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Abstract: The synthesis of the alkali
metal salts of 3,4,5-tris(n-alkan-1-yloxy)-
benzoic acid [(3,4,5)nG1-CO,M, where
n is the number of methylenic units in
the alkane group for n=12, 14, 16, 18
and M =Li, Na, K, Rb, Cs] is described.
The structural analysis of these AB; mo-
lecules by a combination of methods
which includes X-ray diffraction experi-
ments was performed. These experi-

gular columnar, p6mm hexagonal col-
umnar, three-dimensional Pm3n and
Im3m cubic lattices. In addition a novel
unidentified liquid crystalline lattice was
also discovered. The dependence be-
tween the symmetry of the lattice and
the molecular structure of (3,4,5)nG1-
CO,M was established. (3,4,5)nG1-
CO,M represents one of the AB; mini-
dendrons (i.e., first-generation mono-

larger generation dendrons) that is re-
sponsible for the control of the three-
dimensional structures created from li-
braries of larger generations of den-
drimers. Therefore, the molecular struc-
ture—lattice dependence elaborated
here will aid the rational design of the
three-dimensional shapes from larger
generations of supramolecular dendrim-
ers and of their lattices. In addition, the

ments have  demonstrated  that
(3,4,5)nG1-CO,M self-assemble at low
temperatures into supramolecular cylin-
ders and at high temperatures into
spheres which subsequently self-organ-
ize into two-dimensional ¢2mm rectan-
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Introduction

In a series of previous publications from our laboratory we
have reported the design and the structural analysis of the first
libraries of AB; and AB, monodendrons which self-assemble
into soft-objects that self-organize in three-dimensional
Pm3nl'l and Im3m? cubic and two-dimensional p6mmb!
hexagonal columnar lattices (Scheme 1). This concept is
currently under investigation also in other laboratories.!
These self-assembling monodendrons provide building blocks
for the construction of complex macromolecular and supra-
molecular systemsP! and for the elaboration of new concepts
at the interface between organic, macromolecular, and supra-
molecular chemistry.[! In a recent publication'¥! we have
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temperature responsive shape change of
these supramolecular objects may gen-
erate new supramolecular concepts and
technological applications.

metals

Cub: Im3m

Cub: Pmin

o c2mm & pimm

Scheme 1. Schematic representation of the generation of synthetic supra-
molecular architectures via self-assembly and self-organization of flat-taper
and conical dendritic building blocks.

demonstrated that for the same generation number the shape
and size of the self-assembling monodendron and of the
corresponding supramolecular dendrimer is determined by
the architecture of the first-generation monodendron attach-
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ed to their periphery. Several years ago we have coined the
name minimonodendron!” for the first generation of a self-
assembling monodendron. The role of these minimonoden-
drons is analogous to that of simple peptides used in the
understanding of the molecular engineering involved in the
assembly of more complex proteins, or of maquettes used by
sculptors and architects to appreciate various aspects of full-
size objects.’l To date we have demonstrated that self-
assembling minimonodendrons are extremely useful as ma-
quettes for larger generations of monodendrons. This is the
case especially when the functionality attached to their focal
point enables to simulate some of the functions of the inner
part of the larger generations of dendrons. In this particular
case a detailed analysis of the three-dimensional structures of
the larger supramolecular dendrimers as well as the discovery
of new structures and structural concepts™? accessible
through larger molecules can be obtained from the inves-
tigation of minimonodendrons. The minidendritic approach to
the discovery and elucidation of novel supramolecular
structures, lattices, and structural concepts that are subse-
quently encountered in larger generations of supramolecular
dendrimers is less time demanding and much less expensive
than the conventional direct process.

The library of monodendrons investigated in our laboratory
contains an aromatic AB; or AB, poly(benzyl ether) inner
partl’l and an outer part containing an AB; or AB, benzyl
ether substituted with hydrogenated,® or fluorinated!'™! alkyl
groups. By increasing the generation number of the mono-
dendron the interaction between the larger number of benzyl
ether inner units increases to the point that it can compete and
dominate the interactions generated from the functional
group attached to their focal point.

The simplest library of minimonodendrons that is expected
to simulate the trend exploited by larger generations of AB;
dendrons without requiring the effort involved in their
synthesis consists of the much less demanding synthesis of
alkali metal salts of 3,4,5-tris(n-alkan-1-yloxy)benzoic acid
[(3,4,5)nG1-CO,M, where n is the number of methylene units
in the alkane group and M is the alkali metal]. Metal salts and
other metal complexes have been previously used!'*"? to
generate various organized assemblies. The corresponding
3,4,5-tris(n-dodecan-1-yloxy)benzyl ether unit has been em-
ployed as one of the minidendritic units attached to the
periphery of larger self-assembling dendrons.'#! The size of
the alkali metal present in the focal point of (3,4,5)nG1-CO,M
affects both the strength of the interaction in the core of the
supramolecular minidendrimer and the solid angle of the
minimonodendron.’! These two parameters have dominant
contributions to the determination of the shape and size of the
larger generations of supramo-
lecular dendrimers.['¢l

the discovery of new two- and three-dimensional shapes and
lattices from larger generations of supramolecular dendrimers
and to the elucidation of the dependence between the
molecular structure and the three-dimensional structures of
supramolecular dendrimers.

Results and Discussion

Synthesis of (3,4,5)nG1-CO,M: The synthesis of (3,4,5)nG1-
CO,M withM =Li,Na, K,Rband Csandn =12, 14,16 and 18
is outlined in Scheme 2. The synthesis of (3,4,5)12G1-CO,Na,
(3.4,5)12G1-CO,Cs, (3,4,5)14G1-CO,Cs, and (3,4,5)16G1-
CO,Cs was reported previously;®™ the procedure used for
the preparation of the other (3,4,5)nG1-CO,M derivatives is
an improvement of the previous methods.'¥) In the first step
methyl gallate was etherified with the corresponding 1-bro-
moalkane in DMF at 70 °C in the presence of K,CO; as base.
The alkali metal salts were prepared by the base-assisted
hydrolysis of the methyl benzoates (3,4,5)nG1-CO,CH; with
the corresponding alkali metal hydroxides (MOH) in EtOH
(90%) at 95°C. The reaction was carried out under reflux for
10h. After cooling to room temperature the resulting
precipitate was filtered off and recrystallized from EtOH
(90%), dried under vacuum at 23°C and freeze-dried from
benzene. The yields of (3,4,5)nG1-CO,M were in the range of
69.3 to 73.4%. Certain salts contain water of hydration. The
content of H,O in each salt was determined by elemental
analysis (Table 1) and is strongly dependent on the nature of
alkali metal M in the salt and the number of carbons in the
alkyl tail. Regardless of the number of carbons in the alkyl
tails Li salts are free of water of solvation. In the case of 12
methylene units in the salts based on larger cations are
solvated. Only the Na and K salts containing 14 and 16
carbons in the alkyl tail are solvated. All salts containing 18
carbons in the tail are unsolvated.

Structural and retrostructural analysis of the lattices gener-
ated from (3,4,5)nG1-CO,M: The structure of the supra-
molecular dendrimers was determined by a combination of
differential scanning calorimetry (DSC), thermal optical
polarized microscopy (TOPM), and X-ray diffraction
(XRD) experiments according to methods elaborated pre-
viously in our laboratory.l'* Second heating DSC scans of the
(3,4,5)nG1-CO,M are shown in Figure 1. The nature of the
lattices observed for these compounds was determined by
synchrotron radiation XRD experiments and is depicted in
Figure 1. The structure of each lattice is shown in Scheme 1.
As we can observe from Figure 1 each compound shows a

This publication reports the HQ COn DM RO RO
; , MOH, EtOH
synthesis and the structural HO CO,CH; ——— " RO CO,CHs RO Co,M
: Br-(CHg)n-H 95°C,10h
analysis of (3,4,5)nG1-CO,M HO 70°C, 5 h RO RO

with n=12, 14, 16, 18 and
M=Li, Na, K, Rb, Cs. These
experiments will demonstrate
the capability of the miniden-
dritic concept to contribute to
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69.3-73.4%
(3,4,5)nG1-CO,M

n=12, 14, 16, 18
M =Li, Na, K, Rb, Cs

(3,4,5)nG1-CO,M

R: -(CHp)n-H
(n=12, 14, 16, 18)

Scheme 2. The synthesis of minidendritic carboxylate salts (3,4,5)nG1-CO,M.
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Table 1. Calculated and experimental elemental analysis data of minimo-
nodendrons (3,4,5)nG1-CO,M.

Minimonodendron  Formula Calculated Experimental
(3,4,512G1-CO,Li  C,;H;;LiO; C75.84 C 75.56
H11.40 H 11.38
(3,4,5)12G1-CO,Na C,;H;;NaOs;x 0.5H,O0 C73.15 C73.18
H11.13 H11.13
(3,4,512G1-CO,K  C,;H;;KO; x 0.5H,0 C71.51 C71.94
H 10.89 H 10.90
(3,4,5)12G1-CO,Rb C,;H;;OsRb x 0.5H,0 C 67.20 C 67.29
H 10.23 H 10.22
(3,4,5)12G1-CO,Cs C,;;H;;,CsOs x 0.5H,0 C 63.29 C 63.84
H 9.63 H9.62
(3,4,5)14G1-CO,Li  C,HgLiOs C 76.91 C 76.80
H11.72 H 11.70
(3,4,5)14G1-CO,Na C,HgNaOs x 0.5H,O0 C74.48 C74.21
H11.48 H11.49
(3,4,5)14G1-CO,K  C,Hg,KO; x 0.5H,0 C 72.99 C72.52
H11.25 H11.27
(3,4,5)14G1-CO,Rb  C,HgOsRb C 69.76 C 69.53
H 10.63 H 10.64
(3,4,5)14G1-CO,Cs  C,,HgyCsOs C 66.04 C 66.10
H 10.07 H 10.12
(3,4,5)16G1-CO,Li  CssH,(,LiOs C77.78 C77.62
H 11.99 H11.92
(3,4,5)16G1-CO,Na Cs;H;;NaOs; x 0.5H,O0 C75.55 C75.44
H11.76 H11.76
3,4,516G1-CO,K C;H,;; KOs x 0.5H,0 C 74.18 C73.84
H11.55 H 11.55
(3,4,5)16G1-CO,Rb C;H,,;OsRb C71.20 C 71.08
H 10.97 H 10.92
(3,4,516G1-CO,Cs CssH,(,CsO; C67.73 C 67.62
H 10.44 H 10.41
(3,4,518G1-CO,Li C,H,;;LiO; C 78.49 C 78.40
H 12.20 H 12.19
(3,4,5)18G1-CO,Na C, H,;;NaO; C77.16 C77.19
H 12.00 H 11.93
(3,4,518G1-CO,K  C,H,;;KO; C75.87 C 17555
H11.79 H 11.68
(3,4,5)18G1-CO,Rb C,H,;0:Rb C 72.40 C 70.04
H11.25 H 11.36
(3,4,518G1-CO,Cs C,; H,,5CsO; C 69.15 C69.11
H 10.75 H 10.73

complex phase behavior that is determined by the nature of
alkali metal M and for the same M by the number of CH, in
the alkyl tail and by temperature. None of these compounds
exhibits a disordered liquid state (isotropic state) before their
decomposition temperature. In addition, some of the cubic
phases are not separated by a first order phase transition that
can be observed on their DSC scans and therefore, since they
are optically isotropic, their phase behavior could be deter-
mined only by XRD experiments.

Let us discuss briefly the dependence between the molec-
ular structure of (3,4,5)nG1-CO,M and their supramolecular
structure starting with (3,4,5)12G1-CO,M (Figure 1a). All
salts exhibit a crystalline phase at low temperatures. This
crystal phase was not analyzed by XRD (Figure 1).
(3.4,5)12G1-CO,Li displays a p6mm hexagonal columnar!
(@) followed by an Im3m cubic lattice.” (3,4,5)12G1-CO,Na
exhibits ¢2mm rectangular columnar (@,) followed by
Pm3nlal and Im3mi cubic lattices. (3,4,5)12G1-CO,K,
(3,45)12G1-CO,Rb, and (3,4,5)12G1-CO,Cs show @, fol-
lowed by Pm3n and Im3m lattices. The rectangular columnar
two-dimensional lattice (®,) detected in (3,4,5)12G1-CO,Na
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Figure 1. DSC traces (second heating scans) of (3,4,5)nG1-CO,M and
corresponding phase transition assigned according to XRD and TOPM:
a)n=12;b) n=14;c) n=16; d) n=18 (with M =Li, Na, K, Rb and Cs).

was not observed previously in supramolecular dendri-
mers.'#4 Only a rectangular columnar of p2gg symmetry
was previously observed in supramolecular dendrimers.[*]
However, c2mm rectangular columnar lattice was previously
encountered in a series of tetrapalladium complexes.[']
Increasing the number of carbons in the alkyl tail from 12 to
14 produces (3,4,5)14G1-CO,M (Figure 1b) which exhibits a
slightly different behavior than (3,4,5)12G1-CO,M. The Li
salt (3,4,5)14G1-CO,Li shows the same sequence of phases as
(3,4,5)12G1-CO,Li, that is, hexagonal columnar (&), followed
by Im3m cubic. However, while (3,4,5)12G1-CO,Na under-
goes the sequence @,, @, Pm3n, Im3m, (3,4,5)14G1-CO,Na
has the sequence ®,, @,, Im3m. Therefore, (3,4,5)14G1-
CO,Na changes its structure from @, directly into Im3m
without passing through the intermediary Pm3n cubic lattice.
(3,4,5)14G1-CO,K does not exhibit the Pm3n phase which is
available in (3,4,5)12G1-CO,K and therefore, (3,4,5)14G1-
CO,K displays the sequence @, Im3m. (3,4,5)14G1-CO,M
with M =Rb and Cs shows an identical sequence of phases as
the corresponding (3,4,5)12G1-CO,M, that is, ®@,,, Pm3n, Im3m.
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The increase in the number of carbons in the alkyl tail from
14 to 16 simplifies the phase behavior even more (Figure 1c).
With the exception of (3,4,5)16G1-CO,Cs which displays the
sequence P,, Pm3n, Im3m, all other salts exhibit a @,
followed by an Im3m phase. All (3,4,5)18G1-CO,M display
a @, followed by an Im3m phase (Figure 1d). The other
quantitative trend observed by inspecting Figure 1 is an
increase of the phase transition temperature by increasing the
size of the alkali metal of (3,4,5)14G1-CO,M.

Figure 2 presents four representative examples of XRD
experiments recorded as a function of temperature on the
synchrotron. These XRD experiments were performed for all
samples in order to provide information on the lattices
discussed in Figure 1. (3,4,5)16G1-CO,Li (Figure 2a) is an
example that exhibits the sequence @, (pbmm), Im3m.
(3.45)14G1-CO,Na (Figure 2b) shows the sequence @,
(c2mm), @, (p6mm), Im3m, while (3,4,5)14G1-CO,Rb (Fig-
ure 2c) demonstrates the sequence @, (pbmm), Pm3n, Im3m.
Finally, (3,4,5)18G1-CO,Rb shows the sequence of phases @,
(p6bmm), unknown new liquid crystal (LC), Im3m. This new
unknown LC phase was discussed in several other compounds
and the elucidation of its lattice and supramolecular structure
is in progress.

The summary of the transition temperatures and corre-
sponding thermodynamic parameters collected from the DSC

160
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traces from Figure 1 and from the first heating and cooling
DSC scans (not shown in Figure 1) is presented in Tables 2-5.

The retrostructural analysis by XRD experiments of the
lattices exhibited by all these compounds according to
procedures described in previous publications!'sl was per-
formed. Table 6 summarizes d-spacings obtained from the
X-ray experiments. Table 7 summarizes the XRD results for
the cylindrical supramolecules which self-organize in c2mm
rectangular and p6mm hexagonal columnar lattices. Table 8
summarizes the results for the spherical supramolecules that
self-organize in Pm3n and Im3m lattices.

The transition temperatures from Tables 2-5 are plotted as
a function of cation diameter in Figure 3. The corresponding
enthalpy changes are plotted as a function of cation diameter
in Figure 4. The following trend is observed. On increasing the
number of carbons in the alkyl tail there is a transition from a
complex phase behavior to a simple phase behavior. In all
cases the transition temperatures increase with the increase of
the diameter of the cation of the alkali metal (Figure 3).
However, the enthalpy and entropy changes associated with
the temperature transitions decrease with the increase of the
cation diameter (Figure 4). At the same time both the
diameters of the supramolecular columns (Figure 5) and
spheres (Figure 6) increase with the increase of the cation
diameter.

(3,4,5/14G1-CO,Na

o
o
=
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q/ A

i (3,4,5)18G1-CO,Rb
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q/A™

Figure 2. Selected examples of XRD experiments recorded as a function of temperature for (3,4,5)nG1-CO,M: a) (3,4,5)16G1-CO,Li; b) (3,4,5)14G1-

CO,Na; c) (3.4,5)14G1-CO,Rb; d) (3,4,5)18G1-CO,Rb.
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Table 2. Thermal transitions of the minidendritic carboxylate salts
(3,4,5)12G1-CO,M.

Table 4. Thermal transitions of the minidendritic carboxylate salts
(3.4.5)16G1-CO,M.

M Thermal transitions [°C] and corresponding
enthalpy changes [kcalmol ']

Heating Cooling

M Thermal transitions [°C] and corresponding enthalpy
changes [kcalmol ']

Heating Cooling

Li kP 63.65 (16.10) @, 129.70 (3.23) dec Im3m 92.34 (1.08)
Im3m!¥ decle! @, —532 (4.72) k
k 1.6 (3.20) @, 127.00 (1.09)
Im3m dec

Li k" 58.49 (29.63) @,<1106.10 (1.98) dec Im3m 83.01 (1.30)
Im3mldl declel @, 37.44 (10.54) k
k 41.10 (15.09) @, 107.20 (1.45)
Im3m dec

k 47.78 (6.27) @1 96.80 (1.35)
@, 119.15 (1.20)

Pm3nlel 165 Im3m™ dec

k 2.8 (2.90) @, 96.03 (2.62)

@, 118.82 (1.25)

Pm3n 165 Im3m!"! dec

dec Im3m™ 165 Pm3n 99.97 (1.15)
@, —5.99 (2.37) k

K k3833 (10.72) @, 122.00 (0.80)  dec Im3m 210 Pm3n 96.70 (0.52)
LCt1 166 @, —12.7 (258) k
Pm3n 210 Im3m!" dec
k —4.5 (2.56) @, 121.90 (0.60)
Pm3n 210 Im3ml" dec
Rb £ 47.37 (11.11) @, 138.50 (0.62)  dec Im3ml™ 200 Pm3n 125.90
Prmi3n 200 Im3m™ dec (0.46) @, —11.8 (3.08) k
k —0.96 (3.23) @, 141.90 (0.59)
Pm3n 200 Im3mlt! dec
Cs k6632 (12.54) k 118.80 (1.68)  dec Im3ml 210 Pm3n 162.50

@, 168.00 (0.65)

(0.37) @, —9.24 (3.08) k

Na k7681 (24.59) k 90.00 2.31)  dec Im3m 81.13 (1.50)
@, 106.22 (1.62) Im3m dec @, 31.52 (10.76) k
k 45.78 (11.11) k 76.50 (0.06)
@, 105.10 (1.65) Im3m dec

K k5884 (19.81) @, 111.36 (132)  dec Im3m 123.75 (0.89)
LCI #1138 Im3m dec @, 3633 (9.96) k
k 52.70 (9.53) @, 111.05 (1.35)
Im3m dec

Rb k35921 (23.59) @, 12530 (0.71)  dec Im3m 123.75 (0.89)
LCIE 153 Im3m dec @, 3633 (9.96) k
k 55.22 (10.89) &, 133.91 (1.09)
Im3m dec

Cs Kk 62.82 (11.54) k 75.00 (13.25) dec Im3mlel 200 Pm3n 137.05

@, 142.80 (1.02)

Pm3n!" 200 Im3mle! dec

k 56.40 (12.65) @, 146.16 (0.83)
Pm3n 200 Im3mle! dec

(0.71) @, 39.31 (12.26) k

Pm3n 210 Im3m!" dec
k 3.00 (3.45) @, 171.60 (0.58)
Pm3n 210 Im3m!" dec

[a] Data from the first heating and cooling scans are given in the first line;
data from the second heating are on the second line. [b] k= crystalline
lattice. [c] @, = p6mm hexagonal columnar lattice. [d] Im3m cubic lattice.
[e] dec =decomposition temperature. [f] @, = 2mm rectangular columnar
lattice. [g] Pm3n cubic lattice. [h] Lattice observed only by XRD. [i] LC =
unidentified liquid crystalline lattice.

Table 3. Thermal transitions of the minidendritic carboxylate salts
(3,4,5)14G1-CO,M.

[a] Data from the first heating and cooling scans are on the first line; data
from the second heating are on the second line. [b] k = crystalline lattice.
[c] @, =p6bmm hexagonal columnar lattice. [d] Im3m cubic lattice.
[e] dec = decomposition temperature. [f] LC = unidentified liquid crystal-
line lattice. [g] Lattice observed only by XRD. [h] Pm3n cubic lattice.

Table 5. Thermal transitions of the minidendritic carboxylate salts
(3.4,5)18G1-CO,M.

M Thermal transitions [°C] and corresponding enthalpy M Thermal transitions [°C] and corresponding enthalpy
changes [kcal mol—']i changes [kcal mol~]i2!

Heating Cooling Heating Cooling

Li  A73.31(17.72) ®,19118.00 (1.61) dec Im3m 82.60 (1.25) Li  ’170.24 (22.93) @,/1106.30 (0.88) dec Im3m 79.2 (1.60)
Im3m!9 decle! @, 19.22 (8.56) k Im3ml! decl! @, 44.08 (16.74) k
k 29.04 (7.93) @, 118.20 (1.39) k 52.70 (16.37) @, 105.95 (1.67)
Im3m dec Im3m dec

Na k 64.04 (13.55) @,11 66.9 (6.78) dec Im3m 90.52 (1.40) Na k 83.67 (25.30) @, 107.50 (1.80)  dec Im3m 84.07 (1.82)
@, 112.40 (1.62) Im3m dec @, 169 (7.04) k Im3m dec @, 46.71 (16.45) k
k 26.00 (7.50) @, 92.30 (0.16) k 62.98 (12.79) @, 106.10 (1.91)
@, 111.30 (1.55) Im3m dec Im3m dec

K  k44.24 (10.98) @, 97.50 (6.84) dec Im3m 93.56 (0.89) K k7050 (28.54) &, 107.22 (1.47)  dec Im3m 88.29 (1.49)
LClel 117.36 (0.72) Im3m dec @, 1426 (6.33) k Im3m dec @, 47.42 (15.08) k
k 28.70 (6.57) @, 117.50 (0.60) k 64.85 (13.14) &, 107.30 (1.55)
Im3m dec Im3m dec

Rb  k 49.15 (18.98) &, 127.50 (1.63)  dec Im3ml! 178 Pm3n 120.60 Rb k& 71.46 (19.47) &, 126.50 (2.01)  dec Im3m 110.90 (1.15)
Pm3n" 178 Im3ml! dec (0.75) @, 17.66 (6.57) k LClt ¢l 159 Im3m dec @, 48.47 (15.90) k
k 32.60 (6.09) @, 135.30 (0.82) k 67.82 (14.42) &, 126.50 (1.20)
Pm3n 178 Im3mli! dec Im3m dec

Cs  k 67.37 (17.75) &, 142.80 (1.56)  dec Im3ml! 204 Pm3n 145.10 Cs k7215 (17.22) &, 110.22 (10.21)  dec Im3m 126.20 (0.89)

Pm3n 204 Im3mll dec
k 3936 (6.79) @, 153.70 (0.75)
Pm3nm 204 Im3ml! dec

(0.63) @, 20.84 (6.75) k

LClel 174 Im3m dec
k 68.66 (15.75) @, 138.00 (0.92)
Im3m dec

@, 50.33 (17.56) k

[a] Data from the first heating and cooling scans are on the first line; data
from the second heating are on the second line. [b] K = crystalline lattice.
[c] @, =p6bmm hexagonal columnar lattice. [d] Im3m cubic lattice.
[e] dec = decomposition temperature. [f] @, = ¢2mm rectangular columnar
lattice. [g] LC = unidentified liquid crystalline lattice. [h] Pm3n cubic
lattice. [i] Lattice observed only by XRD.
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[a] Data from the first heating and cooling scans are on the first line; data
from the second heating are on the second line. [b] k =crystalline lattice.
[c] @, =p6bmm hexagonal columnar lattice. [d] Im3m cubic lattice.
[e] dec = decomposition temperature. [f] LC = unidentified liquid crystal-
line lattice. [g] Lattice observed only by XRD.

0947-6539/02/0805-1110 $ 17.50+.50/0 Chem. Eur. J. 2002, 8, No. 5



Supramolecular Dendrimers

1106-1117

(3,4,5)12G1-CO.M

a) 250+

Y

o

o
.

144
o
Ll

Transition temperatures / °C
3
<

2001 im3m
Q
] Pm3n » 1
o
=1
] S
[} -
@ g Im3m
2
_5 100 7] v @,
o %
C
&
i

0 b gD
] k

(3,4,5)14G1-CO_M The following tentative ex-

planation can be provided for

these experimental trends. The
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dritic alkali metal salts is deter-
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metal carboxylates in the center
of the supramolecular struc-
ture. The increase of the diam-
eter of the metal from the
(3,4,5)nG1-CO,M salts de-

Pm3n

A\—a——f—fﬁ/ﬁ/a creases the strength of the in-

teraction between the metal
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(3,4,5)18G1-COM center of the cylindrical supra-

molecular minidendrimer.

Let us discuss the temper-
ature transition trend only on
the columnar to cubic phase
transition (Figures 1, 3). If the

° column to sphere shape transi-

tion temperature would be de-

termined by the strength of the
M ion pair aggregation, we would

expect the highest temperature
transition at the lowest cation
diameter, that is, Li. However,
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Figure 3. The dependence of transition temperatures of (3,4,5)12G1-CO,M from second heating DSC scans on
the cation diameter; crystalline melting (2), @, to @, (V), @, to Pm3n (0) and Pm3n to Im3m (0): a) (3,4,5)12G1-
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Figure 4. The dependence of enthalpy changes associated with the transition temperatures of (3,4,5)nG1-CO,M on the cation diameter (second heating DSC
scans); crystalline melting (), @, to @, (V), @, to Pm3n (0) and to Im3m (o) transitions; a) (3,4,5)12G1-CO,M; b) (3,4,5)14G1-CO,M; c) (3,4,5)16G1-
CO,M; d) (3.45)18G1-CO,M (M =Li, Na, K, Rb and Cs).
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Table 6. Measured d-spacings of the ¢2mm rectangular columnar, p6mm
hexagonal columnar, Pm3n and Im3m cubic lattices generated by
(3.4,5nG1-COM (n=12, 14, 16, 18, M=Li, Na, K, Rb, Cs).

T Lattice dy dno dyp dyo dyn dgzo
[°C] (da00)™ (d10)! (d310)!) (do)!?! (lfw))[a] [A]
(dsgo)® (o) (dp)"™ () [A]
(Al [A]  [A] [A]

Monodendron

Table 7. Structural analysis by XRD of the two-dimensional c2mm
rectangular and p6mm hexagonal columnar lattices formed by the self-
organization of the cylindrical supramolecular dendrimers self-assembled
from (3,4,5)nG1-CO,M.

(34,5)12G1-CO,Li 120 p6mm 29.6 17.0 149

166 Im3m 284  20.1 16.3
(3,4,5)12G1-CO,Na 68 c2mm 34.4l1 3300

136 p6mm 30.7 17.8

156 Pm3n 31.7 287 263

160 Im3m 27.8 195
(3.4.5)12G1-CO,K 108 p6rmm 32.3

200 Pm3n 332 298 270

210 Im3m 28,5 200
(34,5)12G1-CO,Rb 80 p6mm 332 192 166 12.6

160 Pm3n 341 297 280

200 Im3m 284 199 16.2
(3.4,5)12G1-CO,Cs 100 p6rmm 32.6 187 162

160 Pm3n 332 291 270

210 Im3m 281 198 16.2
(3.4,5)14G1-CO,Li 105 p6mm 29.6 173 1438

140 Im3m 284 203 165

(3,4,5)14G1-CO,Na 68 c2mm 36.41><136.4[2<1 2.2l 20,60
96 pomm 340 19.6 169

140 Im3m 29.5 209 16.9
(3,45)14G1-CO,K 100 p6mm 347 199 173

170 Im3m 29.6 209 17.0
(3,4,5)14G1-CO,Rb 100 p6mm 36.7 212 182

160 Pm3n 343 307 28.0 245

21.801 19.901 19.11 18.30P1 17.1[b]

180 Im3m 299 212 17.1
(3,45)14G1-CO,Cs 110 p6mm 343 19.6 17.0

160 Pm3n 362 323 295

228 Im3m 299 210 17.1
(3,45)16G1-CO,Li 100 p6mm 31.4 182 15.7

176 Im3m 29.0 20.6 16.8
(3,45)16G1-CO,Na 81 p6mm 35.6 207 17.8 133

111 Im3m 308 21.7 17.7
3,45)16G1-CO,K 90 p6mm 37.0 215 18.6 13.8

150 Im3m 321 227 18.6
(3,45)16G1-CO,Rb 105 p6mm 369 21.4 185

165 Im3m 31.8 227 184 158
(3,45)16G1-CO,Cs 105 p6rmm 373  21.7 19.0

190 Im3m 369 329 300

200 Im3m 319 227 18.4
(3,45)18G1-CO,Li 110 p6rmm 33.0 191 16.5

150 Im3m 31.0 218 17.8
(3,4,5)18G1-CO,Na 100 p6rmm 362 208 18.0

135 Im3m 31.8 224 18.3
(3.4,5)18G1-CO,K 100 p6mm 387 223 193

135 Im3m 337 238 19.3
(3,45)18G1-CO,Rb 122 p6mm 38.4 223 19.2

170 Im3m 337 240 19.5
(3.4,5)18G1-CO,Cs 90 p6mm 40.4 235 203

190 Im3m 33.8 278 19.4

[a] d-Spacings for [a] c2mm rectangular hexagonal and [b] Pm3n cubic
lattices. [c] Overlapping peaks.

interaction. Therefore, most probably the higher temperature
transition is determined by the higher diameter of the column
(Figure 5). Due to the weaker aggregation of the ion pair, the
column with larger diameters should exhibit a lower enthalpy
change associated with their higher columnar - cubic transi-
tion temperature. As observed from the results plotted in
Figure 4, this is indeed the case.
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M n T Lattice (dp)® al® fos Dl u o'
[l (Al (@p)¥  [gmL] (C:D)¢ (]
[A] [A]

Na 12 68 2mm 68.9:37.6I°1 1.02 39.8:37.6¢1 50720
14 68 2mm 72.8:41.2°1 1.03 42.0:41.211 61 60.0

Li 12 120 p6bmm 29.6 342021 1.02 34204 4lel 90.0
14 105 pbmm 29.7 34 32 1.03 34304 4lel 90.0

16 100 p6bmm 31.4 36.3l2] 1.02 36.304 4lel 90.0

18 110 pbmm 33.0 38.1[2] 1.00 38.1M 4lel 90.0

Na 12 136 p6bmm 30.8 35.6l4 1.02 35.6l4 Stel 72.0
14 96 pbmm 33.9 39,10l 1.03 39,114 skl 72.0

16 81 pbmm 35.6 41.112] 1.02 41114 Stel 72.0

18 100 p6bmm 36.1 41.71 1.00 41,71 5tel 90.0

K 12 108 p6mm 323 37.30l 1.02 37.31d skl 72.0
14 100 p6bmm 34.6 40.001 1.03 40.0141 skl 72.0

16 90 pbmm 37.0 427121 1.02 42,71 Sl 72.0

18 100 p6bmm 38.6 44.6l2] 1.03 44.6l4 stel 72.0

Rb 12 80 p6mm 333 38.50l 1.02 38.504 skl 72.0
14 60 pbmm 36.6 42,30 1.03 42,3141 skl 72.0

16 105 pbmm 37.0 42 7121 1.01 42,714 slel 72.0

18 122 pbmm 38.5 44,501 1.04 44,5141 skl 72.0

Cs 12 100 p6mm 32.5 37.50 1.02 37.54 4le 90.0
14 110 pbmm 34.1 39.4[a] 1.03 394l 4Ll 90.0

16 105 pbmm 37.6 43 4la] 12 43 .44 skl 72.0

18 90 pbmm 40.6 46.901 1.03 46.941 skl 72.0

[a] p6mm hexagonal columnar lattice parameter a=2<do>/V/3;
<doo > = (digo+V3dy19+V Ao+ Tdy10)/4. [b] c2mm rectangular columnar
lattice parameters a and b (see Scheme 1). [c] Experimental density at
20°C. [d] Experimental column diameter of p6mm hexagonal columnar
lattice D =2 < dy, > /v/3. [¢] Experimental elliptical column diameters of
c2mm rectangular columnar latticecs C = av/3/3 and D = b (see Scheme 1).
[f] Number of monodendrons per elliptical column layer u = (N abtp)/2M.
[g] Number of monodendrons per column layer u= (\/§N Aa%t0)12M
(Avogadro’s number N, =6.022045 x 10% mol~!, the average height of
the column layer r=4.7 A, M =molecular weight of minimonodendron).
[h] Projection of the solid angle of the tapered and conical minimonoden-
drons a'=360/u [°].

(3,4,5)nG1-CO,M
48

46

/

44+

42

40+

Column diameter / A

38

36+

34~

32 T T A B T
1 1.5 2 25 3 3.5
Cation diameter / A

Figure 5. The dependence of the diameter of the supramolecular cylinders
on the cation diameter of (3,4,5)nG1-CO,M (n =12, 14, 16 and 18) in their
pbmm lattice.

0947-6539/02/0805-1112 $ 17.50+.50/0 Chem. Eur. J. 2002, 8, No. 5



Supramolecular Dendrimers

1106-1117

Table 8. Structural analysis by XRD of the three-dimensional cubic Pm3n
and Im3m lattices formed by the self-organization of the spherical
supramolecular minidendrimers self-assembled from (3,4,5)nG1-CO,M.

M n T Lattice 0 al® Dl wd gl
[°C] emL]  [A]  [A] []

Li 12 166 Im3m 1.02 40.2 39.6 29 12.4

14 140 Im3m 1.03 40.4 39.8 27 13.3

16 176 Im3m 1.02 41.1 40.5 25 14.4

18 150 Im3m 1.00 43.7 43.0 27 133

Na 12 156 Pm3n 1.02 64.0 39.7 29 12.4

160 Im3m 1.02 39.2 38.6 27 133

14 140 Im3m 1.03 41.6 41.0 29 124

16 111 Im3m 1.02 434 42.7 29 124

18 135 Im3m 1.00 449 442 29 12.4

K 12 200 Pm3n 1.02 66.4 41.2 32 11.3

210 Im3m 1.02 40.2 39.6 28 12.9

14 170 Im3m 1.03 41.8 41.2 28 12.9

16 150 Im3m 1.02 45.5 44.8 33 10.9

18 135 Im3m 1.03 47.5 46.8 34 10.6

Rb 12 160 Pm3n 1.02 67.7 42.0 31 11.6

200 Im3m 1.02 39.9 39.3 26 13.9

14 160 Pm3n 1.03 68.8 42.7 30 12.0

180 Im3m 1.03 422 41.6 28 12.9

16 165 Im3m 1.01 42.6 42.0 25 14.4

18 170 Im3m 1.04 47.8 47.1 34 10.6

Cs 12 160 Pm3n 1.02 65.9 40.9 27 133

210 Im3m 1.02 39.7 39.1 24 15.0

14 160 Pm3n 1.03 72.3 449 33 10.9

228 Im3m 1.03 421 41.5 26 13.9

16 190 Pm3n 1.02 73.6 45.7 31 11.6

200 Im3m 1.02 452 44.5 29 12.4
18 190 Im3m 1.03 50.3 49.5 37 9.7

[a] Experimental density at 20°C. [b] Pm3n or Im3m cubic lattice
parameter, a= (\/idno + \/Zdzot) + \/gdzm + \/gdzn + \/gdzzo + \/Edsm +
\/ﬁdzzz + \/ﬁdzzo + \/ﬁdSZI + \/Tédwo + \/2—6‘14211 + \/ﬁdm)/P (p=num-
ber of observed reflections). [c] Experimental spherical diameter D =
23\/3a3/32z for Pm3n and D =23 /3a?/8x for Im3m. [d] Number of
monodendrons per spherical dendrimer u = (a*Np)/8M for Pm3n and u =
(a®NAp)/12M for Im3m. [e] Projection of the solid angle of the tapered and
conical minimonodendron a’ =360/p [°].

The second place where the size of the cation and therefore
the strength of the ion pair aggregation is important is in the
determination of the columnar and cubic lattice symmetry.
This lattice symmetry is determined by the shape of the
supramolecular cylinder or sphere that determines it. At the
present time we can not explain why only the sodium salts
(3,4,5)12G1-CO,Na and (3,4,5)14G1-CO,Na form the c2mm
rectangular columnar lattice while all other salts exhibit only
the pbmm hexagonal columnar lattice. The rectangular
columnar lattice is generated from distorted ellipsoidal
cylinders or rectangular column while the hexagonal colum-
nar lattice is produced from undistorted cylinders (Scheme 1).
A detailed analysis of the c2mm lattice by a combination of
electron density, electron diffraction, and transition electron
microscopy experiments is in progress. Nevertheless we can
provide at least a qualitative explanation for the formation of
Im3m versus Pm3n or the combination of Pm3n and Im3m
lattices for different metal salts and number of methylene
units in the alkyl tail (Figure 1). As suggested in recent
publications,? 4l the Im3m lattice is generated from more
perfect supramolecular spherical objects than the one that
generates the Pm3n lattice. In the cubic lattice the alkyl tails

Chem. Eur. J. 2002, 8, No. 5
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Figure 6. The dependence of the diameter of the supramolecular spheres
as a function of cation diameter of (3,4,5)nG1-CO,M in their cubic Pm3n
and Im3m lattices; a) (3,4,5)12G1-CO,M; b) (3.4,5)14G1-CO,M;
¢) (3,4,516G1-CO,M; d) (3.4,518G1-CO,M.

of the supramolecular dendrimer are conformationally dis-
ordered.’! The degree of conformational disorder of the
spherical object from the cubic lattice is higher than in the
columnar lattice. This difference explains the reentrant
character (i.e., the two- to three-dimensional phase transition
on increasing the temperature) of the columnar to cubic
transition. Even if the order in the cubic lattice is three-
dimensional and in the columnar lattice is two-dimensional,
due to the higher conformational disorder of the spherical
objects the overall entropy is higher in the three-dimensional
lattice than in the two-dimensional lattice. This can explain
the “apparent against” thermodynamic character of the
columnar to cubic phase transition. As we can see from
Figure 1a-c the smallest alkali metal salts produce the most
perfect spheres directly from the cylinders, that is,
(3,45)12G1-CO,Li forms the Im3m cubic phase. Most
probably this is due to the highest interaction at the focal
point of the sphere. The (3,4,5)12G1-CO,M with M =Na, K,
Rb and Cs require the formation of the Pm3n lattice that is
generated from less perfect spheres before the Im3m lattice
forms. Obviously, a stronger interaction in the core of the
sphere allows to create at the same temperature a higher
degree of conformational disorder and therefore, a more
perfect sphere. By increasing the number of carbons in the
alkyl tail of the minidendron we can increase the number of
conformers required to create a more perfect sphere even
with larger alkali metal salts. That is, while in the case of
(3,4,5)12G1-CO,M only Li produces directly the Im3m lattice,
in the case of (3,4,5)14G1-CO,M, Li, Na and K produce
directly the Im3m lattice. In the case of (3,4,5)16G1-CO,M
only Cs does not produce directly the Im3m lattice. At the
same time (3,4,5)18G1-CO,M produces only the Im3m lattice
regardless of the nature of the alkali metal used.

0947-6539/02/0805-1113 $ 17.50+.50/0 1113



FULL PAPER

V. Percec et al.

The trends learned from this library of minidendritic alkali
metal salts are extremely important because they teach us
how to design larger generations of dendrimers exhibiting
more perfect spherical shapes than previously observed. We
should recall that previously we have encountered, with one
single exception, only the Pm3n lattice in larger generations
of supramolecular dendrimers.[]

At the same time, the experiments described here are
suggesting that we should expect the formation of ovoidal
distorted supramolecular cylindrical dendrimers at higher
generations. Previously we have encountered only the cylin-
drical supramolecular shapes.!' 3]

As expected both for the case of cylindrical and spherical
supramolecular minidendrons, their diameter increases by
increasing the number of methylene units in their alkyl tail.
This is illustrated by the plot of the a? in the case of the
cylindrical (p6mm) and a® in the case of spherical (Im3m)
supramolecular minidendrimers as a function of the number
of methylenic units n (Figures 7, 8).

Columnar
2.4 -
O i
O Na pemm
2.2+ < K
4 A Rb
vV Cs
2
N ]
oL 4
o 1.8 a
o d
*
o
© 4
1.6
o
1.4+
1.2
1 T T T T T T T 1

Number of methylenic units (n)

Figure 7. The dependence of the cross-section area of the cylindrical
supramolecular assembly formed by (3,4,5)nG1-CO,M as a function of n:
M =a) Li; b) Na; ¢) K; d) Rb; e) Cs.

The elaboration of new structural concepts in the field of
supramolecular dendrimers with the aid of the minidendritic
models discussed here will expand the fundamental and
technologic capabilities of this class of complex molecules.['”]
In addition metal salts based concepts as those already
elaborated both with minidendritic' as well as with larger
generations of dendrimers!'”! will be elucidated and/or devel-
oped. AB, and AB; architectural building blocks related to
(3,4,5)12G1-CO,M have been previously used in the design of
other functional self-organized systems.l'! The results dis-
cussed here may also contribute to the design of novel
assemblies, lattices and concepts based on the previously
reported systems.'®]
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Figure 8. The dependence of the volume of the spherical supramolecular
assemblies formed by (3,4,5)nG1-CO,M as a function of n: M=a) Li;
b) Na; c¢) K; d) Rb; e) Cs.

Conclusion

The synthesis of the alkali metal salts of 3,4,5-tris(n-alkan-1-
yloxy)benzoic acid [(3,4,5)nG1-CO,M, where 7 is the number
of methylene units in the alkan group with n =12, 14, 16, 18
and M =Li, Na, K, Rb, Cs] and the structural analysis of their
supramolecular assemblies was described. All compounds
self-assemble at low temperatures into supramolecular cylin-
ders that self-organize in two-dimensional c2mm rectangular
columnar and/or p6mm hexagonal columnar lattices. The
c2mm rectangular columnar lattice was not observed pre-
viously in supramolecular dendrimers. At high temperatures
the same compounds self-assemble into supramolecular
spheres that self-organize into three-dimensional Pm3n and/
or Im3m cubic lattices. The dependence between the molec-
ular structure of (3,4,5)nG1-CO,M and the shape of the
corresponding supramolecular object, lattice symmetry and
the transition temperature between different lattices was
established. All (3,4,5)nG1-CO,Li form &, and Im3m phases.
Only (3,4,5)nG1-CO,Na with n =12 and 14 form &, followed
by ®,, Pm3n and Im3m (when n=12) and @, and Im3m
phases (when n=14). When M =K, Rb and Cs (3,4,5)12G1-
CO,M form @, followed by Pm3n and Im3m lattices. By
increasing n the tendency to form only @, and Im3m cubic
lattices increases. The only (3,4,5)14G1-CO,M with M =Rb
and Cs and (3,4,5)16G1-CO,Cs form the sequence @y, Pm3n,
and Im3m lattices. All other compounds exhibit @, and Im3m
lattices. (3,4,5)nG1-CO,M represents an AB; minidendritic
model for the larger generations of self-assembling mono-
dendrons and therefore, the results reported here will enable
the rational design of larger generations of monodendrimers
which self-assemble into nanoscale supramolecular soft
objects. The temperature responsive shape change of these
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supramolecular soft objects and lattices are expected to
contribute to the elaboration of new concepts in the field of
supramolecular chemistry.

Experimental Section

Materials: Benzene (Fisher, ACS reagent) was shaken with concentrated
H,SO,, washed twice with H,O, dried over MgSO, and finally distilled over
sodium/benzophenone. MeOH, EtOH, H,SO,, MgSO,, and DMF (all
Fisher, ACS reagents) were used as received. 1-Bromotetradecane (97 %),
1-bromohexadecane (98%) (all from Lancaster) were used as received.
1-Bromododecane (98 %), 1-bromooctadecane (96 %), LiOH (98 + %),
NaOH (97 + %, ACS reagent), KOH (85 %, ACS reagent), RbOH (99 %,
50 % wt in H,0O) and CsOH (99 %, 50 % wt in H,0) (all from Aldrich) were
used as received.

Techniques: 'H NMR (200 MHz or 500 MHz) and 3C NMR (50 MHz or
125 MHz) spectra were recorded on a Varian Gemini 200 or on a Bruker
DRX-500, respectively. CDCIl; was used as solvent and TMS as internal
standard unless otherwise noted. Chemical shifts are reported as 0, ppm.
The purity of products was determined by a combination of techniques
including thin-layer chromatography (TLC) onsilica gel coated aluminium
plates (Kodak) with fluorescent indicator and HPLC using a Perkin—
Elmer Series 10 high pressure liquid chromatograph equipped with an
LC-100 column oven, Nelson Analytical 900 Series integrator data station
and two Perkin — Elmer PL gel columns of 5 x 102 and 1 x 10* A. THF was
used as solvent at the oven temperature of 40°C. Detection was by UV
absorbance at 254 nm.

Thermal transitions of samples that were freeze-dried from benzene were
measured on a Perkin—Elmer DSC-7 differential scanning calorimeter
(DSC). In all cases, the heating and cooling rates were 10 °C per min. First-
order transition temperatures were reported as the maxima and minima of
their endothermic and exothermic peaks. Indium and zinc were used as
calibration standards. An Olympus BX-40 optical polarized microscope
(100 x magnification) equipped with a Mettler FP 82 hot stage and a
Mettler FP 80 central processor was used to verify thermal transitions and
characterize anisotropic 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 Cug, 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. Capillaries of
the dried carboxylate salts were sealed under nitrogen. Densities, p, were
determined by flotation in glycerol/H,O or glycerol/MeOH.

Synthesis

Methyl [3.4,5-tris(n-alkan-1-yloxy) ]benzoates [(3,4,5)nG1-CO,CH;] were
synthesized by standard techniques used in our laboratory for the synthesis
of (3,4,5nG1-CO,CH, [ 3]

Methyl [3,4,5-tris(n-dodecan-1-yloxy) Jbenzoate [(3,4,5)12G1-CO,CH,]*
was synthesized by standard techniques used in our laboratories.

Methyl [3,4,5-tris(n-tetradecan-1-yloxy) ]benzoate [(3,4,5)14G1-CO,CH;]:
purity (GPC): 99+ %; R;=0.31 (hexane/ethyl acetate 20:1); 'H NMR
(CDCl;, TMS): 6=088 (t, J=63Hz, 9H, CH;), 126 (m, 60H,
CH,;(CH,)y), 1.46 (m, 6H, CH,CH,CH,0Ar), 1.77 (m, 6 H, CH,CH,OAr),
3.89 (s, 3H, CO,CH,), 4.01 (t, J=63Hz, 6H, CH,0Ar), 725 (s, 2H,
ArHCO,CH;); *C NMR (CDCl;, TMS): d =14.3(CHs;), 22.9 (CH;CH,),
26.3 (CH,CH,CH,0Ar), 29.6 (CH;(CH,),CH,), 29.9 (CH;(CH,);(CH,),),
30.5 (CH,CH,0Ar), 32.2 (CH;CH,CH,), 52.3 (CO,CHs;), 69.3 (CH,OAr,
3,5-positions), 73.7 (CH,OAr, 4-position), 108.1 (ortho to CO,CH,), 124.8
(ipso to CO,CHs;), 142.5 (para to CO,CHs;), 153.0 (meta to CO,CH;), 167.2
(CO,CH,;); elemental analysis calcd (%) for C5,H,,O5: C 77.66, H 11.99;
found: C 77.71, H 11.96.
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Methyl [3.4,5-tris(n-hexadecan-1-yloxy) ]benzoate [(3,4,5)16G1-CO,CH;]:
purity (GPC): 99+ %; R;=0.35 (hexane/ethyl acetate 20:1); 'H NMR
(CDCl;, TMS): 6=0.88 (t, J=63Hz, 9H, CH;), 127 (m, 72H,
CH;(CH,)y,), 1.46 (m, 6H, CH,CH,CH,0OAr), 1.80 (m, 6 H, CH,CH,OAr),
3.90 (s, 3H, CO,CH,), 4.03 (t, J=6.3 Hz, 6H, CH,0Ar), 726 (s, 2H,
ArHCO,CHj;); BC NMR (CDCl;, TMS): 6 =14.3 (CH;), 22.9 (CH;CH,),
26.3 (CH,CH,CH,0Ar), 29.6 (CH;(CH,),CH,), 29.9 (CH;(CH,);(CH,),),
30.5 (CH,CH,0Ar), 32.2 (CH;CH,CH,), 52.3 (CO,CH,), 69.3 (CH,OArr,
3,5-positions), 73.7 (CH,0Ar, 4-position), 108.1 (ortho to CO,CHj;), 124.8
(ipso to CO,CHs;), 142.5 (para to CO,CHj;), 153.0 (meta to CO,CHj;), 167.2
(137.8 CO,CHj;); elemental analysis calcd (%) for CsH,,O5: C 77.84, H
12.23; found: C 77.81, H 12.25.

Methyl [3,4,5-tris(n-octadecan-1-yloxy)]benzoate [(3,4,5)18G1-CO,CH;]:
purity (GPC): 99+ %; R;=0.33 (hexane/ethyl acetate); '"H NMR (CDCl,,
TMS): 6 =0.88 (t, J=6.3Hz, 9H, CH,), 1.26 (m, 84 H, CH,(CH,),,), 1.46
(m, 6H, CH,CH,CH,0Ar), 1.77 (m, 6H, CH,CH,0Ar), 3.89 (s, 3H,
CO,CH,), 4.01 (t, J=6.3 Hz, 6H, CH,0Ar), 725 (s, 2H, ArHCO,CH,);
BC NMR (CDCl, TMS): 6=143 (CH,), 229 (CH,CH,), 263
(CH,CH,CH,0AT), 29.6 (CH,(CH,),CH,), 29.9 (CH,(CH,);(CH,),), 30.5
(CH,CH,OAr), 32.2 (CH,CH,CH,), 52.3 (CO,CHs), 69.3 (CH,OAr, 3,5-
positions), 73.7 (CH,0At, 4-position), 108.1 (ortho to CO,CHs), 124.8 (ipso
to CO,CHj;), 142.5 (para to CO,CH;), 153.0 (meta to CO,CHj;), 167.2
(CO,CHj;); elemental analysis caled (%) for Ce,H,,,05: C 79.09, H 12.42;
found: C 79.13, H 12.42.

General procedure for the synthesis of the alkaline salts of 3.4,5-tris(n-
alkan-1-yloxy)benzoic acid [(3.4,5)nG1-CO,M, n=12, 14, 16 and 18 and
M=Li, Na, K, Rb and Cs]: The syntheses of (3,4,5)12G1-CO,Na,
(3.4.5)12G1-CO,Cs, (3,4,5)14G1-CO,Cs, and (3.4,5)16G1-CO,Cs were
published previously,® and the procedure was slightly modified for the
synthesis of the other carboxylate alkali metal salts. In a 200 mL round-
bottom flask equipped with magnetic stirrer and condenser, the methyl
benzoate [(3,4,5)nG1-CO,CH;] (3.1 mmol) was dissolved in 50 to 90%
EtOH (100 mL) at 95°C. Subsequently, the correspondending alkali metal
hydroxide (MOH) (15.5 mmol) was added and the mixture was stirred at
reflux for 10 h. The reaction mixture was cooled to 23 °C and the precipitate
was filtered under vacuum. The resulting salt was recrystallized four times
from EtOH (90%) and dried under vacuum at 23°C. Subsequently, the
products were freeze-dried from benzene and stored under Ar.

(3.4.5)12G1-CO,Li: Starting from (3,4,5)12G1-CO,CH; (2.13 g, 3.1 mmol)
and LiOH (0.372 g, 15.5 mmol) in 90 % EtOH (75 mL) at 95°C for 10 h, the
title compound is obtained as a white powder (1.48 g, 70.5%) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; 'H NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =0.87 (t,
J=63Hz, 9H, CH;), 1.1-1.9 (overlapped, 60H, CH;(CH,),,), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR
(CDCL/[Dg]DMSO, 50°C, TMS): 6=14.2 (CH;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,0Ar),
108.4 (Ar-C2,6), 131.5 (Ar-C1), 1352 (Ar-C4), 1541 (Ar-C3)5), 176.4
(COO"); elemental analysis calcd (%) for C,;3H,,LiOs: C 75.84, H 11.40;
found: C 75.56, H 11.38.

(3.4.5)12G1-CO,K: Starting from (3,4,5)12G1-CO,CH; (2.13 g, 3.1 mmol)
and KOH (0.869 g, 15.5 mmol) in 90 % EtOH (75 mL) at 95°C for 10 h, the
title compound is obtained as a white powder (1.543 g, 69.9%) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; '"H NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =0.87 (t,
J=6.3Hz, 9H, CH;), 1.1-1.9 (overlapped, 60H, CH;(CH,),,), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR
(CDCL/[Dg]DMSO, 50°C, TMS): 6=14.2 (CH;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,0Ar),
108.4 (Ar-C2,6), 131.5 (Ar-Cl), 1352 (Ar-C4), 154.1 (Ar-C3)5), 1775
(COO"); elemental analysis caled (% ) for C;sH7;KOs x 0.5H,0: C71.51, H
10.89; found: C 71.94, H 10.90.

(3,4,5)12G1-CO,Rb: Starting from (3,4,5)12G1-CO,CH; (2.13 g, 3.1 mmol)
and RbOH 50 % wt in H,O (1.588 g, 15.5 mmol) in 90 % EtOH (75 mL) at
95°C for 10 h, the title compound was obtained as a white powder (1.68 g,
71.5%) after filtration followed by four recrystallizations from EtOH
(90%). Purity (HPLC): 99+ %; 'H NMR (CDCL/[D4]DMSO, 50°C,
TMS): 60=0.87 (t, J=6.3Hz, 9H, CH;), 1.1-1.9 (overlapped, 60H,
CH;(CH,)y), 3.65 (m, 4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s,
2H, Ar); C NMR (CDCL/[D4]DMSO, 50°C, TMS): d =14.2 (CHs), 22.7
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(CH,CH,), 25.8 (CH,CH,0AT), 28.9-30.3 (CH,), 31.9 (CH,CH,CH,), 69.2
(CH,OAr), 108.4 (A1-C2,6), 131.5 (Ar-C1), 135.2 (Ar-C4), 154.1 (Ar-C3,5),
175.2 (COO"); elemental analysis calcd (%) for C,;3H,,OsRb x 0.5H,0: C
67.20, H 10.23; found: C 67.29, H 10.22.

(3.4,5)14G1-CO,Li: Starting from (3,4,5)14G1-CO,CH; (2.39 g, 3.1 mmol)
and LiOH (0.372 g, 15.5 mmol) in 90 % EtOH (80 mL) at 95°C for 10 h, the
title compound was obtained as a white powder (1.71¢g, 72.4%) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; 'H NMR (CDClLy/[D¢]DMSO, 50°C, TMS): 6 =0.87 (t,
J=63Hz, 9H, CH;), 1.1-1.9 (overlapped, 72H, CH3(CH,),,), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR
(CDCly/[D4]DMSO, 50°C, TMS): 0=14.2 (CH;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,OAr),
108.4 (Ar-C2,6), 1315 (Ar-Cl1), 1352 (Ar-C4), 154.1 (Ar-C3.5), 176.4
(COO"); elemental analysis calcd (%) for CyHgLiOs: C 76.91, H 11.72;
found: C 76.80, H 11.70.

(3.4,5)14G1-CO,Na: Starting from (3,4,5)14G1-CO,CH; (2.39 g, 3.1 mmol)
and NaOH (0.619 g, 15.5 mmol) in 90% EtOH (80 mL) at 95°C for 10 h,
the title compound was obtained as a white powder (1.76 g, 73.1 %) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; 'H NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =0.87 (t,
J=6.3Hz, 9H, CH;), 1.1-1.9 (overlapped, 72H, CH;(CH,),,), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (1, 2H, 4-CH,OPh), 6.9 (s, 2H, Ar); C NMR
(CDCL/[D4]DMSO, 50°C, TMS): 6=142 (CH,), 22.7 (CH,CH,), 25.8
(CH,CH,OAr), 28.9-30.3 (CH,), 31.9 (CH,CH,CH,), 69.2 (CH,0AT),
1084 (Ar-C2,6), 131.5 (Ar-C1), 1352 (Ar-C4), 154.1 (Ar-C3,5), 176.8
(COO"); elemental analysis calcd (%) for C,0HgNaOs x 0.5H,0: C 74.48,
H, 11.48; found: C 74.21, H, 11.49.

(3.4,5)14G1-CO,K: Starting from methyl (3,4,5)14G1-CO,CH; and KOH
(0.868 g, 15.5 mmol) in 90% EtOH (80 mL) at 95°C for 10 h, the title
compound was obtained as a white powder (1.79 g, 72.8 %) after filtration
followed by four recrystallizations from EtOH (90%). Purity (HPLC):
99 + %; '"H NMR (CDCly/[Dg]DMSO, 50°C, TMS): 6 =0.87 (t, /= 6.3 Hz,
9H, CH;), 1.1-1.9 (overlapped, 72H, CH;(CH,),), 3.65 (m, 4H, 3,5-
CH,OAr), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR (CDCly/
[Dg]DMSO, 50°C, TMS): 0=142 (CH;), 227 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,OAr),
1084 (Ar-C2,6), 131.5 (Ar-Cl), 1352 (Ar-C4), 154.1 (Ar-C3)5), 1774
(COO"); elemental analysis caled (%) for C,HgKOs5 x 0.5H,0: C 72.99,
H 11.25; found: C 72.52, H 11.27.

(3,4,5)14G1-CO,Rb: Starting from (3,4,5)14G1-CO,CH; and RbOH
50%wt in H,O (1.588 g, 15.5 mmol) in 90% EtOH (80 mL) at 95°C for
10 h, the title compound was obtained as a white powder (1.85 g, 70.9%)
after filtration followed by four recrystallizations from EtOH (90%).
Purity (HPLC): 99+ %; 'H NMR (CDCL/[D,]DMSO, 50°C, TMS): 6 =
0.87 (t,J=6.3Hz, 9H, CH;), 1.1-1.9 (overlapped, 72H, CH;(CH,),,), 3.65
(m, 4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); C NMR
(CDCLy/[Dg]DMSO, 50°C, TMS): 6 =142 (CH,;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,OAr),
108.4 (Ar-C2,6), 131.5 (Ar-Cl), 1352 (Ar-C4), 154.1 (Ar-C3.5), 175.8
(COO"); elemental analysis caled (%) for C,HgyOsRb: C 69.76, H 10.63;
found: C 69.53, H 10.64.

(3.4,5)16G1-CO,Li: Starting from (3,4,5)16G1-CO,CH; (2.65 g, 3.1 mmol)
and LiOH (0.372 g, 15.5 mmol) in 90 % EtOH (100 mL) at 95°C for 10 h,
the title compound was obtained as a white powder (1.78 g, 68.3 %) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; 'H NMR (CDCL/[D¢]DMSO, 50°C, TMS): 6 =0.87 (t,
J=6.3Hz,9H, CH;), 1.1-1.9 (overlapped, 84 H, CH;(CH,),4), 3.65 (m, 4H,
3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR (CDCly/
[Dg]DMSO, 50°C, TMS): o6=142 (CH;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,OPh),
108.4 (Ar-C2,6), 131.5 (Ar-C1), 1352 (Ar-C4), 154.1 (Ar-C3,5), 176.4
(COO"); elemental analysis caled (%) for CssH,,, LiOs: C 77.78, H 11.99;
found: C 77.62, H 11.92.

(3.4,5)16G1-CO,Na: Starting from (3,4,5)16G1-CO,CH; and NaOH
(0.619 g, 15.5 mmol) in 90% EtOH (100 mL) at 95°C for 10 h, the title
compound was obtained as a white powder (1.84 g, 68.8 %) after filtration
followed by four recrystallizations from EtOH (90%). Purity (HPLC):
99 + %; 'H NMR (CDCly/[Dg]DMSO, 50°C, TMS): 6 =0.87 (t, J = 6.3 Hz,
9H, CH;), 1.1-1.9 (overlapped, 84H, CH;(CH,),,), 3.65 (m, 4H, 3,5-
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CH,OAT), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); C NMR (CDCly/
[DJDMSO, 50°C, TMS): 6=142 (CH,), 227 (CH,CH,), 258
(CH,CH,OAr), 28.9-30.3 (CH,), 31.9 (CH,CH,CH,), 69.2 (CH,0Ar),
1084 (Ar-C2,6), 1315 (Ar-Cl), 1352 (Ar-C4), 154.1 (Ar-C3,5), 176.9
(COO"); elemental analysis caled (%) for CssH,;NaOs x 0.5H,0: C 75.55,
H 11.76; found: C 75.44, H 11.76.

(3.4.5)16G1-CO,K: Starting from (3,4,5)16G1-CO,CH; and KOH (0.869 g,
15.5 mmol) in 90 % EtOH (100 mL) at 95°C for 10 h, the title compound
was obtained as a white powder (1.89 g, 69.5 %) after filtration followed by
four recrystallizations from EtOH (90%). Purity (HPLC): 99+ %;
'H NMR (CDCL/[D¢]DMSO, 50°C, TMS): 6 =0.87 (t, J=6.3 Hz, 9H,
CH;), 1.1-1.9 (overlapped, 84 H, CH3(CH,),,), 3.65 (m, 4H, 3,5-CH,0Ar),
3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); C NMR (CDCly/[D¢]DMSO,
50°C, TMS): 6=14.2 (CHjs), 22.7 (CH;CH,), 25.8 (CH,CH,0Ar), 28.9—
30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,0OAr), 108.4 (Ar-C2,6), 131.5 (Ar-
C1), 1352 (Ar-C4), 154.1 (Ar-C3,5), 177.5 (COO"); elemental analysis
caled (%) for CssH; ;KOs x 0.5H,0: C 74.18, H 11.55; found: C 73.84, H
11.55.

(3,4,5)16G1-CO,Rb: Starting from (3,4,5)16G1-CO,CH; (2.65 g, 3.1 mmol)
and RbOH 50 % wt in H,O (1.588 g, 15.5 mmol) in 90 % EtOH (100 mL) at
95°C for 10 h, the title compound was obtained as a white powder (2.04 g,
712%) after filtration followed by four recrystallizations from EtOH
(90%). Purity (HPLC): 99+ %; 'H NMR (CDCly/[D¢]DMSO, 50°C,
TMS): 6=0.87 (t, /J=63Hz, 9H, CH;), 1.1-1.9 (overlapped, 84H,
CH;(CH,)y,), 3.65 (m, 4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0OAr), 6.9 (s,
2H, Ar); ¥C NMR (CDCL/[Dg]DMSO, 50°C, TMS): 6 =14.2 (CHj), 22.7
(CH;CH,), 25.8 (CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2
(CH,0Ar), 108.4 (Ar-C2,6), 131.5 (Ar-C1), 135.2 (Ar-C4), 154.1 (Ar-C3.5),
175.7 (COO"); elemental analysis calcd (%) for CssH,(,OsRb: C 71.20, H
10.97; found: C 71.08, H 10.92.

(3,4,5)18G1-CO,Li: Starting from (3,4,5)18G1-CO,CH, (2.91 g, 3.1 mmol)
and LiOH (0.372 g, 15.5 mmol) in 90 % EtOH (100 mL) at 95°C for 10 h,
the title compound was obtained as a white powder (20.3 g, 70.3%) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; '"H NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =0.87 (t,
J=6.3Hz, CH;, 9H), 1.1-1.9 (overlapped, 96H, CH3(CH,)s), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR
(CDCL/[Dg]DMSO, 50°C, TMS): 6=14.2 (CH;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,0Ar),
1084 (Ar-C2,6), 131.5 (Ar-C1), 1352 (Ar-C4), 154.1 (Ar-C3)5), 176.4
(COO"); elemental analysis caled (%) for Cq;H;;3LiOs: C 78.49, H, 12.20;
found: C 78.40, H 12.19.

(3,4,5)18G1-CO,Na: Starting from (3,4,5)18G1-CO,CH; (2.91 g, 3.1 mmol)
and NaOH (0.619 g, 15.5 mmol) in 90 % EtOH (100 mL) at 95°C for 10 h,
the title compound was obtained as a white powder (2.04 g, 69.6 %) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; 'H NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =0.87 (t,
J=6.3Hz, 9H, CH;), 1.1-1.9 (overlapped, 96H, CH;(CH,);c), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); C NMR
(CDCly/[Dg]DMSO, 50°C, TMS): 6 =14.2 (CH,), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,0OAr),
108.4 (Ar-C2,6), 131.5 (Ar-Cl1), 1352 (Ar-C4), 154.1 (Ar-C3.5), 176.9
(COO"); elemental analysis calcd (%) for C4H;;3NaOs: C 77.16, H 12.00;
found: C 77.19, H 11.93.

(3,4,5)18G1-CO,K: Starting from (3,4,5)18G1-CO,CH; (2.91 g, 3.1 mmol)
and KOH (0.869 g, 15.5 mmol) in 90% EtOH (100 mL) at 95°C for 10 h,
the title compound was obtained as a white powder (2.13 g, 71.4 %) after
filtration followed by four recrystallizations from EtOH (90%). Purity
(HPLC): 99+ %; 'H NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =0.87 (t,
J=63Hz, CH;, 9H), 1.1-1.9 (overlapped, 96H, CH;(CH,)c), 3.65 (m,
4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar); *C NMR
(CDCL/[Dg]DMSO, 50°C, TMS): 6=14.2 (CH;), 22.7 (CH;CH,), 25.8
(CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH, CH,), 69.2 (CH,0OAr),
108.4 (Ar-C2,6), 1315 (Ar-Cl), 1352 (Ar-C4), 154.1 (Ar-C3,5), 1773
(COO"); elemental analysis caled (%) for CqH,;3KOs5: C 75.87, H 11.79;
found: C 75.55, H 11.68.

(3.4.5)18G1-CO,Rb: Starting from (3,4,5)18G1-CO,CH; (2.91 g, 3.1 mmol)
and RbOH 50 %wt in H,O (1.588 g, 15.5 mmol) in 90 % EtOH (100 mL) at
95°C for 10 h, the title compound was obtained as a white powder (2.26 g,
72.2%) after filtration followed by four recrystallizations from EtOH
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(90%). Purity (HPLC) 99 + %; 'HNMR (CDCly/[D¢]DMSO, 50°C, TMS):
0=0.87 (t, /=6.3Hz, 9H, CH,;), 1.1-1.9 (overlapped, 96 H, CH;(CH,)),
3.65 (m, 4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s, 2H, Ar);
BCNMR (CDCly/[Dg]DMSO, 50°C, TMS): 6 = 14.2 (CHs;), 22.7 (CH;CH,),
25.8 (CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2 (CH,0Ar),
108.4 (Ar-C2,6), 131.5 (Ar-Cl), 1352 (Ar-C4), 154.1 (Ar-C3.,5), 175.6
(COO"); elemental analysis calcd (%) for C¢;H;;;0sRb: C 72.40, H 11.25;
found: C 70.04, H 11.36.

(3,4,5)18G1-CO,Cs: Starting from (3,4,5)18G1-CO,CH; (2.91 g, 3.1 mmol)
and CsOH 50%wt in H,O (2.32 g, 15.5 mmol) in 90 % EtOH (100 mL) at
95°C for 10 h, the title compound was obtained as a white powder (2.35 g,
71.8%) after filtration followed by four recrystallizations from EtOH
(90%). Purity (HPLC): 99+ %; 'H NMR (CDCL/[D¢]DMSO, 50°C,
TMS): 6=0.87 (t, J=63Hz, CH;, 9H), 1.1-1.9 (overlapped, 96H,
CH;(CH,)y¢), 3.65 (m, 4H, 3,5-CH,0Ar), 3.79 (t, 2H, 4-CH,0Ar), 6.9 (s,
2H, Ar); 3C NMR (CDCL/[D4]DMSO, 50°C, TMS): 6 =14.2 (CHs), 22.7
(CH;CH,), 25.8 (CH,CH,0Ar), 28.9-30.3 (CH,), 31.9 (CH;CH,CH,), 69.2
(CH,OAr), 108.4 (Ar-C2,6), 131.5 (Ar-C1), 135.2 (Ar-C4), 154.1 (Ar-C3.5),
175.4 (COO™); elemental analysis calcd (%) for CsH;13CsOs5: C 69.15, H
10.75; found: C 69.11, H 10.73.
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