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Formation constants for complexes of sodium and 
anthracene crown ethers were determined using spec- 
trophotometry and cyclic voltammetry. The complex- 
ation properties of the ligands examined depend 
significantly on alkyl substituents at 9 and 10-posi- 
tions of the anthracene group and are strongly influ- 
enced by the solvent. 

Among the interesting properties of the anthra- 
cene system, there are the fluorescence proper- 
ties, which are utilised in, e.g., designing of 
luminescent photoinduced electron transfer 
sensors' according to the well known operation 
principles2 Quite recently, the interaction of the 
anthracene systems with biological polyanions 
(DNA, heparine), and particularly the intercala- 
tion of CT-DNA by diamino anthracene deriva- 
tives, have been r ep~r t ed .~  Synthesis of 
anthracene-based sensor molecule can be real- 
ised by either an appropriate functionalization of 
crown ethers and cryptands with anthracene 
derivatives (simple anthracene crown ethers4 
and anthracene cryptands5) or  direct synthesis 
based on functionalization of the anthracene 
group. The latter method is very difficult.6 Prep- 
aration of anthracene bicyclic7 and tricyclic 
cryptand$ requires multistep synthesis. 

During our studies directed towards synthesis 
of new anthracene crowns, we found that upon 

* Author for correspondence. 

treatment of benzo-15-crown-5 or 
benzo-18-crown-6 with aliphatic aldehydes in 
the presence of sulphuric acid, the respective 
anthracene crowns 1 and 2 can be obtained in 
1571% yield.' These novel structures consist of 
two crown ethers sharing an anthracene ring 
system. Both crown ethers are potential binding 
sites for cations and the presence of alkyl groups 
in the 9 and 10- positions of the anthracene sys- 
tem can modify the recognition processes. The 
presence of two binding sites can lead to the for- 
mation of large structures, where sandwich-type 
complexes are formed, each cation being coordi- 
nated by two crowns belonging to different lig- 
and molecules. To check out these possibilities, 
the binding properties of several of these new 
ionophores with respect to sodium cation were 
investigated using electrochemical and spectro- 
scopic techniques. 

UV titration experiments were performed for 
sodium thiocyanate and ligand lb (Figs. 1 and 
2) .  The values of the complex formation con- 
stants are collected in Table I. We have found 
that two complexes of 1:I and 1 2  stoichiometries 
are (NaL and Na2L) formed under the conditions 
applied. 
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FIGURE 1 Change in the absorption spectrum of 6.86,10-5 M solution of crown lb in chloroform-methanol mixture (8:2 v/v)  
upon increase of concentration of KSCN (0 < CK+ < 1.66.10-3 M) 

The same UV titrations were carried out for sodium cation. This effect is responsible for a 
sodium and ligand l a .  A large substituent effect decrease in the equilibrium constant by two 
was observed for the complexation of the second orders of magnitude (IogKNazL = 1.94) . An 
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Wavelenght [nm] 

FIGURE 2 Change in the absorption spectrum of 6.86.1LT5 M solution of crown Ib in chloroform-methanol mixture (82  v /v )  
upon increase of concentration of KSCN (1.17.10-3 <CK+ i 9.7.W3 M) 

indirect voltammetric method was used to assess 
the complexation equilibria. The competitive cat- 
ion (indicator) was the thallium(1) cation. Upon 
addition of the ligand, the voltammetric reduc- 
tion peak of thallium shifts toward negative 
potentials. An addition of Na+ decreases the 
shift by binding a fraction of the ligand and 
decomplexing thallium. 

The formation constants for the Na' com- 
plexes were determined by recording the vol- 
tammograms for free thallium ion (TI'), thallium 
ion with the ligand (Tl' + L) and thallium ion 
with ligand and the sodium ion (TI' + L + Na'). 

The complex formation constants for thallium 
and sodium cations in dimethylformamide are 
presented in Table 11. 

An inspection of Table I1 shows that the for- 
mation constants of thallium and sodium corn- 
plexes with anthracene crowns 1 clearly depend 
on the substituents at 9 and 10- positions of the 
anthracene group. The formation constants of 
sodium complexes of crown l a  and lb in 
dimethylformamide (entries l a  and l b  in Table 

l b  10880 4.62 10620 3.67 11) are smaller than those obtained in 

TABLE I Formation constants determined for sodium 
complexes of anthracene crown 1 in chloroform/methanol 
(9:1, v /v )  mixture, at 20 "C for La,=375 nm 

& b  & b  
Compound (vm-1drn31 l o g K ~ , ~  (m0l-f dm3, l0gKNazL 

l a  8560 4.40 6850 1.94 
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CHC13 / MeOH solvent mixture (Table I). Also, 
the trend in the formation constants of sodium 
complexes is reversed. In the CHCI, / MeOH sol- 
vent mixture, the sodium complex of 1:1 stoichi- 
ometry with crown l b  (isobutyl groups at 9 and 
10- positions) is slightly stronger than that with 
the ethyl substituted ligand l a  (Table I). In 
dimethylformamide, the formation constant 
decreased from logK~,~=1.9 for compound l a  to 
logK~,~=0 .9  for compound lb. The n-butyl sub- 
stitued ligand l c  has the value logKNaL=2.0, 
which is almost equal to that of the ethyl-substi- 
tuted ligand la .  Further elongation of the 
aliphatic groups caused an increase in the forma- 
tion constant to logK,,,=3.2 for compound Id  
(Table 11), but the next extra carbon atom 
decreased the constant so strongly that it was not 
measurable under the experimental conditions. 
For the last compound studied, If, which is sub- 
stituted with dodecyl alkyl groups, the meas- 
ured constant (logKNaL= 1.9) is equal to the one 
for crown la, what indicates that the influence of 
both ethyl and dodecyl alkyl groups on the for- 
mation constant is very similar. The modulation 
effect of the alkyl groups on the formation con- 
stants is also observed for the thallium com- 
plexes. Again, the highest complexation constant 
was observed for the heptane and ethyl groups 
(entries l a  and Id  in Table 11). 

TABLE I1 Complex formation constants determined in 
voltammetric experiments at 20°C in dimethylformamide 
Estimated error is approx. 0.3 logK unit 

An enlargement of the crown ether groups by 
adding one ethylenoxy unit to form crown 2a 
caused an increase of the complexation constants 
for both cations (last entry in Table 11). An analy- 
sis of the spectrophotometric titration data pre- 
sented in Table I leads to the conclusion that 
both crown ether rings can participate in the 
complexation. The complexation of the first cat- 
ion can increase or decrease the binding of the 
second cation. 

The complexation constants for the sodium 
cation and crown l b  in the chloroform-methanol 
mixture, logK~,~=4.62 and logKNaaL = 3.67, 
differ only by one order of magnitude. This sys- 
tem is characterised by a negative cooperation 
effect, since KNaaL/kNaL < 0.25 .lo For com- 
pound la,  this difference in the complexation 
constants is even larger. Therefore, it is unlikely 
that the formation of a larger, self-assembly type 
structure, takes place. 

The final conclusion is that the complexation 
and recognition properties of the studied anthra- 
cene crown ethers significantly depend on alkyl 
substituents and are strongly influenced by the 
solvent. 

Acknowledgements 
This work was supported by State Committee 
for Scientific Research Grant No. 3 T09A 03317 
and by the Department of Chemistry, University 
of Warsaw, Grant No. BW-1418/17/98. 

l a  2.8 

lb 1.6 
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a. the formation of the respective complex was not 
observed under experimental conditions 
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