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Abstract A series of new photodegradable poly(furan-amine)s (PFAs) were synthesized by a one-pot, catalyst-free, multicomponent
cyclopolymerization between diisocyanides, dialkylacetylene dicarboxylates, and aromatic dialdehydes. All polymerizations were
conducted in toluene at 100 °C for 6 h without inert gas protection and furnished polymers with a satisfactory molecular weight (Mw up to
32200) and yield. The PFA structure was confirmed by spectroscopic techniques, such as GPC, FTIR, and NMR, as well as by comparison
with a model compound. The polymers exhibited good solubility in common organic solvents and thermal stability. All the PFAs had high
refractive indices in the visible light region (400 nm to 800 nm). Moreover, the PFAs were substantially degraded by UV irradiation due to
the presence of furan rings. The film thickness reduction rate could be over 90%.
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INTRODUCTION

The degradation mechanisms of degradable polymers can
generally be divided into classes such as photodegradation,
mechanochemical degradation, thermal degradation, and bio-
degradation.l') Among these various photoresponsive mate-
rials, photodegradable polymeric materials that can be irre-
versibly decomposed by irradiation have been used for can-
cer therapy,?! as topographical pattern materials,! in photo-
triggered drug delivery,[*! in dynamic 3D cell cultures, and
so on.[l Photodegradable polymers can be generally divided
into four types based on their degradation mechanism: main
chain cleavage, side chain elimination, photodegradation of
block junctions, and photolabile cross-linker cleavage.[” The
reason for the limited applications of these photodegradable
polymers is that in most cases, the removal of large residual
fragments requires a large amount of organic solvent, which
results in environmental problems and can affect the quality
of lithography products. Therefore, the development of resi-
due-free photodegradable polymers has attracted increasing
attention in recent years.®]

Heteroaromatic polymers, such as polyfurans (PFus),f]
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polyheterocycles,!!%] polythiophenes,!!'!1 and polypyrroles,[12]
have received considerable attention due to their interesting
structural, electrochemical, electrical, mechanical, and optic-
al properties. PFus modified by FeCl;, SbCl;, or HCI as ox-
idants can show electrical conductivities several orders of
magnitude higher than those of their pristine analogues.!3]
However, PFus have poor thermal stability and processa-
bility.l14-15] Furthermore, PFus are difficult to obtain from
furan-containing monomers because these monomers are
often sensitive to light and/or acid. Therefore, new methods
for the synthesis of PFus and their derivatives are of great
interest. In general, improving the thermal stability of PFus
and their derivatives can be realized by substituting all four
sites on the furan ring.['617] In 2018, Tang’s group develo-
ped a new, facile, alkyne-based polymerization using oxy-
gen to obtain functional poly(tetrasubstituted furan)s with
high thermal stability.!'8]

Multicomponent cyclopolymerizations (MCCs) are one-
pot reactions of three or more monomers to directly afford
polymers containing a new ring, such as a thiophenel!°! or
pyrimidine.[20 Developing new MCCs is very important be-
cause they offer many advantages, such as structural control-
lability, molecular weight controllability, wide applicability,
and high atom economy.[?'] In 2016, Arndtsen’s group de-
veloped a new MCC to prepare a pyrrole-based z-conjug-
ated polymer by the reaction of alkynes, imines, and acid
chlorides using a metal-free catalyst.[?2] Currently, alkynes
and isocyanides are among the monomers commonly used
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for developing these new polymerization reactions.[?32¢] Re-
cently, we also developed an efficient, one-pot, catalyst-free
MCC of a diisocyanide, a dialkylacetylene dicarboxylate
(DAAD), and a dialdehyde.[?] By changing the polymeriza-
tion conditions, a series of poly(amine-furan-arylene)s were
obtained with high structural controllability, and all of the
polymers showed good thermal stability and thin-film pro-
cessability.

Based on our previous work, we extended this system to
additional aromatic dialdehyde monomers, including those
with other heterocyclic spacers such as pyrimidine, quino-
xaline, pyridine, and thiophene. We prepared a series of poly-
(furan-amine)s (PFAs) by reacting diisocyanide and DAAD
first and then with different aromatic heterocyclic dialde-
hydes under catalyst-free polymerization conditions, and the
method offers high atom economy and operational simpli-
city. All the obtained PFAs showed good solubility in com-
mon organic solvents such as dichloromethane (DCM), tet-
rahydrofuran (THF), chloroform, dimethylsulfoxide (DM-
SO), and N,N-dimethyl formamide (DMF). The structures of
the obtained PFAs were confirmed by GPC, FTIR, and NMR
spectroscopy and compared with that of the model com-
pound (MC). All the PFAs possessed high refractive indices
in the visible light region. Moreover, the photostabilities of
these PFAs were studied, which indicated their potentials of
degrading into volatile products with low molecular weights
and/or small amounts of residual fragments under ultraviolet
light. Thus, this MCC resulted in useful photodegradable
materials, which may offer a new platform for the design of
multifunctional PFus.

EXPERIMENTAL

Materials

Diisocyanide 1 and dialdehyde 3a were prepared according
to our previous work.?’! Dialdehyde monomer 3b, as shown
in Scheme 1, was prepared by the reported procedure with
some modifications, and the structural characterization data
are shown in the electronic supplementary information
(ESI).”!! Dialdehydes 3¢, 3d, and 3e, DAAD, and cyclo-
hexyl isocyanide 4 are commercial products purchased from
Energy Chemical. If not specifically indicated, all reagents
were used as received without further purification.

Measurements

The weight-average molecular weight (Mw) and polydis-
persity index (Mw/Mn) of each PFA were obtained from gel
permeation chromatography (GPC) using a Waters 1515 iso-
cratic HPLC pump and a Waters 2414 refractive index
detector. Polystyrene was used as the standard, and THF was
used as the eluent at a flow rate of 1.0 mL/min. Mass spectra
were collected by using a Finnigan BIFLEX III mass spec-
trometer. The X-ray crystal structure data were collected on a
Bruker-AXS SMART APEX2 CCD diffractometer. Fourier
transform infrared (FTIR) spectra were recorded on a Bruker
(ALPHA) spectrometer. NMR spectra were measured on a
Bruker AV 400 spectrometer. Thermogravimetric analysis
(TGA) was carried out on a PerkinElmer STA 8000 at a
heating rate of 10 °C/min under flowing nitrogen. UV-Vis
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Scheme 1 Synthetic route to polymers

spectra were recorded on a TU-1901 double beam UV-Vis
spectrophotometer. Fluorescence spectra were obtained from
a Hitachi F-7000 fluorescence spectrophotometer. The re-
fractive indices were measured on a SENTECH SE 850
DUV spectroscopic ellipsometer. Ultraviolet light experi-
ments were carried out with a 365 nm wavelength UV lamp
with 9000 pW/cm? of power.

Synthetic Procedure of MC

To a 30-mL Schlenk tube equipped with a magnetic stir bar
were added cyclohexyl isocyanide (4, 0.1090 g, 1.0 mmol),
2 (0.1700 g, 1.0 mmol), 3a (0.1460 g, 0.4 mmol), and 3 mL
of toluene. The reaction mixture was heated in a heating
jacket at 100 °C for 6 h under constant stirring under an
air atmosphere and then cooled to room temperature. The
organic layer was washed by water, extracted with DCM,
combined together, and then dried over MgSO4 for 1 h. MC
was purified by flash column chromatography.

Synthetic Procedure of PFA-1

The MCC procedure is described using PFA-1 as an exam-
ple. To a 30-mL Schlenk tube equipped with a magnetic stir
bar, monomer 1 (67.0 mg, 0.5 mmol), monomer 2 (170.0 mg,
1.0 mmol), monomer 3a (145.6 mg, 0.4 mmol), and toluene
(6 mL) were added. The reaction mixture was heated in a
heating jacket at 100 °C for 6 h under an air atmosphere.
After being cooled to room temperature and dropped into
150 mL of n-hexane under vigorous stirring, the precipitate
was isolated by filtration, washed with n-hexane, and dried
to a constant weight in a vacuum drying oven at 60 °C to
afford PFA-1. The MCCs of PFA-2-PFA-5 followed the
same procedure with the appropriate dialdehyde monomer
(3b—3e).

Characterization Data of MC and PFA-1-PFA-S
Characterization data for MC

Yellow solid; IR (v, cm™!): 3355, 2979, 1729, 1672, 1619,
1466, 1216, 1105, 1038; 'H-NMR (400 MHz, CDCl3, 6,
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ppm): 8.73—8.71 (m, 2H), 8.73—8.71 (d, J = 8.4 Hz, 2H),
7.99 (s, 1H), 7.71-7.69 (d, J = 8.8 Hz, 4H), 7.55-7.53 (m,
3H), 6.70—6.68 (d, J = 8.0 Hz, 2H), 4.46—4.41 (m, 4H),
4.28-4.23 (m, 4H), 3.75 (s, 2H), 2.09-2.07 (m, 4H), 1.83—
1.80 (m, 4H), 1.68—1.65 (m, 2H), 1.44—1.40 (m, 14H), 1.34—
1.30 (m, 8H); *C-NMR (100 MHz, CDCl3, 6, ppm): 165.46,
164.49, 164.41, 163.86, 161.42, 139.56, 137.97, 135.80,
131.60, 130.76, 128.54, 128.46, 127.62, 124.44, 115.47,
109.63, 88.26, 61.86, 59.77, 51.59, 33.48, 25.47, 24,58,
14.45, 14.17. HRMS (ESI, m/z) Calcd. for [M+Na]" Cs4Hss-
N4O10Na: 945.4051, Found: 945.4045, Error: 0.6 ppm.
Characterization data for PFA-1

Yellow solid; Mw: 31900; Mn: 9800; DP: 12; IR (v, cm™):
3349, 2980, 1729, 1674, 1611, 1468, 1215, 1097, 1034; 'H-
NMR (400 MHz, CDCls, ¢, ppm): 8.72—7.51 (aromatic pro-
tons), 6.70 (amino protons), 4.45—4.26 (OCH: protons), 3.83
(CH protons), 2.29—1.24; 3C-NMR (100 MHz, CDCl3, 4,
ppm): 16531, 164.49, 163.67, 161.18, 139.96, 138.06,
136.12, 131.37, 130.71, 128.45, 127.60, 124.50, 115.32,
109.54, 88.77, 61.92, 59.92, 51.00, 31.94, 29.70, 21.05,
14.43, 14.16.

Characterization data for PFA-2

Yellow solid; Myw: 6600; Mn: 3600; DP: 5; IR (v, cm™):
3347, 2980, 1729, 1674, 1611, 1468, 1217, 1097, 1034; 'H-
NMR (400 MHz, CDCl3, J, ppm): 8.17—7.54 (aromatic pro-
tons), 6.64 (amino protons), 4.38—4.25 (OCHz: protons), 3.79
(CH protons), 2.25-1.31; '*C-NMR (100 MHz, CDCls, 4,
ppm): 165.25, 164.37, 161.06, 152.47, 151.85, 144.98,
141.50, 141.21, 139.88, 136.19, 130.57, 130.27, 129.71,
129.28, 129.17, 124.10, 114.96, 88.56, 61.82, 59.82, 50.76,
31.94, 14.41, 14.07.

Characterization data for PFA-3

Gray solid; Mw: 7900; Mn: 4000; DP: 7; IR (v, cm™1): 3351,
2986, 1676, 1562, 1238, 1171, 1079, 977; 'H-NMR (400
MHz, CDCl3, J, ppm): 7.78—7.33 (aromatic protons), 6.56
(amino protons), 4.38—4.17 (OCHz protons), 3.73 (CH pro-
tons), 2.25-1.22; *C-NMR (100 MHz, CDCls, 6, ppm):
164.84, 164.66, 161.39, 152.41, 148.48, 147.69, 137.71,
136.84, 121.11, 118.84, 118.47, 117.62, 116.58, 89.16,
61.73, 60.04, 50.80, 32.33, 31.85, 14.37, 14.22, 14.11.
Characterization data for PFA-4

Yellow solid; Myw: 14800; Mn: 6700, DP: 11; IR (v, cm™):
3345, 2980, 1729, 1672, 1605, 1462, 1224, 1097, 1066; 'H-
NMR (400 MHz, CDCls, d, ppm): 6.66 (furan, amino pro-
tons), 4.37—4.25 (OCHz protons), 3.76 (CH protons), 2.23—
1.31; *C-NMR (100 MHz, CDCl3, 6, ppm): 164.58, 163.73,
161.18, 143.73, 134.17, 113.81, 109.24, 100.00, 87.67,
61.50, 59.86, 50.74, 32.02, 14.42, 14.20.
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Characterization data for PFA-5

Yellow solid; Myw: 17200; Mx,: 6100; DP: 10; IR (v, cm™):
3343, 2980, 1729, 1666, 1610, 1456, 1213, 1097; 'H-NMR
(400 MHz, CDClIs, 0, ppm): 7.25 (thiophene protons), 6.67
(amino protons), 4.39—4.24 (OCH:2 protons), 3.75 (CH pro-
tons), 2.24-1.30; C-NMR (100 MHz, CDCls, 6, ppm):
164.56, 164.19, 160.94, 138.06, 130.41, 124.91, 113.40,
88.05, 61.58, 59.86, 50.77, 31.83, 14.39, 14.18.

RESULTS AND DISCUSSION

Polymerization and Structural Characterization

With the optimized polymerization conditions developed
in our previous work,”’! various combinations of dialdehy-
des 3a—3e were investigated, and the results are shown in
Table 1. The MCCs proceeded smoothly and afforded the
target PFAs with good solubilities and in high yields (up to
86.6%). PFA-1 was obtained in the highest yield and had the
highest Mw, mainly attributable to its twisted three-dimen-
sional structure and less steric hindrance, which favored the
polymerization. However, it is worth noting that PFA-2
exhibited low My values probably due to the more coplanar,
conjugated structure of monomer 3b, which resulted in more
m-r stacking of rigid main chains, blocking further chain
growth and thereby producing low-molecular-weight pro-
ducts.[?%301 2 6-Substituted pyridinyl of monomer 3¢ actually
deactivated the aldehyde group, which resulted in low yield
and molecular weight of PFA-3. 2,5-Substituted monomers
3d and 3e were tested, and the resulting polymers, PFA-4
and PFA-5, had higher My values, which was mainly due to
the higher activity of aldehyde group when linked with
thiophene and furan groups. All these results indicated that
the activity of the aldehyde group as well as coplanarity and
conjugated degree of monomers should be considered in this
MCC. To confirm the PFA structures, a model compound,
MC, was efficiently prepared by reacting monomers 2 and
3a with cyclohexyl isocyanide (4, a mono-isocyanide) under
the same experimental conditions, as shown in Scheme 2, to
facilitate the comparison of certain key signals. Fortunately,
we obtained a single crystal of MC by slow evaporation from
a DCM/hexane solution, and its monomolecular configu-
ration is shown in Fig. 1. The target cyclization indeed oc-
curred in the abovementioned experiments, and the desired
furan rings were formed. Moreover, there were intramole-
cular hydrogen bonds between O of the carboxyl groups and
H of the amine groups, which would extend the tunability of
photophysical properties and thermal stabilities of these
compounds.

Table 1 MCC data from the polymerizations of monomers 1, 2, and 3 *

Entry PFAs Monomers Yield (%) My ®x 107 Db Solubility ©
1 PFA-1 1+2+3a 86.6 3.19 3.26 O
2 PFA-2 1+2+3b 79.6 0.66 1.83 O
3 PFA-3 1+2+3c 77.4 0.79 1.98 O
4 PFA-4 1+2+3d 80.5 1.48 2.21 O
5 PFA-5 1+2+3e 75.8 1.72 2.82 O

2 Carried out in toluene under air at 100 °C for 6 h, [1] = 0.08 mol/L, 1:2:3 = 1:2:0.8; ® Determined by GPC in THF using linear polystyrenes as the calibration
standards. My is the weight-average molecular weight; P = Mw/Mn, where M, is the number-average molecular weight; ¢ O: completely soluble in THF,

DMSO, and DMF
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Fig. 1  Crystal structure of MC (CCDC-1891535). C atoms are
shown in gray, H atoms are shown in white, O atoms are shown in
red, and N atoms are shown in yellow.

All PFAs were characterized by spectroscopic techniques,
such as NMR and FTIR spectroscopy. Since all PFAs have
similar structures, we take PFA-1 as an example to investig-
ate the key features of MCC. First, the FTIR spectra of 1, 2,
3a, MC, and PFA-1, shown in Fig. 2, confirmed the poly-
mer structure, since the structure of MC was clearly con-
firmed by its single crystal. The stretching vibration of N=C
is located at 2135 cm™! in monomer 1 (Fig. 2a), and the ana-
logous band is not present in the spectra of either MC or
PFA-1 (Figs. 2d and 2e). The stretching vibration of C=0,
located at 1723 cm™! in monomer 2 (Fig. 2b), appears at dif-
ferent wavenumbers (1729 and 1674 cm™) in the spectra of
MC and PFA-1 after the formation of furan rings mainly be-
cause the chemical environments of the carbonyl groups in
MC and PFA-1 are different.3!1 Additionally, the C=C and
N—H stretching vibrations appear at 1611 and 3349 cm™! in
the spectra of MC and PFA-1, respectively, and these bands
could be attributed to the furan and amino groups. The new
band at 1097 cm™! in the spectra of MC and PFA-1 is due to
the stretching vibration of C—O in the furan rings. All these
changes indicate that MCCs conducted under the optimized
experimental conditions produced the target polymers. The
FTIR spectra of other polymers showed similar results, and
these spectra are presented in Figs. S1—S4 (in ESI).

The 'H- and 3C-NMR spectra of 1, 2, 3a, MC, and PFA-
1 are given in Figs. 3 and 4. The characteristic H, resonance
of 1 at 6 = 3.80 ppm is observed at 3.78 and 3.81 ppm in the
I'H-NMR spectra of MC and PFA-1, respectively. The H,
resonance of 2 at § = 4.28 ppm splits into two signals, Hy,:
and Hy, for MC and Hy,;» and Hy,~ for PFA-1, and this is at-
tributed to the two kinds of newly formed CH, protons on

N O CHO .- =N

NH
H;CH,COOC ~ COOCH,CH; | HyCH,COO
NN

‘NH

H;CH,COOC  COOCH,CH; | H;CH,COOC — COOCH,CH,

C  COOCH,CH; . C-0

NN =C
H H
HOG- OO
O o in
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm )

Fig.2 FTIR spectra of (a) 1, (b) 2, (c) 3a, (d) MC, and (¢) PFA-1
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Fig. 4 '3C-NMR spectra of (A) 1, (B) 2, (C) 3a, (D) MC, and (E) PFA-1 in CDCl3. The solvent peaks are marked with asterisks.
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the furan rings. A new signal at J = 6.70 ppm assigned to the
amino proton of H, in MC appears at the same chemical
shift as Hy in the spectrum of PFA-1. The results from 'H-
NMR analyses indicated that MCCs proceeded smoothly via
this simple one-pot procedure. Furthermore, the resonance
signals of C, in 1 at § = 156.91 ppm and Cy, in 2 at J = 77.36
ppm are absent in the 3C-NMR spectra of MC and PFA-1.
The four new signals located at 6 = 88.26, 115.47, 139.56,
and 161.42 ppm are assigned to the resonances of Cy, C,, Cy,
and C, in MC, and the signals at 88.75, 115.32, 139.98, and
161.18 ppm are attributed to the resonances of Cy, C., Cp,
and C, in PFA-1, which confirmed that the furan rings were
formed during MCC.[32] Other features of the 'H- and 13C-
NMR spectra of these PFAs were similar, and they are
presented in Figs. S5—S12 (in ESI).

Thermal Stability

As shown in Fig. 5, the thermal stabilities of these PFAs
were evaluated by thermogravimetric analysis (TGA). The
initial decomposition temperatures of all the samples (cor-
responding to 5% weight loss, 7q) ranged from 260 °C to
268 °C under a N2 atmosphere, which indicated that all the
PFAs were thermally stable.[*3] The improved stability of the
PFAs is probably due to the intermolecular or intramolecular
hydrogen bonds between the O atoms on carboxyl groups
and the H atoms on amine groups, as shown in the above-
mentioned single crystal of MC. The higher 74 values of
PFA-2 and PFA-3 were probably due to the increased 7-7
interactions between main chains,!'® which is consistent with
the lower My values.

L T4 (°C)
\ — PFA-1260.4
- - - PFA-2268.1
80l PFA-3 268.4
@ A — —- PFA-4 266.3
< 3 -~ PFA-5264.7
iﬂ 60 |
[
E
E
=
=l
2 40+
(=2
20+

100 200 300 400 500 600 700 800
Temperature (°C)

Fig. 5 Thermograms of PFA-1, PFA-2, PFA-3, PFA-4, and PFA-
5 measured under N> at a heating rate of 10 °C/min

Light Refractivity

Polymeric materials with a high refractive index (RI) attract
significant interest because of the greater impact resistance,
better processability, lightweight, and higher dying ability
compared to the inorganic glasses, which has been widely
used as organic light-emitting diodes (OLEDs), antireflec-
tive coatings, arrays of prisms, chargecoupled devices
(CCDs) for digital cameras, efc.’*] Heteroatom-containing
polymers usually show high refractive indices (RI values).’]

Therefore, these PFAs, which contain nitrogen and oxygen
atoms in every repeat unit, were predicted to have high RI
values. Films of the obtained PFAs were then prepared by a
spin-coating process, and their RI values were measured in
the spectral region of 400—800 nm, as shown in Fig. 6. All
the PFAs showed high RI values, especially PFA-1, which
had the highest RI, probably due to its highest M. All these
PFAs exhibited higher RI values than those of commercially
important optical polymeric materials, such as polystyrene
(n = 1.587 at 632.8 nm) and polycarbonate (n = 1.581 at
632.8 nm).

Refractive index

151

400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 6 Refractive indices of thin films of PFA-1, PFA-2, PFA-3,
PFA-4, and PFA-5

Photophysical Properties

The normalized UV-Vis absorption spectra of MC and PFAs
were obtained from their THF solutions (Fig. 7a). The UV
absorption peaks of MC and PFA-1 are similar and centered
at approximately 263 and 395 nm; the peaks at a shorter
wavelength are attributed to the z-7" transition of benzene
rings, and the ones at longer wavelength result from the 7-7"
transition of conjugated backbone. The absorption maxi-
mum of PFA-5 appears at the longest wavelength (411 nm),
which is probably due to the presence of thiophene rings that
have strong electron donating abilities and thus exert a D-A
effect on the ester groups.*®! The photoluminescence (PL)
spectra of PFAs in THF are shown in Fig. 7(b). MC, PFA-1,
PFA-2, PFA-3, PFA-4, and PFA-5 exhibited one emission
peak centered at 528, 528, 562, 459, 502, and 523 nm,
respectively. PFA-2 had a longer emission wavelength than
other PFAs due to the presence of quinoxaline groups, which
are relatively planar. The PL properties of MC and PFA-1
were investigated in THF and in H20 (Figs. S13 and S14 in
ESI), and their PL intensities gradually decreased with in-
creasing water content, which was consistent with the typical
aggregation-induced quenching.[37-3%]

Polymers containing furan rings are often used as photo-
degradable materials because furan rings are sensitive to
light.[3%1 As shown in Fig. 8(a), UV-Vis absorption spectra of
PFA-1 were collected after predetermined durations of irra-
diation under a 365 nm UV lamp. The results indicated that

https://doi.org/10.1007/s10118-019-2281-5
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Fig. 7 Normalized (a) UV-Vis absorption and (b) PL spectra of
MC, PFA-1, PFA-2, PFA-3, PFA-4, and PFA-5 in THF (10 umol/L)

the UV absorption band from the z-z" transition of the con-
jugated backbone disappeared after 20 min of irradiation,
which suggests that the PFAs were photodegradable. At the
same time, the fluorescence of PFA-1 was also substantially
lower after 20 min of irradiation, as shown in Fig. 8(b). All
these results indicate that this PFA was highly sensitive to
UV light and could potentially be used for lithography ap-
plications. Ellipsometry tests showed that the film thickness
reduction rate of PFA-1 was up to 90% after 120 min of UV
irradiation (Table 2). The sensitivity of the furan rings to
light might cause main chain degradation in these polym-
ers.[*0:411 The UV traces of the other PFAs showed similar
trends (Figs. S15—S18 in ESI). In addition, NMR spectra of
MC indicated the breakage of C—NH and ring opening of
furan, as shown in Figs. S19 and S20 (in ESI). GPC tracking
of PFA-1 in THF at different irradiation time also verified
the occurrence of photodegradation into small segments (Fig.
S21 in ESI). Therefore, this MCC is a very useful method for
preparing photodegradable polymers with a small amount of
residual fragment. Experiments to fully elucidate the photo-
degradation mechanism are under way in our laboratory and
will be reported in due course.
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Fig. 8 (a) UV-Vis absorption and (b) PL spectra of thin solid films
of PFA-1 after different irradiation time (Inset: photos of the solid
films of PFA-1 before (left) and after (right) 20 min of irradiation)

Table 2 The reduction rate of the solid film thickness ?

Reduction rate ® (%)

Entry PFAs 20 min Z0min 120 min
T PFA i85 589 916
2 PFA-2 113 18.7 30.6
3 PFA-3 333 523 68.6
4 PFA-4 215 31.4 52.9
5 PFA-S 13.7 16.9 79.5

2 The PFAs were irradiated under a 9000 pW/cm?, 365 nm UV lamp; ® The
values of the reduction rate were calculated from the film thickness before
and after irradiation, and the film thicknesses were measured by an elli-
psometer

CONCLUSIONS

In summary, five PFAs were synthesized via a one-pot, cata-
lyst-free MCC of a diisocyanide, DAAD, and an aromatic
dialdehyde. This MCC could proceed without inert gas pro-
tection. Their key structural features were verified by GPC,
FTIR, and NMR techniques. PFAs with good solubility pos-
sessed good film processability and exhibited high thermal
stability and refractive index values. These PFAs could be
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degraded under UV light due to the presence of furan rings,
which makes them potentially applicable as photoetching
materials. Thus, this MCC may serve as a new method for
preparing photodegradable polymers.
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