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Abstract : A series of polyethers were prepared by polycondensation reaction bet-
ween bisphenolate anions and 1,6-dibromohexane in the two phase, heterogeneous sy-
stem of water and nitrobenzene. Dibenzo-18-crown-6 was employed as a phase transerfer
catalyst. Of the alkali metal salts examined (Li*, Nat*, K+, and Cs*) phase transfer
activity was found to be at a maximum when the counter cation of bisphenolate was
K+. Activity of dibenzo-18-crown-6 appeared to be less effective for this particular
reaction than that of tetrabutylammonium bromide. Reactivity of bisphenolate anions
decreased in the order:2,2-bis (4-hydroxyphenyl) propane) bis (4-hydroxyphenyl) sul-
fide) bis (4-hydroxyphenyl) ketone) bis (4-hydroxyphenyl) sulfone. Employment of
excess amount-of potassium hydroxide facilitated the transfer of bisphenolate anions

from the aqueous to the nitrobenzene phase, thus increasing the polycondensation rate.
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INTRODUCTION

The novelty of phase transfer reactions
has been beneficially utilized in many differ-
ent organic reactions since Stark’s detailed re-
port about 10 years ago on the phase transfer
activity of quaternary ammonium halides 1~¢
Earlier we reported the synthesis of linear po-
lyethers by the reaction of bisphenolate anions
of 2,2-bis(4-hydroxyphenyl) propane (bisphe-
nol-A; BPA), bis(4-hydroxyphenyl) sulfide (th-
TDP), and bis(4-hydroxyphenyl)
sulfone (sulfonyldiphenol; SDP)with 1, 6-dibro-

mohexane in the (wo phase heterogeneous sy-

iodiphenol;

stem of water and ni‘robenzene®. The tetrabutyl
ammonium ion was used as a phase transfer
catalyst. In the same paper, we proposed that
the term “phase transfer polymerization”should
be used to differentiate this type polymerization
from the conventional interfacial polymerization,
because to distinguish the reaction mechanisms
applicable in these two polymerization methods.

Another type of phase transfer agents used
very often for organic synthesis are crown et-
hers of various cavity sizes. &7 The phase tra-
nsfer polymerization technique has been utilized
in recent years for the preparation of many
different polymers. Poly(phenylene oxide)s,
polythiocarbonates?, polycarbonates!o, polysulfon-
ates!! and polysulfides!?:13 are some of the ex-
amples, ¢ Catalytic activity of crown ethers,
however, has not been established in relation
to their phase transfer capability of transpor-
ting species from one phase to another, espec-
ially in polycondensation reactions.

In the present study we conducted polycon-
densation reaction between various bisphenolate

anions(°0— @ —X— <O> —0°, X being

C(CH,),, SO,, S or C=0)dissolved in the ag-
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ueous phase and 1, 6-dibromohexane in nitro-
benzene, with 2, 3,11, 12-dibenzo-1, 4, 7, 10, 13,
16-hexaoxacyclooctadeca-2, 11-diene (dibenzo-
18-crown-6) serving as a phase transfer cata-
lyst. We have examined the catalytic effect of
the crown ether, counter-ion effect, and the
relationship between the reactivity of bisphe-

nolate anions and their structures.

EXPERIMENTAL
Chemicals

All of the bisphenols obtained from comm-
ercial sources were purified by recrystalliza-
tion. 1, 6-Dibromohexane and nitrobenzene were
purified by fractional distillation befcre use.
Dibenzo-18-crown-6 was synthesized from 1, 2-
(catechol) and bis(2-chlo-

roethyl) ether following Pederson’s methods,

dihydroxybenzene

Instruments

A differential scanning calorimeter (Perkin-
Elmer, Model 1B) and a thermogravimetric
analyzer (Perkin-Elmer, Model TGA-1) were
used for thermal analysis of polymers. Quan-
titation of K+ in solutions was determined by a
flame emission spectrophotometer (Pye Unicam).
Molecular weights of polymers were measured
using a vapor pressure osmometer (Knauer
Co.) equipped with an electronic universal tem-
perature measuring device and X-Y recorder.
IR spectra of polymers were obtained by a di-
ffraction grating infrared spectrophotometer(Jas-
co, Model DS-70 1G).

Synthetic Reactions

A general procedure for the synthetic reac-
tions employed in this study was as follows:
Bisphenol (10.0m mole) and alkali hydroxide
(24.0 m mole) were dissolved in 20ml of deio-
nized distilled water. 1, 6-Dibromohexane(10.0 m
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mole) and dibenzo-18-crown-6 (0.2 m mole)
were dissolved in 20ml of nitrobenzene. These
two solutions were placed in a 250ml round
bottom flask equipped with a nitrogen inlet, a
water-cooled condenser, and a stirrer.

The reaction mixture was vigorously stirred
at 88°C under a nitrogen atmosphere. To av-
oid any effect of its variations the stirring rate
was maintained at 1,500rpm throughout the
present studys,

At the end of the reaction, the nitrobenzene
layer was separated and poured into 100ml of
acidified (pH=1) methanol. The precipitated
polymers were thoroughly washed with diluted
hydrochloric acid, water, and then ethanol. The
washed polymers were dried at 60°C in a va-
cuum oven. Polymer yields were calculated fr-
om the weights of polymers obtained.

Characterization of Polymers

Intrinsic viscosities of polymer solutions were
measured using a Cannon Ubbelohde type vis-
cometer at 25°C or 50°C depending on the so-
lubility of the polymer. Since the polymers sh-
owed different solubility characteristics, either
chloroform, chlorobenzene, 1,2-dichlorobenzene
or N,N-dimethylformamide was used as a sol-
vent for the solution viscosity measurements
(see Table || and V[). Number average molec-
ular weights of polymers were determined by
vapor pressure osmometry, using benzil as a
standard. The thermal behavior of polymers
was examined using DSC and TGA methods.

Study of the Phase Transfer phenomenon

The fraction of bisphenolate anions distribu-
ted between aqueous and nitrobenzene phases
in the presence of dibenzo-18-crown-6 was es-
timated by the determination of K+ in the two
phases, assuming that all of K+ ions transfer-
red into nitoibenzene were present in the ne-
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utral salt form with bisphenolate anions:

[ P
St Lt

A mixture formulated with the same amo-
unts of each ingradients as described in ,Syn-
thetic Reactions” above, excluding 1, 6-dibromo-
hexane, was placed in a 250ml separatory fun-
nel and agitated vigorously for 15 minutes.
The mixture was then kept in a constant tem-
perature bath at 88°C for 24 hours. One ml of
nitrobenzene was taken by a pipet and trans-
ferred to a platinum crucible. The solution in
the crucible was combusted in an electric fur-
nace and the combustion products were diss-
olved in a measured amount of distilled water.
The determination of potassium ions was per-
formed by the usual flame emission spectro-
photometry. Cesium was used as an ionization
retarder. Distribution of Br~ ion between the
phases at 60°C was also studied in a similar
manner. Potassium bromide (5m mole) was
distributed between water and nitro-benzene
(20ml of each) and the concentration of Br~ in
the aqueous phase was determined using a bro-

mide ion selective electrode.

RESULTS AND DISCUSSION

1. Polymerization

1.1. Effect of alkali metal cations, and
hydroxide and bromide ions on poly-
merization.

Since it is well known that stability of a com-
plex between a crown ether and an alkali
metal cation greatly depends on the size of the
inner cavity of the former and of the latter
and that of all the alkali metal ions dibenzo-
18-crown-6 forms the most stable complex wi-
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“Table [ . Dependence of Polymerization rate on alkali

metal cations*

Alkali metal hydroxide j

BPA polyether
yield,wt. %

LiOH |
NaOH %
KOH j
CsOH |

No reaction
5.3
60.9
1.2

“*Polymerization of BPA and 1,6-dibromohexane at
88°C for 3 hours with stirring speed of 1,500rpm.
The amounts of reactant and solvent were the
same as described in “Experimental” section. Ex-
cess (20mole%) LiOH, CsOH, NaOH and KOH
were used.

th K+15 it was interesting to see whether th-
-ese facts in a parallel way influence the pre-
sent polymerization reactions. We conducted a
series of polymerizations under the same condi-
‘tion as described in “Synthetic Reactions”,
using various alkali hydroxides (LiOH, NaOH,
KOH, and CsOH); the results are tabulated in
Table [, The results strongly imply that phase
transfer of the nucleophiles, bisphenclate an-
ions, from the aqueous to the nitrobenzene ph-
ase was most efficient when the metal ion was
K+. This

ether-K+ complex

is turn, indicates that the crown
is the most stable among
the complexes expected to be formed with the
alkali metals examined, as has been amply de-
monstrated by othersis,

The

with K+ strongly emphasizes the importance

tremendous increase in polymer yield

of selecting the proper complexing cation when
a crown ether is employed as a phase transfer

e

Rl

Table ]| . Dependence of polymer yield on the amo-
unt of potassium hydroxide used*

Ratio Polymer yield, wt. %
of KOH .
to reactants BPA | TDP ‘ KDP ’ SDP
1:1 49.5 | 38.9 30.7 | 18.8
1L.2:1 79.4 | 68.1 | 5L.2 ‘ 27.2

*Polymerization of bisphenolate anions and 1,6-
dibromochexane at 88°C for 3 hours with stirring
speed of 1,500rpm. Amount of the DBC used was
6 mole% of diphenoxide.

catalyst.

As can be seen from Table ]|, polymerization
was very much accelerated by the use of the
excess amount of KOH. The peesence of high-
er concentration of K+ in the aqueous phase
must have favored the formation of complexes
between K+ and the crown ether at the inter-
face,increasing the transfer of bisphenolate an-
ions from the aqueous to the nitrobenzene ph-
ase, This point will be discussed more fully in
later part of this paper.

In order to examine the effect of presence
of bromide ion together with higher concentra-
tion of K+ in aqueous phase, the excess KOH
was replaced by
of KOH:reactant.

rate observed in

KBr leaving a 1: 1mole ratio
The increased polymerization
the presence of excess KOH
was significantly reduced, as shown in Table][,
This can be ascribed to the possible partial
transference of bromide ions by K*- crown
ether complex from the aqueous to the nitro-

benzene phase, causing competition with bis-

Table]]. The effect of bromide jon concentration on the reaction rate*

Salt | KOH, mole | KOH+KBr., mole

‘ | ‘
- 0.020 | 0.0200 @ 0.020 | 0.020

concentration. I !
J 0.020 | 0.025 ’ 0.030 ‘ 0-035 | 10,000 | -+0.005 ' =0.010 | +0.015

‘ : 1 ,

BPA polymer i i - .

vield, wt, \ 9.5 | 775 77.9 ! 79.0 49.5 63.8 | 70.0 75.2

*Polymerizaticn of BPA and 1,6-dibromohexane at 88°C for 3 hours

in the presence of 4mole* DBC.

0.020 moles of bisphenolate anions and of 1,6-dibromohexane were used throughout thesc experiments.
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phenolate anions in their reaction with 1, 6-di-
bromohexane and also less facile transport into
water of bromide ions produced from the reac-
tion between bisphenolate anions and 1, 6-dibro-
mohexane in the nitrobenzene phase. Indeed
we could gualitatively detect the dissolution of

KBr by the crown ether in nitrobenzene.

1.2, Catalytic effect of dibenzo-18-crown-¢

When the reaction was conducted in the ab-
sence of the crown ether, only trace amount
of polymers was obtained even after 8 hours
of reaction at 88°C, Addition of the crown eth-
er in the reaction mixture, however, greatly
accelerated the polymerization rate as shown in
Figure 1. Increasing the amount of the catalyst
used raised the polymer yields up to a certain
level above which reaction rate appeared to be
independent of quantity of the catalyst. At or
above this threshold level the supply of bisphe-
nolate anions to the organic phase by the cr-
own ether apparently becomes equal to or grea-
ter than their consumpticn rate by pslymeriza-
tion. The thresheld value for the crown ether
is very much dependent on the nature of the
bisphenol. Resulis were approximately 8, 10,
14 and 16 mole?; of the bisphenolate for BPA
TDP, KDP, and SDP, respectively. we have
earlier observed the same tendency when tet-

rabutylammonium bromide was uzd as a catal-

Resction tima, rests

Figure 1. Relatioaship between the polymer yield
and reaction time; polymerization was
conductzd in the peesance of 2mole% DBC
and excess (20mole% ) KOH.
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Figure 2. Relationship between polymer yield and
concentration of DBC; polymerization
was performed at 88°C for 3 hours in
the presence of excess (20mole%) KOH.

yst. This difference in the threshold values is
considered to be due to the difference in the
transferability by the K+-crown ether complex
of the bisphenolate anions from the aqueous
to the nitrobenzene phase and in intrinsic
reactivities of the bisphenol anions. The results
shown in Figure 1 clearly demonstrate that
the overall reactivity of the bisphenolate anions
examined was BPAYTDP) KDP) SDP.

The same order of reactivity was also obser-
ved when the polymerization was performed
at a fixed level (2mole%) of catalyst while
varying the reaction time (see Figure 2). The
order of reactivity parallels the basicity of the
anions derived from these bisphenols, i.e. the
electron-donating capabilities of the substituents

0] 0]
(—C(CHy),;, —S—, — g: —and— !, —)between
the phenolic rings.

2. Distribution of Potassium Ions Between
Water and Nitrobenzene

Distribution of potassium ions between water
and nitrboenzene in the presence of dibenzo-
18-crown-6 was determined as described in the
,Experimental” section. It is strongly dependant
on the nature of counter bisphenolate anions,
see Table]y, The observed solubilization capab-
ility of anions is BPA) TDP) KDP) SDP. This
appears to be in accord with their lyophilicit-
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Tablely. Distribution of potassium ions between
zqueous and organic phasesa®

| 2(DBCK?® eo-@—x—
- @ —0°Ke—DBC)¥x 5,
I

Bisphe- 5

nolate [DBC]O

KOH:bisphenolate =|. KOH:bisphenolate=
1:1 1.2:1

BPA 74.8% 80.9%

TDP 63.1% 65.3%

KDP 23.7% 31.4%

SDp 9.5% 14.4%

a) Distribution was studied at 88°C using 2mole
2 crown ether. Determined by flame emission
spectrophotometer.

b) 2{DBC-K&20— @ ~X— @ —0° Ke—

DBC)y.p. is the concentration of potassium ions
in the organic phase.
¢) [DBC), is the original amount of dibenzo-18-

crown-6 added.
ies. The combination of the two factors, grea-
test nucleophilicity and highest degree of trans-
ferability into nitrobenzene makes the BPA
anion the most reactive among the bisphenol-
ate anions examined. The opposite is true for
SDP. The exact same trend was earlier obser-
ved by us when tetrabutylammonium bromide
was used as a phase transfer catalystS

Another point of interest is that, regardless

the structure of bisphenolate anions, more K+
was solubilized in nitrobenzene when excess
KOH was used. Since the counter ion of K+—
crown ether complex should preferably be bis-
phenolate anions, it is safe to say that higher
concentration of bisphenolate anions Awas trans-
fered into the nitrobenzene phase. In a se~
parate experiment we found that practically
no hydroxide ion was solubilized into nitroben~
zene even in the presence of the crown ether.
This phenomenon can be directly related to the

faster polymerization rate observed at higher

E2lH A6d A 1% 19824 2¢

concentration of KOH as deseribed earlier
(Table]f ),

3. Comparison of Catalytic Activities of
Dibenzo-18-Crown-6 and  Tetrabutyl-
ammonium Bromide

As we reported earlier, tetrabutylammecnium
bromide exhibited a proficient catalytic effect
in the phase transfer polymerization between
the same bisphenolate anions as in the pre-
sent study and 1, 6-dibromohexane under the
similar reaction conditions®, Comparing these
results with the previous data, tetrabutylam-
monium bromide clearly is a better phase trans-
fer catalyst than dibenzo-18-crown-6,

We have also conducted a series of polymer-
ization using the two catalysts under the same
reaction conditions in order to compare directly
their catalytic activities (see Tabley )., Ascan
be seen from the table, tetrabutylammonium
bromide is a much better catalyst in these
polymerization than dibenzo-18-crown-6. This
can be attributed to at least three different
factors:

1) greater transfer capacity of tetrabutylam-
monium toward the bisphenolate anions from
the aqueous to the nitrobenzene phase as evi-
denced by distribution studies, 2) higher solu-
bility of (K+*- crown ether) Br~ in nitrobenzene
than (CHy) N*Br~ resulting in less efficient

TableV . Catalytic ability of DBC and TBAB®

Bisphe- i
Cat- nols BPA ( TDP | KDP | SDP
alyst L
DBC®» 79.4%' 63.1%| 5L.2%! 27.2%
TBAB® 98.5% 97.1%| 85.4%| 70.7%

a) Polymerization of bisphenolates and 1,6-dibro-
mohexane at 88°C for 3 hours and stirring
speed of 1,500rpm. Amounts of DBC and of TB-
AB used were 6 mole% of bisphenolates.

b) Dibenzo-18-crown-6

¢) Tetrabutylammonium bromide
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removal of bromide jons generated during re-
action from the nitrobenzene into the aqueous
phase, and 3) higher dissociation of phase tra-
nsfered tetrabutylammonium-bisphenolate ion
pairs in nitrobenzene making the bisphenolate
ions freer and thus more reactive.

Even though we have qualitative as well as
quantitative data supporting 1) and 2), direct
evidence for the 3) remains to be shown.

4. Properties of Polymers

Properties of polymers prepared under two
different reaction conditions are tabulated in
TableV] and V. The polyether derived from
BPA was soluble in chloroform, N,N,-dimeth-
ylformamide, and nitrobenzene, while TDP poly-
mer was soluble in chlorobenzene and ortho-
dichlorobenzene. The KDP and SDP polyethers
were soluble in ortho-dichlorobenzene and DMF,
respectively. As expected high conversion po-
lymers had higher molecular weights than low
conversion polymers.

All the polymers showed rather sharp mel-
ting endotherms on the DSC heating runs in the
order of KDP) SDP) TDP) BPA (Tablel]), Po-

Tablel]. Intrinsic viscosity and number average
molecular weight of polyethers®

- Intrinsic Number alverage
Bisphe- ield e molecular
nols \wt. % viscosity®? weight®
I 0. 102 3,500
BPA | 79.4 (chloroform) (chloroform)
i 0. 097 2,540
TDP 68,1 (chlorobenzene)! (chlorobenzene)
| 0.091 | 2270
KDP ! 51.2 (1, 2-dichloro- . (1, 2-dichloro-
{ benzene) | benzene)
f 0.081 1860
SDP [ 27.2 (DMF) (DMF)

a) Polymerization was conducted for 3hrs. at
88°C using 6mole% DBC.

b) Those of polyethers of BPA, TDP, SDP were
determined at 25°C and that of KDP at 50°C
in the solvents shown in parentheses.

¢) Determined by vapor pressure osmometer.
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TableV[. Intrinsic viscosity, number ascrage mo-
lecular weight and melting temperature
of polyethers®

Bisphe- | Yield, | Intrinsic = "TPT | Melting

nols wt.%  |viscosity® molecular girrr;pgxé-
weight® ]

BPA 97.6 0.280 l 6750 | 100

TDP 97.5 0.211 4990 ‘ 140

KDP 97.4 | 0.170 I 4570 | 195

SDP 97.5 0.153 | 3340 ] 165

1) Polymerizations were conducted for 7hrs. (BP
A), 15hrs. (TDP), 20hrs. (KDP) and 24hrs.
(SDP) at 110°C with 10mole% DBC. For SDP
polymer, concentrations of starting materials
were as twice as others.

2) Those of polyethers of BPA,TDP and SDP
were determined at 25°C and that of KDP at
50°C using chloroform, chlorobenzene, 1,2-di-
chlorobenzene and DMF, respectively.

3) Determined by vapor pressure osmometer.

lar substituents between the two aromatic rings-
seem to have raised the melting temperature of

the resulting polymers.
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