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Abstract 

Each of the chiral polyoxomolybdate(VI1 salts (R,N 0,02&R jN>,] and (Na),(R ,N )2[Mo,0,,] (R,N = (-I- )- 
cinchonine, t +)-hydroquinidine or (-kquinine). in the presence of the cocatalyst EtAICl,, catalyses the ring-opening 
metathesis polymerization of norbomene at room temperature. Thr, polynorbomene produced in these reactions was found to 
be mostly insoluble. Inclusion of a chain transfer agent, I-hexene, in the reactions leads to greatly improved yields of 
polynorbomene which is freely soluble in chloroform, and the quantity of polymer formed is highly sensitive to the amount 
of I -hexene added. 
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Recently, the syntheses of some 
oxomolybdate(VI) compounds corn 
ral organic bases have been repo 
laboratory [I]. We now report 
properties of these compounds with respect to 
the ring-opening metathesis polymerization 
(ROMP) of norbornene (bicyclo[2,2, I 

ene). The polymerization of norbome 
active area of research, mainly because study of 
the microstructure of the polymers produced can 
provide useful insight into the mechani 
important alkene metathesis reaction. 
work by this researc group has show 
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been activated by the cocatalyst EtAlCI, [2]. 
ave now studied the polymerization of 
ene by a series of chiral iso- and het- 

respectively, where 

dine (bqid) and ( - )-quinine (qin) (SC 
In the isopolyoxomoiybdates t 

coordinated directly to the [ /3- 
as well as being present in protona 

ety. It is tbo~ght that at least one of the sodium 
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,+).hydroq”lni&“e 

Scheme I. 

ions is coordinate 
as has been shown in 
characterised salt ( 

octamolybdate core, 

2.1. instrumentation 

R spectra were reco 
AC 80 spectrometer. Samples were dissolved in 

bonds in the polymer chains. 
t determination 
ermeation chro 

Samples were dissolved in chlorobenzene (15 
mg in 2 crnj) and filtered through a 0.45 6~ 
Teflon syringe filter prior to injection. Molec 
lar weights are given relative to 

2.2. Synthesis of chiral polyo~~moly~~~te(V~~ 
salts 

. The chiraal h 

loric acid (2 cm3). So 
4.13 mmol) was 
formation of a blue p 
suspension was then refluxed for 24 h, after 
which the reaction mixture was filtered while 
still hot. The blue product was then washed 

water, followed by hot acetone and dried 
in vacua (yield 60-65%, based on sodium 

molybdate). 

2.3. Typical procedure for the polymerization of 
norbornene 

15 mg of the 
polyoxomolybda@l) salt was 

ottom of a conical shape test tube. A single 
of a 1.8 mol dm-’ ution of EtAlCl, in 
ne (0.025 cm3, 0.045 mmol) was added by 

syringe, resulting in a colour change of the 
po~yoxomolybdat~V~~ sait from blue to dark 
brown. After approximately 30 s a solution of 
norbornene (0.5 g) in toluene (0.5 cm”) was 

ded resulting in an im ediate and exothe ic 

olymerization reaction. In some reactions a 
ham transfer agent (I-hexene) was co-dis- 

in the monomer solution prior to addition 
activated catalyst. Ethanol was then added 

reaction and the cone shaped polymer, 
wder concentrated at the tip, 
the tube. The polymer was 

then easily separated from the catalyst when the 
mixture was shaken with chloroform (15 cm3) 
for 2 h. e chloroform solution 0 e polymer 
was separated from any insolu materia ’ 

(catalyst and insoluble polymer) and the soluble 
polymer was re-precipitated by addition of the 
chloroform solution to ethanol (100 cm”) acidi- 
fied with concentrated hydrochloric acid [ 1 

cm3). 

All of the isopolyoxo 
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lyst, efficiently catalysed the 
bornene at room temperature. 
completely inactive in the absen 
lyst. As in the reactions of single crystals of 

0lyoxometallat~W) compounds [6], 
of the cocatalyst EtAlCl, to the pal 

molybdate(V1) salt caused a colour change, from 
the original blue colour of the molybdenum 
compound to dark brown. This is believed to be 
due to reduction of some of the surface 
centres to MO(V) {or oWJ} and is an impor- 
tant step in the formation of active catalytic 
species. Addition of the monomer solution to 
this activated catalyst resulted in an immediate 
and exothermic polymerization reaction. In re- 
actions where I-hexene was used as a chain 
transfer agent an induction period of several 
seconds was observed after addition of the 
monoiner before polymeriz n became visu- 
ally evident (an increase in viscosity of the 
sorption was observed). After addition of ethanol 
and removal of the polymer from the catalyst, 
the catalyst quickly regained its original colour. 

results of the ~o~yme~zatio~ reactions 
Wi e six chiral ~o~yoxorno~ybdat~~~~ salts 
are summarised in Table 1. In t 

carried out in t e absence of 1 hexene polymer- 
ization was instantaneous, and the resulting 

Table I 
Polymerization of norbomene by chiral polyoxomolybdate(Vl) salts 

a mixcure of gaiety 

solution the yield of 

-solub!e material. The 

Dive the maximu 

e very sensitive to the amount s? l-hexene 
added. For example, in the polymerization of a 
0.5 ene by 15 mg of (cin- 

.W,E aj addition of too little 
1 -hexene ( I 8. I g) resulted in a very low yiel 
( < 1 %‘c) of polymer, whilst addition of too 
( L 0.2 g) suppressed the polymerization reac- 

n completely. It is interesting to note t 
imum amount of I-hexene required 

given catalyst to produce the best possible yield 
of chloroform-soluble polynorbornene seems to 
depend upon which chiral base is present in the 
polyoxomolybdate(V 

The &loroform-insoluble polynorbornene 

Catalyst I -Hexene added Yield (%;70) 

k) Soluble polymer Insoluble polymer 

(tin-H),[hlo,Q?,(cin)zl (la) O 12 6 

(tin-H),[ivlo,O,,(cin),j (la) 0.15 52 0 

(Na),(cin-H),[Mo,O,,j (2a) 0 2 6 

INa)z(cin-H),[Mo,O,,] (2a) 0.15 58 0 

(hql:! H),[R o,O,,(hqidJz] tlb) 0 IO 20 

(hqid-H)& 0802s(hqid)z] (IhI 0.25 53 0 

(Na)z;hqid-H),[Mo,Oz,] (2b) 0 6 8 

(Na),(hqid-H),[Mo,0,6] (2b) 0.25 64 0 

(qin-H),[MosO,,(qin),] (1~) 0 I’ 13 

(qin-H),[Mo,O,,(qin),l(k) 0.30 60 O 

(Na),(qin-H),[Mo,O,,j (2c) 0 10 30 

(Na)z(qin-H),[Mo,OI,I (2~3 0.30 56 0 

Reaction conditions polyoxomolybdate (I5 mg). EtAICI, (2 drops of 1.8 mol dm-’ solution in roluene). norbomcnt: (0.5 $!), tokne (0.5 

cm?). 
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reduced in reactions in the absence of l- 

nt of cross-lin- 

le solvent, thus pre- 
venting molecular wei determination. Inclu- 

sion of the chain trans agent 1 -hexene in the 

polymerization reactions pro 

tion of good yields of poly 
was freely soluble in chlorinated solvents. 

nation of the polynor- 
+LlCd b) tk ckL:aIyst (;rr,- 

resence of 1- 
GR = 33100 

The cis content of the small quantities of 
ch~orofo~-soluble olymers prc.,uced in reac- 
tions with no a 1 -hexene wh found to vary 

little between different caalysts (a, ca. 

rather more variable v 
s 0.30). All of thi: p 
distribution of ci: ar 

he ret overed catalysts 
quickly regained their origi,lac colou 

ared unchanged by the 1’~ action. 
hen these recovered catalys s were reused to 

polymerize further batches or norbornene they 
exhibited a dramatic decrease in activity (Table 
2). For example, in the pal nerization of the 
first batch of norbornene by B in the presence 

of 52% of polynorbomene 
ed. When the recovered catalyst was 
olymerize a second batch of nor- 

bornene a polymer yield of 42% was obtaine 
ent reuse of this catalyst in a thi 
gave only 5% polymer yield. This be- 

haviour contrasts somewhat with that found for 
large single crystals of isopolyoxomolybdate(V1) 
salts, which can sed repeatedly in the poly- 

merization of no rnene without any apparent 
loss in activity [6]. Unfortunately, the chiral 
polyoxornolybdate(VI) salts described here 
zoulJ not be crystallise reduce crystals of 
sufticient size to use singly in reactions. There- 
fore, in order to approximate the reaction condi- 
tions used for polymerization of norkomene by 
a single crystal of an is 

canied out. 

with a mortar and pestle. 
formed into a pell 
the soti used to 

e pellet was then broken 
roughly into quarters and one of these was used 

polymerize norbomene, in the pre 
exene. as described for the 

iysts, to give a yield of polynor 
ellet was then recovered whole and appar- 

unchanged. In this way each (cin- 

r pellet could be used in 
four successive reactions before a significant 
Boss of activity was observed (Table 2). The 
fall-off in activity here may, in part, be due to 

Table 2 

Catalyst rwt! for the polymcrtzation of succ xive batches of norbomcnc 

Catalyst system Polymer yi qd (%) 

Reaction I Kmctlon 2 Reaction 7 Reaction 4 Rextion 5 

(tin-n),[Mo,O,,(cin),j 52 42 10. !) 0 
(powder) 

(tin-H),[Mo,O,,(cin),] 58 46 38 30 6 
(in KBr Pckt) 

Reaction conditions. polyoxomolybdate (15 mg), EtAlCl, (I! drops of a I .X mol dm ’ 

(0.15 g) in tolucnr (0.5 cm’). 
solution in tolucne). norbomrnc !O.S f) and 1 -hexene 
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the presence of the hygroscopic 
after four reactions it could be that t 
absorbed sufficient water to affect 
activity. olymers produced i 
reactions showed similar C~S content and distri- 
bution to those produced from the powdered 
catalyst. 

Tne results reported here clearly demonstrate 
the high activity of chiral polyoxomo~ybdate~~~) 
salts towards R of norborne in the pres- 
ence of the co St EtAlCl2. ork is cur- 

rently under way on the polymerization of the 
substituted monomers 7-methylnorbo 
5,6-endo,exo-dimethylnorbornene and structural 
analysis of the polymers produced. e purpose 
of this is to determine the tacticity of the poly- 
mers, and to study the influence of chirality in 
the catalyst on the stereochemical outcome of 
the metathesis reaction. 
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