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Abstract: The synthesis of ten benzyl
ether based self-assembling monoden-
drons containing benzo[15]crown-5 at
their focal point is presented. These
dendritic building blocks self-assemble
either directly or via complexation with
NaOTf in two-dimensional smectic B,
smectic A, and p6mm hexagonal colum-
nar (�h) and three-dimensional Pm3≈n
cubic lattices. Retrostructural analysis of
these lattices and of the lattices gener-
ated from the same monodendrons con-
taining various other functional groups
at their focal point by X-ray diffraction
experiments provided for the first time a
correlation between the molecular struc-
ture and the shape of the monodendron,
the shape of the supramolecular den-

drimer and the symmetry of the lattice.
It has been shown that complexation
with NaOTf provides the following five
different trends: a) stabilization of the
three-dimensional Pm3≈n cubic lattice
self-organized from spherical dendrim-
ers that are self-assembled from conic
monodendrons; b) stabilization of the
two-dimensional SA phase generated
from parallelepiped monodendrons;
c) no effect on the stability of the two-
dimensional SB phase generated from
parallelepiped monodendrons; d) stabi-

lization of the two-dimensional p6mm
hexagonal columnar phase self-organ-
ized from cylindrical supramolecular
dendrimers that are self-assembled from
tapered monodendrons; and e) destabi-
lization of the two-dimensional p6mm
hexagonal columnar phase self-organ-
ized from cylindrical supramolecular
dendrimers self-assembled from half-
disc monodendrons. Mechanisms of
NaOTf mediated self-assembly process-
es were suggested. These monodendritic
crown ethers and their NaOTf com-
plexes provide the largest diversity of
liquid crystalline phases encountered so
far in any library of supramolecular
dendrimers.
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Introduction

Dendrimers have emerged as one of the most influential
architectural motif that provided substantial impact at the
interface between various subdisciplines of chemistry such as
biological mimics, catalysis, nanoelectronics, supramolecular
chemistry, and chirality.[1]

We have elaborated a strategy for the synthesis of self-
assembling monodendrons which can be equipped with
various functionalities at their focal point.[2] These monoden-
drons self-assemble in supramolecular dendrimers that sub-
sequently self-organize in lattices and superlattices. The
retrostructural analysis of these lattices provides access to
the determination of the shape and size of the supramolecular

dendrimers and of their parent dendrons.[2e,f, n, 3j, k] These
designed monodendrons are subsequently employed in the
synthesis of more complex macromolecular systems.
Depending on the position via which the monodendrons are
attached to the polymer backbone (i.e., at the focal point or at
their periphery) the complex macromolecular system results
either in single molecule functional nanosystems[3] or a
supramolecular barrier network containing multifunctional
channels that mimic some of the functions of the cell
membrane.[4]

The functionality most frequently employed at the focal
point of these self-assembling monodendrons is a crown ether
or a podant such as an oligooxyethylene group.[2a±e, g, o] Crown
ethers have been incorporated at the focal point of mono-
dendrons to facilitate self-assembly mediated by ionic inter-
actions after complexation of the crown ether with suitable
metal salts.[2a±e] The resulting supramolecular columnar sys-
tems are equipped with an ion channel penetrating through
their core that facilitates selective ion transport.[2a, c] These
crown ether containing monodendrons are also precursors to
supramolecular networks functionalized with ion-selective
channels.[4] None of the previously reported dendritic crown
ethers self-assemble in the absence of complexation.[2a±d]
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Exception from this group of molecules is provided so far only
by a class of semifluorinated crown ether containing dendrons
that are able to self-assemble in the absence of the complex-
ation process via the fluorophobic effect.[2e, g] In principle, the
fluorophobic effect can be replaced by suitable nonfluori-
nated monodendrons of higher generation.
This publication reports the synthesis and retrostructural

analysis of the first library of crown ether containing mono-
dendrons that self-assemble and subsequently self-organize
into two-dimensional p6mm hexagonal columnar, smectic B
and smectic A, as well as in three-dimensional Pm3≈n cubic
lattices either in the absence of complexation with NaOTf or
mediated by the complexation with NaOTf. The results
described here will elucidate the correlation between the
molecular structure of the nonfunctionalized and crown ether
functionalized monodendrons, their capability to self-assem-
ble and the shape of these molecular building blocks and of
their supramolecular assembly. These experiments also pro-
vide the largest diversity of liquid crystalline phases based on
dendritic building blocks since our pioneering report on liquid
crystalline dendrimers and their model hyperbranched poly-
mers.[5] In addition, these results may open new avenues
towards the elaboration of novel catalytic and ion-conductive,
ion-active and ion-selective principles based on self-assem-
bling monodendritic crown ethers.

Results and Discussion

Synthesis of dendritic crown ethers : In a recent publication
from our laboratory we have reported the synthesis, struc-
tural, and retrostructural analysis of three libraries of self-
assembling benzyl ether monodendrons.[2n] Nine representa-
tive examples of monodendrons that were selected for the
current synthetic experiments are shown in Scheme 1. Four of
them (3,4)12G1-CO2H, (4-3,4)12G1-CO2H, (3,4-3,4)12G2-
CO2H, (4-3,4,5-3,4)12G2-CO2H are based on 3,4-disubstitued
benzyl ether AB2 monodendrons containing various first-
generation monodendrons (minidendrons) functionalized
with n-dodecanyloxy groups on their periphery. Two of them,
(3,4-3,5)12G2-CO2H and (4-3,4,5-3,5)12G2-CO2H are based
on 3,5-disubstituted benzyl ether AB2 monodendrons with
various minidendrons on their periphery. The last three, (3,4-
3,4,5)12G2-CO2H, (3,4,5-3,4,5)12G2-CO2H, and (4-3,4,5-
3,4,5)12G2-CO2H are based on 3,4,5-trisubstituted benzyl
ether AB3 monodendrons. All carboxylic acid monodendrons
were obtained by the saponification of their corresponding
methyl ester. The synthesis of methyl ester precursors and the
corresponding carboxylic acids with the exception of (4-3,4,5-
3,4,5)12G2-CO2H were carried out as reported previous-
ly.[2f, h, n, 3b, 6±8] The synthesis of (4-3,4,5-3,4,5)12G2-CO2H is
described in the Experimental Section, while that of mono-
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(3,4)12G1-COOH
 MWt = 490.8

(4-3,4)12G1-COOH
 MWt = 703.0

(3,4-3,4)12G2-COOH
 MWt = 1071.7

(3,4-3,5)12G2-COOH
 MWt = 1071.7

(3,4,5-3,4,5)12G2-COOH
 MWt = 2099.4

(3,4-3,4,5)12G2-COOH
 MWt = 1546.4

(4-3,4,5-3,4)12G2-COOH
 MWt = 2077.1

(4-3,4,5-3,5)12G2-COOH
 MWt = 2077.1

(4-3,4,5-3,4,5)12G2-COOH
 MWt = 3054.5

Scheme 1. Monodendrons containing carboxylic acid at the focal point.
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dendritic crown ethers is outlined in Scheme 2. The mono-
dendrons containing benzo[15]crown-5 at their focal point
were synthesized by the estherification of the monodendritic
carboxylic acids described in Scheme1 with 4�-hydroxymeth-
ylbenzo[15]crown-5 in the presence of dicyclohexylcarbodi-
imide (DCC)/4-dimethylaminopyridinium p-toluenesulfonate
(DPTS) in CH2Cl2. 4�-Hydroxymethylbenzo[15]crown-5
(B15C5) was synthesized as reported previously.[2a] All
dendritic crown ethers were obtained as white solids in 48 to
83% yield after purification by column chromatography
(silica gel) and recrystallization.
The structural analysis of the supramolecular dendrimers

and the retrostructural analysis of the corresponding mono-
dendritic crown ethers was performed by a combination of
techniques consisting of differential scanning calorimetry
(DSC), thermal optical polarized microscopy (TOPM), and

X-ray diffraction (XRD) experiments according to conven-
tional methods employed in our laboratory.[2e, f, n, 5] DSC
experiments are qualitatively identifying the monodendrons
which self-assemble in supramolecular dendrimers and sub-
sequently self-organize in two- and three-dimensional lattices.
In addition they are providing the transition temperatures
between various ordered states. The transition temperatures
and the corresponding enthalpy changes of all compounds are
summarized in Tables 1 ± 3.
Subsequently, TOPM experiments are used to discriminate

qualitatively between smectic or hexagonal columnar two-
dimensional (fluid and optically anisotropic) and cubic three-
dimensional (fluid and optically isotropic) or crystalline three-
dimensional lattices (solid and optically anisotropic). Figure 1
shows selected examples of TOPM micrographs displayed by
the smectic A and hexagonal columnar (�h) two-dimensional
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DCC, DPTS, CH2Cl2

(3,4)12G1-B15C5
 MWt = 771.1 (48.0%)

(4-3,4)12G1-B15C5
 MWt = 983.3 (65.4%)

(3,4-3,4)12G2-B15C5
 MWt = 1352.0 (63.5%)

(3,4-3,5)12G2-B15C5
 MWt = 1352.0 (82.7%)

(3,4,5-3,4,5)12G2-B15C5
 MWt = 2379.7 (67.1%)

(3,4-3,4,5)12G2-B15C5
 MWt = 1826.8 (68.3%)

(4-3,4,5-3,4)12G2-B15C5
 MWt = 2357.4 (58.0%)

(4-3,4,5-3,5)12G2-B15C5 
MWt = 2357.4 (82.4%)

(3,4)12G1-COOH
 MWt = 490.8

(4-3,4)12G1-COOH
 MWt = 703.0

(3,4-3,4)12G2-COOH
 MWt = 1071.7

(3,4-3,5)12G2-COOH
 MWt = 1071.7

(3,4,5-3,4,5)12G2-COOH
 MWt = 2099.4

(3,4-3,4,5)12G2-COOH
 MWt = 1546.4

(4-3,4,5-3,4)12G2-COOH
 MWt = 2077.1

(4-3,4,5-3,5)12G2-COOH
 MWt = 2077.1

(4-3,4,5-3,4,5)12G2-B15C5
 MWt = 3334.8 (52.5%)

(4-3,4,5-3,4,5)12G2-COOH
 MWt = 3054.5

Scheme 2. Synthesis of monodendrons containing B15C5 crown ether at their focal point.
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liquid crystalline lattices of selected examples of supramolec-
ular dendrimers self-assembled and subsequently self-organ-
ized from dendritic crown ethers.

Structural and retrostructural analysis of supramolecular
dendrimers : The quantitative structural and retrostructural
analysis of supramolecular dendrimers and of their complexes
with NaOTf performed by X-ray diffraction experiments
according to the procedure outlined in Scheme 3 and de-
scribed in detail previously.[2e, f, n, 3j, k, 5] The d-spacings of
intermediary and crown ether containing monodendrons
and their selected complexes with NaOTf are collected in
Table 4. The lattice dimensions (a), the experimental densities
(�20), the experimental layer spacing of the smectic and the
experimental diameter of columnar or spherical supramolec-
ular dendrimers (D), the number of monodendrons per unit
cell (��) for the case of Pm3≈n and Im3≈m lattices, the number of
monodendrons per spherical dendrimer (�) for the case of

Pm3≈n and Im3≈m lattices or per 4.7 ä[9] column stratum of the
p6mm lattice and the planar angle (��) that represents the
projection of the solid angle, � (where �� 4�/�), of the
conical and tapered monodendrons (where ����/2� 2�/
�)[2j, m, n] are reported in Table 5. The results from Table 5
were used to generate the mechanisms of self-assembly
illustrated in Scheme 4.
We will discuss in more detail the most representative

examples of monodendritic crown ethers by following their
DSC traces on which all phases marked were assigned by
XRD analysis. Figure 2 shows representative DSC traces of
(3,4)12G1-B15C5 and of its complexes with NaOTf.
(3,4)12G1-B15C5 is crystalline. Its complexation with
0.2 mol NaOTf changes completely its phase behavior. On
cooling from the isotropic state (3,4)12G1-B15C5 ¥NaOTf�
0.2 exhibits a �h followed by a SB phase. On reheating the
SB phase undergoes isotropization followed by an immediate
crystallization process. The resulting crystal phase melts at

Table 1. Thermal characterization of intermediary monodendrons.

Monodendron Thermal transitions [�C] and corresponding enthalpy changes [kcalmol�1][a]

Heating Cooling

(3,4)12G1-CO2CH3 k[b] �2 (0.80) k 16 (2.93) k 54 (17.13) i[c] i 22 (13.58) k
k 38 (1.16) �k 41 (3.69) k 54 (16.95) i

(3,4)12G1-CO2H k 14 (14.64) k 94 (1.94) k 116 (13.12) i i 98 (14.32) k 87 (0.80) k
k 92 (0.94) k 116 (13.71) i

(4-3,4)12G1-CO2CH3 k 4 (1.96) k 60 (12.57) k 99 (4.87) i i 54 (1.92) �h 2 (2.51) k
k 7 (1.64) k 55 (3.22) �h

[d] 60 (2.03) i
(4-3,4)12G1-CO2H k �9 (9.89) k 125 (18.17) i i 114 (1.00) �h 110 (15.37) k

k �9 (1.19) k 125 (19.22) i
(4-3,4,5)12G1-CO2CH3 k 33 (7.83) k 60 (24.68) k 67 (7.90) i i 40 (26.39) k

k 66 (29.00) i
(4-3,4,5)12G1-CO2H k 47 (17.05) �k 58 (1.31) k 70 (11.82) �h 145 (3.97) i i 136 (3.77) �h 36 (15.43) k

k 43 (15.10) �h 140 (3.71) i
(3,4-3,4)12G2-CO2CH3 k �6 (0.55) k 93 (22.27) i i 78 (4.65) k �4 (0.93) k

� k 27 (8.89) �k 52 (1.19) k 93 (23.16) i
(3,4-3,4)12G2-CO2H k 2 (0.31) k 88 (0.54) �k 97 (3.34) k 108 (17.58) Cub[e] 119 (0.47) i i 114 (0.40) Cub 67 (17.04) k

� k 86 (4.63) k 108 (22.68) Cub 118 (0.54) i
(3,4-3,5)12G2-CO2CH3 k 77 (32.29) i i 41 (24.47) k

k 76 (28.39) i
(3,4-3,5)12G2-CO2H k 69 (21.82) i i 63 (4.00) �h 5 (2.45) k

k 14 (3.02) �h 68 (3.94) i
(4-3,4,5-3,5)12G2-CO2CH3 k 54 (36.82) �k 66 (9.23) k 82 (0.22) i i 66 (2.15) �h �23 (7.62) k

k �19 (7.95) �h 71 (2.13) i
(4-3,4,5-3,5)12G2-CO2H k 35 (168.41) Cub[f] 196 (0.64) i i 181 (0.17) Cub 64 (1.30) k �22 (8.28) k

k �19 (21.02) k 75 (3.34) Cub 195 (0.50) i
(4-3,4,5-3,4,5)12G2-CO2CH3 k 47 (40.18) �h 97 (2.28) LC[g] 118 (0.65) i i 107 (0.06) LC 91 (2.55) �h �23 (13.61) k

k �16 (19.58) �h 98 (2.19) LC 117 (0.52) i
(4-3,4,5-3,4,5)12G2-CO2H k �19 (16.03) k 182 (0.26) Cub[f] 195 (0.59) i[h]
(3,4-3,4,5)12G2-CO2CH3 k �5 (27.04) k 61 (1.45) i i �8 (11.86) k

k �3 (8.03) k 33 (0.41) i
(3,4-3,4,5)12G2-CH2OH k 0 (2.42) k 60 (39.14) Cub[e] 133 (4.45) i i 128 (4.31) Cub 15 (20.49) k

k 42 (18.32) Cub 133 (4.30) i
(3,4-3,4,5)12G2-CO2H k �4 (8.22) k 61 (31.93) LC 138 (2.16) i i 125 (2.01) LC 33 (5.68) k 2 (16.64) k

k 11 (12.87) k 30 (2.25) k 49 (6.42) LC 129 (6.09) i
(3,4,5-3,4,5)12G2-CO2CH3 k 57 (37.00) i i 35 (0.74) Cub[e] 11.4 (21.9) k

� k 10 (5.49) k 57 (36.70) i
(3,4,5-3,4,5)12G2-COOH k 85 (25.6) Cub[e] 119 (1.27) i i 111 (0.87) Cub �15 (8.67) k

k �9 (5.62) k 43 (�19.50) k 83 (24.30) Cub 117 (0.96) i
(4-3,4,5-3,4)12G2-CO2CH3 k �9 (2.41) k 51 (23.21) Cub[e] 119 (6.51) i i 114 (4.83) Cub �26 (13.11) k

k �27 (13.05) Cub 119 (4.96) i
(4-3,4,5-3,4)12G2-CO2H k 1 (5.85) k 39 (2.56) k 78 (8.55) Cub[e] 178 (4.74) i i 167 (0.11) Cub 51 (1.22) g[i] 22 k �22 (3.11) k

k �18 (3.73) g 31 k 62 (2.51) k 113 (0.08) Cub 178 (0.37) i
[a] Data from the first heating and cooling scans are on the first line and data from the second heating are on the second line. [b] k� crystalline. [c] i�
isotropic. [d] �h� p6mm hexagonal columnar lattice. [e] Cub�Pm3≈n cubic lattice. [f] Cub� Im3≈m cubic lattice. [g] LC�unknown lattice. [h] Decom-
position after first heating. [i] g� glassy.
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54 �C. Increasing the amount of NaOTf in the complex from
0.2 molmol�1 to 1.0 molmol�1 increases the transition from
isotropic to �h phase from 40 to 136 �C. However, this
complexation process does not influence the temperature
transition from the �h to the SB phase. Within instrumental
error the �h to SB and SB to �h transition temperatures are
constant. This suggests that the complexation of (3,4)12G1-
B15C5 with NaOTf disrupts its crystallization to uncovermost
probably its virtual SB phase.[10] Therefore, the SB phase is not
induced or affected by complexation with NaOTf. Never-
theless, the creation of the �h phase of (3,4)12G1-B15C5 is

induced by the ionic interactions generated by the ionization
of NaOTf due to its complexation by the B15C5 part of the
monodendron.
A second example of monodendritic crown ether is

provided by (4-3,4)12G1-B15C5 and its complexes with
NaOTf (Figure 3). On cooling (4-3,4)12G1-B15C5 forms a
SA phase followed by crystallization. On reheating, the crystal
phase melts in the SA phase which undergoes isotropization.
Above this isotropization, a new crystallization process occurs
followed by melting at 60 �C. Complexation with NaOTf
suppresses first the highest crystalline phase of (4-3,4)12G1-

Table 2. Thermal characterization of crown ether monodendrons.

Monodendron Thermal transitions [�C] and corresponding enthalpy changes [kcalmol�1][a]

Heating Cooling

(3,4)12G1-B15C5 k[b] 81 (20.21) i[c] i 47 (15.68) k
k 68 (15.52) i

(4-3,4)12G1-B15C5 k 62 (7.75) �k 65 (0.78) k 73 (13.59) k 87 (1.14) i i 50 (2.43) SA[d] 43 (0.61) 6 g[e]

g 13 k 47 (0.57) SA 54 (0.52) �k 55 (0.79) k 60 (2.99) i
(4-3,4,5)12G1-B15C5 k 96 (19.30) i i 34 (12.5) k

k 50 �k 66 (3.47) k 94 (15.9) i
(3,4-3,4)12G2-B15C5 k 93 (4.09) �k 97 (3.25) k 112 (22.05) i i 74 (1.20) k 61 (14.46) k

� k 44 (0.73) k 111 (21.93) i
(3,4-3,5)12G2-B15C5 k 81 (25.01) i i 41 (21.02) k

k 76 (21.20) i
(4-3,4,5-3,5)12G2-B15C5 k 4 (6.18) k 82 (18.31) �h

[f] 103 (7.68) i i 87 (7.56) �h �27 (5.91) k
k �21 (8.29) �h 103 (8.13) i

(4-3,4,5-3,4,5)12G2-B15C5 k �20 (14.66) �h 113 (2.46) i i 107 (2.51) �h �24 (14.03) k
k �19 (12.37) �h 113 (2.36) i

(3,4-3,4,5)12G2-B15C5 k 66 (21.66) �k 74 (3.14) k 92 (24.54) i i[g] 86 Cub[h] 58 (0.28) k 20 g �17 (8.88) k
k �12 (11.05) k 31 (1.01) k 71 (0.52) Cub 92 (0.13) i

(3,4,5-3,4,5)12G2-B15C5 k 60 (43.19) i i �18 (5.62) k
k �13 (7.32) �k 39 (11.84) k 56 (12.33) i

(4-3,4,5-3,4)12G2-B15C5 � k 26 (82.84) k 58 (54.78) k 112 (60.00) i i 78 (0.14) Cub 40 (0.49) k �27 (2.54) k
k �24 (8.76) k 41 (0.44) Cub 91 (0.27) i

[a] Data from the first heating and cooling scans are on the first line and data from the second heating are on the second line. [b] k� crystalline. [c] i�
isotropic. [d] SA� smectic A. [e] g� glassy. [f] �h� p6mm hexagonal columnar lattice. [g] Observed by thermal optical polarized microscopy. [h] Cub�
Pm3≈n cubic lattice.

Table 3. Thermal characterization of the selected complexes of crown ether monodendrons with NaOTf.

Monodendron ¥NaOTf Thermal transitions [�C] and corresponding enthalpy changes [kcalmol�1][a]

[molmol] Heating Cooling

(3,4)12G1-B15C5 ¥ 0.8 k[b] 49 (10.23) �h
[c] 131 (0.14) i [d] i 126 (0.20) �h 23 (2.84) SB[e]

SB 33 (3.07) �h 130 (0.19) i
(4-3,4)12G1-B15C5 ¥ 0.8 g[f] 19 k 23 (0.47) k 46 (0.28) SA[g] 123 (0.11) i i 117 (1.00) SA 16 g

g 24 SA 120 (0.31) i
(4-3,4,5)12G1-B15C5 ¥ 1.0 g 38 �h 107 (0.51) i i 98 (0.24) �h 31 g

g 41 �h 106 (0.24) i
(3,4-3,4)12G2-B15C5 ¥ 0.8 k 61 (19.37) �h 143 (0.15) i i 139 (0.21) �h 27 g

g 31 �h 143 (0.26) i
(3,4-3,5)12G2-B15C5 ¥ 0.9 k 56 (14.76) �h 79 (0.26) i I i 72 (0.28) �h 19 g

g 23 �h 79 (0.26) i
(4-3,4,5-3,5)12G2-B15C5 ¥ 0.8 k �23 (1.75) �h 96 (3.77) i i 77 (3.77) �h �28 (2.90) k

k �23 (3.67) �h 94 (3.20) i
(4-3,4,5-3,4,5)12G2-B15C5 ¥ 0.4 k �22 (11.61) k 54 (1.72) �h 106 (0.55) i i 85 (0.54) �h �25 (6.58) k

k �19 (8.99) �h 104 (0.18) i
(3,4-3,4,5)12G2-B15C5 ¥ 0.8 k 55 (18.61) Cub[h] 134 (0.20) i i 113 (0.08) Cub

g 28 Cub 126 (0.09) i
(3,4,5-3,4,5)12G2-B15C5 ¥ 0.8 k 59 (43.46) i i �22 (7.84) k

k �17 (7.47) g 27 Cub 90 (0.19) i
(4-3,4,5-3,4)12G2-B15C5 ¥ 0.4 g 28 Cub 117 (0.29) i i 115 (0.06) Cub �26 (3.39) k

g 27 Cub 117 (0.64) i

[a] Data from the first heating and cooling scans are on the first line and data from the second heating are on the second line. [b] k� crystalline. [c] �h�
p6mm hexagonal columnar lattice. [d] i� isotropic. [e] SB� smectic B. [f] g� glassy. [g] SA� smectic A. [h] Cub�Pm3≈n cubic lattice.
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Figure 1. Representative optical polarized texture exhibited by a)
(4-3,4)12G1-B15C5 ¥NaOTf (1:0.8) obtained upon cooling from 123 to
115 �C with 1 �Cmin�1 (smectic A, SA) and b) (3,4-3,5)12G2-B15C5 ¥NaOTf
(1:0.6) obtained upon cooling from 79 to 51 �C with 1 �Cmin�1 (p6mm
hexagonal columnar lattice, �h).

Scheme 3. Schematic representation of a) the self-assembly of building
blocks based on flat tapered and disc-shaped monodendrons into supra-
molecular cylindrical dendrimers and their subsequent self-organization in
a p6mm hexagonal columnar (�h) lattice and b) the self-assembly of the
conical monodendrons into supramolecular spherical dendrimers and their
subsequent self-organization in Pm3≈n and Im3≈m cubic (Cub) lattices. For
explanation on the calculation of �, see Table 5.

B15C5 and subsequently the crystalline phase which is present
below the SA phase. Simultaneously the SA-isotropic phase
transition temperature increases. (4-3,4)12G1-B15C5 ¥
NaOTf� 0.5 to 1.0 exhibit only the SA phase above the glass
transition temperature. Therefore, the stability of the SA -
phase of (4-3,4)12G1-B15C5 is enhanced by complexation. By
contrast, the SB phase of (3,4)12G1-B15C5 is not affected by
complexation (Figure 2). These two different mechanisms will
be discussed based on the structures of the two smectic phases
as determined by XRD experiments.
The third representative example is provided by (3,4-

3,4)12G2-B15C5 and its complexes with NaOTf (Figure 4).
(3,4-3,4)12G2-B15C5 is crystalline. Complexation with
NaOTf destabilizes the crystalline phase and stabilizes the
newly formed�h phase of this compound to the point that the
(3,4-3,4)12G2-B15C5/NaOTf� 1.2 exhibits an enantiotropic
�h phase starting from its glass transition temperature (37 �C)
up to the isotropization temperature (173 �C). This is a
remarkable trend.
A similar trend is observed in the case of (3,4-3,5)12G2-

B15C5 and its complexes with NaOTf (not shown here). (3,4-
3,5)12G2-B15C5 is crystalline. Complexation with NaOTf
decreases its crystallization tendency and stabilizes the
formation of the �h phase. (3,4-3,5)12G2-B15C5 ¥NaOTf�
1.0 exhibits a �h phase from glass transition (23 �C) up to
90 �C. All the experiments have demonstrated the stabiliza-
tion of the�h phase through complexation with NaOTf. In all
these cases the shape of the dendritic monodendron is
tapered, that is, it represents a fragment of disc that is smaller
than half of a disc (Scheme 3).
Therefore, the next question is what is the influence of

complexation on the self-assembly of a dendritic crown ether
that has a shape identical to half of a disc (Scheme 3). The
answer to this question is provided by the investigation of (4-
3,4,5-3,5)12G2-B15C5 and (4-3,4,5-3,4,5)12G2-B15C5 and of
their complexes with NaOTf (Scheme 4). Both (4-3,4,5-
3,5)12G2-B15C5 and (4-3,4,5-3,4,5)12G2-B15C5 are the first
examples of monodendritic crown ethers that self-assemble in
the absence of complexation. Previous examples were pro-
vided only by semifluorinated compounds.[2e] (4-3,4,5-
3,5)12G2-B15C5 forms a �h phase that is stable from �21
up to 103 �C while (4-3,4,5-3,4,5)12G2-B15C5 a �h phase that
is stable from�19 to 113 �C. Figure 5 shows the DSC traces of
the present dendritic crown ethers and the complexation
experiments for the (4-3,4,5-3,5)12G2-B15C5 ¥NaOTf series
of experiments. The corresponding complexes for the (4-3,4,5-
3,4,5)12G2-B15C5 ¥NaOTf follow the same trend and there-
fore, are not shown. The DSC traces shown in Figure 5 follow
a completely different trend from the one exhibited by the
tapered monodendrons. The �h phase derived from tapered
monodendrons undergoes a dramatic stabilization through
complexation, while the �h phase generated from half-disc
monodendrons is destabilized upon complexation. The stabil-
ity of the �h phase of (4-3,4,5-3,5)12G2-B15C5 decreases
from 103 to 94 �C upon complexation with up to 0.8 mol
NaOTf (Figure 5). The same trend is shown by the complexes
of (4-3,4,5-3,4,5)12G2-B15C5. The stability of their �h phase
decreases (not shown) from 113 to 104 �C upon complexation
with up to 0.4 mol NaOTf.
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The final question refers to the influence of complexation
on the formation of Pm3≈n cubic phases generated from
spherical supramolecular dendrimers. Spherical supramolec-
ular dendrimers are self-assembled from various fragments of
spheres[2n, 3b] including conic shapes (Scheme 3). Three exam-
ples were investigated so far with conic monodendritic crown
ethers (Scheme 4) and they all follow the same trend.
Complexation with NaOTf enhances the stability of a mono-
tropic and enantiotropic cubic phase and produces an
enantiotropic cubic phase of much higher thermal stability.
A single example is elaborated in Figure 6. (3,4-3,4,5)12G2-
B15C5 shows a narrow monotropic phase (first DSC scan not
shown). Complexation with NaOTf destabilizes its crystalline
phase and increases the isotropization temperature from 92 to
126 �C for the (3,4-3,4,5)12G2-B15C5 ¥NaOTf� 0.8.

Correlation between the molecular structure of the mono-
dendrons, the functionality at their focal point and the

structure of supramolecular dendrimers : A schematic sum-
mary of the series of experiments reported in this manuscript
is presented in Scheme 4. This Scheme provides the following
sequence of information: the shape of the monodendron
containing a non-interacting -CO2CH3 or H-bonding -CO2H
or -CH2OH at the focal point, followed by the change in shape
that occurs by the incorporation of the B15C5 at the focal
point and the influence of complexation with NaOTf on the
self-assembly process. This sequence of events can be most
easily followed by the sets of arrows from the right side of
each dendron. The first important message that comes from
Scheme 4 is that the functionality at the focal point of the
monodendron determines its self-assembly capability.
(4-3,4)12G1-CO2CH3, (4-3,4,5-3,5)12G2-CO2CH3, and (4-3,4,5-
3,4,5)12G2-CO2CH3 exhibit tapered and half-disc shapes,
respectively and subsequently self-assemble in columnar
supramolecular dendrimers. (3,4,5-3,4,5)12G2-CO2CH3 and
(4-3,4,5-3,4)12G2-CO2CH3 display conic shapes and self-

Table 4. Measured d-spacings of the intermediary and crown ether monodendrons.

Monodendrons T NaOTf Lattice d001[a] d002[a] d003[a] d004[a] d005[a] d006[a]

d310 d222[�C] [equiv] d100 d110 d200 d210 d211 d220
d432d320 d321 d400 d420 d421 d332

[ä] [ä] [ä] [ä] [ä] [ä] [ä] [ä]

(3,4)12G1-B15C5 20 0.8 SB[a] 30.9 20.6 15.4 12.4 10.3
70 0.8 p6mm 45.0 22.5

(4-3,4)12G1-CO2CH3 57 p6mm 49.7 28.9 24.9
(4-3,4)12G1-CO2H 77 p6mm 46.6
(4-3,4)12G1-B15C5 40 0.8 SA[a] 66.1 33.0

120 0.8 SA[a] 53.3 26.6
(4-3,4,5)12G1-CO2H 87 p6mm 35.4 17.7
(4-3,4,5)12G1-B15C5 66 0.6 p6mm 49.0 28.1 25.1
(3,4-3,4)12G2-CO2H 112 Pm3≈n 42.4 37.7 34.2 29.6 26.7

22.6 21.1 18.8 18.3
(3,4-3,4)12G2-B15C5 80 0.8 p6mm 54.6 31.5 27.3 20.6

110 0.8 p6mm 51.9 30.0 26.0 19.5
(3,4-3,5)12G2-CO2H 66 p6mm 38.0 21.5 18.6
(3,4-3,5)12G2-B15C5 75 0.9 p6mm 45.3 26.3 22.8
(4-3,4,5-3,5)12G2-CO2CH3 60 p6mm 40.5 20.4
(4-3,4,5-3,5)12G2-CO2H 80 Im3≈m 38.5 27.2 22.1 19.1
(4-3,4,5-3,5)12G2-B15C5 100 0.0 p6mm 39.0 22.6 19.6
(4-3,4,5-3,4,5)12G2-CO2CH3 70 p6mm 41.7 23.7 20.5
(4-3,4,5-3,4,5)12G2-CO2H 140 Im3≈m 37.2 26.3 21.5 18.6
(4-3,4,5-3,4,5)12G2-B15C5 20 0.0 p6mm 38.4 22.1 19.0

70 0.0 p6mm 37.6 21.6 18.7
105 0.0 p6mm 36.9 21.3 18.5

(3,4-3,4,5)12G2-CH2OH 80 Pm3≈n 58.0 41.5 37.3 34.0 29.6 26.4 24.3
23.3 22.5 20.9 18.6 18.2 17.8

(3,4-3,4,5)12G2-B15C5 95 0.8 Pm3≈n 56.4 50.5 46.2 40.1 35.8
31.3 30.2 28.3 25.2 24.6

120 0.8 Pm3≈n 77.5 54.7 49.0 44.8 38.8 34.7
30.4 29.3 27.4 24.4 23.9

(3,4,5-3,4,5)12G2-CO2H 105 Pm3≈n 48.8 34.5 30.9 28.3 23.7 21.3
18.2 17.0

(3,4,5-3,4,5)12G2-B15C5 68 0.8 Pm3≈n 48.4 43.4 39.6 34.3 30.6
26.8 25.9 24.2

(4-3,4,5-3,4)12G2-CO2CH3 112 Pm3≈n 49.1 43.8 40.1 34.8 31.2 28.5
27.4 26.5 24.9 22.2 21.7

(4-3,4,5-3,4)12G2-CO2H 140 Pm3≈n 45.8 40.9 37.6 32.5 29.1 26.6
25.7 24.8 23.2 20.6 20.2

(4-3,4,5-3,4)12G2-B15C5 90 0.0 Pm3≈n 57.8 51.7 47.3 41.0 36.6 33.4
32.1 30.9 28.9 25.9 25.2 21.4

105 0.4 Pm3≈n 58.7 52.6 48.0 41.6 37.2 33.9
32.6 31.4 29.4 26.3 25.6

[a] d001 , d002 , d003 , d004 , d005 and d006 refer to SA and SB phases.
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assemble in spherical supramolecular dendrimers, respective-
ly. All other monodendrons which contain CO2CH3 groups at
the focal point are crystalline. However, the replacement of
-CO2CH3 from the focal point of the dendron with an
hydrogen-bonding group such as -CO2H or -CH2OH trans-
forms all compounds into self-assembling monodendrons.
Exception is (3,4)12G1-CO2H which remains crystalline. It is
interesting to observe that while the transition from (4-
3,4)12G1-CO2CH3 to (4-3,4)12G1-CO2H maintains a tapered
shape for the monodendron, the transition from (4-3,4,5-
3,5)12G2-X and (4-3,4,5-3,4,5)12G2-X with X�CO2CH3 to
CO2H changes the shape of the monodendron from half-disc
to conic. The insertion of the crown ether (CE) at the focal
point replaces the hydrogen-bonding capability of the parent
CO2H group and therefore, most of the dendritic crown ethers
adopt a similar shape to that of the monodendrons containing
the CO2CH3 group at the focal point. A significant exception
is provided by (4-3,4)12G1-B15C5 which adopts a parallele-
piped rather than a tapered shape and therefore forms a
SA phase. This is because the B15C5 is bulkier than the
-CO2CH3 group and therefore makes the dendron more
symmetric.

The NaOTf complexation experiments already described
can be now explained in a more quantitative way. In all cases
complexation destabilizes the crystalline phase of the mono-
dendritic crown ether since the binding process changes the
shape of the crown ether. The tapered monodendrons with
X� -CO2CH3, -CO2H or -CH2OH which have a larger planar
solid angle ��[2j, m, n] such as (4-3,4,5)12G1-CO2H and (3,4-
3,5)12G2-CO2H (��� 90.0� in both cases) maintain a tapered
shape after functionalization with B15C5 and complexation
with NaOTf. However, their tapered shape has, as expected, a
lower �� (i.e., ��� 32.9 and 60.0�). Tapered monodendrons
with lower �� ((4-3,4)12G1-CO2CH3 with ��� 30.0� and (4-
3,4)12G1-CO2H with ��� 32.7�) change, as expected, after
functionalization with B15C5 and complexation their shape
into parallelepiped. Conic monodendrons with small �� such
as (3,4-3,4)12G2-CO2H (��� 8.6�), (4-3,4,5-3,5)12G2-CO2H
(��� 15�) and (4-3,4,5-3,4,5)12G2-CO2H (��� 24�) change
their shape after functionalization with B15C5 and complex-
ation or in the absence of complexation from conic into
tapered. Finally, conic monodendrons with larger ��, that is,
(3,4-3,4,5)12G2-CH2OH (��� 12.9�), (3,4,5-3,4,5)12G2-COOH
(��� 30.0�) and (4-3,4,5-3,4)12G2-X with X�CO2CH3

Table 5. Structural characterization of supramolecular dendrimers self-assembled from intermediary and crown ether monodendrons.

Monodendron T NaOTf Lattice �d100�[a] a �20
[d] D ��[i] � ��[m]

[�C] [equiv] [ä] [ä] [gcm�3] [ä] [�]

(3,4)12G1-B15C5 20 0.8 SB 1.10 61.8[e]

70 0.8 p6mm 45.0 52.0[a] 1.10 52.0[f] 10[j] 36.0
(4-3,4)12G1-CO2CH3 57 p6mm 49.9 57.6[a] 1.05 57.6[f] 12[j] 30.0
(4-3,4)12G1-CO2H 77 p6mm 46.6 53.8[a] 1.04 53.8[f] 11[j] 32.7
(4-3,4)12G1-B15C5 40 0.8 SA 1.11 66.1[e]

120 0.8 SA 1.11 53.3[e]

(4-3,4,5)12G1-CO2H 87 p6mm 35.4 40.9[a] 1.02 40.9[f] 4[j] 90.0
(4-3,4,5)12G1-B15C5 66 0.6 p6mm 49.3 56.9[a] 1.09 56.9[f] 7[j] 32.9
(3,4-3,4)12G2-CO2H 112 Pm3≈n 83.5[b] 1.02 51.8[g] 334 42[k] 8.6
(3,4-3,4)12G2-B15C5 80 0.8 p6mm 54.6 63.0[a] 1.10 63.0[f] 8[j] 45.0

110 0.8 p6mm 51.9 59.9[a] 1.10 59.9[f] 7[j] 51.4
(3,4-3,5)12G2-CO2H 66 p6mm 37.5 43.3[a] 1.02 43.3[f] 4[j] 90.0
(3,4-3,5)12G2-B15C5 75 0.9 p6mm 45.5 52.5[a] 1.09 52.5[f] 6[j] 60.0
(4-3,4,5-3,5)12G2-CO2CH3 60 p6mm 40.7 47.0[a] 1.02 47.0[f] 3[j] 120.0
(4-3,4,5-3,5)12G2-CO2H 80 Im3≈m 54.2[c] 1.03 53.4[h] 48 24[l] 15.0
(4-3,4,5-3,5)12G2-B15C5 100 0.0 p6mm 39.1 45.2[a] 1.10 45.2[f] 2[j] 180.0
(4-3,4,5-3,4,5)12G2-CO2CH3 70 p6mm 41.2 47.6[a] 1.02 47.6[f] 2[j] 180.0
(4-3,4,5-3,4,5)12G2-CO2H 140 Im3≈m 52.6[c] 1.03 51.8[h] 30 15[l] 24
(4-3,4,5-3,4,5)12G2-B15C5 20 0.0 p6mm 38.2 44.1[a] 1.11 44.1[f] 2[j] 180.0

70 0.0 p6mm 37.5 43.3[a] 1.11 43.3[f] 2[j] 180.0
105 0.0 p6mm 36.9 42.6[a] 1.11 42.6[f] 2[j] 180.0

(3,4-3,4,5)12G2-CH2OH 80 Pm3≈n 83.5[b] 1.00 51.8[g] 228 28[k] 12.9
(3,4-3,4,5)12G2-B15C5 95 0.8 Pm3≈n 113.0[b] 1.09 70.1[g] 519 65[k] 5.5

120 0.8 Pm3≈n 109.5[b] 1.09 67.9[g] 472 59[k] 6.1
(3,4,5-3,4,5)12G2-CO2H 105 Pm3≈n 68.3[b] 1.04 42.4[g] 96 12[k] 30.0
(3,4,5-3,4,5)12G2-B15C5 68 0.8 Pm3≈n 96.8[b] 1.08 60.1[g] 248 31[k] 11.6
(4-3,4,5-3,4)12G2-CO2CH3 112 Pm3≈n 98.7[b] 1.03 61.2[g] 285 36[k] 10.0
(4-3,4,5-3,4)12G2-CO2H 140 Pm3≈n 92.2[b] 1.03 57.2[g] 234 29[k] 12.4
(4-3,4,5-3,4)12G2-B15C5 90 0.0 Pm3≈n 115.7[b] 1.09 71.8[g] 431 54[k] 6.7

105 0.4 Pm3≈n 117.5[b] 1.11 72.9[g] 460 58[k] 6.2
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Figure 2. DSC traces (10 �Cmin�1) of the complexes of (3,4)12G1-B15C5
with NaOTf recorded during: a) first cooling scan and b) second heating
scan.

Figure 3. DSC traces (10 �Cmin�1) of the complexes of (4-3,4)12G1-B15C5
with NaOTf recorded during: a) first cooling scan and b) second heating
scan.

(��� 10.0 �) and X�CO2H (��� 12.4�) maintain a conic shape
after functionalization with B15C5.
Complexation with NaOTf provides the following five

different trends: a) stabilizes the Pm3≈n cubic phase self-

Figure 4. DSC traces (10 �Cmin�1) of the complexes of (3,4-3,4)12G2-
B15C5 with NaOTf recorded during: a) first cooling scan and b) second
heating scan.

Figure 5. DSC traces (10 �Cmin�1) of the complexes of (4-3,4,5-3,5)12G2-
B15C5 with NaOTf recorded during: a) first cooling scan and b) second
heating scan.

organized from spherical supramolecular dendrimers which
are self-assembled from conic monodendrons; b) stabilizes
the SA phase generated from parallelepiped monodendrons;
c) has no effect on the stability of the SB phase generated from
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Figure 6. DSC traces (10 �Cmin�1) of the complexes of (3,4-3,4,5)12G2-
B15C5 with NaOTf recorded during: a) first cooling scan and b) second
heating scan.

parallelepiped monodendrons; d) stabilizes the p6mm hexag-
onal columnar phase self-organized from cylindrical supra-
molecular dendrimers which are self-assembled from tapered
monodendrons; and e) destabilizes the p6mm hexagonal
columnar phase self-organized from cylindrical supramolec-
ular dendrimers self-assembled from half-disc monodendrons.
We will try to provide explanations for these trends. In the

case a) the conic monodendron contains the crown ether at
their apex and upon self-assembly into supramolecular
spherical dendrimers the crown ethers are placed at the
center of the sphere. When NaOTf is ionized in the center of
the supramolecular sphere the ionic interaction created
enhances the stability of the supramolecular object and of
its cubic lattice. In case b), the SA phase has a bilayer
interdigitated structure (Figure 7a) in which the B15C5 units
are facing each other in the center of the bilayer. Again
complexation can easily explain the enhanced stability of the
SA phase since the placement of the B15C5 can enhance after
complexation the interdendritic interactions. Case c) is ob-
served for the SB phase. No enhanced stability of the SB phase
is observed upon complexation since no interaction between
the non-interdigitated bilayer structures shown in Figure 8b is
possible. Cases d) and e) can be explained by the creation of
an ion channel that penetrates through the center of the
column.[2a, b, e] This ion channel seems to be most effective
when the dendritic crown ether has a tapered shape. However,
when the shape of the dendritic crown ether is equivalent to
half of a disc, complexation with NaOTf destabilizes the
formation of the ion channel (case e). More structural experi-
ments are required to elucidate the difference between

Figure 7. Molecular models of the smectic layers of a) smectic A (SA) and
b) smectic B (SB) phases.

cases d) and e). It is, however, rewarding to conclude that the
influence of complexation with NaOTf resembles that of the
dependence of polymerization from the field of liquid
crystalline polymers[10] known as the ™polymer effect∫ and
therefore this trend should be considered a ™supramolecular
polymer effect∫.[11] Unrelated examples of mediation of
supramolecular structure by a combination of crown ethers
or other ligands and ionic interactions are actively exploited
also in other laboratories.[12] Dendritic crown ethers that do
not self-assemble were recently reported by Gitsov and
Ivanova.[13] Nevertheless, the monodendritic crown ethers
and their complexes with NaOTf reported here provide the
largest diversity of liquid crystalline phases encountered so far
in any library of supramolecular dendrimers reported from
our[2±5] and other laboratories.[14]

Conclusion

The synthesis of the benzyl ether based self-assembling
monodendrons containing benzo[15]crown-5 at their focal
point is described. These dendritic building blocks self-
assemble and subsequently self-organize either spontaneously
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or after complexation with NaOTf into smectic B, smectic A,
p6mm hexagonal columnar (�h) and Pm3≈n cubic lattices. The
dependence between the shape of the monodendron, the
shape of the supramolecular dendrimer, the symmetry of the
supramolecular lattice obtained by its spontaneous self-
assembly and self-organization and the influence of complex-
ation with NaOTf on the stability of various supramolecular
lattices were elucidated by retrostructural analysis of the
lattices generated from supramolecular dendrimers. A very
delicate dependence between the shape of the dendritic crown
ether and the stability of its supramolecular lattice obtained
by complexation with NaOTf was demonstrated and mech-
anisms of complexation mediated self-assembly were sug-
gested. These mechanisms many help to elaborate novel ion-
active supramolecular concepts.

Experimental Section

Materials : 1,3-Dicyclohexylcarbodiimide (DCC, 99%), 4-(dimethylami-
no)pyridine (DMAP, 99%) (from Aldrich), p-toluenesulfonic acid (98%),
KOH, acetone, THF, and EtOH (from Fisher, ACS reagent) were used as
received. CH2Cl2 (from Fisher, ACS reagent) was dried over CaH2 and
freshly distilled before use. The materials used in the synthesis of
intermediary compounds reported previously were identical to those
reported in the previous publications.

Techniques : 1H NMR (200 MHz) and 13C NMR (50 MHz) spectra were
recorded on a Varian Gemini 200 spectrometer at 20 �C with tetramethyl-
silane (TMS) as internal standard. The purity of products was determined
by a combination of thin-layer chromatography (TLC) on silica gel plates
(Kodak) with fluorescent indicator and high pressure liquid chromatog-
raphy (HPLC) using a Perkin ±Elmer Series10 high-pressure liquid
chromatograph equipped with an LC-100 column oven and Nelson
Analytical 900 series integrator data station. THF was used as solvent at
an oven temperature of 40 �C. Detection was by UVabsorbance at 254 nm.
Thermal transitions were measured on a Perkin ±Elmer DSC-7 differential
scanning calorimetry (DSC) equipped with a TADS data station. In all
cases, the heating and cooling rates were 10 �Cmin�1. First-order transition
temperatures were reported as the maxima and minima of their endother-
mic and exothermic peaks. The glass transition temperatures (Tg) were read
at the middle of the change in heat capacity. Indium and zinc were used as
calibration standards. An Olympus BX-40 thermal optical polarized
microscope (TOPM) (100� magnification) equipped with a Mettler FP
82 hot stage and a Mettler FP80 central processor was used to observe
thermal transitions and verify the anisotropic and isotropic textures. X-ray
diffraction (XRD) experiments on liquid crystal phases were performed by
using either a helium-filled flat plate wide angle (WAXS) camera or a
pinhole-collimated small angle (SAXS) camera, and also by using an Image
Plate area detector (MAR Research) with a graphite-monochromatized a
pinhole-collimator beam and a helium tent. The samples, in glass
capillaries, were held in a temperature-controlled cell (�0.1 �C). Ni-filtered
CuK� radiation was used. Experiments were also performed at several
small-angle stations of the Synchrotron Radiation Source at Daresbury
(UK). A double-focused beam and a quadrant detector were used. In both
cases, the sample was held in a capillary within a custom-built temperature
cell controlled to within �0.1 �C. Densities (�20) were determined by
flotation in gradient columns at 20 �C. Elemental analysis of all new
compounds (M-H-W Laboratories, Phoenix, AZ) agrees with the calcu-
lated value within less than �0.4%.
Macromodel 6.0 from Columbia Innovation Corp. was used on a Silicon
Graphics Indy workstation to model the arrangement of smectic A and
smectic B phases.

Synthesis : The syntheses of 4�-hydroxymethylbenzo[15]crown-5
(B15C5),[2a] 4-dimethylaminopyridinium p-toluenesulfonate (DPTS),[2a]

NaOTf,[2a] methyl 3,4-bis(n-dodecan-1-yloxy)benzoate [(3,4)12G1-
CO2CH3],[6] 3,4-bis(n-dodecan-1-yloxy)benzoic acid [(3,4)12G1-CO2H],[7]

methyl 3,4-bis[p-(n-dodecan-1-yloxy)benzyloxy]benzoate [(4-3,4)12G1-

CO2CH3],[3b] 3,4-bis[p-(n-dodecan-1-yloxy)benzyloxy]benzoic acid [(4-
3,4)12G1-CO2H],[3b] methyl 3,4,5-tris[p-(n-dodecan-1-yloxy)benzyloxy]-
benzoate [(4-3,4,5)12G1-CO2CH3],[8] 3,4,5-tris[p-(n-dodecan-1-yloxy)ben-
zyloxy]benzoic acid [(4-3,4,5)12G1-CO2H],[2h, 8] methyl 3,4-bis[3�,4�-bis(n-
dodecan-1-yloxy)benzyloxy]benzoate [(3,4-3,4)12G2-CO2CH3],[3b] 3,4-
bis[3�,4�-bis(n-dodecan-1-yloxy)benzyloxy]benzoic acid [(3,4-3,4)12G2-
CO2H],[3b] methyl 3,5-bis[3�,4�-bis(n-dodecan-1-yloxy)benzyloxy]benzoate
[(3,4-3,5)12G2-CO2CH3],[3b] 3,5-bis[3�,4�-bis(n-dodecan-1-yloxy)benzyloxy]-
benzoic acid [(3,4-3,5)12G2-CO2H],[3b] methyl 3,5-bis{3�,4�,5�-tris-
[p-(n-dodecan-1-yloxy)benzyloxy]benzyloxy}benzoate [(4-3,4,5-3,5)12G2-
CO2CH3],[2n] 3,5-bis{3�,4�,5�-tris[p-(n-dodecan-1-yloxy)benzyloxy]benzyloxy}-
benzoic acid [(4-3,4,5-3,5)12G2-CO2H],[2n] methyl 3,4,5-tris{3�,4�,5�-tris[p-
(n-dodecan-1-yloxy)benzyloxy]benzyloxy}benzoate [(4-3,4,5-3,4,5)12G2-
CO2CH3],[2h] methyl 3,4,5-tris[3�,4�-bis(n-dodecan-1-yloxy)benzyloxy]ben-
zoate [(3,4-3,4,5)12G2-CO2CH3],[3b] 3,4,5-tris[3�,4�-bis(n-dodecan-1-yloxy)-
benzyloxy]benzoic acid [(3,4-3,4,5)12G2-CO2H],[3b] methyl 3,4,5-
tris[3�,4�,5�-tris(n-dodecan-1-yloxy)benzyloxy]benzoic acid [(3,4,5-3,4,5)-
12G2-CO2CH3],[2f] 3,4,5-tris[3�,4�,5�-tris(n-dodecan-1-yloxy)benzyloxy]ben-
zoic acid [(3,4,5-3,4,5)12G2-CO2H],[2f] methyl 3,4-bis{3�,4�,5�-tris[p-(n-
dodecan-1-yloxy)benzyloxy]benzyloxy}benzoate [(4-3,4,5-3,4)12G2-CO2-
CH3],[2n] 3,4-bis{3�,4�,5�-tris[p-(n-dodecan-1-yloxy)benzyloxy]benzyloxy}-
benzoic acid [(4-3,4,5-3,4)12G2-CO2H][2n] and 4�-methylbenzo[15]crown-5
3,4,5-tris[p-(n-dodecan-1-yloxy)benzyloxy]benzoate [(4-3,4,5)12G1-
B15C5],[2a] have been reported previously.

3,4,5-Tris{3�,4�,5�-tris[p-(n-dodecan-1-yloxy)benzyloxy]benzyloxy}benzoic
acid [(4-3,4,5-3,4,5)12G2-CO2H]: In a 200 mL one-neck round bottom flask
equipped with a reflux condenser, (4-3,4,5-3,4,5)12G2-CO2CH3 (2.0 g,
0.65 mmol) and KOH (0.26 g, 4.6 mmol) in a mixture of 95% EtOH
(30 mL) and THF (50 mL) were heated gently under reflux until the
reaction was completed (3 h as determined by TLC and 1H NMR. After
cooling to room temperature, the solvent was distilled under reduced
pressure with the solid residue taken up in THF (30 mL). The solution was
acidified with 50% aqueous CH3COOH and the resulting mixture was
precipitated by the addition of cold H2O (200 mL) and the product filtered
off. Recrystallization from acetone/CH2Cl2 (1:1, 80 mL) yielded a white
solid (1.67 g, 83.9%). Thermal transitions and corresponding enthalpy
changes are reported in Table 1. Purity (HPLC), 99�%; TLC (CH2Cl2):
Rf� 0; 1H NMR (CDCl3, TMS): �� 0.89 (t, 27H, J� 6.6 Hz, CH3), 1.27 (m,
162H, CH3(CH2)9), 1.72 (m, 18H, CH2CH2OAr), 3.84 ± 3.92 (m, 18H,
CH2CH2OAr), 4.70 (br s, 6H, ArCH2OAr, 4-(3�,4�,5�)-positions), 4.80 (s,
4H, ArCH2OAr, 3,5-(4�)-positions), 4.86 (s, 8H, ArCH2OAr, 3,5-(3�,5�)-
positions), 5.00 (br s, 6H, ArCH2OAr, 3,4,5-positions), 6.70 ± 6.77 (m, 22H,
ArH meta to CH2OAr, 3,4,5-(3�,4�,5�), ArH ortho to CH2OAr, 3,5-
positions), 7.13 ± 7.27 (m, 20H, ArH ortho to CH2OAr, 3,4,5-(3�,5�), ArH
ortho to CH2OAr, 4-position), 7.51 (s, 2H, ArH ortho to COOH); 13C NMR
(CDCl3, TMS): �� 14.1 (CH3), 22.7 (CH3CH2), 26.1 (CH2CH2CH2OAr),
29.3 (CH3(CH2)2CH2), 29.6 (CH3(CH2)3(CH2)5), 31.9 (CH3CH2CH2), 67.9
(CH2CH2OAr), 70.9 (ArCH2OAr, 3,4,5-(3�,5�)-positions), 71.5 (ArCH2-
OAr, 3,5-positions), 74.5 (ArCH2OAr, 3,4,5-(4�)-positions), 74.7 (ArCH2-
OAr, 4-positions), 106.6 ± 107.2 (ArC ortho to CH2OAr, 3,4,5-positions),
109.7 (ArC ortho to COOH), 114.2 ± 114.9 (ArC meta to CH2OAr, 3,4,5-
(3�,4�,5�)-positions), 123.7 (ArC ipso to COOH), 128.8 ± 129.8 (ArC ortho to
CH2OAr and ArC ipso to CH2OAr, 3,4,5-(3�,4�,5�)-positions), 132.1 ± 132.9
(ArC para to CH2OAr, 3,4,5-positions), 138.3 (ArC ipso to CH2OAr, 3,4,5-
positions), 142.2 (ArC para to COOH), 152.6 (ArC meta to COOH), 153.2
(ArCmeta to CH2OAr, 3,4,5-positions), 158.9 (ArC para to CH2OAr, 3,4,5-
(3�,4�,5�)-positions), 171.0 (COOH); elemental analysis calcd (%) for
C199H294O23: C 78.25, H 9.70; found: C 78.30, H 9.59.

General procedure for the synthesis of monodendrons containing B15C5 :
The monodendrons containing crown ether at their focal points were
synthesized by estherification with the corresponding benzoic acids and 4�-
hydroxymethylbenzo[15]crown-5 in the presence of DCC and catalyzed by
DPTS in CH2Cl2.

4�-Methylbenzo[15]crown-5 3,4-bis(n-dodecan-1-yloxy)benzoate [(3,4)12G1-
B15C5]: (3,4)12G1-CO2H (1.1 g, 2.2 mmol), 4�-hydroxymethylbenzo-
[15]crown-5 (0.80 g, 2.7 mmol), and DPTS (0.21 g, 0.67 mmol) were
dissolved in CH2Cl2 (50 mL). DCC (0.69 g, 3.4 mmol) was added and then
the mixture was heated under reflux. After 24 h, the reaction mixture was
passed through a glass fiber filter and evaporated in vacuo. Purification by
flash column chromatography (silica gel, CH2Cl2) and recrystallization
from acetone (30 mL) gave (3,4)12G1-B15C5 as a white product (0.83 g,
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48%). Thermal transitions and corresponding enthalpy changes are
reported in Table 2. Purity (HPLC), 99� %; TLC (hexane/EtOAc 4:1):
Rf� 0; 1H NMR (CDCl3, TMS): �� 0.88 (t, 6H, J� 6.7 Hz, CH3), 1.27 (m,
36H, CH3(CH2)9), 1.83 (m, 4H, CH2CH2OAr), 3.76 (s, 8H, (OCH2CH2)2),
3.91 (m, 4H, ArOCH2CH2O), 4.03 (m, 4H, CH2OAr), 5.24 (s, 2H,
CO2CH2Ar), 6.86 ± 6.97 (m, 4H, ArH (5)meta to CO2CH2Ar, ArHmeta to
CH2, ArH ortho to CH2), 7.55 (d, 1H, J� 2.0 Hz, ArH (2) ortho to
CO2CH2Ar, 2-position), 7.65 (s, 1H, ArH (6) ortho to CO2CH2Ar);
13C NMR (CDCl3, TMS): �� 14.1 (CH3), 22.7 (CH2CH3), 26.0 ± 29.6
((CH2)8), 31.9 (CH2CH2CH3), 66.5 (CO2CH2Ar), 69.0 (CH2CH2OAr), 69.1,
69.3, 69.6, 70.5, 71.1 (crown ether), 111.9 (ArC (5) meta to CO2CH2Ar),
113.8 (ortho to CH2 and O on crown ether), 114.4 (ArC (2) ortho to
CO2CH2Ar), 114.5 (meta to CH2 on crown ether), 121.7 (ArC ortho to CH2

on crown ether), 122.4 (ArC ipso to CO2CH2Ar), 123.7 (ArC (6) ortho to
CO2CH2Ar), 129.4 (ArC ipso to CH2 on crown ether), 148.5 (ArC (3)meta
to CO2CH3, 3-position), 149.2 (ArC ipso to O on crown ether), 153.3 (ArC
para to CO2CH2Ar), 166.4 (CO2CH2Ar); elemental analysis calcd (%) for
C46H74O9: C 71.65, H 9.67; found: C 71.68, H 9.62.

4�-Methylbenzo[15]crown-5 3,4-bis[p-(n-dodecan-1-yloxy)benzyloxy]ben-
zoate [(4-3,4)12G1-B15C5]: (4-3,4)12G1-CO2H (1.4 g, 2.0 mmol), 4�-hy-
droxymethylbenzo[15]crown-5 (0.68 g, 2.3 mmol), DPTS (0.12 g,
0.40 mmol), and DCC (0.49 g, 2.4 mmol) were dissolved in CH2Cl2
(20 mL) at reflux and heated (18 h). Purification by flash column
chromatography (silica gel, CH2Cl2) and recrystallization from acetone
(40 mL) gave compound (1.28 g, 65.4%) as a white solid. Thermal
transitions and corresponding enthalpy changes are reported in Table 2.
Purity (HPLC), 99�%; TLC (hexane/EtOAc 20:1): Rf� 0; 1H NMR
(CDCl3, TMS): �� 0.88 (t, 6H, J� 6.5 Hz, CH3), 1.26 (m, 36H,
CH3(CH2)9), 1.78 (m, 4H, CH2CH2OAr), 3.76 (s, 8H, (OCH2CH2)2),
3.89 ± 3.97 (m, 8H, CH2CH2OAr, ArOCH2CH2O), 4.15 (m, 4H, ArOCH2-
CH2O), 5.08 (s, 2H, ArCH2OAr, 4-position), 5.12 (s, 2H, ArCH2OAr,
3-position), 5.22 (s, 2H, CO2CH2Ar), 6.84 ± 6.99 (m, 8H, ArH meta to
CH2OAr, 3,4-positions, ArH (5) meta to CO2CH2Ar, ArH meta to CH2,
ArH ortho to CH2), 7.32 ± 7.36 (m, 4H, ArH ortho to CH2OAr, 3,4-
positions), 7.61 ± 7.65 (m, 2H, ArH ortho to CO2CH2Ar); 13C NMR (CDCl3,
TMS): �� 14.1 (CH3), 22.7 (CH2CH3), 26.0 ± 29.6 ((CH2)8), 31.9
(CH2CH2CH3), 66.5 (CO2CH2Ar), 68.0 (CH2CH2OAr), 69.1, 69.6, 70.5,
70.7 (crown ether), 71.1 (ArCH2OAr), 113.4 (ArC ortho to CH2 and O on
crown ether), 113.8 (ArC (5) meta to CO2CH2Ar), 114.5 (ArC meta to
CH2OAr, 3,4-positions, ArC meta to CH2 on crown ether), 115.8 (ArC (2)
ortho to CO2CH2Ar), 121.7 (ArC ortho to CH2 on crown ether), 122.9 (ArC
ipso to CO2CH2Ar), 124.3 (ArC (6) ortho to CO2CH2Ar), 128.6 (ArC ipso
CH2CO2Ar), 128.8 ± 129.1 (ArC ortho to CH2OAr, 3,4-positions, ArC ipso
CH2OAr, 3,4-positions), 148.4 ± 149.2 (ArC (3) meta CO2CH2Ar, ArC ipso
O on crown ether), 153.1 (ArC para to CO2CH2Ar), 159.0 (ArC para to
CH2OAr, 3,4-positions), 166.0 (CO2CH2Ar); elemental analysis calcd (%)
for C60H86O11: C 73.29, H 8.82; found: C 73.32, H 8.77.

4�-Methylbenzo[15]crown-5 3,4-bis[3�,4�-bis(n-dodecan-1-yloxy)benzyloxy]
benzoate [(3,4-3,4)12G2-B15C5]: (3,4-3,4)12G2-CO2H (1.50 g, 1.40 mmol),
4�-hydroxymethylbenzo[15]crown-5 (0.50 g, 1.7 mmol), DPTS (0.13 g,
0.42 mmol), and DCC (0.43 g, 2.1 mmol) were dissolved in CH2Cl2
(30 mL) and heated under reflux for 16 h. A white solid compound
(1.20 g, 63.5%) was obtained after flash column chromatography (silica gel,
CH2Cl2) and recrystallization from a mixture of CH2Cl2 and acetone (2:1,
25 mL). Thermal transitions and corresponding enthalpy changes are
reported in Table 2. Purity (HPLC), 99�%; TLC (THF): Rf� 0.71;
1H NMR (CDCl3, TMS): �� 0.89 (t, 12H, J� 6.8 Hz, CH3), 1.27 (m, 72H,
CH3(CH2)9), 1.75 (m, 8H, CH2CH2OAr), 3.77 (s, 8H, (OCH2CH2)2), 3.90 ±
4.01 (m, 12H, CH2CH2OAr, ArOCH2CH2O), 4.16 (m, 4H, ArOCH2-
CH2O), 5.08 (s, 2H, ArCH2OAr, 4-position), 5.11 (s, 2H, ArCH2OAr,
3-position), 5.24 (s, 2H, CO2CH2Ar), 6.81 ± 7.00 (m, 10H, ArH to CH2OAr,
3,4-positions, ArH (5)meta to CO2CH2Ar, ArHmeta to CH2, ArH ortho to
CH2), 7.62 ± 7.67 (overlapped peaks, 2H, ArH ortho to CO2CH2Ar);
13C NMR (CDCl3, TMS): �� 14.0 (CH3), 22.6 (CH2CH3), 26.0 ± 30.5
((CH2)8), 31.9 (CH2CH2CH3), 66.4 (CO2CH2Ar), 69.1 (CH2CH2OAr), 69.3,
69.5, 70.5, 70.8 (crown ether), 71.2 (ArCH2OAr), 113.1 (ArC ortho to CH2

and O on crown ether), 113.2 (ArC (2�) ortho to CH2OAr, 3,4-positions),
113.6 (ArC (5�) meta to CH2OAr, 3,4-positions), 113.8 (ArC (5) meta to
CO2CH2OAr), 114.5 (ArCmeta to CH2CO2Ar on crown ether), 115.6 (ArC
(2) ortho to CO2CH2Ar), 119.9 ± 120.1 (ArC ortho (6�) to CH2OAr, 3,4-
positions), 121.6 (ArC ortho to CH2CO2Ar on crown ether), 122.9 (ArC

ipso to CO2CH2Ar), 124.0 (ArC (6) ortho to CO2CH2Ar), 129.0 (ArC ipso
to CH2CO2Ar on crown ether), 129.3 (ArC ipso CH2OAr, 3,4-positions),
148.3 (ArC (2) meta to CO2CH2Ar), 148.9 ± 149.2 (ArC para to CH2OAr,
3,4-positions, ArC (3�) meta to CH2OAr, 3,4-positions, ArC ipso O on
crown ether), 153.0 (ArC para to CO2CH2Ar), 166.0 (CO2CH2Ar);
elemental analysis calcd (%) for C84H134O13: C 74.63, H 9.99; found: C
74.64, H 9.95.

4�-Methylbenzo[15]crown-5 3,5-bis[3�,4�-bis(n-dodecan-1-yloxy)benzyloxy]
benzoate [(3,4-3,5)12G2-B15C5]: (3,4-3,5)12G2-CO2H (1.4 g, 1.3 mmol),
4�-hydroxymethylbenzo[15]crown-5 (0.45 g, 1.5 mmol), DPTS (82 mg,
0.26 mmol), and DCC (0.32 g, 1.6 mmol) were taken up in CH2Cl2
(20 mL) at room temperature for 12 h. After flash column chromatography
(silica gel, CH2Cl2) and recrystallization from acetone (30 mL) a white
crystal (1.46 g, 82.7%) was obtained. Thermal transitions and correspond-
ing enthalpy changes are reported in Table 2. Purity (HPLC), 99�%; TLC
(THF): Rf� 0.59; 1H NMR (CDCl3, TMS): �� 0.88 (t, 12H, J� 5.9 Hz,
CH3), 1.26 (m, 72H, CH3(CH2)9), 1.78 (m, 8H, CH2CH2OAr), 3.75 (s, 8H,
(OCH2CH2)2), 3.92 ± 4.02 (m, 12H, CH2CH2OAr, ArOCH2CH2O), 4.15 (m,
4H, ArOCH2CH2O), 4.94 (s, 4H, ArCH2OAr, 3,5-positions), 5.25 (s, 2H,
CO2CH2Ar), 6.78 (t, 1H, J� 2.4 Hz, ArH para to CO2CH2Ar), 6.84 ± 7.01
(m, 9H, ArH to CH2OAr, 3,5-positions, ArH meta to CH2, ArH ortho to
CH2), 7.29 (d, 2H, J� 2.1 Hz, ArHortho to CO2CH2Ar); 13C NMR (CDCl3,
TMS): �� 13.9 (CH3), 22.5 (CH2CH3), 25.9 ± 29.5 ((CH2)8), 31.8
(CH2CH2CH3), 66.7 (CO2CH2Ar), 69.0 (crown ether), 69.1 (CH2CH2OAr),
69.4 (crown ether), 70.2 (ArCH2OAr), 70.4, 70.9 (crown ether), 107.0 (ArC
para to CO2CH2Ar), 108.3 (ArC ortho to CO2CH2Ar), 113.5 ± 113.6 (ArC
(2�) ortho to CH2OAr, 3,5-positions, ArC (5�) meta to CH2OAr, 3,5-
positions, ArC ortho to CH2 and O on crown ether), 114.5 (ArC meta to
CH2 on crown ether), 120.4 (ArC (6�) ortho to CH2OAr, 3,5-positions),
121.6 (ArC ortho to CH2 on crown ether), 128.8 (ArC ipso to CH2OAr, 3,5-
positions, ArC ipso to CH2CO2Ar on crown ether), 144.0 (ArC ipso to
CO2CH2Ar), 149.0 (ArC para to CH2OAr, 3,5-positions), 149.2 (ArC (3�)
meta to CH2OAr, 3,5-positions), 160.0 (ArC meta to CO2CH2Ar), 166.1
(CO2CH2Ar); elemental analysis calcd (%) for C84H134O13: C 74.63, H 9.99;
found: C 74.59, H 9.94.

4�-Methylbenzo[15]crown-5 3,4,5-tris[3�,4�-bis(n-dodecan-1-yloxy)benzyl-
oxy] benzoate [(3,4-3,4,5)12G2-B15C5]: From (3,4-3,4,5)12G2-CO2H
(1.4 g, 0.91 mmol) and 4�-hydroxymethylbenzo[15]crown-5 (0.31 g,
1.0 mmol) in the presence of DPTS (57 mg, 0.18 mmol) and DCC
(0.224 g, 1.09 mmol) in CH2Cl2 (20 mL) at room temperature (reaction
time, 16 h), a white crystal (1.13 g, 68.3%) was obtained after flash column
chromatography (silica gel, CH2Cl2) and recrystallization from CH2Cl2 and
acetone (1:3, 30 mL). Thermal transitions and corresponding enthalpy
changes are reported in Table 2. Purity (HPLC), 99� %; TLC (THF): Rf�
0.81; 1H NMR (CDCl3, TMS): �� 0.89 (t, 18H, J� 6.9 Hz, CH3), 1.27 (m,
108H, CH3(CH2)9), 1.79 (m, 12H, CH2CH2OAr), 3.72 ± 3.77 (m, 10H,
CH2OAr, 4-(3�)-position, (OCH2CH2)2), 3.93 ± 4.02 (m, 14H, CH2OAr, 3,5-
(3�,4�)- and 4-(4�)-positions, ArOCH2CH2O), 4.17 (m, 4H, ArOCH2CH2O),
5.03 (s, 6H, ArCH2OAr, 3,4,5-positions), 5.25 (s, 2H, CO2CH2Ar), 6.74 ±
6.99 (m, 12H, ArH to CH2OAr, 3,4,5-positions, ArH meta to CH2, ArH
ortho to CH2), 7.40 (s, 2H, ArH ortho to CO2CH2Ar); 13C NMR (CDCl3,
TMS): �� 14.1 (CH3), 22.7 (CH2CH3), 26.1 ± 30.2 ((CH2)8), 31.9
(CH2CH2CH3), 66.8 (CO2CH2Ar), 69.1 (crown ether), 69.3 (CH2CH2OAr),
69.6, 70.4, 70.5 (crown ether), 71.1 (ArCH2OAr), 108.5 (ArC ortho to
CO2CH2Ar), 113.7 (ArC ortho to CH2 and O on crown ether), 113.8 (ArC
(2�) ortho to CH2OAr, 3,4,5-positions), 114.6 (ArC (5�) meta to CH2OAr,
3,4,5-positions, ArC meta to CH2 on crown ether), 120.6 (ArC (6�) ortho to
CH2OAr, 3,4,5-positions), 121.8 (ArC ortho to CH2 on crown ether), 124.1
(ArC ipso to CO2CH2Ar), 129.0 (ArC ipso to CH2OAr, 3,4,5-positions,
ArC ipso to CH2CO2Ar on crown ether), 144.2 (ArC para to CO2CH2Ar),
149.1 ± 149.4 (ArC (3�) meta to CH2OAr, 3,4,5-positions, ArC para to
CH2OAr, 3,4,5-positions), 153.8 (ArC meta to CO2CH2Ar), 166.2 (CO2-

CH2Ar); elemental analysis calcd (%) for C115H188O16: C 75.61, H 10.37;
found: C 75.59, H 10.33.

4�-Methylbenzo[15]crown-5 3,4,5-tris[3�,4�,5-tris(n-dodecan-1-yloxy)benzyl-
oxy]benzoate [(3,4,5-3,4,5)12G2-B15C5]: (3,4,5-3,4,5)12G2-CO2H (1.5 g,
0.72 mmol), 4�-hydroxymethylbenzo[15]crown-5 (0.26 g, 0.86 mmol),
DPTS (67 mg, 0.22 mmol), and DCC (0.22 g, 1.1 mmol) were heated to
reflux in CH2Cl2 (40 mL) for 18 h. After purification by column chroma-
tography [silica gel, CH2Cl2 to CH2Cl2/MeOH 20:1] and recrystallization
from a mixture of CH2Cl2 and acetone (1:1, 30 mL) gave (3,4,5-3,4,5)12G2-
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B15C5 (1.14 g, 67.1%) as a white solid. Thermal transitions and corre-
sponding enthalpy changes are reported in Table 2. Purity (HPLC), 99�
%; TLC (THF): Rf� 0.91; 1H NMR (CDCl3, TMS): �� 0.88 (t, 27H, J�
6.6 Hz, CH3(CH2)11), 1.26 (m, 162H, CH3(CH2)8), 1.74 (m, 18H,
CH2CH2OAr), 3.71 ± 3.76 (m, 12H, CH2OAr, 4-(3�,5�)-positions,
(OCH2CH2)2), 3.84 ± 3.96 (m, 18H, CH2CH2OAr, 3,5-(3�,5�)-positions,
3,4,5-(4�)-positions, ArOCH2CH2O), 4.17 (m, 4H, ArOCH2CH2O), 5.02
(s, 6H, ArCH2OAr, 3,4,5-positions), 5.25 (s, 2H, CO2CH2Ar), 6.59 (s, 2H,
ArHortho to CH2OAr, 4-position), 6.63 (s, 4H, ArH ortho to CH2OAr, 3,5-
positions), 6.89 (d, 1H, J� 8.8 Hz, ArH meta to CH2), 6.99 (m, 2H, ArH
ortho to CH2), 7.40 (s, 2H, ArH ortho to CO2CH2Ar); 13C NMR (CDCl3,
TMS): �� 14.0 (CH3), 22.6 (CH3CH2), 26.1 ± 30.5 ((CH2)8), 31.9
(CH3CH2CH2), 66.7 (CO2CH2Ar), 68.8 (crown ether), 69.0 (CH2CH2OAr,
3,4,5-(3�,5�)-positions), 69.5, 70.5, 71.0 (crown ether), 71.6 (ArCH2OAr, 3,5-
positions), 73.3 (CH2CH2OAr, 3,4,5-(4�)-positions), 75.1 (ArCH2OAr,
4-position), 105.7 (ArC ortho to CH2OAr, 3,5-positions), 106.1 (ArC ortho
to CH2OAr, 4-position), 109.7 (ArC ortho to CO2CH2Ar), 113.8 (ArC ortho
to CH2 and O on crown ether), 114.5 (ArC meta to CH2 on crown ether),
121.6 (ArC ortho to CH2CO2Ar on crown ether), 125.2 (ArC ipso to
CO2CH2Ar), 129.0 (ArC ipso to CH2CO2Ar on crown ether), 131.6 (ArC
para to CH2OAr, 3,5-positions), 132.3 (ArC para to CH2OAr, 4-position),
137.8 (ArC ipso to CH2OAr, 3,4,5-positions), 143.4 (ArC para to
CO2CH2Ar), 149.2 (ArC ipso O on crown ether), 152.1 (ArC meta to
CO2CH2Ar), 153.0 (ArC meta to CH2OAr, 4-position), 153.2 (ArC meta to
CH2OAr, 3,5-positions), 166.0 (CO2CH2Ar); elemental analysis calcd (%)
for C151H260O19: C 76.21, H 11.01; found: C 76.18, H 11.03.

4�-Methylbenzo[15]crown-5 3,4-bis{3�,4�,5�-tris[p-(n-dodecan-1-yloxy)ben-
zyloxy]benzyloxy}benzoate [(4-3,4,5-3,4)12G2-B15C5]: (4-3,4,5-3,4)12G2-
CO2H (1.5 g, 0.72 mmol), 4�-hydroxymethylbenzo[15]crown-5 (0.26 g,
0.87 mmol) in the presence of DPTS (68 mg, 0.22 mmol) and DCC
(0.22 g, 1.1 mmol) were stirred in CH2Cl2 (40 mL) at room temperature
for 12 h. Purification by flash column chromatography with gradient
elution [silica gel, CH2Cl2/MeOH 20:1 to CH2Cl2/MeOH 10:1] and
recrystallization from CH2Cl2 and acetone (2:1, 30 mL) gave (4-3,4,5-
3,4)12G2-B15C5 (0.98 g, 58%) as a white solid. Thermal transitions and
corresponding enthalpy changes are reported in Table 2. Purity (HPLC),
99�%. TLC (THF): Rf� 0.81; 1H NMR (CDCl3, TMS): �� 0.89 (t, 18H,
J� 6.9 Hz, CH3), 1.27 (m, 108H, CH3(CH2)9), 1.77 (m, 12H, CH2CH2OAr),
3.76 (s, 8H, (OCH2CH2)2), 3.87 ± 3.93 (m, 16H, CH2CH2OAr, ArOCH2-
CH2O), 4.12 (m, 4H, ArOCH2CH2O), 4.84 (s, 4H, ArCH2OAr, 3,4-(4�)-
positions), 4.94 (s, 8H, ArCH2OAr, 3,4-(3�,5�)-positions), 5.08 (s, 4H,
ArCH2OAr, 3,4-positions), 5.25 (s, 2H, CO2CH2Ar), 6.72 ± 6.87 (m, 18H,
ArH meta to CH2OAr, 3,4-(3�,4�,5�)-positions, ArH ortho to CH2OAr, 3,4-
positions, ArHmeta to CO2CH2Ar, 5-position, ArHmeta to CH2), 6.99 (m,
2H, ArH ortho to CH2), 7.22 ± 7.26 (m, 12H, ArH ortho to CH2OAr, 3,4-
(3�,4�,5�)-positions), 7.69 (m, 2H, ArH ortho to CO2CH2Ar); 13C NMR
(CDCl3, TMS): �� 14.1 (CH3), 22.6 (CH2CH3), 26.1 (CH2CH2CH2OAr),
29.3 (CH3(CH2)2CH2), 29.6 (CH3(CH2)3(CH2)5), 30.1 (CH2CH2OAr), 31.9
(CH3CH2CH2), 66.5 (CO2CH2Ar), 67.9 (CH2CH2OAr, 3,4-[3�,4�,5�-(4��)]
positions), 69.0, 69.1, 69.5, 70.5 (crown ether), 71.0 ± 71.4 (ArCH2OAr, 3,4-
(3�,5�)-positions, 3,4-positions), 74.7 (ArCH2OAr, 3,4-(4�)-positions), 106.9
(ArC ortho to CH2OAr, 3-position), 107.1 (ArC ortho to CH2OAr,
4-position), 113.4 (ArC (5) meta to CO2CH2Ar), 113.8 ± 114.9 (ArC meta
to CH2OAr, 3,4-(3�,4�,5�)-positions, ArC ortho to CH2 and O on crown
ether, ArC meta to CH2 on crown ether), 115.8 (ArC (2) ortho to
CO2CH2Ar), 121.6 (ArC ipso to CO2CH2Ar, ArC ortho to CH2 on crown
ether), 124.2 (ArC (6) ortho to CO2CH2Ar), 128.9 (ArC ipso to CH2CO2Ar
on crown ether), 129.1 ± 130.1 (ArC ipso to CH2OAr, 3,4-(3�,4�,5�)-positions,
ArC ortho to CH2OAr, 3,4-(3�,4�,5�)-positions), 131.9 (ArC para to
CH2OAr, 3,4-positions), 138.1 (ArC ipso to CH2OAr, 3,4-positions),
149.0 (ArC meta (3) to CO2CH2Ar), 149.2 (ArC ipso O on crown ether),
153.1 (ArC meta to CH2OAr, 3,4-positions, ArC para to CO2CH2Ar), 158.8
(ArC para to CH2OAr, 3,4-(3�,4�,5�)-positions), 166.0 (CO2CH2Ar); ele-
mental analysis calcd (%) for C150H218O21: C 76.43, H 9.32; found: C 76.45,
H 9.28.

4�-Methylbenzo[15]crown-5 3,5-bis{3�,4�,5�-tris[p-(n-dodecan-1-yloxy)ben-
zyloxy]benzyloxy}benzoate [(4-3,4,5-3,5)12G2-B15C5]: (4-3,4,5-3,5)12G2-
CO2H (1.5 g, 0.72 mmol), 4�-hydroxymethylbenzo[15]crown-5 (0.26 g,
0.87 mmol), DPTS (68 mg, 0.22 mmol), and DCC (0.22 g, 1.1 mmol) were
heated at reflux in CH2Cl2 (40 mL) for 10 h. Awhite crystal (1.40 g, 82.4%)
was obtained after flash column chromatography (silica gel, CH2Cl2) and

recrystallization in a mixture of CH2Cl2 and acetone (1:1, 25 mL). Thermal
transitions and corresponding enthalpy changes are reported in Table 2.
Purity (HPLC), 99�%. TLC (1:1 hexane/EtOAc): Rf� 0.38; 1H NMR
(CDCl3, TMS): �� 0.89 (t, 18H, J� 6.9 Hz, CH3), 1.28 (m, 108H,
CH3(CH2)9), 1.79 (m, 12H, CH2CH2OAr), 3.76 (s, 8H, (OCH2CH2)2),
3.90 ± 3.99 (m, 16H, CH2CH2OAr, ArOCH2CH2O), 4.18 (m, 4H, ArOCH2-
CH2O), 4.94 (s, 4H, ArCH2OAr, 3,5-positions), 4.96 (s, 4H, ArCH2OAr,
3,5-(4�)-positions), 5.03 (s, 8H, ArCH2OAr, 3,5-(3�,5�)-positions), 5.28 (s,
2H, CO2CH2Ar), 6.74 ± 6.79 (m, 9H, ArH meta to CH2OAr, 3,5-(4�)-
positions, ArH ortho to CH2OAr, 3,5-positions, ArH para to CO2CH2Ar),
6.84 (m, 9H, ArHmeta to CH2OAr, 3,5-(3�,5�)-positions, ArHmeta to CH2),
7.01 (d, 2H, J� 8.1 Hz, ArH ortho to CH2), 7.26 ± 7.35 (m, 14H, ArH ortho
to CH2OAr, 3,5-(3�,4�,5�)-positions, ArH ortho to CO2CH2Ar); 13C NMR
(CDCl3, TMS): �� 14.0 (CH3), 22.6 (CH2CH3), 26.1 (CH2CH2CH2OAr),
29.3 (CH3(CH2)2CH2), 29.6 (CH3(CH2)3(CH2)5), 30.4 (CH2CH2OAr), 31.9
(CH3CH2CH2), 66.8 (CO2CH2Ar), 68.1 (CH2CH2OAr, 3,5-[3�,4�,5�-(4��)]-
positions), 69.3, 69.6, 70.6 (crown ether), 71.2 (ArCH2OAr, 3,5-positions),
71.4 (ArCH2OAr, 3,5-(3�,5�)-positions), 74.8 (ArCH2OAr, 3,5-(4�)-posi-
tions), 107.4 (ArC para to CO2CH2Ar), 107.8 (ArC ortho to CH2OAr, 3,5-
positions), 108.8 (ArC ortho to CO2CH2Ar), 113.9 (ArC ortho to CH2 and
O on crown ether), 114.2 ± 114.9 (ArC meta to CH2OAr, 3,5-(3�,4�,5�)-
positions, ArC meta to CH2 on crown ether), 121.7 (ArC ortho to CH2 on
crown ether), 129.1 ± 130.5 (ArC ipso to CH2OAr, 3,5-(3�,4�,5�)-positions,
ArC ortho to CH2OAr, 3,5-(3�,4�,5�)-positions, ArC para to CH2OAr, 3,5-
positions, ArC ipso to CH2CO2Ar on crown ether), 131.8 (ArC ipso to
CO2CH2Ar), 153.2 (ArC meta to CH2OAr, 3,5-positions), 159.0 (ArC para
to CH2OAr, 3,5-(3�,4�,5�)-positions), 159.8 (ArC meta to CO2CH2Ar), 166.1
(CO2CH2Ar); elemental analysis calcd (%) for C150H218O21: C 76.43, H
9.32; found: C 76.39, H 9.36.

4�-Methylbenzo[15]crown-5 3,4,5-tris{3�,4�,5�-tris[p-(n-dodecan-1-yloxy)-
benzyloxy]benzyloxy}benzoate [(4-3,4,5-3,4,5)12G2-B15C5]: Starting from
(4-3,4,5-3,4,5)12G2-CO2H (1.5 g, 0.49 mmol) and 4�-hydroxymethylben-
zo[15]crown-5 (0.18 g, 0.59 mmol) in the presence of DPTS (46 mg,
0.15 mmol) and DCC (0.20 g, 0.98 mmol) in CH2Cl2 (40 mL) at room
temperature for 16 h, a white crystal (0.86 g, 52.5%) was obtained after
flash column chromatography (silica gel, CH2Cl2) and recrystallization
from a mixture of CH2Cl2 and acetone (1:2, 25 mL). Thermal transitions
and corresponding enthalpy changes are reported in Table 2. Purity
(HPLC), 99�%; TLC (hexane/ethyl acetate 1:1): Rf� 0; 1H NMR
(CDCl3, TMS): �� 0.90 (t, 27H, J� 6.8 Hz, CH3), 1.28 (m, 162H,
CH3(CH2)9), 1.77 (m, 18H, CH2CH2OAr), 3.76 (s, 8H, (OCH2CH2)2),
3.82 ± 3.92 (m, 22H, CH2CH2OAr, ArOCH2CH2O), 4.13 (m, 4H, ArOCH2-
CH2O), 4.75 (s, 6H, ArCH2OAr, 4-(3�,4�,5�)-positions), 4.86 (s, 4H,
ArCH2OAr, 3,5-(4�)-positions), 4.92 (s, 8H, ArCH2OAr, 3,5-(3�,5�)-posi-
tions), 5.06 (s, 6H, ArCH2OAr, 3,4,5-positions), 5.27 (s, 2H, CO2CH2Ar),
6.68 ± 6.84 (m, 23H, ArH meta to CH2OAr, 3,4,5-(3�,4�,5�)-positions, ArH
ortho to CH2OAr, 3,5-positions, ArH meta to CH2), 6.95 (br s, 2H, ArH
ortho to CH2), 7.16 ± 7.28 (m, 20H, ArH ortho to CH2OAr, 3,4,5-(3�,4�,5�)-
positions, ArH ortho to CH2OAr, 4-position), 7.43 (s, 2H, ArH ortho to
CO2CH2Ar); 13C NMR (CDCl3, TMS): �� 14.1 (CH3), 22.7 (CH2CH3),
26.1 ± 30.3 ((CH2)8), 31.9 (CH3CH2CH2), 66.8 (CO2CH2Ar), 68.0
(CH2CH2OAr, 3,4,5-(3�,4�,5�)-positions), 69.0, 69.2, 69.6, 70.5, 70.8 (crown
ether), 71.1 (ArCH2OAr, 3,4,5-(3�,5�)-positions), 71.6 (ArCH2OAr, 3,5-
positions), 74.8 (ArCH2OAr, 3,4,5-(4�)-positions), 75.1 (ArCH2OAr, 4-po-
sition), 107.0 (ArC ortho to CH2OAr, 3,5-positions), 107.5 (ArC ortho to
CH2OAr, 4-position), 110.0 (ArC ortho to CO2CH2Ar), 114.0 (ArC ortho to
CH2 and O on crown ether), 114.2 ± 114.4 (ArC meta to CH2OAr, 3,4,5-
(3�,4�,5�)-positions, ArC meta to CH2 on crown ether), 121.7 (ArC ortho to
CH2 on crown ether), 125.7 (ArC ipso to CO2CH2Ar), 128.8 (ArC ipso to
CH2CO2Ar on crown ether), 129.2 ± 130.1 (ArC ortho to CH2OAr and ArC
ipso to CH2OAr, 3,4,5-(3�,4�,5�)-positions), 132.1 (ArC para to CH2OAr,
3,4,5-positions), 138.5 (ArC ipso to CH2OAr, 3,4,5-positions), 142.5 (ArC
para to CO2CH2Ar), 149.1 (ArC ipso O on crown ether), 152.5 (ArC meta
to CO2CH2Ar), 152.9 (ArC meta to CH2OAr, 4-position), 153.2 (ArC meta
to CH2OAr, 3,5-positions), 158.9 (ArC para to CH2OAr, 3,4,5-(3�,4�,5�)-
positions), 166.2 (CO2CH2Ar); elemental analysis calcd (%) for
C214H314O28: C 77.08, H 9.49; found: C 77.11, H 9.48.

Preparation of complexes of monodendrons containing crown ether with
NaOTf : Complexes of crown ether monodendrons with NaOTf were
prepared by mixing a solution of the dendritic crown ether (ca. 24 mgmL�1)
in anhydrous THF with an appropriate volume of a 0.01� stock solution of
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NaOTf in THF. The solvent was evaporated under a gentle N2 stream, and
the resulting complexes were further dried in a vacuum desicator under
vacuum for 24 h at room temperature.
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