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[Cu(S,CNEL)CLIF R b M E R TH B B h
EAHHIR .
1 EnFRFHBAHERS

1995 4E , Matyjaszewski %'/ 1 Percec Z£° 43 B
LEATESE(CuC) 5 2,2 Bt 8 (bpy) T 1L #4944
GYARELEN  EENHERPERIATEZ
HSOBRENEHERERS. AR o- KR
ARF .4 TRAE S TEIGENESGY . N
BHMMEARRASI ARG F# oK, 52 F
e FZATR E G AR ET T RRMB
R AMEEBTEE, EREEDTREESHAEE
FREMNBEWT Tt o-#H5Y BEAKNEEY o-
3 {73 g e JRF . SCHR R L B R 58 ( CuSCN ) | 2
ML T E#ERE (p-TsA)5| NP RS
BWAE(MMA) ERER A", KB CuBr #I
CuCl fEAL B R, 1 15 3R B 2L 79 4% B2 1P B ( PMMA)
#1937 B 43 15 th 57 H 4 55 . MALDI TOF [ % 43
MENEREGYH FH# - TH SCN EHA.

EERH A kb Cu(S,CNEL )5 A 100CTF
p-TsCl 31K B MMA 5 i H B 475" 4 bpy AL
ERT & 5t/ & 90 BE AR L 4 51 R 20071,
500/1.1000/1,In ([ MMA 1,/ MMA 1) 5 |2 57 & (8] ¢
WA, HEE - FAdRANES XEHAERR
HNERERMFHT . BREN RS h%E, R
BEPEKBEOOEAN S ERBEE AHEERER
WOHERAMRETS, KNSR EREE L™ R
AR LCHRBHBE 2B EEE. 45H 15.3x
107°s' 4.0x107° 7' 1.9%x107° s~' . BHHLIEH|
MMAMERAEMEEERERA KN T, BS
EREAGRS PR TR SN SZAE.

Initiation

THEZRE, k™ HEME 9.5x107° s7'.6.6
x10° s '"ME4Tx107° 57 . RIZINETE 80C
BT #47, 2™ WiEEH 4.5x107° s~' (MMA/p-
TsCl = 200/1) .

Fig. 1 Representative 400 MHz ' H-NMR spectrum of PMMA
obtained with p-TsCl/Cu{S,CNEL, )/bpy initiation system {in
CIClL)

Sample: M, (. ; = 4600 g-mol ', M, (cpey = 6700 g+ mol ™'
{GPC calibrated with PSt standard samples), M_/M_ = 1.08
(Ref.16)

HBE PMMA B F RS R EHEELERE
REEE BESXL 9310, 3 FRAGHEE
(MM, <1.20) . H'HBREE(E DITEEH
BFRGIRANER FE ARSI ETERGY S T8
B A A . % Ah-BT R B e i B b 282 nm L <]
S, CNEt, % A #9 %5 GF % W . e s 3 0 B 3 1 B8
H,. B8 @2 FELSE S,CNE, EFANTHK
8% 0.90.

R, AR EMR SRR | iR,
IR BB, p-TsCl 5 Cu(S,CNEL YR A BAER K

CHs —@—soz-—a + Cu(S,CNER)— = CH;GSO; "+ Cu(S,CNEt; ) €1 (1)
CH;‘@*SOQ «+ MMA —> CH3AQSOZ— MMA )

CH;‘QSOQ_WA‘ + Cu(S+CNE ) Cl =—

Propagation

CH;‘Q——SOQ—CMMA);ﬁ Cu(S;CNE ) Cl ==

cm—@—soz —MMA — S:CNEL+-CUCL  (3)
CH}@SOQ _{NIMA);_ S;CNEL+CUCIL (4}

Scheme 1
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B, A — > 0] ) Z, 4 2 B R o AT B I B9 R
R A 3 CH,C H,S0, - AR M Cu(Il)
#4639, Cu(S,CNEL Y CI X 1) . KR R 7 A 9 B
FamBER BT AESHRERSG (R 4),
WA 5 cul 1) 41kl & A 7T 38 E AL i R BB A
RARMAEN Ca(DPF. £ RO ELSTH
Cu(S,CNEt, )Cl 23 T, C1 JRF 1 S,CNEy, A Hl 85
By HEFT S B RN . Cu—S M B/ E B K
¥R ETERAERRKES Cu—S RN, F
Bt S,CNEt, #P, TR w-3K 5 6 808 H 4K R
FOHE RS CuCl(RK 3). Z 5, B S,CNEy, SRR
SERE I N TR A 5 R IR R 2 [E] ¥ 25 7 Al 3
HEEMKER#TTE BEER o- RiRW A
X E A A PMMA 5 T8
2 RRBRTFHBEEHERS

EARE RMEFEBEAEERESHNR
KEARBRL BUERNESEPTHESEILY.
Nishimua 2" A BT EMHIELRE _—HRAEE
AR EHIME R TR (ABBN)SI R St Al
BoR AL EASMAC KR AIBN/ =( 24
HHAEET M) B[ Fe(S,CNEL), 15[ & St B
SR EFBERE BINERAY S TR S
BA(MIM, <1.50) BRHFSEEARKT
Fe(S,CNEt, ), LA B 5| KB L LR 2,3
CHE2,3-THERET B ZRR(DCDPS) 7l K1
StHI MMA B& AR EXAHE FREEFET,. R
MA—RFNE, HNENREYS TEAAER
NFEE oS E A S,CNEy,. BfG, KRB E
alD2] gy LRSI A B RB R RT3
BHHERSD BN X XA FEKY
SET, FEF22L-_RER2ERELIN
(DMPA)/Fe(S,CNEL ), I EZHMERRBMEST R
HEBEHEASRE FERAYHTRIE

Initiation

(PhCO2) + Cu(S;CNEl) —=PHCO; » + Cu(S,CNELR) (02CPh)

PhCO7 * + MMA —— PhCO, — MMA-

PhCO;—MMA * +Cu (5:CNED) (OCPhy=—
Propagation
PHCO,; ——(MMA),! + Cu (S2CNEHOCPh) =

MMA
kp

PhCOs—MMA—S;CNEg + Cu (0,CPh)

FRAGEISOLEA EEARRDPER . EE
164 Cu(S,CNEL) fi& vl # 8 54 R . E H 1)
Cu(8,CNEt, ) C18] 3, Th i £ £k i 5 4L ¥ 8 (BPO)
MABNS IR EAEFHBAHERS, B &
HFEHBE(MIM, <1.32)MNESY. Aok
mnrE.

2.1 BPO/Cu(S,CNEL Y/bpy 3l & MMA B = [ I
THEROAEERES BPO #1 AIBN [ 5 H &
EAMEEI AR . MEZ T, B X BPO LKA
FFeEpAnARAGPHNAREXEETRRE. R
HEHE BPO MR G RMB R E 4
LU EBHEARINEAFAE.
Matyjaszewski () MEEES™ 4 3RE T Kk
WARTE BPO 5| R B R AEE G PR LT N .

¥ 4E G 4L F) Cu(S,CNEL, )3 A BPO 5
EHMRARFEBEMERST . HRT MMA 8
A kB AT RET B W FOR B R
MMA/BPO/Cu ( S, CNEL, )/bpy = 1000/1/1/3,100C F,
In([MMAL/[MMA])-: Bl —RE R RSN EE,
XEMEM I —RH H#F BMENSRERE
. HBHESPEY S TFRAEKX 153104 T
BT (MIM, <1.32) d1 85007 LKL
A 282 nm LMK E T E BN RS TH
&4 S,CNE, HEAKFH1-8HN0.9.

Eov AR MR 2 #E#R Z R E,
Cu(S,CNEL )i S BPO 4+ (55| £/ 54 (LA HY
S LR B4 8RR ) Pk — N Al i LR 2 B ik A
TR R 6 3 R B EL T 4R B B & PhCOO- FIHIRE A9
Cu(I) 4L, Cu( S, CNEY, ) (OOCPh) (& 1) . =4/
sk E (R 2)5 cu(DHELR E4E BILEFEK
pint R SHAR S T PRERDH u—S R
5, %P HL S, CNE, B M, B o-F 5 A B EH T
AR IR Ao #0690 [ S Cu( 0,CPh) (3 3) . G M

(o
2)
3)

PHCO,—(MMA), —S,CNEt* Cu (O,CPh) (4

Scheme 2
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E&LLS,CNEy, RAEEM S b 1 54KIR# 2 |
BYHASTEEHEET FE.BLAERT o-K
Wt A X — B M PMMA 2 FE(X4).
BEMMASGTHPEAHRENPEARET.
CH;
C
PHCOO-+CH, —=C

COOCH,

+
u2

SB[ BT A MBI A BB R MMA 5 F

HEEARTERERFREE S FHSA -1 5

ARERGHAHE X, AURHET B,

iy HLEEIE T3 R MR (R 3).

CH, »

PhCOOH + CH, =

COOCH,;

Scheme 3

2.2 AIBN/Cu(S,CNE, }Cl/bpy 5| & B9 1 )5 F &%
BABHERS AIBN/Cu (§,CNEL, ) Cl/bpy 7E
100CH K MMA MARERE™ (RIFEEERKE
. AIBN/Cu(S,CNEY, }Cl/bpy = 1/2/6,[MMA], = 9.4
mol- L™ . AN[A] MMA/AIBN 0¥} B /K% H 20071, 500/
1FH1000/1 T, RS BPEHE P.OHEERE
AL RNEBESRERKER KT LR, Ak
22 Bl B2 o7 B (] ¥ 48 42 T 3% A0, #E 220 min A
EEFET AR 80% MBS O RENE T
FEERIC, L™ R R 3.6x107s7 (1.5%x107°
sT0x107 s X—HRGF|EPSEME
# DAY E AR R TS R 2B Ao AR AR e
Eh EREGMT AT A A T, 25N
33107 77 .2.0x 107" s . IEEFFE K 80°C, 15
HREEREAZEW, NP AEEESBFA
AHERSTA DL Mt 5 5 oY e &
B B K™ 4.9%107° 57", e 100°C [R R E R
A . (MMA/ p-TsCl = 200/1) B B9 15, X 5 & R iR &
HREEREMHIEH .

B PMMA Y FE S A ABILEERHER
MHRKXR B STEEL48x10°, 4 TES
WRE(M /M, <1.25) ) GPC i%E (E 2) ] #4
RuED EARRLEN TR, S H e r R
HEEEHGE s TREMKES Bfx
Bk 8w, MAEKAREWHRIE, 1T
RATR-MEAREE, WA ENEES
£k RV .

R 588 EE /R e St/AIBN/Cu (S, CNE, ) Cl/bpy
=1000/172/6 B St A AR AR E A EHER S0
E:—RE ¥, BELB(PSOMBSTRY
BRI EL AN K,  HHSEE T EEHR—
HEHBEVNSTTFESGER (M /M, ~1.56).
g & Cu{S,CNEy, ) Cl 4L A F 7 T, SYAIBN/

A %, M, cpcy= 6880, M, /M, =1.17

B 58%, Mn(GPC)= 8700, Mwl'Mn =1.16

C 88%, M, gpey= 13000, M, /M,=1.12
A

C\ V4

125 25.0
Elution time (min}

Fig. 2 Changes of M, and M_/M_ with the moneomer
conversion during the bulk pelymerization of MMA at 100
with ATBN/Cu(S, CNE1, )Cl/bpy initiation system

Conditions: MMA/AIBN/Cu ( S, CNEY, ) Clibpy = 200/1/2/6,

[MMAl,=9.4 mol-L"'{Ref.28)

Cu(S,CNEt, ) Cl/bpy = 100/1/5/15( BE /R ) 1E 120C
MERESHEANUERF 1O, HENELY
STFRSMER1.19~1.28. Ry, S84
RAE rEEAEEN L, SRESENE
T, In([St]/[St])-t XEHN—FFABTHESMWE
£ .

3 50T IR W B R 282 nm b 9 45 iF )
PWIRIELE B RS Yo TR SH S,CNE,
H.

WL LLER BEWBESVBIMZ AR 4 FF
7R (AIBN 58 7= A P A 0] 1 24 2 B K 1T I
BOng 89 — VAL - R W R 8 i &, (CH,),-
(CNYC- (R 1) . I B R p= 4 By s ik Bl B (K 2)
S Cu(S,CNEL)Cl o+ F RSP @R/
B Cu—SELRZ , 3 BL S, CNEt, BB, JE R, - 55 0%
SRR A B PRER A AR RE Y CuCl AR (R 3) G
MSEE T Rl I FH B MBS, L S, CNEL,
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KNS EFHEHITT L BEAERT o-KmH

AR - AEEANREY S THK4).
Initiation

CH; CH;

AIBN—»CH;—C-  +

CN CN

CH; CH;

CH;—C+ - M — CH—C—M-

CN
CH;

CN

CHy— C—M* - Cu{S;CNE) Cl ==

CN
Propagation

CH;
CHy— C—M, + + Cu(8:CNER) Cl ==

CN

)
kp

CC—Cl; - Ny

CH;—C—M — §;CNEt + Cu(l

RIESE Cu(S,CNEL)Cl L RBFLE TSR,
# 115°C, SYBPO/Cu ( S,CNEt, ) Cl/bpy = 100/1/5/15
(BRE)N . ZEBEAE—&IHEXE , EN

8}

2)

CH,

| (3)

CN

CIy

CH;— ¢ —M,, ~~S;CNE + CuC1 (4)

CN

Scheme 4

2.3 BPO/Cu(S,CNE,) Cl/bpy 3| & & S 1] JBL T 5
BABHEERS 2.1 ¥WHTR, BPO EH E ik
#HAO5ETFHBEAHREESSIRERAFHEY
o RERAEIER R, Fa XTABTE G H
WAL RESA HEAXEASIE LB
FYMHIER B FH B OB EREH BB D .
Xia il Matyjaszewski-*' 1A & St/BPO/CuBr,/dNbpy &
FRPRAEEBYERZ TSI RERPRELKR
M Cu(1)¥1%, BF CuBr, .Cu(0,CPh)Br
Cu(O,CPh), SHANFE, AR FHAHERKR
B

TP EELHTEALSTIESLEILEY
i BPOSI MR METHBEHERS™ #
& B, BPO/Cu(S,CNEY, ) Cl/bpy 7E 100C 3| &
MMA MAEERAE AR NTF BEALEPENE
o0 B MR B AR AR B A £k 3 B R N A ] 8 18
TIEK 75 h I AP 8% MR LR T E
SGULEMER, RN FEA 8 Cu(S,CNEL )/bpy
1k BPO 5| & MMA MIEHRSH BB T £,
HASH PMMA B9 5 FRE X 10.6x10°, 2 F&
AHERBEMIM, <1.24).

¥ w-5,CNEy, im0 A MRS B 45 44 PSt 1Y

BEFERF0.85. HIBM PS4 FRM VAR
REERRK . A TESAAR 1.3, SE4L
MEBRR IR ESH, In([(St],/[(S])-: H&E
Hy 55 S0 -7T BRI W i B b 282 nm 4h YR IE
W W i T R 4y T RE L& AT S, CNEy, .
RoEAP, S BESBEEY
Cu(S,CNEL )Cl W T 51 &£/ BPO M & fb ik K 5
AR TOREALS WRGUE. 5 EH
B ,BPO A 7™ 4 P > 8] i 2 M 26 50 4K 8 4T I AR
R AR R B REE & B B % PhCOO- (L 1) . A
Ry, Ak amER 2)NEFRELR
5 FH S,CNEy, HRTE R o-F 5 A 6 8 5 J AR
RS e 5 R 75 4 4 30 CuC( R 3) . 3 1 b AR BR
FhiE] B9 S, CNEy, B E ¥ 88 [ 98 35 i 17 T 2 4RI
THHEKRMMSE BRER T RKEFEX—
FEHEAMB T TEES) S, EHHMES
M A PhCOO- A] 538 RS M FF CuCl F 42, P-4 4
{639 Cu(O,Ph)CL, EERBEREE M (KX 4) IR E
St/BPO/Cu(S,CNEL, ) Cl/bpy K R 5| AR E /DT
LoOWEHE EMMAMREEFREBEBHEERS
HRFERRE RS FRESFEFEREP B
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Iniiation

BPO —> ©~coo R 00c—©

QCOO — M—-Cu(5;CNEt;) + CuCl (3)

@—COO—M + + Cu{S,CNER) Cl  ==—
@-coo- + CuCl— Cu(0,CPh) CI

Propagation

Qcoo —M - + Cu($;CNEty) Cl =——
o),

2)

“)

@—coo—mn—cu(szwmﬂ + CuCl (9

Scheme 5

TR TSI AR EREMAEENEIR
RE, 2R T S RRAEE(RMRA 3).
3 RN

HFELEESHE o-S,CNEy, HESYAERX
RAMS BN, EESLBE T RB LB kM
PEER . B 3(a) i MMA/p-TsCl/Cu (S,CNE, )/
bpy A & #l # & A «-S,CNEt, A PMMA ( pre-
PMMAMER B 4 FHAI EHBAIERNAZERET
SIEMAPIRREH GPC B M4 B 2 pre-
PMMA 5| & MMA A KR GER KA 200 )5,
BRI EIED T6% . B AW w47 58 6 a] W
SBHEET BT TFEH SS00KE 16.6 x 10°,
STESAHH1.087TH 1.63. B MMA 7£ %5
FET RS 20 h{UH 129 B ERESHILR pre-

A Pre-PMMA M =5800, M /M _ =108

B Post-PMMA M, =166000, M, /M =1.63
C PMMA-b-PSt M =65000, M /M =219

0 15 30
Elutien time (min)

PMMA fE W B F5l REBE LRSI RS R
THEUE . #i2E C 2 pre-PMMA £ St P A B S0
RIOhHFERE 9%, M4 S ARIEZFTR
A13% M ACE, FH pre-PMMA BRESIZ T St
FER T X ES. B B A PMMA-b-PSt i B 3L 8
VRS TR TFESHSEIN6.5x10°,2.19.
TR IEEFHBECRIERAT , pre-PMMA 8] 5]
EMMARERMFEFr#BESHERAS LGSR
WA 3(b) FF 7R . 100°C B, CuCl/bpy 1k pre-PMMA
FlK MMA M1 AR B S, 9156 B0 RLBE /R L MMA/
pre-PMMA/CuCl/bpy = 1920/1/1/3. i gk B A] &
H RGN RANEEE T, S AR
BaFEH S0 MKEI«I10. HFHE AR
THS,CNE, EAMZ®RE N, TESHNER
A Pre-PMMA M =5800, M /M =108

B Post-PMMA M =90000, M /M =111
C Post-PMMA M =120000, M,/ M _—183

15 30
Elution time (min}

[=1 3

Fig. 3 GPC traces of PMMA obtained by p-TsCl/Cu(S; CNEt, )/bpy initiation system before and after chain extension reactions

Conditions: [ pre-PMMA ]y = 4.9x 107" mol*L ™', [St]y =8.7 mol- L™', [MMAJ], = 9.4 mol-L"',a} before and after UV irradiation at ambient
temperature; b) Before and after normal ATRP procedures , pre-PMMA/CuCl/bpy = 1/1/3 (100°C ), pre-PMMA/Cu (S, CNEY, ) fbpy = 1/1/3 {125)

(Refl.16)
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B MM, =1.11.Cu(S,CNEL) LB S %4
EIST HECRBARYVHEENESY S FEA
2x10°, LA RER T FRGE TRE, 4 T8
SGMA1.83. 3 FBOHER,INRE S,CNE, B
P AL IR RE ) 89, 55 88 S 3R AR 55 R

g5 F AR R, 3E 6 tb 8 Cu(S, CNE, ) IR i & |
FEXET . EEAM Cu(S,CNEL)CLE#E T 25
XERMEERARENETHBEHERE. B

BBy . Fih-al WRBOLEEH TG
ERMEXREM T oS A AR
S,CNEt, . XFIFHLEH R MIIERAARUER TiE
ATETHBEMEREAMMEATEE, 5%
e ETHDIREER L — 2 BE R R RIS A R
AT - AT THEANB LGSR
RLCHRBHEWR G INEELRME TERER
1.
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NEW ATRP SYSTEMS REALIZED WITH PSEUDO-HALOGEN
N, N-DIETHYLTHIOCARBAMOYLTHIYL (S,CNEt,) TRANSFER

LI Peng, (MU Kunyuan
( Department of Polymer Science and Engineering, College of Chemistry and Molecular Engineering , Peking University , Beifing  100871)

Abstract This review describes four methods for functionalizing vinyl polymers with photo-labile S,CNEL as «w-
end groups. The normal atom transfer radical polymerization ( ATRP) of methyl methacrylate (MMA) with a p-
toluenesulfonyl chloride/Cu (S, CNEL, }/bpy initiation system was performed regardless of the original feed ratio of
monomer/initiator, reaction temperature or solvent polarity. In conjunction with 2,2'-bipyridine {bpy), Cu(S,CNE, )
catalyzed the BPO-initiated radical polymerization of MMA in bulk. The reverse ATRP of MMA and styrene {St)
with the AIBN or BPO initiator could be successfully carried out in the presence of Cu(S,CNEt, )Cl/bpy complex.
3, CNEL, groups were demonstrated to w- end-cap the obtained polymeric chains via the pseudo-halogen transfer
reaction between the active and dormant species. Photo-polymerization of vinyl monomers under UV irradiation
initiated by the resulting PMMA progressed at ambienl lemperature yielding extended PMMA and PMMA- b-PSt
copolymers. Well-defined extended PMMA could be produced with the obtained PMMA and CuCl/bpy complex via
the normal ATRP procedure .

Key words Normal ATRP, Reverse ATRP, Catalyst, Pseudo-halogen atom



