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Self-assembly architecture of bis(guanidiniums) receptors incor-
porated by sulfate anions in single crystals
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A novel bis( guanidiniums) receptor for the catalytic cleavage
of phosphosdiester was prepared and self-assembly architec-
ture through hydrogen bonds and electrdstatic interactions a-
mong the bis(guanidiniums) receptor, the sulfate anion and
water molecule was revealed by X-ray crystallographic analy-
sis,
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Molecular self-assembly is ubiquitous in biological
systems and underlies the formation of a wide variety of
complex biological structures. The application of natural
self-assembly phenomena to artificial systems has led to
the concept of supramolecular self-assembly! and
achieved a variety of novel supramolecular self-assembly
aggregates such as double helices, rods, girds, tubes,
cages, catenanes and interlocked systems.? In the
supramolecular self-assembly systems, hydrogen bonds®
or metal cation coordinate bonds* were very frequently
recognized as intermolecular weak bonds. However, the
self-assembly systems incorporated by the anions have so
far received comparatively little attention.

The guanidinium group is a component of the argi-
nine residue in proteins, which has an important func-

tion in biological systems. The guanidinium group re-’

mains protonated over a much wider range of pH than the
ammonium group due to its much higher pK (13.5) val-
ue.’ Therefore, guanidinium derivatives have been suc-
cessfully employed for the molecular recognition of the
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anions, such as carboxylate (amino acids),%’ phosphate
(nucleotides )®° and sulfate’®'! vig hydrogen bonding
and electrostatic interactions. Especially, a number of
bis( guanidiniums) receptors have been synthesized and
used to mimic the enzyme staphylococcal nuclease (SN)
in the past decade.'? However, the crystal structures of
bis( guanidiniums) receptors have not been reported so
far.

Recently, we prepared® a novel bis( guanidiniums)
receptor from the reaction of S-methylisothiourea sulfate
with 4-methyl 1, 3-bis ( aminomethyl ) phenol dihy-
drochloride (Scheme 1) which was available from 4-
methyl phenol through a 3 step reaction.'* Compound 1:
m.p. 308—309°C. NMR, IR and elemental analysis
data of compound 1 are in accord with the assigned
structure . > The dichloride salt of the bis( guanidiniums)
receptor was also obtained by means of adding barium
chloride to the dilute solution of 1 and removing the pre-
cipitated barium sulfate. The primary experiment also
showed that the dichloride salt of the bis(guanidiniums)
receptor is suitable for the catalytic cleavage of phospho-
sdiester ( bis ( 4-nitrophenyl ) phosphate, as a simple
model of DNA and RNA) in the solution of water-ace-
tonitrile, which caused the increase of the reaction rate
by about 300-fold. Evaporating the dilute aqueous solu-
tion of the pure 1 gave orange single crystals which were
subject to X-ray crystallographic structure analysis. 6

ORTEP view of compound 1 with one water
molecule is given in Fig. 1. Selected bond lengths and
bond angles are summarized in Table 1. In the two
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guanidinium groups, the nearly equivalent C—N bond
lengths indicate that the electron density is essentially
delocalized. The average C—N length is 0. 1343 nm and
the average N-C-N bond angle is 120°, which are close
to the theoretical values.!” In the crystal, the two guani-
dinium group planes make a dihedral angle of 87.9° and
the dihedral angles between the guanidinium group and
phenyl ring plane are 90.3° and 92.1°, respectively.
Therefore these three planes are perpendicular to each
other. The conformation of the receptor molecule is sta-
bilized by an intramolecular hydrogen bond between the
oxygen atom O(1) of the phenol group and N(2)—H
(N(2)---0(1), 0.3143 nm, N(2)-H---0(1),159.8°)
as well as intermolecular hydrogen bond and electrostatic
interactions . -

Hydrogen bonding interactions provide the major
driving force for self-assembly. In the crystal, sulfate
anions and water molecules are connected with each oth-
er to form the chains along b axis by hydrogen bonds
(Fig. 2). For each water molecule, besides the two hy-
drogen bonds with sulfate anion, the two lone electron
pairs of oxygen atom O(6) form two additional hydrogen
bonds with the guanidinium group and phenol hydroxy
group respectively (0(6)---N(2), 0.3011 nm; O(6)
---H-N(2), 153.5°; 0(6)---0(1), 0.2856 nm; O(6)
---H-0(1), 155.3°). Therefore, the water molecules
form tetrahedral hydrogen bonding network just as they
do in ice. For sulfate anion, besides two hydrogen bonds
with water, eight others are formed between the oxygen
atoms and N—H of the guanidinium groups and so all
N—H of guanidinium groups are invoved in the hydrogen
bonds with the oxygen atoms of water molecule, sulfate
anion or phenol group respectively (Table 2). There-
fore, the whole hydrogen bonding network is formed via
the sulfate-water chains (Fig. 3) due to the tetrahedral
structure of the sulfate oxoanions.

Electrostatic interactions also play a role in self-as-
sembly. Positively-charged guanidinium cations are situ-
ated in proximity to negatively-charged sulfate oxoanions
(Fig. 3). It is also notable that the p-methyl phenol
rings are in anti-parallel arrangement along the a axis.
The distance between the adjacent aromatic rings is
0.336 nm which falls within the distance range of x-7
stacking interaction.'® Therefore, arene-arene stacking
interaction is also an important non-covalent force in this

self-assembly.

Scheme 1 Synthesis of the bis(guanidiniums) receptor
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Fig. 1 ORTEP view of the compound 1 including one water

molecule with the atomic numbering system.

Table 1 Selected bond lengths (nm) and bond angles(°)

S(1)—0(2) 0.1460(2) 0(2)-8(1)-0(4) 110.3(1)
S(1)—0(4) 0.1484(2)  0(2)-5(1)-0(3) 110.7(1)
S(1)—0(3) 0.1494(2)  0(4)-5(1)-0(3) 108.3(1)
S(1)—0(5) 0.1505(2) 0(2)-8(1)-0(5) 109.2(1)
0(4)-5(1)-0(5) 108.3(1)
0(3)-5(1)-0(5) 110.0(1)
N(2)-C(9)-N(3) 122.0(3)
N(2)-C(9)-N(1) 118.9(3)
N(3)-C(9)-N(1) 119.2(3)
N(6)-C(11)-N(4) 120.8(2)
N(6)-C(11)-N(5) 118.2(2)
N(4)-C(11)-N(5) 121.0(2)

N(1)—C(9) 0.1353(4)
N(2)—C(9) 0.1327(4)
N(3)—C(9) 0.1343(4)
N(4)—C(11) 0.1350(3)
N(5)—C(11) 0.1364(4)
N(6)—C(11) 0.1325(3)
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Fig. 2 A chain of sulfate oxoanions viz water molecules and the oxygen atoms O(1) of phenol group.
Hydrogen atoms are omitted for clarity.

Fig. 3 Packing diagram viewed from the a axis (Hydrogen atoms are omitted for clarity) .

Table 2 Hydrogen bonds for the guanidinium groups tween guanidinium cations and sulfate anions as well as
D—H--A d(D---A)(nm) /D-H---A(°) arene-arene stacking interaction.
N(1)—H---0(5) #1 0.3017 142.1
N(1)—H---0(5) #2 0.2929 166.9 References and notes
N(2)—H---0(1) #3 0.3143 159.8
N(2)—H--0(6) # 4 0.3011 153.5
N(3)—H--0(3) #2 0.2897 171.8 1. a) Lehn, J.-M., Angew. Chem. Iu. Ed. Engl., 27,
N(4)—H---0(4) #5 0.3052 160.0 89(1988) .
N(4)—H---0(2) #3 0.2909 140.6 b) Lawrence, D.S.; Jiang, T.; Levett, M., Chem.
N(5)—H--0(4) #6 0.2917 156.1 Rev., 95, 2229(1995).
N(6)—H---0(3) #5 0.2897 168.0 2. a) Fyfe, M.C.T.; Stoddart, J.F., Accounts Chem. Re-
N(6)—H--0(5) #6 0.2938 161.0 search, 30, 393(1997).
Symmetry operators: # 1, x +1, - y+ 1/2, 2-1/2; #2, b) Conn, M.M.; Rebek, Jr. J., Chem. Rev., 97, 1647
-x+1, y-172, —z2+1/2; #3, x, y, z; #4, x+1, v, (1997).
z; #5, %, —y+1/72, 2+1/2; #6, x+1, -y+1/2, z+ 3. a) Fredericks, J.R.; Hamilton, A.D., in “ Comprehensive
172. Supramolecular Chemistry”, Vol. 9, Eds. Lehn, J.-M.;
Sauvage, J.-P.; Hossein, M.W., Pergamon, New York,
In conclusion, the bis(guanidiniums) receptors are 1996, p. 565.
spontaneously self-assembled along the sulfate anion-wa- b) Jolliffe, K. A.; Calama, M.C.; Fokkens, R.; Nib-
ter chains. The driving forces come from the formation of bering, N.M.M.; Timmerman, P.; Reinhoudt, D.N.,

hydrogen bonding network, electrostatic interactions be- Angew. Chem. Int. Ed. Engl., 37, 1247(1998).
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