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Synthesis of Porphyrin Cored Hyperbranched Polymers

LANCE J. TWYMAN*, YI GE and PETER J. GITTINS
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(Received 14 January 2006; Accepted 17 February 2006)

Reversible transesterification has been used to syn-
thesize a porphyrin cored hyperbranched polymer.
Fractionation, followed by UV and mass spectroscopic
analysis, revealed that the porphyrin cored had been
incorporated across the complete molecular weight range
of the polymer and with a high degree of incorporation
(approaching 100%). These fractionated samples there-
fore represent simple/crude analogues of porphyrin
cored dendrimers.
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INTRODUCTION

Recent attempts to mimic the function of porphyrin
containing biological molecules embed active por-
phyrin units within the globular structure of a
perfectly branched dendrimer [1,2]. These systems
perfectly mimic both the shape/size and function-
ality of various porphyrin containing proteins, and
currently represent the “state of the art” with respect
to biomimetic design [3,4]. Despite their success and
potential, the synthesis of core functionalized
dendrimers is expensive, time consuming and
arguably limited to small scale laboratory samples.
In an effort to overcome these problems, simpler, less
perfect macromolecules known as hyperbranched
polymers (HBPs) were developed [5,6]. Despite high
poly-dispersities and structural imperfections, HBPs
retain almost identical physical properties to their
perfectly branched mono-dispersed dendrimer
counterparts. Nevertheless, hyperbranched poly-
mers do differ from dendrimers in one important
respect. Although it is relatively easy to incorporate
an exotic or functional core within each and every
dendrimer molecule, it remains a significant chal-
lenge to incorporate a functional/exotic core across

the complete molecular weight range of a hyper-
branched polymer (particularly with a high level of
integration) [7]. An even distribution of a functional
core across the full molecular weight range is an
essential requirement for many applications where it
is imperative to know the effect of molecular weight
on a particular core property. In this paper we
describe the first synthesis of an exotically cored
hyperbranched polymer. Specifically, we describe
the synthesis of a porphyrin cored hyperbranched
polymer whose core unit has been evenly incorpor-
ated across all molecular weights, with an almost
100% level of incorporation.

RESULTS AND DISCUSSION

Based on our previous work, we proposed that a
suitably functionalized porphyrin core could be
incorporated across the complete molecular weight
range of a hyperbranched polymer if reversible/
equilibrium chemistry was applied [8,9]. The
synthetic procedure is shown in Scheme 1 and is
based on a method previously described by Voit
et al. [10] Specifically, the synthesis involves the
reversible transesterification polymerization of an
excess of the branching monomer 3–5 diacetoxy-
benzoic acid 1, in the presence of the tetra-acetate
porphyrin core unit 2 (7.0 mole %). GPC analysis of
the product 3 in THF gave an Mn of 5100 Da
(relative to linear polystyrene standards) and a
polydispersity of 2.11. The degree of branching was
calculated from 1H NMR to be 49% [10]. 1H NMR
spectroscopy further confirmed the porphyrins
incorporation, showing a distinct (new) resonance
from the porphyrins aromatic protons at 8.22 ppm.
When the same NMR sample was “doped” with

ISSN 1061-0278 print/ISSN 1029-0478 online q 2006 Taylor & Francis

DOI: 10.1080/10610270600643548

*Corresponding author. E-mail: l.j.twyman@sheffield.ac.uk

Supramolecular Chemistry, June 2006 Vol. 18 (4), pp. 357–360

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
8
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



the tetra-acetate porphyrin core unit 2, an
additional peak could be seen at a slightly lower
chemical shift (8.20 ppm), confirming covalent
attachment of the porphyrin core within the
hyperbranched polymer. Control over molecular
weight could be achieved by varying the amount of
porphyrin core added to the reaction mix (i.e. when
less or more porphyrin was used higher or lower
molecular weight polymers were obtained respect-
ively). When the same polymerization was carried
out in the absence of any core, an Mn value of
150,000 Da and a polydispersity greater than 6.0
was obtained. These experiments clearly show that
the porphyrin core (and the reversible conditions

adopted), are having an effect on the polymeriz-
ation and helping to control the molecular weight
and polydispersity.

The extent of core incorporation can be assessed
by comparing the Mn values obtained from a bulk
property (GPC) with those calculated using an
independent property (only) associated with the core
unit [8,9]. Quantitatively comparing the porphyrins
p-substituted phenyl doublet at 8.22 ppm with the
polymers terminal acetoxy peak at 2.21 ppm (from
the polymer’s 1H NMR spectrum), enabled us to
calculate an Mn value of 8150 Da. A similar value of
Mn was obtained from UV (i.e. molecular weight
determined from the porphyrin concentration of
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SCHEME 1 Synthesis and idealized representation of a porphyrin cored HBP.
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a known mass of polymer). Although at first
the discrepancy between the core (NMR/UV) and
bulk (GPC) values for Mn suggested that the level of
incorporation was less than 100% (,60%), it should
be noted that GPC calibrated against linear poly-
styrene is well known to underestimate the
molecular weights of dendritic molecules [11].
Taking these deviations into account, we can be
sure that the level of core incorporation is much
higher than the 60% indicated from these two Mn
ratios. Although these results tell us that porphyrin
cored hyperbranched polymers have been syn-
thesized, it is possible that the porphyrin cores are
concentrated in one particular molecular weight
fraction (i.e. the low or high molecular weight
fractions). If this were the case, any assessment of
core property related to polymer size would be
speculative and difficult. The bulk polymer was
therefore fractionated (using preparative GPC) [12]
and the level of core incorporation assessed for each
fraction using the methods described above. Four
fractions were collected and their Mn values
determined using UV (core) and bulk (GPC)
methods; the results from this analysis are shown
in Table I. When comparing the ratio of Mn for each
of the fractionated samples (from bulk and core), a
similar level of incorporation to that obtained from
the bulk polymer was observed (60 ^ 3%). These
results clearly indicate that the porphyrin core is
evenly distributed across the complete molecular
weight distribution of the hyperbranched polymer.
Furthermore, when considering the errors involved
in estimating molecular weights from GPC cali-
brated with linear standards, we can conclude that
the porphyrin cores have been incorporated across
all molecular weights, with a level of incorporation
higher than the 60% indicated from chromatography
and spectroscopy.

As with our previously reported work [8], more
information regarding the level of core incorpor-
ation can be obtained using electrospray mass
spectrometry. For the bulk polymer, a series of peaks
with decreasing intensity were observed (as is
typical for a polydisperse system). Analysis of the
spectra revealed that each peak was separated by a
single monomer unit (178 Da). The mass spectra of
the most narrowly dispersed fractionated samples
[13] showed a Gaussian shaped series of peaks all
separated by 178 D (the average monomer unit).

Further analysis revealed that each peak corre-
sponded to an individual polymer molecule
possessing a single porphyrin core plus n-monomer
units, Fig. 1. Peaks corresponding to polymeric
products without porphyrin core were not detected.
This tells us that the level of core incorporation is
very high for these fractions. When considering this
information alongside the fractionation results
described above (which showed that the porphyrin
core was incorporated evenly across the complete
molecular weight range), we can conclude that each
and every polymer molecule possess a porphyrin
core (i.e. a level of core incorporation approaching
100% has been achieved for the bulk polymer).
Therefore, we have achieved our desired aim of
incorporating core units evenly throughout the
polymeric mix, which in turn allows us to study
various properties with respect to the polymers
molecular weight, in effect allowing us to treat the
various (narrowly dispersed) fractions as pseudo
dendrimers.

CONCLUSIONS

When considering all of the spectral and fraction-
ation data together, we can conclude that porphyrin
cores have been incorporated evenly, and with a very
high level of integration, across the complete
molecular weight range of the HBP. These polymers,
along with their fractionated samples, can be
considered as “pseudo” dendrimers and any effects
relative to molecular weight (size) can be measured
with a relatively high degree of confidence. Overall
the methodology described is generic and should
allow for a variety of functional cores to be
incorporated within these and similar ester based
hyperbranched polymers. Work is progressing in our
laboratory to establish whether or not these simple
porphyrin containing polymers have the same core
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FIGURE 1 The ESMS of a fraction sample of the HBP 3.

TABLE I Bulk and core Mn values for fractions of the HBP.

Mn Bulk (GPC) Mn Core (UV) Mn Ratio (Bulk:Core)

3150 5050 0.62
5500 9850 0.57

11,200 18,250 0.61
15,050 26,500 0.57
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isolation and surface properties of their (much more
complicated) dendrimer analogues.
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