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1. INTRODUCTION REVIEWS 

This survey follows the pattern of previous years _ Many papers describe 

the use of organoaluminium compounds as reagents in organic synthesis and an 

increasing number refer to applications in which organoaluminium compounds are 

combined with derivatives of other metals. 

The Chemical Society Specialist Periodical Report [l] covering the 1976 

literature on organometallic chemistry has a chapter on the compounds of 

t 
Aluminium, Annual Survey covering the year 1376, see J. Organomecal. Chem.. 

147 (1978) 127-181. No reprints available. 

References p_ 131 

97 

98 

100 

101 

103 

105 

111 

115 

118 

118 

122 

123 

123 

127 



98 

aluminium, gallium,indium, and thallium [2] . Structure determinations by 

diffraction [3] and spectroscopic [4] [5] methods,and applications in syntheses [6], 

have also been documented. There is a chapter (259 pp) on compounds of 

alcminlum in a new bcok [7] on the chemical analysis of organometallic compounds, 

and a substantial authoritative account of aluminium compounds in a review of the 

structures of main group organometallic compounds with electron-deficient bridge 

bonds [S]. Other important reviews cover rearrangements of unsaturated organo- 

boron and organoaluminium compounds [9] and exchange reaCtiOnS of organoaltminiu 

compounds [lo]. Many references to studies involving organoaluminium compounds 

are given in reviews on alkene metatheses [ll], Ziegler catalysis [13], and the 

polymerisation and copolymerisation of butadiene [14]. Brief sections on 

aluminium are found in reviews on organic peroxides of the main group III 

elements [15], arynes and carbenes derived from organoelement compounds [16] 

(This has an account of compounds with the Al-CH,-ha1 system), intramolecular 

coordination in organic derivatives of non-transition elements [17], and on 

polarography of organometailic compounds of non-transition elements [18] . A 

review on alk&huninium compounds has appeared in a series on dangerous 

chemical reactions [19] _ 

2. MOLECULAR STRUCTURES 

The structure of the donor-acceptor complex hIe-$l, OMez has been 

determined by gas-phase electron diffraction [20]. The main molecular 

parameters are Al-C 197.3(11), Al-0 201.4(A), O-C 143.6(3) pm, O-Al-C 

98.7(15), -41-O-c 122.6(5), c-o-c 114.5(17)“. The O-C distance and C-O-C 

angle are greater than in free dimethyl ether and the three valencies at oxygen 

are almost coplanar. It is suggested that the planarity at oxygen results from 

Al . . _ C(0) repulsions. In the ion [~Me$lOCOMe]-, isolated as a tetramethyl- 

ammonium salt, the Al-O distance, [183(l) pm], found by X-ray diffraction, is 

shorter than that in bIe,A~BIe, [U] . The AI-C distance is 202(2) pm and the 

C-O-Al angle 137(l)‘. The compound [~Ie4Nj[fiIeaA10COMe] is one of a series 

derived from trialkylaluminiums and ionic compounds &LX (&I+ = alkali or R,Nf, 

_Y = halide, pseudohalide or oxyanion) . Many of these complexes react with 

exomatic hydrocarbons: for example, a dense liquid of composition{[Me4h]- 

[Al,iVe,OCOMe] 6.3 C,H&eparates from benzene solutions of [Me,N][Me~lOCO- 

Me] . 

There have been X-ray structural determinations of two compounds (1, 2) 

with alumini urn-containing heterocycles [22,23j. The ate complex (3), made from 

triethylaluminium, sodium and diphenylethyne, reacts with iodomethane to give 
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cis-2,3_diphenylbut-2-ene(4), but with trimethylchlorosilane in tetrahydrofuran - 

(THF) the product is the heterocycle (1) (Equation L) [22]. 

Ph 
\ .Jh MeI 

c=c f------ Na, 

hl/ ke 

(4) 

Et THF 
\I 

Ph\ ,A’\ ,Ph 
> 

/’ \ -NaCl, -SIe,SiEt 
Et@1 AlEt, ‘c \_&I/ CL 

Ph 
/\ Ph 

__.___....__._1_ THF ‘Et 

(3) (1) 

The molecule (1) is centrosymmetrical with the Al,C, ring almost planar _ Ablecuh- 

parameters areA1-0 130.7(3). Al-C 198.4(4). C=C 136.2(5) pm, C-AL-0 

103.7(4), C-Al-C 11-1.5(8)“. The five-membered ring in (pentaphenyl)aluminacy- 

clopentadiene-diethyl ether (2) is also planar, with mean bond distances AI-C 

196:6(G). C=C 136.0(B), C-C 151.6(S) pm [2331. The Al-C(Ph)distance [197. S(6) 

pm] is normal and the A 1-O bond [190 ~ 7(5) pm] is again shorter than in 

fiIeaAl, OMe, (see above). OEt, 

Ph Ph 

Ph OEt, 

>T,A’ -Ph 

Ph \ 1 \,h 

(2) 6) 

Compound (2), which is obtained from the reaction between 1,2, 3,4-tetraphenyl- 

1, +dilithiumbutadiene and phenylaluminium dichloride [24],reacts with bis- 

(cyclooctadiene)nickel in diethyl ether to give red crystals of the complex (5). 

The aluminium atom is now bent away from the nickel atom suggesting that the 

hybridisation at the adjacent carbon atoms corresponds to sp3 rather than sp2. 

Mean bond lengths are Al-C 195.7(3), C= c 140.7(4), C-C l-19.8(4), Al-C(Ph) 

197.5(3), Al-0 197.7(3) pm. The bond length changes in the aluminacyclopenta- 

diene on complex formation may be explained in terms of back donation from filled 

d orbit& on Ni into the nf orbital of the C,(Al) system. The X-Al distance is 

slightly less than the sum of the covalent radii, possibly indicating some metal- 
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metal interaction_ Other X-ray studies are described in Sections 8 (ref 106) and 

10 (ref 117 and 118) below. 

3. SPB CTROSCOPIC AND TRERBIODYKAMIC PROPERTIES 

13C PilVIR spectra [25] of tri-t-butylaluminlum and tris(trimethylsilyl)- 

aluminium [26] have been described, and spectra of tripent-4-enylaluminium and 

its trimethylamine adduct have been recorded as part of a study of metal-double 

bond interactions [27]. However, 13C parameters give much less useful information 

than ‘H NiUR and cryoscopic measurements _ The intramolecular exchange of 

methyl groups behveen bridge and terminal sites in F-methyl-@iphenylamido 

tetramethyldialuminium (6) is first order in the mixed bridged compound [28]. 

NPh, 
-’ \ 

bie.$l,1Le,AlMe2 * BIe#l 
/ 

(6) 

2 . . ..m..=.*._ 

Exchange of methyl groups between compound (6) and trimethylgalfium is also 

first order in (6) and independent of iLIeaGa concentration. Both processes are 

thought to involve breaking of methyl bridge bonds (Equation 2). Mixtures of 

hexamethyldialurninium and the tetramer [AI(OPL?~]~ (7a R’ = R2 = R3 = OPri) 

have been studied by ‘H. 13C and 27Al NhIR [29]. lH NbIR spectra are complicated 

by overlapping signals from the complexes (7b R’ = Me, R2 = R3 = OPri or 7c 

Ri = R2 = Me, R3 = OPri). 13C signals from methyl groups attached to aluminlum 

are broadened by quadrupole effects but sharp peaks are obtained from isopropoxy 

groups. Pulsed techniques may be used to supplement continuous-wave measure- 

ments . The spin-lattice relaxation time T, is about twice as long for protons of 

terminal methy groups as for those in bridging methyl groups. Aluminium atoms 

(7) (8) (9) 
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at the centre and in the wings of the structures (7) may also be distinguished by 

relaxation times. The results have been interpreted in terms of the complexes 

(7a-7c) and, at high AIMe,/A1(OPri), mole ratios, the compounds (S 

R = Me or OPr’). Some chemical ionisation mass spectra have also been 

reported. 

Enthalpies of mixing of trimethylalumInium with the donors bIe#s, Me,Sb, 

BIe,S, Me,Se, and Me,Te have been determined [30] . 

4. PREPARATION OF ORGA NOA LUIvIIMUhI COMPOUhDS 

The very reactive species obtained by the interaction of aluminium atoms and 

acetylene has been trapped in neon matrixes and shown [31] by ESR to have the 

viny1 structure (9). 

Several patents [32-361 describe the synthesis of alkylaluminium cOnlpoUndS 

from aluminium. hydrogen and alkenes, the manufacture of alkylaluminium 

sesquichlorides [3q. and the safe disposal of industrial sludges during manufacture 

of organoaluminium compounds [38]. A mathematical model for continuous 

production of alkylaluminium sesquichlorides has been described and optimum 

parameters worked out for methyl- 1391, and ethyl-aluminium l-101, systems. 

Ethyl phenyl ether complexes of higher alkylaiuminium compounds R$l, OE tPh 

[R = Bun, CsH,,, CaH,,] have been synthesised from reactions between aluminium 

and magnesium metals, iodoalkanes and ethyl phenyl ether in octane at 90-105°C 

(Equation 3. 

2.41 + 3Mg -i- 6RI i ,PhOEt -+2R$l, OEtPh + 3&I& 

Under these conditions, cleavage of the ether and preferential formation of 

organomagnesium compounds are much reduced and SO-SOS yields of alkyl- 

aluminium compounds are obtained. The ethyl phenyl ether may be quantitatively 

displaced by stronger donors such as 1,2_dimethoxyethane. dimothoxymethane. 

dioxan or dipentyl ether [41] _ Optically active alkylaluminium compounds 

(RCHMeCHJ~l (R = Pr’ or Bu 5 may be obtained in 73-Set yield from the reaction 

betweem triethylaluminium and the boron alkyls (RCHi\IeCHz),B, which are 

themselves obtainable from the optically active Crignard reagents RCHMeCH,RIgCl 

and F,B,OEt, in diethyl ether [42] o The optical purity of the products may be 

estimated by bromination or carbonation. 

The preparation of dialkylalum~nium chlorides from aluminium(II1) chloride 

and trialkylaluminiums is complicated by side reactions when the alkyl group is 
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bulky or complex. As a more convenient low-temperature method,the reaction 

between trialkyl and the hydrogen chloride complex cuS0~.2HCl is suggested [43]. 

At 20’ only one alkyl group is cleaved so that the compounds R$ICl may be 

obtained in good yield. When the complex [&IePhHCA12Cl;, 2MePh] is used as a 

source of HCl (Equation 2) high yields of the halides R$lCl (R = Pr’ or GH17) may 

be obtained at 0’ C. If the reaction mixture is heated to 60°C, the dialkylaluminium 

R$l f [bIePhHfA1,C& ZbIePh]+R#lCl + 3MePh + Al,& +RH 

__...__..& 

compounds R.$iCl and aluminium(JII) chloride react to give the dialides RA1C12. 

An interesting trend in current organometallic chemistry is the increasing 

use of one-pot reactions involving derivatives of two different metals. Thus 

reactions between the zirconium compounds (r&H5)$ZrClR and aluminium(lII) 

chloride yield the compounds RAlCl, which may be used in situ as mild alkylating 

agents e.g. fdr acid chlorides (Equation 2 and Table 1) [+I]. 

Cl AlCl, R’CO Cl 

(?l-C&Hj) ,Zr ’ - RALCI, A RCOR1 

‘R CH,Cl,, POC CH&. -3O’C 

5 . .._.......S._ 

The starting alkylzirconium compounds are readily available from hydro- 

zirconation, using (q-C,Hj)$Zr (H) Cl, of alkenes or alkynes and the reaction times 

for the transformations in Table 1 are much shorter than with reagents containing 

only zticonium. Transmetallation from zirconium to aluminium occurs 

gredominantlywith retention_ of configuration at carbon. The acylation works well 

for primary alkyl- and alkenyl-aluminium derivatives but extensive side reactions 

are found with secondary alkylaluninium compounds. Both terminal and internal 

alkenes are converted to the same ketone. Organozirconium species with a remote 

double bond may cyclise,e.g.~~-CsH5)2ZrCi(CH2)4CH= CHJgives (cycle C5H&CH#1ClP. 

The ready availability of i~:yl-transition metal derivatives raises the possibility 

that transacylation from zirconium to aluminium may be &ffected in the same way 

1451. ~VhenC(rl-C5HdLZr(C1)CORf Qi = CH,CJ+But) is treated with aluminium(III) 

chloride in dichloromethane. the solution shows -NMR signals which are 

characteristic of the compound (ClfilCOR),. This is hydrolysed by D,O to the 

aldehyde RCDO, suggesting that the acylaluminium compound may indeed be 

formed in the absence of species such as aldehydes with which it may cordense. 

The scope of the transacylation is, however, not yet clear. 
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Table 1 Preparation of ketones from alkenes or alkynes by hydrozirconation, 

transmetallation and reaction with acid chlorides 

yield reaction time 

But CH= CH, - ButCH2CH,COPIIe Y8y6 30 mins 

n-octenes F n-C,H,,COMe 98% 60 mins 

0 I 
ButC!=CH 

a COR 

R = RIe or Ph 

But 
) ‘C= 

H’ <O&Ie 

-i5 mins 

45 mins 

5. A LKYWTEONS 

This section describes reactions in which orgnnoaluminium compounds are 

used to effect replacement of nucleophiles by alkyl groups and reactions in 

which organoaluminium compounds serve as Lewis acids in electrophilic 

alkylations _ 

The reaction between the allioxides [h -CjHJli(OB)3] (R = Et or I%‘) and 

trimethylaluminium gives a brown liquid, thought to be the complex 

(r~-CBH~Ti~Ie(OR),.Al~Ie,O~.Cleaner methylations to [(n-CSH5) TihIe(OR),] ma) 

be obtained using RIeLi or i\IeBIgBr as alkylating agents [-I61 . The sesqui- 

bromides (CHR’=CR”CH.J~ll,Br, (R’ = R* = H; R’ = Me, R2 = H; RI = H, 

R2 = Me), made in situ from the bromides and aluminium metal in ether, have 

proved useful for replacement of O?,Ie to give B-aIly1 der ivnti ves (Equation 5) 



104 

In other alkylations. chlorine atoms are regkced [44]. Besides the 

examples of Table 1, details have been given for the preparation of 3+rimethyl- 

silylpropyl ketones Me,Si(CH2)aCOR Qr = Me, Pr, C&H,,, C&,. CsH,g or (&Hz3 

1481. Methylenebis(dichloroaluminium) (10). made from 

dichloromethane, reacts with phosphorus chloride to 

intermediate C12PCH,PCI, [49] (Equation 7J. 

aluminium metal and 

give the useful synthetic 

ClaAICH~lC1, + 3FC1, -Ci$‘CH2FCl,, UslCl, 

(10) 
FCI Cl,, KC1 

> Cl,PCH,PCl, 
7 . . . . . . . . . . . . . . . .._ 

Tricyclopentadienyluranium chloride may also be alkylated by triethylaluminium, 

but, like the methyltitanium compounds mentioned above, the products are 

complexed either by excess triethylaluminium or diethylaluminium chloride [SO]. 

Rapid alkyd group exchange between the compounds (C,Hd,URf and AIR: has been 

demonstrated by .NMR. 

Alkenylations may also be effected usin, u organoaluminium reagents [Sl] . 

Ahienylaluminium compounds compounds (11, R = C,H,,, Bun or But), easily 

made by hydroalumination of alkynes, react in the presence of [Ni(C5H70+2]/PPh, 

or [PdC12(PPh3)2] as catalysts, with aliienyl iodides (C5H702 = acetylacetonato or 

pentnne-2, +dionato) . Good yields of the cross-coupled products (12) or (13) (R2=Bun 

Ri=Bu”, But or C5H11) and ml,- small amounts of homocoupkl compounds, are 

obtained (Equation EJ) . The reactions are highly stereospecific so that the 

proportions of the 

are > 907& 

B&lH 

R’CSCH - 

predominant m(12) or a(lS) isomers in the diene products 

R1, r 
,c= c 

H ‘A lBui, 

(11) H’ ‘R’ 

(12) 

8 . . . . . . . . . . . . .._ 

(13) 
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One of the more important appiications of trimethylaluminium is in 

production of trimethylgallium for the electronics industry. Since separation of 

trace impurities in the trimethylgallium produced is crucial, an attempt has been 

made to calculate separation factors from thermodynamic information [52]. Data 

for Me$l, hIe$lCl,and a wide range of other organometallic compounds,have been 

given. 

The use of organoaluminium compounds as Lewis acids to assist in 

electrophilic akylation is illustrated in studies on reactions with cyclohexene [53] 

(E;quation 9, 

G 
I 

-I-EtBr + Et,AlBr - C2H4 

Et 

-I- 

o-0 
____.____s 

The yields of various products depend on the cyclohexene/bromoethane mole ratio 

and also on the temperature. At O’C, the major product is the ethylbicyclohexyl 

(1-J) of unknown structure and ethylcyclohexane (151. At GO’, ethylcyclohexnne (15) 

predominates and at 80’. with an excess of cyclohexene, a high proportion of 

polymeric material is formed. These products suggest that cations [ CGH,,EtlL 

and [ C,H,Ji formed from cyclohexene and the ethyl carbonium ion are important 

intermediates _ In the presence of an excess of triethylaluminium the cyclohexyl 

cation is deprotonated and the principal products are ethane and ethylcyclohexene. 

Similar reactions xx-ith other cyclic alkenes have been studied. 

6. REACTIONS WITH CARBON-CARBON DOUBLE Ahm TRIPLE BOhmS 

A patent [54] claims that alkenes C;H, and C3H6 may be separated from 

alkanes by reaction with the complexes [ CuAlR’ Cl$‘, nL] (R’ = Nest or Bu’; 

R* = Cl or Br; n = 1 or 2; L = cyclohexene, pent-1-ene or benzene) made by 

mixing the components in L as solvent. 

Trialkenylaluminiums may be obtained from hydrnlumination of dienes bJ 

diisobutylaluminium hydride. (Equation 10) 

References p. 131 
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r 
R-V B” eH -/ (R , -w 

1ooOc 
(16) 

. . . . . . . . . . . . lo 

The derivatives (16. R = H. OMe or OPhl have beenobtained by tbis method and 

identified by their reactions with water or oxygen [55]. The dienyi derivative 

(1’0, may be made from dienol (18) and diisobutylaluminium hydride, but on 

heating in the presence of catalytic amounts of Bui.$lH the product polymerises by 

intermolecular hydroalumination (Equation 11). 

Bu$AlH 

w 
-OH B 

o-5oc 

NV/- OA lBui2 

(18) (17) 

I 

Although the aluminium compound (17) is stable up to 150’12, the corresponding 

derivative from allyl alcohol and diisobutylaluminium hydride undergoes intra- 

molecular hydroaluminnthn to form compound (19). This reacts with vinylcyclo- 

hexene at 15O’C to give (20) which is oxidised and hydrolysed to 1, 3-propanediol 

and Lf-(2-hydroxyethyl)cyclohexene. [58] 

CH= CH, 

(19) (20) _........12 

The reactions between triethylaluminium and chloroalkenes in which both 

chlorine and the double bond are adjacent to an aromatic ring may result in 

alkylation at chlorine as well as addition across the double bond. Thus PhCIC:CHZ 

and triethylaluminium in benzene give, as main product, PhCHRIeEt, together Tvith 

smaller amounts Ph2CH2, Ph,CHMe, PhCH,CH2Ph. [ 571 
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Several papers describe hydroaluminations catalysed by transition metal 

compounds. The reaction between bis(cyclopentadienyl)titanlum dichloride and 

lithium aluminlum hydride yields a complex [(n- C,Hd 2Ti (A 1Hd J which catalyses 

the isomerisation of terminal to internal alkenes [58] [59] under mild conditions 

(95’C for 5 h) . In the presence of an excess of lithium aluminium hydride the main 

products from alkenes RCH= CH, (R = Bun, CsHt3. Ph. cyciohex-3-enyl) are 

the salts L?[R(CH&AlHJ- (21). Internal alkenes are rather unreactive towards 

hydrometallation under these conditions. The alkylaluminates (21) may be 

oxidised to alcohols RCH,CH,OH,e.g.. by O,/H,O,/NaOH. by m-chloroperbenzoic 

acid or by O*/aq. HCl and converted into l-bromoakanes by treatment with 

bromine [ 601. Since terminal double bonds react much more rapidly than internal 

double bonds, alkenols may be obtained in good yield. The cataiytic activities of 

ZrCl,, TiCl,, VCl,, [Ti(q-C,HJ,Cl,] and [Zr(q-C,Hd,Cl*] for selective hydro- 

aluminations of dienes , have been compared [Sl] . Titanium (IV) chloride is the 

most effective. The nlkenylnlun~inium compounds may be converted to halides by 

treatment with I\-bromo- or N-chlorosuccinnmide or into aikenes by hydrolysis (Table 2), 

Tetrahydrofuran(THF). dimethoxyethane, diglyme or triglyme may be used as 

Table 2 Hydroaluminations catnlysed by titanium(W) chloride [61, 621 

Alkene Product Yield (s) / 
6 . / 

-/ 

X(CH2) 2 -0 / 
X(CH,) 2 -,- 

XC(&) 2 \/\/ 

97(x = H) 76(X = Cl) X(X = Br) 

94(X = H) 70(X = Br) 

90(X= H) 71 (X= Br) 

99(X = H) 

98(X = H) 79(X = Br) 

96(X = H) 66(X = Br) 

X(CH,),\/\/\/S~(X = H) 84 (X = Br) 

(- 

L 

J 
46(X= H) 

/ 

References p. 131 
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as solvents, but not diethyl ether. Reactivities towards Liill-l, decrease in the 

series RCH=C!Hz>R2C=CR,>RC~= CHR but here, with a large AlR/Ti mole ratio, 

isomerisation of internal to terminal alkenes is observed. Towards a particular 

alkene (e.g. hex-l-ene) the reactivity decreases: LiAlH4 >AlR,>AlR,C~AlRcl, 

]62]. From a, cu -dienes,mono-or di-aluminium compounds may be obtained by 

control of the Al/alkene mole ratio, apparently without cyclisation reactions 

1621. Organoaluminium intermediates are also implicated in the hydro- 

metal&ion of a range of terminal and internal aIkenes using bis&sopropylamin+ 

alane AIH(NPr,i), catalysed by bis(cyclopentadienyl)titanium dichloride [63]. 

Several papers describe the formation of di- or tri-enylaluminium 

compounds by carbalumirztkn or hydroalumination of alhynes. For example, the 

clY!iIc/o, 2 
, 

(22) PhC= C-Al ( __ 12 

(23) 

reaction behveen acetylene and tris[2-cyclohexenyl)ethyl]aluminium yields the 

dienyl derivative (22 R = H). [I%]. The reaction with phenylacetylene is more 

complicated, since metallation giving (23), as well as carbalumination giving 

(22, R = Ph] is observed. The compound (24) may be made similarly from 

acetylene and (CH2:CHCHrCHCHhIeCH2CH$$l. 

The reactions behv-een diethyl- or diisobutyl-aluminium hydride and 

hcpt-I-ene+ynein diethyl ether give the bis(dialkylaluminia)hept-I-enes (25 R = 

Et or Bui) [65] _ The analogous compound (26) is obtained similarly. The 

A 
(25) (26) (27) (23) 

compounds (25) and (26) may be isolated as ether adductsr in the absence of ether, 

or with an excess of ether-free triethylaluminium, they rearrange to the cyclo- 
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hexyl compounds (27) and (28). This rearrangement is thought to involve an intra- 

molecular alkene exchange (Equation s). 

(26) (28) . . . . . . . ..s 

m 
> “_c=c=c /H 

HH ‘CH,CI-I,OH 

03 
14 ________._._._ 

The formation of chlral allenlc alcohols from alkynols is also thought to involve an 

intramolecular hydroalumination. this time on an alkynyl group (Equation 13 1661. 

Enaatiomeric purities of 75-90s may be achieved. 

The reaction between halides R#lCl (I3 = Et, Pri, Bui, or I%) and the 

alkyce PhC-CPh in the presence of lithium sand in ether or THF yields the N- 

dialuminium stilbenes (29) which may be obtained as coiourless crystals. 

(Equation l-5). 

It would be interesting to know more about the mechanism of this unusual reaction 

[67]. The reaction between 1, e-diphenylethyne and ethylaluminium chlorides has 

also been studied in the absence of lithium metal [68] . The products are phenyl- 

alkenes or phenylalkanes, and may also illvolve incorporation of solvent. Some 

Fteferencesp.131 
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2R,AlCl + PhC=CPh + 2Li j yL_J” + PLiCl 

Ph’ ‘AIR, 

. . . . . . . ..~ 

* 

cm 

1.2.3~triphenylazulene is also observed. 

The reactions between organoaluminium compounds and alkynes may be 

catalysed by transition metal compounds. Thus the reaction between alk-1 -ynes 

and trisobutylaluminiurn in the presence of catalytic amounts of bis(N-methylsalicyl- 

aldimine)nickel, yields the head-to-tail dimers (30 R = Bun, EtCHRIe-, PriCHBIe-, 

R\c= ./” 

(30) 

But CHbIe-, Et CHMeCH2; Et CHMe(CH&) which are not otherwise readily available. 

Other products are 1,3, 5- and 1, 2. -I-trinlkylbenzenes _ The optimum B&A l/Xi mole 

ratio for formation of dimeric and trimeric products seems to be about 60. 

Formation of dienes relative to aromatic compounds is favoured by substitution at 

the 3-position of the alk-I-yne and by an excess of trisobutylaluminium over 

alkyne (691. Experiments with chiral nlkynes show that both dimerisation and 

cyclotrimerisation occur without racemisation [70] _ For preparation of optically 

active trialkylbenzenes from chiral aikynes catalysis by trisobutylaluminium/ 

titanium chloride appears to be better than catalysis by trisobutylaluminium /bis- 

(N-methylsalicylaldimine)nickel. 

The alkylation of aikynols with organoaluminium reagents may be 

promoted by bis(q-cyclopentadienyl)titanium dichloride (Equation J&I. The 

isomeric alkenois (31) and (32) are formed in about equal amounts. The 

alkynois C&C-CCH,CH,OH, HCE CCH,CH,CH,OH and HC=CCH,CH,CBOHCH, 

react similarly [71]. Alkynols may also be nlkylated by conversion to complexes 

(33 C.$iH,O, = pentane2, -kdionato), foll6wed by treatment with diethylaluminium 

chloride or triethylaluminium (Equation m [‘72]. 
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o”c 
2.5 Et-plCl + HC=CCH,CH,OH - Ali_ s(OCH+H2C=CH)Et&12~S 

c=2(=2 

(i) [(&HJ,TiCl~catalyst 
EtlC=C’H /Et 

/ 

(ii) H,O H’ “CR CR OH+ 2 2 H2c=c\CH CH OH 2 2 

(31) (32) 

. . . . . . . .E 

TiCI2(C,H@2)2 
HC-C(CHJ,OH A [TiCl(OCH,CH2C- CH) (C5H702)21 

C,H,N/C,H, 
(33) 

Et.#lCl RZC 
* - Ho 

CH,Cl,, -76” C 
\/\/+-Et 

_________lJ 

7. REACTIONS WITH CARBONYL COhIPOLJNDS 

There is continued interest in the mechanism of the reactions between 

trimethylaluminium ard ketones. Cryoscopic and h’hIR spectroscopic measure- 

ments on mixtures of Al,fiIe$Et,O Al,Ble,/Ph,CO and A12Me,Cl,/Ph2C0 have 

been interpreted as providing more circumstantial evidence for the six-membered 

transition state (36) for the reaction between the complex Ph,CO,AlBIe, and 

trimethylitluminium [73] s 

(34) 

The ketones R’COPh (35, R’ = Et, Pri or But) react with the chiral 

alkylaluminiun compounds [(S)-MeCBR2CH2]~1 (36.R2 = Et. Pri 
t 

or Bu ) to give. 

after hydrolysis, the alcohols R’CH(OH)Ph. The @)-alcohol is formed in all 

cases except when R’ = R’ = But in (35) and (36); then the @)-ennntiomer is formed 

selectively. For the ethyl ketones (35 R’= Et), the optical yield of the @)-alcohol 

increases as the size of R’in (36) incr,eases. This is not the case, -however, for 

the isopropyl or t-butyl ketones (35, R’= Pri or But) [74]. In another study 1751, 

the stereoselectivity of the reduction of 4-t-butylcyclohexanone with the reagents 
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(37, R’ = Bui) made from diisobutylaluminium hydride and the alkyl lithium R*Li, 

has been examined. The highest ratio of axial (38a) to equatorial (38b) products 

is obtained with (37. R2 = But). The reducing agents (37, R’ = R2 = Pr’, Bus or 

cycle-C&Ill) have also been made from dialkylmagnesium and LiAlH4. They 

Li 

(37) (3Sa) (38b) 

have been used to convert Z-methylcyclohexanone into 2-methylcyclohexanols with 

a cis/trans ratio of 68/32. -- The stereoselectivity of the aluminium compounds is, 

however, inferior to that of Li[BBuS,H] [76]. 

The reaction of tetraethylaluminates iLI[AIEtJ, (M = Ca, Sr or Ba) with 

aidehydes was described last year. A further paper [77] gives details of reactions 

with benzophenone, benzoyl chloride, and acetic anhydride. The reaction between 

CaAl,Ph, and benzophenone in hexane at 20°C gives the crystalline donor-acceptor 

complex CaA l,Ph,. Ph,CO (39) . Hydrolyses show that transfer of phenyl groups 

from metal to carbon is slow at 20°. At 100’ C four of the eight phenyl groups in 

the organometallic compound may be transferred. The corresponding reaction 

behveen benzophenone and CaA12RIea shows that six &l-methyl groups are 

transferred. It is not at present known whether calcium or aluminium is the 

acceptor atom in the complex (39). Benzoyl chloride reacts only slowly at O°C 

with CaAl,Ph, but at 65’C the complex Ph,CO,AQ is obtained. The alkylalumin- 

ates MAl& (EZ = Et or Pr) react with benzoyl chloride or acetic anhydride more 

readily than does CaA l,Ph, . 

The o-quinones 3,5- and 3, 6-di-t-butyl-1, 2-benzoquinone react with 

alkyls of group III elements hiEtg (&I = Al, Ga, In or Ti) at -S6’C to give 

coloured solutions which slowly fade [78]. After warming and hydrolysis a 

mixture of isomeric phenols may be isolated. These observations have been 

interpreted in terms of reactions such as Is. 

Bus 

+AlEt, + 

But 

But 



. . .._.__..g 

The radical (40) is detected by ESR, and formation of the ethyl radical 

from disproportionation products, or products from attack on solvent. 

is inferred 

A detailed study [79] has been made of the reaction between alkenyl- 

aluminium compounds (-11, R = Et, Bun, Bui, C,H,, or C,H,,) and epoxides . In 

the presence of strongly basic ethers the main product from cornFounds (41) and 

ethylene oxide is the &-alkenol (42) (Equation 19) . In weakly basic solvents, 

(i) ~/THF H 

\ /” 

F= % 
7 C= c 

1 \ 
R&i R (ii) H20 HOCH,CH, R 

(41) (-42) 19 . . . . . . ..-._ 

30-4OCJ_ of the reactant (41, R=Et) is converted to the (2-et‘hylcyclopropyl)methanol 

an isomer of (42). With propylene oxide the main product is that from alkylation 

at the less-substituted carbon. An excess of ether also stabilises the alkenyl- 

aluminium compounds (41) themselves, apparently by slowing down formation of 

dialuminium species,e. g.. Et;V)&HCHEtCH= CHEt. A large excess of the cyclic 

ether leads to high-boiling products by multiple insertion reactions. 

The reactions of alkyl derivatives of zinc, magnesium, lithium and 

aluminium with methyl formate have tsen compared [SO]. Although RZnBr. RhIgBr, 

and RLi (R = CHi=CHCH2) give both (CH,=CHCHz),CHOH (43) and CH,=CHCH,- 

CHMeCH,OH, RaA1$3r3 gives only (43). The lactone (44) reacts with triethylaluminium 

to give after hydrolysis the ether (45) but (46) gives a more complicated mixture 

0 

(44) 
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of products 1811. Diisobutylaiuminium hydride in toluene at -70 to -4O’C has 

become a standard reagent, in .synthesis of prostaglandins and related compounds, 

for reduction of the lactone (47) to the hemiacetal (48) before introduction of the 

second chain by a Wittig reaction (Equation 2_0,. Many examples of this [82-861 

and similar [S7-YO] procedures have been described. 

, 
RiO 

(48) 

Ph3P:CH(CH2)aC0$i 
3 

i 
_. -\==,(cH2)3co$ 

,- / 
R’G 

\ 
R2 

-....-...._ 20 

As part of an inirestigation of the background to photosynthesis, the reaction 

between tetraphenylporphin (TPP Hd (49) and triethylaluminium has been 

e_xamined [Sl] . The products are ethane and a compound TPPAlEt (50) which 

Ph 

(C,Hd,Zr-H 

\ / 
*i 

H-AlRu 2 

absorbs carbon dioxide in the presence of I-methylimidazole and visible light. Pr”Pionil 

acid, the product from insertion of CC, into the Al-Et bond, is detected in the 

solution obtained on acidification of the reaction mixture. It is likely that a donor- 
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acceptor complex is formed behveen compound (50) and I-methylimidazole. Since 

neither triethylaluminium nor 1-methylimidazole absorbs in the visible, the Al-Et 

bond seems to be activated by absorption of the porphin ring. 

A quite different system which is able to also activate small molecules 

towards reaction with organoaluminium compounds is obtained from bis(cyclo- 

pentadienyl)zirconium dichloride and diisohutylaluminium hydride. These 

compounds react to give a complex formulated as (51), which absorbs carbon 

monoxide (2 mol.) at l-4 atm. and 20’~. More carbon monoxide may be 

absorbed after treatment of complex (51) with more diisobutylaluminium hydride. 

After hydrolysis a mixture of linear alcohols CH,OH - C,HSOH is obtained. 

Experiments with ‘%O show that 13C is incorporated into each unit of the alcohol 

chain. 2-Methylprop-l-ene and &- and trans-RIe,CHCH,CH= CHCHBIe, (from 

alkylation of CO,followed by reduction and elimination) are aiso produced [93] _ 

8 2 ORGAKOA LUMIMURI A LKOXmES A?GD RELATED CORIPOUi\;DS 

The oxidation of but-2-enylaluminium sesquibronlide by air at -SO to 

-1OO’C has been studied [93] _ The reduction by triphenylphosphine of the 

peroxides produced gives bIeCHOHCH=CH, (70%). from RIeCH(OOAlRJCH=CH, 

(R = Br or CH,-CH= CH-Me)&-hIeCH= CHCH2OH (2-T‘) and Z-bIeCH=CHCH,OH 

@$$),from IkIeCH=CHCH,OOAiR,. 

Patents describe the preparation of aluminoxanes by hydrolysis of 

alkylaluminium chlorides [94] and by treatment of alkylaluminium chlorides with 

lead(U) oxide [95] . IR and KMR spectra of mixtures of trimethylaluminium and 

water in dimethoxymethane are said [96] to show the presence of complexes of 

dimethylaluminium hydroxide, [R1e~10H(i\Ie0CH~0b1e),] n = 1 or 2. Above 

-15OC. these complexes react with any excess of trimethylaluminium to form 

complexes of tetramethylaluminoxane (RIe+l)20. The ethyl compound (Et$l):O 

was described in the 1976 Survey. A further paper [97] describing cryoscopic, 

IR and NIvIR studies suggests that with benaonitrile this forms a complex (52). 

The phenoxides 2-XC,H@lMe, (X = Me. Me0 or Cl) are associated in benzene, 

‘Al&t 2 

R 

(52) 
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perhaps because the aluminium octet is completed by inter- rather than intra- 

molecular coordination [SS] . L-MeOCOCGH40A1Me, is, however, monomeric. 

Support for the chelate structure (53) is claimed from IR and P\MR spectra and 

from a study of complex formation with the strong donor hexamethylphosphoramide. 

Compound (53) forms the weakest complexes of the series of Lewis acidsstudied 

(hIe$l, AlCl, and phenoxides 2-XC&OAlMe, and 3,4-Cl,C,H,OAlMe,). The 

phenoxides react with traces of air to give yellow solutions. ESFt spectra show 

that these contain 2,6;-di-t-butyl-4-alkylphenoxy radicals (54, R = Me or But) 

together with unidentified radicals containing aluminium and 2, b-di-t-butyl-4- 

alkylphenoxy groups [SS] . 

The reactions between methylaluminoxanes and 4-t-butylcyclohexanone 

gives hydrolysis products which contain 60-65c/, of the axial alcohol (55) and 35- 

4Wa of the equatorial (56). suggesting that methylation is predominantly from the 

equatorial side [loo] . By comparison, methylation of 4-t-butylcyclohexanone 

using trimethylaluminium-etherate gives a mixture containing 757o of the axial 

alcohol. No addition of the Al-O bond across the carbonyl function is observed. 

OH Me 

But&e BuwH 

(55) (56) 

The high thermal stability of diethylfssopentyloxy)aluminium, which is 

unchanged after 40 h at 230°C, is attributed to the lack of p-hydrogen atoms [loll. 

It ivas shown some years ago that when the compound Ph,SiOAlRIe, was heated at 

25O’C there was extensive scrambling of phenyl and methyl groups but the SiOAl 

sequence was preserved. In contrast, PhaCOAli\Iez gave mainly Ph3CBIe. 

Corresponding reactions with germanium and tin derivatives are now reported 

11011. When the compound Ph,GeCAlMe, is heated at 22O’C for 40 h an 86% yield 

of methyltriphenylgermane is obtained. The tin-compolmd Ph3SnOAlRlez appears 

to be unstable even at 200c. Thus when Ph&inOH is treated with trimethylaluminium 

the stannane Ph@Me is formed in 96% yield. 

The main stimulus for research into organoaluminium a&oxides arises 

from their use as components of Ziegler-Katta catalysts (see also Section 

12). patents describe preparation of hydrocarbon-soluble material [102,1031. 
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The dimethylglyoxime complexes (57, hl= xi. R = Me or Ph; &I= Pd. R = 

Me)form adducts in which pyridine is coordinated to aluminium [104]. The 

diethylaluminium salicylaIdoxims complexes (58) appear to be similar to the 

diisobutyl- and diphenylaluminium complexes described in earlier years j105] ; 

the pyridine adducts are said to have the pyridine coordinated to the transition 

metal. 
Et Cl 

/\ 
Cl Et 

(57) (5% 

The derivatives (59, R = Me, 31 = Al or Ga) may be obtained by reaction 

21 [106]. The aluminium compound has been shown by X-ray methods to have the 

2Me,BI i (COKRR), w 2CH, f bIe,DI(COKR) $IBIe, 

(59) . . . . . . .a 

centrosymmetrical trans-structure (59a); in contrast, molecules in crystals of 

BIe Me 

I 

J 
i\Ie,Ga 

\ 

(59a) (5Yb) 

?Ie 
I 

,r”“’ WC,\ 
\,_ ,“,A&o 

I 
2 

Me (60) 
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the gallium analogue have the c&-structure (S9b). though NMR spectra suggest 

the presence of both cis- and trans-isomers in solution [106]. The reactions - 

between trialkyls RaAl (R = BIe, Et) and N,N’-diacetylhydrazine give compounds 

(60) which appear from spectroscopic evidence to have a ceutrosymmetrical 

Al,O,N,C, skeleton [lo’?]. The preparation of alkanesulphonates by reaction of 

trialkyls (RhIe,SiCHJ~l with sulphur trioxide has also been described [108]. 

9. OR~NQ4LUMINIUM SULPHIDES 

Procedures have been given for the preparation of bis(dimethylaluminium) 

sulphide, (hIe#l)#, from trimethylaluminium and hydrogen sulphide [log] and 

methylchloroaluminlum sulphides (hie,&lCln),S (II = 0, 1 or 2) from Me,_,41Cln 

and lead(H) sulphide [110]. Alkenylaluminium compounds react with sulphur to 

give the sulphides (61) which may be converted with high selectivity into trans- 

thioenolesters (62, R’ = Et. Pr, Bu or n-CsH,3) or (63, R=Bu; R* = Me. n-C,H,,, 

Phi Equation a [ill] . 

Bui#lCH= CBR* i S W B&lSCH=CHRi 

&zYil l”-zhIe 

MeCOSCH-CHR’ R%OSCH= CHR’ 

. . . . . . . . . . . ..~ 

(62) (63) 

10. REACTIONS OF QRGANOALUMi~~UM COMF’OUNDS WITH ORGAMC 

-NITROGEN AND PHOSPHORUS DERIVATIVES 

Trialkylaluminium compounds react with secondary amines to form 

amides &A lNR&.,. These compounds, which may be generated in situ or 

prepared as stock solutions, have been suggested as reagents for the conversion 

of esters to amides in high yield and under mild conditions (25-41°C in dichloro- 

methane) [I1 21. For example, the lactone (64) gives an 80% yield of the amide 

(65) and an 8v0 yield of the hydroxyamide (66) _ (Equation a _ 

The heterocycle (67) has been obtained by the reaction 24, and characterised by 

comparison of the lR spectrum with that of the gallium analogue [113] _ 

Reactions between trialkylaluminium compounds and primary amines 

yield the oligomeric compounds (R’AlhR~, which are used as initiators in the 

polymerisation of acrylic compounds, as cocatalysts in the polymerisation of 

alkenes and dienes and as stereoselective reducing agents for organic 

compounds e.g. steroidal diketones [114.115]. Syntheses of oligomeric 
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HO 
‘1 

I 

(63 (64) (66) 
__..._.2J 

THP = tetrahydropyranyl 

[(Me$V)@H2] Cl f 2BuLi + RIe2KCH2BH,h&Ie2CH,Li 

(67) . . . . . . . ...24 - 

imi noalanes (MeAlNPr i)G,[(EtAlh.Prjl(HAliuPrj,and (EtAlKPrl), have been 

described [116]. s-Isopropyli minoalane may be obtained as tetramer (68). from 

the reaction between trimethylaluminium and isopropylamine or as hexamer (6S) 

from the alkylation of the compound (HA1sPr’)6 with trimethylalunlinium. Both 

forms have been characterised by X-ray methods. 

-Al 

\ 
Me 

Pr’ nIe 

(68) (6% 

In (RIeAlNZk’), (66) mean bond lengths areAl-S. 192.3(l), Lu-C lG8.5(9), and 

Al-C 194.6(11) pm 11171. The hexamer (6S) which has 2 symmetry is obtained 
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as mixed crystals with HMefil,M$?r~ [llg] . This has random occupancy by 

hydrogen of one of the six sites adjacent to aiuminium. The AI-N bond lengths 

alternate in the six membered rings [190.8(2) and 192.6(2) pm]; in the four 

membered rings two Al-N bond distances are 196.4(Z) pm. Other bond lengths 

are AI-C 197.7(3) and NYC 151.4(3) pm. NMR spectra of materials of composition 

[(~YL~~NR~~(R~A~NR~~ are complicated because the symmetry of the (HALNR?, 

cage is lowered by partial alkylation and because samples almost always contain 

mixtures of partially substituted species. Assignments have been given for 

[(HAINBut),(MeAINBut)]. [(HA~~~u~)~(M~AI~u~)~(~I~A~NP~~)J and [(EtAINPri)J. 

Signals from N-alkyl groups adjacent to Al-alkyl groups are found at higher field 

than those from N-alkyl groups adjacent to Al-H P191. 

Trialkylaluminiums react with compounds containing unsaturated nitrogen 

functions to give complexes which subsequently rearrange to insertion products. 

The complex (70) formed between methacrylonitrlle and trimethylaluminium has 

been detected by ‘% NMR; at BO-llO°C it rearranges to the azomethine derivative 

(71), isolated as a pale yellow solid [120]. 

H,C= CMe CI$A IMe, - H,C= CMe-CMe=N-AlMe, 

(70) (71) 

The molecular complexity of (71) has not been established but kinetic 

measurements relating to its formation have been reported. An alternative route 

to azomethine derivatives of aluminium is from N-chloro-2-propanimine (72) 

(Equation 25). 

2bIe,C=NCl + 2EMe, - [Me2C!=NEMe2] 2 + 2hIeCl 

(72) (73) 

E = B, Al or Ga. -.-.......... 25 - 

The vibrational spectra of compounds (73) suggest that they have l&h symmetry 

with four-membered E,N, rings [12l]. 

Pherylazomethines PhCH=NR (R = Pr. Bu, cyclo-C&lii, PhCH,CH,, 

PhCH, or Ph) are reduced by trimethyl- or triisobutyl-aluminium to the secondary 

amines PhCH$HR [122]. Reductions using diethylaluminlum chloride are not 

achieved in benzene but are successful in boiling mesitylene or tetralin. The 

reactions between cyclic enamines e.g. N(l-cyclohexenyl)piperidine and 

trimethylaluminium have also been described [123]. Alkylidenephenylhydrasines 
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e.g. PhCH=NNHPh react with triethylaluminium to give, after hydrolysis, 

products resulting from cleavage of the N-N bond [124]. 

Further details have been published of the reactions, described briefly 

in last year’s Survey, of organoaluminiurn azomethine derivatives with alkali 

metal [125]. The compound (74) obtained from phenyl cyanide and diethyl- 

aluminium hydride, reacts with sodium or potassium to give complexes 

(75, M = Na or Kl which may be hydrolysed to benzaldehyde and compound (76) 

(Equation 26). 

EL/IN= CPhH 1L1 [EtzAlNhICHPhCHPhNhlAlEtP,2Et~lN:CPhH] 

CSH6 or C6Hi 4 
(74) 

(75) 

> HZNCHPhCHPhNH2 -+ 2PhCHO 

(76) 
. . . . . . . . . ...26 - 

In polar solvents such as THF or tetramethylethylenediamine, three or four 

molecules of (74) may condense so that, besides (76), the imidazole (77) or 

pyrazine (78) are obtained. 

Ph 

(77’ ;7a 

The azomethine derivative (79) reacts with potassium according to equation z. 

There seems to be some charge delocalisation in the intermediate (80) since it 

gives both N- and C-methylated products, including those from electrophilic 

substitution in the aromatic ring, on treatment with dimethyl sulphate. 

2K Hz0 
Et$lN=CPh, W Et#INRIChIPh, . j H,NCHPh, 

(7% 

1 

(60) 

Me,SOd 
Me 

H,NChIePh, + RIeNHChiePh, f hieNHCHPh, f 
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The compound Bu~lN=CH(cyclo C,H1,) does not react with alkali metala in THF . 

Surprisingly, however a complex like (75) is formed in hexane and this may be 

hyclrolysed to cyclic products such as (81, R = cycle C&I). 

(81) 

The diphosphido derivatives RPiPPh, (R = Ph, -IhIeCgHa, or Bui) react 

with cyanides R’C_“(R’ = Ph or Me) at 150-2OO’C to give substituted azomothine 

compounds R# 1X= CR’PR, [126]. Another interesting phosphorus-containing 

organoaluminium compound (82). obtained by the reaction 28 11271, may be - 

-LiF 
/ 

CH 2-+!F2 

Me,?= CHPi\Ie, + LiA IMe, V Me81 

\ 

;CH 

F 
-2CH, ._ _-/ 

CH2-PBIeZ 

(82) . . . . . . ...28 - 

considered as a derivative of the double ylide ble,P= C= PhIe, (83). The gallium 

analogue of (82) has also been made and its structure has been confirmed by 

X-ray diffraction. The ylidic character of the methine proton in (82) is shown by 

its high-field NRIR signal. In its reaction with trimethylaluminium, the ylide (83) 

reacts in the tautomeric form H,C= P%Ie,-CH= PBIe,-CH,-H in the same way that 

pentane-2, G-dione reacts with trimethylaluminium as the enol O= CMe-CR= CMe-O-B 

11. DL4LKYlA LUMIMUAI HYDRIDES 

Hydroaluminations and reductions of carbonyl functions have been 

discussed in Sections 6 and 7. Patents describe the formation of dialkylaluminium 

hydrides [33,31, 1281 and their use as reducing agents for conversion of tetra- 

alkoxysilanes to silane [l_“S] and triphenylphosphin e oxide to triphenylphosphine 

[130] . Diisobutylnluminium hydride reduces chiral silicon compounds with 

retention of configuration [131]; it is suggested that reagents which favour 1, 2- 

addition to enones react with silicon compounds with retention and those that 

favour 1, a-addition react with inversion. 

Organoabuminium ate-compiexes LiAlH,R,-, (R = Me, Et or Ph) have 

been detected in ether solutions of lithium aluminium hydride and methyl- or 
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phenyl-lithium [75, 132]-magnesium [76, 1331 or -zinc [134-1361 derivatives. 

Details have been given of complex equilibria involved. 

12. DONOR-ACCEPTOR COMPLEXES 

Syntheses of dioxan complexes of diethylaluminium halides have been 

described [1371. Molecular orbital calculations have been made on the complexes 

of trimethylaluminium with ammonia, methyl-, ethyl-, dimethyl-, trimethyl- 

[13?3] and triethyl-amine and with trimethylphosphine [139]. There are still 

considerable difficulties in calculating dissociation energies of such complexes 

from first principles. The compounds M,X (&I = K or Cs; X = 0. S or Se) form a 

series of complexes with trimethyl-alunlinium, -gallium, or -indium. Vibrational 

spectra suggest that these contain the ions (81. E = Al, Ga or In) in which the 

Group VI anions are surrounded tetrahedrally by metal atoms linked also by 

bridging methyl groups [140]. Other donor-acceptor complexes of trimethyl- 
n . 

aluminium are with K-trimethyl~ermylphosphinimines (85. R3 = Pr,, Pr’,, Ph&Ie2, 

BuiRIe,. But, Bui, Fh, or Bu!&Ie but not Bu!J [141] and with urnnium(VI)hexa- 

is&propoxide, [142]. The complex (hIe$l) ,U(OPr’J 6 is an involatile green oil, 

for which structure (86) is proposed. Uranium(VI) chloride is reduced to 

uranium metal by trimethylaluminium. The compound [Bu,hq[AlbIejI] has been 

GeRIe3 
/ 

I i? i I R,P=ti 

(84) (85) 

made for comparison with the complex borohydride [Bu,lNJ[Al(BHJ.J [143]. and 

the complexes [&I(Al$dKO.,J (a1 = K, Rb, Cs or EtqN; R = Me or Et), which form 

liquid clathrates with aromatic hydrocarbons, have now been described in a patent 

[144] (c.f. previous Annual Surveys). Ethylaluminium dichloride, but not diethyl- 

aluminium chloride or tri ethylaluminium, is effective in promoting conversion of 

carbene complexes of tungsten to carbyne complexes, but none of the alkyl- 

aluminium compounds is as efficient as aluminium(ll1) chloride [145] _ 

13. REA CI’IONS OF OR GA NOA LUBIDNlUPtI COMPOUhDS WITH 

T~XSITION METAL DERIVATIVES 

The increasing emphasis on transition metal catalysed reactions of 
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organoaluminium compounds has led to continued attempts to characterise species 

containing both aluminium and another metal. 

The reaction between the alkoxide Ce(OPrI),, L (L = BrLOH or pyridine) 

and triethylaluminium at about 100°C in the presence of cyclooctatetraene gives a 

yellow crystalline complex formulated as (87). on the basis of evidence from IR, 

N~WR and mass spectra and decomposition with alcohol or D20. Compound (87) 

forms a crystalline adduct with methyl cyanide but the base may be easily 

removed in vacuum [146]. 

‘t, A+ 
bIe.$Ie__ ’ __ -pri 

i/ 
o-u-o 

Pr I , 
k 

?A lMe, 
.’ 

(86) (87) 

A study by KIUR and cryoscopic techniques [147] of the reactions between 

diisobutylaluminium hydride and bis(cyclopentadienyl)zirconium derivatives 

(q-C$Is)2ZrX2 (X = Cl, H or alkyl) has revealed the formation of mixed metal 

hydride complexes such as (88-93). These species must be considered in 

discussion of zirconium-promoted reactions of aluminium hydrides. 

Bui+lH 

(q-C&d,ZrH,T 
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&.A_l~ 

=-rC$Hd2ZrR2 
-2B& IR 

R = ButCH,CH2- 

irl-CjHj) 
5 2 
Hd ZrciA$ui 

\I-+A lBuiR 

I J 
B&lR Bui#lR 

(9.2) (93) 

Sometimes, however. mixed metal species are not obtained, and the 

organoaluminium compounds serve as reducing agents _ For example, the k 

compoundlL%(q-C$$ CI~reacts with ethylaluminium dichloride in the presence of 

1, 2-bisdiphenylphosphinoethane (dppe] to give the i\b(lll) derivative [L%(q-Cj~d Cl,- 

(dppe1111481. The tantalum compound[Ta(ri-C,-H,) Ci,l may be redwed by ethyI- 

aluwnium dichlcride to the compound [Ta(q- CsH5)2Clz] and tris(pentnne-2, -L- 

dionatcjinolybdenum(III) may be reduced by triethylaluminium in the presence of 

dppe to give the seven-coordinate molyWenum(II) compound [BIoH(C5H,0z) (dppe) 3 

[149]. The reduction of tris(pentane-2, 4-dionato)iron with triethJ’lnl~u~~~ini~Im in 

the presence of dppe at -7B3C yields [FeHg(dppe)2]. assumed to be formed by 

decomposition of the alkyl [FeEt,(dppe)J formed initially. At OIC ho\\-ever. with 

iess alluminium alkyl, it is possible to isolate the golden yellow crystalline 

complex [Fe(dppe) (C,H,O&] [150]. 

There have been two more reports on the reactions between iris(pentane- 

2,4-ciionato)cobalt and trimethyl- or triethyl-aluminium in the presence of 2, 2’- 

bipyr idyl . High yields of the complexes [CoR2(bipy)&[AlRJ (R = bIe or Et) are 

obtained from mixtures [Co(C,H1O*)J + 4 bipy + BAlR,. Surprisingly the 

complexes are said to be “fairly stable” in air or in acetone. The tetralkyl- 

aluminate ion may be replaced BPh,- or Cl- (with CH,Cl, of crystallisation) 

[151] _ With smaller hIe$l/[Co(CSHIO,),J mole ratios, pure products, except for 

the pentane-2, +dionato derivatives [Al(CSH?OPd or [hIepl(CsH,O-J] have not been 

isolated, but there is evidence for transfer of alkyl groups from aIuminium to 

cobalt [152]. The reaction between bis(pentane-2, -&-dionato)nickel and tribenzyl- 

aluminium in the presence of triphenylphosphine and diethyl ether gives the 

benzylnickel compound [Ni(C,HTO,) (PhCH$ (PPh3), OEt,] . Benzyl-cobalt and -iron 

compounds also may be made [153]. The ethylnickel compound [IXi(CSH,O+Et(PPhd 

made similarly from bis(pentane-2, -I-dionato)nickel and triethylaluminium, reacts 

with an excess of triethylaluminium at -4O’C in the presence of triphenylphosphine 

to give [Ni(TC&IJ(PPh3)2] as the main product, probably by intermediate 
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formation of an ethylnickel compound. Under similar conditions, diethyaluminium 

chloride gives.the unstable orange substance [NiCIEt(PPh3)2] and diethylaluminium 

bromide the nickel hydride [NiBrH(PPhj)J. This may be obtained together with 

[NiBr2(PPha).J from bis(pentane-2, +dionato)nickel and diethylaluminium bromide 

(Equations 29 and a. 

[Ni(C5H70~J i- 3Ph,P + Et_$lBr w [NiBrH(PPh&] . . . . . . . . 29 

W) 

[Ni(C5HTO$z] + 2PhaP -t 2EtPlBr _j (Ph,P)aNiBr, -.____.. 30 - 

(95) - 

Highest yields of the product (9-l) are obtained with Ni:PAl ratios of 1:1:0.16; 

Product (95) may be obtained quantitatively with reactant ratios 1:3:2. The 

compound [ NiBr,(PPhd z] is not an intermediate in reaction 29 1154 . Nickel(B) 

stearate is reduced by triethylaluminium or ethylaluminium chlorides in benzene 

to give a number of soluble nickel complexes and precipitation of nickel(II)chlo 

and metallic nickel. The relative amounts of these products depend on the starting 

aluminium compounds and the Al/M mole ratio. Six alkylaluminium fragments 

are required for complete reduction of one nickel stearate molecule. The alkyl- 

aluminium chlorides are found to have greater reducing power than triethyl- 

aluminium but the reasons for this are not yet clear [I55]. 

The structure of the organometallic compound (5), containing both 

aluminium and nickel has been described in Section 2 above. An attempt to make 

the compound [ (Ph,C,Al)+i],related to (5X by treatment of the dialkyl compound (2) 

with lithium powder and nickel(Il)bromide,was unsuccessful [156] o The products 

were the nickel compounds (96) and [ C,Ph,l’;iC,PhJ (57). The structure of (96) has 

been confirmed by an X-ray study, but the formulation of (97) as a biscyclobutane 

complex is not estahllsiled. It would be interesting to know holv the C,Ph, and 

C,Ph, units of (96) are formed from the C,Ph, units of (2). 

(96) 
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12. CATALYSIS 

The isomerisation of heptenes has been studied using as catalyst triiso- 

butylaluminiun$is(N-methylaalicylideneamine)nickel at 25’ witlnout solvent. 

Linear heptenes are converted mainly to g-hept-2-ene, but branched-chain 

internal alkenes are largely unchanged. (Zj)4-methylhex-1-ene is converted to (s)- 

4-methylhex-2-ene without racemisation, and this suggests that the reaction may 

be useful for preparation of chiral alkenes . The mechanism is not clear but it 

may involve hydridonickel species 11571. 

Isomerisations of dienes or trienes using trisobutylaluminium have also 

been described [15S, 1591. Cis -trans-cyclodeca-1, 5-dicne(97) is isomeri sed, 

slowly at 40°C and more rapidly on heating, to the alkene (9s). E, cis- - 

cyclodeca-I, G-diene (89) is recovered unchanged even after 20 h at 200°C[15SJ. Tmns-dt 

I,% S-triene (100) is isomerised at lGO-230°C to (98) (lo-35%) and the hydro- 

carbon q,H,a (IOU (12-4OyQ. Considerable amounts of unidentified higher oligomers 

are also formed [159]. It is suggested that the starting compounds (97) and (100) 

give the same organoaluminium precursors of (98), but that the reaction of (100) 

withtriisobutylaluminium gives in addition an alternative organoaluminium 

intermediate which leads to (101). 

As in previous years. there is an extensive series of papers on alkene 

metathesis 1111. Thzcompounds [MoCl(NO) (CO)aL2] (L = PPh, or AsPhd have been 

isolated from solutions of RIoCla(l\O) or ltIoCla(N0) Lf with ethylaluminium 

dichloride in dichloromethane under carbon monoxide [160]. The metathesis of 

alkenes using [fiIo(.CO)Spy]/RAIC1,JBu,SCl (R = RIe or Et) [16i] and of decn-2. S- 

diene with Me~ll,Cl,,/[XoCIB(XO),(PPh,)] 1162]_ has been interpreted in terms of 

the well established mechanism involving metal-carbene intermediates. 

Evidence has been obtained from IR studies for interaction between the car-bony1 
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oxygen and ethylaluminlum dichloride as a Lewis acid, probably assisting in 

formation of unsaturated low-valet& tungsten species 11631. The influence of 

solvent and Lewis acids, e.g..ethanol, ethylamine, triphenylphosphine, pyridine 

or dipyridyl on the WCldEtAlCl, system has also been discussed [164]. Although 

metatheses of alkenes with primary or tertiary amino groups are not achieved 

with many catalysts, alkenes with quaternary amino groups e.g. CH,=CHCH2NMe3- 

Br or trans MeCH= CH(CH~),NMe,I (102). may be converted by [W(mesitylene ) (CO)J / 

EtAlCl&, or [MoCl,(NO),(PPhJJ /%tAlCl, intd a-w derivatives,e.g.. [Me,N(CH2)&H: 

CH(CH2) ,mIeJ *+2I- from (102) [165] . Details of the activation procedures of 

catalysts [W(CgHg)(CO),nIRd (hI = Ge or Sn, R = Me or Ph) by BuiAIClp/Oz have 

also been described [166] _ A metathesis catalyst may be obtained by attach- 

ment of [Mo(Ph3P),(NO),C12] to polystyrene followed by activation using methyl- 

aluminium sesquichloride [167]. 

Organoaluminium compounds have been used as catalysts for reactions of 

butadiene with a series of substrates _ For example, butadiene reacts with 

morpholine in the presence of triethylaluminium and bis(pentane-2, &dionato) 

nickel to give the products (103)-(105). 

(103) (104) (105) 

Good yields of each of the compounds (103)-(105) may be obtained by addition of 

appropriate phosphorus-containing donors e.g. Bu,P for (104), PC& for (103), 

aqd (L-PhC&O) 3P for (105) [168] . Similar control of reaction products by 

addition of donors is observed in the reactions between butadiene and esters of 

acrylic or methacrylic acids. For example, the main products from butadiene and 

2-ethoxyethyl methacrylate * 30°C with [x(C~H$.J~]/A~E~~ aie (106) and (107). and 

formation of (106) is favoured by addition of strong donors. The main product 

from butadiene and phenyl methacrylate is the compound (108) [169]. 

The catalytic system Ni(CsH,0$2/ Ph,P /Et@l, may also be used for the 

reactions between butadiene and various silanes. Thus butadiene and trimethoxy- 

vinylsilane give l-h-imethoxysilyldeca-2, S(or 6). S-triene (109) [X70]. and acrylo- 

nitrile and dimethylsilane react to give Me,SiHCHMeCN 11711. Hydrosilylations 
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H- A w-Y/- 
-COO(CH,) *OEt 

(107) 

(108) 

(109) 

/ 
_. -\JCHJ $iH,Ph 

:I i i... , 
(110) 

(111) 

of CH,= CMeC02hIe, (CH,= CHCH2)@and a number of deuteriosilylations [172] have 

also been described. Hydrosilylation of vinylcyclohexene with phenylsilane gives 

the product (110) but better yields are obtained with bis(Eormylcamphorato)nickel 

in place of bis(pentane-2,4_dionato)nIckel(II) [I731 _ All the nickel catalysts, 

however, give some disproportionation of phenylsilane into diphenylsilane and 

silaner the molybdenum complex MoO,(C,H,O~, is even more active in this respect 

but the vanadium compound VO(C,H,O,), catalyses the hydrosilylation cleanl) 

without disproportionation _ Cycloocta-1, J-diene.but not the 1, 3-isomer may be 

hydrosilylated but $-pinene reacts with opening of the cyclobutane ring and 

formation of the compound (111) _ Hydrosilylation of trisubstituted double bon& 
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requires severe conditions. Oxobis (pentane-2,4_dionato)vanadium is used in 

preference to Ni or MO compounds to avoid silane disproportionation and tris- 

(3-methylhepta-4, G-dienyl)aluminium or tris(pent-2-enyl)aluminium, made from 

triisobutylalumlnium and penta-l,3-diene, are used in place of triisobutyl- or 

triethyl-aluminium. Under these conditions methylcyclohex-l-ene gives (2 methyl- 

cyclohexyl)phenylsilane (112) and 1,5-dimethyleycloocta-1, 5-diene gives the 

silane (113). a-Rnene reacts with cleavage of the cyclobutane ring to give (114) 

(1741. The hydrosilylation of cyclohexadienes by triethoxysilane and using Ni(CjH,OJ; 

(112) (113) (114) 

ALEt, as catalyst has also been described 11751. The main product from hot h 

1, 3 and 1,4-isomers is the cyclohexenylsilane 615). Equation 22. 

Hydrosilylation ofcispenta-1 ,3-diene using the same catalyst gives MeCH,CH= 

CHCHzSi(OEt)a and MeCH=CHCHMeSi(OEt), in the mole ratio 85:15. Trans-pents 

-1, 3-dieneaPPear.s to react faster than the &-isomer. 

Ziegler catalysts [13] for polymerisation and oligomerisation of alkenes have 

been obtained from ~3-alLy1 derivatives of transition metals and organoaluminium 

compounds [176]. A further note describes the effect of oxygen on the Et$lCl 

TiCIJcataIyst for propene or but-l-ene polymerisation. If small amounts of oxygen 

are admitted to the aluminium compound before addition of titanium trichloride. 

there is a marked increase in polymerisation activity without decrease in stereo- 

regularity. Since similar effects are observed when ethanol is added in Place of 

oxygen, it is thought that the enhanced catalytic activity may be associated with 

ethoxyaluminium compounds. Compare 1102, 163. 1641. 
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Chiral Ziegler-xatta catalysts, prepared, for example, from titanium(W) 

chloride and a mixture of triisobutylaluminium and cr;pinene, will selectively 

polymerise one enantiomer in a racemic mixture of alkenes. An account of 

experiments with a range of racemic alkenes has been published [178], but stereo- 

selectivities achieved so far have been low. Cyclohexene may be polymerised 

under mild conditions (11O’C for 24 h) using the Re(CO)&l/EtAlCl, catalyst system. 

The polymer has a molecular weight 500-5000 (average 2500); spectroscopic 

evidence suggests that it is fully saturated and that the rings are retained [179]. 

Triethylaluminium has little effect on the polymerisation of methyl 

methacrylate in the presence of azobisisobutyronitriie (AlBX) as initiator. provided 

that the concentration of Et@1 is less than four times that of the AIBN. At Et.#l/ 

AIBNratios of 4-5, however. there is a sudden decrease in yield and molecukar 

weight_ One mole of methyl methncrylnte oligomer appears to ]Jc formed for every 

mole of Et$l in excess of four times the AIBN concentration [lSO]. Triethyl- 

aluminium is also a concentration-dependent coinitiator and chain-transfer agent 

for radical polymerisation of methyl methacrylate in the presence of benzoquinone. 

Organoaluminium compounds may act as Lewis acids, e.g., with benzyl 

chlorides, in systems for initiating cationic polymerisations. The reaction 

between p-RleC6H,CH,Ci and triethylaluminium in dichloromethane at -50 to -80°C 

has been shown to yield pGUeC6H,CHzEt, P-hIeC,H,CH, and oiigomeric polybenzyls. 

The first two are thought to be formed from the&XIeCsHiCH$ [Et$lCl]- ion pair 

and the polybenzyls from the[p-hIeC6H4CH~]~Et~lCCi~]-ion pair [181]. Organo- 

aluminium compounds are also used as Lewis acids in the tritintion of hydrocarbons 

lvith &hylaluminium dichloride and highly active tritinted water _ The \xOrk 

described in previo?ls Surveys on aromatic compounds and alkenes has been 

extended to alkanes 11821. Iabelling of both cyclic and non-cyclic alkanes is 

observed for all molecules with at least one hydrogen attached to a tertiary carbon 

atom. Small amounts of impurities from skeletal isomerisation are observed, but 

these may normally be removed by gas chromatography. The complex PblUesC1, 

AlMeCl, catalyses formation of the alkyls PbhIe$t, Phhle$t, and PbhIeEt, from 

mixtures of tetramethyl- and tetraethyl-lead [183]. 
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