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Dendrons - Dendrimers

ized Polymers
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Major Macromolecular Architectures
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Dendrons & Dendrimers
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“Divergent” approach:
From the Central Point to the Outer Units
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“Divergent” approach: From the Central Point to the Outer Units

The first low molecular weight dendritic molecules branched
G2-G3 poly(propylene imine) (PPI) dendrimers, were
reported by Vogtle in 1978
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“Divergent” approach: From the Central Point to the Outer Units

Synthesis of Tomalia-type poly(amidoamine) PAMAM Dendrimers
in 1984
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“Divergent” approach: From the Central Point to the Outer Units

Synthesis of Tomalia-type poly(ethylene imine) PElI Dendrimers
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“Convergent” Approach:
From the Outer Units to the Central Point
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“Convergent” Approach: From the Outer Units to the Central Point
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“Convergent” Approach: From the Outer Units to the Central Point

CURIATAYS
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“Convergent” Approach: From the Outer Units to the Central Point
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Convergent and divergent synthesis of dendrimers and dendrons

Divergent Convergent
S Yy
6 Reactions 2 Reactions
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Dendrimers
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Generation of Dendrons / Dendrimers
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Dendrons & Dendrimers

Generation G0 G1 G2 G3 G4

# of Surf:

Gl?oup'; Jhias 3 6 12 24 48

Diameter {nm) 1.4 1.9 2.6 3.6 4.4

2D Graphical
Representation

3D Chemical
Structure View
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Dendrons & Dendrimers

Because of their well-defined, unique macromolecular structure, dendrimers are attractive scaffolds for a variety of
high-end applications. Their highly branched, globular architecture gives rise to a number of interesting properties
that contrast those of linear polymers of analogous molecular weight.

When compared to linear analogues, dendrimers demonstrate significantly increased solubility that can be readily
tuned by derivatizing the periphery, and they also exhibit very low intrinsic viscosities.

Unlike linear polymers, properly designed high generation dendrimers exhibit a distinct “interior” that is sterically
encapsulated within the dendrimer, for applications like

* unimolecular container molecules

* indrug or gene delivery

e as transition state catalysts with high turnover.

* in light-harvesting or emission or amplification functions.

Topologies generated by dendrons

having Covalent, non-covalent and ionic g . 3 . _ '_'_j = . 57 ) h T
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Functional Dendrimers
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Dendrons & Dendrimers

General Structure of Dendrimers

4 nm
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Surface Groups

» Cationic, Anionic, Neutral & Hydrophobic
» Biocompatible

» Jarget-directing groups
» Dyes & Biomarkers

Inaccessible Interior



Excitation of the peripheral NMI &/or
in the scaffold PMI chromophores
increases by a factor of 3 the emission of TDI

T.Weil; E.Reuther; K.Mlllen Angew.Chem.Inter.Ed. 2002, 41, 1900
A.Grimsdale; T.Vosch; M.Lor; M.Gotlet; S.Habuchi; J.Hofkens; M-S.Choi; T.Aida; T.Yamazaki;
F.C.DeSchryver; K.Mllen J. Lumin. 2005 I.Yamazaki Chem. Eur.J. 2002, 8 2667



Dendritic Black Box

Inaccessible dendritic phenanthroline-Cu?+ core:
the peripheral fullerene units prevent its approach to
the electrode thus no oxidation occurs.

Strong Shielding Effect:

only a small portion of light reaches the core &
that returns back to the fullerene units

via energy transfer

J-F. Nierengarten; N. Armanoli; G. Accorsi; Y. Rio; J-F. Eckert
Chem. Eur. J. 2003, 9, 36

N. Armanoli; C. Boudon; D. Felder; J-P. Gisselbrecht; M. Gross; G. Marconi; J-F. Nicoud; J-F. Nierengarten; V. Vicinelli
Angew. Chem. Inter. Ed. 1999, 38, 3730
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Shape Selective Olephine Epoxidation of Alkenes:

= PAMAM dendrimear
(MH: and groups)
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Manganese(lll) porphyrine core = catalyst

Oxidetively inert polyphenylester dendrons

¥ =

Water Soluble PAMAMs-phosphine ligands
their Rh—-Complexes are used for Hydroformylations

Subsirate
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R.van Heerbeek; P.C.J. Kamer; PW.N.M. van Leeuwen; Profiect flow
J.N.H. Reek, Chem. Rev. 2002, 102, 3717



Thiophene-Jacked PAMAM dendrimers
NanoParticles o~

PAMAM dendrons with Thiol-Cores
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Hybrid Nanoparticles by the “ship-in-a-bottle” approach

TEM images of gold-G2-COOH (left)
& gold-G3-COOH (right).

G,(3T6C)(Au), G,(3T6C)(Pd),,

) ) S.Deng; J.Locklin; D.Patton; A.Baba; R.C.Advincula
B. Huanga, D.A. Tomalia J.Lumin. 2005 J.Am.Chem.Soc. 2005



Host Guest Systems - “Dendritic Box”

poly(propylene imine) / NH-R = DAB-dendr-(NH-R)n

addition of guest

f}jgr\ﬁ

shell addition

® Solid shell / flexible core model

" Number of guests proportional to the dendrimers generation

entrapped guests

" Selective liberation e.g. after hydrolysis of the shell

3-carboxy-PROXYL

Rose Bengal

M.W.P.L. Baars; E.W.Meijer Top. Curr. Chem. 2000, 210, 131
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Bio-Applications / Drug Delivery
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Encavitated Dendrimer-drug ' . . .

guest networks
Covalently Non-covalently
bound prodrug bound prodrug

M.J. Cloninger Curr. Opin. Chem. Biol. 2002, 6, 742
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R.A. Lerner; C.F. Barbas III; D. Shabat
Angew.Chem.Inter.Ed. 2005, 44, 716 @ N



Bio-Applications / Drug Delivery

Biocompatible Dendrimers: PAMAM, Polylysine, Polyester(glycerol-succinic acid), Polyglycerol

BORON NEUTRON CAPTURE THERAPY PHOTODYNAMIC THERAPY
antibody targeted dendritic boron carrier two-photon excitation with near infrared lasers
P % i apiore o
‘wr’ ; E “é 0. e O
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; y Lt kar Antibody ) v o gl.ﬁ:: solubilizing
ey Polyhedral .
pslt borane gé

E.R. Gillies, J.M.]. Fréchet DDT 2005, 10, 35
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Bio-Applications B PAMAM cores e

M-H
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M. -

H 0
Y) Y = HCF;CO,H N

0) Y = -CO-CH,NH(H-CF;CO,H) -CH,CH,-NH(H-CF;CO,H)

Confocal Fluorescence Microscopy
(dansyl units excited at 364nm)
&
Differencial Interference Contrast Images
for Hela cells

= human breast cancer cell line MCF-7 used
for cytotoxisity evaluations

* non-charged dendrons (protected or dansylated) =
non-toxic but bioavailable (cellular up taken)

= diamine dendrimers = non-toxic

S. Fuchs; T. Kapp; H. Otto; T. Schéneberg; P. Franke;
R. Gust; A.D. Schliter Chem. Eur. J. 2004, 10, 1167
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Bio-Applications y
R =
DNA linker ¥ i
PAMAM cores ® DO O ,
DNA linker = Lt}
5’-phosphate-modified 1N

Dendrimer A

34-base-long oligonucleotide (Colspeehetaraeting)

W DendrimerB
#1 N (Imaging or toxicity)

DIC - FLUORESCENT images for KB cells

CANCER CELL TARGETING
FA = follc acid receptor

pou
°=K_ﬁ‘ qﬁ_{ . {H
. Oz

control cells

IMAGING
FITC = fluorescein
isothiocyanate

after 1hr treatment with the
DNA linked dendrimer clusters
FITC signals are seen inside the cells

S.-G. Sampathkumar; K. J. Yarema Chem. Biol. 2005, 12, 5
Y. Choi; T. Thomas; A. Kotlyar; M. T. Islam; J. R. Baker, Jr. Chem. Biol. 2005, 12, 35



Medical Diagnostics - Magnetic Resonance Imaging (MRI)

Dendritic Cd — complex gadomer
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MetalloDendrimers

Metal-lons= @

incorporated in the:
(A) Periphery

(B) Center

(C) Branching Points
(D) Repeating Units

(A)

(C)

(B)

(D)
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Dendrimers + Polymers

@

“Dendrimers” + “Polymers"

Block Copolymers Dendronized Polymers %@L\
Star Copolymers

The first report on such a macromolecule which at that time was called “Rod-shaped
Dendrimer” goes back to Tomalia in 1987

followed by Percec’s polymer with “tapered side chains” in 1992
In 1994 the potential of these polymers as cylindrical nanoobjects was recognized.

Finally named “dendronized polymers” by Schliter in 1998.



Dendronized Polymers or Side Chain Dendritic Polymers (SCDPs)
Attach to Approach / Graft To Route : ZUvéeon otnv aAucida

o

Graft From Route : 20vOgon otnv aAvoida

Jﬁi%i%i%

Macromonomer Route : MoAuvpeplopoc devépopopdwv(SevopLtikwv) LOKPO-LLOVOULEPWV

533

Schliter,D.A; Rabe,].P. Angew. Chem. Int. Ed. Engl. 2000, 39, 864
Frauenrath, H. Prog. Polym. Sci. 2005, 30, 325-384




Topologies generated by 7/ /A7 AY

dendronized RV

linear, 7 R N
star, and A e e

macrocyclic polymers Fizvar

dendron-jacketed polymers : dendron attached to the backbone
dendron jacketed polymers connected by a flexible spacer

dendron-jacketed block-copolymers ._;_-l‘
noncovalently dendron-jacketed polymers .:_f,i-:'“:::r—:’
dendronized supramolecular polymers “

polymers jacketed with dendrimers connected via dendron periphery

polymers jacketed with dendrons connected via dendron periphery

polymers jacketed with dendrons via dendron periphery through a flexible spacer
rigid polymers fuctionalized at one chain end with a dendron

flexible polymers functionalized at one chain end with a dendron
block-copolymers of rigid and flexible segments dendronized at one chain end
flexible polymers symmetrically functionalized with dendrons at both chain ends
flexible polymers asymmetrically functionalized with dendrons at both chain ends
rigid polymers symmetrically functionalized with dendrons at both chain ends
rigid polymers asymmetrically functionalized with dendrons at both chain ends
dendronized stars

dendronized macrocycles

Dendrons (wedges), covalent
polymers (long wavy lines),
supramolecular polymers (dashed
lines), rigid rods segments (wavy
tubes), macrocycles (red rings),
noncovalent interaction (red triangle
and chevron), and their connectivities
are pictured.
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Dendronized Macromonomers
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Polycondensations

Percec,V; Ahn,C-H; Barboiu,B.
J. Am. Chem. Soc. 1997, 119, 12978
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Dendronized Polymers

flexible polymeric chain dendronized polymer G1
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dendronized polymer G3 dendronized polymer G2
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Dendronized PolyMethacrylates G1 — G4

Macromonomer Route
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Dendronized PolyMethacrylates G1 — G5

Graft from Route

NHX NHX XHN NHX
oo XNN]\ \Lo OJ/ JNNX )muL \O QJ) wa —
XHN NHX
LYy R, Yo PR Sl O
0 0 o 0 0 [}
o HN NH HN NH po
NHeoc N XHN NH { ) } HN NHX
)) 0 o° 0 b DD °, o~
<:>-4/ 0 o *—(:}
BocHN NHBoc o o NN NN 5) q N o
S J BocHN—\ﬂ NHBoc e o o ™ - o o NHX
. W 5 o . 4 e N 2 $ o J e
BocHN NHBoc ? DG1 % 1\0 ) d ofr
o%o HN NH NH G
o o 0{70 j\ ')/ 0 0O o ° M\l P ° o/~ 00 o)
> ° —_ XN/~ @J&N_\A @"n . o nf@ N/N‘"@ “NHK
d S H (0] o T (o} o} o~ g 0 H
eprotection: CF,CO,H [ ~0 @,u"v o o VNK@ O~
o freeze-drying n o H O N N O H € e
o sequential addition of DG1, oo R — o 2 N;r/- ‘\o o/f \:N 2 5
\T/F‘ -5°Cto +20 °Cin DMF, XN O (}r “@ EN P
n 1-3 equiv., 5-20 days, {:)-v 0 ° o
filtration, freeze-drying n ew~~o - % Ngr X =Boc 0; \?N o° To~rwx
n
PG1 (n = 10600) PG2 é b
Wy PG5 i
XHN NHX
NHX XHN

) ) AFM images of bottlebrush polymers on mica and (d)
A. Dieter Schliiter et.al. ACS Macro Lett. 2014, 3, 10, 991-998 coprepared PG1-PG5 DPs on mica.



Complexes of DNA & Dendronized Polymers
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Dendronized Protein Monodisperse Polymers
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Discrete Conjugated Wires Wrapped within Dendrimeric Envelopes:
“Dendrimer Effects” on n-Electronic Conjugation

Bu] JiOyMe
) [ 61 [9 w COLCHIMe)EL £ CO:Me
Qo 63 ' al
H H b 20 - (3 G1[53u]
. _ E =\-0 COMe —
O._ Q_g E}’ /i;/ 2 100
' G 4 :
e O
n=1-6, 8, 10, 12, 16, 24, 32, 64 Ceocrmee: Lo Q1 pycome o

OWO ‘1"\ @ Ccome T 60
\r\

O}._}O \ALO Me P % 40 \
R 1 |
)"\ D:Me
20
i co Me
G3 - Substituted polymers : |
(= |
12 3 4 5 6 8 1012 16 24 32 64
F N .
Better isolation of the conjugated backbone
—— === O~ === === Planar conformation of the backbones due to

& M b 7 g intramolecular van der Waals interactions between
N ; ' ¢ 5B the densely aligned side dendrons

The G3-64 polymer is a 147nm long conjugated wire

Low fluorescence depolarization for exciton migration

W.-S. Li; D.-L. Jiang; T. Aida Angew. Chem. Int. Ed. 2004, 43, 2943



Dendronized Systems with Alkoxy bearing dendrons
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dendrons-dendrimers
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Supramolecular Materials
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Supramolecular Materials

Phases exhibiting optical anisotropy through birefringent TOPM textures
Nematic (top left), Smectic (top right), ®h (bottom left), and Cub (bottom right) phases




Supramolecular Electronic Materials
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Dendronized Polymers with Alkoxy bearing dendrons
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Dendronized Polymers with
Alkoxy bearing dendrons

Individual molecules aligned parallel to the substrate




Dendronized Polymers with Alkoxy bearing dendrons
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Dendronized Polymers with
Terpyridine-Ru Complexes & Alkoxy bearing dendrons

ﬁ 2 2
4 in

_< _ N M) = Ruthenium ions
\ 7/ ?
sidedendrons: Gy =ﬁ G,= SN\ = alkoxy - groups

attachment of dendrons via metal - ligand bonding : —< m>_



OC1oHos
OC1oHas

C12H250_

Dendronized Polymers with
Terpyridine-Ru Complexes
& Alkoxy bearing dendrons
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Dendronized Polymers with
Terpyridine-Ru Complexes & Alkoxy bearing dendrons
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CNTs with Dendronized Terpyridine-Ru Complexes
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Dendronized Oligomers with Terpyridine-Ru Complexes
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Dendrimer Chemistry
Impact on Material Science & Emerging Applications

Self Assemblies
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Modifiers .
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Photochemical
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