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Abstract: Relationships between branched architectures and supramolecular chemistry are
examined via development of novel building blocks possessing either molecular recognition,
electroactive or ligating moieties. Construction via combinatorial techniques is also reported.

The topic of supramolecular chemistry has grown, since its inception by Lehn, " to
encompass simple host-guest interactions as well as molecular events that extend to the
evolution of life and the biosynthesis of contemporary biological systems. The
supermolecular aspects of this presentation arose with the advent of dendrimers®* or
precisely structured, spherical, oligomeric macromolecules, which possess nanometric
dimensions and are also known as arborols,>® starburst,* cascade”®or cauliflower® polymers.
These supermolecular species bridge the gap between traditional unnatural organic molecules
(MW < 2,000 amu) and the “classical” polymers, generated from linear monomers. Thus, the
melding of supramolecular chemistry within these supermolecules,’ can then be envisioned as
“suprasupermolecular” chemistry.

In order to construct specifically designed supermolecules, one must create a series of
well defined polyfunctional monomers, each possessing a branching point as well as an
appropriate center where the interaction will eventually occur. Such tailored assemblies can
best be constructed by the use of appropriate branched building blocks rather than the
standard, readily available, linear monomers. Thus, these highly branched macromolecules
are synthesized by a simple step-wise approach in order to instill the desired reactive
construction center(s) at precise loci within the superstructure. Figure 1 depicts the two
different methods for the construction of dendrimers. This iterative or step-wise approach
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Figure 1. The two general methods for branched architecture construction.

*Lecture presented at the 1st International Conference on Supramolecular Science and Technology, Zakopane, Poland,
27 September-3 October 1998,
Other presentations are published in this issue, pp. 2337-2408.
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using branched monomers to synthesize dendrimers provides the opportunity to control the
superstructure molecular weight, and generational properties desired within the ultimate
product.'® These fractal-like constructs generally possess excellent solubilities, when
compared with classical polymers, since the surface characteristics, dominant in dissolution,
can be readily modified by recently demonstrated combinatorial chemistry.”

For years, non-covalent interactions have attracted enterprising chemists to construct
receptors capable of binding to biologically important as well as unnatural molecules.
Molecular recognition at a specific site within a dendnmer can easily be envisioned (Figure
2) by the simple 1ncorporat10n 2,6-diacylaminopyridine.'? Titration studies using this
dendrimer, possessing this well-studied H-bonding moiety, confirm its complementary

S binding of barbituric acid derivatives,
:’53"% m&; such as AZT, within its superstructure.
oS © <.~y Interestingly, the use of traces of
%o sﬁm :&(“- »  paramagnetic metals again confirms the
w ¢ ° '\ﬂ\\f J wor = site of coordination and starts to afford
" . ! " critical information concerning the
folding of the limbs into the molecular

infrastructure of these ordered polymeric
systems."?

Recently, the introduction of
electro- and photoactive cores into
dendrimers has been elegantly
demonstrated by several research
groups.'*?® We also were interested in
the introduction of chromophoric 1,4-
diaminoanthraquinone units within the
cascade infrastructure.?”?® Dendrimers,
based on a four-directional pentaerythritol
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Figure 2. Incorporation of molecular
recognition sites within a dendrimer.

core, were synthesized using an extended
1 — 3 building block, which was
prepared from three components under
high dilution conditions; subsequent
divergent expansion to the higher
generations was utilized*>' (Figure 3).
Cyclic voltammetry studies showed an
expected positive shift of the reduction
potentials of the anthraquinonoid moieties
upon incorporation. UV-vis spectroscopy
assisted in the monitoring the facile,
reversible chemical reduction process of
this dendritic series using sodium
borohydride. These examples shown in
Figures 2 & 3 demonstrated the facility to
insert desired chemically interesting

Figure 3. Incorporation of electroactive moieties at specific positions within the
elements within a dendrimer. molecule’s superstructure.

Specifically placed metal centers

are another approach to probe the chemistry within a macromolecular construct, Balzani et

© 1998 IUPAC, Pure & Applied Chemistry 70, 2337-2343



The chemistry within the dendrimer 2339

al. reported early examples of the self-assembly of metallodendrimers by a simple step-wise
use of ruthenium(II)-polypyridine type complexes. ** Such complexes possess novel
properties and have recently lead to a series of luminescent dendrimers with mixed metal,
macromolecular composition,>***

One of the synthetic challenges in the construction of these large macromolecules is
their purity, or better, the ability to ensure the synthetic completeness at each succeeding
generation. Although not generally acknowledged, synthetic integrity above generation 3 or
4 can not be guaranteed, since simply having a (mass spectral) peak at the desired mass
position need not support overall compositional purity. A simple qualitative approach® to
this issue was the use of a traditional qualitative organic approach in which a reagent can
selectively react with residual “loose ends” within the dendrimer. This procedure starts to
address the integrity of the construct but also offers an interesting method to randomly
incorporate dyes and labeled substrates within the macromolecular protected regime.

An alternative approach was to assemble proven components into a precise construct
by means of stable metal ion centers. Such a procedure capitalizes on the easy detection and
quantification of the number of metal centers, thus the assembly must be comprised of the
macromolecular components based on the presence of these metal centers. To demonstrate to
the technique, the synthesis of a dendritic “lock and key” complexes, such as shown in Figure
4, is based on well-established bisterpyridine-ruthenium(II) [-<Ru>-] coordination
chemistry.*

2+

Figure 4. An idealized representation of a dendritic “key” and “lock”.

The “key” series of terpyridines, possessing increasing - first through third -
generations of proven “molecular trees,” was prepared by the aid of RuCly; the
corresponding “lock” portion was similarly prepared.’” Reduction of the “key” in the
presence of the appropriate lock afforded an assembly, which can be analyzed by the
presence of the metal center. The cyclic voltammetry, interestingly, exhibited irreversible
redox processes as the generation number of the lock increased. Ineffective electron transfer
due to the isolation of the redox center from the electrode surface by the dendritic surface or
destabilization of redox products due to steric hindrance are possible rationale for the
experienced irreversibility.

Recently, this procedure was extended to utilize two Ruthenium centers per
appendage, for example [-<Ru>-(X)-<Ru>-], in order to evaluate the “inner” versus “outer”
aspects of such polycomplexes.38 A combination of divergent and convergent approaches
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gave rise to the step-wise construction of tiered metallodendrimers via a controlled metal
complexation.

The application of such -<Ru>- connectivity has lead to the formation of dendritic
methane and to isomeric metallodendrimers® (Figure 5). Thus, the application of H-
heterocycles to the preparation of tailored macromolecular structures will start open exciting
new frontiers. The “molecular ceiling,” which has constrained chemists for nearly two
centuries has now been shattered and the interface between organic and inorganic chemistries
will open new vista into the mesomolecular regime.

Figure 5. Dendritic constitutional isomers.

These monodisperse, multicomponent macromolecules, prepared from predetermined
monomers, are interesting hosts for supramolecular chemistry. The creation of catalytic sites
within these structures offers opportunities to evaluate the homo-/heterogeneous interface.
The easy manipulation of the surface of materials, such as commercial DSM dendrimers,
with mixtures of isocyanate monomers***? in a combinatorial manner give rise to novel,
dissymmetric architectures, that we have termed “polycelles”, in view of their relationship to
poly(micelles)11 (Figure 6). The concept of supramolecular self-assembly of small AB,-type
monomers will prove to be an interesting linkage between small molecules and novel “new
age” materials.
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Figure 6. “Combinatorial” methods lead to new materials.
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The synthesis of B-cyclodextrin-based dendrimers was accomplished* by the
utilization of these easily prepared 1—3 C branched isocyanates; this can be envisioned as a
facile “dendrimerization” of a polyfunctional substrate. Using phenophthalein as a UV-vis
active probe, it was readily shown that the B-CD cavity of these modified receptors retained
their molecular recognition properties and can be employed, convergently, as
polyfunctionalized monomers in molecular self-assembly, as demonstrated in the generation
of the two-directional “arborol” shown in Figure 7.

e
e} C

Figure 7. An idealized representation of “dendrimerized” f-CDs coordinated to
a bis(adamantane-terminated) tetracthylene glycol chain.

The application of these branched monomers offers a convenient tool to construct
diverse polyfunctional material possessing predetermined cavity shapes or internal catalytic
sites and diverse exterior régimes, thus instilling the desired degree of dissolution,

Acknowledgments.

This survey has summarized the work of many colleagues especially Professors Baker
and Moorefield as well those cited in the references. This work was supported, in part, by the
National Science Foundation (DMR 96-22609 & BIR 95-12208) the US Army Office of
Research (DAAHO04-93-0048), and the Petroleum Research Fund, administered by the
American Chemical Society, as well as Engelhard Industries for furnishing the precious
metals.

© 1998 IUPAC, Pure & Applied Chemistry 70, 2337-2343



2342 G. R. NEWKOME

Reference List

1) Lehn, J.-M. Angew. Chem., Int. Ed. Engl. 1990, 29, 1304-1319.
2) Lehn, J.-M. Angew. Chem., Int. Ed. Engl. 1988, 27, 89-112.
3) Newkome, G. R.; Yao, Z.-q.; Baker, G. R.; Gupta, V. K. J. Org. Chem. 1985, 50, 2003-
2004.
4) Tomalia, D. A.; Baker, H.; Dewald, J. R.; Hall, M.; Kallos, G.; Martin, S.; Roeck, J.;
Ryder, J.; Smith, P. Polymer J. 1985, 17, 117-132,
5) Newkome, G. R.; Baker, G. R.; Saunders, M. J.; Russo, P. S.; Gupta, V. K.; Yao, Z.-q.;
Miller, J. E.; Bouillion, K. J. Chem. Soc., Chem. Commun. 1986, 752-753.
6) Newkome, G. R.; Yao, Z.-q.; Baker, G. R.; Gupta, V. K.; Russo, P. S.; Saunders, M. J.
J. Am. Chem. Soc. 1986, 108, 849-850.
7) Buhleier, E.; Wehner, W.; Végtle, F. Synthesis 1978, 155-158.
8) Newkome, G. R.; Baker, G. R.; Young, J. K.; Traynham, J. G. J. Polym. Sci., Part A:
Polym. Chem. 1993, 31, 641-651.
9) Narayanan, V. V.; Newkome, G. R.In Top. Curr. Chem. Vigtle, F., Ed.; Springer
Verlag: Berlin/Heidelberg, 1998; pp 19-77.
10) Newkome, G. R.; Baker, G. R.; Moorefield, C. N.; He, E.; Epperson, J.; Weis, C. D.
Polym. Mater. Sci. Eng. 1997, 77, 65-66.
11) Newkome, G. R.; Weis, C. D.; Moorefield, C. N.; Baker, G. R.; Childs, B. J.; Epperson,
J. Angew. Chem., Int. Ed. Engl. 1998, 37, 307-310.
12) Newkome, G. R.; Woosley, B. D.; He, E.; Moorefield, C. N.; Giither, R.; Baker, G.R,;
Escamilla, G. H.; Merrill, J.; Luftmann, H. Chem. Commun. 1996, 2737-2738.
13) Epperson, J.; Ming, L.-J.; Moorefield, C. N.; Woosley, B. D.; Baker, G. R.; Newkome,
G. R. J. Am. Chem. Soc. 1998, submitted.
14) Dandliker, P. J.; Diederich, F.; Gisselbrecht, J.-P.; Louati, A.; Gross, M. Angew. Chem.,
Int. Ed. Engl. 1995, 34,2725-2728.
15) Dandliker, P. J.; Diederich, F.; Gross, M.; Knobler, C. B.; Louati, A.; Sanford, E. M.
Angew. Chem., Int. Ed. Engl. 1994, 33, 1739-1742.
16) Dandliker, P. J.; Diederich, F.; Zingg, A.; Gisselbrecht, J.-P.; Gross, M.; Louati, A.;
Sanford, E. Helv. Chim. Acta 1997, 80, 1773-1801.
17) Junge, D. M,; McGrath, D. V. Chem. Commun. 1997, 857-838.
18) Aida, T. Kobunshi 1995, 44, 447
19) Jiang, D.-L.; Aida, T. Chem. Commun. 1996, 1523-1524.
20) Jiang, D.-L.; Aida, T. Nettowaku Porima 1996, 17, 179-191.
21) Jiang, D.-L.; Aida, T. Nature 1997, 388, 454-456.
22) Xu, Z.; Moore, J. S. Acta Polym. 1994, 45, 83-87.
23) Young, J. K.; Devadoss, C.; Zhu, Z.; Wang, P. W.; Moore, J. S. Polym. Mater. Sci. Eng.
1995, 73, 224-225.

© 1998 IUPAC, Pure & Applied Chemistry 70, 2337-2343



24)

25)

26)
27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)
43)

The chemistry within the dendrimer 2343

Hawker, C. J.; Wooley, K. L.; Fréchet, J. M. J. J. Am. Chem. Soc. 1993, 115, 4375-
4376.

Hanson, J. E.; Murphy, W. R., Jr.; Riley, J. M.; Tyler, T. L,; Kelley, S. O.; Makarewicz,
A. Polym. Mater. Sci. Eng 1995, 73, 358-359.

Stewart, G. M.; Fox, M. A. J. Am. Chem. Soc. 1996, 118, 4354-4360.

Narayanan, V. V.; Newkome, G. R.; Echegoyen, L.; Pérez-Cordero, E. Polym. Prepr.
1996, 37, 419-420.

Newkome, G. R.; Narayanan, V. V.; Echegoyen, L.; Pérez-Cordero, E.; Luftmann, H.
Macromolecules 1997, 30, 5187-5191.

Newkome, G. R.; Narayanan, V. V.; Patri, A.; GroB, J.; Moorefield, C. N.; Baker, G. R.
Polym. Mater. Sci. Eng. 1995, 73, 222-223.

Newkome, G. R.; Behera, R. K.; Moorefield, C. N.; Baker, G. R. J. Org. Chem. 1991,
56,7162-7167.

Newkome, G. R.; Weis, C. D. Org. Prep. Proced. Int. 1996, 28, 485-488.

Serroni, S.; Campagna, S.; Denti, G.; Juris, A.; Venture, M.; Balzani, V.In Advances in
Dendritic Macromolecules; Newkome, G. R., Ed.; JAIL: Greenwich, Conn.,
1996; pp 61-113.

Serroni, S.; Juris, A.; Venturi, M.; Campagna, S.; Resino, I. R.; Denti, G.; Credi, A.;
Balzani, V. J. Mater. Chem. 1997, 7, 1227-1236.

Balzani, V.; Juris, A.; Venturi, M.; Campagna, S.; Serroni, S. Chem. Rev. 1996, 96,
759-833.

Newkome, G. R.; Weis, C. D.; Moorefield, C. N.; Weis, I. Macromolecules 1997, 30,
2300-2304.

Newkome, G. R.; Cardullo, F.; Constable, E. C.; Moorefield, C. N.; Thompson, A. M.
W. C. Chem.Commun. 1993, 925-927.

Newkome, G. R.; Giither, R.; Moorefield, C. N.; Cardullo, F.; Echegoyen, L.; Pérez-
Cordero, E.; Luftmann, H. Angew. Chem., Int. Ed. Engl. 1995, 34, 2023-2026.

Newkome, G. R.; He, E. J. Mater. Chem. 1997, 7, 1237-1244.

Newkome, G. R.; He, E.; Godinez, L. A. Macromolecules 1998, in press,

Newkome, G. R.; Weis, C. D.; Moorefield, C. N.; Fronczek, F. R. Tetrahedron Lett.

1997, 38, 7053-7056.

Newkome, G. R. and Weis, C. D. U.S. Patent 5,703,271 (Dec.30, 1997); 5,773,551

(June 30, 1998).

Newkome, G. R.; Weis, C. D.; Childs, B. J. Desig. Monom. Polym. 1997, 1, 3-14,

Newkome, G. R.; Godinez, L. A.; Moorefield, C. N. Chem. Commun. 1998, in press.

© 1998 IUPAC, Pure & Applied Chemistry 70, 2337-2343





