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1.1 fERF 54k

WIS fb4h (NaBH,, Aldrich, 4l > 99% ),
=5 AL Z ik ( BF,OFt, , Aldrich, 2l > 99% ),
Yof B EL 2R il 1% 18k &40 ( Tosyl Chloride, Aldrich, 4fi &
> 99% ) BRTRER (K,COy, ] Ak 3l50)), 4l
> 99% ) , WA K (H,0,, M4k 2F 0] T, 4l i
> 99% ) BT T2, 2"- A =5 Tl (AIBN,
ARSI, AR ) DA B G A 2 I 8-
JEM (Aldrich ,99% ) . —.2 — B — W g N, N-_H
FEH e (DMF, ) oAk 2= 350 T, AR) Flntk g
(CsHGN, T INAk2=3070) ", AR) ] CaH, BiR7K T4

(1) NaBH,, BF;OEt,
(2) 150°C
(3) Hy0,
CH,=CH TsO
+
CHO
OH
HVB

7E;j Py

24 h JE B AR U kg (THE, ) Ak 22355
J7,AR)7E P,05 [l 3 2548, BN 4@ Al L L —
SRR S 58 3% R0, 0B ] R W K A
(C,H,0, LA AT ,CR) , ZH (]
MAE2EGR T, AR) |, £ R (HCL, ) M £k 27 355
J7LAR) ASE AL (NaOH, T4k AR)
E A

RAFT 328 7 X% 1% 26 B iR 126 5 2 8
(PEDB) ™) 1 6 e XUBE AR 2 8 10K 2 2 i
(PEPDA ) % 3CHR A I 5 2- 38 3E-5- 2 HE 7K oy 1
(HVB) B4 R AE ke >, RS VE Rk 3h.
1.2 E{K POVB W& H

POVB (& Wi~ 2R 1 Fik.

TsO.

A

1 2

Tosyl chloride

CH,=CH

K,CO;

DMF, 60°C CHO

POVB

Scheme 1 Synthesis of 2-8-pinenyloxy-5-vinylbenzaldehyde (POVB)

L2.1 B 1mEm %250 mL (97 H A2
RAER B N B A BRI AR EA IR
PR IA B-IkM (24.3 mL,150 mmol) , Bl & fk4h
(1.89 g,75 mmol ) FlJC/K — 2, — 1 — H it 50
mL, 7F ZE i (K% ) T in BF,0Et, (7 mL, 56
mmol) ) £ " BE W (10 mL) B, B
WO TG, A P EUITE. FEER FHFE 1 h, 4R
JEIMETHEZ 150°C, [ 4 h. B B2 %00, KR
THANA 20 mL 7K F1 33 mL 3 mol/L # & E Ak
YRR, e JE RN 16.5 mL 30% (%) H,0, VT, 1F
W T HEE 3 ho ¥ IREWEIA KT E,HL
Bk A2 3 U, 2 O SR R R oK K TR & ok 5
WUABR L = — s — Wik, ) FH G K B B 1
PRI, e 75 B 25 LTk, D R Z8 1R AS 2 e (B 2k
PR 20. 0 g, 7% % 86% . '"H-NMR ( CDCI,,
TMS, §):0.79(s,3H),1.12 ~1.20(m,4H) ,1.24

(d,1H),1.52 ~2.10(m,7H) ,2.69 (s,1H),3.32
(d,2H).

L2.2 &EW2968 KB ELRENE
Y1 (15.4 g,100 mmol) il A 250 mL (¥ M 4EH
] 60 mL JC/K I IE %5 i , 78 AR VKA T 43
AT FEOR R B (29. 4 g, 154 mmol ) , &
T HEFE RN 16 h, R At IF A e
DUTEAE B W5 B B P 8 A 10% R FR-vKIR &9,
B3 R, SR JEHRIRAH 5% NaHCO, Pt 3
U, FHZE IR /K 2 A< O 2 Hh v, AR Al ok ik
U2 W, B JE AU JOoK B R Bk T8 1, T e
R BRI CBE, INADVE Sk, FEVKOK T 45 i, 25
mn R B A, Bl S Y ) SRR 3 R (7
WITE LTk — VIR D) W Y e, 5A5 T
PR EE 27.4 g, P75 # K 89%. "H-NMR ( CDCl,,
T™S, §):0.76 (s,3H),1.07 ~1.18 (m,5H),
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1.53~1.83 (m,5H),1.92 ~2.00 (m,1H),2.27
(q,1H),2.43 (s,3H),3.78 (d,2H),7.32 (d,
2H),7.75 (d,2H).
1.2.3 POVB &M ¥ 2-FR3-5-2 IR 5K
HIfE (HVB,4. 44 ¢,30 mmol) fil K,CO, (4. 14 g,
30 mmol ) fill A 100 mL P 0 &) 5 3 FH 15 mL
DMF %, B ik &4 2 (9.24 ¢,30 mmol ) [ 20
mL DMF #f#f5 , A A AT R T & 18 A
Berh e Ee , FHE 2 65°C it dk 24 h. {5112
VARSI EtE - NP AR O IR IE YK N 31 G L |
LR CTRAEH 2 K. AU 109% NaHCO, ¥k
2 K, HZEIR K e 2 2 rh e, PR AN B R /K k&
2 RS AE IO, I TS /K A R B T MR A 1, K T
P 5 B AE ORI 5% 78 KBk 2 TR TR, L RE IS A
ERE B MK A i, R TR/ Ak (1
50 V/V) BRI, WO R, B TR A R
4.78 g, "% J5 56.2% . mp = 48 ~ 49°C.'H-
NMR ( CDCL,, TMS, &) : 10.48 (s, 1H, H fif 5
4),7.86 (d,J = 2.1 Hz,1H,3-35 % 4),7.58
(dd,J, = 2.1 Hz, J, = 8.4 Hz, IH,5- %% 45),
6.95 (d,J] = 8.7 Hz,1H,6-% 4 ,6.67 (dd,
J,=10.8 Hz,J, = 17.4 Hz,1H,= CH—) ,5.72
(d,J = 17.4 Hz,1H,cis-CH, =) ,5.23 (d,J =
11.1 Hz,1H,irans-CH, =) ; 3.90 ~ 3. 86 #il 2. 60
~0.92 (m,17H,B-JRAIE) . TTE M (C o Hy,-
0,):C 80.52% ,H 8.67% (FHi{H:C 80.24% ,
H8.51% ) ,FAB MS: m/z C,,H,, 0, Wit {H K
284.40; I Ky 284 (M*).
1.3 POVBH—EHBERA

TERH A FER D, A2 E A I A
POVB (1.0 ¢,3.6 mmol ), AIBN (0.9 mg,5.4
pmol ) 0 ) THF %53k (3. 0 mL) , SR J5 #1473 Ik
BRI S — AR R R O R S S
B, 78 60°C A N FE T0E B B[] 5T il 22 85
L, W S5 I YR B R P R O, R L
DT B JEE 40°C T H2S TR R H . iR LR
F T VA A
1.4 POVB j RAFT 24

— BRI A RN, FE T AU
WFEEFTEEH POVB (6.1 g,21.6 mmol) .
PEPDA (17.6 mg,64.8 pmol) Fl AIBN (5.3 mg,
32.4 pmol) 4 1) THF £:i (18 mL) ¥ i i
WIS HEN 6 A LRI, SR IE R T 3 %
TS — AR R R A RS LA I 5

1 60°CIMA b KL, A8 T0UE 1 I 1] 7 22 550k
A4 SN VR B AR B T B P L0, i A, B0 0
BETEA0C T BHAE TR B E. PR bRk &
HENTS.

1.5 {UF5RIE

"H-NMR 43 #f 7£ % #& F . Varian Unity Inova
300 #% fif 3L 4R AX B BE4T (LI CDCLy S % 51, Si
(CH3), AW#R). JGE M TE Elemental Vario EL
JCE 3 AL B 5E . 3 B B s LA Netzsch TG/
209 BT ACINAS , AR, THRR IR R 35 2 20
K/min. DSC 43 #74E Netzsch DSC/204 {3 I #:47,
L) 20 K/min AEFEE 2, )\ 25°C FHEZE 200°C ,
Fa5E 5 min, FELL 20 K/min [958 3 [ U 28 %506, B
55 2 WL R 0 R, 40 (o) A 0 U B2 RS
{H.

POy ROy TR AT (M /ML) 7E 35°C
THF A s A0 ik 1 mL/min @9 44 F, %
Waters-Breeze GPC { ] %8 ( Water styragel ¥
HR1 .HR3 #1 HR4 , A %My [F 100 ~ 5000, 500
~30000 F1 5000 ~ 600000 ; b7 HEFE , TR 2 M5 3r
JCHRER 4% RI-2414) .

RE WG TEYE N TR R A B — a0
WA LB ([al3) 78 JASCO Model P21030
RUEEA 1 (25°C) Ky 589 nm (560 5E
1 10 em SERRAY A&, %558y THE. B — 801
% (CD) =RH] JASCO J-810 [B] — (3 {5 , fff
ADERE S 10 mm ({47983, LA THE /355550, 14
JEE 250 ~ 700 nm, #3100 nm/min, 3T 4 %,
BRI 25°C.

2 #R5iTR

2.1 BEMERK

WE T — P BE & B L S B-TR M T R
JCHIHT AR POVB, B 1] LIAR 25 5) M il o 2-55 Jt-
5-CARFER P S5AEY 2 OV R AT (On BB
1). JHICZ 40 H7  MS Fil' H-NMR 2530 2 T B iF 52
TG L B 2-B-TR A -5 - 2 M B R
1 (POVB) BY45H). 78 H-NMR |-, B Z 453 (a,
b) HEEE(d) F1 B-JR A HE (g, m) FYRFIEM I,
B ERIHETER 1 it ——15 B 45IE.
2.2 —EHERSRRBAYIER

TESEAT 1G4/ AT % RAFT [ i 5L R A1,
JeH L T TR R EE R A, L THE s
7 AIBN 5| &5 ,60°C ~ #£47 POVB ) { i %k
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Fig. 1 '"H-NMR spectrum (300 MHz, CDCl; , room temperature )
of 2-B-pinenyloxy-5-vinylbenzaldehyde (POVB)

BAEBF([POVB] = 1.2 mol/L,[ AIBN] = 1.8
mmol/L) , A] #45 — H € [E AR A B8R 7= 47,8 h HL
WREGAL S 23. 6% , 2% GPC K 5 A1) B B3 45
T8 M, MEY5F 8 M, 555k 140300 Fi
321300.

K F AIBN SH51 & 7175 8] POVB B4 #4h
WA £ R i R A 7= 4, 7 DOk e L S H
Kot PR | 2Tt A5 5 UL 3 50 T LA e X s A
it TGA il DSC A T H A Wiy # bk k. TGA
IIRTEE R (E 2) 21 POVB REW) B A TR U #4
ek, — BN AR 220°C A HFar k. B 3 R
POVB AW DSC 304 3, 1T LR % B &
Y EA B B AL AR IR R (T, = 147.2°C)
X F 2 TR W A KA BEA .

2.3 POVB §J RAFT B &

2.3.1 RAFT B4&58h 1% K RAFT B4
LT S POVB“ I M7/ 45 i B A 1
AIREYE. RAFT G M/ nl 45 A 3L R A i 78
— 8 A IR AR R TP — R B A RRR AR )
BEFERE A, B) RAFT U5, S s Bl 45 il 3R & B 1.
AR RAFT 3550 & — Se i A O A Pk 3L 1k &
Y)S=C(2)S—R, Hirh Z B3 i1k C =S fik
PEE S HEERI K B 3 0 al e PR 1T T A (] A
H 3, 1 R JENDE EA Gr 5 Lk ) HRE A R
M5 &R R A I L3R (ORER 2).
PEPEAIE ) RAFT 1050 DA A e e 10 A2 il
SCBE RAFT® 1R/l 45 1 ol S A 0 56 2

B SCHkHiE RAFT i35 PEDB 7 5612 1)
PRV RN 2 20 R R N R R

(POVB) measured under nitrogen at a heating rate of
20 K/min

poly ( POVB) ( M, measured by gel permeation
chromatography = 140300, M /M, = 2.29 ) was
obtained with AIBN at 60°C in tetrahydrofuran for 8 h:
[POVB] = 1.2 mol/L,[ AIBN] = 1.8 mmol/L

0.10

0.05r-

0.00+ Tg =147.2 oC

-0.05

Endo

-0.10

-0.15

—-0.20 I I I ! |
0 50 100 150 200 250

Temperature (°C)

Fig. 3 Differential scanning calorimetry analysis of
poly (POVB) measured under nitrogen at a heating rate
of 10 K/min

poly ( POVB ) ( M, measured by gel permeation
chromatography = 140300, M /M, = 2.29 ) was
obtained with AIBN at 60°C in tetrahydrofuran for 8 h.
[POVB] = 1.2 mol/L,[ AIBN] = 1.8 mmol/L

Fig " 45 ) RAFT B4 ad F2 ih R B0 R i ]
M R, TeAl1 220k 1 PEDB (25 #4207 35
Kl 3 fr7n) i RAFT i %], AIBN b 5| & 7, 7£
60°C N THF w3 523 POVB Ay “ 7% o7 /0] 45
RAFT HHHERA. BAERI TR 1 .

L0 RAFT I 9K & (3 1, entry 1) 4]
Fe, A RAFT 5 5 R A =W T 228 7
HOMBA (F 1, entry 2.3), Bon AL 15
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Sx SN SN ASN SN 2S
P " (|3 R P, ? R P, ? + R
Z Z Z
M Intermediate radical

Scheme 2 Mechanism of the RAFT process

S

S
Olp O Ol D)
3 CH;

CH

PEDB

PEPDA

Scheme 3 Structures of PEDB and PEPDA

PE” /0T R A RO I RFAE. R0 T PEDB [ 47
FE ARG RO H BT ™ A B AR B B an A
PEDB K} ,8 h F 8k b %% 23. 6% ; i /il PEDB
J5  BARIEAL R A 7. 5% . 3k R BH SR B4 77 A 1Y
SRR g A o 7E R G v, PEDB 2 5 4 5%
BIGIE A K 3 rh aA B iR B E , N &) B
SR B B RIS [ R OR R 2) Y.
R TP IR B, FR AT 2l B RAFT 371 PEPDA
5 PEDB Ak, PEPDA () Z %= A1 th L4 fa @ 42
SRR SN T AT PR AR 1 R I (R
B3 AR [ b2 R e R, dn ke nT
Ress ik A LS T & AW L, T gy — 4
P i) RAFT S #5172, 45 58 fn 55139 k), 24
PEPDA fE2 RAFT 250 B, BH 2% 3 52 B {48 55,
HORE L RERE Y o = A R R
(F1,entry 3).

Table 1  Polymerization of POVB in the presence of PEDB and

PEPDA*
RAFT Conversion

Entry M M./M,
agent” (%)
None 23.6 140300 2.29
PEDB 7.5 5010 1.09
3 PEPDA 13.9 9900 1. 10
* Conditions; at 60°C in THF for 8 h, [ POVB] = 1.2 mol/L,

[AIBN] = 1.8 mmol/L; "[ RAFT],/[ ATBN], = 2

4 T UEWIAE RAFT 3207 PEPDA f77£ | POVB
REM IS/ AR, F AT R A 3 2
BEAT T %55 1 4 MiZRE RN XH 4 12
ek, B 5 MR R G 18 (M,) o+
MG (M, /M,) BESR AR AR A AR A 2. A TE]
Rl LA G SR BE R R In([M ]/ [M]) 5
EONMAFSRMERR, RO dRERN RN

4
=)
T

In (M]¢/[M])
=)

o
w
T

0.0 1 1 1 1 I |
0 10 20 30 40 50 60 70

Time (h)

Fig. 4  Semilogarithmic kinetic plot for the RAFT
polymerisation of POVB with AIBN as an initiator and
PEPDA as a RAFT agent at 60°C in tetrahydrofuran
[POVB] =1.2 mol/L, [ AIBN] = 1.8 mmol/L,
[PEPDA] = 3.6 mmol/L

SEREIE. SRR, BRI TR T/ RS
—HE BB T (M,) AR AL LT 2tk
B, A RN A B Ay T A (MM, <
L 2) PRFFTERAE B ], HOR A SRS A R =
AP AS 55, DL 45 JE 32 8], 78 RAFT i3] PEPDA
fE4E T POVB AR A B IE" /MR E
FYFAIE.

AR, HA Y ik POVB (ALK T 71%
i, A A RER B AL 16 M7 /7] 8 i
HE. YA AR I T1% B, B4 3 R W 3 [ O F
g TR AT R ik — IR [RIAE AR S Y E R
i RAFT AR &R p =02 R Al a2 i T
R IR N R o N B R 2 O | o A = R
SR, T S8 RAFT SRRl g 2 336 2

MR K LR AR S B GPC 4y T M,
(GPC) i ik T4 RAFT RS HLIETH5A5 5 iy 2
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Fig. 5 (a) M,(O), M /M, (1) and (b) GPC curves
of poly (POVB) obtained with AIBN as an initiator and
PEPDA as a RAFT agent at 60°C in tetrahydrofuran
[POVB] = 1.2 mol/L, [ AIBN] = 1.8 mmol/L,
[PEPDA] = 3.6 mmol/L; M, (theor) :theoretical M, ; M,

ns

(GPC) : M, measured by gel permeation chromatography

W4 M, (theor) (M, = [POVB ], x Mppy, x
conversion /[ PEPDA | + Myugpps 5 Mpoys A1 Mopgpps
33 FRLACRT RAFT 1250 1 43 14 ) - 5 DS 3k b
B EOE R TR A Y POVB 1 GPC Ar iy oK
LA Z AN R B A~ AR F Y.

2.3.2 AW POVB 4514 53 Hr i ' H-
NMR k¥ &%) POVB f258y, K 6 J& 60°C |
THF rf ,PEPDA/AIBN 3| % /& & Fr 18 #9 POVB
=AY [ M, (GPC) = 4600 ,M /M, = 1.09 ] H-
NMR 3. 7] UL, & H il LSR5 ) 355 POVB BT
AR AE IR AT 0, 2 T BE L S (b) L B-IR AL A (e,
d) LSRR E (a) . FE— DR RATR B, B 5
Py e 5 05 A 6 1Y SR B3 TR L 2
1:3 ,RUITE RAFT R4 1t # b POVB (1)) RE ]

P SEBEAT K A B BB B AR IR SO b, 78 6 =
4.1 4081 B EL R R B PEPDA #y [ S = CCH,-
(Ph) S— ] 37 HY S () o il W Wi 0, ) ) 7 &

CH; s

|
@CH%CHZ CH—)—CHZ—CH— —C— CCQQ

P
A,

Fig. 6 '"H-NMR (300 MHz, CDCl; ,room temperature) spectrum
of poly(POVB) (M, measured by gel permeation chromatography
= 4640, M /M, = 1.12) obtained with AIBN as an initiator and

PEPDA as a RAFT agent at 60°C in tetrahydrofuran for 3 h
[POVB] = 1.2 mol/L,[ AIBN] = 1.8 mmol/L,[ PEPDA] =
3.6 mmol/L

CD(mdeg)

_8 1 1 1 1 1
350 360 370 380 390 400 410
Wavelength (nm)

Fig. 7 CD spectra of poly(POVB) in THF at 25

poly (POVB) ( M, measured by gel permeation
chromatography = 140300, M,/M, = 2.29) was
obtained with ATBN at 60°C in tetrahydrofuran for 8 h
[POVB] = 1.2 mol/L,[ AIBN] = 1.8 mmol/L

= 3.5 fhth i3 1 TR % 5 PEPDA §% 5 AH %
POVB HE TR B (f ) AP AE R i 0. Rt , SR 45
YrEE A I 2 B RAFT 357 PEPDA #3519, 3
533 32 52 1) RAFT RGP — 2 b oh, R
¥ H-NMR {13 B9 4> 7/ M, (NMR) /2 5680
I:Mn(NMR) = MP()VB X b/e + MPEPDA’ MPOVB ;H]
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M oopn 53 B2 B POVB 1 RAFT %7 PEPDA [
Oy T b Al e 43R b A e 1679 H-NMR ()1
SR, M4 RAFT A VLA 20 B 7
i M, (theor) J2& 6410, PR EEHET Y.
2.4 RBREMNFEHE

3 8 U B RN B — 535 X6 SR A ) B 2R
PEIEAT T RAE. TECAUM 15 5 &P 0 L iE S B
- 7. 87°, R LRGN - 11.29°, LUie 't B
EAT B A8 Ak, B0 SRR ) S TR M R B it
PR RIE L. 78 377 nm 40 & A — A~ B /Y £
Cotton FLN (4nfE 7 iR ) , it —HIEZ R 59

A 1 .
3 #ig

BeIE T — R0 B FF R 3 S B-UR I Tk o
TG HT AR POVB, % BUATR 25 5 #6417 2 2R
G BATYHA BRI p e v T4 o g-
TN IR T A W BA OG2EIE . ¥E8% PEPDA
RAFT 35 LA AIBN 25| &5 . 7F 60 °C T THF
FiszEE T POVB [ “ 16 " /0l #5 RAFT [ iy 3L 5
4. 5 PEDB “Jy RAFT 541 L, BH 2R 5500 i 35 [
K.
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REVERSIBLE ADDITION-FRAGMENTATION TRANSFER POLYMERIZATION
OF POLYMERS CONTAINING BOTH FORMYL AND
B-PINENE FUNCTIONAL GROUPS

XIAO Naiyu, ZHAO Xiaojuan, BAI Weidong, CHEN Haiguang
(College of Light Industry and Food Science, Zhongkai University of Agriculture and Engineering, Guangzhou 510225)

Abstract A new monomer 2-B-pinenyloxy-5-vinylbenzaldehyde ( POVB) containing both formyl and $-
Pinene functional groups, was designed and prepared readily by the reaction of B-pinenyl-4-
methylbenzensulfonate with 2-hydroxy-5-vinylbenzaldehyde, and its structure was confirmed via elemental
analysis, MS and NMR spectroscopy. The conventional radical polymerization of the new monomer POVB was
investigated with AIBN in THF at 60°C ,and the polymer with high molecular weight (M, = 132100 ,M /M, =
2. 20, measured by GPC) was obtained at 68% conversion in 24 h,indicating the new monomer exhibited good
polymerization activity. The thermal properties of the polymer were studied using TGA and DSC. The polymer
exhibited good thermal stability until 320°C, and had a relatively high glass transition temperature (7T,) at
130. 6°C due to its bulky substituents. Furthermore, the “living”/controlled radical polymerization of POVB
was successfully achieved using 2,2’-azobis(isobutyronitrile) as the initiator and 1-phenylethyl
phenyldithioacetate (PEPDA) as the reversible addition-fragmentation chain transfer (RAFT) agent at 60°C
in tetrahydrofuran. Compared with 1-phenylethyl dithiobenzoate ( PEDB), a much smaller retardation was
observed using PEPDA as a RAFT agent. The polymerization followed first-order kinetics,the number-average
molecular weight of the obtained polymers increased in direct proportion to the monomer conversion, and the
molecular weight distribution was narrow ( polydispersity index <1.2). The chain and terminal structures of
the obtained poly(POVB) were confirmed with the 'H-NMR analysis. Moreover, the circular dichroism ( CD)
spectra of the resulting polymers in THF solutions confirmed that poly (POVB)s were optically active.
Keywords RAFT polymerization, Formyl-functionalized polymers, 8-Pinene, Optically active polymer





