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Figure 2 Rotary reaction

Another problem which arises with
polymer-supported species is their ef-
ficient purification from contaminant
reagents used in their syntheses. More

often than not a washing procedure is
terminated by a Soxhlet extraction
with a suitable solvent, prior to drying.
We have also found this process to be
enhanced in some instances, by stirring
in an appropriate solvent, and we have
now produced a modified Soxhlet ex-
traction vessel which allows simulta-
neous magnetic stirring, Figure 3. We
have still to produce an extraction de-
vice with stirring by rotation!

The Soxhlet chamber, C, consists of
a flat bottomed glass tube, 7 cm in dia-
meter and 12 cm in length, and carries
a B60 ground glass socket, G. This al-
lows the introduction of large glass sin-
ter crucibles (pore size 1), capable of
holding up to ~50 g of polymer beads
in one operation. When the polymer
particles are less dense than the extrac-
ting solvent, crucibles must be covered
with filter papers tied in place. The
off-set syphon, S, allows a magnetic
stirrer to be placed below the Soxhlet
chamber, and agitation achieved in the
normal way with a small follower.
The flask of boiling solvent is attached
at cone, C, and an appropriate adaptor
and reflux condenser at socket, G.

Block copolymers prepared by an anion to free
radical transformation process. 1. Kinetics and
efficiency of initiation by polyisoprene—lead trimethyl
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This study is a facet of a general inves-
tigation into techniques of preparing
novel block copolymers by transform-
ing the initial propagating species via

a metastable intermediate into
another better able to polymerize the
second monomer. Thus methods have
been fully reported whereby the anion

to cation transformation may be effi-
ciently carried out!™*, and preliminary
accounts have been given of two
methods which enable the anion to free
radical transformation to be achieved®®.
This is a report on further developments
in one of the latter systems® in which
the anionic component is oligomeric
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polyisoprene, and its adduct with tri-
methyllead is the free radical precursor.
Very low molecular weight mono-
functional anions may be prepared by
established techniques™® and then
reacted with trimethyl lead chloride
to form the monolead adduct (equa-
tions 1 and 2):

t-BuLi + » CH,=CH-C=CH) ——
I
CH;
t—Bu—(CHz——CH=(|3—( HypLit (1)
CH;



RLi + CIPbMe3 ——
RPbMes; + LiCl  (2)

(R = isoprenyl oligomer)

This material may then be isolated, re-
dissoived with a second monomer
either in bulk or in a suitable solvent,
and homolytic decomposition ther-
mally induced (equation 3):

AT
RPbMe; + My ——> R + My + -PbMeg
G3)

The efficiency of this method as a
means of preparing block copolymer is
largely dependent on the activity of the
trimethyllead radicals formed; if they
initiate polymerization then the block
copolymer produced will be contami-
nated by homopolymer derived from
the second monomer. Alternatively, it
has been reported® that this radical
readily dimerizes to form hexamethyl-
dilead which can disproportionate to
form inactive products (equations 4
and 5):

2 PbMe; > Me3PbPbMe; 6]

2 Me3PbPbMe3——>3Mey4Pb + Pb
(%)

EXPERIMENTAL

Synthesis

Trimethyl lead chloride was pre-
pared using the method published by
Gilman et al. ',

Oligoisoprenyllithium was synthesiz-
ed with DB, = 2 by distilling 5 x 10—2
mol isoprene slowly into a solution of
2.5 x 102 mol t-butyllithium in ben-
zene at 10°C"® and the mixture was
allowed to stand for 24 h to ensure
completion of the reaction. A high
vacuum technique involving the use of
breakseals was employed.

The trimethyllead adduct of oligo-
polyisoprene (RPbMe3) was prepared
by adding under high vacuum condi-
tions 5 x 10~3 mol of the ‘living’ oligo-
mer to a stirred benzene solution
containing an equal quantity of tri-

methyllead chloride at 10°C. !H n.m.r.

analysis indicated a virtually quantita-
tive conversion into RPbMej. This
material was isolated and stored in the
dark at —30°C to await 1H n.m.r. exa-
mination and polymerization
investigations.

Kinetics

The thermal decomposition of
RPbMe3 (1M in toluene solution) was
followed by 1H n.m.r. (100 MHz). The
rate of reaction can be determined from
the decrease in the singlet signal of the
methyl group, CH3—Pb<at 0.75 ppm
relative to TMS. The tertiary butyl
group signal at 0.94 was used as an
internal calibrant.

Styrene was chosen as the second
monomer, and the rate of its polymeri-
zation was determined by dilatometry*>.
A reservoir was filled with monomer
under vacuum and the required quan-
tity of catalyst was added. The reaction
mixture was then transferred to an at-
tached evacuated dilatometer via a
greaseless stopcock which was then
closed to seal the dilatometer. The
reaction rates were measured at 60°C.

RESULTS AND DISCUSSION

It is well established by studies on un-
symmetrical tetra organo lead small
molecules that thermal cleavage of
allyl—metal bonds occurs in preference
to scission of alkyl—, vinyl— or phenyl—
metal bonds'*!5. Since the allyl group
may be taken as a good model for the
oligoisopreny! group, it is evident that
the adduct RPbMej should behave
similarly and thermal decomposition
proceed as illustrated in equation (3).
Decomposition was shown to be first
order and application of equation (6):

Incgfe = kgt (6)

where cq and c are the initia: concen-
tration and the concentration of
RPbMej after time ¢, respectively, en-
abled the rate constant of decomposi-
tion, kg, to be evaluated at a series of
temperatures. These results are recor-
ded in Table 1, and a plot of 1n kg
against 1/T was linear giving an activa-
tion energy of dissociation of 12 kcal/
mol which is in agreement with the
value found for the model compound®®.
The rate of polymerization (Ry) of

Table 1 kg as afunction of T

10844
Temperature (°C) (sec-1)
60 3.6
70 6.7
80 10.0
90 15.1
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Figure 1 Rate of polymerization (Rp) of
bulk styrene as a function of [I]

styrene by RPbMej is given either by
equation (7)

Rp =kp M1 (2kafT1] fi)/2 (7)

if trimethyllead radicals participate in
the polymerization process, or by equa-
tion (8) if they do not.

Rp = kp M (ka fTT1 /R)12 (8)

In these equations &, is the rate con-
stant of propagation = 176 1/mol/sec'”;
k; is the rate constant of termination
(by recombination) = 72 x 106 1/mol/
sec!®; and fis the initiation efficiency.
Conversions were kept low in these ex-
periments (<5%), and the monomer
(M) and the initiator (I) concentrations
were assumed to approximate to those
obtained initially.

The plot of R, versus [1]1/2 was
found to be linear (Figure 1) with an
intercept on the ordinate which repre-
sents the thermal polymerization of
styrene at 60°C. This gave a value of
0.2 x 10~5 mol/l which agrees with
that obtained by other workers!®. More
interestingly, the slope of the rectilinear
curve gives an initiation efficiency for
RPbMej of 0.43 if both radical species
initiate and, of course, a value of 0.86
if the isoprenyl radical is the only ac-
tive species. Thus, as both figures are
below unity this method of analysis is
unable to distinguish which of the two
mechanisms is operative. Nevertheless,
since in the former case the value of
‘f is the average between two initiating
radicals, it is tempting to speculate that
these results are at least consistent with
the desired property that the polymeric
radical is an efficient initiator whilst
the organometallic fragment is cataly-
tically inactive.

More experimentation involving high
molecular weight polyisoprene—lead ad-
ducts and g.p.c. analysis of the product
is necessary, however, before such spe-
culations can be verified, and these ex-
periments are currently being carried
out.
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