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ABSTRACT 

THE SYNTHESIS, CHARACTERIZATION AND 

INVESTIGATION OF THE CATALYTIC 

ACTIVTIES OF SOME 

l o 5-CYCLOOCTADIENE AND 

2,5·-NORBORNADIENE 

GROUP VIB TRANSITION METAL 

C,1RBENE CARBONYL COMPLEXES 

by 

FIAKGARI HIRPO 

Research Advisor: MAKONNEN DILGASSA 

The reaction of l,5-cyclooctadiene tetracarbonyl tung-

sten (0) with methyllithium gave products in which the diene 

is no more coordinated to the metal. It was investigated that 

the compound is catalytically active and could metathesize 2~ 

pentene into 2-butene and 3-hexene in the presence of EtAlCl 2 

as a cocatalyst. 

A series of some (diene)U(CO) 4.' :.Jdiene)M(CO} 4 = 
(l,5-cyclooctadiene}W(CO}4' (2,S-norbornadiene}W(CO}4' 

(2, S-norbornadiene) Mo (CO) 4' (2, S-norbornadiene) Cr (CO) 4 J, and 

(CH3CN}3Mo(CO}3 complex were tested in the ratio of M to coca~ 

talyst to 2--pentene to be 1:0:1000. For comparison the active 

fofClO-C2HSOH-C2HSAlCl2 System lJaS used. Gas chromatographic 

analysis of the reaction products showed that (2,5-norbornadiene)­

W(CO}4 is able to give 59.24% conversion after 24 hours at room 

temperature. The other complexes showed different percentage 

conversions and (NBD)Cr(CO) 4 was found to be completely inacti1!e. 



In the presence of cati"l:lsts, i'Oqt; cOfil,::only containing 

tungsten I molybdenum, or rhen:i:'lllJ, olefin" nnll erGo the reac­

tion generalized as Eq. (1) ::ll~! k'I()":"1 c':': olefi!.' llJetathesis 

reaction. 1- 12 Metathesis rWJ1J,lts iTt. ';Olrl(3:'.'!' called polY/3,lk-

enamers when' the olefinic ')opeL ;Jr') inCll',c)ed in rings I 

Eg. (2) .13,14 

+ \ J 
I~ 

(1) 

Such reactions are most ofcs::l brought ,:',~)ovt b;y the metal ca-

o ,? (2) 

talysts in th" prescnce ot COG'ti'l~'3t8 :Jl,ch ,/G organoalUln;inim 

compounds15- 20 or organic dcriv,c-cives of other metals, nota-

bly tin. Some catalyst sJste:JG noe(l triiCcs of oxygen or 

1'" 1 0 23 oxygen containing species .::ts Em ",0 ti V', 'cor, '-' I ;I, while I 

others initiate the rcactiODG only in tLn \·:ceBence of some 

24 :::>5 Lewis acids' or lj.ght- imd sven :d; the Dbssnce of any 

cocatalyst at all. 26 

The metathesis reaction L~ ;~i",inin,:, ,1 ':df e 8,pplic8,tion 

primarily in petroleum in,iustr;y (lUC to its use for synthesis 

of some olefins which would othwccise 1)8 difficult to obtain .:... 

through some other common synt;.,et:l.c ,:et>oc1,s. Terminal ole-

fins can be synthesized by etJ\),'leDe clG'v:.'C8 of an unsymmetri­

cal internal alkenes or ':Jy rec\ction or rr';i1.]wcric internal ole-

,./2 
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fins \,i th ethylene. :For example l-hexene '·'Jas }Jrep~'rcd hy 

metathesis of 2~heptene 8n~ ethylene with a homogeneou~ 

molybdenum ca tcJlyst, E,. (3) .25 

+ 

Metathesis of acyclic dienes can yield either cycloalkenes 

(intramolecular meta thesis) or 2c:!cLi.c rolyenes (intermnle-

culRr metathesis). A convenient route to multiple unsntu-

rnted deriv~tiveB has been attpined by croBs-met~theBis of 

an acyclic and cyclic alkenes. With ethylene qs the Bcyclic 

reactant,~;4'-dienes are formed. W.B.Hughes and his co~or~­

ers25 have preppred 1,9-decadiene and 1,13-tetra-decadiene 

from cyclooctene and cyclododpcene, respectively, by using 

+ 

In a matter of 2hr at OOC, l,5,9-decatriene could be 

obt~ined in 18~ yipld by the metathesis of ethylene with 

1,5-cy.'1.ooctadiene, Eq.(6). 

I:t' .,:), + 
" __ C;,r-{4~---'c'> C"'2~Cll(C1l2) 2C';~ClI(C}~2) 2C!bCH 2 (6) 

The preparation of polyalkenameres by metathesis is one 

of the most ~idely studied areas since the discovery of the 

disproportionation reaction. The synthesis of perfectly 

.. /3. 



p,lternating interpolymers, the syntl1etic objectivcE' not llt-

tainable by any otl1er technique is one of the most attr~c~ 

tive applications. By use of convention 1 methods, the co-

polymerization of butadiene and isoprenE yields polymers that 

cont8in random sequences of -CIL,CiI=C;Wfl2-and-CII2C(CE_)~CHCH2-, ) ~ 

units. In contrRst, metathesis of l-metJ1yl-l,5-cycloocta-

diene yields B polymer in which these units are more than 

970 perfectly clternatinB, Eq.(7)~7 

{' - . , r I 3., n G'" . CH3 . elI 

~ Z-::::;c:::::;·; -t~.CR2CH=GHCE2)--+CH2C~CHCE2 U n 

Metathesis of 5-methylcyclooctene gives the perfectly 

al tern"ting terpol~]er of but8diene, ethylene, Clnd ])rol}yle-

n e, FJq, (8) . 

•• ~-~ •. ~. - IT l"- I . O·/H3 
n I' . ,,;'" ..{CJI2 CJ1=CjjCH 2}-- €cr. 

The synthetic utility of the metathesis 

CE., 
:; , 

reaction would be 

greatly extended by te met8thesis of pllrenes that be~r fun-

ctinnal groups. Boelhou~'er et al were able to metathesize 

long chain fatty aciels eeters by use of a LC1 6/(CII
3

)'J'c;l1 C8-

t 1 t 29 
8 ys . Methylester of 9-octdecene gives the 9-octadecene 

dimethylester, Eq. (9) \'Ihich is ch".nged to the correspondirJr; 

diacid providing 8 ptarting m8teri~1 for tl1e preparation of 

civetone, a valuable per~ume compooent, Eq.(lO) Bod for the 

prpparatiol1 of an ut1s2turated valcanizablE' polyesters. 

. . /4. 
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"1'("11 ) v , "'2 7, 
11 ". c=o 
WtT((Hj ) /' v, 'L 2 7 

(10) 

The metathe2is of slkynes is ~lso g~ininff nttentinn, 

though most of tile ,,;orks (lone in tl1is ",rea 80 feLI' h",v(-' een-

tred on 21kenes. By use of \;03(3i0 2 ) catalyst tile conveTsi.on 

of 2-pentyne into 2-butyne ",nd 3-l1exyne C0111d be accomplished 

in '" 23~ yield. 30 In this respect termin",l acetylenes seem 

to be less useful since the major reacti"n becomes cyclo­

trimerizatirn to benzene derivatives. 31 Cycloalkynes under-

go ring-opening metathEsis, like their olefinic counterparts; 

the conversion of cvclodecyne to a series of oligomers, 

(C61I16 )n' upto the hex8mer (n=6) has been cJemonstratec1. 32 

The application of the metathesis reaction for organic 

synthesis is exp-nding at such a tremendous rate that it is 

not easy to cite ,,11 exC'nmles. Heverthless, two last points 

are ",orth mentioning. These are, the s··ntbesis of isotopic-

ally labelled olefins lIke 'he reaction of tetradeuteroethy-

lene w1th cyclooctene to pro~uce terminally deuterated, 

diene Eq. (11), and the synthesis of huscalure (c1s-C)·-trico-

sene), ":11e sex pherQ[rwne of the CO!"ll'On housefly (i':lusc8 

en) 

.. /5. 
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in the absence of met~ls prevent 2 + 2 cycloadditiooB from 

occuring. 31- 41 Consequently one would expect either of the 

following tl\,O t1,ings to oc,lIuI', 

a) the formation of cyclohutanes 8S side products 

from 01e'1n metatheeis reactio!), 

b) the cleavage of tIle cyclobutaneC' "hen 8dded to 

met8thesis re"ctlon mixtures. 

This first mech~nism proposed v~s ruled out when experi­

ments to demonstrnte either showed that neither occured,42-45 

The most re8conable rnecIlcnism so fqr foI"~r~ed empha-

sizes the involvement of t'e met~l-cGrbene speciFs to pro-

pagate the ch~in reaction, Eq. (15).46-53 
b 

Unlike the mecha-

b e ~\ a-.cf '" . H , . ':", I I 
e_, __ ..... _~, g 

:I: ~ 

'. ,+ )CM 
a .. 

+ 
, 

'''-''-'~' 

a b 
'"./ 

II . ' ...... 
e'/'f 

g\ 
'c- H-

I (15) 

nism proIJOsed 8bove, tbis ch"in 
hi 

mech8nism neither o~lls for 

cycIOl':.utsnes to be fcnned nor react, but yet, tt ni?cly 

accounts for the [rOSB structural chenge. The metRl-carbene 

species involved >,er(' tholl[ht to be of ~igh ener~y and dif-

ficult to isolate. 

It W8S in 1964 that the first stable tr~nsition metal 

carbene complexes were synthesized nod char8cteriz2~ by 

, ./7 
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E.O. Fischer's {:rnlp.54 They fOlltld thc,t metal onrllonyls 

react ~ith orgntlolithium reagcnte to 'ro~vce ~cylmetal ao-

ions WhiCh could subsequently be alkylsted ot) cxygen to 

,':ive tl"atl>3ition metHl corbene corocplexes, l<:q.(16). SiGee 

been aynthesized and these nre shortly reviewe~ 
o 

In the coming 

.... ;1 
( CO ) ~ "~'I -C -c 61l" 

:I ,) 

(16) 

chapters. The heteroato? stabilized carbenes known "hich 

sts in the olefin metnthesls r?-:;;ction excr:>pt under some dr~-

tio activity diDlininhes as the stability of the carbone 

complex iA enh~nced. 

The i801"t1011 of 8 non-heteroatom stRbilized metal 

carbene coml,lex 1 WaS 2chieve~ by Casey pod EUrkhar~t.47 

This compound (diphenylc~rbene) pentRcarbonyl tUGgsten (0) 

\»"S synthesized by the n'>ute Fhnv:n in Eq. (17), pnd jt wC's 

found to be catalytically "ctive in the olefin metathesis 

rea cti on. 

../8 
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I 

P6H5 
(CC)5f1-0:C6H5 

OCH3 

HeL 
.----~ 

_78 0 " 

(17) 

If p central metal is catalyticallY inactive in the 

olefin-metathesis re~ction one Ilould theoretically expect 

the isolation fif a metal carbene to be possible In the pre-

sence of 8n olefin coord ills ted to tlle centrel metsl. V:hat 

would be rClther intcrestit1{; ie: to know ':lhat happene1 lihen "n 

ole'in is coordinated to 8 catRlytic~lly active metal centre. 

An attempt to isol-to an active met 0 1 carbene in the ~respncp 

of an olefin cocrdinated to the metal Bod subsequent studies 

to knol the fete of the olefin could be 8 desirable project. 

This in 8 way csn support the "ttcmnts to explain the mecha-

nism of the clefin-metathesis reaction. It WRS from this 

'1'he Jirst pc rt of theproject is c1 irectec1 towards the 

development of methods for the synthests of some (diene)-
(' 

i'fL(GC)4 complexs, :_ciiene=I,5-cyc]ooctadiene (CeD), cr 2,5-

norbornadiene (NBD) ",00 N=Cr, IliO,,]"l, Clnd reaction of 
I 

-,~. 

(COD)W(CO)4 with methyllithium ~nc1 subsequent methylation 

.. /9 
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following similar proce~ures ~s Fischer ' s 54 , 80 8S to isolate 

the c8rbene COU!111ex. hn attel~pt i8~h'0 donr to inolate the 

trimethylsil~ne deriv~tive of the cArbene co~plp~. 

The 'second pc:rt oJ the'preject i,fl inventi[ati.otl of ,"orne 

of the (dipne) ~'(CG)4 complexes, whether they CAn catalyti­

cally metsthesize 2-pentene into 2-but~ne and 3~hexene or not 

(rrrisacE'tonitlile) tricarhonyl molybdetJum (0), (C);3CP)3l'lo(CO)~ 

is alRo included in the series of compounds subjected to CRt: 

31ytic test j~st for c()~par~tive re8Rons. Sin,e the Bceto­

nitr,-le Hg"nd h8S less pll:-dD b8ck bondini! ~"jlarActer .<>nd 

is more labile th~n the diene ligands, it is reasonable to 

know if this bas atJy effect on the activity of the central 

met"l as co",pared to the diene complexes. The well 'mo'· n 

cocatAlyst, C0H~11C12 is used in these catalytic tests, 
L :; 

,"ince it is believed that its role in the catnlytic,'lly "c-

tive transi ticn metal carbory:~ complexes is to venerClte the 

Acyl metal anions which ~hen lead to metal-cArbene comp­

ounc1s. 55 ,5 6 

In the fol1o\;ing chapters, some attempts will be done 

to present R bird's-eye-view of the bonding in tbe trnnsition 

metal carbene ccmulexes and pome general methods used to 

synthecize such com~lexes. This is followed by a chepter 

deAling with a short review of different catalyst systems 

known in the olein metathesis reaction. 
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CHAi. TIR 1 

1.1. The Ha ture of Bond ing 
.0 _~> __ ~ __ ,~_~,~ __ <~ __ ._.~_,-____ .,~ ___ .~._ 

The transition metAl c~rbene complexes have the gener~l 

forml11a 2..here ClY is defined as a ligand with approxima-

" tely 81" hybridized electron deficient cc'l'bene carbon. The 

Ccarb. is directly cottace",: to tIle metal wi thout '" formal 

? 

For tile 8lkoxy Qub~tituted Fischer type carbene co~ple­

xes, there are three i~port~nt reson"llce structures(3a, 3b,3c). 

The bon0ing of the carbene ligand to a transition metal is 
') 

conveniently described in term~ of the don2tion of the SpL 

hybridized lone-pair eleefrons of the cprbene carbon to the 

metal atom together with a concomitant acceptance of elect-

rons froT the filled d orbitals of the tr"nsition metal into 

the empty pz atomic orbitals of the carbene. The metal-cpr-

.. /11 
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bon length and the degree of double bood character i det-

ermined by the extent to which these t~o processes occur. 

The electron don?tio0 from tbe lone pair of adj[1cent hetero-­

~toms into the empty pz orbital of the carbene carbon atom 

generates double ,'ond ch"'racter in the carbon-hetero"tom 

hond. 57 

Carbene complexes are now knowo for maoy of the latter 

transi tion met",ls. '['be cen tral meta 1 elec tron configura ti on 
r....-, 

r nge f.l'om d' 
5 () 

with d Rnd d~ with yet unpreRented. Dxi-

dation states froln 0 to +4, Rnd coordinetion numbers from 

? to 7. The corr0SpOn(Ung ccnfit:'ura 1;io118 8rouno the ce!1-

gon"l bipyramid8l nnd octallecrCll. The mn jori ey of c8rLwne 

complexes are neutral, mOllollucle~r aod hnv.- ~ingle coordinR-

teel cClrbsne. HOI!lever, cciti.onic species are kno"!l1, as are a 

number of (11- and tri-nuclear deriVatives. To date no an-

ionic carbene compexes have been reported, although the acyl 

metallates (LH-COH)- elre intermediates in a nUiliber of syn-

theses. 

The stable metal carbene complexes ~re derived from 

nuoleophilic carhenes 8nd th~t Ccarb is highly plectroph:lic. 

This reGults in multiple bonding with the heteroatoms (x or y) 

of the lig8nd (see 49) Clnd t10t in (d-,P) n (:fr,ck bondit1g) 

\'lith the Iiletal. i's", ligand, we c,~n therefore dcs~ribe the 

.• /12 
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coordim, te'.' carbEne as a 8trong -donor, but a we8k 11-. 

acceptor. In thi8 context 

tiates l t from the 'ylide I 

x+ ~.". 

the ~018rity cl~~rly differen~ 
+ 

(eg.H 31-C f '2)' structure; 
, . 
x .. 

I - 1/ 
LM-C' 

• 
LM-CJ' 

"­ y 

,.x 
1I1=C 
. "'y \ 

y 
4§. 4.c. 

The conclue,ion tl1~t 3:§. cO nd .412 are the principal cano­

nic~l forme implies (i) the absence of a hand order BiEnifi­

cantly gre~ter th8n unity in M-Ccar, (ii) the con8ider~ble 

Olul tiple h'l1d ch8re> cter in Ccarb-x, (ii i.) tl'e electrophili c 

character of Ccarb, (iv) the analogy between Ccar-OR or 

Ccar--HRIR2 and Cacyl-OR or C3cyl-NR 1 n2 , rather th,~n C?U'yl-OR 

or Calkyl-Hr,IH2 organic coupouncls, :lnd (v) an electronic ef-

fect of the carbene lig~nd on M. The cle8re8t eviclence for 

(1), (ii), nnd (iv) is crystallographic. 58 

Chugaev Salts were first prepared as early as 1915 59 

but they were only recently recognized to contain carbene 
60 61 . 

complexes. ' The nuccess f E l ~' I 54, , 1 t' o ~ • . .L1 18C 1er In ISO 8 Ing 

Rnd characterizing the first heteroatom stabilized transition 

metalcarbene cOG:plexel", h"s been ." good basIs for the further 

development of differ0nt synthetic routes. 

. ./13 
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For the direct synthesis of carbene conlplexes from non­

carbene complex precursors, Fischer's origin~l preparation54 

(Scl1ell'e I) is t, e west useful, though different methods seem 

Cr(CO) 
6 

Scheme I 

have been 

isolated and chprpcte~ized as stable tetraalkylammonium 
6;> 

salts. - In the initial prep8ration of (CO)5\'W-(C6H
S

)OC1l
3 

Fischer re~!cted tbe Clnionic ",cyl cOlnT'lex ,tth diazometbeoe 

in Rcidic solution to ~,ive 55~ yield of the carbene complex. 

The preferred ~lk'yla ting eben ts for tbe w,'n thesi s of a,lkoxy-

substituted metal-carhone com~lexes are triolkyloxonium 

salts63 end 'CR OSO F64 
3 2 which give yiel~8 in excess of 80%. 

A great number of c~rbene comrlexEs have been prep'rec1 by 

this route from Cr(CC)6' Mo(CO)6' W(CO)6' Mri2 (CO)10' 

Re 2 (CO)10' Fe(CO)5' Ni(CO)4' Rnd many substituted metal 
65 66 carbonyl compounds.' The lithium reagents widely empl-

oyed are CH 2 Li, n-butyllithlum, substituted aryllithiums, 
:; 

.• /14 
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furyllithium and ferrocenyllithium. Amides can also be 

used to prepare metal carbene complexes from metal carbo-

1 67,68 ny s. 

ilcohols add across the carbon-nitrogen bond of cO:0ple­

xed i~'ocyanides, El'. (18).69 i'mines also rea (lily "dil, to 

°10 complexed isocy'nides, Ec.(19). 
CH

3
CH

2
0, 

l"tO"! ~ C II ,;,-C "tCl (l'E't) , , " C ~'tCl (l'J"t ) (18) 6 5-1,= -r , 2 - 3 .. --~ / =i 2'" 3 

+ 

I-I-N 

CH C H '1H -~~-----'-" 3 6 r ? / 

CH3C6II4ji~ 
C=TdC12 (T)03) 

, 

(19) 

The reaction of Na 2Cr(CO)5 I/ith 1,?-diphenyl-3,3-dichlo­

rocyclopropene gives the novel carbene complex) (Eg.?o).71 

(20) 

The reactirn of NaFe(Cc)4H with the 1,3-dimethylimida-

.. /15 



zolium ion gives 

+ 

-'l5·· 

... corbon-bonded 
CH

3 N r ).H '-. Btl. 
3 

1 J'.I;.q. "1-)72 imidazole cbmp ex ~, L 

(21) 

Electron-rich alkenes react with metAl complexes to 

split the alkene Rnd give carbene complexes, Eq.(22)73 By 

a similar route a bis-c:orbene complex of chromium \·'Cl s pre-

(22) 

-) 

}.2.5. :J,:~lj11Ji.rlAJ:Jon Heactions 

Rec-ction of I ('CH3)3cCtI;13TaC12 ';lith (CH3)3CCH2M gives 
-~- -

a tantalum-carbFne complex. 75 Labeling studieF indioate that 

the reaction prooeeds via .;< -elimin",t' ron from an intermediate 

H5Ta compound, Eq. (24). 

, ' -
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Reversible .(-elimination of hydrogen from a methyl-

tungsten compound to ~ive a tungsten-methylene hyaride deri-

vative hEw been proposed as a key step in the reactions of 

The reaction of NaMn(CO)5 with 1,3-dibromoprc:ane ~roduces 

the cyclic carbene complex ~ 77 pre2umably via intramole­

cular alkylation of an intermediate acyl complFx (Scheme II) 

Scheme II 

.. /17 
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" The 0-81kyl8tion of 'lcyl mercuri8ls prcduces cationic 

carbene Complexes Eq.(26).78 

((T") 0+ 
Et N-C-Ht:-C-NEt ' ""j-'-T~ 

-I-2 

(26) 

Light-catalyzed transfer of a carben~ lignnd from moly­

bdenum to iron h~s beeh ob8erbed, Eq.(27)79 though it is not 

known whether IIr,·,t 8ctivated the iron or thE molybdenum com--

plex tc cat~lyze this reaction. 

Carley Dnd Anderson ",ere able to tr8nsfer a bsrbene lega-
80 nd from chromium to tyngsten by therm81 activation, Eq.(28). 

-~ (CO)5 Cr-, I + 
i;) ~/ 

+ 

1. 2_,~pjazo8),1s.?))S.--l2E.~cul?~~; 

The reaction of diazo compounds with metal complexes 

has recently been rel10rted to i"ive carbene complexes Eq. (29)!'l1 
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Complexes of electron poor darbenes can be prepared via this 

route. 

+ 

(29) 
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CHAPTER 2 

A :.',HORT c:URVEY OJI' THE eLf,liIlf IllFT'Tll}'SI8 RHO/rICH Cl Ti IYS'CS 

As early as 1954,82 norbornene \'las polymerized by c: mix'­

ture of titanium tetrachloride ao~ eithe~ et~ylm8gnesium 

bromide or lithIum tetrabutylalumin'um, but the rrorlllct ViaR 

recognized as a polyalkenamer only in 1960. 83 The first des-

't' f th t th' t' 'l'n lC:57,84 ""hen cr1,p lon ° e me,., ,eSJ.s reClc 1011 \'i8S Glven _ 'j , 

molybdenum oxide on ~lumina combi.ned ',i th tripobolltyl alumi-

n"um conld tr8n,sform propene into ethene "nd butene. Vlhen the 

s~me catalyst, molybdenum oxide on alumina was used in the 

presence of lithium-8lumin urn hydride ~nd ~ydrogen, norbor-

nene 0nd cyclopentene were chRnged into their respective po­

lya 1kenamers. 85 In 1963, tungsten or u1C'lybdenum hR 1ides l'li th 

organoaluminium compounds as cocnt~lysts were introduced 

as metathesis cata1y~,ts, when they "'ere found to polymerize 

cyclobutene and 86 norbornene,87 ~nd the signiflcnnce of their 

application became apparent thefollowiog year when they were 

found to polymerize the unstrpined cyclopentene to tran8-

polypentenamer. 88 Huthenim', trichloride in eth8nol ';Jas dis­

covered to be a catalyst the fol1m'ii.ng ye8r. 89 ,90 Soluble 



to be effective. 

Certilin metal carbene complexee Gush as 1{?H 3) 4iD 

(("CO) 1',COPh"] Rnd (CO)5\C(OC2H5 )Ih in combtn",tion 'lith FR3 , 
._- 5 - .... 

sulfides, sulfoxid's, guinone8, or N-ChlorOBuccinimide, to-

gether with TiC1
4 

cocat~lyst, were also effective cocatalys+e. 

, at monomer /W molar ratios of up to 5000/1. 93 

The majority of the metathesis inducing oatalysts con­

tain either tungsten or molybdenum /HI the transition metal. '. 
Rhenium is the only other metal that has shown general cata­

lytic activity. Other transition metals have been used in 

special cases. The olefin metathesis reaction has been 

found to be general for a large number of olefins and can be 

oatalyzed by a variety of complexes, The catalysts in mrny 

cases are very active. For example, one homogeneous system 

will cC\lV€l"t l04moles of olefin per mole of cat81yst to an 

equilibrium mixture of products in a matter of seconds at 

250a.91.9~ P~ocedures employed in the preparation of cata-

lyst systems are diverse in many aspects. Different oxidation 

states can initiate the metathesis reactton under different 

conditions. For example, tung8ten bAsed catalysts cCln be 

prepared fro~ precursor compounds rangtng from V(O) to W(VI) 

oxidation 8tot~S. The com~osition of the lig0 nd field sur-

rounding'the metal is not very restricted. However, the li­

gand field does affect spec~fic cgtalyst features, such RS ove-
, .• /21 



rhll efficiedcy, c~pacity to met~thesize certain 2ubstrqtes, 

stereospecificity. and retention of activit: in pol~r en~i-

ronmen,ts. 

The metsthepjs catalysts can be classified into three 

major r~ther arbitrf1ry catE",','oTies. 

i) Catalyst systems utili~ing Q rel~tively stable and 

metal. 

ii) Catalyst systems thct ~re activated b,: o~ganometa-

'''''silj:c' cociltalysts which presumRBly forrn:---bonded 

R-M transients, tilierein M is the transition metal 

iii) Catalyst combinaticns that do not involve a prior 

carbene or an organometallic component. 

After the novel synthesis of the first non-hetcroatom 

stabilized carbene, c1iphenylcarbene (penkcarbonyl) tungsten(O) 

COm1)lex47 , ICa tz cHlc1 coworkers demon fltra ted th"1 t this sta ble 

WeO) complex may ?lso be employed as a metathesis catalyst 

Bq • e 30) • 

Ph 1'h 

~/ 
E + 

(CO)" 
:J excesR 

+ + 

W(CO)6 

45)" (30) 

•.• /22 
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In comparison to other c0tAlysts, the coordinatively 
/J'h 

saturated (CO),."=C<, is surprieingly slUggish,95 
:;. '-. Ph 

Recently, Banasiak fro~ Phillips Petroleum Company,97 has 

demonstrated th~t the stable (methoxyphenylcarbene) penta­

carbonyl tungsten (0), (OC)5'I:CPhOtije is cap.'lble of converting 

l-pentene to 4-·octene in 8 yield of ~7,2 mol % in '7211 when 

heAted to 55 0 C, For this coordIn-,tively S8tU.Y'nted heteroAtom 

stabilized carbene the promoters found to be effective were 

halogenAted compounds of general formula liccl
3

, R+CCI
3

CO, 

Ph, Br et'~, and tin 8lkyl compounds R4S~' [!~=l';e,:t.t,B~l or 

BusnCl
3

, 

It has been V1ell documented th- t organometallic co",i'ta­

lysts do provide ;J'-bonc1ed alkyl groups '·,hen reacted wi th trp ... 

nsi tion metal 6lerivaUves, paftj,cul-,rly "'hen the transi tion ,,, 

metal is at a hi8):1 oxidnti on stRte, Typical examnles of 

,Cl /R AICI (m+N=3), WC16/RLi,0CI6/R4Sn, WC1 6/R2 Zn,MoCl r / 6 m n . ~ 

R3Al, and filo(rh3P)2C12CIO)2/ R
3

A12Cl
3

, Carbene G1etal-gene-

ration from rl"-!Jcnded "lleyl tTOUpS 'tIdS first proposed by 

Nuetlerties when he obserVied CH
4 

generation by reacting 

(CH3)2Zn "it111!CI 6 , JIluetterties' scl1emes are presented 

in Eqs,(31) and (32), 

. ,/23 
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The CH3-\!~,--:::CH2~1':-H 
, 

-hydrocen migr~tion fr0m 
100 demolH'tra t(Cd by GreEn. 

-23-

(31) 

(32) 

equilibrium, proceedinc by 

t "e -Alkyl to the l1letc 1, he" s been 

Shrock baa ~lso r0ported th-t ab-

str<'1ction ('f -llydrol~eI18 is <'1 route to isol?ble alkylldene-

t~nt8lum complexes, after ~hich Rn addion evidence for the 

formation of 

. (CII
3

) 3A12 C1
3 

and ',:01 6 WelD 

carbenoid species in t e reactions of 

a nel HO[TPh3P) 201 2 (NO)~ as well as (CH3 ) 4 Sn 
'.- 102 

recently reported by Grubbs. When (CD3)4sn 

WAS used as a c8cat2lyst predeutrated methane and etllylene 

were pn.duced Lq.(33), 

CD ~CD + W -=~3talyst 2 2 
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The suggested scheme for ethylene formation is dimeri-

zation of methylene m~tal complexes: 

. II[ C" .. '!.. CH ""cn 2Ln' = rt0-.. --~~·-7 2 2 .. 
Evidence for a methylene-metal initiating species was 

provided by detection of propylene early in thp course of 

metathesis of 2,8-~ecadiene with Ne
4

Sn/WCI6 , in addition to 

normal metathesis products, Eg. (34). Proper deuterium~ 

o + 
/" 

II 
trace 

labeling experiments involvi.nG (CD3)4sn and [1,1,1,IO}10, 

IO,-D~]-2,8-decadiene confirmed that propylene is indeed 

the first formed olefin, ~nd its structure indicated that 

the methylidcne and ethylidene moities originated from 

Me
4

Sn Rnd 2,8-decadicne, respectively. 

Vihereas formation of the origin'll c8rbene metal species 

in c8talysts fyom the above two categoriep is reasonably DC-

counted for SlJd 8ubst8ntiated by experimental ",'ark, pathvl8ys 

for carbene formation in systems that do not employ organo-

metallics are in most caROS still unresolved. Nevertheless 

it is su[gested nowadays, that hydrogen tr~nsfcr processes in 

.. /25 
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Mo and W complexes with olefins take place, which m~y be 

related to cRrbene zeneration in olefin metathesis catalysts. 

Osborn observed the,t JI1o(021I4)? (dip\1os)2 havin~~ a tr,~ns 

oct~d1eclral strmcture, undfcrcoes protonation '"l,,'n re8cteo 1:,1 th 

}q. (35). NNR studies clearly indicated tllat a 

OF 300ClH, 
--_ ...... --:-" 

takes plnce Eq.(36). 

'. 
--.-~."::'" · .. 0 -
~-~-- i 

H (36) 

A different reaction occurs when propylene iG employed. 

A II-allyl hydJ ide cnmplex is the obsel'ved sta ble proc1uct, 

thus sUEGesting the following e(~uilibrium. 

(7) 

The tl'lO significant items confirmed in this \'Iork were 

that (i), Molybdenum, and most probnbly tungsten, c~n expand 

its sphere of coordination beyond 6 and, (ii) hydride 

shifts tr8nsformi.ni~ olefins tq allyJ.s or TI-alJ.yls, via 

IT .. c·nd IT-'( processes, respecti.veJ.y,· are fe8sible in me­

tals thnt are known to produce active metathesis catalysts. 



According to Green l04 a IT-allyl complexed to Vi or l'io 

can undergo" nuc] eophilic 8ttack by Ie on thecentral C8r-

3 bon of the allylic group, forming 8 stable metallocyclo-

butane Eq.(38). Cyclopropane and propylene were cvolved105 

on heating the metp,llocyclic proc1uct of Eq.(38). Irradiation 

(38) 

of the cOID?lex produced ethylene and ~ome methane. 

(39) 

Osborn and Green's eleg~nt repult are instructive but 

their relevance to metathesis must be qualified. Until actu-

al catalytic activity with the respective complexes is demo-

nstrated, it remains uncertain whether this chemistry indeed. 

relates to olefin metathesis. 

The route to carbene initiation for systems catalyzed 

solely by transition metal sp,lts106 or their cnmbinp,tion 

with Lewis acids such as AIC1
3

, is not well established. 

Nevertheless, some evidence suggests reduction of the metal· 

, , -
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105 by the olefinic substrate. 

It i.s quite obvious th"t, the number of catal'fsts, "nd 

the different ccnditions needed for metathesis to take pla-

ce are nowadays becoming so vast and faetly developing that 

it would be unwise to attempt to discuss all. Just for the 

sake of partial completness the ~ifferEht catalyst systems, 

their seledtivities and speed of reactions are summarized 

in 1'able 1 below. 

Folybd~ 

MoC12(NO)2L2/A12(CH3)3C12 

L=)03J' ,EtIy '¢31;0 ')03As 

MO(CO)5/Cl (NR 4+) 

MOC15/(Et3Al)/02 

HoCl /Et Al 
5 3 

Mo(CO)6/Si02/A1203 

WC1 6/EtAlC12(4)/EtOH(1) 

,;C16/Et3Al(0. 5) (02) 

V!C1 6/LiHH
4 

(1) 

slaV! 

slaV! 

sl01'l 

very vast 

fast 

fast 

:3electivi ty 

9 5 

71 

99.6 

96 

93 

Ref 

15,,16,17 

107 

19 

19 

108 

18 

19 

109 
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V/C1
6

/BUH (?) (0
2

) 

WC1 6/n-Fr-MGCl(2).ether 

11C16 /Bu
4

Sr 

t(Fyr)2C14-EtA1C12(8)CO 

\1C16CH
3

m!/Bu Sn ('[) 
4 

W(CO)6 CC14,light (800
) 

li( C6H6) C1
3
/HC1

3 

HO "1' 0 "3" 2 

li(¢2C) (CO)5(500
) 

Vf(arene) (CO) 3 

,llhenium 

Re01 5Et3Al. 02 

Re(CO)5Cl.EtAlC12(90~) 

Re 20 7/Si02 

Other metals , 

very slow 

fast 

fast 

slow 

slow 

slo\'l 

slow 

fast 

slow 

inactive 

only vii th 
strained 
olefins 

100 23 

97 

85 

hig]1 

100 

110 

?l 

III 

22 

112 

24 

113 

95 

114 

115 

19 

20 

116 

17 

17 

117 
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CW JTUt :; 

2~ 1 The Synth..e!ic Part 

The chance in colour of the reaction solution, the ch8-

nge in their spectlum in the carbonyl absorption and t>,e 

NMR data clearly indicate th0t r~action has taken place be-

tween (COD)Vi(CO) 4 and methylli thium, 

The sharp ,'b"wrption bnnc1s st 2041, 1946, snd 1891"ctri--'1 

which correspond tr the startinc material, are cl e~rly obser-

~ed to change during the progress of the reaction by c'ntin-

uous decreament in the intensity of the bonds at 204] and 

1898" QC)""; \!hich finally disappeared 'iihen a completely brow­

nish-red 801ution I Vias obtained. The banel at 1946. cm-~1 

I'JaS shifted to 1965 oin-\"i th a shou1cler at 192~ om~.1 

In addition to the chHoge in the termin~l carbonyl abso-

rption resion, the other observ.0 tion '.'Jss a development of 

another peak at 1620- 9[1-:1 ThOUGh free olefins SllOl'J a C=C 

Rtretcbing vibrations in tl;is region the coordin.gteo 1,5-

cyc1ooct8dien~ in the starting material doesn't give an 

absorption band in the spme region presumc,bly due to the 

decreament in the bond order by complex formation with tun-

gsten metal. This fact is plso theoretically supported 

. ;/30 



since the antibonding orbitals of theolefinic c~rbons accept 

electron from the metal by bElc]c (lona!:ion 0 '['he new -'eale 

suggests the forma tIoD of a leetonic typrc carbonyl, CH3-9-','io 
o 

This is also supported by the fact that C5R5W(CO)3COCIJ3, 

absorbs at 1631 cm-l which corresponds to the C=O ctret~h­

inc frequency in the CR -q-Wo 
o 

The ,,,,'m spectrum of 12. doesn I t indicate the presence of 

any olefinic protons \'111ich are eXl~ected to appear at a 10-

wer fiel~. This obviously trlls us th~t 1,5-cycloctadiene 

is no more coordinated to the metal as an olefin after the 
,-

reactiono T1;e resonance at 1'.2 (.\ corresponds to CH
3

-pJ:'otons 

introduced by methyllithiulll. This can be compared with the 

CR
3

- protons intro~uced by the reaction of W(CO)6 with methy­

llithium in the Fischer type complexes with a resonance 8t 

2.321 54
0 The shift to the upfield region in out case is 

consistent with the theoreticsl expectation in that in the 

Fishcher type comnlexes the metal is surrounded by five 

carbonmonoxide ligclnd':, ',-'hich 11ave a very strong n:-b"lr::l: acc-

epting capacities to their anti bonding orbitals and hence 

a decrease in the electrondenpity 0n the metal, and th~t has 

the effect of further decreasing the electron clond on the 

attacked carbonyl c"rbon. Further the quartet at 3.45.6 
( 

and the triplet at 1.2J of Ie corres00nd to the nrotons of 
-~- ~ 

diethylcther, wbich is similar to tl];1t of the coorrlitJ'Jtecl 

diet1wlether of ]<'isher complex, (c(')5cr(CH(CH3)20lL20(C2n5)~7 

; ; /31 
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The multi01et at l.~ppm for Ia CGuld be the formation of the 

ci -ty;;e com:"l' x ",hIch mie-ht h",ve occured by dis,~ppearc'nce of 

the olpfins by att8c~ of the methy from methyllithium, but 

this idea is not yet established. 

The compound II formed after treatment with aqueous 

acid anc di8zomethane ,,,ilich sl;owed the multIplet at o.9(f 

8nd a sitlet 8.t 2.0lare si,L1ilar to th others above, '"ith 

the a ],peSr8 n ce of Rnother '/leak at 3.2 t whi ch is thought to 

be the CH30-protons, but the other pe8ks are not in accord­

ance with what is expected. 

The red-brown compound IV preCipitated from the red-bro-

em solution I by treatment ',1 th n-hexane gave the s~me pro­

duct as compound !~, (Scheme III). 

comiC CO) 4 + I 

:-"" 
/ N-hexane 

Solvent ~ 
1'2.1-" removed "IV 

-
" -

18 '" IV 

Scheme III 
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Treatment of the red-brown solution I with (083)38iOl 

which gave a precipitate of LiOl and '1 deep red solution cle-

mOBstrates that the red brown soluti0n contains lith:um ion 

in some form which in this case is AS ~ litb'um Salt of the 

complex, and this idea is supported by the high solubility 

of the initial resi~ue after removal of thp ether. The NMR 

spectrum shows that (083)3Si-0 is presumably present 

(see Scheme IV) which correspnnds to the sharp singlet at . ' 

r 
1.2~ , which would bp expected to appear upfield nearer to 

the stanc18rd Tl1S if the silicon \'las not bonned to "'n hetero­

atom. The r("onance 2,t 2.06 in this cas corresponds to the 

CH
3

- initially introduced by the methyllithium, and the mul­

tiplet and sit12:1cct at O.9c)and O.,75C"respectively, could 

possi bly be the al)(yl ty'pe 'u'g:Cll1d as sugvested above., 

[)O-Ol~l + 
[0-0-Si(CH3)3l 

LiOl 
+ 

The absence of the olefl;r,prctons cannot be surprising 

since the catalytic investigation has sho~n that (cor)W(CO)4 

has the ca[>8cl ty to cl'Lspl'oportionate 2--pentene into 3--,hexene 

8ncl 2~hltene (See table n~I). Evetltll01l:';h it can be ambi­

guous to predict what has ~xactly h~n~ened to the 1,5-

cyclooctadiene liB~nd, it is not expected to remain 

.• /33 

\ 

'" 



coordinated to the metAl centre in the presence of the car-

bene \'1hich is expected to be genera ted by the reaction "'i th 

methyllithium. lresmnably rhe absence of the olefinic pro,"" 

tons after the reaction suggests that an active metal centre 

which in this case consists of a metal carbene bond must have 

b(>en formecl. 

It'is eXpected that the isolation 'f tile carbene in the 

presence of a ~iene coordinated to the metal is possible for 

catalytically inactive compounds like (NBD)Cr(CO)4' The ki­

nds of products formed from the reactionof slkylmetals rea­

gents with the diene tetracarbonyl metal complexes and the 

comparisons of the products obtained from active and inact-

ive systems can give hints to the actual path of the meta-

thesis reactions. The complete characterizetion of the 

products should include elemental analysis and mass spectra. 

Yet, the hith sensitivity of carbene complexes to air end 

moisture seem to halt their complete cha±acterization to 

some extent. In olefin metathesis reaction the success to 

establish the fully correct mechnnism go side by side with 

the different attempts to isolate t~e catalytically active 

com:lex. ThOUGh it should not be frustrating" t]le isohdion 

and charact'-I'ization of the active species from.a'~atalytic 

solution is one of the mest difficult tasks that should 

be fiven speCial attention in this area of inquiry. 



-Y>- . 

In the anAlysis of the products obtained from the eat'31-

ytic reactions, it is ascertained th0t from the active systems 

the prorlucts obt8inecl arr' <'-butr:ne Alld 3-hexene. :.' The·io'mUa-

tion of 3-hexene.w'1!r confirmed by~diGtilling it out and 

ch8racterizing by l'JIiJR spectroscopy, which gage reson;'nces 

at 5.3¢ (a tri.plet), at 2.0S (a multiplet) and at 1.06 (8 

'trlj:llet j,n thE> ratio of 1:2:3). The ccmp8ri80n Ol the dis-

tilled 3-hexene retention time, with the peak2 obtained 

in the unknowns clearly clemonctrAtes that 3-hexene i2 ob-

tgined. Further the "ormation of 3-hexene is supported by 

the fact that alter distilling away the hexene the chroma to-

gram obtained didn't 3ive tIle hexene peak. The addition of 

3-hexene into the catalyst solution after deactivation, 

lead to increament in the peak area of the 3-hexene. 

In all systems where the 3-hexene peak '1ppeare~ in tll r 

chromatogram, there is always anoti.ler peak of 81moet tIle 

8ame area as thAt of 3-hexpne which comes just before tile 

2-pentpne peak. This presumably corresponds to 2-butene 

'/ihi.cI1 comes as a procluct of the metathesis reaction. ECj. (40) 

CATI.LYST 
-.~-.---";i + 
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Et!lC12 system which is known to be R metathesis active sys­

tem91 has further helperi irientlfication of the reaction pro-

ducts, ?-butene and 3-hexene. 

It is 0uite interesting to note that in general, the 

tungsten compounds aTC more active than the molybdenum comp-

lexes. The chromi.um cO:"lJlex tested (NBD)Cr(CO) 4 is inf"ct 

comuletely inactive with no tr~ces of 3-hexene even after 

24 hours. The inac ivity of the chromium complex is not ~o 

surprising since so f~r there is no chromium cOiplex put 

among the most active systems since the rlisoov~ry of olefin 

metathesis reaction. The best activity of th tUDg~ten co:np-

lexes among the sub-group can be explained by the fact 

that the formation of the metallo-cyclobutane intermediate 

is favoured ,';,ore since the oxidation of t::emetal, the last 

element i.n the sub:~roup cpn e8 ily t8l':e place. It is belie-

verl th,eot the 0:>; icJ.ation state of the metal has to c11 e 'nge by 

tViO uni ts to form the metallocyclobutane internv'c1iate)' 

Eq. (41).118 

+ (41) 

This mechanism explains the 8ctivity of the WC1
6 

SYB­

tem where the oxidation state of tungsten is chanee~ from +6 
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to where the oxidation state of tungsten is changed fro'" 

+6 to JViuttertis ilnd his cO'llOrkers 

found that the standRrd tungsten hexachloride bilsed catalyst 

systems were inactive when prepared under completely oxygen 

free conditions. 115 The introduction of oXYGen or oxygen 

containing species induced high activity. 

In our systems also it is believed that th~ oxidation 

of the metals to a higher oxidation state is eRsential. 

Eventhough the catalyst systems were prepared under oxygen 

free conditions, the introduction of oxygen through syringe 

transfer of solvents, or rubber serum caps etc. is suffi-

cient to ~ctivate the systems. 

In the catalysts prepared from tungsten nnd molyb~enum 

carbonyl complexes, it has been provedl19 that, they requir~ 

ox;ygen as an activator. It \\filS sh01'm tl18t, 8 wixture of 

1 equivalent of IJ(CO)5-P(C6H5)3 and 4 equivalents of 

C
2

H
5

AIC1
2 

showed no catalytic activity until 12 equivalents 

(based on ~) of O2 W0 S introduced. Introduction of the 

oXYGen oxidizes the alumin urn alkyl to increase its acidity. 

This observation is consistent with the fRct thst the ioc-

reB sed a c tl vi ty 

cohol is due to 

of the WC1 6 system in the presence 
20 

the form,"ltion of ".'_0 systems. 

of an ,]1-

Of the diene-tetracarbonyl Bnd acetonitrile tric~rbcnyl 

metal coro~lexes we tested the systems which show activity, 
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have one common feature, and that is the equilibrium seems 

to be £,ttained sl01'lly. In ',ther '!lOrds, all cablysts vlhlch 

~ st , show some activity at the end of t,le 1 hour fIve more re-

action products at the end of 24 hours. In these systems 

no attempt \V8S done to deactiv8te tbe cat3lysts after a few 

seconds or minutes. The brec:k 8S 'ii'S r,ho\"n in tClble III 

\Vas ch08en after 1 pnd 24 hours. This dClt" is not (uite 

sufficient tG say that equilibrium ie ~ttained after several 

hours. It is possible that the catalyst becomes ~ctive in 

the first very few seconds after 8ddition of theolefin end 

start being de8ctivpted, but this needs fllrther studies to 

be conclusive. 

The chromatogram of ?ll the 8ctive systems showed a . . 

small peak just before the 2-butene pe8k, (see apencices 

III and IV), which presumably corresponds to p 3-carbon 

propene pe8k which arises from the cross metathesis of ?_ 

pehtene with l-pentene, which C8n be present as an impurity. 

It was observed thClt 120 a mixture of l-rentene and 
2-pentene 

,ohen SUbjected to mct~thesis conditions, gave 

homo and cross pro('ucts of' ',hieh the latter were the m"1jor 

products Eq. (42). 
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CH
3

ClbCHC 2H 5 I CH
3

CH=CllCH 3 
+ C2H

5
CE=CH-C 211

5 
I 

+ ---.;:.,... 2 
"'·~-I 

C
3

H7CH=CB2 IC
3

H7CH=ClIC 3H7 
- 1 

+ 

2 

CH 2=CH 2 
1 

HOHO rHOJUC'r? 

r:;;H5CH=CH2 + 

I 12 

I --, 

4 

+ 

l 
I 

1.~,2H5 C [bClIC 3 H7 + CI!3 CH=CEC 3!Ld 

CROSS rnODUCTS (42) 

This result indicates ;that a primary olefin can comp-

ete Vii th the intern"l olefin in the cross reaction lmt does 

not undergo metathesis with itself. The rormption of prope-

ne as one of the crOSB products from the above experimental 

result is in support of the idea th~t the propene peak is 

present in the chrom~toEram. 

The rem"rkable result obtainea from complexes subjected 

to c8talyst tests is the high "ctivit' of (NBD)I'i(W)4 "'hic 

gave a complet conversion after 24 heurs (t'lble III). The 

fact thzd olefin metathesis is a reversible e :uilibriurit con-

trollec1 reaction and that for simple acyclic alkenes, the 

heat of reaction is essentially zero, the equilibrium conc-

entration being dict"ted by 

maximum conversion expected 

entropy factors and hence the 
121 to be 50%, may seem to con-

tra~ict the experimental result (59.24%) at a first gIRn.e . 
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The presence of I-pentene as ~n impurity ~an be one f?ctor 

for this discrepancy. As was shol.;n in I.q.(42) shove tile or-

oss products are tIle lih jor products "'hich contain hi.r:her 

r~tios of the isomers of 4-c;·rbon ?n~ 6-carbon. SLnce the 

percentage conversions were calculated referring to the 

peak ares of 3-hexene the c81culation didn't exclude the 

the area which ccmes from the cross product as these were 

not resolved in the chromatographic analysis. The usc of 

an internal st ndsrd And a very pure 2-pentene caD minimize 

thIs error. It is alsc possible that 2-butene, one of the 

reaction products l.'lhlch is '·1 cas at room temper:Jture .es.c.ap.es 

out of the reaction solution thus shifting the equilibrium 

to,,;ards the form?ticn .<Df more of 3-hexeiJe whioh may also 

support the high percentage conversion. In any cas it is 

c~ui te interest' ng that (NBD)\'I(CC) 4.oan be put a!l)ong the most 

ective catalysts in tl10 olefin metathesis reaction. 

So far nr attempt WRS done to explain the mechRnism of 

the reactions for the particular complexes tested for c~ta-

, lytic activity. In this respect Casey's Scheme47 , Eo.(43) 

which emphasizes R need to accommodate the incoming oJefin 

within the coordihation sphere of the metal prior to rear­

rangement to a metallocycle in the explanation of the mech­

anism, followed by the first non-heteroatom stabilized 

(diphenylc~rbene) tungsten pentacarbonyl seems to be att-

ractive. 
. ./40 
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hCH=' 
(\' --.::,. 

It ' cH\cI{~-"~ 

HCH-I' 

\ \ ~-... -' 
....,.~.~-.-

H'CH-CEH' 

HeH 
'~ --.~ 

H'CH 

T,l 

" II 
CHR' 

The scheme calls for An empty coordination ~ite on the 

metal in addition to the complexed cRrbene. The generation 

of the ~arbene for the met8thesis active carbonyl co'''plexes 

Re(CO)5Cf/RJ\lC12 and IfJo(CO)5J'y/RAlC12 WnS proposed by 

]i'aron;, ~nd co,;orkers. 55 ,56,122 In their explanations it 

is stressed that the key step is the insertion of CO ligBna 

in the R-AlC1 2 followed by a sequence of steps thpt produce 

the inlti 0 1 .carbene L~.(44). 

C2H5AI01 2 
~--.--~'--

- ~H2=Oll;r 

- G.,lOCld 
(OO)4NO =CHC2ll5 
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The need for an empty coordination aite after the 

carbene generation before metathesis takes place can be a 

~ey step in the (NBD)M(CO)4' (COD)M(CO)4 and (OH3CN)3M(00)3 

(M=Cr or Mo or W) complexes consijered. The lability of 

the Acetonitrile and clefin complexes .is ~~pected to' be 

higher than carbonmonoxide ligand due to the high back ac-

cepting capacity to its empty antibonding orhital of the 

latter. 

Oasey has also demonatrated tIle carbonyls of (CO)5N=OPh2 

are vulnerable to exchange processes under ~elatively mild 

condttions Eq.(45)123. Under conditions where carbonyl 

. 13CO 13 
(CO) .=OPh -'--.'---" -"11- ( 00)(00) 41.'=0)'h2. 

5 2330C . 
(45) 

exchange is suppressed, the highly reactive (CO)2~=CHPh 

did not exhibit any carbene exchnnge. fhe ligand excha-

nge ." 4 124 to the logistics ~spects of olefin metathesis 7 , , 

is enormous. The inefficiency of (OO)51'I=OPhZ as a meta­

thesis catalyst is thou~ht to be due to the slow rate 

of displBcement of carbonyl ligands. The hypothesis is sup­

pcrted by Ch"uvin's report 1250n '" c8tRlyst derived from 

(OO)5V1=0(OEt)04H9' which is higbly stClble cClrbene 11(0) 

compound but displays an efficient catalyst system by photo­

chemi~al or thermal activation, or when luixed in dark with 

Ti01
4

, where the latter is expected to pI'omote the carbonyl 
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displacement. Eventhough the whole work done vms not directed 

to the study of the actual path of the reactiom, extension 

of Farona and his co-workers proposc<l- for the mechanism 

followed by the (00)5MoPy complex ,Eq;(44) to the catalyst 

systems studied here which showed activity in the dispro­

portiolaD tiolil' of 2-pentene is qui te reasona ble j 'Bhe role of 

. the co-catalyst EtAI012 used is most lilcely to pr0duce the 

metal carbene species which immediately co-ordinate the olefin 

and sub.·ject it to metathesis, The lability of OOD, NBD and 

acetonitrile ligands as compared to 00 support the idea that 

a free co-ordination site is initially formed with a better 

e~~e. The betteF lability of the aoetonitrile ligand as 

comparedo to the NBD dose taot seem to enhance the catalytio 

acti vi ty of molybdenum, but more experifi'Ol;l ta.l deta ils are 

needed to be conclusive. 

In our ppinion (NBD)W(00)4 can polymerize cyclic ole­

fins like norbornene which are more strained than 2-pentene. 

In the C8 talytic investiga tions dOlle the r3 tio of the metal 

complexes to 2-pentene was only 1: 1000, far less than 

stoichiometric ratio, Hence it was not possible to detect 

whether some olefinic compounds formed fIDom metathesis of 

2,5-norbornadiene with 2-pentene were also formed or not. 

This mcry be achieved by using higer concentration of the 

c8talyst, but in this case the system turns out to be a 
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CHAPTl'R 4 

General Te.hniques 

All syntheses of moisture and air sensitive compounds 

were done under dry nitrogen atmosphere. 

Diethylether was dried over potassium mEtal. It was 

treated with benzopheoone snd the stable blue solution 

refluxed for several . hours sod ~istllled for an immediate 

use. 

Hex·"neWls dried over 11thlumsluminiulll hynride and dis-

tilled under an inert atmosphere. 

Infrared spectra \vere obt~··il1('d on rerkin Elmer 727B _ 

Infrared Spectophotometer. 

un its. 

-1 The v~lues are given i~ cm 

Nuclear mac;netic resonance spectra were obt8ined on 

varian T-60 sPectrometer. V"lues are ;::iven in (ppm) down­

field from tetramethylcc'ilFme ((~ =0). 

Nelting points were determined in ~ capillary tube on 

a Hoover capillary melting point apparatus cnd are uncorrected .. 

GaS cl1romatol::;r8pl1y VhS obt ined by 'felwctt Paclmrd 

571011 Gas Chromatocraph nsing 3/~ Sl~-30/80/10V chromof'Orp 
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(CH30N)3W(00)3 grRdually dissolved forming a solution ~'ith 

.a yellow characteristics colour of the complex. However, 

some insoluble matter remRinerj during the entire reaction 

period. After the r2 n ction period was over, the re~ction 

mixture was filtered hot and the residue wRshed with A few 

milliliters of boiling hexane. The filterAte was cooled 

for four hours in a -400 0 bath, and bright yellow crystals 

were collected and characterized to be (00D)W(00)4' 

Yield: 30;~ 

i1.~: 159-163 0 0 (dec.), lit. 128 159-162 0 0(dec.) 

ir : 2043 cm-l(s), 1952 om-l(vs), 1907 ()lll-l(vs). 

lit128 : 4.25S(app.t), 2.48d'(3pp.d) in the 

tio of 4:8 

lit: 128 4.25S (app.t), 2.48(\ (app.d) in the 

rc,tio of 4: 8 

ra-

.1.d~._J\re.l2§Iatiol1 of l 2 1 5-norbornadiene) tetracar-
. .- --~~ ~~~--.- . ~-"--"-----.~-~.~-.~ 

"6Q.ri.YLt.':,~QEs ten (0), (NBD) W (09) 4 . 128 

A mixture of 1.17 g (3 mmole) of (OH30N)3~(OO)3' 3 ml 

of 2,5-norbornadiene, and 50 ml of n-hexane was refJ.uxed 

at the boiling point with magnetic stirring for 16 hours. 

The yellow reAction mixture VIRS filtered hot and the resi­

due washed wi. th a few millili ters of ,·oiling hexane. The 

filter3te V/elS cooled for four hours in a -40°0 bath to ob­

tain yellow crystals. The yellow crystals identified to be 
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pale yellow crystals characterized to be (NBD)MO(00)4 were 

filtered and the unreacted Mo(CO)6 removed by sublimation. 

,Yield: 32% 

M.t-'. 76-77 0 

ir: 2030 

1880 

-1 em 

-1 em 

1990 -1 cm 1960 -1 cm 1925 -1 em 

1I't129.. -1 -1 -1 -1 0030 em , 1980 em ,1920 cm ,1870 em 

In (i-\llTi¥ ...,i1' free diethyl ether, 0.5 g of (00])\I(CO)4 

w~s dissolved nnd thp solution cooled to _5 0 C. The solution 

w...,s trented with 3 ml of A 0.5 M methyllithlum (prep...,red 

3ccording to Gilmpn et 21 130) in 25 ml diethyl ether from 

~ dropping funnel in 15 minutes time with const-nt stirring. 

The renction WnS folloVied by tnking the infrared spectre, of 

the renction solution nt different stages. A brownish red 

solution I WnS obt~ined nt the end of the reaction. 

(COD)\-.'(OO) 4 + 
diethyl ~,ther 

l~eLi -- -::----:pp--brown-red 
_5°C I 

solution 
(46) 

II -~ -1 1 1 ir: .co of I, 1965 cm (s), 1925 em- (VI), 1620 cm- (s) 

The solvent from I wns decrensed nnd the sclution cool­

ed in a _40°C bnth for 2 hrs. Ho crystnls were obt.-,ined. 

'l'he solvent VIaS completely removed nnc1 n brownish-red gu-

mmy residue Ia soluble in wnter insoluble in n-hexane and 
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c}I
2

01 2 pnd spnringly soluble in chloroform V/.'1S obt" ined. 

M,p. of Ic1 1300 0 (decO\r'p'.) 

i.E (in nujol): 1965 cm-l(s), 1925 om-l(w), 1620 cm-l(s) 

N.:!'lB (in OD01); ?25.;)(s), 3~45,r, (q), 1.250' (t),0.82cl(m). 

The l'IHH. inclice·tes th0t CH
3 

is introduced (2.25£) 2nd 

diethyl ether is coordinated in some form3.45S (q) nnd 

1.25& (t), but there is no indic~tion for the presence of 

olefinic protons. 

The brown-red solution I W0 S obtAined "8 in cxpt. 4.7. 

Solution I W"B first trepted with An aqueous ?olution of 

1.24 mmole of 4iazomethane in diethylether. Removing the 

solvent under V20uum pump led to tr··ces of yellowish-red 

residue \'Ihich I'ms further tre8ted "ith 10 ml of n-hex2ne 

o And cooled in A-40 0 both for 2 hours. TrRoes of yellow 

crystals JI were formed. 

, " (" ('"' 
lfl'JB(in CDC1

3
): 3.20 (s), 2.7(\ (d), 2.1d(S), 1. 7 d (s), 

0.9J'(m). 

Solution! w"s obt~ined ns in 4.7 Above Rnd treated 

\·lith 0.13 g of (CH3)3SiC1. .~ deep-rerl solution ,FI ';no 8 
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greyish whi te precipitate IIIb were ollt<:'ined. lllb gave 

" positive test for ch.loric1e,'lnd Wi1S c'iisc8rdecl, Remov,c'l of 

the solvent from the deep-red solution III led to 3 reddish 

broh'n residue III". 

I + 

III IIIb 

(47) 

III Solvent removed ' 
---"~'-.~-- - --... ~) II 18 

ir of 1Hz (in Nujol); 1600 cm- l 

There is' an ind)cotion for the forme.tion of -O-Si(CHS)S 

from the Ni .. m spectrum, O. 75d (s) . 

Solution! was prepared nS in 4.7 nbove ~nd after £il-

ter8tion treated with n-hex'lne drop by drop. A reddish­

brown precipit~te IV w~s obtRined. After filter8tion, IV 

W~S chnr8cterized to be the spme AS compound IB above. 

Solution I WRS trc"tcd with 1.24 mmole of an 3~ueouB 

solution of tetra ethyl 8mmoniumohloride drop by drop. No 

preciplt.'Ote 'dC:S obt81necJ.. 

. ' r, - r ~r-' 0 
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:t .12 In_,!>~~ t i&:..! i o~f ~(1E' Q:" t8 ;L.'L1.~gj:,.~! i v i tj.e~ (~L£9me. 

i 0ll.ltt211( .9.'.:.2.4 4g1~11.E?-=H 13!U2_:r' .. ..QOJ2_L.B=_Q I' ,.!vlo , .'::'~~ n d 

(CH3CN)3fiQiQQl}_ Co_~lf?xos_" 

Chlorobenzone w;,(] dried by refluxing on lithi.um "lu-

miniurn hydride for three d"Y2. Ethylalurninl1m dichloride 

EtAIC12 \'l[:S preparc:d in our laborntory according to lite-

131 rature. As nn olefin, 2-pentene \'1[18 chonon, nnd it w"s 

prop,,'red by dehydr.?tion of 2-ponbnol I'ii th concentr8ted 

pllosphoric ocid. I'rior to use ?-pentell\:i 1'1:38 dri.ed by re-

flu~ing over sod~um metal fcr 3 hours [lnd then distillinB 

from EtAIC1
2 

for an immediate use. 

All tile ohromium, molybdenum 'lnd tvnc:sten NPD, COD 

tetr8carbonyl complexes And (tri8Rcetonitrile) tricnrbonyl 

Ho(O) complexes ','ere prep8red in onr 1·, borC1tory. The ImD 

snd COD tetra carbonyl met"l COJllploxos were used 8fter sub-

lim:' ti on bnt the 8 cetoll i trile molybdenum complex 1>18 S used 

without further purification. Tungsten hexachloride, WC16 , 

W8S obt"ined from .I<'lu1w AG,Buchs SG 8nd \-Ins used as purcl18-

sed. 

The c8talyst solntions were prepared in the r8tio of 

N to :EM leI? to 2-pentene to be 1: 6: 1000 8S follows 1.!'l=Cr, 

Ho, \~] • 

Eleven Schlenk flpsks were labeled from 1 to 11. They 

were al.l equipped with one stirring bar ench and the comple-

... /53 



-53~ 

xes to be tested were weighed 2S shown in table II. 

]<'L1\ ,3 K lWl'IBEk 

1 (COD)\'J(CO) 4 

2 (NBD)H(CO)4 

3 (NED )lljo (CO) 4 

4 (CHQCH) 3J'LO (CO) 3 

5 \)C1
6 

6 (COD)\i(CO) 4 

7 (NBD)\·j (Co) 4 

8 (NBD)No(CO)4 

9 (CH3CN) 31fJo (CO) 3 

10 \IC1 6 
11 (KBD)Cr(CO)4 

"LIGHT 01> CONl'LEX 

mg (mmole) 

12.12 ~0.03) 

11.64 (0.03) 

9.00 (0.03) 

9.08 (0.03) 

11.89 (0.03) 

1?12 (0.03) 

11.64 (0.03) 

9.00 (0.03) 

9.08 (0.03) 

11.89 (0.03) 

7.68 (0.03) 

The complexes were dissolved in 1.5 ml of ~bloroben-

zene, Contents of the flasks 5 and 10 were each treated 

with 1.75 ul (0.D3 mmole) of ethanol. From ~ncther flRsk 

which contains 400 pI of EtAIC12 in 28~75 ml of Chloroben­

zene, 1. 5 ml was 8dded to each of the flasks 1 through 11. 
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'l'he contents "jere then stirred for 15 minutes, nnd subse-

quently 1. 5 ml of 2-pentene was transfErred to eelch of thp 

flasks and the strirring continued Dt room temper~ture. 

After one hour the contents of tttH fl.XH-!(1;<) 1 b 11 d 1 !:: e" to 

5 \'Iere e,",ch tre8ted wtith 400 .ui of 2-pentanol ·,11ich was 

chosen for deactivation of tile catalyst solutions. The con-

tents of the flasks labelled 6 through 11 were deactivated 

after 24 hours in the same manner. 

The followinG set of conditions was chosen for a be-

tter resolution. 

Oven temperature: 

Injection port tempernture: 

Detector temperature: 

Injection volume: 

Ch2rt speed 

50-150°C 

500 C 

100°C 

2 ,.ul 

30 inlhr 

The comp('rison of the retention times of the peaks ob-

tained with retention times of st2ndelrd fresh 8~mple8 of ch­

lorobenzen, 2-pentene, 2-pentanol and 3-hexene (distilled 

from one of the ·EJctive samples and ch"racterized bv its 

NMR spectrum) led to identification of thE reaction pro-

ducts. The percenbge conversion vms c£.lculated for all 

active systems by referring to the peak areas of the consti-
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tuents and the analysis result is given in table III. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

( CO D ) 1<' ( CO ) 4 • 

(NBD)W(CO)4 

(liBD) ]110 ( CO ) 4 

(CH3Cn)3Ho (CO)3 

'VlCl!) , 

(COD)tI(CO) 4 

(NBD)"'(CO) 4 

(NBD) filo (CO) 1 
1.,-

(CH3CN)3Mo(CO)4 

"Cl " 6 

(lfBD)Cr(CO)4 

7.44 

18.23 

trace 

trace 

7.78 

9.48 

59.24 

3.4 

0.84 

23.63 

lW CONVI;:iSION 
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appendix 
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(COD)W(CO)4 + MeLi 

........ before .... rxn. 

on.prQces.s ...... . 

. red-brown· 
soln. 

ir spec. O'f 
rxn.soln. 
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