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Monodendrons synthesized by a convergent method and
dendrimers (prepared by a divergemiethod or by the covaleht
or supramoleculdrassembly of monodendrons to a multiple
moleculat or macromoleculdrcore) are valuable building blocks
used in the construction of object-like nanosystems with novel F e
functions and properties»* Recently, we have elaborated a novel
approach to the design, shape, and size analysis of self-assemblin
monodendrorfs” and of self-organizable supramolecular and (adasanacex
macromolecular dendrimers (Scheme?1). This strategy in-
volves the quantitative analysis by X-ray diffraction (XRD) of
the thermotropic liquid crystalline (LC) 2-D hexagonal columnar K= CHyOH (127 °C)

(34 3.4.5]%1 2G4-X

o A X =COOH (145 °C) .
pémn? and 3-D cubidPnBnfaPandim3nfe lattices self-organized CiasisNmeisa  amkehei0-5254 a=thshped DeshtA

MWip=14,214 X 3 = 42,842

from cylindrical and respectively spherical supramolecular den-
drimers. These building blocks are subsequently employed in the
construction of more complex functional architectural mot#/2s.
This contribution reports the design, synthesis, and the structural @#3#a%12e¢x
analysis by XRD of the first spherical functional monodendron
that self-organizes in a cubRnB3n lattice. The direct visualization
by scanning force microscopy (SFM) of the spherical monoden-
dron both as a single molecule and in disordered monolayers is
also reported. Previous examples of spherical dendritic objects
self-organizable in a cubic lattice were obtained only by the self-
assembly of conical and hemispherical monodend?driden- . i : E PTO nty - S P
drimers obtained by a divergent synthesis, that have a spherical "Hg il (N T A _\’-‘*“ e
shape in solution but lack the shape perfection required for self- | 3!
organization in a lattice, were also reportétheir spherical shape Ragonts ana Ganatians - .= GHIOM: X = COGH L, THF, 20 9 ) X  CHCE: X = CHZOM SOCI DITBM, CH G, 209C;
was estimated, in solution, by SAXS and TEW¥and on a surface 1= O 42 CHECL s 45 it bensot K250, DMF.THE T00C: ) = COOMX= B0 KOR THF Bt st
by AFM or SFM%

(3,443,4,5°)12G5-X

X=

Scheme 2 and Table 1 summarize the synthesis and the results
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Table 1. Theoretical and Experimental Molecular Weights Determined by GPC, Experimental DehaitiésThermal Transitions of Selected
Examples of (3,4-(3,4,5)1)12Gn-X (X = CH,OH, COOH, and C@Hs) Monodendrons

M MM oo thermal transitions°C) and corresponding enthalpy changes (kcal/fnol)
n Wi n

monodendron MW (GPC) (GPC) (g/cn® heating cooling
(3,4912G1-CHOH a77 830 1.02 1.00 °k2 (4.23)k53(16.06)i i27 (10.91) k
second heating k 37 (0.53)k 39 (2.32) k 52 (14.26) i
(3,4-3,4,512G2-CHOH 1532 2069 1.04 1.00 k0 (2.42) k60 (39.14) €188 (4.45) i i 128 (4.31) Cub 15 (20.49) k
second heating k 42 (18.32) Cub 133 (4.30) i

(3,4-(3,4,5)12G3-COCH 4713 5067 1.07 0.99 K7 (42.87)—k 12 (6.84) k 131 (15.74)
Cub 190 (0.71)4
(3,4-(3,4,5%12G4-COOH 14214 10112 1.06 0.99 KO0 (25.72) k 101 (56.90) Cub 200 (4.68) i
(3,4-(3,4,5)12G5-CQCH; 42731 13450 1.06 0.98 k15(56.51) k 48 (20.91) Cub 194 (7.34)i 175 (7.34) Cub5 (169.41) k
second heating k9 (231.64) Cub 191 (5.51) i

2 Densities were measured at 20. ? Data from the first DSC heating and cooling scans are on the first line, and data from the DSC second
heating are on the second lirfek = crystalline.? Cub = Cubic Pni3n. ¢ Decomposition after first heating.

Scheme 2. Both their synthesis and structural analysis were carried g\‘ 7 T—
out as reported previously for the first four generation&3p4,5- ;::_;_' =
(3,4,5)79)12Gn-X%and the first three generations(@f(3,4,5Y)- o =
12Gn-X® monodendrong3,4-(3,4,5)71)12Gn-X represents the =:;_=..¢ . :
third series from a library of self-assembling monodendrons based "'”', ' Y
on 3,4,5-trisubstituted ABbenzyl ether repeat unitsThey are S - =3
functionalized on the periphery with 3,4-hisodecan-1-yloxy)- E.ﬁ, -
benzyl ether groups(3,4,5-(3,4,5)"1)12Gn-X series is func- : R R,
tionalyzed on the periphery with 3,4,5-trsflodecan-1-yloxy)- 5 v, o

benzyl ethef2while the serie$4-(3,4,5Y)12Gn-X contains 3,4,5-
tris[p-(n-dodecan-1-yloxy)benzyloxy]benzyl ether groups on the Figure 1. Visualization of spherical3,4-(3,4,53)12G5-CO,CH3 mono-

peripheryt® dendrons by SFM on mica. Samples were prepared by dipping mica in
The rational for the selection of the series of experiments a dodecane solution of the monodendron witk= 0.01 mg/mL. The
described in Scheme 2 is as follows. The analysiq{34,5- height of monodendrons in disorded monolayer (a) is 50 A and diameter

(3,4,5) 1H12Gn-X2and(4-(3,4,57)12Gn-X8 demonstrated that s 60 A. The height and diameter of single monodendrons are 25 and
for the same internal repeat unit the shape and size of the100 A, respectively (b).

monodendron is determined by the structure of the first generation
monodendron attached on the periphery. The fourth generation
monodendror(3,4,5-(3,4,5)12G4-COOH has a hemispherical
shape and a theoretical molar mass of 19 ®9Attempts to
synthesize its fifth generation did not succeed due to the low molar
concentration of its X group and the steric hindrance induced by

its shape. The third generation @ (3,4,5})12G3-CO,CHz has data may suggest that on a surface, a monolayer of densely packed

a shape that is equivalent with a sixth of a sphere and a theoretica . -
molar mass of 925%. Therefore, two additional generations would mpnodendrons could adopt_ only a slightly o_blate spherical shap_e
! (Figure 1a). The average diameter of the single monodendron is

have been required to accomplish a spherical monodendron. This! . e ; . -
would have produced an even larger molar mass and similar sterict00 A, and its helght is 25 A (Figure 1b). The d|§tort|on of the
constrains ag3,4,5-(3,4,5)12G4-X. Therefore, we have ad- shape of the single monodendron on a surface is in agreement
vanced the hypothesis that the experiments summarized in Schem&/ith Previous report&:"e However, in these reports the dendrimers
2 could alleviate some of these problems since this series of did not assemble into a lattice. Therefore, these authors could
monodendrons would be expected to have shapes, sizes, and moldtot offer |nfo_rm§1t|on on t_he shape of the dendrimers V.V'th'n SL.JCh
masses between those of the two series reportea prev’ifbusly a lattice. This distortion is most probably due to the interaction
The results presented in Scheme 2 can be summarized aPf the single monodendron with the surface and/or its soft
follows. (3,4)12G1-X(not shown in Scheme 2) is only crystalliffe. Str”Cturéw? The most dramatic shape change reported so far is
Twenty tﬁree(S 4-3,4,5)12G2-CHOH monodendrons and re- from spherical in solution to “windscreen wiper” in a lattite.
spectively 10 (3; 4_(’3 4 5%)12G3-COOH monodendrons self- Experiments to quantitatively elucidate the similarities and
assemble into a'sphéré Therefore, we hypothesize that each h ifferences between monodendrons in a lattice, in the disordered
a conical shape. Only :chre(ts 4-(3 4 5)12G4-COOH mono- ulk state, in solution, and as single molecules together with the
dendrons of molar mass 14214 aré r,equired to self-assemble intoelaboza;gon of novel single molecule-based functional nanosys-
a sphere. Finally, a singlés,4-(3,4,5J)12G5-CO,CH; mono- tems-“*are in progress.
dendron forms a sphere. This functional single monodendron . . ) .
single sphere has IDa single X functionality igolated in its core .. Acgnﬁglg%g&%'gi F-manc'alfsﬁpporlt(by tTedNagonal Science Founda-
S . . tion -9/ is gratefully acknowledged.
(Scheme 2). The most significant difference between a spherical ( )is g Y 9
monOdendro_n and a Sp_henca| dend_””_‘er is that the last one does  supporting Information Available: Reaction schemes, experimental
not have a single functional group in its core. procedures, analytical data, tables with characterization results, and
According to the results outlined in Scheme 2, a singlg- references (PDF). This material is available free of charge via the Internet
(3,4,5¥)12G5-CO,CH3; monodedron of theoretical molar mass ~ at http://pubs.acs.org.
42 731, most probably the largest synthesized so far, exhibits a
: . . . .~JA9943400
spherical shape when the molecule is self-organized in a cubic
PmB3n lattice. The most intriguing question is what is the shape  (10) (a) Hawker, C. J.; Wooley, K. L.; Feaet, J. M. JJ. Am. Chem. Soc
of this molecule in a disordered assembly or as a single molecule?1993 115 4375. (b) Kawa, M.; Frehet, J. M. J.Chem. Mater.1998, 10,

- . - . 286. (c) Piotti, M. E.; Rivera, F., Jr.; Bond, R.; Hawker, C. J.;dhet, J. M.
Does it display the same shape as inRisGn lattice? Single 3., Am. Chem. So0d999 121, 9471. (d) Sato, T.; Jiang, D.-L.. Aida, T.

molecules and disordered molecules within islands of several Am. Chem. Soc1999 121, 10658.

hundred were visualized by SFM on mica (Figure 1). Within
islands, the average diameter of the molecule is 60 A, and the
average height is 50 A (Figure 1a). These results are in excellent
agreement with the diameter determined by XRD in a lattice (57
A). If we consider that the resolution of the SFM4$ A, these




