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Abstract—Although the solid-phase mode is an excellent strategy for the preparation of both biomolecules and small molecules,
the synthesis of polyproline-based dendrimers has provided evidence that the capacity of the bead is limited. This phenomenon,
which can be interpreted as saturation or stress of the resin, can lead to a complete breakdown of the bead structure. © 2003

Elsevier Science Ltd. All rights reserved.

1. Introduction

Modern Chemistry owes a great debt to R. Bruce
Merrifield for the establishment of the solid-phase
method for the synthesis of peptides.! In the sixties,
seventies, and most of the eighties, the solid-phase
approach was mainly applied to the synthesis of
biomolecules such as peptides,> oligonucleotides,?
oligosaccharides,* and related non-natural polymers
[oligocarbamates,® peptide nucleic acids (PNA)® etc.].
At the beginning of the nineties the publication of the
seminal paper by Jon Ellman, which described the
solid-phase synthesis of a benzodiazepine library,”® can
be considered as the start of a new era in synthetic
chemistry.® More recently, solid-phase strategies have
also been used for the synthesis of more complex
polymers such as dendrimers.'® Thus, it is possible to
affirm that Merrifield’s prediction: “...it seems quite
clear that a gold mine is awaiting the organic chemist
who would look to solid supports for controlling and
directing his synthetic reactions”!! is now a reality.

The most significant difference between the solid and
solution phases is the presence of the solid support in
the former case.'? The success of a particular synthetic
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process is therefore strongly related to the choice of
support and its performance. What is the role of the
solid support in the synthetic process? While the handle
or linker should be thought of as a protecting group,'?
the solid support should be considered as being
analogous to a co-solvent.'* For example, when a reac-
tion is carried out on a polystyrene solid support, it can
be considered that toluene is a co-solvent in the
reaction.

One of the problems associated with the solid-phase is
the degradation and even the destruction of the bead.
The reasons reported for this phenomenon are: (i) lack
of stability to acidic, basic, reducing and oxidizing
conditions used in the reactions; (ii) mechanical erosion
of the bead, e.g., energetic stirring; (iii) the beads are
not sufficiently stable to withstand the repeated solvata-
tion and drying associated with a large number of

synthetic steps.
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Scheme 1. Solid-phase strategy for the preparation of proline-
based dendrimers.
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Figure 1. Photomicrographs of representative beads at different generation stages.

We describe here another possible cause of bead degra-
dation, which is related to the mass/volume ratio of the
compound anchored on the bead. This phenomenon
can be related with the concept of saturated solutions.
In contrast to the situation in saturated solutions,
where the solute precipitates, in a saturated solid sup-
port the complete breakdown of the bead occurs. It is
proposed that this phenomenon can also be called
stress of the bead.

2. Results and discussion

Polyproline-based dendrimers were synthesized follow-
ing an orthogonal convergent (reversed approach, from
in to out)" strategy—as described previously (Scheme
1)'®17 —on a p-methylbenzhydrylamine (MBHA) resin
(loading 0.40 mmol/g).

Dendrons (e<) of 13 residues (two branches of 6
residues each) built on an imidazoline branching unit
were sequentially incorporated onto MBHA resin. This
strategy involves very few synthetic steps on the resin
(deprotection and incorporation of each dendron) and
therefore precludes the occurrence of the phenomena
described above that typically give rise to solid support
degradation. All resin beads containing different gener-
ations of dendrimers were swollen in CH,Cl, to assess
their physical appearance by optical microscopy.

Figure 1 shows representative photomicrographs of
beads at different generation stages. There is evidence
of some deterioration of beads even at G2. This process
is more marked in G3 dendrimers, where some of the
beads have completely burst.

250 0
—m—G1

bead diameter (um)

50

0

~ < M~ O M O O N O 0
- T T O &N N M

bead #

< N~
@ ™

Figure 2. Correlation between average diameter (um) versus
generation.
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Figure 3. Sketch of the tension suffered by the beads and photomicrograph of totally destroyed bead(s).

Figure 2 shows the correlation between average diame-
ter (um) and generation (approximately 40 beads were
analyzed for each generation). Taking into account
these data, the volume (V1) of the bead at G1 (genera-
tion 1) is clearly superior (more than 4 times) to V0.
However, this huge increase in the volume is not associ-
ated with the transition from G1 to G2. Indeed, V2 is
32% larger than V1 but V3, determined from those
beads that had not burst, shows only a moderate
increase when compared with V2. This situation pro-
vides more evidence for the idea of resin saturation.

Similar results were also observed when a hydroxy-
methyl (Merrifield) resin of lower loading (0.23 mmol/
g) was used.

Bradley and co-workers described briefly a similar phe-
nomenon when high-loading resins using a dendrimer
approach were prepared.'®2° These researchers describe
how their larger beads are not as robust as the smaller
beads due to two factors: (i) a solvent shock that causes
the beads to shatter, necessitating a gradual change
from one solvent to another and gentle handling;?° and
(i) the rapid formation of CO, within the bead, which
then diffuses through the polystyrene matrix, during the
removal of the tert-butoxycarbonyl (Boc) group with
trifluoroacetic acid (TFA).'® Although these two factors
could partially contribute to the phenomenon in ques-
tion, they do not apply in our case because just one
solvent, DMF, was used in all processes and TFA was
not used at all.

3. Conclusions

The solid-phase preparation of polyproline-based den-
drimers has provided evidence that the capacity of the
bead is limited. High ratios of dendrimer mass to bead
volume could lead to a situation where most of the
beads experience enormous tension. These points of
tension evolve and give rise to stress in the bead, which
eventually bursts (Fig. 3). This process can also be
envisaged in terms of a saturated resin, in analogy to a
saturated solution. Therefore, special care should be
taken when the solid-phase is used for the preparation
of this kind of globular macromolecule.

3.1. Experimental protocols

Solid-phase synthesis of the dendrimers was carried out
as described previously on an MBHA resin (0.40 mm/g,
after partial incorporation of a glycine residue to
reduce the initial loading of 0.68 mmol/g provided by
the supplier, Novabiochem AG., Liufelfingen, Switzer-
land).'®!” Optical microscopy was carried out using an
Olympus BH2-UMA (100x).
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