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Summary
Dimeric ethylideneaminodialkylboranes, (MeCH:N.BR2)2
(R = Me or Et) have been prepared from methyl cyanide and the
appropriate tetra-alkyldiborane, RZBHBHRZ, in the latter case
N-triethylborazine being formed also. Isomeric forms of the
methyl compound, (MeCH:N.BMez)z, have been separated, one a
crystalline solid, me.p. 76°, v.p. O.6 mm. at 20°, the other a
liguid, f.p. ca. =5°, v.p. 1.8 mm. at 20°. Their infrared and
H' nuclear magnetic resonance spectra indicate that the solid

isomer has the trans structure I and that the liquid has the cis

structure II,

Me2 Mez
: N
Me ,//'N\\ //H H /// \\ H
N A a D -
//,C-N =C C=N C\\
H \\\ \\Me /, \\&
/
B
Me2 Me'_2
I I

Such structures are supported by the detection of dimethyl-~
borinic acid, acetaldehyde and ammonia, but not =thylamine, among
their hydrolysis.products, and the formation of dimethylchloro-
borane by reaction with hydrogen chloride.

Aluminjum compounds with related structures have been isolated

from reactions between nitriles and orgenoaluminium compounds, that



is, adducts RCN,AlR% rearrange by transfer of orgenic groups R'

from the aluminium to the carbon atom of the cyanide group:

RCN + mg —#RCN,A‘LR% —_— (RR'C:N.M.Ré)z

Thus, adducts of phenyl cyanide with trimethyl- and triphenyl-
aluminium rearrange at temperatures between 150° and 250° to form
substituted benzylideneaminoaluminium compounds, (R'PhC:N.AlRé)n.

The adduct of triethylaluminjum and phenyl cyanide, P’hCN,AlEt3
loses ethylene when heated and subsequent transfer of hydrogen
leads to (PhCH:NAlEtz)Z.

Adducts of methyl or ethyl cysnide with organoaluminium compounds
rearrenge when heated to form dimers (MeR'C:N.AlRé)2 and (EtR-'C:NAlRé)2
although these are obtained in low yield (20%) because at similar
temperatures the adducts evolve hydrocarbon R'H through loss of
one of the acidic hydrogen atoms of the nitrile, leaving polymeric
solids of the type (-~AlMe

.CH2CN-")n and (-AlMe.,CH_CMe :I\T-—)m.

2 2

Dimethylaluminium chloride reacts in a similar manner to
trimethylaluminium, Dimethylaluminium hydride reacts with these
nitriles by immediate transfer of hydrogen et room temperature to
form (RCH:N.AlMez) .

n

These reactions establish the nature of the intermediates

which were involved in reactions reported by other workers who have

shown that nitriles can be converted into ketones, aldehydes or

amines by reaction with suitable organo-aluminium compounds.



Introduction

The reactions which have been investigated in this work are
examples of a type of addition reaction in which a.group consisting
of a relatively electropositive element, M, bound to a comparatively
electronegative element X, adds across a multiple bond A=B.

i.e, M-X + A=B = M-A-B-X

The generality of this reaction has recently been commented on
by Bloodworth and Davies.l Reactions of this type have proved
perticularly useful in syntheses. Among well-known examples are
the reactions between Grignard (or lithium) reagent52 and compounds
containing C=0 or C=N groups; e.g. the carbonation of Grignard
reagents by carbon dioxide,

H,0

€O, + MeligX ——> MeC—OMgX —=—> MeC~OH

2 i
0 0

the formation of alcohols from aldehydes and ketones,

. 1 HpO
RCHO + MeMgX ——> R-C-OMgX ——> RMeCHOH
H
Me Me

| H,0 i
RR'CO + MeMgX ~——> R-C-OMgX —2—> RR'COH

and the formation of ketones from nitriles,

Me
i H20
R-CN + MeMgX ~——- R-C=lMgX ——> RMeCO

T,

AR T
'\ 1 2 AUC 1964
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A more recently discovered example is the hydroboration of

olefinic and acetylenic compounds,3

R-CH=CH, + RéBH —> RCH CHZBR-' 5

2 2

affording a route from olefins to, for example, alcohols, if the
resulting organoborane is oxidised by peroxide.

The reaction of aluminium alkyls with olefinsh has been used
to prepare paraffin polymers and various l-alkenes; the growth

step in this reaction involves addition of R-Al across C=C bonds,

. ./ 200°C - - _
RAL/; + nCpH, —> R(CZHA)nAl/S-—-——-> Ry(CoH, ), o CH=CH, + HA;L/3

The examples already quoted involve organo-or hydrido-~ derivatives;
other derivatives show similar reactions to a more limited extent.
Thus, it has been shown that the tin—oxygenl group of tin alkoxides
will add across the C=0 bond in carbon dioxi%;k
RY,Sn0R” + €0, —> R';8n0-C=0
and the boron-nitrogen group of an aminoborane will add across the
N=C bond in phenyl isocyanate,5
PhN=C=0 + R BNR'2 = Ph$—?=0
BpNR'y

In the present work an investigation has been made of the

2

reactions between nitriles and grgano- and hydrido-~ compounds of
boron and aluminium.
Nitriles, RCN, are known to reect with a veriety of Lewis acids,

MXn, to form lsl adducts RCN—>MXn. Studies6 on the infrared spectra
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of such adducts have shown the position of the C=N absorption band

to vary with the Lewis acid, MXn, being shifted to & higher freqpency
then that of the corresponding band in the free nitrile. When the
Lewis acid is a metal halide these edducts do not normelly rearrange

to give a compound conteining C=N.
1
R-CZN + MX ~—=> R-CzNMX > R-C=NMX .
n n N=j

In those cases vwhere the rearrangement does teke place, as for
example when MXn is a Grignard reagent, the rearranged material is
usually not isolated but hydrolysed to give a ketone,

In the following pages a review is nade of reactions in which
compounds of boron or aluminium are known to add to multiply bonded
systems; a short section follows in which addition reactions of

nitriles are summarised.

Reactions of Boron compounds. with unsaturated compounds

Hydroboration
Stock, in 1923, recorded that an unsaturated hydrocarbon would

react with diborane, and above 100°C acetylene would react
explosively.7 Until 1948, when Hurd8 reported that diborane would

react with olefines to form trialkylboranes and with benzene to form
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phenyl boron compounds, no further experiments were reported.

The reactions were done using only small amounts of diborane with
relatively large amounts of hydrocarbon at temperatures above 100°C
in sealed glass tubes, and only small amounts of products were
produced.

6RCH=CH2 + BH, = 4(RCH20H2) 315

Stone and Emeléus reported two years later that diborane would
act as a Lewis acid catelyst of certain polymerisation reactions
similarly to boron trifluoride.9 Thus, at low temperatures diborane
converted ethylene and propylene oxides into oligomers of four or
six units per molecule. The feaction was extremely slow with
acrylonitrile, methyl methacrylate and especially styrene which
reacted as previously reported by Hurd.

In 1956 a discovery was made which allowed the hydroboration
reaction to assume importance in syntheses, when it was observed
by H.C. Brown and his co-workers that ethers and. other similar weak
bases, used as solvents, greatly catalysed the addition of boron-
hydrogen groups across multiple bonds so that the reaction could
be carried out under mild conditions,10 contrary to what had been
indicated from earlier work.8 The most convenient preparation of
diborane was from sodium borohydride and boron trifluoride-ether
complex:11

3NaBH + LBF._,OEt

), 3 o > 2B2H6 + 3NaBF

h-+'&Et20
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This reaction is conveniently carried out in an ether solvent,
commonly diglyme (diethyleneglycol dimethyl ether), and the diborane
produced is allowed to react in situ with an olefin;
12RCH=CH,, + 5NaBHL + 43F30Et2 ) A(RCHZCHZ)BB + 31\1&133'1F + 4Et,0
Diglyme is most of'ten used because both diborane and sodium boro-
hydride are readily scluble in it, and because it is miscible with
water, allowing easy separation of the products.

Alternatively the diborane may be bubbled, in & stream of
nitrogen, through a solution of the olefin dissolved in an
appropriate ether, Tri-n-hexylborane, for example, may be obtained
in & 90% yield by bubbling diborane through & solution of l-hexene
in tetrahydrofuran:12

o P —_
6Bu CH=CH, + B,H, —> 2(c6HiB)3B

Although these two methods are most generally advocated,
variations on them are possible. The essential ingredients are

& hydride, which need not contain boron (e.g. LiBHA, NaBﬂk, KBHA,

LiAlH N.BH3), an acid, which must contain

L’ 5 3
boron if the hydride does not, (e.g. BF

Lil, NaH, C.HN.BH,, or Me

BC1,, A1013, AlC1, + B(OMe)B,

3° 5
HC1 or stoh), and a suitable weak base as solvent, most often an

ether, having a boiling point which allows easy separation of the

products. Amineboranes, RBN,BH are less convenient as sources

3’
of boron hydride than metal hydrides for the hydroboration of olefins
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because they require higher temperatures (100-200°C).

The uses to which hydroboration can be put depend on the
reactions shown by organoboranes. The most gererally useful are
as follows:

1. alkasline hydrogen peroxide gives an alcohol,

R;B + 3H,0, + NaOH ——> 3ROH + NaB(OH)l'_

2. protonation with acetic acid gives a hydrocarbon,

13

~
R-B(+ HOAc —=> RH + _BOAc
3. heating, followed by treatment with an involatile olefin

yields an isomer of the parent olefin, (i.e. contra-thermodynamic

isomerisation)14 .
B H,. CH:CH,
P2%s, _8'1;.. o VA R
EtCH:CHMe =—===3 EtCH2(|2HCH ; > ( C5H11)3B
13/3
5PrCH:CH, + (c 21) B

15

4, oxidation with chromic acid to give ketones or acids,
5. treatment with alkaline silver nitrate causes coupling of
the alkyl groups, probably by transfer of a&lkyl groups from the

boron to the silver followed by decomposition of the silver alkyl.16

The direction of addition of B-H bonds to olefins is highly

specific, the boron atom becoming most often attached to the less
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substituted carbon atom of the double bond.%K For example, treatment
of a mixture of 1l- and 2-pentene with a deficiency of diborane results
in the selective conversion of the terminal oleiin into tri-n-

pentylborane,18

énPrCH=CH, + B,H, —> 2(nc51111) 3B

This direction of addition can be determined by treatment of
the organoborane with alkaline hydrogen peroxide which gives the

corresponding alcohol,

0,0,
(R‘GHZCHZ) B —==5 3RCH,CH.OH + B(OH)
> o e e s

when the hydroxyl group becomes attached to the carbon atom formerly
bound to the boron. The stereospecific nature of the B-H addition
is explained by the polarity of the B-H group and of the olefin.

8+ 8-
If the B-H group has a slight separation of charge thus;:B-H and the

R :
\So L.
unsymmetrical olef'in a polarity thus /C:CH2 then addition will
H
be directed as follows:
HH

A £ §- Fogse 8-
H,~C*CCH, + _B-H —> H,C-GCH,

ﬁ 2

5B
o e
1-Hexene gives with diborane 94% of the boron attached to the

17.

terminal position and 6% on the adjacent carbon atom:
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CH3CH20HZCHZCH—CH2

6% 9u% B
Aryl olefins tend to give larger yields of the minor product

because they are more readily polarised in either direction:

€ Nheaden, —CHicH,
g-f g— or S- S"
. . Styrene with diborane gives 20% of the boron attached to the
17

a~carbon atom and 80% on the B-carbon atom:

@—CH =0ty Bflg 20@-01{-0113 W{@_CH =CHBL

Diborane also reacts with acetylenic triple bonds. Non-
terminal C=C groups react to give vinyl boranes which can be hydrolysed

to cis-olefins

R H R H
\ / \ /
c HOAc ¢
276 o
Cc 0~C. Cc
/ N\ / \
R 13/‘,> R H

Terminal acetylenes are completely reduced by the addition of

two B-H bonds, H

BH
JHe N I/
\

BH2

R-C=
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unless the hydroborating agent is an organoborans (RZBH)Z in which
the alkyl groups, R, are bulky. Di-sec~isoamyloorane (also called
disiemylborane) is a useful reagent of this type and can itself be
prepared from the hydroboration of 2—methy1—2-butene.20’21

fast §i£ﬁ>
ByH, + excess Me,C=CHie ———> [ (MeZCHCHMe)ZBH_72 (MeZCHCHMe)BB

The bulky alkyl groups on this compound prevent reaction with
sterically hindered olefins and allow the boron to become attached
almost exclusively to the more accessible carbon atom:

1l hexene + RZEH-———> CH,CH,.CH.CH

3CHCH, 2CH=CH2

B 9% B

Tts use in the hydroboration of styrene leads to only two per cent

of the a-derivative,

Reaction of diborane with other functional groups, e,ge. C=0 or C=N etc.

Diborane does not react with most functional groups of the type
C=X or C=X as easily as it does with carbon-cerbon double and triple
bonds, unless the groups contain reactive hydrogen as,for example,

2252552525 This allows selective reduction of

carboxylic acids.
particular groups in the molecule to take place without the other
groups being affected. Reactivities towards diborane decrease in

the following order: carboxylic acids > olefins > ketones >

nitriles > epoxides > cesters. In tetrahydrofuran aldehydes and
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ketones react rapidly to give dialkoxyboranes:

1 3H,0
2 RCHO + /ZB2H6 —_— (RCHZO)ZBH — 2RCH,0H + B(OH)3 + H,

Nitriles and carboxylic acids are elso reduced but esters react
much more slowly and ecid chlorides not at all, The intermediate
compounds are not usually isolated but hydrolysed to give the

25

required product.,

_ 3H,0
R-c=N + [BH /

2

> R-CH,NH,, + 13(01{)3 +H,

These reactions probably proceed via borane adducts, e.g. RZCO->BH3
or RCN—>BH5. It is significant that the aldehydes and ketones which
react with diborane also form stable addition compounds with boron

trifluoride., For instance, 2-dimethylpropionaldehyde forms &

stable addition compound with boron trifluoride whereas chlorel

does not:
CH Cl
| Jn | B
CHB—C——C=O —_— BF5 Cl-C~C=0Q > BF5
éH- stable él unstable

3

Diborane reduces ButCHO but not CClBCHO under mild conditions.22

It was therefore suggested that the overall reaction between aldehydes

and diborene proceeded thus:

H H H

R-C=0 + / BH ——> R~C=0—>BH R-C-0BH
L 3_/ > 0> 3 > I 2
H
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The chlorine in chloral would tend to withdraw electrons from

the C=0 group reducing its ability to donate electrons to the boron.,

This mechanism can be extended to the nitriles. The donor
properties of the nitrogen atom enable & stable boron trifluoride
addition compound, RGN4>BF3, to be formed and similarly diborane

attacks the group rapidly via a related borane adduct RCN—>BH3.

Some such adducts have in fact been isolated and characterised as

thermally unstable solids.
In tetrahydrofuran diborane reacts rapidly with nitriles to

give products which may be hydrolysed to the corresponding amines:

—C= S ~C=N=>BH, R~-C=NBH
RC_N+LBH3_7--—>RC_,N> 9_°|_ ¢ 2]

H H

H,0
=1} —— ()
ERC NBHZ} > R—-C-NBH —3=> RCHZNH2
2

On the other hand a reagent with two alkyl groups of the
type, (RZBH)Z’ such as d.isiamylboraned6 stops at the first stage (I)

and on hydrolysis yields an aldehyde:

R
H.O
e’ 2, R—C=0

H \ H

R
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None of the intermediates was isolated. Disiamylborane used
eas a 1.0 molar solution in tetrahydrofuran reacted at 0°C only slowly
with nitrile and nitro-groups since af'ter 75 hours the reaction
was not complete,but it reduced aldehydes and ketones easily to the
corresponding alcohols, Primary acid amides liberated two moles

of hydrogen but were not reduced:

OH OBR

2
R-C//’ + 2RZBH — R—C//‘

N NH NBR

The results show that diborane will reduce more groups than
dialkylboranes but that the selectivity of the latter makes them
useful reagents in certain cases where reaction with particular
functional groups is necessary.

Apart from these studies of relative reactivities of various
functional groups towards boranes the reactions with cyanides have
been investigated in some detail, and in two cases intermediates

of the form (R—Q=NBRH)2 and (R-g=NBH2)2 have been isolated.
H H

27

In 1942 Schlesinger and Burg ' reported that a solid adduct

could be formed f rom diborane and methyl cyanide MeCN,BHE. At room

temperature it dissociated with slight decomposition and left, as

well as unchanged gaseocus reactants, an involatile liquid which was

not identif'ied. Burg20 suggested that two hydrogen atoms had moved
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from the boron to the carbon atom of the cyanide group forming an
N-substituted borazine, but he gave no evidence for this.
R
¥
HBI/ \'n
RCHZN\N //NCHZR

B
H

R-CNBH ——> [R. CH=NBHZ'| — [RCH2N=B§J’—-> .

Further work29 has shown this to be correct. The reactions of
several cyanides with diborane showed that hydrogen atoms on the
boron did move to the carbon of the cysnide group. The formation
of the adduct MeCI\T,BH3 was confirmed and from measurements of its
dissociation pressure (=34°»4°C) gave 11.2 K.cals. as the heat of
dissociation af the sclid complex into methyl cyanide and diborane,
cf, trimethylamine-borane MeBNBH3 31.3 K cals/mole. The infrared
spectrum of MeCN,BH3 showed a band at 2280 cm._l attributable to the
C=N stretching mode but the ¥(B-N) band was not identified.

This solid adduct decomposed at 20°C in a few days giving a
colourless liquid which contained 50% of N'N"N"'triethylborazine.

A minor product of the reaction was isolated in trace quantities and
had a strong new band at 1685 cm.—1 It was suggested that this band
was the C=N stretching frequency and that the fraction isolated

contained the intermediate (CHBCH=NBH2)n postulated in the mechanism
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of the reaction by Burg.28 No further work was done on this compound.

However, during the course of the present investigation, some

31

compounds have been reported” which have the formulae (RCH=NBHBut)

2.
These have been prepared from the reaction of trimethylamino-t-butyl-

torane, Me N.BButHZ, with various alkyl and aryl cyanides. Aceto-

3
ritrile, propionitrile, n-butyronitrile and i-butyronitrile all
reacted smoothly at 100°C in diglyme liberating trimethylamine.
Molecular weight measurements and analyses indicated that the products
were dimeric 1:1 adducts of t-butylborane and the corresponding
nitrile. The infrared spectrum of each product contained a B-H

stretching band at 2390 cm.—l and a C=N stretching band at 1660 cm._1

}13 magnetic resonance spectra were interpreted as showing that the

products were dimers of allcylideneamino-t-butyl boranes.

BulH
H B R
t AN / \ e
2R-C=N + 2Bu BHZ.N(Me)3 _ C=N N=C? + 2N'Me3
S/ \\\ V4 N
R B H
HBut

Several aryl derivatives were &lso prepared. Most of these,
hovwever, gave two pure crystalline fractions, one melting at about
140°C and the other at about 190°C, Heating the lower melting
products above their melting points converted them into materiels

which melted nearer the higher melting point. In ell cases a C=N
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stretching band was observed about 1640 cm.-l

Hydrolysis of the products gave the corresponding aldehyde
together with hydrogen and t-butylboronic acid:

0 £
(BuBHN=CHEh),, 20, opncro + 2H, + NH, + 28u"B(0H),

Molecular weight studies on the lower melting aryl derivatives
showed them to be dimeric, (RCH=NBHBu’TT)2 like the alkyl compounds.
The higher melting isomers were too insoluble for molecular weight
determinations to be carried out but were thought to be more highly

polymeric, possibly trimers based on a six membered (B—N)3 ring.

In all these compounds the relative arrangement of the groups attached

to boron and the carbon of the azomethine group can lead to several
isomers. Hawthorne considered the most symmetrical trans-anti
isomers of the dimers were probably obtained, althcugh he had no
evidence to prove this.

Two reactions of fully halogenated nitriles CX,CN(X=F or Cl)

5
with diborene have been studied recently.32 It was found that the
reaction at room temperature in the vapour phase was very slow, but
at 90-100°C it proceeded much more rapidly giving borazines and
polymeric products.

\{ co- l. ")
3CF,C=N + . '13B H, —> (CI'3CH2) N_B_H

3 3533

Violent explosions occurred when mixtures of trichloroacetonitrile
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and diborane were heated in sealed tubes. Explosions were avoided
by using tetrahydrofuran or dimethoxyethane as solvents, so that
from the reaction trichloroethylideneaminoborane could be isolated:

20130051\1 + BH ——> (013c—c11=1\r-15112)n

The product melts at 116°C and sublimes under vacuum at 110-120°C.
Care is needed, however, since the dry solid explodes on heating.
No molecular weight was reported. When the reaction was carried out

at a higher temperature the product was (CC13CH°)5N3B3H3, n.pe. 202°C.

Hydroboration reactions using borohydrides

The mechanism of the reaction of diborane with various functional
groups has been discussed above; sodium borohyaride appears to
react by a slightly different mechanism, Aldehydes and ketones
(but not nitriles and olefins) may be reduced in agueous solvents as
there is only slight loss of hydrogen from alkaline solutions.33
The nucleophilic hydride ion probably attacks the carbon atom of the

functional group.

H H H
| A
H_]lg.._.H _____ €=0 ——> H-C-0~ —&—> R_CHOH
| |
H R R

This means that in contrast to diborane, sodium borohydride

reduces chloral more easily than 2-dimethylpropionaldehyde.34
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CH

3
_ difficult .
CH, > c-g-o + NaBE === (CH3)5cc;;.20H
H
3
Ccl

cle— -0 + NaBH, a3y, a1 5COB;0R

Cl
Aminoboration
Several workers have shown that an aminoborane group may be
added across certain double bonds, The reaction has been
particularly well esteblished with isocyanates, and isothiocyanates,
the addition going across the azomethine bond.35

0

P
r.t. AnBEN-cZ
2 hexane 0

Fh NEt:2

PHN=C=0 + Am_BNEt

PhN=C=S + PhB(NMe ) -—-ﬁ—-> Ph—/B—N-C
%6 Née, Fn Mie,,

The NHR group moves more readily than the NRR' group:36
Ph
(ButNH) B + PhN=C=0 —» N
ButNHB/

c”
| + ButNH
N, ¢

Ph \\\ /// Bu

H
0



- 18 =

When the reaction is attempted with cyclic diaminoboranes the

product is a larger ring:

Ph Ph Ph Fn
' o /N-——é—-N\
\ 0=C =0
RN NR + 2PhiN=C=0 —> | l
| R N / Ng
CH,—CH,, CH ,—CH,

Aminoboration reactions have not been observed, however with

37

olefins or acetylenes,
Organcboration

Some reactions of organoboranes with unsaturated molecules
are known in which addition of R-B across the multiple bond occurs.
The reaction with oxygen is of this type. The formation of a
peroxide as the primary (or at least an early) step in the reaction
has been confirmed in the case of trimethylborane.38

lie,B + 0, —> VA Me33.02_7 —> Me,BOOMe ——> MeB(OMe),,

At pressures below the explosion limit MezBOOMe is obtained,
In a sealed tube at room temperature this rearranges to give 90%
dimethoxymethylborane, MeB(OMe )2 .

Nitric oxide has been found to react with tri-isobutyl- and

39

triphenykborane. .Tri-isobutylborane in cyclchexane takes up

two mol, of nitric oxide and triphenylborane takes up l.6 mol. of
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nitric oxide both in xylene and cyclohexane. The mechanism suggested

is:
R R R R R
0 3 l3| |2 ' NO 1|?'2|

B + ON —>(Bé¢ON) "> B-0-N —> BN,
NO

A more recent examination of the reaction of nitric oxide with
an excess of tributylborane has shown that dibutylaminoxydibutyl-
borane, RZNOBRZ’ and RzBNROBR2 where R = butyl, are among the
products.ho The presence of these is best explained by a reaction
sequence involving the formation of RBB.NO with a B-N link as the

first step. An interesting "Bon-Bon" derivative can be obtained by

hydrolysis of the reaction mixture
O
o
R2BNR0BR -—-—> + R, BOH
\ [

Carbon monoxide reacts with trialkylboranes under pressure in

the presence of water to give diboradioxanes:

0
e
HO R, G N H,0 OH
B R_CB
BRG] o B
RB OH

c
Ny~ Ry

Similar reactions of trialkylboranes with glycols and carbon
42

monoxide have given cyclic esters of trialkylcarbinylboronic acids,
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Again an adduct, RBB.CO, appears 1likely to be involved in the early
stages of the reaction, Such an adduct would be expected to be
less stable to dissociation than the well known borane carbomyl, BH

3
in which the boron-carbon bond is thought to be strengthened by back

.CO,

co~ordination.

In the presence of aldehydes, carbon monoxide and trialkyl-

boranes react under pressure (600-800 ats.) to give boradioxolanes:l"3

R-B-0

0 ; AN
R.B + GO + R'¢Y {00 Atsg " CHR !
R,0-0

e.ge L,5,5-triethyl=i=bora-l,3-dioxolane
Phenyl isonitrile reacts with trialkylboranes in ether at room

temperature to give boron-nitrogen heterocycles:hA

Ph
ZBR3 + ZC6H5NC > 4;1\\
RC B R
| C
R_.B C

2\\'47 R

v

Ph

The infrared spectrum shows strong bands at ca. 1560 cm."l

indicative of the C=N bond. When R was ethyl the compound

rearranged rapidly above 200°C into a 2.5.diborapiperazine:
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Ph Ph
N N
/7 \ N\
R ? ?RZ RZT ?R
R2B Cﬂ RB CR
N\ 7" N 2
N N
Ph Ph

Trimethylborane also reacts with t-butyl isoni‘trile45

to give
a white crystalline adduct, m.p. 68-70°C. the C=N freguency in the
infrared spectrum occurring at 2247 v::m._l It is thermally unstable

and changes by the movement of a methyl group from the boron atom

to the carbon atom of the isonitrile group into compound &, m.p. 120°C:

Me
slow c
o
Bu'NC + Me ;B 190 to ~607C, ButNC.BMe3 Zote, Me,ﬁC-N/ \BMez
A,
Me
C \\\
AN
MeBCN+ §Me2

Compound A sublimes slowly at 80~90°C/0.1 mm, is insensitive
to air and moisture and is monomeric. Further transfer of a
second methyl group from the boron was not reported. The boron-
hydrogen analogues were not obtained because the reaction was too
vigorous.

In the examples just quoted there has been addition of R-B

across an unsaturated molecule. A somewhat different reaction occurs
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between triethylborane and certain aldehydes when ethylene is
evolved and hydrogen is transferred, i.e. a hydroboration reaction
occurs, Thus bromal, chloral, benzaldehyde and pechlorobenzaldehyde

react with triethylborane to give esters of diethylboronic acid in

60-90% y:i.elds:l*'6
H
Br3cc< + BEt, ;8 _#0‘13 %> Bt,BOCH,CBrs + Cp
0 75

47,48

Certain arylboron: halides can also give organoboration reactions.
The phenyl-boron group in phenylborondichloride adds across the

azomethine bond in phenyl isocyanate:

(0]

PnN=C=0 + PhB012 =3 PhN— C
|

BCl2

”
7~
~N

FPh

and adds across the double bond in norbornadiene to give cis and traas

nortricyclene:

Ph
{E + PhBCL, > BC1,

Adducts of the type RCN.BPhClz, however, do not rearrange on

heating.
Chloreboration
A few examples are known in which addition of B-Cl to unsaturated

molecules occurs. For example, the product of addition of PhBCl2 to
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PhNCO can itself add to a further molecule of PhNCO.49’50

0 Fh 0

/4 N
Ph-N-C + Phl=C=0 == N~C—~Fh
g AN /S
012 Ph Cl B
N—ﬁ-Cl
"

Norbornadiene will also react with boron trichloride to give

the corresponding nortricyclene.

Cl
+ BCL, —> BC1,
On the whole it is clear that chloroboration occurs less readily
than phenylboration and certainly has not the wide application of

hydroboration.51

Reactions of Aluminium compounds with unsaturated compounds

Lithium aluminium hydride

Lithium aluminium hydride has been used extensively for the

52

reduction of unsaturated compounds, The overall reaction involves

the addition of Al-H groups across multiple bonds such as €=0 and
C=N. It does not react very easily, however, with carbon-carbon

double or triple bonds.

H H,0

RC=0 + L/4LiA1H —> RCH.-0A1Li > ECH,OH
L 2 mﬂi:- 2
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The usual procedure is to stir up & slurry of the hydride in
diethyl ether, tetrahydrofuran or di-n-butyl ether and add to this
the substance to be reduced; hydrolysis of the reaction mixture
releases the product. In most cases the reaction produces the
lowest reduced state of the functional groups, e.ge nitriles, RCN,
give amines, RCHZNHz; ketones, RZCO, give secondary alcohols RZCHOH, etc.
Meny nitriles, such as benzonitrile or o-toluonitrile,53 can
be reduced to the corresponding amine in high yield, ca. 80%. As
the reaction occurs effectively in two stages, use of a limited amount

of hydride results in the formation of a C=N intermediate which on

hydrolysis ef'fords the aldehyde:54

R-C=N + MH —> /RoH=NM_7 > /RH M, 7

1&20 lﬂzo

H
M = LiAl _ ;
X RC=0 RCHZI\'H2

The Al-N intermediates in these reactions have not, however,
been isolated.

More convenient reagents for the partial reduction of functional
groups are the trialkoxy derivatives of lithium aluminium hydride.
The product from 3 mol. t-butyl alcohol and lithium aluminium hydride,
1.iA-JL(oc(CHB)j)BH,55 has been particularly useful in the reduction of

acid chlorides to aldehydes, and lithium56 and sodium97’58 triethoxy-
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aluminohydrides have been used for the partial reduction of nitriles
to aldehydes. A 100% excess of the alkoxy derivative still does
not reduce the C=N group further,
R-CaN + LiblH(0C H,); —> [ R§=Nm(oc2H5)3_7 Tt
lHZO
R~CHO

In all these cases separation of the intermediate was not
necessary for the isolation of the product.

The mechanism of the reduction using lithium aluminium hydride
probably follows a similar pattern to that of lithium borohydride,
which it closely resembles in properties and reactions. Lithium
aluminium hydride is considered to exist in ether solution largely
as ionic aggregates of strongly solvated lithium ions and alumino-
hydride anions, (Ath‘). This being so the hydrogen will probably
transfer as hydride in a bimolecular nucleophilic displacement.59

For example the reduction of nitriles:

R R R
_ H o | H,0
Al  + C —> HAL----H--.--C =—> CH + AlH, -===> RCHO
N I B

Aluminjum hydride
Recent studies on the reactions of trimethylamine-alane MeSN.AlH3
with ethylamine, acetonitrile or ethylenimine have shown that

polymeric compounds with aluminium-nitrogen chains in them are produced.éo
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The suggested mechanism with acetonitrile is:

n(02H NA1H, + nCH,CN —> nCH_CNAIH, + n(02H5)3N

5)3 3 3 3 3

[ 8] —
H A~ N—Al-N=CHCH, < £ nCH.CH=NALH, 4

|‘ J
4 [—C 2:1 n-1 B

No attempt was made, however, to isolate intermediate B but

the product A on hydrolysis gave & trace of ammonia which would be

expected to be formed from an ethylideneamino end groupe. In each

case the polymer (molecular weight &a. 2500) was soluble in benzene
oane

and had almost exactly,hydrolysable hydrogen atom per aluminium atom.

Organoaluminium hydrides, R2A1H

Dialkyl eluminium hydrides react with unsaturated molecules
by addition of the Al-H group across the multiple bond. Diethyl-
aluminium hydride reacts smoothly with olefins:

0234 + EtzAlH-———> Et3Al

Olefins of the type RCH=CHR, e.g. 2-butene, react with Al-H
bonds about one hundredth as quickly as l-—olef'in.s.61 As in hydro-
boration, the hydrogen atom becomes attached to the more substituted

carbon of the olefin:

91" s- \S" S' -
CH,CH=CH,, + Al-H —=—> GH,CH,CH,AL"_
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This method has been used to prepare mixed trialkyls of
aluminium although these usually tend to disproportionate.

2A1CH2CHMePr

EtZAlH + CH2=CMePh'—-> Et
The reaction of di-isobutyleluminium hydride with some nitriles
has been investigated.62 When solutions of di-isobutylaluminium
hydride and various cyenides in ether, heptane or benzene were

stirred for thirty minutes the products on hydrolysis were the

corresponding aldehydes.

l. 30 mins.. H
BugAlH + PrCN —atr.t. pg
2. H,0 N 0

However, direct distillation of & mixture of propyl cyanide
and di-isobutylaluminium hydride gave butylideneaminodi-isobutyl-
eluminium:
PrON + BujAlH —> (PrCH=NA1Bul) , b.p. 161%/1 mm.
The molecular weight of the product was not recorded.
Tri-isobutylaluminium has been found to react in a similar
manner to di-isobutylaluminium hydride in that when 2 mols. are heated

63

with benzonitrile - at 80-90°C it evolves 2 mols. isobutylene and
benzylamine may be recovered in good yield after hydrolysis of the
reaction mixture.

BulAl H,0
PR —2—> /“PhCHNALS_ 7, —2—> PhCHNH,
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Similer reactions of 1Bulj3Al and Bu;AlH with aldehydes and

ketones have given good yields of the corresponding ail.cohols.&“65

A further reaction of dibutylaluminium hydride has shown that
the Al-H group will add across the azomethine bond in benzyliden-

66

eaniline:

BuJALH + PhCH=NPh ——> (BujALNCH,Fh),

Ph
That the resulting coloured solution no longer contained
molecules with C=N bonds was shown by the absence of a band around

1600 cm.”t in the infrared spectrum.
Organoaluminium compounds other than Bu;Al, have been shown
to lose olefins and react with certain aldehydes as if they were

organoaluminium hydrides, RzAlH. For example, triethylaluminium

reduces chloral in a similar way to triethylborane with the

67

elimination of ethylene:

Et Al + 3CC1_CHO —> (CC1

3 O)3Al + 302H4

3 36,

Aluminjum trialkyls

Aluminium trialkyls react with various multiply bonded groups
by addition of R-Al across the multiple bond. TFor example they
react with oxygen smoothly forming aluminium alkoxides.68’69’7o

Two thirds of the total oxygen absorbed is teken up rapidly and the

finel third rather slowly because the initial product, as in the
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71,72

case of the boron alkyls, is a peroxide, 213 formed by addition

of R-Al across the oxygen molecule:

~a N
SH-R + 0, —> A1-0-0R =2, 2h10R

Cerbonation of triethylaluminium gives at first diethyleluminium

68,74

propionate,

EtjAl + 002 — Et-ﬁ-—O-AlEt2

0
Hydrolysis of the product gives propionic acid. V¥hen an

excess of triethylaluminium is used the reaction proceeds further:

2Bt AL
Et-C-OALEL, i Et,A1-0-A1Et, + Bt ,COALBt

I 2 5 2
0
Hydrolysis in this case gives triethylcarbinol.
Reaction of the trialkyls with sulphur dioxide ™ gives addition

across one of the S=0 bonds leaving aluminium selts of sulphinic

acids:
R + 330, w=—— 0-S-R
Al + 350, > A1( 3 )3

3
0
Dinitrogen tetroxide has been found to react with triethyl-
aluminium etherate in ether to give a yellow brown solution which
on hydrolysis yields N,N-diethylhydroxylamine, EtZNOH.75 In &
similar reaction nitric oxide apparently gave ethylnitrosohydroxyl-
amine, EtN(NO)OH, which may have been formed vie an adduct, NOAlEt

5
(cfe NOBR3).
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Alupinium trialkyls react with a-olefins” in the temperature

range 100-200°C, often giving a mixture of products,

C.H (c,H ) c,H

/ 2 5 czH é 2~li' X 2 5
Al 021?5 —s Al (°2ﬂ4)y°2H5
C2h5 C2HI+)202H5

from which a mixture of straight chain hydrocarbons can be obtained
on hydrolysis.
Various workers76’77 have reported that trialkyls of aluminium

add across acetylenic triple bonds,

2A10H=CHC2H5

(02H5)3A1 + PnC=CH —> (02H5)2A1CH=cph02H5

(0211'5)3A:L + CH=CH ——> (02H5)

However, as acetylene itself or its monosubstituted derivatives

RC=CH contain acidic hydrogen atoms, eliminetion of alkanes R'H
might also occur in reactions with aluminium trialkyls, R'3Al.

A recent study78 of several monosubstituted acetylenes has shown that
such elimination reactions do in fact occur rather than the addition
reactions reported by other WOrkers.76’77

PhC=CH + EtjAl — PhCECAlEt2 + EtH
In the reactions of aluminium trialkyls with aldehydes and

ketones, af'ter one of the alkyl groups has been transferred to the
carbon atom of the C=0 group the remaining two alkyl groups do not

add to other C=0 groups:
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PhCH=CHCHO + EtsAl — PhCH:CH(Et)OAlEt2 -}é (PhCH=CH(Et)0) SALEL
Iﬁéo
FhCH=CH(Et )OH

However, in most cases loss of olefin occurs and addition of
Al-H is the result, as already described.#6

Acid chlorides reect readily with aluminium trielkyls. The
reaction camnot be used for ketone synthesis because the ketone
produced is itself susceptible to further attack by the trialkyl:

1
AIR} + RCOCL ——> RJAICL + RR'CO 4183, mRCOAIRY

Several workers, however, have found that dialkylaluminium
chlorides and alkylaluminium dichlorides react with acid chlorides
smoothly to give the corresponding ketones:79’80

R2AlGI + C1COR' ——> R.'—‘xlCl2 + RCOR!

The reaction with dialkylaluminium chloride stops at this stage
because the products are in the form of a stable adduct which is
unreactive towards an excess of acid chloride. Also dialkylaluminium
chlorides do not add across the carbonyl group of ketones.81
However uncomplexed alkylaluminium dichlorides will react with acid

chlorides:82

RA1012 + CLCOR' —> RCOR' + AlCl3

Nitriles

Reections with phenyl cyanide have shown thet addition across
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-

the C=N bond will take place.8J A mixture of phenyl cyanide and
methylaluminium dichloride heated for 12 hours at 170°C gave, on
hydrolysis, a 39% yield of acetophencne:

PhCN + MeAlCl, ——> PhCNAlMeCl, —> [/ Ph;:i: NA1CL, /

H.0 /

Methyl and ethyl cyanides gave much lower yields of ketone

PhMeCO <

(4-9%%) since methane gas is lost on heating with methylaluminium
dichloride, presumably because of the acidity of these nitriles:

MeAlCl, + CH,CN —> / c12A1CH2c1\1_7n + CH

3 L

Better yields were obtained with dimethylaluminium chloride but
again the yields from the alkyl cyanides (_g_g_. 10%) were much lower
then from phenyl cyanide (up to 60% depending upon the conditions used

for the reaction). No intermediates were isolated.

Arylaluminjum compounds

The addition reactions of triarylaluminium compounds are
similar to those of the trialkyls but tend to occur less readily
and in some instances are more complicated. Thus, in contrast to
the aluminjum elkyls, the reaction with oxygen is slow and complex.
Oxygenation of an ethereal solution of triphenylaluminium gave phenol,
acetophenone, and acetaldehyde among the products evidently by attack

on the solvent, possibly by a mechanism involving free radicals,
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Ethylene, on the other hand, reacts with triphenylaluminium

in the same way as it reacts with triethylalumininm,ah
(c
C,H, Pl )
. 2
Poshl 5o5taTsTs pes iy TR(CoH, )y —— A
Ph(CgHzi_)z/

producing on hydrolysis a mixture of phenylalkanss.

The addition of triphenylaluminium across an acetylenic triple

bond has been used in the synthesis of an aluminium heterocycle:85
Fh [ Fn m ] Ph_ N
o
|ﬁ + Ph3A1 ggg__g> \/c=c\ —_— + C6H6
C
Ph PhAi Ph 4
Ph B Fh

1,2, 3%triphenylbenzaluminole
m.p. 286°C.
Reactions. with carbonyl groups

Carbon dioxide has been shown to react with some difficulty

with aluminium triaryls to give the aryl carboxylic acid on

hydrolysis:86
l;.COz, 2oiling Xylene
, ours .
(pMecéHLF)}Al 50 > 3pMeCgH, COOH

Experiments on the reactions of aldehydes and ketones generally
gave the expected products although of'ten in low yields as other

reactions took place simultaneously. Benzaldehyde and triphenyl-
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aluminium give in addition to the expected diphenylcarbinol

significant quantities of benzophenone and benzyl alcohol, which
can be accounted for by reactions of the following type:87
H,0

PhoAl + 3PhCHO —> (Ph,CHO) AL ~2-> 5Ph, CHOH o7%

Ph
Ph,AL + 2PhCHO —> Ph-?—slé;th —>  PnC0 3060
H. 0 +PnCH,0A1Fh,,

i
* CHPh

2

H.0
PhCH,0A1Ph,, AN PhCH,OH  29%

It has been found that triphenyleluminium and phenyl cyanide

react to form an adduct, PhCN.AlPh,, which does not rearrange in

3

refluxing benzene88 whereas tri-p-tolylaluminium and phenyl cyanide
af'ter being heated in boiling xylene for 30 minutes gave, on
hydrolysis, a 17% yield of phenyl-p-toly‘lketone:86

PhCN + (p-HeCH, ) AL —> [ p-MeC H CPh=NA1(p—MeC6ﬁu)2J7

6%

l H,0

PhCOC6HuMe

)3

The C=N intermediate was not isolated. But more recently,
since the present work was started, examples of this type of
intermediate have been reported by other workers?9 for example,
Al at 220°C) end

(Ph20=NA1Ph2) mepe 295°C (from PhCN and Ph

1.1 3
(clOH7(1>h)c=1\mll=fnz)1_5 (from CoH,ON and Ph3A1). Two phenyl groups

remained attached to the aluminium and further rearrangement to
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(Ph,,RCNAlPh)n did not occur even when the products were heated to
350°C, when benzene was evolved.
220°C

PhCN + Ph3A'-l == (Ph26=NA1Ph2)l.l

Phenyl isocyanate has also been shown to react with triphenyl-

and tri-p-tolykaluminium to give on hydrolysis benzanilide and p-tolyl-

anilide86 0
. z

PhN=C=0 + Pthi =~ Ph-N-C
A.'L\Ph
Ph2

H.O
i 2
PhN-C=0
Ph

L

cf. The reaction of phenylboron dichloride with phenyl isocyanate,
see page 22,

Addition compounds of nitriles

A large number of addition compounds, RGN—>MKn, of nitriles with

90,91,92,95

various Lewis acids has been prepared. Some examples

of these, where Mxn is borane BH,, or derivatives thereof or an

3
organoaluminium compound have been described already (see pp.12,13)
in connection with their occurrence as intermedistes in certain

addition reactions, e.g.

RON + ByH, —> RON.BH, —=> / RCH=NBH, / —> (RCHBH)

Most of the known adducts of nitriles have halides as the
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acceptor molecules. These adducts are usually prepared by mixing
the reasctants neat or in an inert solvent and further purif'ication,
if necessary, is effected by sublimation or recrystallisation.

They are generally sensitive to hydrolysis by moisture necessitating
handling under an inert or at least dry atmosphere. The persistence
of bands in the C2V region shows that the adducts are correctly
described by the formula RC;N.MXn and that rearrangement to

RC(X):N.MXn has not occurred. In the f'ollowing table a selection

-1
of these adducts is listed together with their C=N stretching
frequencies. In the third column the differencz in frequency of

the C=ll band in the adducts from that of the free nitrile appears.

Table 1

The C=N stretching frequencies of some nitrile adducts

Compound Q(ngi.iiequency N

MeCN 2053592

MeCN, BF 235970 106
MeCN, BCL 235770 104
MeCN, 41r 23357 82
MeON, 11, 233077 77
MeCN,Sndlh 23307 77
MeCN,BBr » 232072 67




-3 -

Table 1 (cont'd)

¢(C=N) frequency | Av
Compound cm. -1 Cm.-l

(MeCN) 5, 7401, 230470 51
(MeCN) ,,5nC1, 23037° 50
MeCN, BH, 228027 27
FhCN 222972
PRON, BF 5 233670 107
PRCN,BC1 251770 230,72 88
(PRON),,, 7301, 20707 11
(Pncw),,,Snc1, 225,70 25

In the many examples of complexes RR'C=O.MXn formed between
compounds containing carbonyl groups (e.s. aldehydes, ketones,
acid chlorides or amides, esters etc.) and: Lewis acids the carbonyl
frequency is lowered96 and this is of'ten used to determine whether
co~ordination involves the carbonyl group in compounds containing
other possible donor atoms, e.g. acid chlorides or amides. This
lowering of the fregquency is thought to be the sum of two opposing
effects whose magnitudes are not known, (a) the lowering of the bond

order (and force constant) by co-ordinate bond formation,
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o
F N
E?——C\/// ~ WX R——C2N—>HX
‘LO\ ?
R Electronic effect of co—ordination

upon C=0 and C=N bond orders

and (b) a raising of the frequency by a mechanical effect. Overend
and Scherer97 calculated that the force constants of the C=0 bonds

in carbonyl halides COX, were equal whereas the difference between

2
the C=0 stretching frequencies in COF, and COCl, was 100 em. ™ This
may be explained by assuming that the strong C-F bonds hinder movement
of the carbon atom along the line of the C=0 bond and thus increase
the apparent strength of the C=0 bond. This results in higher
vibrational energy for the C=0 bond and a correspondingly higher

frequency in the infrared spectrum.

F < strength of these bonds prevent
the C atom moving so easily.
<=C=0

<

A similar effect occurs in complexes of ketones or nitriles.

F

In ketones, for example, the co-ordinate bond is generally of low
force constant and is at about 120° to the C=0 and therefore the
interaction to raise the frequency is low. However, when a linear
complex is formed, as with nitriles the mechanical effect offsets any

electronic effects (assuming that these lower the C=N bond order) to
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such an extent that the C=N frequency is reised by as much as
100 cnu.-1 as can be seen from Table 1.

R

C=0
\
R//// aii\\NMx

n

Rr—CEN-9MXn

greater effect because
/CNM = 180°.

effect of this bond on the easy

movement of the O atom small,

as /o = 120°,

The increase in the C=N stretching frequency on co-ordination
has been explained in another wa;y.92 It has besn suggested that
the C=N bond order in the complexes is in fact higher than that in

the free nitriles, in which the CN bond may be intermediate between

a double and a triple bond:98
i.e. ROSN: < > R-C=N
sp hybridisation sp2 hybridisation
of N, of N,

The directions in which a dative link can be formed would differ
in these two canonical forms; the former giving rise to & linear
complex, the latter to an angular complex:

+ - +

i.es R-C=N—>EF R-CS
i.e > 3 C N\NEF
3

A (sp) B (SPZ)
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That the linear structure A is correct has been shown by & complete

structural analysis of the acetonitrile-boron trifluoride complex,99
in which /CCN = 180°, /CNB = 180° and the CN bond length (1.132) is

slightly less than that in the free nitrile (1.163), although the

diff'erence is just outside the mean deviationse.
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Discussion

The Reaction of methyl cyasnide with tetramethyldiborane and

related compounds

In the introduction it was mentioned that diborane had been
shown to react with methyl cyanide to form a crystelline solid
adduct, MeCN‘>BH5, which decomposed at 20°C to form N'N"N"*triethyl-
borazine, (EtNBH)j, together with more highly polymeric materials,”
The reaction apparently proceeded by stepwise transfer of two
hydrogen atoms from the boron atom to the carbon atom of the cyanide
group, as originally proposed by Burg?ﬁ

leCz —_— (i =] R g N=
z»_ec:N,Ie,H3 > (MeCH l\TBHz)n > (lueCHzN BH)m

The only evidence obtained for the ethylidene intermediate,
(MeCH:N.BHZ)n, was spectroscopic. A small gquantity of material,
detected by its infrared spectrum, showed a strong absorption band
at 1685 em. ™ which might have been due to a C=N vibration.

The object of this present investigation was to determine whether
a stable ethylideneaminoboron compound could be prepared. The
method chosen was to use 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 stzge:

WeCZN,BHR,, ——> (MeCH=N.BR2)n
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Alkyl groups were used as the unreactive groups after it was
found that trimethylborane and triethylborane did not react with
methyl cyanide at temperatures up to 100°C.

Since this work was started two reports have appeared of
compounds of this {iype. Hawthorne has shown that it is unnecessary
to start with a djalkylborane, BHR2, in order to prepare stable
alkylideneaminoboranes since he found that trimethylamine t-butyl-
N,BHZBut would react with various nitriles, RCN, to give

3
stable alkylideneamino=t-~butylboranes (RCH=N.BHBut)2§l

borane, Me

It has also been f'ound that from & reaction of trichloroaceto-—
nitrile and diborane in tetrahydrofuran trichloroethylideneamino—

borane (C01BCH:NBH2)n’ m.p.116°C. could be isolated?

CL,CON + BH, —> (ClBCCH=NBH2)n —_— (cc:,!cHZNBH)3

The product explodes when heated. Its molecular weight was not
recorded.
The dialkyl boranes, BHR2, investigated in the present work

vere the tetraalkyldiboranes, MezBHBHMe and Et . BHBHEt,, and the

2 2 2?

2BHBH3 and EtZBHBHB.

alkyldiboranes reacted slowly at room temperature with methyl

unsymmetrical dialkyldiboranes, Me The tetra-
cyenide to form materials identif'ied on the evidence discussed
below as the ethylideneaminodialkylboranes (MeCH=NBMe2)2 and

(MeCH=NBEt respectively. These same products were isolated af'ter
2/2 Te5P
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the reaction of the dialkyldiboranes with methyl cyanide, together
with N'N"N"™ triethylborazine and some involatile viscous liquids,
similar to those formed by reaction of diborane with methyl cyanide.
It was therefore evident that the reactions which had occurred were:

2eC=N + R,BHBHR, —> (MeCH=NBR2)2

] 1, 1
and 2MeC=N + R BHBH > /2(MeCH=NBR2)2 + -I-I-(I.ieCHZNBH)n

3
No evidence was obtained of an adduct MeCEN,BHRz, in which
hydrogen transfer had not occurred, although such a material may
have been formed transiently during the reaction.
The ethylideneaminodialkylborane dimers were characterised
as follows, Full elemental analysis and molecular weights,
determined cryoscopically in benzene solution, confirmed the
formulae (04' OBN)2 and (C6Hjh3N)2 for the products derived
respectively from tetramethyldiborane and tetraethyldiborane.
A strong band in their infrared spectra at about 1695 cm.-l was
good evidence for the presence of a C=N band in the molecule.
This conclusion was supported by the formation of ammonia, not ethyl-
amine, on reaction of the compounds with strong alkali at above
100°C, and by the isolation of acetaldehyde 2,4h-dinitrophenylhydrazone
when the samples were boiled with dilute acid and the vapours were
passed into a solution of 2,4-dinitrophenylhydrazine. Reaction with

an excess of water vapour at 105°C for 1 day gave the appropriate
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dialkylborinic acid and an involatile yelléw residue. When
ethylideneaminodimethylborane was heated with an excess of hydrogen
chloride at 105°C for two days it gave dimethylchloroborane, methyl-
dichloroborane, trimethylborane and an involatile amorphous solid.

All this evidence was consistent with an ethylideneaminodialicyl=-
borane formula, (MeCH=NBR2)2, vwhere R=Me or Et, and the structure Ia
or Ib, cis and trans isomers differing in the relative orientation

of their ethylidene groups:

R, R,
B B
Me\c= / '\N=C/Me Me_\c-_- / \\ N=c}1-
7N \H o . .
R2 R2
Ie oS
Me H
c= X
R B/ ER
2 2
™ o ¢
7
H Me
II

An alternative explanation in terms of structure II was ruled
out by further infrared spectroscopic evidence. The spectra showed

only very weak bands at about 3400 cm. © which were better explained
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as overtones of the very strong bands at 1695 cm,_l rather than as
N-H stretching bands, while a band at 3000 cm.-l could be assigned
to the C-H stretching vibration of a group =CMe-H.

Both ¢is and irans isomers of structure I might be expected

to be formed in the reaction studied, and in the case of ethyl-
ideneaminodimethylborane dimer, (MeCH=N.BMe2)2, two isomers were
obtained and separated by vacuum distillation. The two products
were a colourless crystalline solid, v.p. 0.6 mm, at 20°C,

m.p. 76°C and a colourless liquid v.p. 1.8 mm. at 20°C, m.p. ca. -5°C.
Both of these isomers were dimeric in the gas phase at 100-150°C

or in benzene solution, and their infrared spectra were very
similar, see figure 1 , [Each isomer could be recovered unchanged
ef'ter vacuum distillation at room temperature and essentially
unchanged after heating to 150°C, although both decomposed when
heated to 155°C for 18 hours. No evidence was obtained for the
conversion of one isomer into the other via thermel dissociation

into a monomeric form, MeCH=N2BEMe the products of thermal

0!
decomposition included involatile yellow viscous liquids, small
guantities of trimethylborane, and traces of unidentif'ied materials
which yielded more trimethylborane on treatment with concentrated
sulphuric acid.

It seems most reasonable thet the isomer having the lower

melting point and higher volatility has the ¢is structure Ia, and
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the crystalline solid has the trans structure Ib. The volatilities
of the two isomers are very close at the melting point of the solid
(see De )} but at -18°C the difference was great enough to sllow
the cis isomer to be removed from the solid trans isomer, which was
virtuelly involatile at this temperature. Dr. H,M.M. Shearer and
Miss J. Willis of these laboratories are carrying out an X-ray
crystallographic study of the crystalline salid isomer. Observations
have shown the crystals to be monoclinic, of space group P21/a,with
unit cell dimensions a = 6,55, b = 11.92, ¢ = 7.89 Z, B = 105° 25,
and with four MeCH=NMe2 units in the unit cell, Further
investigation which is not yet complete indicates the /BNB in the

boron-nitrogen four membered ring to be 90° ¥ 5°,

The trans arrangement of the ethylidene groups about the four-
membered ring is supported by the X-ray crystallographic evidence.
The nuclear magnetic resonance spectra in carbon tetrachloride
of both the liquid and the sdlid isogers were recorded on an A,E.I.
R.S.2. spectrometer operating at 60 Mc/s. The spectrum of the solid

isomer is consistent with the structure Ib in that it shows four peaks
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whose positions m#= relative to an internal reference of tetramethyl-
silane, and relative intensities (shown in parenthesis) are

-442.0 (2), -121.1 (3), -115.8 (3) and +8.65 (12) cycles sec. T
Positive values are to higher applied magnetic fields than the
reference signal. The two sharply defined peaks each of intensity 3
can be attributed tc the methyl groups attachsd to carbon atoms, which
gre spin-spin coupling to a single hydrogen nucleus. The separation

1

between the two peaks gives J = 5.3 cycles sec., which may be

CH,-E
L3 —l
compared with the values of 5.3 to 6.3 cycles sec. = found in the

cximes and various substituted hydrazones of'acetaldehyde%ooThe

pesk at the lowest field is a bread single peak (width at half-
height 20 c/s) which from its intensity can be assigned to the two
hydrogen ruclei. The width of this veak is evidence for structure
I rather than II since the CH pesks in T would give a 1:3:3:1 quartet
from snin-svin counling with the CH, hydrogen ruclei on the same
carbon atom, and =sach component of the quartei would be broadened

.. 14 . , .
by the &ffect of the "N nuclear quadrupole moment, so that the peak

. -1

would be an unresolved broad veal: of width 20 cycles sec. The
N-H meaks in structure II would also show & quartet structure, but

1/ . .
]N nucleus in this

the effect of quadrupolar broadening by the
caze would most probably broaden the pesks bevond the limits of
detection. The peak at highest applied field is broad and single,

and arises from the four methyl grcups attached to the boron atoms.

A single pezk for these methyl grcups supporis the structure Ib
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for the solid compound since in this structure the B-methyl grouns
have an identical environment and are magnetically equivalent,
whereas structure Ia should give rise to two B-methyl peaks in the
n.m.r. spectrum.

The spectrum of the liguid isomer as a dilute solution in
carbon tetrachloride is identical with that of the solid isomer,
except that there are two high field peaks arising from the B-methyl
hydrogen nucleil; these are of equal intensity and are at 0.0 and
+12.8 cycles sec.—:L from tetramethylsilane., The presence of two
B-methyl peaks is consistent with structure Ia Jor the liguid isomer,
as in this structure two B-methyl groups have only C-methyl neighbours.
through space and the other two have only C-H neighbocurs; hence a
chemical shift is expected between the B-methyl resonances.

It was not found possible to senarate the dimeric ethyvlidene-
aminodiethylboranes, (MeCH::'\TBEtE)Z, melting range -18 to -1OOC,
into isomers by vacuum distillation at room temperature, nor by
vapour phase chromatography using nitrogen as carrier gas over
silicone elastomer. The isomers which were presumably present,
judging by the melting range of the compound, apparently differed
less in their vapoul pressures than did their methyl anadogues.
The ethyl groups on the boron atom make the n.m,r. spectrum too
complicated to interpret with any certainty.

As has been mentioned in the introduction the possibility of

cis~trans isomerism was commented on by Hawthorne in describing the
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dimeric alkylideneamino-t-butylboranes (RCH:NBHBut)2§1 He considered
the products most likely to be formed would be the trans-anti
isomers although he was unable to show unambiguously whether his
products were single or mixed isomers. Lappert and Majumdar have
obtained spectroscopic evidence for a similar type of isomerism
involving a L-membered boron-nitrogen ring with efocyclic double
bonds to the boron atoms in the compound 1,3=-di-t-butyl-2,4-t-

butylamino—l,3-diaza—2;4—boretane}01

'i{ H
. : t
Bu — N T Bu -—-& t
- Bu \Y Bu
\\f‘a—-xir/ gy
N . P
AN\
Bu® N—H Bu® N—Bu 'l
|
But H

but again no isomers were separated.

Attenpts to prepare monomeric ethylideneaminodiethylborane,
MeCH-—-ZNiBEtO by thermal dissociation of the dimer were unsuccessful.
Prolonged pyrolysis of (MeCH=HBEt2)2 led to products similar to
those obtained f rom (MeCH=NBMe2)2 i.e. some triethylborane, an
involatile yellow viscous liquid and an unidentified fraction which

m&ey have been an amine adduct of triethylborane.



An attempt to replace the B-methyl groups by fluorine by a
reaction of solid (MeCH:NBMe2)2 with boron trifluoride did not lead
to any easily identifiable products. The gas left in the bulb

buands aftrbutable fo
showedAB—Me groups in the infrared spectrunm but it appeared that the
reaction had broken down the ethylideneamino compound so that no
simple products were f ormed.

The dimeric nature of the ethylideneaminoboranes deserves
further comment, It was considered possible that monomeric, dimeric
or trimeric species might have been obtained, A, B or C.

MeHC=[1=BMe 5 Me 2

3 \ /’ N’

o / N,
2

H

B
mi %32 Pe
c. . \ _¢
5 Xy NZ g
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It is most commonly found that compounds of the type R2BNR2
achieve co-ordinative saturation by forming dimers, rather than
exist as monomers with a double N=B bon.d.l.o2 The exact reason for
this is not clear. The factors which prevent sssociation are bulky
groups R and R! which sterically hinder dimerisation,or aromatic
groups which, by giving rise to TT -bonding in the aryl-B bond,
apparently reduce co-ordinative unsaturation at the boron atom.

As in the alkylideneaminoboranes the attached groups are
neither bulky (the C=N ensuring that alkylidene group is remote
from the rings) nor aromatic, dimerisation occurs. This dimer, B,
must involve some strain since the angles of the bonds at the
boron atoms are reduced from the 109° tetrahedral angle to ca. 90°
and the engles at the nitrogen atoms are reduced from the 120°
trigonael angle also to about 90°. For this reason a trimeric form
C, where angles nearer to 109° and 120° could be sccommodated,
might have been expected. However, six membered rings (R2BNRé)3
are rares. The atteched substituent groups R and R' are more crowded
in such compounds than in the dimers (R2BNRé)2 and the only examples

known have been prepared by addition reactions of borazines, in

which the six-membered ring is ealready present.
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Reactions of nitriles with organc-aluminium compounds

As described in the introduction, nitriles, RCN, react with

organc—aluminium comypounds, R!Al, to form adducts RCN*AIRE which

1
rearran~e when heated to form esllvlideneaminozluminium compounds,
1o similar to the ethylideneaminchorenes just discussed.

When FECN is acetonitrile, an alternative decommosition reaction can

occur with the formation of meterials of the tyve (RéAlCHECF)n.

Inn the following nages the evidence for the cccurrsznce of these

reactions in the present investigation will be discussed. A
discussion of the formaticn of the adducts is followed by a

consideration of their thermal decompesition,. wome aspects of

the infrared and muclear maghnetic reszonance specira of the rearranged

”1&?110 adducts of orgeno-aluminium compounds.

Adducts RCH -ALR!' rere mrepared by direct reaction between

3

apnropriate queatities of nitrile and organo- aluminium compcund.

The compounds nrevared in this way are listed in Table 2 , i.e. the
1.1 adducts of methyl or phenyl cyanide with trimethyl-, triethyl-,
arid trivhenylaluminium, ard dimethylaluminium chloride.

The particular method used varied slighly according to the
reactivity anc volatility of the reactants. Thus trimethytaluminium

was transferred intc ths reaction vessel by condensation under
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vacuum whereas triphenylaluminium ether complex was tipped into

the vessel under nitrogen. The alkyl aluminium adducts were all
purified by vacuum sublimation and the triphenylaluminium adducts
by recrystallisation from methylcyclohexane, The adducts were all
sensitive to air but especially the alkyls which fumed vigorously
in moist nitrogen. Acid hydrolysis was used as the method of
enalysing these compounds because this established that no
rearrangement involving movement of groups R' from aluminium had
taken place.

RCN.AJ.R% + SH,0 =——> RCOONHLI_ + 3R'H + .A.1(0H)3

RCN.AIRJCL + 5H,0 —> RCOOH + NH, C1 + 2R'H + Al(ou)3

Molecular weight measurementis indicated that all the adducts
were monomeric. The infrared spectra also confirmed these formulae,
as opposed to RG(R'):NAlRé, in that medium or strong intensity
absorption bands occurred in the region of C=N siretching vibrations.

The frequencies of the CzN bands are listed in Table 2 and may
be compared to those of nitrile groups in the halide addition

compounds listed in Table 1 in the introduction, p.36.
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Teble 2,
The C=N stretchi frequencies in adducts of nitriles with

alkyl— and aryl-— aluminium compounds

Compound DeP. y(c) emst | A9 emTt

MeCN 2253

MeCN, AlMe,C1 73° 2299 L6
MeCN, AlMe 75° 2295 42
MeCN, A1E¢, -6° 2290 37
MeCN,AlFh, 138° 2275 22
PhCH 2229

PhCN, A1Me ,C1 83° 228, 55
PhCN,AJMe3 80° 2275 46
PhCH, A1E¢ lig. 2270 il
PhCN, A1Ph, 2266 37

It is immediately apperent that the shif't in the CN frequency
on co—ordination to organo—aluminium compounds is less than the
corresponding shift on co-ordination to halide acceptors, If the

Al=N and C=N bonds in adducts RC'=‘N-'>A1X3 are considered, then
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strengthening of the Al<N bond would prevent free movement of the
nitrogen atom, as discussed in the introduction. Thus the C=N
stretching frequency should increase with the strength of the Al-N
link. This appears to be the case, Dimethylaluminium chloride
would be expected to be the best acceptor of the compounds examined
because the electronegative chlorine atom withdraws electrons from
the aluminium. This shows in that the highest frequency occurs in
the dimethylaluminium chloride adducts in both the MeCN and PhCN
series,

Trimethylaluminium would also be expected to be a slightly
better acceptor than triethylaluminium, in view of the relative
inductive effects of the methyl and ethyl groups and also for
steric reasons, but a poorer acceptor than dimethylaluminium chloride.
This, too, shows up in the nitrile frequencies since the trimethyl-
and triethylaluminjum adducts of both methyl- and phenyl cyanide
have smaller shifts in frequency than the dimethylaluminjum chloride
adducts and the nitrile frequency of the trimethylaluminium adducts
is slightly greater than in those of triethylaluminium,

The triphenylaluminium adducts would appear to have the weakest
Al-N bonds since both the methyl cyanide and phenyl cyanide
complexes show the lowest frequencies.

The strength of the Al-N bond is considered to be the major
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factor in determining the sequence

\)c EN(MeBAJ..NCR) > 90 EN(EtBAl.NCR) > %CEN(PhBALNCR) as the mechenical
effect, discussed in the introduction (p.37) which is related to the
nass af the group AlRE, would lead to the reverse order.

The aluminium-nitrogen stretching frequencies could not be
measured since they occurred at too low a frequency for them to be
recorded by the instrument used, so it is not possible to check this
argument by comparing the Al-N stretching frequencies of the adducts.
The thermal decomposition of the nitrile adducts

As the adducts tended to decompose by one or more of three main
types of reaction, the types will be outlined at this point before
a nore detailed treatment of individual reactions,

Methyl and phenyl cyanides were chosen as representatives of
the alkyl and aryl series which had an important dif'ference. This
was the acidity of the hydrogen atoms in methyl cyanide which was
not present in phenyl cyanide. The phenyl cyanide adducts reacted
to form the rearranged compounds in good yields, although movement

of a second grganicgroup was not observed:

(1) PneN + R._),Al > (mc:rumz)n — (PhCRZNAlR)m

The rearrangement reactions of the methyl cyanids adducts were
complicated because of the acidity described above so that as well

as reaction (1), loss of hydrocarbon could occur:
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(2) CHBCN + RBAJ_ —_— (RzAJ.CHZCN)n + RH

This was in flact the major reaction when alkyl cyanide adducts
were thermally decomposed.

The aluminium compounds used were trimethyl- triethyl- and
triphenylaluminium, dimethylaluminium hydride and dimethyleluminium
chloride, The&ﬁethyl and triphenyl compounds and dimethylaluminium
chloride reacted at elevated temperatures (100-250°C) to give
rearvanged materials by movement of an organic group. Dimethyl-
aluminium hydride reacted immediately at room temperature by addition

of the Al-H group across the CZN bond:

MeCN + Me A1H —> (MeHC=NAlMe2)2

It appeers from the reaction temperatures that the order of
decreasing ease of movement of the groups used is H > Me > Et > Fh,
and that the methyl groups in dimethylaluminium chloride migrate
less readily than those in trimethylaluminiunm.,

Triethylsluminium adducts could undergo two types of
rearrangement reaction, one involving movement of an ethyl group,
the other involving loss of elhylene and subsequent movement of
hydrogen. The former type of reaction was shown by the methyl
cyanide adduct, from which some (MeEtC=NAlEt2)2 was recovered after

thermal decomposition:



(EtzAlCHch)n + EtH

MeCN . A1Et, —<
3 bt 27
(MeEtC :N .m_mz) 5

On the other hand, the phenyl cyanide adduct decomposed with
loss of ethylene:
2PhCI‘I.AlEt3 — (PhHC:N.AlEtZ)Z + 2021{4
A reaction of this latter type was slready known to occur between
BuiBAl and PhCN, invoiving in this case loss of butene and formation
of a:residue which on hydrolysis afforded benzylumine, PhCHZNH2.63

The decomposition of the phenyl cyanide adducts

The rearrengement reactions of the phenyl cyanide adducts had
fewer complications than those of methyl cyanide eand generally gave
better yields of the rearranged materisl (PhRC=HAlR2)2. The results

are summarised in Table 3 .
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Table 3

Thermal decomposition of phenyl cyanide adducts:

reaction conditions and products

Compound Reacglon temp. {1me for Yield and Product
C, reaction
PhCNALlie ; 160-170°C 4 hours P 50% (PhMeC=NAJMe2) 5
AT T ] 1 o) i

T‘-’hCl‘IAlM:3 at 120%C sudden 'loss loiig C2H4 75% (PhHC=NAlEt2)2

PhCNAlPh3 sublimed at 240°G/0.0L m. giving| 155 (Ph20=NAlPh2)n
(boiling xyiend 4 hdurs) | see reference 89

PhCNAlle,C1 170-1.80°C 20 hours 6% (PhMeC=lNA1MeC1) 5
PhCN + Allie H | Room temp. Immediate P 90 (PhHC=NA11v[e2)2

The adducts rearranged smoothly at elevated temperatures as

can be seen from the table except for that of triethylaluminium.

| This adduct darkened slowly on heating until at 190°C a sudden
rush of ethylene occurred and & derk viscous liquid frothed up in
the flask, which yielded benzylideneaminodiethylaluminium (PhCH:NAlEt2)2
‘ when distilled under vacuum. Dimethylaluminium hydride, in contrast
to the other compounds reacted immediately at room temperature by
addition of Al-H across the C=N bond,

The compounds ware analysed for hydrolysable alkane or benzene

and for aluminium.
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: . HéO

x(RR'C=NAIR})—=—> RR'C=0 + NH; + A.'L(OH)5 + 2R'H

The moler ratio of alkane or benzene to aluminium was 2:1
for all the compounds, except (PhMeC=NAlMeCl)2 which was 1:1,
showing that they had rearranged. (PhMeC=NAlMeCl)2 was also
analysed for nitrogen and chlorine,

Hydrolysis of the compounds by dilute acid geve the appropriate
aldehyde or ketone which was identif'ied by its 2,4-dinitrophenyl-
hydrazone or phenylhydrazone.

Hydrolysis with alkaline solution gave ammonia identified by
its infrared spectrum.

The molecular weights, measured cryoscopically in benzene
showed all of the rearranged compounds to be dimeric, except
thA-J.N:CPh2 which was insoluble. A recent report of this compound
gives its degree of association measured ebullioscopically in
benzene as l.l. 89

The infrared spectra of the compounds in the range 4000-450 cm._lare

listed in the experimental section. One of the most prominent

features is the C=N stretching frequency which cccurred in eech as

The decomposition of the methyl cyenide adducts
The reactions of the methyl cyanide adducts l\deCI\l'.AlR3 were

a strong band at ebout 1630 cm,—l see Table S.
complicated in that the predominant reaction was loss of hydrocarbon
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RH leeving a brown solid, approximating in composition to

(R2A1CH20N)n.

Simultaneously, rearrangement reactions leading to alkylidene-

amino derivatives (MeRC:N.AlR2)2 elso took place; these alkylidene-

MeCN + R_Al

5

—_— (RzélCHZCN)n + RH

amino products could be sublimed .or distilled in vacuum from the

less volatile and clearly more polymeric brown solids.

The results, including one reaction with ethyl cyanide, are

summarised below in Table 4 .

Table 4
Thermal decomposition of methyl cyanide adducts:

reaction conditions and products

| Reaction Gas
Compound temp. Time evolved Progggiz and
°c. (moles gas/ 1
mole adduct)
l\lIeCNA.].lﬁlIe..5 150 5 hours CH4 (Me20=NAlMez)2
0.59 19% + brown
solié
| MeCNALEt 110 1 hour C,He (MeEtC=NALEY),
L 0.51 18% + brown
| * solid
MeCNA1FPh. sublimed at 00%.0lmn. | 1little (MePhC=NAlPh2 )n
> ] Cel, 15% + brown
solid




Table 4 (cont'd)

Reaction . Gas Products and
Compound temp. Time evolved Yield
°c. (moles gas/

mole: &dduct)

MeCNAlMe,C1 165 20 mins., CHLF (Me20=NAlMeCI)2
0.97 liq. 7% ;bfgwn
solid 2%)solid

MeCN + MeZAlHi Room Immediate None (MeHC=NA1Me2)2_3

Temp. >90%
EtCNAlle, 170 1 hour CH (EtMeC=NAlMe2)2
O'%9 26% + brown

solid

The reactions with trimethyleluminium were carried out in
sealed tubes. It was found that at temperatures below 120°C
methene was evolved slowly and the amount of product (Me2A1N=CMez)2
was smell; at 150°C the best yield (19%) of the rearranged material
was obtained. When triethylaluminium-methyl cyanide adduct was
heated in a flask there was a sudden rush of ethane at 110°C
(if large quantities of meterial are used precautions must be
taken to prevent the gas from blowing the apparatus epart) but
when the temperature was increased slowly to 200°C very little
more ethane came off and at 210°C under vacuum dimeric s-butyl-

ideneaminodiethylaluminium, (MeEtC=NAlEt2)2 distilled out.



Dimethylaluminium chloride-methyl cyanide adduct was allowed
to react at various temperatures. Below 160°C methane was
evolved slowly but little rearranged material was formed and
heating the adduct at 210°C in a sealed tube only gave a black
solid and methene. However, if the adduct was heated slowly
to 165°C there was atsudden rush of methane ané a brown solid was
left from which a colourless solid could be sublimed and a liquid
distilled when it was heated under vacuum. Both the colourless
solid and the liguid have the same analytical composition
corresponding to (MeZC=NAlMe01)n; the molecular weight of the
liguid corresponded to the dimer (n = 2), but the solid was too
insoluble for molecular weight measurements to be carried out.
The overall yield of products agrees with figures given by
Pasynkiewicz et al. who obtained about 10% of acetone on hydrolysis
of the reaction mixture from a similar experiment.

The triphenylaluminium adduct when heated evolved a small
amount of benzene and gave a low yield of a colourless sublimete
(PhMeC=NA1Ph2)n.

Dimethylaluminium hydride reacted with methyl cyanide
immediately at room temperature with no evolution of gas. Vhen
the product was distilled under vacuum, however, the colourless

distillate slowly turned yellow and solidified.
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It is evident from these results that the two reactions
(a) to form rearranged meterials and (b) to evolve gases occur

at similar temperatures.

- ' =) (= =
MeH (L.e2A10H2c:N )n( MeA1CH, Clle :N )m
Q
c.g. MeCN,ille, 10

1% (MeZC :H.A1M92)2

The rearranzed compounds were analysed in the same way as the
related compounds prepared from phenyl cyanide i.e. for hydrolysable
alkane or benzene and aluminium.

; Hp0

: z(RR'C=NAlRé)2 —£—=> RR'C=0 + NH3 + AL(OH), + 2R'H

Ho0
g(me:mmzzpz 2, RHC=0 + NH, + Al(OH)3 + 2R'H

3
The ratio of methane, ethane or benzene to aluminium was 2:1 for
all the compounds except that from dimethylaluminium chloride which
was 1:1. OSome were also analysed for nitrogen.

Hydrolysis of the compounds with dilute acid gave the
corresponding aldehydes or ketones which were identified as
2,4-dinitrophenylhydrazones.

Hydrolysis with dilute alkali gave ammonia gas which was
identified by its infrared spectrum.

Molecular weight determinations carried out cryoscopically in
benzene showed most of the compounds to be dimeric; although the

results for (MeHC=NAlM32)n corresponded to values of n between 2
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and 3. The compound (MePhC=NAlPh2)n and the solid (Me2C=NAlMeCl)n
(from MeCN,AlMeZCl) were too insoluble for measurements to be
carried out.

The residue in these reactions was not fully investigated
but analysis for hydrolysable organic groups and aluminium showed
the molar ratio of these to be between 1:1 and 2:1. The infrared
spectra had broad peaks in the C=N region but because of the highly
coloured nature of ths material the rest of the spectrum had too
high a background to pick out a C=Ii band. The gompounds were
generally insoluble in benzene and ether which suggests that they
are polymeric, probably containing the units (R2A1CHZCEN¢)M and

R
(RAICH,-C=N-), .

2
It is pussible that a trimer of (RzAlCHZC;N-)n could be formed:
H,
R C
R———%l \
N \\391’//
Il / N
CH

| o2

R

\

However, since the residue was found to be insoluble in all

the solvents tried, sublimation was left as the only means of
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separation of such & trimer. This was impracticable since the

temperature needed for sublimation would be high enough to allow

a second group, R, to move which would break down the ring structure.
Hydrolysis of the material from MeCN.AlMe3 produced some actone

which must have come from the second type of structure:
H.0

1 3 2
;(.MeAlCHsze—N.)n > MeH + A1(0H)3 + NH, + Me,C0

of the rearranged compounds
The infrared spectra, listed in the ekperimental section,in ol
showed strong bands at about 1650 cm.-l which are listed in TableS.
Table 5

Infrared spectra

The C=N and Al-N stretching frequencies in compounds of the type

gRR'C=NAlR§2n

Compound Frequency y(C=N) cm.—l v(41-m) cm.“1
(MePhC=NAlMe2)2 163) ?
(PhHC=NAlEt2)2 1633 168
(PhHC:NADMeZ)z 1630 470
(MePhC=NAlMeCl)2 1619 13
(Ph2C=NAlPh2)n 1595 481
(Mezc=NA1Me2)2 1656 165
(MeEtC=NAlMe2)2 1659 473
(MeBtC=NAIEt,), 1650 ' 472
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Table 5 (cont'd)

Compound Frequency 3 (C=N) em. T v (A1) om, L
(Me20=NAlMeCl) s 1ig. 1651 479
(MeHC=NA-lMe2)n 1690 457
(PhMeC=NAlPh2)n 1621 461

In the spectrum of (MeHC=NAlMe2)n there was also a band of
medium intensity at 1640 cm.—l

It-has been suggested by Gibson and Hugheéa%hat the C=N
stretching frequency in (Ph2AIN=CPh2)n occurs as a smell inflexion
at 1660 cm. ~ However, comparison of the spectra of the compounds
above suégests that it is more likely to be.the strong band at
1595 cm,_1 see Fig. 2

The aluminium-nitrogen stretching frequency has been assigned
in mono- and bis-trimethylamine-alane at 553 and 460 cm.“1
respectively}OB In most of the compounds prepared a weak broad
band occurs between 443 and 471 cm.-:L which is assigned, as is
shown in Table 5 , to this Al-N stretching vibration.

Bands due to the aluminium-methyl stretching frequencies in
trimethyl;luminium and related compounds were assigned by
Hoffmanni 2% 680 cm.™  and those due to aluminium methyl deformation

modes at 1200 om. T



The C=lf region of the infrared spectra of the

compounds prenared from triphenyvlaluminiunm

Figuee 2
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1
A more recent report on the spectra of these compounds

2AlCl and MeAlClz) gives the Al-methyl rocking

modes as being at 720 cm.—l which is close to the assigned Al-methyl

(ieee MeBAl, Me

stretching vibration. This has been substantiated by a study of

a variety of aluminium-methyl compounds of the type (MezAlDRz)n where

D = P, As, N done in this leboratory. ”

From the list of compounds in Tableda, p.l28 in the experimental
section it can be seen that bends occur in ell the spectra in these
regions, so that using this information most of the bands in the
simplest spectrum, that of (Me2A1N=CMe2)2,have been assigned as
follows:

The spectrum of isopropylideneaminodimethylaluminium dimer

(recorded as EBr disc and nujol mull)

(Me231N=EMe2)2 | Assignments
Cllls

3330 vw C=N (stretch, overtone)
2990 w C-H (stretch)

2920 ms c-H( " )

2880 w c-H( " )

1715 sh _ “

1656 s c=N ( )

1433 wbr cQie;) (§)
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(Meszgmez)z | Assignments
Clle
1366 ns C(Mez) (8)
1235 ns
1161 ms Al-Me (d) sym.
1087 w C-C (stretch)
1075 w c-C
833 mbr C(Me)2
722 msbr Al-Me (rock)
68l sbr A_'I.Me2 (streteh) asym
553 wbr AMe (stretch) sym
465 mbr A1-N  (stretch)
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Stereochemistry

In several of the alkylideneaminc derivatives prepared there
was a possibility of isomerism. Firstly, by two different arrange-
ments of the alkylidene group, as in the boron compounds alr eady

discussed, e.g.

Meg Meg
Me Al Me Ph
N N \/\
= N=C C=N
7 \Ifl/ NN \Ph
Me Meg
IIIa IITb

and also in the compounds derived from MezAlCI, by two arrangements
on the aluminium atoms; e.g. in (MeClAlN=CMe2)2 where two isomers
were possible, and in (ClMeAlN=CMePh)2 where four isomers were

possible, e.g.

\ ci M§1 #CL
_N/ \ / Me\c=1\1/ \\ N= /Me
Me \\\ /// \\ le \\\Aé//// \\Me
He o c1 Me

None of these compounds was resolved into isomers, but by

analogy to the boron compounds it was expected that the proton
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n.m.r. spectra of the mixtures would show the existence of isomers
if' they were present.
Nuclear magnetic resonance spectra
The spectra were recorded on solutions of the compounds in carbon
tetrachloride or benzene with tetramethylsilane as internal reference.
It was not possible to recoré@ spectra on all of the compounds since
some were insoluble, A summary of the spectra follows in Table b .P76-
It was possible to interpret some of the spectra fully.

1. (Mé2C=NAlMe This compound showed two peaks of equal

2)2'
intensity; one at + 56 ¢/s to high field of tetramethylsilane and
one at -126 c¢/s. On the basis of the results on the boron compounds
and on the worklgz MezAlcl the peak at + 56 c/s is attributable to
the Al-methyl groups and the peak at -126 ¢/s to the C-methyl groups.
Only one isomer of this compound is possible so that the peaks were

single and well defined.

2. (MeEtC=NAlMe9)2. Two isomers of this compound are possible,

but no evidence of these was obtained in the n.m.r. spectrum.

The singlet at + 56 c¢/s is attributable to the Al-methyl groups and
the singlet at =126 ¢/s to the C-methyl group. The quartet at

-140 ¢/s arises from the -CH2: group of the ethyl group, and the
triplét at =76 ¢/s from the Ch‘.3 group being split by the -CH2- group.

The absence of splitting in the pesak dué?the Al-methyl groups



does not necessarily mean that only one isomer was present since the

orientation of the ethyl groups may be as follows,

Me 2 H

H'\ /\ S
CHB-E \\\ /// \\C CH

H Me 2

when each Al(Me)2 group may be closest to two —CH2n grougs.

5 (MeHC=NAlMe2)n. This compound, which is analogous to

(MeHC:NBMez) had peaks in the places expected flor hydrogen oj =CMe-H

23
(-506 c/s), for the C-methyl (~130 ¢/s) and Al-methyl (+53 o/s).
But all these peaks vwere complex and it was impossible to interpret
them fully, The main features are consistent with the presence of
the two expected isomers and the extra peaks of lower intensity

may be due to reaction with the solvent.

L, (MePhC=NAlMe2)2. Again two isomers are possible and the

N.me.r., spectrum shows them to be present. The three peaks to high

field do not form a triplet and are best explained as a singlet

at + 56 c¢/s from the four equivalent Al-methyl groups in a trans

structure, IIIthnd two smaller peaks of equal intensity at + 39.8

and + 69.5 from the two non-equivalent sets of Al-methyl groups in
7i

P
a cis structure IIIaA(since one set have two methyl groups as nearest

neighbours and the other set have two phenyl groups). The phenyl
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group gives rise to a broad peak at —446 ¢/s and the C-methyl
groups to two peaks at -136 ¢/s. These two C-methyl peaks are
probably due to two slightly different chemical shifts in the two
isomers.

5. (PhHC=NAlMe2)2. No evidence was obtained for isomeric

forms. The compound was not very soluble so that the peaks are
rather weak. A singlet at + 436 c/s is attributeble to the Al-
methyl groups and at - 452 o/s to the phenyl groups. The hydrogen
peak was not visible, but would be expected near the phenyl peak.

-

6. (PhHC=NA1Et9)2. A single peak at - LLO ¢/s is due to the

phenyl group. A poorly defined quartet at — 60 ¢/s arises from
the CH2 of the ethyl groups and a poorly defined iriplet at O ¢/s
arises from the CH3 groups. The complexity of the spectrum,
because of the ethyl groups on the aluminium, makes interpretation
in terms af’ isomers impossible (ef. (MeHC=NBEt2)2).

7. The spectra of MeCN,AlMe Al and (Me20=NA1MeCI)2 (Liquid

form) were obtained in benzene solution. The former had two
peaks; the one to higher field (+ 8.7 ¢/s) due to the Al-methyl
groups and the other of half the intensity, due to the C-methyl
groups (- 45 ¢/s). The spectrum of the liquid (MeZC=NAlMeCl)2
obtained from the thermal decomposition of this adduct had peaks

at similar chemical shif'ts but they were complex. A weak peak at
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- 15 ¢/s is of uncertain origin. Isomerism as a result of different
orientation of the (AlMeCl) groups would not be expected to give rise

to different peaks in the spectrum,



The proton ne.mer, spectra af the rearranged compounds

Solvent, carbon tetrachloride;

in parenthesis.

Table (.

reference tetramethylsilane;

relative intensities

g = quartet; t = triplet; d = doublet; s = singlet; c¢ = complex.
. . -1
Compound Peaks, in cycles.seconds
=C-H =C~Fh =C-Et =C-Me Al-Methyl
(Me20=NAJM62)2 -126s(1) + 56 (1)
(MeltC=NAlMe, ), -140q, J=7.3; |-126s(3) + 55 (6)
-72t, J=7.7; (5
(MeHC=NAlMe2)2 -506¢(1) -130¢(3) + 53¢(6)
(MePnC=NAlMe, ), ~Ulibs ~136d,3=3.5 |+ 39.8, 56.5,69.5
(PhHC=NAlMe2)2 4,528 + 42,6
( PhHC=NA:LEt2) 5 -4 1,05 1-Et
(approx.valiie§) -60gq 0t
Solvent benzene; reference tetramethylsilane.
MeCN, AlMe,C1 =4 5s(1) + 8.,7s (2)
|(Me C=NAIMeC1 ), 1y -8§s3 -15d, |+ 22%
=3;
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Mechanism of the reactions of organo- and hydrido- compounds of

boron and aluminium with nitriles

Reactions be?ween dialkylboranes RZBH and nitriles R'CN
proceed normelly to the stage (R'CH:N.BRZ)n. There is at
present no evidence that further reaction with R2BH leads to
diborylamines. The present work suggests that such reactions

as,

(MeCH:N.BMez)z + (MezBH)z > 2.EtN(BMe2)

2
are unlikely because of the comparatively low reactivity of the
dimeric ethylideneaminodialkylboranes, in which the boron and
nitrogen atoms are co-ordinatively saturated. In systems where
the groups R attached to the boron are so bulky as to preclude
dimerisation, as may be the case in the intermediates involved
in the reactions between nitriles and disiamylborane, further
108

reaction may be prevented for steric reasons:

(i—amyl)ZBH + R'CN — R'CH:NB(i-amyl)2

(is°'}‘2‘°'1)23H, R'CH:N /[ B(i-amyl), /,

In the case of eluminium Ziezgler reported that 2 mols. of
tri-isobutylaluminium reacted with phenyl cyanide to give 2 mols.
butene and a product aff'ording PhCHz'NH2 on hydrolysis?3 However,

Zakharkin§%ound that 1 mol. of di-iscobutylaeluminium hydride reacts
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at similar temperatures with PhCN to give (PhHC=NA‘:LBu12)n which
suggests that in the former reaction two BuzlAl groups are
attached to the nitrogen atom rather than that an intermediate
(PhHC=I\TAlBu;)n rearranged further to (PhCHZNAlBul)m
/QlBu
i.e. PhCHzN\\\\ may be formed.
A[Bu2
If this deduction is correct, and the intermediate

(PhHC=NAlBuZ)n does in fact react with Bu,Al to form PhCHzN(AlBuZ)z,

)
this would be consistent with the greater reactivity of the
aluminium intermediates (RCH=NA1R§)n as compared with their boron
analogues,

The actual mechanism of transfer of the groups to the carbon

atom is unknown but it seems that it is more likely to be inter-

molecular than intra-molecular, i.e.

R
/
P sing ~
R-C=N=——>B-H H . :
A\ .
R-B <— N=C—R
unlikely /
R

This may well be different from the case of the carbonyls
where the hydrogen atoms are more favourably placed for intra-

molecular rearrangement:



Similar mechanisms may be proposed for the aluminium compounds.



10.

1l1.

-81-

References

(Introduction and Discussion)

A.J. Bloodworth and A.G.Davies; Proc. Chem. Soc., 1963, 315.

M.S.Xharasch and 0. Reinmuth; "Grignard Reactions of
Non-Metallic Substances", Constable and Co. Ltd., London,
1954.

H.C. Brown; '"Hydroboration", W.A. Benjamin, N.Y., 1962.

K. Ziegler; Angew. Chemie, 1952, 64, 323, 330.
Idem; Ibid, 1966, 68, T21.

R.H. Cragg and M.F. Lappert; Boron-nitrogen Symposium,
Durhem, North Carolina, April 1963, Abstracts, p.l157.

D. Cook; '"Friedel-Crafts and Related Reactions", Ed. Clah,
Interscience, N.Y., 1963, p.dl0.

E. Stock and E. Kuss; Ber., 1923, 56, 789.

D.T. Hurd; J.Amer.Chem.Soc., 1948, 70, 2053.

F.G.A. Stone and H.J. Emeleus; J., 1950, 2755.

H.C. Brown and B.C. Subba Rao:; J.Amer.Chem.Soc., 1959
81, 6428.

H.C. Brown and P.A. Tierney; J.Amer.Chem.Soc., 1958, 80,
1552,

H.C. Brown and B.C. Subba Rao; J.Org.Chem., 1957, 22,

1135.




-82~

12. H.C. Brown and B.C. Subba Raoj; J.Org.Chem., 1957, 22,
1136.
13. H.C. Brown and K. Murray; J.Amer.Chem.Soc., 1959, 81,
4108.
14. R. Koster; Annalen, 1958, 618, 31.
15. H.C. Brown and C.P. Garg; J.Amer.Chem.Soc., 1961, 83,
2951.
l6. H.C. Brown, N.C. Hebert and C.H. Snyder; J.Amer.Chem.Soc.,
1961, 83, 1001.
H.C. Brown, C. Vebrugge and C.H. Snyder; Ibid, 83, 1001.
H.C. Brown and C.H. Snyder; Ibids 83, 1002.
17. H.C. Brown and G. Zweifel; J.Amer.Chem.Soc., 1960, 82,
4708.
18. H.C. Brown and B.C. Subba Rao; Ibid, 1955, 78, 5694.
1959, 81, 6423, 6428, 6434.
19. H.C. Brown and G. Zweifel; J.Amer.Chem.Soc., 1959, 81,
1512,
20. H.C. Brown and G. Zweifel; J.Amer.Chem.Soc., 1960, 82,
3222, 3223, 4708; 1961, 83, 1241.
G. Zweifel, X. Nagase and H.C. Brown; J.Amer.Chem.Soc.,
1962, 84, 190.
F. Sondheimer and M. Nussin; J.0rg.Chem., 1961, 26, 630.
H.C. Brown, K.P, 3ingh and B.J. Garner; J.Organometallic

Chem., 1963, 1, 2.



24.

27.
28.

29.

30.

31.

33.

34.

H.C. Brown and G. Zweifel;

33836.

J.Amer.Chem.Soc., 1961, 83,

H.C. Brown, H.I. Schlesinger and A.B. Burg; J.Amer.Chem.Soc.,

1939, 61, 673.

H.C. Brown and B.C. Subba Rac; J.Org.Chem., 1957, 22,

1135.

H.C. Brown and B.C. Subba Rac; J.Org Chem., 1960, 82,

681,

H.C. Brown and HW. Korytnyk;
3866.

H.C. Brown and D.B. Bigley;

1241.

J.Amer.Chem.Soc., 1960, 82,

J.Amer.Chem.Soc., 1961, 83,

H.I. Schlesinger and A.B. Burg; Chem.Rev., 1942, 31, 1.

A.B. Burg; Record of Chemical Progress, 1954, 4, 159.

(Kresge-Hooker Science Library).

H.J. Emeleus and K. Wade;

J., 1960, 2614.

R.E.lMcCoy and S.H.Bauer; J.Amer.Chem.Soc., 1956, 78, 2061.

M.F. Hawthorne; Tetrahedron, 1962, 17, 117.

H.J. Leffler; Inorganic Chem., 1964, 3, 145.

H.I. Schlesinger, H.C. Brown, H.R. Hoekstra and L.R. Rapp:

J.Amer.Chem.Soc., 1953, 75, 199.

L.W. Trevoy and W.(G. Brown;

1675.

J.Amer.Ghem.Soc., 1949, T1,


http://Amer.Chem.3oc
http://Amer.6hem.Soc

—84-

35. H. Beyer. J.W. Dawson, H. Jenmne and K. Niedenzu: J.,
1964,

36. R.H. Cragg and M.F. Lappert; Boron-nitrogen Symposium,
Durham, North Carolina, Abstracts, »n.l57.

37. T.L. Heyling and E.D. Smith Jnr.; Ibid, p.66.

38. R.C. Petry and F.H. Verhoek; J.Amer.Chem.Soc., 1956, 78,

6416,

o
O

M.H. Abraham, J.N.¥, Carland, J.A. Hill and L.¥, Larkworihy;
Chem. and Ind., 1962, 1615.

40, I, Inatome and L.P. Kuhn; Boron-nitrogen Symposinm, Durham,

North Carolina, 1963, Abstracts, p.l1llO0.

41. M.E.D. Hillman; J.Amer.Chem.Soc., 1962, 84, 4715.

42. Tden. ; Tbid, 1963, 85, 982.
43. Idem.; Tbid, 1963, 85, 1626.

4d. G. Hesse and H. Witte; Angew. Chem., (Inter, Ed.), 1963,
2, 617,

45. J. Casanove Jnr. and R.E. Schuster; Tetrahedron Letters,
1964, 8, 405.

46. H Meerwein, G. Hinz, H. Majert and H. S¥nke; J. Prakt. Chem.,
1936, 147, 226.

A7. M.F. Lappvert and B. Prokai; J. Organometallic Chem., 1964,
1, 384.

48. TIdems; J., 1963, 4223.




52.

54.

—85-

F. Joy and M.F. Lappert; Proc.Chem.Soc., 1960, 353.

E. Gipstein, P.R. Kippur, W.4. Higgins and B.F. Clark;

J.0rg.Chem., 1961, 26, 2947.

l.F. Laopert; 171}—l Int. Cong. of Pure and App. Chem.,

Munich, 1959; Angew. Chem., 1960, 72, 36.

W.G. Brownsg "Resactions of
Organic Reactions Vol.6,

N.Y., 1951.

Lithium Aluminiug Hydride",

Chapt. 10. John Wiley and Sons

R.F. Nystrom and W.G. Brown: J.Amer.Chem%Soc., 1948, 719,

3738.

Friedmans; Abstracts of

papers, 116EE meeting of

h
Amer.Chen.Soc., Sept. 1322 1949, p.5M.

HE.C. Brown and R.F. McFarlin; J.Amer.Chem.Soc., 1958, 80,

5372.
H.C. Brown, C.J. Shoaf and

1959, 3, 9-

C.P. Garg: Dissert. Abs.,

C.P. Garg; Tetrahedron Letters,

1962, 23, 830.

O. Schmitz-DuMont and V. Habernickel; Ber., 1957, 90,

1054.
G. Hesse and R. Schrbdel;
L.W. Trevoy and W.G. Brown;

1675.

Annalen, 1957, 607, 24.

J.Amer.Chem.8cc., 1949, T1,

Inc.,


http://Proc.Ch.em.Soc
http://Amer.Ch.em.Soc

60.

61.

62.

63-

64.

[#)
N

66I

67.

68.

69.

T0.

T1.

T2,

—-2F -

R. Ehriich, A.R. Young, B.M. Lichstein and D.D. Perry;
Inorg. Chem., 1964, 3, 623.

Fof discussion see G.E. Coates; "Organometallic Compounds'",
Methuen and Co. Ltd., 1960, 2Eé Bd., p.129.

L.I. Zakharkin and I.M. Khorlina; Doklady Akad. Nauk S.5.5.R.,
1957, 116, 422.

K. Ziegler, K. Schneider and J. Schneider; Annalen, 2959,
623, 9.

A.E.G. Miller, J.W. Bliss and L.H. Schwartzman; J.Org.Chem.,
1959, 24, 627.

H. Haubenstock and E.B. Davidson; J.Org.Chem., 1963, 28,
2775.

W.P. Neumann; Annalen, 1963, 667, 1.

H. Meerwein, G. Hinz, H. Majert and H. Sonke; J.Prakt.Chem.,
1936, 147, 226.

K. Ziegler; Angew. Chem., 1956, 68, T21l.

K. Ziegler, F. Krupp and K. Zosel; Angew. Chem., 1955,
67, 425.

Idem.; Annalen., 1960, 629, 241.

H. Hock, F. Ernst, and H. Kropf; Angew. Chem., 1959, T1,
541.

H. Hock and F. Ernst; Chem. Ber., 1959, 92, 2716, 2723,

2732.




T4.

A.M. Sladkov, I.A. Avich, V.N. Chemov, L.K. Luneva and

<

.4, Markevich; Proc. Acad. Sci. U.S.3.R., 1958, iigl 307.

K. Ziegler, F. Krupp, K. Weyer and W. Larbig; Annalen.,
1960, 629, 251.

E.B. Baker and H.H. Sisler; J.Amer.Chem.30c., 1953, 75,
5193.

K. Ziegler; '"Organometallic Chemistry", Ed. Zeiss,
Reinhold Publishing Corp.., N.Y., 1960, p.232.

G. Wilke and H. M#ller; Annalen., 1958, 518, 267.

T. Mole and J.R. Surtees; Chem. and Ind., 1963, 1727.

H. Adkins and C. Scanley; J.Amer.Chem.Soc., 1951, 73, 2854.

S. Pasynkiewicz, W. Dahlig, T. Wojnarowski and T. Radziwonkaj;
Roczniki.Ghem., 1963, 37, 293.

L. Groizeleau; Compt. Rend., 1956, 242, 149-92 =also
Chem. Zentr., 1957, 10444.

S. Pasynkiewicz, W. Dahlig and T. Wojnarowskij Roczniki Chem.,
1963, 37, 31.

S. Pasynkiewicz, W. Dahlig and B. Tomaszewskij; Roczniki Chem.,
1962, 36, 1383.

J.R. Surtees; Rev. of Pure and App. Chem., 1963, 13, 95.

J.J. Eisch and W.C. Kaska; J.Amer.Chem.Soc., 1962, 84,

1501.



88—

86. H. Gilman and K.E. Marple; Rec. Trav. Chim., 1936, 55, 133.

87. T. Mole; Australian J. Chem., 1963, 16, 307.

88. Idem.; Ibid., 1963, 16, 80l.

89. G.X.J. Gibson and D.W. Hughes: Chem. and Ind., 1964, 544.

90. H.J. Coerver and C. Curran; J.Amer.Chem.3oc., 1958, 80, 3522.

91. W. Gerrard and M.F. Lappert; Chem.Rev., 1958, 56, 1081.

92. W. Gerrard, M.F. Lappert, H. Pyszora and J.W. Wallis; J.,
1960, 2182.

93. E.C. Evers, W.D. Frietag, W.A. Kriner, A.(G. HacDiarmid and
S. Sujishi; J.Inorg.Nucl.Chem., 1960, 13, 293.

94, P Venkateswalu; J.Chem.Phys., 1951, 19, 293.

9. A.N. Terenin, W. Filimoncw and D. Bystrov; Z.Electpvochem.,
1958, 62, 180.

96. Tor discussion sse: D. Cook; "Friedel-Crafts and Related
Reactionsy J. Wiley and Bons, N.Y., Ed. G.A. Olah,
Vol. 1, 1963, p.B806.

97. J. Overend and J.R. Scherer; J. Chem. Phys., 1960, 32, 1296.

98. L. Pauling, H.D. Springall and J.K. Palmer; J.Amer.Chem.Soc.,
1939, 61, 927.

99. I.Hoard, T.8.0wen, A. Buzzell and ON.Salmon; Acta Cryst., 1950,

3, 130.



—HG—

100. G.J. Karabatsos, R.A. Taller and F.M. Vane; J.Amer.Chem.Soc.,
1963, 85, 2327.

10l1. M.F. Lappert and M.K. Majumdar; Proc. Chem. Soc., 1963,
86.

102. For discussion mee: (.E. Coates, "Crganometallic @ompounds",
Wethuen and Co. Ltd., London, 1960, 222 md., p.107-109.

103. C.W. Frazer, NW.N. Creenwood and B.P. Straughan; J., 1963,
3742.

104. E.G. Hoffmann; Z.Electochem., 1960, 64, 616.

105. G.E. Coates and R.N. Mukherjee; J., 1964, 1295.

C.T. Beachley and G.E. Coates.....incourse of publication.

106. A.P. Gray; Canad. J. Chem., 1963, 41, 1511.

107. $S. Brownstein, B.C. Smith, (. Erlich and A.W. Lanbengayens
J.Amer.Chem.Soc., 1960, 82, 1000.

108. PFor discussion see: H.C. Browns; '"Eydroboration",

W.A. Benjamin, N.Y., 1962, p.191.



Experimental



Experimental methods and apparatus

Nitrogen supply
The nitrogen used was purified by passing the gas through a

copper furnace at ca. 400°C. and then through molecular sieve

(type 5A) since most of the more air sensitive compounds reacted

vigorously with nitrogen straight from the cylinder. Periodically

the copper was regenerated with hydrogen and the molecular sieve
dried by pumping &t 300°C. The nitrogen, even when it had been
treated like this, was sometimes still moist and was improved
considerably by passage through a trap coocled by liquid air or
nitrogen.
Glove box

In meny cases involatile samples for analysis and infrared
spectra were made up under nitrogen in a glove btox of the
conventional type. The nitrogen used was passed through a
recycling system as for the supply described above. A tri-
isobutylaluminium bubbler was found to give drier nitrogen and
in conjunction with a liquid air trep made the box extremely good
for the most sensitive compounds. It was difficult to prevent
some aluminium oxide smoke from entering the box although the gas

was passed through a trap filled with glass wool.
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Vacuum sxsteml
A vacuum system was built for the manipuletion of meny of

the compounds, Its construction involved the use of both
mercury float valves and greased taps for storage, fractionation
and gas analysis. The storage section had large (2,3 or 5 litre)
bulbs so that gases, e.g. trimethylborane or diborane, could be
stored. These were closed by mercury float valves or mercury
sealed taps.,

The section used for fractionation consisted of four U-traps
connected by greased T-teps. The use of these taps sometimes
allowed the traps to be cleaned without being cut of'f.

A measuring bulb section consisted of a large bulb and cold
finger (4010 c.c.) comnected by a mercury float valve to a smaller
bulb and cold finger (437.5 G.c.). A single limb manometer was
connected to the smaller section so that either a smell amount of
gas could be measured in the small section alone or a larger
amount in the combined sections,

The bulbs were calibrated by condensing in known amounts of
carbon dioxide. They were used to measure condensible gases

and the bulk of partly condensible ones, e.g. methane.



The rest of the partly condensible gas could be measured in
the T8pler pump which was fitted next in the line., This used a
mercury pump involving a secondary low vacuum system and the gas
was collected in a gas burette, Pressures were measured relative
to & manometer beside the gas burette, There was also a section
for the measurement of vapour pressures above room temperature,
Semples were condensed into & bulb of known volume (ga. 150 c.c.)
which could be closed by & mercury U-tube acting also as a menometer.
The whole apparatus was immersed in a five litre bath of oil which
was heated by an electric immersion heater connected to an auto-
transformer.

Several inlet points were fitted using Bli and B10 sockets.
A rotary oil pump with a mercury diffusion pump was used for

evacuation and a water pump for the low vacuum line.

Calibrations for the measuring system

Combined volume of large and small bulbs = 4455.5 c.c.
Smell bulb (to the scratch mark) = 437.5 c.c.
Therefore large bulb = :t._.O_TB_ C.C.
Internsl radius of the manometer = 0.427 cm.
Apparent internsl redius of the reservoir = 1.875 cm.

For a 1 cm. drop on the manometer the increase in volume = 0.572 c.c.

For a 1 cm. drop on the manometer the rise in the reservoir = 0.0519 cm.



CALIGRATED MANOMETER
MANM eTER ﬁ\é
STANOARD
Buie Storace SToRACE STORAGE SToRAcE U-Trae
Tvee GuiLg 8uL8 Buina
=
TorLER - . - I MERCURY
F A r [ 1 DiFFUSIoN
PumMp PuMP
X MANOMETER
L | \
)(‘ )1' ! OlL PUMP
o ¢ ¢ X
T U-Teap—¥ U-TR u-tReap|¢ U-TRAR —¥ I
et X X ¥
A ,[ J\ MANOMETER
INLETS (NLET
X (
AV 4
7™
A~ VAPOUR T = epoTecTEP Tap
INLETS PRESSURE
APPARATUS X = GRERSEP TAP

F = FLeaT VAWE

T12WeYog

T O

we 1sfg unnoep oYl JO URISETI(


http://Cfll.lGft.RTep

-94-

Molecular Weight measurements

Molecular weights were determined where possible cryoscopically
in benzene, The benzene, of analytical reagent purity, was dried
over sodium wire; each bottle being calibrated with biphenyl. The
usual Beckmann apparatus was used and since most of the compounds
were air sensitive a current of dry nitrogen was passed through
the system throughout each determination.

A few measurements were carried out in the vapour phase &bove
room temperature using the apparatus described in the section on
the vacuum system. This involved either condensing into the
standard bulb weighed volatile samples, or placing in the bulb,
through a hole blown in the side, a weighed sample in a small open
tube, After the sample was thus introduced the hole in the glass
bulb was closed carefully so that the total volume was altered by
only & negligible amount, The pressure was measured with the
manometer when all the material was in the gas phese and the bath
temperature taken with an accurate mercury thermometer. Corrections
were made for the changing density and vapour pressure of the mercury
in the manometer which became significant above 100°C.

Infrared Spectra
Infrared spectra were recorded on a Grubb-Parsons' GS2A prism-

grating spectrometer, (range 2 to 25 microns), or Spectromaster.



Spectyae of so0lid compounds were recorded using either pressed KBr
discs, or mujol (liquid peraffin) mulls between two KBr discs,

or occasionally using sqlutions in carbon tetreachloride. The
spectra of liquids were recorded using KBr liquid cells., Gaseous
spectra were all recorded using 10 cm. sodium chloride cells,

In the case of one solid the spectrum wes ob%aeined in a
Perkin-Elmer heated gas cell. The solid was introduced through
a plug in the side, the plug was replaced and the cell quickly
pumped out and the valve tclosed. The cell was then heated
electrically, temperatures being recorded on a thermocouple
recorder.

When measurements were needed above 21 microns the recording
speed was reduced (motor speed 4 r.p.m. to 1 r.p.m.) otherwise
weaker peaks did not appear.

Nuclear Magnetic Resonance Spectra

These were recorded on an AE.I. R.,3.2 spectrometer operating
at 60 Mc/s. Samples were dissolved in carbon tetrachloride with
tetramethylsilane as the reference compound. In some cases the
compounds were condensed into the sample tubes under vacuum which
avoided contact with air; otherwise the solutions in carbon
tetrachloride were made under nitrogen and transferred to the

tubes by syringe.



Analytical Methods

Cerbon and Hydrogen analysis

In many cases the compounds were too air sensitive for carbon
and hydrogen analysis to be carried out satisfactorily., Analyses
for these elements which were carried out were done either in the
department by Mr, T. Cagill or by external professional analysts.
Hydrolyses:

The air sensitive compounds were mainly attacked by moisture
and the gas given off easily measured.

R : OH

N 7

€eg. Al +2H20——-> 2RH + ~—A1
/// \\\\R OH
where R = H, Me or Et.
In the case of R being phenyl the compound was allowed to react
over about an hour at room temperature with dry hydrogen chloride.
The benzene produced was condensed into a small flask and weighed.
If possible, volatile samples were condensed into a flask,
weighed, and then transaferred on the vacuum line to another flask
in which they were hydrolysed. In some cases solids were transferred

to a small two-necked flask under nitrogen using ungreased joints;

in other cases the materials were transferred in the glove box, in
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particular involatile liéuids which had to be moved by syringe.
The flask was then attached to the vacuum system and a dropping
funnel fitted into the other neck. The compounds were hydrolysed
with a few c.c. of de-aerated 2-methoxyethanol followed by dilute
sulphuric acid. The gases liberated which did not condense in
liquid nitrogen were measured in the gas burette using the T8pler
pump.,
Aluminium Analysis

The solution from the hydrolysis obtained as described above
was analysed for aluminium by either the oxine or the EDTA method.
Oxine Method2

A sample containing about 0,02 g. aluminium was boiled to near
dryness with addition of a little conc. nitric acide The white
solid left was dissolved in a minimum amount of dilute hydrochloric
acid and diluted to 150 cece The pH of the solution was then about
6. After warming to 50-60°C. a 20% excess of a 2% solution of
8,hydroxyquinoline in acetic acid was added, followed by 40 g. of
ammonium acetate dissolved in the minimum amount of water. The
precipitate was allowed to settle and was then collected in a weighed

sintered glass crucible, washed with hot water and dried at 110°C.

EDTA Method-

The whole of the solution lef't after hydrolysing a sample



containing about 0,020 é. of aluminium was placed in a large conical
flask. The flask containing 2,methoxyethanol together with any
other organic matter was heated until the contents boiled in order to
get rid of volatile materiels. Ir, efter the flask was almost dry,
organic material remained this was destroyed with small amounts of
concentrated nitric acid. After this treatment a white solid was
lef't when the flask was at near dryness. This solid was dissolved
in & minimum amount of dilute sulphuric acid, cooled and the solution
made up to 100 mi,

A 10 ml. aliquot of this was taken and titrated with standard
caustic soda, usually about 0.2N, with B.D.H. 4.5 indicator, the end
point being when this just turned blue. A further 10 ml. aliquot was
taken and about 0,1 ml., less than the amount noted of the caustic
soda solution added without the B.D,H. indicator. Then 10 ml,,
an excess, of 0,01M. EDTA solution was added, a drop of xylenol crange
solution and a few crystals of hexamine., The sclution was warmed
slightly and titrated with 0.01M. zinc acetate solution. A sharp
change from yellow to red indicated the end point,

Sometimes o bad end point occurred; either a slow change of
colour or the solution turned brown, or no end point at all, This
was usually due to the pH of the solution being wrong, e.g. too much

hexamine. Other causes have been that all of the organic material,



especially amines, was not destroyed or, in one case, bad demineralised
water, The indicator, xylenol orange, must also be made up freshly
at frequent intervals. Finally, the solutions and the hexsmine must
be added in the right order.
Reagents

0.01M, EDTA and zinc acetate solutions.

0.2-0,5 caustic soda solution. 0.2-1% aqueous xylenol orange.

B.D.He 4.5 indicator and solid hexamethylenetetramine,

Boron Analxses4

These were done by two methods.
Method 1 (Methyl borate method)

A quentity of the compound (0.1-0.2 g.) was destroyed in 50 ceC.
hot concentrated sulphuric acid in a flask fitted with a dropping
funnel and a condenser. To this 25 c.c. dry methanol were added
slowly, drop by drop. The solution became very hot and it was
ensured that each drop of methanol mixed with the acid by shaking,
otherwise the solution would suddenly boil vigorously out of the
condenser. The solution was then gently refluxed for 30 minutes
and cooled. The flask was fitted with a distillation head and the
methyl borate formed in the process distilled out with about 10-15 c.c.

methanol into a flask containing 25 c.c. waters This solution, after



adding ca.3 g. mannitol, was titrated with standard ceustic sode.

The second method is quicker than this one, which has the drawback
that very dry methanol is needed. This was dried by refluxing it
with megnesium methoxide and distilling it off. The apparatus must
also be carefully put together so that none of the volatile trimethyl
borate is loat,.

Method 2° (Combustion method)

The apparatus used was as 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
either in the glove box or in the air. The amount used was up to
0.10 g. The large dropping funnel was purged with oxygen and 25 to
50 c.c. water placed in it. The gelatine capsule was placed in the
platinum gauze with a small piece of filter paper to act as a fuse.
This was lit and quickly placed in the flask. Af'ter a few seconds
the compound burned with a bright green flame, Vihen the combustion
was complete the flask was shaken to dissolve the combustion products.
The contents were then rinsed into a flask made up to a standard
volume and titrated with caustic soda in the presence of mannitol,
The indicator was bromothymol blue.

Nitrogen Analysis
This was done by the normel Kjeldahl method. The sample was
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destroyed in concentrated sulphuric acid, sometimes the solution
from the boron analysis being used, This was then transferred to a
small Kjeldahl flask, made alkaline with strong caustic soda and
boiled. The amine was steam-distilled into a flask containing a
known amount of standard acid. After twenty minutes' distillation

the remaining acid was titrated with standard alkali.

< ;)
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Preparation of the starting materials

Trimethylborane b.p. =21.8°C,

This was prepared by the Grignard method. Methyl magnesium
bromide was prepared in dibutyl ether, dibutyl ether being used to
facilitate the purification of the product.

3MeMgBr + Bu,0,BF, = Me,B + Bu

2 3 3 2
Two traps were then connected to the condenser and flushed out with

0 + 3MgBrF

nitrogen, which was left flowing as a slow stream for the rest of the
experiment, The first trap was cooled by an acetone bath in a vacuum
flask cooled to =78°C. by solid carbon dioxide, and the second by
liquid eir. Boron trifluoride=-dibutyl ether complex was then added
to the Grignard reagent and the flask warmed to 70°C. to complete the
reaction, Nearly all the borane collected in the liguid air trap;
further purification was carried out in the vacuum line using a
methylene chloride slush bath to trap out any impurity, mainly dibutyl
ether, The purity of the finel product was checked by vapour density
measurements and its infrared spectrum.6 (Yield: 90-95%).

Further samples were prepared using trimethyl borate instead of
boron trifluoride but the yields were not as good, (gg.Gq%).

Triethylborane b.p. 95°C.
This was prepared similarly to trimethylborane.
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3EtMghr + Ex,0,BF, = Et,B + Et,0 + SlghrF
The Grignard reagent, ethyl magnesium bromide, was used in diethyl
ether since the product, a liquid boiling ca. 95°C. is easily
separable from it. The purity of the product was checked after
fractionation in the vacuum line by vapour density measurements |
and its infrared sPectrum.7
Diborane8

Twice the amount of boron trifluoride-ether complex calculated
from the equation was added to a sclution of sodium borohydride
in diglyme contained in a three-necked flask.

3NaBHL + L,_EtZO,BF3 = 2B2H6 + 5NaBFh + 4Et20
To the flask were fitted a mercury sealed stirrer, & dropping funnel
and a water condenser. The outlet of the condenser was connected
to two treps both cooled in baths of liquid air, The whole
apperatus was flushed out with nitrogen before use and a slow
stream was allowed to pass through the apparatus during the whole
experiment, After the boron trifluoride-ether complex had all
been added the flask was warmed slowly to complete the reaction.
The traps were then closed and quickly connected to the vacuum
line where the diborene was fractionated and stored in a three-litre

bulb, (Unless the material is used in situ, ample storage space

for the gas must be provided). The purity was checked by vapour
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density measurements and by its infrared Spectrum.9 Very good
yields are obtainable, (ca. 95%).
1,1 Dimethyldiborane

This was prepared by allowing equimolar quantities of diborane
and trimethylborane to equilibrate in the gas phase at room
temperature.lo

2Me. B + ZBZHE = 3Me23H.BH

3 3
The gases were measured in the standard bulb end then pleced in a
larger bulb for a few days, after which infrared spectra and gas
density measurements were taken. The average molecular weight of
the product was then 56 as required for dimethyldiborane, MeZBZHL’
compared to an average molecular weight of 42 if the diborane (M.28)
and the trimethylborane (}.56) were unreacted. The infrared
spectrum showed bands corresponding to those found for 1,1 dimethyl-
diborane by Shapiro and his co-workers.1l Extra bands revealed
the presence of some mono- and trimethyldiboranes but these compounds
were not separated as their equilibrium concentration would have
been regenerated under the conditions under which it was to be used.
Typical amounts of materials used are recorded in the reports
of individual reactions.
Ietramethyldiborane
This was prepared similarly to the 1,1 dimethyldiborane above.10
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Diborane (1 volume) was allowed to equilibrate with trimethylborane

(5 volumes).
AMeBB + BZHG = 3Me2BH.BHMe2

The slight excess of trimethylborane over the theoretical amount
was to avoid the formation of dimethyldiborane. The equilibrium
mixture contained some trimethyldiborane and unchanged trimethyl-
borane which could be detected by bands in the infrared sPectrum12
at 2510, 1300 and 1150 cm. ™  The material wes used without
fractionation because again the conditions under which it was
allowed to react would have regenerated the equilibrium mixture,
particularly dimethyldiborane which it was necessary to avoid.
1,1 Diethyldiborane

This was prepared by the action of vinyl bromide on sodium
borohydride.13

20H2=CHBr + 2NaBEh = EtzBHBH3 + 2NaBr

It was found that the most suitable solvent was tetraglyme which
is eesily separable from the product. The gases evolved were
passed through a trap cooled by a methylene chloride slush bath
(-96°C) and then through & trap cooled in liquid air. It was
found from vapour density measurements that the 1,1 diethyldiborane

was in the trap cooled in the slush bath and that a little diborane

was in the liquid air trap. The compound wes further fractionated
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in the vacuum line through a methylene chloride slush bath and then
the vapour pressure was 4 cm, at 0°C, The infrared spectrum was
recorded and compared with that of Shapiro and his co—workers.12
Tetraethyldiborane

Diborane (1 volume) was mixed with triethylborane (5 volumes)
in a buldb of three litres in volume and allowed to stand for two
weeks, (see individuel experiment).

Trimethyleluminium m.p. 15.0°C., b.p. 126°C.

This was technical grade meterial as supplied by Ethyl Corporation.
The cylinders, each containing 1/2 1b. of materisl were emptied into
two-necked flasks using teflon t aps and teflon sleeves on the joints.14
It was purified by distillation under vacuum and was generally
distilled into the reaction vessel. The material was also moved
by syringe which is easy and safe if all the apparatus and the
syringe are flushed with nitrogen.

Triethylaluminium m.p. -52.5°C., b,p. 185.6°C.

Commercial material was again available in cylinders and was
removed and stored as with trimethylaluminium. Some was purified
by distillation under reduced pressure but in several cases the
material was used for the reactions straight from the cylinder and

the products purified by distillation.
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Triphenylaluminium m.p. 225-228°C,
The triphenylaluminium ether complex (m.p. 127-128°C.) was
15

prepared from phenyl lithium and aluminium chloride in ether.

3PhLi + A1Cl,0Et, = Fh AlOEt2 + 3LiCl

372 )
The complex was purified by recrystallisation from toluene., The
ether can be recovered from the complex at 160-170°C, but this weas
not done with the sample used in the following reactions.
Dimethylaluminium hydride

This was prepared by M. Transh in connection with other work in
the laboratory., The method used was the reaction between trimethyl-
aluminium and lithium aluminium hydride in methylcyclohexane in &
sealed tube at 70°, After 24 hours the tube was cooled and the
contents distilled out under vacuum,.

LiAlH + Allie; = e AlH + LiAJHBMe

The material was conveniently used as a solution in methyleyclo-
hexane, since the pure hydride is a highly reactive viscous liquid.
Dimethylaluminium chloride

This was prepared by distillation of methyl aluminium sesqui-
halide to which sodium chloride had been added. Only the monohalide

distills out of this mixture since the sodium chloride complexes

with the dihalide forming an involatile compound:

TaCl + Me,Al,.C1 > NalAlMeCl

3811, 3 + Me2AlCI



Experimental Results
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Boron Compounds

Reaction of methyl cyanide with trimethyliborane
Methyl cyanide and trimethylborane were recovered unchanged

from mixtures of these compounds. Gaseous trimethylborane was
left for two weeks at room temperature with liquid methyl cyanide
and for about an hour at 60°C. with refluxing methyl cyanide.
No sign of interaction was observed in the infrared spectrum of
the gaseous mixture, or in the veapour density, or in vapour pressure
measurements at low temperatures.
Reaction of methyl 1ide with triethylborane

Triethylborane (0.1836 g., 0.19 m.mole) and methyl cyanide
(0.0678 g., 0.17 m.mole) were sealed in & bulb of volume 100 c.c.
This was placed in a water bath at 100°C. over a day when no
noticeable reaction occurred. The flask was then placed in an oven
and the temperature was increased to 300°C., for half an hour. On
opening the flask a small amount of ethylene was found to be present
(2 c.c.), but essentially the reactants were unchanged. Repeating

the reaction at 340°C, for several days produced no further results.

Reaction of methyl cyenide with tetramethyldiborane
Trimethylborane (0.956 g., 17.1 m.mole) and diborane (0.0945 g.,
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3.4 memole) were mixed in & bulb of volume 1050 c.c. and left at
20°C, for two days; methyl cysnide (0.789 g., 19.3 m.mole) was

then distilled in. At 20°C. most of the methyl cyanide and
tetramethyldiborane remained in the liquid phase. Colourless
crystals grew on the vessel walls during six days at room temperature.
The reaction mixture was then transferred to the vacuum line and
separated into unchanged trimethylborane (0.195 g+, 3.5 m.mole),
tetramethyldiborane (0.301 g., 3.6 m.mole), methyl cyanide

(0.040 g., 0.97 m.mole), and a fraction (1.25 g.) which condensed

at -25°C, in the vacuum line. Repeated distillation of this last
fraction from traps held at -20°C. to -15°C. seperated it into two
components, & colourless crystailine solid (PFraction 1; 0.9 g.)

Vepe Oo6 mm. at 20°C., and a colourless liquid (Fraction 2; 0,35 g.)

VePo 1.8 mm., at 20va

Characterisation and reactions of Fraction 1

Fraction 1 was identified as dimeric ethylideneaminodimethylborane,

(MeCH=NBMe2)2, m.p. 76°C.

(Pouna: ¢, 58.1; H, 12.0; B, 13.0; N, 17.0%; M (cryoscopic
in benzene), 166; M (from vapour density), 158. 08H20B2N2 requires
C, 57.8; H, 12,1; B, 13.,1; N, 16.9%; M, 166).

The infrared spectrum of the gas at 53°C. and 72°C. over the range

4000-525 cm._l contained bands at 34,20 vw, 3060 vw, 3010 vw, 2925 vs,
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2905 m(sh), 2840 w(sh), 1700 s, 152 vw, 1443 w, 1393 w, 1366 w,
1299 s, 1147 m, 1120 w-m, 1096 m, 1042 s, 932 w, 84,8 w, 715 w,

610 w, and 574 w cm.-:L The vapour pressure (20-80°C.) was given
by logloPmm = 8.775 - 2636/T. ibove about 150°C, pressures were
not reproducible, increasing slowly, showing that the compound

was decomposing, A sample of Fraction 1 (0.134 g.) heated in a
sealed bulb at 155°C, for eighteen hours, was converted into an
involatile yellow glue (0.09 g.) together with some trimethyl-
borane (0.020 g.), and an unidentified solid, (Fraction 3: 0.016 g.,
V.p. ca. 13 mm, at 20°C,)., The infrared spectrum of Fraction 3 had
shown bands at 3660 vw, 3520 vw, 3450 vw, 3425 vw, 2970 m, 2940 m,
2860 w(sh), 1618 m, 1608 m, 1400 s, 1310 s, 1202 w-m, 1189 w-m,

1160 m, 1130 s, 1100 w(sh), 943 m, 735-730 w, and 672 w-m cm. *

In an attempt to identify Fraction 3, the whole fraction (0.016 g.)
was condensed onto cold concentrated sulphuric acid and the mixture
was shaken at 20°C., for a few minutes. All the material still
volatile (0.006 g.) was then removed, and identified by its infrared
spectrum as trimethylborane, The sulphuric acid solution was then
treated with an excess of concentrated sodium hydroxide solution,
but no volatile materials other than water were detected in the
vapour pumped from the residue,

Fraction 1 slowly volatilised without decomposition on exposure
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to air, and at 20°C. was unaffected by water, dilute acids, dilute
alkelis or gaseous hydrogen chloride. Heating with concentrated
sulphuric acid decomposed Fraction 1, and this reaction was used
in analysing for nitrogen (by the K jéldahl method) and boron (by
the methoxide/mannitol method). Heating with dilute sulphuric
acid and passege of the vapours through 2,4-dinitrophenylhydrazine
solution yielded acetaldehyde 2,4~dinitrophenylhydrazone,

Reaction of Fraction 1 with an excess of hydrogen chloride gas
at 105°C. for two days gave dimethylchloroborane, some trimethylborane
and methyldichloroborane, and an involatile amorphous brown solid.
Reaction of Fraction 1 with an excess of water vapour at 105°C, for
one day gave an involatile yellow solid, dimethylborinic acid, and
a trace of methane. Reactions with strong sulphuric acid or sodium
hydroxide solutioms at 100-150°C. in sealed tubes generated varying
gquantities of methane and ammonia; no ethylamine was detected

among the products,

Characterisation of Fraction 2

Fraction 2 from the reaction of tetramethyldiborane with methyl
cyenide proved to be an isomer of Fraction 1, m.p. =5°C.

(Found: C, 56.8; H, 12.3; B, 12.7; N, 15.9%; M (cryoscopic

in benzene), 170; M (from vapour density), 159. C8H2032N2 requires
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Cel, 0B N, requ-ires C, 57.8; H, 12.1; B, 13.,1; N, 16.9%; M, 166).
The infrared spectrum of the liquid over the range 4000-400 cm.-l,
showed bands at 3410 vw, 3000 vw, 2920 s, 2900 m(sh), 2825 w (sh),
1740 vw(sh), 1698 vs, 1615 vw, 1433 m, 1401 m, 1362 m, 1289 vs,

1145 ms, 1114 m, 1091 s, 1034 vs, 923 w-m, 844 w, and 524 vw(sh) en.t
The vapour pressure (20-90°C.) was given by log, Pum = 7.230 - 2044/T.
Above about 150°C. pressures increased irreversibly as the compound
decomposed, forming an involatile yellow glue, trimethylborane, and
traces of unidentified volatile materials similar to those (Fraction 3)
found af'ter pyrolysis of Fraction 1. Heating Fraction 2 with water
vapour at 100°C. gave dimethylborinic acid end an involatile residue.
Heating with dilute sulphuric acid gave acetaldehyde, identified as

its 2,4~-dinitrophenylhydrazone., Reaction with strong sodium hydroxide
solution in sealed tubes at 100-150°C. gave ammonia and traces of

methane,

Reaction of methyl cyanide with l.l-dimethyldiborane
1,l-dimethyldiborane (0.168 g+s 3.0 m.mole) and methyl cyanide

(0.200 ges 449 m.mole) were sealed in & bulb of volume 1050 c.c.
At 20°C. some methyl cyanide remained as liquid. During several
days at room temperature the liquid became more viscous, the gas

pressure in the bulb decreased, and colourless crystals appeared on
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the bulb walls. After one week the volatile contents of the bulb
were transferred to the vacuum line and separated into unchanged
1,1-dimethyldiborane (0.090 g., 1.6 m.mole), unchanged methyl
cyanide (0,082 g,, 2.0 m.mole), & colourless liquid (Fraction 4;
0.05 g.) v.p. 2.4 mm. at 20°C., and a colourless crystalline solid
(Fraction 5; 0.06 g.) v.p. 0.6 mm. &t 20°C. Left in the reaction
vessel was a viscous colourless liquid (Fraction 6; 0.09 g.) which
was involatile at room temperature.

Fraction 4 was identified by its infrared spectrum as N'N''N'''
triethylborazine, extra bands indicating the presence of some of
the liguid dimeric ethylideneaminodimethylborane, (MeCH=NBMe2)2,
described as Fraction 2 above.

Fraction 5 was identified by its infrared spectrum as the solid
isomer of dimeric ethylideneaminodimethylborane, (MeCH=NBMe2)2,
described as Fraction 1 above.

Fraction 6, the involatile viscous liquid, had an infrared
spectrumn showing bands at the following frequencies: 3080 m, 2900 m,
24,70 m, 2325 m, 1701 m, 1686 w(sh), 1473 m(sh), 1433 s, 1374 m,
1350 m(sh), 1292 m, 1253 m, 1186 w(sh), 1145 m, 1101 m(sh), 1076 m,
104 w(sh), 962 w, 897 w(sh), 883 m, 793 w, 688 w, and 667 w cm._l
This spectrum was very similar to that of the involatile liquid,

product of the reaction between methyl cyanide and diborane, with
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extra bands which may indicete the presence of methyl groups attached

to boron,

Reaction of methyl cyanide with tetraethyldiborane
Diborane (0.178 Eey 6.2 m.mole) and triethylborane (3.018 -

31.5 m.mole) were mixed and left in a bulb of volume three litres
for two weeks, and then transferred to a reaction bulb (volume 250 ml.)
together with methyl cyanide (1.686 g., 40.6 m.mole). The reaction
mixture was mainly liquid at room temperature. After two weeks,
the bulb was opened and volatile materials were distilled into the
vacuum line and separated into ethane (0.015 £., 0.5 m.mole) and e
mixture of methyl cyanide and triethylborane {1.047 g.). Left in
the bulb was e colourless liquid (Fraction 7; 3.8 g.), virtually
all of which proved just volatile enough at 20°C. to distil slowly
in & good vacuum on to a cold finger at -78°C., where it collected
as a crystalline solid, melting over the range -18 to -10°C.

Fraction 7 proved to be dimeric ethylideneaminodiethylborane,
(MeCH=NBEt2)2.

(Found: C, 65.1; H, 12.7; B, 9.7; N, 12.8% M (cryoscopic
in benzene), 221, 012H28B2N2 requires C, 64.9; H, 12,7; B, 9.7;
N, 12.6%; M, 222).

The infrared spectrum of the liquid over the range 4000-400 cm.—l,
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showed bands at 3400 vw, 3000 w(sh), 2940 vw, 2900 vw, 2865 vs,
2820 m, 2715 vw, 1692 vs, 1457 m, 1431 m, 1397 w-m, 1370 w(sh),
1361 w-m, 1272 m, 1256 w(sh), 1227 w(sh), 1144 s, 1098 m, 1082 m(sh),
1056 vs, 1031 w(sh), 1012 vw(sh), 973 vw, 919 s, 903 m(sh), 818 s,
743 vw, and 631 vw cm-:1 The vapour pressure (110—13000.) was given
by logloPmm = T.097 - 2,465/T, waich corresponds to a figure of 10 mm.
at 13100., and may be extrapolated to 0.05 mm. at QOOC. Above about
15000. pressures increased irreversibly as the compound decomposed,
forming an involatile viscous liquid, traces of triethylborane, and
a trace of a colourless liquid, which had absorption bands in the
infrared spectrum at 3580 vw, 3520 w, 3435 w, 2965 vs, 2925 ms,
2390 s, 1616 ms, 1608 ms, 1468 m, 1403 w, 1330 ms, 1242 vw, 1130 m,
1121 m, 1100 m, 1031 w, 966 w, 948 w, 928 w, 335 vw, and 770 em. !
The diethyl derivative Fraction 7 was unchanged after short
exposure to air or moisture, but gave diethylborinic acid when
heated with water vapcur at lOOOC. Heating with dilute sulphuric
acid gave acetaldehyde, identified as its 2,4-dinitropkenylhydrazone
after passage of the vapours through 2,4-dinitrophenylhydrazine
solution. Attempts to separate Fraction 7 into isomers by vapour:
phase chromatography. using nitrogen as carrier gas over a silicone

N
elastomer at temperatures up to 200°C. were unsuccessful.

Reaction of methyl cyanide with 1,l-diethyldiborane

1,1-diethyldiborane (0.297 g., 3.5 m.mole) and methyl cyanide
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(0.142 g., 3.5 m.mole) were sealed in & bulb of volume 1050 c.c.
for six days. Easily volatile meterials were then pumped into
the vacuum line, leaving & colourless liguid. Prolonged pumping
on this residual liquid showed some (0.2 g.) to be just volatile
enough at 20°C. to be transferred to the line. Its infrared
spectrum showed this to be dimeric ethylideneaminodiethylborane,
identicel with the material Fraction 7 described above. (M

(cryOscopic in benzene), 230; (MeCH=NBEt,,) requires M = 222),
272

The reaction of boron triflucoride with trans—ethylideneamino-
dimethylborane

The solid, trans—ethylideneaminodimethylborane diﬁer,
(0.2142 ges 1e29 m.mole) was placed in a nitrogen—filled flask
fitted with a ground glass Jjoint. The neck of the flask was
constricted and the nitrogen pumped out on the vacuum line. Boron
trifluoride (0.3983 g., 5.85 m.mole) was condensed in, the flask
sealed off and allowed to warm to room temperature., No reaction
was observed during a few hours and so the flask was placed in an
oven at 70°C. just below the melting point of the solid dimer
(m.p. 78°C.) for se;eral more hours. As before no reaction was
observed and the flask was heated further to 90°C. After one day

a slight yellowing appeared on the walls of the flask but on cooling
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there was a large amount of white solid like the original dimer
present, The flask was attached to the vacuum line and opened
and the volatile contents pumped out. A gas (0.3775 g.) was
removed together with all the other volatile material mainly a
vhite crystalline solid (0.1300 g.). This left a yellow material
smeared inside the flask (0.1950 g.). The infrared spectrum of
this residue showed the presence of C-F groups but nothing easily
identifiable and no ethylideneaminodifluoroborane. The material
was insoluble in benzene and ether and no further investigation
was carried out.

The white so0lid which was pumped into the vacuum line was
shown to be the starting material, by its vapour pressure and
inf'rared spectrum.

An infrared spectrum of the gas showed bands due to B-Me and

B<F vibrations.



Aluminium Compounds

Reactions of trimethylsaluminium

Formation of the methyl cyanide adduct, MeCI\I,Alllgl__g3

Trimethylaluminium (6.40 g., 89 m.mole) and methyl cyanide
(3452 g+, 86 m.mole) were condensed in a flask at -196°C., and the
mixture was allowed to warm up. The heat evolved in the reaction
raised the temperature of the mixture to about 60~70°C. after which
8 moist solid remained. Unchanged trimethylaluminium (0.210 g.,
2.9 m.mole) was pumped off, leaving a colourless crystalline solid,
m.p. 73°C., which could be purified by vacuum sublimation at
about 70°C.

Found: Al, 23.7; Me, 39.7%; M, 108. C5I-]12AJ.N requires
Al, 23.9; Me, 39.8%; M,113.

The infrared spectrum of the solid in nujol or carbon tetra-
chloride showed bands at 2295 m, and 2515 w cm.> in the 9 (CZN) region.
The adduct was extremely sensitive to air and moisture, slight
decomposition occurring even when the compound was transferred in
the glove box. (After infrared frequencies the letters correspond
to the following terms; s = strong, m = medium, w = weak,

(sh) = shoulder, (br) = broad).
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Thermal decomposition of the trimethylaluminijum-methyl cyvenide

adduct - formation of isopropylideneaminodimethylaluminium

dimer, QMe2A1N=CMe222

Trimethylaluminium (0.4408 g., 6.12 m.mole) and methyl cyanide
(0.2462 g., 6.0 m.mole) were condensed into a tube of volume 180 c.c.
fitted with a fragile-tipped side arm. The vessel was sealed under
vacuun and heated to 150°C., at which temperature only a colourless
liquid was visible. In a few hours the liquid derkened and after
five hours solidified to a dark red solid. The tube was then allowed
to cool and white crystals condensed on the sides of the tube. The
side tube was sealed to the vacuum system with picein wax, and after
the fragile tip had been broken the volatile reaction product was
transferred to the vacuum system. This was identif'ied by its vapour
pressure (1.4 mm. at -196°C.) and its infrared spectrum as methane
(80 n-c.c., 3.6 m.mole).

The reaction tube (a) was then filled with nitrogen and connected
by a short piece of rubber tubing to a second tube (!b) as shown in
Fig. la.. The apparatus was once more evacuated and tube (a) was
heated to about 100°C. with heating tape. A white crystalline
sublimate, (0¢13 g.) m.p. 96°C. collected in tube (b), and was transferred
under nitrogen to a two-necked flask.

Analysis as isopropylideneaminodimethylaluminjum dimer, (Me2A1N=CMe2)2.



(Found: - A1, 2,.0; Me, 26.8%; M, 229. (C5H12A1N)2 requires
A1, 23.9; Me, 26.5%; M, 226).

Fig. la

&
Sublimate

—> To vacuum SJ.stem

Rubber connection

o “cn':u:j tq.re

Hydrolysis of some of this dimer with dilute acid gave acetone
which was identified by its 2.4.dinitrophenylhydrazine derivative.
When the hydrolysis was carried out with water an alkaline gas was
liberated which was identif'ied by its infrared spectrum as ammonia.
(Me2A1N=CMe2)2 + 8H,0 = 4MeH + 2A1(0H)5 + 2NH3 + 2Me, 00,

The nuclear magnetic resonance spectrum of the compound

dissolved in carbon tetrachloride was recorded end showed only two peaks.
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The infrared spectrum was recorded as a nujol mull and as

KBr disc.

There were only a few bands which are listed below:

=

-3

3330 vw, 2990 w, 2920 ms, 2880 w, 1715 (sh), 1656 s, 1433 n(br),

1366 ms, 1235 ms, 1181 ms, 1087 w, 1075 w, 1010 w, 833 m(br),

722 ms(br), 684 s(br), 553 w(br), 465 n(br) cn.”t

The conditions of the thermal decompositions of the adduct

were varied, and the yields of the rearranged compound were measured.

The results are summarised in the following table.

Table la
Amount Time for Amount of .
of adduct |Solvent |reaction Temggrature methane (MeYZ§§EC§£ )
MeCl\T,AlMe3 (hours) . given off 222
30 ce.ce.
of
10.9 g. |methyl 3 100 300 c.c. none
cyclo-
hexane
None.
0.69 g. |Sealea | 5 150 80 c.c. géij 8-
tube ”
None.
1.07 g. | Sealed 5 120 91 c.c. 0.15 g.
tube 1%




Residue

Analysis of the yellow-brown residue in the flask showed the
methyl to aluminium ratio as ca. 1.6:1 (AL, 23.4; Me, 21%).
Hydrolysis with 80% sulphuric acid gave some acetone and ammonia but
no methyl cyanide or acetic acid was detected in the spectra of the
gases produced. The spectrum of the residue itself showed broad

bands at ca. 2220 and 1670 cm. t

Formation of the ethyl cyanide adduct, EtCN,AlMe3

A weighed amount of trimethylaluminium (gg. 1.5 g.) was
condensed into & small two-necked flask together with an excess of
ethyl cyanide. After a few minutes to allow the mixture to reach
room temperature the excess of ethyl cyanide was removed by pumping,
leaving a colourless crystalline solid m.p. 30°C. which could be
puriified by sublimation/distillation under vacuum,

Found: Al, 20.9; Me, 35.5%; M. 136. CéﬂlhglN'requires
Al, 21,.3; Me, 35.5%¢; . 127.

The infrared spectrum which was recorded of the solid between
KBr discs showed bands in the 9 (C=N) region at 2325 vs and 2245 W cm._1

The compound was again extremely sensitive to air and moisture.
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Thermal decomposition of the trimethylaluminium-sthyl cyanide
adduct - formation of s-butylideneaminodimethylaluminium dimer,
(Me AIN=CMeBt) ,

Trimethylaluminium (0.9607 g., 13.3 m.mole) and ethyl cyanide
(0.734 g., 13.3 m.mole) were condensed into & tube fitted with a
fragile-tipped side arm and sealed under vacuum. The tube was
heated in an oven at ca. 170°C. for one hour when the contents turned
a dark red-brown colour. It was allowed to cool and was then
attached by the side arm to the vacuum system where methane (115 CeCoy
5.13 m.mole) was collected. The tube was then filled with nitrogen
and fitted up as shown in Fig. 1. At 60°C. and ce. 0.0l mm.
pressure a white crystalline solid, m.p. 73°C. was sublimed out.
(Tield: OJk g., 26%).

Found: Al, 21.4; Me, 23.4%; M, 261, C. SH gl N (as

2
s~butylideneaminodimethylaluminium dimer) requires Al, 21.3; Me, 23.6%;
M, 25;4.

Hydrolysis of the compound with dilute acid gave ethylmethyl
ketone which was identified by its 2.4.dinitrophenylhydrazine
derivative.

(Me2A1N=CMeEt)2 + 8H,0 = 4MeH + 2A1(0H)3 + 2NH3 + 2MeEtCO,

The infrared spectrum, recorded using a KBr disc, is compared

in Table dawith that of isopropylideneaminodimethylaluminium.
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The nuclear maghetic resonance specirum was recorded in solution
using benzene and carbon tetrachloride as solvents, and tetra-
methylsilane as internal reference.

Results in benzene soluticn Scf. to T.M.S.)

Peak 1 (quartet); ~112,9 cycles seconds-l; J 7.9 ¢/s

GCHé—CHB
Peak 2 (triplet); &y _cH. W3 o/s; J 7.6 ¢/s
3 2

Peak 3 (singlet); § -103 ¢/s

CH3-C
Peak L4 (singlet); a(CHj)zAl + 26 ¢/s
Residue

The residue (0.0867 g.) was hydrolysed with 2N-sulphuric acid
to give methene; 176 moles of methane per mole aluminium (Al, 20.7;
Me, 20,1%). The infrared spectrum of the residue showed a broad
band at ca. 2220 em T indicating (C=N) but ethyl cyanide was not
found in the hydrolysis products, Ethylmethyl ketone and ammonia
were shown to be present by infrared spectra on the vapours produced
in the hydrolysis. Another sample of residue (0.1 g.) was boiled
for two hours with 40% caustic soda, acidified and extracted with
ether. No propionic acid was found on evaporating the ether

solution.

Formation of the phenyl cyanide adduct, PhCN,A.'l.Me:_3
To trimethylaluminium (0.5 g., 7 m.mole) condensed in a
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two-necked flask, an equivalent amount of phenyl cyanide was added
af'ter the flask had been filled with dry, oxygen-free nitrogen.
Immediately a colourless crystelline adduct was formed m.p. 80°C.
This was removed under nitrogen to a Schlenk tube where it was
purified by vacuum sublimation, 80-90°C. at 0,01 mm, The sublimate
was scraped out under a purging nitrogen flow into a small two-
necked flask.

Found: Al, 15.4; Me, 25.8%k; M, 169. C, oHopALN requires
Al, 15.4; Me, 25.7%, M, 175.

The compound reacts vigorously with air and moisture and the
infrared spectrum, recorded as a nujol.mull made up in the glove
box, showed bands at 2275 s and 2239 m cm_1 in the region where

v (C=N) occurs.

Thermal decomposition of the trimethylaluminium-phenyl cyanide
adduct - formation of l-=methylbenzylideneaminodimethylaluminium,
Ve, AIN=ClicPh),,

The adduct was prepared as above using trimethylaluminium
(1.575 g., 21.9 m.mole) and phenyl cyanide (2.25 g., 21.8 m.mole).
This was heated for four hours on an oil bath at 160-170°C. in the
flask in which it had been prepared. An air condenser was fitted

to the flask, (in case dissociation into the condensible Me_, Al and

3
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PhCN occurred), but this did not seem necessary. The crude yellow
glue which was left solidified on standing and its infrared spectrum
was recorded &s a KBr disc. This showed that reaction had taken place
because no bend was present around 2220 cm-l but a new band appeared
at ca, 1670 cm.-1 The crude material was transferred to a double
Schlenk tube where it was purified by sublimation under vacuum at
120°C., Apart from a few smell drops of a liquid which appeared
at the top of the tube the product was a pale yellow solid, m.p. 100°C.
Not all of the material was allowed to sublime but the yield was over
50%.

Found: Al, 15.2; Me, 16.9%; M, 366. €, oHlogALN (es 1
methylbenzylideneaminodimethylaluminium dimer) requires Al, 15.k4;
Me, 17.1%; M, 350.

The product, as with the previous preparations, was much less
air sensitive than the adduct; it is hydrolysed slowly in air and
in water, but rapidly in dilute acid. From such a hydrolysis
acetophenone was identified by its 2.4 dinitrophenylhydrazine derivative.
(MezAlN=CPhMe)2 + 8H,0 = LMeH + 2A1( 0H) 5+ 21\&13 + 2MePhCO

The infrared spectrum was recorded as a KBr disc and is compared

in Table 2ato the other compounds.
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Table 2a.
(EtZAlNCMeEt)z (Me2A1NCMe2)2 (MezA-JNCMePh)2 (MezAlNCMeEt)z
Lig., film Disc (KBr) Disc (KBr) Disc (KBr)
cn. ™t ent em. "t em. ™t
3310 w 3330 vw 3280 ww 3320 vw
3090 w
3060 w
2960 s 2990 w 3330 w 2980 m
2920 s 2920 ms 2920 ms 2920 s
2880 s 2880 w 2880 m 2880 m
2850 s 2820 w
2780 m
2710 w
1715 (sh)
1650 vs 1656 s 1634 vs 1659 vs
1572 m
1493 m
456 s UL35 m 1460 m
133 (sh) 133 w(br) 135 (sh) 1428 mw
103 s 1420 (sh)
1383 w
1361 s 1266 ns 1361 m 1367 m
1305 wm 1307 vw 1328 mw
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Teble 2a(cont'd)
(Et2A1NCMeEt)2 (MezAlNCMeZ)2 (MeZAlNCMePh)z (Mez-AlNCMeEt)2
Lig. film Disc (KBr) Disc (KBr) Disc (KBr)

cm. ™t cem.t em. T en. ™t
1261 m 1289 m 1269 n
1221 (sh) 1235 ms 1266 s 121, s
1208 s
1166 m 1181 ms 1179 s 1180 vs
1100 m 1087 w 1102 mw
1068 m 1075 w 1085 w 1177 uw
985 s 1010 vw 990 mw 969 w
948 s 950 m
917 m

862 w

837 w 833 m (br)

826 w 800 (sh)
787 m 760 s 788 s

699 s 722 m(br) 718 s 715 s(br)
637 s(br) 68 s(br) 675 s 683 s(br)

588 w
565 w

529 m(br) 553 w(br) 553 m(br)
472 m(br) 465 m(br) 473 w(br)
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Reactions of triphenylaluminium

Formation of the methyl cyanide adduct, MeCN,AlPhB
Triphenylaluminium etherate (10.2 g., 3.5 m.mole) was

dissolved in 25 c.c. of dry benzene contained in & flask filled
with dry nitrogen and fitted with a distillation head, To this
solution methyl cyanide (1.5 8es 35.6 m,mole), an excess over the
equimolar quantity, was added. The mixture was then heated to
70-80°C. when the ether distilled off (2.25 g.) with a little of
the benzene. The benzene solution was transferred to a Schlenk
tube and pumped until all the benzene was removed. This left a
white solid, m.p. 138°C., which was recrystallised from methyl-
cyclohexane and again pumped dry.

Found: A1, 9.0; N, 4.8; ¢, 77.1; H, 6.3%; M, 303, 316.
Cool gAN requires Al, 9.0; N, 4.7; C, 80; H, 6.06; M, 299,

The infrered spectrum was recorded as 2 nujol mull and in

the ¥(C=N) region, bands occurred at 2305 w and 2275 s cm.-1

Thermel decomposition of the triphenylaluminium-methyl cyanide
adduct - formation of 1-methylbenzylideneaminodiphenylaluminium,

(Ph 4IN=CMcPh)

A sample of the adduct prepared as described above was placed

in a tube and heated while being pumped under a high vacuum. At
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ca. 200°C, a white crystalline solid sublimed to the cooler part

of the tube and after about six hours the tube was cooled and filled
with nitrogen. The solid at the top of the tube was transferred
under an atmosphere of nitrogen to a two-necked flask; yields were
in the range 10~-15%.

For analysis the compound was allowed to react with dry hydrogen
chloride and the benzene produced vias weighed.

Found: A1, 9.2; N, 4.8; Ph, 51.2%. C20H18A1N as l-methyl-
benzylideneaminodiphenylaluminium requires Al, $.0; N, 4.,7; Ph, 51.5%.

The compound was too insoluble in benzene or nitrobenzene for
either cryoscopic or ebullioscopic molecular weight measurements to
be carried out.

On hydrolysis with dilute hydrochloric acid acetophenone was
produced which was identified as its Z.4.dinitrophenylhydrazine
derivative by melting point and infrared spectrum.

The infrared spectrum was recorded using a nujol mull; the bands
are listed below:

1621 s, 1597 (sh), 1570 w, nujol band, 1414 m, nujol band, 1290 m,
1269 m, 1244 w, 1152 w, 1087 s, 1078 s, 1022 w, 987 w, 926 w, 844 w,
762 s, 724 s, 711 s, 699 s, 685 s, 673 s, 619 w, 599 m, 581 s,

503 w(br), 476 m(br), 461 s(br) cm.t
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Formation of the phenyl cyanide adduct, PhCN,AlP_g5
Triphenylaluminium etherate (10 g., 30 m.mole) was dissolved

in 25 c.c. of dry benzene. To this solution, which was again
contained in a flask fitted with a distillation head and filled
with an atmosphere of dry nitrogen, phenyl cyanide (4.g., 39 m.mole),
a slight excess over the equimolar quantity, was added. The mixture
was allowed to warm slowly to ca. 60°C. for a while before the ether
from the etherate and a small amount of benzene was distilled off.
The solution was transferred to a double Schlenk tube and the rest
of the benzene was removed by a vacuum pump leaving a white crystalline
solid. The solid was fairly soluble in hot methylcyclohexane and
was recrystallised from this solvent.

Found: Al, 7.5; Ph, 63.0%; M, 375. 025H20AN requires
Al, 7.5; Ph, 63.%; M, 36l.

The infrared spectrum of the material was recorded both as a
KBr disc and in nujol; in the 3(CzN) region a strong band occurred

at 2266 cm. T

Thermal decomposition of the triphenyleluminium—phenyl cyanide
adduct -~ formation of l-phenylbenzylideneaminodiphenylaluminium,

gPhZMN:cphZ)_n
The adduct, PhCN,AlPh, (ce. 3 g.) was placed in a tube attached



to the vacuum system so that any condensible gas passed into a
U-trap cooled in liquid eir, On heating the solid to about
2,0-250°C, it sublimed slowly giving a white crystalline solid,
m.p. 295°C., yield 15%, and a few drops of a liquid which condensed
in the upper part of the tube. A small quantity of liguid
(gg. 0.1 c.c.) also condensed in the liquid air trap. The solid
was transferred in the glove box to a two-necked flask.

Found: Al, 7.6; Ph, 42.85. 025H20AJ.N as l-phenylbenzylidene-
aminodiphenylaluminium requires Al, 7.5; Ph, 42.7%.

The compound was too insoluble in benzene and nitrobenzene
for cryoscopic molecular weight measurements to be carried out.

Infrared spectra showed the small amount of liquid in the
liquid air trap to be benzene and the material at the top of the
sublimation tube to be benzophenone.

Hydrolysis of the compound with dilute acid gave benzophenone
identif'ied as its 2.4 dinitrophenylhydrazine derivative.

The infrared spectrum was recorded using a KBr disc and e
nujol mull. Bands from KBr disc are:
3049 m, 2985 m, 1658 vw, 1613 (sh), 1595 s, 1567 s, 1488 m, 1479 m,
L5 s, 1416 s, 1361 s, 1316 m, 1289 m, 1266 s, 1247 m, 1190 m,
1155 m, 1089 s, 1080 s, 1024 m, 1000 m, 951 s, 915 m, 909 s, 889 m(br),

862 w, 840 w, 787 s, 762 m, 729 s, 700 vs(br), 660 s, 620 s, 561 s,




-134-

481 s(br), 456 w(br) om, *

and from the nujol mull are:

1618 (sh), 1595 s, 1570 m, nujol band, 1416 m, nujol band, 1316 w,
1269 m, 1263 m, 1245 m, 1189 w, 1152 w, 1088 s, 1081 s, 1022 w,
1000 w, 952 m, 920 m, 909 m, 862 w, 840 w, 788 s, 729 s, 699 vs,
682 s(br), 676 s, 626 m, 578 m, 481 s(br) cm.-':L



Reactions of dimethylaluminium hydride

The reaction of dimethylaluminium hydride with methyl cyenide —

formation of ethylideneaminodimethylaluminium, (Me AIN=CHie)
A solution of dimethyleluminium hydride in methylcyclohexane

(5 cecs of solution containing ce. 1 g. per CeCao) Was placed in a
small two-necked flask filled with nitrogen. This was frozen in
liquid air and methyl cyanide (0.5 g.) was added, The mixture was
then allowed to warm up and it became quite hot, ca. 50—60°C. The
flask was then attached to the vacuum system and the methylcyclo-
hexane and unchanged methyl cyanide were pumped out. This left a
colourless liquid, of which the infrared spectrum showed strong
bands at ca. 1670 cm.—l The liquid, after standing overnight,
turned slightly yellow and wes distilled under vacuum (70-80°C.,
0.05 mm.) but the colourless distillate solidified as a pale yellow
glass.

A second sample wes prepared exactly as described and analysed
without any purifiication.

Found: Al, 26.4; Me, 30%; M, 220, 24,5 (conc. solution),
290, 304 (dilute solution). CAHiOAlN as ethylideneaminodimethyl=-
aluminium requires Al, 27.,2; Me, 30.3%, M, dimer 198, trimep 297.

The compBund was hydrolysed very rapidly in moist air; when
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hydrolysed with dilute acids it gave acetaldehyde, characterised
by its 2.4 dinitrophenylhydrazine and dimedone derivatives.,

The infrared spectrum was recorded of a thin film between
KBr discs. The following bands were found: 3520 vw, 3260 vw,
2977 (sh), 2925 s, 2880 s, 2825 w, 1690 vs, 1640 s, 1432 m, 1397 w,
1361 m, 1259 w, 1190 s, 1123 m, 1059 w, 1037 w, 1005 w, 817 (sh),

784 s(br), 690 s(br), 560 w(br), 457 w(br) en. ™t

The reaction of dimethylaluminium hydride with phenyl cysnide —
formation of benzylideneaminodimethylaluminium dimer Me2£QQ=CHPh22

A solution of dimethylaluminium hydride in methylcyclohexane
(5 cece of solution containing ca. 0.1 g. per C.Ce) Wes added to
phenyl cyanide (1 g., 10 m.mole) cooled by liquid air and contained
in a nitrogen filled two-necked flask. The solution was allowed
to warm up and became quite hot (50°C.); on cooling white crystals,
m.p. 143°C., appeared. The solvent was then pumped off and the
crystals were transferred to a sublimation tube where they sublimed
at ca., 140°C, and 0.0l mm. pressure, (yield > 90%).

Found: Al, 16.4; Me, 18.6%; M, 329. (CQHIZAJ_I\I)Z as
benzylideneaminodimethylaluminium dimer requires Al, 16.8;
Me, 18.6%; M, 322,

The compound was hydrolysed easily by water and dilute acid.
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Benzaldehyde was identified among the hydrolysis products as its

phenylhydrazine derivative.
(Me2A1N=CHPh)2 + BH,0 = 4MeH + 2A1(0H)3 + 21\1113 + 2PhHCO

The infrared spectrum was recorded in nujol and the bands
ere listed below:
1683 w, 1630 vs, 1595 s, 1580 s, 1496 w, 1452 s, 1411 m, 1380 w,
1355 vw, 1313 m, 1290 m, 1203 s, 1183 vs, 1101 vw, 1077 m, 1023 m,
1001 w, 967 m, 913 w, 80 vs, 745 vs, 685 vs(br), 615 w, 575 m(br),

470 w(br) em. L




Reactions of triethylaluminium

Formation of the methyl cyanide adduct, MeCN,AlEt3

Methyl cyanide (0¢30 ge, 73 m. mole) was placed by syringe in

a nitrogen filled flask and then cooled to its freezing point by
liquid air. To this triethylaluminium (0.82 g., 7.2 me mole)
was slowly added also by syringe. The contents of the flask
were allowed to warm up to room temperature and pumped to remove
any unused methyl cyanide; the product was a colourless liguid,
fo.ps -6°C.

Found: Al, 16.9; Et, S4.7%; M, 149. Cgll, gALN requires
Al, 17.4; Et, 56.1%; M, 155.

Vapour pressure measurements in the range 22-68°C. are given
by the equation 1°g1OPmm. = ~2020/T + 7.38, to within ¥ 4 mm. which
corpesponds to a value of 3.9 mm. at 25°C.

The compound was extremely sensitive to air and moisture so
that the sample for the infrared spectrum was made up in the glove

box. In the region of the C=N stretching frequency there were bands

at 2317 w, 2290 m, and 2253 w o,

Thermal decomposition of the triethylaluminium-methyl cyanide adduct -

formation of s-butylideneaminodiethylaluminium dimer, fEtzé;§=CMeEt)2.
A sample of the adduct, MeCN,AlEt3 (0.6582 guy 424 m. mole)




was heated under vacuum at 410°C. at which temperature ethane
(48e5 CoCey 2.16 m. mole) was evolved. The temperature was increased
to 200°C. but very little more ethane was evolved. At about 210°C.
under 0,01 mm. pressure a colourless liquid refluxed in the vessel.
The vessel was cooled and filled with nitrogen and then attached to
a receiver. After the apparatus had been pumped.out agein the
liquid was distilled into the receiver at & bath temperature of
220°C. The product was a pale yellow liquid, 0.12 g., cz. 18% yield.

Found: Al, 17.6; Et, 38.6%; M, 328, 334. (08H18A.1_N)2 as
s-butylideneaminodiethylaluminium dimer requires Al, 17.4; Et, 37.4%;
M, 310,

Hydrolysis with dilube acid gave ethylmethyl ketone identified
as its 2.4 dinitrophenylhydrazone whereas hydrolysis with water
gave ammonia,

(EtzAlN=CMeEt)2 + 8H,0 = LEtH + 24\.1(01{)3 + ?_NH3 + 2EtMeCO

The compound was very sensitive to air and moisture and
becomes wiscous and discoloured on standing. A sample was' taken in
the glove box for anuinfrared spectrum to be recorded as a thin
film between KBr discs. The bands are listed in Table 2a.

The residue left in the flask after the product was distilled
out was a red-black crisp solid insoluble in 5enzene, actone, methyl

cyanide, pyridine and ether but slightly soluble in hot tetrahydrofuran.
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It evolved ethane on hydrolysis with water and dilute acid. The
infrared spectrum was not obtainable because of the opacity of the

disc along the whole region from 4000 to 4LOO cm.-l

Formation of the adduct of phenyl cyanide, PhCN,AlEt3
Phenyl cyanide (1.59 g., 15.5 m.mole) was added to triethyl-

aluminium (1.8 g., 15.5 m.mole) cooled in a nitrégen filled flask.
There was a considerable heat of mixing which warmed the mixture

to 50-60°C. The flask was allowed to cool to room temperature qnd
then pumped for a few minutes at 0.01 mm; this left a very pale
yellow liquid.

Found: AL, 12.0; Et, 38.6%; M, 210. C);H, AN requires
A1, 12.4; Et, 40.1%; M, 217.

The infrared spectrum, recorded as & thin film between KBr
discs, showed bands in the ¥ (C=N) region at 2270 s and 2235 W om. ~
Thermal decomposition of the triethylaluminium-phenyl cyanide
adduct - formation of benzylideneaminodiethylaluminjum dimer,
(Et_AIN=CHPh '

Several reactions were carried out. In a typical gxample
triethylaluminium (2.5 g., 22 m.mole) and phenyl cyanide (2.3 g.,
23 m.mole) were transferred by syringe to a two-necked nitrogen

filled flask fitted with an air-cooled condenser. The flask was
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then heated on en oil bath and the pale yellow adduct gradually
turned darker. At about 190°C. there was a sudden rush of gas,
(300 cec. of ethylene identified by its infrared spectrum), from
the flask and some of the mixture began to reflux. On heating for
another hour more ethylene (gg. 150 c.c.) was eliminated, which
corresponded to approximately one mole of ethylene per mole of
adduct.

n EtBAlNCPh = (Et2A1N=CHPh)n + ncz}{l+

The flask was cooled leaving a dark red glue. The air
condenser was removed f rom the flask and a distillation head,
thermometer and receiver were fitted. The appsratus was connected
to the vacuum system and pumped out. The flask was heated in a
silicone oil bath and at 160°C. and 0,05 mm. pressure, (oil bath,
200-210°C. ), a pale yellow viscous liquid distilled off.

Found: A1, 13.8; Et, 30.4%; M, 420. (C ,H -AIN), as
benzylideneaminodiethylaluminium dimer requires Al, 14.3; Et, 30,7%;
M, 378.

The compound was hydrolysed with dilute acid and from the product
the 2.4 dinitrophenylhydrazone and the phenylhydrazone of benz-
aldehjde were obtained.

(EtzAlI\I:CIﬂ’h)z + 8H,0 = LEtH + 2A‘L(0H)3 + 21\1H3 + 2PhCHO

The infrared spectrum was recorded using a thin film of the
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liguid between KBr discs. The following bands were found:

3268 w, 3050 m, 3020 m, 2925 s, 2779 m, 1690 m, 1633 vs, 1600 s,
1582 s, 1494 m, 1456 s, 1408 s, 1373 m, 1311 s, 1282 s, 1228 s,
1203 s, 1192 m, 1177 m, 1160 w, 1102 w, 1076 m, 1053 w, 1020 w,

984 s, 945 s, 94 s, 840 s, 811 w, 778 s, 748 s, 702 vs, 676 vs(br),
625 vs(br), 540 s(br), 468 m(br) o
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Reactions of dimethylaluminium chloride

Formation of the methyl cyanide adduct, MeCN,AlMeZCl

Dimethylaluminium chloride (2 g., 15 m.mole) was transferred
by syringe into a two-necked flask filled witﬁ nitrogen, (a drop
of the liquid on the end of the syringe needle burned vigorously
as the syringe was moved from the storage vessel to the flask).

To this methyl cyanide (0.65 g., 15.9 m.mole) was added. There

was an immediate reaction; the contents of the flask warmed and

a white solid appeared. The flask was connected to the vacuum
system and unchanged methyl cyanide pumped off, The solid was
transferred from the flask under nitrogen to a sublimation tube
where the compound sublimed at 70°C and 0.05 mm. pressure, m.p. 73°C.

Found: Al, 20,0; Me, 22.3; Cl, 27.0%: M, 139. C#H9AlClN
requires Al, 20.2; Me, 22.4; Cl, 26.6%; M, 133.5.

The spectrum was recorded as a nujol mull aad bands in the

region of the C=N stretching frequency occurred at 2217 (sh),

2299 s, and 2259 w eme ™t

Thermal decompoéition of dimethylaluminium chloride-methyl cyenide
adduct - formation of isopropylideneaminomethylaluminium chloride,

‘MeZC=NAlMeCl2

Several reactions were carried out under various conditions and
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are summarised in Table 3@. In a typical case dimethylaluminium
chloride (10 g., 108 m.mole) was placed in a two-necked nitrogen-
filled flask, together with methyl cyanide (4e4 8o, 106 m.mole).

The flask was heated slowly on an oil bath to 150°C. taking ten
minutes and then the temperature was raised very slowly to 160-165°C.
At this point the contents, which had then liquified, started
evolving a gas and the bunsen burner was removed from under the oil
bath,. The gas evolution became more vigorous, the material frothed
up in the flask and about 2,5 litres of methane were collected during
ebout a minute. The flask was then connected o an air condenser
and receiver as shown in Figure 2a. At about 80-100°C. a colourless
liquid distilled off and was collected in flask (b), and at 150°C. a
white crystalline solid slowly sublimed out and collected in the

air condenser (c).

Figgre 20,

Subhmarc
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The apparatus was cooled and filled with nitrogen. TFlask (v)
was disconnected and stoppered. The condenser (c) was then
disconnected from flask (a). Joint (d) was fitted into a small
two-necked flask and the condenser (c) was purged with nitrogen while
a spatula was pushed through neck (e) and used to scrape the solid
through (d) into the flask. The yield of solic was about 0.25 g.
(ca. 2%) m.p. 97°C.

Characterisation of the solid

Found: Al, 19.8; Me, 1l.4%. CAH9A101N as isopropylidene-
aminomethylaluminium chloride requires Al, 20.2; Me, 1l.3%.

The solid was too insoluble in benzene for molecular weight
measurements to be carried out. The infrared spectrum using both
a majol mull and a KBr disc was poor because the waxy nature of the
solid made it very difficult to grind it sufficiently; din the

Y (C=N) region bands occur at 1695 s and 1640 m em.”t

Hydrolysis with dilute nitric acid gave a solution which was
shown to have chloride ion present with silver nitrate, and acetone
which was identified as its 2.4 dinitrophenylhydrazine derivative.
(Me20=NAJ_MeCI)n + 4uH0 = nMeH + nAl(OH)3 + nNH, C1 + nMe,CO

L
Characterisation of the ligquid

The material was distilled at 80°C under vacuum before the

analysis was carried out (yield ca. 1 g., 7%).
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Found: Al, 20,9; Me, 11.6%; M,299. CAH9A101N as (Mezc=NAlMeCl)n
requires Al, 20.2; Me, 11.3%; M (for dimer) 267.

Hydrolysis of the compound gave ammonia and acetone. Vhen
hydrolysed with nitric acid, chloride ion was shown to be present
with silver nitraete. The infrared spectrum was recorded as a
thin film between KBr discs. The following bands were found:

3300 w, 2925 s, 2882 m, 2850 w, 2825 w, 1673 (sh), 1651 vs, 1590 w,
133 m, 1369 s, 1259 m, 1239 s, 1191 s, 1076 m, 1059 m, 973 w,
875 m, 844 s, 813 (sh), 735 s(br), 697 s(br), 565 m(br) cm.™

Table 3q
Amount of Temp.| Time|Methane off| Adduct
Adduct Vessel °c. |hrs.| in c.c. |recovered Froducts
2.2 g. S:z%zd 110| 28 97 1.06 g.[Brown polymer
0.8 g. " 011 18 100 none " "
n La.rge " R
6 g. 210 6 amount Black solid
6 g. Flask | 170 1 980 " Brown polymer
Colourless
liq.
White solid
lll—.ll- g. 1 165 0.5 2’5m " n
Residue

The residue was similar to that from the reactions using
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trimethylaluminium, It was insoluble in benzene and ether but
liberated methane on hydrolysis. The infrared spectrum showed
some bands in the ¥ (C=N) and in the ¥ (C=N) regions. Chloride
was shown to be present in & solution in dilute nitric acid and a

little acetone was found on hydrolysis.

Formation of the phenyl cyanide adduct, PhCN,AlMe Cl

Dimethylaluminium chloride (1.5 g., 16.2 m.mole) was transferred
by syringe into a two-necked flask filled with nitrogen. To this
phenyl cyenide (1.7 g., 16.5 m.mole) was added and the mixture warmed
spontaneously leaving a moist white crystalline solid. The flask
was attached to the vacuum line and pumped until the solid was dry.
The solid was then removed and sublimed at 120°C, (0.0l mm.);
the upper part of the sublimation tube was cooled with pieces of
002 because the compound supercooled and ran back down the tube.

The pure compound had m.p. 83°C.

Found: Al, 13.7; Me, 15.6; C1, 17.9%; M, 196, C9H11A1C1N
requires Al, 13.8; Me, 15.4; Cl, 18.2%; M, 195.5.

The infrered spectrum was recorded as a nujol mull; in the

Y (C=N) region bands occurred at 2284 s and 2255 m cm.
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Thermal decomposition of dimethylaluminium chloride-phenyl cyanide
adduct - formation of l-methylbenleideneaminomethxlaluminium

chloride, (MeClAlN=CMePh}2

The adduct (6.2 g.) was heated in a flask on an oil bath for
20 hours at 170-180°C. After this time a brown-yellow viscous
materisl was left which on standing set to & hard yellow solid.

An infrared spectrum on this crude material showed & band at

ca. 1670 cm. ™t not present in the original adduct. The solid

was then broken into lumps and transferred to a sublimation tube.

It sublimed at 140°C. and 0.0l mm. to give a white solid, m.p. 135°C.
The material underwent some decomposition end turned yellow after a
few days so that it was not possible to resublime it, unlike most

of the other compounds which were prepared.

Found: Al, 13.8 5.; C1, 18.0; Me, 6.4; N, 7.0%; M, 397.
(C9H11A101N)2 as l=-methylbenzylideneaminomethylaluminium chloride
requires Al, 13.8; C1, 18.1; Me, 7.7; N, 7.2%; M, 391.

The compound was hydrolysed with dilute acid which gave aceto-
phenone identified as its 2.4 dinitrophenylhydrazone.

The infrared spectrum was recorded using a najol mull; the
bands were as follows:

1619 s, 1603 (sh), 1572 m, 1453 m, 1296 w, 1271 m, 1188 m, 1088 w,
1025 w, 995 w, 922 w, 764 s, 722 s, 665 s(br), 635 w, 529 n(br),
443 o(br) cn.™t
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