Divergent method:

Synthesis of a dendrimer according to the divergent method (Fig. 2.1) proceeds

stepwise starting from a multi-functionalised core building block, to whose reactive coupling sites C new branching units in the form of dendritic branches are

attached via a reactive terminal functionality F. During reaction, other func-

tional groups of the branching unit are protected as indicated by the letter P.

An advantage of the divergent method – which was the first to be developed

[1] – is the attainable high-molecular (nano)scaffold architecture as well as the

possibility of automation of the repetitive steps. The divergent method is there-

fore the method of choice for – commercially available – POPAM and PAMAM

dendrimers (see Section 4.1).
One disadvantage of this synthetic methodology is seen in the exponentially

increasing number of functional terminal groups (K
Mn

; see Section 1.2),

since they cannot always be made to react quantitatively and thus give rise to

structural defects. Such defects cannot always be avoided, even on addition of

large excesses of reactants. Moreover, purification and separation of structurally

perfect from defective dendrimers are problematic because the compounds have

very similar properties.
Convergent synthesis
The convergent synthesis strategy proceeds in the opposite direction, from the

periphery to the core, that is from the outside inwards. (Functionalised) dendri-

mer components (“dendrons”) are bonded to the reactive terminal groups linked

to a focal point of a multifunctional core unit. The CFP symbolism is again

used to illustrate the principle of the synthesis (Fig. 2.2).

Because of the small number of reactive terminal groups involved, this type

of synthesis has the advantage that it does not produce the structural defects

(e.g. missing branches in higher generations) often observed in the case of the

divergent synthetic route. Moreover, this synthetic method can be performed

with equimolar quantities – without any need for large excesses – thus facilitat-

ing preparative work-up. The by-products formed – owing to incomplete reac-

tion of bulky dendrons with the branching unit – differ drastically in molecular

mass and can be removed more easily after each step than in the case of diver-

gent synthesis.

The dimensions of dendrimer growth are subject to limitations set by steric

hindrance during reaction of the dendrons at the periphery. This is the reason 

why this synthetic strategy is used mainly for the preparation of lower-genera-

tion dendrimers [5]. Hence divergent and convergent syntheses are in a way

complementary
Overall Selection of divergent vs. convergent:

The convergent synthetic strategy is well suited for the production of macro-

molecular architectures such as segmented-block dendrimers, which bear either

he same or different generations of dendrons, but with different molecular

caffolds linked to a core unit. This type of dendrimer is of interest owing to its

multifunctionality.

In the case of surface-block dendrimers, the dendrimer periphery exhibits differ-

nt functionalities in specific molecular segments. They are formed by coupling

f dendrons differing in the nature of their terminal functionalities to a com-

mon core unit (cf. Section 3.2.1) [6, 10].
Brush copolymer

atom transfer radical polymerization (ATRP)
On the other hand, ATRP has been used for homopolymerization of macromonomers prepared by cationic polymerization. In that study, the polymerization of

methacrylate terminal poly(isobutylvinyl ether) yielded a densely grafted brush

copolymer. The copolymerization of MMA-terminated polyMMA with BA by ATRP lead to well deﬁned grafts with a more uniform distribution of grafts than

attainable in either a conventional radical process or an anionic polymeriza-

tion.  Similar results were obtained using poly(dimethylsiloxane) macromono-

mers with methacrylate functionality in copolymerization with MMA.

Densely grafted copolymers (also called ‘‘bottle–brush copolymers’’) contain a

afted chain at each repeat unit on the polymer backbone. As a result, the macro-

olecules adopta more elongated conformation.Within the context of ATRP, exam-

es of bottle–brush copolymers have been provided.  Synthesis of the

acroinitiator was achieved through one of two approaches. One method used con-

ntional radical polymerization of 2-(2-bromopropionyloxy)ethyl acrylate in the

esence of CBr4 to producea macroinitiator with Mn =  27,300, and high polydis-

rsity Mw  / Mn =   2.3. The alternative involved ATRP of 2-trimethylsilyloxyethyl

ethacrylate followed by esteriﬁcation of the protected alcohol with 2-bromopro-

onyl bromide. While synthetically more challenging, the latter method provided

