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intrinsically defect-free 2D architectures
featuring a long-range order.[5–11] The
structural and functional properties of
the final supramolecular assemblies result
from the assembling information stored in
the molecular components, which are
dictated by the interplay of both geometrical and conformational constraints, and
by the presence of complementary recognition end-groups. To this end it is therefore vital to use shape-persistent molecular
modules dictating well-defined geometries
to the supramolecular ensemble. Hitherto
a large variety of interactions have been
employed in order to hold together
molecular modules forming targeted selfassembled mono-component architectures at surfaces including
dipolar forces,[12–17] coordination bonds,[18–24] H-bonds,[25–39]
and more recently covalent interactions.[40–44] Among the
proposed approaches, the use of H-bonding[45] is very promising
since this type of interaction features very high directionality and
selectivity, along with a reversible character, providing access to a
vast variety of sophisticated functional assemblies and materials
barely accessible through conventional covalent synthesis. To this
end, the self-association between pre-programmed moieties
attached to the peripheral sites of the molecular modules has
been extensively employed.[5–11,46] Alongside mono-component
assemblies, complementary recognizing moieties forming hybrid
H-bonds have been also used to strengthen the hetero-molecular
junctions assembling asymmetric molecular units. By adopting
this strategy, it is possible to form numerous 2D multicomponent monolayers as porous networks,[11,46] such as those
composed by perylene tetracarboxylic di-imide (PTCDI),[47]
cyanuric acid[48] or bis-functionalized uracyl[49] mixed with
melamine, bi-component wires and ribbons from conjugated
molecular modules,[50] intermixed monolayers containing trimesic acid (TMA) and 1-undecanol,[51] or DNA bases,[52] and finally
discrete complexes based on isophthalic acids[41] or perylene
dyes.[53]
Here we report on the use of specific complementary
H-bonding units selected for their ability to form three parallel
(i.e., triple), yet reversible, H-bonds. To accomplish this goal we
have chosen conformationally-rigid p-conjugated molecules
exposing 2,6-di(acetylamino)pyridine or uracil recognition endgroups.[54–56] We provide unambiguous evidence that the accurate
design of the multivalent molecular building blocks allows the
versatile generation of complex and discrete assemblies, such as
dimers and pentamers, featuring a controlled geometry. These

Here, the formation of discrete supramolecular mono- and bi-component
architectures from novel and multivalent molecular modules bearing
complementary recognition moieties that are prone to undergo multiple
H-bonds, such as 2,6-di(acetylamino)pyridine and uracil residues, is
described. These nanostructured H-bonded arrays, including dimeric and
pentameric species, are thoroughly characterized in solution by NMR, in the
solid state by FT-IR, and at the solid–liquid interface by means of scanning
tunneling microscopy. The employed strategy is extremely versatile as it relies
on the tuning of the valency, size, and geometry of the molecular modules;
thus, it may be of interest for the bottom-up fabrication of nanostructured
functional materials with sub-nanometer precision.

1. Introduction
Nanostructured materials with tailor-made properties and
functions can be developed by exploiting the supramolecular
approach through molecular recognition.[1–4] In fact, the
hierarchical self-assembly of multivalent molecular modules
through the concerted action of multiple non-covalent interactions represents a very powerful approach as it makes possible the
simultaneous organization of various molecular systems into
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assemblies have been thoroughly characterized
in solution by 1H NMR, in the solid state by FTIR, and at the solid–liquid interface by in situ
scanning tunneling microscopy (STM) studies.

2. Synthesis and Assembling
Behavior in Solution
The design of organic-based functional patterns relies on the development of new Scheme 1. Synthesis of H-bonding recognition modules. Reagents and conditions: a) KOH,
methodologies to predictably assemble pro- MeOH, RT, 40 min; b) 1-bromo-3,4,5-tri(dodecyloxy)benzene, [Pd(OAc)2], CuI, PPh3, i-Pr2NH,
grammed molecular modules via directional THF, 85 8C, 12 h; c) 9-ethynyl-anthracene, [Pd(OAc)2], CuI, PPh3, i-Pr2NH, THF, 12 h;
non-covalent interactions.[57] As shown in d) [Pd(PPh3)2Cl2], CuI, Et3N, toluene, TMSA. Ac2O ¼ acetic anhydride; TMSA ¼ trimethylsilyl acetyFigure 1, our strategy involved the synthesis lene; i-Pr2NH ¼ diisopropylamine.
of multivalent molecular modules (molecules
We have thus decided to functionalize the recognition units
1–3) that expose at their peripheries complementary recognition
with alkyl chains in order to facilitate their investigation both in
sites incorporating H-bonding donor and acceptor moieties. In
solution and at the solid–liquid interface and also with aromatic
particular, aiming at mimicking the complementary base pairing
units to provide optical properties to the systems. The different
of the DNA structure, we have engineered molecular modules
modules (1–3) bearing complementary H-bonding moieties used
featuring 2,6-di(acetylamino)pyridine moieties for the selective
in our study are outlined in Figure 1. Molecules 2 and 3 feature
and reversible recognition of uracil-bearing derivatives.[55,60,61]
one and four terminal uracil moieties, respectively, which are
Specifically, the hetero-molecular recognition between these
connected to a central aromatic ring through a rigid ethynyl
units is mediated via triple H-bonds established between the
spacer. Molecule 1, which is terminated with a 3,4,5-tri(dodecyloxy)
NH–N–NH (DAD) functions of the 2,6-di(acetylamino)pyridines
benzene group, bears one 2,6-di(acetylamino)pyridyl moiety and
and the CO–NH–CO (ADA) imidic groups of the uracil
thus acts as a complementary unit toward the complexation of
derivatives. Notably, the amide groups in 2,6-di(acetylamino)pyrmodules 2 and 3.
idyl functions prefer to adopt a trans conformation, with the
Tetratopic 1,3,6,8-tetrakis[(1-hexylurac-6-yl)ethynyl]pyrene 3,
carbonyl anti oriented to the pyridine nitrogen, preventing
1-hexyl-6-iodouracil 6 and ethynyl derivatives, 4 and 5, were
the formation of dimeric (1)2 species due to strong repulsive
synthesized following the protocol recently developed by us.[58,59]
secondary electrostatic interactions. The uracil residues
All assembling molecular modules have been synthesized by
conversely, can self-associate forming weakly-bonded homoSonogashira-type cross-coupling reactions[63] starting from the
molecular species (Ka < 10 M1) such as (2)2 (see dimer geometry
[62]
respective
ethynyl derivatives (Scheme 1). Pd-catalyzed crossin Fig. 1a).
coupling reaction between 1-bromo-3,4,5-tri(dodecyloxy)benzene[64] and ethynyl-pyridine 5
in the presence of copper iodide and
[Pd(PPh3)4] afforded molecular module 1.
The presence of long aliphatic chains endows
the assembling modules with high solubility
and enhanced affinity for highly ordered
pyrolytic graphite (HOPG) surfaces.[65,66]
Direct Sonogashira-type coupling of iodouracil 6 with 9-ethynylanthracene (synthesized
following a slightly modified procedure than
that reported by Dang and Garcia Garibay)[67]
and TMSA gave uracil-anthracene and ethynyluracil derivatives 2 and 7, respectively. All
compound structures were assessed by ESI
mass-spectrometry, 1H- and 13C-NMR, UVVIS, and IR spectroscopy.
Since the aromatic groups attached to the
recognition moieties could strongly influence
their self-assembly behavior (i.e., the Ka), we
investigated the association properties of comFigure 1. Chemical structures of the molecular modules bearing complementary H-bonding
recognition sites investigated in this work. Molecule 3 was synthesized according to recently plementary silylated precursors 4 and 7 ([47])
developed synthetic protocols [58, 59]. a) One of the three possible homo-association geometries and of silylated precursor 4 with 1-hexyl-6between two uracil end-groups and b) hetero-association geometry between di(acetylamino)- [(anthracen-9-yl)ethynyl]uracil 2 ([42]). Finally,
the complexation between the complementary
pyridine and uracil residues.
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Complex
4 þ 7 , [47]
4 þ 2 , [42]
1 þ 2 , [12]

Stoichiometry

Ka [MS1]

SDG- [kJ molS1]

1:1
1:1
1:1

8.94  102
2.01  103
1.21  103

16.6
18.7
17.4

pair 1 and 2 ([12]) was also studied. The complexes were
characterized in CDCl3 by means of 1H-NMR-based titrations
and Job plots to determine the association strength and the
assembly stoichiometry, respectively (Table 1; also see the titration
curves and Job plots in the Supporting Information). For the three
binary supramolecular systems, the Job plots showed a 1:1 binding
stoichiometry. For the titration studies the concentration of the
host (uracil derivatives) was kept constant (5 mM) and the change of
the chemical shift of the imide N–H protons has been recorded as a
function of the increase of the guest concentration (i.e., the 2,6di(acetylamino)pyridine derivatives). As expected, a significant
downfield shift of the imidic protons due to the complexation of the
uracil was observed. The association constants were extrapolated
from the binding isotherms as created from the NMRTit HG
software for the Apple Mac OS X operating system.[68] The
associations constant values (Table 1), 8.94  102 for [47],
2.01  103 for [42], and 1.21  103 for [12], revealed to be in
the same order as those reported in literature for similar
systems,[55,60,69] suggesting that the functionalization of the uracil
and of the 2,6-di(acetylamino)pyridyl groups did not alter the
H-bonding recognition properties.

3. IR Measurements

mixing an equimolar solution of molecules 1 and 2 followed by
solvent evaporation. The spectra were recorded by mixing the asobtained powder with KBr. Figure 2 reveals that the [12] dimer
spectrum is not the spectral sum of its constituents 1þ2, but
essential differences appear in the typical H-bond perturbed
regions. Figure 2b displays the N–H and C–H stretch region in
detail. The peaks at 2 800–2 900 cm1, corresponding to C–H
stretching vibrations,[73] remain unaffected upon the formation of
the H-bonding interactions. The full spectra of all materials are
shown in the Supporting Information. In contrast, the peaks
between 3 000 and 3 500 cm1 are strongly perturbed. The
spectral sum of 1 and 2 features homo-molecular H-bonds typical
of (2)2, as evidenced from the peaks at 3 039 and 3 082 cm1.
The peak at 3 465 cm1 can be assigned to the stretching
frequency of the H-bond free N–H groups existing in 2,6di(acetylamino)pyridine moiety (1). This frequency is comparable
to that found in the vapor phase spectra of 2-aminopyridine[75]
and matrix isolation spectra of thymine.[76] In dimer [12], this
feature disappears completely. The features located at 3 039 and
3 082 cm1 are also missing in the spectra of the supramolecular
dimer, ruling out any significant homo-molecular H-bonding in
the powders. In contrast, new features appear at typical N–H
stretch modes,[77] i.e., those at 3 070, 3 224, and 3 283 cm1. These
modes are redshifted when compared to the H-bond free N–H
frequency of the 2,6-(diacetylamino)pyridine moiety at
3 465 cm1, providing evidences for the formation of H-bonds.[78]
Thus the as-formed hetero-molecular dimer [12] appears as
having all three nitrogen atoms bridged through H-bonds
(Fig. 1b).
The region between 1 200 and 1 700 cm1, typical of skeletal
vibrations, C –
– O stretching and N–H in-plane bending modes can
be analyzed along the same lines (Fig. 2a). We have indicated in
the figure the unique modes of the constituents and of the
complex. The temperature-dependent spectra of dimer [12]
detailed in Figure 3 prove that the peaks at 1 210, 1 329, 1 464,
1 501, 1 581, and 1 690 cm1 are considerably affected by the
H-bonds. Among these, three peaks (positioned at 1 214, 1 464,
and 1 501 cm1) coincide with the features assigned by
Rozenberg et al. to the uracilic vibrations with major contributions from N–H in-plane bending modes,[79] and one (located at
1 690 cm1) with the uracilic C –
– O stretching as reported by
Barnes et al.[73] This further confirms the formation of three
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Table 1. Calculated stoichiometries and association constants (Ka) for the
H-bonded dimers in CDCl3 at 295 K. The reported values are the average of
at least two consecutive experiments.

Vibrational spectroscopy is an established method to detect and
measure H-bond strengths.[70,71] H-bonds can be sensitively
detected in the infrared absorption region, either by directly
measuring the vibrations of the H-bonds in the far IR,[72] or by their
effect in the N–H and C –– O stretching regions of the spectra.[73] The
unambiguous assignment of the hetero-molecular H-bond-related
features is not straightforward, due to the complexity of the systems
under study, in particular given that molecule 2 forms a dimer
through homo-molecular association in the solid-state and in
solution. Such homo-molecular dimers exhibit
similar vibrations to those of the heteromolecular complexes. However, the vibrational
modes can be determined exactly: i) upon
comparison of the differences in the spectra of
the starting materials and those of the H-bonded
adducts and ii) from variable temperature
spectra, because at high temperatures (120–
150 8C) the H-bonds become weaker or entirely
disrupted.[74]
Although the 2,6-di(acetylamino)pyridineuracil pair has been extensively used for the
formation of supramolecular polymers,[54–56]
only a limited number of reports deal with Figure 2. a) Mid-frequency-range IR spectra of dimer [12] (black) and of the sum 1þ2 (red) of the
spectroscopic investigations in the IR region separated molecular constituents. b) IR spectra in the N–H and C–H stretching region of dimer
for such hetero-molecular dimers.[62] The [12] (black) and the sum 1þ2 (red) of its separated molecular constituents. All spectra were
supramolecular dimer [12] was prepared by recorded on powders ground in KBr pellets at RT.
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Figure 3. Mid-frequency spectrum and its dependence on the temperature
for dimer [12] in KBr pellets. Inset: peak intensity of the 1 690 cm–1 mode
as a function of the temperature.

parallel H-bonds between molecules 1 and 2. As discussed by
Iogansen,[78] the intensities of the vibrational bands are correlated
to the strength of the H-bonds. The inset of Figure 3 shows the
intensity of the 1 690 cm1 peak as a function of temperature; as
expected, profound changes in the typical temperature range
(between 120 and 150 8C) of H-bond weakening occur.[74]
Figure 4 summarizes the H-bond related structures in the IR
spectrum upon comparison of [12] dimer at room temperature
(rt) and 180 8C and the spectral sum of its constituents.
Additionally, the far-IR spectral region, where the direct
vibrations of the H-bonds appear, are also displayed. Far-IR
spectra have been taken on neat powders between polyethylene
disks. The vibrational mode at 119 cm1 originates from the 2,6(diacetylamino)pyridine moieties of molecule 1 (see Supporting
Information) thus corresponding to the N–HN bond.[80] A new
feature also appears in the spectra of complex [12] at 217 cm1,
which, based on analogy with other systems,[72]we have tentatively
assigned to the N–HO bond.

4. STM Measurements at the Solid–Liquid
Interface
STM measurements were then performed in order to provide a
proof, in real space, of the formation of H-bonded complexes on
atomically flat surfaces. Molecular modules 1 and 2 were
designed to undergo physisorption on HOPG into highly ordered
monolayers at the solid–liquid interface. Physisorption on
graphite was promoted by the presence of alkyl-chain side
groups in both molecular structures. Moreover, molecule 2 also
incorporated an anthracenyl moiety that is known to exhibit a
good affinity for graphite. This enhanced affinity of both
molecules for the HOPG could be expected to lead to a lowering
of the molecules mobility on the surface, facilitating the submolecularly resolved characterization of the patterned surface by
STM. Furthermore, the alkyl chains grafted on both molecules 1
and 2 promoted a good solubility in different, highly apolar,
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Figure 4. Comparison of the IR spectrum of complex [12] at 258C (black)
and at 1808C (red) with that of the sum 1þ2 (green) of its constituents
alone at rt. In the far IR (left panel), the vibrations of the hetero-molecular
H-bonds appear at 120 and 217 cm–1. In the C –– O stretching region (middle
panel), both homo-molecular (2)2 and hetero-molecular [12] intermolecular interactions influence the spectra between 1 200–1 300 and 1 500–
1 750 cm–1 regions. Similarly, the signatures of N–HN bonding interaction appear between 3 200 and 3 400 cm–1.

organic solvents (i.e., 1-phenyloctane or n-tetradecane), which are
typically employed for STM measurements at the solid–liquid
interface. Finally, both molecules have two chemical structures
which can be expected to give rather different STM contrasts
when physisorbed on HOPG. Thus, in the case of co-adsorption,
this should facilitate the differentiation of one type of molecules
from the others, since the long alkyl-chains provide in many cases
a lower tunnelling contrast than the aromatic moieties.[81]
Both molecules were first characterized as mono-component
monolayers. A solution of molecule 2 dissolved in n-tetradecane
was deposited on the surface. The STM images in Figure 5a
display the formation of a highly ordered crystalline monolayer; in
view of the resonant tunneling between the Fermi level of the
substrate and the frontier orbitals of the ad-molecule, the brighter
features can be ascribed to the anthracene moieties, whereas the
darker parts of the image can be attributed to the alkyl chains.[81]
The corresponding packing motif shown in the cartoon reveals
the occurrence of homo-association, that is, the formation of two
(i.e., double) N–HO bonds among adjacent molecules thus
forming (2)2 dimers. Similarly, molecule 1 was deposited from a
1-phenyloctane solution on the HOPG surface, resulting in the
formation of a monolayer with a lamellar structure displayed in
Figure 5c. Three different types of tunnelling contrasts can be
observed in the STM image: i) dark gray parallel lines, which can
be ascribed to the alkoxy side-chains, ii) brighter rod-like features,
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that can be attributed to the conjugated moieties, and iii) a darkest
contrast region between two rows of molecules. The arrows
superimposed in Figure 5c indicate the underlying h100i HOPG
orientation, which in turn matches the alignment of the aliphatic
chains. In this case, the self-assembly is mostly governed by
commensurability of the aliphatic chains with the HOPG
substrate.[65,66] The high resolution achieved in the STM image
clearly shows the characteristic linear signature of the individual
alkyl chains, providing unambiguous evidences that one alkyl
chain per molecule is not adsorbed on the surface but is rather
back-folded in the supernatant solution, similarly to other alkylsubstituted organic systems physisorbed at the HOPG-solution
interface[82] (for more detail see Fig. S3, Supporting Information).
The STM image also reveals that the molecules belonging to one
lamella facially expose the 2,6-di(acetylamino)pyridine moiety
separated by a gap featuring a dark contrast. Such a gap may
either be uncoated or covered with solvent molecules featuring a
high dynamics on a timescale faster than the STM scanning,
since its size suggests the absence H-bonds between molecules
belonging to neighboring lamellae. At the intra-lamellar level, a
weak OHC hydrogen-bonding between adjacent 2,6-di(acetylamino)pyridine moieties may further stabilize the packing
motifs.
Given the previously described associating propensity of
molecules 1 and 2 in solution, as proved by NMR and FT-IR
measurements, we extended our investigation to the coadsorption of the modules at the solid–liquid interface. Solutions of molecules 1 and 2 were prepared in a mixture of

Adv. Funct. Mater. 2009, 19, 1207–1214
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Figure 5. STM images recorded at the graphite-solution interface. a)
Height image of mono-component monolayers of molecule 2 and b) its
proposed packing model. Unit cell parameters: a ¼ 1.4  0.1 nm,
b ¼ 2.2  0.1 nm, a ¼ 838  28, leading to an area A ¼ 3.1  0.3 nm2. c)
Current image of monolayer of 1, and d) its proposed packing motif
showing that one alkoxy chain per molecule is not adsorbed on the surface.
Unit cell parameters: a ¼ 1.0  0.1 nm, b ¼ 5.9  0.1 nm, a ¼ 808  28,
A ¼ 5.8  0.7 nm2. Tunneling parameters: for (a) average tunneling current
(It) ¼ 5 pA; bias voltage (Ut) ¼ 750 mV, and for (c) It ¼ 10 pA; Ut ¼ 1000 mV.

1-phenyloctane and toluene in order to increase the solubility of
both components and to thus obtain homogeneous phases. The
drop-casting of a 1:1 molar solution of 1 and 2 led to the
adsorption of only molecule 2 on the basal plane of the graphite.
This was evidenced by STM measurements showing the presence
of a packing motif identical to that observed for the monocomponent monolayers of molecule 2 in Figure 5a. This may be
due to the stabilization of the monolayer of molecule 2 through
homo-association forming supramolecular (2)2 dimers. Under
these experimental conditions molecule 1 remains in the 3D
supernatant solution. Making use of a solution with a 1:10 molar
ratio where molecule 1 is in excess (i.e., 0.4 mM of 2 and 4 mM of
1), the equilibrium can be shifted to favor the formation of heteromolecular supramolecular assemblies on the surface (Fig. 6a).
The STM image reveals bright rods, the length of which is in good
accordance with the cumulative contour lengths of molecule 2
and the conjugated fragment of molecule 1, whereas the darker
areas correspond to the adsorbed alkoxy chains of molecule 1. In
Figure 6b a molecular pattern of the molecules 1 (in blue) and 2
(in yellow) is proposed. In combination with the underlying STM
image, it provides strong evidences for the existence of [12]
dimers on the surface. We notice that in the inter-lamellar region
the central alkoxy chain of molecule 1 has the freedom to adopt
different conformations: the STM images do not provide
unambiguous information about their packing, thus they may
even be back-folded in the supernatant solution. Given that such a
dimerization through H-bonding interactions has been also
detected in solution by NMR measurements, it is most likely that
the dimers are formed in solution and then transferred to the
graphite surface as bi-component entities.
To prove the general applicability of this approach for the codeposition of two or more components at the solid–liquid
interface, we extended our study to a multitopic molecular
module, pre-programmed to generate more complex geometries.
In this view, the multitopic molecule 3 has been synthesized[59] in
order to use a tetrasubstituted pyrene module as a cornerstone for
the self-assembly. According to its geometry, one can expect that
the recognition and the combination of each uracil unit at the four
extremities of molecule 3 with one 2,6-di(acetylamino)pyridine of
molecule 1 results in the generation of pentameric species [(1)43]

Figure 6. a) STM current image of the monolayers formed by mixing
molecule 1 and 2 on the HOPG-solution interface. Each dimer is composed
by one molecule 1 (blue) and one molecule 2 (yellow). a) The unit cell is
depicted in black. b) Proposed model of the assembly. Unit cell parameters:
a ¼ 2.3  0.1 nm, b ¼ 4.2  0.1 nm, a ¼ 848  28, leading to an area
A ¼ 9.6  0.8 nm2. Tunneling parameters: It ¼ 55 pA; Ut ¼ 400 mV.
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Figure 7. a) STM height image of the monolayer formed with molecules 1
and 3. The addition of a solution of molecule 3 on top of an already existing
monolayer of 1 is followed by the formation of complexes. b) Proposed
model showing that each complex is composed by one molecule 3
surrounded by four molecules 1. Unit cell parameters: a ¼ 4.8  0.1 nm,
b ¼ 4.2  0.1 nm, a ¼ 648  28 leading to an area A ¼ 18.1  2.4 nm2. Tunneling parameters for (a): It ¼ 10 pA; Ut ¼ 500 mV.

displaying a ‘‘Saint Andrew’’ cross-like shape. Upon physisorption of only molecule 3 on HOPG, large ordered domains were
observed (Fig. S4, Supporting Information). The molecules were
found to interact with their four neighbors through two double
(i.e., double) H-bonding interactions. The resulting unit-cell is
rhombic and contains one molecule (see Fig. S5, Supporting
Information). Surprisingly, by using the previous procedure for
the formation of dimers, it was not possible to obtain any hybrid
complexes based on molecule 1 and 3 on the surface. In fact it was
found that only molecule 1 adsorbed on the surface, even at
different molar ratios (ranging from 1:1 up to 1:10 of molecule
1:3). We therefore opted to employ a different procedure based on
two steps deposition. First a monolayer of molecule 1 was formed
upon deposition of a drop of a 0.5 mM solution in 1-phenyloctane
to HOPG, and the resulting structure was thoroughly characterized by STM. Then, an additional drop of a solution containing
molecule 3 in 1-phenyloctane (conc. 0.2 mM) was deposited on
the surface. After an overnight annealing at rt, the wet film was
studied in situ by STM. Figure 7a exhibits a STM image of the
resulting monolayer where three main contrasts are present, the
brighter one being mainly attributed to the aromatic cores of both
molecule 3 and 1, whereas the medium and lower contrast
regions correspond to the alkyl chains and to possible vacancies of
the monolayer or to unpacked solvent molecules featuring high
dynamics on a timescale faster than the STM scanning.
The proposed molecular model is displayed in Figure 7b: it
consists of discrete self-assembled complexes, each of them
comprising one molecule 3 surrounded by four molecules 1
through the formation of three triple H-bonds, thereby forming
pentameric supramolecular structures [(1)43]. The measured
unit-cell area is 18.1 nm2, which is bigger than the calculated Van
der Waals area of 13.9 nm2 occupied by one pentameric complex
indicating that some parts of the surface either remain uncoated
or covered with highly dynamic solvent molecules.

5. Conclusions
In summary, we have reported the synthesis of multivalent
molecular modules based on 2,6-di(acetylamino)pyridine and
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uracil derivatives that have been pre-programmed to undergo
hetero-association through the formation of H-bonds among the
moieties exposed at the periphery of their chemical structure. FTIR characterization as well as 1H NMR showed the formation of
supramolecular dimers of molecules 1 and 2 that are held
together by three triple H-bonds. A careful and rational design of
the molecules allowed the generation of pre-programmed highly
ordered 2D self-assembled monolayers, the latter being studied at
the solid–liquid interface by STM. High-resolution images made
it possible to unravel the packing of bi-component H-bonded
complexes on the surface. The presented results provided large
evidences for the high flexibility of the approach, which can be
used for the selective binding of molecular guest into different
polygonal bi-component architectures. This finding represents a
proof of principle of the approach and opens perspectives towards
the formation of nanoporous and multi-component supramolecular networks that can be exploited to confine and address
functional molecules at determined locations.

6. Experimental
Synthesis: NMR spectra were obtained on a Varian Gemini 200
spectrometer (200 MHz 1H NMR and 50 MHz 13C NMR) and on a Jeol
JNM-EX400 (400 MHz, 1H NMR). Chemical shifts are reported in ppm
using the solvent residual signal as an internal reference (CDCl3:
dH ¼ 7.26 ppm, dC ¼ 77.16 ppm. The resonance multiplicity is described
as s (singlet), d (doublet), t (triplet), m (multiplet), br (broad signal). IR
spectra (KBr) were recorded on a Perkin Elmer 2000 spectometer by Mr.
Paolo de Baseggio. Electron impact (EI) mass spectrometry measurements
were performed on a Ion trap GCQ Finnigan Thermoquest at 70 eV by Dr.
Fabio Hollan. Melting points (m.p.) were measured on a Büchi SMP-20.
Chemicals were purchased from Aldrich, Fluka, and Riedel and used as
received. Solvents were purchased from JTBaker and Aldrich, and
deuterated solvents from Cambridge Isotope Laboratories. General
solvents such as Toluene, THF, and NEt3 were distilled from Na, Na/
benzophenone, and CaH2 respectively. Compounds 2 [58] and 3–6 [59]
were synthesized following the protocols reported by us previously.
1-bromo-3,4,5-tri(dodecyloxy)benzene, [64] and 9-ethynylanthracene
[67] were prepared according to literature procedures.
2,6-Di(acetylamino)-4-{[3,4,5-tri(dodecyloxy) phenyl]ethynyl}pyridine (1):
Dry THF (15 mL) and i-Pr2NH (15 mL) were added to a Schlenk tube. The
solution was degassed by one ‘‘freeze-pump-thaw’’ cycle. 1-Bromo-3,4,5tri(dodecyloxy)benzene (0.5 g, 0.71 mmol), [Pd(OAc)2] (0.081 g, 0.36 mmol),
CuI (0.093 g, 0.49 mmol), and PPh3 (0.149 g, 0.57 mmol) were then added
and the solution degassed a second time. Finally, 4-ethynylpyridine-2,6di(acetylamino)pyridine 4 (0.190 g, 0.92 mmol) was added, the reaction
mixture degassed one more time and the whole mixture stirred overnight at
85 8C under Ar. The resulting brown mixture was filtered over celite and
washed with CH2Cl2 (30 mL). Removal of the solvents under vacuum and
purification of the crude by CC (cyclohexane/EtOAc 7:3 first and then 5:5)
yielded compound 1 (0.29 g, 39%) as a pale orange solid. m.p. 78–80 8C; 1H
NMR (400 MHz, CDCl3, d): 8.0 (s, 2H; Ar-H), 7.7 (br, 2H; CH3CONH-Ar), 6.7
(s, 2H; Ar-H), 3.9 (t, 6H; OCH2(CH2)10CH3), 2.2 (s, 6H; CH3CONH-Ar), 1.8
(m, 6H; OCH2CH2(CH2)9CH3), 1.3 (br, 54H; OCH2CH2(CH2)9CH3), 0.8 (t,
9H; O(CH2)11CH3); 13C NMR (50 MHz, CDCl3, d): 168.71, 152.88, 149.19,
138.56, 136.8, 116.27, 111.09, 110.28, 94.71, 86.16, 73.522, 69.08, 31.91,
30.28, 29.69, 29.63, 29.57, 29.38, 29.34, 29.29, 26.06, 24.68, 22.67, 14.10; IR
(cm1): n ¼ 3466.7, 3332.0, 2955.7, 2919.2, 2850.5, 2210.9, 1690.4,1630.1,
1553.9, 1522.2, 1502.6, 1467.4, 1426.6, 1374.4, 1334.5, 1262.2, 1236.3,
1197.0, 1120.1, 1042.1, 994.2, 848.9, 822.8, 721.1, 626.8, 541.8; MS (70 eV,
EI): calcd for C53H87N3O5, 846.27; found, 846 (Mþ).
1-Hexyl-6-[(trimethylsilyl)ethynyl]uracil (7): Dry NEt3 (45 mL) and
toluene (45 mL) were added to a Shlenk tube. The solution was degassed
by one freeze-pump-thaw cycle. Idoduracil derivative 6 (1.22 g, 4.65 mmol),
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