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Second-order rate constants of the reaction of terephthalic acid with ethylene oxide catalysed 
by tri-n-butylphosphine, tr iphenylphosphine, tr iphenylmethylphosphonium bromide, triphenyl-
arsine, tri n-butylstibine and strongly basic quarternary a m m o n i u m anion-exchange resin Amberl i te 
I R A - 4 0 0 have been measured. The reaction was first-order in ethylene oxide and the catalyst 
and zero-order in the acid. The activity of the catalysts decreased in the order: triphenylmethyl
p h o s p h o n i u m bromide > tr iphenylphosphine > tri-n-butylphosphine triphenylarsine « tri-
-n-butylstibine > A m b e r l i t e I R A - 4 0 0 . The activities of tri-n-butylphosphine, triphenylarsine 
and tri-n-butylstibine were identical with the activity o f pyridine. Characteristic feature of the 
reactions catalysed with all these catalysts is essentially the same activation energy and activation 
entropy, whose approximate values are 18-3 kcal m o l ~ ^ and — 2 4 - 2 e . u . , respectively. Identical 
mechanism is assumed for the rate-determining step of the reaction accelerated by these catalysts. 

Previous works of this ser ies*"^ and s o m e data available in patent l i terature*"^* proved a high 
selectivity of the reaction of carboxylic acids with 1,2-alkylene oxides in protic and aprotic 
dipolar solvents when tertiary amines were used as catalysts. The reactions produced corres
ponding 2-hydroxyalkyl esters as sole products . Accord ing t o patent literature, a lso other c o m 
pounds can be employed as catalysts in this medium, such as mercaptans*^, thioethers*'*, quarter
nary a m m o n i u m salts** or hydroxides*^, anion-exchange resins*^, tertiary phosphines*^'*^, 
quarternary phosphon ium salts or hydroxides*^, tertiary arsines*^, stibines*^'^*', and bismuthi-
nes^°. The catalytic effectiveness of stibines in this reaction, found independently by us and Japa
nese authors , is of special interest in view of the k n o w n ability of ant imony(III) c o m p o u n d s 
to catalyse po lycondensat ion reactions of bis(2-hydroxyalkyl) e s t e r s ^ * w h i c h c o m p o u n d s 
can be obtained by the reaction of dicarboxylic acids with 1,2-alkylene oxides . 

To our knowledge, there are no data which would allow to compare the activity of 
the above-mentioned catalysts in the reaction of carboxylic acids with 1,2-alkylene 
oxides, with the exception of tertiary amines* and thioethers^^. In the present work 
we report on the results of measurements of catalytic activity of tri-n-butylphosphine, 
triphenylphosphine, triphenylarsine, tri-n-butylstibine, triphenylmethylphosphonium 

* Part IV in the series React ions of Carboxylic Acids with Ethylene Oxide; Part III: This 
Journal 41, 84 (1976). 
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bromide, and strongly basic anion-exchange resin Amberlite IRA-400 in the reaction 
of terephthalic acid with ethylene oxide in n-butanol as a solvent. The measurements 
were based on the known kinetics of this reaction catalysed with tertiary amines^, 
according to which terephthalic acid, due to its sparse solubility in protic solvents 
and low, essentially constant concentration of transiently formed 2-hydroxyethyl 
ester in the reaction system, is converted to the bis(2-hydroxyethyl) ester according 
to zero-order kinetics in the acid. This reaction system, making easier to follow the 
reaction course, has been chosen to compare catalytic activity of the above catalysts 
with the known activity of tertiary amines and to ascertain the effect of the catalysts 
on the selectivity of the reaction. 

E X P E R I M E N T A L 

C o m p o u n d s U s e d 

Terephthalic acid, "fiber grade" purity (Mobi l Oil Corp. , U . S . A . ) (particle size 0 0 0 5 — 0 0 1 0 m m ) 
was free of isophthal ic acid and contained 0 0 7 % phthalic acid and less than 0 0 0 5 % benzoic 
acid; the acid was used without further purification. Ethylene oxide, 99% purity (by gas chromato
graphy), contained a total of less than 1% acetaldehyde, acetylene, water, and carbon dioxide. 
n-Butanol (Spolana, Neratovice) was distilled before use through the c o l u m n filled with an activat
ed A 4 molecular sieve and the fraction collected had b.p. 116-4°C/733 Torr. Pyridine, analytical 
purity grade (Fluka A G . ) , was purified by the procedure described earlier^ and the fraction used 
had b.p. 114°C/754 Torr. Triphenylphosphine, purum (Lachema, Brno) , was recrystallised 
from ethanol , m.p. 7 9 0 — 7 9 - 5 ° C (ref.^* m.p. 80°C). Triphenylarslne, purum (Fluka A G . ) , was 
recrystallised from ethanol , m.p. 5 9 - 5 - 6 0 0 ° C (ref.^^ m.p. 59—60°C) .Tri -n-butyls t ib ine , purum 
(Fluka A G . ) , was distilled under nitrogen, b.p. 1 3 2 - 1 3 4 ° C / 1 3 Torr (ref.^^ b.p. 130°C/12 Torr). 
Tri-n-butylphosphine (Schuchardt A G . , Miinchen) of 99% purity was used as obtained. Tri-
pheny lmethy lphosphonium bromide, purum (Lachema, Brno) , was recrystallised from ethanol 
before use. Strongly basic anion-exchange resin Amberl i te I R A - 4 0 0 (12-6 ml, i.e. 12-6 meq. 
of the resin preswollen in water) (Serva-Entwicklungslabor, Heidelberg, G F R ) was converted 
into the O H form by dilute sod ium hydroxide, washed with water and brought to the terephthalate 
cycle in n-butanol . Water was removed from the resin as n-butanol -water azeotrope, the resin 
was washed with fivefold vo lume of dry methanol and dried at 50— 55°C/0-5 Torr for 3 h. 

Analytical M e t h o d s 

The total acidity of the reaction mixture was determined by acidimetric titration of the sample 
(1 — 2 ml) diluted with 5 ml of ethanol and 3 ml of pyridine in an atmosphere of nitrogen with 
0-IM-KOH o n phenolphthale in as indicator. The a m o u n t of absorbed ethylene oxide or of the 
oxide c o n s u m e d during the reaction was determined manometrical ly o n the apparatus used 
for kinetic measurements . The methods employed in determining the solubility and concentra
t ion of ethylene oxide and terephthalic acid in n-butanol were described in a previous work^. 
The concentrat ion of the "free-carboxyl groups", i.e. that of the dissolved and suspended tere
phthalic acid and 2-hydroxyethyl terephthalate, the concentrat ions of 2-hydroxyethyl terephtha
late and bis(2-hydroxyethyl) terephthalate in the reaction mixture containing the catalyst were 
determined by combined acidimetric titration and polarographic a n a l y s i s ^ The purity of isolated 
bis(2-hydroxyethyl) terephthalate was checked polarographically^^. Selectivity of the react ion 
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of ethylene oxide with terephthalic acid was determined at the end of each kinetic run by c o m 
paring the total consumpt ion of ethylene oxide with the "free-carboxyl g r o u p " concentrat ion. 
The absence of side products was verified by gas chromatographic analysis of the reaction mixture 
which was freed of the undissolved terephthalic acid by filtration. The instrument used was 
Pye-Argon chromatograph equipped with a c o l u m n filled with 20% poly(ethylene glycol) o n 
Chromosorb W. 

Kinet ic Measurements 

Rates of the catalytic reaction of terephthalic acid with ethylene oxide in n-butanol were de
termined by k n o w n procedure using the apparatus described in a previous work'^. The reaction 
mixture was prepared in the fo l lowing way: The acid (10 g) and the catalyst (0-83— 3-31 g) weighed 
in nitrogen atmosphere and 100 ml of n-butanol were placed into a 500 ml-glass reaction flask 
which was purged with nitrogen. The flask was equipped with a jacket connected to Ul trathermo-
stat U 10 and placed o n a shaking device. T h e mixture was warmed up to the reaction tempera
ture in 20 min, then the pressure in the flask was decreased to 250 Torr, the stirrer started, the 
flask connected to the measuring apparatus which was jo ined to the ethylene oxide reservoir, 
and the mixture was saturated with ethylene oxide. After 5 min, the pressure in the react ion 
flask reached a constant value and this m o m e n t was taken as the beginning of the reaction from 
which the consumpt ion of ethylene oxide by the reaction with terephthalic acid was calculated*. 
The pressure in the reaction flask was kept constant throughout the run. The measurements were 
carried out at a concentrat ion of terephthalic acid corresponding to 0 7 4 3 mol k g ~ * , ethylene 
oxide concentrat ion being 0-507—1-275 mol k g ~ * and that of the catalyst 0 0 3 —0-15 m o l k g ~ * 
(the anion-exchange resin concentrat ion was 0-143 mequiv. k g " * ) ; the reaction rates were mea
sured at 7 0 — 1 0 0 ± 0 1 ° C and at a total pressure of 855 Torr. The reaction course was fo l lowed 
according to ethylene oxide consumpt ion* that in the presence of the above-ment ioned catalysts, 
except triphenylarsine and tri-n-butylstibine, increased linearly with t ime up to 93 — 95% c o n 
version of the acid. The reactions catalysed with triphenylarsine and tri-n-butylstibine s h o w e d 
an induction period which decreased with increasing temperature. This induct ion period was not 
observed in experiments in which the mother l iquor obtained by reacting terephthalic acid until 
disappearance of the induct ion period was used as a reaction medium. Rates of the reactions 
catalysed with triphenylarsine and tri-n-butylstibine were therefore measured in the fo l lowing 
way: The reaction mixture obtained in the presence of these catalysts was freed of terephthalic 
acid by filtration while hot , coo led t o r o o m temperature and the dissolved ethylene oxide was 
desorbed at 100—200 Torr. Then the "free-carboxyl g r o u p " content in the mixture was deter
mined, the k n o w n a m o u n t of the acid was added and rate measurements were performed in the 
way described above . The "free-carboxyl g r o u p " content at the end of the reaction was calculated 
after a l lowance being made for the carboxyl content in the starting reaction mixture. Parallel 
experiments showed that twofold concentrat ion of the bis-ester did not affect the rate of a b 
sorption of ethylene oxide in the reaction mixture under given reaction condit ions . A l s o the mother 
liquor freed of the bis-ester by the procedure described be low can be used as a reaction medium. 
In this case, the analytically determined content o f the catalyst in the mother l iquor should be 
readjusted to the original value by addit ion of that a m o u n t of the catalyst which was taken 
along with the crystals of the separated bis-ester. Owing to sparse solubility of terephthalic acid 
in n-butanol*, reaction mixtures were heterogeneous in all experiments up to 93 — 95% convers ion 
of the acid. In agreement with previous measurements* it was found that under the given c o n 
centration condit ions , at a given size o f terephthalic acid particles and the frequency of shaking 
(120 vibrations per min) the reaction rate was not affected by mass transfer o n the so l id - l iqu id -gas 
phase boundaries; the measurements were thus carried out in the kinetic region. The difference 
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The reaction mixture obtained at 90% convers ion of terephthalic acid was freed of the unreacted 
and undissolved acid by filtration while hot (in the case of Amberl i te I R A - 4 0 0 as catalyst, this 
was also removed); the mother l iquor was coo led to r o o m temperature, freed of the absorbed 
ethylene oxide by evacuat ion at 1 0 0 — 2 0 0 Torr, extracted twice with 10% aqueous s o d i u m hydro
gen carbonate solut ion and washed with water. After removal o f water as a n-butanol-water 
azeotrope, n-butanol was distilled off in vacuo t o give a saturated so lut ion of bis(2-hydroxyethyl) 
terephthalate"^^. The product precipitated by coo l ing the so lut ion to 0 ° C was recrystallised 
from n-butanol; white needles, m.p. 1 1 0 - 0 - 1 1 0 - 5 ° C (ref.^^ m.p. 1 1 0 - 0 - 1 1 0 - 5 ° C ) , 7 5 - 8 5 % yield. 
F o r C i 2 H i 4 0 g (254-2) calculated: 56-69% C, 5-55% H; found: 56-75% C, 5-58% H. 

R E S U L T S A N D D I S C U S S I O N 

Reactions of terephthalic acid with ethylene oxide in anhydrous n-butanol catalysed 
by tri-n-butylphosphine, triphenylphosphine, triphenylarslne, tri-n-butylstibine, tri-
phenylmethylphosphonium bromide, and quarternary ammonium anion-exchange 
resin Amberlite IRA-400 are highly selective when they are performed up to less than 
100% conversion of the acid;* the only final product is bis(2-hydroxyethyl) terephtha-
latp. The rate of ethylene oxide consumption in the reaction with terephthalic acid 
catalysed by tri-n-butylphosphine, triphenylphosphine, triphenylmethylphosphonium 
bromide and Amberlite IRA-400 is time-independent (Fig. l ) . Similarly to the tertiary 
amine-catalysed reaction^, the reaction obeys a zero-order rate law (Eq. (2)). We 
found that this relation is valid from the very beginning of the reaction up to 93 — 95% 
conversion of the acid, the upper limit being connected with disapearance of the 
solid phase and formation of homogeneous mixture. The reaction catalysed with 
triphenylarslne and tri-n-butylstibine showed relatively long induction periods 
(6 and 2 h, respectively, at 90°C) (Fig. 2) which increased with decreasing reaction 
temperature. These induction periods were eliminated (Fig. 2, line 3) by carrying out 
the reactions in the prereacted and analytically defined reaction mixtures which exhi
bited linear dependence of the ethylene oxide consumption on time (see Experimental). 

* The removal o f the last traces of the acid by the reaction with ethylene oxide is a c c o m 
panied by instantaneous change of a practically neutral reaction mixture to strongly basic. 
This change is fo l lowed by immediate format ion of side products resulting from the fast, base-
catalysed react ion of ethylene oxide with n-butanol . 

between the total c o n s u m p t i o n of ethylene oxide and the s u m of concentrat ions of terephthal ic 
acid and the mono-ester was i t 1% and varied thus within an analytical error. A l s o gas chromato
graphic analysis confirmed that the only final product of the reaction, carried out to a convers ion 
less than 100%, was bis(2-hydroxyethyl) terephthalate. U n d e r the reaction condit ions chosen the 
reaction was accompanied by 3 — 5 % change of the v o l u m e of the react ion mixture; this change 
was not considered in the rate calculations. Al l concentrat ions are given in m o l per kg of the 
suspension. 
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The slopes of the straight lines, determined from the linear dependence of the ethy
lene oxide consumption on time in reactions accelerated by catalysts of steady acti
vity (Fig. 2, line 3), are identical with the slopes read from the linear part of the curves 
exhibiting induction period (Fig. 2, curves 1 and 2). These facts as well as the depen
dence of the induction period on temperature support the assumption that the de
crease of the reaction rate in the initial phase of the reaction is caused by the slower 
formation of presumably tri-n-butylstibonium and triphenylarsonium quarternary 
bases (see later), supposed to be the actual catalysts of the reaction; this contrasts with 
other compounds used as catalysts. 

The values of rate constants ko, which were determined from the slopes of the linear 
plots of the ethylene oxide (A) consumption against time, were in all experiments 
identical, within the experimental error ( + 1 % ) , with the values of this constant calcu
lated from the linear plots of the decrease of the "free-carboxyl g roup" concentration 
([E]) against time according to Eqs. (2) and (3) where [B] denotes the total concentra
tion of the undissolved and dissolved terephthalic acid and [C] and [ D ] is the con
centration of 2-hydroxyethyl terephthalate and bis(2-hydroxyethyl) terephthalate, 
respectively. For all the catalysts studied, the values of rate constants ko increase 

mmol 

FIG. 1 

Time D e pe ndence of Consumpt ion of Ethy
lene Oxide (A) in the React ion with Tere
phthalic Ac id in n-Butanol in the Presence 
of Catalysts ( F ) 

[A] = 1 0 0 mol k g ~ * ; [B]o = 0-743 m o l . 
. k g ^; [ F ] = 0-143 mol kg ^ temperature 
80 ± 0 - l °C; 1 (C6H5)3P(CH3)Br , 2 ( C 6 H 5 ) 3 . 
.P, 3 (n -C4H9)3Sb © (after steady activity 
was established), (n -C4H9)3P O , ( C 6 H 5 ) 3 A s 
C (after steady activity was established), 
C 5 H 5 N 3 , 4 Amberl i te IRA-400 . 

FIG. 2 

T ime Dependence of Consumpt ion of Ethy
lene Oxide (A) in the React ion with Tere
phthalic Ac id in n-Butanol Catalysed by 
( C 6 H 5 ) 3 A s / , (n -C4H9)3Sb 2 and Act ive 
F o r m s of These Catalysts 3 

[A] = 0-754 mol k g " * ; [BJo = 0-743 m o l . 
. k g ^ [ F ] = 0-143 mol kg *; temperature 
90 ± 0 - l °C. 
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TABLE I 

Second-Order Rate Constants A^j, Act ivat ion Energies (E), Enthalpies ( A f f * ) , Entropies (AS*) 
and Preexponential Factors (k2) for the Catalytic React ion of Terephthalic Acid with Ethylene 
Oxide in n-Butanol; [A] = 1 000 m o l kg~\ [B]Q = 0-743 mol kg~\ [F] = 0-143 m o l k g " ^ 

Catalyst 
k2 . 10^ " 

kg m o l ~ ^ s ~ ^ 

E^ 

kcal m o l ~ ^ 
''E AH* 

kcal mol ~ 

k 

kg mol 

0 
2 AS* 

e.u. 

(n -C4H9)3P 0-381 18-3 ± 0-8 0-9983 17-4 ± 0-8 1 0 . 10^ - 2 4 - 6 

(C6H5)3As'^ 0-370 17-7 ± 1-2 0-9951 16-8 i t 1-2 3-8 . 10^ - 2 5 - 9 

(n-C4H9)3Sb^ 0-384 18-6 ± 0-9 0-9976 17-7 ± 0-9 1-3 . 10^ - 2 3 - 7 

( C 6 H 5 ) 3 P 0-580 17-6 ± 0-8 0-9981 16-7 dr 0-8 4 - 9 . 10^ - 2 5 - 7 

(C6H5)3P(CH3)Br 1-114 18-3 i t 1-1 0-9948 17-4 ± 1-1 2-1 . 10^ - 2 2 - 7 

C 5 H 5 N 0-390'' 18-9 ± 1-1 0-9967 18-0 i t 1-1 1-9 . 10^ - 2 3 - 0 

Amberl i te I R A - 4 0 0 0-169 19-1 i t 1-1 0-9967 18-2 ± 1-1 1-0 . 10^ - 2 4 - 2 

" Measured at 80 ± O-TC; determined at temperatures from 70 to 100 i O-TC; after steady 
activity of the catalyst was established; ^ at the pyridine concentrat ion 0 1 5 6 m o l kg"-"^, the value 
of k2 equals to 1 -43 kg mol ~ ^ h ~ ^; incorrect value of A:2 = 1-76 kg mol ~ ^ h ~ ^, reported by M a 
res and coworkers* for this pyridine concentrat ion o n the basis of erroneous solubility value 
of ethylene oxide in n-butanol at 80°C (0-841 mol k g " corresponds after recalculation to a value 
o f 1-48 kg m o l " 

linearly with increasing concentrations of ethylene oxide and the catalyst ( [F]) ; the 
reaction is thus first-order in ethylene oxide and the catalyst 

- [ A ] = kot (1) 

2[B] + [C] = [E] = [E]o - kot (2) 

2[B]o - 2 [ D ] - [C] = [E] (3) 

and the rate of ethylene oxide consumption can be described by Eq. (4), irrespective 
of the type of the catalyst. The values of second-order rate constants ^2 (Table I) were 
obtained by dividing kQ values by the product of ethylene oxide and catalyst concen
trations. 

- d [ A ] / d f = fe2[A] [ F ] . (4) 

As follows from Fig. 1 and from the values of constants kz, all trisubstituted 
phosphines, arsines and stibines, but triphenylphosphine, exhibit essentially the same 
catalytic activity. This activity is identical with that of pyridine; nearly 50% higher 
activity was found for triphenylphosphine and almost three times higher activity 
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was observed for triphenylmethylphosphonium bromide. The activity of the anion 
exchange resin Amberlite IRA-400, used in an equivalent concentration, was 6-5-times 
lower than that of triphenylmethylphosphonium bromide. 

In a series of tertiary phosphines, arsines, and stibines under study, pK^ values 
are known only for tri-n-butylphosphine {pK^ 8-43, determined in nitromethane^°'^* 
and recalculated for an aqueous medium^°'^^'^^; pK^, 6-00 in an ethanol-water 
mixture^*) and triphenylphosphine (pK^ 2-73 in nitromethane^°"^^; pK^ < 2-60 
in an ethanol-water mixture^*). These values cannot be directly compared and 
are defined only by the method of the measurement. This circumstance makes it diffi
cult to correlate the activity of the catalysts with their basicity, nevertheless, the 
known chemical behaviour and pK^ values of some other compounds of this series 
allow at least qualitatively to estimate the validity of such a correlation. The pK^ 
values of triethylamine, triethylphosphine and triethylarsine decrease in aqueous 
ethanolic medium in the given order^* {pK^ 9-71, 6-68, and <2-6, respectively) 
As the basicity of trialkylphosphines in the same medium decreases also with lengthe
ning of the alkyl chain, it may be assumed that the same relation holds also for tri-
alkylstibines, and the pK^ of tri-n-butylstibine should be well below a value of 2-6. 
This assumption is not affected by the fact that in nitromethane the basicity in the 
series of trialkylphosphines was observed to decrease already from tributylphosphi-
ne^*. On the basis of conductivity titrations of triarylamines, -phosphines, and -arsi
nes with boron trichloride in liquid hydrogen chloride as ionizing solvent Peach and 
Waddington^^ have concluded that the basicity of these compounds increases in the 
order ( C 6 H 5 ) 3 N < ( ^ 1 1 5 ) 3 ? < ( Q H . ^ j A s . 

A similar conclusion was also drawn by Issleib and Bruchlos^* from the lower sta
bility of triarylammonium salts^^ in aqueous medium compared to triarylphospho-
nium salts. Triarylamines and triarylphosphines are generally so weak bases that their 
dissociation constants could be determined in aqueous alcohol only with high 
inaccuracy^*. It can be therefore assumed that triphenylarsine would be the weakest 
base in the series of the catalysts studied. These conclusions are consistent with a long 
induction period observed by us in the reactions catalysed with triphenylarsine and 
a somewhat shorter induction period in the reactions conducted in the presence of 
tri-n-butylstibine. If the identical catalytic activities of tri-n-butylphosphine and tri
phenylarsine, differing in basicity by 4 —6 pK^ units, are taken into account, then 
it can be concluded that the rate of the reaction of terephthalic acid with ethylene 
oxide is in the rate-determining step essentially independent on the nucleophilicity 
of the tertiary phosphines, arsines and stibines used as catalysts. This also means 
that these compounds do not participate as such in the rate-determining step. A some
what higher activity of triphenylphosphine, whose basicity is substantially lower than 
that of tri-n-butylphosphine, indicates that also other factors affect the activity of the 
catalyst. Relatively low activity of Amberlite IRA-400 is obviously influenced by 
transport phenomena depending on the cross-linking and swelling properties of the 
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ion exchange resin in a given reaction m e d i u m ^ I n d e p e n d e n c e of the reaction rate 
on the basicity of the catalyst was found also in the reaction catalysed with tertiary 
amines*"^. Similarity of the kinetic dependences derived from our measurements 
and the kinetics of the reactions effected in the presence of tertiary amines* supports 
the assumption that the conversion of terephthalic acid catalysed with tertiary pho
sphines, arsines and stibines proceeds by the same reaction mechanism*. In terms 
of this mechanism, the initial step would be the formation of the quarternary base 
RgM^+^CHiCHsO^"^ (M = P, As, Sb) that by a fast reaction with a terephthahc 
acid molecule yields terephthalate ion. The rate-determining step would be the inter
action of this anion with ethylene oxide molecule to give the anion of 2-hydroxyethyl 
ester, H O 2 C C 6 H 4 C O 2 C H 2 C H 2 O " , which in the next fast step is protonated to form 
2-hydroxyethyl terephthalate; the bis(2-hydroxyethyl) ester is produced in a similar 
way. As we found with triphenylarslne and tri-n-butylstibine, the rate of formation 
of quarternary phosphonium, arsonium, and stibonium bases can be affected by the 
nucleophilicity of the catalyst. These bases seem to be also responsible for the high 
basicity of the reaction mixture (pH 10—11) after last traces of the acid had reacted 
in the reactions catalysed with triphenylarslne or tri-n-butylstibine; the quarternary 
base of a similar type, i.e. R 3 N ^ ' ^ ^ C H 2 C H 2 0 ^ " \ was evidenced by Hetflejs and co
workers^ in tertiary amine-catalysed reactions of acetic acid with ethylene oxide in 
n-butanol. Formation of quarternary salts derived from the bases of this type was 
observed in the reactions of ethylene oxide with tertiary amines and strong organic 
and inorganic acids^^'*°. Quarternary salts of low thermal stability isolated by 
Ueshima and Munakata^^ from the products of the reaction of carboxylic acids 
with ethylene oxide catalysed with thioethers were assigned the structure of dialkyl-
-P-hydroxyethylsulphoniumcarboxylates, R 2 S ^ + ^ ( C H 2 C H 2 0 ) < ~ ^ 0 2 C R ' . A somewhat 
different initial reaction step has to be expected in the reaction of terephthalic acid 
with ethylene oxide catalysed with triphenylmethylphosphonium bromide. Amberlite 
IRA-400, used in the O H form, is a strong quarternary ammonium base that is rapidly 
neutralized with terephthalic acid to give the corresponding quarternary salt. Never
theless, essentially identical values of the activation energy (c. 18-3 kcal mol"*) and 
entropy (c. - 2 4 - 2 e.u) (Table I) for the reaction of terephthalic acid with ethylene 
oxide, irrespective of type of the catalysts used in this work, seem to indicate an 
identical mechanism in the rate-determining step. The high negative value of AS* 
is consistent with the high degree of formation of a new bond, i.e. transition states 
resemble a complexes**. The activation energy determined by us does not differ too 
much from the activation energy (19-1 kcal mo l " *) reported by Mares and coworkers* 
for the reaction catalysed with pyridine. 
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