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A series of polyoxetanes were prepared by the cationic ring-opening polymerization of 4-(4-alkoxyphenylazo)phenyl
4-[7-(3-methyl-3-oxetanyl)- 1,6-dioxaheptyl]benzoates using 0.08 molar amount of THF-BF; in dichloromethane at 20
to 30 °C. Although the product polymers indicated GPC-average molecular weights of around 9000 to 23000, in most
cases, they did not have an unimodal molecular weight dispersity. The liquid-crystalline mesophases of the polymers
were examined by differential scanning calorimetry and polarized optical microscopy; these textures were observed due
to nematic and/or smectic mesophases over a wide temperature range from about 250 °C to room temperature. The
benzoate moiety, the longer p-substituted alkoxy tails, and the oxetane main chain play important roles in maintaining

highly ordered, stable mesophases.

Our investigation was carried out in order to find useful
polyoxetane-based functional polymers, since we consider
that their functioning ability is favored by several desired
properties of the polyoxetane matrices.'~® Thus, from the
viewpoint of applying polyoxetane to the main chain of side-
chain liquid-crystalline polymers, our preceding paper re-
ported on the preparation and characterization of polyoxe-
tanes, poly(1)s, derived from oxetanes la, 1b, le, 1i, and
so on.” These polymers anchored only pendant azobenzene
cores modified with spacers and tails of differing lengths at
the p- and p’-positions; in this text, henceforth, the o-, m-,
and p-positions of the azobenzene are conveniently given for
the benzene ring linked to the spacer and the o’-, m’-, and p’~
positions for that linked to the tail, as shown in Scheme 1,
although the IUPAC nomenclatures are also used for these
substances.

To date, several reports concerning polyoxetane- and poly-
oxirane-based side-chain liquid-crystalline polymers have
been made by other authors. These polyethers were obtained
by a cationic ring-opening polymerization of the correspond-
ing monomers with pendant spacer-separated mesogns, e.g.,
4’-cyano-, 4'-fluoro-, and 4’ -alkoxy-4-biphenylyls, 4-spacer-
substituted phenyl trans-4-alkyl-1-cyclohexanecarboxylates,
and 2,5-bis(4-substituted benzoyloxy)benzoyls.*~ These
mesogens allowed the production of a variety of optical

textures. Polyoxiranes carrying the pendant mesogen of
(4'-cyano-4-biphenylyloxy)methyl were also prepared by a
polymer reaction of poly(epichlorohydrin)s having differing
molecular weights with the corresponding 4-biphenylol. The
thus-obtained pendant mesogens formed an enantiotropically
mematic phase in spite of being linked to the polymer back-
bone through a short spacer, -CH,O—, with low flexibility.
This fact was ascribed to the contribution of the flexibility of
the ether backbone to the liquid-crystalline ordering of the
pendant mesogens.'®

In the present report concerning the preparation and char-
acterization of side-chain liquid-crystalline polyoxetanes, 4-
spacer-substituted benzoates were chosen as a part of the
mesogenic core, as shown in the pendant chains of the poly-
mers, poly(2)s, derived from oxetanes 2a—2k. Compared
with the structure of poly(1)s, the structure of poly(2)s serves
to prove the effect of the benzoic ester moiety on the liquid-
crystalline properties of the polyoxetanes. In general, it is
known that the benzoic ester moiety is a polar segment which
is often required to organize mesogenic groups in a liquid-
crystalline state. In this study, the benzoic ester of poly(2)s
was found to be an important mesogenic segment in lig-
uid-crystalline polymers, showing their mesophases over a
wide temperature range on differential scanning calorimetry
(DSC) and polarized optical microscopy (POM). Polymers
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Scheme 1.  Oxetane monomers used in the present study.
CgsHa presents an 1,4-phenylene group.

of 3—6 were also prepared in order to examine the suitabil-
ity for the benzoate structure in liquid-crystalline polymers,
compared with poly(2)s.

Results and Discussion

Oxetanes and Their Polymers. A synthetic route is
shown in Scheme 2 for preparing oxetanes 2a—2k and their
polymers. The spacer-separated bromine atom of oxetane 7
was replaced by a phenoxide derived from ethyl 4-hydroxy-
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benzoate with anhydrous K,COs in N,N-dimethylformamide
(DMF) to give the corresponding benzoate 8. This ester
residue was readily hydrolyzed with 2 moldm— NaOH in
methanol under reflux without any side reactions of the ox-
etane ring. The resultant benzoic acid of 9 was converted to
the desired oxetane monomers 2a—2k by an ester-conden-
sation reaction with p-phenylazophenols in the presence of
N,N'-dicyclohexylcarbodiimide (DCC) and 4-dimethylami-
nopyridine (DMAP). Oxetanes 3—6 were similarly obtained
using the corresponding mono- and dicarboxylic ethyl es-
ters in place of ethyl 4-hydroxybenzoate. After purification
by recrystallization from appropriate solvents, these oxetane
monomers were subjected to cationic ring-opening polymer-
ization with a tetrahydrofuran—trifluoroboran (1/1) complex
(THF-BF;) as an initiator. The results are summarized in
Table 1. Dichloromethane (DCM) or toluene or their mix-
ture was chosen as a polymerization solvent, although the
oxetane monomers used in this study had a tendency to dis-
solve somewhat readily in DCM, rather than in toluene. The
polymerization temperature was set at room temperature (20
to 30 °C), since the monomers deposited below 0 °C, even
in DCM. The raw product polymers were reprecipitated two
or three times from DCM to methanol to give polyoxetanes
poly(2a)—poly(2k) in fairly good yields.

The molecular weights of the polymers were estimated
by gel-permeation chromatography (GPC) relative to the
polystyrene standards, and are also listed in Table 1. The
polymers exhibited GPC-average molecular weights (Mgp)
of around 9000 to 23000 in spite of using large amounts,
such as 0.08 to 0.25 molar amount, of THF-BF;3 to the
monomer; 5x1073 to 1x10~2 molar amount of THF-BF;
is used in the ordinary polymerization procedure of ox-
etanes. An increased amount of THF-BF; was required to
obtain the polymers in fairly high yields, since the azoben-
zene moiety tended to hinder the initiation reaction when
using small amounts of BF;3, although the ester moiety did
not interrupt the initiation with an ordinary amount of BF5.')
GPC chromatograms of poly(2b) and poly(2e) are exempli-
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Scheme 2. A synthetic route of oxetanes and their polymers.
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Table 1. Preparation of Polyoxetanes by Cationic Ring-Opening Polymerization®
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)

M1, BF; Solvent Yield®
Polymer mol dm™* molar (Volume ratio) % 1074 X Mgpe?
amount
Poly(2a) 09 0.08 T 79 2.65, 134,017
Poly(2b) 0.9 0.08 T 79 2.92,1.59,0.28
Poly(2b)-1 2.3 0.05 T 88 3.00, 1.50, 0.23
Poly(2b)-2 1.0 0.08 DCM 88 2.7), 1.35,0.25
Poly(2¢) 0.4 0.08 DCM 85 0.97,0.20
Poly(2d) 0.6 0.08 DCM 91 1.13,0.22
Poly(2e) 0.6 0.08 DCM+T (1: 2) 89 2.27,1.13,0.24
Poly(2e)-1 0.3 0.08 T 55 3.00, 1.15,0.27
Poly(2e)-2 0.5 0.08 DCM 85 2.36,1.31,0.27
Poly(2e)-3 0.5 0.15 DCM 91 2.2),1.15,0.27
Poly(2e)-4 0.5 0.25 DCM 90 2.19, 1.23,0.27
Poly(2f) 0.6 0.08 DCM+T (1:2) 97 2.31,1.17,0.27
Poly(2g) 0.5 0.08 DCM 94 2.32,1.26,0.29
Poly(2h) 1.0 0.08 DCM 97 2.73, 0.31
Poly(2i) 0.7 0.08 T 98 2.84,1.18, 0.35
Poly(2)) 0.8 0.08 DCM 92 2.65,1.49,0.46
Poly(2k) 0.5 0.08 DCM+T (1: 2) 93 257,122,043
Poly(3) 0.6 0.08 T 79 0.98,0.24
Poly(4) 0.7 0.08 DCM 91 2.08, 1.13,0.31
Poly(5) 0.2 0.08 DCM+T (2 : 3) 63 0.74,0.27
Poly(6) 0.6 0.02 DCM 90 1.12,0.22

a) Carried out using 0.02—0.25 molar amount of THE-BF; in dichloromethane (DCM) or toluene (T) or

their mixture at 20—30 °C for 50 h. b) Initial monomer concentration.
d) Mgpc values in parentheses are given for shoulder peaks.

fraction.

fied in Figs. 1 and 2 to illustrate the results of the GPC of
the polyoxetanes listed in Table 1. The molecular-weight
dispersity (MWD) curves of the main fractions of poly(2)s
were dimodal or more multimodal, also suggesting the gen-
eration of more than two types of active propagating species
in the BF;-initiated cationic ring-opening polymerization of
2a—2k, as discussed in a previous paper concerning the
preparation of poly(1)s.” The peaks at molecular weights of
around 2000 to 3000 were ascribed to those of the oligomers
not removed from the main fraction by repeated reprecipita-
tion of the raw product polymers. For each polymer shown
in Figs. 1 and 2, two main peaks were observed at around
Mgy 22000—30000 and 11000--16000, and the amount of
the lower-molecular-weight fraction tended to increase rel-
ative to that of the higher-molecular-weight fraction when
using an increased amount of THF-BF; [(a) and (b) in Fig. 1
and (c), (d), and (e) in Fig. 2]. This tendency was also ob-
served when DCM was used as a polymerization solvent in
place of toluene [(b) and (c) in Fig. 1 and (a), (b), and (¢) in
Fig. 2]. Thus, the amount of THF-BF; and the polarity of
the solvent influenced the character of the active propagating
species, which govern not only the polymerization mecha-
nism and kinetics of oxetanes, but also the Mg, and MWD
of the product polymer. It is an interesting problem as to
whether these active propagating species can control stereo-
regularly the propagation reaction of oxetanes, resulting in
the production of an isotactic or syndiotactic polyoxetane.
However, although this report does not deal with such a
problem, the formation of atactic polymers was reported for

¢) For a methanol-insoluble

the ring-opening polymerization of several oxetanes having
non-mesogenic groups at the C-2 or C-3 position.'>—"
Figure 3 shows the 'H NMR spectra of 2k and poly(2Kk), re-
spectively, for examples of the oxetane monomers and their
polymers. These protons, H* to H°, were assigned to the
corresponding signals, (a) to (0), according to the procedure
given in our previous report.”’ The chemical shifts and pat-
terns of the signals of poly(2k) resemble those of monomer
2k, except for the signals of the methyl (H) and methyl-
ene protons (H® and H'). The protons of the methyl and
methylene groups adjacent to the quaternary carbon atom
of poly(1)s also resonated at the ordinary chemical shifts
lower than those of the corresponding protons of the oxetane
ring. The IR bands of the cyclic ether were observed at 980
and 840 cm~! in the IR spectrum of 2k, but not in that of
poly(2k). The structures of poly(2a) to poly(2k) were also
confirmed based on their elemental-analysis values, which
agreed approximately with the calculated ones (Table 2).
DSC and POM of Polyoxetanes. The liquid-crystalline
properties of the polyoxetanes were examined by their DSC
and POM. Figures 4 and 5 show the DSC traces for poly-
(2b) and poly(2i), respectively. The DSC curves, recorded
repeatedly after the first cooling process followed by a sec-
ond heating process, were similar to the corresponding DSC
curves observed for these processes. The endo- or exother-
mic peak at the highest temperature of each DSC trace is
due to the isotropic phase transition upon heating or cool-
ing. At these isotropic phase-transition temperatures (7;) the
isotropic phase was confirmed based on the POM texture.
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Fig. 1. GPC chromatograms of poly(2b)s obtained using the
following BF; amount (x 10™? molar amount) and solvent:
(a) 5, toluene; (b) 8, toluene; (c) 8, DCM. Figures at peak
tops indicate molecular weights (x10™*) estimated from
those of polystyrene standards.

The endo- and exothermic peaks at lower temperatures than
T; are ascribed to other phase transitions. Some represen-
tative textures (A to G) taken by POM upon cooling are
shown in Fig. 6. As shown by textures A and B, during the
first cooling process of poly(2¢), although a schlieren pat-
tern was observed over the temperature range from 263 °C
to room temperature, spots appeared faintly in the schlieren
texture below 95 °C. Cooled from Tj, poly(2i) also showed
a schlieren texture in which spots began to appear clearly
around 190 °C, as exemplified by texture C; these spots in-
creased so as to alter the schlieren pattern into a bunch-like
type (texture D). The bunches quickly changed to broken
fans at around 170 °C; this broken fan-shaped texture was
observed over the temperature range from 170 °C to room
temperature (texture E). Poly(2j) showed a thread-like tex-
ture over only a narrow temperature range of about 15 °C
below Tj; a texture of broken fans, which banded during
cooling, was then observed, as exemplified by textures F and
G.

Figure 7 shows X-ray diffraction patterns of poly(2b),
poly(2i), and poly(2j), which were obtained by cooling them
to room temperature during the first cooling of the above
POM procedure. From these results, obviously, texture B
was identified to be the nematic mesophase; poly(2b) also

Side-Chain Liquid-Crystalline Polyoxetanes
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Fig. 2. GPC chromatograms of poly(2e)s obtained using the
following BF; amount (x 10~2 molar amount) and solvent:
(a) 8, toluene; (b) 8, a mixture of toluene and DCM (2: 1 in
a volume ratio); (¢) 8, DCM; (d) 15, DCM; (e) 25, DCM.
Figures at peak tops indicate molecular weights (x10™%)
estimated from those of polystyrene standards.

showed a change in texture similar to that of poly(2¢). Tex-
ture G of poly(2j), taken at 22 °C, was identified to be the
smectic mesophase, and texture E, which was taken at 166 °C
by POM for poly(2i), may also be ascribable to the smectic
mesophase, since poly(2i) gave a texture resembling texture
E at room temperature.

The DSC curves of poly(2a) are shown in Fig. 8. During
the first cooling process, a thread-like texture appeared at
151 °C, probably due to the nematic mesophase, and soon
changed to an isotropic phase-like texture, which did not
indicate a completely darkened field on POM. This texture
was observed up to 124 °C, and then changed to a fan-
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Fig. 3. '"HNMR spectra of (a) 2k and (b) poly(2k).
Table 2.  Elemental Analysis Data of Polyoxetanes Poly-
(2a)—Poly(2k) £ (a)
T
Anal (%) 2 69
-t

Caled Found 3 ®) 267
Polymer C H N C H N
Poly(2a) 7087 637 590 70.72 641 592 266
Poly(2b) 69.03 639 555 6844 634 592
Poly2¢) 69.48 661 540 69.66 672 541 (c) 264
Poly2d) 69.91 681 526 6965 681 5.19
Poly(2e) 7031 7.01 512 7002 697 507
Poly(2f) 70.69 7.19 500 7044 7.3 5.03 L 1 é ° L 2(')0 !
Poly(2g) 71.06 737 487 7088 752 485
Poly(2h) 7140 753 476 7114 7.64 470 Temperature / °C
Poly2i)  71.73 769 465 7130 7.80 4.6l Fig. 4. DSC curves of poly(2b) on (a) 1stand (b) 2nd heating
Poly(2j) 71.80 814 453 7217 811 438 and (c) Ist cooling processes.
Poly(2k) 72.92 826 425 7267 820 429

shaped texture, in which each fan seemed to be very small,
via the appearance of spots at 124 °C in an isotropic phase-
like texture. The change in the texture patterns of poly(2a)
with cooling was similar to those of poly(2d) and poly(2e),
rather than to those of poly(2b) and poly(2c). Figure 9 shows
DSC curves during the first cooling process for the polymers
obtained from 2e with varying amounts of BF; in DCM or
toluene. Poly(2e)-3 and poly(2e)-4, which had the fraction of
lower Mgy, in higher content than poly(2e)-1 and poly(2e)-
2, showed slightly lowered 7; values. The changes in the
textures of the four poly(2e)s were scarcely different from
each another, as observed by POM during the first cooling
process. Their main mesophases are thought to be nematic
based on the observation of a schlieren, or thread-like, texture
in the temperature range from 7; to about 100 °C. These

textures indicated the appearance of spots at around 90—
100 °C, and then changed to a sand-like texture below this
temperature. Thus, when M, of the main fractions becomes
around 10000, the thermal behavior of the pendant mesogens
is hardly influenced by the MWD pattern of the main chain.
The results of DSC measurements are summarized in Table 3
for poly(2a)—poly(2k) and in Table 4 for 2a—2k.

The transition temperatures of the exothermic peaks on
the first cooling process, furthermore, are plotted against the
length of the tails in Fig. 10; a corresponding plot is shown
in Fig. 11 for oxetanes 2a—2k. As shown in Fig. 10, sit-
uation areas I—III were determined in order to classify the
mesophases of polyoxetanes poly(2a)—poly(2k) based on
their textures observed at appropriate temperatures by POM.
In Fig. 10, poly(2b), poly(2c), and poly(2d), which have
lower alkoxy groups as a tail, indicated the schlieren tex-
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ture over the temperature range from 250 °C to about room
temperature. As the tail is lengthened, the mesomorphic tem-
perature range showing the schlieren texture becomes nar-
row, while the temperature range showing the broken fan-
shaped texture is enlarged. As mentioned above for poly-
(2e)-1 to poly(2e)-4, poly(2e) with a moderately long tail of
butoxy also showed bunch-like spots, which grew faintly in
the schlieren texture, and soon changed to a sand-like tex-
ture. The appearance of bunches, however, was clearly ob-
served for poly(2f)—poly(2i) with longer tails; such bunch-
like textures changed to broken fan-shaped textures when just
coming into situation area I, and poly(2k), with the longest
tail of dodecyloxy, showed broken fan-shaped textures be-
low T; without any indication of the bunch-like texture. The
fans of poly(2f)—poly(2k), moreover, became banded upon

-

Fig. 6. Photomicrographs of poly(2c), poly(2i), and poly(2j) taken by POM at appropriate temperatures (magnification 200x).
Poly(2¢): (A) 207 and (B) 29 °C; poly(2i): (C) 190, (D) 180, and (E) 166 °C; poly(2j): (F) 209 and (G) 22 °C.
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Fig. 7. X-Ray diffraction patterns of (a) poly(2b), (b) poly-
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lowering the temperature of the polymer in the same way,
as exemplified by texture G, although this transition peak
could not be detected by DSC. When the bunch-like texture
changed to the broken fan-shaped type, no DSC peak was ob-
served, either. At this time, however, it is not clear whether
such a change of the texture patterns can be ascribed to a
phase transition. Concerning the change of the texture pat-
terns, furthermore, the following is being considered. Since
at a higher temperature range below Tj, the thermal motion of
polymer matrices interferes with the growth of a mesophase
layer, the mesophase layer is restricted to be formed in small
domains, giving a bunch-like texture on POM. With a low-
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Fig. 9. DSC curves on st cooling process for (a) poly(2e)-

1, (b) poly(2e)-2, (c) poly(2e)-3, and (d) poly(2e)-4.

ering of the temperature, however, an ordered assembly of
the pendant mesogens is achieved in large domains due to in-
creasing attractive interactions among the mesogens as well
as due to a decreasing thermal-motion energy of the poly-
mer matrices. Additionally, such an ordered assembly is
favored by the van der Waals force of the long tails, such
as OC,Hy,; (n=8, 10, and 12) in poly(2i), poly(2j), and
poly(2k), even in the higher temperature range below T;.
As exemplified by the DSC curve of poly(2i), and shown in
the plot of Fig. 10, poly(2d)—poly(2k) indicated exothermic
peaks in enthalpy of 1-—4 J per g-polymer at temperatures
of around 68 to 78 °C, at which point a distinct observation
was not obtained by POM for the change to other mesophase
textures. The exothermic peaks at these temperatures may
be ascribable to the occurrence or change of the confor-
mational structures in parts of the polyoxetane main chain,
separated from the mesophase domains. Generally, three
types of conformational structures are known for crystalline
polyoxetane chains.'®'” In this study, furthermore, it was
difficult to clearly estimate the glass transition temperature
(T,) for the present polyoxetanes, although a slight change
in the baseline of the DSC curve observed at around 20 to 30
°C may suggest the existence of T, for these polyoxetanes.
On the other hand, poly(1)s having no benzoate moiety
in the core of the mesogen also showed a texture due to a
nematic mesophase over a very narrow temperature range
upon cooling. When poly(le) was cooled somewhat be-
low the temperature at which the thread-like texture was
observed, its polarized microphotograph showed the genera-
tion of spherulites in the thread-like texture, and then rapidly
changed to a spherulitic texture. The thread-like textures of
poly(1b) and poly(1i), which had a shorter or longer tail than
poly(1e), also soon changed to their sand-like textures at the
corresponding transition temperatures. The long alkoxy tails
of poly(1)s, which have no benzoate moiety in the mesogenic
core, were thus ineffective for the formation of well-grown
mesophases. These findings therefore indicate the fact that
the existence of the benzoate moiety in the mesogenic core
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Table 3. Transition Temperatures of Polyoxetanes Poly(2a)—Poly(2k)

Polymers Processes® Transition temperatures”/°C
Poly(2a) Heating 142(9.31), 152(0.64)
Cooling 112(—6.72), 122(—2.73), 151(—0.68)
Poly(2b) Heating 266(0.97)
Cooling 264(—0.75)
Poly(2¢) Heating 33(0.28), 263(0.84)
Cooling 263(—0.40)
Poly(2d) Heating 87(3.65), 110(1.61), 250(0.77)
Cooling 68(—3.32), 73(nd), 250(—0.50)
Poly(2e) Heating 91(2.38), 107(nd), 120(nd), 248(1.87)
Cooling 83(—2.71), 106(nd), 247(—0.96)
Poly(2f) Heating 89(4.80), 113(nd), 138(0.85), 235(0.94)
Cooling 77(—4.03), 110(nd), 134(—0.46), 235(—0.92)
Poly(2g) Heating 79(1.78), 152(0.85), 231(1.02)
Cooling 77(—1.81), 121(nd), 150(—0.62), 176(—0.47), 231(—0.68)
Poly(2Zh) Heating 76(2.02), 169(2.21), 226(1.04)
Cooling 76(—0.94), 170(—1.79), 225(—0.83)
Poly(2i) Heating 77 and 95(2.25),% 192(0.92), 224(1.19)
Cooling 189(—2.54), 222(—1.45)
Poly(2j) Heating 71(nd), 85(0.89), 208(2.86)
Cooling 70(nd), 149(nd), 208(nd)
Poly(2k) Heating - 95(6.42), 221(7.76)
Cooling 77 and 82(—4.68),° 213(—2.40)

a) Second heating and Ist cooling. b) Figures in parentheses indicate enthalpy in J per g-polymer.
The minus sign of enthalpy is given for exothermic peaks and nd for enthalpy not determined. ¢) Total
enthalpy for overlapped peaks.

Table 4. Transition Temperatures of Oxetanes 2a—2k

Monomers Processes® Transition temperatures®/°C
2a Heating 102(24.18)
Cooling 65 and 68(—20.16), 80(nd)
2b Heating 41—55(nd),? 70(25.44), 191(0.78)
Cooling 190(—0.82)
2c Heating 60(—4.14), 92(22.23), 203(0.936)
' Cooling 50(—13.35), 202(—1.01)
2d Heating 68(nd), 80(17.20), 187(0.57)
) Cooling 50(—13.36), 185(—0.650)
2e Heating 64(—2.35), 92(17.77), 188(0.636)
Cooling 65(—14.36), 187(—1.01)
2f Heating 81(—4.03), 93(21.50), 180(0.71)
Cooling 75(—16.94), 179(—0.697)
2g Heating 70(—3.61), 87(19.60), 179(0.787)
Cooling 65(—13.90), 68(nd), 178(—0.77)
2h Heating 54(—2.41), 89(23.14), 173(0.54)
Cooling 69(—14.47), 172(—0.89)
2i Heating 83(17.38), 171(0.78)
Cooling 67(—14.48), 77(—0.67), 169(—0.83)
2j Heating 48(—6.42), 89(18.09), 163(0.70)
Cooling 65(—10.55), 92(—0.60), 162(—0.65)
2k Heating 88(nd), 97(21.93), 105(nd), 157(0.60)
Cooling 74(—18.36), 104(—0.75), 156(—0.68)

a) Second heating and st cooling. b) Figures in parentheses indicate enthalpy in J per g-polymer.
The minus sign of enthalpy is given for exothermic peaks and nd for enthalpy not determined. c¢) Total
enthalpy for overlapped peaks. d) Broad peak.

has an effect on maintaining the ordered assembly of pen-  tive interaction of the tails.

dant mesogens over a wide temperature range. Furthermore,
when the benzoate moiety exists in the mesogenic core, the
long alkoxy tails favor the formation of more highly ordered
assemblies of the mesogens due to the van der Waals’ attrac-

As shown in Fig. 11, the profile of the plots for monomers
2a—2k is different from that of their polymers. These
monomers mainly indicated a schlieren texture due to the
nematic mesophase, although a fan-shaped texture was also
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Fig. 10. Influence of the tail length of poly(2b)—poly(2k)
on their transition temperatures and mesophases.
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Fig. 11. Influence of the tail length of 2b—2Kk on their tran-
sition temperatures and mesophases.

observed for monomers 2i, 2j, and 2k with long tails, re-
spectively, over narrow temperature ranges of 77—67, 92—
65, and 104—74 °C. All of the monomers solidified at
temperatures of around 50 to 70 °C, and the enthalpies at
these temperatures were estimated to be about 10—20J g~ !.
From a comparison between the profiles in Figs. 10 and 11,
it is suggested that the polyoxetane main chain also plays an
important role to organize more highly ordered assemblies
of the mesogenic groups. The pendant chains are linked to
the quaternary carbon atoms of the main chain through the
head methylene carbon atoms of the pendant chains, and the
neighboring pendant chains are separated from each other by
a 2-oxatrimethylene linkage, -CH,OCH,—. Therefore, such
a polymer backbone favors a leveling of the pendant heads
so as to organize a more highly ordered assembly of the
pendant mesogens, such as a smectic mesophase, compared
with those of the monomers not immobilized to the polymer
chain.

As exemplified in the '"HNMR spectrum for the aromatic
ring of 2k (Fig. 3), although protons H* and H/, located at the
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o-positions of the alkoxy groups in the tails and the spacer,
resonate at & =6.94—6.95, protons H', located at the o-po-
sition of the benzoyloxy group, resonate at 6 =7.32. In gen-
eral, these chemical-shift values were observed for the cor-
responding aromatic protons in a series of oxetanes 2b—2k
and their polymers. In 2a, however, the m’-protons of the
azobenzene ring showed multiplet signals at 6 =7.4—7.6
together with the p’-proton in the same way as the m- and p-
protons of azobenzene, which also resonate at 6 =7.4—7.6.
Thus, when the p-hydrogen atom of an azobenzene aromatic
ring is replaced by an alkoxy group, the resultant m-hydro-
gen atoms resonate at a lower chemical shift by about 0.5
ppm than the original m-hydrogen atoms, indicating that the
ether oxygen atom of the alkoxy groups has a positive me-
somery effect on the resonance of the azobenzene aromatic
ring. The m-hydrogen atoms (H') ortho to the benzoyl-
oxy group, however, resonate at 6 =7.32, which is an only
slightly lowered chemical shift relative to 6 =7.4-—7.6 for
the m’-hydrogen atoms of 2a, indicating that the ether-like
oxygen atom of an acyloxy group also faintly exerts such
an effect. In fact, the alkoxy and acyloxy substituents are
classified to the o0- and p-orienting group in an electrophilic
aromatic substitution. It is considered from these results
that the coplanar resonance structure is not necessarily im-
portant between the benzoyloxy and azobenzene moieties.
In the crystal structure of 4-butylphenyl 4-(4-butylbenzoyl-
oxy)benzoate the torsion angle of the C~O bond next to the
central phenyl ring was reported to be 60°.'® Thus, the fol-
lowing structures are considered for the pendant mesogenic
cores of poly(2)s and poly(1)s, as illustrated in Scheme 3.
Although positively and negatively charged sites are formed
in the azobenzene moiety of poly(1)s due to the mesomery
effect of the alkoxy oxygen atoms of the spacer and tail seg-
ments, the vectors of these dipoles compensate each other.
In the azobenzene moiety of poly(2)s, a dipole is generated
between the electron-attractive azo group and the electron-
releasing alkoxy oxygen atom of the tail, while the ether-like
oxygen atom of the ester linkage scarcely exerts a mesomery

.\ - N
N O CH;
/ c\0—-©—N 5 -——H O+
,CH\2 g (a)
~CH, O
S5+

CHz,

5+ 4—> N—LH—0" ‘CH.
CHe 00— N 2B-<——1- 5

cH
2 o)

Scheme 3. The structures of mesogen cores considered for
(a) poly(2)s and (b) poly(1)s.
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effect. The benzoate moiety also has a dipole due to the
formation of a positive charge in the alkoxy oxygen atom
of the spacer and a negative charge in the carbonyl oxygen
atom of the ester linkage. Presumably, these vectors, which
do not compensate each other, play an important role to serve
as a cohesive force of a dipole—dipole attractive interaction
in the formation of stable mesophases; also the charged sites
generated in the pendant mesogens may act, more or less, to
produce s-electron donor—acceptor attractive interactions.

Contrary to the appearance of the mesophases of poly-
(2)s, polyoxetanes obtained from 3—6 did not show liquid-
crystalline mesophases, as confirmed by DSC and POM.
The reasons why the pendants of these polymers did not
form any mesophases have not yet been clarified, although
the following may be taken into account. The polarization
of the ester carbonyl groups of poly(3) and poly(4) is not
favored by the mesomery effect of the alkoxy oxygen atom
located at the meta position of the benzoyl aromatic ring,
and the methylene linkage of the phenyl acetate moiety in
poly(5) interrupts the resonance between the ester carbonyl
group and the spacer-linked phenoxy oxygen atom. Thus, the
degrees of the carbonyl dipole moments of poly(3), poly(4),
and poly(5) are inferior to those of poly(2)s. Poly(6) lacks
the azobenzene moiety, which serves as a plate-like, polar
segment.

In conclusion, the p-spacer-substituted benzoates contain-
ing an azobenzene moiety in the alcohol part of the ester were
found to be good pendant mesogens based on the polyox-
etane main chain. These polyoxetanes were readily obtained
by the cationic ring-opening polymerization of the corre-
sponding oxetane monomers with 0.08 molar amount of a
THF-BF; initiator. All of the polyoxetanes obtained in this
study indicated liquid-crystalline properties showing several
mesophases over a wide temperature range from about 250
°C to room temperature, as confirmed by DSC and POM,
and by X-ray diffraction for the representatives of poly(2)s.
It is thus known that the benzoate segment in poly(2)s is
required to improve the liquid-crystalline quality to a re-
markable extent, compared with that of poly(1)s. Although
the corresponding monomers were also confirmed to be lig-
uid-crystalline substances, their mesomorphic temperature
ranges were narrower by 50 to 100 °C than those of the poly-
oxetanes. Moreover, highly ordered assemblies of mesogens
could be achieved smoothly by immobilizing the mesogens
to the polyoxetane chain. Thus, the main chains of the poly-
oxetanes may play an important role to support the liquid-
crystalline ordering of their pendant mesogens through the
spacers, presumably being affected by the physical and struc-
tural properties of the main chains, e.g., the flexibility, melt
viscosity, polarity, and conformation of the main chains and
aregular distance between the heads of the side chains. Such
arole of the main chains of the side-chain liquid-crystalline
polyoxetanes is becoming clear by comparing their liquid-
crystalline properties with those of other flexible polymers,
such as polyoxiranes and polysiloxanes, anchoring the meso-
gen and spacer comparable to those of the polyoxetanes, al-
though appropriate samples must be prepared further for a

Side-Chain Liquid-Crystalline Polyoxetanes

comparison.

Experimental

Materials. Ethyl 4-[7-(3-Methyl-3-oxetanyl)-1,6-dioxahep-
tyilbenzoate (8): Obtained in a 90% yield by the reaction of
bromide 7 (42 mmol) with an equimolar amount of ethyl 4-hy-
droxybenzoate in DMF (20 cm’®) at 80 °C for 15 h in the presence of
powdered anhydrous K,COs (42 mmol): Bp 160—165 °C (8.0—
9.3 Pa); IR (neat) 3080, 3060, 1600, 1580, 1470, and 850 (1,4-
disubstituted benzene), 1710, 1280, and 1170 (ester), 1250 and 1035
(aromatic ether), 1110 (acyclic ether), and 980 and 840 em™! (cyclic
ether); '"HNMR (CDCls) 8 =1.30—1.44 [total 6H: s (& = 1.31),
CHj; on the oxetane ring; ¢ (6 =1.37), J=7.0 Hz, CO,CH,CHs],
1.5—2.0 [4H, m, OCH,(CH,)CH,0], 3.48—-3.60 [total 4H: 5 (J =
3.48), CH, adjacent to the oxetane ring; ¢ (6 =3.54, J=5.7 Hz),
OCH,(CH,);0Ar], 3.98 (2H, 1, J =5.9 Hz, CH,0Ar), 4.34 (2H, q,
J=7.1 Hz, CO,CH,CH3), 4.35 and 4.51 (each 2H, AB-¢q, /=5.5
Hz, CH; of the oxetane ring), 6.89 and 7.98 (each 2H, AB-g-like,
J=9.0 Hz, ArH).

4-[7~(3-Methyl-3-oxetanyl)-1,6-dioxaheptyl ]benzoic Acid (9):
Obtained in a 97% yield by heating the ester 8 (37 mmol) with
2 moldm ™ NaOH (18 cm®) in methanol (18 cm?) under reflux:
Mp 96—97 °C (ethyl acetate); IR (KBr) 3000—2400, 1670, and
1290 (COOH), 1245 (aromatic ether), 1015 (acyclic ether), 980
(cyclic ether), and 840 cm™! (1,4-disubstituted benzene); "HNMR
(CDCL;) 6 =1.31 (3H, s, CHs), 1.6—2.1 [4H, m, OCH,(CH,)-
CH,0], 3.4—3.6 [total 4H: s (6 =3.48) and 1 (6 =3.59, J=5.6 Hz),
CH,OCH,(CH,);0], 4.04 (2H, t, J=5.9 Hz, CH,0Ar), 4.35 and
4.51 (each 2H, AB-¢, J=5.7 Hz, CH; of the oxetane ring), and 6.89
and 8.01 (each 2H, AB-g-like, J=9.0 Hz, ArH). The carboxylic
proton was not detected, probably due to a broad signal.

4- (4- Dodecyloxyphenylazo)phenyl 4- [7- (3- Methyl- 3- ox-
etanyl)-1,6-dioxaheptyl]benzoate (2k); Typical Procedure: The
acid 9 (3.4 mmol) was stirred with 4-(4-dodecyloxyphenylazo)phe-
nol (3.5 mmol) in DCM (20 c¢m®) in the presence of DCC (3.5
mmol) and DMAP (0.4 mmol) at 0 °C for 2 h, and then at room
temperature for another 2 h. After the ordinary post-treatment of
the reaction mixture, the crude product was recrystallized from eth-
anol to give 2k in an 80% yield: IR (KBr) 1740, 1270, and 1200
(ester), 1250 and 1070 (aromatic ether), 1120 (acyclic ether), 970
(cyclic ether), and 835 em ' (1,4-disubstituted benzene); 'HNMR
(CDCl3) 6 =0.88 [3H, t-like, O(CH2),,CHs], 1.1—1.6 [total 21H:
s (0 =1.31), CH; of the oxetane ring; m, O(CH,)2(CH»)oCH3],
1.6—2.0 [total 6H: m, OCH,(CH>)2CH>0O and OCH,;CH,CoHz],
3.4—3.7 [total 4H: 5 (8 =3.49), CH, adjacent to the oxetane ring;
t (0 =3.54, J=6.1 Hz), OCH,(CH)30Ar], 3.9—4.2 [total 4H: ¢
(6=4.03,J=6.1 Hz) and 1 (6 =4.09, J=6.1 Hz), CH,0A1], 4.35
and 4.50 (each 2H, AB-¢q, J=5.9 Hz, CH, of the oxetane ring), and
6.9—8.3 [total 12H: AB-g-like (6 =6.96 and 7.88, J=8.8 Hz), m'-
and o’-ArHs of NoCsHsOC2Hos; AB-g-like (6 =7.11 and 8.26,
J=8.8 Hz), m- and o-ArHs of OC¢H4CO>); AB-g-like (6 =7.32
and 7.92, J =8.8 Hz), m- and o-ArHs of CO,C¢HsN;].

Found: C, 72.72; H, 8.06; N, 4.24%. Caled for C40H54N20(,Z C,
72.92; H, 8.26; N, 4.25%.

The other oxetanes, 2a—2j and 3—6, were obtained according
to the preparation method of 2k and recrystallized from ethanol.

4-(Phenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,6-dioxa-
heptyl]benzoate (2a): Yield 56%; IR (KBr) 1735, 1285, and 1230
(ester), 1255 and 1065 (aromatic ether), 1125 (acyclic ether), 975
(cyclic ether), and 840 cm ™! (1,4-disubstituted benzene); 'HNMR
(CDCl3) 6 =1.31 (3H, s, CH3), 1.6—2.1 (4H, m), 3.4—3.7 [total
4H: s (0 =3.49); 1 (6 =3.55, J=5.8 Hz)], 4.08 (total 4H: two triplets
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superimposed no each other, J=5.6 Hz), 4.35 and 4.51 (each 2H,
AB-g, J=5.6 Hz), and 6.9—8.3 [total 13H: AB-g-like (6 =6.96
and 8.13, J=8.9 Hz), m- and o-ArHs of OCsHsCO;; AB-g-like
(6 =7.34 and 7.97, J = 8.8 Hz), m- and 0-ArHs of CO,C¢HsN>; m
(6 =7.4—7.6), m’- and p’-ArHs of NoCsHs; m (6 =7.8—8.0), o'-
ArHs of NzCﬁHs].

Found: C, 70.71; H, 6.27; N, 5.81%. Calcd for C23H30N2052 C,
70.87; H, 6.37; N, 5.90%.

4-(4-Methoxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyl]benzoate (2b):  Yield 86%; IR (KBr) 1720, 1270,
and 1200 (ester), 1255 and 1070 (aromatic ether), 1110 (acyclic
ether), 975 (cyclic ether), and 840 cm™' (1,4-disubstituted ben-
zene); 'HNMR (CDCL) 6 =1.31 (3H, s, CHs), 1.7—2.1 (4H, m),
3.4—3.7 [total 4H: s (6 =3.49); 1 (6 =3.55,J=6.1 Hz)], 3.88 (3H,
s, OCH3), 4.08 (2H, ¢, J =5.7 Hz), 4.34 and 4.50 (each 2H, AB-q,
J=5.7 Hz), and 6.9—38.3 [total 12H: AB-g-like (6 =6.96 and 7.89,
J=8.9 Hz), m’- and o’-ArHs of N,C¢H,OCH3; AB-g-like (6 =6.99
and 8.13, J=8.8 Hz), m- and o-ArHs of OCsH4CO,; AB-g-like
(6=7.32 and 7.92, J=8.8 Hz), m- and o-ArHs of CO,CeHsN>].

Found: C, 68.63; H, 6.33; N, 5.35%. Calcd for CooH3N2O6: C,
69.03; H, 6.39; N, 5.55%.

4-(4-Ethoxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyl]benzoate (2¢):  Yield 63%; IR (KBr) 1730, 1270,
and 1200 (ester), 1255 and 1060 (aromatic ether), 1115 (acyclic
ether), 975 (cyclic ether), and 845 cm ™' (1,4-disubstituted ben-
zene); '"HNMR (CDCls) 6 =1.32 (3H, s), 1.46 3H, 1, J=7.0 Hz,
OCH,CHs), 1.7—2.1 (4H, m), 3.4—3.7 [total 4H: s (6 =3.48); t
(60 =3.55,7=6.0 Hz)], 4.0—4.3 [total 4H: ¢ (6 =4.07, J=6.7 Hz);
t(6=4.11,7=7.0 Hz)], 4.34 and 4.50 (each 2H, AB-q, J=5.6 Hz),
and 6.9—8.3 [total 12H: AB-g-like (6 =6.95 and 7.88, J=8.9 Hz);
AB-g-like (6 =6.97 and 8.12, J = 8.9 Hz), AB-¢-like (8 =7.32 and
7.91,J=8.8 Hz)].

Found: C, 69.24; H, 6.60; N, 5.23%. Calcd for C30H34N,0¢: C,
69.48; H, 6.61; N, 5.40%.

4-(4-Propoxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyl]benzoate (2d):  Yield 83%; IR (KBr) 1730,1270,
and 1200 (ester), 1255 and 1060 (aromatic ether), 1110 (acyclic
ether), 975 (cyclic ether), and 840 cm ™! (1 4-disubstituted benzene);
"HNMR (CDCl3) 6 =1.06 (3H, 1, J=7.3 Hz, OCH,CH,CH3),
131 (3H, s), 1.7—2.1 [total 6H: m, OCH2(CH,),CH,O and
OCH,CH,CH3], 3.4—3.7 [total 4H: s (0 =3.49); 1 (6 =3.45,7=5.6
Hz)], 3.9—4.2 [total 4H: t (8 =4.00, J=6.3 Hz); t (§ =4.07,J=6.3
Hz), OCH,CH,CH3], 4.35 and 4.51 (each 2H, AB-gq, /J=5.6 Hz),
and 6.9—8.3 [total 12H: AB-g-like (0 =6.96 and 7.88, J=8.8 Hz),
AB-g-like (6 =6.98 and 8.13, J=8.9 Hz), AB-g-like (6 =7.32 and
7.92,J=8.8 Hz)].

Found: C, 70.16; H, 6.90; N, 5.16%. Calcd for C3;H36N20s: C,
69.91; H, 6.81; N, 5.26%.

4-(4-Butoxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyl]benzoate (2e¢):  Yield 86%; IR (KBr) 1730, 1270,
and 1200 (ester), 1255 and 1065 (aromatic ether), 1120 (acyclic
ether), 970 (cyclic ether), and 845 ecm™! (1,4-disubstituted ben-
zene); "HNMR (CDClz) 6 =0.99 [3H, 1, J=6.8 Hz, O(CH,)sCHs],
1.31 (3H, s), 1.3—2.0 [total 8H: m, OCHy(CH»),CH,O and
OCH»(CH»),CH3], 3.4—3.7 [total 4H: 5 (6 =3.48); t (6 =3.54,
J=5.7Hz)], 3.9-4.2 [total 4H: ¢ (6 =4.03,J=5.7 Hz); t (6 =4.07,
J=5.7Hz)], 4.34 and 4.50 (each 2H, AB-¢, J=5.7 Hz), and 6.9—
8.3 [total 12H: AB-g-like (6 =6.95 and 7.87, J=8.8 Hz), AB-g-
like (6 =6.94 and 8.12, J=8.9 Hz), AB-g-like (6 =7.31 and 7.92,
J=8.8 Hz)].

Found: C, 70.22; H, 6.99; N, 4.97%. Calcd for C3;H3sN,Oq: C,
70.31; H, 7.01; N, 5.12%.
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4-(4-Pentyloxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-
1,6-dioxaheptyl]benzoate (2f): Yield 79%; IR (KBr) 1730, 1270,
and 1200 (ester), 1255 and 1070 (aromatic ether), 1130 (acyclic
ether), 990 (cyclic ether), and 840 cm™! (1,4-disubstituted ben-
zene); 'HNMR (CDCl;) 6 =0.94 [3H, 1, J=6.8 Hz, O(CH,)4CH3],
1.31 (3H, 5), 1.3—1.6 [4H, m, O(CH>)>(CH>)>CHs], 1.6—2.1 [total
6H: m, OCHz(Cﬂz)2CH20 and OCHzCH2C3H7], 3.4—3.7 [total
4H: s (0 =3.49); 1 (0 =3.54, J=5.7 Hz)], 3.9—4.2 [total 4H: ¢
(0=4.02,J=5.7THz);t (6 =4.07,J=5.7THz)], 4.42 and 4.58 (each
2H, AB-q, J=5.8 Hz), and 6.9-—38.3 [total 12H: AB-g-like (6 =6.95
and 7.88, J=8.8 Hz), AB-g-like (6 =6.97 and 8.12, J=9.0 Hz),
AB-g-like (6 =7.32 and 7.92, J=8.8 Hz)].

Found: C,70.45; H, 7.16; N, 5.05%. Calcd for C33H4N2Oq: C,
70.69; H, 7.19; N, 5.00%.

4-(4-Hexyloxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-
1,6-dioxaheptyl]benzoate (2g): Yield 64%:; IR (KBr) 1725, 1270,
and 1200 (ester), 1255 and 1060 (aromatic ether), 1120 (acyclic
ether), 980 (cyclic ether), and 840 cm ™' (1,4-disubstituted ben-
zene); 'HNMR (CDCl3) 6 =0.91 [3H, r-like, O(CH,)sCHs], 1.2—
1.6 [total 9H: 5 (6 =1.31); m, O(CH,)2(CH»);CHs], 1.6—2.1 [total
6H: m, OCH,(CH,),CH,0 and OCH,CH,CsHo], 3.4—3.7 [total
4H: 5 (6 =3.49); t (6 =3.55, J=5.9 Hz)], 3.9—4.2 [total 4H: ¢
(60=4.03,7=5.7Hz);t (6 =4.07,J=5.7Hz)], 4.35 and 4.51 (each
2H, AB-¢,J=5.9 Hz), and 6.9—38.2 [total 12H: AB-g-like (6 =6.95
and 7.88, J=8.9 Hz), AB-g-like (6 =6.98 and 8.13, /=9.0 Hz),
AB-g-like (8 =7.32 and 7.92, J=8.8 Hz)].

Found: C, 70.89; H, 7.42; N, 4.84%. Calcd for C34H4N»Og: C,
71.06; H, 7.37; N, 4.87%.

4-(4-Heptyloxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-
1,6-dioxaheptyl]benzoate (2h): Yield 80%; IR (KBr) 1725, 1265,
and 1200 (ester), 1250 and 1055 (aromatic ether), 1120 (acyclic
ether), 980 (cyclic ether), and 835 cm™! (1,4-disubstituted ben-
zene); 'HNMR (CDCl3) 6 =0.90 [3H, r-like, O(CH,)sCH3], 1.2—
1.6 [total 11H: s (0 =1.31); m, O(CH),(CH,)4CHs], 1.6—2.1 [total
6H: m, OCH»(CH;),CH,0 and OCH,CH,CsH,], 3.4—3.7 [total
4H: s (6 =3.48); t (6 =3.55, J=6.3 Hz)], 3.9—4.2 [total 4H: ¢
(6=4.03,7=6.1 Hz); 1 (6 =4.08, J=6.0 Hz)], 4.35 and 4.51 (each
2H, AB-q,J=5.5 Hz), and 6.9—8.3 [total 12H: AB-g-like (6 =6.96
and 7.88, J=8.8 Hz), AB-g-like (6 =7.11 and 8.26, J=8.9 Hz),
AB-g-like (6 =7.32 and 7.92, J=8.8 Hz)].

Found: C, 71.15; H, 7.58; N, 4.65%. Calcd for C3sHysN,Og: C,
71.40; H, 7.53; N, 4.76%.

4-(4-Octyloxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyl]benzoate (2i):  Yield 73%; IR (KBr) 1730, 1270,
and 1200 (ester), 1255 and 1060 (aromatic ether), 1120 (acyclic
ether), 980 (cyclic ether), and 840 cm™! (1,4-disubstituted ben-
zene); '"HNMR (CDCls) 6 =0.89 [3H, r-like, O(CH,),CH3], 1.1—
1.5 [total 13H: s (0 =1.31); m, O(CH),(CH;)sCHs], 1.5—2.0 [total
6H: m, OCHQ(CHz)zCHzo and OCH,CH,CsH;3], 3.4—3.6 [total
4H: s (6 =3.49); t (0 =3.55, J=6.3 Hz)], 3.9—4.2 [total 4H: ¢
(6=4.03,7=6.3Hz); (6 =4.08,J=6.3 Hz)], 4.35 and 4.50 (each
2H, AB-q, J=5.7 Hz), and 6.9—38.3 [total 12H: AB-g-like (0 =6.98
and 7.87, J=9.0 Hz), AB-g-like (6 =6.98 and 8.13, J=8.9 Hz),
AB-g-like (6 =7.32 and 7.92, J=8.8 Hz)].

Found: C, 71.69; H, 7.62; N, 4.68%. Calcd for C3sH4sN2Os: C,
71.73; H, 7.69; N, 4.65%.

4-(4-Decyloxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-
1,6-dioxaheptyl]benzoate (2j): Yield 80%; IR (KBr) 1740, 1270,
and 1205 (ester), 1255 and 1075 (aromatic ether), 1120 (acyclic
ether), 980 (cyclic ether), and 845 cm™' (1,4-disubstituted ben-
zene); 'THNMR (CDCls) 6 =0.88 [3H, r-like, O(CH2)9CH3], 1.2—
1.6 [total 17H: s (8 =1.32); m, O(CH;)2(CH,);CHz], 1.6—2.0 [total
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6H: m, OCH,(CH»),CH;0 and OCH,CH,CgH,7], 3.4—3.7 [total
4H: s (0 =3.49); t (6 =3.55, J=6.1 Hz)], 3.9—4.2 [total 4H: ¢
(6=4.03,/=6.1Hz); (5 =4.08, J=6.1 Hz)], 4.35 and 4.51 (each
2H, AB-q, J=5.7 Hz), and 6.9—8.3 [total 12H: AB-g-like (6 =6.96
and 7.88, J=8.8 Hz), AB-g-like (6 =6.98 and 8.13, J=9.0 Hz),
AB-g-like (6 =7.32 and 7.92, J =8.8 Hz)].

Found: C, 72.21; H, 7.89; N, 4.50%. Calcd for C3sHsoN,Og: C,
72.35;H, 7.99; N, 4.44%.

4-(4-Butoxyphenylazo)phenyl 3-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyl]benzoate (3): Yield 38%; IR (KBr) 1740,
1270, and 1200 (ester), 1250 and 1065 (aromatic ether), 1100
(acyclic ether), 980 (cyclic ether), an 835 and 745 em™! (1,4-
and 1,3-disubstituted benzenes); 'HNMR (CDCls) 6 =0.99 [3H, 1,
O(CH,)3CHs], 1.31 (3H, s, CH; of the oxetane ring), 1.4—1.7 [2H,
m, O(CH»),CH,CHs], 1.7—2.1 [total 6H: m, OCH,(CH;),CH,O
and OCH,CH,C;Hs], 3.4—3.6 [total 4H: s (6 =3.48), CH; adja-
cent to the oxetane ring; ¢ (6 =3.54, J=5.5 Hz), OCH2(CH,)3;OAr],
3.9—4.2 [total 4H: 1 (0 =4.03, J=6.1 Hz) and 1 (6 =4.08, J=6.1
Hz), CH20OAr], 4.34 and 4.50 (each 2H, AB-q, J=5.6 Hz, CH; of
the oxetane ring), and 6.9—38.3 [total 12H: AB-g-like (6 =6.98 and
7.88, J=9.0 Hz), m’- and o’-ArHs of N,C¢HsOCsHy; AB-g-like
(6 =7.33 and 7.93, J =8.9 Hz), m- and o-ArHs of CO,C¢HsNy; m,
ArHs of the benzoyl].

Found: C, 69.80; H, 6.74; N, 5.00%. Calcd for C3;H3sN>Og: C,
70.31; H,7.01; N, 5.12%.

Bis[4-methoxyphenylazo)phenyl] 5-[7-(3-Methyl-3-oxetanyl)-
1,6-dioxaheptyllisophthalate (4):  Yield 63%; IR (KBr) 1735,
1260, and 1195 (ester), 1220 and 1030 (aromatic ether), 1100
(acyclic ether), 980 (cyclic ether), and 835 and 745 cm ™" (1,4-di-
and 1,3,5-trisubstituted benzenes); 'HNMR (CDCl3) 6 =1.32 (3H,
s, CHs of the oxetane ring), 1.7—2.1 [4H, m, OCH3(CH,),CH,0],
3.4—3.7 [total 4H: s, (6 =3.50), CH; adjacent to the oxetane ring;
t (6 =3.56, J=6.1 Hz), OCH,(CH,);0Ar], 3.90 (6H, s, OCH,),
4.15 (2H, ¢, J=5.8 Hz, CH,0Ar), 4.34 and 4.50 (each 2H, AB-
q. J=5.7 Hz, CH; of the oxetane ring), 6.9—8.1 [total 18H:
AB-g-like (6 =6.99 and 7.90, J=8.9 Hz), m'- and o’-ArHs of
N,C¢HsOCHj3; AB-g-like (6 =7.37 and 7.95, J=8.9 Hz), m- and
o-ArHs of CO,CsHyN3; s-like (6 =7.97), 4- and 6-ArHs of the
isophthaloyl], and 8.60 (1H, s-like, 2-ArH of the isophthaloyl).

Found: C, 67.70; H, 5.62; N, 7.14%. Calcd for C43H4N4Og: C,
68.06; H, 5.58; N, 7.38%.

4-(4-Butoxyphenylazo)phenyl 4-[7-(3-Methyl-3-oxetanyl)-1,
6-dioxaheptyllphenylacetate (5):  Yield 55%; IR (KBr) 1760,
1270 (shoulder), and 1230 (ester), 1250 and 1065 (aromatic ether),
1130 (acyclic ether), 980 (cyclic ether), and 840 cm ™' (1,4-disub-
stituted benzene); 'H NMR (CDCl3) 6 =0.98 [3H, ¢, J=6.8 Hz,
O(CH»)3CHs], 1.31 (3H, s, CHj3 of the oxetane ring), 1.3—1.6 [2H,
m, O(CHQ)ZCHZCH3], 1.6—2.0 [total 6H: m, OCHz(CHz)zCHzO
and OCH,CH,C,Hs], 3.4—3.7 [total 4H: s (6 =3.47), CH, adja-
cent to the oxetane ring; ¢ (6 =3.52, J=5.3 Hz), OCH2(CH;); OAr],
3.80 (2H, s, ArCH,CO,), 3.9—4.2 [total 4H: ¢ (6 =3.98) and ¢
(6 =4.02), each J=6.1 Hz, CH,0Ar], 4.34 and 4.50 (each 2H,
AB-gq, J=5.7 Hz, CH, of the oxetane ring), and 6.7—8.0 [total
12H: AB-g-like (6 =6.87 and 7.85, J=8.9 Hz), m’- and o’-ArHs of
N,CsH4sOC4Hy; AB-g-like (6 =6.97 and 7.15, J=9.0 Hz), m- and
0-ArHs of OCsH4CH,CO,; AB-g-like (6 =7.27 and 7.85, J=8.7
Hz), m- and o-ArHs of CO,C¢H4N>].

Found: C, 70.23; H, 7.14; N, 4.74%. Calcd for C33H49N,O¢: C,
70.70; H, 7.19; N, 5.00%.

4-Octyloxyphenyl 4-[7-(3-Methyl-3-oxetanyl)-1,6-dioxahep-
tyllbenzoate (6): Yield 77%; IR (KBr) 1720, 1275, and 1195
(ester), 1255 and 1075 (aromatic ether), 1115 (acyclic ether),
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980 (cyclic ether), and 850 cm™! (1,4-disubstituted benzene);
'"HNMR (CDCl;) 6 =0.89 [3H, t-like, J = 6.8 Hz, O(CH,);CH;],
1.2—1.6 [total 13H: s (6 =1.31), CH; of the oxetane ring), m,
O(CH;)2(CH,)sCHs], 1.6—2.1 [total 6H: m, OCH(CH,),CH>O
and OCH,CH,CgH 3], 3.4—3.7 [total 4H: s, (0 =3.48), CH, adja-
cent to the oxetane ring; ¢ (6 =3.54, J=5.1 Hz), OCH2(CH:);OAr],
3.9—4.2 [total 4H: r (6 =3.98) and ¢ (6 =4.00), each J=6.3 Hz,
CH,OAr], 4.34 and 4.50 (each 2H, AB-¢q, J=5.7 Hz, CH; of the
oxetane ring), and 6.8—8.3 [total 8H: AB-g-like (6 =6.89 and
7.06, J=9.2 Hz), m- and o-ArHs of CO,CsH4sOCsH,7; AB-g-like
(6 =6.93 and 8.09, J=8.8 Hz), m- and o-ArHs of OCsH4CO:].

Found: C, 72.02; H, 8.64%. Calcd for C30H420s: C, 72.26; H,
8.49%.

4-(4-Alkoxyphenylazo)phenols:  An aqueous solution of the
diazonium chloride, prepared by the reaction of a 4-alkoxyaniline
(40 mmol) in 4 moldm > HCI (40 cm’) with a 5.7 moldm™>
aqueous solution of NaNO; (7 cm3), was added at 0—3 °C to
phenol (40 mmol) dissolved in a 10% aqueous NaOH solution (37
cm®). The azo-coupling product was collected by filtration and
recrystallized from benzene containing 10% hexane. The yields
and melting points of the 4-alkoxy-substituted azobenzenes were
as follows: Ethoxy: 83%, mp 123—124 °C; propoxy: 74%, mp
103—106 °C; butoxy: 83%, mp 84—86 °C; pentyloxy: 78%,
86—89 °C; hexyloxy: 55%, mp; 94—95 °C; heptyloxy: 62%, mp
100—102 °C; octyloxy: 61%, mp 84—=86 °C; decyloxy: 53%, mp;
104—106 °C; dodecyloxy: 54%, mp 100—105 °C (recrystallized
from benzene).

Polyoxetanes: A half of 1 g of an oxetane monomer was
polymerized in DCM at 25—30 °C with 0.02-—0.25 molar amount
of THF-BFs. The product polymer was reprecipitated two or three
times from DCM to methanol, and then dried in a vacuum.

Generally, poly(2)s showed the characteristic IR bands at the
following wavenumbers: 1730, 1270, and 1200 (ester), 1260—
1255 and 1060—1070 (aromatic ether), 1110—1100 (acyclic ether),
and 840 cm™! (1,4-disubstituted benzene) and poly(2a) indicated
an additional band at 760 cm™' (monosubstituted benzene). The
"HNMR spectra of poly(2)s are shown in the following data.

Poly(2a): 6 =0.8—1.0 [3H, CHj3 adjacent to the quaternary
carbon of the main chain (s-like signal centered at § =0.94)], 1.5—
2.0 [4H, OCH,(CH;),CH,0], 3.1—3.6 [8H, CH; adjacent to the
quaternary carbon and OCH»(CH)3OAr], 3.9—4.2 (2H, CH,OAr),
7.3—7.5 (2H, m-ArHs of OC¢H,CO»), 7.7—8.1 (5H, m-, m’-, and
p’'-ArHs of CO,CsHyN,CgHs), 8.3—8.5 (4H, o- and o'-ArHs of
C02C6H4N2C6H5), and 8.5—8.7 (ZH, o-ArHs Of C06H4C02).

Poly(2b)s: 6=0.8—1.0 (3H, s-like signal centered at § =0.93),
1.5—2.0 (4H), 3.1-—3.6 (8H), 3.7—4.2 [5H, OCHj3 (s-like signal
centered at 0 =0.94) and CH,OAr], 6.8—7.1 (4H, m-ArHs of
OC6H4C02 and m'—ArHs of N2C6H4OCH3), 7.1—74 (2H, m-ArHs
of C02C6H4N2), 7.8—8.1 (4H, o- and OI-AI'HS of C6H4N2C6H4),
and 8.1—8.2 (2H, o-ArHs of the OC¢H4CO»).

Poly(2¢): & =0.8—1.1(3H, s-like signal centered at § =0.94),
1.2—1.5 [3H, OCH,CHj (z-like signal centered at 6 =1.44)], 1.5
2.0 (4H), 3.1—3.6 (8H), 3.9—4.2 (4H, CH,0Ar), 6.8—7.1 (4H),
7.1—7.4 (2H), 7.8—38.1 (4H), and 8.1—S8.2 (2H).

Poly(2d): 6 =0.8—1.1 [6H, CH3 (s-like signal centered at
6 =0.94) and O(CH,),CH; (¢-like signal centered at 6 =1.04)],
1.5—2.0 [6H, OCH2(CH,),CH,0 and OCH,CH,CH3], 3.1--3.6
(8H), 3.9—4.2 (4H), 6.8—7.1 (4H), 7.1—7.4 (2H), 7.8—8.1 (4H),
and 8.1—8.2 (2H).

Poly(2e)s: 6 =0.8—1.1 [6H, CH; (s-like signal centered at
8 =0.94) and O(CH,)3CHjs (z-like signal centered at 6 =0.97)],
1.5—2.0 [6H, OCH,(CH;),CH,0 and OCH,CH,C>Hs], 3.1-—-3.6
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(8H), 3.9—4.2 (4H), 6.8—7.1 (4H), 7.1—7.4 (2H), 7.8—8.1 (4H),
and 8.1—8.2 (2H).

Poly(2f):
carbon of the main chain and O(CH;)4CHs (s- and #-like signal
centered at 0 =0.94)], 1.3—1.5 [4H, O(CH:)2(CH»),CH3], 1.5—
2.0 [6H, OCH,(CH,)>,CH,0 and OCH,CH,C3H7], 3.1—3.6 (8H),

3.9—4.2 (4H), 6.8—7.1 (4H), 7.1—7.4 (2H), 7.8—8.1 (4H), and
8.1—8.2 (2H).
Poly(2g): 0 =0.8—1.1 [6H, CH; adjacent to the quaternary

carbon of the main chain and O(CH,)sCH;s (s- and #-like signal
centered at 6 =0.93)], 1.3—1.5 [6H, O(CH,).(CH);CHs], 1.5—
2.0 [6H, OCH,(CH>),CH>0 and OCH,CH,C4Hy], 3.1—3.6 (8H),

3.9—4.2 (4H), 6.8—7.1 (4H), 7.1—7.4 (2H), 7.8—8.1 (4H), and
8.1—8.2 (2H).
Poly(2h): 6 =0.8—1.1 [6H, CHj (s-like signal centered at 6 =

0.93) and O(CH,)sCH3 (#-like signal centered at 6 =0.89)], 1.3—1.5
[8H, O(CH;),(CH,)sCHs3], 1.5—2.0 [6H, OCH,(CH;),CH,0O and
OCH,CH,CsH; 1, 3.1—3.6 (8H), 3.9—4.2 (4H), 6.8—7.1 (4H),
7.1—7.4 (2H), 7.8—8.1 (4H), and 8.1—8.2 (2H).

Poly(2i): 6 =0.8—1.1 [6H, CH; (s-like signal centered at & =
0.94) and O(CH;);CHj (#-like signal centered at 6 =0.88)], 1.3—1.5
[10H, O(CH,),»(CH,)sCH3], 1.5—2.0 [6H, OCH,(CH,),CH,O and
OCH,CH,CsH3], 3.1—3.6 (8H), 3.9—4.2 (4H), 6.8—7.1 (4H),
7.1-—7.4 (2H), 7.8—8.1 (4H), and 8.1—8.2 (2H).

Poly(2j): 6=0.8—1.1[6H, CHj (s-like signal centered at § =
0.93) and O(CH3)oCHj3 (z-like signal centered at 6 =0.88)], 1.3—1.5
[14H, O(CH;),(CH,)7CHs], 1.5—2.0 [6H, OCH,(CH,),CH,O and
OCH,CH,CsHj7], 3.1—3.6 (8H), 3.9—4.2 (4H), 6.8—7.1 (4H),
7.1—7.4 (2H), 7.8—8.1 (4H), and 8.1—8.2 (2H).

Poly(2k): 6 =0.8—1.1[6H, CHj; (s-like signal centered at 6 =
0.94) and O(CHz),CHj (z-like signal centered at  =0.88)], 1.3—
1.5 [18H, O(CH2)2(CH>)9CHs], 1.5—2.0 [6H, OCH,(CH>),CH,0O
and OCH,CH>CoH2:], 3.1—3.6 (8H), 3.9—4.2 (4H), 6.8—7.1
(4H), 7.1—7.4 (2H), 7.8—8.1 (4H), and 8.1—8.2 (2H). Also see
Fig. 3 for the '"HNMR spectrum of poly(2k).

The elemental-analysis data of the above polymers were given
in Table 2.

The IR and "HNMR spectra of poly(3)—poly(6) were as follows:

Poly(3): IR (KBr) 1740, 1275, and 1200 (ester), 1255 and 1060
(aromatic ether), 1100 (acyclic ether), and 840 and 745 cm™' (1,
3- and 1,4-disubstituted benzenes). 'HNMR (CDCl3) 6 =0.8—1.0
[6H, CH; adjacent to the quaternary carbon of the main chain
(s-like signal centered at 6 =0.90) and O(CH,);CHj5 (r-like sig-
nal centered at 6 =0.98)], 1.3—2.0 [8H, OCH,(CH,),CH-O and
OCH,(CH»),CHs], 3.0—3.6 [8H, CH, adjacent to the quaternary
carbon and OCH2(CH);0Ar], 3.8—4.1 (4H, CH,0Ar), 6.9—8.3
(12H, m, ArHs).

Poly(4): IR (KBr) 1740, 1210, and 1190 (ester), 1255 and
1025 (aromatic ether), 1100 (acyclic ether), 840 and 745 cm™'
(1,4-di- and 1,3,5-trisubstituted benzenes). 'HNMR (CDCls)
6 =0.8—1.0 (3H, CH3 adjacent to the quaternary carbon of the
main chain (s-like signal centered at 6 =0.91), 1.5—2.0 [4H,
OCH,(CH>),CH,0] 3.0—3.6 [8H, CH; adjacent to the quaternary
carbon and OCH>(CH;);0Ar], 3.8—4.2 [8H, OCHj3 (s-like signal
centered at & =3.84) and CH,0Ar], 6.8—7.1 (4H, m'-ArHs of
N2C6H4OCH3), 7.2—1.5 (4H, m-ArHs of C02C6H4N2), 7.7—8.1,
(10H, 4- and 6-ArHs of the isophthaloyl and o- and o’-ArHs of
CsHsN2CsHy), and 8.4—8.7 (1H, 2-ArH of the isophthaloyl).

Poly(5): IR (KBr) 1755, 1250, and 1150 (ester), 1250
(aromatic ether), 1120 (acyclic ether), and 840 cm~' (1,4-dis-
ubstituted benzene). 'HNMR (CDCls) 6 =0.8—1.1 [6H, CH;

6 =0.8—1.1 [6H, CHj adjacent to the quaternary
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(s-like signal centered at 6 =0.92) and O(CH,);CH; (#-like sig-
nal centered at 6 =0.98)], 1.3—2.0 [8H, OCH,(CH:),CH>O and
OCH,(CH,),CH3], 3.6—4.1 [8H, CH, adjacent to the quaternary
carbon and OCH,(CH;);0Ar], 3.8—4.2 [6H, ArCH,CO, (s-like
signal centered at d =3.77) and CH,OAr], 6.7—7.4 (8H, ArHs of
OCe¢H4sCH,CO; and m- and m’-ArHs of CeHaN2CgHy), and 7.7—
8.0 (4H, o- and o’-ArHs of C¢HisN,CeHy).

Poly(6): IR (KBr) 1735, 1280, and 1200 (ester), 1255 and
1075 (aromatic ether), 1105 (acyclic ether), and 845 cem™! (1,4-di-
substituted benzenes). "HNMR (CDCl3) 8 =0.8—1.1 [6H, CH; (s-
like signal centered at § =0.92) and O(CH,);CHj (r-like signal cen-
tered at 6 =0.89)], 1.3—1.5 [10H, O(CH;),(CH,)sCH3], 1.5—2.0
[6H, OCH,(CH,)CH,0 and OCH,CH,CsH;3], 3.6—4.1 [8H, CH,
adjacent to the quaternary carbon and OCH,(CH,);0Ar], 3.8—4.2
(4H, CH,OAr), 6.8—7.2 (6H, ArHs of CO,CeH4sOCsH;7 and m-
ArHs of OC¢H4CO3), and 8.0—38.2 (2H, o-ArHs of OCsH4CO»).

Measurement. IR and 'HNMR spectroscopy, GPC, DSC,
and POM were performed in the manner described in our previous
report.”’ X-ray diffraction patterns were obtained by means of an
X-ray diffraction apparatus (Rigaku Denki, RAD-RVC) using a Cu
target under impression conditions of 3 kW (30 kV, 100 mA).
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