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1. INTRODICTION REVIEWS

The nurber of papers on argancaluninium compounds published in
1978wasabouij.thesamaasmpreviov.syears. The basic reactions in
this field have been well established for some time but there is still
a good deal of structiral work and esploration of the use of organo-
almmuun carpounds in organic synthesis and catalysis.

*Almn.m.mn Amual Survey covering the year 1577,
see J. Orgarmetal dm 163 (1978) 97-140.
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Progress in orgaroaluminiun chemistry is summarised as usual [1]
in the Chemical Society Specialist Periodical Report which covers the
literatire on organometallic compounds for 1977. A brief account [2]
of the use of group III organcietallic compounds in syntheses is given
in the Report on general and synthetic methods. Important reviews
stress the high selectivity of many reactions using organoaluminium
reagents [3] and the application of organcaluminium compownds in the
initiation of carbenium ion polymerisation {4]. An extended review
(56 pp. 193 ref.) has been published in an encyclopedia [5]. Other
reviews have appeared in Polish [6] (on reactions with lead campounds),
Hungarian [7], Finnish [8] (on structures), Japanese [9],[10] (on hydro-
cyanation using organcaluminium compounds). As in previous years,
there have been reviews on olefin metathesis [11] [12].

2. MOLECULAR STRUCTURES

Full details of the crystal structures of the methyl-bridged
lanthanoid-aluniniuwn conmplexes (1) (R= M2, M= Y or Yb) have been
published [13] [14]; same bond lengths and angles are given in Table 1.
The compounds (1) (R = Me:M = Sc, ¥, G4, Dy, Ho, Er, Tm or Yb; R = Et:
M = Sc,Y or Yb),

H e
n=Cs 5\ e / e
Yl Tl 7N
~ Moo (n—CsHs) 2 M\ y, i (n—CsHs) 2
“‘CsHJ \@_ Me
1) (2)

made from the lanthanoid chloride and lithium tetrealkylaluminate
(Bquation 1), are air-sensitive solids, soluble in benzene or toluene
but much less so in saturated hydrocarbons.

[{M(n—CsHs) .C1}.] + 2Li[AIR,] -——4p 2{(n~CsHs)M(u-R)2A1R,] + 2LiC1 1

The solubility decreases from right to left across the lanthanoid series;
this may indicate that the compounds of the earlier members of the series
are the most ionic. ’

The compounds (1) are thermally quite stable and in meny cases melt (100-
150°C) without decomposition. The titanium campounds [ (n—CsHs) 2TiAlMe,]
and [(n~CsHs) 2TiAIM2:Cl] (fram [{Ti(n-CsHs)2Cl},] and Al,Meg)have also been
chbtained. However, as they are mxch more reactive than the corresponding
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Table 1 Molecular parameters’ for [(n—CsHs) M(u—42),AlMe,] (1) M= Y or Yb

MC Al-C Al-C M-C-Al
{bridge) (bridge) (terminal)
j=ui} 2l pm °
(—CsHs) .Y (u—2e) ,alMe, [13] 258(2) 210(2) 194(3) 80.8(7)
(—CsHs) . Yb (u-Me) ,AlMe, [14] 259(3) 212(2) 200(2) 78.8(7)
Me,AT (uMe) AIMe, —_— 212.4(3) 195.2(4) 75.7(1)

tesd for least significant fiqure in parentheses

lanthanoid campounds, their structures have not been unequivocally deter—
mined. It is possible that these two contain di—p-methyl or y—chloro—p-methyl
bridges. A further species, identified by ESR spectroscopy,may be

[ (mCsHs) T (u-H) ,AIMe,]. See also ref. [140] discussed in Section 12.

The scandium and ytirium campourds, unlike the other members of the

series, are diamagnetic, so that structural studies by !H and !'°c MR
spactroscopy are feasible. The yttrium compounds (1){M = ¥,R = Me or Et)are
flwdonal at 40°C, but separate NMMR signals, corresponding to bridging and
terminal alkyl groups, aze cbserved at —40°C. AG* for bridge—termminal
site exchange in CegDss; is 66.5 kJ ml at 392 K. The scandium canmpound
[ (m—CsHs) »Sc (u-Me) ,A1M2, ] gives distinct signals correspording to bridg-—
ing and terminal methyl groups at 35°C but these collapse to a single
rescnance at >100°C. The campounds (1)(M = Y, Dy, Ho, Er, Tm or Yb)were
earlier reported to react with pyridine (py) to give Me;Al.py and the
methyl-bridged compounds (2).

Experiments in NMMR +ubes show that the yttrium camound (2) reacts with
hexamsthyldialuminium to regenerate the di-p-alkyl-bridged campound (1)
(M = ¥). with [al,Me.Cl,] the product is the di-u-chloro . campourd (3) -

The mixed bridged capound (4) could not be isolated; it appears to dis-—
propartionate to [{Y(mCsHs)»>Cl}l,] and [Al,Mes]l. The scandium campound

(1) reacts with pyridine to give [(n—CsHs)»ScMe,py]l + 2Al.Mpg. Thus it
appears that the Iewis acidity towards pyridine in these compounds
increases in the order Y<al<Sc [151.

cL
N N
(n=CsHs)z M 2 (n—CsHs)2 AlMe
N N e
3) (a)

References p. 55



20

The camplexes (1) and (2) are active homogenseous polymerisation catalysts
far ethvlene [161, but they are deactivated by hydrogen abstraction fram
the cyclopentadienyl ring. Catalytic activity persists longer in the
aluniniumn compounds (1) than in the hanetallic capomds (2).

After the discovery in 1974 that di (u-phenylethynyl)bis (diphenyl~
aluninium) had the unsymretrical structure (5){R = Ph)in the solid it was
important to establish whether unsymmetrical bridging was characteristic
of ethynyl groups or whether it merely reflected crystal packing forces.

R
~al(1)-C(3)=C(4)-R
rR” I , _
"\
R-CzC(2)-Al—R Al |
\R

{5) (6)

The analogous methyl derivative [(Me:AIC=QMe).] has now been examined in
the gas phase by electron diffraction [17) and the structure (5)(R = Me)
has been confirsed. The main mplecular parameters are Al-C(Me)} 195.6(5),
A1(1)-C(3) 205.0(15),21(1)~-C(2) 215(3),C(3)-C(4) 122.9(4) pn. The Al-Al
distance [303(3) pm] is significantly longer than that in [MseAl,] or
[M2,Ph,Al,].. It appears that two monamer Me,AlC=(4e units are linked by
donation of w-electrons from the triple band to enpty orbitals on
aluminium ; in accord with this, the C=C bond is longer than that in
MeC=CMe. In the corresponding indium derivative Me,InC=Qe the monamer
uits are linked to a polymeric structure [18]. Attempts to determine
the structure of the aluminium compound (5) (R = Me)from vibrational spec-
tra were inconclusive, but detailed assignments of IR and Raren data have
been made both for the uncorplexed campound and its etherate. All these
compounds Me,MC=CMe{M = Al, Ga or In)may be made from propynylsodium and
the halides Me,MX(X = Cl or Br)[i8].

Structural data have also been obtained on a series of campounds
having aluminium-containing heterocycles. The reacticn between
hexarethyldialuninium, potassium and cyclooctadiene in tetrahydrofuran
(THF) at 0°C yields a compound X' [(CeHi2)2A1] in which the anicn has
structure (6). The C-aAIC angles (88°) within the chelate rings are con—
siderably reduced from the tetrabedral value. A similar compound is
acbtaired from butadiene with sodium in THF. In general, the products of
such reactions depend markedly on the solvents used. Ancother oryanc—
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alwinium ring campound { (Me AIONMe,) 3] (7) is dbtained from hexamethyl-
dialuminium and N—dimethylhydroxvlamine.

Mﬁ\ /Me
¥
Me NI AL N, e R )E
/A_!Lca) Al(2) !E\C‘Me /Al i
Me. Sy ~X
w’ oo \Ma M’ \ T~
! Me Me
NQ)Me,

1€)) (8)

This has been shown [19] by X-ray diffraction to be trimericwith six—
membered (A1-0) 3 rings in the skew boat conformation. The mean Al1-C
(196.1 pm) and N-C (145.9 pm) bond distances and C-Al-C angles (119-122°)
are similar to those in related molecules, but the A1-0 (186.7 mm) and
N-O (147.7 pm) distances are long. The Al~N band distances [Al(1)-N(2)
231.5 and A1(2)-N(3) 233.1 pm] suggest that two out of the three alumi-
nium atans have coordination mmbers increased fram four to five, thus
locking the conformation of the ring [20]. The reaction between hexa-
methyldialuminium and MN'dimethylacetamidine gives the dimeric conpommnd
(8) which has an eight-mesmbered puckered centrosymmetric ring. The
main bond lengths are Al-N 192.5(1) Al-C 197.4(1l) &N 133.0(2) pm and
the angles at all the atoms are roughly tetrahedral [21]. The gallium
derivative is isostructural. See also ref. [135].

Structures of two further adducts betweentrimethylaluminium and
alkali metal salts have been described. In Rb[AlMe N.] the coordination
round aluninium is approximately tetrahedral and the Al-N bond distance
is 194.4(8) pm [22]. The coordination round aluminium is similar in
K [A1Me3NO3l. CgHg, made by treatment of the liquid clathrate K [Al,Mee
NO1l, 7Ce¢Hg with dibenzo~18-crown—6.

. -
N i
Al___o \
) / ~ n—0 O\N -~ O\Al/"yE
e | N
(9y O (10) o Me
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In the anion (9) the nitrate is bound to aluminium by only one oxygen
with A1-0 193.0(6) pm [23,24]. Other complexes MAl,MeNO3;InCsHs(M = Rb,
n=9.4; M=Cs, n = 12.0; M = NMe,,,n = 7.8; M = NEty,nn = 9.8) have also
been obtained. The benzene may be renmoved from the alkali metal campounds
to give the camplexes M[Al,MeNO3], and the potassium compound has been
shosn to contain the anion (10) which has two different configurations in
the solid. The mean Al-C bond length is 198 pm and the mean Al1-O dis-
tance is 199 pm.

After reports on the adducts Me,Al.NMe; and Mea1(fe, described

in previous surveys the structure of the camplex Mes;Al.PMe; has now been
found by gas phase electron diffraction. The main molecular dimensions
are A1-C 197.3(3), Al-P 253(4), P—C 182.2(3) pm,P-A1-C 100.0(1.3) and
" Al-P-C 115.0(0.7)°. The Al1-C distance is longer than that in monameric
trirethylaluminium and the P-C distance is shorter then that in free
trimethylphosphine. As expected, the Al-P band length is longer than

that in aluminium phosphide {[25]. Vibrational spectra of the adducts (CH3) 3
Al.NHj, ((Da) ;AINH (CH;) ;Al.NDand (CD;) ,AL.ND,; have been gescribed [26].
Normal coordinate calculations give a value of 1.544 mdyn/A for the foroe

constant of the Al-N bond.

The determination of the rates of exchange between bridge and ter-—
minal positions in organocaluminium compounds from '3C MR spectra is con
plicated by scalar coupling between the 2721 and °C nuclei, modulated by
rapid quadrupole relaxation of the 27Al nucleus. The line shapes cbtained
from spectra of samples at various temperatures have been analysed {271 in
canjunction with earlier work [28] to separate the effects of chemical
exchange and scalar coupling. The exchange rates in hexamethyldialuminium
found in this way agree with those from !H specira. The tenperature range
over which the activation energy is derived is thus considerably extended.

Another process studied by variable-temperature NMR is the methyl-
site interchange in bis (hexamethylbenzene)ruthenium(0) (11) which both in
th=e solid and in solution has n6- and n4d—~rings.

N

e

(11} a2)

This is catalysed bytrimethylaluminium, and site exchange in the né4-
ligand is cbserved at lower temperatures than camplete interchange
between n4- and n6— ligands.
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No complex formation between (11) and A1Mes or Al.Mes is detected by
NMR. These effects are not yet explained, but they seem to be important
in understanding the function of (11) as a hydrogemation catalyst. In-
deed, the presence of trimethylaluminium enhances the rate of arene
hydrogenation by a factor of 4-5 [29].

3 PREPARATION AND PROPERTIES OF TRIALKYIALIMINIUMS

The reaction between aluminium powder and bis (trimethylgermyl)mercury
in THF - pentane vields the THF adduct of trigtrimethylgermyl)aluminium.
This is reasconably stable thermaliy; it melts without decamposition at
81°C but ignites spontaneously in air and is hydrolysed by water [30]}.
In attenpts to make the corresponding tin compound, only decomposition
products were cbtained. Although tris(trimethylsilylmethyl)aluminium
(M23SiCH,) ;A1 may be cbtained from the reaction between (MeiSiCH.). Hg
and aluminiwm foil, dilbis (trimethylsilyl)methyl]lmercury does not react
with aluminium under camparable conditions [31]. An improved synthesis
of trivinylaluminium, from divinylmercury and aluminium powder, has been
reported [32]. By working at —-25°C in dichloramthane yilelds of >95%
may be ocbtained. Trivinylaluminium decamposes slowly above — 10°C. Its
MMR spectrum shows only cne ABC pattern above -60°C;if it is dimeric
in solution, there must be fast exchange of vinyl groups between bridge
and terminal positions. Trialkyialuminiurs have been used meinly as
alkylating agents. For example, methylols, easily made from amides and
formldehyée,may be converted into N-alkyl amides in good vield [33}
(Bgation 2). Best results are obtained with four equivalents of AlR; in
refluxdng benzene.

- RICONH R'CXZR;]H

[} 2
RICONH, + HCHO <> CH,OH _AIRs o CH,R?

2
R' = CsH;:,Ph, 4-0O,NC¢H,, CsH.N(3-pyridyl)PhCH,, Et:N, EtO; R® = Me, -
Et or Bul.

It is interesting that under these conditions there appears to be no
attack by the trialkylalwminium on either the >NH ar the >CO group.
Poor yields of the N-2lkyl derivatives are obtained from the pyrrolidone
methylol (12).

Alkynyl bramides have been converted to alkynes [34](Bguation 3 ),

Rl + RCzcer Di(mesalls  grescr! 5
25° pentane -

R'= Et or Bul; R’= Bu®,Bu,ButGiMe or Ph; mesal = N-methylsalicylaldiminato

References p. 55
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Good yields based on R?C=CBr may be cbtained conveniently and under mild
corditions but only ane group of the trialkylaluminium is used: the
others appear as alkane Ri.A catalytic process involving alkylnickel
intermediates LnNiR(CECR) bas .been proposed. The vinylation of alkyl
halides at — 50°C in CH;Cl;has been explored [321. tButyl chloride
gives Bu'HC=CH,, but H,C=CHCHM:Cl and H,C=CHMe,Cl give a variety of
products. allyl and benzyl chlorids do not react wnder these conditions.

Alkylation of B-hexahalocyclotribaraphosphanes has also been
investigated [35]. In general, MeegAl; is more effective than Me,B,
Me,Zn or Me, Sn. For example, [(Me,PRMe.) 3] may be made in 95% yield
(Equation 4) when X = Cl ar Br; when X = F,Me;3B is a more effective
alkylating agent than is Me¢Al,.

100°C
[(=2PBCl12) 3] + excess MegAl. = g [ (Mo PEMe,) 5l

|k

Reactions using EtgAl,or PhgAl, result in partial substitution or
degradation by reduction. From partially halogenated cyclotribora-
phosphanes, mixtures of B-alkylated derivatives may be cbtained but
reactions are non-specific; e.g., [2,4~Br;H.B;P:Meg] gives as products
[H:B:PsMeg] 0.9%, [MeHsBsP:Megl 7.2%, [Me,H.BsPaMeg] 80.2%, [Me:HBiPsMel
10.0%,M,H.B3P3Mee] 1.7%. Hexamethyldialuminium does not react with
halogen-free [HgB3P3:Meg] during S8h at 100°C.

A method has been described [36] for quantitative determination of
AI-C or Al-H bonds in hydrocarbon solutions by addition of an excess of
a low molecular weight alcchol such as methanol and back titration with

' a reagentsuch as sodium anthracene.

4, ALKYTATUMINIUM HALIDES

As in previous years, several patents describe improvements in
production of alkylaiuminium halides. For exanple [37], methyialuninium
sesquichloride may be made by the reaction between aluminium and gaseous
chloramethane without a liguid phase.

Trimethylaluminium and halides RalX, (X = Cl, Br or I) may be made [38]

in high yield by reaction 5. With Me;A1,Cl; and Et;Al in 1:1 mole ratio,
M2,A1C1 and EtzAlCI may be separated {34]. Dialkylaluminium chlorides

%3A1213 + Et;.Al ——-—’ 21'1?.3111 + 3EtA]Iz i

or alkylaluninium dichlorides (alkyl = C;-¢) n:ay be recovered from reac-
tion mixtures containing trialkyiailuminium by treatment with aluminium
(III) chloride (40]. The halide {(Me.Si).CH},AIC] has been made from



the reaction between bis (trimethylsilyl) methyl-lithium and aluminium(ITT)
chloride in-ether; {(Me:5i),CH}:Al is not formed, even with an excess
of the lithiun compound under forcing conditions - in tolvene under reflux
for 14h. : It is interesting that diethylether may be easily punped away
from { (Me3Si) 2CHI,AICL whereas it is held tenacicusly by diethylalumi—
niun chloride with smller alkyl groups [31]. Bis(trimethylsilylwethyl)-
aluninium chloride is easily made from (Me;SiCH,) ;A1 and AICl;.
Alkylaluminium halides,like trialkylaluminiums, have been used
mainly for alkylations. In one interesting application, the formation
of tetramethyltin or dimethylmercury at sacrificial anodes in a melt of
Na[M=eAIC] ;] has been studied, but several problems must be overcome
before the process becames efficient. Na[MsAlCl;] has a high specific
conductivity (199 'm 1) at 180°C [41]. It is sometines possible to use
organocaluminium halides directly in one—pot syntheses. For exanple,
good yields of allyl(alkyl)boranes may be cbtained by running allyl
bromide and an ester of a dialkylborinic or alkylboronic acid simul-
tanecusly on to aluninium shavings in ether [42] [43] (Eguation 6).

3CH,=CHCH,Br + 2Al —» (CH,=CHCH;) ;A1,Br;
‘1&4 R‘%

CH,=CHCH,ER} (CH,=CHCE, ) ,BR?

(R* = Et,Pr™,Bu” or n—CgH;3; R® = Bu™ or n—CeHiz)

The crotonyl derivatives MeCH=CHCH,BER, (R = Et,Pr" or Bu”) may be made
similarly. Allylic groups are removed from boron by reaction with
alcohols.

Attenpts to use alkylaluminium chlorides R'Me,SiCH,AIC1, (R! = Me,
Bu or CgH;7) to meke ketones R'Me,SiCH,COR? (13)R! = Pr, CsH;;,C7H;s or
C;:1H;3) framacid chlorides R?COC1 have not been successful [44). The
products, after hydrolysis, are ketones MeCOR?. It is possible that the
ketones(13) are unstable in the presence of aluminium(ITI) chloride (BEa. 7).

R'M2,SiCH,AICI, + R?COCL —p RMe,SiCH,COR? + AICL;

(13)
7

meoor? 20 cw,—c(r¥)aaicl, + R'Messicl
Alkvl groups are easily cleawed fram alkylaluninium halides by chlorine

with formation of chlorocalkanes {45]. This reaction may be used to
cbtain a mixture of Cy—Cis chlorocalkenes with the same distribution of

- References p. 55
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alkyl groups as in the dialkylaluminium chlorides made by addition of
ethylene to diethylaluminium chloride. [68]. Same brampalkanes are formed
in chiorination of dialkylaluminium bromides.

Alkylaluminium halides may also serve as reducing agents. Thus
copper (II) chloride as an impurity in copper(I) chloride may be reduced
with the halides Et,AlICl or EtAICl, [46].

Camplexes between aluminimm(ITI) chloride and cyclobutadienes have
been described in previous surveys. The cawplexes (14)-(19) have now

Alcl -
t ? . ~~ Alci, : / AICY,
vis_ la (XS '+

- ~—_.la s da

N

(14) (15) (16)

—f~ adct, £ _zic1, &=

.+ t h 3

Sl ' 4+

amn (18) (19)

been made by adding the appropriate diyre [e.g. 1,7-cyclododecadiyne for
(17)]1 to a suspension of aluninium(IIT) chlaride in (H,Cl,/CHEC1.CHC1,,

and the migration of the AICl; fragment round the cyclobutadiene ring

has been studied by 'H and?3C NMR spectroscopy [47]. It is shown, for
example, that the AICl; may move to position a much more readily in (14)
than in (15). The Diels-Alder reaction of compourd (14) with MeC0>C=00:ie
/ M2,80 gives only campound (20) (Equation 8) showing that the predomi-
npant valence structure of the intermediate cyclobutadiene is (21) in

which the double bond is in the six-membered ring.

< T ———— 02
+ Me(D,C=COOMe —— o /

— Me,S50
/ CO e

(21) (20)



/
The mespcmhng reaction with (16) gives products from both (22} and
(23). The tetramethyl compound (14) also reacts with dienophiles
MeC=Me or MeC0,C=Me to form Dewar benzenes. Both (14) and (15) react
with ethyl.cyanoformate to give pyridine denvatl.ves ; with sulphur
dioxide (14) gives, after basic hydrolysis, the sulplonic acid (24).

(22) (23)°

In the presence of an excess of sulphurdloz-c.de the bromo-compounds
analogous to (14) and’ (15) yield the dibramo derivatives (25) and (26),
which may be useful precursors for cyclcbutadiene—Fe(Q0) 3 camplexes [48].

\____. S0O3H Br

249) (25) (26)

A theoretical paper [49] describes the canplex equilibria involwv-
ing alkyl-aluminiun and —gallium halides in the Me3Al/GaCl; systenl.
Measured heats of mixing are given in Table 2.

Table 2 Heats of mixing (kJ mol ') at 1:1 mole ratio at 50°C [50].

Gac1, GaMeCl,  GaMe,Cl = GaMes
Me,AlcT _ -83.7 -55.6 ~26.8 -5.4
MesAl . ~143.9 ~77.0 -31.0 -1.8

References p. 55
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5. ALKYIALIMINIOM HYDRIDES

A patent [51] describes the preparation of diethylajuminium hydride
by pyrolysis of diethyl(iscbutyl)aluminium and the formation of dimethyl-
The compounds HMQAIH;R(R = Et,Budl or Ph)may be made from RMgH and aluminium
hydride in THF; when R = M2, however, the product disproportionates into
MgH, and Mg(AlH;Me), [52]. The Ge-Ge or Si-Si bonds of aryl-digermenss
with formation of compounds with Al-Si or Al-Ge bonds (See also ref. [301).
One of these,Ii[AiH;(GePha)]. THF, has been isolated. [53].

Diphenylaluminiun borchydride may be mede fram triphenylaluminium
and alumninium tris (tetrahydrdborate) [54]1, but the pure monophenyl deriva-
tive PhAl(BH,). has not been isolated. The solid dimeric campound Ph,Al-
BEH, slowly evolves hydrogen on standing in vacuumJIt forms solid adducts
with diethyl ether or trimethylamine but Ph,AlBH, ,NMe; deconposes within
a few hours at 25°C to give Fh;AlH and H3;B.Ne;. The reaction between
diethylaluminium hydride and aluminium tris (tetrahydrcborate) gives the
wlatile campowds Al (BHy) 3_xEtx (x =1 or 2) amd a residue which appears
to be Al(Elz.)a_xHx (x=1ar 2). The compound Al (BH,),H reacts slowly
with ethylene in diethyl ether to give the etherate Al (BH,),Et.CEt, [55].

6. REACTIONS WITH CARBON-CARBON DOUELE BONDS

There have been several papers and a patent [56] on applications
of hydroalunination in organic synthesis.

(RCH2CH2) 2 R(CH;) sCE=CH;

(28) Cu{oac) . (34)
»=CHCH,X/CuX

(RCH;CHp) ,00 o HBA/O™ ) (R 1,
{30) (27)
»=C=CHBr/CuCl
, o
RCH,CH-X BC=C(CH,) 3R
(3D (35)

The tetraalkylaluninates (27) are readily available by the TiCl,—
catalysed reaction of lithium aluninium hydride with alkenes, as
described in last year's suwrvey. They may be used in situ for prepara-—
tion of alkanes or dienes (28) (R = Bu, CH,CB=CHCH,(H,CH,(M==CH,, Or
4-cyclohexenyl) by reaction with copper(IT) acetate. The compound (29)



may be converted to 2,ll-dodecandione. In a carbon monoxide atmosphere
the products are ketones (30)(R = Pr",Bu’ or CH,(E-Cle) suggesting that
alkyl-copper intermediates may be involved. Cross—coupled products i.e.
with two different groups R! and R? may also be cbtained; the reaction
may be useful for meking tmsatlfated ketones since alkenylaluminium
conpounds (27) may be easily obtained [57].

With copper(II) chlorides or bramides the canpounds (27) give good
yields of the halides (31)(R = Bu", CH,CH=CHMe, CH,CH,(Me=CH,, 4-cyclo-
hexenyl) [58]. An example of the application of this reaction in the

AL 'o_ g
5T

(29) (32)

(EX)

syntheses of a natural product is the conversion of the diene (32) to
the icdide (33). {59]. With a catalytic amount of copper(Il) halide the
compounds (27) couple with 3-chlorcprao-l-ene to give the alkenes (34):
(Yields in parentheses) R = H (70%), Me (65%), Bu (80%), MeCH=CHCH, (68%)
CH,=CMeCH,CH, (63%), 4—cyclchexenyl (77%) [60]. Other examples of the
reaction of conpounds (27) R = Bu” are given in Table 3. wWith brom-
propadiene CH,=C=CHBr the campounds (27) react to give terminal alkyres
HEC=C(CH,) sR (35): (Yields in parentheses) R = H (43%),Pr (49%), Bu (50%),
MeCH=CHCH> (52%), CH>=CMeCH>CH, (55%), 4~Cyclohexenyl (50%), or MeCOCH-CH,;.
For the last case, there is reaction also at the carbonyl function so
the product is MeCH(CH) (CH,) sC=CH (52%) [61].

Similar results have been reported [62] by another Japanese group us-
ing trihydroaluminates LialH R made from alkenes and lithium aluminium hy-
dride in the presence of catalytic amounts of (n—CsHs) oTiClz;. Fram
alkenes RHC=CH, and R?HC=CH,,.alkanes R!(CH,).R!, R?(CH;).R® and
R! (CH;) ,R® are cbtained in statistical proportions; products RHC=CH,

(R = CeH;3 or CgH,3) or CgH,,CHPhCH=CH,, fram alkyl-allyl coupling have
also been described.
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Table 3 Reactions of IiAl(CgHi3)s wWith allylic chlorides [601]

Chlaride Product Yield (%)
NG /w/ Cefas (o590
| , 47
/\ ,_r"'.l C7H15
(358)

e S

//\(/ (>99%)

C1l 66

57

< C
c1 /t/ csH1 3
/)\/ - 68

NS N\Na /\‘}/\CSH1 1
CH,C1

66

In the synthesis of the naturally occurring alcchol oct-1-en-3-0l(36),
using [(n~CsHs) ,TiCl,}-catalysed reduction of (37) by lithium alwninium
hydride, diiscbutylaluminium has been used as a protecting group

(Equation 9). Under these circumstances the double bond at the l-position
is not attacked [63]. It is often not possible to prepare tris(alkenyl)-
boranes (38) by direct interaction of diborane and unconjugated dienss
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A:!. Bui
M BulAlH W

(37)

LiAlH J(n—c sHg) ,TiCl,

]

OH

ANAS

(36)

since both double bonds are usually reactive. They may, however, be
made from alkenylaluminates (27) (Bguation 10).

(1) TiCl,
RHC=CH, + LialH, — B(CH,CH,R) 3 10
(2) EBF30EC,
(38)
Good yields have been obtained for R = CHCH=CilMe,CHzCHQ%e=CHz, 4-cyclo-
hexenyl, CH,CH=CH, .,CH,CH,CH=CH,, or (Ci,) ,CH=CH, [64].

The photochemically initiated hydroaluminaticn of octenes by di-
josbutylaluminium hydride in the presence of txiphenylphosphine has been
studied [65]. The products after oxidation and hydrolysis show that
there is no isamerisation in the process. The reaction rate decreases
as the double bond is moved towards the centre of the molecule.

The alkylation of alkynols in the presence of titanium catalysts
was described last year. Two further papers [66,67] discuss alkylation
Of but-3-en-1-0l. This is converted to R,A10CH,CH,CH=CH, or RCIA1OCH,
CH,CE=CH,(R = Me or Et)which is then treated with a stoichiametric
ammt of titanium(IV) chloride. The main products with diethylaluminium
chloride are hexan—1l-ol, 3-methylpentan-l-ol, trans-hex-3-en-1-ol and
butap-1-ol. Presumsbly, the C, products and trans-hex-3-en-1-o0l arise
from B-elimination reactions. The yields are maximm when the

ROH/A1/TH. ratio is 1/2/1. Triethylaluminium gives no Cs (alkylation)
products, perhaps because it reduces the Ti(IV) to Ti(IIT). Reactions
with Me,aICL and MejAl are slower than those with ethylaluminium campounds;
the effectiveness of Mej;Al in methylation may reflect its poorer capability
as a reduc.uxg agent. _
Diethylaluninium chloride is resistant towards addition of ethylene
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to give campounds with Cu—Cao alkyl groups. In the presence of titanium~
(IV)} chloride, however, the reaction is effected smoothly at 1 atm. Aro-
matic solvents are much better than alighatic, and xylene appears to be the
best of those studied. Diethylaluminium bromide and alkoxides are less
effective at promoting the mltipie addition and zirconium(iv) chloride

is less effective than is TiCi, [68]. Canpare ref. [84].

7. REACTIONS WITH CARBON-CAREON TRIPLE BONDS:ALKENYLALUMINTUM
CORMPOINDS

Alkynes R'CSCR? may be comverted in ane-pot reactions to stereo— and
regio-defined alkenes e.g. (39)-(41)[69]. Carbametallation inwlves

Ph D Ph D
MesAl ! H20 Nl
- » /- N\ —_—
PRC=D [(CH) z2rC1,] M M Nu
(98%27) (39)
1)BuFLi
@)D20 P{ H Ph H.
Mo Al P D20 \C=<
_ —
Phe=CH [(rCH) 2rCLY re  Mr - !h/ D
(42) (96%E) (40)
Ph H (L)Me3A1/[ (n—CsHs) ,2xCl,]  Bu® Bu®
\ BuPc=cBu® N N/
/

s N\ (2)H;0 - Ma/CEC g

(44) ' ©(98%2) (41)
cis~addition and the intermediates (42) or (43) may be cleanly trans—
formed in further steps e.g. to iodides (44), esters (45), acids
(46) , alcchols (47) or ethers (48) [70]1. FReactions leading to (44)-
(48} have been explored for R = CsH;; and their potential in organic
synthesis is illustrated by the preparation of geraniol (47,R = Me,C=
CH(CH,) 2)or ethyl geranate (45 R = Me,C=CH(CH,).) from the alkyne (49).
The nature of the alkylating species in formation of the compounds (42)-
(43) is not established but NYR nmeasurements show formation of organo—
zj rconium species with fast exchange of methyl groups with trimethyl-
aluminium. ~ It is interesting that there appear to be no ccnpl:.cat:.ons
fram abstraction of the terminal hydrogen atams of the alkynes.
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MesAl B Clct)zEt R
RC=CH —_— \c=c/ m>c=c
"~ [(rCsHs) 22rcl,] M2’ \alme,
(43) (45)

lm
R CQzexcess R\ } -| . (a-xzo)n c::\/i
/ \ ape w o

(46) a7
CACH, M=
CHzCFE
(48) (49)

. ™™ N
Dot Dadl Dl

n
(50) . (51) (52)
CgH; 3 SiMe, CsH;, SiMe;
\ / N’ \ _ /
Nb/ \ Ma/ \a ﬁq’:\m
(53) (54) {55)

The use of [(—CsHs) 2TiCl:] in place of the zirconium campound
results in more side react].ons. For exanple, the main product from
dec-5-yre is (50) and terminal alkynes give only low yields of mono—
carbametallated products. However, titanium is sametimes superior to
zirconium [71]. Diphenylacetylene may be sterecselectively converted
by Me,A1 /[ (rCsHs)2TiCl,] in CH,Cl. at 20°C into the alkenyl derivative
(51) which may be tfansfomed to the Z c-methylstilbene (52, X = H) or
1~iodo-1,2-diphenylpropene (52, X = I). Organametallic campounds R CE(I&Ln
(H[-n = ZnCl, BR} or AlR3) with Me3;Al/[(n—CsHs).TiCl:] give good yields of
(53) after hydrolysis but CsH13:C=CSiMe; gives a 70:3C mixture of (54)
and (55). Carbametallation of silanes RIC=CSiMe; (56) with [ (n—C;Hs) 2TiCls]
and R;mls_n[RZ = M= or Et;n = 0~2)has been studied by another research
group [72], and the proportions of the Z and E products (57) and (58) hawe
been determined. Alkyltitanium rather than alkylaluminium intermediates
are responsible for the carbametallation reaction since the compounds R:
AlCl, without titanium species give little reaction. When the groups R?!
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in (56) are saturated,e.g. n—CegH;iy or cyclo-CgHii,the products (57,58) are
predominantly E,i.e., the carbametallation is trans. When the groups R! in
(56) are unsaturated af to the C=C bond (R' = Ph or l-cyclohexenyl) the
- carbametallation is regiospecific but non-stereospecific,i.e.,equal amounts
of 2 and E products (57,58} are cbtained.
As described in previous surveys, carbometallation may be catalysed

by compourds of the late transition metals. The mixture [Ni(CsH70): /
Me3Al[CsH70, =pentan -2,4-dionate] catalyses the addition of methyl-
magnesium bramide to trimethylsilyloct-l-yne (59) to give (60) which slowly
isomerises to a mixture of (60) and (61){Bjuation 11), The Grignard reagents

. 1 3 H
r? SiMes R\ /H }E3$l/>. ’\(Cs Ta
C=C C=C CgHi 3 . SiMes
/ X =
RZ/ \H R2 \ Sinbs H %
z (57) E (58) (62)
(Ni(CsH702) 21 Ml CeHi3 SiMe; CeH;s MgBr
+ \C=C/
CgH; 3;C=CSiMe;, - \ / \
MeMGBE W MgBr M siMe;
(59) (60) (61)
11

(60) and (61) may be converted into a wide range of derivatives. The
reactive species in carbametallation is not established: a mixture of

[Ni (CsH702) 2] (1 mol) and MesAl (1.5 mpl) does not react and methylmagnesium
bromide seems to be necessary. A similar reaction between ethylmagnesium
broamide and (59) catalysed by [Ni(CsH-Oz2%1/BusAlH gives, after quenching
with water, a 50% yield of a 95:5 mixture of (57) and (58)(R' = CeHis,

2 = H) and a 30% yield of (62).

The conversion of the alkenyl-metal derivatives (63)(R',R® or R’= H

ar alkyl, ML = AR, or Zr(n-CsHs) .Cl)to tetrasubstituted alkenes (64) by
reactions with halides R*X (R* = alkenyl, aryl or alkynyl; X = Br or I)

in the presence of Pd(PPhj3). and ZnCl, (Equation 12) neatly shows how
catalysis by several different metal species may be applied [74] [75].

As a specific example, the sterecselective ape-pot conversion of the alkyne (49)
into the triene (65) is shown in Bquation 13.
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The products dbtained from the reaction between triiscbutylaluminium
and alkynes RC=CH (R = Bu', EtCHMe) may be varied by changing the transition

Rr! 3 - Pd(0) Rr! 3
\C=C + R*X —(0 /R 12
5 \m_n zncl, RZ/C::C\R" -
(63) (64)

metal used as catalyst. The principal products are summarised in equations
14 to 1_6_. Small amunts of 1,2,4- and 1,3,5-trialkylbenzenes are also
found [76]. ’

Stereoselective hydroalumination of alkynes has also been described
{771. Thus the capounds (66) made f£ram silanes (56)(R1 = But or cyclo-
CeHyy) and diiscbutylaluminium hydride in ether give E halides (67) by

(1)Meanl/[ (nCsHs) »2rCl5] N AN N
(49) > 13
(2)CH»=CHBr, ZrCl,, [P&C1, (FPhj) 2] (65) 98%E

treatment with N-chlorosuccinimide (X = Cl), bromine (X = Br) or iodine

(X =I). The Z bramide (68) may be obtained either by photochemical isamer-
isation of the E camound (67) or from the hydroaluminaticn of (56) by
diiscbutylaluminiun hydride without solvent.

Ni (mesal R
[N (resal) 2] . E \
/ > S
H C=CH, 14
/ ——
R
R R 13
RC=CH + midal FeCla >c=eaz r \eaHo=CH,

BY g 15

mesal = N-methylsalicyl- \[Mn(CsH70,) 3l R /3 -
aldiminato h}:c

CsH702 = pentan—2,4~dionato \C=CHBui 16
7 ;
R

Coupling of alkenylaluminium compounds with aryl halides R?X to
give campounds (69) was described in the 1976 Survey. The analogous
reactionwith alkenylzirconium compounds (63(R~= H, ML_ = Zr (n~CsHs) :C1)
is now reported [75,78]. The coupling reaction of (63) with aryl halides
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i 1 N 1 Py
BuzAIH SLFE 3 R SiMe;
(56) Et,0 " \AlBuiz _ H X
(66) (67)
Bulaln

R! AlBus  Br,/py R! Br 1 H
H/ \ij-ie3 H \SiMa3 ¥ s

(68) (69)

R"X to give (64) is catalysed by Ni (PPh;i)}, prepared in situ by reaction
of [Ni(CsH;0,).] with BubAlH and Ph.,P. Similarly the campounds (63)
react with alkenyl halides R*X in the presence of [PACL, (FPhi)s] and
BulAlH to give the dienes (64) (R? = H, R* = alkenyl)[75].

The first exanple of the stepwise reduction of a metal-carben triple
bond by diethylaluminium hydride has been reported [79] (Equation 17).

[(n—CsHs) (C0) 2Re=CPh]'BC1, ]~ Et,AlH [ (n—-CsHs) (CO) sRe~CHPh]
-78°C
7
Et,AlH
———b [{—CsHs) (C0) 2HR=CH,Ph]
-30°C

The compound (70) , made from diphenylacetylene, lithium and diethyl-
aluminium chloride in donar solvents [Et,0,THF or NNN'N'-tetramethylethy-
lenediamine (TMED) ], was Gescribed last year. With lithium metal it gives
a substance formulated on the basis of its reactions as (71) [80].
Diphenylbutadiyne reacts with triethylaluminium in benzene to yield a )
corplex thought to be {72) [81]. With trimethylchlorosilane this gives
a substance, formilated as (73), which reacts with lithium in TMED to give
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AlEL. .
Fh, ~ AIEG, i _1i DO P
/c=c\ = c—c S —> c=C X
Et,Al Eh L N D
? (70) I P~
Bt,Al " NP
(71) h,C=C=0

RX(R = Me or

H,C=CHCH, Br(CH,) ,Br
Ph v Ph COCHPh
2
c=C S
& e Ph,CHOO Ph
en/ \rn

a butadiene (74). Four positions in this capound appear to be metallated.
The hydrolysis of (74) and its reactions with iodamethane suggest that in
the conversion fram (73) to (74} the aluminium atoms have shifted from the
1,4~ to the 2,3~-positions [82]. Further evidence has been published [83]
suggesting that the blue campound dbtained in low yield from pentaphenyl
aluninacyclopentadiene, lithium and nickel(IT) bramide is bis (tetraphenvl-
cycldbutadiene) nickel.

v
Et;Al,K Ph /A]_Eta M2 SiCl Ph /AJEtz
PhCECC=CPh ———P XK >C4:=cec E— \c=c=c=c\
CgHg Et3Al \Ph EtzAl/ Ph
T
THF
(72) (73)
1i/TMED
Ph\C=C/H H,0 Ph AlEt, . (er Ph\c=c/H
% ¢ — =
H >c=c/ ’ o > @m0 =’ e’
H \h Et,AY \Ph H/ \Ph
(79)

8. REACTIONS WITH CARBOGNYL OOMPOIRNDS

The carbonylation of long chain alkylaluminium compounds R AL and
R,AICL by carbon dioxide has been investigated [84]. The reaction is
catalysed by titanium (IV) chloride or butoxide (4-6 mole %) s SO that
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good yields of carboxylic acids may be cbtained at 1 atm. pressure.
Trialkylamines reduce the yield of carbonylation products from RpAICL

but apparently increase the yield from RsAl. A variety of solvents has
been studied; diglyme seems to be best. The reacum?getraphenylporplun
(TPPH,) with triethylaluminium to give a compound (TPPAEL) - was described
last year. This reacts with methanol to give TPPAIGHMe which absorbs

carbon dioxide reversibly in the presence of l-methylimidazole. This reac—
tion,mlike that between TPPAlEt and OO, is qbseryed eyen in the dark.

The absorbed carbon dioxide reacts with 1,2-epoxypropane to give propy-
lene carbonate (75); in the absence of imidazole, the 00, and 1,2-epoxy—

propane are copolymerised to (76). The catalyst system fram tetraphenyl-

=

porphin and diethylaluninium chloride polymerises propylene oxide much
(OC'HI'EGHZ)n without copolymer (76) is formed in the presence of carbon
dioxdide [86].
[ T
0 /;3 l[<>{>cnz —CH,
Ne l 8 k
g m n
(75) (76)
ketones. Optically active organcaluminium compounds (77)(R' = Et,Pr or
But)havebeennedebythethermteshowninequatiml_aandusedfor

more rapidly than does diethylaluminium chloride alone. Haowopolymeric
Several papers describe reactions of organcaluminium compounds with
asymmetric reduction of alkyl phenyl ketones as shown in equation 19.

(1) Mg, Et,0 AlEE, _
R*CHMeCH,CL _— (R'CHMECH,) 3B ———@p  (R'CHMeCH,) 5AL
(2)BF.QEt, a7
18
R' Rr2 Rr?
H Ph "
(77)
+ cnz=c\
R 19

The extent of asymmetric reduction of EtPhCO increases for R Et < pr'
< But, but that of Bu‘PhCO decreases for the same sequence., Selectivity
of reductian of PrPhCO is meximm when R = Pr'. Subtle and complicated
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steric and electronic effects are apparent [87]. The stercoselectivity
in reduction of 4-t-butyls3,3,5-trimethyls 2,2,6-trimethyl-cyclchexancnes,
carphor and norcamphor by triscbutylaluminium is increased by the addition
of various amines. For example, fram 4-t-butyl-cyclchesanone,yields of

91-98% of the trans—alcchol may be cbtained (Eguation 20).

But //0 But
~ —_— CH  5p

Experiments with a variety of amines seem to indicate that the
stereoselectivity is greatest when the ketone displaces amine from the
trischutylaluniniunamine ccaplex. Amines which complex weakly (e.g.,Fh:
NH) or too strongly (e.d.,piperidine) or easily form aluminium amides
{e.g- CgH,;NH,) are ineffective [88]. Reactions between triethylaluminium
and quinolinones (B,R! =Hor M, R? = M Or Bu®) having methyl sub—
stituents in the 2-position have been studied [89].

o oH
| .
(CHz)
r! N = 0 X0
L.
(78) (83)

Alkywlaluminium conpounds have been used in syntheses of branched
alkynols [90]. The products (79) and (80) are obtained in the ratio
1:3 (Byuations2l and 22),

(1) AL/THF
prczccl,Br  —— ProC=OCH,CEE,QH  +  HO-CEt,C(Pr")=C=CH,
(2) Et,C0 (79) (80}
21
(1) a1/mF
EtC=CCHPr"Br —_ EtC=CCHPr"CEt,0H 22
(2) Et.

Another application of organcaluminium conmpounds has been to aldol
synthesis, represented by the sequence of equation 23. By simultanecusly
adding the o-halcketone and carbonyl conpound (81) to a mixture of zinc
(1.5 equiv.) ,copper (I) bromide (0.05 equiv.) and diethylaluminium chloride
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(1.1 equiv.) in THF at -20°C the g-hydroxycarbonyl corpounds (82) may be

| \7/

AlEt,C1 al

.- - 2 o/A]\ o.'. \ fo}
ﬁ' . i RUCHO (81) |
2 2
e P /R 3 ' xR R ~ R*
l R . R \r3
Br Rr? 4] o
—  ®» R R* =
R2 3 v
(82)

cbtained in yields of over 90% after work-up {91]. The bromketones used
have included PhCOCH,Br, Z-bmnocycldmnre’2-brmncanptnr, ethyl bramo—
acetate or BrCH,CE=CHKO,M2, and the carbonyl compounds PhCHO, Me,CHCHO,
PhCE=CHCHO, Me,0 and cycldhexanone. The method is easily adapted to the
synthesis of large ring lactones e.g. (83 n = 9-11) from the compounds
BrCHROO, (CHz) CHO (R = Me or H). A similar combination of reagents is
used in a new method [92] for conversion of carbonyl compounds RCOR?
(R = Ph,PhCE=CH, or malkyl; R? = H or n-alkyl) into alkenes RR?’C=CH,
(Bquation 24). This serves as an alternative to the Wittig reaction.
CH,I,/Z2n/Me Al
RCOR? —_— RIR?C=CH, 24
as part of an extensive programme to find cut whether reactians
between orgenometallic compounds and ketones involve polar or radical
intermediates, the reaction between 2,2,6,6~tetramthylhept—-4-en—3-one
(84)and trimethylaluminium has been studied [93]. It is assumed that
i

t E t jﬂ H\ 7/ Npa*

Bu ~— .t -C—CH>
N\ . % Bu Mo
c=c/ N Bu® "c:c/ \E Bt
H/ \H H Ny
(84) (85) (86)

polar reactions of the cis-isamer give only cis-products. However, any
reaction involving transfer of an electron to the enone results in rapid
isamerisation of the cis- to the trans-isamer so both cis— and trans-
products are fornmed. Considerable care mist be exercised in the . inter-
pretation of the results. Trimethylaluminium in ether reacts with the
trans-enone but not with the cis-isamer (84) except in the presence of
transition metal impurities, which presumably catalyse the cis —®trans



conversion. Polar intermediates are prohsbly involved. In benzene,
. however, the products are 70% cis and trans (85) from 1,2 —addition and
- 30% (86) from 1,4-addition. At sare stage there is isgerisation and it
is possible that a single electron transfer is involved.
The [Ni(CsH;0:).] — BusAlH catalyst descibed in Section 7 has been
exploited for the conjugate addition of terminal alkynyl units to «,f-
unsaturated ketones (87) (Equation 24). The campounds (88,R = H) are best

(1) Buli (1) INi (CsH70.) zl/BujiAlH o
RC=CH i————3 RC=CAIMe, >
(2) Meo21C1 ) S
[ (88)
0o
87) 24

R = H,Bu®,But,SiMes

QA & Ao

PhMe,C

made by treatment of (88,R = SiMei) with potassium fluoride. 2An excess

of the allm.nllm acetylide is necessary to prevent aldol condensation of

the initially formed aluminium enolate with excess of encme [94].
Organcaluminium cospounds react with expoxides to give products which

are hydrolysed to alcchols. Triiscbutylaluminium or diiscbutylaluvminium

hydrids react with 1,2,-epoxy—3-phenoxypropane to give mainly PhOCH,CH (CH)

Me together with scre products from addition. Diiscbutylaluminium chloride

gives 60% yield of PhOCH,CH(OH)CH,C1 [95]. Ring opening of epoxides has

been exploited for synthesis of trans-2-ethynyl substituted alcohols

[96] (Equation 25). A reproducible reagent is made fram methylaluminium

Me Al (C=(H) s-m.Et20 /\- aeaOy
& (Cﬂz)n
C=CH 25

n= 36 (89)

sesquichloride and NaC=CH in ether: this is sometimes able to effect
conversions which are not dbserved with LiCsCH/NH,CH, (H,NH,, e.g.that
in Fquation 26. The compounds (89) are important precursorsin the synth-
esis of a number of natural products. The transformation of the epoxide
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o

(90) into the alcchol (91) by treatment with Me,AlIC=CCH(OSiMes)CsHy, is
an application of this reaction in the preparation of prostaglandins [97].

—

0 0

ME”“’ &
N

—_—

o ot C=CCH(0SiMe3)CsHy
{(90) . (91)

Diiscbutylaluminium hydride has found many uses as a reducing agent, e.qg.,

for the conversion of acids to aldehydes [98] (Bguation 27), for the
further reduction of aldehydes to alcohols [99] (Bgquation 28) or for the

(0]
{l
RO ———— 8 R’C-S—\ "—"__'—"" RCHO
[ R = Ph,n~C;sH; 1,—CgH; s,n‘cSH1 1. PhCE=CH , MeC0, (CH,) 7 1 .21

X OH
N  BubAlH
_— -z
Z

reduction of lactones in prostaglandin synthesis [100 - 105].

The products fram the reation between ethylaluminium chlorides and
chloranil (92) are (93) and (94). A detailed amalysis of biproducts
suggastthattheyansemaradlcalmten:ed;aizsormhydrlde transfer’
fxuueﬂxylgroupsattadxedtoalmmmmﬂxecaﬁ:axylcarbonofﬂe
quinone [106]. : . .
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- 0 oH : QEt
, cl c1L
ciL P I a e
_ | .
c a a ZNCL @1 : c1
o . oa oH
(92) (93) (94)

9. ALKYIALUMINIUM ALRKOXIDES, ALUMINOXANES AND REIATED COMPOUNDS

The 'H NMR spectra of methylmethoxyaluminium chloride and iodide
have been interpreted [107] in terms of the trimeric structure found
in 1973 for (Me,A1(Me), by electron diffraction. Isamers (95) and (96)
(X = C1 or I)are indicated in solution. Alkoxyaluminium dichlorides
ROAICY,; react autocatalytically with methylaluminium dichloride at
170-180°C with formation of hydrocarbons and aluminoxane (>A1-0-Al<)
systems [108] [109]. The rate of reaction decreases for R:Bu‘>Pr® >Bu®
>Pr>Et>Me and it is suggested that the products may be derived from

1 X X T;'E
e R K
O o [e] (o] c1 - N\ _C1
M AlJ\ A!l I ‘ cl-— \ CI/A]'\FE
o X Mo o~ Al.
% N N 0 N
[ = x § =
Mo Mo
(85) (96) (97)

carbocations R* formed from intermediates (97). Reactions between methoxy-
aluminium compounds Me (Q'E)Alcl (98 x=0,1,2 ) and methylaluminium
chlorides Me Z\lCl (99 Yy =1, 2 3 ) have been studied in considerabie
detail. 'Iheratedepemismremtheconpomxi (99) thanonthenethoxy—
caopound (98) and decreases with decreasing Lewis acidity of (99). MR
studies of mixtures of (98) and (99) show incamplete exchange between
methyl grogsand chlorine atams attached to aluminium.

Dimethylaluminiun phenoxice may be cbtained either as dimer, by
sublimation, or as trimer by recrystallisation fromheptane. Mass spectra
of each of these species have been recorded [110]. In the spectrum of
thetm_uerthereaxeveakmals containing at least five aluminium atams
which are assured to core from intermediates in the trimer — dimer
conversion. 2,6-Di~t-butyl-4-methylphenoxyaluminium (ArQal<) campounds
were reported in a preliminary commumnication in 1975. Mare details have
now been given [111] of MeAl (GAr) »,BusAlAr, Bu Al (CAr) », which are mono—
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meric in freezing benzens, and of [MeAICl1(0Ar)l,. The compound Me,AlQAr
disproportionates in solution to MeAl(OAr)., and MegAl,; MeCSC(M2)AlOAr
is also apparently unstable in solution and gives a coaplex mixture of
species.

Cyclic alkoxides have been described in two papers. The reactions of
2-ischutyl-1,2-axaluminolan (100) with bromine, carbon dioxdide, phenyl-
acetylene and phenoxymethyloxiran all show that the exocyclic A1-C bond

Bhe=C PhOCH,~CHMe
\ ]
Al O~ns
/ 7/
l S o
o Al \
(100) (101) (102)

is more reactiwe than the cyclic one. The reation with phenylacetylene
gives, after hydrolysis with D,0, products PhC=(D and CH,DCH,CH,OD fram
an intermediate (101) formed by metallation, without any from addition
ar reduction. The products PhCCH,CHOHMe and FrPOH cbtained from the
epoxide after hydrolysis with water show that the onlyreaction is
reduction giving the intemmediate (102) [112]. when aluninium turnings
are heated in THF in the presence of a catalyst of HgCI,(2 mol %)/ I
(4 ol %)/ZrCl,.(4 mol %) ,the organcaluminium compound (103) is cbtained
in 93% yield [113]. Similar derivatives may be made from 2-methyl- and

S R /\/\/\/OH
7( a7 A1/ \/\/7 =
\ NN n
(103) (104)

2,5~dimethyl-TH¥, tetrahydropyran (THF) , 2 methyl-THP, O}Epan'a.m;—oxabicyclo
[221] heptane. These campounds react with D,0 to give d,-alcchols, with
allyl halides in the presence of copper(II) broamide to give uwmnsaturated
alcohols e.g. (104) from (103) and CH,=CHCH,Br, and with chloral to

give 2,2,2-trichloroethanol.

There have been several more papers on the preparation and properties
of aluminoxanes which are important ascomponents of Ziegler-Natta catalysts
[166]. Triethylaluminium reacts with water in the presence of T™ED to
form the monomeric volatile canplex (105) [114]. Similar canplexes (106)

(R = Et or Bu') are apparently formed with D = DhCN, NMe,Ph or BuPN=CTh
butwheréthagrm;psRorDaresnanassociationtooligmrsisobserved.



' o
N / 2\ / N\
MeoAl AlMe, RoAL AIR, Et,AL AlEE,

T T " D‘. : ‘. . Iq_.-'.
MezN\/\ e, u

(105) (106) (107)

An electrun—deficient nitrogen bridge is postulated in (106) [1i5]. The
oxygen atam in (106 R = Et, D = PhCN) is sufficiently basic to form cam-
plexes (107) with A = E£,A1C1, EtAICl,; or Et; Al but not Me,Zn or Ek,Zn
[116]. The hydrolysis of ethylaluminium chlorides has been studied in
cansiderable detail and spectroscopic evidence has been cbtained for a
nurber of intermediates [117,118]. Diethylaluminium chloride reacts

with water (from CuSO,. 5H:0) to give the aluminoxane (EtCIAL):0 arnd then
the camlex (106 R, = EtCl, D = H;0); the reaction is slower in benzene
than in heptane. The product (106 R, = EtCl, D = EE,0), formed in ether,
may be distilled without decamposition. The hydrolysis of ethylaluminium
dichloride in benzene or ether proceeds similerly with formation of
camplexes (106 R, = Cl, or EtCI;D = H,0 or Et,0). In heptane, however,
it is possible to detect the complex EtAICl,. H;0. The camplexed water
cannot be displaced by ether and apparently does not react with sodium,
but the conpound E+AlC1,.H.Q is decamwosed by dioxygen to give (EtOCIAl) .0
and by ethanol to give EtOAICl,. Controlled hydrolysis of tri~ or tetre—
alkylaluminates NaHAIR3; or NaAlR, in ethers yields the crystalline com—
pourds Na, [R;A10A1R:1{R = Me, Et, or Bu'), which may be considered as 2:1
adducts of alkali metal alkyls and alumoxanes [119]. Compare also ref.
f134}.

The oxidation of the cycloalkylaluminium campounds (108) to cyclo—
pentanemethanols (109) (R',R*= H or Me)has been described {120]. Tri-
methylamine N-oxide oxidises trialkyl- or triarylaluminiwsR3;Al smoothly
at 140° in xylere giving, after hydrolysis, alcohols ar phenols ROH
(R = M2, Propu',n-CeHy,Cell,;, Ph) in good yield [121}. Vinylaluminium
campounds are not oxidised under these conditions and ethylaluminium
chlorides are converted into tars.

RZ CH_OH
(E-———-—

Rl
RZ

(108) (103)
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The compound 2,2,6,6~tetramethylpiperidin-l-oxyl reacts with alkyl-
aluminium chlorides to give camplexes (110) (R = Me, Et, P, Bu or n—
CeHizin = 1,2:0r 3;m = lor 2)characterised by ESR spectra. The most stable

Ye e

/
e e
A AIR ) O-T._ N /0:- N
W( nCl3_n m I'EzAl .:l I'EZA]. ..’
- K \ -
Yoy 0~N
. e

Mesal
(110) (111) (12

ccmplexes are cbtained when the Lewis acidity of the aluminium-contain-
ing fragment is greatsst [122]. The main decamposition products are alkanes,
alkernes, 2,2,6,6—tetramethyl-l1-hydroxy- ami_)—l-—a.]kmq—piperidires and
reduction products, and it is suggested that these result from displace-
rent of alkyl groups from aluminium by the piperidinoxyl . [123]. Nitric
oxide reacts with trimethylaluminium to form campounds (111) and (112)
which are derivatives of N-methyl-N-nitroschydroxylamine [124].

ard cesium salts of sulphur oxyacids have been formilated as Cs,SO.4A1Me;
ard Cs,S,0;- 4AlMe; with AlMe; attached to all terminal oxygen or sulphur
atoms. In Cs3S:0s. 4Al1Me; only four of the six terminal atoms of the
oxyanion are coordinated to aluminium [125].

10. ORGANCALIRMINIUM SULPHIDES AND SELENIDES

The reagent Me,AlSBu® made in situ from trimethylaluminium and
t~butyl mercaptan converts a wide range of esters R'COOR? into t-butyl
thicesters R'COSBu®t (Ph, CisH3s, PhCH,,cyclo-CgH;,, PhCHOH,K2-furanyl).
Lactones are converted tc srhydroxy t-butyl thicesters [126]. Phenyl
thicesters are readily cbtained in good yield using aluminium thicphen-
oxide Al(SPh) 3, made from trimethylaluminium ard thiophenol {127].

The camound Me,AlSeMe,made from trimethylaluminium and selenium
metal in toluene under reflux, may be used similarly as an acyl transfer
agent. A wide variety of carboxylic esters, including a nunber having
functional groups, may be converted to conpounds R'COSeMe from which
the derivatives R'COCH, R'COQMe, or R'CONHR? may be easily prepared [128].

Organcaluminium compounds have also been suggested as useful for
the synthesis of sulphones RSO,Et[R = 2- (cyclohex—3-en-fyl)ethyl, PhCH,-
CH2 orm]byﬂmeseqtmceof equation 29 [129]. :



so, H,0" NaOMe
L
Rl ——% (RS02)3 Al ——@» R30.H —>
- 29
EtBr -
RN N ————— RSO.EL
DuRJIIIR - - <

11. NITRCGEN AND PHOSPHORUS DERTVATIVES

As part of a study to develop a convenient stereospecific method for
conversion of secondary to primayry amines the thermal decamposition of
organo-magresium, —-zinc and —aluminium amides has been investigated {130].
Aluminium compounds Ph,AINR; (R! = Et, Pr, Bu® or cyclo-CgHi;) have been
isolated with variocus proportions of toluene of crystallisation. After
this is removed on heating the decamposition follows reaction 30 except
when R'= Bu". The primary amine R?CH,CH,NH, may be obtained by hydrolysis

70—-250°C , ,
Eh,AIN(CH,CH>R*), ——— $» PhH + CH,=CHR® + PhAINCH,CH,R" 30

of the residue. The amide (Et,AINHMe); has been used in the synthesis of
N-methyl-diphenylketimine (113 for aminamethylation reactions. On treat-
ment with LiNPr, (113) gives the reagent Li‘ [H,C=N=CPh,] (114), which
reacts with ketones to give alkylidenamino-alcohols, or with alkyl halides
to give amines [131]. The compounds Et,AIN=CHPh or Na' [Et:AlN-CHPh] have
pmvai_ useful for the synthesis of a mmber of cyclic species [132]. Di-
phenylketen, for example, is converted to (115) and phenylisocyanide to

(116). The carbo-diimide R'N=C=NR'(R' = cyclo-CeH;;) gives (117) but
the product from PhN=C=NFh is the four-membered ring camound (118).

The derivatives (119), easily made fromtris (3-trimethylsilylpropyl)-
aluminium and aliphatic nitriles (R = Me,Et, n—C;;Hz3;) may be hydrolysed

PhOde ?AlEtz (1) EtoH
Et,AlNlMe —9 Fh,ONEMe: —_— Ph,C=3Me
(2) NaOH/H ,0
(113)
LilH,C=N=CPh;] (1) R'R’CO M Kl
—_— R'R’CCH,N=CPh, ———— §» RIR?CCH,NH,
] i
(114) (2) H,0 OH OH
‘ R¥X
24 BC1
R3CH,N=CPh, —_— R3CH,NH,

to ketones Me Si(CH,) ,COR. When R = Ph, however, the trimethylsilylalkyl
group is eliminated, even at 20°, with formation of Me SiCH,CH=CH, and
only benzaldehyde is obtained on hydrolysis [133].
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(118) (119) (120)

The formation of the campounds Na, [R;AlCAIR;] by hydrolysis of
Na[AIHR ] is described in Section 9 above. The compounds Na; [R:ATNMeAIR;]
(R = M= or Et)may be made similarly from NafalHR . and methylamine in THF
[134]. aAnalytical data have been given but there is no further structural
information. '

Vibrational spectra of the derivatives(R,M=Nve=QF =NMe).(M = Al,
Ga or In, R = Meor Et)have been discussed in temms of the centrosymmetri-
~cal C,, structure (8) [135]. Both triethylaluminium and the imido com-
pound [(HAINPL')s] react with caprolactam to give a series of derivatives
in which Al-H or Ai-Et groups are successively replaced. The product
formed by replacement of all groups attached to aluminium is said from
R,NMR arnd molscular weight measurements to consist of a monarer and
dimer with eight-membered rings having Al—N=C¥®0—Al linkages [136].

The double ylide canplex (120 X = CH) was descxribed in last year's
survey. The iscelectronic campound (120 X = N) has been mentioned in a
patent [137] and the boran derivative (120 X = BH,) has been cbtained
from the reaction between LiAlMe, and [(MesP).Bi,] B [138].

12 SYSTEMS INVOLVING ORGANOALIMINIUM COMPOUMNDS AND OTHER METALS

This section cowvers papers describing the interaction of organo-
aluminium compounds and camounds of other metals., Many such interactions
have been considered in previous sections dealing with specific reactions;
[13-16,29,56-64,66~76,78,93-94); others are dealt with in the following
section on catalysis.

The reaction between potassium and triisobutylaluminium in a non-
polar solvent,e.g.,hexane at 20°C,gives a brown product which may be
recrystallised from toluene. This has been fornmmilated as K, [BtilgAl-AlB'Lil;].
0.2PhMe (121) with a o~band between the two aluminium atoms. The evi~



dence comes from hydrolysis with Bu CHCHEtCH,OD, which gives D, + 6BuD,
and from conductivity measurements, but it would be interesting to have
confirmation by diffraction methods. With trimethylchlorosilane the
compound (121) gives MeSiBu', KCl and a product said to be [BubAl-AlBub,
215iF] ; with allyl bromide, it yields CH,=CH(CH,) »CH=CH,, KBr and txri-
‘iosbutylaluminiuwn [139]. -

The formation of compounds with Zr-C—C-Al bridges fraom the reaction
between (n—CsHs) 22rCl, and Et;Al was described in 1975. The reaction
between (—CsHs) 2TiCl, and Me;Al has now been shown to yield methane and
a reddish-orange compound (122) which appears to have a methylene bridge

between aluminium and titanium {140]. Similarly, (h—CsHs).TiMe. reacts
with trimsthylaluminium to give (n—CsHs)TiCH,AlMe 3, presumed to have
a structure like (122) but with a methyl instead of a chlorine bridge.

cH X R
RN N N
(—CsHs) T4 alve RO — Ti AlMe
SN /N s
o’ Mo OR
(122) (123)

NMR spectra show that in mixtures of (122) and aluminium alkyls Alys
(Y = (Ds or Bul) alkyl groups are statistically distributed between
the two types of species, and (n-CsHs) »Ti(n~CH,) (1~Cl)ALBU, may be cbtained by
repeated exchange with an excess of AlBu’j With ethylene, campound (122)
gives propene, and with propene 2-methylpropene; with C,D, the products
are (D3;CD=CH, and CH,DCD=(D,, suggesting that the CH, group is transferred.
With carbonyl compounds R'R’CO(R'R? = Php,PhH,Me(QEt) or cyclo-(CH.)s)
the alkenes R'R?C=CH, are cbtained, so the campound (122) serves as a
methylene transfer agent with chemistry like that of conpounds L,Ta=CR'RZ.
A series of titanium derivatives (RleRasiCI-Iz)nTiCl an (R',R%,R?® = H,C,
alkyl or cycloalkyl, n = 1-3), which are polymerisation catalysts for
alkenes, e.g. butadiene, may be made from the appropriate alkylaluminium
compourds and titanium (IV) chloride [141]. The reaction between titanium
(IV) chloride and diethylalumium chloride in a mixture of benzene and
hexamethylbenzene yields the black crystalline campound [CeMesTiCl,][alCl,].
The hexafluorophosphate (V) salt has also been isolated [142]. Trimethyl-
aluminium converts a mmber of titanium alkoxides XTi(OR)(X = n°-CgH,
R or M=; R = Et or Bu)to titaniue —msthyl compounds forrmilated as (123) .
{143].

The black slwrry formed from tris {(pentan—2,4—dicnato) cobalt and
triisobutylaluminium in the presence of triphenylphosphine shows a higher
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hydrogenating activity than does the catalyst made without phosphine [144].
In cobalt~catalysed syntheses of pyridines from alkynes and nitriles,
added organcaluminium compounds serve as reducing agents rather than as
intagral parts of the catalyst. [145]. Seweral papers refer to the inter—
action between organcaluminium compounds and nickel derivatives.

Bis (pentan —2,4-dionato)nickel reacts with trimethyl- or triethyl-
aluminium to give a camplex mixture of gasecus products which includes
not anly ethane and ethylene but also various C3; and C, hydrocarbans.

The products are explained by assuming that alkyl radicals from decompp—
sition of alkyl-nickel intermediates react with the excess of trialkyl-
aluminium [146]. In the presence of butadiene and 1,3-pentadiene, mix—
tures of nickel(II) chloride and triiscbutylaluminium give #-allyl nickel
compounds RIC H, .1 Nicl R = B or H) with the alkenyl group an
oligamer of the diene. These appear to react only slowly with M BECl so
that the aluminium compounds may be easily washed out [147]. Similar
reactions are cbserved with  CoCla but the resulting organoccbalt
canrpournds are nore easily hydrolysed. In the presence of triphenyl
phosphite and butadiene, Ni(CsH;0;). and triethylaluminium give an organo—
nickel compound which is rapidly decomposed to metallic nickel [148].
However, the complex [ (Me;SiCH;) ;A1,0Et,;] or the alkoxides [(ME;SiCHZ)nAl
(CEL) 3-n, in the presence of an excess of bipyridyl (bipy) react with
bis(pentan-2,4-dicnato)nickel to give the dark green, almost black,cam-
pound [(Me;SiCH,),Ni(bipy)] [149]. With the etherate Ph;Al.CEt,;, in the
presence of an excess of phosphine, displacement of the pentan—2,4-dicnato
ligands is incomplete and the products are [NiPh(CsH;0,) (PRa)nl (R = th,
cyclo-CgHj1z:n = 1; R = Et:n = 2), With astoicheiometric quantity of tri-
ethylphosphine, the compound [NiPh(CsH;0:) (PEt;)] is odbtained. Reactions
of these campounds with alkyl halides or alkenes have been documented [150].
Similarly, the chromium compound [CrPh{CsH;0;) 2] may be made from
[Cr(CsH702) 3] and [Ph3AIQEEt,] [151]. The reaction between [Pd(CsH;02):1]
and dialkylaluminium alkoxides R,'AlcEt (R! = Me,Et, or Pr') and tertiary
phosphines gives the characterisable camlexes [PAR,L;] L = PEta, PPhoMe
or # Ph,PCH,CH,PPh; [152].  Bipyridyl(cycloocta-1,5-diene)nickel(0) reacts
with 3,3-dimethylcyclopropane to give the camplex (124). With triethyl- -
aluminium, this gives ( besides ethane, ethylene and metallic nickel from
ethyl-nickel campounds) a residue which appears to contain the aluminium
campound (125) since it yields the hydrccarbon (126) quantitatively on
hydrolysis [1531.

13 CATALYSIS

In this section, two papers dealing with the mechanism of catalytic
processes are summarised in detail. Others covering polymerisation of
~



alkenes and vinyl moncmers, alkene metathesis and hydrosilylation are
surveyed anly briefly. An introductory account of the use of organo-
alurinium compounds in polyrer chemistry has appeared [154] but a full
discussion of this topic is not attempted here.

l =
\Ni
I \N/ \< EtAl
= ' .

(124} (125) (126)

The ring-opening polymerisation of norbornenemay, wnder certain
circumstances,be catalysed by ethylaluminium chloride, in the absence of
transition-metal comounds. It has been suggested {155] that the process
may involve carbene species (127) generated by a hydride shift from

-~ EtalCl,
= ///> Y

ol H -alcl clL
, b

(128) (131) lnorbom (127) lnorbornene

_(132) (130)

precursor (128). The carbenes may then give metallocycles (129) which
eventually give polymer (130). Alternatively the intermediates (131)
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may be converted to oligamers such as (132). Since ring opening poly-
merisation of norbornene is a kind of alkene metathesis, this work
catalysts and leads to the postulate [156] that Ziegler-Natta catalysis
may proceed (Equation 30) via titanium carbenes and metallocycles, in-
stead of by the more widely assured mechanism involving insertion of an
alkene into a Ti~C bond, a reaction for which there is almost no indge-
pendent evidence. ’

B
H | % B M B M
AN (l:/ \ﬁ \ci
[T ———p H-Ti —P H- [Ti]e_ﬁiz
e
5N
CHre & ..
. l P o CH,
[Ti] /CHZ
e H - [Til—Ce
/7 \ L
H Me
P = polymer 30

It is also interesting to speculate [156] that the well-established
oligarerisation of alkenses by organcaluminium compounds may proczed by
an analogous sequence(Bguation 31).

P R
~N
5| r P & —cHu
S L Ny o LI
H-~Al"---C-R
AL ' i AVER
cic "
/ / \\
Ccl cl H P +)2
c1 \<': ——
& — 41— b
: /\
C1,A1CHRCH ,CHRP <—— 1 ¢

.31

A patent [J57] claims the use of a catalyst system TiCl 4/'R;AJ.CI:;_n
/RPR’R"CCL, R! = C,-Cy alkyl, R*® = alkyl ar aryl, for the cyclic tri-
merisation of butadiene to cyclododeca-1,5,9-triene. As in previous
years, there are many papers describing detailed studies on the poly-
merisation of alkenes with Ziegler-Natta catalysts using organcaluminium
camounds [158-166]. Varicus polymers have been obtained from substituted
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allenes [167); for example, polymerisation of alkoxyallenes using

NiCl, or CcCl,/AlEt; gives {~C(=CHOR)-CH,—-},(R = Me or Et)arnd polymerisa-
tion using Ziegler-Natta catalysts TiCl,,VOCl; or FeCl;/AlEt; gives
{-c(=CH,)-CH(OR)-}, ([168].

In papers describing the use of organcaluminium compouwds in cat—
alytic systems for polymerisation of various vinyl monanmers, attention has
focussed on the function of the aluminium compound as Iewis acid [4] or as
chain transfer agent in termination processes, on canpetition between ionic
and radical reactions and on competition between hanopolynmerisation and
alternating copolymerisation. Specific processes described during 1978
are as follows: the polymerisation of methyl methacrylate using tri-
ethylaluminiun-2,2"'dipyridyl [169], polymerisation of but-2-ene using
t-butyl chloride/trivinylaluninium {170], the formation of phenyl
methacrylate-styrene copolymers using diethylaluminium chloride as catalyst
[171], copolymerisation of benzfurans and various acrylic monomers with
various organcaluminium coapounds [172], copolymerisation of acrylonitrile
and butadiene [173], and of styrene and acrylic moncmers [174] with a
range of organcmetallic catalysts, copolymerisation of but-2-ene and
methyl methacrylate using a peroxide-ethylaluminium sesquichloride
initjator [175], copolymerisation of carbon dioxide and propylene sulphide
in the presence of a catalyst derived from triethylaluminium and pyrogallol
[176] and copolymerisation of carbon dioxide and propylene oxide [86].

’ aAnother group of papers describes alkene metathesis [11-12, 177-181).

The use of the catalytic systems [Ni(CsH;0:).]/AlEt; (with or without
PhiP) or Co(CsH702) 2/A1Et; for the hydrosilylation of alkenes or dienes
has been described in the 1976 and 1977 surveys. Further hydrosilylations
using alkyl or arylsilanes [182] or trichlorosilane {183] hawve beenstudied.
Linear cooligomerisation of vinvlsilanes with 1,3-dienes using [MNi(CsH703) 2]
/R1Et3/PhsP is shown in Table 4 [184] [185]. The course of the reaction
has been followed by deuteration studies. The products (133) and (134)
fram the reaction between trimethyl (vinyl)silane and butadiene react with

molybdenum (V) chloride to give deca-1,4,9-triene and with diiscbutyl-
aluminium hydride to give the silanes (135) and (136). The same catalyst
[Ni (CsH,0,) J/AlEt;/PPh; pramtes the linear oligomerisation of ethymyl-

e P gt N
o (138) ClH

(137)
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Table 4 Products from the reaction between tri.nethyl(vixyl)silane

and various polyenes.

Polyene Product

1M
VaVvs AN NI s AANNAN=F e

(133) (134)
S1iM .
)/\// //\(M—_/ 33W1ue3
/ \ \ /SiH83
|
VAV 2N

NNV N Nsive ANNAN A sie,

(135) (136)

trirethvlsilane, giving a 1:1 mixture of Me;SiCH=CHC=CSiMe; and
Me, SICH=CHC (SiMe;)=CHC=CSiMe [186]. For reactions of .Msazsil-l2 (Table 5)
the catalyst is [Ni(C,H,0,) )/PPh, [cyclododecane-1,5,9-triylaluminium..
Under the conditions used (8h at 100°C) only one Si~H bond is reactive.
The products on th2 right of Tables e.g. Me,HSiCH,CH,0Bu™ react with
butadiene to give compounds such as MeCH=CHCH,SiMe, (CH,) ,0Bu™. [187].



Table 5 Products from the reaction between dimethylsilane and variocus

substrates [187].

Reactant Product
H,C=CHX(X = QN or 00.M2) Me,SiHOEeRR
HC=CMeX(X = 00,Me or OCCMe) Me,SiBCH,CMeHX
H,C=CHX (X = OCOMe or 0Bu”) Me,SiHCH,CHaX

(H,C=CHCH;) .0

{Me,SiH(CH,) 5320 +

55

{Me,SiHCHMECH, },0

A method has been described [188] for the conversion of butadiene
into the alcohols (137) and (138) using [PA(CsH70:)2]1/PPhs;/AlEt; in
agqueous boric acid and toluene. It is not clear how the éatalyst sur—
vives the reaction conditions described unless the active species is an
organcpalladium eapound which is stable with respect to hydrolysis. Buta—-
diene also reacts with 2-vinylthiophene with[Ni(C5H,0,) ,l/P(0Ph) Jf AlEt; as
catalyst to yield the compounds (139) and (140) converted on heating to
(141) [189}.

/\_'(‘\ '8
|
P

(139 (140) (141)
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