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Treatment of Na,[p-sulfonatocalix[4]arene]~nH20 with 
adenine in an acidic medium generates the water 
soluble [CsH,NsC],[p-sulfonatocalix[4]arene]~14H20. 
The compound crystallizes from solution in the space 
group P1 with u = 12.824(2), b = 13.778(1), c = 
19.536(2) A, a = 77.85(1), a = 78.78(1), y = 80.25(1)", 
and D, = 1.557 g ~ m - ~  for Z = 2 (C,H,2030N20S,). Re- 
finement based on 9639 observed reflections led to R = 
0.065. The complex crystallizes with a water molecule 
exhibiting aromatic T hydrogen bonding imbedded 
within the hydrophobic calixarene cavity. The four ad- 
eninium ions form a hydrogen bonded array in a layer 
external to the cavity. The overall structure exists as 
bilayers of anionic calix[4]arenes in the cone confor- 
mation. These layers are intercalated with bihyers of 
cationic adeninium ions and are separated by a bed of 
water molecules. The bilayer structure has been ob- 
served in other calix[4]arene complexes, and the inter- 
calation of a cationic bilayer further enhances the simi- 
larity in structure of the water-soluble calix[4]arenes to 
that of clays. 

Structural studies of the calixarenes,' and in 
particular, the water soluble p-sulfonato- 
calix[4 Jarenes, have revealed important informa- 
tion with respect to similarities with biological 
function2 and enzyme mimicry.3 In the p-sulfo- 
natocalix[4]arene system, biologically important 

interactions, such as the mode of interaction of 
water and amino residues with aromatic moi- 
eties has been observed.2ar4 Owing to the sepa- 
ration of the hydrophilic and hydrophobic re- 
gions inherent in this system, the complexes also 
typically crystallize in bilayers with the calix- 
arene sulfonato residues directed toward the hy- 
drophilic layers. The cations are typically found 
in a "sea" of hydrogen bonded water molecules 
within the hydrophilic layer. The similarity of 
these structures to those of the clays has been 
noted.5 

It is of some interest to determine the interac- 
tions of calixarenes with biologically important 
molecules, such as the purines and pyrimidines, 
which are the major bases found in the nucleic 
acids.6 Thus, in this contribution, we report the 
synthesis and X-ray crystal structure of 
[C5H6N5f]4[p-sulfonatocalix[4]arene]~14H20, the 
product obtained from the interaction of adenine 
with Na,[p-sulfonatocalix[4]arene] in acidic me- 
dia. This complex crystallizes as double bilayers 
of anionic calix[$]arenes and cationic adeninium 
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ions separated by a layer of water. Imbedded 
within the calix[4]arene cavity is a water mole- 
cule exhibiting aromatic n-hydrogen bonding to 
two distal aromatic rings. 

Treatment of Na,[p-sulfonatocalix[4]arene] 
with adenine in acidic medium generates the 
water soluble [C,H,N5+],[p-sulfonatocaliv[4]- 
arene].14H20.7 The protonation of adenine at 
the N1 position (the N center adjacent to the am- 
inated C center) in acidic solution is well estab- 
lished.&12 

The cone conformation of the calix[4]arene is 
shown in Figure l . I 3  The calixarene contains one 
water molecule deeply embedded within the 
cavity; centroid ... 0 distances of 3.84, 3.24, 4.45 
and 3.29 A arc formed for rings A, B, C and D, 
respectively. The interaction of the water mole- 
cule with rings B and D is established by the 0 - 
H ... n aromatic bonding distances, compared to 
3.15-3.20 from X-ray structure data2 and 3.11 
A from Monte Carlo calc~lations.'~ Two water 
molecules, W2 and W3, are hydrogen bonded at 
2.84 and 3.03 A to the included water molecule 
W8, completing the roughly tetrahedral geome- 
try. W2 and W3 reside in the hydrophilic region 
at the opening of the bowlic calix[4]arene anion 
(see Figure 1). While the protons of the water 

FIGURE 1 The environment of the water molecule W8, which 
exhibits n hydrogen bonding to two aromatic rings cnf the 
p-~ulfonatocaliw(4]arene. Water molecules W2 and W3 com- 
plete the near tetrahedral geometry around W8. Bond distances 
and angles are as follows~ W8-centroid A, 3.84 A, W8-centroid 
B, 3.24 A, WB-centroid C, 4.45 A, W8-centroid D, 3.29 A W8- 
W2, 2.84 A, W8-W3, 3.03 A, centroid B-W8-centroid B, 133.6", 
WZ-WB-W3, 103.8", WZ-W8-centmid B, 95.0", W2-MT8-cen- 
troid U, 101.5", W3-W8-centroid B, 94.0", W3-W8-centroid D, 
122.8". 

molecules were not located, the geometry about 
the 0-centers unequivocally establishes the hy- 
drogen bonding patterns. The B and D rings, 
which are n aromatic ... H - 0 bonded to WB are 
drawn up, while rings A and C are splayed out: 
the dihedral angles between rings B and D and 
A and C are 34 and 105", respectively. The 
calix[4]arene portion of the structure is clearly 
reminiscent of the structure of the sodium salt of 
p-sulfonatocalix[4]arene used in the preparation 
of the title complex, and demonstrates that 71 
aromatic ... H-0 bonding is common in such 
complexes.2a 

Two bilayers exist in the overall structure of 
[C,H,N5~],[y-sulfonatocalix[4]arene]~14H20; 
one of calixarene anions, where the sulfonato 
groups are directed into the hydrophilic layer, 
and the other of adeninium cations, where the 
protonated N1 is directed into the hydrophilic 
layer (see Figure 2). These two bilayers are sep- 
arated in part, by thin layers of water molecules. 
This affords the general pattern of water layer- 
cation bilayer-water layer-anion bilayer and so 
forth. The four adeninium ions in the cationic 
bilayer form two pairs of hydrogen bonded 
dimers, connected via two N5-H ... N4 hydrogen 
bonds (see Figure 3). This type of adeninium 
dimer has been observed in other mono-proto- 
nated adenine structures." In addition to the in- 
teraction of adenine bases with one another 
through hydrogen bonding, an interaction per- 
pendicular to the layers of bases is evident,15 
which is probably of the dipole-induced dipole 
type.16 The perpendicular distance between the 
planes of the base pairs is 3.4 A, similar to that in 
[C5H5N5.HBr-0.5H20].10 In the cationic bilayer, 
all the protonated nitrogen centers of the ad- 
eninium ions form hydrogen bonds with either 
water molecules, nitrogen centers of adjacent ad- 
eninium ions, or oxygen atoms on the sulfonato 
groups of the calix[4]arene anions (see Figure 3). 
Thus, while all the protons were not located in 
the structure, the hydrogen bonding pattern is 
clearly inferred from short donor ... acceptor con- 
tacts. 
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SULFONATOCALIXARENE STRUCTURE 273 

FIGURE 2 Bilayer packing arrangement of [C,H,N,+],[p-sulfonatocalix[4]arene]14H20. The lines are least-squares best planes of 
the aromatic carbon atoms attached to the -SO,- groups.These separations are much larger than the 8.3 A and 13.7 A in the sodium 
salt of p-sulfonatocalix[4]arene 

Previously we demonstrated the similarity be- 
tween the layered structures of sulfonated calix- 
arenes and those of clay  mineral^.^ The present 
structure reinforces these similarities where the 
cationic layer has been intercalated between the 
anionic layers in the water layer. The repeat dis- 
tance in the adeninium salt, 19.1 8,, (see Figure 
2) is markedly longer than that in the sodium 
salt, 13.7 (cf 14.4-15.6 A in smectite17 and 

03D qw6 QOlD 

2.750 A I) 
I I 2.757 A 

I 

W 
,'2.765 A 02D 

FIGURE 3 Structure of one of the adeninium dimer pairs 
showing the hydrogen bonding of water molecules and sul- 
fonate oxygen atoms to protons on the N-centers. 

15.0 A in hydrated sodium vermiculite"). The 
inorganic layer in Na4[ca1ix[4]arenesulfonate]~ 
12H20 is 8.3 8, (cf9.4 8, in the hydrated 
layer of sodium vermiculite"), while in the ad- 
eninium structure, the hydrophilic layer is 14.7 
8, wide. The present structure can therefore be 
viewed as a cationically exchanged clay-like 
structure of the sodium salt where the ad- 
eninium cations have been intercalated between 
the anionic bilayers. 
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