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Re-examination of Reaction of Living Cationic Polymers of Vinyl Ether with
Water: Synthe81s of Aldehyde-Terminated and Hydroxy-Terminated

Poly(Vinyl Ether)s
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The reaction of living cationic polymers of n-butyl vinyl ether (NBVE; CH,=CH-O-nBu) with water was
investigated to obtain the aldehyde-terminated poly(vinyl ether)s. The polymerizations of NBVE with
adduct [1; CH;CH(OCOCHS;)-O[CH,]40-CH(OCOCH;)CH;)/
Et, sAICI, s/CH;COOELt system in toluene at 0 °C and with the 2-acetoxyethyl vinyl ether-hydrogen

chlofide adduct [2; CH,CH(CI)-OCH,CH,0COCH;)/ZnCl, system in toluene at -30 °C produced

1,4-di(vinyloxy)butane-acetic  acid

bifunctional and monofunctional living polymers, respectively. The termination of these living polymers
with aqueous ammonia gave the aldehyde polymer terminals (-CH,-CHO) quantitatively. In contrast, the
termination with pure water under the same reaction conditions resillted in the formation of a small amount
of the acetal polymer terminals [-CH,-CH-(OnBu),]. 2-Methoxyethyl vinyl ether (MOVE) was also
polymerized with the 2/ZnCl, system and treated with aqueous ammonia under the similar reaction
conditions to give the corresponding aldehyde-capped polymers. The reduction of the aldehyde groups of

these polymers with NaBH, or LiAlH, afforded hydroxy-terminated telechelic poly(vinyl ethers)s.
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Scheme 1. Synthesis of hydroxy-capped poly(vinyl ether)s.

TEARBERRY AT —F VR Y A=V OERK
ERHLTCELPE vopz—F a0y vy
FARY 2 —OEERRL, THAaFVREIF
FrTHY, KEFIGER-DENITEZ -V ERE
BLTRT A a—ABRI Y, FAFE Ficzs
B ZoOR)e—DT LT FRBEABTTA L
R x o RRRY v — (BB T & 5 FOE 50 i3
THETIE, R =z —F LRI F—L2EHK
T2EHMT, ExRISEEICEVTE=ro—F
NDY L THFA LR Y v —LKkE ORIEERE
LT&l 2LT, 20ELERIEOBEET, R <
— DRI TIRET VT & RERBIZARD S, —87 &
F—NRKGEHELDBERHDZ L2 RVOVHLED
FITCABIETIE, Folvo—FA0Y B sh
FEURY =LK EDRISEBRTL, TO
NI ~—KRI&E7/NVT b REIZT DO RIGEME
EMLTHILEBEBNE L. SLIZFDEHBETT
DEFILFIGERWT, BKEORIEEZETERY (n-
TFNE =N —F)V) (PNBVE) &#AMEDRIH
EETHRY) QA MFLzF A= LT )N)
(PMOVE) DR Y A —N%a/KTHZ L EBHE L
7z. (Scheme 1, Scheme 4)

2. £ B

2.1 B O
7 FNE=/L=—F ) (NBVE, Aldrich) |

10 %/KERIET b U U LKIRHE, ROTAKRTHESEL,
KEAEA Y 7 & (o, 1#%) T—BREBRLEZbO

EARREANVYT A (F) ET2EBERELT
VTINITHBETRELE. 2-A hFT=F e
=/x—7 )V (MOVE ; ALEAMILTE) 1ZKERED
U AT—BER L b DEAREINL Y YA ET
1 ENERE LT v M CTHRTBRE CIRE L. 1,4-
Exu;rt%%VIb#>+f5yﬂju,%ﬁﬁ
HEERBLA AT FRABTF 2312 14-EX(B=
n¥ )7 & (Aldrich) CEEEE (FoXe, 14k %A
60 CT3RFRIRIS S ALY 2% kHE L
ANy L ET 3 EREZEL, ML T 10
mol/L WWHRL7=bD%ET ¥ 7 THRRE TR
L. 2-7E® FFVZF A=A —F AN, CHE
BEBOFEIC LV AR LEN 27 % hroxzF
V= — 7 NVOBRMKRSME 2) 1F, =207
FGRAPT 2T RF T TF A= LT —T L%,
KFEANT T A LET2EEZ U n-~FH 2 (Fn
Y, 1#) TH 1 mol/L ITEEFRBL, B Fu—hk



53

H,C-C—0O—CH-0O 0-CH-0O-C-CH
= o ==

CH,=CH O CHy

CH, o Bifunctional Initiator

OR Ety 5AICl 5 / [ 3 or CH;COOEt in Toluene at 0 °C

Etq. 5A|C|1 5 |||||||||c||IIIICH CHz‘tCH CH, )‘CH O—U—O CH‘(CHZ ‘)’CHZ—(I:Hummcinumi Et, sAICIy 5
OR CH;

( CH3;COOEt )

CH,0H / (C,Hs)sN

Termination

CHy-O~(-CH—CH; CH-0~\ /-
o CHs

( CH;COOEt )

o- CHfFH{*CH*j—O—CH3

] MeO-PNBVE-OMe |

R = cHchchch3

Scheme 2. Synthesis of methoxy-capped poly(vinyl ether)s.
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Figure 1. Polymerization of NBVE with bifunctional

initiator 1/Et, sAICI, s/CH;COOEt in toluene at 0 °C:
terminator, CH3OH/(C,H5);N(O); H,O(O);
H,O/NH;(A). (A) Time-conversion curves; (B) M, vs.
conversion; (C) M,/M, vs. conversion.
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Scheme 3. Possible mechanism of formation of acetal terminal during termination of

living cationic poly(vinyl ether) with H,O.
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Figure 2. "H NMR spectra of the obtained polymers in C¢D;CD,, Terminater:
(A) CH5OH/(C,H5)sN; (B) H,0; (C) HO/NH,. Reaction conditions: [NBVE], = 0.60 M,
[1], = 15.0 mM, [Et, sAICI, 5], = 60.0 mM, [CH;COOEt], = 1.0 M, in toluene at 0 °C.
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Figure 3. GPC curves of (A) OHC-PNBVE-CHO

(code 1 in Table 1) and (B) HO-PNBVE-OH (code 2 in
Table 1). Reaction conditions: (A) [NBVE], = 0.60 M,

[1], = 15.0 mM, [Et, cAICI, 5], = 60.0 mM

[CH3COOE(], = 1.0 M, in toluene at 0 °C, conversion

= 96 %; (B) [NaBH,]/[CHO in OHC-PNBVE-CHO], =

43, in ‘ethanol at room temperature.
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Figure 4. 'H NMR spectra of (A) OHC-PNBVE-CHO (code 1 in Table 1) and (B) HO-PNBVE-
OH (code 2 in Table 1) in C;DsCD;. Reaction conditions: (A) [NBVE], = 0.60 M, [1], = 15.0
mM, [Et, sAICI, 5], = 60.0 mM, [CH;COOEt], = 1.0 M, in toluene at 0 °C, conversion = 96 %,;
(B) [NaBH,]o/[CHO in OHC-PNBVE-CHQ], = 43, in ethanol at room temperature.
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Scheme 4. Synthesis of hydroxy-capped poly(vinyl ether)s.
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Figure 5. GPC curves of (A) CH;COO-PNBVE-CHO
(code 3 in Table 1) and (B) HO-PNBVE-OH (code 4 in
Table 1). Reaction conditions: (A) [NBVE], = 0.38 M,
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CH4;COO-PNBVE-CHO], = 5, in diethyl ether at room
temperature.
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Figure 6. 'H NMR spectra of (A) CH;COO-PNBVE-CHO (code 3 in Table' 1) and (B) HO-
PNBVE-OH (code 4 in Table 1) in CDCl;. Reaction conditions: (A) [NBVE], = 0.38 M, [2], =
20.0 mM, [ZnCl,], = 2.0 mM, conversion = 100 %, in toluene at -30 °C; (B) [LiAlH,],/[CH,COO
and CHO in CH;COO-PNBVE-CHO], = 5, in diethyl ether at room temperature.
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Table 1. Characterization of Poly(Vinyl Ether)s

Conversion M, M, /M,
Code Polymer —
% Calc. GPC?  Titration® GPCa)
19) OHC-PNBVE-CHO 96 3880 3890 — 1.22
29 HO-PNBVE-OH 96 38807 4180 4130 1.22
3¢)  CH,COO-PNBVE-CHO 100 1980M 1920 - 1.18
49 HO-PNBVE-OH 100 19207 1810 1760 1.13
590  CH;COO-PMOVE-CHO 100 20100 2170 - 1.49
gh HO-PMOVE-OH 100 19600 2080 1720 1.51

Measured by GPC with polystyrene calibration.
Measured by acetylation method.

[NaBH,]/[CHO in OHC-PNBVE-CHO]}, = 43, in ethanol at room temperature.

a)
b)
c) INBVE], = 0.60 M, [1], = 15.0 mM, [Et, AICI, ], = 60.0 mM, [CH;COOEH], = 1.0 M, in toluene at 0 °C.
d)
e)

INBVE], = 0.38 M, [2], = 20.0 mM, [ZnCl,], = 2.0 mM, in toluene at -30 °C.
f) [LiAIH,]/[CH,COO and CHO in CH,COO-PNBVE-CHOQ]; = 5, in diethyl ether at room temperature.
g) [MOVE], = 0.38 M, [2], = 20.0 mM, [ZnCl,], = 2.0 mM, in toluene at -30 °C.
h) [LiAIH,]/[CH;COO0 and CHO in CH;COO-PMOVE-CHOQ], = 5, in diethyl ether at room temperature.
i) Based on M,(Calc.) = 144.21 + (MW of mononer) X {{[M],/[1], X (monomer conversion)/100 - 2} + 86.09.
j) Based on M, (Calc.) = 144.21 + (MW of monomer) x {[M]y/[1], X (monomer conversion)/100 - 2} +

90.12.

k) Based on M, (Calc.) = 131.15 + (MW of monomer) x {[M],/[2], X (monomer conversion)/100 — 1} +

43.04.

|) Based on M, (Calc.) = 89.11 + (MW of monomer) X {[M],/[2], X (monomer conversion)/100 — 1} + 31.03.
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