%3 =

2013 43 H

ACTA POLYMERICA SINICA

% j:li No.3
Mar. , 2013

RFEFE(RE)RERENIEEDEHERS

REATT ATH

5 B
AEfE KWW

SR HI AL IR IR T

\ 1
R E

BOE REE
BAgEE?

("R TR R AR R 2 54k 2 TR 22 0% w500 TAPRIE S IRJREE  150001)
CHAZHEERY %kE 4648603)

M E FH Lewis B2 = Ji B B BRAX (Yb(OTE), ) 4% (S)-N-(2-52 H-1-98 £ Jk ) WL 79 0% 15t e ((S) -
HPEMA) Fl (S) -N-(2-58 J-1-0K £ 56) NI BEIE ( (S) -HPEA) (9 A it 2628 45, 45 2 AR B (9 Ot 27 385 15 2R 15 0 5 W
TN SR A W) SL RS 2, B DL B ANE T B P AR, Yb(OTE) , IN A TE W] B F R R RS
) mm = JEALHY 5 RE, 7L DMSO S8 R, Yb (OTE) X 58 A 4 ¥ 7 ) #0813 A7 B9 4 478 53 ' H-NMR
FL T Yb(OTE) | 5 B U 22 8] fA) A B AR T, 05 20 3 T B (A i e 1 6 AT 5 Lewis B2 040 - <6 J 85 7 I A9 TC 32 LA B
TRIYREE S Lewis [ A — 5 FH A 1R AR 1) F) 0 B2 52 0 1 SR MR 9 Jon Al g 1] AR5 5 00 9 ST A 2544

REIR SLEREMRS, LIS RAY, WIETVEBNE, SR E, 57 AR L

BV Ss B R E T H Y R AR o
JiE, 3k 6 HE A Z A T 2R R S5 ST AL 4R
S5 BOCI SR T S0 RS o T S A
RG W S A LR L A R0 R 5 i S A R
R B I 35 S e LM TR TR B TR, ST A S A Y
PEHIE G W o0 7 Bb 2 U AT Ay, T
e B Wy S A LR R A A S A AR T R Y
EEALE

BARHBERACE LA™ PSR 2 m
VA IIRIEPS T BuNElEiE T = DU Se X/ b AL L
P I P A AR e 2K 3], BAT Sr A LB PR R R ) —
e 8 O B T R A O IE R A R A
(9" 3 FE R N O TE R R A b,
KA [ 5 RS TOF B R P ey R T A
P 2 5 2 ) iyt — 2 S Rz, i BELAS B 7R R
A P AT A AR A5 R B S AR R fE A
JUAFEH IR ARG TR AR, B &)
DL 33 [ R 2 AR S B AT RS 20 24 11 iR B 4
R L T ST AR E R RS
TR LR DL Lewis B2 O 4k 77
AT A MR G, B2 PR 2 — A Al DL 3

PR RO Y ST M B A 7 AR SR
JH Lewis fig = WS R EEIE i T AR EREG R
N BT SR CHER) T Ik e 28 624 G R G
ZELT Lewis g X ( H 3% ) 7Y s Ik e 2 Bk (S) -
HPEMA F1(S)-HPEA H i ARG B0 520, 45
BT Lewis FRTE B H 5L R & o 2 b 0y 57 AR 3 1 BL
.

1 SLBWEs

1.1 RIGHR

LK H & B (98% , b i & 2l X 57 A R A
F) ), AL Y s ok S0 AN T 0 T S (99 % , I i Ifg il
L TAHRAFRD) , =5 PR 5 (Yb(OTS),,99% ,
Aldrich) , = 2, & \1F & %¢ | DU & W 0 1 2 TR 4 TR
(AR, KHBL R AL 253500 FRA | S50 B 42
i 22" - A =5 T IiF (AIBN, X EH% KK ik
SR F A PR AR ) K 2 B 45 S alifh; — 5
e (AR, REERH BRI F XA ARAF) 5
CaH,— & [l Ji J5 2% 4 fdf JH 5 F A OE T B (AR,
KB B AR A R A FD A CaO [l 3 =
ZE U ; = F AR ( DMSO, AR, KR35 B Ak

# AXFRI A5 TV w5 2> TR UG 52012-11-28 IR ,2012-12-19 B Fi 5 (81 5K A SRR} 27 3 (JE 5 51103030) o she g 45 A} F

A 55 9 T U 4 (B 5 HEUCFT1009 ) il H A K SEBK A vl BB i H

=%l T 22 A , E-mail ; xuxiaodong@ hrbeu. edu. cn
doi;10. 3724/SP. J. 1105. 2013. 12380



33 TRIGEA S O im M (AT 2 TR IR BN 1 S AR 2 1) A th 2 R 5

SN

SRR LB PR 287

AR FN A IR ) 5 CaH, — i 8] 3 J5 5 E 7% L fi
M.
1.2 BEBER
12,1 (S)-N-(2-325L-1-28 2 3 ) /558 7 045 Tk i
((S)-HPEMA)

TE 250 mL = R H A 6.86 g LR H &
B F1 100 mL CH,CL, ¥ =58 2. = DR M
W25 3% 4 — >3 W 2F L e A 14,6 mL = &
Je AN 5. 1 mL PP BESL, e A —F 1 =&
Jie , R Je 4 = E1 B8 R vk v b, P ) s 3 i
FHE N W B S RN R 4 1 = 2 B, i In 58 R e R 3
TR, N WL BE SRR A 3 2 U K S W e 7% B
500 mL 73 i <, 20 i A JE 1 mol /L i 3k
R \NaHCO, #i i W F 25 25 1 /K Bk % , A ALAE T
TJook MgSO, T ik U 5 , WE i 78 K R BRI,
RERCZATAE Sy B $2 4l (AR I 173 W IEC ke/ &
iz CBE R B R) 15 5] 7= 5 5. 83 g, 7K 57%.
'"H-NMR (CDCl,,500 MHz,8) :7.26 ~7.40 (£ &
W SH, 538 ) ,6.47 (Hlg, TH, BEfEH#E E iy —1
i) ,5.77 ~5.40 (R, 2H , B o e L 1 2
BT 5012 (PYEME,TH, R ,3.94 (£
T ,2H I 3E) 2,39 (B 1H, B 3) ,2.00
(Hubg, 1H, B ). ST &R 73 #r, C,H sNO, i 1157
f:C 70.22,H 7.37,N 6.83; 54 :C 70.00, H
7.32,N6.73. LI E [l = +55°(c=1.0 g/
L,l=10 c¢m,THF).
1.2.2 0 (S)-N-(2-3% J-1-08 & 3 ) N I Bt Bk
((S)-HPEA)

WL 2 (S)-HPEMA /5 1 & 48 5, =
% 80% .' H-NMR ( CDCI,,500 MHz,5):7.26 ~
7.40 (Z E W, 5H, 35 %) ,6.33 ~6.36 ( WU,
TH, U ik b —A> ) ,6.25 (g, TH, B
M g — R F),6.15 ~6.20 (PYFH W, 1H,
MU AE ik b8y — B F) ,5.70 ~5.72 (XL,
TH, B ik i —A~BF) ,5. 15 (2@, 1H,
WH %) ,3.94 (&g, 2H, W H %) ,2.07 (H
g TH, 3256 . JeE 0, C, H s NO, 1 3B - C
69.04,H 6.80,N 7.32;5Z{l{H :C 68.77 ,H 6. 86,
N7.15. e [aly = +140°(c=1.0 g/L,l =
10 cm, THF).
1.3 REITE

] 2B B 3 —5E ) 10 mL 52 oA — &
YRR Lewis FR — 380 HT R B2 B8 (45 75 22 ) , il
HAEABHARS MEA G, EA T T IMA—

SRR N T AR AIBN W, B R N, T
60°C FRAERN 24 h OREE ). R EGWIHER
HOIn A AV B R0 AR RIS, F 3R A W WO A
200 mL DY (AR & Lewis fRAE &) sl #47K (%
Lewis FRFE SN ) MUTIER &M, B0 8, 8 T &
Lewis FRAE i, FHHROK 52 B2 08 4 B0k LA BR 25 5% B2 (1
Lewis 2. i 8 & W ULIE T 60°C B 5 MEAH T %
R B TR R

R
:SZO AIBN
" HN

(Lewis acid) HN
60°C 24 h

: O

R=CH; (5)-HPEMA R=H (S)-HPEA

Scheme 1 Polymerization of ( meth) acrylamide in the absence

or presence of Lewis acid
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Table 1 Radical polymerization of (meth) acrylamide in the presence of Lewis acid (LA) in various solvents®

Entry Monomer Solvent LA Yield” (%) [a] 21,5 () m/1! mm/ mr/rr
1 (S)-HPEMA CH;OH None 72 +68 16/84 2/25/72
2 (S)-HPEMA CH,;O0H Yb(OTf), 88 +80 47/53 30/34/36
3 (S)-HPEA CH;OH None 84 +142 37/63 21/31/48
4 (S)-HPEA CH;OH Yb(OTS) 4 86 +75 62/38 55/23/22
5 (S)-HPEMA n-BuOH None 82 +69 14/86 4/19/717
6 (S)-HPEMA n-BuOH Yb(OTf), 76 +90 58/42 38/39/23
7 (S)-HPEA n-BuOH None 84 +93 40/60 22/36/42
8 (S)-HPEA n-BuOH Yb(OTf), 61 +94 59/41 44/29/27
9 (S)-HPEMA DMSO None 85 +72 11/89 4/14/82
10 (S)-HPEMA DMSO Yb(OTf), 90 +56 12/88 2/19/79
11 (S)-HPEA DMSO None 94 +92 40/60 24/31/46
12 (S)-HPEA DMSO Yb(OTf), 97 +91 37/63 20/30/40

*[M], =0.50 mol/L; [ AIBN], =0.02 mol/L; [ Lewis acid], =0. 10 mol/L; Time =24 h ;" Acetone-insoluble part (without Lewis acid) ; Hot

water-insoluble part (with Lewis acid) ; Determined by spectropolarimeter in THF, ¢ =1 mg/mL, [ =10 ¢m;* Determined by '* C-NMR in DMSO-

dg at 80°C
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Fig. 1 '*C-NMR spectra of PHPEMA prepared by free radical

polymerization in the absence (a) and presence (b ) of

Yb(OTf); in methanol at 60°C (500 MHz, DMSO-d,, 80°C )
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Expanded " C-NMR spectra of PHPEMA prepared by free radical polymerization in the absence (a) and presence (b) of
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Fig. 3 'H-NMR spectra of (S)-HPEMA and (S)-HPEA in the
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Fig. 4 'H-NMR spectra of (S)-HPEMA and (S)-HPEA in
the absence and presence of Yb( OTf); in DMSO-d¢: (a) (S)-
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Scheme 2 Plausible mechanism of the stereocontrol in the radical polymerization of (S)-HPEMA and

(S)-HPEA in the presence of Lewis acids
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STEREOSPECIFIC RADICAL POLYMERIZATION OF OPTICALLY

ACTIVE (METH) ACRYLAMIDE
——STUDY ON THE MECHANISM OF STEREOCONTROL

Xiao-dong Xu', Yuan-qi Zhu', Han Li', Si-wei Feng', Hai-cun Dai', Xian-de Shen',
Jian-wei Bai', Li-li Zhang1 , Yoshio Okamoto'?
(' Polymer Materials Research Center, College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001 )

(* Nagoya University, Chikusa Ku, Furo Cho, Nagoya, Aichi 4648603, Japan)

Abstract Optically active poly(meth)acrylamides were synthesized by the stereospecific radical
polymerization of (S)-N-(2-hydroxy-1-phenylethyl) methacrylamide ( (S)-HPEMA) and (S)-N-(2-hydroxy-
1-phenylethyl) acrylamide (( S )-HPEA ) in the absence and presence of Lewis acid ytterbium
trifluoromethanesulfonate ( Yb(OTf), ). The effect of the Lewis acid on the radical polymerization of (S)-
HPEMA and (S)-HPEA was investigated. In the presence of a catalytic amount of the Lewis acid, the isotactic
specificity of the polymers remarkably increased when the radical polymerization proceeded in methanol and n-
butanol. However,the isotactic selectivity disappeared when the radical polymerization proceeded in DMSO.
The interaction between the Lewis acid and monomers (S)-HPEMA and (S)-HPEA was investigated by 'H-
NMR. It was found that the monomers strongly interacted with the Lewis acid in methanol-d, , which included
the coordination of the amide group to the rare earth metal ion and the hydrogen bond between the hydroxyl
group of the monomers and the trifluoromethanesulfonate ion of the Lewis acid. The plausible mechanism of
stereocontrol in the radical polymerization of (S)-HPEMA and (S)-HPEA was analyzed. The monomers are
activated by the interaction with the Lewis acid, and the activated monomer is preferentially polymerized.
Therefore ,the Lewis acid is incorporated into the propagating chain end. The Lewis acid could interact with two
or more structural units,because of its high coordination numbers and more than one triflate ions, and control
the stereochemistry of the polymerization to an isotactic-selective manner. The Lewis acid might weakly interact
with the polymer chain to be readily transferred to another monomer and activate it.

Keywords Stereospecific  polymerization,  Optically active polymer, Methacrylamide, Tacticity,

Stereoregularity



