=
K
P a
| Ly
e
o TR
/
o o

()

Organometaliic compounds

257

CH,

(b)

Figure 7.18 (a) 1,4,7,10-tetraazacyclododecane triacetic acid, (LH3). (b) Structure of the 7-coordinate complex

[InL]; the goordinat}on polyhedron (shown in white) comprises a trigonal prism of 4N and 20 capped
on one of its quadrilateral faces by the third O atom.

from the use of the y-active ''In isotope (E,
173,247 keV, 112 2.81d) in radio-labelled mono-
clonal antibodies to detect tumours. Interestingly,
the 7-coordinate crystalline complex reverts to
a stable neutral hexacoordinate species in aque-
ous solution. Other 7-coordinate macrocyclic
In! complexes of potential relevance in radio-
pharmaceutical applications have been prepared,
including [InL] where L is the triacetate of the
tetraaza macrocycle shown in Fig. 7.18().7% In
this case the coordination polyhedron is a trigonal
prism with one of its quadrilateral faces capped
by a carboxylate O atom as shown schematically
in Fig. 7.18(b).

Indium clusters have also recently been char-
acterized, notably in intermetallic compounds.
Thus, the Zintl phase, Rb;Ins, (prepared by direct
reaction between the two metals at 1530°C) has
layers of octahedral closo-Ing clusters joined into
Sheets through exo bonds at four coplanar ver-
tices.”") These four In atoms are therefore each
bonded to five neighbouring In atoms at the
comers of a square-based pyramid, whereas the
remaining two (trans) In atoms in the Ing cluster

\h__
70

A. RIESEN, T. A. KADEN, W. RITTER and H. A. MACKE,
7.|Chem' Soc., Chem. Commun., 460-2 (1989).

6 8. C. SEveov and J. D. CorseTT, Z anorg. allg. Chem.
19, 128-32 (1993).

show pyramidal 4-fold bonding only, to con-
tiguous In atoms in the same cluster. CsyIn3
is isostructural. The intermetallic compound
K3NagIngg (synthesized from the elements in
sealed Nb ampoules at 600°C) has a more com-
plicated structure in which the In forms both
closo icosahedral Inj> clusters and hexagonal
antiprismatic Inj; clusters.’? All the various In;
clusters are interconnected by 12 exo bonds form-
ing a covalent 3D network (In-In 291-315 pm)
and the In,, hexagonal antiprisms are additionally
centred by single Na atoms. The phase contains
several other interesting structural features and
the original paper (in English) makes rewarding
reading.

/7’.3.6 Organometallic compounds

Many organoaluminium compounds are known
which contain 1, 2, 3 or 4 Al-C bonds per Al
atom and, as these have an extensive reaction
chemistry of considerable industrial importance,
they will be considered before the organometallic
compounds of Ga, In and TI are discussed.

72 W, CARRILLO-CABRERA, N. CAROCA-CANALES, K. PETERS

and H. G. VON SCHNERING, Z anorg. allg. Chem. 619
1556-63 (1993). !
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Organoaluminium Compounds

Aluminium trialkyls and triaryls are highly
reactive, colourless, volatile liquids or low-
melting solids which ignite spontancously in
air and react violently with water; they should

Aluminium, Gallium, Indium and Thallium

Ch. 7

- prccu'uli(ms' Unlike the .boro'n trialkyg
and triaryls they are often dimeric, though
with branched-chain alkyls sth as Pr', By
and Me3CCH2 this wndcpcy is less markeq.
Al,Meg (mp 15°, bp 1267) has  the methy).
brizigcd structure shown and the same dimeric
d for Al,Phe (mp 225%).

suitab

. : e is foun
therefore be handled circumspectly and with structur

Applications of [II-V Semiconductors '
ively studied because of their many
rsion of electrical and optical (light)
EDs) familiar in pocke! t_talculators,

. they are also used in infrared-emitting diodes,
e fol );m extremely elegant chemical solid-state
sited, etched and modified to form the

P, As and Sb have been extens
red on the interconve
-emitting diodes (L

The 9 compounds that Al, Ga and In form with
applications in the electronics industry, particularly those cen
energy. For example, they are produced commercially as llght
wrist watches and the alpha-numeric output displays of many instrur ,
injection lasers, infrared detectors, photocathodes and photomultiplier tubes.

. : . : i depo .
technology has evolved in which crystals of the required propertics are ! ) - !
appropriate electrical circuits. The ternary system GaAs;— P, now dominates the"LED market for a-numeri graphic

ivity i i jtaxi ingle-crystal substrate of
' i i . GaAs) - 1S grown cpltzmally on a sing -
isplays following the first report of this activity in 1961 sj_xPxis g T ! : ry s

GaAs or GaP by chemical vapour deposition and crystal wafers as large as 20cm ' P S KImol=! correspond
colour of the emitted radiation is determined by the energy band gap Eg; for GaAs itself Eg 1s = ponding
ding to red emission (A 650 nm).

_to an infrared emission (A 870 nm), but this increases to 184 kJ mol~! for x ~0.4 correspon

For x > 0.4 E; continues to increase until it is 218 kJmol~! for GaP (green, A 55Q nm). Commercxal_ yellow and_green :
ve the conversion efficiency. A schematic cross-section of

* LEDs contain the added isoelectronic impurity N to impro ] :
* a typical GaAs;_,P, epitaxial wafer doped with Te and N is shown in the diagram: Te (which has one more valence
electron per atom than As or P) is the most widely used dopant to give n-type impurities in this system at concentrations
of 10'6-10"8 atoms cm™3 (0.5-50 ppm). The p-n junction is then formed by diffusing Zn (1 less electron than Ga) into

- the crystal to a similar concentration.

~20 pm GaAs,_, P:N,Te

GaAs,_, P,.Te
~100 pm X const Typlcal
wafer thickness

~25 um GaAs,_, P:Te x variable ~0.4-0.5 mm

~300 pm GaAs or GaP

An even more recent application is the construction of semiconductor lasers. In norm i ight i
( en IStrug ; al optical lasers light is absorbed
by an electroplg transition to a broad band whxch_hes above the upper laser level and the e]ugon then dropf into this Ire,vel
by a non-radiative transition. By contrast the radiation in a semiconductor laser originates in the region of a p-n junction
:};nd is due to the transitions of injected electron's and holes between the low-lying levels of the conduction bgmd and
injee ggggr]r:;srtsliesvis of thehvlz;!egce Lt;land.h(lmpupty levels may also be involvedj) The efficiency of these semiconductor
ry much higher than those of optically pumped lasers and the devices

. : ‘than are much
gafsxly egda!{)tﬁblc to modulation. As implied by the band gaps on p. 255, emission wavelengths al;:i, i:r:]l?“el"; 'ttj;l]ey ar: s
1ntrared. A heterostructure laser based on the system GaAs-Al,Ga)_,As was the first junct l i) confifmerll
at 3000K and above (1970) Junction laser to run continuously

In the two types of device Jjust considered, nam i itti

: _ ely light e

converted into pptlcal energy. The reverse process of cfmv:rﬁngng;lin
and photovoltaic effects) has also been successfully achieved by I

g diodes and injection lasers, electrical energy is
c%l energy into electrical energy (photoconductivity
—V semiconductor systems. For example, the small

sunlight occurs at 75-95kJ mol~! and G ;
- commercially at the present time. aAs shows promise, though other f;
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- HsCs i CeHs
BREF - CeHs W
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In each case Al-C, is about 109 longer
than Al-C, (cf. AlLXg, p. 235; B,Hg, p. 157).

The enthalpy of dissociation of AlMe; into
monomers is 84 kI mol~'. ALEtg (mp ~53°) and
AloPrg (mp —107°) are also dimeric at room
temperature but crystalline trimesitylaluminium
(mesityl = 2,4,5-trimethylphenyl) is monomeric
with planar 3-coordinate Al; the mesityl groups
adopt a propeller-like configuration with a
dihedral angle of 56° between the aromatic ring
and the AIC; plane and with AI-C 199.5 pm.)

As with Al(BH;); and related compounds
(p- 230), solutions of Al;Meg show only ore
proton nmr signal at room temperature due to the
rapid interchange of bridging and terminal Me
groups; at —75° this process is sufficiently slow
for separate resonances to be observed.

Al;Meg can be prepared on a laboratory scale
by the reaction of HgMe; on Al at ~90°C. Alzl?hﬁ
can be prepared similarly using HgPh, in boiling
toluene or by the reaction of LiPh on AlCle.
Onl the industrial (kilotonne) scale Al is alkylated
by means of RX or by alkenes plus Ha. I.n
the first method the sesquichloride R3ALCl; 1s
formed in equilibrium with its disproportionation

-_—

"1.J. JeRs, 1. M. Hann, A. F. M. M. RaMaN, O. MoLs,

1. H.ISLEY and J. P. OLIVER, Organometallics 5, 1812-14
(1986).

Or ganometajjc compoundg
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prudllcls:T

Irace of I,

2A1 4 3RC) ——— 2,

R3ALCly ==
AICly or AIRy 2 T2

sRIALCI; + JRyALCI

Addition of NaCl removes R,Al,Cl; as the
complex (2NaAICI3R) and enables R4ALCl; to

bf: distilled from the mixture. Reaction with Na
yields the trialkyl, e.g.:

3MeALCl + 6Na — 2A1,Me; + 2A1 + 6NaCl

Higher trialkyls are more readily prepared on an
industrial scale by the alkene route (K. Ziegler
etal, 1960) in which H, adds to Al in the
presence of preformed AIR;3 to give a dialkyl-

aluminium hydride which then readily adds to
the alkene:

150°
2A1+ 3H, + 2A1,Ety — (6EL,AlH)

6CH,CH,

= =ar JALEY

70°

Similarly, Al, H, and Me,C=CH, react at
100° and 200atm to give AlBuj in a single-
Stage process, provided a small amount of this
compound is present at the start; this is required
because Al does not react directly with H,
to form AlH3 prior to alkylation under these
conditions. Alkene exchange reactions can be
used to transform AIBuj into numerous other
trialkyls. AlBuf can also be reduced by potassium
metal in' hexane at room temperature to give
the novel brown compound K>ALBug (mp 40°)
which is notable in providing a rare example
of an Al-Al bond in the diamagnetic anion
[BufAlAIBuS |2~ .

AlR¢ (or AIR3) react readily with ligands to
form adducts, LAIR:. They are stronger Lewis
acids than are organoboron compounds, BRj,
and can be considered as ‘hard’ (or class a)

toeis interesting to note that the reaction of Et with

Al metal to give the sesqui-iodide “Etz AL 1"
first recorded preparation of an organoalumini
(W. Hallwachs and A. Schafarik, 1859).

™ H. HoBERG and S. KRAUSE, An
17, 949-50 (1979).

was the
um compound

gew. Chem. Int. Edn, Engl.
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260 Aluminium, Ga

acids: for example, the stability of the adducts
LAIMey decreases in the following sequence of
L: MeyN > MeyP > MeyAs > Me,O > MeyS =
Me;Se. With protonic reagents they react 0
liberate alkanes:
Al Rq + 6HX —> ORH + 2A1X;

(X = OH, OR, Cl, Br)

ith halides or alkoxides of elements

Reaction w
a useful route

less electropositive than Al affords
to other organometallics:

excess AIR3

MX, — MR, + SAIX3
(M = B, Ga, Si, Ge, Sn, etc.)

The main importance of organoaluminium
compounds stems from the crucial discovery
of alkene insertion reactions by K. Ziegler,m)
and an industry of immense proportions based
on these reactions has developed during the
past 40 y. Two main processes must be dis-
tinguished: (a) “growth reactions” to synthesize
unbranched long-chain primary alcohols and
alkenes (K. Ziegler et al., 1955), and (b) low-
pressure polymerization of ethene and propene
in the presence of organometallic mixed cata-
lysts (1955) for which K. Ziegler (Germany) and
G. Natta (Italy) were jointly awarded the Nobel
Prize for Chemistry in 1963.

In the first process alkenes insert into the Al-C
bonds of monomeric AIR; at ~150° and 100 atm
to give long-chain derivatives whose composi-
tion can be closely controlled by the temperature,
pressure and contact time:

i (C2H4)XEI

CaHy nCaHy
Al-Ety = E,AICH,Et —> AI_(C2H4)yEl
(C2H4)ZEI

The reaction is thought to occur by repeated n2-
coordination of ethene molecules to Al followed
by migration of an alkyl group from Al to the
alkene carbon atom (see Scheme).

'Unbranchcd chains up to Cyy can be made, but
prime importance attaches to chains of 14-20C

75 i
K. ZiEGLER, Adv. Organometallic Chem. 6, 1-17 (1968)

Mum, Indium and

Thalllum Ch.

ID—— "

etc, -
. Scheme¢ / \ 4

atoms which are synthesized industrially in thig
way and then converted to uqbranched aliphatjc
alcohols for use in the synthesis of biodegradable

detergents:

i) Oz, (ii) H;;O+
Al(CH,CH2R)s 3RCH,CH,0H

Alternatively, thermolysis yields the terminal
alkene RCH:'CH2 Note that, if propene or
higher alkenes are used instead of ethene, then
only single insertion into Al-C occurs. This
has been commercially exploited in the catalytic
dimerization of propene (0 2-methylpentene-
1, which can then be cracked to isoprene
for the production of synthetic rubber (cis-14-

polyisoprene):

n Me
IMeCH=—CH, —» CH, :c<

Prn
cracking l —CH,

ol
rubber -(—pﬂ \

Even more important is the stereoregular cata-
lytic polymerization of ethene and other alkenes
to give high-density polyethene (“polythene”)
and other plastics. A typical Ziegler—Natta
catalyst can be made by mixing TiCls
ar_1[<]jl ALEts in heptane: partial reduction to
Ti" and alkyl transfer occur, and a brown
suspension forms which rapidly absorbs and
polymerizes ethene even at room temperature
and atmospheric pressure. Typical industrial
conditions are 50-150°C and 10 atm. Polyethen¢
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Jqueed b the surface of gy,

. : O cataly
74§ 08% covstalline and hay Malys|
¢ W™

\ A density
' { S cm 0 (compare " nf
105 - 09sgc pared with o density

\

lwl\'mcr 0"-’-’-1“""‘ Y the product i gify
gronger, has a igher resistance 10 mnc.‘micr.
W RASes and  liquids, and hag 4 h; hun
,{mcniﬂs tcn.mcmmrc (140-150°), p(‘flyclﬁcs:
is pmduccd m megatonne quantities ang used
mainly in the form of thin film for Pilcl(ag‘in
or as molded articles, containers ang bo(l|c§
clectrical insulu_lion is another major applicatioﬁ'
gtereoregular (isotactic) polypropene and man\;
copolymers of ethene are also manufactured
Much work has been done in an attempt u;
elucidate the chemical nature of the catalysts and
the mechanism of their action; the active site may
differ in detail from system to system but there
is now general agreement that polymerization is
initiated by n* coordination of ethene to the partly
alkylated lower-valent transition-metal atom (e.g.
Ti!) followed by migration of the attached alkyl
group from transition-metal to carbon (the Cossee
mechanism, see Scheme below)., An alternative
suggestion involves a metal-carbene species
generated by a-hydrogen transfer from carbon to
the transition metal.’®)

Coordination of the ethene or propene 0
T polarizes the C-C bond and allows
ready migration of the alkyl group with its
bonding electron-pair. This occurs as a concerted

1]

M. L. H. GRekN, Pure Appl. Chem. 50, 27-35 (1978).
K.J.Ivix, 1, J. RoONEY, C. D. STEwWART, M. L. H. GREEN
and R, MAHTAB, J. Chem. Soc., Chem. Commun., 604-6
(1978).

P e = N

s etk .
i - d7H.
CHy=Li

'LyMR + C;H4

"

Orgnnomnfamc compouncds

-a'vﬁ"""'w ~ o :M“'-“ ol
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process,

and transforms the 0 alkene ot o
bonded

alkyl group. A< much as | tonne of
polypropylene can be obtamned from as liatle as
5¢ Tiin the catalyst.

Finally, in this subsection, we mention 3
few recent examples of the use of wpecific
ligands to ahilize particular  coordination
geometries aboyt the organoaluminium atom (ses
also p. 256). f'\.l"rignn;ﬂ planar stereochemistry
has been achiéved in R,AICH.AIR. [R =
(Me;S1),CH-). which was prepared as colourless
crystals by reacting CH:(AICT ) with 4 moles
of LiCH(SiMey); in pentane ™" It is also
noteworthy that the bulky R groups permit
the isolation for the first time of a molecule
having the AICH Al grouping. by preventing the
dismutation which spontaneously occurs with the
Me an Et denvatives

5] -Cnu: lincar cation (:\l.\lc:l' has been stabn-

lized by use of crown ethers (p. 96). 7% For
example, 15-crown-5 gives overall pentagonal
bipyramidal 7-fold coordination around Al with
axial Me groups having Al - C 200pm and
angle Me~Al-Me 178" (see Fig. 7.19a). With
the larger ligand 18-crown-6, the Al atom s
bonded to only three of the six O atoms to give
unsymmetrical S-fold coordination with Al-C
193pm and angle Me-Al-Me 1417, Symmetn-
cal (square-pyramidal) S-coordinate Al s tound

TTag Lavk and W Unt, Polvhedron 9, 277-82 (1990)
MG G Borr, A Anasirolk, S D Momtey, DA
Araooo, C. M Miass, A W Conemanand | L Arwoon,
Angew. Chem. Int. Edn Engl 26, 485-6 (1947

. -

«h "L
A B
TN

-
. cob P

. (O] . -~ Y \

lﬁﬂn

™ )

etc, R LaM

, | O-ZCH,CHiR «—> LaMCH,CH:R
B =S LaMILE ~

Scheme
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262 Aluminium, Gallium, Indium a

(a)

Figure 7.19 (a) Structure of the cation i
coordination of Al with axia

nd Thalllum Ch, 7

(b) (c)

15-cr 0WH-5)]+[A1MCZC12]— showing pentagqnal bipyramida
'; ﬁ;hg:élgps. (b) Structure of [AIEtL] where L is the bis(deprotonated)

form of the macrocycle H,[C22H22N4l shown in (c).

in the complex [AIEtL] (Fig. 7.19b) formed
by reacting . AlEts in hexane solution with
H:[C33H22N4]. 1.e. HzL. shown in Fig. 7.]90.(79)
The average Al-N distance is 196.7 pm, Al-C
is 197.6pm (close to the value for the termi-
nal AlI-C in Al,Meg, p. 259) and the Al atom
is 57pm above the Ny plane. A further notable
feature is the great stability of the Al-C bond: the
compound can be recrystallized unchanged from
hydroxyllic or water-containing solvents and does
not decompose even when heated to 300°C in an
inert atmosphere.

Heterocyclic and cluster organoaluminium
compounds containing various sequences of
Al-N bonds are discussed on p. 265.

Organometallic compounds of Ga,
Inand TI

Organometallic compounds of Ga, In and Tl have

been less studied than their Al analogues. The
trialkyls do not dimerize and there is a general
tendency to diminishing thermal stability with
increasing atomic weight of M, There is also

VY. L. Goepken, H. 110 and T. IT10, J. Chem, Soc., Chem,
Commun., 1453-5 (1984).

a general decrease of chemical reactivity of the
M-C bond in the sequence Al>GaxIn>T,
and this is particularly noticeable for compounds
of the type RoaMX; indeed, Tl gives air-stable
non-hydrolysing ionic derivatives of the type
[TIR,]X, where X = halogen, CN, NO;, %504,
ete. For example, the ion [TIMe>]* is stable in
aqueous solution, and is linear like the isoelec-
tronic HgMe; and [PbMe;]**.

GaRj3 can be prepared by alkylating Ga with
HgR, or by the action of RMgBr or AlR; on
GaCl;. They are low-melting, mobile, flammable
liquids. The corresponding In and Tl compounds
are similar but tend to have higher mps and
bps; e.g.

Compound GaMe, InMes TIMe;
MP —16° 88.4° 38.5°
BP 56° 136° 147° (extrap)
Compound  GaEt, InEt, TIEt;
MP —82° - —63°
B}’ 143°  84°/12 mmHg  192° (extrap)

The triphenyl analogues are also monomeric in
solution but tend to associate into chain structures
in the crystalline state as a result of weak
intermolecular M-..C interactions: GaPhymp
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57,3.6
166" Phy mp 2087 TIPhy mp 1707, i Gu
and I compounds the  primary: Mo ponds
can be cleaved l‘): HX, Xy or MX, 10 givL-
ceactive hatogen-bridged dimers (Ry;MX),. This
contrasts with the unreactive ionie mmpm;mls u'I'
N mentioned above, which can be prcpmcd b

cuitable Grignard reactions; g

TIX; + 2RMgX — [TIR;1X + 2MgX,

As in the case of organoaluminium compounds
gnusual stereochemistries can be imposed bly'
cuitable design of ligands. Thus, reaction of
GaCly with 3,3".3"-nitrilotris(propylmagnesium
chloride), [N{(CH»)3MgCl}3], yields colourless

crystals of [Ga(CH,);N] in which intramolecular
N—Ga coordination stabilizes a planar trig-
onal monopyramidal geometry about Ga as
shown schematically in Fig. 7.20(a).®® Because
of steric constraints, the Ga-N distance of
209.5pm is about 7% longer than the sum of
the covalent radii (195 pm), although not so long
as in Me3GaNMe; (220 pm). Long bonds are
also a feature of the unique 6-coordinate com-
plex of InMe; with the heterocyclic triazine
ligand (PrNCH,);. The air-sensitive adduct,
[MesIn{n*-(PFNCH,)3}], can be prepared by

80 ScHUMANN,  U. HARTMANN,  A. DIETRICH _and
J. PICKARDT, Angew. Chem. Int. Edn. Engl. 27, 1077-8

(1988).

CH;

(b)

g ' .
(a) Structure of [Ga(CHg);N] showing

Ga and tetrah
dimensions. (¢) Structu

Figure 7.20

edral coordination about N
re of polymeric [In(n*-CsHs)).

0
raanometallic compounda i

direet reaction of the donor and acceptor in ether
solution, and is the first example of triden-
tate cyclotriazine complex; it 15 also the first
example of InMey accepting three lone pairs
of electrons rather than the more usual one
or two.®" The structure (Fig. 7.20b) features a
shallow InCy pyramid with C-In-C angles of
114°~117° and extremely acute N~In-N angles
(48.6°) associated with the long In-N bonds
(278 pm). The three Pr' groups are all in equa-
torial positions.

Cyclopentadienyl and arene complexes of Ga,
In and Tl have likewise attracted increasing
attention during the past decade and provide a
rich variety of structural types and of chemical
diversity. [Ga(CsHs)sl. prepared directly from
GaCl; and an excess of LiCsHs in Et;O,
was found to have simple trigonal planar
Ga bonded to three n'-CsHs groups. The
more elusive CsMes derivative was finally
prepared from GaCl; and an excess of the
more reactive NaCsMes in thf solution, or by
reduction of Ga(CsMes),Cli—, (n =1.2) with
sodium naphthalenide in thf.®? [Ga(CsMes)s]

81D C. BRADLEY, D. M. Frico, 1. S. HARDING.
M. B. HursTHOUSE and M. MOTEVALLL, J. Chem. Soc., Chem.
Commun.. 577-8 (1992).

82(). T. BEACHLEY and R. B. HALLOCK, Organometallics 6.
170-2 (1987).

M

CH»

(€)

trigonal planar monopyramidal 4-fold coordination about

. (b) Structure of [MeyIn{n'-(P'NCH2)3}] — see text for

—
.
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264 Aluminium, Gallium, Indium and Thalllum ch.,
. : 1 rings and Tl atoms simil;
is a colourless, sublimable, crystalline solid, ICSH(S)](:::E an atoms  similar 1oy, In
o - L X ak jomologuc.

Elgvlific,idand appears to be a very W€ Hexahapto (nS-aréney complexes of G -
s acid. It obtained from solutions o,

As distinct from the cyclopentadienyls of Ga'll, 1"1,3‘1: ?c S40) iy ETAI qo'l‘i,':;tOf the lowg,
those of In and TI involve the +1 oxidation ha lhe: l?z;vc surprisingly corln lex 'S' and somq
state of the metal and pentahapto bonding Of,[ ese . eneh s PICX structures (s
¢ With bulky ligands such as C¢Meg simple adducyg

of the ligand. [In(n’-CsHs)] is best prepared e Pt the cati |
by metathesis between LiCsHs and a 'slur;y Egséilll];z%::y \‘hl,mllcf-san((:i:/‘il::ll?’nZtgxigrfs?x;ﬁ)]+
of InCl in Et,0.®¥ It is monomeric in the : 6. Shown j
gas phase with a ‘half-sandwich’ structure, tl}e frlfi zg;(z;;(félgflceig?[G(;gl\r/:f]:ﬁ);L[[??ggl(gP \l‘?‘ga
In-Cs(centroid) distance being 232 pm, but 1n less bulky ligands such as mesitylenc (1,3115}1

the solid state it is a zig-zag polymer with ' hi ) ; :
significantly larger In-Cs(centroid) distances C6I_'I3Me?l)\;[? 26_ l(jsglcl:\/lleor)niiry l;g\(;ssxble to give
as shown in Fig. 7.20c.®¥ The crystalline cations F'n . 26“)3 alihzou ) funl}]m schemaj.
pentamethyl derivative, by contrast, is hexameric (f:riilr:: :l':e e:rgli.on' mz;y 2150 t‘i ceur ee; ll[%z?%n
t tahedral Ing cluster. each ». &8 nS.
SZZexfec?fuvrve}ficl?r;s (r))g-z::o(:)rdailnateg by CsMes.® C6H3M§3)21E_HEI"L] .dfe:dture[s p‘l)lyylenc helica]
5 - - chains in which bridging [p-n".n" nBry] units
c[::)l'(s:’alsc 555331 iﬁﬁéﬂfefnéilai Stsilt;ll‘:e: el»lv?t\;/ connect the cations as shown in Fig. 7.2]c.89
cyclopentadiene. In the gas phase the compound With still less bulky ligands such as benzene
. ' itself, discrete dimers can be formed as in the sg|-

; — , ‘ TI at

s oo il G e e g e comples, (G CUHIGaCL e
ihg P te P . This features tilted bis(arene)Ga! units linked

(microwave), whereas in the crystalline phase g .

h : hains of equispaced alternatin through bridging GaCls units to form the
ere are Zig-zag cliains of equisp & dimeric structure shown in Fig. 7.22a.%®) Mixed
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Figure 7.22  (a) Structure of the dimeric unit in the solvated complex [Ga(n®-CsHg);1(GaCls].3C¢Hs indicating the
principal dlmenSlO_nS; the six benzene molecules of solvation per dimer lie outside the coordination
spheres of the gal}lum atoms. (b) Structure of the ion-pair [Ga(n'®-[2.2.2] paracyclophanc)][GaBnI:
the four Ga-Br distances within the tetrahedral anion are in the range 230.5-233.3 pm, the distance

for Ga-Br, being 231.9 pm; the Ga!' ... Br, distance is 338.8 pm.

dilute toluene solutions of Ga,Cls and durene
(1,2,4,5-CsHoMes) - are cooled to (°, crys-
tals containing the centrosymmetric djmer
[(Ga(nP-dur)(1°-to)}GaClyl, are  obtained
The structure resembles that in Fig. 7.22a, with
each Ga' centre n®-bonded to one durene
molecule at 264 pm and one toluene molecule
at 304pm. These bent-sandwich moieties are
then linked into dimeric units via three of
the four Cl atoms of each of the two GaCl,
tetrahedra.

An even more remarkable structure emerges
for the monomeric complex of Ga;Bry with
the tris(arene) ligand [2.2.2]paracyclophane
(Fig. 7.22b):®9 the Gal centre is encapsulated
in a unique n'® environment which has no
parallels even in transition-metal coordination
chemistry. The Ga™ cation is almost equidistant
from the three ring centres (265pm) but is
displaced away from the ligand centre by 43 pm
towards the GaBrs~ counter anion. The complex
was prepared by dissolving the dimeric benzene
complex [{(C4Hg),Ga.GaBrs}),] (cf. Fig. 7.22a)
in benzene and adding the cyclophane.
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Al-N heterocycles and clusters

Finally, in this chapter, attention should be
drawn to a remarkable range of heterocyclic
and cluster organoaluminium compounds con-
taining various sequences of AI-N bonds®"
(cf. B-N compounds, p. 207). Thus the adduct
[AlMe3(NH;Me)] decomposes at 70°C with loss
of methane to give the cyclic amido trimers cis-
and trans-[Me;AINHMe]; (structures 2 and 3)

- and at 215° to give the oligomeric imido clus-

ter compounds (MeAINMe); (structure 6) and
(MeAINMe)g (structure 7), e.g.:

70°
21AIMe; + 2INH;Me —— 7(Me,AINHMe),

215°
3(MeAINMe),
CHy

Similar reactions lead to other oligomers
depending on the size of the R groups
and the conditions of the reaction, e.g.
cyclo-(Me;AINMe,)>  (structure 1) and the
imido-clusters  (PhAINPh)y, (HAINPr), or 6.
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