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Summary
Stable m—complexes of olefins with tervalent vanadium heve been

jsoleted from the resction of olefins with vanedium tetrechloride at —-78°C.
The isolation of such complexes is of considereble significence in relation
to the frequently proposed formetion of intermediate m-complexes in cetalytic
systems. At higher temperstures concomitent oligamerisetion, isamerisation
and methethesis reacticns were observed, giving rise to a complex arrgy of
products whose enalysis indicates that insertion into a labile V-CI hond is

a key step in the ebove catalytic activity.

Transition metal olefin complexes have been frequently cited as
intermediates in catalytic systems, notably in Ziegler-Natta polymerisation

and metathesis reactionsz. However in the absence of isolable olefin complexes

of catalytically active transition metals there would appear to be little

direct evidence for these proposals3. This is uot necessarily surprising

since it has been suggested4 that the instability of these complexes is a
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prerequisite of catalytic activity. Consequently, a hitherto unsubstantiated
claim in the patent'literatuxes that stahle olefin complexes of vanadium are
isolable, is of considerable interest—especially since vanadium compounds

are active cataiysts in go-prdinate anionie polymerisatien.

This paper describes an investigation of the interaction of vanadium
tetrachloride with olefins, resulting in the synthesis of olefin—complexes
and the discovery of oligomerisation, isomerisation and metathesis side
reactions. Analysis of reaction products indicates- that olefim insertion
into a vanadium chlorine bond is a key step in the catalytic activity.
Similar insertion reactions cculd explain the catalytic activity of other
transition metal halides in co-ordimate polymerisation, isomerisation and

metathesis reactions, in the absence of co-catalysts.

RESULTS and DISCUSSION

Synthesis of vanadium olefin complexes

In contrast to earlier claimss, complexes of unhindered terminal oclefins
could only be prepared wnder carefully defined conditions (See Table 1); In

every attempt to prepare complexes cf A-methylpéntene-l (4—MP-1) at room

Table 1(a) - Interaction of complexes with solvents

Solvent Observation
Benzene, hexane Insoluble
Acetonitrile . Dissolves immediately at room

temperature with formation of
light green crystals cf

VC13.3CH3CN

Ethanol ) Dissolves immediately with
formation of oily oligomer, and

coloured solution.
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téépefétue,rra»vigo:ous-exotbermic oligomerisation eﬁsue,d s and the vanadium
écmp§uﬁd ﬁﬁsuéonﬁerted,to either uncomplexed VC13 (run 8) or, had vefy low
' hydrocarbon'épntent f (run 10)..

Isolable vanadium complexes of 4-MP-1 not contaminated with oligomers,
and with stoichiocmetries approaching VC13-2L were only obtained when the two
components'were reacted at -78°C for-24 hr and all volatiles pumped off
at low temperatures (Run 2).

The description of the preparation and method of isolatiom of vec1,
campiexes in the patent 1iterature5 suggests that complex formation was
accompanied by oligamerisations.

.On the other hand, complexes of internal olefins (Run 5) and sterically
hindered c—olefins (Run 6) could be prepared readily without side reactions
althcugh a2gain stoichicmetries were variable and in every case less than 2:1.

In company With other tervalent vanadium ccmpounds, the olefin complexes
are semsitive to both oxygen and moisture, but samples sealed under vacuum
show no visual decompositicn afte; several months. In addition, ;he complexes
show unexpected thermal stability in the light of their predicted formation as
trangients. Thus the 4-MP-1 complex decomposes only slowly to vield a volatile
colourless oil, aﬁd a solid brown residue after heating for several hours

at 150°C under vacuum.

Chargeterisation

Attempts to unambiguocusly characterise the reaction products have
been hindered because of dif "iculties encountered with purification and in
obtaining suitable solvent systems, vide infra. Nevertheless the evidence
presented below strongly points towards the formation of stable vanadium-

olefin coﬁplexes, viz:—

2) Colour
The light brown colour of the complexes is-in complete contrast to
the violet colouratiom of VCl,. HNevertheless, the valence state of the

products has been shown to be exclusively VIII, and furthermore the Cl/V
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ratios are in all cases close to 3. These observations clearly support

the formation of a VCl3 complex.

b) i.r. analysis
-1

A distinct double bond absorption is observable at 1595 cm °,
indicative of the presence of a complexed olefin molecule - the C=C stretch

is lowered by about 50 cm—1 compared with the free olefin.

¢) Elemental analysis

The analyses of the complexes correspond to an empirical formula:

vel, (06512):;

where, in certain cases x approaches 2. The variabil®ty of x on preparative
conditions and the lack of an exact stoichiometric ratio may well reflect

the presence of impurities such as uncomplexed VC13, which iz has not

proved possible to remove by standard purification techniques, or, alternatively
it may represent incomplete co-ordination by rather bulky olefin ligands.
Notwithstanding the above, the observed empirical formulas are suggestive of

the formation of an olefin complex.

d) Interaction with solvents

Attempts to discover a suitable solvent system for the above compiexes
were unsucessful sincé the solvents examined proved to be either imert or
to solubilise the complex with concomitant displacement of the olefin ligand
Table 1(a)). The observed resistance of the complexes to dissolution in
hydrocarbon solvents clearly indicates that the olefin ligand is chemically
bound in the complex. On the other hand the action of acetonitrile
(Table 1(a)) demonstrates that the compound is unusually reactive since the
normal preparation of VC13.3CH30N involves refluxing VC13 in acetonitrile

for several hours7, whereas, the olefin ligand is almost immediately

displaced from the complex at room temperature.
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,Sinée the only known7 neutral complexes of -vanadium trichloride with
unidentate ligands are of the type VCl,L, and VC1,L, it éeems likely that
stoichiometries of less than 2 represent incomplete formation_of-the olefiﬁ
complex rather than a uhiqde' speé-ies' of thé type VC13 .L as. suggésted éarliers.
By a:ialogy with vanadium compounds -of similar ‘stoi‘c’nircmetry thé olefiﬁ .

complexes would be expécted to exhibit a trigonal bipyramidal structure (I)

R
/

Cl ! -

NYaIn c1 I
%
.

R

Cl

Reaction pathway
It seems likely that the reaction of VCl4 with an olefin leads
initially to the rapid formation of tetravalent complexes such as IT. This

is evidenced by the immediate colour change on mixing the two components.

II

The tervalent compound is then formed by slow reduction of complex IT with
similtaneous loss of chlorine. Reduction of tetravalent vanadium has
previcusly been observed on reaction of VCI4 with excess dialkyl sglphidesa,

alkyl cyanidesg and tértiary amineslo.

Synthesis of Titanium olefin éomglexes

A preliminary experiment was carried out with titanium tetrachloride
to estabiish whether its reactivity was similar to the vanadium analogue.

In contrast to the vanadium system no facile reduetion of the tetravaleat

olefin complex of titanium occurs. Thus on exposing titanium tetrachloride
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to 4-MP-1 vapour under vacuum, the olefin rapidly distills52 into the titanium
tetrachloride; complex formatioq being evidenced by the resultant yvellow
colouration. However, on standing at room temperature for several days no
further reaction or reductiop was'apparent. Similar observation have

been made by previous workers, who have reported complex formgtion between

- - 4
and; cis and trans stilbenelz, 1sobutene13, l,l—dlpbenylethylenel >

4
- - 6
1-hexene and cyclohexenels, and other substituted oleflns1 .

TiCl

Oligomerisation

Since 4-MP-1 is susceptible to cationic polymerisation and since the

activity of VCl, should be typical-of elassical cationic initiators such as

4

& and AlCl3 it would seem reasonable to assume that the observed

oligomerisation reactions occur via cationic intermediates. Howzver, there

TiCl

are certain features which are indicative of an alternative mechanism, viz.;

1. Cationic initiation by metal halides is genera11y17 thought to require
co—catalysis by proton domors such as water. In these experiments the olefin

and solvent water contents. were below 0.1 ppmls.

- . . e s o, . . . .
2. Oligomerisation was not initiated at -78 C, whereas, rapid polymerisation
at low temperature is a characteristic feature of many cationic systemslg.

3. Oligomerisation of internal and hindered olefins does not occur,

. . . 19
whereas, such reactions have been reported for cationic systems .

4. The concomitant isomerisation reactions, vide infra, show a strong
resemblance to previously reported oligomerisation reactions with a titanium

. . s .2
based catalyst system, which were shown to follow an anionic mechanism Oa.

5. The presence of alkanes in the reaction mixture, vide infra, is
indicative of the formation of organo—metallic intermediates.

In order to probe the nature of the oligomerisation mechanism, recourse

was made to ‘the classical diagnostic test of quenching with tritium labelled

alcoholszla Labelling of the oligomer should be indicative of an anionic
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- Table 2 — Analysis of Oligemer-

Oﬁgoﬁer’ o AP - Activity s ,1,> c

Source - Za ¥a(c1) ¥o (apm/g) ¥a(T)

Run 3 .. 1.4 2,500 1,270 8.k x 10° 42,000

Run 8 © 0.3 . 11,600 n.d. - -

axc1, n.d. - n.d. 3.7 x 107 9,500

a — HNusber average moleculer weight calculsted essuming one Cl atom
per chein.

b — Determined by vapour Tressure osmcmetry.

¢ - Number average molecular weight celculated assuming one lzbel per

caein. Details of calculgtion given in reference 21.

mechanism {eq. 4), whereas, the absence of label should result from a
cationic mechanicm (egn. 5).

+

Cat CHZ-~—R + CH30T -+ CatOCH3 + T—CH2-»—R 4)
_+

Cat CHZMR + CH3OT > Cat-T + CH3G R (5)

Quenching of the vanadium catalysed oligomerisation system resulted in highly

active oligomers (Table 2). However, a control a:perimeni employing AICI, as

3
initiator, where the moncmer was not rigorously driédzz, shoved similar
incorporation. It rust be conciuded that the alcohol quench method is
ambiguous. under these circumstances, where the monomer is susceptible to

cationic polymerisation. Probably active oligomers may be formed during the

quench reaction, involving the labelled alcchol as co-initiator, e.g.;

-+ _Olefin -
— )
A1CL, + CEHOT [a1c1,008,] 77" —S=F> oligomer (6

Although the possibility of a cationic mechanism cannot be excluded, the

features of the oligomerisation and in particular the nature of the volatile



329
reaction products formed concomitantly (Table 3) are more readily accountable

by scheme 1.

Scheme 1 - Oligamerisation
1. Complex Formation:

CH2=CER
] ~7 -
Vel + CH,~CER — PAE
CH2=CH_'R
(1)
2. Insertion into V-CL bond:
2
\.} ~CH,CHCIR
(11) —_— N
C52= CHR
(111)
3. Displacement:
CH2T CHC1R E.l
(III) \V/H ~ /H
——> /T\ —p /z\ + C'H2=CHC1R
(zv) {v)
L. Imsertion into V-B bond:
3
- CE:—TCHZ‘ N\ CHCHR
¥ + CHCER —+ /1( — N
CH,™CHR CE,=CH®
(v1) {vII)
5. Propagation: a :
T2, NP
(III) or (VII) + CH2—CER —9/\{\» —_— /\tf\ R
CHZ CHZ
(VIII) (IX)
6. Reduction:
2 x (IIT) \'? ' CH,=CC1R XTI
or _ 2 V— + CHC1R XI1
2 x (VII) 7+ ;;3 =CHR XIIT
. o . 032 CER. 2, - -
or GH3.CH2R v
Ii¥ + VII .

X
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Teble 3 ~ Analysis of volstiles from run 3

Ccaapound ® Compound
1. Isowmitene trace 8. 2-methylpentene-2
2. 2-metkyl butane 1 (exp-2)
3. 2-methylbutene-1 9. cis or trans—-hexene-3
or trace 10. 2,3-dimethylhutene~2
trans—pentene—2 (2,3-DMBE~2)
4. 2-methylbutene-2 1 11. Unidentified heptene iscmerS
(2r2-2) 12. 2-chloro-b-methylpentene
5 3
2~ 2—mejl;hylpentane n 13. 2-chlora-~i-methylpentene—1
e
6. k-methylpentene-1 ko 1k. 1,2-dichlore-k-methylpentene
{L-vp-1)
T. 2-methyipentene-1 2
{(2-Mp-1}
a -~ This aces not include isamers less volatile thar 1,2-dichloro-k-—

methylpentane which were present but not identified.

b - It was not possible to distingurish these isomers.

¢ =~ Cis-k-methylpentene~2, may be present in small amounts under this

[»]]
i

T

Irnsarticon

The key step in the scheme is the proposed insertion into a V=Cl bo

C., corfirmed by ms analysis.

which appears to be without precedent for Gp. IV and V transition metals.

This reaction is analogous to the well doc:l.m:nantec:l24l insertion of olefins

into M-C bonds. Supporting evidence is to be found in the chlorine conten

of the oligcmers (Table 2) and the formation of chloroolefin (XI) and alky

chloride (XII)23._ Furthermore, the formation of some such organometallic

intermediate is clearly indicated by the presence of alkane.

The literature does contain some evidence for similar reactions wit

-
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hydride formation in a palladium catalyst system by nucleophilic attack of
Cl™ ion on the coordipated olefin. This idea was later endorsed by Cramer

and Lindsey26 who formulated it schematically as shown in 6.

CH, ‘ CEC1
al— }i’dII _ H__> pall 6>
CH, ¢ CH, g

The net effect of this in clearly indistinguishable from an olefin inserticm
into a PA-Cl1 bond followed by a displacement step. Support for this mechanism
was deduced from the presence of chlorocolefin in the product mixture. Similar
experimental evidence was provided by Tayim27 who showed that vinyl chloride
could be produced by the interaction of ethylene with a P4Cl, catalyst. Tayim
postulated a mechanism including insertion and displacement steps similar to
the present proposals.

All these examples are with palladium, and it would be dangerous to
infer too much about insertion into V-Cl bonds from this evidence. However,
there is a certain amount of circumstantial evidence that insertiom can occur
into Ti-Cl bonds. Thus recently the polymerisation of ethylenme by the
catalyst system TiC14/A1C13/A1 has been reportedza. isnalysis of volatiles

showed the presence of AlEtCl,, AlEt,_Cl, =nd A1E23, which :ould have been

2° 2

formed by steps such as:

CHT CH2
Ti-C1 —> Ti4CHZCHzcl —_ Ti-H + CH2=CHC1
J CH2=CE2
A1C13
AlEtC12 + Ti-Cl — Tl—CHZCHs

An alternative Toute could involve insertion into an Al1-Cl bondzg.

Divreet of ingsertion
The formation of exclusive1y30 2-chloro—4-methylpentene-1 and 2-chloro-
4-methylpentane Indicates that reaction occurs by primary (P) rather than

secondary (S) insertion.



, ’v—cnzfam. L V-CE—CH,C1
R : ‘R
(®) o - &)

3la=e who 6bserved that

This is in contrast to the findings of Takegami et al
olefin insertion into V-Et bonds at —78°C occurred predominantly:by secendary

insertion.

Displacanent step The displacement of the alkyl ligand as olefin is
consiﬁeted to occur by B-hydrogen abstraction — an essential feature of

24,32

isomerisation and oligomerisation mechanisms

Ingertion inio V-H bond Transition metal hydrides form active homogeneous
R . - . - « das . 3
catalysts for hydrogenation, isomerisation, and dimerisation reactioms 3.

The common feature of these reactions is olefin insertion into a M-H bond.

Indirect evidence for the formation of -vanadium hydrides is provided

by the analysis of the vanadium complex isolated from rum 10, which shows

that the H content is coansiderzbly higher than that required for the ratio

CSHiZ’ Furthermore, the formation of alkanes (Table 3) is most reasonably
explained by the intermediacy of such hydride species.

Fropagation
The growth step in the oligomerisation reaction can be considered to

cceur by insertion into a V-C bond. Aralogous propagation steps have been

rroposed for the oligomerisation of ethylene by CH3TiIvC1320b

Cﬂ3TiIIICIZZOC, where insertions was considered to occur into Ti-C bonds.

and

vae molecular weight of the oligomer should be controlled by the
displacement and reduction steps. Molecular weight determinatien (Table 2)
shows that an average of 15 growth steps occur before propagation is
interupted by e’ther reduction or displacement. Furthermore, comparison of
the molecular weight determined by vapour pressure- osmometry with that
calcuiated from the chlorine content (Table 2) shows that there is on average

one combined chlorine atom for every two oligomers. This must mean that
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insertion into V-H bonds is important for oligomerisation initiation, in
addition to the V-Cl insertion.

The absence of oligomerisation reactions with the internal olefins
cis—4~methylpentene~2 (cis-4-MP-2) and 2-methylbutene-2 (2-MB2) and with the
olefin 3,3~dimethylbutene-1 (3,3-DMB-1) can be ascribed to the very slow
insertion of these sterically hindered olefins. into either the imitial V-Cl

IV

bond, or, the V-C bond, compared to the rate of reduction of the V' olefin
complex to the apparently inactive VIII éomplex. Evidence that  the initial
insertion does occur in the case of cis-4-MP-2 is provided by the detection
of alkyl chlorides in the volatiles from the reaction product.

Although polymerisation of internal olefins has been achieved with
conventional Ziegler-Natta systems it is generally believed34 that a
prior isomerisation step to the &-olefin is necessary. This supports

the contention that insertion of the hindered olefin into the V-G bond is

either very slow or completely inhibited.

Reduction  The formation of significant proportions of alkanes and alkyl
chlcrides (Table 3) is indicative of reduction reactions. It is important
to note that these components were present in the colourless volatiles
distilled from the oligomerisation mixture under vacuum before quenching
with alcohol, and consequently are formed35 during the course of reaction
and not by reaétion of the vanadium alkyl with quench agent.

Alkane formation, before quenching, has recently been reported in the
isomerisation polymerisatidn36 of 4-methylpentene-2 with a TiCl3/A1R3
catalyst and in the polymerisation37 of vinylcyclohexane with TiClé/AlR3
catalyst. It was speculated37 that alkane formation occurred through

disproportionation of an alkylated titanium intermediate.
11

01iv€ and Olivé ' have suggested that alkane formation accompanying
reduction of the transition metal occurs via a bimolecular mechanism and
this model forms the basis of the proposed reduction step in this system.

The presence of alkanes provides strong support for the contention

that oligomerisation proceeds via ar znionic rather than a cationic mechanism.



334
' Ismér{saticﬁ
The i:oéitive identificetion of apprecisble q,ua_ntifies of 2-methylrentene-2
(2-MP-2) end 2-methylventene-1 (2-MP-1) in the reaction mixture clearly
demonstrﬁtes the presence of isomerisation reections catalysed by VC1).
Isomerisation could proceed via e metal hydride esddition end elimination
mecl:f-.ni.srnz‘5 since the generation of vanadium hydride species is comsistent

with the scheme for oligemerisaticn {vide supra). For isomerisstion to

Scheme 2 —~ Isomerisation

(2) Metal hydride addition and eltmination:

3./ 3
CHéT CH'CHQCH(CH3)2 éﬁé
—z —_— {
= ¥—CECE,
CH3CEjCECE(CE3)2
CH_ — V=
3\~ 3
?E
V — CHCH,CH,
(CE3)2CTCECEZCH3
VY—~§ —_— et e8qq
(v) B-hyride shift mecharism
(on) s, )
(033)203032°ETC32 8y
VK, CHE.CH(CB3)2 —_— v +-“
CH
b,
CE
(CH3)2
(O3 CROROBOR
v—czzcﬂéc52c3(033)2

jocte: For clerity non-rescting ligerds ere cmitted from the sbove
structures.
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occur insertion would be necessery to give & secondary vanedium alkyl. Initiel
isomerisation leeds to the formation of cis and trens 4-MP-2, but subsequent
isomerisation of these isamers will result irn. the formation of 2-MP-7 end
2-MP~1 (Scheme 2(=2)).
An e2lternative mechenism, which was suggested by Bestian end
Cle.ussaoa to explein iscmerisation during the course of oligomerisation
reactions could also be apflicable and is shown schemstically (2(b)). This
scheme involves e B~hydride shift from the alkyl group to the a~carbon of the
coxplexed olefirn and avoids the necessity of & secondary insertion reaction.
The proportions of olefin isomers determined in this study differ

32,38-11

rerkedly from tkose reported ir earlier studies of L-MP-1 igsomerisations.

In particuler the sbsence of trans 4-MP-2 and poss:'.‘l;;l},rh2 cis k-MP-2 seems
conspicuous. This is probably attributable to the non-eguilibrium nature of
the isomerisation due to repid deactivation of the catalyst and preferential
removal of certain olefin iscmers in oligomerisation, reduction and methathesis
reactions.

It appeers significant that olefin isomerisation has been reportedBT’hs
with TiCl3, end that the rate of iscmerisation is accelerated by tke addition
of .A.lE'tBhB. This mey suggest the involvement of & titanium 21kyl as in the
B-hydride shift meckarism, or, elternatively the titanium elkyl msy be a
rrecursor of & titenium kydride species. The former is probably the more
likely since chain transfer with monomer (analogous to the 8-hydride shift)
is a more important mole,_cula.r weight regulating step than spontaneocus
termination (hydride formation) in Ziegler—Ratta polymerisation at moderate
tempera.tm‘eshh.

Isomerisation does not appear to occur withk V013/A1R3 based cetalyst
systems, or, with TiClh/AJ.R3 systems under conditions wkere reduction to
'_I’iIH is remote37. Thus it would appear thet only TiIII and VIV systems are

catalytically active in isomerisation and this is turn points to the importance

of & 4' configuration in these reactions.
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Methathesis

The presence of- isobutene; C. olefins and alksnes, Cg olefins with

S
skeletal rearrangements -end ,C7,olefins provide ample proof of a Ve, catalysed

methathesis :eactihnhs. Mlthough metathesis reactions have been intensively

i.:fvestigated over the pest dece.dez.’hé‘hg, ti:e vanadiunm system presents
several novel features. The vanadium metathesis cetalyst appears to-be the
#irst reported system involving Gp. V elements, and is cne of the few
catalysts which do nct require ectivation by &n orgenometallic prcmoteth .
Fwrthermore, the venadium system has significant activity at relatively low
temperatures (c.a. -20°¢) campared to those necessary for meny metathesis
reactions. The metathesis reaction is of course not selective in that
concomitant oligomerisation and iscmerisation occur.

The sctivity of the Vl'.‘lh system pay bte dus to the ready formation of
venediun alkyl species, vide supra, since it has been sugge ted that o-bonded
alkyl species can undergo transformetion into cartene metal intermedistes:
which many authors believe are key intermediastes in metathesis react:'.ons;

T‘ne.fomatitm of the observed metathesiz products may be raticnelised
by Scheme 3.

Since the rate of olefin metathesis is sterically controlled, resctions such
23 5 chould be relatively important, assuming that cis end trans L-MP-2 are
formed in significant proportions during the iscmerisaticn reactions. The
failure to detect 3-methylbutene-1 in the product mixture may result from
the facile iscmerissticn of this olefin to 2-methylbutene~2 and-this in fact
may be the source of that olefin rather than the metathesis step ocutlined in
reaction 2.

The gbsence of significant quantities of a-olefins formed by metathesis,
mey also in part be explained by tke preferential oligomerisation of these-

olefins.

Experimental Section

Materials

Olefins, hexsne and benzene were ell high purity grades which were
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Scheme 3 ~ Metuathesis

1. Isobutene

£
|
>

2. 2-methylbutene-2

1D =R
~

&8

5. Probable reaction

2x
*Fote: These olefins were positively identified. C, olefins were

detected in the reaction mixture but not unambiguously identified.

further purified by frectionation from mﬁ’2 and storage over LA molecular

51

sieves” . Anhydrous TiCl; (ROC/RIC) of 99.95% purity was used as received.

Ankyarous ¥C1, (ROC/RIC) was purified by vacuum distillation.

Reaction of olefins with metel halides

a) At low terperatures  Experiments were cerried out in the 81l gless
apparatus shown schemeticelly in Figure 1. The resction vessel was evacuated
overnight at 10’1‘ g, and flamed out -before transferring to 2 drybox.

Appropriste amcunts of metal helide were syringed into sidearm A, the reasction
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Figure: 1 Reaction vessel

vessel returred to tke vecuum line &nd sealed e:t .C. . A measured quantity of
halide wes distilled into B, end then pumped at -T8°C to remove dissclved
chlcrine. Olefin or olefin/hezé.ne mixtures (vhich had been further dried
by s‘!’.:.r:mg over CaB, on the vacuum line) were then distilled into B, via D,
at -78°C. )

After reecticn for the periods and températureé indicated (vide supra),
volstiles vere distilled into & liquid nitrogen trap, through D, end products
purped dry. Solid products, where isolated, were washed with dry hexane

end puxped urnder vecuum overnight.-

RUN 1:- 0.08 nhxolvof hap-1 a.né..o.02 m$1 ¥C1), in hexsne, were rea;:ted. at
-72% for 1 hour. Vgla'!;i.les were pﬁped off ;hilst maintainirg thke reaction
mixture at about -50°%. a light-brovn emorphous solid was obtsined.. Analysis:
v 25.6; ¢, 20.65; H, 3.60; C1, 50.1.

- . :On standing (seversl deye) & light brcim 'solid separsted from the
coloured @istillste; which-had been stored under vacuum. Ana]ysis: TIH,

18.2; €1, 37.1; C; 32.77; B, 6:10; . - . o



RUN 2:- 0.1 mol of 4-MP-1 and 0.01 mol VClh were reacted at -78°C, for

2h hours, in hexane. Volatiles pumped off below -40°. Light brown amorphous
solid obtained. Anelysis: VIII,' 16.3; €1, 34.2; C, 40.2; H, T.1. i.r. (c=C)
nujol 1595 cm.l. Attempted purification of product by vacuum sublimation

was unsuccessful. Heating for several hours at 150 C at 5x 10~ mmHg
gave no éu‘bli.me.te rroduct. Complex slowly decomvoses v1th release of
colourless oil. Residue anslysis; C, 2%k.02; E, 3.76; shows loss of ligand

after prolonged heeting. M.Pt. > 350°¢C. Complex begins to decompose at

250°C with loss of oil.

RUN 3i~ 0.15 mol of L4-MP-1 &nd 0.005 mol V€1, were reacted at -7_8°C, for

24 rours with ao added solvent. The red-brown reaction mixture was allowed

to warm up slowly to room tempereture. At —SO°C, a sample of voletiles

wes coloured showing the presence of unreduced VIV. At about -10°C the reacticn
mixture suddenly bumped and became viscous. At rocm temperature the mixture

was a dark brown viscous mass skowing thie presence of V'III complex end oligomer.
Volatiles (3 mi) diétiued from the mixture were colourless, showing the

absence of VIV, and were subjected to g.l.c. snelysis. »

The viscous reaction mixture was diluted withb L0/60°C petroleum ether
and poured into a large excess of methanol. The brown viscous oil which
separated was pur:.fled by red:.ssolvmg in 'oet. ethe_r and subseuuent chroazatograrby
on an alumine column to yield 8.7 g of colourless ollgomer. M.W. = 1270 (Vapour

pressure osmometry, CHCl3). Anelysis: Ci, 1.b

RUN L4:- 0.15 mol of lg_—}E’-l and 0.01 mol VClh, with no added sclvent, were
distilled together at ~78°C ana subseguently meintasined et -50°C for 5 hours,
and then for 20 hours at -78°C. After 20 hours at -78°C the dark brown

reaction mixture had become wviscous. The products were not isolated.

RUN 5:— 0.1 mol og ciz-k-MP-2 and 0.0l mcl of VClh, were reacted at —78°C
for 2L hours, in the presence of hexane. The red-brown reaction mixture
was warred to room temperature, and was left for 2 days at room temperature -
during.vhich time a light brown solid settled out. Anslysis: V, 15.8;

c1, 36.2; €, b1.03; H, 6.88. i.r. (C=C) nujol 1600 cm T.
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RUE 6:— 0.08 mol of 3,3-DMB-1 and 0.01 mol VClh were reacted at -787C
for 1 hour in the presence of hexane. The reaction mixture wes warmed to

Tocn temperature during which time a light brown solid settled out.

RUN T:~ As for run 6 except with 2-MB-2. Analysis: V (by aire.), 2h.92;

€1, 55.0; C, 17.03; H, 3.05.

b) At _embiert temperatures

Experiments were carried out in the apparatus elreedy described. Metal
helide was introduced into A end the vessel seeled at C. With stopcock Sl
closed, olefin was distille@ into BE. Stopcock S2 was then closed and the
arperatus removed fram the vacuum line. The reagents were mixed by opening

stopcock S1 and pourirg the metal halide into tke olefin.

RUN 8:—~ On slowly edding 0.0l mol of VC1, to a stirred 0.2 mol of h-Mp-3,
a deep red-brown coloured solution wes formed. There was no immediate
precipitate‘e.nd.. no heat libereted. After 10 min, with no visible change the
reaction mixture wes verceptidly werm. After 15 min a violent exother—mic
oligcenerisation reactiorn ensued. The resultant product mixture wes violet
in colour indicating‘ reduction of vanadium to uncomplexed VIII

The reaction vessel was transferred to & dry tox and the mixture
quenched by addition of 3H labelled méthanol. The oligomer was subsequently
isolated and purified es described gbove, and then asssyed by liquid

scintillation counting ss described elsewhereal.

RN 9:- With 0.0l mol of TiClh in A, ard 0.2 mol of L-MP-) in B, stopcock

S1 was opened. Immediately alkene distilled spozrb.*3.1-xeous:!.ys2

into the TiCIh.
erx to yield & yellow coloured sclution. Tke reaction wss mildly excthermic
(c.e., + 15°C). ‘The increase in volume of the mixture was about 1 ml -

equivalent to 0.008 mol of alkene, assuming additive volumes. On =mixing the

contents. of A with the unreacted clefin a clear yellow solution resulted end

& slight cooling of the mixture was observed. Fo precipitate occurred on
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standing for 5 days and ettemps to distil out the excess olefin under vacuunm

led to concomitent distillation of the coloured product.

RUN 10:-

This experiment was carried out in the dry box. O0.04 mol of L-MP-1
was added to & solution of 0.0% mol of VC1) in benzene. After & few minutes
an exothermic reaction occurred, leading to an increase in viscosity of the
medium, end a brown precipitate. The precipitate was filtered off and freed
from contamination with oligomer by repeated washing with dry benzene.

Anelysis: V (by diff.) 31.96; C1, 53.90; C, 11.5hk; H, 2.60.

G.L.C. Analysis

Volatiles from run 3 and 5 were enalysed by glc on the following
columns; 10", 25%, dinonyl phthellate on chromosorb W at 100°C; 10', 20%
AgROB/glycol on chremosorb W at 35°C; 10", 5% SE30 on chromosorb W at 50°C
end 100°C, using & Varien ferogrerk Series 1800 Preparative Instrument.

Components were identified by comparison with the retention of
standerd compounds on c¢f three columns. The identity of crucial components
was furtker checked by ge-ms eralyses which were run at 70 eV withkh an A.E.I.
MS30Tk Double Beam instrument fitted with a Pye Unicam Series 10k gas

chronatogrerk unit.

Elemental analysis

Analysis of C, H and C1 were performed by & professionel analyst.
v'IT content was determined by & potenticmetric KM:LOZ‘ titretion as describved

53

in the literature”~.
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