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An asymmetrical AB type inimer (4-vinylbenzyl 2-bromo-2-isobutyrate (VBBIiB)) was synthesized and
a variety of conditions for atom transfer radical polyaddition (ATRPA) of VBBIiB was investigated regarding
a CuX,/Cu®/ligand catalytic system (where, X = Br or Cl; ligand = 4,4’-dinonyl-2,2’-bipyridine (dNBpy),
N,N,N',N",N"-pentamethyl diethylenetriamine (PMDETA) or 1,1,4,7,10,10-hexamethyltriethylenetetramine
(HMTETA)). We focused on investigation of the effect of four reaction factors, i.e. type of ligand, Cu®
surface area, solvent and temperature on the final structure and molecular characteristics of the
polyesters. The VBBiB/CuBr,/Cu®(wire)/PMDETA system showed formation of branched polymers due to
very high activity of the catalyst complex. Replacing Cu® wire with Cu® powder, possessing higher
surface area, resulted in only slight increase of the rate of inimer consumption. The polyaddition was
more significantly affected by reaction temperature. Decreasing reaction temperature down to 0 °C
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1. Introduction

With the evolution of controlled/living polymerisations in
previous decades, reversible-deactivation radical polymerisations
(RDRPs) have been developed as a robust and versatile tool for the
creation of unique macromolecules for application in many
aspects, for example, electronic devices, medicine, pharmacy,
biomedical, as well as agriculture and environmentally-friendly
materials. To most of the RDRPs belong various variations of
atom transfer radical polymerisation (ATRP),"” degenerative
transfer polymerisation [including reversible addition-fragmen-
tation chain transfer (RAFT) polymerisation® and reversible
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linear polyesters with high molecular weight (M,, = 16 200).

iodine transfer polymerisation (RITP)],"* and stable free radical
polymerisation [including nitroxide-mediated polymerisation
(NMP)*>** and organometallic radical polymerisation (OMRP)],***¢
as well as the recently developed organo-stilbene/-tellurium/-
bismuthine radical polymerisations (SBRP/TERP/BIRP)."”*
Nowadays, linear aliphatic polyesters are an important group
of biocompatible and biodegradable materials.>** In addition
to polyesterification and ring-opening polymerisations of
lactones, the polyesters have also been alternatively synthesized
by an innovative approach of radical ring-opening polymerisa-
tions (RROP) of particular cyclic monomers. Bailey et al. have
extensively studied a family of cyclic ketene acetal (CKA)
monomers to obtain polyesters through conventional free
radical polymerisation.>*?® Various RDRP techniques were
applied for RROP as well. Detailed mechanisms and charac-
terization have been investigated using the ATRP technique to
initiate RROP (i.e., ATRROP).>”** Accordingly, Pan et al.**® and
Matyjaszewski et al.**** have addressed the capability of ATR-
ROP to afford polyesters efficiently. Hawker et al. elegantly
introduced different tuneable biologically and chemically
degradable structures to obtain linear aliphatic polyesters with
controlled molecular weights.>> Moreover, some examples of
synthesis of aliphatic polyesters by nitroxide-mediated radical

This journal is © The Royal Society of Chemistry 2016


http://crossmark.crossref.org/dialog/?doi=10.1039/c6ra06186a&domain=pdf&date_stamp=2016-05-26
https://doi.org/10.1039/c6ra06186a
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA006057

Published on 12 May 2016. Downloaded by National Sun Yat Sen University on 4/24/2020 10:01:32 AM.

Paper

ring-opening polymerisation (NMRROP)**** have been re-
ported. Although the synthesis of the degradable polyesters by
this promising method has attracted great interest, the RROP
approach still faces difficulties in the preparation of functional
monomers.

Taking advantage of mechanistic studies of atom transfer
radical reactions, an emerging polymerisation technique,
namely, atom transfer radical polyaddition (ATRPA),***” demon-
strated success in providing a polyadduct through atom transfer
radical addition (ATRA).*** This method provides a novel strategy
for the synthesis of functional aliphatic polyesters. Furthermore,
this technique can be extended to copolymerize some common
vinyl monomers to proceed simultaneous chain- and step-growth
radical polymerization.**** Accordingly, production of readily
degradable analogues of most commodities becomes facile.
Regarding an ATRA process, it generally occurs through the
following mechanism (Scheme 1) to yield a 1 : 1 monoadduct: (i)
an AB-type inimer with organic halide is activated (k,) by a lower-
oxidation-state transition metal catalyst to produce a radical (1)
and a higher-oxidation-state transition metal catalyst; (ii) the
produced radical adds to a vinyl bond (kaq4) to attain a mono-
adduct in radical form (2); and (iii) the monoadduct radical is
deactivated (k' 4,) by the higher-oxidation-state metal complex to
obtain a new organic halide species (3) and a lower-oxidation-
state transition metal catalyst. The key for switching such
a monoadduct of ATRA to a polyadduct of ATRPA is through the
proper design of a set of A and B groups (i.e., A: = -R'- and B: -R*-
X) to form a different type of alkyl halide (i.e., B': -C(X)-R'-),
which is inactive towards the metal catalyst. Kamigaito et al. have
successfully achieved this radical polyaddition to synthesize
aliphatic polyesters using AB type inimers with a 2-
chloropropanoate-based initiating site and an allyl group®**>*
while most of the chloro groups on the polyester backbone of the
resulting polymers remained inactive. Nevertheless, the reaction
times were in a range of days to weeks. An efficient ATRPA
example was then depicted by Li et al. through the polyadduct
between an o-bromoisobutyrate-based initiating site and
a styrene group while the reaction was carried out at low
temperature in the presence of a CuBr,/Cu’/BPMOA catalytic
complex system.’”* Methacrylate radicals that were efficiently
generated from an a-bromoisobutyrate-based initiating site not
only reacted with a styrene, but also formed a dormant benzyl
bromide group at 0 °C.

Based on mechanistic understanding, our previous study
indicated that the ATRPA of an AB type inimer through proper
manipulation of “freezing/adding” processes can provide linear
polyesters even at high temperature using a commercially
obtainable copper complex.** Accordingly, a new catalogue of
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Scheme 1 Mechanism of ATRPA for aliphatic polyesters (ie., R> =
ester group).
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Scheme 2 Preparation of aliphatic polyester PVBBIB by ATRPA.

functional aliphatic polyesters can be obtained through control
of the various activation/deactivation balances of the initiator
structures when using ATRPA. In this context, an asymmetrical
AB type inimer (4-vinylbenzyl 2-bromo-2-isobutyrate (VBBiB))
was investigated under a variety of ATRPA conditions using
a commercially available copper complex system (Scheme 2) to
optimize the conditions for the preparation of linear function-
alized degradable aliphatic polyesters and to enrich the scope of
this newly developed technique.

2. Experimental
2.1. Materials

Copper(n) bromide (CuBr,, 99%), copper(u) chloride (CuCl,,
99%), N,N,N',N" ,N'-pentamethyldiethylenetriamine (PMDETA,
99%), 4,4’-dinonyl-2,2'-bipyridine (dNBpy, 97%), 1,1,4,7,10,10-
hexamethyltriethylenetetramine (HMTETA, 97%), alumina
(neutral), Dowex 50WX8 (H form/200-400 mesh) and 4-vinyl-
benzyl chloride (VBC, 90%) were purchased from Sigma-
Aldrich. Copper wire (d = 0.5 mm) and copper powder (150
mesh, 99.5%) were purchased from Alfa. 4-Vinylbenzyl 2-
bromo-2-isobutryrate (VBBiB) was synthesized from VBC as
described previously.*”** All solvents were distilled prior to use.

2.2. ATRPA of VBBiB

An example for ATRPA of VBBIB: A Schlenk flask was charged
with anisole (4 mL), VBBiB (16.0 mmol), CuBr, (0.32 mmol), and
PMDETA (0.96 mmol) and the mixture was degassed through
freeze-pump-thaw cycles three times. The flask was backfilled
with N, and copper powder (0.32 mmol) was added to the frozen
solution. The flask was fastened and degassed through two
additional freeze-pump-thaw cycles (VBBiB/CuBr,/Cu’(,)/
dNBpy = 50/1/2/6; [VBBiB], = 1.8 M). A ¢, sample was collected
and the reaction mixture was stirred in an ice bath at 0 °C.
Samples were taken in defined time intervals via syringes to
monitor inimer conversion by GC and changes in molecular
weights by GPC. The polymerisation was stopped by cooling the
flask in an ice bath, exposing the sample to air and diluting it
with THF. The mixture was stirred with Dowex 50WX8 for
a period of time, passed through a fresh alumina column, and
poured into cold petroleum ether. The white polyesters were
collected, dried overnight under vacuum, and stored in the
fridge.

2.3. Characterization

'"H NMR spectra were obtained with a Varian Inova 400 in
CDCl;, which was also utilized as a chemical shift standard
(7.26 ppm). A Nicolet Avatar 320 FT-IR spectrometer was used to
obtain FT-IR spectra (32 scans at a resolution of 1 cm™"). The
sample solution was drop-casted onto a KBr disk and dried
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under vacuum; the measuring chamber was purged with
nitrogen. Inimer conversion was determined using anisole as
an internal standard through a Hewlett Packard 5890 series II
gas chromatograph equipped with an FID detector and a 30 m
CNW CD-5 column. The gel permeation chromatography (GPC)
instrument was equipped with a pump (Waters 515; flow rate of
1 mL min~’; eluent: tetrahydrofuran (THF)), a differential
refractometer (Waters 410), an absorbance detector (Waters
486; detecting wavelength = 254 nm), and two PSS SDV columns
in a series of linear S and 100 A at 40 °C to determine the average
molecular weights M,, and M,, and dispersity M,,/M, (abbrevi-
ated as D in context). Calibration based on monodisperse
polystyrene (PSt) standards was performed.

3. Results and discussion
3.1. Ligand effects for ATRPA of VBBiB

An important factor in ATRPA is the activity of the catalytic
system. When the activity is very high, both the original alkyl
halide and the new formed alkyl halide can be activated and
a branched polymer can be obtained. Opposite to that when the
activity of the catalytic system is too low, the reaction rate of
ATRPA can be too slow. Therefore, first, the effect of ligand
structure, influencing the activity of the catalyst complex, on the
rate of polyaddition and topology of the final polymer was
investigated (Table 1, entries 1 and 2). Based on Krgp, recently
determined for polymerisation systems involving PMDETA and
dNBpy ligands,* it could be anticipated that a faster polymeri-
sation rate should be observed for a VBBiB/CuBr,/Cu wire/
PMDETA system than that for VBBiB/CuBr,/Cu wire/dNBpy.
However, as observed from Fig. 1A, the inimer conversion was
found to be faster when dNBpy was used as a ligand. It has been
reported that using excess of some multi-dentate ligands such
as PMDETA with respect to a Cu"Br, compound may lead to the
formation of a poorly soluble metal complex network.>***
Therefore, using PMDETA ligands can lead to the partial
precipitation of the copper complex and thus decrease of the
total concentration of copper catalyst dissolved in the poly-
merisation mixture. A lower concentration of Cu' complex
(activator) was thus obtained and provided a slower polymeri-
sation rate (i.e., curve (a) in Fig. 1A).
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Fig. 1 Results of ATRPA of VBBIB: (A) VBBIB conversion with the
polyaddition time; (B, C) GPC traces for reactions performed using (B)
PMDETA and (C) dNBpy ligand recorded at various polyaddition times.
Polyaddition conditions were as follows: VBBiB/CuBr,/Cu® wire/
(PMDETA or dNBpy) = 50/1/2/(3 or 6), respectively, with ([VBBiB]p = 1.8
M; L =5.8 mm; d = 0.5 mm) in anisole at 0 °C.

GPC evolutions during the polyadditions for both ligands are
displayed in Fig. 1B and C. A clear shift towards higher molec-
ular weight (MW) products was observed in both cases, even
though some differences were obvious after longer polyaddition
time. While the polymer with higher MW (M,, = 8190, D = 2.58)
was formed after 456 h with the VBBiB/CuBr,/Cu’/PMDETA
system (Fig. 1B), lower molecular weight compounds were
formed in the case of polyaddition with the VBBiB/CuBr,/Cu®/
dNBpy system (Fig. 1C) after reaction time above 130 h.

The newly formed B’ moiety (i.e., phenyl ethyl bromide
(PEBr)) in the backbone might be re-activated, depending on
the activity of Cu'/L complex (e.g., ka,pEBr(PMDETA)/ Ka, PEBr(dNBpy) =
4.6 at 25 °C).* To obtain information about the product struc-
tures, both of the obtained polymers were analyzed by "H NMR
spectroscopy. Unlike the case for a linear aliphatic polyester
structure, peak broadenings were observed using PMDETA as
a ligand in Fig. 2A (i.e., the peaks of d at 5.16 ppm, e/e’ at 5.06
ppm, d'/d" at 4.75 ppm, and f at 2.4-2.8 ppm). As mentioned
above, the formation of a poorly soluble metal complex network
when using excess of multi-dentate ligands (herein, PMDETA)
with respect to Cu"'Br, compound leads to decrease of dissolved
deactivators. Thus, the lower concentration of deactivators

Table 1 ATRPA of VBBIB: conditions and characterization of the products

Entry® Composition” Catalyst Temp. (°C) Time (h) Conv. (%) M,’ p°

1 50/1/2/3 CuBr,/PMDETA 0 456 98 8190 2.58
2 50/1/2/6 CuBr,/dNBpy 0 125 88 1750 135
3 50/1/2/6 CuBr,/dNBpy 0 167 85 2070 2.35
4 50/1/2/6 CuCl,/dNBpy 10 144 98 10 410 2.95
5 50/0.5/1/3 CuCl,/dNBpy 10 60 92 4200 1.76
6 50/1/2/6 CuClZ/dNpr 0 219 91 2110 1.60
7 50/1/2/6 CuCl,/dNBpy 10 65 95 4500 1.80
8 50/1/2/6 CuCl,/dNBpy 25 72 97 3200 1.50
9 50/1/2/6 CuBr,/dNBpy 10 45 98 16 200 2.47

% Compositions consisted of VBBiB/CuX,/Cu®/Ligand, respectively; entries 1, 2, 4 and 8 were conducted with Cu® wire (L =2.9mm;d=0.5mm)and
entries 3, 5-7, and 9 were conducted with Cu® powder (150 mesh). * M,, and D were determined by GPC using THF as an eluent and PSt standards.
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combined with the known higher activity of the Cu'/PMDETA
complex compared to the dNBpy one resulted in higher prob-
ability of reaction of radicals, which formed along the polymer
chains, with vinyl groups to form a branched structure.
According to previous literature,*** the degree of branching
(DB) can be further estimated from Fig. 2A (i.e., DB = [2(number
of branched units)]/[(total number of units) — 1] = [2(d/b — 1)]/
[(d+d +d")b — 1]. DB of 0.35 was obtained, implying a highly
branched structure.

When dNBpy was used as a ligand, formation of an aliphatic
polyester structure can be observed, however, without forma-
tion of branched structures (Fig. 2B). Therefore, the balance of
metal complex solubility and activity are crucial for obtaining
aliphatic polyester structures in a controlled manner. In this
case, however, some peaks other than those from the polyester
chain were observable in the NMR spectra. We have recently
reported that different backbone structures of aliphatic poly-
esters showed differing tendency to undergo self-degrading side
reactions.*® Thus, the slightly visible main peaks of 1, 3, 5, and 7
in Fig. 2B can be assigned to by-products formed after cleavage
of the polyester chain accompanied with formation of lactones.
The side reaction of lactonization was outlined in Scheme 3.**

3.2. Influence of Cu® surface area and solvent on ATRPA of
VBBiB

To vary the overall catalytic activity, our next attempt focused on
investigation of the effect of Cu’ surface area by using wire
(Cugw)) or powder (Cugy,) and type of copper salt using CuBr,
(Fig. 3). By comparing the influence of the surface area of Cu® on
the rate of inimer conversion during polyadditions performed
at 0 °C, it could be observed that the rate of inimer conversion
was only slightly affected by change in the Cu® surface area. This
might be due to the rate of comproportionation reaction
between Cu’ (wire/powder) and Cu" being faster than the
addition reaction, leading to insignificant influence regarding
Cu’ surface area. As shown in Fig. 3B and C, obvious differences

(A) PMDETA o

ppm 7.0 6.0 5.0 4.0 3.0 2.0 1.0

Fig. 2 'H NMR spectra (400 MHz, CDCls) of the reaction mixtures
from: (A) after 456 h of ATRPA using PMDETA as a ligand and (B) after
220 h of ATRPA using dNBpy as a ligand. ATRPA conditions were as
follows: VBBiB/CuBr,/Cu® wire/(PMDETA or dNBpy) = 50/1/2/(3 or 6),
respectively, with ([VBBiB]o = 1.8 M; L = 5.8 mm; d = 0.5 mm) in anisole
at 0 °C.

This journal is © The Royal Society of Chemistry 2016

View Article Online

RSC Advances

Br Br Br Br
gsS1ackansVeache
O O SHO X (0]
- ; ok
Br O

Scheme 3 Self-degrading reactions of aliphatic polyesters (ie.,
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Fig.3 (A) Inimer conversion vs. reaction time and (B, C) GPC traces for
ATRPA in anisole performed with CuBr, and different surface areas of
Cu® at 0 °C. ([VBBiB]g = 1.8 M; w = wire, p = powder).

in MW evolution were observed between experiments with Cu®
wire and Cu® powder, showing that more products with low MW
(=600) were observed for the system with Cu® wire. This might
be ascribed to low inimer conversion (curve a in Fig. 3A) or high
extent of degradation of the polyester chain. When the poly-
additions were performed at 10 °C using CuCl,, the conversions
for both experiments, i.e. performed with Cu® wire and Cu®
powder, were similar after 76 h and 60 h, respectively (curves
a and b in Fig. 4A). In general, at 10 °C (Fig. 4B-D), polymers
with higher MW in a range from 4200 to 16 200 were obtained in
comparison to polymers with M,, < 2000 prepared at 0 °C.
Chemical structural details of the resulted polymers
prepared using either Cu’ wire or Cu’ powder at various
temperatures were investigated by 'H NMR spectroscopy
(Fig. 5). Fig. 5A and C displayed the structural assignments of
the corresponding aliphatic polyesters. In all cases, the char-
acteristic peaks ('), (f), and (e/e’) from polyester chains were
mainly observed. In addition, peaks indicating self-degradation
by-products could be observed. The amount of these by-
products, however, depended on the polyaddition conditions.
In compliance with the GPC traces, the highest amount of
degradation by-products could also be observed from "H NMR
spectra when the polyaddition was performed at 0 °C using Cu®
wire. A longer polyaddition time at a lower temperature can
result in occurrences of side reactions such as degradation of
the polyesters accompanied with lactonization of the cleaved
compounds. It can be noted that signals from chain end func-
tional groups elucidated information about the choice of
halogen."®* The g'/g peaks intensity ratio in Fig. 5C was higher

RSC Adv., 2016, 6, 51816-51822 | 51819
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Fig. 4 (A) Inimer conversion vs. reaction time and (B—D) GPC traces
for ATRPA in anisole performed with different catalysts at 10 °C.
([VBBiB]p = 1.8 M; w = wire, p = powder).
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Fig.5 H NMR spectra (400 MHz, CDCls) of products from the ATRPA
in anisole performed with Cu® characterized by different surface areas,
copper catalysts and temperatures ([VBBiB]o = 1.8 M; w = wire, p =
powder; VBBiB/CuX, = 50/1 for A—C and 50/0.5 for D).

than that in Fig. 5D, consistent with the added amounts of
CuCl, for the ATRPA. The reaction conditions and results of
product characterization are summarized in Table 1 (entries 2—
5).

Possible further optimization of the best system (i.e., ATRPA
with CuBr,/Cu’ powder/L at 10 °C) by changing the ligand or
solvent was investigated as well (Table S17). Performing ATRPA
with Cu® powder at 10 °C, but using the PMDETA ligand, yielded
a polymer with higher MW (M,, = 30 800, P = 8.86). However,
similarly to ATRPA performed at 0 °C, branching with DB = 0.21
was observed after 45 h of polymerization (see the ESI: Fig. S1A

51820 | RSC Adv., 2016, 6, 51816-51822
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(GPC) and S21 (*H NMR)). On the other hand, using HMTETA,
which is known to be a slightly less active ligand in ATRP than
dNBpy, yielded after 168 h a polymer with lower MW (M,, =
4950, b = 2.45) (Fig. S1B (GPC)t). As shown in Fig. S3,t no
branching was observed in the NMR spectra. In addition, the
rate of polymerization was significantly lower in the case of
HMTETA compared to those of dANBpy and PMDETA (Fig. S1C¥).

Replacement of the anisole with more polar solvents (herein,
DMF and DMSO) was further proceeded. As shown in Fig. S3,T
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Fig. 6 (A) Inimer conversion vs. reaction time for ATRPA under
different temperatures. (B—D) GPC traces of ATRPA performed under
different temperatures (for 0 and 10 °C: VBBiB/CuCl,/Cu® powder/
dNBpy = 50/1/2/6; for 25 °C: Cu® wire ([VBBiBlo = 1.8 M in anisole; L =
2.9 mm and d = 0.5 mm)).
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Fig. 7 *H NMR spectra (400 MHz, CDCls) of the ATRPA products in
Fig. 6: (a) after 72 h at 25 °C, (b) after 65 h at 10 °C and (c) after 219 h at
0°C.

This journal is © The Royal Society of Chemistry 2016


https://doi.org/10.1039/c6ra06186a

Published on 12 May 2016. Downloaded by National Sun Yat Sen University on 4/24/2020 10:01:32 AM.

Paper

only oligomers can be observed because the polyadditions
stopped at about 50% conversion. "H NMR spectra from ATRPA
performed in DMF (Fig. S51) and DMSO (Fig. S61) showed that
decomposition products were formed in both cases and their
formation was already observed after a few hours of poly-
addition. The extent of the decomposition increased with the
polarity of the solvent. Moreover, additional peaks were
observed in the DMSO case due to branching structure (DB =
0.75). In DMSO, the copper comproportionation can occur fast,
leading to low concentration of Cu' deactivators and thus
increased probability of branching.

3.3. Temperature effects on ATRPA of VBBiB/CuCl,/dNBpy
system

Finally, we looked more in detail into the ATRPA of VBBiB under
different temperatures using the CuCl,/dNBpy complex. This
system showed good stability against self-degradation reactions
at 10 °C. Fig. 6A displays kinetic plots for ATRPA of VBBiB
performed under different temperatures. The reaction rate of
inimer conversion increased with temperature increase con-
firming that temperature has a significant effect on the reaction
rate. Fig. 6B-D present the MW evolutions of the corresponding
reactions. The MWs showed obvious changes at higher inimer
conversions (>80%) and the D vales of the resulting polymers
were above 1.50. These results indicated step-growth polymer-
isation during ATRPA. It can be noted that low MW signals
(highlighted in yellow in Fig. 6D) arising from the self-
degradation side reaction were relatively obvious at 0 °C. This
could be ascribed to the longer reaction times, which enhanced
the occurrences of lactonization.

The resulting aliphatic polyesters were characterized by "H
NMR (Fig. 7). Significant intensities arising from self-
degradation were observable for samples polymerized at 25 °C
and 0 °C (peaks 1-8 in Fig. 7a and c, respectively). This was
consistent with the observation in GPC traces for polyaddition
performed at 0 °C due to the longer reaction time. Some extent
of self-degradation observed for polyesters prepared at 25 °C
indicates that in addition to the reaction time, the higher
temperature resulted in even faster self-degradation of the
aliphatic polyesters. The reaction conditions and characteriza-
tion of the products are summarized in Table 1 (entries 6-8).

4. Conclusions

When reaction performed at 0 °C, first, the kinetic results using
PMDETA and dNBpy as ligands were opposite to the mecha-
nistic viewpoint. We deduced that the homogeneity of the Cu™
complex (deactivator) in solution was decreased in the system of
VBBiB/CuBr,/Cu’/PMDETA at low reaction temperature due to
the formation of an insoluble metal complex network. GPC and
'H NMR analysis showed that in the system of VBBiB/CuBr,/
Cu’/PMDETA, a side reaction led to formation of highly
branched polyesters. In further investigations of polymerization
with various ligands (i.e., PMDETA, dNBpy, and HMTETA), the
dNBpy system showed good kinetics and chemical structures
than those of PMDETA and HMTETA systems. The surface area
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of Cu® (wire vs. powder) had only a slight influence on the rate of
inimer consumption. Proper activity of the metal complex and
temperature served as a more important reaction factor than
that of the Cu® surface area for the ATRPA procedure. Differing
the temperature had significant influence on the self-
degradation behaviour of the polyesters. The longer reaction
time needed at 0 °C led to the higher extent of self-degradation
than that observed when the polyaddition was performed at 10
°C for a shorter amount of time. In addition, performing poly-
addition at 25 °C led, again, to higher extent of self-degradation.
Polar solvents of DMF or DMSO caused higher extent of
degradation, thus preventing formation of polymers with
reasonable MW. To sum up, we studied the crucial balance of
metal complex activity, solubility, and reaction temperature to
readily (reaction time < 48 h) obtain a new functional aliphatic
polyesters with high molecular weight (M,, = 16 200).
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