AR
W Durham

University
Durham E-Theses

Reactions of some unsaturated compounds with
organic and hydride derivatives of group 111 elements

J. R. Jenning

How to cite:

Jenning, J. R. (1966) Reactions of some unsaturated compounds with organic and hydride derivatives
of group III elements. Doctoral thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/8736/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/8736/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

REACTIONS OF SOME
UNSATURATED COMPOUNDS WITH ORGANIC AND
HYDRIDE DERIVATIVES
OF

GROUP IIT ELEMENTS

by

J. R. JENNINGS

A thesis submitted for the Degree of Doctor of Philosophy
University of Durham

June 1966

[N

u URIY, .
‘\\‘“au\ennz e TN

20 OCT 1966

1.}
uﬁﬁ&a




CONTENTS

Acknowledgements - - (1)
Memorandum (ii)
Summary (iii)
Page
INTRODUCTION 1

Reactions of boron compounds with unsaturated compounds

Hydroboration 5
Organoboration 7
Chloroboration 8

Reactions of aluminium compounds with unsaturated compounds

Aluminium hydride and its derivatives 9

Aluminium alkyls ' 11

Reactions of other Group III compounds with unsaturated

comEounds 14

EXPERIMENTAL

Experimental methods and techniques 15
Analytical methods
Preparation of starting materials
\ Dimethylmercury
Trimethylgallium
Triethylgallium

Dimethylaluminium hydride




Diborane
Dimethylamine
Dimethylaminoborane
Methyl-lithium
Trimethylthallium
Trimethylboron
Gallium chloride
Acetoxime

EXPERIMENTAL RESULTS

Hydroboration reactions of methylcyanide

Reaction of methyl cyanide with:-
Diborane
N-triethylborazine
Trimethylamineborane
Dimethylaminoborane
Dichloroborane

Monochloroborane

Reactions of organoaluminium compounds with cyanides
Reaction of fertiary butyl cyanide with:-
Trimethylaluminium
Triethylaluminium

Triphenylaluminium-diethyl ether complex

26

28

28

29

30

30

31

32

34

39

40

41

41

42

43

i

44



Diméthylaluminium chloride 45

Dimethylaluminium hydride 46
Reaction of dimethylaluminium hydride with:-

Hydrogen cyanide 46

Methyl cyanide 47

Reactions of organogallium compounds with cyanides

Reaction of trimethylgallium with:-

Methyl cyanide 48
Phenyl cyanide 48
t-Butyl cyanide 49
Trichloro-acetonitrile 50

Reaction of triethylgallium with:-

t-Butyl cyanide 50
Phenyl cyanide 51
Methyl cyanide 52

Reaction of trimethylgallium with:-

Benzophenone 52
Ethyl isocyanate 53
Diphenyl ketimine 54
Reaction of diphenylketimine with triethylgallium 54

Reactions of organometallic compounds with Acetoxime

Reaction of acetoxime with:-

Trimethylboron




Diborane

Trimethylaluminium

Trimethylgallium

Trimethylindium

Trimethylthallium

Methyl-lithium
DISCUSSION

Hydroboration reactions of methyl cyanide

Reaction of methyl cyanide with diborane
Reaction of methyl cyanide with chloroboranes

Reactions of organoaluminium compounds with aliphatic

cyanides
Alkyl cyanide adducts
Rearrangement reactions

Reaction of organogallium compounds with cyanides

Trialkylgallium-cyanide adducts
_ Thermal decomposition reactions
Reactions of organogallium compounds with:-
Benzpphenone
Ethyl isocyanate

Diphenyl ketimine

55

56

57

58

58

59

60

64

77

79

80

85

101

102

104

110

110

110



Reactions of organometallic compounds with acetoxime

n.m.r. spectra
Infrared spectra.i
Mass spectra

AEEendix

References

114

118

119

123

125

131



(1)

ACKNOWLEDGEMENTS

The author wishes to express his sincere thanks to his
supervisor, Dr. K. Wade for his invaluable help and constant
encouragement throughout the course of this work. Thanks are
also due to Dr. M. Weston for his help with computer programming.

The author is grateful to the Senate of Durham University
for the provision of laboratory facilities, and to the Science

Research Council for a maintenance grant.




(ii)

MEMORANDUM

The work included in this thesis was carried out at the
Science Laboratories of the University of Durham between September
1963 and May 1966, and has not been submitted for any other degree.
Part of this work has already been the subject of a publication in
the Journal of the Chemical Society. All the work described is the

original work of the author, except that acknowledged by reference.




(iii)

SUMMARY

ﬁydroboration reactions of methyl cyanide have been studied. The
reaction of diborane with methyl cyanide proved a convenient preparative
route to N-triethylborazine, Et3N3B3H3, and in this reaction, small
quantities of N-diethylaminodiborane are formed. Reactions between
mixed chloroboranes, HBCl2 and HZBCI, and methyl cyanide proceed via a
disproportionation into methyl cyanide-boron trichloride adduct, MeCNBC13,
and a mixture of partially chlorinated N-triethyl borazines Et3N3B3Hn013_n.

Adducts ButCN,AlRé (R' = Me, Et, or Ph), Bu'CN,AlMe Cl, have been
prepared and their rearrangement at 150-240° to the dimeric alkylideneamino

derivatives (RR'C:NAlRé studied. Dimethylaluminium hydride with ButCN

)2
gives (ButCH:NA_lMeZ)2 directly. The electronic and steric factors that
appear to influence these rearrangements and the reactivity of the product
are noted, and interpreted in terms of possible mechanisms. Features of

the infrared spectra of these compounds are discussed, and the proton nuclear

magnetic resonance spectra of many of the alkylidene amino-compounds are

interpreted as evidence for trans-structures.

3

prepared and their thermal decomposition reactions studied. Methyl 'migration'

Adducts RCN,GaR! (R = Me,Ph and But, R' = Me and Et) have been

was not observed, and the only rearrangement reactions to go involved the
evolution of ethylene with subsequent migration of hydrogen from the

triethylgallium adducts. Features of the infrared and nuclear magnetic

resonance spectraare discussed.
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Acetoxime reacts at ca. 100° with trimethylborane to form methane
and the isopropylideneaminoxy derivative (MeZC:NOBMez)2 which apparently
exists as dimeric units in the crystal phase, is partly associated in
solution, and as a monomer in the gas phase. Trimethyl-aluminium,
—gallium, and -indium react with acetoxime at -78 to form related
compounds (MezC:NOMMez)2 (M = Al,Ga, or In), considered to be dimeric
in the gas,solution and crystal phases. _Trimethylthallium at room
temperature gives the formally analogous (MezTION:CMez) for which
spectroscopic evidence indicates possibly a different structure.
Assignments are suggested for characteristic bands in the infrared
specfra of these compounds, and their proton magnetic resonance spectra,
which show an unusual solvent effect are recorded. The mass spectra of
the boron and aluminium compounds are consistent with the proposed

structures.




Introduction
In recent years, many workers have been investigating the addition
reaction whereby a dipolar group M-X adds across a multiple bond A=B.

o+ o o ot
i.e. M-X + A=B ——> M-A-B-X.

One of the first reactions of this type to be discovered was that of
diethylzinc with acetaldehyde1 by Wagner in 1876, and more recently, in
1900, Victor Grignard2 published the first description of some of the
properties and reactions of ethereal solutions of alkyl or aryl magnesium
halides, (later to be known as Grignard reagents), with multiply bonded
functional groups. Since then it has been found that M can be almost any
relatively electropositive element and X can be almost any compardtively
electronegative element or group. Reactions of this type have proved very
useful in synthesis, and examples may be drawn from the reactions of

"Grignard reagents3, to form alcohols from aldehydes and ketones,

B -
Me Me
RCHO + MeMgX ——>  [R-C-OMgX| —2%> R-C-OH
H n H
i i
Me Me
' H,0 |
RR'CO + MeMgX ——> R'CI'OMgX —2 5  R-C-0H
R' _J n R'
ketones from nitriles,
R /ng R
H.0 \\
R-CN + MeMgX —> >C=N 2, /c=o
Me n Me
‘K‘\‘\?mg: u' :V E,"/',
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and carboxylic acids by carbonation.

[ OMgi. OH
002 + MeMgX ——> Me—C\ H—zo) Me-C/
\\O n Q\\\.\\O
- A

The literature on this subject is vast and is best summarised in
tabular form (See tables I to IV). These collect together information
availaBle on reactivities of a range of derivatives M-X of elements of
groups 2,3 and 4 of the periodic table towards unsaturated systems.

. 8ince reactivities of unsaturated groups towards a particular group
MX increases in the sequence
RCEN < R,CO < RNCO
Groups MX themselves can be classified according to their reactivities
as follows:

A  Very reactive - Reacts with cyanides and olefins, etc.

B Moderately reactive - Reacts with ketones, etc.

C Slightly reactive - Reacts only with very reactive groups such

as isocyanate and other A=B=C systems.

D Does not show any addition reactions.

"2" denotes that the work has not been dong, and other figures are
reference numbers.

Too much reliance should not be placed on the relative reactivities of
the group M-X because particularly in the cases where X is OR, SR, NRZ’ the

full range of unsaturated groups A=B, from cyanide to isocyanate, has not

been fully studied.
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Table I
M = Beryllium Magnesium Calcium

H A4 A6 ?
Alkyl A5 A3 ?
Aryll 2 A3 B 8
Amino ? A7 ?
Alkoxy - ? ? ?
Thioalkoxy ? ? ?
Phosphino ? ? ?

Table IT

M = Zinc Cadmium Mercury

H
Alkyl
Aryl
Amino'
Alkoxy‘
Thioalkoxy
Phosphino
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Table III
M = Boron Aluminium Gallium
H A9 A 14 A 17
Alkyl c 10 ' A 15 B 17 -
Aryl c 11 A 16 ?
Amino C 12. ? ?
Alkoxy Cc 12 ? ?
Thioalkoxy c 13 ? ?
Phosphino ? ? ?
Table IV"
eq s . . 25
Silicon Germanium Tin
" " A 53 B 19 B 21
Alkyl D D D
Aryl D D D
Amino Cc 18 Cc 20 Cc 22
" Alkoxy " C 18 ? B 23, 24
Thioxy ? ? ?
Phosphino ? ? ?

® . . .
Some reactions go by a free radical mechanism.




The alkyls and aryls of lithium have been much used in organic
synthesis. 'They are chemically similar to; but more reactive than

Grignard reagents, as is shown by their reaction with pyridine

(s} (o]
+ PhLi —2-> @(H Lo, + LiH.
v’ NFh Ph
Y, "
Ly

The organo-derivatives of sodium and the heavier alkali metals
are extremely reactive, due to the presence of a carbanion, and combine
with nearly all substances except nitrogen, the inert gases and the
paraffin hydrocarbons. Alkyl sodium compounds even react with benzene,
giving an anion which has a maximum delocalisation of charge.

BiNE + C.H

-+
¢l —> Butane + (C6H5) Na

In the present work, an investigation has been made of the reactions

between unsaturated compounds, mainly nitriles, and organo-, and hydrido

compounds of Group III elements.

In the following pages, a brif review is made of reactions in which

compounds of boron aluminium and gallium are known to add to multiply

bonded systems.

Reactions of Boron compounds with unsaturated compounds

Hydroboration

The term hydroboration describes the reaction in which a boron

hydride or boron hydride derivative adds across a multiple bond.




This reaction has been much studied, and is the subject of a book

by H. C. Brown.9 Prior to 1956, the only hydroboration reactions
known were those of diborane with one or two unsaturated hydrocarbons,
yielding organo-boron compounds.26 Conditions were inconvenient, and
yields were poor. In 1956, Brown and his co-workers discovered that
when ethers and other weak bases were used as solvent, these greatly
catalysed the addition of the boron-hydrogen group acress the multiple
bond.27 Since then, hydroboration has become a much valued reaction
-in organic synthesis,

‘The reaction of diborane with olefins is a convenient method for the
preparation of organoboron compounds. This addition reaction is highly
stereo specific, and generally, the boron becomes attached to the less
substituted and therefore more negative carbon atom of the double bond.28
Also, the addition of B-H bonds to terminal olefins is faster than
addition fp non-terminal olefins, and treatment of a mixture of 1- and
2-pentene with a deficiency of diborane results in the selective conversion
of the terminal olefin into tri-n-pentylboron.

6n~PrCH=CH, + B,H

o T Bylg > 2(nC,H, ;),B

Reactions of organoboranes with alkaline hydrogen peroxide yield

alcoholsy and this becomes a valuable method for the 'anti-Markovnikov'

formation of alcohols from olefins.




Organoboration

Organic groups bound to boron are much less reactive than hydrogen,

due to the similarity of the electronegativities of boron and carbon,

and organo-boration reactions are only observed with the more reactive
multiply bonded systems. Trimethyl- and triethylboron do not react
witﬁ methyl cyanide,30 but isocyanides fofm adducts at low temperature

which rearrange slowly at room temperature to give azomethine

derivatives.31
Ph
!
2BR3 + 2 PhN:C —> N
R /' \
c BR2
ey
C
2\ //\R
N
l
Ph

When R is ethyl, the compound rearranges further into a 2¢5 diboro-

piperazine above 200°C.

Ph Ph
| ‘
N N\\\
Et Et / _-Et
Ne BEL, 200°C 2N ¢ B
[ ! —> ] BI I
. Et.B C t CEt
T2 2
\ N\ /
N \\\Et N
Ph Ph

When t-butyl isocyanide reacts with trimethylboron, the rearranged

product is monomeric, and apparently thermally stable, since transfer of

a second methyl group is not reported.



Me
(o] (o]
t -1 - !
ButNzC + Me.p —190 0 =60 5 Ercc.BMe. —S19%  pufnec - BMe
3 3 room 2
temp.

Organoboron compounds also react with oxygen to yield thermally stable
organoboron peroxides, which rearrange at room temperature to the
alkoxides,33 |

Me,B + 0, —> Me, BOOMe ——> MeB(OMe),
Reaction with nittric oxide yields on hydrolysis a boron, oxygen-

nitrogen heterocyclic compound.34 (BON-BON derivative)

R.B + NO —> R.BNO —25  RNO + R.BNO

3 3 2
. l R3B
2
O0—B_ R BNOBR,
—d \mm 1,0 21'{ ?
N/ ‘
B—O0
R)

Chloroboration, aminoboration and alkoxyboration

A lot of work has been published recently, by Lappert and his
co-workers about the reactions of boron halides, amides and alkoxides
with acetylenes,11 isocyanates,ll’12 etc., and carbodi—imides.3
These are all relatively reactive systems and it is difficult to assess
the absolute reactivity of the boron compound because work on less
reactive bonded systems has still to be done. The relative migratory
aptitudes of the groups bound to boron have been determined by studying
the reactions of 'mixed' boron compounds, e.g. MeOBClz,PhBC12 etc., with

p-tolylcarbodiimide. 35 The following order has been found:



(a) NHR > NR, > SR > Ph ) Cl.

(b) OR > Ph.

(c) Cl> OR.
This implies that the more reactive derivatives such as the amino-
boranes may react with ketones’and possiblyeven with the more reactive
cyanides,

Reactions of Aluminium compounds with Unsaturated Compounds.

Aluminium hydride and its derivatives are much more reactive than
their boron counteérparts. Aluminium hydride-triethylamine complex
. . .. _.q. 36 .
reacts rapidly at room temperature with acetonitrile,”  forming
aluminium-nitrogen polymers,

nMeCN + nEtBNAlH3 —_— n[MeCN.AlH3]
k T
MeCH=N -~ | Al - N A1H2 e————-n[MeCH=NA1H2]
H n_y

but trimethylamine borane can be recovered quantitatively from an
equimolar mixture with acetonitrile, after standing for a period of

several W'eeks.37 Alkylaluminium hydrides react at or below room

14,38

temperature with cyanides, > with the formation of azomethine

derivatives. The reaction of di-isobutylaluminium with various cyanides

in ether, benzene or heptane is a synthesis for aldehydes.

H

i-Bu ALH + PreN —e20min. at r.t..  p.g

r4
2 2. H20 0
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Direct distillation of a mixture of propyl éyanide and di-isobutyl-
aluminium hydride gives n-butylideneaminodi-isobutylaluminium.

PrCN + i-Bu.AlH —> (PrCHﬁNAlBu;)n.

2

Alkylaluminium hydrides react smoothly with olefins.39 Secondary
olefins react with Al-H bonds about one hundredth as rapidly as primary
olefins, and as in hydroboration, the hydrogen atom becomes attached to

the more substituted carbon atom of the olefinf

& © 8- 5~ oF
CH.CH =CH, + H - Al

s
3 2 N

——> CH,CH

P
3 CHyCH AL

Mixed trialkyls of aluminium have been prepared from dialkylaluminium
hydride and olefins:

o

/Me

‘n
Et2A1H + CHZ.CMePr ——9 EtzAlCHZC{ o

though mixed aluminium alkyls are liable to disproportionate. Variations
on this reaction have been used extensively for the preparation of hydro-
carbon polymers, and of organoaluminium compounds with a known number of
carbon atoms in the hydrocarbon chain, oxidation followed by hydrolysis
of which yield long chain primary alcohols; much in demand by the detergent
industry. |

. Lithium aluminium hydride is a more experimentally convenient

material to handle, and has been extensively used for the reduction of

unsaturated Compounds. It is rather soluble in ether and is conveniently

used as an ethereal solution, but the more common procedure is to add




- 11 -

the substance to be reduced to a slurry of the hydride in diethyl ether,
tetrahydrofuran or di-n-butyl ether. It is much more reactive than alkyl
aluminium hydrides since the reaction product is usually a derivative of
the lowest reduced state of the functional group, e.g. benzonitrile and
o—toluonitrile42 can be reduced to the corresponding amine in 807 yield
whereas the reaction of phenyl cyanide with dimethylaluminium hydride
stops at the azomethine stage.

The reason for this marked difference in reactivities is probably
that the hydrogen in the tetrahydroaluminate anion AlH; has more negative
character than the hydride in dimethylaluminium hydride, due partly to
the negative charge on the anion and also due to the aluminium-hydrogen-
aluminium three-center bonds in the associated alkyl aluminium hydrides.

Aluminium trialkyls, though less reactive than their hydride counter-
parts also react by addition of R-Al across the multiple bond with a wide
range of multiply bonded systems. The reactions of aluminium alkyls with
with olefins and acetzlenes has been described in some detail by
K. Ziegler40 and so will not be further discussed here. The lower alkyls
take fire in oxygen, but the reaction can be controlled with the formation

43, bh, 45.

of aluminium alkoxides. TriathylaluminiumAB’ 46 reacts

readily with carbon dioxide, with the formation of Diethylaluminium

propionate.

Et Al + CO, —> EtCOAlEt
3 2 i 2
0
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When an excess of triethylaluminium is used, a multi-stage reaction

occurs, with the formation of an alkoxide

2Et3A1
EtC - OAlEt2 —_— Et2A10A1Et2 + Et3COA1Et2
E [ 0
EtBCOH.

Aluminium alkyls, 1ike Grignard reagents, add to aldehydes and

ketones with the postulated formation of an intermediate alkoxide, hydrolysis
of which yields alcohols.

. Ph,C=0 + Me Al ——> (Ph,MeCOAlMe, )n
When acidic ketones, i.e. those that show keto-enol tautomerism, are used,
alkane evolution may become a side reaction, and the extent to which
alkane evolution is observed is a reflection of the enolic character of
the ketone. When somewhat branched chain aluminium alkyls are used,

olefin evolution from the alkyl groups and hydrogen transfer may become

the side reaction.

Et
N - OAlEt
fl 2
?H + Ethane
CH,
Et2C=O + Et3A1 \\\\\\\\\5\\> n
(EtSCOAlEtZ)n

(EtZCHOAlEtz)n + Ethylene

This tendency is inhibited by use of an excess of the organometallic

compound.47

Et,C=0 + excess‘EtSAl —_— (EtBCOAlEtzv)n.
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Adkins and Scanby48 have found that alkyl aluminium chlorides

react with acid chlorides to give ketones.

RéAlCl + RCOCL —— RAlCl2 + R'COR
Aluminium trialkyls cannot be used for a smooth ketone synthesis
because the first aluminium-carbon bond is too reactive. The whole
process would éhus be complicated by the additional reaction between
free aluminium alkyl and ketone. Alkylaluminium dichlorides also react
with acid chlorides to give ketones.
RALCL, + R'COCT ——> RR'G:0 + AICL,.
Unlike the previous reactions, aluminium alkyls only add across the
C N of a cyanide at elevated temperatures. A sample of phenyl cyanide-
trimethylaluminium adduct,38 PhCEN,AlMeB, only rearranges at 160-170°c.
Unless excess organoaluminium compound is used, methyl- is the only

alkyl group ﬁhich will add across a cyanide;16 other alkyl groups lose

olefin and hydride transfer occurs.

. (o]
PhON, AlMe,, 1655 (PhMeC=NAlMe, ), (38)
’ (o]
PRCN, ALEt, 2825 (phHe=MAIEL,), + C.H, (38)
(14)
1. Refluxing Benzene_ .. _._
PhON,ALEt, + AlEty — gt > Ph-C=0

Et
. . . s b6
Aluminium alkyls also react with sulphur dioxide ~, dinitrogen

. . 49 . 14
tetroxide and isocyanates  etc.

’
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The addition reactions of arylaluminium compounds are similar

to those of the trialkyls, but tend to occur less readily, and in
some cases are more complicated. The aryls have been shown to react
2,38

with carbon dioxideso, aldehydes and ketones,51 phenyl cyanide,5 i

and phenyl isocyanate.

Reactions of other Group III alkyls with Unsaturated Compounds

Only trimethylgallium has had any attention in this field,
Trimethylgallium53 forms a weak coordination complex with methyl cyanide,
bit this is completely dissociated at |00°C, and no addition of the
‘gallium-methyl across the C N of the cyanide was observed at this
temperature, Gentle pyrolysis of a mixture of acetone and trimethyl-
gallium gave quantitative methane evolution, with no tertiary butanol
produced on hydrolysis. No attempted addition reactions of indium and

thallium alkyls appear to have been reported.
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Experimental Methods and Techniques

Nitrogen Supply

"White-spot" quality nitrogen available on the benches was purified
by passage through a furnace containing reduced wire-form copper at ca.
400°C and then through two traps at -196%. Periodically, the copper was
regenerated with hydrogen.

Glove Box

Samples of involatile compounds for analysis, infrared spectra and
nuclear magnetic resonance spectra were madé up under nitrogen in a glove
box of the conventional type. The nitrogen was purified as described
above, and the nitrogen inside the glove box was continuously recycled
through the purification system by a small pump fitted inside the box.
Copper piping was used outside the box, to avoid the difficulty caused
by the permeability of oxygen to P.V.C. tubing.

Vacuum System

A vacuum system (Photograph 1) was constructed for the manipulation
of many of the volatile compounds used in this investigation. It consisted
essentially of three parts: (a) a storage section, (b) a fractionation
section, and (c) a gas measurement section.

The storage section consisted of 3-1 bulbs which were used for

compounds gaseous at room temperature such as diborane and dimethylamine,
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and several "cold fingers" which could contain up to 30-ml. of compound.
These were used for the storage of less volatile air-sensitive compounds,
e.g. trimethylgallium.

The fractionation section consisted of four straight—iimbed U-traps
which were both interconnected, and independently connected to the main
manifold by mercury float valves.

The gas measurement section was constructed in two sections. A
Topler pump was used to pump non-condensable gases into a calibrated bulb,
and pressures were measured relative to a manometer beside the bulb.  The
bulb was calibrated by weighing the quantity of mercury needed to fill it
to an etched mark. The section for condensable gases consistéd of a 3-
litre'ﬁulb and cold finger joined by a mercury float valve to a 500-ml.
bulb and cold finger. A single limb manometer was connected to the smaller
section so that the gas could either be measured in the smaller bulb alome,
or in the combined section. The bulbs were calibrated by condensing in
known amounts of carbon dioxide. The carbon dioxide was measured in a
bulb which had been calibrated by weighing the quantity 6f water needed to
£i1l it.

Calibrations for the measurement section

Volume of small Topler bulb = 1362 c.c.
Volume of combined Topler bulbs = 1494 c.c.
Volume of small standard bulb = 68495 c.c.
Volume of combined standard bulbs = 4357°7 c.c.
Internal diameter of the manometer = 10 mm.

For 1 cm. drop on manometer, increase in volume = 0°786 ccs.

For 1 cm. drop on manometer, rise in reservoir = 0°0368 cm.
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A rotary 0il pump backing a mercury diffusion pump was used for
eyacuating the system. . A second rotary oil pump was used for operation
of the mercury float valves and the Topler pump.

Construction throughout used exclusively mercury float valves, except
at the inlets, and at the pumps, where large-bore greased taps were used
to isolate the pumps from each other and from a liquid air trap used to
prevent volatile materials from going into the rotary oil pump.

. Infrared Spectra

Infrared spectra (range 2 to 25 microns) were recorded either on
a Grubb-Parsons GS2A prism-grating spectrophotometer or Spectromaster;
spectra in the range 21-50 microns were recorded on a Grubb-Parsons DB3/DM2
caesium iodide spectrophotometer. Samples of involatile materials were
in the form of nujol mulls, liquid films or cyclohexane solutions. Gases
were recorded using.a 10 cm. potasiium bromide cell. Vapour-phase spectra
of only slightly volatile compounds were obtained using a Perkin-Elmer
heated gas cell with potassium bromide windows.

Nuclear Magnetic Resonance Spectra

Proton magnetic resonance spectra were recorded at 60 Mc./sec. on an
A.E.I. RS2 or a Perkin-Elmer R1O spectrometer. Samples were either pure
liquids or solutions in carbon tétfachloride, benzene, cyclohexane, deutero-
methylcyclohexane or deutero-toluene. Tetramethylsilane was commonly

used as the reference compound, but on occasions it was necessary to use

either benzene or cyclohexane.
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™~
Boron ("B':) nuclear magnetic resonance spectra were recorded at

19¢75 Mc./sec. on a Perkin-Elmer R10 spectrometer. Samples were in
the form of approximately 10% toluene solutions, with trimethyl borate

as an external reference.
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Analytical Methods

Carbon and Hydrogen Analysis

Carbon and hydrogen analyses were carried out by combustion, by
the departmental analytical group directed by Mr. T. Holmes. Carbon and
hydrogen analysis on boron compounds were carried out by external
professional analysts. (Dr. Weiler and Dr. Strauss, Oxford).
Hydrolyses

Organic groups attached to aluminium, and hydrogen attached to boron
or aluminium, were determined by. hydrolysis and measurement of the hydro-
carbon or hydrogen evolved. Volatile compounds were condensed into a
flask, weighed and then transferred on the vacuum line to another flask
in which they were subsequently hydrolysed. Involatile compounds were
either transferred in the glove-box, or, on the bench, under nitrogen.
The compounds Wefe hydrolysed with a few c.c. of de-aerated 2-methoxy
ethanol followed by dilute sulphuric acid. The bases evolved were passed
through' a trap to remove any 2-methoxyethanol, and measured using the
Topler pump.

- Aluminium Analysis

The aluminium content of a compound was determined by the E.D.T.A.

method.55

The whole of the solution left after hydrolysing a sample containing
aboﬁt 0°020 gm. of aluminium was placed in a large conical flask. The
solution was evaporated almost to dryness, and concentrated nitric acid

was added to destroy any organic matter. The solution was evaporated
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almost to dryness, and the resulting white solid was dissolved in a
minimal amount of dilute sulphuric acid. If organic matter still remained
after the nitric acid treatment (which was often the case with phenyl-
aluminium compounds), pérchlqric acid was added, and the evaporation
procedure repeated. The sulphuric acid solution was made up to 500 ml.
with distilled water.

A 50 ml. aliquot of this was taken, and titrated with approximtely
0°*2 N caustic soda, with Be*D*H* 4°5 indicator, the end-point being a pale
grey colour. A further 50 ml. aliquot was taken and the determined amount
of the caustic soda solution was added. Then 10 ml., an excess, of 0°0lm.
EDTA. solution, a drop of Xylenol Orange solution and a few crystals of
hexamine were added. The solution was warmed to 35°C and titrated with
0°0lm. zinc acetate solution. The end-point wés a sharp change from pale
pink to a straw yellow.

Gallium and Ifdium Analysis

Organo- gallium and -indium compounds are not cﬁmpletely hydrolysed by
dilute acids., Their derivatives were boiled for several hours with
concentrated hydrbchlbric acid to effect complete cleavage of alkyl groups.
The resulting solution was evaporated almost to dryness, concentrated nitric
acid was added, and from this point, the procedure followed was. that
used for aluminium determination.

Thallium and Lithium Analysis

' The thallium and lithium compounds rprepared were rapidly hydrolysed
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by water into dimethylthalliug’hydroxide and lithium hydroxide
respectively. These are strong bases, and were consequently titrated
with 0°10 N sulphuric acid.

Boron Analysis

The sample was burned in an apparatus described and illustrated in
a Ph.D. thesis in 1963 by Dr. J. Graham of this laboratory.

The compound was weighed in a small gelatine capsule filled in the
glove box. The amount used was up to O°l gm. A large (3 litre)
dropping funnel was purged with oxygen, and 50 c.c. water placed in it.
The gelatine capsule was placed in a platinum gauge container attached
to the stopper of the dropping funnel. A small piéce of filter paper
was used as.a fuse. This was lit and the stopper was.: quickly placed
in the dropping funnel. After a few seconds, the compound burned with
a bright green flame. When the combustion was complete, the dropping
funnel was shaken to dissolve the combustion products. The contents were
then rinsed into a flask, made up to a standard volume and titrated against
standard O0*l N caustic soda in the presence of mannitol with bromothymol
blue as indicator.

Mélecular Weights

Molecular weights were determined cryoscopically in benzene.
Analytical grade benzene was dried over sodium wirerand was calibrated with
biphenyl. - A Beckmann apparatus of conventional type was used, and all

measurements were taken while a slow stream of nitrogen was passed through
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the apparatus., The optimum freezing point depression was 0+15° and the
solution was allowed to supercool to 0°1° below the true freezing point.

Vapour phase molecular weights of very volatile compounds were
measured by filling a calibrated bulb to a known pressure at room
temperature, and weighing the compound in the‘bulb.

Vapour phase molecular weights of less volatile compounds were
measured using a high-temperature bulb attached to the vacuum system.
This consisted of a bulb of known volume which could be closed off by a
mercury U-tube, which also acted as a manometer. The whole apparatus
was immersed in a five litre bath of oil which was heated electrically.
Kpown weights of compound were condensed into the bulb, which was heated
to about 20° above the temperature at which all the compound was in the
vapour phase. Corrections were made for the changing density and vapour
pressure of the mercury in the manometer which became significant at

temperatures in excess of 100°C.
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Preparation of Starting Materials

‘Dimethylmercury. b.p. 92°¢.

This was prepared by the reaction of mercury (1I1) chloride with
methylmagnesium bromide.56

Magnesium turnings (125 g.) and dry ether (1¢5 1.) were placed in a
five-litre three necked flask, which had been previously purged with pure
nitrogen. The flask was fitted with a stirrer, a pressure-equilibrated
dropping funnel and a cold-finger condenser, maintained at -78% by an
acetone/carbon dioxide mixture. The dropping funnel was cooled by
surrounding it with crushed solid carbon dioxide and was filled with a
solution of methyl bromide (500 gm.) in ether (500 c.c.). The reaction
was initiated with 0°¢25 c.c. of ethylene dibromide, and the methyl bromide
added at such .a.rate that the solution refluxed gently. - When addition was
complete, the mixture was allowed to reflux for a further hour.

The cold finger was replaced by a sintered-disc Soxhlet extractor with
a water condenser fitted at the top. Mercury (II) chloride (490 gm.) was
placed on the sintered disc, and was extracted into the Grignard reagent by
refluxing the mixture, until extraction was complete. The mixture was
hydrolysed with water, and the precipitated magnesium salts were dissolved
by the addition of concentrated hydrochloric acid. The ether layer was
separated and the aqueous layer extracted with two 500 ml, portions of
The combined ether extracts were dried by standing over anhydrous

ether.

magnesium sulphate, and the bulk of the ether was distilled off through a

long fractionating column, filled with Fenske helices. When the pieces of
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poreus pot began to flbat, the fractionating column was replaced by a

smaller one, and after removal of the remaining ether, the dimethylmercury was
distilled as a colourless liquid. A total of 273 gms. of dimethylmercury
was obtained (707 yield).

Trimethylgallium. b.p. 56°C.

Trimethylgallium was prepared by the exchange reaction between
gallium.metal and dimethylmercury.57 The reaction was carried out in
an all-glass apparatus, which consisted of a 250 c.c. flask to which was
attached an efficient fractionating column, and a constricted side-arm.,
A side-arm at the top of the column led to a 'cold-finger' and a mercury
cut-off, which could be raised or lowered to take off some trimethylgallium
from the top of the colummn. The apparatus was evacuated as far as possible
and was then filled with pure nitrogen. All reactants were -introduced
into the apparatus against a counter-current of nitrogen.

Gallium metal (25 gm.) which had been previously washed from traces
of grease with boiling benzene, and mercury (II) chloride (0°l gm.) were
placed in the reaction flask and dimethylmercury (1238 gm.) was added by
syringe through the constricted side-arm. The flask and contents were
cooled in liquid air, and the side-arm sealed off. The reaction mixture
was heated and dimethylmercury refluxed. After 36 hours, the temperature
at the top of the column began to drop and eventually reached 56°c.
. Fractions boiling between 555°¢ and 56'5°C were removed periodically

until the reaction had gone to completion. The trimethylgallium was
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distilled onto the vacuum line for storage and no further fractionation
was found to be necessary. The yield of trimethylgallium was 37 gm.,
corresponding to a yield of 907 based on the amount of gallium metal used.

Triethylgallium. b.p. 142+6°C

Triethylgallium was prepared by the exchange reaction between gallium
metal and diethylmercury58 and by the reaction of triethylaluminium with
gallium chloride.59

(a) The reaction between gallium and diethylmercury was carried out
in an evacuated sealed tube, fitted with a fragile tipped side-arm.

- Gallium metal (7°8 gm.), washed free from traces of grease by boiling
benzene, was placed in the tube, and diethylmercury (43 gms.) was added
by syringe. The tube was then attached to the vacuum line, cooled in
liquid air, pumped out, and then sealed off. The tube was then placed
in an oven at 170°¢ for 4 days, and was subsequently opened, and the
triethylgallium distilled onto the vacuum line where it was stored. No
further purification was necessary. The yield was 16°6 g. 95% of theory.
. (b) CGallium chloride (15 g.) and dry hexane (50 ml.) were placed
in a 250 c;c. three necked flask, fitted with a stirrer and a condenser.
Triethylaluminium (30 g.), was slowly added by syringe, against a counter
current of pure dry nitrogen, and the mixture was then maintained at 70°
for three hours. The hexane was distilled off through a short column at
atmosphere pressure, and the triethylgallium was removed by distillation
at reduced pressure. The product was finally purified by a fractional
distillation at atmospheric pressure. The yield of triethylgallium was

8+5 g., 66% of theory.




- 26 -

Dimethylaluminium hydride

This was prepared by the reaction of lithium aluminium hydride with
trimethylalumiriium.6

A thick-walled Pyrex tube with a fragile tipped side-arm and a constricted
neck was prepared, and was filled with pure dry nitrogen. Lithium aluminium
hydride (20 g.), dry cyclohexane (100 ml.) and trimethylaluminium (20 g.)
were introduced into the tube against a counter flow of nitrogen. The tube
and contents were attached to the vacuum line, frozen down in liquid air,
evacuated, and the tube was sealed off at the constric;ion. The reaction
mixture was maintained at 70°C for 24 hours. The tube was then opened and
the cyclohexane and dimethylaluminium hydride distilled off, under vacuum,
into a two-necked storage flask. The pure hydride is a very viscous, highly
reactive and only slightly volatile liquid and is thus most conveniently
stored as a cyclohexane solution. The concentration of the solution was
determined by hydrolysing a known volume of solution and measuring the
mixture of methane and hydrogen evolved.

The yield of product was 14 g., 85% of the quantity expected from the
amount of trimethyl-aluminium used.

Diborane

Diborane was prepared by several methods, and the best preparation was
by the reaction of lithium aluminium hydride with boron trifluoride ether.

complexes,
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The apparatus consisted of a three necked complex one-litre flask, fitted with
a pressure-equilibrated dropping funnel, a stirrer, and a "cold-finger"
condenser maintained at -78%. The outlet of the condenser was connected

to three traps, the first of which was cooled to -78%. by an acetone/cafbon
dioxide slush bath, and the others were cooled in liquid air. The whole
apparatus was purged out with pure, dry nitrogen, and the reactants were
introduced into the apparatus against a counter-current of nitrogen.

Lithium aluminium hydride (10 g.), and sodium dried ether (300 c.c.) were
placed in the flask, and boron trifluoride diethyl ether complex (100 g.)
was slowly added from the dropping funnel into the mixture. Diborane was
immediately evolved, and care was necessary to avoid blocking the traps.

When the addition was complete, the flask was warmed to drive all the diborane
into the traps. Almost all of the diborane stopped in the first liquid air
trap. The diborane was freed from traces of ether by attaching the trap to
the vacuum line and trapping out the ether in a trap cooled by a pentane slush
bath (-131°C), and allowing the diborane to pass on into a trap cooled by
liquid air. The diborane prepared in this way contains a very small amount
of ethyl fluoride as impurity 3°5 litres of gaseous diborane were obtained,
90% of theory.

Two other methods for the preparation of diborane were tried, and both
gave yields inferior to the method chosen. The first was the reaction of
sodium, borohydride with boron trifluoride diethylether complex, in diglyme,
and the other was the reaction of iodine with sodium borohydride, also in

diglyme. In both cases, rather large quantities of hydrogen appeared to be
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formed. The sodium borohydride was reasonably pure. - Acid hydrolysis
caused evolution of 917 of the calculated quantity of hydrogen.

Dimethylamine

Pure dimethylamine can be obtained from a commercial sample, by
conversion of the latter into dimethyl-N-nitrosamine with subsequent
hydrolysis back to the amine.

Dimethyl-N-nitrosamine (10 g.) were refluxed for 12 hours with
concentrated hydrochloric acid (50 c.c.), and after distilling off most of
the acid, the solution of the amine hydrochloride was allowed to fall onto
potassium hydroxide pellets. The latter were contained in an evacuated flask,
and the free amine was condensed onto more potassium hydroxide pellets in a
receiving flask cooled to -78°c.  The amine was then distilled onto the
vacuum line through two traps cooled to —78°C and stored in a three litre
bulb. The volume of dimethylamine obtained was about 2°51, corresponding to
a yield of about 85%

Dimethylaminoborane

This was prepared by the method described by Burg and Randolph.62
Diborane (240 c.c.) was condensed onto dimethylamine (480 c.c.)
contained in a flask attached to the vacuum line. The flask and contents were
allowéd to warm up to 20°C, and were pumped briefly to remove any slight
excess of either diborane or dimethylamine. Pure nitrogen was then admitted
into the vacuum line, through a needle valve, until the pressure fell to

. . o)
400 mm.Hg. The reaction mixture was then heated and maintained at 130 C.
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Liquid tended to reflux, but as the hydrogen was given off, the product
sublimed out of the flask, and was purified by a vacuum line fractionation.
Yield = 1°04 g. 85% of theory.

Methyllithium

‘Methyl lithium was prepared by the reaction of methyl chloride with
lithium metal, in ether as solvent. The methyl chloride was supplied
under pressure in a cylinder. The apparatus consisted of a one litre
three-necked flask fitted with a stirrer, a cold finger condenser maintained
at -78°C, and an inlet for the methyl chloride. A flow-meter was used to
tell approxima tely the rate of passage of the methyl chloride. The cylinder
was weighed before and after the experiment. The lithium was supplied as
lithium éhot, and was in the form of a heavy suspension in oil. The oil
was washed off with hexaﬁe before use. The ammratus was purged with pure

nitrogen before starting the experiment.

- Lithium shot (7°0 g.) and ether 500 c.c.) were placed in the reaction
flask. Methyl chloride (51 g.) was passed into the reaction mixture over a
period of 5 hours. The reaction started immediately. When the addition
was complete, the reaétion mixture was allowed to stir for 12 hours and then
the solution of methyllithium was filtered from lithium chloride and unreacted
lithium metal. The methyllithium was stored and used as the ether solution.
It was analysed by acid hydrolysis with susequent measurement of the methane

evolved, and was found to be 107 molar indicating a yield of approximately

90%.
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Trimethylthallium

Trimethylthallium was prepared by the reaction of thallous iodide and
methyl iodide with methyllithium.%>

The apparatus consisted of a three-necked 500 ml, flask fitted with a
stirrer, water condenser and a pressure-equilibrated dropping funnel. Methyl
iodide (7°1 g.), thallous iodide (16°5 gm.), and sodium dried ether (100 ml.)
were placed in the flask, and methyllithium (93°4 c.c. of 1°07 molar ethereal
solution) was placed in the dropping funnel. The methyllium was added
slowly, each drop producing an initial black preicpitate of finely divided
thalliqm metal which reacted with the methyl iodide. When addition was
complete, the ether was distilled in vaccuo, together with the trimethyl-
thallium, into a two-necked flask cooled in liquid air. The trimethyl-
thallium was conveniently stored and used as this ethereal solution, which
was calibrated by acid hydrolysis, the resulting methane being measured with
a Topler pump. The solution was found to be 0°69 molar, and this corresponded
to a gield of about 70%.

Trimethylboron

Trimethylboron was Frepared by the reaction of methylmagnesium bromide
diethy
with boron trifluorideLether complex.,

The apparatus consisted of a one litre three-necked flask fitted with
a stirrer, a. pressure-equilibrated dropping funnel and a'cold finger' condenser.
The :outlet of the condenser was connected to two traps, the first of which

was cooled to -78°C by an acetone/carbon dioxide slush bath, and the second
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was cooled in liquid air. The apparatus was purged out with pure nitrogen
before the preparation was started.

The Grignard reagent MeMgBr from magnesium (9°0 g.) and methyl
bromide (35 g.) in ether (250 ml.), was prepared as in the preparation of
dimethylmercury. The mixture was then allowed to stir for 30 minutes
after thch time, boron £rif1uoride ether complex (30 g.) was added. Each
drop caused immediate evolution of trimethylboron, most of which collected
in the liquid air trap. The product was purified by passing through a
trap cooled by a carbon disulphide slush bath (-110°¢) to remo&e ether,
into a trap cooled by a pentane slush bath (-135°C) to collect the tri-
methylboron. More volatile impurities were pumped away, and the final
yield. of pure trimethylboron was~ 245 litres, corresponding to a yield of
89%.

Gallium chloride

Gallium chloride was prepared by the reaction of gallium metal with
chlorine gas, diluted by dry nitrogen.

The apparatus consisted of a long, thick-walled pyrex tube joined
by a constricted side arm to a one-necked 500 ml. flask. The outlet of the
flask was fitted with a long chimney which led to a heavy white oil bubbler.

Gallium metal, (20 g.) was placed in the tube, and the whole' apparatus
was purged with nitrogen. A slow stream of chlorine was then allowed to
pass with the nmitrogen, and the gallium metal was warmed, until it began

to burn in the chlorine. The gallium chloride sublimed along the tube;
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through the constriction into the flask. When the reaction was complete,
the flask was sealed off from the tube, at the constriction. The product
was transferred to ;he apparatus shown in Fig..I , the apparatus was
evacuated and sealed off at the constriction and the gallium chloride was
sublimed into the ampoules. The yield was 47°5 gms., 95% of theory.
Acetox:‘me6
Hydroxylamine hydrochloride (50 g.) was dissolved in water (100 ml.)
and é solution of sodium hydroxide (30 g.) in water (100 ml.) was added.
The solution was cooled to 0°C and acetone (60 g.) was added slowly with
shaking. On cqoling, acetoxime crystallised out, and was purified by
recrystallisation from cyclohexane. The yield of purified acetoxime was
25 g.
The trimethylaluminium used was a gift from Ethyl Corporation,
supplied in cylinders, each containing 1/2 1b., The alkyl was purified by

distillation, and was stored under nitrogen in a two-necked flask fitted

!

with teflon sleeves.

The triethylaluminium was also a gift from Borax Consolidated Ltd.,
and was purified and stored as for trimethylaluminium,

Triphenylaluminium etherate had been prepared by the reaction of
phenyllithium with aluminium chloride in ether, and was purified by
recrystallisation from toluene.

Dimethylaluminium chloride was prepared by Mr. M. Tranah, by the

distillation of methylaluminium sesquichloride to which sodium chloride

had been added.
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Diethylmercury was prepared (by Mr. A. Heslop) by the reaction of
ethylmagnesium bromide with mercury (II) chloride and was purified by
fractional distillation,
| Trimethylindium was prepared by Dr. O. T. Beachley by the reaction
of an indium-magnesium alloy with methyl chloride in ether.65 The ether
was removed by fractional distillation with benzene, and the trimethylindium
was stored in small ampoules.

The boron trichloride was supplied in a cylinder and was used without
further purification.

Diphenyl ketimine was prepared by Mr. I. Pattison by methanolysis
of the product from the reaction between phenylmagnesiﬁm bromide and phenyl
cyani&e, and was purified by vacuum distillation.

Hydrogen cyanide had been prepared by the reaction of strong sulphuric
acid with potassium cyanide, and was purified by fractional distillation.

Phenyl and alkyl cyanides were purified by fractioﬁal distillation

from phosphorus pentoxide.
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Hydroboration reactions of Methyl Cyanide

Reaction of methyl cyanide with diborane

This feaction was carried out several times with minor modification.
A typical experiment is described below.

Diborane, generated from sodium borohydride (28 gm.) and boron
trifluoridediethyl ether complex (128 gm.) in diethylene glycol dimethyl
ether (300 ml.), was carried in a stream of nitrogen into methyl cyanide
(44 gm.) maintained at its boiling point by a water bath. Any unreacted
diborane was destroyed by passing the exit gases from the réagtion through
an acetone trap; and gases passing through the acetone were trapped out
in liquid nitrogen (Fraction I). The volatile materials from the reaction
were pumped into the vacuum line through a series of three traps cooled
rgspeétively to -460C, -96°C and -196°C.  Fraction II passed slowly
through the trap at -96°C (melting toluene) and was collected in the trap
cooled by liquid nitrogen (-196°C). Fraction IIT passed through the trap
at -46°C (melting chlorobenzene) and was collected in the trap maintained
at -96°C.  Fraction IV was collected in the trap maintained at -46°¢.
Fraction V distilled at 60°C and 0°01 m.m. Hg pressure from the residue,
and Fraction VI was a yellow glue, involatile up to-150°C.

Fraction I was identified by its infrared spectrum as ethylene. Some
acetone, also identified by its vapour-phase infrared spectrum, was found

in this trap, and after fractionation, the yield of ethylene was found to

be 10 c.c. measured at N.T.P.
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Fraction II was identified by its infrared spectrum and vapour-phase
molecular weight as diethyl ether, which had been carried over from the
boron trifluoride-diethyl ether complex by the diborane. The quantity
of diethyl ether collected varied considerably from one experiment to
another but was usually about 0°5 gm.

Fraction III, "about 0°*4 g., was found to be diethylslaminodiborane
EtZNBZHS' " Early samples were contaminated by diethyl ether and N-
ethylborazines seen to be present from their infrared and n.m.r. spectra,
and analytical figures were accordingly in poor agreement with those
required for Et NB_H [Found: B, 21¢2; hydrolysable H, 3°6%; M (vépour

2772°5"
density) 99, 105. Calculated for C H. B N B, 21°8; hydrolysable H, 5°1%;

471572

M, 99]. In later experiments, repeated trap to trap distillation of this
fraction gave A 50 m.g. of essentially pure diethylaminodiborane,
spectroscopically ﬁndistinguishable from an authentic sample prepared from-
diethylamine and diborane. Voax (vapour phase, 2 cm. Hg. pressue, KBr
cell).  3373m, 2985vs, 2950s, 2899s, .2541lvs, 2478vs, 2404m, 2370m, 1923m,
1880s, 1634vs, 1555m, 1473sh, 1457sh, 1449vs, 1387w, 1344s, 1305s, 1201sh,
1193vs, 1142sh, 1133s, 1072sh, 1067vs, 958sh, 953vs, 891s, 792s, 715s, em .

The mass spectrum of the digéthylaminodiborane was recorded and accurate
masses measured for the major peaks in the spectrum. The impurities present’
gave rise to spurious peaks, and the accurate masses of these peaks showed
them to originate from N ethylborazines. The mass spectroseopic data

¢

for the major peaks of diethylaminodiborane are given in Table V.  Peaks

due to the 10B isotope are ignored;
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TABLE V
Fragment ‘Expegimental Calculated Error Intensity
ass Mass (p.p.m.)

C,H,, BN 9813177 98+13123 545 6
C,H, BN 85+10566 85+10628 7°3 31°5
C,H, BN 84 409923 84 *09846 9.1 66 +4
C, BN 7008292 70408281 1+6 100
C2H8B2Nv 6808564 6808429 19+9 very weak
C,H.BN 6806784 6806716 10+0 437
C,H BN 54405114 54+05151 746 3040
CH_,BN 4003589 4003585 1:0 30+9

The proton magnetic resonance spectrum was recorded in benzene

solution, with tetramethylsilane as internal reference.

obtained are shown in Table VI.

The results

TABLE VI
Multiplicity Assignment 7 * J (c.p.s.)
Peak 1 Triplet C-CH3 8‘9O 742
- Peak 2 Quartet N-CHZ—C 7'22 72
Peak 3 Quartet B-H 8'56 127
* v T.MS. = 1000
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The 11B muclear magnetic resonance spectrum was recorded in toluene
solution, wiﬁh trimethylborate &s, internal reference compound. A triplet
of doublets was obtained 36°8 p.p.m. to high field of the reference with
J(triplet) = 130 c.p.s. and J(doublet) = 31 c.p.s.

Preparation of diethylaminodiborane and ethylaminodiborane.

Diborane (224 N c.c., 10 m.mole) was condensed 6nto diethylamine
(0{73»gm.,‘10 m.mole) in a glass vessel which was sealed off from the vacuum
line. The mixture was heated at 90°C in an oven for 24 hours and was then
opened onto the vacuum line. The reaction mixture was passed through a
trap at -64°C into a trap at —96°C, and anything volatile at -96°C was pumped
away. The bulk of the product collected in the trap at -96°C and the infrared,
nuclear magnetic resonance and mass spectra were identical with that of the
unknown compound.

Ethylaminodiborane was prepared by an identical method, and the spectra
of this compound were all significantly different from those of diethylamini-
diborane. The infrared spectrum, vapour phase, showed bands at 340ls, 2976s,
2903m, 2538vs, 2475vs, 2341w, 1905m, 1635vs, 1572w, 1422v br, 1278w(P,Q,R.),
1183vs, 1170vs, 116lvs, 1152vs, 1134sh, 1100vs, 1093vs, 1087sh, 1058sh, 1053vs,
1043sh, 946vs, 795m,br, 717m,br. em L.

The proton magnetic resonance spectrum was recorded in benzene solution,

with tetramethylsilane as internal reference. The results obtained are

shown in Table VII. The peak due to N-H was not seen.
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TABLE VII
Multiplicity | Assignment o E J.c.p.s.
Peak 1  Triplet C-CH3. 8°+79 742
Peak 2 . Poorly defined N-CHZ-C 7°32 -
Quarter
Peak 3 Quartet BH 881 128

¥y  T.M.S. = 10°00

The 11B nuclear magnetic resonance spectrum was recorded in toluene
solution, with trimethyl borate as internal reference compound. A triplet
of doublets was obtained 415 p.p.m. to high field of the reference with
J(triplet) = 129 c.p.s., and J(doublet) = 29 c.p.s.

. Fractions IV, V and VI

Fraction IV was found to be N triethylborazine. Found: C, 45°71;
H, 11¢54 and B, 19'83%.- Calculated for C6H18B3N3’ C, 43°+8; H, 11¢2; and
B, 19+70%.

Crude samples of this fraction apparently contained N-diethylborazine,
as revealed by a weak N-H stretching band in their infrared spectfa at
~ 3400 Cm—l, and also by the éresence of small quantities of ammonia on
alkaline hydrolysis.

Fraction V, a colourless viscous liquid, was not fully charactetrised.
The analytical figures obtained were as follows: C, 45+78; H, 10,34;

B, 17°40; N, 26°43%. M(cryoscopic in benzene) 314, 260, 280. These figures




- 39 -

except‘for the molecular weight, are in good agreement with (Et3N3B3H2)2NEt
which requires C, 45¢24; H, 10°58; B, 17°47; and N, 26°39%; M, 372. The
infrared spectrum (liquid film) shows the following peaks. 2967vs, 2915s,
2882s, 2469s,br, a region of very strong almost continuous absorption from
1500-1400, 1372vs, 1350vs, 1333vs, 1302vs, 1253vs, 1238s, 1208m, 1190s,
1135s, 1117s, 1101s, 1079s, 1022m, 988w, 888vs, 805m, 71l4m, 695m cm-l.
Alkaline hydrolysis gave ethylamine, ammonia and hydrogen.

A preliminary mass spectroscopic investigation does not support the
%ormulation of this fraction as (Et3N3B3H2)2NEt as Qiscussed later.

Fraction VI was a yellow glue, whose infrared spectrum was very similar

to. that of Fraction V, but the bands were much less well defined. No

analytical figures were obtained, but qualitative alkaline hydrolysis yielded

ethylamine, ammonia and hydrogen.

Reaction of methyl cyanide with N-triethylborazine.

N-triethylborazine (17755 gm. 1076 m.mole) and methyl cyanide
(04719 gm. 1150 m.mole) were heated in a sealed tube at 150° for 3 hours.
Methyl cyanide (04696 gm., 99°5% recovery) and N-triethylborazine (14385 gm,
81°+0% recovery) were recovefed with an unidentified gas (3275 c.c. 1°46 m.
mole) on opening- the tube. The involatile residue had an infrared spectrum
identical to that of the product from the thermal decomposition of N-
triethylborazine. A repeat experiment, at 40°C in the presence of diethyl

ether also gave quantitative recovery of methyl cyanide.
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Reaction of ethylamine with N-triethylborazine.

I, a preliminary experiment, ethylamine (88°3 N c.c., 3°94 m. mole) was
condensed onto N-triethylborazine (1°3 gm., 7°9 m.mole) in a tube which was
sealed off from the vacuum line. After heating at 75°C for three hours,
‘hydrogen (63°8 c.c., 2°85 m.mole), ethylamine (0°373gm., 3°05 m.mole) and
N-triethylborazine (0°*9 gm., 5°5 m.mole) were recovered, on opening the tube.

Ethylamine (88°3 N c.c., 3°94 m.mole) was condensed onto N-triethylborazine
(1+2843 gm., 7°78 m.mole) in a tube which was sealed off from the vacuum line.
After heating at 180°Cc for twelve hours, hydrogen (896 N c.c. 4°0 m.mole),
ethylamine (43°9 N c.c. 1496 m.mole) and N-triethylborazine (1°041 gm., 6°31
m.mole) were recovered on opening the tube. The infrared spectrum of the
involatile residue had features in common with the infrared spectrum of
Fraction V from the reaction of methyl cyanide with diborane. An additional
very strong, sharp absorption was present in the 3400 cm_l region, which
'was in the region characteristic at N-H stretching vibrations.

Reaction of methyl cyanide with trimethylamineborane Me3N2BH3.

Diborane (174°+5 N c.c., 7°785 m.mole), and trimethylamine (349 N c.c,
1546 m.mole) were condensed onto methyl cyanide (0°319 gm., 7°8 m.mole) in
a tube which was sealed off from the vacuum line. “No reaction had occurred
after two weeks at room temperature, and the methyl cyanide was recovered

. 0
almost quantitatively after heating at 70 C for one hour.
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Reaction of methyl cyanide with dimethylaminoborane (MeZNBHZ)Z'

Dimethylaminoborane (03641 gm., 3°20 m.mole) and methyl cyanide
(0°+2877 gm., 7°0 m.mole) were heated tdgether at 60°C for twelve hours in
a sealed tube. There was no reaction, and the starting compounds were
recovered unchanged, in 987 yield. The reaction was repeated, using ether
as solvent, with the same result.

Reaction of methyl cyanide with dichloroborane HBC12.

The dichloroborane (55°4 mole) was prepared "in situ" by allowing

diborane (205°7 N c.c., 9°18 m.mole) to equilibrate with boron trichloride
ether. Methyl

(829 c.c., 37°0 m.mole) in the presence of diethylLFyanide (2+257 gnm.,
5505 m.mole) was then condensed into the reaction veésel, and the mixture
allowed to warm slowly to room temperature. After twelve hours at room
temperature, the volatile materials were pumped away leaving an involatile
residue. Methyl cyanide - boron trichloride adduct MeCN, BC13, identified
by its I.R. spectrum and melting point, was sublimed from the residue and
a colourless liquid could be distilled in vacuo, leaving a yellow involatile
glue. The infrared spectrum of the liquid showed broad intense absorption
at 74, characteristic of borazine ring vibrations. - The following
analytical figures were ob;ained: B, 13°49; Cl, 29°66; hydrolysable H, 0°22%.
B, 12¢1, Cl, 39+8; hydrolysable H, 0%.

Calculated for Et3N3B3C13.

Calculated for Et3N3B3HC12. B, 14°2; Cl, 30°0; hydrolysable H, 0°43%.

Hydrolysis of the yellow glue yielded hydrogen chloride gas, hydrogen,

ethylamine and ammonia.




- 42 -

Reaction of methyl cyanide with monochlorborane, H2BC1.

The monochloroborane (51¢7 m.mole) also was prepared "in situ" by
allowing diborane (38543 N c.c, 17°2 m.mole) to equilibrate with boron
‘trichloride (3875 N c.c, 17°3 m.mole) in the presence of diethyl ether
(10 c.c.) over a period of two hours. Methyi cyanide (2°103 gm., 51°3
m.mole) was condensed into the reaction vessel, and the mixture allowed to
warm .slowly to room temperature. - After eighteen hours at room temperature,
tﬁé volatile materials were pumpedaway,.leaving a viscous residue. When
this residue was heated at 900, under vacuum, a very small quantity of
methyl cyanide-boron trichlofide adduct was obtained. The infrared spectrum
of the residue showed absorptions at “ 2400, #2300, <1650 and ~ 1450 cﬁl,
which can be assigned to B-H, C.EN, C=N stretching and borazine ring
vibrations respectively. Alkaline hydrolysis yielded hydrogen, and an

approximately equimolar mixture of ammonia and ethylamine.
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Reactions of organocaluminium compounds with cyanides

Reaction of t-butyl cyanide with trimethylaluminium

t
The adduct Bu CN, AlMe,, m.p. 610,_Was conveniently prepared by

3,

treating t-butyl cyanide with an excess of trimethylaluminium at —780,
allowing the mixture to warm to room témperature, and removing residual
trimethylaluminium by pumping. °~ It was purified by vacuum sublimation

at 55-60°. [Found: 17°1l; hydrolysable methyl, 29°+2%; M, 165.

Cg1s
(benzene solution, 450-200 cm—l.) 412m, 262s, 240s em L,

AIN requires Al, 17¢; hydrolysable methyl, 29°0%; M, 155]; Voox

Thermal decomposition of ButCN, AlMeB. When a sample of the adduct

was heated at 150° for 3 hrs. it rearranged virtually completely to the

alkylideneamino derivative, (ButCMefN'AlMez)2 m.p. 1130, purified by vacuum
sublimation at 110-1200, only a trace of involatile residue remainingﬂ_:
[Found: AL, 17°5; C, 61°3; H, 11+6%; M, 340,  C, H, ALN, requires

Al, 17+4; C, 61°9; H, 117%; M, 310]; V oax (nujol mull) 1629vs, 1269w,
'1192s, 1136s, 1035w, 971w, 943w, 909w, 844w, 776m, 734vs, 684vs, 582w,

546m, 512m, 448s, 394s, 364s, 312s cm-l. The compound suffered only slight
surface decomposition on exposure to air, and was hydrolysed only very slowly
by dilute sulphuric acid, so that tﬁe hydrolysis method was not convenient
for its analysis. It was effectively unchanged after being heated at

280_o for 2 hrs. under nitrogen, and did not react further with trimethyl-

aluminium at this temperature.
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Reaction of t-butyl cyanide with triethylaluminium

Equimolar quantities of t-butyl cyanide and triethylaluminium reacted
exothermically at room temperature to form the 1iquid>gg§EE£ ButCN, AlEt3,
which could be distilled unchanged at 70° under vacuum. [Found: Al, 13°8;
hydrolysable ethyl, 43¢6%. C11H24A1N requires Al, 13°¢7; hydrolysable ethyl,
bhe2]; V oax (benzene solution 450-200 cm-l.); 438s, 412s, 366w, 336m(br),
272m(br), 228w cm_l.

Thermal decomposition of ButCN, AlEt_ .  Samples of adduct were

3
unchanged when heated at 125-135° for several hours, but at 155-160° during

5 hrs. there was smooth evolution of ethylene (1l mol per mol adduct), the
product being a liquid which could be distilled at 82° under vacuum and

which was identified as neopentylideneaminodiethylaluminium dimer,

(ButCH:N'AlEtZ)Z. [Found: Al, 14+2; hydrolysable ethyl, 35+3%; M, 323;
C18H40A12N2 requires Al, 14°1; hydrolysable ethyl, 34°3%; M, 338]; Voax
(liquid film) 3330vw, 2959s, 2933s, 2899s, 2857s, 2793w, 2717w, 1760vw,
1670msh, 1656vs, 1626m, 1555vw, l477s, l464s, 1410s, 1385w, 1363s, 1270vw,
1229m, 1209m, 1202m, 1190m, 1143vw, 1107w, 1070m, 1033m, 986vs, 950s, 919s,
893s, 778vs, 68lvs, 649vs, 630sh(br), 606sh(br), 559m, &454ms em™t.  Benzene
Solution 454vs, 398vs, 385vs, 319m,br. cm_l.

Reaction of t-butyl cyanide with triphenylaluminium-diethyl ether complex.

Triphenylaluminium-ether complex (2¢7 g., 8°1l m. mole) in benzene
(20 c.c.) was treated with t-butyl cyanide (0*6 g., 8°2 m mole) and warmed

to 50°. Solvent was removed under reduced pressure until crystals of the
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o .
.p. 11 : -7°9%.
3> TP 4, separated [Found: Al, 7°9% CZ3H24A1N

requires Al, 7°9%]; Voax (benzene solution, 450-200 cm_l) 459vs, 424s,

adduct, ButCN,AlPh

-1
417sh, 333s, 25lmbr ecm ~. This compound could not be vacuum sublimed

without simultaneous rearrangement taking.place.

Thermal decomposition of ButCN, A1Ph3. Samples of the adduct rearranged

)
completely during 3 hrs. at 170 to the benzylideneamino derivative

£
(Bu CPh:N‘Alth)z, a crystalline solid which slowly decomposed without

subliming or melting at 220° and which was purified by crystallisation
from benzene [Foundﬁ‘ Al, 7°9, hydrolysable phenyl, 43°8%; M, 684.

C46H48A12N2 requires Al, 7°9; hydrolysable phenyl, 45°1%; M, 682]; Vo
(nujol mull) 1616vs, 1422s, 1279w, 1264w, 1247w, 1205m, 1155w, 1088s, 1074s,

ax

1040w, 1029w, 10b4w, 998w, 974s, 970sh, 913w, 824w, 78ls, 750w, 734vs,
718sh, 705vs, 682vs, 675vs, 650s, 622w, 608s, 529s, 482vs cm-1; (benzene

solution) 455sh, 407w, 352s, 330s em L,

Reaction of t-butyl cyanide with dimethylaluminium chloride
The adduct, ButCN,AlMeZCI, m.p. 84? from equimolar quantities of the
components, was purified by vacuum sublimation at 85° [Found: Al, 14°9;

hydrolysable methyl, 16°3%. C7H15A1C1N requires Al, 14°9; hydrolysable

methyl, 17°2%]; v

ax (benzene solution, 450-200 cm_l); 439vs, 407s, 290sh

and 274m,br cm_l.

Thermal decomposition of ButCN, AlMeZCI. Little decomposition of the

‘ . o
adduct was detected at temperatures below 220 , but complete rearrangement

o . .y .
 occurred during 6 hours at 240, and a colourless, very air-sensitive solid




- 46 -

could be vacuum sublimed from the reaction mixture at 1450. This was

identified as (Bu"CMe:N°AlMeCl),, m.p. 130°.  [Found: AL, 14°9;

27
hydrolysable methyl, 8°¢4%; M, 365, Cl4H30A12C12N2 requires Al, 14°9;
hydrolysable methyl, 8°+6%; M, 351]; LA (CCl4 solution) 1967s, 1874sh,
1625vs, 1473m, 1422w, 1372s, 1273w, 1261lm, 1203s, 1147s, 1068m, 1645m, ;
981w, 942w, 871s, 86lsh, 691s, 671s, 568w, 534m, 494sh, 467m cm-l; (benzene
solution) 439s, 405s, 382sh, 315 m,br cm-l. After the sublimation about

half the reaction mixture remained as an involatile yellow glue.

Reaction of t-butyl cyanide with dimethylaluminium hydride.

A solution of dimethylaluminium hydride (10 m mole) in hexane (15 c.c.)
was added by syringe to t-butyl cyanide (0°83 g. 10 m mole) at room
temperature. A vigorous exothermic reaction occurred. Removal of the

solvent afforded crystals of neopentylideneaminodimethylaluminium dimer,

(ButCH:N-AlMe, ) M.Pp. 89°, purified by vacuum distillation/sublimation
2°2° ’ , .

at 110°, [Found: Al, 19°+0; hydrolysable methyl, 20°9%; M, 275.
014H32A12N2 requires Al, 19°1; hydrolysable methyl, 21°3%;.M, 282]; v
(nujol mull) 166lvs, 1412s, 1274w, 1192vs, 1035s, 946m, 924m, 898s, 779vs,

ax

689vs, br, 580s, 508m; (benzene solution) 449s, 380vs, 345w, 306sh, 297s cﬁl.

Reaction between Hydrogen Cyanide and Dimethylaluminium Hydride.  When

dimethylaluminium hydride (0311 g., 5°4 m mole) in hexane (8 c.c.) was
treated with hydrogen cyanide (120 N c.c., 5°4 m mole) at -780, hydrogen
(121 N c.c., 5 m mole) was evolved and dimethylaluminium cyanide

(MezAICN)A, m.p. 89° was isolated from the mixture and identified by its

infrared spectrum.
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Reaction of methyl cyanide with dimethylaluminium hydride

- Dimethylaluminium hydride (1¢137 g., 1946 m.mole) in hexane, (30 ml.)
was added by syringe to methyl cyanide (0*402 g., 9¢8 m mole) in 30 ml.
hexane at room temperature. The heat of reaction caused the solvent to
boilQ and the mixture was subsequently kept at this temperature for 15
minutes. The hexane was then removed under vacuum, leaving an involatile
viscous oil which had bands at a-1770 and 1640 cm . in the infrared
spectrum which indicated that reaction was incomplete. After being
heated at 145° for a further 30 min., the residual glue was hydrolysed
with strong sodium hydroxide solution to give methane and.ethylamine

together with some hydrogen and ammonia.
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Reactions of Organo-gallium compounds with cyanides

Preparation and thermal decomposition .of MeCN, GaMe3.

The adduct MeCN, GaMe3, previously described by Coates and Hayter,l
was prepared by condensing trimethylgallium (430 N c.c., 19°2 m mole) onto
methyl cyanide (0787 gm., 19°2 m mole) vmax(liquidvfilm). 2941s, 2899m,
2857sh; 2308m, 2282m, 1429s,br, 1377s, 1189vs, 1038s,br, 1027sh, 1010sh,
934s, 734vs,br, 660w,br, 556vs, 519w cm_l.

A sample of the adduct was sealed off in a tube.  Heating at 120°
caused slight discolouration and at 145°C methane (420 N.c.c., 98% reaction)
was evolved; leaving a yellow solid insoluble in all solvents except

acetone, Acid hydrolysis did not result in the formation of acetone,

Voay, (nujol mull), 2164vs, 1577s, 1189m, 1143m, 1002%, 930 w, 7l4vs,br,

637w, 571ls,br, 532s,br. em L.

Reaction of phenyl cyanide with trimethylgallium

The adduct PhCN, GaMe, m.p. 25-2700, was prepared by condensing

3
trimethyl-gallium (364°Oc.c., 16°24m mole) onto phenyl cyanide (1°+675g,

16‘24 m mole). The adduct is aiSSOCiated in the vapour phase, so
purification was not attempted. (Found: Ga, 31°9%. PhCN, GaMe3 requires
Ga, 32°1%). Voo (liquid film). 3058m, 294lvs, 2$99vs, 2857sh, 2260vs,
1961w, 1894w, 1811w, 1764w, 168lw, 1597s, 1490s, 1449vs, 1387w, 1336w, 1290m,
1189vs, 1184m, 1096w, 1068m, 1036m, 1027s, 1009s, 1002sh, 926m, 842w, 757vs,
735vs ,br, 686vs, 587vs, 562vs, 531lvs, 463m,br. cm—l. Vapour pressure, 2°9 mm.

at 20°C.
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Thermal decomposition of PhCN, GaMe3.

A samplé of the adduct was heated at 118°C for 15.hours. The
reaction mixture became red-brown, and on cooling needle-shaped crystals
appeatred. A little trimethylgallium was recovered but most of it
remained in the reaction vessel. The crystals were recrystallised from
toluene.  (Found: C,.81°O, H, 4°89%. Coqly5Ng requireé C, 815, H,

4+85%). m.p. 23°%.

Reaction of t-butyl cyanide with trimethylgallium

The adduct ButCN, GaMe,, was prepared by reaction of equimolar

39
quantities of t-butyl cyanide with trimethylgailium. It is largely
dissociated in the vapour phase, and can be rapidly pumped ino a vacuum
system at room temperature presumably as the free components. Purification
was not attempted. (Found: Ga, 35°0%. C8H18Ga requires Ga 35°4%).

m.p. < 20°¢. Voax (l1iquid film) 2976vs, 2941lvs, 2907sh, 2878sh, 22663,'
1486s, l466s, i357s,.1247s, 1212s, 1193s, 1070br, 1035sh, 1012s, 940w, 738vs,br,
69lvs, 582vs,br, 557vs,br, 535vs,br. em L.

t :
Attempted thermal decomposition of Bu CN, GaMeB.

Several experiments, each under differing conditions were carried out.
(a)’ A sample of the adduct was heated in a sealed tube at temperatures

ranging from 120° - 200°. oOn cooling the adduct was almost quantitatively

pumped unchanged into the vacuum line, leaving a very small brown

residue.




- 50 -

(b) Trimethylgallium (328 c.c., 14°63 m mole) and t-butyl cyanide

(0+61 g., 7315 m mole) were heated at 150°C for 12 hours in a sealed
tube. On opening the tube, the adduct and excess trimethylgallium were
recovered unchanged.

(c) Trimethylgallium-t-butyl cyanide in benzene solution was heated at
150° for 12 hours in a sealed tube. On opening the tube, the reactants
were recovered unchanged.

Reaction of trichloroacetonitrile with trimethylgallium

Trimethylgallium (224 c.c., 10 m mole) was condensed onto
trichloroacetonitrile (1l¢44 gm., 10 m mole) in a tube which was sealed
off from.the vacuum line. On warming to room temperature, ZSOC, the
reaction mixture turned brown, and the reaction product after heating
at- 100°C for 12 hours was a deep brown viscous liquid. Hydrolysis of
this liquid gave a solution which precipitated silver chloride from a
silver nitrate/nitric acid mixture.

Reaction of t-butyl cyanide with triethylgallium

The adduct ButCN, GaEt,, from equimolar quantities of t-butyl cyanide

3’
and triethylgallium was a colourless liquid only slightly volatile at

room temperature. (Found: Ga, 28°8%. C,,H,,GaN requires Ga 29+17%).

v (liquid film) 2273 em L. m.p. <€ 20°%.
max

Thermal decomposition of ButCNGaEtB.

A sample of the adduct (3°06 gm., 1273 m mole) was heated at 150°¢
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for 15 hours in a sealed tube. On opening the tube, ethylene (57 c.c.,
. 2%54 m mole) was recovered. On heating the tube and contents at 180°¢c
for a further 15 hours, another 200 c.c. ethylene, corresponding to

~~ 90% reaction, was recovered. The product, a liquid which could be
distilled from a boiling water bath under vacuum, was identified as

diethylneopentylideneaminogallium dimer (ButCH:NGaEt2)2 . (Found:

Ga, 32°8%, M (cryoscopic in benzene) 400. C18H40Ga2N2-requires Ga,
33°0%, M , 424); vmax'(liquid film). 331lw, 2950vs, 2902vs, 2865vs,
2725m, 1658vs, 1479s, 1466s, 1424m, 1368s, 1236w, 1205m, 1061w, 1034m,
1000s, 961m, 942sh, 935m, 923w, 894s, 778s, 709br, 671sh, 658vs, br,

563s, 549s, 513s, 485s, 409m,br. — (Benzene solutioq) 46lvs, 429sh,

369vs, 341m, 278w,br, 246w,br. cm .

Reaction of phenyl cyanide with triethylgallium
Phenyl cyanide (1l*12g, 10°83 m mole) and triethylgallium were mixed

at -78°C and allowed to warm to room temperature. The heat of reaction
did not cause a significant increase in temperaturé. '~ The product, a
colourless liquid going yellow on standing, was identified as the adduct,
PhCN, GaEt, (Found: Ga 26°7%. C13H20NGa requires Ga 26°9%), V oax (liquid
film). 2915vs, 2882vs, 2849vs, 2793w, 2258vs, 1595w, 1488w, 1462sh,
1447m, 1414w, 1368w, 1332w, 1287w, 1259w, 1232w, 1180sh, 1177w, 1161w,
1093m, 1067w, 1025m, 998m, 993sh, 953m, 924m, 797w,br, 756vs, 697w, 683vs,

649s,br, 550vs, 533vs,br 471w,br. em L
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Thermal' decomposition of PhCN,GéEtB.

When a sample of the adduct, PhCN,GaEtB, (25 gm., 9+61 m mole)
was heated at 150°C for 15 hours, ethylene (183 c.c., 85% of theory)
was evolved, and the product was .a viscous liquid, which crystallised on
standing. Benzylideneaminodiethylgallium dimer, (PhCH:NGaEtz)Z, was
obtained as a pale yellow solid by sublimation from the reaction mixture.
(Found: Ga, 30°2; C, 55°5; H, 6°5%; M (cryscopic in benzene), 434,
Cy,Hy,Ga,N, requires Ga, 302; C, 56°9; H, 6°69%; M, 464). m.pt. 118%.
Voax (nujol mull) 3081m, 3058m, 302lm, 1688m, 1633vs, 1600s, 1585s,
1520W, 1493w, 1416w, 1309m, 1289w, 1259w, 1233w, 1202s, 1176w, 1155w,
llOlw; 1076m, 1026m, 1005s, 965sh, 960s, 934m, 84lvs, 744vs, 699vs, 685vs,
654vs, 617w, 55lvs,br, 5l4s,sh, 509s, 482s, 467s, 417m,br. M.Pt.48°
Hydrolysis with weak acid gave benzaldehyde, identified as its 2-4-

dinitrophenylhydrazone.

Reaction of methyl cyanide with triethylgallium

The adduct, MeCN,GaEt, prepared by reaction of equimolar quantities

3
of methyl cyanide with triethylgalliumws a colourless liquid, only

slightly volatile at room temperature. V oax (liquid film). 2933vs,
2899vs, 2857vs, 2808w, 2307m, 2279m, 1464sh, 1456m, 1420m, 1393w, 1374m,

1263w, 1235w, 1166w, 1100m, 1053s, 999s, 956m, 931m, 898m, 807m, br, 657vs,br,

635sh, 534vs, br. cm-l.

Reaction of benzophenone with trimethylgallium

Trimethylgallium (258°4 c.c., 1153 m mole) was condensed onto
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benzophenone (2°+10 gm, 11°53 m mole) in a tube which was sealed off

from the vacuum line. ~ On warming to room temperature, the benzophenone
dissolved in the trimethylgallium to give a green viscous solution, and
aftér heating at 125° for 15 hours, the reaction product was a glass which
crystallised on cooling. A little methane was recovered on opening the
tube, and the solid product, purified by recrystallisation from hexane, was

identified as dimethylgallium diphenylmethyl methoxide (MezGaOCMeth)z.

requires Ga 23°6%. v (nujol mull).

(Found: Ga, 23°5%. C,,H_ . Ga
. max

3273862202
3096w, 3058m, 3021ls, 1667w, 1660w, 1582w, 1490w, 1314m, 1297w, 1277w,
1231s, 1206vs, 1199vs, 1189m, 1178m, 1llllm, 1096s, 1087sh, 1075w, 1063vs,
1049vs, 1025s, 1001w, 982w, 965w, 938sh, 924vs, 910vs, 848w, 834m, 770vs,
760vs, 75lvs, 706vs, 696vs, 634vs, 621sh, 601lsh, 594sh, 586vs, 536s, 466vs,
425m,br. M.Pt.

The product could be sublimed at 0°0l m.m. Hg. pressure from an oil

bath at 140°C.

Reaction of ethyl isocyanate with trimethylgallium

Trimethylgallium (422 c.c, 18°+84 m mole) was condensed onto a solution
of ethyl isocyanate (1°34 gm., 1884 m mole) in hexane (30 ml.) in a double
Schlenk tube. On warming to room temperature, reaction proceeded slightly
exothermically. The mixture was heated to reflux temperature to ensure
complete reaction. The product was obtained as a viscous involatile oil

on removal of the hexane, and complete purification was impossible. No
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reaction with 4-dimethylaminopyridene was observed. Hydrolysis of

- the product yielded N-ethylacetamide.

Reaction of diphenylketimine with trimethylgallium.

Trimethylgallium (190°5 c.c., 8°50 m mole) was condensed onto
diphenylketimine (1°54 gm., 851 m mole) in a tube, which was sealed
from the vacuum line. fhe tube was heated at 94°C for 15 hours, and on
opening, mefhane ( 170 c.c.) was recovered. The prbduct was obtained
as large crystals from hexane. (Found: C 63'9,-H 597, Ga 25°3%,
Cyoll350a)N, requires C 64°2, H 5471, Ga 25°0%). v (Nujol mull). 1626m,
1605sh, 1577m, 1318w, 1282w, 1266w, 1203sh, 1193m, 1160w, 1078w, 1030w,
1003vw, 989vw, 910vw, 95lm, 923w, 91llm, 784s, 742s, 734sh, 724s, 699vs,
6675, 577sh, 570s, 529s, 45ls cm .

Reaction of diphenylketamine with triethylgallium

Triethylgallium (1l*4gm., 8°92 m mole) was condensed onto diphenyl-
ketimine (1°61 gm., 8°92 m mole) in a tube which was sealed off from the
vacuum line. The tube was heated at 100° for 36 hours, and on cooling to
- room temperature, brown-yellow crystals were deposited from the melt.

The tube was opened, and ethane (192 N c.c,’, 8°57 m mole, 96% reaction)
was recovered. The product was obtained as small white crystals from
hexane at -80°C.  (Found: C, 65°5; H, 6°26; Ga, 19°8%; M (cryoscopic in
benzene), 649. C34H40Ga2N2 requires C, 66°2; H, 6°49; Ga, 22°01%; M, 616).
Voax (Nujol mull) 1613vs, 1577sh, 1427m, 1316m, 1287m, 1267m, 1235w, 1185w,
1160w, 1076m, 1029m, 1003m, 997sh, 951ls, 935m, 925m, 912m, 846w, 780vs,

-1
704sh, 700vs, 67lvs, 660vs, 543s, 529s, 5l4s, 505s, 454s, cm .
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Reactions of organometallic compounds with acetoxime

Reaction of trimethylboron with acetoxime

Trimethylboron (303*4 c.c., 13*5 m mole) was condensed on to acetoxime
(0°99 gm., 13°5 m mole) in a tube. At room temperature, the pressure in
the tube showed all the trimethylboron to be in the gas phase, and no
visible reaction occurred. The tube was sealed and heated at 95-100°C
for twelve hours. Methane (2903 c.c, 13°0 m mole) and dimethyl-

(isopropylideneaminoxy)boron, MeZC:NOBMeZ, a volatile colourless crystalline

solid, m.pt. °C were produced. (Found: C, 52°0; H, 10°4; N, 12+5%;

M (vapour density at 850), 112°4; M (cryoscopic in benzene), 147.
CSleBNO requires C, 53°1; H, 10°6; N, 12+4; M, 112+8). - Vapour pressure
(23-71°) given by logloPmm = 14340 - 4%67, corresponding to a value of

2*1 m.m. at'ZOQC and an extrapolated 6 pt. of 99°¢. Voax (vapour phase,
70°C) 1663w, 1433w, 1385s, 1333sh, 1323vs, 1294s, 1252s, 1188w, 1160s, 1152s,
1066m, 966sh, 941m, 882w, 820w, 733vw,br; (nujol mull) 1649m, 1297vs, 1239vw,
1193w, 1163s, 1104§h, 1080sh, 1070vs, 1046sh, 1030vs, 1000vs, 985sh, 939sh,
974m, 812s, 733s, 645w, 622w, 580m, 567w, 539s, and 457m, cm -.  This

last band was the only one detected in the range 500-200 cm—l. The
compound was readily soluble in such solvents as benzene, cyclohexane,

and carbon tetrachloride but was immediatelyAhydrolysed by water. When

exposed to air, the crystals suffered slow surface hydrolysis..

Reaction of diborane with acetoxime

Diborane (132°1 c.c., 5°9 m mole) was condensed at -196°C on to
acetoxime (0°86 gm., 118 m mole) in a tube which was then sealed from the

vacuum line. The tube was allowed to warm to room temperature, when the
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reaction mixture was a viscous liquid which slowly evolved bubbles of

gas. The heat of the reaction raised the temperature of the mixture
noticeably above room temperature, and at about 30° or 40°C there was a
sudden flash and a black powdery involatile residue covered the walls of
the tube. Hydrogen, methane, ethylene and hydrogen cyanide were detected
among the involatile reaction products.

Reaction of trimethylaluminium with acetoxime

Acetoxime (1°6 gm., 22 m mole) in hexane (25 c.c.) was slowly added
by syringe to trimethylalumiﬁium (16 gm., 22 m mole) in hexane (25 c.c.)
cooled to -78°C in one limb of a double Schlenk tube, ﬁhe apparatus being
well shaken to promote mixing., A vigorous reaction proceeded spontaneously
with evolution of methane. After concentration of the solution by removal
of some solvenf by vacuum distillation, very small crystals of dimeric

methyl(isopropylidéneaminogz)aluminium, (MeZC:NOAlMez)2 separated at -78%.

The product, purified by vacuum sublimation at 55°C had m.pt. 71+5°C.
(Found: Al, 20°+9; hydrolysable methyl,‘23¢0%; M(cryoscopic in benzene), 268.
C1ofly4AL,N,0, requires AL, 20°9; hydrolysable methyl, 23°0%; M, 258). '

Voax (nujol mull) 1635m, nujol, 1282s, 1190vs, 1092vs, 1078sh, 1028vs,

889w, 853m, 766sh, 735vs,br, 56lw, 538w, and 491m. cm_l.

- The product was readily soluble in benzene, hexane and carbon

tetrachloride and reacted with solvents containing hydroxyl groups.

Extremely sensitive to air and moisture, it inflamed in contact with water

or when placed on tissue paper.
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Reaction of dimethyl(isopropylideneaminoxy)aluminium with 4-dimethylamino
pyridine.

Dimethylaminopyridine (0* gm., m mole) dissolved in toluene (25 c.c.)

was added by syringe to a solution of dimethyl(isopropylideneaminoxy)
aluminium (0°*4 gm. m mole). in hexane (20 c.c.). All solvent was
pumped away, and the residue recrystallised from a mixture of benzene
(5 c.c.) and hexane (30 c.c.). The solid was found to be a mixture

consisting largely of dimethyléminoPyridine and some of the aluminium

compound, since the hydrolysable methyl content was 16°0% low for the

adduct, and the infrared spectrum showed absorptions due only to the free

components.

Reaction of trimethylgallium with acetoxime

Trimethylgallium (260 c.c., 11*6 m mole) was condensed at -196° on

to a frozen solution of acetoxime (0°85 gm., 11¢6 m mole) in hexane (25 c.c.).

. . . 0
 Reaction proceeded vigorously when the mixture was warmed to -78 C and

methane (260 c.c., 11*6 m mole) was evolved. The product, (MeZC:NOGaMez)2
crystallised as very small needles at —78°C, and was purified by vacuum
sublimation at 60°C; m.pt 90-91°. [Found: Ga, 40°4; C, 34°1; H, 7°0%;

M (cryoscopic inbenzene), 339. Cyoty,Ga,N,0, requires Ga, 4046; C, 349;:

H, 7°0%; M,342). v__  (vapour phase, 130°C) 1628m, 1441s, 1389sh, 1374vs,
1280w, 1264m, 1208vs, 1095vs, 1067sh, 1019vs, 962m, 737vs,br, 673vs, 60Llsh,
587s, 536m, 468s and 417br; (nujol mull) 1630s, nujol, 1279m, 1200vs, 1089vs,
1020sh, 10llvs, 847w, 735vs,br, 67lvs, 585vs, 545sh, 539sh, 528vs, 525sh,

458s, 412m, 345w, 300m and 249s cm_l. The compound was soluble in benzene,
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hexane and carbon tetrachloride, and appeared stable to atmospheric
oxidation but sensitive to.moi%ture. The infrared spectrum of a sample
of the vapour contaminated by moist air showed extra bands characteristic
of acetoxime.

Reaction of trimethylindium with acetoxime

Trimethylindium (2°7 gm., 16°9 m mole) in toluene was allowed to
react at -78°C with acetoxime (1+23 gm., 16°9 m mole) in hexane (30 ml.)
in a double Schlenk tube with evolution of methane. Solvent was removed

under vacuum, leaving a white solid which after vacuum sublimation/

distillation was identified as dimeric dimethyl(isopropylideneaminoxy)inddum,
(MeZCfNOInMeZ)Z; m.pt 57°C.  [Found: C, 27+8; H, 5°5; In 52°7%; M
(cryoscopic in benzene), 483. Ciotos I N0, requires C, 27¢6; H, 5°5;

In, 52°9%; M, 434]. V oax (nujol mull), 1612m, nujol, 1366vs, 1269sh,
1261m, 1156m, 1076vs, 1064sh, 1005sh, 985vs, 952s, 927s, 810w; 704vs, 646s,
646s, 631sh, 564w,br, 524s, 510s, 473m. cm—l; (benzene solution), 429sh,
392s, 323w, and 255m,br, cm_l. The compound was soluble in such solvents
as benzene, hexane and carbon tetrachloride, and was only slowly affected

by dry air, but was more sensitive to moisture than its gallium analogue.

Reaction of trimethylthallium with acetoxime

Trimethylthallium (172 gm., 6°9“m mole) in ether (10 c.c.) was mixed
with acetoxime (0°504 gm., 6°9 m mole) in hexane (20 c.c.) in a double
Schlenk tube at room temperature. Methane evolution was essentially

complete after two minutes, during which time the solution became warm.
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The product was obtained as well formed needles after removal of some

of the solvent, and was identified as dimethyl(isopropzlideneaminoxy)thallium,

(MezcéNOTlMez)n, n.p. 124°,  (Found: C, 19+6; H, 3°7; 71, 66°4%.

NOTL requires C, 19°6; H,3°9; 71, 66°7%). V oax (nujol mull) 1595w,

Cstlyy
nujol, 1359s, 1253s, 1170w, 1161w, 1054vs, 966vs, 946sh, 930vs, 810sh, 79lvs,

632vs, 540s. —

The compound was insoluble in carbon tetrachloride and hexane, and
only very slightly soluble in benzene. It wés soluble in ether, from
which it‘could conveniently be crystallised, and vefy soluble in water,
in which it was hydrolysed to acetoxime and dimethyltﬁallium hydroxide.
Crystals suffered only slight surface decomposition during prolonged
exposure to moist air.

Reaction of methyl-lithium with acetoxime

A solution of acetoxime (3+51 gm., 50 m mole) in diethyl ether (20 c.c.)
was added by suringe to a solution of methyl-lithium (1°175 gm., 504 m
moles) in diethyl ether (50 c.c.) in a double Schlenk tube at room

temperature. The resulting vigorous reaction with evolution of methane

caused the ether to boil, and isopropylideneaminoxylithium, (MeZC:NOLi)n,
was simultaneously precipitated. The product was purified by washing with
ether.  (Found: C, 45°5; H, 7¢1; Li 88%. C,H/LINO requires C, 45°6;

H, 7+6; Li, 8°8%). It did not melt when heated to 350°, and was insoluble

in the common organic solvents, but dissolved in water to form lithium

hydroxide and acetoxime.
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DISCUSSION

Hydroboration reactions of Methyl Cyanide

The first publication about the methyl cyanide-diborane system
was in 1942 when Schlesinger and Burg68 reported the formation of a
_solid adduct MeCN,BH3 from diborane and methyl cyanide. Its
dissociation at room temperature into the gaseous reactants was
accompanied by slight decomposition to an involatile liquid which
was not identified. - Burg69 later suggested that two hydrogen atoms
shifted from the boron atom to the carbon of the cyanide group forming
an N-substituted borazine, but he gave no supporting evidence. The
proposed mechanism involved step-wise transfer of hydrogen across the
cyanide group, giving the possibiiity of isolating an alkylideneaminoboron
intermediate.

RCN, BH, [RCH:NBHZ]n —_—> (RCHZNBH)3

The formation of N-triethylborazine Et3N3B3H3 from the controlled
decomposition of the methyl cyanide-diborane adduct was confirmed by
~.Emeleus and Wade70 who also demonstrated a further example of the
reaction by isolating N-tri-n-propylborazine from the decomposition of
the ethyl cyanide-diborane adduct. During the course of this work, a
very small quantity of a volatile material was detected spectroscopically,
and identified tentatively as the azomethine intermediate (MeCH:NBHz)n.

-1 .
The infrared spectrum of this material showed a band at 1685 cm =~ which

is in the region expected for bands due to C=N stretching vibrations,
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. . -1
and two intense bands in the 2400 cm = region which were assigned to

B—H2 stretching modes.

Experimenté were then carried oﬁt to determine whether or not
stablé alkylideneamino could in fact be prepared.30 The method chosen
was to select as acceptor molecule a compound in which only one hydrogen
atom was attached to boron, the remaining two valencies being occupied
by unreactive groups, thus allowing only one hydrogen transfer stage:

MeCN, BHR2 > (MeCH:NBRZ)n. Trimethyl- and triethylboron were
found not to react with methyl cyanide at temperatures up to 100°C and
consequently alkyl groups were used as the unreactive groups. The
reaction between tetramethyldiborane and methyl cyanide gave dimeric
ethylideneaminodimethylboron (MeCH:NBMez)Z. . Two isomers of this compound,
a liquid and a solid, were isolated and nuclear magnetic resonance

spectral evidence was presented supporting cis- and trans- structures

for them.
r1ez “
H / C‘L
\\ N\ H
=M = H
Me 6 / \ / \
Mez Me Me
P’Iel

Trans-isomer Cis-isomer

An X-ray crystal structure determination has confirmed the trans structure

9
for the solid isomer.QJL'
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Lappert and Majumdar7l obtained spectroscopic evidence for a similar
type of isomerism involving a four-membered boron-nitrogen ring with
exocyclic double bonds to born atoms in the compéund 1,3-di-t-butyl-

2,4-di-t-butylamino-1,3~-diaza-2 ,4-boretane, but no isomers were separated

e &
¢ - g e
NN oo™ o
N= B\ Q:N\ . /N= B\ /B" \ H
H vid Be H N
ik Ba
Trans-isomer : Cis-isomer.

Meanwhile, Hawthorne72 had shown that it was unnecessary to start with
a dialkylborane, RZBH in order to prepare stable alkylideneaminoboranes;
reaction of trimethylamine-t-butylborane, Me3N,BH2But, with various nitriles,
RCN, afforded stable alkyiideneamino-t-Butylboranes (RCH:NBHBut)z. He
commented on the possibilities of cis-trans isomerism but was unable to
separate his products into geometrical isomers, presumably because his choice
of reactants, with only one alkyl group per boron, led to too many opportunities

for isomerism.

The reactions of diborane with trifluoroacetonitrile and trichloro-
acetonitrile have been studied recently.73 It was found‘that the vapour
phase reaction at room temperature was very slow, but a rapid reaction giving
borazines and polymeric products was observed at 90-100°C.

6 CFBCN + 3B-2H6 —_—> 2 (CF30H2)3N333H3.




- 63 -

Diborame:and trichloroacetonitrile exploded when heated in a sealed
tube, but when the reaction was carried out in tetrahydrofuran or

dimethoxyethane as solvent the intermediate trichloroethylideneaminoborane

could be isolated:

2nCCL,CN + nB H, ——) 2 (CC1,CH: NBH, ) .
The molecular weight was not reported. ' When the reaction was carried
out at a higher temperature, the corresponding borazine, (CCl3CH2)3N3B3H3
was obtained.

During this present work, a new investigation into the reaétion
bétween methyl cyanide and diborane has been carried out in order to
establish the following points:

1. Can this reaction be adapted into a convenient preparative route
to N-triethyl borazine?

2. Can the "volgtile material" fsuggested by iEmeléus's and Wade to be
(MeCH=NBH2)n] be prepared on a reasonable scale, and what is its
identity?

3. What is the nature of the non-volatiie products of the reaction?

Other boron hydride derivatives have been used as potential hydroboration

1

agents, and their reactions with methyl cyanide studied.
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Reaction of Methyl Cyanide with Diborane

When a preformed saﬁple of the methyl cyanide-diborane adduct is
heated, the hydroboration reaction is so violent .as to cause extensive
explosive decomposition, with formation of intractable polymers and
hydrogen. In order to avoid this hazard, the adduct must decompose as
it is formed, and so, diborane diluted with nitrogen was passed into
methyl cyanide in a solvent at a temperature at which the adduct would
immediately rearrange without complete breakdown of the products. This
becomes an attractive preparative route to N-triethyl borazine. The
preparation was eyentually attempted on a molar scale, in order to prepare
sufficient quantities of the volatile material for its isolation. The
temperature chosen for the reaction was 80°c and this was maintained by a
water bath.  The so;vent, benzene initially, was found to be unnecessary
and in later experiments, diborane was passed into refluxing methyl cyanide.

The N-triethyl borazine is probably most easily obtained from the
reaction mixture by distillation at atmosphere pressure followed by
fractionational distillation of the distillate. Pumping the volatile
reaction products onto the vacuum line followed by a vacuum line fractionation
always led to samples of N-triethyl borazine contaminated by more volatile
impurities. Hydrolysis of these samples with strong alkali gave hydrogen, .
ethylamine and ammonia, demonétrating the presence of N-H impurities. When
a slight deficiency of diborane is used, some of the volatile impurities do

not seem to be formed. The removal of the excess methyl cyanide presents
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no problem and this method gives initially a cleaner sample of the

borazine. The yields of N-triethyl borazine were poor and the best yield
obtained was about 35-40%. The advantage of this preparation is that
relatively large quantities of the borazine, about 25 grams, may be prepared
in one experiment in a matter of two or three days. The largest scale
vattempted was molar but there appears to be no reason why the scale of the-
experiment should not be increased further provided due care is exercised

to control the temperature and rate of passage of diborane.

. . . . X
Characterisation of the "Volatile Materiall.

The largest quantity of this material obtainmed in any one experiment
was 0°*4 gm. In the early stages of purification, the compound was found
to contain varying quantities of N-ethylborazines as less volatile impurities
and diethyl ether as a more volatile impurity. Repeated fractionation
through a trap maintained at -96°¢ effectively removed all the ether.
This couldﬂéasily be seen in the vapour phase infrared spectrum, where
trace quaﬁtities of the very volatile ether showed up strongly in the
region ~~ 1150 cm—l. The purest sample obtained after repeated fractionation
through a trap maintained at -46°C still contained a fairly high proportion
of ethylborazines, and these were seen in the'H nuclear magnetic resonance
spectra of the sample. The extreme air sensitivity of the compound, (trace
quantities sometimes gave a green flash on exposure to air when the infrared

gas cell was removed from the vacuum line), and the tiny quantities in which

® praction III in Experimental Section, Page
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it was formed rendered techniques other than vacuum line techniques
extremely difficult for its purification. Consequently, since a pure
sample was never obtained in a large enough quantity, analytical figures
were of no great value, so physical methods were used almost exclusively
for its identification. The compound was finally identified as

diethylaminodiborane74 Et2NB2H5 by the following physical methods.

(a) Infrared Spectra.

The vapour phase infrared spectra of samples of the volatile material
were taken immediately after each fractionation during the purification,
and the fractionation procedure was repeated until successive spectra were
“identical, with respect to the relative intensities of the peaks. At
this stage, it was assumed that the spectrum recorded was that of either
an essentially pure compound, or a mixture whose composition could no
longer be changed by further fractional distillation. The most striking
features of the spectra were the two sharp, intense peaks at about 2500 cm-l,
which had previéusly beeﬁ»assigned to BH2 stretching modes, the peak at
1635 cm_1 suggested to be a C=N stretching mode, and a series of very
intense peaks in the region 950-1450 cm~1.

The infrared evidence together with the n.m.r. evidence Qutlined
below in@icates that the material may be EtzNBZH5 or EtNHBzHS.

A comparison of the infrared spectrum of the unknown material with

that of an authentic sample of diethylaminodiborane showed the two materials

to be identical.
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A complete vibrational assignment of the infrared and Raman spectra
of dimethylaminodiborane MezNBZH5 has been made75 and Table VIII shows
the assignments proposed, for some of the peaks in the infrared spectrum
of diethylaminodiborane Et NBZHS; Where there is good correlation, the
frequencies for the correéponding peaks in the infrared spectrum of
ethylaminodiborane EtNHBzH5 are also listed. The peak at 1634 cm_l in
the infrared épectrum of the volatile material thought to arise from a
C=N stretching mode can now be assigned with reasonable certainty to a
stretching vibration of the bridging hydrogen, corresponding te the band

at 1604 em ! in the infrared spectrum of diborane.76

(b) Nuclear Magnetic Resonance Spectra

The proton magnetic resonance spectrum was recorded in benzene solution,
with tetramethylsilane as internal reference, as is shown in Fig. IT.
The spectrum consisted of two quartets ( T= 7°¢2 and 85 with J = 7°2 c.p.s.
and 127 c.p.s. respectively) and a triplét (7 =289, with J = 7°2 c.p.s.),
complicated by.another quartet and triplet of much lower intensity from the
borazine impurity. - The quartet with J = 127 c.p.s. was assigned to a
proton bound to one boron atom, the spin of which is 3/2. The other quartet
and the triplet were assigned to the methylene and methyl protons of an
ethyl group.

The integrated spectrum did not distinguish conclusively between

ethyl- and diethylamino-diborahe, because:
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FIGURE IT

SHEINTB 4° wasjoeds Jwu I. -
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TABLE.VIII

EtZNBZHS EtNHB,H, ' MezNBZH5 Assignment
3373 |

2985vs 2976s ' vCH
2950

2899 2903m

2541vs 2538vs

2478vs 2475vs

2404

2370

1880 1905m

1634vs 1635vs

1555 1572m

1449vs 14225

1387m

1305

1193vs 1183vs

1133m

1067vs 1053vs

“953vs 946vs

891

792 795m

715 717m
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(a) the peaks due to the B-H protons were very broad, thus making them of
uncertain intensity.

(b) the coupling constant was so large that only one component of the
quartet could be integrated at a time, and so further reduced the intensity
of the B-H proton.

(c¢) other components of the quartet were partially obscured by the ethyl
group protons, and

(d) the N-triethylborazine impurity also coincided with the ethyl group
Aprotons, thus increasing their intensities even further.

The préton magnetic resonance spectrum of an authentic sample of
ethylaminodiborane was recorded. It was similar to that of diethylamino-
diborane except that it was impossible to resolve completely the peak due
to the methylene of the ethyl group into a quartef..

The "B nuclear magnetic resonance'spéctrum, was recorded in benzene
solution, with methyl borate as external reference. A triplet of doublets
was obtainef 368 p.p.m. to high field of methyl borate with J(triplet) =
130 c.p.s., and J(doublet) = 31 c.p.s. Boron-proton coupling has been
observed only when the proton is bonded directly to the boron atom.

The spin of a proton is 1/2, and so the triplet of doublets is best
interpreted as coupling of a single boron atom with two protons in one
environment giving the triplet and with one proton, in a different

environment, splitting each component of the triplet into a doublet.
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1]
B _amr spectrom of d neI'A-II aminodiborane.

\.

(Me 0)3 B

An element of structure which fulfils these conditions is found in the
aminodiboranes, where the terminal protons give rise to the triplet and

Me Me

/\/
\/\

\ /
/ "~

the bridging proton gives rise to the doublet, providing there is no rapid

H

exchange of protons. The "B nuclear magnetic resonance spectrum of
dimethylaminodiborane MezNBzH5 has been publlshed7 and also is a triplet
of doublets with J(triplet) = 130 c.p.c. and J(doublet) = 30 c.p.s.

More recent work on the "B nuclear magnetic resonance spectra of amino-

. 8 .
d1boranes7 shows the fine structure to be dependent upon temperature.
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At —390C, the spectrum is. a wellsdefiﬁéd_triplet of doublets, but at
83°C, this breaks down into a simple sextet showing that proton exchange
is rapid and that each bofon atom is equally coupled to all five protons.
In the limit of rapid exchange, the sextet becomes perfectly symmetrical,
and this is the case whén the spectrum is recorded in an ether solvent,
at room temperature.

(c) Mass Spectra

The mass spectrum was recorded and accurate masses measured on the
major peaks and on the peaks at high mass. Some.of the high mass peaks
were shown to be B3N3 fragments derived from ethylborazines. The highest
mass peak which could not be attributed to a fragment from an ethylborazine
was at mass 98, and the accurate mass of this peak corresponded to
diethylaminodiborane with the bridging hydrogen knocked off. The major
peaks, and their empirical formulae are listed in Table V on page 36
in the experimental section. The interpretation of the breakdown pattern
is best shpwn in diagrammatic form; (see following page). The integral
masses are shown on the left of the structure fhus 99, and the intensities
of the peaks are shown in decreasing intensity thus A B etc. "Metastable"
means that the mechanism is confirmed by the presence of a metastable ion.

The breakdown pattern is consistent with the formulation of the

compound as C4H15B2N, and was found to be identical with that of an

authentic sample of diethylamino diborane.
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The most intense peak in the spectrum is at mass 70. This fragment

has the formula C3HgBN and the structure assigned, [CHZ:::NEt:::BH2]+,

- - +
analogous to an allyl cation, [CHZ———CEt———CHZ] . A related structure is

is

suggested for the peak at mass 42 ([CHZZ::NH:::BH21+), while the structure
proposed for the ion of mass 68, [CHz:::N(vinyl):::BHz] combines the allyl
and butadiene structural types. The peaks at masses 40 and 38 seem to
rise from cations related to allene cations, and extended unsaturation is
seen to be a feature of the structures proposed for some of the other
fragments, The major uncertainty in these assigmments is the position of
the hydrogens, and studies on the mass spectrum of EtzNBzD5 are planned to
check these assignments.

The unusual observation which has emerged from this reaction is that
reduction of a compound containing tw6 carbon atoms attached to one nitrogen
has produced a compound containiﬁg four carbon atoms attached to one
. nitrogen atom. This may be compared with the following reactions:-

(a) The formation of hexamethylene-tetramine from formaldehyde and ammonia
which is thought to go by the following intermediates:

H

| -6H,0 -2NH

6HCHO + 6NH, —>6 [ H - C - OH — 23 6 (CH,,=NH) — 3 (CH,) N,
. |

NH,

(b) The reaction of tertiary butyl cyanide with tertiary butyl magnesium

chloride: o
. 150°C
Me ,CC=N + Bu MgCl 1—2-52 Me3CCHO + Me3CCH=NCH2CMe3

then hydrolyse 10% . 317
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(c) The reaction of diethylaluminium hydride with phenyl cyanlde 79
hydrolyse
Et, AlH or Bu2 AlH + PhCN —————— PhCHO + PhCH:NCH,Ph
(small quantity)

(d) The pyrolysis of phenyl(bis)isobutylaminoboron. 80 (BulNH)zBPh:

+
(Bu NH) BPh —— Bu NH Bu3N333Ph3 + C8H17N

The fragment C8 17N was identified by its mass spectrum and may be

MeZCHCH=NBut or Me2C=CHNHBu1.

(e) The reaction of triethylboron with diphenyl ketimine.81

PhZC =NH + Et B ————) C H + Ph C=N - CHPh
Ph2
C
+some \‘N
4
C
Ph

Characterisation of the involatile material, Fraction V from the hydro-
boration of methyl cyanide.

When all the materials volatile at room temperature had been pumped
away, a viscous oily residue remained. A colourless liquid distilled from
this at 60°C and 0°01 Hg. pressure and this liquid had analytical figures
corresponding to Et7N7B6H4 for which a formula can be drawn based on two

N-triethylborazine units linked through an NEt bridge (see diagram) but the

E Et Et

AN N N
EtI!I \B/l\gEt Etl\ll \ /I!]Et

B
H

molecular weight, obtained cryoscopically in benzene, was about 270, instead
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of the required 372. It was thought that this low answer may have been
due to some N-triethylborazine and some N-H impurities in the sample, so
attempts were made to prepare authentic samples of the compound, Et7N7B6H4.
The first method attempted was the hydroboration of methyl cyanide with N-
triethylborazine because, if this worked, it furnished a ready explanation
for the formation of Et7N7B6H4 during the reaction of methyl cyanide with
diborane.

i.e. 2 B N,BH, + N = CMe — (Et,N,B,H,), NCH)Me

There was no reaction under the conditions used. The second method
attempted was the reaction between ethylamine and N-triethylborazine.

i.e. 2 Et,N,B.H, + EtNH, — (Et,N,B.H,), NEt + 2H,

In this case, reaction did occur to some extent, but not in the ratio

1:2, EtNHZ:Et3N3B3H3, as was hoped for. The reactiom product was a
mixture of N-ethylaminoborazines with some linked borazine rings, and
every fraction obtained had a very strong, sharp infrared absorption due
to the N-H stretching mode.

The mass spectrum of Fraction V was recorded, and the most intense
series of peaks were observed around mass 245. Higher mass peaks were
observed in groups around masses 295 and 325, with some very weak peaks
around masses 295 and 325. The accurate masses of some of the peaks indicates

that the B:N ratio is less than 1l:1, and this excess of nitrogen in this

fraction is not surprising if a disproportionation reaction is responsible
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for the formation of diethylaminodiborane. Further work on the mass
spectrum of this fraction is necessary before any speculation can be made
about its true identify; it seems possible that the fraction‘still contains
various components, and that the analytical and molecular weight figures
represent average values.

Reaction of Chloroboranes with Methyl Cyanide

Boron trichloride and diborane equilibrate rapidly in the presence

of ethers to give chloroborane:etherates.

]

BH, + BC13 + 3 R,0 —3 H2BC1. OR,

B2H6‘+ 4 BC13 + 6 320 — 6 HBC12.OR2

These chloroborane etherates react with carbonyl compounds, reducing them

to alcohols.
The reactions of HBCl,.OEt, and H,BCl.0Et, with methyl cyanide were

studied in the expectation that ethylideneaminoboron dichloride and
B-trichloro-N-triethylborazine would be formed.
nBH012 + nMeCN — (MeCH=NBClZ)n
3 BH2C1 + 3MeCN —) Et3N3B3C13.
In neither case was the desired product obtained. Both reactions appeared

to go via a disproportionation into methyl cyanide-boron trichloride adduct

MeCN,BCl,, with the simultaneous formation of borazines and borazine polymers.

3,
No volatile material other than MeCN,BCl3 was obtained from the mono-
chloroborane reaction. The infrared spectrum of the residue demonstrated

the presence of B-H, C=N and C=N groups and this was partly confirmed by
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the evolution of hydrogen, ammonia and ethylamine on alkaline hydrolysis.
The reaction of dichloroborane with methyl cyanide resulted in the formation

of larger quantities of MeCN,BCl_ and this time, a liquid could be distilled

3
from the residue. - Analysis of this liquid showed it to be a mixture of
N ethyl-B chloro-borazines, and this conclusion was supported by very broad
intense absorptions in the infrared spectrum at %1450 cm-l, which is in
. the region characteristic of borazine ring vibrations.

- The reactions of chloro-alane-amine adducts83, e.g. HAlClz,NMe3 and
.gallium halide hydrides HGaClz, HGaBr284 with methyl cyanide have been
studied. These reactions also appear to involve a disproportionation and

the desired alkylideneamino derivatives are not obtained. The reaction

products are yellow involatile glues.
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Reaction of Organocaluminium Compounds with Aliphatic Cyanides.

Reactions between cyanides and organoaluminium compounds have been
studied by several groups of workers, who have  shown that ketones, aldehydes,
or amines may be obtained by hydrolysis of the reaction mixture. For
example, Gilman and Marple50 obtained phenyl p-tolyl ketone in 17% yield
from phenyl cyanide and tri-p-tolylaluminium at about 130-140°:

PhCN + (p-MeC6H4)3A1 — [p.MeC.H, .C(Ph) = NAL (p‘—Me.C6H4)2]
H,0

2

p.Me.CcH, .COPh

Acetophenone has been prepared in 26-39% -yield from phenyl cyanide using

methylaluminium dichloride at 170°C and in 48-60% yield using diméthylaluminium

chloride.lS’16

The higher alkyls of aluminium tend to lose olefin when heated with

nitriles; subsequent transfer of hydrogen affords an aldehyde or amine on

hydrolysis.85
BujAl 80-90° . BujAl :
3 .

PhCN (GEy [PhCH:N.A1Bu, ] 7_(}4—1{87) [ PhCH,N(A1Bu, ), ]
| us

PhCHO PhCHZNH2

.. . . 85,14,79

Dibutylaluminium hydride Bu2A1H, reacts similarly, Vacuum

distillation of a mixture of propyl cyanide and BuzAlH was reported to give
n-butylidene aminodibutyl aluminium, (Pr.CH=NA1Bu2)n, the molecular weight

of which was not recorded.1
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Work on the phenyl cyanide-triphenylaluminium system has shown that

a crystalline solid adduct, PhCN,AlPh,, can be prepared by directreaction

3’
of the components in benzene solution. This rearranges slowly at 90°

and more rapidly at 140°C to form (Ph,C=NALPh,)_, m.pt. 298-300°C, for

which ebullioscopic measurements on benzene solutions indicate a degree

of association n=1°1 - l°2.52

Al, Et_Al, Ph_Al, Me AICl and

3 3 3 2
MezAlH have been studied,38 by Dr. J. E. Lloyd of this Department. All

The reactions of phenyl cyanide with Me

react exothermically with phenyl cyanide at room temperature, the first
four forming adducts PhCEN,AlR3 which rearrange when heated into dimeric
alkylideneaminoaluminium derivatives, (PhCR=NAlR2)2. The hydride Me,AlH
forms (PhCH=N,A1Me2)2 directly, no adduct beiﬁg isolable at room temperature.
Dr. Lloyd also initiated an investigation into the reactions between
methyl cyanide and organoaluminium éomp0unds. The author completed this
investigation and subsequently studied the reactions between tertiary butyl
cyanide and organoaluminium compounds. The discussion in the following

pages concerns both of these reaction systems.

Alkyl Cyanide Adducts

The adducts and their rearrangement réactions are listed in Table IX.
The compounds.RCN,AlMe3 (R = Me, Et, or But), R'CN,AlEtB, and
R'CN,AlMe2C1(R' = Me or But) were readily prepared by the exotheérmic: reaction
between equimolar quantities of nitrile and organoaluminium. The triphenyl-
aluminium complexes R'CN,AlPh3 were prepared from the ether complex

EtZO,AlPh and only a slight excess of nitrile, a reaction that may reflect

3
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TABLE IX.
Thermal rearrangement of adducts RCN,AlR'3
Adduct Temg?compgzizizgn + Nog;ggizﬁeric Yield (%)
Bu'CN,AlMe, 150°  Me @ (Bu“CMe:N-AlMe,), 95
ButCN,AlEt3 155-160 CoH, AH > (ButCH:N'AlEtZ )2 _ 80
ButCN,AlPh3 170 Ph - (Bu'CPh:N*AlPh, ), 85
ButCN,A1Mb201 240 Me =2 (ButCMe:N'AlMe01)2 60
Bu'CN,AlMe B {20 H9 (Bu“CH:N-AlMe,), 90
MeCN,AlMe, 120- 150‘ MeH $Me > (MeZC:N'AlMeZ)Z 15-20
‘MeCN,AlEt, 110-130  EtHfEt%  (MeCEt:N*AlEt,), 18
MeCN,ALPh, 190-200 PhH APh-) (MeCPh:N‘AlPhZ )n 15
MeCN,AlMe,C1 160-165 MeH pMe-» (MeZC :N*AlMeCl), 7
+
(Me,C:N°AlMeCl), 4
MeCN,AlMeZHx < 20 H (MeCH: N*AlMe,), 90
EtCN,AlMe, 160-170 MeH pMe-» (EtCMé":N'AlMez)z 26

; . . +
®adduct itself mot isolated, rearranging below room temperature. In

this column;4 indicates gas evolved,-» indicates group or atom migrating.

the relative volatilities of the two competing donor molecules rathcer than
their relative donor strengths, as Mole has shown that in dsuterochloroform

. solution phenyl cyanide only partly displaces co-ordinated ether from tri-
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Aphenylaluminium.se Alkyl cyanide adducts of dimethylaluminium hydride
RCN,AlMeZH were not isolated; like the phenyl cyanide compound these
rearranged rapidly at room temperature to give the products described
below.

The alkyl cyanide adducts isolated decomposed rapidly in the presence
of air or moisture, but were readily characterised by the methods outlined
in the Experimental Section. They were monomeric in benzene, and their
infrared spectra contained bands characteristic of co-ordinated nitrile
groups at frequencies some 30-60 cm._1 higher than the frequency of the
free nitrile, as shown in Table X. An increase in the frequency, Av,
aseociated with the C=N stretching vibration on co-ordination is a familiar
feature of the spectr; of nitrile adducts. It has generally been

attributed t087’88’89

the*amééhanical constraint imposed on the vibration
of the nitrogen in the linear adducts compared with the free nitrile,
although an actual strengthening of the C=N bond on coordination has also
been suggested.90 Both explanations require Av to increase with the
strength of the coordinate link. = However, recent calculations by Beattie
and Gilson91 of C=N and B-N stretching frequencies for adducts MeCN,BX3
(X=F,Cl, or Br) have shown the need for caution in relating Av to Lewis
acidit? in nitrile adducts because of 'mixing' of the various vibrational
modes. Recent force constant determinations and molecular orbital
calculations have been reported by Purcell apd Drago.92 It was found that

the C=N frequency increased only slightly as a result of kinematic coupling

in the subsystem [CEN —» acid]. - However, the C=N force constant was
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shown to increase significantly upon coordination of acetonitrile and
is the main cause for the frequency increase. The molecular orbital
calculationspsupported this, and allowed the conclusion that the NZS
orbital ig évgrlépping more with the C28 and Cch orbitals was responsible
for the observed strengthening of the C=N link upon coordination of
CH3CN to Lewis acids.

In our alkyl cyanide adducts, the increase, AV, in the nitrile
stretching frequency on co-ordination varies with the acceptor molecule,

TABLE X
Infrared spectroscopic results for adducts RC:N,AlIR!

3

Acceptor molecule

Nitrile - AlP_h3 AlEt3 AlMe3 AlMe2C1
VCN PhCN | 2230% 22657 2270 22737 2213t
MeCN 2053%  2287"  2200% 22067 2206
Buton  2235% 22857 2282 gpapt  2203°
v PN - 35 40 43 43
MeCN - 3 37 43 43
Bu‘CN - 50 47 47 58
VAIN - PhCN - st 3w® - 391t 4nof
MeCN - 48t se02* w01t a1’
Bu CN Y v A U ST Sy

' o -1
. Values for EtCN,AlMe,; VCN =-2294%, v = 47, Frequencies in cm. .

3%
+ + ,
*Liquid film. ~ Nujol mull. + Benzene solutionm.
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and follows a similar trend to that observed for related phenyl cyanide
adducts. Values of Av for methyl cyanide complexes do not, in fact, differ
significantly from the values for corresponding phenyl cyanide compounds,

and can be interpreted in terms of increasing acceptor power AlPh3 < AlEt3 <
AlMe3 = AlMeZCI. In studies of nitrile complexes of inorganic halides, other
workers have found that values of Av for complexes of phenyl cyanide were
significantly lower than values for complexes of methyl cyanide.81’88 This
result was explained in terms of interaction between ring and nitrile orbitals
in the phenyl cyanide adducts, allowing contribution from such canonical

forms as +C6H-5=C=N-. The values obtained for Av for the complexes of t-butyl
cyanide are still higher than the values for the complexes of the other
nitriles, and correspond to the series of increasing acceptor power A1Et3 =
AlMe3~( AlPh3 %4 A1Me201. - As the frequency differences involved are small,
too much significance should not be attached to their values, although the
results are in general agreement with the sequence that would be expected

from copsideration of the relative'electronegativities of the groups attached
to aluminium.

A recent publication93 about the structure and infrared spectra of
complexes of organocaluminium éompounds with nitriles is generally in good
agreement with the work reported here.

Also listed in Table X are the frequencies of bands that are considered

to be associated with the Al-N stretching vibration. . A sharp band in the

region 390-425 cm._l is common to the spectra of all the adducts, but is
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absent from the spectra of the component nitriles and organoaluminium
acceptor compounds. A band associated with the Al-N stretching vibration
might be expected in this region by analogy with related compounds suqh as
aminealuminium hydride adducts94 and amino-aluminium alkyls95 in the spectra
of which bands near 500 cm._l have been assigned to Al-N vibrations. Also,
the spectrum of the gallium trichloride complex MeCN,GaCl3 contains a band

at 335 cm._l, which has been calculated to arise largely from a Ga-N

1,96

stretching vibration =’ . The extent to which the band near 400 cm.

in the spectra of the organoaluminium-nitrile adducts may be regarded as

due to an Al-N stretching vibration, however, is uncertain. Beattie and
Gilson have recently shown that, in the spectrum of (MeSN)2A1H3, a band

near 200 cm.—l is more properly that designated VAN’ the band at 460 cm.—1
being mainly associated with deformation of the trimethylamine groups ~’° .
Thus, although an Al-N stretching vibration is considered to be involved in
the vibration giving rise to the absorption near 400 cm.-1 in the spectra

of our nitrile complexes, it is not possible to draw any detailed conclusions
frqm the precise value of the frequency of this band. Although the spectra
of several of the‘nitfile complexes were recorded up to 200 cm._l, no other
baﬁd attributable to Val_y ¥es found.

Rearrangement Reactions

These are summarised in Table IX. The adducts of t-butyl -cyanide
rearranged in a similar manner to those of phenyl cyanide, forming dimeric

alkyl-ideneaminoalanes in good yield, e.g.,
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Me2
t
Bu //Al Me
t fe) \ R /
2Bu CN,AlMe 150 c=N N=C
3 L
N SN

Me Al Bu

Me2

The adduct of triethylaluminium lost ethylene at about 155-1600, and
subsequent .(or simultaneous) hydrogen transfer gave (ButCH:N'AlEtZ)2 the
neopentylideneamino-compound. Triethylaluminium itself loses ethyleneao’97
at about 160°, although by the reversible reaction Et Al"“ E£ AlH + C . H

’ g >y 3T TR 274
so that the overall rate of decomposition appears slower than the irreversible
decomposition of the triethylaluminium-nitrile adducts. ' When ButCN,AlEt3
was held at about 1600, some transfer of ethyl apparently occurred as well,

the product having an extra band in the C:N region of the infrared spectrum

at 1626 cm.-1 the frequency at which such a band might be expected for the

compound (ButCEt:N’AlEtz)z, but a pure sample of the latter was not isolated.
It was found convenient to use a slightly higher temperature for the
rearraﬁgement of the triphenylaluminium adduct, although there seemed little
difference between the migratory aptitudes of methyl and phenyl groups.
However, the methyl groups of ButCN,AlMezcl were markedly less mobile, a
temperature of 240° being necessary for the rearrangement of this adduct.
Other workers also have found the transfer of organic groups from alkyl-
aluminium halides to occur less readily than the transfer of groups from the

15,16

trialkyls. Hydrogen transfer occurred much more readily than alkyl or
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or aryi transfer; dimethylaluminium hydride and t-butyl cyanide gave
neopentylideneaminodimethylaluminium dimer when mixed at, or below, room
temperature. Our results show that the readiness with which groups attached
to aluﬁinium migrate to the carbon of a cyanide group decrease in the sequence
H (of AlMe,H) P Me (of AlMe,).Et (of AlEt,) > Ph (of AlPh;y Me (of AlMe,Cl),
a sequence in which there appears to be decreasing negative charge on the
migrating atom or group.

- The possibility of further rearrangement of the alkylideneamino-
derivatives, involving transfer of anmother organic group from aluminium to
the carbon of the azomethine group, e.g. (ButCR:N'Ale)z-———%> (ButCR2N°A1R)nm
was explored by heating the methyl compound (ButCMe:N'AlMez)2 to 2800, but
little change occurred. There appeared to be no reaction, either, when
this compound was heated with trimethylaluminium to a similar temperature,
conversion into BuFCMéZN(AlMeZ)2 then being considered possible,

Methyl and ethyl cyanide differ from t-butyl and phenyl cyanides in
having attached to the a-carbon atom hydrogen atoms that allow the possibility
of acidic reaction. As a consequence, the thermal decomposition‘of their
adducts with organoaluminium compounds follows a different course, the
main reaction involving cleavage of organic groups from aluminium, e.g.

nCH,CN,AIR, — (R,AICH,CN) + nRH
Similar cleavage of organic groups from magnesium occurs in reactions
between Grignard reagents and certain alkyl cyanides.3 Thus, methane was

evolved from methylaluminium adducts, ethane from the ethylaluminium compound
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and benzene from the phenyl compound when these were heated to the
temperatures shown in Table IX. Once decomposition had started, very
rapid evolution of gas occurred as the heat evolved raised the reaction
temperature, so that generally the bulk of a sample of adduct was converted
into a glue or glass within a minute; not all of a'sample decomposed in

this manner, however. The quantity of gas evolved was rarely more than
60% of that expected from the equation above, and small samples ( 20%) of
alkylideneamino-compounds (MeCR:N‘Ale)n were recovered from the residue

by vacuum sublimation, showing that a rearrangement reaction like that which
occurs with phenyl or t-butyl cyanide adducts had also taken place, e.g.

© MeCN,AlMe, — 15-20% (Me,C:N-AlMe,),

» The decompositioh temperature of methyl cyanide adducts is lower than
that of corresponding adducts of t-butyl or phenyl cyanides, although the
tripﬁenyialuminium compound is comparatively stable to heat, and the adduct
of dimethylaluminium chloride loses methane less readily than that of tri-
methylaluminium. A consequence of the lower reaction temperature is that
the slight rearrangement of MeCN,AlEt3, which occurs simultaneously with
the loss of ethane, involves migration of ethyl groups rather than loss of
ethylene and migration of hydrogen. Migration of hydrogen occurs when methyl
cyanide and dimethylaluminium hydride are mixed at, or below, room temperature,

so that in this system methyl cyanide does not differ from the other cyanides

studied.
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The involatile glassy residues left after methyl cyanide adducts have
decomposed, shown as (R2A1CH2CN)n above, are apparently complex polymeric
materials. They are insoluble in the common inert organic solvents, but
are readily hydrolysed by dilute acids. Values of the R:Al ratio lie between
1:1 and 2;1?-§ﬁowing that some rearrangement as well as cleavage of groups R
from aluminiuﬁ has occurred, a conclusion supported by the presence of ketones
in.the,hydrolysate‘and.by bands characgeristic of C=N groups as well as C=N
groups in the infrared spectra of the polymers.

3

below 1000, Reinheckel and Hahnke16 have shown that addition across the C:N

Although adducts RCN,AIR! do not rearrange appreciably at temperatures

link occurs at a lower temperature if the adduct is treated with an equimolar
quantity of the organoaluminium compound:
1

RCN,AIR! + AIR} —> = (RR'C:N'AlR'z)n + AIR'

3 3

If the product is hydrolysed, this reaction affords a route to ketones RR'CO,
which might otherwise be obtained in only very low yield (if R contains hydrogen
attached to the a-carbon atom), or not at all (if R' = Et, when loss of

ethylene and hydrogen migration tend to occur). As a route to rearranged
compounds (RR'CfN'AlR'Z)n it is less useful, since the producf contains

combined AlR'3, possibly in the form RR'C:N(AlR'Z)-———f}AlR'3. Thus we

found that rearrangement, apparently to MeZC:N(AlMeZ)AlMe3, was essentially
complete after a 1:2 mixture of methyl cyanide and trimethylaluminium had

been heated in benzene to 80° for 1 day, but the product, a viscous oil,

retained trimethylaluminium tenaciously under vacuum and attempts to isolate
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the isopropylideneamino-compound (MeZC;N‘AlMez)2 from it were unsuccessful.

When a mixture of methyl cyanide and dimethylaluminium hydride was heated
at 145° for 30 minutes, appreciable addition across the C:N double bond occurred.
Hydrolysis of the residual glue gave mainly methane and ethylamine and only

small quantities of hydrogen and ammonia:
Me AlH

Me, AlH
MeCN _2° "4 1 (MeCH:N°AlMe,) 2\ 1 [MeCH,N(AlMe,),]
{20 n 1us° - om

Partial reduction beyond the azomethine stage has already been observed
in other reactions between a nitrile and an excess of an organometallic
compound. For example, benzylamine is among the products when benzonitrile
is treated with an excess of dibutyl-aluminium hydride79 or tributylaluminium
(acting as a source of the hydride BuzAlH) and the reaction mixture is
hydrolysed, while neopentylamine is formed in a similar reaction sequence

involving t-butyl cyanide and the Grignard reagent6 ButMgCI at 1500;

Me,CMgCl . Me., CMgC1 ,
Me,C*CN — T, [MeBC°CH:.NMgC1] W [Me3C'CH2'N(Mg01)2]
lhydrolysis l hydrolysis
Me,C *CHO Me, C *CH, *NH,

It should be stressed that in such reactions an excess of the organometallic

compound is needed, as only one of the groups originally attached to

aluminium appears to be available for reaction. This may be contrasted with

the behaviour of aluminium hydride itself, in which two hydrogen atoms per

. 36
aluminium are available for transfer reactions, e.g.
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[MeCH

N,ALH NAIH]

3 3

Two of the four hydrogen atoms of lithium aluminium hydride are similarly

MeCN + Et —_— [MeCH:N‘Ale]

2

available for the reduction of nitriles to amines, although reaction can be
. 98,9
stopped at the azomethine stage. ° 2

A plausible mechanism for the rearrangement of these nitrile adducts

involves nucleophilic attack by the migrating group on the carbon of the

nitrile:
, N
: [
& 8- SR R-C
R' - C= N —ALLR DMy —3alr
N R o il 2
R2AL ¢— NzC - R ? RoAL &= N
R s . C-R
{

The observation already noted that the rearrangement occurs less readily if

electronic charge is withdrawn from the migrating group is consistent with

this.

. , . - 100 .
Recent kinetic studies by Pasynkiewicz and Kuran on the reaction of

phenyl cyanide with trimethylaluminium in molar ratio 1l:1 at 1200, show it
to be of first order, implying an intramolecular, rather than an intermolecular
rearrangement of the complex. More st_:udieslo1 by the same authors on the
reaction of phenyl cyanide with trimethylaluminium in molar ratio 1:2 show
it to be of second order kinetics and to be much faster than the 1l:1 molar

ratio reaction thus confirming our own work and that of Reinheckel and Jahnke .
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Further rearrangement of the alkylideneaminoalanes themselves could
involve a similar mechanism, nucleophilic attack on the carbon of the
azomethine group by the migrating group, and will therefore occur less
readily, because of the increased steric hindrance about that carbon atom,
because of the lower gffective positive charge on it, and because of the
greater withdrawal of electrons grom the groups R' attached to aluminium now
that two nitrogen atoms are also attached to aluminium. The lack of further
rearrangement of (ButCMe:N°A1Me2)2 at about 280° or of attack by‘Me3A1 on
this compound, contrasted with the reaction between (MeCH:N'AlMe2)2 and
AlMezH at 1450, are all consistent with this interpretation of the factors
influencing these reactions. The alkylideneamino—compouﬂds, however, are
also susceptible to-nucleophilic attack at the aluminium atoms, which can
expand their coordination number above four. Those prepared in this work,
although less sensitive to air and moisture than the adducts, still required
manipulation in an atmosphere of nitrogen. The sensitivity was found to be
least for those compounds that had ‘most crowding of the groups about the
aluminium atoms, the compound (ButCMeﬁN'AlMez)z, for example, being hydrolysed
too slowly by dilute acid to enable this method to be used for its analysis,
All these aluminium compounds were much more readily hydrolysed than the
related ethylideneaminoboranes, (MeCH:N‘BRZ)z, in which the boron, already
four-co-ordinate, cannot accommodate further donor molecules.

The strong tendency of HAl groups to add across nitriles prompted the
study of the reaction between dimethylaluminium hydride and hydrogen cyanide

in hexane at -78° as a route to (HZC:N‘AlMez)n. Hydrogen was evolved,
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however, and tetrameric dimethylaluminium cyanide, (Me2A1CN)4, was produced.
This compound has previously been prepared from trimethylaluminium and
hydrogen cyanide.67

Features of the infrared spectra of the alkylideneamino- and benzyl-
ideneaminoaluminium derivatives are given in Table XI. All the spectra
éontain strong or very strong absorption bands in the region 1600-1675 cm.
characteristic of the C:N stretching vibration, the frequeﬁcy apparently
.being sensitive to the groups attached to the carbon, béing highest for
compounds with hydrogen or a small alkyl group attached to this carbon atom
and lowest when t-butyl o? phenyl groups are the substituent.

The infrared spectra of some ketimines has been studied,102 and
frequencies of the C=N stretching vibrations reported. The frequencies
_fér ketimines is also highest when an alkyl group, and lowest when an aryl
group is bonded to the carbon atom of the azomethine group.

Another common feature of the infrared spectra is a band between 437 and
478 cm._l, which appears to be associated with a ¥ibration of the (AlN)2 ting.
- A band at 508 cm.n1 has been shown95 to be associated with a ring vibration
in thg spectrum of the aminoalane (MezNAlMez)z, although the sensitivity of
this band to dauteration of the dimethylamino group, when it moves to 482 cm.—l
shows that movement of the rest of the molecule contributes to this absorption.

Other bands between 450 and 500 cm.'_1 in some of the spectra, particularly

those of phenyl or chloro-derivatives, make assignment uncertain in these
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TABLE XTI

Infrared spectroscopic results for rearranged compounds (RR'C:N‘AIR'Z)n

_ Al-CH Al-CH
Compound stgjf\:]ch g%ﬁ?) Stritfol((:ism-) sz;ﬁ sﬁ:;fch
(MeCH:M*AlMe, ), * 1675vs 1190s  719sh,690s 560w 461s
(Bu‘CH:N'AlMe,),"  166lvs  1192vs  730sh,68%vs  580s 449m
(Mezc:N-A1Me2)2¢ 1658s 118lms  722sh,684s 554w 465m
(EtaMe:N-AlMe ), ¥ 1653vs  1181s  710sh,682vs 550w 465w
(PhCMe:N'AlMeZ)zi 1634vs 1183s  717s,676vs  567m 478w
(PhCH: NeAlMe,)," 1630vs  1183vs  745vs,685vs  575m 470w
(Bu‘CMe:N-AlMe,),”  1630vs 11925  734vs,684vs  582u 448m
Compeund O WS M0 M
+ rock
(Mez-C:N°A1MeCI)2x 1650vs 1192vs 737sh,699vs, * 489m 454m
566m.

(ButCMe:N'AlMe01)2§- 1625vs 1203s  691s, 568w  49%m 467m
(PhCMe:N-AlMeC1),”  1613vs 1186s  719vs, 662vs, 477w 437m
~ 573vs
(ButC-H:N'AlEtZ)zx 1656vs - - - 454s
(EtCMe:N'AlEtZ)ZK 1650vs - - - 473m
(PhCH: N*AlEt,)," 1633vs - - - 468m
(PhCMe:N'Alth)nx 1621s - - - 461s
(PhcBu®:NeAlPh,),"  1616vs - - - 455m
(PhZC:N'AlPhZ)nI 1620sh f - - - 456m

xLiquid film. +Nujol mull. iKBr disc. §CC14 solution. ;”JFor a

discussion of this assignment see ref. 38.
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instances, but the frequencies listed in Table XI are those indicated by
analogy with the less ambiguous methyl derivatives.

Seven of the compounds prepared contained AlMe2 groups, and three
others AlMeCl groups. Feafures of their spectra that are readily
identified are also listed in Table XI. The dimethylalanes have a
characteristic strong sharp band at‘1131—1192 cm._l, due to the symmetrical
deformation vibration of the methyl groups bound to aluminium, and a.broad
region of strong absorption around 700 cm._l, consisting of a strong or very
strong band centred at 676-690 cm."1 with a shoulder or second band around
710-745 cm._l, which together can be attributed to Al-CH3 asymmetrical
stretching and rocking vibrations. A less intense peak at 550-582 cm.
can be assigned to the Al-CH3 symmetrical stretching vibration. These
assignments are made on the basis of studies by Gray,193 Hoffman and

1 _
Schomburg 04 and Coates and his co-workers 95, 105 on various methylaluminium

compounds.
The methylchloroaluminium compounds have a strong sharp band near 1190
cm._1 in their spectra [Al-CH38(sym)], and broad strong absorptions near
690 cm.-l and 570 cm._l due to Al—CH3 stretching and rocking vibrations.
A band in the region 477-494 cm.—1 can be assigned to the Al-Cl stretching
vibration by analogy with Gray's assignments for methylaluminium chlorides.103
The proton magnetic resonance spectra (th.r.) of the alkylideneamino-
derivatives were recorded, and T values are listed in Table XII. Assignments

were generally straightforward, and are indicated in the Table. It has

previously been shown that p.m.r. spectra can be used to detect the presence
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of mixed isomers in such systems,i§’30 on the basis.of the number of peaks
corresponding to Al-Me or Al-Et groups.

TABLE XITI

Proton magnetic resonance spectroscopic results

T values.of EEEEE’SELB;E.;'TMeASi = 10°00)
Compound 32;;/26:—' =C-Me .=C-Et or =C_Bu® Al-Me or Al-EE\
,C:N°AlMe,),  CCl, - 7+958(1) .y - 10+9,s(1)
:Qﬁ:N'A$Me2)2. cct, 1-60q(1) 7f89d(3) - 10+8,s; 10°8,s; 10'935(6)
CMe:N°AlMe,), CCl, - 7+943(3) 7'67q(2);8°80t(3) 10+9,s(6)
CMefN‘AlMez)z CeHe - ' 8+245(3) 7‘99q(2);9'21t(3) 10’433(6)
“CMe:N-AlMe,), C.H. - 7+8,s(1)  8°8,5(3) | 1073,5(2)
“CH:NeAlMe,), CCl, 5+3.s(1) - 8+845(9) 10+8.5(6)
‘CH:N-AlMe,),  CH 4°2g5(1) - 9+1,5(9) 10+5.5(6)
“CH:N-AlEt,), Nome 1:7,8(1) - 8+9,5(9) 8+9,£(6);10°0,q(4)
,C:N°*AlMeCl),  CCL, - 7+7,¢ - 10+6c
ZC:N'Al}IeCl)z CeHe - 8°63c - 10'37c
tCMe:N-A1Mec1)2 CH, - 7484 849 104151072, 5

ternal standard, benzene ( T= 2°73); internal standard, tetramethylsilane in all
1er cases. s = singlet, d = doublet, t = triplet, q = quartet; relative
-ensities in parentheses.
The p.m.r. spectta of the tertiary butyl compounds, (ButRC=NA1Me2)2
show only one peak attributable to AlMe2 and indicate that only the trans-

isomer was present (Structure II), unless the difference between the two
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types of AlMe2 groups in the cis-form (Structure I) was insufficient to

be detected.

1 R Al Bu

\ /A /R \ _N/ \N_C/

,{ \Al / \ t {C N7 N

R
2 2

Structure (I) : Structure (II)

The formation of only the trans- isomer of the compounds
t

o), (Bu'CH:N*AlMe,),, and (ButCH:N°AlEt2)2, is intelligible
in that the bulk of the butyl groups might lead to bond-angle strain in

(ButCMe:AlMe

a cis-isomer. The presence of only one isomer in the first two of these
butyl compounds is also consistent with their crystalline form and the
sharpness of theirimelting points. The X-ray crystal structure of
(ButCMe=N°A1Me2)2 is shown below.

- The p.m.r. spectra of both the methylchloro-compounds (MezC:N'AlMeCI)2
and (ButCMe:N'AlMecl)2 were recorded, but were unexpectedly complex and
could not be interpreted with certainty. Their p.m.r. .spectra should not
be sensitive to the relative orientation of the AlMeCl groups. However,
the slow devélopment of a yellow colour in the solutions of these compounds
suggested that the coﬁplexity might be due to impurities resulting from
decomposition of the sémples or attack on the solvent or tetramethylsilane
standard. The p.m.r. spectrum of the phenyl compound (ButCPh:N°A1Ph2)2

in deuterotoluene was complex and could not be assigned with certainty;
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T values -of peaks were 3°¢07c, 3°52c, 4+27c, 9°93s é.p.m.

The alkylideneaminoalanes described here are examples of compounds
in which 3-co-ordinate nitrogen atoms are present in a four-membered (Al-N)2
ring, in which the bond angle strain (distortion from 120° to 90°) at the
nitrogen atoms appears to be greater than in the related amino-alanes
(RZN'AIR'Z)2 (distortion from 109° to 90%). A trimeric form (RZCfN'AlR'2)3,
which would have no distortion of the bond angles has not béen detected in
this work, or in the work on phenyl cyanide adducts.38 In the amino-
aluminium and -gallium compounds, copsidered to be dimeric in the crystal
phase at room temperature, ring opening to polymeric structures occurs when
they are heated, the resulting glasses softening to dimeric liquids over a
short temperature interval as if melting.95 No evidence of such a crystal
—— glass —— liiquid change was detected when certain of the
alkylideneaminoalanes, for which p.m.r. spectroscopic evidence of the
presence of only one isomer was available, were heated slowly to the melting
point under a polarising microscope, even though the greater strain
expected to be present in the alkylideneamino-compounds should make a
transition to a polymeric glass more likely. One must conclude therefore,
‘that bond-angle strain in these compounds is small.

The X-ray crystal structure of (ButCMe:N'AlMez)2 has been studied in

these laboratories by Dr. H. M. M. Shearer and Miss J. Willis and the

results are shown in Photograph II.




GRAPH II
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‘'The most interesting features about the structure are:

the Al-N-Al angle is widened significantly from 90°.
the C=N bond length is 1'278, identical to the C=N bond length |
in trans—ethylideneaminodimethylboron (MeCH:NBMe2)2106 and comparable
with the C=C bond length of 1348 in ethylene.

allowance for the hydrogen étoms on the methyl groups on the aluminium
and on the tertiary butyl group, shows the aluminium atom to be well
shielded from nucleophilic attack, hence the remarkable air stability

of this compound.
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Reactions of Organogallium Compounds with Cyanides.

The organic chemistry of gallium has received little attention and
most of the work in the literature is associated with Coates and his co-workers.
Adducts of trimethylgallium with ﬁrimethylamine, trimethylphosphine,
trimethylarsine, trimethylstibine, dimethyl ether, dimethyl sulphide,

dimethyl selenide and dimethyl telluride57 have been prepared, and the

different donor strengths of the donor molecules discussed. The reactions

7,95

of trimethyl-gallium with amines™ ’°° and weak acids105 have also been

described, methane being evolved, and the dimethylgallium derivative
-(MezGaX)n being formed.

The only reactions of trimethylgallium with unsaturated compounds
described in the literature are those with methyl cyanide and acetone,108
and the reactions of gallium alkyls and alkyl gallium hydrides in general

with olefins and acetylenes.

Trimethylgallium and methyl cyanide formed a solid adduct, MeCN,GaMe3,
o . -2342
m.pt. 27 C whose vapour pressure was given by 1og10Pmm = + 8+84.
The adduct was shown to be fully dissociated in the vapour phase at 1OOOC
and 90 mm. Hg pressure. On cooling to room temperature, the adduct was
reformed, unchanged. Trimethylgallium also formed a weakadduct with acetone,
but between 50 and 90°C one molecule of methane was evolved yielding a white

non-volatile product with the composition [MeZGaOCBHS]n' On further heating

at 1700C, more methane was evolved, and an orange-red involatile solid remained.
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Diefhylgallium hydride was found to add readily to olefins and
acetylenes with the formation of unsymmetrical gallium alkyls. On
attempted distillation, these alkyls tended to disproportionate into
symmetrical gallium alkyls.  The reaction between gallium alkyls and
olefins went either by an olefin displacement or a "growth! reaction,
but much less easily thard that which has been observed with aluminium
alkyls. In the reaction between acetylene and triethylgallium, the
acetylene reacted as a weak acid and cleaved one of the gallium-carbon
bonds, with the spontaneous evolution of ethane.

Et,Ga + HC=CH —> C,H, + (Et,GaC=CH)

3 : 276

Trialkylgallium-Cyanide Adducts R3Ga,N5CR'

The adducts and their attempted thermal decomposition reactions are
listed in Table XIII. The adducts were prepared by the reaction between
equimolar quantities of cyanide and the organogallium compound. Trimethyl-
gallium was measured out as a gas, in a calibrated bulb on the vacuum line.
Triethylgallium was measured out by syringe, as were the cyanides.themselves.

The cyanide adducts were air and moisture sensitive, but were not as
reactive as their aluminium cdunterparts. Their infrared spectra contained
bands characteristic of co-ordinated nitrile groups at frequencies some
25-35 cm._1 higher than the frequency of the free nitrile, as shown in

Table XIV, which also compares the C=N stretching frequency of the organo-

gallium-cyanide adducts with the corresponding organoaluminium-cyanide adducts.
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Table XIII
Thermal decomposition of adducts RCN,GaR'3
Adduct - Decomp031t10n. Product
emp. Reaction
0
MeCN, GaMe,, 145°C MeH 1 (te,GaNC H, )]n
Bu'CN, GaMe, 150°¢ none Bu'CN, Galle,
t o 5 t
Bu CN,GaEt, 158°¢ C, B, 1,5 (Et,GaN=CHBu ),
PhCN,GaMe3 118°%¢ Polymerisation (PhCN)3 + Me,Ga.
o of cyanide.
PhCN,GaEt, 158°C | C,H B (Et,GaN=CHPh),
CClBCN,GaMe3 r.t. " Alkyl-halogen Mixture containing readily
exchange. hydrolysable chloride.

® . .o e g . .
In this column, §\ indicates gas evolved, —3 indicates atom migrating.

Table XIV

Infrared spectroscopic results for adducts

RC:N,MR',
Acceptor Molecule
Nitrile - GaMe3 GaEt3 AlMe3 AlEt3
vesN| PheN | 2230 2260 2258 2273 2270
MeCN | 2253 2285 2279 2296 2290
ButeN | 2235 2266 2268 2282 2282
A PhCN - 30 28 43 40
MeCN , 32 26 43 37
Bu'CN - 31 33 47 47
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The values for AV are substantially less for the organogallium-
cyanide adducts than for the organo-aluminium-cyanide adducts, implying
that aluminium alkyls are stronger Lewis acids than gallium alkyls. Boron
alkyls are complétely immiscible with cyanides, so the following sequence
in decreasing Lewis acid strength may be drawn up:-

R4AL) R,Ga > R,B.

No consistent band was found which could be assigned with any
certainty to the gallium=nitrogen stretching mode, but a coﬁplete
investigation into ghe region beyond 400 cm._1 was not undertaken.

Thermal decomposition reactions.

These are summarised in Table XIII.  Alkyl group: migration was not
observed in any of the adducts studied. The adduct of trimethylgallium
with tertiary butyl cyanide dissociated on heating to 150°C, and the
reactants could be recovered unchanged, even when a 2:1 excess of trimethyl-
gallium was used. Since the reaction of trimethyl-aluminium with cyanides
in molar ratio 2:1 goes at a much lower temperature than the 1l:1 reaction,
it seems likely that it is necessary for one molecule of the organometallic
compound to be coordinated with the cyanide to increase the polarity and
hence reactivity of the cyanide bond. The trimethylgallium is not co-
ordinated to the cyanide at the temperature at which rearrangement would occur,
and so the reaction using excess trimethylgallium does not go.

The potential acidity of methyl cyanide, in having hydrogen atoms a-

to the carbon atom of the cyanide group, commented upon in the discussion
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of the reactions of organoaluminium compounds with cyanides, was also
apparent in the reaction of trimethylgallium with methyl cyanide. No
reaction took place when the adduct was heated at 1200, but. at 145°C 1 mole
mole of addvct was evolved, and Fhe
of methane peerroduct was an involatile orange-red solid from which
isopropylideneaminodimethylgallium (MeZC=N°GaMe2)n could not be obtained,
by attemptéd vacuum sublimation. The infrared spectrum of the solid showed
no bands characteristic of C=N, but there was an intense absorption in the
region 2!5'Ocm._1 - This may have been due to a C=N vibration but is more
likely to have arisen from one of the CH2=C=N- stretcning modes since
isocyanates, cyanates and other A=B=C systems have infrared absorptions in
this region. This result is readily explained, if the methyl cyanide
reacts in its 'enol' form.

CH,C=N &2 CH,C-Mi

CH,=C=NH + Me,Ga —m) (MezGaN=C=CH2 )n + CH,

2 3

This residue was insoluble in all common organic solvents except
acetone, in which it was extremely soluble.  Acid hydrolysis of the

"residue gave neither acetone, nor methyl cyanide.

The C=N in trichloroacetonitrile is more susceptible to nucleophilic
attack than the C=N in non-halogenated cyanides because of the inductive
effect of the chlorine atoms. The adduct of trichloroacetonitrile with
trimethylgallium, CCl3CN,GaMe3slow1y went brown on standing at room

temperature. On warming at 70°C, the adduct went deep brown and on cooling

" became a viscous glue. Washing the glue with very dilute nitric acid gave
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a solution containing a large quantity of ionic chloride, tested by silver
nitrate and nitric acid solutions, showing that some alkyl-halogen exchange
had occurred. No evidence for alkyl transfer was obtained in this reaction,
The adducts of phenyl and tertiary butyl cyanides with triethylgallium
Slowly 