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Abatrxt--A novel method has been developed for the dcIcrminaIion of rhc compkxatmn constanIs of crown cubers 
wiIh alkali salIs. II comprises 1he equilibration of crown e&r (I-7) solutions in &uIaochloroform wiIh solid 
trichlordeIhylene)plalinum(ll) sahs (Na’. K’. Rb’. Cs’) and the PMR speclroscopic dcIermination of the 
equilibrium radio of complex to free crown ether from cbc relative intcnsilies of the e~hylcae and crown ether proIons. 
‘Ihe soiuMiry of unuwnplcxcd salI was dctcrmi~4 imkpcackntly by atomic absocptioo spectrometry. 

Tbt major advan~agcs of lhis meIh4 over ocbers are: (i) compkxatin consunls in apokar solvcnrs are obIaincd 
from a d&I solid-liquid Iransilion. (ii) ~he cation in ~he JI can be varied. and (iii) a simple dctcclion Iechnique can 
be used for monitoring the compkxation. 

The PMR spectra indicate chat there are three types of compkx. depending on the rario of the diameter of the 

crown elber cavity lo Ibal of the cation. II this ratio is small (< I). Ihe Prom& riry is almosl perpendicular lo Ihe h1 
polyelhcr ring. With increasing rati (- 1.0) the llal polyelhr ring and Ibc aromatic ring become almosl coplanar in 
the complex. If 1hc ratio is large (> 1.0) tbe polyelher riu is Gftd around the cation. 

I. hRoDccnos 

Our previous work on the chemistry of crown ethers dealt 

with the synthesis of some novel classes of crown ethers 
(I-7). the role of cations in their synthesis and the 
elucidation of the structure of the macrocyclic 

polyethcrs.’ ’ 

We will here discuss various aspects of a specific 
property of crown etbcrs viz. their ability to form 
complexes with salts. 

In the complexation of crown ethers there are several 

important parameters to be considered: 

(i) the stability of the complexes; 
(ii) the relationship between the size of the crown ether 

cavity and that of the cation; 
(iii) Changes in the conformation of the crown ether 

upon complexation; 

(iv) rates of complcxation and decompkxation. 

The stability of a complex is usually expressed in terms 
of an association constant (y): 

CE i M’X #(CE.M)‘.X- 

K = I(CE.M)‘.X-I 
l [CE][M’X-] ’ 

(1) 

In the literature a large number of association constants of 

crown ether complexes have been reported.’ They were 

obtained under two essentially different sets of con- 
ditions, i.e. either (i) in polar solvents (water, alcohols, 

dimethylformamide). by potentiometric methods using 
cation-selective electrodes. by calorimetry and conduc- 
tometry.’ or (ii) in apolar solvents, by partition between 
two immiscible liquid phase~.~” the concentrations being 

determined by spectroscopic techniques. Both methods 
for the determination of the association constants sufler 

from serious disadvantages. The first method affords 

values valid only for polar solvents while most reported 
practical applications of crown ethers are in apolar 
solvents.“-” The second method gives values which are 
obscured by unknown partition coefficients of the 
complexes, crown ethers and salts. Moreover, depending 
on the ring size of the crown ether, the struclures of the 
complexes formed in such partition experiments are 
alTected by the inclusion of polar solvent molecules (e.g. 
waler).“ 

The objective of UK present study was to find a simpk. 
direct method for the detection of compkx formation and 
for the determination of the abilities of crown ethers to 
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complex solid alkali salts. We have succeeded in 
developing such a method by using trichloro(ethy- 
lenc)platinum(II) compounds (MPtCI,C,H,nH,O) as the 
salts. and PMR spectroscopy as the detection tech- 
niquest 

The synthesis of the crown ethers (14) used for our 
studies has been described previously.‘.’ Z&e’s salt was 
prepared from potassium hexachloroplatinate(IV) and 
ethylene at IO atm0spheres.S The other alkali trich- 
loro(ethylene)platinum(II) salts were obtained by cation 
exchange of aqueous solutions of Zeist’s salt with 
sodium, rubidium or cesium polystyrene-sulphonatcs. The 
stability of these (hydrated) salts varied greatly with the 
size (electrophilicity) of the cation. Both cesium and 
rubidium trichloro(ethylcae)platinum(lI).hydrate were 
stable at room temperature but the sodium salt could not 
be obtained in an analytically pure form because it 
gradually &composed. Complexation cxpcriments with 
NaPtCI,C,H,+H,O were tberefore carrkd out with a 
slight excess of freshly prepared material. 

The solubilitics of the trichloro(ethylene)platinum(II) 
salts in deuterochloroform were determined by atomic 
absorption spectrometry. Values of 4.0~ IO-* M (K’). 
7.6 x IO” M (Rb’) and 4.5 x IO ‘ M (Cs’) were obtained. 

For further details the reader is referred IO the 
Experimental Section. 

(b) Compluation experiments 

A study of complexation using PMR spectroscopy as 
the detection technique requires the presence of protons 
either in the cation or in the anion of the salt. The former 
requirement was fulfilled in a study, made by Cram et 
al..” of the complexation of t-butylammonium isothiocy- 
anate. We have investigated the complexation of salts in 
which the onion contains one or more protons. The 
advantage of our approach is that instead of being limited 
to one type of cation (RNH,‘), we can study the 
complexation of a variety of salts containing the same 
anion but various cations with different ionic radii. It is 
known that the nature of the cation is often one of the 
most important factors determining the stability of a 
crown ether complex. 

Zeise’s salt (KPtCI,C,H,.H,O) has several properties 
that make it an attractive salt for such complexatioa 
studies: 

(i) it behaves as an inorganic salt, being very soluble in 
water but virtually insoluble in apolar solvents such as 
chloroform (uidc supro). methylene chloride and benzene; 

(ii) it has a yellow colour. which makes complexation 
visually detectable; 

(iii) the four ethylene protons appear as an easily 
discernible group of three signals in the PMR spectrum: a 
singlet, and a doublet due IO coupling with ‘“PI (34%) 
natural abundance); thus, the compkxation can be 
measured quantitatively; 

(iv) the potassium cation can in principle be replaced 
by other cations via simpk ion exchange. 

+Preliminary results have already ken published.” 
!ln the PMR spectrum of Z&c’s salt (in IN HCI/CD,OD) we 

found a cbcmical rbifl of 4.721 ppm for tk ethyknc protons and a 
value of 65.1 Hz for the PI-H coupling.” as opposed to chc 
recently reported V&K of 34 HZ.‘*.” 

CCMLEX, v. 

WC’, Cy, Hpl’[- EMRI 
Fii. I. Percentage compkx formation versus Zeise’s salt/crown 

ether (1. n - 2) ratio. 

I. Direcf mehod. Experimentally our technique is 
very simple. Mixtures of crown ether dissolved in 
deuterochloroform and various amounts of solid Zeise’s 
salt-up to a two-fold excess-- were equilibrated at room 
temperature; the time needed for equilibration was less 
than I min. The ratio of crown ether to complexed salt 
was calculated from the ratio of the PMR signal 
intensities of the ethylene protons to those of the crown 
ether benzylic protons, which served as the internal 
standard. The maximum percentage of compkxation was 
calculated directly from the ratio found in the presence of 
an excess of Zeise’s salt (Fii. I). In Table I these 
maximum percentages are summan ‘sed for crown ethers 
l-7. Other trichlorotthykne-platinum salts (Na’. Rb’, 
Cs’) gave similar results but the dependence of the degree 
of complexation on ti crown ether structure differed 
from that for the potassium salt. 

From the results given in Table 1 the following 
conclusions can be drawn: 

(i) the degree of complexation depends on the 
relationship between the cationic radius and the size of 
the crown ether cavity; 

(ii) the ratio of salt to crown ether in solution does not 
exceed the value of 1.00 (2 0. IO) even if an excess of solid 
salt is present; 

(iii) crown ethers with a cavity diameter larger than the 
cationic diameter are more than 90% complexed in the 
presence of an excess of salt. 

The complexation data cBn be divided into two groups. 
The hrst group comprises the values (Table la) between 
0.05 and 0.95, i.e. where the ratio of uncompkxed crown 
ether (CE) IO complex is between 0.05 and 20. For these 
values absolute association constants can be obtained by 
substituting into eqn (I) the ratio of [complcxl/[CE], 
together with the concentration of the particular salt, 
which is assumed to be equal IO its solubility (see Section 
2A) in the absence of crown ether. This procedure is not 
possibk for the second group where the [CE]/[complex] 
ratio is z 20 or 5 O.OS, (corresponding to values of 5 0.05 
and to.95 in Table la). The values of K. are given in 
Tabks lb and 2. 

We further found that complexation affects the 
chemical shifts of the benzylic. aromatic (e.g. H(2) in 2) or 
heteroaromatic (H(2.5) in 3) crown ether protons. In all 
cases the chemical shift differences were proportional to 
the percentage compkxation (Fig. 2). Even at - 40°C only 
“sharp” averaged signals for the crown ether protons 
were observed in mixtures of complex and free crown 



T&k I(r). Coc~pkxation of crown ethers 14 with MPtCl,X,H.~H,O in CDCI, (0.1 M solutions of crown ether; 
300K) . . _ 

Tabk I(b). Compkxation of crown etbcrs S7 with 
KPtCI,C,H..H,O in CDCI, (0.1 Y solutions of crown ether; 

3OOK) 

Fit 2. cbemial shift Mexencc of the benzylic protons vmus 
percent4e comptex formation of I (n = t-2) with ZeiK’s satI 

a=&+_&. 

‘Ia co&culion experiments of tbae crown etbcn with 
la-t4ltyhmmonium Sattl we found tht the excbulge is 
suilcicntty slow to allow a k&tic study in 8 number ot uses.” 

ether. This means that all exchange processes are fast on 
the PMR time s4e.t 

2. Indirect methods. In those cases wbcre the 
[CEy[complex] ratio is ~0.05 we did two types of 
competition experiments in order to determine the 

relative compkxing abilities of pairs of crown ethers. 

In the first type of experiments we used the titration 

method previously reported” for the determination of the 
relative association constants of t-butylammonium hex- 

afluorophosphate-crown ether complexes. In a typical 
exampk of this procedure a solution of the equilibrium 

mixture of crown ether IWKPtCI,X,H,.H,O in CDCI, 
was titrated with crown ether 2d and vice versa. The 

ratios of free to complexed crown ether (2b and 2d) were 
determined from the known linear relationship of the 

chemical shifts of crown e&r protons (in this case the 

H(Z)_aromatic protons) and the percentage complexation. 
The ratio of the two association constants of the 

compkxes of Z&e’s salt with 24 and zb, was thus found 
to be approximately 0.6. 

In the second type of experiments equimolar amounts 
of two crown ethers dissolved in chloroform were 
equilibrated with various amounts of Zeise’s salt. In the 
same manner as described above, PMR spectroscopy was 
usedforthedeterminationoftberatiosoffreetocomplexed 
crown e&n. With this method we found that Ktr - K, 
(KPtClr4Xi.~H~). 

3. Complexorion in other solwnts. Several experiments 
were performed in solvents other than chloroform. viz. 
benzene, tolucne and methylene chloride. The results 
obtained in methylene chloride were only slightly 
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Tabk 2. Assochtion constants of crown cthcr/MP1Cl,C~H,~H~0 compkxti in CDCI, (0.1 M solutions of crown 
etbrr, 300 Ky 

different from those in chloroform. Although the crown 
ethers dissolve quite readily in benzene and tolucnc 
several complexes separated out rapidly from these 
solvents. Consequently, the equilibrium ratios of crown 
ether to complex could not be determined with su5cient 
accuracy in these media. 

(c) Sfrvcrurts of de complurs 

Information regarding the structures of the compkxcs 
was obtained from the PMR and “C NhfR spectra of the 
complexes or the equilibrium mixture5 of free crown ether 
and compkx. in chloroform. 

I. 77rc ethylene /@and. In the PMR spectra of the 
complexes the ethyknc protons appear as three sharp 
signals (ratio 1:4: 1) with the central line at 
4.45 ~0.04ppm.t T?e coupling constant J(‘“Pt-H) is 
almost the same as in Z&c’s salt (65 2 1 Hz). The carbon 
atoms absorb at 68.0 2 0.5 ppm (J(‘“PtC) = I94 2 1 Hz) in 
the “C NMR spectrum, which values are in good 
agreement with those reported earlier.” 

obtain a qualitative picture of the structure of the 
complex. When the cation just fits in the cavity the 
polyctber is almost Uat and consequently the “bcnzylic” 
protons are close to the cation which causes the 
deshklding effect. CPK models show that when the 
cavity is too small to accommodate the cation the bcnzylic 
protons in the complex are situated on the side of the rigid 
polyether ring opposite to that where the 0 atoms are 
coordinated to the cation. In the complexes with the very 
large rings a twisti~ of the polycther chain occurs (tide 

infra) and in such a twisted conformation UK cation is 
shielded from the bcnzylic protons by part of the chain. 
Consequently the bcnzylic protons will be in the 
immediate vicinity of the anion. causing a shielding effect. 

2. The “bmzylic” groups. The signals of the “bcn- 
zylic” protons in the complexes are shifted either upheld 
or downfield relative to those of the free crown e&r. 
depending on the ring size, the structure of the crown 
ether and the type of cation that is compkxcd in the 
cavity (Table 3). An upfield shift is observed with small 
and very large crown ethers (relative to the cation) and a 
downfield shift when the diameters of the cavity and 
cation are about the same. We associate these chemical 
shift diflercnces with ditTennccs in the sum of cationic 
(dcshielding) and anionic (shielding) in&nces in order to 

The effect of compkxation is also noticcabk in the “C 
NMR spectra but it does not provide any significant 
information about the relative positions of anion and 
cati0n.S The absorptions of the polyether and “bcnzylic” 
carbon atoms appear in the 68.5-72.5 ppm region for both 
the compkx and ti free crown ether CTabk 4). 
Consequently. it is impossible to arrive at unambiguous 
assignments. Moteover. in this region chemical shift 
diEerenccs between compkxd and free crown ethers are 
small. 

tin the compkxer with NaPKl,X,H.~H,O tbc absorption of 
UK ethyknc protons is broad due lo slow cxcw with free 
ethylene formed by decomposition of he salt. 

t”CNMRspecePofcrowacdwt~xerhrvebcearrpared; 
illmostcWscbclnicalshifrdilTcreaces were kss than 1.0 ppm.” 

(A similar shifr was observed for the H(2) potom in compkx of 
Zb with krt-butyiammonium sahs.‘” 

The eflccr of compkution on the o&r aromatic porons in 
crownethmz(orthefouraromaticproroacill1)hornotbcen 
a&se& The rqmtive M’B and M’BB’ S~SWIIU are very 
compliated. 

3. Aromafic rings. The effect of complexation on the 
chemical shift of the “internal” aromatic (H(2)) proton in 
crown ethers 2 is greatly dependent on the ring size (Table 
5). In the smalkr rings (21 and 2b) complexation requires 
that the aromatic and the (planar) polyether rings be 
almost perpendicular. ConscquenUy the internal H(2) 
proton extends into the shielding sphere of the anion 
(A6 < O).O These steric requirements become less impor- 
tant with increming ring size. Thus with a decreasing 
angle between polycther and aromatic rings the “internal” 
aromatic proton becomes increasingly deshklded by the 
cation (A.6 > O)! Compkxation of crown ethers 3 affects 
the chemical shifts of furan protons (H(2.5)) in the 
opposite way; in nearly all cases a downfield shift is 
observed. This finding complies with a complex in which 
the anion is situated on the sterically kss hindered side of 
the polyether ring, viz. opposite to the aromatic ring. With 
increasing rir~ size this steric constraint becomes kss 
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Tabk 3. Merenccs between chemical sbifrs t&5)’ of the aromatic protons of free and compkxcd crown ethcr~ 2 

W(2)) and 3 (H(2.5))’ 

- .___ :. YL 5iZJ l ?I pL; 
- ..__ 

r. i 

-. . I 7.9;. i _;:*I; 

’ . . . . ; _,,.d. _’ I x; 

I 

L 

important if the polyether ring is assumed to have a more 
or less da1 conformation. 

A twisted polyethcr ring (ride in/to) has the same steric 

requirements as a smaller planar one. This can be seen 

from a discontinuity in the data when, on the basis of 
other arguments. twisting is assumed to occur. From the 

chemical shift diaerences between tbe (hetcro)aromatic 
carbon atoms in the “C NMR spectra no conclusions can 

be drawn about the structures of the complexes as we are 

unable to assign the absorptions unambiguously. 

4. Polycthtrrings. Generally the effect of complexation 
on the chemical shift of the polyether chain protons is 

small. Apart from small difTerenccs in the chemical shifts 

(SO.050 ppm). the absorptions retain the same multiplicity 

(one or two broad singlets’3. Exceptions are found in 
those complexes in which the size of the crown ether 

cavity is more than suflcient to accomodate the cation. In 

those cases the absorption of the polyether protons 
consists of four well-separated, sharp peaks which are 

shifted partly up-field and partly down-field (see Fig. 3. 

Table 6). The relative intensities of the peaks differ from 
case to case with a ratio of roughly 4 : 8 : n : 8 (in order of 

increasing chemical shift), where a conelates with the 
number of CH,CH& moieties in the ring. Space-Wing 

CPK models indicate that this nonequivalence of groups 

of polyether protons must be related to the polyether 
chain being wrapped around the cation (Fig. 4).+ which 
results in an almost perfect spacing of the 0 atoms for 
optimal complexation of the cation. Such a twisting is 
only possible above a particular ring size. The different 
shielding and deshiclding effects of the anion and cation in 
such complexes on the protons of the polyether rings are 
reflected in the diaerences in their chemical shift. As a 
result of this twisting. the groups of protons close to the 

aromatic residue will be separated from the cation in the 
cavity and be close to the anion; these are the most 
shielded protons (intensities 4 and 8). Another group of 
protons, inside the cavity, is shifted downfield due to the 
close proximity of the cation; the effects of cation and 

Fii. 31. PMR spectrum of crown ether Ic 



Cbcmirtry of crown ethers 

h 
1 I I I I 

JO 40 308 
-6x 

F& %. PMR spectrum of the KPICI,C,H.~H,M~ compkx. 

anion on the remaining protons compensate each other. 
Tbc relationship between ring size of the crown ether, 

utionic diameter and degree of twisting is shown in Fig. 6 

for crown etbcrs of type 1. 

Fig. 4 

i 

Fwe 5. Relationship between 96 compkxation and the chemical 
shift dii?ercnce (!I& of the polyethcf protons in 

KPICI,C,H.~H,O-le compkxllc mixtures. 

Similar phenomena were observed in the spectra of the 
complexes of the other crown ethers in which the 
aromatic ring is linked via the Q and B positions to the 

polyether ring (3.4). but in tbc complexes of type 2 this 

non-cquivakncc of polyether protons was absent. 
In the complex of If with NaPtCI,C,H,.H,O the 

polyether ring protons are magnetically almost equivalent. 

This might be due to an increased flexibility of the 

Tabk 6. DiRacnccr between cbcmical shifts (Aby of the polyethcr ring protons of free and compkxai crown elbcrs 
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Fii. 6. Cbcmical shift d&renccs of lhc polyethcr proloos in 
crown e&en (I)/MPtCI&H..H,O compkxes. 

compkxcd crown ether ring with the increased ratio of 
cavity size to &ionic diameter. 

From the above analysis of the PMR data it is clear that 
the structure of the compkxes varks with the size of the 
polyetber ring. 

All the data, in particular those of mixtures of free and 
complexed crown etirs, point to the predominant 
formation of compkxes with a stoichiomctric (1: I) 
cmpositiat A transition of such a complex to one 
having a diI?erent stoichiomctry (e.g. as a result of an 
increased compkx/crown eti ratio) would undoubtedly 
have disturbed the linear relationships between ckmical 
shifts and percentage compkxation. We can distinguish 
three types of structure: 

(i) The polyelher ring and tbc aromatic ring are nearly 
perpendicular to each other when tbc crown etkr cavity 
is small relative to tbe cation [A&__ (14) and A&, 
(2) < 01. 

(ii) The crown ether is almost planar when the crown 
e&r cavity and the cation have almost the same size 

E!- (14) and A&,,>O]. 
Q) The polyether chain is “twisted” when the crown 

ether cavity is substantially larger than the cation 
[A&__ (1. 3. 4)sO and non-cquiucrlmf groups of 
polyctha pnxons]. 

In the literature twisted conformations have been 
suggested for compkxes of large crown ethers in solution 
in order to explain the uncxpcctedly high stability of K’ 
compkxes of dibcnzo-3O-crown-IO in methanol.” Fur- 
thermore, X-ray crystallographic data point to a marked 
deformation of the crown-10 ring when it complexes 
potassium ions.” The PMR evidence presented by US 

indicates ckarly that such twisted conformations in 
solution indeed exist. In the series of crown ether we 

Qcnpkxcs of cmwn eIhcn 3bd wiIh I-butykmmollium 
thiocyanrtcformbdinthcptJcaccofexceuof~sllr”hver 
dil7cre0~ stiochiometry (1 : 2). 

investigated, only polyethas linked to adjacent C atoms 
of the (hetero)afomafic ring(l.3.4)are capable of adopting 
such a twisted conformation. In crown ethers of structure 
2 with rings containing fewer than 30 atoms, such twisting 
is prevented by steric factors, as is demonstrated by CPK 
models. 

3. c- 
The use of PMR spectroscopy to monitor the com- 

plexation of crown ethers with tricNoro(ethylenc)pla- 
tinum(I1) salts provides a simple technique for the 
determination of the minimum crown ether cavity size 
required for compkxation of a particular cation. Absolute 
or relative association constants in chloroform are 
obtained directly without the interference of unknown 
partition coefficients. PMR spectroscopy has provided 
evidence that the polyether ring in complexes of large 
crown ethers has a twisted conformation. 

PMR and NMR specfroscopy. PMR and “C NMR spectra were 
recorded on a BruLer WH 90 inslrumcnt. using dcuraochloroform 
as the solvcnr ti TMS as internal reference. 

Sy~hc~b o/i!cire’~ salr (KPrCI,GH..H,O). A soln of 16.00 
(O.OMmol) of K,P[Cl, in lOOmI 1.3 N HCI was stied for 6hr 
under an rlmospbcre of ethykae (lobar). The mixture was 
concentrated ir, cacw at room temp. and subseqwn~ly cookd in 
ice. Tbc crysuls formed were titered off, washed with 0.5 N HCI 
md cold EtOH. and then dried over P,O, in cacw. The yield of 
Zeisc*s salt was I1.S s (77%). Found: C. 6.0; H. 1.0; Cl, 26.9. CJc. 
for KPrCI,.C,H..H,0(3B6.62): C. 6.2; H. 1.5; Cl. 27.5%). 

Synfhsis of MPtCI,C,H.~H,O from Z&r’s self. AmbcrlYst 
300 was treated with an excess of dkali salt or hydroxide 
(NaCI, CsCl or RbOH). Subscqucn~ly. aqueous solns of kiu’s 
salt were passed Ihrougb a column Blkd with the Ambcriysl u)o in 
lhe dl form and C~MI with waler. 4N HCI was added 10 lbc 
elua& in order 10 obuin a IN HCI. which was concentrated 10 a 
small volume at room temp.. before the last traces of water were 
removed in a dcskca~or over cone HISO. and solid KOH. In all 

cases Ibe pcrccn(re of residual K was smalkr than 0.2%. Tbc 
trichloMetbyknc)platinum(ll) s&s were thus obtained in E&90% 
yield. The ekmcntal adygs of Ibe Rb and Cs s&s were 
satisfactory: Rb 21.0% (talc. 19.7%). Cs 28.6% (talc. 28.5%). The 
sodium dl could not be obtained analytically pure owing 10 
decomposition. 

S@esis of 18.20 . dimerhjf - 3.6.9.12.15 - penfaoxo I9 . 
rhiobicyrlo(l5.3.0) - ricosa 17.20. dicnr 19.1%dioxide (7). A soln 
of 33Omg (I.0 mmol) of 4 and 4lOmg (2.4 mmol) m-perch- 
brobcnxok acid in SO ml dichlorometham was relluxcd for 2 hr. 
The mixture was coded 10 - 25’ and the crystalline material was 
dlrcrcd oil. The &ate was concentrated 10 a small volume and 
subsequently dltercd over alumina. Etulion with dry THF gave 
75 mg of 7 (20%). 

Compluarion oj CfOWR rrhers 14 wirh 
rrichloro(~hyl~)plar~~m(ll) sa/rs in drnrrmchlorolonn 

(a) Ar Darious rarior o/safr ro crown trhtr. Solns of 0.05 mmol 
crown e&r in 0.S ml CDCI, were mixed with 0.125. 0.25. 0.50. 
0.75. 1.00 pad 2.00 qtivs of MPfCI,C,H,.H,O. Subsequently the 
PMR spectra were recorded and the percentage of compkx was 
determined from the ratio of Lhe inlensitks of UK ethylene 
proroos IO rhose of tk bcnxylic prolons. From &K plors of M vs 
Ibe pcrccnw complcxation the equilibrium value was calculated. 

(6) Wuh ~XCCSJ of m/r. A sdn of 0.05 mmol QOWD ether in 
0.5 ml CDCI, was mixed with two cquivr of salt. The PMR spectra 
were recorded at I-min intervals. In all cases the maximum VahIC 

of compkxalion was rcacbcd within rbe first interval. 

Compdilion espefimmrs 
(a) ?ir&on mnhd. To a soln of 0.05 mmol compkx of crown 

ether A in 0.5 ml CDCI, (prepared from 0.05 mmol of crown ether 
A and 2 equivs of Z&e’s salt) a soln of 0.05 mmol crown elher B 
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Tabk 8. Competition experiment of crown e&en 2) and Zc with Z&e’s salt _-. ~ .- _- .-_ ~-. ___ 

in 0.5ml CDCI, vu added in five equal portions. After each 
addition the PMR spectrum of cbe mixture was recorded. 

The resulls of Ibe titration experiments of crown eIbers 2b/2d 
are given in Tabk 7. 

(b) Competition method. Sampks of equimolar mixtures of 
crown ethers were equilibrated witb 0.125. 0.25. 050. 0.75. 1.00 
and 2.00 equivs of Z&e’s salt From IIK chemical shift dillercnccs 
Ihc ratios of compkxed IO free crown et&r were calculated. 

Tbc results of tbe competition cxpcrimenl of crown efbers 2b/l 
with &ix’s sah are given in Tabk 8. 
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