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Crown Ethers as Phase-transfer Catalysts. A Comparison of Anionic 
Activation in Aqueous-Organic Two-phase System-; and in Low Polarity 
Anhydrous Solutions by Perhydrodibenzo-18-Crown-6, Lipophilic Quater- 
nary Salts, and Cryptands 

By Dario Landini,' Angelamaria Maia, and Fernando Montanari,' Centro CNR and lstituto di Chimica 

Filippo M. Pirisi, lstituto di Chimica Organica dell'Universit8, Facolta di Farmacia, 1-091 00 Cagliari, Italy 
lndustriale dell'Universit8, 1-201 33 Milano, Italy' 

Anion-promoted nucleophilic substitutions carried out in aqueous-organic two-phase systems in the presence of 
catalytic amounts of perhydrodibenzo-18-crown-6 follow the classic mechanism of phase-transfer catalysis. 
The observed pseudo-first-order rate constants are linearly related to the concentration of complexed crown ether 
in the organic phase. The narrow reactivity range and the sequence found in the reaction between n-octyl methane- 
sulphonate and a homogeneous series of anions in the PhCI-H,O two-phase system (N3- > I- - Br- > CN- > 
CI- > SCN-) remain largely unaltered in anhydrous PhCI. From this point of view complexed crown ethers differ 
substantially from lipophilic quaternary salts and cryptates. Indeed, removal of the hydration sphere of the anions 
in going from two-phase to anhydrous conditions is balanced by a larger cation-anion interaction, resulting in a 
very small variation of anion reactivity. This indicates that, unlike cryptates, complexed crown ethers can hardly 
be considered as a source of ' naked anions.' A comparison is also reported among lipophilic crown ethers, 
quaternary salts, and cryptands as phase-transfer catalysts. 

ANIONIC activation by crown ethers in homogeneous 
solution has been widely studied in the last ten years,l 
but the use of these systems as liquid-to-liquid and solid- 
to-liquid 3 phase-transfer catalysts is relatively recent. 
Phase-transfer catalysis (p.t .c.) is classically performed 
in the presence of liphaphilic quaternary salts Q+Y -,4 

and its mechanism has been fully ~ l a r i f i e d . ~ - ~  The 
same mechanism is a t  work when lipliophilic [2.2.2] 
cryptands are used as phase-transfer catalysts and also 
the relative anion reactivity under comparable reaction 
conditions is identical. 

In  quaternary salts and especially in cryptates, anions 
are largely separated from the cationic centre and are 
thus very reactive. The reactivity is further increased 
by the low polarity of the organic medium in which the 
quaternary salt or cryptate is dissolved and in which the 
reaction occurs. In the case of crown ethers the situ- 
ation differs for a t  least two reasons. (i) In 18-crown-6 
and its derivatives the anion can directly approach the 
complexed cation from a direction perpendicular to the 
plane of the polyether system. (ii) Coniplexation 
constants depend not only on the cation but also on the 
nature of the anion. Moreover, average dissociation 
rates of complexed crown ethers are several orders of 
magnitude faster than those of comparable bicyclic 
crypt ands .8 

These factors suggested that anion-promoted reactions 
catalysed by lipophilic crown ethers in aqueous-organic 
two-phase systems would not necessarily follow a 
mechanism identical with that found for quaternary salts 
and cryptates. In  particular, i t  seemed possible that 
reactions occur at least partially at the liquid-liquid 
interface.? Moreover, the enhanced cation-anion inter- 
action in complexed crown ethers may lead to a different 

f Crown ethers can easily approach a crystal lattice and abstract 
cations, so that they are probably the catalysts of choice for 
many solid-to-liquid phase-transfer reactions.' 

degree of anion activation than the other two catalytic 
systems, under similar reaction conditions. 

Only a few kinetic parameters of solid-to-liquid 9 and 
liquid-to-liquid lo phase-transfer reactions catalysed by 
crown ethers are available, and, to the best of our know- 
ledge, no systematic kinetic study has been published on 
the reaction mechanism of crown ethers under liquid- 
liquid two-phase conditions. 

We report here a study of reaction mechanism and 
anion reactivity in nucleophilic aliphatic substitutions 
catalysed by perhydro-18-crown-6 (PHDB) (1) in aque- 

ous-organic two-phase systems. A study of catalysis 
by the complexed crown ether (1) of nucleophilic sub- 
stitutions in low polarity organic solvents and a com- 
parison of catalytic activity of crown ether (1), the crypt- 
and (2) (2.2.2, C14) and tributylhexadecylphosphonium 
salts (3) under phase-transfer conditions are also included. 

RESULTS 

Rates of displacement of the methanesulphonate group 
in n-octyl methanesulphonate (4) by a homogeneous series 
of anions (Cl-, Br-, I-, SCN-, N3-, CN-) were measured 
a t  70" in a water-chlorobenzene two-phase system in 
the presence of catalytic amounts of PHDB (1) (0.003- 
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0.05 mol per mol of substrate) and with a 5 : 1 molar 
ratio of inorganic salt to substrate [reaction (l)]. 

PHDB 
n-C8H,,0S0,Me + ICY - 

PhCl-HSO 

n-C,H,,Y + MeS0,K (1)  
Y = C1, Br, I ,  SCN, N,, CN 

Reactions were carried out with stirring a t  1 000 r.p.m. 
to ensure that the rates were independent of the ion 
diffusion rates a t  the interface. Indeed, as observed for 
quaternary salts,g reaction rates increased with increases 
in the stirring speed up to 400 r.p.m., and were then 
constant above this value. Reaction rates were 
measured by n.m.r. analysis, following the disappearance 
of the methanesulphonate, with phenyl benzyl ether as 
internal standard. They followed the kinetic equation 
(2) up to at least three half-lives. 

rate = kobs.[substrate] (2) 
By using liquid membranes it was shown that under 

the reaction conditions all the crown ether is in the 
organic phase, in free or complexed form. In the absence 
of crown ether no reaction was observed up to a t  least 20 
half-lives of the slowest catalysed reaction ; therefore 
significant amounts of substrate could not be present in 
the aqueous phase. Finally, titrimetric and atomic 
absorption measurements detected no potassium 
methanesulylionate complexed by the crown ether in the 
organic phase, so equilibrium (3) is shifted fully to the 
right. 

([K+ (PHDB)IMeSO,-)o,. + (KY)aq 1_ 
([I{+ (PHDB)IY )orb. 4- (MeSO,K),,, (3) 

In the range examined (0.5-5 x 1 0 - 2 ~ ) ,  the observed 
rate constants are linearly related to the concentration 

I 
1 2 3 4 5 6 

l o 2  [complexed  PHDBI / M  

/ I I I I I I 
1 2 3 4 5 6 

l o 2  [complexed  PHDBI / M  
FIGURE 1 Dependence of the observed rate constants ( K , ~ J s - ~ )  

on the [K+ (PHDB)]I- concentration for the reaction of 
n-octyl inethanesulphonate with iodide ion in PhCl-H,O two- 
phase system at 70". For reaction conditions see footnote a of 
Table 1 

0.5 1.0 1.5 
lo2 [complexed  PHDB] /M  

Ihpendence of the observed rate constants (KobR. /s - l )  

on the [I<+ jPHL)B)]Rr- concentration for the reaction of n- 
octyl mcthanesulphonate with bromide ion in PhCl-H,O two- 
phase system at 70". For reaction conditions see footnote a of 
Table 1 

of the [I<' (PI4I)B)IY- complex in the organic phase. 
Figures 1 and 2 show two such correlations, for a high 
(KI) and low (KBr) complexation constant respectively. 
The extent of complexation, which remains constant 
during the reaction, was determined by potentiometric 
titration of the anion in the organic phase and ranged 
from 2y0 for KCl to 93% for KI. The values are re- 
ported in Table 1,  together with the second-order rate 
constants (kobs./[complexed PHDB]). 

Karl Fischer analyses showed that, under these 
reaction coiiditions and in the presence of non-complex- 
able *U lithium salts, the crown ether as such is associated 
with 2 mol. equiv. of water. In  the presence of potas- 
sium salts, additional water (1-5 mol equiv., depending 
on the anion) is transferred into the organic phase (Table 

The anion reactivities were also measured in anhy- 
drous chlorobenzene, in the presence of catalytic amounts 
of crown ether and of an excess of inorganic salt, as solid 
phase, to ensure a constant complexation. The extent 
of complexation depends on the anion, and ranges from 
1 %  for C1- to 95% for SCN-. The reactions follow the 
kinetic equation (2) (Table 1). 

In the case of [K+ (PHDB)]Br-, kinetics were repeated 
in the absence of KBr, using a homogeneous solution of 
the pre-formed complex (0.5-2 x 1 0 - 2 ~ )  and a compar- 
able concentration of substrate (4) (1-5 x 1 0 P ~ ) .  The 
reactions follow the kinetic equation (4), and the rate 
constants were identical with those obtained in the pre- 
sence of the solid phase (Table 1) .  

1). 

rate = k[substrate] [complexed PHDB] (4) 

In comparison, Table 2 also includes the second-order 
rate constants measured, under identical conditions, in 
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48 J.C.S. Perkin I1 
TABLE 1 

Second-order rate constants for nucleophilic substitutions of methanesulphonate by anions (Y-) in n-octylmethane- 
sulphonate in the presence of perhydrodibenzo-18-crown-6, at 70" 
Phase-transfer conditions li Anhydrous conditions 

I 7 h 7 r h 

% Hydration state n of % 

CN 0.72 (0.4) 12.2 7.3 f 0.4 4.9 (3.0) 5.7 
c1 0.38 (0.2) 2.0 5.4 f 0.4 0.86 (0.5) 1 .o 
Br 1.6 (0.9) 16.8 4.0 f 0.2 2.0f (1.2) 12.0 

SCN 0.20 (0.1) 83.0 4.0 0.2 0.26 (0.2) 95.4 

Y 102k/l mol-' s-' c * d  Complexation [K+ (PHDB]Y-.nH,O 102k/l mol-1 s-' c * d  Complexation 
N3 5.1 (2.8) 12.3 5.3 f 0.3 9.7 (6.1) 12.8 

I 1.8 (1.0) 92.8 3.3 f 0.3 1.6 (1.0) 87.6 

a A chlorobenzene solution (20 ml) of substrate (6.0 x 1 0 - l ~ )  and of [K+ (PHDB)]Y- (0.2-3.0 x 10-2~) ,  and a water solution 
Same amounts of PhCl, substrate, and complexed crown as in a. in the presence of anhydrous KY 

* For the uncomplexed crown ether 
1 mol-' s-l by using a homogeneous solution of the pre-formed complex: [PHDB,KBr] 0.5-2.0 

(15 ml) of potassium salt ( 4 . 2 ~ ) .  
(24 mmol). 
n = 2.0 f 0.2. 
x 10-2~ ,  [substrate] 1.0-5.0 x 1 0 - 2 ~ .  

k is defined as k = kOb,./[complexed PHDB]. Relative rates in parentheses. 
f k = 2.2 x 

the presence of hexadecyltributylphosphonium salts (3) 
in PhCl-H,O and anhydrous PhC1. 

TABLE 2 
Second-order rate constants for nucleophilic substitutions of 

methanesulphonate by anions (Y-) in n-octyl methane- 
sulphonate in the presence of C,,H,,P+Ru,Y-, at 70" 

Phase-transfer conditions 
(PhCl-H20) 

10ak/ 
Y 1 mol-l s-l k,, 

N, 4 .7  6.8 
CN 3.0 4.4 
c1 0.44 0.6 
Br 0.74 1.1 
I 0.69 I .O 
SCN 0.13 0.19 

Anhydrous PhCl 
r-- -7 

102k/ 
1 mol-l s-l Krer 

15.0 19.0 
19.6 24.8 
5.2 6.6 
2.3 2.9 
0.79 1 .o 
0.19 0.24 

A chlorobenzene solution (20 ml) of substrate (6.0 x 10-'M) 
and of C,,H,,P+Bu,Y- (1-10 x 1 0 - 2 ~ ) ,  and an aqueous solution 
(16 ml) of KY (4.2111). [Substrate] 2-8 x 1 0 - 2 ~ ,  [C,,H,,P+- 
Bu,Y-] 3-4 x 10-2111. k is defined as k = kOb,./[Cl,H,,P+- 
Bu,Y-1. 

DISCUSSION 

Reaction Mechanism.-The kinetic behaviour observed 
in nucleophilic aliphatic substitutions under two-phase 
conditions in the presence of catalytic amounts of 
PHDB is identical with that for reactions under similar 
conditions in the presence of lipophilic quaternary salts 
and cryptates.7 In  particular: (i) reactions follow 
regular pseudo-first-order kinetics, and Kobs. is linearly 
related to the concentration of complexed crown ether in 
the organic phase (Figures 1 and 2);  (ii) the presence of 
the substrate and of all the crown ether in the organic 
phase excludes the possibility that  reaction occurs, even 
in part, in the aqueous phase; and (iii) reactions cannot 
proceed at the interface since kobs. is independent of the 
stirring rate above 400 r.p.m.ll This result is parti- 
cularly significant in view of the importance of interfacial 
phenomena in the case of crown ethers1 Thus the clas- 
sic mechanism of phase-transfer catalysis 4-6 is also at 
work in the case of lipophilic crown ethers: attack by the 
anionic reagent on the substrate occurs in the organic 
phase and is rate determining, while transfer of anions 
through the interface is a relatively fast step and does 
not require the concomitant transfer of cationic counter- 
parts. 

These conclusions may be summarized in equation (ti), 
which is similar to those proposed 6 9 7  for phase-transfer 
reactions catalysed by quaternary salts and cryptands 
completely insoluble in water. 

RX + 
[K+ (PHDB)]Y-+ RY + [K+ (PHDB)]X- (organic 

t J. p%) 
Y- +- K+ + X- (aqueous 

phase) 

Anion Reactivi'ty.-The range of reactivity of the homo- 
geneous series of anions in the PhCl-H,O system under 
p.t.c. conditions is very narrow, and the observed 
sequence (N3- > I- - Br- > CN- > C1- > SCN-) 
differs from the well known anion reactivity scales in 
protic and dipolar aprotic solvents.12 This sequence is 
similar to that found with quaternary salts6 and 
cryptates under p.t.c. conditions. 

It had been demonstrated for the last two systems 697 

that  this reactivity sequence results from specific 
solvation of anion and substrate by a limited number of 
water molecules, since almost identical rate constants 
were determined by adding to the homogeneous solution 
of catalyst and substrate in anhydrous chlorobenzene 
the amount of water associated with both species in the 
organic phase under p. t .c. conditions. This experiment 
could not be repeated in the case of crown ethers, be- 
cause of the low complexation constants and the neces- 
sity of working in the presence of an excess of inorganic 
salt as solid phase. 

However, the hydration number of each anion under 
p.t.c. conditions is identical with that found for quater- 
nary salts6 and for cryptates7 [K+ (2.2.2, C14)]Y-, so 
that for crown ethers also the anomalous reactivity 
scale in the two-phase system derives from the few 
molecules of water associated with the catalyst and with 
the substrate in the organic phase. 

On the other hand, the behaviour of complexed crown 
ethers substantially differs from that of quaternary salts 
and cryptates when reactivities measured under two- 
phase conditions are compared with those found in low 
polarity anhydrous organic solvents (e.g. chlorobenzene) . 
For crown ethers the second-order rate constants are 
the same for SCN-, I-, and Br-, increase by a factor of 
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two for C1- and N3-, and only for CN-- increase sevenfold. 
Although the reactivity range is slightly expanded, the 
relative order is identical in the two systems: this 
sharply contrasts with the behaviour of quaternary salts 
and cryptates, where anion reactivity increases up to one 
order of magnitude, and where the reactivity scale 
(CN- > N,- > C1- > Br- > I- > SCN-) is identical to 
the well known sequence found in dipolar aprotic 
solvents. 

A striking example is given by [I<+ (PHDB)]Cl-: its 
reaction rate is only twice as high in anhydrous versus 

p.t.c. conditions, whereas increases of 11 and 14.5 fold 
are found in the case of quaternary salts and cryptates,? 
respectively. Reaction rates of complexed crown ethers 
(1) and quaternary salts (3) in anhydrous chlorobenzene 
and in chlorobenzene-water are compared in Figure 3. 

The reason for this behaviour evidently lies in the 
different topology of the three systems. In cryptates 
and in bulky quaternary salts 6 9 7  cation-anion inter- 
actions are minimized , independently of the medium. 
Therefore, in the absence of solvation, the anion is 
highly reactive, as in non-polar solvents. On the other 
hand, in PHDB (1) the anion can always interact with 
the complexed cation from a direction perpendicular to 
the plane of the ring. Depending on the nature of the 
anion and the solvent, crown ether can give rise to a wide 

spectrum of ionic species, contact ion-pairs, solvent 
separated ion-pairs , and dissociated i~ns .~bJ~d* l3 X -  
Ray structural measurements l4 and n.m.r. studies in 
solution 15 have supplied much information on this 
subject. 

In particular, all the data indicate that the ion-pair 
tends to become progressively more intimate as the 
solvent polarity decreases. Under these conditions 
interaction between the anion and the solvent becomes 
much less favourable, especially for small anions with 
high charge density and low polarizability.13b-d Thus , 
going from two-phase conditions to anhydrous non-polar 
solvents, removal of the hydration sphere of the anion 
must be balanced by a larger interaction between anion 
and cation within the ion-pair. The result is the very 
small variation of anion reactivity, and the compression 
of the reactivity range.* A parallel effect, particularly 
clear in the case of electronegative and less polarizable 
anions, is the decrease of the complexation constant. 

The conclusion is that complexed crown ethers can 
hardly be considered as a source of ' naked ions ',339b 

even in anhydrous, non-polar solvents. This may apply 
more correctly to quaternary salts, and especially to 
cryptates derived from lipophilic cryptands such as (2). 
Indeed, in the latter system, cation-anion separation is 
more complete, with no aggregation even in low polarity 
~olvents .~  Thus the reactivity of the unsolvated anion 
associated with the cryptate is probably the highest 
actually obtainable in ~olu t ion .~  

Choice of Phase-transfer Catalysts.--In the case of 
quaternary salts it was widely demonstrated that the 
observed rate constants depend on the anion concen- 

TABLE 3 
Comparison of catalytic efficiency of perhydrodibenzo- 18- 

crown-6 and C,,H,,P+Bu,Y- in the reaction of n- 
octyl methanesulphonate with various nucleophiles 
(Y-) under p.t.c. conditions in PhCl-H,O 

i05kO,,,./s-1 A 0 

> APHDB kQ+ b F 

Y PHDB Q+ obs. / oh. 

25.1 188.0 0.13 
3.5 120.0 0.03 

N3 
CN 
C1 0.3 17.6 0.02 
Br 10.7 29.6 0.4 
I 66.8 27.6 2.4 
SCN 6.6 5.2 1.3 

" A t  70", with catalyst concentration 4 x IO-,M; for the 
other reaction conditions see footnote a of Tables 1 and 2. ' Q+ = C,,H,,P+Bu3. 

tration in the organic phase and the lipophilicity of 
quaternary cation, with other structural factors much 
less important .59 Similar considerations can be applied 
to cryptands fully soluble in the organic phase, such as 
(2) , since their catalytic activity depends directly on the 
degree of complexation. This is always very high, even 
for electronegative or slightly polarizable anions, such as 

The case of crown ethers is completely different, since 
* The very narrow reactivity range found in nucleophilic 

aliphatic substitutions in acetonitrile in the presence of crown 
ethers sb can easily be explained on the same basis. 

c1-.7 
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complexes of macrocyclic polyethers are up to five times 
less stable than their macrobicyclic counterparts.8 The 
stability constants of crown ether complexes, even with 
the more favourable cations, are markedly low in the 
case of electronegative or slightly polarizable anions. 
Thus, Kobs. values under p.t.c. conditions decrease drama- 
tically compared with those of quaternary salts (Table 3) 
and cryptates.? 

It may be deduced that crown ether (1) certainly 
cannot be chosen as catalyst for reactions promoted by 
anions such as C1- or CN- under p.t.c. conditions, while 
for dispersed charge and/or polarizable anions lipophilic 
crown ethers, quaternary salts, and cryptands may all 
be used. 

EXPERIMENTAL 

lH N.m.r. spectra were recorded on a Varian A 60 
spectrometer with tetramethylsilane as internal standard, 
potentiometric titrations were obtained with a Metrohm 
potentiograph type E 576 using silver and calomel electro- 
des, the latter isolated with potassium sulphate bridge, and 
molecular weight measurements were carried out with a 
Hitachi-Perkin-Elmer model 1 15 apparatus. 

Materials and Solvents.-Perhydrodibenzo- 18-crown-6 ( 1) 
was an AnalaR grade commercial product used without 
further purification. n-Octyl methanesulphonate, b.p. 
112-114" a t  2 mmHg, nDZ0 1.439 8, was prepared according 
to  the literature (1it.,l6 b.p. 110-114" at 2 mmHg, nD20 
1.439 2). 

All inorganic salts were AnalaR grade commercial pro- 
ducts; potassium azide was prepared according to the 
1iterature.l' They were used without further purification, 
except for the experiments in anhydrous conditions in 
which they were carefully dried and stored in a 
desiccator. 

Chlorobenzene was AnalaR grade chemical solvent used 
without further purification in the reactions carried out 
under phase-transfer conditions. For the experiments 
performed under anhydrous conditions, i t  was carefully 
purified and dried as previously reported.6 Karl Fischer 
titrations showed a water content < 50 p.p.m. 

Extent ?f Complexation and Distribution Coeficients.-The 
extent of complexation of PHDB (1) under phase-transfer 
conditions was determined by stirring a standardized 
chlorobenzene solution (20 ml) of (1) (2-8 x ~ O - , M )  with 
an aqueous solution (15 ml) of potassium salt ( 4 . 2 ~ )  in a 
flask thermostatted a t  70". The system was stirred for 1 h, 
then kept without stirring for an additional 2-3 h to allow 
good separation of the two phases. Portions of the organic 
phase were withdrawn, and titrated with 0.0 1N-silver nitrate 
(potentiometric titration). Ancillary experiments showed 
that in all cases stirring times of ca. 60 min were sufficient to 
obtain a constant value of complexation. 

Equilibrium (3) was studied under the conditions des- 
cribed above, with the addition to the system of potassium 
methanesulphonate (12 mmol) corresponding to the amount 
formed in reaction (1) at 1 0 0 ~ o  conversion. 

The extent of complexation under anhydrous conditions 
was determined by stirring a standardized chlorobenzene 
solution (20 ml) of PHDB (1)  (2-8 X 1 0 - 2 ~ ) ,  thermostatted 
at 70', with anhydrous potassium salt (24 mmol) as solid 
phase. Samples of the solution were withdrawn a t  various 
times by stopping the stirrer for 2-3 h and titrated potentio- 

metrically with O.Oh-silver nitrate. This procedure was 
repeated until a constant value was obtained (1-3 h). 

Hydration State of Complexed Crowns.-The hydration 
state of complexecl crowns was determined by stirring for 1 h 
a standardized chlorobenzene solution (20 ml) of PHDB (1) 
(2-8 x 1 0 - 2 ~ )  with an aqueous solution (15 ml) of the 
corresponding potassium salt ( 4 . 2 ~ )  in a flask thermo- 
statted a t  70'. Stirring was stopped and portions of the 
organic phase were withdrawn a t  intervals until a constant 
content of water was measured (Karl Fischer analysis; 
3-6 h). The concentration of complexed KY in the organic 
layer was measured in parallel by potentiometric titration. 
The hydration state of PHDB (1)  was determined as des- 
cribed above, using an aqueous solution of lithium chloride 
instead of potassium salts. Potentiometric titration of the 
organic layer did not detect C1-. 

Kinetic Measurements.-The apparatus used for kinetic 
measurements under phase-transfer conditions has been 
previously described.s In  a typical procedure, the reaction 
flask was thermostatted at 70 f 0.1' and charged with an 
aqueous solution (15 ml) of potassium salt ( 4 . 2 ~ )  and a 
standardized chlorobenzene solution (20 ml) of PHDB (1) 
(2-10 x ~O- ,M) .  The mixture was stirred for 1 h, then two 
portions (5 ml) of the organic phase were withdrawn, and 
the percentage complexation was determined by potentio- 
metric titration. A chlorobenzene solution (10 ml) of 
n-octyl methenesulphonate ( 1  .ZM) and benzyl phenyl ether 
( 0 . 8 ~ )  as internal standard, already a t  70 0.1', was 
added to the flask, and stirring and timing were started. 
Portions of the organic phase were withdrawn a t  various 
times by stopping the stirrer for 40-60 s to allow adequate 
separation. These were quenched by cooling in an ice-bath 
and analysed by lH n.m.r. Reactions rates were deter- 
mined by following the disappearance of the triplet (CH,- 
OS0,Me) centred a t  6 4.05 and using the singlet at 6 4.80 
(OCH,Ph) as standard. The pseudo-first-order rate con- 
stants ( I Z ~ , , ~ . )  were obtained by plotting log [substrate] versus 
time and determining the slope of the straight lines. The 
second-order rate constants K were evaluated by dividing 
kobs. by the complexed crown concentration. 

In the kinetic measurements under anhydrous solid-to- 
liquid conditions a standardized chlorobenzene solution (20 
ml) of PHDB (1)  (2-10 x ~O-,M) was added to previously 
dried potassium salt (24 mmol), in a reaction flask thermo- 
statted at 70 f 0.1'. This mixture was stirred for 3 h, 
then two portions (5 ml) of solution were withdrawn after 
stopping the stirrer for 3 h, and the percentage complex- 
ation was determined (potentiometric titration). A chloro- 
benzene solution (10 ml) of n-octyl methanesulphonate 
( 1 . 2 ~ )  and benzyl phenyl ether ( 0 . 8 ~ )  as internal standard, 
already a t  70 & 0.1', was added to the flask, and stirring 
and timing were started. The progress of the reaction was 
evaluated as described for the kinetic runs in the PhC1-H,O 
system. 

In  the kinetic measurements under anhydrous homo- 
geneous conditions standardized chlorobenzene solutions 
(10 ml) of n-octyl methanesulphonate (5-20 x 1 0 - 2 ~ )  were 
added to a standardized solution (40 ml) of [K+ (PHDB)]- 
Br- (0.6-2 x ~ O - , M )  in a 100 ml flask thermostatted a t  
70 & 0.1'. The solution of [K+ (PHDB)]Br- was prepared 
as described above. Samples (5 ml), withdrawn periodic- 
ally, were quenched in ice-cold MeOH (50 ml) and the 
unchanged nucleophile was determined using 0.0 IN-silver 
nitrate (potentiometric titration). The second-order rate 
constants were evaluated using a least-squares computer 
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program, as previously described.6 Kinetics nieasure- 
ments with hexadecyltributylphosphonium salts (3) have 
been previously reported .6 

Liquid Membranes.-In a U shaped system, thermo- 
statted at 70 f 0.1", standardized solutions (A) (30 ml) of 
[K+ (PHDB)]Y- (2-3 x 1 0 - 2 ~ )  and chlorobenzene (B) 
(30 ml) were connected through an aqueous solution (90 ml) 
of the corresponding inorganic salt KY (4.2111). The system 
was stirred and samples of organic phases (A) and (B) were 
independently withdrawn a t  various times by stopping 
the stirrer for 20 min to allow adequate separation, and 
titrated with O.01N-silver nitrate (potentiometric titration). 
These measurements showed that no transfer of [I<+ 
(PHDB)]Y- from (A) to (B) could be detected even after 
several days. The runs with free crown ether (1) were 
performed as described above, using an aqueous solution 
01 lithium chloride (4.2111) instead of potassium salts. The 
concentration of (1 )  in solutions (A) and (B) was checked by 
1H n.m.r. analysis, using benzyl phenyl ether as internal 
standard. In this case also no transfer of (1 )  from (A) to 
(€3) was detected. 

[8/2002 Received, 17th November, 19781 
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