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Presentation Notes
它就像树枝一样逐层伸展出去，所以科学家们形象的称之为“树形高分子”。


YVWM

—R(GCT) —AR(G2) =f(G3) VI4E(G4)

> S e

Conventional linear polymer Dendronized polymer

Dendrimer

HIRE) PR R K 53T SRAARAY)

%M%ﬁ:%ﬁﬁw\ﬁ¥ﬁﬁﬂﬁ%\W%E%Eﬂﬁ%
U S, (SRR . TR

06/07/2012



=7 KW BOR K7 F

February 1978

1978

e IS
S 21 PRl 9

“Cascade™ and “Nonskid-Chain-like" Syntheses
Molecular Cavity Topologies

Egon Bust kick, Winfried Wenner, Fritz VOGTLE?Y

Institut fiir Organische Cherie und Biochemic der Universitit
Bonn, Max-Planck-Str. 1. D-5300 Bonn

For the construction of large molecular cavities and pseudo-
cavities that are capable of binding ionic guests or molecules
(as complex or inclusion compounds) in # Host-Guest inter-
action’, synthetic pathways allowing a frequent repetition

Communications 155

of similar steps would be advantageous. Neutral ligand syn-
theses carried out so far®, have not taken due advantage
of this principle. We made use of this repealing-step principle
in order to annex successive arms or rings in the synthesis
of noncyclic and cyclic polyaza compounds with increasingly
growing cavity size. Starting from monoamines (Scheme A),
diamines (Scheme B), or else from a diaza-monocyclic ring
such as 8 and adopting the now described “cascade-like™
(Schemes A and B) or “nonskid-chain-like” (Scheme C) path-
way for bond-formation. we succeeded in synthesizing non-
cyclic polyaza compounds, e.g. 4, 7 and novel multicyclic
medium- or large-sized ring systems such as 11-15. Owing
to the particular properties of the synthesized polyamines
(basicity, extreme water-solubility, salt-complexation). all the
synthetic steps mentioned above
respect to those nvolved in the usi
tional aza-compounds. This pas
decomplexation following the cabg
tion.

Colll/NaBHy/
H0H,2h

R

|

N CHOH 21
NCI ICN

Scheme A

Reaction of mono- or diamines (cf.
leads to the annexation of a pal
group® (compounds 1 or 5 in Schem
the nitrile groups, to amine functio
lonitrile addition yields the lengths
3 or 7. which upon reduction as polyamines® or hydrolysis
as polycarboxylic acids” should give novel complexones.

Polyeyclesenlarged in the “nonskid-chain™ form are obtained
by reacting monocycles of type 8 with elvcolic acid nitrile

D. A. Tomalia
University of Michigan, USA

©OF oXygen-iree hexaaza-cryptands possessing a large cavity.
There s, in principle, no barrier to the annexation of more
rings via the reaction sequence a---d; the chain length can
be varied in the reaction siep ¢ (Scheme C).

From the synthetic point of view, it is worth noting that
the smooth, glacial acetic acid-catalyzed bis-cyanoethylation
ofprimaryaliphaticoligoaminesas well as the bis-cyanoethyl-
ation of hifunctional secondary amines takes place in a

0039-7881/78/0232-0155$ 03.00 © 1978 Georg Thieme Publishers

Polymer Journal, Vol. 17, No. I, pp 1£7—132 (1985)

A New Class of Polymers: Starburst-Dendritic
1985 Macromolecules

D. A. TOMALIA,* H. BAKER, J. DEwWALD, M. HALL,
G. KALLOS, 8. MARTIN, J. ROECK,
J. RYDER, and P. SMITH

Functional Polymers)Process and *The Analytical Laboratory,
Dow Chemical U.S.A., Midland, Michigan 48640, U.S.A.

(Received August 20, 1984)

: This paper describes the first synthesis of a new class of topological macromel-
h we refer to as “starburst polymers.” The fundamental building blocks to this new
hss are referred to as “dendrimers.” These dendrimers differ from classical monomers/
Wby their extraordinary symmetry, high branching and maximized (telechelic) terminal

y density. The dendrimers possess “reactive end groups”™ which allow (a} conm}l_ad
eight building (monodispersity), (b) controlled branching (topology), and (c} versatility
nd modification of the terminal end groups. Dendrimer synthesis is accomplished by a
rategies involving “time sequenced propagation” techniques. The resulting dendrimers
reometrically progressive fashion as shown: Chemically bridging these dendrimers leads
class of macromolecules—"starburst polymers” (e.g., (A),, (B), or (C),).

STARBURST BRANCHING

Dendrimers

—

F. Vogtle
University of Bonn, Germany

} |

(A, ),
BB satumpormmn
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Presenter
Presentation Notes
1978年University of Bonn, Germany vogtle 首次尝试用逐步重复的手段合成树枝状聚合物。由于还原一步产率太低，只得到第2代的大分子。The term “dendrimer,” which derives from the Greek words dendron, meaning tree, introduced in 1984 by Donald A. Tomalia, scientific director of the Center for Biologic Nanotechnology at the University of Michigan, The first inspiration for synthesizing such molecular level treelike structures evolved from a lifetime hobby enjoyed by one of the authors (D. A. Tomalia) as a horticulturist/tree grower.
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Dendrimer Pioneers 2

Prof. Takashi Kato
(University of Tokyo)

Dr. Craig Hawker
(IBM Laboratory)

Prof. Jean Fréchet
(University of California,
Berkeley)

- " %

Prof. Karen Wooley
(Washington University)

g ’
P5
-

Members of the 1988-1989 Cornell University team
KR HIWEOE & B BCIR R 71
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Presentation Notes
鉴于发散合成法存在的缺陷，20世纪90年代初frechet提出了一种新的合成方法———收敛法合成树枝状聚合物。该方法是采用发散法合成树枝状聚合物的一部分，即一个“楔”型结构，然后再与核心连接，最后形成一个新的树枝状聚合物。这种合成方法非常巧妙，使端基的结构非常完整。这种由外向里的合成方法就称为收敛法。�
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Homologous series of dendronized polymethacrylates
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Y. Guo, A. Zhang, et al. JACS, 2009, 131, 11841.
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Presenter
Presentation Notes
the end of 19th century, Berzelius

‘Hyperbranched polymer’ was first coined by Kim and Webster [46,47] in 1988 when the authors intentionally synthesized soluble hyperbranched polyphenylene. Since then, hyperbranched polymers have

attracted increasing attention owing to their unique properties and greater availability as compared with dendrimers.
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Presentation Notes
1.2.1缩聚法�很明显，用于缩聚反应的原料都是具有 ABx的结构，因此，缩聚法是最常见的制备超支化高分子的方法。自从 Kim 和Webster报道由AB2型单体合成超支化聚苯后，人们已经通过一步缩聚制得了许多超支化聚合物，包括聚酯、聚醚、聚酰胺等。如Hobosn报道用氨基丙烯酸盐酸化物单体通过Michael加成反应制备了超支化聚酰胺_胺。�1.2.2加聚法�用加聚反应制备超支化高分子时，原料单体分子中应该同时包含一个引发基和一个增长基。与缩聚聚合机理不同，在加聚反应中是在已存在的引发基团上通过乙烯基加成反应而逐步反应生成超支化高分子的。其缺点为较难控制聚合度和支化度。含有一个乙烯基和一个引发部分（AB*型单体）的单体通过自缩合乙烯基聚合可以形成超支化聚合物。活性部分可以是自由基、正离子或碳负离子。如有文献报道了由一系列（甲基）丙烯酸酯类AB*型单体通过原子转移自由基聚合，合成了相应的超支化聚合物。潘才元)利用丙烯�酸(2--溴代丙酰氧基).乙酯(BPEA)和丙烯酸甲酯(MA)在四官能团引发剂THABI存在下制备了超支化共聚物。�
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A. Zhang, et al. Chem. Eur. J. 2003, 9, 6083; A. Zhang, et al. JACS 2004, 126, 6658.
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Presentation Notes
So far, several homologous series of dendronized polymers have been synthesized and their properties investigated. Prof. Schlüter’s group contributed significant part to this area. One typical structure is shown here. This is the polymer backbone, a polymethacrylate and this is the fourth generation dendron. 

The colored part is just to shown you more clearly the functional group in the periphery, which can be easily de-protected. These functional groups afford dendronized polymers with engineerable surface.



Please note: Only one repeat unit of a 1000 is shown.

Different polymerization techniques were applied. But I will not talk about it. Ask me afterwards



There are quite some other research groups involved in dendronized polyer area, such as....

�


R TAE—: BN R EY)

Protein, single a-helix

NHBoc
(S

K

~—N
Boc¢ N=\(S) Boc
0(S§>§<'S) 0
o_0O
A,

SSSS-PG2

DNA, double helix

sy N
Boc N N’R\(S) Boc

S
N H
Boc /-
m/® © O(S)PTS)

RSSS-PG2

NHBoc
S) O(S) %B“ S
NS  H N— () ﬁ
N 5 Boc

SSRS-PG2

Collagen, triplex

NHBoc NHBoc

® C@
S
d;E§£; Hﬁﬂs)MBoc
(S)PTS) o

o._0O

£,

SSSR-PG2

Chem. Asian J. 2007, 2, 1540-1548; Chem. Eur. J. 2008, 14, 6924— 6934;
J. Phys. Chem. B, 2009, 113, 14868-14876.
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Presentation Notes
Why we develop amphiphilic dendronized polymer? The idea comes from nature. In nature, most biological macromolecules possess ordered secondary structure, such as most protein are single a-helix, , DNA are double helix and collagen are triplex. Those unique structures direct their specific functions in living systems. To mimic them,


&Y G

Me gMe M EtOJ
o OEt et
M M EtO
g‘{g | . Q pEt [o&go gg 03 g;)zt Ets
TEG
s IR
EtO, ~Q 8— 3 Et[OEt
EtO~, 33 o © }:§o © [gOEt
PG1(MT) PG1(MD) 03 o e © © 56
~_ O e 0 OEt
63 °C 43°C 33°C £ 50 ONONQQ o K 56 %y
© ° OE%( PaY e g
OEt
-0
[g 0 e O\}/p
v EO §60° g 4,
5, (%0»50”0 Wy ool
T, g
n goa
PG3(ET)
()
PG2(MT) PG2(MD) 34°C
64°C 48 °C 36°C

coolin

Macromolecules 2008, 41, 43-49; Macromolecules 2008, 41, 3659-3667. Chem. Commun., 2008, 5523-5525;
Chem. Commun., 2008, 5948-5950.J. Polym. Sci. Part A: Polym. Chem. 2009, 47, 4530-4534.
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ZBEFEE:

Afang Zhang, and A. Dieter Schlueter, Chapter 4 in Designing Dendrimers (ed. S. Campagna,
P. Ceroni, and F. Puntoriero), pp 95-120. Wiley 2012, Hoboken.

Designing
Dendrimers

Wen Li, and Afang Zhang, Stimuli-Responsive Dendronized Polymers.
Encyclopedia of Polymer Science and Technology 2012, accepted
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Thanks for your attention /

Any Question?
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