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ABSTRACT: Fully regioregular 7z-conjugated poly(azomethine)s (9a—d) were successfully synthesized via aza-
Wittig polymerization from an AB monomer system. The obtained regioregular poly(azomethine)s showed moderate
solubility in common organic solvents such as CHCl;, THF, and toluene. In the UV—vis absorption spectra,
polymer 9¢ displayed absorption maximum of the longer wavelength at 425 nm and a large red shift of 95 nm
relative to the absorption maximum of the model compound 14 (4,,,,x = 330 nm) in dilute CHCI; solution, indicating
the extension of the m-delocalization length of polymer 9c¢ via the AB-type m-conjugated poly(azomethine)
backbone. In the solid state, UV—vis absorption spectra and XRD data revealed that these regioregular
poly(azomethine)s have higher crystallinity values compared to those for the regiorandom poly(azomethine)s.

Introduction

The chemistry of regioregular sr-conjugated polymers has
recently received considerable attention and been expanding
because such polymers can self-assemble into highly ordered
supramolecular architectures in the solid state. Crystalline
packing of the regioregular polymers gives self-ordering of the
conjugating polymer chains in the films, leading to enhanced
light absorptions and higher charge carrier mobilities desirable
for various optoelectronic device applications including organic
field effect transistors and photovoltaic cells. A typical example
of the importance of polymer microstructure as it pertains to
physical properties can be illustrated with poly(3-alkylth-
iophene)s (PATs). By controlling the relative position of the
alkyl pendant groups through a regiochemical synthetic manner,
PATs self-assemble into highly ordered two- and three-
dimensional assemblies which display various notable properties.
For example, highly regioregular, head-to-tail coupled, poly(3-
alkylthiophene)s (HT—PATSs) possess higher crystallinity, non-
linear optical responses, greater electrical conductivity, a smaller
bandgap, and greater field effect charge mobility than the
regiorandom/regioirregular analogues.' However, despite the
well-known influence of regiochemical arrangement of side
chains on the properties of PATSs, such control of molecular
structure is not common for other classes of s-conjugated
polymers.?

Aromatic poly(azomethine)s,” often termed poly(Schiff base)s,
have been generally recognized as a special class of high-
performance polymers due to their prominent properties such
as excellent thermal stability,4 the ability to chelate with metals,*
electrical conductivity,” second- and third-order nonlinear optical
properties,® and fiber-forming property.” In general, the basic
methodology for the synthesis of poly(azomethine)s is based
upon the condensation reaction of AA/BB monomers: a dial-
dehyde and a diamine. To date, several types of A;B, poly(a-
zomethine)s have been prepared by this method.® However, this
type of polycondensation system is not appropriate for preparing
poly(azomethine)s with highly organized macromolecular ar-
chitectures with controlled head-to-tail structure. Unlike many
condensation polymers that can be made from a bifunctional
monomer, very few AB-type poly(azomethine)s are known and
well characterized mainly due to the ease of self-condensation
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between the aldehyde and amine groups.’ The aza-Wittig
reaction,'® which is the reaction of phosphazenes—obtainable
by the Staudinger reaction from organic azides and phospho-
rus(Ill) reagents—with carbonyl compounds, has become one
of the most efficient methods for the creation of the imine group
under mild reaction conditions. In our previous work, we
discovered that 1,4-diazidobenzene and terephthalaldehyde
derivative readily underwent A,B,-type polycondensation reac-
tion (aza-Wittig polymerization) only in the presence of suitable
phosphorus(IIl) reagents, resulting in the corresponding A;B,
poly(azomethine) with high molecular weight."' This result
prompted us to further examine the aza-Wittig polymerization
of AB-type monomers having both aldehyde and azide func-
tionality within single molecules. We herein describe the
synthesis, characterization, and properties of fully regioregular,
head-to-tail coupled, sr-conjugated poly(azomethine)s via aza-
Wittig polymerization from an AB monomer system.

Results and Discussion

Monomer Synthesis. Scheme 1 illustrates the synthetic route
to 6a—d, AB-type monomers containing both the aldehyde and
azide functionality. The synthetic strategy was adapted from a

Scheme 1. Synthetic Route to Monomers 6a—d*
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Scheme 2. Synthetic Route to Regioregular (9a—d) and
Regiorandom (10) Poly(azomethine)s
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Scheme 3. Reaction of 6a—d with PPh;
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procedure previously reported by Myles.'> The methyl 4-azi-
dosalicylate 3, which was prepared from 4-aminosalicylic acid
1 according to a literature procedure,'? was converted into
methyl 4-azido-2-alkoxybenzoates 4a—d by alkylation. Long
and/or branched alkyl side chains on the phenyl ring are
introduced to improve the polymer solubility because 7-con-
jugated poly(azomethine)s generally have poor solubility in
common organic solvents. Treatment of methyl 4-azido-2-
alkoxybenzoates 4a—d with DIBAL—H resulted in the selective
reduction of the esters to yield 4-azido-2-alkoxybenzyl alcohols
Sa—d. Oxidation of the free alcohols using a Dess—Martin
reagent' gave the desired 4-azido-2-alkoxybenzaldehydes 6a—d
in high yields after purification by flash chromatography. The
structures of the obtained monomers were characterized by 'H
NMR, 3C NMR spectroscopy, and elemental analyses.

Polymer Synthesis. Regioregular poly(azomethine)s 9a—d
were synthesized by adding excess amounts of phosphorus(III)
reagents to anhydrous toluene solutions of monomers 6a—d,
respectively, at 80 °C (Scheme 2). In the initial stage of the
polymerization, the color of the reaction mixture immediately
changed from light yellow to deep orange in addition to the
generation of N, bubble, indicating the successful progress of
the Staudinger reaction. Note that, from the reaction scheme,
only the regioregular poly(azomethine)s 9a—d could be formed.
As for a control, a regiorandom poly(azomethine) 10 was
synthesized via aza-Wittig polymerization using the diazide 7
and the dialdehyde 8 under similar reaction conditions."'

Polymerization with PPhs;. We first tried to use triph-
enylphosphine (PPh3), which is one of the most employed
reagents in the aza-Wittig reaction, to polymerize AB-type
monomers 6a—d in anhydrous toluene at 80 °C. However, in
contrast to our expectation, the polymerization results were
rather surprising. In all cases, only the corresponding phosp-
hazenes 11a—d were obtained in quantitative yields (Scheme
3), whereas no imine group-containing compounds could be
obtained. On the other hand, as we previously examined, 1,4-
diazidobenzene 7 and terephthalaldehyde derivative 8 underwent
A,B,-type aza-Wittig polymerization in the presence of PPhs,
which resulted in the corresponding poly(azomethine) with
moderate molecular weight (M, = 2200, PDI = 2.05). This
result must come from the difference of the electron density
between the resultant phosphazene moieties. In the case of AB-
type monomers, the phosphazene and aldehyde groups are
connected by a conjugated phenyl moiety to form a “push-and-
pull” system. Thus, it is suggested that the electron density of
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Figure 1. ORTEP drawing of phosphazene 11a with 50% thermal
ellipsoids. The hydrogen atoms are omitted for clarity.

Table 1. Solubilities* and Molecular Weights® of Synthesized

Poly(azomethine)s
entry polymer yield (%) solubility M, PDI
1 9a 93 - 900 1.80
2 9b 81 + - 3800 1.90
3 9c¢ 87 + 12000 2.26
4 9d 76 + - 6100 1.85
5 10 93 + 133000 242

“ Measured at room temperature in CHCI3. Key: +, fully soluble; + —,
partially soluble; —, insoluble. * Determined by GPC (CHCl3), polystyrene
standards.

the phosphazene moiety was not enough to proceed AB-type
aza-Wittig polymerization. The high stability of the phosphazene
enabled us to isolate and characterize the molecular structure
even in the presence of atmospheric oxygen and moisture. In
addition, the high crystallinity of the phosphazene 11a derived
from monomer 6a prompted us to further examine a single
crystal X-ray diffraction analysis (Figure 1). The crystal structure
reveals that not only the low electron density of the phosphazene
moiety but also the steric hindrance caused by three phenyl rings
are both unfavorable for AB-type aza-Wittig polymerization.

Polymerization with PMePh,. We then checked methyl-
diphenylphosphine (PMePhy) instead of PPhs in order to
evaluate the electronic effect of phosphines on the aza-Wittig
polymerization. It is well-known that the electronic state on
phosphorus atom can be varied by modification of the substit-
uents. For example, the electronic density on phosphorus atom
of alkyl groups-substituted phosphine is higher than that of
triarylphosphine; thus, the reactivity of the aza-Wittig reaction
utilizing alkyl groups-substituted phosphine is also predicted
to be high. As we expected, PMePh, displayed much higher
activity on the aza-Wittig polymerization, which resulted in the
corresponding AB-type poly(azomethine)s 9a—d. Similarly, as
we previously reported, monomers 7 and 8 underwent A,B;-
type aza-Wittig polymerization in the presence of PMePhy,
which resulted in the corresponding poly(azomethine) 10 with
high molecular weight.

Polymer Solubility and Molecular Weight. The solubility
and molecular weights of the obtained polymers are summa-
rized in Table 1. Regiorandom poly(azomethine) 10 was quite
soluble in common organic solvents such as CHCls, THF, and
toluene in spite of its higher degree of polymerization. In
contrast, regioregular poly(azomethine)s 9a—d showed limited
solubility. The molecular weights of the obtained polymers were
estimated by gel permeation chromatography (GPC) in chlo-
roform at 40 °C, using polystyrene standards for calibration.
The regioregular poly(azomethine)s 9a—d have relatively low
molecular weights compared to the regiorandom poly(azome-
thine) 10. This could be attributed to the low solubility of
regioregular polymers 9a—d in toluene resulting in termination
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Scheme 4. Synthesis of Model Compound 14
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of the polymerization, since precipitation of the polymers was
observed at a later stage of the reaction.

Polymer Characterization. The molecular structures of the
resulting polymers were confirmed by FT-IR,'H NMR, and '3C
NMR spectroscopies. For example, the FT-IR spectra of the
polymers 9a—d displayed strong absorption bands at 1560 cm™!,
assigned to the azomethine (—CH=N—) stretching. Instead, the
strong FT-IR peaks at 2116 cm™! owing to the azide groups in
monomers 6a—d completely disappeared in polymers 9a—d.
In the 'H NMR spectra, the overall integration ratio between
the aliphatic protons and the aromatic protons were consistent
with the structures of the polymers. The 100% head-to-tail
regioregularity of polymers 9a—d automatically follows from
the AB-type nature of the condensation polymerization. The
presence of only one nonsplitting peaks around 9 ppm corre-
sponding to the azomethine proton resonances further confirmed
the regioregular structures of polymers 9a—d. Moreover,
previous reports employing the theoretical study of the aza-
Wittig reaction supported the preferential or exclusive formation
of (E)-imines so that the obtained poly(azomethine)s here would
also have the trans conformation.'*

Electronic Structure. In order to evaluate the electronic
structure of the obtained AB-type sr-conjugated poly(azome-
thine)s, model compound 14 was synthesized via aza-Wittig
reaction (Scheme 4). Figure 2 shows the UV—vis absorption
spectra of the polymer 9¢ and the model compound 14 in dilute
CHCl; solution at room temperature. The polymer 9¢ exhibited
absorption maximum of the longer wavelength at 425 nm and
a large red shift of 95 nm relative to the absorption maximum
of 14 (Amax = 330 nm) (Figure 2). This result suggests the
extension of the z-delocalization length of the polymer 9¢ via
the AB-type m-conjugated poly(azomethine) backbone.

Properties in the Solid State. In the solid state, regioregular
poly(azomethine) 9¢ and regiorandom poly(azomethine) 10
display markedly different behavior (Figure 3). Although both
absorptions are red-shifted in the solid state relative to the
solution spectra, the regioregular analogue (Anax = 465 nm, Acgge
= 590 nm) has a greater contribution at higher wavelength than
the regiorandom analogue (Amax = 470 nm, Aegee = 560 nm).
This result could reflect the elongation of conjugated length and
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Figure 2. UV—vis absorption spectra of polymer 9¢ (solid line) and
model compound 14 (dashed line) in dilute CHCl; solution.
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Figure 3. UV—vis absorption spectra of (a) regioregular polymer 9¢

and (b) regiorandom polymer 10 in dilute CHCl; solution (dashed line)

and in the solid state (solid line).
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Figure 4. XRD patterns of polymers 9a, 9¢, and 10.

better t—a stacking of the polymer chains due to the higher
crystallinity of the regioregular polymer 9c¢ in the film. This
type of spectral change is similar to the one observed for highly
regioregular PATs upon crystallization.'> On the other hand,
irregular arrangement of the substituents in the regiorandom
polymer 10 hampers formation of an ordered assembly,
consequently leading to conformational disorder and a decrease
in conjugation length.

To further examine the crystallinity of the polymer in the
solid state, X-ray diffraction (XRD) measurements were con-
ducted on powder samples of the polymers (Figure 4). The
regioregular polymer 9c¢ has a weak diffraction peak at 20 of
4.6°, corresponding to an interlayer spacing of 19.2 A. In
contrast, the regiorandom polymer 10 does not show any
diffraction peak, indicating the amorphous nature of the material.
These results indicate that regioregular analogue forms a layered
order structure in which the rigid-rod main chains are separated
by the alkyl side chains. In addition, a peak in the diffraction
pattern centered at 26.6° for 9a and 26.4° for 9¢ corresponds to
a spacing of 3.35 and 3.38 A, respectively. This side-chain-
length independent spacing is assigned to the 7—s interchain
stacking distance. The above results support the crystalline
nature of the regioregular poly(azomethine)s in the solid state.

Conclusions

We have developed AB-type aza-Wittig polymerization for
the construction of fully regioregular szz-conjugated poly(azome-
thine)s. The obtained regioregular poly(azomethine)s showed
moderate solubility in common organic solvents such as CHCls,
THF, and toluene at room temperature. UV—vis absorption
study in dilute CHCI; solution revealed that the extension of
the st-delocalization length of the regioregular poly(azomethine)s
via the AB-type z-conjugated poly(azomethine) backbone. In
the solid state, UV—vis absorption spectra and XRD data
demonstrated that these regioregular poly(azomethine)s have
higher crystallinity compared to the regiorandom poly(azome-
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thine). The high crystallinity and the solution processability of
the polymers could be advantageous for various device applica-
tions. Further work is currently underway to apply AB-type aza-
Wittig polymerization to the development of novel backbone-
containing polymers.

Experimental Section

Materials. Unless stated otherwise, all reagents were obtained
from commercial sources and used without further purification.
Tetrahydrofuran (THF) was purified using a two-column solid-state
purification system (Glasscontour System, Joerg Meyer, Irvine, CA).
Methyl 4-azidosalicylate was synthesized and characterized ac-
cording to the literature.'? 1-Azido-3-methoxybenzene was syn-
thesized and characterized according to the literature.'®

Measurements. 'H and '3C NMR measurements were recorded
on a JEOL JNM-EX400 instrument at 400 and 100 MHz in CDCl;
(0.05% TMS as an internal standard) at room temperature. Gel
permeation chromatography (GPC) was carried out on a TOSOH
UV-8020 and RI-8020 (TOSOH TSKgel o.—3000 column) using
CHCI; as an eluent at 40 °C, after calibration with the standard
polystyrene samples. Recyclable preparative high-performance
liquid chromatography (HPLC) was performed on a JAI LC-918
using CHCl; as an eluent. FT-IR spectra were obtained on a Perkin-
Elmer 1600 spectrometer. Elemental analyses were performed at
the Microanalytical Center of Kyoto University. UV—vis spectra
were recorded on a Shimadzu UV-3600 spectrophotometer at room
temperature. Powder X-ray diffraction (XRD) patterns were taken
by using Cu Ka radiation with a Shimadzu XRD-600.

General Procedure for Methyl 4-Azido-2-alkoxybenzoates
(4a—d). Methyl 4-azidosalicylate (3) was synthesized using a
modified literature procedure starting from commercially available
4-aminosalicylic acid (1).' A round-bottomed flask was charged
with methyl 4-azidosalicylate and a large excess of the correspond-
ing alkyl halides. To this was added a large excess of anhydrous
K»COs, anhydrous acetone solvent, and a stir bar. The reaction was
then left to stir overnight in a thermostatic oil bath at 80 °C, after
which the solvent was removed via vacuum distillation. Dichlo-
romethane was then added to the residue, and the resulting
suspension was filtered to remove excess K,CO; and insoluble
byproducts. Afterward, the solvent was removed with a rotary
evaporator, and the crude product was chromatographed on silica
with an eluent of hexane/EtOAc adjusted to give an Ry for the
product of 0.2—0.3.

Methyl 4-Azido-2-Methoxybenzoate (4a). The above general
procedure was performed with 1.55 g (8.00 mmol) of methyl
4-azidosalicylate, 11.4 g (80.0 mmol) of methyl iodide, 4.15 g (30.0
mmol) of K,COs, and 20 mL of acetone. The crude product was
purified by column chromatography with hexane/EtOAc (15/1) to
give 4a (85% yield, 1.41 g)."H NMR (400 MHz, CDCl;): 6 (ppm)
7.83 (d, 1 H), 6.63 (d, 1 H), 6.52 (s, 1 H), 3.96 (s, 3 H), 3.86 (s,
3 H). 3C NMR (100 MHz, CDCl3): ¢ (ppm) 165.9 (CH;00C),
160.2 (C4,—0), 145.0 (C4,—N), 133.3 (C4,—H), 116.5 (C4—C),
110.1 (Ca,—H), 103.7 (C4,—H), 56.2 (CH30), 51.7 (CH;00C).

Methyl 4-Azido-2-Hexyloxybenzoate (4b). The above general
procedure was performed with 1.93 g (10.0 mmol) of methyl
4-azidosalicylate, 4.24 g (20.0 mmol) of hexyl iodide, 4.15 g (30.0
mmol) of K,COs3, and 20 mL of acetone. The crude product was
purified by column chromatography with hexane/EtOAc (15/1) to
give 4b (78% yield, 2.15 g). "H NMR (400 MHz, CDCl;): 0 (ppm)
7.83 (d, 1 H), 6.63 (d, 1 H), 6.52 (s, 1 H), 4.00 (t, 2 H), 3.86 (s, 3
H), 1.83 (m, 2 H), 1.49 (m, 2 H), 1.35 (m, 4 H), 0.91 (m, 3 H). 13C
NMR (100 MHz, CDCl3): ¢ (ppm) 165.9 (CH;00C), 160.2
(Car—0), 145.1 (C4y—N), 133.4 (C4,—H), 116.5 (C4,—C), 110.1
(Cay—H), 103.8 (Cs,—H), 69.0 (CH,0), 51.7 (CH;00C), 32—14
(aliphatic carbons). Anal. Calcd: C 60.63, H 6.91, N 15.15; Found:
C 60.89, H 6.91, N 14.87.

Methyl 4-Azido-2-(3',7'-dimethyloctyloxy)benzoate (4¢c). The
above general procedure was performed with 3.86 g (20.0 mmol)
of methyl 4-azidosalicylate, 6.00 g (27.0 mmol) of 1-bromo-3,7-
dimethyloctane, 8.29 g (60.0 mmol) of K,CO3, and 60 mL of
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acetone. The crude product was purified by column chromatography
with hexane/EtOAc (20/1) to give 4¢ (63% yield, 4.20 g). '"H NMR
(400 MHz, CDCl3): 6 (ppm) 7.84 (d, 1 H), 6.65 (d, 1 H), 6.55 (s,
1 H), 4.02 (t, 2 H), 3.85 (s, 3 H), 1.88 (m, 2 H), 1.80—0.80 (br, 17
H). BC NMR (100 MHz, CDCl;): 6 (ppm) 165.8 (CH;00C), 160.1
(Car—0), 145.0 (C4,—N), 133.2 (C4,—H), 116.4 (C4,—C), 110.1
(Ca—H), 103.7 (C4,—H), 68.8 (CH,0), 51.7 (CH500C), 40—19
(aliphatic carbons). MS (EI) m/z: 333.2055 (C,sH,703N3 requires
333.2052).

Methyl 4-Azido-2-dodecyloxybenzoate (4d). The above general
procedure was performed with 1.93 g (10.0 mmol) of methyl
4-azidosalicylate, 5.93 g (20.0 mmol) of dodecyl iodide, 4.15 g
(30.0 mmol) of K,COs3, and 30 mL of acetone. The crude product
was purified by column chromatography with hexane/EtOAc (15/
1) to give 4d (72% yield, 2.61 g). 'H NMR (400 MHz, CDCl3): 6
(ppm) 7.81 (d, 1 H), 6.60 (d, 1 H), 6.50 (s, 1 H), 3.97 (t, 2 H), 3.85
(s, 3 H), 1.81 (m, 2 H), 1.47 (m, 2 H), 1.40—1.10 (m, 16 H), 0.85
(m, 3 H). *C NMR (100 MHz, CDCl3): 6 (ppm) 166.0 (CH;000),
160.3 (Cs,—0), 145.2 (C4,—N), 133.5 (C4,—H), 116.6 (C4,—C),
110.2 (Ca,—H), 103.9 (Cs,—H), 69.1 (CH,0), 51.8 (CH;000C),
32—14 (aliphatic carbons). Anal. Calcd: C 66.45, H 8.64, N 11.62;
Found: C 66.35, H 8.69, N 11.39.

General Procedure for 4-Azido-2-alkoxybenzyl Alcohols
(5a—d). A round-bottomed flask was charged with methyl 4-azido-
2-alkoxybenzoates dissolving CH,Cl, solution. After cooling down
to —78 °C, a large excess of DIBAL-H (1.5 M toluene solution)
was added dropwise. The reaction was then left to stir for 1 h at
—78 °C, after which the reaction was quenched by adding a large
excess of MeOH. After warming up to room temperature, the
solution was poured into aqueous potassium sodium tartrate, and
the resulting mixture was stirred for 1 h. The mixture was diluted
with CH,Cl, and washed with H,O, and the organic layer was dried
over MgSO,. Afterward, the solvent was removed with a rotary
evaporator, and the crude product was chromatographed on silica
with an eluent of hexane/EtOAc adjusted to give an Ry for the
product of 0.2—0.3.

4-Azido-2-methoxybenzyl Alcohol (5a). The reaction was
carried out by following the procedure described above. Yield: 63%.
"H NMR (400 MHz, CDCl3): 6 (ppm) 7.15 (d, 1 H), 6.52 (d, 1 H),
6.37 (s, 1 H), 4.50 (s, 2 H), 3.71 (s, 3 H), 2.63 (s, 1 H). 13C NMR
(100 MHz, CDCl3): 0 (ppm) 158.2 (C4,—0), 140.4 (C4,—N), 129.5
(Ca—H), 1259 (C4—C), 1104 (Cs—H), 101.6 (C4,—H), 60.8
(CH,0H), 55.2 (CH30).

4-Azido-2-hexyloxybenzyl alcohol (5b). The reaction was
carried out by following the procedure described above. Yield: 70%.
"H NMR (400 MHz, CDCl;): 6 (ppm) 7.23 (d, 1 H), 6.60 (d, 1 H),
6.46 (s, 1 H), 4.61 (s, 2 H), 3.94 (t, 2 H), 2.80 (br, 1 H), 1.79 (m,
2 H), 1.46 (m, 2 H), 1.35 (m, 4 H), 0.92 (m, 3 H). 3*C NMR (100
MHz, CDCls): 6 (ppm) 157.6 (Cs,—0), 140.2 (Ca,—N), 129.2
(Ca—H), 126.0 (C4,—C), 110.2 (C4—H), 102.3 (C4,—H), 68.0
(CH,0), 60.9 (CH,0OH), 32—13 (aliphatic carbons). Anal. Calcd:
C 62.63, H 7.68; Found: C 62.92, H 7.71.

4-Azido-2-(3',7'-dimethyloctyloxy)benzyl Alcohol (5c). The
reaction was carried out by following the procedure described
above. Yield: 65%. '"H NMR (400 MHz, CDCl;): 6 (ppm) 7.24 (d,
1 H), 6.63 (d, 1 H), 6.50 (s, 1 H), 4.64 (s,2 H), 4.02 (m, 2 H), 1.88
(m, 2 H), 1.80—0.80 (br, 17 H). 3*C NMR (100 MHz, CDCl5): 0
(ppm) 157.7 (C4,—0), 140.3 (Cs—N), 129.3 (Cs,—H), 126.1
(Ca—C), 110.3 (Cs—H), 1024 (C4—H), 68.1 (CH,0), 61.0
(CH,OH), 40—20 (aliphatic carbons). MS (EI) m/z: 305.2107
(C17H270,N3 requires 305.2103).

4-Azido-2-dodecyloxybenzyl Alcohol (5d). The reaction was
carried out by following the procedure described above. Yield: 66%.
"H NMR (400 MHz, CDCl3): 6 (ppm) 7.25 (d, 1 H), 6.61 (d, 1 H),
6.47 (s, 1 H), 4.63 (s, 2 H), 3.97 (t, 2 H), 2.39 (br, 1 H), 1.80 (m,
2 H), 1.45 (m, 2 H), 1.40—1.10 (m, 16 H), 0.88 (m, 3 H). 13C
NMR (100 MHz, CDCl3): 6 (ppm) 157.9 (C4,—0), 140.5 (Ca,—N),
129.5 (C4y—H), 126.1 (C4—C), 110.4 (C4,—H), 102.5 (Cs,—H),
68.2 (CHy0), 61.5 (CH,OH), 32—14 (aliphatic carbons). Anal.
Calcd: C 68.43, H 9.37; Found: C 68.72, H 9.47.
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General Procedure for 4-Azido-2-alkoxybenzaldehydes (6a—d).
A solution of 4-azido-2-alkoxybenzyl alcohols in CH,Cl, was added
to a stirred solution of Dess—Martin periodinane (DMP) in CH,Cl,
over 2 min. The solution came to a spontaneous boil for about 5
min. After 1 h, the solution was poured into saturated aqueous
NaHCOj; containing Na,S,0s, and the resulting mixture was stirred
for 30 min. The mixture was diluted with CH,Cl, and washed with
H,0, and the organic layer was dried over MgSO,. Afterward, the
solvent was removed with a rotary evaporator, and the crude product
was chromatographed on silica with an eluent of hexane/EtOAc
adjusted to give an Ry for the product of 0.2—0.3.

4-Azido-2-methoxybenzaldehyde (6a). The reaction was carried
out by following the procedure described above. Yield: 75%. 'H
NMR (400 MHz, CDCl5): J (ppm) 10.31 (s, 1 H), 7.84 (d, 1 H),
6.71 (d, 1 H), 6.55 (s, 1 H), 3.92 (s, 3 H). 3C NMR (100 MHz,
CDCl3): 0 (ppm) 188.1 (CHO), 163.0 (C4,—0), 147.6 (C4,—N),
130.2 (C4,—H), 121.8 (C4,—C), 111.1 (Cs,—H), 102.3 (C4—H),
55.7 (CH30). MS (EI) m/z: 177.0537 (CgH;0,Nj requires 177.0538).
Anal. Calcd: C 54.24, H 3.98, N 23.72, O 18.06; Found: C 54.50,
H 4.16, N 23.48, O 18.32.

4-Azido-2-hexyloxybenzaldehyde (6b). The reaction was carried
out by following the procedure described above. Yield: 82%. 'H
NMR (400 MHz, CDCl;): ¢ (ppm) 10.37 (s, 1 H), 7.81 (d, 1 H),
6.66 (d, 1 H), 6.52 (s, 1 H), 4.04 (t, 2 H), 1.84 (m, 2 H), 1.49 (m,
2 H), 1.36 (m, 4 H), 0.91 (m, 3 H). '3C NMR (100 MHz, CDCl;):
0 (ppm) 188.0 (CHO), 162.6 (Cs—0), 147.4 (C4—N), 129.7
(Car—H), 121.8 (C4,—C), 110.8 (Cs—H), 102.9 (C4,—H), 68.6
(CH0), 32—13 (aliphatic carbons). MS (EI) m/z: 247.1320
(C13H170,Nj3 requires 247.1321). Anal. Caled: C 63.14, H 6.93, N
16.99, O 12.94; Found: C 62.87, H 6.99, N 16.83, O 13.24.

4-Azido-2-(3',7'-dimethyloctyloxy)benzaldehyde (6¢). The re-
action was carried out by following the procedure described above.
Yield: 71%. 'H NMR (400 MHz, CDCl5): 6 (ppm) 10.37 (s, 1 H),
7.84 (d, 1 H), 6.69 (d, 1 H), 6.54 (s, 1 H), 4.09 (t, 2 H), 1.89 (m,
2 H), 1.80—0.80 (br, 17 H). *C NMR (100 MHz, CDCl;): 6 (ppm)
188.3 (CHO), 162.8 (C4,—0), 147.6 (C4,—N), 130.1 (C4,—H), 122.0
(Ca—C), 111.0 (C4,—H), 103.1 (Cs,—H), 67.2 (CH,0), 40—19
(aliphatic carbons). MS (EI) m/z: 303.1949 (C,7H,50,N3 requires
303.1947). Anal. Calcd: C 67.30, H 8.31, N 13.85; Found: C 67.43,
H 8.39, N 13.56.

4-Azido-2-dodecyloxybenzaldehyde (6d). The reaction was
carried out by following the procedure described above. Yield: 78%.
'"H NMR (400 MHz, CDCl;): ¢ (ppm) 10.39 (s, 1 H), 7.85 (d, 1
H), 6.70 (d, 1 H), 6.54 (s, 1 H), 4.05 (t, 2 H), 1.85 (m, 2 H), 1.48
(m, 2 H), 1.40—1.10 (m, 16 H), 0.88 (m, 3 H). '3C NMR (100
MHz, CDCl3): d (ppm) 188.3 (CHO), 162.7 (C4,—0), 147.6
(Ca—N), 130.0 (C4,—H), 122.0 (C4,—C), 111.0 (C4,—H), 103.0
(Ca—H), 68.8 (CH,0), 32—14 (aliphatic carbons). MS (EI) m/z:
331.2264 (C19H290,Nj3 requires 331.2260). Anal. Calcd: C 68.85,
H 8.82, N 12.68, O 9.65; Found: C 68.93, H 8.65, N 12.59, O
9.79.

Polymerization Procedure. A general polymerization procedure
is as follows. In a round-bottom flask were placed a monomer, dry
toluene (200 mM), and an excess amount of phosphine at room
temperature. The reaction mixture was thoroughly deoxygenated,
filled with high-purity argon, and placed in a thermostatic oil bath
at 80 °C for 36 h. After cooling down, the reaction mixture was
concentrated. Exhaustive extraction of the resulting solid with
methanol (Soxhlet extraction) afforded the target polymer. 9a: IR
(v, cm™1): 1558 (—CH=N—). 9b: '"H NMR (400 MHz, CDCl;): 0
(ppm) 8.94 (br, 1 H), 8.16 (br, 1 H), 6.81 (br, 2 H), 4.12 (br, 2 H),
1.86 (br, 2 H), 1.40 (br, 2 H), 1.36 (br, 4 H), 0.91 (br, 3 H). 13C
NMR (100 MHz, CDCl3): ¢ (ppm) 160.1 (N = CH), 158.0 (C4,—O),
157.0 (Cs,—N), 128.5 (Cs,—H), 121.7 (C4,—C), 113.0 (Cs,—H),
105.9 (C4,—H), 68.6 (CH0), 32—14 (aliphatic carbons). IR (v,
cm™): 1559 (—CH=N-). 9¢: 'H NMR (400 MHz, CDCls): 6
(ppm) 8.94 (br, 1 H), 8.17 (br, 1 H), 6.85 (br, 2 H), 4.15 (br, 2 H),
1.90 (br, 2 H), 1.80—0.80 (br, 17 H). *C NMR (100 MHz, CDCl5):
0 (ppm) 160.1 (N = CH), 158.0 (C4,—0), 157.0 (C4,—N), 128.6
(Cay—H), 121.6 (C4,—C), 112.9 (Cs—H), 105.9 (C4—H), 70.0
(CH,0), 40—19 (aliphatic carbons). IR (v, cm™'): 1558 (—CH=N-).

Aza-Wittig Polymerization 9681

9d: '"H NMR (400 MHz, CDCl;): 6 (ppm) 8.94 (br, 1 H), 8.17 (br,
1 H), 6.82 (br, 2 H), 4.12 (br, 2 H), 1.85 (br, 2 H), 1.50 (br, 2 H),
1.40—1.10 (br, 16 H), 0.87 (br, 3 H). *C NMR (100 MHz, CDCl;):
O (ppm) 160.1 (N=CH), 158.0 (C4,—0), 156.9 (C4,—N), 128.7
(Car—H), 121.6 (C4,—C), 112.9 (Cs—H), 105.9 (Ca,—H), 68.5
(CH,0), 32— 14 (aliphatic carbons). IR (v, cm™'): 1558 (—CH=N—).

Characterization of Phosphazene 11a. '"H NMR (400 MHz,
CDCl3): 6 (ppm) 10.10 (s, 1 H), 7.85—7.40 (m, 16 H), 6.35 (s, 1
H), 6.27 (d, 1 H), 3.67 (s, 3 H). *C NMR (100 MHz, CDCl5): 6
(ppm) 187.7 (CHO), 163.4 (C4,—0), 161.0 (C4,—N), 132.6—105.3
(aromatic carbons, overlapping), 55.0 (CH;0). MS (EI) m/z:
411.1389 (Cy6H220,NP requires 411.1388). Anal. Caled: C 75.90,
H 5.39, N 3.40, P 7.53; Found: C 75.66, H 5.63, N 3.37, P 7.47.

Synthesis of Model Compound 14. 1-Azido-3-methoxybenzene
(12) was synthesized and characterized according to the literature.'®
In a round-bottom flask were placed 12 and 2-methoxybenzaldehyde
(13), dry toluene, and an excess amount of methyldiphenylphos-
phine (PMePh,) at room temperature. The reaction mixture was
thoroughly deoxygenated, filled with high-purity argon, and placed
in a thermostatic oil bath at 80 °C for 24 h. After cooling down,
the reaction mixture was concentrated. The crude product was
chromatographed on silica with an eluent of hexane/EtOAc adjusted
to give an Ry for the product of 0.2—0.3. Yield: 77%. 'H NMR
(400 MHz, CDCls): 6 (ppm) 8.92 (s, 1 H), 8.14 (d, 1 H), 7.42 (t,
1 H), 7.28 (t, 1 H), 7.05 (t, 1 H), 6.92 (d, 1 H), 6.78 (m, 3 H), 3.87
(s, 3 H), 3.81 (s, 3 H). 3C NMR (100 MHz, CDCl;): 6 (ppm)
160.2 (N=CH), 159.5 (C4,—0), 156.6 (C4,—0), 154.1 (C4,—N),
132.7 (C4,—H), 129.7 (Ca,—H), 127.5 (Cs,—H), 124.5 (C4,—H),
120.8 (C4,—H), 113.0 (C4,—H), 111.4 (C4,—H), 111.0 (C4,—H),
106.7 (C4,—C), 55.5 (CH30), 55.3 (CH30). MS (EI) m/z: 241.1102
(C1sH;5OoN requires 241.1103).
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