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Scheme 1 FeX;/Ligand-catalyzed GAMA-ATRP of MMA
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Table 1 Experimental details of oxidative polymerizations of MMA

MMA Solvent Catalyst Ligand Molar ratio
Expt.
(mol) (mL) Species Amount ( mmol) Species Amount ( mmol) M: L: MMA"
1 0.1 20 CuCl, 0.54 bPy 1.62 1:3:1.85 x 10?
2 0.1 20 CuCl, 0.05 bPy 0.15 1:3:2.00 x 10°
3 0.2 20 CuCl, 0.01 bPy 0.03 1:3:2.00 x 10*
4 0.1 20 CuBr, 0.05 bPy 0.15 1:3:2.00 x 10°
5 0.1 20 FeCl, 0.05 bPy 0.15 1:3:2.00 x 10°
6 0.1 20 CuCl, 0.05 PMDETA 0.15 1:3:2.00 x 10°
7 0.1 20 CuCl, 0.05 TMEDA 0.15 1:3:2.00 x 10°
8" 0.1 20 CuCl, 0.05 bPy 0.15 1:3:2.00 x 10°
* Degassed for 10 min; " M: L: MMA = [ Catalyst]: [ Ligand ]: [ MMA ]
1.4 PMMA § ATRP ¥4 5 K7 ) EEERR
; _ Zmom—=a I TE
H i Expt. 1§15 89 PMMA (0.1 ¢) 5= H ¥
(2.5 mL) fm A E] 50 mL 1 8 i B2 T, £ 2.1 CuClL,/HEMENEFES L8

PMMA 5 4= i fi# J5 K i A PMDETA (5.2 mg,
0.030 mmol ), CuCl (1.0 mg, 0.010 mmol ) Fl
MMA (5.05 g,0.051 mol) , @& I & 78 A —Ih &
DR B R ETIFERARASRE R T T
80°C Jili ¥ Hh K2 N7 6 h. Rf SN 45 RIS, K S be iR
SRS PN UR - = S e/ U AR TR S/
F AR bR 2 ak A BRAA R B T B A AR b T AR
24 h.
L5 MiKAERKLE

¥ Fi+ Bruker 2% &) DMX-500 #% 7 e 4R 3%
A 5 'H-NMR 3% , L CDCL, 3 71, T4F 5 %
500 MHz @378 % 7. 05 T, 72 % i F WK &9
924 5 R PGB B 7 GC-1690 7 GG, 6 4
BHEFRKE 30 m, H42 0.32 mm, 250 & 4 A
L F# 30 mL/min, 338 M 70°C F+ & 180°C , FF
A 10 K/min, W 5E AN [6] Jsz i i 2 B4R 5 Ak
R GPCME REWRA XS 7y 71 54y 7 1t
A5 (M, .M, 1 PDI) ,GPC %% & 145 Waters 1515
R i FEWOA €53 5 2414 R ARG &% 717 B [ 3)
HEFESRY | Styrage HR 4e . HR 1 . HR 0.5 & 3% 4%
Breeze T AEul, FE iR 35°C , Wi sh4H 4 THF 3 i 1
mL/min, DLELGM 80 PS S A E AT . 48 %8 3 7
iDL N R A RO G o 5 GPC BR AL 1Y Wyant
miniDAWN TRISTAR = £ i 5t 5 # 5 46 I 2% A
Wyatt ViscoStar 75 £k Zi B2 45 ] &% I % , %5 40 18 i
Wyatt ASTRA T_/F 3l &b 3.

B PSS A WO R O R 2R R
L CuCl,/bPy f# fk. PDMAEMA 5| % MMA (¥ H
JegE R LB A S CuCl/bPy ¥ PDMAEMA
THER C,—HAMLR C, - [ AR,
2R A o R AE 2] 3 B IE R YY) PDMAEMA-g-
PMMA ; {115 CuCL,/bPy %} MMA ) GAMA J% i i
g, N A 5EFS ] PDMAEMA 5 PMMA X 7% fif
YIRYRIRA Y. 76 W AR rh T A5 7 A e
REMGMEZ )5, GPC g HyFi M, 0 K
TR E 1.56 x 10° ,{H & NMR IR i =4
H1 i % PDMAEMA-g-PMMA $2 4% 4t 5 4 5 kK &
PMMA ¥ RYITE 5 ). 76 LR & B 3R A3 2%
IR Bk, 7 NS 28R R,
CuCl,/bPy Xt —H &% C,—H BRI 5] &5
P, R AE I /E CuCl,/ £ J0 BURE 2% & W) i 1k MMA
AL VR R AR IR R R R AT LR G
7= Wy 9 H-NMR 3% 3% 0] 8%, BT 45 7 4
PMMA #)54), t B) 78 34 C i ' CuCl,/bPy X —
&% C,—H MR IR R 5] & 5 AT LA Z W, ]
PLHE CuCl, 24 Y1k MMA () &AL B & 0%
.
2.2 CuX, BEEWEL MMAKNELES

Kl 1(a) By Expt. 1.2 5 3 i MMA %%
T3 B 5 A i 1) A8 b, 78 DL b SE 56 5 B ey,
CuCl,/bPy ¥ 0] Ji A fi & MMA 4, H R 4 #R
B A BB B S T Expr. 1, W 2 80
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Fig. 1 (a) Kinetic plots of Expt. 1 (square), 2 (up-triangle) and 3 (circle); (b) Semilogarthmic plots of Expt. 1

(square) , 2 (circle) and 3 (diamond) ; (¢) M, cpc, M, cpc and PDI of PMMA in Expt. 3 at different conversions; (d)

GPC chromatograms of PMMA in Expt. 3 at different conversions
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TS TR, 7 MMA 5 L 84T
M 1.60% B 15 PMMA (8 M, oo 5 M, oo B2 5351
IKF 1.66 x 10* F12. 63 x 10", i 4> & 43 1 2 5
(PDI =M, oo/ M, coe) 2920 1.59. BEH A W EAT
FEGAL R B it — 20 88 5, PMMA B 4> + & A B B
BT, ey MMA GAE) 5. 70% I, BT PMMA (1)
M, pc 5 PDLR510 3,52 x 10* il 1. 72 {H 2 ik —

A SEAC SN B ], MMA 5 A6 23475 e T i
15 PMMA 43 ¥ £ 34 Jin A B &2, {2 PDI W 3% %5 I
Th B L8 8 4 T B a3 4.80 x 10°  PDI ## i
2.40 ) PMMA. K 1(d) /8 T Expt. 3 HR[E 2
o I [R] T 45 PMMA ) GPC k3t & PMMA H If &
LIy FLUGE Sy A b VR I B 2 RS R AT 1] R 43
T s, AN B T X SRR, R
BIZRAHEER 2, HEZRE LI
PMMA /571 2 5 3 — 2P 55 51 & sl dik 3 1<, T E
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Fig. 2 Conversion versus initiator efficiency profile in

Expt. 3
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Fig. 3 (a) Kinetic profiles ( solid) and semi-logarthmic
plots (open) of Expt. 4 (square) and Expt. 5 (circle) ;
(b) Kinetic profiles ( solid ) and semi-logarthmic plots

(open) of Expt.6 (square) and Expt.7 (circle)
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Fig. 4 (a) Kinetic profile ( solid) and semi-
logarthmic plot (open) of Expt. 8; (b) M, cpc,
M, cpc and PDI of PMMA in Expt. 8 at different

monomer conversions; (c¢) GPC chromatograms of the
PMMA in Expt. 8 at different conversions; (d)

conversion versus intiator efficiency profile in Expt. 8

PMMA ) M, oo M, oo 5 PDL f1 & 4 (b) A] UL,
Expt. 8 FUR[EFAL i3 PMMA (15 ¥ & b &

15 18 21 24 27 30
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Fig. 5 GPC chromatograms of PMMA before and after CuCl/
PMDETA-catalyzed ATRP of MMA in dimethylsulfoxide at 80°C
using (a) PMMA, and (b) PMMA, as a macroinitiator
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GAMA J 3 S5 HLERIE B & C—C1 ZE A Ik 1 it
IR FF CuCl/bPy 285 WAL 5], I LA ATRP #L
FRAERE K BIHLEE 1, 38 2 Z LB B PMMA 5
K &5 A C—Cl FH (L PMMA-Cl £75). HAE
WA B b, CuCl,/bPy d1 7] L) 5 MMA DLH &
PLEE, ROALEE 2,08 BN HoA P51 & B8 T i) PMMA
FEHE (LA PMMA-H %), H R & W) 65 K o A 7
C—Cl 3L . B 5 B A WA Wi 3k 17, B 1 1 8 B
PMMA-H V& £ 2 3 B 2, T 3 307 4238 PMMA
gy F & PMMA-H Fr (Y L ) B Ok B & 2%, i
PMMA-CI B (& Lt ) 8 >k B AR 2 3R & 5 9, )L
FiAi PMMA 43 F 4534 PMMA-H, B LIE R & )5
B PMMA 731 9 A8 L AR B &

YERHLER 1 1) GAMA-ATRP B4 4 £ SCHik 42
.7 CuCl,/bPy (LA B A SCrp fdi (1) Ho B 4% &
Y THOEI P MMA M EHMRERES W, A
PLR 3 el fig

(1) CuCl,/bPy 5 MMA 454 55| % . Narita
B i AL L) Fe(NO, ), BRI 4L/ 5] & MMA [ A
BB A IEH NN Fe' e 5 MMA (75 3598 1%
HLT SRS 2 B W) L I 3l 3 A 2 L TR R o R TR
BCE H T RIS IE CuBr, J2 75 AR 0% W o X
MMA ) & ATE B A T PR, FAT] 43 50 A —
WA LR LR s AAR TR $E4T T CuSO, {4 MMA

RAMXT L5 4558 & 3, B 7E im A bPy LI
B CuSO, MMz 5, L LIRA¥7E 80 ~90°C
TG L 12 h iR R A JCFE A L. PR, 7 AR S5
B2, i CuX, X MMA [ %4638 5 5| % 5 #
(4 R LR A 1R AT DL Z

(2) CuCl,/bPy 5 ¥F C [l #4) 1 AL 38 B 51 &
fRZ. Mo Ce* " VP 5 Cr® " 450 55 35 O i M R
B 55 KR £ H i CuCl,/bPy AT gt 15
IO BB AR R 5 R IK R Bl & MMA ) 3%
HEHBERAS. RO T o 7 C,—H #RE
BHE C—H @™, I E Cu®" Fe' " %75
DA o SR A S B U 4 S R AT K IE O R AR
C,- H M3, IR 5] & Bl 738 205 3 s ik 4n MMA
M HHERA.

(3) CuCl,/bPy % & W) fit fb MMA &5 0, fy 4t
R % A LR AR Oy UL MMA
50, I, i PPMMA, J5 # 7£ 80°C T Fifi B
AR AR, Bk MMA (3538 G R LS.

3 e

ARSCHFF T E ARSI S8 ke S
R L MMA BRI R A, 451 &,
CuX, (X = Cl 5§ Br) 5§ FeCl, [i] bPy . PMDETA &%
TMEDA #4 5% 1 4% 4 %) 7] 7€ 60 ~ 100°C 4 &, MMA
AR A TSR EY PMMA > T RBERS
WHR IR B, MAE R G KRBT . DUATH
AL N BT S PMMA 5] % MMA ) ATRP ¥4 4%
R, T8 R AL R T BT 3 PMMA JL T &8 & A
C—X A3 , M 76 5% AL BB 1, K 240 PMMA 1y
HAE C—X FEsk. b vl 0, 76 = Ak At U 4
J& KAL) 45 A )T 38 OB L MMA SR A
HOAFAE M FOR [E HLEE: (1) GAMA-ATRP, Bl & 48
SR KL% &) 5 MMA i if GAMA
KB B ATRP 5] & 57 5 fi 46 7), AT LA ATRP
BLEE R A4 1 K s, T AR B 2 A C—X oK by
) PMMA-X 73755 ; (2) = AL S 1 I & 8 i1k
YA 5 K/ MMA DL 5E [ B 2R A HL
Y AN B 51 & fE 71 i PMMA-H JE48E. 16 R &
AR, PMMA-X ¥ B 3% 87 K B, i PMMA-H ¥
B LT
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CuX, COMPLEX-CATALYZED OXIDATIVE POLYMERIZATIONS
OF METHYL METHACRYLATE

SUN Yan, SUN Jin, SONG Jin, HUANG Wenyan, JIANG Bibiao, ZHAI Guangqun

( Divison of Soft Matter and Macromolecular Science, Department of Materials Science and Engineering ,

Changzhou University, Changzhou 213164)

Abstract Oxidative polymerizations of methyl methacrylate ( MMA ) catalyzed by complexes of transition
metal halides in high oxidation states were investigated. First, CuBr,/2, 2’-bipyridine ( bPy ) -catalyzed
oxidative polymerizations of MMA in the presence of poly (2-( N, N-dimethylamino ) ethyl methacrylate) were
performed in different solvents. When cyclohexanone was used as a solvent, only poly ( methyl methacrylate )
(PMMA) was obtained , suggesting redox initiation between CuBr,/bPy and tertiary amines in cyclohexanone is
negligible. Second, oxidative polymerizations of MMA catalyzed by different complexes were carried out.
Complexes of CuCl,,CuBr,or FeCl,with bPy , N, N, N’/ N" N"-pentamethyldiethylenetriamine or N,N,N' ,N'-
tetramethylethylenediamine can catalyze oxidative polymerizations of MMA , and polymerization rates increased
with the increase of the catalyst concentration. Molecular weight of PMMA increases with monomer conversions
initially and maintains constant later. Last, atom transfer radical polymerization ( ATRP) chain extension using
PMMA from the oxidative polymerizations at different conversions was performed. The results show the C—X
functionality of PMMA chains at low conversion was also 100% ,and it decreased sharply with conversions. Two
different mechanisms were conceived to contribute to the oxidative polymerization of MMA ; (1) the complexes
form ATRP initiators and catalysts with MMA via monomer addition, and then ATRP proceeds to give rise to
PMMA chains with C—X terminal groups; (2) the complexes catalyze/initiate conventional free radical
polymerizations of MMA.

Keywords Methyl methacrylate, Transition metal halides in high oxidation states, Atom transfer radical

polymerization, Generation of activator via monomer addition, Redox initiation



