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Host-Guest Complex Formation between a
Water-Soluble Polyparacyclophane and a
Hydrophobic Guest Molecule

Sir:

The design of water-soluble host compounds which have a
hydrophobic cavity of definite shape and size is of great interest
in relation to substrate-specific binding in aqueous solution.
Of these host compounds, cycloamyloses (native and modified)
have been most widely studied and thoroughly reviewed.!
Recently another class of compounds, water-soluble paracy-
clophanes, in which aromatic ring(s) and methylene units are
expected to compose a hydrophobic cavity, have drawn at-
tention as artificial host compounds.2:3

Although several spectral studies?4233-¢ have suggested that
they form inclusion complexes with hydrophobic substrates
in aqueous solution, there has not been direct evidence for
“inclusion”. We report here the first example of a crystalline
complex of a water-soluble paracyclophane with a hydrophobic
substrate, which was isolated from an aqueous solution and
characterized as an inclusion complex by the X-ray
method.

1,6,20,25-Tetraaza[6.1.6.1]paracyclophane (2b) was de-
signed as a host compound and synthesized employing the
known method.* Equimolar amounts of N,N’-ditosyl-4,4’-
diaminodiphenylmethane’® (1) and tetramethylene bromide
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Figure 1. Perspective view of the host-guest complex of 2b-4HCI with
durene drawn by the ORTEP program.

were cyclized in DMF in the presence of potassium carbonate
by high-dilution method to give 2a,52 dec pt 305-306 °C, in
25% yield. Detosylation of 2a gave 2b,6 mp 182.5-184 °C dec,
in 67% yield after purification. The cyclic structure was con-
firmed on the basis of the mass spectra of 2b and further of
2¢,62¢ mp 292-293 °C dec, which was obtained from 2b in
almost quantitative yield.

e R 7 H
NH N-(CH,) ;=N N-CHy
S epe O o
o % @) © ©
Ny In DMF N-(CH,) , -N N-CH
{ 1 2/4 ; H 3
Ts R R
1 2a R = Ts 3
25 R = H
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As 2b was soluble in water below pH 2, the interactions of
2b with various substrates having hydrophobic moieties were
investigated in acidic aqueous solution. The fluorescence in-
tensity of 1-anilinonaphthalene-8-sulfonate (1,8-ANS) was
markedly enhanced in the presence of 2b,7 suggesting that
1,8-ANS was transferred into a nonpolar environment and /or
subjected to a conformational change® by 2b. The Benesi-
Hildebrand plot® of the fluorescence intensity gave a straight
line which indicated 2b and 1,8-ANS formed a 1:1 complex
with a dissociation constant of 1.6 X 1074 M, comparable with
other complexes from the known water-soluble paracyclo-
phanes.!® In the 'H NMR spectrum the signals of 2,7-dihy-
droxynaphthalene moved upfield remarkably in the presence
of 2b;!112 this can be ascribed to a very strong shielding effect
of the aromatic rings of 2b. On the other hand the acyclic
reference compound 3!3 showed only a small effect in both the
fluorescence and 'H NMR spectra.!'# These spectral data
suggest that 2b and the substrates are in an intimate contact
that does not occur without the cyclic structure of 2b. Inclusion
within the cavity of 2b is considered to be a possible way of
contact.

Furthermore 2b formed crystalline complexes from aqueous
solution with a variety of substrates having hydrophobic
moieties, ¢.g., 1,3-dihydroxynaphthalene, 2,7-dihydroxy-
naphthalene, naphthalene, p-xylene, and durene.!S When
durene (1,2,4,5-tetramethylbenzene) was used as the substrate,
the 1:1 crystalline complex which was characterized as 2b.
4HCl-durene-4H,0'¢ was successfully obtained, and its
structure was determined by the X-ray method. Crystal data:
monoclinic; space group P2y/n; a = 14.552 (7), b = 22.582
(12), ¢ = 7.238 (4) A; 8 = 97.23 (4)°; ¥ = 2359.6 A%, Z = 2.
The crystal structure was solved by the direct method and re-
fined by the method of block-diagonal least-squares to the final
R factor of 0.065 for 3910 nonzero, independent reflections
obtained by using graphite monochromated Cu Ko radia-
tion.

As shown in Figure 1, 2b-4HC! and durene form a host-
guest complex'” in which the guest molecule, durene, is fully
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included within the cavity of the host molecule 2b-4HCI. The
whole 1:1 complex sits on a center of symmetry, which means
that the guest molecule is located exactly at the middle of the
cavity.!® The conformation of the host molecule is as follows.
The four benzene rings are perpendicular to the mean plane
of the macroring (“face” conformation!®20), and the bridging
chain moieties take the trans-planar conformation except for
the gauche conformation about the N(1)-C(2) and N(20)-
C(21) bonds. As a result a cavity is formed which has rectan-
gularly shaped open ends (~3.5 X 7.9 A)2! and a depth of 6.5
A. The mode of inclusion of the guest molecule is as follows.
As expected the benzene ring. fits well with the cavity, being
nearly parallel to the inner wall, and the methyl groups which
are oriented to the outside protrude partly from the cavity. The
closest contacts between the host and guest molecules (<3.80
A) are shown in Figure 1 with dotted lines. Since durene is a
nonpolar substrate and the complex was obtained from aqueous
solution, it is indicated that hydrophobic interaction plays an
important role and that polar interactions (i.e., electrostatic
interaction and hydrogen bonding) do not participate in the
complex formation between 2b-4HCl and durene.

On the basis of the direct evidence of 1:1 inclusion described
above, water-soluble paracyclophanes will be generally useful
to trap and fix nonpolar substrates of definite shape and size
in aqueous solution. Modification of the nature of the cavity
and introduction of functional groups are now in progress.

Supplementary Material Available: Perspective view of host-guest
complex with atomic numbering, positional parameters, thermal
parameters, F(obsd)-F(calcd), bond distances, and bond angles of
2b.4HCl.durene-4H,0 (25 pages). Ordering information is given on
any current masthead page.
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Inorganic Pyrophosphate Is Released from
2'-Chloro-2'-deoxyuridine 5'-Diphosphate by
Ribonucleoside Diphosphate Reductase

Sir:

Ribonucleoside diphosphate reductase (RDPR) (E.C.
1.17.4.1) catalyzes the reduction of ribonucleoside 5’-di-
phosphates to the corresponding 2’-deoxyribonucleotides (eq
1). This enzyme has been purified to homogeneity by Eriksson
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and co-workers! and consists of two nonidentical subunits B1
and B2 which form an active (1:1) complex in the presence of
magnesium ions.2 Protein Bl (mol wt, 160 000 daltons), a
dimer of the general structure «er’,! contains active thiols and
the binding sites for the nucleoside diphosphate substrates and
the nucleoside triphosphate allosteric regulators. Protein B2
(mol wt, 78 000 daltons), a dimer of general structure 88,
contains two antiferromagnetically coupled Fe(I11)’s and an
unusual tyrosine radical essential for activity.? Recently,
Thelander and co-workers? reported that 2’-chloro-2’-deoxy-
nucleoside 5’-diphosphates in the presence of the reductase did
not undergo the normal reduction sequence, but instead was
degraded to chloride ion, free base (e.g., uracil), and a phos-
phosugar tentatively identified as 2-deoxyribose S-diphosphate.
In addition, inactivation of Bl was observed accompanied by
modification of several thiol groups. We felt that the elucida-
tion of the mechanism of this enzyme-catalyzed degradation
required the absolute identification of this phosphosugar. We
report that in our hands inorganic pyrophosphate is quanti-
tatively liberated from 2’-chloro-2’-deoxyuridine 5’-diphos-
phate by the action of the reductase. This finding demonstrates
a remarkable loss of all substituents from the ribose moiety and
has important mechanistic implications.

Incubation of 2.6 umol of [5-32P]-2’-chloro-2’-deoxyuridine
5’-diphosphate (12 000 cpm/umol) with RDPR in the pres-
ence of the positive effector dTTP afforded >80% uracil for-
mation.* Chromatography on DEAE Sephadex resulted in the
isolation of 2.2 umol of an unknown diphosphate.> '"H NMR
analysis of this material using a Briiker 270-MHz Fourier
transform spectrometer revealed small amounts of contami-
nants which were present in the starting material. The amazing
feature of this spectrum was the lack of any new protons in the
anomeric sugar region, the 2-deoxy region, or the 5-hydroxy-
methylphosphate region. These findings suggested the possi-
bility that inorganic pyrophosphate was the product. Analysis
by 3'P NMR (Figure 1) revealed a singlet at —7.7 ppm which
was in agreement with a known sample of tetrasodium pyro-
phosphate in the same buffer.

Since the assignment of the presumed phosphosugar by
Thelander and co-workers? was based on chromatography on
polyethyleneimine (PEI) and Whatman 3 MM paper, we
compared our unknown diphosphate with authentic [32P]-
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