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Synthesis of Cyclopoly(divinyl ether)s with Various Pendant Substituents
by Cationic Cyclopolymerization

Kazuhiro MORITA*, Michio URUSHISAKI", Toshikazu SAKAGUCHI"
and Tamotsu HASHIMOTO"

(Received January 28, 2013)

Cationic  cyclopolymerization  of

2,2-bis(vinyloxymethyl)bicyclo[2.2.1]heptane

M,

5,5-bis(vinyloxymethyl)-2-bicyclo[2.2.1Theptene (2), 1,1-bis(vinyloxymethyl)cyclohexane (3),
and 4,4-bis(vinyloxymethyl)cyclohexene (4), divinyl ethers with norbornane, norbornene,

cyclohexane, and cyclohexene units, respectively, were investigated with BF;OEt, initiator in

toluene in the wide range of temperature (-30 ~ 70 °C).

All the cationic polymerizations

proceeded in cyclopolymerization manner to give almost completed cyclized polymers

(cyclopolymers).

At higher polymerization temperatures, the molecular weight distributions

(MWDs) of the obtained cyclopolymers became narrower, indicating that the degree of
cyclization of the polymers could be higher at higher temperatures under the present

polymerization  conditions.

Cyclocopolymerizations

of divinyl ether 1 with

2-vinyloxymethylbicyclo[2,2,1 Theptane (5), n-butyl vinyl ether (6), n-decyl vinyl ether (7),

2-methoxyethyl vinyl ether (8),

2-(2-methoxy)ethoxyethyl

vinyl ether and

®:

2-[2-(2-methoxy)ethoxy]ethoxy ethyl vinyl (10) were carried out to produce a series of new

cyclopolymers with a variety of pendant substituents.

Key Words : Cationic Polymerization, Cyclopolymerization, Vinyl Ether, Divinyl Ether,

Cyclopolymer, Glass Transition Temperature

1. %

il

E=x—7 /W (VE) Z#MERIF A EET
BeRE /) w—Thb, " Reppe kAT M
—NDTEF L ~OFMKIER, £ TERRE
EHEE LTHAEShTWS. B B8RO 7V HE L
EEPBWELTIRKOE = VT —T WX, IFF
VERRRIVES TR v —ERBEIERTDH. £

YR LR R B T E K
* Materials Science and Engineering Course, Graduate
School of Engineering

NHEORY w—iF, —MICH 7 REBIRE (T) B=E
BXVIES, HiixTabtrle UCOF AR RES
Ehdz, WU 35 HenBELEZ v raT
H BN EFoOE =Lz —TAB-E=mXx T Y
7 1u[5.21.0*°15 4> ; TCDVE) DR Y v —iX, &
VW T,(~100°C) &, BWEZEME R LTz (%
fRIBE (T) = ~350°C). E7, KV (TCDVE) i,
BITRVBLEAE, BETHAEDOKET T AF
Y IIWRBEERE L. BE UL, MECH
WT T RAF I BRI T B, oBHRES:
F95 VE LOIEEGEKICTDL, T,A0RVIET
L. B 207z, ELIZEV T, 2R 28 L



84

N80
| 1
§ o
© .8° C

= [ HB "9 ® = Intermolecular ‘M\f\é’ ; iy

Krrj m e °\R)’ Propagation {C-q ER —_ *“W\? =
+ Monomer o o o ICO
—[ Divinyl Ether Monomers ]— -l (: (:
== 5T & T l Intramolecular Propagation sl el

Crosslinking

%éﬁﬁé

,5’

MM 2 B NEHEEEZF T B4R Y (VE) D SRR E
TFNTWA.

—fRIT, B =—0 T, % FRS¥ 3T, 847
TR EHICHEBRBEZEATEZ LA EE
Abhd. V=AE /) v —DEEESIZBNT, =
Em%@t%W%/v DERICEARIL, AHRKRY <=
—DFHEDORY IR UEMIZEEELBEATEXIES

FiaTh 5. m“”—*%ﬁt,w:—Tw(/t
=N —F)) X, —RRICIXES OB L
TEAL, B T%E@ BB LR ~— & 4R

TR, ZO0ESERENSFRATHERIGERE
T L, BRREMASBD R L ZHEF SRR Y
P oL LRERKT B (Scheme 1), INIT 2 4
1%, bk /A EES (HCYZnCL) BARAHIFR 2 v
TINHNTFY, JARNVRY, BEXOTEH<v L #
YOLZEADEREREYE T2 EEttor =
NT—=FT) (PE= T —T)V), 22-EAE=pFx
VAFNALETVTaR2INTF 1), 55-ERE =
BXUAFN2ET T uR21INTTQ2), BLO
22-ERAE=mpx T AF MY o7 a33.1.13F 4
YDAFFVERILEEEEKR L, EHOMYIRLE
P BERE, MEHICSRAMEE R AT 2 [,0%R
WINBPEDORY (VE) 2GR L. M £, Zhb
DERICEEGZ IV CV TEHGHE CTERL, HFEN
Rl SN TEDSHORNRILRY ~—Z2 AL
7. I8 U2sL, HCVZnCl, BRAAKIRIZ X 2B ES
I, =R TITOON@ELTRBY, /-, &4
HWENLLEEN -T2, T DDA, BERY <
—DLEMBRIEDBENLARFITH S,

AR TIE, —Mx897e v A ZEET, HCYZnCl, Bits
FIR LD BEEREVW=7 vibd v #E o —5 L ek
(BF;0Et,) BR#AFIE FAVT, SR LDEET, H»
DERBOEAICLY, BRI E=rz—FLDE
RERS L. £, JABLF L ) VR FR Y
DBRNEMECINZ, HEXOY I o~fy &
VIRANFEVERTBAYVE =L —F, 1,1-F

+Mon0merm = — m

Scheme 1

Cyclopolymerization
4{ Cyclopolymers }“—

i e o T e d

o o e 9 9 LA

ol < S

o, &, (ol [d]

Poly(1) Poly(2) Poly(3) Poly(4)
——| Dwmyl Ether 1-Based Caopolymers }———

-“\‘\,—mr e ‘5

Poly(l -stat-5)
4 "v w—i—lﬂl‘ /‘“‘-.—l

‘QL 3

Poly(1-stat-6)

’\.-}-turl —_1

a
" "\:j|

|

s
Poly(1-stat- '?)

4k

Poly(1-stat-9)

'“w/ .-nm"“\;:

x {
= 9

g Jm

90

D
0
0

N >\T"H

Po]y(l-stat-lO)

"

Poly(1-stat-8)

Scheme 2

Az EF o AFATa~FH L 3) L 44-E R
t=aXx T AFA T~ @) DRILESER
1Tolc. SBIT, BoNBIERY ~—0ta 5
WHEH, “EREEE= AT AL LT ZA,
A RBEMEEZE TS -EREL = LZ—T L LD
RICKESKRDOEREZMRFI L. 2/ v—L LT,
MndoBMEEZAFTH—ERMEE = L=—T 1,
2-E =XV AFAL I a[l4~TE B EAN
T, RUCRIEEZAFT 25(EEH, FERIEEHEN G
LRELRHEEDaARY v —[KR Y (1-stat-5) ] DA K
ZiToT-. Eiz, ooa® ) =—L LT, fHBERN
S BAKRMEDTVXNHETT D n-7F =1
—FN6) & n-TINAE= LT (T, B,
MR RKESHKETHEIAFV=F L UEERT
D 2-A RFITFAE=AT—FT (), 2-(2-A K
FU)ZThFZFAE=NLT—FTL0), BIOY
2[2-2-A FF )T pF V)T hF LT FALE =L
T—7(10) ZHWT, fEx OREHBRELZATS
HEAKE A TORIEKEY v — K Y (1-star-6),
U (A-stat-7), R U (1-stat-8), & U (A-stat-9), RV
(1-stat-10) 1D AR Z #e5t L 7= (Scheme 2) .



2. £ B
2.1 3

22-FAE =0 XU AFNAET T a22,1]1~7 4
() (BARD—A RLE)IZBEAET T AEIZD
ANGHECTREL, TOEEFEMALEZ. 55-E X
P F o AFN2-B3 7 a221]~77 2 2) (B
ARA—NA RTE)IBET v I NVECANG R
THREL, TOFEFFHFEALE. LI-EAE=aF Y
AFNTTa~nFd Q) (AR —SA L)X
KFZEAXINY T L ET—EHKE bp = 74
°C/13mmHg) L TR L7z, 44-ERAE=uaXF T A5
N ga~Ft @) (HARD—/A RT3 dkE
b s ET—EZEE (bp = 74 °C/13mmHg) L
TR LEZ.22-E=n0F v AF Ly 7 ullg~T ¥
V(B (BRI —AA FTLE) TBAT TV EICA
NBHRETHREL, TOEFEFERLE. n-7F 0 E
=) —F N (6) (BRI —/3A RTLE) TKkFELD
Ny A ET—BIZEE (bp=94°C) LTH#E L. »-
TN E= =TV (T) (BRI —A RLE) X
KFET N T b T—EIREZRE (98 °C/5SmmHg)
LTHR L., 224 MFFLE= LT —FT )L
8) (AARA—A FLE)IFAKRFBIANT T LT
—[EZEEE (bp =109 °C) L TR L 7=. 2-(2-2 R ¥ )
T hF o Fr=Lm—T 09 CLEAIMLE)
WTKERIE A U U A C—B Pl L, KFLILVS
v AL T—EBEAE (71 °C/20mmHg) L TR L
7o 2-2-Q-A PFV) = b F VT FF T E =
=TV (10) (A ARD —/ A FTH) idkFElLH NV
U A L TC—[EIEEZREE (98 °C/SmmHg) L TR L
72. =7 vk v FE—F LR (BF;,0OEL, ik A
FULVBRHEF1.62M) (7<= TR »F Py
T, BT U TVEIAN, BERETREL, £
DFEFFERLE. Mo G, —#k) (EEBEEL)
AT A TR L, KEIAL T L
LETZREEB AT, BT TIVEICANGEE
TRELEZ. T N2V (FTARIa~ N TTT7 4—D
PRERIEHE) (Fde, —#)I% 1L 4720, Wik (Fde, 1
%) S50 mL, A A AHaK 300 mL, 10 wt %7KEE{k
kU 7 L KEARE 300 mL T Z DNETH =R Lz,
F D%, AT I THIRDB R 72 5D F TR
L, b D ATHR LT, 2D, KERD
Ny b T ZEIREZE (76 °C /10 mmHg) L, )
BT U INVEICAN, BRTRFLE. Z0OMOR
HiFFOEEFER L.

2.2 WFALVES
BRI, b — M2V TH 400°C TR—F

85

ToiToT=Z2HFay 7 2RVl 2 VU 72BN
T, BREFHKTIZTITo 2. EABKOAEREI 5.0
mL TiT-o7z. BA#EAIFR & LT BF0EL 2V, X
JistX BF;0Et, @ kL= ¥R (0.5 mL) € /) ~—O
MR (G5 mL) IZNx 52 & TRt Lz, E
BV EOT VE=TKEMATAZ ) —NVEES
WIRICINZ 5 Z & TEIEL-. EARKITHEILA F
LV TRIRL, A A4 23k % AT 3 BIgeE L7z,
Z D%, WET CHE AT S, RV TEZEILE
L72. NMR 71 & BB ICAWER Y v —F v
TN, R ~=—0 THF Bl & A ¥ /) —VIZENT
ST, RRSE/ ~—T 7V U EREL
il L7z,

2.3 @l E
EZE)v—DEERIL, HRI/u= T 7 40—
(GC) #AWT, NEREREL LT T U U &fEMA
L, BBTFE /v —REZJIE L TRz R EIZIT,
HERMEFTRT A 7 n< F 757 GC8A ZfEAL

7o, WY ~—D4F&E (M) BLOLHRE (M/M,)
(M, : BEEHHFB) 5NV X—I = ary
ov s 757 (GPC) ZHWT, ¥R Y ZF L (4

T~ : 775000, 355000, 168000, 50000, 17700, 2800)
WXV ER LI REREZEEICRY 2F L BB TR
D7z, GPC AR BERFRTE LC-10AD, RERIT

& RD (ZBERAEFTR RID-6A 2HWVWTC, 7Lh
Z & LTHEFIETS Shodex K-G &7 LE LT

BREIRRY AF L 7V h T 5 K-807L, K-805L,

K-804L ZHEHNC D72 &, Wi 7 o oL L& v

T, 0.5 wt/vol %IZFiHL U= RBHAR 2 @ IZEA L,

FEE 1.0 mL/min, EFE 40 °C THIE L=, RV =—
D FaEm L, ZBRAS V=X —arsa

< h/5 7 (BEGPC) TIToto. AMKIC BASK

4 Tri Rotar- I, 7”2 BT (RI) (ZAEFn7E T4 Shodex

RI SE-31, L H T AIZIBF1%E L Shodex GPC

K-LG, 7 7 ACBFEBETRARY RAF Vo TN T b

Shodex Megapak GEL201 ZfEM L7, Wl 3.0

mL/min, % 7 AREIIZR T, @I maRL s
ZRWTIT o 1= RIS (NMR) 2R b
HAEFH LA-500 FT-NMR 222 R A —H —%

AL, NEMEECT N AFALv T (TMS) %

AWT Mz rdg¥, BIRTHELZ. R ~—0

T %, mEEESERE (DSC) (X VRIE L.

AT, U 4 7 % Thermo Plus DSC 8230L % i
L, tEHES L FTET AV TR AN T VIR
2RV, ERFFEKT TUE L. BEE(LORE

X, FRNSFIR 10 °C/min T 220 °C T L7=%, K&

18, FIEEUE 5 °C /min T, 0°C /15 220 °C OFfilH



86

THE L. RY ~—0OBSMRE (T,) X, BA\E
WE —RZEEGHT (TG-DTA) IC LV BIE L.
Ak, U A% TG-DTA 8071Gl #fHL,
W TN TNAITDAST- T FFF 0% A
W, E2REFFKTCRIE L. ERNS 650°C £ T
DIREEFEH T 10 °C /min D FIRHEE CRIE Lz, T,
WL S%EBAR LU-DIRE L L.

3. WERLEBZ

3.1 Hkx RIBRESFHET COES
“EEMr=Lrm—FA1, 2, 3, BLU4 &,
BF;0Et, BR#GAlIZ AT, MU HFTEAZIT-
7o FRRIEMLEELE, [Monomer]y=0.30 M, [BF;OEL],
=50mM & L, EEEEIL 30 ~ 90 °C & LT-.
EEFRITEIC2 oRBEL L. K1 EXK21iZ, 4
LAY Q) ERD Q) DyFsdn (MWD) fh
W, EAER, M, & MM, = ZNThRd. ) ~—
DEERIL, 25 CULEOEFRETEI 2 2LIRICIE
F100%IZFELZ. 1 & 2DEAICEBNT, 40°C &
VIRWESRE TIE, EAVIHNGRETBEL S
BEbHoT=. —J7, 40~60°C DERBETIE, &
DFIIRTHF RS DIENZIE DR Y <=—3315
bhiz. LT, 70~90°C DEARETIE, SHF
BETHFEDFOLVEIENORY) ~—0RE 5
7z. 40°C LA ETOEE T, 7V Z b3
WRERAR Y == 6T

X1 EE2iRT L1, BIRICTHEESTFE
MMETL, S TESABFNEIEEDR) v—& 72
HEMNA RGN, ZEREEY =V —FT LOES
ZRWTIE, ZHICRIEEE 5 X 50 FHNBRILERE
FISIZF T, RMARKERE T/ ~— L DD
FFMRERISHNET TS L, R v —HIZRE G
= VEMAE L S (Scheme 1), I DRKIG E=/V 3
BRERY v —8HEGNT D E, R =—Fizmolk
FHOEMHEHEZAE L SE T, R =—DoFBSMN
ZIEEIZ 72 o720, FEWIZIEL IeoT2 0§53, 22
TR = —FORKISE=NVEEREEZAIE LK 3
I270°C D&M T TRLNAY (1) D 'THNMR A2
7 MERT.R ) - —HRORKIGE =/VEE I,
RIS E =/VEDFRE (b)) & EEHDOAF (b, d)
CHIBEHDAF L FE(e, DY — 7 MEEZ IR LT
KO, LaL, BohizR27 b, R®EG
DE=ZNT—FFEOE—7 b'(§ 64) D34 BRI
ENRm oz, GREIEE =D 100 mol% D & X,
X, RV =—DFT X TOMY IR UBSLOREIT
1EOE = VENFETEZ LE2EKT D). 51T,
WTFNOBETHLNZRY = —b RN E =/

Time, min Vinyl
0 » n Content
Temp., (Eonversion. Y% MM, ol %'
15 80200
0 @_/’\_J 539 0
0o 20 - -
gelation
! 1.5 16700 , broad
100 53.52 P
2.0 26000
40 ‘M——\_ SEiim®
2.0 ' 32300  [MWD]
S0 mn_/-/\~ 1998 ©
2.0 26700
& 1&/\—»17-43 0 i)
70 12{]% 156:.77%0 0 narrow
107 106 105 10¢ 103
MW(PSt)
Fig 1. MWD curves of the products obtained by the

polymerizations of 1 with BF;OEt, in toluene: [1]; =
0.30 M; [BF;0Et;]p = 5.0 mM.
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Fig 2. MWD curves of the products obtained by the
polymerizations of 2 with BF;0Et; in toluene: [2], =
0.30 M; [BF;0Et ]y = 5.0 mM.
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Fig 3. 'H NMR spectra of (A) 1 and (B) Poly(1) in
C¢DsCD;.  Polymerization condition: [1], = 0.30 M,

[BF;0Et,]o = 5.0 mM, in toluene at 70 °C.
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Polymer Temp, °C M, M, M /M, 7.9, °C T.9 °¢
-30 95400 418000 4.38 179 325

Poly(1)
_ 60 47600 337000 7.08 194 350
-30 67200 325000 4.83 167 265

Poly(2)
60 50600 545000 10.78 183 274

o Polymerizations were carried out with BF;0Et, in toluene: [Monomer]y = 0.30 M, [BF;0Et;]; = 5.0 mM.

®) Measured by GPC with polystyrene calibration.
© Measured by DSC.

Temp.,C Time, min  Insoluble M, C:?I?g:ll
conversion, % part, % MM, mol %’
50 P 100 - -
gelation
2.0 ~ \ 82000
% gelation i 5.54 S Nt
road
% 2.0 % \ 35200 i
gelation B 10.98

0 1T
(MWD |
90 2.0 0 21000 0
100 8.23 narrow
: | 1 I 1
107 106 105 104 10°

MW(PSt)
Fig 4. MWD curves of the products obtained by the

polymerizations of 3 with BF;0Et, in toluene: [3], =

0.30 M; [BF;0Et,], = 5.0 mM.

Vinyl
Temp.,°C Time, min MM Content,
’ conversion, % w7 mol %

2.0 42700 broad
7 ﬁo_/\_. 947 ° l
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80 100 A g 632 0
; 17700
0 50 /N s46 9

106 105 104 103
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Fig 5. MWD curves of the products obtained by the

narrow

polymerizations of 4 with BF;OEt, in toluene: [4], =
0.30 M; [BF;0Et,]p = 5.0 mM.
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Temperature,*C M, Vinyl
Conversion, % M,/ Content,
: comonamer mol %
S 3 ; 5210 0
| Pl L 100:100 4.72
| 2 |E 1| 90 3970
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| S [~
¥ ? ut} ,—} 13.26
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Fig 6. MWD curves of poly(1)-based copolymers by
copolymerization of 1 with comonomers 5 — 10 with
[1]o = 030 M,
[Comonomer], = 0.30 M; [BF;0Et;]; = 5.0 mM.

BF;0Et, in toluene for 2 min:
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Fig 7.
with

'"H NMR spectra of poly(l)—based copolymers
(A) 5, B) 6, and (C) 8 in C4DsCDs.
Polymerization conditions: [1], = 0.30 M, [Comonomer],
=0.30 M, [BF;0Et,]o = 5.0 mM, in toluene at 60 °C.
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