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Ahbstract

Tervary amine adducts of alane show a diverse range of structures based on tour and Bve
coordinate species, hyvdride bridging dimeric and polymeric species. and tonic species, whereas
those of gallane are usualiy restricted to four coordinate species. Phosphine adducts of alane
are four ar five coordinate, and four coordinate for gallane, Stable. volatile adducts of both
wlane and gallane are available. Mixed donor adducts of alane are accesstble, such as those
based an ¥-ulkyvimorpholine, and these have relevance in the binding of [HAINMe,) 10
axidised surtaces. Alane metailates secondary amines, bulky amines excepted which can vield
stable amine adducts: secondary amines based on & V-disubstituied cthylenediamine give a
runge of products depending on the nature of the aline, the use of THL AINMe,] 15 complicaied
by its tendeney o form less reactive [HLAIINMe, 1] The wieyelohexyiphosphine adduct of
monochlorogallane 15 a wseful precurser for forming the phosphidogatium  species
U H,Gaiu-PCOy)E ) via reaction with [LI{PCy,3 THY ),j. Reaction of JHIAINMe] with
p-But-calix{4jarene and its dimethy! ether afford respectively a divergen: receptor bis-calixar-
ene species and @ monocalixarene species with a residual hydride either endo- or exo- 1o the
culixarene cavity. Lewss base adducts of alane and gallane show promise in functional group
chemistry with gallane behuving as a milder, more selective reducmg agent. Reuctions of
{ER}Y,. E=5Scor Te. R =ualkyl or aryl with | HyMNMe ] M = Al ar Ga. afford trimethvlaonine
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adducts of the trisiselenalaio- or tellurolsto-imetal{ 1) species. [Me,NMiER ). and reac-
tons of elemental Se or Te with [HAINMe] afford the mixed chakogenide hydnde
frans-[{ MeyNCH AT -3 L) 0 1997 Elsevier Science S.AL

1. Introduction

The chentistry of alane (-- ATH,) and gallane (- GaH,} has seen major advances
in recent years reflecting the potential applications of their Lewis base adducts as
volatile precursars in chemical vapour deposition (CV D) technology and other arcas
of materials science, and applications in synthesis. Both of these areas require a
detailed understanding of the structure and propertics of such adducts. In carlier
articles we traced the developmenis of the chemistry of Lewis base adducts of alane
and gatlane 10 1993 |1.21 Heromn we focus mannly on the most recent advances
which are concerned with an extension of the work on Lewts basc adducts. their
conversion to aluminium and galhum amides. and group 16 chemistry of alane and
gallanc. Alaneitself is pelymerie |3] whereas gallane is dimeric 4] and surocturally
amalogous o diborane. Indeed the chemistry of gallunce is more ke borane than
alane which 15 related to the periodic anomaly of the group 13 clements. notably
the increase mr clectronegativity of gallium over aluminium (1.8 Ga, 1.5 Al ¢, 2.0
B. Alired Rachow). and the associaled lower polarization mfluence of gallium.
Differences between the chemistry of alane and gallane also relate to any back-
bonding of the d' core of gallivm. the fraiity of the Ga H bond relative to the
Al H bond. and the stronger wendeney of alune (o form hypervalent structures
compared with gallium. cither via hydrde bridges or uptake of more than one
Fewis base,

The authors gratefuily acknowledge contributions by many colleagues over several
years to rescarch on alane and gallane. snd for financial support in this area from
the Australian Rescarch Council and the Department of Industry. Science and
Tourism.

2. Lewis base adducts: synthesis, structure, stability and theoretical considerations

Lewis base udducts of alane and gallance are aceessible by (i) the reaction of an
amine hydrochloride or a I:1 mixture of Lewis base and HCT with LiMH,: (if)
metathetical exchange involving preformed adducts which usually involves treatinent
ol veadily available [H;MXNMe ], M =Al or Ga. with other Lewis base adducts: and
{u1) the treatment of LiGaH, with a Lewis basc, at least for the synthests of tertiary
phosphine adducts of gallane. the byproduct heing 1iH {3} For alane several classes
of amine phosphine species have been authenticated. Fig. 1. There are four coordi-
mite teritary amine und phosphine adducts, [HAIL], for example where L =quin-
uchdine [6.7]. PR . R = Bu' or Cy. and refated bidentate phosphines [8 10]. Refated
adducts are those which are associated in the solid state via bridging hvdrides.
B ELANP-H L)L - NMe, NMe(CHLPo, T-methylietrabydropyridine  and
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Fig | Stuctural types For alane dervatives of tertiary amines and phosphines.,

NMe{CH,)ClL The bridging is unsymmetrical with Al H contacts at ca. 2.08 and
1.6 A. the latter being typical of terminally bound H-atoms [10 12]. Then there are
five coordinate species bearing two tertiary amine centres in apical positions of a
trigonal bipyramidal centre with the three hydride groups in the equatorial plane.
cg [HiAHguinuclidine) ] [H;AN Nt Me) i) T3 even for potentiaily bidentate
tertiary amines such as ¥ N A N -tetramethylethylencdiamine { =TMEDA ) [ 14] and
refated lgands [ 15]. Similar five coordination s found in & unique P-donor analogue
based on | P(Pr),CH,!, [8). Finadly there are tonic specics which have been estab-
lished for [HLAIL] [ATH,) . L=A NN N N penlamethyldiethylenetriumine (=
PMDETA) or NA N N -tetramethylevelam (rrans-1isomer) [16].

The 1:1 alane adduct of 2.2.6.6-tetramcethylpiperidine is a remarkable stable
sccondary amine complex which is monomeric with an cclipsed structure for the
arrangement of the hydrides relative to the groups attached to the nitrogen atom.
Usually amine adducts of alane have a staggered structure and the eclipsed structure
is credence for o H* .. 1% interaction involving a hydrogen atom attached to the
N-centre and another attached to the Al-cenfre respectively. The mternuclear dis-
tance between these hyvdrogens is 231 A. and represents a transition state for
climination of molecular hydrogen [17]. Tiis adducet is tormed by treating the amine
with alanc in OFEt,: the same amine with [H AINMe, ] gives the monomeric
metailation clanination product [ HoAINMe i N(CMe,CHLCHL)LCHL L Similarly
HXN(SiMe;), gives o thermally stable adduct of alane or the elimination product
[TLANNMe N(SIMe ), 1] The adduct as o distllable hiquid at 90 C. 3 Torr.



4 AL G Gearediner, O 8 Reovtent - Coordingtions Chepsisire Beviews Jaa @ QU7 f 4f

decomposing bevond tus temperature to polymerie alane and free amine [18]
Clearly the stenic hindrance of the secondary amine stabilises the adducts towards
molecular hvdrogen eliminaton and amide formation.

Mixed tertiary anine:phosphine and mixed tertiary aming‘ether adducts have
been characterised as five coordinale specics, again with the donor proups in
apical  positions  of  trigonal  bipyraondal  metal  centres. These  include
DL ANNMe 3 PMe,CHSIL 6] [ HGATUNMe i PBUb)] {9 ] and the polymeric com-
pound [ H AT NMe(CHLCHLLO ] (see below). Interestingly the corresponding thio-
morpholine adduct 1 monomeric. prosumably with the Lewis base bound only
through the N-centre [9]. Caleulations at the IDZP-ECP level on [H;ALCNH (3.] show
that there is an inherent stability of five coordinate species with the three hydride
groups in the trigonal plane, i accordunce with results for the brs-amine adducts,
Thas 1s o structural feature of the mixed donor complexes and the bis-tetrahydrofurun
adduct [ 194, Recent studies have yielded even more complicated structures for mixed
donor ligands lur V-cthylmorpholine (see below) [20].

The addition of PBul (o |H;AINMe,| results in elimination of trimethylamine
afferding [HAIPBu,) which can also he prepared by the reaction of LIAIH, with
hydrochlorie acid ‘phosphine [9]. Displacement of NMe, i this reaction is surprising
considering the relative donor strength ol the ligands towards alane, and the thermal
stability of the mixed donor complex [LH AltNMe M PMe,CHLi ] 6] Morcover.
theory on the NHAIH, PMe; system predicts a4 stabilisation  cnergy of
903 keal mol 7 for [HLATUNHPMe,] relative to [HLAIPMe, and NH,. and
272 kealmol ! relative o [HAINH ;] and PMe,, ignoring zero point energy corree-
tions {D95% ' 195%3 {6]. The dissociation energy of [HAINTL] to AIH, and NH,
15 predicted to be 26 keal mol ' |21,

Bulky trialkyl phosphine adducis of alune are stable up to co. 160 C where they
decompose directly to aluminium metal. Other trialkyl plosphines and arviphos-
phines are unstable above ca. 20 ¢ decomposing to polymeric alance |8.9].
Theoretical considerations give [HAIPH ] stabilised by 3.2 keal mol * 7 relative to
AlH; and PH, whereas dimerisation of HAIPH; to [H.ALlp-H)! L] (en route o
polymeric alaue) is favoured by 384 keal mol ' (6-31G* + DZP) [6.8.9]). Bulky
phosphines must block the thermodynamically favoured dimenisation process.

The stabilitics of some phosphine. and amine adducts of alane are summarised in
Table 1. and are of importance in the apphlication of the adducts in CVID |22,
Terttary amnne adducts of alane usvally decompose to aluminium, hydrogen
and  ligupd  above oo 100 O However, the adducts of 13 5-tnmethyl-
hexahydro-1.3.5-triazine which undergo C N cleavage agbove 123 C [15] are an
exeeption. Polvdentate tertiary amines further enhance the siability of the adduets.
c.g. [HAINMce,] decomposes =108 O whereas HANTMEDA) decomposes
=17 C and stronger bases do likewwse with [H Al(guinuehidine)) decomposing
> 194 C[6].

Structuratly authenticated alune derivatives involving Lewis bases donating
through an O-centre are {HANTHE 3] [FATH{p-HOYTHE ], [19] which are
analogous to amine adducts, the mixed-donor complex
[TL:ATCN-methylmorpholine)],  [60]. and  the related  alane nich  complexes
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Table |
Decompasivion temperainres of selected Lewis boase adducts of alane sl gallane, H ML M~ H, L

[HzAlNMe,) ey ¢ (2]
[HaaloNMe CHL P MO [11)

[ AN Quinuchidiied] w1 |%]
[HANTMELDAY « MO [11.13]
| HALPMIETA ] [ALH) R EAN S [16]
[HLAININHSIMe ] = iy ¢ |1%]
THGAINTNGH MOV CHL 0L SN [17]
FPH AP} s 63 O (%]
HHRANPRAOH ) L R=Prt. Oy A eSO |8}
[HHANPPYCH =LA 4]
AN PPhCHE ] = [

[ M N ATTEMe.CH A0 16]
[H,.GaNMe,] =0 f28]
[HGaQuinncidine)] ENLIN S [26]
VLG NMeCHLN EER LR [20.27]
[HLGalPOy) SR [5;

| HLGaPBuy) Ieae [9;
[V P R = [3.27]
| HGat PRGOS =00 4]

“Precompositian 1o polvmeric AIH, and free heand.

[(TT:ADLL] and [(11;AL), L), L - ¥-cthylmorpholine [2(]. Fig. 2. These O-donor
complexes give mmsight into possible decomposition processes of Lewis base adducts
of alane, and aiso gallane, in the presence of air and/or moisture as well as how
such complexes bind 10 oxidised silicon surfaces [23]. Indeed. adsorpuion studies on
the interaction ol [H;AINMe,] with hvdroxy] free oxidised silicon surfuces under
UIHV conditions show that the metal centre expands its coordination sphere binding
as a live coordinate species. [HAAINMeg O Y (O~ - surface O-centre), with o
higher partial pressure of the alane resulting in formation ol hydride bridged species,
| HAN Me Nyip-H LATH (0 - 3] [23], (Such species bave been modelled using ab
wmitio calewlations on [HAINHOH 0 and [HLANH N pp-H LA (OH )] (23]
and related calculations have been reported for [HAIO{RISIH,L R-- 1 or CH;,
[241) In contrast. dissociative adsorption prevails for [ H,GaNMe,| vielding the four
coordinate spectes, [ HGa(Q- - 3], This is in accordance with the preference of galiane
to muintain four [old coordmation, although the primary process may be the
formation of five coordinate mixed donor species, JH,GaNMe (G- 1] {25].

The synthesis of [(H ALLL] involves adding N-cthylmorpholine immediately at
- 78 C to alune m OFL; formed by the addition of H,80, {984 10 an OFE1,
solution of LiAlH,. For the synthesis of JH ALY, (L), the appropriate quantity of
H,80, 15 added to o mixture of the hydrochloride salt of the morpholine und
LiAlH, in 2,0 [20]. Both of these NM-cthylmorpholine complexes have polymeric
structures ariwing from spontancous sell assembly into one dimensional or wo
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dimensional arrays with head-to-head hydride bndging and-or 1two O-donating
groups to the same metal centre, Fig. 2. Compound [{H;AlL),L] forms a polymeric
chain due to the linking of discrete N and O bound AlH; units which are inked via
hydride bridging. While this is alko an aspect of j(H;AlY 21 there are however,
several other miportant additional Teatures which give rise to a4 two-dimensional net-
like structure. The repeating asymmetric unit in [ H,AlY, (L] consists of 4L and
2 x 3 different AlH; centres giving in total 3 difierent Al environments. One Al
centre behaves m a similar fashion to that as seen in [(H,AlLL). However the other
two Al centres which are both 5 coordinate help form the two-dimensional structure
through the formation of single weak Al H interactions. This is a new structural
tvpe for alane with both structures taken together summarising the structurad varicty
found for all other characterised neutral Lewis base adducts of alane. The polymer
which is formed from the ] reaction of LIAIH,; with the hydrochloride salt of A-
methyimorpholine (1) {see above) gives a simpler asymmetric unit in compliance
with the stoichiometry of the reaction: the repeating unit (H ALIL'Y has cach metal
centre five-coordinate, bound by both O- and N-centres from difierent morpholing
moietics. The structure is devoid of intermolecular hydode bridging, Fig. 2 [26].
The only other type of Lews base adduct of atane involves a C-centred carbene {26].

Tertinry amine adducts of gallane have played a pivotal role in the development
of the chennstry of gallane. The trimethylamine adduct. [H;GaNMe,], decompaoses
above ca. ) CLand attempts to form adducts with polydentate tertiary amines via
hgand displacement involving H,GaNMe, results in rapid decomposition to metal,
hydrogen and wmine. For example with TMEDA decompeosition occurs > 10 €
and for ¢ - )-Sparteine and PMDETA > - 20 C [27]. In contrast, for alane these
adducts are more stable than the trimethylamine adduct §9.15] TMEDA and
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TMPDA (=N A -tetramethylpropylencdiamine) and H;GaNMe, mntially aftord
|HGal TMEDA or TMPDA] [27.28) which decompose in vacuo to give the gallane
rich species {{ HiGu){ TMEDA or TMPDA). [H,Ga{ TMPDAY} has been structur-
ally characterised at — 100 C [28] revealing a polymeric structure with trigonal
bipyramidal metal centres with the N-donors in apical positions, simitar to the
ssostructural alane analogue [153]. The galtune rich species [( H,Ga){ TMEDA)]
has Tour coordinate metal centres associated with each N-centre of the amine.
Fig. 3 [27.29]. Quinuclidine forms a volatile, remurkably stable adduct
[ H,Ga{quinuclidine)] which decomposes = 100 C. reflecting the higher basicity of
the amine relative to NMe, [27]. A-methylmaorpholine and ¥-methylthiomaorpholine
vield unstable adducts, decomposing above —20 C|7].

For gatlanc, four-coordination is more stable than five or any brideing hydride
species, and the only precedence For cither of these species for monodeniate amines
is  [HiGaliNMe,),| which decomposes sbove —23 € to the amine and
[ GaNMe,] [30]. Oxadised sthea surface bound [HGa(O =1} may form via a five
coordinate  mtermediate  [H,GaNMe 0O =3 251 Ab  witie  calculations
(DRI £ DZP) on the model species Tor this. [H,GaNHGOH ). shows it to be
encrgetically favoured relative to [HGaXNEH ;] and H.O by only 0.67 keal mol
and [H,GatOH)| and NH; by 7.8 keat mol ' [25],

All structurally characterised Lewis base adducts ol zallane are presented in Fig, 3,
Like the phosphine adducts of alane. aryl substituted phosphines result in lower
decomposition temaperatures, or gallane. decomposition s exclusively (o gallium.
hydrogen and free Ligand, Table 1. Low stability here is consistent with the lower
buse strengths of aryl-substituted phosphines. However, unlike aluminium the use
of bulky tratkviphosphine to stabilise phosphine adducts s not essential. but steric
hindrance does result in ess air sensitive material. with the tricyclohexylphosphine
adduct being stable in air [ 3] A substantal survey of the potential encrgy surtuce
of [H,GaPH,] using the ECP-IDZ basis set gives the monomer as the minimum
[5.9], as for [HGaNHG] [26]. Ab mitic meleculuar orbital calculations have also
been reported for |H GaAsH ;] demonstiating that it should be a stable molecule
{31

H H
/ I;(: /S
: —Ga
Loe—pGa - ~x
\ H H
H H H
L. = Quninuclidine, NMe3Ph, M Ga—X X=N.R=Me
= —
PCy;. PBut; H/ R, X =P R =Me Pr
H H
N —”G{Q—N/\/\ N—>Ga d—N/z,
Me, Me, Me, I Mea
H H

Fig. 3 Structural types Tor gallane derivatives of lertian amines and phosphimes aniines.
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Heterobimetallic complexes of alane and gallane have been prepared. Reaction of
the quinuclidine adduct of alane with zirconocene dihydnde affords the doubly
bridging species, [({(n-CsH:)Z2Zrt Hite-H AR L{gumuchdine). Fig. 4 [32]. Reaction
of 2 equivalents of LiGaH, or one cquivalent of NaGaH, with [ZanCl{PMDETA
or TMEDA) afford the complexes [{PMDETACiZn(p-H)YGaH;| and
[(TMEDA }C1Zn(p-H),GaH,}. Fig. 3. The corresponding boranc complex has also
been prepared for the TMEDA case {using NaBH,). and has been structurally
authenticated along with the gallane product containing PMDETA J33]. The bridg-
ing hydride in {PMDETA)CIZn{p-HyGaH,} 15 almost linear (173 . Zn, Ga-H
2.01(5) and 1.42(5} A) with the hydrude in an apical position of a distorted trigonal

Fig 4. Molecular structure of [(n-C H, L2 H 1p-11),ATH dquinuclidine)]. Selecied geometries (A and

A Hludee PRI(2E LAM20 07920 A) ilabadee D723 TR 2L L3RI 1LA703 0 AL N L0662y
Hia Zr Hbw 6601, o3¢0 Hib A He 1290 29 Ha AV DT Zr B AL TIZE N AL Habade
ATECTE PR b 2v ) voaey s Ha AP Hbade 70 0e 212000 TET00): B A Thdoe 9301y 9701
Hd Al He 120,202,

Me, Y
a, N
% N N
H""x_ Me, *Zne—N
l H N Cl/ I MC:
H—m= Me H
\ I
H Ga muf]
M =B, Ga HY \H

Fig. 5. Mixed Zn-Ga hydrides, and 3 related borahvdride species [33]
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bipyramidal zinc centre, the other apical position is occupied by the umique N-centre.
In [ TMEDAC1Za(u-H),GaH,) the less sterically demanding amine donor inter-
action results in two bridging hydrides linking the tetrahedral gallium centre to zine
{inferred by both spcctroscopy and the crystal structure of the borane analogue).
These bimetallic Zn/Ga compounds decoinpose to grey materials al room temper-
ature over several hours for the PMDETA species. and within an hour for that
containing TMEDA . Bimetaliic compounds {{CO}LMGaHANMe)]. M= Co. n—4
and M =Mn, #=35_ have direct gallium to trunsition metal bondimng | 34].

3. Aluminium and galtium amides and lithium aluminium amides derived from
metallations of ¥, N'-disubstituted ethylenediamines

In recent publications we have reported our observations with the metallation
and hydrometallation of various sccondary amines and imines by some aluminium
and galllum hydnde sources. as an extension of our research on the reactivity of
group 13 metal hydrides [ 1.2}, We have focused attention on substituted ethylenedia-
mines bearing N-s-butyl [33.36] and N-irimethylsilyl substituents [36]. L4-di-+-
butyl-1.4-diazabutadiene [38 421, and related 1 4-dizabut-T-cnes [41]. as well as
bulky monoefunctional secondary amines (1718} [n this seetion of the review we
repori on the reactions of various aluminmum hydnde sources {[HAINMe,]. AlH,
in OEt,. LiAlH, and [HCDHAINMe,]) with M A -di-r-butyiethvienedmmine. NN
bis{ trimethvlsityl jethylenediamine und various substituted analogues of the lormer
amine for the purpose of examining the effect of the stene demund of the higand on
the product distributions of these rcactions and ils cffect on the stability of the
complexes formed. Many of these reactions have been investigated in depth under
@ varlely of condinons and as a result we have established mechanistic information
on the generation of the various products and through the struciural charactensation
of the products we have inferred reasons for the stubility ‘instability ol the products
and some unstuble reactive intermediates,

N A -Di-t-butylethylenediamine s readily metallated by [H AINMe, | afford-
ing three aluminium  amide  species. Drans-{[p-N{BuYCH,CHLNBU JAIH | ).
HCH-u-NBu') {AlH ) and [IHN{BuHYCHCHLNBu AT NGB HCH ;] depend-
ing on the stoichiometry ol the reaction. as outlined m Schieme 1.

The metallation of ¥ ¥'-di-r-butylethylenediamine procceds via the Tormation
of an  unstable  sccondary  amine  siagbilised  smudo-alumimum dihydede
O HN{BuhCHLCH.NBu'y ATHLL. Although the amido-alummium dihvdnde species
could not be solated. the preparation of three crystallographically authenticated
stable analogues has been achieved by the replacement of a hvdinde with a chlonde
substitugnt on the aluminnen centre or by the addition of alky i substituents on the
five membered chelate ring of the hgand. Scheme 2. Using [HACHAINMce,| as the
metallating agent. the chiorohydride-species [ HN{Bu'iCHLCH NBu', ATHCH| cun
be isolated. The C-alkyvlated unalogues derived from ¥ N-di-f-butyl-2--butylethivien-
edivmine and rac-N A -di-r-butyl-2 3-dimethylethylenediamine gain their stahility
due to the wmercased steric demand of the Ggands. The erystal structuie of
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N Et, 0, -80°C,
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H \ll
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[reec- FHN{BUNCTMeYHCO{ Me)HNBu'; AtH,|. Fig. 6. shows the eclipsed geometry of
the aadic amine proton and one of the aluminium hydrides. The stability of
[tee- THNAEBuC{MaHCMeHNBU ATH ) towards the elimination of hydrogen
relutive to the unsubstituted analogue [PHNEBuYCHLCHLNBu' AIHL] (187 C vs
<25 O s remarkable given the remoteness and limited extent of the protection
afforded by the 2 3-dmiethyl substituents. The resubis of the X-ruy erystal struc-
ture determimations of the foregoing three species provide a means of substan-
tating  the  structure of  the  unstable  intermediate  dibydride  species
FHNABuSYCTLOHNBU AT 0 (e metallation reaction of NN -di--butylethy-
lenediamine with { HLAINMe,).

The compleses [rac-t HNEBu YO MeyHO{Me)H N Bu' | ATH ) and
PHN(BUYCHLCoBuS HNBU' ATH L] are obtained from the reactions of rac- NN~
di-r-butyl-2 3-dimethylethylenediamine  and N A -di-r-butyl-2--butylethviencdia-
nnne with | HAINMe, | or Al a1 stoichiometric ratio or with cither a (wo
told excess or deficiency ol the hydride source, This indicates the stability
of - [rac- T HN(BUYCIMOHC(MaOHNBU AIH,| and [FHN{BuYCH,C(BuY)-
HXNBu'IAIL] with respeet to loss of hydrogen to form a  dizmido-alane
complen.andalso stability with respect to reactions  of  [rue-
VHN(BuYCOMOHC M HNBU' ATH,) and UHNCBUYCHLC B HNBU' { ATH
with both rac-AUV-di-s-butyl-2 3-dimethylethylenediamine and AN -di-r-butyl-2--
butylethylencdiamine. and [ H,AINMe | or ATH; to forming analogues ol the dislum-
mom amide wnd  aluminivm tiamide found for the case of the reactions
imvolving N A -di--hutylethylenediumine.  In addition.  iselated samples ol
[rac-r EN(BuYC T M HOOMeYHNBu' AT and [P HN¢Bu Y CH.C{Bu'}-
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Fig. 6. Molecular structure of [rac-tHENGBu b Mey HOOMe) HINBu L AT For cliney methy | hydreogen
AN e amitied.

HNBu'!AlH,] show no trace of decomposition via metallation of” the remaining
acidic amine proton even under reflux in benzene.

The amido-alaminium dihvdride [{HN{Bu HCH,CH,NBu' AL | 1s only stable at
low temperature and in the absence of either of the starting materials eliminates
molecular hydrogen on warming to room temperature to give the dimerie diantido-
aluminium hydride [rraas-{u-N{BuhYCHLCHLNBU AT L] The reaction of MOV~
di-i-butylethvlenediamine with (wo equivalents of [HAINMe ] in diethy] cther at

80 C vyields the brideing  dialuminium  diamide  [(CHL-p-NBu'y i ATH L
[ncreasing the stoichiometric ratto of  V.A-di-r-butvlethylenediamine o two
cquivalents  leads 1o the  fommation  of  the  aluminium  triamide
[t HN{Bu)CH,CH,NBu' AL N BuYCH.L L)

The dimerie digmido-aluminium hydride [frass-1[i-N(Ba Yy CHLCHNBa'ALH L
is  stable loward  reaction  with  either N A -di-r-butyiethylenediamine  or
[HAINMe, ] in OFt, at 25 €0 Scheme 3. This luck  of reaction of
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[rres-{p-NUBUHCHL,CH N Ba'JATH || Purther implicates the unstable amide-alu-
o difivdnide [THNOBUYCHLCHNBu' P ATH | as an intermediate in the Torma-
von of the dialuminium amide [(CHL-p-NBu'y( AL L] and the alumimium tnamide
FEN(BuHYCILOHLNBLu S AL N(BOYCH )] Furthermore, the alkyl substituted
anafogues of the amido-aluminium dihyvdnde [{HN{Bu ¥CHCH,NBu' AlH,] can
be comverted to the alumiminnm rich complexes in the presence of [H3AINMe,).

Hyvdrogen  climination  from  the ntermediate  dihydride  [JHN(Bu'}CH,-
CH.NBu'JAIH .| folfowed by association of the resuliing monomers results i the
formation ol dhw aluminium diamide [srans- p-N{Bu yCH.CH.NBu'JAIH | ] with
bridging  amido-groups.  The  Xeray  corystal structure determination of
[trerrs- 3 p-N BuYCHLOHLNBU AT S shows a dimenie species with ) symimetry,
The complex pessesses 2 planur four-membered Al N, ring i which both aluminium
centres aire {etrahedrally coordinated. The bidentate dimetallated ¢thylenedmmide
ligands are pasitioned in o prgas-arrangement with respect to the planar ALN, core.
The dimida-galliom  hydride obuwined  trom  the hydrogellation of  1.4-di-i-
prapyl-1 4-diwzabutadiene wilh JHLGaNMe,). Jerass- p-Nie PriyCHLCH -
NPejGal L) Bas a similar structure to [irans- {p-N{Bu'YCHL,CH,NBul L ATH ]
[41]]. The medintion of the dess hindered AN ¥ -dicthylethylenedimine by
[ HOATNMe | gives the trialuminium species [44] [CHNEDS AL which has a
similar structure o a gaflium diamide [HCHLNMe), ,GaHl also prepared by
metallation of the ethylenediamine by |H ,GaNMe,) [41].
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The reaction of  NA-di-r-butylethylenediamme  with  two  equivalents  of
[HAINMge,] viekds the dialuminium amide [{CH;-p-NBu'h( AlH 1, The lormation
of [(CH-p-NBu') . ATH,),] most likely proceeds via the intermediate amido-alumin-
wim dihydride [} HN{Bu" YCH,CH,NBu'! AlH;] which then binds [HAINMc,] or
AlH, at the amido-centre prior to the metallation of the secondary amine. The
diminshed  sterie hindrance  of N N'-di-r-butyvilethylenediomime  refative to the
Cealkylated  amines N A -di--buiyl-2-r-butvlethyvienediamine  and  rue-N N-di-¢-
butyl-2.3-dimethylethylenediamine  facilitates  the  sceond  metallation by
FHLATNMe,] o give dialumimum amides. In the cases of these alkyl substituted
amido-aluminium dibydride complexes their reactivity s reduced and the additional
gyguivilent of [HAINMe;] is converted 1o [HLAHNMe, )] which s slow 1o react
with the cthylenedizmines whereas In the reactions involving AlH, this s not the
case §36]. The importance of this finding i1s that a two-fold equivalent of the hydride
source van be necessary for the complete, facile conversion of bulky substrates
their reactions with aluminium hydrides under mild conditions, Le. six active
hydride  equivalents™.  The galliun  angiogue of the dialuminium  amide.
HCH2-p-NGBudsiGatlLy,), has been prepured by the hydrometallation pathway
involving & N -1 4-di--butyl-1 4-diazabutadiene and [HGaNMe,] [39]. The X-ray
cryvstal structure determination of [{CH,-p-NBu'}, AlH, ). Fig. 7. shows that the
geomelry construints of the AlH; vnits in both bndging positions forces the lour
membered AN, ring to be bulierily shaped, folded along the N N vector.

The formation  of the alumimium  trtamide  [FHN(Bu'JCIHL.CH.NBu'": -
ALN(BUMCH, ] results from the reaction of two equivalents of N Adi-r-butyl-
cthylenedsamine with [HAINMe,} in diethy] cther at —80 C. The X-ray crystal
structure determination of [THN(BuYCH,CH,NBu ATEN{BUuCH, ! ) revealed o
moneneric speeies possessing a central Tour-coordinate gluminium centre devoid of
hydrides. The aluminium centre s coordinated by two bidentate ligands with one
of the igands having both of the acidic protons removed and the other hgind having
one remaining aminge proton,
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Fig. 7. Mofecwlar siructure of ICH --NBaYy 0 ATH ) Por clanty methyl and methylene hydroeen atoms
e omitled,

The reaction of NN -bis{inmethylstiyv]ethylencdiamme with [H;AINMe, | gives
products  based on  metallotien  (H, elimination}.  [irans-}[p-N{SiMe)-
CLHLCH NS Ve JALH | and [THN(SIMe JOHCHANSIMe P AT N(SIM e, )CH ).
which  are  analogous  to the  -butyl  complexes  [frans-Hu-N(Bu')-
CHL.CHNBU'|ATH ) and (N CBUDYCHLCHONBu LA N B CH LY L
FFig. & Further.  products  derived from N 81 bond  cleavage  and
metaliation. [HCHNESiMe LA T HAINGSIMe )CH,CHLNATH and
[HLATCH N SIMe AL NISIMe JCHL,CHLNALH 3 NMe !l were isolated,
Differences in the chemistry of this system aiso extend 1o the mability to form the
dizbuminium amide analogue. [(CHo-p-NSiMe .t AlH L], presumably arising (rom
the decreased stability of the mtermediate [FHN{SIMe JOH,CHNSiMe, i ATH,] so
that i climinates hydrogen to yield the dimerie aluminium diamide rather than react
with additional [H,AINMe,]. Atlempts 1o prepare a stable mono-chlonde substituted
analogue of [Me SiN(H ICHCH.N(SiMe,JATH,] by the resction of A A -bixitri-
methylsilyDethyvlenediamine with [ HLANKCHNMe,] vields the redistributed dichlo-
ride specics | MeySiNCH OHLCHL N (SIMe, )AIC)) and [FHIN{S1Me, -
CH-CHLNSIMe AT NGSIMe, }OH ) L] Schieme 4. Presumably  the monochioride
[MeSiNGH JCHLCHLZNESIMe JATHCT] exchuanges te yield  a anxture of
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LOStruetures of complexes derived Trom the reaction of [HARNMe ) or PHOCTAINMe ) with ¥4

[HN¢SiMe CHLCHLNSiMe gAICT | and the dihydride species, the dihydride then
reacting  with  additional N ¥ -bisttrimethylsilyl Yethvienediamine 10 yield
(FHN{SIMe 3O CHNSIMe P ATEN{SIMe )CH. S so driving the equilibrivm fur-

ther i favour of the dichloride species.
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HN b L
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~ : o S S
2 Al 2
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N |
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r HT H, H‘\.’ H
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Schuemwe 4.
The dimeric dramido-sluminium hydrides [trans- tp-N¢ Buo')-
CH,CH,NBuAIH ) and  [cis-|[p-N{BuYCH-CH,NBu'AIH 1 are  prepared
via  an alternative  metallation  reaction  of Hthivme  amide

[eis-{ Li[p-N{ BuYCH,CH,yN{H DB ) [45] with [HLAINMe ], Scheme S, The alu-
minium dianides are obtained as a ca. %01 ratio of ¢fy- reens-isomers, In condrast.
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[rrans-{[p-N{ Bu' YCH,CH,NBu'lAlH } 5] is obtained as the sole isomer according to
the reaction in Scheme 1.

P But
HN LialH, HN
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Scheme 3.

The X-ray  crystal structure  determination of  Jeis- ) p-N{Bu')-
CH,CH.NBUJAIH §] shows a dimerie species with pseudo C, symmetry. The com-
plex possesses 4 planar four-membered Al N, ring in which both aluminium centres
are letrahedraily coordinated. The bidentate dimetallated cthylenediamide ligands
are positioned in a ¢iy- arrangement with respect to the planar ALN. core,

The two  dwneric  alummum dmide  isomers  [frams- {[p-N{ Bub)-
CHLCHLNBUATH ) and [eis-i[p-N{BuhCHL,CHLNBuJATRH ) are not intercon-
vertable i EGO at room temperature over several weeks. Treatment of solated
samples of the aluminivm diamide [eiv-jp-N{BuYCH,CH,NBU'JATH { 5] with cither
VH AINMe, | or ¥ A -di--butylethylenediamine 1n OEC at 25 C resulis in the recov-
ery of unrcucted [cfs-{u-N(Bu'yCH,L,CHLNBUAIH ] and no formation ol either
the diatuminium  amide [(CH,-p-NBu't.(AlH L] or the alumimum  tranude
[ HN{BuYCHLCHNBu AL NEBu'YCH, .) This lack of  reactivity  of
[eis- ilp-N{ Bu"3CH,CH,NB'JAIH L) and the absence of any  [cis-{[p-N( Bu')-
CH.CH,NBu'AIH 1, being formed in the reactions of ¥ A-di-i-butyiethylenedia-
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mine with [H,AINMe;] shows that [eis-{[p-N{Bu)CH,CH,NBuAIH {5] is net
involved in the reaction mechanism for  the formation of
[trans-{[-N (BuyCH,CH,NBu'JAIH } ,]. [(CH,-p-NBu'),( AlH,).| or [{HN(B
uhCHLCH,NBU' AL N{BuYCH,!,).

The formation of the diamido-aluminivm  hydride  [ei-{[p-N{Bu')-
CH,CH,NBu'JAIH ;]  from the reaction of the lithiwum amide [eis-
PLi[p-N{ Bu)YCH,CH,,N{H)Bu'}} ;] with | H;AINMe;] precedes via the unstable hith-
jum diamido-atuminium dihydride {|N(BuYCH,CH,NBu'|LiAIH,{,.. which elinu-
nates LiH to give [frans-{[p-N{Bu"YCH,CH,NBu'JAIH|,] and [cés-{[u-N{Bu'}-
CH,CH,NBu'JAiH},].  The  aluminium  amides  [rrans- |[u-N{ Bu'}CH,-
CH,NBu'JAIH { 5] and {eis-{[p-N{ BuYCH.CH,NBu'JAIH }.] are also prepated in the
same ratio from the thermal decomposition of the N A'-di-r-butylethylenediamine
adduct of LIAIH,, {{HN(Bu')CH,CH.N{H }Bu')LiAIH },. in benzene solution. This
presumably, initially involves the elimination of molecular hydrogen by metailation
of the sccondary amines to give the lithium diamido-aluminium  dihydrde
[ N(Bu)CH,CH,NBu']LiAIH.}, which may then spontanecously further eliminate
LiH to give the  diamido-aluminium hydrides  [mrans-1jp-N(Bu')-
CH,CH,NBu'AIH | ] and [eis- {[p-NBuYCH,CHL,NBUAIH | -] Given that the alu-
minium  amides  [rrams-{p-N{BuYCH,CH,NBu'JAIH },|  and  leis-{ju-NeBu'-
CH,CH,,NBuU'JAIH },] do not interconvert in OEt,; and the eis-isomer is not formed
from the reaction of N N'-di-r-butylethylenediamine with [H;AINMe,]. the decom-
position of [ N¢ Bu' ) CH,CH,NBu'|LIATH .}, must invelve an oligomer which assem-
bles  into  the  cis-isomer,  the  consequence  of  the  structure  of
HN{BuYCH,.CH,NBu'|LIA{H,i,.

The insolubility of the adduct {[HN{Bu"YCH,CH.,N{H)Bu']LiAIH}, 15 in con-
trast to the related dimeric ethylenediamine and | d-diazabui-l1-enc adducts
FIHN(BuYCH{BuyCH,N¢(H }Bu'iLi{p-H),AIH, ;] [36] and  [{{HN{Bu'}CH-
(BuYCHNBu']Li(p-H 3,ALH, L] [43] which are highly soluble species prepared from
the reactions of the respective ligands with LiAIH, in diethyl ether, Scheme 6,
Presumably the less bulky ethylenediamine ligand N A'-di--butylethylenediamine
results in the adduct forming a higher ofigomeric or polymeric struciure in the solid
state or perhaps the compound may be ionic.

The mechanism for hydroalumination reactions of carbonyls and imines is gen-
erally belicved to invoive the initial coordination of the aluminium centre to the
heteroatom followed by hydride transfer to the carbon atom via a cyclic four
membered or smmilar  trunsition  state  {46]. The crystal structures  of
BIHN{BuYCH{Bu')CH,N{H)Bu"|Li(p-H ),AIH,},]  and [{HN{Bu“ Y H(Bu')-
CHNBu'|Litpu-H ), Al } ] [46] show that the reason for the stability of these adducts
with respect to metallation and hydrometallation is due 1o the ligands bearing the
reactive secondary amine and imine functional groups coordinating to the lithium
centres. The ligands chelate the lithium centres and two of the hydride substituents
of the [AlH,] units also coordinate to the lithium centres forming the lithium
aluminium tetrahydride dimers. the other two hydride substituents of the [AIH,)
units ure terminal, Fig. 9. This resulis in a eyclic Li,AlH, ring of the type established
for the lithium amide-aluminium hydride and lithium alkylaluminium hydride com-



I8 MG Ganrddiner, C L. Reaxton Crigrdination Chensisiry Reviews 166 Joe? |3y

Bu' But
a /
Bul—N N —Bu! By'—N N-—Bul
H H H
LiAiH_,JEL_,O. [ LiAIH,,I EEEO. 0°C
- 3 >
uH 1'”\ I_‘IIu 'BIL_; Ai\ Bu
But._ N H H N Bul._ _N " n
T \\b/ \u/ \\‘u/ Nar O
AN AN x 7N N
NG H, Ry But N B H N Bu!
i Al | | Al H,
But 47 ' ! v, i
H o H Bu Bu d Bu
C D, 120°C. L day |- 2 H, €Dy, 120°C, 1 day l H,
But
P X
Y But—N /N\
“ \ .
i L Al Li Bu
/[ i Bu 2H3AINMe, SN N ,
Bu* N N Bt e H H N
I S - NMe, Bu', /7N /N
N ’ Byt N H I N But
[ A4 N ./ “Rut
Ruf /Al\ /Ll\
T H\ H H
N
But Li/ Al/
NN
/.N N —Bal
By ) S
Bui

Scheme 6.

plexes  [JiMe,Si)L,NAIH(p-H ),LicEt,0),4,]  [48] and  [i{ Me,PhSi},CAIH-
{(-HLLI{THF },4,]] [49]. The importance of the hithium cation in the stability of
the imine functional group in the adduct [{[HN{Bu")CH(Bu )YCHNBu')-
Li{u-H1;AlH: ;) is that the approach of using LIAIH, instead of [H,AINMe,] as
the hydride source in reduction/metailation reactions can lead to chemo-selectivity
and the effective protection of the more reactive functional group by coordination
to the Jithium centre, leaving the secondary amine free to be metallated. which is
the reverse case for the reaction of the 1.4-diazabut-l-ene with [H;AINMe;] or
AlH,. In that sense. the metallation of sccondary amines in the presence of rcactive
imines could be achieved by “protecting”™ the imine by the in situ coordination of
inines in their reactions with LiAIH,. In this regard. group 1 metal hydroaluminates
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Fig. 9. Molkcular structure of [[HN(BeYClHH Bu)YCHNB'|Licp-H LALH L For ey methyi
hydrogen atoms are omiied.

may be useful protecting agents for imines in their reduction and metallation
reactions.

The lithium aluminium  hydride adducis  [{{ HN{Bu'YCH{(Bu'YCH,N{)-
BulLi(u-H ),AlH,},] and [{{HN{Bu}CH(Bu )CHNB]Li{p-H),AlH,},} decom-
pose by extended theating in  benzene solution by metallation and
metailationshydrometallation. respectively, yielding the stable lithium diamido-aiu-
minium dihydride [{ Lif N(Bu YCH{ Bu"“YCH NBu'lJAIH,},]. The stability of the tetra-
meric C-alkylated [lithium diamido-aluminium dihydride [{ELi{N{Bu')CH(Ba'}-
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CH,.NBu'JAlH, 1, 15 in contrast o the  unsubstituted  anulogue
I N¢BU M CHLCHLONBULIALH, |, which decomposes at room iemperature by elimi-
nation of LiH to give s mixture ol isomers of the alummium  diandes
[eis-tp-N{Bu }CHLCHLNBATH L) and  [fraes- {[p-N(Bu yCHLCHONBU'MAT | 5]
Compound [ Li] N{BaYCH(Bu 3JCHNBa'|ATH ] 18 stable = 115 C which can be
accounted for by the added steric bulk of the ethylenediamide. An alternative
synthests of 3 L1 N{Bu YCH{ Bu' YCH,NBu'JAIH ;] has been achieved by the hyvdro-
metallation o the  lithium anide  [eis- ! LI{N(BuYCH{BuY Y CHNBO'Y -] by
[ELAINMe,).

This ficld has been extended o the attempted synthess of Tihiom diamido-
alumintum dihydride and lithium tetraamide-aluminiom complexes by the lithiatien
ol the latent reactive secondary amide functionalities present i the complexes
already discussed. This imcludes investigating an alternative syathesis of lithium
dinmido-gluminium dihvdride [113[N{Bu"YCH{ Bu"YCH,.NBu'JAIH} ] by the reac-
aon of methni Lithium i OEL widly [LHIN{BUHYCH,CeBUYHNBu  AIHLL This
approach has proved unsuccessful, giving a product tentatively tormulated on the
busis of IR and NMR spectroscopic data as LIIN{BuYCH({BuYCH,NBuY-
AlHMe! .. formed by the elimination ol H, from the reaciants rather than the
expecied elimination of methane,

This unexpected behaviour led Lo the Tiwhiation reactions of the wluminium tri-
mide [FHNIBuYCHLCHNBU' A NOBuYYCH L. the results are sumimarised in
Schieme 70 The reaction of the aluminium  frizonde [ HN{Bu )YCHLCMH, NBu'-
AEN(BUICH 5] with Bu"Li wr hexane and OEt. gives the monomerie lithium
aluminium  tetroamides as both  solvent dree and  the OFEr,  adduat
[LiyN{BUYCH L CHNBUY AT and [EGOLENGBUYCHCHL,NBuU' AL respee-
nvely,  The  reaction ol the  dicthyl  ether  adduct  |EGOLUN(Bu')-
CHLCHNBu' AL with two equivalents of the chelating nitrogen Lewis base
TMEDA m OFEL; alfords the ionie complex [LICTMEDA L TAL Nt Bu'yCEL]L L)

The crystal structures of the unsolvated and OFEt, solvated monomeric lithium
awlumimium tetraamides [LUN(BUWICHL.CHLNBe' AN and [EGOLL N(Be'y-
CHLOHLNBu' AT are shown in Figs. 10 and |E The di-metalliaied ethylenediamide
act as bidentate ligands. chelating the aluminjum atoms, with one nitrogen centre
of cach hgand binding 1o a lithium centre. Four-lold coordination for the aluminium
centres is achieved and they exhibit distorted tetrahedral Ntamido}, fp-Niamido).!
coordination cnvironments. The lithium centres are twe coordingte and three coordi-
aute n the two structures, respectively. For the unsolvated species, the two coordi-
nate Njp-Néamidel,: bent coordination environment is unusually low and the
additional coordination of the Obt, meolecule s therefore achieved eastly with little
distortion of the molecuie with the exception of the Li N distances which arg
lengthened from 1.97(1) 2.00¢(1) A for the two coordinate lithium to 2.043(8) A
tor the three coordinate complex. The angle between the planes of the two chelate
rings of 76.5 799 i the two structures s presumably made acute by the lithium
centres bridging two of the amido-nitrogen centres wind distorts the geometry from
the idedl orthogonal disposition. In contrast. the crystal structure of the ionic
complex [Li(C TMEDA LA NEBuYCHL]-1 5] shows that the anion exhibits chelate
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rings which are close to orthogonal (91.4 5. the anion being non-coordinating.
Fig. 12.

Reuction of thiomorphohne with [H;AINMe;] in OFt, aflords the mctallated
spectes [HANW-N{CHLCHL)L8 1), which in the solid state 1s & dimer with bridging
amido centres, These molecules are then weakly associated via long imtermolecular
Al .S interactions at 3.26(1) A 7).

4. Gallane phosphide and chloride derivatives

In develaping suitable precursors for the formation of hydride phosphide wallium
complexes we have prepared |[Cy PGaH,Cl This reacts with [LitPCy ) THE )
allording {1 HL,Gatu-PCys)y ) which crysiallises with the inner core of the complex
A twist boat conformation. Fig. 13, The gallium phosphide is ol interest in relation
to the generation of thin films of group 1315 semiconductor materials using single-
source precursors of the general Lype ILMEL, that feature the desived 131 stotchiome-
try of the elements [31]. Related compounds include a trimeric aluminium phosphide
[ Eix-w-PYATH )] [52] two monomenic base-stabilised phosphide (and srsenide)
species,  [Me NATHP  or  AsMmesityl ) Hal [33] and  an amidogaliune
[t HGa-p-NHL)L] [54]. Theoretical sindies on the geometries. stabilities and bond
cncrgies of [HLMEHM'HEHL ML M Al or Ga, B E =P or As, eyeliv species
are also noteworthy [55].

The ehorogallane [Cy,PGaHLC1) 3 thermally robust (dec. = t6d C) as iy the
dichlorogatlane |[Cy PGalICL] tdee. = 184 €3, Both are accessible by redistribution
reactions involving [Cy,PGaH,] and |[Cy PGaCly] and vig anbydrous HOT reacting
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Fig, 10, Muolecolar structare of [LiE NG-BudCH OH N-Bu Al For clarity byvdrogen atoms are omitted,

with [Cy,;PGal;]. Sinular compounds have been prepared for the trimethylamine
adduet system [56]). The reaction of {Cy,PGuH,) with HgCl, (ratio 1:2} affords a
mixture of compounds, [Cy;PGaH,Cl, . =1 3. In contrast the aluminium ana-
logue [Cy,PAIH,Cl] is readily prepared by reacting [Cy;PAIH;| with HgCl, [57].
Lewis base free chlorogatlane. [{GaH,C11,). is accessible from GaCly and Me,SiH.
but it requires stringent synthetic requirements including exclusion of wir. and it
decomposes at room temperature [ 58],

In benzene solvents contatning mixtures of [Cy,PGaH,Cl,_ ). n—=1 3. there is
no chlorideshydrnide redistribution between the |MH,Cl, ] moietics, unlike in
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Fig. 1. Moleculr strocture of [EGOLE N{-BCHCHLNG-Bug AT For clanty Dvdrogen adams are
omitled.

THF. However. in both benzene and toluene, phosphine exchange prevals. The
TP NMR spectrum for an equimolar mixture ol [Cy,PGaH 1] and [Cy.PGal;]
in toluene comprises a single resonance at 6.8 ppm. On cooling coalescence
occurs at — 50 C followed by two resonances at - 80 "C. corresponding to the
two species. [Cyv;PGaH,Cl] and [Cy,PGaH,} (Eq. (1), k=31 x100s "' AG; =94
kcalmol 'y

k

[Cy PGaH ]+ [Cy, P GalClH2[Cy, P'Gal 1+ [Cy, PGaH I (1)
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Fig, 12, Molecular siructure of canon and anioen ol [Lit TMEDRA L)AL N1-BuyCH .3 L. For clarity
hvdrogens stoms are oniitked.

5. Metal-group 16 complexes derived from alane and galiane

Reaction of [H;AINMe,] with p-Bu'-calix[4]arene yields u divergent receptor
system arising from linking two calix[4]arenes through the O-rims by two metal
centres, Scheme 8 [39], Similarly trimethylaluminium completely metalfates all the
O-phenolic centres of calix{n)arene, #=4 [60], and Ref [61]. but now yielding
aluminium rich monecalixarene species with some residual methyl groups attached
to the metad centres. The divergent receptor molecule is a model system for the
binding of calix{4]arene to aluminium oxide surfaces. and the reaction gencrating
it relates to the use of [H,AINMe,] in removing surface hydroxyl groups of alkyl
functionalsed silica [62].

The symmuetrical  O-dimethylated  calixarene.  1.3-dimethyl  ether  p-Bu'-
calix[4larene, yields an isomeric mixture of monomceric five coordmate metallocalix-
arene species when treated with [HAINMe ] in toluene [63]. Oxygen centres of the
dimetallated calixarene are bound to the metal centre with the hydride either exo-
or endo- 1o the cavity formed by the polyphenol. Scheme 8. The exo-isomer is
converted to  the thermodynamically lavoured endo- i the presenee of
FHAINMe,]. with the chloro-analogue of the exo-isomer, forimed exclusively from
the reaction of the same calixarene with AICL;. preferentially affording the exo-
hvdndo isomer when treated with NaH. The exo-hydndoe isomer has been structur-
ally authenticated Tor u single crystal, as has the analogous compound with a4 methyl
group ¢xo- to the cavity which is the only somer formed on treating the same
calixarene with AlMe, [66]. No reaction 1s evident when [.3-dimethyl cther
p-Bu'-culix{djurene 1s treated with either two equivalents of {H,GaNMe,). or with
two equivalents of gallium trichlorde.

The exo- to endo-isomerisation is unlikely 1o be an intramolecular process and
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Fig. 13 Molecular structure of FEHLGalp-PCy A0 5] showing atom numbering schemes, Selected bond
fength (€AY and angles { ). Gal PIO2.402¢3)0 (a2 P2 238003y Gai P2 2375303y Gal HI 17609
needs moie,

may involve the formation of the ubiguitous JAIH,[  species and an aluminium
calixarene  cation when formed from  the exo-isomer in the presence of
[ H AINMe;). The exo-isomer preferentially hydrolvses under mild conditions and
Forms an inclusion complex with methylene chiontde. Fig. 14, Molecular mechanics
of both isomers makes the endo-isomer 21 keal mol ~! more favourable than the
exo-1somer. in accordance with the kmnetic versus thermodynamic considerations lor
both compounds.

Hydrometallution involving alane and gallanc is of interest in organic synthesis
and can result i novel structures. Reuaction of O =CBub with excess [H;MNMe,|,
M =Al or Ga. yields dimeric [H.Mip -OC(HBub )., For the aluminium com-
pound association prevails in the solid via two symmetrical bridging hydrdes
berween single aluminium centres from dillerent dimers such that the metal centres
are either four or live coordinate. as distoried tetrahedra or sguure pyramids.
Scheme 9 [64]. Related dimeric compounds with brnidging atkoxides have been pre-
pared by the reaction of alaae or gallane in OEt; with one equivalent of HOBu'. A
second equivalent gives simijar dimeric spectes with one of the hvdrides replaced by
a terminal alkoxide [65) In addwion, the reaction of JH AINMe,] with HOR.
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R=Me _
AICL/ CHCl l NaH/ THF
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-NMe,. -2 H,
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Niveo/ tol '
Bt By HyAlNMey/ oluene O ondo-
-Niley, -2 H,
“‘\ \

' 0
Mel)—..____;»,A!{//ONh

LA

Scheme ¥

R=C,H,But—2.6 Me—4d lorms a monomeric specics | HANHORYNMe,] or its
dimer involving hydnde bridges in the solid state [66].

The use of alane and gallane n synthesis s worthy of mention in the context of
hydrometallation/reduction in general and the dillerence in selectivity of the two
reagents. Preliminary results show promise with [HGaNMc,] selectively reducing
the carbonyl group in d-bromophenacyl bromide. with [H Al(quinuclidine)] effecting
the same reduction but with concomitant cleavage of the adjacent € Br bond [67].
Related  to  this, is  the combined metallution  and  reduction  of
1.1,1,5,5, 5 hexafuoropentane-2 4-dione using [HAINMe;). the bi-metaliic complex
isolated being based on QC{CEF)=CH CHICE M3 | whereas for |H GaNMe,|
selective reduction of both carbonyl groups prevails vielding o bi-metailic complex
but now based on ree- OCH{CF} CH, CH{CFO ™ [68]. Indiscrimmnate C O
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Fig, 14, Exo-isomer ol the product derived from reaction ol | 3-dimethy] ether p-Bu'-calix[4]arene with
FHLAINMe, . with o methyiene chloride in the cavity.

R = C(H)But

Scheme v,

cleavage of styrene oxide occurs in the presence of [H Alquinuclidine)]. but with
[H:GaPCy,} regio-selective C O cleavage ensures at the sccondary C-centre [671.
Functional group reduction using [H3AINEL] has been explored [69].

Treatment of 2-diethylaminoethanethiol hydrochloride with LiMH,. M = Al Ga.
in OEt, or THF generates the five coordinate species fHM(SCHL,CH,NEt 1], M =
Al or Ga, authenticated as wostructural. chiral five coordinate species in the solid,
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with N-donor groups occupying apical positions of trigonal bipvramidal metal
centres [ 7).

Cleavage of E E bonds. E=8. Se or Te. i di-organo-dichalcogens or in the
clement themsehes by alane or gallane 13 a simple way of generating muxed group
13-16 compounds, Such compounds are in general of interest ay potential precursors
for generating libns of binary metal chalcogenides with useful electronic und opto-
clectronic propertics [70]. and as selective reagents in synthesis | 71]. Reaction of
(ER Y, E=Sc or Te. with [HiMNMe,j. M~ Al or Ga. vields trimethylamine sdducts
of the tris{selenoluto- or tellurolato-ymetalf 11} species. [Me NM{ERY,]. M= Al
T=S8¢. R=Tt Ph, CH,Ph. E=Te. R =Ph, M =Ga. FE:=—Se¢. R =Ph, Scheme W [72).
These are fonr coordinate. monomerie species, The mechanism of the reaction
vielding hydrogen as the byproduct is compiex but most likely proceeds via inital
complexation of a group 16 donor vielding a hypervalent metal centre which is
common for alane. and only transient species Tor gallane. Contrary 1o the literature,
bultky groups attached 10 group 13 metal centres are not essentisl fo gain aeccss o
low order uggregates of chalcogemdoalumminium (111} species, at least in the presence
of & Lewis buse: rather a small hydrido group and a trimethylamine attoched to the
metal centre wre seemingly more effective m liating the degree of association o
dimeric species. ol tetramers for bulky atkyl groups [73]. Reluted 1o this chemistry
is the tormation of BulAIER (R = alkyl. B = 8, Sel Te} trom {ER ), using ButAlH
[74].

N . .
1 €3 RN \C“‘,S S:L:-C/‘\Rl
oML S8, i \ / By
RE'T e, R-N—C C—NR- A e
‘ER < W 4 2 / \
RE S5 S s A
N o
. 3 C
REERT M= AL Ga ~ H,, - NMe, |
E=5e Te
-t R =alkyl. aryl NR,
A #S.ONE M = Al . Ga. R - alkyi
MesNMI; [(As or ShHS2CNEL)s]
- Asor - §b, - Ho. - NMe;
SeorTe PhTy, NMex
M=al] H2 E=Se \ ] ,/
PhTeTePh AI/S ~
'\\ +
Ha f 56/ \
MeaN TePh
el NM&3 )
J\AI/JE‘“‘\A{ E=Se (SiMe)N NMe;
f \\E/ \ (SiMe,),NH ‘}“/SC"‘&. j
N Al
MezN - Ha [ \Se/ \
E =5Se. Te Meald N(SiMes),

Scheme ML
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Fig. 16, Computed structures of model chulcogemidoalames. (A [ HAUR-Se) L] A B [FHAI-Sed 4] 10
[VHLONCED)ALGa-Sert o] 109 [CH N 30113 AISe].

Thiuram disulfide. ( E1,NCS;), reacts with [H;MNMey). M =Al or Ga. to give
the corresponding tris{dithiocarbamatoymetal(II1l} species, Scheme 10, The sume
products are also formed for the reaction of these hydndes with
tris(dithiocarbumatodarsenic- or antimony-{ 111}, with the extrusion of elemental
arsenic or antimony [73].

Elemental selenium or tellurium react with [H;AINMe,] in toluene aflording the
bis-trimethylamine adduct of the dimeric chaleogenidoalane., [ HAl{u-E)}},] isolated
as the prans-isomer. E =S¢, Te. Scheme 10 {76]. These reactions offer a direct route
to a new class of compound under mild conditions and in modest yield. The
compounds can be regarded as techary amine stabilised adducts of the simplest
sclenido- and tellurido-atuminiumi 1) species. Reaction of rrans-[{ Me N(H -
Al{p-Sedt,] with Phyle, gives the novel mixed chalcogen species,  frans-
[$ Me,N(PhTe)Al{n-Se}i,). Fig. [3. or with HN(SiMe,); the mixed chalcogen:
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amide species, rres-[§ Mey N HMe 810N TALp-Se)) ). Scheme 18, Elemental Se or
Te with [H.GaNMe,;] results in decomposition to elemental gallium [75).

Ab imitio molecular orbital calculations on model species relevant to the above
dimers have been performed, albent for NH; rather than NMe,. with the computed
structures For selenium shown in Fig. 16, The caleulations show that N-donor Lewis
buse solvated dimeric species are the most luvourable products of the species mvesti-
gated for both the selenide and telluride cases. Further association of the unsolvated
dimers, [HAN-E ). to etramers. [FHANG-E ] gives association energies of

10,17 {E=S¢) and 542 kcalmol ! {E=Te), The formation of Lewis base
solvated dimers. [T HN{HIARp-E L)L from the unsolvated dimers has assoctation
energies of --32.51 {E=Sejand  30.80 kcal mol ~! (E = Te}. The monomeric specics
bearing two  Lewis hase donors. jIH;NL{IHDAIE], are 1229 (E=S8c¢) and
5.53kcalmal ' (E=Te} less stable than the Lowis base solvated dimers and free
amine.

6. Conclusion

Recent developments in the chemustry of Lewis base adducts of alane and gallane
have been driven mainly by their possible applications in synthesis and matenals
science. Significant differences between the chemistry of these adducts have emerged
which relate to {a) the ability of alane but not gallane to readily form hyper-valent
spectes, gaillum achieving four-fold coordination whereas aluimiium prefers five-
fold coordination; (b} the frailty of the Ga H bond relative to the Al H bond: and
{c} the polarising influencesback bonding participation of the d'? core for gallium.

Exploitation of the different reactivities of various functional groups towards
alane and gallane has yet to be realised: our preliminary observations clearly show
that gallanc has greater selectivity over alane. This may also prevail for other types
of alumimum and gallium hydrides. Developing singie source precursors for CVD
technology including heterobimetallic species capable of delivering metal alloys has
its merit. as has the vse of hydrides in surface modification, beth in wet chemistry
and under UHY conditions, [ncorporating trimethyisilyl groups into ligands uttached
tor aluminium and gallium has scope in CVID technology in assisting the degradation
process via climination of trimethylsilane,

Alane and gallane adducts of arsine and stibine. and of the heavier group 16
clements have yet to be developed. Then there 1s the reaction of alane and gallane
in general with other main group elements. beyond the limited work to date on the
reaction of selenium and tellurium with alane. Alane has been used to form novel
calixarene complexes within the realms of supramolecular chemistry. Further
advances here are likely in the arca of gencrating other divergent receptor molecules
with oxo-metal clusters at the base of two ar more calixarenes.

Application of theoretical ehemistry to give insight into syathetic targets has been
shown 1o be a powerful research tool. Indeed. this approach may prove useful in
the major challenge of developing metal hydride chemistry of indium {37,47,50]
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