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The organometallic chemistry of aluminfum, gallfum, fndium and
thallium has been summarised in two Chemical Society Specialist Period-
ical Reports [1,2] covering the 1973 and 1974 literature. Further in-
formation and discussion has been given in the same volumes in chapters
on organometallic compounds containing metal-metal bonds [3], homo-
geneous catalysis 4], and diffraction studies [5]. Another survey has
been published in the M.T.P. Series [6] and an authoritative review on
unsaturated organoaluminfum compounds [7] has appeared.

The March and April (1975) Issues of Annalen, dedicated as a
memorial to Professor Karl Ziegler, contain several important papers
describing recent work on organocaluminium compounds; the April issue

concludes with an assessment {8] of Ziegler as a scientist and a person.
2, MOLECULAR STRUCTURE AND BONDING

The structure of a further anion in the series [AIXY:,]“ has been
described [9]. In caesium azidotrimethylaluminatql), made by slow
‘decomposition of the liquid benzene adduct, the anion has m-symmetry
with molecular parameters: Al-N, 197(1); N-N, 113(2), 121(2);
Al-C, 196(2), 199(1) pm; < Al-N-N 123.2(9)°.

Full details of the crystal structures of two compounds with both
aluminium and a transition metal have also been pubiished. In p-chloro-
1-fbis n5-cyclopentadienyl)zirconium (IV)]-2, 2-bis @lethylalumino)ethane @),
isolated from the reaction between bis(cyclopentadienyl)zirconium dichloride
and triethylaluminium, zirconium and aluminium atoms are bridged both
by chlorine and by a two-carbon fragment [10]. The second aluminium,

Al@), is in an unusual pendant position; however, the ZrC Q)C@JALQ)CI-
ring is ina chair form with a small ZrC 1)C@) angle. This brings C(1)
within 225 pm of the pendant ALQ) [cf. AI-C(bridge) in Al,Meg, 212 pm]
and C ) within 247 pm of Zr [cf. Zr-C(CsH;), 254 pm]. The AI-C1
distance is normal [cf. Al-Cl(bridge) in ALClg, 225 pm] but the Zr-Cl
distance is long [ef. Zr—Cl in (C;H;1LZrCl,, 230 pm].

At 1 =+
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In di-y~ ¢ricarbonyl-n®-cyclopentadienyltungsten-00' )bis~dimethylaluminium,
@), the molecules have slightly puckered twelve-membered rings, in which
carbonyl groups {C-0, 122@) pm] are linked through carbon to tungsten and
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through oxygen to alumintum [A1-Q,181(1) pm, Al~C,134¢) pm; C-Al-C,
123@1)%. The structure may be viewed as of the general type (Me,AlX), @)
with X = (C;H;)W(CO),. The ring Is easily broken by protonic species HX
X =Cl, OH, MeCOCHCOMe @acac)] giving the hydride (C;H;)W({CO)H and
the compounds (MexAlX)p, and by donors D (D = NMe;, OEt,), giving com-
plexes [{C;H;)W(COHAIMe,),D. Obe of the carbonyl groups may be re-
placed by a phosphine, e.g., PMe,Ph, PEt,Ph. It is interesting that the
corresponding gallium compound {(CgH;)W (CO), GaMe,)] appears to be
monomeric with a direct Ga~W bond f12].
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Bonding in organcaluminium compounds has been discussed ina
conference report [13]. Detailed information about energy levels has been
obtained from photoelectron spectra. Most of the compounds MepAlX,

(@ = 0-2; X =halogen) may be observed as both manomers [14] and dimers
[15]; Me;Al could be studied only as 2 monomer. The highest occupied
orbital in trimethylaluminium (IP 9.76 eV) is primarily Al-C bonding (e');
in Me,AlCl, Me,AlBr and Me,All the corresponding b, orbitals interact with
lone pairs of the halogens and in the chloride ¢ IP 10.25 eV) and bromide
(IP 9.90 eV) they are stabilised by inductive effects. For the dimeric
species (3), the predominantly halogen bridging orbitals ionise at higher

IP than the Al-halogen bonding orbitals in the monomers, inaccord with
decreased electron density at bridging halogen atoms. Spectra of both
monomeric and dimeric species have been discussed in detail, but complex

arguments, backed up by some ab initio SCFMO calculations, are involved

in assignments.

3. NMR STUDIES ON EXCHANGE REACTIONS

Rates cf exchange between bridge and terminal methyl groups of hexa-
methyldialuminium have been remeasured {16]; the results agree with those
of previous workers. Lifetimes of tolyl groups in bridge and terminal
positions of hexa—p-tolyl- and hexa-m-tolyl-dialuminium @), Ar =CgH,Me,
are independent of concentration, showing that the rate-determining step
in exchange is unimolecular activation of the dimer. The activation
energies are, however, much smalier than required for complete dis-
sociation, in spite of extensive evidence that, in mixed alkyl-aryl com-
pounds, aryl groups preferentially occupy bridge positions. This
suggests that only one bridge bond is broken in the =xchange process.

A‘: . / \ Ar /A'—\ s
) b — Nai Al—Ar
\Ar/ \Ar Ar/ \Ar

@
The species (Me,AlAr). @) X =Ar, and Me ALAr (5), are identified
in solutions containing both trimethylaluminium and tri-p-tolylaluminium.
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The rates of exchange of p-tolyl groups between (Me,AICH, Me), and
MesALC H,Me (5) are also consistent with 2 mechanism involving partial

dissociation pf p-toly! bridges in (Me,AIC H,Me), and reactions of the

partially dissociated species with trimethylalumininm.

Mg\ / \

Me \ / \‘\Ie

)

Ae

AICL
Me

(6)

Me N

Alcly

Ale

Me

NAMR spectra of the aluminium trichloriie-tetramethylcyclobutadiene

complex (6), at various temperatures [17], show that the AICl; group
migrates round the ring. probably via the intermediate (7).

In dimethyl-

sulphoxide, the complex (6) undergoes Diels-Alder reactions either with

tetramethylecyclobutane, to give (3),

benzene derivatives, e.g., (9).

{6) - MeC=ClNe —>

Me

Ale

(8)

or with dienophiles to give Dewar-

Ale

)

Me

+ CgMeg

With the ester Ph.C=C.CO.OR (R = menthyl), the complex (6) gave, after
hydrolysis, the acid (10) with 21% optical purity [18].
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Exchange processes are also referred to in references [103] and [105].
4. PREPARATIONS

Few papers deal with the preparation of new organcaluminium compounds
There is a useful summary of electrochemical methods in a more general
review [19], and patents [20-24] describe variations of well-established pre-
parative procedures. ‘The reaction between aluminium, chloromethane and
ethylene in the presence of Me,ALCl;, gives a mixture of RXAICH,CH,AIXR
and R,AICH,CHLAIX, R = Me, X = Cl),said to be polymerisation catalysts.
Corresponding bromides (R = Me, X = Br) and ethyl derivatives (R =Et,

X =Cl) have also been made, but no structural data. are given 23]).

Cyclopentadienyl derivatives Me,Al{C.H;) and Et,Al1(C;Hs) (11), have
been made from the chlorides and alkali metal derivatives M'C;H; [24].

R,MCl + M'CHy ——> R,MCgH; + M'Cl

(R=Meor Et; M=Al, Ga, orIn; M = Naor K

For the ethyl compound (1), much better yields are obtained with potassium
than with sodium cyclopentadienide. These compounds, and MeAl(C;H;),
have been described previously, but have not hitherto been well characterised.
The compound Me,A1(CsH;) is of Interest because a previous electron dif-
fraction study showed that the molecules in the vapour were monomeric with
very unsymmetrical 11 2-co~ordination of the cyclopentadienyl ring. An
attempt to throw more light on this result by ab initio MO calculations [25]

on the unsubstituted compound H,A1(CHs) has suggested that the equilibrium
conformation i{s with the AlH, group {n the symmetry plane. - The barrler to
rotatfon of the CsHs-ring is 9.9 kJ mol~! and that to exchange of H atoms
49.5 kJ mol™!.  Another interesting organcalumintum compound is formed
by reaction of dimethylaluminium chloride with the lithium salt of the ion
2,3-C,;BjH; [26]. The product Is too unstable for thorough study (in
solution, or in the liguid phase, dimethylaluminm hydride and the parent
carborane C,H;H; are formed) but the mass spectrum is consistent with the
formulation Me,AlC,B,H,. The structure (12) is probably similar to those of
derivatives with other metals, with a B-Al-B three-centre- two-electron bond.

- DTN SAD R AT UM s o veins o
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Pyrolysis at 100° C gives a compound which may be closo~CH,AIC, B,H, (13),
analogous to the known gallium compound.

Me
Al
CH™—CH /

HB—" | ——BH AR T N\
N | HB Ccl
H=BH ™ M IMe, \\ ///

BH

(12) (13

5. ALKYLATIONS, REACTIONS WITH HALIDES

The preparation of triethylgallium and triethylindium of high purity
for the semiconductor industry has been achieved from triethylaluminium
with low silicon content [27]. Very pure trimethylgallium has also been
obtained from gallium trichloride and trimethylaluminium [28). Phos-
phorus trichloride has been alkylated with the halides Me,AICI, MeAICl,
or Mec;ALCL in benzyl cyanide, to give dichloro(methyl)phosphine
MePCl, [29]. Transition metal halides also react smoothly with organo-
aluminium compounds to give good yields of alkyl or aryl derivatives.
This is illustrated by the preparation of cyclopentadienyldinitrosyl
derivatives of chromium, molybdenum and tungsten [30].

benzene
(C5Hs)M(N0)zcl+R-A1< ———> (CgH;)M(NO)RLR + Cl—Al(

M =Cr, Mo; R-AI{ =PhAl, MeAl, ELAL BujdlH: M =W, R-Al] =
MeyAl, PhAl)

With di-f{sobutylaluminium hydride, the isobutyl group rather than the
hydrogen is transferred to the transition metal. These preparations fail
with more reactive alkylating agents, such as RLi or RMgX, which pre-
sumably attack functional groups other than the chloro-ligand. Trimethyl-
alumin{um has also been used to make the highly explosive compounds
WMe,;, ReMe; and ReO,Mey from the corresponding halides [31].

References p. 336



Trialkynylaluminium compounds participate in a simple and con-
venient tertiary alkyl-alkynyl coupling, unaccompanied by the eliminations
side reactions initiated by alkynyl-lithium or ~magnesium com-
pounds. Dialkylalkynylaluminiums are unsatisfactory alkynylating re-
agents. Some yields are given in Table 1 [32]. The coupling is thought
to involvé carbocation intermediates, formed under -veakly basic con-
ditions where they are reasonably stable with respect to elimimation.

0°C
Table 1. Yields for RX + R'C=C);Al ——» RC=CR'

R X R' Solvent vield
@)
But Cl Bu" CH,CL, . 98
But ct cyclo-CgHy, (CH,Cl), 90
But ci CH,CL.CH,CH, (CH,Cl), 86
MeCH,C Me,- c1 BU (CH,C1) 95
1-adamantyl Br Ba" cH,ClL 96
1-methyleyclohexyl Cl Bu® CH,C1), -
pri 0S0:Me Bu® CH,CL 99
cyclopentyl 0SO,Me  Bu' CH,Cl, 60

Selective alkylation by trialkylaluminiums of chlorobromoalkanes has
been examined [33]. With t-butyl chloride-bromide mixtures and trimethyl-

aluminium, in chloromethane at ~70 to -50° C, the chloride Is methylated
first, but the bromide is also quickly attacked by the product,dimethyl-

aluminium chloride. With Me, CMeBr. CH;. CMeCl. Me, no monomethylated

product was isolated, possibly because {onisation of the bromine in the
intermediate Me.CMeBr. CH,.Bu' is facilitated by strain rellef. Selective
methylation is, however, achleved with Me.CMeBr.CH,.CH,.CMeCl. Mo
and 50% of the chlorine is substituted before loss of bromine is detected.

R N
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Triethylaluminium is more selective than trimethylaluminium, perhaps
because diethylaluminium chloride is 2 less good Lewis acid than the di-
methyl compound. These results have been exploited [34,35] for the pre-
paration of block and graft copolymers based on the Du Pont polymer Nordel
which has the structure (14) with x ca. 47.5%, v 49.5% and z 3. 0'%.

(«c C)x C C)y (o] i)z s
C -C=C-C
This material may be chlorinated and brominated with t-butyl hypochlorite
and hypobromite. which react preferentially at the allyl positions. Then
polystyrene may be grafted at chloro-substituted atoms, using diethyl-
aluminium chloride as initintor, and subsequently poly-c-methylstyrene or

polyisobutene may be grafted at the bromo-substituted positions,

Reactions between acid chlorides and aikyvialuminium dichlorides
RAICI, have also been studied. Besides the expected alkylations, re-
ductions are observed when R = Et [36] and Fricdel-Crafts reactions when

R = PhCH,CH, or CH;CHPh [37].
6. REACTIONS WITH CARBON-CARBON DOUBLE AND TRIPLE BONDS

A detailed study [38] of the direction of addition of organometallic
compounds to oct-l1-ene shows that, although Bu'Liand PriLi react regio-
selectively with addition of the metal to the C-1 atom, ButMgBr and ButaAl
react with addition of the metal mainly to the C-2 atom , giving, after
hydrolysis, the product (15). With tri-isopropylaluminium, the
ratio of products (15)/16) (R = Pri) is about 62438,

R::\l
Me(CHa)CH-CH, —~—> ne(cnz)sc“.ncngt + Me(CHg)S?HCH:AIRZ

AlR, R

H,O

Me(CHy)CH,CH,R + Me{CH;){CHCH,
15
(16)

References p. 336
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All the additions are complicated by side reactions involving elimination
of R,AlH or, for reactions with tri-isopropylaluminium, isomerisationto
n-propyl derivatives.

The products from addition of di-isobutylaluminium hydride to
penta-1,4-dlene isomerise above 140°C to yield, after hydrolysis, 2-
methylbutane [39].

. - i

CH . 2
P =CH, _ i /cn_. CHAIBu, BubA L /CHE-CHzAlBu__
C% ——> CH, ——> CH,

CH=CH, CH=CH, \cuz .CH,AIBu,

i
_C‘H\ /4 LAl

HO
CH;.CH, .CH(CH,).CH; «—

The reaction is thought to involve rearrangement of six-membered (17) to
five-membered (18) aluminium heterocycles. Similar isomerisations are
cbserved with substituted pentadienes e.g., H,C=C(CH,).CH,. CH=CH, —>
CH;.CH(CH,). CH(CH,). CHy; H,C=C (CH,).CH,.C (CHy)=<CH, —>
CH,CH(CH;)C {CH;)% -CH;; H,C=CH.C (CH;),. CH=CH,~>CH,.CH,.CH. CH,
H(CHya

The role of --complexes in the carbometallation of alkynes by boron
and aluminfum alkyls has been reviewed [40]. For a series of alkynes
PhC=CX the relative rate constants for hydroalumination are (X=) Ph,1;

Me, 1.16; H, 11.8; SEt, 24.6; But, 27.8; AlPh,, 185; SiMey, 431;

NMe,, 19000. Consideration of data for a wide range of reactions, together
with the nature of the products and regiospecificity, leads to the conclusion
that the rate-determining step is electrophilic attack of the aluminfum

-t
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hydride to give a transition state approximating to a 7complex. This
collapses rapidly to the cis- adduct {41]. Addition of di-isobutylaiuminium
hydi-ide to trimethyl{phenylethynyl)silane, (19) E =Si, yields the trans-
adduct (20), in contrast to addition to the alkyne (19) E =C, which gives

the cis- adduct (21, X =CDMe,).

. i
Bulz AlH Ph\ /AlBuz Ph\ /X
PhC=CEMe; —> /c=c C=C
i 7\
H SiMe; Bu.Aal H
a9 20 1)

The kinetic order is one in alkynylsilane and one third in hydride [42],

and activation parameters and kinetic deuterium isotope efiects can be
explained by assuming that the rate-determining step is cis-hydroalumina-
tion followed by rapid cis — trans {somerisation. It is not necessary to
assume any gr—gw eiectroni.c effects in the hydroalumination step, but these
may well be important in lowering the C-C bond order during the sub-

sequent rapid isomerisation.

In kinetic studies of this kind it is found that the reaction is slowed
by formation of complexes between the alkenylaluminium products such
as 20) or 1) and unreacted di-isobutylaluminium hydride. Further in-
sight into these complexes has been obtained from kinetic studies of the
reactions between dec-5-yne and 1:1 mixtures of alkenyl@dialkyl) com-
pounds @€2) and di-isobutylaluminium hydride.

Noee”
VRN

H AlBu’
22)

When R = n-C,H,, the reaction is first~order in decyne and half-order in
aluminium hydride. Variable temperature NMR measurements show

that the compound (22), R = But, forms several structurally distinct
dimers, and that these Interact with di-isobutylaluminium hydride to give
a serles of dimeric or trimeric complexes. The situation is further com-
plicated, since, at the temperatures used for hydroaluminations, these

References p. 336
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complexes are in equilibrium with tri-isobutylaluminium formed by alkyl
group exchange. Alkenyldiaikyl)aluminium species must be intermediates
in the second stage of hydroalumination of alkynes and so much detailed
knowledge is required before the reaction is understood.

Di-isobutylaluminium hydride reacts with dimethyl (phenylethynyl)-
amine @23) to give the trans- product 24) and the compound (25) by

reductive dimerisation [44].

Ph H

s AN d

i Ph H Ph C=C
Bu,AlH N 7 \ Ve N

PhC=CNMe, ——> /C =C + /C =C\ Nile,
[} - -
0-25°C Bule 1 \\‘Mez Bule 1 NMe,
23) 24) 25)

In the presence of N-methylpyrrolidine, hydroalumination is slowed,
production of @25) is suppressed,and the formation of an initial cis-
adduct 21, X = NMe,) may be detected by NMR. Hydroalumination of
ethyl (phenylethynyl)sulphide gives cis- products in which the BuizA!

is attached to the Ph-substituted and the S-substituted vinyl carbon atoms
in the ratio 17:83. Hydroalumination of 1-ethoxyhex-1-yne C;HC=COEt
gives mainly the cis- adduct with BuizAl a to the butyl group, but di-
isobutylaluminium hydride reacts with PhC=CLi and PhC=CAlPh, to give
products with R,Al 8 to the phenyl group. Hydroalumination of alkynes
PhC=CX X =Br, Cl, SEt, OEt) yields also the alkyne PhC=CH, probably
by elimination of compounds BuziAl.X from trans- adducts,

m X SN
PhC=CX ——> ~C=C —_— c=C
Bu\Al Ny Babar”

!

PhC=CH + BubAIX

Evidence for m-interaction between ethylene and aluminium atoms
has been obtained from ESR measurements on matrix-isolated specles [45).
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In reactions between dialkylaluminium hydrides R';AlH and terminal
alkynes RC=CH, metallation, giving products RC=CAIR'y,may compete with
addition, It has been stated in a conference report [46] that the rate of
metallation of alkynes RC=CH by hydrides MAIH, (M= Li, Na, K) in ether in-
creases for the series Li —> K. The addition of L:.Al_dué H to PhC=CH
in the presence of Nifacac), gives a 70% yield of PhC (:CHz)AlBui-_,.

Reactions between styrene derivatives and organcaluminium compounds

are complicated by side reactions [47].
7. REACTIONS WITH CARBONYL COMPOUNDS

Sections on aluminium compounds are included in reviews on the
reactions of organometallic compounds with carbon dioxide [4S] and on
the stereochemistry of addition of organometallic compounds to ketones
(49l

There is continued interest in the mechanism of addition of organo-
aluminium compounds to carbonyl functions. It has commonly been
assumed that this involves intermediates such as 23) or (24). However, if
the formation of the new C-C bond and the breaking of the AI-C bond are
synchronous, the configuration of a chiral group R should be retained in
the addition.

R
R-AT] R/ R
RJ\. ={’(:) R!.‘. — :Am
Rf RZ/C§O”
@3) ' e1)

Optically active organcaluminium compounds, of known configuration,

may be made by hydroalumimtion of indene derivatives, as described

last year, and the reaction of the derivative @5) with 9-fluorenone leads,
after hydrolysis, to the adduct 26) with complete loss of configuratlon {50].
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(25) ° AlR,

OEt,
i 1)(CD,»LCO
Bu IMI’{/EtIO Q)Hcl
Me e
Py

H D

en

With deuwteroacetone, addition is insignificant, and in the predominant
enolisation, the aluminium substituent in the ring is replaced by deuterium
with complete retention of configuration giving only the trans-2,3-dideuterio—
derivative €7). Thus, neither co-ordination of aluminium by the carbonyl
oxygen, nor enolisation leads to loss of configuration. It is suggested that
addition of organcaluminium compounds to carbonyl groups involves car-
benium intermediates @8), which decompose stereospecifically with hydrogen
transfer, or non-stereospecifically to insertion products. Acemphthylene
derivatives, e.g. 29), at low temperatures, may give allyl rearrangement
products [(30), R.CO = S-fluorenone].

R! Rt R!
i~ }
RIAIRY, + R%,CO —> RL,E0-AIR, —> RL,C-0AIRL, —> R%,COAIRY,
(28)

H
~18°C PP mom
R,

—_—
QRCORH"

NP RE

vt se 4
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Work on additions of organceluminfum compounds to cyclic ketones
has continued with experiments involving addition of one aluminium alkyl,
AIR';, to the ketone complex R,CQAIR?, of another (R? = Me, Ph, Cl) [51].
With triethylaluminium and the trimethylaluminium complex (30), the
products show ethylation, methylation, aad reductlon processes, suggesting

OH Me
—0AlMe,
Me
t OH
Qo) 1) a2)

that alkyl group exchange reactions are faster than addition across the
>C=Obond. As inthe work described in the last two surveys, at Al:
ketone ratios less than 1:1, predominant attack is from the equatorial
side to give the axial alcohol (31) and with excess aluminium the pre-
ferred attack is from the more hindered side to give the equatorial
alcohol @2). Ethyl groups are transferred faster than methyl with
Al:ketone ratios < 1 and methyl groups faster than ethyl when Al:ketone
Is > 1. The ratios of axial to equatorial alcohols are not very different
for the various aluminium compounds studied. Reduction is more im-
portant for reaction with triethylaluminium than for reaction with
Me,Al/Et;Al mixtures, and is also enhanced by election-withdrawing
groups, e.g., Cl,on aluminfum.

As described last year, asymmetric reductions of carbonyl com-
pounds may be achieved by chiral organocaluminium compounds with c—
hydrogen atoms. Between 0 and -60° C, over 90% conversion of alkyl
phenyl ketones to the reduced products 33) may be achieved, without
addition or enolisation, by reaction with tris[{S)2-methylbutyljaluminium
and tris{S)2-methylbutyllalumintum diethyl etherate [52].

R Me R /we
\: i N\
=0 +Al(-CH,p~CaEt)—> /CHOH +CH,=C
Ph i § pPh t
33)

References p. 336
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The temperature dependence of the stereoselectivity may be explained
in terms of enthalpy and entropy effects in the diastereomeric transition
state.

The 1,4~ addition of an organoaluminium compound to an a, 5-

unsaturated ketone has been described as part of a 'one pot' synthesis of
alkyne derivatives {53].

BuLi BuBr EBAICI
MeC=CH — LiCH,C=CLi —> BuCH,C=CLi ——>»BuCH,C=CAIEY,
TMEDA hexane

PhCOCH:CHPh
——————Bu.CH,.C=C.CHPh.CH:CPh. QAIEt,

H,0
—>BrCH,C=C.CHPh.CH,COPh

Further examples of nickel-catalysed addition of trimethylaluminium
to carbonyl compounds have been described [54]. Whereas 1, 3-diphenyl-
prop~2-en-1-one (34) is converted by trimethylaluminium in benzene to
the 1,2- adduct which may be hydrolysed to the alcohol (35), reaction with
M_e;Al/Ni(acac)z in ether gives the product of 1,4- addition (36).

(i) Me,Al ()Me Al/Ni@cac),
PhCH-CH-CMePh «<—— PhCH=CHCOPh —————————3 PhCHMeCH,COPh
- CH, Et,O
(ii) H,O (ii) H,O
35) 34) (36)

Products formed from a variety of cyclic a, 8-unsaturated ketones have been
documented and the results have been interpreted in terms of T-allyl (methyl)-
nickel intermediates. The application of the reaction in steroid chemistry

is indicated by the conversion of (37) to (38) [55]. R
Me Me
Ale : Me
MejAl/Ni@cac),
—_——
Z @n @8)
Me

[R =CBH17' CmEt, COOLIel
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Nickel-catalysed conjugate addition of trimethylaluminium to cyclopropyl
ketones gives the open-chain compounds 39), R = Ph, 4-MeOC_H,, 4
CICH,, 3,4-Me,CH,, in 50% yield. Lower yields are reported when

R =4-BrC.H, (10%) or cyclopropyl (30%) [55].

Me,Al/Nifcac),
R—CO-<l > RCO(CH,);Me
ether

39)
The possible biological activity of 2, 6-diethoxyxanthen derivatives has

prompted an investigation of the reaction between the ketone (40) and
trimethylaluminium. Only a small amount of the gem-gimethyl derivative
@1), R = Me is obtained. The major product is the olefin 42); the
reiction is autocatalytic and care must be taken to keep it under control [56].
The gem-diethyl derivative, (41) R =Et, is obtained in 29% yield from the
xanthone (40) and triethylaluminium; and the unsubstituted compound, (41)

t EtO . OEt

“0) “2)

I{R
EtO ‘ O O OEt

(41)

R =H, may be made In 75% yield by reduction, first with di-isobutylaluminium
hydride, and then with excess tri-Iscbutylaluminium. Xanth-9-one itself @3),
with trimethylaluminium, gives the gem-dimethyi derivative (4), so that the

L

3) @4)
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formation of the olefin (42) must result from the two ethoxy-substituents in the
ketone 40).

There s a good deal of current interest in development of synthetic methods,

with carefully controlled stereochemistry, for prostaglandins (13). As part of a
study of possibleuses of organocaluminium compounds, it has been found that the
epoxide ring opening of 3,4-epoxycyclopentene with diethylhex-1-ynylaluminium,
generated in situ from butyl-lithfum, hex-1-yne and diethylaluminium chloride,
depends on the solvent [57]. In THF-toluene, the main product is the desired
alcohol @6). Intoluene, however, the main product is the tertiary alcohol (47);
in the absence of ether the grganoalumlnium compound causes rearrangement

to the ketone @8), which is attacked further. -

Et,Alc=CBu @\R " @\ - D\
T!ﬂi‘/toluene . OH R OH

R
t
EtAIC=CBu- @e) 5% % 8%
toluene
o, _.-®
n
—_— R =C=CBu
R"
© HO R OH
(48) @an €5)

The reaction between organocaluminium compounds and carboxylic acid
anhydrides is a convenlent route to ketenes. Yields may be increased from
9-43% to 70-80%, by addition of tertiary amines so that the aluminium com-
pound is present as a donor acceptor complex [58].

(R EYI W
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?l’e ]na
c=0 C=0 MeCO. GAl==<
Ve Bu,AINBu, e
o S E— o) k;\Al< — +
_ s}
\c=o 125-130°C \C_(Oy cH,-cO
do &,

- =

With lactones, organoaluminium compounds give adducts which may be
hydrolysed to unsaturated carboxylic acids. Products from reactions of
butanolides with dimethyl- and diethyl-aluminium chlorides have been esti-
mated by ozonolysis [59], (Table 2).

(L)R3AICI
RICH, ———>RicH RICH,_|| 1:
. @)H,0 OOH OCH
R‘C!{z RZCI_LL IeCH:
“8) “9)
R'CH, R'CH, | RICH,
. Z COOH COOH COOH
R°CH R’CH, R’CH, R?
50) G1) 52)
RICH, |~
Table 2 Yields (%) from Reaction between Et,AIC] and N
R®CH, o~ ~O
R R “8) @9) (50) (1) (52)
R® = Et
H Me 1 20 64 5 10
Me Me 80 10 0 5 5
H C:H,; 13 17 55 5 10
Me C;H,, 58 18 14 5 5
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Several patents have described Insertion reactions of 1-isobutyl-3-methyl-
aluminiacyclopent-3-ene (53); the products (54) and (55) may be hydrolysed
to give alkenols (XY =Et,CO) [60], alkenones (XY = PhCN) [61] [product (5%)

onlyl, or alkenoic acids (XY =CO») [62].

H Ae
e HzC=({3 H2c=?
XY . hy! \ + H \
\u-/ 1/Y v
1 L}
Bu

I g
Bu
G3) (54) ®3)

Reactions of allylaluminium compounds with various carbonyl derivatives
_have been investigated as part of a wider survey of organometallic com-
pounds of electropositive elements {63-64]. The products often involve
rearrangements. Thus ethyl chloroacetate with (EtCH=CHCH,),Al,Br; gives,
after hydrolysis, a 87% yield of the chlorohydrin CICH,C (OH)[CHEt-CH=CHi, ),
and the arylaldoxime O-ester Ph-CH=NOEt with (CH,=C HC Hy);Al,Br; gives

PhNH-CH(C H,-CH=CH,), by a Beckmann rearrangement,
8. REACTIONS WITH ORGANIC NITROGEN DERIVATIVES
Interconversion of cis- and trans-isomers (56) (67) of the dimer

(Me,AINMePh), has been observed by NMR. At room temperature the
equilibrium ratio of cis-:trans- is about 5.0 in dichloromethane and a plot

of the ratio against 1/'1‘ gives AH=4.47% 0,09 kI mol™}, AS =1.74 = 0.48J
K mol"l. The rate of interconversion is accelerated by bases such as
4-methyl-pyridine or THF, which cause the 'H NMR signal due to the

Me Ph MeN/Ph

/\ W O\

\/\er ’\/\Me
\

\Ph Ph’ Me

(56) o7

separate Isomers to collapse [65]. The interconversion probably involves



ring-opening, followed by rotation about Al-N bonds. The compound
Me,AINEtCH,CH,NMe, made from trimethylaluminium and N-dimethyl-N'-
ethylethylenediamine, is monomerie (58) in benzene and toluene, and, at
room temperature, in cyclopentane. As the cyclopentane solution is
cooled or concentrated, however, new bands,ascribed to the dimer,
appear in the NMR spectrum [66]. The diamine is displaced by dimethyl-

amine with formation of the compound (Me,AlNMe,),.

Et Et NMe,
Ny Ne
A . AN
2 Me,Al ———— Me,Al AlMe,
x_ ./
N N\
Me, /_/ Et
(58) Nile,

Reactions between organoaluminium compounds and cyanides are
described in several papers. Methylaluminium dichloride and benzyl

cyanide in molea1lar proportions 1:1 at 135° C give only smz-ill amounts

H,0
PRCH,CN + MeAlCl, —> PACH,C=NAIC, ——> PhCH,COMe
Me minor product
PhCH,CN 9) 60)
NAICL
PhCH,C=N-AICl, phcng\ |
Ph-CH-C=N Yo e Ny
@) PhCH Ic, + H| i
\C=N/ /C~\ C\
P Ng PhCH, N\
l H,0 BhCH : v cmen
C=N (62) ©3)
Ph-CH,-C=0 H,0
lmo
Ph-CH-C=N IiTHe
PhCH,
AN Ph N
P \c/ N
PhC H
e[ /L 1"!\
- /
PhCH Ny  PeCH] \ CH,Ph
=N
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of the adduct (9) which may be hydrolysed to the ketone (60); the major
reaction involves elimination of methane [67]. With an excess of the
cyanide it is possible to isolate the dimer (61) or trimers (62) and (63).

In the presence of bis(N-methylsalicylaldimine)nickel, tri-isobutylaluminium
reduces t-butyl cyanide to the aldehyde Bu'CHO; only poor conversions are
obtained at 67° C in the absence of catalyst. With phenyl cyanide the un-
catalysed reaction gives exclusively reduction to aldehyde, but the nickel-
catalysed reaction gives about equal amounts of the aldehyde PhCHO and the
ketone addition product PhCOCH,CHMe, [68].

Dialkylaluminium hydrides react with cyanides to give dialkylaluminium-

alkylidenamides (61).

t 3 T
R ya H,C=PPh; TN
CH-CH=N-AI ———>  C-CH-CH=PPh,
R'Z \R-l RZ
(64) (65)
Rr3
+ Al
gt

These react with methylene triphenyl)phosphorane in ether to give ylides (65)
which may be crystallised at ~78° C and thus separated from the dialkyl-
aluminfum amides [69]. A wide range of ylides RCH=CH-CH=PPh; has

been prepared and characterised. Where R = Me, Et, Pr, Bu", i-CHy,,
n-C:H;,, n-CH;5, n-CgHy ;. n-CyHyy, the products are predominantly in the efs-
form (65a) and where R =But, Ph, the main products are trans- (65b).

H H =
\c=c/H \c=c/ S
AN VAN

R CH=PFPh, R H

65a) (65b)

Reactions between di-isobutylaluminfum hydride and isocyanides have
also been studied [70]. The products are shown to be associated to dimers
both in the vapour (by mass spectra) and in solution by cryoscopic measure-
ments), and an unpublished X-ray study of cyclohexyliminomethyl di~iscbutyl)-
aluminfum (66) shows that the molecules contain sb_:-membered rings.
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E yelo~-C Hy,
\
C=
i .7 i
Bu,AlH + cyclo-C.H NC ——) Bu,Al /‘AlBuz
\N=C
RN
eyclo-C H;; H

(66}

Peaks in the IR and Raman spectra of the compound [{Me,AICN),]}
bave been assligned by comparison with analogous gallium and Indium com-
pounds and with the isoelectronic anion [(Me,MgCN),1*~ [71]. Mass spectra
have also been reported. The reaction between the compounds [(Me,AlN;)4]
and tetramethylammonium azide yields salts [Me;N][Me.Al@MN,)] (67}, which
form complexes [Me,NI{Me,Al1(N;)» A 1Mes),] {(68), n =1,2] [2]. With di-
methylmagnesium, the salt (67) gives a compound [Me,N][Me,A 1@} MgMe,]
with an anion (69) isoelectronic with [(Me.AlN;),]. Compounds [(Me,EN,~
C H;) (JIN.C H; =2-methylimidazolyl, E =B, Al, Ga, In] kave been des-
cribed, but the aluminium derivative, the only one of the series to react
with air, has been incompletely characterised [73, 74].

aT Me

|
(8] N
2 Mgiiz, R,Al 1R,
\wl\ ~ \NID )
te

N
1]
L N -

(69) 70

Z—-Z=2

The oxamlide derivatives {(70) R = Me, Et] are obtained from alkyls AIR,
and N, N'-dimethyloxamide [75]. The vibrational spectra indicate an almost
planar Al,O,C, K, skeleton with S, symmetry.

Solutions of the stable free radical (71) are decolourised by alkyl-
aluminium compounds and the products detected after hydrolysis suggest
that alkyl radicals are expelled by homolytic substitution. The radical (71)
may be regenerated by atmospheric axidation {76l
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Ph Ph
N” n* 7 “Wairx
R
N N
Pb/ ~7 \Ph Pb/ \/N\Pb
(71)
H* (1)
i
[R =X =Et; R=X=Bu; oh Ph
R =Et, X =Cl] /[
~
N)\NH T./ NR
| ) |
N /n\/x\
o’ ~ “pn pn Ph

9. ORGANOALUMINIUM ALKOXIDES AND REILATED COMPOUNDS

Organometallic peroxides have been reviewed [77]. Oxidation of dialkyl-

aluminium chlorides at 12-125°% C in decane has been studled in 2 circulating
system in which the partial pressure of oxygen is kept constant {78]. The
rate Iaw,

Rate =p(03{ y[R,AICH + KREOALCH],

is consistent with 2 mechanism involving peroxide and alkoxide intermediates.

K K
RAICI + O, —> RROOAICI —> ®ROLAICL

k3
RROOCJAICI + RAICI - 2RRO)AICL

REROJAICY + O, i} ROO) ROMAIC
The rates of oxidation of compounds R(ROJAIC], made independently, agree
with thos-e dertved from oxidation of R,AICI. Dialkylalumintum bromides
are oxidised faster than chlorides. Rates of oxidatfon are also accelerated
bv addition of titanium (IV) chloride, which, of course, reacts with alkyl-
aluminium compounds to give Tim species. In a.nothér investigation, iso-
meric di-isobutylaluminium n-hexanolates R,AlO(C Hp)3-nCH=CH(CH,),CH;
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were treated with oxygen and acetic anhydride. Besides the expected
hexenol acetates, hexanetriol acetates were isolated. These are considered
to be formed from epoxides derived from organoaluminium peroxides [79].
Di-2, 6-t-butyl-4-methylphenoxyaluminium compounds RLAL(OR?),
R!AI(ORY), [R! = Me, Bu'; R? = C,H,Bu',Me (72)] obtained from the trialkyls
and the phenols are monomeric in benzene, unlike associated alkoxides with

smaller alkoxy- groups, and very sensitive towards oxygen [80].
t
Bu

j t

Bu
Dimethylaluminium chloride reacts with leadl) oxide to give (besides
tetramethyl-lead, lead(Il) chloride and metallic lead) a substance with
composition Me;CIALO. CEt, [S1]. This is monomeric in benzene when

freshly prepared, but becomes associated on standing; various oxygen-

bridged structures have been proposed.

The preparation of aluminoxvanes by hydrolysis of organcaluminium
compounds is made difficult by the strongly exothermic reaction. Copper )
sulphate pentahydrate, suspended in benzene, has been used as 2 controlled
source of water for hydrolysis [82]. Alkyls R;Al R =Et, Bui) give com~
pounds R.AIOAIR, and chlorides R,AICI (R = Et, Bu’) give RCIAIQAIRCI.
Ethylaluminium dichloride gives a 6§0:10 mixture of CLAIOAICL, and
EtCIAIQAICIEt. Rates of hydrolysis decrease in the series RAICL, >
R.AICI > R,AlL

Alkoxides Et,AIOR! ®' = CMePh,, CMe,Ph, CMePhH, CH.Ph, CPh,H)
decompose in sealed ampoules at 150-210°C [83]. Where there s at least
one methyl group in the substituent R!, the main product is the olefin formed
by loss of hydrogen. It is assumed that the other product is Et,A10H which
reacts with more alkoxide. Tbhe compound Et,AI1OCH,Ph, decomposes
preferentially at the Al-ethyl groups, leaving the OCH, Ph group intact.
EL,AIOCHPY, gives mainly aromatic hydrocarbons, e.g.. Ph,CHEt and Ph,CH,.

Several miscellaneous studies involving organcaluminium compounds
and alcohols are mentioned briefly. The reactions between R,Al R = Bul.

Ph) and diphenylglyoxime have been studfed [84]). Trimethyl aluminium reacts
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with the dimethylarsinous acid derivative Me,AsO(CH,),OH to give an in-
soluble polymer [85]. Reactions between organcaluminium compounds and
anthranilic acid give materials said to be useful as anti-inflammatants [86].
Aluminium chloride alcoholates react with sodium cyclopentadienide in THF,
to give brown molsture-sensitive complexes C;H;AICL,3ROH [87].

10. SULPHUR AND PHOSPHORUS DERIVATIVES

In the reaction between hydrogen sulphide and an excess of triethyl-
aluminium, the initial product seems to be EtA1S (73) which then reacts with
more triethylaluminium to give the product (Et,Al),S [88]. The sulphide (73)
is insoluble in hydrocarbons, but gives soluble adducts EtAIS, 2D with doncrs
D such as pyridine. The sulphur may be displaced from the aiuminium
compound by treatment with amides.

EAIS); + RCONMe, ——3 (EtAlO), + RCSNMe,
(13)
R =H, Me, Ph]
The driving force for this reaction presumably comes from the strong affinity
between aluminium and oxygen. The compounds (Me,AIPR,), have been made
from dialkyl {rimethylsilyl)phosphines and dimethylaluminium hydride [89].
The values of the molecular complexities n, from cryoscopic data, (@ =
4 for R = Me; n =2 for R =Et), differ from those obtained previously
(@ =3 for both compounds) [90]; the source of these discrepancies is not

clear.
11. DONOR-ACCEPTOR COMPIEXES

Diethyl ether and trimethylamine complexes of tris (pentafluoropheny?)-
aluminium have been described {91]. The dissociation of complexes Et,Al,D
has been studled by plotting NMR chemfical shifts against concentratfons in
chlorobenzene [92]. Not surprisingly, the stability of the complexes falls
in the serfes (D=) NEt; > THF > OEt, > SEt,.

Disproportionation of ethylaluminium dichloride is induced by diphenyl-
ether.

2EtAIC, + PhO ——  ERAICL + PhO,AlCkL
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This reaction proceeds best in paraffin hydrocarbons, from which the aluminium
trichloride adduct is precipitated. The adduct Ph,O, Al1EtCl, may be made in
benzene or by mixing together the components without solvent [93]. Similar
disproportionations may be effected hy dimethylsulphoxide (DMSO) [94].

Thus a 1:1 mixture of diethylaluminium chloride and DMSO gives an adduct
DMSO,AIEt,Cl.  With an excess of DMSO, however, the products are com-
plexes of triethylaluminium and aluminfum trichloride.

3DMSO,AIEt,CL + SDMSO —> AICL (DMSO); + 2DMSQAIEL,

Ethylaluminium dichloride with a deficiency of DMSO gives the sesquichloride
and the complex DMSO,AICL,.

2EtAICL, + DMSO ——> AICLDMSO ~Et,ALCL
With an excess of DMSQ reactions are more complex; only [AICl; (D MSO),]

is identified with certainty among the products.

Enthalpy changes associated with reactions between triethylaluminium
and a series of donors (bipyridyl, pyridine, Et.O, Bu,O, PhOMe, Phy0) in
hydrocarbon solvents, have been measured [95]. The similarity between
the pyridine complex and 1:1 pyridyl complex (74), suggests that the alu-

minium is four-co-ordinate in both.

AIEL, O\:Au-:t,J

OJ oy

(75)

The enthalpy change for formation of the 1:2 complex ("5) from the 1:1
complex (74) is consistent with the experimental observation that the 1:2
complex cannot be made in diethyl ether or benzene. The shift in equilibrium
when (75) is precipitated from paraffin hydrocarbons is, however, sufficient
to permit its formation In the presence of bases such &s a.n!solg or even
dibutyl ether.
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The coupling constants 2J (Pt~H) in complexes 4 PL(PEL,),CN]— I
has been suggested [96] as 2 measure of the acceptor strength of the Lewis
acid L. On this basis, trimethylaluminium is a weak acceptor, comparable

with triphenyl borate B(OPh);.

12, BIMETALLIC COMPOUNDS

The reaction of alkaline earth metals with organomercury compounds
in the presence of organcaluminium compounds constitutes a general route
to compounds MAIRL,R?). (M =Ca, Sr, Ba; R',R® =alkyl or aryl).

M + HgR?,, + 2AIRY, — > M@AIRLR?), + Hg

The best solvent is xylene or heptane; if amines or ethers are used, donor
molecules are incorporated in the products {97]. More details of the
reactions of alkaline earth tetraethylaluminates with halogens (—>EtX +
AlEt; + MX;) and with aluminium halides ( —-AlEt; + MX;) have been pub-
lished [98]. Calcium bis(tetraethylaluminate) reacts with indene at 50-150°C
with liberation of ethane, giving the complex Ca[CgH;AlEt;}{AlEt} which
loses triethylaluminium during distillation in vacuum {99]. Aluminium
alkyls react with Grignard reagents to give soluble products with Mg/Al
1-20 [100}. These are thought to have the structures R,AL(R,Mg),-
R,AIR, with electron deficlent bridges such as those in trimethylaluminium
and dimethylmagnesium. Alkyl group exchange between aluminium and
magnesium is shown by NMR.

Organometallic compounds containing both aluminfum and transition
metals have, of course, been studied extensively as catalytic systems, but
surprisingly little is known about the bonding between the two metals. Tri-
benzylaluminium and tetrabenzyltitanium in benzene react with elimination
of toluene to give a mixture which is a catalyst for a~olefin polymerisation
[101}. Formatlon of species (76) and (77) in which titanium and aluminfum
are linked by carbon atoms may be detected,after hydrolysis with deutero-
methanol, by mass spectroscopy.

R,AICH,Ph R;AICH,Ph
R,TiCH,Ph —————3 R,TICHPhAIR, ——————[R,TIC({Ph)AIR,),]
~PhMe -PhMe

(76) an
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EtAl EtAl
Cp,ZrClL = Cp,2rCIEt &T—— CpZrEt,
EtAl - @ EtAICI
/ \ z Cp = 7'CgH;
Et /Cl p Et Cl Cp
~N 7 N 7
>Al\ xé;:t >A1 zrEt
Et et cp e’ ol Cp
1
/:m Xl:ftl{ _%EtH
Cp Cl Cp Cp Ci
! N PN
CI-Zr-CH.CH.AIEt, EGLAL /Zr—CHzCH-_,—Zr AlEL,
J:p (82) Et Cp &p\Et
l -EtH THF
+EAl , V7
c AlEt, C C ClL C Cp Cl
Co = Cp CP rHF P Cp lp/\
Cl-Zr-CH,CH Cl- Zr-CH,~CH,—~ZrCl «#— ELA}Y \?r-CﬂccﬂleI‘\ AlEt,
i ! i
Cp 4, AlEt, Cp Cp CI' cp Cp CI
(81) (80)
EtAl
Cp /AlEb_. EtAl ?p AlEt,
Ez&r-CHZCP\ _— Et_.Al—CHzCH?_?r-Cﬂz—CH
(I:p AlIEt, ~EtH- Cp AIEt,
(83) (84)
EtAL
Fr Rt -EtH
EtAl Al-cn-}\l AlEt,
- ~N - ~N -
CR | c
Ne N
CH; z EtAl Cp AIEt,
- \ ! /
(CprZr P r{Cp)» }:H—Cﬂz-er-CHzCH
N
CI-K ﬁCHz ELAL Cp AlEt,
C“Z\ Me CHAIEL  prar 5)
Al—(!IH- 1
-EtH
t Et
[R = Hor AlEt:] (86)
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Reduction to Tim species may be estimated from the bibenzyl generated
and information about the extent of formation of low-molecular-weight
bimetallic species deduced from cryoscopic measurements. The extent
of toluene formation is maximum at A1/Ti ratios of 4-5.

Bis (cyclopentadienyl)zirconium dichloride and triethylaluminium
interact to give a series of compounds [(1), (78)-(86)] having Zr-C-C-Al
sequences. One of these substances (1) has been characterised by X-
ray methods [10); structures of the others have been inferred from
cryoscopic and NMR measurements and by identification of products from
hydrolysis with deuterated solvents [102-104). Kinetic studies, following
concentrations by NMR, have established a qualitative order for many of
the rate constants, and data for compound (1) at various temperatures
have been interpreted as showing changes in ring conformations.

Severzal further compounds with electron deficient bridges between
aluminium and transition metals (87) have been described [105). Exchange
between bridge and terminal methyl groups is slow on the NMR time scale
at ~45%C, but rapid at 40°C. The Ti compound (87) decomposes slowly
at room temperature, but the yttrium compound may he sublimed at
120° C without decomposition. The reaction between LiAIMe, and
[{T1{n-CsH;),Cl) ] gave the known compound [T10T-CgHy), Me,] and Al,Mes.

(05115\/M /\Ie\Al/Me
(CsHy) \m/ \Me

87

(CsH;),MCl, + LiAlMe, ——>

[M=Y, Ti]

Reaction of the compounds [(CgH;), M(CH,Ph),] (M =TI, Zr, Hf)
with carbon monoxide in the presence of triethylaluminium gives good
ylields of the carbonyl derivatives [(CsH;LTI(CO)] [106). 1t is suggested
that the function of the triethylaluminfum catalyst is to co-ordinate the
insertion product [(CsH;), Ti(CH,Ph) (COCH,Ph)], but the reaction may well
be more complicated. [(CsH;),T1(CO)] may be made in 30% yleld from
[{CsH5), Ti CL)] by the same method.



333

The adduct (88) formed from the carbene complex and trimethylaluminium
is another example of a molecule with an Al-CH,~transition metal sequence [L07].

Alve, CsHel_ e
(CH), TaMe (CHy) =2 2 (88)
EtN ey CH,AIMe,

Uncharacterised intermediates from alkylaluminium dichlorides may be in—
volved in the formation of cyclopentadienylmolybdenum compounds {108], and
the redistribution of alkyl groups in organolead compounds [109]. Complexes
of CuAIRC]; with varfous solvents have also been described [110].

13. CATALYSIS

Organcaluminium compounds are widely used as catalysts for isomeri-
sation of olefins. For reactions at 200° G, triethylaluminium, tri-isobutyl-
aluminium and di-isobutylaluminium bydride are usually more effective than
alkylaluminium chlorides or triphenylaluminium, probably because they more
easily initiate hydroalumination reactions. Vinylcyclohexane Is converted to
the tricyclic olefin (89), cyclo-octadiene to (90) and trans—,trans—,trans—

cyclodedecatriene to (91) and (92) [111}

=~ i 8
Bu,AlH A
R;AL
3 > 10:1 :
H (90)
(89)

i
Bu,AlH
=8
=Z

(91)

Isomerisation of 1,4~ and 1, 5~dlenes, catalysed by trialkylaluminiums,
has been studied at 150-200° C in teflon-caated reaction vessels [112].

R
CH,=CH-(CH,),CH=CH,R -— R—CH{_J + H,c:G
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The gas-phase reaction is homogeneous and unimolecular and probably
iovolves multiple insertions and S-eliminations.

Organocaluminium compounds are often components, together with
transition metal compounds, of catalysts used in the olefin metathesis
reaction under mild conditions.

2RIR2C=CR?R! —= R!R®’C=CR!®R® + R?R!C=CR3R*
Two mportant reviews [113] 114] and many papers have appeared, e.g. .,
A15-124] including one [117] which describes catalysts on a polystyrene
support. The reaction is now generally considered to involve metal-
carbere intermediates at the transition metal centre, but since the role
of the aluminium compound is probably in the initial formation of these,
‘rather than in the subsequent metathesis process, details are not given
here.

Tri-isobutylaluminium enhances the rate of hydrogemtion of
ethylene by the catalyst RhCI1(PPh;), [125], but why is not clear. Hydro-
silylation of 1,3-butadiene wili: trimethylsilane, Nifacac), and trfethyl-
atuminium gives 90% cis—- 1-trimethylsilylbut-2-ene. Similar reactions
with isoprene, 3-methylhepta-1, 1, G-triene and piperylene with a variety
of silanes RIR’R’SiH have also been described [126].

Production of catalysts for oligomerisation of butadiene, from
arenes and metal vapours, has been described with much detail [127].
These catalysts usually, but not always, require alkylaluminium chlorides
R AICL 5 (n =1-3) as cocatalysts. A catalyst for dimerisation of propene
to linear hexenes has been made from Pdacac),, PR, [R = Bu, Ph} or (PhO),P
and ethylaluminium dichloride [128]. The nature of the product requires
that insertion of propene into the Pd-H bond gives the normal rather than
the iso-propyl derfvative. Inthe presence of moisture, the catalyst
causes polymerisation rather than dimerisation. Another oligomerisation
described during 1975 is the cyclotrimerisation of phenyl acetylene to 1,3,5~
and 1,2, 4-triphenylbenzenes, using titanium, vanadium or niobfum catalysts
and organcaluminium compounds R,Al (R =Et, Bul) or ELAICL.  The pro-
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portions of the products may be controlled by choice of catalytic systems [129].

Catalysts for polymerisation have been described in a published lecture
[130], and in a rather general paper [131]. As in previous years, the
literature on Ziegler-Natta polymerisation is very extensive and only an
extremely brief summary is given here. The use of 11C tracers to estimate
active sites in the polymerisation of styrene has been critically reviewed
[142], and there has been a theoretical discussion [133] of microtacticities
(obtained from Bec NMR spectra) in propene polymerisation, A brief ESR
study has also been reported [134]. A kinetic investigation [135] of the
polymerisation of 3-methylbut-1-ene with TIClL, or TiCL - AIR; catalysts
shows that the reactions are second-order in catalyst. The catalyst
activity decreases in the order Al.BuiJ/I‘iCl,g > AlEty/TiCly ~ Al.Bui;/riCIa
> AlEt,CLTIiCl, but the polymer stereoregularity does not depend very
markedly on the aluminium compound. The low yields are attributed to
adsorption of polymer on catalytic sites and to competing isomerisation
reactions. Stereospecificty of alkylaluminium-titanium chloride catalysts
has been enhanced by replaccment of some of the surface chlorine atoms
by bromine or iodine [136] or by treatment with carbon disulphide, which
seems to complex preferentially at sites leading to oligomerisation rather
than polymerisation [137]. Imernal olefins such as 4-methyl-pent-2-ene [137]}
isomerise before polymerising to poly-i{-methyl-pent-1-ene. Cyclohexa~-

1,4-diene similarly polymerises to polycyclohexa-1,3-diene [138].

The activity of catalysts such as (CsHghTICL /Me,AlICI (140] or
VOCL/Et AICL_, [141] is enhanced by addition of small amounts of
water, and the effect has been attributed to the increased Lewis acidity
of the aluminlum. A TiCL/AIEt, catalyst is said to induce simultaneous
fonic and radical polymerisation of ethylene [142].

Experiments with vanadium chloride/alkylaluminium catalysts have
yielded data on molecular weight distributions and stereoregularity of
polypropylenes {143),0n polymerisation of chiral alk-1-enes [144],and on
the fsomerisation copolymerisation of but-2~ene and pent-2-ene with
hex-2-ene (1;5]- The ethene-propene copolymerisation irc the presence
of the homogeneous catalyst T{(OPrl)‘/EtgA IF appears to be simlilar to
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syndiotactic polymerisation with VCL/AIEt; [146]. !°C NMR has proved
a powerful tool for obtaining information about (CH,)p sequences. A
detailed study has been made of copolymerisation of conjugated dienes
such as buta-1,4-diene, isoprene or chloroprene with monomers such
as acrylonitrile or methyl methacrylate with a variety of catalysts,
particularly ethylaluminium sesquichloride and Et,ALC1,/VOCL; [147].

A very detatled account of the polymerisation and copolymerisation
of alkenes by mixtures of alkylaluminium halides and halogens or inter—
halogens has appeared [148-152]. The results have been interpreted as
showing that the aluminium compound acts as a Lewis acid and that the
attacking species are halonfum fons. This suggestion is supported by
experiments with 2,4, 4-trimethyl pent-1-ene, which cannot polymerise
for steric reasons; chlorimated products from reaction with CL,/
E$AICI may be isolated and identified and thus throw light on inter-

mediates in polymerisation of isobutene and other alkenes.

Mixtures of triethylaluminium and boron trifluorids induce co-
polymerisation of cyclic ethers and chlorohydrins. The high resistance
of the polymers to alkalf suggests that there is a random distribution of
chlorohydrin units. Inthis case, the active initiator is thought to be
[AIEL, T}[BF,Et ] 153]. A further example of initiation of the poly-
merisation of aldehydes by triethylaluminium has been described [153].
At -10 to -20° G, allyloxyacetaldehyde CH,=CH,CH, OCH,CHO polymerises to
highly crystalline poly (allyloxymethyl)oxymethylene {-CH(CH,OCH,CH=CH,)O-],.
At higher temperatures, the ester CH,=CH.CH,O0.CH,(CO)OCH,CH,0.CH,CH=CH,
is formed in a side reaction.
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