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ANNUAG SfJRvEy E’OR THE TEAR 1979” 

J. David-&h 

SchoolofP~olecularScs,University of Sussex 

BricjntonBN19QJ (England) 

l_ IntrodLlction Fa?iews 

2. Trialkyl-and triiaryl-aluminiu 

3. Wl- andaryl-al~kiwnhalides 

4. AJ.3qlalurr&-Gmhydrides 

5. Additionto carban-~&~~~~doublebonds 

6. Additionto carbon-carlxn triple k&is 

7. ~actionswithcarbonylccqounds 

8. Corrpoundswithalumini~xygenandal~~ul~urbands 

9. Coqqundswitha1w.iniumnitrogenbond.s 

10. (Jr- wGniumconpoundsinvolvingotherrietals 

11. Catalysis 

12. Unstable intenrediates andquant~~~~~chanical calculations 

Thepattern ofthe1979 review is similartothatofearlier 

surveys inthisseries. Thereis,howwzr,noseparatesectionon 

nDlecularstructure. Crystallogxaphicstudies arediscussedincontext 

but those con ~despecidllywithstructurdlaspectswillfindfull 

details in references 10, 25, 45, 51, ll3, lJ.4, ll5,12Q r 122, 132, 

133 and 134. 

ARussianbozk [I_] on theche~Gstryandtechnolcgyof 

organodL un&xknn~undshas~published,andtheretianew 

~~~iveacco~tofZiegler_Nattacatalysts andpolymrisation IZJ. 
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*A1~~~~lsurveym~ring~year1978, 

see J. organon~%~l. Chem. 189(1980) 17-63. No reprints available. 
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organoaumi.nium ccxpounds are discussed in three revi.ews, cm .- 

andblazkcopolyrrersbyring-qeningrea&kns C3J.mriny~y 

polymzr%aticmofbicycl%cacetalS, cE&LzkmeandoxalactaIn [4J, and 

oncat%onkolefinpo~yn-erisation usinyalkyl halide-alkylaluminium 

initiamrsyStems1531kGcharepLluish&toc+heras'2kkmces 

in PO&mar science' Vol. 28. Tbreeflm%xrevi~,oncatitic 

polymrisationofvinylmxmerS 163, on polyrrerisaticn of conjugated 

dienes 173 andcnZiegler-Nattaandrelakdcatalysts [8J arepublished 

inarmtherseriescmpolyrferckmistzy. &zcountsofolefinrretatheSis 

193, selectivityccntrolinnickel-catdlysedolefino~~~~On MJJ, 

catalytic codkrerisaticm of ethylene ard butadiene [ll] and squential 

ccpolyrrerisation ~123haveal.~oa~pm~ed. 

Asumnry [13] oftheorgammatallicdxnistryofthegroup3 

el~~,with~isonproperties,nethodsofp~~~and 

reactions,has~given~'~~~iveorgrmicch~'Vol.3 

and accounts [14-163 of the use of the organon-etallic aq+mnds of group 

3 in oryanicsyntheseshave appearcdintwootherlmdcsandareview. 

The~licationsoforgmoz~~m ~,nEmyofmicharenEde 

fmnor~~~mc~unds,~-aveaLso~discussed Cl?]. There 

havebeen extensiverevi~oncarplexEsof~ganoal~~ccnpo~ 

with carkmyl derivatives 1183 and ethm 1191. 

As inpreviousyears,thereisachapter [2O]cntheor9ano~etallic 

chemistryofthegroup 3elemzi1ts intheChemi~SocietyspecidList 

Pe~k&kal RepartrSkhdescrikswo&pubZshedinl978. 

~veralreportsdescribetheuseofcatdLystsforthesynthesis 

OfttiducylaLEnini~_ Forexanplt, thereactionk&zween alkyl 

hdiides, activatedalmnini UIl and SCdiUm w be CdtdLysed by [(ED) nTiCl,-n ] 

(R= alkyl, n = l-3) andALR,,&- (R = aJ.Iql, X = W, m= l-31 

or &mlyalW 12u. T¶leqmhesisoftip~lal~~frcnn 

alunGnium,hydrqenandpropzne 122J mybe catalys&bychlorideSof 

titanium, varmEum or nickel 1233. The dactme of @enetole 

ethera&- R&.OPhEX CR= CGHI~, CTHIS or CgHls1, which arendld 

aX+a&-qapznts fortinCW chloride, has alsokenckscrited 124J. 

%ereiscont&~in~ inthestructuresofalkyl-and 

aryJ_-alumiIliwncoiQolmc7s. me‘l-e~yl-3+&lyl-1-aluinina-* CElEr 

has the cen~trzc B UL, withAlU1-cUI 210,4,Al~L<(l) 

216.8, Al(2)-C(2) 197-4 andAl(2l<c3) 196.4 pm 125J. '&e A.L(_l.~-AL~) 

diL+kanceistheshartest reportedsofartirarylal~~, 

butit~lmgerthanthatinseveralalkyl.alm&i~. !&em 

of (1). SW thatelectmnk 
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(1) 

andstericfactorsmqcauseccmsiderabledist_orkionofele&ron- 

deficient bridge bonds. Attenptshavealsobsenxr&etoexamine 

mlecular &apesbyCNlX)/2calculaticms 1261 whichhavekdicatedthat 

thepzpendiculaJzconforr&50nofR&LC-lZM~ (R=tk,H, or C1; E=Cor 

Si) is~~stablethanthecop~~canformation. 

The enthalpies of rnix&gofalQGaluminimtozn-qmmdswithsmxz 

mtal dloridesxere tablulatedinlastyear'ssurvey, IWredetails 

havebeengiven~afurtherpaper 1271. Ekothermicheatsofmixing 

arezLsociatedwi~carrplexfo~tion bebeen alkylalminiumcmqound 

akihalideandwithalkylations inwhichcfilortie kecomssboundto 

ahnninim. TWreis noevif3znce forccmpl~fomtionbetheen 

bis (q-cyclopentadienyl)lead(II) and tri_m=thylal&un 1283. 

Asinpreviousyears, thepr~ci~lusesofa~~~~~~ 

havekenas alkylatingagents. Aoetatesand acetylacetonaizs @x~tane- 

2.4-dionates~ areconvenientsuhstrates. !l3uJs dimz?thylzinc 1291 r&q k 

mde in 88% yield frcan anhydrous zinc acetate and trin-ethylaluminiun, 

and tribnzylal ~~reactswithpen~~2,4_dianatoderivativ2sof 

titanimn(I~r), vanadium(~~I),.chromiun (111) I301 and n-anganese(II) 131J 

togivebsmzyl-fIetalcQqomds_ In sqe.ralca~es these formcrysUe 

coqlexes e.g.,[(PhCH2)2~.Al(CSH702)J]With tris(~~2,4_dionato)- 

aluninium. Tri@-m3ylahuiniumetherate is ausefulreagentfor 

Czcn~ionOf tzis(pEx~2,4_aic4zatolrrenganese,inthepresen ce of 

-mkycloharylphcsFhine, intO [Ph@@R3j (R=cyclc-C~,H~1-). Fb=actbms 

ofthisaTqcmndtithaJzang2of~nyl~ havek=nd=saiked 

1321. 

mealkylatimofkenzyl, cycloprqql3t&hylandallylacetabzs 

I-x~beenthesubjectofadetailedstereochemicd stw& 133.1. Ihe 

aqmmlsPhmR1cxB% &?=Pi~oror)w5~R~Alga~theaUqlated 

B Phm'R2; the acetate (2) (R = mm&) gave with Et& (2) (R= Et) 

and, with Et&Kz~, (21 CR= CECBIP). The stewohksky of 

nethylaticms of the aa&Mxs (3) and C41 (RI = OOWe, R2 = H or D; 
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(2) (3) (4) 

in*bzzmdiati, which rrethyi groups attack frcsz the less hindeled 

side. In contii, the reactions of the ally1 ph~tes (4) 

,IR’ = Ii or D. R* = OW(OPt~>~ with ~~%+ALX (x = mh, SPh or Iamb) in 

hexarxzprmeededlargely-with inversionofcmfiguration togive (4) 

In'= X,R'= H orD). In m>re polar solvents, e.g., ether or tetrahydm- 

fman (TBF), thestereochemicalpurityofthep~u~was less, and 

thepro~rtionofy, as o~posedti a, attackwasgreater, asexpected 

ifapartlyse~~cationicin~diatewas involved L341. Inversion 

was alsocbservedforthe sequfxmz inreaction 1. - 

(i) P’e2AiSR (R = COXe or CH2Pii) C&H13 I92 
> 1 

(Ti) ELAlI-I+ or Na/liq NH3 

R,AlCl(R= C~-,,~-alkyl) frcxnshort-c&din &k&&s andeffiyle1~2 in 

xylenewith titan2~chlaridea.s catalyst, andthe separation of 

dialkyM~ u-n chlorides fmmsesqukhlori&z~fydiStillaticxnfrun 

alkaz l-mztal halicks 1371. _Alkylalumini umhalideshavebeMapplied 

as alkylatingagentsforhalo-anddlkaxy-silanes 1383 orforlead 

derivatives, e.g., Ptrs, PW or pbc12 1343, or used as catalysts for 

redistributian of silarkss (e.g., erS1 + *2SiC12 - ~~SiCll 1401 

or for prcduction of organamgnesim azqqmds R&J(R = Ph , n-G&3, or 

rrC?Hii)frcm mqnzsium and ChlOlZiXkS 83114lJ. PbZIylallXltbi~ 

dichlori*hashzenpostulab=dasakeyintenrediateina 

~1ycatdlysedFj.s &er+t!ropsch synthesis 1421. Din&hyl- 

al~~~o~de~beusedtoconyert~l~~R~ca(R= 
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dLkylwith2orrroreCatarrs)totrimtthylgdlliu;nforthes~- 

conductor industry [431. 

Apparatus formatalvapoursynthesisis n~beaminytickly 

available_ The coccmdensat_ionofalusLnimnva~urandtol~eor 

xyleneyields greenpyrophcric skrrieswkichreact-with arrylhafik 

to give high yields of arylal uminiumsesqui&lorides, andwithphenyf- 

msrcury to giva a 54% yield of triphw~ylal mtkium after cmly 3 h 1441. 

Blackslurries~yalsobedDtainedinh~ but these are less 

reactiv.thanthosesndein a.rcmaticsolvents,wbichmyccn~ 

Al-arene 7r-ccarplexes Lsee ref. 195). 

&kolecules of the ccarpound [Ke(C51~E~)AlC1]2 (S), obtained from 

therea~onbetcrRenC5~5E~landdirrethyldl~umchloride,have 

the usual bob-bridgeds~~~~buttheAL_Clbridge bends are 

ummally long [NZU-I Al-Cl 238.8 (3) pm; Al-Cl-Al 96.44/91°1 indicating 

thatthe interactionbe*an IIKmoiErs is WSIC 1451. TheAl-cdistances 

[u-c(Ma)l91.6 (7); Al-C(C5Ms5) 209.5(7), 225.4(8), 227.9(8), 249.9(6) and 

251.7(7) p] suggest that the caxdination nay ba regarded as trihapto; 

the aluTni_niLRl is is~laztraicwith protonaed 

benz&w (6) whichhasbeenpostula~as atransient~tim. 

Therei'afurther ~rintheseriesdescribinyxeacticmsof 

al~umhaZ&s-qclobutadieneam@exas 1463. Altho~@-thereaction 

betwenthe~und (7) andoneequivalentofc@.oheq~socyauid 

yTeld.s, after hydmlysis, the cyclobuteue der&ative (8), the product 

from (7) and two equ%valen~ of CsHllIE i-s (9),fomed by an unusual 

ring-expansion. 

meread.yrea~caof alkylallmliniulrlhdLideswithwaterhasbeen 

exploitedintheproduction oftmcatdlystsysterrs. 7h~~&iml 

aXoxyalumini umccrrpo~,~~fromopticallya~~alcahols~ 

ethylalmini umdicbloridehavekeenusedtocatalyse~tric 

Diels-Alder reacticms f473. Z-E an@ex EWC12.HzO,.described last 

Year,is apparentlyeasilyaanverted toanabmimmewbichfuntions 

in~asahigNysele~~catalystforpolynerisationof~~ 

LIltlEp~ of other al.kws 1481. 
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AlBr2 

# 

I 
t-c_= 
II II 

N N 

c6<1 

\ 

C6HIl 

CONHC,H,, 

* 
NHC,H, 1 

(9) 

Jy!.so = din&hyls~xide 

'BE salt I&~NJIEt$UCZUEt31, first described 20 years ago by 

Ziegler, decoqos~ silr!Llltarr=ouslyby~ diSti.Ilctro~ cEquation~1. 

~chlo--~isnot~~ctedintheproducts,sinceitreacts 

inm33iatelywiththe excessofhexaethyMiakminium~given+hane, 

ethyleceandethyli&miniumchloridas. TbeaaauctLEt#.NM~~has 

almxtthesanEvDlatilityasEtsAl~ andcodistilswithit 14!3- 

4. -HYD- 

e fo~thecomrercialpreparationofhydricksR&lH 

(R=m,Et,ButCt12) byreactionsin~lvjngal@lex&mq~and 

6-eliminationha~ken&scribedinapatf3t [SO]. 

Ast&yofthestructures 0fdimz&y1aluminiLmltetI&ycw&~~ 

I+2AlE&(10),and its gdLliumanalcgus by gas-phase electron diffraction 

hasshomthiItbothrrD~ are ImnmEric with sym&ry c,, 1511. 

He 

R\u,-H-_mjjiH5 

R/ \H' \ 
C5H5 

t 

(10) (112 
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*an bend length and ngles axz: Al-C l92.9(4), Al-B 2l2_8(8), Al-l+, 

177.0(32), B-I+, l23,0(17), B-H+= 120.7(17) pm, c+J-C 118_4(7), 

~-AH&, 70-5(48)“_ ItseemS that replaa=IIEn IzofCHs byBE& in 

ITethylal~um~ resultsincKllysmallchangesinIrDlecular 

dimznsians. S~lardoublehydri~bbridges~~~~tulatedto 

~lainthereactionS~~bis(cycl~~~~yl)niobiumdichloride 

andreducingagents su&asLiABL+ or Na@lHzEta] 152J_ The reduckian 

Of the ni~bim (IV) cmpound [(C&~)~NkCl~] qiw a Nb(rJ) hydri& which 

disproportionates,sothat~p~~~~~daretheNb(V) hydride 

~(CSHS)ZI&&~ and the ~LU'WJ [(C5H5)2NbEI&&1(U)(R= H or Et).. 'Ihe 

conpound (W reacts with water to c+e I(CsH~)2Nbt13J; with DzO, only 

one Datcmisincor~~ratedinimtheni&ium fra9msl-k, suqqestinqthat 

thehydricie bridge is clea~dasymretrically,withbothhydrogenatons 

3xmGning on niobium. 

~ereactionbe~triethyl~~~andthehydride 

E(COD)l-5 NiI;izH21(12) (mD = cyclcock+ 1,5-diene),hmEr, leads to 

sepxraticmofthenickelandalmnini~ (FQuation~_ 

-lex (12) reacts with ethylene t0 give [Li.(THF)~][EtNi(C2H4)2.1 and 

ethyllithium 1531. 



?hereactionofthecycl.icalkoxida (J5) withanuwberofsubstrakswas 

describedlastyeer; reactimswithhex-l-ene, 4-VinylcyclcJmsene, 

sabinene (16), ~~@EI-E (17) and g-pinene (18) have nm been &cumnted 

1553_ Q-~stemzzselectiviiqof (l5)isbetterthanthatof 

diisobutylaluminiumhydride, butnotas c$cdas that of 9-borabi‘CyClO 

~3,3,llnonane. gather vigorous react?on oonditio~ U20-14OW have 

beenenployed. 

>?any of the otherppers onhydraal uminatian describe catalysed 

reactions undermchmilderconditions. A very full study [563 of the 

n 
o-Al&l: 

II 

P ../ 
P2 

(16) (17) (18) 

readon be- LilUH,andalkenes @uation5J inthepresen oe of 

transitionmetal halideshas coveredxeactionsofoct-l-ene, hex-la, 

RIRZC = CR3R4 i- ISAm,* IX [H~~CR'R'CR~R"H] 2 

styrene, 2-ethylhex-la, cis-hex-2-~me,tmus-hex-2-e1k~,qclohexene,eud 

1-n-ethylq-clche~~~ as wzll as the alkyms p&nylacztylena.oct-1-yne, 

diphenylacetylene andhex-2-p. The effectiveness of the transition 

IEta munds c%ecreased in the order Co(I1) 1 Ni(II) > E&(11) > Fe(II1) 

> TL(III) > Cr(IIIj > V(II1) > &(II) > CU(Ij > ZIl(II)- OIiLy Ccclz, 

NiC12 and Tic13 ney be used catalytically. Catalysis is slower for 

di- and t&-substituted aqmmds (19) (R', R2 = H or only R' = H) than for 

CorresspQlding nonosubstituted alkenes (19) (R', R', R3 = H). In another 

ppe.r [571 hydroal~~ticmusingbis(dialkylamim )alaues and [(n-C H ) TiClzl 

ascatalystisdescribed_ *us act-l_ene in benzene at 40°C is axGeZd 

in 93% yield in 10 min. to [n-C,H,,A.l(NEWiZ)21- 

VEti mre highly substituted a&anes the rate falls e-g-, styrene x 

act-l-ene > 3,3-dimthylbut-l-ene ~rrethylenecyclohexane > 

2-ethyl-hex-l-ene >> cis-hex-2-e s tzams-hex-2-ene >> cyclohexene 

X-B 2-~~tiylbut--3e x 2,3dimw1ylbUt-2-ene Q 1-rrethylcyclohexene. 

Thebis(di&kylmino)alaues rraybermkby direct synthesis from 

al~~,hydrogenandsemndaryamineinanautodlave. severalother 
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~&I-ES have keen tried as catitalysts:[HAL(N(S~~~)2)21 gave ln=chpoo= 

regioselectitity than did [~~(NPJz~)~], and theAl-Hbond in carrpomxls 

sti as HAl(OR)2 (R = MS, Pg, But) appeared to be insufficiently 

reactive to give god yields (C-f. also section 6 belcw and ref.78). 

Alkylal~unaxqxxmds,prepaxedby tit3liiUn(IW 

chlorid+catalysed hydmalumination, my be cxmverted to acetates & 

reactim with lead (~)acxztate [58] (Equation c)- This ccx~~titu~~ a 

(20) 

oI-l+potsynthesisof 

esterfication) *ch 

lmsat~tedacetates 

6 - 

primryacetatxzs fYomal&nes (anti-Mark-Off 

canalsoLeusedtimkea,ordiacetatesor 

fromnon-c3xjugatecIdienes. Hydroaluminatim, 

catalysed by titiLml(Iv) 

synthesis of ketolEs 1591 

TiClQ 
I&UH,,t4R1CH=CH2+ 

THF 
(21) 

reactions between (21) (R' = 

and qclohex-%ylandacyl 

&ccax2aci2-: X = PL orCO,R' 

beselectivelyat~dSd,and 

ch~ri~,~~aLsousedforone-it 

(Equation 7)- ~ixilshave~ngivenfor 

R2COX(22) 
LiAl(CH$H2R1)~ _I, 4R'CH2C&COR2 

clsl 
(23) 

7 - 

n 
H, Bu,F= = mm2-, CK2= CZS&CH2- 

ccmpolads (22) (R' = Ph, MS, Et, Pri, Bun 

). !&us aratc%xblebondina dienemy 

-*.e~-~~sdonotinterfere. The 

reaction in!EFdoesnotprouze d without the Cu(I) catalyst, or 

inthepresenrx ofa freeradicalscavenger. As avariant, the 

caqznunds (23) mybe treatedwith~thylvirrylketor~~ oracrolein 

in the presence of copper aetate, to give 3-alkylpropanals (24) 

(R2 = H) or 4--aycYl-but-2-ozes (2Q(R2 = MS) [60]. ?he TiCL, or 

[(q-CSHs)2TiC12] my be incorpomted into CL-CSS-linked polystyrene 

4cu(ccO+~)~ 

Li[Al(CEizQ&R')zHz] -I- 2CH2=Ma3R2 A R'(CH 1 COR' 
2 4 

(20) (24) a - 

supports [61, 621. Catalysts inwhichthis incorporationis effected 

iniAreedi.fferentwayshaveLeendescribed. Ccnqmedtithhaqeneous 

cdtalysts, thesuppxtedcatalysts aren-oreeffective at achieving 

mrio- rather than di-hydroal lminatim cf a,wdiSEs 1621. 

hb31dLkeraes (a) are treatedwitha ixmfoldmlarexcess of 

both [(wC~H~)2TiC&] and trialkylalumim 'm R2& (R2 r&Q, Et. Bu", aUi, 

LII d.idxlor~~~thax~ at 23V,alkenes H2C = CR'R' ax-e obt!zined in a 
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single step 1631. Brandzdalk-l+nasgivzlakeryieldsthan~; 

intPJnalalkenesdoimtleact.ThegroupR'~thedlkenerray~~ 

functional groqs .sti as Br, (3H or cO.ORnot directly adjacent to the 

doublebond. Therrechanismofthereactionandthefateofthe~~~~ 

havenotbeenelucidated. 

catalysis of czadoal~tionb~zirconi~~mdsis~~ll 

established. It&s&en found [641 thatcarboaluminaticnpmvides 

agenerallyapplicablehighlysterec-andzgicr (> 97%) sekctivz 

mute to (E)2-rrethyl-l-alkenyl i&i&s (25) (R = Ph, Bun, n-CSHll, 

HzC = C&z-, Ma2C = ~(CHZ)~-, or PhSC&-). The transferofalkylor 

a==Ylgroups~ zzircmil_?mtodllmrd_nim,past~~asas~pin 

Cl 
/R =+a + k4lq 1 

Cl&l-L Cl 

Cl/ I I 
O-7CZO 

I 7 
1.E czzzo 

the catdLyticprocess,has.~de~lopedinap~~ati~~ mutetoa 

newranqzoforganoaluluinim~Imds- Tbuprelinkarypub~catiQls 

m in 1977; m is now a full p-r [Es]. me z&am_ 

aqamd.s C(WC~HS)~ZICIR] (26) (R = alkyl or alkenyl), easily mick 

fmm alke~~ or alkyxs and hydrides [k@5HS)2ZlrEfc11. reack with 

aluniniuml,III) chlozideindirSlmmmzthsJleatO°C toyield alkyl- 

or dlkenyl-ale -um dichlori& R?klC12 (R = B&&CH~-, n-CaH17-, 

cyclahexyl, trans- ButHc = a-) or (27)-(29). MXSI R is p- 

unsaturatedalkyloralkenylthedichloridesnaybe~~dto 

ketonesbytreatrrentwithacyl&lori&s (J?or&tails,seeAnnualSwxey 

“; 7 
t=c 

v A1C12 
&A ra2 

H / Llcl 2 

C272 C28) (29) 
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The higflly s- lectiv~ci.s-addit_ZonofanAL-Hhndiman 

alkyne has hen exploited in U-E synthesis of ally1 vinyl thicethers 

in~chthestereocfisrdstryofbothnUyl~d~l~a~~is 

cantrolled 1663 @q-mtion 21. Yieldsof55-65%havakencbtai.Ir4 

for (31) (R' = CBH~S-, R2 = ~z=cII.U&, Q$!==mzcH~,trans+&ax=CfIsH2, - 
(1) Bu$lH 

R'EC-H 7 

(2) Buzi A 

(31) 9 

(Hz = cXlCH2 or PhCH2-1. F$y using Li[BuiAlKeH] (321, trans- addition 

tointerndlalkynesrray~beeffected:thisp~~~a~uteto 

thicetherstith~lgroups having@-stereochemistry &kpation10), - 

'The reagent (32) reactswithsymretrically-substitutedconjugated 

diyTEstogi~gocdyields ofthetrans-enynes (331 CR = Eu", Pri, 

But or cyclo-C&I~~) in a reactim~tich is both higl-$y stereo- and - 
PrnCxPrn+Lip3+lb~ .-> IL+ 

(32) 

10 - 

Fteferencesp. 101 



regio- selective. ~ediaYcyneButC~~~Bun,h~~r,gi~ a 

mixture of products (34) and (35J, sha&ngthattheatecxxr@ex (32) 

does mtdism~ tebetkRMthetiplebondsof UIlsYmekkaldi~ 

1671. 

“\ /” 
c=c 

H\c=,/“u” “\ F 
c-c 

RCJ h B&C ‘H B&EC’ ’ H 

(33) (34) (35) 

Another exanple of t-he use of hyd3malumination is tile 

conversion of cfilo~s -T:<l (R = Bun, n-C6HL-I, cyclc-CsHI1 or 

uAJ-& 
K?lxccl A Li” 

THF-30 to OT 

tic 

R Br 
\ / 
C==c Br, 

hZ 'Cl - 

(37f 

I 

1 &e?~co 

R H 

LleotF, 
\ 
c=c’ 

H’ ‘Cl 

R Al(OPr'J 
\ / 
C=C 

9' 'Cl 

(36) 

3 

ICl R\=c!1 

_ - &f 'Cl -3oto25oc 

(37) 

11 - 

B& by LilLIlL, in 'mz' to (EJ-l-chloro-d (36) or * 

l,l-ciihalwlk-l-mes (371, in which the cm-halogen ixmds ImY be 

usedselectivelyiR ,&rtlYzr qrkhf?ses 1683 @quatim llJ. SimilaJzlY, 

a.lk-2-yne nitriles (38) nay Letransforsred .sbSSpecificdlly~good 

:5&d TV bZn~~-dlk-2~~1e n&riks (391 (R = Ph, Et, Bun, HZ-, or 

'=YClahex-l-enYlJ [691 &uation 12). With diaucylamino-s&,stituted - 

alkyds (40) (RI, R' = Et, Mz or PhCf&;R3 = cyclcbex-l-Y1 or PhJ the 

pro&z&s are the (EJ-allyle s (41). which are presmmbly foe via 

S-kerrediates (43) (~tior? 13) [70]_ 
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Hz0 
70-98%3 

BI&lH 
R'R'NCH2CXR3 

Pklk 
(40) 

H\ P 
R/-c\H 

12 - 

(39) 

R' 
AlBLl: 

Rz>N+Ra 

H 

(42) 

13 - 

follmd by (R)-rrethyloxiran gives the alcohol (44) with over 99% 

selectivity. This~~~yb~ use?das astartingm~ridLforthesynthesis 

of the lactone (45) isolated frum the fungus C~~&CS~~~LXII lecifei [i'l]. 

~scopeand~;echanismof~~tdlationscatalys~by 

trialkylal uminkm-[Ni(CsH70)~]mixtures have keen emmined fu-ther. For 

emnple, thereactionkW mtiyl magnesiumbrcmideandsibnes 

(44) 14 - 

TPii = TetrahyWranyl 

(45) 
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(48) (49) 

oftheprcductsfxunthe~actionbetwenthe 

EtGW- or Bub-;X = H or D1 and 

with andwithoutazangzofnickelampomds. 

sOrreofthecorrpLicated~~~pathways,~~l~galkyl-or 

hydridonickel~~andtransferoforganicgroupsbe~ 

alumink~andnickel, havekennapped out. Wi~Bu~-MnCCsH7oz~~ 

UO:l), the predmimnt reaction is dkerisation, and, dlthougfi 

therez-eannrberofsidereactkns, RUcynesmybzconvertedin 

satisfactory yields to CE,E~-l--isabutyl-2,4~l~~-l.~~ 

(50) (EQ.?ation Is]- Eqe&mznts with R= EZHzHC-, ShDthatthe 



bscausetbis caklystiseasilyreduczdtoti(II1) Species. Both 

catalysts are effective with alkynols IBCHFX&C:(N Gx = fit? or Et). 

~~r_ofthere~cHlsishi~yregioselecti~. -0l.s 

XCH2U-12CR (R=Mz or?&?) giv2 mlypooryields ofethylatedP~'=ts 

1763. It has, aver, been reported [771 that carbmi2talationof 

alkynylsilanes with [ (n-CsH5)2TiCl.2]- R2AlCl (R = FE or Et) is Sb3?20- 

specificd.ly &-,pmti&dthatLewisbaszs areexcluded. rmusthe 

alkqnylsil~ (51) (R' = n-CsH1~) (Equation 16) is converted into (52) 

and (53) (X = SiMe3) in n&e ratio 95:5. Phenylethyryltrim&hylsilane 

(51) (R' = E?h), howx,wz, gives a 80r20 ratio of (52) and (53) (X = S&x), 

Rkxzm%a 
(l)-[ (C5HS)2TiC12]RzAlC1 

(2) Hz0 

(51) 

suggestingthatthe 

deconpositiatich 

Inccars3inationti* 

(52) (53) 16 

phenylgroup acczlera~s theLewisbase- induced 

isthougfittoproceedviaradical~~ates. 

caxrbcm&alation of CsHl,C%SiMsi by MeMgBr, catalysed 

by Ni(C5H&)+E&, as reported last year, either isortEr (52) or (53) 

(X= cHzoH) mybe obt * 1 2n qccdyield- l"hehydrmn&alationof 

intzrnal alkyms by bis(diiscpropylamino)alane, catalysed by (wCsH5)2 

TiC12, also gives products with c&-steremhemistry [78J C. f. also 

GHs) 2TiCl2 
R'CIXR' + HAl(NP+, - 

R; R2 

cc! + 

(&2N)2Al' 

c=c 

'H H' \ru(NP.& 

(55) (54) 17 - 

ref. 57 (Fqxation~~. k&en R' =e, R2 = Pr the pmdwts (54) and (55) 

are formed in 53:47 n&e ratio but in other cases, e.g., R' = W, 

Rz = n-CSHIl; R 1 = Ph, R2 =w; R' = C6H13, R2 = SiEE3, the ZactiOn iS 

highly regiospzcific and one praluct danimtes. Fmadetailedexamination 

of&products it mars thattheregioc&mLstryisdefinedbythe 

dlkerrylti~~~~ate,b~that~rateofthereactionisdeter- 

minedbythe trarmzmtirmstep, 

In thereducticnof thealQ.me (56) (R=M+GCHCKZCHZ(CH~-) 

byl.ithiumal~Inndauteridain~presence of sodilmlInz?thti~ 1791, 

*mnYl aOetOIX% Labellhiwith three dauhrimatarrs at C-l (59) was 

cWa&=d as an uriexpzcted by-product. Abi.s(akina&) cm@exsuchas 

(58) hasbeensugg2stedasapossibkintenrediate (q-uatimg),but 

sexralaspects0fthis~ctial~obscure. 
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'36) (58) 69) 

'8 . . . . . . . . ..- - 

Itms reportedin I977 thatthereacticnbz&een di&wylaczty- 

leiianddiethylalumini~chlori~inthepresen ceoflithiumsandgivss 

the substituted stilbene (59). 'ihephokxzhemicaldZmxisati~ofthis 

Et’ YEt 2 

(59) (60) 

to (60) has new been reported I801- ccqmlmd (601 was characterised 

hy an x-ray study in 1977. 

7. FEACITG?SWE¶3CXEKNYLaMKWNE 

Thereha~beenthreemx-epap=sdescribingtbeongoing 

cczrprehensi~studyoforgananz tall&ccqx~~ckiv~d fran unsaturated 

aliphaticbmni&s_ The caqomds cII,=GCEJCH~Br; CH&xxzCHzEr 

&SScfTw*Br bukrzc&cII2~ reactwitha3miniunturnings 

in 'ZET [Sll. TkYesultingorgan~ LxITLnim~vati~,tithaldehydes 

R'CXO (R' = Pri or Ph), give R2CK=GCR3CH2Q3~1 CR', R3 = H or MS) 

and with ketones Pr203 or Pm gi.va R2CSC=CR3CZi2C@H]RLLRS (R', R5 = 

G,Pr or Ph- Thereisnoevidencefortbe learrangedpti~cbtainei! 

inreationsusingallenicriElgnesi~~vati~. TTYzaltium 

~~also~~withthe~talP~(~)2togiveR2~'~2~ 

@4)Ph 1821, The greater reactivity of orgar~~~tzllic ampomds of 

aLEninium(~ with~gz3zsiumorzinc) tcxarckaaza andketals 

Iiasbwlcmnfinredby~ rimnixwitharangeofallylbrcmides 

&uations 19 and 20) (RI = H, MS, Et, Bun; R2 = H or EE; R3 = Bu%iEt-, -- 



Et20 3s0 PhCH(aGe)CHR1CR2=CH2 

83 

19 - 

r-@ckI=csCHnAl~~Br -+ R3R4C(OR)z 
J 

Et2o_r R3R’C (OR) CEE+CEfdX~ 20 - 
-4OT 

n-CsH13, BrCHz-, E-2-; R ' = H or Etor R3R' = -(G&)5-)- 'Ihe ally1 

gm~istransposediniTLep?Xduc&. c331. 

The effectofa~dsdLts~tfierateofthereactio31be~ 

+===*y- mninium and 4-t-butylcyclohex has W - 1 briefly- 

&ereis littleeffectanthestere~try:inallcases the reation 

issl~dda;Jn,pres~lybyccrrplex~o~tianbe~the~thyl- 

alun&nium and the salt 1843. Inotherci rcunrstanazs,hmever, the 

reactionbe~organoal uminiuncorqomds andketonesmybe ccnsider- 

ablymdifiedbyinteractionwithhases. For example, diethyl (2,2,6,6- 

tetrarrethylpipXidido)al Wmhasprodtobe anexcellentreagent 

foramvertingcazbcnylccpopounds~~ uminimenolates (Fquation2J 

1851. ?hese~ybeusedinawi~rangeofcrossedaldol condensations 

RI R2 

R3 
RiC%C(OAlEt2) R’ + R3CDR4+ ‘C (CH) CHR’cOR2 

Rb/ 

22 - 

(Equation 22). (RI = OBut or Ph; R1 = H-or CH,=- or RIRZ = -(C&)I+- 

or -(CH2)3CHW-; R' =I+?, Pg or Ph; R4 = H orI4, or R3R4 = -(C&)5-). 

Inasimilarway, diisabutylal ~umphenotideandpyridke (py) induce 

therapidandregiospecificaldol condensationof octan-2Qne(Equation 

23). By carefulmntrolofthe solvsntandthecanoentratianofBu~;AOPh, - 
it has been mle to obtain good yields of the cyclic encme (61) by 

anin~lecularaldolcondensation. ?fie enones (61) my be hydrcqenad 

to the natmal1y occmringfra~t~m (62) C861. 
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Anoar reiuzm~tfichis fomdtobz effectedbytrialky- 

aIumi.cunsiss!~inequation25. - Yields of * propiolactone 

cSzrivati= (63) (R = Et, Bun or &) wzre about 20%; higher yields 

wzreobizinedwithalkoxides inplae ofthealkyls [87]_ 

-CHO t Xll3~----_) H&-C-C-O--_2 

M2 -3 
I I + -c-m-o- c-co “‘“\,/ I 

R HJ-t, 
(63) 

- 
F 
I 

- c--c& 

\/ 
0 

25 - 

organoal lmlinium OaTpmnds have been wisely used as reagents in the 

synthesis of prcstaglandins such as (641. Workpublishedinl979nq 

be classifiedintothree typzs: (i) qMhesesZnvoltigthfzlcng 

establ_ishedreducticnoflactonessu&as (65) titheher;ziaoetal 

(66) or scuwtirres to an aldayae,pri~r to the in troductionofchainA 

byuseofa&ittig reagent; (ii) synthesesin~lvingthe 1:4 addition 

of an organc&umini~ ~~mdtiacyclopznten~tointrodzsza 

previouslyas-~&ledsi+&ainB,and (iii) syn&zzsesinxhichorgano- 

alLnnirIil.ml~undsareusedtode~rmiI?=!the~stry0fthe 

hydroxyl substituentatC~l5. Noattenpthas&ennn& comprehensively 

toatsynthesesoftyps (i)butexanplesaref~dinreferenoss 

[881-(951. 
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(6% (66) 

reagentsto~~~chainBof~~sllcfias(64). AsankMel 

xeactiontkateccnplex (67) (mtim26) reactedtiththe 

CyClW~ (68) to givz the ll,l5 di&-&&ms~@rdin EI (69) 1963. 

Itisin~thatthe~lal~um ccnpound (70) -m 

26 - 
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chainisillustratd inEquaticms 27 and 28 (973 inv&ichdiZsobutyl- -- 

akmiiniumhydride andbis(pzntane2,+dionato)nickel catalyse the 

mnjugateadditionofthealkenylzirconiumccatpo~. 

(1) Ni KsHTOZ) 2 

i- B+lEI 

(2) cH,o 

(3)Hz0 

Pi-Q&zCOw- 

27 - 

28 



Jkostaglandinanaloguesinwhi~thecyclo~tanoxE ringis 

replacedbyaqcl c&xanoneringha~alsobeen&scribed 1981. ?hus 

aseoond~~~~~~~dintothecyclohexanone (73) by reaction 

withLL[tramW2ButAl-(H=CHR] (R=CH 6 l3 or GHT) to tiv+e (74) or 

with (75) to give (76). 

(75) (76) 

Thethirdgroupofapplications oforgatioalmninimaxqxmdsin 

prcstaglandinsynthesis ks.mlvest!!useofsizemaselecti~ reducing 

a9xks,sucfias diIikobutylal~~1S3S UII 2,6&L--t-butyl-k&hylphmotide 

!&is reacts with the enorrt (78) to give a 95% yield of (79). C&e 

ratioofl5Sto l5R isarres &z 92:8_ .sinriLarly the rntthylesker 
(80) is reduced to (81) with 100% selectivity. 

(77). 

RMuction of ethers andesters is less selectiw than tkatofhydroxy- 

I&zones 1993. Similarhighselectivitiesa~&tainedwith (82) as 

reducing agent [loo]. 

(78) (791 
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(77) (811 

/ \ 

\ ’ / 
Li cz- O&i 

’ I’ 0’ ‘OEt 
\ / 

(83) 
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The remvaloforgance&m6ni mccqmundsfmnindu&rialresid~ 

by hydroQ-s.is has been described in two patents 11033 1104j. Another 

patent [105] covers n-snufactuxe of ccmpounds R1(R20)AlX (R' = alkyl 

R2 = aXql,cycloalkyl, alkenyl, cycloalken yl, a-1, aJ.kanoyL a.u+=oyl 

oramyl) ticharesaidtobe antiperspirants. Altioxans s,usedwith 

tungsten(VI) chlori~~catdlystfor~~gQ_~gpolyrrerisation 

of cycl ooctatetraene 11061, ha- been mufaciured by a pmoxs 11071 

inwhichatriaZqlalmninim-tinahydrom&mn is treatedwithanawous 

emkkninahydmoxbon ,andthepmductisremvedconti~0usly. 

!Itm further patents refer to salicylaldoxirte llOS] I1091 and dkethylgly- 

oxine 11091 ~~~ti~~Cfiha~been~SCribed~PreviOusSurveys 

inthisseries. There is also a brief note [llO] on the preparation 

of organoal umir&um peroxides e.g., 
t (PhsSiO)2Alo3Bu . 

Away Nlaccomt[1L1] oftiiethemeldeaxqcs~tionof~ 

alkoxidzs ofmagwsim, zincaudal~~~~~in~l~&~ details of Se-al 

r!eworganoal m&nium derivatives gAlOR (R' = & or Ph, R2 = Pr: CjClO- 

C&11,Fb&sc-)- Al_l~~isolatedwithsolvsnt ofcrystallisation. 

The&m!aldecmpcs~ti~wasst~edby thenrogravinetry:Ircetofthe 

al~um~~onlylostsolventorsublirred,butthe -cl-1 

deriwti~gavebenzene andcycl&exene batheen 195 and 375°C. 

Theuseof '%NMR spectm~stnIcturalstudiesof~tides 

~~~ovatiwshasbeeuexan6ued [ll2]. Ind.inericar?dtrinsric 

alk~xi&~ (RIR'AloC (l)Ei~c (2)EIz)n (n = 2 or 3) only the stift of c (1) is 

sensitive towards electroniceffectsornolecular cceplexity_ The 

variationinchenCcalshift0ver arangeofcmqmmdshss~ alztributed 

to pn-dr bmdingbeizen oxygen and alumkkm. mntion0fthestruct~S 

of i+e dimars [(=zAK& 21 (831 Cl133 and [(fi&AlS&)2~ (84) 11143 

datsminedbyelectmndeffractim,wasinadvxten tly cxnittedfrcm 

previousannu3lsurueys. TheIIsnmleculnr~~are~in 

Tablel. Ti-EaumxidebasImlecular symretry &h, With the three 

vdlenciesatoxygeaplanar. Illcctltmst, thesul@mrderivati~bas 

.?xymretryCnhWiththeS&gX0UPStrans. DLningtheLastfeFYye~, 

skmfxmas of a nI&er of UXIF~LITM%S M[R$JXl orM[(R&l)2Xl CM = dlkdli 

~~~X=Wogen or pseudohaloq=nIhavebeeu~c~d. Ihelatest 

in this &es, that of K[tI-kJA1)~1scN (85), is the firstintich i&e 

thi~W~~grouprrakesan (S,NLkid~~tkesntsmmsingroupatxms 

11fij. The AL-N band Il95_1(5) ~IIJ .ti nom&, but the ATL-S distance 

1248.9(2) pa.11 irrplies that the secctld ~ss&_~ fragrrmt.is ori~_y weakly 

coo?Ail-IaiEd. ~SCNgroupislin~andtheS<andC-Nbondleng&s 

arecRlys~l~totho~inrelated~~~ofttansiti~netdls. 
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ru-ow Pm 186.4 (6) 237.0 (3) 

A&c pm 196.2 U-5) 194.5(4) 

O(S)--C pm 141.9u2) 181.1(10) 

AJ_-o(.s)-Al. o 98-l(7) 94.5(6) 

C-Al-C 0 121.707) 128.6(25) 

Al-O(S)-C o 130.9(4) 106.1u.2) 

EstimYcsdstandard deviatior!s in leastsi+.ficantfigures inpantnthesis. 

\ 
S-C-N 

\ 

CHzSOzH 

(85) (86) 

me reactionsbew trialkylal~ w;surdsul+rdioxideyield 

p~~~ch~ybehydrolysedtosul~cacidlsor~~rtedby 

trra~twithdllcylhalideand~litosulpholEs[116J. skcethe 

alkylalumini umaqxxmdsareeasilymMeframalkenes, awidstiety 

ofsul@inicacids EsqHn-aybe obtained (Eqztticn~). lxtailshavz 

keeps si_cen for R= CIOHzl, CIlHz3, C12Hz5, Ph(CHz)3-, l-nqhthyLp?zw 

Zyl, andforsulphinic acids &riMfrcan2-allyl@enoland car@z~ 

(17) - Inthelastcasethereackionishighlysbreoqecificand 

only the en&x-acid (86) is forned, without any of.tke ~isamzr. 

(1) so2 
R'CE=CH~+(R'~$H;!)_&L + RICH&HzSCEI 

WHzO 
! 

U)SOz 

J 
(2)NaQ?I, R*X X=halocJw 

29 - 

O~oal~umamido-andimido- ~mxIshave&enreviawedina 

recentbalk 1ll71: '3Cspectraaredkcussedinlef. .112. 
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C0n@exesoftrialkylSlmni!limwithprifiary orsecon&ry~&es 

deamposeonheatingtith fomtionofaJ_kanesandamic?ocoqmmds 

(E$mtion 30). - Twopapers have appearedonthemacbanismofthis 

R$li!iER*R3 ,-=t R@. i- $iHR'R3 --> R'H + R&NRZR3 30 - 

(88) (87) 

reaction. Thefirst 11181 gives the tesperature ranges ("C) over which 

amine cmplexes (88) decompose as follcws: Ms&IJZIWP~ 20-25, Me&lNRBu~ 

120-8, FEIA~NEI&HI, 65-73, Bu$NEI&Ph 186-198, Bu&lNHBu, 148-56, 

Bu$AUGJ2CaHL, 107-L15. 'Ihe dewition of cm@exe.s of Me2BuiAl and 

Etia(WzCsC)A.lis c~li~~dbyreactions~~lvingex~geofalkyl 

radicals b&wsen aknninim atans. The second paper Cl191 describes a 

kinetic study of the ckc0rqaSition of Mz2E PUNH&Ph, and leads to the 

interesting conclusion that the elimination @Quatim 30) is not a - 

reactian of the complex (881, but a semnd-order reaction hatwaen 

zonon-eric ~4z~ and&e. Tbaproduct~~~AE~~Phis dinericandis 

forned as a 4:1 mixture of cis- and trans- isomers (89) and (90). The 

(89) (90) 

deconpceitim of the trimers (M+&liWZE)~ (also present in Solution as 

amixture ofcis-aadtrans-ismrers) leads to the forimtionofboth 

heptaner (90%) and octan-er (10%) @5sAlIWIa)n(n = 7 or 8), &ich have 

cagestructures.An~rofmixedamido-imidointe~ateshavebeen 

detected and me [(~~2~~)2(~~)61,characterised by X-ray 

crystallography [12Ol,has the structure (91). ale llElin llolecular 

pammaters are: Al-N 191.0(6). Al-C 197(2), W 152(2) pm,N-Al-N 91.3(3) 

or 106.7(10), Al-N-Al, 88.4(3) or 115.6(10), N-Al-C 113.5(6), Al-N-C 

li1.4U.l), c-AJ_-C lo9(l)o. Tf-~correspcmdinggdLliumconpoundi~ 

SilTlilZ. Thereiseticknce frombothX-ray dataandN?~neasu.renent~ 

onsolutions that(91) is fon-redas aneguimlarmixtureofcis-and 

ti-iSom?rs. lbecanfigurations atN' arerelatedbyaC2axisin 
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lWxl1y1 groups canitted, except those on N: 

the cis-isomx (sixwn) andby a centre of inversion Tn the trans- 

ismer [c-f_ (89) and (90)]_ 

A diiffezent formof ami&imido deriv&ive of aluminim is 

obtained &omhexai~thyldialmxLniurz and diazabutzdienes E+~+CE-CH=E-R 

11211. WETI R = 2,6-&&ChH3- or 2,4,6-&&H1-, it is possible to isolate 

(92) (93) (94 

complexes, whiti have the structure (921, but when R = 4-ClCsH4-, 

4-WCsH~- or‘%4OC,H,- the products a?ze the caqxxmds (93), irlwhidl 

one izckhyl g3zcwP i?as been transferredf~aluminiumt~carhm,and 

theamido-imidol&andwithalmini umforma5-mz&xedchelatering- 

Gn heating both (92) md (93) re arrange to (94). 'Iheasymetric 

diazabutadiene PT?EZ+JEI~=?ZL-~ gives (95) whicfi doss not rearrange. A 

series of new amino-imino conponds my ke synthesis& by hydmlysis 

of coI@exes Llch as (9d)- NN'N'W'-'&.tramthyloxami~ reacts with 

t5%~quival~ts oftrixl-ethy~al~ ml to giIE the cxqmnd C@~2xl_)2 

Cz(FSk)4 1 (96). in which the t%w fused five-rrer&ered rims are almst 

planar 11221. 'iReX-ravstructuredete rrcnation gives Al-C 197.7(5), 

AL-N 190.6(3), N-C(~) 147.1(7), Nc(JJ 132.2(3), CCl)-CU_)' l54.2(8) pn?, 

C-Al-C 117_2(2), N-Al-N 85-7(l), Al-N-c(l) ll3.6(3), N-C(l)-C(l) 113.4(2)". 

'IAeStructuresOfthegdlliumandirtdiumandl~S~~alsObeende~~ 
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(9.5) 

Ne c(2)H3 

(96) 

me ccqxmad [(1.&zAl'5N3)3J, made from trimsthylal~nium and 

hydrazoic acid? ["N,] has been studied by NMR s~ctroswpy (1231. Spectra 

rewrdedoveraran~oftemperaturesshavthatthereisexchange~~~n 

a- andv-nitrogvlatcmsofazido -qsx&ich is slowcm the NMRtirre- 

scale at -lOOT, but detectable at 3S°C. A wlourless crystalline 

wnplex H+CHCNAU4~ has been isolated by slowly adding acrylan.iMle to 

hexar;ethyldialuminim _ A variety of spxtroscopic evidence sqgasts that 

the al uminium is coordinated to the nitrcgen atom of the nitrile 11241. 

C~~cated~xturesareobtainedinthereactiansoforganoal~um 

wqqmds with azoxy- and azc-arenes [125]. The interaction of organo- 

aluminiumcoqxxmdsandnitrosomane sprobablyinvolves ahydroxylamine 

intemediate [126]. 

This WnHpundhasnowbeenshowh toreact~tith zincacatate inether 

to give (fi?a3Si)2Zn r&ich slargly deeccmposes at 20°C (Equation s) 11271. 

The corresponding cadmium coqmmd, &tained from cadmium(I1) chloride, 

is even less thermally stable. Bis(ttimkhylsilyl)nercury nay, howzer, 

be roads sin@y by the reaction between chlorotrimethylsilane, mercury 

andalumini um, in boiling TEE' [128]. 0the.r donor solvents, e.g., Z-IF 

or ether,may be substituted for 1,2-di1rethoqetha1~ in (97), and the 

unsolvated coirpoundna_vbe obtainedby re~atedsubliminatiouof the 

etheradduct. IR,FGimnandNMRspectrahave~ documzted 11291. 

Thereha~~~~repatentsdescribingthepreparatianoforgano- 

alumkim 11303 or 
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nMgR2.nAIR3 frcxnalQlhali&s,nqnesimandeither 

+ Li@l(SiEze~) 41. 2lmE * zIlLs.t~,) 2 31 - 

DME = 1,2-dia-ewthane 

alkali lEtal_ tetEEikylalunIinat 113111. 
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DuriugtbelastlOyeaxs, thestructures ofseveralaxqxmnds con- 
__ 

~gboth~~~~anda~~ti~~tdLha~~described_ X-ray 

structures of th.ree substanoas of this type have beeu published in 1979 

and the structure of [(cydLo-CsHl~)~P(~3-C3H~)~C~~C13 has been 

aeuticned in a review [lo]. me mlecule of the fermmvlal~e (98). 

prepared by the reaction betwaen [(T!'-C5HS)Fe(q5-C5HcH~l)] and 

hexaaethyldLalminiumhas amimr planewhich contains Fe, Al and Cl 

atom 11321_ The &methylaluJISk m fragments are nom-al [Al-C l-941(8) 

pm C-Al-C! 125.4(5)O], but the bridge bonds are unsymxtrical, pm&ably 

because of the steric reqirsznts of the ferrooznylligand lAl(l1-C 

211.6(S), A1(2)-C 202.6(8), Al(1l-U 226-O(4), KL(2)-Cl 241.0(4) pm]. 

%iere is RO dix-ect Al-Fe knd. The structm-e of only one other ferrccenyl 

alane has beea deterred. Tbisms shorn in1976 tohave abridging 

CsHj(, groupbe~een~alwriniurnatoxs. The ampcund [EttiN][Ph&LEe 

tCKl),(C,H,)j, wbi& has an anion (99) ,wasmckaspa_rtofastudyof 

coordination of acceptors PhpE (E = Al, Ga, In) to matal cazrbcnyl 

anions r1331. The Fe-Al distance (251.0 pm) is about that expected for 

a stigle bond. The Al-C 1(202.3(3) pm] and maan C-C 1138.5C2) prrcl 

dktau~s are similartothose Zn!~xaphenyldialtiniu~u. As in PhG 

Al.2, the C-C-C angles adjaoant to Al [meat-~ 114.3(3)"] axe significantly 

less than 120°_ The IR spectrum of the complex [Bud~l [Ph&l(n5--CsHS) 

\v(CO)a] shaa7s a strmg absoLrption at 1600 a? suggestiny that in this 

case the Ph$il fragaentis ccxxdimted to the oxygznatornofa caxknyl 

groupmkingaW-C-O-z~sequxce. The Ph&_lmaybequantitatively 

removedby reactionwithpyridine. 1ti5interestigthat*correspcnd- 

ing galliuis an-tpcmdappeacstoexkt iusolutionasamixtwxofisomxs 

withei.therGa-WorGa-obonds. Ihe ccanpounds I(Ph~P)zNlCPhJuCo(cO~~J 

and fPr+NlLPh~ti~~)~l appear to be +&rmlly mstable at 2OT but it 

is ~~tivelysuggestedthatPh~A1is mx-dinatedtocobaltin the first 

andtooxygonintkseccxd_ 

The third structure is of cis-bis(22'bipyri&ne~dinethyl cabalt(II) 
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tetraethylalminate (100) (R' =Me, R' = Et), which has transition matal 

andalumini um separated in cation and anion 11341. Campounds of this 

type obtainedby ~&reaction ofequationg, are describedas "inert" 

tmards water,butthey are convertedslavlyby dichlormethane,orn-me 

quickly by dry HCl in ether (Equation 33 R = -Me) into [Cc%& (bm)rJCl - 

(101) which is attacked only slowly even by dilute acids. Kith lower 

Al/Co 1.5-2 
Co (CjH702) 3 + bpY f AlR3 F [CoRz (CsR&)(bpy)] 

I 

(102) 

Al/Co> 7 

32 - 

CsHi02 = pentane-2,4-dionato;R = Ke or Et 

Al/Co mle ratios the neutral conplexes (102) (R = fit, Et, Pr"- o-r Pri) 

are formzd: it is suggested that tit& an excess of .X&, the cmplexes 

(102) nay be al!qlated tO~CORi(bpy)n]which subsequently deccspose to 

(100) (R1 = R') 11351. A note [136] on W spectroscopic studies of 

this reactionhas appeared. Another note Cl373 dsscribes the preparatian 

of the known ample=s ~(&HII) sP)zNiHXJ frcm IEt~(C,H11)3(C5H70i)J 

and EtzALX (X = Cl or Br)- Several alkylcopp2r(I) corplex3sWuL3 

(L = tertiary‘phosphine, R = I%e, Et, Pr" or Pri) have been isolated 

from the reaction betwen [Cu(CsH70a)2] and dialkylal~um ethoxides 

11381, and the reaction be- the alkoxide [Qe(OPri)._ 'BI(B = P&S or 

pyrid.ir~?)and triethylalumini uminthepresenceofcyclcoctatetraex~ 

yields a bimatallic ccrrplex fonrnilated as[(CeHs)Ga(OP@i)&Et2] 11391. 

Toexplainthevariable ter@eratureNMR~trum,ahemialkc&debridged 

structurehasbaenpc6tulated. 

ll. cXT?GYSIS 

As in P~ViOUS YEXS, OIyanodluminium ccqamds have ken used as 

~tsofanastonishingvarietyofcatdLyticsysterrs_ work 

describedinthissectionhas beenc~assifiedaccordingtothe type of 

reactionpramoted, but coverage is far fromccmpre‘hensive. No atteqk 

Referencesp.101 
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hasbeen~dstDsumrari sepaperswbere theerqbasisis on features of 

the reactionotherthanthe catalyst system. Kmyofthe reactionS 

catalySed involve alkenes, e-g., iscnrerisation, oligcmxisation [lo], 

bon-c- and co-polymzrisation (111, mtathesis and hydmsilylation. 

llleisorrerisa tion of alk-l-enes to (E)alk-Z+eiis using as cataIySt 

I\Irrethylsalicylia~el(II)-triis~utyldL~rminiumwithout solvent 

was &scribed ii-~ 1976. Theadditionofanoptimllyactixeamine 

(R)-NN-dk&hyl-1-phenylethylamins red-s the rate of the reaction but 

mkeSpwsible ckiraldiscr knination in ixmxisationofracmricmixtureS 

of al!--l-enes (103) (R = 65s or Pb, n = 0, 1 or 2) [140]. Both (E)alk-2-e 

(103) (104) (105) 

andunchangedalk-l-ene axe c@icallya&ive andtheRena.ntimris 

ismtx&mifaSterthantheS. AnothercatalystcmSis.tingofaniron 

saltor ca&onylandorganoalxmi.niummnpound, has been used for 

dlker?e isomxisation, according to a patent [1411. 

Olegcneri~tion of i.soprene in the present of I?i(CsH&) -B(C!CsHll) 3- 

-M_?D& as catalyst givFzs dirrers (104), (105) and (106), cyclic (107) and 

linear (108) trixers: under cptinmn conditions the yeild of (108) my be 

(106) (107) 

Cl081 
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increased to cd 50% [142]. With Ni(CSEi70z)2- Ph$?-Et&l the pro&xMxi~n - 

of (108) was much smaller. The catalyst Ni(C5H702)2-Ph3P-B~~Al my be 

used to convert butadiene into cyclaxka-1,5-diene with 93-5% selectivity 

[143]_ Ifethyleneimine is addedtothe catalyst system,hoccever, the 

nain prcduct (80% yield) is the lbezc dimz (E,E,E)-octa-2,d,6-tri~e 

(109). %e n-e&x&m of this reaction has keen investigated by a series 

of deuteration exprin-ents [144]. !l%e catalyst ik(oBu)+-Ph~p-Et$lCl 

with but&iene gives (109) twt?x?.r with scxre vinykyclohme [145], 

2,3-DimzthyI.butadiene is converted with 80% yield to the dimz (110) and 

linear oliqomzrs are formzd with high selectivity from several other 

substituted 1,3-dienes. when bicycle 12,2,11 hept-2-ene (nozbomene) 

is heated with N~(CSH~OZ)~-P(OE~~) 3-Et3N, the principal product is the 

diene (111) [146]. 

Co(ox)>, Et&l, Ph&ib 

/ 

3 34 - 

ox = 8-hydroq+quinolato 

/ -(ox)zr Et&I., ph3P y Pb3Si Sip; 35 
'or NiC12, EtaAlKla, PhxP 

- 

u-12) 
,Ni(CSH702)2rEt&L,Ph3P,CZH2C1Z 

Referencesp.101 
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The range of catalysts describsdakove foroligmxxisationof 

alkenes has been applied to the ol.igmxxLsation of tiylsilanes 11473 

@uations 34-37). Variations in the catalyst system lead to tide 

variations k the products. Ethynyltrimethylsilane reacts n-ore readily 

t!haa doas the V%nyL cwund (112) in the presence of Ni(C5H702) 2-Ph3P-Et3Al 

to give the di- and tri-silanes (1133 and (114) [147]. Oligom%iSatioaS 

of vir?ylsilaues w,cqsi~R~ (Rx = (WO) 3, @kO)~I4z, Cla, or Cl$@) with 

m.4) 

Ti (OBU)~-P~~P-E~&L as catalyst have also been examked 1148J. 

F;O& on the linear cootigcmerisation of tiylsilaue with butadiene, 

referredto inlastyear's my, IYII ken republished [lag]. Butadiene 

reacts with triaetho.xy(~inyl)silane in the presence of Ni(CsH202)r-PhsP- 

Et&to give the triene (115) without the range of biproductsfound with 

trimathyl(tiyl)silane. 'Ibere is a brief account [150] of the reactions 

be&aeu tri~_metioxy(viJlyl)silane and either ethylene or propene in the 

presence of Ti(OB#).-Ph,P-Et,= and beh+ae.n trimkhyl(vinyl)silane and 

eclykRe ~5th Co (OX) i_Ph3P_Et+l as Cdtd_ySt. 

Ziegler-Natta catalysts again &ate those used for polymrisation 

of alkenes [21[81 IlSl-31. cNori&s containing titim and sme other 

rrekal e-g_, V, Cr, M-I, Fe have ken actXvat9d withttiisobutylalumiuim 

imgivehighlyactiva catalys7x for ethylene polynerisatim [l54J Il55]. 

Other catalysts -haVe been made by incorporation of magnesium chloride 

or diphenylmgnesium and/ or ethyl banzoate [l56-91 or Various amines [160] 

orbyreplacingthe titaniumcompoundbytheccaiplexbetweeu 4-nrathyl- 

pent-l-ene and vanadiurn(III)chloride [161]. Several further papers have 

beenpublishedonmn --isanerisationpolymsrisation orcopol~risaticm 

using TiCLg-Et$Xl 1162-51 kxm-erisation may be assisted by bis@r&ane- 

2.4-dLonato)nickelJ. on the effect of changing the soluble ax&a&t 

in the heterogeneous reaction system [166] and on the nascent structure 

and rm~&olq of the pol_ym=r 1X7-81 [l58]_ Another series c?eals with 

Iplymzrisations of propene [X9-172] or other alkenes 1173-53 using 

soluble catalysts from vClr, or v(c H 0 1 5,2 3andalkylalmiuiummapounds. 

ESRmaasmene_ M.s on soluble catalysts derived from [Cq-C5H5)ZTiC1ZJ- 
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Et&l mixtures have also beeu described [176]_. So called Ziegler-:qatta 

catalyst system from iron stearate and triethyla1mLni.m [177-81 or 

from tl-~allium(III)chloride and triethylaluminium [179] have keen dsscribad, 

but there appears to be no account of the use of these system for actual 

polymarisatims. 

Organcal ~mcorqmmds continue to finduses as ca-rpcnentqwith 

transitionmatalcanpounds,ofcatalysts foralkeneaetathesis andring 

wg _wlyrrerisations C3.9.106, J-80--12], and for polyrrerisation of 

acrylates [185-61. 

P,notber group of applications of oqanoaluminium compounds depeuds 

on thkr functioning as Lewis acids [5,6] [187]_ A cwrehensiw study 

of the t-butylchlori~~thyl(cycloFentadienyl)dl~um system as an 

initiator for polymztisation of isobutene has suggested that initiation 

is by [But]' cations and temnkation mainly by transfer of [C,II:]- from the 

[Pkz2Al(C~H~]Cll-ian [188-Y]. The nm-polymarisable alkene 2,4,4- 

trinetbylpsnt-l-ene has served as a rmdel for the study of initiating 

system for cationic polymrisation. A detailed examination of the 

products from the interaction of this alkene with p-MaC&,CFi~Cl-Et&l 

in diichloronethane has given infomtion about relative rates of various 

elementary reactimswhichhas been ~rtantinmakiugpredictions about 

polyrrerisaticn of isobutene [190]. 

Iieactions betkeer~ ~thyldichlorosilane and various 1,3-dienes have 

beendocmented. Mixtmes of Ni(CjH50z)? and R& (R = Et or Bui) 

effectively catalyse 1,4-additions. With but&&he or isoprehe, bis- 

silylated products (116) and (117) are also produced: yields of these 

may be increased to 65-70% by using an excess of silahe [191]. In 

another study [192] of the catalysis of isop-e hydrosilylation Sing 

99 

(116) (117) 

transitian. retal atom, the addi' &on of diethylaluminim chloride 

to ineffective catalysts from Cr, V or Ti vapours did not lead to 

anyinprovement. 

(118) 

(119) 
References p.101 
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The catalyst system Ni(C5H702)z-Ph3P-EtsiU has also been used to 

effect the sinmlta.mzous dimerisation and amination of butadiene to give 

the dialkyl octadienylamines (118) and (119) [R = be, Et, But or RZ = (CJ&)S~. 

Ekcsllent yields (> 85%) of (118) my be obtained at 1~ teqeratures ti 

toluene or at 20" in TBF: the (118)/(119) ratio increases with increasing 

steric mt of the ax&e. Bis (cycloocta-1,5-diene)nickel(O!- 

t.rL_pknyIp~osphine-triethylal umkiummly also ke used as catalyst 11931. 

Ini;nm-ediates such as (120) Iray Irrt involved. 

(1201 

As a final exan@e of the use of 0rganoalmnirGm c~unds in 

catalysis, the syrkh~is of arylaL?es (Equation 38) my ie effected - 
using [ClzPd(PPh3)2]-Bui>x (R = H, alkyl or aryl; X = I or Br) [194]- 

RCxztlc1 + ArX ;z?CxAr 38 - 

ESRsignals frmnthepurplematricescbtainedbyccam&nsationof 

alumkim atom with benzene or C6D6 have hzen attributed to an Al-n'- 

CsHs axr@lex ti which a half-filled p orbital cm Al owrlaps with an 

antibcmdingotiital associatedwith theC-Cdoubleknd [l95]. TheESR 

spxtrumofanAl-acetylwematxixwas descrikedin1977 andthe vinyl 

structure (121) w c0nsideredmstlikely forthe species respcHlsi_ble. 

SelfcuMstentfieldcakulations,h~ve~, indicate thatthe vinylidene 

structm (122) may Le Imre stable Cl%]. Itis poss*le thatatthe 

law tenpzratu-es erqloyedintheESRstuc&thehydrogenb-ansfer 

converting (121) into (Y2) my 12 slcwso thatthekiwtically, rather 

thanthe uxmmiyRamically,deteImine dproductmykeobserved. Cakula- 

timsofthiskindarebecxmin gincreasinglypossi_ble andmywzll throw 

lightcnanmkerofp~ sesinvr>lvingorganaztallicaxpou&sas 

catalysts- c f. alsb ref. 26 - 
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