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{p- Methylbenzvl)- o- cyanopyridinium hexafluoroantimonate, a new catalvst, was synthesized by the reaction of
o- cyanopyridine with o -bromo- p- xylene followed by exchange of counteranion with SbF,", We examined the
clleet of the catalyst on the bulk polymenzation ol tetrahydroluran under various conditions. The catalytic ac-
tivity was best in the presence of 1 : | of epichlorohvdrin used as cocatalvst versus catalyst concentration. The
resulting polymers had relatively low conversions i 1.0-40%. Their number average molecular weights were
in the range of 800 to 5300. Propagation rate increased with increase in temperature according to an Arrhenius
expression giving an activation energy of 62 KI/mol. We also found that the polymenization of T11F with new

catalyst proceeds vie a cationic mechanism.

Introduction

Polvtetrahydrofuran (polv'I1LEF), well known as polytetra-
methylene glyeol, 1s a very important soft segment for pro-
ducing thermoplastic elastomers such as polyester (I Ivtrel *)
and polyurcthane (Spandex *),' THE reacts with cationic in-
itiators to give poly I11F. Such reactions has been the sub-
jeet of a number of papers™ since Meerwein reported tri-
alkyloxonimm salt as initiator.’

Polymerization of T11F proceeds via a cationic mechan-
1sm, i which the propagating specics is an oxonium ion
that 1s ring-opened by nucleophilic attack of the additional
THF monomer.
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Tn the ahove scheme Y " denoles the counter anions deriv-
ed from the polymenzation initiators. A counter anion of re-
latively low nucleophilicily, however, 15 required Lo achicve
a controlled polymerization. Examples of anions are BF,.
PT,, CF SO, FSO, and so on.

On the other hand, only some limited catalvt systems
such as FSOH, H,S0,/30,, HCIO,/acid anhydride, and
CISOH arc used for industrial production of poly THT of
medium molecular weights (M,: 600-3000) suitable for ther-
moplastic elastomers. The molecular weights depend on the
concentration and the nature of catalvst and chamn transter
agents like acid anhydride and SO, But these catalyst sys-
tems also have several serious problems: One is lhigher con-
centration of catalvst is necessary for desired molecular
weight polymers. The other is they require either alkaline or
acid hydrolysis aller polymerization lo vield hydroxyl
groups at both ends of the polymer and o produce re-
latively narrow molecular weight distribution (M, /M) of be-
low 2.0. Another is the hydrolysis reaction results in the pro-
duction of large amounts of strong acids such as 11F and
sulfuric acid.*

In order o overcome these disadvantages, we need Lo at-

tempt the study on new catalyst systems. Recently Pappas
and Endo have reported latent thermal catalysts elfective (or
the polymerization of epoxy resins, styrene, bicyclic ortho
esters, and spiro ortho carbonates.™™ They used various oni-
um salts such as sulfonium, iodonium, phosphonium, or
quarlemary ammonium salt."

This paper deseribes the synthesis of new transition metal
catalyst, a quartemary ammonium salt, and the catalytic ac-
tvity for the bulk polymerization of THE under various con-
ditions. We will also discuss its polvmerization mechanism.

Experimental

Materials. 'otassium hexatluoroantimonate, o -bromo-
p- xylene (98%), and o- cvanopyridine (99%, OCI?) were pur-
chased from Aldrich Chemical Co. and used without pu-
rification for the synthesis of new mitiator. Commercially
available polymerization grade tetrahydrofuran (Shinwha
Petrochemical Co. T.id., Korea) was used as a monomer
without purification. Tipichlorohydrin was distilled after re-
moval ol waler by usual methods and stocked over molee-
ular sieves (4 A). Pyridine was dried over Call, for 24 h
and distilled.

Synthesis of (p- methylbenzyl)- o- cyanopyridinium
bromate salt. Into a 2-neck round bottom flask, o -bro-
mo- p- xylene (14.95 g, 70.2 mmol) and OCP (8.53 g, 81.15
mmel) and acctonmitrile (45 ml.) were charged and stirred
tor 8 davs at room temperature. After the reaction were
compleled, acclonitrile was evaporated and the residual sol-
id was stirred for 12 h in diethyl ether (150 mL) to remove
unreacted reactants. A greemsh precipitate was filtered and
dricd under reduced pressure at 30 °C for 24 h: yicld 18 g
(78%). mp 168 + 1°C. 11 NMR (D,0) § 9.21 (d. ILL py-
ridine), 8.83 (L, IH, pyridine), 8.73 (d, IH, pynidine), 8.42 (L,
TH, pynidine), 7.43-7.39 (dd, 4H, phenyl), 6.12 (s, 2H,
-CLL-), 241 (s, 311 ph-CLL); IR (KBr) 3120, 3029, 2250
(-CN), 1614, 1489, 1434 cm™.

Synthesis of {(p- methylbenzyl)- o- cyanopyridinium
hexafluorcantimonate, new catalyst. The prepared
pyridiniumbromale salt (1.0 g, 3.35 mmol) was dissolved in
a distilled water (20 mL) and stirred for 2 h under nitrogen
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atmosphere. Into the mixture, a solution of potassium hex-
atfluoroantimonate (0.95 g, 3.45 mmol) in distilled water (20
ml) was added and stirred for 10 min. A while precipitate
was collected and then dried s vacro at 50 °C for 24 I
vield 40%; mp (36 + 1 °C.

Polymerization of THF. A homogeneous mixtwe of
TLIF (10 mL), initiator and/or cocatalyst in an one-neck
round bottom [lask cquipped with a condenser was polym-
erized in a silicone oil bath. Polymenization was tenminated
wilh the addition of | N-HCI (| ml) and then stired for [0
min. The reaction mixture was extracted with benzene/dis-
tilled water (40 ml./120 ml.). Anhydrous MgSO, (2 g) was
added to the organic laver and stirred for 3 h to remove re-
maining waler. The filtrale benzene solution was distilled
off by using a rotary evaporator. The residual viscous po-
lymer was dried under vacuum for 24 h at 30 *C. We car-
ricd out the polymerization varying concentration ol catalyst,
reaction time, temperature, and concentration of cocatalvst,

Measarement of viscosity. Inherent viscosity of po-
Iy T11F obtained was measured in benzene solution at 30 "C
by using a Ubbelohde type viscometer. The number average
molecular weight (M,) was calculated by the following
cquation':

[nI=2.9x 10°M"™

Hydrolysis of polyTHF. A mixture of the prepared
poly THI (0.61 g) and | N-HCI (60 ml.) was refluxed for 12
h and cooled to room temperature. The solution was ex-
tracted with methylene chlonde/distilled water (50 ml./50
mL) three times until pl1 was naturalized. The organic laver
was dried over anhydrous MgSO, and then filtered. The fil-
trale solution was cvaporaled 1o remove methylene chloride
solvent. The resulting viscous polvmer was dried for 24 h
under reduced pressure to give a waxy type poly(T11F) hav-
ing hydroxyl groups al hoth ends in 80% vicld.

characterizations. [[-NMR spectra were recorded on
a Varian Gemini-300 speetromeler. FT-TR specetra were ob-
tained on a Brucker TFS 48 spectromeler. Thermal transition
temperatures (7, and I') were measured on a Perkin-Elmer
7 series DSC al a heating rate of 10 "C/min under nitrogen
atmosphere. Molecular weight distributions were performed
with a Shimazu LC-4A GI’C using Styragel columns with
THT® as selvent and polystyrene for calibration.

Results and Discussion

Synthesis of catalyst. (p- Mcthylbenzyl)- o- eyano-
pyridinium hexafluoroantimonate (MPH), a new catalyst,
was prepared by the reaction of o- cvanopyridine with an
cquimolar amount ol ¢ -bromo-p-xylene lollowed by ex-
change of counteranion with SbF, in water (Scheme 1)."

We confirmed the structure of the catalyst by [[-NMR
and FT-IR speetra. Tn Figure [-(a) characlerislic peaks as-
signable to methyl, methylene in benzvl group, and phenyl
group appeared at 2.4, 6.1, and 7.4 ppm, respectively. Four
kinds of protons in pyridinium group were also observed al
9.2, 8.8, 87, and 8.4 ppm, respectively. Ther mtegration ra-
tie malched well as we expecled. The TR spectrum ol the ca-
talyst showed weak bands around 3000 em™ and scveral
medium absorption in the 1614-1434 cm™ region, which
are due o the aromatic and aliphatic C-H groups and (o the
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Figure 1. H-NMR (in D.O) and FT-IR (KBr) spectra of catalyst.

pyridinium group. We also obscrved (he strong peak due o
the hexalluoroantimonate  (ShF, ) at 637 em™. Tispecially,
the catalvst was very hydroscopic, so that water absorbed
from air appeared at 3325 ¢cm”.

[t, therefore, is essential to remove water (below 20 ppm)
trom the catalyst for polymerization.

Polymerization. ln order to investigate the activity of
the catalyst system, we carried out the bulk polymerization
of T1IF changing concentration of catalyst, polymerization
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time and temperature, and concentration ot epichlorohvdrin
(I'PH), cocataly st. Their results are listed in Table 1.

The prepared poly THE had relatively low conversion 1o
polymer in the range of 1.0-40%. Its number average molec-
ular weight ranged from 800 to 3300 und mncreased with in-
crease in conversion. The resulting polvmers had tairlv nar-
row molecular weight distribution (M.,/M,) ranging trom 1.4
o 1.6, Tt has a great advantage m mdustrial pomt ol view,
sinee commercial poly THF being used as a solt segment for
thermoplastic clastomer requires another fractionation pro-
cess after polymerization in order to prepare the polvmer
with narrow molecular weight distribution of below 2.0.
The melting range of the svnthesized polyv’TlLF was 17 °C
(M,=830) to 42 "C (M =5210). These results are consistent
well with those of commeretal produets (Dupont Terathane *).

Livdrolysis of poly TLIF with 1 N-IIC1 solution readily
provides hvdroxyl groups at both ends of the polymer cham.
lvdroxvl number was determined bv end group analvsis,
by reaction with acetic anhydride and by back-titration with
1 N-NaOll (ASTM D-1638). The measured hvdroxvl
values are comparable Lo those of commercial product.” Tn
case of M =1980. the value was about 30.

Effect of polymerization temperature. Figurc 2
showed a trend that molecular weight and conversion in-
creased with increase n polymerization temperature from 30
to 33 °C. but drastically decreased above 53 “C. This is due
o the cquilibnum polymenzation off THE and also 1o the
low ceiling temperature (7,=83 £ 2 °C) in bulk polyvmeri-
zation: AL 7T, or above no polymer 1s formed. Below T,
there 1s an equilibiium monomer concentration below which
no further polymerization occurs.”

Thus to obtain signilicant conversions (o polvmer and
desirable molecular weight. we carried out the polvmeri-
vation al cither 45 °C or 55 °C under various conditions.
We figured out the activation energy () for the bulk po-

Table 1. Polvmerization of THF with new catalyst system

EXP. Catalyst  TPH' Temp. Time  Conv. 4/ .
# (mol %) (mol) ('C) (day) ("o) {0)
1.0 1.0 30 2 (.5 -
1.0 1.0 40 2 2.6 1630
1 1.0 1.0 45 2 23.0 1980 26
1.0 1.0 35 2 379 3800 32
1.0 1.0 ($19] 2 10.4 1590
1.0 1.0 G5 2 107 1380
1.0 1.0 43 | 0.8 -
2 1.0 1.0 45 2 250 1980
1.0 1.0 43 3 23 1300 25
1.0 1.0 35 1 121 1150
3 1.0 1.0 35 2 379 3890
1.0 1.0 33 3 1004 1290
1.0 0 35 2 0.9 -
] 1.0 0.5 35 2 4.7 17
1.0 1.0 35 2 379 3890
1.0 2.0 35 2 8.2 1520
025 025 45 2 116 3210 42
3 1.0 1.0 43 2 25.0 1980
2.0 2.0 45 2 35.1 1050 21

T:P11. epichlorohvdrin. 'Measured after hvdrolysis.
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Ivmerization of T1IF with our catalvst svstem (MPLI-EPLL)
using an Arrhenius expression and a least square method.
£ trom a slope in Figure 3 was 62 kJ/mol.

Effect of polymerization time. The etfect of po-
Ivmerzation time on the molecular weight and the conv-
ersion of polvTHLE 1 shown in Table | (Exp. # 2 and 3).
We obtamed higher molecular weights and conversions at 55
°C than at 45 °C. Thev, however, decrcased rapdly alter
two davs at all the both temperatures. It is probably due to
the reason why depolymenzation of poly THE predominates
over propagation reaction in the following equilibrium po-
Ivmerization of TIIF. Thus we fried the polvmerization
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Figure 2. Effect of polyvmerization temperature on conversion
(W)Yyand A/ ( A& ) [Catalvst]— 1.0 mol®e. [EPH] 1.0 mol®e: time. 2
days.
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Figure 3. Logarithmic plot of rate of polvmenzation versus tem-
perature,
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tume for 2 davs in further experiments.
Effect of concentration of cocatalyst. [n case we

' P Propegation
NW'(CHQ};CPE——O@ e —— A (CHhCHy——0
Dopolymerization G
xe ( Xe ° )
0.
° 0

(3

proceeded the polvmerization only with 1.0 mol% of the ca-
talyst without cocatalvst (EPH), little polvmenzation oc-
curred. Elleet of concentration ol cocatalyst on molecular
weight and conversion was best, when the mole ratio of co-
catalyst to catalvst was 1.0 (Figure 4). On the contrary, the
activity of the cocatalyst drasticallv decreased in the pres-
ence of over 1.0. This will be deseribed m more detail mn
polvimerization mechanism later,

Effect of concentration of catalyst system. In po-
hmerization with 1 ;1 of the ratio ol catalyst to EPH, the
conversion ol polvmer mnercased with nerease in the con-
centration of catalyst svstem, whereas the molecular weight
decreased gradually (Txp. # 5 i Table 1),

Polymerization Mechanism. Based on the results
discussed so far, we propose a possible mechanism of the
cationic polvmerization with new catalyst (MP11), as shown
n Scheme 2 and 3.

In Scheme 2 MPH sall dissociates by heating and reaches
an cquilibrium between p- xvlene cation and OCP. The ca-
tion (11) stabilized bv a resonance effect of benzvl group
and the pyridinium cation (1) destabilized on pyridine shift
the equilibrium to the forward reaction (k). Moreover, the
evano group in OCP causes a sterie hindrance of MPH salt
(I) and cnhances the cleavage of the C-N bond. The result-
ing p- xvlene cation (1) acts as an initiating species in the
polymerization of THF. In other words, the cation (IT)

reacts with THF 1o produce the THE oxonium 1on salt (IV),

which propagates additional TIIF monomer (o give a poly-
THT. However, the propagation with the oxonium 1on (I1V)
gives r1se o very low conversion and molecular weight vig
a path 1 in Scheme 3. This is the reason why the cation salt

40 4000
30 . 3000
9
£ Lo M,
s
c
3
o
10 = 1000
0 T T T 0
0 1.0 2.0
Mole ratio of EPH to Catalyst

Figure 4. liftect of concentration of IEPH on conversion { l)

and AL ( A ) [Catalvst]=1.0 maol®e: time, 2 days: temperature, 55 °C.
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(11 1s much more stable than the THF oxonium 1on salt (TV)
and little polvmerization oceurs. On the other hand, when
EPII is present as a cocatalvst, the reaction of the cation (1I)
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Figure 5. NMR spectra of Polv(THIE) 74/ 3890} in CIC1: (a)
before hvdrolysis: (b) alter hydrolysis,

with oxirane ring ol EPH produces new oxonium ion salt
(I1D) shown in Scheme 20 Tt imuates TTTY monomer and
then propagates o vield medium molecular weight poly-
mers (1, =800-3300) we expeceted via a path 2 in Scheme 3.
lifTeet ol concentration of cocatalvst discussed carlier sup-
ports these results, In addition. when the coneentration of
cocatalyst (IPIT) 1s more excess than that of catalvst, the ca-
tion (111) propagates remaining EP1T to produce oligomers
(V). as shown in Scheme 2. Such a side reaction results in
the decrease of molecular weight and conversion 1 the po-
Ivmerization of TTLE (Exp. #4 in Table 1),

In the termination step, the liberated pyridine from the ca-
talvst attacks the THE oxomum 1on in the growing chain
end to terminate the polvmerization of T1EF (Scheme 3).
The chain end groups terminated with pyridimium salt readi-
Iy converts mto hydroxy] groups by the addition ol IN-HC]
solution. Spectroscopic data from [H-NMR and FT-IR strong-
Iy supports the proposed termination mechanisim: H-NMR
spectrum ot polv THIE before hvdrolysis showed weak o-
evano-piridine and p- xvlene groups. resulting from the ter-
mination step (IFigure 3-a). They, however, disappeared all-
et hyvdrolysis (IFigure 3-b). In Figure 6-a, aromatie C-11in p-
avlene, o- evano-pyridine, and hexafluoroantimonate (Sble,’)
absorption bands appeared around 3100, 1614, and 633 e¢m”,
respectively. Thev also disappeared atter hvdrolvsis (IFigure
6-b). The [R spectrum of polvTTIE afler hydrolvsis was con-
sistent with that ol commercially available product from
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Figure &. IR spectra of Polv(THFE): {a) before hvdrolysis: (b) aft-
er hvdrolyvsis: (¢} BASE produet.

BASI Chemical company.

Conclusion. Synthesis of new catalyst was achieved
by a nucleophilic substitution between o- evanopyridine and
o -bromo- p- xvlene followed by exchange ot counteranion
with Shl'; m water. The catalyst was very elfective tor the
polvmerization of TLIE in the presence of EPLL as cocatalyst,
The number average molecular weight of the obtained po-
lvmers was in the range of 800 to 3300 and they had re-
latively namow molecular weight distribution ranging from
1.4 1o 1.6. We also found that the polymerization of IHF
with new calalvst proceeds via a cationic mechanism. On
the busis of above results, the catalyst svstem shows a
strong potential as new mitiator for preparing poly THIE suit-
able as a soft scgment for thermoplastic clastomers.
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