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Abstract—This publication presents simple methodologies for construction of divergent anthracene arrays either within structural interior or
at peripheral positions of dendritic frameworks. The synthetic approaches employed multiple coupling reactions between two types of
10-functionalized 9-anthryl chlorides and two types of polyphenolic linkers, resulting in four types of dendritic architectures. Successful
implementation of the syntheses was confirmed by a range of spectroscopies along with elemental analyses and size exclusion
chromatography studies. The resulting dendritic molecules showed a range of solubilities in chloroform fairly affected by the dendritic
backbone structures. Fluorescence spectroscopic experiments of the multichromophoric dendritic systems indicated pronounced energy
delocalization functionalities via an energy migration within the branched molecular frameworks as expressed in reduced fluorescence
quantum yields and complex emission decay profiles.
q 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Over the last decade, there has been a rapid increase in the
literature published on new dendritic architectures because
of their potential applications in the new emerging field of
nanotechnology.1,2 The dendritic frameworks provide
unique nanometer-size environments, which may serve as
a polymer backbone for effective three-dimensional
matrices due to their highly branched and compressed
globular structures.3,4 In this context, functional elements
embedded within the dendritic skeletal frameworks may
define shell effects of the dendritic architectures, which
render the resulting hyperbranched systems potentially
versatile. Nevertheless, a major focus of contemporary
synthetic approaches to dendrimers is functionalization of
surface groups and structural modification of core units
because most of the functionalized molecular materials are
synthetically dormant due to their structural complexity,
which may result in poor feasibility to be incorporated into
the dendritic systems.5 In previous publications, we have
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reported that first-generation architectures such as n-hexyl
substituted dendron 1 and dendrimer 2 (Fig. 1) showed
cooperative action of the chromophoric groups leading to
energy delocalization of absorbed photons.6,7 It has been
recognized in this context that such chromophore-clustering
systems can serve as potential molecular antennae in
creation of effective light-harvesting devices and synthetic
elaboration of new multichromophoric dendrimer system is
therefore of great significance.8–11 In the present work, we
intend to investigate the possibility of accessing higher-
generation dendritic architectures as a logical extension of
the synthetic methodology, which allows us to generate a
variety of dendrimer systems with higher local density of
light-collecting units. Despite our intention, incorporation
of the anthracene groups into the dendritic frameworks was
initially hampered by the low branching configurations.12

Accordingly, key to the successful implementation of the
synthetic plan is utilization of junction units for introduction
of branching elements into the anthracene nucleus,
converting it to the branched building blocks. Based on
this functionalization strategy, we established a simple
methodology for construction of four types of second-
generation dendritic architectures 3B, 3L, 4B, and 4L
(Fig. 1) as representative members of the higher-generation
Tetrahedron 62 (2006) 3065–3074
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Figure 1. Structures of dendritic molecules 1–4.
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family, where we shall occasionally employ the letters B
and L to designate branching and linear geometries of
multichromophoric substituents, respectively. Along with
the synthetic achievement and property investigation of
the dendritic compounds, we disclose photophysical
characteristics for energy delocalization functionalities of
the new multichromophoric systems.
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Scheme 1. Syntheses of 12. Conditions: (a) NBS, AIBN, CHCl3, reflux,
95%; (b) Cs2CO3, DME, reflux, 11B (79%), 11L (72%); (c) 18-crown-6,
K2CO3, DMF, 55 8C, 12B (90%), 12L (92%).
2. Results and discussion

Our previous report has shown that direct coupling of
variously substituted 10-alkyl-9-anthryl chlorides and
polyphenolic linkers 5 and 6 was viable for the syntheses
of the lowest dendritic generations.7 In an attempt to apply
this methodology to the second-generation dendritic
architectures, our attention focused on preparations of
requisite anthryl chlorides 7B and 7L carrying additional
anthracene functionalities at the C10-position of the
anthracene ring system (Fig. 2).
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Figure 2. Retrosynthetic analyses.
Our approach to the dendritic architectures started with
preparation of an asymmetrically 9,10-disubstituted anthra-
cene through site-selective bromination. In general, the
course of free radical bromination with N-bromosucci-
nimide is influenced profoundly by local electron density
of active methylene groups.13 When 9-acetoxy-10-
methylanthracene 8 was employed as the reactant, hydrogen
abstraction took place predominantly at the methyl group
adjacent to the anthracene ring as a result of deactivation of
the benzylic counterparts by neighboring acetoxy group,
giving rise to 9-acetoxy-10-bromomethylanthracene 9 in
95% yield (Scheme 1).
For the preparation of branching skeletal series, the
corresponding junction unit was synthesized by selective
removal of benzoyl groups from phloroglucinol tribenzoate
10B.14 The controlled hydration of 10B was accomplished
with cesium carbonate under an anhydrous condition to give
3,5-dibenzoyloxyphenol 11B in 79% yield. This compound
possesses one phenolic hydroxyl group available for
nucleophilic coupling with 9, leading to 12B in 90% yield
(Scheme 2).

Deprotection of two remaining benzoyl groups in 12B using
excess n-butylamine gave bisphenolic derivative 13B in 81%
yield without affecting the terminal acetoxy group.15 The
subsequent transformation of 13B into 14B was conducted by
the established protocol for the synthesis of first-generation
dendrons.7 As for an endcapping reagent required for this
reaction, 10-(n-hexyl)-9-anthryl chloride was selected due to
the fact that attaching the long alkyl side chain on the
peripheral anthracene groups enhanced solubility of the
resulting dendrimer in a variety of organic solvents.7 Thus,
the coupling between 13B and 2 mol equiv of the anthryl
chloride underwent efficient ether bond formation providing
14B in 60% yield. The acetyl endgroup of 14B underwent
efficient deprotection by hydrolysis with sodium methoxide in
methanol solution to give the corresponding alcohol 15B
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Scheme 2. Syntheses of 3 and 4. Conditions: (a) n-BuNH2, THF, reflux,
13B (81%), 13L (85%); (b) 10-(n-hexyl)-9-anthryl chloride, 18-crown-6,
K2CO3, DMF, 55 8C, 14B (84%), 14L (94%); (c) CH3ONa, 1:1 THF/
CH3OH, reflux, 15B (95%), 15L (92%); (d) MsCl, LiCl, DMAP, Et3N,
THF, rt, 7B (87%), 7L (91%); (e) 5, 18-crown-6, K2CO3, DMF, 55 8C, 3B
(75%), 3L (69%); (f) 6, 18-crown-6, K2CO3, DMF, 55 8C, 4B (57%), 4L
(48%).
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Figure 3. (a) ESI-MS spectrum of 3B. (b) CSI-MS spectrum of 4B.
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in 95% yield. In the final step of the reaction sequence, we
attempted to convert the hydroxyl group of 15B by generation
of the corresponding mesylate followed by in situ displace-
ment reaction in the presence of excess lithium chloride to the
desired anthryl chloride 7B in 87% yield. A similar set of
reactions was employed to prepare the linear segment 7L,
where a resorcinol moiety was incorporated as another
junction unit in place of the phloroglucinol building
component in 7B. Starting from resorcinol dibenzoate 10L,
all synthetic reactions proceeded with good to excellent yields
(72–94%) and gave rise to 7L through six sequential steps.

Subsequent covalent attachment of 7B and 7L to two types
of the polyphenolic linkers 5 and 6, available from previous
works,7 was facilitated by the successive nucleophilic
substitution reactions at the multiple sites, giving rise to
the second-generation dendritic molecules 3B (75%), 3L
(69%), 4B (57%), and 4L (48%), respectively. All these
compounds were fully characterized by a range of spectro-
scopies along with elemental analyses. For instance,
simplicity of the 1H and 13C NMR spectra is consistent
with the highly symmetric structures. In particular, the 1H
NMR of 4B and 4L exhibited low-field singlets at 8.95 and
9.01 ppm, respectively, due to aromatic protons attached to
the cores, indicating that all three dendritic branching units
of this molecule should be chemically equivalent. The
molecular weights of these compounds were examined by
electrospray ionization mass spectrometry (ESI-MS).16 This
allowed a qualitative analysis of 3B exhibiting the
parent ion peaks at m/z 2020.9, attributable to [MCNa]C

(calcd m/z 2020.0), with a calculated isotopic distribution
pattern (Fig. 3a). During this measurement, three minor
peaks were simultaneously observed at m/z 2036.9, 2052.9,
and 2069.0 possibly due to oxidized molecular ions (calcd
m/z 2036.0 [MCNaO]C, 2052.0 [MCNaO2]C, and 2068.0
[MCNaO3]C, respectively). This observation indicates the
poly(anthryl ether) dendritic compounds are very suscep-
tible to oxidative degradation under the instrumental
conditions of operation. In fact, the analogous dendron 3L
provided predominantly molecular ion peaks at m/z 1471.5
as an oxidized substrate [MCNaO2]C (calcd m/z 1471.6)
under the identical experimental condition. On the other
hand, the dendrimers 4B and 4L did not exhibit any parent
ion peak by similar ESI-MS measurements and fragmented
exclusively to stabilized anthryl ionic species. Further
investigations by coldspray ionization mass spectral
(CSI-MS) technique provided compelling evidence for the
formation of 4B and 4L.17 The CSI-MS analysis of 4B
exhibited singly and doubly charged molecular ion peaks at
m/z 5873.3 [MCCl]K (calcd 5874.8) and 2954.5 [MC
2Cl]2K (calcd 2954.9), respectively (Fig. 3b), while 4L gave
only a singly charged ion peak at m/z 4131.8 [MCCl]K

(calcd 4131.8). These results clearly indicate the success of
our synthetic strategy achieving complete coverage of the
dendrimer backbones.

Alternatively, the molecular weights of these materials were
also estimated using a relative method such as gel
permeation chromatography (GPC) calibrated with poly-
styrene standards. In chloroform solutions, all dendritic
compounds exhibited sharp and symmetrical peaks at
discrete retention times with low polydispersity values
(Mw/Mn!1.01) that should be in the range typically found
for unified dendrimers (Table 1). Figure 4 demonstrates that
either a series of dendrons 1, 3B, and 3L or a series of
dendrimers 2, 4B, and 4L provided almost monomodal
distributions fitted well with the linear polystyrene series in
the correlation diagram, where observed retention volumes
of all dendritic compounds exhibited a linear dependence on
logarithmic numbers of the averaged molecular weights.
Table 1 presents the molecular weights of the dendrimers



Table 1. Structural details, GPC results, and maximum solubilities of 1–4

Entry Number of
anthracene units

Formula Mw/Mn
a Nominal Mw Mw c (mol/L)b

1 2 C56H56O4 1.001 792 746 3.8!10K1

2c 6 C156H156O12 1.004 2221 2074 1.0!10K2

3B 6 C142H132O10 1.002 1997 2258 1.3!10K2

3L 4 C100H88O8 1.001 1417 1553 5.9!10K3

4B 18 C414H384O30 1.003 5835 5460 6.8!10K4

4L 12 C288H252O24 1.008 4094 3940 1.4!10K5

a Calibrated with narrow-dispersity polystyrene standards.
b Maximum concentrations dissolved in chloroform at 20 8C.
c See Ref. 7.

lo
gM

w

4.5

Retention volume /mL

3B

6

3.5

7 8 9
2.5

3L

4B
4L

1

2

Figure 4. Semilogarithmic plot of average molecular weights (Mw) versus
GPC retention volumes for polystyrene standards (%), dendrons (:), and
dendrimers (C).

N
or

m
al

iz
ed

 fl
uo

re
sc

en
ce

 in
te

ns
ity

 / 
a.

u.

350 400 500 550

Wavelength / nm

450

1

2

3B
3L

4L
4B

Figure 5. Steady-state fluorescence spectra of 1 and 2 (dashed lines), 3B
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The spectra were obtained by excitation at 378 nm and normalized to the
same optical density at the excitation wavelength. All measurements were
conducted in sufficiently low concentrations (10K8w10K7 M) of the
analytes to exclude the possibilities of intermolecular interactions.
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(Mw) determined by the GPC analyses calibrated with
the polystyrene standards. As can be seen in Table 1, the
estimated values for both series are satisfactorily close to the
nominal molecular weights with small differences less than
13%, indicating this analytical experiment provides reliable
information on the approximate molecular sizes.

The degree of branching in the three-dimensional dendritic
skeletal frameworks allows for direct control of solubility in
common organic solvents. Table 1 also includes maximum
solubilities of the dendritic macromolecules in chloroform
solutions, which were determined by dissolving the samples
in chloroform and measuring their UV absorption maxima
around 380 nm. From these data, impressive differences
were observed in the solubilities between the branching
(B) and linear (L) dendritic architectures. In comparison,
the maximum solubility of 3B was increased by 2.2-fold
compared with 3L, while 4B displayed significantly
enhanced solubility as large as about 49-fold relative to
4L. It should be noted that the branching skeletal systems
offer the advantage of higher solubility although they
contain large numbers of insoluble anthracene moieties in
confined molecular spaces. These solubilization phenomena
may be understood on the basis of net lipophilic properties
of the molecules functionalized by the alkyl solubilizing
groups. In general, the branching dendritic architectures are
designed to bring greater number of peripheral groups in
defined geometries than the linear systems, thus reinforcing
the extent of surface functionalization of the dendritic
shells. For the case of our model systems, such a structural
aspect may result in an increase of incorporation ratio of the
terminal solubilizing groups within the branching dendritic
frameworks, which should significantly enhance solubilities
of the resulting compounds. Consequently, the experimental
results obtained are in good agreement with this proposal,
demonstrating that the branching geometry of the macro-
molecular systems strongly influences the intrinsic maxi-
mum solubility for the dendritic architectures.

In an effort to gain insight into the scope of photophysical
properties, we investigated absorption and fluorescence
behavior of the two analogous series of the new dendritic
molecules 3–4. All these compounds showed comparable
absorption profiles giving three intense peaks at around 360,
380, and 400 nm attributed to anthracene absorptions whose
molar absorption coefficients are approximately pro-
portional to the number of anthracene units. On the other
hand, individual dendritic molecules behaved differently
with respect to the fluorescence spectroscopic features.
Figure 5 shows a series of steady-state fluorescence
emission spectra of all the dendritic architectures 1–4
upon excitation at 378 nm. As illustrated, the emission
spectra of the both dendrons 3B and 3L displayed vibronic
fine-structures with two sharp bands at around 410 and
430 nm and shoulders in the longer wavelength region,
resembling closely the emission spectrum of the first-
generation analogue 1 with diminished intensity levels.
Furthermore, the two dendrimers 4B and 4L exhibited
slightly red-shifted and less efficient emissions relative to
the first-generation analogue 2.
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Indeed, the second-generation 3–4 exhibited weaker
emission bands than the first-generation 1–2 as expressed
by lower fluorescence quantum yields (Table 2). This
suggested the new dendritic molecules allowed fast energy
delocalization driven by the chromophore cluster effects
that were strongly dependent on the branching molecular
geometry and the number of chromophores present in the
dendritic systems.18 At this point, it is of interest to note that
3B showed a significantly lowered fluorescence quantum
efficiency in comparison to that of its geometric isomer 2,
while the estimated values for the second-generation family
were substantially unaffected by the number of chromo-
phores incorporated within the dendritic frameworks. The
observed dependence of the quantum yields on the
molecular geometry can be rationalized in terms of
interchromophore separations defined by differences in
local packing density of the chromophoric groups, which
should be the most important factor in governing energy
migration rates.19 It is well accepted that the energy transfer
rates due to either electron exchange (Dexter) mechanism
through collision interactions or dipole–dipole (Förster)
mechanism through Coulombic interactions are extremely
influenced by the average distances between the donor and
acceptor.20,21 This rationale suggests a tentative conclusion
that these two mechanisms may dominate the energy
migration processes in the dendritic anthracene arrays.
However, these mechanistic possibilities cannot be sub-
stantially distinguished by uncertainties in interchromo-
phoric distances because of inherent flexibility in the
dendrimer conformations.
Table 2. Absorption and fluorescence maxima, and fluorescence quantum
yields of 1–4

Entry labs (nm) lF (nm) FF

1a 360, 379, 400 410, 430, 454 0.36
2a 360, 379, 400 409, 433, 454 0.20
3B 358, 378, 398 409, 432, 456 0.13
3L 357, 375, 396 406, 430, 450 0.14
4B 359, 378, 399 409, 434, 458 0.13
4L 358, 377, 397 406, 430, 450 0.14

a See Ref. 7.

Time / ns

Figure 6. Fluorescence decay profiles at 433 nm of 1, 2, and 4B in THF
solutions (excitation at 355 nm).
To investigate energy migration dynamics of the second-
generation dendrimer systems, time-resolved fluorescence
decay measurements were performed on the largest
dendrimer 4B as a representative example of the second-
generation dendritic architectures. Figure 6 illustrates the
fluorescence intensity traces of 1, 2, and 4B, which
demonstrated 4B decayed faster than the first-generations
1 and 2 following a multiexponential curve.22 An attempt to
analyze the data of 4B with a triexponential function gave a
satisfactory fit with lifetimes of 5.6 ns (44%), 1.6 ns (33%),
and 0.37 ns (23%). As demonstrated previously for first-
generation analogues carrying ethyl substituents at the
peripheral positions, the decay profile for 1 followed
satisfactorily a monoexponential function with a decay
component of 5.6 ns, while the decay for 2 was well
fitted with a biexponential yielding two components of
5.6 ns (68%) and 1.6 ns (32%).7 In comparison, the two
slower decay components of 5.6 and 1.6 ns found in 4B can
be assigned to originate from the first-generation dendrimer
2, which may include the dynamic character of the
bichromophoric dendron 1 with the longest decay com-
ponent of 5.6 ns. During the course of our studies, we found
that all the three multichromophoric dendritic systems
examined may share a common mechanistic feature with
respect to the energy migration channels and thus the
second-generation dendrimer 4B may cover all the decaying
elements of the constituent molecules. Based on this
consideration, the fast decay component of 0.37 ns observed
for 4B can be deduced to be a newly introduced energy
migration channel caused by the densely multichromopho-
ric array of the second-generation dendrimer.23
3. Conclusion

In conclusion, we described simple methodologies that
allowed ready access to the four types of second-generation
dendritic architectures containing up to 18 anthracene units
either within their structural interior or at their periphery.
The synthetic procedure presented here provides a
promising strategy to construct the higher-generation
dendritic architectures, which realizes denser arrays of
anthracene groups in well-defined molecular spaces. The
developed dendritic molecules have been shown to undergo
the intramolecular energy migration extending over a large
part of the dendritic architectures. Finally, the present
multichromophoric systems represent a potential light-
harvesting antenna that can capture photons and transfer
them to neighboring photoactive units within supra-
molecular environments.
4. Experimental

4.1. General

All solvents and reagents were of reagent grade quality from
Wako Pure Chemicals used without further purification. The
1H and 13C nuclear magnetic resonance (NMR) spectra
operating at the frequencies of 300 and 75 MHz, respect-
ively, were recorded on a JEOL JNM-AL300 spectrometer
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in chloroform-d (CDCl3) or acetone-d6 ((CD3)2CO).
Chemical shifts are reported in parts per million (ppm)
relative to TMS and the solvent used as internal standards,
and the coupling constants are reported in hertz (Hz).
Fourier transform infrared (FT-IR) spectra were recorded on
a JASCO FT/IR-410 spectrometer as KBr disks. Absorption
spectra were recorded on a JASCO model V-570 UV–vis–
NIR spectrophotometer. Fluorescence spectra were
measured on a Hitachi F-4500 spectrofluorometer. Melting
points were measured with a Yanaco MP-S3 melting point
apparatus. Fast atom bombardment (FAB) mass measure-
ments were performed by a JASCO JMS-HX110A
spectrometer using a 3-nitrobenzyl alcohol matrix. Electro-
spray ionization-time-of-flight (ESI-TOF) mass spectra of
3B, 3L, and 9 were recorded on a Micromass LCT mass
spectrometer KB 201. Coldspray ionization mass (CSI-MS)
spectral measurements of 4B and 4L were performed by
two-sector (BE) mass spectrometer (JMS-700, JEOL)
equipped with a cold-spray ionization (CSI) source.
Elemental analyses were obtained from Thermo Flash EA
1112 instrument. Gel permeation chromatography (GPC)
was performed on a system consisting of a JASCO model
880-PU pump at a flow rate of 0.5 mL/min and JASCO 875-
UV absorbance detector (254 nm) equipped with a Shodex
K-802.5 column, where chloroform was used as mobile
phase. Time-resolved fluorescence decay measurements of
1, 2, and 4B were performed on a system consisting of a
Hamamatsu C5094 imaging spectrograph and a B. M.
Industries 5022 D. PS. DP.10 passively/actively mode-
locked Nd:YAG laser employing the third harmonic at
355 nm. These measurements were conducted in THF
solutions. The decays were fitted with the least-squares
(LS) method to evaluate the fluorescence lifetimes. The
quality of the fits has been judged from the estimated values
and residuals. Preparative high-performance liquid
chromatography (HPLC) was performed on a Japan
Analytical Industry LC-918 recycling system. Samples of
first-generation dendron 1, dendrimer 2, multibranched
polyphenolic linkers 5 and 6, 9-acetoxymethyl-10-methyl-
anthracene 8, resorcinol dibenzoate 10L, 3-benzoyloxy-
phenol 11L, and 10-(n-hexyl)-9-anthryl chloride were
prepared by the procedures reported in the previous
publications.7,14 Synthetic intermediates of phloroglucinol
tribenzoate 10B and 3,5-dibenzoyloxyphenol 11B were
prepared by alternative approaches to improve reaction
yields for comparison with published procedures.24 The
fluorescence quantum yields of 3B, 3L, 4B, and 4L were
determined in comparison to those of 1 and 2 in chloroform
solutions, which were employed as standards.

4.1.1. Synthetic procedure for 9. A solution containing 8
(0.86 g, 3.26 mmol), N-bromosuccinimide (0.57 g,
3.22 mmol), and 2,2 0-azobisisobutyronitrile (0.027 g,
0.16 mmol) in chloroform (100 mL) was heated to reflux
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and then the
solvent was removed in vacuo. This resulting solid was
dissolved in DMF (20 mL), and the solution was poured into
excess water to precipitate the product. The precipitate was
collected by filtration, intensively washed with water, and
dried in a vacuum to afford a yellow solid. After complete
vacuum drying, the resulting solid was purified by
recrystallization from chloroform–hexane, affording 9
(1.06 g, 95%) as a yellow powder: mp 192–194 8C; IR
(KBr) 1730 cmK1 (C]O); MS (ESI, positive) m/z 365
(MNaC); 1H NMR (CDCl3) d 2.09 (s, 3H, CH3), 5.52 (s,
2H, CH2Br), 6.14 (s, 2H, CH2O), 7.58–7.69 (m, 4H, ArH),
8.34–8.41 (m, 4H, ArH); 13C NMR (CDCl3) d 20.9 (CH3),
26.6 (CH2), 58.8 (CH2), 124.2 (CH), 124.8 (CH), 126.5
(CH), 126.6 (CH), 128.7 (C), 129.4 (C), 130.3 (C), 131.0
(C), 171.1 (C). Anal. Calcd for C18H15BrO2: C, 62.99; H,
4.41; N, 0.00. Found: C, 62.69; H, 4.68; N, 0.07.

4.1.2. Synthetic procedure for 10B. Commercially
available phloroglucinol dihydrate was dried in a vacuum
oven for 1 day prior to use. To a solution containing the
dehydrated phloroglucinol (3.69 g, 0.0293 mol) and
triethylamine (24.4 mL, 0.175 mol) in THF (10 mL), a
solution of benzoyl chloride (11.8 mL, 0.102 mol) in THF
was added dropwise under vigorous stirring at 0 8C. The
reaction was allowed to continue for additional 3 h at room
temperature. The reaction mixture was then quenched by
slow addition of diluted HCl (3.0 mol/L, 100 mL) to
precipitate the product. The precipitate was collected by
filtration, intensively washed with water, and dried in a
vacuum to afford a white solid. Purification of the resulting
solid by recrystallization from chloroform solution gave
10B (10.0 g, 78%) as a white powder. This compound was
identified by comparison of the 1H NMR chemical shifts
with the literature data.24

4.1.3. Synthetic procedure for 11B. The synthetic
procedure for 11B was achieved by following a new
method. A solution containing 10B (3.03 g, 6.92 mmol) and
cesium carbonate (1.80 g, 5.52 mmol) in anhydrous
dimethoxyethane (50 mL) was heated to reflux with
vigorous stirring under argon atmosphere. After 18 h, the
reaction mixture was cooled to room temperature, quenched
by slow addition of diluted HCl (3.0 mol/L, 40 mL), and
then extracted twice with ethyl acetate (30 mL). The
combined organic layers were washed with water
(20 mL), saturated aqueous NaHCO3 (20 mL), and brine
(20 mL). The organic layer was separated, dried over
anhydrous Na2SO4, filtered, and concentrated in vacuo. The
residue was dissolved in chloroform (30 mL), and the
solution was filtered through Celite to remove the remaining
starting material. After the filtrate was concentrated in
vacuo, the residue was purified by silica-gel column
chromatography (chloroform as eluent) to give 11B
(1.83 g, 79%) as a white powder. This compound was
identified by comparison of the 1H NMR chemical shifts
with the literature data.24

4.1.4. Synthetic procedure for 12B. A solution containing
9 (0.36 g, 1.05 mmol), 11B (0.32 g, 0.96 mmol), potassium
carbonate (0.20 g, 1.44 mmol), and 18-crown-6 (0.13 g,
0.49 mmol) in DMF (5 mL) was heated at 55 8C with
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and poured into
saturated ammonium chloride solution to precipitate the
product. The precipitate was collected by filtration,
intensively washed with water, and dried in a vacuum to
afford a pale yellow solid. Purification of the residue by
silica-gel column chromatography (70% chloroform, 30%
hexane) gave 12B (0.52 g, 90%) as a pale yellow powder.
Further purification was achieved by recrystallization from
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CHCl3–methanol solution: mp 188–190 8C; IR (KBr)
1597 cmK1 (C]C), 1738 cmK1 (C]O); MS (FAB,
positive) m/z 596 (MC), 597 (MHC); 1H NMR (CDCl3)
d 2.09 (s, 3H, CH3), 5.99 (s, 2H, CH2), 6.18 (s, 2H, CH2),
6.91 (t, JZ2.0 Hz, 1H, ArH), 6.99 (d, JZ2.0 Hz, 2H, ArH),
7.49–7.54 (m, 4H, ArH), 7.58–7.64 (m, 6H, ArH), 8.19–
8.22 (m, 4H, BzH), 8.32–8.42 (m, 4H, ArH); 13C NMR
(CDCl3) d 20.9 (CH3), 58.8 (CH2), 63.3 (CH2), 106.4 (CH),
108.9 (CH), 124.7 (CH), 126.3 (CH), 126.4 (CH), 128.5 (C),
128.6 (CH), 128.8 (C), 129.3 (C), 130.2 (CH), 130.8 (C),
133.8 (CH), 152.2 (C), 160.3 (C), 164.8 (C), 171.2 (C).
Anal. Calcd for C38H28O7: C, 76.50; H, 4.73; N, 0.00.
Found: C, 76.19; H, 4.97; N, 0.00.

4.1.5. Synthetic procedure for 12L. A solution containing
9 (1.43 g, 4.18 mmol), 11L (0.81 g, 3.80 mmol), potassium
carbonate (0.79 g, 5.72 mmol), and 18-crown-6 (0.50 g,
1.89 mmol) in DMF (8 mL) was heated at 55 8C with
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and poured into
saturated ammonium chloride solution to precipitate the
product. The precipitate was collected by filtration,
intensively washed with water, and dried in a vacuum.
Purification by recrystallization from CHCl3–hexane
solution gave 12L (1.66 g, 92%) as a pale yellow solid:
mp 234–236 8C; IR (KBr) 1603 cmK1 (C]C), 1736 cmK1

(C]O); MS (FAB, positive) m/z 476 (MC), 477 (MHC);
1H NMR (CDCl3) d 2.09 (s, 3H, COCH3), 5.95 (s, 2H, CH2),
6.17 (s, 2H, CH2), 6.91–6.95 (m, 1H, ArH), 7.02–7.06 (m,
2H, ArH), 7.39–7.44 (m, 2H, ArH), 7.49–7.66 (m, 7H,
ArH), 8.21–8.24 (m, 2H, BzH), 8.30–8.41 (m, 4H, ArH);
13C NMR (CDCl3) d 21.0 (CH3), 58.8 (CH2), 63.0 (CH2),
108.5 (CH), 112.7 (CH), 114.6 (CH), 124.6 (CH), 124.7
(CH), 126.3 (CH), 128.6 (CH), 128.7 (C), 128.9 (C), 129.5
(C), 130.1 (CH), 130.2 (CH), 130.7 (C), 130.8 (C), 133.7
(CH), 152.1 (C), 160.1 (C), 165.2 (C), 171.2 (C). Anal.
Calcd for C31H24O5: C, 78.14; H, 5.08; N, 0.00. Found: C,
78.03; H, 5.11; N, 0.00.

4.1.6. Synthetic procedure for 13B. A solution containing
12B (0.68 g, 1.14 mmol) and n-butylamine (2.26 mL,
22.9 mmol) in THF (15 mL) was heated to reflux with
stirring under argon atmosphere. After 18 h, the reaction
mixture was cooled to room temperature, and concentrated
in vacuo. Purification of the residue by silica-gel column
chromatography (67% hexane, 33% ethyl acetate) and
recrystallization from hexane–ethyl acetate solution gave
13B (0.36 g, 81%) as a pale yellow powder: dp 186–188 8C;
IR (KBr) 1606 cmK1 (C]C), 1732 cmK1 (C]O),
3383 cmK1 (OH); MS (FAB, positive) m/z 388 (MC),
399 (MHC); 1H NMR ((CD3)2CO) d 2.03 (s, 3H, CH3),
5.97 (s, 2H, CH2), 6.09 (t, JZ2.1 Hz, 1H, ArH), 6.19 (s, 2H,
CH2), 6.15 (d, JZ2.1 Hz, 2H, ArH), 7.59–7.67 (m, 4H,
ArH), 8.31 (br s, 2H, OH), 8.41–8.51 (m, 4H, ArH); 13C
NMR ((CD3)2CO) d 20.8 (CH3), 59.2 (CH2), 63.2 (CH2),
94.9 (CH), 97.0 (CH), 125.6 (CH), 125.9 (CH), 127.0 (CH),
127.1 (CH), 129.8 (C), 131.0 (C), 131.6 (C), 131.7 (CH),
160.3 (C), 162.3 (C), 171.1 (C). Anal. Calcd for C24H20O5:
C, 74.21; H, 5.19; N, 0.00. Found: C, 73.96; H, 5.35;
N, 0.03.

4.1.7. Synthetic procedure for 13L. A solution containing
12L (0.71 g, 1.49 mmol) and n-butylamine (1.47 mL,
14.9 mmol) in THF (20 mL) was heated to reflux with
stirring under argon atmosphere. After 18 h, the reaction
mixture was cooled to room temperature, and concentrated
in vacuo. Purification of the residue by silica-gel column
chromatography (60% hexane, 40% ethyl acetate) and
recrystallization from hexane–ethyl acetate solution gave
13L (0.47 g, 85%) as a pale yellow powder: mp 190–
191 8C; IR (KBr) 1591 cmK1 (C]C), 1707 cmK1 (C]O),
3411 cmK1 (OH); MS (FABC) m/z 372 (MC), 373 (MHC
); 1H NMR ((CD3)2CO) d 2.04 (s, 3H, COCH3), 6.02 (s, 2H,
CH2), 6.19 (s, 2H, CH2), 6.51–6.55 (m, 1H, ArH), 6.64–6.71
(m, 2H, ArH), 7.15–7.21 (m, 1H, ArH), 7.58–7.66 (m, 4H,
ArH), 8.38 (s, 1H, OH), 8.41–8.50 (m, 4H, ArH); 13C NMR
((CD3)2CO) d 20.8 (CH3), 59.2 (CH2), 63.3 (CH2), 103.3
(CH), 106.8 (CH), 109.3 (CH), 125.7 (CH), 125.9 (CH),
127.0 (CH), 127.1 (CH), 129.8 (C), 130.9 (CH), 131.6 (C),
131.7 (C), 159.7 (C), 161.6 (C), 171.1 (C). Anal. Calcd for
C24H20O4: C, 77.40; H, 5.41; N, 0.00. Found: C, 77.28; H,
5.29; N, 0.00.

4.1.8. Synthetic procedure for 14B. A solution containing
13B (0.26 g, 0.67 mmol), 10-(n-hexyl)-9-anthryl chloride
(0.46 g, 1.48 mmol), potassium carbonate (0.25 g,
1.81 mmol), and 18-crown-6 (0.18 g, 0.68 mmol) in DMF
(8 mL) was heated at 55 8C with stirring under argon
atmosphere. After 4 h, the reaction mixture was cooled to
room temperature, and poured into saturated ammonium
chloride solution to precipitate the product. The precipitate
was collected by filtration, intensively washed with water,
and dried in a vacuum to afford a pale yellow solid.
Purification of the residue by silica-gel column chromato-
graphy (70% chloroform, 30% hexane) gave 14B (0.53 g,
84%) as a pale yellow power. Further purification was
achieved by recrystallization from CHCl3–methanol sol-
ution: mp 223–225 8C; IR (KBr) 1587 cmK1 (C]C),
1739 cmK1 (C]O); MS (FAB, positive) m/z 936 (MC),
937 (MHC); 1H NMR (CDCl3) d 0.91 (t, JZ7.1 Hz, 6H,
(CH2)5CH3), 1.31–1.42 (m, 8H, (CH2)3(CH2)2CH3), 1.56–
1.61 (m, 4H, (CH2)2CH2(CH2)2CH3), 1.75–1.85 (m, 4H,
CH2CH2(CH2)3CH3), 3.61 (t, JZ8.3 Hz, 4H, CH2(CH2)4-
CH3), 5.88 (s, 4H, CH2), 5.90 (s, 2H, CH2), 6.16 (s, 2H,
CH2OAc), 6.66 (d, JZ2.1 Hz, 2H, ArH), 6.69 (t, JZ2.1 Hz,
1H, ArH), 7.48–7.60 (m, 12H, ArH), 8.30–8.39 (m, 12H,
ArH); 13C NMR (CDCl3) d 14.1 (CH3), 21.0 (CH3), 22.7
(CH2), 28.5 (CH2), 30.1 (CH2), 31.4 (CH2), 31.8 (CH2), 50.8
(CH2), 62.8 (CH2), 63.0 (CH2), 94.9 (CH), 95.0 (CH), 124.7
(CH), 124.8 (CH), 125.1 (CH), 125.2 (CH), 126.1 (CH),
126.3 (CH), 128.6 (C), 129.2 (C), 129.4 (C), 130.8 (C),
130.9 (C), 131.0 (C), 138.1 (C), 161.2 (C), 161.4 (C), 171.8
(C). Anal. Calcd for C66H64O5: C, 84.58; H, 6.88; N, 0.00.
Found: C, 84.23; H, 7.10; N, 0.07.

4.1.9. Synthetic procedure for 14L. A solution containing
13L (0.57 g, 1.53 mmol), 10-(n-hexyl)-9-anthryl chloride
(0.53 g, 1.71 mmol), potassium carbonate (0.30 g,
2.17 mmol), and 18-crown-6 (0.20 g, 0.76 mmol) in DMF
(8 mL) was heated at 55 8C with stirring under argon
atmosphere. After 4 h, the reaction mixture was cooled to
room temperature, and poured into saturated ammonium
chloride solution to precipitate the product. The precipitate
was collected by filtration, intensively washed with water,
and dried in a vacuum to afford a pale yellow
solid. Purification of the residue by recrystallization from
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CHCl3–methanol solution gave 14L (0.93 g, 94%) as a pale
yellow power: mp 198–200 8C; IR (KBr) 1587 cmK1

(C]C), 1732 cmK1 (C]O); MS (FABC) m/z 646
(MC), 647 (MHC); 1H NMR (CDCl3) d 0.92 (t, JZ
6.8 Hz, 3H, (CH2)5CH3), 1.35–1.43 (m, 4H, (CH2)3(CH2)2

CH3), 1.54–1.63 (m, 2H, (CH2)2CH2(CH2)2CH3), 1.79–1.82
(m, 2H, CH2CH2(CH2)3CH3), 3.64 (t, JZ7.8 Hz, 2H,
CH2(CH2)4CH3), 5.95 (s, 2H, CH2), 5.97 (s, 2H, CH2),
6.19 (s, 2H, CH2O(C]O)CH3), 6.84–6.96 (m, 3H, ArH),
7.35–7.41 (m, 1H, ArH), 7.51–7.62 (m, 8H, ArH), 8.31–8.4
(m, 8H, ArH); 13C NMR (CDCl3) d 14.1 (CH3), 21.0 (CH3),
22.7 (CH2), 28.5 (CH2), 30.1 (CH2), 31.5 (CH2), 31.8 (CH2),
58.8 (CH2), 62.8 (CH2), 63.0 (CH2), 102.0 (CH), 107.6
(CH), 107.7 (CH), 124.6 (CH), 124.7 (CH), 124.8 (CH),
125.1 (CH), 125.2 (CH), 126.1 (CH), 126.3 (CH), 126.3
(CH), 128.6 (C), 129.3 (C), 129.4 (C), 130.3 (CH), 130.8
(C), 130.9 (C), 131.0 (C), 138.1 (C), 160.5 (C), 160.7 (C),
171.2 (C). Anal. Calcd for C45H42O4: C, 83.56; H, 6.54; N,
0.00. Found: C, 83.49; H, 6.34; N, 0.00.

4.1.10. Synthetic procedure for 15B. A solution containing
14B (1.07 g, 1.14 mmol) and sodium methoxide (0.20 g,
3.70 mmol) in a mixture of methanol (15 mL) and THF
(15 mL) was heated to reflux with stirring under argon
atmosphere. After 12 h, the reaction mixture was cooled to
room temperature, and concentrated in vacuo. Dissolving
the resulting material in chloroform (20 mL), insoluble solid
was removed by filtration through Celite. After the solvent
was removed in vacuo, the residue was purified by
recrystallization from chloroform–hexane solution to give
15B (0.97 g, 95%) as a pale yellow powder: mp 214–
216 8C; IR (KBr) 1597 cmK1 (C]C), 3568 cmK1 (OH);
MS (FAB, positive) m/z 893 (MC), 894 (MHC); 1H NMR
(CDCl3) d 0.92 (t, JZ7.1 Hz, 6H, (CH2)5CH3), 1.32–1.45
(m, 8H, (CH2)3(CH2)2CH3), 1.55–1.62 (m, 4H, (CH2)2

CH2(CH2)2CH3), 1.76–1.85 (m, 4H, CH2CH2(CH2)3CH3),
3.63 (t, JZ8.1 Hz, 4H, CH2(CH2)4CH3), 5.68 (br s, 2H,
CH2OH), 5.90 (s, 2H, CH2), 5.91 (s, 4H, CH2), 6.66 (d, JZ
2.0 Hz, 2H, ArH), 6.70 (t, JZ2.0 Hz, 1H, ArH), 7.49–7.61
(m, 12H, ArH), 8.31–8.36 (m, 10H, ArH), 8.46–8.49 (m,
2H, ArH); 13C NMR (CDCl3) d 14.1 (CH3), 22.7 (CH2),
28.5 (CH2), 30.1 (CH2), 31.4 (CH2), 31.8 (CH2), 57.6 (CH2),
62.9 (CH2), 63.1 (CH2), 94.9 (CH), 95.0 (CH), 124.6 (CH),
124.7 (CH), 124.8 (CH), 125.1 (CH), 125.2 (CH), 126.1
(CH), 126.2 (CH), 126.3 (CH), 128.4 (C), 129.4 (C), 130.1
(C), 130.9 (C), 131.0 (C), 133.3 (C), 138.2 (C), 161.2 (C),
161.4 (C). Anal. Calcd for C64H62O4: C, 85.87; H, 6.98; N,
0.00. Found: C, 85.95; H, 7.14; N, 0.00.

4.1.11. Synthetic procedure for 15L. A solution containing
14L (0.74 g, 1.14 mmol) and sodium methoxide (0.20 g,
3.70 mmol) in a mixture of methanol (20 mL) and THF
(25 mL) was heated to reflux with stirring under argon
atmosphere. After 12 h, the reaction mixture was cooled to
room temperature, and concentrated in vacuo. Dissolving
the resulting material in chloroform (20 mL), insoluble solid
was removed by filtration through Celite. After the solvent
was removed in vacuo, the residue was purified by
recrystallization from chloroform–hexane solution to give
15L (0.64 g, 92%) as a pale yellow powder: mp 207–
208 8C; IR (KBr) 1579 cmK1 (C]C), 3423 cmK1 (C]O);
MS (FABC) m/z 604 (MC), 605 (MHC); 1H NMR
(CDCl3) d 0.92 (t, JZ6.8 Hz, 3H, (CH2)5CH3), 1.30–1.46
(m, 4H, (CH2)3(CH2)2CH3), 1.57–1.66 (m, 2H, (CH2)2-
CH2(CH2)2CH3), 1.74 (t, JZ5.4 Hz, 1H, OH), 1.80–1.87
(m, 2H, CH2CH2(CH2)3CH3), 3.64 (t, JZ8.1 Hz, 2H,
CH2(CH2)4CH3), 5.72 (d, JZ5.4 Hz, 2H, CH2OH), 5.95
(s, 2H, CH2), 5.96 (s, 2H, CH2), 6.85–6.90 (m, 2H, ArH),
6.97 (br s, 1H, ArH), 7.36–7.41 (m, 1H, ArH), 7.49–7.62 (m,
8H, ArH), 8.31–8.37 (m, 6H, ArH), 8.48–8.52 (m, 2H,
ArH); 13C NMR (CDCl3) d 14.1 (CH3), 22.7 (CH2), 28.5
(CH2), 30.1 (CH2), 31.4 (CH2), 31.8 (CH2), 57.6 (CH2), 62.8
(CH2), 63.0 (CH2), 101.9 (CH), 107.5 (CH), 107.7 (CH),
124.6 (CH), 124.7 (CH), 124.8 (CH), 125.1 (CH), 125.2
(CH), 126.1 (CH), 126.2 (CH), 126.3 (CH), 128.4 (C), 129.3
(C), 130.0 (C), 130.3 (CH), 130.9 (C), 131.0 (C), 133.2 (C),
138.1 (C), 160.5 (C), 160.6 (C). Anal. Calcd for C43H40O3:
C, 85.40; H, 6.67; N, 0.00. Found: C, 85.10; H, 6.64;
N, 0.00.

4.1.12. Synthetic procedure for 7B. To a solution
containing 15B (0.37 g, 0.41 mmol), 4-dimethylamino-
pyridine (0.10 g, 0.82 mmol), lithium chloride (0.52 g,
12.3 mmol), and triethylamine (1.15 mL, 8.25 mmol) in
anhydrous THF (15 mL), a solution of methanesulfonyl
chloride (0.16 mL, 2.07 mmol) in anhydrous THF (5 mL)
was added dropwise at 0 8C. After stirring at room
temperature for additional 12 h, the reaction mixture was
quenched by slow addition of HCl (3.0 mol/L, 10 mL), and
then extracted twice with chloroform (30 mL). The
combined organic layers were washed with water (20 mL)
and brine (20 mL), dried over anhydrous Na2SO4, filtered,
and concentrated in vacuo. Purification of the residue by
recrystallization from chloroform–hexane solution gave 7B
(0.33 g, 87%) as a pale yellow powder: mp 223–225 8C; IR
(KBr) 1585 cmK1 (C]C); MS (FAB, positive) m/z 912
(MC), 913 (MHC); 1H NMR (CDCl3) d 0.91 (t, JZ7.1 Hz,
6H, (CH2)5CH3), 1.31–1.42 (m, 8H, (CH2)3(CH2)2CH3),
1.54–1.61 (m, 4H, (CH2)2CH2(CH2)2CH3), 1.75–1.85
(m, 4H, CH2CH2(CH2)3CH3), 3.61 (t, JZ8.1 Hz, 4H,
CH2(CH2)4CH3), 5.57 (s, 2H, CH2Cl), 5.85 (s, 2H, CH2),
6.88 (s, 4H, CH2), 6.64 (d, JZ2.1 Hz, 2H, ArH), 6.68 (t, JZ
2.1 Hz, 1H, ArH), 7.47–7.62 (m, 12H, ArH), 8.30–8.35 (m,
12H, ArH); 13C NMR (CDCl3) d 14.1 (CH3), 22.7 (CH2),
28.5 (CH2), 30.1 (CH2), 31.4 (CH2), 31.8 (CH2), 38.9 (CH2),
62.7 (CH2), 63.0 (CH2), 94.9 (CH), 95.1 (CH), 124.1 (CH),
124.7 (CH), 124.9 (CH), 125.1 (CH), 125.2 (CH), 126.1
(CH), 126.4 (CH), 126.6 (CH), 129.2 (C), 129.4 (C), 129.7
(C), 130.0 (C), 130.9 (C), 131.0 (C), 138.2 (C), 161.1 (C),
161.4 (C). Anal. Calcd for C64H61ClO3: C, 84.14; H, 6.73;
N, 0.00. Found: C, 84.37; H, 6.66; N, 0.02.

4.1.13. Synthetic procedure for 7L. To a solution
containing 15L (0.25 g, 0.41 mmol), 4-dimethylamino-
pyridine (0.10 g, 0.82 mmol), lithium chloride (0.52 g,
12.3 mmol), and triethylamine (1.15 mL, 8.25 mmol) in
anhydrous THF (15 mL), a solution of methanesulfonyl
chloride (0.16 mL, 2.07 mmol) in anhydrous THF (5 mL)
was added dropwise at 0 8C. After stirring at room
temperature for additional 12 h, the reaction mixture was
quenched by slow addition of HCl (3.0 mol/L, 10 mL), and
then extracted twice with chloroform (30 mL). The
combined organic layers were washed with water (20 mL)
and brine (20 mL), dried over anhydrous Na2SO4, filtered,
and concentrated in vacuo. Purification of the residue by
recrystallization from chloroform–hexane solution gave 7L
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(0.23 g, 91%) as a pale yellow powder: mp 178–180 8C; IR
(KBr) 1589 cmK1 (C]C); MS (FABC) m/z 622 (MC),
623 (MHC); 1H NMR (CDCl3) d 0.92 (t, JZ6.9 Hz, 3H,
(CH2)5CH3), 1.32–1.44 (m, 4H, (CH2)3(CH2)2CH3), 1.58–
1.66 (m, 2H, (CH2)2CH2(CH2)2CH3), 1.77–1.85 (m, 2H,
CH2CH2(CH2)3CH3), 3.64 (t, JZ8.1 Hz, 2H, CH2(CH2)4-
CH3), 5.64 (s, 2H, CH2Cl), 5.95 (s, 4H, CH2), 6.84–6.98 (m,
2H, ArH), 7.39 (t, JZ8.3 Hz, 1H, ArH), 7.50–7.67 (m, 8H,
ArH), 8.31–8.40 (m, 8H, ArH); 13C NMR (CDCl3) d 14.1
(CH3), 22.7 (CH2), 28.5 (CH2), 30.1 (CH2), 31.5 (CH2), 31.8
(CH2), 39.0 (CH2), 62.7 (CH2), 63.0 (CH2), 102.0 (CH),
107.6 (CH), 107.7 (CH), 124.2 (CH), 124.7 (CH), 125.0
(CH), 125.1 (CH), 125.2 (CH), 126.1 (CH), 126.4 (CH),
126.6 (CH), 129.4 (C), 129.8 (C), 130.0 (C), 130.3 (CH),
130.9 (C), 131.0 (C), 138.2 (C), 160.4 (C), 160.7 (C). Anal.
Calcd for C43H39ClO2: C, 82.87; H, 6.31; N, 0.00. Found: C,
82.56; H, 6.17; N, 0.08.

4.1.14. Synthetic procedure for 3B. A solution containing
7B (0.15 g, 0.16 mmol), 5 (0.018 g, 0.074 mmol), potassium
carbonate (0.028 g, 0.20 mmol), and 18-crown-6 (0.039 g,
0.15 mmol) in DMF (5 mL) was heated at 55 8C with
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and poured into
saturated ammonium chloride solution to precipitate the
product. The precipitate was collected by filtration,
intensively washed with water, and dried in a vacuum to
afford a pale yellow solid. Purification of the residue by
silica-gel column chromatography (80% chloroform, 20%
hexane) and recrystallization from chloroform–hexane
solution gave 3B (0.11 g, 75%) as a pale yellow powder:
mp 135–137 8C; UV (CHCl3) 358 nm (3 33,800), 378 nm (3
54,700), 398 nm (3 54,100); IR (KBr) 1591 cmK1 (C]C),
1720 cmK1 (C]O); MS (ESI, positive) m/z 2020.9 (MNaC
), 2036.9 (MNaOC), 2052.9 (MNaO2C), 2069.0
(MNaO3C); 1H NMR (CDCl3) d 0.88 (t, JZ7.1 Hz, 12H,
(CH2)5CH3), 1.25–1.37 (m, 16H, (CH2)3(CH2)2CH3), 1.48–
1.55 (m, 8H, (CH2)2CH2(CH2)2CH3), 1.66–1.79 (m, 8H,
CH2CH2(CH2)3CH3), 3.45–3.57 (m, 8H, CH2(CH2)4CH3),
5.28 (s, 2H, CH2OBz), 5.74 (s, 16H, CH2O), 6.60 (s, 4H,
ArH), 6.62 (s, 2H, ArH), 6.82 (s, 3H, ArH), 7.26–7.35 (m,
3H, ArH), 7.38–7.50 (m, 24H, ArH), 8.02–8.04 (m, 2H,
BzH), 8.15–8.27 (m, 24H, ArH); 13C NMR (CDCl3) d 14.1
(CH3), 22.7 (CH2), 28.4 (CH2), 30.0 (CH2), 31.4 (CH2), 31.7
(CH2), 62.7 (CH2), 62.9 (CH2), 66.4 (CH2), 94.8 (CH), 95.0
(CH), 101.2 (CH), 107.3 (CH), 124.7 (CH), 125.0 (CH),
125.1 (CH), 126.0 (CH), 126.2 (CH), 128.3 (CH), 128.8 (C),
129.0 (C), 129.3 (C), 129.7 (CH), 130.0 (C), 130.6 (C),
130.7 (C), 130.9 (C), 133.0 (CH), 138.0 (C), 138.8 (C),
160.6 (C), 161.2 (C), 161.3 (C), 166.3 (C). Anal. Calcd for
C142H132O10: C, 85.34; H, 6.66; N, 0.00. Found: C, 85.28;
H, 6.63; N, 0.00.

4.1.15. Synthetic procedure for 3L. A solution containing
7L (0.12 g, 0.19 mmol), 5 (0.022 g, 0.090 mmol), potassium
carbonate (0.034 g, 0.25 mmol), and 18-crown-6 (0.047 g,
0.18 mmol) in DMF (5 mL) was heated at 55 8C with
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and poured into
saturated ammonium chloride solution to precipitate the
product. The precipitate was collected by filtration,
intensively washed with water, and dried in a vacuum to
afford a pale yellow solid. Purification of the residue by
silica-gel column chromatography (80% chloroform, 20%
hexane) and recrystallization from chloroform–hexane
solution gave 3L (0.088 g, 69%) as a pale yellow powder:
mp 141–142 8C; UV (CHCl3) 357 nm (3 23,400), 375 nm (3
37,400), 396 nm (3 37,000); IR (KBr) 1589 cmK1 (C]C),
1718 cmK1 (C]O); MS (ESI, positive) m/z 1471.5
(MNaO2C); 1H NMR (CDCl3) d 0.92 (t, JZ6.6 Hz, 6H,
(CH2)5CH3), 1.26–1.44 (m, 8H, (CH2)3(CH2)2CH3), 1.51–
1.62 (m, 4H, (CH2)2CH2(CH2)2CH3), 1.73–1.87 (m, 4H,
CH2CH2(CH2)3CH3), 3.58–3.64 (m, 4H, CH2(CH2)4CH3),
5.39 (s, 2H, CH2OBz), 5.91 (s, 4H, CH2O), 5.93 (s, 4H,
CH2O), 5.95 (s, 4H, CH2O), 6.82–6.95 (m, 9H, ArH), 7.33–
7.42 (m, 5H, ArH), 7.49–7.55 (m, 16H, ArH), 8.08–8.11 (m,
2H, BzH), 8.26–8.36 (m, 16H, ArH); 13C NMR (CDCl3) d
14.1 (CH3), 22.7 (CH2), 28.5 (CH2), 30.1 (CH2), 31.4 (CH2),
31.8 (CH2), 62.9 (CH2), 63.0 (CH2), 66.5 (CH2), 101.4
(CH), 102.0 (CH), 107.3 (CH), 107.6 (CH), 107.8 (CH),
124.7 (CH), 125.0 (CH), 125.2 (CH), 126.0 (CH), 126.3
(CH), 129.3 (CH), 128.4 (C), 128.9 (C), 129.2 (C), 129.8
(C), 130.2 (C), 130.8 (CH), 130.9 (C), 138.1 (C), 160.5 (C),
160.6 (C), 166.4 (C). Anal. Calcd for C100H88O8: C, 84.72;
H, 6.26; N, 0.00. Found: C, 84.74; H, 6.28; N, 0.00.

4.1.16. Synthetic procedure for 4B. A solution containing
7B (0.55 g, 0.61 mmol), 6 (0.043 g, 0.075 mmol), potassium
carbonate (0.094 g, 0.68 mmol), and 18-crown-6 (0.18 g,
0.68 mmol) in DMF (10 mL) was heated at 55 8C with
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and poured into
saturated ammonium chloride solution to precipitate the
product. The precipitate was collected by filtration,
intensively washed with water, and dried in a vacuum to
afford a yellow solid. Purification of the residue by the
preparative HPLC (chloroform as eluent) gave 4B (0.25 g,
57%) as a yellow powder: mp 136–137 8C; UV (CHCl3)
359 nm (3 106,000), 378 nm (3 171,000), 399 nm
(3 167,000); IR (KBr) 1593 cmK1 (C]C), 1728 cmK1

(C]O); MS (CSI, negative) m/z 2954.5 (MCl22K), 5873.3
(MClK); 1H NMR (CDCl3) d 0.88 (t, JZ6.9 Hz, 36H,
(CH2)5CH3), 1.28–1.37 (m, 48H, (CH2)3(CH2)2CH3), 1.52–
1.62 (m, 24H, (CH2)2CH2(CH2)2CH3), 1.71–1.83 (m, 24H,
CH2CH2(CH2)3CH3), 3.53–3.60 (m, 24H, CH2(CH2)4CH3),
5.31 (s, 6H, CH2OBz), 5.62 (s, 12H, OCH2), 5.66 (s, 12H,
OCH2), 5.74 (s, 24H, OCH2), 6.55 (s, 12H, ArH), 6.61 (s,
6H, ArH), 6.72 (s, 3H, ArH), 6.80 (s, 6H, ArH), 7.37–7.56
(m, 72H, ArH), 8.14–8.35 (m, 72H, ArH), 8.95 (s, 3H,
BzH); 13C NMR (CDCl3) d 14.1 (CH3), 22.7 (CH2), 28.4
(CH2), 30.0 (CH2), 31.4 (CH2), 31.7 (CH2), 62.6 (CH2), 62.9
(CH2), 67.1 (CH2), 94.8 (CH), 95.1 (CH), 102.1 (CH), 107.8
(CH), 124.7 (CH), 125.0 (CH), 125.1 (CH), 126.0 (CH),
126.1 (CH), 128.7 (C), 128.9 (C), 129.3 (C), 130.6 (C),
130.9 (C), 134.9 (C), 138.0 (C), 138.1 (C), 160.5 (C), 161.2
(C), 161.3 (C), 164.6 (C). Anal. Calcd for C414H384O30: C,
85.15; H, 6.63; N, 0.00. Found: C, 84.95; H, 6.43; N, 0.00.

4.1.17. Synthetic procedure for 4L. A solution containing
7L (0.50 g, 0.80 mmol), 6 (0.058 g, 0.10 mmol), potassium
carbonate (0.13 g, 0.91 mmol), and 18-crown-6 (0.24 g,
0.91 mmol) in DMF (10 mL) was heated at 55 8C with
stirring under argon atmosphere. After 4 h, the reaction
mixture was cooled to room temperature, and poured into
saturated ammonium chloride solution to precipitate the
product. The precipitate was collected by filtration,
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intensively washed with water, and dried in a vacuum to
afford a yellow solid. Purification of the residue by
recrystallization from chloroform solution gave 4L
(0.20 g, 48%) as a pale yellow powder. This compound
was so insoluble in CDCl3 and other deuterated solvents
that the 13C NMR spectrum could not be recorded: mp
159–160 8C; UV (CHCl3) 358 nm (3 74,400), 377 nm
(3 113,000), 397 nm (3 112,000); IR (KBr) 1591 cmK1

(C]C), 1726 cmK1 (C]O); MS (CSI, negative) m/z
4131.8 (MClK); 1H NMR (CDCl3) d 0.88 (t, JZ6.9 Hz,
18H, (CH2)5CH3), 1.21–1.39 (m, 24H, (CH2)3(CH2)2CH3),
1.46–1.57 (m, 12H, (CH2)2CH2(CH2)2CH3), 1.68–1.82 (m,
12H, CH2CH2(CH2)3CH3), 3.55–3.62 (m, 12H, CH2(CH2)4

CH3), 5.40 (s, 6H, CH2OBz), 5.73–5.91 (m, 36H, OCH2),
6.75–6.89 (m, 27H, ArH), 7.24–7.59 (m, 54H, ArH),
8.17–8.31 (m, 48H, ArH), 9.01 (s, 3H, BzH). Anal. Calcd
for C288H252O24: C, 84.43; H, 6.20; N, 0.00. Found: C,
84.57; H, 6.27; N, 0.16.
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