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ABSTRACT
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Benzyl aryl ether dendrons and dendrimers containing thermally reversible furan-maleimide Diels—Alder adducts were prepared up to the third
generation. The covalent cleavage and reassembly of the dendrons and dendrimers were evaluated by 'H NMR.

Dendrimer$ comprise a family of synthetic macromolecules

dendrons and dendrimers based on furan-maleimide Diels—

that are considered to be prime nanometer-scale buildingAlder (DA) reactions. Other examplésof dendrimer

blocks for materials that may serve as chemical serfsors,

molecular recognition devicés;hemical delivery systents,
separations devicésgetc. Recently, the alteration of the
structure of novel dendritic architectures through control of

construction using DA chemistry exist. To our knowledge,
this represents the first covalent thermally reversible design
strategy in a dendritic system.

Reversible DA reactions between reactive dienes and

covalent and noncovalent interactions and conditions hasdienophiles are well studi€d.In particular, the reaction
attracted much attention. Examples include dendritic systemsbetween substituted furans and maleimides has been fre-

that can be assemblédiegraded,and configurationall§or
conformationally altered. We report here the preparation and
initial investigations of thermally cleavable/reassembling
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quently utilized in the preparation of thermally responsive || NG

polym.ers%2 _Th_is is primarily due t.o ease of adduct formation Scheme 2

and dissociation. Adduct formation typically occurs at room o

temperature, and adduct dissociation occurs at elevated o —— Dj:\/ m:):"
temperatures (>90C) (Scheme 1). Mo ;

3aR =2[G0] = [G1)-Furan
bR =2[Gl1}=[G2}Furan

' . ¢R =262 - G3)-Furan
[GO]=Bn ’b\
Scheme 1

B : Lo
. oi- O e O
R R Q 0 3G BnO,
Ao+ b o7
R N‘R R o B0
3a, borc

o]
QN_R
(o]

furan maleimide endo exo 2 M 6a(G1]
<§) o m on 3Saborc :{(:G{f}
4
Our convergent approach toward designing thermally o I OA Dancron
responsive dendritic architectures involved preparing den- ¢ {53]-DA Dendron Q 9
drons with substituted furan-maleimide DA adducts located
at the dendron focal point. We required a disubstituted furan

that could serve as an ABnonomer and an N-substituted

maleimide with a reactive hydroxyl focal point. Q»C{ ?
AB; furan monome@*3 was prepared in one step through %
LiAIH 4 reduction of commercially available dimethyl 3,4- & E¢Q

furandicarboxylatel). N-(4-Hydroxyphenyl)maleimidé (4)
was chosen as our reactive dienophile (Scheme 2). First
through third 3,4-substituted furan dendroBa—c were

prepared by reaction o2 with the appropriate dendritic % 2 ,@r“;

MW 1648.71

bromidé?® in the presence of NaH in DMF or KH in THF. O
First through third DA dendronSa—c were prepared by %
reacting the appropriate furan dendron withat either Cf‘q MW 2922 17 g}b
ambient temperature or 6% in ether/ethyl acetate solution. Q) b

First generatiorba precipitated from the reaction mixture

as pure exo isomer, while second and third generation

dendronsbb and5c, respectively, were each obtained as a

33%/66% mixture of endo/exo isomers as determineéHoy

NMR. chi

First through third generation dendrimeéa—c were
prepared by reaction of 1,3,5-benzenetricarbonyl trichloride % LQ[Q\/O
central linker with the appropriate DA dendron in the EpJ

presence of BN in THF. To our delight, thermal isomer- %é\

ization'® of exo/endo mixtures of second and third generation o L@
dendrons and dendrimers gave pure exo isomers after heating Q) @

5 and6 a—c neat at 65°C for 48 h. \@

The reversible DA reaction for all dendrons and dendrim-
ers was evaluated 41 NMR spectroscopy. NMR samples
(DMF-d-) of identical concentratioA of dendronsba—c
were heated at 118C for 48 h. The NMR resonance éat
9.99, corresponding to the phenolic proton of the DA
dendrons, proved diagnostic in determining percent dendron
dissociation. As the dendron samples were heated, a new aReaction conditions: (a) LiAlkl ELO, 88%: (b) NaH, DMF,
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Chem. Ed19(9)4,32, 25012504 ’ g g 87%, and 73%, respectively.
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dissociated to maleimidé and furan dendrof after 1 h of of DMF and subsequent reaction with the esterified dendritic
heating, at which point equilibrium was established and no core. Michael additiol through amine attack upon free
further changes were observed by NMR. Similarly, the maleimide is less likely since no degradation is observed in
reassembling of dendrorfsa—c was evaluated by heating dendronssa—c.

the samples at 68C. As anticipated, the reassembly process  Similar NMR experiments were performed in DMS@-d
was much slower; approximately 82% dendron formed after with substantially less dendrimer degradation. Dendrimers

5 days. Concentration dda—c and heating (65C, 48 h)
regenerated dendrofi®—c completely as observed By

NMR (Figure 1).
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Figure 1. 'H NMR spectra (DMF-g) of [G-2]-DA dendron5a
(a) before heating, (b) after heating (12C) for 48 h (42%
dissociation), and (c) after concentration and heating°@®pfor

h
1
i

48 h (100% dendron).

T T T
5 4 3  ppm

6a—c again readily dissociated at 1XC. The extent of
dendrimer dissociation cannot be calculated accurately, as
three DA adducts are present. Fortunately, percent furan
dendron formed could be calculated through comparison of
characteristiéH NMR resonance®’ First, second, and third
generation dendrimers yielded 80%, 70%, and 86% furan
dendron, respectively, after heating for 24 h. The dendrimer
reassembly process was examined after concentration and
heating at 65°C for 48 h.'H NMR revealed complete
reassembly of first generation dendrim@a (exo). Reas-
sembly was incomplete for second generatidnand third
generatior6c with 58% and 80% dendron, respectively, still
present. Incomplete reassemblyGif and6c may be due to

a combination of steric and entropic influences.

The present work represents the first examples of thermally
cleavable/reassembling dendrons and dendrimers via the
reversible DA reaction between furan and maleimide. We
hope to demonstrate application as chemical delivery and/
or encapsulant systems in our future studies.
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Identical NMR experiments were performed with den- 4 5101281

drimers6a—c!8 Dissociation of6éa—cwas clearly evident;
however, degradation of the samples occurred upon pro-
longed heating (116C) in DMF-d;. This is presumably due

(19) Okumoto, S.; Yamabe, 8. Org. Chem2000,65, 1544—1548.
(20) Percent furan dendron formed was calculated through a ratio of peaks
(6 9.06) corresponding to the three protons of the central core with (a) the

to amine generated through partial thermal decomposition singlet (04.39) corresponding to four methylene protons of the [G-1] furan

(18) Dendrimer concentration was 1.651072 M.
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dendron (for [G-1] dendrimer) or (b) the singlét $.02) corresponding to
eight benzyl protons of the [G-2] or [G-3] furan dendron (for [G-2] and
[G-3] dendrimers).
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