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Abstract—The solid reaction products obtained from the reaction between a-methylstyryl sodium “fiving™ ends in
tetrahydrofuran with ¢-butyl chioride, at ambient temperatures, have been separated by TLC and examiaed by UV, IR

and NMR

Apart from the expected elimination and substitution products, a sew grouping, absorbing UV

spectroscopy.
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struciure. Several mechanisms, in expisnation of the overall reaction, are discussed in the light of these resuits.
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isobutane, was able to show that when polystyryl sodium
and ¢-butyl bromide were reacted in dioxan, in the
presence of styrene or a-methylstyrene monomer, the
yield of isobutane in the products was reduced. This
reaction was accompanied by a reduction in the yield of
isobutene by an exactly equal amount. In the cases
where styrene mobomer was added to the system
Ps™Na*/t-BuCl/dioxan, (though not a-methyistyrene
monomer), new oligomers containing ¢-butyl groups were
recovered. It appears therefore, that a reactive inter-
mediate is formed capable of forming isobutane and
iscbutene in the absence of free monomer and of initiat-
ing styrene polymerisation.

In an attempt to identify this reaction intermediate and
thus gain an insight into the reaction mechanism, the
reaction of the sodium initisted a-methylstyryl “living”
ends with ¢-butyl chloride in THF, was chosen for closer
study. The reason for this will spon become apparent.

When high concentrations (~6-8x 10~ M) of “living”
poly-a-methylstyryl sodium in THF were reacted with
t-butyl chloride in vacwo to completion at ambient

the final reaction mixture was not colour-
less as in the case of the similar reaction in dioxan, but
mhmnawnhaUVabwmuMmMMnm
absorbing species thought to be the precursor of the

315nm species because the absorption disappeared on

the exposure to air and was immediately replaced by the
new absorption at 31Snm. The “dead” polymer reco-
vered from this system also contained this 315nm UV
absorbing species. The absorption must therefore be
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chloride or water showed no absorption at 315nm.*
Furthermore, the polymer as recovered was initially
colourless but on standing exposed to air, slowly

at room This with a gradual
broadening of the 315 nm peak to ~ 320 am together with
a long tail absorption to 400 nm.

PhMeCunCH—CH==CMePh
1

working with azocumene, found two species, structures 2

and 3, which absorbed at 315 nm (quinonoid type struc-
tures).

Ph Me,C\ ,— Me,C
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UV Spectra. The polymer ssmples weee dissolved in chioro-
form and spectral measuromests made on a Unicam SP 500
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spectrometer at 60 MHz. Solutions in deuterated chioroform
were used with tetramethylsilane as internal stendard.

RESULTS

The result of the UV measurement on the polymer
fraction obtained from the reaction is shown in Fig. 1.
The result shows that there are two maxima. These occur

at 255 and 315 nm, the absorption at 255 nm being due to
that of the phenyi groups and the 315 nm sbsorption, that
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The reaction of z-butyl chloride with “livisg™ poly-a-methylstyryl soditm in tetrshydrofuran 45

material recovered from a single plate was insufficient to
allow for accurate moleculsr weight and other

subsequeat

The UV data of the Bands 1, 2 and 3, recovered from
the TLC piates, are shown in Fig. 3. The
that for fractions 1 and 3, odyanndeA
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Fig. 3. Spectra of fractions 1, 2 and 3.
Comparing the behaviour of pure H-ended tetramer

wmdmoomedmdcwmdﬂ4
supported this belief. The bands were further re-chroma-
tographed to check if they were single componeats. When
tlﬂs_wudoml’_nctionl(&mg)mmolvedintoone

2A, the components obtained from Fraction 1 have only
the single absorption at 255 nm ‘due to the phenyl group.
Since both Fractions 2B and 2C contained the 315 nm UV
absorbing species, they were selected for further more

weight compares well with the theoretical value of 474..

The IR spectrum of 1A supports the molecular weight
dats in confirming the tetrameric structure (Fig. ).

Fig. 4. Spectra of fractions 2A, 2B and 2C.

Further confirmation is obtained from the NMR spec-
trum of the compound where typical phenyl alkane ab-
sorptions occur at r =29 (due to phenyl groups), 7.7
(from CHea to phenyl groups) and 8.2 (due to CH, groups

B to phenyl groups).
Fraction 3. The molecular weight value of 533 of this

agreement with the theoretical value of 531. The NMR
analysis of this compound also suggests that this fraction
is correctly assigned. The spectrum has absorptions at
2.84 r due to phenyl groups, 8.88 7 from CH,8 to the
phenyl group and 9.12¢ due to the t-butyl grouping. The
t-butyl/H ended structure requires an aromatic: aliphatic
ratio of 3:2 which is also the ratio calculated from the

spectrum,

Fraction 2. The UV spectra of the components 2A, B
andCindiuuddnttheSlsnmaboorbinaspeciuwu
contained. only in components 2B and 2C. The IR spec-
trum of one compoaent, 2C, is shown in Fig. 5. A partial
list of the IR absorptions is given in Table 1. The table
mmmmmzcmmymm

to be dus to the presence of carbomy! groups, the other
bends can oaly be assigned tanhnvdy The 738cm™

C=C though
CMe; and Me,CH-CH(C,H;)CHMe, show abrorption
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the fact that, on standing at room tomperature in light,
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Fig. $. IR Spectra of erminated polymer.

Tabis 1. Partial IR spectra of compossats 2B ead 2C. Sample
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together with a weak skelotal vibration at 1{170cm™' is
ideatiicd as a dimethyl group of possible

Mo,CH-. The typical broad absorptions at 3300-3700 con™
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The reaction of t-butyl chioride with “living” poly-a-methylstyryl sodium in tetrahydrofuran

Mechanistic implications. If the reactions are pre-
dominantly ionic, then in view of the known reactions of
strong bases with z-alkyl halides, the reactions must be
easentially two competing reactions leading to elimina-
tion and substitution thus:

[
Pa"Na* + ¢-BuCl—Pa — t-Bu+ Na*CI”

[N
Pa"Na* + ¢-BuCl—» Pa — H+ CH;=CMe, + Na*ClI™

To these two reactions a third step must be added to
account for the production of isobutane. This third step
could be accounted for by postulating a metal halogen
type mechanism thus:

Pa"Na* + t-BuCl—Pa ~ Cl + ¢-Bu"Na*
t-Bu™Na* + t-BuCl——> Isobutane + Na*CI™ + Isobutane

If a reaction between living ends and ¢-butyl chloride
occurs by electron transfer, then the outcome of such a
process would be two radicals thus:

Pa"Na* +¢-BuCl—Pa"+ ¢t-Bu’ + Na*ClI™

Funherreocuonofthendlcalswouldbeexpectedtopve
mq to uobuune.and isobutane and hobtnene..Ahef

reaction of Na*H™ with ¢-BuCl could explain the forma-
tion of isobutane. However, the hydride mechanism
seems unlikely becanse aged “living™ end solutions in
which the hydride ion is known to form,'"** did not

polystyrene.

Both the ionic and electron transfer mechanisms could
be used to explain the formation of quinonoid type
structures. If some of the reaction occurs through a
radical mechanism, then the following reactions could
oceur:

""‘CHz"‘CM.Ph*tM., _—

H
~— CHy—CHg=CH =<:><
CMe,

4
~~CHgz —'CMePh + — CH;~CMePh ——»

-
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Ph
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By analogy with the studies on cumy! radical combina-

tion,® such reaction would oaly occur to a slight extent.

The formation of the quinonoid type structure may be

pocul.hwdto'oculioniullyifitiaulmddntthe

reaction occurs partially through the quinonoid anion 8
— HoC—C—CH,

Na*
8

giving structure 4 by a substitution reaction on ¢-butyl

The TLC analysis is a consistent with the GLC data

by Clarke® since the major component reco-

the plate was the dihydrogen ended tetramer

only form through elimination. Slnce
IC were of molecular

ﬁnerewltwmthatsomcouphmofthe
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to form higher molecular weight
to the electron transfer
a radical process, polymer radicals
wonldbeexpemdtoructmthumy This mechanism
is further supported by the fact that new styrene obi-
gomers were recovered when styrenc monomer was used
to scavenge the reaction intermediate. However, there
are two factors militating against such a mechanism; (a)
no ESR signal could be detected and (b) Likewise, no
GLC pesk for di-t-butyl, expected from the combination
oftwo -bmylndhh.eouldbedetected.lteouldbe
the reactions take place inside a cage of solvent
moleculuwhichmvenundiulsﬁnmdiﬂu:h;outof
the cage, or, that the radicals are present in very low
concentration or even a combination of both these
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