The

University
o Of
»  Sheffield.

This is a repository copy of Controlling microenvironments and modifying anion binding
selectivities using core functionalised hyperbranched polymers.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/98383/

Article:

Twyman, L.J., Mann, G. and Gale, P.A. (2016) Controlling microenvironments and
modifying anion binding selectivities using core functionalised hyperbranched polymers.
Chemical Communications, 52 (36). pp. 6131-6133. ISSN 0009-241X

https://doi.org/10.1039/C6CC02731H

This article is licensed under a Creative Commons Attribution 3.0 Unported Licence.
https://creativecommons.org/licenses/by/3.0/

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

\ White Rose o
university consortium eprints@whiterose.ac.uk
/,:-‘ Uriversities of Leecs: Shetfiekd & York https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

fﬁf}gﬂ.ﬂ, View Article Online

View Journal

ChemComm

Accepted Manuscript

This article can be cited before page numbers have been issued, to do this please use: L. J. Twyman, G.
Mann and P. A. Gale, Chem. Commun., 2016, DOI: 10.1039/C6CC02731H.

s s s s This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's

standard Terms & Conditions and the Ethical guidelines still

@Hsm apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript

Or any consequences arising from the use of any information it

contains.

ROYAL SOCIETY
OF CHEMISTRY WWW.rsc.org/chemcomm


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/C6CC02731H
http://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/C6CC02731H&domain=pdf&date_stamp=2016-04-08

Page 1 of 3

Published on 08 April 2016. Downloaded by University of Sheffield on 12/04/2016 12:35:11.

ChemComm

Journal Name

View Article Online
DOI: 10.1039/C6CC02731H

ROYAL SO

IETY
OF CHEMISTRY

Controlling microenvironments and modifying anion binding
selectivities using core functionalised hyperbranched polymers

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

www.rsc.org/

An isophthalamide anion binding site has been incorporated into
hyperbranched polymers resulting in a change in the selectivity of
the receptor from chloride to bromide.

Isophthalamides have been explored as hydrogen bond
donating receptors for anions® and have been employed in a
number of anion sensor’ and transporter3 applications.
Embedding supramolecular receptors within hyperbranched
polymers should provide a microenvironment around the
binding site that will modulate the binding properties of
receptor. Highly branched globular macromolecules possess
architectures similar to the three dimensional/tertiary
structure of proteins.4 Hyperbranched polymers (HBPs) can be
synthesised relatively easily and techniques exist to
incorporate binding sites within the internal domain of the
globular structure.” Such an approach allows precise control of
both the nature of the binding site, and the microenvironment
around it. Specifically, the hyperbranched polymer can effect
both the steric and electronic properties of the binding site.®
As such, these functionalised synthetic macromolecules can
mimic the controlled internal space and therefore the binding
environment found within bio-macromolecules.?

Results from previous work using core functionalized HBPs has
shown that binding affinities are initially improved as the
polymer’s molecular weight/size increases.” This is due to the
microenvironment provided by the polymeric structure. This
increase in binding occurred until the molecular weight
exceeded 6000-8000 Da. When molecular weights exceeded
this value, there was a sharp decrease in the binding affinity.
This property is also observed in dendrimers 8 and the point at
which this occurs is referred to as the dense packed/shell
limit.> Therefore we planned to use the same hyperbranched
polymeric system, that the monomer 3,5-
diacetoxybenzoic acid, and aim for polymers with molecular
weights below and above the previously observed dense
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packed limit. This can be done with relatively good control by
varying the core to monomer ratio.’ In this communication
we report the anion binding properties of an isophthalamide 1
core unit within a hyperbranched polymer (formed from 3,5-
diacetoxybenzoic acid) and compare the binding to a simple
isophthalamide control molecule independent of
hyperbranched polymer. Specifically, we describe how the
binding affinities for a series of halides were reversed (with
respect to the hard and soft character of the anion), when
compared to those measured using the simple isophthalamide
control ligand.

Results and Discussion

The isophthalamide selected for our study possessed 2 acyl
units that would initiate polymerisation of the hyperbranched
polymers via a trans-esterification process. The acylated core
selected would also be used as the ligand for our control
studies. As such, compound 1 was prepared by reaction of
isophaloyl chloride with 2 equivalents of 3-aminophenol in
DMF in the presence of Et;N. The intermediate isophthalamide
was obtained in 64% yield after purification.

DMF

OY()YO
Cl 3 Cl OY@YO
+ EtsN
NH,
2 @
OH
2

Pyridine

Scheme 1 Synthesis of the reference and polymer core compound 1
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Scheme 2 Synthesis of the hyperbranched polymers 2 and 3 (with core to
monomer rations of 1:5 and 1:20 respectively).

This compound was acetylated by reaction with an excess of
acetyl chloride in pyridine. After removal of pyridine via
vacuum distillation, the crude product was purified by
recrystallization from dichloromethane and petroleum ether,
to give the final acetylated isophalamide 1 in 65 % yield,
Scheme 1.

We decided to synthesise two polymers containing the
isophthalamide core; one above the dense packed limit and a
second smaller polymer that fell below it. This would allow us
to explore the specific electronic environment around the host
anion binding core, in addition to steric effects. The
hyperbranched polymers were synthesised using a core ratio
of 1:5 and 1:20, for the small and large hyperbranched
polymers respectively. Both reactions were carried out using
a modified version of the procedure previously reported.7’12 N,
N—bis(4-acetoxyphenyl)isophthalamide was added to the
monomer 3,5-diacetoxybenzoic acid (in a 1:20 or 1:5 mole
ratio). These were then heated with an equal weight of
diphenyl at 225 °C for a period of 45 minutes. The
temperature was then lowered to 180 °C and the system was
placed under a low vacuum for a period of 4 hours. This
allowed removal of the acetic acid by-product and steered the
reaction to completion with the formation of a glass-like solid.
The use of reversible chemistry ensures that the core is
integrated with a very high level of incorporation (approaching
100% - see reference 5a). The final products were obtained by
precipitation into methanol from the minimum amount of
(warm) THF. The procedure was repeated twice more and the
white solids formed washed thoroughly with cold methanol

2| J. Name., 2012, 00, 1-3

Figure 1 Titration plot showing the change in NH shift position for the larger
HBP 3 (5 mmol) and bromide (as the tetrabutylammonium salt).

and dried prior to71 % vyield respectively. A representative
structure is shown in Scheme 2.

The stability constants for compound 1 with a series of halides
added as their tetrabutylammonium salts were determined by
"H NMR titration techniques Bin CDCI3.u Job plot analysis was
used to determine the stoichiometry of the complexes formed
which was found to be 1:1.* The results are shown in Table 1.
Job plots and 'H NMR titrations were repeated with
hyperbranched polymers 2 and 3. The tritration plot for the
larger HBP 3 and bromide (as the tetrabutylammonium salt) is
shown in Figure 1. It was found that 1:1 complexes with
halides were formed in all cases. As we increased the steric
bulk around the receptor, we noticed a drop in the binding
affinities of fluoride and chloride. Specifically, the affinity
dropped as we moved from receptor 1 to hyperbranched
polymers 2 and 3 respectively (for each anion). Interestingly,
we observed that although there is a drop in affinity, there is
little difference between the affinities of HBPs 2 and 3, despite
the increased steric bulk. This is presumably due to the
relatively small size of the fluoride and chloride guests. On the
other hand, the larger bromide behaves very differently and
there is a significant enhancement in binding with this anion,
as we go from compound 1 to HBPs 2 and 3. As such, both
HBPs are selective for bromide, Table 1.

Table 1 Stability constants for the anionic complexes of compound 1 and HBPs 2 and 3
measured at 25 °C in CDCl5.?

Anion Compound 1K, (M?)  HBP2 (M) HBP 3 (M)
F 8900 (+18%) 1900 (+15%) 2300 (+15%)
cr > 10" (+15%) 1700 (+21%) 1200 (+18%)
Br 5900 (+15%) 10500 (+22%) 11000 (+16%)
r 800 (+15%) 3650 (+15%) 1400 (+15%)

Errors shown in brackets

We also observed that the affinity for iodide is highest in HBP 2
followed by HBP 3 and then compound 1. Presumably, for both
bromide and iodide the larger anions can interact with the
polymer’s & system.15 This m-aromatic interaction is in addition
to the hydrogen bonding, as evident from the NH (and Ar-H)

This journal is © The Royal Society of Chemistry 20xx
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shifts recorded during the NMR titrations. Therefore, the
hydrogen bonding and m-aromatic interactions are working
cooperatively to generate a higher binding constant for the
larger halide anions; this is despite the obvious steric
interactions.

In addition to obtaining higher binding constants for the larger
anions, we also noticed that the relative binding with respect
to hard (fluoride and chloride) and soft (bromide and iodide)
anions was effectively reversed. That is, although the order is
not completely reversed with respect to each anion studied,
binding does separate into two distinct groups. For example,
the anions bound to the control ligand 1 in the following order;
harder anions (chloride/fluoride) binding more strongly than
the softer anions (bromide/iodide). In this respect the order
appears to be related to the Hofmeister series.’® However,
when hyperbranched polymers 2 and 3 were used, the order
switches to the harder (chloride/fluoride)
(bromide/lodide) binding less strongly than softer anions
(bromide/lodide). This change in selectivity is also attributed
to local environment generated by the hyperbranched
polymer (around the binding site). Specifically, cooperative -
interactions *° supporting the hydrogen bonding from the

anions

core.

Conclusions

By embedding an isophthalamide unit within a hyperbranched
polymer it is possible to shift the selectivity of the binding site
towards larger charge diffuse halides. We have concluded that
this enhanced binding is due to a combination of hydrogen
bonding and m—aromatic interactions working cooperatively to
generate higher binding constants. This interesting finding
demonstrates that hyperbranched polymer based receptors
may have unique properties that are largely unexplored.
Overall, the selectivity trend for the polymers shows that
bromide binds strongest and the chloride the weakest.
Effectively, the trend is reversed when compared to the
reference isophthalamide receptor 1, which binds chloride the
strongest and iodide the weakest. This therefore confirms that
the microenvironment around a specific binding site/receptor
can have a large effect on its binding potential and selectivity.
Work is progressing in our laboratories to further study and
exploit these properties, as well as studying the effect of
structure and environment on the binding properties of other
In addition, we also plan to extend the study using
alternative solvents that may direct or exclude binding at the
polymeric isophthalamide core.

anions.
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Notes and references

FHBPs with anion binding groups at their periphery have been
reported and show interesting binding related to polyvalence
effects. Initially binding involves two receptors bindings a single
anion with 1:1 binding being observed as anion concentration
increases. However, the receptors are not within the polymeric
structure and changes in binding behaviour related to controlled
microenvironments do not occur.”’

% A typical titration was carried out using a standard NMR
titration technique. Samples of host solution were prepared
with a known concentration in CHCl; (1-10mM). Guest solutions
were prepared in CDCl; with concentrations ranging from 0.1-1.0
M. Each titration began with 0.7 mL of the host species in an
NMR tube. The anionic guest was added in aliquots (10-25 pL) to
the host. The fitting software used took account of dilution.
NMR scans (32) were run following each addition and the
position of the NH chemical shift (ppm) was monitored.
Solutions were made up fresh and used immediately after
preparation. Anionic guests were added as
tetrabutylammonium salts. Topspin 2.6 software was used to
process the NMR spectra generated. Changes in chemical shift
were fitted to a 1:1 binding isotherm in Microsoft Excel program.
Experiments were repeated at least 3 times and the biding
constant calculated from each fit. For each anion, the data
presented herein is an average of the 3 binding constants.
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