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1, INTRODUCTION, REVIEWS

This survey covers most of the papers published in the primary

journals during 1974, including English translations of Russian articles

Aluminium, Annual Survey covering the year 1973, see.
J. Organometal. Chem., 75(1974)263-324.



40
‘published earlier. Some patents have been mentioned, but no attempt

has been made to cover the patent literature comprehensively.

Three ﬁll surveys of the recent literature on organoaluminium
compounds have appeared - one [1] in the present series, and the other
two [2] in the series of Chemical Society Specialist Periodic Reports.
_Structural studies on organoalumininm chemistry for the period 1972-3
bhave been well summarised in another Chemical Society publication [3].
There have also been two short general accounts [4,5], and the chapter
on aluminium, gallium, indium and thallium [6] in "Annual Reports in
Inorganic and General Synthesis 1973' deals mainly with organometallic
compounds. There are sections on organoaluminium compounds in
reviews on metallocarboranes [7], allylic compounds [8], vibrational
spectra of aromatic derivatives [9], gas chromatography of organo-
metallic compounds [10], and homolytic substitution at metal atoms [11].

2, MOLECULAR STRUCTURES AND DIMENSIONS

Details of bond lengths and angles in three anions of the type LALXY:,]_
have been published (Table 1). In all cases, the ions have m-

Table 1. Bond Lengths and Angles in Anions [AI1XY,]

Al-C Al-X C-Al-C  C-AlX Ref,
A_ j_ 0 0
K[MeAICl,] 2.16 (X =Cl) 12
2.17

[Me,T1][Me;AINCS]Z 2.02(4) 2.08(4) 108@2) 100(2) 13

1.954) E=N) 120(2) 104@)
b

K[Me;AlH]— 1.998(6) 1.73(6) 109.2(3) 104(2) 14

1.991(G) X =H) 117.6@) 112@Q)

2 From TISCN and Me Al
b ;
—From decomposition K[MejAlSiH;] in. _er



symmetry, and the bond lengths are similar to those in related compbunds.
The ion [Mesz}lNCS]— is of interest because the isomeric [MesAlSCN]—
has been postulated in the tetramethylammonium salt. It is suggested [13]
that the co-ordination requirements of the thallium atoms f[with two bonded
methyl groups at 2.15@) &, two sulphur atoms at 3.13(1) & and two non~-
bonded methyl groups at 3.15 L] are responsible for the stabilisation of
the Al-N bonded compound relative to the Al-S bonded isomer.

The reaction between hexamethyldialuminium and potassium thiocyanate
or potassium azide yields compounds K[Al,Me SCN] (1) or KE\leeeNal 2)
which form remarkable liquid complexes K[Al,MegX], 2. 5~-5ATH with aromatic
solvents. The crystal structure of the azide complex @) [15] shows that
in the asymmetric unit there are two different anions (3), (4), each with a

single bridging nitrogen atom.

Me  Me Me Me Me Me I‘VIe
' ’ S
/Al Al Al Ale. __ Me
Me \IF/ \Nfe Me/ \lf/ \Me
N N
| i
N N
92‘_7_ (3) gs (4)

The Al-N and Al-C distances are normal and the A1-N-Al angle is about 1289,
The two potassium ions also have different environments: one is associated
with four methyl groups and two terminal nitrogen atoms of azide groups
and the other is associated only with four methyl groups. To see why the
related compound K[AleeeF] does not form a liquid adduct with benzene, the
structure of the solvate K{Al,Me F], C;H; was examined [16]. The anlon,
with linear Al-F-Al, has a mean Al-C distance 1.951(4) 2 and mean Al-F
1.782(@2) X; these dimensions are similar to those found previously in
KALEtF]. The shortest K-C(CgH,) distance is 3.947(7) X and there is no
strong arene-ion interaction which is assumed to be important in the liquid
adducts. The thermal decomposjﬁon of KJA, MeSCN} (1) at 120° resulis in
the breaking of C-S bonds and formation of the compound (Me;AINCMe,), (5).
The centrosymmetrical molecules of this substance have dimensions [L7]:
Al-N, 1.9272); Al-C, 1.973(3); C-C, 1.514(5); N-C, 1.273(3) }; < N-Al-N,
83.7(1); <Al-N-Al, 96.3@)°.

References p. 81
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The molecular structure of dimethylaluminium chloride dimer (6), first
determined more than thirty years ago, has been studied again by gas phase
electron diffraction [18]. The molecular dimensions are: Al-C, 1.935(4);

Me Me
No”

il
Me N Me Me ¢ _Me
\“Al/ \Al': \'AL/ \AI/
Me/ \ / \Me Mel \01/ \Me
|

Me/ \Me 6

)

1

Q=2

Al-Cl, 2.303(@3) ; <C-Al-C, 126.9(8); <Cl-Al-Cl, 89.4(5)%. The Al-C
bond is thus significantly shorter than the Al-C (terminal) bond in MeaAl,
[i.957(3) 1] and the Al1-Cl bond significantly longer than the Al-Cl (bridge)
bond [2.252(4) &1 in ALCl,. The aluminium atomic orbitals used for bonding
to the terminal carbon atoms have more s-character in [Me,AlCl}, than in
[MeyAlb.

Two other crystallographic studies have thrown light on possible
reaction intermediates. First, the structure of the compound Me,C,AlICl; (7),
formed as an intermediate in the trimerisation of but-2-yne, shows non-
planar C, rings joined to Al by Al-C o-bonds [19]. The molecules have m-
symmetry with mean Al-Cl 2.134@) % and Al-C 1.979(5) & and the boni
angles within the ring [KC4-C1-C2, 72.0(3); <C1-C2-C3, 98.9@2);
< C2-C3-C4, 79.6(3)] suggest severe strain, with positive charge spaced
over the atonw:s C2-4, Secondly, the crystal structure of diphenyl (phenyl-
ethynyl)aluminium dimer (8) shows [20] that the bridging phenylethynyl groups,

Me\ . Ve Ph"Al C=C-Ph
- g 7
it AlCI, PH
* . _Ph
== Ph-c=C ——AI7
Me”? NMe - Nph

)] 8)
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already identified by NMR spectroscopy, are unsymmeirical. The Al-C=C
group is almost linear and the C=C bond length is 1.207(2) &, as in other
ethynyl compounds. The Al-C (bridging) distances (2.184 and 1,992 )
and the A1-C-Al angle of 91.7° suggest bonding by one Al-C o-bond and
overlap between one carbon 2p T-orbital and the aluminium 3p, orbital;

the ethynyl group is thus a three-electron donor.

Full details have been published of the crystal structures of twe
compounds, [MoH(CsH)CsHy)bAl;Me;s (9) (solved independently by two groups
of workers [21,22]) and [Mo(CsH,),AL Me;l, (10) 221.

S o) > 4€<A >

~
o Mo

< §\AIM§(’\ the

AlMe,~ 7 - Al Mes

9)

3. NUCLEAR MAGNETIC RESONANCE STUDIES OF EXCHANGE
REACTIONS

After the extensive 'H NMR studies in previous years of the bridge-
terminal exchange in alkylaluminium dimers, a 3C study [23] has provided
further evidence that the reaction is faster in toluene than in cyclohexane.
It is sugzested that the exchange may be intramolecular, involving the
recombination of two monomers derived from the same dimer, or
intermolecular, involving recombination of two monomers derived from
different dimers. The intramolecular mechanism is likely to predominate
for hexamethyldialuminium in cyclohexane (where the heat of dissociation
of dimer is high) and the intermolecular mechanism is likely to become
important in aromatic solvents or with higher trialkylaluminium dimers,
since monomers are stabilised (relative to dimers) by solvation and the

dissociation energy of dimer is less.

The kinetics of 'Li exchange between the alkyls LiR and LiAIR; (R = Me,.
Et, CH,SiMe;) in diethyl ether solution have been studied by NMR line-shape

References p. 81
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analysis {24]. The rates are determined by the dissociation of the alkyl-
lithium tetramers and the activation energies E, and pre-exponential

factors A are given in Table 2,

Table 2 Exchange between LiR and LiAlIR,

R Me Et Me;SICH,
E,/kcal'mol™’ 12,4 £ 1.5 11.3 £ 1,7  Too fast for
A/st 1.43 x 108 2.12 x 10?2  study by NMR

The dissociation of the alkyl-lithium tetramers is promoted by electron-
release and/or increased steric requirements. Alkyl group exchange
between Me;SICH, Li and LiA1(CH,SiMe,), is slow on the 'H NMR time-scale
at room temperature. Exchange of methyl groups between trimethyl-
aluminium ang tetr:_a.methyltita.nium, in hexane containing some diethyl ether,
has been studied by 2H NMR [25]. At Ti/Et,O ratios greater than 1, rapid
exchange occurs between unsolvated metal alkyls. At higher ether con-
centrations, there is rapid transfer of one methyl group from Me Ti to
aluminium and subsequent slow exchange of the remaining groups, but when
trimethylaluminium-diethyl ether is added to tetramethyltitanium in excess
ether, a new downfield signal (T, 5.6), ascribed to N[e3Ti+A1Me4—, is ob-
served. These results are said to show that hexamethyldialuminium reacts
more quickly with tetramethyititanium than with excess ether, but it is not

easy to see why this should be.
A 'H NMR study [26] of the exchange between the complex Me,Al, PMe;

and an excess of hexamethyldlaluminium has suggested a bimolecular

reaction between complex and monomeric trimethylaluminium.
4. THERMODYNAMIC STUDIES

Two further papers describing the detailed and careful thermodynamic
measurements of M.B. Smith have appeared. The first [27] gives data for
monomer-dimer equilibria in PrijAl, Bu”Al and (n-CgH;);Al. By plotting



the values for the heat and entropy of dissociation against chain length it is
possible to interpolate values for other aluminium alkyls and, in combination
with data obtained earlier, to derive self-consistent data for monomer-dimer
equilibria in benzene and mesitylene, and for the heat of complexation of
monomeric alkyls with triethylamine. The second paper [28] gives a
critiecal survey of available heats of formation of organoaluminium compounds
and attempts to sort out the many inconsistencies. New experimental

values for the heats of formation of liquid ethylaluminium halides have

Table 3 Heats of Formation -AH? (1) /keal mol™ for Organoaluminium

Compounds
R Me Et Pr Bu
R,ALZ 36.0 % 1.6 45.9 63.1 80.8
RZAIHE 27.3 ¥ 3.6 35.0 47.2 59.4
R,AlCI> 84.7 % 2.1 92.1 ¥ 1.5 104.1 | 116.1
R,AIBr= 1.2 * 2.1 78.6 * 1.5 90. 6 102.6
RzAuE 53.7 £ 12.2 61.1 + 1.6 73.1 85.1
raICLS 1252 % 1.7 128.9 * 0.8 134.9 140.9
RAusrzE 98.1 % 1.7 101.8 £ 0.8 107.8 113.8
RALIZE 63.9% 2.0 67.6 ¥ 1.3 73.6 79.6
R,ALCl, 210.5 ¥ 2.7 221.6 T 1.7 239.0 257.6
RyAL,Br; 169.9 * 2.7 181.1 £ 1.7 199.0 217.0
RyAL I, 118.1 ¥ 3.0 129.2 * 2.1 147.2 165.2

2 Me and Et derivatives dimerie, higher alkyls mixture of monomer
and dimer. Uncertainties for higher alkyls similar or slightly
greater than for Me derivative.

2Trimers. Uncertainties for higher allgls similar,

Spimers. Et compounds experimenial, others calculated;
uncertainties as for Me derivatives.

References p. 81
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. :
been found from measurement of the heats of redistribution. The range
of thermodynamic data Is illustrated in Table 3. Values for R = n-CgH;,,
n-CgHly;, n-C;Hys, n-CgHyq, Bul, i-CgH,y, i-CeHy,, i-C My, 1-Cgllyq are
listed in the original publication 28]. The heats of formation of some
alkoxides have been found from experimental heats of combustion [29]:
~AH /keal mol™: Et,AL (OEt), 125.0 £ 1.3; Et,Al,(OPr), -156.3 * 3.4;
Et,Al,(OBul),, -184.9 + 4.1,

5. PREPARATION OF ORGANOALUMINIUM COMPOUNDS

The reduction of aluminium chloride by potassium or sodium in tetra-
hydrofuran or xylene gives highly reactive aluminium powder, suitable for
for the preparation of halides PhpAlX;-n X =Cl, Br, 1) [30]. The chloride
may be used in an improved synthesis of triphenylaluminium {31].

PhyAICl;-n + 2(3-n)f3RAl —> (3-mR,AICI + n/3PhiAl

[R = Me, Et]

The dialkylaluminium chloride is easily separated by distillation from the
product triphenylaluminium and reconverted to trialkylaluminium by
reaction with sodium in decalin. The troublesome formation of ate-

complexes Na[AIRyCly_n] is avoided.

Tris(trimethylsilylmethyl)aluminium has been made from aluminium
metal and bis(trimethylsilylmethyl)mercury [24,32], and the etherate
{Me3SiCH,)3Al, OEt, from the Grigmard reagent Me;SiCH, MgCl ani
aluminium chloride in ether [33]. The compounds (n-CgHj3)3A1, @-CyHg)aAl,
n-C, ;H,);Al have been prepared in 98% yieid from alkenes and tri-
isobutylaluminium [34,35). The reactions are zero-order in olefin
and first-order i.nAtri-isobutylalumi.nium, stiggesting that the rate-determining
step is the dissociation of the tri-isobutyl-compound to hydride and olefin.

BujAl — BubAIH + i-CjH,
lCnHzn

BuizAlanQn-l-i . ——  etec.



The alkyls may be mixed with titanium tetrachloride to give Ziegler-
Natta catalysts which are said to be less reactive towards oxygen than
those from lower alkylaluminium derivatives. Several patents refer

to improved syntheses of organoaluminium compounds [36-39].

6. THERMAL DECOMPOSITION

Comparative data [40] on the thermal decomposition of organo-

aluminium compounds is shown in Table 4.

Table 4 Thermal Decomposiﬁon?‘

Compound Compound

Et;Al 120-~5%63. 7% EHAIF 187-8°/0%
Pr,al 110°/79. 9% EBAICL 1249/2.2%
Bu™ Al 98-100°/86. 6% BulAlCL 165°/7.5%
BulAl ~ 50°/91. 7% ELAIBr 170%/2. 4%

(n-CgHy ;A1 60°/89.6%

2 The table gives the temperature at which decomposition begins and the
perceniage conversion at 180° {n 180 min at 760 mm pressure.

The results are interpreted in terms of the following reactions:

R;Al), —> nRzAl —3> R,AIH + CH,=CHR'

T

R,Al- + R- R,AICH,CHR'R —> R,AlH + RR'C=CH,
L } cH,=cHR'
R,

R;Al + RR'C=CH,

The formation of aluminium coatings by decomposition of tri-isobutyl-
aluminium at 250° {41} and of aluminium-chromium coatings by decompo-

sition of 2 mixture of tri-isobutylaluminium and di(ethylbenzene)chromium

at 450-500° C {42] have also been desecribed.

References p. 81
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7. ALKYLATIONS, REACTIONS WITH HALIDES

Reiia.ble, checked, synthetic procedures have been given for the
preparation of trimethyl- and triethyl-borane [43] and of trimethyl-
gallium [44] using alkylaluminium compounds. The yield and .
purity of R;M (M = Ga, In) from MCl, and R3Al is said to be
ifmproved by the addition of a hydrocarbon with boiling point between that
of R,M and RAlL. ~ Normal hexane or heptane are recommended for the
preparation of trimethyl- or triethyl-gallium [45). Only very small yields
of the trialkylgallium compound are obtained when the Al/Ga mole ratio
in the reaction mixture is less than 2 [46],

Although allylaluminium compounds are not easily isolated because

they easily undergo a self-addition reaction{so that 4-methylpent-1-ene

is obtained after hydrolysis), further evidence for unstable allylaluminium
species has been abtained in mixtures of trialkylaluminiums and triallyl-
borane [47]. An attempt [48] to make 3, 3, 4, 4~tetramethyl-pent-1-ene (11j
by methylation of 4-chloro-3, 3, 4-trimethyl-pent-1-ene (12) with trimethyl~
aluminium has yielded mainly 2, 2, 3-trimethyl-hex-3-ene (13) probably by
rearrangement of the initia:lly formed carbonium ion to the more stable

tertiary allylic ion.

I\{Ie Me
Me,C=CHCH, MgCl + Me,CO —> H,C=CHC~—COH
hl/[e Me (14)
lHCI
Me Me Me Me Me Me

i L _ AlMe, | (! ) [
H,C=CHC—C AlMe;Cl <“——H,C=CHC—CCI H,C=CH-C—C-Me

I\‘/Ie lelIs Me 1\;/[e llle ]‘/Ie

,L az) 11)
Me
| I -
Me-C—C-CH-CH, AlMe;Cl —— Me,C~C=CHCH,CH; + AlMe,Cl
{
Me llIe Me (69%)

as)
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A second product ,CyHy,, is formed in 31% yield. The preparation

of the tertiary alcohol (14) is of interest; the .internal carbon atom of the
allylic system, rather than the carbon adjacent o mﬁgnesium, reacts
with the carbonyl group.

8 REACTIONS WITH CARBGN-CARBON DOUBLE AND TRIPLE BONDS

A series of careful cryoscopic measurements has shown [49] that
whereas tri-n-alkylaluminiums (R;Al),,, show degrees of association m
of 2, trialkenylaluminiums Al [(CHz)nC—H=CH2 }3 (0 =2,3) are monomerie.
The NMR parameters, which show perturbations (compared with related
saturated compounds) in the chemical shifts of the vinyl protons and the
protons attached to the a-carbon atoms, also suggest a strong interaction
between the metal and the T-electrons of the alkenyl group (15).

Rl pd c\c
gy

\c.' o

(5)

A similar intermediate has been proposed [50] to account for the isolation
of tris(cyclopentylmethyl)aluminium Al{CH,cycloCsHgly, rather than the
open—-chain derivative, from the reaction between aluminium and dithex~
5-enylymercury. Cyclisations are also observed with hept—-6-enyl but

not: with oct-7-enyl or undec-10-enyl derivatives.

The systematic study of the addition of di~-isobutylaluminium hydride
to double bonds has contimued with experiments on hydroalumination of con-
jugated olefins. Thus 1,1-diphenylethylene (16) gives only the 2-alumino-
adduct (17), which appears to be both kinetically favoured and thermo~
dynamically more stable than the 1-alumino- adduect, ag shown by experiments
with colloidal nickel, which catalyses the alkyl-hydride/olefin intercon-

version [51].

References p. 81



Ph ‘ oh
N RAE TR, . |
C=CH, ———> C=CH, <—— PhCH-CHRAIR, (17)
P’ oif /A:L\R Ni(0) - ] mo
a8 w” g Ph,CHCH,D

1,1-Diphenylallene (18) in the presence of triethylamine gives, -after
hydrolysis, a mixture of 1, 1~diphenylpropene (19) (42%) and 3, 3-diphenyl-
propene (20) (58%). In diethyl ether the proportions are Ph,C=CH-CH; 13%
and Ph,CH-CH=CH, 87%.

Ph\ u ELAILB Y D0
C=C=Cy _ szc=CH-CHzAle —> Ph,C=CH-CH,D
e Ny )
Ph (19)
18)
11=hzc':—CH=CH2
RpAl
thC:(I:—CHz Ph,C-CH=CH, —» Ph,CD-CH=CH,
R,Al CPh,-CH=CH, R,AL:B @0)
|
H,0
P%C‘—'C-CHZ—Csz‘CHz"CHzALRz "_+ Pth=CH"CH2"CPh2-CH2"CH3
R,Al 21)

[B = E;N, E,0]

In the absence of donors, the only well defined product is 1,1,4,4-
tetraphenylhex-1-ene 21). Hydroalumination of 1, 1-diphenylbuta—-1, 3-
diene (22) gives a mixture of trans-1,1-diphenylbut-2-ene (23) and 1,1~
diphenylhut-1-ene (24).

EbLAIH H,O Ph,HC

HC
thC=CH-CH=CH2 ——3% —% PhC=CHCH,CH, + > /
\ cHy
22) 24) 23)

The proportions of these isomers vary with reaction temperature, suggesting

that the ratio is kinetically controlled at lower temperatures. Hydroalumination
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of triphenyl (vinyl)silane and triethyl (vinyl)silane gives a mixture of the compounds
"SiCH,CH,AIR, and R"SiCH(R,Al)~-CH;, with the sterically less favoured adduct
the major product. Thus in the alkenes R'HC=CH,, attachment of Al at the in~
ternal carbon atom is easier when R' = R";Si than when R is phenyl or alkyl. The
stereospecific cis-hydroalumination of the strained olefin 1, 1-dimethylindene @25)

in the presence of diethyl ether, has been demonstrated [52].

Me Me

BulAID/OEt,
—_—

Bu,AlH /OEt,

PhC=CH
—_—

The insertion of the alumininum adduct (26) into phenylacetylene occurs with
retention of coafiguration. The intermediate dialkylaluminium adduet @7)-
is not stereocchemically stable in the absence of diethyl ether. Although

ethers or amines normally retard the hydroalumination of olefins, the

References p- 81



52
hydroalumination of 1,1-dimethyiindene (25) may be effected without loss of

cis-stereospecificity, if nickel salts are added as catalysts.

A very short note [53] describes the isomerisation of ¢cis, trans-

cyclodeca~1,5~-diene 28) in the presence of tri-isobutylaluminiim. Two

H CH
Bui3A1 3
—_—
~ 200° H

28)

similar papers [54] describe the catalytic addition of diethylaluminium
chioride to.ethylene under a variety of reaction conditions and give details
of the distribution of products obtained after oxidation and hydrolysis. Im-
provements in procedures for oxidation of aluminium alkyls have also been
claimed [55].

In an account [56] of the reaction between tri-isobutylaluminium and
alkynes, relative amouants of various products isolated after hydrolysis have

been documented.

R
N ® Al/BuY, a6 HoT R R{\C<
_CH-C0H ———— > CH-CH=CH, +" C=CH,
R* R’ Bu!
29) 2>CH\ "
+ C=C.
H/' \Bui

The reaction of (+)(S)-3,4-dimethylpent-i1-yne [29) R = Pri, R' = Me] occurs
without racemisation, Dip‘neﬁyl (phenylethynyl)aluminjium (8) melts

at 144° to a red liguid which, on hydrolysis with D,O gives Ph,C=CD, and
PhC=CD [20]. After prolonged heating of the red meli: above 1509,

the products from hydrolysis include cis-PhDC=CDPh and Ph,C=CD,.

These results are explained by succesive additions across the carbon-
carbon triple bond, with the regiospecificity controlled by T~complex

formation.



Ph Ph

A}

P -
144° b\_&l—c/ “ph Do FRRCCD:

(Ph,AlC=CPh), ——> o — +
@) PhC=C-—Al PhC=CD

\rh
AO“

PR Ph i
Ph, Ph 1
Aa1—c? en . _AFB Do
Lk 7 S T
P aca N Ph \Ail Ph Ph,C=CD,
h Ph

cis-PhDC=CDPh

ER

The compound (PhiSi),AlEt. 2LiBr.2THF (30) was described in 1971:
its composition has been further substantiated by its reactions with mercury
and cadmium acetates to yield diethyl and bis (triphenylsilyl)-metal deriva-
tives [57]. The product from the reactioa with diphenylacetylene is hydro-
lysed to Ph;Si(Ph)C=CPhH; there is no evidence for addition of the Al-Et
bond to the alkyne [58].

9 REACTIONS WITH ORGANIC OXYGEN DERIVATIVES

Some of the most important and extensive work of the year has heen
concerned with reactions of organoaluminium compounds with ketones,
ethers, alcohols and esters. Tertiary alcohols are C-methylafed by an
excess of trimethylaluminium at temperatures of 100-200° (usually 120-130°%)
[59]. This reaction has heen documented for R! = R? =R3 = Ph,

excess Me;Al in
RIR*rScOH - R!R’R°CMe
benzene or toluene

p-EtOCH,, Me; R! =Ph, R? =R3 = Me; R!' =R? = Ph, R3 = Me; and
;{1R2R3C = 1-adamantyl, and the scopads thought to be limited mainly
by the reactivity of trimethylaluminium towards functional groups such
as esters, nitriles, amides, epoxides and nitro- compounds. Triaryl
carbinols are particulairly reactive and are methylated by an excess of

trimethylaluminium at 80° for several hours. Aryl alkyl carbinols are
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:less reactive and require 120-130° for several days. Adamant-1-ol
requires 200°. The initial step is thought to be the formation of an
alkoxide, which may give the C-methyl product by pyrolysis or reactioxa
with an excess of trimethylaluminiem. Threa alkoxides have been *

pyrolysis
ROH —3 ROAIMe; ——m—> RMe + 'MeAlO*
MeyAl
RMe

isolated and the temperatures required for pyrolysis are: R = CPhy, 1575%
R = CH,Ph, 200°% R =1-adamantyl, 385%. Elimination of olefin. is

sometimes a significant side reaction.

e
AlMe,

AN ~N
C—Me —_— /c=CHz or >—Me

The methylation, which is autocatalytic, shows many features which in-

dicate a mechanism involving carbonrium ions.

Ketones react similarly with an excess of trimethylaluminium to
give gem-dimethyl derivatives [60].
MesAl
RIRRC=0 ———> RIR!CMe,
In some cases, olefins are formed from the intermediate alkoxide
R'R2MeCOAlMe,. The conversion of.carboxylic acids to t-butyl
derivatives usually requires a 5:1 excess of trimethylaluminium, but
the final step in the reaction sequence is usually complete after about 20 h
at 120° [61].

Me,Al Me,Al 2Me,Al
RCOOH —> RCOOAIMe, ——) ECOMe — RCMezOAIQMes

V
RCMe=CH,

RCMe;
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Again formation of olefins becomes more important for highly branched
groups R. The exhaustive methylation constitutes an important synthetic
procedure which can be used for a wide range of compounds, and safe
experimental techniques for the manipulation of the highly air-sensitive
reagents have been described {59].

Later work [62] has shown that the methylation of ketones by tri-
methylaluminium is catalys=d by nickel compounds of which bis(acetyl-
acetonato)nickel (1) is the most easily made and handled. The catalyst
allows the methylation to ve effected in ether as well as hydrocarbon
solvents, but leads to mixtures of products even at ketone:aluminium
ratios of 1:1.1-1.2. Thus the reaction of RR!CO with trimethylaluminium
gives (in addition to RIRZMeCOA1Me,) R'R®CMe,, R'R’*C=CH, and R'R}*CHMe
(Iéble 5).

Table 5 Nickel-catalysed methylation of ketones by trimethylaluminium

in ether

Yields (%) R'R’CO RR2MeCOHR'R?C=CH, R'R’CMe, R'R?CHMe

PhCOMe 10 40-50 10 20-30 1

PhCOPh 4 58 29 - 9

@:}P 50 - 27 11 4
o)

56 1 18 - 15
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The conversion of p-acetoxyacetophenone (31) to p-t-butylphenyl acetate
(32) shows that the acetyl group is attacked more easily than the acetoxy
group. The catalysed reactions are thought to involve Me-Ni intermediates.

The reactions of trimethylaluminium with the sterically hindered
ketones Ph,CCOMe and Bu'COMe give products derived from enols [63].
The enolate (33) does not condense with an excess of PhyC.COMe but reacts
with acetone to form a crystalline ketolate (34). Pinacolone ButCOMe reacts
with trimethylaluminium to give a hemialkoxide (35) which condenses with
onhe equivalent of ketone to give the enolate (36) and with two equivalents
of ketone to give the ketolate (37), but the compound (36) is not an inter-
mediate in the formation of the compound (37). The mechanism by which

these gubstances are formed is not yet clear.

=
t —_—
Bu t M -~
Bu Me

(38)
equatorial attack
AlMe,
/ \ oH
H;
\
i 740\ /
Me
But PN l M But
' (39)
axial attack (41)
Me
Me
OH
.
Bu
(40) e
(45) Me
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There has been further progress in elucidating the factors deter-
mining the stereochemistry of addition of trimethylaluminium to cyclic
ketones, In an important paper by Ashby et al., referred to last year [i],
it was shown that addition of {rimethylaluminium to 4~t-butylcyclohexanone
(38) gave 75% axial alcohol (39) when the Al/ketone mole ratio was < 1 and
90% equatorial alcohol (40); indicating attack from the more sterically
hindered side, when it was > 2, ‘The change in stereochemistry was con-
sidered to result from a change in transition state. At high aluminium/ketone
ratios, attack by a second molecule of AIMe; was perhaps assisted by com-
pression from the methyl groups (a, b) of the AlMe; initially complexed at the
carbonyl group, against substituents at the 2- and 6~ positions (41). This
work has been extended by studies on 2- and 6- substituted methyl 4-t-butyl-
cyclohexanones and decalones [64]. In trans-2-methyl-4-t-butyleyclohexanone
(42) the axial 2-methyl substituent hinders equatorial attack even at low Al/ketone

ratios. (80% equatorial alcohol is formed when Al/ketone =1,)

(44)

In trans-decal-2-one (43) the regults are almost the same as in 4-t-butyl-
cyclohexanone (38). In cyclohexanones with an equatorial 2-methyl sub-
stituent {including trans-decal-1-one (44)] the stereoselectivity (giving
axial alcohols at low Al/ketone ratios and equatorial at high Al/ketone
ratios) is enhanced compared with 4-t-butyleyclohexanone, though the



extent of axial attack decreases with increasing introduction of the
equatorial 2-methyl groups. Moreover, the stereoselectivity persists
in 2,2, 6-trimethylcyclohexanone (45), even though there is an axial 2-
methyl substituent., It is suggested that the 2-equatorial substituents are
bent upwards in the transition state (41) to hinder the incoming methyl
group. cis-Decalones have also been studied [64].

Reactions between the ate complexes LiAlMe,, LiAlMeBui:, and
[(CgH; )3 PrN}[A1Me;Br] and 4-t-butyleyclohexanone (38) give pre-—
dominantly equatorial alcohol (40) as methylation product at all mole
ratios in donor solvents [65]. (The major product with LiAlMeBuia
is from reduction.) This contrasts with the reactions with ate complexes
of boron, magnesium and zinc, where mainly axial alcohol (39) is formed.
Mechanisms of these reactions have not been elucidated, but it has been
suggested that the ketone may complex initially at the lithium atom, ina

transition state similar to (41).

C-Methylation of a carbonyl group already complexed to aluminium
is observed in the reaction between dimethylaluminium acetylacetonate
and trimethylaluminium. This is said to give a derivative Me,AlIOCMe,CH=
CMeOAlMe, (partly associated in solution), but little structural data has
been obtained. Reactions with methylaluminium chloride have also been
studied [66].

The reaction between trimethylaluminium and a, B- unsaturated
ketones in the presence of bis(acetylacetonato)nickel (IT) yields products
from 1, 4~ addition instead of those from normal 1,2- addition [67]. Thus
mesityl oxide Me,C=CHCOMe and trimethylaluminium react to give the
Z (46) and E (47) isomers of dimethylaluminium-~4, 4-dimethylpent-2-en-2-
olate. The Z-isomer is dimeric in benzene. At 100-150° it is isomerised to
the E-isomer which may be separated by distillation into a dimer and a
trimer. The association is probably, from spectroscopic evidence, through
Al-0-Al rather than A1-O-C-C-Al bridges. The enolates form 1:1 com-~
plexes with Lewis bases. The Z-isomer reacts with acetaldehyde or benz--
aldehyde by an aldol condensation [68] with formation of a dimeric chelate

compound with threo- configuration in which the aluminium is probably
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CI—IBut
. RHC \(iMe
Bu' OAlMe, Bu Me M< ( L
\c=c/ \c=c/ ~Sa / ™~ 1\“/
a” \Me H/ \OAlMez E/ \(‘)/ \M
Z (46) E (47 Me CHR
CH:But
48)

5-co-ordinate (48). In the molecules of these compounds each ligand is
chiral and so there are two stereoisomers ~ one with enantiomorphous
ligands (RS) and the other with identical ligands (RR or SS). Temperature-
dependent 'H NMR spectra have been interpreted in terms of rearrangement
of the co-ordinated carbonyl groups with the Al,0, ring remaining intact,
and indicate that the predominant isomer is the RR/SS form. With tri-
metbylaluminium, the chelates (48) form 1:1 complexes (49) which are
monomeric in benzene and show a low value (1640 cm™!) for the carbonyl
stretching frequency. The aluminium is probably complexed with the
alkoxy rather than the carbonyl oxygen.

Me Ph,
M
/rmeZ AlMe, \cl:/
O 0/’ /0\
Ji (L_,.R Me, Al /AlMe2
/ \ / ~H AN ?
\
H But £
thc/ \Me
49) (50)

Spectra of the solution obtained from the reaction between the E-isomer (47)
and acetaldehyde have been taken to show the initial formation of dimers
with erythreo- configuration; these slowly change to threo-ketolates (48)
formed directly from the Z-enolates. Reactions between the Z-enolate and

diphenylketene or phenyl isocyanate have been briefly described.
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The catalysed addition of trimethylaluminium to mesityl oxide may -
involve a nickel enolate. Since such compounds have been little studied,
a substance MeNi(OCMe:CPh,)(PMe,Ph), has been made from diphenyl-
ketene and Me,Ni(PMe,Ph); [69]. There are, however, no bands in the
IR spectrum attributable to C=C__ or C=G stretching, and it has been
suggested that the C=C=0 system may be bound to nickel like a T-allyl
group. The nickel compound reacts with trimethylaluﬁninium to give the
aluminium enolate (50) which is madé cleanly from diphenylketene and tri-
methylaluminium. It is dimeric in boiling benzene and sublimes at

180-200° in high vacuum with slight decomposition.

The transition metal-catalysed methylation of isophorone (51) or
cyclohex-2-en-1-one by trimethylaluminium also gives 1:4 addition [70].

AlMe,
Qe (5 e
3 mol %

51) Nl(acac) (52)

Me,AlO

etc. (53)

2,2, 4, 4-Teiramethylcyclohexanone (52) is isolated in 85% yield after
less than 30 min; the only other product is polymer obtained from successive
Michael addition (53) of the unsaturated ketone to the dimethylaluminium enolate.
Freshly prepared lithium tetramethylaluminate is also an effective methylating
agent in the presence of 3 mol % of bis(acetylacetonato)nickel (If).

Reactions between ketones and organoaluminium compounds with B-

hydrogen atoms yield products from reduction besides those from addition.
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Alkyl methyl ketones and (#)tris[(S)-2~-methylbutyl]aluminium (54) yield

tertiary alcohols in which the S-isomer predomimtes [71].

Me R

R\ i 2h | /Me
_GC=0 + AL(CH;%= (I:-<Et)3 ——> Me u—(l:—xOH + CH,=C
0
Me H pentane 9 i Et
54)

«

The optical purity of the p;‘oduct increases for the series R = ) Et, Pri,

But. Preferential formation of the S alcohol is also observed when
(H)tris[(S)-2-methylbutyllaluminium diethyl etherate is used as reducing
agent. The importance of addition relative to reduction in the reactions
between benzaldehyde and triethyl- or tripropyl-aluminium is increased by
the addition of tetrabutylammonium halides or alkali fluorides MX [72]. The
effect of added salts is greater, the less easily dissociated the complexes
MX.R;Al or MX.2R;Al. The addition/reduction ratio for reactions of ketones
with CaALEt; is greater than that for reaction with RCal [73].

A procedure has been described [74] for the conversion of carbonyl
compounds to olefins by reaction with methylenedialuminium tetrabromide,
made from bromomethane and aluminium foil.

AlBr,

Al s RR'CO
CH,Br, ——} CH, ——— RR'C=CH,
\ALBrz

Olefins made in this way are various substituted styrenes p-XCH,CH=CH,
(Yields: X =H, 60%; X =Cl, 50%; X =NO,, 60%;: X = Me, 60%) and
vinylnaphthalene (yield 80%).

Al
CH,=CH-CH=CH-CH,Cl1 —— (CH,=CH-CH=CH-CH,);ALCl,

THF
RCOR'

CHz =CH-CH"'CH=CH2

RR'COH (40-80%)

@®R' =Et,, MePr', Pr'y, Pry, Bu'y, Bub)



The reaction of organoaluminium halides with ketones may also be used
for the preparation of branched chain alcohols [75]. (Compare p.10 and [48]).
A study [76] by IR and 'H NMR spectroscopy of the complexes
between lactones and diethylaluminium chlovide or ethylaluminium dichloride
shows the formation of 1:1 {55) and 1:2 (56) complexes.

CH, CHj; CH,

CH,
R,\l i R,\l
C C=0AIEtnC I3-n C C=0AlIEtnCl;-n
v
R,” o R; \0
4
(55) AlEtnCly-n
(56)

Only 1:1 complexes are formed with triethylaluminium. Under more
vigorous conditions lactones are reduced. The transfer of the B-hydrogen
of the ethyl group has been confirmed by deuterium substitution [76].

Lactones are methylated by methylaluminium dichloride.

EtAlCL, 5 RR'HCCH,CH,COOH (90-98%)
le) R
RK

M e}\h RR 'MeCCH, CH,COOH {42-91%)

Ethers form thermally stable 1:1 complexes with trialkylaluminiums,
but is has now been shown [77] that irradiation of these complexes in benzene

or }:ycloﬁexane may give cleavage of the ether linkage.

R'OR! B
2 5 R'H + RIR? + RloH

AlR?,

Di-p-tolyl ether reacts twice as fast as bis-2-phenylethyl ether. Benzyl phenyl
ether is cleaved by triethylaluminium exclusively at the benzylic carbon-
oxygen bond but anisoles are cleaved predominantly at the aryl-oxygen bond.
Photochemical cleavage of dibenzyl ether yields some n-propylbenzene

but no benzyl alcoho!l suggesting that any initially formed alcohol is alkylated
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.ag in the thermal alkylations described above (p. 15). The photochemical
alkylationg do not require excess aluminium alkyl and the order of reactivity
(ﬁuiaAl > EfAl > Me,Al) is the reverse of that in the thermal reaction.
1t is suggested tha;t the pbotochemicél reaction may be by homolytic iireakhg
of the C-O bonds.

The use of the sterically hindered diethyl(2, 2, 6, 6-tetramethylpiperidido)-
_ aluminium [57] as base for the isomerisation of epoxides to allylic alcohols has
been described [78].

OH
( { §~I—A1Et,2 (57)
s} \_<
o 3h - (l::%

(58) (59

Thus (E)-cvclododecene oxide (58) is converted in 90% yield to (E)-2-
cyclododecen-1-ol (59). The Z-isomer of (58) reacts much more slowly.
Reactions of sevéral other epoxides, Including several important inter-
mediates in hormone syntheses, have also been documented. The good

stereochemical control is thought to result from non-bonding interactions

in a cyclic transition state (60).

& I
| Al Me Bu
H , | ~_
/ N
(60) BuCHOH H

It was shown several years ago that the reaction between propylene
oxide and triethylaluminium resulfed in alkylation at the more substituted
carboﬁ atom.- -The similar reaction with trimethyaluminium has been
- described [79]. -



Me-CH ’

Ny . (D) 130° MeCH—cHQOI%-ﬂ ﬂe-éH—CHz-Me
i JoralMe;  ———> i T+
CE] (ii) H,0 Me OH
(61) 90% 6%

Reaction with the stronger Lewis acid dimethylaluminium chloride is
less clean; besides 2-methyl propanol (61) the products include methane
and the various butenes. Only methane and unsaturated hydrocarbons
are obtained from the methylaluminium dichloride adduct.

Carbonation of trialk&léluminiums yields (after hydrolysis) both
carboxylic acids and tertiary alcohols. Relative yields of acid and alcohol
from several unsaturated organoaluminium_compounds (made by trans—
alkylation from tri-isobutylaluminium and olefi.nsi have been documented
(Table 6) {80, 811, and the results are consistent with the following

reaction scheme.

Cco,
Table 6 Yields from the Reaction RjA1 —>RCOOH + R3;COH +RH
1409
R RCOOH/% R,COH/% RH/%

S
31 20

CH-
] 26 12 45
Me" .

//\//\,]/\CHZ"' 45 5.5 36

22
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co R,AL
RsAl ———5 RAICCR — Rflm + R,AIQAIR,

/@M lz’co2
- co,

R,COAIROCOR ¢——— R,;COAIR, RCO. OAIR.OAIR. OCOR
leo lHZO
RCOOH + RH + R,COH 2RCOOH + 2RH

Thus the intermediates RyAlOAIR; and R;CQAIR, have been isolated and
shown to be rapidly carbonated giving the required products after hydrolysis.

10. REACTIONS WITH ORGANIC NITROGEN COMPGOUNDS

Organoaluminium compounds react with amines to give donor-
acceptor complexes, which on heating eliminate hydrocarbons to give
derivatives (R'R?AINRRY);,. When R!-R* are all different a variety of
stereoisomers may be obt;ined and these have been characterised for the
first time in a study [72] of the compounds (EtBrAINHBuY, (62). Of the
five possible isomers two [(62a), (62b)] have been separated by fractional
sublimation and a third (62c) identified in solution by 220 MHz NMR spectroscopy.

t t
Bu,, -Br Bu ~Br Bu ,,__ AyBr
H7N 71\Et / /'\Et H7 71\Et
u Et\ H Bt JBut
\AI SAL— N ¢ BAI— N
(622) (62b) (62c)
Bt t
Y. T Bu,, ___,,Br
H\/'\I Al\Br 5y et
/ Bt Br, / H
Br/\Al \H EcAl T Nggt
(624d) (62e)

A preliminary X-ray investigation of the isomer (62a) suggests that the ring

is not planar. This gives maximum separation of t-butyl groups without



creating close bromine-bromine interactions. Both ¢is- and trans-isomers of
the compound (EtzAINH‘.But)z have been identified from 220 MHz NMR

spectra. Various isomeric species interconvert in solution and exchange is
observed between the halogeno- groups X when different compounds
(EtX’AlNHIBut)z and (EtXZAlNHBut)z are mixed. All these reactions are
thought to involve ring-opening and monomeric species RIR?AINR3RE. A
second paper [83] on the dimethylamine and t-butylamine adducts of diethyl-
aluminium halides ELAIX shows that the rate of thermal elimination of ethane
decreases for the series (X =) Et > Cl > Br > I, and describes the inter—
esting observation that the decomposition of Et,CIAINHMe, follows zero-

order kinetics and appears to be surface catalysed.

The reaction between pyrazole and the compounds R;Al or R,AICl
(R = Me, Et) gives a series of volatile derivatives (63); the molecules are
apparently in the boat configuration, with rapid inversion on the NMR time
scale in solution [84]. Two Isomers [(54a), (64b)] are indicated for the
compounds (MeClAIN,C3H3), (64). The preparation of dimethylaluminium
azide, (MeyAlN;); from Me,;SiN;, Alife; has been described [85].

]
(63) Ci Cl R cln
(64a) (64b)

67

[The carbon atoms of the pyrazole rings are omitted from formulae (64). 1]

Several reports deal with reactions between organocaluminium compounds

and unsaturated carbon-nitrogen functions. * The addition of trimethylaluminium

to nitriles, like the addition to carbonyl compounds described in Section 9, is
catalysed by bis(acetylacetonato)nickel (IT) [86].
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Me,Al (1 mol) g'/8,0
RCN > RMeC=NAIMe; — > RMeC=0
Ni(acac), (3 mol %) :

The reaction occurs in hydrocarbon solvents at about 20°, but not in ether, and
the following yields have been obtained: PhCOMe, 80%; Cj,H,sCOMe, 80%;
PhCH,COMe, 70%; Ph,CHCOMe, 80%; p-CICgH,COMe, 66%; CH3CO(CHy)~
COCH;, 34%. Side Teactions such as ketenimide formation (RIRZCHCN >
R'R2C:C:NAIR3,) and subsequent condensation seem to be less troublesome

than in 1;he corresponding methylations with methyl-lithium or Grignard reagents.

The reaction between acetonitrile and trimethylaluminium to give a
ketimine derivative is well established. The reactions with dimethyl-
aluminium chloride and more especially methylaluminium dichloride under
vigorous conditions 120-170° yield methane and products from trimerisation

of the acetonitrile [87] formulated as follows:

Ms H NC-CH,
\C=N/ <(_):
R
NC-CH \/'Alcl2 Hzc/ \Alcl2
\C=N >C=N;’
Me Me \H
(65) 66)

The reaction of methylaluminium dichloride with diacetyldianil (67) yields
a donor-acceptor complex. The corresponding compound with trimethyl-
aluminium has not been isolated; the product (68) after hydrolysis yielde
2-(N-phenylamino)2-methylbutan-3-one anil (69) [88]. Ethylaluminium

chlorides react similarly.

i el e
et o
Ph-N Ny-ph Ph-N/ Me \I—Ph

/
AlMeZ

(67) (68)

— A
Ph-N Me\NPh

N

69



Diphenylamidodiethylaluminium reacts with aldimines with ingertion
of the C=N bond into a C-ortho-H bond to give aluminium heterocycles.
A similar reaction has been observed with N-alkyl phenylamido deriva-

tives [89].

1‘-{1
. ~
R\C CH,
H, H
d 3 AlEt,
EtAL-N + R -N=C\ _— {[I/Ha
R4 RZ /7 \R
, RY TH
l -EtH
Rl
Ri
~ CH, RS N
Bt A _H e
|
\AI/N NCHR! RI-N=C NAl-Et
hS:L &
R? C=NR3 < R ¢’ R
o RY \H
H,0
Ri
\CH2
~H 1_ 2 _ -
N R!=Me or Ar; R* =Hor Me; B, ® =Ar:
R? =z \R3 yields 36-78%]}
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The reaction of CLAIN(Ph)CH,R! with PhN=CHPh also yields
a compound (70) from attack at the ortho-ring position. Similar cyclic
adducts result from the reaction between diethyl(dimethylamido)aluminium
and ketenimines [90].

1}1‘
Me,C N Me,CH N-Ar
o \AlEt2 H,O \c//
Ef,AlNMe, + 2Me,C=C=N-Ar — | — |
/N 1e, N NMe,
A \g/ A/r AN ‘,?/
C
Me/ \Me Me/ \Me
(71)

mr = Ph, E—CH3CSH4]

The corresponding reaction with EfAlISEt gives the 2:1 adduct (ATNC=
CMe, ), AIEf,SEt analogous to (71) and a 1:1 adduct which is hydrolysed to
Me,CH-C(SEt)=NAT.

11. REACTIONS WITH SULPHUR COMPOUNDS

Bis(dimethylaluminium)sulphide has been isolated from the reaction
between trimethylaluminium in heptane and liquid hydrogen sulphide at
-78% [91]. Like the ethyl compound (Et,Al),S reported in 1970, it easily
disproportionates. It is sparingly soluble in hydrocarbon solvents, but
forms complexes with donor solvents such as benzonitrile, pyridine or
dioxan. There is no structural information. Ris(dimethylaluminium)-
sulphide is also formed in the reaction between trimethylaluminium and lead
sulphide [92]. The other products are tetramethyl-lead and metallic lead,
and the best transfer of methyl groups from Me;Al to Me,Pb (about 22%)
is obtained with a Me,;A1/PbS mol ratio of 1 at 135° for 4 h.

The amido compounds Me,AINPh,, Me,AINMePh but not Me,A1NMe,,
react with carbon disulphide to give MaAlS,CNPh, (75% yield) or
Me,AlS,CNMePh (50%). The CS, thus inserts into Al-N rather than the
Al-C bonds [93].



12, ORGANOALUMINIUM HYDRIDES

Complexes of pentafluorophenylalanes (CGF5)§A1H3-§EL =1, 2;
n =1, 2; L = OEt,, NMe;) have been made from chloroalane and penta-
fluorophenyl-lithium in ether [94] and a patent[95] has described the
preparation of dioctylaluminium hydride (CgHj),AlH from powdered
aluminium (activated by milling with titanium isopopoxide in benzene-

triethylaluminium), n-octene and hydrogen,
The compound NaAIH,Et, has been used for reduction of phosphates,

phosphonates, or phosphinates to intermediates which react with alkyl

halides to give tertiary phosphine oxides.

NaBEtAlH, R"X
®RO)nP(OR 5-n N > R%POR'SD

Yields are comparable with those from reactions using Grignard reagents
and in some cases procedures are simpler and more convenient. Di(sec-
butyl)aluminium hydride has been used for the stereospecific reduction

of the ketosilane Me;SiCHPrCOPr [97].

13. MISCELLANEOUS OXYGEN DERIVATIVES

Several compounds R,AlX, in which X is an oxyanion,have been
characterised by vibrational spectroscopy. For example, freshly pre-
pared bis(dimethylaluminium)sulphate (72), from dimethylaluminium
chloride and sodium sulphate in cyclohexane, appears to monomeric
(D:4) in hydrocarbon solvents, but solutions slowly precipitate a polymeric
ma:erial, presumably with Me,Al- bridges between sulphate groups [98].

O\S /R

/N
R Q R O R
N PN R N7 NS

A1 Vs\ /Al‘ Al /Al

R/ o 0] R R/ \O (0] \R

e

R Mo

(72) (73)
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Dialkylaluminium sulphonates [99], made some years ago from tri-
alkylaluminiums and sulphonic acids, ma.y”also be obtained from the
reaction between trialkylaluminiums and sulphur trioxide. The sul-
phonates do not react with a second mole of sulphur trioxide. The
compound Me,A10,SMe is trimeric in benzene but Et,A10,SMe and
E{AlQ,SEt are dimers. The ‘vibrational spectra - particularly in
the region characteristic of S=O stretching - sug}gesi: that the bridging
sulphate groups are bidentate (73). The aluminium compounds are
isolated as easily sublimed solids which react with air and water. In
contrast the indium and thallium compounds dissolve in water and
apparently ionise to R, M'RSO; .

Similar studies of the reactions of trialkylalumininms with
phosphorus oxyacids yield similar resulis, and compounds (Me,Al1Q,PFy)3,
Me;Al10,PCly),, (MeyAlQ,PHy), and (Me;AIOSPMe,), have been charact-
erised [100]. Vibrational spectra [101, 102] have been interpreted in
terms of puckered rings, twelve membered (Dj) for trimers and eight
membered for dimers, in which the phosphorus oxyanions are bi-

dentate.

Dialkyl phosphoromethylamidates (RO),P(O)NHMe react with tri-
ethylaluminium in benzene to give compounds [RO), P (O)NMeAlEL) (74).
Association to dimers is complete in freezing benzene when R = Me, Et, but
not when R = Pri, Bui, Am'. The derivatives [(RZN)ZP(O)NMeAlEfziz R = Me,
Et) have also been isolated, and reactions with aldehydes and phenyl iso-
cyanate to give imines have been described [103]. The elimination
products (75), (76) are formed less readily from compounds with ~
bulky substituents R = Bui, Ami) than from the fnethyl and ethyl
derivatives. Sulphur compounds R,P(S)NMeAlEf, and R,P(S)SAIE{,
are monomeric in benzene {104] and vibrational spectra confirm the

structure (78) with iniramolecular co-ordination of sulphir to aluminium.
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R o
ArcHO | NpZ NaE, O
RO, P(ONMeAIEt, ——3p6 | | ——MRO)ZP<O CAIEY,
o
(74 Me/N\,c\/
Ar H Ar
PhNCO +  NC=N-Me
H/
(75)
RO\ / O\l
H,0 P AlEL, RO O,
®O),P(0)NMeCONHPh <— RO” | | — Z CAIEG
N 0 ro” Mo
Me \c/
e
“pn + Ph-N=C=N-Me (76)
+ PhNHCONHMe
B 1 S
EtAL Z N\ i
R,P(S)NHMe ——> R,P, ALEL, ® = Me, Et, Pr', Bu)
N
NMe
(78)
_ PhNCO(R=Me)
N
M%P/S\“AIEQ 5o s Et,D  AlEt
| 2 7 |
XN —_— MezP\ S o)
Me” N\, NMeCONHPh N
il i
N\Ph (79 Nen €0

The reaction of Et,P (S)SAIEt, with phenyl isocyanate gave the cyclic product
80) [cf.. (77), (79)] but ca. 10% decomposed to PhNCS and Et,P(S)OAIED,
by an elimination reaction. Eliminations were also observed in the reaction

between Me, PS(NMe)AlEt, and benzaldehyde.

The reaction between squaric acid H,C, O, and trimethylaluminium
has been described, but the product (Me,Al),C,0; was not obtained pure [105].
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Salicylaldoximato derivatives of nickel and palladium (but not copper)
react with tri-isobutylaluminium to give compounds (81) analogous to the
diphenylaluminium compounds described last year [106]. ’

Bu,Al-O AAIR,-O_
N
N=CH AN g
- ~wm Me—c/N O-AlR, \(II—Me
‘ HC=N\/ ~o_ Me— RIS -
O-AlBy, e ;‘N/
No-R,AL

(81) (82)

Organocaluminium compounds reaet with dimethylglyoxime or salicylaid-

oxime to give compounds which are formulated with cyclic molecules

(82), (83) [107].

Ew\/
\‘ s \ \A
/
/N 2\ /A N : Ll \C‘
\ e
Cl/ ’\Ogitg
(83) (84)

These react with pyridine to give adducts by co-ordination to aluminjum.

Partial hydrolysis of the complex Me,AlCl, QEt, yields a colourless

viscous liquid formulated as [(MeAlCl»0.0E}L (84). The ether may be

displaced by benzonitrile [108]. No complex formation was however

detected by IR spectroscopy between the alkoxides Me,AlOPh, E{,AlOPh,
Me,Al@2, 6-Me,CH;0) and benzonitrile [Lo9l.



Thermal decompositions of organoaluminium alkoxides and their

.silicon analogues have been compared {110].

250%/50 h
2Me,AlOSiPh; ————> MePbAlOSiPh,Me + PhAlOSiMe,Ph

150°/2-6 h
Ph,COAIEty ———> PhCH + G,H,

125-30%/1 h
PhyCOAlMe, ————> Ph,CMe

Although there is extensive scrambling of organic groups in molecules of
the compounds with Si-O—-Al links, there is no reaction corresponding to the
reduction or methylation observed for compounds with the C~-0O-Al sequence.

Several papers on reactions of organcaluminium compounds with
peroxides have appeared. The compound EtAlSiPh,y)y, 2LiBr, 2THF (30)
reacts at 20° with t-butylhydroperoxide with cleavage of both aluminium-
carbon and aluminium-silicon bonds [57].

(PhSiAIEL2LiBr2THFE (30)
l Bu‘oOH

EtH + (Ph;Si),Al00Bu’ + Ph,,SiAIXIOOBut + PhSiH

l Et \
t
Ph,Si0AISIPhy PbSSiO.leOBu

OBu’ _ Et
H,0/OH
HzO/H“\
PhSiOH + Bu'OH + PhSiH  2Ph,SiOH + Bu'OH + B,

The ethyibis(triphenylsilyf)aluminium complex (30) does not react
with t-buty! peroxide below 70°. Above 85°, however, the products
are (Ph;Si),, Ph:,SiEtAIOBut, and PhSSiOBuﬁ showing that there is
predominant cleavage of the Al-Si bond, The compound EtAl(OSiPhg),
reacts with benzoyl peroxide to give (benzoyldioxy)triphenylsilane (85)
and (benzoyloxy)ethyl (triphenylsiloxy)aluminium (86) without attack

at the Al1-C 'bond [iiol.
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EtAL(OSiPhy), + (PhCOO) —— Ph,SIOOCOPh + Ph,SIQAIEL
OCOPh
85) (86)

The reaction of the carbon analogue EtAL{OCPh,), with benzoyl peroxide
gives a variety of products including ethane, ethylene, ethyl benzoate,
biphenyl and carbon dioxide, with both homolytic and heterolytic cleavage
of the Al-C bond.,

14 DONOR-ACCEPTOR COMPLEXES

The donors D (D = MezN, Me,O, Me,S) react with the cyclic
compound (Me,AlNPh,), to form complexes Me, (NPh,)Al,D [111}].
Evidently the NPh, group (unlike NMe,) is insufficientllv basic to compete
with the donors D for the acidic aluminium. The similarity between
NPh, and Me as bridging groups between AlMe, fragments was shown
some years ago by the isolation of p-NPh,-p-MeAl,Me,;. This com~
pound, with a limited supply of donor D gives Me;Al,D and (Me,AINPh,),,
showing that MegAl is a better Lewis acid than Me,AINPh,. Triethyl-
aluminium reacts with bis (diphenylphosphino)amines (Ph,P)NR R =
Pr, Bu) to give 1:1 adducts similar to those reported.earlier. Pre-
sumably the aluminium is 5-co-ordinate and interacts with two neigh-
bouring phosphorus atoms in the donor. When R = PhCHMe, PhCH,, or
with (Ph,P), NNMe,, no complex formation is detected, suggesting that
bulky substituenis at nitrogen prevent complex formatica with the lone
pairs on the phosphorus atoms {112]. No complex is detected between
trimethylaluminium and carbon monoxide: trimethiylaluminium and
phosphorus trifluoride react to give a complex mixture which is thought

to contain methylphosphines {1131.

The complexes EtAICL, bipy and EtAICL,bipy (ipy = 2,2'-bipyridine)
have been isolated [114]; EtAlICL,bipy separates when bipyridine is added
to the sesquichloride E{;AL,Cl;. Bipyridine displaces dioxan from com-
plexes with ethylaluminium chlorides. Another study of complex forma-
tion between triethylaluminium and the polydentate ligand polyethylene
glycol is said to show that at low Al/glycol ratios the aluminium is 5-co-
ordinate f{115]. A complex MesPbCl, MeAlCl, bas been proposed from IR,
Rawman and conductivity studies [116].



The photoelectron spectra. of the complexes of triethylaluminjum with
diethyl ether, dimethyl sulphide and pyridine have been published [117].
The peaks at 8-10 eV which correspond to the removal of electrons from
the lone pair of the free donors are shifted in the expected way on complex
formation. It is confirmed that triethylaluminium is a harder acid than

dimethylzinc.

Finally, the molecules Me;NAlMe; have been chosen for a study by
NMR techniques of molecular motion. It is possible to distinguish
reorientation of the N-methyl groups and reorientation of the whole molecule
about the A1-N bonds [118].

15, TETRA-ALKYILALUMINATES

The direct formation of the Group II tetraethylaluminates from
metal and triethylaluminium - a reaction well known for Group I metals -
has been described [119]. The rate depends on the state of division of
the alkaline earth metal and grinding with glass balls has been found to be
effective. Triethylaluminium is a convenient solvent, and yields have

varied from 42% (for Ba) to 77% for Ca.

3M + B8AIEt; —> 3M[AIEL, + 2Al

Lower yields are obtained in paraifins. The reaction is suppressed

in diethyl ether or THF, but remarkably fast in diglyme: for example,

a 95% conversion of calcium to Ca[AlEfh, Dy, 3.5 87) D =
CH;0CH,CH,OCH,CH,OCHj,) is obtained after only 3 h [120]. The viscous
oils, e.g., (87), contain a higher proportion of diglyme than the crystal-
line complexes M[AlE't‘,]ZD. The tetra-alkyl compounds M{AIEt,}, react
with bromine or iodine at -80° - -70° in toluene or -40° - -20° in ether

to give MX,, EtX, (X =Br, I) and Et;Al, and with aluminium halides AlX;
X =Br, Cl) to give MX, and Et;Al.

NMR spectra of the compound Li[Me;SnAlMe;] have been recorded
during an investigation of metal-metal bonding in trimethyltin organo-
metallic compounds, and the value of the coupling constant 33(SnAICH)
29.6 Hz), confirms the Sn-Al bond [122],
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16. CATALYSIS

No attempt has been made in this survey to cover all the catalytic
applications of organocaluminium compounds, but the examples quoted

illustrate some of the areas where there is current research activity.

Reaction between a 3:2 mixhire of butadiene (88) and methyl
sorbate (89) in the presence of a catalyst of Ni(acac),, Et;Al, PhyP yields
products which show th.at the butadiene has reacted as a diene and the
methyl sorbate as a dienophile. In the absence of the catalysis the roles
of the starting materials are reversed, but the mechanism of the catalysis

has not been elucidated [123].
without catalyst

l . ! 60%
1 . — LA
COOMe COOMe
(88) l with catalyst (89)
90%

| + O’
C(/\COOMe P COOMe

Similar results were obtained with 2, 3-dimethylbutadiene in place of

butadiene.

Similar catalyst systems [M(acac),~AlEt;, M =Ni, Co, Fe)l-
catalyse hydrosilylation of 1, 3-dienes or terminal acetylenes by
compounds HSiX; [123]). With isoprene or penta-1,3~diene the 1,4-
adducts MeCH=CMeCH,SiX; or MeCH,CH=CHCH,SiX; are the major
products. Terminal acetylenes RC=CH yield products in which hydro-
silylation is accompanied by linear dimerisation e.g. to H,C=CRCR=
CHSIX;. Much detailed information and a discussion of the mechanism
bhave been given [124]; the role of the organoaluminium c;pmpound is
thought to be to reduce the nickel compounds to reactive zerovalent
intermediates. The reaction between trime thylaluminium and tris-
(acetylacetonato)cobalt(Il) gives a Co(il) acetylacetonate and finally
metallic cobalt. The gaseous products are methane, ethane and

ethylene [125).



Several other studies are concerned with systems related to
Ziegler-Natta catalysis. Thus gas evolution from mixtures of tri-
isobutylaluminium and tetrabutoxytitanium in hydrocarbon solvents and
hydrolysis with D,O are said to show formation of Ti~-CH,~CMe,-Ti
and Ti-CH,-CH,-Ti bridges. In Me;Ai-Ti(OBu), mixtures, TiCH,CH,Ti
and TiICH,Ti bridges have been postulated. Hydrolysis products show that
hydrogen atoms from the bridging chains are readily replaced by alu-
minium [126]. The preparation and physical properties of polyacetylene
films on the quiescent surface of a concentrated solution of Ef;Al~-
Ti(OBun)4 have been described [127].

A mixture of bis (cyclopentadienyl)vanadium dichloride and ethyl-
aluminium dichloride in dichloromethane-heptane is a catalyst for
polymerisation of ethylene. ESR spectra of the solution can be as-
cribed to three species, only one of which remains after three weeks [128].
This is not catalytically active and appears to be (CgHs), VAICl; (90). The

cL c1
cl—v “ar”
d Na? \a
(90)

The structures of the other species have not been identified, ESR
spectra of Et;Al-(C;H;), TiCL,-PR; mixtures. have also been described
but detailed conclusions about the structures of various species have
not been possible [129]. A detailed study [130] of the soluble Ziegler-
Natta catalyst (CsHg),RTICl-R'AICI, has shown that the kinetics depend
in a complicated way on added olefin and on changes in solvent. The
ligand R is expelled half as allkane and half as alkene. The results
suggest that the rate equation is:

Rate = k[(C5H,),RTiCIR 'AICl, 1[olefin]
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Simple kinetics are observed in the presenc>e of a non-polymerisable
olefin. 1In the absence of added olefin, the kinetics are more compli-
cated because olefin derived from the group R during the reduction
catalyses the reaction. This catalysis is affected by changes in
solvent which give variations in the rates of competing olefin polymer-
isation reactions. IR and NMR specira of Ziegler-Natta catalysts
formed from diethylaluminium bromide and TiCl;, VCl,, VO(J‘I3 in
carbon tetrachloride and from complexes with methyl methacrylate
have been published, but no conclusions about the structures of these
species have been reached [131].

Ethylaluminium dichloride is a constituent of many olefin metathesis
catalysts, and several investigations concerned with this reaction have
been described [132-134].

Organoaluminium compounds without transition metal derivatives have
also found applications as catalysts in organic chemistry. Thus photolysis
of N-benzylanilines in the presence of even a small excess of ethylaluminium
dichloride (above that required for complex formation) gives m~, as well as
o— and p-benzylaniline [135].

NH,
NH-CH,

~. EtAICL,
' @ o-, m- and p-

Bz
m-Migration of this kind is wmsual. The m~benzylaniline has been shown
not to result from isomerisation of initially formed o~ and p- derivatives.

The dimerisation of methyl crotonate is catalysed by trialkylaluminium-

t-amine complexes [136].

Me H CH,=CH-CH-COOM:
\ / 2 ivie .
2 C=C —> (%2)
RN CHMe-CH,C OOMe

H COOMe
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H\ /COOMe
C=C (93)
7~
Me \

CHMe-CH,COOMe

(oL

With the triethylaluminium complex of the bidentate ligand sparteine (91)
the product is dimethyl 2-methylpeni-4-ene-1, 3~dicarboxylate (92) and
with the complex Et;Al, NEt; the prodfict is dimethyl 2-methylpent-cis-

3-ene-1, 3-dicarboxylate (93). Triethylaluminium-triethylamine also

induces the co-dimerisation of methyl 4-methyl-trans-2-hexenoate (94)

with methyl isopropylacrylate (95) and methyl crotonate (96).

Me(Et)CH\ /H R‘\C /32 Me (Et)C=CH-CH-CO,Me
H/C=C\COOMe ) H/ =C\co;/[e_-> CHR!-CHE-CoOMe
%4
R'=H, R =Pr;  R'=Me, R =H; Rl=Bu®, ® =H
(95) (96) (54)
REFERENCES

1. J.P. Oliver, J. Organometal. Chem., 75 (1974) 263.

2. J.P. Mather in E.W. Abel and F.G.A. Stone Eds, 'Organometallic
Chemistry', Chemical Society Specialist Periodical Reports Vol. 2
(1972 coverage), Vol. 3 (1973 coverage).

3. Chapters by M.B. Hursthouse and B. Beagley in G.A. Sim and
L.E. Sutton Eds, 'Molecular Structure by Diffraction Methods’,
Chemical Society Specialist Periodical Reports Vol. 2 (1974).

4. H. Nieman, Inf Chim., 119 (1973) 119; Chem. Abs., 81 (1974) 105597.

5. Su-Huei Chang, Petrochem.; 12 (1973) 47; Chem. Abs., 81 (1974)

3989.



82

10.

11,

12,

13.

14,

15.

16.

17.

18.

19.

20.

B.H. Freeland and D.G. Tuck in K. Niedenzu and H.  Zimmer Eds,
'Annual Reports in Inorganic and General Synthesis 1973', Academic
Press, New York and London, 1974.

L.I. Zakharkin and V.N. Kalinin, Uspekhi Khim., 42 (1973) 1207;
Russ. Chem. Bev., 42 (1973) 551.

G. Courtois and L. Miginiac, J. Organometal. Chem., 69 (1974) 1.

A.N., Rodionov, Uspekhi Khim., 42 (1973) 2152; Russ. Chem. Rev.,
42 (1973) 998.

V.A. Chernoplekova, V.M. Sakbarov and K.I. Sakodynskii,

Uspekhi Khim., 42 (1973) 2274; Russ. Chem. Rev., 42 (1973) 1063.
E.B. Milovskaya, Uspekhi Khim., 42 (1973) 881; Russ. Chem. Rev,,
42 (1973) 384.

J.L. Atwood, D.C. Hrocir, and W.R. Newberry, Cryst. Struct.
Commun., 3, (1974) 615; Chem. Abs., 82 (1975) 37577.

S.K. Seale and J. L. Atwood, J. Organometal. Chem., 64 (1974) 57.
G. Hencken and E. Weiss, J. Organometal. Chem., 73 (1974) 35.

J. L. Atwood and W.R. Newberry, J. Organometal. Chem., 65 (1974)

145.

J.L. Atwood and W,R. Newberry, J. Organometal. Chem., 66 (1974) 15

S.K. Seale and J. L. Atwood, J. Organometal. Chem., 73 (1974) 27.
K. Brendhaugen, A. Haaland, and D.P. Novak, Acta Chem. Scand.,
A28 (1974) 45.

C. Kriger, P.J. Roberts, Y-H. Tsay, and J.B. Koster,

J. Organometal. Chem., 78 (1974) 69.

G.D. Stucky, A.M. McPherson, W.E. Rhine, J.J. Eisch, and

J. L. Considine, J. Amer. Chem. Soc., 95 (1974) 1941.



21,

22,

23.

24,

25,

26.

27,

28.

29,

30.

31,

32,

33.

34.

35.

83
S.d. Retting, A, Storr, B.S. Thomas, and J. Trotter, Acta Cryst.,
B30 (1974) 666. -
R.A. Forder and K. Prout, Acta Cryst., B30 (1974) 2312,
O. Yamamoto, K. Hayamizu, and M. Yanagisawa,
J. Organometal, Chem., 73 (1974) 17.
R.L. Keift and T.L. Brown, J. Organometal. Chem., 77 (1974) 289.
L.S. Bresler, A.S. Khachaturov and 1.Ya. Poddubnyi.
J. Organometal. Chem., 64 (1974) 335.
E. Alaluf, K.J. Alford, E.O. Bishop, and J.D. Smith, J.C.S. Dalton,

(1974) 669.

-M.B. Smith, J. Organometal. Chem., 70 (1974) 13.

M.B. Smith, J. Organometal. Chem., 76 (1974) 171.

G.O. Shmyreva, R. M. Golosova, G.B. Sakharovskaya, A.F. Popov,
N.N. Korneev, and A A, Smolyanimva, Zhur, fiz. Khim., 48 (1974)
770; Russ. J. Phys. Chem., 48 (1974) 447.

R.D. Rieke, Li. Chung Chao, Synthesis in Inorganic and
Metalorganic Chemistry, 4 (1974) 101,

R, Streck, J. Organometal. Chem,, 71 (1974) 181,

J. Nyathi, J.M, Ressner, and J.D. Smith, J. Organometal. Chem.,
70 (L974) 35,

8. Moorhouse and G. Wilkinson, J.C.S. Dalton, 1974) 2187.

N.F. Lanskova, A.1I. I1'Yasova, A.U. Baisheva, Ya.A. Sangalov,
and K.S. Minsker, Izvest. Akad. Nauk SSSR Seriya Khim., 23 (1974)
648; Bull. Acad. Sci. USSR (Chem.) 23 (1974) 612,

N.F. Langkova, Khim.Vysokomol. Soedin, Neftekhim., (1973) 105;

Chem. Abs., 81 (1974) 13582,



84

"36.

37.

38.

39.

40.

41,

42,

43.

45.

46.

47.
48.
49.
50.

51.

K.H. Mifller, Ger. Offen., 2260824; Ghem. Abs., 81 (1974) 153128,

" G.G. Merkel, Ger. Offen., 2413260; Chem. Abs., 82 (1975) 4408,

K.L. Motz and J. Friend, Ger. Offen., 2307013; Cham. Abs.,

81 (1974) 152404. 7

P. Kobetz and W.E, Becker, Ger. Offen., 2226160; Chem. Abs.,

80 (1974) 133616.

G.B. Sakharovskaya, N.N. Korneev, N.N. Smirnov, and A.F. Popov,
Zhur. obshchei Khim,, 44 (1974) 584; J. Gen. Chem. (USSR), 44
(1974) 560.

F.A. Clay, Report 1973 BDX-613-866 (Rev); Chem. Abs., 80 (1974)
73253,

G.G. Petukhov, A.S. Luzin, and P.N, Skuridina, Trudy Khim, i
khim. Tekhnol., (1973) 148,156; Chem. Abs., 80 (1974) 96075.

R. Kdster, P. Binger, and W. V. Dahlhoff, Synthesis in Inorganic
and Metalorganic Chemistry, 3 (1973) 359.

D.F. Gaines, J. Borlin, and E.P. Fordy, Inorganic Syntheses, 15
(1974; 203.

A.A. Efremov, V.A. Falaleev, and E.E. Quinberg, USSR Patent
417429; Chem. Abs., 81 (1974) 49813.

K.K. Fukin and I.A. Frolov, Trudy Khim. i. khim. Tekhnol.,

(1973) 40; Chem. Abs., 81 (1974) 105607

G, Wiegand and K-H. Thiele, Z. anorg. allg. Chem., 405 (1974) 101,
E.G. Melby and J.P. Kennedy, J. Org. Chem., 39 (1974) 2433,

T.W. Dolzine and J.P. Oliver, J. Amer. Chem. Soc., 96 (1974) 1737,
T.W. Dolzine and J.P. Oliver, J. Organometal. Chem., 78 (1974) 165,

J.J. Eisch and G.R. Husk, J. Organometal. Chem., 64 (1974) 41.



53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

J.J. Eisch and K.C. Fichter, J. Amer. Chem. Soc., 96 (1974) 6815.
G.A. Tolstikov, U, M. Dzhemilev, and S.S. Shavanov, Izvest. Akad.

Nauk SSSR Seriya khim., 23 (1974) 1207; Bull. Acad. Seci. USSR (Chem.),

23 (1974) 1140, )
V.K. Golubev, V.N. Mel'nikov, and A, T. Menyailo, Khim. Prom.,
(1974) 253; Chem. Abs., 81 (1974) 49726; Zhur. org. Khim., 10

(1974) 1828.

A.J. Lundeen and J.E. Yates, Canad. Patent 939377; Chem. Abs., 81

(1974) 49812,

85

L. Lardiceci, A.M. Caporusso, and G. Giacomelli, J. Organometal. Chem.,

70 (1974) 333.

G.A. Razuvaev, 1.V. Lomakova, L.P. Stepovik, and V.K. Khamylov,

Zhur. obshchei Khim., 43 (1973) 1523; J. Gen. Chem. (USSR), 43 (1973)

1509.

G.A. Razuvaev, I.V. Lomakova, and L.P. Stepovik, Zhur. obshchei Khim.,

43 (1973) 2416; J. Gen. Chem. (USSR), 43 (1973) 2402.

D.W. Harney, A. Meisters, and T. Mole, Austral. J. Chem., 27
(1974) 16389.

A. Meisters and T. Mole, Austral. J. Chem., 27 (1974) 1655.

A. Meisters and T. Mole, Austral. J. Chem., 27 1974) 1665.
E.A. Jeffery, A. Meisters, and T. Mole, Austral. J. Chem.,

27 (1974) 2569,

E.A. Jeffery and A, Meisters, J. Organometal. Chem., 82 (1974)
307.

T. Suzuki, T. Kobayashi, ¥. Takegami, and Y. Kawasaki,

Bull. Chem. Soc. Japan, 47 (1974) 1971.



86 -

65.

66.

67.

68.

69.

70.

72,

73.

74.

5.

76.

77.

78.

79.

E.C. Aghby, Li. Chung Chao, and J. Laemmle, J. Org, Chem.,

39 (1974) 3258.

S. Pasynkiewicz and K. Dowbor, J. Organometal. Chem., 78 (1974) 49.
E.AA. Jeffery, A. Meisters, and T. Mole, J. Organometal. Chem.,

74 (1974) 365.

E.A. Jeffery, A. Meisters, and T. Mole, J. Organometal. Chem.,

74 (1974) 373.

E.A. Jefiery and A. Meisters, J. Organometal. Chem., 82 (1974) 315.
E.G. Ashby and G. Heinsohn, J. Org. Chem., 39 (1974) 3297,

G. Gaicomelli, R. Menicagli, and L. Lardicci, J. Org. Chem., 39
(1974) 1757.

M. Chastrette and R. Amouroux, J. Organometal. Chem., 70 (1974) 323.
M. Chastrette and R. Gauthier,J. Organometal, Chem., 71 (1974) 11,
A. Bongini, D. Savoia, and A. Umani-Ronchi, J. Organometal. Chem.,
72 (1974) C4.

F. Gérard and P. Miginiac, Bull. Soc. chim. France, (1974) 2527.

H. Reinheckel, G. Sonnek, and E. Griindemann; J, Organometal. Chem.,
65 (1974) 9; H. Reinheckel, G. Sonnek, and ¥. Falk, J. Prakt. Chem.,
316 (1974) 215.

J. Furukawa, K. Omura, O. Yamamoto, and K. Ishikawa,

J.C.S8. Chem. Commun., (1974) 77.

A. Yasuda, S. Tanaka, K. Oshima, H. Yamamoto, and H, Nozaki,

J. Amer. Chem. Soc., 96 (1974) 6513.

W. Kuran, S. Pasynkiewicz, and J. Serzyko, J. Organometal. Chem.,

73 (1974) 187.



80.

81.

82.

83.

84.

85,

86.

87.

88.

89.

90.

91.

92,

93.

V.P. Yur'ev, A.V. Kudiin, and G.A. Tolstikov, Izvest, Akad, Nauk
SSR (Seriya khim), 23 (1974) 853; Bull. Acad. Sci. USSR (Chem.),
23 (1974) 817.

V.P. Yur’ev, I.M. Salimgareeva, A.V. Kuchin, and G.A. Tolstikov,
Izvest, Akad, Nauk SSSR {Seriya khim), 22 (1973) 1667; Bull. Acad.
Sci. USSR (Chem.), 22 (973) 1624,

R.E. Bowen and K. Gosling, J.C.S. Dalton, (1974) 964.

R.E. Bowen and K, Gosling, J.C.S. Daltop, (1974) 1961.

A. Arduini and A. Storr, J.C.S. Dalton, (1974) 503.

N. Roeder and K. Dehnicke, Chimia (Switz.), 28 (1974) 349.

L. Bagnell, E.A, Jeffery, A. Meisters, and T. Mole,

Austral. J. Chem., 27 (1974) 2577.

W. Kuran, S. Pasynkiewicz, and A. Salek, J. Organometal. Chem.,
73 (1974) 199.

R. Giezynski, S. Pasynkiewicz, and A. Serwatowska,

J. Organometal. Chem., 69 (1974) 345.

H. Hoberg, Annalen, (1974) 183.

K. Urata, K. Itoh, and Y. Ishii, J. Organometal. Chem., 66 (1974)
229.

M. Boleslawski, S. Pasynkiewicz, A. Kunicki, and J. Smola,

J. Organometal. Chem,, 65 (1974) 161.

M. Boleslawski, S. Pasynkiewicz, and A. Kunicki, J. Organometal.
Chem., 73 (1974) 193.

K. Wakatsuki, Y. Takeda, and T. Tanaka, Inorg. Nuclear Chem.

Tetters, 10 3574y 383.



88

95.
96.
97.
98.

“90.

100.

101.

102.

103.

104,

105.

106,

107.

108.

109.

R. Uson, andi-‘. Iranzo, Rev. Acad. Cienc. Exactas, Fis~-Quim

Natur. Zaragoza, 28 (1973) 481; Chem. Abs., 81 (L974) 91620.

T.J. Kondis, Ger. Offen., 2401075; Chem. Abs., 81 (1974) 120778.
R.B. Wetzel and G. L. Kenyon, J. Org. Chem., 39 (1974) 1531.

P.D. Hudrlik and D. Peterson, Tetrahedron Letters, (1974) 1133.

H. Olapingki and J. Weidlein, Z. Naturforsch. Teil B, 29 (1974) 114,
H. Olapinski, J. Weidlein, and H~D. Haugen, J. Organometal., Chem.,
64 (1974) 193.

B. Schaible, W. Haubold, and J. Weidlein, Z. anorg. allg. Chem.,
403 (1974) 289.

B. Schaible and J, Weidlein, Z. anorg. allg. Chem., 403 (1974) 301.
B, Schaible, K. Roessel, J. Weidlein, and H-D. Hausen,

Z. anorg. allg. Chem., 409 (1974) 176.

K. Urata, K. Itoh, and Y. Ishii, J. Organometal. Chem., 76 (1974) 203,
K. Urata, T. Yogo, K. Itoh, and ¥, Ishii, Bull. Chem. Soc. Japan, 47

(1974) 2709.

H-U. Schwering, H. Olapinski, E. Jungk, and J. Weidlein,

J. Organometal. Chem., 76 (1974) 315.

N. Voiculescu and I, Popescu, Rev. Roumaire Chim., 18 (1973) 1911;
Chem. Abs., 80 (1974) 96074.

N. Voiculescn, Rev. Roumaine Chim., 18 (1973) 1919;

Chem. Abs., 80 (1974) 96073.

M. Bolestawski, S. Pa synkiewicz, A. Minorska, and W. Hryniow,
Jd. Organometal. Chem., 65 (1974) 165.

K.B. Starowieyski, S. Pasynkiewicz, and M. Sl{owro‘ﬁska—Ptasi}lsi:a,

J. Organometal. Chem., 65 (1974) 155.



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

122,

G.A. Razavaev, I.V. Lomakova, L.P. Stepovik, and T.T. Karabanova,
Zhur. obshchei Khim., 43 (1973) 2410;\ J. Gen. Chem. (USSR), 43
(1973) 2396.

J.E. Rie and J.P. Oliver, J. Organometal. Chem., 80 (1974) 219,
D.F. Clemens, R.B. Smith, and J.G. Dickinson, Canad. J. Chem.,

51 (2973) 31817.

E.R. Alton, R.G. Montemayor, and R.W. Parry, Inorg. Chem.,

13 (1974) 2267.

P.N. Gaponik, O.M. Baranov, and V.P. Mardykin,

Zhur, obshchei Khim., 44 (1974) 2789.

M.G. Kolomeer, E.V. Stovbun, V.F. Gachkovsgkii, and E.F. Vainsghtein,
Doklady Akad, Nauk SSSR, 212 (1973) 403; Proc. Acad. Sci. USSR
(Phys. Chem. Section), 212 (1973) 754.

M. Bolestawski, S. Pasynkiewicz, and M. Harasimowicz,

J. Organometal. Chem., 78 (1974) 61.

G. Levy, P. de Loth, and F. Gallais, Compt. rend. (Ser. C),

278 (1974) 1405.

T.T. Ang and B. A, Dunell, J.C.S. Faraday I, (1974) 17.

L.L. Ivanov, S.Ya. Zavizion, and L.I. Zakharkin, Zhur. obshchei.
Khim., 43 (1973) 2254; J. Gen. Chem. USSR, 43 (1973) 2245.

L.L. Ivanov, S.Ya. Zavizion, and L.I. Zakharkin, Zhur, obshchei.
Khim., 43 (1973) 2265; J. Gen, Chem, USSR, 43 (1973) 2255.

L.L. Ivanov, S.Ya. Zavizion, and I.I. Zakharkin, Izvest. Akad.

Nauk SSSR (Seriya khim.), 23 (1974) 1619; Bull. Acad. Sci. USSR (Chem.),

23 (1974) 1540

A.T. Weibel and J.P. Oliver, J. Organometal. Chem., 74 (1974) 155.

89



20

124,

125.

3127,

130.

131,

132.

133.

134.

135.

136.

P.J. Ga.rr_a;tt and M. Wyatt, J.C.S. Chem. Commun,, (1974) 251.
M.F. Lappert, T.A. Nile, and S. Takahashi, J. Organometal. Chem.,
7é d974) 425,

S. Pasynldewicz, A. Pietrzykowski, and K. Dowbor,

J. Organometal. Chem,, 78 (1974) 55.

T.S. Dzhabiev and F.S. D'yachkovskii, Zhur. obshechei. Khim., 44
(@1974) 332; J. Gen. Chem. USSR, 44 (1974) 316.

T. Ito, H. Shirakawa, and S. Ikeda, J. Polymer Sci. Polymer Chem.,
12 (1974) 11.

A.G. Evans, J.C. Evans, and E.H, Moon, J.C.S. Dalton, (1974) 2390.
V.V.-Saraev, G.M. Larin, F.K. Shmidt, and V.G. Lipovich,

Izvest. Akad. Nauk SSSR (Seriya Khim.), 23 (1974) 896;

Bull. Acad. Sci. USSR (Chem.), 23 (1974) 928.

J.A. Waters and G.A. -Mortimer, J. Organometal. Chem., 77

(1974) 231.

V.G. Gandhi, A.B. Deshpande, and S.L. Kapur, J. Polymer Sci.
Polymer Letters, 11 (1973) 745.

J. M. Basset, Y. Ben Taarit, G. Coudurier, and H. Praliaud,

J. Organometal. Chem., 74 (1974) 167.

J.M. Basset,; G. Coudurier, R. Mutin, and H, Praliaud, J. Catalysis,
34 (1974) 152, 153.

R. Taube and K. Seyferth, Z. Chem., 14 (1974) 410.

J. Furukawa, K:"Omura, and S.A. Wada, J.C.S. Chem. Commun. .
(1974) 78.

M. Ikeda, H. Tsundeo, and T. Tsuruta, Tetrahedron, 30 (1974) 2217,



