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1. INTRODUCTION REVIEWS
As in previous years, research on organoaluminium compounds

is described in a wide range of journals. For many authors,
the interest lies in the uses of organoaluminium compounds, for
example, in organic syntheses or as components in catalytic
systems: the reagents are generated in situ and little attempt
is made to examine the structures of the molecular species
involved. For other authors,the interest lies in the inter-
actions between aluminium and neighbouring aFoms. In 1981, as
in other years, new types of coordination between organic
groups and aluminium have been discovered. No attempt has been
made in this survey to include a comprehensive account of
organocaluminium compounds in polymer chemistry or to summarise
the extenslve patent literature.

A volume in the series of specilalist periodical reports
published by the Royal Society of Chemistry deals with the
literature on organometallic compounds published in 1980:
there is a detailed section on aluminium [1]. A similar but
less full account appears in another established review series
[2). Industrially important compounds are described in an
article [3] on o-bonded organometallics, which gives process
descriptions for trialkylaluminiums and ethylaluminium sesqui-
chloride. World production of alkylaluminium compcunds is
given as 1-2 x 105 tonnes y’l. The uses of organocaluminium
compounds are covered in a book on organometallic synthesis
[4], which describes experimental techniques, purification,
characterisation and spectral data, and gives detailed recipes for
the preparation of diisobutylaluminium hydride, diisobutyl(Z)-
(1-trimethylsilyl-2-phenylethenyl) aluminium, diphenylaluminium
chloride, phenylaluminium dichloride, triphenylaluminium,
diphenyl (phenylethynyl) aluminium and tribenzylaluminium. An
important summary paper [5] is intended to bring the potential
and scope of alkylaluminium halides to the attention of synthetic
organic chemists; the use of organoaluminium reagents is also
described in a review {6] of selective synthetic reactions.
Shorter sections on organocaluminium compounds are found in
reviews on stereospecific syntheses of alkenyl derivatives (71,
on spectroscopic properties of organometallic compounds [8], and
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on aromatic compounds Jf the main group elements [9]. 1In the
literature on polymer chemistry, there have been reviews on
initiation of carbocationic polymerisation [10] and on active
centres in cycloalkene polymerisation and alkene metathesis [11]:
both give information about organcaluminium compounds.

2. TRIALKYLALUMINIUMS
A patent [12] describes a process for the production of

aluminium alkyls in which the crude reaction mixture from alu-~
minium, hydrogen and alkene is continuously freed from solid
impurities using a tubular filter. Another patent [13] claims
that removal of finely divided solid impurities from organo-
aluminium compounds is facilitated by addition of perlite
before filtration. The documentation of the mass spectra of
organoaluminium derivatives, begun two years ago, continues
with the publication [14] of the breakdown patterns for
Al(CHZCHZPh)3, tris[2~{cyclohex-3-en-1-yl)ethyl)laluminium,
Al(CH,CH,SiMe;) 5, Al{n-CcH,3) 4, Al(n-CgH,4)3. 1In all cases
only peaks from monomers were observed. Alkyl radicals R were
eliminated from A1R3, followed by alkanes and alkenes, including
ethylene.

As in previous years, trialkylaluminiums have been used
mainly for alkylations of compounds with halogens or with
oxygen functions. For example, publications from two research
groups describe improvements in the procedure for conversion
of acid chlorides RICOCl or thioccarboxylates RICOSPh (R1 = Ph
or CH,=CH(CH,) g~} to ketones RICOR2 (R2 = Me, Et, or Bui).
Yields of 70-95% may be achieved using a mixture of Ale
(2 mol), [Cu{CgH,0,),]1 (1 mol)+ and PPh; (2 mol) in tetrahydro-
furan (THF), without reaction of the alkyl Ale with the ketone
product [15]. With cinnamyl chloride (1) the products (2) and
(3) are cbtained in 59:41 mole ratio (R2 = Me) or 24:76 mole
ratio (R2 = Et). Alternatively [16], the acid chloride-~aluminium

&2
1-\1122 [Cu(CLH,O0,),1-PPh," /L
-1Ca - //\/\
e VN 3 5879 y3 o 2, o N2

Ph Cl

(1} (2) (3)

HL

¥ Throughout this survey CgH,0, = pentane-2,4-dionato.
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chloride adducts [RICO][A1C14] may be treated with trialkyl-
aluminiums. Good yilelds of ketones R COR2 (R1 = Me or Ph,
R2 = n-CGH13-) may be obtained. The method works well
(yields 65-88%) for the preparation of unsaturated ketones
(R' = CH,=CMe-, MeCH=CH-, Me,C=Ci-, PhCH=CH-, Me (CH=CH) s,
2-furyl, CH2=CH(CH2)8 : R2 = Et, n~- c6H13 or n—C8H17) [16],
provided that the temperature is kept low. In some cases and

2 = pu' or Bu®cH,CHMeCH,-)
mixtures of ketones, e.g., (4) and (5) (Equation 2j,

especially when R2 is branched (e.g. R
as well as some chloroketones, are formed.

[Me0O} [ALCL,] + AlBul - MeCOBu' + MeCOCH=CMe,

3

LY

(4) (5)

Alkylaluminium compounds have also been used to convert
transition metal halides to transition metal alkyls. For
exanmple, [TiCl (ns—c ) ] reacts with Al(SiMeB)B.OEt2 in
pentane, or W1th Li[Al(SlMe3)4], to give the complex
[T1C1(SlMe )(n —CcH )2]. There is no reactlon with the 'second
chlorine. The compound [TiCl (GeMe )(n CSHS)Z] may be obtained
similarly. The reaction between [T1C12(HS’C5H5)2] and
Na[Al(SiMe3)4] is more complex: the species in the initially
produced blue solution are extremely reactive and decampose
to [TiCl(SiMe3)(ﬁiC5H5)2] on work up [17]. Halides of the
early transition metals are known to be reduced by alkyl-
aluminium compounds: however, it now appears that, under
certain circumstances, halides of the later transition elements
may be oxidised. The iridium(III) complex (6) (M = Ir) is
converted in low (11%)
nS-CSMeS q CSMe5
// \\bl n -C Me //, Me

5 Cs

(6) (7)



yield by reaction with trimethylaluminium into the Ir(V)

compound [Ir(n5~c Mes)Me4I, which has been shown by X-ray

analysis to have 2 four-legged piano stool structure [18].

The rhodium analogue (6) (M = Rh) reacts with trimethylalu-
minium to give the complex (7) in 15% yield [19]. The other
products formed in these complex redox reactions have not been
characterised, but it has been suggested that the pyrolysesof
compounds such as (7} and [Ir(n5~C5Me5)Me4] may throw light on
the mechanism of Fischer-Tropsch reaction.

Alkylations may also involve replacement of oxygen-contain-
ing groups such as carboxylates or phosphonates. As reported
in a preliminary communication in 1979, the aluminium compounds
AlMe3, AlEt3 or AlEtz(CECBu) convert the cyclopropylmethyl
esters (8) (R’ = Me or Ph) into the derivatives (9) (R® = Me,
Et, or CzCBu). In contrast, alkylation of phenyl- or vinyl-

substituted
P R3
n-CgH 3 : 7 A=Celly3 W
OCQMe
1 R2
OCOR
(8) {9} {(10)
R4
5
N 6
i R
R2 Ph r7
(11} (12) (13)

cyclopropylmethyl acetates leads to ring opening [20]. A
detailed study shows that both diastereomers of (10) (R3 = Me

or H) with Ale (R2 = Me, Et or Bui) give almost exclusively

the compounds (11) in which the configuration at the newly
formed C=C bond is trans. Since the sterecchemistry of the
product is almost independent of that of the starting material,
it is assumed that alkylation involves planar carbocationic
intezmediates. Sim;larly the esters (12) (R4 = H, R5 = CH20COMe

or R = CH20COMe, R™ = H) on treatment with trimethylaluminium

References p. 56
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7

give the compounds (13) (R6 = Me, R° = Ph or R6

= Ph, R7 = Me),

and alkylation of the vinylcyclopropyl compound (14) gives (15)
and (16) (R = Me, Et or Bui). Alkylation takes place pre~
dominantly at the cyclopropane carbon (for R = Me (15):(16) =
83:17), and the configuration at the new C=C bond

R
%\/\/ on /\l/\/\/\ph ~ NN PR
| R

0COMe

(14) (15) (16)
is again trans. Alkylation of the dicarboxylate (17) using
trialkylaluminiums gives a 96:4 mixture of (18) and (19)
(R = Me, Et or C=CBu). The regioselectivity is reversed using
Li[AlMe,]: the ratio of (18): (19) is 8:92. Similarly the
g-ketoester (20) gives the 1:5 homoconjugate addition products
(21) with trimethylaluminium but the 1:7 products (22) with

Li[AlMe4].
COOEt R COOEt COOEt
OOEt COCEt R COOEt

(17) (18) (19)

H
N 7

~

COOQEt \

H e
(20) (21) (22)

In most of these reactions, an excess of trialkylaluminium is
used and it is suggested that complex formation at oxygen
functions is partly responsible for the observed regioselec-
tivity. A further example of alkylation of an acetate is found
in work on propargyldicobalt hexacarbonyl compounds. Thus
[Coz(CO)s(HCECCHPhOCOMe)] is converted in 91% yield to
[CoZ(CO)G(HCECCHMePh)] by reaction with trimethylaluminium



under remarkably mild conditions (in CH,CL, at ~-78°C). The
same compound may be obtained in much lower yield along with
some KCoz(CO)é%HCECCHPhCHPthCH)] by the direct reaction
between trimethylaluminium and the salt [Coz(co)G(HCECCHPh)]BF4
{21].

Two further papers on the alkylation of phosphates have
appeared. The esters (23) are converted by trimethylaluminium
in the presence of [Pd(PPh3)4] as catalyst into the alkenyl
sulphides (24) .in good yield [22]. With triethyl- or triiso-
butyl-aluminium, hydrogenated as well as alkylated products
are obtained, especially in non-polar solvents. Other enol
phosphates (25)~(27) may be alkylated similarly. 1In all cases,
ketones, e.qg., R1CH2COR2

.l OP (0) (OPh) r! r2 QP (0) (OPh),
Ve c/ \c ==c/ ph/]\'/sph
H/ \§Ph H/ \Eph

(23) (24) (25)

OP(O)(OPh)2

(PhO)zP(O)O SR
SPh

Ph/ \l

H
But

(26) (27) (28)

from (24), may be obtained from the alkenyl sulphides by treat-
ment with TiCl,-H,0-MeCOOH. The phosphates (28) (R = OP(0) (OEt) ,)
may be converted quantitatively into E-1-(l1-naphthyl)-hex-1l-ene
(28) (R = CH=CHBu) by treatment with E-l-hexenyldiiscbutylaluminium
in the presence of bis(pentane-2,4~dicnato)nickel as catalyst.

This catalyst was not effective for the reaction between triethyl-
aluminium and (28) (R = OP(O) (OEt),) but in the presence of
[N1C12(thPCH2CH2CH2PPh2)] a good yield of (28) (R = Et) could be
cbtained (23]. It has been reported [24] that the interaction of
triethylaluminium and tris(pentane-2,4-dicnato)iron yields

References p. 56
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[AlEt, (CgH,0,)] when the Al/Fe ratio is 3 and (Al(cH-0 when
the Al/Fe ratio is <1 (see also Section 10}.

For alkylation of boric oxide, the reactivity of organcalu-

2)3

minium compounds is said to decrease in the order A1C12R >
A12C13R3 > AlClR2 > AlR3 {R = Me or Et). The simultaneous
preparation of triethylboron and ethylaluminium dichloride

from aluminium, chloroethane and boric oxide has been described
[25]. The alkylation of hexaborane(10) with trimethyl- and
triethyl-aluminium has been reported [26], but so far the only
products which have been isolated have been the trialkylborons.

Hexaborane (10) and triisobutylaluminium form a complex which is

stable enough in an excess of AlBué to be characterised by NMR.

The phosphonium salts (29) react with lithium tetramethylmetalates
Li[MMe4] (M = Al or Ga) to give methane and sublimable compounds
which appear from spectroscopic studies to have cyclic structures
(30) [27].

0502R

- BHy N~
BH, Me,P Me, ]
N, { 1/c\ 2
[Me,P PMe, 1Br~ ~ e R R
AlMe2
(29) (30) {31)

Finally, trialkylaluminium5?A1R§ have been used for alkyla-
tions of the iminocarbonium ions produced by Beckmann rearrange-
ments. This makes possible the conversion of a wide range of
oxime sulphonates (31) into imines and, after reduction with
diisobutylaluminium hydride, into amines (32) [28]. For example,
the naturally occurring alkaloid (33) may be obtained stereospeci-
fically (>99% pure) from the oxime sulphonate (34) in 60% yield
by treatment with tri-n-propylaluminium.

Me

Me
H " H
i
3
/'N ,/’R
RI\‘
2
R vl
| H
H

N
H \NOSOZPh

(32) (33) (34
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3. ALKYLALUMINIUM HALIDES

Apart from the report [25] already mentioned, and a brief
paper [154] describing the formation of AlCl(CHZCHzR)2
(R = Bu, C6H13— or C8H17-) and di(cyclohexyl)aluminium chloride

from alkenes and AlClBu%, there is little on the preparation of
alkylaluminium halides. A correction has been made concerning
the space group of Cs[AlIZMezl; this should be Ccmm rather than
C2221[29].

There are several reports of alkylaluminium halides as

: 1

alkylating agents. The compounds AlClzR (R1 = Et, n-CloH21

n—C12H25_’ n—C14H29—. n-C16H33—, Me3Si(CH2)3~) ieact with
phosphorus (V) oxide chloride to give complexes R POC12.A1C13.
These may be converted by treatment with an excess of amine
R%NH (R2 = Me or Et) into good yields of the phosphonic acid
diamides RlPO(NRg)2 [30]. More examples of the alkylation of
alk-l-enes by diethylaluminium chlioride in the presence of
catalytic amounts of [Zr(OBu)4] have been documented [31]. Good
yields of the alkenes (35) (R = n-C,Hg-, n-CcH; 5=, n—C8Hl7—,
n—ClOHZI‘, glg-MeCH=CH.CH2fﬂ have been obtained. g-Substituted

alkenes, e.qg.,

Et
R = =
X | (HC:CCHZ)ZCHOEt
XN F
cor?! :

(35) (36) (37)

-3-methyleneheptane and 5-methyleneundecane are not alkylated.
Diisobutylaluminium chloride is ineffective as an alkylating
agent. The quinoline derivatives (36) react with dialkylalu-
minium chlorides AlR%Cl, alkylaluminium sesquichlorides, or
alkylaluminium dichlorides to give the ketones RICOR2 [32]

(C.f£. ref, [15] and [16]). 1In previous surveys there have been
accounts of the use of unsaturated organocaluminium sesqui-
chlorides for the preparation of an enormous range of unsatu-
rated alcohols and amines. Papers published in 1981 give
conditions for the preparation of the ethers (37) from propynyl-
aluminium sesquibromides or the ethers (38) from allylaluminium

compounds (Equation 3 Rl = H, Me, Et, or Bu;
2 1 : -55°¢ 2 1
Al,Br3{CH,C(R")=CHR"}; + 3(PhO),CHOEt — > 3{CH,=C(R“)CHR" },CHOEt

References p. 56 : (38) _3_
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R2 = H or Me). By using the less reactive organo-magnesium or

~zinc reagents the mixed acetals (39} (R3 = CH2=CHCHMe~,
CH2~CHCHz— or PhC:zC~) may be obtained. Witg allylaluminium
compounds these give the ethers (40) (R , R® = H or Me) which
are not easily made by other routes. (Equation 4}

AlzBr3{CHzc (R2)=CHR1 by o+ rR>cm {OBt) OPh

{39}

[
-55"C 2 1 3
— CH2=CR CHR " CHR™OEt

IS

(40)

Allylic rearrangements are common in this area of chemistry [33].

a-Allenic and a- and B-acetylenic amines may be made similarly
from immonium salts (Equations 5 (R = H or Me) and

1. -+ - .
3[PrlCH= Ocl + Al,Br,{CHRCZCH}; —> HC&CCHRCHPI’NO

and 6 (R = Me, Et or Bu). An extended series of similar

, - i
3[Pr CH=N 117 + Al,Br,{CH,C=CR},—* CH.,=C=CR —CHPEN
2Br3iCH, 3 2

§

reactions has been documented [34]. A further paper [35]
describes the best routes to the tertiary amines RIRZCH NR2
(R1 = unsaturated group, RZ, R3 = alkyl) using analogous reac-
tions from immonium salts as starting materials.

Two papers describe the reaction of alkylaluminium
chlorides with acidic compounds. It is claimed from NMR
nmeasurements that the hydroperoxide PhMeZCOOH reacts with
methylaluminium dichloride at 0-5°C in 1, 2-dimethoxyethane

to give methane and the peroxyaluminium compound AlclzoccPhMe2

5

which rearranges at >10°C to the acetone complex AlClZOPh.OCMez.
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t-Butyl hydroperoxide gives AlClzoosut which decomposes slowly
in dimethoxyethane and more guickly in non-polar solvents to
give the t-butoxide AlClZ(OBut) [36]. The reaction between
diethylaluminium chloride and aluminosilicates such as kaolin
or montmorillonite has been examined in connection with the use
of mineral fillers in polyalkenes. Only about 10% of the total
water,as shown by dehydration at 800°¢C, is accessible to the
alkylaluminium compound [37]. It is suggested that some of the
sillcon atoms in the clays may be alkylated.

The reaction between benzene and diethylaluminium chloride
at high temperatures yields small quantities of alkyl-benzenes
and other decomposition products, but AlClEt2 is a less effec~
tive catalyst than is AlCl, for this degradation {[38].

3. ALXYLALUMINIUM HYDRIDES
The reaction between sodium hydride (1 mol) and trimethyl=

aluminium (2 mol) in toluene is catalysed by the macrocyclic
ether 15-~crown-5. The product which crystallises is
Na[Me3A1—H~A1Me31 [35]1. A single crystal X~ray determination
shows that the Al-H-Al system is linear, with the Al-E bond
length (165 pm) very similar to that in [Me2A1H]2 (168 pm).

Two other structural determinations emphasize the close
relationship between boron and aluminium. The molecules
Me2A1B3H8 (41) and MezGaB3H8, made from MClMe2 (M = Al or Ga}
and the salt [Me4N][B3H8], have been showrn [40] by electron
diffraction to have a skeleton like that of B4H10 {42). For ({41}

-

B H Me H g ALH,
| | | | ;
B B al H y
H—=" ~g Ul B
H -
\ \B/ / Me” \ H\B /H / \H
H  H
~g Ax H\B/,}( H H H
| H
H i
H
(42) (a41) (42)

References p. 56
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the important molecular parameters are Al-C 193.2(8) Al-B
230.7(8) Al~H 190.6(41]) pm, C-Al-C 126.8(15)° and the dihedral
angle defining the folding of the A183 skeleton is 117.6(7)°.
The reaction between trimethylaluminium and diborane in benzene
at 100°C for 40 h vields trimethylborane, hydrogen, and a non-
volatile amorphous pyrophoric selid AlB4311. From the reac~
tions of this substance with HCl, water and sodium borohydride,
it is suggested that the structural unit in the polymer may be
similar to that in BSHII [41].

ESR measurements [42] have shown that the radical anion
AlH,¥ adds to ethylene to give the g-substituted ethyl radical
[‘CH2CH2A1H3]" and to benzene to give the cyclohexadienyl
radical anion (42).

There are two references to formation of alkylaluminium
hydrides in work where the main interest is in the isolation
of other products. Lithium aluminium hydride reacts with
trialkylboranes to give first Li{R3BH} and A1H3 and then
Li[RzBHZI and AlH,R. For good yields of Li[R4BH] the second
step must be suppressed and this is effectively achieved by
addition of tetramethylethylenediamine [43]. The reaction
between diphenylzinc and lithium aluminium hydride in mole
ratios 2:1 to 1:2 gives a precipitate of ZnH, and the compounds
Li{AIPhnﬁd_n} in solution [44}. It was reported earlier that
the corresponding reaction between dimethylzinc and lithium
aluminium hydride ' yields complexes with three different metals
e.g. LiZnAlMe234.

5. ADDITION TO CARBON-~CARBON DOUBLE BONDS

Further patents describe the addition of trialkylaluminiums
or alkylaluminium hydrides to alkenes. One [45] deals with
production of C4~C10 alk~l-enes from ethylene and triethylalu~
minium, ancther [46] is concerned with manufacture of branched
chain alecchols from 2~ethyl~hex-l-ene and diisobutyl-aluminium
hydride, and a third [47] describes production of high vields
of decan-1-ol from dec-5-ene and diisobutylaluminium hydride in

the presence of Al(Bus)3 and various titanium compounds as
catalysts. The catalytic nature of the ionic hydrogenation of
iscalkenes has also been discussed [48].
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The study of reactions of optically active organcaluminium
compounds has continued with an investigation of the reaction

between alkenes R'R°C=CH,(43) (R! = Ph, R® = Me, Et, prl or

But; R1 = Me, R2 = But) and triisobutylaluminium in the presence
of a series of optically active bases L [49] (Equation 3). For
example, from (43) (R1 = Pri, R2 = Ph and L = (-)=-N,N-dimethyl-
menthylamine)a 67% yield of B-PriCHPhMe was obtained after
hydrolysis and a 68% yield of B—PriCHPhCHZOH after oxidation

and hydrolysis. The S-isomer was isoclated in 38% yield after
hydrolysis of the aluminium alkyl made from (43) and AlBué in
the presence of (+)~(§,8)-2,3-dimethoxy-1,4-bis (N,N-dimethyl-

amino)butane.

1
3 RN c=cm +LAlBu§ Ni (mesal) L.Al(CH2CHR1R2)3

rRY 2 —e.n
37’8
{43)
120 1
—_ 2> CHCH, 1
R
mesal = N-methylsalicylideneaminato
The chiral bases may be recovered without racemisation, and
reused. The formation of the alkanes (44) and (45) from the
reaction between 1,3,3-trimethylcyclopropene (46) and triiso-
butylaluminium (Equation 8) suggests [50] that the carboalu-
mination involves carbonium ion intermediates as suggested by
Eisch in 1976. '
(1) Bu';'Al (D)H l /H
—3, —/ + 8
(2) MeOH(D20) \g H(D)
R
(46) (44) (45)

References p. 56
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The hydroalumination of trimethylvinylsilane under vigorous
conditions (140-150°C 10 h) has been reexamined [51]. The
principal products are the dimer Me3SiCH=CHCH2CH251Me3 and the
alkyl Me;SiCH,CH,AL (C/H, ) (CHMeSiMe,), (47) which has been charac-
terised by mass spectroscopy and by deuterolysis giving
Me3SiCHDMe and Me3SiCH2CH2D. Although these compounds are
obtained 1n about the correct proportions for the formula (47),
the total yield is only about 65%. The 1isolation of E -
Me3SiCH=CHCH2CHZSiMe3 and Me3Si(CH2)4SiMe3, is said to indicate
that the hydrolysis proceeds via radical intermediates. The
reactions of (47) with sulphur dioxide and with hex-l-ene
(giving Me3SiCH=CH2 and Al(C6H13)(C2H4SiMe3)2 and with phenyl-
acetylene (giving Me3SiEt and Al(CsCPh)(c2H4SiMe3)2) have
also been reported [51].

6. ADDITION TO CARBON-CARBON TRIPLE BONDS

The reaction, described some years ago, between diisobutyl-

aluminium hydride and alkynylsilanes has been further developed
for the stereoselective synthesis of 1-halo-alk~l-enes [52].
(Equation 9). Thus the silylalkenylaluminium compounds (48)

(R = Bu, n-CcH, 3=, cyclo-CgH,,~, Bu®, MeCH.,CH (OTHP) CH,~ ,
MeCH(OTHP)- or Ph) react with N-chlorosuccinamide, Br, or I,

to give the E -alkenes (49) (X = Cl, Br or I) which may be

isomerised to the Z-isomers (50). All the
AlBu;H R\\ //SiMe3 R\\ //SiMe3
RCECSiMe3 —— =C i — C=C\\
ether .l Salsu, : 0l X
(48) (49)
X

Br,/hv (X = Cl or Br) \\C—C// 9

— - =

BulLi talyst (X = I

uLi catalyst ( ) H// \\SiMe3

(50)



compounds (49) and (50) may be stereospecifically desilylated
using sodium methoxide in methanol to give good yields of

l-haloalk-l-enes.
Trialkylaluminiums RgAl react with 3-en-l-ynes (51)

(RI,R2 and R3 = H or Me), to give products which result from

metalation, reduction (52) or carbalumination (53) or (54).
The properties of these depend

1 1

R? r! R? R R R
\ / \ / \
C = C c=_C C=¢
{; \ /7 /g \
R C=CH R3 CH=CH,, R ¢ =CH,
(51) (52) R/4
(53)
2 ’L 2 Rl
\ \ /
C==cC C =C
\ H /\
R/é /c4 =c’ R/ ) =cur?
H \ R4 R
g® 'Rr!
(54
) (55)
Metalation

on both the enyne and the trialkylaluminium [53].
predominates with 4-alkyl- and 3,4-dialkyl-but-3-en-l-ynes but
3-alkyl-but-3-en-1-ynes give mainly l-alkenyl-3-alkylidene-4-

alkylcyelopentenes (55) together with (54), (56) and (57).

2 gt R\
\ / s
Ce=cC s /C = Cc =Cr"H

R
3
Ré \ C =C/ R™ rH
/ \ 2
H H
r! r?
\ / (57)
(56) c=c 3
| N
2
(60)
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2 1 R r!
\ S \
C=—= C C==-i
/ H H
> \c-__— c/ R( c= C/
/ \ / \ i
3 H & —CH H C == CHBu
\ _— 2 R3 /
/ X =c
cC=c¢ 4 AN 1
\ R R
R{ r!
(58) (59)

A deFailed study of the reaction between CH2=CHMeC§CH(D) and
AlBu; suggests that the products arise from equilibria between
alkenylaluminium compounds. In the presence of [Ni(mesal)zl or
[Mn(C5H702)3] the products are quite different: e.g. (58) and (59)
or trimers (60) are formed in appreciable amounts. A detailed
account [53] gives optimum conditions for isolation of (58) and
(59) in sufficient yield (>60%) for the reactions to be used
preparatively.

The formation of the 1,2-dimetalalkene (61) (R = n-CSHll-)
from hept-l-ynyldimethylaluminium, trimethylaluminium and
[TiClz(nS—CSHS)Z] was described in 1978. A cleaner material,
free from dimethylaluminium chloride, 1s obtained from the
heptynylalane and preformed [TiClMe(nS-CSHS)Z], and the compound
(61) (R = Pr) is made similarly. The initial product, probably
the E -isomer, rearranges slowly to a 60:40 mixture of E - and
Z -isomers. The mechanism of the isomerisation is not yet estab-
lished, but a process involving transmetalation has been ruled

1

AlMe Pr R AlMe
rMec=c” 2 >c=c=c;R2 PrMeC=C< 2
\Ti(C5H5)2C1 Me: Zr (CgHg) ,C1
(61) (62) (63)

out. The compound (61l) (R = Pr)reacts with cyclohexanone or
benzaldehydevto give the allenes (62), showing that the carbene-
like fragment may be preserved in a reaction sequence. The
reaction between pent-l1-ynyl-dimethylaluminium and a mixture of



AlMe3 and [ZrClz(nS'CSHS)zl or [ZrClMe(ns—C5H5)2] gives (63)
which unlike (61) appears to be stereochemically rigid [54].
The alkenylaluminium compounds (64) obtained by the zir-
conium-catalysed carbalumination of alkynes react with epoxides
to give the alcohols (65) (R1 = n-CSH11 or Me2C=CH(CH2)2—;
R2 = H or Me) (Equation 10), which are useful intermediates

for synthesis of terpenoids ([55]. Another example of the same

Me

5 (1) BuLi
1 AlMe,/2rCl, (n"=CgHc), AlMe, ,

rlc=cH . > N

C1CH,CH,CL ri (11)
(64) \R2
Me
@ lg
22
(65)

reaction is the conversion of the élkyne (66) into monocyclo-
farnesol (67) [56]. The carbometallation step has been

P é[\/‘\/\ o

(66) (67)

described in another paper ([57] concerned with conversion of
the alkynes Z(CH2)nC§CH (z = OH, OSiMezBut, SPh or I; n =1 or
2) into (64) (rR! = Z(CHZ)n—). The MezAl-group is readily
replaced by I to give intermediates useful in further syntheses.
There has been discussion in the literature about whether
the addition across the C=C bond is a zirconium-assisted carbo-
alumination or an aluminium-assisted carbozirconation. An NMR
study [58] of the interaction between the compounds [A1C13_mMem]
and [ZrClz_nMen(ns-CSHS)zl has shown that only in the case of
Me3Al—[ZrC12(n5-C5H5)2] is there significant exchange between Me
and Cl groups. Further, rapid Me-Cl exchange is not required
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for carbometalation of hept-l-yne. The reaction between
hept-l1<yne anda 1:1 mixture of AlEt3 and [ZrC1Me(n5—C5H5)2] gives
the alkenes (68) and (69) with only traces of the corresponding
methylated alkenes, and the reaction between hept-l-yne and
Me3A1—[ZrC1(CD3)(n5—C5H5)2] gives <4% deuterium incorporation.
At least in these

C.H ;
n-CcH | /H n-CgH, /H 6 13Y\/\

=C c=C
7\ 7\
t Et

H H

(68) (69) (70)

cases, therefore, the addition reaction proceeds by zirconium~
assisted carboalumination.

Another example of the use of AlMe,-TiCl, for carbometalation
tion is in the conversion of hex-3-yn-1-o0l into 2 -4-methyl-
hex-3-en-1-0l, a key intermediate in the stereospecific synthesis
of a juvenile hormone ([59].

The alkenylaluminium compounds made by carbalumination of
alkynes may be coupled easily and regio- and stereospmecifically
with allylic halides or acetates in the presence of catalytic
amounts of palladium compounds. Several more examples of this
reaction have been given {60]. Thus (64) (Rl= C6H13-) reacts
with allyl bromidein the presence of 5 mol % [Pd(PPh3)4] to
give (70) in 90% yield, with isoprenyl chloride to give (71)
in 98% yield, and with geranyl chloride to give (72) in 92%
yield. The stereo- and regio-chemistry of both carbon chains
is preserved. A one-step synthesis of a-farnesene (73) (Equation 11)

Me,Al
/-—sa—' __3____) Amlmz [Pd(PPh3)4/THF N

2rCl, (C5Hs) Cl\/ﬁj/~v4§r’

N =X S
11

(73)
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CgHyz \'/\/\( Cally (A AN A

(71) (72)

from geranyl chloride and butenyne is thus possible. Alkenyl-
aluminium compounds may also be coupled to benzyl halides [61].
Thus the readily available (64)(R1= n-CGHIQ reacts with benzyl
chloride or bromide to give the allylated arene (74)

n-C_H
613 H
N
cC=cC
Me CHZPh
Y
(74) {(75) d/

without formation of isomeric products. The addition of zinc
chloride to the catalyst leads to lower yields. Compounds such
as (74) may also be obtained from the cross coupling of
PhCHiZnBr and haloalkenes: in this case [PdClz(PPh3)2]-

AlBujH is an effective catalyst. The haloalkene may carry
B-carbonyl substituents and the stereochemical integrity of the
alkyl group attached to zinc may, with careful control of
reaction conditions, be preserved in the cross-coupled product
[62] . The zirconium-catalysed carbalumination of an alkyne

and the [PdClz(PPha)Z}— AlBuéH-catalysed cross—-coupling of the
alkenylaluminium product with a haloalkene are combined in a
synthesis of mokupalide (75). The trienyne (76) (RCzCH) is
treated with (i) Me3Al—[ZrC12(n5-C5H5)2] (1i) Buni (iii) C,H,0
(see above) to give (77) (X = OH). This is converted to the
alkenyl~zinc bromide (77) (X = ZnBr) which is coupled in the
presence of [PdClz(PPh3)2]— AlBu%H with 4-bromo-2(5H)-~furanone
(78) .

d/\)\)\/\/’;)\/\/ Bb%

(76) (mn (78)
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7. REACTIONS WITH CARBONYL COMPQUNDS
It has commonly been assumed that reactions between alkyl-

aluminium compounds and carbonyl compounds involve polar inter-
mediates. As part of a wildespread search for radical inter-
mediates in organo-metallic chemistry, the interaction of tri-
alkylaluminiums with the hindered ketones Meszco and MesPhCO
(Mes = 2,4,6—Me3C6H2_) has been examined [63]. Solutions in
THF are coloured and show well defined ESR spectra associated
with radical anion -radical cation pairs (79)

r! Me
Mes,C*—O \C/
E Y N

H AlEt, g2 e
(79) (80)

The rates of formation of the paramagnetic intermediates
decrease in the series Et3Al > Bu3Al >> Me3Al. As the colours
and ESR signals fade, the product from dimesityl ketone is
MeSZCHZ; from mesityl phenyl ketone the products are MesPhCHOH
and MesPhCH2 in the ratio 7:3. It has been shown that
Mes?_CHOAlEt2 which could easily be formed by elimination of
ethylene from (79) itself decomposes in THF to Me52CH2. This
work raises the possibility that reductions of less hindered
ketones may likewise involve single electron transfer, though
here of course the radical intermediates would be less easily
detected.

Germinal dimethylation of ketones by trimethylaluminium
under vigorous conditions (120-180o in xylene) was described in
1974. It has now been shown [64] that this reaction, which gives
the products (80)(R'R® = Pr,; (cyclo-CyHg),, Ph, or (CHy) ;

n =5 o0or 11), may be effected in a few minutes at -30 to +20°¢
by dimethyl-titanium dichloride in dichloromethane. Good yields
are also obtained with ketones having sulphide, chloride,
thiophen, or aromatic functional groups. The reagent is best
prepared in situ from dimethylzinc and titanium(IV) chloride,
but geminél dimethylation of cyclohexanone with a 1:1 mixture

of trimethylaluminium and titanium(IV) chloride is also
successful.
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The [Ni(C5H702kJ-catalysed reactiﬁn b:tween triethylalu-
minium and the enol phosphates (81) (R°, R® = H or Me; n = 0
or 1) of the dicarbonyl compounds (82) has been shown to give
g-alkylated a,Bf~unsaturated ketones (83). Best yields are
obtained with about 2 equivalents of trialkylaluminium R3Al

3
[65].

o
Il R =
. (LN g3
N ™ . n MR
e (@) N o Rl( ) OP(0) (CEE), R‘Rl
82) (81) 83)

A new development of the aldol synthesis has been described
[66]. By slow addition of a~haloketones (84) (R1 = Ph or OEt,
X = Cl or Br) or 2-bromocyclohexanone and carbonyl compounds
R2R3CO (PhCHO, PhCH=zCHCHO or cyclchexanone) to a suspension of
zinc in diethylaluminium chloride, the enolates (B5) may be
converted to the chelates (86) which may be hydrolysed to give
good yields of the hydroxyketones (87} (Equation 12). The con-
densation may be applied to the synthesis of a variety of cyclic
compounds e.g. (88).

| \
Al Vi
N RN
7 7 r?r3co 0 9
Et,AlCl ‘
1 p FRR 3
Rl&_ “‘L——’Zn R Jl R
X r R
(84) (85) (86)
o OH OH

(87) (88)
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Enolates may also be made using diethylaluminium
2,2,6,6~tetramethyl-piperidide, which has been referred to in
geveral previous surveys. Derivatives of o,R-unsaturated methyl
ketones MeCOR (R = Ph,-CH=CHPh or-CH=CMe2) may be added to
4~acetoxy~2—azetidienone (89) to give the products (90) which
are useful intermediates in the synthesis of compounds having
antibacterial activity [67].

COMe N <o

HO -

—— Ny —NH
O/ &g

(89) (°m (91)

Reductions of a series of o,B-unsaturated ketones R§C=CR2COR3

using triisobuylaluminium have been §ocumented[HﬂIhe principal
2 qu but appreciable amounts of
alkylated compounds R§C=CR2C,BuH(0H are also detected. Some

asymmetric induction is observed when optically active aluminium

products are the carbinols R;C=CR2

compounds, e.g. Al(MeCHEtCH,) ;, are used. The reactions of
lithium allylaluminate complex Li[AlEt3CH2CH=CH2] with

o, 8~unsaturated carbonyl compounds have been described briefly
in a paper dealing mainly with boron compounds [69]. With
PhCH=CHCOMe, the main product results from 1:2 rather than 1:4
addition.

The aldehyde (91) is cleanly converted by Al(SiMe3)30Et2 to
the alcohol (92) with utilisation of all three trimethylsilyl
groups. The corresponding reaction with Li[Al(SiMe3)4] is more
complicated and several side reactions are detected (70].
Acetophenone does not react with LiAl(SiMe3)4 except in the
presence of aluminium{(III) chloride. Then the silylethanol (93)
is formed but this rapidly decomposes to the vinylsilane
PhC(SiMe3)=CH2. Similarly the aluminium(III) chloride~ethyl
benzoate complex reacts with Al(SiMe3)2Et20 to give (94) as the
only silylated product.
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OH
| OH SiMe,
o F"SiMe3 | |
< L Ph—C—SiMe;  Ph— cI:— SiMe,
0. Me OH
(92) (93) (94)

Reactions of AlEtzsPh with vinyl epoxides (95)(Rl = H or Me;
R2 = Me or C5H11 have also been documented [71]. The products,
obtained in 78-94% yield are (96) and (97) with the Z-isomers
(96) predominating (86-98%). The chiral epoxy-sulphone (98)
reacts with al:1 CuMe-AlMe3 mixture in THF at -78°C to give an
80% yield of the anti-allyl alcohol (99) almost uncontaminated
with the syn isomer (100). It is interesting that (98) may be
converted into (100) by treatment with LiMe--LiClO4 in CH2C12—Et20.
The compound dl- (101) reacts with CuMe—AlMe3 in THF to give

(102) cleanly without products from deprotonation [72].

gl Rr?
(1) Et,Alsph
/ (ii) H.,0
b 2
(95)
0
SO,Ph
(98)
Jo)
SO, Ph
(101) (102) (103) (104)

References p. 56



40

No attempt has been made in this survey to give a compre-
hensive account of the use of diisobutylaluminium hydride as a
reducing agent for carbonyl functions. There have been examples
of reductions of ketones [73-74], esters [75-78],. lactones
[79-80], and lactams [81-82]. Trimethylsilyl esters of simple
carboxylic acids RCOOSiMe, (R = Ph, PhCHz- pMeOC H ;- n~C7H15f)

3
and Me3S:LOZC(CH2)4COZSiMe3 give complex mixtures of products
RCH,OH, RCHO and RCOZH [83]. A similar product mix was obtained

2
by reduction of the ester (103) but the alcohol (104) could be

isolated in 97% yield by usingznxAlBu%H/ ester mole ratio of 4
[84]. This compound (104) is a useful starting material for the
synthesis of the prostaglandin H, analogue (105): the B side
chain may be introduced at the alcohol function, and subsequently
the A side chain may be added by reaction of a Wi%ﬁig reagent
with the aldehyde formed by reduction of the nitrile function
with diisobutylaluminium hydride.

A detailed account [85] has been published of the use of
diisobutylaluminium-2,6-di-t-butyl-4-methyl phenoxide (106) as a
selective reducing agent in prostaglandin synthesis. A ten-fold
excess converts the enone (107) into the 15S8-allylic alcohol. (108)
in 95% yield without formation of the 15R-isomer. The high
stereoselectivity is attributed to coordination of the aluminium

(o]
?J\
i~~~ (CHp) 50, s
“\NS NN G5
' ¢
OH OH
(105) (107) (108)

compound at the Cl1 hydroxyl substituent since it 1s much
reduced when the hydroxyl function is protected by THP or other~
wise esterified. The selectivity is also diminished if the
But-substituents in (106) are replaced by Me or H. The analogous
reagent Et2A10C6H2(2,6—But)(4—Me) gives reduction and

ethylation products and MeZAIOCGHZ(Z,G—But)(4-Me) gives only
methylation, showing that g-hydrogen atoms are essential for
reduction. Several other examples of the use of (106) in
prostaglandin synthesis have been described.
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A different application of organcaluminium compounds 1is
for the introduction of the B side chain(Equation 13)[86] [87].

Me,AlC:=C CH
2
/’/\3> \T/ 5911 (//~\b
o] m..‘\ 0SiMe 3 (o] _k 13

8. COMPQUNDS WITH ALUMINIUM-OXYGEN AND

ALUMINIUM~SULPHUR BONDS

Organometallic compounds having aluminium-oxygen bonds are
the subject of two patents. One [88] describes alkylalumino-
xanes from the hydrolysis of trialkylaluminiums with stoichio-

metric amounts of water in hydrocarbon solvents. The other [89]
is concerned with reactions of organocaluminium compounds with
dlalkyl phosphites and dialkyl phosphates. There is another
report [90] on chemiluminescence observed in the interaction of
peroxides and organcaluminium compounds. Radicals formed in the
reaction between trialkylaluminiums R%Al (R1 = Bt, Bui, ar Ph)
or EtzAlOEt and peroxides R§o2 (R2 = PhCHz, But or SiMe3) have
been trapped by ButNO [91). Diethyl{tribenzylsiloxy)aluminium
(PhCH2)3Si0AlEt2, made from tribenzylsilanol and triethylalu-
minium is shown by cryoscopic measurements to be
trimeric [92]. It decomposes during 50 h at 250°C with forma-
tion of ethane, ethylene, tribenzylsilane and triethylaluminium,
with little exchange of radicals between aluminium and silicon.
The molecular structures of the complexes Me3A10(CHZ)3 and
Me;AlSMe, have been found by gas-phase electron diffraction [93]
The most important bond lengths and angles are for Me3A10(CH2)3:
Al-C 196.5(7), Al~O 203(4), O-C 146.5(2) pm; OAlC 9B.8(8), AloC
123(4), COC 94.7(12)° and for MejAlSMe,: Al-C 198.5(5), Al-S 255(2),
S-C 181.7(5) pm; SALC 96.0(10), AlSC 124(2), and CSC 99(3).°
The angle between the Al-0Q bond and the ocz plane in Me3A10(CH2}3
is 37(7)° (in contrast to MeaAlOMe2 where the configuration at
oxygen is almost planar). The angle between the AlS bond and
the SC2 plane in MesAISMez is 31(5)°. The reaction between the
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potassium oxide KO2 and trimethylaluminium in aromatic solvents
in the presence of a crown ether (c.f. Ref [39]) gives the compound
[K dibenzo—lB—crown—G][AleeGOZI which is apparently stable for
24 h in boiling toluene. A single crystal X-ray study shows
that the anion has the structure (109) in which the two alu-
minium atoms are joined by one oxygen of a bridging superoxo
ligand. As expected, the 0-0 bond (147 pm) is long and its
weakness 1s reflected in the low v (0-0) at 851 cm—1 in the IR
spectrum [94].

The mass spectra of the dialkyl(alkylthlo)alumlnlums R, AlSR
(R = Me, Et, Pr or Bu ) or BuZAlSEt show peaks derived from
dimeric species [95]. After initial loss of alkyl radicals,
the fragmentation in the mass spectrometer involves mainly
elimination of saturated hydrocarbons with possible formation
of methylene bridges between aluminium atoms. Accurate mass
measurements have shown that some of the peaks reported earlier
(1969) in the mass spectrum of trimethylaluminium arise from

oxidation products.

9. COMPOUNDS WITH ALUMINIUM-NITROGEN BONDS

Paramagnetic species obtained from alkylaluminium compounds

and nitrogen-containing heterocycles were referred to last year.
Full accounts of these have now been published. Both pyridine
3 (R = Me,
Et or Cl) and alkali metals in THF to give ion pairs (110) which
are stabilised by coordination in the donor solvent. 2,2'-Bi-

and 4,4'-bipyridyl react with trialkylaluminiums AlR

pyridyl gives neutral radicals (111) which are persistent in

[Me3Al AlMe3]

(109) (110)

/—\ _
R2AlN ,NAlR2 [A1R4]

Men,

(112)
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non-polar solvents [96]. Radical ion pairs (112) (n = 2 or 4)
have been obtained with a range of methyl-substituted pyrazines
[97]. The spin distributions have been studied by ESR spectro-
scopy and the effects of steric hindrance have been demonstrated.
Similar radicals with K y Na ’ Li , PhMg ’ Me Ga y PhBe , Ph B
in place of R2Al have been discussed in two further papers [98]
{99]. ESR measurements and calculations indicate that there is
a gradation in the above series from ion pairs e. g., K X' to
covalently bonded radical complexes, e.g., [R AlX'] (X =, e.qg.,
bipyridyl) (111). Radical species in the system
NCCHMeCH, N :NCH, CHMeCN (AIBN)-AlR3 (R = Me, Et or Bui) have also
been described [100].

Bis(u—-isopropylamidodimethylaluminium) consists of a 2:1
mixture of c¢is-(113) and trans-(114) isomers both in the

prl g B prl

\\;“ \‘l’.
/N

M

e’ N

\
5

[XRlas

Me

gy Al Al“..r« —
Me— N\ / ~Me Mé N _J/ Me
/‘* A
'1 %
pri Pri H
(113) (114)
solid and in toluene over a wide temperature range [101]. The

most important mean molecular parameters are Al-N 195.2(9) Al-C
196.1(6) and N-C 149.7(8) pm. It is not clear whether the
persistent 2:1 (113):(114) mole ratio in solution results from
a low free energy of interconversion or a high activation energy
for the process. Similar cis-trans isomerism is found in the
compounds [MMezNMePh]2 (M = A}, Ga, or In) [102]. an X—raf
study of the indium derivative shows only the trans-isomer in
the solid but a mixture of cis- and trans-compounds in toluene,
benzene or dichloromethane is detected by NMR. In solution the
cis-isomer is the more abundant for the aluminium and gallium
compounds but the trans 1s the more abundant for the indium
derivative. For [AlMezNMePhlz, the concentration of the
cis-isomer increases with falling temperature: for the gallium
compound the situation is reversed and the trans-isomer becomes
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the more stable at low temperatures. It is evident that the
effects which determine the cis-/trans- ratic are subtle and
complex.

Very little is at present known about the way in which
dimeric or trimeric organcaluminium amides are formed. A study
of the kinetics and mechanism for the elimination of hydrogen
between dimethylaluminium hydride and benzylamine (Equation 14)
shows that the rate is determined by a series of equilibria

14

[AlHMe2]3 + 3PhCHzNH2 > 3/2[A1MezN(CH2Ph)H]2 + 3H2 14

involving 1:1 and 1:2 complexes between AlMeZH and PhCHzNH As

in the study of the reaction leading to formation of [AlMez~
NMePh]Z, described in the 1979 Survey, the elimination of hydro-~
gen 1is thought to come from interaction of dissociated fragments
of the PhCHZNﬂz.AlHMe2 complex [103].

There have been several accounts of the use of alkylaluminium

amides in organic syntheses. For example, selective N-alkylation
7718’

under mild conditions by the transformations in Equation 15

(R%=%co = n-CgH, ;CHO, PhCHO or (CH,),,CO), probably via the

r%r3co ” EtyAlH

U Y ——
2.3 1
1 . . RR7CNH  NHR

NH NHR N ~
2 e !
15
ReR3

of polyamines (115) (R1 = n-C.H cyclo—C12H23) may be achieved

(115)
N ‘ N o1
i« ~gt i R
Bu,Al \7(’N BuZAI// - AlBu%
R2 R’ R2 {3

(116) (117)
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organoaluminium intermediates (116) and (117). Reactions of
this type have been used for the synthesis of a wide range of
macrocyclic polyamines ([104]. A widely applicable one-step
conversion of esters into 2-imidazolines, benzimidazoles, or
benzthiazoles is shown in equations 16 and 17 (R = 2~-thienyl,
Ph, PhCHZ_, cyclo-CGHll, or radicals from various N-containing
heterocycles. X = NH or S). The presumed intermediates, e.g.
Me , A1NHCH,,CH,NH in these reactions have not been isolated

2CHyNHy
1 /N
(1) AlMe R <
r coor® 3 > 16
(11) H,NCH,CH,NH,
H/

—
~]

XH
H,N
1 2 1 N~ =X
R'COOR® + —_— R ,_<< l
XN o

and their structures are at present unknown [105]. A fyrther
application is shown in Equation 18.

H
Me M AlEt, //9
CH,Cly Hy0
R,NAlEt, + o] o , —
20 16 h “NR 18
(118) Mé Me 2 Me© MR, -

(R, = Et,, HPh, HPL", (CH,), (CHFCHCH,), (CH,Ph),)

Epoxides are converted into trans-g-amino alcohols in 44-86%
yield. BAgain the organocaluminium reagents (118) are made in
situ from triethylaluminium and amine and used without isolation
or characterisation [106].

Bis(diethylalumino)-substituted amidrazones (119), made
from RIC(:NNHZ)NH2 and triethylaluminium appear from cryoscopic
measurements to be tetrameric (R1 = Ph) or octameric (R1 = n—C5H11)
in benzene. These compounds react with nitriles to give, after
hydrolysis, unsymmetrical N{aminomethylene)amidrazones which
cyclise on heating to 200-250°C (Equation 19)
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NH NH
7
Rlc\ \AlEtz R1C< \AlEt2
R2CN \N/ Ny /7
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Me ’N SiMe Me.,Si P BMe
.~ 3 3 2
- xS N/ \ /
Al ‘,/P N N
S \Me / AN
Me / Me,Si SiMe,
R
(122) (123)

The corresponding carbohydrazides (119 X = 0) may be made simi-
larly from RCONHNH2 and two equivalents of triethylaluminium.
Several compounds with aluminium-nitrogen bonds in ring
systems have been described. For example, the sulphur diimines
RN=85=NR and the sulphinylanilines RN=S=0 react with trimethyl-
aluminium to give compounds {120) [AlMeZ{RNS(Me)NR}]2 (R = 4-MeC
4—C1C6H4—( 2,6—M92C6Hjﬁ and [AlMez{RNS(Me)O}]2 (R = Me , Ph,
4-MeC6H4-,4—C1C6H432,6—Me3C2H3- and 2,4;6-Me3C6H2—) in which the
S atom has been methylated [108]. NMR studies indicate the pre-
sence of several conformers in solution and also some dissocia-

6Ha—r

tion to monomer. The sulphur diimine derivatives decompose
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slowly in CDCl3 and rapidly in pyridine to give complex

products. The compound (120} R = 2,6—Me2C6H5; X = NR reacts
with mercury(II} or tin{II) chlorides to give [ClZAl{RNs(Me)NR)Iz
and with t-butanol to give (121) for which X-ray and NMR studies
indicate conformational isomers both in the solid and in solution
[109].

Other interesting heterocycles have been obtained from the
reaction between trimethylaluminium and the two-coordinate
phosphorus compounds Me;SiNRP=NR (R = SiMe, or‘But). From NMR
measurements [130], it appears that these have the structure
(122). The product from the reaction between (Me3SiZ)N?=N(SiMe3)
and trimethylboron is different {123), suggesting that the initial
step in the reaction between MeBSiNRP=NR and AlMe3 may involve
addition across the P=N bond to gilve a compound analegous to (123)
and that this subsequently rearranges with migration of SiMe3
from nitrogen to phosphorus and formation of (122).

10. ORGANQALUMINIUM COMPOUNDS INVOLVING
OTHER METALS
This section is concerned with papers where the emphasis is

on the composition or structure of the bimetallic organometallic
compounds.' Papers dealing mainly with the use of bimetallic sys-
tems as catalysts are referred to in the next section. The
preparation of magnesium-aluminium compounds from Grignard
reagents and aluminjum alkoxides has been described [111]}. Another
patent {112] deals with preparation of magnesium-aluminium com-
pounds which are soluble in hydrocarbons.

Binuclear organcaluminium complexes, which are assumed to
have the structure (124) have been made from n=- CSHMCH(AlRZ)2
(R = Et or Bu ) and the alkali metal hydrides or fluorides in THF.
There is some evidence for formation of less stable 2:1 complexes

AIRRV 5 Cﬁz\
M[n*CSHIICH X1 MeZAl(uCECMe)2M(uC§CMe)2A1M92 {n *CSHS)ZTi\ //AlMez
AlR) Ci
(124) (X = H or F) {125} {128}

e.qg. Liz[CSHIICH(AlBué)ZHZI. Some 27Al NMR data has been given
f113]. In another study [114], the complexes MAlz(CECMe)4Me4
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(M = Be or Mg) have been made from [AlMeZ(CECMe)]2 and
(MeCEC)ZM in 1,4~dioxan. From cryoscopic, spectroscopic

and conductivity measurements it is suggested that the com-
plexes consist of clusters in which the central Group 2 metal
is linked to each of two AlMe, groups by two bridging propynyl
groups (125). )

Considerable progress has been made during 1981 in elucidat-
ing the structures of the products obtained by the interaction
of organocaluminium compounds and organometallic compounds of
transition metals. Details of the structures of (127) (R1 =

R? = Ph; R' = Ph, R’ = SiMey; R' = R’ = SiMe;), made by the
reaction of alkyne R]‘CECR2 with the bimetallic compound (126),

have been published [115]. Whereas the bis(trimethylsilyl)

5 <IN 2 ¢ H
(n”~CgH.),Ti C~-R y 2
PN A Ty (n C5H5)2Ti/c Ncrlg?
‘ *\ e \ /
Rl % CHZ
/
(127) (128) (129)

derivative (127) is reasonably well described as a cyclobutene
complex (as shown), the detailed interatomic distances in the
biphenyl compound indicate a tendency towards the alkyne-alkene
structure (128). As reported in a preliminary communication
last year, the compound (126) reacts with alkenes H2C=CR1R2
give titanacyclobutanes (129). Structures of three of these

(R1 = But, R2 = H; r! = Ph, R2 = H;and R1 = R2 = Me) have been
found by X-ray diffraction. 1In all cases the metallacyclic ring
is planar [116]. The formation of a complexes (130), like (126)
but with a long chain alkylidene bridge, has been achieved by
the reaction between propenyltitanium compounds and diisobutyl-

aluminium hydride (Equation 20) [117]. Unfortunately this

Rt
CH=CHMe

( 5-c H.),Ti + AlB iH ( 5—c He) T'/CH\A

n"=CgHg), ugH— (n"=CgHg) T 1Bu, 20
c1 c1

(130)
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complex is rather unstable, but it has been characterised by
NMR and by its reaction with cyclohexanone which glves propyli~
denecyclohexane. The zirconium compounds (131) (R = Bu') and

(132) (R = But, Bu” or Me) may be made similarly from {ZrCl(n -
; and (131) (R = Me)
C5H5)2 (CHACHR Y1 and AlBu H [ from [ZTHCL (n ~CgHg) 5,1 and

Al (CH=CHR )Me . The regiospec1fic1ty of these reactions is greatest

2
R 2

{n _c5H5)23§ ,/Alﬁz {n -C5HS)2Z§f‘“~T// {n ~C§H5)2zr AlMe,
1B u

{131) {132) {133)
when R is large. For example when R2 = But the ratios (131)
(R = Bui):(132) or (131) (R = Me):(133) are >20, The zirconium
l1ike the titanium compounds give Wittig«type'reactions with
ketones.

Bimetallic alkylidyne complexes of tungsten and aluminium
have also been studied [118] [119]. The reaction between
[Wclz(PMe3)4] and two equivalents of AlMe3 in toluene gives a
red-brown solution. After addition of tetramethylethylene-
diamine, crystals of [W(CH)Cl(PMe3)4] may be obtained. On
treatment with AlMe3 or AlMe2Cl the formation of complexes (134)
and (135) is detectable by NMR. Neither can be isolated pure,
but an X-ray study has been completed of mixed crystals consis-
ting of 82% (134) and (18%) (135). The W-C distance is 180.7(6)
pm and the C~H distance 84(6) pm., The W-C-H angle is 163.8(44),0

PMe3 PMe3 Q\?
<1
/Me I/ cl CJ:\ \\‘i/ c1 c —H
~
we” ]\pMe w ~ 7 JM PMey a1 W
{134) (135) . {136)

The non~linearity at C is attributed to interaction between
aluminiuvm and the methylidyne carbon(Al-C 211.3(6) pm). The
distance between tungsten and the bridging atom (C or Cl) is
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252.6 pm, close to the W-Cl distance, even though the bridging
atom is 82% C. Hence the tungsten-methyl interaction is weak.

It has been suggested that the bonding may be described by (136).
The compounds (134} and (135) react with trimethylaluminium and
ethylene to give the compound [W(CAlee4C1)Me(PMe3)2(n2-02H4)]
which has been shown by X-ray diffraction to have the structure
(137120} The W—C bond length (181.3 pm) is close to that

expected for a triple bond: the compound may be regarded as a
tungsten(1V) carbide complex (Wscf]A12M34c1j+ in which there is

Me
AlMe
2 t
ph__—<
Me.P \ /7 \ Seate p}:
3T~ h
W —C(1) Cl N1 Ph Ni|
Me3p// N / ph _/-:*_—\ CH2
c,l,  AlMe, \\“__“<\\Et
(137) - (138)

one "electron precise" and one "electron deficient" bridge be-
tween the two AlMe2 groups. Other bond lengths and angles are:
C(1)~-Al 198.4(5), 204.3(5), Al-Me 194.8(3), Al-Cl 238.1(2)
237,1(3) pm; Al-C(1)-Al 97.06(23), Al-Cl-Al 78.85(9)°. The
alkylidyne bridge in (137)'is slightly asymmetric but much less
so than in [AlPh, (CzCPh)], described some years ago. This work
indicates that the structures of the bimetallic intermediates
involved in catalytic processes may be considerably more complex
than envisaged so far.

The reduction of titanium(IV) chloride by a series of c¢cyclo-
hexylaluminium compounds R,Al, RyALCL, R,AICIEE,0, R;  AlCl, Et,0
and RAlCletzo (R = CYCIO—CGHII) has been studied [121].
2,4,6-Triphenylphosphabenzene reacts with [Ni[(C5H702]2] and
AlEtZOEt to give a compound, which has been shown by
a single crystal X-ray study [122] to have the structure (138).

11. CATALYSIS

Organocaluminium compounds continue to be used in a wide variety
of catalytic systems. Examples include the use of [Mg4A12Bu12—
ICB 17)2] as catalyst for the reaction between magnesium powder and
chloro-alkanes BuCl and C8 17Cl to give [Mg(Bu) (C8H17)2 1 [123] and
the use of PdACl —PPh3 AlBqu for the preparatlon of substituted



allenes from reactions between Grignard reagents and allenic or
propargylic halides [124]. A catalyst consisting of a chiral
amine, bis(N-methylsalicylaldimine) nickel and triisobutylalu~
minium has been used in a study of asymmetric induction in the
isomerization of racemic alk~l-enes to alk-2-enes [125]. The
asymmetric induction may be enhanced by using the optically
active tris[(R)~-2,3~dimethylbutyllaluminium in place of AlBu§ .
The hydrogallation of alk-l=enes by NaGaH4 is catalysed by
[TiC12(n5~C5H5)2]~NaAlEt4 [126] and the hydrogenation of a
varlety of alkenes and alkynes by [Rhclz(PR3)2]in the presence
of triethyl-aluminium [127]. A detailed study [128] of the
reactions of organozirconium compounds with unsaturated ketones
catalysed by Ni(C5H702)2-AlBu%H has shown the presence of various
Ni(I) active species.

As in previous years, the most extensive applications of
organcaluminium compounds have been in the catalysis of reac-
tions of alkenes. The gas phase cligomerisation of ethylene
in the presence of r-allylnickel chloride-alumina-ethylaluminium
sesquichloride is said to give more of the Ca--c14 fraction than
liquid phase oligomerisation [129]. A detailed study has been
made of the regioselective oligomerisation of isoprene, using a
complex catalyst of Ni(CSH702)2-N~methy1pyrrolidone~triethy1~
aluminium-trialkylphosphine or trialkyl phosphite. Yields of
up to 97% of cyclic dimers have been obtained [130]. The oligo-
merisation of styrene has been studied using a similar catalyst,
[Ni(SZCNEt2)2]~AlClEt2 and phosphine or phosphite [131]}, and an
extensive investigation has been made of the oligomerisation
of cyelic C5—CB and C12 alkenes using the [Zr(CSH702)3C1}~
AlEtCl2 and related catalyst systems [132]. The reactions
between Cg-1p a@lk-l-enes and butadiene with ZrCl,-AlEt,Cl as
catalyst give products from 1,4-addition of alkenes to butadiene
[133]. Homo- as well as co-dimers are formed: homodimers of
hex~l-ene may be suppressed by addition of donors such as tri-
phenylphosphine. The linear cooligomerisation of dichloro-~ and
dimethoxy~-vinylsilanes with butadiene in the presence of
Ti(OBu)4--PPh3~AlEt3 has also been described [134]. The reaction
between methyl methacrylate and diethylaluminium chloride with
azoisobutyronitrile as catalyst gives a crystalline trimer which
has been shown [135] from 13C NMR and mass spectroscopy to have
the structure (139). Several related dimers and trimerxs -have
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SN COo.Me

(139) (140)

been separated by chromatography and characterised spectro-
scopiéally {1371.

There are many reports relating to both traditional [168] and
so-called second generation Ziegler-Natta catalysts. The cata-
lyst from solid TiCl3 and AlEt2C1 which has been pretreated with
propylene gives polypropylene with higher bulk density than
catalyst which has not been pretreated [137]. The stereospeci-
ficity of the Ticl3~AtEt3 cataiyst for polymerisation of
propylene may be improved by replacing some of the triethyl-
aluminium by Et,AlOP (O} (OEt), [138]. The factors affecting the
alternating copolymers of butadiene and propylene using
T1C14-ketone~AlBu§ catalysts have been described [139, 140].
Phenylacetylene may be polymerised using heterogeneous TiCl3-
AlEt3 or homogeneous wc16—AlEt3 catalysts [141]. The catalysts
[TiCl4_n(0Ph§1]-AlEt2C1 for polymerisation of ethylene give the
greatest yields when the Al-Ti ratios are 1.75, 2, 2.5 and 4 for
n=1, 2, 3 or 4 respectively {142]. A careful study of the
polymerisation of propylene using Ti(OBu)4~—A12C13Et3 suggests
that there are both soluble and insoluble catalysts. Below
21°%¢ homogeneous catalysts give isotactic polymer with a narrow
molecular weight distribution. At higher temperatures solids
precipitate, and the mélecular weight distribution becomes
bimodal and broad [143]. Several papers [144-146] are con-
cerned with the polymerisation of trans-pentadiene by the

soluble Ti(OBu) ~AlR, system (R = Me ,Et,Bu’ and n-CgH .l. The
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catalytic mixture has been examined by ESR spectroscopy both in
the absence and in the presence of diene, and the ESR signal has
been associated with catalytic activity. Only a small fraction
of the Ti-C bonds are considered to be active in polymerisation.
The factors determining the molecular weight distribution,

which is again broad and bimodal, and the stereoregularity of
the polymer have been discussed. Catalysts based on

[Tic1R! (n”-CgH,) ]
some detail. These compounds are activated for ethylene poly-

(R1 = Me or Et) have also been examined in

merisation by oxyaluminium compounds obtained by hydrolysis of
AlClnRg__n (R2 = Me or Et, n = 0, 1 or 2). Catalysts made by
hydrolysis of ethylaluminium derivatives are more active and
give narrower molecular weight distributions than those made by
hydrolysis of methylaluminium compounds: the catalytic activity
seems to be independent of the group R1 attached to titanium,
but to fall as the number of alkyl groups Rz on aluminium is
increased [147].

A detailed study has been made of the product distribution
and rate of oligomerisation of ethylene using the soluble
Ziegler catalyst [TiClR(nS-CSHS)2]—AlEtC12 (R = Et, Pr, C5H11,
C6H13)' Evidence has been found that formation of the primary
complex is diffusion controlled and that there is transfer of
ethyl groups from aluminium to titanium [148, 149]. A mathe-
matical model has been developed for the complex kinetic system
[150]. 1In chlorinated solvents such as dichloromethane or
chloroethane the catalyst appears to be different: here also,
however, the kinetics have been studied and a mathematical
description of the process has been presented [151]. Work in
another laboratory [152] has been on ESR experiments with
[TiC12(nS-CSHS)ZIQAlZCl3Et3'or AlEt,Cl. Ethylene may be poly-
merised at -300C using the catalytic system TiCl4-Al(SiMe3)3-
Et20 with Ti:Al 5:2;this appears to be the first example in
which a polymerisation is initiated at a transition metal-sili~
con bond {[154].

As in previous years, there have been a number of reports
on polymerisations using soluble catalysts made from alkylalu~
minium and vanadium compounds. For example, accounts have
appeared on the effect of anisole on the polymerisation of
propylene with (CSH702)2~AIEt2C1 [155], on polymerisation of
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[1—2H]-1,3—pentadiene to trans-1,4-stereoregular polymer, using
VC13—AlEt3 [156], on gSR experiments during polymerisation of
ethylene with [VC12(n -C5H5)2]-A12C13Et3 or AlEt2C1 [157], and
on 2,3,4,4-tetrachloro~2-butenoic acid esters as activators in
copolymerisation of ethylene with other alkenes {158]. NMR and
ESR measurements on the catalytic systems [Ni(C5H702)2]—propa-
diene—AlBu% for polymerisation of propadiene (allene) have also
been described [159].

Supported Zeigler catalysts, usually based on magnesium
halides (possibly with halides of other metals), electron donors
(e.g. ethyl benzoate), titanium alkoxides and alkylaluminium
compounds, have been described in a series of patents [160-164]
and papers [165-168}. One report [169] concerning determination
of active sites includes a review of the development of Ziegler-
Natta systems. A patent [170] describes a magnesium-titanium-
aluminium catalyst supported on a polyalkene having carboxylic
acid groups. Other catalysts have been supported on active
carbon [171-175].

These have been reports on the polymerisation of styrene
[176] using diethylaluminium chloride in chloromethane and on
the polymerisation and copolymerisation of styrene with other
alk-l-enes or vinyl ethers using a catalyst from LiAlR4 (R = Et,
C8H17, CioHpy OF C16H33)—Alcl3-T1C14 [177]. Other reports have
described the copolymerisation of styrene with methyl methacry-
late or acrylonitrile using alkylaluminium dihalides [178] or
diethylaluminium chloride in the presence of ultraviolet light
[{179], and the alternate copolymerisation of indene and methyl
methacrylate in the presence of ethylaluminium sesquichloride
[180].

Block copolymers have been obtained by a combination of
anionic and Ziegler-Natta polymerisation [181]. If living poly-
isoprene or polystyrene, from polymerisations initiated by
n-butyl-lithium is treated with aluminium(III) chloride, the
resulting polymer has pendant aluminium groups. 1In the
presence of titanium(IV) chloride, these provide points at which
polyethylene may be grafted by Ziegler-Natta polymerisation.
Triethyl- or triisobutyl-aluminium enhances the initiation of
anionic polymerisation of butadiene by organosodium compounds:
high yields of poly-l,2-butadiene are obtained [182].



Several further papers have been published in the series
describing the cationic polymerisation of isobutene using aro-
matic initiating systems. The reaction between triphenyialu—
minium and t-butyl chloride gives t-butylbenzene rapidly even
at -60°C, but ClMef (CH,) 5 CMe,Cl and triphenylaluminium do not
give PhMeZC(CBZEFMeZPh quantitatively under similar conditions:
various alkenes are formed by proton eliminations [183]. The
ButC1/A1Ph3 and ClMeZC(Cﬂz)SCMe201/AlPh3 systems injitiate poly-
merisation of isobutene giving polymers with phenyl end groups
[184]. These and unsaturated chain ends from proton elimina-
tions have been oxidised to carbokyl end groups. After treat-
ment with thionyl chloride, these may be coupled to living
polystyryl anions to give isobutene-styrene block copolymers
[185}.

As in previous years organocaluminium compounds have been
used in alkene metathesis catalysts [187-193].

Diethylaluminium chloride reacts with a,8,v,8~tetraphenyl-
porphin to give the metalloporphin (140) which catalyses the
polymerisation of ethylene oxide and propylene oxide to poly-
mers with narrow molecular weight distributions [194, 195}.
The polymerisation of 2-alkenylfurans has been investigated
with a variety of catalysts containing A1R3 (R = Et, Bui) or
EtZAIOEt and titanium or vanadium compounds. Control experi-
ments with 5-methylfuran show that there is no polymerisation
by ring opening. With 2-vinyl and 2-isopropenyl-furan cross-
linking competes with linear vinyl polymerisation and the
products are gels [196].

12. STRUCTURAL STUDIES

Data from diffraction studies on organoaluminium compounds
are given in ref. [39], [40], [93], [94], [101], [119] and [120].
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