether (50ml.) was filtered on to aluminium bromide (57g.,
5%.3% m.mole) at -196°, The solution was allowed to warm to room
temperature with stirring, when the red colour disappeared, and a yellow
precipitate was formed. Ether was pumpeq off, and toluene (30ml.)
was added. The solution was heated to boiling, and filtered. On

cooling, pale yellow crystals of dibromo- (a~phenylbenzylideneamino)-

aluminium, (Ph2C=NA1Br2)n, m.p. 246—9O (decomp.) were deposited.

(Found: C’ 42‘5; H, 2‘72; Al, 7’24; BI‘, L|'6’1; N, 4’02%0

_CBHwAlBraN requires C, 42.5; H, 2.72; Al, 7.36; Br, 43.6; N, 3-82%).

Voox (nujol mull) 1587s, 1558vs, 1471s, 1335ms, 1319sh, 1297m, 1282m,
1191vw, 1167w, 1082wm, 1033wm, 1007w, 978w, 963%m, 929wm, 8Lilw, 792vs,
720vs, 709vs, 699s, 668vw, 638m, 617vw, 579m, 557vw, 526vw, 483vs, L450m,

LOOW, 330m, 30w, 28km, 2677w, 255w, 248w, and 209vs cm. '
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Beaction of diphenylketiminolithium with beryllium chloride.

Diethyl ether (20ml.) was slowly added to beryllium chloride
(1+56g., 20 m.mole) at -78°, A solution of diphenylketiminolithium
(7+5g., 40 m.mole) in diethyl ether (80ml.) was added to the resultant
suspension, which was allowed to warm to room temperature with stirring.
After stirring at 2OO for one hour, when the red colour disappeared,
leaving a yellow precipitate, solvent was pumped off, and the solid
transferred to a Soxhlet extraction apparatus, and extracted over three
days with tolueqe. A bright yellow solid resulted. Vnax (nujol mull)
1732m, 1627s, 1600sh, 1547wm, 1306w, 1256ms, 1152w, 1075m, 1049m, 1027m,

999wm; 951m, 916w, 898vw, 830ms, 784ms, 716wm, 695vs, 629w, and S543m cm?1

Reaction of di-p-tolylketiminolithium with beryllium chloride.

To beryllium chloride (0+92g., 10.2 m.mole) in diethyl ether (10ml.)
at -78°, was added a solution of di-p-tolylketiminolithium (4.39g.,
2054 m.mole) in diethyl ether (50ml.) and hexane (10ml.). The solution
was warmed to 200, with stirring, and held at that temperature for one
hour, Solvent was removed from the resultant yellow solid under
vacuum, and toluene (30ml.) was added. The solution was boiled,
filtered and cooled to -10° (ice-salt) when crystals of bis(di-p-
tolylketimino)beryllium [(p—tolylzC:N)zBe]n, (m.p. 349-51°4) separated.
(Found: C, 83.0; H, 6+8; Be, 2+30%. 630H28BeN2 requires C, 8l47;
H, 6+6; Bey 2:1%). v (nujol mull) 1908w, 1731s, 1626vs, 1607vs,

1567m, 1311m, 1290ms, 1259ms, 1208w, 1178ms, 1110m, 106ksh, 105kms,
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1019m, 955m, 935ms, 911m, 889m, 853vs, 827vs, 792m, 782m, 742s, 735s,
717ms, 683%wm, 673w, 659w, 631m, 618ms, 569w, and 543ms cmf1

N.M.R. Data |
T valuesi- 2:0,d (1), 2:15d (1), 2:94d (3), 3+0,d (3) and 7:9;s (6).

Saturated solution in perdeuﬁeriobenzené; tetramefhylsilane as internal

reference standard.

Reactions of N-trimethylsilylketimine with metal halides.

Reaction of N-trimethylsilylketimine with aluminium chloride.

N-trimethylsilylketimine (7.82g., 30-9 m.mole) was slowly added by
syringe to a suspension of aluminium chloride (1+37g., 10¢3 m.mole) in
toluene (30ml.) at -196°.  The solution was allowed to warm to room
temperature, with stirring, and was then refluxed overniéht. Solvent
was removed until precipitation was observed, and the solution was
goiled once more until the so0lid redissolved. On cooling, crystals
of dichloro-(o-phenylbenzylideneamino)-aluminium dimer, identified

by the m.p. (199—2000.) and the infrared spectrum, were deposited.

Reaction of N-trimethylsilylketimine with beryllium chloride.

Diethyl ether (40ml.) was slowly added to beryllium chloride
(0.78g., 10 m.mole) at -78°,  N-trimethylsilylketimine (5-06g.,
20 m.mole) in diethyl ether (20ml.) was added slowly by syfinge. The

solution was warmed to room temperature with stirring, and then
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refluxed for 1% hours. The solvent was pumped off, and the residual
solid was dissolved in hot toluene. On cooling, colourless crystals

of chloro-(a-phenylbenzylideneamino)-beryllium dimer, m.p. 120-1°

were obtained. (Found: C, 68.8; H, 4.79; C1, 16.-0%; M, 408,

C gHogBe ,C1 N, requires C, 69:5; H, 4.45; C1, 15.8%; M, 449),

Yook (nujol mull) 1608s, 1587s, 1572s, 1418m, 1328m, 1300ms, 1189vw,
1160w, 1075w, 1029w, 1002w, 973s, 937m, 920m, 887sh, 850vs, 813s, 803s,
781VS1 775vsy 7565’ 73%2m, 719s, 70hvys, 676Sa 633“’“” 609!11, 577w, 545‘“5’

L46lhw, and L4Bw cqu

Reaction of Dichloro-(oa-phenylbenzylideneamino)-aluminium dimer

with Pyridine.

Pyridine (0+79g., 10 m.moles) was added to a suspension of dichloro-
(a~phenylbenzylideneamino)-aluminium dimer, (PhZC=NAlC12)2, (2:78g.,
10 m.moles) in toluene (20ml.) at 20°, A yellow colouration resulted
immediately; not all the solid dissolved, however. The suspension
was heated to boiling, when a yellow solution was obtained. After
filtration, yellow crystals of pyridine-aluminium trichloride (m.p.
146-7°) were obtained. (Found: Al, 12-6; Cl, L9.2%. CoHALCL N

requires Al, 12.7; Cl, 50+6%).
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Azomethine derivatives have, until recently, received little
attention, despite their importance as intermediates in the

137 108,109,115

polymerisation and in the reduction of nitriles
(see p. 31-32). In the last six years, however, interest in these
derivatives has quickened, and there are now seven established routes,

some of more general utility than others.

1. Triorganosilyl imines, (RR'C:NSiRg)n, can be prepared
in 60% yield by reaction of sodium bis(triorganosilyl)amide
with éarbonyl compounds in refluxing benzene.138 The

reaction is not applicable to enolisable aldehydes and
1"naQ4 10 (e 3 It 3 Rt
(RBSl)ZNNa + RR'C:0 —» RR C.NSlR3 + NaOSlR3

ketones because the hydroxy proton in the enol form is
readily exchanged with the sodium ion of the silylamide.

| \ NaN(SiRB) ,
2 .
-CHZ-C=O &~ -CH=C-OH ~———2-53 _CH=C-ONa + (RBSl)zNH

2. Addition reactions of nitriles with organometallic

compounds affords a synthetic route to aldimine derivatives

139,140 31433 141

aluminium and gallium, and to

31,33 133

of boron,

ketimine derivatives of aluminium and lithium.

130

Grignard reagents, RMgX, also add to certain nitriles,

but the azomethine-magnesium halide intermediates have not
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been isolated. The lower reactivities of organo-boron
and -gallium compounds than of organoaluminium compounds
towards insertion of an unsaturated functional group like
nitrile prevents the preparation of ketimine derivatives
of boron and gallium by this route. Another disadvantage
is the contamination of azomethine derivatives prepared
from nitriles with hydrogens attached to the o carbon atom

by polymeric products of acidic reaction (p. 33).

Subsequent routes use starting materials in which the azomethine group

is preformed.

3. Organometallic compounds react with the acidic proton
of ketimines, eliminating hydrocarbon and giving azomethine
142,143

derivatives.

. 1 .
€8 PhBC.NH + Me3B —_ §(Ph20.NBMeZ)2 + CHh

This reaction is exactly analogous to the method of attaching

amino groups to metals by the use of secondary amines

(p. 15-16).

4,  Diphenylketiminolithium, (Phac:NLi)n, is conveniently
prepafed from benzonitrile and phenyl—lithium135 (method 2
above) or from diphenjlketimine and organolithium'compounds
in diethyl ether133 (method 3 above)., Other azomethine

derivatives of lithium are accessible by analogous methods,
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with the limitations that certain ketimines are as yet
unknown, and that organolithium derivatives, in common with
organoaluminium derivatives, interact with hydrogens attached
to the a carbon atom of nitriles, eliminating alkane.
Azomethine derivatives of lithium conveniently undergo
metathetical reactions with metal halides, producing lithium

halide and an azomethine derivative of the metal.

)+ LiX

RC:NLi + MX —> l(R C:NMX
n m 2 n-1"m

2
(X = F, Cl, Br, I)o

This reaction has been used to prepare azomethine derivatives

14k, 145,146 gallium145

133

of silicon, germanium, tin,135 boron,

and ’ci’canium,“1L6 tris-azomethine derivatives of boron,

135 135 145

and bis-, tris- and tetrakisazomethine derivatives

of silicon.

5 N-trimethylsilyldiphenylketimine, Ph2

obtained by reaction of diphenylketiminolithium with tri-

C:NSiMeB, is

methylchlorsila_ne135 (method 4 above). It also replaces the
halide group by the azomethine group, eliminating trimethyl-

Thls, 146 but at higher temperatures than those

chlorsilane,
required for similar metatheses using the lithium azomethine.
The high volatility of the silicon halide produced means that

sparingly soluble derivatives, which can be separated from
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lithium halide only with extreme difficulty are more readily

obtained in a pure form by this route.

6. A relatively involatile secondary amine can displace a
more volatile amine from an aminoborane under suitable

147,148

conditions.

e.g. (MeaN)BB + 3R N — (R2N)3B + 3Me NH

In the same way, trimethylamine has been displaced from

trisdimethylaminoborane by heating with diphenylketimine.“+9

(MeaN)BB + nPh20:NH —_— (PhZC:N)nB(NMeZ)B-n + nMeaNH

In én attempted preparation of tris-diphenylketiminoborane,
however, displacement of amine was incomplete even with excess
diphenylketimine at 1500, and separation of the product from
starting materials proved impossible. In principle, provided
these difficulties can be overcome, the reaction is applicable

to the preparation of a wide range of azomethine derivatives.

7. Certain azomethine derivatives, together with the imine
hydrohalide, are obtained by reaction of two moles of imine

with one mole of a metal halide.

2RZC:NH + MXn —_ ch:NMXn_1 + RZC:NHzx
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This method has been applied to the synthesis of azomethine

144,146,149

derivatives of boron and silicon,“+6 but its
applications are limited to the preparation of relatively

soluble azomethine derivatives, because of the difficulty

of separating the products from the imine hydrohalide.

In the present work, some azomethine derivatives of aluminium, beryllium
and lithium have been prepared, by routes 2y 3y 4 and 5, and are

discussed in the following pages.

Reactions of diphenylketimine with organo-aluminium and -gallium

compounds.

Thé preparation Of azomethine derivatives of aluminium and gallium
by reaction of the parent imine with organometallic compounds (route 3
above) was initially explored. Dialkylketimines with small alkyl
groups appear to be highly susceptible to polymerisation or
rearrangement with organometallic compounds, so much so that the
dimethyl compound Meac:NH has never been isolated during attempts at
its preparation using acetonitrile and methylmagnesium bromide150 or
methyl-lithium (see below, p.117). .Unsuccessful attempts were made
during the presént study to prepare diethylketimine, by methanolysis
of the products'of the reaction between propionitrile and ethylmagnesium

50 or by

bromide, as reported previously by Pickard and Tolbert,1
acetylacetone cleavage at -780 of the product of the reaction between

propiocnitrile and triethylaluminium.151 The difficulty of preparation




-79 -

of dialkylketimines seems in part due to the present of hydrogen
attached to the carbons a to the azomethine group, resulting in
cleavage of alkane (see p. 33). Evidence is presented below (p.118)
for the reaction of lithium alkyls with alkyl cyanides in the
keteneimine form giving products ()C:C:NLi)n. Grignard reagents and
aluminium alkyls may well react in a similar fashion, so that products
of the above syntheses are probably mixtures of polymers. Diaryl-
ketimines cannot take part in similar side reactions, and diphenyl-
ketimine, as the simplest member of the series, was selected for the
following investigation.

143

In contrast with the behaviour of the alkyls of zinc and
lithium133 which, with diphenylketimine, eliminate alkane below room
temperature, organoderivatives of the group III elements form adducts,
PhZC:NH-MRB, which rearrange to give azomethine derivatives either

slowly at room temperature, or only on heating.

The adduct Ph.C:NH,AlMe, m.p. 76=76+5° was obtained at -78°

2 3
from a hexane solution containing an equimolar mixture of its
components, It was shown by cryoscopic measurements to be
undissociated in cold (50) benzene solution, and was also clearly
stable to dissociation at 200, at which temperature solvent could
readily be removed under vacuum without affecting the stoichiometry

of the crystals. Its stability contrasts with the appreciable

dissociation of the boron analogue PhaC:NH,BMe3 for which the
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dissociation pressure at 23.5° is 28 mm.,142 and is consistent with

the generalisation that organoalanes R3Al are stronger Lewis acids
than are organoboranes R3B'
In the systems Ph2 >

cooling solutions of equimolar mixtures of the components failed to

C:NH/EtBAl, Ph2C:NH/Ph3Al and Ph C:NH/PhBGa,
afford crystals, and in all cases removal of solvent under vacuum left
a viscous liquid residue. That the stoichiometry of the residue was
unéffected by prolonged pumping was not unexpected in view of the low
volatilities of the donor and acceptor moieties, and could not be
interpreted as evidence of strong co-ordinate links in these systems.
C:NH and Ph, Al was sufficiently weak

2 3

for triphenylaluminium alone to he precipitated from C6D6 solutions

Indeed, the interaction between Ph

of a PhZC:NH/PhBAl mixture when tetramethylsilane was added as a
reference standard for proton magnetic resonance spectroscopic studies.
Moreover, the high viscosity (itself an: indication of interaction) of
Ph20:NH,AlEt3, thc:NH,AlPh3 and PhZC:NH,GaPh3 caused them to retain
solvent tenaciously, so molecular weight studies were not attempted.

A further complication was thét these adducts decomposed slowly to
azomethine derivatives (PhaczN-MRa)2 at room temperature, as revealed
for example by the hydrolysable ethyl:aluminium ratio of 2¢7:10
obtained during analysis of Ph2C:NH,AlEt3. However, some evidence of

interaction was obtained by a study of the infrared and proton magnetic

resonance spectra of freshly prepared samples.
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The formation of an adduct between PhZC:NH and R3A1 would be
expected to be accompanied by the following changes in the infrared
spectrum:-

(a) A new band associated with the stretching vibration of the
A1-N bond should appear in the spectrum of the adduct, probably in the
region 250-500 cm-1 by analogy with the suggested position of v

Al-N

in the spectra of Me N,AlH3 (533 cm_1),62 various amine adducts

-1y152 “13152

3

N,AlEtaX (303-312 cm and C_H N,AlEt2X (292-309 cm

3 55

Me
of various nitrile adducts RCN,AlR% (~400 cm~1).31’33 No bands

which could unambiguously be assigﬁed to v could be observed in

Al-N
the spectra of these diphenylketimine adducts because of the presence
. of other skeletal absorptions in this region.

(b) The infrared spectra of the acceptor moieties in adducts
PhZC:NH,AlR3 should differ from those of free organoalanes in that the
latter contain bridging groups R. Detailed intepretation of the
spectra of the diphenylketimine adducts is complicated by the number of
bands arising from vibrations of the donor molecule, and by uncertainties
concerning assignments of bands to vibrations involving bridging groups

153,15k

However, the strong shoulder at

154

in the free organoalanes.

1401 cm” | in the spectrum of Et Al, assigned by Hoffmann to a

deformation vibration of the bridging methylene groups is absent from

the spectrum of thc:NH,AlEtB.

(¢) The frequencies of both the N-H and C=N stretching vibrations

of thc:NH would be expected to decrease on co-ordination as electronic
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charge was drained from the nitrogen. Assignments of bands to these
vibrations were straightforward, and their frequencies, together with

142 155

infrared spectroscopic data for related boron and gallium adducts

are listed in Table 1. Co-ordination at the imine nitrogen atom

TABLE 1.

Infrared spectroscopic results for adducts PhEC:NH,MR3

Compound Phase Vi cn Voo cn !
'Ph2C:NH CHC1, soln. 3256 1603
PhZC:NH,BMe3 142 nujol mull - 1604
Ph,C:NH, AlMe nujol mull 3290 1605
Ph2C:NH,A1Et3 liguid 3263 1594
P, C:1VH, A1Ph, liquid 3257 1603
Ph2C:NH,GaMe3 155 nujol mull 3279 1604
Ph,C:NH,GaEt, 195 liquid 3268 1603
Ph,,C:NH, GaPh, liquid 3268 1595

might be expected to result in a decrease in electron density in the
region of the C=N bond, and accordingly a reduction in VooN analogous

to the decrease in Ve=0 observed on adduct formation by carbonyl
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156

compounds, In this series of adducts, a perceptible decrease in

Vooy Was observed in only two cases, viz. Ph2C:NH,AlEt3 and
thc:NH,GaPhS, and this decrease may we}l be a result of differences
in the physical states of samples. In all other cases, there is
little change in the frequency of the band from one system to another.
The two adducts Ph2C:NH,BMe3 and thc:NH,AlMe3

values of Vo=n' in spite of their differing stabilities with respect to

have virtually identical

dissociation mentioned above. It must therefore be concluded that the
strength of the co-ordinate bond in these systems has little effect

on the strength of the C=N bond as reflecteduhy their infrared spectra.
A drift in electron density from donor to accep£or should result in a

decrease in v Co-ordination complexes of pyrrolidine, morpholine

N-H*
and piperazine with the hexacarbonyls of molybdenum and tungsten have

bands in their infrared spectra assignable to VN-H at 50-100 cm_1

below the corresponding bands in the free bases.157 Shifts of VN-E

to low frequency have been noted in the spectra of diphenylketimine

158

adducts of manganese tricarbonyl halides

and copper(I) chloride. 27

The same band in cobalt chloride complexes160 and a 2:1 adduct of

159 moves to higher frequency,

diphenylketimine with copper(II) chloride
however, a phenomenon as yet unexplained, The adducts of organo-
derivatives of group ITI with diphenylketimine also show a shift of
VN-H to higher frequencies compared with the parent ketimine, by a
maximum of 34 cm | (in the case of PhZC:NH,AlMeB). This shift



- 8 -

(greater for PhC:NHsAlMe., than for Ph C:NH,GaMeB, Phac:NH,AlEt

2 3 2 3
or PhEC:NH,AlPhB) is consistent with the relative acceptor strengths
Me3A1>Et3Al>Ph3Al and Me3A1>Me3Ga suggested from infrared spectroscopic
. . . 31533, 141 . .
studies on their nitrile adducts, but differences in the
physical states of samples means that correlations based on the small
differences in frequency under consideration are at best unreliable.
The proton magnetic resonance spectra of the adducts were recorded
and provide clearer evidence of interaction between the components.
Chemical shift values and relative intensities are listed in Table 2,
together with similar data for the related boron and gallium compounds.
In the spectrum of diphenylketimine itself in C6D6’ the broad absorption

centred on 7 = 2+4 p.p.m. (intensity 4) probably arose from the ortho

protons of the phenyl groups, and the sharper multiplet centred on

T = 2-?3 p.p.m. (intensity 6) could be attributed to the meta and para
protons, which would differ from the ortho protons as a result of the
electron withdrawing properties of the azomethine group.161’162

The figures in Table 2 show that all the peaks in the spectrum
of PhEC:NH including, surprisingly, the peaks due to the aromatic
protons are shifted to higher fields on co-ordination. The shift is
particularly marked in the case of the N-H peak, and is moreover in
the direction opposite to that expected on electronic grounds, in

that co-ordination through nitrogen should result in deshielding of

the nitrogen-attached proton and to a lesser extent of the aromatic
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TABLE 2.

Proton magnetic resonance spectroscopic results for adducts PhZC:NH,MR3

C d - = .
ompoun T values (TMeLFSi = 1000 p.p.m.)
= NH = CPh, MR,
,b
PhC:MH a 0-048(1) 2-4br(4),2-73m(6) -
Ph,,C: NH, Bl a 0:045(1) ) 2.63m(1o) 9:8,5(9)
MeBB - - 9J255
PhZC:NH,AlMe3 a 1:245(1) 2-8m(4),3-05m(6) 10J455(9)
(Me A1), ¢ . T 10{36s'
- a {
thc.NH,AlEt3 0'405(1) 2-7br(u),2-95m(6) 8-87t(9),10512q(6)
c - - - - -
(E(t3A1)2 - - 8-89t(3),9-7oq(2)
thc:NH,Alph3 b 0-455(1) 2¢1br, 2+6=3.0m(25)
b . ; ) :
(Ph3A1)2 - - 2o?2m(3),2-87br(2)
Ph,C:NH, GaMe, a 0:8gs(1) 2:7gm(4),3-0,m(6) ) 10.135(9)
a _ . . 4 4
MeBGa - - 9'895
. a
thc.NH,GaEt3 0-975(1) 2o7om(4),2.82m(6) 8-71t(9),9.59q(6)
a - -~ - . .
EtBGa - - 8-86t(3),9-39q(2)
Ph,C :NH,GaPh., a 0+5g5(1) 2+3br, 2+7-3-1m(25)
Ph,Ga ° - - o 2:2,61(2),2:7,m(3)

a, C6D6 solvent; b, C6D5CD3 solvent; C, C6H6 solvent.

s = singlet, ber= broad, m = multiplet,_ t = triplet, g = quartet.

relative intensities in parentheses; all concentrations ~30 wt.%.
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protons.161’162 Values of 7N-H for adducts PhEC:NH,MMe3 (M =B, Al

or Ga) are consistent with decreasing Lewis acidity in the sequence

Me3A1 > MeBGa > MeBB, a sequence established by thermodynamic data22
and supported by infrared spectroscopic studies on nitrile adducts.31’33
However, by the same criterion, EtBGa is a stronger Lewis acid than

EtBAl, and PhBGa is a stronger Lewis acid than PhBAl, conclusions
inconsistent with those deduced from infrared spectroscopic studies
on nitrile adducts. Changes in Ty % complex formation by

diphenylketimine are thus a poor criterion of co-ordinate bond

strength. Similar poor correlations between changes in T and T
CH3 CH2

values and adduct stabilities has been noticed for co-ordination

complexes of boron halides with Et_N, Etzo and Etas43 and of gallium

3
163

halides with Et.0 and Et_S. Changes in that part of the p.m.r.

2 2

spectrum arising from the protons of R_M are also caused by interaction

3
with diphenylketimine. The peaks due to the metal-attached methyl

> 3 2C:NH,AlMe3 and Ph2C:NH,GaMe3 are located

at higher field than the corresponding peaks of the free metal alkyls,

groups of Ph_C:NH,BMe,, Ph

implying a higher electron density in the region of the acceptor
holecule. The change on co-ordination is thus in the direction

expected on electronic grounds. The magnitude of the change for

p.p.m.) and for Ph C:NH,GaMe3 (0-24 PeP.it.)

both PhZC:NH,AlMeB (o-o9 A

is appreciably less than that resulting from formation of‘MeBN.MMeB,
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(M = AL, AT = 0-51 P.p.m.; M = Ga, AT = 0-76 p.p.m.164) and may well

2C:NH-compared with MeBN. The

shift in the case of the diphenylketimine-trimethylaluminium adduct

reflect the weak donor strength of Ph

is smaller than for the corresponding gallium adduct. This trend
is paralleled in the p.m.r. spectra of the trimethylamine adducts,
and probably reflects the dimeric nature of the free aluminium alkyl,
which prevents direct comparison with monomeric MeBGa. The quartets
arising from the metal-attached methylene groups of Phac:NH,MEEt3 are
also located at higher field than the corresponding peaks in the
parent metal alkyls. The triplets arising from the methyl protons
of the metal-attached ethyl groups are understandably little affected
on co-ordination. Changes in the spectra of Ph3M brought about by
co-ordination to Phac:NH cannot be interpreted in any detail because
of overlap of the signals from the two types of phenyl group in the
adducts.

The thermal decomposition of the adducts thc:NH,AlR3 in all
cases led to dimeric azomethine derivatives (PhZC:NAle)2 by
elimination of RH. The triphenylaluminium adduct PhaC:NH,AlPh3
apparently decomposed the most readily, a good yield of (PhZC:NAlPha)2
being recovered after two days at 20° in toluene. PhEC:NH,GaPh3 also

appears to rearrange under significantly milder conditions than do

the adducts of gallium alkyls. The deccmposition of PhZC:NH,AlEt3
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into (thc:NAlEta)2 was effected overnight in boiling hexane, while

two hours at 100° was ample for quantitative conversion of

PhEC:NH,AlMe3 into (PhZC:NAlMea)2 and MeH. Elimination of methane
from PhZC:NH,AlMe3 occurs more readily than the corresponding
rearrangemgnt of Ph2C:NH,GaMe3,155 and the trimethylborane adduct,

thc:NH,BMe3 requires still more forcing conditions for rearrangement.142

Increasingly forcing conditions are also needed for the comparable

thermal decomposition of the dimethylamine adducts MeZNH,AlMe3,25

e, GaMe328 - 165

thus apparently related to the electronegativity of the metal (and

and MeZNH,BMe Ease of elimination of alkane is
hence the charge on the‘alkyl group).

The products of rearrangement were all crystalline solids. The
aluminium derivatives reacted immediately with moist air; (Ph2C:NGaPh2)2,
in common with the derivatives of gallium alkyls, was more slbwly
hydrolysed. Acid hydrélysis of all four derivatives resulted in the
formation of benzophenone, identified as its 2,4~dinitrophenylhydrazone.

Like related compounds (RR'C:N-AlRé)2 prepared from nitrile
adducts RCN,AlRé, azomethine defivaﬁiveé (Ph2C:N-AlR2)2 were found to
be dimeric in benzene solution (R = Me or Et; cryoscopy) and in the
gas phase (R = Me or Ph; mass spectroscopy). It has been suggested
that the dimeric (as opposed, for example, to trimeric) nature of such
combounds prepared by the nitrile route might be a consequence of a

bimolecular rearrangement of nitrile adducts RCN,AlRé.31 Trimers,
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such as are known in related azide systems (EtZAlNB)B with six-
membered (AlN)3 rings,166 would have allowed a greater bond angle
AlﬁAl and accordingly less strain at the three-co-ordinate nitrogen.
However, as the kinetic studies of Pasynkiewicz and Kuran123 show the

rearrangement of PhCN,AlMe, to be a first order process, and the

3
present results show the state of association of (RR'C:N-Ale)2 to be
independent of the method of preparation, it seems likely that the

dimeric state is in fact thermodynamically the most stable. Azomethine

derivatives of gallium are also dimericj55 but PhZC:NBMe2 appears

142

from mass spectroscoyic studies to be monomeric in the vapour phase.
In their states of association, therefore, azomethine derivatives of
the group IIT elements closely resemble amino compounds (MezNMRZ)n'
The mass spectroscopic results which reveal the presence (not
necessarily exclusively) of dimers in gas phase samples of
(PhZC:N'AlMez)Z’ (thc:N-AlPha)2 and (PhZC:N-GaPhZ)2 at 200° are
summarised in Tables 3, 4 and 5 respectively. Peaks arising from
fragments containing one or two gallium atoms were readily recognised
by their characteristic isotope patterns resulting from the natural
abundances of 69Ga (60%) and "aa (LO%). In each case a weak peak
corresponding to the molecular ion (PhZCNMRa); accounted for the
fragment of highest mass detected, and in the spectra of the aluminium
derivatives the peak at m/e = 180, attributable to PhZCN+, was the

most intense in the spectrum. The most intense peak in the mass
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459

Ly

257

222

181

180

154

103

78

7
16

15
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TABLE 3

Mass spectroscopic results for (Ph20:N~AlMe2)2

Relative intensity
0.2

14

47

100

22

46

Assignment

Phq(CN)gAlgMeq

Phl+(CN)2A12Me3

Ph4(CN)2Al2Me2

PhECNAlMe2
PhacNAlMe
PhZCNH
thcN

Ph2

PhCN

Phl

MeH

Me




722
645
568
465
387
361
284
207
181
180

154

104
103
78

7

Mass spectroscopic results for (Phac:N-AlPhZ)2

Relative intensity

L

e3

13

62

100

27
L7

96

62

Assignment
PhL}(CN)zAlaPh4
Phh(CN)ZAlZPhB

Phq(CN)ZAlzPh2

PhacNAleth
Phq(CN)aAl

PhZCNAlPh2

Ph20NAlPh

PhZCNAl

PhaAl + PhZCNH
Ph2CN

Fh,

PhAl
PhCN
PhH

Ph
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TABLE 5.

Mass spectroscopic results for (Ph C:N-GaPh2)2

810, 808, 806
7323, 737, 729
656, 654, 652
630, 628, 626
585, 583

5534 551, 549
476, U7k, 472
405, 403
328, 326

225, 223

181

180

174, 172

148, 146

104

103

78

77

71y 69

Relative intensity

very weak
6, 18, 14
very weak
15, 45, 3k
2y 3

1y 3y 2

1y 3y 2

2y, 3

7, 11

67, 100

1

22

2, 3

2, 3

11

39
15
18, 27

2

Assignment

Ph (cn) Ga Ph4
Ph (CN)ZGazPh3

Ph (CN)2Ga2Ph2

Ph CNGazPhq

Ph (CN) GaPh2

Ph CNGaaPh3

Ph CNGaaPh2
PhacNGaPh2
Ph2CNGaPh
PhZGa
PhZCNH
PhacN
PhCNGa
PhGa
PhCNH
PhCN

PhH

Ph

Ga
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spectrum of (PhZC:NGaMeZ)2 can be assigned to the ion Ph69GaMe+,
the presence of which must result from the transfer of a phenyl

155

group from carbon to gallium. Such rearrangedents presumably
also occur in the case of (thc:N-GaPhZ)z, but are not revealed by
the identity of particular’fragmeﬁts as the groups originating on
gallium and on the azomethine carbon are the same., However, the
high intensity of the peaks due to PhaGa+ (Table 5), despite the
fact that the separation of phenyl groups from gallium appears to be
a major feature of the breakdown pattern, may well be a result of
rearrangement or recombination reactions. All spectra contain peaks

attributable to monomers PhacNMR +, and peaks of moderate intensity

2
corresponding to fragments Phh(CN)2M2R3+ resulting from loss of one
group R from a metal atom in the dimer. The mass spectroscopic
results on (thc:N-AlPhZ)Z, in revealing an evidently high proportion
of dimeric molecules in the gas phase at 2000, resolve the uncertainty
concerning the state of association of this compound which arose from
its low solubility in benzene.33 Gibson and Hughes121 on the basis
of ebulliometric studies on benzene solutions concluded that
(PhacNAlPha)n was only slightly associated (n*1{1) in boiliﬁg benzene;
a highér degree of association now seems probable.

The quality of the infrared spectrum obtained using the new
sample of this compound was better than those of earlier samples, and
1

it was possible to make unambiguous assignment of a band at 1604 cm_

»
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o] Voun® Gibson and.Hughes121 had assigned a shoulder at 1660 cm_1,

t
absent from these spectra, to this mode. Corresponding absorptions
in the spectra of (Phac:NoAlMea)2 and of (PhZC:N-AlEta)2 were observed
at 1616 and 1609 cm™ ! respectively, (see Table 6). The sensitivity
of this band to the nature of the groups R and R' in compounds
(RR'C:N-Ale)2 has already been notéd,31 when it was found that if R
and/or R' = Ph the frequency of this band was generally <1635 cm-1.

The data in Table 6 shows that Vo.y 10 compounds (thc:NMRZ)n is also

TABLE 6.
Infrared spectroscopic results for azomethine derivatives (PhZC:N-MRz)n
c d -1 Co d v cm-1
ompoun VC:N cm mpoun C:N
Ph_C:NBMe. 12 1662 (Ph_C:NALBr.). 1587
27" 2 2 2’2
(Ph.C:NA1Me.) 1616 (Ph C:NGaMe.) 155 1626
R €272 TRV 2’2
(Ph C:NA1Et.) 1609 (Ph..C:NGaEt..) 155 1613
27" 2’2 27° 2°2
(Ph2C:NA1Ph2)2 1604 (Phac:NGaPhZ)2 1612
(Ph.C:NA1C1.) * 1593 (Ph.C:NGaCl1.) 145 1591
27" 2’2 2 2’2

All figures relate to Nujol mulls.

*
See below, p. 98.
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sensitive, both to the azomethine-attached metal, M, and to the
substituents R, For most of the derivatives with alkyl or aryl
substituents R, vc;N is higher than the corresponding band in
diphenylketimine itself. Co-ordination through the azomethine group
such as occurs in the association of the azomethine derivatives
would be expected tb reduce the electron density in the azomethine
link, causing a corresponding reduction in vé:N, but the mechanical
constraint imposed on the vibration of the azomethine group by
incorporation of the nitrogen in the (MN)2 ring is likely to be more
than sufficient to offset this electronic effect when comparison is
mgde between PhZC:NH and (thczN-MRZ)Z. When substituents R are
extremely electron-withdrawing (e.g. R = Cl, or Br) Vo,y My fall
below the frequency of the band in diphenylketimine. The C=N
strétching frequency, as stated above, is also sensitive to the metal,
My rising to higher values with in&reasing electronegativity., Values
of VouN for azomethine derivatives of zinc lie between those of
aluminium and gallium derivatives.143 Relatively electronegative
metals, M, in common with electron—witharawing groups R, should result
in a decrease in electron density in the azomethine link, and a
reduction in Von® The observed increase in Vo with increasing
electronegativity is as yet unexplained,

Wheré solubilities permitted, the p.m.r. spectra of the

azomethine derivatives were recorded, and are summarised in Table 7.



- 9% -

As with reiated compounds thc:NH,MR3 the signal arising from
the phenyl groups attached to the azomethine carbon appeared as two
-multiplets of relative intensity 2:3. It is likely that the less
intense multiplet can be aésigned to the'ézzgg protons and the more
intense to the meta and para protons which would differ from the ortho
protons as a result of the electron-withdrawing properties of the

azomethine g;roup.161’-162

TABLE 7.

Proton magnetic resonance spectroscopic results for (thc:N-MRZ)2

Compound T values (TMeL}Si = 10.00)
= CPh, MR,
Ph,,C:NBMe & 2:7,m(2); 2:8,m(3) 9+755(3)
(Ph,C:NALMe,) & 2;53m(2), 2:9Om(3) 10:48s(3)

. a
(Ph,C:NAIES,),

: b
(thc.NGaMeZ)a

o b
(Ph20.NGaEt2)2

a

b

2:45m(2), 2-8.n(3)
2:25m(2), 2.70(3)

zl45méz>, 2:8,m(3)

C6D6 solvent .

8‘79t(3) 3 9'89Q(2)

10-225(3)

8:8,t(3), 9-5,a(2)

C,D_CD, solvent
6753

m = multiplet, s = singlet, t = triplet, q = quartet;

relative intensities in parentheses.
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Substitution of all three aluminium~attached organic groups by
diphenylketimine would result in a product, [(PhBC:N)BAlJn which is

-of interest in that, if it were associated, the diphenylketimino-
groups would be in more than one distinguishable environment, and if
it were monomeric, it would afford another example of three-co-ordinate
aluminium, It was noted above that elimination of benzene from the
adduct PhEC:NH,AlPh3 occurs more readily than elimination of alkane
from PhZC:NH,AlMe3 or Ph2C:NH,AlEt3.

tris(diphgnylketimino)aluminium was attempted by heating diphenyl-

Accordingly, preparation of

ketimine and triphenylaluminium in 3:1 molar proportions in a sealed
tube. Heating the mixture to 1’70o for two days resulted in
elimination of only 1+5 m.moles of benzene from 1 m.mole of triphenyl-
aluminium, and excess diphenylketimine could not be completely removed
from the oil which was the involatile product of the reaction. In
view of these difficulties, the reaction was abandonéd in favour of the

more successful metathetical reactions described below.
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Reactions of diphenylketiminolithium with aluminium halides.

Although azomethine derivatives (RMeC:NAlMeCl)2 have been
prepared in yields of up to 60% from nitriles RCN and Me2A1C1,31’33
the related compounds (RR}C:NAiXZ)n (X = halogen) have not until
now been investigated. Amino and imino derivatives of lithium
react with the halides of less electropositive elements, transferring

135

the amino- or imino- group to the other element, and the reaction
between diphenylketiminolithium and aluminium halides offers a
convenient route to azomethine derivatives (PhZC:NAlXE)n.

When mixtures of aluminium chloride or aluminium bromide and an
ethereal solution of diphénylketiminolithium in equimolar proportions

at -78o were allowed to warm, reaction occurred below Oo, giving a

colourless solution and a dense cream precipitate.

ALY, + 2Ph,C:NLi — (PhC:NALX)), + 2LiX (X = Cl, Br)

Ether was removed under vacuﬁm, and the azomethine derivative was
dissolved in boiling toluene and separated from lithium halide by
filtration. When the solution cooled to 200, the product separated

as cubic crystals. Both (thc:NAlClZ)2 and (Ph20:NAlBr2)2 are
crystalline solids which react slowly with moist air and afford
benzophenone on vigorous hydrolysis. Neither compound was sufficiently
soluble in benzene for cryoscopic molecular weight determinations, but

the mass spectrum of the dichloride revealed the presence of dimers
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at 200° in the gas phase, and it seems likely that it is also dimeric
in the condensed phases, with the familiar aluminium-nitrogen
four-membered ring structure. The related dimethylaminoaluminium
dichloride, (MeZNA1012)2, is a similar crystalline solid (m.p. 151°)
which has been shown by cryoscopic measurements to be dimeric in
benzene solution,78 presumably with a similar structure. The close
similarity in the physical properties (melting points and solubilities)
and the infrared spectra of (PhEC:NAlCIZ)2 and (PhZC:NAlBrz)2 suggests
that they both have the same degree of association and similar structures.
The most important peaks in the mass spectrum of (Ph2C:NA1012)2
are listed in Table 8, The main breakdown route, identified by the
detection of peaks due to metastable ions, is th;ough loss of Ph to
[PhB(CN)2A12C14]+, loss of PhCN to [PhZCNA12014]+ and then successive
c1.]*. The spectrum differs from that of

2 2
(Ph2C:NAlMe2)2 in that the'peak due to initial loss of Cl is

loss of Cl to [ﬁhchAl

relatively weak. In the spectrum of (Phac:NAlMea)2 the peak due to
loss of Me from the parent is the most intense of any arising from .
aluminium-containing residues. The difference between the spectra

presumably reflects the difference in the strengths of the aluminium-
68

)

chlorine (ca. 118 kcal/mole167) and aluminium-carbon (ca. 65 kcal/mole1
bonds. An interesting feature of the spectrum of (PhZC:NAlCIE)2 is
the absence of a peak due to the monomer [PhZC:NA1012]+. Weak peaks

due to monomers [thc:NAiR2]+ were detected in the mass spectra of
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TABLE 8.

Mass spectroscopic results for (Ph2C:NA1012)2

"o Relative intensity Assignment

554, 556, 558, 560, 562 47, 63, 31, 7, 0:6 Ph, (ON)_A1C1,

519, 521, 523, 525 7y 7y 2y 002 PhL}(CN)ZAlzcl3
477, 479, 481, 483, 485 75, 100, 50, 11, 1 13113(CN)2A1201L+
374, 376, 378, 380, 382 70, 93, 47, 10, 0.9 Ph,CNAL.C1,
339, 341, 343, 345 35, 35, 12, 1 ) PhZCNA12013
304, 306, 308 : Wy 10, 145 PhCNALCL,
2h2, 244 56, 19 . Ph,CNALC1

181 Ly Ph.CNH

180 100 Ph.CN

139, 11 100, 33 PhAlC1

104 47 PhCNH

103 (h PhCN

97, 99, 101 33, 22, 35 AIC1,

78 23 S PhH

77 ' 88 Ph

62, 64 8, 3 AlC1

Satellites observed beside all major peaks, and arising from the

presence of 130 isotopes are not listed.
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both (thc:NAlMeZ)2 and (Phac:NAlth)z. The presence of a peak due
to the ion PhGaMe’ in the spectrum of (Phac:NGaMea)a, resulting from
the transfer of a—phenyl group from carbon to gallium has already
been remarked upon.l One of the most intense peaks in the spectrum of
(Ph2C:NA1012)2 is that due to PhAIC1Y at /e = 139 (together with 3701
satellite at i41), which must result from the transfer of phenyl
groups from carbon to.aluminium. The aluminium dibromide derivative
decomposed so readily at the temperatures at which the spectra were

recorded, that no ions with higher values of T/e than 181 (due to

PhZCNH+) were observed.

Features of the infrared spectra of both derivatives have already
been remarked upon (p. 95). The frequency of the C=N stretching
vibration is shifted to lower values compared with those observed in
the organoaluminium derivatives (R20:NAlRé)2 as a consequence of the
relative electronegativity of the group attached to aluminium,

Of the two aluminium halide derivatives prepared only
(PhZC:NAlClz)2 was sufficiently soluble in inert solvents to record
a p.Mm.r. spectrum, The pattern of peaks arising from the aromatic
protons resembled that observed in the case of the organoaluminium
derivatives, viz. a broad peak, of relative inténsity 2 at 7 = 2+6 p.p.m.,
and a multiplet, of relative intensity 3, centred on T = 2495 PeD.m,
These chemical shift values did not differ significantly from the

values for the corresponding organoaluminium compounds, the absorptions

W gmt&éé““ e
i1 0CT 1968

BEQTION
LIBRRR‘(
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occurring once more at higher fields than the corresponding peaks
in the spectrum of diphenylketimine.

The resistance of aluminium nitrogen rings to cleavage by donor
species has previously been noted. No evidence of interaction with

trimethylamine has been observed in the case of (MeaNAlMez)a,25

169 or (MeZNAlClz)z,78 although similar aminoboranes which

(MeaNAlH2)3
can exist as an equilibrium mixture of monomer and associated species,
do form adducts with trimethylamine. The azomethine derivatives
described here are apparently equally resistant to attack by Lewis
bases. There was no evidence of interaction between pyridine and

(thc:NAlC12)2 until, at 1120, disproportionation occurred. Pyridine-

aluminium trichloride was obtained from the reaction, but the products
(PhEC:NAlCI2)2 + py. — (PhEC:N)aAlCl + py.AlCl3

were worked up in such a manner that the other material believed to
be present, bis-diphenylketiminoaluminium chloride, (Ph2C:N)2A101,
was not isolated.

Reaction of diphenylketiminolithium and aluminium chloride in the
molar ratio.. 3:1 in diethyl ether solution below room temperature
resulted in the formation of a dense yellow precipitate. The
product was separated from lithium chloride after removal of diethyl
ether under vacuum, by dissolving in hot toluene and filtering the

resultant solution. Tris-diphenylketiminoaluminium was obtained as
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a yellow powder by cooling this clear yellow solution, and as yellow
needles, (m.p. 204-6°) on recrystallisation from benzene. Cryoscopic
molecular weight measurements confirmed that it is essentially monomeric
.in benzene solution. Sterically crowded tris-amino derivatives of
aluminium, such as (PriaN)3A172 and [(MeBSi)aN]3A1,17O and even the
analogous chromium compounds (PriaN)BCr and [(MeBSi)2NJBCr171 are

also monomeric. Molecular models of the [(PhZC:N)BAlj2 system show
that it is Just possible to accommodate six ketimine gfoups about

an (AlN)2 ring, The resultant configuration prevents Al-N pn‘-pn'
stabilisation, however, and seriously restricts the freedom of
rotation of the phenyl groups. Three ketimine groups are more readily
arranged about a single aluminium atom in the monomer, but the bulky
phenyl groups shield the central metal atom so effectively that the

formation of a dimer [(Ph C:N)3Al]2 by interaction between two monomer

2

units is unlikely.

The infrared spectrum of the compound, recorded as a nujol mull,
revealed two peaks in the region where C:N stretching vibrations occur.
One, at 1686 e ! is at slightly higher wavelength than that (1667 o 1y
observed in the infrared spectrum of (Ph2C:N)3B’133 in which the B-N
bonds are assumed to have significant multiple bond character. The
position of the band in the spectrum of tris-diphenylketiminoaluminium
suggests that in this compound too there may be considerable metal-

nitrogen pn-pi overlap. The second band is at 1617 cm-1, in the
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region where bridging ketimine groups in dimeric azomethine
derivatives absorb. Since both bands were also present in the

infrared spectrum of a benzene solution of (Ph C:N)3Al, this lower

2
frequency band is likely to be due to a second terminal C:N stretching
mode (in so far as it is meaningful to discuss C:N rather than

C:NeM modes in these compounds) rather than to a bridging C:N
vibration. However, cryoscopic molecular weight measurements require
the use of relatively dilute solutionsg, and it is possible that
associated species are present, both in the crystal, and in the more
concentrated solutions used for infrared spectroscopy.

The p.m.r. spectrum of (Ph C:N)BAl consisted of a series of

2
peaks, centred on T values 2c65, 2-92 and 3o16 PePoellsy in the same
region as peaks due to the aromatic protons of other asomethine
derivatives, but too complex for systematic assignments.,

The mass spectrum was recorded, but at the temperature necessary
to record the spectrum (200°), breakdown was so complete that no peaks
with a greater value of "/e than 181 (corresponding to PhacNH+) were

observed. This was a common difficulty with compounds of high

molecular weight and low volatility.
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L

Reactions of azomethine derivatives of lithium with beryllium chloride.

Diphenylketiminolithium and di-p-tolylketiminolithium react with
beryilium chloride in 2:1 molar proportions, giving products
containing beryllium, and no chlorine, The product from the reaction
between (p—tolyl)ac:NLi and BeCl2 was characterised as bis(di-p-tolyl-
ketimino)beryllium, [(P—tolyl)zc:N]aBe. The similar compound
isolated from the reaction between‘Phac:NLi and BeCl2 was so insoluble
that it could be separated from lithium chloride only by prolonged
Soxhlet extraction with toluene, a process which resulted in so much
thermal decomposition that analytical data were inconclusive.

Bis-dimethylamino-beryllium [(Me2N)2Be]3 was isolated and shown

to be trimeric by Coates and Glockling. (2 173

Recent p.m.r. studies
suggested that it was trimeric, but not cyclic, as postulated by
Coates and Glockling., An X-ray crystallographic study174 confirmed

that the compound has structure XXXII, and measurements of the 13C-H

Me
N 2 Me2
/ \ L/N\‘
MeZN-Be Be\\N//,Be-NMe2
y Me2
€

XXXII
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spin-spin coupling constants suggest that there is a degree of

ﬁ bonding between the terminal nitrogen and beryllium atoms, In
view of these features of [(MeEN)2Be]3’ there is considerable interest
in the structure and degree of association of the bis-ketimino-
beryllium compounds. (Ph2C:N)2Be is less soluble than (Phac‘N)sAl’
which is monomeric, and considerably more soluble than Phac:NLi,

which is polymeric, so it seems likely that the beryllium compound

exists as oligomers. A trimeric structure, XXXIII, analogous to that

XXXIIT

of [Be(NMeZ)a]3 is possible, although p.m.r. evidence suggests that
the compound ﬁay be tetrameric in perdeuteriobenzene (see p.113).
Unfortunately the relative insolubility of both (PhEC:N)ZBe and
[(p—tolyl)zczN]zBe has frustrated attempts at quantitative molecular
welght determinations by cryoscopy on benzene solutions. It is

intended to undertake ebullioscopic molecular weight measurements
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in the near future.
The infrared spectra of both derivatives provide evidence of

Be-N © bonding (see Table 9), in that both contain two strong bands,

TABLE 9.

Infrared spectroscopic results for some azomethine derivatives.

Compound Vex * VosN !

cm= cm

(thc:N)BB 1667 -
(Ph2C :N) 2Be 1732 1627
PhZC:NLi _ - 1620
[(p—tol)EC:N]aBe 1731 1626
[Phac:NB012]2 - 1590
. [PhaC:NBeC:L]2 - 1608

All bands were strong absorptions, of approximately equal intensity.

™
v.., refers to the frequency of the stretching vibrations of the

CcX

terminal J C=N<=M groups.

! refers to the C:N stretching frequency of the bridging

Ve:N

ketimine groups.
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one in the region where bridging ketimine groups absorb, and one more
than 100 cm-1 higher in frequency. The infrared spectra of monomeric
azomethine derivatives R2C=N£BRé contain bands in the range 1786-1793
cm-1, which have been assigned to the C=N2B stretching vibration,144
and the high frequency band in the spectra of the beryllium compounds

is likely to be due to a similar C=N«=Be stretching vibration. The
difference of 50 cm-1 in the frequency of the absorptions of the boron
and beryllium compounds probably reflects the difference in the
substituents on the metal, as well as a difference in the metal-nitrogen
n bond orders due to orbital overlap considera£ions. The frequency of
the C=N=2B vibration in the infrared spectrum of (PhZC:N)EB is

1667 cm-1, 60 cn” | below the frequency of the corresponding band in
(thc:N)zBe. Although detailed conclusions cannot be drawn from

these values (since(Phac:N)BB is likely to be monomeric, and

(PhEC:N)zBe oligomeric) it seems probable that the metal-nitrogen n
bond order is higher in the case of the beryllium compound (in which
beryllium forms a n bond with only one. nitrogen atom) than for the
boron compound (in which three boron-nitrogen bonds probably have

some m character). The frequency of the C:N stretching vibration of
bridging ketimine groups of (R20:N)2Be lies in the same region as the
C:N stretch in polymeric Phac;NLi (in which all the ketimine groups

must be involved in bridging). Differences in mass of the groups
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attached to the azomethine carbon appear to have little effect on the
stretching frequencies of either terminal or bridging kétimine groups.
The values of v(C=N=2Be) and VesN appear virtually identical in the
spectra of both (Phac:N)aBe and [(p—tolyl)ac:NJZBe.

The p.m.r. spectrum of [(p—tolyl)ac:N]aBe was recorded in
perdeuteriobenzene solution, using tetramethylsilane as internal
reference standard, and consisted (Figure VI) of fogr peaks (a, by, ¢, d)
in the region associated with absorptions arising from aromatic protons,

and a singlet (e) at T = 7-91 p.p.m., arising from the methyl protons.

Relative Intensity :-

120 3:3: 6

TM.S.
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The p.m.r. spectra of the aromatic protons of p-substituted tolyl
derivatives CH_C H4X have been analysed, and chemical shift values

376
175,176

and spin-spin coupling constants reported. These spectra
consist essentially of two absorptions of equal intensity, arising
from the protons ortho- and meta- to the substituent X. The

separation of these absorptions depends on the nature of the

substituent, in a manner which is illustrated in Table 10.

TABLE 10,
e 176
P.M.R. data for p-tolyl derivatives CH306H4X'
Substituent values (p.p.m.) AT J
Protons o- Protons m- PePeM, C.D.S.

to CH_- to CH -

3 3
NH., 3415 3455 -0+40 8¢1
OMe 3.01 3.28 -0.27 83
Cl 2+98 2-84 014 8l
Br 3404 269 0453 841
I 315 2448 0.67 7+9
No, 277 1.91 - 086 85

Protons Ha and Hb couple strongly, as do Ha and HU in p-

disubstituted benzenes (see XXXIV), the spin-spin coupling constant J taking
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X
Ha Hd
B Hy
Y
XXXTV

values of 7-10 c.p.s. If the difference in the chemical shift values
of the ortho and meta proton peaks is small, splitting due to
spin-spin céupling can result in considerable overlap of peaks.

Further splitting due to the much weaker coupling of Ha with Hd,and

Hb with HB (and even of Ha with HU and Hb with Hé) is measurable only

at high resolution. In the spectrum of [(P—tolyl)aczN]aBe, (Figure VI),
peaks a and b are one third the intensity of peaks ¢ and d. Since
absorptions due to ortho and'meta protons must necessarily be of equal
intensity, peaks a and b are assigned to the aromatic protons of one
type of ketimine group, and peaks c¢c and 4 to the corresponding protons
of ketimine groups in a different environment. This assignment is
confirmed by the large separation of 0.9 p.p.m. between peaks a and c,
and between peaks b and d, much greatef than would be expected for
simple ortho-meta differentiation.175’176 Each of the low-field

peaks, a, by ¢ and d is further split, because of the spin-spin coupling

mentioned above. The separation between the two components of each
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peak is less than 2 c.p.s., in contrast with an expected value for
the ortho-meta spin-spin coupling constant of 7-10 c.p.s.176
Consequently straightforward assignment of peaks a and ¢ to ortho

protons, and peaks b and d to meta protons (Figure VII) is unlikely

to be correct.

° m o m
)
J=2¢jp.s. Jz2cp.s.
a b c d
FIG Vil

A more probable explanation is represented in Figure VIII, Differences

om om

J=g¢ Ps J-ac_p's.

Fi1G. Vil

in the chemical shift values of protons on the same aromatic nucleus
are postulated as small, and a spin-spin coupling constant of 7-10 c.p.s.

results in overlap of the signals. Each absorptioh a, by c and d
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therefore consists of one peak due to ortho, and one peak due to meta
protons, In view of the difference in the environments of the two
types of ketimine groups as evidenced by the chemical shift differences
between peaks a and c, and between peaks b and d, it is surprising
that the two types of methyl groups are not differentiatéd.

The ratio of the intensities of the bands are (a+b):(c+d):e =
1:3:3, thch is consistent with a tetrameric structure XXXV for these
derivatives., This is likely to be as crowded as tris-diphenyl-

ketiminoaluminium dimer, [(PhZC:N)EAlJZ’ discounted on steric grounds.

R R
2 2
Foon
N ¢
R c=N$B$/ Be <N>Bé/ Be:<N=CR,
2 N \\\
4
i R c
Ry R
XXXV

Since the spectrum of the beryllium compound was recorded using a very
dilute solution at such high field strength that the presence of benzene
(an isotopic impurity in the C6D6 solvent) was revealed by a peak among

those due to the aromitic protons of the sample, these relative intensity
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measurements may not be reliable, and a less crowded dimeric or
trimeric structure is also possible.

The mass spectra of both (Phac:N)aBe and [(p—tolyl)ac:N]aBe were
recorded, but no peaks at higher values of m/e than those corresponding

to the fragments R2CNH+ were observed.
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-Reactions of N-trimethylsilylketimines with aluminium and beryllium

chlorides.

Trimethylsilylketimines react with metal halides in a similar
fashion to ketiminolithium derivatives. The reactions differ in fhat
the silicon compound produces volatile trimethylchlorsilane as the
by-product, so that in principle this reaction offers a better
synthetic route to the relatively insoluble azomethine derivatives.
Accordingly the reaction of Ph2C:NSiMe3 with aluminium chloride in
5:1 molar proportions, and with beryllium chloride in 2:1 molar
proportions was investigated. In both cases onl& one chlorine was
displaced, even overnight in refluxing toluene, and (PhEC:NAlClB)2
and (PhZC:NBeCD2 respectively were isolated. The aluminium
compound has already been described (p. 98) and no further discussion
is necessary. The beryllium compound is dimeric in benzene solution.
The frequency of the C:N stretching vibration is included in Table 9,

and is in the region typical of VoiN for bridging ketimine groups,
although higher than the corresponding absorption in the spectrum of

L

[PhZC:NBClz:lz.1 This shift in frequencies is not unexpected in
view of the increase in the number of electron-withdrawing substituents

from beryllium to boron.
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Reactions of Organolithium compounds with nitriles.

The difficulties encountered during attempts to make dialkyl-
ketimines by reaction of Grignard reagents or organoaluminium
compounds with nitriles have been described previously (p. 78). The
following pages describe attempts to prepare azomethine derivatives of
lithium, RR'C:NLi (R,R' = alkyl) which, by'reaction with halides of
less electrbpositive métals, would afford a route to dialkylketimino
derivatives of a wide range of elements. Diphenylketiminolithium,
PhZC:NLi has been prepargd both by the addition of phenyl-lithium across

135

and by the reaction of diphenylketimine with organo-

133

benzonitrile,

lithium compounds, a route which is in principle applicable to all

known ketimines, and has recently been used to prepare several aromatic

134 PhCMe:NLi has been obtained

133

azomethine derivatives of lithium.
in low yield by'addition of methyl-lithium across benzonitrile, and
by addition of phenyl-lithium across acetonitrile.135 The low yields
are probably due in part to the simultaneous formation of the phenyl
cyanide trimer, 2,4,6-triphenyltriazine, which is known to be formed
by the action of organolithium compounds on an excess of phenyl

cyanide177 in a reaction believed to proceed by successive insertions

of phenyl cyanide into azomethine derivatives of lithium, Similar

ri 2N, pepcanpa 22O, R(PhCN)zLi ERCN, R(PhCN)BLi ete.

insertions of PhC:N into alkyl derivatives of zinc are also

14

believed to occur. 3 Chan and Rochow published p.m.r. evidence
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which suggests that the trimethylsilyl derivative PhCMe:NSiMe3 exists

as an equilibrium mixture of the tautomers XXXVI,135 and in principle

Ph\ Ph
N
C=NSiMe., €——) C-NHSiM
CH/' g 7/ R
3 CH,
XXXVIa , XXXVIb

similar tautomerism is possible in alkyl substituted azomethine
derivatives of lithium. t-Butyl cyanide, surprisingly, does not
react with methyl- or ethyl-lithium at or below room temperature.133
The reasons for this may lie in the bulk of the t-butyl group.
Reaction did occur when methyl or ethyl cyanide was treated with
methyl-= or ethyl-lithium in ether (the reactants being taken in all
four possible combinations in equimolar proportions), but the products
were insoluble, involatile and seemingly polymeric materials resulting

from elimination of alkane by acid reaction of the a~hydrogen atoms

of the cyanides:

RCHZCN + R'Li — (RCHCNLi)n + R'H

R=H or Me R' = Me or Et

The composition of the products of these reactions was, however,

more complex than is implied by the formula (RCHCNLi)n. ‘The amount
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of alkane evolved was less than required by this equation, although
hydrolysis of the residue produced no further alkane. Rearrangement
generating groups RCHECR':N- seemingly accounted for little of the
remaining alkyl R', as oﬁly traces of 2,4-dinitrophenylhydrazones

could be obtained from samples of hydrolysates of two of the polymers,
and their infrared spectravhad only weak absorptions (if any) in the
region 1590-1680 in which v(C=N) would be expected, Elemental
analysis of the product from methyl cyanide and methyl-lithium, however,
showed the nitrogen:lithium ratio to be ca. 1.2:1.0, as if some
insertion of nitrile into lithium-nitrogeﬁ links had also occurred,

and the C, H, Li and N analytical figures totalled only 88.4%. The
analytical figures varied slightly from one experiment to another,

as if variable amounts of ether were incorporated in the polymers,

a conclusion supported by the recovery of small quantities of ether
when samples of the polymers were heated under vacuum. The most
significant features of‘the infrared spectra of the polymers were the
strong absorptions in the region 2000-2200 cm-1, at lower frequencies
than v(CEN) of the parent cyanides. Absorptions in this region are
taken as indicative of the presence of groups »C=C=N-, formed by acid
reaction of a nitrile in a ketenimine form. Accordinglyz the polymers
are probably best formulated empirically as (RCHCNLi)x (RCH2CN)y (Et20)z.

Dimethylcyanamide, MezNCEN, also reacted as a protonic acid towards
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methyl-lithium, and indeed towards trimethylaluminium (see p.128),

eliminating 0-89 mole methane per mole of methyl-lithium. >3

MeNON + Meli ——> LiCHN(Me)ON + Meg!

The product, a colourless insoluble amorphous solid which reacted
violently with water, gave dimethylcyanamide when a fresh sample was
treated cautiously with methanol., Like the products of the RCN/R'Li
reactions, bands in its infrared spectrum occurred between 2000.and
2200 cm-1, but not between 1580 and 1800 cm-1, so that the presence of
amidino groups MeC(NMeZ):NLi, which would have resulted from addition
of the alkyl-lithium acfoss the nitrile group, can be ruled out. The
origin of the bands near 2100 cm-1 is not understood, as units N=C=N
can be formed only by drastic rearrangement in this system. The
continuous absorption below about 600 cm_1 in the infrared spectrum is
consistent with a polymeric structure based on a complex skeleton.
Similar acidic behaviour of nitriles was observed when trimethyl-
amine-dichloroalane reacted with acetonitrile during an attempt to
isolate MeCH:NAlClz. The infrared spectrum of the white, involatile
and seemingly polymeric product was recorded, and gave no evidence of

the presence of any imino species, nor was acetaldehyde produced on

hydrolysis.
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Reactions of N,N-dimethylcyanamide and N,N,N',N'-tetramethylguanidine

with organoaluminium compounds.

Azomethine derivatives RCX:N.MR'n, (where X is some functional
group) containing donor sites in addition to the imino nitrogen atom
which is bonded to the metal, provide further chemical and structural
interest, in that interaction with acceptor species is possible if
their structures resemble those of aldimine and ketimine derivatives,
while it is also possible for these comeunds to form structures
totallyAdifferent from the ketimine structures described above.
Azomethine derivatives with a free donor site in the amino nitrogen,
for example, might be formed by reaction of amidines, R2NCR':NH,

and aluminium alkyls RUA1,

3

1, 1 1. " "
RZNCR :NH + RBAl . —> RENCR .NAlR2 + R'H

Similar derivatives are accessible by the insertion reactions of

dimethylcyanamide, Me NC:N, with organoaluminium compounds, as

2

described in the following pages.
N,N,N',N'=Tetramethylguanidine, (MeZN)2C:NH’ like diphenylketimine,

reacts with organolithium compounds, with evolution of alkane,

producing the azomethine derivative [(MeZN)ZC;_NLijz.133

. : 1 «NT.3
(MeaN)ac.NH + .RLl — gf(MeEN)zc.NLl]z + BRHA
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The analogous reaction with trimethylaluminium was investigated in
order to isolate and examine an azomethine derivative of aluminium
which has three potential donor sites.

Dimethylcyanamide reacts with trimethylaluminium below room
temperature, forming a 1:1 solid adduct, MeaNCEN,AlMeB, MePe 40-410,
which is soluble in aromatic hydrocarbon solvents., A similar
reaction with triethylaluminium produces the liquid adduct
Me2NC?N,AlEt3.

and co~ordination through either the amino or the cyanide nitrogen is

The parent cyanamide has two potential donor sites,

possible. A chelated structure resulting from co-ordination through
both nitrogen atoms cannot be formed because of the linearity of
the 7N-C=N skeleton. Interaction between neighbouring molecules in
the crystal may occur, resulting in a five-co-ordinate environment
for aluminium, XXXVII, but the adduct is unassociated in benzene at 0+1M,
the concentration used for cryoscopic measurements.
MezN;C=N - ?lMe3
MeaN-C‘fN —> 11‘1.1Me3
XXXVIT

Trimethylaluminium also forms a solid 1:1 adduct, (MeaN)zc:NH,AlMe3

with tetramethylguanidine below room temperature. No comparable
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co-ordination complex was isolated in the methyl-1lithium-
tetramethylguanidine system. The adduct melts at 44° without
decomposition, and loses methane only on heating above 1000. It
is very sensitive to attack by oxygen and water, decomposing
immediately on exposure to the atmosphere.

Any of the three potential donor sites of tetramethylguanidine
could in principle be involved in co-ordination to aluminium in the

adduct, giving rise tc the monodentate structures XXXVIII or XXXIX.

MeBA"l\ 2\ /
i o i

Me // \\}I 3
2

XXXVIIT XXXIX

Unlike the corresponding dimethylcyanamide adducts MeaNCN,AlRB,
chelated structures XL or XLI, involving five-co-ordinate aluminium,

are also possible, £hough likely to be strained.

M Aﬁ(/N\i\C*N MezN\\\CzN///H
EANVARN /f

XL XLI
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Related carbonyl donors, N,N,-dimethylformamide,qo and N,N,N',N'-

178 :
/ both co-ordinate through oxygen rather than

tetramethylurea,
through nitrogen, so it is probable that tetramethylguanidine
co~-ordinates through the azomethine nitrogen.

The infrared spectrum of (MeZN)2C:NH,AlMe was recorded to help

3
resolve the problem of its structure. The frequency of the C:N
stretching vibration (1612 cm_1) was higher by 16 cn | for the adduct
than for tetramethylguanidine itself, which suggests that the

azomethine nitrogen rather than the amino nitrogen is the donor atom
since co-ordination through the amino atom would have comparatively little

influence on v Co-ordination throﬁgh the azomethine nitrogen of

C:N*
diphenylketimine raises the frequency of the corresponding band in its
infrared spectrum by up to 25 cn” ! (in its adduct with BF3149),

although co-ordination to weaker acceptors has much less effect upon

this vibration (see p. 82).

Salient features of the infrared spectra of the dimethylcyanamide
adducts are collected in Table 11, together with similar data for other
nitrile adducts of trimethyl- and triethylaluminium.

In the spectra of both Me2NC:N.AlMe3 and MeaNC:N.AlEtB, Vo:y 18
higher than the corresponding band for the parent nitrile. Similar

A . Lo 31433,47,48,4
frequency shifts are usual for co-ordination complexes of nitriles,

and the observed data are thus consistent with co-ordination through

the cyanide group, although the frequenc& shifts in the spectra of both
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TABLE 11.

Infrared Spectra of Nitrile adducts.

Compound : v CiN Av
Cm-1 —
PhCN 2230 -
x
PhCN-AlMeB 2273 L3
. PhCN-’AlEtB 2270 4o
MeCN 225% -
*®
MeCN-AlMeB 2296 43
MeCN-AAlEtB 2290 37
t
Bu CN 2235 -
t *’
Bu CN-AlMeB 2282 L7
ButCN-AlEt3 . 2282 47
Me ,NCN 2208 -
*
MeZNCN-AlMe3 2257 - 49
MezNCN-‘AJEt3 ) 2268 60
Data for PhCM, MeCN and ButCN adducts from reference 31.
* Nujol mull. A1l other samples in the form of contact films.
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MeZNCEN.AlMeB, and especially Me2NCEN.AlEt3

alkylaluminium adducts of alkyl- or phenyl cyanides. P.m.r.

appear greater than for the

spectroscopic results for the adducts are presented in Table 12.

TABLE 12

P.m.r. spectroscopic results for the adducts

Me2NCN,AlR3 and (MeZN)ZC:NH,AlMeB.
Compound T values (p.p.m.)
=NH ~Ite ~A1R

Me 2NCN - 7o 4és -

Me NCN, AlMe - 7;92s(2) 10+3,5(3)
MeENCN,AlEt3 ‘ - 7.62s(2) 8-75t(3), 10-0,(2)
(Me V) ,C:1H 45735(1) 7;365(12) | -
,(Me2N)ZC:NH,AlMe3 5;585(1) 7-698(12) 10+ 4,5(9)

s = singlet, t = triplet, q = quartet; relative intensities

in parentheses.

Samples were in the form of 20% solutions in benzene.

TMeASi = 10:05 p.p.m.
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The peaks due to the N-attached methyl protons are all shifted to
high field upon co-ordination. This may well reflect interaction
between the amino nitrogens and aluminium atoms in dimeric species.
Although the dimethylcyanamide adducts were both monomeric at the
concentrations used for cryoscopic molecular weight measurements,
association to give such structures as XLII may well occur in the

more concentrated solutions used for recording p.m.r. spectra.

Me2N--CEEN-)AlMe3
L1

MeBAlé— N= C—-\Me >

XLII

In the spectrum of (MeZN)zc:NH,AlMeB, the chemical shift of the proton
is most markedly affected by adduct formation, suggesting that it is
primarily the azomethine nitrogen that is bonded to aluminium.
However, the molecular weight of the adduct, measured by cryoscopy in
benzene solution, corresponded to a degree of association of 1¢3-1.5,
the value increasing with the concentration of the solution used.
These results certainly suggest that the amino nitrogens can take part
in the formation of dimers such as XLIII, involving five-co-ordinate

aluminium, or even XLIV, involving six-co-ordinate aluminium.
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Trimethylaluminium forms a 2:1 co-ordination complex,

MeBAl'NMe202H4NM82'AlMe3’ with tetramethylethylenediamine.179 The

above evidence for interaction between free donor sites of one molecule,
and an acceptor atom of a neighbouring molecule suggested that
dimethylcyanamide or tetramethylguanidine might also form a 1:2 adduct

y Or (MezN)EC:NH.2A1Me

Me2NCN.2AlMe » with trimethylaluminium.

3 3
Accordingly, the components were mixed in the appropriate ratio at

low temperature, and allowed to react. The products were collected
én a filter, lest removal of solvent under vacuum caused dissociation
of any weak adduct present, but no evidence for co-ordination of more
than one mole of trimethylaluminium per mole of dimethylcyanamide or

teframethylguanidine was observed, and in each case, the excess of

trimethylaluminium was recovered unchanged.
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When the adduct MeZNC.‘N,AlMe3 was heated to 1150, very extensive
thermai decomposition occurred, as evidenced by the isolation of
ethylene and hydrogen from the gaseous products of the reaction.
Rather more than one mole of methane per mole of adduct was produced,
tégether with dimethylamine. Some of this reacted with trimethyl-
aluminium, either freed by dissociation of the adduct, or possibly
still cQ-ordinated, forming dimethylamino(dimethylaluminium)dimer,
(MeaNAlMeZ)a, the only solid material which could be isolated from the
reaction mixture and characterised., Methyl-lithium reacts with
dimethylcyanamide (see p.118-119) under much milder conditions,

eliminating methane in nearly the proportion required by the equation:-

MeZNCN + Meli —— LiCHZNMeCN + MeH 135

The produéts of both these reactions were insocluble amorphous solids
which reacted vioclently with water and regenerated dimethylcyanamide
cn cautious hydrolysis with methanol. The infrared spectrum of the
product of decomposition of MeaNC:'N,AlMe3 differed from that of the
lithio compound in having a strong band at 1550 cm—1, characteristic
of an amiaino link. This suggests that dimethylcyanamide undergoes
insertion reactions with organocaluminium compounds, as well as behaving

as a protonic acid,.

MeZNCEN + MeBAl —_ MeaNCMe:NAlMe2
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The adduct Me2NCN,AlEt3 underwent less drastic thermal decomposition
on heating to 1150, leaving the dimeric N-diethylaluminium-N',N'-
dimethylformamidine, (MeaNCH:NAlEtZ)z, identified by comparison-of
its infrared spectrum with that of an authentic sample prepared by

reaction of dimethylcyanamide with diethylaluminium hydride (see below).

Me NCN = : )
e NC ,AlEt3 —_— Z(MeZNCH NAlEt2)2 + G,

The product was a viscous liquid, because of contamination by
unchanged adduct. - Vacuum distillation yielded a similar liquid which,
on spectroscopic examination proved still to contain some of the adduct,
which was evidently capable of distilling unchanged.

Nitriles insert much more readily into Al-H bonds than into Al-C
bonds. » Adducts RCN,RéAlH could not be isolated even below room
temperatures when cyanides were mixed with alkylaluminium hydrides ,
while the trialkylaluminium.adducts RCN,AlRé rearranged only on
heating above 1100.31’33 pimethylcyanamidé similarly reacted with
dimethyl~ and diethylaluminium hydrides below room temperature,
giving crystalline products (MezNCH:NAlRZ)2 (R = Me, Et) which were
soluble in hydrocarbon solvénts, and proved by cryoscopy in benzene to

be dimeric.

When (MezN)ZC:NH.AlMe in a sealed evacuated tube was immersed in

3

an oil bath at 180o for ten minutes, one mole of methane per mole of

adduct was produced, together with traces of dimethylamine, and
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N-dimethylaluminium=-N',N',N",N"-tetramethylguanidine, [(MeaN)EC:NAlMee]n,
could be recovered from the solid residue by recrystallisation from
toluene. If the adduct was heated at lower temperatures than 1800,
incomplete elimination of methane resulted, Heating at temperatures
above 100° for prolonged periods resulted in the formation of much
more dimethylamine, and the contamination of the product by
uncharacterised resinous materials.

The tetramethylguanidine derivative [(MezN)ZC:NAlMez]n was
insufficiently soluble for cryoscopic molecular weight determinations,
itself an indication that it is associated. N-lithio=tetramethyl-

133

guanidine, [(MeZN)ZC:NLi]2 is dimeric in benzene, presumably with

structure XLV or XLVI. It was not possible to distinguish between

2

N:::C/// Me N-C
N

Me2N Ii NMe MeoN—> Li—N
\\\C-——N//' \\\ /;;
SN\

e2N - Li

NMe N—— Lie«—NMe

M 2 2

pan XLvI

the two possibilities with certainty; p.m.r. spectroscopic evidence
favoured XLV, although structure XLVI permits linear co-ordination
at lithium, presumably most likely in a two-co-ordinate situation.
The dialkylaluminium~dimethylformamidines, (MeENCH:NAlRa)2 are

also dimeric., Corresponding structures XLVII or XLVIII are possible
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for these compounds.

2
Me .N Al Me>N—CH
2 2
NN\ P
/// \\\ z// \\\ L AlR
H Al e, N\ 2
RZ HC—NMe
XLVII XLVIII

If the tetramethylguanidine derivative [(MeEN)2C:NAlMe2]n is also
dimeric, it is likely to adopt the similar alternative four- or

gight-membered ring systems XLIX or L.

Me2 ///NMeZ

Me .N—C

NSNS A
/// \\\\u// \\\ L LlMe

Me N N A
2 Me 2 \\C——-NMe
o M, P 2

XLIX L

Spectroscopic evidence of structures analogous to XLVIIT and L,
in dialkylaluminium complexes with bidentate ligands having hydroxyl
and amino functional groups has recently been published.180

The infrared spectra of these azomethine derivatives were recorded,

and their C:N stretching frequencies are compared in Table 13.
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TABLE 13.
Infrared spectroscopic data for some tetramethylguanidine

and dimethylcyanamide derivatives.

Compound VN
-1
cm
( »

MezN) ZC.NH 1596
[(MeZN)ZC:NAlMea_']n 1618
[ (MeaN) 20:NL1] 5 1632
(Me 2NcH : NA1Me 5 ) 5 1623
(Me 2NCH: NA1Et 5 ) 5 1626

*
liquid film. A1 other samples in the form of nujol mulls.

' In all cases this band is at higher frequency than in tetramethyl-
guanidine. Diphenylketimine derivatives, (PhEC:NMRa)2 also showed
an increase in vC:N over the parent imine, so that these data are
consistent with the four-membered ring configuration, but an eight-

membered ring structure could equally well give rise to absorptions in

the same region.
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[(MeaN)EC:NAlMezjn was not sufficiently soluble to record its
p.m.r. épectrum. P.m.r. spectroscopic data for the dimethylcyanamide
derivatives are summarised in Table 1. Neither of the alternative

structures XLVII or XLVIII can be excluded on the basis of these results.

TABLE 14,

P.m.r. spectroscopic results for the dimethylcyanamide

derivatives, (MeaNCH:NAlRZ)z.

Compound T values (p.p.m.)
NMe2 CH A1R2
MezNCN : 7'428 - -
(e NCH:NALNe ), 7+4-B+1n(6) . 103,5(6)
(Ve NCH: NALEY,,) 76,5(6)  hOm(1)  8ut(6), 9-5.a(h)

Peak not observed.
s = singlet, t = triplet, g = quartet, m = multiplet;
relative intensities in parentheses.

Samples in the form of 20% solutions in benzene.

The, 1 T 1004 p-p.m.
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P.m.r. spectra of dimethylaluminium derivatives of aldimines,
(3CH:NAlMe2)2 show evidence of cis-trans isomerism, in that the peak
arising from the aluminium-attached methyl groups is split, the cis
compound giving rise to two peaks of equal intensity, and the trans
compound to a third singlet.31 No evidence of such isomerism was
given by the spectrum of (MeZNCH:NAlMea)z. The multiplicity of the
absorption due to the N-attached methyl protons of the dimethylaluminium
compound is surprising, as is the broadness of the same peak, and the
complexity of the peak arising from the azomethine proton (—CE:N) in

the spectrum of (MeBNCH:NAlEt2)2. Long rénge spin-spin coﬁpling
between the N-attached methyl groups and the azomethine proton could

in part explain this multiplicity and the abseﬁce (through broadening)
of a band due to the azomethine proton in (MeZNCH:NAlMea)Z, but no

such coupling between methyl groups and the corresponding proton is
observed in the p.m.r. spectrum of N,N-dimethylformamide.

The Dailey Schoolery rule181 relates the difference in chemical
shifts of peaks due to methyl and methylene protons of ethyl derivatives
EtZ to the electron withdrawing power (electronegativity) of the
substituent Z, Applying this rule to the 1H n.m.r. spectra of the
halides (EtZAlX)Z’ Wallbridge and Smith152 showéd that the
electronegativity of aluminium increases in the series
(EtaAlI)2 < (EtaAlBr)2 < (EtEAlCl)2 < (EtzAlF)q. Comparison of

Wallbridge's results with similar data for a series of azomethine
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derivatives of aluminium (Table 15) suggests that the electron
withdrawal power of aluminium in the azomethine derivatives is comparable
with that of aluminium in (Et2AlF)4' The high degree of association

of (EtzAlF)u compared with (EtZAlCl)2 may have some influence on the

TABLE 15.
Compound ACHB-ACH2 Electr;negativity
AL-X
CePeSe
(EtzAlI)Z 35e4 _ 253
(Bt A1Br) 4540 2:75
(Bt 101) 50-4 2.88
(Bt A1F), 61.8 3.1k
(Bt,ALN:CHBu ) 61.8 3.1k
(Et ALN:CHFh)., ~60 ~3.1
(Et,ALN:CPh,) 66-0 ' 3224
(Bt ALN:CHIMe ) 66+6 3.25
Xpp_x = 0:02315 (Bog “Aoy )+ 171

3 2
apparent electronegativity of the }Al-F group, but the results obtained

are in general agreement with the relative electronegativities of

nitrogen and the halogens.
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