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better fit of 3 with 1, as well as the nonlinear association
behavior.

NMR relaxation and NOE experiments in CDCl, solutions
were performed to investigate the idea that the ghell of the
dendrimer should become denser as a consequence of the
attachment of 3 and to investigate the location of the
molecujes attsched. Some overfapping of the signals occurred
in the '"H NMR spectrum of the complex 1e« 3y, in CDCly, 50
the solution structures were further investigated for the
complex 2¢ - 3y The 'H~'H NOESY spectra (Figure 3) of the
complex 2e-3y, in CDCl, recorded at 25°C showed clear
INOE interactions as indicated.

We fotind that the 7' relaxation times for 3 in compounds
le-3,(n=2,4 8,12, 16, and 32) decrease upon incrsasing the

number # of molecules attached (Figure 4). A decrease in the .

T, relaxation time i# indicative of a decreaze in the molecular
motion of 3. Moreover, an increase in relaxation times is
observed for the atoms in the dendritic sheil. Such a behavior
in T, is indicative of a decrease in molecitlar motion, that is, an

.-almost solid-phase bebavior is obtained, similar to that
obtained with the dondritic box.M

Furthermore, we have investigated the changes in the
packing of the dendritic shell as a function of generation in
compounds 1la—e-3, (a:#=2,b: n=4,c:n=8,d:n=16,and
e: A=32). The 7, relaxation times for the atoms close to the
glycinylurea unit in 3 increase for higher dendrimer gener-
ations, that is, the mobility of thess atoms decrease? However,
the T, values for the atoms in the cyanobipbenyl unit remains
constant, which means that the mobility of these atoms
remain. unperirbed. Moreover. we found that the T, relax-
ation data for the atoms in the dendritic shell increases with
dendrimer generation. These results are indicative of an
almost solid-phase behavior {or higher generation dendrim-
1%, and a5 a resuit denge-shel) packing in solution is proposed.

This dense-shell packing of the supramalecular assembli¢s
is, furthetmore, illustrated by the physical propertiss of jla—
&+3,. We have shown before that when the cyanobipbehy| unit
i3 covalently attached to the poly(propyleneimine) dendrim-
ers by a spacer,the resulting dendrimers are liquid crystailine
as a wosult of the flexibility of the dendrimer itsclfH#
However, the new concept yields materials that are glasses
for all generations of 1a—-e¢-3, and that start to fow at their
glass transition temperatures of 45 -350°C, as detarmined by
polarizing microscopy and differential scanning calorimetry
(DSC). .

In concluzion, we have presented results on 2 new general
methodology to self-assemble 2ad groups in 2 geversible way
at the periphery of poly(propyleneimine) dendrimers using
muitipic secondary interactions. The globular shape of the
dendrimer is used to confine the ionic and hydrogen-bonded
interactions in the curved two-dimensional plane of the
periphery. The architectures obtgined show increased rigidity
at the periphery of the core, while local conformational
flexibility remains at the end of the molecule that is selectively
bound. We forgsce a great potential for this methodalogy, for
example; in catalysis, drug dalivery, and dynamic libraries, and
work alang these lines is in progress.
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Supramolecular Modification of the Periphery
of Dendrimers G5asbining. Rigidity and
Functionality**

Maurice WP, L. Baars, Annika J. Karlsson,

Victor Sorokin, Bas F. W. de Waal, and E. W. Meijer*

The number, size, and function of peripheral groups of
dendritic macromolecules determine maay of the typical
deiidrimer properties, such as densc-thell packing, oversil
shape, and multivaleacy!'! Propertias related to solubility or
physical state—semi-crystalline, glase, liquid crystalline, or
liquid—are aiso strongly dependent on the nxture of the
dendritic end group.® Fipaily, specific interactions of guest
molecules with the dendeitic hosts rely on both the core and
the shell of the dendrimer.P'" Most of the end-group
modifications are based on covalent bonding, while the use
of supramolecular interastions to obtain new dendritic
peripheries is limited. Chechik and Crooks showed that ionic
- bonding between an amine-tarminated poly(amincamins)
(PAMAM) and a fatty acid resulted in similar host —gusst
properties as those of the correspopding covalent amide
anajogues, while Tomalia and co-warkerz recently used jonic
imteractions to astemble dendrimers into higher aggregates.tdt
‘We anticipated that the combination of 8 dense packing of the
shell with the possibility of tuping the functionality of the
periphery is of great importance in making dendrimers that
can be used as shape-persistemt building blocks in pano-
technology. Herein we disclose a general methedology to
modify the periphery of poly(propyleneimine) dendrimers
using such a supramolecuiar approach. The covalently ar-
tached adsmantylures end groups of the dendrimer ares used
as a seaffold to reversibly bind glycinylurea building blocks
through sttong and directional multiple interactions
(Scheme 1).

The desigy of the modification is given in Scheme 1 and the
scaffold is based upon DAB-dead(NHCONH-Ad), (1, with
n=4, 8. 16, 32, and 64 for la-e, respectively). These
dendrimers were selecied after studying DAB-dendr-
. (NHCO-Ad), (2a-e¢), DARB-dendr-(NHCONH-C;;Hzs)w
and DAB-deads-(NHCO-C;Hys), as well All dendrimers
were synthesized in quantitative. yield from DAB-dendr-
(NH,), and the corresponding isocyanate or acid chioride and
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were fully characterized.'™ The concept of the supramolec-
ular modification is illustrated with the glycinyiures deriva-
tive 3, while 4—6 arc used to emphasize the need for nultipie
interactions.li®-

Compound 3 is barely sojuble in chloroform (0.1 mgmL-
for a satursied solution at room temperuture),/4) however,
upon adding an excass of 3 o & 10 mgmI.~! solution of 1e in
chioroform, most of 3 dissolves and it is evident after columm
chromstography on' Biobeads that 32 molecules of 3 are
agsembled around one dendrimer molecule 1e. ' NMR and
IR spectroscopy were used to clucidate the structure of the

compiex (Figure 1).1'¢1 .

A comparizon of the 'H NMR spectrum of Le (Figure 1a)
with that of 1e- 3,; (Figurc 1c) shows there is a downfield shift
from &==6.19 and 5.44 (with an integral ratio of 1:1) to =
6.35 and 5.70 (with an intagml ratio of 2:1) for the two signals
comresponding to the urea hydrogen atoms, while the meth-
ylene grotps adjacent to the tertiacy smines of the outermost
sheill arc shifted from 8=2.37 ta 2.83 as a result of the
protonation of the adjacent tertiary amine- These shifts are in
full agresment with the mechanizey suggested in Scheme 1.
The presence of adhered 3 in the mixturs is discarnable in the
'H NMR spectrum befors column chromatography on Bio~
beads (Figure 1b), but this s removed ecasily, Repeated
chromatography does aot decresse the number of melecuies
that age selectively assembled, which is iilustrative of 2 high
asociation constant (see below). The increased number of
tydragen-bonding interactions arising from the presence of
the urea umit withip the complex.is also evident from IR
spectroscopy, while there is no evidence -in the spoctra of

nonbonded hydrogen atoms in 1x, 1e+3y, and 4 (Figurs 2): [ |

. Similar experiments were performed with the other gen-
erations of 1 and in all cases a 1:1 ratio of scaffold and clickiny
malecule 3 was observed. Dendrimer 2 with a bis(pmpyﬁg
mide) pincer was also able to assemble with 3, again using a
1:1 ratio of scaffold snd 3. Although the dodecyl-modified
Jdendrimers with either the amide or urea linkage arc able to
assemble with compound 3 as well, the strong intramolecular
hydrogen-bonding character of the native dendrimers ligmios
their ute, It is a prerequisite, however, to have both the
carboxylic acid and the urea functionality present in the
molscule 1o be atiactied; all three other molscules (4—6) as
well as 1e are abtained as pure compounds after chromatog-
raphy on Biabeads when 4-6 and le are mixed in a similar
way as 3 and Ie.

Unfortunately, the low solubility of 3 in chloroform
hampers & detailed determination of the association constant
at different ratios and generations of L8% However, an
estimate of K =105%"! in chloroform was made by using
bis(propylurca)methylamine as a model compouad for com-
plexing with 3.} Competition experiments were performed
to analyzz the cooperativity and the difference in the srength
of the binding betwsen le and Za The 'H NMR spectra of a
series of competition experiments using 1-32 motes of 3 for
svery mole of 1¢ and 2e showed that when 3:l1e is less than
16:1 all of 3 is bound to Le, whileWhen the guest:host ratio is
32:1, euthwr 24“ molecules of 3 are bound to cach molecule
of Le and 8 g to 2¢ These experiments show both the
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