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Scheme 2-1. Oxetane derivatives bearing pendant azobenzene cores with a spacer and a

tail through the linking parts of ether and ester moieties.
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Scheme 2-2. Oxetane derivatives used for cationic ring-opening polymerization in this

study.



I-2. #REER

I-2-1. AFt&FBLUORYAFEY > DEK

TFEH o) T —DEFKIERE Schemes 2-3—2-5 ITRT
D-¥17E/)<— 8a—d RHONDONICKDFMOEBVERLE 3

TN

AT ETFAINDOBICIATIVKEEEZED A-Y1 7€/ <Y — la—d, 1b’,

CH,
rj-—CHzo(CHz)4—Br + HO—@—N:N—@—COzEt
9

o)
10
l K,COs, DMF, 80°C, 10 h
CH;

,:'—CHzo(CHz)ao-@—Nm-O—coza
o)

1a

1) 20% NaOH, EtOH, reflux, 10 h
2) 3N aq HCI

CH,
CH20(CH3)4OO —N@—COZH

HO-i-C4Hg or HO-(CH,CH,0),R/
DCC, DMAP, THF, tt, 10 h

CH,
‘—_'—CHZO(CHZ)4O~©—N=N—©—COZ-FC4H9 or -CO,(CH;CH,0),R
0

1b' or 3a—c (n = 2, 3; R = CH3, n-C4Hg),

BI’-(CHz),; or GH' |-(CH2)8H. or C|-CH2Ph/
K,CO3, DMF, 80°C, 10 h

CHs
CH20(CH2)4O—©—N —-@—COz(CHz)nH or -CH,Ph

1b—d (n=4,6,8)or2
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Table 2-1. A list for polyoxetanes obtained by cationic ring-opening polymerization

with BF;OEt,
Mesogen Yield"/ 1T
type  Polymer Tail, Y % 10"Mn  MwMn®  2ndheating Istcooling
A Pla  CO,(CH,),H 78 251 1.83 138 (54) 131 (5.4)
Pib  COy(CHyH 69 092 1.99 (s) 94 (12.8) 85 (14.4)
P1b' CO,CH,CH(CH;), 46 217 1.76 (s) 86 (4.0) 75 (4.4)
Pic  CO,(CHy)H 56 1.33 1.47 (m) 77 (8.8) 58 (5.9)
P1d  CO,(CHy)H 67 313 1.90 (s) 73(88) 58 (4.2)
P2 CO,(CH,)Ph 67 1.04 2.22 (s) 65° f
P3a  CO,(CH,CH,0),CH, 25 0.47 1.41 (s) f f
P3b  CO,(CH,CH,0);CH; 10 0.58 1.25 (s) f f
P3¢  CO,CH,CH;0),(CH,)H 62 0.60 1.27 (s) f f
B P4a  O(CHp)H 65 1.59 227 132 (2.5) 127 (5.4)
P4b  O(CH,)H 89 295 2.95 (s) 146 (5.0) 140 (14.4)
P4c  O(CH,)H 71 3.06 2.11 (s) 145 (52) 139 (5.9)
P4d  O(CH,)gH 79 3.00 2.14 (s) 138 63) 134 (4.2)
P5 O(CH,CH,0),CH, 82 1.00 1.56 40 (3.1)  42(L.6)
P6 O(CH,);C¢Hqp -F 69 095 1.42 139 (5.5) 133 (4.6)
C P7a  O(CH,)H 60 047 139 (m) 121 (0.5) 120 (0.5)
P7b O(CH,)4H 48 0.72 1.12 (m) 115 (0.8) 114 (0.9)
P7c O(CH,)sH 57 0.69 1.24 (m) 120 (1.9) 119 (1.9)
P7d  C(CH,:H 4  om 1.23 (m) 125 (42) 123 (4.1)
D P8a O(CH,),H 93 0.47 1.39 (m) 118 (0.5) 117 (0.2)
P8b  O(CH,)H 40 072 1.12 (m) 117 (12.5) 109 (0.3)
P8c  O(CH,)H 70 0.69 1.24 (m) 113 (9.2) 111 (1.0)
P8d O(CH,)gH 55 0.71 1.23 (m) 119 (10.0) 117 (2.0)

a Polymerization was carried out in DCM at room tempearture for 50 h at an initial monomer concentration
0f 0.3—0.6 mol dm™3. P For a methanol-insoluble fraction. € (s) and (m) refer to a shouldered peak and
a multimodal one, respectively, in GPC curves. dFigurm in parentheses show endo- and exothermic
energies in J mol1, respectively, for heating and cooling scans. € Melting point (see the text). fNot
determined.

(R eml 12, BRI —FILIZDWT 980 & 845 em ! 2, T A TFILFERIC

SNTIF 1725 & 1250 e ! ICRINEH 2R AR U A F L D IR ITIE 980 & 845
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Figure 2-1. TH NMR (270 MHz) spectra of oxetane 5 (A) and its polymer, P5, (B) in

chloroform-dg at room temperature.
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Figure 2-2. DSC traces of polyoxetanes Pla (A), P1b (B), P1c (C), 1d (D), P4a (E),

P4b (F), P4c (G), and P4d (H).
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Figure 2-3. DSC traces of polyoxetanes P7a (A), P7b (B), P7¢ (C), and P7d (D).

% > P8cld, TAHETHRIKMBZRLE: (EMBEEEF-1). T0K, ZOHE
MEHEAS EREEEF2)OEREB > TVIHBMTRINDS) IKTEDD
ERBa<, ZOFEAEEMO EITRENRN, K> Th-o/z (BERBEEER
(F-2))e ZTDHD D F 1 TDRYAF14 > P8a, P8b, P8d, b P8c TEHHREX
N=dHOEFAKROEMOBEMBEEZRL /=,

A-, C-, D- 714 TORI FF & IRRI EOMESD LR HBET= DL,
EDODSCE—V ZRTN,B-¥ 1 TAFEH NI T, TOHDSC E—T %R,
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(B)
.2
f_‘: 32C Ti=42C
2
2
m Ti=133C
111C
©) ¢
0 50 100 150

Temp/ C

Figure 2-4. DSC traces of polyoxetanesP2 (A), P5 (B), and P6 (C) on 1st cooling scan.
For P2 a DSC trace on 2nd heating scan is also shown.

RIEDEFS, T, THND DSC E—TUANDE— I BMADOHERIZEDHONT
BRLATREASHATRY, 8RS, T; SO E—7 2R TIRE TIIEAEMY
FIC K SEBMOBIABE I NN,

Figure 2-6 IZ1d, AR THWRUAF LS > OE 1 BHBRTO T %55
HEBORRE (AH) ZRLTWV3,

C-BIUD-FITRUAFEH D LIZBEWIEWMETHSA, C-¥1 7
RUFFEI > OAH Z D-F1 TRV AF Y DELDEIREN., IN5
RUFFEy > ORBEAY S > DOREE% Scheme 5 ICKRT 5,
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SRR N
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3 Mx‘?‘fﬁ % A\*EE
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X

Figure 2-5. Micrographs of azobenzene core-containing polyoxetanes by POM on 1st
cooling scan: P1b at 85°C (A-1) and 28 ‘C (A-2), P4b at 134°C (B), P5at41°C (C),
P6 at 125°C (D), P7c at 119°C (E-1), 118C (E-2), and 27°C (E-3), and P8c at
118C (F-1) and 114°C (F-2).

— Rz, FHFETHELSNLERYFF LS O DIHNMRTHE, TYNREVRD
TINIAFTEOFIMICSH S 70 S EFET T R =7.0iT 0 THBS 7
WEFRT, TR PO T M =73L D EHBICH D, £/=, TVEHE
DA MMIICHZ 70O MM ES 7 b =790 THBL JHIVZRL, TN
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WBEREDIED T MKV ERBIIDH S,

_®

: O
0 L o |
2 4 6 8 2 4 6 8
nin (CH,),H of tail nin (CH,),H of tail

Figure 2-6. Temperature (A) and exothermic energy (AH,) (B) on isotropic phase

transition for polyoxetanes on 1st cooling scan: A- (@), B- (), C- (@), and

D-typeseries ((J), and 1b’ (O).

INSORERNS, TIVAFHIEFESHEIR RPR) 25, 7VE
BEFHRSMTHDZENNn5B, 2T, ZDOBEFAD-F1 TORIF
FEI 04 CTINAFITIYRE B EIRET S, INSORBTIEH
HWZIRXMARZERNT NS ZOMEEENS (Scheme 2-5¢) . T35 DREISHAY
YR, TYRCE AT EICESMICE L 2 EREORSIHEEER, BLY
HERO 7w — nKSIMHEMER (stacking®hR) ICXDEXZ T LITRD, HEBT
- BREBTFRSMEERAICEZBOTIERW, LML, Scheme 2-5biREND &K
SIC-HAL TR AFEY TR 44-D7NaAFT7IREOT EITREE
TEIZDORBFDIEINI, TATFIVANKRIIVEORBFNEFEEL, IO
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BBEA YT D DEEB W TRRHEMENIHERS HZ2H5T,

(a) A- and B-types
tall ——————
______ spacer/\ O O (or spacer)
(or tail) I \\
.O. /tall """
""" Spacet < G &CHz (or spacer)
(or tail)

(b) C-type 50
P,

----- spacen_ S\ &* Nl ‘Qé'r/\/ tail---- - -
.\._) e

(c) D-type

----- spacer/\ @, &/\/tail---——-——

Scheme 2-5. Specurated structures for pendant mesogens of A- to D-type polyoxetanes.

ZORR, CHITRULFEY > DAH; X D-¥1 TRUAFES > DENL
DEDIRESTIT B,
B-#1T7HRUAFEY DT EAH T C-F1 TR AF LY DOHDEDZ
NZTNAREWV, ZHE B-¥1 THRUFF LI 0ORAY T P HOHERSIERN
C-HALTRIAF LY OHEIORENWI EZRET S, Scheme 2-5a IZKI7R
ENBEIIC, B TRUAFEIY O AT INHINHAZNERET IR E
CEHEBRELTWSRYD, ZONNVRIINERAKERTETEET SHB
RICEFEN, ZOMETFIERD SNRKEMEEERZECSEICERLZFHE
MELEWRAT CRIRES®S, —H, A9 7R FFES 28 B-I1T
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RUAFEH L EACAVF L EHSTNSA, B-F1A TR FEI &M
NRTAZATRUAFLY >0 TIREL, 72, AHREWD, &2 0VIZIEH
LTWwd, ZOZEFAZATRUFF LS OFAEER TIII hOoE—
BRNKEWIEZRBL TS, ZOBRIZIROXLDBREHTHIATE S,
Scheme 2-5a TRENDEDIZ, VYRV ECRIESGL T2 I —FI)IBIN
IZAFINEIZBNT, T (HDVWERAR—Y—) OI—F )L EDOHIREKE
371 (HBENVWEAR—Y—) ODIATFINHDOENIDB/NINWEEZ LN
B, 725, T—TIVEDO C-OBEED OERENL sp-BRLIEERE
DBEEIHETIREOMTREISZ, LML, TAFIVET, sp-RERLED
IWARZIWREBEEBBETZ2I—TIIUHEEI AN TOBELOM, BIOIOBREL
ZORICHEET S p-EBRLEREEOBOD 2 »FITIEI S, BIZ, A-Y1 7K
UAFEF o OFAINOIATINEIEZ, B-¥A1 TRIFFESI L DAR—Y—
DIZATFIVELY BHBREENIRENEEZEZ NS, BHELT, A-¥1 TR
JAFLH DI AT INRIFIAR—Y—IZX> TR Y—FHEHO T Oy 7IZE
FENTWRWVD, B TRUAFEy > DAXR—Y—FDITZFT)IVEIIR
U —FH#HOT Oy VIEKBEEINTWVWS, K> T, AR—Y—HNDIAT
IWEDFME D PNEHICIRE SN HRGEEZFE DO LITRD2THA D, Z
D&, ABEEKREEED TIIBIT D AR —IZRHBICAL—LITAY
FUERERI S OICEREREEZHES TS, 23S Figurer 2-5 IZHBWT,
A-BEU B TRUFTF LY ORABHBEEEDEK THRIND LB
Thb,

AZATRIFFEYOTFAINCY - BEIRMNIFFIF LV INERZ
DO Pla—cld, BEULTMABIUVAHZRVELTHRASL I2RET,
7~ POM b ERINAh-=, L2hL, TNV EHFIFLIHE
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HEREDB-FM TR UAF 15 2 PSIIGHBETR2CICHKERZDSCE—2 %
;RL (Figure 2-4), POM BE TIZIZ OBELNT THIKHEEZ R L 7= (Figure 2-5
DHEMETEC) . AYTTRILTFEY N B-¥1 7RI F LY LK
WL ERLZEZIEEREETSE, Pla—cl3BB IV B LBEVNWEZAII T 2R
DEBEDLND, FANOF VTG FTIF L NERIT T IV OHERREREE K
ELTBEZBZOND, FVIFTFLIF UV NERRBEBECI—TIVESEE
LTHD, sidlL7ZC-0BLUNC-C AV DEEERIRIIF—%2E2 5L,
TINIFTEIDB D ERKTH S,

NPNWIATFINETANERED A1 TRUZFE5 2 P2 I3, MEERET
WBCIRBE—IBIU6STITRE Y — U 2R LTz, P2I3MNEAD KNSR
TS5 POM MBI ZRIBRNDT, 65CORAE— VIR v —DRifE, 43C
DRABE—7FRNY I —HEROBERICL DD ERADND, TAILOXY
DINERNBRVEENED, MBGBRIZKN > THZRHBETREA VY
PG TR R T —EA b RREBRREO L S BANEI NI LEA SN 5,



I-2—-3. # &

AR—PF—BEIUVTAINEFORET YR EAT7ORIFFEI D T,
IBRBEAY T CEIOHERSHWERICL D EEEZT 5, XL, A-BXUB-%
ATRIAFEY IZBNT, TNSOAVYF > AT7RELERZESIZHHA
57, AR—Y—DIZAFINHEEETIINVDIZATIVEESITEN, T, L 0OR
ETREAY T VIR TNESRHREEZ S D2MRE/HD. O LI,
AR—Y =X TRUYT—HELHET2IATINETORERHT, U
—HENS DS CENTHESL TVETAIIVDOIATINERICHERIVESIZ
AHEINDENDEBZFTHHAZINDS, TANHICFVIFF I F L 2ER
ERETHILICED TIEKBIETTSIEb0h o7k, INH5DHAR,
FRLLTOEY T, 2 DEANGAEMEREES S TFERFERTLLTEH
MERDTHAD,
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I-3. % B&
O0I—-3—-1. & ¥

Ethyl 4-[4-[4-[(3-methyl-3-oxetanyl)methoxy] butoxy]phenylazo] benzoate (1a)

Ethyl 4-(4-hydroxyphenylazo)benzoate (10) I 4-ethoxycarbonylbenzenediazonium
chloride & phenol NS EIEIZEL DB L, 10(20g 9.4mmol) A F 45 >
915 (1.9 g, 7.4 mmol) DFRIMEHE & K,CO, (1.1 g 8.1 mmol)7ZFFEF, DMF (15 cmd)
B 80 C T 10 BfIRIS L7z, RINEEYZREEICL D RUER, BEREL
TIH/OoNBEREBEEZLY /I oB#ERL TEMNERY 1a (2.5g, 76% yield)
%1572, : IR (KBrdisk) 1715 and 1275 (ester), 1600, 1580, 1500, and 1470 (aromatic
ring), 1250 (aromatic ether), 1135 and 1110 (aliphatic ether), and 975 and 840 cm"!
(cyclic ether); 'H NMR (CDCl;) 6 =1.28 (3H, s, CH; of the oxetane ring), 1.40 (3H, ¢,
J=17.1 Hz, CO,CH,CH,), 1.7—1.8 [4H, m, OCH,(CH,),CH,0], 3.4-3.7 [total 4H: s
(6 =3.50), CH, adjacent to the oxetane ring; ¢ (6 =3.56), J= 6.1 Hz, OCH,(CH,);0Ar],
4.09 [2H, ¢, J= 6.2 Hz, O(CH,);CH,0Ar], 4.3 —4.6 [total 6H: g (6 =4.41), J= 7.1 Hz,
CO,CH,CHj; AB-q (6 =4.38 and 4.52), J= 5.8 Hz, CH, of the oxetane ring], and 6.8 —
8.3 [total 8H: 4B-g-like (6 =7.01 and 7.94), J= 9.1 Hz, OAIN,; 4B-g-like (6 =7.90

and 8.17), J = 8.2 Hz, N,ArCO,].

Alkyl 4-[4-[4-[ (3-methyl-3-oxetanyl)methoxy] butoxy] phenylazo] benzoates, 1b —d &
LIk 2

REHERAFIZ 1A IZDNWTLUTIZARRS, HILA B, AT 1a
2205 8BONaOH ZFL20% 7 IV AU KBRE CNEFFEBEOIY / — VRS
B, BRT TV AUNMKGEL THEZ. LR E 11 (0.50 g, 1.27 mmol)
Z3A7{bA 7 F)V (045 g, 1.89 mmol) & & HIZ, K,CO,(0.35g) BLUR(ET
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NS TFIIVTY >EZT L (TBAB) (T 7{E#IZx L 0.05 equiv) fF7EF, DMF (10
cm’) F80CT IS RIS Lz, RINESYEEEITX D RAER, BHEHERE
LTRoNZREEEZLSY /=)o HEiHE L THRERY 1d 21572, 2 DGR
CRBIER DD HEVn SN, BRIETFLNRAF I ZRANSHER, 14D
BREFURKERIZEIZ KIEEIZH L 0.1 equiv) ZIATRIGL %,

1b: yield 59%; IR (KBr disk) 1710 and 1280 (ester), 1600, 1580, and 1505
(aromatic ring), 1260 (aromatic ether), 1140 and 1120 (aliphatic ether), and 980 and 830
cm! (cyclic ether); 'H NMR (CDCly) 6 =1.00 [3H, ¢, J= 6.7 Hz, CO, (CH,);CHj],
1.32 (3H, s, CH; of the oxetane ring), 1.4 —2.1 [total 8H: m, OCH, (CH,) ,CH,0 and
CO,CH, (CH,) ,CH,], 3.4—3.6 [total 4H: s (5 =3.50), CH, adjacent to the oxetane

ring; t (6 =3.56), J = 6.2 Hz, OCH, (CH,);0Ar], 4.10 [2H, ¢,/ = 5.9 Hz,
O(CH,);CH,OAr], 4.2 — 4.6 [total 6H: ¢ (6 =4.36), J = 6.2 Hz, CO,CH, (CH,) ,CHy;

AB-g (6 =4.36 and 4.52), J = 5.6 Hz, CH, of the oxetane ring], and 6.8 — 8.2 [total 8H:
AB-g-like (6 =7.01 and 7.94), J= 9.1 Hz, m, OAIN,; AB-g-like (6 =7.90 and 8.17),J =
7.9 Hz, m, N,ArCO,].

1c: yield 84%; IR (KBr disk) 1715 and 1275 (ester), 1600, 1585, and 1500
(aromatic ring), 1255 (aromatic ether), 1140 and 1110 (aliphatic ether), and 980 and 835
cm! (cyclic ether); 'H NMR (CDCl,) 6 =0.91 [3H, t-like, CO, (CH,)sCH;], 1.3—1.5
[total 9H: 5 (& = 1.32), CH; of the oxetane ring]; m, CO, (CH,), (CH,) ,CH,], 1.7— 1.9
[4H, m, OCH, (CH,) ,CH,0], 1.9—2.0 [2H, m, CO,CH,CH, (CH,);CH,], 3.4—3.6
[total 4H: s (6 =3.50), CH, adjacent to the oxetane ring; ¢ (6 =3.56), J= 5.9 Hz, OCH,
(CH,);0Ar], 4.09 [2H, ¢, J= 5.7 Hz, O(CH,);CH,0Ar], 4.3 —4.6 [total 6H: ¢ (6 =4.34),
J=1.0 Hz, CO,CH, (CH,),CH;; AB-q (6 =4.36 and 4.52), J = 5.7 Hz, CH, of the

oxetane ring], and 6.9 —8.2 [total 8H: AB-g-like (6 =7.01 and 7.93), /= 10.1 Hz,
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OAIN,; 4B-g-like (6 =7.90 and 8.16, J = 9.6 Hz, N,ArCO,).
1d: yield 72%; IR (KBr disk) 1710 and 1285 (ester), 1600, 1585, 1510, and 1475
(aromatic ring), 1250 (aromatic ether), 1140 and 1120 (aliphatic ether), and 980 and 840

cm! (cyclic ether); 'TH NMR (CDCl,) 6 =0.89 [3H, #-like, CO, (CH,),CH,], 1.2— 1.6
[total 13H: s (6 =1.35), CH3 of the oxetane ring; m, CO, (CH,) , (CH,)sCH,], 1.7—

2.0 [total 8H: m, OCH, (CH,) ,CH,O and CO,CH,CH, (CH,)sCH,;], 3.4—3.6 [total
4H: s (6 =3.50), CH, adjacent to the oxetane ring; ¢ (§ =3.54), J= 4.5 Hz, OCH,
(CH,);0Ar], 4.05 [2H, ¢, J = 6.5 Hz, O(CH,);CH,0Ar], 4.2—4.6 [total 6H: 1 (6 =4.31),
J=7.5Hz, CO,CH, (CH,),CH;; AB-q '(5 =4.33 and 4.50), J = 5.5 Hz, CH,, of the
oxetane ring], and 6.9 — 8.2 [total 8H: AB-g-like (6 =6.97 and 7.88), J=10.5 Hz,

OAIN,; 4B-g-like (6 =7.85 and 8.11), J = 9.5 Hz, N,ArCO,].

2: yield 92%; IR (KBr disk) 1700 and 1270 (ester), 1605, 1580, 1505, and 1480
(aromatic ring), 1255 (aromatic ether), 1150 and 1105 (aliphatic ether), and 980 and 835
cm! (cyclic ether); 'H NMR (CDCl,) 6 =1.32 (3H, s, CH, of the oxetane ring), 1.7 —
2.2 [4H, m, OCH, (CH,) ,CH,0], 3.4—3.6 [total 4H: s (6 =3.50), CH, adjacent to the
oxetane ring; ¢ (6 =3.56), J = 6.1 Hz, OCH, (CH,);0Ar], 4.10 [2H, ¢, /= 6.2 Hz,
O(CH,),CH,0Ar], 4.36 and 4.52 (each 2H, 4B-q, J= 5.7 Hz, CH, of the oxetane ring),
5.39 (2H, s, CO,CH,Ph), and 6.9 —8.3 [13H: AB-g-like (6 =7.01 and 7.94), /= 8.8 Hz,
OAIN,; m (6 =7.4—1.5), CO,CH,Ph; AB-g-like (6 =7.90 and 8.20), J = 8.6 Hz,

N,ArCO,].

Isobutyl (1b)), 2-(2-methoxyethoxy)ethyl (3a), 2-[2-(2-methoxyethoxy)ethoxy]ethyl

(3b), 2-[2-(2-butoxyethoxy)ethoxy] ethyl 4-[4-[4-[(3-methyl-3-oxetanyl)methoxy] butoxy]
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phenoxyazo]benzoates (3c)

HERRIERRFIZ 3b IZDWTLLFIZRT . IV B 11 (1.00 g, 2.52 mmol), b
UIFLZYa—)bE /) AFIINIT—TFTI (041 g, 2.52 mmol) & DMAP (61 mg,
0.50 mmol) Z&#& THF 20 cm3) IZEML, RWT I DIEHKIZ DCC (0.57 g, 2.76
mmol) % 0CTMA Tz, B E ZORET 2 B, RWT=IRT 12 KRER#EL
Tz BE OB, HAERYD 3b ME 5 N7 yield 95%; IR (KBr) 1720 and 1275

(ester), 1600, 1580, and 1500 (aromatic ring), 1255 (aromatic ether), 1140 and 1110

(aliphatic ether), and 980 and 840 cm™! (cyclic ether); lH NMR (CDCl3) 6§ =1.32 (3H, s,

CH, of the oxetane ring), 1.7 —2.0 [4H, m, OCH, (CH,) ,CH,0], 3.37 [3H, 5, O(CH,)
,OCH,], 3.4—3.6 [total 6H: 5 (6 =3.50), CH, adjacent to the oxetane ring; ¢ (6 =3.56),

J = 6.3 Hz, OCH, (CH,),0Ar] ; m (5 =3.52—3.56), OCH,CH,OCH,], 3.6 —3.7 [4H, m,
OCH,CH,0CH, and CO, (CH,) ,0CH,CH,0], 3.7—3.8 [2H, m, CO, (CH,)

,OCH,CH,0], 3.8—3.9 [2H, #-like, CO,CH,CH,0(CH,) ,0], 4.09 [2H, ¢, J = 6.2 Hz,
O(CH,),CH,0Ar], 4.3 —4.6 [total 6H: AB-q (6 =4.36 and 4.52), J = 5.8 Hz, CH, of the
oxetane ring; ¢ (6 =4.51), J = 5.8 Hz, CO,CH,CH,0(CH,) ,0], and 6.9 — 8.2 [total 8H:
AB-g-like (6 =7.01 and 7.94), J = 8.9 Hz, OAIN,; AB-g-like (6 =7.90 and 8.18), /= 18.7
Hz, N,ArCO,].

1b’: yield 57%; IR (KBr) 1710 and 1275 (ester), 1600, 1580, 1505, and 1470
(aromatic ring), 1255 (aromatic ether), 1140 and 1115 (aliphatic ether), and 980 and 840
cm! (cyclic ether); 'H NMR (CDCl;) 6 =1.05 [6H, d, J = 6.8 Hz, CO,CH,CH(CH,) ,],
1.32 (3H, s, CH, of the oxetane ring), 1.7 —2.0 [4H, m, OCH, (CH,) ,CH,0], 2.12 [1H,
m, CO,CH,CH(CHj;) ,], 3.4—3.7 [total 4H: s (§ =3.50), CH, adjacent to the oxetane

ring; ¢ (6 =3.56), J = 6.1 Hz, OCH, (CH,);0Ar], 4.0—4.2 [total 4H: 1 (5 =4.09), J =
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6.4 Hz, O(CH,);CH,O0Ar; d (6 =4.14), J = 6.6 Hz, CO,CH,CH(CH,) ,], 4.36 and 4.52

(each 2H, AB-q, J= 5.7 Hz, CH, of the oxetane ring), and 6.9 —8.2 [total 8H: AB-g-like
(6 =7.01 and 7.94), J = 9.1 Hz, OAIN,; AB-g-like (6 =7.90 and 8.17), J = 8.4 Hz,
N,ArCO,].

3a: yield 99% as a red viscous oil; IR (KBr disk) 1720 and 1275 (ester), 1600,
1580, 1505, and 1455 (aromatic ring), 1255 (aromatic ether), 1140 and 1110 (aliphatic |
ether), and 980 and 840 cm! (cyclic ether); lH NMR (CDCly) 6 =1.32 (3H, 5, CH; of
the oxetane ring), 1.7—2.0 [4H, m, OCH, (CH,) ,CH,0], 3.40 3H, s, OCH,), 3.4—3.6
[total 6H: 5 (6 =3.50), CH, adjacent to the oxetane ring; ¢ (8 = 3.56), /= 5.9 Hz, OCH,
(CH,);0Ar; t-like, OCH,CH,0CH,;], 3.7 —3.8 (2H, t-like, OCH,CH,0CH3), 3.8 —3.9
(2H, r-like, CO,CH,CH,0), 4.09 [2H, ¢, J = 6.2 Hz, O(CH,);CH,0Ar], 4.3 —4.6 [total
6H: AB-q (6 =4.36 and 4.52), J = 5.2 Hz, CH, of the oxetane ring; # (6 =4.51),
CO,CH,CH,0], and 6.9 —8.2 [total 8H: AB-g-like (6 =7.01 and 7.94), J= 9.1 Hz,
OAIN,; AB-g-like (6 =7.90 and 8.19), J = 8.7 Hz, N,ArCO, ].

3c: yield 78% as a red viscous oil; IR (KBr) 1720 and 1275 (ester), 1600, 1580
and 1500 (aromatic ring), 1255 (aromatic ether), 1140 and 1110 (aliphatic ether), and
980 and 835 cm! (cyclic ether); 'H NMR (CDCl,) § =0.90 [3H, ¢, J= 7.3 Hz, O(CH,)

,CH,], 1.32 (3H, s, CH, of the oxetane ring), 1.37 [2H, m, O(CH3),CH,CH3], 1.57

(2H, m, OCH,CH,CH,CH3), 1.7—2.0 [4H, m, OCH, (CH,) ,CH,0], 3.4—3.6 [total
8H: ¢ (6 =3.47), J= 6.8 Hz, OCH, (CH,) ,CH3; s (6 =3.50), CH, adjacent to the

oxetane ring; ¢ (6 =3.56 ), J = 5.9 Hz, OCH, (CH,);0Ar; t-like, CO, (CHj)

,OCH,CH,0], 3.7—3.8 [2H, #like, CO, (CH,) ,OCH,CH,0], 3.8—3.9 (2H, m,

CO,CH,CH,0), 4.09 [2H, ¢, J = 6.3 Hz, O(CH,);CH,0Ar], 4.3 —4.6 [total 6H: 4B-q
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(6 =4.36 and 4.52), J = 5.6 Hz, CH, of the oxetane ring; ¢ (6 =4.51), J=5.6 Hz,
CO,CH,CH,0], and 6.9 —8.2 [total 8H: AB-g-like (6 =7.01 and 7.94), J=9.1 Hz,

OAIN,; AB-g-like (6 =7.90 and 8.19), J = 8.6 Hz, N,ArCO,).

4-[(3-Methyl-3-oxetanyl)methoxy] butyl 4-(4-alkoxyphenylazo)benzoates (4a —d).

ﬁi%% 4a DERICDOVWTLUFICRY., 7x./—J)V10(3.00g, 11.1 mmol),
ethyl iodide (2.08 g, 13.3 mmol)3 K X K,CO;, (1.84 g, 13.3 mmol) % DMF (20 cm?)
1, 80CT 7RI L, KWTEEDHRLEZE L T 12 (Y=C,H) % E 97%
THiz. TOLATIVE25BED NaOH 288 50% LY/ —)LK@EKRS, &
FIBE TAKSEL 7=, £ U HIVAREE 13 (Y = C,Hs) (1.00 g, 3.70 mmol) 139
(1.05 g, 4.44 mmol) &, TBAB (60 mg)B LN KI (61 mg) ZFFE ~, DMF (25 cm?)
1 80C11 BRRRG L, BEDRMIBETY J —)Vhn 5 OEFERICE DAY 4a
g7, yieid 80%; IR (KBr disk) 1720 and 1275 (ester), 1600, 1580, 1500 and 1470
(aromatic ring), 1250 (aromatic ether), 1140 and 1115 (aliphatic ether), and 975 and 830
cm! (cyclic ether); 'H NMR (CDCly) : 6 =1.32 (3H, 5, CH; of the oxetane ring), 1.47
(3H, ¢, J= 6.9 Hz, OCH,CH,), 1.7—2.0 [4H, m, OCH, (CH,) ,CH,0CO], 3.50 (2H, s,
CH, adjacent to the oxetane ring), 3.55 [2H, ¢, J = 6.1 Hz, OCH, (CH,);0CO], 4.14
(2H, g, J = 7.0 Hz, OCH,CH,), 4.3 — 4.6 [total 6H: AB-q (6 =4.36 and 4.52), J= 5.5 Hz,
CH, of the oxetane ring; 7 (6 =4.38), J= 6.5 Hz, O(CH,);CH,0CQ], and 6.9 —8.2
[total 8H: AB-g-like (6 =7.01 and 7.94), J = 8.9 Hz, OAIN, ; AB-g-like (6 =7.90 and
8.17), J= 8.5 Hz, N,ArCO,].

4b: yield 84%; IR (KBr disk) 1710 and 1280 (ester), 1600, 1580, 1500 and 1475

(aromatic ring), 1250 (aromatic ether), 1145 and 1120 (aliphatic ether), and 980 and 835

cm! (cyclic ether); 'H NMR (CDCly) 6 =1.00 [3H, ¢, J = 7.34 Hz, O(CH,);CH;], 1.32
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(3H, s, CH, of the oxetane ring), 1.52 [2H, m, J=7.47 Hz, O(CH,) ,CH,CH;], 1.7—1.9
[6H, m, OCH, (CH,) ,CH,0CO and OCH,CH,CH,CH,], 3.50 (2H, s, CH, adjacent to
the oxetane ring), 3.55 [2H, ¢, J = 6.1 Hz, OCH, (CH,);0CO], 4.06 [2H, ¢, J = 6.5 Hz,
OCH, (CH,) ,CH,4], 4.3 —4.6 [total 6H: AB-q (6 =4.36 and 4.52), /= 5.6 Hz, CH, of
the oxetane ring; ¢ (6 =4.38), J = 6.4 Hz, O(CH,),CH,0CO], and 6.9 — 8.2 [total 8H.:
AB-g-like (6 =7.01 and 7.94), J=9.1 Hz, OA1IN,; AB-g-like (6 =7.90 and 8.16), J = 8.7
Hz, N,ArCO, ].

4c: yield 38%; IR (KBr disk) 1710 and 1280 (ester), 1605, 1580, 1505 and 1480
(aromatic ring), 1255 (aromatic ether), 1140 and 1110 (aliphatic ether), and 980 and 835
cm! (cyclic ether); 'H NMR (CDCl;) : 6 =0.92 [3H, ¢, J = 6.75 Hz, O(CH,)sCH,], 1.2
— 1.6 [total 9H: s (6 =1.32), CH, of the oxetane ring; m, O(CH,) , (CH,);CH,], 1.7—
2.0 [6H, m, OCH, (CH,) ,CH,0CO and OCH,CH, (CH,),CH;], 3.50 (2H, s, CH, 4
adjacent to the oxetane ring), 3.55 [2H, ¢, J= 6.1 Hz, OCH, (CH,) ;0CO], 4.05 [2H, ¢, J
= 6.5 Hz, OCH, (CH,),CH;], 4.3 —4.6 [total 6H: AB-q (6 =4.36 and 4.52), J= 5.5 Hz,
CH, of the oxetane ring; ¢ (6 =4.4), J= 7.0 Hz, O(CH,);CH,0CO], and 6.9 —8.2 [total
8H: AB-g-like (6 =7.01 and 7.94), J = 8.9 Hz, OAIN,; 4B-g-like (6 =7.90 and 8.16), J
= 8.6 Hz, N,ArCO, ].

4d: yield 92%; IR (KBr disk) 1710 and 1270 (ester), 1600, 1580, 1500 and 1470
(aromatic ring), 1250 (aromatic ether), 1130 and 1110 (aliphatic ether), and 980 cm!
(cyclic ether); 'H NMR (CDCl;) : 6 =0.89 [3H, ¢, J= 7.0 Hz, O(CH,),CH;], 1.2—1.6
[13H, m, O(CH,) , (CH,) ,CH; and CH; of the oxetane ring], 1.7 —2.0 [6H, m, OCH,
(CH,) ,CH,0CO and OCH,CH, (CH,)sCH;], 3.50 (2H, s, CH, adjacent to the oxetane
ring), 3.55 [2H, t, J = 6.1 Hz, OCH, (CH,);0CO], 4.05 [2H, ¢, J= 6.5 Hz, OCH,

(CH,)¢CH,], 4.3 —4.6 [total 6H: 4B-q (6 =4.36 and 4.52), J = 5.4 Hz, CH, of the
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oxetane ring; ¢ (6 =4.38), J = 6.9 Hz, O(CH,),CH,0CO], and 6.9 —8.2 [total 8H:
AB-g-like (6 =7.01 and 7.94), J = 8.9 Hz, OAIN,; AB-g-like (6 =7.90 and 8.16), /= 8.4

Hz, N,ArCO,].

4-[(3-Methyl-3-oxetanyl)methoxy] butyl 4-[4-[2-(2-methoxyethoxy)ethoxy] -
phenylazo] benzoate (5)

2-(2-Methoxyethoxy)ethyl chloride 735 DT LR DAV LNz, EAY)
5 X ERUZERUBRIEIZE DINEK 100% TEHESIZ, IR (KBrdisk) 1715
and 1270 (ester), 1600, 1580, 1500 and 1455 (aromatic ring), 1255 (aromatic ether),
1140 and 1110 (aliphatic ether), and 980 and 840 cm"! (cyclic ether); lH NMR (CDCl,)
6 =1.32 (3H, s, CH; of the oxetane ring), 1.7—2.0 [4H, m, OCH, (CH,) ,CH,0], 3.40
(3H, 5, OCH,), 3.4—3.6 [total 6H: s (6 =3.50), CH, adjacent to the oxetane ring; ¢ (6 =
3.55), J= 6.1 Hz, OCH, (CH,);0CO; m, OCH,CH,0CH,], 3.7—3.8 (2H, t-like,
OCH,CH,0CH,), 3.91 [2H, t-like, J = 4.8 Hz, OCH,CH,0(CH,) ,0CH;], 4.24 [2H,
t-like, J = 4.9 Hz, OCH,CH,0O(CH,) ,OCH,;], 4.3 —4.6 [total 6H: 4B-q (6 =4.36 and
4.52), J=5.6 Hz, CH, of the oxetane ring; ¢ (6 =4.38), J = 6.4 Hz, O(CH,);CH,0CO],
and 7.0—8.2 [total 8H: AB-g-like (6 =7.04 and 7.94), J=9.2 Hz, OAIN,; AB-g-like

(6=7.90 and 8.17), J = 8.7 Hz, N,ArCO,].

4-[(3-Methyl-3-oxetanyl)methoxy ] butyl 4-[4-[4-(fluorophenoxy)butoxy]phenylazo] -
benzoate (6)

4-TOET " FOETAINEFODTIRE 141, 72 /—J)110(3.00g,
11.1 mmol) & 1,4-dibromobutane (7.20 g, 33.3 mmol)%, TBAB (1.11 mmol) &
K,CO;(1.53 g) H#IEF, 7 h2@B0emd)HF, EHR FOHEBEfEINICLD
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ER L=, 14(1.50 g, 3.7 mmol) @ 7 IEHII p-fluorophenol (0.42 g, 3.7 mmol)
& K,CO,(0.61 g) FFETF, DMF (20 cm®) 1, 80°C10KEIRINL, HWHE OHL
HEITY )= SDBERERICED 15 2R 85%THE~ (mp 111—-1137C),
15 DT ATINVERTIVA U IAKSEL, £ UV B 16 (0.21 g, 0.50 mmol)
W34 F+14 2 9(0.13 g, 0.56 mmol) DT 1 EE & K,CO, (84 mg), TBAB (0.03
mmol), KI(0.05mmol) ZFZETF, DMF (10cm?) &, 80C7 BRI L7, @E
DBUBETY ) — IS DBFERIZED 6 215/-, :mp 74—78 C, yield
40%; IR (KBr disk) 1710 and 1275 (ester), 1605, 1580, 1505 and 1480 (aromatic ring),
1260 (aromatic ether), 1140 and 1120 (aliphatic ether), and 980 and 835 cm! (cyclic
ether); 'H NMR (CDCl,) 6 =1.32 (3H, s, CH; of the oxetane ring), 1.7—2.1 [4H, m,
OCH, (CH,) ,CH,0CO and OCH, (CH,) ,CH,0Ar-F], 3.4-3.6 [total 6H: s (6 =3.50),
CH, adjacent to the oxetane ring ; ¢ (6 =3.55), J= 6.3 Hz, OCH, (CH,);0CO], 3.9~
4.2 [total 4H: two t-like (6 =4.01 and 4.14), OCH, (CH,) ,CH,0Ar-F], 4.3 —4.6 [total
6H: 4B-g (6 =4.36 and 4.52), J = 5.6 Hz, CH, of the oxetane ring; ¢ (5 =4.38),
O(CH,);CH,0CO0], and 6.8 —8.2 [total 12H: m (6 =6.80—6.86 and 6.93 —7.00),
OAr-F; AB-g-like (6 =7.01 and 7.94), J = 9.0 Hz, OAIN,; 4B-g-like (6 =7.90 and 8.17),

J= 8.6 Hz, OCOAIN,].

Ethyl 6-[3-methyl-3-oxetanyl] methoxy] hexanoate (18).

Diethyl 4-[(3-methyl-3-oxetanyl)methoxy]butylmalonate (17) (8.0 g, 25.3 mmol)
MU DL (1.52 8,260 mmol) & 1.08g DKEZHI AFIVAITRF
R (50em?) H, 153—155CT 6 ReEIMEAL /=, RIGEEWIZK (30 cm?) 20
AX—F)VTHB L AEEZ2EE L TENERY 18 #5ED 7. : bp 83—86T

(10— 13. Pa); yield 75%; IR (neat) 1730 (ester), 1110 (aliphatic ether), and 975 cm’!
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(cyclic ether); TH NMR (CDCly) 6 =1.1—1.3 [total 6H: # (6= 1.26), J=7.2 Hz,
CO,CH,CHj; s (6= 1.31), CH; of the oxetane ring], 1.3—1.7 [6H: m,
OCH,(CH,);CH,CO,], 2.31 (2H, ¢, J = 7.1 Hz, CH,CO,), 3.4—3.6 [total 4H: s (6=
3.47), CH, adjacent to the oxetane ring; -like (6= 3.47), J= 6.1 Hz, OCH, (CH,),CO,],

and 4.33 and 4.52 (each 2H, AB-gq, J = 5.6 Hz, CH, of the oxetane ring).

6-[3-Methyl-3-oxetanyl] methoxy] hexanoic acid (19)
IATIV18(29 g 11.9 mmol) {Z2NNaOH (15 ecm)E DAY / —Jb (15 cmd)
W, BT R TIKRA L, @HE ORNEEIZZ D EAERY 19 21877, : yield 98%; IR

(neat) 3400, 2400 and 1720 (carboxylic acid), 1110 (aliphatic ether), and 970 cm!

(cyclic ether); 'H NMR (CDCl,): 6 =1.31 (3H, s, CH, of the oxetane ring), 1.3 —1.8
[6H: m, OCH, (CH,);CH,CO,], 2.34 (2H, ¢, J = 7.0 Hz, CH,CO,), 3.4—3.6 [total 4H: s
(6=3.46), CH, adjacent to the oxetane ring; ¢-like (6= 3.46), J= 6.0 Hz, OCH,

(CH,),CO,], and 4.35 and 4.53 (each 2H, AB-q, J = 5.7 Hz, CH, of the oxetane ring).

5-[(3-Methyl-3-oxetanyl)methoxy]pentyl 4-(4-alkoxyphenylazo)benzoates, 7a —d
REFIZ 7a ODERIZDNWTLUFIZHEXRS, HI)VH B 19 (1.0 g, 4.63 mmol),
4-ethoxy-4 -hydroxyazobenzene (1.1 g, 4.65 mmol), DMAP (57 mg, 0.5 mmol) %
THF (20 cm?3) 28N L, 0—3 CIZHAIL =z, THUT DCC (1.1 g, 5.1 mmol) %
fiZ, THF&#®%ZZORETS MEBE#RL.. BEORLELIS /—)h
SOBEMERICEDERY 7Ta BES N, : yield 60%; IR (neat) 1755 and 1200
(ester), 1600,1580, 1495, 1470, and 840 (1,4-disubstituted benzene), 1250 (aromatic

ether), 1145 and 1115 (aliphatic ether), and 975 cm-! (cyclic ether); 'H NMR

(CDCl,): 6 =1.2—2.0 [total 9H: s (6= 1.32), CH, of the oxetane ring; ¢ (6= 1.46),J
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= 7.0 Hz, ArOCH,CHj,; m, OCH, (CH,);CH,CO,], 2.61 (2H: ¢, J= 7.3 Hz, CH,CO,),

3.4—3.6 [total 4H: s (6= 3.49), CH, adjacent to the oxetane ring; ¢ (6= 3.51), J=6.0

Hz, OCH, (CH,),CO,], 4.35 and 4.53 (each 2H, AB-q, J= 5.7 Hz, CH, of the

oxetane ring), and 6.9 — 8.0 [total 8H: AB-g-like (6= 6.99 and 7.90), J =8.8 Hz,

N,ArOC,H,]; AB-g-like (6= 7.21 and 7.90), J=9.0 Hz, CO,AIN,].

7b: yield 49%; IR (neat) 1755 and 1200 (ester), 1600,1580, 1495, 1470, and 840
(1,4-disubstituted benzene), 1250 (aromaﬁc ether), 1145 and 1115 (aliphatic ether), and
975 em! (cyclic ether); 'H NMR (CDCl,) : 6 =1.00 [3H: 1, J = 7.0 Hz, O(CH,);CH;],
1.2—2.0 [total 13H: s (6= 1.31), CHj; of the oxetane ring; m, OCH, (CH,);CH,CO,
and OCH, (CH,) ,CH;],2.59 2H:#,J=17.2 Hz; CH,CO,), 3.4—3.6 [total 4H: s (6=
3.48), CH, adjacent to the oxetane ring; ¢ (6 = 3.48), OCH, (CH,),CO,], 4.05 [2H, ¢, J =
6.2 Hz, OCH, (CH,) ,CH;], 4.34 and 4.53 (each 2H, AB-g, J= 5.6 Hz, CH, of the
oxetane ring), and 6.9 — 8.0 [total 8H: AB-g-like (6= 7.00 and 7.90), J = 8.6 Hz,
N,ArOC,Hy; AB-g-like (6= 7.21 and 7.90), J =8.8 Hz], CO,AIN,].
7c: yield 57%; IR (neat) 1755 and 1200 (ester), 1600,1580, 1495, 1470, and 840

(1,4-disubstituted benzene), 1250 (aromatic ether), 1145 and 1115 (aliphatic ether), and
975 em! (cyclic ether); 'H NMR (CDCly) 6 =1.00 [3H: ¢, J = 7.0 Hz, O(CH,)sCH;],
1.2—2.0 [total 17H: 5 (6 = 1.31), CH; of the oxetane ring; m, OCH, (CH,);CH,CO,
and OCH, (CH,),CH;], 2.59 [2H: ¢, /= 7.2 Hz, O(CH,),CH,CO,], 3.4 — 3.6 [total 4H:
s (6= 3.48), CH, adjacent to the oxetane ring; ¢-like (6= 3.48), OCH,(CH,),CO,], 4.05
[2H, ¢, J = 6.2 Hz, OCH, (CH,),CH;], 4.34 and 4.53 (each 2H, AB-q, J = 5.6 Hz, CH,
of the oxetane ring), and 6.9 — 8.0 [total 8H: AB-g-like (6= 7.00 and 7.90), J = 8.6 Hz,
N,ArOC(H,;; AB-g-like (6= 7.21 and 7.90), J =8.8 Hz, CO,A1N,].

7d: yield 44%; IR (neat) 1755 and 1200 (ester), 1600,1580, 1495, 1470, and 840
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(1,4-disubstituted benzene), 1250 (aromatic ether), 1145 and 1115 (aliphatic ether), and
975 em-! (cyclic ether); 'H NMR (CDCl3) 6 =0.89 [3H: t-like, J = 5.6 Hz,

O(CH,),CH;}, 1.3 —2.0 [total 21H: s (6= 1.32), CH; of the oxetane ring; m, OCH,
(CH,);CH,CO, and OCH, (CH,)¢,CH,], 2.61 (2H: ¢, J= 7.1 Hz, O(CH,),CH,CO,), 3.4
—3.6 [total 4H: s (6= 3.48), CH, adjacent to the oxetane ring; #-like (6= 3.5), OCH,
(CH,)4,C0O,], 4.04 [2H, ¢, J = 6.5 Hz, OCH, (CH,)(CH,], 4.34 and 4.53 [each 2H, AB-g,
J=15.7Hz, CH, of the oxetane ring], and 6.9 —8.0 [total 8H: AB-g-like (6 = 6.99 and

7.90), J = 8.7 Hz, N,ArOCgH, ,; AB-g-like (6= 7.21 and 7.90), J =8.8 Hz, CO,ArN, ].

I-3—-2. AFt¥ > E/X—OHF A HEBES
E/)X—FHBE 03—-0.6moldm3 & LU TDCMIBEF, OCS0BHBEL CE
&Lz, BRRUAFES T BEOBIUBLEERERICIDESNE 335,

I-3-3. & =&

IR A7 bJLIL JASCO A-202 73t EER THRIE Lz, 'THNMR AXZ b
vd 270 MHz JEOL FX-100S 2 A EFHT L D CDCL, WEFEH, TMS NEEE
AW 25CTTHRIELE, T8I G4000HS B XN G2500HXL 115 L (&
7.8¢- 300, TOSOH) #EFIZD7/%E, THF ZFBEK (0.8 cm3min!)& U THIEL
7z. DSC 1335 & DSC-50 (Shimadzu)iZ & 0 fn#ts L NG HEE 5C min! T
BRFEIJTEE L. FAEMBERIT, BEHEZEEFZOREEE

BHS-751P (OLYMPUS) ZHWTfT- 7=,
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BIE ARN—P—5230WEFANHRIFVT FFIFL2)EFAZIDT
IREZATRAVY D EFOUENBRER T+ OBREF Y
SUFIE—-T 3>

M—-1. IUBIZ
MEOHFARALD, TR L 2REEIT & T 5 RSEEIREER Y 4 F

Y DAR—B—=B50EZTAINHRICFVIGFIIFUNEEZESTS

E, TNODMHARBITETL, BRUFICRSZEHHEREINS,
FUVIGFIIFULNEITINAVERBEAFT ITERML THEEZERKT S

LEBHONTNS, bbby, fEIIZVERBEPICHIIFF I IF

VINEZRDRIAF LI OBEEZERL, NOF AT IVFIZREELETS

NOF TR, T—FIVERIE, YOVBESIFILO C-7ILFIUVEEDOH

BB E U THEA LR, +072E%Z/ED 2 &2 5 72 (Schemes 3-1,

3-2) 1L,12,

_______________________________________________________________________________

1 1
| 9 z
t O o\ : ,O O i
5 Resin \/\O/\/ T K'@ ’ \/\O/\/ E
v : K 1
; matrices o A~_O o : o /\/O\/\O E
1 ' N 1
s I\/O\/\\J i
i :
\ |

‘/\\CH(CozEt)z
R—CH(COEt), =—— R-tx

_______________________________________________________________________________

Organic layer

Scheme 3-1. C-alkylation of diethyl malonate with alkyl halide in polyoxirane —

polyoxetane resin matrices.
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CH3
CH20O(CH2)4—O(CH2CH20)m-CH3

o}
CH3 CHs

or /-j»CHZO(CHz)4—O(CH20H20)n—(CH2)4OCH2

O O

CHj CHs

M éj—CHZO(CHZ)4-té

BF30Ety, CHClz, 0°C, 10 h

0

2 ;\O/\/\%O\/‘}mo/
, 1-x ,_+,

< o
o]

=

5"
. égowwxomo
0
, 1-x 3
—%
XO/\/\/ O

Scheme 3-2. Synthesis of polyoxirane — polyoxetane resins.

Scheme 3-1 121, NOF A7 NFINIZEBIOCESIFILDO C-7IVLFI)UE
DFIZRT, TORRNDS, RIEHPRBEDOAF ITF L EHAMNKOH DT )L
F)&BAFF I THRMICEML TEIENICIRDIASL, TOhFF > 8zF
DM UT, BKMESFHENTEE SN T 24 D ARGEE S L TEH
<. YOVERC-ZTIFIMEETNZNDT, BDAENZ KBS A 213,

REFE LTI ATINOMAKSREH L OBERLLTIYO VB IFIOD
EHAKRRERFICRR LU THIWNCSA CERETDHEEALND, ZDEDIT,
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BUKEIBIIEN TIE, KB A 3N EEE B> TS EHRI NS,
U EOREREREBER T, WEMRBEZHFDODRNUAFLT TAFF >
ERIETO2EHELR/FEEDEILET, A A CELRRRBE CHEES
To I BESREEMEMNRIBMTE S L EX T, EO—D &L T, REEDAR—Y—
RFAINBANCF I IAFF S ITF UV INEEEAL LRI FF LI 2ERT

% Z LizU7= (Schemes 3-3,3-4),

K2CO3
H(OCH2CH,)sCl + Ho—©—F EEE——— HO(CHzCHzO)sOF
DMF, 80C, 6 h

TsCl 20% NaOH
—_— TsO(CHchZO)gOF
THF, 1,6 h

20

Q
|
T g S o
10
K2CO3 ﬁ
- > EtO—C—ON=N—@O(CHZCH20)3—©—F
DMF, 80, 10h
21
2N NaOH Q
_ . Ho—éONzNOO(CHch20)3-©—F
EtOH, reflux, 10 h 2

CHj
CHO(CH)4Br  + 22
0 9
o
K2003, C':H3 il
I CH,0O(CH)4,—0—C N=N O(CH2CH20)3 F
DMF 0_}
80T, 10h 23

Scheme 3-3. A synthetic route of an oxetane monomer, 23, containing a tri(oxyethylene)

segment in the tail with the terminal p-fluorophenyl moiety.
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Scheme 3-3 IZRTE/ X—23 1, p-7NhA DTz IV KmEZ MU FIF
LOYETHETZIAMTTHD, BEIETRRZE/X—6 DT TILFDT IV
FLOBENIFEFIIFL BB ER-EEICHEET %, Scheme 3-4 12
RTE/T—25a—cl3, FEIEDE/T—8a—d DAXR—PF—RNIThUFF
IFLIENEIIMb 2 EETH 5,

HO(CHaCH,O)C!  + HO—@—NzN@—OR
K2CO3
—_—————  HO CHZCH20)3‘©—N—N_®‘
DMF, 80%C, 6 h

9/TBAB CHs
- . ’j—CHZO(CHg)4—O(CH2CHZO)3 N=N
50% NaOH ¢

hexane, 25a (R = CHg), 25b (R = CH,CHs), 25¢ (R = CH,CH,CH3)
80°C, 10 h 3 2

Scheme 3-4. A synthetic route of oxetane monomers, 25a —¢, containing a

tri(oxyethylene) segment in the spacer linked to the 4’-alkoxyazobenzene core.

INBZE2=ZT7 VbR URI—T )8k (BF;0E) ZMEHIE L THF A 2B
RESGLTHYETAIRULFEY LT3, INSRU—2FEHANT S AEE
NERZEAOHEB TN —IZHFAL, JOFRINY —ZEABEHFEDORE IR
REBICRETTEERBE THERT 2RETHMHEOBEMBHEKEZEHET S,
ORI —IGRERBEVFULRBREOEREZRML TH< &, ZOWFH
WA 4 U BEEROAF L IF L ORI > THEMEMINTRY < —
FICRDIAEND, BEEMEICA T OB ESESZER L TR —#Heh
DERCEBZHFERT D0, WEHERORY T —#HLEHL TEHLERSRE
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HORMEIAT LItk s. B, BREEUATELY D RZOL S RESHE
ReRITEBLOTNEEZ bN5, EHEMS T T, BEENT TREHBY
REROILNICLY, BERBOELSES SN sEENBRING I LIk,

_______________________________________________________________________

(A) Transmitted light or shading m

0, ®o\/\o/\/o—©— OOR
4(;‘):’4 O/\\ /\/00 in of me asc;
‘g/\/\ 0\/\o~®~

sonaigion ) ol
4%/\/w @O~ /\/0@‘ @-
0/\\ /\/O—Q-N=N—©-oR

e e o e o o e o o o

P

Not impressed Imprresed voltage

___________________________________________________________________

(B) Shading or transmitted light : AA

0 @o\/\o/\/ Q ‘Q 3
orR |

é?o ONOON‘“O— :
4 |

:

:

1

%’X‘N’ 2200 ﬂw@

cno4 0104 N: OR
\/\O/\/ ‘
AM/\/\ \

E
i
:
i
¥

Scheme 3-5. A schematic illustration of electric optical behavior in electric field for

polyoxetanes containing the liquid-crystalline and ion-trapping domains.
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HDNE, BERFIEAVEREIND LD ZEMKREIZH 258, BF
FINiC K D BBMNEHEEND (Scheme 3-5),

FHFETHE, ERUZBRICEDERFINZBEORIAF S D 2HE
U, EEEMNTFTOAA M GEITHEOHBEEHZRARD I &L,

M-2. #BRER
M-2—-1. T/7—BELTRYIT—DER

NG FoIFLoyrooke R >z p-7)bA D7 =/ —IVERBE, Kin
D7 I O— ) EEEZHETE I I—201C L7z, ZORIIVEIE, ZZ
WRT K DI, VIV —)VRE & b p- MV 2 2 )Lk =)V O THF ##RIZ NaOH
KBKZEZE T 2UANRBLL, FFTEEMICENERY 20 215252 &N T
Efz, -t FOF T 4-TIRXREIHIVEFTI—b 10) OT7 =/ —IVEK
BeEZ 20 OBBEME N S— M EORISTI—FTIUEL, B5N5 21 DITAT
IWERERIEZET IV ) MARME, KWT, 22 DhIVARFIEEAFESY > 9 DOAIHE
TOIRERBLT23DIRATIVEEE & L7z (Scheme 3-3),

4-7NaAF £ ROFT7IUREOT )= IVEKEEZ NG F
PIFL ook RY S EKCOBEFETFTI—FIMEL 24 &Lz, Z
DTN I—)VEEZ DR T DI N EABMBHMERINICED 25a—c DT —
TIIESE E L7z (Scheme3-4), £/ Y—®D IHNMR AX7 ~MLELT, 238K
X 25b DA % Figures 3-1, 3-2 IZHIRT 5,

"/moNAFESY D EHE, EIETRRNEZEFAUAEIIIVDEGLEZ, TN
5OBEIET 0 D BBEKIER (IHNMR) ZXRT MILBLUFHRANEI (IR) A
N7 MVZEDHEFEL =, P23 BLNP25b @ 1H NMR A X% k)L % Figures 3-1,

3-2HIRT B, BE/X—DART MLVERRLT, FFEFEROAFL 2K
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ENYPELTNBZ L, BEY, CIMNMOIEHFERRIHEEL TNEIAFIVEL=
HOAFL O HEHIZ, AFEYO0MUETIHEOLD, ZNENNERBAINT
TRLTWARZEN NS, UL, TooTor>0fbZET7 RS TT
VDY — P IRBEVIZETNS,

B)
n,o

b,b’c a

oo ¢ a / ! ) _
N\,OZ—< >_~ _< >._° A~ e
g—-F-\D .0 g B =N m \n/\o q

Gy,

Figure 3-1. 'H NMR (270 MHz) spectra of 23 (A) and its polymer, P23, (B) in

chloroform-dg at room temperature.
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Figure 3-2. lH NMR (270 MHz) spectra of 25b (A) and its polymer, P25b, (B) in

chloroform-d, at room temperature. A signal marked with X' is due to H,O.
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BoNEAFEIY OBEVRUT—EHO R ARY MLV TIE, —RICERRT
—FIVIZDWNT 1250 (5ERE) & 1110em! (JERGHE) 12, BRI—FILIZDW
T 980 cm-1 12, 1,4-ZEBHBN Y 2DV T 1600, 1500, 844 cm-! IZFNZFHN IR
WiH#HZRLUIz. LL, RUFFES DR AT VT 980 cm! OF F
LY CBRI—FINICES RBNENR SN, INSOHERMS, FFE5
COMBESICEIDEMRY T —NERLEZZ ENEID LGN, EEHERE

Table3-1 ITFE LD 3,

Table 3-1. Results of cationic ring-opening polymen'zation with BF;0Et,?

CH, BF;0Et,
CHZO(CH2)4—XO Oy === H,C——CH,O(CHap)s- ONzN@—Y
O Oxetanes 23, 25a—c Polyoxetanes P23, P25a—c
Polymer X in Spacer Tail, Y Yield® 9% 107°M,9 MM
P23 -0(CO)- -(OCH,CH,);0C¢H,-p-F 81 1.34 1.7
P25a -(OCH,CH,);0- -OCH; 20 0.70 1.5
P25b ~(OCH,CH,);0-  -OCH,CH; 75 0.64 1.3
P25¢c «(OCH,CH,);0-  -OCH,CH,CH;, 32 062 L5

2 Polymerization was carried out in DCM at room temperature for 50 h at an initial monomer

concentration of 1.0 mol dm™. P For a methanol-insoluble fraction. € Determined by GPC for a

methanol-insoluble fraction.

BEESTFE (M) 13 14,000—-7,000, 7EE (M/M,) 131.3—1.7THD,
ZDHEH M, 2,0003L0I2F) TI—I2LB GPC E—V bR LN,
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M—-2-2. "UFFtE%>DDSC & POM
BonRUAFE2d o oOkEMIZ DSC & POM HlEICE DRt an, B
2 L% 1 B HLBRE TO DSC fi#R % Figures 3-3 IZRT . W< DMDHR ) FF

% > @ POM ##% % Figure 3-4 IZ/RT .

71.7°C
© ~J\ ®

(a)

2 (b)
E (@
5 a
g .
o
66.7C ' '
B)
)
g (b)
£ )
=]
2 @)
f
I
!
i
89. 5C
14/{’c/_____/
302°C  S6. 6"C
0 50 100 150
Temp/ C

Figure 3-3. DSC traces of P25a (A), P25b (B), 25b (C), and P25¢, (D) on 2nd heating

() and 1st cooling scans (b).
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Figure 3-4. POM textures on 1nd cooling for P25a at 16.7°C (A-1), P25b at 67.5C
(B-1), 25b at 13.8°C (B-3), and P25¢ at 70.0°C (C) and for mixtures of LiClO,
(equimolar amount respect to the oxyethylene unit in the polymers) with P25a

at 16.6°C (A-2) and P25b at 46.5°C (B-2).

TANZPIFFIF UL N#EZEORYFFE5 2, P23, 1L DSC DML
BIUOBABREONTNIIBNTHMAML FHMHOEBRIBER N> . —
B, AR— = hJFFIFLO)#EEZEORIAF15 2, P25a, P25b,
P25¢c, {3 DSC OMABIVBRHABREOVWTN THAERBRNE(LEZRLT

(Figure 3-3)., :hé@ﬁﬂﬁ*ﬁf%ﬁ*ﬁiﬁ%iﬂ&% (T) E=FNZTN 149, 66.7
BLUYT7LICIIRL, ZORELUT CTHREMELS POM THEIN/Z, Lal,
MBGRIETIX, T 2ZFNZ 56.6, 89.5 BXW 89.9CIZRL, ZDRELIRNIC
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HMBAEDN, Tz, ZORBBFEOERIICREFHENEEIN. LML, T £T
DOHIEBETHRENBREINDETT, MOELIIERENEM>T, B5 <,
BHBETHEAY T DNREBEZRT 5 L&, EFHOCAXN—T—FoN
EROEFHIREE R T Z2EEICHEICEDT, AREEZRL-EFXHBHEINS,
e < MBBRE TEHPC AR Y —H2OBEFNICHERFR L, THUHEDRH
MERECLDRENER L TRIDHBREEZ OGNS, ZITHEINER
AT, ROBEANSZAA I F v VHRIREEI NS LE X 515, P25a, P25b,
P25¢ DAR—H—HENSE M) (FF T IF L I)EBERVWEBEICIZIZEST
R FES O X BRI % Figure 3-5 7R 17,

4 5 6 70
20/ degree

Figure 3-5. X-ray diffraction patterns for polyoxetanes anchoring the pendant

azobenzene cores with the methoxy (A) and butoxy tails (B).

RlZ, ThFIETAINVEFDOEE, NAERKAAIF v IHOBHEEER
T EFENEND (Figure 3-5B). 2T, SEEGHL /- P25a, P25b, P25¢c D
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TR AT BFHEERICE 2B N THREESEEZFR L TWEE
EZOND, MBEELITANPAR—T—DT ILF L 2 EED van der Waals
NBEBIREBZ ST, AR—Y—D M (FF L ITF L O)HIIREENE
<, ZOEEHO-D, WEBEEKRITIINZDOEBERTEZLEELT S, f
# P23 OBEIT, BIETRNRE LD RAR—Y—L 0 FT1 )L OHEREEMN
BIZREL, TANKRBIEBED p-7 A0 72 ) F2ENH->TH, BiRE
ETEMNEFFIFLNEHOBEA LD DEEHNEES -0, KEFRNY
EFIND, ZOZEE, P3ORMNYAFIIFLEEET MT AFL HHIT
BEHMATPOIEWVN T ZRLIZEENS NS GELIEZSH),

M—-2-3. BEFREY F I L (LICIOY) HBMICLZ2RUFFL5 > OREEN
-7

SERIEGRLERYAFESH 2O THF BKIC, ZORII—HOFFIIF L
CEAITH UEFEEID LICIOs ZMABHRL, BEEZBREL THESNLIEREES
M1 DSC % Figure 3-6 12789, P23 I2DWTIE, . DSC DiN#Es Z NG HIBRED
mT‘w::Bbvc%ﬁJBfi&ﬁgﬁkbiéﬁ%‘zémm@o 7=. L/ L, P25a, P25b, P25¢c
ZDWTH, ZRFETORHABRE TIEMASBNEIIERINGNA TN, B
BIBFET, P25a13 91.8°CIZ, P25b 13 76.7°CIiZ, P25c i 772CICENTNED
EWREDORBMENBRIN/Z, ZOREL, LCIOy ZRMNT SRIOR YA F
Y& 2D TR, P25a TIZE <, P25b, P25c TIEN o7z, JORKEEIT,
HBRTDEDIT, BALEVFILLAINAF O IFL EANSTERITE
BTO2LEDORBRICEDZDBDEEZ TS, TA1ILMEWN P25a TiE, ERTO
MER I EA ESHENL, BINET DSC HEIZRTMBRER DO & D IZHR
Nz,
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482TC
77.2C

®

Endothermic

'(A)

Figure 3-6. DSC traces for mixtures of P25a (A), P25b (B), and P25c¢ (C) with LiClO,

(equimolar amount respect to the oxyethylene unit in the polymers) on 2nd heating (a)

and 1st cooling scans (b).

P25a 2 EABEMSEET 5 &, BABEO 0CTIHIH 5IE L 7= sHRIEHNE
5N, BHBO O1SCELITESMERS, UL, Th+sBIO7ORE
SETAIVEED P25b & P25c DB ST, BiR TORBRFEINA 5 OHEIE,
DSC s T 5 B AL ER S 0. TN 5 OELEMESESERE N5 T
LoBENERENSLS, SRRHT AUENS S,
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FFIFLVEMBRIFOLAFT O ZEMTSZ I ETHBEAY T 2 RIRMN
BEELOPRED, AVFCRORRPEIDEDIEERAYV T > OiREMHEES
NTFons, UL, TTIUNENES, BEORRICKD AV HOEI
NBBERAY T 2 OEFINKNBEXEZZ IRV EEL NS, T1
WREWHEE, VFULTA D EOH#ITEZ 20, T1IVDOIALEHRET
WEMAEITZEIDIIS WY, HHERE TIRECHEME THRNER N2
W, MNEEFETO DSC O\|EIE(IE, FIXAFLIF LV EAEUYFILA
FDHEENSVFOLAF VBT HEZITLDDEEATNS, LI
N7z P25a— U F I LBBY DV TEH SN2 sHROREHAEMSERRT, T+ T
FULERE)F LA L OEEFBRICEDEEBECL DD EZERARR
W, fiIBRS, ZOLDIREEERERIZ P25b % P25c THEIDEEZEZALNZIH
5THD,

LiCIOy ZE8F T 2R UFF Ly D 2EEHMTE ZRBHIY —IZAN, R
HEWEOME - BHHAHHABSICHE T, BIWRTEEM (0~3 V) TT
BRELED, EMERSIHAE TR, SROELBE SN >Tz. T,
BRI Y —IZ LiICIOy 28R U A F 14 B0 2 EMEBRK TH
CHEATE I ENARTAT, RERILY —RNICEENNZDES> TND I &N
FRZEHLNS,
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M-2-4. # &

FFRICBNT, A=Y —=BIUTAIVRNIZ S FFITF L 2)HEFD
BIET VIR AT7ORUFFEY > OERIEDHEILL, £/2, TN 5D DSC
Bl 0BMEEH ERAERBEERIIL D INOYMENKREEZRD SHEch
. FUGEVIFLEOHET, COMBERERERNINETORY
FFEF O ERBELT, T, 3NRVETT2, ZO0ZER, SaT2REEL
TRAETZ2EMII—HTHEDWEEES, BIZHEKSZ I &LIT, AbFT
ET1IDOBE, LiCIoy 2EFLRNRU A4 I3REHAZEEZRL, Ih
BAAFyZMHRIZBEEINS EEDbNS, i, LICIO, 288 3E5 &8HK
DEMBEBHIERIND I ETH D, MESICRIETAHY T FIIFL )
SHOFEEMAT 51213, BRLUTTO DSC IZX2EMEEE POM IZX 5
FAEEBORNDPBETH S,

X, INoRIFFLI O T MBS S REERREZERRICHERT /-
OBEMMT TRABHEEET 22213, sHEOEKSLZHEHNO—DTH
SN, HEEBOARTFINOAERBRERICEE >, ZORBTILY —
BERROMRBEER LD, REANORBEAN T2 TET RIS —DOHE
ZHE LTI 520,

SEEBRLEF) TG FIIFLVNEREZEDAV T D EREET IR
FFEH VITET AR, EX]NFEREEFOABEMRKREES T TERE
RTDETHERERZTHAS,
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M-3. £ &
m-3-1. KE %
9-( 4-Fluorophenyl)-3,6,9-trioxanonyl p-toluenesulfonate (20)

Tri(oxyethylene) chlorohydrin (2.0 g, 11.9 mmol) & p-fluorophenol (2.0 g, 17.8
mmol), K,COs3(2.5g, 17,8 mmol), KI(3.0 g, 17.8 mmol)% DMF (25 cm3)IZHNZ,
80°C T 10 Ryl MBA L /=, BE ORLEICX D EERYD
p-fluorophenyl-3,6,9-trioxanonanol ( 80% yield)2 & 5 /z, 207 I)IVI—J)L (1.0g,
4.3 mmol)IZ 20%NaOH(4 cm3) & THF (3 em?) ZMNA TKIBT 2. Z DIRBIBWIC
p-toluenesulfonyl chloride (0.8 g, 4.3 mmol)% THF (7 cm3)IZ{AMWN L 12 1BR ZB# L
RS, ZORETHTT 2, B EAKO-ZoBIBTREIC 6 BREBERT 5.
THF ZBEF THREL, BEEZI—TI)VEKTHE LEREZ OB, R
(Na,SOg) U7z, B Sl 2 REL, 1T BRERY) 20 21572 ¢ yield
~100%; IR(liquid film) 1600, 1506, and 827 (1,4-disubstituted benzene), 1356 and
1177 (sulphonic ester), 1250 (aromatic ether), and 1130 cm-! (aliphatic ether); 1H
NMR (CDCl3) § =2.43 (3H, s, CH3Ar), 3.60—3.75 (6H, m, TsOCH,CH,OCH,CH,0
CH,CH,0Ar-F), 3.81 (2H, t-like, J = 4.8 Hz, TsOCH,CH,»0), 4.07 (2H, t-like, J=4.7
Hz, OCH,CH,OAr-Ft-like), 3.81 (2H, t-like, J = 4.8 Hz, TsOCH,CH,0), 6.8 —6.9
(2H, m, ArH ortho to F), 6.9— 7.0 (2H, m, ArH meta to F), 7.33 and 7.79 (each

2H, AB-g-like, J = 8.2 Hz, the meta and ortho ArH of OTs, respectively).

Ethyl 4-[4-[10-(4-fluorophenyl)-1,4,7,10-tetraoxadecyl] phenylazo] benzoate (21)
K2 5—h2001.0g 3.2mmol), 4t ROFT TR FHEMRK10(1.1g 3.9
mmol)% DMF (40 cm3)iZ¥EH L, K,CO; (0.67 g, 4.8 mmol)Z A T 80°C T 10

BRI L -, RINEEMTER ORUEZETHRONIHERYZTLTY /



—I)VTHEERE L TEERY 21 2157 mp 74—76C; yield 59%; IR (KBr disk)
1713 and 1280 (ester), 1601, 1507, and 843 (1,4-disubstituted benzene), 1252 (aromatic
ether), and 1140 and 1109 cm-! (aliphatic ether); 1H NMR (CDCl3) 6 =1.42 [3H, ¢, J =
7.1 Hz, OCHz], 3.46 —3.80 [4H, m, N,ArOCH,CH,OCH,CH,OCH;,CH,0 Ar-F], 3.82
—3.95 [4H, m, N,ArOCH,CH,0CH,CH,0CH,CH;,0Ar-F], 4.08 [2H, t-like, J =48
Hz, OCH,CH,O0Ar-F], 4.23 [2H, t-like, J = 4.7 Hz, NArOCH,CH,0], 4.41 [2H, q,J =
7.0 Hz, CO,CH,CHj3; 6.80—7.05 [total 6H: m, OAr-F; the part of AB-g-like mode
(6 =7.03, J = 8.8 Hz), ArH ortho to O(CH,CH;0)30Ar-F], 7.90 and 7.93 [total 4H: the
parts of two AB-g-like modes, /= 8.4 and 8.8 Hz, ArH meta to -COO( CH;)40 and ArH
meta to O(CH,CH,0);0AT-F, respectively], and 8.17 [2H: the part of AB-g-like mode,

J= 8.4 Hz, ArH ortho to -COO( CH;)40].

4-[4-[10-(4-Ffluorophenyl)-1,4,7,10-tetraoxadecyl]phenylazo] benzoic acid (22)

T ATIV21(0.5g 1.0mmo)ZE L% J—)L(15 cm3)IZEMN L, T3 2N NaOH 7K
BHR(1.5 cm3)Z A, BRIBEET T4BHARRELL RINESYP SBEZRE,
REZEBTpH1 Lz, BhZE2BL TED, EERTTERL, AR
B 22 %157%: yield 95%; mp 174 —176°C; IR (KBr disk) 1686 and 1140 (carboxylic
acid), 1601, 1584, 1506, 1476, and 830 (1,4-disubstituted benzene), 1256 (aromatic ether),

and 1140 cm-! (aliphatic ether).

4-[(3-Methyl-3-oxetanyl)methoxy] butyl 4-[4-[10-(4-fluorophenyl)-1,4,7,10-
tetraoxadecyl]phenylazo]benzoate (23).
FIVIR B 22 (0.43 g,0.92 mmol), K7 OERAFEH > 9(0.18g,0.77

mmol), K,CO3 (0.16 g, 1.2 mmol), KI (20 mg, 0.16 mmol)% DMF(25 cm3)® T, 80C,
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16 BpfHIMEBHR L 7z, BEOBRLBETHONDMERNZTY / — IV THEER
L T 23 %157~ yield 70%; mp 47 —49°C; IR (KBr disk) 1714 and 1138 (ester), 1603,
1579, 1507, and 827 (1,2-disubstituted benzene), 1250 (aromatic ether), and 1111 cm-!
(aliphatic ether); 1H NMR (CDCl3) 6 =1.32 [3H, s, CH3], 1.70—1.85 (2H, m,
OCH,CH,CH,CH,0CO0), 1.85—1.93 (2H, m, OCH,CH,CH,CH,0CO), 3.45—3.60
[total 4H: s (6 =3.50), CH,OCH,CH,CH,CH,0CO; ¢, (6 =3.55,J=6.1 Hz,
CH,0CH,CH,CH,CH,0CO0)], 3.76 [4H, s-like, NpArOCH,CH,0OCH,CH,0
CH,CH,0Ar-F], 3.85 [2H, -like, J = 4.8 Hz, N, ArOCH,CH,OCH,CH,OCH,CH,0
Ar-F], 3.91 [2H, #-like, J = 4.8 Hz, N,ArOCH,CH,0 CH,CH,OCH,CH,0Ar-F], 4.09
[2H, t-like, J = 4.8 Hz, N;ArOCH,CH,0 CH,CH,OCH,CH,0ATr-F], 4.23 [2H, t-like, J
= 4.8 Hz, N, ArOCH,CH,OCH,CH,0 CHQCH§OAr-F], 3.45—3.60 [total 6H: AB-g

(6 =4.36 and 4.52, J = 5.7 Hz), CH; of the oxetane ring; ¢ (6 =4.38, J= 6.1 Hz),
CH,OCH,CH,CH,CH,0CO], 6.50—6.82 [2H, m, ArH ortho to OAr-F], 6.82—6.90
[2H, m, ArH meta to OAr-F], 7.03 [2H: the part of an AB-g-like mode, J = 8.8 Hz, ArH
ortho to O( CH,CH,0)30Ar-F], 7.90 and 7.93 [total 4H: the parts of two AB-g-like
modes, J = 8.5 and 8.8 Hz, ArH meta to -COO( CH;)40 and ArH meta to O( CH,CH,O)
3OAT-F, respectively], and 8.17 [total 2H: the part of an AB-g-like mode, J = 8.5 Hz,

ArH ortho to -COO( CH;),40].

4-Methoxy-, 4-ethoxy-, and 4-propoxy-4~-[16-(3-methyl-3-oxetanyl)- 1,4,7,15-
tetraoxahexadecyl] azobenzenes (25 , 25b, and 25b)

T/ X250 WO EFT, RBREIZLUITIZHRND,

4-Ethoxy-4'-hydroxyazobenzene (1.48 g, 6.14 mmol), tri(ethylene) chlorohydrin

(0.86 g, 5.12 mmol), K,CO;(1.29 g, 7.68 mmol) &N KI(1.27 g, 7.68 mmol)Z
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DMF (30 cm3)IZH0Z, 80°CT 10 BFfEHMMAL 7z, RINEEYN SIEHEZ IR
KL, % CHCl; EAKTHIE Lz, 2BEL 2 F BB ZEBRNS0)R, B
HEERFE U TR AR 24b %157~ (vield 86%). 24a (vield 74%)3B L TX 24c¢ (yield
60%)IZDNTHEBRICH/E SN MV Q0 emd)Z, B 5N/ 7 IV a—)b 24b
(0.8 g,2.13 mmol), K7 OEEDTF > 9(0.75g,3.19 mmo)B LN
tetrabutylammonium bromide(34 mg, 0.11 mmol)Z 01X, Z#NZXKEL T 50%
NaOH /KiBE#R(20 cm3)Z N A 7z, TR LN S BIRIEE T 12 BrRmaEL
2o RISBEYNCI—7)V EKEMATHE Lz, BB ZHRNaS0)E,
BEFREL, REAFYZMATI Z2BHKT 5 & BRYERY) 25b AT
Lz, INZEABTEDEREL J=: yield 50%; mp 60— 62°C; IR (KBr disk) 1597,
1581, 1499, and 847 (1,4-disubstituted benzene), 1253 (aromatic ether), and 1113
(aliphatic ether) cm-1; 1H NMR (CDCl3) 6 =1.29 [3H, s, CHj3 of the oxetane ring],
1.46 (3H, ¢, J = 6.9 Hz, OCH,CH3), 1.6 — 1.7 (4H, m, OCH,CH,CH,CH;0), 3.4~
3.6[total 4H: s (6 =3.45), CH,OCH,CH,CH,CH;0; ¢, (6§ =3.47,J=3.6 Hz,
CH,OCH,CH,CH,CH,0), 3.6—3.8 [8H, OCH,CH,0 CH,CH,OCH,CH,0 Ar],
3.90 [2H, t-like, J = 4.8 Hz, OCH,CH,0Ar], 4.11 [2H, ¢, J = 6.9 Hz, OCH,CHj3],
4.19 [2H, t-like, J= 5.1 Hz, OCH,CH,OAr], 4.34 and 4.49 [each 2H, AB-q, J= 5.6
Hz, CH; of the oxetane ring], and 7.00 and 7.86 [total 8H: two superimposed

AB-g-like modes, J = 8.4 Hz, ArH meta and ortho to the azo group, respectively].

25a: yield 90%; mp 75— 78°C; 1H NMR (CDCls) § =1.31 [3H, s, CH3 of the oxetane
ring], 1.65—1.75 [2H, m, OCH,CH,CH,;CH,0O(CH,CH,0);Ar], 1.8 —2.0 [2H, m,
OCH,CH,CH,CH,0(CH,CH,0) 3Ar], 3.4 —3.6 [total 4H: s (§ =3.47),

CH,O(CH2)4O(CH,CH;0) 3Ar; ¢, (6 =3.50, J = 6.1 Hz, CH,OCH,CH,CH,CH,
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(CH,CH;0)3Ar), 3.52—3.8 [8H, OCH,CH,0O CH,CH,OCH,CH,0 Ar], 3.92—3.98
[5H, s (6 =3.89), OCH3; m, OCH,CH,0Ar], 4.15—4.3 [2H, m, OCH,CH,0Ar], 4.36
and 4.50 [each 2H, AB-g, J = 5.8 Hz, CH; of the oxetane ring], and 7.00 and 7.87 [total
8H: two superimposed AB-g-like modes, J = 8.9 Hz, ArH meta and ortho to the azo

group, respectively].

25c¢: yield 48%; mp 88 —90°C; 1H NMR (CDCl;) § =1.06 [3H, s, CH; of the
propoxy group], 1.29 [3H, s, CHj of the oxetane ring], 1.55 —1.65 [2H, m,
OCH,CH,CH,CH;,0(CH,CH,0) 3Ar], 1.75—1.85 [2H, m, OCH,CH,CH3],, 3.4 —3.55
[total 4H: s (6 =3.45), CH,O(CH,)4O(CH,CH;0) 3Ar; m, CHOCH,CH,CH,CH,
(CH,CH,0) 3Ar], 3.55-3.8 [8H, OCH,CH,0O CH,CH,0 CH,CH,0 Ar], 3.85—3.95 [2H,
“m, O CH,CH,0 Ar], 4.00 [2H, -like, J = 6.6 Hz, O CH,CH, CHj3], 4.15—4.25 [2H, m,
OCH,CH,0 Ar], 4.34 and 4.49 [each 2H, AB-q, J = 5.6 Hz, CH; of the oxetane ring],
6.99 and 7.86 [total 4H: AB-g-like, J ='8.8 Hz, ArH meta to the azo group] and 7.01 and

7.86 [total 4H: AB-g-like, J = 7.6 Hz, ArH ortho to the azo group].

O—-3—-2. FF vy FE/ X—DOHF A HBES
T )X —WEE 03—06moldm3 &L T DCM &Etd, 0CS50 BfE%EL T&
LTEALE, BRRUSF LY WE BEOBUBEELZERIZEIDESN

7= 375,

m-3-3. & =
BIEOHEELFAROEEBINHEICLDHEIELE.

-55-



BENE & #

U EOHFEHRENS, BEORKELZFORY AT D RAEHOWBENITE
VOFFLIFUNEREATE I, EHFHEGBEE (I) ZETIES
SNEZVTTRL, BEEOHF A 2 HAMNENMICEOHIRL TERT 2HR
MBH LN, TS OMPIEE SIREHERT, SEVDTREINLZDO
THD, BIZ, TANNENEES, SPRORBABEMBEESIE SN/, 1=
TRRRZXIZ, ZOHMBRIIAFOIFLOEFAEYFTLTF > OSEEROKE
EEEERTOOTRNEBEZ TS, B5<, ZORENSGREBHEL 2K
S A A BRSSO IR AT L B h B,

LL, SEIERLERIIT—OHRT, BEEESFELTELEHREIN
CHMND ST, REEBERES (DSC) ICLDHELRANEH 2HRATE
BWEE Doz, IR T BEIOBREMEGEMBEENRRIUTICH 20 ER
s, REEZTOBEERICEDERF TS OAT, EITKERNE THEE
FIRE7R DSCERBICK D BRI 2N, BEEREZEVWHTLENSH D,
it,%i@%@%#??ﬁ%ﬁEﬁ%?%t@@ﬁﬂ$wﬁ—ﬁ,%ﬂ%%
THOHEOEVWESI FYEZ EMERL THCEATRIIAHEET, ZoKIL
S —iEDREO T RNRD 5N B,

BIRFEOBEDOH T, 13 U REEBEORIE 2 W& RES I REIERET D
EMEEBREDO—DTHD, ZOXIBHEEERMIET S/20, RUFFt¥
CEHEMICRBREEEATLIIENEZ5ND, BFE, Scheme 4-1 ITRTHE
BRIOEAFFELH 226 ZGHKL, BIRLIzAFES > 1a, 1bHBHWNIL23 &
HEFTHIETRYT—RXy FT—=UZ2FRERL, TORBEZBRFTL TS,
EREHESER 1% DHE, DSC BIRICBWTHESZRITE—INRLN, R
HEHETHERRFOEFOMNERINS, £, BEFEHFE 10% THHE
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CHEEEETIYME LA TI-DICEELEZ S5ND 18,

=0

CH,

1l
CHzO(CHz)4— —o@ OO(CHZCHZO)sO
o

Oxetane 23

CHs

CHgO(CH2)4OON N—@—C O(CH3),CH3

Oxetanes 1a(n=1); 1b (n=2)

+
CH, o 0
r:f"CHZO(Cth G- O(CH,CHO)s—C—(CH,);0CH,

Bisoxetane 26

(@)

Hs

(0]
JJJ BF30Et,, CH,Cly, 0T, 10h

Polyoxetane networks

Scheme 4-1. Preparation of polyoxetane networks by cationic ring-opening

polymerization of oxetane monomers with a bisoxetane, 26.

BRI, WA TOREZES TR TERWMEREHTENT 2 &
W, WEEZEDITIHETIHEADENTHZ EMAL T, SBROBEICK

A7,
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