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ABSTRACT: Commercial 4,4′-bipyridine is a popular scaffold that is primarily employed as a linker
in 3D self-assembled architectures such as metallo-organic frameworks or as a connector in 2D
networks. The introduction of alkyl substituents on the bipyridine skeleton is instrumental when 4,4′-
bipyridines are used as linkers to form 2D self-assembled patterns on surfaces. Here, several synthetic
strategies to access 4,4′-bipyridines functionalized at various positions are described. These easily
scalable reactions have been used to introduce a range of alkyl substituents at positions 2 and 2′ or 3
and 3′ and at positions 2,2′ and 6,6′ in the case of tetra-functionalization. Scanning tunneling
microscopy studies of molecular monolayers physisorbed at the graphite−solution interface revealed
different supramolecular patterns whose motifs are primarily dictated by the nature and position of the
alkyl chains.

■ INTRODUCTION

In the bipyridine family, the 2,2′-bipyridine chelate represents
the most popular scaffold for the formation of discrete metal
complexes. As a result, a large variety of functional groups have
been introduced on 2,2′-bipyridine over the past decades.1 On
the contrary, relatively few synthetic strategies leading to
functionalized 4,4′-bipyridine (4,4′-bipy) have been developed
due to the quasi exclusive use of this ligand as a linker between
metals or metal complexes,2 for example, in luminescent
coordination polymers3 and macrocyclic supramolecular
species.4 However, when used in combination with metal
complexes with a restricted geometry, 4,4′-bipy can be
employed as a building block for the generation of both
polymeric and discrete supramolecular polygonal structures
with controlled geometries such as squares or rectangles.5 The
absence of chelating abilities makes 4,4′-bipy binding less
entropically controlled than with 2,2′-bipyridine. Therefore, in
most cases, in the solid state, 4,4′-bipy assembles with metals
into supramolecular polymers or organized frameworks. In the
latter, the linear, rigid structure of 4,4′-bipy makes it possible
to control the structure and morphology of metal−organic
framework assembling processes,6 yielding by design distinct
properties useful for speciation,7 luminescence,8 or molecular
electronics.9

As a consequence of its geometric features, 4,4′-bipy is a
versatile building block for the generation of supramolecular
2D networks, which could self-assemble at the solid−liquid
interface. Whereas shape persistent discrete self-assembled
species characterized in solution have been deposited and
observed on surfaces,10 the most common use of 4,4′-bipy in

surface self-assembly is as a mediator to control the deposition
of carboxylic acids bearing long alkyl chains11 or of building
blocks functionalized with amides.12 For the formation of self-
assembled 2D networks on highly oriented pyrolytic graphite
(HOPG), 4,4′-bipys are used as the bare ligand associated with
other building blocks, (e.g., poly(carboxylic acid)s) bearing
alkyl chains. In the case of metallic surfaces, unsubstituted
analogues have led, for example, to organized assemblies via
coordination of surface adatoms on Cu(100).13

To increase the scope of 4,4′-bipy-based structures that self-
organize on surfaces, in this paper, ether or alkyl chains are
introduced at various positions of the 4,4′-bipy. Some synthetic
approaches to introduce these substituents at two or four
carbon atoms of the 4,4′-bipy skeleton are described. The
methods described below can be extended to enable the
introduction of various functional groups on the 4,4′-bipy.
Two main strategies have been pursued to functionalize 4,4′-

bipy, as depicted in Figure 1. In the first strategy, the
preformed 4,4′-bipy skeleton is directly functionalized but
substitution is only possible at positions ortho with respect to
the heteroatoms. The Chichibabin reaction14 is perhaps the
most useful reaction because the resulting amine substituents
are easily converted to other functional groups. Both 2,2′-
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diamino- and 2,2′,6,6′-tetraamino-4,4′-bipyridines have been
obtained by means of this method.15 The only other examples
of the addition of four substituents to 4,4′-bipy are metal-
mediated (Fe(II)16 or Ag(I)17) radical additions of four acetyl
substituents, although yields are low. Similar radical reactions
have led to monosubstituted 2-methyl- or 2-ethyl-4,4′-
bipyridine.18 Two functional groups can be efficiently added
by first activating the 2,2′ positions of 4,4′-bipy. N-Oxides have
proven to be useful intermediates to introduce chloro19 or
nitrile groups.20 In addition, fluoride activation using acetyl
hypofluorite21 leads to the addition of two acetoxy groups to
4,4′-bipy in excellent yield. A final method is a classical
nucleophilic addition of organolithium reagents followed by
oxidation of the resulting dihydro addition product.22 Draw-
backs of this method include low yields and mixtures of mono-,
di-, and trisubstituted 4,4′-bipys.
The second strategy involves the homocoupling or cross-

coupling of prefunctionalized pyridines to generate 4,4′-bipy
with nearly any desired substitution pattern. The homocou-
pling methods require alkali/alkali earth reagents (Na,23 Mg/
Li,24 LDA25), transition metals (NiCl2(PPh3)2/Zn,

26 Pd-
(OAc)2/In

27), or both (LDA/CuCl2,
28 RMgBr/FeCl3

29) and
thus imply the chemical inertness of the functional groups
present on the pyridine moieties. The moderate yields of many
of these coupling reactions do not hamper this strategy due to
the availability and the reasonable cost of some pyridine
starting materials. However, in contrast to the wide variety of
homocoupling methods, cross-coupling methods leading to
4,4′-bipys are limited and either are metal-catalyzed30 or
mediated by phosphorus.31

As in any synthesis, the substituents of the bipyridines
obtained by either approach can be subjected to further
modification. Despite the variety of functional groups that can
be obtained, there are few examples of 4,4′-bipys bearing ether
substituents or alkyl chains other than methyls or ethyls,32

which might promote the physisorption of these molecules on
surfaces.

■ RESULTS AND DISCUSSION
2,2′-Substituents. Our first target molecule was 4,4′-bipy

with two long chains at the 2,2′ positions. The most direct
route to such molecules was via the nucleophilic addition of
alkyllithium reagents. Initial attempts to optimize the reaction
conditions using n-BuLi afforded a mixture of mono-, di-, and
tributyl substituted 4,4′-bipy, all with low yields, as well as

unreacted 4,4′-bipy. The nucleophilic addition of a Grignard
reagent with a long alkyl chain (ClMgC18H37) also failed, and
these methods were not pursued any further. In a less direct
synthesis inspired by work of Fürstner et al.,33 a Kumada
coupling reaction of 2,2′-dichloro-4,4′-bipyridine19 (1) with
ClMgC18H37 in the presence of 10 mol % Fe(acac)3 gave the
dialkyl product 2 in 34% yield (Scheme 1). In addition, 4,4′-
bipy, resulting from dehalogenation, was recovered in 10%
yield from a mixture containing other side products.

An alternative path to di- or tetra-alkyl derivatives makes use
of aldehydes 3 (Scheme 2) and 4 (Scheme 3) that can serve

for the efficient formation of Wittig adducts. The pyridine
dialdehyde 3 was prepared in 93% yield by oxidation of the
hydroxymethyl groups of 5 with selenium dioxide.34 The yield
of this oxidation was considerably lower with pyridinium
dichromate (41% yield). A subsequent Wittig reaction with a
dodecyl phosphonium bromide salt35 and n-BuLi as a base
furnished 6 as a mixture of stereoisomers. Rather than
separating this complex mixture of compounds with very
close Rf values on silica gel, the salts were simply removed by
filtration on a Celite plug and the mixture was used for the next
step. Homocoupling of 6 in the presence of Ni(II)/Zn(0)26 to
generate bipyridine 7 and the subsequent reduction of the

Figure 1. Two strategies to functionalize 4,4′-bipyridine.

Scheme 1. Iron-Catalyzed Coupling Reaction to Introduce
Two Long Alkyl Chains

Scheme 2. Use of a Wittig Reaction to Introduce Four Alkyl
Chains
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alkenes with H2 and Pd/C afforded the tetra-alkyl-bipyridine 8
in 66% yield over two steps. Hydrogenation of 6 prior to the
coupling reaction was a dead end due to the reductive
dehalogenation of the chloride function (H2, Pd/C in EtOH)
or lack of the reaction (H2, Pd/C in THF). Whereas the
presence of four long alkyl chains of bipyridine 8 should
provide strong surface−molecule interactions, we were not
certain that only two alkyl chains would suffice. Consequently,
a bis-gallyl derivative 9 (Scheme 3) with six octadecyloxy
chains seemed more suitable for bis-functionalized derivatives.
The synthesis of the required dialdehyde precursor 4 was
previously reported as an eight-step procedure36 starting from
2-methylpyridine. This dialdehyde can now be prepared in
only five steps from the same inexpensive starting material as
shown in Scheme 3. The oxidative coupling of 2-methylpyr-
idine,37 which is the first step of this five-step synthesis, is not
shown.
The treatment of 2,2′-dimethyl-4,4′-bipyridine (10)37 with a

mixture of AcOH/H2O2 at 80 °C for 2 days gave the
corresponding N-oxide 11 in 60% yield. This N-oxide was
converted to 2,2′-di(hydroxymethyl)-4,4′-bipyridine (13) in
two steps by a Boekelheide rearrangement38 and in situ
hydrolysis of the acetyl intermediate 12. The oxidation of the
alcohol functions of 13 with MnO2

39 afforded dialdehyde 4 in
71% yield. Other oxidants were less efficient, with no reaction
observed with SeO2 and only 30% yield with pyridinium
dichromate. In addition, attempts to directly oxidize the
methyl substituents of 2,2′-dimethyl-4,4′-bipyridine (10) with
SeO2 were unsuccessful. The two-step transformation of
dialdehyde 4 to the desired bis-gallyl derivative 9 was achieved

efficiently by a Wittig reaction with the gallyl-phosphonium
bromide 1440 and subsequent reductive hydrogenation of the
resulting mixture of alkene isomers (intermediate is not
shown). The choice of base affected the yield of this Wittig
reaction, where employing KOH gave much higher yields
(84%) than did n-BuLi (44%).

3,3′-Substituents. To extend the family of alkyl-
substituted bipyridines to compounds with less hindered
nitrogen atoms, 3,3′-alkyl-substituted 4,4′-bipys were targeted.
Because these positions are not activated on the 4,4′-bipy
skeleton, the pyridine coupling strategy and post-trans-
formation of the substituents on the resulting bipyridine
were adopted. The halogen substituents of 3,3′-dibromo-4,4′-
bipyridine (15)28 made this compound an ideal starting point.
On the basis of the high yields of the Wittig reaction as a
method to append alkyl substituents at positions ortho to the
nitrogen atoms of the bipy, compound 16 bearing aldehydes at
the 3,3′-positions was a desirable intermediate. Unfortunately,
all attempts to convert the dibromide 15 to the dialdehyde 16
failed using halogen-lithium exchange in anhydrous THF or
Et2O, followed by quenching with dry DMF (Scheme 4).

Numerous products were observed by TLC, but product 16
was never observed by 1H NMR. When the reaction was
carried out in dry toluene, an aldehyde peak was observed by
1H NMR; unfortunately, dialdehyde 16 could not be isolated
from the complex mixture of products. An alternative, two-step
route via the dicyano derivative 17 to dialdehyde 16 was
envisioned, as shown at the bottom of Scheme 4. Treatment of
dibromide 15 with CuCN in refluxing N-methyl-2-pyrrolidine
(NMP) yielded the dicyano intermediate 17 in 52% yield.
However, the reduction of 17 with DIBAL-H and subsequent
acid and base treatment did not provide dialdehyde 16.
Sonogashira coupling was another possible method to

functionalize dibromide 15. When the commercially available
dodec-1-yne was coupled with 15, the tricyclic compound 18
was isolated in 64% yield instead of the desired coupling
product 19 (shown in Scheme 6). This type of tricyclic
product was previously observed with a biphenyl derivative.41

According to the proposed mechanism (Scheme 5), the
introduction of the first alkyne function occurs as expected at
one of the two C−Br bonds to give intermediate A. However,
after the oxidative addition of the second C−Br bond to Pd(0),
the intramolecular cyclization occurs faster than the trans-

Scheme 3. Preparation of Dialdehyde 4 and the Subsequent
Wittig Reaction

Scheme 4. Attempts to Prepare 3,3′-Dialdehyde 16a

aSolvent = THF, ether, or toluene.
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metalation/reductive elimination of the second alkyne. The
resulting alkenylpalladium species B finally reacts with the
second alkyne to furnish the observed cyclized product 18
(Scheme 5).
To prevent the formation of this compound, our first

strategy was to accelerate the oxidative addition of Pd(0) by
using 3,3′-diiodo-4,4′-bipyridine (20). The latter was prepared
by a lithium-halogen exchange starting from the dibromo-
derivative 15 (Scheme 5). Once again, the coupling reaction
afforded the cyclized product at 70 °C whereas no conversion
was observed at room temperature. Our second strategy
consisted of increasing the concentration of the alkynylmetal
intermediate. The Negishi coupling was therefore selected
because (sub)stoichiometric amounts of alkynylzinc species are
used in contrast to the Sonogashira coupling where the
alkynylcopper intermediate is formed only in catalytic
amounts. Indeed, the application of Negishi coupling
conditions successfully afforded bipyridine 19 in a moderate
49% yield (Scheme 6). Trimethylsilyl-protected alkynes were
also introduced via Negishi coupling to yield the bis-TMS
derivative 21 in 49% yield. The yields of both Negishi coupling
reactions are acceptable considering that two simultaneous

reactions occur at the hindered aryl bromides. Single crystals of
the bis-TMS derivative 21 were obtained by slow evaporation
of the solvents (CH2Cl2/cyclohexane 2:1).
The X-ray structure of 21 depicted in Figure 2 shows a

dihedral angle of 55.26° between the two pyridine planes. This

angle is larger than that of the unsubstituted 4,4′-bipy structure
(34.85°) measured at low temperature42 yet considerably
smaller than the 81.8° observed in the structure of 3,3′-
dimethyl-4,4′-bipyridine.43 Thus, the triple bonds of com-
pound 21 decrease the dihedral angle between the two
aromatic rings of the bipyridine and are expected to allow
significant surface−molecule interactions in derivatives bearing
longer alkyl chains. For the sake of comparison, the reduced
alkane derivative 22 was also of interest for surface deposition.
Thus, hydrogenation of 19 in the presence of PtO2 in a
mixture of EtOH/EtOAc gave 22 in high yield.
To extend the alkyne to substituents that would adhere to an

HOPG surface, compound 24 bearing four ether chains was
prepared by a Negishi coupling. Deprotection of the alkynes of
21 (Scheme 6) with TBAF afforded 23. Treatment of this
terminal alkyne with n-BuLi and then ZnCl2 furnished the
organozinc intermediate 25 that was coupled with arylbromide
26 to give the bipyridine 24 in 62% yield (Scheme 7). It should
be noted that no reaction occurred under Sonogashira
coupling conditions between 23 and aryl bromide 26.

On-Surface Organization. Compounds 2, 8, 9, 19, 22,
and 24 were expected to be good candidates for surface
patterning, keeping in mind that 4,4′-bipys are often used as
connectors in 1D/2D/3D self-assembled molecular architec-
tures. To confirm the ability of 2,2′ and 2,2′,6,6′ or 3,3′
functionalized 4,4′-bipys to physisorb and organize on surfaces
into ordered supramolecular structures, scanning tunneling

Scheme 5. Attempted Sonogashira Reaction with 3,3′-
Dibromo-4,4′-bipyridine 15

Scheme 6. Negishi Coupling Reaction with 3,3′-Dibromo-
4,4′-bipyridine 15

Figure 2. (a) Top and (b) side views of the X-ray structure of 21.

Scheme 7. Addition of Aromatic Ethers by a Negishi
Coupling
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microscopy (STM) imaging was employed at the interface
between HOPG and a solution of the given molecule in 1-
phenyloctane under ambient conditions. The samples were
prepared by drop casting 4 μL of a 1 mM solution onto a
freshly cleaved HOPG surface.
STM experiments revealed that 2,2′-substituted 4,4′-bipys

(2, 8, 9) are more prone to self-assemble into ordered patterns
than 3,3′-substituted bipys (19, 22, 24). As shown in Figure 3,

compounds 2, 8, and 9 formed highly ordered 2D supra-
molecular assemblies stabilized via van der Waals interactions
between the molecules and the underlying HOPG surface. As a
result of the occurrence of resonant tunneling between the
Fermi level of the HOPG and the frontier orbital of the
adsorbate, the brighter areas in the STM images can be
ascribed to the aromatic cores (i.e., 4,4′-bipys and phenylenes).
Due to the planar conformation of the 4,4′-bipy cores, all three
molecules packed in a face-on fashion onto the basal plane of
the HOPG surface.
All unit cell parameters of compounds 2, 8, and 9 are

reported in Table 1. The differences in the packing motifs are
mostly caused by the different nature and number of alkyl

chains attached to the bipyridine cores, which results in a larger
unit cell area with an increased number of alkyl substituents.
In agreement with literature data for 2,2′-bipyridines,44 the

two C18 alkyl chains on compound 2 seem sufficient to ensure
the physisorption on HOPG, whereas four chains are needed
when using shorter alkyl substituents (C13). Intermolecular
interactions favor a packing motif in which the shorter alkyl
chains are not interdigitated but simply arranged in an
antiparallel fashion to maximize van der Waals contacts, in
good agreement with previous reports on 2,2′-bipyridines
bearing four octyl chains.45 Bipyridine 9 shows a compact 2D
arrangement due to both the number and the length of the
alkoxy chains. All six alkoxy chains (OC18) per molecule
participated in the assembled structure to fill the bare area
between the rows of aromatic cores (Figure 3e,f).
The self-assembled structures of compounds 2 and 9 are

mainly governed by van der Waals interactions between the
alkyl chains. The differences in the arrangement are caused by
the different number of carbon atoms in the alkoxy side chains.
Compared to 2, compound 9 contains four more carbon chains
and a lager aromatic core structure. The two alkoxy chains at
the para positions of the two phenyls adopt their assembly on
HOPG parallel to the direction of other chains (Figure S1),
which leads to a lower regularity in the orientation of the
aromatic cores.
The self-assembly behavior of 4,4′-bipy substituted at the

3,3′ positions was expected to be significantly different due to
the inherent dihedral angle imposed by the substituents. As a
result of the steric hindrance of an sp3 carbon, compound 22,
which bears two C12 saturated alkyl chains, does not self-
assemble at the liquid/HOPG interface into ordered supra-
molecular structures. Compound 19 also did not adsorb on the
HOPG surface despite the presence of a less hindered sp
hybridized substituent at the 3 and 3′ positions of 4,4′-bipy.
Compared to 19, compound 24 has improved features

including two large aromatic cores and four additional
extended side chains that can enhance the interaction between
the molecules and substrate. Thus, 24 was subsequently
investigated and was found to self-assemble into a highly
ordered 2D structure at the 1-phenyloctane/HOPG interface;
Figure 4a,b displays the high-resolution STM image of 24 and
the suggested model. The strong interaction between the long
alkyl chains dominates the assembly. All four alkoxy chains
(OC18) per molecule are arranged in an antiparallel fashion at
a 75° angle with respect to the orientation of the tail of the
aromatic core. The regular arrangement observed is consistent
with the model proposed. According to the synthetic scheme
leading to 24, the regular spacing between the 4,4′-bipy
moieties should be tunable and is not limited to C18
substituents.

Figure 3. High-resolution STM height images recorded at the
solution−graphite interface (a, c, e) and respective proposed packing
motifs (b, d, f) for molecules 2, 8, and 9, respectively. Tunneling
parameters: (a) tunneling voltage (Vt) = 500 mV and average
tunneling current (It) = 30 nA; (c) Vt = 450 mV and It = 35 nA; (e)
Vt = 530 mV and It = 40 nA.

Table 1. Unit Cell Parameters of Self-Assembled Structures
on the HOPG Surface Based on the STM Resultsa

compound a (nm) b (nm) γ (deg)

2 1.0 ± 0.1 2.9 ± 0.1 85 ± 2
8 1.8 ± 0.1 2.2 ± 0.1 60 ± 2
9 2.7 ± 0.1 3.3 ± 0.1 66 ± 2
24 1.9 ± 0.1 3.1 ± 0.1 83 ± 2

aAll unit cells contain one molecule.
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■ CONCLUSION
Here, we have demonstrated that 4,4′-bipy is a versatile
scaffold that can self-assemble on the HOPG surface to adopt
structural motifs that are governed by the substituents.
Synthetic methods were developed first to functionalize 4,4′-
bipy at the 2,2′ and/or 6,6′ or at the 3,3′ positions and then to
introduce substituents appropriate for physisorption on
HOPG. The position and length of the substituents are the
major factors determining the surface patterning. Independent
of the number of alkyl/alkoxy chains of 2, 8, and 9 with 2,2′
and/or 6,6′ substituents, all three compounds formed
organized assemblies on HOPG. On the contrary, the steric
hindrance imposed by the substituents at the 3,3′ positions
prevented molecules 19, 22, and 24 from adopting a coplanar
configuration of their pyridyl rings. Nevertheless, compound
24 with additional side chains and a lager aromatic core was
capable of self-assembling on the HOPG surface. The broad
synthetic versatility makes it possible to generate supra-
molecular architectures with notably different motifs. More-
over, the high solubility of these functionalized 4,4′-bipys also
paves the way for their use in developing solution-processable
self-assembled coordination polymers based on 4,4′-bipys as
connectors. These new perspectives are currently under
investigation.

■ EXPERIMENTAL PROCEDURES
General Methods. Compounds 1,19 5,34 10,37 14,40 and 1528

were prepared according to literature procedures. Octadecylmagne-
sium chloride solution (0.5 M in THF) was purchased from Aldrich
(394262). MnO2 (activated ≤90%) was purchased from Honeywell
(63548). THF was distilled over Na/benzophenone, and NEt3 was
dried and distilled over NaOH. ZnCl2 was dried by melting under
high vacuum with a heat gun. The heating was stopped when the
compound started to bubble, and a white coating appeared in the
flask. After cooling to rt, the flask was filled with argon and the
crystalline reagent was dissolved in the desired amount of solvent
before addition to the organolithium. Unless indicated otherwise,
DrySyn heating blocks were used to heat reactions.
Column chromatography was performed with silica gel from Merck

(Kieselgel 60; 63−200 or 40−63 μm). 1H NMR spectra were
recorded on Bruker Advance 300 (300 MHz), 400 (400 MHz), or
500 (500 MHz) spectrometers. Chemical shifts were determined by
taking the solvent as a reference. Mass spectrometry (MS and HRMS)
experiments were performed on a Bruker Daltonics microTOF
spectrometer (Bruker Daltonik GmgH, Bremen, Germany) by the
Service de Spectromet́rie de Masse de la Fed́eŕation de Chimie “Le
Bel” (FR 2010).

STM investigations were performed by using a commercial
multimode Nanoscope III scanning tunneling microscope with
mechanically cut Pt/Ir (80:20) tips at ambient temperature. The
images shown were recorded in constant-current mode if not
indicated otherwise. For measurements at the liquid/substrate
interface, a 4 μL drop of a 1 mM solution was applied onto a freshly
cleaved surface of highly orientated pyrolytic graphite (HOPG).
Different tips and samples were used to check for reproducibility and
to ensure that there were no image artifacts caused by the tips or
samples. Measurements obtained from STM images are corrected
against the substrate lattice parameters obtained from HOPG images.
Flattening of the images was carried out to compensate for the tilting
of the substrate and scan line artifacts, and a low-pass-filtered
transform was employed to remove scanning noise in the STM
images.

Crystals suitable for X-ray analysis (see the Supporting
Information) of compound 21 were obtained by slow evaporation
of the solvents (CH2Cl2/cyclohexane, 2:1). Deposition Number
2042158 contains the supplementary crystallographic data for this
paper. These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum Karls-
ruhe Access Structures service www.ccdc.cam.ac.uk/structures.

2,2′-Dioctadecyl-4,4′-bipyridine (2). An octadecyl-magnesium
chloride solution (20 mL, 10 mmol, 0.5 mol/L) was added to 2,2′-
dichloro-4,4′-bipyridine19 1 (0.5 g, 2.22 mmol) and tris-
(acetylacetonato)iron(III) (78 mg, 0.22 mmol) in degassed THF
(60 mL) at 0 °C. The orange mixture immediately became dark
purple. The mixture was stirred under argon at rt for 1 h. Water (50
mL) and diethyl ether (50 mL) were added. The aqueous layer was
extracted twice with diethyl ether, and the combined organic phases
were washed with water. The organic phase was dried over sodium
sulfate, filtered, and concentrated. The residue was purified by column
chromatography (SiO2, CH2Cl2) to afford compound 2 as a white-
beige solid (500 mg, 0.756 mmol, 34%). mp 61 °C; 1H NMR
(CDCl3, 500 MHz) δ 8.63 (d, J = 5.0 Hz, 2H), 7.36 (s, 2H), 7.33 (dd,
J = 5.0, 1.9 Hz, 2H), 2.86 (t, J = 7.9 Hz, 4H), 1.77 (quint, J = 7.9 Hz,
4H), 1.41−1.32 (m, 8H), 1.32−1.20 (m, 52H), 0.87 (t, J = 6.9 Hz,
6H); 13C{1H} NMR (CDCl3, 126 MHz) δ 163.7, 150.1, 146.4, 120.6,
119.0, 38.7, 32.1, 30.2, 29.9, 29.82, 29.81, 29.72, 29.66, 29.62, 29.5,
22.6, 14.3; MS (ESI) m/z calcd for C46H81N2: 661.64 [M + H]+;
found, 661.64; Anal. Calcd for C46H80N2: C, 83.57; H, 12.20; N, 4.24.
Found: C, 83.16; H, 12.31; N, 4.19.

4-Chloropyridine-2,6-dicarbaldehyde (3). Selenium oxide powder
(3.09 g, 27.8 mmol) was added to a solution of (4-chloropyridine-2,6-
diyl)dimethanol34 5 (2.30 g, 13.2 mmol) in 1,4-dioxane (50 mL). The
mixture was stirred under argon at reflux for 5 h. After cooling to rt,
the black solid was filtered and the orange filtrate was concentrated.
The crude solid was purified by column chromatography (SiO2,
CHCl3) to afford compound 3 as a beige solid (2.09 g, 12.33 mmol,
93%). The product was characterized by comparison with literature
data.46

4-Chloro-2,6-di(tridec-1-en-1-yl)pyridine (6). n-Butyllithium (12.1
mL of a 1.6 M solution in hexane, 19.4 mmol) was added dropwise to
a solution of triphenyl(tridecyl)phosphonium bromide (9.90 g, 19.3
mmol) in THF (100 mL) at −78 °C under argon. The orange
mixture was stirred under argon at −78 °C for 30 min. Then, a
solution of 4-chloropyridine-2,6-dicarbaldehyde 3 (1.49 g, 8.81
mmol) in THF (20 mL) was added to the mixture. The mixture
was stirred under argon at −78 °C for 1 h and then at rt for 10 h. The
mixture was concentrated, and the residue was purified by column
chromatography (SiO2, CH2Cl2) to afford compound 6 as a white
solid (2.92 g, 6.17 mmol, 70%). The product was used for the next
step after characterization by 1H NMR only. 1H NMR (CDCl3, 400
MHz) δ 7.22−7.85 (m, 2H), 6.98−7.06 (m, 1H), 6.54−6.65 (m, 2H),
6.10−6.16 (m, 1H), 2.82−2.86 (m, 2H), 2.46−2.48 (m, 2H), 1.49−
1.73 (m, 36H), 1.10 (t, J = 6.8 Hz, 6H).

2,2′,6,6′-Tetratridecyl-4,4′-bipyridine (8). Zinc powder (0.59 g,
9.3 mmol) was added to a solution of dichloro-bis-
(triphenylphosphine)-nickel(II) (6.07 g, 9.3 mmol) in DMF (100
mL). After 2 h of stirring, the green solution turned red. Then,

Figure 4. High-resolution STM height images of compound 24 self-
assembled structure recorded at the solution−graphite interface (a)
and the respective proposed packing motif (b). Tunneling
parameters: Vt = 500 mV and It = 50 nA.
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tetraethylammonium iodide (2.39 g, 9.3 mmol) and 4-chloro-2,6-
di(tridec-1-en-1-yl)pyridine 6 (4.00 g, 8.44 mmol) were added to the
mixture. The mixture was stirred under argon at 80 °C (oil bath) for
18 h. After cooling to rt, water (100 mL) and dichloromethane (100
mL) were added. The black solid was removed by filtration through a
small pad of Celite. The aqueous layer was extracted twice with
dichloromethane, and the combined organic phases were washed with
water. The organic phase was dried over sodium sulfate, filtered, and
concentrated. The resulting oil was filtered over a column of SiO2
(CH2Cl2/cyclohexane, 1/1) to give 7 (3.19 g, 3.64 mmol) as a
mixture of diastereoisomers. This mixture was dissolved in a mixture
of cyclohexane/ethanol (120 mL/80 mL). Degassed palladium on
carbon (10 wt %, 0.72 g, 0.68 mmol) was added to the solution. The
mixture was stirred under hydrogen (in a balloon) at rt for 3 days.
The palladium was removed by filtration through a small pad of
Celite. The mixture was concentrated, and the beige solid was
recrystallized from diethyl ether to afford compound 8 as a white solid
(2.11 g, 2.38 mmol, 66%). mp 62 °C; 1H NMR (CDCl3, 500 MHz) δ
7.15 (s, 4H), 2.82 (t, J = 8.0 Hz, 8H), 1.74 (q, J = 8.0 Hz, 8H), 1.25−
1.37 (m, 80H), 0.87 (t, J = 7.0 Hz, 12H); 13C{1H} NMR (CDCl3,
126 MHz) δ 163.0, 147.1, 117.8, 38.9, 32.1, 30.5, 29.85, 29.83, 29.82,
29.81, 29.8, 29.7, 29.69, 29.5, 22.8, 14.3; MS (ESI) m/z calcd for
C62H113N2: 885.89 [M + H]+; found, 885.89; Anal. Calcd for
C62H112N2: C, 84.06; H, 12.75; N, 3.16. Found: C, 84.08; H, 12.44;
N, 3.16.
2,2′-Dimethyl-[4,4′-bipyridine] 1,1′-Dioxide (11). A mixture of

2,2′-dimethyl-4,4′-bipyridine37 10 (570 mg, 3.09 mmol), acetic acid
(20 mL, 0.35 mol), and hydrogen peroxide (30% in water, 10 mL, 0.1
mol) was stirred at 80 °C for 2 days. After cooling to rt, the solvents
were evaporated. The residue was dissolved in CHCl3 (50 mL), and
then, a saturated solution of NaCl was added (50 mL). The aqueous
layer was extracted twice with CHCl3, and the combined organic
phases were washed with water. The organic phase was dried over
sodium sulfate, filtered, and concentrated. The residue was purified by
column chromatography (SiO2, CH2Cl2/MeOH, 10/1) to afford
compound 11 as a white-beige solid (401 mg, 1.85 mmol, 60%). mp
dec > 180 °C; 1H NMR (CDCl3, 400 MHz) δ 8.29 (d, J = 6.7 Hz,
2H), 7.48 (d, J = 2.9 Hz, 2H), 7.36 (dd, J = 2.9, 6.7 Hz, 2H), 2.57 (s,
6H); 13C{1H} NMR (CDCl3, 126 MHz) δ 149.7, 139.9, 133.1, 123.5,
120.7, 18.2; MS (ESI) m/z calcd for C12H13N2O2: 217.10 [M + H]+;
found, 217.10; Anal. Calcd for C12H12N2O2: C, 66.65; H, 5.59; N,
12.96. Found: C, 66.55; H, 5.67; N, 12.78.
[4,4′-Bipyridine]-2,2′-diyldimethanol (13). A mixture of com-

pound 11 (200 mg, 0.92 mmol) and acetic anhydride (20 mL, 0.21
mol) was heated under reflux under argon overnight. Then, the
solvent was evaporated. A mixture of the residue (intermediate 12: 1H
NMR (CDCl3, 500 MHz) δ 8.73 (d, J = 5.1 Hz, 2H), 7.57 (s, 2H),
7.47 (dd, J = 5.1, 1.9 Hz, 2H), 5.31 (s, 4H), 2.19 (s, 6H)), K2CO3
(500 mg, 3.6 mmol), MeOH (10 mL), and H2O (2 mL) was stirred at
rt overnight. CHCl3 (50 mL) and a NaCl saturated solution were
added (50 mL). The aqueous layer was extracted twice with CHCl3,
and the combined organic phases were washed with water. The
organic phase was dried over sodium sulfate, filtered, and
concentrated. The residue was purified by column chromatography
(SiO2, CH2Cl2/MeOH 10/1) to afford compound 13 as a white solid
(121 mg, 0.56 mmol, 62%) that was used without further purification
due to its limited solubility. mp > 300 °C; 1H NMR (CDCl3, 400
MHz) δ 8.68 (d, J = 5.4 Hz, 2H), 7.53 (s, 2H), 7.45 (d, J = 5.4 Hz,
2H), 4.86 (s, 4H); MS (ESI) m/z calcd for C12H13N2O2: 217.10 [M
+ H]+; found, 217.10; Anal. Calcd for C12H12N2O2: C, 66.65; H, 5.59;
N, 12.96. Found: C, 66.75; H, 5.70; N, 12.71.
[4,4′-Bipyridine]-2,2′-dicarbaldehyde (4). A mixture of compound

13 (105 mg, 0.54 mmol) and MnO2 (201 mg, 2.31 mmol) in CHCl3
(10 mL) was heated under refluxed under argon for 2 h. The mixture
was filtered, and the filtrate was concentrated. The residue was
purified by column chromatography (SiO2, CH2Cl2/MeOH, 10/1) to
afford compound 4 as a white-yellow solid (81 mg, 0.381 mmol,
71%). The product was characterized by comparison with literature
data.36

Compound 9. A mixture of 4 (42 mg, 0.20 mmol), compound 1440

(540 mg, 0.44 mmol), and KOH (34 mg, 0.6 mmol) in EtOH (40
mL) was refluxed under argon overnight. Then, the solvent was
evaporated. The residue was purified by column chromatography
(SiO2, CH2Cl2) to afford the alkene as a yellow solid (355 mg, 0.165
mmol, 84%). The product was used without further purification for
the next step. A mixture of the alkene (200 mg, 0.101 mmol) and
palladium on carbon (10 wt %, 11 mg, 0.01 mmol) in cyclohexane/
EtOH (1/1 v/v, 20 mL) was stirred under hydrogen (in a balloon) at
rt for 3 days. The palladium was removed by filtration over a small
pad of Celite. The mixture was concentrated, and the residue was
purified by column chromatography (SiO2, CH2Cl2) to afford
compound 9 as a beige solid (185 mg, 0.090 mmol, 90%). mp 55
°C; 1H NMR (CDCl3, 500 MHz) δ 8.63 (d, J = 5.2 Hz, 2H), 7.34 (s,
2H), 7.27 (s, 2H), 6.38 (s, 4H), 3.95−3.81 (m, 12H), 3.18−2.95 (m,
8H), 1.74 (quint, J = 6.6 Hz, 8H), 1.67 (quint, J = 6.6 Hz, 4H), 1.47−
1.39 (m, 12H), 1.34−1.26 (m, 168H), 0.87 (t, J = 6.9 Hz, 18H);
13C{1H} NMR (CDCl3, 126 MHz) δ 161.3, 152.0, 149.1, 145.2,
135.5, 119.9, 118.0, 105.9, 72.8, 68.1, 39.7, 35.5, 30.9, 29.4, 28.8,
28.74, 28.69, 28.5, 28.4, 25.1, 21.7, 13.1; HRMS (ESI) m/z calcd for
C134H241N2O6: 1974.8609 [M + H]+; found, 1974.8583.

[4,4′-Bipyridine]-3,3′-dicarbonitrile (17). A mixture of 3,3′-
dibromo-4,4′-bipyridine28 15 (436 mg, 1.39 mmol) and CuCN
(310 mg, 3.47 mmol) in NMP (5 mL) was heated at 200 °C
overnight. After cooling to rt, a saturated aqueous solution of EDTA
in 20% ammonia was added (150 mL). The resulting green solution
was filtered, and the residue was washed abundantly with water (800
mL). The filtrate was concentrated to 200 mL and extracted with
ethyl acetate (3 × 50 mL). The organic phases were combined, dried
over Na2SO4, and evaporated. The remaining NMP was removed
under vacuum at 75 °C for 2 h. The residue was purified by column
chromatography (SiO2, CH2Cl2/AcOEt 3:1) to afford compound 17
(149 mg, 0.72 mmol, 52%) as a white solid. mp 180 °C; 1H NMR
(CDCl3, 500 MHz) δ 9.10 (s, 2H), 9.00 (d, J = 5.2 Hz, 2H), 7.57 (d, J
= 5.2 Hz, 2H); 13C{1H} NMR (CDCl3, 126 MHz) δ 154.1, 153.7,
146.0, 123.7, 115.0, 109.0; HRMS (ESI) m/z calcd for C12H7N4:
207.0665 [M + H]+; found, 207.0662.

9-(Tricos-12-yn-11-ylidene)-9H-cyclopenta[1,2-c:4,3-c′]-
dipyridine (18). To a mixture of 3,3′-dibromo-4,4′-bipyridine28 15
(462 mg, 1.47 mmol), PdCl2(PPh3)2 (103 mg, 0.15 mmol), copper(I)
iodide (28 mg, 0.15 mmol), and 1-dodecyne (733 mg, 4.41 mmol)
was added freshly distilled triethylamine (15 mL) under argon. The
solution was stirred at 70 °C overnight. After evaporation of the
solvents, the solid was taken in ethyl acetate and washed with water.
The aqueous phase was extracted with ethyl acetate (3 × 10 mL). The
combined organic phases were dried over Na2SO4, filtered, and
concentrated to dryness. The crude product was purified by column
chromatography (SiO2, cyclohexane/AcOEt, 2:1) to afford com-
pound 18 (457 mg, 0.94 mmol, 64%) as a brown powder that
contained traces of starting material 15 that were difficult to fully
eliminate. 1H NMR (CDCl3, 500 MHz) δ 10.02 (s, 1H), 9.17 (s, 1H),
8.66 (m, 2H), 7.73 (dd, J = 18.9, 5.0 Hz, 2H), 2.98 (t, J = 7.9 Hz,
2H), 2.65 (t, J = 7.2 Hz, 2H), 1.84 (quint, J = 7.9 Hz, 2H), 1.74
(quint, J = 7.3 Hz, 2H), 1.55−1.47 (m, 4H), 1.43−1.37 (m, 4H),
1.36−1.27 (m, 20H), 0.89−0.85 (m, 6H); 13C{1H} NMR (CDCl3,
126 MHz) δ 148.4, 148.1, 146.9, 146.6, 144.3, 143.4, 134.3, 133.9,
133.6, 131.8, 115.7, 115.0, 107.0, 83.6, 37.4, 32.0, 29.8, 29.8, 29.7,
29.7, 29.5, 29.5, 29.3, 28.9, 28.6, 22.8, 20.5, 14.3; MS (ESI) m/z calcd
for C34H49N2: 485.39 [M + H]+; found, 485.39. HRMS (ESI) m/z
calcd for C34H49N2: 485.3890 [M + H]+; found, 485.3889.

Compound 19. To a solution of 1-dodecyne (1.50 g, 9.0 mmol) in
dry THF (30 mL) was added n-BuLi (6.0 mL of 1.6 M in hexane, 9.6
mmol) at −78 °C under argon. The resulting solution was stirred for
30 min at this temperature, and a solution of anhydrous ZnCl2 (1.31
g, 9.6 mmol) in dry THF (7 mL) was added. After 30 min of stirring
at −78 °C, the solution was warmed to rt. This zinc derivative was
then added via a double tipped needle to a solution of 3,3′-dibromo-
4,4′-bipyridine28 15 (0.942 g, 3.0 mmol) and Pd(PPh3)4 (0.173 g,
0.15 mmol) in dry THF (15 mL) under argon. The mixture was
refluxed overnight. After cooling to rt, the solution was quenched with
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1 M HCl (5 mL) and then the THF was removed under vacuum.
Water (15 mL) and CH2Cl2 (30 mL) were added, and the aqueous
phase was extracted with CH2Cl2 (3 × 15 mL). The combined
organic phases were washed with H2O (15 mL), dried over Na2SO4,
filtered, and concentrated. The crude product was purified by column
chromatography (SiO2, cyclohexane/EtOAc, 4:1) to afford com-
pound 19 (0.712 g, 1.47 mmol, 49%) as a beige solid. A sample of this
compound was obtained as a white solid after a second column
chromatography (SiO2, cyclohexane, then cyclohexane/EtOAc, 4:1).
mp 45 °C; 1H NMR (CDCl3, 500 MHz) δ 8.73 (s, 2H), 8.53 (d, J =
5.1 Hz, 2H), 7.32 (d, J = 5.1 Hz, 2H), 2.26 (t, J = 7.0 Hz, 4H), 1.41
(quint, J = 6.8 Hz, 4H), 1.26 (m, 28H), 0.88 (t, J = 6.8 Hz, 6H);
13C{1H} NMR (CDCl3, 126 MHz) δ 153.4, 147.44, 147.36, 123.5,
120.0, 98.0, 76.2, 32.1, 29.8, 29.7, 29.5, 29.2, 28.9, 28.4, 22.8, 19.6,
14.3; HRMS (ESI) m/z calcd for C34H49N2: 485.3890 [M + H]+;
found, 485.3892; Anal. Calcd for C34H48N2: C, 84.24; H, 9.98; N,
5.78. Found: C, 84.04; H, 9.84; N, 5.68.
3,3′-Diiodo-4,4′-bipyridine (20). To a solution of 3,3′-dibromo-

4,4′-bipyridine28 15 (100 mg, 0.32 mmol) in dry THF (3 mL) was
added n-BuLi (1.6 M, 0.5 mL, 0.80 mmol) at −78 °C under argon.
The resulting orange solution was stirred for 1 h, and then a solution
of I2 (203 mg, 0.80 mmol) in dry THF (3 mL) was added. The
solution was stirred for 30 min and then quenched with a saturated
solution of NH4Cl (10 mL). The mixture was warmed to rt, and the
aqueous phase was extracted with ethyl acetate (3 × 20 mL). The
organic layers were combined, washed with brine, dried over Na2SO4,
filtered, and concentrated. The crude was purified by column
chromatography (SiO2, cyclohexane/AcOEt 2:1) to afford compound
20 as a white solid (78 mg, 0.19 mmol, 60%). mp 148 °C; 1H NMR
(CDCl3, 300 MHz) δ 9.08 (s, 2H), 8.65 (d, J = 4.8 Hz, 2 H), 7.13 (d,
J = 4.8 Hz, 2H); 13C{1H} NMR (CDCl3, 126 MHz) δ 157.9, 153.4,
149.3, 124.2, 97.0; HRMS (ESI) m/z calcd for C10H7I2N2: 408.8693
[M + H]+; found, 408.8693.
Compound 21. To a solution of trimethylsilylacetylene (1.33 g,

13.53 mmol) in dry THF (40 mL) was added n-BuLi (1.6 M in
hexane, 8.90 mL, 14.07 mmol) at −78 °C under argon. The resulting
solution was stirred 30 min at this temperature, and a solution of
anhydrous ZnCl2 (1.92 g, 14.07 mmol) in dry THF (8 mL) was
added. After 30 min of stirring at −78 °C, the solution was warmed to
rt. This zinc derivative was then slowly added via a double tipped
needle to a solution of 3,3′-dibromo-4,4′-bipyridine28 15 (1.70 g, 5.41
mmol) and Pd(PPh3)4 (0.312 g, 0.27 mmol) in dry THF (25 mL)
under argon. The mixture was refluxed overnight. After cooling to rt,
the solution was quenched with 1 M HCl (5 mL) and the THF was
evaporated. Water (15 mL) and CH2Cl2 (30 mL) were added, and
the aqueous phase was extracted with CH2Cl2 (3 × 15 mL). The
organic phases were combined, washed with H2O (15 mL), dried over
Na2SO4, filtered, and concentrated. The crude product was purified
by column chromatography (SiO2, petroleum ether/ethyl acetate,
4:0.75) to afford compound 21 (0.92 g, 2.64 mmol, 49%) as a yellow
solid. mp 99 °C; 1H NMR (CDCl3, 500 MHz) δ 8.79 (s, 2H), 8.57
(d, J = 5.1 Hz, 2H), 7.39 (d, J = 5.1 Hz, 2H), 0.10 (s, 18H); 13C{1H}
NMR (CDCl3, 126 MHz) δ 153.4, 148.3, 147.4, 123.5, 119.0, 102.6,
100.1, 0.4; HRMS (ESI) m/z calcd for C20H25N2Si2: 349.1551 [M +
H]+; found, 349.1572.
Compound 22. To a suspension of PtO2 (8 mg, 0.037 mmol) in a

degassed mixture of 1:1 EtOH/EtOAc (1 mL) was added a solution
of compound 19 (50 mg, 0.103 mmol) in the same solvents (1 mL)
under argon. The solution was vigorously stirred under H2 for 5 h.
The mixture was filtered over a pad of Celite and washed with
CH2Cl2. The solvents were evaporated to afford compound 22 (46
mg, 0.093 mmol, 91%) as a white solid. mp 51 °C; 1H (CDCl3, 500
MHz) δ 8.57 (s, 2H), 8.49 (d, J = 4.9 Hz, 2H), 7.00 (d, J = 4.9 Hz,
2H), 2.42 (td, J = 14.0, 7.8 Hz, 2H), 2.29 (td, J = 14.0, 7.8 Hz, 2H),
2.25 (q, J = 7.9 Hz, 2H), 1.40 (t, J = 7.2 Hz, 4H), 1.33−1.11 (m,
36H), 0.87 (t, J = 6.9 Hz, 6H); 13C{1H} NMR (CDCl3, 126 MHz) δ
151.0, 147.1, 146.0, 135.3, 123.6, 32.1, 30.8, 30.6, 29.8, 29.8, 29.7,
29.6, 29.49, 29.46, 29.4, 22.8, 14.3; HRMS (ESI) m/z calcd for
C34H57N2: 493.4516 [M + H]+; found, 493.4516.

Compound 23. To a solution of compound 21 (846 mg, 2.43
mmol) in dry THF (10 mL) was added a solution of 1 M TBAF in
THF (5.3 mL, 5.35 mmol) at rt under argon. The resulting black
solution was stirred overnight and quenched with 1 M HCl (3 mL),
and the solvent was evaporated. Water (15 mL) and CH2Cl2 (20 mL)
were added to the solid, and the aqueous phase was extracted with
CH2Cl2 (3 × 15 mL). The organic phases were combined, washed
with H2O (15 mL), dried over Na2SO4, and concentrated. The
residue was purified by column chromatography (SiO2, cyclohexane/
ethyl acetate/CH2Cl2, 2.5:2.5:1) to afford compound 23 (367 mg,
1.80 mmol, 74%) as a beige solid. The product was used for the next
step without further purification. mp 191 °C; 1H NMR (CDCl3, 500
MHz) δ 8.86 (s, 2H), 8.65 (d, J = 5.1 Hz, 2H), 7.36 (d, J = 5.1 Hz,
2H), 3.16 (s, 2H); 13C{1H} NMR (CDCl3, 126 MHz) δ 154.1, 149.0,
147.5, 123.5, 118.0, 84.4, 78.8; HRMS (ESI) m/z calcd for C14H9N2:
205.0760 [M + H]+; found, 205.0757.

Compound 24. To a solution of 3,3′-diethynyl-4,4′-bipyridine 23
(100 mg, 0.49 mmol) in dry THF (2 mL) was added n-BuLi (1.6 M,
0.67 mL, 1.08 mmol) at −78 °C under argon. The mixture was stirred
for 30 min at this temperature, and a solution of anhydrous ZnCl2
(167 mg, 1.22 mmol) in dry THF (2 mL) was added. After 30 min of
stirring at −78 °C, the solution was warmed to rt. This zinc derivative
was then slowly transferred via a double tipped needle to the solution
of aryl bromide 26 (849 mg, 1.22 mmol) and Pd(PPh3)4 (28 mg, 0.02
mmol) in dry THF (6 mL) at rt under argon. The mixture was
refluxed overnight and quenched with 1 M HCl (5 mL), and the THF
was evaporated. Water (15 mL) and CH2Cl2 (30 mL) were added,
and the aqueous phase was extracted with CH2Cl2 (3 × 15 mL). The
organic phases were combined, washed with H2O (15 mL), dried over
Na2SO4, and concentrated. The residue was purified by column
chromatography (SiO2, pentane/CH2Cl2 1:1; then pentane/AcOEt
4:1) to afford compound 24 (432 mg, 0.302 mmol, 62%) as a yellow
solid. mp 75 °C; 1H NMR (CDCl3, 500 MHz) δ 8.91 (s, 2H), 8.65
(d, J = 5.1 Hz, 2H), 7.48 (d, J = 5.1 Hz, 2H), 6.43 (s, 2H), 6.42 (s,
4H), 3.86 (t, J = 6.5 Hz, 8H), 1.74 (quint, J = 6.5 Hz, 8H), 1.46−1.39
(m, 8H), 1.36−1.19 (m, 112H), 0.92−0.84 (m, 12H); 13C{1H} NMR
(CDCl3, 126 MHz) δ 160.2, 153.3, 148.3, 147.1, 123.8, 123.4, 119.3,
109.8, 103.3, 96.7, 84.3, 68.3, 32.1, 29.9, 29.85, 29.84, 29.82, 29.8,
29.7, 29.55, 29.52, 29.3, 26.2, 22.8, 14.3; HRMS (ESI) m/z calcd for
C98H161N2O4: 1430.2451 [M + H]+; found, 1430.2443; Anal. Calcd
for C98H160N2O4: C, 82.29; H, 11.28; N, 1.96. Found: C, 81.85; H,
11.19; N, 1.91.

Aryl Bromide 26.47 Argon was bubbled for 30 min in a suspension
containing 5-bromoresorsinol (1.50 g, 7.9 mmol) and K2CO3 (3.29 g,
23.8 mmol) in DMF (45 mL). Then, 1-bromooctadecane (6.61 g,
19.9 mmol) was added, and the mixture was heated at 80 °C under
argon for 16 h. After cooling to rt, water was added (300 mL) and the
suspension was extracted three times with dichloromethane (100
mL). The combined organic phases were washed with water twice,
dried over sodium sulfate, filtered, and concentrated. The crude
material was purified by column chromatography (SiO2, pentane).
Then, recrystallization from toluene and methanol afforded
compound 26 as a white solid (3.97 g, 5.7 mmol, 72%). mp 59 °C;
1H NMR (CDCl3, 400 MHz) δ 6.64 (d, J = 2.2 Hz, 2H), 6.36 (t, J =
2.2 Hz, 1H), 3.90 (t, J = 6.6 Hz, 4H), 1.75 (tt, J = 7.4, 6.6 Hz, 4H),
1.43 (tt, J = 7.4, 7.1 Hz, 4H), 1.26 (m, 56H), 0.88 (t, J = 6.8 Hz, 6H);
13C{1H} NMR (CDCl3, 126 MHz) δ 160.9, 122.9, 110.3, 100.7, 68.4,
32.1, 29.86, 29.85, 29.84, 29.82, 29.75, 29.71, 29.53, 29.50, 29.3, 26.1,
22.8, 14.3; HRMS (ESI) m/z calcd for C42H78BrO2: 693.5180 [M +
H]+; found, 693.5158.
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