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The present work describes the synthesis of azo carbonate monomers by a clean carbonylation synthetic
route using di-methylcarbonate. The kinetics study showed a conversion of ~98% to bis-carbonates
after only six minutes of reaction using triazabicyclo[4.4.0]dec-5-ene (TBD) as the catalyst. The
preparation of azo-carbonates by means of coupling aryldiazonium salts with bis-carbonate was
performed. The reactivity of azo-carbonate monomers was tested in the polycondensation reaction with
an aminoalcohol using TBD as a catalyst for the formation of non-isocyanate poly(azo-carbonate-
urethane)s PCU 1 and PCU 2. The copolymers’ structures were confirmed by FT-IR, NMR and MALDI

experiments, which allow us to determine the different terminal groups of the polymer chains formed.
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1. Introduction

Azo aromatic compounds exhibit a versatility of applications in
various fields, such as textile, pharmaceutical, cosmetic and
food industries, advanced application in organic synthesis and
high-tech products such as lasers, liquid crystal displays and
electro-optics devices.™

Azo-polymers are important because of their potential
applications as optical and electronics materials.> They are
generally used in studies of optical memories, relief surfaces,
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investigated by liver, kidney and colon histological analyses.

liquid crystals, nonlinear optics, holographic memories, wave-
guide switches and other photonic devices.*®

Polycarbonates are characterized by having excellent
mechanical, optical and thermal properties and have a wide
range of applications.'®* Poly(alkyl)carbonate derivatives of
aliphatic diols show potential use as biodegradable and
biocompatible materials."” Polyurethanes (PU) are an important
class of thermoplastic and thermosetting polymers due to their
mechanical, thermal and chemical properties, which can be set
through the proper selection of a wide variety of raw materials.™
Current production of PU™ is based on highly toxic diisocya-
nates (such as MDI and TDI). However, in terms of green
chemistry, today syntheses of polyurethanes free of isocyanate
(NIPUs) are highly desirable.*

There has been considerable attention paid to polycarbonate
urethanes (PCUs) for improvement of their mechanical, anti-
hydrolyzation and anti-oxidation properties compared to the
traditional polyurethanes.’ PCUs have excellent toughness,
flexibility, durability, chemical- and bio-stability and are bio-
compatible with human tissues, therefore they have been
used or tested in modern medical applications,'” like implanted
medical devices, heart valves, blood pumps, cardiovascular
implants, in reconstructive surgery, tissue repair, etc.'’”

Carbonates are an important class of organic compounds
used for a variety of industrial and synthetic applications.*® They
have been used in polymer chemistry,” agricultural products*
and biologic fields.”* A clean carbonylation synthetic route is
proposed in the literature for the production of symmetrical and
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asymmetrical organic carbonates using dimethyl carbonate
(DMC) in the presence of an organic catalyst.>>

DMC has been used as a milder environmental alternative for
methylation and carboxymethylation procedures compared to
other agents traditionally used for this purpose, such as COCl,
(phosgene), CH30C(O)Cl (methyl chloroformate), (CH;),SO,4
(dimethylsulfate) and methyl halide (MeX)**** methylation or
transesterification reactions, depending on the experimental
conditions. Transesterification products generally occur in reac-
tions in which temperature is kept below 90 °C (ref. 24 and 25)
and in general use or make use of basic homogeneous catalysts.

This work reveals the use of 1,5,7-triazabicyclo[4.4.0]dec-5-
ene (TBD) and 1,8-diazabicyclo[5.4.0]lundec-7-ene (DBU) as
organic catalysts and have been successfully used as catalysts
for transesterification reactions of DMC.*® The bis-carbonate
was used for a coupling reaction generating azo carbonate
monomers followed by a polycondensation reaction with an
aminoalcohol for the formation of non-isocyanate poly(azo-
carbonate-urethane)s. Finally, the biocompatibility properties
of monomers 4 and 6 and polymers PCU 1 and PCU 2 were
investigated by liver, kidney and colon histological analyses.

2. Results and discussion
2.1. Synthesis of intermediate bis-carbonate

In order to obtain a methodology to incorporate the arylazo
groups into potential polymeric materials like poly(azo-
carbonate-urethane)s, a two-step synthesis of azo carbonate
monomers as carriers for arylazo groups was performed.

In the first reaction step, a clean reaction was investigated by
transesterification of N-phenyldiethanolamine with excess DMC
to obtain the corresponding bis-carbonate compound 1
(Scheme 1) with high purity (NMR, EI-MS, FTIR and UV-Vis can
be seen in the ESIT). This reaction was carried out without the
use of organic solvents.

A transesterification reaction of N-phenyldiethanolamine
with DMC was performed using the catalysts DBU and TBD and
the kinetics monitoring was performed by GC-MS analysis.
Fig. 1 shows the GC-MS chromatograms of compound 1 using
DBU (20% mol) at three different reaction times (1, 3 and 6
hours). The peaks observed in the chromatograms were attrib-
uted to the precursor N-phenyldiethanolamine, the mono-
carbonate intermediate and bis-carbonate 1, respectively,
from the corresponding mass spectra (see ESIt). The chro-
matogram at 6 hours (black line) showed ~98% of conversion to
bis-carbonate 1.
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Scheme 1 Transesterification reaction of N-phenyldiethanolamine
with excess DMC to obtain the corresponding bis-carbonate
compound 1.
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Fig. 1 GC-MS analysis of the transesterification reaction mixture at
three different reaction times (blue — 1 h; red — 3 h; black - 6 h).

The reaction was also investigated using TBD as a catalyst in
the same molar ratio used previously for DBU (20% mol) and
the kinetics study showed a conversion of ~98% to bis
carbonate in only six minutes of reaction time (entry 1, Table 1),
showing that TBD is a much more efficient catalyst for this
reaction. Fig. 2 shows the time-conversion plot for both cata-
lysts at 20% mol.

Given this result, other proportions of catalyst TBD were
studied. Decreasing of TBD proportion to 10% mol showed the
same result (~98% of conversion in 6 minutes, entry 2, Table 1).
In TBD proportions of 5% mol and 1% mol, the necessary time
to obtain ~98% of conversion were 15 and 35 minutes,
respectively (entries 3 and 4 in Table 1), showing that for the
same catalytic amounts, TBD is a more efficient catalyst that
DBU at 20% mol. A time-conversion plot for the catalysis using
1% mol of TBD is shown in Fig. 3.

2.1.1. Brensted and Lewis synergic catalysis of DBU and
TBD bases. Often, cyclic amidines and guanidines are reported
as non-nucleophilic bases.”” However, a number of amidines
and guanidines have also been shown to act as nucleophilic
catalysts in a wide range of reactions.”” Indeed, it has been re-
ported that DBU has shown nucleophilic behavior towards
a variety of electrophiles.?®*' Specifically in reactions with DMC
and using DBU as a catalyst, the formation of an adduct inter-
mediary (N-methoxycarbonyl-DBU) was reported.*>** The
resulting intermediate from the reaction of DMC with DBU
seems to be more electrophilic than DMC so it can be more
reactive towards moderate or weak nucleophiles.”® Scheme 2
shows the reported mechanism?®*** for the reaction of DMC with
DBU. In this mechanism DBU is used as both, Brgnsted and
Lewis base.

This reaction can be also catalyzed by bi-cyclic guanidines
like TBD. In this case, a synergic process could be also present
(Brgnsted-Lewis catalysis). Kinetics studies have been reported
to clarify the exact role of guanidine as a catalyst in Michael
reactions.* Use of TBD in methoxycarbonylation reactions with
DMC was reported without a clear explanation of the TBD
catalysis mechanism.>*3*%¢

To investigate if TBD also acts as a nucleophilic catalyst,
a direct reaction between DMC and TBD was carried out
(Scheme 3). The reaction was followed by GC-MS analysis of
aliquots of the reaction mixture. Observation of the molecular
ion with m/z = 197 (Fig. 4) proved the formation of N-methox-
ycarbonyl-TBD as an intermediate product.

This journal is © The Royal Society of Chemistry 2016
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Table 1 Synthesis of bis-carbonate 1 using different molar ratios of TBD*

Entry TBD proportion (% mol) Time to obtain ~98% of bis-carbonate” (min) Yield® (%)
1 20 6 64
2 10 6 65
3 5 15 72
4 1 35 72

“ Reaction conditions: 1 mol N-phenyldiethanolamine, 5 mL DMC, 85 °C. ? Determined by GC-MS analysis. ¢ Product isolated by precipitation in
cold methanol.
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Fig. 2 Time-conversion plot for TBD and DBU at 20% mol.
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Fig. 4 EI-MS spectrum of the methoxycarbonyl-TBD intermediate.
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Scheme 4 Synthesis of azo dye carbonates 2—-8 by coupling of aryl-
diazonium salts with intermediate bis-carbonate 1.

(except for compound 7) as exemplified in Fig. 5 (m/z 446 for
molecular ion of compound 6).

Azo dye carbonates 2-8 were also unambiguously charac-
terized by "H NMR, *C NMR, 'H-"C HSQC and "H-">C HMBC
(see ESIT). In 'H NMR spectra, the evidence for the formation of
azo carbonates was the disappearance of a signal attributed to
aromatic hydrogen H4, the observation of p-substituted
aromatic signals for protons H10 and H11 and the change of
chemical shift of hydrogen H3. ">C NMR experiments also
confirm the formation of azo dye carbonates. The main
evidence was the change of chemical shifts of C4 carbon from
117.3 ppm in compound 1 to ~144 ppm in the azo dye
carbonates. The presence of signals attributed to carbons C9,
C10, C11 and C12 also confirmed the formation of the azo-
coupling products. Tables 2 and 3 summarize the chemical
shifts of compounds 1-8.

The UV-Vis study of azo-dyes carbonates 2-8 was conducted
in DMSO solution. The absorption spectra showed two main
absorption bands in the 415-485 and 266--270 nm regions
attributed to ® — w* and n — w* transitions, respectively
(Fig. 6). The transition T — 7w* is more sensitive to the elec-
tronic effects of the p-substituent group. Considering
compound 2 as a model (X = H), the highest red-shift (An.x =
485 nm) was observed for a strong electron-withdrawing group
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Fig. 5 EI-MS spectrum of compound 6.
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Table 2 NMR *H chemical shifts (400 MHz, CDCls)

0
2.X=H
1 10 o= _

; 5 o) 3.X=Br

X N 3 2 5 / 4.X=Cl
N4 1 N/ 6 5.X=CO,H
e 4 \_/ 6 6.X =NO,

3 2 5 7.X =803
8.X=0CH;

Compound X H2 H3 H4 H5 H6 HS8 H10 H11

1 — 6.76 7.27 6.78 3.69 4.31 3.79 — —

2 7.40 6.83 7.89 — 3.77 4.35 3.78 7.85 7.48
3 — 6.82 7.87 — 3.75 4.34 3.78 7.72 7.59
4 — 6.82 7.86 — 3.76 4.34 3.78 7.78 7.44
5 — 6.86 7.91 — 3.78 4.36 3.79 7.91 8.22
6 — 6.86 7.93 — 3.81 4.37 3.79 7.93 8.33
7 — 6.76 7.66 — 3.66 4.29 3.67 7.73 7.93
8 3.86 6.82 7.84 — 3.77 4.34 3.78 7.84 6.98

as a p-substituent (compound 6, X = NO,) and the smaller red-
shift (Anax = 415 nm) was observed for an electron-donating
group (X = OCH3;).

These results agree with those expected. The UV-Vis
absorption bands of azo compounds depend on the combina-
tion of electron-donating and electron-withdrawing moieties in
their structures.’”?® If an electron-donating group is present,
intense absorption bands arise, associated with the transfer of
electron density from the donor group into the rest of the
chromogen. The absorption wavelength can be increased by
attaching electron-withdrawing groups to the second phenyl
ring.*

2.3. Synthesis of azo polymers

Formation of poly(azo-carbonate-urethane)s from azo dye
carbonates was investigated for compounds 4 and 6 (Scheme 5).
The choice of the azo-carbonate 4 was due to the presence of
a chlorine isotopic pattern useful for mass spectrometric anal-
yses of the resulting polymer. In the case of compound 6, the
choice was due to the higher red-shift observed in UV-Vis
spectrum of this molecule.

FTIR spectroscopy was used to characterize the new
carbonate and urethane groups formed by polycondensation.
Fig. 7 shows the FT-IR spectra of poly(azo-carbonate-urethane)
PCU 1 and PCU 2 (spectrum (a) and (b), respectively). Appear-
ance of bands at 3400 and 1540 cm ™" indicate the presence of
urethane NH groups. The band observed at 1710-1704 cm ™ is
related to the axial deformation of the carbonyl group (C=0) of
the urethane bond in the polymer. Also absorption bands were
observed at 1744 cm ' associated to axial deformation of
carbonyl (C=0) and ~1263 cm " attributed to the stretch of
the ester group (C-O-C) in the carbonate bond in the polymer
structure.”®*® Asymmetric and symmetric stretching of the
methylenic groups (CH,) were observed between 2876 and
2954 cm ™', respectively. Furthermore, for PCU 1 a band was

This journal is © The Royal Society of Chemistry 2016
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Table 3 NMR **C chemical shifts (100 MHz, CDCls)
Compound X C3 C4 Cc7 Cs8 C9 C10 C11 C12
1 — 129.6 117.3 155.8 55.0 — — — —
2 — 125.3 144.5 155.7 55.1 153.1 122.4 129.1 129.8
3 — 123.9 144.3 155.7 55.1 151.8 123.8 132.2 125.5
4 — 125.4 144.3 155.7 55.1 151.5 123.7 129.2 135.4
5 171.0 126.0 144.6 155.8 55.2 150.3 122.4 131.4 129.7
6 — 126.4 144.6 155.8 55.2 156.6 124.8 122.9 147.8
7 — 125.4 143.0 155.9 55.1 153.6 126.6 122.1 143.4
8 55.6 124.8 144.5 155.7 55.1 147.4 124.1 114.2 161.2
Y observed at 542 cm ™' attributed to the relative stretching of
EE?. - _@N\\ ?:(0 C-Cl and PCU 2 shows a band associated with a nitro group
—p-coa N<:*\j (N-O) at 1342 cm ™.
o< Fig. 8 shows the MALDI-TOF spectrum and the structures of
. P each oligomer series with respective mass values for PCU 1 (X =
E X A max Cl). Three mass series (e, » and m) with intervals of 460 Da
] H 420 . .
2 o i corresponding to the repetition of co-monomer were observed.
G w5 Each mass series corresponds to different end groups. Series @
COH 441 was associated to oligomers with two terminal methyl carbon-
chi; :zz ates, series » was attributed to oligomers ended by both methyl
ocH; 5 carbonate and hydroxyl group, and series m was associated to

300 400 500 600 700
wavelength (nm)

Fig.6 UV-Vis spectra of compounds 2—-8 in DMSO (individual spectra
can be seen in the ESI}).
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Scheme 5 Polycondensation reaction.
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oligomers with two terminal hydroxyl groups.

Hence, the difference of m/z 57 between series ® (n = 1) and
(n = 2) refers to a 4-aminobutanol moiety (MW = 89 g mol " of
4-aminobutanol minus 32 of exiting methanol). Similarly, the
difference of m/z 115 between series ® and m corresponds to two
4-aminobutanol groups (Fig. 9).

The same reaction conditions (DMF, 1% of TBD and 7 h)
were used for azo-carbonate 6 (X = NO,) generating PCU 2.
Fig. 10 shows the MALDI-TOF spectrum and the structures of
each oligomer series with respective mass values for PCU 2. Also
three mass series were observed, in this case with intervals of
471 Da, corresponding to a repeating unit mass of co-monomer
(n). The same pattern of end groups in the oligomers discussed
above for PCU 1 was observed for PCU 2.

Fig. 11 shows a "H NMR spectrum of PCU 1. The 'H NMR
spectrum proves the formation of the polymer by the appear-
ance of signals relating to methylene hydrogens from the

Z 3340
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I 2876
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c=0 ¢
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o
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Fig. 7 FTIR spectra of poly(azo-carbonate-urethane): (a) PCU 1 and

(b) PCU 2.
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Fig. 8 Mass spectrum obtained using MALDI-TOF of PCU 1 and
structures and the values found in the MALDI mass spectrum of the
reaction products formed for each polymer.
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Fig. 10 Mass spectrum obtained using MALDI-TOF of PCU 2 and
structures and the values found in the MALDI mass spectrum of the
reaction products formed for each polymer.

spacer. Signals at 1.56 and 1.67 ppm corresponding to H. and
H,, respectively, as well as the signals at 3.16 and 4.12 ppm
corresponding to H, and Hyg, respectively, are consistent with
similar molecules found in the literature.** The duplicate
signals for hydrogens H5 and H6 are probably due to the

~1.67
~1.56

Fig. 11 *H NMR spectrum of PCU 1 (performed in CDCls).
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different chemical environment for these hydrogens (neighbors
to carbonate and carbamate groups) or due to the presence of
different end groups as observed in the MALDI-TOF
experiments.

The "H NMR spectrum of PCU 2 (Fig. 12) also showed the
signals H,-Hy corresponding to methylenic hydrogens of the
spacer. However, a methyl signal at 3.79 ppm was observed
indicating, as had been observed in the MALDI experiments,
that PCU 2 did not grow as much as PCU 1. The integration of
the methyl signal is six, indicating two methyl groups, and the
integration of each aromatic hydrogen is four, indicating two
azo groups in the structure, and therefore the main product in
PCU 2 must be the oligomer with n = 1 of the @ series of m/z 940
(Fig. 10).

Size-exclusion chromatograms of PCU 1 and PCU 2 (Fig. 13)
showed a single peak with a retention time between 21.4 and
22.9 min for PCU 1 with a maximum at 22.4 min and retention
time between 21.6 and 23.4 min for PCU 2 with a maximum at
22.7 min.

The mean polymer masses were computed by the SEC soft-
ware and PCU 1 showed a mean number average molecular
weight M,, = 2280, and mean weight average molecular weight
M,, = 2864 with a polydispersity index M,/M, = 1.26. Mean
polymer masses computed by the SEC software for PCU 2 were
M, = 1372 and M,, = 1773 with a polydispersity index M,,/M,, =
1.29. Table 4 shows M,,, M,, and M,,/M,, values found for PCU 1
and PCU 2. The M, values found agree with the MALDI and "H
NMR experiments: PCU 1 is a larger oligomer than PCU 2.
Moreover, the polydispersity index found at 1.26 and 1.29 for
PCU 1 and PCU 2, respectively, shows a good molecular weight
distribution.

Finally, thermal analyses of PCU 1 and PCU 2 (Fig. 14 and 15,
respectively) were performed to investigate the thermal stability
of the PCUs. The maximal temperature of the first thermal
decomposition observed was at 111.2 °C for PCU 1 with a 9.56%
weight loss and 193.3 °C for PCU 2 with a 14.81% weight loss.
The main thermal decomposition was observed with a maximal
temperature at 304.2 °C for PCU 1 (62.60% weight loss) and at
297.7 °C for PCU 2 (52.45% weight loss).
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Fig. 12 'H NMR spectrum of PCU 2 (performed in CDCly).
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Fig. 13 Size-exclusion chromatograms of PCU 1 and PCU 2.

Table 4 Values found from size-exclusion chromatography
experiments

Compound M, M, M, /M,
PCU 1 2280 2864 1.26
PCU 2 1372 1773 1.29

2.4. Biocompatibility properties

2.4.1. Liver, kidney and colon histological analysis. The
animals were monitored during the experiment and all groups
demonstrated similar clinical conditions.

After 24 hours of oral administration the negative control
group demonstrated the rare presence of micro-abscesses in the
liver lobules and this result was similar for PCU 1, PCU 2, 4 and
6 groups. After 72 hours the PCU 1 group maintained a similar
result to the negative control and PCU 2, 4 and 6 showed
a significant increase of liver lobule micro-abscess scoring.
Finally, after 14 days of administration we identify a significant
reduction of inflammatory micro-abscess in the liver lobules.
Only group 4maintains the common presence of lobular micro-
abscesses (Fig. 16). The other liver histopathology analysis
didn’t show any statistical difference to the presence of
necrosis, vascular alteration (congestion) or hepatic lipidosis.

The colon analysis demonstrated a similar histopathology
scoring to the analysis of the mucosa and submucosa, smooth
muscle layer and the region of GALT. However, after 72 hours of
administration, 6 and PCU 2 demonstrated significant statis-
tical difference to GALT scoring with an increase of GALT
disorganization (Fig. 17).

TG 1% DTG /(%/min)

50 100 150 200 250 300 350 400 450 500
Temperature /°C

Fig. 14 TG and DTG curves of PCU 1.
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Fig. 15 TG and DTG curves of PCU 2.

For the kidney scoring the following parameters were
analyzed: glomerular filtration space, proximal and distal ducts,
vascular alterations and inflammatory infiltrates. All groups
and periods (24 h, 72 h and 14 days) demonstrated similar
conditions with no statistical difference.

Our results demonstrated the absence of histopathological
toxicity to the colon and kidney in all groups and periods. After
72 hours of oral administration of 4, 6, and PCU 2 and after 14
days of oral administration of 4 the liver showed an increase in
lobule micro-abscess scoring. The PCU 1 demonstrated
a similar result to the negative control and it was the most
compatible compound.

3. Experimental section
3.1. Materials

Commercial sodium nitrite, hydrochloric acid, 4-nitroaniline, 4-
bromoaniline, 4-chloroaniline, 4-aminobenzene sulfonic acid,
4-aminobenzoic acid, 4-methoxyaniline, aniline, N-phenyl-
diethanolamine, dimethyl carbonate (DMC), 1,8-diazabicyclo
[5.4.0]undec-7-ene (DBU), 1,5,7-triazabicyclo[4.4.0]dec-5-ene
(TBD) and ethanol 99% were obtained from Sigma Aldrich
and used without previous purification.

3.2. Measurements

'H and ’C NMR spectra were obtained at 400.13 and 100.61
MHz, respectively. Chemical shifts for 'H NMR and *C NMR
were referenced to TMS; all NMR peaks were reported in ppm

Liver lobular micro-abscesses histopathological analysis

Groups 24 hours 72 hours 14 days

Negative control -+ -+ -+
4 -+ 4+ ++

6 -+ +++ -+
PCU-1 -1+ o+ "
PCU-2 -+ +++ -+

Fig. 16 Scoring codification of liver micro-abscess histopathological
analysis and liver lobule micro-abscess picture (A, 40x H&E). ++++,
a change was very often found in all animals of a group; +++, a change
was relatively common in all animals of a group; ++, a change was rare
in all animals of a group; +, a change was found in a few animals of
a group; —/+, a change was sporadic in a group.
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Histopathological analysis colon - region of GALT

Groups 24 hours 72 hours 14 days
Negative control I+ J+ I+
4 I+ -1+ -+
6 I+ -+ I+
PCU1 I+ I+ I+
PCU2 I+ - .

Fig.17 Scoring codification of colon region of GALT histopathological
analysis and colon GALT disorganization picture (B, 40x H&E). ++++,
a change was very often found in all animals of a group; +++, a change
was relatively common in all animals of a group; ++, a change was rare
in all animals of a group; +, a change was found in a few animals of
a group; —/+, a change was sporadic in a group.

and observed at 25 °C. NMR data are shown as: chemical shift,
multiplicity (s = singlet, d = doublet, dd = doublet of doublet,
t = triplet, qua = quadruplet, qu = quintuplet, m = multiplet,
br s = broad singlet), integration, and coupling constants (in
hertz). GC-MS spectra were obtained using a Shimadzu QP-2010
plus. The column used was coated with 5% diphenyl-95%
dimethyl polysiloxane and the carrier gas used was helium. The
protocol used for analysis was: injection temp.: 200 °C; initial
column temp.: 50 °C; hold time: 6 min; heating rate: 15 °C
min~%; final temp.: 230 °C; hold time: 15 min; flow control
mode: linear velocity; pressure: 80.1 kPa; total flow: 18.1 mL
min~%; column flow: 1.37 mL min~; interface temp.: 250 °C;
ion source temp.: 300 °C; solvent peaks was cut off after 4 min;
start time: 4.5 min; end time: 45 min. EI-MS spectra were ob-
tained by direct insertion in the mass spectrometer, GC-MS
Shimadzu QP-2010 plus. The protocol used for analysis was:
interface temp.: 240 °C; ion source temp.: 300 °C; solvent cut
time: 0.25 min; start time: 0.30 min; end time: 25.0 min; DI
temperature program: initial temp.: 50 °C, heating hate of 20 °C
min~" until 350 °C, and hold time of 10 min. Analyses were
carried out using chloroform and acetonitrile as solvents. FTIR
measurements were performed on a Bruker FT-IR spectrometer,
model Vector 22, and the spectra were collected at 23 °C accu-
mulating 124 scans obtained at 4 cm ™" spectral resolution in
KBr/sample mixed pellets. All melting points (mp) were ob-
tained using a Quimis Q-340 M apparatus. The UV-Vis spectra
were recorded in dimethyl sulfoxide (DMSO) solutions carefully
conditioned on quartz cells using a Perkin-Elmer Lambda 25
spectrometer within the wavelength setup range of 200-700 nm.
Mass measurements were carried out using a Bruker Microflex
LT MALDI-TOF mass spectrometer, equipped with a 337 nm
nitrogen laser at a pulse rate of 60 Hz. The polymer samples
were dissolved in tetrahydrofuran (THF) at 10 mg mL ™’
concentration. The used matrix was dithranol with 15 mg mL™"
concentration of cationising agent and sodium iodide (NalI) and
silver trifluoroacetate (AgTFA) dissolved in methanol (10 mg
mL ™). The final ratio of the cationic matrix was 1 : 10 : 1 where
1 pL of this mixture was deposited in the MALDI plate. Mass
spectra were obtained in linear, positive-ion mode and the
parameters for the analysis were as follows: pulsed-ion extrac-
tion delay of 150 ns, ions source voltage one (20.0 kV), ion
source voltage two (17 kV) and ion source lens voltage (7.0 kV).
The spectra were acquired by accumulating 500 laser shots
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between 20% and 50% laser power in the range of 800 to 4000
m/z. The molecular weights and the molecular weight distri-
bution of the polymers were determined by gel permeation
chromatography using a Shimadzu Prominence LC system
equipped with a LC-20AD pump, a DGU-20A5 degasser, a CBM-
20A communication module, a CTO-20A oven at 40 °C and
a RID-10A detector equipped with two Shimadzu columns (GPC-
805: 30 cm, & = 8.0 mm). The retention time was calibrated
with standard monodispersed polystyrene using HPLC-grade
THF as eluent at 40 °C with a flow rate of 1.0 mL min~". TG
measurements were carried out with a Netzsch TG 209. The
samples (~5 mg) were placed into aluminum pans and heated
at 10° min~' under a dynamic nitrogen atmosphere at a flow
rate of 25 mL min~" from room temperature to 500 °C.

3.3. Synthesis

3.3.1. General procedure for bis-dimethylcarbonate 1. N-
Phenyldiethanolamine (0.1812 g, 1 mmol) was dissolved using 5
mL of DMC under magnetic stirring at 80 °C in a 50 mL three-
necked flask attached to a water-cooled condenser and a ther-
mometer. The catalyst DBU (0.0304 g, 0.2 mmol) or TBD (0.2,
0.1, 0.05, and 0.01 mmol) was added and the reaction mixture
was monitored by GC-MS. Excess of DMC was separated by
distillation under reduced pressure. DBU was removed by
subsequent washing with water and TBD was cooled to
precipitate and removed by simple filtration. The product was
obtained as a yellow oil (~98% purity by GC-MS analysis) which
was precipitated in cold methanol to give the bis-carbonate as
a white solid.

2,2'-(Phenylimino)bis-ethyl-methyl-carbonate (1). White solid
(0.27 g, 90%); FTIR (KBr) vpa/em ' 748, 962, 1257, 1440, 1507,
1600, 1744, 2884, 'H NMR (400.13 MHz, CDCl3) 6 7.28-7.24 (m,
2H), 6.79-6.75 (m, 3H), 4.31 (t, ] = 6.3 Hz, 4H), 3.79 (s, 6H) and
3.69 (t, ] = 6.4 Hz, 4H); "*C NMR (100.61 MHz, CDCl;) é 155.7,
146.9, 129.6, 117.3, 112.1, 64.8, 54.9, 49.9; GC-MS m/z (%): 103
(100), 208 (34), 77 (22), 132 (20), 59 (18), 91 (12), 297 (8).

3.3.2. General procedure for azo carbonates 2-8

Synthesis of aryldiazonium salt. 1 mmol of p-substituted
aniline was poured into a minimal amount of water and 0.33
mL of 37% HCI solution. Then, the mixture was heated until
complete dissolution. Afterward the solution was cooled, until
the temperature reached a value between 0 and 5 °C. Then, the
reaction mixture was slowly added with stirring to a cold solu-
tion of 1 mmol (0.07 g) of sodium nitrite dissolved in 0.5 mL of
water to form a diazonium salt.

Synthesis of azo carbonates. Compound 1 was dissolved in
a minimal acetonitrile volume (ethanol was used for compound
7) and the resulting solution was slowly added under stirring to
the aryldiazonium salt. The temperature was kept between
0 and 5 °C. The solid products (except compounds 2 and 8) were
filtered off under reduced pressure and washed with cold
ethanol to yield azo dye carbonates 2-8.

2,2/-[[4-[(Phenyl)azophenylJiminoJbis-ethyl-methyl-carbonate
(2). Brown oil (0.13 g, 32%): FTIR (KBI) vpa/cm ™' 967, 1275,
1513, 1602, 1739, 2885; "H NMR (400.13 MHz, CDCl,) 6 7.87 (dd,
J =9.0, 7.8 Hz, 4H), 7.48 (t, ] = 7.6 Hz, 2H), 7.40 (t, ] = 7.3 Hz,
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1H), 6.83 (d,J = 9.1 Hz, 2H), 4.35 (t, ] = 6.1 Hz, 4H), 3.78 (s, 6H),
3.77 (m, 4H); "*C NMR (100.61 MHz, CDCl3) 6 155.7, 153.1, 149.5,
144.5,129.8,129.1,125.3,122.4, 111.7, 64.7, 55.1, 50.0; EI-MS m/z
(%): 103 (100), 312 (39), 401 (17), 77 (14), 207 (9), 236 (7).

2,2'-[[4-[(4-Bromophenyl)azoJphenylfimino]bis-ethyl-methyl-
carbonate (3). Beige solid (0.31 g, 64%): mp = 131-134 °C; FTIR
(KBI) vmax/cm ™ 750, 833, 1261, 1505, 1598, 1748, 2960; *H NMR
(400.13 MHz, CDCl,) 6 7.87 (d, J = 9.1 Hz, 2H), 7.72 (d, ] = 8.7
Hz, 2H), 7.59 (d,J = 8.6 Hz, 2H), 6.82 (d,J = 9.1 Hz, 2H), 4.34 (t,
J = 6.1 Hz, 4H), 3.78 (s, 6H), 3.76 (d, ] = 6.3 Hz, 4H); "*C NMR
(100.61 MHz, CDC13) 0 155.7, 151.8, 149.8, 144.3, 132.2, 125.5,
123.9, 123.8, 111.8, 64.6, 55.1, 50.0; EI-MS m/z (%): 103 (100), 59
(12), 392 (11), 390 (11), 156 (5), 77 (5), 481 (4), 479 (4).

2,2'-[[4-[(4-Chlorophenyl)azo[phenyl]imino[bis-ethyl-methyl-
carbonate (4). Beige solid (0.31 g, 72%): mp = 113-116 °C; FTIR
(KBr) vmax/cm ' 788, 833, 1261, 1505, 1598, 1748, 2960; "H NMR
(400.13 MHz, CDCl;) 6 7.86 (d, J = 9.1 Hz, 2H), 7.79 (d, ] = 8.7
Hz, 2H), 7.43 (d, ] = 8.6 Hz, 2H), 6.82 (d,J = 9.1 Hz, 2H), 4.34 (t,
J = 6.1Hz,4H), 3.78 (s, 6H), 3.77-3.74 (m, 4H); ">*C NMR (100.61
MHz, CDCl;) é 155.7, 151.5, 149.7, 144.3, 135.4, 129.2, 125.4,
123.7,111.7, 64.6, 55.1, 50.0; EI-MS m/z (%): 103 (100), 346 (26),
435 (10), 270 (6), 207 (4), 77 (3).

2,2'-[[4-[(4-Benzoic acid)azo Jphenylfiminobis-ethyl-methyl-
carbonate (5). Orange solid (0.24 g, 55%): mp = 184-187 °C;
FTIR (KBI) vay/em ™ 790, 1264, 1515, 1605, 1677, 1748, 2963,
3300; "H NMR (400.13 MHz, CDCI;) 6 8.22 (dd, J = 8.7, 2.1 Hz,
2H), 7.93-7.89 (m, ] = 9.0, 8.4 Hz, 4H), 6.85 (dd, J = 9.3, 2.3 Hz,
2H), 4.36 (t, ] = 6.1 Hz, 4H), 3.79 (s, 6H), 3.78 (s, 4H); *C NMR
(100.61 MHz, CDCl;) 6 171.0, 156.5, 155.8, 150.3, 147.6, 144.6,
131.4, 126.0, 122.4, 111.8, 64.7, 55.2, 50.1; EI-MS m/z (%): 103
(100), 356 (18), 162 (16), 77 (14), 311 (8), 280 (7).

2,2'-[[4-[(4-Nitrophenyl)azoJphenylJimino[bis-ethyl-methyl-
carbonate (6). Red solid (0.27 g, 60%): mp = 110-112 °C; FTIR
(KBI) vma/em™" 856, 1293, 1505, 1602, 1748, 2969 cm ™ '; 'H
NMR (400.13 MHz, CDCl;) 6 8.33 (d, ] = 8.9 Hz, 2H), 7.93 (dd, ] =
8.9, 9.1 Hz, 4H), 6.86 (d,J = 9.2 Hz, 2H), 4.37 (t,J = 6.1 Hz, 4H),
3.81 (d, J = 6.1 Hz, 4H), 3.79 (s, 6H); *C NMR (100.61 MHz,
CDCl,) 6 156.6, 155.8, 150.8, 147.8, 144.6, 126.4, 124.8, 122.9,
111.9, 64.6, 55.2, 50.1; EI-MS m/z (%): 103 (100), 357 (32), 59 (17),
446 (11), 281 (8), 77 (6).

2,2'-[[4-[(4-Benzenesulfonic acid)azo JphenylJimino Jbis-ethyl-
methyl-carbonate (7). Brown solid (0.22 g, 45%); mp = >300 °C;
FTIR (KBI) vmad/cm™" 850, 1039, 1176, 1597, 1751, 3454; 'H
NMR (400.13 MHz, D,0) 6 7.92 (d, J = 8.7 Hz, 2H), 7.73 (d, ] =
8.6 Hz, 2H), 7.66 (d, J = 9.0 Hz, 2H), 6.76 (d, J = 8.9 Hz, 2H), 4.29
(t,J = 5.3 Hz, 4H), 3.68-3.64 (m, 10H); "*C NMR (100.61 MHz,
D,0) 6 155.9, 153.6, 150.6, 143.4, 143.0, 126.6, 125.4, 122.1,
111.6, 65.0, 55.1 and 48.9.

2,2/-[[4-[(4-Methoxyphenyl)azo[phenylfimino[bis-ethyl-methyl-
carbonate (8). Brown oil (0.11 g, 26%): FTIR (KBT) va/cm ™" 836,
1210, 1269, 1507, 1596, 1745, 2891; 'H NMR (400.13 MHz,
CDCl;) 6 7.84 (dd, J = 9.0, 9.2 Hz, 4H), 6.98 (d, J = 9.0 Hz, 2H),
6.82 (d,J = 9.2 Hz, 2H), 4.34 (t,] = 6.1 Hz, 4H), 3.86 (s, 3H), 3.78-
3.76 (m, 10H); "*C NMR (100.61 MHz, CDCl;) ¢ 161.2, 155.7,
149.0, 147.4, 144.5, 124.8, 124.1, 114.2, 111.7, 64.7, 55.6, 55.1,
50.0; EI-MS m/z (%): 103 (100), 342 (30), 431 (17), 77 (10), 135 (7),
266 (6).
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3.3.3. General procedure for the formation of azo-polymers
PCU 1 and PCU 2. 1 mmol of azo dye carbonate monomer (4 or
6) was introduced into a 50 mL three-necked glass flask
equipped with a reflux condenser and dissolved in 5 mL of DMF
under a nitrogen atmosphere and magnetic stirring. Thereafter
1 mmol of 4-aminobutanol was added and the reaction mixture
was stirred for 7 hours at 100 °C in the presence of base catalyst
TBD (1% mmol). Azo-polymers were precipitated in ice water.

PCU 1. Beige solid (0.31 g, 67%); FTIR (KBr) vpa/em ' 542,
788, 833, 1007, 1087, 1138, 1261, 1357, 1387, 1511, 1598, 1710,
1744, 2876, 2944, 3344; "H NMR (400.13 MHz, CDCl;) 6 7.86 (d,
J=9.1Hz, 2H), 7.79 (d, ] = 8.7 Hz, 2H), 7.43 (d, ] = 8.6 Hz, 2H),
6.82 (d,J = 9.1 Hz, 2H), 4.34 (t, ] = 6.1 Hz, 4H), 3.78 (s, 6H), 3.77-
3.74 (m, 4H); *C NMR (100.61 MHz, CDCl;) 6 155.0, 151.3,
135.4, 129.2, 125.3, 123.5, 123.4, 111.9, 60.6, 60.0, 55.3, 51.0,
40.7, 29.7, 26.4, 25.8.

PCU 2. Red solid (0.34 g, 73%); FTIR (KBI) vpa/cm ' 537,
684, 829, 859, 1038, 1107, 1146, 1265, 1342, 1391, 1519, 1602,
1704, 1744, 2828, 2954; "H NMR (400.13 MHz, CDCl,;) 6 8.33 (d,
J=8.9 Hz, 2H), 7.93 (dd, J = 8.9, 9.1 Hz, 4H), 6.86 (d, ] = 9.2 Hz,
2H), 4.37 (t, ] = 6.1 Hz, 4H), 3.81 (d, J = 6.1 Hz, 4H) and 3.79 (s,
6H); *C NMR (100.61 MHz, CDCl;) 6 157.3, 156.6, 151.5, 147.6,
144.2,126.2, 124.8, 122.8, 111.9, 64.8, 50.6, 40.6, 29.7, 26.5 and
26.0.

3.4. Study design

3.4.1. Ethical approval. Experiments were performed
according to the guidelines established in the NIH Guide for the
Care and Use of Laboratory Animals (Council, 1996), all exper-
iments were performed in compliance with the relevant laws
and institutional guidelines and an approved by the Committee
of Animal Experiments of the Faculty of Pharmaceutical
Sciences of Sao Paulo State University, Campus of Araraquara
(Approval protocol CEUA/FCF/CAr no. 69/2015).

3.4.2. Animals and experimental protocol. Six-week-old
Swiss male mice were used. Ninety animals were maintained
in a temperature-controlled (21 + 2 °C) and humidity-controlled
(50 £ 5%) facility with a 12 hour light/dark cycle and allowed to
consume water and food ad libitum.

The in vivo experiment had 15 groups of six animals. Body
weights were determined prior to dosing and the dose was
calculated based on body weight. The experimental groups
were: polymers and monomers: PCU 1, PCU 2, 4 and 6 (50 mg
kg™ ' - orally); physiological solution (0.9% NaCl) with three
distinct periods of analysis after administration (24 h, 72 h and
14 days). The sacrifices were realized by CO, chamber. Tissues
were immediately extracted and fixed in formalin buffer (10%)
for further processing and analysis.**™**

3.4.3. Histological analysis. Fixed organs (liver, kidney and
colon) were embedded in paraffin and sliced into 4 pm sections.
Tissue sections were stained with Hematoxylin & Eosin (H&E).
Histopathological analyses were performed using an optical
microscope (Zeiss — Primo Star) by a single pathologist (AS) and
all alterations from the normal structure were registered. The
following criteria were used for scoring liver, kidney and colon
histology: ++++, a change was very often found in all animals of
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a group; +++, a change was relatively common in all animals of
a group; ++, a change was rare in all animals of a group; +,
a change was found in a few animals of a group; —/+, a change
was sporadic in a group.

3.4.4. Statistical analysis. All statistical analyses were
carried out using GraphPad Prism® 5.1 and performed using
the Mann-Whitney non-parametric test (p < 0.05).

4. Conclusions

A DMC transesterification reaction with N-phenyldiethanol-
amine to obtain bis-carbonate monomers was performed using
DBU and TBD as catalysts. The TBD shows better catalytic
activity with conversion to the bis-carbonate in lower molar
ratios and shorter reaction times. Azo-carbonate monomers
were obtained with yields from good to moderate. The poly(azo-
carbonate-urethane)s were prepared by co-polymerization of
azo-carbonates with 4-aminobutanol. The FTIR and NMR
analysis confirm the formation of the copolymers, MALDI
analysis allows the determination of the different terminal
groups of oligomers, SEC experiments allows the determination
of the molecular weights and their distribution. Thermal
stability of materials was studied by TG analysis. The biocom-
patibility study showed the absence of histopathological toxicity
to the colon and kidney in all groups and periods. In the liver,
an increase of lobule micro-abscesses was observed in some
analyzed groups and periods. The PCU 1 demonstrated similar
results to the negative control.
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