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Introduction

The appropriate combination of several noncovalent interac-
tions, including halogen bonds,[1] can result in strong and
precise molecular recognition. In particular, because of an
anisotropic distribution of electron density around the halo-
gen nucleus, iodine atoms in iodine-containing substances
are able to participate in noncovalent interactions with elec-
tron-rich atoms or groups in a “head-on” way (Scheme 1) to
form more efficient halogen bonding in artificial[2] and bio-
logical recognition systems[3] when compared to the other
halogens. For example, I···O halogen-bonding and hydro-
phobic effects simultaneously contribute to the recognition
of thyroid hormones by their specific receptors.[3a,d,e] Elec-
tron-deficient species such as protons of hydrogen-bond
donors and metal ions can, on the other hand, also interact

with halogen atoms in organic molecules to make C�X···H�
C[4] and C�X···Mn+ bonds[5,6] in which “side-on” interactions
are often observed (Scheme 1). As hydrogen-bond accept-
ors, iodides and fluorides respectively form the weakest and
strongest noncovalent C�X···H�C interactions among the
halides. Although many examples of such hydrogen bonds
and C�X···Mn+ interactions have been reported, noncova-
lent “side-on” interactions between the electron-deficient ar-
omatic plane and the electron-rich side periphery[7] of an
iodine atom in iodinated compounds have rarely been inves-
tigated.[8] In these limited studies, “side-on” interactions be-
tween the iodine atoms and the aromatic surface of the
metal complexes were suggested. However, the noncovalent
interactions with the iodinated benzene derivatives were not
elucidated clearly enough to enable application of the “side-
on” interactions to the design of artificial receptors. We re-
cently reported the quantitative synthesis and binding prop-
erties of self-assembled bis-PtII dimer 2·4 BF4,

[9] which can
act as a synthetic receptor because of its ability to selective-
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Scheme 1. The “side-on” and “head-on” interacting regions of the iodine
atom in an iodoarene.
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ly bind to electron-rich aromatic compounds such as benze-
nediols through attractive noncovalent p–p stacking and C�
H···O interactions. The parallel arrangement of the two elec-
tron-deficient aromatic terpyridine planes in 2·4 BF4 inspired
us to utilize a similar rectangular framework for recognizing
halogenated aromatic compounds on the basis of the “side-
on” interaction mode between the PtII·ligand planes and the
halogen atoms (Scheme 2), although the binding constants

of 2·4 BF4 with chlorinated benzene derivatives were small.
To enhance these noncovalent aromatic interactions, we de-
signed and synthesized the self-assembled bis-PtII dimer
1·4 BF4 with extended p-face contact areas. The aromatic
plane of quinoACHTUNGTRENNUNG[8,7-b]ACHTUNGTRENNUNG[1,10]phenanthroline (dpya)[10–12] is
large enough to effectively interact with a variety of ben-
zene derivatives that bear small substituents such as halogen
atoms. In addition, it has been reported that a larger aro-
matic p-electron surface in some metal complexes can result
in a larger binding affinity to iodine substituents.[8] Thus, we
envisaged that the dpya-containing metallohost 14+ would
show more precise and stronger guest recognition than 24+ .
Gratifyingly, the host 14+ exhibited a surprisingly high bind-
ing affinity toward iodo-substituted benzene derivatives
such as 1,2-diiodobenzene, 2-iodophenol, and 2,6-diiodophe-
nol, which are substructures of the thyroid hormones T3 and
T4.

[13] This high binding affinity is considered to result from
a combination of several intermolecular interactions, includ-
ing “side-on” iodine···aromatic-plane and p–p stacking inter-
actions. To the best of our knowledge, this result is the first
example of an artificial receptor with high affinity toward
iodinated aromatic compounds, thereby providing an impor-

tant model for designing molecular recognition systems
based on noncovalent iodine···aromatic-plane interactions.

Results and Discussion

Quino ACHTUNGTRENNUNG[8,7-b]ACHTUNGTRENNUNG[1,10]phenanthroline (dpya)[10] is a tridentate
chelator structurally similar to 2,2’:6’,2’’-terpyridine, which

has often been employed as a
building unit for various metal-
lo-supramolecular architec-
tures[14,15] because of its strong
coordination ability to metal
ions. Since the aromatic plane
of dpya has a more extended p-
electron area than that of ter-
pyridine, metallohosts that con-
sist of dpya moieties would be
expected to show stronger and
more selective guest recogni-
tion due to various noncovalent
interactions (p–p stacking, C�
H···p, cation···p, and so on) for
which an aromatic p-electron
surface is responsible. Despite
the structural similarity to ter-
pyridine, only a few metal com-
plexes of dpya have been re-
ported.[11] In addition, no dpya
derivative has been utilized to
construct supramolecular sys-
tems to date. We predicted,
however, that with its etheno
bridging moiety to enhance
metal-binding affinities (as seen

in the differing coordination properties of 2,2’-bipyridine
and 1,10-phenanthroline[16]) dpya should also exhibit strong
coordination ability toward a PtII ion[17] to give the corre-
sponding square-planar complex.

Synthesis of self-assembled bis-PtII dimer : Ligand 6 was pre-
pared by a two-step process as outlined in Scheme 3. A pal-
ladium-catalyzed Suzuki cross-coupling reaction of 4[12a] with
the phenylboronic pinacol ester derivative 3[9] yielded 5 a,
which was partially aromatized to 5 b (detected by ESI-MS;
Figure S1 in the Supporting Information). Subsequent aro-
matization of 5 a and 5 b produced crystalline 6, which was
characterized by a variety of analytical techniques, including
NMR spectroscopy, ESI-mass spectrometry, elemental anal-
ysis, and X-ray crystallography. The single-crystal X-ray
structure shows that the nitrogen atoms (N2, N4) in ligand 6
(Figure 1) are oriented in the same direction, and the dihe-
dral angle between the plane of the terminal pyridyl ring
and the plane of the central pyridyl ring of the dpya moiety
is about 728. Compound 1·4 BF4 was quantitatively synthe-
sized by the reaction of the ligand 6 with [Pt ACHTUNGTRENNUNG(cod) ACHTUNGTRENNUNG(MeCN)2]-ACHTUNGTRENNUNG(BF4)2 (cod=cyclooctadiene) prepared in situ. The 1H NMR

Scheme 2. Design of novel metallohosts for recognition of iodoarenes on the basis of the “side-on” interaction
mode.
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spectrum of 1·4 BF4 indicated the quantitative formation of
one single symmetric species that showed significant down-
field shifts of the pyridyl protons (H8 and H9; see Scheme 2
for atom numbering) due to PtII coordination and upfield
shifts of the dpya protons (H1), which are probably attribut-
able to a shielding effect by the coordinated terminal pyridyl
ring (Figure S2 in the Supporting Information). Convincing
evidence to support the formation of dimer 62·PtII

2 (=14+)
was provided by ESI-MS analysis (m/z 352.58 for 14+ ,
499.11 for [1+BF4]

3+ , and 792.17 for [1+2 BF4]
2+ (Figure S3

in the Supporting Information).
Single crystals of the metallohost suitable for X-ray crys-

tallography were successfully obtained when the counterions
were exchanged for PF6

�. The X-ray crystallographic analy-
sis (Figure 2) revealed a rectangular dimeric self-assembled
structure that consisted of the ligand 6 and platinum(II) that

incorporates a solvent benzene
molecule inside the cavity. It is
noteworthy that the conforma-
tional geometry of the ligand
moieties in 14+ did not signifi-
cantly differ from that in the
uncomplexed 6. The angle be-
tween the ancillary pyridyl ring
and the plane of the central
pyridyl ring of the dpya moiety
in the 14+ ·benzene complex re-
mained almost unchanged
(about 748). The mean distance
between the two parallel planes
of the central pyridyl rings in
the dpya moieties is 7.05 �.
The resultant cavity is occupied
by one benzene molecule. This
clearly indicates that this bis-
PtII dimer 14+ is suitable for
recognition of planar aromatic
molecules.

Recognition of aromatic guests by 14+ and 24+ : The com-
plexation ability of 14+ with benzene derivatives in solution
was studied by 1H NMR spectroscopy. Titration experiments
in [D6]DMSO showed binding affinities of 14+ toward elec-
tron-rich benzenediols such as 1,4-benzenediol that were 8–
9 times higher than those of 24+ . It is particularly worth

Scheme 3. Synthesis of 1·4 BF4: a) [PdACHTUNGTRENNUNG(PPh3)4], K2CO3, dioxane; b) Pd/C, C6H5NO2; c) [Pt ACHTUNGTRENNUNG(cod)I2], AgBF4,
CH3CN.

Figure 1. Crystal structure of 6 with thermal ellipsoids plotted at the 20%
probability level. Hydrogen atoms are omitted for clarity.

Figure 2. Crystal structure of 14+ ·benzene with thermal ellipsoids plotted
at the 50 % probability level. Solvent molecules, PF6

� counterions, and
hydrogen atoms are omitted for clarity.
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noting that 14+ showed a surprisingly high binding affinity
toward iodinated benzene derivatives (Table 1). The
1H NMR spectra of the host 14+ upon addition of increasing
amounts of 1,2-diiodobenzene are shown in Figure 3. Con-

vincing evidence to support the formation of this host–guest
complex is a large upfield shift of the 1,2-diiodobenzene
protons (Ha and Hb in Figure 3). Job plots from the
1H NMR spectra showed the 1:1 binding stoichiometry (Fig-
ure S4 in the Supporting Information), and the formation of
the 1:1 complex was also confirmed by ESI-MS analysis
(Figure S5 in the Supporting Information). In all of the titra-
tions, the downfield shifts of the well-separated H8 pyridyl

protons have been used to determine the association con-
stants by nonlinear least-squares regression. The Ka values
of 14+ and 24+ with various guests are summarized in
Table 1. It is apparent that replacement of the terpyridine
units of 24+ by dpya building blocks significantly changed
the recognition properties. The overall binding affinity
toward planar aromatic compounds increased along with a
particularly significant difference in binding affinity toward
halogenated benzene derivatives. Compared to 24+ , the
binding affinity enhancement toward the haloarenes was at
least 20-fold. A maximum enhancement of binding of 140-
fold was observed with 1,2-diiodobenzene. It is noteworthy
that the binding affinity tendency of 14+ and 24+ toward 1,2-
diiodobenzene, 2-iodophenol, and benzene-1,2-diol is oppo-
site. The calculated electrostatic potential surfaces (Fig-
ure S6 in the Supporting Information) of the aromatic com-
pounds showed that there is an electronegative “side-on”
region around the iodine atoms that can contribute to non-
covalent interactions of the iodine atoms with the electro-
positive surfaces (vide infra) of dpya. From an electrostatic
point of view, hydroxy-substituted benzene derivatives
would form more stable complexes through p–p stacking in-
teractions with electron-poor cationic hosts because the aro-
matic guests have a significantly more negative electrostatic
potential surface over the aromatic ring than the haloarenes
(Figure S7 in the Supporting Information). The binding ten-
dency of 24+ is consistent with this hypothesis. However,
this situation is not the case in 14+ . Thus, it is reasonable to
assume that strong but different noncovalent interactions
between the large surface of dpya and the iodine atoms sig-
nificantly contribute to the observed binding strength of 14+

toward the iodobenzene derivatives. This finding is in agree-
ment with the results reported by Yamauchi and co-work-
ers.[8] They suggested that the stability enhancement is
caused by weak bonding interactions between the iodine
atom and the pyridine ring in ternary CuII p-stacked com-
plexes. Moreover, the electrostatic potential surfaces of
chlorobenzene, bromobenzene, and iodobenzene (Fig-
ure S7)[18] show that these halobenzenes have nearly the
same negative electrostatic potential over their rings. Conse-
quently, electrostatic interactions should have a similar con-
tribution to the guest binding. However, interactions be-
tween 14+ and monohalogenated benzenes increase when
switching from chloro- to bromo-, and then to iodobenzene
(Ka =114, 255, and 403 m

�1, respectively). Notably, 14+ binds
iodobenzene more strongly than phenol (Ka =257 m

�1). This
result strongly suggests the important contribution of halo-
gen···p “side-on” interactions to the binding affinity of 14+

with the iodinated benzene derivatives. In complexes of 14+

and 24+ with disubstituted benzene derivatives, the position
of the substituents of the guests also significantly affects
their binding affinity. In the series of diiodobenzenes,
ortho>meta>para selectivity was observed. The highest af-
finity of 14+ toward 1,2-diiodobenzene is likely the result of
efficient noncovalent interactions of both of the iodine
atoms with the p faces of the dpya units. The X-ray crystal
structure of the complex of 14+ with 1,2-diidodobenzene

Table 1. Association constants for various aromatic guests with 1·4BF4

(Ka,1) and 2·4 BF4 (Ka,2).[a]

Guest Ka,1 [m�1] Ka,2 [m�1] Ka,1/Ka,2

2,6-diiodophenol 35000�6000 700�20 50
1,2-diiodobenzene 21000�3000 146�10 140
2-iodophenol 16000�2000 172�3 93
1,3,5-tribromobenzene 10000�1700 102�5 98
benzene-1,4-diol 4600�300 530�30[b] 8.7
benzene-1,3-diol 3040�160 341�13[b] 8.9
1,3-diiodobenzene 2240�140 – –
benzene-1,2-diol 2200�90 243�25[b] 9.1
1,3,5-trichlorobenzene 2100�100 – –
1,4-dibromobenzene 1700�80 30�2 57
1,4-diiodobenzene 1650�90 81�5 20
1,3-dibromobenzene 1490�70 – –
1,2-dibromobenzene 1240�80 27�2 46
1,4-dichlorobenzene 890�30 20�2[b] 44
1,3-dichlorobenzene 487�13 – –
iodobenzene 403�13 – –
1,2-dichlorobenzene 298�19 11�2[b] 27
phenol 257�10 – –
bromobenzene 255�6 – –
chlorobenzene 114�6 – –
benzene 36�4 – –
1,4-difluorobenzene 18�2 – –

[a] Determined by 1H NMR spectroscopy ([D6]DMSO, 25 8C). [b] Re-
ported previously.[9]

Figure 3. 1H NMR spectral changes upon addition of 1,2-diiodobenzene
to 1·4BF4 (1 mm, [D6]DMSO, 25 8C). See Scheme 2 for proton numbering
of 14+ .
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(Figure 4) clearly shows that 1,2-diiodobenzene is deeply
buried inside the cavity. Both of the iodine atoms make van
der Waals contacts with carbon atoms of the dpya units with
the shortest interatomic C···I contact near 3.8 � (C44�I1,
C8�I2). In addition, p–p stacking interactions were found
between the host and guest aromatic rings with the shortest
interatomic contact at about 3.4 � (C77�C1, C77�C41).
Thus, the two dpya units of 14+ are no longer parallel to
each other and give a slightly tilted structure; the iodine
side of 14+ is more widely open to accommodate the two
iodine atoms. The electrostatic potential surface was deter-
mined by using theoretical calculations based on the X-ray
host structure to confirm that the inner dpya walls provide a
positively charged binding cavity (Figure 5). Interestingly,
the surface of the inner walls is more positive than that of
the outside as seen in 24+ . This result again supports the hy-
pothesis that the cavity should be suitable for arene recogni-

tion. Excellent similarity between the solution and solid-
state structures of the 14+ ·1,2-diiodobenzene complex was
supported by NOESY measurements, in which NOE corre-
lations were observed between the inner cavity protons (H6,
H7, and H8) of 14+ and the Ha protons of 1,2-diiodobenzene
(Scheme 4). Additionally, the Hb protons of 1,2-diiodoben-

zene exhibited a larger upfield shift (Dd�1.84; Figure 6)
than the Ha protons (Dd�0.83). The single-crystal X-ray dif-
fraction structure of the 14+ ·1,2-diiodobenzene complex
thoroughly elucidates the larger upfield shift, because in the
solid the Hb protons are located at the position that is most
affected by the anisotropic effect of the dpya planes.

Interestingly, compared to its selectivity for diiodoben-
zenes, the selectivity of 14+ toward benzenediols, dichloro-
benzenes, and dibromobenzenes was reversed, and a para>
meta>ortho trend was observed. This selectivity strongly
suggests that additional noncovalent interactions with inside
cavity protons such as C�H···O, C�H···Cl, and C�H···Br in-
fluence the binding of benzenediols, dichlorobenzenes, and
dibromobenzenes by 14+ . Interestingly, the para>meta>
ortho trend is more significant in the series of dichloroben-
zenes than with dibromobenzenes. This fact may suggest
that the larger bonding strength of C�H···halogen interac-
tions more effectively determines the binding selectivity.
The para>meta>ortho binding selectivity trend of 14+

toward benzenediols was also observed for the terpyridine-
based dimer 24+ , which we have previously reported.[9] We
found that the protons of 24+ inside the cavity form multiple

Figure 4. Crystal structure of 14+ ·1,2-diidodobenzene with thermal ellip-
soids plotted at the 20 % probability level. Solvent molecules, PF6

� coun-
terions, and hydrogen atoms are omitted for clarity.

Figure 5. Electrostatic potential surface of 14+ calculated by DFT
(B3LYP, 6-31G*, single-point calculation[19]) with the crystal structure of
14+ as input.

Scheme 4. Illustration of observed intermolecular NOE correlations be-
tween 14+ and 1,2-diiodobenzene.

Figure 6. 1H NMR spectrum of a mixture of 1·4BF4 and 1,2-diiodoben-
zene ([1·4BF4]=6 mm, [1,2-diiodobenzene] =3 mm, [D6]DMSO, 25 8C),
>98 % of the guest in bound form.
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C�H···O hydrogen bonds with the oxygen atoms of guest
benzenediol molecules. It is therefore reasonable to assume
that C�H···O hydrogen bonding also controls the binding of
benzenediols by 14+ . X-ray crystallographic analysis clearly
rationalized the selectivity of 14+ toward benzene-1,4-diol
(Figure 7a). In the crystal structure, the guest benzene-1,4-
diol is held inside the cavity between the two platinum-con-
taining aromatic planes. The mean distance between the two
parallel planes of the central pyridyl rings in the dpya moiet-
ies is 6.72 �, indicative of the efficient p–p stacking interac-
tions between 14+ and benzene-1,4-diol. In addition to the
parallel-displaced p–p stacking interactions, there are signif-
icant C�H···O hydrogen bonds between the sidewall protons
of the cavity of 14+ and the hydroxy oxygen atoms of ben-
zene-1,4-diol. For example, the shortest C···O distance is

3.434(11) � (C21�O1*; the H···O distance is 2.55 � and the
C�H···O angle is 155.148). The centrosymmetric crystal
structure of 14+ ·benzene-1,4-diol clearly indicates that both
hydroxy groups of benzene-1,4-diol can simultaneously in-
teract with the host sidewall with the C�H···O interaction.
On the other hand, only one of the hydroxy groups of ben-
zene-1,3- and -1,2-diols can participate in the C�H···O inter-
action because of the shorter OH�OH distances (Figure 7b
and c). This difference may account for the selectivity of 14+

toward benzene-1,4-diol among the three isomers. It should
also be noted that the highest association constant among
the investigated guests was observed for 2,6-diiodophenol.
The association constant of 35 000 m

�1 is much higher than
those of the three diiodobenzenes (1650–21 000 m

�1) or 2-io-
dophenol (16000 m

�1). This result clearly indicates that both
of the halogen atoms and the
hydroxy group contribute to the
strong binding. The X-ray struc-
ture also confirmed that 2,6-
diiodophenol is suitably sand-
wiched between the two dpya
moieties of 14+ (Figure 8). It is
well known that the 2,6-diiodo-
phenyl fragment is seen in thy-
roid hormones such as thyroxin
and triiodothyronine as well as
their precursor, diiodotyrosine.
The platinum-containing frame-
work of 14+ that bears cationic,
large p-aromatic surfaces
should therefore be potentially
useful as the binding part of a
receptor that can selectively
bind such thyroid hormone de-
rivatives.

Conclusion

Coordination of 6 to PtII quan-
titatively gave the macrocyclic
metallodimer 14+ , which
showed efficient recognition of
planar aromatic guest mole-
cules as evidenced by 1H NMR
spectroscopy and X-ray diffrac-
tion studies. The metallorecep-
tor 14+ was designed on the
basis of rational derivatization
of previously reported 24+

through the extension of the p-
recognition area. Despite their
structural similarity, a dramatic
change in selectivity toward
substituted benzene derivatives
was observed for 14+ compared
to 24+ . 1H NMR spectroscopic

Figure 7. Crystal structures of a) 14+ ·benzene-1,4-diol, b) 14+ ·benzene-1,3-diol, and c) 14+ ·benzene-1,2-diol with
thermal ellipsoids plotted at the 50% probability level. Solvent molecules, counterions, and hydrogen atoms
are omitted for clarity.
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titration revealed a high affinity of 14+ towards haloarenes,
with exceptionally large association constants for 2-iodophe-
nol (Ka =16 000 m

�1) and 1,2-diiodobenzene (Ka =

21 000 m
�1), which are 93- and 140-fold higher, respectively,

than the values obtained for 24+ . In addition, 14+ showed a
remarkably high affinity and selectivity toward 2,6-diiodo-
phenol (Ka = 35 000 m

�1), which is an important substructure
of the thyroid hormone T4. Structural analyses strongly sug-
gest that “side-on” iodine···aromatic plane interactions and
p–p stacking contribute to the strong 1,2-diiodobenzene and
2,6-diiodophenol binding. The results obtained here give
unique and valuable insight into the nature of halogen atom
interactions in their “side-on” region with an electropositive
aromatic plane, which may provide useful guidance for de-
signing artificial receptors for iodinated biomolecules.

Experimental Section

General : All of the chemicals were of reagent grade and were used as re-
ceived. The NMR spectroscopic experiments were performed using a
Bruker AVANCE400 spectrometer. [D6]DMSO was used in all the NMR
spectroscopic titration measurements as the solvent of choice due to the
low solubility of 1·4 BF4 in other common solvents. The chemical shifts
were measured from the internal TMS reference. All the NMR spectro-
scopic data were processed using the iNMR software (version 2.3.1).
Mass spectra under the conditions of electrospray ionization were record-
ed using an Applied Biosystems Qstar/Pulsar i. Elemental analyses were
performed using a Yanagimoto CHN corder MT-6. Melting points were
obtained using a Yanaco melting-point apparatus and are uncorrected.
2,6-Diiodophenol was synthesized according to the literature.[20]

Synthesis of compound 5a : Compound 4[12a] (6.69 g, 15.2 mmol), 3[9]

(4.96 g, 17.6 mmol), and tetrakis(triphenylphosphane)palladium(0)
(0.88 g, 0.76 mmol) were placed in a 250 mL round-bottomed flask. Diox-
ane (100 mL) degassed through three freeze–pump–thaw cycles and po-
tassium carbonate (5.25 g, 38.0 mmol) was added, and the resulting mix-
ture was then stirred at 80 8C for 16 h. The mixture was poured into
water and extracted with chloroform (80 mL four times). The combined
organic layer was dried over anhydrous magnesium sulfate. The solvents
were removed and the crude product was purified by column chromatog-
raphy (CHCl3/MeOH/Et3N 50:6:1) to give a mixture of 5 a and 5b (6.2 g,
about 80 %), which was used in the next step without further purifica-
tion.

Synthesis of compound 6 : The mixture of 5a and 5b (1.84 g, about
3.6 mmol), 10 % Pd/C (1.37 g), and nitrobenzene (110 mL) were placed
together into a 250 mL round-bottomed flask. The resulting mixture was
then stirred at 150 8C under argon for 3.5 h. The reaction mixture was
then cooled, the catalyst was filtered through a celite bed, and the filter
cake was washed with methanol and dichloromethane. Solvents were re-
moved under reduced pressure and the residue was subjected to column
chromatography (CHCl3/MeOH/NH3aq 50:6:0.03) on silica gel to afford 6
(1.24 g, 2.43 mmol, 68%) as a white solid. M.p. �300 8C; 1H NMR
(400 MHz, [D6]DMSO): d= 7.46 (dd, J =7.9, 4.8 Hz, 1 H), 7.61 (d, J=

7.1 Hz, 1 H), 7.64 (t, J =7.6 Hz, 1 H), 7.72 (d, J=9.2 Hz, 2H), 7.76 (d, J =

7.6 Hz, 1H), 7.86 (t, J =7.8 Hz, 1 H), 7.89–7.92 (m, 3 H), 8.01 (d, J=

9.2 Hz, 2H), 8.11 (s, 1H), 8.14 (s, 1H), 8.14–8.19 (m, 2H), 8.55–8.57 (m,
3H), 9.00 (d, J =2.1 Hz, 1 H), 9.27 ppm (d, J =3.2 Hz, 2 H); 13C NMR
(100 MHz, CDCl3): d=123.61, 123.78, 125.07, 126.18, 126.32, 126.66,
126.92, 127.04, 127.40, 128.84, 129.19, 129.38, 129.77, 134.52, 136.13,
136.42, 136.62, 138.73, 141.22, 141.25, 145.81, 146.41, 146.85, 148.39,
148.75, 150.15 ppm; ESI-MS (positive): m/z : 511 [M+H]+ ; elemental
analysis calcd (%) for C36H22N4·1.3 H2O: C 80.97, H 4.64, N 10.49; found:
C 80.87, H 4.63, N 10.12.

Synthesis of bis(m-{7- ACHTUNGTRENNUNG[3’-(3-pyridinyl-kN)(1,1’-biphenyl)-3-yl]quinoACHTUNGTRENNUNG[8,7-b]-ACHTUNGTRENNUNG[1,10]phenanthroline-kN1,kN1’,kN1’’})diplatinum(4+) tetrafluoroborate
(1·4BF4): Silver tetrafluoroborate (168 mg, 0.863 mmol) was added to a
suspension of (cycloocta-1,5-diene)diiodoplatinum(II) (230 mg,
0.413 mmol) in acetone (5 mL), and the mixture was stirred for 10 min.
Then the AgI precipitate was removed by filtration, and the solvent was
evaporated. The obtained residue was dissolved in acetonitrile (10 mL)
and then added to a solution of 6 (109 mg, 0.213 mmol) in acetonitrile
(70 mL). The reaction mixture was stirred at room temperature for
3 days. The solvents were evaporated to dryness, and the residue was
treated with acetone. The yellow solid was filtered off, washed with
water, then acetone, and dried in vacuum to afford 1·4 BF4 (185 mg,
0.0918 mmol, 86%). 1H NMR (400 MHz, [D6]DMSO): d =7.84 (d, J=

7.6 Hz, 2 H), 7.89 (d, J= 9.4 Hz, 4H), 7.90 (t, J=7.9 Hz, 2 H), 7.94 (s,
2H), 7.99 (t, J =7.6 Hz, 2 H), 8.03 (s, 2H), 8.08 (dd, J =8.2, 5.3 Hz, 4H),
8.08 (d, J =7.9 Hz, 2H), 8.13 (J=7.9 Hz, 2 H), 8.13 (dd, J =8.4, 5.1 Hz,
2H), 8.20 (d, J =9.4 Hz, 4H), 8.20 (d, J =7.6 Hz, 2 H), 8.41 (d, J =5.3 Hz,
4H), 8.81 (dt, J= 8.4, 1.5 Hz, 2H), 8.98 (d, J= 8.1 Hz, 4H), 9.33 (d, J=

5.1 Hz, 2H), 9.52 ppm (d, J =1.3 Hz, 2H); 13C NMR (100 MHz,
[D6]DMSO): d= 126.21, 126.55, 127.19, 127.42, 128.22, 128.48, 128.86,
129.09, 129.35, 129.43, 129.56, 130.36, 130.70, 132.18, 132.51, 135.48,
139.14, 139.51, 140.11, 140.73, 141.64, 144.43, 149.89, 151.04, 151.48,
154.36 ppm; ESI-MS (positive): m/z : 352.58 [14+]; elemental analysis
calcd (%) for C72H44B4F16N8Pt2·CH3CN·1.8 CHCl3: C 45.19, H 2.44, N
6.26; found: C 45.19, H 2.65, N 6.40.
1H NMR spectroscopic titration : For each complex, 11 samples were pre-
pared with an increasing guest/host ratio. For each one, a stock solution
(250 mL) of host (4 mm) was mixed with a varying amount of a stock solu-
tion of guest, and the volume was adjusted to 500 mL. All 1H NMR spec-
troscopic titration measurements were performed at least twice and were
carried out at 25 8C (controlled by the temperature-control system of the
NMR spectrometer).

X-ray structure determination : Single crystals of 6 suitable for X-ray
crystallography were obtained by the slow diffusion of diethyl ether into
a solution of 6 in dichloromethane. Single crystals of 1·4 PF6·benzene
complex were obtained by the slow diffusion of benzene into a solution

Figure 8. Crystal structure of 14+ ·2,6-diiodophenol with thermal ellipsoids
plotted at the 20% probability level. Solvent molecules, PF6

� counter-
ions, and hydrogen atoms are omitted for clarity.
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of 1·4BF4 in DMSO that contained 50 equiv of nBu4N·PF6. Single crystals
of the host–guest complexes of 14+ were obtained by the slow diffusion
of benzene into a mixture of 1·4 BF4, guest, and 50 equiv of nBu4N·PF6 in
DMSO. The X-ray diffraction intensities were collected with MoKa radia-
tion (l =0.71069 �) at 120 K by using a Rigaku R-AXIS RAPID diffrac-
tometer. The reflection data were corrected for Lorentz and polarization
factors, and for absorption using the multiscan method. The structure was
solved by Patterson methods (DIRDIF 99[21]) and refined by full-matrix
least-squares on F2 by using all the data (SHELXL 97[22]). The crystallo-
graphic data are summarized in Tables 2, 3, and 4.

CCDC-827322 (1·4PF6·4DMSO·5C6H6), CCDC-827323 (1·2PF6·2BF4·1,2-
C6H4(OH)2·8DMSO·2C6H6), CCDC-827324 (1·4PF6·1,2-
C6H4I2·1.4DMSO·6.6C6H6), CCDC-827325
(1·4PF6·2.33 C6H3I2OH·0.33 C6H6·2DMSO), CCDC-827326 (1·4PF6·1,4-
C6H4(OH)2·4DMSO·5C6H6), CCDC-827327 (1·4PF6·1,3-

C6H4(OH)2·6DMSO·3C6H6), and CCDC-827328 (6) contain the supple-
mentary crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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Table 3. Crystallographic data (continued).
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