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1 7:..' ﬁ;?ro’cliujc:‘tior.),' ’Rewvr‘i;vés and Books ; :
The ﬁéera&ﬁf’é ‘on‘ A:ggnéalﬁ%rxinum chemistry for 1973 is -'a'gvzaril‘l e
and inthe pré'seht éurvéy an 'eAffo.:rt has been n;lradeA to c‘ov-er all of the p:
"jou:‘;x;_’a.,ls;:v but xz;qt the pa;téﬁt litei-ai:uré. The emphas:.s on the’ ché’_rnistrj
in tﬁe iiteré.furé has changed to some. extent with mrc‘»r'e work ;-éporte’d «
- pounds ’céntaiziing tra.n‘sitiron metals and with éxtensive siudiés repofte«
reactions of aluminum species with ‘aldehyde‘s‘el_nd ketones. Agaih, ex
Structui:-a;l svtudiesﬂhave appeared, but other areas are less weli repres
Speciél note ‘'should be taken of the ’B;ol; by‘ Mole and J’efferyl_ Wh1
vides rrthe most extensive review of orgénoaiu:ﬁinum chemistr‘y availabl
thisi volume shouid serve as an exc;allent guide to the literature appear
to 1971. The Chemiéal Society aiéo hasr starterd an annual review serie
covers aluminum chemistry with the fi:;'st survey by Ma.her2 having_ api
late iﬁ 1972. .
'In addition to these surveys ié might be noted that Mas§n3 has de:
with Ehe bonding in organocaluminum compounds in his review on metal
and finally a review by Weidlein4 has provided a survey of the species

by SOZ' COZ' etc. which yield dimers containing 8-membered rings.

2. Structural and Spectroscopic Studies

Tl"xer determination of the structures of‘ organocaluminum compoxm«
_X-fayrdiffracti.on techniques; and. thé related spect’rosvcopirc st;qdies have
played a major role in the &evelopment of our ﬁ;naerstandiﬁg of‘ t;hg chea
v'of i:hese species. | A

‘Al:wood and co -;céorkerss‘s have reported a nurnbér of rél~ated st
whlch prov1de detalls of the enﬁronment aro@d a pseud0~tet‘rahedral a

atom. The struc..ures detonnmed mclude that of Rb[AlMe ] A dlagr
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the [ATMe,]” ion in this compound, determined from three dimensional X-ray -

crystallographic studies is shown in L. It was found that the anion was a slightl}f

115.6° § z.06%
Compl-aC
o,
& 106.0
I

distorted tetrahedron with two independent angles of 106.0 (2)o and 115.6 (3)0
and with carbon-aluminum bond lengths of 2. 006 (3)8. The RB[AlMeé'] for this
study was prepared by the thermolytic or photochemical decomposition of
M[AIZMe 6N 3] in an aromatic solvent which was said to yield the product quan-
titatively,

In'a related stud'y6 the structure of K[Me3AlcN] was determined

from single crystal X-ray studies. A diagram of this anion is shown in II.

N

2. 0478

Ciee A1« C

105.7° §
.
113.6° Z 1.973K

I

The monomeric unit [MeaAlch has o erystallographic symmetry and the
packing in the unit cell is such that the nitrogen atoms on three units approach
the potassium atom to within 3. 114. | The average aluminum-methyl carbon
digtance is 1.971 (T)K while the Al-CN distance is 2. 947 (7).&. This»lengtheniﬁg
was attributed to partial elerc‘tr_on deficiency in the AI-CN carbon bond.

Atwood, Seale and B.é;befté;i dete;fxﬁiﬁéd the str;uétuie of the acetonitfile
adduct of trMe&yhlﬁmm, ' Me3A1-NCMe, : £rom th1;88 dimensional X-ray
di#’ractiqn stﬁdies. The 's;t?:ﬁct;rai ‘f.ea‘(-:‘ureé of the complex ;ré éhown in m.'
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“i16° /' 1022 179 178°
C<A1\ - /\ c

B ,':'rz;oroz_i é z.ozX 1.188 1. 458

Additional infd_rrnatioﬁ als") i:.as appeared on the A1-N bond distance observed
in _C13_A1.- NH, which was determined from gas phase electron diffraéﬁon studie:
‘The value obtained for the Al-N bond distance is 1.996£ which is similar to ths
: rei:crted in the crydalline édduct. The Al1-C1 distance is 2. 108 and the A1C13
unit is nearrly,rplana;r with the C1-A1-Cl angle equal to 118 + 1.5°.

. A full discgssion of the previously reported structure of iododimethyl- -

‘aluminum trimethyl amine adduct has also a.ppeared8 (see Annual Survey, J.

Orga_nofnetal. Chem., 62 (1973) 179).

In a11_ of l:hese}sAl:rucl:u.res, it was found that the Al-C bonds were between
1.95 and 2. 02 & 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.

A wide variety of other structures also has been recorded. One of the
more i_nterésting of these is of the compound (MeAlNMe)7 which was shown

to exist in a cage form as determined by X-ray studies. 10 This is shown in IV.
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All_ of the almnin;irxi Vand'nitro'ger'x atoms are .fdur coorzi:i;ate'”with bé_a'ch' bou_.rnd: to’/r
lA:h}:l;eevsites in the cage and to one n;ethfl AIgrovup. : -
Ano(}:herA interesting seqh;ance of structural stud:’rleswyhiéh l‘zasr appeafed

11-13 In the first of these they determined’

is that reported by Haaland, et al.
the structure of the trimeric molecule (Me,AIOMe)3 in the gas phase from

) 11 i
electron diffraction studies. The structure which they proposed,based on

these investigations is shown in V. It contains a non-planar ring of aluminum

and dxygen atoms with reported paraznete?s of A1-C = 1.957, Al-O =1.851,

O-C = 1.4368; < A1-C-Al = 117.3°, £0-A1-0 = 103.2° and < A1-0-al = 125.8°.
A related study on the infrared and Raman spectra of the [MeZ.A’l.OMe]3

and of the deuteromethoxide also has been reported and assigned. 12 The

results are in accord with those of the electron diffraction study. In the sla.rne

paper, it was noted that the structure of the methylmethoxyaluminum could not

be determined definitively from spectroscopic data.

The report of the crystal structure of tris(acetylacetonato)aluminum(III).
provides additional information concerning the Al-O bond distances observed in
a nearly octahedral environment for comparison with the bridged Al-O distances
in the alkoxides and related systéms.

Haaland, et al.,13 also have determined the structure of the tetrameric-
molecule [Mez._AlF]4 in the gas phase by electron diffraction tech.t}ique; and
reported that the molecule has an eight-membered [A’lF}4 ring 6f iow symmetry.
The parameters reported for this molecule‘are Al-C = 1.947 (4_)&, Al-F =
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_:;1 .810(3).2 4C-A1 c = 131 2(1 9) ,_4F-A1 “F= 92 3(1 2) andétu F-Al =
14601 (2. 6) w1th the (AlF) rirg puckered.‘. L PR
- sIm t.hz.s a.rt].cle they also gave a dlSCLlSSlOD of the factors -which they felt
h ._a.t'fected the degree of assocxatmn of compounds of the: ‘type R AlX (X F -OR,

-NR -SR and -PRz)'. :

2’ , .
.- X—fa;y crystal structure determinations also have been reported for

= sevei-aill éompoundsvwhichr contain both aluminum and a transition metal.. Two .

~ of these are the novel molybdenum compounds shown in VI and VII prepared by

VI v

ireaclion of CpZMoHZ with Me6A12 5 These same authors also reported that

a smgle compound was obtained on reaction of Me6A1 with CPZWH2

I.n both molecules the aluminum methyl systems have pa1rs of aluminum
. atom.s mth C5 rings which were formulated as C5 4 by these_ authors. In each
,_,case (:here are I:wo I:ypes of aIu:mmum one bounu to two CS rings and two mel:hyl‘

:-groups, whﬂ.e the o(:her is- botmd to the sa.xne two GS rlngs but to two Mo atoms

i:'a.nd one methyl group g:.vmg rise. to a’b coordlnate alummum a.l:om in each case.
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Another rather interesting compound is,thaft reported by Tebbe and_rcvh;gge'nberge’zj .

which is shown in VIII. In this instance the aluminurn is bound to the tita.nimfn By

VIII

a hyc'[ric'[ke and by a C5H4 bridge group. The location of the hydride bridge in
this olefin polymerization catalyst was suggested from the observed locations
of the other groups.

Guggenberger and Tebbe17 also have determined the structures of two
other complex species, [(ﬂ-CsHS)Ti]Z (H) (HZAlEtZ) (CIOHB) and [(C5H4)Ti_H—
AlEt:Z]2 (C 10 8) Diagrams of the essential features of these are shown in IX

and X. Details of the reactions are given in Section 12.

C_H C_.H
55/ \5 5
T4 \H\L,H/Ll

i

1
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X

Another class of compounds involving both transition metals and aluminur
is clea.:ly‘ shown in the stuaies of Kim, et al.1,8 in their investigation of the
[(hstSHg)Fe(C.O)Z]Z-A12Et6 system. They observed formation of a 1/1 adduct
which could be isolated as a2 red air-sensitive crydalline material. The asym-
metric stretchin‘g- f;—eqruency of the bridging carbonyl was shifted 112 crn—]' to
lower enexrgy. Infraréd, molecular weight and NMR data all indicate that the
adduct is partially dissociated in hydrocarbon solution.

A diagré.m of the structure determined from single crystal X-ray dif-
fraction studies is given in XI and shows that in this instance the aluminum is
- bo.v;rnd t-o the transition metal moiety via coordination to the bridging carbonyl
oxygén;

R.A1  1.98(2)R

N\



oz
"A wide variety'of spécttd'scopic‘ana theoreEic;.I'stué:iés h'a.'vé appeared:'
v;hich deal v}ith the ’stru;:tﬁre‘, bvondin'g, and,equi]ribri'a forv aluminum 'spéciés._ A
Ina conéinu#tion of the argu:nen(; provoked by the suggestionrthat trimethyll
‘aluminum dimer was borded through C-H bi-idging ui:its, an infr;red and Ré.:rnan'

study of Me .Al2 was reported19 and it was stated that this study supported

6
structure XII rather than XIII.

31 o H
Y4 \/
\A1/ \Al/ \‘A1< '
N

\Al
<~ N 4

4

/\/m

In a discussion of the bonding in both electron deficient and electron pre-
cise conipounds, Mason and Mingoszo have suggested that metal-metal interaction
plays an important role in the stability of the systems. They suggest, that for the
electron deficient species,this interactiqn is bonding while for the electron pre-
cise compounds it is anti-bonding. _

From CNDO/Z. calculations, | carried out by Grompen and Haaland?! on
H3A1- NMe3 and C13A1r NMe3 as well as on other species, it was found that
charge transfer from the donor to acceptor increased as .the substituents
on the acceptor became more electronegative. FEhe resultinbgrnet negative
charge on the aq_ceptor was carried by the substituents, wi;ile the resvulg-'
ting_no’t”poaitive cmge on the donor Vwae said to ‘be_carried by tfxe
methyl groups. |

For alu_:minum both (sp) and (spd) basis sets were used. The (sp) set

underestimated the stability of the aluminum complexes indicating them to be V
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The(spd) set gij:q".sﬂs;lyitiroii_r“exijesi::ix;x;x‘;te& ‘these’ vailué#.l : :_C'ti-xe'r-.; 'pé_ramé:i
suchasrotational Vl;avi.’.r':r::.er;-.s-,":“i_ipo‘ien.uomegj;sr‘,b béndid:lirsrt'avncr:es -al:xd clf.l.é.;:g.e;div‘st:
butions jWéIeb éé@atéd; “ - | '
‘Sé§erai:é#péri:r;ent§1:s'tuéies on the .spectr.:a. of"tﬁé ‘simple Va}.kylalq_zpint
adducts have Beeh ‘feééfted, . Mennier and Fc;relzz‘.'re»portedA t!bxe\i_hf;-arr'ed‘lant‘i
Raman ‘s‘peictrar of th_é "dimethylsulfoydde complexes -Me3A1' DMSO, Et3A1- DM
#nd Et2A1G1; DMSO Vand‘of their déuterated homoldgues. Most of the fundafm
vibratiqné We;l.'e assi-g'ng;d' and discussed. ‘The compo:.‘nnds‘ are all typical add:
with bohdinig of the DMSb to aluminum through oxygen.

N Twc; studieé on thé NQR o:f complexes hax}e been reported. . The first b
Dewar, et av.lr.,23 Who-r.eported the 2?Al NOR spectra of a wide range of mono
and dimeric aluminum complexes of the type L{e3AiX ar}d (R'R”A'lX)Z. Meas
fnents were ixiterpreted in terms of the simple treatment of Townes and Dail
whicﬁ has been shown to accc;unt well for the observed trends. 35C1, 75A5,

o123

and Sb NQR spectra for the appropriate complexes were reported.

‘For the species Me_Al-B adducts they observed a correlation of the bc

3
strengtﬁ with the quadrupole couplihg constant and sﬁggested that their obse:
tions indicated back donation for the ether complexes due to the far larger
Vcoup.]_ing' é:o'né‘tranf:sr'ob‘s:érved for these adducts than predicted from their cor:
ﬁon based on the relative stébility of these complexesj. |

V ’i‘hes'é"ali;g'd:neAntskWere extended to thé bridged Vsystems‘ with OMe, OE

NMez,

R, Cl, Br, I, Phand -CZCPh and it was suggested that little back «
tion’bertweéh Ph or Ph-C=C- and the aluminum aftdiﬁs' oécufred.r .

_IM{illerZ% gave a Bfief'répbri: on the N NQOR ‘spectra of 2 number of
a:lkylimeb,l azides including those of aluminum. He discus séd t‘hé fesults in
'_!;éi-;.;x}#':vofi»thé inductive and association "effe'cl:'ls. ' He a.l'.;:o noted that the three

resonance peaks expected for the covalent azides were not always observed.
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Other spectroscopic studies on transition-meté.l'—organoalu.‘rninizm-i-lé’riv_a- S

tives are presented in Section 12 along with the ‘cherriifétryfof these species.

3. Fast Exchange Reacﬁions and Related Mechanistic Studies

A Investigation of fast exchange reactions involving organéalumin’ﬁxn Vd’erbiva-
tives has been quite limited during the past year, however, the Wori: which has
appeared provides some new insight into these reactions. - Jeffery and Mole
have restated their position regarding the self éxchange of trimethirlaluminum
and its exchange with other organometallic species. 25 ‘The mechanism for ex-
change which they support differs from that of Williams and Brown and of
Matteson [Annual Surveys, J. Organometal. Chem., 62 (1973) 190] in that rapid
self exchange is said to occur in a solvent cagéd m’on;umezf pair of trimethyl-
aluminum and that intramolecular exchange occurs between t.his monomer pair

and other species in solution such as Me_Zn or Me3Ga without complete separa-

2

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

k
Me Al =t (2Me Al : (1)
-1 monomer
pair
k')
(2MeAl) —=5 (exchange) (2)

by Jeffery and Mole differ from that of Brown and of Matfeson, i.e., the use
of the solveqt caged monomer pair as opposed to the discrete monomers used
in the othexj. treatment.

Mplg and Jeffery ha.vg reevalvated the data in the Iitgga;ture_ qsing‘ their
proposed mec_};aﬁism and have _proxr:ifiéd additibnal data on~_:!;he exchange of Me6A12
with both Me,Zn and Me,Ga. All of these data appear to fit Aih.i;h.e' solvent caged
-‘m_onanqer_ pz_‘ir mechanisnﬁ well. They p:prvided_‘ag"extiensivle discussion of the .
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214
. i'eﬁ‘(:ive"n;e'-_r::if:s bf both mecha:msmsand compared'fé.te co'nstar;t:S derivea
: f use of both mecha.:usms from the same sets of experurental data..
‘ Kennedv; et al..z'6 have provided some adchnonal data which is of in
: both to the alkyl exchange systems and in their stuches on polvmenzatlon
They observed that the rate of br1dge-termu1a.1 methyl group exchange in |
a.lumi.numzs altered in the solvents MeC_l,' MeBr and Mel with the rate of
-e?;cha.ngé ‘&ecreasing in that order, but faster in all cases than the self éxt
}eport¢d~ in hyd;o;:arbon solvents.
. The mechaﬁism proposed for-the alkylation of the tert-butyl halides

trimethylaluminum is shown in scheme 3. This mechanistic scheme accot

' e Me Me Me

\Al \AI/M MeCl ANV N
—— Al /Al\

Me/ \Me » : Me/ Me - Me

Me

“1 MeC1l
t-BuCl

MeCl + Me3A1- Cl{t-Bu) =——==> 2Me_Al-ClMe

1 -

t-Bu', Me,AICI” == t-BuMe + Me,AlC1

\

" for the observed kinetics. Pseudo second-order rate constants were deterz
for the alkylation' reaction of t-BuCl, t-BuBr and E-BuI in each of the sblven
It vivas ‘foun'd‘that the rates of alkylation decreased from MeCl to cyclopentan

"and also decreased in the order t-BuCl > t-BuBr >t-Bul. The acﬁvatibn énn

- also were determmed and found to be approxunately 10 kcal/mole for all rea
'h.ons in t.he halogenated solvents and apprommately 16 kcal/mole for all reac
in cyclopentane. These results were mterpreted in terms of the scheme sho

‘m 3 w:.th the solvent ass1sted chssocuatxon of the dnneru: tr1methy1a1ummtm1



275 -
playmg #‘crucial fol,e in i:healkylat:iqn ;eé.ctiox;. It was sug_geste&‘; in fact, i;h’af
‘the'alkylation-oc;urred in cyclopentane &ue to the limited ability of the t-Butyl
ha.lide to cause dissoeiation of .the é.luxniﬁu:n dimer. ‘ 7

The stereochemistry of the réaction élso vs}as investigated by study of the
alkylaﬁon of optically active a-phenylethylchioiide. The results Vshowed that the
reaction proceeded with predominant ‘racemization as expectgd for a reaction
involving carbenium ions as suggested. |

In the last paper in which fast exchange studies are reported, Wakatsuki,
et al.,27 have reported their investigation of the interaction of Me3A1 and

Me2A1C1 with methyl substituted pyridines in CH Clz. Their variable temnpera-

2
ture PMR studies indicated that 4-methylpyridine formed a 1/1addition complex

with Me3A1 and Me,AlCl, while 2, 6-dimethyl and 2, 4, 6 ~trimethylpyridines pro-

2
duced three types of complex with MeZAIGI but only one type with Me3A1. The

configurations of the complexes in solution and exchange equilibria between the

methylaluminum compounds and 2, 6 -dimethylpyridine were studied.

4. Syntheses and Simple Reactions of Organoaluminum Compounds

A number of papers have reported preparation of organoaluminum species
via new or previously unreported procedures or suggesting improved procedures
for preparations of compounds. Thus, Sonnek and Reinheckel’? have reported
the preparation of the partially deuterated species CDSCHZAlBrZ (71%) and
CH3CDVZAIBr2 (69%) and of EtAlBr, (83%) by treatment of excess aluminum
powder with thé corresponding alkylbromide at 45 -60° for 30 minutes followed

by reaction with AlBr_ and distillation. A preparation for 14C labeled Et3A1

3

from the catalyzed exchange of ethylene-14C with Et3A129 has been reportéd.
Lebmlkuhl, et al., >? have reported that tri-t-butylalaminum and tri-

‘i-propylaluminum can be obtained free from isomers in 60-90% vield by reaction

.of the corresponding dialkylaluminum fluoride or AlCY,

with the appropriate

‘References p. 318
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auc'y.lutm\mx reagem:. “The -Vdi"}.}syLaLu.lnmhrﬁr ﬂﬁafi ¢
v1a reactlon 4. The tert-butyl- and 1sopropyla.1mnm chIondes can’ be F
‘ 'ﬁsAl. OEt2 + F3B OE!:,—) R,AIF + RBF,

R IR RN S ’“ef:hera.!:ers;»"T |
pared by reactmn of the tnalkylalummuxn and A1C1 11i11/-2 oi' 2/ 1' ratio.
ene bls(alunlmuzn d_lchlorlde) -and methylene bls(alumlnu:zn dxbromxde) have
synthes1zed in essenb.ally quantitative yields. 31 it is postulated-that: the x
sequence Whlch leads to these compounds requires alu:mmurn monoha.hde i
f;re.nsitory intermediate. : |

The initial reactions ehown in 5 and 6 have been proposed with a sec
reaction shown in 7 follewi.ng. The overall reaction with carbene formati

‘then given in 8. ‘The carbenes (or radicals) formed couple or undergo adc
‘CHZBrZ +72A1 - 2Al1Br + CHZ:
CH,Br_ + Al » AlBr + CH_Br’
272 2

' CH,Br, + 2A1Br - BrzAlciHZAlBrz'

2Al + 2CH, Brp =#Brp AICH; AlBrp + :CHp

reactions to yield a variety of products including v, BrCHZCHZBr and Hz(

CI—_IZ.' Methylene chloride does not undergo direct reaction because it‘ is mno
reduced by aluminum, but the chloride may be formed by the exchange re:

shown in 9.
’BrZA;CHZAlBrZ + ZCHZC]'Z - ZCHZBI:2 + GIZAICHZAICI2
. ‘ 7 2 327 V . - L . .
Gaiser and Weidlein ~ have prepared MeZA_IOZSR via the reaction gi

irifl_O and ha.ve' characterized this compound. by chemic_alv_ana.lys'i_s, infrare

'N'[ezAlB'rt+ AgOéSMe - MezAloésMe +AgBl'



et
_Ré:nan s‘pectra. The product cannot be obtained readﬂy via’ the d:Lrect rea.ctmn

of R3A1 a_nd SO2 which mstead normally yxelds ‘only Al(O SR)

" In n-heptane it has been shown that Et,Al reacts at room j:emperature

3
with ethyl silicate to give diethyl{ethoxy)aluminum and Etﬁ_HSi(CEt)'- (n = 0 3). 3

EtZAIOEt did not react with ethylsilicate :'uidicat:iﬁg that the EtjAl was the active

species in the reaction. -

3 was studied by DTA techniques for 12-100
mole % KF- A'LEt3 between 40 and 125°. 34 A newr compound, KF- 2A1Et3, was

observed which melts at 122-_1230,; it'was shown to form a eutectic mixture with KFAlEt3.

The system KF- AlEt3—A1Et

In another study Popov, et al., 35 reported the preparation and properties

of Et3A1, Bu3A1 and Et2A1C1-etherates (ether = EtZO, (nQ-Pr)ZO, (n—Bu)ZO,

(i-CSHn)ZO, anisole, phenetole, PhZO and dioxane). They stated that the re-
placement of the aromatic ether withan aliphatic ether substantially affected
‘the properties of the complex.

Moore and Wilkinsc>!:136 reported the preparation of (Me SiCH2)3A1- OEt

3 2

as well as the corresponding zinc anologue and gave some reaction of these
species with NbC15 and T1C15.
Atwood, et al., 37 reported the preparation of ferrocenylalane via the

reaction shown in 11. This compound was characterized by means of X-ray

FeHgCL + 2Me Al tolueme, o AIZMe

Cl + HgMe
60°

(11)

4 2

diffraction, NMR and mass spectral studies. The NMR studies indicate fluc-
tional behavior in solution which can be slowed at ~40° permitting observation

‘of complex patterns: Two structures, XIV and XV, were suggested as possible.

v

Hy o ’ - Ha
Cl C Me Me C Me
' \A_1< : \Al/'r o \Al/ \Ai%'
/' . C/ \Me ' ‘ ' Fc(’ \Cl/ V\Me



218
: -Clearly the lé.ﬁter is most likely correct with rapid intramolecular exchange

. between bridge and terminal positions occurring: .

5. Bond'Sérquths—and Stabilit} of Cdmplexés

iy Sevéra.l studies ha%re appé,aréd v&hich deal with the stabilities qf the Al-C
or w-ith ;‘.he varioﬁs bridged systems. Glockling‘and Irwin38 have studied the n
'spectrar of Group III phenyl derivatives and have noted that only the metals deri

from the Ph Al and Ph

3 3Ga.‘proéluce ions derived from the dimers PhéMz under

electrdn impact. The fragmentation patterns reported reflect the progressive
wgakenipg of the Ph-M bond as the series is descendéd. They also reported th
appearance potentials for the ﬁetal containing ions and evaluated D (Ph2M+-Ph

In other studies Owens?’9 provided some additional data on the degree of
association of a series of saturated aluminum alkyls and alkoxides derived fron
ebullioscopic data. He stated that intramolecular association of these material
occurs to an gxtent coﬁsistent with the steric limitations of the alkyl and alkoxy
group§ bound to aluminum and he presented some generalizations concerning st
limitations and their relationship to intermolecular association of organocalumin
compounds, He noted that the predominant effect determining the degree of
qssociatiqn was the steric bulk of the alkyl group either in the trialkylaluminum
or for the aluminum alkoxide. Some of the data are collected in Table L
It shquld be noted that his discussion is only valid for normal saturated alkyl
ff:lerivativgs ‘and deoes not apply to unsaturated species or to species which have
unusual bondiﬁg suc]:; as that ob#erved in tricyclopropylaluminum dimer,

'Othé,r »détarobta.rined which provide information concerm‘.ﬁg monomer-dimez

‘equilibria and relatéd thermodynamic properties include the study reported on

: 40

the Me3A1"and MeéAlCl inn-C_H,,. These studies included information on

ﬁh’e'va.po_z; pressure equations, heats of vaporization and trouton constants.
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TABLE I

Degree of Aggregation of Some Alumimimglky,ls, .
Determined Ebullioscopically in n-Pentane

‘alkyl ' i at infinite dilution

Et3A1 2,0

(n—Bu)3A_1 1.97
(n—C6H13)3A_1 . 1.89
(neo-CsHll)3Al 1.92
[CH,(CH,),CH(C, H,)CH,],Al 0.93
(n-CSH17_)3A1 1,77

Related data of some interest, particularly for comparison with alkyl-
aluminum halides, are the heats of formation of the aluminum halides, A1X3,

and their polymeric forms (A.]_X.'?’)11 reported by Anthoney, et al., 41 and for the

and GacCl .42

heats of formation of the triphenylphosphene adducts of AlBr3 3

Pinnavaia, et al., 43 have examined the redistribution equilibria for six-
coordinated aluminum and eight-coordinated zirconium diketonates in solution
in order to assess the factors influencing the stabilization of mixed-ligand a®
metal complexes which contain MO6 and MO8 cores, These factors are discussed
in terms of entropy and enthalpy changes which occur when the diketones are

distinguishable and were shown not to be greatly influenced by solvation of the

species involved.

6. Alkylaluminum-Multiple Bond Reactions

A number of studies have appeared which deal with the interaction of the
vacant orbital on an alurninum alkyl with a multiple bond, Some of these studies
have established fairly clearly that the initial inieraction is to form a complex
between the multiple bond and the metsl center.’ ‘ V

. References p. 318



B Thls has been ﬂlustra.ted very well by the stud1es of Allen and La.ugh44
'v'-who ha.ve exarnmed the rate of reactmn of Et Al w1t:h PhC CH in cyclohexane
i_solvent over the temperature fange of 313- 333°K. ] Two _react).ons weAre-‘shown
ko to. occur, ._vthe ﬁfst, ?ehlauon, which proceeds by a bim‘olecular reacﬁoe of
) Eé6A_iZ w1th phcs,qﬁ as shown in Equation 12.

1/2 Et Al, + PhC=CH EeZAl-cscPhé- EtH : (12)

The second reaction, addition across the triple bond, was shown to pro-
ceed through initial formation of the complex shown in XVI. The existence of
PhC=CH

1
.

C Al
El:’/}étR Et

XVI1

‘this complex was established from examination of the NMR spectra of mixtures

" of. PhC CH and Ef:6A1Z Then it wasproposed that this complex formed the cycli

transition state XV];Iwhich collapsed to products as shown in 13. The rate-and

H S LA Ph
XVI Ne—o” P - (13)
: - = . -
'I’ “‘\ / \
Etf- e A1 Et AlEt

=/ g :

activa‘.t:ionienerrgy for f:his reaction were reported. In a subsequent paper the
unporunce of th.lS type of mteractxon was 1mphed from the influence of coor-

dm.atmg solvents on the addltlon reactmns of. tnalkyla'lummmn spec1es wh1ch
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ar'ek_'slowed on addition of éoordiné@hxg.sélver;ﬁs. 4.5- it was noted in this -
‘paper that; tﬁe inﬂuenc.é'of solvent on’ rgac‘tiovn rates Vis .depe.hde‘ht'on the 1r—nvecha-: ‘
_nism and that other addition reactions, for example of 5ﬁcylﬁthimﬁrderivaﬁvés :
to multiple bonds, proceeded by different ﬁaths, thus' accounting for the -
differing solvent e.ffects. ‘

Another reaction in which it is presumedrthat the same intermediate occurs
is thg addition of R3A1 to C2H4. A set of conditions fo effect this reaction in
solutioﬁ of R3Al has recently been described. 46 |

It is also likely that the isomerization processes described by Lehmkuhl
and Olbrysch proceed through eliminatigﬁ and addition, 41 They observed the
isomerization of R3A1 (R = CHl\zie2 or t-Bu) at 120-1400 to give R‘3A1 (R' =
Pr or iso-Bu respectively) by NMR techniquesr and found that the kinetics of
these reactions obey second order rate laws, The activation parameters for
the isopropyl reaction were AH* = 26. 2 kcal/mole and AS* = 13 cal/mole deg.
and for tert-butyl AH" = 29. 8 keal/mole and AS™ = -5 cal/mole deg. The kine-
tics for (t-Bu)ZAlN[e indicated that the isomerization, to give isobutyl compounds,
proceeded via an equilibrium in which (t-Bu)3A1 was formed.

In another study Warwel and Hermnerich48 observed that the irradiation
of n-octenes containing internal double bonds and cis- and trans-2-undecene gave
the thermodynamic equilibrium mixture of cis-trans isomers in the presencé of
a 4-fold excess of triisobutylaluminum at 60°. Double bond migration was not

~ observed-in this isomerization process. The isomerization did nof occur either
in the absence of light or in the absence of the aluminum compounds..
.Stgfani49 studied the reaction of créeylalumingm defiﬁti\_}es with olefins,

as noted in reaction 14 in which the crotylaluminum species are produced.in situ
RCH=CH,, + Et Al + (MeHC=CHCH,),B

- N 8 i : 3 C .
References p. 31 H,C=CHCH(Me)CH(R)CH,A1< N



cm&ér veryrx:.m.[d condJJ:u:lns ( 10 to -'—75 }. VIt‘i'.-v;z's -ndt;&.;tﬁat Ehé réa‘\céo;;d
h1gh stere05pec1£1c1ty whlch mcreased with- l:he bulkmess of t.he R grou;
ther, it was. shown tha.t oleﬁ.ns mth more tha.n. one substxﬁuen.t g m:;t. =
"<ms 'reactzan tmdet the same sef of conéztzons., .
.&m&mm 1:-:-%":-’/3'pmga <yoiic trunsition state was proposed to a
f’,for the observed products and fstereoselecﬁﬁty.f -
- Iu another study on the reactions of crotyl den.vat:wes, Lehmktzbl
Nehl noted' that dlcrotylzxnc reacts motre selectively toa give praducts 4
frpx_n 1-methyl-2 -propenyl form than either crotylmagnesium or crotylal
in the temperature range 20-60°, k
It also has been reported that reacﬁbn-of the 3-methy1a1i1minacyclo
3-ene moiety with CH,=CHCH,Br in dioxane, :Eo]lowed by hydrolysis,  gav
1-alkyl-2, 2-dimethylcyclopropane, a small amount of 1-alkyl-1,2-dimetl

cyclopropane, 15% CH,"CMeCHMeCH,CH=CH,, and 5% GH,=GHCMe ,CH,C

7 2 2 2 27772
- Substitution of CH2=CHCH2C1, PhRCH_C1 or PhCH_Br for the alkyl bromic

2 2
decreased the yield of cyclopropyl products to 25% or less.’
Unsaturated hydrocé.rlﬁons of bigh electron affinity were shown by L
et al., 52 i react with R AL and alkali metals in ether to give equimolar n
tures of MAIR, (M = Li, Na, K; R = alkyl) and alkali metalo(dialkylalumin
dihydroa]kengs. -The tendency to‘ form complexes increased with the elect
~ affinity of the olefins. Moreover, the reaction was influenced by the solva
rsbtrengtl';_of- the solvent and the ionization potential of the alkali metal. In t
‘the 7"a.l:e"r derivatiVes are not dissociated into ions. jid v?a.s shows that mag:
smm cogid Be used instead of én alkali metal by reaction with isoprene, 2,
methylbutﬁdiene and‘iautadiené.‘ 7

1, 3- D1olef1ns were hydrogenated in a fa:.rly selec(:lve mmanner by reac

N w1thout isolat

w1th alkah metal and R Al and. subsequeni: protolysm in Et3



B
?fthe neces #aﬁ alummmn complex. vThe ma.;or product from 1soérene was 2.- :
methyI 1-butene, from 1 3-pentadz.ene 1(: was 2-pentene and from 1, 3 dn:nethyl-r
bméxene it was 2, 3- chmethyl I-dutene. It wasreported fhal: bonds frorn
alyminern o seaé-:_n&ary carbon atorns were muore rea&iiy cigaved thaz;- benés 59 ’

primary carbon atoms. Equimolar amounts of (i-Bu),Al and trans, trans, cis-

or tr;ans, trans, trahs-lr, 5,9-cyclododecatrienes were shown to react to give
perhy‘dro;9-a11m';indphena1ene, XVIIT; the hydrqlisis Mand oxidaf:iox; of this pro-
duct by int':raxnolecular cyclization gave derivatives of [6.4.0.0. >r ?] dodecane,
XIX. A number bf other reactions were reported for XVII which éave rise

to a variety of polycyclic derivatives.

‘, Gt

it was shown by Kipper and Streck54 that reaction of 1, 6-cyclodecadiene
in the presence of a homogeneous cétalyst. did not give rise to ring expansion

or formation of a stable aluminum intermediate, but i.nstead-resulted in cleavage:

+50, +80° '
=2 T, _
WCl, /ROH/ _ . ) (13)

Et:AlClz

as shown in 15,

| Reactions of the thermally equilibrated dimer of piperylene showed that
;lipl:fa.tic trans. -substituted olefins are quantitatively El_n_g -alkylated by (i-Bu) 3‘Al'
with é.lpubst.po shift of the double bond to the & p'osiﬁon. 5.5 ;From pipérylem; con-
té.ining 40% cié‘ form this feaction,gave, in .10 hours at 190°%; 3 -methyl 4- (and
5-}) propenylcyclohexenes along with 1, 7- d1.methy1 1 5- cyclooctadxene. Heatmg'

Refezeneesp 318 -



( Bu). Al 71 hoér at 140 (Me C-—CH evolui#on) follo;vved.by treatn'xent at 100
w1th 3-mef:hy1 4:-propeny1cyclohexene and \.omplehon of the reactnon at: 140
ga.ve t__[Z (Z-methyl 3-cyclohexenyl)propyl]alm'nmum whlch blown w1th air
a_nd l-reated w1th aq HC], gave 92: 8 XX/XXI, S1m1la.r -r_eactzon_s were performeq

-'__f'wlt.h;f_%-metpyl-s—propenylcy'clohexene.-1 i

Me

, I . ~CH,CHMeOH .- (CH,),0H .

XX XXI

In another study it was shown that condensing the appropriate enyne with

1LiAlH 4 in THF, dig‘lyrne'or pyridine gave derivatives or the type shown in XXII

Rll R"'
x/‘ | \,\

>T/"csc TN Y

R' R a4

R = H, Alkyl, Ph; X = O, NMe
- . XXID

.:. ._;nWhich ;-e'acﬁéh of the.v ‘hydride with the ac1dic proton ;:n thev acetylinic group
orc.ci;:;-rédv_ra.ther"th'aﬁ aad;ﬁon to a Vrn'ult:i.prle bond. Sé bRe'actions of the aluminum
C ;::o}:zpotmd.w.e:‘re:‘-,;:epo.rted a:ﬁd fsl;own to bé typical for reaction at the A1-C bond.
e : Ina ﬁ;al'repbré on t'ne :Eeactionsbf lmsa{:u.ra{:ed"alu:zninuquompé;mds,; it
‘was shown that (CH —CHL,H CHL-HMeL-H CH,), Al reacted with CO,, on heating
m xylene soluhon, to g1ve the carboxyhc acid and the tert:.ary alcohol R, COH on

S ﬁydrolys1s. 57
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7. Reaction of Organoalummum Denvahves w1th Ketones, Aldehydes and

’

Related Spec1es

C Al Reactmns with Ketones. A large nu:mber ‘of papers have appeared

during the past yeaf dea.hng specifically ‘with the reactions of organoalmm.m :
species with ketones and have prov—ided a great amount of iﬁformal:ion concern.ing
the mechanisms and sferie centrol observed in these -rea.c;tions;

Neﬁ:nann, etal.; 7 have investigated the reaction of Me3A1 with benzo-
phenone in demil. They first established that the 1/1 complex formed between '

Me Al and benzophenone was a' 0 complex rather than a 7 complex. This was

3

* 2
accomplished primarily via spectroscopic studies of then-> 7T and 75 7 tran-
sitions. Little effect was observed on the 7 » T transition but 1loss of the nor-

mzl n—> 7 transition was observed. These findings are consistent with the

formation of a 0 complex between the ketone and aluminum alkyl.

- :
2Ph2C=O + M66A12 - Ph O/Me
Ph/ w bMe/ \Me

solvent cage
T - cloud attack

@\Al/ /M/ o
: I \Me Me ? ?\Me ;_\ (16)
Ph R _ Ph_ ‘/ e
\Ce i Os--' e >C O?“
'Ph/ ' lb © Ph wb -
i Me
H,C-immnn Al/ .
33 N
s _Me :
Ph_ ! SN Ph Me
. ' ‘o ——-——9 \ g

" References p. 318 - -
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- ’ “r;rr‘ﬁey-' ghgz_;_dis‘cgs'_séa‘the»mééﬁagism ‘of ad'dil:iorn:of the Al-C bond tér-th"e
un ug: two sets of égndi;ié_ué and in two sQLQent‘;yét;mse : ’l.‘hex; go#g_lg
. thiat'::the, éddition occurs via Vthe foilowing reaétiop sequence ‘for t}riev lt/lr compl]
: m 'Belh.z‘ene and in the reaction m diéthyl ether solyent: in which the trahsition

sf:é.l:e_ is a solvent caged but'ncn-coméiexéd species, i.e., ‘it doés'not have th

AI-O ketoné éoﬁaplex pfésent.' "I'h'ese'conclus:;.ons were drawn from a rather

leﬁgtﬁy agd involved argument concez;-njmg the energetics of the reactions and

provides a plausible mechanism consistent with the experimental rate law.

When the- reaction was carried out in benzene with excess Me3A1 preser
the r:ea.c(':ion proceeded much more rapidly and by a different mechanism. It
was suggested that a possible transition state for the reaction is that shown in
" XXII on the basis of the large negative entropy of activation which would be

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

states were also considered.

o
0
a
o

W

R
\
(W)

-

i
=2
Q-==~=-=

XXITT -

Further sél}diés on the stereochemistry of the reaction of organoaluminw
cdmpouﬁds with.ketones also were reported. 58 In the latter investigation an
extensifre i’.nvestigation of the factors governing the stereochemistry of the pro-
'ciucts was made. These results clearly show that several factors are involved
andA thé authors concluded that in those cases in which product ratios are depén
dent on reacﬁon ratioé, a ’fcompression effect" oppo'se's, the ''steric approach

fé.ctor“. Several; other possibilities were considered foi-, th'e_con_trol' of the

séeiedéhémist;y and "rejéét_e,d as not accounﬁhg for all of the obéé_rvat:ions.
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. The redixcf;ipn'of 3,3, 5-tr;n1ethy1cy¢1§he:énoné a.nd 4f£e1;'t-buty1:cyc165

hexanone with"-diisobutyla.luminm hydride and With éfﬁsobut’ylé.lminun: have .
been also studied in benzene and et:l‘ler.’59 The ﬁechmism was dis cu"ssedv in
terms similar tov those for the Me3A1 reduction. . The isomer rﬁtib of the'bro-
ducts mixture was found to be essentially independent of the solvent, but depen-
dent on the reactant stoichiometry apd the initial concentration ‘of‘tljle (i—Bu)BAl.
Evidence was reported which indicates that the epimeric ratio of alcohol produced
Vw’as inﬂuencedr by several factors including the degree of as_sociatioﬁ of (i-Bu)3A1,
the complex formed between (i-Bu)3A1 and the aluminum alkoxide formed and by
isomer equilibration by a Meerwein-Ponndorf-Verley pathway.

In another study Katzenellenbogenand Bowlus6o have examined the stereo-
selective reduction of six ¢¢-ketols with different patterns of substitution and size
of substituents with a variety of aluminum hydride reagents in order to deter-
mine what factors govern the stereoselectivity in these’systems. They found
that the predo;rninant diol produced was the one predicted by Cram’s cyclic model.
They also found that the degree of stereoselectivity correlates well with the -
ketol structure only with one reagent (triisobutylaluminum) while with all other
reagents, selectivity is related only in an irregular manner to the &-ketol struc-
ture. They discussed several explanations for these observations and suggested

the competing paths shown in 17 as one possibility to account for the observed

results.
M7

o~ o HO OH

>

. + > ,‘ ‘
H O Rg - Me R R, A o
RS->CQMe\ _ o S IR - 1)
R, ~ cyclic erythro -~~~

' - Jr . o (contne:_.:flpzixge)
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dipolar o threo

Gioéomelﬁ, et al., 6; 2lso have studied the m‘echan.ism for the asy-xn';
tfic:réduétion of a series of phenyl kétones bonptica.llj.r active qrgaﬁoalmni
compounds which have B-branched alky'lrgroups.' The reactions which have
carﬁed o'ut ‘at 0° afforded {S)~alkylphenylcarbinole in good yield. T‘hve exte
of the aéyrnmetric reduction was found to depénd on the structure of a donc
ligand to the aluminum atom. Moreover, the reduction of iéopropyl phenyl
by chiral solvates of triisobutylaluminum occurs with low but definite asyr
induction. The overall i-esults; which are consistent with 2 B-hydride tran
frcﬁn the alkyl group of the organoaluminum compound to the carbonyl atom
are interpreted as indicating that in the presence of ethers the reaction occ
without prior dissociation of the ligand from the aluminum atom in cyclic s
membered transition states. The stereoselectivity of the reduction proces

‘rationalized in terms of steric and electronic interactions in competing tra
.states for the hydrogen-transfer step.

This same research group 62 also reinvestigated the ability of tris{|
Vz-methyllvmtoxy]alu:minum'to bring about asymmetric reduction of methyl et
ketone and they obse1;ved only a low stereoselectivity for this reaction.

In other studies Ashby, et al., 63 have reported results from stereoc
studri:es which: demonstrate that complexation of the carbonyl group by a me:
c;ation-oc;cur's 'iﬁ the ’reduction of ketones by coﬁnplek metal hydrides aﬁd ha-
shownthat the stereochemical outcome is affected by this coﬁaé‘iéx formatic
as'in the'éase for &ialkﬂé.hr:minum speciés. | They suggested that this occu

in thi_s‘i:asé By éhifts in the equilibrié. on formation of the metal-ketone corx
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followed by reduction with the hydride. Hydrides studied were LiAlH ,» CIMgAIH,

and Mg(AlH ). .
. = a4 2z

Ashby and Hemsob.n a.lso ha.ve studied the reduct:.on of the ketones 4-
tert-butylcyclohexanone and 3, 3, 5-trimethy1cyclohexanone with (i;-Bu) 3(n—Bu)A1
ion. In these reactions they observed thét the stereo:selectivity was‘quite good
(47% for the first case and approximatel;j 97% for the second) and further that
the ratio of products was independent of the ratio of ketone to alumiz;ate.

In other sf:utfli.es65 it has been shown that the alu.rni:num derivative of
PhCH=CHGH,C]1 reacted with ketones to give only products such as CH_=CHCHPh-

2 2

CRR'OH after hydrolysis, and the aluminum derivative of GH2=GHCH=CHCH201

2=CH)2CRR'OH on reaction with ketones, RCOR/', followed by

gave CH2=CHCH(CH
hydrolysis.
In a rather interesting investigation, Kabalka and Daley66 have reported

the first clear example of a radical 1, 4-addition of an aluminum compound to an

o, B-unsaturated ketone. This is illustrated in 19. The reaction was shown to

. uvy or O, H,O o
(n-Pr), AL + R - 2,2, (19)
-78 .
ether or
heptane CHZCHz_CHg,

be initiated by uv radiation or by addition of a small amount of oxygen and was
stopped by addition of an effective radical scavenger.. The reaction was shown

to occur with 2-cyclohexenone, 3-penten-2-one and methylvinylketone.

Kritz, et al., 67,68 fave 'studied the reduction of-a number of compounds

with complex metal hydrides. In the1r studies with Na.Al H (OCH CH NMe ) 67

References p. 318
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;they exammed the reduchon of aluehyues ketones, esters, unsatura.ted este
‘BzCl, p-MeC6 CN, and dehalogenatxons of 1 chloroheptane, 'l-bromohepta.n

»PhCl PhBr and Pb.I. The results weze compa.red w1th those Obta.med by sm
68
reacnons usmg Na.AlH(OCH CH NMe ) Similar studles were carned ot

'u.smg benzene solut:.ons of NaAlH (OCH CH OR)2 (R = Me, Pr, 1-Pr or Bu),

2

\TaAlH (OCI—II\/IeCH OMe) » NaAlH. (OCMeZCH2

NaAlH[O(CH ) OMe] (n=2,3, 4) and NaAlH(OCH CH CHNIeOMe) The eff

OMe,Z, NaAlH(OCMeZCHZO.'M
of the alkoxy group on. the reductmns was dlscl.ssed.

Kobaya.skl et al., 69 have shown tha(: on reaction of‘B—ea'rbomethoxypr
pmnaldehyde in methylene chloride or benzene with a 1/1 or 1/2 ratio of Me
or EtSAl the aldenyde group is reduced and the product is the unusual coordi

compound shown in XXIV. The structure with intramolecular coordination t¢

L : H H
MeOCCH,CH,CHO + R AL = . / o
H I I\Me (
0=C_
Nosar?
I IR
Me R
XXIV

eqethoxy group was suggested on the monomeric nature of the molecule and ¢
infrared and NMR spectroscopic studies.

Somewhat different coordination compmmds were obtained on the react
mdlcated by equation 21 in Whlch dlethylalummum d.1methy1am1de and diethyl

alummtma_et;l;agethzolate, Et AlX, (X = NMe,, SEt) were reacted with dikete:

o 2
It was sug'gested ﬁhat'initiaﬁy acyl-oxygen bond cleavage occurred followed b
a 1 3-hydrogen sh:.ft to g1ve the corresponchng d;ethylalununum acehc acid

d1methy1am1de or acetotlnola.cetzc ethyl ac1d ester. Both products had the ct
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structure as indicated which was consistent with NMR and vinfr’ai'edi spectral

studies'and,molectﬂaf v}eight of the product.

, en
2
' /C% ' ’cu:——o' _
 H.C=C C=0+Et,AIX - /" \ Et
2 \ 2 . Ve : :
: o~ CHZ- , Al\ .
: : N TEe S
Sc= ,
: X _ : :
Mo / L2
'l
/c——o Ee
HZC\ Al
Et
c=o0
X’

Complexes also have been reportedly formed on addition of Me 2AlCl to
O

P/
PréMe. 1

‘Ip these studies, it was concluded from infrared, NMR and cryo-

' scopic molecular weight measurements that two compiexes were formed, 2 1/1
complex of the type PhC(OMe)OAl.MeZCI and a 1/2 complex in which two moles
of the aluminum derivative were associated with one mole of PhC(OMe)O. Low
temperature and room temperature NMR studies indicated that rapid exchange
in the latter system occurred. Several suggestions were made concerning the
nature of the 2/1 complex.

B. Reactions with Aldehydes. Tani and coworkers?zng in a series of

papers, have explored the nature and catalytic activity of a variety of complex _
organoaluminum derivatives in the poly'xperizatiqn of aldehydes. In the ﬁrst
of these papers the structures of complexes of the type RSAIZZM in aromatic
hydrocarbon solutions were explored by extensive NMR studies. The observed
'spe’ctra.could'be t‘explained‘on the basis of binuclear complexes of thé type :
[RZAIZM][AIRB] with no?zequiiraléht,ald:ningm atom§ where‘R =.Et; i-ﬁu; Z = ‘
O; M = Na, K, at the temperatures st.:\‘1died'.‘r It Qas g'ugg‘estelriifg}‘xat this/tyﬁé_of
_structure was also predominant for R = Et; Z = V(V)»;‘V'NPh; M = L1, vf:o"rr R'.=‘E|;;>:‘ |
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';v,‘Z=‘S M Na, forR Et,Z O,M CsandforR-l-BuZ OM Cs.

: 'The structure proposed for tha.s type of complex is. shown in XXV in whlch on

R mole of aromat:.c solvent is. complexed with the aluminum atom. At higher te

"R Al/, Nar
2 N 3
s

S = benzene, toluene, THF
XXV

pei‘atures rapid int.ran'rloleelrzlarv alkyl group exchange occurs, presumably by
‘loss of tl'.l'_e '.solvent molecule, which is very weakly bound and then by alkyl
bAr‘idge tfor#xation. 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
of the fac;ors which determ‘inevthe structures was presented and it was conclud:
that one of the factors appeared to depend upon the ionization epnergy and ionic
radius of the alkali metal ion.
Ina sub's-equent paper73 the formation of dialkylaluminum oxides, their
pb.ysicral‘ pi-operties and some of their reactions were explored. The compounds

were pfepa.red by the reaction shown in 22. The products obtained from this

~

RZ’Alom + R,AIC1 > R2A10A1R2 + LiCl (22)

" R' = Me, Et, i-Bu

reactlon were shown to ha.ve propernes similar to the compounds. obtamed by

—hydrolys;s of R3A1. The bis(dialkyla.luminum)oxides were cha.r_act:erized,by their

m.frared and NMR spectra and by' conductometnc studles. They were shown

to be assoc1ated w:.l:h the degree of assoc1at10n dependent on the bulk of the alkyl

group and on the concentrat:.on with observed degrees of association rangmg from
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t;atr.ar.rn.e{*:r f§'r th_e_ diethyl;lu;ni;xﬁm sé»eci;eé'_ to app;ozdm'até.ly ‘1.5 :fO'If the iso-_bui:yi
deriva;(;ivé; N B o |

It Va.ls‘pvwa.‘s shbwﬁ j:hat. these de_riv;atives form srziblé 1/1 cofnplexes as
indic,ated:in éqﬁa(;iqn 23 w1th é nurnﬁer ;)f don‘ors inclqdiﬁg THF, PhOMe ai;d

5, 6 -benzoquinolinate. The latter also forms an unstable 2/1 complex. It was

R,AIOAIR, + L > [R,AIOAIR,]- L , (23)

2 2

suggested that the 1/1 complex was undergoing rapid fluctuation of the nitrogen

an shown in;:_éii-, however, this wa’s not established unequivocally.

N | L s |
— lf N7 N (24)

- R - |
Et_Al AlEt. — Et Al AlEt. — Et_Al AlEt
2 \o/ 2 2 \o/ 2 2 \o/

Gompounds of the type [REAIZM][A1R3] (M = alkali metal; Z = O, NR!,
or S; R and R' = alkyl groups) have been prepared by the reacticn of trialkyl-
aluminum compounds in a molar ratio of 2/1 with alkali metal hydroxides (for
Z = Q), lithium N-substituted amides (for Z = NR! ) and sodium hydrosulfide

4

7 . C L
(for Z = 8). In most cases the complexes were isolated in crystalline form.

The reaction was shown to involve two steps, .AlR3 + MZH - R_AIZM + RH, .

2
followed by R,ALZM + A1R3 2 [RZAIZM][A1R3], since the intermediate proglut;:ts
RZAle have been,j.solé,éed and shown to react with AlRa; to give the complex.
The latter is considered to be a bimolecular donorf-accerp‘t'or complex, in which
_R2A1ZM acts as an electron donror and R3A1 as an a;cep?of; Infrared spectra
of the oxygen comp}ex [EtZAIOM][AlEt3] where M = L.ij,' Na, K or Cs show that

they have closely similar structures.
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R AlOCI-IMe. ME@) RZAIOCHZCH3
+ . B
l H O . + MeC —R
. R:Al + MeGHO , 'ROGHCH + MeCO_,CHMe
LT , : N s (25)
- reduction , HOCH,CH, 2MeCHO '
R,AIOC, H, CH3C.OZCHZCH5
H3O+ ) _~  'secondary reaction
HOCZ'H3

Studies of the reacﬁon; of the péntaalkylallnnint:m alkali metal oxides
and of the related sulfg.f and nitrogen analogs with acetaldehyde have been
. repofted and compared with the results obtained when R3A1 or R3A1- L were
used. 7 The :eact:ion scheme for R3A1 is outlined in 25 and shows addition and
reduction as the primary reactions. Secondary reactioﬁs also occur as indi-
cated, beséecially with increases in the strength of the complexes which are »
formed.

The pentaalkyldialuminum complexes have been shown to have high reac-

tivity in the primary process, but little secondary reaction occurs when they

are used. The results can be understood by invoking a bimetallic cyclic transi
tion state as shown in 26. With [RZA].ZLi]- [AlR'3], R and R' addition occurred

simultaneously, indicating an alkyl exchange process occurred in the complex.

Proposed Transition State for Addition

Me H - Me H
\C/ L \C/

‘-’f = o
N _ ,
R—Al_—~y Al—R R—Al - _Al—R
R A|\Z/| | . I~z

R R _ R T R

R = Me,EI:. -Bu :
- (26)
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Proposed Transition State for Reduction .‘
N\ E . o H
Me—/‘C" " C<Me' :  Me—t”
Q‘) Q/CHZ —_— o\

\ T . .
i-Bu—Aal —i- "~ i-Bu— ' —i-F
—A \/ZN/A{ i-Bu i-Bu /Al\z—/Al\ i Bu
i-Bu | i-Bu i-Bua i i-Bu
M M

+ Me2G=CH2

Yasuda, et al., 76 also have prepared and separated the polymerization

catalysts of the general form [RZA'].OCR‘NPh]2 by the reaction shown in 27

R3A1 + R'CONHPh » R3A1' R'CONHPh

\/A RH @7

I/Z(RZAIOCR‘NPh)2

which is said to be the superior method for this preparation. The chemical
behavior of these species toward Lewis acids and bases was interpreted in -

terms of the structure of [Me AlOCPhNPh]Z and its trimethylamine oxide adduct

2
Me 3NO- AlMeZOCPhNPh which had been previously reported [Annual Surveys,
J. Organometal. Chem., 62 (1973) 185]. ‘

Variable temperature NMR studies were reported which were interpreted

in terms of isomeric forms which underwent rapid interconversion in solution

as shown in 28,

N, o ' Nowsa C ' '
\Al/ ~p \AI< 2 N 1< \o s (28)

Yasuda, et al., ”w have examined the reaction between aliphatic
aldehydes (acetaldehyde; propionaldehyde and b'uwraldehyde)i and the stereo-
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: ::ispec:.f:r.c poly:rner1zat10.n cabalysl:s of the type Just des crlbed,R AlOCR'NPh. -
;_Lnese studies \;ere Ca:l:":ned. out in an attempt to el.uc1cla.t:e the initiation mecha-
'_nlsrn of the polymenzahon reactmn. The 1/ 1 monomer/ catalyst coﬁlplexes
obtaxned from these aldehydes and R AIOCR 'NPh showed excellent cata,lyt].c
a:ct;nty toward,the stereospec:.f:.c poly’rnerxzahon. T‘he structure of these com-

" plexes in solution has beehb proéosed An the I;aSi's of NMR and infrared srtudies
en& the previously reported crystal structures which provided evidence foe- five .
coo_rdinate'aluznim‘n'n', [Annual Sur;reys, J. Organometal. Chem.,; 62 (1973) 185].
The structure of the aromatic ﬁxon‘oaldehyde complex also has been studied and
shoﬁvn to be identical with that of the aliphatic derivative. The chemical behavioé}
of these aldehyde complexes towards Lewis bases and acids has been investigatea“
The aldehyde moiety of the EZAIOCR'NPh'MeCHO complex is liberated by the
aeﬁon of etrong Lewis bases such as tf‘imethylamine oxide or HMPA as shown

in equation 29 and is exchanged easily for another kind of aldehyde.

MeZAIOCMeNPh- MeCHO + OP(NMe2)3 - (29)

MeZAIOCMeNPh' OP(NMe2)3 + MeCHO

The trimethylaluminum complex Me,AlOCPhNPhMeCHO: AlMe,, leads
-only to the formation of amorphous polyacetaldehyde in contrast to the simple
aldehjrde ‘complex already discussed. The Me3A1 adduct is formed as indicated
in 30. The structure has been established in the solid state by X-ray studies

and in solution by studies of the infrared and NMR spectra.

MeZAIOCR'NPh- MeCHO + Me3A1;

(30)
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: ~ﬁxten§ive discussions on the various eéuilii:fia and excha;;ges éhepbtﬁeha,
A;')d'ss‘ible in solution wefe presen.tea.:, Do . |
/ In another article Yaéuda, et al; R 8 have reported their results on th_e
stereospecific polymefizatioh of acetraldehydertrlsingvf'our different pur1f1ed o
diethylaluminum butoxides, (Et,Al-O-Bu), (Bu=n-Bu, i-Bu, i_egﬁiag"or t-Bu)
as catalysts.. These catalysts gave isotactic polyécetaldehyde quantitatively
irrespective of the degree of branching of the butyl group, only when an optimum
amount of water (about 0. 03 mole/mole of catalyst) was added to the purified
acetaldehyde monomer. Quite similar results were obtained for organozinc
systemms. These results indicate that water is an indispensable cocatalyst in
the polymerization reaction with organocaluminum and zinc systems. They pro-
-posed the following scheme based on the above information and the fact that the

catalysts are deactivated on addition of a strong Lewis base.

1/ Z(EtZAIOBu)Z + MeCHO - EtZAIOBu- MeCHO

MeCHO
OBu OBu
/ H+ i
EtZAl:'--Ol:CH.'MLe <« EtzAl—--O=CHMe (31)
“OsCHMe O=CHMe
H+)
MeCHO
OBu

Et,A1Z--OCHMe
® TOCHMe
HOCHMe

-Finally, the catalytic activity of Et3A1/HZO' systems for the polymeriza-
tion of acetaldehyde were investigated in which inorganic bases were reacted

with Et3A1 instead of pure water in toluene/ether media. 7 A uniform soft

gel-like product was obtained. This material ‘gave high stereoregularitf in the
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%f';iﬁoiyrpérizaﬁon,of aceﬁ."l_dehyde; The system was compared -wi‘t‘hrothers"obtéineif

Sevéra};reaeufﬁs nave be_éii re'porf:edl‘oetwéen aluminum deri
a'variety-r' of nitrogen. compounds. Giacdmelli and Lardiccig0 have investigated
’ the thermal decompos:.tnon of (i- Bu) AlNCPh and have reported the first order
-rate constants for its ununolecular decompos1t1on to benzylideneamino(diisobuty’
aluminum at several temperetures. The rate of reduction was shown to be index
pendent:iof toluene as SOlvent. The. activation parameters determined for the
vrreac!ion are E; = 25.0 +:1 kcal/mole and A = 1012 ¢ ec™l; all of the data obtaineg

are consistent with the hypothesis that the reduction proceeds through a six-

centered transition state as shown in 32. In the presence of excess (i—Bu)3A1,

PhCNAL(i-Bu), > H Al (32)

PhCH=NAL(i-B u)2 + Me2C=CH2

diisobutyl(a-isobutylbenzyliderxeamino)alumi_num is formed by addition. On the
basis' of.these results, possible mechanisms for additicn are diecussed.

' I—Ioberg and M:l.lchere:!.t:s1 have i.nvestigated the rea.ction of N—diethylalu-
7 mmum N N mphen'yla.m:.de with aldemmes and have shown that they produce the

.alununmn heterocycles shown in XXVI which y'lelds XXV]I on hydrogen transfer.

}CXVII ylelds the o—amlmoketemme on hydrolys1s. Hoberg has shown that -
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(33)

™ Ph- Et R
N ' : N—Al—NCH_R'
SNa1—Et oy _ 2
+ H(R')C=NR''_
N ‘ -
/ \Rll
C C=NR"
N S
R' H : R
XXVI XXVII
Ph\
Et n. H mt) '
N ot
_\ 1 Al 2EtH Ph—N Al—Ee
B \'\N/ NEe l I
Q _H- ~ Et—Al N-—Ph
& o
+ (Et,AINPh ,
(Et, 272 (34)
Et,Al-N
Ph
Et-Al-N
h
Et-Al-N-Ph

ethane is eliminated by heating of diethylaluminum N, N-diphenylamide at
110° and th¢ crystalline trimeric aﬁxide is produced. SZX.The mecﬁé.nism shown
in 34 waAs proposed for this reaction.

. Meister and Mole'83 have shown that 6 -methyl-2, 2'-methy1enedipvridipe
is foi'med in 60% yield -from ¢-picoline. The r_eacl:idn iS'thO.l;ght to proceéci as
shown m 55.- A ;imi_laf product also was _'repo,réed' éh initir.a]'.-frxl':eacvéiqﬁ.pf 2,6-
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(35)

'iutidi:né with M¢3A1 followed by treat:rnené with pyridine. This reaction may

prove to be a generally useful laboratory synthesis for methylenedipyridienes.
»Gi'ongo, et al,, 84 have examined the formation of optically active alumi-

num spe'cies via the reactions shown in equations 36 and 37 and their subsequenf

use as reducing agents for several aSy’rnn‘xel:ric ketones. Their results showed
LiA1H4 + RR*NH-HX » RR"“—I\IAIH2 + LiX + H2 (36)

» nA].H3-NMe3 + z;R“NH2 > {(R )NAI(H)];1 + 2 nH2 + NMe3 (37)

t%xat opticai ‘act:ivity is retained in the products. The influence of solvent and

' _temp'erature on the optical activity of the ,pro‘duct was’ gxamined.
- - Studies also have been reported on the reaction of Ca(AiH4)2 and Mg('A1H4_~%,
withpri.rna.ry amiﬁes oxr ﬁitriles- For amineor nitrile/alanate raéiés of 3/1 )
mzxed polyammo cOmpotmds wh:.ch contamed -AlH—NR- and -Ca-NR- {or -Mg-
i NR ) u:zuts were formed w1th lower ratios definite compounds were not 1solated

s _except m the reactxon of Ca(AlH ) w1tl1 amlme which- gave crystals of calcmm

x -phenyhmmod;alane. -
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) Wagners6 has studied ‘theA-reacfibn of aluxnmum 'a:'zi»deA with a variéE};' of_'
unsaturated B-cyano esf:ers,. Both sié_— and i&;n_s—3;cyanéc¥ylafe.s '-g‘aire Ex_:g,_ni-
3-Vt:etra..z01e-'5>-acrylate. M—3-Cyanocro£onaté p;oduced'l:;rr_;ani-;’;-methyi-’ :
terazole-5-acrylate, while _c_:i_s -3-c'ya.nocrotona£e gave a mixture éonsi.st;in;g
ﬁamly of 1-(2-cyanovajopenyl)tetrazolin-5(4H)One and tetrazolo[l, 5-clpyrimidin-
5(6H)-one. Thé reaction of AI(N3)3 with ethyl o-cyanobenzoate gave a variety "

of products. - The possible mechansims of reaction were discussed.

9. . Oxygen and Mixed-Bridged Species

Dimethyl-(2, 6 -dimethylphenoxy)chloroaluminum, methyl-(2, 6 -dimethyl-
phenoxy)chloroaluminum and methyl-(2, 6 -dimethylphenoxy)iodoaluminum have
been prepared, their molecular weights determined and their infrared and NMR
spectra recorded. These data have been used as a basis for determining the
chemical constitution of these compounds in benzene solution. All of the com-
pounds were shown to be dimeric in benzene and those which contain halogens
were shown to coordinate preferentially with the halogen atom.

On the basis of the NMR studies, it was suggested that at room temperature
in benzene solution methyl-(2, 6-ﬁme&ylphenoxy)chloroaluﬁmm exists as a
mixture of cis and trans isomers and it also was suggested that mixed bridged

species such as that shown in XXVIU were formed on addition of Me6A12 to

Mez(MeZPhO)ZAIZCIZ.
Me Cl . 1le
\Al/ \Al%
Me/ \O/ \,Me
Me Me
XXVvIia

' In other studies, it was found that aluminum isopropoxide reacts with
MeéAlZ irreversibly in aromatic solutions to pro&ucé' t_hrée kmds of tetrameric
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and two ku1ds of duner:.c complexes. -..The termmal 1sopropoxy1 groupsr
alummum 1sopropomde can be subst1tuted successwely by the methyl grot
.Me6

groups -Vha\_r»e been replaced by methyl groups, the resultant tetrameric cor

Al formlng mu;ed,hgand, complexes. After a11 of the term1na1 isoprec

.lzﬁaérgoes'_decoz;élposiﬁon reactions leading to dimeric compléxes.— In the
s’pecies isoprppéxyl groupsrform stabie bridge bonds while methyl groups
Ehe terminal sites. Studies of the relaxation times of the methyl groups i
cated that the local mobility of the ligands in the bridge positions is less !
!;hat: at the terminal sites and that the mobility of the ligands varies as tl;e
of the complex is varied.

Finally it should be noted that the interconversion of dimeric, trime
aﬁd tetrameric aluminum isopropoxide have been investigated by cryoscog
and'NMlg te;::hniques. 89 Starting from pure dimer, the first step is rapid
tion with trimer, after which the tetramer is formed very much more slos
starting from pure tetramer, a mixture of all three species is slowly forr
These reactions are treated by the scheme shown in 38 which appears to f

the kinetic and equilibrium requirements of the reactions. Rate coefficie:

S .
3 dimer +« 2 trimer
. . -
2 trimer -~ hexamer
. o )
hexamer ~ dimer + tetramer

-
2 dimer <+« tetramer

iﬁd.iﬁdual steps of the interconversion process were suggested on the basi
ﬁe fit of ;he overall kinetic resv.iits» by computer sixnuiation of the NMR st
obtaihed. The hexamer was proposed on this basis, although not observe«
1!: was suggested t:hat 5-coordinate a.iuminum was involved in the transitio

of some of the exchange steps.
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.10. - Phy siéai and Chemical "Prb&:ﬁes and Reactions of Selected Alwminum

"Hydride Derivatives

"Ashby, etal., 20 have examined the é’qu.iva.lént 'cqnéuctanég of THF s§1u—

" tions of LiA1H4, NaA1H4, Bu4NA1H4 énd LiBH4. - Their data are consis’te.ﬁt'with :
the presence of free ions and ion pairs‘in dilute solutions and with the formation
of triple ions as the éoncentration is increased. Thg application of the’E"uoss
treatment to the data for dilute solutions permit the evaluation of the equivalent
conductance (A,) at infinite dilution and the ionbpair dissociation constant (Ka)
for each hydride. Utilizing a sphere is a continuum maodel, the center to center
distance between the ions in the ion pair calculated from the experimental K,
values indicated that the ion paixrs of Bu4N.AlH4 and LiBH4 are in intimate con-
tact, where as the LiAlH4 and NaAlH4 species are solvent-sepafated ion pairs.
The thermodynamic parameters also suggest that Li.AlH4 ion pairs are pre-
dominantly solvent separated. In contrast to this, a substantial fraction of the
NaAIH4 ion pairs are in intimate contact at 250, thus it would appear that for
the aluminum series thé contact ion-pair formation is strongly dependent on
solvent-cation interactions. In the more concentrated solutions where ion pairs
and triple ions are present, the Fuoss treatment é.lsor has been used to evaluate
K, the triple ion dissociation constant.

NMR studies confirmed strong solvent-cation interactions indicating for-
mation of LiA1H4- 4THF and LiBH4- 2THFE complexes; but showing no complex
formation with Bu4NA1H4. - Infrared spectral studies were used to confirm the
solvation of the cation.

In a separate study Shirk and Shriver91 examined the infrared and Raman -
spectra of MHA__- (M = Ga, Al) with Li+, Na+, and Et4N+ counter ions for'al@i-
num and 'Lif; Na+ and K+ for gallium. They intgrpret:ed their data in terms of
three forms of species, tight complexes, loose aggréga.tes and less tightly bound



3,04:
_‘1on Véahs and agam suégesf:ed that the1;e was no evuiencé for solvent-AlH . qo§
»dlnatl.on. “ | |
‘ Somewhat m contra.sf; to this, Ka.dlecova., et al., 22 s;tgdied'the apparent

degrrebes of association of Na_[MgO(CHZ)ZQ]ZAlHZ] as aifuz'xci-j..dn«o_f éoncentfation
in beﬁzene a.nd THF.” In this study tbéy observed that 2/1 and 1/1 complexés
»9£ solvent/ﬁa[HzAl(O(CHz)ZOMe)2] were formed and that benzene could not be
‘drisglarced from these cozﬁplexes, even by strbng donors such as pyridine or
THF,. nggesﬁng an unusual interaction between benzene and the aluminum com
‘ plex. . V

They also noted that in solution the degree of association of the hydride
éomplexes was a‘frunction of the n, the number of hydrogen atoms present in
Ng[HnAl(O(CHZ)ZOMe) 4-n]'

The Raman aﬁd infrared spectra of A'l(BH‘})3 have been réported and
interpreted as indicating that no significant changes in structure cccur in going

fro_f_n gas to liquid to solid. 93 The datawere consistent with a D, prismatic

3h
structure and all 23 Aofrthe c;ptically allowed fundamental transitions wereassigne::
) :for‘ea,ch moiecqlar.isotope. A number of modificationsin earlier assignment
ha.vg been madé. ’Fihally,~ some correlated NMR - Raman spectral studies were
made over the temperature range -60 to +80° and the results suggest that traces
of ciéc_;ompos:iﬁon' pijoducts may act in a catalytic manner to profoundly change
the NMR spectra of A1(BH A

in anothe:; study of A.}(BH4)3 1/1 'rr-complexes with C6 6’ PhMe, Vo-vM’.eZ—

’ CeHy» —Me2C6I-7 and durene were observed by'low temperature thermographic
m_ethodsr.,g‘% AConjzplex'evs wit.h nonpolar hydrocé.rbo_ns exhibited i:on-congruent .

'm.p. The dissociation pressure of the durene complex was determined as a

’.fu;;cﬁox§~ o£ temperature ‘over the,ré.nge, -35 t;br +12°. AH® and AG285 of this



-305
cémblgx— ﬁreré -6.50 and 2. 72 kcal/mole Vrespectively.k In.fréred spettr“al'studives'
iﬁdicated a; weak interaction at room temperature.

in an attempt to examine the compbund B;e(.A1H4)‘2 Ashby, et al., 95 i-e’a.cted

Na.AlH4 and LiAlH, with BeCl, but obtained no evidence for the Be(AlH specieé.

2 42

They did observe production of BeH,, AlH, and the rather interesting complexes

- : N o
LJ.ZBeC12H2 and L1BeH2u1.

96 ‘have

In studies on other hydride derivatives, Beachley and Bernstein
reinvestigated the nature of trimethylamine-dimethyialane (Me3NA]JMe2H) in an
effort to resolve the controversy concerning its structure. Their data are con-
sistent with the hypothesis that MesNAll\/IeZH is a discrete compound which exists
as an equilibrium mixture of monomeric and more associated species. Tensi-
metric titrations between pure dimethylalane and NMe3 established that only a
1/1 adduct is formed. The reaction between Me3NA1Me2H and NMezH provides addiioral

evidence that-HM:ezAl' NMe3 is a discrete compound since the only ailuminum-

containing product formed in this reaction is [Me_AINMe

> 2]2. Solution and gas

rhase molecular weight studies show that an equilibrium exists between mono-
meric and more associated species. Furthermore, the 1H NMR data are
consistent with the existence of an equilibriumn between monomexr and associated -
species.

97 - - .

Ashby, et al., have reported the formation of ether soluble A1H3 which

is said to be monomeric (and presurnably present as the complex) by reaction
of L1A1HZ4 with BeClZ, I-IZSO4 or ZnClZ.

11. Synthesis, Properties and Reactions of [A].R‘]- Derivatives

Several studies have been reported on the properties and reactions of the

98

‘Mate' derivatives. LehmkKkuhl, et al., in their studies on the electrochemistry
of organic ion pairs, have reported the half wave potentia.lsv and standard poten-
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; ﬁalsfor :Ehe_vancali' and, é,ikal}.ne; earth metals using ‘AlMe 4-:‘andr AIE(:;1 r _a.ﬁibns as

More direct evidence on the anions of this type was reported by Westmore

. ,::ié.qd, . el:: al. ,v?grwho observed the 1,3C NMR spectra of -Na.AlErtérand Na.A]_Bu4 in

Sl PR crluoonmtc 111-1-’_-:%_ . SRS, - £ Y My oo £ T el e Al
. D‘ nzcnc‘anu VIO SOLVEINLS: | 1. HoULse qecoupied). iney 1ouna wtnat . - Al

" coupling could ;iot be observed in benzene solvent due to quadrapolar relaxation,

1

-but in the following coupling constants were obtained for AlEt4'- J =73 Hz and

gy ZJ'.’_-‘—' 1.0 ‘H; in AlBu4'- .]'1 =71.6 and 2J’ = 4.0 Hz. Their'con’irnented specifically:
on the use of 13C NMR as a tool for stadying solvation effects.
A variet;r of syntheses of '"ate' complexes have been reported in other stud:
. Ivanov, et al., »1.00 have reported that M(AlEt4)2 {M = Ca, Sr, Ba) were conven-
‘iently prepared by reaction of freshly cut metal turnings with excess Et6A12
-with stirring in the presence of glass balls. M(AIE‘-:4)2° 2 diglyme complexes
also were prepared by dropwise addition of diglyme to solutions of M(AlEf:‘;)2 in
benzene or hexane solvent.
"Dickson and Sutcliffe have investigated the reaction of LiA1H4 with poly-

101,1 . N
02 They observed that in THF at -45 degrees

halogenated aromatic species.
~or in ether at:VZO.o the reaction of g¢-bromo-2, 3,4, 5, 6 ~-pentafluorotoluene replaced
the bromine with hydrogen. The same reaction also occurred initially at 20° in
- ‘THF, but thenrwas followed by reaction at the para position to yield the com-
pleg i.iAl(CéF4Me)H2F. The reaction between L:l'.AlH4 and C6F5Me was found
to be corhplete after 30 minutes at 65°. It also was found that 2, 3,5, 6-tetra-
ﬂuorbtoluené reacts with LiA1H4 in refluxdng THF to form the fluorocarbon-
,g}g.ne co.ilfxplexes, ]-’_.i.Al(C6II.=‘4Me)nI-I4__n @m=1-3).:
- —I‘D.’:Otlf‘le.r studies 102 f.;hey' re;p'drted_thatrLiAlH‘} reacts with chloropenta-
‘.‘ﬂ"u(:,rc:)bénz;erne to yield m;in;ly p—chlprotetraﬂuorqbe.pzen.e. _They also found that

‘the nature ‘of the solvent influenced the formation of other fluorocarbon deriva-




Js07
'tiéés-int»tixé reacf:iop- p—VChio;ot‘etra_fluorobenzez;e‘artlaa,;:!':s' furéher m THF, buf:

not in 'e;ther;‘, -~£o give predominantly 1-chloro-2, 3, S;téiﬂ‘uorpbenieﬁé and 1-"
chloro-2,73, 6—triﬂuorobenzeﬁe‘ In turn, the triﬂu‘orobenzene, _deriVaéi'véé kreactSA :
with LiA1H 4 in THF to give mainly 1—cl7.10ro—'2‘, s-diﬂuoroben;ene. The mgjor
products are formed by (i) direct‘nucleop]:.i]lAi‘c displé.cemenl: of fluorine by hydridé
and {ii) by hydrolysis of the compounds Li[Al(C6F4C1)H2F], Li[Al(C6F3i—IC1)H2F]
and Li[Al(CéFZHZCI)HZF]. These complexés and those previously described,

9

were not isolated but characterized by their hydrolysis and by 1I—I and’ ! F NMR

spectra of the solutions.

12, Transition Metal-Organoaluminum Derivatives

A. Spectroscopic Studies. The area of aluminum chemistry in which

aluminum alkyls are reacted with transition metal species continues to be active.
Structures of several species are reported in section 2 and additional details
concerning their spectra and reactions are given in this section.

Kristoff and Shriver103 have reported that the changes in the asymmetric
CO stretching frequency, AuCO asym., which occurs upon coordination of an
acid to T:‘-CpFe(C.O)ZCN provides a convenient probe for the electron pair acceptor
strength of the acid and stated that in contrast with previous attempts to employ
frequency shifts as probes of Lewis acids, this method is not affected by spurious
kinimatic coupling between the probe oscillator and other oscillators in the adduct.
This technique was used to deduce the followiﬁg relative electron pair acceptor
strengths: BH_ < Bf‘3<“BC1 ¥ BBr_, BCl, > GaCl, > AICl_, and Me_Al>

3 3 3 3 3 3 3

Me3B QJMe3Ga. It was stated that comparison of the trends in electron pair
acceptor streﬁgth with acidity trends may yield insight into the details of Lewis-

acid-base interactions and examples were cited.
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Knstoff et a.1. . 04 also exammed the mfrared spectra of the complex

. COZ(CO)8 AlBr a.nd concluded 1t has the structure shown in XXD( and not a me

?
::' ' 0:
b
oc/ \ / \
P 0 |
AlBrBA
XXIXX

cluster as originally proposed. This finding was suggested on the shift of the
C=0 bridging carbonyl frequencies to lower energy and on other infrared assigr

ments.

_B. VPreparation and Characterization of Compounds. A number of studie
appeared on the preparation and reactions of new aluminum éontaining species
A‘i‘vebbelos has. charactgrized the reactions of dicyclopentadieny lniobium and

-tantaluxn hydndes with the alkyls of aluminum, gallium, zinc, cadmium and

hafm\:m Typxcal reactions are given in equations 39, 40 and 41. The exact

ZEt3A1
—_
[CpC5H4NbH2]2 [CpC5H4NbHA1EI:3]2 (39)
_Et3A1 .
CpZNbIH _ szNbLHAlEt3 (40)
(]'-:=—’C2 4 CO, Me P)
N Et3Al »
—_— )
szTa.H3 sz':['a.I—l'g.A].Et3 7 B (41)

nature of these cqmplg:&es has yet to be established but on the basis of the

o‘b_ser'ved.NMR spectra the following structures were proposed. A similar

‘structure was suggested for the sz'IfaH3' GaEt,. Italso was shown that Cp,~
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XXXI

A1H3 gave analogous complexes at -20 to -5 0° but that at room temperature the

reaction indicated in 42 occurred with elimination of ethane. Further, it was

Et_Al

Cp,NbH, —>—> Cp_NbH_AlEt (42)
2P T NPHALEL,
276

noted that Et3A1 deactivated the hydride ligand toward the insertion of ethylene

as indicated in equation 43.

274
Cp,Nb(C,H,JH —=—= Cp,Nb(C H)CHy (43)

Guggenberger and Tebbe17 also have reported the preparation of the com-
pounds [CpTl]ZH(HZAlEtZ)CIOHS)a.nd [(C5H4)T1HAlEtZ]Z(C10H ) ma the reactions

shown in equations 44 and 45. The structures for these are given in section 2.
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A ‘[CP(C534’TiH]2:?'@PTi]zH‘HZAEFZ)‘CmHg’ ()
o | 100°
) l Et Al
L 'Etszl_‘ - :
[CP(¢5H4)TiH]2 _10_0:\ [(cSH4)Ti?IA1Et2]2(CijI8) _ (45)

| In otlﬁer studi35106 it was shév&rn that the insoluble complex (COT)ZZr '
{COT = c;ycloa?:tat_:etraene) could be prepé.;-ed by the reduction OfFZr(OR)4 with
Et3A1 in thé presénce of COT or by the treatment of R4_Zr with COT. The com-
plex dissolvg% in.EtzAlH. :eadﬁy to give 1/1 and 1/2 adducts of tile form (COT)24

Zr[HAlEtZ]I' or‘ 2 These and other}:omplexes have been studied by 1H NMR
- and on this basis the structure shown in XXXII was proposed for the hydride

comi)le_x.

COT, Et/Et

--_-Zr-~-—H-—--A1\ >AI1---~H--—-Z S * -

@ @)
XXXIT

Breslé'r; e(; al., 107 have reported that M.e3A1 interacts with tetra-tert-
butoxy titanium to give the dixher Me 4Alé(0-t-Bu)2 and MeTi(O-t-Bu),. The
NMR spectra of these products are @chnged after heating to 75% in toluene;
thus i_ndicating that the MeTi(CS-t‘-Bu)S is stable under these conditions and does
not'u:ndergor_lbsws of methyl in the absence of 'exce;s Me3A1,,

OCmn anétl{;er studjr on titanium derivatives, Pasynkiewicz, et al., 108

vi'éported a',.;néw method for the préparation of Ar. TiClZ-A12C16 complexes (Ar =
M.e4‘IjIZ'C6¥'-1\_-/Ie5H.C'6_ orMe6C6). The§¢ syni;héses Wfare accbﬁxpl%she§~by the

;;eé.i:tions Showp;ip 47'»3-_11,&;.4'8. o




B35 G

v iG] : CAr-TiCl.-Al
Ar+T1614+A1—> Ar T}.Clz ifZCl

e e

Bz- T1C12-A12C1.6 + Ar - AT T1C12- AIZC'].6 ‘+ sz . : K (’4>8_)

In a rather interesting sequence of reactions, R’ Al and R‘ZAIOEt (R'=

Me, Et, n-Pr) were reacted with a series of transition metal cdmpounds-includipg

. : : 109
2FeB1py and MeCp.(PPh3)3C6H5Me.. ) The

kinetics of the cleavage of the TiMe bond in MeTiCl3 and the RNi bonds in R, Ni-

MeT1613, RZNlBle, EtGrGlzPy3, R

Bipy by R_Al were studied in solution. In both cases the reactions were first

3

order with respect to the alkyl-transition metal compounds. The pseudo first
order rate constants for the decomposition of,RZNiBipy in THF solution on
addition of R' 3Al were proportional to the concentration of R'3A1 for low concen-

trations of-R3A1 and to 1/R'3A1 for high concentrations. Based on the observed

kinetics the mechanism indicated in equations 49, 50 and 51 was proposed for -

the reaction. This involves the coordination of R*_Al with R_NiBipy followed by

3 2

R, NiBipy- THF R ,NiBipy + THF (49)
R' Al- THF 2 R' Al + THF (50)
R, NiBipy + R',Al 2 R' AL NiR_Bipy - (51)

splitting of the R-Ni bond in the adduct. The decrease in the rate constant at

higher concentrations of R'_ Al was attributed to displacement of the complexed

3
organocaluminum component by reaction with R'3A1' THF as indicated in 52. The

R';AINIR ,Bipy + R' Al THF - R,NiBipy- THF + R' Al, (52)

)

EPR spectra of catalytic systems AlEt3-bis(acac)Co and AlEté—lyis(ac;.c)CoPPh3

in PhMe, C6H6-, cyclohexene, decane, Ar or H2 were measured at room tem—

perature and liquid nitrogen temperature. The iﬁitial’concentration'df bis(acac)~-
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AJ.EI: and PPh ‘m PhMe and C H ‘were 5 x . 10 2, 0.5 a:nd O ZM'respechve'

A sy‘rnbatu: dependence of the EPR mteus:u:y and hydrogenatlon rate of cyclo-— v

hexene on the AI/CO rat:z.o was observed in the presence of the above cabalyt:.c'

7 system. The EPR szgnal with g = 2,16 and AH = 550 Oe was attributed to one

camlyhcally' active complex (with the number of unpaired electrons > 1) in tne

hydrogen”ahon of cyclohexene. The structure of the’ catalytically active complex

was suggested.,
In another study Yamamoto, et al., 111 have shown that the manganese
" hydride complex, 1\'/J'z:.I-II('THF)1 5 can be prepared from Mnl, and Et Al in THF.
Binary complexes of composition MnAlZMe 41 4(THE‘) 4 and MnAlel: 41 4(THF) 4
" were obtained by reaction of an 10 in THF with Et3A1 or Me3Al and were found

to be composed of MnI2 and RZAII units. These binary complexes reacted fur-
ther with RéAl to give the hydrido-manganese complex, MnAlH 16('I'I-TF)8 The
complexes were characterized by elementary analysis, infrared studies, magne-

tic susceptability measurements, and chemical reactions.
11
Petz 2 reported the formation of a nickel carbene complex via the reac-

tion indicated in 53 and proposed the structure shown in XXXHTI on the basis of
ZNi(CO)4 + [Al(NMe2)3]2 - [(CO)3N:F.C(NMez)OAI('Nl\/Iez)Z]2 (53)

NMR and infrared studies.

(CO),Ni

-

M /C O\Al Al Mez
r Ny o f
"Me N O-C 1

€2 N1(CO)

XXXN1

ol N, and Oé -Aluminum-Transition Metal Complexes. Several studies
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have appeared in which NZ or 02 metal complexes have been,shpivﬁ to react -

wﬂ:h alaminum alkjrls or involve aiuminmn-alkyls in their formation. Chatt, 7 '
et al., 113 have investigated the formation of adducts of the WPe‘M-XY- A1R3

by reaction of the Lewis acid R_Al (R = Me, Ph or C1) with Mo(0) and W(O), Rh(1)

3

and Os(II) complexes containing X-Y (X-Y = N, or CO) in benzene solution. They

2
have examined the Vcomplexes by infrared and NMR spectroscopy and in some
cases by isolation of the crystalline 1/1 adducts. The order of relative basic
strengths toward Me3A1 in benzene solutit.:n has been deduced as follows by study
qf the 1ﬁ NMR spectra of eguilibrium mixtures of Me3A1, the compounds, and
ether in benzene solution. |
THF > trans{ ReC1{(N, )}(PMe, Ph),l > trans[Mo(Nz), (Dpe)p | > trans| W(N, ), -
(Dpe)z] > Ea_gE[Recl(NZ)(PMeZPh)Z(P(OMe)3)2] >E‘§._n_§[ReC1(CO)(PMe2Ph)4] >
EtzO >§9_1--—[OSCIZ(N2)(PE(:2P}1)3] (Dpe = PhZPCHZCHZPPhZ). Comparison of
f:he. dipcle moments of the pair of compounds trans -[ReCl(XY)(PMeZPh) 4 Shows
that the dinitrogen ligand is only slightly more negatively charged than the car-
bonyl group. k

A:resta1 14 has reported the preparation and properties of the 2/1 adducts
of Et Al with cis-Mo(N, )L, cis-Mo(CO),L, (L = PhMe P}, trans-Mo(N,), L',
(L = PhEt,P), trans-Mo(N, }(Dpe},, cis- and trans-Mo(CO),(Dpe),. He reposxts

that chemical and spectroscopic evidence shows that Et_Al is bound to the oxy-

3
gen atom in the CO complexes and to Vth'e terminal nitrogen in tbe N2 complexes.
He also states that t_r_e_:._r_)ﬁ-Mo(GO)Z(Dpe)Z isomerizes to the _ci_s_dgfivative in
thg presence of camlytig amounts of EtsAlk.

: Ouha,di,r et al., 115 have reported the reaction shown in 54. Amn aluminum-
iron complex is fpmed which can revers'ibly ta.kg up oxygen as indicated in

equation 55. Their conclusions regarding this complex were drawn from analysis

and from studies on the w.v. visible and EPR spectra and molecular weight
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500°K ,
_ ,z;a.'l‘(omé‘+ Fe‘('oAc)z —— 3 (RO) AlOFeOAI(OR) + ROAc T (54)
) ' ’ decalin - k '
298°K .
2/n[(RO) AIOFeOAI(OR) ]n+ o, ——— (RO) AIOFeOAI(OR) (55)
2 450%k - : | 2
O
I
7
(RO)zAlOFeO.Al(OR)2
‘13'. ___Aluminum Coordination Comgouﬁds

'S4e\;-_e'ra1 convenf‘i‘qnal studies have been reported onvthe

formation of aluminum complexes. Sen and Nﬁite, 116
for example, have preparedy:r‘nonomeric complexes of the type RZMQ (R = Me,
‘Et, i-Bu; M = Al, Ga, In; Q = quinoline-8-olate a.nion) and have characterized
these by analysis and By infrared, electronic, NMR and mass spectroscopy.
The molecular weight of EtZGaQ was determined by osmometry. The reactivity
of the C-M bond seemed much less than that in the free alkyl. The chemical
'shﬁts of the NMR spectra were rationalized on the assumption of delocalization
of the C-M bonding e}ectrons by participation in the s and d orbitals of the metal
atom, which was in turn said to reduce the C-M bond reactivity. Electronic
$pectrarsuggested Hgand T->metal d (or s) transitions. Metal-nonmetal vibra-
tions a, and £, could be identified for (i-Bu),MQ in the region 535 - 380 em™L,

' These a;,ltho'rsl17 also prepared complexes of the form R3MLH and (Rz-
ML)2 M %A]_., Ga, In; R = Me, Et, Me,CHCH,; LH = piperidene) and charac-
térized them'.r It was Suggestéd on the basis of infrared and NMR spectral
studles, that the C-M bcnd polarity in R3MLH was enha.nced ‘inductively by coor-
dmaf:xon, but that repla.cement of one covalent C-M bond by N-M compensated
fcl)rfthis"efrfect. The iﬁductiwrre‘ eﬂféct was raore influenced by the siz‘er of M and
p0351b1e partlc1pat10n of the d orbitals in bondmg t:han by. the electronegahv:r.ty

ofM. -
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Abbott andAMa‘l‘telll 1? have repbfted the NMR spectra o;é’ series of.
pyridoxal-'alnino acid Schiff base compiexéé of Al(]]i) m DZQ_sqllitidn inrt]:.u'a Pd'r
J.;a.nge 3 - 5.5. Under these condiﬁoﬁg the coinpléxes formed cont#in ; 'I/i '
molar ratio of Schiff base to méi:al ion. T_hé spectra repvorte_d were similar to
those reportéd earlier for the 1/1 pyridoxylidenealanatoaluminum systei—n, with
the exception that in th:is work no evidence was found' for a complex containing
an uncoordinated cé.rboxylate group. The rapid changes in the NMR spectra
were interpreted in terms of formation intermediates which were discussed in
terms of the role which they may play in a general model for the metal-catalyzed
reactions of vitamin Bé.

119

Voiculescu, et al., have investigated the reaction of Ph3A1 with ML2

(M = Ni, Pd, Cu; HL = dimethylglyoxime). 'The reaction products were charac-

XXXV

terized by chemical analysis, magnetic measurements and infrared spectra.
The X-ray diffraction data indicate that all of the compounds are amorphous.
S 120 . . .
This same research group also studied the salicykldoxime metal com-~
plexes with Ph Al and proposed the structure shown in XXXV on the basis of
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XXXV

‘their studies. Thér reaction of this complex with pyridine gave adducts with

the amine bound to the alqminﬁrn atom and not the metal M.

14. Aluminum-Tin Bonded Compounds

The rather novel aluminum-tin bonded species shown in XXXVT is formed
121

by the addition of the two components as shown in equation 56. The infrared
Me
- /Cl
Sn A1§C1
Cl1
Me
XXXVI
(M¢C534)2$n + 41C13 -> (M§C5H4)2$n- 41C13 o ‘ 7(56)

. spectrum of this complex has been observed and the normal modes "assigne“d

W,;MEérisonl.ﬁw= 'bis(ﬁ;ethylcyéidpeﬁtédienvi)ﬁn;‘ These studies led to the

proposed angular “'sandwich' complex. -



317
Weibel and Oliirerlz? have mvésﬁga'tea the reaction of LiMR " o = T,
Al, Ga, B; R = Me,; H) with Mé6Sn2. iFo'Vi' thallium, a.lummu:rn and’ galliu:r# aefig-
vé.tives, Sn-Sn bond cleavﬁ.gé was observed with forrnatiox;. of intermediates con-
teining Sn~-M bonds as shown in equation 57. With LiAlMe4 reaction ‘5‘8 also was
shown to occur. The reaction piodﬁcts were-characterized by NMR isp_éctros—

‘copy and in some instances by chemical analysis.

ALiAlH, + 4Me SnSnMe, - 4Me_SnH + 4{ Li[(Me Sn)AlH I}

l I (57)

1H, + Li[MeAlH,] + Li[Sn(SnMe,),]

o.
LiAlMe, + Me_SnSnMe_ + MeOCH_CH._OMe —IM—)
: 4 3 3 27772 (58)

2Me,Sn + Li[Me ;A10CH,CH,OMe]

15. Miscellaneous Reactions

- Sommer, et al., 123 have studied the reduction of R?’Si*OCI-l‘.l\/Ie2 in ether
é.nd R3Si*F in hexane and of R3Si*F and R3SiCI in ether with i-BuZAIH. They
found that they.could correlate the molecularity of the transition state with the
stereochemical course of the reaction. Thus, for the first two examples which
proceed with retention the SNi-Si mechanism with transition state XXXViI was

suggested and for the latter two reactions which proceed with inversion and

presumably by an SNZ—Si mechanism, the transition state in XXXVII ‘was sug-

gested.

i */x\

R Si AR,
AMSNib-‘-:Si

| XXXVII
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CRGAL-—HeoSEeX]
o ® N Tam
3
'SNZf'Si
XXX VIII

While in another study the competitive action of 1/1 HZO/DZO mixtures
on the complexes shown in XXXIX showed that protolysis of this is preceeded b

rate deterznuung complex formation of the aluminum compound.

Et 12
' 2
- Al
=205 (O
Al :
L E
- J
XXXIX

In a firnal study the relative and absolute intensities of chemiluminiscence

of Me3Al on reaction with atomic oxygen has been studied. 125
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