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ABSTRACT: Self-condensation of AB, type monomers (containing one A-type and two B-type functional groups) generates hyper-
branched (HB) polymers that carry numerous B-type end-groups at their molecular periphery; thus, development of synthetic meth-
ods that directly provide quantitatively transformable peripheral B groups would be of immense value as this would provide easy
access to multiply functionalized HB systems. A readily accessible AB, monomer, namely diallyl, 5-(4-hydroxybutoxy)isophthalate was
synthesized, which on polymerization under standard melt-transesterfication conditions yielded a peripherally clickable HB polyester in
a single step; the allyl groups were quantitatively reacted with a variety of thiols using the facile photoinitiated “thiol-ene” reaction to
generate a wide range of derivatives, with varying solubility and thermal properties. Furthermore, it is shown that the peripheral allyl
double bonds can also be readily epoxidized using meta-chloroperoxybenzoic acid to yield interesting HB systems, which could
potentially serve as a multifunctional cross-linking agent in epoxy formulations. © 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131,
40248.
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INTRODUCTION

Hyperbranched (HB) polymers (HBPs) exhibit several of the func-
tional properties that are typically associated with the structurally
perfect dendrimeric analogues; however, they are a lot easier to
prepare and, therefore, are more attractive from the applications
viewpoint, especially in situations where high polydispersity, which
is an intrinsic feature of HBPs, is not a major drawback.'™ The
main similarity between dendrimers and HB polymers is that both
of them adopt compact conformations and, when suitably func-
tionalized at the periphery, can be viewed as dense nanoscale
molecular entities that could function as drug delivery vehicles,*’
imaging agents,” nanocontainers,® and so on. One of the impor-
tant strategies to expand the scope of potential applications of
these systems is to impart multiple functions by suitable modifica-
tions of their molecular periphery. Extensive studies have explored
this strategy using dendrimers to create systems for targeted drug
delivery.” Thus, it is evident that the development of new synthetic
methodologies to directly access HBPs that could be readily func-
tionalized at their periphery, using simple and quantitative reaction
schemes, would add substantial value to this class of polymers.

During the past decade, a class of reactions that occur under mild
conditions, in a quantitative fashion, has been termed as click

reactions; this term initially referred to the Cu(I)-catalyzed 1,3-
dipolar cycloadditon reaction between an organic azide and an
alkyne developed by Rostovtsev et al.'” but was later generalized
to include other reactions, such as the thiol-ene reaction, thiol-
yne reaction, and so on.'"'? Recently, we described some novel
synthetic strategies for the preparation of azide-yne clickable poly-
ethers'® and polyesters'* using simple melt polycondensation; we
also demonstrated that the peripheral groups can be readily trans-
formed to impart a variety of different properties. Furthermore,
we showed that the clickable polyesters can be functionalized
with both hydrophobic and hydrophilic segments; such systems
were shown to reconfigure and segregate the two segments and
form Janus structures,'> wherein the peripheral molecular surface
of the HBP carries two different types of moieties (Janus comes
from the Greek god with two different faces). This observation
clearly demonstrated the remarkable ability of the branched poly-
mer backbone to undergo conformational reorganization. To fur-
ther expand the scope of the click-based functionalization, it
would be very useful to design HB scaffolds onto which thiol-ene
click reactions can be performed; this obviously enriches the area
by providing a greater choice of functionalities that can be clicked
and it also widens the range of conditions under which the reac-
tion can be performed, such as under metal-free photo-initiated
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reaction conditions. Keeping this in view, we had recently
reported a simple process to prepare HB polyethers that carry allyl
groups on their periphery using the melt transetherification pro-
cess and demonstrated quantitative transformation of the periph-
eral allyl groups.'® Dendrimers'” and HBPs'® carrying allyl groups
at the periphery have been prepared earlier primarily using a post-
polymerization functionalization step, typically by transforming
the peripheral hydroxyl groups by coupling with allyl bromide;
this approach, apart from requiring an additional step, also often
leads to incomplete conversion. Subsequently, these HB polymers
carrying terminal allyl groups have been used as multivalent
cross-linkers for the preparation of thermosets using thiol-ene
reaction.'” In this study, we describe a simple approach for the
preparation of HB polyesters that carry clickable peripheral allyl
groups; the most important advantage of this approach is that the
AB, monomer can be easily prepared from a readily available
starting material, namely 5-hydroxy isophthalic acid, and the
HBP carrying peripheral allyl groups can be prepared in a single
step using a solvent-free melt polymerization, which should make
them more commercially valuable. Furthermore, unlike the previ-
ously reported polyethers,”® which were limited to benzylic-type
polyethers that are susceptible to acid-hydrolysis,*" polyesters are
relatively more stable and possess distinctly different properties.
Importantly, polyesters have a greater potential for commercial
adaptation, either directly or via a copolymerization approach. To
demonstrate the versatility of the peripheral functionalization
process, a variety of segments have been installed onto the periph-
ery of the HB polyester to impart hydrocarbon-solubility, water-
solubility, pH-dependant solubility, and so on.

MATERIALS AND METHODS

All solvents for synthesis were purified before use using stand-
ard procedures.®” 5-Hydroxy isophthalic acid, magnesium turn-
ings, allyl bromide, hexadecane thiol, mercaptosuccinic acid
(thiomalic acid), mercaptoethanol, tetraethylene glycol mono-
methyl ether (TEG), and benzyl alcohol were purchased from
Aldrich Chemical Company and used directly. The proton
nuclear magnetic resonance ("H NMR) spectra were recorded in
a Bruker AV 400 MHz spectrometer using a suitable deuterated
solvent; tetramethyl silane was used as an internal standard. Gel
permeation chromatography (GPC) measurements were carried
out in Viscotek triple detector analyzer model 300 system, with
refractive index (RI), differential viscometer (DV), and light
scattering detectors, which are connected in series with each
other. The separation was affected with the help of two polymer
laboratories (PL) gel-mixed bed columns (300 X 7.5 mm) oper-
ated at 30°C using tetrahydrofuran (THF)/CHCI; as the eluent.
Universal calibration curve based on the data from the RI and
DV detectors, using narrow polystyrene standards, was used to
estimate the molecular weights. The thermal analysis was per-
formed using a Mettler Toledo differential scanning calorimetric
(DSC) instrument at a heating rate of 10°C/min under a dry
nitrogen (N,) atmosphere. The sample of 2-3 mg was initially
heated to a temperature above its melting point (to make sure
that, the sample flows and makes good contact with the pan)
and then cooled; two subsequent heating and cooling runs were
performed to ensure reproducibility.
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5-Hydroxy isophthalic methyl ester (1)

5-Hydroxy isophthalic acid (15 g, 82.4 mmol) was taken in
150 mL of methanol, along with a catalytic amount of H,SO,,
and refluxed for 12 h. The reaction mixture was concentrated,
water was added, and the contents were extracted with ethyl
acetate; the organic layer was washed with aqueous NaHCO;
solution, dried using anhydrous Na,SO,, and concentrated to
give the product. Yield was 98%. Melting point (Mp): 160°C.

'"H NMR (CDCls, 6 ppm): 8.2 (s, 1H, ArCH); 7.76 (d, 2H,
ArCH); 6.28 (s, 1H, ArOH); 3.94 (s, 6H, ArOCHj3).

4-Bromobutylacetate (2)*

1,2-Dibromoethane (92.74 g, 493 mmol) and Mg turnings
(12 g, 493 mmol) were taken in 300 mL dry diethyl ether and
stirred for 3 h at room temperature (RT) under N, atmosphere.
Once the evolution of ethylene gas ceases, indicating complete
formation of MgBr,, the excess ether was removed under
reduced pressure and 200 mL of dry acetonitrile was added,
along with 40 mL of dry THF and 51 mL of acetic anhydride.
The mixture was stirred for 16 h at RT, neutralized with
NaHCOj; solution, and extracted with ethyl acetate; the organic
layer was dried over anhydrous Na,SO,, concentrated, and dis-
tilled under reduced pressure (at 120°C/2.0 mm of Hg) to get
the desired product. Yield = 95%.

'"H NMR (CDCls, § ppm): 4.0 (t, 2H, BrCH,CH,CH,CH,0
COCH5); 3.42 (t, 2H, BrCH,CH,CH,CH,0COCH;); 2.0
(s, 3H, BrCH,CH,CH,CH,O0COCH,); 1.88-1.94 (m, 2H, Br
CH,CH,CH,CH,0COCH;); 1.75-1.79 (m, 1H, BrCH,CH,
CH,CH,0COCH,).

5-(4-Hydroxybutoxy) benzene-1,3-dioic acid (3)

A mixture of 1 (10 g, 47.62 mmol), 2 (13.9 g, 71.43 mmol),
K,CO; (39.5 g, 2857 m mol), and catalytic amount of KI
potassium iodide were taken in 200 mL methyl ethyl ketone
and refluxed at 80°C under N, atmosphere for 12 h. The com-
pletion of the reaction was confirmed by thin layer chromatog-
raphy (TLC). After the reaction was complete, excess solvent
was removed and the residue was extracted with ethyl acetate;
the extract was dried over anhydrous Na,SO, and concentrated
under reduced pressure. The excess of 2 could be removed by
washing the residue twice with pet ether. The crude ester was
taken in methanol and refluxed for 12 h in the presence of
NaOH (10.4 g, 262.24 mmol) to affect hydrolysis. After removal
of the solvent, the residue was neutralized with dilute HCI and
the white precipitate obtained was filtered and dried. Overall
yield was 90%. Mp: 184°C.

'H NMR (CD;OD, § ppm): 8.2(t, 1H, ArCH); 7.7(d, 2H,
ArCH); 4.1(t, 2H, ArCH,CH,CH,CH,OH); 3.64(t, 2H, ArCH,.
CH,CH,CH,OH); 1.86-1.93(m, 2H, ArCH,CH,CH,CH,OH);
1.7-1.77(m, 2H, ArCH,CH,CH,CH,OH).

Diallyl 5-(4-hydroxybutoxy) benzene-1,3-dioate

Compound 3 (5 g, 19.6 mmol) was taken in dimethyl sulfoxide
along with NaHCO; (3.29 g, 39.2 mmol) and allyl bromide
(4.7 g, 39.2 mmol); the mixture was stirred at RT for 36 h. The
completion of the reaction was confirmed by TLC. Water was
added to the reaction mixture and the product was extracted
with ethyl acetate; the organic layer was dried over anhydrous
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Scheme 1. Synthesis of the AB, monomer and its polymerization. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

sodium sulphate and the solvent was removed under reduced
pressure to give the product in 90% yield.

'H NMR (CDCls, 6 ppm): 8.29 (d, 1H, ArCH); 7.74 (d, 2H,
ArCH); 5.9-6.0 (m, 2H, ArOCH,CHCH,); 5.2-5.4 (m, 4H, ArO
CH,CHCH,); 4.8 (m, 4H, ArOCH,CHCH,); 4.08 (t, 2H, ArO
CH,CH,CH,CH,OH); 3.7 (t, 2H, ArOCH,CH,CH,CH,OH);
1.78 (m, 4H, ArOCH,CH,CH,CH,OH); 1.97 (s, 1H, ArO
CH,CH,CH,CH,OH).

Melt Polymerization

The AB, monomer (1.5g, 4.48 mmol) along with 2 mol % of
dibutyl tin dilaurate (DBTDL) was taken in a test tube shaped
polymerization vessel. The mixture was degassed for about 10
min and maintained at 110°C under continuous N, purge to
attain the homogeneous mixture of the monomer and the cata-
lyst. The polymerization was first carried out at 150°C under con-
tinuous N, purge for about 45 min with constant stirring;
subsequently, the polymerization was continued in Kugelrohr for
a period of 45 min under reduced pressure (2 Torr) at 150°C,
with the continuous mixing of the melt through rotation. The
polymer obtained was dissolved in CHCl; and precipitated in
methanol; it was further purified by one additional dissolution
and precipitation to give the product HBP-Allyl in 80% yield.

'H NMR (CDCls, 6 ppm): 8.26(s, 1H, ArCH); 7.72(s, 2H, ArCH);
6.0(t, 1H, ArOCH,CHCH,); 5.2-5.4(m, 2H, ArOCH,CHCH,);
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4.8(5, 2H, AIOCHchCHz); 441(5, 2H, ArCHchchchz_);
4.1(5, 2H, ArCHchchchz_); 1.98(5, 4H, ArCH2CH2
CHchz_).

Clicking with Various Thiols

A mixture of the polymer, HBP-Allyl (500 mg, 1.81 mmol),
and mercaptoethanol (252.8 mg, 3.62 mmol) were dissolved in
10 mL of CHCI; in a quartz test tube, along with the photoini-
tiator 2,2-di-methoxy 2-phenyl acetophenone (46.39 mg, 0.18
mmol); the contents were then irradiated with ultraviolet light
(250 W Hg vapor lamp) for 8 h. The polymer solution was con-
centrated and precipitated in methanol; one additional dissolu-
tion/reprecipitation was carried out to purify the sample.

The thiol-ene reaction with all other thiols namely hexadecane
thiol, mercapto succinic acid, tetraethylene thioglycol mono-
methyl ether, benzyl thiol, and mercaptoethanol were carried
out under similar conditions to give respective thiol-clicked
product. In the case of the mercaptosuccinic acid clicked prod-
uct HBP-TSA, the product was precipitated in water instead of
methanol. The typical yields of the product ranged from 60 to
70%.

HBP-TSA. 'H NMR (CD;OD, § ppm): 8.1(s, 1H, ArCH); 7.68(t,
2H, ArCH); 4.3(s, 4H, —CH,CH,CH,CH,OArOCH,—); 3.9(s, 2H,
—CH,CH,CH,CH,0ArOCH,—);  3.65(t, 1H, ArOCH,CH,
CH,SCH—); 2.6-3.0(m, 4H, ArOCH,CH,CH,SCHCH,—); 2.25(s,
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Figure 1. "H NMR spectra of the AB, monomer, the parent HBP and the benzylthiol clicked polymer; the spectra were recorded using CDCl; as the sol-

vent. The two expanded spectra show peaks due to the presence of residual unreacted allyl groups (<5%) and the splitting of the aromatic peaks due to

the internal aromatic solvent effect. The sharp peaks marked with an asterisk are due to chloroform or water. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

2H, ArOCH,CH,CH,SCHCH,—);
CH,0ArOCH,—).

2.0(5, 4H, _CH2CH2CH2

HBP-ME. 'H NMR (CDCl;, § ppm): 8.2(s, 1H, ArCH);
7.7(m,2H, ArCH); 4.41(s, 4H, —CH,CH,CH,CH,0ArOCH,—);
4.1(s, 2H, —CH,CH,CH,CH,OArOCH,—); 3.75(s, 2H, ArO
H,CH,CH,SCH,CH,OH); 2.69-2.74 (d, 4H, ArOCH,CH,CH,S
CH,CH,OH); 1.98-2.05(m, 6H, —CH,CH,CH,CH,OArO CH,
CH,CH,S—).

HBP-Bz. '"H NMR (CDCls, § ppm): 8.2(t, 1H, ArCH); 7.69(m,
2H, ArCH); 7.19(m, 5H, ArOCH2CH2CH2SCh2ArCH);
437 (m, 4H, —OCH,CH,CH,CH,OArOCH,—); 4.09(s, 2H,
—OCH,CH,CH,CH,0Ar—); 3.71(s, 2H, —ArO CH,CH,CH,S
CH,Ar); 2.5(s, 2H, —ArOCH,CH,CH,SCH,Ar); 1.984(s, 6H,
—CH,CH,CH,CH,0ArO CH,CH,—).

HBP-TEG. 'H NMR (CDCls,  ppm): 8.2(d, 1H, ArCH); 7.7(s,
2H, ArCH); 4.4(s, 4H, —CH,CH,CH,CH,OArOCH,—); 4.1(s,
2H, —CH,CH,CH,CH,0Ar—); 3.5-3.6(m, 8H, —ArOCH,CH,
CH,S—CH,CH,0—); 2.68-2.72(m, 4H, —ArOCH,CH,CH,S
CH,—); 2.02-2.04(m, 6H, —CH,CH,CH,CH,0ArOCH,CH,—).

HBP-C16. 'H NMR (CDCL, & ppm): 8.2(d, 1H, ARCH); 7.7(s,
2H, ArCH); 4.4(D, 4H, —CH,CH,CH,CH,0ArOCH,—); 4.1(s,
2H, _CHchchchzoAr_); 2.6(m, 2H, _ArOCHchchz_);
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2.5(5, 2H, _AI'OCHchzCHzSCHZ_), 199—205(m, 6H, _CHZ
CH2CH2CH20AI' OCHchZ_); 1.23—157(m, 28H, _SCHZ
(CH2)14CH3);0.86(t, 3H, _SCHZ(CH2)14CH3)

Epoxidation of HBP-Allyl

The polymer (500 mg, 1.81 mmol) was taken along with meta-
chloroperoxybenzoic acid (MCPBA) (0.935 mg, 5.41 mmol),
NaHCO; (152 mg, 1.81 mmol), and CHCl; as solvent. The
reaction mixture was stirred at RT for 3 days. The mixture was
filtered and the organic layer was concentrated and precipitated
into methanol; it was further purified by dissolution in chloro-
form and precipitation into diethyl ether. Yield = 66%.

'"H NMR (CDCls, § ppm): 8.21(s, 1H, ArCH); 7.70(s, 2H,
ArCH); 4.64(s, 2H, ArOCH2—); 4.40(s, 2H, —OCH2CH2CH?2
CH20Ar—); 4.09(s, 2H, —OCH2CH2CH2CH20Ar—); 3.34(s,
1H, —OHCHCHCH20Ar—); 2.89(s, 1H, —OHCHCHCH
20Ar—); 2.72(s, 1H, —OHCHCHCH2OAr—).

RESULTS AND DISCUSSION

The AB, monomer was synthesized in two steps starting from
dimethyl, 5-hydroxy-isophthalate, as depicted in Scheme 1; cou-
pling with 4-bromobutylacetate followed by hydrolysis yielded
the intermediate, 5-(4-hydroxybutoxy)-isophthalic acid, which
on treatment with allyl bromide under basic conditions yielded

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40248


http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE WILEYONLINELIBRARY.COM/APP
0 J
o
H{OWO HBP-C16
o)
0
N,
o ~
0
n
H[’ONO

In + hv

HO—~~0 HBP-TSA
R (o)
o \x;}_)\OH
HO
(@]

Applied Polymer

SCIENCE

HBP-Bz

AN
S

Scheme 2. Peripheral functionalization of the HB polyester using a variety of different thiols. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

the required diallyl ester monomer in excellent yield. This AB,
monomer was readily polymerized at 150°C under melt transes-
terification conditions using DBTDL as catalyst to yield the
required HB polyester (HBP-Allyl) as a clear tough solid; the
polymerization is driven to completion by continuous removal
of the condensate, namely allyl alcohol. The GPC molecular
weight of the parent HBP was found to be moderately high; M,,
was around 12,700.

The "H NMR spectra of the monomer and the HB polyester are
shown in Figure 1; the first important observation is that the
spectra reveal that allyl groups are stable under the melt poly-
merization conditions. The other salient changes in the polymer
spectra are: (i) all the peaks are considerably broadened as
expected for high-molecular-weight polymers; (ii) there is a
considerable down-field shift in the methylene protons (peak e)
adjacent to the OH group upon ester formation; (iii) the rela-
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tive intensity of any of the allyl proton peaks with respect to
those of the spacer segment reflects the loss of one of the allyl
groups (h:e goes from 2:1 in the monomer to 1:1 in the poly-
mer); and (iv) the two internal methylene proton peaks of the
butylene spacer (1.7-2.0 ppm) have merged in the polymer
spectrum. The various peaks have been completely assigned, as
shown in the figure, and their relative intensities are consistent
with the expected polymer structure.

Thiol-ene Click Reaction

Thiol-ene click reaction has become an excellent alternative to
the Cu-catalyzed azide-yne reaction, and it has opened the click
strategy to a variety of other functional entities and reaction
conditions; these reactions also tend to be nearly quantitative
and can be performed under mild reaction conditions. Impor-
tantly, the thiol-ene reaction does not require a metal catalyst
and can be performed under photoinitiated reaction conditions,

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40248
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Figure 2. "H NMR spectra of various peripherally functionalized derivatives; the spectra were recorded in CDCl; (HBP-TSA in CD;0D). The inset shows

the y-expanded (10X) region revealing the presence of small amounts of residual allyl peaks; in all cases, however, the extent of reaction was estimated

to be around 90-99%.

which offers it several advantages.'® In this study, the HB poly-
ester carrying numerous allyl groups at their periphery was
reacted with a variety of thiols (Scheme 2), in the presence of a
radical photoinitiator; the reaction was typically conducted by
irradiating a solution containing the HB polyester, the required
thiol and 10 mol % of 2,2-dimethoxy-2-phenyl acetophenone,
which served as the photoinitiator. As a test case, the parent
HBP was clicked with benzylthiol to generate the sample HBP-
Bz; the NMR spectrum of this sample is also shown in Figure
1, along with the peak assignments. It is evident from the spec-
trum that the allyl protons have nearly completely disappeared;
the expanded region is also shown in the figure, from which the
extent of click reaction was estimated to be around 95%. Care-
ful examination of the spectrum of HBP-Bz revealed another
interesting feature; both the aromatic proton peaks appear as
multiplets, as evident from the expansion of this region. By car-
rying out selective irradiation experiments, it was established
that this multiplicity is clearly not due to scalar coupling, but
due to chemical shift differences arising from different types of
repeat units. It is interesting that such clear discrimination is
not seen in the parent polymer and neither is it seen all the
other clicked derivatives (Figure 2); benzylthiol being the only
clicked entity that carries an aromatic unit, it is indeed possible
that it behaves like an internal aromatic solvent.**® We had
earlier shown that addition of an aromatic solvent, like benzene,
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leads to a very dramatic separation of peaks in the '"H NMR
spectra of HBPs, which in turn permitted one to distinguish
between the different types of units, namely dendritic, linear
defects, and terminal units.”” Therefore, in this case, it appears
that the clicked benzyl unit serves as an internal aromatic sol-
vent that leads to a similar effect due to the diamagnetic aniso-
tropic effect of the aromatic ring; assuming that one of the
peaks in the doublet at approximately 7.7 ppm is due to the lin-
ear defect, the rough estimate of the degree of branching was
found to be around 50%, which is along expected lines for a

statistically random growth process of AB, type monomers.***’

The molecular weights of the clicked polymers, as expected,
were substantially higher, with M, ranging from 35,000 to
53,000; except in the case of the sample clicked with mercapto-
succinic acid, HBP-TSA, for which there was a decrease and M,,
was around 5500. One possible explanation for this observation
is that intramolecular H-bonding between the numerous car-
boxylic acid groups could cause the compaction of the polymer
chain leading to a reduction in the hydrodynamic volume, and,
consequently, an apparently lowering of its molecular weight.
The '"H NMR spectra of the parent HBP and those of the
remaining clicked derivatives are shown in Figure 2. It is clear
from the spectra that the reaction is nearly quantitative in most
of the cases; the allyl proton region has been y-expanded and in

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40248
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which is available at wileyonlinelibrary.com.]

some cases they show small amounts of residual allyl peaks,
which normally is less than 5 %. In the cases of HBP-TEG and
HBP-C16, the extent of conversion is a little lower; the residual
allyl peaks accounts for about 11% and 8%, respectively, for
these samples. The spectra of all the derivatives were fully
assigned, and they were in accordance with the expected struc-
ture (see Supporting Information for more details). To demon-
strate the versatility of the thiol-ene click reaction, a wide
variety of thiols were clicked, ranging from simple benzyl mer-
captan to thiosuccinic acid and from long chain alkanethiols to
TEG thiols. The properties of these different derivatives were
distinctly different; it is well-known that in these highly
branched structures the solubility characteristics are largely gov-
erned by the nature of the peripheral groups.’*>* Thus, the thi-
osuccinic acid, mercaptoethanol, and TEG-derivatized systems
were soluble in polar solvents, while the other two polymers
clicked with benzyl and cetyl units were soluble only in nonpo-
lar solvents. In principle, these clickable HB precursors can be
clicked with any combination of these thiols in any required
composition to generate multiply functionalized HBPs or het-
ero-functionalized HBPs. Preliminary experiments have shown
that clicking with long chain alkane thiol and a thiocarboxylic
acid can lead to amphiphilic HBPs that exhibit surfactant-type
behavior; detailed properties of this novel class of amphiphiles,
which we have termed hypersurfs, are currently being exam-
ined.” Other derivatives based on this readily accessible polyes-
ter are being contemplated wherein several different segments
are placed on this hyperscaffold to impart multiple properties
to these compact molecular entities. The terminal allyl groups
of the parent polymer HBP-Allyl were also readily epoxidized
under standard conditions using MCPBA. The 'H NMR spec-
trum of the epoxidized polymer, HBP-EP, clearly reveals that
the transformation is nearly complete; the residual allyl protons
signals account for only about 5%, as evident from the
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expanded region of the spectrum. This HBP carrying numerous
peripheral epoxy groups could be potentially useful as a multi-
functional cross-linker.*®

DSC measurements of the parent HBP and the various deriva-
tives were performed and the thermograms are shown in
Figure 3; all the samples were first heated to about 100°C
before recording the scans to ensure complete erasure of any
thermal history, and all the runs were repeated to confirm
reproducibility. Most of the peripherally functionalized HB
polyesters appear to be amorphous and exhibit a clear glass
transition temperature (Tg); interestingly, in most cases, the T,
of the derivatives is lower than that of the parent polymer,
except in the epoxy-derivative HBP-EP. This is bit surprising,
given that one might expect both the mercaptosuccinic acid
and mercaptoethanol-derivatized samples to exhibit higher T,
values due to the possible presence of H-bonding between the
terminal groups. The thermograms of all the samples are
reproducible and they exhibit a clear T; the exact origin for
this unusually low value of T, for these samples is not appa-
rent. The sample HBP-C16 is the only sample that exhibited a
melting point and no clear Ty this is evidently due to the crys-
tallization of the peripheral C-16 alkyl segments into a paraf-
finic lattice, a feature that has been often observed in a variety
of polymers that carry long (>Cl12) pendant alkyl segments.’’
The sample HBP-TEG, on the other hand, does not exhibit a
clear T, despite several attempts, even after rapid quenching.

CONCLUSIONS

In conclusion, we have developed a simple approach to prepare
HB polyesters that carry numerous allyl groups on their periph-
ery; the starting AB, monomer is readily prepared in a few steps
from commercially available 5-hydroxyisophthalic acid. The
hydroxyl allyl ester monomer undergoes polymerization under
standard melt transesterification conditions; importantly, the
allyl ester groups were shown to be stable under the high tem-
perature polymerization conditions. The peripheral allyl groups
was quantitatively clicked using the thiol-ene reaction to install
a variety of functional groups, such as carboxylic acid, hydroxyl,
polyethylene glycol (PEG), long alkyl segments, and so on; this
dramatically modified their solubility characteristics. Further-
more, the allyl groups were also easily transformed to epoxy
groups, which could make these HBPs useful as multifunctional
cross-linkers. In summary, this study has clearly demonstrates a
simple route to access peripherally clickable HB polyesters; an
obvious next step would be to use these interesting globular
molecular entities as scaffolds for anchoring multiple functions,
such as fluorophores, drugs, catalysts, and so on., which could
then serve as nanocarriers for selected applications.
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