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ABSTRACT
This work involved p;eparation of cyclical diméric or trimeric gallazanes.
of general formula; (RNHGaHz)n where n= 2 or 3 and R = Tt, Prn’ Pri; Bu', Bﬁi,'
Bus, or But. The effect of larger R group on ring size (:‘n value ) was deter-
mined. Soﬁe_deutérated analogues of these compounds were also pfepared. These
vere (StlHGaD,),, (ButNHGaDz)é, and (?riNHGanz)z. |

Attempted preparatién-of NHGall, resulted in isolation of ﬁNH.CaHZ.NMe3.
Reactions were undertaken with ﬁNH.GaHQ.NMéB and it partially deuterated analogue
¢NHCaD2.NMeB, and shown to ihvolve proton transfe; through & h-céntre transition
staté.

Additional work on the effegts:of R group on the nitrogén within the
gzllazanes involved pfgparetion of dimgric gailazanes of general formula
((CHZ)IN.GaHZ)Z where x ;‘2,3,@ or 5. o

Additional work on double ring systemsrinvolved preparation of analogous
glazanes of general formula ((CHz)xN.Ale)n_where'x = 2,3,4,5 end n = 2 or 3.
Similer borazanes were 1ikewise prepared and vere of general formula: |
’ ((CHQ>XN-§H2)n where x = 2,3,4,5 and n = 2 or 3.
tdducts of generalAformulgz ‘(CHz)QNH.EMeB where © = B, A1, Ca, in,

were alsc prepared. Upon pyrolysis these sdducts yield methane plus materials

of the general formulas: ((CHZ)ZN.EMeg)3 where & = A1,Ca, In,

Characterization of-theselméterials as well as gaéeOUS reaction prdducts was
accomplished b& infrared spectroscopy. Additional data was obtained by 60HHZ and
100MHz 'H nmr.as'well as mass spectrometry. DMolecular weights were determined:
cryoscopically in benzene and analyses fo£ galluim, aluminum or hydrolysable/”/

hydrogen carried out by standard means.
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INTRODUCTION

The chemigtry of galliuﬁ hydride‘has developed quickly since
the discovery of the stable adduct; Me3N.GaH$, trimethylamine gallane (1).
Previous to this there had been a long search for uncoordinated gallium
hvdride and its derivatives.

Free gallium hydride, although originally believed to be a
temperature stable dime? digallane, GaZH6 (2), has recentlf‘been shown
to be a viscous polymeric liquid which disproportionates at-415°C into
gallium and hydrogen (3). On the basis that. this material was benzene
insoluble, these workers suggested that it was not dimeric, but rather,
polymeriC’iike aluminum hydride; IR‘spectroscbpy‘Showéd the
characteristic strongvGa-H at 1980 cm-l and §Ga-H at ca. 700 cm_l for
this compound. In addifion, analysis showed a géllium to hydrogen ratio
of one to three, proving that this was the long sought after (4).hydride
of gallium. o

By a prééedure analogous to that used for the preparation of
gallium hydride, monochloro gallium hydride (GaHZCl)x was prepared ana
characterized as polymeric (5). Subsequently dichloro gallium hydﬁide
(GaHC12)2 was prepared (6) by a different route and shown to be dimeric
rather than polymeric.

Lithium gélliuﬁ hydride, LiGaﬁA, was first isolated by Finholt,

Bond and Schlesinger (7) by the reaction: )

e

-
, E't20
4LiH(s) + GaClB(s) . — LiGaHa + 3LiCl(s) .

-

This compound-is the only complex metal gallium hydride which is stable



at’ room temperature, and then only as an ether solution. Two.other
unstable analogues, both disproportinating at below —lSOC, are

AgGaH4‘(8) and Ti(GaH (9). The reaction:of LiGal, with water causes

4)3 4
vigorous evolution of four moles of hydrogen. Hence anhydrous conditions
are necessary for preparation and storage of this compound.

The GaH3 moeity forms complexes with a number of organo

compounds of the group V and group VI elements, in addition to adducts

formed with the hydride ion (H ), as found in LiGaH,. The preparation

4
of these compounds is summarized in a recent review .on gallium hydride
and derivatives (10).

Trimethylamine gallane, Me N.GaHB, is, in comparison with other

3
gallium hydrides, fairly temperaturé stable and .can readily be sublimed
at room temperature. . It can be prepared easily by the reaction of excess

Lithium gallium hydride with timethylamine hydrochloride in the

following manner:

LiGaH, (s) + Me,NHC1(s) ——— Me,N.GaH(s) + LiCl(s) + R (B

3 3

This compound was the first metal hydride to have sufficient Vapor

p;essure to enable the gas phase IR spectrum to be recorded (11). The

'éas_phase>IR spectrum exhibited strong absorptions due. to Ga—Hbat

1853 c:m—-l and BGa-H at 758-cm—l. These assignmeﬂté were confirmed by

deuteration of the. protons: on the gallium‘afbm. The shift of the.Ga;H

stretéhing and deformation. vibrations to lower frequency wés by a

faétor of 1/J2 , és expécted.‘ : e
Trimethylamine gallane has been shown.by tensiometric |

titration to .add a molar equivalent of trimethylamine gas and form a



2:1 adduct (11). Upon warming to room temperature this material reverted
back to the starting material with evolution of trimethylamine gas.
Dimethylamine gallane vwas prepafed recently by transamination

of trimethylamine gallane with dimethylamine gas (12).

3

MeZNH(g) + Me )

N.GaH3(s) = Me3N(g) + Me NH.GaHB(S)

2Me,NH5GaH3(S) —»2H, + Me N - Gal

2 2 %1 T 2
H2Ga - NMe2

Over a period of a few weeks MezNHGaH3 evolved one molar equivalent of

hydrogen to give the gallazane shown in the second equation (above). It
was shown that this adduct was dimeric in benzene solution. From con-
sideration of the gas phase IR spectrum, it .was concluded, however, that

this compound was monomeric in the gas phase, having C symmetry (12).

2V

The transamination reaction with gaseous ammonia has recently
been shown to proceed via hydrogen elimination to give a quantitative
yield of the polymeric solid (NHZGaHZ)X (13) according to the.foliowing

reaction:

Me N.GaHB(s)'+-NH3(g)-a H

3

2N.GaH2(s) + Me3N(g) + Hz(g).

A similar reaction with methylamine gas gave a mixture of two

isomers of trimeric(MeNH.GaH2)3 according to the overall equation:

V4

A A | . -
MeBN.GaH3(s) + MeNHz(g)-—+ MeNH.GaHz(S) + Me3N(g) + Hz(g)n

The present study involved an extension of this series of

gallazanes, (RNH.GaHz)n, in an attempt to elucidate the various factors

/



s
which goVern.the'value of n, the degree of association. In addition to
the use of primarf alkylamines'fR = Et;bPrn, Pri, Bun, Bui,'Bus, But],
the transaminatioﬁ reaction4using aniline;was also in&estigated.

The second part of fhis work was concerned with a study of the
vréaction of cyclic imines,.[(CHz)xNH where x = 2, 3, % or 5] withvtri—
methylamine:galiané; The imiﬁO’gallane prbducts [(CHZ)XNGaHZ]n’ were
exbected to involve some double ring strain and an investigation of thié
effect.was undertaken. A further extension qf this latter study invélved
the prépar;tioﬁ and‘char;cterization of similar boron [CHZ)XNBHZ]h-and
aluminum [(CHZ)XAlHZ]; compounds. |

The reaction of imine bases with diborane to yield adducts with‘
' the general formula,'[CHz]XNH;BH3, Wﬁ%;é;% = 2,-3; 4, 5 was studied in
1956 by Bufg and Good (14). Three of these adducts gave, on hydrogen

elimination, materials of composition:-(CHz)XN.BH [where x = 3, 4, 5].

2

However, the aziridine’compound, x = 2, appeared to give ring-opened,
polymefic products;'ahd was not isolated. In 1969 'S. Akerfeldt et al (15)
ﬁrgpafed the adduct aziridine borane, as well as aziridino borazane.

The latter compound was until then’believed unpreparable. Simultaneously,

i

a crystal structure of the adduct (CHZ)ZNH'BH was reported (16), in

3
addition to a'lH omr- and infrared study of both the adduct and the
-aziridino borazane (17). This latter study rejected the previous

. NH
formulation of a ring opened product, _l 2, in the preparation of the
‘ BH

adduct. (18) 2
The preparation of'aZiridino alazane and related cyclic imiﬁ6

alazanes has received some recent attention. The first preparaticn of

the cyclic compounds dates back to 1962, when some Italian workers



isolated the piéeridigo and.by;olidino aiazanes»(l9), Their preparafion
-of aziridino alazane was hampered by the fact that this material
decomposed with some violenée at foom.temﬁerature‘in the absence of
solvent. More'recéntiy, Eﬁriich (20) discussed in detail the prepafation
and spbseqhent ring'opening of this material; which he suggests is
polymeric. The present study on cyclic imino borgmsiesvand alazanes has a
twofold pufpose.' Firstly, aslindicated previously, to comparé these
compounds with the gallhgn'derivativés; and segondly to reinvestigate.
and extend the previous studies.

The final part . of this work involved preparing ﬁhe aziridino
metal dimethyl derivafives, [(CHz)ZNMMeZ]é where M = B, Al, Ga, In, in.
order to investigéte the effect, on_thg‘degree of association, of

repiaéing the hydrogens on the group III atom with methyl groups.



EXPERIMENTAL

A. Experimental Techniques

{a) Desiccation

Ail éases were dried first by fractionating under high wvacuum
through a trap at ~200C,-to remove large amounts of water, and then
condensed at-196°C into one,liﬁb of a dfying pistol, sée Figﬁre 1, packed
with a mixture of glass-wool and phosphorus ﬁéﬁtoxide. The gas is passed
through the phosphorus pentoxide by alternately cooling one limb and then
the other limb. The dried_gases are then ééored at less than one
atmosphere in large glass bulbs attached to the vacuum line.

All solvents were dried aﬁd ;edistilled‘before use; diethyl
ether over lithium aluminum hydride, benzéne and cyclohexane'aver
molten potassium. The amine ligands which were commercially available

were dried by refluxing over Cal followed by distillation. -

2

Solid componenfs were purified by sublimation, éithér By
vacuum bulb-to-bulb sublimation or ‘as with trimethylamine hydrochloride,
sublimed to the cooled central finger of the apparatus shown in Figufe 2.
‘T;iméthylamine gallane was sublimed undef dynamic vacuum from the flask
fo thé large vertical tube, marked as A, of the apparatus, which was
cooled to.—8OOC, shown in Figure- 3.

All glassware was washed with acetone, oven dried, evacuated
and filled with nitrogeﬁ before use. All nitrogen used was Canada
Liquid Air "L" gréde, purified nitrogen.

The hydride and alkyl derivatives, because of their .relative

instability and extreme reactivity with oxygen or water vapour were






| Su.blime'r.
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ali prepared and handled in either a higﬁfvacuum system or a nitrogen
filled dry bd%.. TheAhighIVacpqm'system dgveloped for the Qork is shoWn.
in figure 4, A double—étagé roﬁary 0il pﬁmp (Velch Scientific Co.) and
an elegtrically heated single stage mercury diffusion pump were used to
obtain a vacuum of greater than 10_4 mm of Hg.

The dry box (Kewaunee Scientific Equipment) héd a special fore
chamber tﬁat coula be evacuated by a dbuble—stége rotary oil pump and
then filled with dry nitrogen to ensure the purity of fhe atmosphere.in
the box.. The dry box is also connected to a circulating pump which
 circuiaﬁes'the}bo¥;é étmbsphere through a drying train containing

molecular sieve (Fisher type 5A) and a copper furnace to remove any

oxygen.

(b) Reéction—Filtration Apparatus

‘The apparatus shown in Figure 5 fqﬁnd.extensive use in our wor’
The appérétus is evacuated, filled with dry nitrogen, andltﬁeureactants
are placed in flask A. Additional réagents may be added during the cour.
of a reaction by rotating-the dumper tubevgﬁ tﬁe reéction miktufe is |
sgirred by a magnetic bar Q, The products, if gaseous ﬁay Be removéé b
a Topler pump throﬁgh one of the stopcocks; or”if'in solution can be
filtered through the sinteréd disc D (medium poroéity) by cooling or.
evacuating the receiver flask E;

(c) Molecular Weights

Molecular weights were determined by the cryoscopic method. 1
the dry box an accurately known weight of pure compound was dissolved ir

a weighed sample of pure benzene (about 10 ml). The benzene solution

was poured into the molecular weight apparatus, see Figure 6,'and remov



T

T

U

i@

LR LI
i_?J
k

)
L

=Rl
(
J

t A

Figure 4



from Part A

to manometer

— T —>
Ex 4

' to 0il and Hg pump

Vacuum Line, Part B -

2t

e Figure 4



B1l4

Filt ration-Reaction Apparatus

Figure 5

€



. . / , \ Nitrogen
B19 7 ) : | |
- - B10 | o

- L+
N LS

()
)
D
=

Molecular Weight Apparatus

o

14

BSO

- _Figure 6



from the:dry box. A sléw streaﬁ of pure nitrogen was flushed thrqugh_ﬁhe
apparatus as it was cooled in an ice bath. The freezing point of the
solution was recorded and compared with tgat of pure benzene solvent and
with standard solutions of biphenyl in beﬁzene solven&. The following

empirical formula was used to calculate the molecular weights.

[Kf]X[weight of sample (gms)]

molecular weight =
- [weights of benzene solvent (gms)]X
[change in temperature (°C)]

Kf = freezing point depression constant 5.20°C per molal.

(d) Spectroscopy’

. Infrared spectroscbpy was used throughout this work for semi-
quantitative analysis and for structural determination of compounds.
. Infrared spectra were recorded on a Perkin-Elmer Model 457 spectrometer

(4000 - 250 cm T

). Thevobservéble raﬁge for.Both liquid and>gas samples
was between 4000 and 400 ém-l because KBr windowé were used.

For gaseous or vélatile samples a 10 cm‘gas'cell was used with
KBr_wiﬁdows.‘ FOr_liquid or solution samples;a b.OS-cm fixed path length
ésolution_cell with KBr windows was used and a variable;thickness cell
filled with pure solvents (usually ben;ene) was-placed in the refefence
beam to. compensate for solvenf -absorption. ﬁecause'of the instability:

- of most of the hydride adducts prépared, éli infrared solution cells-&ere
loaded in the dr} box and.a sﬁectrum run aé rapidly as péssible.

| As with infrared épéc;roséopy, nuclear magnetic resonance P
’ “spectroscopy, NMR, was‘usedAas:a tooi to investigate reactions and fo%
strugtural determihéfion. .The instruments used were a Varian A—60.and

-

Varian T-60 both opéraﬁing with a radiofrequency of 60 megacycles per
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" second and.a Varian HA-100 whith'operates ét a fadioftequency of lObl
megacycles'pér'secbﬁd; Most samples were run in benzene solution with a
concentration of about O;l'M to 1 M; The:benéene proton signal was used
as én_internal,standard and was defined as T = 2.840 p.p.m. Tetra-
methylsilane, TMS, was used as an external standard on several samples

and is defined as T,,. = 10.000 p.p.m.-

™S ,
The NMR sample tubes were speciaily fitted with a flame-seal
constriction an& é B-10 quick~fit cone so thét the samples could be loaded
and sealed under an atmosphere of nitrogen. As with the infrared samples,
the NMR spectra were run as rapidly as possible since éfeady decomposition

at room temperature often impeded prolonged investigation.

(e) Elementél Analysis ] ﬁ?aﬂ-.

(i) Active Hydrogen:-
Active hydfogen was measured by placing a small weighed amount
of compound in a round bottom flask in the dry box, attaching a stopcock

adaptor and evacuating on the vacuum line. A small volume of degassed,

3

The mixture was allowed to reach room temperature and left to react for

dilute aqueous HNO, solution was then condensed onto the solid at -196°cC.

about one hour with stirring.

. | N
+
Me 3NGaH 3 31

o +3
ﬁeBN + Ga + 3H2

The volume of hydrogen gas, non—conéensablé at ?1960C, was then measured

-
-

using .a Topler pump. The amount of"actiVe'hydrogen in the compound was.
B - ’ ‘.4/
then calculated.

This aqueous solution was made up to.a known volume and an

aliquot was used in the determination of gallium as indicated below.
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. (ii) Gallium-(Alumipum):

A measured aliquot of the solution prepared_in secﬁion-(i) was
measured out into a beaker; The solution &aé'first made neutral with
&ilute ammonia solution, then was made slightly acidic, pH 5-7, with dilute
aqueous HCl; The solutioﬁ was then heated. to 80°C and%a élight excess of
» a 5% solution of 8fhydrokyquinoline in glacial acetic aFid was added .
followed by an aqueous soiution.of-saturated ammonium agetate until pre-
cipitation of Ga(C9H6NO)3 is complete. After digestion at 80°c for one
hbur, the yellow ﬁrecipitate was collected in a filtration crucible and
.fhe precipitate washed, first with hot, then cold water. The pregipitaﬁe
waslthen dried at 12000, weighed énd its_gallium content calculated from
‘the formula Ga(C9H6N053 which is l3.89%.gallium,by weight. This method
has been found to give accurate determinations for.a minimum concentration
of 10 mg of gallium in 56 ml of solution. Aluminum was determined

‘similarly as its 8-hydroxyquinolate.

B. Preparative

(a) Preparation of Gallium Trichloride (23) GaCl3

Gallium trichloride was prepéred'by direct combigatién of the
elements. Pure:chlprine gas tMatheson Ltd.) was dried by passing through
concentrated sulphuric'acia in a bubbler and was then passed inté the all
glass apparétus shown in Figure 7. The géliium,metal, about 15 gms,
(Alfa Inorganics Inc.j placed in A soon melted on warming with a bunsen
burner, and reacted with the chlorine, first to give a éoloufless liqufg,
gallium_tetrachlorogallate (Zi), Ga,Cl, (melting point 170.50Cv(22)). Oﬁ

2774

édding'more chlorine this liquid GaZCl4 disappeared and the liquid gallium.



Gallium Trichloride Apparatus

- Figure 7

\ ‘

8l



burned with a grey-white flame giving a volatile white solid, gallium

trichloride GaCl

3 (melting point 790C).

26a(1) + 2C1,(g) — = (Ga+)(GaC14_).
(Ga™) (.GaC14—)(1) + Cly(g) —— Ga,Cl,

|

1

The ‘rate of flow of chlorine gas and rate of heating the molten -

gallium were adjusted so that most of the volatile GaCl, was deposited in

3
the cooled.receiver boat C. Affer all the gallium had reécted (essentially
100%), any sublimate»in.é was driven into C by ﬁarming and then flame
sealing the.constrictidn at B. 1Thevappara§us was then evacuated and flame
sealed at F. %he crude halide wés thégf;ésublimed into the ampoules E

and then these were sealed at their constrictions. - The gallium trichloride

was found to remain stable indefinitely when stored this way.

4

(b) Prepafation of Lithium Gallium Hydride (7), LiGaH

: Et20 :
41iH + GaCl » T[iGaH, + 3LiCl .
i 3 room Temp. 4 )

s

An ampodie of GaCl3, was weighed ahd broken open in the dry box
‘and placed in a conical flask. The gallium trichloride was then dissolved
~in diethyl ether and the ampoule washed several times to ensure quantit-

ative removal of GaCl The empty ampoule was reweighed and‘the weight

5
of GaCl, determined. The ethereal solution of GaCl,

were now added to the nitrogen filled reaction-filtration apparatus (see

and all the washings

Figure 5) and the solution Broqght up to about 150 ml.

—

]

From the weight of GaCl, calculated, (8.59 gms; 48.8 mmoles).

3
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the weight‘of about 16 molar equivalents of finely ground lithium hydride
(7.45 gms; 938 mmoles) (Alfa Inorganics Inc.), enough for a four-fold
excess, was weigﬁed out unde; nitrogen into the dumper tube.

The reéction flask.was cooled to -50°C in an acetone-solid CO2
bath and the dﬁﬁper tube rétated upﬁards to permit the slow addition of
LiH to the reaction flask over a period of gbout thirty minutes. A
bubbler was attache& to the apparatus so that thé reaction could be
carried out under a conétant pressure éf one atmosphere of nitrogen.

The coolant was allowed to &arm up to room temperature and the mixture
‘was stirredvfor about fifty hours to ensure.gomélete reaction.

The resulting reaction mixture was filtered through the glass
sintered disc and . a clear colourless filtrate resqlted. This filtrate
was then transferred, in thg dry box,-za—;"conical flask fitted with a
break seal and an extended neck which was flame sealed for stérage. The
LiGéH ether solutipﬁ was observéd to Be indefinitely stable if stored in -

4

all glass ampquleé.undgr:a nitrogen atmosphere and ¢ooled below 0°c.

4’

'éxactiy the same manner as LiGaHa, only lithium deuteride, LiD, (Alfa

fLiﬁhiéﬁfgéLiium‘deﬁteride5 LiGaD,, was prepared. and stored in
Iﬁorganicsninc.) was substituted in the preparation for lithium hydride.

(¢) Preparation of Trimethylamine Gallane (1), Me3NGaH3

Et, 0
LiGaH, + Me NHC1 2 » Me NGaH, + LiCl + H
4 3 room temp. 33 2

-

.»/.

A known amount of lithium-gallium hydride (2.38.gms; 29.4 mmoles)
in ether solution was placed in the reaction-filtration apparatus, See
Figure 5. Slightly less than the stoichiometric amount of trimethylamine

hydrochloridé; Me ,NHC1, (2;644 gms; 27.6 mmoles) (Alfa Inorganics Inc.)

3
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dried and purified by sublimation, was placed in the dumper tube of the

reaction vessel which contained a nitrogen atmosphere.

The ether solution of LiGaH4

ice cooled acetone bath, as the trimethylamine hydrochloride was added

was first cooled to —SOOC in a dry-

over a period of about 10 minutes. Then the solution was allowed to warm

|

up to room temperature and stirred for about four hours to ensure complete
!

reagtion.
The solutibn was nekt filtered through the glass.sinter and the

receiver flask containing the clear ether solution was attached to the
-sublimation apparatus, see Figure 5. This apparatus was attached to ‘the
vacuum line and the ether was pumped off at -50°C.  When most of the ether
was removed, the residueAwas alldwed'to warm up to room temperature while

the lafge bulb part of the sublimation apparatus was immersed in an
:acetone—solidvcoz slush bath. The pure trimethylamine gallane was vacuum.
sublimed as long needle like crystals into the cooled receiver. The

overall yield in going from gallium trichloride to trimethylamine gallane was
about 607%. |

u The deuterated cgmpound, trimethylamige trideuterogallane; Me3NGaD3
was prepared'in the same manner only lithium gallium deuteride was
substituted for lithiuﬁ gallium hydride. Trimethylamine alane, Me3NAlH3,

was also obtained similarly from commercially available LiAlH4 and tri-

methylamine hydrochloride.

-
-

L

(d) Preparation of Alkylamino Gallazanes (RNHGaHz)n

As the procedures are similar for preparation of all the gallazane
. compounds, bnly the procedure for the ethylamino compound will be given as

an example.
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benzéﬁe. A weighed quantity of this solution was removed from the cryo-
scopic molecular weight apparatus and hydrolysed. The volume of hydrogen
evolved on hydrolysis was then detérmined; The gallium content was
determined gravimetrically by'standard procedures. Thé deuterio derivatiye,

(EtNHGaDZ)B, was obtained by an exactly similar procedure to the above,

but using MeBNGaD3 as the starting material. Experimental details for the

other_alkylamino gallazanes are summarized in table 1.

NH,)

(e) Reaction‘of Me NGaH_, with aniline.(C6H5 9

3 3

 mwA#i1ine (.405 g, 4.352 mmoles) was condensed onto trimethylamine'
gallane (.573 g, 4.351 mmoles) at —1960C and allowed to warm to room temperature
After complete reaction (about two days) the flask was cooled to —196°C and
the volume of évolved hydrogen measured (Found: 92.5 ml; Calc. 97.8 ml).
The mixture was then allowed to wafm to room temperaturé and a trace of.
Me3N was gas détected. The white solid product, Me3NGaH2Nﬁ , Qas.mono—‘
meric in benzene (Found: 224, Calc. 223) and.gave the following analysis:
Ga: Eouﬁd:‘31.9%, Calc: 31.2%., H active: Found: 1.12%, Calec: 1.12%.
Reaction of a two molal quantity of aniline led to an insoluble poiymeric
m?terial. It evolved a 2 molal quantity of hydrogen as well as a molal

3

- Reaction of ¢NHGaH2NMe3 with Methylamine

quantity of Me,N.

A measured amount of methylamine gas (42.8 ml) was condensed -

,MMe, (.426 g, 1.878 mmoles) at -196°C

and this mixture was then permitted 'to warm to room temperature. No

onto a weighed quaﬁtity of‘¢NHGaH

e
-

-

hydrogen was evolved. The volume of trimethylamine gas was measured

(Found: 92.4 ml, Calc: 91.8 ml) and its purity was checked by gas phase

—

infrared spectroscdpy.' This product, as well as the products resulting



4Table 1

Analytical data'fbr cyélogallazane'compounds prepared by the reaction:-

1 -

~¥e NGaH3 + RNH, — .(RNHGaHZ)n f~ H2 + Me3N
Compound Phase Moles'HZ per | Moles MejN Degree of assoc- Analeis :
L at 25°C | mole RNH, - per mole RNH»p iation, n } Found 7% (RNHGaHy) requires 7
. : ' Ga Hydrolysable Ga Hydrolysable
hydrogen hydrogen
EtNHGaH2 Viscous 1.01 1.01 2.92 60.1 1.73 60.2 1.73
liquid B
Pr'NHGaH, | Viscous 0.98 1.02 2.64 53.5 1.53 53.7  1.54
liquid i
Bu"NHGaH, | Viscous 1.00 1.09 2.57 48.4 1.37 48.5 . 1.39
liquid ‘ : - '
|priNHGaH, | Mobile 0.92 0.98 1.91 53.6 1.55 53.7 1.54
liquid ’ :
Bu'NHGaH, | Viscous 0.95 1.03 2.15 48.4 1.38 48.5 1.39
liquid '
Bu*NHGaH, | Mobile - 0.92 1.02 1.83 48.5 1.40 48.5 1.39
I liquid - ' :
Bu“NHGaH, | White 0.97 1.02 1.83 48.4 1.37 48.5  1.39
solid ' ’

$C
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from the reactions: aniline plus Me _NGaD,,. aniline plus Me_ NGaH '

3703 3 s

methylamine plus ¢NHGaD2NMe$; and methylamine plus ®NHGaH2NMé3 were
characterized by infrared and lH nmr spectroscopy.

(f) Preparation of Cyclic Imino Gallazanes

Since the procedure for ﬁhe preparation of tﬁese "double ring
strain" gallazanes ié standard tﬁroughout ghe series, and since the
. ~ , 1
techniqﬁe,and apﬁaratus are essentially the same as those used in pre-
paration of the.simple gallazanes, only a short prdcedure fo; aziridino
géllazane will be given as an example.

Preparation of Aziridino Gallazane

Aziridino gallazane was prepared by condensing aziridine gas

(23.8 m1; 1.50 mmoles) onto trimethylamine gallane (0.140 gj 1.60 mmoles)

,

at —1960C, and allowing tﬁe mixture to warm slowly to room temperature.
After complete‘reaction (about 1 h) the flask was cooled to —196OC, and
;he vdlume of evolved hydrogen measured (Foundf 23.6 ml, Calc: 23.8 ml).
The mixture was again brought to room temperature and . the volume of
trimethylamine gas was measured (Found: 24.4 ml, Calc: 23.8 ml). .The

purity of the Me,N was checked by its gas phase i.r. spectrum. The

3
_white, crystalline solid product waé anélysed for hydrolysable hydrogen
-and for gallium by the preﬁiously discussed methods. The analytical data

for the compounds prepared in this series are given in table 2.

(g) Preparation of Cyclic Imino Alazanes

The procedure for the preparation of this series of alazane

. . . /-"/
compounds is standard throughout the series. Hence the pyrrolidino

alazane preparation, only is given as an illustrative example.

-



Table 2

Analytical data for imine cyclogallazane compounds prepared by the reaction:-

MeqNGaHy - + (C'HZ)XNH == ((om,)NCal,), + Hy + Me,
Compound |Phase Moles H per- Moles Me3N Degree of association, Analysis
at 25°C | mole imine per mole imine Ne _ Pound % " Theory %
. ) - _ Ga Hydrol. Ca Hydrol.
L - o . hydrogenj . hydrogen
. *I i . '
CH, ),NCal, |White 1.01 1.00 - 2.00 (2.56) 62.1 [1.76 6l | 1.76
- |solid : :
(CH, )NGai, [White 0,99 1.01 2.00 : 54,1 |1.55 sh,s 1 1,56
/372 X _
- 71eolid
Clip ) iGal, |\ihi te 0.99 0.99 | 2.02 49.0 |1.38 b9.2 | 1.m
© Isolid ’ o '
(1, ) (NGal, |White 0.99 0.98 1.89 43.9 |1.26 bh,7 | 1.28
' solid : " ' 1

¥ Degree of association immedtately after dissolving imine cyclogallazane in henzene.

9¢
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Preparation of Pyrrolidino Alazane (CH, )}

.
2 4I\AlH2

The bis trimethylamine alane used .in the reaction was prepared

by condensing excess Me,N gas onto trimethylamine alane at -196°C. After

3
equiiibration Qf this system at room temperature, the excess trimethylamine
AQas removed at —ZOOC, leaving the bis- adduct.

Pyrrolidine (35.0 ml, 1.559 mmoles) was -condensed onto bis
trimeﬁhylamine aléne (0.228 g3 1.542 mmoles) dissolved in 5 ml of dry
benzene. This mixture‘wasvpermitted to warm to room temperature. After
the evolution of hydrogen had ceased, the flask was cooled to -196°C and
the volume of hydrogen. measured (Found: 35.2 ml; Calc: 35.0 ml). The
benzene éolvent and trimethylamine gas from the reaction were then removed
at —ZOOC fé leave a white éfystailinetsolid in the re;ction vessel.
Analyses for aluminﬁm-andihydrolysable hydrogen were performed oniy on
tﬁe aziridino‘alazane since moét of these compounds had been previously
prepéred and analysed (23). Experiﬁental data for tﬁis sgries of compounds

is summarized in table 3.

(h) Preparation of Cyclic Imino Borazanes

The procedure forvthe pre?aration of these borazape compounds‘
_is standard for three of the derivatives,'(CHz)gNBH2 where x = 3, 4, 5
and therefore the preparation of pyrrolidino borazane only will be given.
The preparation of aziridiné borazane differs slightly and will he

described later.

Preparation of Pyrrolidino Borazane

-
e
-

- R '/'
Pyrrolidino borazane was prepared by condensing pyrrolidine

(100 ml1, 4.45 mmoles) on a pfeviously condensed sample of diborane

(50 ml, 2.22'ﬁmoles) in a 500 ml break-seal flask. The mixture was



(Me3N)2A1H3 + (CHQ)XNH

Table 3

Analyticél data for imino cycloalazane: compounds prepared by the reaction:-

((CHy) FRIH )n+ 1L, + 2MegN

Molecular

; Compound Phase, Moles H_ per ”g Degree of association

at 25 C mole imine weight ‘ n

(CHy),NALY, | White 1.02 298 4,20 (3.10%)
solid ‘ '

(CHZ)BEAlHZ White 1,00 . 263% 3.06%

- solid

(055)4NA1H2 White 1.01 308 3.10
solid

(CH2)5NA1H2 Vhite 0.98 - 243 2.17

. solid ‘

Analytical date for imino cycloborazane compounds prepared by the Teaction:-

1 }32}16 + (CHZ-)XNH

(cn,) WBH,) + H
279 72 /n 2.

Degree of association,;

Compound Phese, | HMoles I, per Molecular
' at 25 C mole imine weight n
(CH,),NBH, | White ———- 165 3.00
2727772 .
E solid .
(cn )Bmznf White 0.97 134 1.94
2 solid
(CH.),¥PH, | “hite 1,03 166 2,00
2L 2 . .
solid -
(CHZ) ¥RH, | Vhite 1.08 196 2,02
5 2. . .
solid
.v/l
* Private communication Dr. B. S. Thomes.,

e N
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allowed to warm to room temperature to form the liquid adduct. The bulb
was then cooled and sealed off under vacuum. It was fhen placed in an oven
af 128°C for 3 1/2 hours.to pyrolyse the ;dduct. After pyrolysis was com-
Aplete, the flask was attached to the vacuum line, cooled to -196°C and the
fragile break-seal ruptured wifh a bar magnet.‘ The evolved hydrogen was
measured (Found: 103 ml, Calc: 100 ml). The product was then warmed to
room temperature and checked for non-condensibles. Experimental data for
these compounds is given in the lower part of table 3.

(i) Preparation of Aziridinoc Borazane

. This compound wés prepared by condensing aziridine (100 mi,
4,45 mmoigs) onto a sampleiéf diborane (50 ml, 2.22 mmoléé) at -196061Wu
About 5 ml of strictly dry diethyl ethg? was condensed onto.this mixture
and the mixture warﬁed to -130°C. At this point the mixture was per-
ﬁitted, by means of a propane slush béth,_to warm slowly to -78°C. 'The
ether was removed giving a product,. which when solvent free waé a white
crystalline solid. The infrared and lH nmr'spectra of this adduct agreed
with those found in,thé literature (18). The addﬁct was dissolved in
benzene and refluxed under an atméspﬁere of dry nitrogen- for three to
féur Hours. The aziridino borazane product was separated by removing
the benzene solvent at -20°C. The IR and lH nmr spectra recorded for
the aziridino borane obtaingd by this method, agreed with those found
in the literature (18).

Attempts to prepare this complex by a pyrolysis method using the
reaction of aziridine with either Me3N.BH3 or diborane failed to give'Eﬁe

desired product. These reactions were non-stoichiometric, yielding 40%

of the theoretical hydrogen and 77% of the Me,N in the first case and

3

ohly 54% of hydrogen in the last. The products in each of these cases

PR



gave liquid plus solid but were not soluble in benzene to any significant

'

extent.

(j) Preparation of ‘Aziridine Gallium trimethyl and Aziridino
Gallium dimethyl ‘

THe adduct aziridine gallium trimethyl was prepafed by condensin
aziridine (75.5 ml, 3.36 mmoles) onto gallium trimethyl (75.5 ml, 3.36 mmﬁv
at -196°C and warming to room temperature. The adduct was a clear mobiie
liquid which was stable to methane elimination at room temperature.

The aziridino gallium dimethyl wés prepared by pyrolysing a
0.413 g sample of the'previously prepared adduct at llQoC for 5 hours in
é break-seal bulb. After the»five hour reaction time the bulb, now con-
taining a white solid (mp 1840C)<was connected to the high vacuum line,
cooled to —196OC, the glass break seal ruptured and the methane measured
(Found: 56.8 ml, Calc: 58.8 ml); The product was then warmed to room
temperature and checked for the presénce of condensibles.

The analytical data for the other compounds of tﬁis series is
given in table 4. |

(k) Preparation of Aziridine , bnﬂ

Since éommercial samples of aziridine were not available the
preparation of this material was undertaken using the following rogte.
The methods of Wenker (24) Leighton. (25) and Reeves (26) were all triéd
buﬁ gavé lower yields than the following method.

96% HZSOQ.(109.9 g, 1.04 moles) was added directly to a stirred
sample of ethanolamine (65.7 g, 1.07 moles). This mixture was then heatad
to 100°C under water aspirator’vacuum to give a qdantitative yield éf

ethonolamine sulfate according to the following scheme:
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Table 4

Analytical data for imine metal trimethyl and imino metal dimethyl compounds -

prepéred by the following:

Meqh + (cné)zNH HeBM.NH(CHZ)z

e M. N 1 ——  (MeoM, 0.y +
MeBAth(CQZ)Z (MepM N(cyzjzjn v CHy
Compound Phase at | Moles methane ) Pyrolysis: . Degree of association
25 C . per mole imire |, temperature o n
|
. : 1 : . . |
MeBGaNH(CHZ)z; mobile | e ; 110°C,5h o _——
' © ligquid ‘ : v !
Me,GaN(CH, ), : white = 0.97 ——— 7 2.88
2 22 ! . i
' solid i - : :
. ' ( . Y : . .
MeBENH(CHZ)Z . mobile — 180 C,12h o —————
- liguid
Me,PN(CH ),  white 10.68 : —_—  polymeric solids
' 2 solid o . and liquids
MegALMH(CH,), mobile  evolves CH, .  60°,bh ———
liquid at r.t.
Me,rAN(CH,),,  white 0,88 i —— 2,96
_ solid i : i s
MeyInMH(CH ), mobile  evolves CH, i 80'C,12n —
2 liquid = at r.t. : '
; ; 1
‘Me InN(CH ) white 0.70 : e o 3.00%
2 2’2 . solid

¥Private communication Dr. ®. S. Thomas.
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504 —~—-H20‘+ CHZ—-—C{JI2
\
0-50"" NH3

HOCHZCHZNH2 +4H2

3

The whité solid product was greound with 95% EtOH, suctioﬁ filtered and
dried in a Qacuum descicator err‘PZOSJ

The ethonélémine sulfate was then placed in a 1000 mllround
bottomed flask surmounted by a still head and water condenser set for
downward distillation and overlaid with a 40% NaOH solﬁtion (95 g NaOH,
143 g H20). The flask was heated with an open flame ana the distillate
collected rapidly in a well cooled‘SOO ml receiver. Once distillation
was complete, enough KOH to obtain 4 saturated solution wés added. and tﬁe
flask stored in the fridge‘overnite; The upper orgaﬁic layer was then
femoved and dried over CaHZ/KOH. The product, when water and ethanol

free was stored over Cal_, at +5° until required. (Yield ~15%).

2
Azetidine (27), oLl
Azetidine was prepared by the same procedure as above but

starting with propanolamine instead of ethanolamine. The yield was

iabout 1%.



DISCUSSION
Part 1

Tﬁe ease of intramoleqularbhydrogen elimination from adducts
of the type MeNHz, EHB’ wheré E is B, Al or Ga follows the sequénce
B < Ga < Al as illustrated in figure 8. Nate that 900l(28) is required
. . !
_for hydrogen elimination with bordn; MeNH,GzaH., eliminates hydrogen ap_

2 3

room temperature (13), while MeNH2A1H3 eliminates two molar equivalents
of hydrogen at -20° (29). Stone (30) explains this sequence in terms of

the relative electro-negativity values of the atoms involved.

s+ He- s+ Ho- .

f \ . , ,
Me-N —> €~H —+ Me-N — E—~H -——> Me-N — E~H + H
\ 1 el i T v — 1 2

H H H H H H

In the above scheme the hydrogeh attached directly to the
nitrogen étom is cpnsidered to lose electron density on formation of an
electron‘aonor bond by the donor moeity. Hydrogen attaéhed'to the
acceptor atom, E, simultaneoﬁsly.increases in electron density and an
e}ectrical strain is thus cfeated.in the adduct. ihe strain is relieQed
when hydrogen elimination occurs. On. the basis that the differencés
between the Allred~§ochow (31) electro-negativities of the E atoms and
that of hydrogen @t 2.i§increase in the order B, Ga, Al;thebhydridiC'

character in EH,, and hence the ease of hydrogen elimination should

3

decrease in the order Al through Ga.to B, as observed.
. e
The factors affecting the association of the products from .

hydrogen elimination are believed to be the following (32).

(i) Steric Effect - With the same donor and acceptor atoms-
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increased size of R groups on the E atom cause a shift to lower oligomers.
(ii) Valency angle strain - Dimers contain more strain than trimers,
‘but this is easier to tolerate with larger donor and acceptor atoms.

(iii) Entropy ~ Prefers monomer over dimer and dimer over trimer.

(iv) Nature of reaction intermediates. }

The cycldgéllazanes prepared.in this study ranged from whife
‘861ids to mobile liquids and all had satisfactory analyses for gallium
and hydrolysable hydrogen; all were soluble in common organic solvents.
" As is evident from Table 1, increasing the size of the R grdup coincidés
with the forﬁation of lower oligomers. Thus, sﬁeric interactions in
cyclohexane~-type trimers become too-largé'and a preference for the
angularly;strained.dimers, with lower ;tgfic requirements, becomes
appafent. With both the trimeric and dimeric species the physical data
(i.r.'and'lH nmr spectra) indicate the presencé of at least two con-

figurational isomers in benzene solution.

Trimeric Cyclogallaéanes (RNHGaH2)3

A cyclohexane-type ring structure for trimeric cyclogallazanes,

(RNHGaH is proposed on evidence collected from 1H nmr data and from

2)3’
supplementary evidence from i.r. spectroscopy measurements. As observed
with the methyl derivative, (13) at least two configurational isomers

are present in benzene solutions of the new trimers. Figure 9. The

most stable isomer, on steric grounds, is the one in which all three

-
-

N-alkyl groups occupy'equatorial'positions on the ring. The next most”
stable isomer, sterically, is one in which one N-alkyl. group is axial

and the remaining two N-alkyl groups equatorial to the (Ga—N)3 ring.
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These isomers wili be termed cis and traﬁs reSpectively.

(EtNHGaH2)3 - 1;3;S*Triethylcyclogallazane, a viscoﬁs liquid at
room temperature, is tfimeric in benzene solution. The partial lH’nmr
spectrum of the’benzeﬁe solution at 100 MHz (Figute lOi shows clearly the

presence of a number of non-equivalent pB-CH gréups. ?The'signals from

3
these groups consist of three well-defined triplets (JHéCH ca. 7 Hz).  The

pattern of signals suggests that the triplets A and B arise from ﬁi—CH3

groups in similar environments whereas the triplet C, at higher field,
appears unique; If is. therefore tempting to assign tfiplets A and C to
the trans-isomer .(ca. 2:l‘r$ti6), and ﬁhé triplet B'to the cis-isomer.
The triplets A and B, both assignea to equatorial p-{mg groups, occur very .
. close together wﬁich is to be,expectéd since little change in equatorial:
ﬁ-—CH3 environment will occur between the two isomers. These assignments
would indigate that the trans-isomer is in greater abundance, which is
somewhat éurprising~for a cyclohexane-type ring on purely speric arguments.
Similar trimeric borazanes, (33) however, show this same preference fdr
trans-isomer formation. An alternate explanation is to assién the triplet
AA_;o the cis-isomer and the tripiets B.and C (ca. 1:2 ratio) to a twist
conformatioﬁ similar to the one recently feported for.the ethyleniminodimethyl-
aluminiqm trimgr (34). 1In the twist conformation one could again obtéin.‘
/3—CH3 gfoups in different'environments-in a 1:2 ratio, the unique,@CH3
group Being attached to the nitrogen on the two-fold axis of'the.molécule.
This alterﬁate explanation would then indicate the sterically favoured ’
cis-isomer in greafér abundance. .If the chair-type model is:accepted ggr

the trimeric gallazanes, it is interesting to note the appearance of the

axial_p_CH3 ;ignal in (EtNHGaH2)3 at higher field than the equatorial
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’/3—CH3 signals._ This ?s in contrast to the axiai~NMe'signal‘in the
’trans—(MeNHGaﬁ2)3 trimer; which appears at lower field than the
equatorial signals (13); It seems that this'downfield shift for mé;ﬁyl
groués,axial'to.cyclohexane—type riﬁgs is quite common, occurring in a
variety of‘inorganic ring §ystems,l(MeNHBH2)3,

(35)'(Mecu;5)3, (36)
(37) and (MeCH.O)3, (38) two of which are shown in Figure 11.

(MeCH. CH,) 5,

Perhaps this phenomenon can be accounted for by invoking van der Waals

deshielding due to 1,3-axial interactions. With the /9-CH3

(EtNHGaH2)3 the proximity to axial hydrogens on the nitrogen atoms is

groups of

evidently not sufficient to give this type of deshielding. The methylene

protons in (EtNHGaH do not give Well resolved signals but overlapping

2)3

. . » ~ .
quintets are apparegt in the lH nmr spectra (JHCCH“ JHNCH) (Figure12),

presumably arising from the axial and equatorial environments in the’
different isomers. The NH resonance is partly 'hidden' under the
/Q—CH3 signals in the hydride compound occurring at ca T 9.3, but it

appears as a broad triplet (J ~7 Hz) at higher field (7 9.52) in the

HNCH *
spectrum of the deuterioderivative, (EtNHGaD2)3, at 100 MHz (Figure 13).
Signals due to GaH protons were not observed pfincipally'because of low
concentrations but also perhaps becéuse of nuclear quadrupole broadening
(39, 40).

1 S . .
The "H nmr spectra of the remaining trimeric gallazanes

(R = Pr" and Bun) are leSS‘clearly resolved, even at 100 MHz. The ¥ —CH3

~ proton signals 1n~(PrnNHGaH2)3 ;ppear as a series of~tr1plet§ (JHCCH
ca. 7.2 Hz) centred at t 9.43, 9.44, and 9.46 again indicating the
" presence of at least two isomers. These triplets are tentatively

-

aséigned to cis- and trans-isomers, the triplet-at higher field being
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assigned to the axial ¥ -CH_ group of the trans-—isomer. The lH nmr spectra

3
of the n-butyl derivative rare very complex, even at 100 MHz, and no assign-

ment is attempted.

Dimeric Cyclogallazanes, (RNHGaH2)2

i
1

i . '
Z)Z‘may exist as configurational
N

_isomers with the N-alkyl groups cis or trans on the ring [(IIa) and (IIb)

Dimeric cyclogallazanes, (RNHGal

respectively]. A nﬁmber of additional>vafiations'are poséible if the
(Ga—N)2 ring is nonplanar, which has been shown to be the case for
numerous analogous substituted cyclobutane derivatives (41, 42).' Noﬁ—
planar cénfigurations may be expécted more especially in the cis-isomer,
to relieve steric interaétions between adjacent, bulky, R groups.

(PriNHGaHz)Z - l,3—Di—isopfoﬁyiﬁjclogallazane is a mobile
liquid at room teﬁperatureiand is readilyisublimed. In 5enzene solution
ité molecular weight corresponds to a dimer. The.lH nmr spectrum in

benzene solution consists of a series of doublets in the ¥ -CH, region of

3

the spectrum (Figure 14). The major doublets, D and E (J 6.3 .Hz) at

HCCH
T 9.14 and §.15 are assigned to the cis- and trans-isomers of the dimef.

The remaining small doublets in this region may be due partly to NH

-signals (J

HNCH 6.3 Hz) or to the presence of small amounts of other

oligomers. Attempted fractional distillation, however, failed to
separate any components and all fractions when dissolvéd in benzehe_gave
Similar spectra to that shown in Figure 14. The.possibility>of~restricted
rotation of the isopropyl groups"in“one isoﬁer leading to both the.majgr
déublgts A and B in the spectrqﬁ was inVestigated bybobtaining‘specﬁra.

at a series of_;emperatureé to - 600), Although the seﬁaratioﬁ bgtween

the two doublets decreased slightly at higher temperatures there was no


http://HL.Cn

/

| N

AT |

.
T Y

.......

]

7.39 747

o

9.06 909 |
927

Fig.13 100 Mc/s 'H n.m.. spectrum of EtNHGaD, in benzene solution.

134



PR

gk

||||||||

A

al _

Fig.14

00 Mc/s 'H n.m.r. spectrum of i— PrNHGaH, in benzene solution.

886 889 893

S.14 25

9.32

v



indication.of a collapse to just one doublet'and therefore the assignment
of A and B to cis- and trans-isomers is p;eferred.

The neat liquid (PriNHGaHz)2 and its deuteriopnalogue gave thé
novel 1H nmr spectra shéwn in Figure 15; Here, for the first time, the‘
GaH signals are clearly seen as broad resorances at T 4.71 and 4.88. The
signals are field. dependent and indicate tﬁe presence of differegt

|
environments for hydrogens on gallium atoms. These sigﬁals ére; of courée,

absent in the spectrum of the deuterio-derivative, thus confirming the

), centred at

assignment. 1In addition, the QH mUltlplet'(JHCCH’= HNCH

_1'6.34, and the broad NH resonance at T 7.94 are clearly distinguished.
The remaining doublets, A and B,-(JHCCH §.4 Hz) due-to ﬁ —CH3 groups are
centred at T 8.15 and-8.32. Again'a'mixture'of cis~ and trans-dimers
(Figufe l6)bis postulated aﬁd it is seen as fortuitous that the ratio of
the‘/B—CH3 doublets is approximately 1:2. The presence of the trimer in
the liduid forﬁ, which could give rise to this ratio), is discounted on
.the mass spectra data obtained for the deuterio-compound, (PriNHGaDz)z.
The ions of high m/e values are listed in Table 5 and correspond to the -

pattern expected from the dimer (PrlNHGaD taking into account the

22

isotopic distribution of gallium atoms in the mblecules [69Ga(6OZ),

.

71Ga(40%)]. Molecular-ion peaks, although weak, occur in the mass
spectrum in addition to>peaks due‘to the more abundant ions>which have
lost deuterihm from gallium. The most intense peak in the spectrum
occurs at m/e = 44 énd may correspond to-the'prOpané ion C3H8+. The-
spectruﬁ gave no indication of tﬁe presence of trimeric units, and sing;

it is unlikely for the dimer to be converted into trimer in going from

vapour to liquid, a dimeric constitution for the neat compounds is
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predicted.

(BuSNHGaH2)2 - 1,3-Di-s-butylecyclogallazane is a mebile liquid'
at room temperature. It is dimeric in benzene solution and in this solvent

. 1 . L.
it has a "H nmr spectrum whlch exhibits two strong doublets J ca. . 6.6 Hz) .

: HCCH
gréups in the cis~ and

3

protons appear‘at higher field but

at T.9.13 and 9.16 which are assigned to the {3-CH
.trans—aimers. - Signals due to the E‘—CH3 ‘
the triplets expected on a first-order basis are pborly.resolved. The

1H nmr spectrum of the neat liquid showed essentially the same pattern as
the solution spectrum but once again, in addifion, thelGaH siénals are
clearly visible at T 4.64 and 4.81 (Figure 17). |

(BuiNHGeHz)2 - l,3—Difiéobutyleyclogallazene is a viscous liquid

at room temperature and in solution prqbably exists as a mixture'of dimers .
and trimers.r Branching of the hydrocarbon chain of the R group at the |
ﬁ-—carbon atom possibly reduces the steric interaction sufficiently.to iead.
to‘both dimer'end trimer formation. Four weli—defined doﬁblets (JHCCH
ca. 6.6 Hz) at ¥ 9.27, 9.30, 9.31, and.9.38 appear in the high field region.
of the lH nmr spectrum in beﬁzene solution at 100 MHz. These. are aseigned

to ﬁ -CH, groups but no further assignment is attempted.

3
(ButNHGaH2)2 - l,3—Di—t—butylcyclogallazéne is a white solid at
room temperature, dimeric in benzene solution, and displaying three /3—CH3
signals in its 1H nmr spectrum in this solvent. Two of these signals are

close together at T 8.96 and 8.97, and a third, much weaker signal, occurs

" at higher field (% 9.15). The signals are all field dependént and

e
-~

therefore not due to coupling. The major signals are assigned to the’
cis- and trans-dimers, the thitd weaker signal, accounting for ca. 57 of

the total integral, is possibly due to monomer in solution.
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Table 5

Ions of high m/e in mass spectrum of (PriNHGaDZ)Z.-
m/e Relative Abundance
266 0.5
265 0.5
264 .5.0
263 2.5
262 17.5
261 3.7
260 27.7
259 12.5
258 16.0
257 0.5
44 100.0
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I.r. Spectra of Cyclogallazanes (RNHGaHZ)n

H

I.r. épectravof.the Cyclogallazaées (RNHGaHé)n, and their
deuterig—derivatives _(RNHGaDz)n in some Céses; in benzene solution were
recorded in thg range 4000 - 250 cm_I; As observed previously with
gallane derivatives (5, 11), the strongest absorptions were attributable’
to the Ga-H and Ga~D stretching and deformation modes. Selected absofption
bands are listed and assigned in Table 6 for the ethyl and isopropyl deri-
vatives which are representative of the trimericvand dimeric cyclogallazanes_
respectively. As expected on a mass effect fhé ratio v (Ga-H)/ v (Ga-D) is
close to 1l.4. The NH stretching abosrptions are interesting in that three
bands occur in this region for trimeric species but two bénds only, for
dimeric speéies. Presumabiy theAdiffegenﬁ_possible-environments for the
NH unit in the various cis- and trans-isomers lead to the bbsérved
vibrations .but is is noteworthy that the baﬁd at 3280 cm—l‘in thé ethyl
derivatives ié concentration dependént, decreasing in relative intensiﬁy
on dilution. Perhaps hydrogen bonding of the type iﬁvoked recently by
Brown et al (43), to explain the i.r. spectra of simiiar.cycloborazanes
at various concentrations, could be operative, also, in these gallium
‘systems.’
| The i.r. spectra of neat (PriNHGaHZ)2 and its deuterio-~analogue
were also recorded. In each spectrum the NH stretching vibration |
occurred as a broad band at 3270 cm_l. Similarly, Ga-H(D) stretching
vibrations appeargd as broad bands at 1875 and 1825 (1350) cm—l. The
Ga-H(D) deformétipn modes occufréd at 725 and 690 (510, 493) cm—-l and’/
absorptions attributable to ring vibrations came in the region 540 -

590 cm L. -



Table 6

Infrared. spectra of some cyclogallazane derivatives in benzene solution.

598 s

554 g

E4NH. Cal, | BNH. GaD, Cell fesignment
GaD
3338 w 3338 w |
3318 m 3316 m N-H stretch
3280 s 3280 s ‘
1875 vs ‘ 1350 vs 1.374 Ga-¥(D) stretch
1825 vs - 1335 vs : '
7hs  vs 502 vs 1.4h0k Ga-H(D) defn.
: L96 vs -
580 s
550 s . 542 s Ring modes
510 m 522 s
Pr NHGaH, PriNHGaD, Cal Assignment
GaD '
3320 m 3320 w N-H stretch
3283 s 3283 m :
1875 vs 1355 vs 1,360 ca-H(D) stretch
1820 vs 1330 s _ » .
75 vs 508 vs 1.465 Ga-H(D) defn.
L97 Vs
586 s 596 s Ring modes
560 m 552 g
490 m 536 m
byrar to -
Bu 'NHGal Bu NEGaD GaH Assimmment
. 2 2
e . GalD
3307 w 3312 s '
3208 vs 3264 s N-H stretch
1890 vs 1318 vs 1.408 ca-H(D) stretch
1820 m : ’
745 s 538 vs 1.402 ta-H(D) stretch
521 vs
Ring modes
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Part 2 .

The reaction of aniline with trimethylamine gallane proceeded as

indicated in the following equation:

Me,N.Gall,(s) + ONH,(q) —= ¢NH.GaH

3 NMe , (s) + Hzlg)

2

The monomerlc materlal §NH.GaH NMe3,

was somewhat unexpected since with the primary alkylamine reactions dis-

giving the lH nmr shown in Figure 18,

cussed in part 1, complete elimination of trimethylamine occufred with the

production of a gallazane.(Ga—N)n ring species.. In the presentvqase it

appears that due to some electron withdrawing effect of the phenyl ring a

cyclic gallazane was not formed. This gffgct seems to have reduced the

donor properties of the lone pair on the aniline nitrogen‘atoﬁ,'and Hence

prévents coordination to a second galiium and consequent ring‘formation..
It was believed that introauction of a strong acceptor would

remove the trimethylamine from the complex, b NH. GaH .NMe since a strong

39
donor such as nitrogen always prefers a strong acceptor over a weak
acceptor.
| Thé acceptorvof choiée was diborane since it is both a strong

acceptor and would nof.undergo any unwanted side reactions sﬁch as might

occur if the poron trifluoride, BF acceptor were used. However, the

3’ : )
reaction of diborane with ¢NH.GaH2.NMe3 resulted, not in production of
the desired gallazane,’ ¢NH.GaH2, but in decomposition into gallium,

e

o

hydrogen, aniline as well as the expected trimethylamine borane. The"
following sequence of reactions summarizes these experimental

observations:”
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~——> Me_N.BH, + &NHGaH

. Me . N.GaH .NH¢~ + 1/2B2H6 3 3

3 2 2

_¢NHGaH2 — r;:NHZ + Ga + 1/2H2

It seems likely that when the ' ¢NH.GaH2' is formed in the

i

reaétion, the donor st}ength of the nitrogen connected;to thé phenyl ring
is sd redﬁcéd'that formation of a stable cyclic gallazage does not occur.
The monomeric unit ié evidently unétabie, Qhen formed and decomposésvto'
its components -even 5elow 0°c.

It was of fﬁrther interest éo react @NH.GaHz.NMe3 with methyl-
‘amine in the hope that displacement of trimethylamine would occur and
yield a novel cyclic gallazane on hydrogen elimination according to the

following sequence of reactions:

N + ONH.GaH,_.NH_Me

3 2772

¢NH.GaH2.me3 + MeNH, ———a- Me

$NH.GaH,.NH Me — ' ¢NH.GaH.NHMe' + H

2°772 2

The-actuél mixture of products obtained was identified by nmr and infrared
sggctroscopy.‘ Figure 19 shows the N-H stretching region for each -of
éniline and methyl—éallazane as well as the reaction mixture. It should
be noted that the two upper spebtra combine tb give the lower spectrum.
Hence, althqugh trimetﬂylamine was displaced as ékpected, the elimination
of aﬁiline and productibn of the familiar-(MeNH.GaH2)3 trimgr occur as

- follows:

MeBN.GaHZ.NHQf) + Me.NHz — GNH -+ l/3[MeNH.GaH2]3

55
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The products were identified also by means of their charactéristic lH nmr
spectra,

It was of interest to then establish the mechanism of hydrogen
transfer. The two most probable mechanisms for this transfer are

iilustrated below:

A i i H
* ¢p-NZ2Ga - NMe —> @NH, + GaH_.NHMe .
Kl \ 2 2 e
H H

H
B. ¢—111"'l'caﬁz

HLN - H —s ¢NH2 + (T;auz
lv

Me _ {NHMe .

In the first mechanism,‘the'proton which transfers to the aniline comes
from the gallium. Iﬁ the seéoﬁd mechanism a four centre'intermédiate is
formed with the hydrogen atom for aniline production coming from the
mechylamine'nitrogen. The deuterated compound, @.N’I—I.GaDz.NMe3 waé
therefore prepared and reacted with methylémine. The infrared spectrum
of.the products did not display either a N-D stretch for aniline or a

Ga-H stretch for the gallazane; thus eliminating mechanism A as a possible

route to the products. It therefore seems likely that mechanism B is the

actual mode of proton transfer.



Part 3 _Imino.Gallazanes

The reaction of aziridine; azétidine; pyrrolidine énd piperidine
with trimethylamine gallane yields compbunés of. the type [<CH2)XNGaH2]n
whgre x =2, 3, 4 or 5; following eiiminatibn.of molaf equivalents of
‘hydrogen and trimethylamine.. Cryoscopic-measureménts gn centrifuged
benzené sblutions indicate-that éll thesevmateriéls areidimeric (Table 25
in beniene.

Recently, howéver, an x—réy crystallographic study (45) on a
single crystai of aziridino galiazane produced by sublimation undef about
5 =7 cm of nitrogeﬁ preséure, resulted in the'char;ctefization of this
compound as a trimer ip which the kGa-—N)3 ring .is in therchair conformation
(Figure 20). Ihe mean dimeﬁsionsAfoﬁnd-wefe Ga-N 1.97, N-C 1.54,

c-C 1.554; N-Ga-N = 100°, Ga-N-Ga = 121, Ga-N-C = 116°; while the angles
in the three membered rings were close to 600, |

This structuré, although éonfirming the predictions in part 1
concerning Fhe configuration qf thew(Ga—N)Btring, is.éomewhat unexpec;ed
in view of the cryoséopic molecular weight in benzene solution. The
re?olution of this appareﬁt dilemma‘cbﬁld be the foilowing.

It has beén found that freshly dissolved samples of aziridino
gallane, whether freshly prepared or not, give_dégrees oflaSSociation.of
2.55 to 2.65. Samples diséolved in benzene and stored for a few days give
a_degree of association of 2;00. Siﬁce the solid is trimeric, it would
seéﬁ that the cryoscopic results indicate tﬁe gfédual formation of dimer

. . . : 7
in the benzene solvent. It was also observed that a significant amduﬁt
of inéoldbie material was‘fOrﬁea on dissolving the éolid. The'follo&ing

-

mechanism seems plausible:
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(Azir GaH.)
2°x

(Azir GaH2)3-———.(A21r GaH2)2 f (Azir GaHz)

f
'

Thus the trimer gives unstable monomer which polymerizes, ieaving the
dimer in solution. Another possible mechanism appears to be the

following:

/ (Aer GaHZ)z

\ (Azir GaH,)
2'x

(Azir GaH2)3

where tWo competing rearrangements bccur, one giving polymer;'the'othéf
dimer. N

If the degree of association of.gallazaﬁes in benzene is not
necessarily an indication of the association in the solid or neat liquid
phase, possibly the néat nmr spectrum of isopropylamino gailazane (Figure 15)
could be also rationalized.in terms of a trans trimer configuration, in

agreement with the observed intensity ratio of 2:1.for the_/g—CH proton

3

~

signals;
'The nmr spectrum of aziridino gallazane (Eigure 21) shows only
a sharp singlet, indicating a single isomeric constitution which is
- expected on the basis ofva planar (GaN)2 ring with all hydrbgeﬁs equivalent.
.Figure'22 shows the lH nmr spectrum of dimeric azetidino
gallazane,.with integralsvof the two areas of resonance in the ratio of'f
2:1. Thé_splitting observed is that‘expected on the basis of a. planar
.(GaN)z ring, a triplet for the four protoné and a quintet for thé fwo

B protons.
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Figures 23 and 24 show the'lH’nmr spectré of pyrrélidino
gallazane (integration of 1:1 as-e;pectedjfor the four o< and four 3
protons) and piperidino gallazane (integration of 4:6 for o : ﬁ + ¥
pfoton multipléts)._ The latter two épectra are no longer simple, with

evidence of complicated spin-spin interaction.
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Part 4 Imino Alazanes

The reaction between efhylenimide (aziridine) and bis trimethyl~
’amipe alane was first attempted in 1962 by Marconi (19). These workers
'did not ispiaté the aziridino alazane product. |

A more recent discussion éf this reaction product (20) suggests“
that ring opening of‘the aziridine ring occurs on solvent removai yielding

an average degree of association of n = 10.

THe product prepared in this study gave initially the nmr
spectrum of figure 25.

Since this spectrum contains a high field triplet and evidence
of a lower fieid quartet the previous formulation (26) of ring opening to
give ethyl groups seems fairly conclusive. HoWever, the spectrum a few
hours later (Figure 26) showed an increased intensity of the high field
‘triplet with respeétAto the broad singlet fbr the aziridiﬁe rings. The
folloWing day, after storage at +5°C,"'.::' .. the nmr spectrum showed
the high field triplet to be even more intense than previously. These
results indicate that ring opening occurs at a fairly steady rate at
50_ 250C. ‘The initial aluminum to actiQe hydrogen ratio was found to be
All.OO HZ.OZ while thevanalysis of the same product left at room
temperature for three days under dry nitrogen was found to be All.dO Hi.OS'
These results indicate that in the limit, complete aziridine ring opening
_could occur to give all N-ethyl groups in an insoluble polymeric product.

-
-

It was of interest to see what the degree of association_wodld
‘ ,

be if ring opening could be held to a minimum. Thus the degree of .

association of freshly prepared aziridino alazane was determined in
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benzene solution with a minimum of_delay;. This worker was able to obtain
a minimum value of n = A;Z'thlst a cd-worker was able to obtain n = 3.14.

These results suggest that the degree of association before

ring opening sets in, is likely n = 3. This is.the expected degree of
 aséociation in Vieﬁ Qf theiresults for the other alazanes éf table 3.

The product from the reaction of the bis trimethylamine alane
with azetidine did not give up 21l its trimethylamine, some of which
remained COofdinated to it (Figure 27). Pumping at 0°C removed most of
this trimethylamine to give the spectrum of Figure 28. The integration
ratio is 2:1 for thecx:ﬁ protons. The molecular weight is consistent
with the formulation of this compound as a trimer.

Similarly the lH nmr spectrpm.gﬁ’trimeric pyrrolidino alazane
shows two areas of resonance in the ratio of 1il. One résonanée is
centred at.rt = 7.10 and the other at T = 8.50. The piperidino alazane
appears to be‘mainly dimer in benzene solution (n = 2.17) possibly
resulting from the larger steric reduirements of the piperidino ring.

The nmr spectrumlfor this compound shows two resonances in the ratio
of 6:4 at T = 8,61 éﬁd at ¥ = 7.18 respectivély. These correspond to
R+ ¥ and & .proton resonances.

It appears that trimeric species are common with the imino

69

alazanes and in this respect they differ from the dimeric imino gallazanes.

Since the bond lengths of Al-N and Ga-N are known to be almost identical,
the reaéohAfor this difference probably lies more in the nature‘of the
reaction intermediate leading to these species than in steric or other//
effects. Poséibly this difference is due to the relative ease with which
aluminum can go 5-co§rdinate in the intermediate, but this is highly

speculative as no mechanism utilizing a 5-coordinate aluminum has actually

been demonstrated.
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Part 5 Imino Borazanes

The fact that azetidino; piperidino and pyrrolidino borazane
are dimefic in benzene is not surprising since boron-nitrogen systems
generally préfér a monomeric or dimgric state to that of tfimer.

The.nmr spectra of these three compounds are given in
Figures 29, 30 and 3i and are all in agreement with the formulation of
these compounds as having planarA(B—‘N)2 rings and containing each a
single isomeric form.

The aziridino‘borazane ﬁrepared By tﬁe method of Akerfeldt (17)
gave a singlet for the azifidino ring hydrogen in agreement Qith the

literature (18) (Figure 32). The:adduct, prepared by the Burg me thod (14)

gave the nmr spectrum of figure 33 in agreement with the literature (18).
The aziridino borazane hasia trimeric constitution in contrast to the
remaining members éf this series. The reasons for this different
constitution may be a result of the preparative route used to obtain the

compound.
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Part 6 Reactions of Imine Bases with EMe3’ E = B, Al, Ga, In

3 with aziridine gave, o6n methane elimination,

Reaction of EMe
compounds wHich were trimefic in benzene-solution. Since the hydrido
analogues previously prepared were trimeric as well,>tﬁis fesuit suggests
that the groups about the E atom have 1itt1é effect in &etermining the
final degree of association of the.éomplekes studied here.

The c’ompound“MezBN(CHz)2 was not isolated, as thé high
temperatures necessary to achieve methane elimination from the adduct
‘also cause polymerization. |

The nmr spectra of the two staﬁle adductsAMejBNH(CHz)2

3GaNH(CH2)2 (Figure.3§)ware'characteristic but very

different. The aziridine ring protons of the boron compound:give rise

(Figure 34) and Me

to a éinglet at low field - probably the result of nitrogen inversidn
or faét exghanée reactions in solution. The higher field singlet is
the resonance of thé boron methyl protons. The aziridiné ring protons
of the gallium adduct, on the other hand, appear to be split into a
multiplet. Thié complex splitting is believed to be £h¢ result of
no£ only primary but élso second order‘magnetic coupling of the hydrogen
nuclei on the aziridine ring,: '

The three mefhane elimination pfoducts had simple.and very
similar nmrvspectra. These spectra consisted of a lower field singlet
for the aiiridino protons and a high field singlét for the methyl

groups of the E atoms.
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