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.. 1; 
.-&roduction~ Revie&s and Books ..: 

The literature on organoal&in uxn chemistry for 1973 is again e: 

'8nd inthe presentsurveyan effort has been made to cover all ofthep: 

journals.- but not the pat&literature. The emphasis on the~chemistr 

inthe literature has changed to some. extent with more work reported t 

'pounds containing transitionmetals and with extensive studies reporter 

reactions ofaluminum species withaldehydes andketones. Again. exl 

structural studies have appeared, .butother areas are less wellrepres 

Special note shouldbe taken of the bookby Mole and Jefferyl whi 

v-ides the most extensive review oforganoaluzninum chemistry availabl 

this volume should serve as an excellent guide to the literature appear 

to 1971. The Chemical Societyalso has started an annual review seric 

2 
covers aluminum chemistry with the firstsurveyby Maher havingapl 

late in 1972. 

Inadditionto these surveys it might be noted that Mason3 has de. 

withthebonding in organoaluminum compounds inhis review onmetal 

and finally a review by Weidlein 
4 
has provided a survey ofthe species 

bySO2, CO 
2’ 

etc. which yield dirners containing g-membered rings. 

2. Structural and Spectroscopic Studies 

The determinationofthe structures oforganoaluminum compounc 

X-ray diffraction techniques and the related spectroscopic studies have 

played a major roleinthe development of our understanding ofthe chew 

of these species. 

Atwood and cd-workers 
5-8 

have reborted a number of related st 

whichprovide details ofthe environmentarounda pseudo-tetrahedrala 

atom. The structures de+ ,rminedinclude thatofRb[AlMe 
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the [AD&e4]- fonin this compoitnd,determined from three dim&sionalX-ray 

crytiograpbic studieSis shownin1. &was foundtbatthe anionwas a slightly 

distortedtetrahedronwith two independent angles of 106.0 (2)O and 115.6(3)' 

andwitb carbon-aluminumbondlengths of 2.006(8)& The Rb[AZMe4] for this 

study was preparedbythe therrnolytic or photochemical decomposition of 

M[A12Me N 
63 

1 inanaromatic solventwtichwas saidtoyieldthe productquan- 

titatively, 

ITIS related stud+6 the structure ofK[Me3A1GN]was determined 

from single crystalx-ray studies. A diagram of this anion is showninE 

Themonomeric unit[Me3A3CN]- has no crystallographic symmetry and the 

packing in the unit cellis suchtbatthenitrogenatoms on three units approach 

the potassiumatom to within 3.1& The average aluminum-methyl carbon 

distance is 1.971(7)x while the AT-CN distance is 2.04?(7)R. This.lengthening 

was attributed to partial electron deficiency in the AZ-CN carbonbond. 
-_ 

Atwood, Scale andRoberts detex$xiied the struoture of the acetonitrile 

adductoftrimethylaluminum, Me Al-.NCMe, 'fFom three di.mensionalX-ray 
:3 ._ 

diffractionstudies. The structural features of the complex& ShowninIiI. 

Referancesp. 318 



Additionalinformationalsohas appeared ontheAl-Nbonddisknce observed 

_in Cl,_Al*NH3 whichwas determined from gas phase electron diffraction studie. 

The value obtained for the Al-N-bond distance is 1.996~whichis s&lartothz 

repcrtedinthe crygalline adduct. The Al-Cldistanceis 2lO~andtheAlCl5 

unit is nearlyplanar with the Cl-Al-C.langle equal to 118+1.5O. 

A full discussion of the previously reported structure ofiododirnethyl- 

alumintnntriniethylarnine adducthas also appeared' (see AnnualSurvey, & 

Organometal. Chem... 62 (1973) 179). -- 

Iu allofthese structures, itwas foundthatthe Al-C bonds were between 

1.95 and.2.02x and that the aluminum atom occupied a distorted tetrahedral 

environment in the molecule. Clearly these findings will be of use in future 

studies on the spectra and structures of these systems. 

Awide variety of other structures alsohas been recorded. One of the 

more interesting of these is ofthe compound(MeAlNMe) whichwas shown 
7 

to existina cage forrnas determinedbyx-ray studies. 
10 

This is shown in IV. 
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All of the aluminum andnitrogen atoms are four coordinate with eachbound to 

three sites in the cage and to one methyl.group. 

Another interesting sequence of structural studies-which has appeared 

is that 'reportedby Haaland, etal. 
11-13 

Iu the firstofthese they determined 

the structure of the trimeric molecule (Me,A10Me)3 in the gas phase from 

electron diffraction studies. 
11 

The structure which they proposedbased on 

these investigations,is shown in V. It contains anon-planar ring ofaluminum 

V 

andoxygenatoms with reported parameters ofAl-C = 1.957, Al-O = 1.851. 

O-C =.1.436x; LAl-C-Al= 117.3°,LO-A1-0 = 103.2O andLAl-O-Al= 125~8~. 

Arelated study on the infrared and Raman spectra of the [Me2A10Me13 

and ofthe deuteromethoxide also has been reportedand assigned. 
12 

The 

results are in accordwiththose of the electron diffraction study. In the.same 

paper. it was noted that the structure of the methylrnethoxyalurninurn could not 

be determined definitively from spectroscopic data. 

The report of the crysta! structure oftris(acetylacetonato)altluminum(LTI) 

provides additional information concerning the Al-Obond distances observedin 

anearly octahedralenvironrnentfor comparisonwiththe bridgedAl- distances 

in the alkoxides and related systems. 
14 

13 
Haaland, etal., also have determined the structure of the tetrameric 

molecule [Me2AlF14 in the gas phaseby.electrondiffractiontechniques and 

reported that the molecule has an eight-membered[AlFi4 ring ofiow smletry. 

The pararneters.reported for this molecule are Al-C = 1,947(4)& A1;F = 



.~&46;1 (2.6): &ith the iAiFt4 r&g puckered; .. ._ 
._ 

: :In,Ws article they&s6 gavea discussion of&factors-which they felt 

..affkted-the degree of.association.ofcomlj+nds'ofthe-type R2AlX(X= F, -OR, 

-NR2, Cl; -SR and -PR2). %- : 

_ -X-&y crystal structure determinations. also have been reported for 

.seve?&lcompounds.which containbothalurninum and a transition metal. Two. 

ofthese are the novelmolybdenum compounds shown in Wand VIIpreparedby 

VI VII 

15 
reaction ofCp2Mog2 withMe6A12. These sameauthors also reported that 

a~single_compoundv+s obtained on reaction ofMe6A12 with Cp2WH2. 

Inbothmofecules the aluminummethyl systems have pairs of alkminum 

atqms wit&C 
5 
.zings tihichwere forrnulatedas C5H4 by these_authors. .In each 

case-t&e are two~'type~of.aluminum. oneboundtotwo C5 rings and two methyl 

g&p% whiZe.the other is-bound to.the same "0 C_,.rkgs but to two &So atoms 

'and one _m&th$l grotip &i-g rise to a-5 ~oordinate..aluin+xm atom in each_case. 
. . : . 



Another rather interesting compound%. that reportedby Tebbe and Guggenberger? 

which is shown inVIII. Inthis instance~the aluminum is boundtothe titanium by 

VIII 

a hydride andbya C H bridge group. 
54 

The location of the hydride bridge in 

this olefin polymerization catalyst was suggested from the observed locations 

Oftbe other groups. 

Guggenberger and Tebbel' also havedetermined the structures of two 

other complex species, [(n-G5Hs)Ti]2 (H) (H2AlEt21 (CIOHS) and [(C5H4)TtH- 

A=tz12 (CloH8)- Diagrams of the essential features of these are shown in IX 

andX. Details of the reactions are given in Section 12. 



Another class of compounds involvingbothtransitionmetals and almninun 

is clearly shown in the studies ofKim, etal.? in their investigation of the 

[(h5-C5H5)Fe(CO)2]2-A12Et6 system. Theyobservedformation of a l/ladduct 

whichcouldbeisolated as a redair-sensitive crystsllinernaterial. The asym- 

metric stretching frequency of the bridging carbonylwas shifted 112 cm -l to 

lower ene.rgy. Infrared, molecular weight and NMR data all indicate that the 

adductis partially dissociated in hydrocarbon solution. 

A diagram of the structure determined from single crystal X-ray dif- 

fraction studies is giveninXIand shows thatinthis instance the aluminum is 

bound to the transition metal moiety via coordination to the bridging carbonyl 

oxygen.- 

R3Al 1.98(2)x 

0 
\o 

0 
I 

Y-Fe/C\FeN 0. 0 
c’ \,A 

0' 

‘c 

b\,, 

'0 

3 

XI- 



Awide variety of spectroscopic-and theoretical studies have appeared. 

which dealwiththe structure, bonding and equilibria for aluminum species. 
: 

Ina continuation of the argumentprovokedby-the suggestionthattrirmethyll~ 

aluminum dirner was bondedthroughC-Hbridging units, aninfraredand Raman 

study ofMe6A12 was reported 
19 and it was statedthatthis study supported 

structure XII rather thanXl3.I. 

HHH 

HHH H H 

XII XIII 

In a discussion ofthebonding inboth electron deficient and electron pre- 

cise compounds, MasonandMingos 
20 

have suggested that metal-metal interaction 

plays an important role in the stability of the systems. They suggest,thatforthe 

electron deficient species,this interaction is bonding while for the electron pre- 

cise compounds it is anti-bonding. 

From CND0/2 calculations, carried outby Grompen andHaaland 
21 

on 

H3Al*NMe3 and C13Al-NMe3 as well as onother species, it was found that 

charge 

on the 

charge 

transfer from the donor to acceptor increasedasthe substituents 

acceptor became =e)re elcctronegatire. The rcaulting net negative 

VP the acceptor was carried by the eubstituents, while the rcsul- 

ting net poeitive charge on the donor waa said to be carried by the 

methyl groppa, 

For aluminum both (sp) and (spd) basis sets were used. The (sp) set 

underestirnatedthe stability of the al uminum complexes indicating them .to be 

Refezences~.313 
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: 
-_ ._ I 

y&zible. :T&(spd) set grosslyoverestimated these values. Other paramel 
L. :. 

.&cIi as ~ro_tationalbarr~ers;~dipolemoments, bond distances-and cbarge.dist: 

butions were estimated. : . . : 

- 1. Seperal~experimental studies on the spectra of.the simple alkylaluminc 

adducts have been-reported. Mennier and Fore1 
22 

-reported the.infrared and 

Raman spectra ofthedimethylsulfoxide complexesMe3Al*DMSO, Et3Al-DM 

and Et2A~Cl~lhlS0 and of their deuterated homologues. .Mostofthe fundaml 

vibrations were assignedand discussed. The compounds.are all typical add) 

withbondingof the DMSOto aluminum through oxygen. 

Two studies on the NQR of complexes have been reported. The firstb 

23 
Dewar, et al., who.reported the 

27 
AlNQR spectra ofawide range ofmono 

and dirneric aluminum complexes of the type Me3AlX and (R'R"AlX)2. Meas 

ments were interpreted in terms of the simple treatmentofTownes and Dail 

whichhas been shown to accountwell for the observed trends. 35Cl, 75As, 

andl23 
Sb NQR spectra for the appropriate complexes were reported. 

-For the species Me3Al-B adducts they observeda correlation ofthebc 

strength with the qtidrupole coupling constant and suggested that their obsel 

tions indicated back donation for the ether complexes due to the far larger 

coupling constants observed for these adducts than predicted from their corl 

tion based on the relative stability of these complexes. 

These.5rgurnents were extended to the bridged systems withOMe, OE 

NMe2, R,'Cl, Br,.i, Ph and -CZPh anditwas suggestedthatlittle back ( 

tionbetween Ph or Ph-CZ- and the alurnin&m atoms occurred. 

tiller24 gave-a brief-report on the I4 N 6IbR.spectra.ofatiumber of 

alkyl metalazides including those of aluminum. He discussed the results in 

t&rn$_of-the inductive and associatioti effects. I-Ie also noted &&the three 

resonance peaks expe&ed for the c&r&e&a&ides were not alw%ys observed. 
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: 

Other spectroscopic studies-on transition-metal-organoalurnin&n de'riva- 

tives are presented inSection along with the 'chemistry of the&e syiecies. 

3. Fast Exchange Reactions and RelatedMechanistic Studies .. 

Investigation of fast exchange reactions involving organoaluminum deriva- 

tives has been quite limitedduring the pastyear, however, theworkwhichhas 

appeared provides some new insight into these reactions.- Jeffery and Mole 

have restated their position regarding the self exchange oftrimethylalurninurn 

and its exchange withother organometallic species. 
25 

Themechanism for ex- 

change whichthey support differs fromthatof Williams and Brownand of 

Matteson[AnnualSurveys, J. Organometal. Chem., 62(1973) 190]inthat rapid 

self exchange is said to occur in a solvent cagedmonomer pair oftrimethyl- 

aluminum andthatintramoletiular exchange occurs between this monomer pair 

andother species in solution suchasMe2ZnorMe3Gawithout complete separa- 

tion as indicated in 1 and 2. It is in this latter step that the mechanisms proposed 

kl 
Me6A12 C (2Me3Al) 

k-l 
monomer 

pair 

(1) 

k2 
(2Me3Al)+ (exchange) (2) 

by Jeffery and Mole differ from that of Brown and of Matteson, i.e., the use 

ofthe solventcagedmonomer pair as opposed to the discrete monomers used 

inthe other treatment. 

Mole and Jeffery have reevaluated the datainthe literatzure using their 
. . 

proposedmec.hanism edhave provided additional&+ on the exchange ofMe6A12 

with bothMe2Zn and Me3Ga. Allofthese data appeak.to fitinthe solvent caged 

monomer pair mechanism well. They.provided an extensive cJisc?ssion of the . 

Refemms p. 318 
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.: &elati&mer~its ofbothmechanisms-tid compared,rate constants derived 
._ 

-. use ofboth~mecdanism~ from the same s.ets of expe&ment;il data; 1 

28 
Kennedy, etal.; have provided someadditionaldatawhichis ofin 

both to the alkylexchange systems and in their studies-on polymerization 

-'----They observed that the rate ofbridge-term5nalmethylgroup exchange in 1 

aluminum is altered in the solvents MeCl.' MeBr and MeIwith the rate of 

exchange decreasing in that order, but.faster in all cases thanthe self exe 

reported.in hydrocarbon solvents. 

The mechanism proposed for-the alkylation of the tert-butylhalides 

.trimethyZaZuminumis shownin scheme 3. This mechanistic scheme accot 

MeCl 

Me/ lMp/ 'Me 

Me\Al/Me\*l/Me 

- Me/T / 'Me . Cl Me 
Me 

II MeCl 
t-B&l 

MeCl+Me3A1-Cl!t-Bu) ,A 2Me3Al-ClMe 

IL 
t-Bu+, Me3AlCl- c t-BuMe +Me2AlCZ 

for the observedkinetics. Pseudo second-order rate constants were deterr 

for the alkylatiorrreaction of t-B&l, t-BuBr and t-BuI in each of the solven 

Itwas found that the r&es ofal‘lcylation decreased from MeCI to cycIopentan1 

.and also decreased in the ordert-BuC17t-BuBr>t-BuI. The activation en 

-also were determined and found to be approximately 10 kcal/moIe for allrea 

-tions-in the balogenated solvents and approximately 16 kcal/mole fo$ all reac 

incycfopentane. These results.werT. interpreted in terms of the scheme sho 

‘in 3tith the~solvent assisted dissociation of the dirneric trimethvlalurninuzn 
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. 
playing a crucial role in the alkylation reaction. It was suggested, in fact, th& 

.the alkylation-occurred in cyclppentane due to the limited ability of the t-Butyl 

halide to cause dissociation ofthe aZurninurn dirner. 

The stereochemistry of the reaction alsowas investigatedby study-of the 

alkylation of optically active a-phenylethylchloride. The results ehowca that the 

reaction proceededwith predominantracemieation as expected for a reaction 

involving carbeniurnions as suggested. 

In thelastpaper inwhich fast exchange studies are reported, Wakatsuki, 

eta1.f7 have reported their investigation of the interaction ofMe3Aland 

Me2AlClwithmethyl substituted pyridines in CH2CZ_2. Their variable tempera- 

ture PMR studies indicated that4-methylpyridine formed a l/laddition complex 

with Me3Al and Me2AlCl. while 2,6-dimethyland 2,4,6-trirnethylpyridines pro- 

ducedthree types of complexwithMe2AlGlbutonly one type withMe3Al. The 

configurations of the complexes in solution and exchange equilibria between the 

methylaluminum compounds and 2,6_dimethylpyridme were studied. 

4. Syntheses andsimple Reactions of Organoaluminum Compounds 

Anurnberofpapers have reported preparation oforganoalurninum species 

vianewor previously unreportedprocedures or suggestingirnprovedprocedures 

for preparations of compounds. Thus, SonnekandReinheckelZ8 have reported 

the preparation of the partially deuterated species CD3CH2AlBr2 (i'l%) and 

CH3CD AlBr 
2 2 

(69%)andofEtAlBr2 (83%)bytreatmentofexcess aluminum 

powder withthe correspondingalkylbromide at45-60° for 30minutes followed 

by reactionwithAlBr3 anddistillation. Apreparationfor 14C labeled Et3A1 

fromthe catalyzed exchange of ethylene-i4Ctith Et_+ 29has been reported. 

Lehmhuhl, et al,,30 have reported that tri-t-butylaluniinum and tri- 

i-propylaluminum canbe obtained free from isomers in 60-90s yieldby reaction 

ofthe corresponding dialkylal&ninurnfluoride or AlCl withthe appropriate 
3 

Refereneesp.318 
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: -1. 

alkylLithimnr&agetit, -The dialkylalurnin urn fluoride spe&es canbe.,obtain 
:. 

viii rezi&~ti;Q~ -The tert-butyl- andisopropylalu&i& chlorides &nbe p 
. . 

^~ .:-.. 
R3AlkE_t2 +F3B*OEt2 + R2AlF+RBF 

etherates- 2' 

parodby reaction ofthetrialkylalt.@num andAlG13 in.liZ or 2/l-ratio. : 

6118 bis(alurninurn dichloride) andmethylene bis(almnin&n dibromide) havt 

synhesized in essentially quantitative yields. .c 31 
It is postulated that the I 

sequence whichleads to these compounds requires aluminumm.onohalide z 

transitory intermediate.- 

The initial reactions showuin 5 and6 havebeenproposedwitha set 

reaction shown in 7 following. The overall reattionwith carbene format5 

then given in 8. The carbenes (or radicals).formed couple or undergo adi 

CH2Br2i 2Al + 2_AlBr+CH,: 

CH2Br2 +Al.+ AlBrf GH2Br' 

CH2Br2 f2AlBr + Br2A1CH2A1Br 
2 

2Al + 2CH2Br2 JBr2AlCH2AIBr2 + :CH2 

reactions toyieldavariety of products including 0, BrCH2CH2Br and H2< 

CH2. Methylene chloride does not undergo directreactionbecauseitis no 

reducedbyaluminum, but the chloridemaybe formedby.the exchange rez 

shownin 9. 

Br2AlCH2AlBr2 + 2CH2C12 + 2CH2Br2 + C12A1CH2A1C12 

Gaiser and Weidlein 
32 

_, have preparedMe2A102SR via the reaction gi 

in 10 and have characterized this compound.by chemical analysis, infrares 

'Me2AlBr.+ AgO2SMe i Me2A102SMe <.AgBr 
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Raman spectra. The product cannot be obtained readily via.the-direct reactidn- 

of R3Aland SO.2 which~inste~dnorxnally yields only A1(02SR)3; ‘- 

Inn-heptaneithas been shownthatEt3Alreacts atroomtemperature 

33 
with ethyl silicate to give die.thyl(ethoxy)aluxninum and EtnflSi(OEt)3_n (n.i O-3). 

Et2AlOEtdid not react with ethylsilicate indicating that the Et3Alwas the active 

species in the reaction. 

The systemKF-AlEt3-AlEt was studiedby DTAtechniques for 12-100 

mole %KF-AlEt 
0 34 

3 
between40 and 125 . Anew compound, KF-2AlEt3,was 

observedwhichmelts at1221123o;it-was shown to form a eutecticmixture withKFAlEt3. 

In another study Popov, et-al., 
35 

reported the preparation and properties 

of Et3A1, Bu3A1and Et2A1Cl-etherates (ether = Et20. (n-Pr)20. (n-Bu)20, 

(i-C5H11)20, anisole. phenetole, Ph20 and dioxane). They stated that the re- 

placement of the aromatic ether with-an aliphati c ether substantially affected 

the properties of the complex. 

Moore and Wilkinson 
36 

reported the preparation of (Me3SiCH2)3A1-OEt2 

as wellas the corresponding zinc anologue and gave some reaction ofthese 

species withNbC15 and T1C15. 

Atwood, et al., 
37 

reported the preparation offerrocenylalane via the 

reaction shown in 11. This compoundwas characterizedbymeans ofX-ray 

toluene 
FcHgCl+ 2Me3A1 _ 

60° 
FcAlZMe4Cl+ HgMe2 (11) 

diffraction, NMR andmass spectral studies. The NMR studies indicate fluc- 

tional3ehavior in solutionwhich canbe slowed at -40° permitting observation 

of complex patterns. Two structures, XIV and XV, w&e suggestedas possible. 

2 
H3 

L. : 

cl\Al/ \AlyMe 

Fe/ 'C' >Me 

Me\A1/C\Al#Me 

Fe& '&'hMe 

H3 
xv 
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-Clearly the latter is mostlikely.correctwith rapidintramolecuiar exchange 

'. beheenbridge and.te _ Ipositions occurring- 

5. Bon&Strengths andStabiZity of Complexes 

Several studies have appearedwhichdealwiththe stabilities oftheAl-C 

orwiththe various bridged systems. Glockling and Irwin 
38 

have studiedthen 

spectra of Group IIIphenylderivatives and have noted thatonlythe metals derj 

fromthe Ph3Aland Ph3Gaproduceions derivedfromthe dimers Ph6% under 

electron impact. The fragmentation patterns reported reflect the progressive 

weakening ofthe Ph-Mbondas the series is descended. They also reportedth 

appearancepotentialsforthemetalcontainingions andevaluated D(Ph2M+-Ph 

In-other studies Owens 
39 provided some additional data onthe degree of 

association of a series of saturatedalumin umalkyls andalkoxides derivedfron 

ebullioscopic data. He stated that intramolecular association of these material 

occurs to an extent consistentwiththe steric limitations of the alkyland alkoxy 

groups boundto aluminumandhe presented some generalizations concerning st 

limitations and their relationship to intermolecular association of organoalumin 

compounds. He notedthatthe predo minanteffectdeterminingthe degree of 

associationwas the steric bulk of the alkylgroup either in the trialkylaluminum 

orforthe aluminumalkoxide, Some of the data are collectedin Table I. 

It shouldbenotedthathis discussionis onlyvalidfor normal saturated alkyl 

derivatives and does notapplytounsaturated species or to species whichhave 

unusualbonding suchas thatobservedintricyclopropylaluminum dbner. 

Other data obtainedwhichprovide information concerning monomer-dime1 

equilibriaandrelatedthermodynamicproperties include the study reported on 

the Me3AlandMe>AlClinn-C7H16Y 
40 

These studies includedinformationon 

thevaporpressure equations, heats of vaporization and trouton cobstants; 

.: 
_. .:~. 

_- 
.C_’ . . 
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TABLE I 

Degree of Aggregation of Some Aluminurnalkyls 
Determined Ebullioscopically inn-Pentane 

a-1 

Et3Al 

(II-Bu)3Al 

(n-C6Hls)3a 

(neo-C5H11)3Al 

[CH,(C~),CH(C,H,)C~~3~ 

(n-G8H17-)3Al 

cat infinite dilution 

2-o 

1.97 

1.89 

1.92 

0.93 

1.77 

Related data of some interest, particularly for comparisonwithalkyl- 

aluminumhalides, are the heats of formation of the aluminumbalides, AlX 
3' 

and their polymeric forms (AlX3)n reportedby Anthoney, etal., 
41 

andforthe 

heats of formation of thetriphenylphosphene adducts ofAlBr3 and GaC13. 
42 

Pinnavaia, et al., 
43 

have examine'd the redistribution equilibria for six- 

coordinated alumin urn and eight-coordinated zirconium diketonates in solution 

in ordertoassess the factors influencing the stabilizationofmixed-ligandd" 

metalcomplexeswhichcontainM0 andM0 
6 8 

cores. These factors are discussed 

interms of entropy and enthalpy changes which occurwhenthe diketones are 

distinguishable andwere shownnottobe greatly influencedby solvation of the 

species involved. 

6. Alkylaluminum-Multiple Bond Reactions 

Anurnber of studies haveappearedwhichdealwithtbe interaction ofthe 

vacant orbitalonanaluminum alkylwith a multiple bond. Some ofthdse studies 

have establishedfairly clearlythatthe initialinteractionis toforma complex 

betweenthemultiple bond and themetalcenter, 

Referen&p.318 
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44 
: This hasbeen illuStr&edverywellby the studies of Allenand Laugh 

-who have exa&ikd'the rate ofreaction-~fEt3AI.~th,PhC~CH in cyclohexane 

Solve&o_ver.the temperature range of 313-333OK. Two reactions were shown 
,_.. 

to occur, .the first, metalation, which proceeds byabimolecular reactionof 

.Et6A12withPhCZHas showninEquation 12. 

I/2Et6A12 + PhC=CH + Et2Al-C=CPh+ EtH (12) 

The second reaction, additionacross thetriple bond. was shown to pro- 

ceedthroughinitialformation of the complex shown inXV1. The existence of 

PhCg;CH 

XVI 

this complexwas established from examinationofthe NMR spectra of mixtures 

'ofPhC%H andEt6A12, Thenitwasproposedthatthis complexformedthe cycli 

transition state XVIIwhichcoIlapsedtoproducts as shownin 13. The rate-and 

XVI -3 (13) 

XVII- 

activation energy for this reaction.were reported. Ina subsequentpaper the 

importance of this type ofinteractionwas implied from the influence ofcoor- 

dikating solvents on the addition-reactions oftrialkylaluminurnspecies which 
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are slowed on addition of coordinating solvents. 
45 

It was noted inthis -- 

paperthattheinfluence of solventon.reaction rates is dependent.onthemecha- 

.nism andthatother addition reactions, for example ofalkyllithimn derivatives 

tomultiplebonds. proceededbydifferentpaths, thus accounting for the 

differing solvent effects. 

Another reactioninwhichitis presurnedthatthe same intermediate occurs 

is the addition of R3A1 to C H 
2 4' 

A set of conditions to effect this reaction in 

solution ofR3Al has recentlybeendescribed. 
46 

It is also likely that the isomerization processes describedby Lehmkuhl 

andOlbryschproceedthrough eliminationand addition. 
47 

They observed the 

isomerization ofR3Al(R = CHMe2 ort-Bu)at lZO-140°to give R'@(R = 

Pr oriso-Bu respectively)byNMR techniques andfoundthatthe kinetics of 

these reactions obey second order rate laws. The activation parameters for 

the isopropylreactionwere AH 
* 
= 26.2 kcal/mole and AS* = 13 Cal/mole deg. 

and for tert-butylAH* = 29.8 kcallmole and AS*‘ = -5 Cal/mole deg. The kine- 

tics for (t-Bu)2AlMe indicated that the isomerization, to give isobutylcompounds. 

proceededvia an equilibrium inwhich (t-Bu)3Alwas formed. 

48 
Inanother studywarweland Hermnerich observedthattheirradiation 

of n-octenes containing internal double bonds and cis- andtrans-2-undecene gave 

the thermodynamic equilibriummixture of cis-transisomers in the presence of -- 

a 4-fold excess oftriisobutylal urninurn at60°; Double bondmigrationwas not 

observedin thisisomerizationprocess. Theisomerizationdid not occur either 

inthe absence oflightor inthe absence of the aluminum compounds. 

49 
.Stefani studied the reaction of crotylaluminum derivatives with olefins, 

as notedinreaction 1Qinwhichthe crotylaluminum species are produced-in situ _- 

-. 
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RCH=CH2 + Et3Alf(MeHC=CHCH2)3B 

(14) 
.- 1 :Et3B 

H2C=CHCH(Me)CH(R)6H2AT<. 



: high xste&os~ec$icity which increasedwith'the.bulkiness ofthe R &O&J 
. 

t&&r,, it.yas- showzithkt olefins withmore .&an&e srrbstit&en;d%$n~k~~~ 

k&s restcirrrz 3.zu&er&e sasa&s&sdcDndi~*nS. 

Ax.%?*- .~*x4~~~~-;s -q-&kpzsn 5350-n statewas proposed to ii 

-.for the observedproducts and :stereoselecti&y. 

Tr~aanotberstudyonthe reactions ofcrotyl~derivativos, Lehmkuhl: 

.50 
Nehl noted that&crotyk&~ reacts more selectively tQ givepr~&~ckz d 

horn l-methyl-Z-propenyl fork than either crotylmagnesium or crotylal 

in the-temperature range 20-60°. 

It alsohaG been reported that reacti&ufthe 3-methylahnninacyclo 

3-ene'moietywithCH2=CHCH2Br indioxane. followedbyhydrolysis, gax 

12alkyl-2,2-dinlethylcyclopropane, a smallamountof I-alkyl-1,2-dimetl 

cyclopropane, 15% CH2=CMeCHMeCH2CH=CH2and5%CH2=CHCMe2CH2C 

Substitution ofCH2=GHCH2CL. PhCH2Clor PhCH2Br for the alkylbromie 

decreased the yield ofcyclopropylproducts to 25% or less. 

Unsaturated hydrocarbons of high electron affinitywere shown by Lc 

etal.,52 to reactwiEhR3Alznda3~1ime~~s in etkr to g%ve equfmolara 

tures ofMAma (M = Li, Na, K;R = alkyl)andalkalimetalo(dialkylalumin 

dihydroalkenes. Thetendencyto form complexes increasedwith the elect 

affinityofthe olefins. Moreover, the reactionwas influencedby@-+ solva 

strength of the solvent and the ionization potentialofthe Hlkalimetal. In f 

the "ate" derivatives are not dissociated into ions- Itwas .&m +&tm;sg~ 

-sZzuncouXd&e nskdinstead ofanaXcalimetalbyreactionwithisoprene, 2, 

methylbutadiene andbutadiene; 

1,3-Diolefins were-hydrogenatedina fairly selectivemakerby reac 
. 

wkhalkalimetaland R Al and subsequentprotolysis 
3 

inEt N withoutisolat 
‘. 3 



-2sF- ;-- 

the neces sa&i aluminum complex. ,Themajor product‘fromisoprenewas 2: 
: 

methyl-I-butane, from 1,3-pentadiene itwas 2-p&&e and from i,,$-dim&zhyZ- 

buta*ene itwas 2.3-dimethyl-Z-butene. ~~'tsreporfed~atbondsfrom 

z&BxGmum fo S&&~ .&x&En .atoEns w-e.? mc?ra rea&3y dE?azwd tth22 &zxd!3 50 

primary carbonatoms. Equimolar amounts of (i-Bu)3Aland.trans, trans, cis- _--- 

or trans, trans. tra&-1,5,9-cyclododecatrienes were shown to react to give -- 

perhydro-9-alumindphenalene, XVIIQ the hydrolysis andoxidationofthis pro- 

duct by intranaolecular cyclization gave derivatives of [6_4.O.O. "71 dodecane, 

XIX. Anumber of other reactions were reportedfor XVIIIwhich gave rise 

to a variety ofpolycyclic derivatives. 

XVIII XIX 

Itwas shovmbyK;ipper andstreck 
54 

that reaction of 1.6-cyclodecadiene 

in the presence of a homogeneous catalyst, didnot give rise to ring expansion 

or formation of a stable aluminum intermediate. but instead resulted in cleavage- 

as shownin 15. 

(!5) 

aliphatictrans-substituted olefins are quantitatively trans-alkylated,by (i-Bu)3A1 

withabnost-no shiftofthe doublebotidto theaposition. 
55 

Frompiperylene con- 

taining40% ciiform this reaction.gave, in.10 hours at190°, 3-methyl-4- (tid 

5-) propenylcyclohexenes alongwith Z,7-dimethyl-1,5-cyclooctadiene. Heating 
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: : 

.’ _ . . .’ 
-__ji~~uj3Al..1-.hoLr.,~t.1400 (tieZC$H2 eyolation):foll&ved6y trea*&t &'-i&l?,. 

... _-.;- . . 
-with 3;methjG4-propeny(cyclohexene-and cGmpl&tion ofthe 

'0. 
reactio~at140 

:'. . . : . . 
~~e~trisf~.-~2-methy~~3~cycloh~xenyl)propyl]aluminumwhich,-'blown~d air 

knd Sreatedtithaq.HCLgave 92:&xX/XXI.. $milar-reactions were performed 

t with,3imethyL5-propenylcyclohexene.: : 

Me 
CI-$CHMeOH : 

: 

xx XXI 

Inanother studyitwas shown that condensing the appropriate enynewith 

LiA~H4inTHF, di&ne or pyridine gave derivativesor the type showninXXII 

Li+ 

R = H. Alkyl. Ph: X = 0, NMe 

in which reaction of the hydridewith the acidic proton onthe acetylinic group 

occurred rather thanadditionto a&ultiplebond. 
56 

Reactions ofthealuminum 

compound-were%eported and:-shown to be typical for reaction at the Al-C bond. 

.-, 
In~afinalreporto&the reactions of unsaturatedaluminum compo.unds, it 

was_ shownth+t.(CH~=CHC~=CHGHMeCH2CH2)3AlrdactedwithC02 on heating 

.- inxylene.solution;to.give-the'carboxylic acid andthe tertiary-_elcoholRiCOH on 

ji’~ydro&sis, .!T.-- . . : - : _. . . : 
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7. .. Reactionof Organoaluminum Derivatives w&Ketones. .Aldehydes-and 
, 

Related Species. 

A. Reactions withKetones. A.large.number ofpapers.have appeared. 

during the past year dealing specificallywith the reactions of organoaluminum 

species withketones andhave provideda greatarnountofinformation concerning 

themechanisms and steric controlobservedinthese.reactions. 

Neumann, etal., 57 ha ve investigated the reactionofMe3Alwithbenzo- 

phenone indetail. Theyfirstestablishedthatthe l/l complexformedbetween 

Me3Aland'benzophenonewas au complexratherthan a IT complex. This was 

* 
accomplished primarily via spectroscopic studies of the n+lr anda+ IT 

* 
tran- 

sitions. Little effectwas observed on then+ a'transitionbutloss ofthenor- 

maln+-,*transitionwas observed. These findings are consistentwiththe 

formation of a u complexbetweenthe ketone andaluxnin um alkyl. 

+ 
2Ph,C=O f Me&Al2 * 

solvent cage 
71 - cloud attack 

(16) 

2 
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-..They tbendiscussedthe mech;anism of addition oftheAl-C bond to the 

ketone under two sets of conditions and iqtwo solvent-systems.- They conclu 

t&the additionoccurs via the following reaction sequence for the 1/l compl 

inberiaene and mthe reactionin diethyl ether solventinwhichthe transition 

s&e is a solvent caged butnon-complexed species, i.e., it does not have th, 

Al-0 ketone complexpresent. These conclusions were drawnfroma rather 

lengthy and involved argument concerning the energetics of the reactions and 

provides a plausi.ble mechanism consistentwiththe experimental rate law. 

When the reactionwas carriedoutinbenzenewithexcess Me3Alpreser 

the reaction proceededmuchmore rapidlyandbya differentmechanism. It 

was suggested that a possible transition state for the reaction is that shown ir 

XXIIionthebasis ofthelargenegative entropy ofactivationwhichwouldbe 

associated with the fairly rigid structure, however, other possible transition 

states were also tionsidered- 

Further studies on the stereochemistry ofthe reaction oforganoaluzninm 

compounds with-ketones alsowere reported. 
58 

Inthelatter investigatiqnan 

extensive investigation of the factors governing the stereochemistry of the pro. 

ducts was made. These results clearly showthatseveralfactors areinvolved 

andthe authors concluded that in those cases inwhichproductratios are depen 

denton reaction ratios, a *'compression effect" opposes the."steric approach 

factor". Several other possibilities were considered for. the control of the 

stereochemistry and rejectedas notaccountingfor all ofthe observations. .- 
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The reduction.of 3,3,5-trirnethylcyclohexanone &nd Ltert-butylcyclo- 

hexanonewith diisobutylal urninurn hydride andwithtriisobutylalu.nGnnn have. 

beenalso studied inbenzene and ether. 
59 

Themechanismwas discussed in 

terms similar to those fortheMe3Alreduction. The isomer ratio of the pro- 

ducts mixture was foundtobe essentiallyindependentofthe solvent, butdepen- 

denton the reactant stoichiometry and the initial concentration of the (i-Bu)3Al. 

Evidencewas reportedwhichindicates that the epimeric ratio ofalcoholproduced 

was influencedby several factors including the degree ofas.sociationof (i-Bu)3Al, 

the complex formed between (i-Bu)3Aland the alumin~um alkoxide formed and by 

isomer equilibrationbyaMeerwein-Ponndorf-Verleypathway. 

In another study Katzenellenbogenand Bowlus 
60 

have examined the stereo- 

selective reduction of sixa-ketols with different patterns of substitution and size 

of substituents witha variety of aluminum hydride reagents in order to deter- 

minewhatfactors govern the stereoselectivity in these systems. They found 

that the predominantdiolproduced was the one predictedby Crams cyclic model. 

They also found that the degree of stereoselectivity correlates well with the a- 

ketol structure only with one reagent (triisobutylaluminum)while with all other 

reagents, selectivity is related only in an irregular manner to thea-ketolstruc- 

ture. They discussed several explanations for these observations and suggested 

the competingpaths shownin 17 as one possibility to accountfor the observed 

results. 

-- 

(17) 

erythro 

(contnextpage) 
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dipolar 

Giocomelli, et al., 
61 

alsohave studied the mechanism for the asy~lv 

tric reduction ofa series ofphenylketones by-optically active organoalumj 

compounds Chichhave B-branchedalkylgroups. The reactions which have 

carried out at O" afforded (S)-alkylphenylcarbinole -iiiiiiiiiiiiiiiiiii good yield. Theexte 

of the asyrrunetric reductionwas found to depend on the structure of a done 

ligandto the aluminum atom. Moreover, the reduction ofisopropylphenyl 

by chiralsolvates oftriisobutylalurninurn occurs withlowbutdefinite asyn 

induction. The overall results, which are consistent with a p-hydride tran 

from the alkylgroup of the organoalurninum compound to the carbonylatoa 

are interpreted as indicating thatin the presence of ethers the reaction occ 

without prior dissociation of the ligand from the aluminum atom in cyclic s 

membered transition states. The stereoselectivityofthe reduction proces 

ratiollalizedinterms of steric and electronic interactions in competingtra 

.states for the hydrogen-transfer step. 

This same researchgroup6' also reinvestigated the ability of tris[( 

Z-methylbutoxy]aluminumto bring about asymmetric reduction ofmethylef 

ketone and they observed onlyalow stereoselectivityforthis reaction. 

In other studies Ashby. etal., 
63 

have reportedresults from stereo& 

studies which-demonstrate that complewtion of the carbonylgroupby a me: 

cation occurs in the reduction ofketones by complexmetalhydrides andh 

shown&&the stereochexnicaloutcome is affectedbythis complexformatic 

as inthe case for trialkylalunlinum species. They suggeste.d that this occu 
. . 

inthis case by shifts in the equilibria onformationofthemetal-ketone corn 
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followed by reduction with the -hydride. Hydrides studied were LiAlH4, ClMgAlH4 

and Mg(A1H4)2. 

2 

m F===+ MN0 (18) 

64 
AshbyandHeinsohn alsohave studied the reduction of the ketones 4- 

s-butylcyclohexanone and 3,3,5-trimethylcyclohexone with (i-Bu)3(n-Bu)Al 

ion. In these reactions they observedthatthe stereoselectivitywas quite good 

(4'7% for the first case and approximately 97% for the second) andfurther that 

the ratio of products was independentofthe ratio ofketone to aluminate. 

In other studies 
65 

it has been shownthatthe alurninurnderivative of 

PhCH=CHCH2Clreactedwithketones to give only products suchas CH2=CHCHPh- 

CRR'OHafter hydrolysis, and the aluminum derivative of CH2=CHCH=GHCHZC1 

gave CH2=CHCH(CHZ=CH)2CRR'OH on reactionwithketones,RCOR',followedby 

hydrolysis. 

Ina ratherinterestinginvestigation, Kabalka and Haley 66 
have reported 

the first clear example of a radical1,4-addition of an aluminum compound to an 

~&B-unsaturated ketone. This is illustrated in 19. The reaction was shown to 

3. uvor0 
(n-Pr)3Al+ 

0 
2 

(1'9) 

I 
.-i's0 

ether or 

heptane CH2CH2CH3 

be initiated by uv radiation .or by. addition of a small amount of oxygen and was 

stoppedbyadditionofan effective radical scavenger, The reaction was shown 

to occur with 2-cyclohexenone, 3-pen&n-Z-one and methylvinylketone. 

Kritz,. et al., 
67,68 

have studied the reduction of-a number of compounds 

with complex~metal hydrides.- ti their studies with NaA12H4(OCH2CH2NMe2)3 
67 



__2$j*--~~_-/ -. .-_ : 
. 

;they k 
_.. 
.. ed.the reduction ofaldehydes; ketones,.esters, u&aturated este 

E&Cl,: p-MeC6H4CN, and dehal6gcktions of i -chloroheptane, f -brornoheptan 

PhCi,: kl3r and Phi. The r&uits were compared with those obtained by sin 

reactions usingNaAlH(OCHZCHZNMe2)3. Similar studies 
68 

were carried oc 

using]benzene-s&Sons of NaAIHZ(OCHZCHZOR)Z (R = Me, Pr, i-Pr-or Bu), 

NaAlH~(OCHMeCH20Me)2. NaAlHZ(OCMeZCH20Me)Z. Na.AIH(OCMezCH~OM 

NaAlaO(CHZ)nOMe]3 (n = 2.3,4)and.NaA1H(OCHZCH2CHMeOMe)3. The eff 

of.&e alkoxygroup on the reductions was discussed.' 

Kobayaski, etal., 69ha ve shown that on reaction of/l-carbomethoxypr 

Rionaldehydeinmethylene chloride or benzene with a l/l or l/2 ratio ofMe. 

or Et3Althe aidehyde groupis reducedand the product is the unusual coordi: 

compound shown inXXIV. The structure with intramolecular coordinationtc 

P 
MeOCCHZCHZCHO+R3A1 + 

xxiv 

methoxy groupwas suggested on themonomericnature ofthe molecule and a 

infrared andNMR spectroscopic studies. 

-Somewhatdifferentcoordination compounds were obtained on the react 

indicatedbyequation 21 inwhich diethylaluminum dimethylamide and diethyl 

aluminum etbanethiolate, Et2AlX, (X.= NMe2, SEt)were reacted with dikete: 

Itwas suggested thatinitiallyacyl-oxygenbond cleavage occurred followed-b 

a I,3-hydrogen shift to give the corresponding diethylaluminumaceticacid 
-. 

dimethyl&+de & 'ac_etoth&olace& ethyl acid ester; Both products hadthe cl 
. . . . 

. . _ 

: : 

.: 
:. 
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structure as indicated which was consistent with NMR and infrared-spectral 

studies and.molecular weightofthe product. 

/c:2 
H2C=C,/=O+Et2AIX + 

-7” 
/c-o\Al,Et 

HZC\ 

,c=o 
/l 'Et 

X. 

CH 
u 2 

/c---O\ /Et 

c~G-&O~A1lEt . . 

X’ 

Complexes alsohave been reportedly formed on addition ofMe2AlClto 

Ph&e.71 In these studies, itwas concluded from infrared, NMR and cryo- 

scopicmolecular weightmeasurements that two complexes were formed, a l/l 

complexofthe type PhC(OMe)OAlMe2G1anda l/2 complexinwhichtwomoles 

of the aluminum derivative were associatedwithonemole ofPhC(OMe)O. LOW 

temperature and room temperature NMR studies indicated that rapid exchange 

in the latter system occurred. Several suggestions weremade concerning the 

nature of the 2/l complex. 

B. 
72-79 

Reactions withAldehydes. Taniand coworkers, ina series of 

papers. have explored the nature and catalytic activity of a variety of complex 

organoaluminumderivatives in the poly-merizationofaldehydes. In the first 

ofthese papers the structures of complexes ofthe typeR5A12ZM inaromatic 

hydrocarbon solutions were exploredby extensive NMR studies. The observed 

spectra couldbe explainedon thebasis ofbinuclear complexes of the type 

[R~A~zM][AIRS] with nonequivalentalurnin urn atoms where R = Et; i-Bu; Z = 

O;M = Na, K, at the temperatures studied. Itwas suggested that this type of 

.structure-was also predominant for R = Et; Z = 0; NPh; M =.Li; for R = Et; 
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-. 

&-= k; M =.Gaj,fcr R = Et; i-e 0; h =_-Cs and for R = i-Bu;]Z.= 0; M = Cs. 

The structure proposedforthistype ofcomplexis &owninXXVinwhichon~ 

: I mole of aromatic solvent is complexed with the alurninu~~ atom. At higher te 

R 

R Al/xLAJR 

2 % 
3 

S = benzene, toluene, THE’ 

XXV 

peratures rapidintramolecular alkylgroup exchange occurs, presumablyby 

loss of&solventmolecu2e, whichis very weakly bound and thenbyalkyl 

bridge formation. Addition of one mole of THF per mole of dimer displaced th 

aromatic solvent to give the same type of structure. A fairly lengthy discussic 

ofthe factors whichdetermine the structures was presented anditwas conclude 

that one ofthe factors appeared to depend upon the ionization energyandionic 

radius of the alkali metal ion. 

Ina subsequent paper 
73 

the formation of dialkylaluxninum oxides, their 

physicalproperties and some oftheir reactions were explored. The compounds 

were preparedby the reaction shown in 22. The products obtained from this 

RgAlOLi 4 R2AlCl+ R2A10AlR2 f LiCl (22) 

R = Me, Et, i-Bu' 

reactionwe-re shown to have properties similar to the compounds obtainedby 

hydrolysis ofR3Al. The bis(dialkylalu.minurn)oxides were characterized.by their 

infrared and NMR sp.ectra and by conductomgtric studies. They were shown i ; : 

t0 be;assocjated. with the~+gree of association dependentonthebulkofthealkyl . . . 
/-I.. .- : 

gr.oup&donthe concentra!5on.*thobserved degrees pfassociation rangingfrom ~. r .-. 
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tetrarner for the diethylalurninurn speciks to approximately-l.5 for the iso-butyl 

derivative. 

_Italsowas shownthatthese derivatives form stable l/l complexes as 
.- 

indicatedin equation 23 witha number of donors including THF, PhOMe and 

5,6-benzoquinolinate. The latter also forms an unstable 2/l complex. It was 

R~A~~AZR~ + L-,[R~A~~A~R~]-L (23) 

suggested that the l/l complexwas undergoing rapid fluctuation of the nitrogen 

an shownin._24, however, this wds not established unequivmally. 
.=I 
. 

I 
(24) 

Et2A1LOAA1Et2 

2 Et Al 
2 \O,AIEt 

Compounds of the type [R~A~ZM][AIR~](M = alkali metal; z = 0. NR*. 

or S; R andR' = alkylgroups)have been preparedby the reaction oftrialkyl- 

aluminum compounds in a molar ratio of 2/l withalkalimetalhydroxides (for 

Z = 0), ZithiutnN-substituted amides (for Z = NR’ ) andsodium hydrosulfide 

(for z = S). 
74 

Inmost cases the complexes were isolatedin crystalline form. 

The reactionwas shown to involve two steps, AlR3 + MZH+ R2AlZM+ RH, 

followed by R,A~ZM f AIRY t [R~A~zM][A~R~], since the intermediate products 

R2AlZM have been isolated and shown to react withAlR3 to give the complex. 

The latter is considered to be a bimolecular donor-acceptor complex, in which 

R2AlZM acts as an electron donor and R3A1 as an acceptor. Infrared spectra 

of the oxygen complex[Et2A10M][AlEt3] where M = Li; Na, K or Cs show that 

they have closely similar structurei. 
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H°CH2CH3 I”Mec”” 

GH3G02CH2GH3 

secondary reaction 

HOC2H3' 

Studies of the reactions of the pentaalkylaluminurn alkalimetaloxides 

andofthe related sulfur andnitrogenanalogs withacetaldehyde havebeen 

reportedand comparedwiththe results obtainedwhenR3A10r R3Al*Lwere 

&ed.75 The reaction scheme forR3A1is outlinedin 25 and shows additionand 

reductionas the primary reactions. Secondary reactions also occurasindi- 

cated, especiallywithincreases in the strengthofthe complexes whichare 

The pentaalkyldialuminum complexes have been shown to have high reac- 

tivityin the primaryprocess, butlittle secondary reaction occurs when they 

are used. The results canbe understoodby invoking abimetallic cyclictransi- 

tionstate as shownin26. With[R 
2 
AlZLi]-[AZR' 

3 
], R andR' additionoccurred 

simultaneously, indicating- alkyl exchange process occurredin the complex. 

ProposedTransitionStatefor Addition 

.R-Al n- Al-R 
I \,/I 
R 

I5 

R 

R 

Me 
1 fH 

OO:\R 

> I 
R-Al Al-R 

I\/1 
-R 

-L 
R 

=Me,Et,i-Bu 
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ProposedTransitionState for Reduction . 

H ‘. 
\p 

Me-C 

/ 

--+ 

i-Bu-Al 
/ \z' 

Al-i-Bu 
\ 

i-Bu I i-Bu _ 
M M 

+Me2C=GH2 

Yasuda. etal., 
76 

alsohave preparedandseparated the polymerization 

catalysts of the generalform[R2A10CR'NPh]2 by the reaction shown in 27 

R3Al+ R'CONHPh+ R3Al=R'CONHPh 

d 
A -RH 

I/2(RZA10CR’NPh)2 

(27) 

which is said to be the superior method for this preparation. The chemical 

behavior of these species towar.d Lewis acids and bases was interpreted in 

terms of the structure of [Me2A10CPhNPh]2 and its trirnethylarnine oxide adduct 

Me3N0.AlMe20CPhNPhwhichhadbeenpreviously reported[AnnualSurveys, 

J. Organometal. Chem.. .@(1973)185]. 

Variable temperature NMR studies were reportedwhichwereinterpreted 

in terms ofisomeric forms which underwentrapidinterconversionin solution 

as shown in 28, 

(28) 

Yasuda, et al., 
77 

have exami'ne.d the reactionbetweenaliphatic 

aldehydes (acetaldehyde. propionaldehy'de andbutyraldehyde)and the stereo- 
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.specifii= polymerization catalysts of-the t$pe just described,RZAIOCRINPh. 

._ 
-These studies were carriedoutinanattemptto elucidate~the initiationmecha- 

nism of the polymer&&ion reaction. The I/I monomer/catalyst complexes 

obtained from these aldehydes andR2AlOCR.rNPh showed excellent catalytic 

activitytowardthe stereospecific polymerization. The structure ofthese com- 

plexes in solution has been proposed on the basis of NMR and infrared studies 

and the previously reported crystal structures which provided evZdence for five 

coordinate aluminum, [AMudiSurveys, J. Organometal. Chem.; 62 (1973) 185];, - 

The structure of the aromatic monoaldehyde complexalso has been studied and 

shown to be identicalwiththatofthe aliphatic derivative. The chemicalbehavioi 

of these aldehyde complexes towards Lewis bases andacids has beeninvestigate; 

The aldehyde moiety of the R2AlOCR'NPhMeCHO complexis liberatedbythe 

action of strong Lewis bases suchas trimethylamine oxide or HMPA as shown 

in equation 29 andis exchanged easily for anotherkindofaldehyde. 

Me2A10CMeNPh*MeCH0 f 0P(NMe2)2+ 

Me2A10CMeNPhOP(NMe2)3 +MeCHO 

(29) 

The trimethylaluminum complexMe2A10CPhNPhMeCHO*AlMe31eads 

only to the formation of amorphous polyacetaldehyde in contrast to the simple 

aldehyde.complexalready discussed. The Me3A1adductis formed as indicated 

in 30. The structure has been establishedinthe solid state by X-ray studies 

andin solutionby studies ofthe iniraredandNMR spectra. 

). 
Me 

2 
AlOCR'NPh-MeCHO+Me Al+ 

3 

'. ._ 

Ph . . 

(30) 
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Extensive discussions onthevarious equilibriaandexchanges @henomena. 

possible in solution were presented.. 

78 
In another article Yasuda, etal., have reported their results on the 

stereospecific polymerization ofacetaldehyde using four different purified 

diethylalurnin umbutoxides, (Et2Al-0-Bu)2 (Bu=n-Bu, i-Bu. s-Buort-Bu) 

as catalysts. These catalysts gave isotactic polyacetaldehyde quantitatively 

irrespective ofthe degree ofbranching of thebutylgroup, onlywhenanoptirnurn 

amount ofwater (about 0.03 mole/mole of catalyst) was added to the purified 

acetaldehyde monomer. Quite similar results were obtained for organozinc 

systems. These results indicate that water is an indispensable cocatalyst in 

the polymerization reactionwithorganoaluminumand zinc systems. Theypro- 

posed the following scheme based on the above information and the factthatthe 

catalysts are deactivated onaddition of a strong Lewis base. 

l/t(Et2AZOBu) 
2 

OBU 
/ 

iMeCHO+Et2A10Bu-MeCHO 

MeCHO 

>OBu 

Et2Al; ---O=CHMe CHT Et2Al/-O=CHMe 
**. 5 
OfCHMe. 

\ 
Q=CHMe 

(31) 

/ 
Et2Al;--0CHMe 

0 '%XZIMe 

HO&Me 

Finally, the catalyticactivity of Et3A1/H20 systems for the polyxneriza- 

tionofacetaIdehydewereinvestigatedin~~~chinorganicbases were reacted 
. 

with Et3Alinstead of pure water intoluene/ether media. 79 
A uniform soft 

gel-like product was obtained. This materialgavehighstereoregularity in the 
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: 
:--~~po&oerization ofacetaidehyde. The systemwas comparedwith others obtainer'l 

; 
u&p.ure water,'andthe~infiuence of the mor&nic baie'was discussed.. 

._. 

-.0,‘ Reactions~ofOrgtionitrogenCompound& .. -. 

-Several_reactions have beenreportedbetweenaluminumd&rivatives and 

a varietyofnitrogen compounds. Giacomelli and Lardicci "have investigated 

the therrnaldecomposition of(i-Bu)3AlNCPhandhave reportedthe first order 

rate constants for its t&molecular decomposition to benzylideneamino(diisobuty' 

almninurn atseveraltemperatures. The rate ofreductionwas shown to be indei 

pendentoftoluene as solvent. The activation-parameters determinedforthe 

reaction are E,= 25.0 2.1 kcal/mole and A = 10 
12 -1 

set ; allofthe data obtainei 

are consistentwith the hypothesis that the reduction proceeds througha six- 

centered transition state as shownin 32. Inthe presenceofexcess (i-Bu)3Al. 

PhCNAl(i-Bu)3 + (32) 

PhCH=NAl(i-Bu)2+Me2C=CHZ 

diisobutyl(@-isobutylbenzylidene arnin~)alurninunais forxned by addition. On the 

basis of these results, possiblemechanisms foradditionare dBscussed. 

.Hoberg mdMilchere%t 
81 

have investigated the reaction ofNdiethylalu- 

minumN,N-ciiphenylamide witj~aldemines andhave shown&&they produce the 

.aluminum heterocycles shown inXXVIwhichyields XXVHonhydrogentransfer. 

: 
~~~y!i&lds the o-amlin~ketqnine onhydrolysis. Hoberg has shownthat 

: 



R’. 
Et2AlNPh2 + H x:N-R’I i 

i-. H(R’)C=NR” 

A 
R’ H 

XXVI 

-2EtH> 

Ph. 

:33) 

Ph- Et R” 

/ 

XXVII 

Et-Al N -Ph 

Et-Al-N-Ph 

(34) 

ethane is eliminated by he at in g of diethylaluminum N, N-diphenylamide at 

llO* and the crystalline trirneric amide is produced. 
82 

The mechanism shown 

in 34 was proposed for this reaction. 

Meister and Mole 
83 

have shown that b-methyl-2,2’-methyleriedipyridine 

is formed in 60% yield-from a-picoline. The reaction is-thought to proceed as. 

shown in 35.. A similar product also was reported on initial reaction of 2,6- 
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Me (-Me2AlH?) 

(35) 

Me 

.lutidine withMe3AI followedby treatmentwith pyridine. This reactionmay 

proveto be a generally useful laboratory synthesis formethylenedipyridienes. 

Gibngo, et al., 
84 

have examined the formation ofopticallyactive alurni- 

num species via the reactions shown in equations 36 and 37 and their subsequent' 

use as reducingagents for severalasymmetricketones. Their results showed 

LiAlH4+RR%H-ti+RR%AlH2+LiX+H2 (36) 

nAlH3-NMe3 +nR%H2+f(R*)NAl(H)+n + 2nH2 +NMe3 (37) 

thatopticalactivityis retained in the products. The influence ofsolventand 

temperature onthe opticalactivity of the product -s exaroined. 

Studies alsohave been reported on the reactionofCa(A1H4)2 andMg(A1H41 

with&mary axnines ornitriles- 
85 

For axnine-ornitrile/alanate ratios of3/1 

rnixe-d polyarn+ o compounds whichcontained -AlH-NR-and -Ca-NR-(or -Mg- 
-. 

_ NR-)units were formedwithlower ratios definite compounds werenotisolated, 

: except& the reactionof Ca(AlH i - ' 

'-phetiyIimin&ialane. 

4 2 withanrlmewhichgave crystals of calcium 
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86 
. ..- 

Wagner has studied the-reaction of aluminum azide with a variety of. 

unsaturated 8-cyan0 esters. Both cis- andtrans-3-cyanacrylates gave trans- -. 

3-tetrazole-5-acrylate. trans-3Cyanocrotona_te produced trans-3-methyl 

terazole-5-acrylate. while cis-3-cyanocrotonate gave arnixture consistiig 

mainly of l-(2-cyanopropenyl)tetrazolin-5(4H)one and tetrazolo[1;5-c]pyrimidin- 

5(6H)-one. The reactionofA1(N3)3withethylo-cyanobenzoate gave a variety 

of products. The possiblemechansims ofreactionwere discussed. 

9. OxygenandMixed-BridgedSpecies 

Dimethyl-(2.6~dimethylphenoxy)chloroaluminum, meth-yl-(2.6~dimethyl- 

phenoxy)chloroaluminum andmethyl-(2,6-dimet.hylphenoxy)iodoaluminum have 

been prepared, their molecular weights determined and their infrared andNM.R 

spectra recorded. These datahavebeen usedas abasis for determining the 

chemicalconstitutionofthese compounds inbenzene solution. All ofthe com- 

pounds were shown to-be dimericinbenzene and thosewhichcontainhalogens 

were shown to coordinate preferentiallywiththe halogenatom. 

On the basis of the NMR studies, itwas suggested thatatroomtemperature 

in benzene solutionmethyl-(2,6-dimethylphenoxy)chloroaluminum exists as a 

mixture ofaandtrans isomers and it alsowas suggested thatmixedbridged 

species such as thatshowninXXVIIIwere formed onadditionofMe6A12 to 

XXVIIi 

In other studies, itwas foundthataluminumisopropoxide reacts with 

Me Al irreversiblyinaromatic solutions to produce.thrkekinds oftetrarnenic 
-6 2 
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88 
:_andtwo kinds.of.&eric.6omplexes~ _Theterminal'isopropox)rl.groups 

,- 

aluminum isopropoxide canbe substituted successively by the methylgrot 

MegAl fo rrningmixed~gand complexes. After all of the terminalisoprc 

groups.have been-replaced by methyl groups, the resultant tetrameric COI 

undergoes decomposition reactions leading to dirneric complexes. In the 

species isopropoxyl groups form stable bridge bonds while methylgroups 

the terminal sites. Studies of the relaxation times ofthemethyl'groups ti 

cated that the local mobility oftheligands in the bridge positions is less ! 

that at the terminal sites and that the mobility of the ligands varies as the 

of the complex is varied. 

Finally it shouldbe notedthatthe interconversion ofdimeric, trime 

andtetramericalumiuumisopropoxide have beeninvestigatedby cryosco; 

andNMR techniques. 
89 

Starting from pure dirner, the-first step is rapid 

tionwithtrirne.r, after which the.tetrarner is formed verymuchmore ~103 

starting from pure tetramer, a mixture of all three species is slowly forI 

These reactions are treatedby the scheme shownin 38whichappears to f 

thekinetic and equilibrium requirements of the reactions. Rate coefficiel 

3 dimer 2 2trirner 

+ 
2trirner + hexamer 

hexamer t dirner + tetramer 

2 diruer t tetramer 

individual steps ofthe.interconversionprocess were suggestedonthebasj 

the fitofthe overallkinetic results by computer simulation of the NMR SF 

obtained. The hexamer was proposed on this basis, althoughnotobservec 
- 

itwzs suggested that5-coordinate alurninurnwas involved in the transitiol 

of some of.the exchange steps. 

_. 

,.. .: 
:.: 

. .-, 
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-10. Physicaland Chexnical Properties andReact%ons~ofSelected~lun&n-n 

Hydride Derivatives 

-Ashby, &al., 
90 

have examined the epuivalentconductance ofTHF solu- 

tions of LiAIlI4, NaAlH,, Bu4NAlH4and LiBH4: Their data are consistentwith 

the presence offreeions andionpairs indilute solutions andwiththe formation 

of triple ions as the concentration is increased. The application of the Fuoss 

treatment to the data for dilute solutions permit the evaluation of the equivalent 

conductance (A,) at infinite dilution and the ion pair dissociation constant(Ka) 

for each hydride. Utilizinga sphere is a continuummodel, the center to center 

distance between the ions in the ion pair calculated from the experimentalK, 

values indicated that the ion pairs of Bu4NAlH4 and LiBH4 are in intimate con- 

tact, where as the LiAlH4 andNaAlH4 species are solvent-separated ion pairs. 

The thermodynamic parameters also suggestthatLiAIH4ion pairs are pre- 

dominantly solvent separated- In contrast to this, a substantial fraction of the 

NaAlH,ion pairs arein intimate contactat25O. thus itwould appear that for 

the ahnninum series the contact ion-pair formation is strongly dependent on 

solvent-cation interactions; In the more concentrated solutions whereionpairs 

and triple ions are present, the Fuoss treatmentalso has been used to evaluate 

Kt, the triple ion dissociation constant. 

NMR studies confirmed strong solvent-cationinteractions indicatingfor- 

mation ofLiAlH4.4THF and LiBH,.2THF complexes, but showing no complex 

formation with Bu4NA1H4. Infrared spectral studies were used to confirm the 

solvation of the cation. 

Ina separate studyshirkand Shriver 91 
examined the infraredandRaman 

spectra ofMH,- (M = Ga, Al) with Li+. Nat, andEt N 
-I- 

4 
counter ions for alumi- 

num and Li +. Naf and Kf for gallium. They interpreted their data in terms of 

three forms of species, tight complexes, loose aggregates andless tightly bound 

-- 

: 



304 -. 
. 

ion:pairs andaga,in suggested that there was no evidence for solvent-AlH '- COO 
. 4 

din&ion. 

Somewhat in contrast-to this, Kadlecova, etal., 
92 studied the apparent 

degrees ofassociation ofNa[MeO(CH2)2~]2A1WZ]as afuirction.of concentration 

inbenzene andTHF. .Inthis study they observed thatZ/land l/l complexes 

of solvent/Na[H2Al(O(CHZ)ZOMe)2], were formedand thatbenzene couldnotbe 

displaced from these complexes, evenby.strongdonors suchas pyridine or 

THF, suggesting an unusualinteractionbetweenbenzene and thealuminum corn 

plex. 

Theyalsonotedthatin solution the degree ofassociation of the hydride 

complexes was a function of then, the number of hydrogen atoms present in 

The Ratnan and infrared spectra ofAl(BH4)3 have been reported and 

interpretedas indicating that no significant&anger u in structure occur in going 

from gas to liquid to solid. 
93 

The dataw.zreconsistentwith a DQhprismatic 

structure andall 23 ofthe optically allowed fundamental transitionswereassigne> 

for each-olecular isotope. Anumber ofmodificatiousinearlier assignment 

havebeenmade. Finally, some CorrelatedNMR - Raman spectral studies were 

made over the temperature range -60to +80° and the results suggestthattraceC 

ofdecompositionproducts mayactina catalyticmanner to profoundly change 

the NMR spectra ofAI(BH4)3. 

In another study ofAl(BH4)3. l/l e-cqmplexes with C6H6. PhMe, o-Me2- 

C6H4. P -Me2C6H4and durene were observedbylowtemperature thermographic 

94 
methods. Complexes withnonpolar hydrocarbons exhibited non-congruent 

.m- Pk The dissociation pressure ofthedurene complexwas determined as a 

.fu+ion oftemperature over the range -35 to flZ". AH0 andAGi85 of this 
_. 
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complex-were -6.50 and 2~72 kcal/mole respectively. Infrared spectr&studies 

indicated a weak interactionatroom temperature. 

Inan attempt to examine the compound Be(AlH4)2 Ashby, etal.. 
95 

reacted 

NaA1H4and LiAlH~withBeCl2 butobtainedno evidence for the Be(Am4)2 species. 

Theydidobserve productionofBeHZ, A1H3 and the rather interesting complexes 

Li2BeC12H2 and LiBeH2Cl. 

In studies onother hydride derivatives, BeachLeyandBernstein 96 
have 

reinvestigated the nature oftrimethylamine-dimethyialane (Me3NAlMe2H) in an 

effort to resolve the controversy concerning its structure. Their data are con- 

sistentwith the hypothesis that Me 
3 
NAlMe 

2 
His a discrete compound which exists 

as an equilibriummixture ofmonomeric andmore associated species, Tensi- 

metric titrations between pure dimethylalane andNMe3 establishedthatonly a 

i/ladductis formed. The reactionbetweenMe3NAlMe2H andNMeZHprovidesadd%ioml 

evidencethatHMe 
2 
Ai'NMe 

3 
is a discrete compound since the only aiurninum- 

containingproductformed in this reactionis [Me2AlNMe212. Solutionand gas 

phase molecular weight studies show that an equilibrium exists betweenmono- 

merit andmore associated species. Furthermore, the 'H NMR data are 

consistentwiththe existence ofan equilibriurnbetweenmonomer andassociated 

species. 

Ashby, et al., 
97 

have reported the formation of ether soluble AlH3 which 

is said to 3e monomeric (and presumablypresentas the complex)by reaction 

of LiA~H4withBeC12. H2S04 or ZnC12. 

11. Synthesis, Properties and Reactions ofrAm4]- Derivatives 

Several studies havebeen reported on the propertiesand reactions ofthe 

98 "ate"derivatives. Lehrnkuhl, et al., in their studies on the electrochemistry 

of organic ion pairs, have reported the halfwave potentials and standard poten- 
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'gals -forthe a~kaliand.alkaline-earthmetals using-AlMe*- and AlEt4-- anions as 

-the co&e= ions in THF solvent. 

More direct-evidence on the anions of this type was reported.byWestmore 

.land,.et al., 
99 

who observed the 
13 

C NMR spectra of-NaAlEt4 andNaAlBu+in 

benzene.and DMSO~solvents (lH.noise decoupled). 
27 13 

They found that -Al- C 

coupling could notbe observed inbenzene solvent due to quadrapolar relaxation, 

but in the following coupling constants were obtainedforAlEt4- 'J = 73 Hz and 

.2 
. . J"l..OHzinAlBu4- Jl=71.6andZJti4.0Hz. They co-ented specifically. 

on the use of 
13 
-C NMB as a tool for studying salvation effects. 

A variety of syntheses of. "ate" complexes have been reported in other stud: 

100 
Ivanov, et al., -. have reportedthatM(AlEt4)2 (M = Ca, Sr; Ba) were conven- 

iently- prepared by reaction of freshly cutmetalturnings with excess Et Al 
6 2 

.with stirringinthe presence of glass balls. M(A1Et4)2.2 diglyme complexes 

alsowere preparedby dropwise addition ofdiglyrne to solutions ofM(AlEt4)2 in 

benzene or hexane solvent. 

.Dickson andsutcliffe have investigated the reaction of LiAlH4 withpoly- 

halogenatedaromatic species. 
101,102 

They observed thatinTHFat -45 degrees' 

or in ether at 200 the reaction ofa-bromo-2,3,4,5,6-pentafluorotoluene replaced 

the bromine with hydrogen. The same reactionalso ocr-urredinitiallyat20° in 

THF, but thenwas followedby reaction&the para position to yield the com- 

plex LiAl(C6F4Me)H2F. The reactionbetween LiAlH4and C6F5Mewas found 

to be complete after 30 minutes at65O. It also was found that 2,3,5,6-tetra- 

fluorotoluene reacts with LiAlH4in reflmg THF to form the fluorocarbon- 

alane complexes, LiAl(C6F4Me)nH4_n (n = 1 - 3). 

k other studies 
102 

they reportedthatLiAm4 reacts with chloropenta- 

fluorobenzeae to.yieldmainlyp-chlorotetrafluorobenzene. They also found that 

the nature.ofthe solvent influenced the formation of other fluorocarboqderiva- 
_. ‘: 1, 

._- 



tives in-the reaction_ p-Chlorotetrafluorobenzene reacts further in THF. but 

notin ether,.to give predominantly l-chloro-2,3,5-tkluorobenzene and l- 

chloro-2,3,6-trifluorobenzene. In turn. the trifluorobenzene derivatives reacts 

with LiAlH 
4 
in THFto give mainly l-chloro-2,5-difluorobenzene. The major 

products are formedby (i) directnucleophillic displacementoffluorine by hydride 

and jii)byhydrolysis ofthe compounds Li[A1(C6F4C1)H2F], Li[Al(C6F3HCl)H2F] 

and Li[A1(C6F2H2C1)H2F]. These complexes,andthose previously described, 

were not isolated but characterized by their hydrolysis andby 
1 
H and' 

19 
F kMR 

spectra of the solutions. 

12. TransitionMetal-Organoaluminum Derivatives 

A. Spectroscopic Studies. The area of aluminum chemistry inwhich 

aluminurnalkyls are reactedwithtransitionmetalspecies continues tobe active. 

Stiuctures ofseveralspecies are reportedin section 2 and additionaldetails 

concerning their spectra and reactions are given in this section. 

Kristoffand Shriver 
103 

have reported tbatthe changes in the asymmetric 

CO stretching frequency, AVCo asym., which occurs upon coordinationofan 

acid to a-CpFe(C0) 
2 
CN provides a convenient probe for the electron pair acceptor 

strength of the acid and statedthatin contrast with previous attempts to employ 

frequency shifts as probes of Lewis acids, this method is not affected by spurious 

kinimatic couplingbetweenthe probe oscillator and other oscillators in the adduct. 

This technique was used to deduce the following relative electron pair acceptor 

strengths: BH3< BF3y BCl 
3 
=BBr 3, BC13> G2C13> AlCl 

3 
andMe3A1> 

Me3BeMe3Ga. It was stated that comparison of the trends in electron pair 

acceptor strength with acidity trends may yield insight into the details of Lewis- 

acid-base interactions and e&p& were cited. 
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104 .- 
: _.. ~ri+ff, et al. , also-examtied,the-infrared spectra of thk complex 

and cy~“?~~AIBr~ . . concludedithas the structure shown inX2CIX andnota me 

0 

-. 

:. : 

XXIX 

cluster as originally proposed. This findingwas suggested on the shiftofthe 

CzObridging carbonylfrequencies to lower energy and on otherinfraredassigr 

ments . 

B. Preparationand Characterization of Compounds. Anumber of studie 

appeared on the preparation and reactions ofnewaluxninum containing specie: 

Tebbelo5 has characterized the reactions ofdicyclopentadie-nylniobium and 

-tantalum hydrides with the alkyls of aluminum, gallium. zinc, cadmium and 

hafnium. Typical reactions are givenin equations 39, 40 and 41. The exact 

[CpC5H4bJbH212 

2Et3Al 

+ CCPC~H~~==~~I~ (39) 

CPzNbJ-= 

_Et3AZ 
> cp2NbLMEt3 

(L= CzH4, CO, Me3P) 

(40) 

CPZTaH3 

Et3Al 
l Cp2TaH3AlEt3 (41) 

nature of these cqmplexes has yet to be establishedb&onthe basis ofthe 

observed- spectra the following structures were proposed; A similar 

structure&as suggested for the GpZTaH3'GaEt3. Italsowas shown thatCpZ- 

._ 
: 



xxx 

AlH3 gave analogous complexes at -20 to -5OObut that at room temperature the 

reaction indicated in 42 occurredwith elimination of ethane. Further, itwas 

Cp2mH3 

Et3Al 
3 Cp2NbH2AlEt2 

-c2H6 

(42) 

noted thatEt3Aldeactivated the hydride ligand toward the insertion of ethylene 

as indicated in equation 43. 

(43) 

Guggenberger andTebbe 
17 

alsohavereportedthe preparation of the.com- 

pounds CCpTil,H(H2A~t,)C)~d[(C5H4)TLHALEtZ]2(C1gHs)via the reactions 

shown in equations44and45. The structures for these are givenin section 2. 
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In other studies 
106 _ 

rtwas shown that the insoluble complex(COT)2Zr 

(COT = cycloactatetraene) could be preparedby the reduction of Zr(OR)*with 

Et3Alin the presence ofCOT or by the treatmentofRqZr withCOT. The com- 

plexdissolves iuEtZAIHreadily to give 2/2 and 2/t adducts ofthe form (GOT)2- 

Zr["LEtZ71.0r 2- These andother.complexes havebeen studiedby 2HNMR 

and on this basis the structure shownin XXXIIwas proposed for the hydride 

complex. 

____Zr____H____A2 

Bresler, etal., 
107 

have reported thatMe3AIinteracts withtetra-tert- 

butoxy titanium to give the dimer Me4AlZ(O-t-Bu)Z and MeTi(O-t-Bu)3. The 

NMR spectra of these products are unchanged after heating to 7!S0in toluene, 

thus indic&n~thattheMeTi(O-t-Bu)3is stable under these conditions anddoes 

not uudergokss ofmethylin the absence of excess MeSAl. 

208 
On a.aofher study on titanium derivatives, Pasyn2ciewica. etal., 

--reported a_newmethodfor.the preparation ofAr~TiCl~-A12C16 complexes (Ar = 

.Me 
Me4H2=6? : 5 

HG6 orMe6C6). These syntheses were accomplishedbythe 

reactions sho~nin47a&48. 

:. 
: : 

: 

_,. 

._: 
-. _- ~. 
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Ar i- Tic14 fAl+ Ar_TiC12-A!2C16 . . (47) 

Bz~TiC12~AlZC16 + Ar +Ar*TiG12-A12C16 + Bz 

.' 

(48) 

Ir a rather interesting sequence of reactions, R'3A1andR'2A10Et(R'= 

Me, EL n-Pr) were reactedwitha series of transition metal compounds-including 

MeTiC13. RZNiBipy, EtCrG12Py3, R2FeBipyandMeCu(PPh3)3C6H5Me. 
109 

The 

kinetics of the cleavage of the TiMe bond inMeTiC13 and the RNibonds in R2Ni- 

BipybyR3Alwere studied in solution. Inboth cases the reactions were first 

order with respecttothe alkyl-transitionmetalcompounds. The pseudo first 

order rate constants for the decomposition ofR NiBipyinTHF 
2 

solutionon 

addition ofR'3A1were proportionalto the concentration of R’ 
3 
Alforlow concen- 

trations of.R3Alandto l/R'3Alfor high concentrations. Based on the observed 

kinetics the mechanism indicatedin equations 49, 50and 51was proposed for 

the reaction. This involves the coordination ofR'3Alwith R2NiBipy followed by 

R2NiBipy-THFZ R2NiBipyt THF (49) 

R' 
3 
Al-THF= R13Alf THF (50) 

R2NiBipy + R13Alz R'3Al-NiR2Bipy+ (51) 

splitting of the R-Nibond in the adduct. The decrease in the rate constantat 

higher concentrations ofR'3Alwas' attributed to displacement of the complexed 

organoalurnin urn componentby reactionwithR'3Al-THF as indicatedin 52. The 

R'3AlNiRZBipy + R'3Al=THF+RZNiBipy.THF + RIbA (52) 

EPR.spectra of catalytic systems AlE$ -bis(acac)Co andAlEt3-bis(acac)CoPPh3 

in PhMe, C H-, cyclohexene. decane, 
66 

Ar or H2weremeasuredatroomtem- 

perature andliquidnitrogentemperature. The initial~concentra~on of bis(acac)- 

. 



.‘: .CO, Al.?2t3 Ad-PPh3 .& PhMe -id C6Hh were 5 x 10m2, 0.5 and 0.2M respective1 

A symbatic dependepce.ofthe EPRintensity and hydrogenation rate of cyclo- 
. 

hexene on the Al/Co ratio was observedin thepresence.ofthe above catalytic 

system. The EPR signalwithg = 2;16 andAH= 550 Oewas attributed to one 

catalytically active %omplex(withthenumber of unpaired electrons> 1)in the 

hydrogenation of cyclohexene. The structure of the catalytically active complex 

was suggested. 

Iri another study Yam&noto, etal., 
111 

have shownthat themanganese 

hydride complex, A&LHI~THF)~ 5 
I 

canbe prepared fromMnI2 andEt3A1 in THF. 

Binary complexes of compos!tion MruU2Me414(THF)4 and MDA~~E~~I~(THF)~ 

were obtained by reaction of Mn2110 in THF W;_+& Et3Al or Me3Al and were found 

tobe composedofMn12 and R2AlI units. Thesebinary complexes reactedfur- 

ther withR3AIto give the hydrido-manganese complex, A4nAlH416(THF)g. The 

complexes were characterizedby elementary analysis, infrared studies, mame- 

tic susceptability measurements, and chemical reactions. 

Petzl" reported the formation ofanickelcarbene complex via the reac- 

tionin&catedin.53 and proposed the structure shownin Xxxm on the basis of 

2Ni(C014 + [A1(NMe2J3]2 + [(C0)3NiG (NMe,)O~I(NMe,l,l, (53) 

NMR andinfrared studies. 

.G N2 and O,-Al . uminum-TransitionMef&Complexes. Several studies 



313 

have appearedinwhichN2 or 02 metal complexes have been.shown to-react 

withal uminum alkyls 01 involve al umix. um alkyls in their forrriatik. Cl-l&, 

eta&=3 haveinvestigatedthe formationofadducts ofthe type M-XY.AIR3 

byreactionofthe Lewis acidR3Al(R = Me, Ph or Cl) with MO(O) ani W(O), Rh(i) 

andOs(II)complexes containingx-Y (X-Y =N 
2 
or CO)inbenzene solution. They 

have exSminedthe complexes byinfraredandNMR spectroscopyaudin some 

cases byisolationofthe crystalline l/1 adducts. The order ofrelativebasic 

strengths towardMe3A1inbenzene solutionhasbeen deduced as follows by study 

of the %INMR spectra of equilibriurnmixtures ofMe Al, 
3 

the compounds, and 

ether inbenzene solution. 

THF >ttrans[ReCl(N2)(PMe~Ph)~ >trans[Mo(Ni)2(Dpe)2] >trans[W(N2)2- 

(Dpe)2]> trans&ReCl(N2)(PMe2Ph)2(P(OMe)3)2]> trans[ReG1(CG)(PMeZPh)4]> 

EtZO~>-[OsG12(NZ~(PEt2Ph)~] (Dpe = Ph2PCH2CHZPPh2). Comparison of 

the dipole moments oftbe pair of compounds trans-[ReGl(XY)(PMe2Ph)4 shows 

that the dinitrogenligandis only slightlymorenegatively charged than the car- 

bonylgroup. 

Are&a 
114 

has reported the preparationandproperties of the 2/l adducts 

ofEt3Alwitbcis-Mo(N2)L4, _ cis-Mo(C0)2L4 (L = PhMe2P), trans-Mo(N2),L'4 
L 

(L = PhEt2P). trans-Mo(N2)(Dpe)_2. &- andtrans-Mo(CO)2(Dpe)2. He reports 

tbatchemicaland spectroscopic evidence shows thatEt3Alis bound to the oxy- 

genatominthe CO complexes and to the terminalnitrogenin the N2 complexes. 

He also states thattrans-Mo(G0)2(Dpe)2isomerizes to the&derivative in 

the presence ofcatalyticamounts ofEt3A1-. 

Ouhrrdi, etal., 
115 

have reportedthe reaction shownin54. Analuminum- 

iron complexis formedwhkh can reversibly take up oxygenas indicatedin 

equation55. Their conclusions regarding this complexwere drawn from analysis 

and from studies on the U.V. visible and 2PR spectra andmolecular weight 
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500°K 
ZP_iOR)3~+ FeiOAc) -. 

2 
> (RO+OFoOAl(OR)2 t-R& (54) 

decalin 

(RO);A10F,eOAl(OR)2 (55 

P 

P 
(R0j2ALOFeOAl(ORj2 

13. Aluminum Coordination Compounds 

Several conventional studies have been reported on the 

formation of alumihm complexes- Sen and White, 116 

for example, have preparedtionomeric complexes of the type R2MQ (R =Me, 

Et, i-Bu: M =Al, Ga, In;Q = quinoline-8-olate anion)andhave characterized 

these by analysis and by infrared, electronic, NMR andmass spectroscopy. 

The molecularweightofEt2GaQ was determinedby osmometry. The reactivity 

ofthe'C:Mbond seemedmuchless thanthatin the free alkyl. The chemical 

shifts of the NMR spectra were rationalized on the assumption ofdelocalization 

ofthe C-Mbonding electrons byparticipationin the s and dorbitals of the metal 

atom, whichwas in turn said to reduce the C-Mbond reactivity. Electronic 

spectra suggested ligand a+metald (or s) transitions. Metal-nonrnetalvibra- 

tions andt2 couldbeidentifiedfor (i-Bu)2MQinthe region 535 - 380 cm 
-I 

al_ . 

Those authors 117 
also prepared complexes ofthe form R3MLHand (R2- 

-MJJZ (M =Al, Ga. lk~;R =Me, Et, Me2GHCH2; LH = piperidene) and charac- 

terized them. It was suggested, on thebasis of infrared andNMR spectral 

studies,thatthe C-Mbondpol~rityinR 
3 
MLHwas enhancedinductivelyby coor- 

dination~ butthat.rcplacementofone compensated 

for:&& effect. The inductive effect&as tioreinfluencedbythe size ofMand 

possible &rticipation.ofthe d drbitals inbonding thanby the electronegativity 
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Abbott and Martell'l' have reported the NMR spectra ofa series of 

pyridoxal-amino acidSchiff base complexes ofA1(IJ.I)inDZO_solutionintbe *d 

range 3 - 5.5, Under these conditions the complexes formed containa I/l 

molar ratio 0fScbiffbasetometaLion. The spectra reportedwere sirnil& to 

those reported earlier for the L/L pyridoxyLideneaLanatoaLuxm.nmn system, with 

the exceptionthatinthis workno evidence was found for a complex containing 

an uncoordinated carboxylate group. The rapid changes in the NMR, spectra 

were interpretedmterms offormationintermediates whichwere discussedin 

terms ofthe role whichtheymaypLayin a generaLmodeLfor the metal-catalyzed 

reactions ofvitamin B 
6' 

Voiculescu, et al., 
119 

have investigated the reactionof Ph3A1withMLZ 

(M = Ni, Pd, Cu; HL = dirnetbylglyoxizne). The reactionproductswere charac- 

Ph\*l/Ph 
0’ ‘0 

I I 
MeC=N 

MeC =N)' \N=_CMe 

O\AL/O 

ph' 'Ph 

XXXIV 

teriaedby chemical analysis. magneticmeasurements and iafrared spectra. 

The X-ray diffraction data indicate thatallofthe compounds are amorphous. 

This same research group 
120 

also studied the saI.icyWdoxirne metalcom- 

plexes with Ph3Aland proposed the structure shown i.nXXXV on the basis of 
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. .’ 

OpPh. 
Ph 

xxxv 

their studies. The reaction of this complexwithpyridine gave adducts with 

the amineboundto the aluminum atom and'notthe met&M. 

14. Alkninurn-Tin BondedCompounds 

The rathernovelaluminum-tinbonded species showninXXXVI is formed 

by the addition ofthe two components as shown in equation 56. 
,121 

The infrared 

Me 

(MeC5H4)2Sn +AlClS+ (MeG5H4)2Sn.AlC13 (561 

'spectrumofthis cdmplexhasbeenobservedanathe norznalmodes-assigned 

.bf comqarison-withbis(methylcyclopehtadieny~)~~- These studies led to the 
: 

-proposed &~g&~%Lndwich~~ oompl&+ : 
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Weibeland Oliver 
122 

have investigated the reaction-of LiMR4 iM = Tl, 

Al,-Ga, B;R =Me,-H)withMe6Sn2. For th&ium. al uminum and gallium deri- 

vatives, Sn-Snbond cleavage was observedwithformationofiutermediates con- 

tainingSn;Mbonds as showninequation 5‘7. With LiAlMe4reaction 58 alsowas 

shown to occur. The reaction products were characterizedby NMR spectros- 

copy andin some instances by chemicalanalysis. 

4LiAlH4f 4Me3Sn%Me3+ 4Me3SnH.+ 4$Li[(Me3Sn)AlH3]f 

1 

AlH3 + Li[MeAlH3] + Li[Sn(SnMe3)31 

LiAlMe4+MegSnSnMe3+MeOCH2CH20Me 
18h, 80°- 

2Me4Sn+ Li[Me3A10CH2CH20Me] 

15. Miscellaneous Reactions 

Sommer, et al., 
123 

have studiedthe reduction ofR3Si*OCHMe2 

(58) 

657) 

inether 

and R3Si*F in hexane and ofR3Si*F andR3SiClin ether withi-Bu2AlH. They 

found thatthey.could correlate the molecularity of the transition state with the 

stereochemicalcourse of the reaction. Thus, for the first two examples which 

proceedwith retention the SNi-Simechanismwith transition state XXXVIIwas 

suggested andfor‘thelatter two reactions whichproceedwith-inversion and 

presumably by an SN2-Simechanism. the transition .stateinXXXVIIIwas sug- 

gested. 

R SieP\AzR 

3 \,/ -2. 

S,i-Si 

XXXVII 
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SN2 -Si 
-. 

XXXVIII 

While in another study the competitive action of 1/1H20/D20mixtures 

on the complexes sho&ninXXXM showed thatprotolysis of this is preceededb 

rate determindn g complexformation of the alurninmn compound. 

2Na+ 

Et, 

XXXIX 

Ina final study the relative andabsoluteintensities ofchemiluminiscence 

of Me _&l onreactionwithatomic oxygenhas been studied. 
125 
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